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~,~ttMW~-~~w~.~m•tt1!F~~o·~~-~~1!FH~~·~~-f'5Jfixa 
~-~.~-~~~Wl9~~*~*fll~•~R.i:.$B~•~.1g,*~~V.*m~~w~~ 
E:o ~.tit . W~1£51Jfl::fi.*XiliXBt, ~'lf~X~~IW~·j!O{liJ, 9!0-$~·.1g~L{t:kl:~o 
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~~~H~m-~m~~~*~·~~§~ (~O)~&M-*I~~H . W~~ 
~~~"F-1-~raJ~~~JE)(.fiffl~fi!:ffi§~XfE~ o illi'liti:A~. ~L1t*FPO~~$t~~J;J<it~ 

~•E••~~•a.•n~*~*•~~-~·G•••••~~•~tt~~~m~~• 
-~~~~-~-~.%~-~~@*·~--,L~~- o A~.~~~JE)(.fi!:~R@M 
~~~~,L~~H~ , f'&mi~~x;J<09'L~:J$HR~~~f:f~~o 

~:i11-zv~t$.lt!iL1t:I$H~~~:J:R:I$H (;J<JBC~H) , ~ 1-1 ~U:l£TiKiW~*FH~gR.~o 

001 -1 ftn~ T'L~*FH~~~:J$Htf.J1:.rz:It:1Rt~o 

fl 1-1 ~Litll'F~~~:t;tj$~tf.l€fi~ 

1l 1t t$ ~ f< :tk t$ "Pi 
fill:5Ht~ 

~tit< JJfrliHtfl) 1% PI Ill! m tm fl<J m ?t ii; f.F 1tlil:( J.ilUl?t~lOI% i1J Ill!~ t1n l1~ m 0-it~; 

«.it Jill 
AN , SN, CN , SP, AP, 

50- 85 AN, SN, C , SP, AP 50 - 80 UN, HN03 

ilJ ~)1:11 
~~ 7)< l'iH1: i5J jl'& ~ Ou .:r. 

2 - 7 HH .. ~ 0014> "I~~~ ( 7Jc 2-10 .t:t , mflilll~> mtt, ~~#.mttt~JPJ) 

* 8 - 15 6-20 

*mttJtt.t'l!JfiJ qli!~{!l!ffl ~$JilL EEFil't J&, ~~"' 0. 5 - 4 

HLB m,_n -1 a<.J:t:ftm , 
lJ(tfffi~Hfii~'i'.!Jl!J , Jill+ 

!11( ifli ~ 'iiJ'ilJ il160-=f ~ 1tl'PJ lilt:Jlfi-~l1t)l!J 0. 5 -2. 5 0. I - I. 0 
=~YaU:IOI!Hf':t. ttl. iiJ~tJU O n M-201, Span-80 ~ ) 

* lfftt(!(J 'fms1Jnn MMAN ,HN ~ 0-30 MMAN ,HJII ,MEAN ,EGMN 5 -30 

<11{( 1tJ'il J m.fJt , !itH!i1t1t4!n • ttl. ~ r 
~~l.Kmtt (!(J 0 - 15 ll:l5!. ~£-1t1;~ 0 -25 

~.tJn 

ii£1t~r& 
~llUt~. ~n~r$~~ - 15 -35 JJ1i$J~3lll. JWBI.HMI<:t:L 15 -35 

1t~ ~ ff!jt;IJ ( «'~7)-fl/% ) 1t~ .$(: i{gJ'ilj < U:m?t~tl%) 

~ :!i!: if. 1m :l'f!J 
.&~:1111, ~\At~Ul:l'PJ , &,~ 

0. 05 ~I. 0 ii!i -~ ;;r-~:bll ut~ 1Jn~~ 1f!J 0. 5 ~ 2. 0 
~~1'lJl!J ~ 

11 : AN- lin II ~ ; SN- ii'! ; CN- Ji'j Itt tlJj • SP-~ Ill! ill! · AP- · UN- . HJII- . • • 

I I T 
t t ~ ~ 
i'i:M tf;Q 

• 

n~t 

~~ i""qnl] 

(I b 



-------------------- ----------------------------- --------------------------------------- L 2 .fl. 1t ,l1jr ~ lJI} ;t .:il.)"i Jl, # · 5 • 

~ 1-1 ~00 1-1 iJif!JJ, ~L1t:I$~~;Jt~*m~*~· !§JJ{~:I$~~~7J<W~;f§ tt, if!: 

~*m~~~~g.~M&~•*~~-~~=~~m.~~~~--~-~~-·~~•• 
IE•~~~~-~~~o -~:l$~•~mM••~m«1tm•~*••~~•ffi.~~*• 
tt~~-M.e1t~(~~~-~)~7t8~~-~-&~-.m~7J<~Mm(WW) 

~1t'!:~o -tl!~~iJi .• :tJC:J$~~63$(1-t~L ff1Ht1f!J , 7.l<.~tt&ft>~~~MNH1~00~*-U-T~t& 
~~R7.l<.~t~~•~~~n~~7.l<.mttm?r~n~*~tt~~*•~~~7tMo W~L 
1ti'F~~t;.H~1t1f!J;J<mlflJ;;7fB*U, ~~;J<fiftUi!.7t~~~ffi~Jvt~~L1t1**-, Ji&~1JB~;J< 

• o E :11!~ uilil 1:Q.;J< e9~~ J*J $~f1;J*~~ ~11-J 8<J$t;J< tt i~*'l!Vi ttf:Jl7t7t ~ lt9 o 

Eb ~!1L 1-t:J$~ a9~ 1tfriJ;J<r6~lUiHJ\.if:IB.~.ff1£ , . 1t1fll ley~ :tf:.MfU ~1M!~ !W .Jt:7t , ~~ ~ 
~~~l11f~. ~lit~L1t:J$~illl'ilt~~~nue1t:lf1JB9 . ..Rllif~tf:ii'!im?ta9JJ~~.g.~~~ 

7 o ff!~H:~L1t:l$~~!ll.?r~, 7dJ-El7J<~~L1t1flJ.V!tl~~llJ~~B9;,.ctmm7to ~,~a-t, t!L1ffl~ 

ioJ Jt 9J ~ :tmiif3lll!¥L 1tilE*1flJ, ra ~ ~itt1flJ ~~L~~~:lflJ ~~:m:~:tJn:lflJ , ~ r&:it!:;l:t t'.tfmo 
~1\S:itfdb~. !JL1t~1:~§:fiSrm~ .±:~gll7f, mnX;.=:~!JL1t;j:jj, ~P: 

(t)md7tB~1tffi~~m~1tM-~7J<MMm7to £-·§~1t:l$~~¥~.~* 

~•~mM•nus••~7J<!:fmS~o ~M.&~~-E2*1t~7J<Mtt~~~~~~mae 
~-1t~.3loM®M . ·~~.-~W . -~ • • -MW .• KM •. aCDM.a•M 
~' fl~®lfl~, :PilJ·~~ o 

(2)·-~~!¥L1tffia9•m••m7t o -&-iJi.ffMB • .g.ma9EM~A~~-~ 
'L1t:l$~tl9-m:~t&~!ll.7t o Jt-~Li¥-9!U., ~~~Jvt~~ll9rdi-@.7J<~!¥LJBC, X:JHf:!¥L1t1* 
~~~~tl9~~~~~~~.~~~~o ~~~*•~•~m7t~~~#m~tl9~1t~m 

~~~-~~89-~ o •~·•• · mM, s~ . ~±#.•.g.•. ~•-•n•.•• 
c . •M. MCdA~flJll9m~••••~~-•~•Mo~~.;Jt~~-~m1t~•. 
3!11~~ . jj=~, J1'1;7t~ , -~B, *~D~JJnM~~tJ!Ai:iJJfllJ9 o 

(3)m-~B!¥L1tffill9e1t~~-?to -fi*iJi .• m?rA~M.=:ffi1JnAll9,.i:iJ~ 
A.¥-E21lf*%~ll9~t;: , &~~iifiu~1Jn~~1t'7_!~~ c ~osifJi~~iP3~) 2t:':t7tm&mz~ 

:':£ 89 t'tuJv!"\, 7€! • :if~ VJ :E!it ffl ·r.£~ ~'-"C 1* tJ9 EQI-f*~tlL ( ~u , ~·C.·~ JlilfYi{( '* , ~ ~LtJ?J~;a-V'!i 
( 4 ) 7dl§.JJ<~~L1t1f!J o r£~~1jij, HLB ( hydrophile lipophjle balance ***?lti.V. 

a) m~3-7ti9,L1t~$fti:iJ~-~'L1tWH~'L1tm, ~~A-~JL1tm, &i:iJ~~ 

~~d~~~~~~1tMm.tJ9R.g.'L1tm .• ~o.~7J<W.GU$M~M. *•B$M 
M~Cdm.g.®~) ·o ~#T~T=M~&~a~-T~1t~~-~~~-~-~~1tWH 
m'L1tm , ~~~~~ll9~~~•nnm7t~~1t.~~Bmli9&~Affl~$ll9,mAffl~ 
JUIS ::tr~ ~ o 

L 2_ 2_ l .,O,.:fl'?)-~ 

'L1t:l$~ ~7t~1f~~~~, o -~~i.~, tJ(~~ilt!~ltnJ 7t ~1i~fil~l¥J'L1ti'F~ l11 
~~iftfijU~~lL1t:l$~; ft(-BI!ffl 13 ll9~ 7t~;G-:r:i~'L1tWH~:tc~~~L1t:J$t9; tJ(§~J~ 
~~~--~~7t~H.& , a•~ · ··~.~&MM~~l11~Jilt!§·M~H~·~~ 
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tfl. ~ :lil'P o l!!IH30<lf)g1l~ t' £f'F~%J~®t~ : 
< 1) ~~tt~~Lf.t*F~ o ~~tt~~Lf.t*F~~:J!tlfffta!c~~, ~ffla;j-1'1111~~~®§ 

~~o )g~~~£~~~~~~r~.F'~.~~tfl.~*~~*~~#Mo ~$tfl.~~~~ 
f4::~n~i1i~ , ~;{fj~JH'4·.lll~l1HltZ:.:t$~o ~!ffi£±~~ 1~-VJ'][~ ( cf>25 -50mm) ~~][ 
~~A~fL9='~ffl~, m 1 .Q 8 %Iitti'lftEfLm;.&fliJ~I:.II~~:rL Q ][~®1lo ~00 EL 
*'U~ RJ ~jtl!¥L1t:l$~, ~OOI!PI*ff.lLWT:k~0~~tltiX2/t:J'lWJ ( Powennex) *?tl~Lf.t~ 

~~fj!~J!~~~£~A~ft*o 
(2) ~~~:¥Lf.t~~o ~~~:¥Lf.t:lt~ifft1it:~:;k;:J[~~. ~~~~W:im1it;!BlZ:.~m 

~~~~~;{fj~~-~~4~~~o ~l'P~~tfl.$*~W~-1'-~~.-~a;j~¥~m® 
~~~o ~~~~~(-)J[~~AM:rL . &PJ~~-&Mff~~~-~--~-fL~o 
~~ EL-106lll CLH ~jtl~Lf.t*F~flP~J!f!P~·&'b o . 

(3) ~~~~1t:lt~o ~~}Lf.t*F~$~~W'W-1'ta!c~~F&'b o :im#:.l!t£.~33\\&tlt 

~ffitJ4it~, im:Utm~*~*~$1I~&A•:rL 9:t o rn ~~m•~$~~~.1' liij. ~mil~ 
~n~&~~~=~-~•@*4~~~•~•&m~.~$~~flff~aliij-~*L~rr 
~f.t?i~, M~m*•Jt1l~*A:MYfL£, l!~n~n4ti•$1r~o f91J!m, 1Ju:$::;k;:Iit~ 
~0iil~~!!?IWT*f ( gelmaster ) ~tJflll~mi~ BL ~?IJ!¥L1t:J$~; ~=:Ji!:•a~~Ir£ 

B~fL1t~~~R£a~~~-&.M~t£~$LBA·f.t~fl~~~~~--.~ffl* 
tl:A:J®fL, ~l'Pn~~4**5IR~$n~o 19iHzo, ~m~ttn0itl ( DuPont) ~ EM182 ~­
&$~~mi~*-.ooG5iWT E ( Tovex E) !JLf.t*F~o 

( 4) !¥LJJ3CfiHil.F'P'it o !JLJJ3Cft1H.fl~~L~-l'P*nlt£, ~~-~.1'~:l~HFm7t~!¥L.I&£ 

am~o 't:A1Hf£~DG*i-Rt*f:l:lfE!i~~~Rt*, a~!E't:PJ~fF1-Jf!-:im$:1t~JlJ(l§~:il!:rr 

ie~o !JLJJ3Cf1l~&M&PJ~.R~~m, {EI$!rifNl£""f~•~~*¥1J•&~~rr•f.trl~ittJ 
~Rttfl.~.ffl~ o ~~t1n0iil~*-JICR:Wf E (Tomix E) ~~-l'P!JL.i&i§1iF£o 

( s) ~LJJ3C !::ifJi11t!W~~~~F£ o ~#~~.F'tfl.~lil i'lfJfm:fit~:JL~~ $:[Lt'LttfJi11tli'F~ 

ntiliiJifflJil(;B9, ~L.I&~~itPJ~~O% ¥U 100% o ~~~a;j, ~~F6b~4iJIC~.lilHL~~i!:ttitilli 

fJi~W~~~% o ~~~a;j.~PJ~tfm~fL~~~.~~-~~~lJ(tt~o ~~~~~ 

:JL1t:lt~~i~tam~~E.:.ff!~~B9F£ , Jt..~~~~~itfho ~IE~tjj(lflftWf~,g.~iVfffitJ~ 

BME ~9tl,L1tt1:1*1$~, ~~l!iil~:Wf0~~i}t~ AN ( Power AN) $;1ik~#tllll.F'£ o 

L. 2. 2. 2 ~ # .i¥;-11~ 

!¥L1t*F~~Wf~~~If'F:H:~IE~~OO, fMJI!., B*~itF$00~$+7t§:fT, ~.rz:r 

~ <0~)~~~+~z$, £l'P-1'"""Fs~.~~..R~~~~%~~*-~£~~~ 
(~~ 1-2) 0 

AAl ~ 
IE §jlj ljt.jtt(~i{))~~ 

Pi'f!~!:j~~~ ~~db ~fAt ANFO ~tft?il 

:ltJJ{~?tHM:R;.S~ EL, CLH, SB ~?~ CLHB -*?IJ, EL-106 BME ~?IJ 

<P Iii *!YlrllJif~~ RJ -*?11 

:ii!:m?rwif~~ WR-5 
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~~1-2 

JW -!;}-
~ jig .!)t {J'l (0 ii) ) ~ ;f;j: 

lit~ ,fl, ~{tANFO ~!lCmi!i m~ 81. Ej 1:2~ n"'t 

ifi~-ftii RJ ~Jll 'L{t ANF'O 

.p 1!\1 t\:*i~~if~M' :SC~!If,~~M 

$\:)@! I 1 I ii;IC-111. 1 J2 !fl 

~·r t.\1 ttllli 
i!liiX~J'lWr 120, 140, 

)t Bi: flNr ~ ~1J tJtii.l( AN 
420. 440 • 460. 840 

n tclt>!Wi 
ftt~tcJUl:IPi E 

t.i'f+ ANFO 
IDf; J'lWi E ~ 1!\1 .tt 

25, 50, 70 E . EA. 881 

~JIJ"Jl. 
:I.Utlill:t\122. 42. 62. 

~JIJW'$ 312 
82 l:\1, PX-2 !I1! 

'Jiij A liJJQ$ ~ J;?,jfiJ!Ii\l A, B, K, M ~!'b.ftJ~ W, X ~l:IJ~ 

:IJp** I.ft 1-JIIIH~ iij 
BL-838 ,853,854,860, 

862,863,866,895 

~~~~. -~$~2~*.~I~~~~~Mu~~.m~~~~~~~~~~~ 

I~HIIUitl!li~/f'fi:i11'191frtiJ~~#, ~!lt:Jl1t-# o Af11-1liE~JJ ~>1<~~.l:8~i!I~~m~~ 
~~!¥Jilt~~, U~~:a~i!B'F~t'.£froi¥JfrJ~r, iif!~iilli~~~t'.ffroo rmm~~~~9lU 

:liHJUif ~ i\lli ;i;i~~~ JJll¥1 ::1f M f1:iJ 81J ~me , ~ ~ ¥U ~ .ffll¥1 iiJ ;W; ·I~U<~l ~ ~ t'.£ o ~ ~ ~ ~ 5Ct 
i# , ~L -f-t1-'F~ 1£::.@::1-J Y fftl'Hlc~ ~ l'OJ 1/!mi:tiff~~~.®* ~ , B I¥J tl:l l~ ~iW ~ :l1! ~ ~ t:1JT ~ -T- li'f] 

-~M;J(-v. J:o ~:1-JiE~L-f-t:J$~1*~~, EI3-T-~M~~$:1-t3llJ?J(m:~l?i~L-f-tffU, rlb;f:fi~*J-

1'19.MW~*rm•a .• ttm~~Dm~I¥J~·~·-:J.t~~~~~--f-t~-~m~¥J~· 
ffi.Jli , jt1.J~ It~ , ~fl.& ~ft!!- :1$ tt flli~:Jf WA1Hll!~ I¥1*ID: C i;JJ:!zll , ~L 1-t:l$ ~ 1¥1 ~ 
••m-r-~~ffi),A~tl:ll?i-•m*:l$~~$/f'Ji:i11¥J.A o MA~.-~,L-f-tW~I¥Jtt 
rro~*it!IH~~m~l¥1* f-J!~~#i'iTtroa{]. ~:i:·r.:E~Pl'l**tlt-r-~~m~, l=jfk-im mt!<~ 
:J.t~ffl~~.~!ltiiT~~:1-JBM·T~~~~W~B9-4o 1E~ill!lt,~-f-t:l1!~~:1-J-­
.flf~I¥Jt1L7J(I~1-'F~, ~ll!~W/iAfll-tfi!H.l~l?il!1!to ~~.g,I¥JffHfC., ~Wllff-111f1f!~~-r 
'L-f-tW~~M093:~m~o 

1. 3. 1 ~1t1$~1't-J±JUVliJif£ 

1it'&:lilf!.l±lm!I¥J'L1-t:l.t~~1HiM~ 1961 if:~OOI~m3l!J0~ ( Commerical Solvents Co. ) 

1¥1 R S. ~~fiJ (Egly) ~:J4f W/ 0 ~~L-f-t~71t*-T--il:iffi~7j(~~1-'F~~1M.QJUJ9, 19631f: 

~~jliiJ~ty:Wf-f-t~I~~I!&-0~ (Atlas Chemical Ind Ltd. ) 1¥1 N. E. #HI!.Jt ( Gehrig) :ll! 
- tViiitT _R~ W/ 0 ~~L-f-t~~~L1t:t:'Fg1j' j-1: _§_~ El ~:&T~~J, ?&mi~~L-ftW~I¥1~ 
~m-~.M-~~&~W*~~~~W~~*I¥1nA•~~M~WT-f-t~I~0~1¥J 
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H. F. iff.i.F.Mlo llilffiiA1ntfi!iHA1.J, nli-E27kru!~L1-t*l:~::!ikiff.i.F.MJ-T 1969 ~ 6 f:l 3 B 1i~:i5: 
iil¥.1o iff.ifo.MJ:i5:iiii¥.J~L1-t*l:~~~~m'~~~I¥.J, ~fMBtfiH~1tf!lti9='~~:f,f~iQ.*5I~ o ~ 
?& , :i!#::k::«~£~~tlf'l[f1i}J[~I¥.J~L1-t*l:~~~1E!.::f~~7111£JE'J\::«~£1t!HL1ii~I¥.J~~, f!Pf51!;(£:*::« 
1£1il!HL'fl151!fflt2.~7f:ic/f1J:I¥.J o .tltm. ~~!)JlJ~1ftWT:k~0Pl ~ ttn0PJ, Wi~1-t$0iil 
~~~ll&0iil (ICI America Inc.) , ~j'rjJi.ft?¥:0iiJ (Ireco Chemicals) ~Uf.Rt&~~~L.ft 

*l:~I¥.J*'f.fb#, if~*' Jf.ITI~~~L1-tfr!J~:1f1Hii¥.JWFJ?:If'F, lfld!Jljt·f~T*Jii!, #;ftl~~ 

*T::fj;'~~tJ o 
1972 &f:~ ~;f±n0 iiJ 1¥.1 G. R. -F~~$ ( Cattermole) ®U£ T ,f!Jffl:fl ;fJLJJ'JHii\HI~~ (:!!Q 

_,&M®~)······~I¥.J~:1f~~-I~.-~T-#·;(£~'Hi£25-76~ 
( l - 3in) :t§fL r*J~~1~·1¥.J~L.f-t*l'~ o 

1973 &f:~IEWiiE1-t?¥:0iil~~:fl~&0liJI¥.J:m:$Wf. G. =15~ (Charles G. Wade) 1Gm0 
iff.iT 15~19k ~~#I¥.J~L1-t*l:~~15~ttl~r1ftl.fr!J 1¥.J~L1-t*l:~~Wi1-~.l1J, lit& I&* T~L 
1-t*l:~I¥.J··fifl·JJr, {B~~~:IJQ:J.I*l:·~HC$1-~-{i~fr!J o 

1973 !if: 11 f:l.ttn0PJI¥.J E. A. f£*5l (Tomic) ~~T~;A~.i!!D!~HI~~~~~JiiHfBI§'~~ 

f'F~L1-tfr!J$1J47f*6~1¥.Jrm-E27Jc~~L1-t*l:~I¥.J~.fiJ, ;It±~~ A~151!ffl1i.JI!BI§'~~f'F~L1-tfr!J. 

1l51 .:1-rt.tt.Efft HLB {i, 1i.ii!E~~~~fiij -T7k {Q.~lif~~L.ftJl!J, ffiif£*5l tp)fJ 1::~1J4nli-E27kru!~L1-t 

*l'~o 
1977 &f!)JlJ%'1ftWT:k~0iiJI¥.J:m:?FWT. G. ~~atl:lT/F~;IJQ*l:~~firt1-tfr!J:&;It1t!!.~;fJL 

&MMi~-1-tJl!J. PJJIU .R 6 %ilf'l[fPJ:IBI·I¥.J~L1-t*l:~, #!PJ~~, B *~~ $iJIH:IHl 
T~fiJ, ;lt.±~~J~JiHtfWJtil:Jl.'~E:, ~:it ~~I¥.J~'L.'~~~~I¥.J·1-tf'Fffl, 15f!;Jt~~m' 

~~-~0 
197B&¥=15~~xam0iff.i7*-rrm-E27Jcru!~L1-t*l:~I¥.J~•~FI~~~•I¥.J~oo~ 

.frJo J.ill~-m, J!1-~.f1JI¥.J~~~~~3C-T "~J}rj]J~" (Emulsions-Viva La Difference) -

~;(£~00·~~*l:~~-~tt*&f~(1978&f) ki¥.1~~.~~-~L.f-t~~-ATift 
1-t~F~J.!\l:I:JJJ.illffl~f&, :tf:f'F]g-~ifru!m7kift*l:~51j§A 1f11¥.J#(J¥~H~ o ?i\Fo, ~-T 
~L1t*l:~l¥.1*13li!~P11H~* ~ 1lil-~L1-tfr!J~ ~L1-t~4 ~I~ , ~L.f-t*l:~JJ\\~7~~$, Xlk~L 
1-t*l:~ , ~L1t~~*l:~, ~L1-t~rm*l:~~jf~fiJ7f~am0iff.i, PT Jii!.~L1-t*l:~tt*~Wk~ 
J!B.mJG~ o 

:If! lf'.15!!'J\ ::«~£ tlf'l[fi!N.I¥.1 ~iQ.~ I¥.J~L 1-t*l: ~ ~~T 1f:'ii 8b 1-t~ F i¥..1 0liJ :li!:~ 00 ~ ~tr WT :k 
~0Rlo WJF, ~0'liJ ~M1~:~7flllJ~fJti¥.J~L1t*l:~~~1-t1:.Ftt*~~~~-, i¥7dl~ 
f'Fft151!JfJ~~L1-tW~m&$.~F,mW*~7flllJ •• I¥.J~L1-t*l:~~.fb o ·;(£·WW~1-t 

*l:~tt*~~.-~w•a~••~~-·~1-t*l:~RJtl¥.10liJ<•m~•&) ~~*$· 
.:t~~: ~oo !)JlJ%'mWT:k~0iiJ, .ttn0'liJ, ~?itl5l1-t?¥:0iiJ ~ J#ij#!!-Je %'~ · * m $0 
PJ, B .2jl:rltJE~, E .2fl:1-t~~~ ~ I¥.J~~Jj(W'"i~HJFJ?:,g_~, * ~W'" LlJ mJ?: ~, t1GPWi:XtY{WfJ?; 
FJT, ~1m'fkW 201 r, tth'll.f-tir ~ m~ttir, ~0 }t'fli.tf m $0liJ;(£t!tJf!.*:!t!!.I¥.Imi9J 
:m:~ f.R.f& 0 
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2. 1. 1. 1 -*.JiJ ro liJ ~rt 
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fJ.~iiTiM1*•w•~~~-~,~-- o 
:tm••m•*.:rA~P3Bfru••was 
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?Ul±i~J.W:as PRI P -m.o Jt:9=' PR ~.x-t!.iiZT--*~1-1 R ;!ft-fflntil.«~ffi-m. . P 1-l~Wiii!ntias~~ 
fl{~ffi, flP1-J 2. 333kPa0 

R Pni P 

w·• I. 001 
10 _, I.Oll 

10 -6 I. Ill 

10 -7 2.950 

E8 w. ..t.fl~ PI !A!. , 1!l nt1 *~~ r~ "'i:.ffi as~ ntaJ~~ ~lf~ir AAt. as 0 ~ l'JI ~ llJiiJ iiT 1>\~ JJ ~ ..t 
~l;J.~~.PR~ Pas*~PJffl~~-~: 

PR - p - 2yM 
p - R'TDR 

(2-1) 

~ q:, 'Y • Wi5*JJ ; 
M ;tti~?}-=fmi:il:; 

D ~.ll ; 

R' 'Mfl; 
T ~MiK!l.f ; 

R ~l$i-*:f£o 

•w~ffin~al.f~~*•o *~••~as•oo*JJW~Mlf*•w~•o ~i~ . 
20'C at7J<as*005*JJ1-J o. 0728N/m, 56'\:: at1-J o. 06618N/ mo ~1>\?t-Tas~tmm~'*-t:l!.:lik 

~T-mM~ . ~1-J&ll*" · ••*.:r~~•~•*~.~-~~r~m••*~•~~ 
1!&51 o ~-~&.!lMIJ./I T-IIib~71fiif!Oft, ?tri'BJ ~ 1*1 ~JJ ~T-~, Jltat.iii11UJ-ti!.~M!T­
~o tL~1f ( Ramsay) ~~$WT (Shields) ~ml±iill~*~j.\: 

y(Mv) 'l/3 = k(Tc- T - d) (2-2) 

Tc -~~IIQi!fiKft.!l; 

T ·~~~t/i!lf; 
k ~i!!i 'iitB, m-r~~m·~t•~ k m~~T- 2. 2; 
d 'lltB, ~fl[~1-J 6. Oo 

j.\(2~)-~. ~~~-- T~IIib!f&.!lfi6'CB;j',.~~-iii-JJfl[·B~·T· 
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AJl!.OOHh~*•o a2~J~~TW~~-®M~~~~~WHhffio 

• 2-3 20"CII't-~illi*~*tr..l~iii~:h 

lJi ~ 1{-i!iin:f.J/N • m · I lJ! ~ Jf.iiin:f.J/ N · m ·I 
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~ 375. ox 10 · 3 lii'!~~ 25. 66 X 10 "3 
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= lift[ it~ 48.36xl0 "3 z:. rut 10.70 X 10 "3 

JI!IJ(iti( 45. 0 X 10 "3 il'!~EflM 9. 66 x to · 3 

-m =¥= 39. 82 X 10 · l iE*!IJ 8. 52 X 10 ·l 

l!!lmz:.~ 38. 82 X 10 -3 iE*nl! 8. 22xl0 "1 

Efl * 96. 10 X 10 -J - ltZ:.llil 7.11xl0 · 3 
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iE-$D~)~*~~WHh~,~~-WHh.~~-~·1lfr(~OiE~m,.JE-$m,•, = 

~-, =~~~~) ~*~~WHh~::k~aW*ho ~~~~~*tE~£~*~WooH 
htJ,~ft~W*n. iffl~~*tE!f'JJJ~~*~:W-mi*n~::k~Jt:&OOHh o litr~~~Jl!.005t.::f 

~$JJWff)tH~~I¥Ji31h, }j}ft:Jm:t~T - ms5t. -!J!~oo*n~;J,. m.Fo~~oom5t~-lt1~$JJ 

ff:n-Ul~i1Ji31n. Jj}fJV.WOOHJJ{l(:bo::kT o 

~T~S~~~-W*n~BOO*n~~ 
**·~~mft~m~lll~~M~~~o 

~0002~a}j}fm,~o••~•~ttMS~~ 

•• BP~~ Tw:i~aaooo ~~mM~$~ 

2y, ~~$114-fiJff~til~~p;j~~. ~We aff;o 
~om 2-3b EJTffi. ~f~~~~~1iH1:•fA!. ~~ 
OO*R~ lcm2

, J\!.OOHh~ 'Y12 0 ~ll:W::Iffi!WJ~ 

~~·ttMS~~~.~~~M~·~-.~ 
•ooHh?tJJ1J;h ,, l1l 'Y2 0 ~at. P.RM~$ wA 
114MM·OO~~--$.~~-~nT*~~ : 

WA = , , + 'Y2 - 'Y I2 (2-3) 

~ C2-3) F:m~m:.R~m~~~~~m~ 

/ 

iilWl 
lcm2 

i!il¥ 
I -- ....... 

Q 

s 

ii'iim 
lcm2 

ii£~ 
I 

/-- ...... 

/ 

/Iii* 
II -- ....... 

b 

00 2-3 ~tt~t;~tttlmf~~(f.J·ti'HYt 

a-ttl! iii tl: ~~tJJ:Wh b-;;r; Foil ill tl: (f.JtJJ:Itlf 

• 
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•~~m~~~~~~~~-~-~~~#~~o M~m*tt~~--~~*·~*•~ 
( Antonoff) ~ili-1-*Jil.!i!L ePWW*.:fJ .!§WJ~mi*.:fJ IBJ~~*~: 

/'12 = 'Y1 - ')'2 (2-4) 

.J:.\;9=' I 'YI' 'Y2 ~~~-~~~W5iE.:fJ{i, rm~~J35'~-~-~EFr-m~~-~~W~I:C.:fJ o x;J 

~~~~~-.~1-~*.!§$~~~~~~~~*Mreo 

~~~·~~~--~~~·~•*·~~-~~~u~~m~~•*~•••~~~ 
M~IBJ~Ilf;t~~ ( WA) ~P3~~ (We) ~ff!M®:o ~ WA >We a;J, ~-7f; ~ WA <We 

B;J, ~~a.7fo :tm.*~1f1~ s = wA- We I Y!U~ s > 1 a;J~a7f ; s < 1 a;J~"~•*, ~9=' s 

f/F~-7f-~o *2-4 jU/:b7 JL~·-;ff:~Wj~~Jjk7f*~ffio 

* 2-4 20'CIIt-~iilf*1£*iti..tti9JiHf ~l!r s 

llf! 13 IIHF~~ s >J! 8 HHf~~s 

z:. B 45.0 * 8.94 

EJl ¥-P'i :~if;¥ Efi!Vi! 42.37 =~Dtm 3. 76 

iEi$~ 36. 75 ii11£;¥.: 3. 76 . 

* ~ 35. 76 iEe.m 3.27 

--p;j~ 30. 42 ll!IJ!Ati!li 1. 14 

C.&IZ:.~ 27. 19 iE¥m 0. 22 

lij!j£Efl~ 36.32 ~ * - 3.28 

i!ll 11!1 24.71 =a-tt~ - 6.99 

~mi\11 14. 10 ll!I~Z:.~ - 15. 74 .. -lt:i 12. 87 * -787.0 

2. 1. 2 ~W~ii~J 

2. 1. 2. 1 ~>rH~~lil·ti.~ 

~J.KI:f=lsiJ--t.tfaJS, ri1H~~*wtta~~ft~i!.t~, iW•t&~t~m~a9~00*.:fJ .:z~ 
1t~~*, .A.1f1b\:x-ti.lf$MM~~mi*.:fJ ~MJ?:~ 

*~~·*W*.:fJ~Mat&•rm~~~~$*~~ 
:tm 00 2-4 EFf 7F ~ =~ tflHR. o - $t :ttl?. 1M. I ~ 00 9=' Itt! ~ 
~-m~#~-~-~~.Eff~.:Zf/F~••~tt~•o 

El3 00 2-4 ~,Xl;j tb o Jll-~11Hf~~*B9*iii* I~ 
.:fJ~Mat&•*torm*a. ~fi~•~~*<A! 
~);Jil=~mm~••*.:fJ~M•t&~*horm~ § 

~ (B ~) ; Jil=:~M%~*00*.:fJ~7f~~~~ m 
~ (·--~~>~~-~--~·*iii*.:fJ~~ 
~~*(C~) o b\*tB9~~~~~~~~~~ 
••*~~MreM~~d.=:~ .a•te-~~~~o 
~: 

( 1 ) Jij& ~ A ~ B9 M. ~: NaCl, N~S04 , 

A 

O.Q15 

c 
O.Q25 

'----------' 
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KOH, NH~Cl , KN03 ~~fJl.iilL~. ~liU'f,tj, i:t~M~$~~B~FfHJt.4ta~ ; 

C2) Jii&r a ~~mJJr~ = M, AIL & , M~~*~*:ff.mttil-~ ; 
( 3 ) ftilr c ~~mJlfi::ff: HE~, Cs ~J:~.1riit:ff.tnH~~Jiil~ , iWi~.1rii~¥-irLIW 

rrk:s.lt~ M~ V ... CDBi~iJUWiik ?$ o 

:l& ~·re a~lll*f~fr£7.K ~ ~ oo~K1:1 ~ #1 JJfi11 41~~ w mtt~u ; :m & • 151!7.K ~ * oo5!E .n 7t-~ 
liX:IB& :Jg ~1[£ ~ ~ JJfi ' .fy']\ ~ ~~ ;& 00 ffltt*'J 0 

~-.Mr~J:·.~·¥··~~~Zt!o~-iiiH.7J.~U~Z~~;, ••••• 
OOt.S·Y.:E~J o ~u. -.fN:J9f~~;&OOf.S•!i~J:m;J!x;fl.)(~ 'l§f ~, ~~f'Ftl-1... ~Mo :I!O:Wd~~U ~ 

·~·••m~A~tl-i..M~~;~o 
-MJ&iJL fL:liHi~H~!Wtfr£7.K~;&OOH.7J~t!oJlfi:, n~•$ti\-~~:IL1t, '*?5, JB': 

~.~M•~mo ~~~~*~JJfia~~Jlfi:.to•~~--~~*~•OO*h,l~i..~~ 
~JJfiU&:ff~1t . RM. ~~. ®m•~.n. ~-~M&:ff$::k~~~m~Mo ~:lzo , 
CH30H, HCOOH , CH3NH2 ~it.f1~~1r£J.)(fttJ.OOH.7J, f.§.~ ill~, l'E!~qf!j>:ff J::it~ffl o 

00 2-5 .:itT f[£~x>f*~ JJfilit~~t!oBIJJJ1i®~t&.llxifr7J<~!&iii5lE.7J ~~PtuJ o 

rum 2-5 iiJ.!4!., ~~*~mmllt'fl. ~151!;&WH.7J~fr£~-f-f$ , J9T~~~m1iitfilfll;J 
~ 7 9=':fiJtt1JD- 1'--CH2 mil1i.Rd> ll3o ~~~:19-iiif.Sf.£1flJjt-T-~)E[tl]!V1f§f;t:(:E;J<-9::?f.OOJ:~, 

~~t!o9='t&·Y.:E~I2fl (1:i)J.)(, 133 rB!iJ!ljiW~f&tt¥12Hti5~-COOH , miilt~*~~- . Mi:~­

CH2:lti~J<ttifH.i, Mmif9!Jt~~IJrrmit&tt7.K*7~'Vis i.7Jllfkt', all•OOH.7J~fl£o 

~r-mit.SttM*T~7.KWJ:A~·*rM%~~~~~ . mA~::k~~~J9f~~ 
~0 191J:Izo, m-f*P4~7.K5'CJf!f)(iiJ~ij!B:JM*.:rmfr7Jc-E(.Jir-W.ffiifAo m 2-6 Alm~oom 

~fffih~~*~•O Q~~wm•::k~.~•m~&h&PiiJ~oom&•coo~~• 
*l o ~~~•••ff.7J~hDqf!$*E•B~OOfltffifi-~~(009='~$*) o Q~-m 

0.06 

I 

E 0.05 
• 
~ 
-R * 0.04 
)§ 

m o.o3 

O.D2 

0.01 

-4 - - - I 0 

l'Mfl)t)xttt 

00 2-5 ffl:Difl!fi·~~!:U<J* ilif51:EJJ-~JjllllJ ~ 
I-~~; 2- Z.D ; 3- W!!ll; 4- TD; 5- J:ltl.lf!; 

6-C. ~; 7-.9!ft!1; 8-:E-M!; 9-~D 

c 

t 
-R 
i\? 
1::9 

b 

I a 
I 

0 

ilii.ffl 

00 2-6 1Mt-Tlm ( :fllli'{g~D!il!fiiUJ<JJ!l.t) tJ<J 

:!l4~.ffi!ti:i.7J-i1iimrltltJt 
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~lf-1¥1, ~~-N:I4fiiifRffi~B·t1t~f&~l~:bn~::ki¥Jff.t.J o M-T ..tit~~~* PJ J!Ht-T-li~?tl 
ii tl:l:f!Urffif~ : 1:£ ab gMta9~ffil~c:flilB!1®flt11H{t~$~:il!. ¥!J b J~rt-t~E.~~tlt11HG~~ 

~. ~~~hnU::kff.t.J~~-~ff~-AAo A~M·M~~~~~~-. ~~&·~~ 
~~-Nbnff.t.J o 1±~tl ~tl~-·MR~ft,PJ~-tl:l·..tM~- o 

-~•*m*~o~,ey~W$*-7-Bfiffl~••~~iii~o ~f~••amPJ~~ 
~-c:p~*-Tft§ o ~·~·~~~-~W.~~~*-T~-~ M.Jtl~*-Tftn = 
( WI M)N, N ~fliii~:JJn~~·m·~~ 6. o23 x 1023 

0 a:uJtf!PPJ~llt4i-t-*-TWT689iiim, -ti:H!P 
PJ ~~ :±l4i-1'-*T 89~ft iiifJto 

:IX; 2-5 :Vtl*Tilf$*iilft~4m~$*-T~J.Uiilfto ~~ft~~l'iS~~liH! C.H:~,., X , 

J9T~Ii:ili¥J~ Xo ~f~~f.t~4WJ. ~l:j:ln~MH:t-~~13 ( 10-17 ) ~813lJ!H~ o 

* z-s c.n2 ... x i-t~#J1£;1UUlt:p•-t:St -TIY-Jiiii~ 

nllJl1J~ 

=ftf.l~ 

m:~ttc~ 

If!£~ 

l:tidC!IIi~ ( &iifiti~) 

ff!!;fn.(l(}ll~ 

iW ~ 

X 

-COOH 

- COOC2 H5 

-CON112 

-cocu3 
-coocH2 

-COOR 

-cH20H 

?t-T-ffii ;o-v m2 

20.5 x 10 - 20 

20. 5 X J0 -20 

20. 5 X J0 20 

20.5 X 10 -20 

20. 5 x 10 -lO 

22. 0 X 10 -lO 

21.6 xlo - 20 

24. 0 X J0 -20 

m ..t 7& 89•m PI !A!. • lfil - ~ ?lJ 891-lf ~ ~ li:il 1t ~~ 69 t.Ytllilt iii .tft;$~-=t~ -nr-¥.t as o 71' ~'ft 
~4WJ~~I{ifii;fJ{~~ 0. 205nm

2
, mi*B9~Urffl1:.4mZ.iii~'&~ 0. 24nm2 o J!.ll:t*-Tl'JY~Ifij 

~R~-~: ~~l:j:l~~f&t'.£ , ~~t&ttiW$?to Jtt&tt$?t'i'~if;f;rJc_7g*JJc~OO. iffi.:t~ 

-~-?t~c-H mW~MfJJc.~MJJc£00 o ~2~%a-a~T~#~~~fflfli!Db 
~~11fmo 

J~iEftffUIJffl~ 2-7 F.Jfmf.j{Jl!-1'-~~PJ~ t~ ~1I:AA!.- lti!V~ 00 2-6 ~~?tB<Jml:Yf.o ~noo 
2-8 F.Jfm, Jl:~rt-t~BI[fMi~~:m:jG~flU~LHFB9, tEJJ<iii..t~~Jt!D~H?tr~*ii1J rN~B9, {!H P 
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**tol~~~o ~~~. $~~~£~~ "Wf' A7J<~I¥J. im;Jt~~mf.:EJ¥J~i\.~1j!Umltl:l~ 

*J}faf-1'£7J<mLt ( ~POO 2-6 ~8':1 a R.i. B':Jftft£) o .§Jmf!HI~Jiiiat. *®~ § ~~~J 7 ~11liJ. ~ 
;it1&tt~m:r7J(, $1lf~6~B900~~1Jfl>lf££12!1Yf~, :IRJ§~?t-Tf!tl9H~~1f~l:. C l!P 
00 2-6 ~(19 b ,~~o, JJ<OOJ:.~·ItH~jmOO 2-9 Wfffio li:tatiW*?tr~$1F~tl)Jlt~~1&tt~~$ 
j;i:tf7J<T, im?PX~bi~.HmU§o ffili:t/f'~fU:ll!fi. * 2-5 ~1¥1 o. 205 nrn

2 ~~l:.~rwtitf!B9 
••oo~a ~~·*m~eB':J o.M~2 nA*~B9M800~o ~~R8~B900~*r 
o. 204~2 , 1lf"~~E!Sl1J~nlt~mB':J~$ o 

lm\Ei¥J!lftit 

F nJJ$i;!Ji¥JJI$J::-

---- -------------
-- ------ ----

------- ~---------

-- ------ ------- ------ ---

ffirMB9A~~~-~B~B9,;1t®~X-1lf~U·W·B9. E/SJWa/1'•#·~· 
fl o f91Hm, § ll:t;lfti:I~BIJ~~~~ B9*J!tm: 2. 75nm, ~-1-lt{~P=.i § -tf!llll~1&1-t-ft!I?Ji:p B 
~B9 c- c lli~:I!IEJf~~~B':J~.fBli~~it~*llf~lif§-3&o 

2. L 2. 2 --*"- ti15t-•t:t ~~ ~ ~ ~ 

$B~R.Btre•to~~••••~~*~*OO*~B':Je~. n4••oo~ttma d 
M . ~-~~m~~m?t-Tmt•B9aoomttm•~~.§B9.m~m•?t-=r•oomttm•tl:l 

-7~8o ~~W$.?t-T!I?J&~W7f'*ft·~7J<B9aOO*~·-~·-··*'L1-t~fi 
m, j&m, ~m~n~, ~1~:!!ta9aoomttft!J a rA~~-*ta~~i.:X.*JftlloTB':J5E~: fL 
;;lik •;bn _0;-:i:RA·~~J.K 1¥J * 00 ii·~mHtM'/o 19i: , n 41$a 00 m·t£3}1J o 

aoomttmJ¥J?t~*1~$~n~.~•R•~~••mlll~•)J•~¥J)J~. l!P~•• 
T-B':J~~lll~m?t-TJ9tiii¥1*'J"**~o ~r.J!~~I¥J-00f.Sttft!JI¥J?t~R;Jtfif.~. lit~ 
fl?J;ff~~- 0 

A #iWi-T~~?}~ 

~f'l'?t~n~~utJ•oom·~Jl-lJm-rJJ<at, JL"~~•~n~t•-TJ¥JP4•-T~aoom·~*~, 
fL/f'~~lt!.•71'~~•-TI¥JP4~~•-T~aoomtt1f1J o w•-T~I¥J~~HJ(~~I¥J•-T~~~~ 
?t1J~•-=r,~•-=rllloottaoo~ttmo 

a ~P·-T~•oom·~ft!J 
£m:tE7J<~/f'lt!..I¥J aOOr.!itHfU o ~-OH, -CH2CH20 ~:bOnlt~JilAE7J<~~im%nlti¥J 

!I?JJ9t.~rli:t~o ~r~~£~A~a9*7J<~.B#:tE--1-RJJ<¥~Who~~-1-~~a9~ 

ro;tn~~~~•oomttn~JJ o 19tl:!m, i:tYlllBliJW~lfl.~~ 
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~~-~-OOMft~~filJA§~&~B-.~-M-~--~~filJ.&A~~,~~~~ 
~ "P J.illffHitr I¥.J -~ !fL 1tfilJ o lf;;f!lff:ffFo iii~>ti1<~$L ~ff!Jfl:: ~ n ~ ~ o 

b •~••mmtttf!J 
CI) m•~•oomttm o ••~oomttmm~*a1.••w~mtt•~~•*~~• 

To~~r~~L.~~-~~"P~~~~~~-*~~~~T~%~o ~~o. -~¥~ 

~--~~-~~--iiifflttfflJI¥.JAm!~rZ-,~··~~~: 

CH3 
I 

R- N--Cfl Br+--+ 
I ' 

CH3 • 

I 
R- N- 013 + Br-

I 
CH3 CH3 

~-r-iiifflt£M~~ffl~~~M.AM&~~M~*~~~~~~MI¥.J.@§~?£ 

~L~~~"P ~J.illffl r.u~So 

(2) ID'J. r* iiiffltt!flJ o M i~Ff. oofflttfflJ~ ~*a1, ?£* "P~fft~JjX;I¥.J .!:ff i61t:* 
~~§·~·*~AID'J.T,nM~DM~~a••uM•A~--iiifflttMI¥.JAm!ft 
:¥&: 

RCOONa RCOO- + Na • 

R~S03Na R~S03 + Na• 

?£~•••mttm"P.tt:~~•m.,L~m~m•ml.ill.m~~q&$ o ?£~~~-"P. 
~-T· iiifflf.:E*'l ~~ fflfl:: d'Mtfi~·!iff!J~!!:il-:¥L~ff1J o ~J~Il, + =tH~iiitMM·tE~ OO'L 
~~-"P~m~r.~*&~~~I¥.J o 

( 3 ) ~tt•oomttmo r~~*.?£~~"P~~~~~-T~m•r~~a1~ 
~F·~~I!E·r~~r·r~ID'J-ra<J, llP~M~·r·!iJ.ff~·iiiffltt!flJ.~,f$:1-J~tt-iiiffl 

ttm o m~•L~~~Mtt•wmttm~m•-•· ~P~~- ~M~•r~m~~•wm 
ttM o ~~~mtt•oomttm~~™~"P. ~a1#attm~&~•ro 

-IN :it!?.~, • mHi!itttfiJ:tJf·r~m!~-~q&_$ftg, [§ ~4i~·r·iiifflttil!J, ~ 

~Jt~tt. ~~.R~3!fm~•oomtt~J~~#•m!~iiJ!;(ft~~Jt~i1Hi1rll o ~lill.ffia9~~ 

m~;g, fl::~,L~ . ~i;.l'dtffl~:;k$:~t;~·r~~F·Tm!a9 o $~L, ?£~L~~H"P~ffl 

~!JL~Jl!JJL.lf~m~~F-~m! ~ o 

4}••~•wmtttfl1~**~~~~.1f~.$. J.Jt~;t:t;:m:~a9~tl~f& 2-6 !flo 
l.ilZW:mili, ·lf'~~tla9*7.K~iHi~~i~~. {E!I.!&L~ffla9-JN~ititl:l~1-7i11E o ifm 

*¥1£f81¥.J~~i\:Jl!Wljt T, ~ffl:it!?.*, .R~B~Jlti~~~·iH~Pi§.# o W~~, &~~F~?t 

~li*~r~a9-Y'~**~?£Ji7J<~La9W:it, I\!P~?£?tT-iiia9*~i6~1£'f!(BJI¥.JfAJ 
lf!o 
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R- COONa 

R- OS03 Na 
19jJ~\Ff*ffiifflttm R- S0

3 
Na 

R- OP03Na 

R- NH2 • HCI 

Cll3 

I 
R- N-HCJ 

CH3 

CH3 

I 
R N CH3 • HCI 

I 
CH3 

R- NHCH1-CH2 COOH 

CH3 
I 

R- N • -cH coo-l 2 

Cll3 

R- 0 - (CII1 CH20).H 

CH20H 
I 

H- COOCII2C-CH20H 
I 
CH2 0H 

R- CON- (CH2 CH2 0H ) 2 

s ~ lffi ..m ~11--T m-~: *'J'1i-~ 
a f~?t-T;&OOnstt*'J 

~~Mi: 

f!.L~It$1;: 

ft/iMMi: 
~~~$/;: 

1 a 1l'li $/;: 

~~~ oo nstt*'J 1¥.1 *t~.xt ?t-T mhl~ :1'1 200 - woo . § rl1F(£ I ~Jet. 1 rzJ.& ffl ~ ;& oo 715 f~ 
1f!J :m~ .:r:JX -~ 0 ~J:!m • 9c7J< 111 ~ ~n~• 7ltl ~iN~ , tt 1m .Qi ft~H1~ , r-=m:~~~ ~ 0 

b .:P?t-T~iiffflttJfiJ 

:IX~~ftffffltttf!Ja<J~;<;t?t-Tm:Lt~:1'JIOOO -10000, j[ll~~;JHf~~ o 'tffJ~A:flf~?t 

.:raoomttm~-•tta.mA¥•~;<;t?t-ra••*•«•~•-~•?tT;&oomttm 
~-tto ~~.~·M· · ••z•M~~Aaft;&Z- .?1-T~tll~: 

H 0 ( C2 H4 0 ) a • ( C3 H6 0 ) 6 • ( C2 H4 0) • H 

a , b , c = 20 - 80 

c ~?tT~iiiffltt31=U 

~~~OOffltt*'H!ifE!Xt?t-TJJl:fit*-T 10000 a<Je*?tr, - ft51:7f'A::fr JiV&=Il*f~JJ<a<J~ 
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mB-lEJJ ~ttfm, 1E!.1'£~L1-t, ~~~:/Jiti~lftT~M~~·ttH~, :.l!~~~H~~Wk~®!~o 

Jlt:9~, tiL PI t~t/A~J'IH<J~.~¥r-*iiirr!itt~J0-jg~L1-t~J, ~~~J, ~?e!~L ~~r&~J, ~ 
•~--·~~~~--~-~,•a~,Am~•~$~~0 

2.1. 3 ~F~-T*im1iStt1l'J 

~F ~ -T W iBi riS·tt~J B<J £~ Jf.l ~ ;G- ~Jf.l f'F~L 1-t~J , 'f:: ~JJi\ at itt: $1¥:1 t!L~tt Wk:lll: ·~ Et9-
~~1-t~o ~~X~-Ttt.~M~*&~~pH·I¥:J~~o ~@~UJlt,~~0--T~~** 
»:~11< =$0-Et9 3'i;U~ 1lt 1lt llJ IV. Jf.l1-t~:IJ7t; PJc~ , ~ f.f A 1f1 f,t llJ ~ ;J.J ;lit~ Jf.l it ITiJ ~ ~'Hiitl 1i !i~ 
~Et9fL1-t~ o ~~~~.~1-t~Ha9~·m0-;G-~~L1-t~ o ~l38~1-t~H~~Jf.l· 

i, ~:fi:li:Xa9~L1-t1f1Jjj9t~~~~F~-T*OOffl·tt1f1J o 15JfJ!-T12U~~-TfP~L1t:kFfigll0-Et9~ 
1-t~J, ~!16,~X1~~$I-T*Wfflfi~Jfl=lt!:-$~~ o ~~~IY'J, ~~J;!:®~ffiif.!itt~JBt, • 
:IJ1J!~¥:J~m~**£m¥r-~0-~~G=m~~~~M~~~o 

2. 1. 3. 1 ~w--=-l!f~ 

~G=M~&···G-~,8:.l!~*H¥(-OH) ~R*1-t~eC~n~~m) ~ 

~-G~~~-N~&~~~-Et9.~~-~-~&~o ftmllJ~~OAff·B·~·G· 
-N~o +*~•.m-r¥-~*¥m,~-I¥:J~M-~*OOffltt·¥~~oA~~-G­
~ §a<J~Pifll o {;;J~n. ~~Ma9·G=MM R-0-(CH2CH20),.-H, ~~*7l<~~mimi.m 
~H¥~~,ffjgJl~I¥:J, {E!.~EI:i-T3:ilr0--T-Y/fiHt9H¥ ( -OH) Q:ff -~, ~*7l<tt:fflllt o 

~Jlt, 3::~#Mim ( - o- ) ~~-*~¥-¥~*71<'11:, ~:f-fR7J<¥l:J9f~o~I¥:JP!'$".G•*-T ••*· ~Pn8:XM•M~Baa~. •*tt&aa:X.awa•-r*o 
El:i-T~~~iiiffl·ii~J~--~~-, ~Jlt-~~5!.1:~ n ~P!'~G·X1-~~*¥ffi 

891-t~-. ~~l:llJ IV.~-~~~~Pf'«G:I;1CB§, ~:!1~*DCI¥J~~~iE n WB o Jlt*IC 
I¥:J~~jg~4B<J:/J~~~~o ~~Ir~FB9F~.--~-,m~.~-l:I¥Jnt!L~~. 
~tt~PJ•~~-f-f. ~P~~~-Ir~¥J~~m~~¥J~~&PJa~~. ~Jlt~~m~~w 
iiitH£~J BtlW:bo IV. tt• a 

§fift~~-~~I¥:J~~~~.:X8~-T~-G--£~,-·G•m¥*£M,. 
«Gi*~¥!~~-·G·~£Jl'tr, 'f::fil*~U~~~BijJJtrt!$, ;f;%£M, ~~BijJJ1i~~~~Bii 
JJ1iJI'tr~··G:I* ( C~/H2 ) n a<l;bo~-, ~*-T~;f1;J~Qr: 

0 
R-0-( CH2 C~ 0) . - H 
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rf.t~~1&t$o ~~i~~ I i~Jt~PJ~li~tl:l~~z:.=M!:tlH~itir.5tt1fiJ*r'Pijlt7Jc~~-* 
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I -fttt .:::Z.MIJ'l( HN 
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1~Jf.lriH?lfJM~ff4 o :tE~f*~A~tl.:§f:al1f·~~~=fL1*9='1¥J~~. ll4f~~~ o ~n, ~HIUEI.~I*J 

$m~~7~~~*~:W-iii.~~~*~~7~~0 
- ,f.N::tt!!.i3t, ~iii*.1J1lt~~i-*5<t-T;Il;ft!!.!lmm~?J~7~, ~~.1J~!ii. o f.§.~xtr~;El¥.1~~ 

*1Jt, E13r~~oo~•JJR , 1t•ttmA~~~~~.~-~,-~l¥.JmltA~ffi~i¥J. ~ 
t;Al)ff]]ii¥J•J11!'Fit~*~~~~.1J~ffi~~~I¥J o i.9::ffoom:t5J~ lcm2 ~~f*, ~1*. 1£* 
~fMtBu, ,g,~iij§EI:Jfi~~'YsA~'YLA• tifMtffr~~~, m!fl!.ffii, ;ft§EI:Jflli~yu; , E'ft;Af** 
13 El3 ~~5£:jg: 

W = 'YSA + 'Yu - 'Yu; (2-5 ) 

:~t~f*.'lir~f*~iii...t.PI:ff=-t-wiii : ll!P~-'~"c ~-~~ISI-ti:W-iii. ;a;~~fJA 'YL' 'Ys 

;fllyu;o 5!=-t-WIM3Cr-~. 1t~Jf'El~~ffizJBJ.F~-1'ti!Mt1f:J e ( 002-12) o e!A~* 
;J<I1~~r 'YL' 'Ys ~ 'Yu;=~~-**. =~~~U.3JZ-~Bt, ;ll;~-~ IBJ~ffl~:9J wA :ff."t!Or~~ 
Jt: 

t~~~l!/3, ~M1f:J e i¥J*;J\ llJ t;A.ffi*1!Ht~-~ 
~IM!J51¥J~iJM~ff o ~ e >90° , 3ln7.K~t£15!lrf..t~1il 
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:i::tllft~!JL~ ( 0/W ~) l'n.W~o 

2. 2. 3 ~)§ f1=Jfl 

R--~ffi?tB~R~tpB9?J-8-~ o ~R~~~WM~<m~) W~~-~~R, 

# .fim~fm !:3~~99li~~~~:ii!io ~~i!rilf~fl1, .¥:1~~~7.kBt, %-B9~R~~'iit~, 

W..EI. ~mWiiB9BtrBJ&=tl:'iit~; ~&, .¥:i~~H~.¥!7.k~;lt1tM7t~1f!J7.kMijlat , m•rm•* 
BtWJ:tt!rff:~o ~-~iJi, ~~~~ff~~JiU~~mi*o ~iisJIJ.~B9Ri*, &:'®t1JUAJ3-~ 

•a. RP~mm o ••smm~•mmttmo%•m•at.~•m~~~~~o.~*B98 
~8&B~~bOo ~R.M•h~B9a~~~.~~B9~-~~8299,m~W&•o • 

~-·82.--~~Tfii~WfiB9.Tfii8~fmo bO 
A•2!'n•wmttm ®~mep~~-~-§ 

£19 o 
:tmoo 2-16 Elf~, m•~ ~ ~~rtltf!!IE~B9 

~-o -TfiiMttm•ffl~~--~-~.8~47 
~&$0099R~#~~-W-hT •. MW*~T 
•.f* !:3~~99~.tiifii o l'}bo~tt~rsf109•oomtt1f!J 

M•m99•~f'Fm.~~~•~••~.~•"4• 

-
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~ w m·l1:1l!J B-9 ® rf!Ht ffl o 
{)({5(.~-m;#*B-9;&00 ~ ltllli~~)E0{{51!mtM~~, r§~'lit~~~;r~.tJ~~olnJ o ~Jtt~ 

{51!m~~~. tt:4:-71ttllW-w..tmzw:~-m.!l£fi!il ~iimt, #,~§!..~ -~B-9m~s.IR.ll, ~~m 

-·~B-9·-~-o ~~·-B-9-Wffitt~::k.ffiEmd.!l£~~-~-. ~Jtt~~SB-9® 
mm.~n•~~ , ••~M~•o ~•~~RSB-9m•~•~-~•w~.amm:5t~~ 
~1H~mlt9, ~~ttli!~*, fi!fBJ B-9~~$11& i31 .tJ m~::k, • ~m~sifltl1Jtl(it/J o ~sa 

""" """ :5f~f8]~W£~$j];r~, t£ C= O ~ N-H £fB]i'AJ;(.fit • .tJ, J9f0(%Jil(;~gqj!.!)£@, m 
/ / 

~.:jp1jt·~ o 

~~faJ~-~~JiWf'tl .tJfl;m. t!P:t:fB,t.,51.tJ !::j ~OO.lli.tJ o ~~*f!1!4".mll.ifi~~tm:jE, ~ 
•***•·••~maao ~~~ttc;f.f•::kB-98./l,~#~atm:jE,ffi~m~~m*~ 
~Mo *M.fl::k. tl1~{51!;f!L~si.!f~:tm. @;tc::k!ilUMtA~JlfB. Mt!:f87§:5t~~~~§lt$ 
7jJ, !DtmJ~Hft5~t9!Bt, ~~~JB~1H%~, Btrm{51!~···o 

m•~••oomtt~fl;&m~~.&~9~ o •oo-~~•mu~•~tt~~. --~ 
Lt9ff.tJf!J!~m~all*~o 

t£!¥L1t~~1*~ l:fJOi 'iit.ftJffl~JJ\~m*% Jil(;ge~~.lli~ ~ r-J~~R.\. !;{i/!if:j w~ a9it~~ 
ll o t£~f'tlM~T.aiD••~m•wmttMB-9Mtt.~::k~m••~~•. ~~**;r~ 
m•fl.~~~m~~.~rm•~~mlt9•~tto ~rmtt:M§ae.ll'L~~~Lt9M~T. 
~~!ilUAAfi£1f~5mtt9,aAm~F-~M~Z~®ma•mqi!~M~o a~~-Lt9~ 

~;f.fiW::k~. ~p·~~~~1t*~~o ·~~~;f.fm#,~~B.llaff.tJ•o 1t~~~m 
~TjU fat!: 

(1) ;bn~:!iitli!~*~~~DaM (~U Cs -Cs), ~:h'8111Lt9*Mffitt::k, JlliJ.yiJ;E® 
m•a.w*•x~nmJiX;~m•. ~Jttm~••~; 

(2) ;tJnAJ3-f'tl®m1l!J. iWf'tlll*fflm!t~.PJ.®~. :tzune~;tJn~•; 

(3)BfflM~~o ~~u.t£W$!¥L~M~;tJn•~&~E;tJn~mm~.llo ~t£&~!:f;tJn 

A=«~@,ZD,*=•®=T~--~So 

2. 2. 4 ~f.t~*75i1=J:l'J 

~~, ;&imffittJl!J ~'L1tfl;fflA@(:l£!¥L1t*l=~Bt &'~;t£r·i•JiBB-910JR11i, .:2fs:~fr.tt£~ 3 

Iiffl;~i'litiBo filr*¥5fl;ffl~~OOffi·I1:JfU~-m;,ww*.tJifiit"!i:Lt9?11J7:k'L ~~-- !¥L1t~:5t 
~~$fatlfl;ffllt9~-ft~jf!, ~~1E1JJ:X1!¥L1tfl;ffl~*Y5fl;fflf!;-~uo 

( 1) -f'lt71l1*!:f;f,f 33 -#7il#Lt9~;J\lt\'r~:f$J~:tt!!.Jt'la-T;Jiti:f < 1YiHIIl7](~n!J) , .EI.~iW 
f!Pnl{<ti:~:EL~ffimi¥.1, 1tt1**!tP4{i~UL1tMo Jtt~;j\~~Lt91L-12::ktJ,~:(£ 0. 1 f.l.m ~JL-t­

~~*ft:;(:! o fi1Btr:J£PI?in, rw~nx;~~Lt9~;J\~~. art::kT B' !::jJj(Lt9:JiMoof:R . -r~# 
~Lt9ft·~~*~Lt9~.tJtl1~~~*o iuj!!!toA-~~ooffitt~(,L1tM).PJ0(~-m;na 

~*a<J:WWH.tJ .~1ta:5t8fl;ffl·~···To Jtt;r~. E8-T~ooffittM~~t£.~·­
~~-.1£;Jit.OO%JiX;W~Mto ~Jtt.~-T~:5tBamM:5tBB-9&~fi~a~fl;ffl o 

(2) 1£ S 1it!i:ffi!:f, A11l.3::~~~Uffl.Wiffi•11:Jl!Ji¥.J*Y5fl;ffl o JABE~3ilJ~~JfiJ, =MS~ 
!;{~fiffittM:h.3::~Lt9t"£ o *Y5fl;ffl,!t~lt-T~WiffittM~-m;~oo*fJW~1:~-
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~ ... ~~' !JlL{t~7}~~~~fF.ffl~~-€)-!!J:* o 
"~~··A~v••<~±)8~~•a<M~>Mm•o •~~~~~&aA•w 

m~m••~.~~?tRM . ~~~~•MmA~-.~-~~~eaMMo Mmw.m• 
wm~mre~MT*~~~mh~~·*•~••~o 

•wmttm~~~ft:.ffl~~~ft:.ffl~~.A-~~~~•-€l-ft:m. ~•wmtt~~M 

~tt•~~o fi~~~·~~.~~ttooe~•wmttm.~*~~•ionm.~~•~ 
~U:!Ir, .R -~ 'B:lik...t~~f!lttta!RJ at!e-€l- B9~i!HI~: o mz~~JJU tt ll ~ ~, ~fl£· ilii~ .1J ~ 
ft:.fflA•wmtt~~~*ft:m.•~~~~*f!ltfF.ffl~~-~•o ~~o.•wmtt~~f!lt 
•- *~•~ - ffi~?t~m~•~•~. ~~•wmtt~~~*~~~~~RJ•m.~~~o 
A~f1MP*miffltt1'flJ~JJlttr:tta...t ~ lffiHI~~J~lJ~it·U~-tiH*~~t¥1 o flS!llt, 1f! j.f~tl~· 
W~.1J~~ilii~.1J*~~•wmttm~~tttmA~~W~o 

7&iliiffltt~J$~~ifl.t7J<~m8*7J<~I1flpij$7J-Mi.R.~ o ~ r*7.1<~12f11f ~~ ~t¥1 ... 
m•~~~~~tt~•~IRJf!lt~.M~~ttaM4~~1R.lo ~•m-~~•7.1<£m~~ 

•-•oomtt~7t~~~~*~•• ... •~8ffi~7t~•&*~•~• . J~•wmtt~~ 
·~••~£$~~~o flS!llt,~4~~1RJ~~~*~~ - ~m•wmtt~~it~~~~~ 
tt.1Jlti¥J~~~~P'Iitlfi:~t¥1, -t:B{l:~.iETieWfft , ~~-- ~Jti7&Wfflf.£jl~J:JQ~*tio 

2. 3. 1 ~~ HLB fi 

2. 3. 1. 1 m.~ 

•wmtt~I¥J~$ft:.ffl~#•~**am~•~amt¥J~~••M~~I¥Jo •~• 
'W , ~f!lt~*ilfffl-1'f(:il*:110~-~. HP:h HLB (hydrophilic lipophilic balance, tR l.I<JR 
Ylb••) o 1949 &f-~!!3f (Griffin) tr~rJH!:l T~P~~•oom·~tfJJ (J{J HLB .tft~o ii~rmm 

f£5fil ~*7.K$7ti¥J~x>t?trml:i1::19 Mw, ii'ffiffit7.1<$7ti¥J;f1!~7t~Nl:Q::19 Mo , 11~~ HLB 1f 
~llT~*~ : 

Mw 
HLB = 7 + l l. 7Ig M 

0 
( 2-7 ) 

~~ (2-7 > PJ .!A!., •rmmtt~J?t~'f', t&tt£oo~~.!i. ;it HLB 1lltlt:@l:k , **'11:1!l 
W; ~pf&fi£12flt!J:*, ;it HLB ffi~~;J'o *71tltt:lilM'di9~Hfff.SttjliJI¥J HLB = 1, ii1i*7.Kti 
:IB!I¥J7&Wf.Sf.£jl~JI¥J HLB =20o ~- 2-11 Mffi, :J{.~~IRJ HLB -{R~;;c!Cmif.SttJllJ~Jt4f!lt 

~IRJ~.ffl~o 

~u.B M.lll 111 }f) HLB 'M:IE 111 }f) 

I. s -3 iF! I§ fill 8 - 18 0/W !{nL1tlf!J 

3-6 W/ 0 ~~1tfi!J 13- 15 t)t~j'!IJ 

7 - 9 llilifHfiJ IS - 18 :ltt;1;3lll 
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El:! ..t~l'lJ~. _R:fi HLB {i[1-J 3 -6 ~ 8 -18 a<J~OOffltt1fiJ;fflli-Q!;~~L1tJ}lJ, HLB :t£~ 
~mOO~a<J-OOffltt~~ft~~L1t~ffl o EI:!~~L1t~H-~oa~L1t~*'~~R1i 
HLB 1g 3 - 6 a<J•OOnsttJ}lJ;f,'i(;j"W:~*1i~llffijf5( o 

EI:J ~ HLB ~~@1itfta<J,'i(;jft~K-**·~~HLB ·~~~a<J&tt~•h*~o a 
~~~.ftflJI'lJ~M-OOfflft~:tE*~a<JMMM~,'i(;jHLB {i[~WM·"·· A~~ 
~2-120 

:1Jn A;d(.E B<J tt!lff HLB m:Eilf :tJnAlJ(.E B<Jttf!lt HLB MElli 

:(ElJ(<fl~?tW: I -4 ~1E~L ~?tllt f* 8 -10 

~'lit ?til!< 3-6 »---¥ i1i ~ ¥:i1f ~ 7}11!{ f* 10 - 13 

~?.!ttl# Fc Jilt~L ~ ?ttflt -1* 6-8 :i1f~iff~ >13 

..t•J9f~JI'f9~7.}(Mf.£5tij$:a<J HLB moo, ){ij~~-iiim·tiJ}lJ*=iJt. &f&:fi~J7'~. {BB 

Wft~-#1tiit HLB m~a<J·tkit:1J7*o 
2. 3. 1. 2 HLB it 9{! it Jr. 
4ii-#•oom·ti1}1Ja<J HLB iii.t•, OOJ;E-~t~~;l;)Jia<J, Jmf:E~~JL#'litffla<J:1J7* o 

A ffl#:fl1:~1!-

1e HLB ft{i[ 1ta<J~~-IliiJ*ff.)r:wf 1<H0 P] (Atlas Powder Co. ) a<J~ lt1}1t )tffM!ll! 
~-Ta<J o ~#M~®~~~~••oom·~jl)J, *fJJIJ•D~}]jjMa<J~~zm-m~!lmll$:7GM < -§.~ 
~=If) a<JB~JJ1i~~~. ~~Wi.t~ HLB ft{i[a<J0~ o ffl~~0;r.t~!;Il~fti!.ht~ HLB 
i«o 5t>t$B$:JGMa<JB~JJ1iM&m, l'lJ Jfrf:r.tit~ HLB a<J:l!If~{i[: 

HLB =20 ( 1 - ~) (2-8) 

~9=' s A~a<J.!~Htft ; 

A B~WJUa<J~fft o 

M.~ (2-8) ey ~, HLB {i[ a<J _t ~[UilT ~lt5HJIJ 1-1 20 ~ 0 o 191Hlll, M~-1'- S = 161 , 
A= 1981'f9i:trlil@B~~-ft~a<J HLB {iiitn~lfF: 

HLB = 20( 1 - !.§.l) = 3. 8 198 

M~!~~~1t·~ ~ flWftij!~f'Ea<JB~}]jj~lf~, 3lllf'M~ rib, t'~w, ~r.r, $-'€;D~~, ~ _m 
jfJZ.t.!r;W T~lffit~ HLB a90:r.t: 

A~ E (C2H40) a<JJ9l:fi~·; 

P $:n;jW~a<JJ9l:i;:~·o 

HLB = E + p 
5 

(2-9) 

~M~Rm••z•a~~$*$~a<J~£~B~}]jj~~CzH40a<J·~~*iJt,:r.t 
(2-9) JZ.I'lJW1t~: 

E HLB => S (2-10)' 
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ii!i l:t..t.J1tt-~ f!J!i'iJ SJHi HLB {i , ~ ~ fl§Et& 1m.$- f!J3 fdfl :It!!.~ ffi ~iii 1i5 ft jf!J ?tT-~ ~ TIB 
~fdl*11~7](£12fl~.lfl-jf o t'&iffl, ~.ffltt•/J~ii~~I:rrl'iiJI!: (1) ~i.t•/J~.R~ffl=f~~ 

~T~*ffii1i5•jj:~J; (2) m:~tl::§':~ljfl=~i.t1J:~1i:.\li¥J~l+~'MI£*"~7)(~;ijl::!il~J~'r£o T 
:li::R m: 1±1 T i.t $ £1J ~tt-1l= :n~ , IV-~:izHiiJ ~tsrwr:n~ o 

B Jil _Ut 
~~I• :1fr!*=JH T ~{I;.{~J11! El!! fiW J9l:m~ pH {i 139 1J r! , ?H1tl ~*-MI ~~ * 7)(£ 89 :fl3 M ?t 

7-J9l::Q::'/g Mo ~ Mw (~OO~f!jfl]~ .~-ffi~r?tT-J9l:itj.J Mo +Mw), =f~llfffl.*~~ ( 2-7 ) 

-*flffl~ HLB {i, f!P 

Mw 
HLB = 7 + 11. 7lg Mo 

1 
~ MwiM0 = 1 , 4, 4 B>f, HLB 11ffflmz:'fg 7, 14, 0 0 

Jit?'~, -lli.llfjffi):tii$~Jll(.*~Jl cmc **1}: HLB {i, f!P 

1 
HLB = 7 + 4. 02lg -=­

erne 

)ill l:t~~i.t~~ :±1 ~ HLB ffi.!::j lliiJ *ftiLWf~ ~it~ ttl ;ffi ~ Jii {!;.{ o 

C -~~ (Davies) it~* 

(2-ll ) 

iUfUW#f HLB ~{i[ fF ~tti~ ~ T-~ .~ l1l31HHJ!lo E8 Jit%il.~ l±l ~ . {1Biit ~ :tE~ iii f.!f f.£ 
Jl!JtfJ~ftj?j-Mf:'Jg-~~lafl, 4#-¥1af!W'~;f HLB {i~jjt~ ( ffl~IE) o 

E! -~~-~ HLB ~E.~~~~i-*~~12fl~~~U=f~2-1 3 o ~~I?J'Jf,{~ftA """F ~Ii!P 

ilJ~I±l~~~tfJ HLB 00:: 

HLB = 7 + :2: 0~7j(~£1af!fl~)- !,(~7Jtlt¥J£1af!fl~) (2-12) 

~ ( 2-12) l:j:l;{:l3t1lfl~-tjt:ii'/it1'J 0. 475n, n 1'J*TdJ$?j-tp-CH2-~a<J1'-/l& o {E!J:iil 
13:~, ~~ Z.~bf .:P ~-CHz-:il'·eHIS:t£ I7'J , ~-Z.:t~H£11= 11 -1'-.$-5t-*i.t~'U<J o 

:a 2-t 3 HLB ~mftl§l 

*J}(Il<J~~~ 13 .*MI!<J~~~I3 *1ki'J9.?ilifJl~ 13 *illli'r9§~f1:13 

- S04 Nn 38. 7 ill! ( ~ El3 ) 2.4 m~a<1£mfJ: r;~ , 

-cooK 21. I 
-cHl-

- COOH 2. I -( CHz-cHl-0)- 0.33 
- CH-

- 0. 475 (1) - COON a 19. l - OH ( Elltl) 1.9 -(CHz-CHz-Cii-0)- - 0. 15<D 
- CH3 

- N (~JI'J() 9.4 
=CH-

-0- 1.3 

ft:j ( $\; * LlJ ~ ~JF) 6. 8 -CIH(~LIJ~M}f) 0. 5 

Q)ff:l ffi~ll'¥~.1.1~~1!£ . .ffl3t ( 2-12) tt~llt, J.it ~Jitfl~iEU'H~NtflMIJTI:lJl~mo 

§ ..t.~~~!af!fl§it~l±la9-®*mit!Stt~Jat.l HLB {i[~tlr~ 2-14, ~:liiU~:f~~~:{j, 

~, @.~=f1ttt!!.#HW~~iii1l5f!*'J, Jit~:Jf:il'+?t:iliffl o f9iHm. ~=f~~Z.:l1Htt¥JD~. 
El~ (2-12) ~lfl~ HLB ffi::t:{~ o 

• 
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* 2-14 ~JJfllUfUOrn)ttt•tt-:J HLB 11 
Jilliiif.!itl:l'fll~~litft4i!- ::UHfl it•m !R ifjj f.!itt1f!l.« ~~it-\} :tit{fi it~OI 

Pi in ~0 ( Tween80) 15 15. 8 Span-60 4.7 5. 7 

Pitfa~l JO 10.9 Span-80 4. 3 s. 0 

Span-20 8. 6 8.5 1t'/11J!Yt !ijl!BIJ II li~ 3. 8 3. 7 

Span-40 6. 7 7.0 Span-65 2. I 2. I 

o * :tn., x :tn. ·!i ~ m * 
•ooMttM•~~~mttc•M>£OO~~mtt<•*>amm~~o s*~•~' 

~~A~~m~~~~-~OOili~.~~~~~-~OOL~~~. ~~&~~**'·~ 
ttfma<J:;k;J,, ~WPJ~~:±l~~m~ HLB fi~It~l)i~a<J~ft**' o 

• oo ns ttJilJ ~~ m·ii *1lxm t.:E.tllrf M-71' = 

~oonsttm~tt~=~mtt+5tmtt 

1HJL11 = £*~it~-El-!fm~·lf.:£~1!li!rPJ 

~mtt =lt~£.&~~~ (~, =•~~) ~~uluJE/f•J,W.~tEgr1~rPJ 

~mtt~-m: = ~--1-~.lij(-T a<J-m:~ 20 
~mtt~-m: =• 2-1s !:f:!JJJT~a<J4S-~-m: 
A111:t£::k:it~~¥~L. ~ij.iU~-~~oo~xm, ~mtt¥fi:fm* 2-Is Elr~ o 

* 2-t s 4H!OOtt-:JJt:m , ~m1ta11 
7Gmtt~ m. 7Gmtt~ m 
~>?i~lt >500 -cooR 60 

11i:£Jililif,:,Jlt(,4J1(lif,: >400 >C = NH so 
-A5 0)H-A5 02 H 300 - N - N- 30 

-S0 2NHCO-, -N = NH- NH2 260 >0 20 

-S03 H 250 ;¥.: Jl' 10 

- S02NH- 240 ~~;If :(f Jl' 10 

- CONHCQ- 230 - 11! 3 --
=NOH 220 ~ • 2 

=N-NH- 210 li mll!t.:Ut tUl!i 1fmttm xmttm 
- CONH 200 >502 40 110 

-cssH- 180 -SCN 70 80 

-cSOH, - COSH 160 - Ncs 70 75 

;@: ;ffi ISS - N02 70 70 

-COOH 150 -CN 40 70 

j;l;j li 120 - NO so 50 

-co-o-co- 110 -ON02 60 40 

-QH 100 -NC 40 40 

-Hg (1ft!.) 9S - NCO 30 30 

11i 85 
_, 

60 20 

- NH- NH- , - 0-cO-Q- 80 -Br, -su. - 5- 40 20 

- NH2 , -NHR, -N~ 70 - CI , - P 20 20 

>CO 65 
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l!~~oomttfr!J e9 HLB 1iPJtti"Fitmii!Jt!!.ill!t=l±l: 
HLB = xtfttt x K 

~mtt 

i\:9=' K #~, -~~T 10; 

xtiL·~ ~oom·~1l'Ht-Ts:F4il--t¥~xmttlHae9.~,~ ; 

1rm tt ~ oomtt~J?t-T s:F4il--t£~~m tt£{Jl[e9 .~~ o 

r00~¥~*~MM~~.~~-r~~e9~-tt~: 

C8 H17o---o-(~H.0) 10-H 
Ca Hn 

0 
- 0-

15 

20 

- ( C2 H.O) 10- H 

A 't 
"' l 

35 X 10 =350 

385 

EfT IV. HLB =385/ 280 X 10 = 13. 7 20 

co 
...J 10 
;I: 

J: ilii B t£;-tl i£ T ll9 M'~- HLB {J1[ e91r~, 

~ilJ-1±\AM'~~ . ~~ID~~-M'-OOMtt s 
ff!J~-Rtt~a7J'iliJ!Ifb(e9~1io III 2-17 ~~*fnr 

Wf~~JIIJ:~e9it~~*Z lt~o ~ 2-16 .ultl~ 

~~mwr*~0~~~*~1i~•mwr~~• 
{J1[Zit~o ~~*~~~Jl[~ , ~~-~~~ 

ttR~e9~-f$LWf~**~ HLBm,#bOIV.~ 
0 5 

20x8=160 

20x6=120 

280 

10 
Mw /Mo= x 

(2-13) 

15 

IE 2-17 'f'fD'l1J~*~(I9 HLB {l(l91t~ 

ft 2-16 -"! ~4t~JOi$tt•ti9 HLB 11 

~ififfifillll 
~ft:itlb tf1J:;j(.ft 

~ iii m tt J'IIJ 
;9:;~-ftlb tt~JJtfG 

1t<J HLB {/{ I¥.}HLB{( I¥.JHLB«l 1¥.} HLB ffi 

+ =~~IIJiUUliil'ltl.: 40 (40) .iETIIJ 7 7. 0 

"111l&i'll 20 (20) Span-40 6. 7 6.6 

"111l&flll 18 ( 18) Span-62 5.9 5. 7 

I!± 1/,\\ 4!0 15 15. 8 Span.$0 4.3 5. 0 

LlJ~UIM!f-'Ytllll&li+10 CC: H4 0 ) ~ 13.5 12. 5 Pi11tZ.=ftJ.II't+=~~ftli 4.5 4.6 

Itt 1/,\\ 4!1 10 10. 9 LlJ~M5J.f!81124f f:~ 3. 5 3.9 

CuH37 N(C:H.OH) CC:H.O) (CzH.OH) 10 (10) 1tiiii-'Yt 5!Biillltl.: 3.8 3. 7 

Span-20 8.6 8.5 Pi 1$ z.= IIJff !lillttl.: 3. 4 1.8 

l'j1 "' 8. 4 Span-65 2. 1 2. I 

z. "' 7.9 +7'\IIJ I 1.3 

Span.$0 + 2 ( C2 H4 0 ) ~ 7 7. 0 ilb M I ( I ) 

n-1'[5 7.4 LlJ ~MIWlff IZ!HJ! BIJ II tiL ~0. 5 0.5 
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~~;&~, ;&Wf.Stt~J~ HLB ·aUl:ff:bD~tto ~lit . ~rM.fslt!U....t~;&Wf.Stt1JIJ;Jf 

fijB;j, ti-*;&Wf.Stt~J~ HLB illfilJ :fiH~~~it~: 

(2-14) 

~ c:r wA - A ~;&iii m tt rt~J 1'19JIJtii ; 

.:1-J: 

WB B #;&Wf.Sttrf!J~Jlilit; 

HLBA A #;&itif.SttftiJa<J HLB {ii; 

HLBB B #;&WflittrttJa<J HLB «£; 
HLBAB A, B w;ifsjt~Mfflit£1f!JM-* Foa<J HLB «£o 
~IU. 30% ~ Span-80 ~ 70% ~91l±i&\\-80 ~~~~.:1-J1§1Ji$t~J!#:bD~tt. jt~~ HLB fH 

0. 30 X 4. 3 + 0. 70 X 15. 0 = 1 1. 8 
0. 30 + 0. 70 

J~~mte, E8r HLB ~1HE!:!IHI!!~$?trttiftla<J~#tt, ~n~Tifl-m:tt!!;&ffi~TififfltE 

WJB<Jtt!.al:, IZ5!Jtt1£1/HHA.1t~~ft-*~~;&Wflitt1l!Jat, if!# HLB «LJHE!~~~ o 

2. 3. L 3 HLB ii.alJ .& Hl 
HLB {iia<JJ.illffl:ff: 
(1) ;&Wf.Stt~HJ<J HLB tao ~'/itJ.illffl~IWJ~1Y:Wfi*~B9~00f.Stt~JI¥.J HLB fi~:E~ 

*lliH~$:Z:.1:ltM~ HLB 1Ji?HJIJ~tlT-;&2-17l!H&2-I8 t:f!o 11!2-18 ~4}#~1PJ~Jjlj ~~Uiif.S 

·~1f1J~ HLB ti~t~OO o ~ 2-19 ~4}#'/itJ'fHt9~WffltE1fU~ HLB {iifl(J@!ff::J:IF~~ o 

•2-17 ~~~~~~-~~~~~m~~ 

i". .f]( 1t $ i'l HLBffi 
Span-20 w ~•nnf J:(J. + =~111Hii 8.6 

Span-40 LIJ~·IIJifJll.+~~:IElltli 6. 7 

Span-60 LIJ~.flmfJtl.+-tt.t~lltlt 4. 7 

Span-65 LIJ~-I!Jllf J(l=: +-tt.t£11Uil 2. I 

Span-80 llJ~tfft"9lff1fl'IIIIHD 4.3 

Span-85 llJ ~Wii!Ji.ff .=:YIIIIJnll 1.8 

ttl:t!\1. -20 LIJ ~-~~~If 1(1 + =l;ic;&li~l'lti JUf.Z.tli1ftl ( EO: 20mol) 16. 7 

PJ: i£1.-21 LIJ~.fii!JlffJ:(J. t-=~¥~1li1Uf.Z.:l:tllftl ( EO: 4mol) 13. 3 

1!:1:1&1-40 LIJ~.fll!JifJ:(J.+~t'l:IElltli~Utz.•u (EO : 20mol) 15. 6 

l!f:!ll-60 LIJ~.fii!Jiffl)t+-tt'l£~1BUf.Z.:Ji lll (EO: 20mol) 14.9 

1!:1: Ill-61 LIJ~·I!JlffJ:(J.+-tt.t£lltlliJU!f.Z.:JiH ( EO: 4mo1 ) 9.6 

1!:1: i/.l-65 llJ~.fii!JlffJ:(J..::: +-tt'lli\HCJUtZ.:blill (EO: 20mol) 10.5 

1!:1: tliA -80 llJ~tfllJlffJ:(J.iJl!IIUllJUI:Z.:blill ( EO: 20mol) 15.0 

tlt. t/i! -8 I lll~tsi!JlYf1Jl.illlllbNJUl;Z.~i!l (EO: 5mol) 10.0 

PJ:i&l-85 LlJ~.tlliM:If.::: illl~ftUUJ:Z.~i!l (EO: 20mol) I I. 0 



1lnJilti'JIJ~HtZ:It~$~ (EO $ $ Jl() HLB {R bn.fiti'JIJ.f.tZ.~lll!~Jlc ( EO-~~) 

Jr.~· 

I 

2 
3 
4 
5 

6 
7 

8 

9 

10 

2 5. 7 10 

4 8. 9 12 

6 10.9 14 

8 12.3 16 . 

20 K Fl till! (./91<£ ( (1:7'(~ F! fiiJ )( t.>lclftit ( 
!'l'lfili> ll!!llti) ) *Ill!) 

N (30) 
Cl 

:i! I (20) (30) 
(20) 
(15) 

12 fltill! 
~lffi J(l.l!l 

10 (200) (200) (4) 
(4) (4) (2) 

( I ) 
11'lllli (0) 

(2) (2) 

))Iilli 
(I) (200) ( 

= llli 

00 2-18 4}fajr;jiifif.Sttt/1J(!<J HLB f.[{(l9lt~ll! 

* 2-19 4§-flll '*' J1J tt iiiffi'f.t ~ IY-1 HLB ii!Y-J OAt 

!l1iJ J.ili ~ .f$ HLB ffi 1¥% 4t gt ~ lfj; 

llJ ~ti.§Miff .=:. illlli!!Mi 1.8 11 -!t!li=z="l(!.+=~¥ftll 
llJ ~.11§Miff = ij!Bifi!Ull 2. I 12 llJ!!I':!Ml!JlfflJl.+T-:. ~~ftli 

11¥ t$ z = lfJlJl. ilBiiiiUli 3.4 13 llJ~tlftJlfflJl.+=~¥1li 

llJ~t!ili'Jiffif~ ilb-I'CI 3. 7 14 IUlz • (4) +=~~-
z =.aJlJl.i.f!liliUli < ~~ 111 c11Attt> 3.8 15 •• z~ < 4 > LIJ ~IIIWIF l(!iU~Il!li 

LIJ~-MB!f.l'liilbll!llli 4.3 16 ••z~ (5) LIJ ~IIDiflJl.ilbll!li 

N~Z=I1lJl.+=~¥M 4.5 17 JIU&tz~ (4) LIJ~tl~lf=~nn~ftll 

LIJ~.MM!f.l'li~J!Dijll!Jr.l 4. 7 18 JUtZ1* (4) LIJ~.IIM!f- ilbftil~ 

-ffif=z.=iWJ(!®!Dirll!il~ 4. 7 19 ••z~z=~W400 J¥tilbliUll 
z=~J:l!.i.ii!DiiliUll ( 111 c!JL-Itl'!) 5. 5 20 Jl (!(Z it; Z = ilJ 400 1(!. ij!Diill! f.! 

HLB {li 

13.3 

14. 1 

14. 7 

15.2 

HLBffi 

6. l 
6.7 
8.6 
9.5 

9.6 
10. 0 
10.5 
11.0 
II. 4 
11. 6 
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~~2-1 9 

ijl~ lm mt ~ ffj: HLB-{j f'f.f)- 11m gt 4ll ~ I-ILB {R 

21 = z. IIJJ(!Cft!l ft!!ll& 12.0 30 ••z.:IS (20) 1-7'\t:ilU~ 15. 7 

22 JUI(Z.ft {9) :£-ai:JFM 13.0 31 ••z.:IS (30) ~Rlrft!!lli 16.0 

23 - z. l*=M 400 -'¥!-+ =~=Iiili 13. I 32 JUtZ.ft ( 40) i!Biii!J!ftij 16.9 

24 ~~z.m <4> w~JYMI!f!)'l.+=)\;till'in 13. 3 33 illl ftllff'l • 
18.0 

25 JU( Z. :IS ( 20) lli ~HIM If $-l.fBlHIUli 14.9 34 lUI{ z. ~ ( I 00) JIA!il!Uil 18. 8 

26 •«z.~ ( 20) lli~MIJifl(!.i!IJft!!li 15.0 35 illlll!!~ 20.0 

27 ~-Z.~ (20) + ;\)\;tl!Ul 15. 3 36 +*mi&'!iz.i&'!i~llliz.~1i!ilil1tt 25 -30 

28 IOl!t Z. :tlJ ( 20) "i!IJ ftllM 15. 4 37 +=~¥iiltftllilll ~40 

29 JUr.z.:tS ( 20 > L1J ~-llfftf ii!.+T-;1,Ufftl! 15.6 

(2) HLB {J[~~~J.iil}f.! !::illP~~~ o ~1J.S;;It HLB {R , ~~~Itiffi·~~ja<J:;k~{tJf.lrG: 

OOB.!A!.~ 2-11 o Ei:r =f1E~L1t:J$~fti:~ c:f ±~7ll7 .&~L1t~ , e!5lltt~:1-J~~;UL1t¥1!~ J:@l¥1 HLB 
{J[?H;~;tl =ff& 2-20 ~~ 2-21 c:p o 

• 2-20 Jfl7-*f111!Jlitilltf.J m .B ff 

-'1. 1-t. til ~ ~ HLB i11!'21 ~l 1-t. ill ~ :!W HLB 1il:Bll 

21Bf (~f'lrffl~) 0/W 6-8 .fti~ft!l 0/ W 7-12 

1't:tt'lf ( Witf) 0/W 14- 17 m~•il~ 0/ W 5 -10 

~:n;* (?Ut) 0/W 7- 15 tx'a\'il: . 
. 

11:tt'lf < ilBI:il!il) 0/W 6- 15 l!!!l&!lll W/ 0 2-4 

w:tt•.&~111J W/ 0 4-6 iiJ~!W 0/ W 10-12 

~ 1111 0/W 6 - 18 txff ( f!4JJX) 0 / W 8-14 

-'i1i' Jl< 0/W 9- 16 j;((jtj!IJ 0/W 8-12 

litlmltll 0/ W 9 -12 !fl1-t.Wi!i~!ili W/ 0 3-6 

ft!l ;ffi W/ 0 1l1-t.tll 0/W ~l1-t.~ illl ;j:!l W/ 0 .'1l1-t.~ 0/W,l{t~ 

:JFIJllil 14 ~ illl 14 

ft!! <=•~*> 14 'f-.:f,Dif ( U > 8 12 

J'l~ft!! 16 1111 : 

~l1llft!! 16 Jf~lit!lmilll 4 12 

lU~Dft!! 16 ~~lftwllll 4 10 

ft!l • 17 f"ft!I-M 14 

iii Bl:i Ill 17 if Ali 4 7-8 

+ 7'\IIJ 15 -+'~ illl 16 

+ tJ 14 tit: 
+=M 14 • !It 5 9 

+=M 14 tHli!-Wtll 14 -15 

* 15 Eli!!f**~J!It 12 

ll!llt1-t.~ 16 ~UUI'i 10 

•• illl 14 1i -" 4 10 

JJ:1-t.:Ot:t 
. 

8 
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El3 r H LB ii[ 14. :ff tlll fiJ tt , 12Ht :-££ ~ ~ 
~ffl"~~-~,L~~-H~~ · *ffl~ 
~-~~~~~OOffitt~~~.-~~-
;J:t HLB ii[ o 1911 ~ll, 30% Span-80 ffJ 70% 1!:1:: t 

llil­
m\-80 Hti-g.~, HLB -fi~ 11. 8, • rflltJ ~ 

~ 
-i-5t 7J( $ -¥. Bl! ~ 7ltl.ffi 89 'L ~ ril o ffi ~ -tE J.i.iZ ~ 

-~.~~m-g.•*~~~-~~~ HU ~ 

~~ . W~ffl~~m-g.•~*~-~~& 

~JE~,L~ril o 

MI~~--~H~~---~~a. 
M~T&.,L~-$fll~~~·-g.·H~­
dB~, 5ZilliJ 2-19 Jifi71' , ~~dB~Jm1tfP~~~ 

dB~ o OO~-~-A~~--.~~kM'L 

• 

0 2 4 6 8 10 12 14 16 18 

"At~Jms~t¥1 HLB m 

IJI 2-19 ~it:i'flli'J<J HLB ~~lit~$ 

*~ 00 ( ~~~~ l1tl ~) 

~~Jffl:fiH&~~o ill.f!P'L~~J·$~, 91UA'L~~JJf.l:fil:;J\H~ 5l..o ~1rJ:£E~~If1:~, 
iiJ~ft~~~~'L{t~.*MflltJ~~dt!~ o ~Jffl-~,L~~J. ;It~-~ HLB ii[l:tf;C;J, , ~ 
-~f;C:;k, Jf.l~~~l:t191JB~. ~IGflltJ--?MI!-g.., *--Jl:l:B.ffiJ.i.iZ~ HLB ffi, ~!iii 

-m-g.eHfL~M~Bflli~tt•M~~~~dt!~o 
~002-19 !:f~ltb~iiJ7lttl:!, ;Jt!:f:ff -~J]!#.i.. ~,gH~5l..:Jik: ~7m-g.'L~~JH 

HLB {i[~~-#.(",~~-····&~~~~Hffla•~. f!PiiJ~~ o ~~~~. 
a-g.~~~~~.-%dt!MB9%~iiJflli~:ffFJT~~.ffim~-•~~•w~.;~ta• 

A-~-~-~~ffik,&f!P~~- HLB {ilk,~~-$8a o ~~~,L~m,,L 

~--A~Ffi~~~.&en•~••~:ffFJT~~.illOO~~,G#.i.Ffi~o {B~~fiH 
HLB ffi!p~~ o 

~~HbMFJT~OOHOO~.ft·iiJ~~~. W~~-~~~~~ o ·~-~~~m 

J.i.iZ:ff$3CX~,L~~ o ~dB•k•.-menem~#.i.•-~. ltb ~M~X-~o ~ ~. 

RilliiJ~ffl~B~f1:ti:!~%HbM*.~;it)]!#.i.ffl%~~tt-~~~m'L~m~tt 
!9J: o 

~~mB9~B ii[f!l·~~-£FfimB9HWiliiJ~~ffl-~dBM~#.i..*.ffiK •• o ~ 
#.i.:£E~~~~~H"~~~-:ff~H.iiJ~ffl*~~-~,L~MB9tlllAS o 

2.3. 2 •w•a~~~~~~.~~~~~-~~a~~~~~~ 

~wmttmB9*~•~fll.ffi~*~••.•xtta:ff•*"•~·••~~ 
"f: 

(1) ~71<~&111'£~7..k~-*~· tt$:lli!=f i'BJ~'L1tt~itf1:Jf.l~. ii:f1:?¥L~, ~~~Jo 

**~&It~~:lliiitJJ<~~fiUB9, tt~-*~H7JiJM , ~~ttflli~~; 
C 2) '111 Jt. Hf.tl)(~ l:t~'IW Jtiit B97JiJM. ~~tta~ YJ; 
(3)~m*~•••*B9•oomttmf1:~~•mffl~~*•m•~o ~M*~•m• 

Jj\B9.00ffltl:ff!Jfflf1:~~~Jjff,J~~~J l:tf;C~ii:o 

~~r~-~~~k~~~*•·"foo~*~~~~ o 
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2. 3. 2. 1 ft. ~~-!i-.1. ~ Jj 't{;J 

+ Am~ift-~~it*1llit:fl~lll~=~~ ( a-l.~l.~ ) ~D~~:frr5:t~nr: 

~M~~~~.fi~~-*¥~~~-*~···~-~.W*~~--o &#~~ 
**¥3~-~.$~tt~~~~s~~&o 2. 3. 2. 2 !.. *-~ -JJ 't{;J 

~-~---~~~--~.A~---~tt~~-~A~fiaaatt~~~-­
~, ..El.•tt•~*~A~~-CH3¥~$~, ffil~tt~~~~ o 

~tt+=~~··DM~~-~~··~~~~.Fo~·W-r~~~M#~~.@ffi 
=f;;(fJi: •• $·~~5lilfi*~JJIJ' o 

• 

CH3 - ( CH2) 1o- CH2-Q-so3 Na 

( jE + =tt~~i-~ifli) 

• 

CH3-cH-cH2-cH-cH2-cH-cH1-cH 
I I I I 
CH3 CH3 CH3 CH3 

( ll!H'~ W tJfJ*~ .illl ) 

2. 3. 2. 3 ;!:2,.; :$} -=t J!r -1- 69 I} .f.J 

~ Hwm~~"· •*a~•*a#~&~~H. ~~~~?t-=ra••~~~~~tt 

~~-~~•0-•~m. ~•.:r , m•.:raoomttm. ~~~T~E*~~•*as, 
Hw ••~~~)E. it:if'iiJtml!ifl~i!Jc~~~x-t:frr~:I:T o f!!~~~:•-=r•oomtt1f!J. liiu 
1Joffi*£:5t 7M ~~~~~JI!~lft ~;J-?tr .&i:i:o ~J:flo, ~.fj ~D, -1-f;;ftJ , ilbD, 
-j-;~D·~~-l.-110~&-.~~~m~ HU ffi~.-Fo~~~~-~~*~~ 
~?t.:rat. ~~~~~tt~~iiJ~~-.~M:frrmt~~,~••h~;~~:frrmt 

• :lit* ~~L{t:$1-fa·~(f~~ o 

002~-~~••••~•B~••-••ttoo~~«z.•~»n~•~•~~-~ 
~0 
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002~ ~~*~--~--~~M. ~~ 
ttll~Ej *1a:~:bJ:IJO~.$~~i'l<J~* 

2. 3. 3 ~wm~~~~*~m~~~ ~xa~~~~~ 

~•wmttm~tt•~*~·**¥W~K7Jc¥W~"~A«~f H~~-~~•o 
~7k¥m~~~~~~~.m~~~~m~~*~~r~"= 

(l) H~JJ1i~~~ : -t.:.~£~ -t !\.~~~ ; 

(2) )'j=w~~~ = ~. *~~ ~Qf}~; 

(3) t£B~JJ1i~3t~...t:f:i)>j=~: +=:~H~*' :f:~~M~; 
(4) ~Jc~rp:fl~1R;'fc~~: MMiltlH (- OH¥) , iltlHTf!~ ( - C00-¥) , ~~ 

=e ( -0 ~) o 

~~*~~~~~A. ~~~~a7k¥~R7Jctt-~*A'~~~*o SA~~~~A 
~~=~~1-•*~· ~ff!:X1*-Tmi:1ilA"T 800 B;J, J!.1J~iir*~~7.Kti o 

~-•~.~••*tt~n~n~~~inr: 
n~JW~ <:O~~ >m~) >{WD~JJn:tmitt~J'j=w~ >%'w~ >{WH**~~ o 

i6ft1.K¥~"~· ~~~mzmwoomtt1l!J*~· Ji!::-1-~I:'M'm:~~~~ o f91Hm, tEllHi 
~L{t~~~lfit~~:UnJlto tE~it~L{t:1m:l2\;~~~~-Wffltt1l'Jifit, 1t;t~~$:.M; HLB 11. 
~~~-·~1t•~•oomttm•*•~~~-~h 
( ~III 2-21 ) o iiH,: p;§' =lfiBJ ~ * ~ h ~ ~.!iL .P!tl* 00 ffl tt 
m•~••~1tc.:r-. 8B%~••wmr7Jc~.oo 

-~{t·*-~*0-·~~.~~*™~-~~ 
~ . ~-~h~:C:~io ~Jlt. ~~m~~L{tlf•'iltllfit, 

~{f;{i)B~JW:tm~Ii.l{f;{ifH~JWJ&~)>j=w~~·*~~~ 

~o ~f·#-~M~~{t~-.~~*J'j=·~~-
7Jc~~~Eo 

*~~m~¥A~L1t,*•~•#re~•*o 
~f~~~~M~**$~-TBID:tm~.M~~m 
~~M~-~~•wmttm•~o mQ•;{if)>j=w~ 
a7k¥aoomttm~~•m.••.P!~~~~.~~• 

m 2-21 ~~ !:i~ 

~¥1.-ft~ raJ~ m flltt 
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ffl o ~~.•~~-*~~•*~·~•*~~-~~ttn~.~mr~~mn•+ 
:frJI!~~ o 

~..tEJfJ£PI~, 1t~~¥J~;j-~jjj~fijf~J ag·jj:~~~PIRJ~f.Jj{~o f.JYif1t%iL!A!., ~ !.16'~ 
~---~-iilffltt~tt~~~*1t~~¥J~jjj~~-~,~-~: 

( 1) 1fi7j(•jj: PI ffl HLB ~~{~iJIE*:1;5 ; 

(2) .7](~#~ §fttr~/FRffl~*~:i;5; 

(3) :frf-~;j:;J §fttrMJ/f'~~ffl~**:l;5; 

( 4) ?tf-*;J' PI fflffi~1"?tr~:fi~ff~**:i;5o 
E8 T-%€7J(tt;f1l:frf-*;J, PI ffl~*~:it, j;§JitPI ~;f!Jffl k-(_t w-JR-i.~$1Hm ~M~~~~;It1tl?. 

#~-iiiffltt~IJ ~~IHi'f\00 o 191J!IIl, I;,(W.~~~~~Ui#~~Jffir~, 11i~:tf-*IJ' HLB, ~f;f 
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{14 ~ ili!J~;jc f.fHil i¥J Itt Jll 1/J: illl .& -\'H;H!)l. ~ illl fu'IHI11 i'fll -'i!: 71< ~ f1l i¥.J Itt J1C ;It - ill! .& .!if Jlf( ~~ jJIJ 

( J.ili: :!it :$}·~ ) 11*4 ~- llfl ~lJI.! < J.!litil:~~o m.f4 ~Jiil 11# ~-
0. I W/ 0 0/ W W/ 0 0/ W 0. 5 W/ 0 0/W W/ 0 0/ W 

0. 2 W/ 0 0 / W W/ 0 0 / W 2. 0 0/W 0 / W W/ 0 0/ W 

( 5 ) ~~$~dlJ:B9j£1to ~~~IJJJ, f.!P{j!:J!JtJffi~ B9!¥L1t1lll. E8 -T~~'mHfdtt (:!Wif!J.l , 

•to••> ll9~1t.~~~~~'L1t81¥J~~o ~jn,mM~'L1t8~119*~*~<w 
0) ll9~1tM~*·~-~~~aa.#&&MS,U~~~WW~I¥J'L1tMo 

( 6 ) iffii*~Ut a ~~~Yri1*%J£EI{J,L1tM~, Jffi1lt ~:klll~tEil9Miffi:19?tB~ o ~J 

~u.~~~~"~~'L1tm~. ~ ~ ~*~~'L1t99~~-~.~J£-~~~1tRo tE 
wom,L1t~H~mli5J~~~. ~~~~--~ll9~••*~~4%~~.w~~*•~ 
EJ{]$({tjflJ*f6•f.lj~ 85% ~..to 

~'L1tMB{]*§rtW~.~-~~~OOffii¥J·~.ma~•~tt.~~1t•a•fi~ 
~--~~o m~••~•~.?tmM•~••,~#,mM~¥JM~•~~*R· ~~n 
m "F~L1t~I¥J~~·~-M~:!if o 

~15!!ffl,L1t1f1Ja;f, 'L1t1l!J 89~1t~ttmt{j!J£~~ ill Et9 fiiJ:Imo 8:! f ~L1t1flJ 1¥1 HLB {t~ 

~...t~lffillfll9wtt, t§~!t~~$~JtE!fL1ta~¥Jifi!J1}~fitf¥iB.lf"F, ~ HLB fi~!Hm1t:7t 

~f.f~JtJo 

~~o.~~1t~H~1}IE~.~bnM~M?tJd~1}a1tm~*MM~71BMM~· · 
MA~T~ili!:MM.1t:7t.ll98Br~RSI¥JR~ttll98lf"F,.bn~1tmmh~1t.MS 
~~j?,)!tJL.ffitf*"F, ~j$f'(51!ilfil.J3t~f~o ~~ , !JL1t~d:(£i*j 7lfii l'*~'fmft7t~~Jtf'l=Jtj, @. 

ll.ififf l'Al]J[ 1¥1 ~1~~ $T:ttl!.tt f.fit~,~ B{] m tt o )Jj{JJ!U ...t .~,~flf !!1 ~'L ft • ~ ili!:H= all "F , ~ ~ 
fruili!:~:4.HE!¥L1ttt~~-~·~8{]!¥L1t~IJ o {E~~...t ilf$!¥L1t1l!J, ~~=~-fl~q.f3tftEI9 o ~ 
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&~.~aETft·~~*~~fL~-tt-.W~--~~T~~~fth~tlM •• --~ 
&o x>JrBtr•, -f.N:)!:i::t~5!n.tfiAiilG~W5!iJ.t~~:1JojllljM~JEj):IJ-*71V.*H~ ; ;(~·r.J§'• , ~U 

)!:i1~:1Jo~J.t~~)JU~JE1flj, m11*~*~~;1t~1~CJI:~ o 
)t~fffft (Isemura) ;f!:J~flfft (Kimura) ti::t!¥1J1£fflif~~¥I8M :~U!B~B3HJIP~E!ffL 

~-~~*-*"*~~.EJT-~~~~~~~--~~,*~~N~H~-M~J.t~8J.t 
~::f.j !IC~ o -fffij~O, ffl~J.t;J'r 0. 002mol/L ~ NaOH ;f1J 0. 0025 -0.01 mol/L ~1{1£ 10-
20'C ]I...tii:T~ffli.~, 1'iJ1~ W/ 0 ~'L1t~, f§.. NaOH l¥Jr,&J.f;s:7cr 0. 2mol/L, rmt~;(£ 

28 - 30'C, ~U1-t 0/ W ~o 

3. 2. 2 til-=fj;:!J,~Ut,_ffl 

-rut:ti!!.-JM.. 1£'L~~ ~*~ffi&1H£7cr o. lJ.Lm ~~$i, W1£ t~*X·~~'L1t?'« ~, 
;lt*8ffil¥JC~ii:a~o.2-5~o ~~~~,~-~. ~r~-~~~)Jo,~M*-~* 
;fl:l r~;Jc~f~!PJ o fg&ffl7ciUL1tj):IJ:i!!:fl'~~'L1tBt, ~a~ o. OlJ.Lm ~C-=f-tlLft.f¥1£ , ~ 

~...t~Ift...tEJT~ffl.~~~,L~·~·-~~I¥J o · 3~&'L~M*BM.~7c~'~;lt 
f1!?.7(?i.UtA.~1* * 1¥J ~~f( o 

li5L -=t-7ol' ;J.::~~0ll ~Lit l!l:.& llll~ t'J<J ~0lJ 

m l:!lll em 
i'if.!A!.tt ~~4!iffl' 

tv:.:r:;JoJ,; 11m J!!Lr4!i~ J8 .ffj; *.fl 7-::k;J,; J.Ull 

!ij; 91! ]()()() 
lO -I i'if8~ m7tm~ 

tal :riP 500 

f!ii))f{: E. 100 

1311Uillli! ±..li~m 45- 110 325 91111L 44 
lO - 2 

( ~ S0 11m) m~fl 30 

.1Hl\i~tE~ 15.20 U ?il1tl!l 5 -25 

1250 9llHL 10 

10-3 liUlUt r ;;r ~ tal :WI~ -1* ~ !O.:lfll})j( 7.5-8.5 ~L <P ldl AA'i 5 -10 

*~~ 3-7 :liHIHW·~~*I 2-3 

Htllllii < ~ffl~!ii) 1 i'1J it ~L <P llll $i 1 -2 

..t ~~Ut 'Pilll$i 0. 5- I. 5 

10 -4 .>'U~:tit& 11!1! 

( !-'J 0. 25 J.l.lll ) 
~L1tili · i'if.ll!.:l'6i11i* 0. 4 - 0.65 m~~*'l 0. 3 - 0.8 

Jll(:jj\~ 0.2 :!1!< till ~L 1t nl 0. 25 

D;l,talii 0. l n ,!! o. J 

10-5 JllC ~ 71-llt* u ll!i ti:11i<Hi 30nm 

MHH~t:mm llR 
:IN:::ki'Mt-r < maNi) 6nm Jll(~~~ 10 - 30nm 

10 -6 (5- lOnm) 

lt!.r~illt-mml:lll 71- r -t-~111\l~lii* 2. 4nm 

10 -7 fffaJ/Jt!~::fi'iJ ~ CH3 0. 14nm 

w-s jjj{ r Hz 0. Jnm I 



••••=··~~~ffM~~-~··· 
~A-~::k~o ~~~·#~~B&.~A-,L~ 2000 

&~?t:t1Hitr~fi17R~;J'*~a9m-nt~~, ffiLEl2: 
iil 

~a•m•.2:•ft•a~tt•::k~ffl~o ~~ ~ 

•*?t$~~~~~~~R*···-~::k*@ = 
8~.WB~*~·.-·7R~~-~D~o m =~~ 
3~M'L~-~-~~$·~~~~~--o ~ el 

~~~m~.,L~•~•~•~*~,~~?t -
~-,L~·-~tt~-~fi~o ~H-~.-~ 

~~.~~~.~~••~•~.-~tt~m~ 
So -····-~*~\~~~-~~4~~~ 
~~msto•mM~ o ~,L~-~~~~.Sbo 

~~-~~,L~m~~•bo~m~~oo'L~•~ 

\ 

I 

114min 1fi 

368min m 

1200min Iff 

2 3 4 5 
ti):~/IJm 

tiL=f:f&;J,1i:@;J,~$, iiilJ3.&-T?t;:{f.i tt!:®:J-J~Jf o 2::JiH&:J-J.:ho'L~Jl!J151!¥lbJJ<:W-1llBtEJJ B 
~=[L~~~ ~h-TWJ&~~~~o 

~][~ (Schwan) fll.!iU!UR$ ( Bezemer) ~-T:¥L1tM~ti'l~::k;J\?j-;{fifF7 fffm~.JiJf 

~o 1tBfi1~~&-Tf&R?t:iP, 11P~~R.-~H9.$it19a?tf&~: 

dn 100 I 00 ewx o/ -wx 
dx N = 6 - --.,.2 --:;-3 -re 

1 +-a + -a +lL_x 
x 2x2 6x3 

~~ n 1i:~.1-J x a<JM$ilt ; 
N ilf jjij .~M& ; 

x ~~•~s*••~•a.•-•• ; 
a 1iti/&o * wx ;J,-T 1 , :t.t (3-1) mt;_({j!~~~&;J\:tffij~Jllt 

dn 100 100 a4 -wx - =- - e 
dx N 6 x5 

;i(;j"j.\: (3-1),: 
1~ ~T a/5o iii] X ]JI.. a i'iJ § 

~~-!WfF003j<tf.1 o 
ftB~R.AAmm~~~(~~~ff, 

m~~•>M§~~~-.~~0~8Amm 
OO o t!HI&.L~0J:.~Jltff1~~:::1<~li1 ~ll!Il 3-6m 
~~~M?t:iP~- o ~-~7--T::k~'~?t;:{f.i 
~~0 

•m~M~~••*~,~~~-~~•~• 
OFJ, ~~W:~tlT. 3-4 o 

50 

20 

10 

2 4 

(3-1) 

(3 -2) 

6 8 10 12 14 
.x/IJm 
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* 3-4 i!l~:;klj\~!Jliti!l~~~tl9~~ 

ill iiti j;:_ ;j\ ~~ Xi tll • * Jj \ ~~ ~ 

:kl'lliiti 'iif Mftilli ;ffi.fftE 0. I !£ 0. OS...,m ll(~~j!IJ}J 

;;ic=f l f.!.m fL s f!!.~L1t1ll 0. OSf.!.m VJr ;;! l!Jl 

1 ¥: 0. lf.l.m llf8f!!.~L1t~ 

3. 2. 3 IHl 

m~~ffl~$~~~~~.~~~~~mn~~~~~~m~*~tt~z-o ~~m 

If! ®i ~ .ffi~# ttl!Ii:~ IZ5I :h ;ff ~ ifti &1J ..R fl' il-1¥-;E ~ J,Ji fl ~J.~ ;t ~ m o lft 'lit , 10 If mJ ~ :bo J: 
mt ~ tJ ~J!!~ 'fiT~ tJiHfH&$ .*=f !¥L~¥fl!i!i~~%1i-fto 

-~-~~flR~·ft~•w.~~-:hra ·-~·W~JE. wm~-·W:bn~W 
rliJtJfj!!ztuJ X jjtuJ ~ u ( cm/s) ~))ftff~~o .h.liiof.J.12jl:tJ1JI4H.iR.frf$~ ' f§..§Ji1o9J:£ 

-~~.~W~~~---~=Do ¥*fit~~:bDZh F ~~!l81l&¥WW~-~ 
It: 

du du 
F oc A - = 71A - = 71Av 

dy dy 

FIA =. = 71V 

~ (3-4 ) ~ 89 tt191J'iit~ 71 U4 fF~JJl'*~· -~~it~Ft4Ht!!ll4fFlli'I.l 0 

mt:f*~~&h·~·W~$v89*~fr'J 
:1-Jrnt~ f.ftt o mt 1*fl' ~ t~ mt -1* :fll ~I: 4:. Wi mt 1* 
z?t . ~t:~t:Piva~JcilJ ~?t:hmt.:~:mt~, M 
mttmt~~~~iiltf*o ~~mt~~mt~~tt ~ 

:flo m 3 -7 ~ ffi 0 El:! m 3 -7 -ar .!A!. , * ~r9! mt ~ a<J Vii 
~*1tt~-~lft:ii.ffii:~a91I~' ~t:lf::.~iilt~ 

Bit 
~ 
~ 
if: 
~ 

~~-~-~~R:ii.ffii:4 o J,Ji!fm..Rn&Rlf::. ~ 
~~Vit1*89ttft, mt~*-ftt ~ ~fitU'i'iJ &R~t:lf::. 
1j!J! mt 12jl: 89 ·~ ft~ 0 

)! 'lit , ~~1: ~ t.W mt.f* 89 mt: ?Jl: ~tt Elll ~J: 
*1~l~ 89~.ff{lfr'J :fg~ A~ (!<J ~ X!il.~ lf o $~ 

~~t«W~A~89~t:~~mt~. Jt~~lJi'J.t 

&8~-$ DI¥J~~o ~~~M.~~t«I¥J 

~~ lJi fl ~ "f ?tl [!;! ~ ~~ Pfi!J : 

(3-3) 

(3-4 ) 

( 1) ~~tt!Bf.Jiifl TJo o - ~:l:tkiJL ~~ttl Bf.JWifl 77o H:~>:E!¥L1tM:Ifl~Wi f.l ~iilfi:~~ 
fil:o ltF$Wf~ifi£ ili890A~mffi!JL~¥flJ,!ifl~ 77o -~tt, 'fiTffl~ (3 -5 ) ~/J\ : 

71 = 7Jo ( x) 

~~ x- -~-~~li!J~JJl'Bf.JtJ:mJ:Bf.J,g,~ o 

( 3-5) 
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{ft~{}tt~, ;(£ilf$!1L1t1il'fl~L1tWJ~T-~~;f:OzP3. ~Jit 77o ill ~H~Jitta1il a9151t. fffi 

:::f'Jl~t-fli*a9~./t o ~~~§! ( herman) :f11/ii~g~~IUJ!~a9, t5=§}1J:ljH~.fflJ&-f*~~jlljflit, 

I2Sl ~J B 111M .:r~ .lt;f;r _{jQ_~ a9m n!19 o 

(2) P'J;ffla9\li!f 7]; 0 ;kT- P'J*EI~J.l'a9~1J,t;Jr-AJ*~i:t~fi!$iAJl~.ftto *~ (Taylor) Ef:l 
-IJJiolmzJJa91mmtJmili~. ~~J: 

A~ <P-I*Jffi-f*~?H&; 

7] ;-I*J ;ffJ ~ J.l' ; 
77o-~~.ffi~.J.l' o 

2 
7] = 'TJo { 1 + 2. 5<f> 7]; + s 'TJo } 

7J; + 'T]o 

(3-6) 

1(E!1£:ffi.~ (Leviton ) ~~tjl (Leighton ) :tEWf~:W3niN~M:WJ!:fl a9!1L1tml a9~./tlt-J", 51 
jl!T <P ~J~~~. ~1.1!!A (3-6) llJ.ffl=fiGit&Jl', IW: 

2 
ln .!L = 2. 5 7], + 5 Tlo ( </> + <Pl/3 + </>11/3) 

Tlo 
7]; + 'TJo 

~'IU&. <Pii~ot , A (3-7) ~1t~A (3-6) 0 

( 3-7 ) 

W~§2.~ W/ 0 ~~L1-tJll~l51tf't:T Wf3i:.Em Iii, 77• :::f'J!~, f.B pg;ffl (J(Jf.t~ ~?t~t& 
jl;j[~ o 

( 3 ) 1*1 ;ft!f* f,.~ ~ lt 0 ;k T I*J ;j;~f*~~liJ~ ~ Dl~ • llJ ~ mt 1* jJ ~ :fll! iB ~Iii :!Ul T =~U~ :rt : 
7J = 7Jo (I + 2. 5<f>) ( 3-8) 

~.m <P 119¥~!/&*f~iEA ( 3-8) It-t, ftP:ff:!mTli:rt: 
(3-9) 

A~ ao, a. , llz #!/&, ao ·m-*f't: 2. 5, ~A (3-8) ;f:BIPJ o 
( 4) ~iii~~~L1tWJ o ,W. iW!fla9ff::tE~~n(I;J1{{AAf r*.J (J()Pf'rm, ~ fffi~n~~L1tril a91li}j(o 

Tfii JR. ITif Jltt&it·~~ .Jl.:.@: E8 ~L 1t1fiJ-* :!it:ll!!~ B-<1 • ~ f-F~L 1t 7it a9~ lt tt:m:!1L 1t1l!J ~~lit~ lt a<J 
~lio tEIPJ-1!1EmP3, -tl!~ pH -ffia-<J ~!I&, ~~~ :1'l 7Fff:tf;f:B ~~ a9 pH {Rf[Ero I*J~L1tWJ 

;t~~~o X1rfl8~~~T-~(I{J!¥L1tWJta=§}IJ:!lk:!mJit ; ;i<'fT-tE5!i~tt891m~~F~r~R9!1L1t 

~J -tl! OJ ll~:Jr:: ~ll Jlt 0 

:1'l T~7I'!IL1tft!JX•t~.lta<J~ufil, iM~§! § r£~~iliT:it:k~:i-t : 

ln7J, = ac<f> + b ( 3-10) 

a , b #!/&o 
(5) 1iUl7c;J,lkit?t;{jj o -1-*-H.!1L1t~f;£i:J::ft91tz.E , ;l¥t*YitiL7c;J,?t;{fl7c7c:ftl!~~ 

T, ~ltti1'1i?1it.)~}6:ftl!Jf!:bD, ;1&n::~Eif)\!lj~89~~-~ o :i!llJ~~:lt~Jill9l:~~~J\.11§, :Wiiii 
iii~lit lll ~ IBJ 89;f:B 1L f1: ffl 't ft1JUBtf!& o 

iM~!!fHIH:ftl!Wf3t7~~jc;j\~ W/ 0 ~f\1 0/W ~!1L1t~~J.la9~Piiil o 1m.b\~$R9~ 
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aMm*~~-~-W:C~*~'~Slt~~~-~~fig~~~-~~-~-~*~~ 
~0 ~;j"~J9f~~ W/ 0 ~~L1tfll I ~~ cP $:k I ti):ii~W.""F~*: 

( 3-ll) 

)(;j"~j.:$·j:&~ 0/W ~~L-f.(;M 1 JJ!tl~~ dm $];: 1 ,d,. Z.fft7J9--m·• o \M~J2 V..~J 0/ 

w ~Ej w; o ~'L1tllta9:i!f4l~~~m~B'fn-1£- 11:1 ~~L1t;llH~~~Wifi~~~I¥.J~~~IPJ o 

~O~fll1tM~~-~-~~~~m~¥~WWW~~1tM~~--~~~:k~lii~~~O 

~Jm~~tfJ%~o 
(6) eg~Jl%c/.&o Wf~p1f:Wr¥ (CMOJllO~OBCK~) ~-1'JAfJI!iB-jf~mlf7J<JJ3H~[I1S 

!Jt~J.& o ;i§tijff~~;~H~W 1 mlf7J<J&;f.I1t}Jt!.{ilj 1 E~l/.iJJ!:~t~[fi);f-f@/f'*Jt!.{ifi'B9Vfi:~:k o ~ 

m7 :i!.fll%c}]Z I WT~fi1fWT¥~ Einstein 0~~1&~: 

1'J - T'Jo = 2. 54> [ 1 + 1 
2 

( §£..) 2 ) 

T'Jo T'JoUlX 2'1T 
( 3-12) 

~ 'fl (X ]Jt~ ~*~ ; 
(T "*-*~It!~$; 

& ?'~;ffi~fl-lt!. ?If.; 
? 191: '~ ~ El3 ;IJ El3 tA~ 0 

2 

El3 j.\ (3-12) PI~ I El3filfB<J~J.&.~,fi!d51!~1lt~1Jn I 1.:51 1-J JSiB;It:19 iE:19:fft I ( ~) .~~ 

iE D9o ~.XIliH/a*fat, A (3 -12 ) &P!B-ft.QX; Einstein 0;t.\, lW {§£..)2 

~ll!~~flt, 11 - T'Jo 
2'1T T'Jo 

~ :ili: 'F 2. 5 ct> o :i!;lib~ 'F 111Lm ~ o IN ;hit! S.lt ~ !.& ~ Wi- 'F ~ :ili: ni. _t iti ~ It!. :{i:j 1i ffl ~ lfuJ o 

~ ~ Fo I M • fBJ ~He~ ~:tm • It {iff feiJ ~* ffl 11:1 ?& l!.iUr ~-m: . f81 .1i1 ~51 .11 1:3 He~ 1¥.1 ljZ-1r RX;Ii 
~o f8J~ft~~~~B;j", lt!.lt%cJ]Z~~~ o 

3. 2. 4 jlt~'liMi 

83~ 3-4 ~~, ~i!~!¥L1-tM~~~~~,L~71Hfs:. tit-TtJHlii~!¥~1t·9!fnfW.:M:~~ 

~o ffl X-!-J"~jf~:J!~'L'ftn£;5(;j"-=fJfififfiJ¥J~t1;}~~ Tfrfftf.l{~~i:Ho ffAj**Wcffl~tJTtf 

$.!3--ffi~ffi~~~1ta~PJW.A~~~ o ~~~*·"*~fiM$ffi~~ffi;Jt~8$~ 
~.9!g~1t·~~~WAE~~~~o ~&PJ9fm•@~1t&o ~~~~-~~~ft~. :1! 
~~1tni¥M@~•@o ~~~-•~w• . .!3~1tM~m•~m.QX;•~**o 19fa•~ 
-~;~~@!=i!lrr@:!H~. -§.1i!i~~L ~@. @.X~@o :1!-i'~jtUJW.ffl*xUJ~·i*:H:~iE 

1it i!$ .~ tt _t ~iff M .$ o 

.fflft~1rl*PJW.~~~~L1tfii~!fmifimo ~ft'tr~f!"~ (Langlois) ~A~-1':7't~ii\ 

:f,.HUH!iA~L 1t~ 9=' , .Iff ft It Jr11H~-~ ~ 71l 1*ffl,L1{:~~ft 09 ~Mtt o if'§xtl" ~ ft~M .l:j :W­
WiWfR~*~ ~ m-r;c.ta~ = 
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1011 = 1 + f3A (3- l3 ) 

~~ ~II ~-~-~-~~~~,L~--~~~~-~~~; 
A J11!. 00 iiii ~ ; 
/3 !::j rJ;J lf!bH~ ffH!f M $ ~ ~J1i * ~ iir fi o 

~illl~ .t, ~Jit,Lft• if! lif-·~-f*~?'~.ffl o 

3. 2. 5 ij! ttmt 

~~~-~. -•.m•*a1, ~~-.ffi~-~A~*~~~$.A~**~~~M~ 
2 -3 ffl o -t:BRJ.f!JJ'@~ftltttl.W:*~'l§Jrj~ 0/ W ~~ W/ 0 ~o ~Mi*ff!M~. 71H*lll mlf*~ 

Jll!.iti..t:fr $-iiiiftttt:E!.J!t~, ~jikAEJT~~~ o E8 r'L1t?ttit~*~:W-iti ,g,w~ ~~~.ff!B<J:lit 

z:Xn; * w. ~ . ~ rm ~ftlt 1nt Et!. Jm~.xif!IL -u: Iil*i-3i , 1i .tf~jjtlJ! ~ ~ ~)( o 

~~~*m•~~~*tt*~•~~~Et!.~~ 
~.1i~-tl!.1iffl&~ffl~a••tt~M.~•~•iiii 
fflfi3l!J~f!&l§(;f~~?}~·$j_to I!Jtifj'?}~·7jtj1fjtft!.~ 

~~-~.~~~--~~oom•TEJTM~~•o m 
3-8 *~7~f*M~o 

:!mOO 3-8 flf~ , E8 r~·~*iiiiffl tt3lll ~'!&lti , 

··~(-) Et!.~~·1t7. §JitB~.~-~­
·~-~-?t~~*··~ (+) ·~o ~~ftlt· 
•~Et!.~~~mrJ;J.EJTF~B<JWEt!.Et!.w&~•••~ 
~--&~o !lt~UaBP·~~-o ~~~m~.~ 
••*oo~~-~$?t~C+l•~. ~oo~%~ 
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~-:1roo.•~•~xnmbo?t81¥.JMMx•~•~~•.Mw~~~•t¥J~fttt o a~ 
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~~-1it:~1i11:M~~~~-~~:fr·~~·~'-··*ill~·:1L1t, ~n~~T8M~1t. 
W~:1L1tMo ~~:1L1t7~~-:.lik~-~:1L1tM~S~~RM-f*o -8~~. 8M,L1t~ 
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(1) :fJl.~~J'lH19~tW:o J& iffi j) .!4!., :llo:W::ho311J~lil!:f:l tl9tJt~~Jtl/f'MJ03 tl9i:IS, ~~ti9~L 
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r .la:tf C rei M -m JJ ) o 8;tffltt-¥~ J!HI~iJt. ~ lt ~ tJ9 ~L 1-ti* ~ tl9~t~H~:t!T o {£!.~.19 7 Jt-IUfl 
~-•1tltl:I$J0:Jm~.:t£•~•at•IV.•~~tJ9D-m~m.~~m:~o 

r JF;ffi!-#}§! (Jurgen-Lohman) iVf~litl7 ~~~JIHJ9~7T~iftl~-f=L "P ~ :±l EVi'tt~, # 
~~~ffltt¥ tl9~ il o Jlta-t ~ .f=L ~ tl:l (!{) 7tf~ffl . ~ J!OC f~ at , .3: ~ ~ W3 frf' ~ 1* 2fmH~JJ tJ9 3t 
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1t7Ttat.Jt-8~~~~#:t£57t-8~~MtJ9·$~·o +7T~B . R~#BJ!lt&tr• 
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3-20;fikffH~-$!! ( Pohlman ) P~~ }jj(Jll!ij: 
itili'J JJX; 69- ft' illi ~'~'it :¥Lit ff o 
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ft~~~~~-~ffi~~c~&~M~~~-~QS·~~~~*-~· ~~~~~~ 
-~@•~~o003~2<a•-~ra~a•w~•~>•~~~~~-~~-~~~• 
lkffi~ ~ .3'd~ 0 

55.16.-------- -,---,-,-,---, 

3: 36.78 
.>< -Mt 
$ 

~ 18.39 

• 
I 

/ 

I I 
I o I 

, I I 
I I 
I I 
I I 

I I 
I I 

I o I 
I I 

I 'I 
I 

I 

0
1 7.57 18.93 37.85 378.50 3785 

~i"'$ /!A i 1 

00 :l-21 .::f f.il~m!11.~-0t*(I(JM~ 
~* !:3~f=$tJ<J;X:~ 

37850 

480 
440 

400 
360 

320 
.f 280 
2 
..... 240 
-R 
1:!9 200 

160 

120 

80 
40 

0 15 14 3028 4542 6056 7570 9084 I 0598 

!ll:I~~$/L·h-1 

III :l-22 .::flillffffl::·J.Wffir~$ 

l:j~f=-*~*ffi 

X't~~-I*M-ill.~ :!m~. /f':i:t@flliJ~~j!~~~-'=i~~rDJ~~~o :fE~~WJJt~'J'~~ 
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3. 4. 3. 1 ~L.fti1l~tt~6lJot1./A" 

'L1tM·iH1l?HI9tta'ff: 
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tE·~lf~·fM(£ "'F, .Jdl1.~-$:ffVI~~L1ttfl~ue.ffl:itt£*Jt£R?uJ'ffJ1Bml p;j o ~#~!16,®itl~ 
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3.4.3.4 .1L1t~* 

'L~J:f:l~tt:\1.: 
< 1) l»;j~.fl.?ti¥J~?:J7g~o !!Lftmnx;!JLftlfiat. :i&1it:!HE.1t$m?t?tJilt1:l~ftU~m~:fO 

ii~'*8~1l~jj;(j:g;~?t. 1.E!.~~ffl~ll~:IZ,®'t:iSJ?:J:tmt~~ o ~Lftjf!J ~~:bn ~:rc:~mfm 1:lJJiUltl. ;a: 
*rill t.E~L 1t1ltl ~ ** ·ii~L 1tjf!J *.mat , :m1G:I4Hru •:hn A Y1tl ffl !:f:l , :m m :~t:bn AJK~ 9=' o 

~~~J-Alt:.liHiliitHW =fll<ff! ffJ~ 1!Jt o 1!! 1fa;J-7f~~:hn a1~L 1t.~J.Ii IJt 1Uiitt1JD , ~~L 
1-tm• o ~Jltffi~r. ~~,L~M~Jiltm.•~}Em:bn~~-~9='~~~?:J~?tt1:l~o 
- .E!.~L1tnl~Jiltm. ~:ilitin,L1t~J:fO?tlttifDt.R~, ~;fiJ=f:iSJ?:J1t. ~.@.'Lt:i!!t~o 
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(2) ~-o ~-,L~~••*•ffi.~-~~--~o ~m*am""· -Mto•* 
iffil f3f! • J3t ~~ , w. ~J =f ~L f-t o t£1Jo ~"WI ffi 9=' 1¥.1- ffi 1~Jt\tli tt ~f~ at , ~ r.t XJ.t£-wi ffi ri {I ut 
.If' m s 1.® mit a<J ~itrF ~ , w ..EI. ~ - :fHA:ffffi ftij ~~?.':i-t.( 1¥.1 m.sr o ~J ~n , 1:..rt !fL f.t1-'F #.i 
"' jt~7JB!ti:bll~~;Jt1ftf.t' ~~·If' li'\'J":bll-~iJ~$:1-tff!J}j(t;f~' t£7.1cffi I¥.Jilf!}J[~=f 
Mffii¥.Jffi~~.~"WJ·m~~~~-~f.t·o ~=f~f.t~*~··-~~f.t~fi:ff~-D 
~--1¥.J-~M!fo &R•I¥.Jm~M.~-mft~~~-I¥.J~a~-~I¥.J&ftffi-BC~ 
~ ili) o {E!.~tt tt'L f.t7f ~ti ~ tlfi\JJr * &, ~ ~!fL 1-tJfiJ ~ :IJid:~ mB , :ll! ¥1J ~ ~Hi7l7L iJ3 llJ tE il$ iffil. 
~ rE~ ~ , IVJ! :ff.l¥.1 Vl~IJU!~!1*fi; .F!Hji ;It fC 1:. 51ii?.,~ B9 :)tllicn , iTii lllf!;B 7GHJ!: 1¥.1 ~$~ , 'L f.t JfiJ 1¥.1 

'L1t~JfUtt5!.®* o 
( 3) 'Lftttitrt: (19~ fa] o J!ltf~ I¥JfJl.~Dl#1n~ 'Lf.tBt , IIP~~ffi li'\'.1 B<J :)t~:f!Uil:)t , IE 

=f:)t8ffi~~-ffii¥.J~~~.If'ftij~~-~I¥.J~f.t~~~:ffB5~Jtl o ~~-( Bri~)ffl 

I%1¥.JM~M7tmM.•*~~~ww~"·••m~T~~I¥.J~~~~~Lf.t~~I¥.JW 
PII!J, ;)t~-~tl=f~ 3-10 0 

3f<l)!)f*lJt %3t~-ftEIT!i 
btiHfd!J' 

:J~:I)!)f*m %~~-ft.I!Jr11i 
iit~~{tl: 

~H'£1% (19 B;j" IB]/ min ~~/% (19B;j" fOJ/ min 

99 Sh F.iOFHe~ ~4m~:lit: 125mL 70 10 ~~~:lit: 125mL 

96 125 1l1tl!l : 50mL 60 7 ~litlll : 50mL 

95 40 II W ::tnt , * -'1'-J:t 50 3 tt#::IJJ:t,;Jj(~J:t 

90 . 23 ( 22) ~~' 400r/min 40 2 tltijl), 400r/ min 

80 17 { II ) 30 1 

IB-~-~PJ~.VLMBWI¥.J"~:ffm*I¥.J~~o ~M.~=fm~~~I¥.J~-'Lf.t~ 
**~.-~I¥.JH~M*.~-2fi-~SB9,Lf.tMo fB·-~I¥.J~f.t"~X-~ma9, 
w.•~~:)t~f.t*8 o VL~S#5lii•~~~-~M~.&~*•~~-~~··~~. ~p 
~NmftB#,*B~.If'NmftT o 5lii·~*·~~~~~-(ju~!f) 1¥.1~~.~-~ 
~~S~Ro A•.~•mw~~-~~~1-t~~~ o A~.-#w•~~~•m••~ 
~0 

(4) ~~-f.t~-~o~~~~,L~M~BA~-.~~~~f.t~~·~-~mA­
@Et}f!!, ~W.-Altt~tt,Lf.t•9='~:hn-~11:1¥.J$tf.t~~1f!J o J.lt?'r, ~~~B<JA~ Si2B1l~ 
~~'Lf.t•-1**, ~J.lttt1~~~'L1t·f&:·~o 
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:1iJmJE!JL1ti* ~fi)E tt B<J~ *~~liE ~11JB<Jtfi'Fttfm~ ~:i:ttfm. !1L 1t:l$~ B<J gJHt "P 
~~xm«1t~a*ma,M.$.~1tm,a~~-~-~~•~o~••~•fl . ~~ 

!S ~ .1J~ -ftjl~J , ~~1f!J , ~L 1t~J flllWJ.tiftj m1f!J Oitf.t~J) trn-1' 3::~$?t , .¥.1~1:1-J -1'-i¥~ 
if@ ( M .ffl ) , IJ;91-?titHE! < * ffl , 4il1-t ~ 7§ ~~tiL ) o ~ ~ }Jj{fl g_!i ?t ::f'£ ~L 1t:l$ ~ 9=' A 1f ~ 
~.ffi liiJ 1¥:JfF m o I2SI tt. ::A 16,~~~-r~L 1ti'F~ 1¥:1 3::~ gll?t .&~fF Jfl • ~ f-f x>t·l* ~ :Q~; ~.D;( 
~fla<J#~.~~~*~I¥:1~~.~~*~1¥:J~*IZ~~Jfi~*~~::A~~I¥:Jo 

4.1. 1 1dl:mt~t~Hf.Ji1=ffl 

~1ti'FH~M.ffiUfl~~~~-~-.1J-~~-~;J(B<J::Afi1t*··~3::~fFm•m 
.1£-§fi~.ffltil:-=f~M.lmo ~!1L1t*'Jf¥::(£ftit, 1?:~~1-t~JM.:;J(f/H~-®~Jilt W/ 0 ~!JL1t. o 

T?t~~.B~~~w~~*mm?tz-o ~.1J~*~::A~J£i¥~~B<J~~-ffi~fl.M 

1Q.;j(~~!1L1t#~tt~2[f¥:tEo ~3:~fFffl~~=t~.l£1lllr JLR.\: 
( 1) ~Jilt:ii~.ffio :tE!JL1ti'F~#~ "P , nb.ffiUfl~Jilt~L1-t~I¥:J:ii~.ffi, R::rm.ffi~fl~ 

:li£*~fFffl o 
~J!If.ml~, ;JJ;.~ (7}(~ ) :11FP.H~Ittfilt1tJ?IJ, $:1t~J;J(f£H~, J}(tiftt~~~Jffl~~m·~ 

~~til:r~~Jilt~~~~~o :tE~~;j(~~~ffi.~T0/W~m-o ~tt~&.~1t:l$ 

~~~~1t1fiJ;j(f£Hil:1iJ?tttffi, ~I:;J(Mtta<Jrm.ffl.fA"fl:1-Jii~.ffi~Jilt~~Lf.t~~, J1i1 ~WIO 

~#~o::f'£~1-t:l$~~~9='. IB~···B<JM~ffiW:I$ttRB<l~*·~.ffi~fl~*a~~ 
?t'ltUEIB9 1110 , ~f-Mlb;f§~fl~~]jl. ~*· 7trti!if'41~ !§!jL-fttiUB<J~Il*7JJ*~~~~~~1:t 

m~. ~~liE~~ffi~rm.lm~JE~~~J.t.~~~~~-~~xm•1t~~~~ftitrm~~ 
~~~~0 

(2) ~-~~mx~•1tmo ~1t:I$~~-#A~~$m?tm*W~o :1iJT&•~• 
3fi1fj~tf9$:Jjl-~~~~~~~~:l$i'!~. -~O-#~~#~~J)=IJ~;f1·1tJ)=IJ:lf::~~'iit16'~ 
~o lttrM.ffiUfl~§¥1b,$~~~·~~~1t*•·~~l?:~R::~~"P~~B<J~~Mo 

:tE•w&~"P.~•m~~--~&~.~~*2~~#8~•.•e•~ o ~•.•1t 
M;J(fifMB<J •• ?tB·~~~~.~~-~ M~UMB<J~.lm•tt•MBW~~?t.~ 

~r-~B<J~~~~~o~~M~U~~R::-~-~~~~1t*~·::f'£~~~)EB<J*# 
r , £{11X;ij(tE!..1t1fiJ~fFffl o ~tt~L1t:l$~illi'iit~~-~D~~a9~1t1\ll, JUfit~~~~ 
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tfii!HJi~ ~ ~il®*£tPI LV. To 
~~mw . ~~~~-~¥~.•~~~~•~ c ~~u~> ~#~••~•~•• 

~FJJt~rpa<J~ft~!Jj(£~~~-:f§fi:iJI, ~rm~L~:.l'FH~:Ii:.l'Ftttm1filii~~:±litf~ ~-

Jlft :f$FJ ~ ~ *~ {~ I'J{] ~tt 0 

(3) RS~tt*1100o ~~:.l'FFJ~«Rtt*ttft~A~~~UMBW~*~o ~~~ 
wo~~~:.l'FH~.~-~ ~~u••*mtt•~m~~~~~.~~~-~T•-
• Jt ~ , J<Jiill: T ?'~$* (I(J 'f§ti:!Uil t1Jj ~ fF .ffl , ~ ffii P.-lr !jt~ a9 m1J<. tt ~ o 

< 4 ) Jli :§:89?'~W.*R~o iffi 'Xt~L~:I$HA9itl:~:OOJXJ&~-T~~U*''I-I'J{]~:OOJX o :tE~L~:.l'F 
~I'J{]~M~M. -MRBfflV~a9~.-fF?'~~U~. ~~~~~,L~:.f.'FH~*-11. 
t't, tlil!f1$ii~, ~{jl!JfJ, ~JjrJ:Jik~~~JfJ11B~Jit~71'15l! o El:! -T1Vf~I fF(fl~lf/i~A, ~ 
f'll ~Jt~~ iJ:1?M§fl ~I A 7Jlrt1H'J*I-~ o IOO~~•:m ~7f'lf/i~1t~ ~ Jt~!fta a~~ llf.t3Clt*fF 
m, -1JW~'Lft:.l'FHa9~Xf:tt~JH~H~HtH£.'i ; !.i5-1rim:I$H?'~~:tR~~~$~H~P.«W!H~ 

~~~.~~o-ar•~~-~ . -~l-~.-arm~LV.A~~¥~~-~&JJftF£ o 
53 ?'~. ~'Lft:.l'FFJ~~F~~rf:M~~, ~1r~li~lJt)(t-T~):E~~4:7t!! (~~~4: 

~~~i*~ty: ) {q!:J.1:FJ'f**:Jti~ ~·~-$lf-tl!~~~'ijtlf(~89 o 

(5) ~jlT89~~·jif1~o ~~~~, 'L~:J$FJ(J9Al~ , ~mfll;fti.lr~~J.l:Jik~ ~{ij;(fl, ~ 

-9ri±I-EJ.7J<.~'Lft•1** r:p, ~~1B.J ~m;~J•~, taJttt~*, m.n~'J'1'r *0 
4. 1. 2 ilB ~ M"*'HY.JiiH~ 

fF~~L~:.l'FH~~UMA9~m~i1·89~~q~$,PJ··~~M~~~-ro-MM 

1->i , ~ .ff:l ;fJ -*>~ ~. ~ .5J ~ ~ ;fJ *1- t£.!¥L ~:.l'FFJ rp .IYT® ~ fF .FIHtr tJJ ffl ~ o .tf ~iA :19 , r ~tl ~.Pltl 
PI~~ IIi?-IfF ft;j ffl' ~ : 

( I ) ~--~~~~m~~~898~.llo ~W~~:I$H89••F&eyLV,~-~~~­
ttili:~~89?'~AA!.. {a.£fJ]:MfiCffi1J~~L~~~;ft?'~ffi1Z,®!~iiii*dA~ JE ~89VItisbt.£, LV.-@! 
-T:tE~1ttl*l¥lilil!3tr*Jllt~L1t•o ~£t~~. rmtlJ;U~~~.llJtillZA~Ilm.Wm~89~~iffltl! 
#t:::t: ~ lli~l!t tf1 fijgJJ o ~J3w , ~ rm, tn.?tt1 • .:o ttuu m :tJt ~ .t~ ~ t~~1L ~:.l'F & r:p 1K' m ~1m 
~uM.~~~m:tE•~r-,~•~~3~.m•~~•*ma9m~-r.~••a~fllt•~ 
~~ . 19!-T~,L~1f!J , t(ft1fiJ*M1{lntlt1Lfto 

(2) 19! -T~L~o :t£.!¥LftJl:IJB~89ffl(S(.r, t!JIG~~·.fflBJfJ~Ylb~U*'I-~ HLB i«.!§'L 
~M~H~ffi~~~. LV.-~{5!!JfJ&~2~,L~MR~Qft89'L~--o ~~o,S~n~O 
89 HLB {i~ 4. 3, ~L1tff!ftarl1!~ W/ 0 ~nL~~JiJf~89 H~ -fl[~ 4. 0, !Zii~Wf~tlffGA'Il} 

~~o ~~-~--~~~@8-9~~M~d•il•89~tn.!fmatF~rm~UM,~ffii•~• 
~tt ~%-Ef<J,L1t:.l'FH o 

( 3 ) -@-:ii 89 ~fr.dJJt o fF ~ ~Lft:.l'F~ 5tH~ 89 Ylb.ff:l ;fJ $~ gJi Jt , ;M;~ JJt im 'ffi" X1 -T{:JfH~i*'UJ' 89 
flt£~4:7f!!~qi.Hf!:¥89, rmi!@SC1*5<1-TUI!~L1t:t$HF£A~It.>f~3J<~ili~Il*~:§::~,$ 

89 o io*FA~~F .. . #~~mH~lf~A'~~.I~~~1t~~-~-~~-:±l89. 
•.xt~fi~~-~•••aNAM~~~~ o 53* . ~•~*·Wfllt89~~i*~A-T 
"~1t", J<iffittH~t~·!iX~~J o Jffi#iA:'-1, rii!ffiif:J~-H~~JXLV. 3. lPa · s ~1ro 

¥~aJt~~.t~.~r=•-•~•~~-~- ~r•-~•~~•• .. ~•~~• 
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•~~~~••m~~m~~UMZ*o ~~~ill•~~-~~~u~~•~•~xn~ 
•~*~~*~••~~~~~H~M#a~tt~~B5~a•o 

C 4 ) ~Jf.lfifJ! I *j]j)rz I ~*f~mto J.M~m :J: I fffiiJ-.flti!H~M-*4~1WJBtmi£J:~ 

~~~ *JHt~ ~~ ~ o ;££~~IfF~ , -M$:Mifii:i::t:J2\;J'!Ff' fRJ.flt~ ~ ~~ 71< mtt (I(] ;tftJtft 
~--~~~m~~(I(J=~•*~~aMfl~ ~~*~m•-•*~~4o min ~ •*• 
~A~-mtt.~M~(I(J~~-~~~~~Bffl&~~~~~-~-. M.~~-~-~­
-€1 ~fF:iJlrf-tl;fJ*>~ ; • *.F ~~or 1fi "llP ~ ~£n:J~ ~ a<J ~~ XW.tt~ at I -f:Jlti~i:Bffl jJiJ -'=3 .o • ]!Jt 

M, .oa ••• (I(JM~·fF~~~U-o 

BfflrlllifHU-*491 ~mz~ ~¥U* tW-irz~JlX;*~tlli o 

4. 1. 3 m-m ilMflMfHt-J*I!~ ~tt:;1ttttm 
4.1.3.1 #~ 

- :IN:!1!!1M., fL~BNil-~~~~1til"•f!S~ :12\;fF~L1ti'l:H~¥1ll~U~~. ~tt~~ ~ ii2 
m~®l¥ltr . rlll~~#•~!fm o 

~~~~DA~~*M~(I(J~-~~~,L~~HI¥JQ~tt~ ~~~~~~~~~~**~ 

• c•••~ioA~a•o.2%1¥l~~%a(I(J•*~•~~.~~m~••*••~~~ 
Di{*l¥1 113 -115) o ~ ~mfFnnffi:t-t-*4m*~•~ I iiltJSb\.Onn s:pt£Jij{ a<Jnt I infL±;tt 
8 , ~JUIUIF6~1i ; 1iit/tiU:11Mti:f1l~~~ti; ~!!W!lr:!UliW\.; !H.!1iiO~t/trJf1l.:P IE&•o 

ffM••*ml¥l•~.o~,;n:~•~~*~~u~~m~~~~~w~~·~~••l¥l 
-~~~~-~1¥JMN~·~~~M.iu*#~-~-~ . m~~~illl•o R#ffl~~. 
~~~~fRJ~•~nn~Mflm~~m~ ~~~~§~~~o *§~~ffl~m~~~H~~ 
7rtlc~~ tE~.ffl Span-80 ~'L~tf!J~'M~~, it\': Y1U: fL±;f;t:~-f91J-M~ 2: 1 : 2 0 

•~••m*~~~ffiu•.am•~~~~-~~.~-~~-&~ffi~~~ o m 
in, f'q.::J(?&f!lliC , il-~f!J&~~~T~~I¥J~~~B<J. ~F7k$·!1(1(J~~1m~ r=~-* 

~~~~~-.#~~=~-~T-·#T~-~-~~···~-·~·~·~··o 
tt~~ I i¥ ·~*~ 6-t-~W-~~t1Y.fi:IH:JJI1ift!l. if6~~~ .DU!~®.tn•~-mm.m~.mfF71hlm 

l-t*4o -f91J jm, ~~Bii.IJtiD~M: * D, ~M. YJ f!D. tJH~M. LI.JlltrM~PJiBIJftll~o t.G~ 

~~M: a~.~M. YJf!~.-~~~+AM.o m•nn~M: ~*~ · ·8~.~71b 
l1l {t~j:jllJ. 0 

4. 1. 3. 2 JL#·t m idnfij##~.tt;t;..·t1.1it 
~~'ilt ..ffl?WffiMt..J.~~.IiCtt~~io~ : 

< 1) .O!fo .Otlt.:li!:.lA.Orlb.Pm:t/j;tt1*~rei!f*~d11'l9F~ o ~~~li!IE~tat£~ma~ 

tt~~~*W-M~~~~tat£.~-~~~~~~~~o 8£Etlt~-~~---~n-
36, ~xi.t*~~:fitMOO~ 360-540, ~,r~ti!~~~~ 300 - 550"C o IIJRW.O.tli~ffixt*~ mitd: , 
-~~•4*n. m~.P~IE~••d~W#~••~~~~~·~~o ~fR.lann~.om 
~~til~ tt:VffJifiiiHT- o 

1A.OM~~-E~~:i::t-. -BA •• ®E?W~~I¥l~m71b®*, ~m~.-MIE 
~~~.O.t:f, N~ffifiil. ~%!!P~~H!2~F~ (JA!.I!I 4-l ) o 

~oo~.o~.F~•jum~oi~ll~m,~l¥1/f'JiiJ I 7HJUjtJ~tiH:Jitf , s.:nt~t. fiE~-= 
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rt--- r-tilllm~ 

1----- ~illltli~ 

.!Jli{~illl!--j: ~illltil~ 
1----- ill! !!tillltl ~ 

u - - ami1ll 

r-

-

m --1AI 
ll!t 1-
t3 

Hi --w 
mt 
!tft 

m 
1111 
ll!t 
l1b -

m -di. ill.lh.fiti 
~I m 

'---- -
~ 
l'f 

1' ~ f}j , ~ + JL 1' AA! ~-a )!.=.~ .fiJ f}j :(£ Jffi:iit L ~ 3::~ tit§Jij ~ : 

l)~ea,e~•~~-~~~-~~-~~-. ~~~-~So M~MR~~~ 
tt~~*;fl;!:f.tfl~~gr, W*~ s±fflfli!J , ~llt~·-~§!~~~a 

2)~~~-~*M·~-~.mSM*M··~~0.5%,rm~--%~8~M* 
M:fJl: H~~~ifi-fij; o. 2% o 

3)·~--M~~~~-. ~*~--~~~~·*·~~-~·-··•~.m~~ 
~ o )!~~~~Ji~R~~·;§l, {§:~~·~:t(J:EtE*~Il*f~ o 

~-~3::-ttS~M4,*MM.~N.*~5Ett.a•.**·mM~a.*Mft 
&t&~o =& 4-1 ~Ul£7~00~1'-.fiJflj~~lfi]Jl!l!.Ji}~~~_t~tt~mtl\ !::jffiJ.i.iZ~~~:iJl* o 

$ 4-1 .lil:fijUHlJtfJ~·~lfl 

tiflllr.i.W, 
mst:~-4} s.:Qta~-4} j'i.Ot:i~-4} 

ial:~:tf~ 
52 54 56 58 60 62 66 70 50 52 54 56 58 60 62 52 54 56 58 

;f:~'f 52 54 56 58 60 62 66 70 50 52 54 56 58 60 62 52 54 56 58 
t.f1 1#./"C SY 8 285 I --<iO 

il-t 'f 54 56 58 60 62 66 70 52 54 56 58 60 62 54 56 58 

-:til!riitl% . 7f'*'f 0.5 2.0 1.8 u I. 4 1.2 1.0 1.0 2.0 1.8 u 1.4 SY2855- 755 

eJJt <% >. 7f':;k'f 1 4 8 5Y 2853-755 

J't'!i:~tt ( ~). ;f:j;:'f 4 4 4 4 5 5 5 5 6 SY 2854- 755 

~ '* x x x s y 2851--<iO 

m~~EJt x x x SY 2851--<iO 

* ~ x x x SY 2851--<iO 

.*lfltiiiUU« x SY 2851--<iO 

:?1: 4-1 EJr~UB9m~~*.?F~~£mUt9.3::•J.W::i.J~tff-, -tl!~~•~-FR¥l=tt o f§.~~~ 

~~~m•~~ffl*m.~•~-*~~mttamu~~~#m~~o~~tt~.3::•~•=~ 
-~~HRN.~-·~~8&.-~tt~8Btta.~M~M~~~---~~5Eft, 
~~~J:Ett.m•~ , ~~tt~~mtt.~~tt~~~tt-~~n~~~tt.~mtt~~ 

tt.~m•n~&~Mtt . m•. ~M•.•~•-*M•~· *tt•~~~•o 5!~~m 
tt•~~_t~~-~~~~~tt~o ~f~m.~*~~tt~~~~m~~~~l£.~~ 
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@~••••oo~~•ft~8o ~~~m••~•mTM~ttRm8&~-~o ~~o~m 
~--~~-~M~.-~T··~•mtt.-~.ft~•~m~~~~H~ffi~M~. 
w•8mTM-~8~ttR.M~.~mtt~•tt•;m~~~Ift~.~--TM·~ 

11~ 'iit~. ~m*~•o 
(2) t&!l!ii < ~~•) 0 ••:lilw~EE! ;Rf'!.tt&!l!iit"mH~~ ~ o m ~l!~!l!ii~M ~q&~, 

:t£~7'~&P4fMt~Ju~~x~~M I ~~mmmftt~~P4~:1ilt&C I #¥fJAErfip=!=rJfH~~:lt!!. 

t~ffJ\:1iJE11H:lt!!.C o 

§8t&M~••eE~ o E.®t&g8~JAEM~~~*~W*~·@~~-~-~ 
1~¥1J~~ffb%~~~o EC~~~-S®*~m~. :tM~.!i!U·S~71£?1f11fM~ Fl~ffi~!E71£ 
~g2JmVJjW5f-nm~JJmC1~¥u~•ff, -N~¥3itttm~JJmrmffii1~¥JJ~~n"'b o x M.~1iff~*~ . 

t&M~EC69*-=f~~M~~IW! o B~tt~E·~·mK~*-=f~llnlt, *-=f-M~i-\~0~: 

H H H 
I I I 

H-c- c-c-
1 I I 
H H H 

H H H 
I I I 

H-C-C-C-
1 I 
H H 
H-C-H 

I 
H 

H H H H H 
I I I I I 
C - C- C- C- C- H 
I I I I I 
H • H H H H 

H H H H 
I I I I 
C - C- C- C- H 
I I I· I 
H • H H H 

:(£- llli.Q!I!i\'i:j:l, &~~~.tf:(£q&~iJ:~~~o f&-15"~ -~1H!*T 1 {.§.::*:~*~~~ 

71--=f o :It!!.. 9=' ~ ~ ~~ i~:f£~~ ~1f~ f.fl::ll..t , ffii:(:EE M ~ .!i!Hli: ~3 ili: ~~?K~61J:: o ~ ~ 
•*~·••~*~~E•~~-~~~~~~•o m~~~-~~mn~t~~~.t&C~ 
EM:tEi-lf~·ij:Jllt_t~~I20Jtl ~I -j;f Yi!.* 4-2 0 

* 4-2 ~-.!:31:i.tf:Jttlilt 

:rJi 13 *!!! ~ ::0 ~ :rJi 13 *!!! ~ ::0 ~ 

~ 81. ( .liP. ~iJfl'i\li1~) ~~81. :;l;::~d'IJ \tilf , t/ilf,&M$ tiC :;1;:: tiC / ]\ 

;f'OM ?Ff-l!b::fi!: 550-700 360-540 !Jll:!:11i$ tiC :;1;:: tiC / ] \ 

~,o!V'C 650-690 300-550 .!;_; ~ 1j!Hlit&!& 1.i 
.!IP.~&I.i~1:: 

>f')g5_@ 
l'@tf<#~~ 

*~•~~·•~••@~m@~•~~.!i!~~••@~•@. §aaoo•~••*• 
Ri,~67 , 75 , 80%= 1'Jl.!l!%o 

:lt!!.·:f£~fflttR..tA~q&~~fto :lt!!.C~~-~EC~,-~~A~&~~*MR~. 

~-~~~-*~~~-~-~·o ~ffll!-~tt.:f£'L~~H~ffiUM'1-'m~o o.I%­

o.3% <Jllt•*B) ~-·~····~-~~-~Jllt-o 
Jlt7'~, •not&Mifi~i~1uifEC~ ~1*M~ I 1JoA:I:;1;; o. 5% at I •nftEC~M~ 
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~_if~ !81 ; 1JO A :it ;9 5 % - 3 o% B1 , ~~ ::f ~ l!iHl :tlMli! ili1i 15 ~ 89 ;lfi; .~ , ~ JJt , :!:fH!ii WH~ 
1fi!Xff~-*'l-89~11#tt ~t;t~ec tE o 15 ~ 'ft~;fi o. 5 % - 1% ~:it!!. iii , :i! ~1&~15 tti 89 
~ {t3i~ 5E tt 0 

(3)A±#o A±#~eg~~~~~~~~-~-z~.-~~--~,L~. X~ 
lf!~ ~ ~ i*ntl 'L ~m~ nlt 89 ~ MB!Ul :* o l1P , tm~ %\:f~15 ~ ~ ~ 1* 'lllll¥1 ::f JE , i'iJ !t'i 5!1Hll! ~ 
l¥J~tt~-~tt.~~~~*~mffM~al¥JM~&~o ~W.~#JfJ*~~,L~~HM 
nt~~u~m~o a4~ ;9m~•*'L~~H89A±#~~~ttneao 

• 4~ •m~~~~-~~±•~~~tt~ 

lJi 
~ It 

/.3/V~ 
~~* 

Pi,~/~ 
l:t i€f 1J~A\~ 

~ 
/ g · cm - 3 / W · ( m ·K) - 1 /cnt3 • g-• / kJ • kg- I 

m ~ 0. 82 -0.85 37 - 52 92. 0 150 32.583 - 139. 95 

(4) M1*15M~A o m~~~~-M~U~l¥JM~15nti~A~~--~ , m~~~ 

llb o ~~.~;fi::f'~JfJ~i*ntJ~U~~~~o 

~--~-*~· ~ ~9~--~~•nt~AM~B9-MMo ~;9 : 1) •••ac ~ 
41868kJ/ kg ) , ~:T8:bn~~i'iU!Ht~f,f~ J.iJliZ ; 2) WiJ3t~ l:j:l, ~flt:pj!jm2tJ(J9TP,&m1; 3) *tlffi 
$a.m•••.~m~~;4) •~tt•~'. ~~ , •~~••· ~w«m~~o ~~ 
1-t~H*iJt, •llbx;J-~-f.t~~J, ffi.~-Et~ ..t!HI~tt~, :t£ilf$!Jl~~-ftr~'ft~~~Jf17 

-}E~f9JJB9.'iJB o tt!!G !E B9~lffi\~f4:*fj, L;J.«JfJ -10 %, 0 %~ + 10 %B9.?!ll;9:iio 11_ 

4-4 jtl* y !lG oo~.f!tJlil!%~~rll! ~l.l!t:li!:~mo 

* 4-4 ~l¥iilii~Jl·~il 

TJi: :fit m .f;F 
1J! EJ 

+ 10 ~ 0-4} - 10 {} - 20 {} -35 -!} 

+7\tiG-01. ::f;J\'f 50 50 50 45 43 

.W.fU.I'Jj! ( 30~ , o~ ) L 2 - I. 67 L 2 - I. 67 I. 2 - I. 67 I. 15- I. 67 I. 15 - I. 67 

11(7}-1% . ::f:.k"f 0. 025 0. 025 0.025 0. 025 0.025 

iiiL *'lit/% , ::f*r 0. 2 0.2 0. 2 0. 2 0. 2 

-M.:ft£~ JP!! % ~ ;:{; ~ ~ ,;.t 

JJ<?tl %, '~'*"f 1U ~ ~ i1f ~ ~ 1£[ ii.E 1£.[ .il 

I'J.IA( f:fl o ) l 't .::f{l£'f 65 65 65 65 50 

MIIDAI't, ::fJ!i 'f + 10 0 - 10 - 20 - 35 

JJ<m-tUflliUl :X ~ x x x 

- !l!jjgi#. , A~~!f/:k~J.t~llb ~~1,L1tlit~L1t1$Htt9~~ tt~A;fi ~ B9 o 1251 Jlt.t£ ~ 
I*J?'~A$a9~L1t1$Hr!G:1J9=', ~$!ili:®f07~J.t-·rm:*B9m~rillftl s ~ill o ~ 4-5 ~tlJtT 

~ ~ ~ Jlil!% .fJt~7Jb ~Ell: :ilk -tF ?fto 
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:'& 4-5 *llff~:+Jt~ilbi¥-J~·~Il 

FJl ii!: m f,~ 
lJi 13 'Pl:~1J't'k 

I-U-10 I-U-20 I-U-30 I-U-40 HJ-50 HJ-70 HJ-90 

:iE ;IJt/i Ef 
7 -13 17-23 27 -33 37-43 47-53 67 -73 87 -93 GB 26S-64 

( 50'C ) / mm2 • s -•(J) 

~~m;cc ~ - IS ~ - I~ ~ - 10 ~ - 10 ~ - 10 ~0 ~0 GB 51o-65 

~~/% ~0. IS ~0. IS ~0. 2S ~0. 2S ~0.3 ~0. 5 ~0. 6 GB 268-64 

;9<7}-1% :s;O. 007 :s;O. 007 :s;O. 007 ~0. 007 ~0. 007 ~0. 007 :s;O. 007 GB 508-65 

ltriftt~Jil(;~ x x x x x x x GB 259-64 

ft-(2)( KOH)/ mg · g - 1 :s;O. 14 :s;O. 16 :s;O. 2 ~0. 3S ~0. 35 :s;O. 3S :s;O. 35 GB 264-65 

tll ;fflX * Jffl: I o/o ~0. 005 ~0. 005 ~0. 007 ~0. 007 ~0. 007 ~0- 007 :s;O. 007 GB 511-6S 

lt7tl% x x x x x m ~ jiJ! iD! GB26o-64 

I);],.:,;: UF o ) I 'C ;;.165 ;;.170 ;;.180 ;;.190 ;;.200 ;;.210 ;;.220 CB267-64 

~ill\ ( 1'3 flilJ Jt , .g. ~ ..g. ~ .g. ~ ..g. tlf .g. tlf A t'-6 A tlf. SY 2614-56 
IOO'C, 3h) "' "' 
'@.jJUmm @ ® ® ® SY 2614-56 

Q)IO - so -I~HJL;jW(il!!, Jflf';{f~;jt;r;:IJntJt~mat , fti-H.E.o:.;:.:r:ifliT - 5'C lfll; ®.RHII!M!iXft!HW~tl~fr·i;-tllilil!!~~ 
;r;~~M!iJU!i}; ®Ffilt lfllll1J~H1'~!3riJi!IJ}E, @fb.:r:1~~ili1Jf.rfff- . 

J.ilZ .¥H~ lli , 1JL~ rlt llJfUi l1i JJr I¥.J :l:t/ :fJP , ~ !1L 1t WI'~~ I¥.J HLB -m£ ~ ±~ :bn I¥.J o RP .* f 10 
%, 20%, 30%, 50 %1Jl~rmi¥.J HLB -m£, ;ft;.jljl%1liJ~TitBJ1'J.ilZI¥.J HLB -m£:5H3U:h 11. 8, 
12. o, 12. 3, 12. 5o ~~IN:h;f:f1JL~rmtf5Ji!:i*iJJtfNltiJI¥.J, ~"PU~tt~. ~~~Will~a91m 
;Jt43J:-1'-:5tri¥.J~li!t* ? &-1'--CH2-I¥.J~;f91:11:':/&-f!:jg 20, X1JI. ·tt':J&ffi jg Oo ~-*li­
.':l:l, :51-r~*· ~1Jlf.:tfi{i[8,it:@t:k o ft( HLB=lOx (5C1Jlf.:t{H/~1Jl·tt-m£) i.t~. ~J.lf.ij 

1¥.J1JlfN<rl±l, ;Jt HLB {i)j)Ziffi:;J\o 1E!~{~~J.la91JlfN<~m-f.Ji~$)~it~, ffl iPJf-fi¥.JM~~HJIU§, 

;Jt!:fl~a~~~*••~~~o ®MB•~¥.JmMrmm~~~•.;Jt!:fl~a~~~I¥.J*•• 
~~-0 ~~~-~·~~m~~mttm.~g~.Jtmtt-m:o ~-Tm~~*~·MR-t-~ 
~~~~.l!t. J§~~lljlijjc, Wf!V.Bll.I¥.JtJL;jjj£rffi, !1L1tWff/J~I¥.JHLBfH~~:bn o 

C 5) J@i:5tr~tJL1t1l~o S:l f.?tT-~tJL1-t1l~:t£~L1t~~1*~ 9='~:1fR1'-IW~I¥.J~ *. e~ ~f.6~L1-t~~~¥.J~J£tt~~~;Jt;~xw,~~. ~.tl:t~?tr1-t~4nft!~~.g.rru;t;§~*.tt£ 
!¥L1t1$~"P~1~ 7ElZffl o ~f!fm 81¥.J®Il::I¥.J~iPJ, ~:bo:1f.m~~~I¥.J.#~~~:i:-lli.~;;{§f . 
WT~1to Tiii%1~~~-T 8rvJ'~ffli¥.JJL~:;ff.f!L~~~I¥.Jf.:tF1~ o 

1) ~Z.~o ~Z.~~-.f'PZ.:I*£1¥.J1i:Ttf~~~~, ~:5}-T~:MJ:jg ( CH2=CH2) n o ;fa 

:lmifiiJ ~:tf:i*~ iPJ, :5t~f.6EL 9=' ff~{f£ffi -~ o Wfi~f.6.ffi:i*~ffl E! E1:J ¥-fiftJ,:iJ :t£ 50663 -
303975kPa T:itl:D-~11. f=,Rr.ljL:MJffU1':5tra!i~ 19000-48000, Wit 0.918-0.920 
g/cm3 o .¥:1ffl~J/Jl-it1-t~Jat, t£ 3040 -10133kPa l'•PJ~11 , f=,Rrf-:MJ;f§X;f?}.:Pa•IJJ~ 
~+JJ, !Wll~ 0. 96g/cm3 o {~ffi~Z.i*~:t£1/tffi~ 1013. 3kPa, ffl:fl;flt~~1t1l~ft!{l 
1tr,:IJ:it1:1-T~~I¥.J, F£ffiJ1':5}-T ff_ti:f!:jg 5 -300 7J, !W 1l 0. 94 - 0. 95glcm3 

o ~ Jlt, jM 1jtf.ij 
&~ z.~ffix1':5tr a•;J\ , 1~ffi~z.m-:fBxt7rT-a!i!:k o .fflx1':5tr li!til::h 5000 -20000 a<J 
~z.•.m~~L1t~Hrm;f§~~I¥.J~:bom~•••o -H%~~z.•c•*~••~•• 
*~) ~EM-~Z..,EM~rm·~~:bo~~---~-.g.~,MJ§:t£.Wa#•WI¥.J 
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tw<S?. ""f , jt1JnA~Lft1f!J. ,ra m1Jo~ltf-I:Jf!JJJcm1{{ilHr~Lfto *=ffl~~?t-=f J.W:it~:k~ ~ z:. 
• · ~•••~-@. ~~~~*~•~•*·~•&a:k.~~~••~xmtta.w 
gm~•~••••*»n. ~fLft~~o 

lit~~, .:Qr,tq:rm1Jn ~ Z:.;l#$;{f .WJ -T%nltvttd'l!~~, »-W~:l!f T .a~ ~15!!JiHiflto f91J 
~o.5~~*~l.W:A2~~~~~z:.•.»nA~56%MeMq:r,1JnA~~~%~,.ac~ 

~t[:k;J\Rf~;J\--*; m»n 2% -5% a~t. .:o•~~~..Rli D.i011:€Uil::k;J"~ 5% ~~ o rrr 
~ . .:o•~-~~z:.•ey~•.a•~~--~4~*1Jnft~. •~.:o•~mM••~~• 
m!""fa9t5~tt o ~z:..••»n:til:t{(:if'~~~RJ .b\O. 5% i!J 40% < milt*~) , -IR1JnA5%~ 

~;>}gE'.o ~ 4-6 ~j~1Jn~z•Fo .:Q!a~JJIHt~ttfm~~JNto 

• 4-6 :Oilt1m.AMZ.stf.l4tlll~~ 
}{{Z:.~ 

l1ti t\ 
~I.Jt 

trAY!' 
ll Z:.fli 

iitit.\ 
~ft 

~tN.Jt 
.t.'l' ~ ;tmAit ( 120't ) til' ;l<¥£ ;/JUAiil: ( 120't ) 

I 'C / 0. lmm l 't 10. 1 nun 
/ % / rrm2 • s - I /% / rrm2 · s-• 

0 55 2. 89 16 0 57 2. 81 10 
54 -iJ' EH'lt! ( :IJDA 

0. 5 59 3.26 14 
58 ~'Ms• <:IJDA o. 5 64 3.64 8 

~~*Tlili1it 
2 65 6. 96 12 

.lfl~?t-T8it 
2 70 7. 14 7 

1-J 25000 f'l<.l . Z:.f$) 
5 83 20. 54 10 

J<J 25000 f'I<J Jft z. M > 
5 86 25. 9 5 

. 
• :'19.*4EJt.=:*JI.d'l!*Ef.J~di!, ~~J.-p;j;!#]j!U:'J9~~%~~~#/, lW~a9.:E~~JJ1JJii!.~-7 o 

• 44 •~•w~~~~•w•tf.l~~~~~ 

lJi B ~~-it~ ;f~-il'~ ~ B I$~JJkit~ ~;J;!I'.·it~ 

* ~ s~mli* !i·J&~Jj!tJJJI!I~ ttm:5ir!It ifli it£ 

*X it!ittfflt IUlU't ) 170 100 1!1 "f 

fi: :'J9,L1t~~~rru~fj*t-, -A\!E'.{j!ffl~~~pg•. ;a;m»n:!it:if'mzMH:tfl:~.~-:fi~ 

I% o~~a~.a1Jn~~-~•<B~AlW~-~~~~~~-~~•1Jn) ••••~ 
tf'L{t~~$;R'1~~~AAJ.tft1'$, f!it.IV(;:'J9/f'~=J=-~~1J!fi.f*o 

llt~~ . .:oc~»nA•~•m . .a•~•4.m~•~·••a~••ttelirrr~a. 
-* ~~@ JJ:: .:o itt :t£ ilili 7.ffil. """F ~% ~ t~~.!il ~ 1~ m """F m /1=P m-tt o ~ P9 ~ m :bo :m:- ~ :1-1 o. 5% - 1 o% 
(JJ!:lil:*~) o ;& 4-8 A.:fii/t1JnAWt~~m, •Jll!ttfm~1t~*~Jo 

•4~ ~~•w•~:o••~tt~tf.l~~ 

t:i *' 
-~l$1ll ··~ l'i!f( 160'C ) ft'AI!t 

~ .tf 
jftjJj.-J:1JII --~ l'il!t( 160't ) ft'A!f 

A I: I% l 't / mm1 · a-• 10. lmm A a /% / 'C / mm2 • s -• 10. lmm 

0 55 1. 7 16 0 57 1.8 10 

0.5 56 2. I 14 0. 5 59 2.32 9 
54 ~13-Cit:J 58 ~~Eitt 

2 60 3. 14 13 2 72 3.6 8 

5 102 7.0 II 5 120 7.5 8 
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3) z•-m~z•~~•o•rz:~••~&v.~.mz•~M~z•~~~-~~ 
m~~~ey~~*~$#o B~~*Z·~~M~Z·~~~~~A . ~~~~.~~~ 
~m~&tt-~~~o Bey~~-~-~~- , ~titt,•~tt,mtt,ett••~~ 
Eo ~".~M•P~~~•z•~RMZ•~~~-~~m~~~w~m~~o zm•• 
-.~U~&*,WM~z••···~UM~Btt~So~~~~-~-MA~~~-~­
mmo 

-~~nM•~••to~~~.~~•~r•,z•-~•~~•,r=•~z•~~ 
~-·;mey~~Jtlo 

( 6 ) ~irM o j[irM~-#~L~:lt-~Jtlilil*ti~J~.f, :J:lf!.EI:J~OO~t :Jinii~?j}f~.~,~~ 
!E!Jt-)rz~m, ~Span-SO •$#rJI:J-§7.k~~L~1flJ;ff• ~~~~L~1l:ho~*· .§.~*flU!lo 

~~L~~~M, •• ffi~~-~~.JtlB~rmffiU~~~~~~:ltfi~~affift~-~'.§. 
~~~~.~ff~~o~~M~l%~2%Z*o 

ililffiU~~--~ttn•••P~~~~:ltfi~~~,•:~.tttn~a~tto~~*B* 
:~.tfir. -~-~~•,~•,mrm,~±*~~~•~ililF~~W-fl~~~~ . .§.~fi 
*#.m*~$o ~~W-M·-~,·-~····~-~-~.-~~L~:lt·F~M~~ 
~F~~tto~~*~~~~~-~~-~~-m~,~~*~~rr~~~~*••~~ 
-~~:fl!. . ~~~~~**~o 1Wf31!~-~Fr~ . ~-~%~F~. lilr1tt?X~Im. ~ 
P3$m~~11H!!*, w:~.t•r.:sz.~zffijj)z~**'fm1W:¥St, ~~E§~:MJey~~~L~:~.taa 
il:1i~¥lJ~~~ifltJ, If~~FJi·n~~L1t:ltfi~·l1:no j3~~ . ~.®~ililf=£1ft,m~·, ffi 
Jj)z~bo7'L~:ltfi~*o E!3~.~L~:ltfi~~m~•~a•a~,1ft•~~,*~~'~ 
fiE~, :J;J4WMt~~Jtlrmffi~J*'I-o X>t~~,L~:ltfiM:it~M~Wif!JJtl$, 1t19J'L~:ltfii¥J.tt 

mt-~~-~1[~ ~11,5( 0 

m:n~*, !E~n~1ilf~~mxt'L~:ltfi~ Jtljt~M:i!B 7l*A1ilf~, 3f.Ct:±l-~7U 

·11:tJIH1t~~tz:~ o ~'L~1f1J~rm, ••m*, ~:hoiiMir~-1*. ~nm-rfF'L~~• 
~rmffiU~ o fJ~$·~~L1t~fi~~Fil:, ~y~Jfl¥&~, ~1~I.A~~19J~9Uf, ~%{ 

:l:lll.~·,L~1-"Ffii¥J·I1:ff~ , ~1~!:EF~*' ~-~~~fi!:EF~~tt~~-rmffi~ifltJIJ¥~ 
Jf*.:E!:Eo 

j3~~. JA:J$rmrJffi:~~~~f!Jm~m. JZ\;Jtl~ tB.JF~MJf~;!t~!itlfi¥J±~W-*4, ~:tm 

m•~•ff•~rm*~:horm~~~.m•m~a•~•~•m*o ~~-~-~:±l••• 
I¥J£~r.t, .:SZ.~~~l:lffl-ilii~~-$Jffi:*'l- o f!~$1ii~~JJtlJ]UJf4, lS"~fro~o f!£u~~~i.t 

W:~. ~1!1Ctt~: Mffi-~Yftl 15% -25% ; fli1f50% - 60% ; 8-'lf l 5% -35%o 

Iii~ t::ijnt ?ii 1ilf~ .~ ~1ilfifltJ 1¥1 ~irM·I1: ~~:tm ~ m~ : 
!lirM~tl!!~~*:a~ s2. 29%, ~-w~*•~ 16.46%, ~~~m**•~ 3. 29% 0 
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llba9?-}rt.if~~. $}?t~. &~Ltt~~o f51JJt~-%ii~rBI.$*1Jo, it&~Lf.:E:tf::~, ill 
:m d~:IL1tlm5!illi~f~, 'L~¥Eti!J.l fll~):Ettmfi~IS*~ o 

~AJJOlil'ti, i!J.f~f~ . !!-%M!:f:tiE:f'ig~~~ilJ:lJ.jt~, ~~;t$J!¥L·jj:~f~ . ~2tt~t1L 

J.Kttm~ o 



........................................................................................ 4.1 %~:i!~;ffi~ )rh;tl'!#'*'!- . 85 . 

ffi~t)jl:?y{iJ1jjfJE,~,IlYC1ilfitiiJ ~ FL-1 m!~ir~fll17'CJI!Yi.:firH!fti1iJTJEilYC1iffitiiJ ~ MF *j'U~ Jfl 
£irm , tJSJt.:flt't ~a.g'i1:ff~ o t; .. rrxt MF :~uu~Lft~~~ JB£~m:i1H-Jm1Jf!.:fr§B o 

MF *jtl~Lft~f~~Jfl~~~~ 1992 1f:@fifjlj,r:ilt:9J~ o 19971ft£~4;$t}~#~r~A 

I~~F, iiJ~JE~#DC)f~~Lft~~ililffi~>f( o ~~t1'f-t.O.fiL :li!!.~ , fL± M\ , tltiltl 
~.~~~~DC:1f,:1f~~~~£~~~ o ~Jtl~**~·*m~~~~m.~~~~~ 
~tt~~fll~~:ltg:f.f:lf'[OJ~~Cl!F~ o /f'{)l~Jflrft~~~It:, ffi~Jff r~JJR4iitftiZ ; ~ 
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~F&=b:f.! 3 1'-~% a'-J &=b#, 1\!P MF-1, MF-2, MF-3, JtitiiJ1i It:mt~3u:i00 4-3 Nf7F:o 
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1.9i:1i:tr.J:fif- MF-1 MF-2 MF-3 m iii: m t-F MF-1 MF-2 MF-3 
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il$il?tJitl1'1 c33fll c)', MF-1 !r~t::t£ c.9 - c33 B9iE~~*!ili\16 =f MF-20 ~~~*, !:fl , 
~]ifR~ ?t-T?t :11J ~3m , lA iTIH:~HiE 7 :i!~l11 Yl1l JJ$ti!~~ W , J3. :fl JE $ B9 ~~ll , rro Jl iii1l M f!i ~ 
.XVL~1-t1flj iiJL~~st¥lh~1t*~~~o j'H'~ , MF-1 $2:~.tii¥JIE>Yfdtt:f;£t5tit~it, MF-2 ~ 

~~~~~~~*g~~.~~~-m~&~mtt~~~~~o 

4.1. 4 -"'iim!lll!~*i"~ WQJ m!7t~~~~J 

ROO~*~R.&=f 1991~.~-#ft&~~WWB9~-~?t-Ta·.X~M$~. 

f1=1'17JB.nl~*4-i31.A'L1-t1$l-SB9tHl- :U~J:f:l o ~F£~:0{ti~t'f<JX*F~, :1!-#f!~~ 

l!ij7lb~~~, ~~JiHtl.\$):ti, *:!lA:ff~:llfB9~L1-tttfll~~tt • .!:J~M~, 7J<, ~~~JU~f 
~:fr ~:!If B9 ~ ~ tt o ~~Hi~ ?t :trr : ~F .fb .3::~ El:i T = lb'I:SIE.Itti fll J:f:l t£ M ~rlll mJVZ , ;it J:f:l ~ 
~T~r=a~tnJI/CB9t?fi~ (35 +5)% , !:fltt*i~llbB9~:11:~ (65 ±5)% o ~ 4-11 ;!!} 

~mf::JtB9mt:ii~?l o 

ff-1} ~ll!llll§l JJiitr.J.r.;; @llt1J~ ff~ @MtJi~ JJiitm.r.;; ~M1i~ 

I ?'~ X!t ~~~Jilliff* § lJ!IJ 3 ®i.!J!/mm2 • s _, 15 -25 GB 265 

2 N1i":fitl% 0. 26 - 0.35 L2A-N1-5A 4 7X1i"i!l% < 0. I GB260 

WQJrmmB9JVZm$?t~r=~~~o ~r=mn~*~~.~~A:ff~~~~B9r= 

m~&A~~B9~{t~,jo~r=mna, IJVZ~•~m~•~~~B9~L{t~H~. ww 

!:flB9r=mn&~•~~.M~to~ : 

I 
R C=O 
I I 

0 CH-cHz 0 
-~' I ~ 

R- HC-C'-. or / C-CH-R 

N-cH2 CH2-N-CH2 CH2- N- CH2 CH2 - N 
/ I "-

H2C- c,._ O=C " C- CH2 
~ I ~ 

O CH- CH O 
I I 

2 

R C=O . I 

lA~~~PJ ~, $ T =M:.it.lttii!! El:i *71B ffiJJ(~iHfi m.JVZ, ~ ~:lit- B9 !/L1-tJf!J o .!:3 ~ T = tt 
SIF.&;mt:t, •r=mtn&B9*7k¥mx=f 2, ~.Litill~. WQJ :!!1t~B9A~!JL1tf1=m£f.l, 
jf~ B9rm~~:f-}o 

lil tttX!il.~ iiE l!ij : JfJ ~ttJ ~ B9 !JL 1t:l$l-9 B91*J ~ tlL -T :W-iti .Jm-1' ~ 1J! ~ B9 , ~ X$?t:.liHW ~ 
~kB9~~.~AI*J~~~~~:t£2~m ~~o l=3•m~~ffit:t,~~~~~~n~~~ 

• . -1'A&•.w•~mli:7:W-itiaB9~ft.!=38&.~~ ffi.X*#~~o~w.~a~mt 
~*!A~-1*~)!{*1'19~~0 

~wwm1'1M~~MB9MSA~~1-t~HB9~~~:~~-t?t7S%-85%,*152 

9%-14%, WQJ 6% -8% o ~!1Lf-t~R~r3~1fttf*. :ff~:(!fB9~ftimtt, WllJg 1.05-
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l. 25gl cm3
, :f1J.3t.&?t;{ff .!A!.~ 4-120 

* 4-12 MSA ~!JI:It~~~ll1Ht:ffi 

~WI= <I I -2 2-3 >3 
lfl-~ 19 I. 8 

?Hfil % 37. 9 29. I 21. I II. 8 

-~~~BA~~R~M~82tt.~a~~<*~ s ~~).~B~-~.~~J1<. 

~~~~-~~-~~~ft~~~o #. l3 ~~~~~.~~~m•~•o • 4-13~ 

MSA ~!JL~~Ba<:Jflt~f.if~Mii~o 

~ 4 -13 MSA ~~ it~!!.iiif~Jfl11~1!tlitli~ 

fflfml1J/ d t!J!lh 90 180 270 

ji}j[/mm 17.26 17.20 16.54 16.00 

jiJaY'm · s-1 4374 4000 

4. 2. 1 ·{t~J7J<lfiWfa9i1=ffl 

~ ~~J J1<fiHiHt-J f'P J!Vff : 

404 tlf+fNI/d W!lh 

15. 20 ~~Ul~)a[lcm 7 

3703 :tiWat.1J/ mL 302 

90 180 270 404 

7 6 6 5 

288 
. 

< 1) %JVt~L~:I$B?t1tU§ o £?1.\~~JJca<:J!jL 1t:I$B~~:B:EJ<J, -ti!:fiilf$ft.g , ill~~ 
*$~~~~Blt<:J?t~~m~Eb~~~J7Jclff7iU1g.Jita<:J, Jt~itim1ir o:l:t:B.~.&tiii:EI<J 90% li. 
;ti o :OJ:Ji:W~, '8JI!:it!J*~~WB~¥1i:llo ~~J'flJJJ<~~~f'Fm~ 7t:id~JVt~L~:l'FBa<J?t 
~~. m~~~m.~~~*~~~~~&~,~~~~~~m~wa<J~~o ~~mM~ 

JIJ(, ji)lj.M!U1lmMZ:.MJ)'J(~!ll.?}~~tm , '8~~$~jl!J. m~-~ir~JJt o 

c 2 > m r.nL 1t :~:t: B .m JJt o ~ m .ffll ~ • .f)!~ .~xJ!Ji tt ~ m ~ :l'F B a<Ht JJt - !i ;1;; o. 9 -
1. 05glcm3

, ii'fi~1t*FB~\t.ll~·ljtj;; 1. 05 - 1. 35glcm3
, :fii(.:jllf)t 1. 50 -I. 55glcm3 

0 )! 

~Ebr~ftU/i , ~at~, f.:iiAUIM~~mit~1fiJttf6-T71<, .tli:filJB<:J~IJI;t~JEr.i, ~~ 7 
~-~~WJJto • 4-14 ~~7~~mJJt~m~MMSJJcMaa<J mJJto ~m?t~~:fi~~ 

~~~~~~~~±~~~m~~~ . ~·.ll~~~-~0 

• 4-14 fii!illtft*$.itl(f.)\flll 

lBlfti'C f.il!lR~-a-fit Oll1it?tl!O 1% \§IJVg · em_, &ll/ 'C a'I~SC-a-'!i < llll::!l:?tft> !<ro ~lfr/g · cm - 3 

20 66. 4 I. 3115 100 91.0 I. 4145 

40 73. 3 1.3415 120 94. 7 1. 4260 

60 80.2 I. 3519 140 97.4 1. 4320 

80 85. 9 I. 3940 160 99.4 1. 4360 

( 3) P.:!tft~L~~B-1-'Ftl:fmo JA/imll.t/Jt EJ<J~R.U~~, ~;ff ~~Iit~Pi$~ti~ 
~oo.~-~~~~~*EI<J&~.~~~&~~~W&~~~~~~ o ;1;;7~~~~~oo 

a<J•~.-~~~a~m•~ooo i~:l'FBM~moo~~~mcmg•> ~~m•~mJJc 
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~~. »-~~?:F-~~~tiH~!Mt~ ttirm?:F-~a<J~-r1U~!Mt~~~~:l*?:F-~131~-~7f'~~f*~~~ 
~Lft1$~~~-~~:ttg?:H*~fJ!~2:f'P~ j] ~16,?&~*0 t£:¥Lftt'F~i**- '1=', ~ft1fiJJ.J<~ 

M*8ffil31a••@~m~i~'.«f,tM~~-~~MMOO~B•**o OO~o, ~-~•a 
;h 0. 3j.Lm B;J-, M.ti!iii~~:h lcm3Jj\~~-~ag 4 JH~o HI'&, 2:l'fiiiJ1f&~J lV.i!f{~*~* 

~,~.f,t~~••m•.~~~~-~-~~••.•aT~{t;f$~13-9~=~••0 ~ 
a-t, i*~J3(]~\!tr~n~tt. :a:-~~ri11EI*J-IE.~~Lftt'F~(f9J.Il£~ ~•~~*o 

C 4>*•~1t1$H~m~mtto~•m~i*«f-tm~~t~.t£~~~-~~~tt~fr 
00, ti!~T t~~*~JR.m·ij:o tJiJ~o, im:l:t*fflr~itfi({t1f1J~ ~~~1~lbl<*11iit ~ ~;bndb~ 

~tt1l!Jff~Wi"'*1fiJ~~*m~~!!Lft1$H~f*ff:~~ttl!l-m;?AH~mtt~$t~lf£•~&ifo 
:JRJ§', 7j(~~~:fit~*' ?l{t£B;j~'!&t& 2. 257kJ/ g ~?ti~Tt~o FaJB;j, f'1:_ag;tj(~'9:, 

~t1.1:~~fil!{~~~~ WJ~, 4i!t:bn 1% ag1t, **1$~1.1~ "F~ 54. 43 -66. 99kJ , ffiJ ~~ 
tet1JO 2. 7-3. 5L, 1$Hn~:!it9!~ o. 6% o m•~Lft1$H~:tJL~ U~m, ~~) ~·' .fltm 
~·~::*:7;:~-m;, 2:~:19~ft1$~~.tft~ftit~1:.Flll~~:tm:tJi7i$1J~~.m~f-tf!~~ T~~ 

1it::ff .f!J ~ ~# 0 

mmzmm, m=fl}(agf-t~:if'mllttlllfA~tt~M~C*· ~.lit:t£~Lf-t1.1:Hrtt. *~J£:h­

MA~~M•~.~~•1$••~-~~•**M~:tE~*~bn•lll•~~.~~·§~ 
:m~' Jj(6g*:Jit16,@f:&fli!J~~ 0 

4. 2. 2 a-«:: ?llJ*mHfag~~ 

~~~f9J. ~L{t*F~«{t1fiJ;t}(i€f~~~~~*¥X-E!:J'iS 4 -t-:nw. t\!P: iir.{tJl!Jag-M~ 

~jtP.fiG, $:f,t~J;tj(fit:l{lag~«&lll-!n!Pa ,~ , **ilJ3(Jf!ffl~~--f,t1fiJ~*OO}iZ , .1£-*-m; 
-~1=-f'~~. lV."f8ft3frW·ft~~: . 

( 1) >Yl.f,tJl:IJ 89-M~bt~mnco - i!ll::i'll?.i&L ~Lft1$H$:f,t1flJ7tm~IU!i-*~::I!EIHiili~ttim 

.=f;tj(~~~ o ~-~·fr•<•»~a~-r~I*J),~ffl··~ 80% c•~*•> lV. 
L~ .*~~~~~~~•~*iff~~~~~ffl~~m~o ~~~~I~~M~:tE~m~ 
lltrll.!i'iitllit~~m~~ttt-i-it!:h~~. ffil~tt:tR~M~!J!tliiJ~Km~ffl o 1gt1H~~~~agm 

•••·••~.rz:••.~~~:a:mmr*~n•sMey~a:lfs%•~•~~~,••~ 
tto ~lV.aM~7.l<M~:19IOO ffiC~aM*>~enfi~~~'**M'1='~*~70-8s 
17}~ OOf*~~tfi, 15 -30 fJtJ317j(o 

Jif'&;MJ$:~1-t~IJ7./<~~~-ft1J:!Jiffin·M~M~, fE!.~7.Jtl~~ ~!1Lf,t~;f:Eif609~fJLd~ 

fJL*fU,~~tP.:lik~'iit~ffl~ o f91Hzn, ml~MiPI, mlililfltti~~~:H:m!P3~Hlf$~Lf,t1$§9'1='~ 

mu~~m~~OOo-M~:h.n~~~~::*:~M~~~.m*~M~~~~agm~-rm• 

~.~-m;fiA~ .ffl::*:~~-. ~B1-~!1Lf,t1$~~M·M~;J§'~-~~fiA~*·~ 
.:E ~:.i\1 m~ m ~ fJ}t ft1l!J o 
~M~~MMe,~HMd·~·--fi~nJ(;l}(m~m*~~m*•M~~~ = * 

il;., ~ua®~, ilM~ffl~jtml~; il!itt, :tmitHMlllieJt«.MM; i'Sil;., :l!O~M~, illi 
~lllaau~;•a . :l!ucu~lllRau~;~~.~••~,auel!l••u• ; • 
tt,:l!u~••~•••lll~aH• ; ma.~~M~,~-~lll•••m;•a.tnmM 
• , aM•llla•u•;•a.~•~•,•u•l!l•••• ; wa.~au•,aM~ 
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~-••••·••~~--~~~~~-~-o -M~~.~n*M~.~®•m•tn~ 
~L1-t;t~;.K1~H!~Jil:St'fli¥J t~f9tl~:19 25%ft::t:i o ~;;-rmllf,j, ~~-19J::tE~ff!if.:P7K~Htri¥J~*lr 

::k1 Jvtf1@ ~ i@Hi 8 -'% ~1\ ftff(ff 7k.J E: , ~if ill:~! :fl3\'5(~~ ~7j( ~~ o 

:fl~.7k.JTe~~~w~.~~~J.Km&m?t!fl•tn•A~:flm&•m~••aa ~ 
:!14~19iJ-T:fl: MM. ~IHiJ!i.M, =M®JtJ!:;f-o~i\®JtJ!:; n~J)tj&M, ~n-lfl&1iJ!i.M, -If! 
•~••a,-lfl&~•a~-lfi&~~·~,G=•=~•a, 6=&=~~•a, = 

lfi&MDM- ~Ifl&a•a,6&a•~-~•••~,6D&a•a,a••-•• 
JW(; *&a. ~o*&iiil:i•a, *•~•a, *&iti~•a, ~ -~*&a•a~*~=& 
=••a•.~~~-~~•ai¥Jm~•o k~•~•m~~~~£hnA7.K~•~.rm• 
:t!r~#J-EI3 :tt:iti¥.115-~UW'fl~T ~&·Mf~Jffi5.lliti-fr.1JOA;l.t~ o ~#ti~-~~ ~Jf!~!R 

~:tE**•'fl~~.•~~~;J.t~~•~mam~.&~~~:fl-~•-~~k~~~¥Jm 
?t~¥Jm~~-~~~o -•~~. Q~I£~ttn•~~&~*ft~. ~~•a;a:•~m 
7.K~~'fli¥J•tnii:~~~~~i>lHiitJ~, f!!im'iit~ 6~L1-tW~.~miti¥J 5% -25% o 

Jlt5'~. >~n•m~~¥J~, ~~#J-JJ<mtt~¥J~JJ<1-t-fr•, 19iJ>Inttiifm, ·lii<t!Ufm, J;!fm, · * 
•· 2/f~•lf.l•~••tn~J~~iflJ7.Km•~J3.?tr:j=Jf1=7J3fflhn~~.t o ~~I¥J;it1t!v.K~·~~*4~ 
~~~ ~•:bo~J7t~•m:St9=' o ;a;•:hn~it~~:m-t-1*-* I¥J~ .1f~Efff1itJ~ o 

(2)•~mJJ<m&~~••lf.lmA~o~•••••IftW~9='•~-:fl~rm~*• 
)tza~$:.~1f!J, 1!!A EI3 .:PM.S:f£7.K9='~MJJli¥Jfffil.JJl~JJl~::k, l!ffFI£ffffil.iti¥J~~, JtJ!~ff« 

J.lf£1,~J~;J\, tf~~~t!T~a ~-, ~~;f!JL1-tW~I¥J~f:Ett~~;ftJ 1¥1 o !ZS~Jlt, :(£!JL1tW~ 
~&;it~157.KW~~---A~mm~-~M*~§«~M7J<~RI¥Jo ~M-~.~&· 

~~JI¥J•:bn~~~~113,:;7J<mRI¥Jt!fA;~, Xff~~::k~$.:1il: o • 4 -15 ?tl$T ~l.K?~Hfl•:bn 
~~I¥J-{.tjflj~tJrA,~I¥J5£:{.tt!li£o ~ 4-16 ·~~~({-l:j}lJI¥J~·iJ:o 

~4~s ~~•~m•*•~~•B• <••*•) 
;Jj(~1fl: .fil!j ll!lfli ~~fill il'ijm;~fllj .fil!j~~ tiT db,~ JJ<~:!i!: liJ!!Mfli liJ!j til! fill ~ 1i1Uiflflll lijljjlfl~ tiTa"l.,~ 

/o/o ~ii!:/% ~:II!:/% ~jl/% ~;fit/% I"C /o/o ~:!It/% ~"fl!:lo/o ~tit/% ~Til:/% I "C 

15. 0 85.0 77 21.4 50.0 14.3 14.3 33 

20.0 80.0 59 18.4 55. 0 15. 6 II. 0 36 

20.6 61. 8 17. 6 45 

1ilt 1-t*'l ~ ~ ~lfl-ijj/g . g- 1 4:\J'f ~~ {t;;ll] (l9{1!;~ :li!:l g ~-ltffil~f* ~lfl--if/g. g-1 4i'f ~ ~ 1-t:;lll fl9{1!;11Uil:l g 

~Mf]( +0. 20 200 lijlj~~ +0. 488 488 

~ft!lil*J +0. 47 470 .fil!j~Jijf +0. 084 84 

r.ti~!lflifl +0. 532 532 liJ!jllf11f'Jl'l( -0.340 - 340 

Jilk~WHI{I¥J~~~Xi.iftl:\, it~$l:iUil~f13,:;mA,~*~· :ilQ~MHM, itliitHifl, 
f~M~?j-jjtJ~iij1jHS-®%~~1tiflJ7.Kit~. -~~UI!=~~a;f~~31fti¥J o 

*fflriil-.ftffll*~~mHS;K~Rt.Rfi~a<JJffiJJI[ , ~;ftJffliiil:iHili~;ltt~ftil-•%~ 

~~-~-~-o MMiJii,@M~,-·MS,*···~~~MMS*M&I¥Jfifi~~ 
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~o wm~M, ••••,••••~•~a~«~~TmM~fiA4 . ~a•r••~ 
•••o ~~~~•~w~~~.a•~•,-•a•~~•~•~,L~nH~&~~ 
Mo ~-.~,L~nR~~~.~~fiA4~tm•mAm~M~•• o 

~3Jt!E~L1ti'F~~~~*m•~•, li!'j~~-~¥L~1flJffiiJ~7.1<m~. 1if!JM• !=i1iruMHI*1 
z~•#£4=l~~.mMM~~-~~-~~~r••~ma4.xa•r~~~HF 
~~~~o ili~~~~*~~~~-~~~~-w~~ . ~~~-i'F&m~u~~~~~ 
-¥~~-B*«W~d«~Mo W·~~~-~M~~~i'FH~·i'F·~o ~~.-~ 
;;4j-.1tt~~=*=A . 1illiDMJH:It-~di'L1ti'F~a<J 10% -15%, ilJ1.1l!,L1t i'FR7Jc:fflftn&fiJ'tg 
~~~ s- 8"C o ~-r~~~*7ffertfJif;}~,L~i'FH, ~~~~~$m&lM~~fdU~Ht9:1iHitt 

~J o 

···~-~~-MD~m~A'L~~H~a<J.~M~~~i'FHm~ma<Jfth.~~ 
{t1$H:lt~f~a<Jml.Pffi!"F1J3~1i 8 %I2!f'Df'W~· o iatlJi~a~, W.-d!A:ff~3H9Hr<:rllll!1~ 
m~•71<111HiifiA,~a<JtmiJ o ~'L~i'FHm?t~:boAPJ<lfi:iJJI::k1ii1iHt'/ia<Jrt••, !U'JB1ilJ 
~--·~d "~•m•", J'bf§~.7Ga<JilJ~~f.£~i!JTI!IltffiiJ, lltill:1if!J&(·ll!-~ ~ Ej a 

~~--Z~a<J~X-~W~,L~i'FHa<JI2lf~F~a~·*~W-~o ·4-17M~T 
t£ 16.5% a<J1k~ 83.5% a<Jm~•!:lld~rit7il ~?'~:boPJ(~IJ.j, 1illiD.1fHilfilf.JR,(a<J~~ffl 

£Sl o ~ 4-17 ~~~H~ , 11f<•5<;J~{f£lil1JM•m•a<Jm~£A7ff~~~I19~Yf.l o {91Jf,lo, ~ 
?'~:boiO%~PJ<-~.M7il~fiA4ilJ~~43"C o ffi • . ~~----~~···~UM. 
;ttaJJZ-iJ{j~- 0. 43glg , :!ln::kii:lt!!.@!Yf.IW$, *~F!I[:It!!.~PinJ,L~i'F Ha<J$1: •• o .# J3., 
1i!~tm~•m~•a<J•m4~-~~C~30"CB1~mH•~•«~~~-~aa<:~w•B1 
r!&M,g~ 59. 4% ~-~3iU 18. 1%), jUHIHll?t~:boApj(J(B9:11:i:i~, )jtf~-d~::fi$3(:7;:89 

•mtt.ea•a~HM•, ~~o ~~.~A*•~m•o ~~~-•:boAaM~t£ 
1% -3%2-la:J, ~~f~rt~niim~,g 1 -6"C o 

* 4-17 Jjj( • ~iUtttifJ ill~ at\ & a l!LttJ tr.J ~Ill! 

5Ut < J.Jli:!il:~HlO 1% 0 I 2 3 4 5 6 8 10 

*d7lA'iV~ 76 75 72 70 63 59 54 48 43 

~Jjl--/g . g · • 16. 70 16. 27 15.84 15.41 14.98 14.45 14.02 13.98 12.40 

t£'L~i'FHIIG~~~B1:1JDA 10% -15% ~~MHI*J~ 1% -3% lltJpj(~ , ilJII*f~bJ<ff!fi 

tf&R.t. 6 - 14 't: 0 

~~~•m. ~mM•*••~•:bo¥~~-~~~~mA~.~~~•••~"~ 
t1~~~4fa", :i!:!i!-~~~.7GD~~~~~~T--iiiti5tt~J~~-~~~~o m:fi~:i!~ 

"~flli~~~", X;J~-m;m:a'TJ£~~F'k!·~3'&a<J o 1t~*DlUI~. El3 ~lll1*-*~iiiR9~iiifl~~ 

[iij , ~ ~5<;J ?'H$ :boA~~ 1!lt a<J ~ UtWlt ~ liiJ. ~it-:fl ~ ffi'.l 89 ~ ~ tt , " ~a" a<J :boA ~JHilll 
TM~?t-Tmaw~r•.~wa~T&~Aiii~~~~**·~~TA-~~*m~ . 
Rll~~~l!lt~a<Jfaiii~&'~*:lt$"f~. W~lltf~':9X~P.&Iltf~a~Aiii, A-Wl~*ilE• 
~mo::ko &AW~~~~*•*~[iij.~W~A~~~~~~a~o ~?'~.?'~*"• 
}ji" ~~~n1~1iJ!JftU~a<JMtfll o 

~irr:tt:bo~fmj{~-~*ii, XW.~7JefflfiAR.t.~~~. ~ 4-18 lll~ 4-19 tfi:t T~flli 
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~ *~ ..!:¥f 7.1<;m m a~*~ 89 r!@~ ~ ~ m; , ~ .:P ~ m; ~ ;kJllfr -~t ?t~ o 1t !:f , ~ 4-18 if! 89 7.1< ;~:o 

~*~•M•. enmm•-•~~~; ~4-t9A~¥~a~,L~~H~7.l<~~~~R~ 
a . ~8~ft~il"·~7.l<~fiA~~-~o 

« 448 -~~-·~·~---~~~*~·-··~~-
~ IJ!l:5lit ti';l% Jn~t'l(/% lJU% :f1i ,p, t.V'C ~!m!litti'JI% fil'jftf£/ % 7JU% :f1TAR.V'C 

0.0 90. 0 10.0 97.0 0.6 90.0 10.0 83.0 

0. 2 90. 0 10.0 95.0 0.8 90.0 10.0 76.0 

0.4 90.0 10. 0 86. 5 1.0 90.0 10.0 67.0 

~IJ!l!Lit~l% il!\U~I% lJU% m•ilo/% lU~I% :f1id1R.V't 
0.0 68 II. 5 13 2.5 82.5 

0.2 68 11. 5 13 2.5 73.5 

0.4 68 II. 5 13 2.5 59. 0 

0.8 68 II. 5 13 2.5 41. 5 

t:t~~ 4-18 ~~ 4-19 1lJ !Wtf tf:1, :Wft~il-4m~ ·-1it1tfi!J]j(i$~~!S'-0~1t1$H7.~ 

ffi m~1UR A R.i: 891Sfff£~~ l!f:l ~ 89 f'F m , m f'F m 89 3!:I!:*X ~ ~Z:.§Jtl o ~ff :w n ~.g.~ mit~ tt? 
:tm, 7l<.ffim~a9tFTA,~~*Jf!l*ff!:; o ~:Wft~il"~JfJfrl:~ o. 8% El-t, 1!t- $.1tif1J7.KffitJTAR.i: 
;.9 76'C, !§*1JOJ)JftJtil"~a97J<~t.i1H~I¥JtJTJL,~ 97"C :fH tt, tJTA~~ff!:; 7 21 "C; a~!JL 

1t:tfH7.l<:ffl:fn.?o~~ff£flJ 41. s"C, Jey*1Jn:WtJUtil".891$~t1TAI.R 82. s"C :ffi 1:t, tJT.fa~ 

~ff!:; 7 41 CC o E8 .tltiiJ .!A!., tJTA.~B1 ~ff!:;:1~<9Jft~il"4m, li}lJMif'i~PR~~Iii'J~ffll¥1~~ o 1m 
~-~~a.ofL1t1$H~7.l<ffim•~•~8o±sccm~~~b~1t•f'F.m.tlt~89~1tm 

It 1:t tfT A.~ 41. s cc ~ f.li tf:1 40 'C ti: ti , ~.tit 'L 1tllfr ill:~~ 1* 11\i 1¥1 o 1lJ ~ l!f:l ~ tlfiliUL ~ *1: ~ 
89~1f~~·I~H1l1:.f"~~·ii' 1\!JatiiJ ~~'*!¥L!l~IW:~~t-JJIJ¥ I ff'L1t*FHag1:_j"C~$ 

:k:km~, 1:.f"ft~~aJHil "'f~ o 

•7-1f£7J(ffit1TA~Z,~.:wnail-4m~PJ~~-•M•fiAA~o ~~, x~n~ 

il"~~~&·i$~~ftag~~~~~~.EfiAR.\El-t,§~~~~M-filli,ffi~:fntf:l81 
~~-ra~~~~ag o ~~~J)Jft~il"4m~m&•m~'fl.~&•:~nm~~tt~tt~~; 

~eJ)Jft~il-~~••1JnA,m~~mM•A~-~.•~ttm~•~to, ~-$~1Jo:W 
ff~~il"~ffltrtat, ~H•mra~;mj.\~ 1A:kA«qtJ~;hi1d-*~1tl¥J~~o 

(3) 7J<~:fil:l¥Jl9D~o ]j(fl=;k)-~:J.fiJEjj:JJ, ff~i«1t~J ~Mr~J~j.\.!§ilJ~jf!J~?:Jntil" , 

•*•~1Jn7•~z~•awm.~~7a~z~~-fi~•. ~fi~~~~~~.ff:E , 
ff~~l¥J~~tt~~JE?t~~.~~~&~89%mtt,~•~3!:1!:~~~1E?t~~o 

JJ<~¥J~•f'Fm:I>ff«1t~~•~~;mj.\~~.~~·~*~*'' ~§~.m•• 
tk.: 7I~*FH~:JJi:7J<·iilllJ~. ~I~*FH~i-e:'lf* 7 ~-*'T89~~; 2) ]j(~~1ttf1Jag.:£~ 

-~.A-·?t8:ffl~~?:JMMB1~-~-.7J<l¥J~~~*FH~¥Ja~tt8~:tfttft~m:k 
-~;3)7J(~~~~~1t*FHA~~~l¥J-~tt~;4)]j(•ft~~~~7«1tM~-~ 

&Z~~~~.~a71$~~mRo 

~B~fjij, 7J<~Y!:~$~~'L1t:t$~1¥J-~tt , ·-~111$ttft~:ft 11Ufl¥J.IIPJo ~-
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~a97J<?t*il:-nl00J7;J, ~L1titi9a9fit:Y~~ttl!lft~7](?t*:tita9:tt:bniffi~~, Jt-Wll91UIIlfi~JJ< 

?t*:it a9 tet:bniffi~' J' , ;tjif if'll~l!t a9 :lil:k -m::iffi 'fit tt::lii'.:t£7Jc ?t*itJ.J IO% - 12% a9rr! IE P3 o ~ 
~~1!1'1, x1T-W~ti'I~a9~L1tW~, J;t7](?t1tili:~f~T- 15% ~1L :lflM-~ 10% - 12% o Bi;R 
?Y:k1Iq£~fLifJlJ a9PI*:i!a9~~'1'~fWr~(t9~L1tW~, Jt7](?t*:!i1 ~ ff£ -T 20% ;kJf~, -IRM-;k; 
15% - 17% o * 4-20 ;k;~-Dc:1fa9~L1t*F~9='7Jca9*:i:x1WHa9~~tta<J~uli!Jo 

$4~ *~*·~~~~H~~~~~~ 

ll<M:Iit( EIHil~)/% 6 7 8 9 10 11 12 13 14 15 16 17 

7#J~~.\:Ettlh I 1 2. s 3 3.5 3.5 3.5 4 4 4.5 4.5 4. 5 

?.ilf~ ~ 1!1'1 : ~L 1t*PWj 1¥1 1~tt=~JE tE ..ey ;!;{: pg :tEl 71< m~ J¥.J tiT~ it !JC .¥ .f& :k , ~HJT ~:iii:~ ¥U 
1i(1ttiiJ.~,iJ;30% ( #:m?t~ ) a;J-, *P!9t.iiilGHf:f"fl*; ~¥1J 50% a;J-, ~L1tW~:I4f~~­
VSlloiffi7JcMMJ¥.Jfi~·..ey~{t:l$ft~]j(J¥.J*~W~ffi!-E.7J<*g*1Joa;J- ,fi~4~ 

I* , lA iffi7A ~J rt1l ji1/j !lL 1t:.l$H tfJflt.ffWL 
* 4-21 ¥Utf:l77f'lffJ*7l<:iiff!JL1t*PWja9ifoll~1tffllS?.o 1A* 4-21 "PB<Ji/&im.i!'~~tll ,:(± 

- ~m; 00 J7;J , 7.k *:.lia9:t~:bo-Bf!WH'&' JJ£ lllftz!fll:bn , 1§. ~7.1< *1il:Ct:k a;j , :I$~W It& iffi~~ o 

* 4-21 **·~~~ff~~~llfiil 
ll<~hUt( J..tfitj)-~ )/% 6 7 8 9 10 II 12 13 14 IS 16 

Jllt R"'r \!.' 61: I g - c 111 - 3 1.15 1.1 5 I. 20 I. 20 I. 25 1. 30 1. 30 1. 30 I. 45 I. I l.O 

:r±~1tWH'I**~· ~r*~~~••• 
~~w.~;~g~m-~J¥.J~~ttfr~. ~w. 
:t£-~MIEJ7;J~~--~~ o ~a;J-.:t£~~­

~~.JJ<~~·..ey=~&~.~a~~o 7J<* 
-Ltx1~L{t:I$Wjl,li!~lfnJ a9iJ!lii\~~¥U -T-*4-22 , 

~.*~ 1!1'1 7J< ~lil: a9 itt )JU{Y!;t'j:!§ •.laFf=i if,? :bD B<J ~ 
~. f£~¥1J 11 % a;ftii!-f«:S::k, .fii-~:bD*lJ< 
:fit , :!~Wti& ii'ifF ~ o 00 4-6 ~ ~L1t:J.i: H (t<J~ 

-~~**•z~a9*-*~•. ~OO"f~•• 
til , Jk *:i:x1~L1t:t1=H f.tll ~~ uli!J ..ey X1•i! J¥.J 
~ Pijfl: ffl ;f:§ ~fp,{ o 

ll<ttit ~ll .il 
~ t£ /% / g - cm "3 / m • s - I 

6 1.10 2400 

7 1. 15 2450 
jliJIJ iJ!: *i iHI ffl J[ ~ 

8 1.25 2500 cj>150mm, J.i!~ 5mm (J{J 

9 1.20 3000 ~Z..I:l'lf 

10 1. 25 3520 

16 

~ 15 
.... 
ti:< 14 
!!t 

13 

71<-3-iit 

10 II 12 13 14 
JJ<tt;ltl"lo 

1!1 4-6 .!fL1t:kF!-Iia9~1JC .Ej 

;J~()jq~·:fit U9 *~ diJ ~ 

tfll ~il 
/% /g · cm " 3 / m - s -I * t£ 

1 I 1.30 4500 

12 J. 30 4000 
jJ!IJ ·Ill: ~ * .m ]'[ t2 

13 1.35 3700 cj>150mm. if PJ 5mm 

14 I. 45 3215 (J{J-Z..~fl' 

15 I. 10 2900 
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4. 2. 3 JL fill '*' Jl'l.it 1l!J!!: (y.J ~ tm 

4. 2. 3. 1 J'K~* 

1867 ~il~f!JJl.JJJJ11HiJ(itfJn[i'l:~ o - s $~-*, mi](~W~YH~ 7 B: ::k Ei"J2t~, 
~·~8-ftT~-~~M~~~~~M~M~~.~§fti~i'I:H~A~~~- ~ 
£fi::k*. ~~m~--I~i'I:&Ei"JB.~Ei"J~M~- .&·$L~i'I:H•m~~-~ 
1?11 o W .EI. ;1$: ~ Jl.1HI W tL ~:tJo jj_J.ill a-t fm1:..1Vt ::k 1i1: ~;fa 1" 1:. ::k :lt9:. ~ , tl :tJo 7 WH 1¥1 :tj 
i'l:•~ o ~~.~Jl.JMMG~~~-~W~A~-~~h•* · •••~·~4o ~~~. 
m••*~r~. m•~•-~~tttms. ~m::ka•m.zm~~~wH•I~WHI':i"J~ 

J!£.Rfii~~~~,L~:l'F~1f*l¥.l~J.!IL ~~lfl:tiW·~~~liZl".flt a<J!Jl:fifttfl, .¥ r 
m~·Ei"J~~~~ - ~~~~tt~&~l"I~·.mw~~OO~~~~~~o 

A 4!tJ J! •li ~ 
•••B97t-T-:i!::19 NH. o3, ;tJ:r~o:t?t-TJ.W::fit :19 8o. o, ~~~:19 -4425kJ/ kg, 1:.n1t~~ 

- 4567kJ/ kg, *~it;h 35%, ${,.ljl-~ +0. 20glg, W.!l:ft-T 1. 59-1. 7 1glcm
3 ZIBJ o MAt 

GB9.4:191~.6~.**~MM·B9·4T~. ~**•~8%~ .• 4:19 100~~~0 

MMG Ei"J ~ ~~ * ~ l11 UH!r. !it~ Jl ~ ~, ~ ill'tJt :G: o - 100~ , :Jtfft ~ J3t ;a o. 68 -

0. 78glcm3 at , .lfl-:l$}~~_¥fl;h 0. 858kJ/ ( m · h · "C ) o 

~~B9•M•~s5~fa~~lW:o *~~~~~·-·~~M~~.~~~:19~~ 

rm~H~l"~~*•••~••:tJo&Ma••-•n=••;fn~~•m•l¥lo ~~-~~ 
~~ Ct{Jl.Jne~D ;ffi$fLt1r~ C~~-rmWH~Jl.J) o YIFfittJ~$L~WH¥1:~~J7.K7fH1l , 

19J~-~···~1iJ ~, :flt:!ij-:;ij!;Wj~-~ffg;fn*fiHilo 
•••~mr~~~-M~ . ~~~-~~;fnz~~m•~:!lfo ~Rm~m•r*o 

t£Jj(!:J=t~fif!WJ.~Jifilmi.l¥1t.mi!tt::k ( ~* 4-23) 0 

*4~ ~~~M~~-~·*·~*-M 

!lilJf/ 'C 
lll!l ~tj; a<J IIHII¥ Jlf/ s 

il!Yf/ 'C 
iiY:I Mtt ~~ llt WMtl g 

:(E I OOg J)< o:p :(£ IOOg ilf~o:p :(£ I OOg 7}( <f' :(£ IOOg iltni tf 

0 120 54. 5 60 411 80.4 

10 150 60.0 70 501 83. 4 

20 187 65.2 80 618 86. I 

30 233 70. 0 90 772 88. 5 

40 280 73. 7 100 994 90.9 

50 339 77.2 

~JlGfiffW=fJJca-t, ~PJ;tt&~id:o -01J~o, *11Hi~-~~.M=.f-t-·6hJ< ~, -ar ~m.Itr~ 
~ 27"C 0 ~4-24 ~IM~~nt~m~:a:~IRJ~Jti¥Jmml~7.K~~"P~~ffl¥~ o 
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illlif!iifH!f tti !f 
< IM1il:*f.O 1% 

0 

20 

34. 8 

50.0 

56.8 

ti)jti 'C 

-22. 31 

1. 91 

29. 83 

TlJ&t1il3*tWJ · mot -• liA&itltfH!l tti!f 

d'l.!r!N (28't ) 

- 24.66 

- 19. 31 

- 13. 92 

- 13. 33 

Am m (36't > (!9ril*fi ) / % 

-22.36 57.0 

65. 6 

- 14. 38 70.0 

70.6 

lt:iE.ffi~.§ c,l kl · ( kg • 'C ) _, 

1.604 

I. 645 

I. 758 

41.06 1.511 

100. 00 1. 791 

lil'l&itltfiiU!VJ · mol 1 

.lb!W IV (28't) JLlH m (36't > 

- II. 95 

-12. 62 

-10. 62 

- 12. 25 - 10. 57 

M®·~~~--- ~®M.~M~.MME. ~MR.~···-~-~-·~ 
··**~~MM-~fiA~o OB~~.~~~~H~~-~ffl~--tt, RP*fflMM 
il'i~MD~~·M·%~ntil'«~ntJ7Jz7~Hil!i.t~1Jo)Jj(j{, ~~~<f*~tJ(Jfia'T!R.i:, tl:iE:i~L~ 

~Pi ~~Sl ft~iluH~lli!ft fmo 
B 1t !lJ: 1i J9t 
-~-~-~~.-~~-M~~-~~-&~o ~~&1JOI~~~~~.-~-~ 

-~--~ - *&~R•a•.~~*~~-~--.I~~*•a•~~~ . ~JU, ~ 
=f~ft~}jj{&J.iil, ¥H~iJ I® EHf& o 

MliUJOih a 5!i ®~Si iot% hl<:l¥1 ~, ~~ *'~Si ~5!i iot% ~ 1¥1 !£tit~&~ . EFT~~~ :fit~~ 
~-ffimo ~MS&~·*'~-~~.CMa~-~-®, ~~-~~~--tit~fta& 
~~~3i:)Ett~tt~~~:Pi\.lU.Rjt®., ~M51.®-~o f.El.~:tE~L~~H~, Y..111"~·~Jffl 

3!-tta. ~;JJo~F•~iita<J.YF.mMil'i, ~~~~~~\~lit~~~. ~~&~~~-~0 :(zll*¥r 
tl~~~ibfi'*SMI¥1·19!:~mM•m~-®. MMf!<~?ttm:bu·tR, ~3H~5 1®~~o ~~151!M 

®.?tNF. ·tf:\~~ o 
~TT~~~I¥JMM·~~~~~~~~~ffl.@~~l}(ff~~~=fMM~~~. E 

filii , ~- ~. jt.:Jt~~if"fRi , ifi.I~~JlHI.U~~J?.~ o m~·~~Bb~Ji4B:~~.ffll"'~~~~I¥J 

~-~···*1JoTMMSI¥J~Wtto EFT~~ftll~~*M~mM•MM.~ft*M•m 
~-~-~•"I¥J•ft~o m&•~~~~- ••~~~~&mo ~~.~WH~bni~ 
l"'~.t~mm.••*~-tJ(J-§f!JIA,W-M~ffl~M-**'IAo X~~--~ 
-~~~~~~~~.m~~-*~m•~~~.~~MMa<JIA~m~*~~o 

c -~·lil.Pt 

if!jMS~-fafl.ffliH~*I¥1«ft~J, ~~~'ffl'fll:i~I¥J:Ij*f·~··o it~~-~ 1658. ~il' ~ 
1¥1, :R~J 1921 &f:-~2it~T!Wtt~Mttci¥JitJ?.U:liJW$McJ§', Afl1::t7f~lAiR~:IMWttl9!:o 
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$-6:t£1!!:W.~:lt!!~~~JL_jg~:;kA9liJliHf!t:llt?F$~l!Lmi .lt!!~iJII Y A ff1. {j!A ff1il!:- H7iA iJt 
Tm~•~•~ttm~io~mHSBd~Ift~H~sm•~~flZ-o 

R~~····~-~*4-o bU-~-fj!q~·*··~-~-~.*•••tn~o 
i!ii.JJ!:::f: lliJ, m••~*Wft'!lm t11•~illm::fif'€11fll o 191Hio, :a: 11o"C to~ I lifliMi'J(fJCF j.\?t 
fWJ. : 

IIO't 
NH4 03 HN03 + NH3 - 172. 9kJ/mol 

:a: 185 -200"Cr?:HW, ~~~tff.Jl'@.~$:{t~;fll71<, ~n-ttVt::tl~:!i. toil*•= 
185 - 200't NH4 N03 N20 + 2H2 0 + 42. 7kJ/mol 

{£ 230"C ~...t I 1i!lj~i'Ji7fM:H&i!*• ' ~d~, ?f.t~7.}c' ~ill :;kill:~~:fit' 1t-#~~ 
~~f.q:J't~~: 

'j('f· 230't 
2NH4 N03 2N2 + 02 + 4H2 0 + 125. 6kJ/mol 

1E~~toM~*#r,M~S&~~r~~~*•&ill: 

2NH4 N03 2NO + N2 + 4H2 0 + 38. 5kJ/mol 
£:,. 

?A••-r 400"C ~, .!il'Jmrl:t*•*~~•i1: = 

;;A:"f400't 4NH4 N03 2N02 + 3N2 + 8H2 0 + 123. 5kJ/mol 

:~F;;WIIfoj, lillj~-~~ti:.l'F~, ;tt*•&ill~~~~~H'k~, ...t:l£~~7tM&J35Z~~§.X: 

••~:lt!!#~~~ o::f~•••iA~.•~••~~a~&illmr~il!:b: 

&illmm~•~•~~~Ift:.l'F~~~~$~~a~m{j!ffl~ R~~~~~A9~*' 

ili~;fll~m~m~.~::f~~~mu•~•~¥$o 

-~~-M·M~~®~~·::f·8o ~~.~*••=MWkgm~.~-n~lm 

"·~Hi'Ji::f:-~ o ····= ~*tt~§-~353N~.~&illo ~~~I~:.l'F~~t' 
~.~~m•m~&-mz•~····,IAB-MA~RMi'lio Xto.ffl~~ 
12.5mm, ~~2mm, *50mm~~IJ~~~ii¥~M~t• <W~~ o.8-0.95glcm3 ), w~ 
m 1. o - L 4g ®1;1~ ( 1AUYH'~!I.!::j11f7}Z~~:i§l-1m) n~~®:lii o {JllHifl·tE~I;/J®!\ltfft£rilJ~~ 

t,i~ I ;i't:liiM~ 1611. 9kJ/ rnol , '=t1*t'~B91*m~ 9801/kg, ~:l:tjlat~{ili~ 180ml/10g, 
~!$·~ o. 8 - 0. 9glcrn3 ~, ;J;ii$~ 2000 -2700mlso mMf!<891;1~ttfJ~II.if!tffJLlJL ~J§L 
***a,®•n,~••#•~•B9::f:lfllW~~o 

BSJ2Zm :fl • ~ lf'ltt&l r -F~ B9RliJlift!Hrlc B9*fiW:.IHlUi1!Hfl, -&.;f!fm.A~~~ JmEJ;j , ;lt 
5tM~lftt~::k::ktni*~ lf~51® 13/t&, 1;11$0 ntnJ£iJ11Hiti7t•agxm1mllft:.ff~Mtt , 

jt}j~~tt, Wrt{t~, ill{t4m•. :ftm~llft1f~ttt, t1Jii!t- ~l!l!, B~.lllit.£~PF~~~-g.~~ 

&m~, *~~0 :i!~~J.lli$~~f~~••B9*•1Alnn:-o 13 ~t&llf, ~iiili®ttt~~~mtt 
~::ko ~ 4~s~••~~ . mu•~•.A•~•*•~.~-•~•.:m~::f:ffi7tmm• 
~~ I ?-}~fat rSJ ~ m, W..EI.~i'iJ ~ ~1:. 13 *'& o ~ 1tt , :a: ~m lii!HY3l•:i:1:-m ~ ~ 1E*ttm:l!-
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• 4~ *fi~~fi~m•~~-~~~ 

i>l: .tlf ~li!Uitg :SHii IAllr/ '1: ~~:StiJ!ftruJ/min .li~ IU!i.&ll!l'l: 

bB!irlft~ 100 160 23 /1'51~ 

fiA~~~*$ ( lO ; l ) 100 80 10.5 85 

lirlltirUil~~ < 10: 1) 100 140 15 160 

D !Jlt#>l 
~M~~~~<~~~),~~~*~~~.~~~~.~~mM~~~~&$rru~ 

~~~, Jt.:&$A~: 

H3 + HN03 H4N0 3 + Q 

fflll l\3ltti ~ 8b ~ :::f; ~ , ;I;J;~~ I "l: :i:t~-tfl.;ij-~ a<J ~J.ltl o i§lHm , £S ~ :jjt liJl1 Df1C a<J ~~:1:1: 
~~~ : ~~,~~,~~~§~;~~~~~a<J~~:i1~~: ~~,~~,~~~§ 

&o m~G~&-H*ffl·&~ ; R~~~-1L&~QDS*MK~M~--~.rm~ 
J&iiit1VJ\, i9:*Jt~fR)lJi, ~$i\11i o 

ft~$*ffl~A~M~S(-tfl.n4I~~~S) ~~,L~~Ho~~--~~~~~­
:!11:~ ?ft'A!.i& 4-26 0 

lJi El fi& - I;& lJi 1§1 fi& - f.!! - -- -
8 {5 fll!l)' ~ 8f5tl£:jjtt§ 

?~ ~ d1J • X ~ Dli! "J .!i!. a"'. , X ~DlfiiT JU~ 7)(/l'I'H4tl,/l';k=f 0. 05% 0. 08% 
{I{ !Jr. l!l .fti!I'U.@. 

mft~*:n 99. 5% 99. 0 % ~ :!i'HIG ill . /1' ;k =f 0. 15% 0. 15% w =f¥tt) ' ;f:;J'=f 

JJ<:St-a-:it,/l';k-T 0. 5% 0.5% a11ut-a-tt, /l':k=f 0. 15% 0. 15% 

!Ill }jf 

"" 
~ 

"" 
tt wr•-tt<tlli JU i1E Jf;{ i1E 

*mi.X;J'JIH1=I~:l'FH~$HI91iAMt1C~~>.J(~A$:;f1HiiJ, t'tii* · iliim ( Rudolf Meyer ) 

~(·;l'F-·M)-~~~-~-~···iD~: 
~)jt ( ti(~#[it) 

~~3'Jttitf ( ~~=~ J9i) 
-1-t~, ~ NH 4 Cl i-t 
SIEMH:t'L 

7.)( * 
Ca, Fe, Mg 

li Jil 
!WI !il ~ii£~ ( 82. 2"C) 

pH{K 

~lfiiJjW~ 

7K::t:IW1?n 
~JJ!:, IV. HNO~ it 

::t:;J\'f 98. 5% 

::t::;k'f 0. 3% 

/t';k'f 0. 02% 

~ 

/f'::k=:f 0. 15% 

::t:::krffl!ll 
~ f.£ 

-'f';J'T 30min 

5. 9 :t:O. 2 

/f'::k=:f 0. 05% 

::t' ::k=:f 0. 01% 

::t:;:k=:f 0. 02% 
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*ILJ!:R 1iJlj ~ttt 89 ~ ~ : 
lJl M 
ifJL-T~!l: 

.!.fURl&'~ 

4. 2. 3. 2 ;;If~ 1fi 

(0. 14 ±0. 03) o/o 

;;flj\=f 1. 5gl cm3 

.1'1J\=f 0. 8glcm3 

~~•M•~*~*•~~·~•••*· ~~~-~~•m•~~~~H~~m. 
R#•*mm~-~~. ~**MMa.•~-~~*MM~fiAAo m~MA'L~~H 
~:li1if m ~t;m!!tJ-~JliJ, flli~~ll*f~:PiliM.7J<MM~t!Tfs.~, ~ffff''L~-1*~ ~~~11, ~ 

MMM~mM•~~~~l=4-~o ~~. ~~MMM·~--~~~~--~~­
N~o, ~nlt!J~H~1~~J~$~mHl.:!>.if!.~!R{]I!ffl, 3Xt11tk:~ 7~1lt1ir ~41i!!tJ.~Jt!J~%A:bD 

.A¥tl ~L f-t*FH ~m :5t-a:f o 

:P~M~~~7}-=fj.\:1g NaN0 3 , ,fffxif:5t-T-lllt:ti1.J 84.99, ~~fllijg- 5447. 03kJ/kg, ~~ 
~~Jg - 5505. 64kJ/ kg, ~1ilti!:1.J 16.48%, !,f J.tjg 2. 265glcm3

, f:itA 317"C, -f~ + 

o. ~lg/go ~~ey%, ~191:Affi~H.mMM~~····®-~2.35ffl,Xflli*:bD'L 
~~H~!ff.'JJt o 

:PillMMAx-@.~llA~s~J~~em:~~~%~A, $}Mr7.J<*'·~ · it&M~i:t¥1ll*'1m*R~ , 
$} ll},U~7tJJM , tE-tf~t&0/':fi.f-t~~~llltH , M M~~ltJJ:fH1:t!t*1.J:I:~:bn o 

~380"'C7f:!lf:t:5}M, t£400 - 600"C ~:±l N2 51'0 0 2 , :bD~.¥:700"CBt~:±l NO, );A 775-
865 "C a;f ::t::tf 0/'ill: N 02 5¥0 N2 0 ~~ , ?tifH"" '1WJ1.J N ~ 0 o ~ ~ ~ ;f)V!m , W!Hi)i{ ~:ffi)JJ( ·11:!l#J.119t;f~ 
t~Et>t, :5t-M~Il:bo19C , lf.¥:flli~ l.®*'&~:liHl:o 

RMM~~~~~~ = a:f5¥0~,-~~5¥0~:5t-M~ o ~5l'U~~~mm~5¥UM~a:f5¥0& 

~~-. ~~~*~-. I~~-.:P{]I!ffl;~~~~~m~•··~~-~M~a:f·~· 
mH{}, ~~;fiJfflJl4:. t.Ht%1Jffl!8fWt. ey~0J-:tf*r5~ ; Sl:5t-M~~*mm~ii§5f-o-!ii1i:IH~ 

~0-MWm.o ~~il?§'tat! •. ~*·1~, {E!.MJJt~ o 
aoo~m~~~~~~mMM~~&••~m~•4~o 

* 4~ ~-MM~·••<•~~~~) 
lJi § m - m lJi § m - m - -- -

. 
t315~d'l..ft B-f5~a~, ft 

1~ iUi\ itf'II1¥.!Gl!< -@.:9)1;~ itf'llf~l!<-@.:9));¥JG NaN02 ( ll.( =fi!iHt) 1% ~0.03 ~0- 25 
'Pr-{5 jit{g 

NaN03 ( 1!,( -=f¥lt) lo/o ;;;.99. 3 ;;;.98. 5 H2 0/ % ~2. 0 ~2. 0 

NaCl( 1!,( =f'li!ilt ) / % ~0. 5 ;;r:;m,~ 7}c /j"; WJ !1'/!J I o/o ~0. 1 ;;j';;ijl.~ 

f~MM1£7.J<~MM~~IlT: 

la~l't 0 10 20 30 40 50 60 80 1.00 

:tE 1 oog * "P 1¥.1 mfiff Jjtl g 73 80 88 96 104 114 124 148 180 

7.J<TiM~ 20"CH~~-~IlT: 

Jtc)j[/mol • L -I 1.0 0.5 0. 25 o. 125 

~13( 17/ mPa • s 1. 0200 1. 0583 1. 0334 l. 0226 
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mr&i~Jj(~~JMlf~~ 4-28o 

• 4-28 ~It tppj< ill ifll¥1 \!1ft 

Itt Dr <J.UHtft > lli.l. 

/% 

I 

2 

4 

8 

12 

16 

20 

24 

28 

30 

35 

40 

45 

!ii!JJt 
}j(5} 

*~iff41) 

0. 

l. 0071 

I. 0144 

1.0290 

1. 0587 

1. 0891 

1. 1203 

1. 1526 

I. 1860 

I. 2204 

1. 2380 

I. 2843 

I. 3316 

20 40 

I. 0049 0. 9986 

I. 0117 1.0050 

I. 0254 I. 0180 

I. 0532 I. 0447 

1.0819 I. 0724 

1.11 18 1. 1013 

l. 1429 I. 1314 

I. 1752 I. 1629 

l. 2085 I. 1955 

1. 2256 I. 2 122 

I. 2701 I. 2560 

1. 3715 I. 3027 

l. 3683 I. 3528 

NH;, Fc3 •, AP•, Cal•, Mg2 • ~K·tt 

NaCI 

N~SO, 

&.117. 
l!iiJ JJ.!. ~' ilt~ , 80"C 

llr/ 't 

60 

0.9894 

0.9956 

I. 0082 

I. 0340 

I. 0609 

I. 0892 

I. 1187 

I. 1496 

1. 1816 

I. 1980 

1. 2413 

I. 2875 

1. 3371 

~~798.5% 

lf':;k:=:F 0. 2% 

~:;k:=:F 0. 05% 

x 
.II' :;le-T 0. 2% 

~:;le-T 0. 2% 

tpf£ 

~~=:f30min 

80 100 

0.9779 0.9644 

0.9849 0.9704 

0.9964 0.9826 

1.0218 I. 0078 

I. 0481 I. 0340 

I. 0757 I. 0614 

l. 1048 I. 0901 

I. 1351 I. 1200 

l. 1667 I. 1513 

l. 1830 I. 1674 

1.2258 I. 2 100 

l. 2715 I. 2555 

1.3206 J. 3044 

kEJ.i~H~ :±1 , .¥:1 mli M~lli ~ ~Jtff! ~ Jf.l 1'11 , Efl -T t~:m ;t .&!.ill~~ !fWJ 9:t ti' 1f ijt M~ !l1t iiE :PJ!i M 
~, ~Ht1t[f<tl~V$ • t£-m 7 ;~a~r&: ~tl Wflid B<J tm it , nr t~t i\1(J ~ ~ a9 -~ ~~lf 0 rw ;t feiJ a9 
RH!J:t~JJ! = muM = ~- = (5 - 1 > = 1 0 

4. 2. 3. 3 ;~~ii) 

mM~ . x•~•~.~~~~~9:t-M•.¥:i~a9~••~~.~~«~~~-·~ 
~*MMa9~A~ . w~n~a~~~••,L~~a9•So 

fri}!M~jM·m·~lm1'-~A7.1<~%:r.\.fftE, ~p Ca(N03)2 • 4H20, ~x-@.~A. •xt7tr 
llliit~236. 1 ; ~*F~: Ca( N03)2 , ~8-@.~.* • .ffl~>t7trllli:it~ 164. 1o jt~JVtfm~ 
-5656. 37kJ/ kg, ~JVttt~ - 5714. 98kJ/kg, -~-Ji! +0. 488glg, 15'1lliit.1il 17. 07%' 1!6 
-~ 561 oc 0 

~~M£~-T*, .",ZM,~M,~M~BM•D~~~-9:t.t£~~~--~ 
ifj!(; o 1JD~¥1J 495 - 5000C iilli~~f!~Jt-Mc:±l~, ~$;i!E~HM, ~~:Do~, !i!U7tff¥t:l& :±1~1t 
~~-f*-9~~Mo 
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~DM~~~~~~~~~ (ffl~-~~-DMWW), -~~(ffl~~~-~-~ 
Jf6 ~ W ilitl ~) l!lltl ~?'! C ffl ~ D7}1fll'H~W" ;q ~ f'= ~~!!it BB-*4 at I¥.Jitl ~ ~ ) o 9=' ffl ~ :!!~ 
f'=I21k~il1J~MI¥.l.±~~~o ffl~~~FI¥.Jil1JD~I¥.JF~~iittff-fi:(l!:rf : 

tffi 13 
lil'JJlf~ (~ Ca (N0 3 ) 1 · 4H10it) 

l.)(:if'f6~ 

-
ll'o 

4. 2. 3. 4 ~ jtl1t ~ 

~lUi~~~?FJ-:t\ NaC104 ,;mMJt 
=.F J9t1iJJ 122. 44 , «. ~ii'JJ + o. 523gl g, 

~)Jt JJ 2. 5glcm3
, W #. 482'C ( X7J< 

f'=£) o :XJJ<ttJJxfgWi: sf3~.:t~ ra~ 
MA. ~~Mtt, JA~~A~~1tJJ 
~4llllU~a9~~1/i!J.t~ 3080C o ~Mr 

7Jc~ftJ,~·Tfto ~~tJL#J~ilJ*'& 

90 

80 

70 

60 

50 

IJ 40 -
=30 

20 

10 

0 4mmit~ttmatJ.i!tl:ta1$, ~~ert~~ 
Mm~~-1$0 -JJ<~~xfg~~ra - 10 

~~~. :fl•Mtto JA:XJ.Jc~!fHtJJ -2o 

- J.J<1ili:a971!1lJJ 52. 750C 0 -30 

~~ffitfj; 
;l!:99% 

~0.2% 

227.8 304.4 456 ~-M ~ El9 t:t:: ~ ~ ~ :ft e@.im * lil 
El i5b $1: 1-t ~ ~ ~ o It!. ff¥f ~ ~ :«f. it &HP3 

0 SO I 00 I SO 200 250 300 350 400 450 

···~· lt!.-·~~~---~p­
~-D~ ; El i5b«.1t?'=R ~;ftJffl1JltU~ 

i'fflt¥1Jf./g 

m•at.~~Eii5/J·~.-~m~~--···MM,N&R~.R~~-~Pwn•~ 

llfil.JJ/'C m~~.r <JJril?H~) /% 

- 3.0 10 

-6.8 20 

- 11. 1 30 

-17.8 40 

- 22.0 45 

-32.0 56 

0 62.64 

15 65. 51 

30 68.71 

40 70.88 

50 73. 16 



• 100 • 4 .fL1t.;lt ~ U!J ill;)-zt.Jt.tt Jfl 

50.8 
60 

75 

73.3 

74.3 

75.0 

NaCIO. ( moVL) 16/Jf/mPa · s 

. 0. 0008987 8. 905 

0.01000 8.911 
0. 1000 8.937 
1.0008 9.339 
l. 9975 I 0. 24 

~ itiHl~l.KWHfl tfl W ll J:\!.~ 4-29 o 

* 4-29 ···~*llill&rlr 
riUI'Hlr (!) 1% !M[;!V'(; d~ llff~lfl(l)/% 

62.87 0 73.94 

65.63 IS I. 663 75.01 

67.82 25 I. 683 76. 75 

70. 38 38 I. 713 79. 03 

73.26 50 I. 749 

(glcm3
) 

iii\ lJll '(; d~ 

55 1. 756 

75 I. 757 

100 I. 758 

143 1. 759 

<Dm~OC~JIHUHH!to 

aaMM~~-~-•~m.xA-~•~m.m•~,L~~·~~•••~~ttn 
nf~I;J.li'dif.ff~~·~. fi5;Ji!:~~1lt~~~ o 1.EI.E8r~~~~-*~.!iii:~, f3lltr:f£~00,Lf.t~H 
9=t {!l!.ffl ~fE ~ ~ 0 

4. 2. 3. 5 ))l~ 

m•A-~m•~m.A~~~~&"I~~H9=t*«•••~•~mo ~~~-~ 
~~~~i*~mli*tf&*l--®f''<lnlt·~ ·~ntt ~ ~~iil-1-"FH o JF.:f£ 1969 &:f~ ~ llPI*ff:i'lWdt 
~I~~Ili.H~P:l tfl J. R. ~4Ji~:f£ 3442727 %~00~-*iJ"f~;(p7'L~tfl~-:11B1:ti-fr~lk 

;l't$11-tk/H!o 12:*.ffljijjMI¥.J~¥~Ml\ill~~~~fP~L~;lll. ;tt~:bn~Efi¥Z:,1*~M-!b-* 
lff;Jt~ ~z.~ 1¥.1 if#M~~;l!J , ~;J. WI l.I:'L1t1*~ 9=t ~H11.:7Ht mi o ~ ~ ~J 9=' ~ l±l tfl~-1-nc:n 
< rl(f9l:tit > ~~J~ = mM-t!i too ffi, 60% J¥Jm®Jj(it~ too ffi. -75Mr 8. 9 1?1 , + rm~~ 
n~ 2. 2 ffi, w'"tmill! 11. 1 ffi o 

lli~ml±l.~MfP~~•~•~m~-~~~*tfl~~.ffiEtfl~~~tt~*fi~~ 
~ttXA~Wm~m~tfl~~o ~M~ . ~MMtfl~~~···i;J.:f£~-fP~9=tR~~~ft 
ffl o 

4. 3.1 -~ 
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~~51.A1lf~:l!g?:J?t1fl!¥JM;J,~?'i!!aMPJJJ!t o w-TM;J,~?'i!!l¥151A. l§tjt't;~~!&J!Hmim111 

~~~~l¥1w•~•• · ftPR~sto~~••~¥~m•~m~~~aatoi£ , ey~••• 
¥8'L~~Hl¥JW~~~~~-¥1¥1Mm~ o ~jo , ~,·~····~,L~~~~--­
~:t£ilitJ::.9L 05-1. 25glcm3 o ~-~·JJO!Elbt. ;B:-J£1¥1Wfl: ?iHm~, Wff~;J', -~~ 
iWio fSMJ,J~ftlt!~J§~*~Ltt. W~~~f~!l6,?&51®1!FH~JJ~:ffi!Jll"F~ . )(>j·~~~* 

~~.~~,L~~H~W·¥~~-~~~~o ~~.*~1!FH®·~~~-~~.'t:~ 
1iJft,L1-t~Hl¥1·~~JJti:y:jliU~~o j;§:1iJ:l!g?:JJt-1fl~M;J,t=c ?'i!!~7'~W®.flflii~VL~fmfi= 
Jt!"F~f&~ffi~, Vtl1iU~~tH~~::.9~t~, M;J,~?'i!!~Wfilfto~7tiffi!., :A: 10 -3 - 10 -s s ~ 

~lfat fSJ ~%nit-~J'U 7!\l~ ill6 it 400 - 600't 1¥1~~~#.\ , M mi?11t~:,L1-t~H·~ o 
OO P-J7'~~ilfJE~*~i:y:j, :J:FH~~fPwW.iftlm1fiBIA!¥JM;J,~rt!!~1*~ElZ ~.&-1iJ~ 

--~'.7t1fl¥:ffi~:ttg?:J,#~-M~~~-~ft,@~t=crt!!~·~·-ili. ~§~~:A: 

fitr:t~~~, M.l~~!&iliti l¥1 •• , DP:B:&e~lli~Bt~®~m~mtJ7tiffi!t%nlt~~A\o ~~XW. 
lli!~~ *~i:y:j , :B:'L 1-t~~-f*-* ~ , El3 f-t~ jt?'i!!1f~J?tjij¥ F~ ~ft;t1-t ~if!l !i:'V!& m ~ 1* .¥ -~~ 
;MJ, ~~ffi.a-9.~R'iit:B: 0. 5 -IOO,.,..m .ZJSJ, mi%<§JU~l¥1;1! 5 -50,.,..mo ~f-Mi5-tt, :A: l cm3 

H1*9='~~1¥1t=c?'i!!~~::.9 10
4 

-10
71'-o 

- IN* 1bt , ffl VL:t1it1r?"id~ nit 1¥1 I!& 00 ~ 1*, a to 1-t.?¥: jt?'i!!JfiJ ~ ~IPlW~ 1* 1¥1 it ffi ·jg: 1¥1 liD 1*. 
··~§~00 ~7'~~1-t:J:FH~F~~--Jt!a-9W.OOm:Jr~ o -OO , .A, B$.00 21¥1 
~*%~£*k•*lt!~·~••••fi=m•~m~,&~*m•a••~•l!&mt=c1*~o 
ftOO~~~*lt!1-t~jt?'i!!~ffi8R··~fi=WJJt~mm o ~B~i:y:j, Q~-hDBA~M, 

I£1~.¥;1 , :i!~~Jt!l:ti5~!&~*®¥1J0011W., 51 AM;J,9:ffi.a-911=Jt!, fS-*iW- !§~$'!P:ffi 

~:tf:*:o ~.c.-•••••toi£WJ¥!., mita;E, ft:Jfft~tf,m-, *~~¥1H&ilitJ o B&•JJR 
~l¥1*mr~.fft~~••••~•~.R~••~l¥1&• , ••w•Matm~m. • to 
I£~•witi. :J:FHtl:n~-m••iE. :tnH7t-Det~~Jtl¥1 ·~Wt£"F, Jt•~·l1:~mt1\t~ano• 
~M]:)j(~~f~-~. ~~~·~' ~Jt:fl::1iJI:y:j~ o {t~jt?'ig}fiJI¥.JJt!ii;J\, nlt*1~, -~~ 
*~· ;tt~·jj:~~mtf>~~iliti. 1Ef.~;J,tit1t~rt!!~~r~laUn~ili~f!Jilal o R'/it, fitr:J:Bt;tt 
W·l1:tmmtt~l!!1Z~~t~t&-1:R. 1El~BB~7&i:y:j, :li:t~~Ml¥17'~:ffi~Jt , *lt!fl!imi!¥J?t~tt# 

ffi~JE!¥J~J.t~m:Jr~, 1iJ~~'L1-t~Hl¥1fitr:t•Jt:·l1:~~-t~.lftl!~ o 
~~ rmllf,J , .7>1 T l!~:lt!!.jtt¥-i"r # WltiF.!J m1f!J ~¥.J 11= ffl . iE ~ * !i:l! ~~ JJit 1¥1 • nn at m .!:3 

~~.~~:lt!!.r£M.#BP~~····~~1iJfm:lt!!.B·~~-ml¥1&fP.~ , ttfm~~:kF 
~~·~~F~!¥J·otnJ o 

4. 3. 2 w; lfiJ!Jfl~J I¥.J~;JU 

~~1!FH!¥JW-~mm~~~I!&M~~,~~jt?'i!!m~~~~~l¥JIID~~~·~fP . 

4. 3. 2. 1 ~ w q_.{f. 

•m~-f*•••m:a:~~~Hm~~~'f' : ~~m•m#•~~~&~~~.• · = 
•~•, «~lia,~~--1t~~•••-r~~~H~.%nlt:l!g~?j-1fl!¥.J~~'t=c?'t!! o * 
1J~l¥Jjt1f!5&*::ffi . ilitJ~l¥1,L1-t~Hfitr:t•iEtt!&~, j;§.llt~E:*m , :B:.lltRiYt*1r~ 
l¥JJ]i:~fi=-JNtti¥.Jiti-e 0 
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illi'lit, 4i#~L1-t1$~¥!.9itl5~ -1'-~~B<J~-f*Plit litff!~, 191J~o.F!Hiim~~~.:r:i!l!! ( 1 : 3) 
11=~ ;ffi;j:j JfS1.% ~ B<J !¥L 1-t ~ * B<J 9:.-f*Plit 1¥1 ilfiHt 1'1 4 3 CC ti: 1:1 o :(£Jit tl!J.l Ett , ~L 1-t ~ * fj~:(£~~ 
~M#Ettlllitil~-1* • .£Ei'lfir:l!1't.m.~Bt, W:1**~~_tt§t;gll}itji9:.-f*o ~lit. ~1fJ"ilJL2AJ! 

*'f -*jE.)( E( 1* Plit iH&Ut , RP :(£ E( 1* ~ li t.m.!Jll2A "F Ett , "'\ -l*!iJt~ ~ ~li $Tit~ fil :6: !IL 1t 1* * 
pg , J!RJ !2AJfl ~L 1t1$~ ¥3!: 19k mE( 1* 1* * B<J W J.t ~ f& ~f~-* 1iE l!ij o & :i:t-* iJL ~ -f*Plit 
WBJ.l·J!~-1'-SJ.t. RP~T~~--J.t~ftboM¥litBJ.t~_t.~*L2A~~~~-W 

•••·~'Lit~HB<J••w••-=r*~~.•~~P&mB<J~••A*~~o m~•~at 
~15l!*::ff~M~-i*~'L1-t~~B<JW!f~f&:ltbll o 

~r~it~HB<JB·~~-~rMa;j:j~B<J~~J.t. ~lit~Jf!B<JMa~MB<J~~J.tim 

'iir5t;J-rf*~~ m t=t .f*m ?H~ ~~ 'iltll!~ 89 o :lm*~H1£ flt+f ~f3!! m t=tttli lt::t 'J' B<J ~ . !~ .z. P& 
m~~m*~~-~B<J~~~~~~~·ili o ~f&.J!~~~~B<J-~tt~~*~~~~ 

(rrJ 'L 1-t~ ft-1* * ~ i:J I A Plit li ~. fl{])f~· $ # $~ B<J o :lil1! im B<J ~ 7'! :lik :{£ - 1'-~ 1:J a1J 
.ft(ju-~m~ft) ~-·-·W!¥L1-t~*.ffi&"ilJL2A~Jfi·Mft C tll~fri~Mft) 
!itJfi~#~IRJB<JfflAlll/U!3mi1-1',H1.Jfltl:~~siA·1-t~mo ~Hm, f31!ffl-~ "9:.-f*sl 
Anl~ft" re~t=ts iA¥1J!lL1-tiit~, ?~m.fll.~f;ll o 

Plit il~-f*:t£!¥L1-t~H t:f fJf S B<J ~t f;!Jtw.f3!!m 13 B<J~ IRJ Tfii ~, -JN::(£ 101. 325kPa ffiJJ "F 
~S,L1-t~~-~1*~RB<J 13% -33% o 191Hil, ~-#!¥L1t~HtE 101. 325kPa ffJJ"F*::f=J 
13.9% ( ~~y}fl) (19 ~if~ i* Bt, Jtif fl ~ 1'1 1. 18glcm3

, pH fii ~T 4 a ~ tf 
101. 325kPa ff.1J"F*7ff 15. 3% - 19. 7% ( ~~*J!l> B<JI!i lfa'=t-f*Ett, !1L1-t~~B<JW J.t~ 
1-t=f l. 10-1. 16glcm3 zJEiJ, pH fif1'14 -5 0 

4. 3. 2. 2 1tA'.:~~?\'tl 

1-t~~m~••n~•:t£~1-t~H-~**t:fn•~~it~&m.~~mw••~,B<J~~. 
#~~*~tE~ft~~B<J~~o -JN:~~.~~*•m~~~,~T~~*~'~~-~ 
B<J!I'M~. t~RJ !2A~fi=,L1-t~PiB<J1-t~~ffi!~J o 1-t~~7l!l¥DJJfl:*1'1xm~~mWI*~: 

A .ff~~j@.~J 

~tJ1.~7@jllj_:E~§ts: 

(1) ~~ft~#J, JzllfM~i1£*, ~~~JAG, M•=:ff'TJJlf~ ; 
(2) Mf~1t~¥o, Jzll7](~J1#~ ~~MMF~ )(;J"Ifl ~~~1\:M~ ; 

( 3) 51f.ll1J~1-t~!f18, JzQ~7(gjllj H ~; 

( 4) ~1-t~!f18' Jzll)t;J"Ifl~i.JU!ilt~¥~~ 0 
B x tl!.~ j@. ~J 
xm~ffi!m.:E~~ts51f.ll11H~<~~~H~~51f.mD~~)~~•~<~~-~~~ 

~H1$:~) ~Jt1t~~o 

~T~M:t£,L1-t~ft~~--~B<Jxm1-t~~m~~~.:E•ttn~•-~•o 
a .ill~JOO~~~ 

SIH~M~B<J*r~ NaN02, ffi)(;J-*-=f!.9i:lit 69.00 , t:l;,~ 271 CC, *!WililY£ 320CC, 'm!W 
~· : lmol NaN02 mr250mol ;lj(t:f:l1'l- 14.68kJ/ mol, ~nt~ ( ~-f* ) 359.lkJ/ mol 0 ~~ 

8~~~-~~ra~. £'m=f7J<ffl7ilga9:~o JJ<Wiiil~-tt ( pH =9) ; ~fff=flfJM, Z:.M, 
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Zftito 
1itr1i!r, SIHlli~~llftE~~t:f:'$:.1-ttbt~~'lt. :t.JD~¥Jj320"C~_t)t;fi~o'±i Nz, Oz, NO, 

~~~J$4 NazOo I~U~Hi~LB!il. o ~f*.ID!.1i]1jmH!IftE 160 - 162"C IBJ:ti -$tf.t,¢.i:, JJtBt13.1*1~L 

~~@, ~~-~ffi~@··~ft·~~~~f.to 
J!l 'iitfiJ ffl ~ t&r! * ~ F' SII!.1i]1j ~ iJI3 o iilli lW f1HI1i lW !t &: F' J:f:i f.l~ o'±i ~ R.l=(. * :ff :.!>it NO fll 

N02 , Iit.t'iitJtl~~~~~m~il&t&mi1~J:fl~~. 1/.\JI§";ftJJtj NaNOzfll NaN03~mflW~~ 
~, ~Eff17t7fo 

.ID!. ~ ~HIIf .!§ :tif!L •* ~~if&~ fll ~w . RtiE fll ~Jtl a-t ~m :bo ~ r± ~ o JJt7'~ , .ID!. m IW flif 
:ff$, A~?E:it~ 2g, ~Jtl(f.lfM! NaNozm~~t&fS&~JJ[~ 1. 5%, ::kT-Jlt#<~Bt ~Jtl(~~ 

~ ' o'±i JJ.lr£,\1~ 0 

~~ ~~tifi ( HGl-526-67) ~J[~.ID!.ii'~!W~IIf~F'.fb1.9'ti!mti.!h!.~ 4-30o 

~4~ ~m•~~~~•m•c•~~•) 

j!Jf,Y,:gff.j; NaN02 ( -=f~) /% NaN03 ( -=f~) /% H2 0 / % l.K;:r-ttHml% ?1- i!!i\ 

-f&&l. ;;.99. 0 .;;O. 9 .;;2. 0 .s;O. 05 ~~IHii:Pt@. 

- tll"' - "" ;;.98. 0 .;;1.9 .;;2. 5 .;;O. tO ~EI@.t;!illl 

0 10 20 30 40 50 80 100 

;(£ 100g7j(9=q'j<jrfff(jlf}):/g 72. 1 78.0 84. 5 91. 6 98.4 104. 1 132.6 163.2 

~!.l<ai!:~B)/% 1 2 4 6 8 10 12 14 16 18 20 

~.It d:' I g · em - 3 1. 0058 1. 0125 1. 0260 I. 0397 I. 0535 I. 0675 1. 0816 1. 0959 l. 1103 1. 1248 1. 1394 

tlt~~ 0.8 1.8 3.7 5.5 7.4 9.2 10.9 12.7 14.4 16.1 17.7 

NH4N03 + NaN02 --+ NH4N02 + NaN03 

NH4N02 N2 i + 2H2 0 

:fL 1-t:t'F!-9 ~;l¥t1tB ~JJ< W!-9~R::fUJtl.ID!.1il1J MM ~ .t J£&1llZ* F' ~ fiit f.t "1:. 7iY ~ o :li 1P!-9 1* 
~1Jjt;J\"l:.71Y.:E~J! N2 o 

~l&*f!ij, Jtl.ID!.lilli~~llffP~71Yjl!JEJ1, :tiD A *~Wt~-*~1-t-%•, 1lJ~1JE:ltt~¥{g~_F&: 

it~o :tm :Wd~B1:t.JDA -#~~1-t-%qm, 9liJJJt#1JE:ittfPYH:itt-;$~1~1JO~lio ;l¥J;Jtj:fit;Ji!::, fiT~ 
~:t'F!-9~ 0. 05% -0. 1 o/o, .lfi~~ 0. 01 o/o ~Lo 

~tt~m~.:rf'P~.ID!.lilli~~~mjl!J~'9:m~&:1JE:lttjl!Ja-t, ~&::tmr &J.lll = 

W + sew + HONO NOSeN + H2 0 

;l¥tt:p NOSeN tt.ID!.1i]1j~t,~~SII!.~~f.Hb.A~$ . ftb~~&J.lll ~m~'i='~:tif!L~~Xf!Lfii 

!t:itt fi &J.lll , II P : 
RH2 N: + NOSeN--+ RH2 N-NO + SeW 
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~•n pHM~).~••M~n~~-~~~N•~m•~~~~~~Ame&~§ ~o 
~ 4-3 1 f.JT ~tl ~ ~1 tt~tll!itM'! :ilk~ llJJ 7 ~ :hu ~ Wt M ~ X1 SIF. r~ M tiL ?tffff if J3t ~ ~ :ill:f'F ffl o ~ 

4-32 flUS .>t:ili:-~~IY1 ~~1t~~:hn5! 7 ~fiRft?lil'i~~:iH:f'FJfl o 

* 4-31 ~ t.Jn fiUt llfliR ~ 1$~1!1 J.l Jr 1t ~ ~ l!f.JJ& ~iai<D 

~blltlfl ~bu o. 2% A<Hli{JtQ ~}Jni[l{ltQ!fl ~bUiU\ ~1JU o. 2% (J(Jit.M *1lu~filDilfl 
Ill! ft'! i't(J U;j' fBI iqlj (38't ut) t.f-P.i C3s<t ~t.t > t-t-m~ &1 ~ 0~ ot fiij il'i cJs<tat> ~m (3s<tu·n t$mt¥J 

/ min ~19l*lt/g · em - J ~tJ!:/g · cm - 3 / min lt<JW/JJI:Ig • em - 3 \'1:.'~/g • cm-3 

* Mi I. 37 I. 38 5 I. 32 

1 1. 12 10 0. 95 f. 21 

2 I. OS 15 1. 16 

3 I. 02 

CDI~f.!li. ~~~il'i~l- . iW ~ 1¥.1 ~illl l'iC:tfJhl.!IE lil'IM~[!.J t¥J m bll:!ii :I$J;f§ liiJ o 

•4~ a~1t*~~~«•~~~~ml!f.J~~ 

iT -1} ~)! i'ill (J{Jfi.J 1£ /fl$1t ~f*~~¥;Q:JP]/min 

J X fJE:l£ i'il J 60 

2 it tlll il'll E Iii'! Mfll! 2/ 1 14 

3 ~ ~JrJNil'Jnttt~m9lM!flll/ jE mM!il'i 2/2/1 11 

4 fJ§' m liii:JI'IC! ftt iHI!lW ]E lil'l &I~ 212/1 13 

s ~-~~M.MW'JI j[ il'llifl'i 212/ 1 13.5 

a'L1t~H~~~*~•~-~~ . «1tm~•Mffi~•M•~.mwTm~•~~ 
1ii!i&l~~ag]UitlM. ~~JT-SIF.mM•~~~~?t~, ~·viM,k(.7@~1:.~if!Jt~iU~uJiiJ o j) 

75$~H!#~.!E, 5m'ffl'a~CflitJ~7f!!~Jm~~, ~:bu~:fi!:~PJ<~f1H~H• < :®t~fitH•), 

~ 1JE:ilH1Ht L=(,m f'l<J ~ ~ ~ :t5.J ;:fp o 

b ~!Mijl~~ 

~H~il'3, ~.f*;J,~rL !D:~ftil'g, m~. ?t-1-~Jl NaHC03 , .ffi~:t?trmtiil: 84. 00 , 

~SiE!.~?K . .!i.X:~~IY].l'jiD\!~tfa*Z~U~~~tfa o 5tff! , '*~ o ~m=f7J< , ~mfZ:.~o ~1.&~ 

?HR. :A:65CC~;..t_t:illd~Jt.fil¥, ;t£270'trJ;f, ie~~~=~1t~o t£-T~~""t~:X;~ft , a 
7tJI~£~!:f , ~~?tfWo 

f~ Mit f~JJ< Wt~ f!SI7J< Kif rm §!. t~H~ ·11: o :i!!i ~ RP ?tff¥l F~=~ ft~""t 1* , :i! V:hL=(, ftc 1JJ t£ ~ 
~~%Jlt:f!g5.JJt;{fi89~;J,~7f!!. b\ffii$1-tif.~o :A:~L1t~Hcp , ~Mil.M-~~~~-~ 

M MI¥1J B:t:ho A J':t<J o !lffi~ $t W. JfiJ ~ &li~UVtffJ :!K:ho ::k , ~ ft L=(, W.~:!l~ $ , ~ ~ llf'i JJUL .:P. 
~I•T•. wg•~,~m~~•m•~•~•~••~~o 

~Mit il'3 R<J1:.F1Ir!5m ·xs-~ : 
(1) t=c~:ffl~ o llt~~P41~iUEI*7!, :l~H~~flliflrliilll.t* (rt!!) _t, .#Jfl7.J<W1!f, 

~ T$*~;..t=a1t~o ~1JJ!;,.t •• MM·~~1to 
( 2 )'9:~~7!o ~~--8~•az7to ~Ba~··MMM&a~1t~~~~=· 

1t~~ , ~t£?1-~, f~, RP~~-tl~, ~1t~?t1tti'BJB:IH:h o j!-7!~~-~llf~ifH!itE~ 

-ft~ I*J:ii.~-fto 



• 
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~Mitil'f~f'= .fb.19t:fil:~>j( ::ff~!Eft$Ilt$~£'iH1~!~ll HG 208---{)5 r:j:IB~~~ . * 
JJ!fH*mtT-.W.~ 4-33 o lW{Jtg~ ~ 1::~~ (l8'C) 1J 956. 18kJ/ mol, ~-~ ( l8"t, 

223mol H2 0) 1.; 18. 06kJ/ molo ~®~HifitJ:Jj(tp~!ffllf~U=f~ 4-34o 

* 4~ ~BaMMF~~a (ahl~a> 

f,l;j-)j;,g~ 

,(af!llfd: ( NaHC03 ) /% 

~Mjlil'!l% 

~ftil'l/% 

1Mt1% 

*-"'m~;% 

ftfl)JI: ( :illi:U 0. 246mm 

(60 Fl) )/% 

U1ttti ( Cl - ) 1% 

i),l(f/~ 

0 

10 

20 

25 

t{K)Jtl o/o 

1 

2 

3 

4 

5 

6 

I~~m tt m ~1§}fl 

;;.99 - 101 

;;.98 ;;..99 - 101 ;;.99 

~1.0 

~o. 4 - o. 5 

~0. 2 :s;;O. 02 lif m 
;;.95 

.00. I ~0. 024 

NaHC0 3/g 

* 6.9 

8. 15 

9. 6 

10. 35 

m ill 
6. 5 

7. 5 

8. 8 

9. 4 

d8/ - 3 • g · em 

I. 0059 

I. 0132 

1.0206 

l. 0280 

1. 0354 

I. 0429 

7 1.0505 

8 I. 0581 

4. 3. 2. 3 1t-fq,1f-~ J!l-!f-1tU.i 

jj1f,j;,g~; 

fiMUt (SO! - ) /% 

~it ( Fe) /% 

t!iltl% 
pH (([ 

lli:~li ( Pb) /% 

W$1L ( Ae) 1% 

iBJ.JU~ 

30 

40 

50 

60 

I~Jti 1ft ffl ~iljffl 

~0. 05 ~0. 048 

~0. 005 .s;O. 0055 o;;O. 0016 

j;;{~ x•~ 
8.6 

.;;o. 0005 .s;O. 0005 

~0. 0002 ... o. 0004 

aHC03/ g 

* m Ill 
II. I 10 

12. 7 II. 3 

14.45 12. 6 

16. 4 13. 8 

~-~~~~~••~m~mA~•~•z~.••~~-~-·~~~~$~~* 
ec~~2:!1'l'!~~1*~tE4mlilt, :!lll~,e,,~Jiili:l~ , 2:·C.4~Uli OW*!-) ~~ , ~l**, ~JJlEJ$ 

t*;ff, *X* , ?fg?*~4mJ9t o :-{E~[;!!j~~J 1593163 , 2086363 ffi~OO~~J 4110134 , 4398976 

tfl*=ffl ~~~~J.ffl~ 'L'~JI!J~~a<J~1t}J~ o 2:fltl)J~a<J~ft~*~%, @ t!!.f:F£Eti' mt;4c 
~j(6~~Ai: o 1-JT!Sf~$;*, ;ltt~~·~IJ*ffl7~t*~f'F;Jg~~1t3liJ, :!lll~~~~J 423L82lft 

~09~L1tW~ ~P~:!liHlt, W;!}lL1t*I=~09;J;i~tt~:tlC~f, {E!~~:!S-~f.H:E#~:f'~, ~!iUl~{ij; 
~q;~~, :tEmtW:d:~ 9=J ~£~t11l~rl!l, »- ilfi~n(rjjij(1t3'&:W:o 1J 7 ~1+$l*:!6-~ ~J~ 1' :if' 
~.tE~00~~ ~4~97~ .*=ffl7·H··;g.~~-ftm,•R·l*~~~7~11tt , 



• 

~~oTam• .• "T ••. MW~-7·~~-o 
-~-~.~~~H~~~--~~*-~A. ~--~*~W-<Wm>.~~~ 

&·~ffi~~~MMa~tto~~~~-8~~~~~~~~.ffl~~~~-~~fL~W 

Hfm~~~~~(!{J~h:W-ffJJ, W:>f'~~~o ~I!Jt, ~JflJ~;jgfB~:2>C.·~AA. J$Jl:E-~&A* 

*~H~-~~~#~•~•••mm o 
A Jt~~w~~~·'>-tt~ 

~·0~~---~MW&~~UM~MRIZM·~~-.tim~-~,-~.--~ 
esm-~hl~~~.A~••• · •~•·•~M•-~~»-~$-~tt•». c• 
~~•••~@•M4.~Gr~~m•.•m~**~H~••~m~~~~~m~~~ 
7-f)J~.t*l-, M:~I.ill(.(!{J~~~--t~. SI.Wr!Wi~Mlf4~o ~~ t#.it~~r, ~!iUb~~~*AA 

} , ~IN 3 M 0iiJ*1l PQ 0~·:i:41~_1G, lilJ'W~#~·C.·~$.1-~o 

~·0~~-~A-#m~M-.W·~~-~~~~+*Z-,Siog~~­
(2% -4% JPt:il tt) mtfi~:fl~i!JC~,L~~H~~-WHl, :±SJ5J.jt;(fi1£1$H~%nlt5t~ 
-t-•JN19~~~~7@~fiiJ ( 1J'~ 250J.t.m ), .®ilJ ~:lff~f$:ftf1=m, fl!HJJIY'!~i!;tff'L~~ 

H~•BttR~---~a~tt.~~-aHm~~- 4-35 o fflf1='L~~-·~m. A 
;ff~r~-t-it4: (1) lL~~~ . ~·C.·~JM-~llti~Ji!JftiiJ£. -IN::>F.!ey•~•®&J.i)z; 

(2)~·~·-*· ~-Wff.1£mH.&H~~~-~~A$~'. n~*~--~ 
~ffl o 

~.f} ~ ~ JJ!lil:r.Jtii .1¥-f} tji ~ .6ll:fil:fci~ 

11:1 d3 iilt 7/J.¥ J311.#11:.1 t'!CJ 8 ~~ 
1 7'1-AAJ. ::f< , .:11 «"kilFXW.~ J.J .P '2 it~ 5 *~~ < lmoVkg 

:efi* 

2 ~!Jt11i:Em 10 - 1501--Lm 6 j].j!J:fit 
~* 24h Fu . i'-if.tl:kr 

93% ( I*~H~) 

3 :l!UJH!i 1Jt .;;O. l3gfcm3 7 * * <0.4% 

4 titW~!Jt >6MPa 8 pH{tl 7-9 

~00 3M 0t!J~F~ B23/ 500 :.fU Cl5/250 ~#JI!I!%89~·C.'~-~~. !tUJH!.:JJr ( ~ 
1!) *~lj~ 0. lglcm3

, 0. 07glcm3
, *~~1£1it _ 

im1., - 55 "C , +55 "C , + lOO"C ~ 4 1'-:ilffi..!Jt *-' 
#~*h~M**~···--~~0.3%­
o. 5% 0 M!%~ Bl5/250 ~~·L'~~~~~:Jt 

m~rt~ 0. l -0. 4glcm
3

' tLlf*~*~:tE 
10 - 1601J.m 1[ Em I*J, 0 f* *.[. ft ~] ~ 60 -

70 ~A-m o 00 4-8 :.IHJVI!i ~ J::1( ~ lt!. ii f-1 tlli Jffi Jt , 
I!I~~~·C.·~Ji'!J~~:!il!J\1[1£~ 6. 2J.t.m, :6} 

*:Rq£~ 89. 81J.m , lfL:±SJ]I~~ 34. 5~J.m0 rB 
004-&~~uw.••%~••.~·~~~ •* ~ ~ Jl it ~ 7'~ , ;iJ; f1B ~ ~ it l;a"H1: ~~ :Rf o 00 4-8 ~Jit~JJJ( ~ iltJ:l t/1\'nlUt < :t&:k 440 fff) 
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:2'C.'~~~~agj::~~7j-JAI.* 4 -36 0 

Jilt ~ 

*ill ( I.Jlt:lit 823/ 500 

?1-!ft) /% C15/250 

~~~~fi 

IYitiRtE 
~UfH~ll 

-~Jj[ 

ifiH2.~JH~fl 

Si02 

71. 49 

73.02 

* 4-36 J.liJJt-~.li1t7tH-:t• 

CaO N~O Ti02 B K10 

9.38 7.39 I. 52 0.89 0.63 

10.23 9.30 2.04 I. 16 0.053 

0. 172kJ/ ( m • h · 'C ) 

10. 9% ( 27'C atffixtM13£ ( 82 ± 3) o/o ) 

0. 2 -0. 3glcm3 

/]v=f0.246mm/cm (60 ~1/cm ( 150 13 /in)) 

¥tli!-+ - 19S'C$?X, ~~!Bt 

MgO Fe-z03 ~03 

0.24 0.065 0.64 

0.25 0. 14 0.55 

llt?'~ , ffi~OO~~~ (Emerson ) ;f1J-FAA (Cumming) 0~~F~~t!HI'9, Jtmff;f-Jl$% 
1:1 Eccospheres , tl:Jrj(;J\- M1:J 44 -l75 f.UD , :lt~Wlt~1:J 0. 15 - 0. 4glcm3 ~:2'L'~~t\t 

~ tl!.~ ilJ Ilit B9 0 

00 4~1:J:2,0~--~-~~,L~~H~~~-ft~,B~B~,L~~H-*7t~~ 

0 

7. 111m 

b 

c 

1¥1 4-9 !S!•C.'~~1i'Pt::FtiiiHt~J1L1t1-'Pt!i SEM ftfUt 
<>-tiJ.:k. 1300 fff; b- tiJ.:k. 5400 ffi; c-tiJ.;k. 10000 1! 

l .811m 
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~~~~H~~~~~-~~·0IJt$JM•*·~·o 
~·C.' IJtlJi~J:JHJ(J *iif'Ot)I}j: ~~~~-t ~L 1t:l$l-9 ~;tiB'F f.£ 1m~~ n~ *-tE~ 8 t)": r:f i$l& o 
~~~f!,ij I ~·C.'J~$JW£PJ<~>t~LJ~¥mJ:~f~®~>:E1'Fm, ;~g~~~ffm~m~iilt1-ta<J~L 

1t:I$H-~AA·i'E:~B~m~o ~1t:I$Haa~~~~~-~MM.WN~~::k~¥Ma~ 

~~Jm?tl%; ?t~ffi~lltl.lm I \f;Nffi~t•'J' I ~*AA~1Fff:l:'1J~'i=';.Kffi1:frm~~l, rm;m1!f ...t 
1¥~~~. /F;f1J=f~Li&i*ag~}:E o ~ ·C.'lJt~HI't£]J(1i:~:;k~;££ 10 -150~m Z.fEi), rm~)Jr891*J 

ffit)I-=f 1i:~}J 0. l - I ~m 1 ,HJ:lilllJmJ¥J.t1-J 10 -l - 10 -2 ~mo :IJilA~ •L'IJi~~~J§, ~·~ 

w :ili=:?t z.- ~:£ rBJ flUli:l.f ":tiJ::k" ~ :£ ·C.'t~aEJT !5 w I 4it-t-Ma~ oo $ .!:j J10 IE egir'f $ rm 
7$j~@~il-~*o ft}'f.ff'f:ff]j§¥U~~~jt'fjf'Fffl o ~•L' •• R;i<f~~~-f*.§.~jjj~~:i:J:~~ 
~~.;tJ:amr:fn&~••M-~~~~. ~~~•~•~H~•~.~~~~tt=~•~ 
~'.ar~~•?ttr:I$Haar:p,~:1$H¥aA~RM~-•tt. ~rmntE:m•~~1t 

1-tl-9l\Hf>:t1J~~-~ o 
~,~ , ~.:r••••@•~•~·••t£~~~•nm••~~~~~-~~u•~• 

JJi~J;JeiiA~ ~I N ffl !Wj IBUi~#f z. 1~ lil-1*- ¥-H$ i9J .¥:~Jfid* , ?'&Fo1li ~ ' ~RJ M~:£ ~'IS 

~0 
~·C.,;tgtRIJM.illl'iit:liH~mMM~R~I!JtJJij[JW;jgtB~filiJ.Qltl'fJ:£-tffitt~·C.'~¥o f9ll~ll, ~ OOli! 

1-t~~~~f"'<ij1j1!e9~-14 (Saran) 1J¥JJ;.t~;fiJJfl~M 1¥ ;Jjl:~H~ffi!Ji.&l'fJ , ;igfll~B~t~-ag 

11:~~~1-J 30~m , :L1tff{~J.t~ 0. 032g/cm\ :Q:~L1ti'Fl-9r:f l'fJ~fflH!: IV. 0. 25% - 1% (lilt :I: 
~) 1-Jil.Jro f.t!N:ft*~Y?fHiJf~,~-~~f"'~JMJm:fj(lH~~·C.'~:fSJ({E~L{t:J$H~~JH.{J 7 f.ilZJfl 1 

~.J:t/fC~Ji'A~ :Wr : (1) ,~X!\\: ~Tii:Jitm:=ltM IJ:Itt lm:AA; (2) f;j(f*lr~ : 40- 60~m ; (3) 

:lt.tJ:t~.!t: 0.04-0. 05glcm3
; (4) M¥ft!l~f.£ : lftf.£ ; (5) ~-f**~lEJJ: r,£~490kPa 

lliJJ :::f: ~M o 

B ~»*li~*~i& 
~*~•·~~~-#s~$~f.£1'fJ~m~~~~~o 'f:~ffiMf£*w~~~~* 

( ~~J~a*?YE~) ~:i:t~li¥, TM~, ~:g:~ ( 1250 - 1300't) -f*;ff{~f&~fllt 7 -30 ft\'rmilifJ 
-~o ~-~fflrdU,.S , ~fif'0~~1$l-9e1t~~A~ft!N~,~~{t1-1:Hr:ff.ilZ.ffl. 

r . ~-·~~~*~~~oo~m~~~~o ffl~H~JJ.+;··~~,L~~-~Hf*~J.f~ 
::k~ -~tt$.!CM, ~~l-9~ :l$l-9.W&~::k~ l-9~~M'J'~ f"'~l'fJ~m%{f.ilZ'J'o l\lfitr$a* 
~~~f"'I~I'fJ~$%~f'Of"'~~hl~~~~~~ft~A~*~~~~-*<~~Mffi~ •••> ~~~~~Z.t£~L~:I$H~~~ffl~~r~o 

~1J~oJJt~ m~ni(~JJ.+;~fffiit1t~J. fJJ?i.Fff:;fl:.tlll"T JL:Jfool'fJ~JE: ~•• E! :St-f*m 
*·•~••~ . ~-.~~•m~ ~ ttffW!.f~.a;££mWR4•m•~m-rm•• 
m~ K1>18~~-IV.~-E!~1t-~.1if8~~~~o RJltZ.,~~···~·-ttW, ~ 
-~*amag.-~mm~,L~~-~~A$aW~.tEM#~W~.~f*I*J~~A-~ 

-~,~~M~MM~~~~~I*JBeg~f*·~~~1t1$H·J.t~-o ~~.-~~Wiiia 
&~-21'fJ~5tt=m~~~At£m~m&f'O•H~~~~•lliH~~•5ffm~~n~•~ 
~&:1l!.,L1-t:I$H&~L~~o 

lW*~aWI'fJ,H!t1-J~tt~~ I*J1:f!Hi!.$1dl'fJ~~~fl~~~o W 4-IO J9T71'1J:ft ffi lt!. 
JJII!i!it~~f~i!Gr~r=~~J*·JJ.+;:Q-~It!.mf-l~tH~Jt, ~~a ~ b ::1-HJ!J J'&::k 40 #:T;f11 300 
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a b 

frl 0 .tr 00 .:p fj R ~tl Jl :i'!g jg 1 00 f.LID 0 

-4~7~ili7¥~8R····~~1L~~H .• ~--~~~m~Jl·~~-. 
jt.:p p .19 ~Bt8':J~Jl, p, .19f~;ff= 20h Fo~~JJ[, ffi~.:P~ii.S"iiJ~ p , >p, :i!-i'-~1Jiit~51H-iEIW 
T J:Jt)@,~ o 

~JJ~f$~ :r'k~lil 
p/g · cm - 3 p 1/ g · em - 3 ~JJ~f$~!iS~til: 

p/g · cm - 3 p 1/g · cm - 3 

U9tlil: 'Hlc) 1% ( lll!ii:fr~)/% 

3. 5 I. 148 l. 178 4.5 I. 120 1. 143 

4.0 1. 122 I. 158 

~*aDR •• W~AjgT~BIJ:Jt.~W~~~.~~~~~~.~-~·-·· 
w•w~m-ma••.~~mM~E*.~~£-~A~•moo,E~T·M~~-. 
*fFljtf!N1t~1L~~Hfi~~M~* o 

•••• :Ea91t~gll~jg : 

CaO MgO 

JJ!i::fil:ft!NJ(/% 69-75 12-16 1. 5-4.0 1. 0-2.0 0. I -0.4 <0. 1 0. 1 -0.3 5. 0-9.0 

004-ll-004-14 :.liHt~t\!i-·W1L~£, tt.W.fR, ,g,•oo~R~l9!tliit!l&m. :tfH:·~~* 
9.o.----------. 5.0 

4.0 5.0 

3.0 ' oJ) ,..,. 
2.0 e 

-€ 
:ru<~>m ~ 
/ t/'mw. 1.0 ~ 

-' 
~ 

I 0.0 

4.0 
T 
oJ) 
• ~ 3.0 " -€ 
~ 2.0 
~ 
-' 
I'\- 1.0 

40 60 80 
1.0 

100 120 0 2.0 4.0 6.0 8.0 
1U£/nm 1'Li1iib'ltm2• g-t 

~ 4-12 1LfRim)(HLf*$HI~x~lfil~ 
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T 140 
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..e 
1 100 
~ 
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~ 60 

/---r---

200~ ------::~~---7;.------~----;Z;~~o 20 40 60 80 100 120 

R~lnm 

00 4-13 JLGX<t ~~1L ffiflJtf~l.~lJtJL-I*.fJHI~~~ 
1-JlU.fFfl. il'ii~.R; 2-JU.fHI.i*lR 

j' .., 
180,..-----------, 

20.~::::::::~-----:-:!:;;-~;;;--_j 
40 w 120 160 

00 4-14 ~~JL ffif~.Xrt ~~JL 

{*~ ~ ~~ rl.ll fJe 

lftl~, ~i'ii::/Jt!JJEffl~ ~ BET ~, 'fil!ffl-f)(ftfl NOVAlOOO ( Quantachrome Corporation) tt 
~ftii~lJmi'il:i)(o 1~H~ftl*:i5-t¥J tt~W~tJ 110. 3969m2/g, l¥-:ISJtlA£tJ 39.070 X w-•0 m, 

1L:f£1J'T 2146. 235 x 10 - •om t¥11L~t¥1.~-f*~fl 0. 10783cm3 / go 

J.A 00 4-11 - 00 4 -14 RJ ;H l:I:L IIJfi ff fL :f£ 1¥1 ~ :bll , ~ .fJHL iii~ ~IUUJHL .f*~ ~ ~~ ::k o 

JWffi HtE~~ :i5-A~tJt; J' ~J -\f; J3r , ~::k ~HL -f.*.fJHIHL 00 fRo ~ t\!i ~ ~ it9 13!: ;!$ ~ t¥J ?$ itr j§:/,1 ~ -~ -~ 
-* mw , IV..&~,~ 51® t¥J 1t~ &:J.ill.tllt * tJ 11~ t¥J = M-~J!J! i~ , ;.1.1: ~~tv: fBJ :rLJ'i: R -t ~ tL ~ 
$1¥J::}(;J':~:~~~-~~~.*M-~t¥J.:E~tlil*, tt*OO~~~ff:IJ~.tllt*M-~t¥J~tll~~1t~ 
Dl. J.illj:t ~ o ~1*$~ :i5-Jl:fl~ ::k 1¥1 tt~ OO~f:ll il' J1l! 1¥1 =IL~ ?Hfi , :ff ~J r :t£ * 7}( 1$ ~ 89 tl :1$ 

Ji~~%Jllt~A o J.A~lJZ-:ISJ1L~~1L@*~*··A~~·~~t¥J:fl*J11!~~-·I¥J o 
l.illm r*J.I<;.Li:pj 09 ~H!C~~:i5- , :liU~* 89~ 31( ~ T ~~J~HL , .If'~ 7.1<, tL~.\!rHJ!.§.J¥ ft 

~K~~.~~*•a*~~~ . .§..lf'ftmM-rm®•••1tm••~•tLaaa~. ~• 
1¥::kititffltf.J~Ii~-f**1t~7e!:t£-1ti"', 'fi~j:tN'flRJ~~~fi::t£, ft~~1¥iiE:tE~ill 

EJ;j%Jllt~~89~~0 

~H$.:i5-t¥J&lt~-f*~m•A·-~·1t··~--~~ftht¥Jm~2m•a . I 
~L~~~1*$-~t¥Jtt~,.:E~~~-*~-~~-·(~I)~~7.1<~~~~:1i00o 
.RHt=,L1t;.L1:~~1t~J B-<JJWH!C$.*tf.J .:E~ilt*··~llr: 

!>tUH-\f;lt ( ~lfO: ;J'-rWt~f 65kg/m3 
( ~7.l<~Jt-*;J'-f.!!lt~f 75kglm3

) ; & 
JJ[: 0.833-0.246mm (20-80 13, ::=: 95%) ; **: ;J,r.!!lt~r 2% ; tn:l..kttfm : 250mL 
J..k:im;li lOOg ~~, IID®::kf.~r 190mL 7..k ( ~7}(~$~;ft~tlJlt~ 13) o 

~1*~~:i5-~.:E~tttm•~~~L~~~~~~~,m$~~.:ff~~~Jlt~-~-ft 

mo $~:i5-t¥J~-~~$Am,L•~~~~*~~~••*~•T~~. Be~~m.~ 
~111!. ~~ 1¥1 *-*:A; jll] "'F : 

( 4-1 ) 
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j.\ c:p d0 ~Jj8J ~L 1-t:l$ ~ !&' J3l ; 
r--~'**j(t~*J.f ( .§lit ) ; 

1J ~'**1f3'&.ftJJt.l$; 
m 1 ~LJ!lC 1* ..&!: :fit ; 
m2 ~'** ./Jltlt; 
d1 ~1J!IJ~L~-f*W fJt o 

tt13l.£~l*~'**~t!L:ktNlY Ir:it, ~ii l't9 ::E!~H~JtC~~o t!tr ill 
~'J', ~t'IR. -t~:k o tv:tr:5Hil1l~~llfiiJ"'1t:t.t!-§ l't9ta:t.tttfm, jg-.~:m-1£~ 8 ~ 8. 2. 4 

-;; c:p-w~11-m o 

00 4-15 1-1 ;lit# ~1*~ JJ.Ic ~ l't9 ~.!Jr 7t ;{JJ lit!~ , BIT ffl {)( ff 1-1 MASTERSIZER2<XX> .J'tt:iLIJr ~~ 
~{i'(o ;1\: 'f!, d0. 1 = 9. 537~J.m , d0• 5 = 36. 605 J..t.In, 

d0. 9 =299. 95311-m o ffl~1t7.J<?$~f&'J.t~'i11f!J 

l't9~R!Cf#JJ.Ic~, *-ll~-.mta:ewo- 300 11-mo 

j(t~mJ.tcem>&••~••*JJita 
~~l't9•~m~z-.~r:tA~I't9~JJlt~~ 

J3l~~J{1f~o 

m7.1<:m.£~~~*~~l*•'*~Mmtt 

l't9m~m&.I•&•rm*~~•••~ 

6r-------------------~ 

~ 5 
~ 4 

~3 
lil?2 
~I 

O_L---~~--~--~~--~ 
0.1 10 100 1000 

tiLl f ilm 

l't9m7l<fJ~.1J, !!PMI~~i§B<J$j,', J:l.f*f't9.jfitfij~.£ lOOg *f.fbJ!i~ 250mL J.I<IJ;f, *Ffiba<J 
1&7.1<.$ , ~>Jtl!!ll&J.I<:i::kr~~r I90mLo 1tfflit7.1<~·'*~, ;lt~·fHtll l:t~im~R·A 

~~* 60d !V._to =!-Ji~·-~tuA 3% -5% l't9!til-M, .:O.i~\ ilBI1i~J5 ~itl.K~f#A~ 

~**~iff! IWJ 0 

.!Rffii~~J::flit!!;F~ji]B<J W. B. P~~::flWT (Sudweeks) ~ti: 423182 1 ~~ml~f~c:j:l_x;t 

~1i7i:*~ ( Grefco) ~jij~f= , ii'ft:l't9ftli.fb_AA!~.1g ''GT-23" , "GT-43" ~ "DPS-20" (fJ 

~R!Cf#A*~~R9ttfiM1:71l'm, l:f~7&4-38 o 

j*= ,P,~1} GT-23 CT-43 DPS-20 j*=JI,JI$"'} GT-23 GT-43 DPS-20 

~J!l!~~ !Ill~~ €Hh tilt t;/J ~* !llltL~ o.m4 -11044( -:m -+325) 22 22 

i!Jj (5 8 El 8 0. 044 ( - 325) 10 10 

~ :ISJ~l!U J.U1l 110 110 125 -150 ( +20) 0 

fi ft#:{filmm 0. 84 -0. 59( - 20 - +30) <I 

(!)! I!Jjj;lf$/ 13 ) 
~-#:$1% 

0. 59 -0. 297( - 30 - +50) 9. 5 

0. 297 ( +50) < I < I 0. 297 - 0. 149( - 50 -+ 100) 34. 5 

o. 297 - o. 21 c -50- + 70) 9 9 0. 149 - 0. 074{- 100 -+.ul) 30. 0 

0. 21 - 0. 149( -70- + 100) 22 22 o.m4 -o. 044(-.u> - +325) 16.5 

o. 149 - o. 105( -1oo - + 140) 27 27 0. 044 ( -325 ) II. 5 

0. 105 - 0. 074(- 140 - +200) 1 I 11 
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-~·ffl••wr~~~6~WH··~--~*nm~,L~~H~-~~Hm•~ 
m~~~~.~-~~·~~~,L~~-~~~--~fflo ~~---~~~~~~#~ 
fjg:t!or: 

\t Jj[ : 72kglm3 

tli]j( : 0. 912 -0. 542mm ( 18 -30 El) 

0. 542-0. 287mm (30 -so El) 

0. 287-0. 147mm (50- 100 § ) 

<0. 147mm ( 100 EIIV.""f) 
tfi:J](f!fm: 
~ffljg.lft 

15% 

50% 

30% 

5% 

250mL7J<rnll& 190 -210mL 

E::400'C 

Jlt?>~ . ft~E::kaiffi;J:k~*4r ~~ a<J~ 71B·~Jm*-lt~•~•. m t¥'L1t~HJ¥;_r m J.rifn1m 
j):IJ , ~*-tl!~IHfo 

c :'(!. );fdt .¥1-
)li~*~ A3l?:Jtl7@7*~1ilHt1):1J, *1ttJli1~1B~a<J,L1t~~ , ~AI25!1J7@~ffl~ffj;:fil: 

~-~m.HAffiR·.~~-*$~~-*~A~-~~-~f¥ffl o 7@i*A·S~* 
•.~ey~tt.•••~••&&o •4~9 Afflm•e1t~'L1t•&a<Jm•~~-~~ 
~~~~~~. ~~--~'L1tt:F~ff1& 3h Fom~~~. 1@•89~:bul&i\J.t:1i1 socc 0 

·4~ ·--~~~~~~~~~~ 
mw~:fi W;JJ[plg · em -J jljl Dim · s-• Tf!!i**tll: ~)jf pig • em -J §ill! Dim · s - • ( /Pf:lit#lt) 1% (.&\ilt#f.t) 1% 

0.5 ). 250 2917 0.9 I. 125 3497 
0. 7 ). 192 3160 

);A;tf. 4-39 ~~ilJ Jt(;e .':1:\, *FRm7*e1ta<J,L1t:t:P~~im tt~~ , ~~:buA.Fofi~6J.P~ 

:bu,L1tt:FHa<JM~·~···t:F~a<J-·o 
4.3.2.4 jl~~1~ 

.lf!-89·1t1f!J~~ft~.¢.(. *.AHl~a<Jif£1t1J~ilJ Jt(Jijl. *~~~. fflil-~B9~*~~ .':1:\ 

t~t~I¥1,Lft~H o . • 4-40 ~*m~il•1t:nxt1ttJ~ a~:tLft~~a~i.i~ttEiJ!~iJ\~11&. • 
4-41 :!iHI~F(f•l1:fjgB9m~iJ\~:W: o );A. 4-40 ~- 4-41 ~~fUJ'l±l .. ~ 1t4iitft:lf~%lifil T ~-~, 
~.':I:\Tft.¢.(,,L1t~Ha<J.Btt@§~~.~~M •• ~a~.a*•~ . A~~~-~F 
~f.:Ef1Hto fYiJ:t!o. *=Jfi ..... + ~~~1§" e1ta<J!¥L1t~H, "6JM •• f.1iB9;l;l~t~**~ 
~Ma<:J~H~~o "~~VitJ$ + 1t~~m" e1tB9,L1t~Pi, ttt1~1t:n~*~~o 

• 1t 1J :it HHJt/g · cm-3 §itlm · .-• JIO.il!/l,tlcm ~lmm 

~~~+-ft$"'\.1!!! 1.15 3806 5 16.4 

( I ) I. 02 4606 6 18. 0 

~-l'J:J;I<+1t~-9:f§ (2) 1.06 4907 6 17. I 

(3) 1. 09 5052 6 22.6 

$J:Ui + ~J;\I!l'J:J;~< + -ft~-9:~ I. 13 4204 5 16.8 
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* 4-41 "1.!·-~ +-f.~::~~ ret" .-fti¥J,L-ft~i!iflrff:t.Ut . 
fltfff:J!Il! Yl jlllii/m • s - I ~lJVmm §filjJJI!]l)/ em 

~8 4762 22.6 6 

1 4808 22.6 6 

3 4717 19. 1 5 

* 4-42 ~_;f; liil*it B9~n~f$~**'~ 
~m~~m~~•••~B9w~••· rn 
4 -16 ;.lil::.ttH(S * 4 -42 9=J f{ M Wi ~ B9 ~ ~ dB 

1TM?WJ! Yl . i!l!/m • s _, fljl/ mm JliJjJfie Ill/ em 

6 4673 18. 9 4 

10 4167 17.0 4 

15 3818 16. 4 3 

4200 
• 

• 
3900 

~ . Jii!IB~PJ~~Jj~~'* * *•~ 1. 1 • 
2. 91 %, ~ ffiBliJ *it~ o. 118% B1, !IL {t 
1$~ B9.)! :Q :;k 0 * 4 -43 ~ ;![ ~ 1!l{t .!:3 ?t 
!U*m•-••*~{t$~~•{tB9~{t 
W~B9ttDOO~M·o~~e{t B1,%tn 

A{t~~ ~~J 7Jc ~ ~ < ~tn i&l1t ~ 45 -

55~ ) , m~:ISJ?J.FotnAitii~B9~Il*!tt 
~mt3* lmin 0 

Hflin!(Jt~~ ~i@Jlll*:lil: ( ~ii'tjtf!c) /% 
*tit(./m:tll: 
~) /% 0. 06 0.09 0. 12 0. 15 

2.91 3757 4184 4075 4082 

3.38 3558 3887 3927 3833 

3. 85 3364 3653 3906 3803 

~ it l'lll • .Bifltll:~ -ft~lltit ~~~it 

\!fEr!g · em "3 1.08 1.08 1. 09 

~ ~ ij! {Q ~ T!l! 
~i!!Vm· & · l 3772 4534 4182 

• 

3 

3000 5 

0.04 0.06 0.08 0. 10 0.12 0. 14 0.16 
~tf!!Jiil~·l"/o 

III 4-16 ~-1tJiiJ*·~'L-1t*F~-if99~~ 

~1*$~11- ~~1fil '*11 < mtt7tJ!l> /% 
'*fil: ( etfl 
#l!l) / % 0. 06 0.09 0. 12 0. 15 

4.31 3392 3604 3838 3816 

5.21 3345 3545 3816 3595 

• 1t l'lll ~.Bif~~~ it"P'. it ~~-it 
JliHi il!./ em 7 8 . 8 

Jflf/ mm 14.9 16. 8 16.3 

fi#:{fWJ/ d 180 270 330 

1XJ®Hii.l&~~:ff ~I1UJNf0~-t--r , *M...ti£~il-4l1t~1:rc7;6:0~, R 7Cm! fllm 
iiiilfMm!~L-ft.W~rc£, ~tiHt£U~?t. rc£~il:~~, j;Ht/-BI!Mo 1:rc~~*f!ij, !l 
~ef.tJl!JJiJ-1ft;.("ftt.~: (1) Df!Jl1iU£r.li!ILf.tW~B9:.1;1~ttlm : (2) ~-I*?!!!!Jt:;k , ~~ 

~, ~~~ : ( 3) 1Sft-1!£7!1Lft*I=~1:F~* : (4) m~T!ILf.tt-1:~B9fi4ffi:WJ o 

4.3.3 ~·~~~~-~~•~•~I~a* 
;frJm~~4'm.&ttr:~J:E B9~14"f ~~?tm5-mzrc1:~,J\~~. *~il!1Lf.t:t1!~ 691! Jt. 

mr.li~-~~SJtB9n~~z~f.t~~~n~o ~~n~B9~g:.lil::~*~· •~~~~ 
)!, @:.lil:: fli:F(f~,};Ett~~ 0~.!:3!;.(~1tf~-I*B9fM-I*~.tL. jm:2•L'lltlW~~, :2·C.,~B~11:~ 

-~-Jt~n~~~) o ~-*~~.M~AmM~~~ilMJtB9n~~B7&$B9~· 
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Wf~, rJ!;I§t:~~i j;ffL~:;kfl9i!Jl::i1J:o 

4. 3. 3. 1 1t~~~e.$it1t4t'*-{I(J..fit~·ti. 

1-J-f.ierlt~. ~ 4-44-~ 4-46 ~J ttl T jj-JJU*=ffl!WJJtE:F$~;5-ln1t~~ffY1!1Hta9~L1t:k¥ 
Pia<Jtsi~tt~~OOJ~:!ili!:, ;lt9='~ 4-44 :liH~ll~il~a<J~tJ!IJ{ao 

* 4-44 ~ll:fQ1f~tr.J~ll.l11 

~Pi\!ill .wm:~~~ 4t~l:t~ ~pj~J.l ~n~~~* 4t~.tt~ 

/g •cm·3 ~)j[/rnm ~illY · . 1 .. m s ~Jjt/rnrn ~:i'!R/rn • s " 1 / g · cm · 3 Jl/Jl/mrr •w -1 m • s JllJC/rnm tf:ii/m·s· • 

1.04 16.52 3534 19.85 !. 24 2786 16.~ 

1. 12 15. 80 3357 20.23 4985 !. 31 12.48 10. 75 

1.18 15.4 3584 20.60 4841 

~ij~f$~;;5 1t~~Kl! ~li*Jtr:t;G- {{.~"(.~ 
l!Jt~Jglfl 

(p = 1. 9g/cm3
) (p =!. 20g/cm3

) 
iUi!.~lJ!13 

(p =I. 9g/cm3 ) (p = 1. 20gl cm3 ) 

fift 1t.<a1IW j.LJil 500-2000 3 -~ iVNiU iiY j.IJI1 300 5 

.«:1.\:MIV 1' · an·) 90 - 100 1.9xl0~ ljl-~ fOJ iiY j.IJI1 500 13 

lil ;J;: fOJ IllY j.LJil 2000 17 

:tJ)! ~ .Wli*Jlt~* 1{.·'~~~ lJi 13 ~Jll($J:*:E- 4t~~~ 

@lf pig· em·) I. 06- I. 18 !. 12 - 1. 25 JliUiilf•v em 7-19 5 -I I 

.J:rlt}J/mL 302. 5-304. 5 347. 4 -380. 0 fai1f.1i:Wmm 20-26 12-14 

*. 4-45 jU ttl T lrHlUW.~1t~'=\ffY;frl~JJtE:ft~;5-1£~L1t:kl:!l59=' a<J:fr;fJJffli£o Ell~ 4-45 
~~ttl. 1t$t=tm1£~Pi~ B<J*m~~~•. ••~~••···~··, w~••~a~~~ 
& , ~llt~~1t~l=t rf!Hill1t B<J~L 1-t~Pi B<Jf.IJ!~~It~ t~$H~i o 

M.~ 4-46 1lJ;rJ:±l, 1t~9:.7f!!fiJHtB9~L1t:J.'I=Pi~~Hft~;5-!it1ta<J:¥L1t:ki:Pi~ It, • 
i1=~.iJ·:;k, mH!iJ~Ne~lnllai~ 1i:~·'l'o 

Iii .!A!., 1t~~J@.~1ta9~L1t:J.'!=PiA~-~il15, 1B:J$1t.iJ::k, Jllt*fij'j~-ft~o 
4.3.3.2 1t~~~3iL~(I(JiJof.J~-t 

1t~~rf!!it1t~:W::;{t1t~~7§1f l!nr~>J<: 

( 1) 7;:;J,-€l-:iiio - M-!A19, 1t~ecma<J1i:~:tt 10011m tc1:i1.JiitE, ;J'r I OOJ.UD a<J~ 

7@.liV:~rl1btJ1£75%~..t. ~7@.1r~:i&]\:=f lOOJ.UD EJ;j~~1-JX~9:.7@., X~%.1£1i~a<J~ 

~.H1£&~M~.Pea••$.1£M~M89='Wa•••Bo 
( 2) :fr;fJJjtg?:J o 1t~9:.rf!! 89 jt ;fJJ jtg?:J t£:;{;J~L1t:l$Pi B9mf*il~tt~ln··fH~~f.£~~ # 

:tJ.fiJ , :7t;lt.Mr'J'H~~L1t:ki:Pia'g~~Jt1-J1i~o 
(3) •:ff~~ o 1-t~~ma<J~~t'.£, .:E~IfR~r~rtr~:l!la<J~ll~I2SI~ , 1rtl~~ff~L1t 

:J$pjf~:ff~~tt. -1'·~~0 

w~~7@.~1t~*a<J.:E~~*m~~m~,-~tt~~-fftt~~o ~~~~1t~~ 
B9-~m~tt~~~.m~1*~~~~1t~*B9.:E~~*m~o -~~m.~~~~~~ 
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@:l¥.11.tftEI:J 1. 40glcm3Li::1:JiJJ!IUU 1. 0 -1. 25glcm3
, ;fflli~;1g~:ffiftgffiit~ftl¥.11:'F~, 1j! 

/tJ\.:ff~:tlfa<J1sl~·~~~o I§Jit, ~L1t~~a<J~ft1It!f*m\7 ~rfYf!it1t%t.:W:a<J:tlft"f o i.i~·~ 

~~if1ft ~¥e!i.ll1t~.:W:l¥.J:S::ffmB!l:JJ l¥.ltt#ffi~, ~~l¥.Jit~ § l¥.J~~~~~;f§Ell:l¥.JIH~ 

tt~ o rm~L 1tW~ a<Jfl1Hf~~ ·~1Iti~ nio.J Jt1~J13~~ , tN Jlt ~%·~ ft~ tl!~W1ft ~ W.1ilt 1t~ 
* 8<J -1'-!lt~ tliitlJ\ 0 

-~~L1t:t$~1t·~m•1t•*8<J~·-$, ~~~-~;f§MMB<Jtt!W:~fflS , ~­
~19t l¥.J~L 1t~J3t. ~¥e!MM ~ iJEJl!:Jl!J H-9tt./9t ~ .FIHi, ~7@. 6-9 m\JJt~~ Iii J.f~, ~ 7€!:11~~ 
~~~, :l!~fm~l¥.J~tnio.J~~.ffllf.ij, B:..ffl~:l! o 

A ~L 1t iftl.f!l 7tb t~ ~ ~ P¢;j 

~-BNH·-~#~T1J~~H-9~.ffiMM~~-~~~l¥.JfL1t~. ~ae~1tW~ 
l¥.J~~1!Jtf{.~t~l~:o ~ 4-47 ~5HJIJ7:1~ffl~f*,Lf{.ft1J (~A~ B ~ff;) lfPI~·WJ"f*,Lf{.ftJJYi 

1L ~;fHif.iJ4:FIZTH-9~~4ilt1t~.:W: o ~ 4-48 :;lYdHltl~rm1J£ («:5 75%~ ...1:) %00t!l!tl' 
1J~ ( r:!J 75% 0(J:) ~$~$;J.HfiifJtl:1j~~H'9ffit1t~:W: o 

* 4-47 m FaJ I"£ ::r- FaJ !fl:ft ~J tt:~ ~ 1!!. ~it s\~::~1~ 
. 

~1t~J 
lt&lJ m:Mt~IJ!' 37tFcliFIJ!' :liH~ trlFffWl 

~MUJ 
lt-011 tJJ!ltliiFJt 3 7tFc@Jt :l&*~:ffl!Jj 

A:B / g· cm-3 /g · cm - 3 / d A: B /g •cm-3 / g · cm - 3 /d 

A 2:0 t. 19 -I. 25 1.02-1.05 120 -150 A+B 1 : I 1.22-1.27 I. 10- I. 18 180-240 

B 0:2 1.25-1.32 1. 16- t. 22 240-360 

illlffi:M$1-
tn!la!MJ§l 3 7(Fc@J§l &tc~-H'Wl 

illlffi:M~ 
tnftii\filt 37CFc~J.t :IN:*f#IB'M 

/ g·cm - 3 /g • em - 3 / d /g · em - 3 /g · cm- 3 / d 

With~ 1. 25 - 1. 32 1. 07 - 1. 18 120 - 150 g.ll--&l-Mffi I. 23 -J. 30 J. 07 - t. 12 150 - 290 

~~~~~:h~ I. 17 - I. 27 1.03-1.07 120 - 150 

EI:J 0t J:l¥.Jiat~~ * ~ .m , ¥lb.ffiM.f-tl¥.JB!t~:JJil~ 1j! 9:t@Z!t14$t~ , 9:~ 6-9~~ 11$t:tlf o 

B ~ng 1f!J ~/Jo)I,OC ~ ~ P~ 

~~Jl!Jl¥.1~1JiltffiiN~IZ::l¥.lm~~~z-o ~,L.¥IW:H-9rffi'tJJt~lli!l:fftr~m.*~, 

~It~~, !JL~f*~ll~f~, :fff!JT-4it1tJl!J~9:~6-9?t~1~ J.W:~~~&J.ill~.$6-9~ilili, fE! 
~-~~H-9·h~-.~~T-~~9:W.,WB~!la~tz:~m~:JJil~,WA%~~~~6-9 
:k9:~.AT-~~~~~~-~.-~~£6-9~Mtt.RM~ft~o ~~o,;f§~*·H-91f.iJ 
-f*~~1flJ?tJJtl:(:£ 40 - 50'C ,fO so - 85'C ~~~llT Jtl:h ~~, ~LftW~H-9~ N?tJJtljg 
1. 25 - 1. 35glcm3 ~ 1. 08 -1. 15glcm\ ~~:kf~, fL~f*,~Jt:k, ~rf!!&Ell:~$·jt, <ft 
ii!$;9:~:t:;J\~njlij1JW·~~~, .:<;J~l*;f11~~**~1l, W.§.~t-¥yg-lj]f'Ffflili<ftii!nlt~ li:U~ 

1f6'9~!JL, ~lljojf'=£1¥.J~~ft·o .1J7~T-9;7@.~*-- J!&~~;J\~~6'9~~, ~~, .1{. 
~~--~~~50-00'C1J~o~···1{.~}j(H'9.~i15~¥J!J.ffiM#l¥.J.$@./9t~;R,~ 

Jt•M~.~~~~F~-~-A~H-9~~~IZ*#o 
c ~ ng 1f!J ~ }fj 71 1-'\. ~ Jj ")~;] 

~~~ey0t1It!~ffl,&~0t~$;~~~-~(~P~W.·)~ffl.-fi~-~T-~W. 
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:i$J?:jftij;j\, @.:fl"-}E~~, ~ 4-49 Ji'::iJ\i}i~j!i;* o 

• 4-49 =-t" faJ ~m 1;~ tt-J £ l8 1111 £l83~Ul 

l1J .!!tllf !Jt 3~.Fc~!f 5 ~Foef!f 
U:.?;:t 

Wkhif!f 3~.15\f!f 5;1Cid \¥.& 
iJ!Jf.l:tfit 

/ g·cm-3 /g · cm- 3 /g · Ctn - 3 / g•cm-3 / g • cm- 3 / g• cm- 3 

2(}{g~J&I* 1.25- 1.28 1.18 - 1.22 1.10 - 1.17 $tlfg~J 1.20-1.25 I. 15 - I. 20 1.04 -1. 12 

D •*§«,•*~M~--~~~~~ 
mw~m~~~~·~••m~~~~~-~~aam~.*~~~~-~,•M. 

b\ ifif tRW' :fl ~~r= ~ ~7@! 0 ftU I Nt<J ~ 7@! !i :fl ~~ ~ ~tJE f.£ ' 1.E!3.i ?..~ ~ t!ltW1JJfi .X1J.t f' ~ 
.iF~~J~~ o mlllt, m#m~t!ltW/J~, ~:II , Dit#IJ;jfi:iJWH~.1t.1-Jllt~, ~®:¥1J~fm~4 

m~~?:J~~ . R~~r~f=~~~·*~~m o 
~~ ui!lfiWZ:f;l\$~1-t~~ m . iJ\~ !i1Lf:~ JW , ?HJ~m ¥I , 1.1t .ffiP: ~ 11t1 ~~1ft .ffi~~ 

~~WJl~j.;-{R~j;J 0. 05 - 0. 08g/cm3
, 0. 05 - 0. 12glcm3

, 0. 07 -0. 15glcm3 
o 

E :t)@. {.It :ili*tl ~ ~ PfiJ 

tEA~ B<J $C:7f!HJEi1HfiJ ~ , 'Xt J!Ht<J:fl"TW~ : -~Ji'::Dtt~ m, 3mm H, 1JL~, ~-, 1/t 
ml, H!B~ft!l , *XBiiD~; ;!;3-~Ji'::.ta,:~~-. :t!IHijljUf!i , ~~, ~ft!Yt~~o - m1:ififii , 
5G:f!LD~llt~#J*, mHiii'!H:a, ~m~·I:JC, 1!!.X;f~L1t:l$~:fl~;flj~otnJ; :fl:f!Lllt~.fflt!C'J', 

$C:m~~.~·~*t!C~~~~;1it~~~~~#J~~.lli~~~~~B<JfflAo 
F :t7@1PJ.ffl t~~~ 

~m~Jffl :m: B<Ji.tJt: 0J:.t .19 : 

J!:~ K £7f!!~Jffl:ll: , g; 

K = _w_oo--=7-P-=-» -"-v R 

PaVe 

Ps ~i.ta<J!JL-f.tWl9@Jl, g/cm3
; 

YR 4i kg ~L.mt-f*a<J-f*fl{, cm3
; 

Vc £7f!!~Jf=~it, cm3 
I g0 

( 4-2) 

•~J:.\(4~)~WmM):E~-f.t~HmJtB<Jam~~~ffl~.4d~m~•~m~• 

-~~7f!!~B~Wl:l;l\~.ffl.bn~-~B<J·~·· ~P·M·ffl-ojU·~~·*· ey~~­
j.;-~r§~Jffl :fit 0 

4. 3.3.3 ~t.~£~e.~JDlJ~;bll~i(. 

MB~R.~~~mm•to~~-~-~~/Jl!:,*e:fl~~M~:-~/JJ!:··~ 
?@~J~~~L-f.t~11B·EU1<~!¥L.mt1*, ?&~15!!~~!1L~W~ ~m.:tt~m ~ , »-ifif~1~:1SJ ~ ~ ;ffi' ~ 
r§~~~!JL1tW~; ~-.f1'/J~Ji'::1£-~~iffllJl~~r¥i!Jl~¥f~?@!ffiJ7ft~1rgratA!¥L.mt 
¥lift' ~~~~~~~~):EtB.Jl~~tttitffi!il~lil'~Jl' IV-~1~~?¥ tt~~):Ea<J:i$J;ffi'"'\ 7@.~ 
!-9-f*o ~!Iii ?HJIJft~l:Ut:! lli ~ Wi1-~~j o 

(1 ) IW~!IL.mti*B~f=~:!SJ1il~7§~!¥L-f.t:.t1:~o ~ml1i'i~~~%jijlt!t · ~- · -tt-11 
WT~~~~tit!VJ~;f!J$~07f~IVJ-t5 ( 07F% 1036007A) ~~~T:i!f'~~ll!:B<J~L1t:t1:JtJ~ 
~~ami! o :i!f!P/Ji!;Jf:¥ff="'\.~J~!jL-f.t:.t1:!-9m~, EJr~~r=~~J.19rm1!uJ<~!jL~~. H:;~t 

• 
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.71' 5!~;tE!9=' -&5~ N.1il!lMHI*17.KM~ o N. m Mifl-S~L fttf.~ I¥J .71' ii~;tE!J:f a9 M ~ft( ~~t= (!.Jt~ 
r>m-1-tf.~l:j:l 1¥J~~;j\E(,y{Qo !iti~ 9=' J'JT ffl ~!¥L1t~f'E(,jflj 1¥J19fltJJ:Ii~1!:fti¥J, ji;Jft.-f*ffl:I:Jfll 
tk:=f J9fffiiJ*I¥Jt= Jfb 9='~~ I¥.Ji!<~W J.JVFil#J.!fLft!¥.1 fGE(.3flJ:bll~U !lt~L ft~~ 9=' B11¥.JtffiUl o -J~~jif!. 
1St, tmA~LftW~97mi:r!Jm 9=' 1¥Jt=E(.1fiJ !¥Lft~a91ii:tJ 1% - L 2% , ;JI;tlArK!~.:tJ 48 -770C o 

~L 1t 1¥J t'E(.1f!J rtz: P.f!~L 1-t:l$~ ~¥.~1M* n?!*iM * , ep#J~~ :It 1¥.1 N. m ®-ti*J ;fU ~~·11:nt?t 

~•M•~m•~*!:f~~**•~.ffi!itl.KM~••:JJum~~;fll~Lftmmnt~¥.Jmi:r• 
9=' , ~jliljJY"tJJJJ-fffflr, ~jttii:r JL?t~1I¥11J~nt~Lft~o ~t'E(.iflJ:buA¥1J!f-LftrF~~tr, 

mttnt?tN.MMM~a~I¥J.B~miJ•-S'LftrFR.7f'j!~~9='1¥JMM·&~Wf'~E(.~ o 
f'E(.~~I¥.J~~-tk:=fm~a~ . m~!Jmi¥.JB~ . ~mi¥JvH MR~~I¥JMft~•o ~ft 
F~~I¥Jmnt,.~M®M . 7.K.M~~Lft~9~.~ey~~;a;-••ttnt?t.~oM.M, 

m•~. -?tRI¥.J~ . -~ . ~-~;fll~~-~~ o *M?ti¥J~-~mu~~R*m?t~¥.J« 
+~Z.%il~lli=f~~+{flj, ept£!f-L1ti¥It''=\.1f1J;fll'Lft~R9=' I¥J*'&~.t~«1t1f1J I¥J:I:~ .iE:W~~ 

.IE~ %~~ill o it llJ .• 1¥.1 ~ , ' L ft 1¥.1 f' E(.Jf!J * :5t JM: ri~ DC ifilJ ~~ ~ .lf~ , i! ¥-(: 8~ frn iE I Z :tl 
W9=r~~t=~mi¥J2~~~~"*~~•wMal¥.l«.lf•x~•~ o 

~--~.-~~llil¥1•-~*•~•~••.7!'~1¥1••mi:r!Jm7mi:rE:bo@SW~%~o 
~!lt#J~#?t*1¥.18~~llii¥.J~~*•~Lft~~fim~. epey~mm~~?tW~~o -~ 
r :tt~~~*ill:-tl7iJt~ i!-#:11~ ~¥JtJGi!&·l1:: 

~~~~~~'Lfti¥.J~~.7f'~AN.m•M~;a;~m?ti¥JF~m o •i!~~!¥Lfti¥.Jt=~ 
m~~fttf.Rill~!Jmm~.-~N&JttR@CJ[a;tJ 25~) o ~~--illi:r!Jmi¥.J@~. 

:lfVN~:liR:fil~~~o ~~Lfti¥.JF~ifiJ I¥.J~.El?t ( mffl:Jt~) ;9U r* 4-50 ~ o 15\!:lilJf ffll¥1 

?¥Lft:t'FR~.El~·B9~ll~ C mtii?t~) ~tl=f~4-51 !:fo ut~~:W:~tl -'f~4-52 ~o 

NaN0 2 NaN03 H2 0 Ca( N0 3 ) 2 

1. 7 21. I 39. 9 27. 3 

2.2 22. I 29. 7 36. 0 

4. 3 21. I 29. 7 34. 9 

12. 7 52. 3 

9.8 55. 2 

9. 8 54.6 

7.8 
' 56. 6 

7.8 57.2 
5. 9 58.5 

7.8 57.2 
7.8 57.2 
6. 5 57.9 
6.5 57. 9 
6. 5 57.9 
1.3 13. 3 17. 8 21.6 
1.9 9.0 12. 7 15.0 

Q)~[i!J ICI 0~f¥!~ ~~~~ffllf.!i'tt~J. AA\.1;} B246; 

®~ 7]< IlJ ~:tii}.l'ti illl ~ ~~ 0 

' 

(%) 

illl * il!i fr5 tt J'iiJ <D ~ .1JD 3\'lJ <il 

5. 0 5. 0 ( I) 0 01 ~*4 

5.0 5. 0 ( 2) 

5.0 5. 0 {2) 0. 01 ~*4 

30. 0 5. 0 (2) 0.01 ~t4 

25.0 10.0 ( 2 ) 

25.0 10.0 {2) . 0.6 ~BIJ 

25.0 10.0 {2) 0.6 l;6(Bi:J 
25.0 10.0 (2) 

25.0 10.0 (2) 0.6 l;6(Bil' 
30.0 5. 0 (2) 
20.0 15.0 (2) 
30.0 5.0 (2) 0. 6 mnll' 
25.0 10.0 (2) 0.6 })](BI! 
20.0 15.0 {2) 0.6 ~Hii 
3.0 3. 0 ( 2) 40.0 AI 

2. 1 2. I (2 } 57.2 AI 
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(%) 

~l~W~1t-l} ~l~Wlljft.q. 
m~~.J?F m1r~l* 

A B c A B c 
~ ilii t~ ttllll 1.7 1.9 1.9 lil'l~iiJ 4. 7 4. 7 4. 5 

U([llt~*4 4.3 3. 2 3. 0 ,lj( 12. 2 12. 3 I I. 7 

liA~-l!'J( 62. I 62. 7 59.4 il 5. I 

lil'lllt~ IS. 0 15.2 14. 4 

~l~71l ( /~Jil:~fl) r&~itrl& f'"tift~!IIJJ ( ~ 4-.50 it Ell: Nf .m (I{J J§:ll j;j i!ll 
"-~1$~ 

1% I'C m- m UllHit~f£) / % / g·mL " 1 tf'lf.lij-f£Gl / km · a · 1 

A 95 65 5 I. 1.5 R-8 4 . .5 

A 95 6.5 5 J. 08 R-8 4. 3 

c 93 80 7 I. 17 R-10 3. 3 

8 88 80 12 1. 20 R-11 4. 3 

A 93 80 7 1.14 R-9 3. 0 

A 97 70 3 1. 08 R-8 4.4 

A 92 80 8 I. 19 R-8 3. 9 

A 99 70 I l. 03 R-6 4.3 

A 99 70 I l. 07 R-7 4. 5 

A 99 70 1 1.12 R-7 4.6 

A 99 70 1 1.06 R-7 4 . .5 

A 99 70 1 1.10 R-9 4. 8 

A 99 70 1 1.18 R-11 4.6 

A 99 70 I 1. 10 R-7 4. 6 

A 99 70 I 1.09 R-7 4. 7 

A 99 70 I l. 15 R-11 4. 7 

A 99 70 I I. 14 R-IO 4.8 

A 99 70 I 1. 15 R-IO 4. 8 

(2) ~t!Ut71Y~l7WJJt&<J~Lf-t1$!-"9 o ~~JiHvi~HYf~-~,~T 1979 !.:Ftt.%ilfi!iiJT~-f*~ 

~!-9~E~T-~mllr~m~m~l7W~&<J~~I£o ~*I~~-~~:tt.%~~~ 

l!lm)E&<JU~J1<ibtJ-th-WJ-*t!JJitl-fl-flf1il ~Ht~J!ttt!lf07J<f61illll~~f&f4 ( :flll'iTtlf:) 7i-fl-
1ilo 1"£Wi-*tl1ft1il~-fl-iW.%~~L1-t1flJ~:bnilJ1J!J_ijftft-fl-ifl 'P , f&ffi NT~~ &<Jmt:fil (30kglmin) 

lll~1*5!Ji (~~lf 12. 4rnls) "f, #f7J<*'3WH~:I5J~~AB§iltrf§&<J~L1-tfltf:l, f1HHfj..tit 
~;:£ rm :15J- a9 w 10 ~:fL~£~ o tm-fl-~L 1t~ a9 Wi;r.J t't:jL~-f*~ffn- tl:l ~, )1: tm~ JA:i! IH~ 
~mcpo ~~~~#~M)E~m•~~~~-lf~~~~~D~JJ<fif~lll~~~-1*~­
( -tB.PJ~:bD) :15Jif:bDA~tf:l o 1£tliltf:: dt ~~mr-¥m~&<J~mr, -*#<fm#..triJtrffiH~. 

±Ed! ~ifO :15) ~ o :X~~~ , .TIF.lilli lllHl'J a9 Jt~ ~m fF ffl , £¥ T .TIF. ~ Uf!t-J .!3lil\li!H~fF m 1:..1Vt 
S!Hi~ ftUJc , ~..!&~ 5IF.liJli Mtli ~ :::f'~)E a9 , tE- ;:£ &<J mill 7B mJ P3 ~ ttJt fff~ .li!tt't tj\ ~1@ , jSj 

~Jt~-j=-!-"!j-f*~ . ~~~l7"8JJt·'(t~§~ o ~TtE~0~~-~cp,M~tJi~~--
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···M~--~-~~. ~~~m~-~~-···M·*·¥*~~~~-~,~~. 
~IJ1Hi*B9.lffi'J3tjj!1\tUr.Jt£ 1. 40glcm

3
li:;(:J, :Xiltfi'f!N~ll o jm~·±Jijtl-(19H~~1IJ!-T 

H~mpg , 3f~i!ft-T~J3ti1WfifBJP3, :(£~)EB9llfii.JJrl8JBJP31¥~~ 5ho tE~:U~&:t'~ft~ 

iliB9M~-~~~Hi*P3B9~-MM&~~~~-···~~mm*m~~-~,~~~-T 
H1*9=', ~Hf*WJHC. :J:t.lffi'ffiililJ 1. 15glcm

3
tc;(:J, A7fi7W~~~JJta 

~~~~.jj!ct~~~~~~~~h~~~~~~§~~B9~~.-*~~*m-TH1* 

~.-~HB9•#a~tt•~••B9••o ~1£~B~*Il1JU~-tt~~~~4: 
1):(£8~H·~~M7fi~-B9~U. ~§~~~~~--~Hi*~fflo 1£~m~• 

B9:7CIJ,~:fl:l §lit~ B-9 , J®BlEHf* B9·tt ~ JE:ij:t~-f*~ ~:!ti-B9fi:J$ fU~ a9 3H!m'!iH!.Z-o 

2)~#·-~~~~B9~-~~·-~~00B9~1l7fi~. X~'Lfti*B9Rhl:!tl-$W 
~ffi~o-~~~~~~IJ1~1l~~.~~a9)!~~~~~.~~~~~*'~H·ff~ 
~tta~-~a ~MB•~.~~~~~~M*.~M~~tt~~a m~B9B•moo~~ 
45 -55<(; 0 liilt'L~f**~· a:~:~:!l:f;tf~?@B9Et1faJ-t11mt*-~ I :illi'ift~~Jfliu 6h 19E:o 

3).*A~~M~~a9Hi*H~R8.~-TmllB~-~~B9H~~~EI1-W o ~ 

~~.--~$~@-f*M~:!I:fB9RK~~~~~B98·~~0 
4. 3. 3. 4 1t.1= :tut!.~ 1t.a9 tJL.JJr 

~•~mm•~*~~M•.•-•~~~*•· ep••-r*ffiB9~~tt~m~m~ 
B9B.!l.~m~~~*~&mw~~~~;~=~~~~m~~~~~m<~tt~a> ~ 
~~~&f§l ffiJ~~~i*o 

~--~.~~~HB9~•xm~w~m7a•m~~- . ~~&~~-~i*~~• 
ra~~~~~m~~~-o ~~B9%~~-~MW$.~~~~ti~~~-h~-~o 

~~~~·*~~~a~a~B9~~~~0 
X~l8!$~8:J~~lt~: 

~~ 'Y xm:~mlfK; 

'YM £m1fH{Z.&tJ£$; 
f'R-{t~&r§j_~~~-f*i!$ ; 

'Yo ~i*~ffi!Ji$o 

A ~mDH~1t~$L~J 

( 4-3 ) 

~$2 m1fu B9 ~a rlfl Ei , am1r1J !if:U rw-*il1i gy. oo ~ , ill: A P3 :m o w -r*ltiifl'l tM: ~-~ 
~~J'r lOf.Lm, .El~7f!Bl!JrM&i*~*~:®;J\-'fJ..kil1i~i*~*ft, ~wa~JliJ ~ p:Jffi~OOI<il 

P3~r•~~••a 'YMilim1:1XmM:t£~Wffi~•oomttmmp:j~~•••o 
~-r~w•~-~~20nm~~.~~~M~~mMB9~m~m•~•~•-~** 

ff!p:j~ o ~B9~--~-~--M·~~~ho MW·~~-~~~~~mM~,L~~~ 
•••••~~~~~o &My~~~'Lft!:fft•~~~m~,,L~M~Mff!~ttacjo~ 
h.~-·), ~A~#~#ffl~o ~~~-~)i$1:J~~~·o *···~~B9-4, 
'Y~~~-#ftMn~~~~-: . 

K m y 11 ex: n , n > n0 ( 4-4) 
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~9=' K ~J!ffil-T; 

m ~J!f/i~, m > 1; 

n :J1ltW~if ; 
n0 F~*mEa9ilffi:W-~:l~L 

PI _m , lilfiir ~ J! n ~ f.fi , ~ 1!JJ: if$ y M :tfR ::k o 
B ~~1t~.IR.Si!$ 

• 

NH4 N03- NaN02-H20 -f*~a9,&J.ill;l!$ Yn PJffir~>Jt~~ : 

~9=' a NH4 N03 -NaN02-H2 0 1*~9=' H20 a919J:!l&t1tJJl; 
b i%<:1*~ 9=' N02- a919J:Imi1!1Jt, ~p [ NO;] ; 
d f.*~ [H•] ; 

k1 N02- fU H20 atllEBtJ.ilZif$1tt~; 
K,. 7J<atl~T-,fg ; 

K. N02- fU H20 BtJ.ilZatl.lJZ~'itt~o 

( 4-5) 

rn_t~PJ~-o. 'Yn l:ff [No; L [H . J ~IZSI~:1i!fc, fRJatrnr.&J.ilZu~~l\&t&~it. JJJT 

~ -ti! l:ff tlill.lt T ;(if* o 

~r NH4 N03- RNH2- NaN02- H2 0 BtJ.ilZf*~, RNH2 .:1g2t7@!1JE:i1fJflJ ( ~lll7J<~, -lj!,t.ll* 

~) ' W:f*~ a9&J.ill:l!$ 'Yn .1g : 

(4-6 ) 

it J:j=J k ff[J.i)Z J! $11t ~ 0 

c e.vf* tt ilL~.~~ ~J 

mtt~f*N2a~ffi~•~.~~~-=rram~~~~ifB~o •dmw~.~*~"* 

•m•~~m•~. ~P~ft~,L~~~m-r . ~•~o u••o ~I*aM~~- : ~ 
mJ!$lll~rP2tJ~.JJ o 

d7@!J!-¥*~rM~~~ : •mMtt~a9*.7J~fllMffim.JJ::k~, o ~•mmtt~•~ 

at, YR ~~-=fji~ffiat~m.JJ o ft~at~•oom·I1:Jf1J~1ll~:ii~ffll*l . ~1-*•m~ "fil¥1" 
%d~m.•~~•a9•mmtt~~•*~•o ~ffi~ltM::k, m.JJ-tl!M::k.~f*raa 
~~. Yn :t\t'J' o f'&ilff. 7JB;J:H~il.7Jat~:tfR;IJo. ~m~ ~mfl~.f.l'!tl!~s! T o 

4. 3. 3. s 1t-~ .£.>e ~ J€; 3lttt m J§ Wf-i:k:.tt~ 

A 1t ~ ~~ ~~~ )6-~tt JfJ 
JH11it~ffla91-t~$:7@!}fij7/g NaN02 , ~:ff d-*1~~ $) T EJ Z5fJ1-t~~~fit,¢.l: o ~~·ly:j, 

~0-$:7@!*#~~-§.PJ~m~•~at~••ttfto ia~$:7@!tlill.JJl,$:7@!~~~ffil•~a 

~ Jtij, 3& ~2t7@!~·~J.ll!~ , :i1f iTff ~ JJiPJ 'L 1-t:l$ ~at it~ '11: ft at! '11-f l£1£. at :1i $:~ o N aN02 1-t 
~$:mat~=~••$:m~*·•~~••,L••~'!tl.~m~~* . m~~m::k. ~•• 
•••·•~~a~~~o Aat!**·~~~~tnT~~iiiatl~~ : 

( 1) NaN02:hnA,L.1*ZFo, ~?§J!J.l'tt, ~~f:Wdffil-RatfBJ, 7tft~j]J~>Jtatlfllt~ 

~·o 1Xf-F~~:liltJ$tiJ¥J:j=!Wf , ;$~~~'L1-t:l$~at!~!fi " ~t J:l" ~~at!Ji~1-t1:F, ~nj.J 
~F~$. ilff.13_ffiJ.i)Zatli\f!:§I5#fll~~:t~;IJnTft~lll1:F ~ ~JJH~-* o 

• 



····----------------- --------··········································································· 4. 3 t8J £1M 4hl . 121 . 

( 2 ) ,ff:t£-~a9J5"~;H1~m a Nfif'J "J5"~" , ;llH~~L1t1$~F.ftt:t£1it:ff:Ct~J:f, ~-f*Hrl} 

R.~.RR . W*~·-•1$tt~~~a9-ao ~A~~.F~J5"-~a*~~.~H 
i*J:f:ff :Ctto!Ja9~¥'i!!JfiJ ( aN02 ), ·liHI& NH4 N03- NaN02- H2 0 .&~-i*~t¥J~rl!!tltW, :(£1J!! 

ie_t 11Ul :±1 1t ~L ~ ~ Jlfi: 1Wi ~ 700 - 800g 1¥.1 l'iaN02 , ii'ii -l!li 1¥.1 $:1-t I l: NaNOz m :ta: j.} 
0. 2% -0.5%, IW4if:Pil!~.I&~~J:f Na 0 2 a9:bnA:it::J.J 2000 -5000go l!tt-ft~fl~7e!It;%~:G 

m. Hi*!ft~:ffu31:14Ja9~'ffi!JfiJf¥:t£. :t£.f4X;.ftt~L1t~~f¥~WJrBJ , :t£-.xEB9~1lf1l~Jl~. :Ct 
~t!Ja9bt?§~Jm~:if'ftlrii'ii~'ti:l1!!.F~ ft!l¥:~m . J:A ii'ii151!~~~-. ~?§~#!~**~:±! o 

B Fo~fFJfl#f.JMJ}ctt~ 

I~_t~7~~1t~~7@~1ti¥.JJ5"·~~.~ili7$Mm•o ~~.*ffl.xE~ • .xEM 
l1U£a1a9gt~~*; iWi pH {1[?.$07@~*; ~~ :±IH7A!Jl ; *.FI'Jlrf!Lgtff!!JfiJ ; VJ&tkim 

1t!l¥:bt*~*·o ·~-.xEB9.~&m.:t£~*Btl~m$~M o ~~1'k-1t$:jt7@~*­
~Aillm§,.:(£~;Gfi~fl~~~mo 

a .xem' ):Etitln.xEa18~~?@~# 

NfM"~m··~••~~m~aA~~-~a9sJl; ··~• .. •••~~mm&~~ 
mm•;''2a1''ffi~Rm~ln~&. ~&J:Am~~~&I¥.J&tt~B9·~a1~ o Ai*~~ 

~-A=··~1t1$HI¥.J~~.I~*~~ttD~*·•.xe~~I¥.J~ffi~~-~Jl.# • . 
W~ff!!~R~*~fflM.~mm~~~-a1~.AJ5"Bu~~-~ms•ea9•&•~. 
~p 1lJ .fiffl2:1Ut:ft~ 7f!l l!C~ .f11 It; ~fi o 

.Jt;tV:?l'U!J, *m~~*, OJ.f*iiE~W.~E:. ~L1t1$~F.ftt1Itl-E1&, :if'~'f*7liiiln~ 
m, :.IJ~ttfJM1lf*fHtt~tt:ISJ Lit"Jff, :f£ 1'BJ$T~ln:i!~~~F~_ttf)~.ffl o 

b ~ pH fti(.:JiMtjtffi~# 

:(£~{~pH f.llp;j', ~~jtr@~.$ 'YR f:ll1Jtf¥tt• n u::k, &~uim, ~J£::kE(.ffii¥.JF 

1:_, ~E(.-f**,&B;J'Jiltr@f!P~~:±J~~,fiL ~~jt¥'§m!:iil{~~ o 00 4-17 A 'YR ~ T, pH{!ag.lf} 
:kdE~, El3 00 4 -17 1lT9:il, T *" pH {if~~~;j 'YR B'!J :iJti!iRiiT ~1I;f~ft13JZ~ a 5f'UJfJJ!llP3JZ~* 

~.OJ~~N~~-f*~a9pH ffi,*~~~·Nf~~a9~&~~$yR,}}..Tfij~~E(.-f*~.f4X; 

it' it¥1Jt!ifliJ~7@89131¥.1 0 

t 

00 4-18 ~ltffimlll:h 80 - 85'C 891t~~ffilit!Ji~!HI~: o li!J~ 9=' LM ~#~F-9'.71l!:i!'~, ii'ii 

I 

rB.f!! T. pHji: ----

I!J 4-17 T, pH 1lf.;t-f 'YR (!<JlfL;Jj;Yc~ 

1-yli·T .fft~dbf&; 2-yR-pH a£.fU~Il!Jf'Jt 

1.40 

• 

1.10 

r, so-- ss'C 
N 

M 

pHfri. -
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~~J@{E~~Ji1t~~~~31(~~*o ;£1: MN f!iiiJ .!-\!.l!ift pH {i;[(J<J~jUj, /'R ~ n ~lj\, 1$!9* 
J3t£1E'M" J::ft~~, ~tf!!J9Hi!~Wf~:!lf o ;££ MN ElifBJ.llH't.\ OP R~~ffJJ9flM~~, Jltfliti'¥ 
HW&~~~~R*~\~B.*~~~ o aM~H~~~mB,piiJ~M2~A~Wfi$ 
JJt~ 1. os - L 12glcm3 .ZfBJ, miiJ~UJA~:tE*1I1£;1tHL:!i~a-<J 1. 25glcm

3 tr.1i o £\!i)'(~fl­

•. ~~~-~--*~«I~~$.d*~•.WH·~~7=~~-~~~*~~~o 

~m~~w.~•"~-.~~•.•~·~~0 
c ~ illli tl:l !9 f!Ml 
•x~•m.~~•atL~~H~tl:l!9BJ.liiJ~~-•~n~~•~mo m~•J3f•• 

:Ui\"0, lli!l::t;J\, ~iiJ~tl:\~1:(.7@.~~. Wlltli!ii1fiTIL1t~H~f!N~!l. 1:.f=~::lttt~ 

~o M~. tl:l!9Ba~mama-~-~~o 
~ 4-53 ~:±l&r&\.J.l*£'1~ 45't _f!l55'CB;j, 'L~1$!9~te!·*~il\~?J!~iit~* o ;!t?li!tl 

il\1f'lti:~, *jjU:tf:~:±lH·J3r~~t=~J:, -il-l!ift.tfLtmAA 20 3t~J1.H$o H!firHiii~H$ 

1fT CI6£C ~ Re ~~it~ :fE 1 0 mm 1r. ;(:; , # )(;j" ~~ ~ :!:JHt~ !9 !fir H W ~ !9 ~ :tfr Cl 6£C ie ~:it! 1-T lJ!Ij fit~ 

%, .fft& 7d ~W-:il!h%il.~, it!UlH~Hrni~H!fir11TCI ~Be~, JAWiiJ~T«!~~~-*~ 

ft% o 

I:IU911Ul£ 45 't: :ili!iU 55't: ili~iiltr 45'{; :il ~ illll 55'{; 

flil-lij-
J!.j~J!.jifi!:j 7d Fc (I<} Jli~'U!iiti .l:i 7d Fc (I<} 

!;f,l.\} !littl§ifi.!:j 7d Fc(!IJ J!.j~Jlj[lij.!:j 7d )§ (liJ 

1JfOiE}li ~* Wm'Uf tiS~ :j)T OJI€]1;1 ~* 1JfOBe~ ~* 
/ mm /mm / mm / mm / nun / mm / mm / mm 

I II ~ n~ 10 10 I I 9 tit JliE 10 10 

2 10 ~ n~ 9 10 12 8 tt JliE 10 9 

3 10 tR JliE 10 10 13 11 1lt JliE 11 11 

4 II ~ JliE II 12 14 10 ~ JliE II 11 

5 9 it JliE II II 15 10 tt JliE 11 12 

6 JO it JliE 10 10 16 10 it !If 10 10 

7 I I it JliE 10 I l l7 II it »~ 10 10 

8 II it JliE 10 10 18 II tit n~ 9 10 

9 10 it D~ 10 I I 19 11 it n~ 10 10 

10 II it !liE 10 10 20 10 it n~ 10 10 

»-~ 4-53 iiJ~;glfl, llff:¥L~1$Pi :±l!9BJ.l E8 45'C tl!~~ 55't, ~*J:~HIIt T'L~:I$ 

R~•~-~~~~-~~o ~AEI:I~.a!l~••~~~£m~&~~1E~~*fi.m 
ifUT &li\ZitJJL ~ff£T~1ti'FHB9~1l, ~;J\~?@I.m.#lf~ffl, ~il$7 ;J\~7@~~-I*Bll, 
~tcT~m~~U:ffi~.~itT~m~m~;:a:~•••-•~.~m~~U:ffi~l!ift8~ 

-~~~~~.~~T···*·MW~H~T~m~-~~o 
d *m:fltn.~mJf!J 

•~*~m~m••~•~1:.~·~~~~••~1lJ~•~•!laE~.~~a~a 
~~~~*~~~~HU:o x~~, IJVt~~A:fE~~~~~~$m0**~~<0*~ 



----------------------------------·······-------- ------------------·························------------ 4. 3 !if J.t-i,!!j:tf~·J • 123 • 

CNl036384A) ~-W7~m~~m·~~~~~~~~-o ~8. ~~,L~~-~-~ 
~mgml&. K~1q s -1s~. ?t;{jjit8~. iii~:UN~t-trBJ~. ifl~m~.ft.m;J,. ~ ~i*f¥w:J 

~~ ~ •o .m~~~m~~m•~m~~~WH~~•ffi.&Hnw•a~•m~~.~ 
~~~!:Ef"o 

~fJL~ffi.~J ~*:Gt1q!M1'H1*~ o. 1% - o. 5%, ;lt~~ifu!.!l~ 50 -70CC, ~t-1! 5 -

10 min o :(£ $11 ~ n ~ 9-' , ;It ~L ~ m # ~ ft f iHI;J fEi] :lik 1'iJ 1e (f) o iii 'ill' ?t = 1' l!fi" €i , f;!p : JIG !;..{ 
500 -700r/min(fJ~~t!ltW 1 - 3min , .j!l}l;,{ 1300 - 1500r/ min a9~i~H1tf* 5 - 9min, liFo!;..{ 
500 -700r/min(fj~~~f# 1 -3min 0 

i$(1J11!¥L ~;1$ H (f) il.-1* JG)J>!Il ""f ; 

65% - 70% 

10% - 15% 

1%-3% 

7.t. J 0% - 12% 

~it~L1t3t!J 1. 8% -2. 3% 

fl. *~~illl 4. 0% - 4. 5% (it •11 .It±# 40% ' .fit: 40% ' .m '111!20% ) 

~tiLJit~jl!J 0. 05% - I. 00% 

:k$!J&;ffQrf!!Jf1J-f91HIIl AIBN ~ BSH, BDSH, DPI' ~Jil1jt~¥}*'!.i~~. flSITfflffl-T1$Bi~ 

&'®!~.r~Jt~~tto 1m*~m~J·1*~ ~~~~-f1l~il.7t~M:If&4'JJ.Jftti:, ~ !;..{Jil:i:t£H!/.~J ~!JL~ 
a9?L't.l!~~*iffl~;lt:t(~, Jt.-l*t!kfF1q: 1M~ 1 kg ~LJBHI~~, f*Jf)( 20g PJJ:.A ill:'lJ ~$, -N 
81Ut sg £~~J:t£W:tri*J~~L~~JIDJ't:?t*M, ~iit~it-T-)i:Iffi\Jla<J'W:iffi\l)(ri:t~ , JH~It 

fMlllic>ltf)(ic*iil:;f-f:r&Jt, ~~£7f!!~Ja97tft'Hl'H£, ic~gt7fY.*1J b\f&Al)(ri:t3iJJgtj(a9 at l'al 

c •1Jtt.*~~a-trBJ > o -ffH~gt.*~fflB11a:Ja9:k;J\ llJ !;..{ tttuon~umwJ~W~~tto 

4. 3. 3. 6 tlt.it1t.~~~.ft;f( 

*=Jfl'I:Rimgtl@~;;ftfm(Ji:R:Biitt-iii~7f!!a9~.@, ~.ij.~Jttfmtt ~ ~ -f*tH~~, !.! J3r~~a9 
~L ~WH ~ tib o W:tt;;tt -JNJl~Jfl JLif+ ~r§J'flJ jti!-*11 ~:bo fJE:i!!:J'flJ a9 1fr:!: o ;it ~~:l:iH.l! lit~ m 
-f**a9&~~$~~m~a9W~?t~~fto 

< 1 > tf ~rr ?mtW * fi6 --t 1m r WF 11i1J a9 tk ~ gt ~ ~J o -w: 4'JJ.J ~ R! m ~m ~ ~ -m :8l: il- a9 ~ 7fg 

mo ~mu~~~~,~~"~,~~m~iJEmm~m#~~·· ·~-~-*~*r• 
a9I£~En:i!!:h~~. !;..{~~-~~-ft~-*o W:tk~~Mm~:bDAS-·;9 0.1%­
o. 2% , ~:tJOiffi\lt;k) 40 - 600C ~m:tE o 

~1HB.~if+tk:ll~~~Mtt;;fti£~ili.M!M~J!~ .fi-m2ft:F:ma9m~~~~~.fm'Jt 

~t"Jlt~~tl~.~fili.@W"LlJt,i~,#""f@B~~A!:i~H13i:iltlllJ'GiiitiW<·~~3J< o ~ 4-54-~ 4-56 

?tjjtl~~r.m~fOJ•1t1fj\4:~~~L1t~Ha9·1ift~i)!~iJ!:~.*lllmt*tt~o 

* 4-54 'I' Fal.i-1:: 1Ht !il it Wt-9rflt£ fiHt ~ ( =:U~) 

llit:tJ:i:t 
Wi! 'lflll: JfrHiiEJli -fi#:ffWI 

~~ fit1t::!f:i:t 
Jlif ~llf JliHiiEIIl •m~~~ llj~ 

/m · s - • /mm I f! 
- ,.,. 

/ m • s - • /em / nun / em I }! 

~'*:'S- 3250 12 4 <3 ~ '!RllRit*.:!.tll!!. 3650 15 6 >6 i.l 

SIHI'I Ill fill 3440 14 6 <4 il 
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* .4 -ss 3:. ~ iUil iJlll ill: !a • 

=¥/k!t~ :n J.U = ¥/k:l;\t@' !.tl 
Jji 1§1 

;9;~M!Ill '811 u ;9;!Ht11E $ u 
lYUll/g · em · 3 0. 95- I. 25 1. 0 -1.2 0. 95 - 1.25 I. 0 - I. 15 

1:j:J!j~~/g • em · J 1.0-1.3 1.1-1.2 1.0 - 1.3 I. 10 - I. 15 

JfUI~i4/cm :;;.3 6 - 14 :;;.2 5 - 12 

'!i~/mm ""12 14 -20 :;;.8 12 - 15 

1o\t :W fllg.:tJ I mL :;;.260 300-340 :;;.220 240 - 280 .JV _, m • s :;;.3000 4200 - 4600 :;;.2500 2800 - 3600 

::ff$~1*/L · kg _, E;80 35 - 45 E;80 40 - 45 

flJ~(450g) 015 il!t 1/ 15 015 

~~~ * .m * .m -g. .m A ... .!§ 

~Jt(~.ll .;;8 0 .;;8 0 

mar~.ll E;8 0 E;8 0 

~ffi~.ll A 

"' .m A 

"' .m A 

"' "* -fr *! 
ii4FffWl/ jj 6 8 - 12 4 6 - 8 

f!{t1J5't ~ill: ( l.Ji:fit~f£ ) 41J-IIil!1L 1t1:1:i{i 
ii'£{t:1J~ 

~:lit ( ~1it~f£) illlliElL 1t1*~ 
/% }j/flli}~;of/jC 1% rrrm~*;;;e 

IID*~~;g. 4. 2 126 ·~j!{t~.:ltr& 0.2 35 

tli!JIJ~J;j< 3. 5 245 

~-4~6~~.*m••~~~~~~•* · ~•~*m~*~~~oo~~·~• 
~M~-$.Wg~~7·a~.-~--~~~-~··*o ~-~~~~~ffii£~ 

~~~-~~~a~m·~~~~-~~-~.~··*· -~IM~~-~ .• &IA 
~#~-~. ~'L~~H~~-~~~~-~#o 

< 2) ~t~nti~Wf~.~.~Wf1jj!J a<J$!-ft ~7!!!1fiJ o wJI!'IS~ff!!1flJ;f!~ ~f!P:ff.ffi$:Yl!!1f!Jft( .~m-

~~~-~w•~••@•*~••o •~~~~--7~~mz~~.~«~ffi•m~~ 
~82Mo ~~-m~-f*P-~.~e~•*~·~•~* o ~ffi82MA-~e~-~ 
~~~.~~m~*·~*m~~~tto ~~'IS1fm~•m~&ma<J~m~.*Mm~~ 
*mJJr•~o 

~~1fm~~m~g~2•~•~•~$~.~~•ma<J•~~$~~~ma<J••· 
161MtE.~~#!£~.!:(7fMI9*tJ\, im~21f!J~~t£9l!l1f~jtl;11P1jj!J 7 ~m~Fo~o ~~~1rm 

~ffima<J~~M0.6%,Wg~•*bnM.M~••~~~~•~*~.!:(a,~•m~• 

#~m~mh.~•~*~~-~~~• - •w.~~•••~*o io•~mM~~-~' 
~0.4%,~tl~~~-*~·~o ~~.~-R~5~0hl$~~-~~~~MOO~ o ~~ 
M1fiJ~•~n:li~-~7i1ml (O% - o. 10%) I*.J:tt~nat. ~.!:(l!Jjt~JL~~nik- , ~L1t:.t1:~~• 
Iflf!~ll*fij;; ~IlfJJflJ~ji~ O.lO% - 0. 15%B;f, ~~a<J~7fgrfg~~0:] . ga)tj,, ~2tt~. 

••ttntta, ~fi&M&~~-~*~n.~•~••~w~~~me.a~~-~~~ 
~--~~. ~-~#~*·~m-~#~m~ . .!:(•~•~w~•$o a~m~~~• 
G$1f~~fflli!itJ~ffi~Fn~ . {a&,~rew~:J.matm, ~.!f::tl!!Jm.A~~~~ffiiflf-H ~~rru~ 



.... .......... ....... ... ...... .......... ... ... .................................... ............................................. 4. 3 ~ 8_1}!)~~) . J 25 . 

iiJEJT~;j(tf91filt o iM'/it;!f:::(£~?@Jf1J;JJilA 3mjn _Fo:j:l};bo~SE1fiJ o ~~f*~4H~?tEJT ~ lt-91J7} 
zu~ = ~'*ff.fft.£~1f!J o. 4% - o. 6% ; 1t~WJ3f1J o. os% - o. 1s% ; ~~1f~J o. 2% - o. 4% 0 

*m•tt*Fo , 1tm••:bu~.~~-~,.~Fo•. ~~~,L~~H~Bttnma. 

~~-MTS~~~m.-~7~~~~.--T~~~M . maT~-.~·T·~~ 
mo 00 4-19MW~V-~~~miEffi~~~·~-~~~miZ~-~o 

I 

~ "-it ~ 
!II 

2 

r-

iiUf ~t!j ~@01 
mill fl~~1;!1 

• 

iQf't! Qp.j EI~M4l 

'-' I I ;I I 

00 4-19 t~!l1£it~$tff!! .!:i tt-ii!i.$t7@rZmtt'lDH It 
t -tt-ii!i1t~~~IZ; 2-tki!K1t~~iil!It: 

-el.Q 

•~~tt*•~•#•~•••~~•.~t8m~•8~mmh~.~~TA~~-~ 
~•@•~•~•~ . -~a9'L~~-~=ttnm~nR•a~o •4~7~W?tiU*m 
~ii!L~i§8·~~1tf§tt*ttX1t~,L~:I$Httftm~o 

*4~7 -~~~$-~~~I~~~~~~~~~~~~ 

'$.. I@ $; \i'tJI:Ig · em - l ~:tlll€'/'41 em :Jiil!Vm · s- 1 'J:/Jt/ mrn 

t\'· ii!i '$.. ~ 1.00 - 1.1.5 6-7 3800 - 4400 17 - l8 

fk.il'$..7@. 1. 0.5 - 1. 20 7-9 4200-4900 17- 19 

~0 

f.tf :rt 111' liil/fJ om .!lfltt u~ 2 4 7 

~ij:\j,b\2~/cm 10 g 6 6 5 4 4 4 

~llt/m·s - ' 49.59 4846 
• 

4464 4484 438.5 4201 4273 4405 

~llf/mm !8.86 19. 32 16.24 16. 38 

4. 3. 3. 7 -f.t~1t,~~~;t..t1. 

~~~~~~~:I$H~~~$®~~--~~~~m~~-.~~~~~Htt~~ 
~. tlH~·ftHt9J@a9m~::l!~'~*#o f:E~L~:J$Ha9fl#~:i::tm~, li!T-fit~~ffl!a9~~Y..lt 
rill~ , ~P~~t£~113Cf*:tk~ 6!1lf~tw~ T, 'L~~~~fi~F~ttn-m~~iiJ•nP!J, ~ ~.iE -m· 
-~~~=o m••~~~~•~tt.•~~-~-~M~tt.-m•~m~~~t£''~ 
*»~*·o ~ ~~ffl!A-~-h~~~-~~*·*·~D-~&RW··o ~~-~ 
~~~~-~~.~~~A··~~~. e~n~-o ~~.~~~~~MffMB~~-



· 126 · 4 .fL-ft.)lilf'i~t.~~.:$)-a$..-iflfl ························································································ 

~~~~8~-~fi.qm~&~ct•£~~~*~~~--~~~-~~--~~Wo 
~~.~m~a~tt£•*~~--g~~~~~m••~-~o E:i1!-~••.~•~ 
fE*tk:~1itMtaswnn<~l~ wJDH!iUt o 

1lj: f.t~ masm~ ~ ilf ~ ll3 ~ ~ PJiiJ , :if'-&.!§ 5>~ ~ fl-m:r- 'LJBH~ ~ Wi nt- * f.ttH>l~:fl 
~.W~.!§ef.ti~~•*•w~~o ~~ll3••~••~smef.t~~~'L•~~•~ 
••k·•••~~*·*•~~~~~~••••~·••~~~-~~w~"~• 
~o ftB~~.aW*~~-ID--~~~~C~ttB•::k~-~~fflo 

o) 7&W*~~ec71!!a~·rt£tl9~nln.J o ~m~n~t". 1!¥-l!ln!lN&1**W~~tJO, i**l¥.!fm 
S&~~*~Do ~~-~".~¥t19~~~s•~~o ~~.Amtttt3B~Mi*l¥.!aw 
*~~~·~~~%~~•~tttl9~•0 ~-~~~l¥.!•~~.~~m~~w~~~~~ 
~J o ~n~7Jctl9aoos!EJJ::k, /Ffrn%~"tff!! < ?1Hff!J&ijt:Ji!:7€l7* > • ~!HE.-¥!.m~7.l<m. aw* 
~*~~~~/F-&~%d~~~ffi~••~o ~•~~••*~~-~•*:if'ft~#m~ 
~71!!tl9a~tt o ~~:fl®~:flm&i*iDZM.~2m•.~m~•w*~<-8~2ox 
10 -s ) l:t~J.l<{~~~~. tf~{~~HE.~J.l<mnt, {E!:I!!/F~~~~~~I¥.Jq~o 

k~*~-~.~~·lii*~U~~~I¥.J%~J:t-*~o ll3~.~~f.t~HI¥.JM§~ 
~rrwt~iitffl!1l1Ji€fnt"f I ~~n-~awt.5tt1l1Jio -t-=~~i11MHJ13~ 6so3 ~. 5C'f~"'\ ~I¥.J 

·~·11:;1=t5E$::ki¥.Jt1=Jf1 . 1E!.M1JE:it.!"tffiHt~%~A:fl-JE:B93'&* o 

(2) ~}3l5C;J"~rf!!f.tt~·lt£~~ul~ o tk:~~~·;E·I':E~~~iJJH~~, ~~-El.m~¥@.~Yil.$H!ii 

•.wRati9••~~~-ID~~-I¥.!m~tto ~•~.#~7&WBJ3l~~~R o a4~9 
~A~awmttm7.l<m•l¥.!•w••~~~%*09*• 0 

* 4-59 ~~~lfi;.!:ii:Jf~-ti:tt-.1~~ 

~iiiiffltt~J 
!l<iiiHICJJ y Jli0C1] ~i@;Q~t 

~ ifiiffl'l'! i'fil 
;Riiii*;:/1')' l'i/!£11 4o(1@ifitifltt 

/ N·m - • / Pa · s / min / N · m-• / Pu · s / min 

' rriton X -HlO 3. Q5 )( 10- 2 ro J'lttilll~ 3. sox to-2 39 x w-• 2200 

Santomerse 3 3. 25 x!0 -2 3 xlo-• 440 t-~il'l 2 36xJ0-2 55xl0 · 4 6100 

Flm L 256xl0- 2 4 xlo-• 1650 

•4~9•••~.•oo*~.!§~~••*5E•~*~ ; w•w••*·••~%d 
~~m-•~•*· ~~•••w••~~u~~m%•~to o &a~~.~~~~~~• 
2o ~~~~A-~M7.l<MR~bnAA·U·A-#WUA1, --~~-~~~~m.~ 
~~~-•••*~o.•w••m~•*ioo ~'Lf.tWH~~nAawa~•~~fi.~~ 
i&~'LJBt-f*~5'H!HiiH.l. ~z~~~-1* ( I!P?t~~ ) 095'~~11t~1Hi~l¥.!aool/i•. tf/:bo• 
ifii}gH~ll. b\Wm~~HI¥.Jfiif3fft• o 

~~. m:illri!¥LJJ'X-f*B9¥&JDB!nll. ;12~*~1t9:rf!~~a93::~:®!~o ffi'Lrt-f*I¥.Jnta~i 

-~U·~~~f.t~RM~*~'Lf.tM~,~~-···TB·~·J.ll¥.!9~ffiU·~~:fl~· 
!J~ ~~~ 1¥.1 8 iitfi ;~g z.;~. ~1ij;~f.ti "l: ilitift I ~ v.A~inJll{ -f*~ffif£ 1ti ~ ~ 09 Wilf • * 
in~7f!!~ttllill.~, .t:iJBH~~IIf;f~i@.~~~ o !iH~. ~:IJDj,':fitf&~-*Jt*. jiij;fif.Gjt:Jt~o!fL 

-~~*a••~~-.-·T8f.t~~~~'~*·~~~l¥.!8iith~, ~f*IU~v.A~ 
!B o 
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1) ti~~L~i*~~~;f!B!i13t o ~~Lft;J$~ 9:t, ~ft~ffi!A:fr lii,J,~::k1I~~~ ~~~~ 
( RP § E8~~r9lGYii<J~~~), ~:tt:bu~L~i*~~~llH!ilf[, i'iJ l~JJtt1JO'=CW.f{lJm~~Htl5!ilfo WiJ 

f!;j, :!fl:bo7~m~~~$ffi.7J, ~'J' 7~7~Utgi*J~~.ff~ , !;51Tm~~if!!E8'J'~*J[~~~~M:! 

~~!IJ:fr3l!£:ftf!.~~ o 191J!Lil, ~7ltl;tOtt~9:t~:bD o. 5% ~i'iU~!fm, JYLi!:lfB!i 7'LJ&i*~~H~ 
~!lilt, ~~i*a<Jfftfl¥ttflli-IE.~~~Jt&1l:. iM~~~f.t;J$~*JIHt$~if!!liiiit1f:.r.tBf, fitff:ttOO 
i'iJw 11--A ~110~ n-t-A, *.mooi-*:2~c.,~~fili1ta<J~Lf.t;1.1:~mrn 61'-A ~to~ w -t-JJ o 

2) ~f~~f.ti~rB!J.t o !LDJ:JJfr~, ~jij~l![~.jj:lil:7iJN5!iJ.la<J:!Jtft, ~jij~1fJ!i&j%, 

s•ecma<J&Jm~1fM::k.~m-tE.aaa~o ~'La•*~~.tt~~•d&~.••~ 
~. ~.llili&f~o f&4-60 :1-J,L~i*lfift !:5WdJta<J.*~. fl~lfl NDJ-79 ~~~Wi.llit1lH~o 

~ 4-60 B<J~~~f!ij, mJ.Jt~~. 'LJBt-f*B<J~Jt~::k o ~Jit, i£-f¥iJEfm~Jk$fiJif.ta<JTJ'trt£ 

~.~~~-~f.tSJf-IE.A:fr~~~~ma2tt~•@o 

* 4-60 fL~~/.3iiH.J.ft~IRJ.fti¥J~ ~ 

INA~I'C 25 40 60 80 

fsli 11/ Pa • s 820 570 170 150 

3 ) •:bomQ~001*8*o ~~-*~~f.t1$H~a~~.m~~~~-~-~.~~ 
~ mo11b5Hm -1*& * ~ ~ :bo • ~71t!JJ<Jll!. oo* nX; 7 ~ oo .&~ a9 3Y-oo .~m , -BI! q~ sm ~ 1-t ~ m a9 ?t 
~;tn1r J.OO:a<J~ifilliJJOtl:bD o ~iti 11tB!il13ttf/:bD, IZ9 ffiH~ft"i:W.l!:bDa~o ~ 4-61 ~iW~~:If' 

FnJJG1f!JLft;J$~9<Jfitff:•l1:fi~i.J\~~:!if!:. EffJ~.&;}}1Jt£ -Tlfr!1r B 9:t•1Jo f 0. 5% ~tfittfi'il-1* 

•*0 

fit :ff o;J fiij i!C:fj A IJC)f B fit:ff:D·tfiil JC:fjA IIC:1iB 

l d :!l~m · s- 1 1fi1*'cm ~~~~ · s - 1 JfiJ:!IIcm / d ~il!Vm·s- 1 §fij;lj/cm :!lil!Vm · s - I Jfil~cm 

30 452 1 5 4157 5 ISO 3862 4 4073 4 

60 4473 5 41 32 5 240 3900 3 3970 4 

120 4213 4 4363 4 300 m • m ~ 3875 3 

~4~la<JM·~~~~1Jo~~~001*8*,WH~·~tt~~Bmto,B~jj~~~ 

f~;ff.Qs IO 1' A 1J3?'&A:frile:t~H<J:/4l~tt~~ o J!3::~ :.liH51:1-JOO-f*&.*ilE~7 ~~liB.!!./Jt~~~ , 

h\ ffiH!it~ 7 G(. m ~ ~2 o 1il ?& 00'1-f**>} *-IE. ~ilE~!JLJBtf-* ~ ~2 . fE!.j! 3:: ~ li<J Ailit t.f T ~ 7l!! 
~~2o J!-~.JA~~~l!P.f!£XW.fJsg~~lli , ep~ff:~~~~Lf.t'-1:~ . ~'lf:fr~JBti*~* 

lli$~3b$~ . $:1-t~me..~JL.lfjJ!J~o 

4. 4. I fill~ 

4. 4. 1. 1 $L1t;iil 693!#--
:11'-;;ifflPtu . iltlSJ.Jc~'L1t1f!JA~L1t'-1:~a9*ill!m?t, ;t:Jtf4!~ , ttfllifei.f,f-~~ii::f5J5tiJ' !JL 



· 128 · 4 .flAt. :/If~ itlJ ill.~ llJt..ft ftl ······ ······· · ········ ····· ················ ············· ······ ······ ···· · ········ ······· 

~-~~mti.~ffitt~*~'.m~ttA~Bttft~A·~-~o ~MB~·~·'L~m 
*fttiffi ·Jit~ ~:kF~j.~fiitiil:~ o. 5% -2.5%, 13-:ll£~', 1E!.Fff®l¥lf'F J=I=tmu ~*-:&rmi9J~:!? 

~o &a~•·'L~:kFH~mg xm•~m•*••~~m~M~~~-•~w•~ 
~M~m~,L~m~~•.mttA~mm. ~~~-~~••m~~~,L~m~~~#•• 
~o - fWJt!!-m. !¥L'ftJ}IJ8~121H'~~'BtE'L~:l'FH 9='Fff~~fFJf.IWW~~B9o ~~iA~ , ""f 
9~JLR.('iiJ~~~mm!¥L1t~JB1-tt~~~ : 

( I ) 'L~~J ~ HLB «lo 'L~:l'FH~fiit:!ibJIIPltHrtJ 'IIB1!17.K~'L1t• ~ o EE ~ 2 I;'t. 2-20 

PI~, m~mu-:r'L~:m:~~'Ltt~J I¥1 HLB 111J.&.5tt·-r 3- 6 z rBJ. iX#~~i!l!JfJ~~~~~$t 

itit.&tULfttflJ l:t·~~tilJI.lE o f91Hlll, ~~711~~1¥J~7J<llJ~-Ml(!rrtJ~ll~ HLB fll~ 4. 3, 

m-r~•~~~HA+*~•I¥J .~~~~~~~~~HE~~&•~mwm~r~B9o~ 
~B~-~, 'L1tff1JB9 HLB ti~1i:~:S, ~r~:/Rj;-:Al:I¥J,L1t~J*~~iitf'HiU£~!¥L1t 
*FH·~~'iitl!~~ o ?i.\ifil-ti!.J.!!Ztl::i1:~J, !1L1t:kFH.-1-ffi~~~B9~~Ji*f**, l!ififf~:bn 
ff1J B9~1··5fll~ifl:I¥J/G~, ~&M& I¥J1!:~tt;. ' L1t1fiJ I¥J HLB tli~~_t~~Wi~~'ft . & 
1£-~~!t_t~~:Jt~~tto iX~~W!\HI1tE~~If'F9=', ti:~im!M,L'ftjf!J~ HLB it, 
~~J.i!Z•*m*B9~1t o · 

i& 4-62 ?itlJ£7$7} I~Jf.l :ifls:t'l{]f"' &'{:d~tgit1J.~ 9=' JJTfl.J'L~iflj ll<J HLB {11, l'iJ fF ;.9- 1-lt&i! 
a<J~5tJ~Mo @·~!1Lttat, !1L~ffiJ~~~ltlffliiiEW~*itt;t§ltlit£~~~.1Vt*mnltA~ 
*illa~~*Wfftl~~o tl1~~- . -~. it~'L1t1f1J(J9 HLB {i[at . ;f!f!J6,~:StJm¥U 4iJ1-.IVt* 
1¥Jg.El)JX;o ~~_t, li?i.\ HLB {G:;i:J3 - 6 B9'L~tflJ ~~fj~:(£$t~~J;1(t~Hrlt?:m.JVt W/0 ~'L 

tt•.1E!.wrma~¥J~~•~•~tt•;f!fmi¥J•IIJ o ~A~~/G~B9~1tMWT~~~~oo~ 
B9W•~zma~7f'~YTB.IVt a<J o M~•~ . jn••m~'Lttm~~••~~m•mB9rm 
ffiM~~ili~~~.~~~-~-PJ~~-*~*~h . 'B~YTm.~Vt~~~-B9~~ltlZW 
~-~~~*.MW~Bm-t-~~f**B9•~tt~Ro .W.~~~H~itim~-~~~~ 
*ftf :x~·'L 1tW m.f.tt~ tU1l lW:i: f-1! MO.f .$¥ ;>CliB~ o ~ 4-63 :!! 4H~Jl 1i€ rrtJ t4: 4m m (t<J !1L ~, itt 
MJ9T@B9'L~tflJB9:fiHE HLB «lo ~~~}ji:Jiki~_t}iZJ.!!Z.ffl~, ;;o~~-9~~89~-~ 
~J.!!Z~~WX;f:i21;fi3'L~ffiJ~;f!f ~~ o 

$ 4-62 $5ti~JJl~a9?'~Jn-a9 HLB {I 

m it Wfj'fril<J HLB 
t6f!MJf:lit 

Jfi it Fli11J ~~ H LB 
t6 t.J:l'PI m ta: 

( @i :lil: 7}-fi) I o/o ( ~1it7tfi) lo/o 

ff. $ :lt i'J1l 1tllHtf-f Jlll 13 3 ~4t~U:~ii(:ft.Jfi:Jt~m I I 7 

~l'flfflM:Jt 16 5 iif~~miM:lt 9 10 

Jtli "* 15 3 ~~l'flj 13 5 ~8 

jfiJfft~ 4 'f!J All illl 10 

W'!W illli* ~ W J!IIJ i!Ul 1t II * 711tt:tl .t: OUM I I 

r.1( I\ Mi.'L :0 Jill' ' ~ j,'T 10 llJi !II. J'!IJ 4 

rmMJ I ~9 1!11 w .m m J'!IJ 9 ~ 16 2 

l!ll.Jl:.Yr~~~ 15 ~ 17 14 J](fSf!~L~~t.l 14 ~ 16 I - 2 

rt!. i1!t m mill 10 #AJH~t.l~U~ 15 
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J')f~ a<J HLB {1£ J'JT11J il9 HLB {1£ 

illlffi~J.l!i: l L 1t ~Ill ;!<B 4tlJ J.l!i: !JL 1t 

W/ 0 0 / W W/ 0 0/W 

:1;¥ lrll 6-9 ( 12. 5 ) .f'lllT-illl 7.5 

tHllll 12-14 :klillll 12-14 

;f:Jt~llil 10 -13 ~T-illl 7-9 

~-lUI~ 6-9 12-14 tll jj]i] i!IJ 7-9 

~i*-E~ 11-13 4- HIJ 7-9 

}L±# 10 - 13 .;'f-'8HIJ 8 14- 16 

w-~ illJ ( *-21Jft ) 4 10 Dl'l Jlfj~ft~ 11 -13 

w-~ illl c m .ll!i: > 4 10-12 il*Dfi.llfirit If! fiN 11 - 13 

w- !JifiJ llll c llll aut > 4 10.5 =lfl¥~Pit~~ t5 

1!1J~llll 10.5 M iill 15 

1i illl 4 10.5 =tt1tlilii 16- 18 

~Mllll (I%) 12-14 =:fli(.Z:.~ 16 -1 8 

;jfl illl 12-14 1!!1~1tlilii 16- 18 

ti!mt~t {14.5 ) ~~&lit 15. 5 

tit 14 - 16 ~=m~ ( 13 ) 

1i tit 4 9 ~ ( 13) 

* tli 12-14 -li'1i »w Till (13) 

+;\~~l!l 17 =l:fl~ ( 13) . 

illl IJl 7- II 16-18 ffi.ftllll { 13) 

llll M 6-7 16 - 18 :?:illll~ 13 

~*ltM 13 tt1t1itli 14 - 19 

i£ Ill 10.5 

~•mw, ~~ Hwm~1i~•~•*~•w~tt~*~•~~•#tt. ~••m 
:~:~Ba~*#*iii~tt~J~*~·I'!mt, IZ9Jlt1£1Wf~iA1!~~~il-~~•w~·~if~ a-t, ~ll·tl 
:f:IB-BI!ffl HW tRo 

(2) ~L1tJflJ7t~M~~.1Lf*:£ 1'BJ*f·~o ~L1tJflJ7tra~~7.k¥1?Il;fO*rd:J¥ffi~.1t#::£ 1'BJ 

-~~RJJ~ofo.J;tt~L1ttt•o 1:!!.~~-m. ~~~L-f.tif~ ~ffil.K~ffi;fO*rF!I~ffi;(£~L1tf*~~il±l 
7.K!f.iii...tEJTJ5~.1L#::£fB]jc;j\ti:tl~ W/0 ~fl:l 0/W ~o .:zF-#~ 3 ~ 3. 1. 2 ;J\13EJT~tl~~ 

iEBMM;filiEB~~·~-~~~~-~~'L1t#:*B~~~~ffl~~~o 
(3) !GW:~il-~~f!Jffl o 1£*AA~I}]t~~9=', JdllB?;:}~~. ~~UtJflJ ;fO~ l::j~~L 

1t~J:£JVttc1.tr~il-tm~tm19l:mil-~*, YliJ~L1t~J~~L1tfmJJtttt~~.!ii o -~:f:~Bi?'t, ~~L-f.t 
JflJICffl~tmmt:k~~;!F;A~~W~tt~-IHli-f.til"tm o 19tl:!lD, ~~B~Jl1HW, BllTJlfJM , B~JlfJ~ 
•o ~Em~•mt~'L1t~A~ffi~~*-r-•~~•7.K¥m~,Jlt~*~'L1ti~JJ~~m 
~~~~o a 4-64 ~IJ*~~-f§1J-m~7 ~#~D(<ij, jti:f a f91J;!f;~*iiiffltt~J?$fff(.:E 40mL 7}( 

• 

-
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J:j:lf'F,L1t}11J*!¥L1t~~iiim·l1:~mtmNfr£ IOmL B<J~~ffl'71B J:j:l J9T~~7~~~; b f91J~¥f-t =:1;7t 
aMMM~~-~~~ ~m-t=m¥.ftD~*-~*'L1tW•o 

* 4-64 ~~!lt~·!f!l{tfjg;f}I¥-J~fJtJ 

a 911 b 9IJ 

Mi-fr~ ffl-fr~ 
l1llii8i* - l1lll!l;tt\tj;' 

w iiii ti'itt~J 1L1tlllP~~ 
+=l;la~iW 

+=~:!!if$ * Ml t¥.1 u.t fill - -*01Jil'traJ w liii ti!i 1'1J'Ill 
Wlf. 1\!l ~n 

( 75mg) ( 140mg) / mmol · L -I / min / min 
/ mmoi·L - 1 

17'\t;l~IJJ.t~fllj ~~tt-1& ::1:! 6 0 1. 7 16.4 

t-"'~~·Ut!l! fill II!!!H~( C27 H45 OH) Lit:tTt¥J~L1till 6 3 1.8 17.2 

+"'l;la¥"DiU!lftli ~b "' m~tt:lff 6 6 2. 8 23.5 

t-:t\ ~¥.iW!i)ltMi'fl .!iUillll'$ ;Ul;tl; IHf l'l<J1L 1t~ 6 3 3. 8 17. 1 

r '"' ~;m;i$~Mi'fl ~-""'~~¥ t!iU't I.Hr t¥.1!¥L 1t fil 

»-* 4-64 J9T~tl 09WJ-1-~191J1iJ liA f!ij liP. :ttl!.tf ttl, E8 T"~ ~~ ~ I¥J~~~{j!,L1tfm.7J~~¥1J 
7f!ijRB<J~· o ~D~1iJEM~~ : -~. to-*re%~-~·B<JR~···f'F-~m~~ 
1t~JI¥Ji!S, 1J~~ 1:!:'"L1tJl!JI¥Jfi:~HLBffi~~/f'~~ ~Jt-t . ~~:ff*H~f'F.ffl; ~!X, EST 
··B<J·~~I¥J% •. ~~1'£~iiiffl~UW··~I¥JE~.~-7·~~B<l*iii.;M 
~.~&~~-B<J~m-~1iJ·~~ . ~~~~iiia<JS~~~w•wl¥.1~-~~ftj) o 

< 4 ) 7l~ ( ~~) !¥L1t1flJo iE'L1t~ B<JiWIJ~J:j:l ~16 tl:l JJe, ~~J.m~~ l¥!--:!1L1tJflJiWIJ 

§B<J~1ta7f'*•~BI,~tt~.m•~••~liA~~1tmm~{j!fflW~liA*~•o ~~.iE 
J;t~ EL ~~tl~1t:J$~~~Jl:tfte It J:j:l , {j!.ffl·- (J9 Span-80 :§.X M-201 :1L1tfi!J, .;li!d~j-(!(J 

-~- ; W~~,~-~-~.xtttt*fflSpan-80~1-tm~•~~•••~~-~~1-tmo 
;lfffl Span-80 ffl-t=~~ft®flliiiJt 6503 R~!¥L-ft1f1J, t~~-*.ffl Span-80 'L1t}11J(J~%(.*~ 
~H{J.$o !fL1tJflJS9~:1JD~1E~mNf7h»Ji:Jj!lj , :tE*JfJ Span-80 ~-t=tMHJ!tMfllitl~-B<Jfl!j 

l}t~, '1lbf6tta9 Span-80 ~1JD~J'1lb;f:HJ:f, 7.Kf6tti¥J-t=:l;7t~iHmM~~1JD~J~1t1f!J~7.Kf6~ 

J:j:l,-ljj/f'1iJ~=~·;£E-®'{t.ffi o 

~~~~~ma~~'L1t~a9f'F.ffl:tET- .~AM7f'~:tE~a•••~w~••••~~ 
'L1tfi!J~~~~~m1f:l!tl!~tf.Jm, f.EI. ~i\t~'=fft~~~i%WiJ.fliUif •• I¥J3C~f'F.ffl, {j!~$: 
e'=f ~•r~~~~'=f1t~•~•a9a*•~a9••·A•~••~~-~~~~~¥Jma, 
~~~1Jnt&~iiJ:I¥Jifll~'=f·mt~tttt~1JIJW~JT-!fL1t:I$~1¥J~fH~JE·I'io ~M. ~~f'Fffl 

~/f'~rafiti~m HLB {l[*Nf~I¥J o 

(5) *?&ir£. fft~-f~o ».~~X!eR.i:**· J9T~ffla<J,L1t1f!J/f'1)C~ttfmli~ . W.El 
m~-£~. ~-~;I$~(J9··~*·~™j~fflo 

4. 4. L 2 "f JfJ $L1.t?lH.il1!'-

~f'F~1t:J$~~'L1t~~-A'1lh~*~B9,*a~~;h~~. ~P: ili-~~-~~1-t 
*• lmcl*~•a9m~~- ~#T•r=~~-~~~m~•-•~!¥L1tfi!Jo iliM~M 
lff:!1L 1-tJflJ 1iJ liA ~f.S ili ~ t1.! D!f Hli .lttH\~D~, ~11 ili ~flfM!f lfi fJ ~ M ~. ili •• B!f iti '1lb M 
D . ili~.mtDDf-~.tfliM~ . w••Dif.ifJ-iiHiiftUU1lili~ftDM.=:~Bijft!lJrno mH!it.ll:li~ 
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Rlt~B~JWmzl¥11f!&tl:t~ll~*11~~tt~ll~~o j55'~, Ja5:ff LlJ~tm~M~$.tZ.:tffilli~, j{IJ LlJ ~­
•••z.•••m~-.~~-~o••~z.mC4)A~B, ·•~z.mC2) M~M, 
~-~Z.W(2) ~~~MM.~-~~-~~A·~~.M®a~~.-~1¥1·~-~­
~~~~o 

19-f!f-T l:t~, ~~J:j:l m1, ~ml, B -*~:ff:*:~~IJ 9='f!ffi'JI¥J~L1-t~J71J-T~ 4-65 o 

~ 4 • 65 1i * v 'U If! fi JIHF-J ~ {t 1l!J 

!N~ii!ZMJR ~ ~tl -!} 1j!Jf.h¥J !11. 1-tJ'!IJ ~ ~ 

;IUJ< LIJ ~ li!W..I'Ji71!1 ®lili ( Span -80) 

""' 
ll'l 

;luJ<*fli~lf!-71!1~f.l < M-201) 
~-@-!ilL 1t1l~J ( M:f<ll~~ 1~Ff !oW !ill 1t1lll 11(- JE It 91Jtl!-@-mJ Jilt) 
!l{ ¥f T t.ll T =~t.lll.Mt~!l'L 1t1l~J 

U. S. P. 3161551 
(I) 4 , 4-~ (~lfl£) ·1·+-ti>*£-2-P:l~~ 
(2) 4-Ef.l~-4-~lfl~-1-+-t (~) ~-2·11!~~ 

(I) Pi=M~HIJ®~~ 

( 2 ) t'Hi' ~~i!i!iliJtl;f;~Ji.Uii: 
(3) ~z:.=~Wi!! 

U. S. P. 3212945 ( 4 ) F.li~BiiBii.IIUll~ 1tZ:.mB9:JJn!ilt!lm 
( 5) ~ z:. :M'iiW . 
( 6 ) -!': iUii Jl1i m1 if11 F.li l!.!t ~ B9 f.! 
( 7 ) *iilBIJJlfj~ 89:/ili 

U. S. P. 3442727 i>*~~~~ 

U.S. P. 3164503 
3447978 LIJ ~liM Iff HI!! Blili!1 i!ili 
3765964 

~ ~ (I) i.f~~~~ U. S.P. 3356547 
(2) i.ff.jft!!~ 

U. S. P. 3370522 
( I ) ~f.jft!!~ 

(2) ~Gft!!M.~/i'M: 

U.S. P. 4008108 ~ I!~ ft!1 illl 

( I ) lolUil". Z:. :bt~i!l!i~ 
U.S. P. 3617406 < 2 ) ;IUl. Z:. :bliW 

(3) -~Z:.:bli>*~ft 
. 

( I ) lJ!l ft!1 ~ Jji;/il;: 
( 2 ) L1J ~~11/ff B~ B/il§l( ft.'l 

U. S.P.3674578 < 3 > n~:r Bli ft!1 89 ~ ~ z:. i>* mr1t !1m 
( 4 ) + =~!!i;lt:iji\ti§l( 

( 5 ) * ~ iiii 1\:Jf(( 

0Jf~i.'f0J1l ( A) VR.M ( R- SH, ;J;!;<f R ;l~dii&~J!X:bf;~£, ~lili: .::r-~:JH -26) fiB 55- 75994 
13 * 0Jf~i.lf0tll ( A) ~¥Z:.~ !oi~¥f.IHI%~W;J:t:~~ ( :.t'O.xt5l-.::r-J!Jl:iit 3000 -20000, ~ Z:. 

fiB 55-75995 :bf;~1t!lm 5% -70%) 
. 

. 
W:llll~*l EP-{)()18085 w.i tt-tt Jiltilft-@-~ !¥!. 1t1lll !:i tHi!i iiii §ll< ~ ~ 1t1lll ( :!Ul , L1J ~ t1!i Mlff i(! il!l 

~r.n 89m -@-!118 
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J& 4-65 Elfj~I¥J~L1t1f!J~'ft';hf,r:if'~. fE!.~~:if'fmtYA'& 131W~~.f!J ~ Elf'i!JlH1:1¥J o f& 
w~ae~•M.n~~I~1t~~~*~~m~¥J~u•~•~el¥1.~w•~•w~•~ 
m JL~~;a:~L 1-t.:l$~ rt:r 11t m 1¥1 ~L 1t1f1J o 

4. 4. 2 ~*w~UJ!Il1tillb1Uti 

~JJ<LiJ ~~&'I.-ratlMHf~a<Jf{JJ~~f.l'~ Span-80, :.@:-;flll~~I¥.J f~?tr~F"Ilrr~-001! 

ttm.~~-~~~L1t . ?tB,··~~-·•tt. ~ ~9~ ·~-00A*a~*.r~ 
~m~~m.~H.~&,~M.1ti~*~~DIW~·fi~9='.~1t~HOOilifi.Xif 

MT·I¥J~m••· B~7hM~-~1t~HI¥J.~MMo 
4. 4. 2. L Span-80 ~ ~ A,fl:r·li. fi~.tlfl M~ 
A Span -80 {f;J "*" !/X. 
Span-80 ~~LIJ~D, MllJ;.W-~. ~-)EI¥JiA..&;l'd4~, l£it1it1t~I¥J-fl1t~m~, 

~~1t~@R~~F·a ~S~~m~w·D~JJ<d~I¥J~m1t~S.~JJ<wM8~M~ 

&m~d~~ft~1t&$o ~~-~$~O~: 

Cll2 0 ~I 
I 

H-c-OH 
I 

HO-c- H 
I - H20 

H-c- OH -...=......... 
I 

H-c-OH 

CH2 0 H 

El:!~w•~~l¥1Jml.K&$~~_t:liHI!!~~ I¥J. ~d~~·~1tit~I¥Jrl*~. Em .lit . 
~M1t&$~~~M$;flll$~1¥J .L.~&S~RALIJ •• M&7.KG1t&$1¥J~~ft·% 
~o~•~m.M~~w~~••*~1t~$1¥J~•aM~~••~.fE!.~*~~~, ~ 
~.ffl*MM~~~7.KwMSI¥J~~1t~-·~~~-o ~-J&~.~~1t:I$HI¥J~L1tM 
~It: r:p ~JHt(~~7J< Ll1~WfM tft 11.11 Ill~ ~'L 1t~ m , Em .lltJ!ofPJ~it!J ~#'ili!~;ff .f!J ~ lf! ~~ 
I¥J~d9!~Jl Span-80 ffi1J~~I¥.J~TJt/7~o &$iA.~, D;U~'I-~*1-fte~~, J!~Jj(, ~J.i)l-f*t'?-9: 

i* ~E!Till!ffl l¥1 ri.IJ ~;flll~. I2SI ~ , t5Jt~$~ u~EJT~~ ~ & 1¥1 P3 :fHHd o ~ 7.1< LlJ. f§M~ iilH\~ ~ 
G1t~$~13J ~:tE~A N2El C02 ~ffltf&i:f*-fitp~ lltfi, ~ ~ ~lE~.ff~ ll!:fi o 00 4-20 

~~t!l.sm~ ~ 

~-~~ ~m lilt ffi 
{t 
l'fil 

fill f!l a! F 
{t "' & "" 
g 
~ llJj llll.l.k 9'.,ffi - 11~ M. 

~ 1!J. 
~ 

* 1¥1 4-20 Span-80 a9~rti'f:ti~ 



-------------------------------------------------------··-······································ 4. 4 l'tb e.1J<."11!1-flAt*'l • 133 · 

!HI'J~.ffil*~f' Span-80 ag~f'It:mt~OO o 

x•.D~&~ASpan-80~t-'MW~~~-$~o ~NM~R·~~~.~--~­

a~~ . ~-ag#~~-·-ili···~*·AS~t-'~a·~A~-~~#o 
B Span -80 lfJ ll1t •14 ~~ {!§' .# 
Span-80 jt~W,1Jfi~t!.1ltF~~1*, ~Mt11 lOOOmPa · s (20"C), #'&.~11 245. 7'C, ~:fr 

~-T•tm11<, 200 x 10 -6 ~~.f11<ffi. 5% ~ AiciJm~ ~, PJ7§-T1t~rm, 1\~-T~m, mfffwJ ~ 0 

Eltrui'llfif'~, EBT15"~$($~ii!tlf'rfb~-. Jf-~;&~1!-*_t~ti:- o 

h\ft~·!j:•*;g' Span-80 H.ij-=fr£M~lli~!IW-i\'i~' x•A~i\'i~~1t~·!j:Ag, :!ill: 71< 
J'$, 1$1$, ~Jm·o 

~ ~)(;j" Span-80 agJ!I!.~:&tf--JN-j;Jt}i:jg : 

~ift/mg(KOH) · g-' 

J€1.1-tiftl mg( KOH) · g _, 

~ift/g(I2 ) · g - • 

. 

~ (¥) 1ft/mg(KOH) · g · ' 

~~R.V<c 
IAl ,¢,( ( 3f 0 ) I CC 

J,f;JJ!: (20<c) / g · em -l 

:$'~%il, 

,.,;;.7 

153- 157 

65-75 

200-220 

,.,;;. - 10 

;3:240 

0. 998- L 05 

~ .¥. .fii\~~Mf~~r:!Plie4WJ 

~*MagSpan-80~t-'151!.F13MW~. JJJ*:m®ffi, -¥!~1ft, W!l11t5¥Ur£ (¥) 1ft <mi~ 
"Jm11t") fF1J;Jt¥.2js:~~:m~, t£Jtfti!,=1~~-T~~L1tifU ~m~~{t{~>J<, ~ !16·~7/tt.(;m­

~ii\x>t;JtfF-mi~~~: 

a 113l1ft 
~11t~:m~lrllg Span-80 f-l!rfb"Pa97b1~ni~JWM ( r!H®) Eff1%'~a9it«1t~~1l~o ~ll 

=*~¥fMMaga:l::fr~itR:~.tiUi:t11t, W.rw~*W. 1. 99 flP1-1L ;!t~imt5#dllt~~: l$l!Rii\ 
.f;f 0. 5g ( .f$fl.¥: 0. 0002g) li-T 250mL ~I:Hfjffip:p, 1Jil95% ~ "PttZ. I$ 50mL, 1Jil~151!Jt$ 

1$, ~m1JnA$ii~iHftm5FWJ!ffi?;J, ~.lf~ O.lmol KOH tT-fft$~$i!E.¥:~Hit!., 30s I*J~ 
fJ!! t!. flP Jg~ ,1~( o 

~rAit~~*'f~=~~~•1fr 

ll3e11t - NV X 56. 1 
- G 

A'i" N KOH~~m~~-~-N; 

V ii\*'f~!E~Mmftag KOH t':J\~$Y«~~7H& ; 

c uef-l!a:m:. g; 
56. 1 KOH ag·~-il: o 

b -¥!.1-tffi 

( 4-7) 

-¥!1t11t~ffi"P5fU lg f-l!rfb ~ a9Wf~AiirJWMlrl-¥!1t;lt9=' Jifr15a9~il® C ~~~) Mrl~a9 
KOH ~1l~o ;lt;f&?]!IJ}JY*{!Jt~~: ft~ii\*'f I -1. 5g ( ~~.¥: 0. 0002g) !{-=f 250mL 1$3fj 

mt"P, mttt«1fllbtl!R 25mL o. 5moVL KOH mtnmr«, m~-T~-m:Tfjn&9=', ¥t~m%n& 

~@•&••~~o ~~~•~•~m•~mR-r.a~~h. M&Ptr*&•n. ••• 
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0. 5rnL 1% i~i!Httc~~)Jil =f ~f.t~~, ;Jf.lr. f.!Pffl 0. 5mol/L HCI fiFflmfil~~Ie:tt'@.·~j!fj~;#( 

li!P :1-J ~ ,~ o 

ft~~~~~~#~.*fi~s~~o 

tl(~j.\it~;M;~*: 

~{{:fit _ 28. 05 X ( V - V1 ) 

- G ( 4-8) 

j.\: ~t-a V nt~~ S m~EJT~ ~ 0. 5 mol/L HCl iff~~ i%71-~; 

V, $i~mf.FE!Tmi¥J 0. 5mol/L HCI ~~I¥J?i3H~ ; 

28.05 ffi~ =f lmL 0. 5mol/L HCl far{li¥J KOH ~J'i~o 

c ~fit 

1iJl! fir~~ 1 OOg Span -80 iJt~ Nr!m ~ 1& 1iJl! B9 ~J,t o ~ fft-1¥1 ;k;J,~.JR T i;i.\~ ?tr r:j:t :If' tf!l ;fO 

tl}!~~.crt o ;a;'iit.FIHf.I =.J5 ~jj!IJ~7!1¥J·~~: .ffJ* l - L5giJt~ (f*fl~ 0.0002g) ![=f 

500mL Wl\:IIJflir:t-a, Ji'fJBt:hoA ~ ~~m~ 25mL, #-~ :hofii}IJ151!;1'J;1E?t7~?:J o :11fliJJ!i!Jfi:L =f ~ 
atHt:tvc~t 60min < W!tf1-1 25 ± 5'C > • t&~ ~!Fa~* :±l-i!Hfli. :hoA-1tflll7!6~ 20m1, -N 
}JD~tilJj( lOOmL, )fJ 0. 1 mol/L B9i.ifti.illi'fif1¥1Itiiii):E~j({gt€l'm~, ~;{fjlj:iJOAIJEtlHii 

~~ l -2mL,~--~~-~~d:(!ff~;#c~P:;kJ•~ o ~~~~.*b~S-·o 5~:a:it 

• 

nlhiA = ( v - v, )N X 0. 1269 00 
~·u1 G xl ( 4-9 ) 

:a:~ v :2: a iitH&m ;fl€ J¥Jift tt itt ~i'fi riHit ~ ~JtJJ£ ; 
v, -~jjtj~TI!jf€1¥Jiftttittlli'fir6iiti¥J?i7t-~; 

N ~-tt~ati'flm~~-~tfi&; 

0. 1269 iJI!a<:JJtJ~mtii o 

d 1£ (£) fit 

1£(£)fit~ffir:j:t ;fll!m~ Ig~#M~f.t~MMNrJfJ KOH~~>'i~o ~~OOn~~~ 

~ : ~*Span-80 -~ 1 - l. Sg ( f!J\(ft~0.0002g) ~=f500mL~iVIEJ:f:t , Jfjft1(l~iJnA 

5 mL ft/H~Ht ilt~J , 1i t4HBH~if5t~ ~ ffl , =f ~ ifA ~ D ft 2h Fa tJn A 5 mL lb: r&J;j( , tlA ?t JifHt 11 
B1J.If. -Nfft.it l5- 20min, :hnA 15mL 95% B9 r:j:tf:tZ:.M5fllJL$iM~:Jiffi)l!J iff~ . ffl 
lmol/LB1J1a~1t~tFt1Em~*~i~~~lj{OJltt~:±llJM1-J.~ o Ji'fJBt~-~ S~~o 5~A 

it~~* : 

1£fft- = ( V - V1 ) N x 56. 1 
G 

~l:j=l v ~ala!:•mf€~ KoH mill~~JtJJ£ ; 

vi iJ.t*Fnli~r~Jf€~ KoH m~~~Jt~; 

N KOH fif~I¥JJ.f~l'filto 

(4-10 ) 

~ffl~F*W~I¥J·8~&<*fiM*&1-l ~%-70%)~M~~~~~~f.tNrW 

~;#c**•M:J)i?JtiMft~ ( M-201 ) -tl!.:l!-f'll~-@.~~!1L1tftil. iii ffl =fftiJ-i-!JLft;t$~ 0 JtftiJ 
4iB9.:E~&mL~D~: 
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C~OH 
I 

H-C-OH 
I 

H-C- OH 
I 

H-c-oH 
I 
CH2 0H 

g£~3&fJJ3, 9C7J<;f:fi!W!:'M!IHI~fm(l{J~L1tttfi~~ Span-80 ifti17J, ilJ ~).,( $1 lil:{~ffl, Jt ~).,( iW 
~ 1: 1 71~19!Jfl~Of~::1:J{!o mr·e-f9!JflT~.F;t;:f.Y~~~U.F~ ~~-lfJ:~fPDJ!:$1-, IZS!ffii 
d*~, ;fl~Jrtl}lillffl o 

H fftlmg( KOH) · g· • 

.!1!-f.tfft/ mg • g · • 

~fft/g( 12) • g · • 

~ (~) ffi' / mg • g ·• 

z.~~!jtnl% 

~,Q ( 7f t:l) / '"{; 

*~ 
4. 4. 2. 2 ~#-fo 1-.f- .I. t; ~ Span-80 •t:i~ ¥] ;fJ ~ 

~7 

135 - 160 

70-75 

220 - 280 

<L5 

206 

~ 3~J.!H~. ~i'411l! .it~ 
• 

~JlJM~~ iiimfj:Jf!J~Jfl ~:7G~~BlilVi~&J.ilZ~JVta9lilH'F~7J<£, ~~*&ill 8<J ~£ 
fP ~7J<~a9-~~ oom·l1:1f!J o JA 1t~~f1J..t*~. ~~~ m m·li1f!J~~:7GD a<J:gMHlilVi&l 
~o ~.IVt~-~iiimtt~a9~~aaM~BliDM. **~~M~$:7GDo ~BmB<J%d~ 
$]1JDB<J-~•tt . Da9~~~~7J<AabnA~M1t~a9~~~~~~. ili-M~~M~ 

ttd~ttM1tm~•m~~--9C7J<ili•Dd~~7J<ili•Mo 
A 7tin~tn Span-80 a~~ PlfiJ 

¥dHI~fP1-J-;fstl1ti~MA;fl }yz8<Jffl:iai, ;tl;{t~~**o4J@i~t-J\.iNt-9-M [ CH3 ( CH2 ) 7 

CH =CH( CH2) 1COOH ] , .:E~.ff-~r::Rf&rtll~ r:f:t , ffi•li:mtT-;fl®{il- ~-ft{R , i.ll-fi[ , 'rff­
R,i. ~ o i1tJ li* tl~t~;J- Span-80 ~ iti m it.:I:Jf!J a9 .&t:i:~ P!DJ ~ :;k , Jf :::f ~Elf ;fl"B<J ill!l\fl tiS~ if Jfl * ~ 
.FW:#R*iiiffl tt1lll 0 

JA~Bir:FW~~~B<J~a~$ .~M1t7J<~a, ~ffi*MM , fi7J<~M , ~1t-·o 

I~..t'/6ffl{tfHt7J<.ailitH~nt~BiiJltiD. ~~~~~~~Mo BliJJ/Hifia9?t~ :.I~H1E~~-~.&t7111 

IHI{J 3Cm o * f¥.1 :ii~~ ffi~~Hii ?t ~ ~~ @M~¥U 8<J .F r'ib !tli./t tlt. , {§;tt; ii ~ :tlt~ ::*: , ~ * ~ 
>}(•, 00 4-21 1-Jr!E~~.Fil:Vfi:\'EOO o 

ttllb@JifJ( 

ll! ll!1tllll l.kftll !Jll.l)C 

I l.litJ.:Untlil 
~~Rii/l:!ift 

2 
~W.EEW 
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BI[Jlh"~!fl c ,6M;f1:1 C ,s~B9~r.?:;f1J~mL~.!ii!.*4-66 o 

* 4-66 'iit.ffil' C"lt~ C,8 1ttr..l~~~ifl121~ 

lJi El c l6•o c1s•o C1s: 1 c,s,z lJi El cl6:o Cls:o C,s, 1 CIA:2 

M!J~V"C 35 1. 5 376. l 364.9 365. 2 ~IM.~!"C 63 ~64 70-71 14 - 9.5 

E8* 4-66 iiJ .!A!., 1it ffil'BI[Jl.timlB<J~,~~IUli, 1it ffi~ti?t~BffJ17.HH¥~-- ~~, ~Jlt 
:W:.ffl?lHWJ~?t~~H:~~B<Jlt~~l' :i!fr o fit c.a~UllB9~r.?:~IHl:ili, :W:JtJJltr!?ti'fSB<Ji!E 
~/f'ilJ:iM:*.~1t1f1tfml\llm~ o ~ 4-67 19~~~ffi]i!ftm0-;w;1QJ.~JB<JM~~ilfit.&jl;·!i~~o 

*4-Q ~.ffi~m$~1ttr.Jma cam*•) att~ 

ff I'} I 2 3 ff ~ I 2 3 

~ffi;mg( KOII ) • g -• 196. 9 194.9 198.5 c,~,.l% 26.21 34.83 53. 15 

~(H/J0-2g( lz) - g· • 157.4 147.4 134 Cl8•2/% 60.71 49.27 36. 72 

c.~o/% 0.54 0.03 c,s,31% 9.32 10. 81 7. 17 

C11,o/% 3. 77 4.55 2.93 ;ltfl!!/% 0.04 

.J.A;ff{4-67 ~!milJ.ffl:l:l C,8,2 + C,8, 3 B915"til1fi¥:Jill6:125 70%, C,8,0 *:!.i:t1fe9~:ili: 5% o ~ 
~~.BIDB<J·A~~-:ili~~-B<Jar.?:,j~•n~~~~:i!'FM.*ffl!lt·0-·-~B9~ 
~~iiJ~~~mA~•B<J~i!E o ~ffl&?tB<J•~r.?:a*m~5lli~~*••~B<J~H.~ 
m.J£~.±~t)c~ ~ml:*'~l:j:l C,g, I ' ct8:2' cl8:3 (19if:l3x;j'ir:il!o P.Jr/1'~ B9 .R Q$?t '*69 ~ ll"b iiJ 
-~~~$?t!flft~ o ~~~,L~~at•m~~~WB9M~: ~M®m~~~--~~* 
11100173, fE!.=4'1'1a 15mg( KOH )/g ti15, _ffljl;~f"I¥1'L~~J~~!JL~:t$~a;j , ~iE'iit Jfl:fit;/JO 

AB9~~••f~~.~aaal:j:l1f~$B9*Ro ~~mM•~fi•a:i!'•.~•~m~~ 
m~~M:ili:B9~D.ffljl;~f"B9'L~~~~ttftfi~~- o 

~iJl!Hi[JXH~I±iMLWf'=~'fb*:i!'t@~5(l[tmB9:eilli o *~ El ~-&blZB91t~:r.t, JJI!iB..t~ C,s,o 

~(f<J~-19 0' C,g, I 11 89. 83 X 10 -2 mg(I2 )/g' c l8:2 ff119t80. 96 X 10 "2mg( 12 )/ g, c,8:3 8919 
273.41 x10 -2 mg( I2 )1go ~ 4-67 !fil -i5-7JtiMB<J~-m~lt!~1-J l57.4xl0"2 mg(I2 )/g, fJO:tm 
.F&it~jtll&J&~B9~.7J1J: I BI[J):Jj~ag"fS:fit X W:&Ht9~-ii' I!P 19 0 X 3. 77 + 89. 83 X 0. 2621 + 

180. 96 X 0. 6071 + 273. 41 X Q. 0932 = 158. 89 , ~ ~'iJlll !~ *if:l3 :ili o fillJt i'iJ,%, {'= Jfb (f9 Wl!mJX 
·tfJ·~~-~--Il&~·B9ft.7J o .HM.~ffiif:l3~tfJM~.jtc,~,B9~S~-~~ 
fi"ii o 
~~~_t*fi.iiJ.%~MB<JCS~~~B9~-~-l'~ml:~W#o 1ftfJ~~~-B9$ 

#iHW , lifllW1 ~ ; 1f 69 if1t ~:!At~~ c 1s 8{] Nl ; ~ B9 ~If! f.£ ~Jtl ; :f.f tfJ ~ 1t ~ !tlC $ tJ!,ri:I'Yll:J..D'di~ 
Rlrrli£l o 

:.R:?&MB!rr(J<) .:£~ nt5t~=:n~Jl.tili~Mmt o 13 Btr, I®~ 1it JfJ tfJJJ!~71BH~1f: t::R 7Jb , ;tt 
~7Jtl,-~7Jtl , .~7Jtl·o BIDtfJ~M~''~-·· B9M~~f"~~@W, ~~~~;/JOI~ 
f"~tfJM-7lt! • • M-.4$B6~13fi71t!~~FrB9.±·~~o7lt!B~~B~WlWC·~~~ 
~~J, :!l~*B~JVJD~Jt-:i!'WJ~, ~FB9-IMWlS1HI!lt:~:1fo 
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ey~.~~~m~~~~~.~~r~~~~~~mtt~~~*~~~~~~~To 

ROO'L~~~~r-A$~M•m~MM~-~~~~~-·~--,~-~~M~~~ 
~ 7tt-El' ~M M o .~ l¥.l -*iJL ~Jf.l '€ft§~ + ;\. DHH:i:t 90% iJ9 riB M~~ l¥.l Span-80 115~ rc tJ:H~ 
#fJ~, ~~i"ttfil511t ~l¥.l!¥Lft*F~ o 

Span-80 ~-E;-JU;, -fl9:1£$;J(iC~lhl1ll (200'Cti::ti) ruH=io :t£3!~~#;14"f, ~1.'!!! 

jfO D jfO (.:j T c 181¥.l M ~ t£ ~ill!../: ~ ~ ~ -E;- ' J1' ~ jfO .ll.1* ~ 5e" I ~IL~ ?& ' 3! ~ 7Hta Jj1J: ~ 

~Span~o~mtt~~.~M··~~~m~tt•o ~~~ -~~:i:t~~m~aa• 

l¥.l~~~*~~--~~~~~:tEaaaa~mr~~Mw&~~*·~~~~~~ 
~~~0 

ffl 511Uib~, j"fJtU~15:ta:~a-<JribD~~~ Span-80 it1J;Q[~!¥L~*F~, ~:rL~15iil,ffJ}(;j"~ 

~ I P-J iltll¥.l7Jc~t$) M :rL If::! "P ~ ~1hi:L M w •~1m1+~~ ·11: !lff~ o :!i3 7'~ • ~ • M ~ 115 ~ l2il a 
~-H~®·n~~-~ffl~o ~~ ~ ~---ttl1511t~l¥.l'L~M.~FM~~M~~­
ffl:o -fjif!JJ!!{Jt~1t1J:t£ 80 -100 ~-&l~ o 

§~~ ~ pg~~~~*F~#ffl~Miltl~~~mM , ~±#,E··~~m:tEM~ 
}j(~.!JIL~1*~ 't'.U~>J<,Lft)llj~ HLB {11J 4 ft.;{:; o !:j Span-80 ~ HLB {14. 3 $;J(~.il! o 

'La&~'¥~ ~-rrmmw•~*~•~•~~,~-.~~ml¥.l*~¥ey~A~••• 
~~~~o m~••~ftm~••ah.Mr•~~~~-~-~ttA~~~I¥.l o jO 
*•D'¥15~-·-00't'ttM,&~'t'~~~Bi~M~~~-F-~HLB•~n. 
~l1Jr,Lfto 

····H·W~tt~U~A~I¥.lft~-.®~·-l¥.l·m••tttt#~~~@ 
-~~~-~~MF~tt~~~l¥.l•~i15A~~•w••••~ o *~~rm,~na~ 
-~~l¥.l~M.~t£~~~ll.J:;Q[~F £·~~ft o ~~o.¥~m~IID~~*r 
5% (f.) ilt!D~F Span-80 ~L f{.j¥1] I Jf:tm~ ~ li'0~11T m~tHl't~ I iii pij 7(,5 F .Rt ~~lim~ 
T, ~}fj;f}1~1Jfil! o 

~ . .AJ£i:S/.~ :tEJN.:fl~~¥-~a-<JrwW"f I ~ml~~r~*lfl{~orftUi. PJ•i*imf~~ 
Span~O ~Lf{.iflJ71bM(f.)J9i::fil 1 ~p: :#f711l~.B14J¥f.JE~ ~~; ;Jcfi1Ht~!»S7Jci;\:; 1G~fff1'Hif¥f 

~~~~ o ~-.&~A~R~71bM~.~F~~ft~8tt~a~o ~ftM~Fr•&~ 
M7f~W~16~1¥.l-&I~I~~ ~-~~£~-~~~~o 

B :1 ?- I. "t. M Span -80 it ~~ 1Y-J ~ P(o;j 

~T Span-80 -El'~IZ::~~. ~lm.7J<~I"2:::;jfj]zj7~&~~;f:~lll.J. ~l¥.l Span-80 f'Lrfh1£ 
m*~~~~~-~~~at~ttttw•*•~•.w~~~-~¥~~~~~~~••~ 
~f-f~'L-it*FHttttttll5~~~ o liS!Jlt, .1.&~~- Span~O ~4'l-~~*l-~~l!Frt, ~--El­

- I Z:, jft£Jlt¥r.IJ_t$tj~ W~-El'r!¥LftWH~~OO Span~O ~4'l-:;mttnl5frif,J-o 

( l ) ~lil.JI~-&IJU;OO Span~O it1J~~l~:I$H~iiit~~*o ffl A, B , C, D ~ffii¥.l4 fsP 
~ lllJ I~ -E;- JlX; ;ff T m Span -80 ( f£ tm m f/j\ .!A!.. 4-68 ) I tJ( Jffl ~ - ftC }J 1t1J 1il ~L f{. *F H 0 '* 
Span~O 5'~~1ffii"2:::;~14:1:!iJ00~~3t, ~~lll.Jttt?'X Span-80 ~~JIS~it1J1it~~~;l$ ~#7&ftfiU 
fl.. ~MJ{v.~%il.~*F~~~:Jf)1Hl"•*F·!4~~1j!IJ I i.i\~~W~~ 4-69 o • 4-69 rp, ){;f!¥L 
fk.*FH 1¥.J}lfffi";fff-l'tA:JiiW~;j\-=f 3000m/ s, 7ii.J:/IlfE~ ~;J'T 3cm 1 fltrfWl ~j}tl * T, .=f 
jfj];J'r 61'-A 11 "f:it'l, "~~~, .. ~ .. o 

-
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* 4-68 ~m Span-80 ~-

iJIIJ iii: ~ ~ 

:fit IX ~mm .!0-A:U'i ~fll ~lll ( 40'\::) ~.lOCI!; 

/ mg( KOH ) • g ·• / mg( KOH ) ·g ·• / mg( KOH ) · g · ' / mPa- s 

I 3. 77 146. 8 252.8 1450 A 

2 2.81 147. 2 230.4 875 A 

3 I. 98 145.0 243.4 1175 A 

4 I. 75 145. 0 234.4 912.5 A 

5 6.29 143. 8 250.2 912.6 c 
6 7.85 150. I 231.3 800 c 
7 1.04 142. 4 216.9 749.5 D 

8 3.56 138.6 231.6 881. 8 D 

9 II. 22 150.8 235.3 682.5 A 

10 2.6 1 145.5 233.0 992 B 

II 2.41 149. 8 217.5 827. 1 A 

12 3.99 153.2 225. 2 815.7 A 

13 2.32 148. 8 216. 3 897. 7 A 

~Jiii!:ffli:R. iU!i\:11Wi'. 
!Pl1tlliJ 

iljt.)i[ 
Span-80 1l-A:i'lll 

·lif!~:E 
Span-80 

11t.f} 91il:IJi€~ :IIlli\ ft.:ffst fBI 
{t~I!: flt.f} 91D§BE~ ;ljif fitl:ffp;j' 1\'i] 

~Jilti!; 
/em I - o I }I /em / m · s - • lfl m • 8 

I 3 3127 13 f.t A 8 3 3000 <6 ~ D 

2 3 3085 9 f.t A 9 3 3381 9 f.t A 

3 3 3215 13 tt A 10 4 3002 <6 m B 

4 3 3114 9 tt A 11 6 3177 9 it A 

5 4 3244 <6 ;?l c 12 6 3084 6 a A 

6 3 3399 <6 ~ c 13 3 3374 9 f.t A 

7 3 3026 <6 ~ D 

~~?ttfT*4-68 ;fll~4-69 1lJlW'(]I±1 Span-80 a9 4f41~.GX;IZ::9=', A 7*1ildio !V.IZA 
~f'MJ Span-80 :IIJdlliJlFf~i'lieJr!¥L1t1.1:~, ;ftntt-Filf~J£:19: !MZ{i::f:;kr 4mg( KOH )/g, 
~1t{i 138 - 156mg(KOH)/g, f.£-{R2 15 -250mg(KOH)/g , Wi!Jr >800mPa · s (40'C) o 

(2) ?t~'l'lBo :lkB?';U:ii, ilJ~M:Ji!:~ 61'-f.£¥1¥J$5GM, :fE-RI11tff!Jfl;JO"F, :bn~JIJ 

-~m~~.~~?tT~~~ I1'-?tT*~:19~*w~~o mr~*m~MJ~~.Ilf~~ 
1,4~¥~*;flll , 5f.£~~*mf41#-~o *N*:bnM~~-m~••:bn•mJJr.JU'ilJ 
m-~~*·~•=~*w~Do ~~ . •~•~&ms•;fll"~· llfiV.m•-~*w~ 
I!J;fll = $1c;j( ill~ m: MJ l:t 1911 0 

ft~*~f'r29=', ~~f1;1l1t~~B$o ~m~••1t~~.:bn•~-J-Ea~. ilJ 
~t}I!Plf:Mi !::jll!Jfttl&mz1:.RJGw~Drii!M!'f!DI¥J~It'ltlf'#Jw~Dl!B~~Im o ~:bn~mlt..t 
7t.¥: 230 -250CCB1, {E., Mft1ti¥Jiii.lll-t, ~:fEW~~JtT~i1!h-Jm;j(, I!P~!Iit1t&J.i)z , 
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~.~& 8(]-~ 71< t'~ c -§. ffi /!' Fril 8(] #~ .f*) ~ rm ~ &~ ~.~&/!' Frill!~1tt=~ B9 m-Er~ o m ~m: 
~~B1t&~~~U-~7J<WMM:il!:-~~7J<~~.I&B9=~7J<ili·M~M~&~~~-=~ 
7J<w•••Ml!o ~~/I'~B9&~m•~"~~•~m-Ert:~~~w••g,-~7J<w• 
MM.=~7J<W·M~B(]~~·/I'~Frilo 

m~ir.I&I~/I'Fril~ w•M~llt~MB9~~~~-~~~~~~o~W~~~~"~ 
~mKB9I~-#T,E1tF.~B9~7J<W·8-~ffi·~ - ~~-~; ~W~~~~ 
"~G1tt:•~B9~7J<w••rm~M*M-~~-~~o 

~T~~DM~~1tF~~~n~~~~~--1t •• 1t . ~~~-~&~T~~-­

•1t&m~~~B97J<~~~u~~1t&m~~~-B9~~-~~IE~*ffl~X~~~A8 
~1:!f:tFB9!1HR o ~*ffl1i~7*"~ ~T~~~$1-;Ii\HJIHmF~ "j@;f4" JJ{!~ . ~'®!*J'S*B~ 

ft~rf.J&m~~. R~~&mFo~~~~~*m;•~1:!f:tf~Tttffi~&~~~~~~~ 
llT:il:Hro ~i»>~IE~Fa-9 Span-SO B<Jm~~1Pttttff::t£ft:*:~# o 

4. 4. 2. 3 . ..=.. ffi" )!-1..jt- 9(] Span-80 
A ~f' .I.t: 

~~B9am~1tiE~FSp~~o~~-WMM·~~~~~B9~7J<%~Bm. Fril" 
tl1~~~~1t&~, ~~¥1J~7J<W.Mmlo :i!*=F~1.li!W·i$~7J<&m~~t£ffi1J, q~XlfliiJllR~7J< 

~ir~B9~7J<W.Mfio ~W~B9t'~~~--.~F··~·-~tt~,£S/I'a~o 
*.lli.96M1tFo l!~ft B9 =tV 1'!: ffi1J If){ Span-80 , fm~ t' ili ~ }.f i:l , :!! I!I'J 1f ~1m ;IJ tt!lf , J¥!.1m * 
-~~t'&~ t'~ttna-<Ja~tt~••~o 

iiJi 'iittlHf&ibit:JJ<¥.ft09 f_f;M~~~B9~#' W.~11d<~~fi § I llJ .A~!t!!~ibtJ~F~ ~ 
~oomtt~B9tt~~m~o $~L~%~~~t.Pir~B9*71<¥~~ffi~~~~~~*~~ 

.g-311! , ttfrufiltl*.~ Sp~-80 F~~it*~-o E.~~~. Span *?tit'~W·D~7J<lf~ 
1. 2 - l. 5 B>j , ~78 :m: {! (Jf,J{ll! .Ill f.£ fi~ o 

w•M.96$1C7J<M1t, t'&Fo.f!J.~BliJJn~:il!:D-Mi1tt'l9.96M1tFol~1tB9=Wj!It:Vft~.!A!.OO 

4-22 0 ~&~.f** ~:bllAim~9m~B9M1t{l1t1flJ v,., Ji!ii:!:I ~~#-*~JJJE:!~J W ~D~l.l< 
Ift, . tr.96~7J<If!1t4:$;~7J<W.M, ~m!JE Span F~ B9.g-J!I!~¥;J.&f1i~~>J<, r&Ja ~il±l 
M:it!:fi i1~1t& 1.\)Z~l} ¥1J Sp~ -80 I ». ffiT iliiHi tt ~mtt ~ a9 Span ffi jiJ t' ~fit o 

illl 
v,. ll'l! Ve 

LIJ~~ ~ll<i!lt-lt ~~1t 
I i:J:i!! I 

H20 H20 • 

.g-~tVW~: tEDC:fl~~ff-- Jt~*- mlltrB9&m~ ~I :bnA~:fll:B9W~Dm~ 
(70%). 1£mtt¥r*i111i!J llO'C m:q-J·IDbJ<; N~llAI'Il1t1*1tjl1J v ,.Fo~ii*ihl~ 150'C, :1f 
~~ 3h I :il!:~W-MifiHt&~ ; ?'&Fo:boA -~:Q:illiM~11-(i{tjlU v sftiffii~ 200"C ~~g1t& 

~~ 00~~-fi;J,r8mg( KOH )/g", ~JR&}j)zo 

~~~~-~-~-~~~~~m•w~•m•4~0o ffi~ 4~o ey~.=tVait:~ 
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~~~~-~~~,~~~~~tt~~T-~~~~~~~o 

• 4-70 Span-SO m~ll~:iE'(I 

/fl. i\1~ ~Dl: ' 

M {i1 ~ {ll •iHtlfi ~)Jt(25'C) 
f'il ,ru < iili::!it?Hx > 1% 

/ mg(KOH) · g ·' / mg(KOH) · g · ' / mg(KOH) · g "1 
e~;c 

/rnPu • 8 

CilU~ '@.rol') . 

lli D~ 37. 0 6. 2 210.4 153. 2 5 1300 

1:::1"#: 

= tHki'Z 35.8 5. 9 218.8 151. 6 6 1400 

- tllf!I Z 21.2 3.2 191. I 160.7 13 1700 

B ~ if.J Span-80 r Jb [i 1: ~ ~ *" 
=t!7~~~ Span-80 B-9:l:J:~J:f, )('.tfG&''M9t£:6-9~Pjli] 1251 ~ 3:~t!l:fl5~M ~t, t/Ht~Jt&!Jr , 

&m&!Jr~&m~~•o . 
( 1) ft!fM~te9~Piul o :i*~~:Q:B-9~®tt::tik*JiX;*t1}F&'MI91!~~14 o i£;lt1tk~14-~ 

p;f, lf):M t~)('.t~4ilJ~nri!JB-9iJ!~iit~ilHIHIFf ~ 4-71 o ffi * 4-71 ~~liT~, .F£ B-91£1D:IllfiDM 
• 

tt~**W**·~~-~DMtt~~*W-~o ~·~tt~ o.s6~, r£m~~~~~ 
:B:~>J(triffil ~, ~IW~ ttj;J 0. 56 ~~m!mo 

• 4-n lltUt:~rr~m~~lllil 

~m. Jt!J1tffi 
jW:IJ!1 

~(f{ .!i!-ftli'i. 
JW:IU! 

/ mg(KOH) · g ' 1 / mg(KOII) · g·' / mg( KOH ) • g - 1 / mg( KOH ) · g ' 1 

0.83 264.5 138. 2 0.47 190. 4 158. 5 

0.67 240. 7 146. 3 0.40 173. 7 164. I 

0. 56 215.9 153. 8 

(2) -fl~Ji!JT:&[l~~I(Pj o t£;)tft!?.*1tf.IJ'~~1#6f"f, 4lli~~J VAT:&fl~IlJ~D9C7)(& 

~-~~~---~T*4~2o ·--~.-~M-ll8*· IlJ~~9Cl)(~fl8*.F• 
&ma~.~~~o•;•~~•••~'. wMM9C*~••~,.~•Hmaao ~•~ 
SpanF~~~*m!M~bHIH'~~;~, *&mt:?1lf.tjj:IJ v"•!l!;A 1.1%~1ro 

* 4~2 ~~~-~ <-~*•> ~&RF~~~~ 

i!IHUJ ~m .!{!-ftffi ~a 1ll1-ft~J ~w: Ji'!:1tii MO'i 
T«J.ll!% / r'l!( KOH) • g "1 /~(KOH} • g' 1 /~( KOH) · g' 1 t/itJl! % / mg(KOH) · g "1 /~( KOH) · g-1 / mg(KOll) · g· ' 

0. 8 277.3 153.2 5. 7 1. J 219. 1 157.3 5. 72 

0. 9 258.8 146.6 4.8 1.2 183. 7 149.0 3. 3 

1.0 246.4 151. 7 6. 91 

< 3 ) &m tffiill ~& m B'.t fSJ ~ ~ 'fnl o &Jiilfiil.t ~ & m a..t faJ xt rl1Ht , ml~&mz a<J :i~H:r .& 41-
~m~a<J•~~~*o ••&mzm•·•*&J.ill~~.~~•w••~*~l.t.~m~ 
-.~~~*M;m~~~.&mat~:tJ:-.~~BilJMS~l)(.lf'~.-~~~. F~W 
& 00~, rAt:;tJ·j1~~0 ;$:I~9l, t\l~m\JJt~ 150"C, lj~~t'lfii.)Jrj;J 200"C, f:iil.\)ZJt.tfa]j;J 3h 0 
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c /"£11ft~ 

••~m•••~. =W~I£~§~Span~o.~&~~*R,m2a~. ttnft 

-~~~~--~tt .• IR*M~~~m~~-ft~~-~-W~I£o ffl~~m~,L~ 
~m•~ttn.~~•~tt$~~~~~~0 

4. 4. 2. 4 Of£~·t1.~~~-'l..!. Span-80 
i'iJ~*tt!¥L1t1FU ~ :m?tT-~tq rf! liiJ Elt1f~.*7J< , ~rm ~'L-ft~IW ;f-niJJ ~tJoWi~ ~~* 

1R J5.!l fJJ fl~¥ 00 ( Jlll Z:. **¥ , P"1 m-¥ Y.Jt:.t,f; r;H~~) a<J -~Jf ~. fii tiS ttJl!J o £ ~ttJ!.iH ffilli 
wwmtt~~-w~n. m~*•~n~•~•~~~~*o ~~.~~•••wmtt~ 
~•~•*<~~~~•~*-•~~%R?ta•*> r:pn~~*•m~~~•s••~ 
ffltfi-ftr•*•tli.:raoo o 

~~---ft~.-t:m~•z:.m.~•~~-~Mz:.•~~·~-fi~~••a&~o 
~~!R~tt~-ft~~-~~~A~ffl-Wm~&afii,WA~~~-~~~~--~-~ 
:i!~ o l!U&, ~~-J!!~*Iil, J!!~~{~, ·~-1E!¥L1t·t:f~~""f*·l1: : ( 1 ) !¥L1tMf!l~ 

~~ttJ!!:(lf; (2) !JL1ttilliltW!~, ~mif#J.k~~~- mJ.kttt/l!~; (3) !¥L1tM.~Mfi3J, 

i*~~-l:j:l~~~~; ( 4 ) t±~!JL1tWJ?t~:if~:ii!!Ji1t~~ n(cij o ~~, iJq;b\HJ~:~U~ Span-80 
~ -tthii'L 1t1}1J ;t~ t~ , ~J JV<; 8~ !¥L 1tW~ Jl-1-lfJ!!:(lf a~~~·~ o 

:l4f Span-80 P\im~n~m-=r iEEI:!~ "P, :tm~t'f AIBN < 1~~=* T Jt,'i) *buf.!\, i'iJ~~ 
¥1J~M1tti~Wiil~JV(;jt~?§~:t;R, W Span~O ~~~-lR~o 13i~ Span~O P3•&H\1:ft. 
:ffi'iJ•~tt o Span-SO p;j;fi~HUnm~ Span-80 B<Jttfm~~Wl'J~~*:QllW 4-73 JJJT~ o 

* 4-73 Span.go P'l.IUUil Span.go tl9tUI!tt~ 

lL {t Jill 1£iti llfli ¥,{t(ll ilfli fl. {t j!IJ T:"iffi !Wfli .!(!{tftl mm 
Spnn-80 ~f*ft!llm 19.5. 3 ,;;.7 157 58.9 Spnn-80 227. 6 ""'7 !55 5.4 

It~ Span-80 P\im®l~:fa Span-80 Ef<J~~iiJ~, llfifj~l~Htfi~1-t~:k, Span-SO p;jm 
-g~~fj~ Span-80 f~. W7~fi~it'Jj~~~, ~-IE."i3i~ Span-80 ~~~t1Jilmft7 o 

~ 4-74 ~:±lJVfsJt,L1t~J~J*(I-9~L~¥.&!:a-9.W~·I1;x;J ~t~~~*, ~L-ftB;JB:JfJnA~ !JL 

1-tJl!J ~.£t.$(1-9W~ftitlft(o ?tJJtj*ffl Span-80 ~p;j iitlll\)1~(~ Span-80 WJftlt!}lL{t1fiJ~J4i a<J~L-ft 
~m, ;Jt:J,i;J$fifm~Ha:~*~tl ~- 4-75, lti~m#:i ~w;7i: <f>32mm x 20cm 0 

* 4~ ~~~~·~•~,L~•~•me~~ 

~l {t )ltj Span-80 -~ Ttll T = I!BfJ!ti Span-80 ~ flimi 

Jl~lBMJt:~~ 12 15 19 

-'L {t Jill ~!tj~lf/g · em - J ~iiVm· s- 1 Jfijjlft!~Vcm fUJl/ mm 

Span-80 I. 15 -I. 25 4200 :t50 5 1.5 :t I 

f"i" ~6U'(;!J!i Span-80 1.15 - 1.25 4800 :t50 7 18 :t I 

~W-ti:W:~~, 1f;f{Jfiil!JL1til::1fdlf~~fiilffliit""f, ~~M:~U~ Span~ ~J~a<J!JLIJSt¥ 

.&!:, ~f~?Ji!fj~V;:~, ~Ji!jl$~ Span-80 !¥L1t~~, -tl!~~M'Uf!T~T=Mli~~L1t-f**, ~ 



· 142 · 4 .fL-It.~~GiJ~~~Jt.+j;Jll ....................................................................................... . 

~P3-nta~ Span-80 iliiJ~B<J!fL1t~~1H~~JiHt9~;£tto fflP3:tltM$:~Span-801"tf* Span-80 
fF;k!fL1trtiJ1tiiJ~B<J~L1-t*F~, i\11-'F'Iift~~ -l~Hl~i'ili o ».?tT~~:fftJ3!)fE~·, P3~M$:~Span-80 

~T~*~~~~~~~-~~~-·~~~~*•1-t$~h~~•¥m~toa;E~~ 
Span-80 1~$B<J~~.Y.faH'Fffl.1J*~J~~L{t~~o :tE~.* ~hll.A$~P3~m~ 1 ~ ..J::§Span-80 
B<Jp;j:.t~H~l'i~~~ I :Jtsli T!TLJ19:B<J~)Ef.:Eo p;j*tiHflt•U~ Span-80 ilitl4B<J!TL1t;f$!-§ I W/0 ~,MtiL 

q~;J\ I ~Mtt(~¥t 1-tft1J7J<m~ ..5jrlbii'MJ*4B<J~M w~* I ~5f!J=f~;f$ &lli B<J:it!:h o 

4. 4.3 -~T~T=M~~~fi~~ 

4. 4. 3. 1 -~ 

~;F T 1$ T = lllt5IF.~~ ( f,ij .f* T =M5IF.&~) !IL 1-tftlJ .:E~ ffl fF~iJ ffl i1B lllf&*4 i1B ~ B<J ~ 

bo~~~•~•a•••·•••~:tE~~m.~~f1.m•~B<J•~·~•llli1B~~m 
~fflAA~{t~·~-~B<J~~-~~~fFfflo 

~~-~.mr=m5IF.&~~1-tme~~~DB~~1-tm~•B<J~-f.t;f$!-9,~ffi~E~ 

~I-~*f4=TB<Jt'.fbtttm~;E. f*f.H~H~:o ~~!1L1-t~JIEI*JAA!.!r}~ Tl52 , Tl53, Tl54 , 
T155, !E~~~J.i)ZB<JJllt!%~ Lubrizoi-0~B<J LZ890-948, Exxon {t$0i'iJB<J Paranox105-106, 
Chevron {t$-0jij (!<] OLOA374 ~o liD:i:J:"ft~{t.&_J.i)Z, ~ffi1: ili. :ff T ~ T =~~~bt ffi~ 1m 
( ®~~AA!%~ IZ936, LZ640 ~) o fF~~L{t*F!-§~ffl!fL{tftlj(I<Jf=~, ®~~~ NelsonBrothers 
f;O Lubrizoi-0~B<J!fL1t;!$!-§~Jff!fL1trtiJ~. OO~ifB!t~ 8045 !1L1t tilJ, B gq~L{tjllJ, T gtl!JL 
1t1l!J , MH gtl, MHY gq~~~L1ttill~JL#T =M5IF.~~:JL1tti1J o ~ 4-76- * 4-78 ~§Jij ;9 

Tl55 , NBX-2000A, I.Z2724 ~L{tJliJB<Jl3t11HI.tr-o 

~ 4~ -~~~~Fffl TISS ·~~~~~-~-

~ R 1lt -:t1il: ( mtfil ?HX) I% ~;/J.llf ( 100'\:) / mm2 
• s - ' !&'ftJr( 15. 6'\:) / g · em - 3 }j(#( mt:lit?t:llOI% 

=m $j; 0. 8 - ·1.0 300 - 400 0. 90 - 0.93 .s;O. 3 

* 4-77 NelsonBrothers ~iS) NBX-2000A (!<)~·-~ 

~ g flitt~(mt1it?tfi)/% ltRfli/ mg( KOH ) • g _, .~1!*:11 ( TBN) (Miit?tfi) /% [ HLB] -
=m f;j; 60 30-40 53-58 1. 22 

~ 1§1 Willf( 100'\:) /mPa · s IAJ.?.V'C ·~:&!:/% .!1:!-ftffi/mg(KOH) • g · ' &100:/mg( KOH) · g - ' 

m ~i\ n 75 1.38 56 28 

~~~L-f.ttilJB~~~fbt. lii-T~~llB<J~IR.l. ~5C1?trl3t:fiH'i1!:E~~ 1000 -3000 Z. 
fa], 1iJ~I:~.Y.gtl*WMtt1l!Jo ~~XW./9~tiJI3~ (:f*tt~) ~~~~~fj[~f;f-f*, ~[l;k 0. 80-
o.w~c~.•~~~.~~ft.~•=f*.~m-TP3~ . amra~.~•·•i1B•.~ 
JtfiB W/ 0 m!~L1tjl!JB<J7l!J§tt~M-o ~SliB<Jtit¥{1tl!ltJL;151tti:fm. i!UfD •. ~-~l3to 

4. 4. 3. 2 ~.Jf-T .iif;T ..::..ftit.3£~~ ~#:fl>.f:-ffi. .J:.!: 
A jffi J/4 
~:ffT~T=mtsrtMiB<JJJiU'41HYUf'Ti*. I1WlT~=Dff*1l$i*$Mi o ~:ffTi*, .#!~ 

~.y. f.!flfitifll~ ~* . ~ :lt9 ~ 100 - 11 oo , :lll:f!f* m 1~ ;f:§.5(1 ~-r mt:fit , Jt~ftJ ~it~ = 

, 
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~~'P R 19i71~:1fT~~-g.~i]l~3flJ~J:t o 
~T-=~tlff/9:%~~JLtlt~*· *'1~1?tr~:Lt19 98, .7g~L1t11'1J?tri71A r = MSIE 

0 
,f' 

CH-c 

I )> 
CH-c 

~ 
0 

• 

~f*~~, 71-T-~19 H2 N( CH2 CH2 NH ).CH2 NH2 , Jtrp n =0 - 4, Ji'ffi· n =2, 3, ~ll 

- Z ~.t~Hl9 If/( , ll9 Z 1* :Elf/( , it tot!~ ~J.J ~ :ltl ~~~~~ H9 ~f.il rfb ~71l #: , !iB.ffi ~ tt o 

::ffa1':lP~tE.fi!tP"b 'P~:bo~;:,t= Efil D= TM, f.E!.~~EJ.mtHH:tli 'P ~oft~ &W.o 
B .f;- J&. :I. £ 
-g..JOCI~.3::~-@.ffl~1t , 11:1t~titmtJ~JL1'-$:W, I~TniW1Ul004-23EIT7l' o rn 00 4-23 

i'iJ .W., mtJ4il I!: ~:*=W!~W~:bOJ£EJM1t ( Slf.~1t) &ill o :bn$1-itll, &ill7all, 1Jt#).ffi 
1l~a1'~~-~-~~H·M~m-~•.illM~~-~--o 

( 1) .3::~1-t~&W. o ~#T:blT=m:.\Tf.JtJc~Lft~1J agffi¥JU~0019~:1fT:® , ffill<¥00.11 •z•••· rf!~~-~.1J~~mtt1t-g.• •r•= Dfio 
1 )~1t:~:ffT·~·T-=Mlff~~~1t&ill.3~(~:1fT:bl) *•T=~t 

!ff , &Jsll~#: T =220 - 230'C , P = 607. 95k.Pa, t = l5h , = EJ3;ljt1gf6!f1Jo 

CH- C_/) R-cH-c 
R+ II ~ I 

Cl"l-C~ H2 C:-<C 

2)SIE&1t~m1t:*•r=M~~$•$~~~~-g.&m.%.fi!t~:ffT•r=~Sif.&o 
illB:t.Je:*fltfj!J~mtlr:~~~ffg, &ill*#: T = 120 -140'C , t =5 -8h, = EJ3;!Jt1gfif1f!Jo 
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( 2 ) .±~ Mtl&J.})zo 

~il'lili!l 

2) 

0 0 0 

o V\! 
CH-c< I I 

2n IJ 0 -. f CH-CH-CH CH L 
CH-c< I I 

0 ~~l\ 
0 0 0 

0 0 0 0 
'/ "- / II c c c 

I I /"" f CH-cH- CH CH 1 . _____.. f CH CH-CH CH t. + 2C02 
I I ""/ c c c 

#' "- / '\-. II 
0 0 0 0 

0 
,f' 

CH- C 
'-o 
/ 

CH-C 
'\. 

0 
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3) 

0 
~ 

R- CH- C 

" _)) + 2H2 N( CH2 CH2 NH) ,.CH2 CH2 NH2 

H2 C,- C 
~ 

0 

R- CII- CONH( CH2 CH2 NH) .CI~CH2NH2 
-- I +H2 0 

CH2-cONH ( CH2CH2 NH) . CH2 CH2 NH2 

ffi k~*&~~~~. ~~~fi~~~~~~M~.F~~~~FI£~~.~~~ 

~-~&m.~~-~--~~,L~m~~ o 
•~rmcPrn) ~&mmttc~m4~)~~T~~r•r=~•m~•~~~m 

'lio ~iil!tE~¥H1J ct-bU~1£~~&~cJ:I~ffi·jijtjQj, ct-ft:I:?Uft~~ PIB ~~~}9j::fil7j-;:(p~ 

~lj\, FP~a9~J}t tl:l¥fii!l~ PIB {~o ~~~ffift ct-i~:UH;~ PIB ~-eL~J@t~J!tB Ej];"b*•ftf 

( MA) ~~;bO~&~. ~JVt~JFTm!"b.*®lff ( PIBSA), ~H~ !::j MA llt-~~~;J:Hft&$Z 

( .¥3 MA filfJEJ;f), ~~~T=MM ( PIBBSA) (~00 4-25) o 

0 

200 -250'C 

0 2- lOb 

0 

PIBSA MA 

PIBBSA PIDBSA 

00 4-25 Pl BSA 1'J<J ;JHft li 1.\)Z 

ct-f!:tftH~it, 1JU~&illltr.•9l~~~ PIBSA ~il PIBBSA A9~rr~•*••, F~71'~~ 
J.t{l£, nh~tt~1lf. jf.§.,L{tffi·~· ( PffiSA ln PIBBSA ~m1::•) *it~. 'L{ttt#Uil 
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~L~!U~~tt:l:!g~=f::t't5 a-i~J$1¥.1 PIBSA ffi PIBBSA 1rr~I:J~~L1t~J o :(:E~f~I¥.Jiffii~ffiJM-IJjjJ 

*ffl~. ~Pnm•~**B~Ltt.m~:l:!g'Lo ~~~<•••>%~:(:£~~1¥.1~~rw 
~I¥.J~~.:I:!g~~~~~Lttttn~~7~:(:E~~~~•• Tm~~#o 

4. 4. 3. 3 ~if-T ~T ..::..ifit,.:"IE~'*'Jfr~ -lL1t:.tt Pi~ •ti. ~~ 

*•~•~~¥.Jaoo~~~~~~oo*h*~'. ~~~•m~.~'Lttm~¥.Jmaa-IJ.Jffl 
*o ~1tm~*8tt8~, ~~~I£(iO.-IJJh~·-·) *B~"·*·~-~88:1:!g 
~.~HI¥.J.~ttftMM~o~~.JL1t~~~L-~~--~Mffl~Wmi*h~~l¥.1-$ 
~t1~h¥/tt!&it6, .±~a~tE~Ltt:t'F~~~~t.£~, ~#AA!tl(-Ko 1i\~~ti:**~, Ul!ffl!\UF 
T~T=MG.ill?.JJ:t(~JL-ftJ'fiJB;j)G~~:/JDfffiiJ~~J'fiJMft~~~~l¥.1-*o 

A •#r•r=•~•~~~M~~A 
T=MG.ill?.Jrt(r.6*~'Ltt~JA:flfflX;f*~m:M:*~ ~-tl(~~ JL1t•*~~ :mElZ·I1:5i, 

~:JJur£m••~•.m~*'Lttm~&I¥.1JLttYFH.~o m~•~~~'.~~:l:!g~.~ •ffl c ~ ftJ'fiJ> ~ ji~m c lfW-~J> 1¥.1 ~Moo fR* . :fl fH :r •~ ~Ell 1¥.1 :ill: 1-r o ~ rJi ·11: ~~ 
:itgtt~ Span-80 *JL1t~Jititl*I¥.1JL1t:t'FHttn~~~. 1tJJIJ~~~~#AAm~ 2-3-m: , tt;t 
~7*-~-ill.+~~~o 

r=~t.ill?.Jrt(~JL1t~JZFJf~~ill\S-JL-ftJ'fiJ , .±~tE=f : -1JmiJtUI!ffl:l:llJ ,H!IJ.~-1*~ 
~ 0.5%,~-~®Mffl~~RJ~'~5%~~.Mnm~~~l¥.1~•¥mo 

B ~-~T·T=·~-~~L~M-*fL~~~~~-~-
(1) ~ 8045 ~L-ft~J <T=~t.ill?.~~!}!L-ftJ'fiJ~-1'-~~~) ffiiJ &I¥.JJL1t:J$HI¥.J~c~~ 

I£o ~~-~, X;f=ffffiiJtll~IJGtti¥.1!¥L1t:t'FH:I:!gllJ ffl 8045 ~L1t~J llitft Span-80 ~1tJ'f!J, 

~IE~t§:l:!g.7G~*W&*I¥.1~1t.-ll..?Gm•:/JDHfiiJ~~mffi•D~L-ftm o a 4~9~ 

:it 7 JL-t-~ 8045 JL 1tJ'fiJ i!itJ & 1¥.1 JL 1t:t'FH 1¥.1 ~~ f9iJ~ ( m:M:*160 o 

(%) 

~l1t:tl;ili B'1% ~L1tWtli~% 
Jij{ $1- Jij{ -*>f 

I ~ n ~ m ~ I ~ n ~ m ~ 
~~<~']( 60 - 70 60-70 40-60 t:i I -2 I -2 I - 2 

~~~ 10-20 10-20 6- 15 8045 ~L1tJl!J 0. 5-3 0. 5-3 0. 5-3 

* 10-14 10-14 8 -10 fl£1tJl!J 0. I -0. 5 2-4 20 - 40 

lY~ri!J 2-4 2-4 2-4 

Jgif,L1t:t'F~I¥.1 .± ·?f'lfr!~:::f'~, fE!. 8045 JL-ftJ'f!J ~ iJIA, l!H~Hf!~ 7 ~L-1*1¥.1 ~ JJt , 
P.t~7~L1t:t'FHB97'~XW.~~, B?lt£~~~~, ~-@!=f~m~H, .><.*~MJ.i::tmm~7~L1t:t'F 

Hl¥.1~5&~f¥WI o 
-M•m. ~8045 JL-ft~~&fL-ft:t'FH~.Bmji•~-ftiE~~-~JL-fti£. 

::lil:: ~f:fi-1¥.1, W-:fll¥.1~& .&Jti£~if&-ill.llJ ¥*~~M'::t'~, Q::li/:: VJ 8045 !JL1tJ'fiJ11i'J&B9~L 
-ftW~¥ml¥.1~tf&~Ji~LttJ'f!Ji!itJ&I¥.J!JL1t:I$H¥m~*~~$, -ill.JM:::li/::i.Jt¥m7'~XW.;ooJ¥, 

~1tftl¥.1~m~•~:m~~*-~o ~~~&~**iu~m•. ep::m~•*ji•~ttu 
1¥.1 I'BJ lll1t, X>t=fi'BJ $T~'L1tURJ:m~~d/':Htmf9:*t:l: o 

~-·~·*m 8o~ ~ttm~m~•~~ttffiw•~•. -•RJ~11t•r£w~ 
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IOOCft:::b o ~Ollt!;H~, ;fBJ.i\Z~?immT~lft~tiJEI1f8J, ~il:liT ~tz:~$o 

(2) 8045 !JL 1-tft:IJ B9 Jf.J ii )(;j !Jl 1-t~'F~~~ tt~ Ufnj B91Jt~ 0 t;..t ~:itt~ 8045 !JL 1-tft:IJ ~ 
Span-80!Jlftft=IHM~ EL-102!¥Lf-t:lt~:J!:fj Tx>Jtt·IJ:\!Jft, ;lt~~iJt~~JtHtlr~ 4-80o 

*4~ ~"-~M~·~-~~-~~-~~~~~~~~~~* 
~l1t1!1J Jtlfil:( l!f!fil: ;tj:pjay ~ ofl. :.tt:Pi litl:tH~~ tt 
~f;l; ?N&}/% :VJ .Ita*-"~ 11-JJF.i 31-JJF.i 61-JJF.i 81-JJF.i 121-JJF.i 18 -241-Jj ffi 

Pi«>tlt~ 
t~ttx n = oo 

tlttk , $71 
tlt*X~Jt 1.0 

fl=oo ~Jt 

8045 1.5 tkfl=oo tkfl=oo tkfl =oo tkfl =oo *X' $71!il' Jt 
~l1tl'fiJ 2. 0 ~*Kfl= 00 ~tkfl = oo ~!t!kfl= 00 ~!t!),:{l:oo ~tl:fl=oo ~tt.: n =.., ~tt.: n = oo 

2. 2 ~*kfl = oo ~txn = oo ~txn = oo ~*Xfl= oo ~tl:fl=oo ~*K fl = 00 ~t\:fl = oo 

2.5 ~*Xfl=oo ~fkfl=oo ~txn ="" ~*X fl= 00 ~tl: fl= 00 ~*" fl = co ~tl:fl=oo 

1.0 tit~ fl= 00 fl.lltt.: n = o tlt~fl=O ~li.i!! n =O 

1. 5 tkfl = oo ~*Xfl = oo ~t)\fl = O liiJ ®! n = o 

~fk , $71 
pj:ftfji,!J ~tit 

Span-80 2. 0 $kfl=oo *Xfl=oo l~~Jtt.: n =O ~~41=0 ~' !&8Z1rrlll 
~Ell. 

~Lftl'fiJ fl=O 

~tl.: , $71 
m~aez 

2.5 ~fl =oo ~fl =oo ~fkfl=O "'$: 41=0 ~tx. l;f;Jij! 
~Jt 

fl=O 

~ 4-80 B9~M~RA, ~Jf.lit;J,a;J , ~WMI!Jlf-t~*-'=¥i~~rm;;-, Span-80 !JLf-tft=IJ tt 
8045 !JL1t1f!J~M-~, Mf.tf~L1tft=!Jffl1ila9~~~;1Jo, ~f!P~fJIJQ)t::t:ff::tET o tt;JL~f*~~ 
.ff~~f.£rm;;-, 8045 !Jlftft=!Jt[J tt Span-80 !Jlf-t1flmH~$ o 

( 3) 8045 ;flf-ttflJ-'=¥i~~ifU B9m:WG1Jt!Jio :(£ 8045 ~LftifiJJf.l :IUO:It~fte:lf;ffl 11§1 B9fflt£ 
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~LJ!lt:{Jt~~ I %, 2 %BC:1f~f.lJ; 4 %ie11*m LZ2731 ~!JL1t1ftl , ~11£ 7 7Jcll{]~iil, ~L& 
:{Jt~~ 1 %, 2 %fte:1J~~, ~ 3 %DG:1Jrfitz;lj•~~Jl:!Jo * 4-96 !flag 4 -1'ifc!:1J:t£~1:.f=~_t:MJq&$~:£f=, !JL1t~~, 'L1t~~~ , !JLJ!lt~.&t 
~~I¥J~o 

~_t 4 f4!!JL&~~t£ o - 10'\: B{]J.f~Tr£1il aa1JT~~ag LlJ~ilitlru 150 ~=f-*Fofl4H¥, 

U!!m, * 4-97 i.e~ 7 ilitftr, ~:ff~U!!.ffi ag•lfit£o 



· 160 • 4 .ftAt~~{llJtJ1.~2l$-1t.Jfl ....................................................................................... . 

•4~ ~~&m~•·•*~~m•~• 

ll~iii :6~' {itt:(¥ ~~}f!·~l}l 

J]lt~~- lOd 20d 30d 

1\.~~l.ilifill?tf.t~iE-M'.~?t 

~-£·~-~-.~ft~.~~·· 
a.fg?J£13. pJ~t1'il~. #:iliilli 

1 % !i!Sll?t .:UJi ~!Nl! • ~ '* i4i iliJ tt . ~il1!:8. ~flll!lltl9 
.i! . ~1t.§~.~~i&*~ ltH!J mxtt. ~ n<.Jifi1»ii:i&* 5t 

rnl.fli 

~~~•~•iEt.~ftn.~iEtM 
~~lJli/jl(~mXIJil~~ 

2 .t} ~. ~1tB;j'f11Jit 0 %* , ~:1JniJi!.i11:J'flJft9ill:JB !fLa£J!f£ ~ • J: IJil.H ~1t 1t 
li!'l1to•tl'al::k;ldt'r1:1al:. 1»ii:i&M!~ 

3% 
~L~ ~ l.if£ ~ m iE 'M' • ~ :Yt i¥ • iiJ iE 'M' M 

~~i%/Jll~·XIJilH~1t 
~~~•~mxiJili!.~ 

~.·~~~~~-~~~~.-~~~ 1t 

4 % ~~--~·iEt . lt2~UM.~ft 
!JLa~/.ili :tR ~X IJil H ~1t fli~JJVI't:X, ~i!lm~~ 

t~. ~iE·*~· iH.!Ii~ftG!. 

EI:IIV-..t iit~ 'iii ~V,;g :±: , {!l!)fj lZ273l ~L1t1f!Ht9 2 ~ !ilL1t1$!-9;fll'fil!Yf:J Span-80 !jlLit1f!HE!.:Jt 
:JJoTrmlm~!iiJ.t~ 3 ~~L1tit!-9A~ ~~89mM.ii~i51Jttfm~ ~~89~-ff~~f.£ , ~Span-

80 ;f;§t~Jl!:U1!-Eir~~$11t~~LJBC~mt89flitl4k o 4 ~~Lit:JtF!-9§1f&f!fflT 122731 ~Lit1f!L 

{S1fif.ff~~tt173/F~~~. lJif!ijJ.icii~~, !jlL~#:~~)Ett3t~ o ~ 1Z2721 ~ 1Z2733, 

I.Z2727B .=:~!jlLit1f!J/F IRJ, 1Z2731 r£7](~1Hi!Mttat A~l!~89~Lit~.* , f!;-!)1i)-a91L~~ 

mJ:A~JI!:!!fa9~.ff~~tt o j!- i$, -t:M~'Ilt~il"r~!-9$W3~~L~~./9ta9fli!J -i-o 
4. 4. 3. 6 RHP-1 $L1t.'Jt1J 

RHP -1 !jlLitJl!J~-~ ~~ T ~~Q,* ~ftf$1£¥it-Ei¥11 • .ffi f'F~Lit:J$!9~L itntJ :J! E8 tt 
O~rdliti~~-~~ffl-rdlitiAr-Eit'FM~a9, /FMrT=~~--~itM. mr~ 
~~-*~~itM . ~~~~-t'F-~~0 

A RHP-1 !JUt ~J 99 J.9BI: ~~ # 
El:!r RHP-1 ~L1t1f!Ja9ttfm:W~xt~L1ti'F!-9I£))Zrc~mtiit89~nln.J~j:1jt:;k, ~~X;f;ltfl= 

••~~.~~~~ttnm~~tLiti'FHI£~rc&••~~~~~~~••••~•. 
~g-~LitMtt~~-~IRJat~~IZ:})Z~~ttn~~§·W*~..t~m•t'F~~itM~ 
JD=~./9t1il:ffftl\. ~Hi«t& m$ J.9tiim~;or~ 4-98 0 

* 4-98 RHP-1 !J!lit~~fiti:it~fiHmAtW*'F 

!Q.{} 
f/il.t ( lOO'C ) fii{i ~1li 

ffi% 
flilll: (1 OO'C ) Dili 1:}{H 

/ mml . s · l / mg(KOH) · g " 1 / mg( KOH) • g " 1 / rrm2 • s -I / mg( KOH) • g " 1 / mg( KOH} • g " 1 

I 651 9.67 102.58 4 989 9.87 86.51 

2 740 14. 14 121. 34 5 1090 12.30 Ill. 35 

3 863 10. 19 98.65 tilt :liHii ;tii 650- 1090 ,.;;13. 00 90- 150 

. 
B RHP -1 ~L 1t ?'f~ ~ .F Jidi ~~ 
~Lit:J$!-91::~ftl1J*u~.:PI'19~L1t~!ii3£ ~ ~Lit~$, ~~~tt~ ilt.ff~~f.£, Xtilll~m~ 

~B.JfJtt&~it~H-1-'Ftt~·-~·~itmrc~tt~~--I£M~. IV-~*£U~IV-~ 
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(1) ~Lft~.1illto ~L1t5.1lltii?it ffl~L1tEFr~~.!)Yt7Ji!illt C I~..tffljgtiJ~~lt) -*~ 
W:o ~~tiJ~iltt£:1$pj~{'= l:j:l;!! :::f~~~o RHP-1 ~ Span-80 lJ<. T-155 ~L1t~JEJT~~L1t~.§l 
lt~~!tiJ\~~.*JAI..7&4-99 0 .. 

* 4~ ~~-~~M~-~~~~~~~~ 

~ ft 1?11 
:g;j ~ 

TU-11'-1 Span-80 T-155 

~tJJ~liJ.t 7m/s 62 63 71' :¥L1t 
~~LiltliiJis 

~tJJ~liJ.t 26m/s 55 55 55 

~tJJ~iiJ.t 7m/s 25 4 
~ fa:INHIH J'FI ?X 

:®tJJ~liJ.t 26m1s 30 6 25 

Iii~ 4-99 l:iJ ~;s-:±l, RHP-1 Efr1/ij~~L1t5ilt~ Span-80 ::k3&ffl ~, iffl:@:@f~r T155, 
iJl~ RHP-1 l:iJ#Ii)Ef~~L1t~!iltil:~~>J<o 

(2) ~L1t~$o ii'iit, ~~L1t1f!JJJI!i-tlfffiJf!.ffl1iL ~~lfffiJf!.ffl:il:, ·~·~ffiH$1¥a-trBJ , ~f~ 

m ~Jfit.f~mflj\* 7&W:~L 1-t~ $ 0 ~ 1t1f!J lfffi !f. m :!i ?t :h ~ itlfffi !f. m 1t ~ ~ 11-~ 1ra; !f. m :i: , JJI! ¥t?: 
llffi Jilt m f! m ~;I! tll111i'J ~~L 1-tWPi . ff!. 7f'tll1~ffl ~ ~L 1-tfr!J :li~ffl :1: , w ~ ~ IIlli 1r-m :lit~ m ~L 
1-t:l$ !litll1~ffl ~ :lllf~~L 1-t~J ffl :li o 

RHP-1 ~L{t1flj~i6ft7}c£;;1!~)t-=f:fg:~, ;Jt-1jl-:!-q;f~5(;j"?j--=f~:ii~ 1000 lr_;ti, JzJ;JzJ;::kr 
Span -80 ~L1t1flj ~ 16ft7.1<~ffi X>t ?t-T ~ :1: 236 o :fLHJ~ ~ 1-t~i-t , it-~ M ~ I*J 16ft7.1<~ ~ ::k , ~ 
:!i!U&lt~f~. ;ltlf(E!f-fflii:~Y o RHP-1 ~L1t~J , T-155 ;fO Span-80 ~~L1t%($~~XHt~ 

:W:J"IJT-7&4-100 ._ 7& 4-101 0 

!¥L1t1ill RHP-1 Span-80 T-155 ~Lft1lll RHP-1 Span-80 T-155 

Iilli -l"{. :!f!l% 0. 11 0.28 0. 14 7'~~:1*1.\5 tl.: tl.: tl.: 

~~Liltlii]ls 55 55 85 ~~lltlii]lh 2.0 2.0 2.0 

fJil % 
~L1tlFJ ~fltilil ~ 11.\l:fii ,ff: 

~ -13-
~L1tlFJ ~fltllil 'M' l!lfin.Y. 

.If! :lit I o/o WJ'FI ?X at filJi d .If! ill o/o t!Yfi ?X lltlii]l d 

I o. 33 32 4 0. 75 > 25 > 365 

2 0.40 36 5 1.50 >25 >365 

3 0.45 45 

li!7& 4-100 l:iJ~lf :±'r, 1£~~1t 26rn/s ~141'", ~~~~Xi;il.~~;f0~3N~a;ffB);f§ IR.l, RHP-
1 ~~if?:llffi!f-ffl:Sl:tt Span-80 1~-'--=* ~..t. tt Tt55 ~L1tfriJ~lll!i-tllffi:!ff'.JfJ:i!: ·tlLf~, ~~LB-J·rm 

~ o ffi ~ 4-101 l:iJ JX1.. , RPH -1 ~L 1t1fiJ ~ ~ ~iJ\J'fHiYil 0. 33% a>t , ~L 1-t:l$ Pi -m-rlffi:tit .ff at I'BJ l:iJ :1:5 
JIJ 32d; ~JfJ:!iYil o. 45% at, ~L1tWPi-m-rffil:fit1¥a>tfBJ:l:5¥1J 45d; ~JfJii:Yil o. 75% at, ~L1t 
WPi § ~-fit.ff:WJ:l:5 L ~ ~ ..t , ~ f~tffiHJfif.f:l:5¥1J 25 7X ~..to iffl ffl ,Span-80 ~L1t1f!J ~:1L1tW 
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!9, .ffl:G}::flta<J~~ttl'DC1J, Span-80 a<J~.fflll\nJI\!.ii~ 0. 9% B;j, iQi{ij;;7JiHJilf-~Jij 9 lXo ~ 4-
100 ~~ 4-101 a<J~~~*:m~~, RHP-1 ~Lf{.jfljjl..;(if~~jll:ja<J~L1{.~$o . 

(3) ~H~~·~ o .M.?tr~:f:~..t*t1. ~fUI:T~fb*Mlf$~i~i.Ht-*4mB<J~~~ttJ~~ 

1tT=~tt~IF.Jf!(~!¥L1tJl!J~i!t o t1&mii, RHP-1 ~L1t1flJ:£E 200't ~ffi!ti?t/W:Iit~ o iiJ .!A!., ffJ 
RHP-l ~L1t1flJfttJ4it~Lf{.:J$!-9, iiJ:I:ft1Jil~Fa<J3l::i:t£o 

(4) ~ RHP-1 ~LftJt!J tlitl~~~L1tW!9~f!~·~ o IV- RHP-1 !¥L1t1f!JfttJ-!i 89!¥L1tW!fia9 
~fH~~ttiat~~*~7& 4-102o .M.~ 4-102 iiJ;ftl:l, {Eflll-{f..\;~i:JJ~JJ[*f4:r, RHP-1 
.fflii!:1-J o. 75% B1, fttJ4ita<J~L1t:l$!9a<J(.{Jf~tAUJiffiiJ ~ 25 l'X, It Span-80 .ffl:fit~ l. 5% ll~ft!J 
*a<J~Lft:J$!9•-m:;m•ff~e~zto 

* 4-102 RHP-1 !Jl{t~j~ Span-80 8~111¥-.Ht$2 

:ft.-f.ti\11 JUt< AlUIBH'x) / % i\'( {If; lQ. tli JfiiW/ lX "--It~! JUI: < ml:it~fi ) /% ill {If; lR MJfiltllii /X 

RHP-1 1.5 25 Span·SO 1.5 6 

RHP-1 0. 75 25 

JJ<m-~L1tW!0~~~·~®*"ffi~:k~tl=.ffl, .ffl Span-80 ~L1t1l1Jft!J1ia<J!¥L1t:I$~7J< 1.5-iit 
/l'fm{~=f 8%. ftJtf~ 10% - 12%, 11!71<~~ 7!}!Lft:J1:!989fi\t:WfmiJ o ~~~~itW!fi~ 
~.!fk!}!L1t1$!9a<Jfi\t~fm.7J, IN~t'J\?i~*~ 320mL, mi~L1t1$!li-&~ 280mL, EJT~~{~ll< 
*':lfilT :iii~ it ·~L ft:J$P.i a<J fi\X;IJ fjl5j) o RHP -1 ~ ?t-T .!JL f.t.Jt!J 1lJ l;_t £!!!}!L ft :.1$ P.i a<J * 71< it~.¥: 
3% ~r o 7& 4-103 ~tl:l?fJJIJ.ffl RHP-1 .?fr!}!L1t1flJ;fi:J Span-80 ~Lft1}1Jfttj-fi i¥J/f'flll*71<:tit~ 
!}!L1tW!litt~a<JiA~·t1&o 1.5-71<1ilfl£r 3%-9 11.2% ~!}!L1t1$!li, ~~~~:fH~~f£;!:1Ht 
$3{*ti1f:;t(:k~JJIJ o 

~~tlil-4} ~-ft:/111 **:til:/% JiUt rr.t 1iW s 
t5{1f;l!ltlaJf 

iit~LII<tf'iiJ/ d 
(50~. -45~) /~ 

I RJ IP-1 3 45 >20 >365 

2 RHP-1 0 50 >20 >365 

3 Span-SO 3 .::t'~-ft 

4 Span-SO 0 .::t'~L-ft 

zy.g RHP-1 II. 2 45 >25 >365 

4. 4. 4 •*~Lit~J 

4. 4. 4. 1 mi.! 
•-*!¥L1t~A&~m~--~~;_t..tA1if7&WMtt~em~¥-lt~m.g.~,m~,L1t 

1liJ , -hi~liH~J!!:!ff~'L1t~.*o ~r-9a<JFJ=Ht-'%lf MD , FL, TF ~o 

~=fR-*~1t~. ~~1tM~~-~1t~~~d"•.g.e···d··a.g.m.w~·· . F 

~-~~!¥L1tM*o :ka~•-~.~~~1t~~~1tR8~~•1rw1ifm•~.mo ~ 
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:llll, ~7.l<LU~!Wfll*rill~~ (Arlacel C) ~ M201 ~-JEI:tf9~tl1L ~PJnt]JE HLB {l~ 4 

ag~:;;Jt, tiL~~!£~ "~~tfo/1" o re!JJt, Arlacel C ~-~Ht~:ml~~~L{-t1$~Jl:I.:E~Lf-tJf!J o 

't1£1tfiMY!~t!z1rffrrz~Jl:l~o Arlacel c ~rn 1 ?trili~M~.IJZ-J!;j 1. 5 ?trrm~H:-JE 
~f4r ~J3li:rmiM1.ft~, HLB fH~ 3. 7 o W:F'£ ~~{l:;f:;k=f 7, 1~;{-tffi~ 150 -165, ~{l 

~ 180 -2200 

4. 4. 4. 2 ~~ -t:ftl EP-0018085 'f f1f1.t.Jfl tn i_~$L1-t1N 
'8~ rn iWtt~ JiX;~~tfo/J~L1tJfiJ~-tr-Jm~r1B@.7.l<~~L1-tJf1Jti~m.mt~ o ~~~L1-t1'f~ ~ ~ 

~~-§7J<~lL1tJfiJ~ ttf91J~ 1 : (5 - 1), 1i~~L1tJfiJ1:E~L1t:J$~~~:bn:§t~~ o. 6% -

1. 0% o &'~at, i'AJ PJ~:bDY.:IV!Lf-ti!bJfiJ, :llll::kliffi3~B~ifO~~ff.IHJ!n~M~~ o 
iW ·11:~ JiX; ~~ tfo/lm ~ :.l!.¥:Y. rn iW -t-~iW 1-~ J: iitf:&1:tlf.JiX; ~-~ ~ ~ tfo/1 , iW -t-4ii!f:&1: t:ft 7fr 

--t-~nm=r-~~.rm~--t-~nM-T7.l<ffi.•-•f:&1:~ffin?t-r••.¥:~~5oo o ~:lln, 

~A~ (A-COO)m-B ~;!Hl!IWJ, 1tt:ft m ~ 2o ~~m?t A ~-~riBMtta9!!~-~~ 

M~~~~IID, 1tJNAjg : 

1tt:ft R ~~~-~~wUiitT-~~25 ag~~; R.~it~-*P~JJJi:T-~~ 12 ~11:-~~. 

n ~ o ~ 1; P ~;f;J\=f 2 ~~~o ~il-!ll?t B ~-~7J<Mtt~~=Ma9=1fr~~, 1tiii 
Ajg: 

Rl Rl 
I I 

H-o-C-CH2 ---I-0-C-CH OH 
I I 

2 

H ' H 

1t9=J R3~ii.~ c. - c3 ~i.£¥; q ~:7f;J\=f 23 ag~~o ~~ ~=mPI ~~~ z:.=m, 
~Pii=lll, tltil'~Z:.~-Pii~Z:.=M~7i~a9~Z:.i/fi-T~Z:.=W¥. fEU!i:!lf~~z:.=Mo 

~T~1~~%~~L1-t%L*, ~-ft-m?t B f:E~~!IWJ'fl EJT 6a91!!Hil tt17iJ~~~~tP.J,g_m:!i~ 
25%-35%0 

~~~1tm~••~'EI.*a~-ttmPI~~-r~~-ttm~a9-~~iW#: L.U~•~•• 
rm~A~, L.U~•llllfff~*~LWi\1~, w~•wnt-iJ!n~M~~, JiX;n~n~JJ1iMa9tt~-LWG~tt 

rm=~l!~, ~~1-tZ:.~L.U~-mJ~, tt~-M~A~, i:tM~Hm~!f~, ;ci~~JUWM~o 

JLU~, jg T :fl!-zvl&~~L~a9*M~J£ttfll~~tt, :t£ttt~~L1tJfiJ ~i1i~~Y.:!I!a9~ 
B~~LJ1N~J:EJfiJ o *JJ~1r~a9~A1r:llnr~~Aa9~U~~: 

CH - 0- M I z 

CH2-o-M 
I 
CH -0-M 2 
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~"P M ¥f?IIXA~r1~~~J:.\ : 

0 R" 
n 1 

- P-QR'-N-R"' 
I I 
0 R"'' 

¥!=f R'~A~ 1 - 10 -1'-~.[ijFfB9-#fij;~SIE~~. iiTi R", R'"ltl R""~A~ 1 -4 -1'-~ 

1Ji(T-B9f~~$Hiio ~#~Biit~~~ltil"~B9~:bnit~~:J$~.~,~iia9 0. 5% -1.5% o 'E.!:j 
~~~Lft~JZ.tt:;k3iJ(~: ~~~Llt~J : tf)l~L{t1f1J : ~BI[ttt/E1f!J = 1 : (3 - 5) : I o 

~~ ~ .l1J 11-m , ffl ~ ~~~ ~ il" ~L 1t1ftl flitJ -it B9 ~L 1t:l$~ ¥ JJii: ~-~~ Aifi 5t ~ B9 ~ Z9J fJ ttt!E 
·ii B9~ ~LJ}l( , 1f ..ELA.fl:G: fij;~ tJJ i! $.~ftt '"F ~ ilJ JOC ~t& ~ tt!il" * ~ tt 89 ~ ,~ o 

4. 4. 4. 3 ES-2000 .1.~.fL1t;iiJ 

~~1tMA~~1tftfJW, M#M*, 

Jffi~Jt-+-*Wit'r£ , flitJ~~¥J~Lft:J$~~/Ett~:r 

~~£.~FI~~~'~*~·~~,~ 
F~~~~~~~m~~. B~}~~ 
ffl-T EL, BME, ML-1 ~~#~%~L1t1$~ 

~~F~.:tf~r~~•*••~#•~~ 
B9*~~~~~ffl.~~7~~(19~o 

ES-2000 ~il-~L1t1f!J :;ff6r7Jc, rif-T~ 

ZD, *, ~MH~lt, F&-~~-)1~,~ 
i¥(~]?d~~*~o tf-i!i~1*JJii:WJ 1. 5 :if: , f~t 

#AA2:if:;m~~~~M2 ~, M#AA3 ~o 

A ES-2000 1t~m.1t~J 8'-J ~F .:r: t; 
ES-2000 ~ ~ !¥L 1t ~J a-9 ili1J 4iHl~ ffl 1~Hfl , 

~-~~FIE,IE·~~~ 4~5 o ~ 
F:i:1~-@.f~S Span-80 (19 ~ ~ , · Span-80 ~ l!iG 
flitJ~ ES-2000 ~il"~L{t~J o 

~IE ill~ ~l$im:i:1:fA.ffi~A~$i ~, 

:(£ 1 oo - 130 ~ '"F it!+r .lm.1J< ~ J.ilZ , ~ 1i ~ Jl 
~Mkfl~.~~g(J9M1tmMA~J.ilZ-o 

l~ 11~ 

<61 
hR 
m 

LI.J~M ~ 

(!) 

fi r&.&Wi.. 
@ 

Span-80 

ES-2000 
ffjj!j~ 

G) 

ES- 2000 
m*I.!.W 

00 4-35 I~fJii;Jlbr-~00 

~li:£1Jt.f4~~~kfi'EJ;f, ~!Eiia97li!IIMA~J.ilZ~, :itH'T!~{t~J.ilZ , t£ 180 - 230'(; r ~ 
$[~ 5h, flP~ Span~O ~L1t1llJJVt£ o 

:A: Span~O ~& !=f:5HJtl:bDA~ooffltt~J A , ~oofflt£1l!J B .&~1ti.1llJ, fiPilJflitj~ ES-2000 -if 
ill'i~,~~~.'&fij;Jllt*~=:~!l:~~L{t}fiJ o ES-2000 ~~~L{t1f!J~~iltF?lJii!.~ 4-104o 

?~ AA'. 
1m {(i JB{tffi " 11)- J!i If ( 20't: ) 

~ 11)-
llli\'Jg p;J g (:Jf Cl ) 

/ mg( KOH ) · g- 1 /mg(KOH) • g- 1 / 10 - lg( Iz) . g - • / g • em -l l 't: l't: 

:i)t~tjt~ 
~7 150-189 65 - 80 o. 9)8 - I. 050 200 -240 ~ - S't: ;;.240 

~J!J'l!IP~f* 
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B ES-2000 lL 1t ~J ;(£ ~L 1t ~ ~ o/ {l(J S Jfl 
( 1) :(£ BME ~!:ftW~ J:f:l J.ill.FH o ES-2000 ~~ ~L1tjl!Jf£1H~\i.:Zi"fJClY J!Ff~tz: BME !JL 

~~R.*!.ill.FH~&**•*~·o ft~~~~~I~~~~~~#T.~BME~~~ 
~ 2. O%~L~Jf!J~:15JL 5% ES-2000 ~3~U!~!JL~~J, !JL~~.*:I!t, tt~~1~~~o ~1I 

~£:151 101 rom ( ~f,lf) ~ BME ~ ~ ·~fJ~i!HrlY!IJ "Pt, ~ 1&' J3[ :151 1. 36g/ cm3 ft:;{:j a;J- , ~:iffi :19 
4032 - 4673m/s 0 ;it;l;l.~.*lnfitff:WJI*J~~~ .&:Y.£~, Ej~ 2% Span-80 !JL{tJf!Ji!i~frt~!JL 
~~H-Bo ~~*-R*~~~-~--7·~~~-o 

(2) :(£ ML-1 ~~~W~~!.illffl o :tf~F ML-1 ~~L~WR'ft, ES-2000 ~~~L~)lljag 
JfJ:fit-(5( ::1-J 1. 0% -L 5% , !1L~~-~, Jllt.firWR~1ii~ttfm ~:!Ito ~-;9;;~~.*::1-;: :££11 
~ 100 -llOmm :76~* 01£~) :*-#T, ~J;E:Ja~~.IJ[:15J3200- 3500mls, ~RW.J.l;/9 
1. 30 - t. 40glcm3

; $:7cR~ J[:f23l!J l20mm, f!~:JiHlHti:'6J ~ 4000 - 4400rnls, lliJ a;J-Jilt .fir 
~Ra~fltff:ii~~.*:l!t, ;ff.$: I 1-YJ Z.J6~:J$R~~~ilii~~, :£1:*:t~~m~t*•:l!t o 

(3) 1£~tlt9i$1!*!1L1t:J$Rr~J.illffl o ES-2000 ~~~L1t1l!J 1:1:\ 1J ~i!i ~ , tESIE~·H:llll 

*~Jai*1YZ.-Wi$!!~R*1Y'":J$Rr, ~FT EL ®fiR, BME ~~RllAJt:t?FR?~~$ 
~F~fl~R~$~n#~L~:.li:Ho ~L~1l!Jit.fflii:1il o. 8% -L 0%, l:~ Span-80 'l:t~.ffl:Ul:~ 
-~T-#.W~M-~!1L~~~ttna;E.:ta&•*Mo ·~~~-ff:Wl~. Bff:. 
L 5 ~~ ES-2000 !1L~1l!HJY:ff~ .AJ~Jt(f.~!1L~·* o 

4. 4. 4. 4 MZR B:.ftJ j_~.fL1t.~l 
-~~~~~~~an-80 Ej~M·M~mrew-.A~!1L~~··•·m!.illttB.!1L 

1t·~~, ]]i:fl.$11, •-*f~ ( tt Span-80 ~:fi:f~fft#Hf~) ~!Wft.i: o 

A MZR * ?HL 1t ?f!J IJ\J S JfJ ~.*: 
MZR ~~-~,L~M•a~,L~~R~~U*I-1£#•TnR~~~•~;~ga~ . •m 

~ lliJf~~BiifRIJ~~JL#m~Jrr:f1;)Jlltag!)iJ~:!iJ:$ti~~~~fF ~![~ !1L 1t1l!J a1J-*#, ~~ )JDJL 
#~-~~ffia9-~,L~~o ·~~~4~.fir#'L~~~A~~.~--~-~~ag;9;;~ 
11.f~-~~.ffl, ;J:t45-1Ji~-*fti:t!F~~rj{il~7& 4-105 o 

~ 4-t~ ~~~*~~~m~~•~• 

~L-It1fll 
~ 1Jl \fi 1Jl -~A\ ffl Q p:j .ot\ ?Hili!llt ~~fll Ji!it(i Wl fli 

/ mPa · s /g · cm"3 I'C I 'C I'C / mg( KOII ) · g" 1 / mg{KOH ) • g - 1 / rug{ KOH ) · g" 1 

MZll-1 5. I I. 9051 > 10 206 >200 167. 8 145.4 1.7 

MZR-2 5. 6 I. 9670 > 15 209 >200 271.8 139.0 2.3 

MZR-3 50.0 1. 9432 > 15 209 >200 279. 7 138.0 2.6 

MZR-4 22.0 I. 9026 >15 217 >200 147.8 146. 7 1.9 

B ~L~£1.Pt {l(J JJ.1t~#; 

iit!.ffl MZR ~7Uj[~!JL1t~J~~F~'LIDC~./9t, ,!'E!:~jt~I!JH~~ o 7&1Yj MZR ~1tl,L1t 

~--~hB~~~*M~~OO*h·~'·*-~*·•~o~a·~~-~.--~ 
C~t£~~-··Tey··~@·*~agMaMMWB~.~~~~~m~~~--·~ 
T-~ 4-106 0 
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• 4~~ ~~·~~~~~m•~-~~ 

ffi~ri!.JE ll'lfti!l~lfl1lt ~Jl lllUil'H~ 
~Ut~ 

;li g tt!.ffi f14Mfi~ t.!Hit tli!Jr l&ti:li:~ 
~:ftllll 

/ Pa · s IV / g / Pa · s 111"' IV /g' I II-'" 

MZR-1 >450 0.032 >350 .. 3 MZR-3 >450 0.032 >350 .. 3 

MZR-2 >450 0.067 >350 .;;3 MZR-4 >450 0.043 >350 .. 3 

c ~L1t ~f ~fit 1f tt ~Ut. ~f itU~ 
~ffl~R ~~~~~~m~~~,L~~H.~*m=a•r~~~HE~.-~tt 

n&•~tt••~~~~~~••*m•~~~~~-ff~.-A*m•~••~~.?t 
~rJ;S: 60~.&- 15~ , 1}11f!::ff: 24h f1::1'J-1-~~ ; =~*JIHiti!lilnfHi~o JIJ-~*~~ · 
4-107 0 

il!lifl&i&lflliJfiA~ #Slfil~ 

lli:t't~i« ~61-tiJJf~~ fil.ffat(B) i&Mi~~ fil.ff~M 
~~jll) 

JliJJIJIZ]f,{ ~ ]! Jfill.lll€111 • ii I }I Jilli.I~Jli 1.1 ]! Jlill.l~'ll • it 
/em ; .n -• -I /em I - 1 rn • s /em l m · s - I /em / m • s - I 

MZR-1 6 3554 3 2670 >6 4 3099 3 3021 

MZR-2 6 3584 3 2670 >6 4 3316 4 3186 

MZR-3 7 3542 3 2543 >6 4 2949 4 3056 

MZR-4 7 3554 3 2969 >6 7 3623 5 3098 

MZR ~~tl ~ ~ 'L ~1f!J Ej ~'L {ttl) Z. I'B.J ~ .ffimtt& ~'L~ :1t JiJT17J HLB -00, a9~ ~tt PJ :i8l 
;i::t.*~tl'f!:<$:i*~~ ... llff:bum?t&i!:B9:lit~1m~im11l o Err~ MZR ~~tl Sl:'*~1t1f!J ~'Lft !Z: 
~~~ , ~~{II!Jlj~ffl~-@.! o 

4.4.4.5 •~~~M~~~a*~,t~~ 

:tf'LftWH~/J l:ji~;td4.ffiJiil 69tr.n£r, ~~Jiil lt~Jtm 8045 '1At 1f!Jl:j Span-80 'L~ 

1f!HlUc~!l*'L1tfi!JfliiJ*~ 'L1tWH.ffT5t>t ltx!MJ!rJ, ;tt-~~~Hl~:~IJ =f~ 4-108o 

tt 4 -108 ~~~~~Jtt-.l!¥l~3"&:1tla<J~It~ll.I!'Ul 

1$!tii;.J.} ~~m~ffJ 
!l:l!l:t~ 

"-1tlit~ 1t~~Jilt.l'l.1$~~~tt 
( 8045 : Span.SO) 

522-2 .!;} 
8045 2. 0 : 0 !Vl1t'l:k. J&f;t:~~)ljl. ~ ~~~~~~381-.I'I~WB~~.I& 

531-2 ~ l9l • 'i1l! 3t .n = "" f*&ti!l.~~~~ .n=a> 

531-1 ~ 
~L1t~l~. ~-1*~~, ~~»~~~381-.I'I~WQ~~.I& 

531-2 "5' 8045 2. 2: 0 
:1! IJil ' ~ ~ f! .n = "" f:<t-&Jllt~~~*" .n = co 531-3 -4} 
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~;&4-108 

1$~~~ 1t1-tl'fil~~ 
!i~bt~J 1t1-tl&.W: !JLMt !Ei.liltlf!r:J.ii~iiJ:E·Ji 

( 8045 : Span-80) 

530-4 ~ -
~L {t ~IH§: ~ , IE( f* ~ tE~~~;ffft(( 18 1' YJ Mt-I*.&Jit~;ltg 

530-5 ""} 8045 + Span-80 3. 4 : I 
"-! , ~ llf:l , :tHf. n = "" 'IJ.Il~' ~~~It! 

530-6 ~-

~ {t $JH~ , Jll( -I* 111l?'E , 
~!.li~ i:I;J ;fftil( SOd, j&f;,jl: ~'II!!, m 

1010-1 ~ 8045 + Span-80 3 : 2 ~. m. n = oo, liti§ill~. ~~~; 
li-1YI:~ifiE: n = oo f?tiX 5 1-J'l .1&1<1> bl.lilti§1!:li.f n = o 

' 

~L{t~~, Mtf;fi:tli:W, 
~~~i:I;J;(f$:61'-YJ.!E(f;t:;&Jilti§ 

1010-2% S045 + Span-80 3 : I ;ttg~.n = ~.ffnt71'YJMtf*.&Jilt~ 
~3'li fl=oo 

1Jj~, fl=O 

109-2 ~ 8045 + Span-80 2:2 
~l{ttt~~~. Mttfi:i! ~l)i~ P3 ;(fjjj( SOd, J& i*lkiit ~1!: 

I!Jl • f!.\l!f:i!B: n = oo ~n=o 

~l{t~~. Mt-l*llll?'E' 
:9< ~ ~ P3 ;(f :/i!( 60 d • IE( I* ~ '1111 ' Jilt 

1030-1 % 8045 + Span-80 I : 3 ~~ B , @ n = oo , ~~ffli!l: SOd. Mt 
'IJ.Il JJl ;!l\1 ~ n = "" 

f* lit.lilti§~jJI! n = "" 

~L 1t ~ ~ , Mt -I* '1111 3'{; • 
:?)< 3i ~ P3 ff $: 60d' IE( I*~ ill! ' 1'11. 

1030-2 ""} 8045 + Span-80 I : 4 ~1!:8. (8 il= 00. ~~;(ffil£80d, .IB't 
Jll!f~~ n = oo 

.f*.&at~~~ n = oo 

528-1% 
:t£ :?l< ~ ~ J;l;j ;ff $ 48 d , .IB't f* 1*. am 

~l 1t 11HR , Mt f* ~ 1t , ~~.;ltg~~~. fffii£31'-YJ,M(f;,jl: 
528-2% Span-80 0:2 

~If!: tl::~i!ut n = oo .&nt~fJJ~ • n = o ; :fl-ft(( u 1-.!'I.IB'tf* 
528-3 ~ I .&Jilti§:lSJ~~ n = o 

\ 
' 

1>\;& 4-108 3'tl~~:x>Hti5:til&~* ilJ l;,.(:fJtl:\: ( 1) 8045 ~L1ttitliti-a<J~L1t5&*~&:!!1-, 1* 
f¥ 31 - 381'-jj ~IDtf*.&fllt~iJ3f&-f¥f#mt*tl(~]it~~, :X~j!ih ( 2) 8045 ..ey Span-80 
89j!it~L1t~t~-MtHt~:!!r, {13~U~.xE·!t:Erm~, 804515'-il~~at ( f.!P~ Span-80 ttfj!J::k 
T~~T 3: 1 J3t) ~t~~~o ~gt~l#,, 1£1J~®!M'~~~j!i}-8~:%il', ;ft 8045 : Span-80 
IV.::kT- 3 : 1 1:JEo 

4. 4. s iJ!JitiM!t~l:ft1flJ 

E. A. 1£;*%1± 3770522 .l%~1E~.ftJ t:f~ST ftfflii~RlirMtikfF1:J~L1t:I$~~~L1ttitJ' 
ftl;,.(%nl(; w;o ~~L1t:I?F~ili~. ~~-flf{FH~T£ll~$~o f5!1:J~~Rlirl1Ht:J!o~nlir&H~~ 

HLB {i~1:J 18, ~ HLB {irm~, 't:L\li:~ 0/W ~ULftJ?iJ, im.'iit _R~%fllt 0/W ~~L1t~o 

ffilf±~L ft:I?F~i*-* t:f , 9!U'tir·~;fEI&: o li"J at , fiJffl~~n~~tikfF J;J ~L fttitJ at% flit ~~L 1t:l$~ ~ 
~~••:!!f~~*tt~.~*:!!t~:I?F~~•-r•~•m~at:f.H=a-mat~m~•• 
~o ~Rlirm21itB{]~:hll:l:ii'ift1:J:kt:~.~<!ll¥1 1% -4% o fj!JJ!o, re 7 ffi~-l*?ii1JftU'Jc;fO 15 ffi?illJ 
M~~ :JJo ¥U 11 f?17 5 o/o 8{] ~ D i"tuk m~ t:f , ~Jtriit !fP.1 1111 ~ ~ 11 oc !;,.( m ffiW!I f*!fm ~ o :11 ~ 
1 ffi~R~~$~;fll I ffi~R~~~1Jil¥1J 5fJt1.~*4¥lbt:f, #f± 71 "C atft;ft7i?J o rtm~15~~~R~ 
M;fllii.iJ!RlirMt'l:~~f-Hlb~:hll¥1JiillJm2ftim~ 9=T, tiir:l::tJ5J#~ti!J~ 62. 8"C, l;,.(%fllt~~~~L 

ft:I?F~ £ 1lfi: 0 
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4. 5 llftE~1JD1l!J 

~~WH~~*m~B~*·M1-4~~~7-~o a~~~~~~$~~WH~~ 

s:f , :ia51tn~E· ~ :tJud>:fiU!i ~ , ~ ~- tp-~ ~ 11; tt ~ o i! ~ Y il: ~ nn jl!H~ flH'lBI~: :ff ~ ~ "®: ·11: 
jl!J, ~~flt:it!*'J*-n~LJ})C~~WJ~, ~fiO:i& :!m"F o 

-~~tt~~~~•~•••••~m•~ma~•• ~a••w~nn~.~­
nnil:D#~WH~a•~o.J% -o.3% o -H*~· ••~tt~•A*Mtt~•oomtt 
1f!J, ~~~.kT~~L~~"lafF#Jo ~-:bn:fit*T- o. 5% at, :if'1>Ut:bn:l'FHJilt-*, iffl.§J{;f;f~Jilt 

WI O ~~L~~~~L1t~Jfl~frJ o 

~~~~, ~19'1~-=J--~ , ~137*';-T~ , ~~J*';-=f~;f11i'~}l1:~~~oonsttwJ"'='. ~~1JrJ~A~ 

-T~~Uiifflti*'J~-.*:iiltEo ~f1:Bt, i!~~Uiiffl·I1:WJJ.i!L~'Ltt:t.litr~11tA¥1J1il1iM·~~ 
{t~*-~9=', ~~~~-~-~ffi~f1:fflo ~#,;i!~·-~~~-:-~ ( Cll­
CI8) M®Ul~NI~~lii~, ~¥m~Mtm~~m&a, ~~~~~H.ttMD~~~R4~, At¥~ 

M¥aMu•*•~O JJ;~~m~•e~ , •-*•M~~ = +=•¥~•M,+=•~• 
MM , +=mauM•M~o "FWR••~-"Fi!~M•oomttm~tt~: 

4. 5. 1. 1 -t .::..J;t,I.;A:,AX_ .fill ( K12) 
+=~¥.Mflli, 3<.-ffJ\B!i JJ1iM.ftflii, Jt~-T~ 1-1 C12 H2S 504 Na, l§x;J-~-T .&!::Ill: 1-1 

288. 39, ~:j:lgj.\~ CH3 ( CH2) II 0 503 Nao ~f!lllrdl BsJ; cll- 141$~ m\-*'~ ' f&lf~{t rp if11' ll]t#} 

ffl1H4 ~ i*' J=H$-1-=• ¥a H M o ~it JiltRI'r JJ1i M ~ ~ 1t , tm 1t tm ii: ffl1H-lf ~it Jiltn!i .flfj M ~ W­
*4, ~~~'P~~t}ttH~a<Ji*' &lt~i:tJiltni!JJ1iMaMM o ~il~'VL i!Wif'lli*'&ltliY#J "F~Ltt 
:l'FH 1¥.1 •* ~:if' $~-*F 1¥.1 o 

+=ma~Mmt¥.J•ttaa~= s~~••~G*.~~&•t¥.JMa~-. ~~m• 
o. 25glmL, ~A 180 -185"C, ~ftT-7.]<, ~-o W:i*'~~a:&:tY-({tFY"U T-~4-109!=f o 

tt 4 -109 + =t'l&iJUltlll i¥-J ~·*Flit < JJi:it?H!O 
~J.jft~;Zij Bli !liDi't ftftl! -€l-JitBii!li~irtlltftl! ~JJi~jjiJ Bli .ll1i Mti lit 41'! 1:-JilGBli .ll1i~fUll fJ!J -.!;).Milt!% ;;.60 ;;.57 ~mt~L*ilt/% ~5 E 7 

~ lf:!:f.t!lml% E2 ,;;;4 pH ill 8 - 9 7.5 ~9.5 

zlc0-/% E3 E3 j'@ ttu 1'111'11 ;;. I 90 ;;.190 

4. 5. L 2 -t .::.J;t£.#)• fii ( AS) 

+=:19U~U'l~flli, 3<.-f*E7J!Iil~-tllio ;a;?t-T~~ C,2H2jS0 3Na , ;f--m:;(;J-~-TJ.a!::tit 272. 37 o 

a~ ~~:W:. ~Ut ""f , ~ = $( ~ ff!E~ t«. ~=oifi Jvt~ fn ;o rm ~ c c 12 ) 9=' , T- 65 cc it!: fi" ~ J.i!L , ~Jilt 

~~~M~, ?&J§.jij. ~~1i<t 1-tfllifF.Jfl, 9ltl~+ =~~~MMJilt£ o 

W:i*'rftdl9~1tttm!:~: ttll~~-1*. ~9:'*. W~ L 09glcm3
, fiM¥5~i'iFf*, Mmt , 

~~-~o ~~-~~~~ .• a&~~tt~o ~~-f.t:l'FHI¥.1*§~ .~~~25%-30% 
a<J7.l<¥'ina•:bll ~. ;a;~:bn:ii!~ :1g:l'F~ .~,:fit~ o. 1% - o. 2% 0 

+=:11l¥i.liiUflii~jl'l:,ft,l!fiia:tT-?ttl~: ~~!lt!J~ 28 ± I% , ~~1t!IM;J'T 6%, ~1-t~ 
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-€5iit;Jv=f 6%, 1% 7l<tfH~Il9 pH -fil1!/7- So 

4. 5. 1. 3 -t-.::.t,t~6f-~--~i ( 6503) 

+=:II*£Dit~~ft, )(ff.f\~1!tl:ll*~~lt~ft. 6503 ft~j)=!J o B:J!El3~1ltl~:ll*¥=z:. 

~M~~~~~%~~~*~o~*T~:J!: 

0 
~ 

C11 H23C- -cH1 CH2 0 H 

0 CH2 CH2 0H 
II I 

CII2 CH2 0- P-QCH2 CH1- NH2 

I 
OH 

ffi~~~-.BA~tt•oomtt~ o zm"'~•~•~~~~~-~.n~~~2o% 

C~M7l<MM~M·~~Il9~ffi-.~-7l<.a~-····~~~~~~~~. ,L~. 
~~.am•ttno ~,L~~H~~-~n-~ 0.1%-0.2%, M~-~~~Q2tt~-­
+*1Yl1& o @3>t-T3lU81t~ ~?@?ifi!l ~ ~'L tt~H::t: E:a~u~t: ~ o 

4. 5. 2 ~it {lEla )l!J 

'L~~:it!J?IJJ<tt!i!i!'-.5!¥L1t~H ~ iUE'i1:, ~ ~n 'L1t~J ~'Lit f'1~7J, ~{l;,t;'L it~J 09-(f.ffl 
it, :ittfffi~{l;,t;'L~~~~-*:J!~I:11t;t;r~ag o D~?HtUl3~n!t~*#.l~!IL-ftj)=IJ , ~1tt:J!Y 

••hn~*Rffim*~n~~~m•••~•~••.~n~•~~-·o ~•m%n~t~ 
*•~M~•••~-~-~~itm~~.~~~~!¥L1tm~&~ Hrn •~•::t:m~"· 
~~1'f;fH~~ffl, llP HLB -fl[A::ffl1Jll*'i1:; El3 =f !Cti'Z~i}-~ ~%-, ~JilL itillfturf~::ffl~t& 
~~~lli . m•~~~~~oo~ ; ~ti'Z~~•ag*ooMA~~~ag.mJil!-oo~m~~~~ 

f15!R ~ !t.mU~:~DJJ o 

~~m~att1'fm•a•m~~QA%n~t"2*•··.~~··~~~•-m*Boo•. 
-~~a~B~,g~ilif*7J•ME1!;,t;,WOO-~*D o ~W.&tt1'fm•#•m~~1t 
fJE:itt~J. LIATfrmJLf'!t~f9iJ o · · : 

4. 5. 2. 1 ~ti..-ft.~~ 

1Jo$:;ki.ill'.~~0ijij~ R ftpg~ ( Binet) agiit~~JJil. aho~i\t1t691riii~~5tt'L 

1t~~~~1t1'f~Bag·:ltt~ffloa~uyS~-·1t~~-R~E~~~ffi~~!¥L1t~H 
B9~&¥a~••~&.~••••ma.a~M~MB*o ~a1Jn:it••~ o.2%­
o.s%,-€5~•-ri%"X~BB*o ~maatt•~•~. ••*~ <R#AC,0 - C~) 

-~~M•~~m~m~~-~r:~.~~~r:~•~~*•mastt::t:•1!;,t;~so% o ft 

~tt~1ltlllr~~00*001t*I.ill'.::ffl~0ijij8~~~t:~Wft o 

~it@mm•~••••·~1t~-~-~-*~ffl~o -M~~.ft1t~~~•. 
1t~1tilE:il!~.ffl~~~ ( .!4!.* 4-110 ) 0 

4. 5. 2. 2 DRQ ~ ~L-ftJIJJ Jl!J 

~'L1tilEU!j):IJ~ft5<>tT=IlBI;.W.Jfl(~~L1tj)=IJ T-152- T-155 ( Wff.f\ T ~J) ~L1t~l2f§~iffliF 

iWJ~. ~~T~A~L·I1:. lit*{!;,t;ltio 
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\'ll'lfVg · cm - 3 

Fi~nWmm 

~ I 1o1 a-t lt.l!JVC 
:JR t] \ ili: ~iii :1il 

~UHJ!II.fr~ M/Cii !'¥ 

I 

*l!.54% 

1.15 

25.4 

7 

rt!.ill'lf 
11!: 

2 3 

*l\65% -;'tl(70% 

I. 12 1. 12 

25.4 25.4 

7 7 

9 .f}ffi.*/lOtUtW'l!f 6 -l}flT51Vl!.IHtir1f 
"tli 

DRQ m!:1L1tltJ~lj.1-Jf&tt:fr;f!L!f?J, ~ T ~~:fr~l.t~HI{J fl.£ lfef..E, !::j T Jf!JfJ(l : 3 ( Jlti::li It) B9 
l:t-·~~Jtilfit.a~&~~~~B9~~~m~mo DRQ ~DMffiM~~ T M,.~$* 

~L1t1f!J~~~Jilt7lfl: o ;Jt~*mt-T-.W.;& 4-111 o 

* 4-111 DRQ ~!¥l:l.t.JtfJ1PJtl*~tli 

lJJi 13 m tr- lJl ~ m ~ 
~I' xw. * 15~--@.~il/.lllll I* f!Jlr(50't: )/mPa • s 150-300 

Wilf(50't: )/g · em -J 1. 23 -I. 27 

)M1itfflRlt:1LifitfaL ~L~lffil.~ , 1tiH~il < ~~i!.tr) Wffi~L1t1l!JB9~~Ltt , ~ 4-112 

~ili 7~1iil~L1tif~J j}~Ltt~ ltiit!li~* o ~*~~, DRQ $L1t.IVJ1f!J~ T tfJJ~~~JtiJ§" , 
~zyLfi~ Span-80 :k~;f:H~, PJ~,@{~~i!iill~L1tri':J~>J(, :®:®f~-Tlf!. t<l!,ijj T *'Ja9j.ytJJ51ii 
J1r, )(;j"~L1t~~~~~:§t1::f":frf!J o 

* 4-IU ~~-~~~-~-~~~~m 

11. 1t ;ll] .liUI.B<t (ii)l min :l'L 1ti1!.1J[/'t: 
tllt.#~i!/r · min - 1 

( tiilf!Jl'/m · s - 1 
) 

175(6 ) 300(10) 

Span-80 4-7 95 -105 fit. ~L 

T if!] 9 -12 110 - 120 ;fJiUL !b. !¥!. 
1' ;l!J !:j DRQ ~l!i:- 4-7 95 -105 Jilt ~L 

I 'I ' 
~jl ii\~ T J):IJ ~ffl!m W~ ~ ~ ~ :fJU tf!J ;f.i I!& 0 R! 1:: f= 89 IZ2727 D :1L ~ j'flj , jjfi ~L ~ j:£ .19 

11~rllllin , ~L~B1fei].1-J 5 -7min, 7]Ct1!1t!i\Ifl05 -115CC, iltJ;f:Hlffil.lt 100 - llOCC o ii\~:ISJ­

~1!"' , ~L~~*~~o :ki189~FJ.ilZffl~:W:mUE~7;Jt~!OJ: o 
.1-J~UE~ffl~LftWJj)lJJ§" B9~~fitff:ift~tt , ~h 7 8 f&~ff:iit~, ~ 4-1 t3 !:fll{J~iJ& 

~ gij ' ~f.tff:~)E f.:E~j!=f 0 

fit -\} ." Jft. fflt Ia if w:t:IUJH\t tit ~ flit:«- flijjJ ~ll' ~ilK ji1$AUJ(i\t 
lffiiVJJ ~-/em / mm Vm · s-1 :9Jfli!;IJ) I mL at Ifill }I J!AS/cm / mm / m · s -I :W&:IJ )/ mL 

0 8 19. 0 5348 6 6 17. 6 4804 

6 7 18.7 4950 
20021105 338.0 

2(1!:121001 333.5 10 5 16. 7 461.3 
7 8 17. 7 4950 

5 7 18.9 4987 
8 6 16. 2 5208 6 7 18. 6 4754 
0 7 20. I 5578 20020812 

8 6 18.8 4736 
330.4 

MJfii\S 338.0 

' 6 18.4 5102 12 5 18. 6 4679 

' 
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~~;&f!ij, ~ DRQ ~l:ft!VJ;11J~ Span-80 ~-€1-ftffl, iiJJiH!l Span-80 :tE~L1t;l$~'f!{tffl 

89~.¢.i., ~illi 7!1L1t:J$~a~i!1Jrl1lflti.ff~}Ef.£, :J$~fltiffMiiJ~*~ 18 -t-~ o 

4. 5. 2. 3 Gemini -*.iii~·l±*l 

~~1Jo~J1l'fF{jJ1>1i"i'-J.i'd<i!IHrl1J}.J*~*it, ~ll 00 4-36 fififfi o ~f~~~*iiiffl•lifiiJffi t~, 

:!l~ tt ~ 89 * m·11 ~ 1! i'Ji ~~iii t~i'l~£ c 1~ ~ 'lfli w. .JBt IZtl t&~ l11 ~ iiiK::h > o 

IJ:I 4-36 *ilii~tt:l'i!Jta~lf-~~ 

Gemini *itifflf.ift!Jfi~~~~:l:t!!.iJJI:fH~Mtt~:JGtJL$kl'J9~ dll~~ , f!Jj(.ffi~~~~U1t, 

hA. rm llfi ~ 7 ~a~~* nlt , .lfl-~ rP17ff ff¥f1f loJ f$ ;1J , :tiU~· * $;1J' rm ~ ?J ~ ~tll , ® ¥U 7 ~ ~ iJJI: 
·jg:tiU ~11: ffi o ~*nil l!i5:51-1.fl -T?t-T ~ ~, :tE~L 1tB>t;fJit·!1$:frfi¥ loJ 7Jcttl F ~ 71-T-~ lib , W.J~ 
~lo.Jnllffi~nlt~~m••. ~~•m~T~&~~•.m~T~L1t:J$~~•}Ett,$rm® 

•7~1t~~m~1tffl.*Ma~••*·~#1tmM•~•o 
( I ) Gemini *itiffltHfiJo Iii N, N-=lfl~-t=~~~Jl:t(, 1 ,3-=llN~~~JJ(Z:.D-fr 

nJt. &m:tn~~~or: 

A~•1t~~~:%~&~•••*•~ss~.&m-aB>t~~~~•mz•~~• 
A.M~~z:.~z:.~-z:."m*mm•~•~•.Nan~~•~-r-so-~~~#-r~• 
fvNr-t. I!Pmi!J~.fl. o 

(2) 13\~ll!Ji:ito it:if~r.lfH!OJiFia\~ (50~, Sh; - 45~, I6h ) ~*~~, 7.K.ffi9='1Jn.A 
0. I% B9 Gemini ;&itifflfi*'J~, r:E!G7J~Il;5Rftl:~*~:llii:J~'IW<£r, ~L1t1$~(1<JWJiFli: 

~fl:J 16 (Xftt~ 27 {?.:, .}Ef.£~·:ftt:bll o 

* 4-114 ~~ :bD Gemini ~ ffff ffl •11 ft!J 1frj ~(!<]it ;1$ fA: fm ~tl lit~*, ~ ~ :ij!.~ ~ ~ 7f 
cp32mm x20 cm0 ~~;s-1:1:\, ~;IJD Gemini *iiifflf.£fi1J ~~L1t:J$~(1<Jfl;l$f.£~~Jm.tt!:i\f1i 0 

· 4~14 ~~,L~~~~~~~~~~--

Gemini ~ Ifil mttlt!J ~~@jjflg · em - l !iil/m · s-' ~U~I!E-Icm ~l!!:/mm 

*~:bD 1.15 - 1.25 4250-4350 5-7 14-16 

~ :bu I. 15 - 1.25 4950 -5050 7-8 17- 19 

4. s. 3 !jl~~~j!IJ 

Bf:.£~~.~Bli~1til-~(~O:kli~~Bli)~~~~~~*:.!i!~Lft;l$~a~:Ffif~~}E*'l o 
4. 5. 3. 1 Jllr ~4h J!r 
A .*.iO~~~~ 

:kliff~~Bli:!ik-#;f1i~~BIJ, ~Jikit.fl.I~iiJ ffl (I<J~IfiHffitt*'J 9='Pf£-~~T-~rffi f.f 
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~J, 1t:1-J~L1t~J~Jf1 o :B:!¥L1t;l.1:~!fl-~;!!1t~~nlJJf1~, mnu o. 5% tr:~ a~Jig:fai•~~~J 

~flli.HlH1!~~L1t:tt~l¥l ~:M~.fH~~tt. 'Efr1Ei~Lft1f!Jzltm:~~ 1 : 5o tE!¥L1t:tt~ib!J 
-I~~.~-~-~m~~1tm-&%MAM~~.~~*fi~1to ~~'EX~~~· 
ms?t~LftniJ , it:lllilili*nt~t! so% o 

~B~~EiBIJllnffl:ilii¥l~l!lt, ~ti-ft:liHtim =~D~ ~~ t 1'H~lln~~~~U~¥I&1-t~, 

N~M!~!ilM!~~1tiTff~. iltr~l*:1-JJP~BIJ ; ~~ffJ\:1-J.llW~Bii o 'Efr11¥l?t~~:ftl:a::flor: 
H : 
I ~ 

H-e : OOCR } b ~t~=,;t-:. . I : Ba 1111 Wt.::!.!i 
H-e f OOCR' 

I ' : 0 
: ~ 

H-c~P-Q-CH2 • CH2 • '(CH3 ) 3 

I I 
H 0-

H 
I 

H- C- OOCR} I B!i Jlti®i!J; 
H- C- OOCR' 

0 
~ 

H-C-o-P-o-cH · CH · NH . . l z z 
I I 
H OH 

~~~¥JfJtf"tl¥l:.lik a-&:B<JB!Jlln~, 91U.ffF1-J a-.!i~~Bii~ a-JJW~Dti; JfJtft~¥~~ 13--flia<JBIJ 
Jl1i~, 9l~ f*:1-J 13-~~~DIJ~ 13-D~~HIJ o 1£-Jil!:~mHIJ!:f, a-fflH~'U~~iit~~ o 

~D~Ei~s1!1t, ~DIJ~-f-f • .Rtmrit-T:Xl.KB<JrtbDIJq:., tE~7J<.ff:tEat, JiliJ.5i7J<~~­

~B<J~LM!~, tt~flli~~Jllii*f~H{to Jfl~BIJ:fJl.llW~Bii$tmWf-Tlt-1ti, -iilli!IL .=m1t~:fJl 

*~~tftrit~J; {13~ritrP3M:fJlZ.Miflftli~fiB71J.P o j3;r~, JP~Ha~rit-TZ.M, ITff.tmf~DIJ 

~~~rZ.-.~Jf1~-~tt~~?t~~~~~o 

{t4ta~B!i:t£jtijit..t.:illi.ff.J\:1-J .!i~~Bii, )fl1 'iit~ 60% - 65% iJ!lB!i~ 35% - 40% rtbHIJ o jtij J=b 

~~~Bii$~ ~ jc51. 7lb , ffJ\:1-Jjcli~~BIJ o m~ B<Jjc:flJP.DIJ1it:1-J~~, -~1Sjc.5'1. llll 33% 

-40% , ~!lfttt ( pH fi~:1-J 6. 6) o 8 -*89*-li~~BIJ~·WH!or: 
M 1ft ~40 

~~m4?D ~0. 3% 

j'Ajjljijil'Jt'iftta ~40% 

fJII ~2 x w-6 

1Tr~JiiS ~2o x w-6 ' 
-T~~jll ~2% 

Jit ~ 14 :1e rr ~~r ~it ill~ rw r ~r= B<Jjc~J:&gm~ Bli B<Jl!lt:fiHIJti~:flo r : 
• 
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~~~::.f'fa:~ 60% - 63% 

* ?t ~I% 

Z:.M~~~ ~0.4% 

1112 ffl' ~39 

~ ~ ~9 

B ~L1t~iw~J LD 

••toM~~~-~~-~~-~-.~-~~-~-~~n~•~~~~~m.~ 
)(>J":)} 1 n!r£J::k, TI:W.iti...t:if'ft~~:tff.IF~U, 1R-~1~W.W~JJ:if'$ , llP~L-fttteg~~, f.EIB' 
ffJn••~~M~woo...t. &~~~illw.wm~m~tta. fflR'L•¥a*Mmwwa 
~Silt, .:Rfl~*tn~'liU~Pfll~'lil:1'1-atfJ~ffl.1J ; ~iff'L.¥a~'L1t~*· f:ie'L1t~~"P 
*-M~Ufl~~BEbo~~-~ ; ft~~-~-'L1t~H~·1tM*•MM~-~~. 
~~~mto~it~~~•M•~*•·~~~~~~~~~*·~waaT~~~~~~ 
•ttn~M~a2tto~9~.-:bnm*~n••~~H~-~&$o 

~Hi~llJ'J, LD I¥J•:bo:i::1iJ!JL~~EfL~,ii~ 1 o/o 43't:1ilit'~, :tlll :~fHlt~:ft:k, tttt~:±l~ 

'L1tl:t~IE~I¥.Jtw<£, 'LJBt~a~~SEtiti!f!JHJH~~ o ~~~Ji!X;&aJJ, •:bn LD !¥L1t&:bn 
f!IJ J§' 1¥.1 llb ;m 1~iH1fi!d~.J.t ~ ffiiJ ~ 1 oo ± 5 "C ~ B: o 

w •tD:1f!Ht~fit!m~:W:iat~~?£~-!IlL 1t~HDC:tJ 1¥.1 ¥i:ll...t :il!:fri)ql ~ , x-t tt m~ iat;it fl ~ 
ttn , ~JM!WFo~1tfFHI¥.J~*IIC1r ( a:1:~~) ~ 4-115, t£~~lli!~iat~*.W.;& 4-ll6o 

* 4-115 !Jl«:*f:~-*~:tflt~ 

.lbt~fl«f* ~:IJll LO 1i1f~{t1$~l.ll1J/% ~:IJP LD .SfL{t1$~l.ll1JI% -tltf ( fiilfjj(~1Jit$t) 
tl< 10- II 10 - 11 . 

~ii'H~Jt i11i 65-75 75- 80 Yi' 6' ~~ {9lf :1\'t :k 
m~t"R 15- 18 5- 10 Yi'.Siti9lf~~ 
~ • 0 -I ;11'1 7 - fa~ fjj(;U .$4 

:5Httlt 3. 5-4. 5 3.5-4. 5 

Span-80 2. 0-2. 5 1.0 -1. 5 Yi'.Sft~~~ 
Kl2 0-0. I ;11!1' 7 - :fsl• )i;{~~ 
LD 0-1. 0 ~:IJU (!()-'loft t5ll)Jn:ll!J 

~:ftt:Hli JliHIJi!!"/l!l em ~lf/mm .j£/ru · s - • 4;i tt 
5 15.9 4152 'VJJII'1tttru 
4 14.2 4037 fil!:'ff-41'}] 

jj;{lfi!}T 
3 12.2 3337 fill t'?6 1' }l 

fill# 121' Jl 
7 18.9 5224 'VJ.IIktifm 

~lfi!:tf 
5 18. 1 5100 fllf1'¥61'JI 
5 15.65 4432 fi/!1'¥ 12 1' Jl 
4 13.8 3667 fill# 18 1' }l 

4. 5. 3. 2 ~ 73"--1- 4h J!i 
~J.mtli~r~*'l-~~nojl!J&~'L1t1$~~-fqf.ff:~~ttBr-iZ..w.irmm, JtfF.m3::~~ 

*sEt ' L 1t fiB JJ} 1¥1 s!ilt , ~ *~L {t~J 1¥.1 ~-® , ~ ititJ !¥L1t 711 P'J :.ffi *lL r ~ :Jg Z9J , ~ fii'i 1!15ll:: !¥L 1t ~ 
pg;ffi;fJI-=f~~~ 0 
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W%~~~~·A~a&~M~•tt, ::ka~•a,*~~#~~2·=~-~.a 
I ft, ;&ft, ~llfi, ~'lfti*4~, 12i!l¥r·®!~A1Ht~I¥.J J.illff.l ffl'fi, 51®T Afn}i£~~~ 
tt o ~···ey~*~fL~~-~~-~M~ffl, ~~~UMAM ~ffl~M·*~•ma 
!1L 1-t~ H 9=' fJ{J ·~ f'F ffl o 

PAMAM W%?t~~*~firp-€5"1i::kti~-NH25¥0-CONH-t&·~~ffi, {~JtA1HFHe: 

t¥.17.kf6tto ltfmfl{]=*UI!~-i PAMAM fi{J*~~OO;fJJ~T .JEf'l!f;lj o ~11**ffliYH~~,L~~J, 
_,LJilt:tl:-T-~.Ifilii~*~ -~~fb.l@.{llj, ~ !:5 PAMAM ?t-T-JfJH!H9iE lt!?itf:ff~fitlt!.f'FfH o Iii] 

EJ;j, PAM AM ~?} T ~JR.!3?}1tUfl Jfll¥.17}(, NH4 N03 , NaN0 3f¥1£!lfjtfi fi{Jff;ffl o ~fftlt!.ifU 
~'Uit'Fffl~, iliJXa:W-OO.Im 9='1¥.J PAMAM ey~if11fL1ttill*~%$;~~·, ~~itit:bnT !lf­
ooMtl¥.15.9l&iffi~W~JJt o a1t1'fll~Eit1UxaW.oo!m~ PAMAM ?}~~;ffi]If'Fffl, it5i T .!3 
~~wmgt¥.J;tH~ff;m.~•~•t¥.J~~••••oo2~•~m••t¥.J•oo.~~'L&& 
~~a••.Mwm•TfL~~Hl¥.18~tto 

§H'~. ~:bD PAMAM ey~;:k,TilffttlEr~nL~;I$fi~~-, PAM AM ?t-T-Jtfti¥EIT11H9iE I@. 
f;f,f:S.:;ltlf.IFfFI¥.J%{J.ilZ 0JHB~~~:f.JU11! ), PAMAM a~rm~~ttiffitil:ll·~ ( ff;1>J~tJLJ!t(fi{Jm 
~·)~•s~n~o~a•••§~d•~w•~~~~~.~~-~~~-•~~W~ 
I¥.J~t~f!o 

~?}j11jff.l P AMAM 5¥0 ~ pg :lilt M;/!J( ff;~ ~ Jl!J jf1] :if'~ :bD ~~ jflj ~ ~ ~ 1$ !-9 :iH' fi It~~~ , 
~~=*~ : :lf'~:JJnaJEtf!Ja9,LJP(¥mtt£~s -to rxi*i~m.VSJ.f-, !-9-f*~s~Jii! , 1i::k:Gl: 
~f:it.::f.JT:±l, l@..!iF$MH:i: 20 x l OIJ.Slcm, ¥./m:::k$?}.~;t;f-; W:hn .J-JlW~ftii:Jl't(~?)C~tf!J 1¥~ 

-'L~;I$~¥mlrn~~~ 25 7jz:tc:;(:i a9~f~IIfAt'BJ.f-, /t:it¥U.!3Jlli:lf;ffi I~ I¥.Jii!t$~)Jt ; ~:IJD PAM­
AM 1¥Jf L1t;f$fi£./m:, f;J~t£~ 42 ~:ti::;{:i (1-<J~f~iffiHmJ.f-o 

~M~-~--I¥.Jit!..!iF$~*ffl~~--1.1-~&EITW~M*Affi~~fi{J, ~p~~o 
PAMAM 99-'L~~~~~JEtt~zi'lt=fti-illi-1L~~-ffl.W:ffl·pg~ftii:Jl't(ff;~}E~JI¥.J'L~~ 
H o _x;t~~f¥AA:If'MH:i:2 ~R B9_,L~~H. :hilA PAMAM ~, jt~~f*.ffJV.Iey~~~ ¥1J 8 

1'- jj ~-to 

~1Jn~iti¥.J PAMAM ~~IS$fQ;,Lft:f$fii¥.J§i!, liffiifJ!~i!~~-ji11j, lJJiA=:W:~, 

WJ.l?HJ~jg 1. 15glcm3 ff) l. 08glcm3 99-tf)M,Lft;f$!9if11~1JO PAMAM I¥.J~L~~'!-91.ii!?t-JJIJ~ 
5340m/s, 5409rnls 0 

4. 5. 3. 3 .fAt~~#-~* 

~~maa c~~-~~~~a> -~~~~Too~e*m~~-~~JE-f'f;ff.l o ~ 
~~ EL ~~tl-1L~;I$!99=';f1l B *1t ~ Jt~~ A %;fJJI¥.J ":bll~!¥L~~JEtfll B9!¥L1t:l$!9 nlt?t" 
~~~.•m~•1Jn~it00~8~*••~~;1$fil¥.1Mf¥82tt. ~•••tt~o 1t~Jt 
!l~Amm , oof*e.*~JEtf!Jt¥.J?t~mlnltt:m:~•~k» rtilit~~~sx?tttUH !:5:ii~:m:W-rm 
$ttfto f9.'1~&.*1¥.J.lJl-~~1£J.illjg 1. OIJ-Dl ~~, :IIUfA 0. 005 -0. 5 J.Lmo ~~~~, fF~'L 

~:I$Ha~mey~-~~-m9=' 89-M·~~~~t¥.Jm~• . ~P:~B~M-,+~•M 
~,-BIMm.+~•M·,~~, ~J.k=«~a.•~·,=·~-,-~±,~e , 
~, m, •• o ;a;~:bn:li-~1>1 o. 1% - 1% 0 

4. 5. 3. 4 ~**~~~-

~Q;&~, ~'L~;I$~9='·:1JD~:fiti¥.JMUt\'l1HiPJJ1&, OJ~mmi~M~8JEtto 
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•••~-~~-#o M~·~~k*·~-~-m~•~·-~~~~~~. ~~ 
~":1: ~ :~;£~ , Jill. fiH\lli~ ~ C'='~ll~ I¥J o Wf~W'H~ Eli !Jn~·:'!L 1-t ·fj: I¥J m:~ ~ ~ , ~ :79 ~ ?6 ~ 
-~-~~o ··~~~~~~-~~~~*~~HD~~~o ~~~~~-~I¥J~~.~ 

·-~~**tt&~*Mtt.~*~··-#·D~~~o -~~~~····~~-· 
RliJlti~'i='~~~. %~•itUliJlti&HJfL :lff5!i.~:'¥L~8~fPf!3 o ~~.s~•trr£~:7'Gil~ 9. 
-i*~il~~~. ~~ll~~lll'": 

~ 16% 

-_7G/W 31 o/o 

= :Jell¥ 3% 

® 31 o/o 

1:H!® 13% 

roi *4 ' if-Jll't ~ 6 o/o 

•• ~ ttJ.lli ~Ill'" : 
*~·~·7G~%~' Wi~M~l*.3U~:::tc~c.~. ~~~~-119.'*~7J~I¥J'*:il!, P.ll 

P&lBt::f~?f' &::f~~~J:I~o re•~:bO~ilJ 150 - 250'C Bt' ~{~H~~;j\' f§Jl~ftti~.¥!.~ti 

**·MA&fl·o ~--~-~-~1'"-*Bt~§M.-i**~Bt.&~~~~~~~ 
~o ~~:bn~at, 51~-MI~f-t~~%.Gltxl~, ~~~1-tfi~.!t;Htti"F~o 

•~~m~~z.m. %~m~1J\tfn, m~~::ffftstrm~tftstM, ~$~m~~*~~ 

=~1t~. jf~30"Cti:1:1%~7t~:i3:11>1;j#•-i*~ o ~~Bli!Jn , M, ~~~nli~:I$Bt, iii~ 
~zm~o 

-~~£#-&~·~··' ~~--~Ma••z.~. - 4-117~~7::f~£# • 
• 1¥)'/lt~o 

"' # "'* J.l (15 'C ) f,tiii,/ 'C M til ~1t{fi ll~1tta 
~t:ffi ( ~1t ;f-Ji!1t!Jf/J 

pp 
/ g · cm - 3 ffilft-(ft ) (J9tit~)/% 

~-{S~~ 0. 958 - 0. 970 62-64 17 -23 87 -97 70 - 80 3.3-4.0 50 - 56 

8-{S~~ 0. 958 - 0. 970 62-64 18-24 90-102 70-80 3. 3-4. 0 50-56 

:Jill t£.4$ill' < * llY! 8 ) 0. 953 - 0. 957 61 -62. 5 23-27 92 - 95 66 - 70.5 2. 4- 3. 0 50-56 

:Jill if~ ill' C liY! 8 ) 0. 970 -0. 984 69 -72.5 22-30 91.5-104 69 - 77.5 2. 5-3. 3 50-56 

-H~~.--~~1-t~H~~-~-~~0.3% ti:1:J,ffiW~~~-:bllM~ 0.4% 

-0.7% o Mll0'~:bn.Aii~ftH!iilWf~#J~··r:p ~-·Bli!YiMiffl~. tJJ::f15J:bo.A:U:I:o ~ 
.!Jitl ' Mll0':U:i!:Wf _;U: ~ 1¥) ~tt ' ~~1ijlj ~~~Wf ifflt& tl:l ~ 9. ' IJ P(<ij ~·~ ·fj: 0 !lt7'~ ' ~ ~­
• ~liJlii~JIG&ill, ~-·B!iJltiml~t~% JVt • .tt\'DliJltilUH~ ~Fo, -P}¥f Z.J!~:'!Lf-to 

I .:Ei&:. !JL1tW~ilb;ffi;M_flf)9iilf~. lf.illd;l~11t. 2002( 12): 5 - 7 

2 U. S. P. 3447978 
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3 BennettH~ - I.\fl}!lili (_t}ll}-) . :kfK.Qt11J ~~;I1j<lfi!J~w- ;jtJJt : .QMI.illU:I:llt!H±, 1982,8 - 120 

4 fEJI!lJ't. ~~i"LlJ - 1980(2) : 24 -27 

5 tufi.Q7111Wf~Ji)f . .Qt,1. Jt:Jil: 1t~I.\Iltflll!H±, 1978, 3-41 

6 l1epHO)I(}'KOB H 11, Kpeibt C 3, JloCHKOB 6 B . .l!Ji~~i*. lf~ii!JJISI.{t~. ;jtffi: ;cjii!J I.\fli±JJlt{~i , 

1957. 11 - 66 

7 :tffif~;ft; . _...,¥1!~:tH9~~.Ji EjJ.iliJI'J - :Jd$ltl. 1993(1): 20-23 

8 .*t.t;~Jt, t:EJI!lft_ tfi. if;il~I~-200 1 (2) : 4 -7 

9 5*-i!f3f~i!il- ~?~:J<*I=!li.li;tt;f*l-f!~¥M- ;j~ffi : ~KI.'I~:l:llltH±, 1991 

10 n~~~ . :JB~. 1984(2) = 64 -68 

11 :1t:~tr£. ~~-~-!1L1t~tlJY!Il :mttJISI.a<JWf~. UHitK:lst. 2000, 29(3): 12 - 15 

12 jjij~;1t;, .:E~~, 5JE®fi . MF .*~J!R1t1:1=~-'tf JfJ~it-~~lVf~ . ii?ltffU. 2000, 29( l ) : I I - 15 

13 iltt#=, N./a.9G, .:r:~m;- ~1t1$!li--!t.lfJ!lit-iiHfJWf~EjJ.illffl- lf"~Wf~!33f£ - 1999, 19 ( 6 ) : 

34-36 

14 Mt;~t~ . t!itJ~!!Ltt:l'F!li~KfiYitJ;t:I!JtJJISI. - .*if~;;fi: . 2003, 3 ( 4) : 78 
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ear:p~*~•~~m~~~•~i'PH~••*~~*~~•m~~·~~~JE~•1t• 
~~o :tfUI$:1-t~J ( $:.) ~*:til:~~, :f.'FH~$:l!'-~Hi!'fit1~fr31U .=.~tA'~: ( 1) 1E~.!Jl­

~ ~~1ftl.£.Q,(:j%.~-~J%~~1-t#:fl~J~ ; (2) ~~.!JZ-.jf •1-t~J'ItMft~:m~:tt&rfU 

% ~~ ~ ; ( 3 ) fb.. Jfjj 1i.t 1-t1f!J ~ .£.1-V. lf~PiJ :It& ~J% ~ $.1-t o ;££ ~ .L'&:I it :1-'F §9 (f) m :tf 
~.-~e~:m~~~~~~~~.!JZ-if~~~-T~·.!JZ-if, ~~~*~~~W~ofb.~.!JZ­
if~:f.'FH .• i'P~-r:p~~:fl"CO, Hz,~~:±l~~~-;WiE.l!'-ai'PH~-i'P~·· 

9!U~:±lJJ41. 0 , N02~~~o :i!~~tff~~~~f!Jr~ni'PH~S:*!Iii:~.tJ, ilfiJl~~ 

~~*~~~·~~.~~fflT~T~W~-~~ito 
~-T-Mi'PH~~y·~~-2~. ~~~-2~«.!JZ-ii'Bffi o {£*•*PH~-.!JZ-if 

~.m#~~•••~&J.i!Z(f)ffl~.&a~m.~•~~~~•~•Nz,~~m.:r•. 
g, ~. ~t~:f.'FHW§, f~iU:$}J-j.\;;/;JC.HbO.Nd (~r:pa, b, c, d:$HJU1-t~lmol~t9r:p 

TWt, ~, ${., -~-~~). Ji!tlfiit.!Jl-00it~0j.\;B#~: 

[ c - { 2a + .!!_)] x 16 
~.!JZ-~= M2 (gig) (5-l ) 

j.\; r:p 16 $t ~ ffi ::<>I lJjt 7-JjlJJJl ; 
M i'PH~.Ift~M:W: o 

*·~~.~1t:f.'FHA-~~-~--··~~~-~~*o ;g:·~~H"P .• *:fl 
•·m·•·•~~-~~.~*~•~~~~~-•,•-~.a.•~••~~~•o 
q~m• . ~.:r'L~ii:H. s~n~am...t~•••~0j.\;~~~•••. w••~m~~ 
~o *B%~-~~~~.~,L~~§9~-~lili)Z:l1@r:f:'.&~~-~·-·1t~·J.i!Z· 



• 182 • 5 .fLit:l'f Pi 6? ~~~ ~ !L~ .J:.!: ···················································································· 

;!!!: : 
C---+C02 ; H ---+H2 0; Na---+NazO; K ---+K2 0; Al---+AI2 0 3 ; Mg---+MgO; S---+S02 ; Si---+ 

Si02 ; Fe ---+Fe2 0 3 ; ••• 

¥r ..t.l&, ~L 1t:l.t~ B<J¥t +~ttilJ i;J.JffF i£1Wf!P::tfj;\:ilHrlt• o 
( 1) lmi~t~f!o 1;1 lkg ~{:ft:f.tltj;Yg~?t. :«J-Jt~Hij:\:~1;; CoHhOcNd - X. (X 1-t* 

~~, ~i;J.?Ht9Jt11!;1f~-fllilJ~ft~), ~~~iiJl;J.fJfFi£0~lt~Jt~3jZ-~: 

[ c - ( 2a + l_b + me) ) x 16 
~.sp:~ = 1~ (gig) (5-2) 

j;\ lf! e:-1 kg :I$~ lf! X ft~ 1¥.1 1l ~ 1'£ ; 
m.-W:ft~JC~~f.ta1, ~B<J~~fl !:3W:ft~B<J~~fl~lt o ~Hlll, MTtBIH3i. 

E13 r A1 je~~Ht~~ A12 0 3 , M i;J. m = 312: 

;t.f;1t!?.~%B<J:tl:)(.!eyj;\ ( 5-l ) ;f§ ~0 

(2) miftlt~f!o J.i\ZW:m:±l. ffi=f!}!Lft:J$~gil*B<l$.f.f·11:, ~J.ffl:rt (5-2) *lt~Jt 
~3jl-~.~~~~®*1t~~~. ~~~~*1±\~ft*B<l*~Ito ~Mft~~.iiJ*.ffl~L 
ft:t.t~lf!&m*B<JmM*B!:3Jt••~B<J•~B<JA~**•Jt••~. ep 

(5-3) 

:r.t.:P h,, h2 , ... , h. !¥L1tW~9=J4Hli*B<l~l!Z-~: 

H,, H2 , ··· , H. ~L1t:l.t~l=f-l~ili*B<l~iii:*~o 
~--~~~=f-~ftWH~-B<J~~-~~-.:rt(5~)A-#W.iiJ8B<Jlt. 

::tff!,R3Tit•r~B<JJ.i\Z.fflo EI3~iiJ~.R~~*~•B<J••~••· ~••~~-• 
.1Jl.~B<Jit•**::tf1!f o * 5-l j~Jl&T ~ lftii® l*J?'~~Lft:l.t~'P-~~ J'fUR*B<J~ljl-~·-o 

* s-1 •~~••-~~mm*~••oo 

~!It~~ *~ 
;f<O.~ mt 7-Jlltfit #(.lfl-.Jf 

ltfJlt~JM; :$1-T~ 
:ffiX<J'].i;{i"-fJlt:lt .. .!fl-iT 

~;fiD;t 7)-Tlif(flt / g·g-• ~.:IY~#Tlif(fit l!g. s·' 

Jl'l&~ NH.N03 80 +0. 20 Q~~ c,6 H32 224 -3.42 

~DM NaN03 85 +0. 471 :5[ ~ .t.'i ·l C,aH38 254.5 - 3.46 

lin&iiP KN03 101 +0. 396 ~~il\'-2 C22 • 18 H46 _58 t'-J 392 -3.47 

m&~ Ca(N03h 164 +0. 488 Spnn-80 (z.H44 06 428 -2.39 

l1Elil11Mflll NaN02 69 +0. 348 M-201 CnH.20s 398 -2.49 

~lt&M oC104 122.5 +0. 523 +=~~--~ C12 H2SS04 Na 288 -1.83 

iflil{-~ NH.Cl04 117. 5 +0. 340 t-=tUIHJGIIitl'i C12 H2SS03Na 272 - 2.00 

illlt&iiP KC104 138. 5 +0. 462 IV~llb C,z~ 170.5 -3.46 

tt~i'l' KCI03 122.55 +0. 392 :j';j *It c,a H33 254.5 - 3.46 

m-ml!!!i'l' ~Cr207 430.35 +0. 082 f#(dfit\' c)\) -so n~ -•oo 550-700 - 3. 43 

mu N2H,N03 95 +0. 084 1IJ.j w CaH 11 0 394.44 - 2.76 

R'!lll!- lf!B ~H3N112 • HN03 94. I - 0. 34 ~sat~ c ,1HJ6o 284.47 - 2.925 

R'!lll!=:qJ& CJHION203 122. 1 -1. 04 UM~ CJ6H70o.ca (IJT - 2.74 
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~~5-1 

~.x>t.lbt=f M 4!(lf-.Ji 
~l§r~~ 7t=f5t 

~W--Ta£11 *llf& 
4111a~~ :StT5t 

lJlt;tU.x;t :$tT Eli it /g . g-• !iWJ.X;f:StTI§rit Is. s-' 

}L±# c,8H38 254.5 -3.46 * ~ c - 2667 

~ AI 26.98 - 0. 889 ~H3406S, ' 
t;ljt, 822.82 - 2559 

~ Mg 24.31 -0.658 -a~86% 

~ Fe 55.&5 -0.286 :0 ll c -o.m 
~ Si 28.00 -1.139 ~ :ff C19Hl9COOH 31252 -2fl7 

tl Mn 54.9* -0. 582 Iii'!~~ ~If. (N02 ) l 168. II -I. 144 

~ s 32 06 -1.00 * '1i: C5 H1(0N~)4 316. 15 -0. 101 
. 

Jnf(4- c3~o6N6 222 -0.216 1irHt1tilll C3~ (0N~h 228. II +0.035 

Z:..=M ~H4 (0Hh 62 -I. 29 lil'l1tz:.= l$ C2 H.(0N~)z 152. fJI 0. (XX) 

w=s c;}\ (OHh 76.00 - 1.68 !~!SlM c. 1·18N808 296. 18 -0.216 

I* • C0(~ )2 60 -o.ro ~u Nl~CN4NHN~ 145. 1 -0.346 

~.M ~H.z(N~hCHJ m -0.74 1!\'ll'f(U ~~(N~)30H 213. 11 - 0.454 

~fik.1>J. 1N,:t"'F~~~Ja<J$:~~a<JA-f*~•. PJJ£-~~~J:t ( 5-3 ) a<Jtt-~:1n! 

~=ff!t~L{t:ft~z~a<Jll~i*~~l:t~tai'ffa<Jo 

iJtJ 1 ~ 5-2 f]f~Ja<JgJl:5tiCit;;t! EL ~~J!/L1t:kF~a<J-1-IC7i~f91J, #~;ft~.ljZ~ o 

E13 ~5-1 ~1i-ttgll?tl'19~:1fjj'~{J[ , ii!-#?UA~ 5-2 r:f o 

•s~ ~~~~~~-~--~~~-·~ 

m7t£iffF *it ( 1Ji:Jit1tf4) /% ttJf-fti/g . g-• m:SHI~ ~:litCmtiH}~)/% $(Jjt-fti/g. g - ' 

il'lllttt 69.7 +0. 20 ![{:-t,l 2.5 -3.47 

ii'llltil'! 10 +0. 471 @'ll~IUIIJ 0.3 

* 12 0 ii 1.0 -I.()() 

$L{t1fiJ 1.0 -2.39 ~ 2.0 -0. 889 

IJ'Ie illl 1.5 -3. 42 

«.ljZ~ =(+0.20) x0.697+(+0.471 ) xO.l0+(-2.39) x O. Ol0+ ( -3.42) x 

0.015 + (-3. 47 ) x0.025 + (- 1.00) xO.OIO + (-0.889 ) x0.020 

= + 0. 1394 + 0. 0471 - 0.0239 -0. 0513 -0.0868 - 0.01 -0.0178 

=- 0. 0033 (glg) 

-f§IJ 2 *5-3 ::!i!:~~ 4 149917 ~~if!J r:F?rm a<J-1-~L-fti'F~B~!CJi, *~Jt1i!l.3jl-Mf o 

EI:I* 5-l ~~i~?U(l9~gll?t~~.ljZ~~tltt!-#?IJA~ 5-3 9='o 
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*s~ •oo~•~~*~~~~~~~~~~~~m~••~ 

~.IHt~¥1: m~Hi!ltl% • .lf"L-IJ/ g. g ·' !R7}-4!;;J;); m 7fl'li! It/% $(lfC--IJ/ g. g·• 

iA~~ 60.0 +0. 20 Till 0. 5 

~IU!Wl 19.0 +0. 471 ill 4. 5 

7k 15. 0 0 $L-f.t.'"'J 1.0 

~~?JJ4!t~~f-tA~ < s-3 > m = 

$( -Sjl-.jf = ( + 0. 20) X 0. 60 + ( + 0. 4 71 ) X 0. 19 + ( - 3. 42) X 0. 005 + 

(-3.46) x 0. 045 + (-2.39 ) x O.Ol 

= + 0. 2095 + (- 0. 1967) 

= + 0. 0128(glg) 

5. 1. 2. l .flAt:. it~~ ~~i93t J.f.JN 

-3. 42 

- 3.46 

- 2.39 

< 1 > $:-SJZ--1li o -M~~. ~1-tt:9DG1J19~~•ii~~:ilir~$:-SJZ-~Bt, 1-tt:9~1$.&Ell 

~~·~-jjJ'ft~$~A·~-~ H20~COz , ~BtaW~~AM*···~-~~-­
~~-~ ; ~···~.51$~·~-~~CO, Hz,~~W·OO~·;W~«-SJZ-a~~ 
mw~ •. ~U~WBNO,N~·~~o ~M~-~~«~~r~-WH~•*§W-~. 
WA~~~~~*M~~-~~.~~mr~~Wili~--~~0 ~~.~-MI~WH 

~:n~*~~~.tttt£~4!tm~~m~~~~••-SJZ-•~•:ilir••••· ~•••* 
~~-!mfit~~:I:Y'(J{J~$~~0 

Ell•mw.~••~••~~wH~•••~~.@~1$•~•~•~•a~s~ 
~o WA~U~*·~*~u.~~~1$H~*~•1-tnS~~.~~~-#~~WH~~ 
:nat, ¥F*!~flitJ$L~WH!:f:l ~~*it, -Alt~ 8% - 15% 19Eo 

(2)~~ - tt~·•*~~m~~•••-o•mft•.~~••#1$H~1J~~~ 
I t: Bt &:'®ltt J'G~ m ~~ ~ o Ell r !JL 1tWH~~ 1'i7* ~ jJIJ§J.k~ ~ .J11! r*l $~f1il ;f:O~ ~ ~ 
•fitt~, ~~~:t£ii#~L~WHAC1JEr-1:fljjJ'fm~$~JfJ~p1$H~· J9t f1:;Jtff!. ?to flSI ~, ~ 
1f rtu !}lLftWH 9" ~1Jo~ ~~, ~ J~M~~~1$H~4mftti:ft~~ ~;lftJ:9b"H'F ttft, @~)>\~~It: 
~~£~m~~~tt~• . ~•~fi•~•Bm~ o 

~*~~- Jr1J!~JfJfJ3£$L~1$HDC1J.ittf:llM~i-AJa:~m~~-1-:1Jitio 19iHm, Jm 
~~1Jomf.d~19 71fii1li!¥L1t*F§9~ta1:'F~~, ~mmt!L~tt&*l-m~A tt.$3(~1i.:B<J, rem~ 

M&~~~·~~m~.&A~~-~o Xio.•·~~~H~~~-~~£BI·~.~r 
-~rili~~rtuR&H~·*W*K~~R~·I8&&§9~~~:1f-~. ~~-~-B 
:J!fB~~:flfiJr:l.tt~~H ~~ %\!.~ ~ ~1bt rill. J1Il ~ 19 ~HH-M*'~ , .1fW tt ~ ~~ fBJ B<J t€t ~ tt 19iJ , 
~••§nm•~-~~1:'FH~*·~~o 

M•.a~~1$R~re1Jii#~¥~~•·~~-tt•. d*;f:O~m•n~:noo•~ 
~~0 m¥£~B~~~, mt.!Hl~~•r;"E-~1$§9~~m:n~~~f*~fttfF~~~m~u~iiJtm 
(19 o xFit, ~lUI~L~~~tt#B9~fm~Jek5f11.A111i-Aif!.~~Wf~1t . !1L~1:'FH~£ftf *;tltt 
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~~~~ey~~~~~~~-~~fi~o 
(3) ~Fit: o iitHi~fffl, !JL~:tf~IWIC1J/F{5(.~P(<jjjj;f.£~. mf.ElH:-~~.!tJ:tk:~ 

-~~It:IW~~~~·o&U-~.~m~m*~~R~:iF@E··~H~ttEm~. mf 
~~~~~~It:,~-~~-~~~.W~It:•~.~&~~~,L~~HICfi~#~~ 
~·IW~~~-o~~o. ~RfflMM··~~JL~:ti:HtWe~U~~.BR•m~~dM 

~·-~M4I£~~4. ~~~~FI£~--~~~~~6d*o XiO.~~·•toE 

•~••••oo~•*~.m~Bmw~••~z~~~.~fi~•~.x~~~••• 
:tfttn!5~~*~~~.ffM• o 

(4) Pf:fji~~ o :19~YPFm~~. ~*i:A:19tE'L~~H~DG1J~it!:fillZ.1J>J:~¥U: 

1) :iF•to~.@'-:ilY•to~$til.*; 

2) ~••tn~Wm*H:~F:t:t~'P~itfk.F~5~~~~1itJ2t7«; 
3)&m*$•~*••~. ~~•~m~~•m•M~*w•m.~~~~~&$ 

~~rr.~mf~~-~~~~-.@'--~Yo 
5. l. 2. 2 $L1-t.:.en~S9tiL.:;5-i~it~A 

'L1ti'PH~~fi~#~,~~: 

(1) ~~~*fl:W~1JM~o /F~ffijllfti, ey~t£ti~~H'P~ffl~~~~~~$1Wo :19 
7~~~$1W~~q:.~~~~lli~~~.·$~~~-®~ffl~~~IW«~~&jj;~~~ 

$M~.&m*~~~ffiffiWf.£ .• ~&~m*ti:'L1tWH~~fi~~fflo 
(2) ~i:Am~1*~~J:lii~~>.Ko ~JL1ti'P~~J:lii~~7'~:W.~~ , ili'Pttfm~~m~>J: 

ili~.~$~~~-~•to!W&~m*~•~ey••~IW-~~A#W*~o 
(3) 7U~~i.t• o ~~~~&#~.&l~~·, * rs\:, ffi)(;J-* 7- .&l :IUO~.lfl-~ 

<ey••~~--~)~~~M.Nmwsm~~w*~·*•~$m~~-~~~ 
~-~·~*~~~·~·JWM·o ~~#·-~£*~A{t$·fJ:~·=··· ~ 
~-~0 

( 4 ) i}lij~lJGfi ~·r:UI5~l!Eo ~~~fffl, a:J-j.f~~~~De/J , fEfE~~Jm:t:J:?k~ jjjfj 

-~~ ' ffi~i3\·~~ *Jl&l!E~:a:lflfto £'-~, :fiS~i}lij lJlUiJ.?f &jl;ft"Ctt, ~~~:/idE£~ 
ttnl5o 

5. 1. 3. 1 $L1t:.tt ~ t§L;;5-11t1ti~ it JJf Ji:JJI!.R 

m~'L1ti'P~M~-·,m*$~, ·~-·ttft~ey~~--$,t£Efi~#~-
1t~~Hi~ tt.Z.€ ~ &~ it• ( .:E•~« -f-4ir) ~1l tl: ~it!~ iit:f~ M~ 139 1J1£: dJ W .:E ~ ~ ift, 
rm~##-~iitHittttlii~~J.l'5fll~Hi, ~~~~~~ ArlXltB9M*o rm~L~WHS9-~f.£ 
n~ , Jll!~f.:Eft, ~FIZ~&Fll~d*•1t5tllittk:~jj;~fi~~#o 

~.:EB·A~~~#Ift:ti:~~Wm*~·eyffl~~~.:E-IW«1tM~ey·M.~=ft 
-~~~it~/J7'1i::ilt~'!;1CJ!•B. ~~~•tt~•~lflJ~eyt?&Jf!J~m*, r&.€f~JJ:t~am~~ 
M~)(;J":Rt:~jj;f1!r~"~-3J<~ .$ftt&~:Rt:~ ~Efift1t~it o t~:=7G~it ~, ~ ~15-~ ~ 
~:ki10~1±1~1!&~-1-«M-T~~lifi~.uJ\)(;j"ftii:ffl"~~~5f!J:19.W-91U o fiJf~iiS~~. ey• 
:ffu9='~~~11tfA~m?t-t£7&~~ifl dl~ ttf9iJ~;J\. )(;J-fm:~t~njiij~~~J\o 
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I~~~~n~rr~~~~~OOI~~~~~~~~~~*~~ffi~~~.~~~~ 
~..t.}JD ~~~, Jl.tr.Jl:1rf\l-$f:&m~~$m~, Jfl~$:1ft**~tk:I~~~~:1Ji&tit~1J 

t*fiiJfmlo 
131W~tk:$ 5E71.t .g.~"P.i ~ ~ :1J fiiJ :»!, :1f P>'l f'P ~ i'iit• ~:1ft* o -#:1ft*~.&. !i H. , 

~;!Vf~IE~~{RitJ,:?i, J!#n?'!~ffl~$~~ BKW :1JN~ JCZ ::tJNo BKW ~~n~~ 
*ffl~W""ti*m~ , :(:E Virial ~~n.N~£1i:flJ:~$r&Jlt%nlt~ o ~ 1921 ~ Becker !1!:±:, 
JIJ 1941 ~ Kistiakowsky ~Wilson ~ili!f!~~.iE, 1956 ~ Cowan~ Fickett .f!J.~Jlt1-rf~.iE o 
20 t!t~e. 60 ~f-tllHIE, BKW ~~:1JW ( ~~-t1JDJ:t,I~U!I!~~JVr£;$::1JN) it~~"P.ifa 
~~~~m~1H~ 7~*~)f.Z.~~m, /tit~::tJt*~~ilitJn\t$#~1¥, :(:E~ffl~"P.i , I~ 
~~®r~:ft9£1t~~ 7 Jllt~ 0 

~-#:1J7i~--~·A··C, H,O,N,Na~m*~~~~H~fa~&~1J.N 

~, m:±:I¥J~~~ii!:-JV(;;$::g,{~~£1i:fl~iilfi't~W:it7'!, eP.WMFff?iJF11itl~~~~* , ~~ 

~tt~~~~~~~~.Jl~B~0~~7~~nW:lt~$m~. w~H~Mili~ttM, 

~Fo1Affix>tr/FINJ~il.*~il~~~nR~f4~~T--t-:littM9=', .mmW:it~*~~:±:m:ft~n o 
~~$,m~~ VJ:Ii::k:Jti~jj 13 t'l\iiBi~, 1f~$.(3jl.{$j\ ,~,n\t;$:, ~il.*~ , W.liHit*~J: """F~I.t 

~~**14~~tt:J:J.:J4!Jm~o J!.L~t.:1J7i~:1f~~ ~~~f:&ii, ~~~"P.ita~Oll!~ !§i.t~tt 

#~.g.~F~.~~~*~~ffl~~.~~:1f~o 8·~·A~?iJF~~~~~~~~~M 
Jl.tr.~$m~. ftilf$~ttfiiJMI~il~. li~fttWJ.:rrr~m•it~-¥St, -Bl!1~f:E!1L~~"P.i 

~ E::tJ tt ft rot::tJooiW :it!: 7 - tl7 o f.s m: m ~ W-~ ~ 1r~ , ..R 1~ :±: 7 ~ ~ 1Jd4 T ~ :S:tt ~ n 
.&;lUI~~, rm -*X't Fff:1f ~-~~~:itH'Tit1f: o 

=!S~M·A~.g. ..t.i1P>'lf!Pnr!, ~Jffl:l.I~Ull!iB , BKW ~~1JW~~it-JV(;;$:-~, 

*Mr*MNJ¥.ft·~~~H~E:1JW:rr~~~M~~-f:EH~11L..t.:il!:fio M~I~ 
~--~~Btt::k::km-.M~~M::k::k•m.~a~~Jllt~~~~H~Jt~$5EMit 
~H?iJF~~:1f~IA,rmli~~-D.J.:il!:h·~-A~,~-~I~o·ii!JL~~H~~ 
~~MM BKW~~:1JW~~~--~ili~.iEFo,M~D.J.~~:1JWfflr~~~H:l.l~~ 
~~-j.f~ o 

5. 1. 3. 2 $L1t.;ti: ~ ~e./5"1R.1t.R -i-t~ Jt..~,;f ~ 

f:E:il!:rr!1L~;lt~~~:1ftt~W:ita1, ~7 ii-1!J:~gc::tJW:it~~*JJJU!tl7~. i:"E~~m 
~ """F fi:J.}J! : 

C 1) ~~!1L~f*~it~#Jn\t.&J;}g7HEI~~tllit o § 7t, !16,@!~-f*~!JLftf*~ ~~JE, 
~:1f~·~~~~~it~#Jd.&J;}g7~~~~mit .. ~~~tl7~~a*m*~R*m*~* 
3&*:!io 

(2) !JL~~"P.i~~~M·ffi~Eo il~~;ltH*E~~.~::k::k-··;ltH~na~ 
ffl$*nr&~:la~-:W:, ~INJ ~~~x>t.:x&~H~ttfa~~*ti!/F-~, 2:-tt!~ttftDG::tJ~it 
131 Yf !16>@!~ mJIJ ~ lDJMio 

(3) ~$:3jl-!JtrEl~;J\~:fA~3jlifo .iE:t!DiW~ .• ;J\~:fA~3jliflf~Jr~L~;ltH·*~ 
1:1:"P.i~~~ilt~:Qt, $:f:E~~9='~1lt~~Lft;lt"P.igc1f~it.JV(;;J\~ftt~3jl~ o ~ 5-41!Ji17-
.Lf:~!JL~~H~~3jl.iJ o 
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00 jJij 

"" 
00 ~ 00 Jlfij A 

WFi;f!p~ EL-101 Atlas lreco Nobel ICINobel 

!Plz.~;g . g _, -0.68 - 0.68 -0.72 - 0.36 - 0.76 

5. 1. 3. 3 ~~~~{I!J~.:;l:. 

~-~~m~•~•~~m.~m~~~H~~tt~•••~~•~·•••••~ . 
~~~§~ili·,~~~~~~~~*~~~*~#o 

A 13 # PI! ?illc 

-~ffll£T, ~PJI~H~~~L~~fi~:J&~ttfJ~ll!~ §t~ili-. ii1PJ~~~.$;*·~ § 
~~-o~fnH~~nttn.~o~R,KB, •~•h•~~-~•~Q.QtiT~, ~~ 
~~-~Q~~E~•*•tt~§S,PJ~~~~**•~.~~~~I~nH~~~$ 
ffl o 

~~~tt~f:~~-*~*··~~~~H~~~¥*tta, ~~-~f~E~. 
~;Y~!f-~14a9~PinJ~;J\; M.~fi~Uf!ffl*•· :t-t~aF1::~1i$~11IYJ)'4l~tf=l~?>fttN~R~· 
~~~~-~-~*~\.8~~-~f~H·-~~·•c•~) ~*~\o 

tJc):EI~~fitU~~~~~~ DC~ ~-~zfB];(f:(£-):E~~ , ep Q, = F( x 1 ,x2 , 

· ·· ,x.) o ~.lit. M.·~A=fti~:±l~~De~~~~~, ~rrnPJ:f~Hil~~H~DC~-itf"U.Im 

*:iis:~-1-tt~-rs~•••~, :l!rrnim:cti.t1/:1,~tl fui'HJc o xtf~L~~H*if!:, ~-~~ 
E:1JB':J~~~tt~lt~:twT: 

-'L~~-~!ll..n\t-~~ C , H, 0, N, Na.J'G~. ~~ n~C , H, 0, N, Natr:J~a 
:fJ!Jnlt!li.?H~~, ~.®~19HI9*:iis:~~ c .,H6;0c; N.uNa,u •11\a:!B:~ m,, lkg ~-i.t~fi!:f:r , 

!iJ.?t i tr:J~jj\?J-·~ l Ox/m,, i = 1, 2, ·· · , n 0 

-ltU~1itffl~ Brinkley-Wilson ~Jil.Y!U, ~~~~:!n·.lJZ-~~14T~L~~- C"H60.NdNa. ~· 
~'F&J.J5I~*-t\~~ : 

C H 0 N Na -~e N<>-0 + _b u 0 + _4_N2 + ( c - ~ - l_ - a) 
a b c d • 2 -l 2 ~-'2 2 2 2 

coz + ( 2a - c + ; + ; )co 

( 
b +e) ~ 10 

2a - c + 
2 

f:l.H/(CO) - fr m,x,f:l.Hft.i) (5-4) 

• 



.liP.?&, Q,;.llofte1J (x1 , x2 , ···, x.) B9~ttwlt, l\!PQ.= F(x 1 ,x2 ,· · · ,x.) o 

B #1Jf(*-# 
I~~HIG1J~#B9~**#-M~«••·~·~··*·~-~~~o 
ii.frr~~a<J i ftl!lmmlMJ ~.!jl-~jJ a.1 , i = 1, 2, ·· · , n, $t.!jl-·MJ~:f#:*141il : 

Ia .x . :s:;: lOOK • • 

it~ K ~lt~L-it*FHa<J$t:.!jZ-~, - Alt K::s:;O o 

~fiHt~;ftJJ.&niJE: Ix, = lOO o 

~WT:i2HJM.Iiffl~~B9..1Vt*1i1P •• i=l, 2, ··· , n, ..lilt*B9~JR*-f41il: 

Ip1x1 = p/ 10 

j.\J:f p Wr~it~L1t~Ha<J4iJP~!M~:t4-*, :t£1G1J~itlt-ti9:JE o 

~:frti¥J~ ~~el3 ~~~~!Jiiifl!JE: s1 ::s:;x, ::s:;t10 

C fL~~~E~t*•···~-~R*• 
~-it~HM.I*~-•~•u•,auM~*·'L-itmmspM~o. ~•m~m~~~ 

mrm~DCo i9:'t:fl1:t£~L-it1$HJ:fa<J*iit?HJtl~ x.' %2' %3' %4 ' Xs ~ x6' llfJ.Eff1a<J1r:X~ 
ltft.Aa, b, c, d, e, 1f: 

a =0. 56lx4 + 0. 109x5 + 0. 106x6 ; 

b = 0. 500x1 + 1. l llx3 + 1. 028x4 + 1. 496x5 + 1. 529x6 ; 

c = 0. 375x1 + 0. 353x2 + 0. 556x3 + 0. 140x4 ; 

d =0. 250x1 + 0. 118x2 ; 

e =0. 059x2 o 

#J a , b, c, d . e ~1r~!IWH!I!-it~~~ttA~ (5-4 ) ~~-~flf:, ~i¥IJ~L-it;J:FHJC 

1J~#~~~m~~~E.i§ltB9A~~~~~: 

maxQ. =51. 08x . +52. 79x2 -23. 07x3 -97. nx. - 173. 05xs - 171. 42x6 

~-~#?HJijjg: 

fwii:Jjl-jj~:ll[~f4: 20x1 + 47x2 -239x4 -346x5 -346x6 :s:;:K; 

~:ti1~~**f4 : x1 +x2 +x3 +x4 +x5 +x6 = 100; 

.filt*~:f#:~flf: : 1. 2x1 + 1. 6x2 + L5x4 + 4x5 + 3x6 ::s:;:p/10; 

~Dta<J~~~~~-~flf: 70:s:;:x1 :s:;:82, 5:s:;:x2 :s:;:l5, 8 :s:;:x3 :s:;: l3, l:s:;:x4 :s:;:3 , 2:s:;:x5 :s:;: 4, 

1 :s:;: X 6 :s:;: 3 o 

x2 ' ... ' x,.) o 

>J(f!R~l£lt~~~' ~#~~4t¥IJ:t£~16.1 K ;m p *#~MJ,L1ti'FHIC1J 0 

5. 1. 3. 4 .fiAt *F ~ .tX 1i ftl-;:5-~ ~ it~ ~ .1Ift .6Jt ~ 

:t£bU11!i-e~iti-e~m?t~t,L-it*I:H1t~B9~~PiJFc, ~-;!V~;J,~£1l?t~m!B9~ ~11&111 

00 o Jjllj ~ ~ ~ ~ m ~ ~ ~:tit a<J ~ ~ J!& 1lf 1ifB JE ~ : 7Q :s:;: X 1 :s:;: 80 , 7 :s:;: %2 :s:;: 9, 9 :s:;: %3 :s:;: 10 , 

1. 5 :s:;:x4 :s:;:2, 2 ::s:;x5 :s:;:4 , 1 :s:;:x6 :s:;:3, :t£llt~**14~ :itH'fit~, ~.f~lj T JL1'~~119~L{t1$ 
H:fll!~t~~1J , ;11 r~ 5-5 ~ o 

• 

• 
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fte.1J U9Hi!:7Hl0 I% 1(;(-¥~ ~ ~ _ljj(;f.:tfl~* 
ff:% 

/g • g -I / kJ. kg- ' /;rc . , - • liJ!JJ!t!i .liJ!JJ!~ * !JMUJ :Q r.1 m ill1 

1 77.9 7.00 9.00 2.00 2.00 2.08 0 3244.8 1489.4 

2 78.0 7. 00 9.00 1.50 2.00 2.43 0 3240.5 1426. 7 

3 76.9 7.00 10.0 2.00 2.00 2.02 0 3182.8 1476.4 

4 75. 7 9. 00 9.00 2.00 2.00 2. 23 0 3215. 3 1500.0 

:iZ\;~IC:lJ 1 Jl!:fi~~1j}f~, JHIC:lJ 1 ilitJ.Q!i;!ILJJ3t~llfi, :tf:bnA$I*::t:T:izHrfiiJc1t, ~~~J~L 
1-t:t'l:~, ~H~;I§t:l;i:t'l:·tifm.19: 113! 4200 -4800m/s, ~J.l17 -20mm, ~11~~ 8 -llcm, 
~~ftl!iJ:J 310 - 330mLo :t£1*# 5 1'-}'j )§ , ~'H~;I§t-:t'l:fifil!i.1g: .:I! 4000 - 4500m/s, ~J.l 
16. 8 -l9mm, ~~Re~ 8 -lOcm, {ltt;/JimJJ 300 - 320mLo ~ § 1W::k$~Ir ~F ft9~L{.t 

:tt~ffl It, BC:lJ 1 ilitJ*a-9:1L1tKF~A1ftlt::kft9~mn~iJ, BC:lJ 1 ~L1-t:kt~ft91i\f{~~iJ3JZ- :It9 

til1:7310- 330mL, ii::kllJ~ 342mL, mi::k$f!Ir 1:-F ft9!IL1t1$~ ft9~W~iJ .19 270 -
300mLo llJ .!A!., !IL1t:kt~IC:7J11t1-tft9~~~~i-t~A1f~~~)(o 

5. L 3. 5 jt:. #. I§! ;f;F ifu ~ !¥] Jt Ji:. 

, ••• A.~T:I;i·~~-~~*~1tft9§~~ft.~OT: 

maxF( xJ = Q./ t. x,p, (5-5) 

iF~ fl-9 ~-~ ~t~ ~N-~;l§tfi\f{m fi~J:J :lftm:~ ft91W 1'-1-t$~~ . ;l§t r:p • • ~KF~ -t4i~ fl-9 
~-. lt~&~ft9~:kt~ft9~~~1Jf! ~:tt~~t'-a-9$~.-*~L1t1$~E:7J~~m 
--~M1'-~B.mi~llJ-•m*••wa•tt~ft9-·o ~O*M~1t1$~·-~C,H 
5G~%~~~{t1}jj1Jlf.f 2. 66 fit& 7. 9ftHI9~ . mi*t{.t A15G~.R~ 0. 89 -m:fl-9~. illt'4M 
M203 ft9~1-t•*jj\z ( - 1674.44kJ/mol ) i;JJ:X:Xj'i)ljf H20 Jk C02 a-9~*jj\z (1}jjlj _1g 
-285. 77kJ/mol ~1l -393. 51kJ/mol) o ,M.~$\.Y' J3.JtiZ~~-1J-ft9jHJJ( l±ltit, ~~:kj:I-59=' C, 
HjG•ft9*A~~li$,~~~$ft9a~• A1203 o {S •• tz:.t:p,A1203.1g~;ffi,Hz0lk 
C02.1g~;ffi.~~C,H5G.~ft9~~:t'I:H.AilJ~«:X$fflf~1tm5G~.-~*:bn, 

lt~-:X:X.Y'T.~~~-~M~~~···iJft9§ft9 o ~~¥f~~~··1fAal±l 
~ Q. ft9*f·ti*fJt*~:ll:1$Ha-9•n o 

~~"·*···~T~~1t:t'I:Hft9·-~lt3~~~~--*~1tft9§~~-o 

maxF(x.) = Q. vmj t. XJJ; (5-6) 

A'i=' vm lkg :ttH•B~T"'1::ft9~1*ft91t3, Jt.11B~~%~5lli'Jlltro 

s.t.4 •m~*•~*M~tt3~~~ 

*;J\ 15' f&M bt~I9H1H~ ft9!IL1t1$HDG:7Jlt{i-tft9~$:7J7!1:7~J, i-t~~ li'J*ii ft91i)lj ~ 
•.• ~M·*·~m~oa$«3JZ-aft9M~~. ~»..MffiU~<«3JZ-a)~~1t1$H• 
~~ ~t~a{J~Il(ri) 0 

• 
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5. 1. 4. I PM tit <$~%-Jk ~ :J:I.~ ;fo ~t.,i: 9lJ * .¥- . 
d~-£~~~-~~--~~.-~-~-~~~~·--~~~~-~~0005-1 

ffr~ o mOO 5-l iiJ~. ~;bo!JL1t~HJ:f:ti¥Hiili~·1tlt, ~-ot!~~~H~:li~~~~~f.;o 
· flP: Pllimi.El.PO% itt1J0¥1J82%, 1.i~ffi3 170.5kJ/kgft¥lJ3335.8kJ/kg, :ft1J04.8%, ~ 

~El:J 913. 961/kg ft~ 965. 681/kg, ~1111 5. 7% o ~Ji!: E!:J rPllilltil'Ji ~~nUM3(~ , rmffr* 
~s~•~•w~~~-!:f:t~~~*•~A~••~~~~.Mwa•w•~•~;rm~ 
~•~w~~~~d~-~~~-r~•w•~~Wo ~~.~7aa~1t~H~dh.~ 
l'lc:1r J:f:t iiJ ~ ~ ~ 7.'HI\IMfl( ~~:!! o 

3350 
980 

Q. -
960 '"" 

•..., 3250 ""' • • ..J .... 
940 -• 

~ 
0 

;> 

• 01 3150 920 

900 

3050 
70 72 74 76 78 80 82880 

x11"h 

m 5-t .jif!j ~t!i-a-:til~!FL 1t:l'F!!i14UMil ~~ ~ 89~ n~ 

5. 1. 4. 2 ,J~§t iJ!I%i: ~ ~~;fo ;t.~{llJ * .¥-
ml!IHJfi~it.!:J,L1t:L1:H~-~~ ~t~~3C~:fm m 5-2 FJT~, m m 'P tltl~ PI~, 1il1JmlWi 

~1til:M. 5%:lfl~ 15%, !JL1tii:HB9~~E8 3266kJ/ kg 1e!tt~ 3306. 8kJ/ kg , ?/.\~ Jl.. T~¥1J 
3188.7kJ/ kg, T~2. 4%; ~~E8968.9I l/kg"fil*¥JJ929.821/kg, Tll*4.0%; ~1ifi4MWi 

*M~7%~.~~-T~1t~H~~-~~~;~M.~*•1tm~MMN~~~-1tm~ 
;ffi~~~m. :P~IHVi~*:M:PI~ 7% - tO% o 

3350 980 

3300 970 

T 960-' "" 3250 .... 
950 • 

~ 
• 3200 940 01 

930 
3150 

920 

31005 7 9 II 13 15 910 
X2f% 

00 5-2 ~~~*:llt~1L1tW!!i1,1~~1 ~~~~lfiJ 

5. 1. 4. 3 JJ<.-*' i: ~ *'-~ ;fo ;t. ,i: {rlJ * .¥-

"" -"" • ..J ...., 
C> 

i> 

'L1t:L1:H:t.i~Rf, E8-T;j(?}-~~1trm~l&*ii~-il:. {~JI~!Y!~. @~~Jl..r'~* 
a97.K~~it:b07il~r'~~i*~ . PJ~$?t:lt!!.:t~~tm:fit~d>rm~atJJ~~~~ o ~L1t1$H 

~;j(1t:11"3~~~~W~*.¥~um 5-3 FJTlR o EI:!OO 5-3 iiJ~ . *~:!iffi 8%!tt~ 13%, f,l 
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3400 985 

3300 980 

'j 975 
CJ) 3200 -..: 970 I 
• CJ) ..... ... 
~ • 

> 
3100 965 ....l 

01 -0 

960 ., 
3000 

955 
2900 

950 
28008 9 10 II 12 13 

945 

XJ/% 

00 5-3 7K[I{J*!il-X<t~L1t:J:Fpjt;i~$1 tt~[I{J~Pjlij 

AAE13 3322. 4kJ/kg ~~ 3022. 8kJ/kg, T~ 9%; lt.~EI3 960. 67Ukg ~~ 980. OUkg, ....t7T 
2% o 7l<~~•~m~Mm.~~~%•m~~u~~~-~.~-·~~---~~~ 
~o ff!.J!JJ<iE~~:i::t~!:f:l~1~~12kl&::J::i!:a9AA!i , fffi~~~-AA!l*f~, :l!J!~Lf~~§li~i$~ 
filiUJ ( -Jllt,1;J 260- 300mL) ~r~ti\~D-t](~§9~14t~fJff~j] ( -~~ 320 - 340mL) ~.3:: 

~)jj(~ o ~~~L~~§91J..;;frt~~~·AA*'It.W, ElV!4f;J\i!I~1i~fift~~~L~~~~7Jc~i:l: 
~fljtji£ 9% -11% ,1;JE:o 

5. L 4. 4 ~L1t.*1) Span-80 1;--f q .1J-~ ;fl> J;l::.~ ~ * ~ 
Span-SO ~·~~Lf~~§lja<J.AA;fil tt$~*~:t!ll 00 5-4 Effij; o El3 00 5-4 % ~, Span-80 

m•:lfftn.~~~m~••m~~tn.~t.em~T•.~~m~~*o •~~-~*•~ 
~. ~L~WJ ~~.ffi:!i-~~flitJi£1% -2% o . 

3350.------------, 968 

3345 

'jCJ) 3340 
-" • 
~ ms :::=:::::~:::::~Qv~-l967 'j 

966 J1' 
• "'o ....J 

965 '0 > 
01 3330 "' 

3325 964 

3320 963 

3315 ~----;-";--~---;:'~---;:;-c 962 
1.0 1.5 2.0 2.5 3.0 

5. L 4. 5 itb{FJ##-t-i:' q f.l~;f<> J;l::.$~ * *­
~~##~--~.A~~~~#~~~~~~.~··*'It.Wa<JS~_=E~--:t£« 

.ljl-~x>J:.I&AA*' ttW~~PM, 1rb#IU:f-t.ffi:ffbi~~::J::. ~.ljl-~-fR~ffi. o ~L1~:1:'F~a9~f~ ~t.iAA 

ffittW~*~:t!llOO 5-5 WflJ' o El3 00 5-5%~, rtti~U#J'IHiEI:J 4. 05%:Lff~ 5. 62%, ~Ltt:I:'F 

§9~~->jl-~fl[Ei:J o T~i!J -6%, .AAEI3 3322. 4kJ/kg T~~U 2970. 6kJ/ kg, T~ 10.6%, 
ttWE8 960. 67Ukg it~ 1005. 74Ukg, ....t7T 2. 0% o % _lA!., :tEICflitJ :!i!~~J±rtUt#at, .3::~ 

.!ill~~.Lttlli~~;fil !=i~L1tWJ~IZH1c, .ffiil:fiW..@~f*~Ltt~&,1;J~~.ljl-~~P% o 

• 
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3400 1020 

3300 Q. 1000 

r 3200 
Oj) 

980 i" .... 
3100 ff • 

~ ...... 
---~ • 

vo ..J 
> 3000 ~ 960 -Ol 0 ;:. 

2900 

2800 
940 

2700 920 
0 -O.D\5 - 0.030 - 0.045 -0.060 

¥t!if€1MfJI K 1% 

00 5-5 .if' fp]1iJ. lf-ttU1'F!1L -1t1$Pi(I(J.~Mtl lt.~ 

5.1. 5 !¥L'f.t~~ll1J*'f§1J 

~ffiirJ;J~~lt9i't#~ftJ~x~~*t.P, ~L1t:.lt~D9AC1r~19tJ~1&~tl9 o ~rel!~IG1r~ 

--~*ili*.~~~~.&m~*~~•o •~~OO~~~A$tf9~{t~~~1rl:f:t,•* 

7 -~ l:t~;!Jt!.~J¥Jm?fi!c1r~1?1J~tl-r~ s -6, ~;J.f~~~~~J-;p::i:£ 0 

(%) 

IE §JIJ 

"" ~ ::X! IN $1 A B * ~IE 
W-*1-~~ 

);4!~Jilt ~~ 

EL-101 RJ · I Atlas Ireco Nobel B ;<ts:illJBl1tf<~4l;U ICI Nobel 

lil'i~fli 55-68 58 -69 56-63 67. 7 56 - 63 49. 7 62. I 61.6 

lift !Rill! 8 - 14 10 - 12 5 - 12 13 - 15 s - 12 12.4 15.5 16.5 

~--ill! 5-12 s - 10 12. 4 ( ~!It~) 

JiAII~Jl'!( 5 -20 

!iii. ~ 2-3 2-3 

* 8 -13 10 - 12 10-15 10 - 15 10 - 15 II. 2 11.5 12. 6 

~{tJlll 0.5- 1.5 0. 85 - I. 3 1-1.5 2-3 1 - 1.5 2. 5 2.0 1.9 

~~--2 1.5 -3.5 

til' 2. 5 -3. 5 3-4 3-4 2 - 4 4. 3 3. 8 2 

lt&.fHdl I - 2 0.85 - 2.0 1-1.5 I -2 1 - 1.5 2.7 

~fUt 2-5 

i8 ft 0-10 0-10 0 - 15 

~ ,t:_.Jlt-M£11 4-5 4-5 4 - 5 5. I 2-3 

Wi IJl~IHliJ 0. I -0. 3 0.2 - 0.7 7. 5(l8i-~) 

• .Ifl-ij/ g ' g - I - 0.0068 -0.0068 -0.0072 - 0. 0036 - 0.0076 

llt~*, 1g7~mi:itf~~L{t1::_fGI~tl9~mk, ~{t~~ti91C1rtl!1{JJIJ7ff:lm1~.11, ,g. 
~~••••~m*N${t, ~~d*·~•~ffM•~••m.~~~•·•••~• 
iJ~~JE·11:, I;J..&~mzi't¥~:!i~M!i:I:X1"~~·~#1ilf~~:n~m:1i'o ~L{tW~J¥J DG1ri&1:it 

~lltrli-IN:~it .W:!QIJ ~~ , iEJJY:;B li~ m:lr&H~:x>t~WJ9 ·jg: fi~ 09 ~~~ >1< o - AX:'IW lSC. "F , ~ 
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*~~W~::k=f L 05glcm
3

, ~1*/f~¥ • .Eis~mtt~:!lfo l~.rf:fl-~Jt1-~!E jfr1f:?IUVff 

1-t*·l1 89:9t!-~H!c:lf o 

5*~~~A{Ufit«J89 LRJ ¥?~!JL1t:t1:~, ~1Hi7C7;:][~1?iHLJ¥JI¥J£.f!P, tl!:fl~W;~;J' 

1l~1~HLJ¥189£f'P, l*¥9U!JLf.t:I$~89A~ftC1f.&:!6Ht?UT-~ 5-7 "i='o 

*5-7 ii~!Jl it~F(l<J LR.J ~JIJ!Jl it~~(l<J-~ft!1.i& tt~ 

t.a:fr ( mi:!ll:fril!c) /% ~i!li 
~-ljJ-<D 

~nMiti liFllil1~ * m1ml'fiJ !1t!!illl tflilll !¥L -ftil!J ~ i(jj:fftJ 1j!j} / m · 8 - I 

LRJ-1 68 - 78 8 -12 10- 15 0. 5 -2. 0 2-3 1 -2. 0 0. I -0. 2 0-0. 2 5200 

LRJ-2 68-78 8-12 10 - 15 0. 5-2.0 3-5 1 -2.0 0. I -0. 2 4360 

LRJ-3 76 - 82 12 - 16 3 - 5.0 1 -2.0 0. I -0. 2 4000 

~~]j(W'"?~HiTfn,~,~?ilfiM 89 MAN ~?U~~}J,Lf.t:l$~, ;ltDG/.f~,~~ : ~.qi-~llJM~ 

~-f-tM.~~TWH-*,Wf-tT~FI~,X&::km~--~T:I$H.JJ;?ilf~89-
~ tt 89 flll ffi;M ~ , ~ ~ ~tm 7IE 1-1 ~?il!l , N ;tJo A/f IPl tt 1911 I¥J~ ra il!f !::j ~ ;tJo ~:1it~ ra i& tt ~J w 
~a89.~RTflllm89•tt~R~.A-f'P:fl~A~~.A:fltt•f-ttti¥J~- . XA •• 
~~••-~*o ~~~·/f~T-~~ . ~-~~(40- -~~) ~m~/f•7la. /f~~. 

~~T--~Mm89M~.Mffii~ffi~OOa89R~.A:fl~~~f-t~a2~~.m . ®~T~ 

~L~~•tn:;t;f-t~¥J~.m ; *.m:7Gvt~>g. ~¥-B!J!;btflJ~~~JJt•m~J, fik-;f!~· n~m••~M,~nr 
•tt•• . ~~~~~~-~89W~:I$~89•~.xoo•~-••;l$•~••ttn;m~ 
-~11o* 'i3":fiUo s 1 A ·l'fttl::lit Jj&t£ .!::j Jl(ffia~~J , ~ ~~mml-t!itfi a, ,g , li! 7ili •-~~-t!i~L 
f-t1*¥89a~tto 

MAN ~jlj~JJX.JJ~Lf-t;l$~89lfG)J ( lMil?tfl) .!A!.* 5-8 0 jtl=j=t MAN-1 .!::j MAN-2 ~;J' 

1I~1f'Wf!JX~~. MAN-3 J;Jjc][~~l:ii'W~~~o MAN-1 ~89 JJX.JJ&l;:, Pl ffl =f;Jf~~ 

~~~891~\H~, MAN-2 ru! ;f$~1-JJ:j:t~~}J , mfFJT-;Jf~r:p~~}j!1it:!G"I¥J:JJ~, itU MAN-3 

Wl*FH9!UmfflT-!17C~7;:1l~r'f!HLtJ~~~o 

MAN-I M MAN-2~ 
m ~ 

IC:OI r'f~'jj 2 li!'jjl IC;02 ~1.;3 

7.1< ;f:B 88- 90 88-90 85-90 85 - 90 85 - 90 

WEJ'fll 2-5 2-5 2-5 2-5 2-5 

>i:Jiii~ 0.01-0.1 0. 01 - 0. I 

{l-jj£ii!J. 3.5-4.0 3. 5 - 4. 0 4. 5 - 5. 0 4. 5-5.0 4. 5-5. 0 

!¥L-ftl'fll 1.0 - 2.0 1.0 - 2. 0 1.0 - 2.0 1.0-2.0 1.0 -2. 0 

~fm~1in1fll 3 - 5 2-4 0-3 0-3 0 -3 

!&' Jj!~ lfB'fiJQ) 0. 09- 0.25 o. 09 -0.25 1. 5 -2. 0 ( 1 -1}) 3 - 5(2..\}) 3. 5 - 4. 5(3 .f,l·) 

~1U?L~itillla> 

\t.ltMml/g · em -J 1.05-1.15 I. 10- I. 20 

<D»r *HD ~@ Jtilllll1fll :1irlit l1Ul-1t ~ lf!lllbJIIJ !:J"' Jill ~ f'!o '!.'! ,c_, Tilt~!~! < ft %5tBIJ ~ 1 ~ , 2 ~ , 3 -iJ ) ; 
®~~~~~M~~~~~~~~~40%-60% o 

(%) 

MAN-3 ~ 

90-92 

2 - 5 

5. 0 -5. 5 

1.0-2.0 

0 - 5 

40-60 

1.25 -1.35 



• l94 • 5 $L{t.)lt ali ftJ i!f.~..!;; 1.~ :r.. t:; ---------------------------------------------------- ----------------------------- ---

~t)j{~fii1Pf31;,~1~·~tH~~~iliiJ~jQj?jjttlfff-*~~~f,!Jf.SL?Mili~~ BDS ~?u,Lf.t:tt:~ , ~ 

~ El ff& El ~$i!itJ*~~L1t:tf:§9, Jt;WG1f ( ~il:?t~) tF JA!Jl< 5-9 o ®\tfH~~IJ 460952 -tl!frm 
7 -#mJiiZ:t£~ &mJ¥J•fk~ 'P«!JfJ ~~L~:tt:~. ;M;1* ~~t~::tt:~m ?t 9='-$";tr ~ 6 -~~• 
l % -30% ~Pi<~ o Pi<~tE~L~:I$~9='®~-~fFJfJ, ttllffitJ!!L1-t:tF~-!=3Jit~W2t~&Jiiio 

(%) 

:tl!~t\'1-1} BDS-1 B'l BDS-2 !H BDS-3 t\'1 1$~!.1!% BDS-1 t\'1 BDS-2 lJ<l BDS-3 fill 

$({t~HfHil 85 -95 85 -95 85 - 95 till llitJnil I 2. 5 - 4. 0 2. 5 - 4. 0 2. 5 -4. 0 

M:fiH~~ 4.0 - 8. 0 3. 0 - 5.5 3.0 - 5.5 till !lirJ ffll 2 0. I - 1. 0 

A ill! I. 5 -2. 0 I. 5 -2. 0 ~:IUlljt 0. 05 -2 0. 05 - 2 0. 05 -2 

*tll~?f.t1iJf3t:I~1MiJHiiiJB'il AE ~!lL~:I$~, ;l\1t~~-*fflltl-$:~~J:tt~-ffl"tfj~~Jf 

~!1L1t~Jilf1CW.lilt, IJ..:ffle1r~I~lmitl, JjjU'4*~j~, ~F~;<is:{~Jl~~R.(, ~:jL{t 

;!$~ Et<.J ·~ tt 1!15:fti1ftl:rf~~ '11: ~j!f ' ~~ mtr ~It ' ll{!j ~ 1[1£ l2mm 0 

~~w~wM3t:l!it1iJffliiJ~J:fJ~ M ~?JJ~~!IL-1-t:tt:~, :JiHfc!1ftlC~ltla~t=~ <.w..~s-w), 

J;t1\J ~:l!:~U~Jti-(JC.HiJ!IftU!i, lklll WQJ ~~-=~ ~*llfitJ4k !!L~~mt, :t£1t~F I£}!.1-Jmf 1tl 
~ll'i.IB>t, -*JfJ~i*IfJa~:'fL1-t~1it?A1t?¥:filtU~ , 1$~~~1JHI*1:f£fmm~~~¥1J~Mi:i:1:= 

~~~~1t1$~~~.t=~~~~~.~~~~~:i::t6~A o 

• S-10 MSA !W!¥lli1HUtl!i~:tf 

m jt m111t1e "" WQJ Jlll 

-$'1it(§!1it~)/% 75-85 9- 14 6-9 

j\;;WJW tlJ 1iJf ~P,Jf ?MffitJ ~ WR ~ ?U ~L f.t;l$~ ~*til~ tlJ 1iJf 3t: l!1l i9:it I¥J G WR !lL 1-t :tF ~ B'il 
i£11 ( ~ii?f~), ?fjjtl?U-T~ 5-11 Jfll:& 5-12o ;1\t:p GWR !IL1t:tt:~~ft:i<1' 1?fl'~7JiHLMW 

~~j}:i,f~ o 

(%) 

*l!~~fl: Ji'IB tJi < il'i ) * :0 M !:i ill! ~ • Span-80 6503 ~1JIIffil 

WR-MM 73.62 8-10 1.8 1.8 2. 7 0. 9 0. 18 10 ( MMAN) 

WR-S m! 78. 3 9-11 2 2 5 I o. 2 1.5 (S) 

WR-A !~'! 76. 8 9 -II 2 2 4 1 0. 2 4 (AI) 

WR-4 ~ 70. 8 9- 11 2 2 4 I 0.2 IONaC104 

tt : • JJZ-~ : - I. 998 - - 2. 690gl g. 

4i-_.. -1} ~L 1t 1.1'~ 'I=' in 1t ll<J ·:Ut 4} ~% 1-L 1t1*~ 'I=' !fij} ll<J-:tii!: 

if! 7t ( lilt :Iii :frlfi ) I% m * ( §l:fil:j}ifJ:) / % 

C-1 G-2 C-3 G-1 C-2 C-3 

JAM~ 50 - 70 40-60 40 - 60 ~ • I -2 I -2 I -2 

fl!llll!il'i 10 - 15 10-15 10 - 15 * 8-10 8 - 10 8 - 10 

lfl~li]!j-~ 10-15 10 - 15 M - I -2 l - 2 I -2 
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~~5-12 

~ w ~ ~l:ft:I*Pi""' m ?Hf.l~ftl ~ AA'-~ ~L1t111'Pi ""'m ?t ~¥J~ :fit 

m ?t (10Jlii!:?tl/&) / % m. ?t ( ~:!it ?til&) / % 

G-1 G-2 G-3 G-1 G-2 G-3 

t.'l - 0. 3 -0. 7 0. 3-0. 7 0. 3 -0. 7 ~fg~ 3-5 3-5 -
~ iiB 0. 5-1. 0 0.5-1.0 0. 5 -I. 0 m.m~ 5-7 8-10 5-7 

~L-ftJ'ill 1. 0-1.5 1.0-1.5 1.'0-1.5 ~i'LQ~ 1il'i 11fli 

~lil:jll!iilfl 0. 05 -0. 10 o. os -o. 10 0.05-0. 10 lHt'l~f.£1!11 0. 05 -1. 00 0. 05 -1.00 0. 05 -1.00 

~T~fJU"g~*'1ln1Hrt1ta>t~L~¥~89~~Xl~. Jli:!tf:-*::ff Jdi7fffi!J T f~Y.ffi\~L1t89~L1t 
~-~~.~1t-~B~M70 -80~ o ~&¥a89~~·~•Jli:•~••1ta~.~bo~ 
~ f!P ilJ 4it 1t , .M. mi1H<J ft~WJ( , i111i ~~ F J!J AA o li'fJ B1 , ~Lft:k'F H 89 fih ff~f'E tt tiM~ flJ T - f£ 

WJ.l 89 i!~ =1!f o 

f~R~L1t1$H89WC~~-t£.7Jc.f:§!fl~bo~1~i'Ta,~B91mJ.!li~*'i*jt~1m, :tm;!it~2tniW 

*'~•~•mmttm•. w~~M**'~~¥$~1i'U.§M*•ili••••o 
·5-13~-~--~.m~toA2tnB*'Am~ttmilJ~-t£-f'EMOO~-~i'TA~. 

Xk~ E8 -T'E 111 ilT ~V- ..ey 1J< if§ m ~ 'fl 89~ ~tit~ Jilt it itt~:JJo m!4 ~f.!( -t£1J< t§ !fl 89 m fffl ~ , i!~~ 1il1i 
Df.t(tJTAAmo 

7JUo/o 1iJ'j 1!12 t'J( I % 1iJ'j 11 ilfl/ % ~~/% 1MlP~Io/o tJT Jilt\!~ 

12 63 14 2 I. I 57 

12 63 14 2 1.2 54 

12 63 14 3 1.2 52 

12 60 10 2 1.3 50 

12 60 10 3 1.3 49 

12 60 10 3 0 57 

12 60 10 0 0 52 

12 63 
. 

14 3 1.4 50 

12 63 14 2 1.5 49 

~1t1$HFR~.:E~!R*~H~f'&1.~ ~~F&1. '=i'ta~F &1.~o ;J\1I1£89H1ffi~~L1t:k'F 
HF~~~$~W~4it~89.~*1f~*89~~~f¥AA,-~~I)~f'.a~f'~W~ 

ft~tt~F~!t!!.~ffi!JF&1.~i!:*'il':li.E:la::k891<:@:o ::k~ !fl][:t£89~-*~L1tWHF~£~-~ 
~~~m~-~89, f§.$~-ll.~I)~F89, ~~f':!VW, I~*-flJ::t£ijjiJ ~1<~n\':fi&;~..eyH 
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.£~-~o *~·~~,L~~-~~~I~~--·~A~--~A~~~I~.~­
~@~«•o ~*B&F£~~F~#~mM•H*·~·7·~~~f1~-~~W~o 

5. 2.1 *'I~ 

~F~~WH~~-~~~·~·-~.&~~-~E~&~~~#o ~~WH~tt 
W~«-~~m~.&·~~~F~~.~*~IE~#o ~~.~~FA··~~-~ 
.i:~1:!!.175=-t1f1ID I ft~:i2t~i!IJ!~jjj(;j:J~' ~1Ei!IJ.m~IZ~~~ . :i2t~-ft'J!~(::EF~ 

4o ~~·~··"~'L~mA~I£~·ft.i:~~='L~ft~UWit$,i!l·~-~m 
~.~~"~·•*~~m•~~u~:Jf~.~~-2~•*~~•0 

~~WH(:tt'I~~IEtoJ!JL~ltl~laJ~~~~, ~lal'L~1JJj(A71b;fiH~, ~lal'L~1J 

7111~ , Jj(*HiiiJa-f~DA!fLf.tft~Jf:Mi,L1to .iEiaJ~~~~~~ . .Rfm~tlVNl9~it!tl11-!N: 
~~~~. ~P~--~~~H.~~--~~-~~ ; mlal~~~~~•.m•••~~ 
:lai!t~i£liJW:il~!}!Lf.t~J , Jf:Mimt#,L{tB;J-J)(*H ltl71b;tiH~i!r;O: - ®, ~ J)(;ffl:ft5 ~J-2t!l:!t 
B;j, .&iftl~j] r;t;J*H, Ylb;ffl.J.K*H-El.S, ~1J71b§Jj(~:f:R~o 

~m~ 11:1 20 1ttre 10 ft:f-t*Wf*J~l.illm'L~~•~V-* I ~(:tF!t**JJl-~wrm~ , ~F 
:1f~&~ffiT~~~-*~~~-~~~~-1-m~~~~~o ft~~~A20tltre wft: 

ft~V--* . oo~,L~~~(::£Ftt*••~~~m~~•.•m@~ . ~~•.~11:1~~(::£~ 
~~1J.i:~~1f~.tt-*~*~%ili.~*~-~o ffi~. ffirW~~~~~FI£.~ 
U~-R~~~#m~--.~(::EFJ.illffl~.~M#~fi~~~~o ~iQ: ~-~1t~* 
~~~tt•~.~M~~~~tt*~~~• . .rz:am&~*•2. ~R~~~-~~~• 
$~~·· ~~T-it<Jjitt-*~:kflff£1 o ~f9!&1E~~~j~~Jf;!l, (:tj"l=~#t. it-**~ 
lti~F~*~#&:ko ·ffi~*·*~~~~**~~ . ~~~1t~H=+$ft:-*~~­
~ffiT -=:.1-~~, f!ll: 

~-~~. 20 tlUC. 70 ft:f-t®tV~~~Iifl"~o ~~~~F~~*~~'Lf-t.ISJ$f'L~. 

~~~~~~~$~~~~. ~~m~I~Ho 

m=~~ . 20 tttre 90 &ff-tWD9 .. *ii~" ~L~~J3io ~A~m~~J&f*.IS-*~~~L 

~. ' LJ&¥mJXI.tt, f-t~~~!::j-~$~~tlt~~ -*11:1~~HtJ131~Ho 
·=~~ . 20tlt2 W &fft~Mfi~-r~~~I~.4(:tt'raM§T:k~~,#~ 

~~, ~~~L{tft, :ii~~~:f!L, taMt~~f.t, ~fm-§.~~filtm§~~*J~~o 

ROO¥MM~-~~EL~~l11W~~~~~-FA,~A*ffl~M~~FI~~R 

4.~~~-~-~.-~88,@~ffl~~fJ-$,Ffi··~*·~o ~-~~~I 
~1::F:i:tW 9=', ».JJ<ffl , llb;ffl ~*J*~IJ~L~ , iN~ , -§~~Iff, &1-12: -tH!.U::JC.llt~­
I~Jf~.~-~·-~~~~~--~~ma~o ~~~t'IE~-~~g~TK:f:RW 
!909~F~#i , *frn1E?t~m,L1t:kF~1!Jtl*~~Ai:, ~F~#t§~JIIltiliiJ. ~-~(:t~JJ<JJZ­
~~~.~~~-:k .• IV-~~t=AmSD9~-tto ffi~~2~*~~#T,WM~·· 
m•~.W&M~~M~D9~~'rili.~H(::£Fra•~o ~-I~~H~Ftt*~~-

-
~- . ~~~-~fL~~H(:tFI~····$-~o 

mA20 tlte so &fftltM~ 90 &f:itwM. ~L~WHB~~~r;!!l~~ T*iiifR~fftr 
J.illffl.~~~H~*~·~-o ~aM1J:~~WHD9~1f~~*~$Md+A~~M. 



--------------------------------------------------------·-·······-···----------------- -----· 5. 2 .ftAt.)lt iii 6lJ 1-/' .:L!: · 197 • 

~~m~~~~-;-bu$·~-~··•tom~~H~~-~-N~;·-~~IR* 
J!rlfft~ ri-El-:~* , • fHi~ ~51 A~L ~:l"': H-* li~~~F= 'fl ; ~ :fi 1ilf1M $; :91 7 i1i 7C 1f ffl:!! ~ ~L 
~ff.~ff~~~~~m~-mA~-~~**~~~fflR*; ffi~k~~~~*~~~ 
~mtffl, ~L1t~~-*:i!~~~Ftf&.fflt-~~~F~~o 

~~-*ii~~~FI~.~m~~m1t,~1tiff~~7:l!~~F.~1t, ~Hiff 

~~~~~F~~~~T:l!~~1t,~··1t.W~·¥·~~m*m~m~m~dAI 
~$:, lnf'!.tAffJ1:E~®i~Wf:ilt:fi~.ffff1btJif'Flli7.~ 7 -~~lfr-. {EI.~:T:EIZ::R*, ~ ~t£ 
~~*~oom~~•*~m.buk~~•~•gm•~•~~•. ~oo~~'L1t:l"':R~r=~ 
*;j:{Jit, ~IN~L1t~R~f'*-lfl-~1hJ~:ilt-~%if.!:¥i mi'l:i o 

ftOOMW~e so~ft~M . ftP ''~li''M~ .• ~M~:l!·~~FI£o ~Jlrl: 

1985&f*~V~~~~~r**~ ili-V'El-f'F.~ 7-A~~~~-~m~•·0R*~ 
CRHL m!ii-~F~ , &f~FftiJ 2000t, i!<~*:(f;lft~1filifll~Rr~JJJfi), .3f::tf7 
~~~•o z~.*~Vili~~~~~m'El-fF1:Ea~m~T-~1f:F3000t~~~~li• 
~L-ft~'-1-·C.,ti-i-09 LRZ m!itf-~f'~. ~~IOU't.it7WJ~&fFPJiii IOOOOt ~:ii.~F= 

~o 1:E~m~~li'Jlki£:itl&:ilt~ 1990 &f ~1£*?t:i.V@~ 7 - · LRZ-2 ~li~ ~ 1Q~F= 

~~~~tt7~~~~*~~o 1:E:ii-~F~#~.M*;j:{J,~;j:{J~·*~~1t,~~ , 
e1tfll r= &7:. a<.J 1!!.~ , ~nfltr& JVt T 'lfi1Ht , ~ l1f;j:{J m-ft fll7-ll ~*:!!~.:£~~-tiE o ~ t)j( r ?a 
M~lH1l'-l~trOOmRB<J1¥F lOOOOt 'L1t:l"':Hr, *Jflli.-1L1t;fllfOJ~~L1t;j:{J~-ft~I 

Z.PJ~~FWJ~~~WWd.;mmm~~-#~$A~:l"':R . .*M~~-$E¥%·~ 
*~~a<J~&~.-~F-*ffl.~1Q~.~~-~FB<.l~A,a. , M&~•T•m~ 
i)!l;fll El ~tl1b'J 0 

W~2W &fft. OO~BM.T$A~~~F~·a<.J:ii·~~~R~F~.Jli7.~7B 

~~t±~3~t~fi;mj&m%(1tao f?JJJ!n, ~t~V?ailf~.~,~~mrrr~J ~1ti~iiiJ~fF, ~flitl.lilt:W 

ML ~~L1t~~itf~1t~-tntlfM~F~*, ~ 1998 &'f 11 ~ ffi ~ Wif'!-I~ ~~~'Jitl' .:EM::ii!i:it 
~~~~-~ o •~~~Rmm•~•~••~EI:fiMM~~-~~- , ~-~,mw 
m.*~~m~I~&m~~~~~Hm.m~T~~-ft, E1~1t~m~~~F~~o ~ 

~F-a<.Jm~. ~ft001:E-~Im~%~:ilt~~~F&7:.8<.J~~1t~F®~~~f'F~ o ffi 
~~•7•~~•~*EI~&Hm.:ii~&•1t*~m••••m•~~'•a c 6s -
2s mm) ~L1t:l$~~;¥frt£ ~ pg 87Xlli7. ~~ T ~:91 ~mtffl o 

ll!A 2000 &f~*, IE I*J~L1t:I$Ra<.J~f'i)I{*J{lt~i T ~~~:iltl'fJ~~, ~mtl1M , 

~Ji., ~ ~ ~8<.J~F~Jilt~.:E7AUo~~, ~~-~~~~'iit:i!Hlo ~~J,.@:it~1t~m 

tl~~F·.~M-i-Mm'El-MM,~1t,~- , ~1t, ~R~~~FI~.mHEI~1t 

~FB<.l~*:ilt:fiR~~$·.~~T1:E-~~F$~~.%·:ilt·-~mF~ti9~F~ 
:itfi*Pim:fiF~•~ o 1:E•m~~~.~~•M*~EI~~•1)1{*, m•,••ooa 
~•±LO%, **~rm.:mmttit~tlltltRJJL 'La£•itfltfilf~~*r2.5% o f?lHn, ~pg 

tt ~&fF 6000t ~}~,L~~~~~L~:I$R:ii~1t~m~1b'J~@~F~, ~ 2001 &f 3 ~ 1:E 
rr~~~Vili1tir~-~Fo i!<~~*mt~~~1:E~-1~~.*1:E~-*~f'-k, 

~~~-~FA~~~~#a<.J~H.$WT*·~-.~-~~1t:I$H~*~~-*· 
7-®r~~a o 
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.. 

~-~~-~~~~H~~~~~~~·· e~~--&~~--~o ~io.~~-. 
7ie:fHmt:iit.bt;Jtiffi!.Jj(~ e ~~1314"· § 79Jic~, ~~~Lm, !¥LH3HIW:ili*~~L~ltfil*:tll~~~JJi 

•~.~~•ff•~"~~;••e~~~~~-~~••&~att . ~I~••w•~ 
#tJ'H£ , EiZ ~~ ~ UERI~ ifflll' a~HfE f90 tt , IV. TifU -!¥~~~{'=~ o § 1Th" 00 P3 !iL 1-tt'J:l-9 ill :tm~it 
~~.~~~-~~~~W:~~t'J:H~~.~ff~~tt~~it®~~t'J:H~~~~it. 
~~--~§~~~f"'I~~--~~~H~£~$h~~~ZMo~~.~~®··~ 
~~&~t=~m~~~~i9J~*···H~L~~H~a·~-~L~~~E~-~m~&ft 
~frill:;@ ~~~ff¥? Ck: ~ m:k~»!o 

~~~~~~~H~~f"'IZ~~~-~~-.I~~~.W·$··M~~~I~ 
*~· §~~ill:~e~~~mom~~~t=r~~-~~~~h ~••.~ei9J.~~~ 
~~ , &Jt~~~lJJ o E\ZffH~~.3::JHt*~11L 1ii\16.~tll~~® e ~~~tJI.~o ~at, 1t/{M 
-~~I~-~--~~-I~.iorr~••~~m. s•~a•~~~~~~.&A~ 
r:~ 5t:it!7j( .lJZ ~*,.~ Ji!;; z - 0 

§O,~~L~~~~W.ftOOB~~~MMI~CillmmR•~~#~~o ffi~~~ 

~ft<J~L~~.&t~-f'll~~~' jll!ji*J;fOI:t, (.1jJli.llr~ W/ 0 m!!iL~~~' ~!1L~~.1J~~!1L 
~1-T~~:iffi'ilt~ltlW£:/Jojl~o §~:i!~illHt91m~®ij£~M~7fm!~i1S~GJtm~. 4-Fo$1 
~~buR, ~:it!-$•~~-~~-*~~•o *~.~:boW~~•m~~m.•~m~ 
A9!1L~~fV:tj(~tt~lllli~Wf~~li'f.IFJ1, ~!UB~L1tft~~~~it, ~1-t~L~I~~?X . ~-

··H·W~M~~-tt .• ~'·M·*~-~ff.1J, ~-f¥~-~~f"'I~~~~m 
ffo j37'~, ~tt!i!/l1itHI ~~~~fte<Jiilfn, ~il~¥JJ!1L~H-m~flli • .1t~m~m:~~m 
-~~~~j(~~~~~~~~m~o 

s. 2. 2 iBJ lr~~F .I~ 

~-~~~I~~m~-m~t=s~m~~-~toA&$i.ft<m>.~~:it!1-T­
~~~~•• c&m>.~m~u•~ <~~M>.~mff~-I~~~f"' o ~*'~ 
~~--~~~,~~-~H@~~I~.~~-§4a~•¥-I~$~~~.­
§~--z~~~~~-~1ima•. e~•Ho-~•mmwc~&s~•.•• 

-~~~aWM~M-,L~~IV:to ~--~····~~.~--~&~S. ~~­
#~J.t&~:k, fi~F(ftt ~~ -tl! t!U;j"IJ.~ o {13 tJJ ,@ftia! :i::t~ ( Si:i::t 1600r/ min ) , ~ !R. 51 

A~~~~~~:bo~~~-~~~~~- o &Z.~u*"•*•·•~~-*·~~ . 
~-.~-~-J.tRAffttflli.~~~--~o ~~UE~.~~~t=M•llll·~~~ 
·~W.llr~ 800r/ min 0 

-~~AA~~~~~~f"'~~-m~~~~~I£ o ~M~f"'IE~M~•·m& 

•·•~•~a~*~~~'rili~~~-u~~~ill:~•~o ill~#a~~-~~- = ~ 
~~Ji!Att;J,, ~.${~, ¥I~~~- ~~~!iiJ.t:k, *€flli&iQi , ~~flli.1J~.lE. ;Jt;JtA~~H 

-§~I.ff: o 19H:tf!1L1t~HIZJJ(.lJZ~~~~illli~:f6*·~B<JwtttJ•:91, ~fl'IBJM~~L~i'l: 
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~*•~~-~~F-.A~~Ift~•~•*•~m••~z-.m~~-~~o~ 

JL~iil~I'OJ~: 
C I ) WG~~rn;ICo 13 frl, IE J*Jiir .!A!.a<J'J\1i:1£~L1t~Hl!G:/J~ l±lT~L~·~~~. :I&H'I:·~ 

~ . -~8~ttft~&H8%~o M~~-~~A~H8FI±l~~--~~\·@~~~H 

~F*~.~~~•*A4~#JL~ &~•~•~a¥am~~~ftmi*J~~.~a 
•a•~~ : ~Raa~~~--~~m~s~~~~oo•:~M&Hm&H~•*~~ 
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fto ~~-~:H-~mft~m~~~mM~~-?t~~~~I¥J~ft~8~;4tW•~~. 
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m•$.~*~~~~~IAA~~~a9~ao ~~.MM-~~~~,-~W~,~~ 

:rhJflfl£, ~:51:.$~J.l, ~m:r*~~L1t1$~~~~. :1t;t:t~:::k~tmii~ft~~~Et9ii~~~ 

fJt~F1\!'!J6'~ o 

(5) ~~P:/J:6: o ~$:/J:6:tE.~I&Ith:~L1t:.l"F~~.FB-9-::kXl~ o l:il?'~~itOO*~~!p/J 
~*Jfli@Jilii\~#i~~~~$a9:/J:6: o OO~ii~~L1t~.F~ 13iiD*Jfla9~'!fl:/J:6:.:E~~fft~ 
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~$:/J~.@m~~-~~~.~~~:il!-~~M~o 

5. 2. 3. 2 ~L-H::,;l"f~ l!~1t!ljt .I. t; 

.mtmJ!!1. i~t $L 1t:.l"F~ ~~f' I~ .:E~§m 1m 1-I~ , f!P : J:!Jitlt il'?t ta ~ ffitJ ~, 1L.ll3C~ 
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1tff1J f&f€i*l~ fl::i! A fitfiJJ< 9=t ;bo ~ 7~Ht ( t!!.EJ 1r ~1!1!ffl I r #t f'€i a9 1ijlj Dttc * r-6 7-ll ) o ~ ~ 
~rl{~:l%~1tff1JJJ<r-6~1Jo~¥1J~ 90'C < ?t6T-7ttW~ffrreA), ue•1tff1J1t~tmrtm, # .§. 

~~~-•••¥%d!JL~¥mo ••·*~r-6~~*~~~~-W~~8~~*•·#~ 
;ff ~ .Yf¥~ ~fi ~iN! If~ ~:H , .Xf 11< :fH i§1t. a9 J9t :1i1: ~1llK!lf J!111 a1 :il!q-T~ IJ!~ ~ ~5F o fJHIS ~ 
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-~-r.••~uemil-8M1toEM8Ylb.t!!.;bo•~.Ei*M•::ka;KJ~a91K!N. ~~T-!J!L 
•a9%do ffi•mm~~.~1t~--~~~1t~~:il!fiZ8.~~;bnA~~*l~~•m 
il'~!:f, t;J.~ .tJ:t-j:~a9~;Wjl1f!Jt1!1!~1t1f!J?tm o m:fl:t4fE.tt:f, 111.11:11 , !JLftff1J~m**~tl1JIJ 
A - 1'-M :K! Bi:l$1ttl 9=t ill: fi1JU ~ffitr-¥~1t , ~ ~ N-:f4J..§ ~¥It!~ m•lii IG *4 ~ t£ci9:it t~ f?lJ rt 
Arm~m~•.Pmfim~om~m~~ho~d~!IJ~•,•w8Blt~••~•.M•• 
••~~i9:tt-mm~.EJ~•Mm o 
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~?:Jtt~, ?'~XW.~IY'IN~, t:Jflti¥J:tl1$tttil5~o ~~, tE$L1t1f!J:Iit:tE7111~ lf!Mfffl, # .§..R 
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ll- Alt ti! rt flj!J t£ 90't: ti:ti 0 

3zll:W:::li!:JfHt~~tf!!4iJt1t, 9lU~B1~lM~fliiJ1l1t~~~- o Jl4f~L1t~J~tJI.ilt!1JO.A 1t~~ 

~-~§-~.M~ff~RWti.~·-·WT .• m1Jn.A1t~~~-~*~ ~~~ 
M~~--.~~%~1t~~~m~'L1t&,e••~~mo 

b ;ffffa,~imj-=p~ pH {l[?j!IJ~ 

7h T ~ i!E'L 1ti'P!.!J ~ &t :fit. ~' ~ ~ilE*ffi fiHll ~ ~ 1tfflJ ttt If ~ft DG:h ~ * o ffillft , ;(£ 

~1tft~m~~ffi-~*~••~~llo 
lffi 1it fflmii ~;fff fa iHIE.fDU~ ;lt#i ll , Jll ~:h~:likJf.J 711 * !i.t!i~ IHtifiHii iS\: ~!?e~, ». il 

~-250gti:ti~•~••~.JI4fmll#~.AR~.&~mAR~.•••~~~-o ~ 

•••· ~~•~•a~fi~".reTmll1i.•n•s-J4*~2•~•~•ffo 3ln* 
jj!H~····{lfQfij;~*{lfQiii:i, 1JaMMfti~:bn*~h-11, l~Httf!JJ9T~~~~-o 

:l:ff t\J'. A~ lil'lll!!~t&lJt Wlf ;tr(JI.~ 
!iA~4rlit&1Jt \1\'t!f ~tfll##. 

liJl!MijJ(t&lf \1\'[1!: 
01!1il1t~) ( J!ltfltj}-~ ) ( l!lt:lit?t~) I'C I t • m • 3 I'C I t · m • 3 I 'C I t • m -J 

1% I % I % 

so 77. 37 66 82.00 75.0 84.52 l. 387 

51 77.70 66. 7 82. 12 1.3TI 75. 6 84.68 

52 78.04 1. 360 67. 2 82.28 76. I 84.84 1. 388 

53 78.20 67. 8 82.44 1. 378 76. 7 84.98 1. 389 

54 78.50 68. 3 82.60 I. 379 77.2 85. 15 

55 78.80 l. 364 68.9 82. 76 77.8 85. 30 

56 79. 12 69. 4 82.92 1. 380 78.3 85.46 

57 79.30 70.0 83.08 78.9 85.62 

58 79.58 1. 367 70.6 83.24 I. 381 79.5 85. 78 1.392 

59 79.90 71. I 83.40 1.382 80.0 85. 95 

60 80.27 71.7 83. 56 80. 5 86. 10 

61 80.55 72.2 83. 72 1. 383 81. I 86. 26 

62 80. 87 72.8 83.88 I. 384 81. 7 86. 40 

63 81.20 1. 373 73.3 84.40 82.2 86.58 1. 396 

64 81.52 73. 9 84.20 I. 386 82. 8 86 74 

65 81.76 74.4 84. 36 83. 3 86.90 

*ffl·1{i~ pH {l[m£~~1:£ 3. 8 - 4 7lt 00 I*J, ~ WJ 1.1:~J.!U~*4~{t, ~l(uj:J$!.!jf£@o 

pH {iffl pH iit~~~J:E o .tto:W:::t'tl:lftt\11E ~, :boMM~~fiM:i/H'T~:W o 
c jj[ :a~ t'! flj!J 

~L1t*F!.!J:ii~1t~1"~. )(;j~f":ttfi~lt!~!JmJJRtiZ.- Tlb, *.fflmt:l:·~~ff~ 
F~ l¥1f.l fliiJJf >.K o ffi1:1g £11J~1HiE~.t":tt~, )(;J" ~1"~ ~ .t"iit J.ey 1" rft..r mt:tibglHJc~·jj: ~ t'F 
ffl o ~~I£*#.a~ttmt~•~·*m••*~M~"~-*.:m~•a•"·ru~m 
~-~~tl~~I¥J···~J9TM~o ~~-~:tt*~~-·M·M~~. ~lft~~~mtM# 
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•ft•a~2.~~2BM·ft·~· ~ 
>J<~~~~·:Jt~Bo 

W::tii:H~:B:£'J:l1Lt. ~It:~14:B: 
~~~~~~•o~ff~rm:~rr~~~W 
(JJG257-94), xif!l'?ll~~:il!:~i•:%W!tl/Effl~ 

ill:~$)( :*1 jJ 1J! • ;a; l~Jll!~ll 00 5 -2l J')f ffi 0 

&tl IE$-W:*J : f'Hf AAI 2 , x ffi AAI L • ·imJ 
~rm:~ ( ffl~~~~~*~~)~ff~* 

~•ooiE~.M*•~~•m~~-~~ 
~.~~m~~~~~3.~zrm:A~• 

fi o ~---~~-~-~m~ViLA~~ 
t, E13:ct (5-7) .:±lmilltVitilt q.., o 

qm = melt (5-7 ) 

j.\l"f'l m rm:-l*.&tit, kg; 

t ~fEU, s; 

6 

C = p (pw - p .. )/[ p. (p- p.,) J. ~Jfj{ C = 1 ~, ;(;{: 

2 

T 7 

4 5 

(5-8) 

1-l~,Nia·~~, ll\Zi!I!IMtliEaifjf,LAa;ffE!J t il(¥;1J!ffo 

-~~~~-tt~~-~~-.~o&-.ft~.--:7J~.-~~~--~-~~E 
~o ~~~fa~.*~~~~~-·~~~*··~~~~*~*o ~&.~~~~~~ 
-~~~~•*o••~•~~~•mmn&~~.&•~•~M~••~•~o ~4 . 
~~~*ffi~~A~~~.~-~~~ffi~&Jl~~~¥-MOO,*E§~~~~~-0 

fiij~ ~.ffiJJ .1[fi~ P(lij-f* m\ tfll): ~ 7/a\Jl, JA fiiJ fEij fi~ P(lij JJJ 1ltJ ~ ~ fli ./t , Elf IV. , ~·· f*iiE¥.« ~ 
ffih~~iEtto ~a3&gf.J, ?~f\EEJJJ.i\Zt:!Jt~Jt£0.1 ± O.OlMPa1J1ro 

B $1j~~.l&£Mt 

~"j§ffiilil89 . ~L~~!1L1t1-'FF.i1:.rc~-*it$-:Wo ~tf~lte~!IL~if~fBJ$T~L~ • ..t~~ 
f!l~m~mritJMii~lt!W~fl:JtH~~ w; o ~~L~Tit~l:i~Jnu~;fiHiila<J o &tt~iJt *'&~m 

~8(@M~~~~-~-~o~) ~-~~*MR(@M*ffi-~o~):B:t:!~-/E~­

M~$~&-~.·*~n•w~~~~~ . #~~~WOOm~~~~. !V.-~~!IL~~ 
~-~~.~••m~•~a~m*m•m~••:*l~~. !V.•~~rc:±laiE~~om 
tJ9'LJJ3C¥J9to 

~Jre~~~~x£~.*~*~~-~~~m~•~*~~M~~-~*~~.m~~ ~ 
a<J~••m~l:i~ftm. ~~~~~**~ ••*~'L~M•fi~~o BM~~-~ 
n••W~ffl.%-~aM~~!fL~l:i~o ,Lft~MM~~-*~:±Ic~~lli.~~Wfi~­

*~a-am~a-1**~···~-·~·-~--~~-ffnaEE~ff~~.~~·l:i 
ilr.:J :w • :±1 c ~ *"-• ~ 1fj.\ • 1f tt :iliffn • t.ra}E , JAw :12s JJJ ~~, ~ 11r :~e fi o 

~~~M~~.~m•~*~~•~••~•••~a~~e~m<M>A.~n~ 
7J<;f§~~~~~uJ'~•$j~~1H~~rW:f§~, :m~}]!~~7Eil'El.7J<~'LJBC£)gto :'IIl."=l&llt1hltlf~, * 
ffiMM.MfilliA&.~'La&~M*··~~-~-~mlt;~o~~~-l:ia,.,L~ 



• 212 • 5 ~L1t.:lt Pi I¥Jlt.~ ~ !!.? .:!. !: ···················································································· 

~*::::J'11f, ~.3~:r,=~tJiUL~~o ~Itt, !JLftzrA.Il-~t£ilitJtr: 85 -105't: ;91ro ;9fl!!JLft~-f* 
t-f~E:I¥J7!iUJL ~~iE!JLftK:,e~ P>l imllli.i)Z Wt.lli¥J ~M/iJf 7J< , f±!JL ft mi-~at fBJ ®1* U\H'F 
JfJ, Fo-~atfBJ.®~1liH'Fff1 o Tffi.llr1Mfl~7l<ffii¥JU~f¥r-Yffl~, =&Jit~~~IJffiJ!JLftUo 

~aaaA~&oo~tt~*M*tt.~am~tt*~~•wmttm~~•ooH~t¥Jn 
h.m#••-•wat~.~~•w••~ 
mwat~AM•mmtt~~mt¥J~~*~~; 

1500 

*E*tt~P-~ft~w~m~~~~~~~ . ~ ~-
e 

JBCnti::::J'·WTWJ ft, -*-~~~J', i1ff !I& :itt! :bn o iX · 900 ~ flfl*!uEJTm a~ • mtm m mtw:et•tn:f~ 0 ~ 600 ,.--..../ 
300 

£~~~m~~tt.~!¥Lft~w~.~ 

mwa-r~••w••::::J'~~~*·•::::J'n% 
attna~~!¥LftWHo F~~~$~&R 

~•.~wmw••~at~~**~oos~ 

o·~-2~-4---6~~8~-~~o~ 

fl;tfii]/min 

rJTm o 

'Lftat;97 f1!*1tt'-9lf[~ PJfllii¥J~;J\, 1Z,~f1!JfJ~:®-IJJI¥Jfllt=Wf5, ittlffi~JJ<l~i!HH* 
{£~!ii~!!I¥Jffil:#~Jf.IT, r.£ 1 - 2min %Jilt!JLJI3C£!9t~¥Jf51a;fJltflli.!t~fBJ!tt7;:!1&s ffl, ffif;~j!!Jr 

~~ , *~:f111l1!nlia9*-ll~~~J,, ~:~tg5J, ;rt~~tt~11f , :1$HI¥Jt'i~m:~~* Q 

~7~;g -~I¥J~tJH!fi.IftZ.?'~, ~ff!JL/&£.&i:lt~UJJI!;ma9*~~ff, £PfliPr~:-~I¥J'L 

ftm~flit fBJ o ~ ~-~ , !jL ftat fBJJHt~ ~ 7l<;f;IH!Uli j;:;J'~ !JLJI3C£!9t .&i:ht:ta'-$1¥.1 m~ f§ ~ o 
i£~-~~~I~~.-~.Mf£~WT~ftff~B9!jLftflit~*~A+A*~oTffii£~-~ 
(:t~IZ~, M;m!f?!J~~1£ii~!¥Lft~!:f=li¥J!JLftatfBJ-ret~>J<~iff!Ji£ lOs Z.pgo J!ll*)j4fffi' 
a-r rBJ ~ )( :1iT *~ m~ fll 11il il1l * JJIJJ>t~- ~ *n~:lli tr ~Jt~lt!:A!JL ftfS ~u m .411; !¥LJI3C£ 1!lt-* ::::J' • JA 
iliC~~ilii¥Jflit~ o ·m~•-f£'Lftftpg~·:JtgWOO~~~~*~•flmb~~~~OO. 
~flli~--~~~Watlt••*I¥J:Jtg5JB~WJl.%aa~~~ft£ao ~•~ftG#at~ 
iliUm, Jlcffii~H~*~::::J'±!J?:J, *lllt~1116* o ffl&, :tm•!JLftffil:WatfBJu*JZ. ~~*m~~J, 
~~~:k, ~JJU::::J'~I3=9:JJ<;flltJTtfbAi:fllrlMIUili~l~WtJJtTM~, ~JJ!U, ~~3iJcF:itNULo 

~-~•.mwatoo~'Lftat~AM~~~B9•*o •wat~~•M . JJ<~JA•A• 
~ft~Jilt,LFo~~Wt¥Jm~uW.~ftatOO««~M7l<Mffia9Jilt~flit~o-ft~ftR~~ 

l. 0 -4. 5s ~PJ ~JtiU·~~~o 

::::J'~W~.*m•~~~B9~fta~a•«•~a¥!9ta9•~z- ,::::J'~~~~'L~ 
HF~::::J'IW.I~*· *1i9:~~. ~*~ft. ~~~:WdA!.~5-15 o 

~s-e ~~~~~#M~~~-~•"•~~~B~~~~ 

'L1tH~~ 
Q fl'I~/JWI QT-1!~/f.l.m 

I % !Jl 1tJl!J 
11.1-t~~m 

5% ~L1t:il!J I 0 o/o $l1tJI'll I o/o !1l1tJl!J 5% !¥L1t:il!J I 0% 'l 1t:il!J 

til!!:~ '1'11.1-t 3 - 8 2 - S ~l*lfJ 3-9 4-7 3 - 5 

JU~~ 2-9 2-4 2-4 ~1tff I -3 I -3 I - 3 

c :+:tjlf{1t 

~7••~~t¥J••••J.t~£•t¥J§;I$&•.M•~B9~&¥m-•••$*m• 



···························································································· 5. 2 .fL~t.;.t;: Pi 6fJ 1../'- .L ~ • 213 · 

~m<~~~~m> ~o ~~m~A~•~*~~­
m~~-·~~-~<~•a1B~n>.*•~mwm 
~•~•w~m.~~~~~~-~~.•€mff• 
~~=IJJ!:l%~*A-€231tm~ o 100 

a ~!jJIJ¥ 

~-~-~~!p·~--~~~~~~-I~~ 
- . ~*~~€·~~,~~Iff.~~~~I~. ~ e oo 

~-~~-W~-§~~-h~~~o ~~~H~~ ~ 
40 

80 

)1~~.-~n~~~.~~IZ~*~~. ~~~ 

~~-~IE•e••~~o ~tn.~~-·~~~ 
~~~~L.~¥~~~~~~ . ~T~~~*$• 
ftffi~~~ . wimm&Hm&~. ~~to•~•~ 
*ia<J~fr'fr~:li!J~~ 54 -'%~ 56 J;j-~m1$J;.:ofli€~ftitHm 

~~.IB~~-~ft;f.~R~S~@~T-48~.~m 

m~~~ . ~-~·~~~IE~*o 

3 

atriiJtmin 

~~~-~~:~7J<M~--~~~~o~~-¥-~tt~~.~~*ffl~#~~ 
I t: , ~?ffilll~~~~di!...tfh~~~, ~* 5-16 f'UOO 5-23 Plr~ o 

( "C ) 

fF % ]j(;fti~J.ll: ilb.flll/tlllr !fl~ ~mt l.l.ll.ll: J1! .r;. ;J<~li!li.Jt "ilh;ftir!ltll !1l.~~!J(IJJ.Jll: 

I 96 80 102 4 97 80 102 

2 98 84 104 5 94 80 100 

3 100 85 110 

83~ 5-16 ~00 5-23 "6J~711~M!lf:±l, ~~L~IW1hHi'iftitfB.IrAJ, ~SIJt~ftrQi~, - mt 
!~HtlJ<~riHilS~:lfli\16 s - lO't lf~1!f.6o ~-~ -T, :JLJJl(¥gr~-#~~tti!fattriL-I*. 

A1H1i ~bf!£, J61fiH'.H!ii ~~ ~~tt~ IW*f!o :1! ~t.l=tt~~ llfii.J~!ii ~f~~~iWi~ ~- (J(J 11!: 
~12Sl~, 1~H·&~~!JL~~~~~L]Jl(1J!;J.9t~lt.W~tlt7c, ilJ~ffltJL~ t-JL~-*1¥./l~~Fmi;IJ 
m .• $B·~~~·B#,Fm•llfii.Js~-W~B&&J~Bo 

:1ilffl¥tk:~S~Wi}j(~LJ&¥19t~~~!pa~~~, 007'h~:ltt4iJ5c1tiZ:, ~~S~1t~M1K! 

•~o ~~*mame~.ar~~•~•a•.w~~~IEkt-*nmarfi~~-~H 
H~o ~~!Wf91JT-fi!:: ~~-H~~~HFo~~li:tt!!.*~T--1-mT-1*1, *~#'**~'t!Um 
-A~~arAl*h~!jl ; m•~~~AJ~MA-~•m#'~Wk.#'~*••n•~~ 
p;j, JA...tiii~ffi~~7kW~~~S o illJ>t-Tft~l3l1fiiEJ'lXl~~~. ~117c$~1~* 

Jf11t~ ftle!~* lt~lt?!f'!lffliiH~mi~~IZ, $ -T;{Ei*iUrF ~~, rm7f'~~96~~L]Jl(11!; 
l!U~!p~-/El&\\JfFoN1JnA1t~~ffi~J, ~Fo&:ljl.Qlt4S-#.if'IWJ~~~H~o 

-••~~.~&a•~~••lf*~•oo~~~o m•~'L&£m~~~55't~ 
~~~-fi-~o-M~M#~~n- . -~Ae~~~-.~-#~R~~•ao Mm 
g~~~. -~~-~~-~--ft~~~~~~-~-muf~.~~&M~~••mo 
J!;fri'I"f:){;J"rFiVJ,T- lOOOtla ~!::!:.~~~, ~#Hii!:~ Ja":i:E~~ :±l, ~~i!:7cr lOOOtla 



· 214 · 5 ~11:.*!' ~ 6lJ If.~~ 1.. ~ :L t:. -------------------------------------··-···--·----------------------- -- ----·······-· 

at, ~~,~Jt1Jn~~I_m~~1JOI8HH9:fi. JAf(fj~PioJT f9f,~~~~*. :tf~lllHt•J,L1tt$ 
H~~Mo ~~.-~~~-t£~fio 

~~-~~~~•A~!1L&ama•~c~••w> ~~~~.~~~m~~~--~ 
tt-~~··· ~~X?t~R~M~*~~o 

b til'J_ 1-tiJ¥ 
e1t~fi~~1t~H~~~ttn~eKm~-~.&A~1t~H~~~~-I~~ 

-o ffil?'~ffi r3lti'FJ~·L'~$J~JJ1<99¥1JJ1l!f!It1t/Jj!, f(fjfij-ft 7 ~~Iff. fJH~ml:k$~/~ 

~*m1t~~~•-tt:JI•o ~~.~•D~~••m~~~M.~&•••••rm• , 
pHm~&~~~M~.~~~~~~~~~,~~~~~~~m~o ~~·**F~~ 
ffiiJ ~~I~ , ~ ~~ J1l! 991Jn*4 :fit ;fO 1Jn *'1-JIIY!J¥ , T9U ~m.E: ~ ~~ mlf ffl ~ H!!1fiJ t& JJt ~m 7ilE ;ijk 

-~~~1t~H·1t~~~~-~~o ~Ht. ~r~-~1ti~~~·lf·,~S:k. ~ 
~~--~~-~~~••s••~ao ~Jtl.~~Im~#H•~*f(fj~~~o ~~. 
-~-~~~E/I~#~~~I~~~~w~mo 

83 -T 5!YJi!li M1ili:~ ~ $:. 1-t~IJ ~j;: 1iJt 1-tBSJH:&J.i\Z , ~ ~/1' fm][. :IJD A ¥tl7JCf~ 7~H~ ~ o @ ~ 
rl!!fflJX~~ !=i'La¥19rr!~, mt~~~?f!!J}JJ7J(f61rtKm.!:;j'L&~J9i:~t!~~fiA*;ffitlt 'fl 
?t~a<H1:W, 15lfUi~-fij(lf~:tR-mmt1*, q&~:fEmntfSJ l*l~ ~?f!!J}JJ7J(f61l?t~~JL~* ~ 

ltl1tlj o :RT.mtlcl!1-IIJJ»Ji, ~~IE~~J 8802209 'fl, *mY -f4!!1L1t2st~~JB9/I~ , ~Pffi 

;t:l4f ~ m~J OrJi~HiHt: > * 7.ff 1il:lltfi ~ 1-t% ~2t reHf , ?& Fo .jlj:Jey 'La£ mr :11H-rm~ o 1! f4l 
~~~tst~M.!ey~&£•~~•tt~ . •~~~~mfi. #~n•~~~~M~~•¥a 
jtg~rlff.~~~*o tE~~~flj 4960475 9=', 3fU§7 ~?'~-~~1I~*·~~IIJJHli, ~P~1JD~ 

WmttM o i!#.OOMttMft~~ .!ey1t~~mMS~~-EtDA,L&£~~.X~~-B 

~tDo ~~:JI-.tE,L&¥~~~mt~nt.~~M-~A·A'L·¥·~~~~. ~ 
NH4 N03~~&J.i\Z, ~JIHI!!.tf!j(fj 7 4:7t!!~~ililli1t o 

to•*m~~-•~%~. ~'L&£~~•1Jo~H!!M o amm~~~-~m.~tt• 
#:;.~ fiJ. 7itJJJliH:A~Mt ~~ 9=' , ley NH 4 N03~~ ~1t:i15W-&mz , ~~~~~a ~~ ~i(gfflJtt 

15~~~ , /f'@mJE 7 ~-xtJL1-t~li&1tiZ:~it-ttA~~*, BS~~ Y tst~~J~ T-~ 
~--~~-~~iH:*bnj(7~1tWHe1to ~~~~H!!M~~~.#~~ft~~.~~ 
~-~-~~boAm.stst~~mm<~BM>.~~~1t~~~m~~-~ttn~•~. 
#R~~M1JDA·J.i\Z·*~~/f'~Wm~-~.--~*·· · ~--~.JH:Jtl~2st~M 
~~~ffl. -H/f'B~~h~-~Ma ~~~.~-~~~-bn&~. -~~r~~~~~ 

m.x~~r~~ttn~••. -•M~~~~~~m~wc~:RE:o 
-~---~-a1t.8··~~~-~M~S~t&~~-~~I~o A~•W. 

:tzu**JfH!~~1t~•~•, it/f'15l•~m1t~!ltn~, .7tJt~~m~~W!~JtnfiiJttcnc tt:hl 
it.Jt!!.Jey,LJ&£-~j(?tftt:lt9~~IZ:, W~~~ff91lR-~~ti*9='99'L&¥·.!§~~aW! 
J}JJ••~tm~~~mW~fko 

-••~~.xm~~mma:Ro.2%-o.s% , w~•~~~IZ:lf'~&•m~•• 
~~JJ-&11 l500 -3000kglh, ~~.~tnlft~ii~~~~Jii.~?:J!i!!1JDAJU,L!Bt¥19r9' , )(;j 

ftffilffll1JDA1!}:-it~·*~*»-;ltF~~ o J.Je¥1Jl!A, I.ill'.~:iiJ;JfJ 7lHJ.i\Z~~-11&, ~p: 00?'~ 

•~~••*Mtta•n•¥*•~~•xm1t~a1t~IE•* ; *~ne1t•~•~ 



-------------------------------------------------------------------------------------------- 5. 2 ~1..-it.~ ;lj €F) !i.JL _I.~ • 2 15 • 

mm1£~LJl5C~llft9='a<J·~tf, ~xE1t~; :i2f.ffl~1tfir~~~J~~m1fiJJ¥.J~r~Fo~~*"'t7ei.J¥.J 

~~o~~~--I¥.J~D··~~.~n~~~~--ffl1£m•~.-~-~~ffo~~. 
~*~m~~--~~§•o~~~.&~aR•~••~~*~~W~B.B~~m~ 
Mffit~ 1lif< ~ :!* , xt~ ?J fl :ff ~ olfiJ o 

-t~t.S:!I!!.itt-, 1£~ 1-ti~ 9='.?LJBC~~~:l1rt~rJFo*:i!.3!UttM-fim~~ ttm. :a~ 1-tm 9=' ~ 
~~~*•~~1flJ~~llft.~~·~~m~:i!.*~:i!.J¥.J~m~.~~•mxE~~~~:i!.m 
:**a<Jffl~. ~~~~it:i:~i!~:t!*~:£'t'tm~~f;J(~*L i!~~l!ftt!t:i!~:it9?J:!t!!.~~ 
~U~L~~l!ftP3. %~~:ffi&ti-t*fli¥.J~L1t1:1'~ o ..R~:J4f~~-- 1JD*41r7*, tl!il'iMI.!Jt ~YI~:fr 

~~~~S.~--~-~~?J .• 5-17~ WT~~-!Jt~~~"~M~1t~Htt•J¥.J 
~olfiJ o ~~~. )91?JJJ.I:fi•::E-!¥Ji.f1~1i$, W~*;J\"'tm, :U:~A"~.@!-:!ll:~~m£E~~~1t!o 

*S-17 ~~~~~~~"~m-~WRtt~~~~ 

tm il-Jlit fBJ il.til-1~13! J!il!IJ!e:~ !lit f!iil-Bt fEiJ niil-i!\\13! ~:ltiBemi !iiit1 
Is I"C /em /m • s _, Is I"C /em / m • s - I 

30 88 3 3500 20 70 8 3800 

30 70 5 3600 30 20 ;;,8 ;;,4000 

20 88 5 3700 

D ~~.g~.L}f 

~W:t~ ~, ~;f§J¥.J~:J;il-EJ.~~~F1fli~a<J o *Wl ~*~L1ti'FHa<J~~§~I~tttt~ 
·=~+A.~§~*·:I*~,§~Rfl*,~~~-~.§~~~~-··Fo,fJLM~ 
e~1t*•~.-EJ.~-h~\.~:;k~ga<J:i!~.?L1t~~~~1£~~~~B.H~fttt•l!ft 

•~:l1*.~e~~~~~4'•~~•.•~~-~-~L1t~e~~~~~•&~1t~ 
Ho 

~ffllflk:~·1ti!iiJ H ~Sit~ ~~ti~ l'iiJB, 15eJffi: 1-t.Fo ~~ i*PJ 1i:~:it!:A~ e i5tJS!t~ m, J:A 
w~~.?tt~fttl~*o •~tt1il~m-*m~ut~~J¥.J~~, ~~%¥.:1*~ffltt•, ~.ffl~~~~ 

J¥.J~••~m.~-~~~~fiJ¥.J~~tt.x•*~•4~J¥.J~W~~~1r~~.fflo1£~ 
~•4'.ett%~~Ltt~~~*R-E1~m~•M~~~4'.-*•~&~~~~*· ~•~m 
~~--~~~--~~eda&£.~&Mrr-EJ.,a.Fo~~&*R~•c••~~• 
$) 9='-~fflm o ~~.~~~~~~~-~~§~~~$?to 

c 1 > •~ o :(:E~ffil. *~* Ir ffliiJl}]tJLd-*' ~ ~~~m~rc.?L1t~t;. 5/t~ ~;t!BC'Pi 
m~~~~~.-TIA§~B~-~,~·~~~~.~-~~xES~~.~~~~-M· 

~~.~--~~-~I~~1a:it!:@•o ~~.~~~e~,•~*~'L~~~•~m. 
M~:it!:-$m*ftffii~~~H~-~~~I~~tt**~~F··~ o 

~~J¥.JB~M~~-1t~~-*~~*·~.~W~-:(:E~~N~~~~~l!ftJ¥.J. *, ilff_§_~ojfijfiji{t~*~•~ ~ito Blt ~~I!Rlk:~iffi\~, ilffrhlltX~f::j~~~lt*P J¥.1~ 
PlfiJo ~~. ~~~xt~r-nn~t~7J<~~*$~~~1jt1i}~tl~, lli~,t:;lih~?.!.I!Hyi:itg?J-~o :(:EiJ!: 
•~•4'.~#~·~~-~•*~~?J.w~•~~~·~•~•~\.~•~m~•~ 
:i!:at:;k~;j\, ~at~~:JG}!*H, ~~~~l±l o ~tfi:J¥.JiMI.lt~&~~**-*.!A!.* 5-18o 



~ f* if!Jl:i'C 80 75 70 65 60 

jlj1 f; R212-l § m !t - ~ ~ fiT fiT 

Ji;ijl~ KPtll fiT fiT - ~ ~ ~ ;;(i~Wjt 

E8~ 5-18 ::f~Ji:.±l, :J4f KP tJtJ.iliJfFF~L1-t:tt-~B9~~, ~*!1L1-trF~B9tli"J.l~;J'iMJ; 

~.~~~~~~~~- ~-B9H•ea~~~~m;~D-,L~~HMJ.l·*~-B9 
mM::f~.eam~MA~~HtJtB9~~~H::f~·;£~&~~-ey~a~M~m~R 

•m®-*. {E!:tE~~~mtt~a:J:I. !16,~9!~1~ "iJI;I§" *"~Ytl*H•. ~~. ~·:lfUIJ~tf 
Fo~~TT-*.~~ffl~-*-~B9::f~o 

*mmff9••~w••.~~tl-·&H•.~AI&··~Fo~$-·B~W§~ 
~~.~@H•Mcm~~~m•ao mM••B9~m•~T••~HB9~*~•.~~• 
~#*~Xm,ey**~~o~·B9~mtt. ~P~MPFoM-~M.~::f~~····o ~ 
~ll, *m•m•HI~B9,L1-t~H~i:t£4i!t1tme~I~~14 tttlZ'i!iJ*tl. ~B11f~$2t7e!$, ~ 
*:tEfiBW~a•Mh~ey~-o ~~~~B9I~~#.~B~-~-~~#m~B9o~B9 

•~*JflTtkl!~7e!I~, 1E!1J3~~:a:m•s9~'ti~mrPJH2o *fflm-*4fRY-E"!.~19!~~ f5J.l12 

a~wm,w~~•&all~*::f•.~•~•~~~-a:pff9~~I~tt•eare•o • 
JIH~,fl.fm~-. :tEWI?'~Jt!B~:<:. 1.§.~. E8~~.2fs:.:t:•WI~lJlY~fflo Jliff;J'~~oirB9 

ili!l!dftil®, 1tm:f-J.~B9~.2fs:~{~ Tit$, -~"i:J4f2:.J.iliffl~!JL1-t~H-HIJi":~~eyfi~ o 
(2) §.o § ;fJ§~tJL-:fl(f9H·®l~ "Fo~!IJ" ~-m~H~~~A~o ~lit, J.ili 

~-HBJ.lff9~{~, j2l§JfJ::ffRJ~m!a9~!111J~fU&jt ~•Hm~t.lo tt~D, •m~H ( ~ 
80~) B1H •. j2lgffl''*~''1J~ . ~~A*~a:J:IB9"·~~H.MAtft''*~~··m 

~!11" ftAL ~lt~WJm1fi:~ifitJ~ , ;Jtm~3HillX.:PH.;&OOilft*ff9m#J; xta:J:IrffiB~H ( ~ 
70~) B9H •. j2lgffl "JXT.~" 1J~. ~~JXT.J!Xt=lil~ "~~*:ttMm:flt" ..t.ffJH·-*~ 

;Jt~~ ; xt "-1~9='imt" &H (~55~) B9H •. ey~?:_.lfl "§~~B" /J~. 'i!J!H•:a: 
Btt"•~~•~m·· B9Mmttw~•~~&~~~o 

§;tJ~•*"••~§B1~2tfUl.ilim.n•~•~~H-E"!.~•ffJ§;tJ~,•~~~•. 
~-w•~~~-B9~~tt*"~•~*•o ~H-E"!.~•a9M#J~#~%~.~~.*m~ 
~~~~. ;Jif*lm~:1g;zy_~ii!f#J~~'It~. 71'-i>t-E"!.~F!&', fiEL~nmJjL*Fott.$00, H 
·::f·~-.~~~M#oftf*MMES·~~~ , MfiJ.l , ~~~5·&~ffi-~FM 
rtt:~?-~*1f*m~o ~ftzmff9li'Fic-tiM~f~. ::f1.>t?'~~-~.f~ic~m~. rm~:t£4-i~H 
•..t.=msJ.ili~ "~~", "~H!gf$", "H.~JeM" •t'J\ic, 19!A-§Tf&o 

~~~.:t£'L~~HB9~F~~-tt·~*~~~-~·~m8~~~o 'L~~H~~ 
m*~~~m~,~!il~mt=lm*.~~.~F*~•t=lm*~pH•fU•~•B9*~• 
m~.-~~~*5mB1-•~~•~m;~L~~Hr~~-~~~-~•~•••;u.• 
-~~,JXT.m~ft•o ~~.:t£~~~~r~#a:J:I~ttmM#J~#,~§j2lg~~~•. ~ 

~4I~~~a§~·· ~~~OOa(Ift~ftWF~~~M)~~*o 

5.2. 4 ~~~~~m~~~~&~F~*M 

00~ §IJtr~fi·ffJ,L1t~~~~-~, ~--*~J:~ 20 tltgc 90 :1¥1-t~~!Jtr~!:E~-o 



· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 5 . 2 .fL 1t. :l.;r li fri:J !!. j£ :r.. t: · 21 7 • 

11M~if:~ti::J?-IV~f!¥L1t:l$!5~l"'~l'l-9i&:ii1U:, ~~ l±l-~1i~~· ... i&~~.Qi. ft~JE?t*JJ'I'J~ 
wrm ... ~*-~*••~•~o ~m~•~~-~l"'-~i&~%•~•••~•~1"' 
~.~~$~~~F·~~T~~~~~~n~o 

§ft. OO ~*·~=#Am~F-.RP:·~-,L~:l$H~F-.~~~-~~~­
~~~-~Fa.•~~~2*·~~~-~~~H~l"'-o 

:iliJL~. t!C$A9~:tiif:~51A 7~1t~•1t~:i!~'L1t:l$H~F-. ;lltiZ':mtffilffif-¥ 
$?t~~:i!·, 1§.~!5:*J'fJ-I*iffi-F~!5f!L]!X:1~~~m;illQ~H9.fll; .J.!I!1t~1l*·~~~· 
!1L~:l$H!:EF•A9~.~~*RHEo~~J.jj(~~7@.1lU~-fr•~. KP ~•m~ 13 7;b~il-~m~ 
!9. IZ':fil~ . ~F~$~~o 

T001i\1~~i£~i.t~.::.~m! ~AW f-t~tta9.Ji·{t'L~~H~F~o 
5. 2. 4. l LRZ ~ 9HL1t;l:f ~ !!.? ~ 
~~~tl:¥L~il1:H~F·;lik*~?Yww:F~~-T 20 t!.t~C. 80 1fft1i!f~itBt(l{J, :i!£ .:£~11' 

m~~~U~l"'-~ LRZ-2 ~~ LRZ-4 ~~L{t:J$Fj El iYJ~~F-o ~~~U~F-ffiB*4(l{J~ 
~ ... ~{t .~~ · ·*~·-·.:E~~FI*:i!~-~.~~-~~13iYJ{t«~B9~-~ 
~$1J, F~fl(Jff!NT~it891$Hftett.&IZ':~~lttff:ii.~F o JA:bPAD1-~*41i:¥1J l±l.lilt.fbil1: 
Hm~~F~~~:E:~*~~~~~-~h.JAW~~F~~-~~.~1$!5~~~(1{] 
JJlHtttfm~~:J$ t.:Eft~ 0 

~-~~F-~tt~•: mmtt•.~~F$£~ ... $MM(l{J!¥L~il1:H~~FA; * 
JfJWt~-ft~~~-~ , ~31N..=.ffl•.fl~-Aiff!JJt(l{)~t!l. 13 7;tJ~iM, ~~;J;tMtlJttiU:E; * 
m~mm~l37;b~~=~•*4(1{]~~~~-~~.~m~~F~~F•~~~niZ~ff 

~F.~~~-T~~~rr~~.JAW~~il1:H~~B-9~~ ; ~~n~~~~:l$Hften,~ 

~tt~~~B-9:1$H ; ~I37;b~~~m~•flmt~.~~m~~~~-T~~llin.~~~F 

-~~~$~F;AWI37;tJ~~*¥~~o 
A LRZ-2 ?I !:£ /" ~ 
a ~F-.&;lltNT~FI¥1!¥L~:J$Hf.£t.m1l-~ 

~~F-:f£*1JfJB$ILti:~1il'l~ite:l$H~F-a<J~m~~~tJL. JllHIHii!t!l. ... lt~$11 
•••••B9a•~.•m~~- - ~~H.m.fl-u . ~•m•:l!•~m~~••.~~ 
zl!!tc~a9ittil:~ili!•Ji~-f(m~fli1J •~0 7K~m~ E8 • ~~J ... ~:bn~J m•; 7TH .mm~ m 
.M.t!l.M.!fL~~m·; ~mm~~-~M*MMo ~-fl~§aM.~ffi·M~Mffi 
i§ !ffi 1R~ mtiiHt:QI:A'L {tff , li'il at7Jcf9. ;f-J. E8 Elt:rffJJU~ :l!.:Jt ~ mt iiJ:i.t~ A!1L ~ff o WHtl!l!m 
*4t£!¥L~ff ~ tbill!imr-1'7!-fl-. ' L{t, % .:JL~£~, N~A.!&~tijlj:l5 ti 4, E6 ~1*tUii!Jfi 
tljljA~illff , ~~~if!JE', ¥}Jl!:Affiil'ffo ~at~7&1l'Jrit~~ffri.1iltili:AM-fl-fi, :il!ffilt 
*~m.:m•A~-2···-~~~~H.M.IE':il!A~-~-m.~•·••aA:l$ 
H o 

~~F~~rz: J¥J!¥L1til1:H~~r-m~fl1im!ti¥.J~Ho s -m·~ffi~~~ , Yf~F~!¥L1t:J$Hi¥J 
~-~ 1. 15 - 1. 35glcm

3
, ;ll\Bl~ 3500 -4545mlso ~ 2 %$1-:GfliW~~HrJr:P.«•~m~~ 

~:lil?tJJIJ :il!rr:ljWltlil~~tt~~, ~*~~, ;~t.f*m~n~ 2 %:E-:Gt!z:~:I$HB9 1. 48 -m, 
~ii.itn~ 2 %:6Eite~:t.fHB<J L 15 fflo 

jj(3jl-i!ijif$~*1¥1~1"'~~~~: LRZ-2 ~~·!¥L1t:t.fH~1"'-~FB9!¥L~~HB*''J. 



• 218 • 5 ~t-ft.:/1\r jtj 1¥1 IL~ J;j 1-/" .I. ·t --------------------- ---------------------------------------------------------------

·~-~.~~TM~~~~§~;·~~§.-~TIA~fi~W-;ft··~ · ·* 
tH!il. b\ Wll$~ T~L 1-t:tF~ rfJlf!-ill?ilJ*Gii, l!}{ff T 11Ut~~ , ~iAHi~ fF ~ rfJ~~ -'=i iE 'k'f 
1::1"' ; ~~t'~~$?l6, ~1a.;T~t'~*; 1::t'1'!9~L1t:tF~!&'Jj[:@:lf!, 7Jc1L~~~fl o 

b g~~11it1*~ 

-~~1"'~1'!9 El 19Jt£ftltl *~-Eltifi IV- ""F JL1'~fii: 
( 1) 7.}(ffji£;f4, itJtJZ~:l;'(it£1fjtJ o 7J<.;UJ1fitJ*£~E!;pj(ffifif1ttfrfJeg-Tff!3it·:fJL~~ 

--~19J~Mo ~-$~:f!L~"~---t£M~:f!Lmt£•~·o A~-fF~.~-* · M 
mz~ . ~~i¥J~Jffcia{~JlfJ.At:I!-TW, Ja~ii~tlt:I!Ta~:JJn,J<.. lt!-Tf¥itiil:7Jc¥JJ1Sl:Fo, ttl±\ 
1i1i%!'€iit1f.:f!L. iN:i1it~m El ~b;JH~J:hnlttt!~INJ, ~ ll::hlllto ~Fo . Ja ;/Jl11t~it;t{~Et!.~ 
~:JJnM. *~~•~•~*a*I so~~*mm~•••~mm.•M~••*~•~ 
m . It! -Tff i.tti ~J 1SLJ§" ~ :±Hii% ~i.t~m • El ;uw 11:•• tlltr)! t~L~ $1-o 

(2) ,.Kff!, rm;t~JZ~~~J mtiiltii! tt~mtlJZt£fli!J o mtfiTJG ttt£fli!J *ffl=~ '~liF t£ 1M~ 
A , flfJ .:::ffl mt :1! &:£ -i'r.;.fEJ rRL ii-J.t~ij!IJ Fn , mt:liHa% ~.A i-J-~ :f!L:l1Hr ~ JJI! o it~ -tiL -it( m ~J.m ffi 
%.~:11t£M~~~--~~*~•*•t:l!mftm.M-rm~~t£~~ff!RMI'!98~o ~ 
~, .=:;tllftflt'ffi[f!(~~ftel:t~.Ait1)::f!L, ~-~mtiil~~Bt, :!IH~ffimtiillin.Z.~~. ~i'IC 

ltfi'I¥*~~~~;f~o 

( 3 ) ~t':i1~~~~:l;'(i~~~ffi~~JZt£Mo iN:i1~~i.t~~~~~~~~Y . H~ 

:f!L~:i1~~ftEIZ5fi~~~~-**et!.:f!L~ft~.b\WEI19J~~~~~~~~~~.~~m 
~·-~~iE#ffih""Fo ~~mffihFm&ffi~.ffih~~Bffi«~l±l*¥·*~1::1"'• 
EJ;iJ~:fJl.o 

< 4 ) 4} I-'¥ !1m *'-l :JJn I m~ ili5 fiil ~mtl.& t£ 1fitJ 0 t~: "? 9c t£ 1fitJ ~ i3t ili5 IHl :~:& mtl1il w « . JKr 7J@IJ :fl­
a•~*~~mltmm~~~2~•~~ 0 

.X•FF7t:f!:l$~~mttt£1fitJ-*iJt, ;JtA~~t£1fitJ$~~ = ~**~~-*'1-mLt-oo:~~m, tm 
~ :JJn A M1til . tr 3fti jl{, Et!. fl! AAI , li!l.A ~ jl{,ll!;rr:bn ~ , *Jill it m t£ « t£ 1fitJ :bn ~ tt ~ jijJ 1'!9 :m1 
~o ~P . ~••mtt•~~. trffR~ttra~~.A•~:hnM.~m•IHl*~I£a~~ 

~; ~MMm~:i1-~ . BOO*a~trH~~7Jcat!~~ .~A~-7Jc~-.~·~U!lM~ 
I£~~-~.F~~~--~Lt~~~o 

~~~1t~~1Jtl;f§~.flM~ili5:f:&~t£~.~7Jc~-~~~MLlili5~Rt£M~ffffi~ o 
B LRZ-4 ~IU! ~ 1t~L 1-t.~~ ~ ~ ,F ~ 119 It; 
a Il:mt~.&~t:~~:$i1Htb*~ 

LRZ-4 ~i¥~~~1-t:tF~~rc~.fll:~ LRZ-1 ~1::t'-~J1Htll..t~i.ta9, ~I£m£~~0 

005~Mffi .• *d~M4.~~.~-.-~.~-·I~-~-ti:-~IM~ . ~ 
~-~~m~M-ll!:~~lliF~B9~~~~~:11Wo 

lftj~, LRZ-4 m!~f=~ifb\~~- J,f~ , 11-~~~:±l~. i&t:f!T~O""F JL~~IJb· 

~: 

( I ) -*d&=Mii!l~.&$~:i1ti!Jf-.o ~~~~694}:rffi-J]j{:fi~tl:1:.t', :Jgti, 4if:-t. ~li$ 
~:i1~~;f~~~~~*.A-@~~.~t'~~:i1~~*~~~~JZ$~:11~*· · ~~ 
~nltl~T ~~, ~V--f*t.iEi¥~~~1~*'1-fl:lmflfHi.t:i!:o ~•$1C:i!A:fi7JlM4'lfiiz, iml!mtit, ?11l 
~'-Et'Jt~~fFffl 0 



• 

···························································································· 5. 2 ~L1t~t pj ~ 1.? .J:. t; · 219 · 

. f*tli.IEJ * ~ 

illlffilii!Ji * 
. .2. 

· illltEIDRf+ illlffi Jil\f.'l 
1 1 ' 1 11<. 1 28 

I J.... 31 32 

£ 'Fr 7.1< _., "- 8a ceo 
8b ., 8c 27 ~ ~ 

2/A"-. ~ ~ ~ 3""" 29 !0 .2. ... 
9a ~ ' r 9b 

0 -
1 l-71< 

3a 3b t-
• • Lr--. ~ 2 -

A jflj -,[ !ifhfl - -I~ • '" ... 134 
.Q.o 0: ~ 

20a co ~~ 20b 
0 '-:;- :--

1-o- 21a c 21b 

4 '§. 7 
II 

~ 13 

lpo 22a 22b - 17 0 23 5 18 
.2.1 r=-' ~ }- 19 

~-0 1.2. 
' 

"' j_ I 24 25 

r-- "' 
16 r--- 26 

15 33 

l 

00 5-24 LRZ-4 ~:ii~~.i""~Tl:mtWtiOOO 
1 ~W.m; 2-ts\~..tJM.m; 3- llctolliHil-.; 4-JJ(ffl~llU&; 5-JJ(fflffi-~~; 6- ll<;KflfftJ!ill&; 7- 7Jcil'!llli}J, 

Vfiilt:fii)liJ-»::ofSUI~; 8- itbfflnR*'l.; 9- rlhfi'!WJIJUN; 10- ilbli'I$1J1frjlfi; 11-iJ!Jfl'l~llttll&; 12-i!IJ;Ki*ii~~; 

13-'illl;tomll!l~~&. 14-ith;to.ffiJJ, Vfi:!it:fi~-»::1){~, 1s-:lf!tg;;!JL1t~~&, 16. 18. 25-'lf~~~&. 11-;!.J~ 

~'!11 II& ; 19-liJil: -~t.m ; 20-2ti!!!.iliJ. ; 21-2tffi!jl~J :i:tll!lff ; 22-2t ffi!jl~J *ii:JZS~ ; 23-2;tffi!jl~J Vfi:!lHt; 
24-ffi-:ili~; 26--§~'HJl; 27~7Jclil; 28-~7)(~; 29, 31-:i::til!lll&; 30-~J.K~IIVEJli; 

32-~Jt:V~fF~; 33-Bi:'IIHifi:ilitll; 34-~7.10'~'!11 liD!& 

(2) ~~*@~*~o mr*~~~~~~ra~tt.~~~*~*~~m~$~*~ 
at Wf~7J(f§~:ili ~~ o ffil Yflf ~7j( ~ ll:iH :I: f.ll':tit , ret ~.fiX; T @:;tt .OM~ J1 , .JU~ MHf :!to jg Jlt , 
-i&~T~~l)(@~*~o **~§m: *~~7.J<11P.-~Pf'7j(*-~!i~i&*JJz~i0:~-~7j( 
ft!p@! ~-7J(m~7)(1tf!.o 

(3) ~ff-Hf~~lffil.~ ~!p*~o *.fflm!Pf-~7J<t1~'/it~Ji!~1~ffJ~~ (0.1 -0. 2MPa) 
Hf~~-~~ . A~~~-~~-~£~~-~R·~-~-~-~~ttA.#a~T* 
.ffl~ ~ l:1Ji ~WT~JiX; a-9 ,f.ii$lffil.lti:IF.6 , ffil ~ ~ ~ ~ £ ~:til:~~~:ti:~ f~iJ ~ o 

b ~~~*.ffl~£~1&* 
~~~*Jf.l~£~1&*~ = ZPS-2 ~illH~!ttdA~#li~1i$.t1L, ;Jt~~~;!{$jg 15t/h, ~?i$ 

~~;J\r 20mm; GSR-2 ~7.J<ffi1W1til, ~~1tifBlE.ffl~~.t&Jt1k:~~fl~Jt15t=l*.tn~, 1f. 
±JUI~~~~,m.J raJ~Wt. ;Jt~fJfi:iJt!M~ft::f ~W ll£ lGjg 3 - 10m3 ZfBJ::f~, 1k:~ IIQfJ={ 4. s -
10m

2
; GOR-2 ~YI±J~@:*t~flilJ*flifl, *}ij~~~:/ii'fXJ(J~H*1.MJL~, -mJE:t;JHt~~~~~ raJ~ 

tlli\, ;Jt~fJHm~ff~jc;j\ll£1Gjg 0. 5-1. 5m3
; AGE ~~L1t~; GLQ ~i)/J~~~J~; HM ~ 

:st:it~1t.m , A:ffJtW:ttotle~mwm:MJ, ~f!l!~LJ& ~tiD£1tttiJ;££~~~li~9='~~~raJ~1?2 
(<i]I¥Jj[itjg~, 5 - 15s ~P'~iJit¥UtM~:hlJ?:J(tg 131¥1; § ~~~mo 



· 220 • 5 .fL1t:l1 pj ~fir.~ lii 1.!'-..:t. t; ···················································································· 

c ~'iUJL§:JQ~~ 

-~~•*mam§~*~.~~~I~:JQ~m.~ati.~~-~~-~&~ffl• 
ft. ~.~lit~. Vtfrm:f1J~~flf~111211itJtxf4~1l.mt, ~~~~:f1JJiltJ!uOO 5-25 WT~o 

~M;ff..lrt.ml!S I~ts!*'m ~ m:nm I 
+ + 

tli'Ftt lmlatlD aft!t 

t 
iiT tfl~tQililll!S 

t 
OOfliUiA. tiUM:fl 

+ t 
lf7C:IIl\t.A , filll:IJ it'm~~SJ:OC!!t~~ VltT.fll.~ 

+ 
J:jtx;t ~(~f"t.Jt) 

005~5 ~~-~-~---~-~-00 

•§~~~~~~~"u~~-~. ~Iftam~•·0.~ft7&~c•~«•.« 
~~.~~~~-~~ti*~.mtm~.&~.~-.~~~~~~*~.~~~m. ~~ 

-~~~~~e~~~~~•••••· ~~~•e•~~fr.~-~~~~~w~•~ 
~ff*o ~".~~·~~•~~•mB~-~~~·~~*•••.m~F•6~3o 
~~~'*'~~~~~~~~:JQO 

5. 2. 4. 2 * ~jt~ i{;hJt~ f>t~ Jf1_:U;Jfifi']QHL1-t:t'F ~ l!~1t.!t? .:r- t; 

-~~~-~ffl~~~--~·=*~MRM§M#-.M~MREM •• hcff• 
(2 ~), ~m.t~EEJJ~. ~-f*J!ii, •tr• (2 ~), t£1i •• ~-1-l:;ft, ~zg~~~~~~ 
~~tl~o ~4i,g_J.9t:!il:t-9 2 t , ,g,J)J$~ 25kW, ~FfmjJ~ 1. 1 -1. 2Vh o 

•It:t:f~ffl(J{]~L-1-tfl:~~fll?Hfctt~tl .:Y.~ 5-19o 

* s-t9 iitlii$J~~ {t1$~~:n 

l](;fG13$lli¥.Jm!1i*lt/ % 'Ill! ;!til!¥ Ill (l9 mtlit*tt/% 
.mtflf'll~ 

( 1.k , lin !IH~ , liJ!1 llll-tJII ) -* l£ 
~*m~ "*till JliJ 

I 94-95 7. 0 0.0 illl;!fiot':fi46t~~~tlt 

n 94-95 6.5-7.0 0. 5-0.0 illl;tO'fr;fl36t.:J3.0.tli 

m 5-26 :Ji!:•~~1t~~It:mt•m, r1.r~tt~J!1:rr JL.r;\1: = 

(I) liG:/J I ~M.:ttllt~t:f~~JiX:?H!~1!l"iii o EI:I.:Y.~1!l-~~~~~-m;. WT%Rlt~rm*H . 
?Hltf~Mt 71' ::k , ifiiDC:/J II ~ 7Jll ;m ;M t-1-z~ ~ JiX:?t:.liH:l tlf • WT% JiX: tt9 7Jll .:ttl?'~ ~~lt ~::k o ~ 

Jlt, 1-J71~-m;ttu:l!l!l1JJ, :S:lfc!:/J II 9='~hU7~*¥*'J o 

( 2 ) E8 r7.K.:ttl~rlb.:tt!WfR ~W f!r, ~$ ~-~1f~!:j;JH1f7.K~~::ktt9~HJ~, rr.I~x1mt:fit 

~*fr~~~~o ··~~ag~-. ~~~~~~:/J~~~*~!:jrdJ;f§~~~[!r~~~~ 
lEo 





• 222 • 5 ~lAt.*!' Pi 9lJ it.~ !i !1./' .J:. l. ···················································································· 

:lit ;f1f 1fC-{;}- ' ~ ~ ~tz: ~ 5JZ-ii' 0 

5. 2. 4. 3 .:~r. -;1-lfif2ZJ!'~.~-et~*.ti;!(¥ihtJtA<fJ ~-t-OO.i'Ji fr-1ttHL1t.~ ~ r .1..,-.k~ 

A !tF~99.I.!;$lt~ 

~rJi"Pi!Wl.1J\~~~L1-t1:F!nr=f 1994 ~ 10 JJ 17 s lE:a:~wHJl:F o w:r¥J.ra:Jitlf~L1t 

.L l: 3f1l ii tj !¥L 1t1:. F I l: 1HJL ~it J§* , ~ JJ\\ 7 ~it 7f IRJ 1$ !-9 tfb ;pJl e<J 1: F J:1~ o a!t {'?; frE 
7•tz:l~t~H~·M·*·X·~7~$~;pJl·ttR1:FR~~e<J-Q•*o •'L1-t 
1:Ffir~M~~~e<J1:.FMW ~~~1-t~-~~-~1-t¥·A~~-~~~~.X 
#G~~~-o Billmm~ffle<J~M~-.-~fL1-tMft~~·M*••~m~Ma~ 
-iltil~~*•r~n~Uoitllam~, ~mmm~ El e<J'L1ti1t~l!r:±ltHiit, i~H'f'L~¥~~ 
!1L1t:l1:HI'l9~tz: o 

~'L~~Hr~~~~=*•J:1fi,~-~~~FfL&~JJiMW.m&$~~~-~ 
H#R~~R.~Itlf~1-t~tz:'L~a~~1:F$~~'L1-t1:FH~Mfio ~*$*F~~~ 

&H$tmfte1-t~ o *MM-~d~M·-~·~~MM~lt~.-~.rff1-t~M~; 
!IL 1-tm , ~ 7lll ~ 7Eil .ffiffit-ll e<Jitill: , ~1t;fnf~ ~·IfF o 

:itf~'L 1-t~Fat, ~HJtl~M;J< ;f1f 1 r:bt* ;fn7E!J.ffl ~I lfl}l{¥5-11J1J ~ .!11-a<J ~;ffit11HlUilillrffi~11l * 
~A.itf~!¥L~~. Ji•::t:$r:t&1:F:±l!1lLJ&¥~, JtrtJfL~~:i53'JU~.Jd~HlJ$~~1ilt1f~A!1lLJ& 

.ffifli'f;ffo ··$~!1LJ&¥19ti!LlliJIJ~~, 1JnA$JL~~~-ttc, ~illl, ~:!llJC~~iE~ 
:t~r~·nlt,L1-t~H.Fo, 1I~·A~1Lo 'LJ&·.ff~"P~'LJ&¥JJi, -tG~;;·~iJJ~r!J!1LJ&ltill: 
:t3Hfi'Antt¥mr:ft, 13-~ftelt09.rm:l1:H1£~itU¥1Jlr:ft~ a'L1t:l1:~, -ill. 1lJ ~!1L~itfd:*#f 
!}lLJBCM:fr-~rp fi<J!1L~~JJili!A~lH~$, jgJIJ;EJ.\1~-B-nlt!¥L1t~~fff1It~&A;t§!Lo 

M~!¥L1-t~tz:~.~~lthl•n~¥f-~-e<J~4»~~~~--*~A-~~-'L1-t 
~~.~~~ffi#a·~~~~~~mftaa<J~ffiMR~~*~A-OOE!}lL~~"P. ~~~ 
ff~J l'ii.J ltlr !¥L 1-t~ , ~~M-~ B>tfEiJ ~SEt 1-~JJ.\tt-¥ 1Wl nlt'LJBC¥ ~ o r& Fcr , #f. !¥LJ&¥ ~ !:5 $ fLtL ~ 
lillJMili, ~rm, -Mi!:~~~i£1it-¥fll.~1t .f&~f'll'L~:I$~ o 

00 5-27 1.7-fiJi$~~'L1-tit~r1::FMWit:W.~ffi~OOo 

,.--......, ® 'L lt1F4~ 

005-27 !JL1.t~P.ir4:i""tt~IZmtfilil\~~ 

H- llHith F- itiiti51.1<; T-lli!JJ!:i ~ 



···························································································· 5. 2 $L1-t.:kt ~ tY-J !!./'- .L t:; • 223 · 

B 1. F ~ fi.J a ;iJ ~ 1FU~ tft: 
JJil.&illiJ·JJeifO~tz::!Eq-T~~, W::rliM*mmiJE 7!1L1tW~~tz:I¥.J3C~tt, f~ii£7~L1t:l1: 

&ttfti¥.JM~tt.-~7IAI¥.J~~~-·~'L1tWHI¥.J~-~~-~~I~.::km •• 
~£#~tz:m~Tey$1¥.J:rl~~~o 

•g*~,,L1tWHr~FttWB~:rl~*·~-~JE~:~~~tz:MW~~~.~ 
iiE~£#,L1tWH'~"MilJ1J]Jii¥.JMf"E, ~iH~fFA!P.~~,Cd@filto W:~F~I¥.1 B 19.lt£~J* 
•Jk~bft~J:;teyJV.?t:1-J4 $7}, eP: (1) JJ\1&~~~1/&Jl:, vn:m. ~1n.. ~·~~~ff, 

1t* • , ht::k • , ~~.rw.t AAJ ifO ~t£ 19: * B<Jit!. m 1$ ; ( 2 > Iji: :rl mtJ ~m~ at !/&tl&:i-M~ 5fll4: rz: :tt 
•t£~J, ~JJ.*•; (3 > *~5fllrr±lt~~ t~iJa3"'P ~•5fllmt!JtiJ\~li1 ~•; c 4) ~at~M~±~ 
~ffi}j;.o 

W:B~t£~*·ft~&78~R!Jt&*,5~&&«•.9~m•«~.2~aa« 

•.mJV.&~~Fttw~•~~IfF~~o ~at.r~~~•7 9 •ft!.aAAl.m*t£~~ 
~J}(ifOM~B9B19.lf"EA. IV.~t£~~&~~~&!Jto JJ;·~~~2~~-~FuW~-­
It!.tJL~1-T B ~:rliM o 

I~Bt, ~15C~~:fit::kff$\Wt!\4 -20mA I¥.Jt~fift!.mt1~% , :i!~ffl"%g£1Wj~~, E81~ 

%~~It~~~~ 1 -SV I¥.J~ffi{;;%, ~I~:rl~J~,f!L~B>j?j!~fil. t£~j;Jf~JJIL ~Btt£i!l~ 

SJ}(ffi5fll~ffire~illiJ"'Pft,8-illiJ"'PM5fllJJ\1&~ffi*•l¥1*~·o~~.&!JtilliJ~*·B9 
illiJ~M.~~-~-5fllt£Mft!.M.~ft!.M%a 3C&~~tz:~J:~~-~ifO·~--~tJLB9 
t£~~%.~E8I~t£~·m~at-M,t£MifOVBa 

B ~~~J*•*m?tws:t:MJJXZ, ~t£~m:79 IPC-610/586, ?'~IE ftC it 53. 34cm (21") 
::kM.AffiftifOrr~m••• o ~at.~t£~m~•mT•m••N•:±:r•~-•~ 
••N•:±:r•~.lt!.~ar••· JV.~~~~%~·~~. JV.~n!Z&JJt,&&.m• 
B9~at*•5fll~lttJL,~EAAJB9B~t£·. IV.~~--B9~ftB~.-·:!EfiB919:t.* 
mi&~•B<JnP~r;f1l~tz:ic.~B<Jr~I*•'lf• coo 5-28 > 0 

~*-~%1¥.JMW •• M~.*·~·AMmM%~~~5fll-AMW.~~~%~· 
~o ~t£M~tJL . ~EAAli¥.Jufi~MM~.~-~-:±l~%~-~5fllMWM%~~~. IV. 

Ift~lf,!JfltUIL . 
I 

l;!:.!!fJJilliii A~ l.iH& ~-Ttl rrmm. 7f7tfll~ Affi l.i:l ~ . 

I I I 
4WAfoi-ll}!Vil~t& t&JAfoi-llj~ll!:t& 1\ti J"IS -llj llM ifii ~ tftlAfoi-llj!Wi~t& 4111A-Il1f-llj!Wi"ifii:t& liilll.i:lfoi-ll}IWi1l\it& liiil.i:lfoi-llj~1a\t& 

VI - V9 MS- MII 
. 

liiiAi8l~m~t& mA m -llj f~l~ t& liiiAfoi.f5$¥1#!tlii liiiilins-<t!JI&m~ ml.i:lffl-llj~~t& 

ffi~~f#!t& f~~nf#!t& f~~~f#!t& ~lf,IJ l'!!il! ~~M~Wi 

TI- TS HI - H5,FI- F3 F4,WI - W2 M8- Mll 



• 224 • 5 .f!At:l'F Jli fiJ !C.~ J;j !:1./'- ..:r..!: ----------------··································································--

.& ~ itJ!J ~t ~ o. tt iJ~ri1 4S-!i.t'tt~~HJ~H:t~~ 11~ .:r . :~el 1=r ~ 11 :H , tW :±l m -43-IWi ~ ~ , ~ ~ 
i,WJ~fi~'ll SSR ~~~Et!.fi.&~itl~ lt~o JS 

,~.~---~~·7·~-~-~-~ 
~Bffi~.fflT-Bffi!i.t'u~~~~-. 

~-~!i.t'A~-~~!i.t'~-0 005~9 
jJ~itJ!J ~Yf,~f*~Jr);ffi~OO o 

~~;Etfl PC-610 *ffl 80586 jJ 3::5ll; 
JJI!~. ~;f;f.3I~4M !*J;ff, ::kT-2001\1 89 
ij!:C! ~ 1. 2 + 1.44M o<J~~!K o $~~"* 

PCL-8 l2PG -tf!:t(~t£~~-tJLrJ;J, .FI'JT-*=#! 
!i.t'n~~~eo :t(~t£~~3::;ffti*J89$ 

~fru ~, ~ :ff PCL-720 , PCL-744 , PCD-

;:.~;. m JiHih7J\ Ill 
~~111. ,__ 

rn:om 

ru~~AI It!. 'ret f.l~~AI 
fm ::IJ ·t<- ~rfli? 

I 
·~~[¥',!; l l!l!~~ff-116 I l?l~[IT.!i 

fjfJi.t 

~~i? 

I \lllilil'li I 

890o ~~, $~~~~ PCL-720 :f.l.;f;f 32 ~!J&~fiHtfll.A/tutliliiil:ii, :B:~~J:f:lftt!Jf$?1-~;fft 

~Et!.~IWJ~JEi;IJ/f.'1.1l:~f!i!J, ~.&~~lt;fftf!llt~~89I~~~; PCL-744 Ji!-~ 8 Dt\lfm 

illl ift "*, B %$;~ ~ 3:: ;fft ..1:3 ~ iP3 "P ~ 89 8 tl5 iii ift ; ttl. -T :C! PCD-890 jJ ~ ~ 3:: tJL ~1ft 4 M 

ROM ~ 4MS RAM , J:fJT-.fffVI:~#itl ~ff':*':i:t·~·~H&~ o 

~t':U~~m.& ... mt:m: , ~w:tt~~ 4-2omA ~Vfim%, :e:~~~t!itfl~m~ff~t& 

~~j} 1 -5V I¥Jitffif;;-%, .flJ.Ii!3 :!J(J~Et!.ti~~, ffi.l%1it::klk$~~~;f:Ji PCLD-779, * 
¥UJ![~;E;f:Jl~ PCL-81ZPG 1¥Jffo;t~:Gl::i'i Jdiido Et!.;fft, It~~ 1¥1 I~~~ ( ~~~), E81(~ 
:tE~ti!~15rJ;J 1¥1 16 ~J'G~!Wi~B=f:i!:tul!A;f& PCLD-782, *¥1JJ![~.±tJLI¥J PCL-720 1¥J!J&!¥:1it 
~A~o 00 5-30 1-J:i:t~~jJ!~~(f.JfliJJV);m~OO o 

I I I I 
~l!l..lll~A. mlfL:iUtA. &ftt:IUiiA. Wruitflt.A 
ltlfl!.tJm~ lf!lt!~M~ !!llt!.~I!M"' ntlt!.lll~~ 

I I I I 
fCIA.foJ.f} . A.r.J-EJ- ~A. fil-l} *li.A.rrf-1:} 

ml Wll Wll Wl 
I I I 

Kiilt[f)l.~ fftimsoa~ fftiM9 f)(* 

*~~M~-~~~-"P-~EI:!*~··*·M~··* ... ~-:pft,~~~~­
~doi~~ . ~u~·I¥1·~~~--A-~ft~.-~U·S~~-~~:±lM. -
•tod-~I¥J~M~• o ~•••~~~E8~~~--~"PM~*••I¥J~tm~W* 

~- 0 
~~~~r~7~&$~W·~~--o •~~~--E8·~89S•••u;~*ft , 

~~ft.~~~~*~~~~~do ~tt~•I¥J~•ffi~•~A~~u~.~-:pfi*m 
i&(}E-{ii {i'Jf( :±l to~;~'!p a<J ~fljtj ~.a iilu SSR ~~mIt!. ft~ f!i!J ~ rtl~tp * B91t ~ AAJ 7f £ I 



• 

............................................................................................ 5. 2 -ftAt;l/l' ~ I¥J ±.!- ..L t; • 225 · 

~flj o 

1)g:£t.:£t:!Lfr{J~tlt~ ~ittf~ij.JS~P-t11!1H~~t~ PCL-72C ~~!:f:fitlfY:±l~:i!~J:3(~;££~11!1J~& 
J:I-JB9 16 I#Hit~~. ~~~~fx:!¥ill:m:±llli PCL-785 ~ SSR IID~m~ttitlftr:±l~~~. :lli.Foffi~ 

ffltJ ~~~11!1J ~ ttm~ut l'ttf ~iJ o oo 5-31 151 ~~~11!1J Y~tq ,QX;ffi Xl oo o 

&.:t~~~ctft.~M~-,L~C*ffi~~ffi~Will~~) ~ *ffi~-~M#.~ffi 
ffi~* , ~1'-~:9Ufr{JfBJ ~'L1t.& ~1'-*:9tl Ef{J~L1t~!§Ef{J1t nX;, j]-JjiJ ffi ~~;£ElmfiHli rJ;J Ef{J 8 1'­
-~·~~o ~~.S~5~~fi~W~M~1tfr{J# , M~~~E~~~.~~m:±l~ct 
~~~~B*~-~~~*~~~.~j~71'-ct~~~~~~~ct~.~ms~3~~ 

fi, ~~t!f!:±lJiu SSR ~~!1f~fi~mrt!.Qfjlj.Jfr{]Jf~lt-jfBJ~J!.t o 81'-WJ1lfi~ PCL-744 mi 
ffi~~~~.:£tJtffi~ o 005~2jg~-M~~~~ffi~OO o 

~ i.!il l,\'W 
i~ ~ ~ 
Wl il.l ~ ~*it lit~ til !Jiii~J 

!lC i.PI ~tit ~tit j!l! It!. xlt!. !lii!if ~:« ,c., a 
~ ~ fQ 
$] 1)1 ttl 
II! II! It!. 
ill ill ill 

illPI!. If! It!. 
m~ ill ill 

ijJ I&! 
If! II! If! 

ill m m ~ 
'--

R&AffiM~--t-a~~~~~--~·*·~~WAffi*m . ~~-~tlt803 1 ~ 
~'L', .ffil27mm (5") ~ LED~~~f'FjgAffi.:lG, ~R'l"Hffi~tc:UW~~&~~ . ~ 

m~•~~f'FA~Ef{J~f'F~~~~~o ~~u~Ef{J s-t-m~m~•~a--t-*HffimL* 

~~~~Hffi.~w.~&~•~m~~a~~ffl~~~Hffio ~~~·~~~~~~m 
~ EJ;t~m*;fk~tl11!1J ~ ~!HHr I f'F , a1¥YEWJ1'-~~~tt!l-fl!{ tt Ef{Jutr~ ""f , 1fJ1'-~ t/tt!SilJ 
~~3l:If'F, ~*f~!fl:bOT:l:F!§r~~Ef{JilJ~fl:l!J:3(~f! o 1!1 5-33 ~J!.t&lre~~~(I{)If'F 
JJKF]!I!J o 

JgT~YE~-~~--~~.fi~·*~If'F(I{J~IJ1tt~m~tt.~~.:ttJt(I{J·~* 
m~~MWl!lCMWa~~~.W-&lreffiMlll.~M~a#~.ffi~--~-~0 

w~.:tmm~•*•·~••:±l.~~~--~•E•. sffi~~-••••- rr~ 

IJ\ J:tfl.~tJf LED~ff, 

~lifftl 

lifll.MA 8Uf,!W!A mtlUliiA 
ttfll!.ll8~~ !!tlt!.i«~iit !!tlt!.~IWiiit 

_l J 

fa"-E}~cq~ ta~'m~ ffl4'}ff~ 

• 



w~. ftn~•I~~*~~~:itt~o ~•~mi~~. ··~~w~•~"••~~~~ 
Jlijc ~ J~HYlfru. iJ1iJ 4i~:i1! l~Hi<J I~ , #lil~ "1f 9r ~Jll!·!k" q]J~1'-:itt~~ ~ J.il~ ttl.1-r o "1f 9r 
v~•~··•~§a~~~m~I~M~.~•~••~~ey~~ft. ~~•••~• 
"5/t:rn! f.~~ JJ{[·~" o " 1f~ fiJJJH~~~" :j!j:#( W " 6zHll! ~'I-~-:1~" :12i?1HI~ 1;;-.@UkJE ~:it!:~ 
~~,At)l.fj-jf:J!cp .tl:.o 

~~~-cr~9~~~~~m~2R~m~~rn~~~m§~~~.~cr~m~m* 
Jffl ili1J4itl11t~ !:1! m. ;j(fflfltf.fffil~f¥ ~ m , rll! ffl iliiJ -1Hi11t:J¥ Et!. m, ;J<. ffl tt ~* E@. m. JJ< ffl 
i-tiil3RI@.tfl., :ii~!1L~~I@.:tfL , ~L~~~*Et!.t!L~!IL~trfit~~m•, El!itt~-E115Dt-*1# 

~Et!.~~~-M~Et!.a~o ~a£m~~~~~91'-Et!.t!L~21'-~S~.*~•~•£• 

~ f=:i::l:~ a<; fl&i.l¥ili q-J-~1f * o 

%t~~tJL1E~l&~~~:i::1:·8<J 1 81'-~fi. ffiilii:J~?'~it.QZ (f.) 151'-~~:tE:kM-fll~~Bf. 

k~OO·~~~~-~.#~ata~~--~~~~~ASMM Z~. ~~-~~ ~?'~rr 

~tJL:if~--~~~~~-W o ~~.-~A~ey~DttBm~tJL·~--~I~~~ . 
~ft. ~a<; I ~it~ , .OO:t£3::-tJL:iftJJ!{,~tt£ ~1fHf~~ ~5/t~~~f'F o 

~?'~.~7~~~f=~~-:i1!ft.~~~-~- ( #ff! ••••• ), fltf~- (#ffl 

m . Mmm. •~ml ~~&mw~~-~~••o ~~~~•••~•A~MDt-•m 
H.~~~HM.~~~·B<J.:t•e~MB<J~~--W~~. ~~fi~A~~OOo a•~ 
.:if$A~tt£··~~~-~n. ~-~-~A~-~~-·o 

5. 2. 5 I!I~~!II:U::*FH~FI~¥~rJ 

~-~---·~·'L~~H~~~~e*m~•fL~~~I~o ·:t£~-~1'-~~ 
~i}t~~frf~~Il:~3<11~~~~o 

5.2.5.1 ~~JM~~ . w.lil ~4}~{1<J~L1t.:.tf!;ff.J1.?.I.t; 
it<0iiJ(!9~~1$H1:.Fit:Vfift:~m!JI5-34 ffi~o Il:tt~¥*k-E115: Jt!J~~frflJitll~ 

1m; ~~~frf!iiitl~4ml=3~it~!¥L~Jl!J~-m.if!JL~!1L~¥100:, f&J§:j!j:~~, 'fQ~o 
J~ooo s-34 ffi~. :t£~m 1, 2 cracJt~J7Em~~~at:7J<m~. m~~ff!~:m~ml~~* 

~-~·~-Cii#~90~dE~~) .• ~M~~-~~-~~~$MMo M~ t ,2 
119rt~~tf! amfli1J B<J. **~iltr-¥~ft, ~u•~lt~f.ll'!t4tr o 

a~MMM·~~-ft3M*B*~~·M~~$o &~ 4 •-•amtt-•~~f.l~fl 
~••.m*•~-~~7J<MMo ~~ff! 5A~m•~•ffi~MB<J o ~-J§~a~MMM 
ii:i::1:~~6.~~~mt~tf-7 o ~~. ~ey~~~:j!j:~~~~8~00M~ l d2,m~~~ 

~Jti(a]IWJ9ifU~:i1!A~JE ( f¥~) rrt~•lOo 

:tfMt!/ 11 ~ 12 < ~~Wi~f/J bil't~1'-~kfit~) t:J:tJt!J-ti~~~*'l-tl~fil. ffl1.({~ 

t\!:~1JP•~75~ftti o 1=3-fitfll , 2ff!~fP1 . fitftl11 , t2 m*:trnl!#~~- iJ!Ji&\\~mm 

~~11~-ft o ~MMa~~ l4·~~~ft13, ~•*••o :i::J:.J§(fJ.MMaD~~ 
~ 16 41f.i*JIJmt:i!:lt 11 . ey•~:P}tt~~'li 1s ~1m1~.m. mey~~tt.qiloJ~ 19 m•ltl: 
Alll~?liit~ lOo 

~L1t1f!Jtl:fltff.W 21 cf=t:bll~JIJ 400C o 123~L~*IJ:(£ill!JiJill.~~· I!IffBtfBJ ffiJ ~~*· , JJT ~ •t~ 
21 .*Jfl~7J<~Jeg~Jt!H§:M o :¥L~*IJJl.JH:fiH~ 24 *~Vftiht 27, ~~ret~ ~-~NW~~ 



·········· ·· ······ ········ ········ ···· ···· ·· ········ ·· · ··············· ····················· · 5. 2 $L1t. :/<1' Pi ~ 1.. }'- .I. t; · 227 · 

" 18 
~~ ~9 

8 9 

~ 
T T T 28 :::. 29 

~ ~ 
~ 

12 21 10 
7 17 27 

-
II 

1- - I 

T - 1- - <§)T ~y ""-.::/ "r 25 

15 
< :> 

~ - 26 

I r:l 

~ ~ 24 16 32 

~ 14 6 v-3o 

23 

_\31 rY AI 

36 . 

~~ """ 33 

~ 
J4 

/22 ....... ....-
- I 2 1- 35 

-, 1- ' 
/ "-........- 5 

' ~ 
. 

-0- 6 

3 4 

~ 5-34 .IB~W · J.lfJJ:UJ\0~WJ~Lft11F!91:.f=I!:'7fit~7f;:tit00 
I , 2-~ftJ'IIJJJ< l~H~fitf;fl; 3-;J<lfi:i:l:a!l.im; 4-lt:«ltt"Bt?fi:; 5- ltltl Ef ~n.t; 6-;)C.tfi.\T~ ; 7-7J(;f!JVfL:!iHt; 

8- 7J<;f!J.JllmfJ:f.\'!f'llf; 9-7)<.;f!J$.1-J lttJ; 10-~JE1~1:-ilih 11 • 12-~f!.{:ji;ft1!1~00tl ; 13-illl:«l:i:l: ~:im; 

14-illllfiitflt~; 15-t1lllfi E1 ~ft ; 16-t11J;f!J.\T'l\f; 17-iJJJ:«lliit:til:it; 18- t11Jlfi.JlHJliJf.\T'llf; 
I9- t111 ;f!J lf! 1-J BliJ ; 20- :JlHIJf tit~ B ; 21-~L f.tll!HiiHt ; 22-1]J(~~~fitf.l!l ; 23- .BlJJtt ; 

24-!fLf.tJ'IIlit:!i!:~; 25-~LftJ'IIJ E1 ~ft ; 26-~LftJ'IIJ.\Cftl'; 27-~L-ftll!Jlm:!iHt; 

28-'L f.t:lf!J .JllM:f.l'~ 'If ; 29-~L fUll .1¥! rliJ lttJ ; 30-.Bi ~ lliiJ ; 31-~%E!'iifl:im ; 
32-~:JiB; 33-~l1lB; 34-~~l:it~itlil:llit~ ; 35-~"\.II!:!ii*; 

36-J:{:~~'IB' ; T-ti[ll.\l~lli1JH 

ff 28 )g!ID~1fl , -t!!PJI;,(jNi:J:~foJ~ 29 ~~;iltAmJJE1mi:rff lOo 

iE-JEI¥JffiJ (~ 98.07 -196. 13kPa, ~#7ii:r71H£~l¥Jffi.7J!IZ,®'iffi~. W.'i*~f­

ao)~M~.-MMi:rM~-~l¥J ~~~iEWM~&i:r .• W~«~M~~MM--JE 

l¥Jt~f9tl~Bt:iltAmJ JE7i-%ff lO o 7ii:r·t£~!1Pf-:15Jlifl11j 4. 5s, ~~L~Jilt W/ 0 ~~L~¥ 

19t, 4it?1-#F:it.7g 25 - 50kgo ~ll*~1H~l¥J~L~~mt;Ji!;tiJ.~B9 , ~.#~A:ii~~11PFti-%:H 

20 o M-%ft20~-~iEMA~~l¥J~~~l¥JR#~o 4it~A~~-*~l¥1-tt,~~­

tt .!:§ 7i-%ft~~ 1¥1 <f~ttffi:EL ~.g. o :1m :UA~ 1¥1 ;J\fL Ul!ri -%-:H ~ 1¥1 !I'm 31St?£:* l±l 71!-% ff ~ iW 11} 

1mfF)g liD Jffi:l:J:E:ffi ~.g. 1¥1. tt, T-~~PF7i-%~ .Ft.J~%Jilt T o 
iEriir-=H 20 ~%JVta~~L~~~)NXJ:.ff~~tJ 3o 4iftr:ili 3?j~~-=H 33 0 ffi.7J1t 23 ~.lg!J!LJB't 

~~~!PJ~Jftt!ilft 20 rl*a9, W.1¥:i1Eriil!J'm!J!L~¥JJJ9f:ffi-!ll¥J*i.fft o :tm.*~L~lf!l¥UWUf, 

I'!P ~ ~:ff!J 7.kM~ ~~L ~Jilt El3 ~~'iltl ffi t~Ull¥J?1-~·$j 1¥1~ , JJ~ ~ ~ Elt Vit :l:J: l±l J:J a9 :*:ili ~11£ 



#f£1JIW~1t. ~¥,lc51®ffi.nitH~B9ffi..7Jilff~ o iE7i-€:-ff 20 J§'ifia9~1f;li!dWi:tslff 32, B 
-~-~--~~•ttawo •z~~&am•~~~ftmA•x•~ft33 o •~•~~ 
~Lnxtiligt-~MI~ tt~1L.:fJ*4~:t~u~JJ~~wn~~ ,c,,~PJ<;fEit~t-&t mHt-ir B9 o tl! PT ~ t~::i!.rt ~:bn 
~~-lfl~~~Jlltf&~. -it;M; E.i'L~¥1li!:Jt:?tntit o illfjj(~ffl-R~tJt1dE~*4ft 31 )}.. fitm 
22 ~:tJiliJJ.~ft~ o 

-~~~~L1t~Hffl~~ff~-35~~-A~~H.S&.tlt~. ~S&~&#•M 
B9~·o tlii.f*, :i!~Hg • .tJL;tHfU~~l5Jn$~ (Rotabell) 'J'1t~H •• H.tltl&ffiiJ~. ;Jt 
£2FJffifli!-'=3~H9~t'J;~W !:3Fo~~lm. ff!~~m¥JJ!JL1t:l'F~B9~~~WiJJE~tt. #f~~t', 

mfl~~~~~~L~n~~.~~-~~~B9~l5Jn~~-~.tlto :i!#~~·H.tlt~& 

~~$tt~i!11i, 4000t/a ~!JL1t:l'F~Ir -Ai~~~Ei·~tfLE.iZ.Ilfleo 
5. 2. 5. 2 ~ 00 ~ # .ii JilT ;k.. ~ /.e}- ,jj {r(J -~lA t, :/.1 !i:i i! t,t: $L 1t. 4. I' .:x:. t: 
~ ~lflli*Hi!WT;k~~ liJ~!ilLft:l'FH~Fil:mt~:tllliE 5-35 FfT~ o 

~~ll~5~sFJT~.•M•*••c~•~•93%~~) ~-- ~ ~~*~•~:bom 
AV2 ~ft:bll~.~~~B·~~~-143~ o -H*~·~~~-B9m•~*§MW& 

••· ~~~*•~~-~xm•1t~amao •~•*••~*~~WV3R~*~• 
4~*~~-5~6·*~·1t~~*MME*m7~ o -aMM*MM&Pf~R~~-
9~6~~-~o~R*~~--7~.~-MM*MM•t~:•~mW&~~-~:bo~AW 
lla9~·-ME.58~--~o •a&M*M·~-~~W12Pf~ffl*~~&B9n• 
®MM.:iS@I¥.1J 8 !flo ~1*MM#filJ~JA.M<ijtg~·l3 ~~'lf14 .fll6 ~:tJpjJJCffiiJ.m7 ~:fl o 

l3C~J$1:1t1f!Ja7J<riH~Mli'if~:boa-97.K, Pf ~~ttJJ<it:nt&~ 15 t/i~fttl:/J~Jfl;j(tf 16 :bol.Ko 
DefM5 7 ~&iEjj!UEit 17 ;GL, ~jj!ljffitfm E1 ~ll[lJ!Il~{t~J~*fiHllAGf!i~~ 7 9='~ 

1t~aJ.Km~B9ago ~~-~7~B~~#r~~~~~1t~*•~~.~ffit17~ 

~ El ~~*~~~~;ft'!Ji~~~~li 4 ~ l Oo ~t-¥~ft 18 ffl ~ f:Jil: iiftEIC1Mm 7 9=t~J§~~ 
.:7CtfLfiit:~~J=Iit:B9:1tgEJt*~o :bo~f!1r 19 ffl-*:bll~.:7C.ffL~{t1f!J~M•, -it~-!¥~tE 88't L 
r o mM~rf:Hfif*~Hft l, ~it&Mfti!~Jfil 8 ftl$:1t1f!Ji$~DG~J~ 7 ~B9i&\\llPf~:ii!~~ 
EJ B9i&il!t El ZSIJic~tP..lflitJ*it ( TRC) -*:bll~~1fi!J o 

DeiM~ 7 9=t B9.:7C.tiL$:1tfilJ~Mt1H£tlill :±l 'If 20, tlltr~* 21 ~~~ 22 tlfu:l!o J:tug•:rt: 23 
~~~~~~~~:trt~ft.ffl~M~~ffM~~5~ffl*MM~~1tm~o ~~Fo~xtfL 

$t1tfill1tM~*tilli~ ~- 24 ~*jJ~1tillJ:fJLM~f*:ff~ 25 'f1 o ;J-J T ~M~.¥:1 ~Wtll, f4f 
;ff,m25&·~~#&ftU.fll:JJil~ft'1f27 0 ~1l···B9~.Pf~R~J.Kit~ft~~*· 
29 ffi7.K1JiljJ~f¥fil25 ~o it:filJ~ 30 £-l'!•~*Wlla91Efl~itilU~*· **trill~± 1%, 
ffl~tft:l!«ftfilJ~tfinlo ~ri;til~ffit:§l• 30 B1, ~mf~~f! 3la f{J3lb ffl-*~~X.fft 
a1t~~••o ~m~•~~uey~•~•~~~fta-9~Mm.~~:bo~•••m~~;t. 
fBJ~iE~iB1fBl o !RHt;J, ~-1'-~ngftPf~Vfi~ft, ~ffij;f'~9=tttMI::F o ~T~~~itEI:* 30 
F~B9ff~B~.~~F~L-·7~~ft32,B~M~~ff-m33~ffh~~&ft 
34o ~{,t1'flj~*··J.I~~;f-~tf 35 ( ~L 1#-;:ff~Jj(~ 36), if:lit&ft 37 ~fllj:J!~Jji~.p.} 
va~rm*u 38 ~ 0 J(~~ 39 :~ID~fl~•~ 40 ~iiftE~#C~i:J:i'hia9.ffiJnx~$B9X~L~1t 
~~--~aWo EI•&41A.x.tJLa1tm=lit:MMK2~*~~--··;Gfflo ·~~ 
42 ~J.l:tf&~nt-€;-M@!Vfi~JW:~~B9~1-t1f!Jt$M'f!W~;lit5~ o 



.................. .......................................................................... 5. 2 .fiAt :It Pi irfJ 1.?-.L!; • 229 · 
, 

7~ 
r 

78 
79 

80 ~~82 
1UtntJ I 

I 

81 
46 

8 

00 5-35 JliiJ ~:J)LWf ;JdM~ i'1.l a<J ~L 1-t:J.'H~ ~f' I ~ 7JM!i! 00 

1 -lil'lAU£7.1cifnrHtlf¥~; 2-7.lc.fn1~~:1Ju~:D.t'lf; 3-J.lclti4lii tlJ tr; 4- 7.lc*'lifli: 5. 6-7.lc:fll~tr: 1- a 
-ttmJtt7.1ci'iitlf!fc!lll•Jm; 8-~Jt1Ulffll7l<mfllil!c!li1J~; 9, 24, n. 83- \"f.fh w- *; 1 1 -l'Af\:tJo~:&ff; 

12-.flj:WJf~'llh 13-liMi~fllfli'l~; 14-!il!!ft!Hfl~'lll'; 15-JI<t~llt!l\:: f.~; 16- llc {f; 17-Ai!t!Uft 1 ii<Jll!l .ffi 
th 18-1J1:1tJ!IItt7J<fiH!lftC.rt~~~:f.f.~ji; 19-7 ~:1JDii!\:0A:tl'; 20. 21, 22-~itllil7.lc!'iil!l(J()tlfltlJff , 
ti:3~~~'li; 23-7U!I:CttzUUl: 25-1JI:1t~JJI(J'iil!lfil!::ff~; 26--iltl:M 25 (J<Jtttt¥ll/ift; 21-:llnil!\:et"'; 
28-JJ<ttit~; 29-JJ<ft; 30-lEff.JltlWJilH~:fiUJi; 31a, 31b-Xllil!l:i~ff: 32-ll'fl!lft ; 33-~"t!Uil 
til.: 34-.Hitrli!Hil:lllill: 35-Jl<.fnf{t.fl'l"''; 36-~.fl'li 35 .t~~Jl<-ff: 37-itfillliil: 38-l¥~~t\'i:Jf 
mit u: 39~ ~ tPJ; 40-ff. ti!C 'If: 41 - ~ ~ A; 42- ili (oij ~&J; 43--fi/! ilh ~; 44. 46-111! ~ 11; 
45-il!l~ ;47--f&.flli$1~; 48~t'Uft; 49-J;flt'H!Hl<J:IXJ~I!'lf; ~til'~ ~tttt¥~:R ; 51- tlU$ tlJ th 
52--ttt:l~ : 53- iiUIH?'I"'': 54- lltlMff 47 (J()1Jn~ftU: 55--f&.fllre~lUIIA<J~#~1t: 56-l'lll , !lt:R~~ 
li!!.Hitt; 57~.f>Hlll:±l'!: 58-~$Ui1HI:Iitli; 59~*'f~*~'lf: 60-11.1:1!4fii:f¥~: 61- JlMHii 60 (J()Jli!~~ 
~Z':; 62-fit!.fH1i60 ~1Jn~:C.l:'l"''; 63-~*4til!~: 64, 67-/t8.flii!i#'th 65-~fm~: 66- .ffitrlJ!IJirtlllt 
ft; 68--/f&*l-flli:i::l:li!.H!-»: 69-ll!Ja :\l'&*'lflli~tl': 70-~J1<:1ii~ ; 71- £-Hil:JIU't: 73~~~JJ: 74- ~~:UA:; 

75- lJi(I(J 1WJ; 76-!¥L1t1i•I*J'ff~; 77, 79-~L1t1i'J~~; 78-~L1tWl*'fi*~; 80-~L1UJfii.fHiY; 81-~ t1:1 
'11: 82- :n1tilllttiiiitli: 84- 7Jc.liJ , M;ti;J!Il~~~; 85 , 86-iHJf#'l!ttln: 87-~Ld:±l'IJ: 88- lioUI!Ii: 

89-.ffi~Jljj; 90-~~.\'f'rf; 91-i:i~t:J'fUff ; 92-.ffitr001il:~a't; 93-}t~'l!filt; 94-t\t~ftlff¥~; 
95--tU!~~~ft; 96- Bi:'l!lfi'; 97-Jiltllj~'rf; 98-1$Jijj 

~~~-~~--~~43,~§~~~~-M~~- 45~----~ o ~~~~fi 

% •~•••••~-~~~o ~~-~-m~•~~.-~•••~ao •••a 
1f:ff~~:IJD~1!'lf 49 ~~w~n 50, ~§~iiHit1to •~•)ift~~:.t'lf 51 ~J• 52 r£~ 
1153 ·~¥UimeiliiJ~ 47 'P o I!CffltJ. 47 1JL1f:fl~f\:1JD~Li!Jf 54 ~~~~It 55, ~-6!!7W-fltA' 

fi~·~-~-M~~~-~~Zk,#&~~~o M&#56ffl*8~~·-~~~~ 
~~~~~5oo ~~~~ill~•~m*B~~~-~~~~•47~~.~~*~~n~ 



· 230 · 5 .ftAt. :.lt jlj V., i!e. ~ -"1 !!. !'- .:t. !'. ··· ··· ·············· ·· · ·· ···· ···· · ·· ............................................... . 

§;tJ~tflo ~&~Hll.jfilJ!V.illi:l:~Hiftrtl::ff 57, 4!rutl::.* 58~~~ 59 ~:3liU1f&#~:ffW 60 cpo 
1>1 T i!tH~~,~ 89 ili\lf , i%< ~tHtHiHf1Jtt¥~ 1i 61 ~:bo ~ ff!ff 62 , 1*fHf'i ~ ~~i$ ill B<J lffil 
1f~~~~L~~~mm~tf..lm1f*~~~ o ~~ . ~~flm?t~~~mm~~~m~ 
~.a~m••~•~•w••~~~~xm•~~~MAo M*~~~~~~M•••· 
~*1-Mni~~~ 64 M*¥U?R 63 B<JAD o tHi~fl65 , .ffiiJlY'Jlil:~!166 fi:J.ffiJ!ii~~mt:;li!1-J 

~,J,~r4m?tmt;tJ,IJi1\?fPrm~ft~, t:fnfflw.~~J,~:UJI'&-*'4~~ 67 mt¥Ul:tn!tfl68 B9~f4M 
1ilt=~(f.},J1i1\ ;1J o :Un!t.S B<Jtl'&*-4m?t~~1f 69 ( ~~~VJ<~~ 70) , i.t:Gt~~ 71 , ~~ 72 , 

J<~~ 73, §~ii 74 ~:ili¥Uli~¥fmfJ.f-1i~fl"F, .!ey ~1t1f1J7J<MMtiil'~L1to i.till:~:ll 

71 Jfl-*!QiiJIJ:ifli:U ~~ 72 n<Jf&f-Hil?tB<Jrfii:iil:o :t_:~ AAJ 73 ilJ l~,(:ffiim:Ui.t:bl:fl 71 .J2i ~~*'&*'1-
m?t:U~B<J.ffi}J~~~o § ~ii74ffl!V.~~~~mt~~~72(f.):U~ffin o n-tl::~@~ 

rm~xma~mAMR@tntW~~72"F~.•~~75•~•fl~M~~~-o 

~~mA'L~~-B<J~•m?t.x~•~~*M:ba~~-.~~R·~~m•m• 
76, 'L~1fiJMW:~ll~£~'lf 77, ~os W..&~'lf 79 •*¥1J'L~1f1J 1tt:ffft so "F o iitrfft t:p 89 
'L~fl!J)M:U. tl:!~ 81 fflitfll* 82 OHIHil:IWilll~) fti~:i!¥1J,L1t1f!J~~ 83 t:p o 'L~~J~ 
~;(:E~ff 72 fU 35 B<J3C~~IIft:il!ti¥UJI'&*'l~il.?t~~1f 72 L , ;Jt-;tt.t.lt~•f4M~m?tffimo 

-••*·~·~~-~~fi~m~~ffi~~~~I••~~.-~~~~~~B<J?t•o ~ 
.t.lt;tt~t=IE~.w;a:~•••m?t~a1tm~JJ<MMm?t~tl~m~%•,L~¥a~•:bo 

A' L ~niJ o ~?&, 'L~1f1J1:11 iiJ W.1I ti :bn )di ~ fl t:p o 1§. ~ , !¥L ~~J :M:IIJ;t !=i .$1-m ?t;ffl 
m. r&Fo.pj:.!ey-.~fl!JJJ<m•:ttHi~JVt!¥L~ < w; o ) 0 

~~~J7J<w;~fl:l:lf&*l-711t~~:U ~tf 84 1ltM~¥1J7i~fl38 "F, ili!lf-ft~~ 85 ~11 86 
?tj1J.!eym~fl38 B<JA:±l o :tEiilli, w..oo:~r~t~fll*l B<J:bcit't~. n -1~.-&Hm 1*12t1:.:tlt~n5c 

~~ilJI~,(.fFj~1f~jiffl o ~~~f!J3, :i¥~-NmJJ.f-71t~fl38 ffl!V.~-~};E~ W/ 0 ~~L~~ 

Mo W:m~-~-f4~-~~;fflX~~~mttLJigNR~. W.-~~,L~mB<Jffl~~ . 

~~~m?t~•~mm&~?tm~o ~~.•·~~~S~;ttMii~~B<J-~•~~69• 

*%lilt~#·~~ffl.#~·~~~~~~-~~~~o B~-~-L~-~~~Mtt. 
AL~Mtt~-~-~~~~~Mttffi~~o ~~-~~~J,R,ilJW.~m~fi"FB<J •• ;(£~~ 
tt::m~•~~B:U;fflx•~~mtttt~w•~ . W.%JiltW~J.fm~~ffl o ~jo,w~•~ 
~~%iiJ (Chemetron Inc.) ~Ftf.Jit'!i~ J-J Votator CR mixer ~it·N·J.f-7f.t~fi(J9~~ 

:@: : 1JUI~~1H£ 152mm (6in) , ~~1>;1400r/min, .ffijJ1>;235.36-274.59kPa, --~:If 
~mHW~faJ~;J:J 4. Sso B:i:St~#tiil'fi~?iWfFffl, -Bl!~*l-~~lUil7} ( §t.S~L1t1f1J ) ~ 

Xm~ ~1fiJ~7J<Mni~l~~.ft&:Jg~0:J, #~ UE4:t= t1:: ~-~ 99 w 10 ~'L~£·o 

~-~fl38 t:p~J&~~L~£·~$ t1:! 1f 87 , !Wi~~ 88, Jli~f{RJ 89 , ~'lf 90 tDJ:i!¥lJ 
n•~~~ 91 !=f 0 &JJljlJJ:fil~ft 92 ml:i EE~~ s9 < .m w. v~r;n~~-~&n) 13 ;IJ.ffili, 
~~lliiJ1iiH~;(:£ 235. 36-274. 59kPao lii'J~~~ 92 -tt!.Jf.I-*.!Ki:rt7~Eif?i-frfi 38 B<J'LJBC¥ ., 

in*'L~¥•••~~~~-•~w~•••~~~. tlPjo*~~m~*••~••~~ 
Jilt m :ii•7m ffi §~~**ill nti ~liS • ~ • rm :U ~ t1:1 '1f s1 I'J<J Jj{~ ~ tt:tff f@Jlf ~1t . 51 ® ffi 
iJ~~-W~~~~.ffiiJ·~o ~--:UAI·~···:U§~Hft-*W~~~~,L~ 
(f.)~l=tl::, lff]a•Hf?:l&~~1+~rt:I'Jii!L ret~tff~%Jilt~'LJ&.:JiL Xf1f!i1Jffi~~ 89, ~~~~ 
~ J3):~_F ~ ~Jt "f (f.} t= R"1 o 



, 

............................................................................................ s. 2 ~t.At.;lt ~ ~ 1../'- .::t. t; . 231 . 

~-~ 88 ~iPf\:_t::f!-~i¥.Jtie'~~~, 't~15:TWJ Jl:tiit~ 38 ~~'if 87 lf!i51~1¥.Jfl*'& 
~-~~-•~wlf!w••J¥.Jo-M*~·~••88~~ew~~mtt~•ttemc~o. 
•R-•z••A~~~•i¥.1-s••)*~•.•~~~••~mn•~~tui~•~m 
EtnJ¥.J&m~ffi~.WKftm~~~~-~i¥.J~ft£Eiti¥.J~~~fflo M~.-~~@~ 
38mm (1.5in), ~l.t~457mm ( 18in ) i¥.J·Z~tfett~~ (1Jr:fi-tnm'IJBC~fi!) it:!i!:~ 

fP~~~~9-fJt;!ll!-~ft~o 

a~~~ft 91 ~~~Lft¥EitEjif~n~~~;WBiiifi~Z.~i¥.JitftJ'~S?:'L'~-i¥.Jrgitz 
ffli¥.1 o ~n•w•~~.&~~•bn&~m••~~-Mo a~~fL&¥a~~~~~•• 
m-s~tif:fJ~~?:J o m~mili, F~~ffltJ~fLft~Eit71.titi¥.J~~~ii !::jE!ttit, .x-t-Tfti§~~{} 

-s••·~~~-~~~o ·-~~nS?:Wm 93tn~-~-~.aS?:Wm 93A~M#ft 
M~~-·-I¥.Jo -M*~··•aM~ffM~~~@:fi4~i¥.JMM"~~ ~ft~-~ 
Et: ~#it#:t~: f*:ffff 94 lf! o ~:1:1:~n lit~ w ~ ~ll~, ;llt mt 19J~tt8Jt~ ~ij. ~.if·~ J¥.J ~ ~ • *4 
-~o ••MM&~ 95•~•*~*i¥.1D••~~.~•~•~~~~-~J¥.J•~~~o 
'E~f*#ft 94 9=Jfl~Hll~tifli~31~.!t -Mff 96 ...t I mfffi:il!.A•~• 91 ~ 0 ·ltUi1ffl~ I ~gftJ¥.J 

-~ ~ llJ ~ fl(~lftrl111~ , it!.llJ IV. f1( Elt:tlt~ ffltJ , ~ 1¥ -u£1::~ .':1:\ ~ ES~l W ll ~ 1"' ~ o 
:!il~lfitJ~i¥.1 W/0 ~fL~~Pi.iiD:M~ff 97 

~9W~ 98 ~-~- 91 ~f-11'.':1:\, #tutr~¥IJ~;ffi 

~~mo ~~m~.~;.llt§~-~~~~i¥.1~ 

Pi~~m•~*·~Fo~...t~*~~m~~~ 
3[~4;fJFo, &~fHfUL~.A it$fit.ffo 

5. 2. 5. 3 /JP -t: :k. .I. ~ ;1) f!l /~ a) .fL 1-t ~ ~ 

fllJ!i.?.I.t; 

00 5-36 ;11;:1JD:$:ki~:fi~0ifiJI¥.J'L~~~ 

~~fL1t1::f=It:mtifiOOo 

•~m~*••~•• ~ •~•w••~ 
bn.ftWo ~-~~bn~J¥.Jm~~.&~Foi¥.J 

mD••~m•~m~~**tt~•tn~~• 
• 1 ~, J:Hn~~ 95 - ws<t: fi~1t~J~:i:$ 
••o••••re~~2it!.1lr~RW&•~tn 
~ftffo •M . a•m*to~~~-~m~• 
M:kBffi~~am.~~~-~o 'L~MR~ 
~~-6.~$~~5~~-···fl(-~tt 

~~-*0 ~~--i¥.1·*··~···~· 
~M~*m&fl(~~i¥.J~~ffim, *~~~.A 

~••~fitO~ o m1taa~•~~~$~ 

~-#~l¥.J~ffl. ~~-~ff~~~~~ttli 

if:fJ•~J¥.J•tt.~~m-sJ¥.Ja~~?:J.m~• 

~i¥.1~0~~-~-.#~~~~~R-~ 
~&¥EitJ¥.JE!tQ~ ~•-w:~aaaM•i¥*~ 

11112113 1 
4 5 6 

7 7 

8 

9 

13 r-- 10 
12 I l 

fl 4 
I 1s I 

I 16 I 
t 

I 11 
t 

I 18 

005~6 bu$*I~«~0~~~~~R 

~f=IZiifi~ffi :filll 

1-«-«:.fi!Jtt}jclf;i!iiiC~·; 2~fllf;Rltfi*ll~ 

•: 3-~HtJ'flJiilf ~ •: 4-• -«:.J'flJ tJ;: tmil• ~ '1!1', 
s~~f.1HIU1~~'lf: 6-!l!Lf.t1fllfttr~'W: 7-m~~tt 

tll-~'l'f: 8-:iifiitl~ltn: 9-~L~i!i.l.llH~tl:l~: 

to-~!:1 f$lll fS: 11--Jlli" !& ;t.ft BIH1I ~fill~ :1ft: 
12-fl~J';t5!1ii!'lf: 13- ilUJH!lf+fft: 14-~L1t 
1-'I'FHI!tl:lfi': ts-~.ftjl!J fiiiM: 16-J§!IE < u 
tll > ~ilim: 11 -*t41!11t~: 18-~:lftlB!:tt.m 



· 232 · 5 .fL~t.,t; tli {I(J fir.~~ 1./'- .z. t; -----------------------------------·--·----·--·-------------···--·-------·--·--·--·-

-~-~o ~U--§lli.~IT#~--.~~~--~~WW~~%, ~~*•mam 
h"&, ®li:.~~B~HM&~a'~F&1r o 

illtl*.!lt~~L!&~.&t~iH~~.t'lJ 9 ~AJ!i~~fn:H lO o ·fltl:ff~ 11 !:fa<ni!U~sx:WB![~,C., 

~~iiliu~~~:i5~ 12 tfi-)E~iiii~~tt~~¥1J~fnfi 10 'flo ~D.*m~R9~, i*:ff~ 13 

1-fl ~ m*mt1t 1t 191J tid :i! jlJ ~#I =H 1 o cp o 1'£ jg11Htf WJ ~ n t- t¥.J ~ 1* -w m • ~L ll3C -9 r:&: ~ ~ m * 
·~~~~-~~~.····(19fL~~~~&1r o ~~~~~I¥.J~~~~-~--j!~~ 
$&~m~¥.J~~9='.aWR~~-~~~-·I¥.J·~·-~M~~a~~H@~~~~­
iffi\15', -~~A~$fi~.ff-itffl o 

5. 3. 1 «{)£ 

' L 1t~~ i'BJ ltJT ~1:: F 9=' , tttl( ~ ~ ?k ~~ rm , 7.1< -m .ffli¥.J rfflif(j ]E hi: , fffi j!f ~ ~~ f" I~ 9=' 
~ li~~ ~:11!!, rtiJ 'L ~ 0:t * 9=' :bn A rlb .ffl #IJJ< ffi ~rr 'L ~ , iE.ttt:t:t~ cp n~ -N t1t ftC 11~ * ~ JJi! ~ 
;f:1!Ht£fdO)E:& , ~~ ~~?' ili -g.• F 5/dt~ ~- o IRl a-r , jg 7 TlM i*~F~ a916*tt#IPJ ~ tt . 
-~~~W~FAI¥.lmta#18~tt.•"·~~F$, ~-,L~W~~F·*··*~~ 
I¥.J 1:.F~ Jli!7J< ~ fU ;l$ ~JJ , ~ i3t :A: i&t 4l§-:i2\; ~ , E! ~t! nJt.J 1SUc~1SUl~ I¥.J :i2\; ~ ;f1l ~ & 11 lti ·~ 
-w~ ,c,' ~ ia:i.t -9 hlrii , fffi J3. 1'£1:.?" I~ !t<J t~ i!ltl 7Jiii t!L~fa\!(:;k ill: I -w o E! ;iJ 1t :J!ltfi1J ~ ~ j)­

#~~MI¥.JM~1fM o jg~~~.R~-~E!~~~~-.~ft~1:.F:t:J:~cp~~~··· 
~llV!tiit ~ zg[t , .ffi)J ~lltfJ~a>t ~1!U'Il;J£ f!itJ, ~-~~ ~~·~ flitJ:tEI ~ ft itF I¥.J 7B mJ PL 
~Wfd01*~Fili~~~~I¥.J~·FA o 

-~#1·±-,@~B~H§.~A~IUMSmOO~~~~~~-m~IZ~ia:*ill 
fJ7~~1¥.J~~-9aR.~16m~g~~-~~M0~"*W'L~~~r,Mtt~~~I 
~~0ifJ, ttYF~W~I~~~0iiJ ~ ::kltfrtr 614 r , Et<WHf~0 ~~~r, itff9:;ki~~W~ 
~~rfn~m~r~~r~•7~rmm o 

~mE! ~!tflitJ~Yt1:.~~Jt-~~D""Ftt,~ = ~JJI!~F:hl.!:Ja~~ ; ~il£71B , 7.1<;t:§Vft:ll:t¥.J 
#m~•;~~& ,ffiJJ,fta,M~-I~··*B~a>JK00-9~~o ~8·~ · ~­
m:J£~1¥.Jj!f-~WH~F-~FI¥.J$£~~~.XMa~~~a~M.~~--~~~­

•~m~*·*W7Rw~••••.-~7~~•~&~••*·~m•afn~~-~ 
TJtflJJ~o 

'L~~H~FI~tt*~~~--B~~•.w•m<~)!t·~-1¥.J~M.~tl~ 
fL~W~~~t¥.Jam~•art~Jw•~o •m~•~•~•~I~~~m~~••~ ~~­
!tilltJfi, ~~~lmff, ~~ff~~,fp~;i!:%tAhm~~gl!flj:~~tfi1J*XflJ:~IHX:o '8~~ 7li 
•ft~F~tiS:tt:m~ F-'1 i9J~tfi1J. *'*'~-.& tt1*4u:mt¥.Jt1S?t E! i9Jt!tfi1J, !liH~li 7 ~YfjgfJI¥.l~~ 
·I~Ut:rn:r~·l1:, f*iiET ~F:l1~1¥.J1<3!:1Eff o Jt~~~#,l:~: *fflit3fm~ 9=':J£1fi1J. FA}jl'j: 
~-~~~ ; :;kFft;~~~- ; ~m~-~~~~W~F~i¥.J1:.Fo ·~~~·~~~ 
ifi!J-91JJ11!, t!PifEjltf~·m~~--f*. iliff~~ PJ<fto 5C·t~~~~ OO~L~~~I¥.J!i:F • 
.1J,~~~~--S~~~~tt*B~.A~•St¥.J~m-wffl o ·~-~~~M1:.F:U~ 



···································································································· 5.3 .fa;flt.ill4.f£t!:t ·233· 

··---~~-;M.*~M·E~~~~~~~-;R§~-~~~~~~@@~~ 
-~I~EftOOB~;~~.R§.m~B·*·A~.n~w·.~-~hW•. ~~ 
r~~~M~~••o •*•••~~*•*~~~~&~~••·**•m~••~. 
ey~"•w.rr~.~fiffM"~-~~~m~.~~~~~••n•hl*fi~~m~~ 
I~~ey#~-.~~~~~--m~T~~~-o MW.~~I~#~.~~~£a 

M.•••~M~m•.~~•·.~-~~d*;~m~@~·~~Aey8tt~•#. 
-~T~~~-F~~R~~I~#-~h ; ·M~F~-.~·-·~=~•&IA. 
~5liUJt~ralat, ey.tfB!niA~I~~ff,L.•, 11<, ~- "'t (~) ~7~~itil13!!:tlflf8, :1ff§!!. 
*~FtJtitJ~f~Jlo 

IZ~ft~§~~rr~~~~~IZ#.Cm~.ffn . ~-~ ) .~IZ~ftOO~ 

m~~)f~·-.%-~A~W*o ~at.xtm~~~~-mrri~~RMRo ~~Im 
~~~m~~.w~•~~~~~~~~~Rmffi~.~@~~~~~•~wm~~~. 

ey~••••~~~oo.m~~r•~~~•~mrr~~-~RM~o ~~~~ey~~at 

••&~-~~ua .••. ffih,~-~--~R .• M~~-~~~···*··~ 
~Mi£ii~rr~mffl.PJ'\l.oo, ~"- :1J-@!~~~iklf~~. Mm•~:FtflitJ .iHi6a9~rro 5£ 
~~:Ft.aw.~••~~•.••~~~~o -MU,Lm~~m~•. ~•~I*ff 
n.~a•t.aam•.~~*·~·$~#Bmfi~atMOO, WR~#~U8~-~­
¥ji1Y'!~fli1J, 5!nrrf.l?."$o xt~~I~~B9~~R4-T~~T-9='rliM·~, ~i'iJ ~lti~R-t.l 

~~®~.xey~~~~~~-t.l~I~~~*mfi8~H$~8~~$o 

~mfflilrlji~~L~I~~R.ft~~-, £t;Ji!:~ji~~L~ff, ~~ff5f1l~tfl.~~~ilt.~ 

~~L.·, DG~x7ift~$i~itti:tQib!J~4!t.fflrrittlfl;:i~H~, TRE:fitit~#f&.llfi*J.ji~~~ tt~J*"'­

ji~!JLftff9=', t£~L~ti!r~nt~t'J<J~lii?.Ja!l"~~ffl""F~-'ilti~#~~LJ~¥a, ~~L~~:ili 

•*~~~--~·A-~ft9='.~·A·~ft9='~--~m~-~-t'J<JSto~~~-~ 
tM.,L~W~, f~~--@.litf.il!ffl o Jtf~~LftiZ-'=ii&t4HMW~~I!Jjm~ 5-37 JJJT~o 

:a:~~r~~.&~•M•~•~~~~•m~4~••-rr~••m~•"'--rr•m~ 
fi?j!lj1f, ¥J&W!¥xmt~~~~:RJ!tititJ&ffii.til:*~~~m~rl~Jf~~. MW~&;f:IHm 
~~~~~~~~~-*tt~~~~~M~~.~~T~~-·~~~tto 

&ffi~~-*~~~-~~m~*m~m~~. ~~~~~*A~~~~~~~~~ 
*K1ifD~~~~W~.MIUM*ffim•.~~¥a~~L~WHilic•~*~TMtn.B~m 
~~~~~~nm*•·~•@~tn~•~ 

• 

--~~.-&E•fi~S~IE.Wt'J<J·*·R~ms~~-~~-m~~~-~ 
~rm~#~A~fflNo i!I5~8A~~~-~#fR4lt~.llfifl&•.•~,M~.~~­

·~~~~·IJ¥m.IVt~~~IGft o 
e~m~~*~~~w•~~9='~~m.•~2om2w•~*~-~~•a<J.~~ 

~~*~~~-~~r-~eBa-~I~.JfW.R&B •• A~#A~~·*A~~ 
9-lli..Rl}( .ljl-ikl~ g]-j( a:tr .&IU. IZil ~Jf ~ 1±1 t'J<J ~ ilitl ~~lit R ~ *1f =f ;ex , :if'~ 7¥5 =If o .R ~ ~ 
~mi~!JL~WHft~t'J<J~~iW~~rr~~!Ji . .fHtx;J-~Lft~·~~~*f1*tE, 7tfm~fl":X;J" 

tt:lt!!ff~ili~J.i!Zltrt!l*f~~~~1$Hfi-* 8 ~~JtitJ~mo ~1tfim~::k:liJ:~ij3~~~fi, ,g, 
~ w~~w•~~ e :tQ~•~¥*•*:tin""F = 



. 234 . 

2 
1 

7 8 

9 

10 

9 20 2 1 

18 

·------· 
00 5-37 .i£~1l -fti~& N:~lifi;f!Vf-:t!OO 

1-li~: 2-tl:a:t~~H: 3-tt'lf: 4~#H: s- 7k-flifltiU.: 6-iUlJrth 7- illl;ffl.: 8-~lt!!lil: 
9-~'11!! it :lit~ : 1 0-'IHIH!U~ : tt -tltl!!~ ; 12-7.1<.-ffi~: 13- iili.iitth 14-!\'L it~: 15- ll.ll)( 15( : 

16 ~11-fli*: 17-~L!ll(~; 1 8-7./<~; 19-~ttl~: 20-tfl~~: 21--t!l.~.fJL 

9 8'1- i 7 4 31 
10 

12 \: r1 
' j_ I I L.: ' j / . 

..... " \ D • ~ 
~ l -+· /' 

~ ' \ . 
Jr "\.... ~ I 

I""' -
' I 0 ' 

-+·I' ,' ~.-~ 
II 13 

Y llooooof 

00 5-38 ~;f'i'N:4HiGfti!Jtff-:ti: f~l 
' 

1-lil'l ~ f1i Iii ~tiL: 2 - T-,ji-~~tiL ; 3- $t.1tl'flll]c 1il Hi !ttl ~illt?lil : 4- illl ;tO ~-*4 < fg-J'o!i 11.1-t J'fll> 
ru~ 1111 #Iii : 5- il!! *D1il u;lnt !lt ~ t1t: , 6- 7kffim Hi~ :i! i r a~ t1t: : 1 -a!;_l:fL .U:f5 : 

8-~~ ~9i~:iiSit:fit~ t'i ; 9- tlf lllJl'\l)l~Hii'l-tdi#ff. ; I 0- \t !)( iflllf Jlll;-;{ ~ 
itil~tlt:; 11-~fU#J; 12-FiftFil1l; 13--fltfll!@!~~'J: 

< 1 ) t£ fljfJ ~ ~&:, ®HJkfF 00' fl , ~Hrti £ ~ , 1!1! .ffl ~ f.& o ~ >JUt ~HJL t£ flitJ ~ ~Ell J(.;ff 

~-~~~AfFWOO,W~I~A~~#.~mW#~m~oo~•fl~~RP~~~­
~f'F o 

(2) *~*mm*~~~#o ~*~~~#~K~tt,~#~~~~tt~~~#~~ 
8ttWB .• I~A~~~,·~~~~~~~~AAM~~~-·~*~ftH#~~ElZ-



.................................................................................................... 5. 3 .(a;f;il.~J~ ~ tt . 235 • 

J.J ~·l:k • ..El&Hw A~* mt ~ ~·11:*"0 W~£ffi.*W n a9 :1(~ :fffi rt~ * o 

(3) e~~-~~-. e~-4~fia9.fflD~.&R#~*~&n~~ffltto Mff! 
~*ffi&#m~•n••~~~&~mmhe~E~.&J.fEll~*~± l% ;BJ.J~•~ 
~~•J.JEll~*r± l~;~~m . •~~~m.m~§~&*Ell~&I~~*~~~~ 

~~~~e~~~ftWm;Vftg~~-ft~MmJ.Jm~*~±l%; m~~•at.~~ff 

-m~te$:)tgEll e~~$. ~~ffim~m~un~/~, ~P: rm~fM*il, *ffiwt:rtllil~~r@nlJ 
tiftJR-*Sl- , rtll ;fflt& !iB ~ , 1.l<ffi UHf.* , ~ 7fi!JflHtiUJi ~~~!$~'Ifill :I:'M ~ , uldf- ffi ~ rfil: lit 

•n~•*· rmffi&~•·*~~ff•.~••· • %•~•~2%•A••~•••• 
~~~--.~H~~--&~~~~-·;5B§~m~~~~--~E!~~~~-. 
J:J31;$~~~~ El ~{to 

c 4) ~A~je-ll~~~~&ie~~filio *~Ell:R~~~!t!~$tM~iEfi~~~mW!f& 

~.•~~-A~ilifi~M. ~••~•mfim• . ~fi.•mo •~~m~m£e~•oo 
-~~••rr~w~. ~-~~~-~~~~-~~~~~&a 

(5)A~~8~~~8~~-&fto ~~~:1(~~-a9~a~•.~•&••~-~ 
~~3, ~~~<W!t.tlfi5C#&:·•tkfi:fl•o ~~~•:JiHiH~.Ilat!.\l.ft#~W~~:W:, ~m E! 
~~ili~~~*.-M~$ . m¥m~. E!~m~~~~$~fi:Ro ~~~~.~~~· 

;!i!:~~1t~~ ~-**-f*iiE 0 

( 6) I~#-~E!~H·~·-·o ~I~#B~~~1t~. E!~~m•e~&-~ 
-fam~at!J!tlWr, ~JEJtlHi~ PLC W<;;Jf PID :itl:fiiffi.lmo j3~~ , E! 1£*akE@~~~HP!C:11 E! ~ 
iffllm~~ftit~ E! ~m•~~a ~Vft:LJ:_:f:-Et~*H, *••~~ PID ~'llrmlW-?W-~itJT:ttl!.~~ 
ili-E}-~~~~ o 

( 7)~-~~~~~a ~~~-~~r-~M-EtS#W$~~-.~~~--,~­

~---~Ammft~~~-~.-~~~~-~~~~-~···M~-~-iiE~~~ 
ttf;., :ieh~~o 

-~~~,L~~H~~~em•m~~~·•*~~~tl~:R3~•~ : 
( 1) -*§~:rlmtJ:115t <~~ ~ =t-~~mtJfilt) o W:8~:115t~ Lb~J'M~Hf.tM~tt~. 

-~~~~oos~9~~o x~~-~~1£••~•wamm. •~«~*•~~J.J.ff 
~.~&.mhl~m~~~~~~~*~~~M~~fi~~;~~~m~&~~-*~• 

~--~-~&4~:iefi~~-~n. ~fl~*ffl~~Wt~~~~~fl o -~A~--~ 
m•~-~~&#a~ . ••. ff~. •~•~•••~@m.~rl~~s~~.~~~ 

~·-h-~o ~~.-~A~-~~~~­
··-~I~·*·~~~.a•m·~-~ 
~~~1£&-ll~SWMW~&I£~*· ~~ 
~~-*··~~AI~~o @~~~~-~A 

~~--~A.,L~~H~-g~·*·~· 
IA~~~m•&~•*a E!~~~~-~M 
M~M. ~~~~'~'L1t~Hr•••*ffl~ 
#E!~fij.\o 

~~lit 

~!!!\I ?.II 

9ijfl 

Et!.tll. 

~~:!9 t-

"'-
~~ag 

lfj!lt!,?,3 

tUI!fS 
1'1:!.2/!t& 

( 2) ~mfl~*~:115to mA 20 1!1:~ 90 00 5-39 #H!:.tm~ttJ:Jnt 

mw.m 

~iliiJ E: 



· 236 · 5 $L1t:li' Pi~ i!i?.:::f .1& !!./".X. "1!:. ······································································ ··········· ··-

•ft.~•~A*~m~••~•.*nm~~~~H~~~~~~m.•••~to~ 
5 -40 JYT 7F o Jt .:£~~ R.i: ~~ ilitJ :¥: ~itt: ff ~A tf·Jt: .tJt , JJU!b {)(. 3~Hl?: ~ ~ iffiUlL ff 1J , ~ uL 

Vft:fl1:~fi1i -l%Jm:i:1~*~1~:ili l!U it~:fJL a9f~~fHllli Atli -F t; it~ :ffl~~~ffi »f _t~ffi ~F ~ 
a~~fiBm~--~~ft~~o ~~~~~~~fiBmey~•#aitW:ffL~~-_t.~ 

~AI~··*gey~ffliT$:fflm-~W. ~~-~Am••o ·~-~~~>1<19:*-A 
ff-~~it~:fJL~#~-#~~. ~~Xm~1i&$~~I£•&.~~*Ritt:*W·~ 
~~ili~••o ~7'~. -~~-ti!&·~;fr43C~I¥Jtt~:ffl~i:R~~&L•t~t~fil¥J~>J<. l1i.lat•f'F 
AmmW~ffil¥J~~~B~IZ~>J<~B~~.~·fF~..t~Mitt:~l¥J~~o mrit~:fJL 

iEfr·fF·~~$} W fOJ~~~{J>it~:fJLbt~?HJL, ~atflftrAtlru W ~-F l¥JlW:iili'aJim-tlL~iil!-· 
~~$~. ~W~~~AB~~~~~~•••*~~~-~~mft~o 

wm~ ~.izHlli ~71'~ 

~~~ ~X&~ 
~.At& 

pcm_ 
-

llijn fiilflllii 

tl:lrr~ 
EI!.VI. ~lli!J s er tit 

00 5-40 PC ~11&*~/JJ!:; 

(3) 7HP"A~11iiJ:lfA o ~~~ilitJt!ot~~JtftM.w:fl!~I¥JJVt~&Lffl, ~~~~~L~*FH~f' 9=' 
~m••**bt-@ff••*•~~----~ey@,*•M~tDW 5-41JYf~ o ~.:E~ 
~~-A~*··~-M~~.~~~s&m~~-l¥J~M.~f'~a9='~¥J~h~B*Jq 
~:ili~m••~~ft.Wt~tt•. ~~~~~m~M~aift:§~iEfio R~••a•~• 
ey~~~ilitJH. Wtntt-~_tfllitll:fJL~~*, _tfllit~HfL·~~~~~~:i:tfi~~fiB 

~r i.l'l JJrit~m r -t.<-:11-i}itl'JVI. 

CSMNCD NETWORK 

J!lltJJJS!iPJi tnVI. trmm I t;;: rfil mJJ iJff: m I 
- -- -- - ----- -------------------

Jll!t,h.~Ji 

I UJtifjjmftj~*~ I 
I I 

t"lfi~t£~1f)l~ ~fl~f,Jiml.lv~ 

t + t t t + + t t ----- ------------------------
a ll I!! N 
~ t.!l ~ m 
.fit .Bt :lit :lit 
flfl *i ~ fii 
A .A lfl lfl 

tJl IJ! VIE lifi 
llr f!! .m ~~ 
~ t£ ~ ;fi{ 
~I ~I j! rt 



.................................................................................................... 5. 3 .f.ll:Vt~Jt ~ tt . 237 . 

W.#Hn~~--~*••ili o ~~.~~#amff~~ili~~~~~*+*~M~4 
~:@~t o ...t 1iL i.t~'): fJL~ fmJi! :i::tfti'J !!l!G !XiJ ;f1l~ f' r ~ 1¥1 Jtf!E i.t• mll* .* , ~ tJHIHft .:E ~ 'lf fJI.LA. 
m~~l¥1-·o ~:@fi:i::tft~. ~~&#~miliR-~"·*~-~~-~~ho ~W. 
~~1f:rtB~~wr~r-:kr~*.m o 

EI W, OO~,L~~&~f'~~~-~*~~~-. B£*...t-~T~~~Hl¥1~~A 
I~~:;J<, 1£l. Eb =f'L1-t~H*:!ltl¥1tt!.W:~~f'l¥11'.fi*•jii . ~.*~1JJfrH:~o""fa9~JE : 

( I) iailfiJJf~LJBt¥.&tmt:B.!:r't<J~lY!UI'iiJ:lmo Iii =f'L~~J9J:l¥Jj'itj~JJf, Ellltr~t9:1! -~~:!It 

l¥1Vfi:l:*l9!tl!JN* , ~q{J.{t~ ~7@~1 l¥J:tJnA1JJ:\H tm.mtfiS7.k~~rffi.ffimt:!il:l¥J~it*:boA, ~ 
~:tJnA1J~~~~~•ai&~am~¥Jrm:•l¥1.ff~~-~l¥1~fitto 

( 2 ) il!l~, lK.ffi:tJDilfi\Jiii,ljfCl~ o ti:7J<.ffi , illlffllR*4 :bOilfi\:i::t• If!, El:l =ftill¥J:boilfi\Wttt , 
~~~-~~~m~.*mm~~-1f~~~•m~•~l¥1~~m~o 

( 3) tN11Ltdt~:lj!tl 10J~ o Iii =ff-t~ 2tW.~J , 1ff1-t~J~~;!St 1¥1 mt•tj', ~~l9!1J, ~Ofnl*ij!rj 

~'ft:I:~'LitWH~f'~~-~l¥JfClBo 
( 4 ) 'L~~J9J:l¥1~1fl ~ iiJ~iMfiiJil]Io ~'LINEJ9J:t5!Il~~~~Dt, ~-~nfnJ.m.f'f:i~ 

*'J'l11~1fl* l¥1IaJJr e ~i.IJm~fllJJ< l¥Jmt:l:, ~fifrl~~fllml¥1¥.&t7!Al!t~*1ill:~~~*. 
-tl!~~fti!J-*. rp (19 -1-11!~ ['ii] iii 0 

cs) ~--~~~0 Elftff~n~D¥.&tl¥1~JJt . ~Ha••~•~•~•~•~~ 
:;kl¥1·11:·~· R9~~~?!i!tl 0 

~1¥1*~· e iiJ~Ml¥1~h1f~m•~•j'itje~~-ffi~Ml¥J~e&.~RE!iiJ:tJu~ 

~Mfifrl#·o ~iliRI~--~tt"··~~iiJ&·~~l¥J$.ttffl~a~"tta m• ~ 
~~Ml¥1WJJf •• ~~~-~Am.~·~~~f'~~~~f'o ,Lit~H~f'B~*·l¥1 
2t~~~~~m : -

( 1) ~1"~L1t , ~f!J, ~H IJ¥~Ht ~ ~1-t~fti!J . tr::k~f='l;!t:f~tli!:: mt.M" ~~ ~'Lit:.lt!V 

~~.:ErAt o 

C 2) ~;a ~L 1tt"F§§ f=:!i 1¥1 :it :;k , ~-~iJ!tll¥J·l&i ~ ~~t~ ~ , J.ill11 ~:11!!.1£ fti!J i!~:fE~ ii 
~l¥J~~:@fi, ~~~~~fi:;kl¥J~~~h o 

(3)~~--.~~I*EI~--~l¥18M~~~~~~~l¥1mao ~~~~F~M 
··I~:i::t~rf:'. :ii1it*fflR~.~-~fli1] ,g,a.*•FCS (fieldbus control system)o W~~ 

-~-d1lr!r.zrBJI¥1~1t~tt~. ~f't!~J~•~~#$, J.AW~3&~ 1~89-~.af'~~?'!~~.li 

![X , .li~. •-m~~;f~li~f'F , ~ Bt 83 =f Ethernet JXX1~:1t-1Timffl•~~!IL ~#·~~~ 

.~ , ~Jlt~ Ethernet ;ffi~l¥1~*1iiZJf.!~jJ_m~~ifitJ B-.1-J&•f'&o f'&W, El:J =f Ethernet ~~* 

..ffl l¥J ~ CSMA/CD ~l:)( , ~~{} ~t!C:G:fifr!f£ ttfflfH$tt1J ffiF{f{Elf-.@~ Jl€i o fl9 Jlt, -~* 
ffl TCP/ JP #}~, ~~Ji!T"~~l;f~~l¥13f1J~#ii • .X1 TCP/JP ;ll!:~~l¥1, ~~{J TCP/ JP 
~ftMI¥1~~--T~81¥J. OO~§al¥Jimffl.G::k~*WT~•l¥J~~~~eyatto 

(4) ~f!J--~~iiJ1£M··~1t~~~-'L1t:.ltHm•l¥1•~·az.-,~~~­
~~l¥1'L1t~H~f' rBTlfi:~o 

C 5 ) I!Jf!frir1~L@, ~ ~1-t:il!:W~:bot:R. iE:2&~Wf~~J.lll. ~m , ~~.fli!itH~.IMti-@-® *· ~~{E;jj::~iw.~!Utl ERP (enterprise resource planning) , ~FtArr*• MES (manufac­

turing execution system) , ~Ft'!ifitJ •• PCS ( process control system) .=:m ftf ,@, -~1-t 89~ 



• 

• 238 · 5 $L1t:J:t Pi~ &~e.;:;t ~ 1._1L ..r.!: -----------------··································································· 

tk:'JJ~ o ffilllt, ~L1t;l$~~f"~fljlj~~Jj)z~J.mllt-=:~1~.@,t]9~-o 

5. 3. 2 ~~tt-.J~/iX&I 1'\:~J!Il 

5. 3. 2. 1 #tii. 
~.rn::U~ 13 iJJ~flJiJ~t!E~~nX;~o oo 5-42 J'Jfffi. h\J)J~~ ~1H !Jtlif ?t:1iltm-t-'$?t: ~~ 

~~ ~ mu.t ~ rm: :M: , ~ 1.tr , mt:m:-ffl' ~~ .&;tt5t~ ~~\ eg 1W.t ~!ij %1:1 ~ ~ fi!: ~It!. m ~ ; $ J:t-V'& m 
~~-W*·~~t':UW~MW·~~;~~~~ffi~~~~~~%1:1&!3t~M~~;~H 
eM~~Jli!J'~~o 

¥ mi.l'fl'~flliJ!ilim 
I 

I 

#!t:!:Uit. Jf;k:!itl\fl.A #HUlL Jf:'IUIHi~l :±1 

I I I I I I I I 
.1* * i1ll ~ i.\'! El! 1JD ~ 

mt ~ iS( :f§ m @ JJt lilt 7.K ~ 

* fll mE mE mE ~ ir.l ' = ' Ill ~ 
f)( 1m. it -"" :fit ..._ 

~ i! i1ll .lR .II!. !11 :!il; it it it ~ :t1l El! 7)<. 
}i- ~ a Ell. 
~ 

8~ lilt Ya - Y2 T1- T3 llJJ 

*1)'(*~~~~~.':/j 4- 20mA ~tti\fltt!.~'ii:ffi%!il(;JI*{I:Jl1~%' )!~11§1% ~~~~.1§-' Ell 
1~%~~tt!./m~~:1-J 1 - 5V tl9tt!.fff~% , ~$J:fti'&-tJt;Y;;HiJ!~:m: ~ 6l.tf1Jl~ Xiffi, liiJB;j_:1il~~ 

~~t'~L~tt!.a~~~~~~tt!.mm~~-~%0 

00 5-43 ~ili--1-:!1L1t;l$~~t'~~IZmtW~flJiJ,#-~ffi19iJ, * 5-20 .:1il~flJiJJ)J~RJHIIH!'{o 

~ 5-20 ~fiiJI}J~PJHUt 
-

ii 1i lib ;ffi~ :f'Ht JJ<;fti~;i!'lf/lj} ilb;ftilli~tfitf 

fltml:fll T02 H02 FOl F02 

f~~:H V-~lt!m Efl.§~I!HU:itlk~:i!t~ Ell.:® f~~T-Vli:!i!:i-1- lij~~~T-!Ri-Jiit 

~~H~:f\1~% 4 -20mA 0 -lOrnA 4 -20mA 4 -20mA 

~':i!illJE i!.ilt1!:-:i!H :tt:~IIIJCEI!:H $:~11 :tt:~.tlllt 
~:ili.!)i 7G$i!!J l±lm-iii· 1 -sv DC 1 -SV DC I - SV DC 1 -sv DC 

( I ) fAt :!It l!Vf- , 

(l) r&I.M.>'rell', ii:!~, PID iAlll'i, ..t rll&tllW V!t :lit Jre ff- ' i[! ~ ' 
iC.)}t 

:P.l$~~~~ ( 2 ) ~ l.K ;ffi flri til 
(2) !ilUL.!relJ', ic~, PID if;!Jl'i, J:rll&t&W PID iroit 

~Kffl~ii1£iQ:j£ 

rr PTO ~l'i 

~ l±l fl1r-{} 4 -20mA 4 -20mA 4 -20mA 

~:i!ill-lll :tt:~lf :tt:~lt :tt::i:.ft 
tl\~j:fll.¥iJ E(.i'Jji\JJN~l'i~RJ a-3 '9:. ?91 ilf)N ~ll fliiJ a-2 "'\: 7JJ lW 1m~ 1'i fliiJ a· 4 

ttllitJMi't llb;h!ff{f.ffffN~'ff~~ JJ<;ftilellllt:!lt illlffilmtlli:lil: 



• 

....................................................................................... .. .... .......................... 5. 3 ~)Jl');jt ~ ~ • 239 . 

~;&5-20 

et 4;l l.f}ff!~tn 2 -IJ71H!.itn 

lkmt11 :rrxfit l 7f;X:jj!;2 :Jf:X::li3 7f:X::I!4 

1~ ~~·ltuw lil m--~J ~Ell flJ:!li m~ma ~JJ!~ill:ld: t!Fi;lf.M-1 

~~i(lJGftt tl:i f~-1} 7f:X:tfl{l :tf:X:ffl-El--l'X 1f.:X:eflit- 7f~tfl1l' ·!?\ 

(1) ~~BtW~=::iililiiJWiol I ~1ltFit11.Fc, I 
(I) ~~hJl-!JJ~ - :iili119J.jjJiuJ 2 ~·trt~.fll 

!Ci • 2 .ftl!ll-§ tniE ~ 
.q.ml-§ ~LiE~ 

( 2 ) ~ 2 I} ifl ~ t1L <P ~l!lt JIJ 15 ;!l)iLfit 111' 
(2) ~I ~tiHHL<P~/iUJI;!;.t!~fitllt I ~ 

1Jn~~~m~nJE1i~lll!:w~=:i!flij m 1o1 
~ltfW~ ml-'i tn1Jn ~~:i!tm ff-1:1" ~lil!hll w~ _ :im llJJW 1o1 

I .t}l!li!H1l 
2-l}l!lJlitn. 

( 3) ~ IIH§JF ~ f;fl '*' Fc 2 .f}ffHli -tn.~lii. 
(3) ~itli§;Jf;X:f;fl'*'Jii I .t}illJliffiJtlii.ff-

H-~ll't~ •• FcW-~Il'tOO.~~WiE 
~a<tiBJ. f'&Fo~-)i;:U<tllil. JitJ5.jlj:iEff-~ll'tfaJ 

·-~111'~ 

ffil:l:l1a~ 7f~:tlt K8 JT~:!it K9 7f;X::i!: KIO Jf;X::W: K3 7f~:!li Kll 1f~:lit Kl2 7f ;)(\: :!li K I 3 

~~.tp.Jf; ~U!.im ttl! t[!. ',m m~Jm tliftt!.lm fl:ttt!.lm ~~H ~at!.ll& 

tllf it!l.flir 
1 .f}fltiE~ I -I} t1L lii. .f7 1-f}.tll.tJII E@.latflij 2 4}!fliEft 2 ~ .t1l.lii. ff 2 ~·fiLJJn 
!!« i9J lit It! 'IN ~;lltt!tt!.U ~~:5 =::iiJl~ !J«;Ilf!flt!.H !J«;IJnf~lm $l'l<:g 

~t!~~ I .f}jftlljt1f. m~n ~l!lt~lol 2-f}l!l~tn. r.i71'1:f 

* iJ.IiE~.f4~ 
..<"\ ttfHi{ 

\~ TOI 

·r I I I T02 H02 

c a-4 C I c b I a-2 FO I F02 
~..., _ _...., K l ~ K2 ~ TO a-J 

~ .tt\ . ~ ~ 

1¥ a-3 

~ ~~ .ft. HO I ,.... ,.... flUL\1 

illi1II!~t41 Jl(HJifHt41 'fliil:i:t~ll )-....< 'ifiii:t~\1 )-....< 

ll<Hifll~Jj{ illlmWi:l!¥ 

3 

r 

"fiJ( 
~ a - 6 

T04 ' a- 5 
X ri ':::: K3 

' T05 6 WtiUU 
~ 

t;?,l:\~!11~ I l UX II=l x~ x~ 
~l.{t~ ' J ~ I POl itH-!i:tn 

!'flJ:t~m~~lt-t?'-~iiL ~itiJ*1l~~.¥~ffilBiUH MCS-48 .¥~J 8031 lj!J:t~fll.~J:t~;J:t]l! 

MMft~~~-·&, ~wmm2•A- ~W. H~M-A . • W.&#M~~~~~-. 

%~••· •&-••.a~~~~*• - ~~~m~~m-~•~~e~~• . ~~~ 
.¥~~h~ft • .¥~~~m~~~~I~o 



• 240 • 5 .1L1t.*t ~ 6? ~~ ~ i.l' .:L t; ···················································································· 

7.1<-ffl , 7ltl.ffl ~ A7fg1'iU .=:.ffl i!ri till¥.! IC lt ~ 11 ?HJtJ E8 7.1<-ffl ffit :litit , 7ltl.ffl i!ri flit , :&: m ffit £1: 
it. ~~•m~"'P«~~~-•~m~~o ~~~•l¥.l*ilriSffi%•~A~"'P«.~~« 
••~tt•*~~&ffi~tu••~~~~••.~~~ffi~~~•~•~m••.~•~ 
~ifW"ff o 

·~~~~Mffiffi~~·~•••~~~•,•m••~~«,•~~~~*~•~ 
~;ftgJilto ~~IWi-l¥.!71i!l1ili%flt~A~fi~1111Jtt'i=', ~iWH~~LH~-I&t~til1~~:bu~-~~l¥.! 

~~-~o ~~m@ft~~-~~~~J.I<~@•~*S~~m. ~~~~~8MSfi~l3 

5. 3. 2. 2 t. ~#:·) ~ r.t 
~~WH§·~~~I¥.!@~~~--ffi~B*ma, RP·~~~¥·~-m~~-

M. ~l'"*~tJ~~:frm o 

A ~-.;& ~ 1litl * #t. 
-~~~~•m*~~m~~~-~~5~~--~•~*~mo ~T•~~-~~ 

~~·*m~~~~l¥.ln~~~~~~~*~mo ~~~m~~~~~~~~~~, ~~ 

~~*~' ~ftMMft, •m@fto *m~•~, ~~~~*~~-~-~~m~~•• 
~.*m~m@•~••~~~@m~~~•~.~~~~m~rm:~~~~~~m~~. 
~:bu7•al¥.!~8tt o ~7•~~-~-·~~-~IZ•*·~•@m~••~~ftZ 
~~A7ffl-~"'Po ~-~~7~aa~•m. ~~-~---~.Ml'"~AAWMffi. 
nrrz:eP?k•~~ffi3C@m~ Jl::E$ti o 

B .ft~~{jitj * #t. 
••m~m"•*·~~~·····J.I<ffi~JJ<~m~•<•DM,W.~).~J.I<ffi 

••~~tt~~F•~~~;~m··•m•a~•~~tt~~tt··tt-aJJ<ffi,7ltlffi~am 

J?IJ 3 :f'l'~il*~ilriiit, ~iWHHil7ti¥.JDCtt, L2A~jtJW~it:iU1l~lt~11JiJ~ 13 ~; *'1M ... m 
·-~-~~tt''*·~~ft~J.I<ffi , 7ltlffi~~WH~S!l, ~-~IZ*#,MW·~ 
WJ.!iJJ!::Glo 00 5-44 ~~1tW~:ii.1t1::f=d~I£i!riWOO o 

(I) J.kffiDCM•m~~Wo 7.1<.-mftCM~{JUit:::k, WJ3..>J(ftelt?'t1Hifflo *m•m~~W 
*•Q7.1<~a~R.it~M£~± 1 % o ~AIS~~7.1<~·~~. ~JJ<ffim-tt=:bu7.1<, 

1t-E8 Eg~~-~~'ffiit:filo ~7.l<:til:\5~U~.fl'ffi~, ~m~f~:IJPJ.k!NJ, Jt-al±lffi~, :i819aJj!k 
~IS~~--~-~~-fio 8-~MM.E8@~ff·S~.:boAJJ<~m~-o ~·­
Sa2:\5~H~'ffi~.·m~l±lffl~.~+•~I~~:buM,Mffi~-7.1<ffiME~H*E 

(2) ~mr&H~~•o ~!f11i!fflin~•mm~¥~~~Jil!:rr1i'm, ~~'c.'tfi*:!i!! WJK 

~mm.!l~;@~iWJ&, !liK!~&~:::k-T ± 1%, A~~~~ 13 ~tiiWfafilf'Fnj.\, ;a;mn11.um 
00 5-45 FJfjj;, B~~M 81'-00SJ!K:tl!:h~~~~ffi!J o 

*••*mffi~@m••~~-.~~~-%~ o~ -w~o 8ll~~-~~%• 
JIG~ vv -~~I -5V @ffi1Ei%, Jt-ffi•~•-f*~. A/0 ~~-*~-l*~fttlfdl±l~flm o 
Jtfl~EI:J~f.lli~~Jt 8155 ~~~$~~18:~ffo -~:E~JililWI~, ~~JJ!ftJ!4f~1'-~W:il! 

~-Tiltt lit, tJL f tiC~ JJI! , f'?.tFo -~ ~ ?k !liF •• it , )f!;:J: 8155 1¥} P AF, PCO ~Alil jj; =¥ ~ !318: 

~~Ko f-ltiil@Jm!JIK~~ffi~. ~Hjj;~mz~t~%~7N!!l1R o ISJB>t, ·~JJI!ftJ!4fit~~~¥U 



---------------------------------------------------------------------------------- ------------------ 5. 3 ,tft.;j1{;ijl').#: ~ WI. • 241 • 

I I 
rlL 
~ -:.~- 7 

b7 
I ~ 0~ 

.A 

5 3 
cp cb 

•il 
1 a1n if 6 ' 

' 7 - ' ~ 23 
' r>~ 8 

l '-1~ 
~ 

10 9 t-cp __J 27 
u!IJI _,.,....,_ _,........_ o-~ ~ 13 f JJ 21 

..... 12 
I I Qzo ......... -"' A. !Jill ~ 4 

r ~ ~~ ~ 

24 ... 
15 -

~ ~ 19 c:b . . 
~18 25 

..... 

J!l!! 17 ... _.. 
16 

..... 26 

r cb _>A 

~ 
r-t 
'i 

00 5-44 ~f1L:flltll1L1t1-i:~J!~-A:.~F'~It;im:;§l00 
t--!iRii$-VL; 2-~~H; 3-;tjqGlf#tti; 4, 1, 14, 17- U't'*ff; 5-~1@!111Jil; 6-EI!.-T-f!Z; 8- lll·fiLtt; 

9-l'ifi:fil.:!tlttJ~~tt; 10-l.lc~i.il'\lll; 11- t.t;.tHil; 12- iJ!!ttt; 13, 19. 22--~~; 

~ 

15, 16-l'lll ~jl; 18-7dl~ullU~ ; 20- 7dlltil'ifiiitlt; 21-:t:ftK; 23-~ff!B'fiJ l'ifi:lltit; 

24-/t#Jff; zs- mil'H; 26--f!?.liUJL; 27- l.lcltil'ififiit 

:lt!!J.d:,~!,i 7f*ll EPROM 
!JI&~i!tl 

8031 
-1* 

SU\t 1'- ND l'<f IN 

rxm ~ 

-~!.! 13tla 
~~ ~J. 

~"' ~ 
~lF 81 55 ~If~~ 4171: ~%i3 

~ .~-

ffl!lE!!23 



• 

I¥J~~mlfii~ littil!A~AI¥J!'€f)E mlffiuH:r tt~. ~¥JJ-Qil~{~-'% o iftl~m %~£~17~ 

~jg;l'):,S, ~-7f3Cii:!Qffl1Jfa.Ji}, .lltffi%~ 8031PIO IJtfitr/:ljjU:Jf~il:~?gj~-I@.JU}, ~~ 

ili1J .ffi J3\Z I¥J tJ.t.rrfJl.:MJ o ~ il.fJL~~ ~i I¥J iE!J.t f~ -T ~ }:E ii I¥J T llltf.Q ~at , ~mtm ttl fl§f% ~ illi El ffliJ 
M~B-9*~~.~-~-A-~toM~*rrbO.; ~-~1¥J&-·-T-·-T~~I¥Jk!IR~ 
~~.MeLM:tG%3CM-~It!E~.W~to•; ~-~1¥J&lfmtt~}:Eii~ .• mMW 
Q%•~~~*1@.~~.m~~*~*•••; ~~~m•••T~~~r~2ffi~¥Jkm 
M~~.~m~*~~~lt!~~; ~-~·~T~m:t~~ffii¥1Tm~~~.~m~~~ 

~~~-~tom.~w~•-~m•I¥J¥*8~o ~~~-•~~.*~-~~~~~~ 
lm~~ffi~, mWtt!.B&mWo 

•~~•Amm~¥J~~~m:!Q••amto•M~aft••~-~~m.~I~~~~o 
00 5-46 ffi~ o OO'fl BW ;!i!d~d&M\11, 5RD ::h~i111M\lltlii't~H-~~*fM. R ::h~i111Y1Btfl1JOM~!, 

5 XM ;..9~ 71f! rmm t&UJJi':f~ .il£~ El ~'tj f~ o tH a:!Q ffj!J ~:;ll'H~i ~:I:[ 5 RD ~ 1WiraJtil ~ 1¥J tffi\)jt f~ -T 
5XM itt~tlfftl.tat, 5XM ~fF, .fe!h~ CJz~~ R Wl@.bo~, BW ;tt-76!, M'lillilfl5~U~}:EYA11. 

Jjt,S, SXMigjfF, ~fM!~CJ2 lf[r7f, R ;Jc*, BWi!fl:Ull, b\iffll5~1jf*71f!f;lmt\ft~ftitj o 

J-€}llb:ti'J*I 2-€ti!MQ*I l~JMI!lll 2-Et ll<:tl'lll 

1! 1a 1! 1! 

X:: 
;;;:< ~ ::X !x:: 

p ""- t:x 
::X k >: X: 

cc:.l = ccblt :; ~ c C> -
X IRD X 2RD 3RD I 4RD I .... r JOT -2D'f1 ~ bP 3DT - 4DT 

BW 

LW 
SOT I c 

,--.. 
'-.;;/ ---

K ~ 
YFI -----
~ -----! I --

P•RD - '_t: 1!.1 L -~ 6RD = -- :--t R 

- 1 YF2~ t SOT MOlT , SRD .... ,_ 

6DT 
M'D2 cb 

9DT-J3DT 

I 'Z tr WI 

I 7DT 

00 5-46 ~L 1tW~ ~f=~~HI ;/J~ili\i&:iii i!: Ill 

~1%M.ffiU~MM-~&~~ . ~-I@.~IM ·00~.1%Yib.ffiU~MM-~m• 
f~-Til;~>j(, tffi\Jjt~J.R~ff.ijf~ lXM iJJ~, s:Ff8J~It!.~ ZJ1 ?gjfF, ~fU!k.H CJ, ~'ff, 7fb~ 

MD jgft, ~~ . lt!.-~ 1M·~-~~fF . i!t1:8Yib.~I¥J-8m~ IM tO~I%M~U 
~mmq~~~-f*BW.M~UM~8W~I¥J1fffl""F.-~M~f*BW~M.~-~~ 



............................................... :....... ................................................... ......... 5. 3 ~-).:1£: "~..~ . 243 . 

M~~~~~~*·~•~@u~a~m~~•~• ~w••~.#•rt•~•~~-
1)( lXM A~tl:\*, ~·tj!IJYJ!iJ[:J;53!UI~~>JtmJ.tBt, 1XM i9Jf'F, 9='10]~~:$ ZJ, ~~Wi 
*·~·MMftCJ,~*.§B. MD W~~~.MOO~dl~~~~MM·-~§BM 

:fEIZ'iflm:bP·i~d!!lt-t, ~fttHf~ K6 tJit1JP·1~HEAlli!t, 1=i=l!aJftt*3 ZJ9 I!&~, .ge 
*~IWJ 5DT, 7DT .&:It:'lfM!:I!!i!iWJfJ*, ffij 8DT, 6DT ;#c *~tf, ~~1JP~~§rffil.7IbtE 

MDI 1f:Ei9J""F, IE! 1~71fil.ilH~ BW ~SOT, I~'lf~4l-lt!.~~iiL It:'lf{ijt~fk , 7DT ~J§"rnt:!ill 
BW, M jiijjG.Q\t~'~Jm:bP•f*mi~uWo 

:fEit:"iJ~~!fllt-t, :t£illtJtf* K6 trit~!flllifto :lm*~!fl71b~ LM 1*1~-*~-~ 
LM 1;/;Jif!J!t~ =f~~-If{i[lt-t, 1!il.!l~ifiiH)( 6XM ~f'F. ~ifiijifiiJ&-3 M03 I fF. {i!!~mpg 

7E!J.t ""F !!* , 1i It :1;5 ¥1J It:~ )j< 7E! lJ( o !~"Jil-t , 1t'IGJ ~ It fi ZJ7 , ZJ8 i9J fF , If!~ iWJ 8 OT if1l 
6DT I!&i;-tftf. SOT, 7DT ~rfl.lmtfo ffiJit:'if{ijt~~l:j=l, m~~7Htti~rlA~·~W (9 -

13W) ~#!. 7HJ1J ffi1/fiilt:ftf!Jtlil( (7 -llXM) :ftf!Jtl-ir?t~*~IWJ. b\iffl:J;53!1J4l-R.:I t:7b.l. 
lf::ffl%( r.t ifiij 0 

~*tl:\ Dffi~~~m~~::fE7ib*MDtl:\D*·-~~-~YF, ~ MDtl:\Dff~:J;5~ 

~~{i[lt-t,IT~fF.~~~-DK@§1!ll.~•o ~~~.:fE*~@M~-~ rfi.M ~.~:fE 

7lb * MD tl:\ r::I ffi~ * Wh':t::k It-t , u. i9J f'F , .ge r:t! ~ .fJL@ ~:@: h , M ffff ® jtJ flt i9J 1*1P f'F Jfl o 
( 3 ) ~ .fJL i. h'!l:¥.:! ifiif~ ~ o ~L 1t:I$Pi ~Frt,fi t:f a9 F:tiUillfe It , EEl ~.fJL mt :fiHRJf:DG ~~ ~ 

1lf)(*:J£ifiiJ, rAT:ill:itiil:~~mJJr~ ±2%, ~t~~l'fliif~ ± 1% o ~lfJI!1>ltlfUA:I$PiFfil:if11 

~tt§,•m•a~tt•"'Pf)(~rt~~.•~m-~~~ffl%~s~~•~m.{tM~ili 

~J.ill7i!Li!: a9!fm *4 , 7i!L:Jttit~iW13!1J R9 &-mffl% & 11! 3!1J•m , r£•mm:~ §1i JIJ ~J.ill R91Jf ~t-t& 
~if11~~~ . ~~~~~mo ~lt-t&~~~~1it19~mm*:ft~~~rfl..fJLa9~~.~*a9 

tm tl:\ ?5it:I:~Jl~~~7At:ft{i[~ o 

;J<~ , 7Ib ::flH11 :& 7f!!JfrJ =:tli 7t a<J mt fit ffi ~ E8 mt "fit 1~ ~ fi~ i!i1L 00 5-4 7 JYf 7F ~ lffl T mt :hl 
mJiil:rt,fi coot:? s~P>Jnux14rr£~) o 

• 

r- -------------------- , 

l---------------------~ 

00 5-4 7 im :Iii; ~Ji.i·fit :l::t~ 

1- lf<;ttJ; 2-il!l;t;!l; 3-~~m 

00 5-48 ;li!::~.fJLitii:ltlftGit~ifiiJ1)(Q9Ji1:J~IUf;f[II! o 1MJ!t:fl~~~:3*ffl DC 0 -lOmA i>tt 
•wr~.f& VV M·J§"~~~ff-Mo .MM~tuutl:\G~f&MD~~~:3~~--- ~ 

MM~~; ~mtM*~tl:\B~M%~.~ft*~•mm , M•~~~--~~-*~· 
~~$:i!3!U MM rpf*~o :fE-~~-ffl!WI~*Fo, ·~~t~:m RAM l:j=l:ff:A~*~ffi:ijj{ 
ili. 1tHte:¥v~tlt , tfLT-tt~:@o ~J!I!§R9*.f-fffi•~.!Vt~~R9•ttiil. t'll~:m•re~• 

ilt ~7ifi:-Ji{i[1lHi" {R~ # ~ 1Jo :fE-® , ~~ ¥11.~ a9 ~ :bll11i, ~. i1! Q9 ~It-t & :1ilm ;frl ~ :bP {i[t£ 
82SS ~JtliM*~t.:ltl!MKiYJrtM:i!~~--~ o ~-/Jiii.6lH11!M:t4f:miuimtlfmAR9ftGit 

• 



• • 244 • 5 .fL ~t. ~ Iii 6iJ lie.~ ~ 1-!'- .:x:. t; · · · ·· · · · · ·· ·· · ·· · · · · · · · · · ·· · · · · · · · · · · · · · · ·· · ·· · ·· · · ·. · ............................. . 

EPROM RAM !fit!~ 

t ~ 

ll.filiVI. 1- 00~ ~ :ffnfilWl ~ PIO u ND i*Mi18 vv -ialf:Kf .~,f.!( 

Ytll!.l!lilll mmll!l!ii 
8031 

~ 1- IJ!J! .~jji&i£~ r- 0/A 1/il.i\. --4't .~ efm: 

~ 
~m ;r-
ill&~ 

~ 
8255 

.&ff-
f.31M 

~~~~~~~-~~~~~~~~~o ~~~~~~-~rr~~.~-~~ffi%o ~~ 
ff)f%~ PID :J£fljtJ~~:iE-Fo, ~¥U~ifi!Hi!f%o ~~ifi!Hf)f~~ DIA *!R.til::k.Fo~i9J~J.i~Htu 

~~m~~fim~~~••-•~m•~•~~•z~~~~~~:J£•o •~~-~~b 
~-~~•fiff~n~~~~fi-$•~~fiffo ~~~~-m~~~ft~~~~ffit# 
tfHJ~Jf!1ltat, -~Hll!ft:iN:M PIO o rllJffi·~-lt!a~~MIH~i%, J1gi9J1fi1flt! il~~mz)M 
Jll19 tit tH~ ~ :.tJ o 

••«•~••mz~•oa::k~' · ••fi~ - -~~-~-$~~•tt• . «• 
~m~.~8tt~~IZ*#.~~~~~~IZ~*~~~~·I19~~tto ~~L 
u~ru ' *~~ •.m 50mm 0 a~ lt!~ffi:fl#' 7JB;f§iiJ ~ffll5mm 0 a~ttE~m~Jt 
-~#,~~~~-ffl 4mm 0~~~~~~#o ~~~~.~~··#~~~~~ 

f=~~* o 
·~~~t!=tfr:1£W~&~I!ifim~N~, fim:&t11S%~¥JJ-Tttrm ~-~~0 ~.®l!.iMJt-TttHii! 

»JtttJ.tt~, iii ~*:Qi{f.t!¥il. tit~*x>t wr ~~ 119~~il!rr• jE o -nr .m ~ ~t ~ tm tit:tn=~~ = 

;JJ:J~C 3JZ-:ft9~ tt. - llfl-·11Jttt ~~/itt~~ flitJ ~ ~•* JJZ- :ttg m ?'! o 

s. 3. 3 I~H2~tft((.J~-f4:11~ 

1L~:kt:~~~~~f"~#•m~flitJ~Yt*.m?t~:J£flitJ. ;M;~~mm:~mm s-49 F1f~ o 

-~~~WH~~•tt . ••~~-~$ft , ~fim~~lt!fJL:ft9*ffl~-~ o 
5. 3. 3. 1 .:!~~ 

U.ffifl~til~7lll.fH:tfHUI~~~~-~*B, ~.OO:~IG*'I-.t o ~m~•rJ;J:JJoA~ 

•*'~-~~~1i~*at.~m ~i9J~~**""· ~i9J~ffl•1tf;1£7.l<~.71B~~•~m~3~ 
~llL~~~ ~~··~~~~~**·~tltt•m~~~~~~~~3~ffl~~-•~ 
iJ~~o iii~JfJL ttil(·:M:~*ff~~}EmL:fitffi%~::k;J\, -2i:~fljtJ~~iMJ~ft~~$, ~fJ 

ifi!J.*.*~$tt~, *~$1J.:It, ~f.f~~~flitJ~~~$1-:ili:A~-ft~~ ~~J; 1£~.M ?t:H ~~ 



---- --------------- --------------------···········································-- -------- ------ -- 5. 3 -Ut;ln.i!l•l-it ~ ~ • 245 .• 

$,L_,~~i.tlltll 

RS422/RS232C I 

li~~tlftt1J:t1l 

I I I I I I 

l/Ofll;l!: 1/0fl~ J/Otll;l!: A/OflJ;I!: NOIJJ;II: 0 /At:il;l!: DIAml;l!: 

I I I I I I I I I I I 

=F ~ 19! 7.1< 19! ,., i'J,t rEI.. ffi @( V1!. VI( ~ m 
tf' tn ~~ f>!J F' • 1Jf tJ It :Ii m ·~ fJl f>!J Yt ~ m i.lll '!!< '!!< :!f ?!!: \1'4 i.lll i,i'j i,l;'j 

~ ' 
19! M !'!\ ~ m .i! ~ ~ .i! iJ iJ )! iJ m 
I« ~ ~~ roo "' ~ ~ ~ liS ~ 116 ~ I« 

1f -1-m!.JJt ~* ff , ~tp 1t* M!JJ<.)(iJ";lt ll!:rr ~tp , J'IBt~ ifflJ if fft£ lffl!J 1.1<. ag Y/,E iJ: , :tf Jm :l:ii-t 
~m~~-1-ffi~aglffi!.~ifflJ~~~. ~t£~~~~~aglliom!.JJt;~~~~~•~*~m 

1t•~ -~~~-~ 7Jc~f~iilr:f:5H.ltl~1fm!.ll~*fl~B!~M~I'f!~~, Jm:l:itt~HJL~~-15- ~ 
ag~~m~iffl1~~~. ~t£~~~~~~~;~•*•, e~m•.~~•~•~•~~ 

~1f~~~*·~~tJJJJc~.~~tJJ*•~~a~tJJJJc,Jm:l:itt-m*t£~B#eM~~J3t 
~-~agM~~;~-~--~Wmr:f~IU~1fffih~*ff~&JJt~*ft, ~~t£~~~ 

ffih~im.JJt; ~L1t*, -~·*·~~if~IUEI3~E!ag~~ift1l!ftt£lffl!J o *!lmM9='~*1r 

~~-.~~~-~-~-~~-:l:i~~i:f!ff~~Mff~~~**~~~~L~. ~~~ 
~t£~1'f!m o ~Mftag~~~~~El3tt~mt£~o 

5. 3. 3. 2 ~t.t. ~it 

~~·M~ll*~~tt*.£~~. ~~~~m~mr~~)jte#tt•ag~•~•tt 
(:!Ill: ~f-Vft:.i-t), ~:2~:it~fRff~fR~ 0 -lOrnA ~ !:£!~ ; Jj(l§~e1t1f!J ttt(~, E:J2£ 
Jfllt!.mtm:•i-t, lffJ~~mtii~t!Rff~fR~O - l OrnA ~It!~. 7.1<.~, YIB~EI~ ~7f!!Jfij~~it 

t£itU, :!!El3~~ff)(t•**lt!.mll!:q-J-~~1JJ~*~~ag ; ~F~~~~tlffi.ll1il o - lOO't, lJf 
~*mmlt!.m~~~••·•™•~•*agM~~z~~.~mbu~••ag~••~~ 
•. f?lJ:!!Il: 19!Utlffi.1!1~~0 -200CC~ WRP-221 ~.ff:l~~~ll., ~]Jt%~ BA2, DCJfl WZZ-1 ~ 
~~~¥Rft. •lli 4 -2omA It!~ ; ift1tlffi..ftf4*=Jfllt!.m~. lt!.m~t£lffl!J~f\;~a~~ ~tJJ; 

~7~Ttt.15-~~~-~~•~m~•~~lt!.~m,~&ft,ft!.~~ili.#*m=~~ 
~ ; 1i.J7~tt~~~~*ag~~~T~.ffi%~$*JflM~~~.WHffi%~~-lffJ;tt~ 

lt!.~~~f~-·~.~~-~~;~~ift1~ff~~~~-~t£~~~.~f~~~~tt 
T~o 

5. 3. 3. 3 ~~J ~ wtU!JJ.t#mA 

Jfl MCS-51 ~~Uag 803115t;tt7t~~~~~~C.,$14. ~~:IJatt~Et~WJit!.BMll~~*t£ifiiJ 
~~o ~~Jt~Li!!:q-J-~~19:1-t, ~ STD ,g,~~3t1#"FE8 5 ~1W#~~ll~o &~~~~:i21; 

}fl 74LS244 ~ 74LS245 ~;tfipg,g_~~~~. ~~,g_~~$o 



• 246 • 5 fL1t.;l"f: ~ 04) lll~;;;t ~ 1-J' .L t; ···················································································· 

8031 .:£~.±.~E8 CPU8031, - J:t 27256EPROM , - J:t 6264RAM ~~. ffl.P~J¥~1-t 

:t£ 32K ag 27256EPROM 9=' , 8K ag 6264RAM fl:.7g.¥~IfF~!IIK o 

A/ 0 ;f& .±.~ Ell - Jt 8 fft a<.! AOC0809 mJ£ , %.1£~1K!J.l f;ll Vii :11 A~*=~ if* , A iff l@. iiftl 
Ef!..ffi~~;IJ~g, ~imtJ.t~i*~~B<.J 4- 20mA ~~~ 0 - 5V l@..ffi, ~mt:Ll:!fH~fia9 0 - 20mA 

l@.mt~~nl(;O -sv ll:!.ffio 
0/A;t&.±.~ffi .::: J:t AOC0832 ~il~. ~tl:l 0 -5V ~lt!.ffifl:'-t5l:~~~;r~;fJnttfYA{ti 

1f *!IUiitr :±ll& .±. ~ E8 7 4 LS37 4 f;ll :ft It IWi ~ ~ :±1 TIL1 13 mJ£ , ~t ;ff 24 ~ 1f *:!it~ :±1 , 
~;t&ffl-=fggiJJ7.Kif'IL "ililii'EI(~:IJO~Iti.X~ , .iffi~tP7J<Egf~INJ, ~lHI&;fJiff *Et tll.~ ;b, jfx;J 

t& ~# ~-~,!] m.:tttff ~ :ft:fi. 0 

. tfl!fA:Ilm.~t&~*tllHt5#19 8279 .f!.!ll}i~~Jt, *~flli~i~Hs:ttH~%, %~.lHi11l~ 

Bm~~~-~~M . ~-*~i9J,~mt~•Ifi:8~-CPU%d.MWd97.±.tll. 
8031 ~:frJJ£1, IJ.if 4 x4 m:&~?tl~ 16 Ui:liP.~~:lG. J<>JZ\iiJ.t, mt:!i'L rc:.ttr:i~HTliP.ffio 

5. 3. 3. 4 .t&:U.Jitm'l ~tit. 

-~~~~M~~~~~.~~~*I~~~~I~~,rz:n~~, ~~~rz:~~ 
(I{] o A~ :it!!.ltl: • :tE~rc ~:tm ~ :!k-~ J: :1f3i: ~~~m-t# m:5k l*.Jt;f§ JiiZ (I{] zi"f]· , tE:fJo *'1- t:1 _t :11 
~ti:!Et:l J:~*~~~--~~--~.-~R-~·-~-~~~~~-~B<.J~~~­
U,~$~SgMRftmd~aKR~-.~-~$~~-f;ll-~$Ui:agBR.~~-· 
~tfAfF~ft~:M$1BJ~1::Ftt-lt£- ~ Tf&, Mrm?k$x>J"1::F13e:tm~z~Ktl!~ o 1!~~ 7~~ 

B<.J~~J.t.~~T~~~1::~(J{J~~tt~~~~o 

s . 3. 4 m~3~I~~~~•~m~w 

5. 3. 4. I PID i}ll ~ ;Jt;f( 

PID ~~~~~~~~~~~*~l£~,Jiilffl~r~~-~~·:1J~.Jiilffl -=f~~~ 

1t~H~F-~.·fF~R~~-~-~#-tll.M8J:B<.J~~*M~Pey,~~HE~W~ 
Tfi~~#J1] 0 

M~~~.:E~mit1HJt~~' PLC ~~' 71B~~z~~Jf117Jc+tHQJ~.¥~~il..IVto itJftll. 
~~~~.ll[Ril:~~~.ll[-t!Ui, J!~]f!fh T~*'J PLC ~~ PID ~17:ittW~$7J<JtUtl FI;IJW 

· ~~ll!~~ffo PID iAWit~•mn.m~oOO 5-50 Fffmo 

UI:~{J'( "' ttfi:m PIO i.a"ff il§ ~mil - illl.ttl~ 

rm;ffWU:ttt 

• 

~~~m~•~~~~~~•. rn~nttm•~~Jiila•rm~• . ~~n~~~~t~ 
~7f-*ft~~l:!.~:±l .ti ( OK9206) %.1£09, ~~~5<t7'HiME£Et.ffi~~ft<J1f-*:ittff~illtJ. M 



---------------------------------------------------------------------------------------------------- 5. 3 .fa.:tJt.iJll).t;i: Jj.. ~ • 247 • 

w~•~•m~~~mi~.~-~-~~*~~~•~•~•0 
.ffi ~$! ~~ fff!J 3C Zfft ~ ;/J m* r.t it'HllrtEI ¥*:it , ~~ iJM it~~ 1M Wd A It ViL tl1. :htffi f1E ffi ~ 4 

- 20mA DCo El3 00 5-50 r.iJ~, it$m~5E--t-W:;E{i[, .¥~1Vi4J¥liJ;f:E!Vilitit~WHtg~~fK-9 

W:~ m~n-t~ !Bt , :tu.1:~d~:fft m , RPl:~JJo ~• ~• * , ifi'l ·~riB tit* lilt ; :!m *~IE fR.!i!~ 1!*1~ 
~-~$!$.-~¥JiJ;f:EI~-~.MW~~~m•m•~~;EfK, ~~~;/J~~~~-~­

* o 
PID iJM-:;1$~~ ttf9!J.¥~ Kp , f_R?}_¥~ K., ~ii&Jt*~ K 0 fl:lili~.ffl.!Wl Ot?:~.ffl.IWD 

Ts o -*$~ tJf.Jfiffl5E~tLH!i!i¥i1itll~~ ~».~mz~~-f.t~ * it• ili x1 .lli~:ti, ##1-* }~*liP.~ 
liBJJ<Vil1ixr.lli**1li3To x1vtt:i!I~fff!J~~I¥.J~!Jizf.Hi1Em./9 Kp = 1. o -2. 5, K. =0.1-
1.0, K0 =0, T5 =0.1-ls 0 

$~fi1Em~ l±l.Fo , r.rr*m-iit~M~~~fiJIG t~f91J, Fof-R?t, -PHJit<?ta9tl7~ o J!-#::::lr~ 
~: t11G*$~(1f,Jrpf8J{i[, lli1Kr = L5, K1 =0.5, T5 =0.2s (f511J.tl~xt~frlf.Fo~?VJ\, ~z 

~\®)M~mJEtl7~*h~m,e~•JE-*~~tJf.JfKo 
.5. 3. 4. 2 PLC ~ WC. 

~L1-t~~1::f'~--t-;f:EI~~~tJf.J1ti:!:J:W, W_§J~it'J§Sit1::f'~5l.tr'lf o. 3MPa JEfJ 
tJf.JWM~~o ~%~-~I£~*~-~-1::f"~~1-t.~~*~-m~a·~~~~­
~tJf.J~R.H·d~iliff~~-~ . .1:J~. -~~.¥a.5E:R~a*am~~.¥a;~C­
s5o Illr~ft.tJm./9~~•. PJ~~I¥J£•~*'J~ c PLC) ./9t£11itlao *a~¥.Jmn!Zmm:tm m 
5-51 Yf!J' o 

_ID\;f;~ 

+ m::nm 
LPC - 850 PCL-81 38 

N D 
. 

a!l!.t 1- -RS 232--
t . .. t ... t 
l.ll ffi i!X 

AT7 1C24 f!f 1J -Ill t------
AlSCPU 

t t t t t + 
A1SX42 AlSYlO AISYIO AlS62DA AlS62DA AlS62DA AlS64AD 

t ... ' ... t t ... t ... t t ... t ... t ~~ ~~ !.!. ! .!. ! .!. ! .!. t t f , 

~~-~~m~¥.J~R:h:B:l1I~vtt~m.~~~•.•e~1-t••m•~w~~E 
-~~-tJf.Jiliff~~;W:ft•e•iliff#~.~EM.,f'li,~~.alt•;M-~1-t 
ff.i%f.lllr&!JJt , .ffijJ~~lli:·*~ (.f£.:£miiP-JifJt:7-#it 32 /mAID ~~m~ PCL-
813B); ;Ear~~mtr$11l~; .!§"ffizmitHr~W)ffif~o 

t!lit'Jait~m~ff~./9: Jf.*il:flltr.At;l.t& AISX42 ~~~-~Jf* , tJHII.~ii-1lttJf.J~~ . 



joM~~~••·*~~~••- ••~·~~••-~•w*••-•~m~w••· 
~&fJl.Ja~·fH, ~WfJl.Ja~tHD.. 3l:~fl.$1!f, *4Uiff~~ ; ff~iil~l±l~;f& AISYIO 

~~--R§~~~d~~.ff-*,joM~~~~~~ . I±lM~~~-hD*~E~.& 

-m.••MMm.~~*~m. •~~~m.#••·•·G~•;•m••~t•• 
A1S62DA ~~* 11:1 £t1M1$1!~t:!f!itlffi%, ~ ;b~l)~~fl.~·ili~$, lkffil?HJiji!Jt~Yllr.f~ 

&•• · *~-~-~~-~#M·~~··••m~~-~-~IZ~~~~-*;C 
m:fit•A•;t& A1S64AD ~JJfi:fit~V!t:Q:ffi%:il!h**F; )i!ffi#t~ ATI1C24 ~JN..!§J:Uim~ 

fdiWfflo 
J:UI PCm~~~~#~~Iftm~~#~~~..tmm~. ~~~~~~~IZ~~ 

~~e••~~:tr~~-~-~~~•.~mvoD~*•~~•..tVLm~~VLm~~mw 
ffio •~~ff~ . •~•#w~voD~*•~~~VLm•M~"~~~waa~m•~. 
~mw~~~M~t!Hom.se~tJ&)M~~-~~~H~:Ww. ~~iliD~1fP:mft~&~ T~~w-~ 

~~~o a..tUim~.~1f~---~~IZV!t@OO .~UI~.~···~OO.~~­
WOO .J3J~--OO . ~I£#~~-~~-~~$·~~~~~~Affi •. ~Mrr~~­
m*,#~~m~~mre~~R~~~o 

5. 3. 4. 3 .tlfll!#:-$11 2-

-~a~-~A~~~~~~. ~~-;~-~-~~-·~~a-~-"*• 
m~••m.A-"~fl~..t~~A~•~•~~~~ct••••1f~~•oo~~1f 
a.~•~~~.!§~~~~~-~~~•.•••~w•~~~w~••~m~~• 

4 

··~--~~~~.~--~--~~~--.A~-~~~~@~~-~. ~q~ 
~~&•tt~a~tto ~~~$R#t:!••~~~--~-~-·*m•~~-~1f 
-~·~*~•••~~~~~.ey~a~&~~-~--o ~%••~A~-~­
~~•a•~-~~~-~~.-~re~Sftm%m~~·*m~•~$A*~~~­

aJo.~••~~-•~.a~••~~~t•mfl••~"~·~••~~~&d~ 
~ ~;3¥JjrJtfrftJ: o 

a~~~-~~~~·*•~M~•••••~~·~~1f~~.~~-~~• 

~--··~--~~ ~ W~~~H~*"~"~-~~.A~~-~.·-~-­
~A~~~~tt~~ ~. ~IUfUI!.TI::tiHifU ~~~-~' *ffl·~·:J;jtJ3{J PID t:!ttJ~~ffl/lJE~~'tj 

•~.~~*m••~~~*~•Nmfi~•~••~o •~•~t:!~~~~oo~ooo 
5-52!9fffio 

- tr.l l! f!i!f41Ht m 
M 

iUNlE: ~?)-- ~ 
K; . '< ~ $i 

-- ilil!!~lt tlttlllt 
~ • ::IJ 
II¥ 

m:Mi~tm 



.................................................................................................... 5.3 ~ill'l~~tt ·249· 

~ms~2~~.-~m•~~-2~-~~••~•.m•&•~~.~•••~ 
ea ~~m~~~~~~A~.~~e~~~~~$ae~~~~~~Hm~~$d~~~ 

.*fil: e ~ Mo :p}lt e ~ M ;fll#t~5c*~1fitJj;W,.!i!~ (fJt~5c*~~), -ttH~HfEWild~.!i!~:ilH9 

m~~~.~~~~~o -~m~~~~ffm~~~~~~~~#~,*~,~~,~~ 

~~lit~1fitJi.t~ !::j;IJ~o *J'IH~WJ~1fitJff. :i:tmMi~::lii:~BVJ,, *~J(nj)j)zlf~t:R. :i:t~M~ 

a-1 rBJ ~ • ~ ftiiJ m JJt it JlJ 3% 0 

~tftft9 PID ~jf,tjff~*~~jzll"'F: 

~.:p e ~~-M:~~~~~B<Jf.il~; 

Ko ~ifjljff ttf91Jtft~; 

T; ~Ht a1 fSJ ; 
T"-1l?tatrEiJ o 

(5-9 ) 

~~~~~••••~~••~~~-•~•~.M~•tt~••••w•R9.m~ 
~~~-ttft9, :ilS$ R9 *tit, •*it:if'Jlf~. ffif~tM~*J t'.!i!~:if'~~~~nji;j o 

~m~~ff~B~m00jzll005~3M~.*ffl~-=~A··ili~M~.~~­
-~A-mt:.l:1il~ e, f!P~~~ii!Liltiil F"'~~~U:lJB9~~VfL:fit Fp.~{lii~-ffi: (e = F,p­

Fp. ); •=tmA•f.il~ e ~~{t de; t~tili• U o m-t-m#JJ~ftiiJff.:E~~=$?1-#9$;. 

M~A~•m~•m~~w. -~~~~••*•$•~•.a:i1: M~dMi•$•~ ' 

m-t-mm~~~--~*·~~~-~uiil,M~m~~iliM*u~ff~~~~-* 
i}!AAJB9~fl: o 

~~lR+ .tO- I e E I 
'< >' ; • tlfll fit I II! $ii::l: u U l 

I f4l DE il!ttl lift I ill 
1 de ~t lUl ~ ~ I I I 
L---------------~ 

----------------. 
: llt$Jf2if;lJ~ i 
I I 

~~~~-1-~~--.MaVfLM~*ffi·M~~-~-ffi~~.m~RW•rr-~ 
#.t~!ijf,tJfffP~, R•:a:••~~_tW-~:if'~ o 

5. 3. 5 ~~!df.J*Xft:iii.t 

•~*•~•m•;fll~~m-t-•t~to a•t~tm;tJ$.~lf~,at~~~••~fim 
fl o ffl.Fx~~~>J<at, -ftJfl~qJ••; :~mw~~~*· Ji!IJ 'f.iJ~~ii:ft••*1~iHi; -m~ 
mMM2Mtg#ft.a~~~-~A#ft:if'~fim•~~~fFo .~?t~·~-~~~" 
~~~~~1-$*o•w•~~mL~~~~'*R§*, ~~-*~W~o fflC++~ 



• 2 50 . 5 .ft. {t. :1-t Pi {It] It ~ ..1? !i. ?- J: c:. ................................................................................... . 

~~*~~~~~*~.~~A~ili~-m~~~.~~#R~~~~~L~~~~~ltt 
fi.f'F!:!PRJ, ~~71llfP89~~o ~at~~J~#~~J~~l!Jl~HtitWBtfBJ, *ffl7C~i!~ 

~~.~•w•~.RJ~•M•#•cmh•f'Fo 
~7~~ft¥#M~oo.•~•#*m•~~-~ . ~~•¥~~~s : ~m•~· 

imft~Hll!.~. JJc~*~·~ · ~1!itJ~7*-~, Vli::I!:Dett~tri~#t~. m.Jft£f!i~·~· Et!T­
W9='ltrf.&Jli:J'tt!Uf·~~m~ o El3 -*:m*i:#.:IRJ~~ 13 ?5/Jl!G*l- . 13 ?5/JWC tt . 13 ?5/JiPoiJ.F~.±:~ 
=9J~o 

~t£~~~=9Jfm:liH~~~lt!Atf.J:Mi1tif'F~~ . .!3;ltftB~#(~.*~jUJI!i 5-54 EfT~, 

;P;~~:9Jfm-E1ffl 1/0. c fJJ~~- ~JfliAlJJtt£iM' tiftiitt£~J#t#(' ~~)(;fili!JJt.&-=:ffJV!i:fil 

~~~13?5/J~~.•~miY.J~~~mo 

I ~m11f I 
l 

+ + 
I:W~Htm~ l l a!t..t~Jll!~~llJJtli!BIHIU!likll ~itiJflt-JHIJ:Jt ll u~!IJIJN~ IImtm~tt~~ 11 FiYt~!lmJ:Jt 1 

tlf!~Jli!#U~-~itftf~ ·§~~A , :#' )(;J-i}tfttlf,jA ffi ~:ittfi~Jll!, .±:~~geJllti ~ ~fi 

-~-*~~*1-.~fi~~.mll~OO~~-*~m~$.~?5/J~~~Jll!~~~o *ffl~ 
lfJT Rli * :n~ , ;;([ -lilr~mnrf at 7.t .:P wr ~ w¥ , ffil m i'M? ~~ , w; m m 1i!i , * tJ\ fi ;t§ 1.ilZ ~ :91 
fm5£b$Wffo 

••*••~~JlltRm~•-••*•- ~~-~.n•~~- BW#M~ff#o M 
4 ~7AlJJtffi~~3%V!i:Am~.mfi~at*~-••·**n•~~•.~-~*~~• 
~~--~-~--~-*~10~, 8IO~ffi*fi~&. ~~-~·*·~-~G~' 
ffi, )(;f~""f~ 8 ~ffi*fi•*~itg, 1[5{;P;~~-~~-!M~~-~t{~fRo 

~~J~7*·#(~VIi:iii:IG~~iliiJ~~:likm~~tlf~~~L.·=$~, B~~Jit~t£iliiJ~ttti'J!l 

))... ffil1l·~~~L1t:l$~ttfm~~m;o ~ffi!J·1!·~*Jfl PID iJiiJ~·1!, :!ik*WJJcW*~#t 
~~VIi::ffi:.*it.ilit£~J~1)1iJ, 83 DA .ti~lli~~~$~~j}tl~ilitJ*.ffl, ~ffl*'~ff!!~J 

~i.t:tiHiL i.t:ll* ~ m*=.ffl ~lUJl ~l!fi~*hillilW~fM , ifflliHi·:fit* ~m~l! ~Vft:!ili'tl:~ 
ti~~lfc!tt.*~f*f;f-~0 

vn:~t£~m~*~~~~~~~~vn:~~~~. ~ ~ t£Mm~~•E.$ili~J.ill~ 
~~ffl%,R~~-fl~M-mft• . ~~---MVfLM"S-~ili.Mffil-~3~VIi::!i1 
DC~-~, *W-*lflillt~m:tattift:fil:, i.tf}:-*mt:it~.~,Tift:fi!:rp J9i 6 ~ ~f91J, :#'tE.-*lfliilt~tift 

:fil:fR*fi~1r# ~:bll:B:-®. #}¥!J.~~ ~:Jm'(R' -®:3fxfi!J11.R~ 0 

71i!Jl~~J-#(%Jllt)(;J-J}(ffl ifth'IBffi~MJl~l1 o *lit'!f!i1J~1!, ~~-*~:ltt'!iliiJ1~%-* 

tJc~:tt~mz~if.tlfij~Rltrf, ~mll*.fifit:iltfifil\Jt~•. )(t4}•~qmll*rr~00~7J' , ~• 
~~--~Bt.:iltfi~~-Wo *d~iAill~Mm~·.mJt~M-~J.illfflSM~Mfi~ 
~~~~~~ffi~-ffff.MW~~Mt'!"§~o 

JlJ 7't1ltWm#OOS.Il8~& .mt:fil!C~~illil:.fll~~I ft:tlt~~, :ill:h:Pi :J'tili. o 



············································································ 5.4 !l?'i.!t ... .!i!l?'~.:LJf.19?1.!tit • 251 . 

~fl5~* ~a9.i:~~~oo~noo 5-55 

Jifij]\ 0 

J3~~, 1£J~m~:tJJ~1&Jtt~tJL(J(Jrt 

~~ff~.~~ffi~~~~ ' ~~~ 
~ , ~~~~ , ~~~~, ~mm~ , 

&./J~$11, !i{)8!1QffitJ~m~o 

-¥191 ~ fffH~iH~ ~ t&-¥ ~ tl(<ffi B<J ~ ffftl 
ffl%.~~Fa*Bm:iZtfimW~~. 

m~~F•(J(]~•~••~~; e~~ 
~~*~~~m~~~MW(J(J~B1~~ 

~~~~~~~;$-~W~*~~~ 

~-~~--.-~A~*fi~~~~ 
•.~~~-~ , ~~~-~m,•u 
~m, ~~•m•.ss~ftm¥1£ 

I*J o 

N 

~ 
( f!J!li!{t ) 

~ 
~rxta~ 

' ~lt.t~~ 

• i"Alts! -fa~ 

lAllri'IJ 1 

y 

RUNftfJff? 

y 

J 
GW.BiJJI'I!.tll 

' ~lt.t*ff 

• 
tll~·.li'Uf-

t 
u f;!l!Jij -.m\IJ\ 

y 
11YllliE11t? 

N 

N JffYtm!f 

~ 

•ll!tt~~-§•~~ttm£~:ttrt mt ; -~l!C-*'ta9mtiit~~:tt:X, i:J:;J,~It!fi'ifi:; i'F!liJVt 
~m~A~~-~Bm~~~mg~~:tt~;~ff~~~m~(J(Jff.JJ~~:tt~;~~*~ 
~ •mt ~ o ~tf&li! ift~J¥ i9:JET {.i'l: tJL Ej ..t f.i'1:« (19 ~~:illHfl. fj!ffl ASCII t3Ji ·~ , ~>t ..t {.ft « 8<1 $ 
1:J ~rr~fF , ~ PLC EJ it~tJLZ.fa:J ilJ W. :iZ!:fi J~:X;j J#(Om if\ o !il. ~ 111 ~ :iZ!:fj ~~i9:1L -§. ffi:im 
ffi(J(J•M*,*•, ~~--~-W.A~--~o ••~*W!¥SM~~~- ~2 ~*• 
R.i:~B~m~~:X1~~~!f!(J(J1$i97!ltf(J(J PID W~~ffftl o 

~f~&am~•*'•~tt•, ~~ttn~•~•~tt. ~~~ , ~- , ~~ , 

~!li~~fF~*W~.~ffl~~I~~~~W.~ffl.~~~-·~~~~-~~,Fft 

~ , IE:tt~•~a,~~tt·,~---~, ~---~~tt*~··· W.AFAtt 
~~~~~~.M~T~-~FIE~m-~mro ~~.$&~Ut6W~fl:iZtfiR 

H o lSL£1., 'L1.t:J:1:J9(J(J~~~~, J.!Jtiit1~d$.& § ~1.ti£jjl[fta9~~, *fl*tk:~IE 

i'St §(I(] i9:it o -* i17H.l'l :1HB 7Jcf'§ rEt W~tfU9 ~#~H!tH , ~L ~fffht, ~. fii'Stit ~ 1iiH.t 
«t!ti.t 0 

s. 4. 1 *m~••l'fl!fi*ilijttt 

ll<ff'Hfi f(J1F~ (:f{J~Wfi i9:i.t:k~aJ ~tl?t ]g $lilT.=: ~t.:P-liiW : 
•-~.•~~~~~m~~•o •mll<am•••w~fi•~~@~m•~•~• 

$ Q( m3 / min) , Jj!~-~-?'J(Eif~~~B>jfB] T( min) El3 i.\ (5-10) ~!±\: 

T = VI Q (5-10 ) 



• 252 • 5 flAt.:l'l' Pi 6? ft.~~ 'i./- .J:. t: ···················································································· 

El:i~i.t~>Jt~~B9 B ~~{lf~NflYft~B91lt~, ~~41lllifi?l~ ; ~ El:J 11ti.:mt~fiit~i:9J$lt 

~.Jttii'fi~~~~t~.~mJYrm!U~~:p}J$,~~~~B<J~1i.~~~m:w$H~~~:W.$fltk-~o 

~=~, :m~ ~VL:W$ftAAr-t-fi~~m~s!f.t:9k1tf, i.t~ltW$~~ C !1tW~Jfl7f' 

~~ttJff): 

( 5-11 ) 

;:t l:j:l d ~~, mm; 

Ao ;fJJtSt ~~; 
N ~~t11.:9J$ , kW; 

n tJitt-!!fl~~. r/ mino 

~~$.~~~~$69m~o ~~~-~B9ili~~~~~~~#~B9~~%~, ~~ 

~ ~H 119 %~ w..& t!itr-I!Hlti)(tfr ~BM~ ~H ~t-15 tl91.i1 ft/f' IRJ w ~ 1t tl9 o :tE~fl!! ~1.tf1iffl ~ 

tl9ft•~.mM•t£•~119m•at~El:imWB~m•m~~o ~•B<J•~•*·7f'~*m 
9=' ~ ffltA.~ , rm J'fHJltlA 1P .ft}J~ ;.91[ o 

1'Y!tlA~~r-l!ft B<J 9=' ,c,, J.i!Z tEBE tem:; oo L/ 6 119 ~ 1* ~ 1.t ..t. , IRJ attl.lH*B1il ~ -~ 9=' ,c,, ~ ~ 
ie~J.i!Zjgif~flllt~ l'l9 o. 3 -0.5 ftlo jj(itiQ~1JioJ J.i!ZUl:r 9=' 'L'~B<J..t.1J o ~at~~ti9VIt~ 

1JioJ~n005~6 m~. m•ili~7f'~~~•o •«>•~at~•at-~5remH•~••B . ~ 
mu•rit•, .#-7f' tm-ttJ81~~2lZ, -Bf!ritilttt~:ft9~ o 

~•~at•Am*tl9•#•1'l~.~m~M~~•= ~~m~••••f'l:. ~~~• 
~{@iff!: ®~ffJ 36°, ~Jl:ffj 73° , ~t ~~1f00~00 5-57; -~~l!7'~3't.I'H cp273mm x7mm 

2 

00 5-56 M~~o:p~~~VIti9J 

5. 4. 2 ~it lltf(Jliit 

119MWMff;·~-R~~-~~,~-~. W.-~~~ 

•~•~'~;~m•~~~••· ~•~••*•;• 
lEt~ rt*m1i ~ il.m f1: ±JU4 , .#-tE 4} il.m z fBJ :tm ~ 1m • 
z:.~m. ~f*~?fiJH't~WM~*o 

16.5 

165.1 

5. 4. 2. 1 .fL1t,2 ~ ~ 

~1tft~~1t~H~~IZ9='B<J~-R4.~AEI:J rB~U~~~1JZ.7'~.~1t-1i 



---------------------------------------------------------------------------- 5. 4 !J:_ I' ilt~ ~ !J:_ I'~ _:r_ :f.l ~ i!t it . 25 3 • 

~~XE~L1t1$~f£~~;fil~XEtta9*i@~#Z.-o :t£FfiJ*FEI9JG1J;fi!I~~14'~, ~ffl~liiJ!JL 

1t~ilitJ~EI9~Lit1$~, ;Jt~rfM , ;l;l~ttfJ~;fil~J.mtt~~ffl~~:iz!;; E!P~~FfiJ-m!%EI9~L 

it~ . ffil ;Jt* :!it liD 1if ~tt . :tm rSJ ltf(IJ-.., ~19J ·11ttt ~~ ~ , EJrm .QX; El9 'LMC¥ JW: JW: &-m~~ 
;f§FfiJo 'E;.I~di~~Lit~f'=~EJ9~,c,'~*, -til~ ~i'SJM-:r-t~f'= I~ El9±~ 13JJ1JE!f:tEo fE!~Lit 
~*-ti!~-1-Jt~~~ll&,~ o 

•~•m.~a~~1t;~.t~EI9~•~•~.~fimmM~~~m!~~Ltt~. E!P=•• 
~~~~{t-,ft~8;fil;Jt~~-~L{t~(~~~~;fij~~~) o ;Jt~,ft·~~~~{t­

~Wm£80 -W~~EJ9~{t1$~I~{t~f'=~~{t1$~re1J~~-W7q~*~·;·~ 

8PJ 0t:ii#?.nLft, iTff.EUL.m(~JW:JJJJ:fl tt~~ , 1E!#tE:Sf'=iVJ,, imfiHt~~;.l;ili~~t~; ;It 
~:ii~'L1tfi*$~~~·~a~H~EI9~Litfi.R~:l!M$A;It~~*ffl~~;f§-~:t£ 
~n8~~~~~~--~'Lit~~XE~~~*m!~Lft¥m.A1if~m~,, ~E~~* 
(lOmm J;AJ:) , -m-.ffi!¥L1t, 4:1'=~$-iFU, ~LfttmJJ:Jc, #~:It~, *~ttfJ~~~ft.¢.i: o 

~-~1t~M9~**•·•-m~mmv. ±~~XE~~~~m.QX;.~~~i9J•m~ 
~~nt~, ~itffir~ , Jl9t!IJ, ftE~4l!!~~f-4'o ~*~~~001ffi!!Mift~~-*fff~j~~$1lt Jt 
~~(1ifE·EJ9·~) .• -IMI.J:1if~$#tt•c~'~Jt),~®#tt•~~-~Lit~9~ 
% ( XE~) J:E19#tt~f~Jt, IMI:t.l...tlif1l, ~~-'Litfi 1*1 El9!lm*4~.3Cma9lt~!lm5-XOO 
~, gm,Mm~~W o ·~~~-~m-•H19J.*ffl;fi!MffiM&M-•mA,:t£.~;fi! 
XE~ntJt~~m~, mt~J3-•. ~~~M--f'=4:!JL.~J1Jto 

J!.;yL1ttJ1if $~~~%~, :!lol!~:Jt:J'*~;yLitVL , ;M:~$~t!Ut¥~L itVL;fi!'J' IBJ It 
w~•~••~••w•*-~itm,m•*~1ir~19J~~~~~19J~~m*~o- &•1ira 
K~Litfi, :MJJW:;yL1tfi, -~·, Fo.1if'Mt~7i~~' .J:fni1JM!Fit!t~Litfi, J':!l17& C~L) 

~•0 ~h~*EI9~Lit~~~~•.••w~~%~PJ*~•m~,~~~~m~~o ~ 
-fLtt~-•tt~m~ = ~•••,a•m•, ~~~••o 

5. 4. 2. 2 -lL1t2-~i~it ~J£..&.-ft#2-~ ~~ 

A ~l1t~~~it)ij[ 3J 

;yLit~tEI~M~~~M--J;J-·~~~, 1lB~ti~~EI9*iii*h, ~;Jt~-;f§EJ9.nlj 
~% , Wl~. mAJ3-R;f§~o MiTff, ~-tt19~J!-$if,]A;Jt~~*ffl~rlllff!M •. ~ifiH~ 
ma9~~~mh•Bgw,m~.~--~WaXEEI9WOm~&¥1W:o M •• MM*fi, 
~1-tM~~fLitfttE••*Mnli~FfiJ~.~~*~I*lR~bn, &nlia9~M~i9J~B.ffl~ 
?~HIJH~E19n$biJ*, E!P~Lit~Wl·;fil~~~1-M~~3JZ-jf#f-o ~Jit. i'Ht;yLft~Bt, 

~*~lif*'Jf••~wc•*~w~ mrm:ttMlllilitJ~~**1T. 16,®"i~~Lit~ .R 1Ml:1if m:ro, ~ 
j-'7Cffl:9-1, ~~1-~~51.tfffU~~~, 1E!EI3Jit'Jij@~Lft•~ME19~~jf~0t~Lit, ~'L1t 
fi~it~JVG7IE~o ~L1tM.nliH~~;yL1t~*WC•nt~3C~lli*/J\:!lfl~: 

D OC V S 3/ 5 3/ 5 
max 8 'Y P 

~~ Dmax-*ifWC:l/f\~ft*~niln$11:1~. mm; 

e-fJ~·.WM, W/m3
; 

y-Wiii*.lJ, Nlm; 
• 

p J!·ffl~J3t, kglm
3 

o 

( 5-12) 



· 254 · 5 $L1t.:lt Jli fiiJ ~~ ~ !i.~ ;:I. t: ···················································································· 

it (5-12) ~FY3, 13:~V!tfFffl"F*~WZ~89iil:::k1Il~JL$11:& D'" .. ~:=:1-f51~1L~, 
f!P ; flli:!it~clf & , !If iJfi~l(JJ 'Y ffl:ii~ffilit f.f Po J!~FY3, :fEffi IWJ 89~f!:""f, ~ ~L1t1tJJ fl9~ 
f.f~ ~.IE , 83 -T W 1Jfi5!(.1J *" :ii~~ lit J.l ~ *-~ , ~ .llt!fL 1t itit 1Hi:hn -T !fL 1t ~ 89 fm :fl!: lit 1i 
~,.t.QX; )9~ uln.J •1-~LJBCtl ~::k 'J" l'l-9 tic~ tt f5l ~ o 

B ~L1t~#~~~~ 

-:IWIE~. *ffl~~~i&J*~1t~, ~L1t11l:Flf*-~89~~ .1J lt!BC#.!f!f~,N~$o :fEi'f$h 
~ "F • A 1f1 'iiN~JHM!~ JJt Jtt!t!W~U11 $ ~ :tt~W ff?HJIJ ~L 1t, t!t! :l*flUli f.f ill# f;ll ~ lli lt ifl 
-l*o ~1?:1f1~~~~, Jf~~!IL1t:l$!1i~f=ll9Ji!.~I!: , ?HlUEI:it , ~PilJtM*~L1t*1:!1i o 

~1tft&~•$,@~~A*~1-~~~• ::kmooll9~~-~.~x~~M89M 
#B~~~ ;OOf=~D~~-&fiWJJ.aM•~m.•-*~'L1to MWftll9%~~~ 
~M!~~-~~-~~.~~. ~~~&~~~0 

~w·~~n&fFmilT~~~:=:~ = •-~A•~mwu. ~IfFm~~•••~m 
;fBIWJ, A::RW:iil::k , .ffi~f~89~At: o 'E-@.ni~11h\, ~llOO 5-58 ffr ffio 'l?:~~.i-J:~-1-x 

~~7C il9·W:~. ;lt;1r&tt~~'J", {§.~:il~(o15, JJtJ:f~fiH$~~}jt:1g 5- L5m/s, ~-it-T{~ 

~f.f11l-l*ll9~~ o •-l*13:~ff~~•~~W~~~o ~.llt, •'~*~*-~.IE~-~~~ 
;JJ, -~~W:~ni-l*rfi•~mr;JJ.3:?:~ft~~f!T@J , ~@1-~AD, ~~~ 5-58a o9~Jif-• 
;JJ.•~••a~•;JJ••·••••~•.~•Jif-~::k.~m=r~~m•~)9 § fl989m 
~U·, ~~-fl"~L-fto 

•=~£::krJt.Jtfl£$!t~1JlWft o 1?:-@.W~~~ - ftt~, ~~- -~~. ;lt'flilt~*"~ 
~A~JJtfl9~%o ;lt:tJfE~1I&~~ff89 0. 5-0.8 ffl, ~~f.f~ L 5 -3mls, m=W7t!IE::k, 
~-%~~JJt~-*'l-89rff.W, ~~-%~L-ito 

M.:::~~t~mj.\•:f'¥fto '!?:~ ~-FJ::.Ii1- .R:5t%~ ·C.·*, ;It I fFJjjiJ!l!~~ ·C.·* ll-f·m;fB . ' 
IWJ. ~--~ffiltA~-~-~',ffi~··-~o SWff~~-·1':JWft89 0. 3 - 0.5ffl, 
~$~~1Jt~ 3 -8mlso 1ili*~W~ffl~~~~, :Jf~~M~(J9~)(;j)t!Jrffi ili D ?rflili o ni-l* 
~~IJ~~~~&~~~. &~~;JJRM.IE ,m•~*-J: , "FMM·~·Wft,%~-Jif­
mt, ~m 00 5-59 a !Jfffi o ¥/-\-~ ~ 6{] ~~fiji{ IMl WJ ~ ;JJ, ~ .1.1 :;\'& mt.t& ~ fF ffl, % .$; ~?.!! 89 • 7~ 

a 

b 

.....-. ........... 
H...-.. '\' if' .......... tt 
tt ff ff tt 
\\ H H ~ 

a 

ff)J 

b 



---------------------------------------------------------------------------- 5. 4 ~.f ii: ~J;j ~.f ~.X. :{1 01} i.bt . 25 5 • 

~~~~~ft~DW~ffl~~••*•~~•~m~,L~.~005~9bM~o 
5. 4. 2. 3 ~ 1Ji ~ R.R. i" €f.J i9:. it 
'L1t~mrr.t~~*R. -t~jti*J1£.&r..'itt I ~H&W,L1t~~1:~frn.:JJ, ~:m:Jfll«:1tiiit 

~-~*•*·~•*••~~ , ft••~•~•~. ~•~•M~-~~wm-~~" 
fBJ ( ~ 5 - lOs ) o fS:iilo, M-=f:ii~JUL1tH*~· 7f'fm83~1:~froiJil!:fffRl~!t!!l2!l]f!{, Tfif~L 

1-t~~~~fi~.:JJ3::~:.!! 8:iffir~~~mtk:~~ o ffir~~~*Y-IE~ (5-13 ) ~~: 

~"f v ir~~~; 
Q ij:lj\at1:fCit ; 

_J& 
v - 3600 

s ~~:-£f!JL1t~I*J~?}I¥#RtfBJ o 

(5-13) 

w~W~$it~~1-f~, ~#:;IJ$.!:3mtt-¥~r~t~J[~~ 5 ~:1fnltlEt~ <~~(5-22)) o 

J;Jftnt .!t*:ill:ft ~rm7f'~~nltrm-l*~~mt I ~~J&:liH!'L~~;t~, ml2l;]f!{:ii~UL1-tffl¥.1~ 

wot~l¥.111:1£ d .!:3mr~li:1£ n zt~ diD -;::.o. 9s. 1J T f*t4f:l!-t~mm:~. :a:JRJf-t~fJrF. 

~-~@*:kd*~UA7f'~-l¥.io ~D·~~.mrfti¥.J.ft H ~-J;J D:H=1 =2 -
2. 5 1J'if.o 

~~atrBJ~it~0~~1lT : 

(5-14) 

it"f , 'L~atrBJ, min; 

L 'L 1tH11Hl:H:::t I'BJBE , mm ; 

p J)c;.j;Nn£~ft. kglm3
; 

D 'L1-tffffir~1I@, mm; 

Q ~/J\Rt1:~fi, to 

IE~ (5-14) ~~, 'L1tR1faJ~*'L1tHffirnll:q~(t9:kiJ'.&1:~fi~.7J897f'fiiji'fff~1to 

~ ~, 'L1ta.trBJ-rl!.~ir~iiita<J11!~~~z - 0 

5. 4. 2. 4 -it#-~.I.SlJi.tit 

mt#~~ii~'L1tffi¥.J~·C.,~!t, ~f'F.ffi :JHeHm:t.a:ltth?Ht, rmfi~:fi1:7Hit89:k1NlRtk: 

=t mwH 89 ~l1J *'lltrt~ 1~~11 1¥.1 ttn~ . k..{ .& mw• ~ G~I*J m fll= a<J ~:f13 o :1! ~~tt t1c~ T m :t-¥ 
.I*J •• 89.~~~.#~m-I*~~~T~#~$o ~~.:ii-MA,L1tft897Jc~Jfll~ffi 
m•tllii!t'~ -t-JL~I¥.Jati'BJ pg~'L1tnlt,L1ti'i, .~H.tlf5(tk:=f~Wff89%:i\ , ot~I¥.JJLM%~ 

.&~MR.-t89.*Jflliiit.ft~~ot~~~~I¥.1--~W~.:b o !E-=f~~89*~~~.:-££ 
~it at R f~IH~j ffl f,t-W 1ti h .ill!. B-9 ~d~U'1l tt2 ~ 0 J:\il!:fffi51f , ~ .llttttti&titit1J )![ 7f' ~~ J1l! o 

R#~I¥.JI~M~~~ffl~$~~~:l!~A*•~. ~fflT~*·~: 

(5-15 ) 

J:\~ N ~1*:;11$, W; 

p fr ~(1-9.\tft, kglm3
; 

n tl\ti*ft •. rls; 



• 256 • 5 .fL1-G*" i6 {J(:J It-~~ !1-,. :r.. 't: ............ .... ............................................................ ........................... . 

d--1i#*1H2, mo 

~~-~m~~·#·.~-~--~~··0W-~B&, ~P: 
KH =f ( Re) 

Re =pnd2IJL 

( 5-16 ) 

(5 -17) 

~ 9=t J.£-frllfi 1':19 7j] j] Jlijj[ , Pa · s o 

frllfi~W~~lj]JJJii~~~~~.m#*H~~~~~~~-.mW~~~-W~$ 
~ue~em, iiJH:i-~~ut~-=.F-StJflli.i\~~.w. ~~!J&m:l$rfil"~;,t~t¥U o JJ~~. El:l:r.\ (5-15 ) 

~j.\ ( 5-17 ) itfm$JiJL: KH fORe ~:JC~ o 

:ttlm~~m~w:•m, ~flj!Jili:;JJ$?1£• KN 13•·c.'m*~• Re ~:JC~llil~. #fiJJll~llil 

-~-·-~~ . ~~~m•••fi~$~•. ~"ey~-~~·~~~tto ~-~~­
~$:U::*:, ::f{SO!lJtfmmffii.ll~L~fti&it<'i'I:Riffi~PJs'iJ:t(~fi; 3lr~L~ff~$:U;J\ , Jl.::ffmt' 

~~-~--, -~.-~~-2~--~0 
~L~R~$EI:l~ (5-18) it•: 

j.\ 9=' p .~-~·; 
~t'iit; 

n mwn~:l!. r/ s; 

D m!W1i:~; 

P 1t llfiW Jj[; 

g ~·; 
'Tf ~*0 

p = nQpgDn 
9550 

( 5-18) 

~~~-Ti1l)i:~*.19. •·c.'m•m•-~". 7f~~:«ot7~~~~:;JJ$~f£.1!1,~:k~11T 

ot~~~~-~-. R~~ &>O.l~.~·*·~;~~---~~-~-~.•w• 
ot~1r~•Fm~i!JIJ, :a91U, :m:k::*:Jt!rbD:klt!.m~$; ~-WR~If'FEU!I! , ~tm:&f'F.ffl 

~fi.R~~~A4'L~~-#o ~-~~-~~~. RPf=~A~-~-~~~---~ 
18:.-&:®~JJ, @7~~~.~f*-~iit~. ~l!Lf;J\~~R-(0 

mtWff 1':19~. n EI:J"F :itTife~ : 

(5-19) 

j.\l:j:l K 3(3t~·; 

k.,k2, k3, k4 , i,j ~-; 

Ap-WLf~ ; 

M., Md ~fll§, )i~;f13flijj(; 

'Y :W ilii*h 0 

nm~::ftm~:k.:a~ftii~-·-~~¥11fiMm.••~·:U~~~·-M~~~ 
fifif.fM ~fl£ ; rm~ ii::k fl£ Jl. ::f fmf= ~ ~!ii~! 1':19rmt E , Jll.W~@:kiUltt fi~ ~fl£ o 

~B~M.*ffi~m#R~-~~-~#~#~813~·1':19ft9oR~D~~BiiJj[ 



----------------------- ----- --- ------------ --- ----- ---- --- ----------- ------- 5. 4 1:. !'-it~ l;j 1:. !'-~ .:I:-~11¥] i9:. it . 257 . 

*~••••~~R:lll:ff~-~~o ~T•~~•~•wmlt.~•••~~~-~~­
Jt:B9Jl>.K®:, ~;Ai!lt!k.tE-mfi*P3F~Wi*120~o ~lJ~jfi*~~, ti:Wr&•lt~ lOmls atf!PPJ 
.fflt~L, r&i!Jt~ 13m/s 13tH3Ci*~1!f, r&•Jt~ 15mls IJtH3(i*~~, PJtf:~o ~~*r&JS! 

lt.~~•*m~~•••.w~~--~~-~~~~-~~*bn o •~~•~•m 
:1:, fi~~."&1(~~ffil~, ;l!~~L~ff~tti!~~-·k,t 13mls ~Tfo 

~LH3C~m~7Ai~tJ:q~~ , {§.Jl~~~~ tt~:~tg-~~L1t•*, ttJl>.KtE~L~:U~ J:f:!F~ 

-Jt:•B9•*•~•~. ~;A~•i*P37Aii*~w~••*~••~m~•••~•••o m 
W!¥LH3(1;~B9mti**ftt, i!i!:ii$~1Ut~EI:i ooftl, iEftiJ3t, :fhftllt~J.IIffiDC ... f8JI!ii1C~~PJ 

~·~~~m~••w•~~PI~~.~~amooffi•~~••h@~~-~~o•~ 
~.&.8W,F~:i!~~·~~~.~-H~-~~-W~mT.~M~.mta~~~L& 

~~o ~-~~·~*#.~ltRi*.WH-~.~~~·*·~~-tt,•#·~~~ 
MR~~~~~.-&-~JlEJt•~*o **~~~1tH•m••••·~:UMJE:~~-•, 
~~-- ... ~~aBT~-~~~·M~®:.mr&tt~~~~J.I,~~Tffi~~*·:i!~ 
~L~H·#~·B9*~j.\, :tznT: 

j.\J:f:t Np •w~•tt•; 
nb llf~aB; 

Re ~AAJ.11t*B; 

p rm~*• ; 
n mWHM*; 
d mwH~@; 

1-L -~~~~lt; 
P iiW~•o 

NP =4. 85nbRe- L34 

Re =pnd 
1-L 

P =NrJJn3d5 

~F~~*~, mtwJ:j.\iffiB9£tl*.!§~~®:~*~~, ~~tiC;J\o 

(5-20) 

(5-21) 

(5-22) 

El:i~Mffi ... *ffi&ltffi~·*·*mT:lli:J:~B9·~-~.PJ~~~*ffi~m~* 
V o • .r41A T $ 9=t ::9<!::lli:A ~ im:llt~ IR , ~ IBJ .f&!}lL , ~$ 7X8 W m B9 ~LH3( tE:lll: *-'!-.ffi~ l1l ~Lf-t 
~~{.,~~mT, ~~.£?:Jit:MJ1t, b\•~_t$f.l~~ J:Jf.l~~ o ~~*~, ~L1tiilttJH~ffix 
~*-'1-o 

5. 4. 2. 5 4t.f$~ %'#~1-t#J.{t.Jt~if.it 

A ~$tll~~!j-

EI:J ~ !}lL 1t*F~ iJ.-:ff ~t&~ll:ll#l=~ ~tt , ~;_t ~ Ri& H~l:RiJ.-:ff ~1m tt , J3.fi! tEtiC. if!tl ~ 
tiC·ft-~14T*'l1'k~, ffillltX'.t~:l!~!}lL1tff~-B9*M~f*~~1C~PJ~itt!:ie~B9*t@ 
tt;>f(z- o )(f:i!~~L1tHPI ~:lZ!~B9&M1Jj.\:ff~*->~-JMttl11-tntntett o *mm~eM, ~ 

bniM•ll:l~~•*••·•••m&&•,g••~-~~.~~•~•~at.~M* 
~~~m'Pmo ~W;r_t;g(J9~, if!JJt~B~'.t!}lL~H~i!i!:rr~~~tw., 'E~Jl>.K!}1L1-tff~-i!M 



· 258 • 5 $At. )It Pi~ M.;:t ~ !i.JL :L t; ····················································-······························· 

•ftn~~--.~~~,L~ft*·A~-A~&-~o &fta~~--. XR~~~~ 
-~-~~~ft~&~II~W*o 

~~~t~uw.ut~~~~~~~7&F91. *m~tt.o m < ~1HE1:t ~) ±1U>~-~~.tt.i15£~t~i &tM­
~*o ~~~Mft~~~~~~---~~~~ ~~£~ft~ ~ ~*~•.wfiA~~~ 
Jill~tN! 400'C~{l£tlil - 200'C, if#mfi:!ll, A~ E1 ffi17Jttt , iiJ ffl~€;tl!J.fi5¥1J 40mls i'Jtimft ~ 
~~~--~~~~~~~-~iiJ~~:Q~~~ili* , ~~~~R~~~~~~MM~~ 
1tEIT~ I ~I'Jt:Jg~~~~~$~ Mo 

B ~;Q~J[.~i.tit · 

'L~ft~;fJ-fta919:it±:WJilZ~~IV. "f JL.~, RP: 1~rdiE~~3<-Z..Fo fJfff::B:B<JiiH.'~ 
~~~~t&::k¥1J~:!k, I~U&~nlliJ¥JJ~~:!kat:tc~IfFfaJ~ ; *mfii.tti'liG, 15l!ffl%1fli-t£B<Jtm 
~. -f*W:•~tB<J1<~~mf.JJWl ; ~*~Ejf!L~~Mm~zrBJ1i -~B<J1<~~Jfll'aJ~. -f*W: 
aWM*t!f~!${~ , ~L~~·~~B:~:ili:A4lll*~ ; *ffl~:tc~-~~it1~;b41ll, lkffiH~ 
iiEWl* at~~!i1JJC t1i~~tl: o 

~~~. ~--~§·~~*~~ -~~~;b%~. ~-~~&a9~·iiJ8;~~~­
~-~~~-~~. -~:tc•,~mEj•~;·~*m~~-~#IV.~B<J·OO~&~~. 
~~iiE.ft:IE*B<JiiJ$tE ; ~~tlkfFfBJ~JilZ Jtij!*~t<l::k, JlX~JUtiftJ:f?a ; ~liJJ~~ 

~.~~~~~~-ffl~~B<JMJ9t~~~. ~-B:Jgfl~~~tto 

s. 4. 3 ~~Ha9uti.t 

5. 4. 3. 1 ~-ip 2 roii l!. 

a~~~-~~-•~, ~;tJ~~~B<J~~~.~~£19J:B<J~•••~•&•*•tt 
#Z.- . 1i:ti~lf.il30~L~~!lJB<J~it~J.!!t:fit, JtJtA1t~~7Q(jt~B<J~1tit- !lii~, ~* 

~~a¥19J:~~••<~~,~~oo~ )ml!~~~ 55~~ "f o W~&¥J.!!tff~B<Jft;tJtt 

~, M$tt•. ~~~~--~•~tt.Amn~~---~~~-~~•o wg~&aM 
llt:t:ff ~ X:~ft ~ !\!~ , &:X:!tM133i~ 7 ~ , ~:fr 1l1t I'BJ B9~-Ji!:~:li , i51!~i * ffl 'At ~Jt~ tr~ ~ ~ 
~ 4Xj! X't~L&:ill:ff'tR~~!p o 

~~•a•~~~;ff~~tt#•@iiJ~-~~~A-~8~~~ft••B<J~~~~o 
&•B9ej!A~~-¥aM•a•~~-~,$~.~WfflMft~m*~#~~-D~~ 
J.9t, f5!!Z.~tl.t~~. sx~.ffl~~~~~Jt~JJ<~o ~#~~J)jj!(I<:J~A~~*PM*~· 'LJB( 
£J.!!t~a~'L , ;~r;fiiJ=f'L~:I$~~~:ti:J$t'.£t1~mtJ;~~~o ;ft~-8~ ~-Wff{::k, ~~81 
~*'~~•:X,~~~1<~tt.wg~~7~~B9•~.~@~Jill~::k•~~·~~~ 

~*0 
~~-~-~~·*•£~~ffi~at~•I~19:*~~*·~••a9"~~re~&¥ 

J.9t~~--~. w.~~~--~o ~~~LJB(¥19J:B<J•~~-.•M~&aaat•~~*' 
~~I~,~*tt*•~wA~.~~tu~ , ~~,mm , •m•~JL~R~~~~~. 

W~~~~-!${~ifli'Jti~~~.~-X't~M'L~I~~"·~~;~~~-~~*~· 
~X't,L&¥19J:ft~tt- , 8$tt•,~mttHB<J~tt. ~~~~~,-#,~SftM,~ 

~*~:ill:ili~~~~·A~~ftl;::k~Bt~OO~~*F91, ~-fi:ill:iliO~~JJ<B<J~~~. 
~-~m•~*·~•~*~~~.&W~:ill:ili~•*a9~•~-~B<J~oo~~~m• 



································································· ····· ······ 5. 4 1..F it.-i-.!7 1..F~.x.~{!(Jibt ·259 · 

~' . ~~~wc~~-~-~~~~•••••;•~~-~•••••~-. ~~A* 
m•~~~-~~•¥m~. ~~--~-•~•m~~*H••~~~•.~••~• 
J.r~Mt~o 

~ff~L·~-·~J!~ifu't, ~:iirn~~1r liffilll!1!i~ , &HP'i):>J"f·~~Jll[itlit~LJIIHI!illft~~ 

t£:izH'f1i1f~7Hff, t;A fife~ -€:-~ ~J~~ T!: o 

5. 4. 3. 2 #~ jt* 6? .J.£ ~it~ 

A -ft~~*~lliiit~ 

ffi-ffl'~~Uiit~, ~~15l:4lt~f!(~~·ffl-ffl'~:filJ~~ffi , IW : 
Q = KF!i.tm 

~~ Q -ffl'~-' kJ/ h; 

K ~*~~.w~~U&. kJ/ (m2 
• h • t:) ; 

F-w~oom, m
2

; 

flt m ~~Vfi:~fa) ~lJZ-:ftgt!![f~, 'C o 

E8 ~ ( 5-23) PI~ , Q .Ej K , F i1'i1 tlt., .IitlE tto ~~ 
aw~~ . •~••a~~••K· ~*-ffl'~oomF~ 
t1! 1.li ~ ~Hiit ~ I'EiJ ~:ill: W C lJZ-:it91Ailf ~ tlt., o 

~-~-~~~~-~~~--~~~W~MW . 
:t~noo 5-60 E!flJ'o ~:lt~Jl*fflmif.t;fn~~WJ.ff'~~. ~P 

~M~--~~~~~~~~~-~~WAB,Mm~~ 
. t/;~ 1J ~JA AB W -ffl'Ji ~J CD 1ii , :PH£ M:itl W Fz! :iiJiM;>(t mt f~ 
--~-~o R.m:it1WM~~-~~:it1WM9~~~­
f~-~Jt~fflt, Jtf$Z;/.JM~o 

w•~•~~-~f~•·~~-•~•. ~P 
K = (ll a , + 8/ J. + l / a2 ) _ , 

J:t~ a,, a 2 -~~- . kJ/ ( m
2 

• h · 'C ) ; 

a MJ¥ . m; 

A ~~··· kJ/( m • h · "C) 0 

A 

I 
t.M!HI> 1 

'1\ 
Q I - I 

I 
I 
I 

itlW.~ I 

"{ 
I 
I 

8 [.... 

( 5-23 ) 

c 
li 

I 
I Q 

It -
I ~I! I* 
I 
I 
I ilJ.Yi-li 

v 
I 

v o -'D 

( 5-24 ) 

1£i&C~.fJJJli:lilJ¥J3H~uxiU~ , 8/ J. @!~-·ntf:t, K 1i±~~tli:f~mvti:~a9Mm•• a, 
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F ?~ 'f)!£~)1}'ip~ 

~~~ft:!m OO 5-64 ~iF, .:t• tt;i~Ui!d~*~Ur 

Ci*&ifii~;J,, f~~OO~:k. ~7.kl!l-::JfiE:J:II::k*ltR-t 

:if':k~ lm", ~Ci•oom:if'~0.8m2 ,rm•••~ 
Jjl~ lm "' -~--fiii~.RJ!JU 8m2

, F:il:~ 200 -

1-:-~-'-+.,.1---'----l 7.1< . . . . . ' . . . ' . . . 
. . . : ~· ' . : .. : -it }jff : -. . . . . ' ' . . . . . . 

400kglh0 m~~~l¥~~, ;j~~l¥~~, ~ ~rJ!J IE 5-64 ~Jtrffi~j.\~!fi~W-:ti!l!ffi:O:OO 

?*a -0ti.t•.~•m;.AUr~fll~fl~B:. ~~ttfm~Hi<J'WT-, fiiJB>t:if'~ MI.JJ :*:ko :¥H~. ns 
••••m~.•**AA:if'Jfl~mfflftA•~•~•ftM~o 

G a~i1UI~~*~4t 
~~~-~f\.lf~~fi;J~A, ~.x-t~L~¥~~t-¥ !§~J~~l11!~~ft;J o ~fiL~1t=WfllAeit 

~~-~~m~.*m~~~~~*~*~~A.*~"~~•w~.~~-~~~. l!~n 
-~~~§~o ~~~~--~7~~n~~•= ~-•~mW&ft,ey~m••••• 
~fi~tlm.Jl~f~ ~~LJ&¥a ~t.U 1* cp ,c,, ?illim~~LJ&£~:itl:fim!W , ~ iWi~LJBt¥~ £f{J ~~3C 

• $; 1t:*~Jffl~l!&ff{J~~~~~*flmt#¥1*J~ff{JOO~~JJ<*;:{fild4, ~n:k?t~W~ . :tJnlm 
~~--~~.~tmff{J-~*m~oo~*•;~•*~~~-2•~•~.•~~-~ 
~Jj\, ~~~L~£~~~"~~1lt, tl!i'ilJ.*fVft:~)!JJr , JE*~~~~*~~~-$o ffi 
fiiJ a-t•~~-~~~~mMtt~.reit~~~~-~~~~~~•~~. ~••~t=ff{J~ 
3tf!o 

H ~J1-$()1}ipfi:Ji .:I.'t-it# 

·I~~~~---~ffl~~-M~~m.*••rt·-~--A~~--~.~~ 
~~-!*&*~*'-1-l~l:l:l , ~IJJflit-l-17Hi~~~if!d~~m. . Jt&ft!IIll¥!5-65 ~~Fo X~'!!JM 

JJI!~~~r&!Jl:•*!-ff{J~~:tJC~, ~*~~Lt-~ot~~¥•~~'!1lfiii~~£~1X~flli!lf, M w 
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~A 
r-

- -- r - ---
L 

. . 
F=t - -
,J t= 

~~- ~ :::: ·-~ . . 
·-\--

. 
L -

'-- \ 
I I 

ilr*D 

~~~~,~~,~~~~~~~o ~~~~~~~m~~~~m~~·~o ~~m~~ 
~~~~1* ( ~~), ~~~~JA;I.J~b~lit~J~o ~1-l{:liffilJlQ:i.tnlt~,c,,~, ~mtf*ll!:A 

~-~M-t-•ft····M·D~;~.JeS#~~ffl~~A~~~ili~~~~~--~-~ 
~0 ~~~1*1!7 u m1*. W:it7tlrmL~~~~7.l<mt;I.J~~' JE~;f!JJH 71!k~iliio !IJ~*)f) 
~~~~~·•· ~il1:i!E7~JJli:~~~. J(~:fit:ilB~~7!1J~:x>t•M~1Vt~ o f~~m~~ 
~~~,~~ff,~~~~ff~~~mo ~~~*YH~~·$~•flo ~m~i&t~~h~ 

~~tt~~#~~~~.~~~~#~*Q~.~1*~~&haW~~~*YH~flW~~ 
~.i&t#nlt~%.$M~JHA~~~o 

~~-~~-~~a~~~~,L•~•-~~~~•~.m~~-a~~~~-•~'. 
m~~~~f~; 'L~¥JJli:m~~~lnnlirllt~~~i:ft:~JWJf<iJjg;tJ, mn~tm;tJ~~, ;f!J~~ 

~-~•fi.•~~•• ; ~•ff•~~~••~•~.•~7~·~~#a,aa7~ 
f'~~fto ill it ~:bPiftiiJji!..t.~.OO{j;!;J, •• R -t~E!t::k, ~~-~ Wi~VJ', fiiJIJ;jts{:4tf:Xt 
•M~m&~.m~~·~~~·~~o 

5. 4. 3. 4 ~l1t#Mt..it# 

m ~'L~¥JJli:a<J~~~~UJ', ~~ii~~, ?ciit~~::ki&t~~~ oo~JHIE5.!ilf-t~~~~ 

**~~o j;!;J~,Am~•*m•~m•~•~ 
~1-t.W-~(~P~~-~1*AD~a<J,W~~~­

ft~.*~t£~~-9~~~7fiR~·)*i&t# 
~!ift;cflf:, ~'L~.¥JJli:tfi~H:t~~fffJ;j~~ f'~ 

~R.m~~m•~*•·•~~~~~*o 
$$±0~ (Sulzer ) i&tit~~.!Rftri1*-ffl-~ 

~~#~SMXL ~~SMX~o ~~. SMXL ~A 

-~~m.n~~~ft~~ . m ~tUII!nlt30o:th~~Jii&~Hf~m~4S--t-•~. :!!llOO 5-66 FJfffio 
~~~m:a:~~'~"*fi~~rm:•~~s.!ilf-t~ ~~~?tfi~~~, ~P: 

Nu = 0. 98( RePr) 0
"
36 (wlww) 0

'
14 (5-32) 

~~ prlww iN!Jl~fiiJ:X>tl/i~~nrt!J~f~iE~~, pr ~ ww ~jjtl~~Wltf'L'~ !::j~~~ 

~Jtlf o 

a~a•..t. . $$±0~•-~•*7~~~-~sMX~~f-t~~~~.~~*• 
t~h1~-~~~,qlt45o~, l:§~~~~~~fi~::kr SMXL, ill~~.!ilf-tii~~!Ut, ~.!ilf-t~~f~ 
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Nu = 2. 6(RePr) 0
'
36 (wlww) 0

'
14 (5-33) 

~m~••~~~~-&~-~~-#T~~~-~~~~•~•*ft*~· #~m• 
rftt$J~2>L'~~At'Ftttc , ;lt~*.!A!.~ 5-21 , ~,c,,trfi!mtT~1~A~W:rt~oT : 

d 113 

Nu = 1. 86( ; RePr T) (w l ww) 0 '
14 ( 5-34) 

* 5-21 SMXL ~~ SMX ~:rd4= !:3~tf~tt.\~~~ 

JY! 13 PH£ d/mm ~Jlllm f~:t.!\ iiii ~ F I m2 

~JL'T 31 18.5 100 

SMXL 33 3. I 17.8 

SMX 41 1.6 II. 4 

E8* 5-21 ~J±\, SMX ~7U1tf~f:il!ff:l~ia'J.f-¥A• 

1~~Tf:ii!~AW~ F I'!JLll~P. tt~'L''if~p~ 
88%, .El tt SMXL m!~::~t!lt' o 

00 5-67 Kenics ru!5G14 

~~cs~~~~~Hr~~~•r••~•~ 

~~~#.~~-~%~~·~-~.;It~-~~ 
~-~~~~~~-~~~~•m~o;ltM~%~~ 
00 5-67 0 

~:5(1 mmtft-f*B9s!Ht PJ IV.:®.:.:t1mT #'m~~~~ = 

( 5-35) 

~l:j:l Y ~{tftlilitJtt, y=lldo 

~*~~1;}jG{tfffl=f' 5m *~~121 Kenics-50 ID! ( f!P-0fll\~1£ lOOmm, ~-~~ 50mm) 

a<J~~~~!P:im*ft'!IJ~LJ&¥~, PI 1:il!¥~.b\ 98- llOCC II*rffil..¥: 65 - 70CC, ~t'FatfBJ~ 

1M, .ElfJ~~iiEJ!f~~F o 

••~m~•.~~~~#~~#'BM~ 
~1tf~~~L,~#'B*h tttc , ~00 5-68o 

15 

~~~. El:i.:Y.M~%:rt~~~.~fll~mtm 

~F~~-~m~*~-~. m~II*-0~~m ~ 
ct 

ffl~WBta<l*~~, ll!P: ~ 10 

( 5-36 ) 5 

!£ Yiit1*Yfitl!; 
L, d. mtm*lt~~~R>f ; 

e ~{tf~Wit$ CPJ~FJH.#Jm); 

~ .Jj(*~o 

lld=50 

(PI!'())) 0·14 =0.75 

Re 
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J:~.=:#~~5G14~.11tUU~~~ttlC:JmOO 5-69 ffr~ o 

E8 00 5-68 ~ 00 5-69 ill~ ttl. Kenics m! -.!:3 
SMXL ~ ~ ~!il {t 1~ ~ tt fm ;j:H jli , Kenics m! -fit =f 
SMXL, [fij..§.;ft·~~~)ZJ]\; SMX ~(:f{J~~~ 

~.!i::k, fE!;it5.!Htttti~tiHii:!lfo 

~~.~~~#Bt.~=fB-ft~MW*~ 
~.wm~~~~~~~~m~~~~u~ 
(2100 < Re < 104

), E:*ffl Kenics ~ ; )(;J'=f5!{t 

~~¥*~ . np~~--~~•••~••• 
ufl, E:~UfJ SMX m!fF~~~{t~#o 

5. 4. 3. 5 ~!1t.;t--ir~-*1ftl 

~ r ?l-m ~t~ w-- ?tii'Vf ~ .~, ~ wti!itJ l'f.1 ~~ tt ~ 
~Ho .R6~-r•••,L•¥aA~-S~ 

104 

10) 

J02 

" :;,; 
10 

SMX 

SMXL 

Kenics 

Re 

~rA)B~tW: ; tE:IJO~iJTmt~~Z.Fo , mt 1*~1NH~J'IH1Hfil!t!j ; E8 =ftittlfll3( ~il-~, ~~ 7.]1: 

~-~~~~~-~~. ~*~~~?l-•.~•~.~fFm•.~-r~~~-a~ o 
~~~~-~. E8=f'L·~·*~iiL~tt£,7fii.J3.~fiB·l'f.J~{t7fii~-~.~#R 

~ttl'f.J§~~«f*•tE~~l'f.JMOOJ:,mi..§.~~=f~~-·~o &a~~.-~~~-~ 
~-tt~~~••~*mJ:&~~Bl'f.J~{t.ep~~'Lm:a:••~••~~•.•-1*~• 
~•. mt~tt~£.-•&~•o ~~.~Taa•-~~m~~·~l'f.J•{t~~•*· 
li'JBt&~T~=fft~7J<~ii~J=P', *.F!rT'lH3UHil-Ji:~~ o -~~~~~~J=f~~iJJ~. a 
::kllllltM?.tll1~4i}-f2:l'f.J~~-.$, iffi..§.~~~~, Bi~ llff~o {E~j'~<=~J:, •·~**•~ 
3m,*3~•~.~~•~m~~~~.ft~J.](l'f.J*,ili~~&m~~~~.~m~~~ 

~~L.mtii~ L 5t/h at, ~*B9'lfMm~ili*J:fm1JiH'~tE 32 -35N/cm2 !!Jt]!~, ~~ 

::ff~l=f~~l¥.1; ·~~fi*fflTitM£J:t~!1t~~, :if'~fm!t:bo~~W~. mi..§.:iffm~,Nt 

--~~~~~W~.d~7~~~~--. ~~=f~~~~; ~1t~#~fflA:ffR:!lf~ 
~tttm~~~tJIAnx~!ll ( 7J<EKI5t~ififf 0. 98MPa) a<J~~;M .&t, ill ~~:it!:-$:it!d~11Eftt.IJft 
(f]{t••*o 

*ffl~~ft·U~ST~Ii'J*~Rhl,~~~~--4B9'L·¥~~~/f'~~~rB9 
~*OO~Bu&~m,Ltt-~'La¥•~~~----.;M;~MM**Jtl£·5~2-
~5-24o 
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*5~ ~~~-~-~~~~~~-~ 

7)(*1! iil[jit/L - h - I ~L {.tfnL.Illl :±1 D f§.!l/ '1: ~~HFo~L.Illl:±l D /Al!ll'l: ~~* jli\~/'1: 

750-800 108 -110 . 63-65 20-35 

1000 108 - 110 68 -70 20-32 

1LfU~~~ ~AtH1L.Illl:±l Dt.!&!l/'1: ~~H ffi :'fLJllC :±1 D IJ,llf/'1: Jll(f*tt~ 

~ ifi!J.3L:.:i\Jiiji1Ut$ lOS -108 58 -62 Vlt79Jtt~.Jll(f*ij,EJ3'E 

~ ;itt~IIlCf*Jff = !!;UL -A: 105 -109 65-70 
Vlt~tt~~' llillf!EI~:It::*:. 

~ 450Pa · s( 50'1: VJ r) 

!ILJllC:(£ !IL {iff 1±1 D !iJ: l&'dll 1LII3C ~:l:J: ~#1 H ffi a9 l&'dll!'l: 
7J<*117iltfil:l L - h - I 

/'I: IIC7i ll ftali l 

750-800 ~109 62-67 65-70 

1000 ~ 109 67-70 70-72 

lt~.91J~!I51lJ~: x;j-=fjf,tit1J L 0 - L 5tlh a9~L~~J.9t, ~~~JJ<illl~~::k:-T 20'C 

at , llJ~!*rlffijf.J3o -3s<c, -fs:tuU'IbJ<rffiEJti%. !*illl~*llT~~rl* ; J37'~. ~i*Wi~xtii 

-i-a9~~~*~n(rij~:;k:, ii:i1~1*MFoa9!¥L~~l.9t'*r!iJM:~Xff-~o 

s. 4. 4 11**'L9XfiUt*Jl.a9ijti.t 

5. 4. 4. 1 i;.']l£_ 

tlil-::li!:~Ym il-!tfa ~j:::ttg ?:J tt a9 ~2F~ft u~ o ~L 1ti"F!"J tl:1:: F 9=t a9 ¥IIi , JJ<ffl f&J -i- , !¥L 
JJ3t~J.9tf&J-i-;f0~1t~ .3::~1::F IJ¥ , x~§~~mil-xt~o .2F;J\ 11 fri<ll~ ~lmlm*'J ~~~ 
~J.9ta9mil-N§a9~*am~N-i-£%d~1t~Ha9•1t:li~~~llJY(J9I~~*•*o 
••I~W~.mil-J.9tt~mil-~~m~%~*~-Tm~N-i-a9~*tt~o~P .mil-m 
( !!J(J~;f!JtJL) £1¥1iE~rt!~J~~L~~-1t:6ttl!il-, ~L1t~H1i¥1J1t:?H&1ta9m~ii-i-, jt 

··~-~--~~!"J(J9-~;fj]~~t£~o 
!¥L~ ~J.9t ~ 1! 1t iftiJ ~*'J a9tl!il- , .3::~ iii:!Jl!JJ &fl j§~ ffl , Fzf mt Jg {]] ~ ?1-1ll ti il-;#! ~ 

il-~-~-W~(J9··~*o 1lRW.::k:BW&fJ,mil-~-i-&AW&·~~a9-B{JJ 
~o tl:mil-ctft~.!¥LJJ3t~J.9t&AW~-~~-~.~1¥1iEMW!tfa•m~-Rxt••m 
~o •to-~~$a9~~~1.9tMF1::a9Mil-~* · •*·~~-~-T~mt~tt.@::li!:~ft 
~J.9ta9·~~1Pf~rtu~~l*A , il~OI!il"~-i-a9iiit:ISJ~::Ff-~a9~~tto 

•il-att•~mil-fta9aW~~::Fr•e~,••~,•~~o ~9=t . Fo-~•ma9R 
1*8~:19 10 - lOOOPa • s, Ru1'l~~ffl~dfj!1!f8Mliltolmt, U!!mti*.M.~¥1J"'FIU~, xtm! 
n&gm~mti*mil-ft1J•ffl o ~ii§tt~MRi*ttl.9t~~•••· §firAJ~~~~8&1tF 
&.••~~•mw1~11f*M~mil-•••~••~~Y, ili••,ame~Y•*m~ 
R:go 



········································· ··························--·--···· 5. 4 !l.J*iiA~-.!7 !!..!* ~.:r..U.B?ii:it · 269 · 

5. 4. 4. 2 ~L~JJf{l(Jilt.~i:t :fl 

'L./l3C~m~•~-~~~~m~~-.~~~$~•~.h•. ~•~mo ~m&~ 
m~J~!¥L./l3C~JJJU~~, .Rfm4MW1Jli!:Jgl9J-*~.1Vt, Jt7l~tn1II!Y£::ljs:PJ«1i5jg~rlrnA: 

( 1) FzHffiJYtJJo !¥LJJ3Cti!iJ9t~~~tfttt~i;t~V!t:Jgl9J, f:E~mt~dtfr'Hlttth~~WiJ3U~uPiJmJ 
ili~m~o ?iil"~~~@l~~ftillf1ili.fH£~1!::k~~ffWJ3t, ~000 5-71 E!flJ\ o :tEM~!}VtJ]$ 

a9 .m V!t !Z: , V!t -f*:n:/~% , W 1iiftiim:ftl ::k ii'il ~ V!t~ JJt WlVJ'o mt «-5G ~J!~ - rx iWi YY t7J $ !Z: ~ , 
~Jfr!!2t1:.-tX~{!;J.~·o m 5-71 c:j:l~lf~lf flu/ fly -=y , "'Jik~tJJ$, t l >tl >t3 >t4 0 

I 
I 

I 
l).u 

( 2) ~flf3V!two ffl!ifif1Mrnt~tJJiHf~flf3mtw, Eb-TV!t"*iflf~:bn, ~-~J.i!Z-tf?.~3it 

~J&aJ9tV!t~5G-OO~~::kA~&· 
~'.~D005~2E!fffi o ~*··=ffl~ 
~.,L2~mrfrt"*5G~~~~.~-

~~~J' il'fim~±ti::k o 

~i:~ f£ 1: ~ I!IJ~ f'P Vft fsb !Z: :fltt , !¥L Jl3C 

¥J9trJ;J$$~ jD'=1:_~1!r.ti~~tJJ£ilh 0 

( 3 ) V!t-f*.flf?};{po 'LJl3C~J9tt£~ 
~ tn t:i ~ 11f3 tZ: ~ 1"' ~ :lfl * lt9 m ~ . w 
tE~~!Z:···-~:Jgf;b~-~~t£ 

II 

Ax 

"z 

3l-?X~A~JYtJJ~~flf3KmJil!i'TJHlio ~~i.iE~, "&~~m?tz/J&t3CJt•ioJ~tJJ , ~ 

~~-~~~$o ~~m~m~gtJJ,~~~-m~m?tillft.flf?t;{JJo 

(4) ?J--Tt"~ o f£~f.iJJ3t;J&?i'fj~!}!LJ&~J9tl=j:r, ?J--T$'"1~~jg-'l§f, 1£tf£f{j$~7{g4lft 

~.~~~~~~~~~~~?t~~£iZ.~1:.JVt~~~~~~D~.-flf?tm~JVt~~o ~ 
~~~tllii¥J~~. f}TiJm:f£'L~~J9tyi~~·Jfl-tf?.~~jjJffg~~~~o 

5. 4. 4. 3 .fLM..l-}l{l(J$Jtj(4f ;.9 

~~c:pa••~~••w~•~~~~~mt.:a:rmfsb~~•tu~~~MA.~~~~ 
a9Jlit£fjjg, m~~~a9~!J1t'£fjjg' ..Elf£3£%Fo~ffil:tl-~·lla9~4ltt~m:o 

.xot'L~~mt~:bn-~~$WT2t1:.a9f1£1€~%mh, lflt~-T-t~•l.to Jtm~~.*f£~~ 

::kfiJ.ltJ:tJc}E -Tf£jt~ 11o!)JJ 11lh r f"=~ ~mt~fijg o 

mi .)(tff.Ji!V!t-f*-:<fs:~/J~a9 Herschel-Bulkley ~~ ( 1926 ~) ili{~J,tfai:l£'L~¥~~F 

tf~~~. ~p 
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r = r 1 + Ky" ( 5-37 ) 

~q:r r JgtJJJ.illjJ, Pa; 

r r )ffi B!l.J.illj] , Pa ; 

K ;r.]Jt*~, Pa • s" ; 

n -~-~-~.~~~.·ffi~~--~····; 
'Y :g:y- tJJ li! .$ 0 

~;t;t~ a~Ji>lt79Jiti!~.Unttlt ( 17 ) aa~5tll00 5-73a, b E!fffi o 

t 

a 

1¥:1 5-73 iAti)IJ Hll~ a ~WilJ!: !lll~ b 

~005~3~~.~-¥·~-~--~~~~~~.~-~-t7Jli!$T~ft~fl~ 
• 

~~~~~.~-~o ~-Jffili~~.~DtDJ.ill.JJ~~WD~·~~*Mft~.&MJffiM~ 
iJ ~ ~ mt 791 dH ~~¥f~1I ~ , ·iJi ~ :}lL~~ 195: ~Jffi B!i 11lH1lHf;ilft ~ o 

m~M~~~~R¥a~~m~~~~-~m•#.~wmm~••~~~•*• 
M.W~~~*1I·~~-~~oi~~~~~---~·*·*~-~~~. W*ffl• 
i1!1Jiti1ffb B<JWif*W!J!!Jm~•JJ[ o 

m~•lf~~~•*~~m~~~~•~m~.w~~-~**~~~~•lto ~~ 
~~.~'H@'L~~---·~±O.M 
g/ cm

3 At, fi~f.:t~l!lf*.ff:~~·!i1mfil1ir o 

:mt'F 1'1.@ It if.i !m JfiJ ~ l!m f* m~:IJO .A:}lLR ~f>IJtll.~ 

¥19t q:r 151! z*~lf*, t~il-:JSJ 6:1 JJt.!:j;JiJ.:.tJ:J.t , 
@J.t , ·Z9J~ , -~j]·-~~~o ·J.t~ 
6;], t'L~~1L ~ If~Jl( , f*.li:1fltj', tm791 
f.£~ 9ltl.x;fi~ ~ ~ ~J 0 l¥Ji .tL fB) ~ 11.$ ~-jgt~ 
~D~.~~tt~~~IJJi~~~~~mil-B 

~itiV~~1~~jg;IJ, l!Mm1t~~Jo 

5. 4 . 4. 4 .1.t.m.~111J 

::tt:Jjnnit{i}f~.~, ~1Vfilitl B<J ZMJ-o5 ~m 

~~t!tB-9~¥;J.~F:&OO:!tll OO 5-74 ERmo w:m 
~~oos&•l1l~79J-~m~ •• ~ft;o. 
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~*~~$~z~~~ffl~r~~~~o ~~~~~, ~~~$.~~~~~~~~~ 
~T¥*~fll=o Jt.±~jt#~~~: 

1f~~Wm3 0.5 

:Q:;k; !ilL~ i!i!i ~1Jil A 11:1:1 kg 380 

~*41/i)Jt!Pa · s 500-1000 

tit ii-~ 1:) JJt! % 90 

UHI¥~~il/r · min - • 86 

*Mc*l-ll1fiil/ min <I 

.:E $A11.:9J $./k. w IS 

~~UMHillk.W 15. 75 

~H~.R.>j"/mm xmm x mm 2390 X 1380 X 2490 

lj!: * .&t:til/kg 1260 

W:m~m~~KHWJ:tjcnttm,NEiJw;t~;f1;) o jcnt~I;Am~jcm; 00 pq ~~L~~~V!tiYJ, 1NEiJ 
M~~-~-~k~aft •. M.*m~eM~ft~k~~-.~---W~:$1-B~~~ 
~.~~~OO~~~~o *ffl•*J:t~~~·fl~r~~I;A~rm~o ~~~~~~~* 
t t bn.Aft, ~*tv:•M:bn.A:i$J5J, 1f~ll:.i9:*pq EI:J r~L~~J.!Jt~~l!fti.lim~~~*Jtt[~~o 

~~~~~~~~*~~.~~~~tt.ii~~~tt*~~~. I;A~~I~•~m~~ 

*~mtt~~~~r~~~$~, ~~ 

~~~~~~n:$1-~~o ~~M~~~~~ 

tm~~F~~~~. ~~m~~~~w~~ 

.&~~Vito ~-=~~fEilmt~. ~Pt~ (~) v,v, 

~fi§~~-~~~~~-:$1-~~.±~·M 
!fl o ~nt~lfit, ~MWit:iJ!flfl LZ:®:lll:knt~ q, 

~m.rro~Jt~B7t&~m•~~~-~~ 
~i ~ lfi:JT7t ;{fi , ~m~ :119 ?:J o 

'L~~am~m~:tmm 5-75 Fff~o 

~-~~,L~~-~:tEill!)lmiR~mtiYJ (q,), ~~V!t Cq2) re~•w~ v,v, :t1l1~:!W 
W 1:8: V2 v2 ii ~j§* o 00 ~ mt § 3!U 89 :W tJ] :lit .!:¥i ~ -t ~ ~ .l!l-~ 1)g.m :li!: ~ ~ :l5: ~(;* :tl ~f , ZM J-

05 ~-~-~mR~~-~rm~:k:k~*~T~~~-o 
i9: 4i JLM %~~~ 1!ffl~.6 , rti ~it* .iE 1t r ~ ~~ i! , ri ~ l.!lt i!: !::i 7tt ~!fit f8J ~ :l5: fJ;J.1I 

~~~o ~1f~Wi~tt~~tl!~it$:flEJT'*f~. ff!R~~-~mtfll&i\ili~~i!1J3~~-~ 
•~tJL:A-~7$fJ ~m~i!ft o 

5. 4. 5. 1 ..J:..!; i~-i+ 

J.!l!f!Ht~,L~:J.i:~:e~~~f=Il:~~:;i!~F~$~, 41UWJf'F}!t:fit,J\, ~*€1~, f=£atJ 
~-·~~ , 1lt1=H~~ tt*tl:tl:f.i:tt ftgk5~U~ * o 



. 272 . 5 ~-ft.~ JSj ~If.~ .17 !!a? .:r. ~ .................................................................................................. . 

a••oo~•~~~~-~~I~~-~~~~-~~-~~-.~•*I~~ 
*~~~-~TT~A*8Mtl : -A~--~~tt*~~~~~.ftX~·-~· 
~.m~ey•~-~*•~••m~••~~•••~~.•~•~~ma; =~~ 

~m~••~tt-~m•~~.~~~~*••~••o *mm••wm~~••· 
~>J<~-T-~~7-zfa]:/ti JJ,fBJ Jlljt~1~Y-T l Omm, ~.:;-~ ~fi~Zfa]:liiJJ' IBJ ~~ ;J'T 
2. Omm , !¥L~m±m~i!~1ritii:t 2000r/min, Jl~W~)[~£J1Z~:!i~fU~; -=:A~!¥L 

~maT.~&~aF•~••s•; ~•«R••~•~•m.~~-~-~2~ 
1r¥ 0 

~-~~~I~~~~-~~~~~~~ ~ ~•*m~oo~~~~Y~~-~~~ 
~0 ~*#~-~~-~-~*~~~~~~••~~~H~~ttw. ~"m•~•~~ 
~~~~~tl~~L~:I$H~£~~~:ili&tt, -~(:E~~:t<~·ii. ~~?'~$1IC~IWo ~it% 

IW~B~~~~~~~m~~*~o 
~~·~·~(:1::~ , ~~~~~-~~~~~·~(:J::~I~~~o 
I~WmCM) ~-*~$n.A~I(:E~$~-*~-~-W~W.,L~:I$H 

~~I~&~O~ o ·*~I£fiill±~~ =*mM&.Mffi•&~~&¥£~~L~:I$ 

H~~~•mo X~~~-m~:~~••~~~~*~•~~•~••~~~~~M 
tfillo 

~-T*fflT~~~~MU*.~IZWmc•> ~-*~~~".~~T·*~· 
~.mw•-~•ffh,•a~m•~•m••~~•~•.•~Izwm~I~••~ 
~~. ~~~•w•~I~m•m~•o•~~~••~•m•~~(:E~X.~M~o ~ 
~~••*m~~~u•~••·•~~wmR~~~*m . tnm~•••~ffim*mto 
•m;*•Mtl~•~mh~IUQ~•~•¥am~•~m~ffl* · ~~*~o•~•~ff 
~~~--~~-~-~(:J::~:t<~~Mo 

;iifi 1rt, ~*~LJBC¥£~~L~:J$~~~j]!*M DN ~~J"T so. 8mm ( 2in) ~~mtf9~ o ~ 

.:r~~-~tt~~.~~~~m.mM~-~~~~~~~Wko ~~m~~H•*~~ 
~utili, ~~i-flVMo @f~§JIH!ii~ ~~, ft~fe;~.fiJ tfJ'Wii~J1Z:I!IU:t!!tt•, *M~~B;J" 

5. 4. 5. 2 .:t.:U, if:it 

I~~i.t~~I~lti'rlz HiT, tJi 1.U~fi:fi At;J;Jil.:JQJ ~N!~1fU1l ~ 7:1t ~M·If lSl, ~tt~it 
-~~M~*~ · *m••~a~tt*•~~:rrMmm~~*•·•••~~~•••I 
-t&m ~-i.t::t 14:~ l!l~o ~1ffiiJ -~~IIWJ9! § - f-f , !JL~:I$H:ii~~~m~i!i~ ~~~ 

~I~·*·M~~~~~~~~.W~tt~R ~ ifil*,•I~ -~·--~88"I 
~0 JMfkey~~*~-=~AA-~: (I) ~~M'~, t!l.ffi3LJ.ji~ iiJ:fitt~R~•itff:~.:fS; 

(2) ~*~Sit~. t!l.t.Sfllt/7.it~»8!:II!I.* ; (3) M!I~~Ilft~. t!l.tsM!I~ i.il:$~!St 
~0 

~-~~~~~A~-~~·*·~~:I$HI~-*~400~±8,~~~*~~~~ 
-~ ~ ~~~·~~m•oi'ili.tft.~~~ArA~~••·•I•••·~~~~~r~ 
~ ,5'~8···#~ -~~F~~·~~-fi~·····•Mm~tt*••.~~I~ 
~.~1*-~tl~•itF'** < ~ffl:)'jiiff~;tir•it~::lt;J;Jil.1!1) iMr o 



............................................................................ 5. 4 !l.Fi.t .. lg !l.F ~~>f.¥.69i.tit • 273 • 

--~~~-A~$·~-=~-&~~g-~-~~g-~R&A~$g,~~~ 
~:1:}), ~ffll8: o 

~-~~~•~r•~a~~~u: •••~~-r~~-~~~-~~~mm, ~­
~~ . ~~•~N~R~~~~~~w~~-~~~-~~~18:.~~~-N~~~r• 

~~-~~0 
~-~-~-~~-~~rg~r••~••~~~•·.~~~•••~•~~~• 

~•att.x•~•rg~~~~~tt. ~*~~--~~-~rg~~N~~$$~. 
~~nl~JJ19!~, W\latttiJ*pg~~$:t<~~~iii!J.!E~m:•*o ••~.FIHJit~U;riritttt:t<~ 

MM.~3~~~-~-~~e~&-IMU •. ~~12:~·8o tQ~~-~.!EI£W~ 
x~~:t<~•~. ~tlC$~~~•0 

~-ii~1Z·~ ~ ~r gJi~qrHt•m~, ~fOJ1l!Mlk:::::t'~l!4f~~~~JVZA rm:, ~iftt_t 

~-~. W\latbD*IW~±~~ti8rgii~~I~·::::t'~~~*~o~#-~*~M­
%~~.*ffl_t~~~~~~$·.~~ttll~r~.ii~~~.tlC~-M*~~~~ii~ 
nl~. ~*YE~*l-:ieti~ii o 

f'F1-J-~~Jr, m 5-76 ~tfH~r¥I~J~~Ir~~$fBJ~¥Ww:tmo 

H 

~~(ii) 
0 .,.. 
00 

"' 
0 G .,.. -
"' F 

E ~ 

8 § 
i! i! i! 8 ~ "' Jl(~jfilj fiT .,.. 

0 ~ ~ ~ '<) 

0 ?!{ it! ~ 0 
0 i!~~-~t "' t§ f.¥ lill 

B c 
0 ~ ~lliiJ:¥: llll.ffi fti!J. 8 8 "' ... "' 

A A 

3000 3000 3000 6000 6000 J2l 7000 

I 2 3 4 (5X6) 7 

*M~~~~~~~. ffir~®~~~~~.~~~JVZI~~~r~.~-~~ 
~(M) ~-OO~~.F•at~~JVt~~-&~•~•fi•o••~~~--®~~ 
~~*·~·- · *~-~~·-~~4,$~~#M·I~W~~-~~1l!a ~# 
~::::t'WO~~*~*ff~Q~~$:~~~--~8*~••~*~·•n•w~•~~ 
~~~~$;Mffi~*~*n•w~~M~~$;••~~-••~•~~~mn• 
W~~*~-tt~$o -~N#, ···~~~~~~~~.x~~---*~~r 
-~{tffl~1fil o 



• 2 7 4 • 5 .fL 1{. *I' Pi 'i:J Iii:. ::;5- £j ':t /'- .I. !: · · · · · · · · · · · · ....................................................................... . 

AFJT.ml~, ~L~~l91:*~ 10%1i::t:IB97t?t, ~tJI?t"P/l'*~""**B>t, -A!tiA/':J~L 
-~-"PB97tAffltt•~m .• 7thlB9~iD~~-~hl~~o ltB9~~**••T~H 
B9m~~Nc•• , ~*~~),~$~~*~~~o ~~~~w~5~~WH~~. 
~&¥m~~~~·~~F~~ffl"P. ~~tt~~~-~ ~~~---~~~H/9*~~ 
& , ~~/l're'L~¥-~/':J~H*~Mo @~~/9~~··*~" B9m~-~F**Ta 

•~em . a~~~-~-~~~.a~•~••••~•~~••o ~••••~. 
~~~·~~~**~·~~~ . ~--~~~-~~fi~~~-0 *~-~-~~~ 
H~~F~~tt•*~~. ~M~WHI~~~--~~ttiAm,•a~~~H~FB9 

*.191:~~tt , to•~~·~~*-~Mm••~w-~WAB9M•.•••~ma~* 
f& o 

5. 5. 1 ~ «: 1$&~ ~11 t-1=*1& *f§IJ .!§" ffl{ I~HHff 

5. 5. 1. 1 .fiAt.:tt ~ ~~A.tl:lt.ii.!'Jt~t 

- 5-25 A~~~ · ~JiHF0iij)(~tlt:W-I966 -1995 ~*7J<~H$$B9~i.t~.W: .• 
5-26~~~ 1988 -2006 ~'L~~····-~$$B9~i.f~.*o 

• S-25 1!t"'-***f=l9.f&tfe-tt 

~-(f} Iii §J!J MIJiitiff~U 
Jft:AJ.t 

~ffi- ~ :!JIJ ~~-~In.:nttlilt 
JE-t:AJ.t 

11' 11' 

1966 ~ ~ 00 iji 7ft 2 1988 ~ :IJU*::k 'L-ftWJ!i ,1i-!3 4 

1966~ ~ 00 !JI< tt:tU-9*i! 1989 ~ ~ l'i'l mlAN-lfi<tt;tl!~ I rtt~ 

1973 ~ • lit Di m 5 1990~ :bo;$:;:1;: ~1-t~~ .~-13 

1974 ~ ~ Iii MMAN~j! 2 1990 ~ jfj ~~ ":U:~~, 31{~ 
. 

1975 ~ 1Jn:$:::k Powermex~~ 8 1990~ ill!~WT ~fti:1:J!i 16 

1976~ ~ ~ MMAN~l! 1990 iF m ~~ ~t11:m!1 . 1R~ . 
1976 ~ Jlil A !JI<~j:1:~ .~1}f 1991 iF .p Iii ~ -u:J'I:J!j. ~~ 7 

1977 ~ a * *M~.u 1993 iF Jli ~~ ~{I:WJ!j .~Yl 

1981 ~ li ± MMAN~~ 1994~ E. :ffl' SUi JL ~ n. ~L1t1:fi9 .}it~ II 

1984 iF ~ [!ll !JI<~W!ti , 'JJ'.:k 1995 :If: Foil A ~L1t;tl!i9 I~~ 

1987 :If: -m ~I: Tovex:, ~:iii 5 

*tl- 60 
1988 ~ l1ii A ~1t1:1:~.u 



············································· ··························•················ 5. 5 .flAt. :/it~ 1./'" 6? 4t-~·l!l · 275 • 

llt lill It!! ,?i, $"/abtlt~:1:.I.f¥ $-Ia~~ -Hit:Af£ 

1988 &:~ 3 rJ 131<~-~Ur lft:J!I!;f1t11;J+f~lt&~ 
tll.7} .p ~~-:t£~ lill ~ x 

#1.1.11'.1" 9 ~ff :k 

~t 1t if tJit j'l! ~ t9! f.!: • ~ 
JEt: 7 A.lli:-Hi 

1991 if! 5 rJ miM<:9:1tir ~-IUJ¥~1$ ~liH.f~ili'milttlftW 
7 A.t2-Hi6A 

~~At$ 

1992 if! II rJ 
n:~-~4lHt~Jli:$j& 

mBUlciflilfilf+fiUt :k x 
m~n 

.?t t:: 61 A , m 

1993 :If: II }l 1~nwi¥i~1Ur -@1.~IBfJ,t1:,j,j:f:F ~al!:Jtkfi:I'&f~i.J I:JS m 19 A,t2m 13 

A 

1994 if! 9 Jl fiii ~t.E A ~4'!1Hitt$ili r 1:.1" .IE-~1$ 
rJJIJIH>J!fi:I*=.*M!I x 

ff~ltfii!;Jt*ll<tl'iilS!tt 

1998,£f!7 rJ Ll.t*~-ft.Ir @11.1t·~~ 
iU\·'lai ll!~ ~ . J1;J It!'- Jft::3A,1lt-Hi 

f"Jt~~t$ 7 A.t2-Hi6A 

2002 :If: 6 Jl liff LUJ<li.Htir ~~~i*li~:I:F lill~~•~s x 

~L1tffal~iiU~i!€11JDJ:!l 

2004 ~2 Jl fni~t~:l't1tir 
"-1tff~1:.J,It$' ;;1:\IJ- fl: :IF~ WL, tt .fi-:fl JJ! 1\ll ~t JEt: 13 A.-Hi 
Ui 11;) 2 t .fi-!§ JJlHi~ !.ili tiiJ tnr. r JEff • * 15A 

:JJl( :Jtil.l;;; I ~~:I:F 

2005 ~4 rJ ~m1nr ll1'-1:.i"'tt:fiil~:I:F 11Hl'l11t ffj-i.J ,.~!§ 
g;:~I9A.W 

lOA 

2006 if! 5 rJ :9:ltl0:9:~ti<1t.Ir 5~~1tt$~1:.i"'IJ.i1 
- -'} • :fT ~;ner *4 ~ tt !t t:: 16 A.li: 

12min I!.(J:.J,t1:..:f:F i1.i3 A.~-11521 A 

5. 5. 1. 2 .jL-ft.~~ 1-.F*~:f~ll?~ 1!1~#" 

5fi. 5-25 ;fll* 5-26 ~tl~~~&~tl*l=$$:~ ift.A f(J, ;G:I.lll*1=~1:.F:i1;w I:J:l, [JJ$: 
A~W~~~.~L~~~~F&~~~~~o ~~~~.~~~~-I~.R4;fll.# 

~~-.~~Ama•~m••~-~-~~~~o&B~~.Md'L~~H~.F~ 
~--~~·~~-$:~8~.~-~=~~W. ~P:~~;fOI~ - ~-M·~~~ 
*-~F~~~W$;fllmM•o *~'~•~mM~~~~m•fi•~~~fi;fOM~. 
~~~~~~~M~~~I~A#,1:FR4M~#·~~M§;f01:F~~-$·~ 
w~~lf~~{l(~ o 

A :fL 1Ut ~ ~ Jr.~ ;fP .:r. 1: ~ iii 
a lLit:l$~~fte~ 

~ uinJlLft~~!fGjj'a-<J~~~ : 

( 1 ) .!fi .100: :1$~ ;f01ifi$.M *'~ B-<1 ~ Pjnj 0 ~LJBC ¥.100: ~ J3l ~ tti f~ ~ ~L 1t :1$ ~ I¥.J ~ *"' ~ ~ ( 'E 



. 276 . 5 .fl.-ltj/f: ~~lie~~ 1./" ;r._!; ········································-·-------------------------------······-···· 

fi189J.m1tf:Efmfflffl~f£) ~ fte/Jiiii· ~ i&t1i~m!ff!It:~~~1f~o - AVIEY!=, ~f+DC/J 
Utit*489~1ii1, X*~_tB9~3tEiN~llP.im£.!Ji!.B9o f:tjlo. :t£!6i:t-HHjj-"P*1fi\fljl\fttilL 
~¥.J~•a•~~*••~~~-·~~••0 ~~.~~1twHnc/J"P~~a~m•a~ 
-~--~M,jlo •• ®~.~-~~~•RMH~~.jo~1f~~--~1t~H~~~ ­
~1tf:Eo 

*~-~••B9~~.~~•~••tJ9r*~r . xJL1t~Hm*"P*1ia••· 
~~~~ey~~~-tJ9~&~®oo~~~~*~~mtJ9~m.ffi~~~•~*~£~~ 
~~~§~, liiJM.WFai¥.J~~~~~~m.~~~~~#..t~T7~~3t~~ .:t£~ 

~IE.t.X***ffi~B9~MM~o ~~--B9~~.A~~'L1t~H~~~tn•B9• 
lJf.T. tl)lcsl®a~B9t&~. iiff?'~~~botJ9.:i:X!1U~1?&~tf!~, ~imiJI®m~~1t~H 
(J9~~0 

~T~m*"P*;ffaJit~a11L1t~HB9~1tf:E!iff~?'~. IL1t~H:t£ffl~ii1fiaW"I*7f* 
*it 9=t Btl", m~ !:JW"~ 9=' ~-:6:t~JS!J?.!U~~iiff 13 ~, ~~1t*it *'*fe: i!f o t~~o, ~~-ifo.J 
V~~ffl&&$···-~.-JL"PB9,L1t~H8$~~~13···o~~~:t£~V~"P 
~a1tVEi~~Fai¥.Jm~~<m~) ~~~~B9~•&llio 

mMftiEi;lfta1tw-mii'~B9mtl. :t£ too<tJJcm'PIS.iHatl"fBJ~1ti¥.J~~~*jlooo 5-n flf 
mo JA~~~*ey~;AJO-I:tl, MD~:t£ 7min Fa~ffiit71-t.A, ~IH~71-~J tso<t: o MD~JJ<~~ 
~l!fltt, tn_t~~~:ti(I¥.J!fL1t~HX~ 70 -80'\: B9~iA!T, 1iJllD~ftla1tW"{j!~£~~:t& 
-IX~ . iiff~~00-1tU11&~. ~Z.00-1Mffi&~B9l!~·~. t51~--~~~l!~. JAim~~ 
~~~!{1(19·~~-~0 

(2) 'L1t~J (I9~nfiil o *tl3::f'iRJB9,L1t~J , ~l!-tl1.7f=-.W o ~Jj{O, jj-~tJ~tl3 Span-80 'L 
1t~J ;f11 Tl55 ' L1t!ftJ11i'J1itJ9 MSA-2 I:t!I'L1t~H , JfJ DTA ~lJ!~utX~~~tt. ~.M'!:j{OOO 5-78 
flfm o ffl®~~··*R.Mf+ MSA.,L1t~HB91t·ffl~tt. ~005~8 ey.!Ji!.,~ffl 

Span-80,L1tmB9~1t~HB9~·-~~fflT155~1tmtJ9~1t~J{J~·~30't: , im®MtA 

~WiQi7 32't:o flG~iJVYHt9~ . #.fflB9IitWH~1tttOOli\/J?! , ~~jj-'-Jt~Mf+IL1t1l!J 
200r---------, 

160 

~ 120 

= 
80 

40 '----!--~--:'=------:' 
2 6 I 0 14 

Btliil /min 

1115-77 ~~~ ~Hl!Ht1V'~~ 
:ti:~f.:l:~lli~* 

300"C 

273L: 

I 00 150 200 250 300 350 400 450 

mnu·c 
00 5-78 'L1t*F~ DTA OOif 



---------------------------------------------------------------------------·-- ---------- 5. 5 ~tA-t.;l;t itj !i.f- {19 ~~·Ji. · 277 • 

;i(;j~L1t1$~~~JE·ti~Pjnj~~;)JIJ, ~jg1;ff1~ftifr~~-- ~~~~fO~.f&~~~%~lfili:IJ 

EJ-9 o 

C3>~~•*~~~0 •~••-~~•~m.••~~~m~~-~~~&s.• 
ltl.M$~-~~·*h&$o~·Et9·~-~~-~m-•~·~·~*~~ffltO~o 
~~~•n•~•m*••~¥~~-•~at~~~~~w•na-9•~~•&so mM• 
~~•Bt&mmtt~-r~utt.J¥J£~: ffl- > <W > ~ > m > f8 > ~0 ~ 5-27 ~u t~:~T•M•Ej 

~li:IJ~·-~~~&m~ttfO~~~~o 

~s~ ~-~~*•~*~e~~~tt 

~ ml :lil*&liY:~/J . g -I :Iii :kfe: i!i tt -9iJ ( M(-JJ!: #~) I % .1\tfli!~t'l Jt; f& 

~ 1884. 15 56 B 

~ 2595. 94 58 B "flilHilHI*I' & li1l.1\t~ 

l$ 3223.99 55 A :a: 200~ !;.( ""F ~ :li ~ &liY:fe: ~ 

-w 2302.85 62 B ;(rJij(JitJ!itt 

•••~A~~••·~·•~8o~~•M•m•Bt&mtta-9~•••~~~s~8 o 
M~s~8ey~atl:l,m.<W®W~mM•Et9•m*m•~•~na-9&Smtto **~• 
M•mutm~i*f¥~14~~- Bt.mH~i51i~, ~~ E! :lt&Bt~~tt E! ~~:k:k~JJO o 

~s~ *•~~-~*~~&&tt~~~~ <•*~•~*Bl 

~Iii& *:!it/ % m_gu~ liA ~itifiHiti<!tlo/o JJ;j fijj / h 111:1f&tfllt t& ll!U& ft!o/o utili~~ 

i! 7-8 80 80 5 :If& 2.0 5 . 

l$ 1 - 2 80 80 2 :If& 0.4 2 

~ 1 -2 80 80 :If& 2 

M~·~~*fi·•~•••ey•~-cu•ffi~:1gnana~•.~~~mey•~m 
tt•o ~~Et9~aH•~~P*Mjg*~•~.&jj\Z~jO"F: 

NH4N0 3 + 2[ W ] -----+NH4 N02 + H2 0 

NH4 N0 3 + 8[W ] -----+2NH3 + 3H2 0 

NH4 N02 -----+N2 j + 2H2 0 

li:I.Jat, mM.:P~S!Y.-~-IE.~~~}jbj(~.f!L .tl:l NO ~f*. &$~jO""f: 

2CS(NH2 ) 2 + 2HN02 2NHCNH2 S + 2NO j + 2H2 0 

(4 ) M~·-Ef-9-ulnJ o a~·A~~OOjo*•T-m~±#._.M._~----·~· 
••· ~~~·~~~m~ I %at-IE.~~~EI~o ~~. ~~~~~JE~~·~~~~­
Ifl*:!it:k~ o. 5% at, f=.fbjg~il"~ o ~ 5-29 ~--~A~M~·~ !=j.Mfl£muta-9&S 
~·ti(:J{J~~--0 



• 278 • 5 ~it:/11' Pi 1¥) lt.~ J;j 1.?- .:r.. z ···································------------··················------------------· 
•s~ ~~~~~~-~~~~··~~~~* <a~~•~*~> 

n"'. # *&!% tliUJU'C lil'l i'il!tli~fH~ ~Jl/% IJ;j'fEi]/h 19~11~ tiHRtl<&!% i:il:lli?X~ 

lfiltltilll 1.5 80 80 5 ~ 0. 8 5 

~ llll 3.0 80 80 ~~ 2 

:(i t.'i 2.0 80 80 J ~ 2 

-~M~.~~~~H~~MW~.~~-g~-A~~mA-~*·, a&~~*M 
8111V~, :ft~JJ<ifH~~I!iJ~H'$li~Eft, ~ 70 - socc ~m\JJCF, #f $:~0-irff.:till~.&.).))z , ~W 

'5 1®l't~I¥.Jml.f:ft7t-~, &&WJ?..~EJ;f{J!~ til ;ij.i1:/t&!?2J!Al.~ o 537'~, :tEmt~HiftrJ!B;J~:ttHt:i!ff~ 

~~~*~~*~~m~.~~~~~~~~~-®~AmM•*m~•~.m~Fo~n 
=f~iii~, :tE~mt~ifi~'Br~-tl! iiJ!ms 1®/iUl El ~o -!Jf1:i:iEiil'iD. A#:ffi~tll.::f~~~~gr 
?5 !4H~irif.~ El t!t.l~~ 1¥.J;ff~fiH&o 

b 'L1t~~a<J~Fil:; 

fVf~~L1t~~Dc1r:1<~fi:~!i=1JEI;j, &'~fVf~Il:;~:s<~tt o f91J:!m, 11~;lit1tii¥~ 
~~I¥.J~~ .~:tE=f~;ff~~~~tt~t~&I¥.JI~~~*o ~#~liFo,:tEII~~1t 

1$~11aiEJ;f~~~~ffl.DKi&l:~tlt:it~~ o B:JT-Kif~~¥1Jilliff~::k. ~.@ii-il71'~~lf1[~ 

f;Olmitif~~ffllJl."F~fi~~ o t.J:l'F~trJVt-~ 1¥.JEJ;ffaJ1!111-tff~nt~~ 10 ~, it!~.!mfi 5 

~, El:!.:fn!?2~ 2 {:j , lttJL~$EI:J 3. 5kW J1HU 7. 5kW, 15kW o ~:fn~.$:J:th::k, ttitr-!=ffa<J~!ii 

J:lttEt!tfFi.t~~UI!~I¥.Jlftitlf:: 1'" ~?&~ JE, ttitr-t=fl-irJ!iiq.:rmr-t= 1'" ~th'l, 151!!¥L~~mt~¥U.®J~ 
~~ffitiilirm!l~ o W.El~L1t*P~~F~9=', 1>1-rfMt:f , 7J<;fflflitJ~~J~!9 , 1:!l.~IJJ!~ll::tE 

-B . ~*~~~-, ~«•,•~~,m~•• , -*~m~••~~~Iml¥.1~•• 
~~~OO~;ff*~~ii~:s<~m~I¥.J~~.:tE~~-~9='~::k7m~o 

~L1t:fn~W~il1Hft<J~1~M~:tl~lfl~nln.J~::k. ~·~~M~~I¥.J~L~¥1Jia<J®Ja~ll 
-%!111~ f.fj 0 

1.JT~~~L1t~* ' W.j\i1j~L1t~ F.i'l~l: tlli, ~-~f~ff:M, ~Ji~~L~ti:f:SJ~!ii~~if~L 

1-to @~ • .tmM~a<J~>J(ttltW~ill!. ~f!l!11W~$u::k , m:w~ 01) ~~.R>:t:tm::k, ~ 
nUL 1-t~Jlkfi M-~-~~Hfl m W .®J ?.!~ o l5t .El , t:i itt'fF ~ rr ~ 1t , llltiff 111* ill! 1l ~ :W "W ~ lll¥.1 it 
:bn, ~Lft~~~;J, , ~ll~WJJt::k, ~1*-~~~::kill~~:Gt. li=1lat~i£t!i!WfFffl* A~ 

~ ~m , ~L~¥1Ji~ M1lU€i ~ f{:1Jla<J~ mM Jt::i:JC IE llti'iJ 1m IE m~~L1t~ 1-J:fn~f/ii 1t, 1>1-
W:bn::kT'L~~-~~-tto ~~~F~a<J~1tB~1.1*8~·~· *fflM"~m.~~ . 
-T:1<~~~]!1JD.::f5fil o ~lit. :tE%~ W/ 0 ~~L~¥1!1iJS, &:i:IHt:ii!l~;A~~Jj()(;j~L1tBlit 

'L~~~~h~--·o -*ffl~R(~-)~1tB.J~---·#.151!~L~¥m~JJi~ 
1t. 1.J"F-$f/ii1t~~I£~d4=o [ii]U;j , ii~~1t~~a;J*ffl~~-~1t (2900rlmin), 

--~1-t ( 1400r/min) ~~EJ;fx;J'L~~l!fi~fi~!jJ~m\.MJ)(;j:1(~tt~lW JUi o 

M~-M . ~~~~-'LMa~L1ta<J~~Mfi9='. ~~~-A~C~Lu·~-A~: 
-~0-~C'L~~,QltEJ;ff!JHz• A, ~-$0-Jn~1.J*:i!ats ! Ao JJJ!~Lat, 4?n*'l-~~~~M. 
*'Hlii§!S%, ~n~?'HS, ~attt:RWr~~~£siA~~. t;Yjj~AfBJ~I~ . IE T-ti\tWE-iJ 
?.~. ~ii1k~:Q~t2:.fliizl:tii~::ka<Jffl~r, J!£~1A ~U: o llltiff:b~*ltit~:tt:lm, ~#: 

~~~~. F.A~tli!1*.JJH~, SlltG, ~AI¥.J~U:Xir%~-1Jit;J,:frfft o Bf~~}:Jra;J, .fl 



---------------------------------------------------------------------------------------- 5. 5 ~L1t.:l-t lti 1../L ~ ~±·r.t · 279 • 

mHi!E21s:7.kf-. 1itB15 1.A~~iilqli:t'o 1£~L1ti&Yt~r, ~1*-tMt~a. -$:71-~~i*~ll 

~j!f}f~j]Qfijjfr!Hl:1T-~Eft9=t, .)t~f.:ii!mt#fiff:!IHY!dlll?t~, ~J!tjg L 35- L 40glcm
3

, !ltat, 
-~~~~~Tm~e1t~~H.mWB1~M~.~~•?tBo M~.m~•*·••~ 
fftt:l!~, - El:it3§1J:~UHttffif~~:Q:, ~}'[~P511ifitl1ti¥J¥19t, ~J&:Fltffi*o 

IJ&:~i¥Jii-\JJi~f!ij: 'lirrlfiir, cp75mm i¥J~L~¥19tH~~~fJI( s %11t~sl?'i; 1£~1*m 
.':1:1 o 5l.l:~*F~~ii-\, 80"C at, cp32mm i¥J~L/J5t¥19tH~8Jt~IHJlt'l'~sl ~o ~~XW.~~~;W:jg, 

~19t*~~~m~~1i1~H~m•~-?tz=o 
fili~LFoa-9~L~¥19t~ll::k~l~7!-, ;f.)IT-gm,J\, ~~!AU, :Jq?J, % J&:tj7£i¥Jrlll-E17.k~~L1t 

~·Pfc~ o ;f.liT-1!1~-~'J\T- 2jUD, J3.1*1$*1f::kliv~~A\~mo ~ 5-30 jgJ:m~L~t,i~L~Lft 

~Efta9~1 lt'tlfl£o ~>t~IWJiffii.JJt~f4rJY!~L~fili~L~t~:~ll:itHnt lt~~ii-\, ~:W:!A!.~ 5-31 o 

* 5-30 Hi:~Lil!l*l~L~~~J.l~ t~ ( =-~m1Yi!fffl1.'F~) 

¥ l!lt ld\'Jl:lg - em - l tv: -=J-1i: ~~I IJ.ffi ~11&:~~ 

J:iil~L~l9t 1. 40 -I. 49 l -10 .5f/"tro!Wt ~ ~''lll::;k~ l'fl! 

fJ'i ~Lti!i 19! 1. 39- L 43 1 -5 ::tf:;k:!l!:"(.l'f!! 

i.!!Jl:l't 'fUL¥!9t ~wm~m~l9t i.!!J.f/'t ffi~LJil9t ~wm~~L~Jlfi: 

30 ~ ::tr • ~Ui /!'it :i: 100 ~ ;ij,:li~.Jt:i: 

90 ~ ::tf.J;I~jt:i: 105 ~ ~.:li~%:i: 

~~~?tfi~~.~~L1t~H~~B9~~~M.--1£I£~~-~~M·:t'~~B9 
iJI.A, =•*~1f~fiHI[, ~11-.~~i:iffl~~~ag~~:l:toJJllC~:if!!i!, J&IJ~~At o -f¥tl:t~o: tu!~L 

~B9~it9='. •1-*~mzw:~ :1:$:ilil!il«s:r$; ~a-9%~~1Jo*'l-~ila-9i&Htm1f.fiJ T-~:t-~ 
1* ~51 .A ; 4JJ:i'X:&*'l-:mmz1t: ?t.ftJ m &m ~ ~¥J1f 3\'fc ~ftt, # ~ ~11u -f-+~ if . Ja ~11u *4B1 t;§ '*"' 
-~·fiff*1Ju~~~~-MW;C,LJllC¥19t*A•m•B1.m1E?t~~~~~~~M.1£ 
$~i:ii~~~a-9~M%~9='~~M~jgM~o ~~~.~•mzw•*~·~~~~.m~~ 
•••m.Aa ~••tt•~~•~oo~•a•~ff*I*JBt;§~M~mfiffMMI¥J~•m•.A 
C'LJllC¥19t9=', -t11i:if~~~Jt1£~¥JJJf·B1~~~:5Uft~, fiffiJijt1>i~~$, 125111tmiW:~~~ 
~slj§fl:i':a 

B ~/"i9:~~:#<-~1i 

~-~1MJE-. ~~, 1iJI:/J~~Jtfifi~. 1r•~oij~~B9~~o :t~o:.W:~4~~-g-~~ 
~~~H~~~i¥J~R~*,J~~-~~~-i¥J''~*~~··fiij·J&;~~=·o ·~~~ 
tft:-tt, B!£2t~B9~L1t~H:If~-$:9=', ~§f;a-9~Et!~1iti'OJJ!5 1 2ti¥J. t~:t!IJ: !llmff*._ 'Bir 
~m,M~m.ettm~o ••~H~~~~~~~~~~.Jt*•~~~~~~~•• 
!JJ!!¥Lm, ~~Lm~!llmff* o ffH'~ , ~-i¥J~~Mt!l'kfF-ti!Ai\fHiE~~~~B9!1!~t;§~ o 

~19:4slj§~¥J~~-."P~9='1f-1-~·ti. ap = ~::tr•~m:fJit•~**a-9~~~•nx. 

~$F.IiYB!s l !i T~L~¥195:; •*•~ T-~4F.Iiit.1itE~$-&m~$~. •~izhii$f4~ 
KWM~~~$f.:iYB!;~••m:fJite#~••••~~~~••• o ~11t.~L1t~4 



· 280 · 5 .11At.:kl' jtj ~lit.~~ 1-.F ..:z:. t: ···················································································· 
• 

~~~ff$~~~~tt~,~~~~M~~,~~~*-#~m~~.~~~~tt~~ 

fitEJT:tE 0 

- JiB;jWJ 173 , ~IE ~ ~ * J'fH.f{;j:HJi .!:3 IDe 1*!! lffi J!G:it!fi:ii ~ !fL 1t~ F , Ji.;ff 1Nm iUU itli 
~~~-~~tt . ~~~~~~~~,*~~~~~*~.:tE~~gW~~**~~~§ 
)! iWf'!•i1! 4il ~ ~~tt 0 

a !k'-;fHl 
M*5~5 ~~~ili.M~~**~Hffi~~---~~-~~~-.--ff~~· 

1$$$~$~i1!4il o 19tH!Il : fliJ~t~~0iiJ~~~~flilifH!t*Ft-917HiUT- 1994 if:~ 1995 if: 
2t~~-~$$:, :it9~EI3*'-ff~~~~~o .EUI.\ , -~:11Wx;J-:¥L1t1:t:~1:.F~r.f~~~t:E~ 
PJ~tt1nfi:~~ninJ o 

t£~*~, -:tf~~3(~3;:~f~~T-i1ttr~i£#H~5tJ~~~~ ; .l&tk: T-~~~iJII~~ 
~~~fFIA; .I&~T-iEJ9f!I¥J~~~fF;J;m~ o ~IE Westspreng 0iiJ MartinHeld P#±iA:J.J. 
~~ 3:!.ar. ~®:!Ill ""F : 

(1 ) -T~-~:F£mti5bf11ll::(it'~) ~1:.Ff{li::B;J-M~:tEie~; 

(2 ) ~ffJ~~: j{jjj'l~~~4F~~~o 
~~~in.l-ff1R~~~~~.&7HJT:~lll""F: 

< 1) ~~7Hfi o ?&~m~~f!!!~La~nn:~~Wi~:ff EJT~1J'. ::tr-l'Ur*:iti. ffitllff*~ 
T--mt:19~~ilitJ£ , ~~tt~&~. *llll73~~it~~ia~Ji:T-In:J?'H~2t. B.iffii.J3Ux~~~ 

ojnj~f!!!,ffl*f-$ o -ff-~}ET-~~T-ZIBJff=:tE~-t-~Wtitii¥1W!-t !!f-liT, *:i2B1W 9:', ~ 
••ItFlli~~ftn. aa}E.:r~•*· eM~oo~~•~*·~•~oo•~m•~*; 
!fLJll(¥19t ~}E -=f~;if: Wf:t&t&~!L .l~M~miF1::-({ ~~, ~ *tEt9l}EI tF EE.1J ~ ""F I fl=B;j , ~ 
-T~~-T~ti£~~, U!!~T-:B:~ffB;jlj·.1J~&::k, ~~~-T~ff-T~~M !R WF1::::k:fft 
~•••·*~•a•!l~$.f!!!}ET-~ft.:r~ooaaft&. ~~i5bm~:;;r;;~~~~~• 
•rc~~~~o i!@~~B;J-in:JiW1'-n~~~.-$~li~~T-~*~~*~~~.w~­
$*~ A!fLJll(~mt, ~;tUAti5fJ1tf¥1J*?'~o - M-1Wl5t ""F, .&.1J:tE2:flt~~l9C~tFJff~, :tLJll( 
~19ti¥1&&~~EJTft~.@~~~-~~-"~--.~~--~*·~·oAM.~~ 
:li£ Tlfi\!3[ 11d1f ~ , lti~ff ·4lf,j~ ~L~ ~ l!l!:~~~ a9 o ffi~ , E8 T-!fLJBHl!f 1!l!: ~~~ $ fF£ , ~ 1:: 1¥1 
B'JUUM&~fltmti£ B9!fL~¥19t1W7E o 1UHlUJff*~~!'A' ~;if: fm.& B;J-:m~~~J!JHf~ ili , 1:.Jilt 
~-··-~~:tEM~P3$,mnlt!l~~---~"· ~~~~-~~~#~ . -~@F 
1:.JE11!·~~~mo ~~~l&iat~~HI~:. 'L1t~~:t£ 245 -255"C 11fl"f.iJ2t1:.g?.'!t~&m, :!!oJI'!::tE 
wma#~••••~~ff£@o jo•••2t~~•m•BP3, ~•••~~ff~m~~ 
ft, JL~~~I!P~~~§i'Fo 

ffi~lti·ff·~·CM4%~:it!M,,L.~mt98:t£~~9".3·ff·~~~*~· 
•~tF~o EI3T-~~~$m(65"C~~) •~~~H¥m~-~~300~· s~~mn , 

~~:tE~~~~""F~&·~~-:tf*F~-~--.~~-T··~ff. ~B;J-XaM*A~ 
'=\: , 151!!fLJll(~19titi~~:iii&ift, F~J~Hi1~ "~g" o 

(2) •~••~~-o ~ff•~~~-•~•a•~~a~mB;J-,to~•••aw~ 
~--~~-*~.-~T-ff-T~@ffl~~:;;r;;~flt!fLR¥19t~~fiF1:.~~89·ao •~ 
•a f:tf:t ~~mtHJi ~_t ~ ll B9:lt:bo, U!!Jff :it!!. A~~ #iJ1£~ lJr ~it P% , ~~ !fL~~ l!ltifi!JJr 1¥.1 7t 



--- ---------------- ---- -- ---------- ------ ----------------------------------------------- 5_ 5 $L1t.)tf ~ ~,!-6?4.;-~·ti- · 281 · 

a,·ft~-~~hn~·~·WhO~o ~~~~--M~-~~~·5·~-~-~~~ 
••~~w~••~o ~~~ ~~~~~fL&a~•~••~·~~~~~~~~~~~ 
00~~~-~~~~~fflo ~~~~fflT~••~~~~•w••~~~-*~'~•~~ 
:ifL I :a'La~~ 9=' iiJ _w.¥u •aw;m o ~ :ifL~ •tLa~ ~Nri1iJt ; Jilt.1>J*:i!3( 1! ~ll!l~ o 

*:i!~~••rm:M I :m~~¥XJL&¥~:ffl)l•ff*pgWfmto Wfvti~~*~~~~~ 
IUa$~--M~··~~o ·mt~OO-A•*~~~~~Mtl8~~~~~~~~o ·~ 
~:fia~••*~~&jlllj I ll~~*~•~j\~ ~••~~16,~-~~m~'LR¥~tffii~~t~Ht 
~ o ~wrmt~{}[.r I Jit~lfJJt*~~~lf~ I ~~:fitq~wtffii~_tft o ~tffii~~¥JJ 2oo"C 0( 
_tat I 'L&¥Eff9='~ft~JiiJfl~~j;: E!hnlfft!Ht&mz~ WllifH1fillf, &n~wr7t• I ~&Ell:M 
-~~-~o ~~~-~ff·~~ft~--ffl~-~~-~~~j;:~~~~:iJL~#~~­
~-'LJliC¥J.1ff~jlj~Jtf(if~~ I it it-j;:VU ~~~~JJIHt~:MWffft.:t:tf&~' *~~& tJc * ~ 
~~jgf;J~ o 

(3) *:i!.ffi;iJ:Xt~ff*~3!tt~~ojaj o l)l~ff·~~~~-, 'B!f!~~ffi;iJf3Vl~tR:~ 
~WJftEffiil:3*2fs:!J-7E*o ~~~It::~Jt~#-~ ( ep~W.ffi;iJ, JLfiiJf.fj~, ~Bi*~ 

~-~,W#~§·~B-~) ~M{}[.r~*:i!.ffijJ~-~~-o ~P**ffjJ~~~~~ 

~:ii~tEPJI:~~~* o 'Laa~~:3~m_t 'ilti&t~~*P~ho~~~. W~*P~hll~f'Fm~ 
i5 l .il§~Jm~·J1:~PJI:~ 1 J!#PJI:~~~;@~$V?,i!8~-;3.ffijJ ~f!-IS*o *;3.ffij]~·~{51!- j1g 

@lmt~hDWi'Rt:!i~;J,, tftll:9J¥~hll o !l9.1g~*IJ~hD~$~~~:00~-~@lf_t~f~'LJ11C~ 

Ef[m\~~~Jj\Jt~~jg §~~ I tffii~~~~~lt~Jj\~-Jt-tB~:ff !S&~ 1 Elf0(ffi~ffii51® 

~-;3·.ffi~B_t~~~$t~~oj;:~tp·;3~-~~_t·~~·*·**.ffijJ&.~ , 
-f.N:;J'~ 1 MPa, Efi ~ **.ffij] :X;J3(3!-flN:~~-¥JJil(;:fe;~ o 

(4) Jilil~ft:.~~ • ifJn$0RJ)(;j-•ff***:i::J:Wtp:fe;~t£~ia\~iJFJi o ~%RJ-J&:lfj:j: 
ll!:1-T7 -*~U,Lft~~-:i!MW:te;~tt~m~latilio ia\!Ji:MW-=E~m~ "?E~" C /:tllJ ~ . 
¥) 5fll "~*" (Jl!:IJWfi'Rt) iW#&~11H£ o :12\;~'LJ11C¥~5fll~#~~~fL~~~?tJJU Jl!: 

fiiatR.•~mM*ll!:hT•n~•.•*:ff"?E~~~m{}[.ra•~b30~n.~~9='IAi 
7t 10 - 15'\:: 1 .lliJJ lil lMPa _tft~ 1-4MPa1 tffii~5fll.ffijJ±1J*Mi:i::tM~fl ; {§_::££ ".:P*" 
ffll£r, ~1T6-7min ~B~:ff:®.M.'W~!fl~ili*~ ~-~fi21~n~~ ~~3K~m\7tMi 
:i::t7 l OOCC I j:j:#J~~%3!~~0 

'LJ11C~1l'5: c-~7.1<:1:~ 15%) 69iatatifl£~: ~ "?E~" tlf{}[.r, ~~f30min , ~~9=' 

~~9t~80CC, ffijJ~1.5-2.5MPaZIBJ~$, ~·~~~%~; ~ "~*" if{}[.r~ 

~fi 35min, ~7-!:flm\ft*~ 90CC, ia\IIi~~7-IPJ.f:f%1!J, iM.IY'JJ!#!l'P.J~~m!Mf'Fffl ~~ 'Ht 

1!Jo . 
£ft(tltl~~ c ~La¥~: ANFo = 8o = 20 > ~~~·li!ft£~: ::££ "?E~.. ·ml£ r I ~a 

15~nml/lft7t~200't, ~:EE•~h37min pgx&E\Z ; ::££ "~*" ·11fl£r , ffi~m\71-~~J 
2oo"C w~ 27min m~ ll:~h, ~-~t~t•l6i\.7t .¥ soocc ~_t , :li~#JE1ffi•as1tt: l>t~~ 
~~0 

if~fiN:~~~L~¥Eff ( --a-~5fllft\~, **:!i~ 10%) ~ia\a~:W:~: ~ ".:P~" ·If 
~r~~fi35~n~~7t~ M"C;:t£''?E~ ~·m{}[.r ~ ffi~~HA:ff·~-~4.~m 
ti~hm1J!KAI<U~~Jilt ".:P*", ~~x~lt!:fio 



. 282 . 5 .fL-R:.:J.t ttj fr? 6!.:;;1-lj i.JL.:r.. t; ------------------------------------------------------------------------------------

~F W*lftfl~~ !flAt 1$ !-9 < ~IOI!J Vik~tfi 1t , -a-~ -liA D f!C , -a-1Kii: ~ 15% , F ~ m ll 
Ll4glcm3

) B<J~Him~1il: :5: ";9E~" tR~-"f. :iifrr35min ~%r:fla<Jmlllft1il 90"C, .ffi 
:JJ;(£ 1. 5-2. 3MPa Z.fBJiltiYJ; :5: "=f~" •lf?£-"F*tl:l~1ffiiJ&J.ilZ. ~Him}ET-~~o 

!IH'JHtf!:.t'P!-9 ( !1L1t:.t'P~ 9- -a-Jl!.-TiJ!j~fli, 7¥:JfJv\~J*•1t, ~ J.l' l. 14gl cm3
, !¥L1tW!-9: 

ANFO = 75: 25, :fit~ t=~'1r.\f [lt L 23gl cm3
) fi<Jm~·lfm_~: :5: ";9E~" ffMI. -"f, ~~:@rr 

23 -25min Fo*7{;r:flfi<Jm\71-~~ 75"C, ~fHl~h 10 _-13min jS_Fjj]iJ.ilZ, Bi:JJ;t£ 1. 4-
2. 2MPa ZIEiJiltiYJ ; :tE "T-~" tlH5fF, :iifrr 40min Fo~it11a~ o 

'ilffff£~~!/L{t:kf~ ( --a-it&';f115%i\~, *ffl~~~1t. Wll L 13glcm3
) B<J~~M 

?£A: ~~~-F~tm~~~GRmrr"=f*''~S.ilirr34min~~r:rtmm7t~~c:c. 
:@rr~ll! 35min a;ji&(~~~t.t~~~1$; 11:!'£ "-=f*" ~-*~ 35min f!HX2t~tJI:.t'P, .Jt-f* 
n~~ : :@fi 34. 5min B;j;Jfj!if ~~&J.ilZ, ;t!:Jl.lHJ§~ 12s P3 * :±l Cl 9=' 'L1t:.t'P!-§ fi<JT!illft .¥ 
300"C, Z.Fo~~ 200"C#f!H~~F'M•if!d)g:tf!;ft~ 500"C IV,_t, ~(?\~~i1fltjf;tf 35. ?min J§~~ 
:ti:kl: 0 

iit~ffiJ!tl ~ : ~ *:!! --a-:f-1 80% IV. ..t ANFO fi<J ]if!( itll :1$ ~Elf , RJ ~J ~ ~ 800"C fi<J rAift , 
;(£''T-•··~··;9E~''M?£-"Fa~~Fa~&J.ilZ o 

..tl£i:it.~::!fJ:~f!l3, "T-*" ~ "?E~" :!iH~:i!J::i~t&~~~B<Jt&~ffl?£. :(£~~~ 
Fr:f:!Jltz~~;n~ (::lt;lt~ "T-•") o ~tHi..t~~·~::!fJ:. RJ~'L1t:.t'P~F~**~~1'! 

~??\~~J¥1il: 1f~Jf~~~!1L1t1$~, ltf!iii!!W!-§, ~F'fi'lf1iit!HW~1t:kl:~, '!ffffit~~'L 
Jl3Hilimt~~I:II~Jffilfa~~'L~~h!io ..t~~-~::!fJ:~;&~, IV.Ydl1il~lilfla<J!1L~~mt~'L1tW 

-~~-~tm•m~m.~•~~·G••••~t=H~•••~•ll~~-•~.~~~ 
~1~:rfi :lls.ffi:JJ 5t~J! + :fr 1i :Mi. B9 0 

( 5) ICI 1$~-M0~~'L1tWH*:l!i:1:W r:p ~3t·~a<JWf~ o ~J::i~A~~a<J1iff~Z 

Fo ,ICI 0~~~~.~~#I~A#-"F.*:l!W~B<J~-~-~IV.M8,jn::!fJ::±l$.8 

~R2-"f~B9M~.-:i!M~~WH~~bna<J~·~~ft1t1ilAfto 1£''?E~''M~-"f. 

-~~1-t~~-~~---~B<J~~A*···~~-~~~.~MT!lft~-.tl~ l ­
lOC:C/ min , ffii~****~~B;j~lJIA\~.ffi~1a1$fi<Jfi!;~, :i!!t~t#~ ( "?E~") , ~:@ft 

< "T-.") .&~F~~uA1#~091±l.o IN1il..t~ffil£RJ51J&~ rf109WH1!&!1e, -{j!~~~"P ~9 

.ffijJ:JB•..t7t.¥:-t'P~•1~:1r&~ffi:JJ tV...t. jo::!fJ:1!&!1etmec1*f'~::ftm.&at~~:±l. :Jt-m:~~~ 

il:l$89~~ 0 

--~~:fr~,OCI %~~:-t'PH~:lls-..tR•T~~~--W.~-~m~.-~. 

·~~fl.~~~~~~~*F~m~~M~-~<~~~m~T:.t'P~*~~mB9~~> 

at. A-9i!:~flr:fll¥11r£~.~il~~:a:.ffi:JJ~mTtmm. 1t*"PR9m.m~.ffi:JJ~-m;; :J3-~~:Ii!:: 

~-~. ~•r:r~¥J.ffi:JJ~n~-~~~at.~•~~~.~ ~IV.~~. IV.~~-~n~ 

fi<J~3to 

a&~··MR~~-~~B9alilfi~. ICI%~·:±lT005~9r:flfi<J--a-Jk*F~~*MB9 
~~1tH16o 
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" Jtfl' F,jft) 

• ~:ttffr-i 

~ JHHI:Y~ :hl 
-¥farnt~? . 

1!1 i""d'h.P~Wit=JT~I* ? _! 1!1 i""lit.Pll!sitfiml*? ~ 
(ft:j.Tm . A ., :;;_ 

(fa, TNT, AN ~) 
• 

8* ltt}t~ )M!S!jg! !ll~1!i . 
~l!l}R t§~~ * <rnZJJJn 

( )ljt i:1i *) 

Bffl·~-H~ft·~~~~=~-.~a£aA*M~-.--B~:t£100~~~.­
*•m~-~-~~-~A~MM~B~.~~~ . ~M-~"~~--~~~~- . ~­
'fl .lfJ!'-1JIJ:k, F1:.f.U~IH:t~, ~k}B I ®~La£~~ ;.ldl1$; ;;J.t= , J!O*Xi~!IJ~ft, ~~ 

•*at~I~.•~~-·~~•.ey•~~'La£ae~•1$m• ; ~~.*memw 
)ti~B<J4lf.i:l!:1f~ o ~I:Wffi~J!:;(f~¥§1!r.A., JftW!i:izdtifif£1-t, ~~T£~~1lo ~lJT~~ii~ 

~*, ~?t~L-¥mt:t£1firf'f!}mHfBJ!&*, ¥mt9='B<J7.k7}~~~2it, Xi7.k~~L-£J.ro:!~Yr 

~i% , :tE~~~.f#~f'F ffl~ ~& ~~:!11$ o *:!l£1t~f!JX~~!J!L1.t1$~ l>UUJiMi'F~fl't ~,®l 

r 7}tl'•L', ~J.l~R::~'~:tl:iti:il!: D WTDft.&. tl:l D ~~ffH£ ~ $:~ ; ;J§t: ~, :Al:!!ffm~if;)t:il!:fr~ 

~. *~~J!o "~1*~:im" ~ "tl!t:I;I.W" Z.~~~~-i*~~i!l . .§.~,geyfm:J&*MliHR 
~~~Jle~*"iilj;:~.1lft~~1£, ;Jt!;t~:::{'~jfHjj: 200r/ min 0 

b a.f*.t~ 

~=r•"*•~•~~~~z.~~~-HR~ o.~-o.s~.•~~••!!Jn~ 
2000 - 3000r/ min , lEI Jlt:t£ i*J tAl~ .ff ~L 1-t fl't , ~ ~ 2;t ~ fiU $~:fit:& .lfiffi 2;t 1:. .1$ $Of! o :t£ 
~1'=~~9=', JJ3C.f*8tl:l~:l:J::::t'd>~~ IOJR1L 19iHm, WTtt~1-tiriDC~Jtffiit1:.~1$~)];{fl£1~ 

~=r~m~~•~•d•~•~.-~m~wMo%••~-oo~&~~•.•~~• 
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XJ!O, 00 I*J~%iiJ.iJ:!€diiJ:f~~~{.ti;ffl!&jftff0ii.J ~'L{tft, Iii rii4il*:!it~~ 
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~®~~-*•m••~••~~*~-~~~mo B•MdTFm~~~•$o 
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~o {fl.~f!;Jm!i~fflr~L1t:l$~(±F, J)!U.ff;tt*$j~c;:X~JE o -ff~:t!ll: ;M;751J, 'DM JtfBJI!llt~~ 
1j\ , xt751J M Jt ~4lll !PJ l1l ~£ rtJ $" 75IJ ~ >Jt 1~F~ , :lllll±l l3!1.~::k ~~ !PJ lit 4lll !PJ iii 75IJ :fl PI fJI5 ~ 3& w;i 
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Jt11B~llfr:ilt:Aat, ~itlmHt~F(:t~:fi~ 5 1 JI§:l$~~1t&~~-~o - l!;fi:J$~1lfrg:t£Jl\iii 
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~-00·.~-i'B·~··I''~, RPM.ft9=' ·01alJWJ.mMJE-~QiaJR~~~o-3omm 
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•;~L&am~~~, M751J®•~"ar~~m•~~Mw~•~;to_t~~-~MA~~ 
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~-~~··~~-~·· o Aillft~*ill~~R~~.1.1:HSNZ~~~M~~.~tm~a 
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~A~~~~~I~~l9W~~.H~~-~~~~#r~~ma<J~W~~~o ~~¥~ 

~~~:li~~~f'~!Ji't(!g:!i4mf$f91J-t-W~fl1, ~~~ <it) A!JL1t:J$!-9~~i'.t~"Piit¥t-~ 
tili£1ff;~a<J~~z- . Hd<~~~o;:$aglJ!!:JlZ1t, !IZ•@PJ 1.®.1Efi$~lli:1!».o 

ffH~!jLft:J$~~~t~tta<Jm~~ll, ~~J.t~iji:n~~f9iJtr~.1d~~IJt~~:n~. ~1 

•• B<J,L~:J$~~¥a~£*fi···M*~=·*~···ll~~~~:J$···f·m 
f~; itH&:fJ0~~-~~11'&~- ; *'&~~~f!Pil!iit~tm~u_b'f#J,g:ft&, {£l.;J:fliw. fffii~L€f I:!P~ 13 fi 
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A •• ffi~o ~~~~B<J~R·M. ~am~~••:n~<••> . ~Z~tmmm~~-~ 
~-~m. ~~~~·-~#.~:tJoHQ.~*~•toa~••·••••~•~m•~ 
:iar$, ttt:tJoiffi\.7t~~.FfHI;JIBJ., ittm~JJe,L~~H.&;Jt¥31:-ilJ~;ffi ?!! agre;~·No 
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t.i~a<JtJ!~·~:W: o ~Jl!dN :J9 Elflii:tJO B<J·~H~it <it1HI1) ?HJIJ B ~ilJ 300J ~ 12001, :®* 
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~~~~~~(~~~~~)~~~~~~.~E~tm&~~~ag~~~ll o ffi~IE~ 

~~~~ff·~~•a•ag~ft••<~~~~~~~~~ai~T> w~•~~--~ 
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~~J-*;Q-, Jt--~lf/F.§~~. 1£~['=fF~:9Jdlf~)tJ3il jlllJlt o J!i$t~, ]!~Jf)EJ9IJ!~lae-{)( 

~ Bi! M=7f t~H-umm o 

~t~~~lJriae~, ~ ~.:tJHtrlffi:OZ ¥1J 200"C -. :bll~Bt ffi] {)( 20m in, * fm& ~ tlf~~ ~~ ii!:J¥: 
~·~~B9~-~~lio ~•••~. ~*•~ 250"C, -~~:bn~~~. ~-~Pm~~ 
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~-~iii, ~W~~-~!J!L~¥19J:lii~~~-~~~~~1i~ , @~~-T;Jtft!!~JX& 

1~. IZ9;1;]~1i'.l!@ll iBJ;JtJG~id:k*. w~L1tttlj9:t:/il~!Jl:~~:&lif~~m~ftm ~~ < m 
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-~~~.--lkffi.~~MM*m:Ua,PJa•a:U••mo 1!i~M·:-~7kffi , M 
ffi:ii~~i:lT#tt, FWJ~mtrlA; :tz:~mfl, ffi.iJ, V!t:fit , ttm~tmt~~~:tz:~tt*~fi 

~~~,&~~~~;F~~**~~flo 
< 3 ) ~~n!VJj)IJ~•~IJ¥ o .ffl;Jii ~ #: IVJj)IJ~nA~~•&m.13..&lli:Uttc~••_rnjB& 

ill~?.!!; t!lt#~~Ut:. 4m~~A~*· ~JVt~~; *!W~F~Pi. m~ !:j~~~~f.il:JtJ., 
i:iJ~~J&f&·:tl~o ~ttJ~tm : .&~~fli~J!aWit; F~~.wt~:tmmA~~Vl.; F.f/it/l. 
fi~~~~~Jl,W~~Jlr.&~~je o 

(4) •~t.ffl;•~~Wf o W~~.ffl;·~~~•••-m.•mwm~C~t•Aft~~. ~ 
~Ra8M~~~F~d.ffl;Co •• WmA.It.!::j~OO···z~~-·Ait!.Smo jnM 

IUJI¥J:i!t1f'ft~Jl~~ , 51 A-Jll;~~ ~, 51 A~~iRifR~JE~~:tt;~~-@-lftfff.~* 
<~o. ~tl!ll:XT 10n, •~fr~~iE•~), ~~m••:ill~m-m. si®I.UJI*J~.ffl;~:tm~ 

F~~•, •w;~m•*••*~~~kF~•*~a.~~~m••~•~*~~~·~k 
F~:X~D*fR~~~~~~~.m~F~~~~,~$:i:t~~~~.MW~~F~dF 

m~~~;•~t~~AAmm~~~.~~~t~~-~*~~~~kF~~m~tffi., #~ 

~~~~-.~~A~~~F~I*I.~~~~~~&'b~·, ·~o 
1!ifli1J;<-tm: F~t/J.fr~~m~ , ~M~OOilli •• .DOI~···J&ffitsL, ~iiE.fe111-il~ o 
(5) lt"'i:.fko 'L1t~H1:F~kWfffl~lt~-**1l•Jill!~~, ff~~·- t»~~m 

~.ffl;~. ~~~~: ~~""\.~*~~~~ffl~~F~**~; lt!.""\.~00~$~~~~; ~ 

~~~-:li[~~r&~~t. £51~P8 C:t$) iitil, 'L-ttvt~.r.o$:U~ffflrc~m~~-$~ 

(6) ~~.&f*ffo .ffl;~£~~~1lJft~~1:~1Jl$ , 11m, Pi&'b~fir, i~H!.&.!J•~~ 

·m, £51®te;~&'b~t& •• • 1$; ~~Fo~~~{])AifH~iQi~ih\\J3t, ~~9='1¥J-.1t~J~n llJ 

~~J~~'Il&·m, ~~~:m~4l-:f¥U.&at~:&:~ ~ ~~1f&i?Effflsl j§•:J$ o 

1!iili1.l~tm; Jt~ ~:lii4m&'b~4l1il~~~~.w.J£ ; ~os!ii;<-t rrJVLB<J:lifiJil~ a 'lit•~; .&~~t? 
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~H~~~ JEt~t$m o 

5.5.3 ~~~-~~~F&.&I~&*M~ttWffi 

w~-~~~~,-#~I~~*~~~tt~.~~~~~~~~~*~~tt~m~ 

~~~z-.~~~~~~A~mrffi~~~-~~~o ~OO~~fi~W~~~~-~~ 

£~~M.mR~&I~~**~tt~m#e~~~~Hm*.~~£~M,I~88~ 
~,~~~*~~~~·~*~~m~.Imm~.~~~~~&~~~~~~~m~oo 

a•w•~~*~n-•~~Wffi.~~~•~•*•••~~~ft~•.~••~~•o 
J!~~:W...t.i-'fffiit!R~ § ~~~f.:Ej!~J:·~·!-16·~~, ffi~ziiHtWffi~:&~'li o 

~iis!E~O<tm;~-J,f~BJ!i!:ll. 7 -~~~~~~A<J-J,fffi)J$, #-BJV4~-f'ltfl:l~fr1J o 

:fm~oo, 1'iif-"-, ~m~ s -*~~M. 20 1tt~2. 10 &f:ft~*it7f11ftf!Jf3i:. §nuB~ JL+f'ltm;~ 

Wffi*X#§~~ ~J 7 J.iY:JfJ o :t£~ IE . m 9j;fJ$~~1¥~f.>J-~f!lfnWT~-UL~JV4a~ ~ ~ "A · 
E»#~~*·B ··~· · ···~··*~•·m~.Wffi~#~~" ,*fflT~ 
tti-¥#i:/JnJ:£ittr~:1J?*, fj!~~Wffii-f'F~WfrPJlll-~. ~J!Il:1JrP1~~. !J!~~ 7~mli'HJ-~ 

li*~·$tW~1f?*A<J~E31HGJU7~~a<Jm11.iY:ffl o ffirbJ*1£~1.1filJ-fJHilf~~~~~ 

~-~~m~~•mm.~~~~~•:U.~~~-~-~~••&I~~*~•ttwffi1f 

m~~-filJ1fW~-~~Wffi1f1*+*~W.@~~~1f?*~·~~-#+*~~ 
~--I-f'F. §0~~~~-~,L~~-~~~#~~~-J,fffi)J?*~M~.~~f~~~ 
&.~~M~-~-A·W~~-o 

5. 5. 3. 1 $L1t.;tf~l!fl<1..t'~~J.,l.:r.. tAtA~lt~·t1.1¥J1t1ft-~>!-

~~Wffi:1J?*~~-*~~~~li*~~~Wffi*~m~m;~ttWffi~~~m;~ttW 
ffi.m~~:t:En~~a~k~•~f'lt~•.&~TA~~~••~~~•~~•r*~~ 
~tm~-f'FJfJ o m~~m;~ttifffi3::W&~~at~lal~*ftt, fit~~at~J":l1~a<J~gffl~~ 

• :7E P3 ;t~$~JJU~lJL . llJ *1-1 ~lH& ~ .6ttti>fffi~$~Fltffti-fffi o $ ~ k» ~ttllit~ rfitlli 
·-·~a~tt~IZ:l1~~-tt~M~o ~#Wffi1f?*~·J.iY:fflf~~~H~~-~ 
~. !fftt#~~iE:Wffi"P. :Ji!:~~-m·~m~x;r,)(~ o 

1J~-~~~H~J"-a<J$m~~tt. ~~~~~-"f=!m;D~~-*~I~**~* 
m•. #~~~~-~~-mfi~~~~~*fio#B~~~-Ift1f?*.-~~~~­
~J"IZ~g, ~W~~-~L~~~Rt't.&I~~#fit~f.£~~::4s::1J~o 

~~~-I~~~~w•m. -~~~-~~••~•~•M~•tt~*· ~P=fit~ 
~ =••~• x •$fit•tt o •m < ~m~~filJir~#~~•~> ~.3::~~~m;~ 
£~~:1i'fjJ;fO!®JJ(. J:;f~~£~~Iff~f.tff:RMIX~~~:i~HT*~, ~P~J:5t*-oi¥ffi:ta~£ 
~fit~~~.YE*~I!t7ti~£~~$$~1lJtmtt~1Hi1t:li'fti, ~~Wffi7*~~~:i:-t~Hs19: 

~-~ = llJ~ti$~ X $$~:q\f.£o 

••~~B9RJtmtta~r~•••1£;~,w.~:~:~.m"fa<J~~•JJt !::J~JJt~dif c IZ:l1 
ftJ"~(f<J;t~~~~fJ~:Ll' ~14129~) ~:Ef.~M~. ~p: ··~llJtm·~ = m;~~lt X *14~ 

~o ~~.~-~=~-~~x*#~~x$$~~'1io ~m;~~!t.~#~~~--~ 
:li'fttJL~~~"P.~~·~~-•~~ttAffi~~a~~.RJ~•B9~• . m~#~••~~ 
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~ - -~m•~-~~-o ~#~-~~~tt~~~tt.%d7a~•~-~~~-~~ 
--~~-~-o ~~~~~~W~~~~¥*5E.~~~~-~~*••fi~•tt* 
~~.~m*~•~~~~*~~~<~~)~~#<•~)~~*o ~~~~~$• 
:!!Or: 

~-$, f.l~it~J'<:~-1}~·IJ¥ (i(!.:;rG~~-i-) ~.±~~~~-o 5C;J"-1}I ff ( 1&!:~) 
~~-M~~-·~-tt~~I~~~~m·~~~ili·~~---·fi~~ft.*MW~ 
~-~-~~~••*•m:~o ~~¥~~~--~-~-~.~~-~~~tt~~.~ 
:!!n~~~~Hm*~*~•~~Hd~. ,L~mftw~,L~•m~m¥m~m. ~•~~ 
-1}Iff: ( ~§) 'L!l3C~-Wr~~H.m:f:R:lit~i1J-;Eiil~ff-~ili JJ{!~ , jjytJ.i\Z::tf~~.f)(; 

m=~·*-~~~~*W~~~~~•~•~~•*mo mm~~~·~~~•• 
111m!, ~--1'-~·~~ Bj lllt*, ~~~~lllt~ll&~50 *, :fi-(ij;~O*o ~~:a~J3i!~. 

J.i\Zf,j; tE tJj ~ilJ ¥1i at~~~~ ; 
•~w. •~n&~•*• · *~•&I~~•$••~*e ~~*•Dcm•~• 

~~·~·*·-1}I*~~--o ~~~--···#·$·~~~-~ -·~0.5-
1. o ~MIEJ:*J, *•~'J', ••~*~'J'o ~m~~*lllt~~~it*.W::tFm~•~ Pi • -

IN~ 0.1 - I. o ~MOOJ:*J, it.7f(f'I:T~i1~1Fff~. *B~'J', m:fll~?H~$; 

~1m$, ~~o*Ifl~•ffi)j(~~-t-~~~~~•mo ~ ~:ff~ l~*reif~*vlL~'Lft 

~-~-~~·ffli&!:§~I~it-*~~-tt(RP*·~~tt),.*M·M~···*· 
-m;-~~o ~~~OO'L~~HJ!N.I!fl-·a<J~~I~~fi.. ~~~~~~·~ll*:h.=:-t-•?X 
( -mt E8 fi .Yk..± 'tf~ fl :Ml ti ~ !w-7)( liZ-ii'ff ~ ) : 400 * ~ ~Jlli ~ ill:i ~~- , ?tl ~ A • • it W ~ 
w:•a9~F~~~~iit~~ftL J.i\Z:ll:RPff~m~; 350- 400 *.1.1'fllt~- . ?U ~ B •• 

1/fW~~·~~F~, J.l)z~~~IJJ..ftf!P *lllt;ij~~*~~1~:t?tlt/iff!, 1f~~J:EEI>Jf8J I*Jm 
~; 350 *~T.!i!tl!iil~ilJM~~~-. ?tl~ C •. ii!H1::b05.!U~~tfJ11!ilJt: ... UlJ:fi.iE1it~~ 

F . ~MrJ.i\Zffl oJ.i\ZMtt:a.~.fi~~*·W~~.~~~~~-~~~~J.i\Zg*~ 
~; ~~-1'-I*•-e•~~ . ~-~g~w~AmM~o 
•w~~~mfi.•~m~m~•&•*•~jo~ : 

.. " 
B = L ( L BJ WiPi (5-39) 

I i 

• 
:t.\9=' L Bj m n ~~-I!¥9=' i ~m;~1251~m:•*mz*11; 

I 

~ ~jl]!~-Iff~--~-·; 
~ Mj~~~I~***~~it-*~~~Mm~m~m:~-·o 

mmm:~~=~--t-Iml*14m;~I~••~~~~-~~-~~~~-t-I~•*~ 
1'-IFF lf*}i1Ut9~~-Jii o 

~-f51~~111':fflttllj{*W-.!i!U-fN:J.i\Zm~~i:t~•~, ~,~otilJ ffl~~*~·iiEo ~t~ffi 

!miFF{!;!~~~it~~~jtll*l1H§~ , ~Lft ( :ftl'L~ft1~). ~ti!¥-Wr <•WH) ~ill* 
~ ~-(j!f¥'.1 il919: -i- it li ~Ht#~ , It: :&fiT-~~ ;a-l!ll ~ jjiJ W~ o 

••-~•-t-A~•~•ma~W~5~2~•• · ~•~n~ l*1~~~-~-~~ 
M~3:~Il¥*11JJ<;f9riffU¥, :tttlf. , ~L~ , ~L~¥~~,L~~~~Jiti!. ~t.p . ff&~. ~ 
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*5-32 ~~llt-:JG~II&~fiB,, ~llt~ti:Wi ~!!Uil i!IT-Pi 

./¥~ l(i jt JE:!i!:?Hl m.tJ; Bi wj pj * M: 
nH;F mtt r ,1<t: , l'iHtS!i ii.!R:k~ft : § 

,.;tOO 0 1;/J , Jf-1;/JWi~:JIR o. 2, R 
I **"'iff~ 0.5 ~§f;IJJiil0.5. R~'f-1;/J 

101 -125 20 llil 0. 7 , 5t x :k ~ • llil 
> 125 50 1. 0 

iitt~il'J.!I!!ili;j$jijjil£m 50 :l::t~ff~-Tffl~' -~JE 
iiWif.lllt~.~-~ 

1<117Jlm.~= tl1<1ftlltt 
2 :l::t 1$ 0.8 WI m a , ~ • ftiJ tt .llk 

iiitil' J.!I!.El ~ jijJ ;i'Cj;f 10 o. 5 • 1!:i' .9!U llil 1. o 
( 0. 358 - 0. 246mm ( 40 
-60 13)) 

(I ) ~L1ttll.iili~!IPJflm171'1~ : 

aT<O 5 ar = ~ftmtl:l o i!![ll!: 

aT=O -3 20 
mill T2 - A:PL1tt1L!Yirl'l9 

*;fftll.!.ll T1 , -~~T 
ar =3. t-s.o 30 fUil&lll 

aT>S.O 50 

(2) ~L1ttll.tl:l Dll.!.ll T21~: 

<100 0 . 

101 -120 20 

121 - 135 50 

> 136 <D 

( 3) ~LJJU~mt~5t'ili'lf~.ll: 
~Lit til. li:\'l T !IPJ *4'" It 11i'lfli!i.lli>!:~1i1*~ 

1Hli'lf~Br 50 !jJ * ltlili![~~~ :\'1, .X'f ~ GB 14372-93 ( fB ~ ~ 

mt ll.!JJL Hi.JJ • It tJl.:fUt 4M~tlfiJJ*1:~?tf.lW:llt 

X'!i'lf~ll 10 ~jjl[~~~~.oo:~. ~.oo: 1i1*®~J~) ~milHT 

3 ~L ft (4) ~L{ttiLj:~lH!Vr • min' 1 1.0 ¥-:!:!i!:3fUlHtif:t11. § f;IJ¥-:!$11 

B9l!lt 0. 5 , :W: .m A I .00: tt;! 
~L1t111~-T-?~'1£:kr < 1000 10 

Jlj( 0. 7' Wi~\t';fi'Jij( 0. 3' 
400mm ll;J', @ ~ ~ T :ft 

1001 -2000 30 iii j> :P.t JlitJ - lJi 9l!J :be o. 1 • 

:AU!i:bD~J 1. o jg 1.1: 
?'H£ ;ffi .X;j@ (fJ ~ i! 1ft tt 

2001 -3000 50 • 
>3000 <D 

(5) ~-=f!=j)'E-=ffiij~/mm: 

<0. 5 CD 
0. 51 -I. 50 50 

1.51-3.0 30 

>3. 0 10 • 

<6> .X<:tr\£'PI:l~~ftm , 
-tfi&.ffiJJWffl'l9~~ 

llliJ ~ fill ~ 1-1 ff!! l.llli'i ft . 
;fi.liffiltlt:Jilli'tft 10 J.ilHF: .m lW Jill! JJ Jt , it 
X.ll!EEltlt;IJ~ft 50 iiilR~IJ'r!¥L1t111tl:l D 

B9ltiii 
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~~5-32 

1¥% .!'Jl.~ ~llt?H&m~ii B; W; p . 
I * I£ 

( I ) ~~~jf/r · min - I : 

0-100 0 

101 - 150 20 

151 -200 50 
1'13 7!11Jt ' ffi}J' ~~' 

> 200 Q) fl:!. t!L:fk ~It!. tilt tHlt %tit , 
~~~!ill (2) ~T- !oJ~-'f.tt/.!1(: ::fiit~:f!t ~ ;IJJIU.213. lfl'& 

4 lit1$~til Jll( 0. 5, EI:!AI~=!!l13.1l 

i!* 
:tJ -#:.IM~~.GUU4 0 1.0 :U .• f1;1;'{U( o. 7, J: 
~11~11Utfl 50 ~ltr~lJi ~ fj~-lJi:bP 

( 3) ~ i*ii;ff: 0. 1, .bnJJ 1.0 :h.il: iUll1! ijJ ~ .m ~ B Eb 

tam~;of!}.m-f*1F~~ 0 I]JP-JV'.!&II~~.foi 

;i! ~ l±l D * J@ iiUHIS 1]' 'f . 
::£~*llt~lil OlfffiUI~ff 20 

2 MPa 1!1 r i1<J fX 'el' Jl, ~ ~ 

x~flit~~t!lo1Jili!'lfii~ 50 ~rii<J II!Bift; m 
< 1 ) :ffi91it::kr sook8 lt~JXt~ 50 

(2) fl'i§it::kT 150kg, ~jflf 
30 

::kr lOOm/min ii<J61.-t!Ui#~l:IJ.m 
5 ~ l:P 0.5 1.0 

(3) ~ l! fl3 ¥H9 it ,J, =f I 50 kg 

~!ill;~ l:P .m . fc iff lf ~ if!! lJt ;j\ =f 10 

lOOm/min ~Jtll.tlltt!lt# 

( I ) fjt i!:Ji~lf~U!Uil.i!l 50 
tkiltll:~· £j@~J ii<J11!~ 

a~u~xaP.uim 10 .m i!t It 7 ~ l:P }j( ltJfilf ~ 
(2) litftll!Jti'C: !l.~mlJt ,HifJ , It!.m m -r 21: ~Hm ~ f1; m B<J 

6 ~ 1t <60 0 0. 7 
ff.l~r.t!.ffiL~~ll!llfEI;t;.OO: ;It;] fUL ~ ffl r :i! ~ ?!!# 
~~~0. 5, *fflAIJJ[rl wm~ ~it lllJ B<J m ~ m iiJ 

61 -s5 30 Jll( 0. 7 • ~ J: :1£ li[:J!ll;Jl ~ t/i:i!~~l:IJ.m~~ 

>85 50 fi~-lJibo o. 1, lililti1.JO 

( 3) ~t!J~.m.Yl~~.m 
fiJ I. 0 :h .il: 

< 1 ) 111 ;~J ~ J9 .m m B<J • i! ili!: tli 
Jltr:i;£~4~1J~~~ ;if til: ~ ..!;j ~ i-9 ~ ~ • 

7 lit ~ ( 2) ~ iftit i"' :lit. ~ i!i I {lL 41} 1.0 1.0 
a.w :tF.fii: IIi f1; .ill: r ~J w 
.ll! ~fF A .91 -til.~ it A lit 

1JI!m-~ oo~~fFIAltk s 7t. • 
J9A.91 nttn 

:l.'lltJ9..!:3l!!~7tJ!@ 

8 1g lK! 
~ll'tit1":!1tt.l!!~I«r4it~m 

1.0 
-§~l;i~J§~Jlllitl.O ~:i! *' lf r.11•m • Bt. 

-~ lj~~fFillk 5 7t' • ittt1f: i!l.~~~J97t7f~llit 0. 5 'iiJ t!C ?HHI: J:!l! • ~ J!~ t!C 
JfJUl~~ 

# tt !oJ < i!t tt ;t;: :1: :,~;t wn ::t' '7l} 
9 Jt flk z·~:r:rnJI.a;t;::1:~.'!lJi ~ . 4{J l±ll:!l! 1.0 1.0 

- lJitt 10-20 7t 
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5. 5. 3. 2 J:.l£.~~·t±-it1t~*tr.JALJt1 ~19~ 

~1Jtl- : )(;j;iit)~f' 8000t ~L1t:k'F~:ii~~F~:itl:fr~:ff~~J'B~f.:Ei¥1fr, ~IF¥~ 
!B~?t«rit~~UT-~ 5-33o ~~~J~~i?t~~~~. llJfs1:A~#Jil~~nE!1friio 

* 5-33 ~T~F 8000t !JL1t:l$~li~~F~!HS·I!¥~~11i~fi 

• 
J':f-1} ifJ.7C<8~ fl!:l~l!l~.&IZ~~ B; w 

I pi ( r_s;)WiPi 
j 

4.i- tE 

1 * ;ftf1t.IJ~ ~Ht tll/t 1 05 '{: • * i&!:.X:Jd~ 11: 0 0. 5 1.0 Ox0.5xl.Ox2=0 2~ili¥1t~ 

XJ:IJ&~.& "iiJIJ.K;ftf:lsJiiM~. ctiJ&H·iitt 
10 0.8 0. 5 10x0.8x0.5x2 =8 2 

XJ: IJ&:lrxt *Jll!..iiie!lr 

'L1tll1JFctt1*4lli!7!- 5'{: 20 

~LJ!l('§!;ll!i" ili 1=1 i!!.!f II 0'{: 20 . /'t!iJJj( , lli!Jf , 
~LJ!l(~!Jt~~'IJ ~If 10 

B!J:I!Eit~:f:Jl~ 
'L1t:f:Jl~Jl1680r/min 30 iYJ ~ 1t.IJ. 4WJ *4' 3 ~L 1t 1.0 0. 7 120xl.Ox 0.7 =84 
~T-EiJET-fiiJI9:(2. Omm · 30 lttJL:fh~lt!.1nt* 

!1L1tm:fimB£ttJBt~w 10 Jl[~. - ~ 'L 1t 

~1!50 -l20r/min 20 
m-IX.~~L 

~-T:h~JilC 0 

4 
~JllCili!il.!li 

~:i!i* 
~~~~fl. tf:ll=liij'W;ii~ 50 1.0 0. 5 70 X 1. 0 X 0. 5 = 35 

-1£. $ ~ :ltiJ IE it 
~tfl.~i$}JJ![f-t 

5 ~ t4J 
.ff"fil: 65kg, tJL~f!l!~~illJt 

45 ml min a<.J ~ ~ ~t.p :f1L 
10 0.5 0. 5 10 xO. 5 xO. 5 =2. 5 

. 

~t&~li!ill.m*ff~il 
;lt 71!!;'!1] NaN02 , 

6 ~ 1t 20 1. 0 0. 7 30 xl.OxO. 7 =21 lJt :EM t:~UJ( j! iHl£ 
670r/ rnin; $:1U\\J.tfi!:-T 60'{: 

1t 

:ij;!,liff9i!* ( 3 ~) : 

~1!40 -60rlmin 0 

7 ~ !,lj ~JllCJE7- 0 1.0 1.0 (20 x3 +30) xl. 0 xI. 0 =90 
~ 4 ~ ~!,lj:f1L. 

:fi t ~4.i-m 
~W:ii~fttl.l l=l il!til~tl' 20 

3~~i$ll~!,litfl.~6A 30 

8 1!1. ~ 
~!,lj~§~~7f.Jfi.8Z'!Ir 

20 
:ii~~JZS.§~I4A 

1.0 0. 5 20 x 1.0 x 0. 5 =10 
.Bi:'lll'*ili!1iWT 

-~it 
f!fi!'!lr1i~~!,liiA~~i..ftm 10 

9 ;Jt; 11!1 
ttJ!ilJ~ 9~1B>I'r.f 10 1.0 1.0 20 X J. 0 X 1. 0 =20 

.g. it 270. 5 

~~= : M~r~;o: 6ooot m~:k'F~:ii~~F~:itl:fi~:ff~~!B~ttw1fr .*I~~ 
ftt~1t«rit~7tl =:f~ 5-34o ~~f71J~~~?t».ii q:t Jlftt~~, lli1t1JTJ9:12Sl:tt!l±lmr&it:JGtl~ti7~ 
iJJilJ~~~JJe:~~o 
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• 
ff.~ ~jf;,g~ .fB~f51~;&I~~~ 8 

' 
wj pj ( _IB.)WiPi 

i 
4k tl: 

I 7)c;ffiifi1J'* 
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;a. 4IJ1'-~~~ ~_t.~-11'~ fm~ tfJ!fL~¥mt, 1JJf&~t\77'L~~~tf:iHt:iSJ?:Jtt lf!JflllA­
~Dtl.l< tt ll<J ~ ~ o 

(1 

00 6-7 !JL.Illti!i\~l>UJt~!fl:f.tJ.t£lJI'fJE2~~¥J 
a-~LI&~IJli; h-,m~~L1t~t"i 

b 

(2) ~tJiHtfil1iff1Uf!,f!%1¥Jim.·R~ o Ut!YHEI!-=fB-li'tlfA. Xt\'.~7;1js:WG~-*~~89·tit!jL 

1-t*FRB<J·Xt\1.~~, ~llOO 6-8 !Yf~ o MOO 6-8 ~~tl-lli, ~#I£~1"'89 PEE F~A:fl111! 

ea<JM-§.•tt~~•a<J•••~.~#~~~-~f"~ll<J~*ttfrnlll••ttne+7t-:fl 
fl/ o 1£1IHJ'tilrxt\'.m'J, R1*~71'1Jll9ltl~~#:, ~JiJ;NJ!JUt!Lll<J~iH;$: , ~~~Nl!~!~~lm-&t-1* 

a<J ::k1J', ~~Ej WRW fJt ;fnf>i~ttfmlt:~;f§~o 

~B·····PJ-.&tlt~~~RA;fj~~~WH:ffl~ll<J~OW·S~~.~* 
~:iSJ?:JA:fl$7t-r*~·~~A:fl~~a<J~*tt~ ; ~~~~PJ~~~*r89~-&t-»~. 
f!~Jl1i -Si~L1tWR#If!;.( a9l.me:~&~*f4, t.iif~~ ; *~:f§ a<J$'1:1t*'J~l1li ~ ~1*~ 5-\1¥ 
1£.~**~~~~h~~~~*.:k::km~7WHll<J~1¥~~fto 
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0 0 

102 102 

204 204 

306 306 

408 408 

5 10 

0 204 306 408 510 0 102 204 306 408 510 

0 0 

102 102 

204 204 

306 306 

408 408 

510 • 510 

0 102 204 306 408 510 0 102 204 306 408 510 

( 3) ;G-:0 ~ ~!JL 1-t;l$~ a9JH~~!Mi~ o :tE ~~~ ili!J ~.:P~u~ 9=' , liJi~ 1k ?H9'1:1H!~ 2t~ 
~~~m•T•·*-~9='-~MDfJiMAfiW; ~--~~~~~~~-~~SmB~ 
~. ~1-t~~.*~•wmttm~~fflT~~-~BMA~*~S-~9='; ~~**•2t 
~~-~m•~~~-.~~1t~~~••9='*~1R$M~mo 

00 6-9 *JJU:1g~J!MP'T:di~~f!;(~;G-:Ol5}~!JL1-t~1'~~-XW.M:MJ, 15!!ffl~1SlffJJ S ;;ts: S 
JL. X-650 :f:!Wilt!.T-M%Y.*;fff1Slo 

00 6-9b, c ~11: 20kV ~jc 7000 1ifHtB9.lW:M%Y.M~, 10 1'1BJIW.df1,-lfJJ 4. 3~m; ~ 6-

9d :Jik:tE 20kV ~jc 10000 -m:at~JI!Jitil:MXW.Mf1J, 10 1'1BJ IWJ,t/, -lfJJ 3. O~mo 

M. 00 6 -9 b , c RJ l~H~ Btlf it!!.~ JIJ ;G-:0 ~ ~ !JL 1-t ;!$ ~ ~ riB § * ~ ttH!:Q. M ;j1g ( w / o ) ; 
JI!JitiL](q£~JJ 6- 9~m, ?'~~JJrmm, P3$:JiBf5~-17~~B9~~MfliM A, ~-A%~~ 
E6~a~~MMG~MA%~~-~-B9~~otE~-~MMGMAZ~, ~~­
M.B9".B'' ~.~~~?'~-~~:tr:.a•~~*;fff,~JJ-~~B9M~fli*M 
-o ~?'~--~FIZ*;fff~~~1R$M~m~~. ~~*~~-B9M~, ~t•B~ 
:Xt ~3Cr! All' o 

:tE~fJ~~JJC~:ffi~B9'~!£T, tlr~B97c;J,IIRtk:~!JL1-t-tllB9~"W~!ii~ o E 6-9b, c A . . 

ffiB9!1@!*-ll.:m:fflJi~JUL1-t~!iiL1-tB9 ; 00 6-9d AffiB9~fflm/:1*M~L1-tB9, .tt~~JJ 3~m tr.;:{:j o 
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a b 

c d 

00 6-9 mntttc&M*.-&;,5-~~~~Lit:ki=~~XW.~:M.I 
a-fi-:ii!lt~.flt!ii'lf'lll~rll ; b, c, d~.Otlt~~L1t1$itiQ~~~ ( W/ 0 ) 

b\~~~~!l;t, II>.Jjj!j~~-j&(!(J o ~~fY'I~it"~:O~:{k~L{t~~(i(Jt'£~:;klj\:!!llfiiJ, ~--~ 

~~£2fl:-l& o 

B ~~~-~-~fL~~~-~~-~~~ 
b\~~~~~.a~1tm(I(J~m~.•:o~~~1t~~(i(]Mffi~*ffia~1tm~~• 

~~L1t.n~t:ltiJ~(!(J71!J-f:!17t(!(J~L~i*, ~.e~~flliJ~ o a~1txt~"F, iNii~ ra Ill ~a~i*~ 
ff-~$~ili·~~-~~~~-. ~~-~-~~A~~%..Glt~B*, ~~*~~~­
~ a<J 1.1< ~ , ~ :tE~ fa~ IE%~ tB! ~~~ Mf!il.l<ffi o .f!Hi~ iii m ·~Jf1J a<J tF ffl W- JllL ~L 1t1ftJ!!: :f£ 
M~~*~~~~~(!(J.~(!(J*M£m~**£m. -•:a:Mffi"F.-•a*ffi~o~ 
~.:tr:M81t(!(J~'f*~.~~1tm•*am(!(J~~.•ra~~(i(J•~*ffi~~M~~~ 
~.-~aM~~~A~~%~•~m~•*~mo 

~''1:7'f!!~£mt~1txt~!4'*~7t{~f=~B9 . . i£1.1<~~~, lffi\Jt~Jlf(!(J~a-.t. m!1H•I& 
-~~•A.#%~''RR'' o ~~·*•••~m~•4'am~•a<J''B•" "F. ~• 
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Mir!itQ ffl71Cf:IH~ff 0 :flll:W: "~ ~~~ .:p-& 1Hlt~ ffg;fft£ ' t{g ffl *~~{£PlUFf .1J ffl * ~ .1J tfJ fF 
m~.m•~·aM'' ~••.Q•*~~f?o m~~M~~~a~MAm~.m•~~ 

-~~+~m•.~~~~m-$•8M~o 
{E••*&I£~,,L&a~iE~-~fFffl~%·-~·%·····~-*~ 

•~*·•m~~--~~••o ••~A~-~-~~~•~•~•~m~.m• 
B-~~ o ~~~-~wm, a~,L~~-~A~~-~~~~o~·-·~~~ 
~;{fj.li{j~ o Jt-, ~~m£J:j&-f*ffJ1[fFfflEJ>t, £~~lfu\f![1-J 100 -llO't:, {Ejftifu\.fl 
~~¥~A~~~~·~tto ¥~~~.1J~fFfflFo±~~~~~*~~~~o ~~~ 

~~-R~~a•~•~m~aff!a~R~~3-sffl;~=. ~%•~•••~~ 
d'h~!aa-t, ~~-~ W/ 0 ~·t1il~tmtr-, 1E!.ffi ~'L&~i!fldf~if,6, A~mti;IJtt, 

A~aoomttm~tFm~.M•A~-~~e•~nJJ.~••••w@m~~~m 
•~•~•~o £~~~~~. ~-~5I£~-~~~~•m••~T~aaaA 
~~~B~~~w;omam•~o ~~~~iE~&¥a~~·~~-~~~~~~ 
~.-~om~.1J~fi&~.ffl~-~-~T o l!ta-t~a~•~tt£*M~. ~§~IL 
~:9HJJ a-t , &:, ~ 51 ® rdlw.t ~ • • o rm 1ft ~'fiT ~ 1llllm e :if' .f.IJ.A ~ e 1~ ~ F1~ .1J o t= 1:. ~ tit* 
~--~••mtt~~ll.~~ttn~~o -~tt~R~M:W:e~~T~-•o ~l!t. 
~~,L~1-'¥R w;o ~~••r~~~M~~!*T ~~ffr.mJ1:11 ~?1BJI~B!!J.t~rN*1=fx?r~. 
~ Ej lit. I £~f1WtJJ;Iclfo. o 

PEE~··-~~~~~~~~~ttn*tn~~.~T~~A~~~~-~ttft~~ 
~ttft.~~~~-~$·~-~~~-~o ~~-M.•&•#~~ffiE~WO ~M 
~·;f*g~~~tf-, £mt~~L1t~c*:.lt£~mo 

6. 1. 4. 2 :I:JHt ·li. ~~ 
-~~~~R(ffiE)XW.tnffM%~~-~m.•A~WW®·S~. ~~~'L 

&~19i:~JmJ}c.fflt~:i.'tW~. I*.J$~f=~q~~~~m. ~~.HI!~iE~M~~-1*~ ... ~ .. 
~. ~mMttc~ffl}j(~~ff. I~Ja1 PEE l¥.1~~~-ft~~~-f*:JJ!azJBJ-*~~fftE~'4:~JEiJ 

I!J;t , .¥!1 11tW~UFo , 1i111¥.J -~ ilt il fSJ ~;f llfli i!I I¥.J ~ -1* ~ ~ ~ 1.& I¥.J .fftl , :t: 1f :JIHi~ ~ 7@. • 

~~~~JBJ!mt. H:Mi1!1t.\.ffi~Fo, t$~~J£1-J~.~, 51:6t:tl~ o ::f-&1!.-;ff ll~B<JW11@:!9 
~)Jr, PEE ~EI>tA1if~~B9:ti~·~ft. E.r£flt~1X·IA~~~~f.fr~~o ~OO~:±lJL:f~ PEE 

B<J 11~ ttfm lJ!tl JJ\~ * 0 

(I) -ft(fE:lt:lint ~M~.~~~it.:;f(~f= B<J5~'L1t;lt.Rti*Ftl:fl~ o • 6-8 ~~ttl T 
BGRlMM *>}~!¥L~Jll:RB<J:ti:f$ttfru o JA~~IlJ~~:±l, BGRIMM ~~:W.~~RB<J~~tt@ 

~~--~~~~:.ll:~~2 %~~••:.ll:H o r£~~.~~~~~••wm~~·~~~ 
nltfil:1-J 42Vkg , m;~~~m~ffio 

• 6-8 BGRJMM fJ}:IUl-ft1:t:i9tf.J11*!;11~ 

19-lfifMJ.f/g · em -l i;li!/m · s · • ~J.f/mm Jfil·~-Vcm .1$At}J/ mL 

0. 90 ~I. 05 4198 18.42 16 352 
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H.~~~~~-~2~*~--~-~-~ttRo 

~6~ ~--~~R~~~S~&X~~ 

• I$ tt 1m 
"' pp fl' 

Jlil·:le~/cm ~~/m · s-• ~J.Jllmm -1$~11/mL 

.fJt tJ:~I:ft*l! tli 5-10 3700 -4300 15 -18 340-380 

;ff ?5 =t!Ul1t~~ ;;.4 ;;.4500 ;;.16 ;;>320 

:tH'i-~~ 1t:I$Jii ;;.3 ;;.3000 ;;. 12 ~280 

2.f}:ii.Oi'J($:1$£l.i ;;.3 ;;>3200 ;;.12 "'320 

~-6~ey~,8~JL~~·~~~ttR~~tt~--*~'L~~-~ms,. 
•m•~~~ .~~~~ttne~~••~T=•~~,L~~H~tt•ms, ~-tt~ 

2 ~•~•~••~eoottnm8o ~~~~~~-~~-~~H*•~~~-R~ 
•*·--~AW•**~',MW-~T·~~~ey··~-~~~tt o W PEE~ 
~ ~1'f!J ;ffi ~ ti'Llf 1Jl ~ 3 - 5 ~m, J3. Ej idl ffi ey •• ~ 1£t ~ ~ o ~ ~ PEE ~-if ft (jt ~](] -~ 
·11:tm~ I*Jt£~~ 0 

C3>•r~me~,L~~&~•~ttno •~~*ill~~••rwme~,L~~Hoo 

Efr~•~tt•~•6-1o o ~~•~. ••m•m~goo~*.~H~~••x••~ 
~0 

i£11 ( lffiil!:?Tfx) /% *~ ~ t.um i£1J( lili:fit7}~)/% • ;t~; ·~ 1m 

Nli4 NOJ 65 - 75 9!1J·BI!~/ em 5 - 12 ~it.:JL1t~J 0. 3 - 1.0 :t<:ii!·ij: e JU 450g,0/ 5 

Ca( N03h 3-6 .ii!Vm · s _, 2600 - 2900 !lit!: 4-6 ll;li :l'f.1i:W mm 10 

NaN03 3- 15 ~lf/mm 10 - 13 ~:tm~J a I -2 &lt .tlffi~OC 0/25 

Iii! ~ I -8 .flt:;l)fmj]! mL 230 -270 7A:/.'€i'J1!J 15 -35 tfilt~J.i\ZI Ill >4 

t!\ltJO~J A 0 - I ;tJf!j~{;!VL · kg- ' 40-50 H2 0 3-6 fii'ttfJW fl > 12 

6. 1. 4. 3 .ti:.*•t:t~~ 

•~~~~HCffiE) ~¥J~~tt~.••m~*mooffl•~••~••ttnm•* 
••. ~p~-~g~PEE·~~-~JJtl¥1*~· -~--~~.~~~-~ffl·~­
d.R.··~~tt~~-~*~~I](J~~W~-~ffl~. ~~*~~~~~tt~tt 
ft~ o ~~~~••~~-tt~•&ey~m*~•~~*ttn~«~.~M~~am~ey• 
Z~o 

( 1) ~7f!J1,jfiE~--~~~a9~7J<~fmo fl<fE~tJinf?~~~ .~-IIJG~*~f' I](J PEE ~](] 

tt*~fjg?JMiJt~;lf:~~ 6-11 0 

• 
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···································································································· 6. I ~;fk.fL{t.;ij: jSj • 329 • 

• 6-11 BG RIMM f»it !;(.it 1$i91't:l tit* 1i #m 

t:ll * l!;j Iilli h 
tt frn 

0 24 37 

~O~Ilei'~Vcm 16 12 10 

J:Ji¥i]UJI!I7c~tt#~_?'L:~ PEE ~t1L7kttfiMWU\~:W:~D~ 6-12 JiJTffi, ;l§tA-f*i'ktF~ 

~-~~~~H~Hea tm~-~~#~--.~~~~~-~tt~o 

• 6-12 f» :1*: ~l:(t 1$ i91't:J tit* 1i ~ 

8Vl<ll'tfo31/h 2 6 10 14 18 24 

~l<lllelll/cm 8 8 g 6 6 4 

~i!IVm · s·• 4032 4000 4065 4132 4274 3874 

M~~~-~~--ey~ti~.~-~~I£~.rz: ~&~,L~~Ht1L7kttR~~ 

~~.@~~*~~~7k~mMA~~-~--ttOR,~~-~~HA~-~~t1L~tt 
f'm o 

(2)mM•~--~-o ~M~~~H~7k~~m-~a1~~.m~-~--~~ey 
~ 7M~H~Vt7}(ttf1R, ~1*-fF~o~: ~-~i!~JJ<~?JlW.~:;t~f-t&lr, ~B1~1J.eiil'JM 

.:££71<~~-ffiHiL .#-it~m~iit 6 )Jj{f-t&lr ~mltU'{(*hl~a ?t., ~iA~*.W..~ 6-13 o 

~~U~.~E ~-~-~-m~--f~~~H.W~-X~~AT-2%~~--~ 
Ho ;l§t)Jj{~~2%*~·-~H~~--···¥*~A~f88~~ . M7l<~f~~-· 
f~ [ o rm.~,L1t~HI¥.lmWl:ii11111}it:o-T EL,L1tif-H:!!E8iW:1.f1Rii¥.J)Jj{~~~l¥.l o ;It- , .X;J­

.:ras~~I¥.J~&lr.&~~~if-HI¥.l·OO~~~:kfll'L~~H~-W~. ~~. ~71< 
gtii¥.JW~·*•$.Mam~B~MffltD;~=.~~-MW~$?t~a~Q·I¥.J8 

:m, ~7l<tttia1~/mi*J~~Dttc~i*illi:U~:mi¥.J~~tD17l< !f'1tftto M. 6-13 ~·~-m.ey 

~~~-~~~~HmA~-M~t1L7l<tt•o 

(%) 

l!;j lil]/ h 24 48 72 96 120 144 

EL 1L it*I'Fi 0. 5 0.9 I. I I. 3 1.4 1. 5 

~} :t':~L it*"l9 2.2 2.4 2.5 2. 7 2.8 

2-l}!a-.:Qilri~:l'FFi 68.0 85.0 90.0 

(3) I!&Mtt~~ o Ijy_~Hi¥.Jt1L7J<tt•!3~Niltt•:J!*"'!k~I¥.J, f!P~ll:!I~J'l:Pi~;fr G!.~ 

l¥.l~7l<ttn.m;~t~~ttn~~~-~.~••m. ~rm~ttl!&mtt~•~~~~~-~ 
'L~~H~t1LJJ<ttfto 

ut•~tF.tm~: ~itoo~ll'ilftr~ifS~;ff KNo3-m*'~~e91¥-T:H~, -11}~-f¥-TfU~ 

Amlffi\ 50'C ~ll<m#Uifpg, ~lltJ1B't~~fl~H~AAJ.~f'ffflrm~l¥.l~1t o ~fF.IB':Jf'f&lr1if : ?HJIJ 
ffl~-~-I~*'m~M#~-I~**~~#-~,L~~H*'&~M~-o ~-~-~ 
i& 6-14 0 
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• 6-14 JLflll~~IY:l!Ri.l11~~$2 

AA! ~ ~ * t-frflr<&~ 
lh 2h 5h 12h 

~:LtlL{tl$!1i ( ~Jiti4~ ) ~~{t tiPfi!Jlt.Y:itl.t:tiJ!<~ }'j:.~R.-t.tl~ :rl<~R.-titt~ 

~ :Lt~ {tl$!1i Ot# Jilt~ > ~~{t ::kmi~H!U~:itl.t :fl 7J< .Ill< *~R.-t.tl::k :rl<JJt<R.-titt::k 
~ttliAII!2i'Ji ~liU.v:itl..t~ *~ ±ml~~:h:rl<!Slll 

6. 1. 4. 4 -nt.fH~.itAi. 

~-B~·~··*~~~H(HE)A~ttR~a~a~tt.A&#·B~·~,L~ 
~~tt~~-1'-1K~1fmio r!J~-f*tt~1e9MI-f*~~./6, ~*~1:13-~~:}J~qq~~-f** 

~j;]-~$X~,~(f)-f** , ~A PEE f~ff~~tt~iU7~Hmi'ilifi9 1*JtE.Ibt~ o riti~iliJL~ 

~lli!fte1fff!It;~;n:a<J PEE 89fil;fH~.~tt1J!niA~*, ?t Jjlj~- 6-15 ffl;& 6-16 0 

* 6-15 f)}~~'f.tt.i=!!.i"IY:lilf~11~ 

M -R' (l;j liiJ !'i tt fl~ m f-.i 
. 24h 

r,rt,;;,g~ 
4 1'-fl 71'-fl 81'-JI 

~~ JIUiifi~ ~if §fj).Jlt!l!I ~il JIUliiii!Jli G.il JI!Jilie~ 

l m · s · • / em / m • s - • /em l m · s · I I em I _, 
tn • I /em 

~~!J'Litmli 4302 5 4302 5 3846 5 3968 5 

fllff(l;j(iij/ fl 2 4 6 12 

lii!Vm · s -I 4430 4500 4480 4520 

J!Gli.il€1"41 em 8 8 8 8 

M~~*-~OOBW~-.~V~FIEfflfte1f4~-~U.nE*"~·~Z./6~~ 
·~~~.RA~~*!Efir~~JL.:if~~. ~WA~:f§~:!lfagfijF(¥~~11. ~;li1; PEE l*~.fflf'~ 
1!1! ~ - 1'-I~ jjjt 1Z51 o 

6.1.s ~u~~~-~~r~~~~~tt 

I~~•~•~r~~~m.~~A*~*~~•••.~~••~a•••~~A~ 
;f§~~~~ttfto U-~·~~H~~~A$-Z$.~~~~---~--~Wffim• 
*T•o ~j:J.~n*~H~A~~8~&~ttn.•x•~~~~mr~.ffl.&Z~*• 
~1fit!®lf:i:tjWj9!U~fm~iiEJ:t-lll!ffl~*~flo .tt~~L~~HtE~F, jgfW, {sf!.ffl~filff::i:tfl 
~ . .::F~l!!t~:lt!!~~j!J*f'll~~w.~iil~f1=m . .ttom~milr, •~ - f1f.ffi , 7A!7t~. ~~,.~ 
~-M~o*~~~~ct~•~••••w•~~~•.~w~m~nE~&f'lln~f1=.m~ 
a~t.i~-~~tiYTTm. §~*f'llm~~JJt~~~-~0 

6. 1. 5. 1 ;fit.~$ J.t 
~HastJ1.~$/l:IHir~;fJL~f'F.fflr~1::1i~&~~~~f*JJJr, tJl.;fflt~lf~:ktNCof'f~ 

~,~m~ttfl~B9*~~~A~m~~~.~~§~Mm~lt-•~~~~~*~•. 
~Bf&A~Iit1J!~iA09til\ltiA~1r-o 

• 

• 
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A 4itl:r~~ 

*ffl~~~HM-it-.OCW~~.~~E~B~mm-•OC*ftM~o ·~~&~-~:iH: 
hiJ;!§tiL.lfLB~~, 4~Hil 25 jt, ~~ ~4~Hll~f-f~:li:l$s ?t~, IJ;f§gll~*if+q-T-i:lc, ~ 1:: 
m~~-*.lfl-:ltgtfif'F.19~~¥-¥~•*•JJ[m. tlj!IJ~~·~7& 6-17 0 

(%) 

lli! iii ~ tf 
#,fb~fA; 

~-m ~=~ll ~=m 
.m lf;l( ~L 1t:tf !§ 0 0 0 

B -~~J.Jt 
ft<tm~~~~J~U~-~m~~7*, :X>t ..t:lt PEE ~B ~~~~lfmq-rm~~, ~Hi\*-14: :m 

fft1'1 96°; ~&.19 4. 92MPa; H:i:.19 ( 30 ± 1) mgo -~ttf: B ft0Jl1~:ilH-T p;~gil .lfl-hiit~, • 
m~jt.•~•m~¥-¥~•:1$s?tB,mm~•~•fi-B, ~~m~•*•:ltgtfif'F~ 
~ii\~~-~-1ftfio ~Ha\~~i:~t!A!.~ 6-18o 

(%) 
• 

$ ~ ~ tf 
#,\l~fA; 

~-m ~=m ~ m 
_m lf;l( ~L1t:l$!§ 0 0 0 

c .:t% ili ~J.Jt 

1t<:Jm:I$H;!ftit~JJ[t9!~~~, fflt!7;!ftf£·~~~11~11iJ-~~:!i~H~~iiiHJt-it-, ~bt(£ .1$ ... *'&~H§~~f'F_19~ii\;f-f~;jftt!J.lf o ii\~~{4 : ~~ffl;jf£)9 7. 62mm Qq£-* ~ f;l]tJ7 

;!ft; -ia\#i£ffl~19 7. 62nun -ifjj;jft~.!j!; fft~MJJJ!.19 710 -725m/s; M-it-~~.19 25m; H§~_m~ , 

l!fi:!i;h <J>40mm x40mm -.. SOgo .7Xia\~~*1t<1X-it-!:f 6 ~Hf!1o ;i$:-ia\~:X;J 6 ~~§~~;f3t:f:j( 
~Lft~~:iH:h T;!ftt!J, 1lt-it- 9='~ 6 ~~§*bt:(:t:lt&~:fO~iB'P~~o :(£~~~~-!X~~-ia\9=', ffl 
56 J:.\¥- § f;l]t/7;j;ft~~ 25m, .fft:5!)!-it-!:fH§ 15 bt, :t!g::F:J;i:l$, t12:JC~~]:JI!~o 

»....t:~£iJltl~~* ilJ ~~ :±1 , xJC~;J\H:!i ~•*•J3tfll"*~•1f~~, ff~:kf;§t, 
5!iltPm~;!ftffi.Jtii\~, PEE :ftgti(t4;.o 
~~f£mMf'FfflT:I$5bt(£·:1$~m~. 86~t~0~~~~A~~. ~P~:I$5~~ 

mMt'Ffflat, 11!7'Gt£y.;j$~;J\IKIBJmJJX;~~A, #~(:t?tfU!¥ o ~~AJE$~, .R. >t JE$:k, 
rN!lf)E $i'ifi at , ilt ilJ ~ iJ 1 ;g• :1$ o m8,t~i3L w .oX;~ ,¢.C~:l$& :a:m t\t fF m T jt (£ • :1$ ~ £ 
**-#o ~E~~~MmMf'Ffflt4:•.~~.19~~~m~1:'F&m~.•••~::F•&%JJX; 

~Ao M§*~~~~~-~.~~**•ilJ~3%,~·~-&5~:1$H::F:k~O. s% 
~71< .1fL, ffffJl)!~JJ<:itg?:J±t!!)t;fjj:(£~~~Lft~~ 9=' o ~PEE ~~WLMt'FJflB>J", rJbJmEjiiJ!i~ 

••~~~~:a:~mfllM~•*••.~~••m•f'FmF~~~-~~-*•·•~m 
~~M~lli-t'FfflF(£~-R.&~l!MEi~~~~*~~~ ... ~-.®*ma~_t*~ 
~.19::F•:fOmM.~OO~M~••~jt~••.x~~-S?t~M.-••~m~~~~ 
·T·.-~mJJX;~4.Mffff·~,T ~E~mMf'Fffla1~(£·1$~ilJRfto ~~ilJ~, 
PEE ~-XW,~~~;J?'r~~~~:i!:t'Fffl, :ff~:k~~ltPRiJ o .R:ff~~~~~~jtfi~:!i:k!JJ)E~ 

:flnliJ!f!HiitP~~j]~, ;tR%JJX;~A. ~ l jt.i'!= ., ~Jl:t, PEE ~m-~J.f*Xfl£o 



6. 1. 5. 2 ~~J.t 

A ~ ~ ~ ~ ;fll i.J ~ iK i;JHI-\ 
1t(UJi~Lft:I:Flli~ffE 9='1¥1~~)3[001~~, f*~ lg :J$lli, ?t1J 4 ffi- o ~ 4 ffi-:J$lli?HJtJJaAfk 

;t&I.I¥1 4 -t- mn JfC pg , :lff~.t&:bn~~ 2oocc ± 5 cc ~m m , rwJ M 7f~ie *B1 fsJ , xru~:a: wmm pg 
~~~~~~~~~~o ~1'-~~*rr3~~~o 3~~~~~~~~~;1$1;~~o 

nE t~:m-t-~•u~~~-~~-~~.3~~•~*~•••~~~••· ~~. 
nE~~~JfJ~-~o ~~~~ nE~~~"i='~*ffMD«~~.~ffiU~~m~a~ 

2tttJilt?t89 ~~ 0 

~ 6-19 ~~ 7*J)~!JL~:J$~lO$?tJtfi!!.I~;t'F~ tfJ:ti~.~, ».~II]" !;,t~·l±l, PEE 1¥1 
~~J.f .!3!1L~:J$lliff:l ~ , ~t-~I~:J$~:!UJ 2 ~::5-15 t!i~~~~1<~o 

* 6-19 Qll~I~*I:~tf.J11~_a 

;1$ ~ !l!J fir- '-li~~L1t*l'i!ti !fl. -lt*l'iili 2-l}~;fit/(~j$J.!j l*Ht 1:1· ill! J$ iii 2-I}WW;I$~ 

5 min ~!H!UYl. :!i.(V"C 240. 7 235. 2 186 - 230 200-205 ISO -188 

5s E;:i&WHI~ .c.V"C 326.3 339 222 

• 
~9~.*ffl~~45sg5Ma.~*155~~~:1$H*b7•~~•.••~~-

~4111001J 293 -326'C 0 

ffiE~~-BI.~-~--.~-~~ ffiEI¥J·R·~~M?to ~~-B1 . •• A 
~~mJVt~¥J~S·.~•Mnfflm~•~mH•I¥1*ffim.Mffi~••l¥1•*~•~. ~M 
~~~?t~-~~o ~$~-~.~~~~B~~~mg~~~-.*~a9~~~~o ru 
rm~~ 897j(~i!lJV¥-if!:~$\".~~ m . Tfiit.1J• A~iJm#l.>l.~a ~ jt ~*• . JH!l!'t ~~~• 
~11~. ff~itt-$-fY!Jj(Jt~~. -ftlilli~~?tfi o ~~. PEE ~tltM89·~~tto 

B ~ ~ :tc-Jt •Ji 
1;7-~ffiEE~I¥J~~tt.~R~I~~~-~~~tt~•*·ffi~~~~~~fi 

T~Ro ~p--~-1 1:~-iJWf:B:~~, t~:ifu't~Jt~~flfr:i1H'J~?tM, *UJfJ7J<~ffiiJit~Hit 

M~~~~89ffi~~~.~Fo~U!i~~~~~~~ft~~Jilt~~~~r89~~0 ~~89~ 

~:fit~~, :.f.'Fllj(!{J~JEf£~Mo ~~fJ9!kflf: lOO'C, 48h, ~jij; 2go ~-~*~~, ~ 
~:fil:{Xj; 0. 07ml/go 

~lliJ#if~~J.JE~f*it~*~ 2. Oml.lg I¥J~P:j~~~, I@~J:i@i1ifif1*ffl~-~flo M. 
J!iltJlJ.t~:.!if!HiJ JA!,, PEE ~~~il:liivJv=f~5'~:fffiifH1.~ I¥J~~f;'F o ~ Jlt PEE A1HIH!fi¥J1<~tt o 

~-~-~~-WHA~tt~~M#C~tt 
(!<J~~11fDLo 

c ~~~-jt 
.')§E !W 1;1 ~ ( deflagration to detonation 

lransition, faj~ DDT ) a<Je.-11:, ~J.JlLT:(E~ 

W'/.~JY'Ij(~fflr, PEE W~~1§E!W5!:1Jf9~~~ 
&~J.f~ilJ~tt. T flfl. PEE I¥J~~tttil;~~ 
~~~~llJ{!J!}fjiJ..ffliJ:~~j(o 00 6-10 M~ 

j;!J!~~ PEE *'&~ff:J,j~~~~~!t. f.!n~tt 

xQ~~ ~m~~ ~~ 

00 6-10 DOT ~~~.lf-f;tiiJ 



··················································•················································· 6. I ;&}.:R~At.;l:¥ Pi • 333 · 

~ DDT ;tgjltWif o 00 6-11 ~It 7 i/i~J 
ii\:I$#J~~~~ti(J DDT f'J"~Jt o 

a ~~~·~~4ilfc!fl!?¥.£ 
( 1 ) 7G~:5R~14"'F PEE 1¥J~~o 

*f JlJ ~ .ljl :Jtg ~ ~£ ?t ~IJ 1g 92 1-1-m ~ 
l30J.~.m, ./9t:J:J1-JJIJ 1.J lOg, 30g , 50g0 

~~&~~••~•&~.*m*m 
~~4*H~~~~4*.M*~~ 
~~£ ~tt&~m~~*-~0 

~ l'@.lil.tf~iffi\.lt:k~:(E 150CC B;f, 
It! IH!l ~ llf1 ilr ~-¥-!! &T:I 7f ~ ·~ :® , ~ 1t ; 
~ I'B~ll~YKA~fl-~ 280"C ti:;(:j, ~r~W *:lt&~o ft&~IPJ:t&m J:@Jil.~:tf !PJ E81~:i~HIH151X1E, -
gw~~-. ~AEY:J•~~~~m~; ~P~~•~*•~-.~~mtf•••M~H~•~ 
~~~.-~&~~·~o *m~*~~~*B;f,M*~~m~~n•~*~~o A*~~ 
:.tf!{g{~r!ll~1J~~r.f~~·, 1!1fiff;J:t;!f&~M:5R, ~Zit!M!~f.f£E8.~it!.~l~~fi!-~o 

.~z. PEE B9ff;kl!!,&:A:280 -310"C Z fBJ , iEYHfH~-:W-~~, JE~B9~•ti'115?."'F. 

PEE ;;f'fiM£7G~:5R~f4"'F*~~~; 19::ffl7 ?'~Jif~~·, PEE ~tiE~ ~1f·&.;~ o 
(2) ~S3~:5R~14"'F PEE (f)~~o f.f£3JZ~~~:!/g 68 1-1-m, §:ffi~~*J}~~~~~H~j 

~~ o ~:5R~!iUl : pg~~?'~~7j-J}Ij:f:739mm ~ 45mm Bf.J DDT 'l'faf.Jtt31L5sl.~1:7 0. 0812GPa; P.J 
~~;.~~?tJJtl1g 49mm ~ 55mm 8<J DDT 'IJ8<JtfL3JL5.!ilJjt1:J 0. 0676GPa 0 ~~:5R~14"'F~~!i!f 

-~~6-20 0 

# <I 
0 0 001' 'If 

~~!Q~ ~.tf!IMJt -s.~h~.flt ri'IG m~ -Kll£ ;!}< · ~ J.!l! t,t 
/ g • cm - 3 /% / mm / nun / nm1 

I 0. 82 39 45 300 ~$~~. DDT tf:{J~~~I*'*1l:m 

2 0.82 39 45 550 ~~--'¥-16~ .J!:, DDT 'J~;{f~it 

3 0.86 49 55 550 DM~~~~~H.a••~*~~-~ 

4 0. 82 4 39 45 300 DOT 'l'l'tt~~~7f, :fJ*~:IM.IUlf 

5 0. 83 4 39 45 550 0 01' 'l'f 1Jt 1$1~ . 'If l!UHm*~~-ii'f jili~ 

6 0. 86 8 39 45 300 :1:$~:112, DDT fftti§k1Jt~ff 

7 0.86 12 49 55 550 001' 'i'f~-~. :fJ*~~§JGilt 

~~~~, f±~~*~#"f, ~~*:J}!¥1 PEE lt~~~~B;f~1iM~~l?.!~, t:75:ro~:fjl;J'=f 
4%~.-~~~B.:k~8%~--~D~.ffi819:W~~ DDT.ao ~~~A~=fa~ 

~~-~n.Wpg~-llih6~7W-8<Jtit~~- . ~ DDT ~~~.MW~ffih~d. 

~·~~~~x~~~1g~-~~o 
(3) ~i~:5R~14"f PEE (t.) DDTo pg~ffi ?'~~?fJJtl:f:7 27mm ~ 45mm (8 DDT tf:tJL1uJ.!il 

• 



• 334 • 6 ~J!U!At.:li' ~ , it~ it Jll.fL1t.:li' ~ a)t.11!!.J' .. # ------------ --------------------------------------------

JJE:Yg 0. 21GPa; p;j~~?t~~?HltJ:Yg 37mm ~ 55mm atttt'l5li'dl:1'1 0. 18GPao ~~~:W:~IY3, 

;f.f~~~*'iti:fll:::kr 8% fl't, DDT ~-~ttli$~p1b, :!Ill~ 6-21 IYT~ o ~*J}I¥J:bll.A r1J !;HI 
:1111 PEE 8<J~1Jtil~, ~!)i{fti!Jl:it 1¥1 PEE :llH~:it IY3liit1Jil o ~;(;f~*J}~Jt ~Jllj I¥J:bU.A, *J} 
:J:R~L1ti1'!009 DDT fifl~tt~IHt£ o 

• 6-21 ~~JIH)·itfl' PEE m1!iU~tl·~~~-

.tF "' pp DOT '\'f 

~~t!il-4} M<JA~Jf -m~·:Ut [!3~ ~~~ ~IJ: 

/ g · em -} /% /mm / mm / mm 

l 0.86 27 45 550 

2 0.88 37 55 550 

3 0.85 8 37 55 550 

4 0.86 8 27 45 550 

5 0.88 10 27 45 550 

6 0.88 JO 37 55 550 

ii:: J. I , 2 ~::f:/mAf:l~ PEE; 3 , 4 , 5 , 6 ~JJIIAia.6) PEE; 

2. I , 2 *.i!t~1J~; 3 -6jt~·fto 

~ ~ ~ ~ 

:ftl!1l~~. DOT 'tf;ff·J*~jf& 

'\'fit~ tltlli':ff. *.ilt.!!Ji!.lf!I~Miili 

DOT 'lftltl$~. 'l!f~*.ilt0:*¥lili 

DDT 1Jtlt1$i$, tf~*.iltl3il~:*~if 

DDT 'iftlt*l:~. tf~*2tl3il!IIIJ:*J.JGif 

DOT '\'ftltml!. tfi!*2tUJ~J.il!rt 

=9:5.!iii-<J:!f!~flf:r, ~~tiii 8%1¥1 PEE, S\t:t1iWJJr 0. 55 - 0. 93 glcm3 1¥1 DDT ~~~* 
JJU~ 6-22 0 

~lJi!;Q-1.} ~JAI!'J;fl/g . em-} :li1!~.31:~-~ 1.1~.31: ~Jilt fiij/s ~llil31!.~ 

I o. 55 *.31:~ ~£*:.~~~~ 

2 o. 68 .llt ~ 115 0 DT 'l'f -ll!i :1$ 6$ 

3 0. 74 1i. ~ 95 DDT 'f!':tlt:I$W 
4 0. 82 J!t ~ 83 DDT 'lffjt:J$6$ 

5 0.86 .:X ~ 85 DDT 1f.:l$1i$ 

6 0. 87 1i. ~ 87 DDT '!1tlt :1$ ~ 

7 0. 89 ~ ~ 102 DDT 'l!ftlt :1$6$ 

8 0.93 *.llt~ . #£*7"f~U&~ 

-6~2~1¥J"··~~~~·· m~-M~m~m~HM*~·~ DM V~~~-:1g 

11: a<.~~~M rBJ, ~w~ :ti~ a1 rBJ ~¥J :t~Jt~.lf' 140r--r-------.-----, 

~, jill 00 6-12 JYT ~ o M 00 ~:j:~!ih ~OJ~, 
ffiE~~~ DMI¥J •• tt~•·*~~ 
~~~•a&~m:boDmB<J•stt~~~o 

m~~'.#a-~ Dw ~•••~••g 
I'BJ 0.78 -0.87glcm3

, ~:!.n~!t~tf~g 

113J~~~~~ DDT !J.ll.~ o 

m ~=JLpj WI¥J DDT tfLJli.Lizt:h-fff ~, ~ 

130 

0.7 

0 ?J<~ia* 
- t.tl~tlbtjl 

0.8 0.9 1.0 1.1 
ifRIJ'li!'IJt /g ·cm-3 

1.2 



···································································································· 6. 1 ~.:lk.fL1t.:kt ~ • 335 · 

~~w~~x~.~WA~-~~~~tt.~~~~~~~~.~~~wm~nu.~~~ 

•••vu•.~~~-~~~~; ~~• 
l;tll:i:iA'at. ~*~~tti:t*, !litL~m 
~~~:Lf1.::.t'J'. ~f~ T~i*~~~~tvo! 

··~*~~-~~&-~ffi~. ~"~ 
r~~~*ll~~.~B~~·~m~:tt 

*·~~-T·-~--; ~~~Wfli:tj;: 
"·~*~•••.~•m•~~~~-
1f&:~Jt, ""t~.F'!Im ~~:$:ii!$~1H~, ~~IJ -T 
B~~.ffi~~:itt*. ~~---~o 

00 6-13 !tili PEE ~.ljZ-~*-Y:~Ej-~ 

140r--- - - --------, 

120 

. a 31<~titHR 
- W-€lltllt.!l 

~0~~5~0~1~00~~1 5~0~2~00-2~50~~300 

~~~i'BJ~~~dB~o El:li1H~PJ~, :tJ:W 00 6-1 3 lJZ-~t[q£.5j:IJ~~~B;ffii]a<Jtf.lil"illJ~ 

llffl fil.l ( 0. 86gl cm
3

) 1¥.Jtift£ "f, llltltPI'-~~~~fflDU, DDT ~~·!i~'J'o 

b ~1Jt~ti-~~~lJ!~iit.&1HJT 

~~~~~---~~iit·~-~.HW~~~ffl~~ffi··· ~~-&~~DU~. 
HW~.ffi~~nu.~.ffi~-~-~g . *~•nuii!~~.:tE-2"·~~~**Ro MH 
w•••~~•l¥1&~•m~~PI~.~•~&~¥J•••ll~~.•~~~.m&~•~ 
~~~--~A¥*ftm~o ••~ffi~M%B•*~-~'•"~~**·~~HWB# 
:tE-1'-~~ffi~¥1Jffi~~nN o 

006-14~ili7···~W:tEW~~~-····•7HWM··~---~-~­
~-~a-<J~:tt.m, -~-~-~OO.ljl-f&Jf~fl·ll~7Ji!~iitem, PJ:J4J;Jt~-JEW?t~-ll~ 
lm:ttt:bua-<J~mff&:~Jt~'-'~-~~1'-M'lfl, 2:~1'-M'lfi~3<:i~OC1~~1SJ:~IE:.llllib:?)!.:J;i~~~ 

~o :tE~-~~~-.~~•~••••~.-~WtL~~"~~~~dB•~m-Tm•~ 
:a:; w:a:•~-~~•. ~~&~~:tEMtr~**•~si~"F, ~;A~~~••I1l1*~~~w 
t~.•~ootL•!3at~I¥.J~~dB••~tt~o 

00 6-15 ~ili=:#til:J.lH~~~~-~Ue~llltl-±.ri@ll~~~~~ o m IE 6-15 PJ~ili, 

~*-Y:!l~~-*~~~ dB~tiH~ "U" ~~~, tiS~ - 1'-W li1B Em :Iii~~ ~~/t&f{e~-~ 
•~.*~2:1'-e!l~~1BOO~~:.ll-~a-<J o :tEffi~mll"F. =:#~ll~~~-~~~~ 

500 ~ " 
~JJI: 0.78g /cml N 

<'i 
400 ~ll 130~m 

N 
co .., 

E. • 
E 300 ~~J.IH!I( 278mm Q .... ----------------1 
II[ 
~ 200 I 

oat 
":I 

100 a. , 
'I' - !!.: 

_q400 -1000 -600 -200 
t i llS 

200 

350 2 • 92~m 

330 E 
.€ 

• t!l.ll: 13<lltm 
• ~/JC ISO)un 

.: 310 
~ 
~ • 290 
ttl? 
IS 

270 

250 
0.6 0.7 0.8 0.9 1.0 

!}1!{/g-cm·l 

m 6-ls ~fiilt[1£M.!if;a<Jm~•~l1e~x-ttt 
1-92....., 1111~; 2- 13011-m !Ill~; 3- 15011-m ~~~~~ 

• 



{tl§.ft/F:;k, {B:¥Jmtl:l-~ft9~{t1;!i1.1$, ~p: .\fJJ.t;fEt!WJEit, ~~-~iE~IDf!;gl9i:~2~;j\ilff 
~;J\, -ill.~P*.!L~it\l!;J\it\l!?g~ lit~;lt&~~~~~UJe~o :1!~-fr $JL~ J?t;; B-9 )(;J~1f&~1f@:, ~ 1g 

.ff!IWJ.W1tw~J?t;;, ;!tJLimtJ.t~ffi!FIJB-9, til~it\l!;J\, ~&1*ffH1'l~l9i:w.~Ht~W*R~:*, ~ 

;~pf'lj =f-;lf'd\~,# ~ =f-~~1g·~o 

00 6-16 Yfffi:1g;ftHI&~~i5t~M~ifitj(t9~:ij!.WJ.l 0. 78glcm3
, JJL:ltgf.!L~ 130~J.m ~J?f;;a9ff~ 

i1t ~ ~~ tlt -ffl'11$A~ o 00 6-17 Yf ffi 11 W:~-* I*! .:if' li'iJ 1ft :'li5lt& ~ tlt ~ *'& ~ i1t B-9-¥ :ttg f~11 i!! 
J.tdiJ~o 

500 

• ~t;'iilll 4000 
400 · &~illl 

E 
.€ 300 - 3000 

I 

"' l![ • 

11!1 .€ 2000 
200 ll!l 

• 

~ 1000 • ~ml!Jli!JJ 
100 • ffi~illli!Jl!: 

0 
0 -1200 -800 -400 0 0 l 00 200 300 400 500 

111 fiill ~s .i'1! ;1:1 /mm 

~irOO 6-16 ~00 6-17, PI ~:14H';}:t/C~L1ti'F~B-9t$!M~~tH~:ttli:71-1J ~ r JL~M-~ : 

(1) ~·tiM~;If'&!falm-~ o W:M-~1*!, $JL~WiJt~~E, ~&11Uf:flftxtmt~~. ;lf'&~ilt~lli 

1!;.{~ ·r:Ei!!J.t t~ 1£ :Jnt rf;J 1W ffltl , 1~11 i!!J.t~& ts! , i!! 1t ~ 1£ /F :::*:: ; < 2 ) ff~ xt 7/ri: ~ ~ M-~ o 
~WWMV!t-~mfiT-~Eit~E,.~~#:~-~B·~&~~-l£H-~ffi.~~~­
E00F~TA~-2~J.t#rf;J*·~~~-~ff-ilto ~ff-ilttt900~~mr.~J?t;;mA 

T&~~~M'~.:I!~M'~·--~--%~rf;JIW~oi!!-ffl'M,ff~ilt~-~ilttt9Blt&* 
~m~%:i.t:iild!~-J£; (3) llPmilt~?3t1gil~iltM'lli o ff~ilt/Fifr~o3!rf;J**'&~~ffl11, 

1£~-at~tl, Hi~ilti!!1tim:i:1Tttf-+B-9¥1*1.f •. %nX;?Jtlmilt O!ilff •• ) o ffi 00 6-16 ~ 
006-17PT~-tl:l.Hi~ilt3!1t~H~-*¥1*fiJ!at,~&iim:t£~--B-9EW,~~IlP 

milt%JVtr;lf'!.\~·Z.E o llPmt!t%JVtE, ~J!!~B-93!1t*M•~ut. #t£~~~B-9atf8J pqJff 
_tT;If'&~ilt. :I!Bt?l=Pitrilt~~~?ltB-9lt1t~BQs¥IJTil~i!!1t, f!PF5-'*3f:M!:J;i~; (4) ~ 

~-~M'lli o flfttrilt51~1t$&.J.ill~~~~W·flrf;J*•it~1~tl o 
6. 1. 5. 3 *~-*1:-•11. 

fi.Et!*'&f;I$~1¥Jlit~. !IHJ!IWJB;JA*-~*14: -·~~#,fJt~JE~'Mtlt:fi1i, ~fiii$ 

:tft)~IJm:tt1f-mJ:B-9m~tm5!il, 2t~iltltt&lt; =~I~jj}Yfff~PJ-·r:Ei&ir., # J3.~1t5lt 
=r•i'F2t~wM~I*J; ~••~•~I¥JnQ&:i:1PJ•ttmir•~•~\•~•*n•o 

f.J:tle~L1ti'F~ (PEE) B-9~1*::!H1Jl;j\(t9 lai#:$J:t'C!I!Yi*'.:'L, ~~~:ttli 9=', -~~ff -~ 
•w$J~~~o :l!~~~~~~~~ooffi -ffi:flm~:71-r~~~m. ~~~~WJ.t~~o 

~mM•~•~m-r.~-f*~~••••lit~~•M-:71-•~••tt••~M~~wm_t 

•~•. ~•~t~~~~-~wfl.~•~•~~~••:tts~wm-•awat, •~•* 
~. JAW2t~-~~~o ~at. PEEf'F1g-#*ftMJ*4, -Jii!J I~'Mttt!t&lt, -~PJft~J,i: 



·· · · · · · · · · · · · · · · · · · · · · ·· · · · ··· ·· · · · ·· · · · · · · · · · ·· · · · · · · · · · · · · · · · · · ·· ·· · · · · ·· · · · ·· · ·· · ·· · · · ·· · · · · · · ·· · 6. I t)- .:l:k .ft.1t. ;!It: !fj • 3 3 7 • 

*'&it Fib\ ifii51 £$~o ~~~~i)llfi5B~*IY'l, \fftlt!.~:I:'FFi~§l'l~~:l*i'FFifll/.tiHifl;f~1: 

~:Ii: itt 13-9 !1! ~ ~l! ;<::.- 0 

•• 7M~E~~~-~~-~~iittt,8~~~1:~Ufi~a-98~~-.5~~Q 
11\ JAt. JdmirL L2A liU5t~ 13-9 :JiH''F !WHt~ Err 7 m . »-ifii :xt;Jt1~ w ~iitWfti o 

5~&~ta-9•a•~~w~t~••~.•~~;~t•~t~tt••·~*~a®~t~m~ 
1&1>\:J!®~fi&~l±l*, l'lSIW!i6•~t15t7M PEE *~13-91't E~iftt~fio 

A ftlt!.*f ·~~~~ Jj>(: 

-~~~--m~~mT~~~--~~M£1:ffi~~~~.M~D~D~M~~~ 
~~·o I<IJI't.J, IIIH#1W~:fii(J<J~:bn, *~ P'JWI't!.fij ~ ~ l'lSI ~J~1Lfi~Jl: ifii~i$Tif.L~ o :t<W:.t} 
~w It ~R~ fll mt ftt~m ~ 89 ~ ~*.F{f ;.f:J:j :X11r It!.¥"~ e' , ~ :Q: Wl £1 /2 , ~ It ~ IBJ 1lt fi T f111* ~ 
li@J.fi$ p ~ ' jl;tp T *ffi •• 1Wit!.J§~f.lirntW:a':J•a•JJt o :iiJi~-JE~£jjl~~~-~ &, f1J 

t112Z.J§", jj)tllJL2A11E~I±l• *'lp, MWTM;!tflttttt~~ o 

5-HO ijlfJJE PEE a<J ffl M 1r It!. n·!J& e, ~ ~ :i' M t 112 , ~ 1 1-~ ;f;tt!)( It at fBI 1lt !!& • f111* fJ~ It ~il 
$ p ( A~~tlJE:/JrtdTt~ I~Hit*)z:JuD o ~iJ!IJJE, PEE ~;fS~t1r ~ 1rf~ e, = 2. 92, ~ 6-23 

~ttl T~ll?t§l~jg 26%*" 70% I¥J~14TiJ!t~a<J PEE a<J~:Q:Wl ta12 o ~:11it)l:, :tEff:fJ'li~Ht 

RH =26% ~' T = 83272s' p = 3. 22 X 1015 n . m; ~ RH = 70% at' .. = 16187s' p = 6. 26 X 

1014
.0. · mo ffi=F~5Ff4tJJJt89.ffl~1rtt!~~ e , ~Jie:Jf~~~lt:Jc, ~Jlt. •m891*f5Ht!l!ll 

·P~~~*WB~IlJaW:;Jt8~®~fllWEI!m•a-9Rh o a6~~1±lB?t~JJJt~ffiM1r~ 

'iit•*111*~f@.~Jl$, :illH:J: t~$J'Ci5J L2A 7 ~!¥ PEE B<l*lt!. ~tf:*;J\o 
• 6 -23 ~tt!Jil 'f.t*l:~$-aJOJJJ•J~i!Mt: 

Rf/1% 'o V0 / V t , V1/ V t 112/s 

26 15 : 10 - 3200 07: 12(~= 13) - 1600 57720 

70 15 : 18 - 800 18 : 25 - 400 11220 

#'} ffr IU~Z:.- :OJfl}fJjiS •z:.• :t1 !: .1& t.'t itll!ljj(Z. • .m~'Lit~tli 

.fl1M1l'rt1~~ e , 2. 8 -3. 6 3.6 2. 25 -3. 25 I. 9 -2. 5 2. 1 - 2. 4 3. 14 2.92 

1M ii$/fi • m 1o'• -to" 1014 < lo '• >lOY JOil > 1016 > 1014 

-ft~jg, "C ~A~·W&~-~~·-o ~ PVC&1*~hM~~-~.-~~ 
lil*JJJtll!:lti!:!M./Jl~ w -sc/kg LlA~. 3f'iltfm~i9!'1ilJ~1<~VJ ta<J~Ittt!mto ,M.;tt6-24ilJ 

~ . •~~~~Ha<J~~tt&•*"•El!~~•••~"c~*ffi~. ~~eyLlAm~.• 
~~L~1$FjtJ1:J!£®ft~JJJto 

B PEE ~ lt tit J!:i± {! tf 119 ~ II!. )JJ >t 
~--~~~tp~ff·~-~I~~*·#·~nEB<JW~&~~-~-~ . ~-~ 

~ffm~I~tt~~#T~E~D*®~-h.~l±l·lt!.®t:l!a-9·~~-.-llJ~B~~ 
1''81fJ8<J*;HIEElflitJ PEE ~~-·~~Ht9&El!~~ , ~:lii:~M.-*41W it, ~if:j~f=B9'~'1t!. 
~iit·I~L 

~-~JET~~~~---.~~~-. LlA~~I<I.Ia-9M:iliVM*•~M-~#T, 
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PEE ~:fitrt!.:fl:iill, ~*~000 6-18 J'Jfffi, !fJ 6-19 j;J~~~!t~:'f-00, Af*iJt~/J~f:ll~ 

fP :.:t;miW~ iJa -*ti.*)Ciftl: 0 

3XIO~.-------~----, 

i 2XI0-6 1- Ri'Hli 
Ji 2- l-lt*4 u I XI0"6 3-ffl:t}t!fl{t fff,j -= 0 1----:-1';:-0 - ---:;2"'"0 -----:3"::-0 ---:40. 

.. - IXIO~ ~!lUlliai/m·s-1 

-eJ 
· -2XI0-6 .. 

-3XI0-6 
- 4XIQ-6L__ _____ ____ -J 

a 

$:iliff -l~JJI: /m 

0 
2 4 6 

i -Q.4X IO~ 
00 ... 
~ -o.8X10~ 
II!! 
fi;3 - 1 2XIO~ 

' - I 6XIO~ Jflj[~l.lf36% .. . 
'Ill! -2 .0XIO~ 5i:ili.i!J.I24.7m/s 

c 

• 
J;f:!Jl~l.l /% 

o.--~---~--~--. 
20 40 60 -

I 

Ji -0.5Xl0"6 

• 
~ -I.OXI0-6 

!!:!! = -l.5XlO""' 

: -2.0X10 

~ - 2.5XIO 

-3.0XIO "L-----------___.J 

b 

I OXIO~ 

8XJ0"6 J.fliildl.lf 38% 
l - ~It Z:~$ 'l1 

6XI0-6 2-~ f~Hiil 'l'f 
- 3-f!fff 'l1l 
I 

J2 4><10-6 2 4-ABStf 
• 
~ 2X10~ 
~ "'i.li:ill.l!m • s -I 
~ 0 
lllC 10 
.t;i~ -2XIO~ .. 
~ -4XI0-6 

-6XI0-6 

d 

00 6-18 PEE @lfitlt!.:I:WJ:l !;;i-1}~1lijflSI*I'J<J~~!HJ~ 
a-~a~-~l.lf~m~~~~;~~·~-~11-~~m~~~ 

c-~fll@.jt~ 1.1--~'lf~~ llbtJt; d-~it~JI:\t.ll !:j1'filftt~I¥J~~ 

~k~OO~~~~ili.-~~~~ll~~~M~~~m~rt!.&~~~~I~~~~. 

~~~~~ll~* · ~~~m~rt!.~WN 

m~*o @~~~~~*~-~;m~~. 

••~~•rt!.Miill~*~oaajg~~~ 
3BfMt~;J', ;ltlliU2sl1'£-=fll.lft~~l!J.li~*, 

••~o~.*~~bOo ~E ~mM~•• 
.ltPJ:lt¥U- 2. 62 X 10 -6 C/ kg, .9HJ6~~~. 

1'£~ - :.:tfi~.nE~•~~ ffPJ :it 

-7500Vo 1-!~ PEE tE~~fPJffF , tE~ 

~~~~~~~.~~-L~~~~~fflo 
~-~;lt~-~·ll~.~~~~~~~ 

*IUI:t.l~ff:ffffft~~~~. -~~~~~* 
~~··o ll.lft·~---RP~-~-~M 
~**·•M~a•rt!.•••~•~,~• 

I 

13 

10 
9 

4 

1-~sm; 2- ililrJ; 3--illf~•; 4-EKJJ~e; 

5-:J$""-IIJJ; 6- fflt.ffill'J; 7~lfl1J~; 8- -m;'9: 
!I~; 9-110$1~; I 0-fdEJXI.~jf; 11- ?'J;:f:ll: 

~1\ff; 12- j H@.t/,l; 13-!Si<~~ 

12 
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9}, ~M~MH:1:60%Fo, ~fl89~:ii:lti1Wll~¥1HIVJ,, 2:.!:3M~!tt:;*:, :2:~1t~$!t:bo 

~~o ~-~~-~ll**···89~MitMW1l**·ffi~~-~:bo~-~-C~*~ 
M-#~~~ 6m) Fo .~-~··*tWll£*k·~~~.~Bt~lt~ltM·B~~ 
••o w~~~~~•89•~~.~m•~~®~tm~~~. ~-~~*~~~0 ~~• 
lt~!i!l, {lfffl PVC ifliiBt, ~lt :liB!i, ~**ffiiiJ~ 20000V W.k, ~itlt!.itWllMH:t 
8 X 10 -6 C/ kg0 

C PEE i./"~ftlt:ti-±iti:f--fft 
ffiE~It!.*~•• cma~'D*•*~•~>~~a~•~~~•lt!.mlt!.~~~~ 

~.~~~iiJ~m~89~*•**~~~~~~~.M~~~~89Dit!.~~w~~~m 
~o ~p, ~W~·~1L1t:I$~~~~!HI~fitlt~~tt. ~'®t~~i!flli'F~~:JIVJ'fit*:tl * ft~ 
Eo.o1 ;f.1JI"!;'f!iiJ~ili:00~fi:kf¥1tntlt;k~fj~:fl E,... o :{Ill* Eo.o• >Em .. , ti!UiA.1'J~f"=:i::t~ 

~~~89. ~ti!U, ;l,tiiJtru~re;~~ o 

a :~VJ'fit*-*f*~ 
PEE :RM,f!tlt!.~;k~ Eo.o•~ttHm~Dit!.*~~J.l E50H JJ89o 1t~%x.t.19: 

EO.Ol =0.05£50 (6-1) 

~~~~~~~M~, ~~*~~~m.fit~t*~~-~~*ffl89n~~~w*~ 

~o ~lfftJt~j§1,i~Jit-~lll'!4~~fi.illt.~lfE. *ffl JGY-50 m!fi*Jt!.j(~~-15(~~ PEE 

~-Jt!.j(1-t~~o 

w~t•ll~M2M=*~~ta~m,$a~tm,a~t~te,~mMll~m•~~~"~· 

~ ~J.iil lili7t:i1!h ~dlJ:~B . 1'JG ili ~ rii. ~-* 89 :ft4i}!(~-flf . W. tl:~ ~flf ~~'1ft It!.~ 1l 1lll51:M 
*tF .19W lt~~tti.iffti 8M&tm o .ttH~~flfiJt. 89~=*, ~ $ iiJffi~iJe~ • jjij ffi ~IHttJ , *ffl :!10 
~ ~flj:~fi-~ : 

It· ( 0. 22 ± 0. 05 ) 1-1-F; Et!.&fBJ!lJJ( 0. 50mm; ltm. ( 130 ± 0. 05 ) k.O.; f&tt.19fJt&; T!lll 
15<t; M~ 35% ; iJe.lt.ff(lO. 0 ±0. 5) kY o ~i;it 25 JJ., ~ij)t)t~~;k. HP~.*Ei JtJ;t 
.1'JO% o 

~kl£~-ft.AEt!.&t&IBJfrniitit1f:J:l: (6-2 ): 

( 6-2) 

~ 'fl c nt Et!. Et!.. ; 
U 1t It It!. Elio 

rrJH~~U&fBJfj~iJ: E = llOOOmJ, $a l30k!l lt~li.B189fi~il:i6!~~ 80% E 1itlf. PEE 
ltlt*~~J.l E50 >20%E =2200mJ, E0•01 >110m], iJi~tE~i5t!Jli~~~, R.\*~iit~~ 
llOmJ B1, #rii.;;f'~iUJ~j(~R.(f& o 

j3 ;r~. Dlt!.*~!!!Mt~~M=*:{!Jl~: 

*•-*I£~~*~*~~~~~~.~:1$~~~~~-~rrn•~~~a~t~~-*~ 
fF:ffl , XW.~iJt~~:S511Io Ui:~~{lj:: lt!, • .1'J (10000 ± 500) pF; fBJ!lJ1(.1'J 0. 12mm; t'P~r@. 

B.1'JOk!l;~~--tt.19~&; ~1t~ffi.19 WkV;~£m~30mgo W.kl£-~HP2J~a 

ft ft~:fil:J<t PEE ~rii.~fiift Et!.*;{~~~mJ~, ~tJ!~ 25 ~, * ili ~ '; :fi, ff<.'i~~:tfi'F :OO~o 
W TNTlOO% ~j($~Jil;J'It*:tttl~iit:1rl 0. 374J o 
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b I£~~::kW~a~j(~ft~E-
rilf PEE ~~~li$;f&~~~~f*, ~~i*~Mt~a~/1'~, /f'Jf::-lX'i1:~Jt!?ilJ:fitjC, 

$/J'·Jil~~*·*~·~·~~&··#·-~·~j(~-~-·o @~, ey~M-~ 
~'@. rnt I'BJ f1Hi1Hfft It!-* :tt: ~ :I.IL a It!. It!. mL A9 1)!~ 11~.1< :tt: E1! :fit ~it• if~~~ ~Jt ~ , ;ff{ 6-25 
~l±l7a~~mt(J<JlWJid:~:'= o 

~ M ffll {il 'l'f.AD:Il): tf<Pl3t t&*!D:!ll: 

- h!({il 0. 001 -0. 007 o. 003 -0. 01 0. 003-0.09 
ti!t& 1'@. itt! jJ.J\ 

~::k{li 0.0073 0. 018 0. 092 

*~~MA9*~'~m~~~(J<J~&~~•mm~~. ~g~··~-~~-~~0 ~ 
~mA#a~A9m~~.••-•~•~1.e£~~*••~.~~-r•~•••.•rx 
A<:J:&Z It!. :!?u h ~3iH1HIIiitiil ~ .$-*~ ::k EJ;t , j( :tt:B $ fl£ , f.@ 4ii: ~-El! ilt::k o tib $=¥ ~MLtt-~ 

~m.~~-~~*~aEI!.M~~~-*:tt:o~~. *M-*@~~~-~•.•mey~• 
W~::kaJt!.j(:tt;tt!.~o rilr*~~-~I£~~~~~R6~$~#a$(J<J~IflWOOa 

~~~~ey~~-~~(J<J•::kaJt!.j(:tt:tt!.·~~~-~~- lfl-(J<JB::k~··tt!.*:tt:~ 
ilL # ~ Jlt ~ :¥lillL 1tl WT~rz::i:ifl 'F I¥.Jili El! ~~tt o ~ Jlt , lf #iJ *~A fiYi 7 :{Ill~ it~ : 

*ltl*ffl~~rr@~M~-~--.-~ ~E ~~-~(J<JW~:tit~~- o ·&~#~ 
SCVii:Wlf 29. 4m/s , PF:!ftMJf 24%, t.ffi\.}j[ 12'C, ij!tl ·iit~flM:l&Ef!3;1<J 61. 40pF o ~-·· 

~~-t&~rmi¥.J~~.!A!.W 6-26o 

*6~ ~~~Q·-~·*~~~-~-
~f1.Hi::f£/mm 2 4 6 8 10 

~j;: 1'@. itLI jJ.J\ -0.006 - 0. 012 - 0.048 -0.092 0 

~**~, ~~m.1r~~ 8mm (J<J~~-t&tJif, i9!tlj~JB<J :&Ztt!. ~tm:mt::k, 1-J - o. 092~J.A; 
~~D9·~~M&B::k.~-0.287 1-LCo # •• l±lM::kDtt!.att!.*:tt:•~E~=O.m~o 

:Jj~~. m~JJt~UH (jg§§§~~) .Pfft~fR~B9?J!U£~:i!h-~. J!ff-~iiti¥JI-9ft!Jnt 

M~UM~-B9m~. ~-~B9~JJ[~ffl.~a1~8·W~~-tt!..R~~~HMMAm 

fi*~B9·~~&.*ffi~~&HM~Dtt!.~· o 
-Mt~flf: -~~-1t~IE ~~I~.\¥!,0ii1 213 Yfj::rz: l¥.1-=tr ilH9:-1t; *Jfl8<:Jm-ffli*£'J IE 

~~<j]XJ, <fS;fJL ~!E.JBZ~B9.Ptti!!~~1&~ ~DI!BJBC~fliiJ~; 1fit;fiB9fUf~45° ±1°; §§ 

ht~ LOg; ffi~mff 65% o 

.1'-f-f.ftr:iJZ-~f:lt!:fi 4 :&11tlt~& < Q::k'ffiD il~~, ~J.t~I!C~~fllfi:~~f-f.ftrB9W~ 

~~~~~*~~-6~7 o ~~~".M~72%*~··WH(J<JW~t!.~•. ~~~Ho 

• 6-27 1*~'-RJlil~•ta• 

~ # -M *411't:M J'I<J !t< llli :jiJt~ 1'@. -flU v • 
#cl1~~ m ~ ~~'i!l;lf ~lt!.'it~M ~ .m 

m~~-ft1:1'~ 40 36 53 26 

2~:tr-?:i~~w~ 220 192 256 356 
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M.5&6-27 ~~*llf~. PEE .!=3-*f'lt.tt*!-ftJ:jjlt-B I~~'fftlt!m~z;J'r2 %:i~HifJi~:J$ 
~, ~Jtt, ~1:_§~j({trfji'iJfrut£-tB~tJj\~$ o 

c I2lr.~~~f!tttiY!H~ 

~,rg¥U~t1f%-*Jf!J'lMJJr:tB ~fl£, - Jft:$t£ 30% l~.rF , fftel:!..m~ PJ~~$il:1'7 Fll!, IZil 
Jlt, \!9Yij~J2t~4*tl::iir~:J$~)~ ML-2 ~~~~Lfti'F~1:._1>:~:i!!:h~~ijWU\It'Fo 

i9!1J~~*~7& 6-28 0 

lJi ~ El!_li/V 1/;t~J!Il~lt! uvv tJJ fl liltlit/ kg Jjf(1itlt!1it~lf/C · kg- 1 

;k~r.M O - 60 -220 0. 95 -4.3 X 10 - l 

~~t-*lO - 80 -240 0. 54 -8.2xl0 -1 

n,t.r,, r -*l o - 60 -440 I. 80 -4.lxl0- s 

El3 ..tll ~~~IUJil~flt ~ iY!~ ·~PJ 9:il , PEE ~ iltN/ft ~A .1< H~::k =f 11 OmJ , fjjj ;!ttl: '1: rm J:f 
~:@jcfp~j(:ffi~:!il-0l:1>J 0. 67mJ, -!BI'!P E0. 01 >110m]> 0. 67mJ =Em .. , tf(fiti:g~~~UjjiJ~ 

m . PEE t£ "'\: mt !:f~ ~t.J~ . ep i3l:! ~1:: rt ~ m-~ rm~ n~t.*:ttnt It . m;;r.; ~ wut tt * :tt A 1t& fffi 
~-D~~-·$o tEift~~~ii\~.·-·EI:!.~~~EI:!.EI!ffi~;;r,;fi -IOOV ,M~It~ 
mt1t~:J;J w -•c;kg ltfil:~, z l:t~mtii\~'fl ~,J,. ~tu1£~1::Mt~:$:~ ; x1r A"*~~. 
fle*& ~ffl (SL 115~ , ft It. It. ffi :J;] 1 0 k V , ~ ~ 500pF, .A. fti: 'tilt It!. ~~:!it :J;J 25 mJ , 1f!;J' =f PEE 
I'!':J:IiitNT/tlt!ff:k~o j;§Jlt, PEE tEift~~tt~~, ;;r.;~~Witlt.51~~:t\HJ$, ~;J'W)Jt!~ 

3-(~rfJ o 

;!ijjr, .IJJUi$~A:illii1:~1J PEE ~tfj(rffi!.~ (MIT), ;{fj(~:fi ( MIE) , ~~;fii:J$~13t 

r ~ll ( MEC) !V.,&j!tjc;tj:J$ .ffjJ ( P ••• J I'!':J ¥~if~ 1t!.2t~, PEE I'!':J ~~Jl:l$ ~~f£ tt 11f 
~*~U-~.W6~9AB*i'iJ•tta~~-i'F~~tt·Bo PTIV.8W,ffiE~M~~ 
.1<t&!Ji:J;J 290<c, zzr.i6=f I3o<c a9i&Jii!I'Ziffii!Ji. fffi 678MJ ~:MuNif .*~1t!.z:k=f-~ 

~J.iY:tm:5L :bn...t~~~mtnlt~m~fHkit~JXI.fttfl#~i'AHb•J5.t!, Jl;!Jtt¥UJ}~:lli'ffffi1f , I 
"f:~~~a9 o 

MIT MEG MIE P,... AUT MEC MIE P,.., 
i:i ~.F I'C / g . m - J 

~ f$ 
I 'C / g . m -3 / MJ / MPa / MJ / MPa 

-"J) :11\~L 1t~~ 290 1330 678 0.287 **~.fij} 360 60 >100 0. 74 

Ji)ji:iif.fij} 380 40 38 0.67 .ill!.M~ill 400 65 7 0. 57 

Jj\Y£'1Jf.fl) 380 100 0. 55 Jl!l~ ( V29% ) 600 35 0. 80 

6. 1. 5. 4 PEE :t7t .i:~i:f ~ Of~·!i.?};flj-
PEE ~~:l::t~~~~~f£~7 ..leyf/tl:@.:$:1:@.1f1cjr, :iaS .!=35~;.F.:!it~-1$~t£;ff:*:, ~ 

fffi 1 ~~PEE -~~~1$~f£Jft.;(f~~11~~5( 0 
A ~~Ji;kf,J~-fJI}J P ..... JULI:.ltlt$ (dPidt) ~~~~ 

~-·Wi0006~~~. ~-EI3·~~~,WL;ti~~~A.1<«•3$*fflnlt,.ii\ 
~&iJ:J;J~t::ij(1JtiftiYf~,g,~*Jiij)jtg~j};J~~flitl1k~ PEEo 
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2 3 4 5 6 

I 

13 14 15 16 17 

gtJ 6-2o ~i~z:.t.l~!l'-1ttjjj~i.i!:*tft;r-goo 
1-it~tll.: 2- jji;IJUJ: 3-:ff'!i!1f~ll1J; 4- fil\!l-ft!.l!!i: 5-fill:!V-&: 6-At*.ft!..tl: 7-~~~: 

8-{t~1f'IJ; 9-J\~~: 10-.!i'i~~ : 11-ffiJf~!flH: 12-.trt~.fUI.: 13-:frt:Ptll.: 
14~1&: 15-ft!.llll'J: t6 'HIJ!lfJ : 17-.l:i!a~~ll!i 

*ffl~6~~~···*JU~a7e~•B,C·~-~llih~8j(~~ffih~~ 
_t7ti1t$(J9~U(.ij 0 ~ 6-21 ~PEE (J9 P ~ ( dP/dt) :!11!-~~ij!~i;it~*o 

(1) ·~-J3((J9~ PlnJ o 1.JT{!I! -T tttl(, ;f!Jffl~ 6-20 ~~(J9ij!~i;it~~' *JIJ~i5e7 
PEE, TNT, .35.*~}*~!&:1$89:lli*:ti~ffij)})t~_t7tlf$, j(Q~ 6-22 ~~o 

b\00 6-22 OJtf:±l. lllf!.tf PEE ·~-NB91tj(, :fii:j(:lil1$ffih P .... ~:lilj(:JI1$ffij]_t 
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7Hf$( dP/ dt).,.)5JIIItl:Z.!ft:;k, :if'{l-ltlUrt~J: ~~-~~!B~. 1f?£--t-JQ1!1¥J~ll o ~ 

;1!~.'-J PEE ~:!J;t~~. /Fff::t£~$:~{~$\:/F.JEB<JIPJJ!, 1!11itJ~~t/XllB9it:;k, P,_;fU( dPI 

dt ) m.,~m:I.Jo o {S PEE (f.) P m••~ ( dP/dt) .... 7f'f.5a~ TNT 1]\q.ij.$, ilff .§. t&J.l11!~ :;k~~$, .§. 

:ttt:tJo'*JlJ!~tJ·MH"$ o ;iS:~Il)j PEE ~fh: l:t TNT ~~(f.J:kf:J$fa;~tl:~lj\-.®, )!~-~ 

I~:.l'FHa<J·:.l'F·h·$-~:.l'FH•a~$~--I¥J o 
:tE*;tf!i~tli:Jriii, PEE Ej~~{t:.l'FH, :if'~P~J!'(t~ J: 13 #Hit*>!~ ( ~ll 3i*~flt~ ) o 

~.19~~~~-J.l·:;k~. ~E f/}~#*&~*~o $~~. ~8t(xJ.la<J*:;k,~&§B<J 

PEE f/}~i!L*$, f:£1ft~~Jt!.lt!WJ~*&~~~ti'-B<Jffi~ o ~;&19} PEE ~~?£1!dlf. 
~~.~*~B9~-~I:t·W~a<Jo ~~m~ PEE(f.J±~~*.'-J~M~~.~~:if'~~~ 
T o 

jH~, PEE B9 P .... ~ ( dP!dt ) .,..fi~Ej'Ea<J;JI;1t!!.fl}~~:l$~t'J:~f;{ ( ~llit{Q.;;fj *l&lll , 
:!a'J'~*ff~;ft!Rt'J',~*•& ) ff;J:T- *f . 11!£1~~1: eH~~~}~o 

(2 ) *>}~$Ilta<J~PFJ o 00 6-23 ~ tl:lf)}~~L1t:.l'FH~$/:I.f5t>J" P, • ., ;fO ( dP/ dt) .,..~Pii!J 09* 
~f!B~o b(l!l6-23 ilJ~tl:\, PEE ~~fm P ...., ;fU( dP! dt) .... Ei~t[Jjta<J;)C*I\3! TNT ;f03i**>J 
~~~JH~ o ;££-~a<J$/:ffmlil pq . P m .. ;fU ( dPidt) .... lllfitf~~~~ a<J~'J' ilff:ltt:;k , :i!~l2il 

.'-J*>J~:ti*F~--t-:££~~~iiib:1:.1¥J~J:~~&§' ~~tt~~lj\, ~~iiilJt~:;k' &~ilA 

* ~ o {~ ~ ~~::k tHt-t , ~~ I¥J VfL ltttt:if' ~ , J3. -ttUIII ~~tv: =f ~ ~ ~ ;tJ I¥J 11 It!.~ llf;f {!}! :i::1: ~ 

a<J~~~~{£-jg/F£*1ft , {"1:_ T l;t~iij~!j\a<J~~~*o ~#~~~f;lfi:*fl·~!a!J;! 

a<J PEE ~~~lH~*~~i J!.'-J~ tl:l o 
(3) ~~ffi}JB<J~ nluJ o 006-24 ;J:T~~ffihxtf)}:jjt!JL1t:J$Ha<J Pm.Ail(dP/dt).,.J~Iljnja<J 

;)'c~f!B~o 

bl-00 6-24 ilJ~~. ~~EEhff:tEfi-1!00: . ~@::;k§f.Jjg l. 2MPa, .193i*t>1*>1~a~fWJtlio 

350XIO' 

JOOXlo' oPEE IOOXIO' - o;E*t1t I 

2s0x1o' 90><10' .. oPEE • .. ""TNT - sox1o' OJi:*fjt e: 
200XIo' 

I 

s ., 
• 70XIO' "' ~ 

1 50XI O~ 
c.. 

~ -~ 60xiO' 0 

~ E 
I OOXI O' 

~ 

sox1o' ~ 
50 XI O' ~ 40XIO' 

~ 

0 
30XIO' 

6XIO' 
20XIO 

5XIo' ~ 5XIO' 

8!. 4XIo' 4XIo' - "' ~ e: 3XIo' a! 3 XIo' ~ 

2 XIo' 
<t 2XIO' 

1 x 1o' IXIo' 

0 50 100 ISO 200 250 00.2 .4 0.6 0.8 1.0 1.2 1.4 

*iLG l).lm fh£Jli:tJIMPa 

00 6-23 til ~~;j' P .... if1l ( dP I dt ) ,.., B<J ~ II~J III 6-24 ~~ffiJJX>t p .... ffl( dPidt) ... ,a<J~IIff! 
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l!~flil 1J~ -f*t¥J ?iMmt~% .11Ui~~~ ~ a<J ~J:E f5f :~ o :tEf}}~}a~~J.t ~ t,i:.1d~:i8 at fBJ - J:E 
1¥J'tt?££""F, ~~ffj]l)', ?iMiit·tiVJ', ~~~~.f.i):E{!<J*~~ . ;:ij~j:&lf~'J', ~~~P .... ~ 

( dP/ dt) ""''~'J' o :x1 PEE *lJt, ~,J,{!<J1f'&~~ ( :/j~) ~~H~J39~)81JtfBJ-ffi!~~~]l!j; 
~~o~~~ffj]**llt.~~~~ l¥.l*$*~~{Et,i:~~~z~~B~~~-~-~ 
t'fl5 , Jt P mu *1l ( dP / dt ) max 1:11,/f' * 0 

B ~~-~f:ltt~~~ 
~.j PEE {!<J~~.!:ff~~{!<J7iil4m*JfJ1Jtft!,~;ret,i:~, ~~j:&lfj] 0. 051g!L, ~11~~ 

~~~~~~~lf{!<J 4 ffl,**JfJ2J{!<J~*B~OO~,*ili~ff~~~~-~~-o ~ 

P3111~*Jfj Hartmann ~ft. ~1 PEE I¥J:IIl!J'B~00:1t~~~-~""flliU&lfm:h7~~Aa<J 

iJf~' ~~*.!A!.~ 6-30 ~~ 6-31 0 

-6~ A~-~~~~~-~'·*~· 
1$Pi~1i£~ f;l; PETN PEE l\.1<~ RDX TNT 

fl:lj\j;(:J<fm:ll/ J 0. 83 0.68 0. 40 0.33 0.07 

1:1:Pi~i£~f*~ 3Dit~ PEE PETN TNT Ji*~ 

•WFRitfXlJVg · L _, I. 33 :1: 0. 08 0. 112 ±0. 005 0. 077 :1: 0. 005 0. 184 ±0. 005 

)}..~ 6-30 llJ .!A!., ~ PETN 5-r, PEE {!<Jji;j\R.(~OO:Bt tt~11B:lt.~~~tl5~, ffiLEL:lil!J',r~ 

~(J~:fitia\~I¥J~~j:&Jj(j; 7. 5g/L, ;ltf~*~a<J~lf~:IJ'*=f 1. 25g!L, i!m:-$YE~ PEE 
~~{!<J:Ii7uJ'R,(~f:l~ii: tt~*, R.'(~ l'l~fn)'fllitt~'J'o )}..~ 6-3 1 ~~, PEE ~;Jtft!!.~~;fO tt 
~~~-~T~~lf~~.~~~=fz*~~o 

M.~..ta<Jl(~~:'= PI _!A!., PEE *~la~I¥J1E~tt~'J' o i! 3::~:lH~Mflt~~ttfm~ 
£ ' #.( .~Jdi;J ~Elf~ 0 

6. L 5. 5 *"*-1L1t.it Pi 1..,F li$ tf ~~~-§}~ ~ ;t 
-~,L~~~~~~~~{!<J~~-~f§·3::~~S: ~J.t , ~~ , ~~I*, ·~· 

·~~~ , ~~~8~~~~~~~n00o 

( L ) tffli.J.t 139 ~ P(.ij o 1lb ;fN ;faJ)Cf§ #itl4it~~ ~ {i<J$ ffR 1ff!}j( iftl ~~ 'lfm: 1ff!}j(~*Jj ~'L ~~ ~ 
~f'~~~J.UW:m,~~~~B9I~#!lx: o rm:.f:!L 7kfflmffR;fi:Jf~4iti:ffii.J.tm-1:.t'*~a9~Pf.iJ, B 
=f 5. s. 2. 2l1fF7iBl£o rmm-l.k.:f§, 11Bffllit~L~£l!lHifi~tl':ina91!1l.71HJt ~1ff!ll;t:J:f~ . 

~~~~~~~®, ~M.:If'fm~~~~1:.~;~1ff!J.t~~. -nW~~*~~~. ~­
:1fiiiiJU~:hn7~tiJIJ¥a<J~H! o 

(2) ~~o JJc«J , 11b.:f§~*4*A~f?filllt!.IZ,~r£~ 0. 833 mm (20 El), 0. 370mm (40 
El), 0. 246mm( 60 El ) =:Jif~lijj~~ o ;t:tt_rex;j~~~~t.£~P(.ijj!ll5. 5. 2. 2 11Nfl£o 

(3) ' L1tiffo ~L1t~~~~~'Lft:lt.~~t'~fl~:Qlli:~a<J-~o ~L~1Jl.~$:1f'fm 
-~.!:ff~ml, :!lll*:ff~mJ:*A.!:ff~it:@~{!<J$14$:~1!1mfllAll{, ~9!tl1Y!:J;:f-19:1!. Jr9!U51 
~••.~R,(.!:ff~~~~~~~~~•a9*~tt~-~~ o ~~Mfflfll7.kffla9m1l••m 
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•T&~~~~~~,L~&J.l ••. ~~~~~I~~~~tt·JBC~,L~~~~~*~ 
i\ilio 

Aill*M~B~-~~~-$~~R.AM~ili: ~W-~Jtlffi~Z-~.~~~~ 
trL~~: -~'U-ttrL3C~-t~~, ~ W ~oln.J; =~'L1-t:i1!i\ 9=' ~!p ~ ~ltJfmt; .=:~,L~:i1!i\ 
.:P gt~'L1-ttrLitJT.f-J.:2~; llY.£'L~:tt~s:f'L~trLf.II'W a11~mi*:fl::klt'"0@, ~.@IJ3t.1if<~ 
~--·; 1i.£~~trLti~Wa11~JBC~~llilJ3fMHi 145'{: ; :t\:.~:)1L1-t:i1l¥s:f~f&ltJflt!.:ii1t.f§t 

m••;~-~~,~~n~~~-~~~~mlt!.m~•w•~•lt!.mt:i1••:i1~•~•• 

(4) •ff***o •ff*~~~~~~~:i1~.:PF~TM~-~~~o ltJT~TM~= 
l'Jt·~~: -~.*~:i11:R:ii1t.,LJBC¥~.f-P.I- pg ~~; =~-*44 pg :fl'L~¥~, {E!~~¥~~ 
J.l:i1illfi.*-f*tli~ ; -=-~'L1-t~*Fo~4 pg 'LJBC~~fl{f.lr~, •ff* ~ ~ 1)(. f~Hl aH~~ITff 
X~·*-~ltJTMT.oiliST·M~-~~~f§ttrL,.~A-f*M~.f.II'·$~FoWff 

trLo •ff*pgFg~A~~.~~~*pg~M¥~.-ff*~*~oo~~ffl~*~mt~~ 
~~o •ff*~*llih~R3:i1~~ffi.~ttWS•ff*oo~gt~~~o ~~~3C~. I 
~...t -~*ffl1if<lli' Jm& ~ ~~$ a11~~tt71C' li:fJ Bt~~ffit& ~ 0 

(5) ~~o x;JT-&~,L~~~*~· ~~~1)t-f)tA-1'~·9iH~iJ/m, ~~--i'~~~tJ.».~ 

~~I"EJ!mo J!~~~, :!m*'*~~%¥f~-~~~-~:i1!Ai31./Xt.trLpg, ~J;5¥U-~tt<J.l 
a;j, - gntf~JJt*B~m%rBJ~~•~n *, i'tPit~iJ I ~~i31:la*!t~A:fl•~·~a11~~ o 

( 6 ) .ifHfft{.ij'~f=o J.E:!m 5. 5. 2. 3 :WfJT~. l§JBC~,L~~~-f-1! . 5~'L1-t~~a11~~ 
1:11J.llli-~Jlf<:~ lmfft fpf ~~ 0 

6.2.1 ~v~m~•~~· . ~~~~~~~ 

6. 2. L 1 ;I:!Jfitlfl ~t ~~#.~, 

~W'"ilf ffl~~~A* ~~~A: 

(1) ~~*!tl'flfi~:l:~:fl-JEB9~1t!J. -~~ :tillil, il&:t1J~fil5.:tc•, llJ.~i.iE1-t:H• 
~ Fo ~~-~W'":tt7iir~ -f*ftij~::Jtiffiii!Jgt)(,~ 0 

(2) ~Wilfffl1-t:H;Ijs:!t J.lll:fl •• a11.~~~-~-%1¥.lf~~R.1J, ~~i.IE1-t:H• 

•l'fl~~~~•!'fla;E,Mrm~~~~~~•&a11%~.M•r:ttm~•••A•a11 
-9k{lf: 0 

(3)~W'"~ffl1-t:H~~*~-~~--~T-~~~~. l2J.~~F~-~~~a11=~:k 
~, ~:iltl~:illf~!:E.~~~1t~, ffii;Jg1i&«1-t~~-f)t•ttq~::k, rm.Elx;Jffl~«f-t~~®~~ 

11=ffl 0 

(4) ~llii.lfm1-t:H~R*:fl~.IIIU~}?K •• l2J.:i!lt~tl1-t:Fo~~:J;R~fi9&-=fo 
6. 2. 1. 2 ~ L¥J ~.6/"-if-m ~L-rt.;t-t ~ BlJ 71-~ 

•vv:ttm~••.~~••:t11s~ 1t ~$Wm~•~m~~~%~1'fl~IJ:fJ*~~ 
a11 o ~IE~lliw:ttm~••B9~u~:tl\fl~ = 
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f~ffl ecit#: tOm' ».Jtv.-tr; 
~fflecW# : JOm' ~Lt; 

:m;~.!=i ffl'=\.~ :±Hit# ( 1\!P~~iY#) o 

-~k~V#ffl~~~·-~~*··~ M~1~2·$~(-iYWHV~~ 
~) a2 .• V~ffl~~~H~~~li~··· ~P=-••w-~m~~~H,=•m 
r~m~~wH. ~••r~m~~wH,~••r~m~~wH~~••r*m'L 
~WHo 

k~~-~-W.~~~·W~Hft~-V~H~~~*··-·~=-~~tl~-~ 
2 %~ 3 .!%fJi~WH, ~-~~'J i ltt:R9 Pr473 ;m Pr505 7kMtWH, ~r71¥r63~J1tflij~Hffl 

~~~MWH.lia~~A~-~~MWH~ati~o-M-~. --~=-~r~m'L~ 
WH~ffl~~~~V#R9•m*~I~OO~*m;~~*I~W. ~a•V~ffiWH~ffl~ 
~1L~Vff, f~~WTW"#R9~Pi:WTJK~;m;:gp=c~~t±lm:~I¥.JI~ffii. llY~a•ifi.!fffl!¥L~ 

WH~tl)iiffl~;!it~~~~*BJtJ!~:ti:~lt~>J<~·V:tit#o iE MT61-82 t~?l"P , *rliW 
~a<J~rll,&~~{,j(fEJA!.~ 6-32o 

* 6-32 ~~~-it~Jft~~~~-~.ot-~Jft~lll 

$:~~~ ;Li:\ ~til If~ 11:--lf~~ fY!fflVB~ '=i l!il?r:.l$~.m~ 

- I OOg S :I@ lit~§ :i:t 015 :!Jt l/15 (lf;fR"ti'OU: Jltr$~ W . ~ PI 

- I sog EHS ii1:8Ul:i:t 015 lilt 1/ 15 
. 

t~m~ron: Jlir ;}]. ~ IV • "!li: P2 -

- 450g S:l@t'J(Q) l!X 150g 0/ 5lilt 1/ 15 il'li ffl ~IV# , 1HB "tfiZ ~ 
Dtr~.m v. ~ P2, P3 -- ~.% ~$ :iil:i:t 015 lilt l / 15 fi<J ~ :fll-* ~~ 

l1!l 250g ;@dil t!iili:i:t 015 ~ 1/ 15 
W~E:im"t:§.! lflW"fr .t.r!it 

Jl1r$~ IV , :;."f P4 
{J(J.lit-f'F~ 

li 450g f!fflfl;:fti:! 015 jjl 1/ 15 
m~:cn:fll~-ft•it 

JliJ~j:Q VI , ~ P4 
f!:~ .~Jlil..t 

6. 2.2 K~~~~·~~ft~~v~m~~~~*~m 

6. 2. 2. 1 R. l~ttx S?;J;J.;tt~~ 

-~~~.~W"V#~*~~~~~~~WT~~n~~tl9m~o ~~~V#r~~~ 

i*. P'L~-~rzmlflm ccH4 ) .&Jtft!!.~am~, JJJ~'=i:~ !:g~~~m~#J, ~~.Q\4~~ 

CH4, ;M_:ft!?.I¥JilJ~t:t-f*-§jjS~ ., H2S ., CO ., S02 ~o Cl-14 m6rk'b1fl.i~d4l~~. :B:~W";J:I:r, 

CH.d·~~--~-~~.~~~~-~ti~~.f*A~~ft~-Wtt,*M·~*~ · 
~~I¥.J~~-~~~~·$1ij'~~®-~o 

)!!'ijt'ff-1(£r CH4 sll&i!JIJ3t~ 650 -750CC, :la~L "'FI!I!R9tl<Jt~ 5. 0% - 16. 0%, :Iii 
k'b s l :/;I~JJ[~ 9. 0% tr:;(:J o fE!. :Ji! CH4 R9i!~~tt:IHifi?'~:!fl'.~f489~~mi~ft~, Jt~~ 
~.ftt~-f*~r~AMit•~;filltJH!~DJiil o A~-~. 1i":tlllr ~f4lti't~: < 1) -.~o )}.. 
IJJ 6-25 JJJv.-tttm¥t~•JJt !::5 CH.1,1~.W.I!I!B9~* 0 ~ cH4 m*~~'P$:.ecltiJ3rr~JJJ 12% 
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20 

16 

8 

4 

~ra-tllP/f'tm-N51~w; :r£JLWT5¥11~9:.m~¥JJ 

~~w-r~a-t~u~~~~~~~&~.Q®~ 
-~· "ii'i~-9:." fFm, El3 r~5¥1l~~~ttmtJL.lf­
;m~, YfH~IJtft~~~_t)(;j""f~&/f'~~fFmo 8Je 
~i:#.lLWT~~~B.It~~¥-t~t&~, i:fi'J~f,li'F""F 

l~!ll {i[ %<:8~iltl ilio @Ji!::(£:1j W ..t ~lH~~t«, tt a-t m 
$: ftft~ ~ tl9~ , J!tHIW ..t ~ 41" ~ , # flli:lll :hll 
!i:Nra951~~; (2) fflfl9:-f*a97ltAo 1SLWT71l 
*~-f*~ -:lll~ I%(!9C02 , ~~W""F~~­
O. 033% , ..t ~ ~ -r ~ o. 26% , ~ coz !g. ¥: 
22. 8%M, llP/f'fiMlBI:fao :f£IE-m·a975GWT~~tll 
* '9:. -f* ~ , j1; 4ij ~ :hO 1% , 19 :1$ ""F !!& ~ • 
0. 017% ' ..t llR ""F ~ 0. 54% ' ~ll * :ttl )Jil it.@ u 

III 6-25 $("'\.t&.tt~lfl~-*F:W-~fi9:X;~ 
81. 69%a-ftll~~-f*llP~fl~51 :tio tt?'~. C0 2 , N2 

tl97Lf.A'filLWT51:k~il5MI'aJ:ltH~ • .El/1'~51:1»; (3) J:il~~-f*~tllA: Z:.tt ( CzH6), Z:.~ 

( C2 H4 ), H2 , CO , H2S ~ilJ~'9:.i*, :(£~~i:f-$-;f.i-}:EtiY/¥a1~~-1.;:tt, f;5Jtt't;fn~ 

Jl1'f4S- El ~-1.1:~~. EI3-T-4}f'll~-f*B9•~~/1'16:1. -efna9mA~'fiEfl~~ecm~~{*B9 
~W:W-~~1!:-ft, #~P(si]~:k~ilSa-tfBJ o flSI tt, )(>fr:W?V!i:WTitii;;-, J\3(~/Jl~iJ!~ 1'39~ 00 
::rr~~fl~~T~J:EJtEfl~*lJl:?'~. Jtf&~«s: CJ:il~~u. .. ffltt~i*) mmzl!l3~~~, 129it 
E:~~n~¥JJ~iji~;;IJ!o :a!Jltl , ~ii[JVt*~~9!tl~UL~ijia-f~til'39fffifl.Rll~-~o 

~rV#*i:#..lLM•a~•.~~~:l$•~•~~-tt&a*o ~tt.~~••~ 
75GWTV#5<1~~tHJB9J!=*m~~iltl~~ o 

:lift:£~~:!11$(!9ffl~-~"'\.?!l~¥2J~tftjl Os a9~~ft.ti'BJ o 7!1 .!~0~·, ~~B·tffi]~ 

m. •w••tt&8* ·· 6~3tl9~~B~ T~~~- o itiiffih , JLM11Yll ,.ec 

t&JJtltl~JM·I¥J~~t!S.lE ~~PfliJ 'E tl9 51 ~11i!Jl ~~i!Sa-t f'BJ o ~~YE 1!13: ~ 1Ail3t - 5:E 
a-t, ~-ffih~!g!~ .milSa-tfBJM~-~~ ; ~11il/¥~llih~1!:a1.~75GMM1l~C 9 

±0. 3)% fW(5{.""F, it-*f(iJ I:k:fit:lfllJ', ~#Mlla97ti\$~~f~, -*fl~ l :kiil~:l:tt :k ; 

Ml$1: ~~Mll:lll:JJD a;j, 1LWTI19 iJ I ~INltllf&Js!J ~f~ ; iiil~JJt~175GM B<J~~f:O:ll:l$ a~~~ 

1oT iW Jr W , 1oT ~~Eft f1~ ~ ~~ s I ~till. J.f ~ ~ ~ ~ il5 a-t fa] , j§ ¥1J #E 1t fF Jfl , 1oT 1¥.1 ~Jilt IE 
1!r ;flU~ , J:iJ ~ ® :¥U m -tt fF m o 

( s) 

il!btttxll ~ :)< ill [fl't 

(~)/% 700 725 750 175 825 925 1025 

4 8.2 3.6 24 1. 4 

6 10.0 4.3 2.6 1.5 0.62 0.21 0.07 

8 14. 0 5. 2 3.0 1.6 0.67 0. 25 0.08 

10 6. 3 3. 5 1. 75 0. 72 0.26 0. 09 

12 7.9 4. I 1.9 0. 77 0.21 0.09 
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"b'LWT 1¥.1 ~~lll :JJ;$ :i::J:~¥* I.:/iHi3 t=t 8-9 ~ 1t&J.ill , ~ &J.illj.\}{O r : 

@~,_t~J:iJ.ilZ#~~~~iliJ:iJ.ilZI¥.J:i::J:~.~~:i::J:~lliTJ:iJ.ilZI¥.J~~;fO~~ o ~J:iJ.ilZ 

(!<JI:j:lfB]f"~!fl ~~:;(f OH - , CH3- ~Wr~iH-1l ~ ffilij{-=f-~ff::(£, ilJ IV. iJ.-Jg]LWJ~ ( «.ft) 
•w•-~••£•~&1.illo mw••a&l.ilZB-9MA.~!V.bnA¥~1t~•~•~~tt9& 
m••lll&J.ilZ:i::t~ o a•r~~WH9='boA-~~1t•~mM~I¥.1m~•:(£~~0 

6. 2. 2. 2 ~~~~~*r~J.!f~:±::J'.I.:tf~~ f!l 
~?f#r-~51;g~~ecEd!t;~a-9:ftt.i~lllil1$, .:E~* ~ :t.'Fm:tt1.1:~fil{B<J~:i:o -~ 

iA'-1. s l~~f&t=tiftl:ll~tt9*'&~lllta1.1:.:E¥l~~r=-~Jjj(1251 = c 1) 1$m:111.1:R;j~JVta9~ec 

/!Pilrtlttt9~~1li~ ; ( 2 ) 1$ m 1a 1$ a;j ~ ~ tt9 ~ ~ ~ ~lUI'Mit tr ~ ~ f* f.U:Ii: ~A .1< f1= Jti ; 
(3)1$H~:t.'Fa;j~-tt9~Sec~-1$.1"'·~··=~.1<M'' a9KM~~o }{o:(£•rr#• 

&t1=~9='~ffl:J$Ha;j,.M.ffiecf*.t"·~~oom~ec-*fttt9~MlliG.m~~~-­
Ltitfi:IZi~.1<.~~_t. J.AimiJI:IIW"#m~t=tf*o ;ff1-1:m111WEJtiE.t"~~~~~tft~ti5, 51• 
m~~-~~~tt8E*o ~-.~·Affi~~·-~o ~~ffi&.~*1-1:H~:t~•• 
~ • ..§.la~~~Jl~iQi, jj~.Z..:li1$.E~~JDt~F#9='tll~~~~~-t&lll8:1Zi~i!J~.1< 
A. •~JC~JAtl~il'F~~~~m~f*~*ll~~~ff&~:tl\~. J!f.far~~Tsltam~ec1*tt9 
~-~·it , ~~:t.'Fm:(£;WFF1f9='~J=IU.t~~~tt9, El~i#.:Jl:itf~~Jtitt9 o 

!i3 ~~- , :t.1:m tt9 :~e~ 1:11 ur t~ sl ~ "b'LWTAAt~ B<J•1-1: o :t.1:m ~ :litfM~ ~ • ~~ • t1= .ill'. J3;j rn ~ 
1a~tlt~:&~im51~tt9WH~~l1l~, rm Wm*~ A:;ff1llJJttJ~~-ff&l1l~ ~ #~.1J f.!P '-l$13.1 
tf&~.1J o 1&f&A~~~*~te;~tt, .1t~~&f&£t!ffr .&i:s:f:!tttt~~~~r$$:~~0 f§ '-1*1: 
m14Ht~!!lt*'&~-Z.11~~}J(jjitf, ~M:~JLfP .?iUL?t~ , ~~fia;j fBJ P3 .iE #tl~ ~~Hi.lrt 
•T:Il~rm•ili*M~~ttecf*d?f~.#m••~.J!a;j••~wHailT~~~.1<•o 
l25l ~, ~ 7 iliH.iEF#:Ii~:9::~, ~Filf .ffl:J$Fj&·fflA;g~~ tt9=bt~f&f1~.1J a 

6. 2. 2. 3 ~.st#-rn:tt~~~~ttrn 

A ~~/Mi£~~ ~:tf3ft;J11 

'-17:1Zi~~~~~tt•*·~•*~r~~~WR~•~•~o-~~~~MMmo 1L 
wr•~~~l!ij: ::*:$fl-~JIJ&~~~A~~m~ff!J, ~~7!LWT~51~Sll!lti9i, ~l!Sa;j 

~!lt~.~xm~~•iftl•1-'1:~~~~~.ffl o ~~#.ffla-9~-~Mmm.~--~••* 
~•.&t.~:t.'FR~~~:t.'Ftt9-~~.:(£~~f1=mr*a~1t~~~~.ec1t~•~-•?t 
•~.~--~~-~.~-~.1<•~,..§.~•Bt~mw.~f.f~~~~r#m~~1*~B 
t!l\7t-:U~; @.~~~1l!JMt1=JtiJtl:¥l~~;Jt1t~tt~. ~~tiPibiJfflE(.-~"=trlt~ec-~-

1tifffit&J.illll! fi ~ ~ll , ~fA 111-t.ff!J 1¥Jf1= Jti , f.!Pl~Ul~ffl ~«ft.~ 1J1 it ill1& I& :i::J: ~If!~ F 
~tt9t.S1t!f!,r:_, Wf•£ < ~ ~ Ei:J£). ~&J.ill:i::J:W.Pim, Mimmll:rll~~U:~tiW o 

r~Mff!J~~~~$, }{O NaCl , KCl , NH4 Cl, :at~ NaN0 3 ~ KN03 ~~;g~~)j6 (!<JSil;:,& 

~~-~lllR~1t~-~~~~~~15LM•Wa-9t1=.fflo ili~~~mmm. ~;Jt*~~1t~ 
tt.&i: , tt~~fl~~tt~~.1lll~7!LWT.1$8-9~*~~1$R.:t.'Ftt~~~~Wll1:1!~~0 
;£6-34AJLf'Pr~M3l!J~tt~~fl. ~ 6-35 ~~~fflM3l!J~1LWTsl.1<~~l!S~ra.J~OOi.i\fl 
Wo 



• 
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tt 6-34 ¥~i~M3l!JtfJtt~•tt 

~ ~ NaC1 KC1 NaN03 KNO) ' 

Jtl. f!LiiUI: (tiJ freit:lltW kJ • g - I - 3. 00 -3. 05 
I 

illtlf~fre/kJ . g -I 7. 30 5.07 

-~Jiilfre/kJ • g- I 39.3 57. 4 27. l 38. 6 

l:t~Bi~~ c~IJ • g -I • K _, 0. 851 0. 688 1.09 0.952 

EB~ 6-34 Pitf:±l, NaN03 f;O KN03 B9 c~ i«~::k, -.&JOO:fit i¥J~it:flt~:;l;)fftii[, ~ft.t'E 

fnB9il~Jlii~:IUEIX>t~il£. ~~~Jt-o ~J.It. NaN03;fll KN03 B91LWT1J1!1-I~*IY1Hf~-T 
NaCl f;O KCI, J3.:1JUA./1Si1!~ :ll1$ttflli(!{_J"F~·MJ.t~::ko iJ\!Ji~*~IYl, .Jltf'ji:J$~1i!ti:bD 
1% NaN0 3 , fslit~~il!; 1 - 50rnlso tliJ.It, tEf*liEJJ<fflfEt1il~M!R.i.~ttili -%:1ili¥Jffl l5fF, 
mi.&-:!ItY.:bn~~:IJO NaN03 ;fQ KN03 , ffiBl?:JfJ NaCl ~ KCl f1: ¥f!J:t€33l!J o j"H'~, IE~ 6-34 ~PJfr 

tl:l, iji{ii:J.lll::fi KCl B9i1WT~U13;J'r.lli:m'lii NaCl B9 il!Wf~~~~ 20%, W NaCl B9 c~ {ll~ 
::k-T KCl B9 c~ ffi~ 20% o El3 .lit PI .W.,, *fflffiiRJ~tlB9 NaCl ;fiJ KCl f1:7f!J~*IJ, flr~~Jilt~ 
~IH'Ftttlli~f~I¥Jijl,IJ.t~'Yl.H~-TJIS~ o 13\~~*~~, ;J;t~J!IHE~ffl~ 2 - 4 cm, :til! 
.ffj~ 200 - 400rnlso frA]~~.liUIJ KC11¥J N:Wi1J1!1.1~*-ftr aCI B9 43%, lJ~.Z., tf:§dlfilf 
PI I¥Jffl l£ "F , *ffl KCl f1: i~ :lt13l!J it PJ f* YEti: :tc~tt:its f,~ 1¥.1 tf7 l5t TfiffftiJ :±l ~j] ,IE~ ::k a<J it6 3( 

~~lV ilf }fj m!1$Jli ~ f'jl 0 

( s) 

:SUJLilL#~ 
750 760 770 

l!UlU't 

780 790 800 810 820 830 840 

CaC03 1.4 1.1 0.9 0. 75 

BaCl2 l. 45 l. 13 0. 92 0. 75 

NaCI 3.2 1.9 1.4 1.0 0.8 0. 6 

Na2SO, 2.56 l. 53 1.00 0.60 

KF 7. 10 5.28 2.32 0. 76 ). 16 0.92 0. 78 0. 70 

~so. 5.25 2. 75 0.93 0.80 0.66 

KOH 3.40 2.00 I. 37 I. 03 0.66 

LiCI 4.20 2.20 I. 95 

KCI 5. 60 3. 90 2.85 2.53 I. 35 

K2 CO) I. 80 I. 27 l. 17 I. 13 

CsCI 4.00 3.05 

;& 6-35 'PI¥JJ&~~'Yl, tEIRJ- ?1alll"F, ~IRJI¥J7j!j:Jt1~JM1LWT51:kff:l!Sft.tfBJI¥J~~;ff 

-::k~IU.ff:l!SfJ1~8* •• ~;J;tMMf1:ffl*::ko 
B *¥:-if if JfJ ~L1t ~H~ ~ it .lit 1i 
tE~W'" ;Jt-"F f!l'!JfJ 1¥.1 ~W'"ltf ff.l lJt ~~t5M'F!li , £~ tE~~~ ;{if~Lt tlli ~ 11:51 :Iii ;Jt-"F a<J PI~ 

~~-~.@~1sl-f1:fttf·~·Jli@J.tli·~··®~@JJ~)E~.-~HI¥J~~-­
::k::kil!i~§rWJfJfL~~H.~~~--~M~·-R.i.~~~B9*~o 



~~~~~w~.JL~~-~~~•~••~•~~~••~•ili~~.~-~~• 
~ -1* ~ JL 1-t:.t'P H 1¥.1-:.t'P /~'~ f= ~ l;!il 1*f.Wtt , :lffi ?t·tw <£ r tl!./1' ~ l2il ~ ;t;i :kP 7f' 51:~ W ~~ ~ ~~ 
t=~JY3;k, ~.r£51~6LWT~~XW.~# o -:hT~It~W"ilfJf.I~L~~-~ilW"ilfJf.l·~~-~ 

~~IJ. *.6-36 ~ili 7 J'JHt*$t7ii!1il£1ta<J-=:&~1Yilfjij!fL~1$~~ 3 %~W"f!i$\l*l=ili~£~ 

tl:tJ~, Ja~~"5[Wf~~tt~=·o 

• 6-36 1lJ/"l!f.lijf$~tr..J~~ 

~!i/.l;W~iff 3%~1V~ 
lYi ~ 

~i&~.ijl'ift 3 .{};Wijl' +1( 
JJ( El 

.ffl~IAtWi!i t;l'l:J$pj .ffl~it:J$i§ ~:!$iii 

JI'IIW~ 58-62 67 -~:{l/g. g- 1 - 0. 07 I. 86 

lil'Hill iJIJ 10- ~~ -~/MJ · kg-• 2. 48 -2.80 3. 10 

* 8-11 lt~/m3 • kg-1 0. 80-0.86 0. 735 

:J$~f1:l# lHtt'!i 2-5 .i/il/ '1: 1800- 1900 2056 

< 19i:!it7Hlc> J({t-ll'J 8-12 20 f.£ tm !&' lfl/ kg · m - 3 1.1-1.2 0. 95 -1. 10 

1% ~it:Jlll I -3 .ilV -1 m · s 3. 80-4.30 3.26 

15 • 5-6 II:!$ .ltJJI mL 220-240 240 

~~~J , *~ 0.3 • 3 &J.lUmm 12-13 10 

TNT 10 §li).ft!Jill cm 4-5 4 

-M~iil~ffl:.t'PH~~M~M~aMn,~EM*~ttMMo ~-6~6~--ey~, 

!1L1t~Hit·~~-~7!ll~ j)IJ~iltj,'~f!~. @!fl1t:.t'PPJ~6i:Wi*~tt~~J7.=:•. Wtfi~ 
:.t'PH~~~~~ttR~=·o ~~~~. ~~~~~~~-A~7f'~~~~~~o t/i$\l~ 

•~•~a<J, rJ!4m*Umifi-~:mJJt'. ~:m~* · tt~oofft~'h ~:m~~m~*"~•~t= 
t1JJWLA:=Jf r :2 ~ ~ , .!31lLWT ~~ti7& itilft;!i:~ ~ ~ o JL ft:.t'P ~1ft ~ 711i t.@i ftiJ .:E ~ m m:t£ ~ 1t 
j)IJJ.I<r6~9='. :tr•W:i:t~~~~~~luJ\~~. A~~*~ lt~ltifft ; ~at, JL1tWH~:ff~ 

~1t•~1i~~~~t£~W~J.ilZ:U~9=t$t~~r3C~~JSY:. ~~~?tr~~~M~rt~J, *~~ 
?..] 0 

iE ~j(llllt, 'L1t:.t'PH9='rJ!4~1tiJ~7J!4~~01~::ic:ictt~•·:.t'PH 9='~JI!Ji%L~M~1l!J, ~~ 

~1t:.t'PH~•~m•mwn~~••Ewr~~••~.:E~~~ o ~~~.!fl1t*FH9='~:ff~ 
10%~#, :tE§~N.W!f'JJ<~~~fffl~t&~:tit. JS*~T:IiiW.fG~lfilll, m:tE-~~lt...t~ 

a71LWi*~tto M~6~6ey#m.JL1t~H~~~.-~ml:t~~.@§BWM*a. 

~IY3'L~WH§B:U~·~~*~l.iY:·~~.;J;iWf'=~9='*~--?t~.-Wt=e=~* 
~~o ~lit. 51~6i:Wffmf.1-t11~ o ~ Jltey~ , JBB~JSY:~~~ll.!37iWT~~tt~·\fHJJ!k 

.*o 

~2.3 •v~m~~~H~~r~m5~~H~~~~~~~~~ 

ii\:!Ji~JY:J, ~W"ilfJf.lJL~WHB9;J;i:ft&~:lt&~f~IEJ1~~~1Y~Jf.l~$\l~~, m~Et:~~ 

lt~T~W~ffl·$\l~H.~~:tE~W":=Jfr.~~~:tE~~~1Y#,~*W:=Jf9='99·~~ 
~.~m•1Y~m'L~~Hneyn•m~$t~#rey~~••••:.t'P•~ ; ~~~. ~~~ 
1ti'Fili!t-:ff tit ~~JB:.t'Ptt~, J.illffl 9='~!mitsJU£:!1t~§~* o 
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6. 2. 3. l ~~;tf~uH!ili , iJ.;t!Ht.~ 

=~ , =-~11-lVilF ffl!fL1tW~Ei 2 %:t~W"ilf mfliWi1:~, 3 -'%m71<~W"i!f mfliwi1:~ 
~-~ . ~-~-~-6~7 o ~-~~~-W.~1t:J$~~~m8~~-fi~··i1:~o 

•6~ ~~•~wm~~~~-~-~-~~ 

~l it j$ ~ tt 1il\ j$ ~ 
j$~~~ 

=~~if" =.d"ff 2.{}1,l{ll'" 3-'}t;tJJc~r 

.iA.V'C 1824 1654 2230 2056 

1.1:V.\/kJ • kg -I 2594.3 2095.2 3324.8 3060 

.lii(f813::~1i: 0) !fL1tW~Ifl*1i 10% -12% ~71<. 1£:J$~:/a:J.1::11~!f!f'~~r.61ffi\ 

¥J-7.)(~1t, rfli~-$?tflliii, J!.f.:f~19!1$~1J1$B>tEJTf'~~~itl!(tfi 230kJ/kgo -01H~fl:# 
~:!i!:. ll<~~~JiX;. ffilJ~~¥1H~~. ri!J~~3'&~. [l(f:{I£ T~~i39~Jl ; (2) :11ttW"i!fffl~L 

1t:J$H~*~·~···MM•~m~.1£1$~-1$:11~!f!~~~~-~~-~~ : 

~~f't}a!f!~ NaCI .iE;I!;WWi!ffflW~!f!EJTm~r~~j}JJ, miJ3.iE.&~~I'BJ~7}-=f~~, 

?ttr~ ?:J • J!f-f it~ ~ ~ :J.1:~•:1$B>tm Jilt a9 :k:l:€3 1 J' w 13. f#~ B>t faJ ~ , WJ 1.1: 'liJ ~~Fll$ mJt 
:l:t~o ~~~. ~~NaCI~~.iiX;.~~;/$1"'~~-·-~*·~ffijl!(tfiT:J$~~--o 

6. 2. 3. 2 ~~:tf~1J.:tfJG-991~i.i-~A"i'J:t.~ 

:«lllitrEJT~, 1$~131$FoEJTf'~~~~~-f*JJ!t'l~<;I~;W"F'liJ ~~i391Rf4~- , ~llt1$ 

~-1$.Fo~JiX;~BM~~~-~-1$~'liJ:tf&~~~~~-fio ~W.&~~~~.B~~JiX; 

A~.1£;1$H•1$:11~!f!mn~t~~~~~~~~$.~'liJ~~~~~~~o 
• 6-38 jtlili T~~J~~:J$~;@:~{1: cf>3. 7m ~!f!~WlJ~Gmlt!f!:ti;I$Fot&~~J~¥JUi:i.:o 

~·!f!~W.~1t1$~-:J.1:Fo~nlt~B~~~~fi~fliW:J.1:~.~~Jit~~~3::~~f81;1! 

ffi ~fliWW~~:blli1!i'!l:liU~ ~-f*fJL~ill-€1, -1$~4H.ll?t~~Jl.& 71l-€t:it9?:Jtt8q~~ , 1£tAl 
W:i:t~Jfl;$~~ .&~~%~1¥JM~®!tll!PJ lmffll~~, f81Jlt t&#!JU ~B·:it~$; i1ii!fL1t1$ 
~ ~ :bll I illtJ 4i~ 1£ ~.ffi If! im:l:t fJH~?l-€1 f(fj JiX; , m_ 7} 9=' 1¥1 ~ 1-tftiJ ..!§ 'liJ :tf&ft~J ~ :ili{~ ?t -T ~ ~ ~ 
Jlt1t ~~ il! , 1i ~lj ~-;I$ &J5il 1391t:7}:ilHr , f8l Jlt~ tli (19~~111:~~ o 

* 6-38 •~;.<t m ~1911~s~it• 
:Uii!Yilfffij$~ .:::t&1l1t;l$ll.i .:::t&~tit. mli 2-i}~.f,l\j;l;ilj 

J.U .tfitl% 14. 3 13. 8 30. I 

6. 2. 3. 3 ~~;tfpjf19~~·1±#ifoHt.~ 

*F~:l.IW.FoEJTf'~~~~t=~1£:1~H1=1JtfBJ'liJflt:bn~¥1J 1800 -3000'C, J!7c7c.iffi:l:tT'liJ 
*'1.\~~#.i::krAill, -m 'liJ ~iA.1'J't~51ffil#r'liJ :tf&'"Vfn~~:tfi1:~.:E~~rm, {.B.:Jik~*F~ w 
~;tf'&,~s.X:ti:tf&IJ;j'' if.t~][-~51~'liJ:tf&~~;fl~~:tf&~~-:J$ o ~~~jg: 

(1) 1$~~~.&J.illi¥J7}ffjrff'fm ( NHJ, N02 ~) ~'liJ~~~~~~JI1$119~~-{i{tjl!J o 

f9!J:«Il , )(;j'~lf 9%1¥Jif!:I;1C-:£~t/l-€i'fm, ~i=-i'f-~:JI~~ffll00~14'!f! N02 *:titit:JJil l%, 
~-~.1dffii)Jt~~fl£ 170'C; El:l ~1$~~~~ffll 00~1* 9=t N02 '@iifrttUn 4% B;f, ~#.i::kl'lft\J.t 

9!tl~f~ 200'C ; 
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(2) ii]"~~.~:klffit!l.!::ff~$B>j"faj ~~~~*:r.\: 

(6-3) 

tb ~$B>J"IEiJ, S o 

~~:r.\iiT~, ~~H~--~···H, ~~~-~-~~~~~:kM~$H~*· 
~~-~**•~ii]"·~~A:J<.&~o 

~~--~~-~~H~~·····~~~-$o ~B~m. ~~~--~H~* 
*~*,H•e~M-dM~,~H~~H.~···~-~~-~.~··MW~~~ 
••*1l •• a9iiT~·~J?)t:tftbO o xt~Lf-t~Hiffl~ , ~1If~H!ii*~~:fl*, 1.13 ~ ~;Jt~:fl~ 
-~·$·~~-1-t~:r.\.~~HA:fl~~~····· ~~£*~~~~~···· 
•• ~Tli\~iiT~i.iE~l!-Ml8o 

• 

1) ~tr~~~·i5t~o 45-f$~ 2 %~1Y··~H~=~~W"~Lf-t~H sog, OOJ~MR~o 
m lljf;:r ~•at , ~Lf-tttH§ .Jt~1t *1Bt?J.{jt, .¥Vii?~~~ , ~~JU~~ atootl a: JJi! a' m, l$ fE 
~1:J, :kM E! 7;1J~x o imfte*-*~H~mi.!i!U~~~~.~- 0 

2) ~:t.M&1Jo~i5t~ o 45-**~ 5g -=- ~~1Yilfffl~Lf-t~H~ 3 %m7.K~1Yltffflf}.(·~ 

H.~soow~~1Jo··~-~-~~.~~m••*•••-•xat~~~f-tMW,M 
51t!X!.~ 6-39o »..~ 6-39 iiT.if ili, ~Lf-t~H~··_gr~.!llHf£~ite-~Ho 

:lt !§ ,g 
""* 7HYI· ?D.!fU'C ii' :k. at rw s J!.il ~ 

.=: !ibHlit 1V i!f ffl ~L 1t~!§ 220 24 7le'iil' JJc~f.itl:ll!l. !llifl!.f.i"'ll::!f&~ 

3 ~ :ff(Jj(;);l:@'"tlf ffl tttll ~ i9 180 10 iii f@. 5s f.i Ill' f&:ll!l, lUi ft!.f.i ~~It&~ 

6. 2. 3. 4 1} tt ;l;,J. :kF '* Jt -i>\::. $: 

~=~:tl1Yilfffl~L1t~H~ 3 %:fl1Yilfffl •• ttH~H;ffi:QJc:t£-1' <f>70mm WJ1If~, 
~oom:fl~§OO;-$~~~~~%~~:tE~ttH•-~~~~~•.m~1If•~m~ 
~~W~~m~HH;ffi~-~;~-$*15t~~~%W1If~AH¥~-~~····~i5t 
*FH~••~~~1~1t.J ·IW~, •*~~ 6-40o »..~~~miiTifili, ~~~1Wta~m~~ft4 
W~~-~ie~r*JiiJ~iJ I~··*FH~~······ 1E!.xt~L1ti'FH, ~!Iii~~ ..R~3'LA 
!fi;ffi , ~H7G~1t; m "#~" ~%1!r1If5 1.at, ··~H~~~··d*'&iieJJ.i!~, im~L 

1-t~H..R~~~H;ffi~~#9:, ~~iJ I .o 

* 6-40 ••• *l=i$J:tiit~ 

""* 
~Ji%1$~' !:j:f$tljfl:~lle~/cm 

:1$ !§ ,g ~%il'i'lfU!:® 
2 4 8 

i.lf m 11.1t:l$!§ 0/ 3 0/ 3 0/3 0/ 3 
Jiljt&J!tit& ~~ $ 

].If ffl it ;fl1l :1$ !§ 3/ 3 1/ 3 2/3 3/3 

6. 2. 3. 5 PJ'~"-.*±ltJ;t~ 

~w-ltfm*FH~iii•~~~_gr~m~H:tt:fliiT•~•:fl~~~~~~~w-~~~m~ 
~~W!Xo i.J7 ~t~:flW"i<i=ffl~Lf-t*FH~:flW"tlffflite.~Ha9iiT*'&~~3tJX, Jtl3\~~~ 
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~~~~::F.I5ct'Fffti±ia\~;ml! pgilHr, ~~Itm~~iJI:kit Mso*.lf\ , ~*~*- 6-4 l o 8:!7& 
~~-~~.=•~~••v~m~~~a~~-~~~~••~§a:r±•••r#~e 
~~Jf1~3%m*mrwm~~~Ho 

~6-41 ~•~m~•~~~~*~~~ 

~~i!;.f$ 2 %-Wit i-lf ffl fJC l:ll*l:~ 3 %iit7.1c:WlY i-lf ffl fj(;f"A'l;$~ =~i!Hii!:lti-lf ffl ~L1tJ$Pi = f.&Wlr ilf Jf:l :1-L 1t~Pi 

M50/g 140 205 248 456 

6. 2. 3. 6 :.tJ.;kj"l±~~ ft4t 

-.=.=••rwm'L~~a~t%,2%,3%•r~m~•~a•~tt•~~ 
~~~ 6-42 0 

~6-42 -, =· -#.&:J¥1Vilfm!¥l{t~l9"'1lt ~- 2 ~. 3 ~:J¥!Vt~mu:~~Ha<J~~•li 

:Jtpj~~ ~.ljZ-~/g . g- • §I!J.Jl£7Wcm ~IJVmm ~W&It;:IJ/mL ~v _, m · s 

-f.&AAt -W-~If .ffl~L1t:lt~ -2.06 ;;,3 ;;,12 ;;,240 ;;,3500 

.=r.&1ll"Yitf.ffl~L1Ut£Pi - I. 29 ;;,3 ;;,12 ;;,220 ;;,3000 

~r.&1llti-'f m~L 1t:Jt~ -0.936 ;;,3 ;;,)2 ;;,200 ;;,2500 

1%1lltilfJf:lflil:ll*l:~ - 0.26 ;;,3 ., 12 ;;,290 ;;,3500 

2 %1l1V t'f Jf:lflil:i'IWPJ + 1.28 ;;,3 ., 10 ;;,250 ;;,3600 

3 ~-1lWi'f.ffli!ti:tlllWpj + I. 86 ;;,3 ;;,10 ;;,240 ;;,3262 

6.14 ~v~m•~~a~m~.~~a~~I2 
I 

mvi-tt:m~H~tJE:1J"iii-tt£~m~~-ljl-OO~am "F . ~·~~:~:~ mrj!j#3J}IJ ~~ht*"f'P 
~, ~7H1c:1J~~~~~z](it~!zll1iiJ!f!.~H~~;Ett-t~~~~'lit£~~ o 

6. 2. 4. 1 f!;;f-if- Jfl $L1-t.:.tt Pi a<] ~ll:7i--

mVi-fJfl,Lf-t~H~:ff -J~UL~~H~glljt , JZ.::F.I'g~*f::F.Tglljt, )M'flt~lii'FJ£JL1' 

$?Hll.fflt: 
A ~~m#~~ · 
-~~a~•~~*•••lii•~~ •• ~M.m•m · *~~~*•tt~m~o~m 

.fflt~ o :r±mr~m'L~~H~.*•~~-~~m*Z-o ~S*~~~-r~m~~~ 
~~~Ut~~11I!~~:ti~~~*"·~~.1J o Jlt7'~. JI~~II*ff£.i/fi!., t.lf:~~~~H~~~~o 

B jdJ ;fN## 

mr i-tt: .m 'L ~~a~ ~It ffi :f--t *41ii iiH , !1!1!1. ' L ~YflJ :f1l ;M;11!!. rru m·ii:f--t *'~-WTilL.fflt o :ff atJI ~ 
~o~•~••· ~±#•. ~~~~&¥m~••*"M~~-o 

~Lf-t}}1J1J3~1li~*·Wi-tt:Jfl~Lf-t~H~5ci@!~jt o flffi~~Lft~H~2t:M, 'L~Jf1J B.M.~ 
-~ Span-80 ~l41TJf:iJ~~~'Lf-tifU$:M, fjiJ:tm, Span-80 !:~HI~# T:f;lf;T =M~m< ~2U1c4o/J 

~o ~-.• ~,L~m~mWWfflfL~~H&~T~·~-·o lil~~ffl-~~E~~~ 
~ . -H8-)MM~B*·;E~~ffl~-,L~mJI~·~,L~~o ::F.T~~,L~M~~~oA 
- ~ 11 ~ ;M;11!!.tt *+ < ~oJJ<. m·11 ~ oo mtt1f1L 7c.Rff~ ~ ntl• > ~IV. !!*f~ rru 7.1<.!'1-mHtEJJ , ~ ~o 
!f-iiilms!R•, &i%'L~~:HI~:o 

• 
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c )~ :1§*~ 

mjFf~ji'ij~~JtB9~*. trmiYil f JH!}lL1t*F~"PiiT~:ta-~JJum~1'f!J o ?ili~ftiJ B9~~~ 
-

':);) NaCl , NH4 Cl fU KCl, :ISJ00~1:E~L1t1$!~H,f1$61~~jt:J17AH1lta~. f;fli~J,f1$;k~B9*. 

~~-*~~.M~-~~ey·~~~~o ffim~~B9A . ~®MMm&liTm~*ffi~. 
&ey~5*%~1JIIAo WB9r•tr~~~-•~~ffl1L1t1$~~.~r••~ey·~~~ 
1Jt , ~t£ $:1t1'f!J Jk m1ll "P:bll A-);£ :It B91At 1t flc fl:l~ 1tif!l ?'~ , ~ 1=J 14f£1t1'f!J -®-N :bll A-);£ it 
~5*!1k'ttit, l~.Ut5!i7M~~J~o ~ 6-43 ~-~ilfffl~L1t1$~B9A~DC:1f~1a*Ftt~o 

•6-o mr~m~L~~-~~~~~~•~tt~ 

f,fffl~lj 
liA.t!i lil'i•m 

~~~m~~~mm~<~A*~> I% 

* irl~Jl!J ~~~ '1111 tt 

- f1f 65-67 6-7 10- 12 5-6 2-3 1.8 -2. 5 -
• - !!& 60-62 10- 12 10 - 12 9- 10 2-3 2-3 --

~~!1L ~:t~:!Y:II~tu~ 
i!f,.fijflfj;!J . 

Jf!!Ja/em .ill _, ~lf/mm -~~jJ/mL :!i:~ll£/g :tf$~.f*/mL m • s 

- !!& 5-7 3000-3500 13 - 15 290 MYJ >245 19. 7 -
- f2t 4-6 3000-3200 12- 14 275 M511 >400 24.8 --
~•.m•m•mey~-~-~~m~tt1$~B9~~~.mMtix~~~•~•~ 

~n~~~~.~~MMmB9•1Jn•~~•~•~~m~1t1$HB9~~tt~$o *•• 
~ A*ffl~llfi.l B9~1t:1fj.\~;f7f'liij*:fil a<J7ill~JllH1H=f 7 1t~~AB9:11~ o ~=*=~tl ~* 6-44 

:ffl7& 6 -45 o iitt~~W7&~, rili~1llJ*ill~fB~~~tt ( ~*~i:J I .*:!i7&7R) ::filt&i!-. 
5fJ Z.fi~iJ:ISJ::FA~tt*~ o 'EfllzfBJ B9*~A~~M~1'fiJ*:!itB9:tt'l:bll~*~:S I .* fil~..t 
*•• . ~wfll•n~~~••o •••~. - m•iY~m~tt1$~m~B9mMm*• 
~:(£ 6% - 8. 5% 0 

mmm~ .. it ~~':ll .*:fit .it -~JtjJ . 1A:.I€i)lll'* fit ~JBI.*.At :Iii! ~~atJJ 

(»lit~~ }I% ( 8K!) / g / m · s ·I / mL < l!ftii?Ht > 1% < eutn /g / m • s -I / mL 

10.0 552 3131 239 2.0 238 3652 284 

8. 5 518 3463 255 0.0 148 4040 289 

5.0 225 3456 266 

tAJll)lll*:!it ~~~':l l .*it IJJ'! ·~J.itjJ m .m JliJ -a-m ~~'3 1 .*t.t 5:* -~~JJ 
U9tlit~~)l% ( 8~) /g / m- s" 1 / mL ( J.ll!lt~~}/% ( SJtil) /g / m • s _, / mL 

8.5 523 4651 255 2.0 5161 284 

5.0 210 5063 279 0.0 5196 289 

D \fl!t~:f*~ 
miYi-9=JfJ!}!Lft1$~~u;Jtftl;.!fL1t1$~-ff, tE:kFHrf'~~*~ JE~fiti'J9~1t~ff!!. ;ttm 
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mW~5I:lil o ~1tE(.r@a91JnA, -7JWi'iJIV.ift.I"'P1$~18:,;JJt, ~ atJZ.~~:l'F~J&~m!t~~~ 

:l'F tt ~~ 0 § ~-u. ~ r~g :fs!t:rt ilf m ~L 1-t~~ illi111 w J.t lt9 ::tr?t :fr p;q~ = - ~~ ;lik:bll "'~ m ~f* *lis 
J!Jflt-f.tW~ 89 § 89 o l&:'iit ffl a9t:t7@~-f*~fft7Jc~JJ!f~I)Ic~, ~ •L';f4B~~f!1C , ~ •L'~~~~ 

~~-~·0••0 ~-~~1JnA~*m~~~f*•M~&M~IV.k&~~-~t=t~a9e 
a.~V-~-illi1mWa~e1ta9§1f9 o ~-:1JnAnmMM.~m~ . Wm•a~M~~* 
ffl o ili•*·••~•amtt#B~•v~m~-f.t~~~-•~m. ~P:boA-~~-~ IV. 
krfm ~, :(:£)1.. *~11 pq I'!P :1C~a ?1!! 89 3t:i1~o ~ ffl 89 ·EIC· ft . 2t ffi! ~lj ~ DTPA , AC , 
PAPI , ~M%f;tf., jg~~affi!Il:Jttil(l. , ~:<fs:f~. ~-#q&;(ffltrf(89fif({t::tfr!o 

6. 2. 4. 2 fttif 

A $.iZ-m 
~~~ ~ , *mV~ ffl!¥L1t1$~ a9« .lf-jf{i[ fiUt nittA «l¥-ll tt ~M-, .§.fA ~P¥-~f£ iil 

i':E 2% -4%ZI'BJ :1-J:lli1!DC::tf, ~;;f;ftc:flfa93(3tf.£, ~::F~,t:~~~lt9~tl. ~::F~,t:1:~ 

$89~{-t~,~:fil.mi ~.:Jil~~5E o 

B :JII!.~ Dejj 

~Vl.!fffl~L1t1$~DC:lr~&$, 4}1-r~a9aG1f:ttgW fi:1F, fE! .tl/,B<J.:tf?IE~mJit:lc IPJ;J' 
~.a*•••~~ .• -f.tM:Jtg~•••~m~Mm~•-f.tm.Mffi~~•~V-~~~.~ 
lt9:1JoAm~d~•~~ . ~~m~tl~•- s~~o~n~~L1tMo mmm•~•1t~ , • 
1-t~, -~·· ~:14JJl.mA ~fHfc)f Ca:i:*~) ~IJ =f* 6-46 s:f o ~ 6-47 ~~-~' = 
•,~~~V~M~L1t1$fiB9~7rm*ca•*~> ~•••-mo 

(%) 

.li1-fli'O~ lil:1f1 ~:1f2 li!;li3 lf1f 4 ~1f5 

ii'UW4lJ"i 50-65 52-65 55 -65 55 - 65 50-60 

~~~~4fl 10- 15 15 -20 10 - 15 10 - 15 10 -15 

* • 1 -3 I -3 I - 3 I - 3 I -3 

tA~l'fll 1 - 10 I - 6 4 - 10 2-8 2-8 

~itl'fll I -3 1 

* 10- 15 12 - 15 12- 16 10- J3 10 -15 

6503 0 - I 

~ 1 -3 I - 3 I -3 1 -4 I -3 

'1111 I -2 I -2 I - 2 1 -2 

Jtft~1mm 0 -I 

~itl'fll I. 5-2 I. 5-2 I -2 I -2 1 -2 

l'$"*!E:' 2 -5 I -4 2-4 

f:lml't~ 0 I -2 
. 

SIF.IiA&iJII 0. I - I 

if.J11.~1@!~ 0. 2 -I 
• 



Jjj(:f4 litUlfit!ti PJ!!MWl *~ Jj( lfll:t6j!IJ ~~i'!ll ~f-tj!IJ :fiL'/1!1 

-~:IllY 66.9 13 2 8 3.5 0. 1 

= Ul1 64. 4 14 I 8 6 0. I 

=~11 61 14 1 8 10 0. I . 

6. 2. 4. 3 -ili'l ~ ..:r. t; $/.t.~I 
~W"iq: Ft.PJL1t~~H"JI!:Yfit~~~ ~ 

6-26 !9TJJ', ;¥ti!itJ~ I"l;:k~OJ )tjg~~"F 

JL1-tl7 !JJ : 
(1 ) 7.1< ;ffi it~ ~ o ~· 7.1< 7tH1: !JWJ mt 

( ~Q NH4 N03 , NaN0 3 , )7j( ~ ~) ;IJU A 
*;ffi~~-~.ft~~-#"F,;IJU~~ 
~~~~$mmf*~.~~~~mo 

*;ffi•~*~'~tl··~~--~~­
;E, ~~.fR-Alt~ 4 -5m3 

o 

< 2 > fliiJ ~ -rm ;f13 t-t ~0 ~ rm, .tr ~ 
rm-tM-t# :tJu A ~m ;ffiilitJ .atm ~ , bu ~•# 
~~M1to ~~---~~$M1tB.~ 
at;IJoA:¥L1tnU, •#rtt?:.I.Fo*fflo 

( 3 ) !fL 1t o il1li * A ~ ~ Jffi ~U, 
np~•~;ffi~~toA~1tW~.ft~~ 

•wr•8*•*;f13boA~;ffi~ .f~~ 
%nJt~§*m!~L~f* o :!.!ll*Jf1:!!~:¥L1t 

2 1.3 

2 1.3 

2 1.3 

r- r- r- .--
~L fZ 

it1l tit ft ~ 
)'flj J'ilj 

L '-r L r 

ltl!~$1J i\t 

. 

(%) 

.R.±# w If i!liJ lf i'fll fft.!J'-00 
:OJ!l\' 

/ g. g-' 

1.5 1.5 0. l -2.06 

1. 5 1.5 o. 1 -1.29 

1.4 1.4 0. I -0.936 

.-- r- r- r-
~ if!! 

r-
;l;{: li~ fiil! #R ft!l ® tli1 ~ 1t m * illS i'ii llfj J!!J if~ 
110 r '-r '-r r .... 
)llj 

'T I 
l.Kffiffi!J 1} 

' t 
~Lit 

' .--
~til * t IJf 

~ 
:IMl i5 

au 
t '--

~i§ 

t 
1!1.~ 

' .A.ffi!. 

-~~·*;ffi~~;ffi~ltl*··~~~~*~~~~at~A~L1tft,%nJ(;~&.Fo~A~~ 
I ffo 

(4) ~~o ft1;JJI!:5fOi&t~~:E-Em!:¥L1tW!!i;ffi~ o 

( 5) tLtWo :IJfllnq: JfJ~L1tW~~~tt T±Jf: T ft rtt~:i:1~ ~ ~n~ ~A~ riU',} * Ou f8 
~) ~Wrt:Jit~. :f:E~JE.R.o/CnJtrF~~~1t:i:1~. ePi71Aflrt1t~m. %nJt "~,¢,i," o m8;t:.f! 
iJt, ~;IJU~ JHC$-J)K;S-~:£ ,[;,~ B~~~~:,em:~ 1* 611!f£ml: IE 1*-Mt"I, iil!~~~~flii 1t; ~J!)j 
:i:1~;1JilXt!LliX:1HJL2tmniJ, •11(J!?tit'if%nJ(;~'J'E(ffi~~JfiN1t611 8 611, i:I1.0J*ffl~J!1t~2t 

m:JJW.o 
( 6 ) ~ !5 ~ r:f 1~l31Hi o :!;tiP 1-q: ffl :¥L 1trF!5 iM 'iltt~J! ~if!~~ 611 , OJ iil!ffl ~ ~ ~!5 ~~ ~ 

tJL~~~~nJ(;~~~~611~~.M.For:f§~~A~~fflo 

M.M;IJoA:JJ~~~B*~3~, e~ = ~*ffi~#~atbllA*Bm1t;~e1ti~& 
~~~1*~%~~A'L~f*~;$?t:f:Em1tat~*;ffiffM~at~A.~-$?t~A~1* 

~ o MM**·M-#:JJ~···M-M611~ffl$5fO~~~-~~?:Jtt;M=~:JJ~ft~ 
M-~~hoA•**~hn.~Iz•~••.m~~M#M•m.•wttn•~;M-# 
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n~~~TM~~n~~tt~ . ~I~~~~~.~~~ffMm~~o 
-~~*·~~Ir~~~~~~~~~.ffi~~W~~~~I~~~ffi~~. I~# 

~ m l!.ili:Z. ITii ~ o ~~~;A ~JI[W;l;liU}Hiff~JJ!ffiJfJtiJ ~;!;!it W" ilf ffl~L 1-1::1$ ~ ~I~~ fx fF :h ~ f91J 7 !;A 

i:#.~ UV& 6-48) o 

lJ!EI~~ I f!Offij)/ MPa I flO !Jilll:l 't: fltfiij/ min l.Vl~~;fll; I f!Offij)/ MPa I f!Oilil!tl 't: rr:traJ/ min 

m {1: j!{ffiO. 2 -o. 3 100 - 110 25-30 ti! 1:- 50 l)..,l""f J -3 

~ {1: j!(.ffi 0. 05 90 - 100 5-30 ~ !li 50 IJ.(""f 10 - 20 

~ !li zk.ff o. 05 so ~r 20-30 

6. 2. 4. 4 *.bfit-Jfl.fL1t:.lt~I¥J-tA.r..~A.r..titJ!t 

;W:Wi.tr.ffi~Lft;J$~1¥J~.$t~~.$t~~~4}Ir~~l@li:f1. ~.§JIJ ~~.$t~~~if!:;ff~lt 

~~~~§8~a.wa•••••*Ir~•~•m•~•.~-~~••,•~~~ 
~f.f:o ;& 6-49 ~U*!¥J~OO~:H ~ 1#HVF~8~t=mW-J.q: .ffi!¥Lf.t;J$~ag-~~ o 

1=::t;Jm~~~• 

JL.«>~1Yltti 

Ji(E~f6J.ttt 

~·C.'lJL~t'L 

iffjiij";i!U'iJ 

tt,$~ 

7f D Ph~ il!liit tt 

J?;lUI"~~ttK 

lt-ffi~ttllf 

• ifl)l~ ~ tt 

ttiW 810076 1&*. 1600 fff 

160 flf 

NDJ-79 ~ · 

YJ03 -43-4000 

Y70200G ~ 

YS-3 ~ 

SYP1001·1 !!:1 

~~11.{1:~ 

i!IU',~Jf;~* }W{I:f!i!J.t 

~~~L~ =lillltl!illi JJr 

~l)]~~L1t:tj;lJifli~H~UEt'.t 

ill:1ii~L 1t:l$!liil ill M<ti tttll! 

li!I:G til , m t~~t , ~L.Il( ;~;mbi< * 
1!!1 tiL 7111 p;j -~ 

~ii!IJ?;~ ~ ~liHtt 7.k. f:l: 

~ IJ~ ~~¥ 19t if 11! ffi.WI.[ 

6.2.4.5 *~*m~~:.tt~~~m•* 

~••r~m~~1$H~~~~~m.•~Ta~•r#~*•~m;J$~t¥J~~~~ 
m.~aT•~#~**~~~tt8~~••.~•T•r~m••1$H~~~~~« 
~o t;A~W~frt~JL-t-J~ZJW~~J. t;,(WJ~;M;~.ffi~*:fl - 1'-::kf!Tm. 1f~:tl:Wi1=ffl!¥L1t 

WH l:t~itM811¥J ~ffl ~f9iJlf4f:tE-* 4S 10. s 17 !:f:! :1HB o 

A ~~J-

*•W'"*••r~fflA,·@=,=•:tlW"~ffl~~WH .•• T~&I¥J.$t •. ~~­
~~ffl~~tl:lr#B~m~~m.:::••:w"-J.q:m~Lf.t1$H, .>t~ll: .:::a•w-i.tr:ffl~L~1$~B~ 

~••r*•·rr•r•~ , ~-r~-,~~r~~•+JL-t-r~••r~m. ~2B 
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~n~o ~oo~m•~~*~W*~~llifflffl&o 
*~~*~~~~$W, ~~~w, mww~w*, w~~~~*· m~~*,m~ 

•.~~m,m~n~iliW*,$BW#x••··•*'' o ffi~~•••~wH~~~~ 
:if'iffi. tt~~~sl~m~, m~~¥J•:.I$~tp(, ~Hm1984 &¥~~a:~~ ~4:-=: ?X 3 %~~ 
•aW!91;1~Fosi~~Wf$$, #WW , !"b~~~- ~~1f~tl!.'~'2t4:~~lJ$, I!!Jit15¥ 
w•a~!9~**I~oo~¥J~mB~~~*~~*~~~4:~~-*~~.~m~~~~~¥J 
~Wilfffl~L1k.W~o ~:i1$'(J®H!Jf~Yf~~. =~~1tilJ:Jf:!$L1t;l$~:if'{§.*ft MT-66- 82ltf> 
m~>Jt. rm.EI.ffl200g =~~wi.q:ffl.!¥L1-tW~fMI::t§:.tBst~1JJ7f'tl~sl:tlk~WT~~. =~~iY~ 

wm'L~W~~~~-~§~3%~v••~~o=~•r~m~~w~m-€l*•~*~ 
~~~tl!&o 

*•w * ~ 602 r 1:~1¥1•~-l.q: ffl!j!L1t~~~ll?t t:fl~ 1o% - 15% ~**, •lVRatj§¥JJ 
B?tM®·~~ffl.~M-~~~--Fol¥3~~-at~.--~~--W~n,,L~WHR 
nf 5min, ~yT;Ij•Fo~~~:tmat rBJ, ~~7r*~-tHiiili~~$o :?H'~. •iY··~m,L1-t:l$~ 

~1:~~-~¥*k~·7=~(~~,~-, ~·) ~~.~~~~~1:~o MfL~:.I$ 
~~~ 10&f:~ .~~A~X-A~$,}~~~m~#~*~~~~~~.~~OO~~ 

~Jf* o 
~~k~~~.*~~*•+?tmamrllim=~•r~ffl~~W~o •~•••• 

~0~: 

401'-lmlltti~iJiitlfit, ~oo4.7m2 , •:rL~~l.5m, 1*1~3-41'-~~. :iltRL3m; 
•::rL~ 1. 3m, I*J~ 3 !fit~, ltt.R L lmo $Too 5m2

, ~ 2 - 4 ~~, ltt.R lm0 1989 &f: 1 }j 
24 a, ~~7tJW8321 I~oo. ~•1!11!, $Too 6m2

, ;.t!HL~ L2m, rr 15 -t~::rL. ;Jt~ 
33 ~~, 11-FoX-!:~, ~MMfl.! o 

201'-1i!!*I~oo~it, ::rl~2. 5m, 1*.1~6-81'-~~. ltt.R2.3m; ::rL~1.5m, pg~ 
4 -51'-~~. ltt.RL4m; ?L~1.2m, pg~2-31'-~~. ~.R l.Omo ~~E.trii37* 

~~*lii)i~OOJJE 3 {?.:, =JL~ 1. 2m, Jtt.R 1. 2mo Tf#J:f!::i:MI¥Jlliffl, ~~fl:~ 0299 ~~' 
$Too 4. 7m2

, ;@=JLl* 1. 5m, I*J~ 51'-~~. il!.R 1. 5m; Wfoo 4. 7m2
, :JL~ 1. 2m, I*J~ 

3 -41'-~~ . J1!R. L 2m 0 •••• M--=f=%~.:0~~--1$~o M~fl:=7J<lf-Tf#J~Ji 
I~lti, ~Iii 7. 8m2

, ?L~ 1. 2m, ~~00 561'1i!!?L, -{X:.Ii\l~~~:i: 42kg0 ~ffl 2t .=:~ 
•r~ffl~~:I$H.~•••mM-.71'~~0 

B ~'(?IJ ~ 

*~~J1r-m.=:ti:W1ti--lfffl-1L~W~~1itr***~jtiiil'f9~!1iill£o iie!JiWft:¥4:~ 
fro j]1J 120 JJ t, -~JJll~~ 6m , ilii!ffl l2°, ~fJI!;~.!§~Wf~llife;~ o l'H~!LWfMilli:fi 

-:h 18m3/ t, ·~:li'-1=ffi~~ 36.8% o 

•••~~-MOm~k.•~~••ll. ~·~~ilite;•.•~~XWTlf-~Mll~ 
10.0% o t!ffil1!~00 5. 3m2

, ~::rl][1£ 42mm, ~?L~lll. 6m0 #!.I~?L 51'-, f.ilitl?L 11 1'-, 
~~::rLs-to ~::rL~~2-4~.m~tt~j§•.~~iii-~•~.il!~7 .=:~•~~m 

~~:l$~~3%•r••w~~¥J~tt•!li.mm••••~~~u*•**~*m~• 
6-50~- 6-51 0 
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• 6-50 ·fit~~ it~ 

J'ji 13 
=-D?f'ilfffl 3 ~~iff!i~ 

s.Yi El 
=-t!H¥W'ilf m 3-1}~1ff!i;j;JI 

~L1tj$i!J 1$~ ~!At1$J9 j$~ 

ttlflXttllX 3 3 tlt11ll'ff!Y2(: - m -I IS. 2 15.4 

~lL~JJfl$1% 83.5 8LO llliiH&$/m · I - I 0.042 

~#Jili:JVm I. 33 L 30 t!ililt 1: f1; i7ii co "*1itl % 0. 0098 0.0640 

:1$~ tA*fi/ kg · m - 1 5.87 6.04 Wil:itJ:I f1; liii NO *ji;% 0.0036 0. 0069 

~ 9 
- ~lfilfffi 3 ~t.tr~ 

lJi El 
=t~HU'"ilfffl 3~t.¥tri1C~ 

~1t*l'~ 1$il1 fl.it1$l§ 1-tJ§ 

1-t~.llt:;$:/:lC • rn - I 29. 35 28. 99 IJ:ltJ:Jlt*/:lC • m - 1 642 650 

[i"f.Jit:2jl;l ;u · m - I 12. 16 12.32 Jlt:2ji;J!itltf% 98. 8 100 

£~~L1ti'F~*IJJJJM~rf/i~~~, @.;Jt§i£~~, ~~~:!Jf!1>J~JH~L1t:J$~~:1ii!HL 

~Jffl$tt-fil!ffl3 .g-:.war~~;$~?,:6 2. 3% ; ~:MJ4#'i(i~!Rffl*F~ , W~ffl~iit~Hiifrl>·tlM~ 

-Tf/i~;$~, ?HJtrF~~ 2. 8% ffl L 3% ; li:l1!I ~iiilJ!Htl-~ifr--"'t ~ (CO, NO) *&~ 

rjij, 'fii!Jfl!jL1t~~ tt'fii!Jflf/i~:J$~1®:tmY, ifr=ll"'\.1* CO ~ NO *:!i?-Hl!J~Y 7 84. 6% ~ 

47. 8%, ~:M~~~.ill(fif\#t, f*i.iE~3t1:.Fmi¥1J7~~~ffl o 

6.2.5 ~ifilfffl*:t*!~Lit1$J9 

6.2.5.1 ~~-it-Jfl~:lk.fL1t~Pi69~~~-it 

A -~*m&~fL~~-~~~-#~~ 
ilfe::tf~it::!i!:~iY itF ffl $i ~ ~L 1tk't! ~iiff$11 :i:i:~ 9=J tl~ .:rem , ~ /!' ~A;-ff ~ ~t -fit!ffl ~3ttt tl 

~-~-T:J$~~~:1f~it.~~:i:i:m9=J~•••~~~*~mu:•*~3t~mu~n•m9=J 
.~e:mu a 

BtrBJ:£&, :ff:llW#-"F§~fF~'f!, ft~~I®1LWT:Ji¥~*'&tif~:Jai'F~.W-IN, 3::~:ff=: 

~:1fiii : :J$~~i'F~~~~~~~*~~~~lli~;~~~*'&w~~-~*~~~g*fFJH; 
~~~"'t~;I;I~F~&=iXJ<.~I¥J1r~1Jil~o IZ§iffi, r£~it:Ji¥iYl-fffltl~~L1tW~at~JE 

?t~ ml!~ IZ§ i{ o A-I*:~& ~it~. 1>J:ilit!k.;ti~"'t -!*~~= rx*m ~ rc~ iff$"'\. 1*. matitF 
m~~~-lfl-~J.i)l~:llt-Tjf, li:i.IM~~S§Il$-re;:t~tll~~~,~~~-~*~.tV:~~~. ~1*iiE~iY 

#T-fil!.m~~:%; ttoo~~~.x-t~~~AC. t£1*iiE~3ta<nru~r~l-9*5r:i!~f*M'JE$~ 
-~n~.~~~~~~-~~~;~~~.:i!~~mtt~~~tt~~FI£,~~~~~ 
$~:1f1fio 

ffi~-T••••~Ift~~w• . ~••~••~~I~~~~•~m~~•m~* 
:fi?tllU:U~, :ff:~l-!j~f,i:J$~ 1'6], $:1t*IJ~Il.J~~1-*fkJE?t~JJfl, R!t:ii!.$;7~~~Jt, :.tj 

ii=tt~"F~.~~~~~~-I*F~m~H~-T~~·~~~l-9. ~{il!ffi~3t**~~ o !Z§ 
~.t£:Ji¥iYitFffl~~'fl.AC:1f~~lJZ-~a;rc~~~~~~~ttn, ~;rc~~'fil!ffl~~o A 
1*:~&* . ~~lfl-~~~~~~m~$"'t~'f!~•1t~~~~~~.~~~~1t~~fftr:~ 
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.f1J -T ~~fl£ 7iLWT89i51 ~ ilffi.Jl, {13 :Iii :I$ Ja:ti iii~ 1* a9 ,~, :1: :k :k ~ :bo, # ~ fF jk_)(f A f*{jj~ !f# 
:k ; ~···a9:1$H~:l$~~-~~~COa9*·•~.8SB.fFjk_A~aA.~*~ 
~&l.iY:a91iJf!M~~~$, ~51~#~6LWro ~.llt~•••a9-0(-J.tmuw, x•J-f*ilE:WiVilffflW 
H~#~a9~ffl~~~~I~.~iV~ffl~~~~~H~ftE*ffl~«••~rro 

B f!7)-~~JIX * m 0-1':19 :izMi{ :ff ~ ~ JW:.!i!~ : 
( I ) ~ 1.t1f1J (19 :iM~ 0 M ~{/( fiHijlj ~~~ ..p :Iii 1jt ffl 1':19 $: ~~j , £ f!.\:fl3'&$: ~:fit 71' jl1tj , {§.* 

Br~.ffiM~• . ttn•~a mM•*~~--#NS:J.'FH.-~~~~-~~~~ 
§o ffl£M•~wHmmm~.~~~~ma9~~tt~.•~~~•*· ~JJt~r~~l.iY: 
ffl =fi~:J.'FHa9M•o #~~m~~~~~*m~~~~~.~T~•tt~~~#~.~ 
11< m li!JL:.P. 7Jt :fl 1it 1-t f.£ o ~ -T J:~ iillfr , :12\; fflM Ml~fU ~ilf ffl ~ ~~L 1-t :J.'F H 1':19 .:E ~ $:. ~ 
m. ~-~M.m~w•mM~~•m•~~.&§~r~~a9~~tt. ~~x~•T~ 
~'11:o 

(2) OJ~jf!J~.®~ o .:1'1 T~..tE*tl~Il:~*, 1iJ~3)lJ ?tti;MJ~~,~txi*ia9~§:!!-€1itt~ 

::£ , ~~if11J.iY:tJ9~L~3)lJ o ~§C~$~~~11:~~~(19~~ . JJ.;fjtxf.lii¥J~ft~tx/J\B{j~ 

Mf.£, ~1-t.JE-~tr~fl£, xtt?ttlff!JJ.-11" l~Jt-a<J~Jll!al"il fFffl o ~.llt~ffl ~§!'£-€! ~, Rt~.f!J 

=f~L~. JVfi.f!Jr*tl~, ~E-TilltJi'ff~if~AH~t~~L~:l$Ho ~~ffllm§$iil~~ lfi'Jat, 
l.iY: ~ • rm ;m ~¥J mtr ~ ;mdDJB!iiJl o 

(3) 7~~3)lJB9~~ o r~~JlU fi!:AAt:W~ Itfffl:L1=Hti9Jt~j;Jl?f, ::£~0-~Wi~: -~J!~~ii$ 

~~:l$H~mt¥J~~.~~*~~d. ::t:~~mtt~m~~~.:E ; ~-~.:E~~~~~~ 

~ , 'E: fm~6LWT rfJ i51 ~M!J(:ttl F-6 , ~:ilS flit fBJ :ttl -~ , xtt NJ1fi B9 IM.:t.IJt!HSJl ~ fF JfJ , 1>\ iffl ~{I£= 
~*MB9ma.~Bmma•o ~~~mrfJM~~.~m#m~¥J~~~-~~.:E~m• 
~J. ·mtt~m!fml!Ji~:1ml!1Jr~~jf!J o 

c Xlk .19 it )fl ;fjf :1ft ~L1t ~t ~ FfJ '* 1?~ 
c•> ~-~~I*•~~Rrr~•r~ma~~~~-o ~M*•~•~*fi·•• 

•~T-,=,~••~~ffl5~~~:1$HB9~ft ( l!ti:M*e > .~•6~2o •m~~~ 
~ffl.~·ir . g_g?j-flij1f!., ii~tt~!ft:tlt- , ~~tt~ft!ft, .W-~d*f~. Il:~llitt:tlt-, ~ 

ffl=fi~{{:.~~o 

(%) 

f.!t :!JIJ f& - i;!i - f.& f.!t ;!]I) f.!t - fa !11 - - - -- - - -
:Uil-.1t~J 78. 0 - 92. 0 76.0-90.0 74.0 - 87. 0 ~-G-.t: 2. 0-4. 0 l. 5 -3. 5 I. 0 -3. 0 

Wflt!J11J 2. 0 - 4. 0 4. 0-6. 0 6. 0 - 9. 0 ~1t~l 1.0-3.0 I. 0 -3. 0 1.0-3.0 

71< ]. 0 -5. 0 1.0-5.0 1.0 - 5.0 :filnii'Hr:il111 I. 0 - 3. 0 1. 5 -3. 5 2. 0 -4. 0 

:tf'lml11J 1. 0 - 2. 0 1. 0-2.0 I. 0 - 2. 0 

C 2) ~~~W"i~Hiff~.~-~wt.tr7f ~I¥J~~~ffl~~~L~:I$H o $:~1flJ;f'll1iJ ~1f!J ~~~j(rl 

J:EITJ£, .~ttit~rl1fM1f!JI¥JJilf~o 1£~~7AM1l!Jat~~~~T m:J:€31l!J I¥J#~~*iil~>t1it -f.tjf!J 
;KJ;trr A g ~ :1$ HMJ :J.'F tt 1m B9 ~ lljijj o 

' 

• 
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~m2~*~~~DA~~-~A~~~ 

mmm . wM•~m*••~m•~~•• 
~~A~. ~•*m•m~*~••~•~ 
~~~o iit~~::~t~n~ &-27 BJflJ\o 

m ~ 6-27 nr iO, ll.if!ffll<ffi ~rt11~~l*it 

~ffl~D.*~~~-~~·--~-.~-
2~-~X·M~~.~£M*~~fiA~ 
w•.mmm~*•~u-~•~m.~~ 

~~#-~M-~~~~~~~-·*·~ 
;a; :!iH~~it o 

~~m•m~gM•rwm~~~~~ 

H~~-~~tt~~-~.iitaM~--~ 

130 

~ 
;Qj 120 

a@ 
$ 
m 110 
~ 

100 
- 2 2 

• li)iJ:/H&~ti'ABt 

• .:*:lti¥l!lltJJJBt 

• 
6 10 14 18 . 

m ml'fiJ 1ta "";. 

~ 6-28, 00 6-29 Ffiffi o 8,v\;*1:H~;iii:lili~11~JJtim~·jg:~:f~;f,f-W-;;;, l!ififfm1~Hf1J ~ht~:!tt::k 

•~~~••· ~w.m•m~*•~m~~~-2~M~z~.~•:.t1:HA~m~~­
:l$1ifmo 

3.8 16 

15 

- 3.4 

~ I 

"' • 
E !!! 
~ 

- 14 !1!!1 • iirnamn e 3.o 

13 

2.66 8 10 12 14 16 18 6 8 10 12 
iJ!l~Jf!J1tJil /% ll!f~ii'iU-ft:l: l"lo 

~ 6-53 ~i$(1if£1i1f~~=~ =-~:lii+HY"i-lfm~:tJt~Lft~HDC/J o 

• 6~ =. E~~r~m~u~~~~~~ 

m 7t • ftl'fll illl ~ * 
~:!it = !2! 75. 0-88. 0 3.0-5. 5 3. 0 -8.0 

( J.iltfit7tft) 
1% .=.:!!! 76. 0-86.0 3. 5 -4. 5 2. 5-5.0 

~ft~l 

I. 5 -3. 0 

1.5 - 2. 1 

14 16 18 

ii'J~l'lll 

5.0 - 10.0 

8. 0 - 12. 0 

6. 2. 5. 2 1.? .L!; 

~H~tt~~«·~~~H~~~.~~~:.t1:H~~~I£aW*"H~o ·r~m5~ 
!¥Lft~HI¥.J1::i*'Il:l:t;§l~-~~)jjt!l!L~~H¥**Hf~. ~~~~:tE1ttJ1Itl:!N~fiJ~~DA 

m~~MMMo ~~~I~~~=~~m.~•T•r~~:I$H~~m~~tt.~~•r 

~m~H~•~•oo-. =.=•~•••*0 
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00 6-30 ~~~)j(iY~iHi1f3i: -~ ~ tl9 =, =: t.Ti~ @'"i'-f ffJ *Jt~~L-f.t :J$~ a91:F I~ mt:~ 
~BOO o ~006~o m~~ili.~rwmm~~1tWHt!91:FI~B-M§St!9M* 
~~-~1t,~••1t~&,mt1t~~,••~~.m~-~~ma9*•~m&• 
~ 0 

,-
Ml»~ I 

I I 
I lt.OO. I lit-It ~-It Jf-lt I I'UII I 5d:J!Il 
I I L _ __ __ ______ .J 

,-- ----------, 
I 

-c 
tn.&t 

{tQi§ 

~1:FI~~~A~~~1t~§~1t~~·,F&~m~~,FOO*~~~.tt~~ 

~8tf9@~$~,~F1:.~R~F1:··~~-.~~~~~~~-~. ~~~&H8tf9 
~f¥tt~%. 7fi:f~f¥W1~F1: "t:rl3~" JJI1~ ( f!PH~ P-1 tf9~&1£~f¥-¥.2:Bt i'8J J§' 1*: ;f.R i& 

t:rl3.:t£~•t!9-~ili $~~) •~~o~w.~•rr*1:Fra~~w~•Bo 
6. 2. 5. 3 .i.~·hl ~~ 

*ffl~L 1t n%-ft ~·1ti1 f)} I~ llitJ:i'ii 89 :ll @'" }'-f ffl f)}~ ~L 1t 1$~ , :1$ ~ cp a9 ~t!Lit-:fl WI 0 
~~~~, 7./<;ttlrant;a<JR -rj-1-J 2- S~m . ~Jlt~-f.tjf!L :if~jf!J f;Ur~~Jl!J a<:Jtlfl..g.:l:!g~t.f**~ 

jijj , JAW l!Ufr~ i'f6 T :J;l;W·ilf JfJ :I$H a<Jfi:J$'1if1~ , 3(~.£tm • :ft .fiAA -it ~ tl9titl.l< t.ffroo 
~rwmm~~1t:I$Htl9~~ttn~~~~.~~~•~iY~~*~F&aMg•• 

~ l:j:t {.,~00-0l . f!P : 
(1) ~JJ:!iflli o 1-JJift<&-@.8.*~, lnt~tl:~, ~*'S.=f-, ~\Sfm ; !1f;f}t~J.f:1-J 0. 7-

0. 8g/cm3
, ~~~ll!~itt!.*fi;j;Jl~-f.t~H , ffl~-f.t~HJ§'H~~~jg 0. 90 - 1. 05g/cm3

, fjj\f:ff: 
:WJp;j:J$HJfi7.J<7tff:JI;j\~ 3%, :t£~-ffWJP-Jm:~~~' jtij!~~ ~JJ\1.jto 

(2) 1.tWttlmo !:3 ~ pg;ml.iiz~ri-'-ffflWH:J,i1$ttna9 tt~~~ 6-54o ~l:j:t t!9~W~ tt 
•~.~rwma~~1t:l$~tl9~~•:1$tttmm~~B-tt~~P3~1.iizt.Tiltlt!9Wffl:I$Hm 

~0 

f! 1m .if/Jan • 5 - I ~lf/mm .1$Jl!tjJ/ mL J!il.Be./ cm 

=tll~l'Vilf iH ~J!UL 1t:J$1§ 3. 2-3. 6 12. 9 - 15. 4 288-331 8 - 14 

3-f}~l'Vtli~:J$~ ;;.2. 5 ;;.JO ;;.218 ;;.2 

=~~rrl!FHm1t~~ ;;.3. 0 ;;.10 ;;.220 ;;.2 

=rulff"ilffH}j(~~~ ;;.3. 2 ,. ;;.10 ;;.220 ;;.2 

= tll:W:rw m~ ~!l't 1t1:1:1§ 3. 0-3. 4 12. 1-14.9 286 8 

- !!&:W:rilf m1t1t~~ ;;.2. 8 ;;.8 ;;.210 ;;.2 
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(3) -fiftf'fi'i~o =~~=~~lf}lfff.l**~~1t~i989~f¥tt~:tzo~ 6-55 EJT~ , E8 =f 
~~§~~1iftf¥~*~~~.~#M~~~tt~m~~~~~o ~~~~~~~.~w~ 

~~-~~Mf¥ttn.~~•••~m~~«m¥~o 

-6~5 =~.=~~r~mM.,l~~~~MW~~ 

= i&:.tt:FJMf?ll'traJ/ J1 _i;JH'I' ~~ffll;f faj/ J1 
:l$ilit'.£tm 

0 I 2 3 4 5 0 I 2 3 4 5 

:liil/m • .-• 3649 3532 3481 3361 3293 3183 3467 3382 3323 3276 3195 3022 

alllt/ mm 15. 8 15. I 14. 5 13. 6 12.9 12.5 14. 9 14. 2 13.5 13. 5 12. 1 11. 3 

Jlf·~Jl{/cm 14 13 11 10 9 8 12 11 10 9 7 6 

( 4 ) 3i: ~tt ~ o .liJ fl3 ~ ~Jj( W" ?tHiJf~ ,rg, ~ ~WJ JjU~I.\I::k ~lilffli1J 89 ftejj" lll I 1: ~~(f) mtlf 
~m•~~1t~H~~~tt•~~tl~=f• 6~6~• 6~7. ~~A~*••-~•~~~ 
(£~tit, :fE~ ~ :lt!.{~~~fl~~ll.fiF~ ~~~tl ~ilf m :l't:H -1'~ tt~A~·* ~ tJt:!i,,.o iSJ Ji~;~W 
HA~-:!lf~Ji:~ttt$~, ){;j"~lf#-""F~~~~A~I!~~~~t)(o 

• 6-56 •r~ mt»~"-~1$Fj~3C:i:~tm 

mitr~lf/% .IIJJJI'Jll/ % 
lfil~i*1o.lllt:fit iif~~:Htllt 

t/UI~f£ j;l Jlll 
/ L · ltg " 1 ( ~tt:~l.?ditlg) 

- !& 2 0 29 387 0/ 10 -
- j;l 0 0 19 • 564 0/ 10 --

:f$Fj l;&j}IJ - t:& .::.I& =:if& :l$l.!i~HJII -!;& .::.!;& =:t~t 

1titr$ll/% 0 0 0 :li:t1=.fci1.ifl~f*~.!i/L ·kg·' 34 43 43 

--~)J:/% 0 0 0 IOJ~!."t~~IJ: ( ~tt~l;k:!itlg) 221 317 500 

:li_:!t_g (5s) / 't 307 293 299 tit·~ *i31'1!. *i31~ *~'~ 

6. 3.1 -~ 

6. 3. 1.1 Jl!!,j:~~¥;l'f~~if.if,ij~ 

~~lh~J!mff.JAI1fr!#Hf.t~~~~!t!J.-ilt, mili~t&* § !t!J.n!~$(f.J lilliltffi,@,, 
••~•~•.Mw"~~~a~~-~8(fJ•~•~-"1f~ . J!-~~~oomB<Jm• 
f~o ~~lll*~~~~.:rm~*~~ . #~~~~=f~M~~-~-~$~~~~~~ 
~i!Jf~, ~~~-~:QI§f-5: 1=f~4, ~~' ~Ji~~Y(:iS"Jlio ~~ ~*~~~~~}j~J/;t:J! 

a.:r~~~-~-~~-(fj~~mN~~~-tt~~. ~li~••(fj"•~··~··• 
~,, Wf9i~-tlt(f.J1~MH.!i'.f.Mil~A, Jl51~1J!IJJEWJ~ § ~1.iL.l!t*'-'~lr , ~:ff.lim:liiMJi~~ ~ 

~~•mtt.:tzo•m~m~.w~~~-~~~~*~~~~M(fJWmWo ~••~ ··• 



• 364 • 6 ~.:R.fL~t:lif ft; , ~~-i-t-JllftAt*!' l1i lt$.-~J'o# ························································ 

:tt." m~ - -t-~ 7Mt , lt'Ht~ 7Mt)(>t 1:1 rm :~&J,!Utb~~16·;;f'i'if y- a9 ¥?illl~ ~ , JR i1li a<J iiff ~ ~- :r;m 
i-7Hlt ~ 69 ~li:fliiff !}1: o *M 1-;.0!E , A 1fJ B fHe:ltll.iliU!IJ~ 69 ffiUJll. , }Jr! l:j :Htll~.l% JtM 1g­

fl~~~~~#~o ~~~•••~•r«ft~ : mh«.a~«~••«.~~-~« 
Jt:;lgJ!~ o AI/~tw. RP ~J§LJIHt!!il«*~lJ!IJ o 

~~·~~-~-~~~~~a9~•tt.~2T~~m~~~~~*~~ . •x~m 
~~~*~~~,~~.~~~~~m~o ~~~~~~R~*:;~g~~~~~~~~.:ltll. 

rmmir~~;l1:~ml11io 

~~--~~•«4~ = •a~ · •*•·•9~~-•~•m~~mo M•oo ~~~ 
E.iiff~2tMT~~~~~1Mt ($!U6LWT2t!i:im, ~9:.:1tll.!i~~m~~~;IJ:lm~) , @::k$*1W 
L•~~~•~m;l1:~~~.~z~~~~~·•~~o ~~~*m••m•~*~~~ 
-~~Wtt*~~B.MM~;l1:~g~~-*~~*~~W.*•~~*~•o 

6. 3. 1. 2 ;t~~:ti~71--~:fv ·t1.~~ 

§~. ~~~4~~~••~tt~~~~~-*~~'#o ~£~••mm~•~m~~. 
~~*g;;f'~~~·o OOa(~-~tt~£~*)~M~8~, RP: ~,~ . ~-~&m 

~tt;~~m•~;~•*u ; •OO~ ; ••hu~m•~•••o~~-H~~~~~ 
~~~.••~ttnr*:;~g = ~~~,~~m~u,*~~.~~~~~~~. ~~~~u 

·o ~~UmH~X~*:;~g·~~~,L~M~&~~~m;&~ft::k~'Xi'iJ*:;/g*~U~ 

n~~~·o 
• 6~s~ilirms~ttooa5m•~B9~. ~.~••~~~~~~~~•~*tt 

tl~o XJt~Jffi91tl¥~~-~tt~ULI¥J "~il.fJLQ!;lfc!" JII!~, **.ftt~~I'J9~* .&%~, ,X;j" 

•~~~~•nm*~•*·tt•m5~~~m•w~~tt-:r;ml¥1~2n~~~m~m 
~, -*ml~jlj~B;j~m\J.l~#o 

• 6-58 ·i!J~~~*~fm-~-

~1'1 ,j:ij; 
lJi 8 

&~tJt <f'\¥-tJt i!'iafltl: 

m'!f/ g • cm" 3 1.00-1.20 1.20 - 1.40 $> I. 40 

J!C..ffii:il:~ ·*"~~ 111:1!~~ •*~'~it 

i!~h/N ii1>98 ( <fJ60mm) ii1>98 ( <fJ60mm) $>98 ( cJ>60mm) 

~~~ :i:f !;!llf£/kg 
6 , ~ t:1: t/>60 mrn I~Cf ; I 0 , 6 , Pitt <fJ60 mm ~.(""f ; 10 , 6, ~tt <fJ60mm I~Cf; 10, 

~tt <fJ60mm L;J.J: ~ tt <fJ60mm 1.;). J: ~ t1: <fJ60 mm I.;J.J: 
Will£/ _, · rn • S ( cp60mm ) ii1>3500 $>4000 0.5000 

.1$J'littt ( -20~ - +SO~) •mH: ·*"~~ !J*I'J'l:i: 

~ili:il:ti :.:f'l«!!:f:. :f:I«!!'I'!J ;{'~'!'· 

-fitlfi'WJ; :IF 2 I 

6. 3. 1. 3 ;fij*-:/i:.;K~ ?.tilt 

~-·~·•••tt~~~m~~~.;;f'«~~~~*•B9~&.@&~~%ili&­
~a9~mo~~-~m~tt~~%~mm•~•Am•ood~.~*~AWBm&,;;f'~ 
~.-~~~~-~,,MOFW$~.Htt~~~~~~~~-~ffa*ll~~~~-
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~~Jii. o 

~r~~~m~W-~. oo~m~~tt-~~~~~~G~~m~H~~~~%~.~ 

IX}IjJJ(~~. J¥-~:ltg o :!m*~~~.1iJ~~filij~tJ\. Jil~~t!~~ . ~u(<ij)!~. ~lt-t:if~ii!nlt"F 

*~·o -~0~*··~~-~oN,m·~~~~o•a•~*M~7k~~B.#R* 
7-#···~~~~~EJStt**to~.-~~~~~~~-~tt-M~~i!-·*~ 
~ . .F~t£.':1:lrot4FJ~f1Pi!7-1'-~-~. U~l!!~fil!o :l~)fi~%1*~~.¥~~~. ~~U{ 

~!Ill. "FfEiJJ[f*tfio t£~i.n~H*~.l&tki'F~It-t, 1UINEIE~~f1t&its~a:fi:JtgEJ, {fl.:tE~±.R 

~tttR•~~~--~Htt~~~m•o ~~~.•0~:if~iU•*7-~*Efi•~~mn 
~~~m.nu~mr~#~~~~~~~~-~~~~~~mm.Fo~~~-~~~~* 
• ' i& lilir¥ fll )E ill:~ ffl 0 

W~tE ± 15 1r ~ 9=' :li~ ~ JVi;.::: 1'-12L flP : f.IF ili 12L rvt~f'~ i9J 18: ~ ~ ~ IR o ±mm WJ ~ _t 

rervt-~~IRM~M~M00 • .1iJ"··~~·· o :llt!.·71t~B·*~r~:J$&~·:tE'' •• 
~ 1\ " m. iii k ~ B531UO ~t *Eli 531 D;J fEiJ ~ *~ o -!Htffl :t1K ~JIT fll~ $* ;&7.1\ :!i!!.hltlt ~~:Ill , ~ 
~1Hil~ $ ~ H :1: :ff * , ;J' ~fit~ illfr~ ~ ~ $:1&~ 71t , fEt 1.\Hl\I ;J, o :li!!.~ 71t t£ ± 15 1r ~ If!{~ mY 
*~--~~~--ft~ff~~•nwm~, ~w•••~--~~~--~~·o ~R 
Mft.F~=~&~~-~~-~~ttM~~*M;&EJ~ffl-~l.lf~~iD-~.-mm~ 
i.t-~~t£~-#9='~~--~~fi-o MT·~···~mW~~--~~W~r.'ii.~~ 
1Ltt )( , EJ !£ f.:j Wi *4 ~ fi1i!IN! Ito fBJ IWf ~~ ~ fi®1.i EJ ltJ f8 ~ ffl Jj[ ~ ~T-El! 11tf:!i;lt ~ T-5G14 
~~-~El!·V~-~"~W~Ro ~~-I"FEJ~~~~~*B~--•~m~aA# 
•~•. •~~~~~~mMtr.t~. ~--~tt~lt~:~&aU#o 

6. 3. 2 iitfli1~!fL 'f.t~Ril.U~-~ 

*il 1rm~tJinY"I~Wt~.tr~-~~*~15rm'lH!ILF.iiM=fL~!lir -frififi&J ~ ssE ~~Uifff1~ma~L 
it~!i~~tt, W:~~tl~Lit~J.imt~tt~~if#f~riL ~tfL,j(, Wl.t*liEJi,WJiJ, 1Jl~t.1JW 

~t~. :lt!!.~?Jtm~. rJtul!!.m&~JR.fl£ , fiffl1(~mn~-*j!Jftr.'ii.. ~¥IJ:!i!!.IIWJ~$n~ 

~H.~.F~t£*~•~~~M:lt!!.•m•"Fa•7•r~m o ~a•~.w:~~~it~~ 
r1B!Jimt~tt~AC~J'G:i1f , ~.FI£fijlji, ~ffl~il, .#-J3.EJ;JIH~:I&.QWJW~3JtMwfm:hl~ 

*~'·*fi~~••·••8n~~~m . ~-~~~••••••~~*· ~~m•• 
~7 R~JR.t!itto 

6. 3. 2. 1 jL .ro ifi~~ 
~it~~-~tt·-~··~---RliAS~a~.8~MR·~~~-it~~~ 

~~It:~#~~~--o ~~~7-~:J$H~ifff1~8ttfm.~~-~-2tt.~-~~ 

~*~m*~rm~u•~-~~--~0 
( l ) ~L1t1f1J o ~jtliJt:~Y£FIJJ , Span-80 illEJ~~i$:~Jdl1V1-~tt~±-~LftfiiJ , ~~~11 

A-~--~1tM.~~TW-~it-*8~H~M~a~tt~o tf BSE-l~~~Htt 
9J, ~7iloA-~¥lllmtta~:riCi7tf-:¥Lit1fiJ~ Span-80 ~UICZ.~~. £5~iloA-~7J<~f.£~Lft 

fJE:iti:~J; W1£ BSE-2 8 BSE-3 ~~M~tt"F, .R~ Span-80 ffH!ilmttf.:j7Ff:!L1t1fiJSi:JCmfl 
~o 2~~1tM~*ffl,&W~r •• ,L1tWH~M~Stt~o 

(2) rlil.ffiti*'l-o ~tHJ&m)j[vlJil~it~~3J(, x1r BSE- l ~Ht:E. 13t:~R·7~;£t~~ 
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~~~U~M~UM;M~ B~~~ B~~~Htt.~B·7~A±#~~~~~~ffiU 

~, Jtitiff~thlttfl~~~~ttflli:l1Jq&:!lt, !WfjjU~~~J!IHft~-&!E: , ~L1t3'&.*:!1t, ~ BSE-1 ~ 
~M.t Jll!~ J¥.J rm ffiM *"- o 

(3) 7JCf'1Ull?t o -~:J&iJL ~f-tJ1:1J1i/Lj$~7J<, !!!9f*-ll:f~ 89~~itJEm£, llJ ~!¥Lf-t:kFHA 
~-nJ¥.Ja •. MjjU~~m?t~*~~~*·B9·~~~~±~~~-~1i!L".~WN~ 
~~"-~o ~~B9-Wll~«1tM~IlJ-mJ¥.JZWMM,~-~Mm~~llJ-~1t:kFH 

89~-~~•~*0 ~*· ~~*mm~~1tm. ~~mD~•~••~**•· •~~ 
~ 1¥! iMtl! i!J!: :ilHfiJ~ttL ~1f!J , 71E i!J!: ~~L 1-t:J$ H ~ fit:fH~)E tt~ lii'H~ml tt fm o 

( 4 ) ··~-1f!Jo ~Wi-~~?tJ:l.·H~~~~~B9~31<, *=.fflM~:1J~71E~1l*FHB9\t 

/Jt o BSE-1 ~HlE.ffl1t?¥:2tmtiiX1ti!, BSE-2 ~ BSE-3 ~*.ffl~'L'~>~Hii~~ir.J11Wlt o ~~ 

'L'M~J1iift~ (j(ffJV&'lt~ 0. 02 -0. 06g!cm3
) , !::j~~L'~~~~' ~I*J$~;'Ef~ffitt~ 

~~~4tlJJ.a"r;#J tl::, ;JftllJJfRZ:tl~ff~$~~-~DtJ.&, ~1Jil:J;i;/$fl~:fito 

BSE ~:Ytlifiitf~TAJ!)fL1t~mM(H;H:D9RC1f ( J.al:!i?.f~) ?Ur~ 6-59 o 
{%) 

.fit ~ m-g.«. {tjl!J]j(lfiil ~ 1l-'L 1t"'l ~*~ JL± # .Y~t.'t i('4jJ111J \4\' llr~!Ul ;Jtflk 

8 E-1 88-92 L 5-2.5 2-2. 5 0. 2-0.5 1 -1.5 0. 2-0.5 0-3 

8 E-2 88-90 L 5 -2.5 I. 5-2. 0 L 8 - 2.5 I I. 5 -2. 5 0-3 

BSE-3 86-89 I. 5-2. 5 2.0-2. 5 2. 0-2. 5 I 2. 0-2. 5 0-6 

6. 3. 2. 2 !!.. ?- .:L!: 

-•~m,,L1t~••H~B9aa:!lt".~~·~~E:n.w~~·~~~Jli!~~F 
IZ~IZ~#~-~~H~&~J1iHo 006~l. BSE~~~L1ta•BHttB9~~IZ 

ml~o EE!r BSE-1 ttl!Htt~ BSE-2, 3 aHtt~iW~?'~%Vt-k~~~I¥JH~ ( iWif.ilDJ¥.J 
BI\TJf:f-k, m=tf~iWi~~Jt~3Jl'l~1M~), 1-Jtl..lE:i!iW~~ ~H~W lt~l1~mri!~>J<, :!Ztffl 
~~89~~~*· ~~~mHttH~B9~~o ~~~~~~ffi~~mB9~ffl.~~7~ 
791~-*4~-tJt~H, ff~HW IJt~~~~f'£ I. 20- 1. 27glcm3 7[Em rJ;J, 1fit~)E~ 5500 -

6000m/ s m: 00 P3 0 

6. 3. 2. 3 .i.-:l-·ti.~~ 

*~•·~~ms~*~'L~~--~~ 
~~7*Wm89~•ff~.~~~m~~~~ 
?tl!¥L1t~lLhi!1Us~~F~, &RUL ~~, ~#§ 
•~M*#T~~~~m•~~fflo ~T?.fjjtl 
-ft m ;J't¥?il!J tt tMrH~U~~ffl tt fm o 

A £~ii~~.i1t 

¥ilfl•l1:fml.it~'§:f.S: 

( 1) flt7_/<•11;~~lA~ o ~nl(;~H~l5':-T~7J< 

#~.m~-~"~~.-~;lft~8%I~S 

l!irt#i!-11£1\il 

I lfc!f4 I 

I wt§$ I 

I •.12!1 I 

I nHt I 

I ¥Ut : 

I Jttllmf!l! 1 

BSE-2,3 

I ~ltl I 

I -.12!1 I BS E -1 

I ~f.i I 

I -mfi I 

~ l'l9 ffiHi fiJi ~·11: , ~lj!IJ ~ 5!HU ~~ 6-60 o 00 6-3 ·1 i!UH~ ~!PL 1-trullllJUHt:~.F'mif§l 
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·6-60 BSE ~~J!J!lit!t!·Ja~tt~iit7.1cttftiiJliUi* 

51.# 
J9tt11:~ -~~ ~7Utfiil ti!##tt1 i!bl<m-* 

~lit.l.i]J& 
·~®ll$ .lllt:ro$ 

/ mm ~"ills / h / m 1;&: 1% 1% 

BSE-1 75 1000 48 20 :l$ilii 100 100 

BSE-2 75 1000 48 20 *t!l ltii 100 100 

BSE-3 75 1000 48 20 J&iiii 100 100 

BSE-3 65 1000 24 50 10 JJ<lj§ 100 100 

BSE-3 65 1000 48 50 9 JJ<Jji 100 100 

BSE-3 65 2000 105 50 8 7l<lJI 100 tOO 

( 2 ) -m;m~ftiil:Hi o Jfff.QX.~~ttllr~mlfm If' < t£ill~1f! ?Jt(~fUu:;k tl\:~*&xf¥ 
a.::ktl\:~*·~~-~~~~) ~•-2H~m.m•~tt~5.*t:E~m~~-~~ 
8 %I.it1l1tfi¥J1j:~f_{l,~·r.4:o BSE-1 , 2, 3 ilm~ttf':E~tt~.W.~;'iJ <t>75rnm x lOOOg, -~Wd 
ll~-36~,~·"~~~hl¥l*#~.$~···-~8%I.itWW100%®~o -M 
!ll.QX.~~tt < 4S- 100 2t) ftr::ktl\:itfsYJim::k~~f!jf'f! ( - 36"C )4Soh ;tu ss2h m, #itt~~ 

~~ • • 2tB:J,I$8m~a•&•*~~ lOO% o ~~ey~,B~-~~~-~•Rtt-m; 

1f!~J3f.Jrfo 
(3) tri~ttfi~·· o BSE .~Utl~L~~~mRt:H~;.I;I~t!:fl~ .±~1£1iSf,J~!jf{~ft, f;l 

1!, ~M+89i!J1slo x-t~~?tl1$~1¥.J~IiiJflt% T ~~rc~ B9:1i~tt~:i1Hr 7 ::k:ll:~iat, ;It$~ 
l)Y··*~tlr* 6-61 o ;& 6-61 9='fi~~IY'!, BSE ~?'U~~~tti¥.J:J.I~tt~tJG ~ , W:~?U 3 
~m%B9 •• ,9i!J§~R·ft~••aa~7·i~--B9m~.B·d~$IOO% o -H 
:tmiJi, ~IHtHt~ !ill. ttL Ui• ~~RW fl B9 * m) ~ r ~ fl!i ::k r :k!!. .& li1J ~Jl tit OW..& If! tltJ£ 
.!§JmJifWJli¥.JfllUJO B<]" , :/.'FRt£;.1§jf:"f.:J.'FJ15, ~~~H~H~t'mi¥.JJ;l11mt~*o ~:;k£l\:4mi*&.. 

.Hi, ~tti¥.J~RWJfii!Jtt£ L 20 - 1. 27glcm3
, ~~:(£5500 -5800m/s Hlt~~1i:o 

• 6-61 BSE ~Htl!J!Lit~·ilU9tt11.ttfiB!HtJ~liUi!iJI~ 

BSE-1 llSE-2 BSE-3 
tt 1m 

890416 891228 890411 891229 890414 900103 9001~ 900107 9001~ 900114 900122 

~!!If 

/ g· cm·) 
1.15 1.13 I. 15 1.13 1.15 1. 14 I. 14 I. 21 1.20 I. 20 1. 21 

~tl:l!f~ 
75 60 65 75 40 35 32 

/ mm 
65 60 65 6S 65 65 65 65 

5185 5162 5(XXl 5036 5(XXl 4854 4673 5525 5612 5730 5617 5830 5681 5617 5865 

lli! 5385 4969 S244 :Jm 5(XXl 4545 5645 5555 5923 5685 5813 5(02 .5794 5813 

/ m · s " 1 5(XXl 5109 5648 5763 .5763 5835 

5035 5587 5633 5876 

-~em 9 8 9 , 10 10 12 IS 20, 20 

RttB9~§ey3tf~~-~----~·~-~.~-~f--M~A~BR~tta 

•w-.R~M~Htt~B-B.~~~-~*·*~••na.••~A~~~~­
ll11o ~.lft, /RlJ!RtJ::Jtg~>j(~iJt#~a9 PJ~tf, f.!P:il!fJ:ii:J;i~~o ~6-62 ?"tlll\7i%<*~U 
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s•&~~~-~-BM.-~~·-~···H~~-eya,~~·g·o 

* 6-62 :l:t!!iiiim*i!1i~~••i!~~iiti1Uli~ 

n'!-1} 4lHSittt~ ~:IS~ )§§$( Ji!tlJJ$) / % .J¥-1} 4i:JSittt~ i.l!:l1Ui!~ ®~$(JlltlJJ$_21% 

I 8 4 100 5 6 s 100 

2 10 4 100 6 2 33 100 

3 1i 2 100 7 13 2 100 

4 4 6 100 8 12 4 100 

(4) fijj.ff~~tttit•o BSE *:9tl~Sftttfijjf¥tt~~$Jtjj)1U~~:!Jf!:9Ur-6-63 a -~ 

flt\S•rm, •*:9U!iiSHttf.£~~~, ~f¥nx*f4:k~i~tt T F~, Htt~# 11f:Fo, 7fU 
:!ille~iFi:iJ ~ 10 -15cm, :l~ll!.lf'~r 4000rnlso 

·6-~ ~E~~-~~--H~MWG~~-~~-
BSE-1 BSE-2 BSE-3 

11#-ffP'f li]l ,.ij 
iilil!/ m · s _, rliHi Be J.r; em ;lil!l!/m · s _, 91iJ j;j h'I! J,f I em ii:ll!Ym • s _, Jlilj;j Bel~V em 

~ Mi 5000 5185 5645 5648 5469 5932 

1 5000 4965 10 5035 S612 5555 

2 4138 5587 5525 10 S587 553S 10 

4 5155 4830 10 S305 S617 S633 

s 4167 4376 10 5141 5167 10 

7 ~· (&~til(-) 10' 15 5S7S 4698 15, IS 

10 4118 10 4545 4166 10, IS 

13 4166 4895 10' 10 

(5) :J.'I!Hro~~tit~o !I!T?'Ht!?.~i!J~?Wl~*JL0£, ~~jj)11J~;ffJL-t~J:a~ffi;Jt, .§­

;JfiLWf~Htt-!N:~~.M.Jifrr ~ ~$ J: fJ3 ~ffi;Jf:itl, • f¥ .ill(~)J< Htt;ff ey3 a9t!L~3C~tt 
~. j;J.tJt:s!;jH;f:t:lll:fi~f.ljtit~ o :tEHtt1H£ 65mm, itl2t~H:I:2000g, 11:llil~rr.:Jlt 18m 

~~#r,~~~s~.~.lf'~~~o 
B Jji!.~'(t}fj •ji }i~ 

ssE*~~~~••&tt~••~mttnm5•:tt*~•~~•c•~•m 
- 40't:) Jt!!.~i!J~~~ 9='~~~Ht9, :ft.tlt 

f¥ - :fl- gl:i 0 

( I ) ~$if o :i2U¥t~ii~Jt!!. 1¥.1 t~ fl 
~fle~J.!f!~Jttfi, •*:91J~L~~SSHtt 

~A-·£g$.iQ006~2Wfffio li!OO 
6~2ey~··*~'L~~-•Httwr•2t 
1¥.18$·~-~~.~-·-~·~r 
23 -25Hz Mill pg o 
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(2) fm:il:i.ffo 1!1 6-33 lC~ T~L{t~)itW,pjf.± 

~···· 1!16~3~~-·•Httma~~-M 
tt~~l=j=IJ3.~JE, -~~l=j=t.Y25 -30Hz 0 

(3) ~11Uiii o •*~tl!JL1t~·lmtHttB9~~ 

111HMdB~:l!lli!16-34 mffi, 1!16-34 ~~iiHMdB~1!: 

1t~~·~·*ili•*B*M•···~···~ 
10. 36mm < :li'T.!XIlEI~~:k'FH~L1tiUU~tt~·~ 

-~~~ 9. 84mm) 0 

( 4) tm$1$0 00 6-35 :!i!:·*~tl ~L1t~JlU&:H 

ttB9~®!$1!1!~. Iii 00 6-35 'ilJ .9i!.!JL1t~•1mtHtt 
m•~~$1$ffiM~JE.~$1$~r.:J.•1tB~*• 
~ 32. 08Hz 0 

< 5) 1* fBJ ?Hft $ o ii i:J:J<t • ~ iat~ H tt !lHJ!l 
~tftloo?HJT, ~Llt~Rli~Htt'ilJ L2Ai!~iFH'*X1' ~, fffl_§.J~fBJ&M ~ ~%*filE tt!&HJH~. , • 
~®!ilmtt~~, fi~:il:~9=', l* ISJ?HJt$~jl!:j, :!mOO 6-36 mffio 

40 BSE-4 / 
~/J(f!a 

14 / 

N 

BSE-1 ~ ~ 12 *30 
...... 10 ~ 
!if ~ 
~ - BSE- 1 

8 BSE- 4 20 
6 

1089 1083 1077 1071 1089 1083 1077 1071 
1!1=-I'.J' 1!1=-I'.J' 

00 6-34 ,!14~ 1fial !IH~ 00 6-35 .m~!IH~ 

6. 3. 2. 4 JJ.i!.Jh .s. m :lf..Y~ 
fP~-1'-{9\J-=f, :(±Jlt1[-~ BSE *~tl~L{t~~-~tt:(±f'~:li~:tl!?.~~$ *1X*tHWi:tl!!. 

1K (?Y!~~ 89.0; Bll:.flt%: 452.70 -457.65) lll'ir~-!l z (:ti!?.12S:1J!tl~ 374.0, 376.0, 

378. 0' 380. 0 ' 381. 5 ; jig 1.1::. ;fit %: 227. 25 -

244. 7 5 ) 15 ¥Ill :tt!?.~IU!b~fP ~ 9=' ~ -&!ffl ffll1i. o 
Mii:I~~: {)tff~~SN348, ?Y!tl~~89, # 

~15m, 21m, H:l:4kg, &j!30jX, ~~)J~ 

~·)ti;J\%, -Mlt!i:E lOOm, Jl!ISJ.Ile 25m, ~~ 
ff18-i'-, ~ll.r;.I;J!i:E2m, ~il:g..~!i:E35m, m-g.%~ 

~€gH~o 

iC.~~~: ic~*ll6s, *¥-¥1SJBE2ms, Btr 
tVct~~ 2. 7' $1Vc~~~ 10 

@1Vc~·=~•l.ffi··~4~,BM~ 
~~Oo 
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'L1t~~IWitUll~ii~1£it!!lbf1=jt~tJi?®#"P·~~~tt~~~~*.!A!.~ 6-64o IE 
llti:iJ~, ;(£ 5 ~mJ~..t;tt~J~ 1651 J®., JtiHI$~j} 100% o 

• 6-64 tfl~ii~--ii~ 

ij!IJ~·I} 1Jl: ~ 1iJt1t!!~ j§l;ll~/% liM~~ t!£ -tL :!&~~ ®:JJ$1% 

374.0 227. 90-244. 10 325 100 380.0 227.90 -244. 10 325 100 

376.0 227. 95 -244. 10 324 100 381.0 227. 25 - 244. 75 351 100 

378.0 227. 90 -244. 10 325 100 

~ ..t~isJUl~t± t¥.J J31l~ B~ie ~ , ~~:I® g ;tit% 1071 - 1089 lt!h 7 tJN.iiji, t!N.~H1Ht 

fi o ~at¥.JB~~~.•••~~sm,w••m~t¥.Jt!N.•.a•••~~g•~•~mo 
1J;tJN.1PJi!$ffi;!!:: 30. 35Hz, 30. 33Hz , 32. 28Hz0 

6. 3. 3. 1 JOJJ! (!() ~ tl:l 

~nfriJ&:ilB'¥~iliil9:t¥.Jlat~~f4, til~ tt!!lilU!b~?HJ$$, -][~ r.ti ?1-M$tt!!~lb~!lH'~ 
*~~*~t¥.J~go~~~~~-~~?J-m$tt!!~lb~~~IWm~~"Pt¥.J~-~*m~ 

~o ~~M%t¥.J~~--~-~~m~•?J-M$•BBWt¥.JdB, ~~to•~~-~M~ 
(:E:lm!Jl 7Jt £19 ~~:fi ltf;C ~~ , f~PJHt::f'tli , .%t {!~i §~ £19 *#! , ~Hll!, :I&HJ XfE IV. ~~U BtM 89 ~ 

~~~~~~.~~;(£tt!!~~~W~~(:Et¥.J:lmB~7Jt~Wt¥.J~~~~-fi~. ~-~ 

~~~B9~-~-~~~B9····· RP·~~~o £~-~~.~*-~~-~~~£19 
•~•m~~~t¥.J~~.m~~~~f1=~•?J-m•~m•~t¥.J~~m~~~~M~~t¥.J­
~m~If1=o~r~OO*$~m•~lb•~.~·~~~$t£m~~±~•~.~~~• 
)Jr:;k$;(£ 1700 -2100m/s B97t!lllJJ);J, f;§llt, Mi&J••~ 2000 -2100m/s t¥.Jf~t.I-?L1t~m 

~~t±Jl:ff~~t)(o 

6.3.3.2 ~~~~7.1 

-~-~~A-~-~~-It--t¥.J~~.~~fiB~A;(£-~~~~tnA~-~~ 
jt~$89, ) )(t¥.J.m-~~J*~-;~;ilm o llSI.llt, 1~1tH~Ji~~ttt¥.J~flitl, JM:AiE-f*i!E~~l'm 

··~-·t¥.Jft.T.~*~~2. --~m•. ~~M··~H&~~~ftA·.~~n 
~H7'~1Ct¥.J~.!iilt .. ~t±B9*itt'!;fntJt7.lcft o ~lit. ~ltJli!I::k~l'fJJlX~~A** TIV.T 
ff»i: 

m?J-~siA~~t¥.J9:.7{g~i*. W.lllff~1$~~J.t. lt!rm~~w~•Jt. ~~x~~?-'6~ 
Ht¥.J1i•~.~t ; f!JJIH!~oom1t~*~~iii~NJJ~*, {!m&f!li~iiilllti~m-*~. lt!rmfi 
~~A:ff-~ B9t1i:7.lc, WJ11ttfm; ~ffl~J!fft'lf~ f1=~.sl71H~tt tfJ 7'~% , fifftf*~tttli:ffj.f: il'! 
f*'lf:i:ti~J]Z £19~ f1 J~ Pjii.J ~ 0 

~-Jiltt~L1-t~~~ 1\'fJ, a1-t~HlH'& IV.:PI\iM~, 1il1l®il'i 19 .:Eo ~L1-t1liJ *ffl Span-80 l11 

T- 1 52~?}T-~L1t1f!Jt¥.J~~~L1t~J o 71bffl~*l-~JIH~1*~~r111 ~ lmi*~*'l- ( tnitJ$ £89~ 
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~~~8-~~~~~~~) ~m~~o ~~£~~~~~~~T-#~m~~~~~~ 
lf~lrtfiJ o W:~7@*-t~~l±l D<J~~~~J.lf~, -~~ 0. 015 -0. 025glcm3

; ~%~/F%1'.9lU, 

~~• . ~•~·~*~~~*3*•RR ; ~~tt•~.-~4&a;md~•·~~ 

•·••~•~&So ~~o.am~•M~*••~••••~~-~*~•m. ~~­
~14'1", 1McQ\t1f~~ 25mm ~~~. 7f'f.>t~m'if~J3L rm.§.fm5C~:!t~o ~~9-, ~$!­

~ , **Jj~rrf.~!lm. :boA:If'li'il'fi'iil~W:~m .s\.7f!!tt1*, ~*i~ttR~5t1t:tzo~-6-65 JJ!fffi o 

* 6-~ ~~••~wm~••~~~~-~~~~~~ 

~~~'*"*:!it < ~:!it 
~~tft'/f/g · em -J jlii!/ m · s·' ~mm fliJJI~-:4/cm fiftUMI Jl 

~~) 1% 

0 0.92 1810 8.32 2.0 I 

0.5 0.86 2170 10.35 5.0 4 

1.0 0. 86 2250 10.40 6.0 5 

2.0 o. 71 1988 8.91 4.0 6 

3.0 0.62 1723 7. 69 4.0 5 

4.0 0.57 1651 7. 23 3.0 5 

El3~6-650J~~ir!. ~*F!{im*J:f:l:bOAY:fi ( 0.5%) ~:fJ:fJL~~~~. 1$!;9~~1Jt 

~~~~•~*~•k~.m~~~*•~•~:bo.*FH~5~tt•••~•a~mg, 
Rl"~o m~*~.~~m~7@~~/F~R~~-~•~~·~~~tt.rm.§.~OJ~~~ 
~!§a<J~~o 

~~~.~~••wmtt~~*•~'~*~•~~-~•tom,a~ammtt~~m 
=f~Mt1V!WitL~ iii , .X1~ 9•:ii!:rrffl1tttJJ<5iHJIL 19!~-fl-~ ~-~1it 1t1f!J A~ffl 1-t~ttll< ~ 
~~~-.~--~~T·~-~~MM~tt .• aTM®S~tt*Rho 

~~-if~~!§tt~ ~~~ftC1I ~- 6-660 

• 6-66 ~~m~l!:n 

m ~ ~Mir!C iii'!Mtl'! ~- * ~$1M jl1:-~1t~J "'\7&\ti* t§1J11llll 

~· ( J.ilt:!it7t~) /% 80-85 8 - 14 I -3 I -3 I -2 1 -2 3-5 1 -2 

6. 3. 3. 3 .i.~·t1.fi~ 

~1~taJt1$~.¥tiL~, mwc·~:!lf , f!J=f{!~m*l'lf~!9, A:fl ;J,Kf2m'lf~!Jt, +~• 

·~fm~XE, t?:;J:I: Ti'tt~ii£1!}J, f'rfnt£fm~JE, ~:itft~ o ~IJ}!1JM1Jt~*~~ 6-67 o f.J(Jm 

:lt!!.iUW~~~fi~~fllifi!JiiH~?l GB 15563-1995, 5t>f~Ailt~ttttfmmtjill:fi~~, ~*~ 

~ 6-680 
(mls) 

~~1[Wmm 11£ :jC UPVC 'If UPVC 'If 6m :WF ~ 'If 
20 1618 1760 2044 2289 

25 1693 1968 2129 2405 

32 1829 2016 2241 2405 
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• 6-68 flHiil·il~f!.:tiii~ 

tt trn 1m lit tiL* fE tm il\Jiii!:!a* 

?lii!PiWIJJr/g • em -l · 0. 6 :t 0. I .l!IV _, m • s 1700-2100 

:IIWJl£.1J!mL ;;.260 Yi~/mm ;;.4 

Jtil~$/% 100 ~:JI~Jl!/cm ;;.3 

Pi~:tJt:li<f! 0. 294~fPa. 72h ittl.1JI N ;;.294 

~ift!A/'C - 10-40 ~tii>tti 9m, ;;J'ji;;J'. 

6. 3. 3. 4 i!iol~..I. ~ 

'-11ti'FPJ~4HEL?t JE?t?tftt, ~.ti, ~5J7liL ~~ tt~ iii~, J:Hiffi1*A;ff ~E:~ti 
~!~~~~:11t:Jii'F.&EY:.%~, ;Jtffi!J4.} IZ'-lJ'G~P.«nG:1rffi!J-i-!fL~¥19t, .fl}~ec,m~i*~m 

ft~~{t(?i~o ~!JLJBC~E!(§;rf~~Y{g~tf\:$)-=f~$; "~~~", {t;lt/t;ff~j!J-I¥Jj§:Jj~~ o 

;Jtti!PJIZ~.±~IZ¥M:~3loOO 6-37 Mffi o 

1116-37 i!H9a9.:t~IZmL!l 

l;f(M;;Ji:Jl~$1.PJtti¥Jifl.t'-1 10 -20mo '-lfl-T~PiliU~51il;titfJC7j(;flltJi:.ffifm.7J, mPJtt 
§~~~:11th'T~il!:, fJEf\:~'-1 PVCo ~~PJ'Wia:it.GX;if 0. Sm I¥J.J13Pitt. 4ij-..qi:5C~ 

tt~:ma~. &~A;ffD*;flltti:ffi~.7J. 

~~~m~*:l1th'~~~~~~~~* 
J.t, Jr-@!fRtJ!o -)13~;t±~~~IJI6-38EJf 
ffi.;lt··~~~8•tt•.~-'-l~~­
ttm.&~Z~~T·tt••z~~.~m 
PVC JB(;fll~~J&~-% o 

6. 3. 3. 5 JJ!..th~Jfl it or. 

I 2 

I( . .. . ..... . • 
• . . J . . 
• • . . 

200 I ~ fPJi¥i ~ E8 :ijgllft ~!I'm ~tl fV.. -tE~ 1-:!tkJJiiltb~Pff!I 18:~ rp , {tffl 7 W<# ~-:ll:41 $!~ 
tt.~~-~?t·~-~~--~~tt~-.~~-WHttfmM~ • .®·$~ 100%, ~ 
~~!¥i-~:ft!!~W.ttltlt~[[!;DC (~~:!tk~W.ttltJ.t 1800 -2000rnls, WH/flt2000rnls, 
tJ:~:Jt-~ 12 -18m, ;Jf~ cf>50mm, ~tt~~~ cf>25mm, 19tt*lf( 6 -12m) 0 A;ff 6!.%-a<J~ 
~tttm, !¥i1lt:AAJ.WH~~;f{J l:t, W-~ic31H~~ l:t!Y'J.H~~, ~'IW~~, HJ!f*gmif~.11t» 
19tt~~~m••~~-o ~~. +?t;ff~-=f~E8:11tft•?tM$~ttiltiJW,*H.%~~~ 
lf~iJt~~Jli$i.o 

'-lT~~tt-tE;J:J:~~-~;fll~•ttrm.~tt~~~~*~~~0~~*~ww=* 
12Li/.l:ftT -~iJ!.:!Ji , W:;J:J:~ 23m, 11~ 55mm , rJ!tliJ!.:~=*?JJ-=f~ 6-69 0 ~=*~IY'J, ;J:J:~:Ij~ 

~;tb-=f:ttJ!jijf;iJt, .flf~:tftt~l;~~o ~~~{lt!}f.j;&IY'J, ;lt~~'l5-JJI!, ~f'l=Jr-@!, ~;W;o 
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• 

~~1H£1mm -€!~*-f-*'1 !!~/rom 
~~~it :t1!! iliHiil! :It-r ;~~ il!Q) 

20m ~t±Ji~® 
/ g·cm "3 lm • s _, I _, 

' 

m · s 

20 PVC 1.2 0.52 1756 1829 ~ • 
25 PVC 1.5 0.54 1868 1940 ~ § 

32 PVC 1.5 0. 55 1961 2078 ~ !I 

6. 3. 4 ••:n~t:f.t~·i]j~# 

*;J\~?HH1rmOOr-*J~:bofg*J}tf9pjlj_ootn~L1t~ll~Ht±~*ll!~~MHa9j@jJ!tJJ~L1t 

~~~mt±o 

6. 3. 4. 1 ~;&p~;f?}~ iiiith $L1t"1i.:t~ ~ ~ 
*$?t.±~1rmJtx~~A1ilf1ff!Jt¥.J~JlX.JJ!JL1t~.F*~Htt o 
A !e.7J i)t it 
a ~*~1r 
~J!tJJ~L1-t~~~Htta9~*gii.Jtf.!llT: 

(1) •-ttmo ~~aMM~~1t~H~a9.±~~m~••~Ha9a••~•~~~a9 
vr raF.X , xta pjlj ~m t¥.J n~it}}t~~'J\ o l2il JJt , « -tt.*ll*ffl ~- tf9jjlj ~~, ~ m ~~ m :PI1i M 
Mo 

(2) ~-EHf&-*'1-rH! o fl=j;JPJ:If&ft!J. ;lt~:!i~tt~1rft.*~¥1J~L1-t~Ha9H~, flt1t, ~ 
H~~~&a9•~tt•~•~•~tto ~~•••~·~-~~•*a9'L1t~H••m 
tt.~*•'*'~-M~~--~•ft•*••t¥.J~m1t*~·f.!n••••*,ra•••,mF.X 
••a9•ra•~.~••a9~L1t~H~~•~.a~•oo~~.~~~••~•a9••• 
J.lo 

(3) 'L1tft!Jo ~ffl Span-80 ~T=IIt~JI':!(~'L1t1l1J:!l*o 

b *~~:bllft!J 

j;J·~~Hm?t~tt•J.Ka9~1t•••~~•a9•~••·••~•~•1tm~•• 
~a97.K*~,@~~~-~--~~tl=a1tm,;a;J.K••a9fiAF.X.a, 12i!JltW~:bllAJ.K 
~~1Jil.*IJ~-1~i'TA,~o iE$\1t1llJJ.K··~:bllA~JGM, :PI1i~~?tr~~ftftJZ.IBJiiJ~nX; 

••.• ~T·~-?t-TZ.~t¥.1~fflj],Mfi~;lti'TAF.XT·o · 6~0 ~WT~~*· -
t¥.J,$JGMx1•1-t~Jll<m•mraF.X~nluJ tf9 ·15ti1i~*, ~ • ~~~PI~ l!.lf!tr ~~~*:i: t¥.J:tt 
:bo,a1tm~m•a9i'TAR.i:~~·~o 

* 6~ ~~-····~~*~*···~~~ 
~:II C@t:!lt?HilO 1% 0 0.2 0.4 0.6 0. 8 

-tfi' d'itAV'C 86 81 76 72 70 
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• 

c it6fl~:tf&~~J 
I.'!llt$~l:'iirfEI-*:lt:bni~~~iJ B9!ft1Jf!ll:;ffi\*JL ~~ ... ii.tfl.k~~o 'Efi'Jt¥1:/Jn.A, 'itt$ 

!9JJ.;ff ~M-89 m1tM&J.& #1~* I¥J!I~&mz 18: , fllim ~~L1tt$~ 1¥1 ~:lit~ J.t f;ll:llt$~fro o WtJ 

~~.M8~~-~·~I¥JC02~*&~.-~*SI¥1•a.~&~~tnT: 

2Al + 1. 502 -----+Al2 03 + 1664kJ/ rnol 

2Al + 3C02 Al203 + 3CO + 593kJ/ mol 
2A l + 3H2 0 Al2 0 3 + 3H2 + 930kJ/ mol 

*M :+5Hffl J.t~ ili 1 Onm ~ , ~ T m tm ~L 1tt$ ~ I¥J :ti ~~ Z.?'~ , :ill! :U~ fB ;t5fi:iJI~J.i3 lA * :fi 
B9•~•.~1$HB9mB•~~Ao ~M~~M&~••m*, ~•w~••*~B9•~ 
~•. ~~•~*·~~~-~et.•~,~·~~~•*•~~-~.t$H:t~~etmea 
WI¥J.,J,~?fM~~~m~~~A, ;f;f*'J ~~Hl¥Jitg.ifllft1.1, m~~~l¥J®ilifllf~:!if.:E~o 

~~~-~l:~.M8~®~-1t~l¥J~ffio ~?'~.~-~~L1t~H~~:Ufi~afi~= 
~&~.«M~ffh••~m.~ffi~~Ot$~1¥JM~froiJo 

~~~~...t~•~t¥Jme, ~t$~••~~.m•~~•••~~~m1tsm.it• 
f8-t}~.!:j&@I¥JlJtfBJ~HiJ, &~!K~~, ~1J RDX, TNT ~·)Jf~£.91¥Jsffl , ~lJt<jg8~ 

••&mz~~&mz•~:bn~*·~a•w~*·~w~~t$~•~~-·~~~•tt•t¥J 
fl~il:, ~S!ii$l~·* o Jll!i1?:1t1):~.*-IY'J , 5<1~~Mt1(.5it8t!B9~1"*1'm, ll.ifit'i"M*>t*:!il¥J 
itl:/Jil, Jt~l~HMHm!it:bo, tt-JHti.*~· 6-71 o 

•6~t m•~~~m~•~~~••• 
!il!lft!lfj( : it!~ 100 : 0 95: 5 90:10 80 : 20 

:J.!I!ie:~WkJ · kg - • 2564 2940 4200 6720 

it~h~1t!J'l~lt~t:El¥JDC:1f ~· 6-72o 
• 6-72 -.;,st::h JL i-t*l:l9 •• ltitt~~1r 

m 11- .. itJYIJ l.K *~~1JUJ'fil ~il'ltll~ii!J !l il'~litl'fil jftfm~~ .lltm1llJ 

-:t:fit < ~11Htf.O 1% 77-84 7-9 0.3-0.8 2-4 I -3 5-10 0. 05 -0. 15 

B _rr: .ftr 1i fie: ~ -],;\'. Jfl'/t ?Jt 
~~!llitt, l%<~~n~t1t~~715{~f.t(J{J~H~!Ji:::f'~~ I. 25glcm3

, :Ill! 4000 - 5000 

rnls, *i1$~h:::f'f~~330mL, :li~.:h 98N, ~-~:fit:::f'~~20kg ; =8: 0. 294MPa *T~i@ 

48h ~%~1;11$; ~ - 20't/ 60't ~fl£7ll~Jf Fc %~t;jt$; 9m ~ti IA!Ji1J :::f':Jt&:::f':Ja; fiti:ff. 
WJ 1 ~0 

•••mm•t¥Jm~~E~~.•~~~-ft~ne~t¥J••~•••~tt.•~~ 
~~'~st¥JmE••••~mo ilt••••~ C00 6~9),k~a•h~1t~mm&tt~ 
f'Ji~:kt:HJJtmHttffllt, lrl~.F~ I¥Jffl~ tt ~, t1! i'l6 T -~!b·B9*Vf$o 

fi·$~-~~1t~~-~tt~ft~-~~-6~3.Jt~--h~1t~••Htt~& 
~:/JliTiEfi~{ri~f/5~ o ~.F~:tEr&l¥i i¥JLIJ. , 7cW~ti'I9Jl±~, ~l:t!H~~#t~~~U J=H.F 89 
3lfi.iJZ o ~ ftU ~ ·11::J!PF~i&llll'l9 ~1tx1·!i 11151¥J~ ~fn.J tlC* o 
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W.Jll g · cm " 3 

~;i!E/m · s _, 

:)1:1$ Jjl(.JJ I ml 

~~:ii~tJ.:/kg 

~Jihf!if7B IE!~ 

~l!JI:Wl! JJ 

1.05 -I. 20 

</J60mm !;.( r 4500 ' </J60mm l;.(_t 5000 

260 

0. 75(<J>30mm) ,2( tj>45mm) ,10(</J6()mm) 

-20- +50 

6 

1.05-1.20 

</J60 0101 !;.( r 4500 ' </J60 mm l;.(_t 5000 

300 

0. 75(cJ>30mm) ,2( tj>45mm), IO( </J60mm) 

-20- +50 

10 

6. 3. 4. 2 *'i!!A9:~M~ 99 ~Bt}J -1L1t.~j:il.f. jlj~ 

:1!~~71Utitt:.lik!V.~LJ&~1W:~~~~M~m~, ~~IV.-Jt®~~ttrm~~~, ~M 

~~ ~ T~~~;fti¥Jt,f;kj:!J~:I:o 

~m~~M~~¥~~¥~~~¥~~=¥~o ~~~~m~~~~-~~~~~~ 

#,*~-~~~~~~~&~~~ilio ~~~~.~~*~~¥~~*~Wz~.~~ 
?&:b!t$tWJ.l/f!WJ, ·~!J~:fl~j.f, f.13*Jtf#zFo ·, !f9i*-lr1I1£~131ii.lat, 4}~~~PiaMmit~tt~ 

~~/f:Xo :tuHFI:;.Id~/F~2*Jif#, IV.~IiiJ 891W:ii tt~J~~L~;J$~;f§t~Fo, ~¥1J~ liiJ 1¥JW 1l, 
Ji!tl f.i;kj: Fo 4} M' ·!1: ~ ;f§ ili o ~ ~ ~ ~ t± 1[ 1£ :ff: 60mrn IV. _t , lJ!~ ~ ~ !f9i tlL ::*.: ;j\ f£ 3 - 6mm 
flt.~~&&~~~o Sr*$*·~~!f9i~Wf£ 6mm~~. ~~.~~~~~/f~~. 
R¥M~w~•Fo~P~~~J&¥£~m~o M~~~*~•¥~~mffimm&f#~tt•Fo 
~m.R••C:ff:6mrn~~~P~o ~¥~~~li•~ ~ ~~~ tt~•.~¥HI¥1m*~ 
§Jtl~:X, f.13*J!WZFo~ttfi~~JiU-tl!~~7f:X o )Jni~*Ji~I¥J~~~W lt1~, ~~~il:~tt~ 
liJJ!f~!*o ffil~, )(;j-~, ~~~~~~~1Hi~J$t1t12 3- 6mm j;Jio Mrtt~~~¥~& 
W~JW:J;jji, ~~)Jn~WIJ¥ o tt~~¥~1¥JW1l~~ :!l~i@i o !2;JJlt, ~iH~f.t~~tt~1I1£ 

~*1l.~~~mtt~~~~w~~~~~~. ~*~~~ttl¥1*1l•*~~.~~#$ 
li$)JiliFo ~-(tffl 0 



• 376 · 6 ;l)}:lk.fL-1-tJ-Hli, ~~if Jfl $L1-t;l>fl!i a~#.. JH'i• ························································ 

~~~~~~I~~-,-~n~.~~u~~~ff~•u~~~~~. ~~~w~ 
f.li, 1a1-'!:~~~fmfilili , :ll*ill, ;t4S-~fiftMIH;r-.tH:i::!f!C~ < 1 : 1) ~16:lil*mM-~~ttfruo 

A ·-~~M&••&8~~LL~ 
--~~~~-~---~-~~**•A*HC@.B,~~1-'!:~~-~ff&tt 

:;tto ~L1t1-1:~.!=Jlftti:~~MHnt~1Jili~~I~:fm!II 6-40 Flfffi o ~Jj!CtiL@iE 3 - 6mm 

Z~~~M~K·.!=J~~iE OO~~~~,L~W~~m .• A.SH~~MR~%~~­
~, ~>1<~-~~W~:t£ 1. 4glcm3 1.],(~ 0 

'l-IU'H9 J-

llt~ - ffifttl r- i.t• - ll9tti!. r- n~ - f!51J i9tt 
.Jii9 -
lit.!!~~ 

~~1-'!:~1Jil~~~¥~~1Jilii~:fm00 6-41 Flf~ o .%~,L~1-'!:~·AIIl!t~~m~ 

·~.W~~~-@~*~~~~~~~¥~ffA.mM•~.%~*~M~~~~~~ 

-~0 
~Ut e ffiA i.t:Ai f§fi: 
Kfi9 *'1-flii Mtl-f:i •i9tt 

tl:~~~ifj~ 
*!lU!lMW!~ 

B ·-~~M&·~~8~·!t ~~ * ~M~1.ii»H~ ~ttfmlJ!~iit~*~~ 6-74 o 

* 6-74 *i!tiUtti!'.i.i.Ji9~i1~ 

:ll~m·s - ' 

JfijlfeJ!!/cm 

:11:1$% 3ktl 

:llt$a~tt 

i\tiffiiU1$%~tt (50- -40't l 

ttut ffi Jot@ 

{lfO?IJ fmj) I mL 

!llf/mm 

~t'fit@ 

6666 

8 

:JI:I$%3k 

12kg:IIJ$%3k 

:lit$%~ 

:11:1$%~ 

364 

20.5 

tfiil llt51J 

7246 

10 

:ll:l$%3k 

12kg:ll1$%~ 

:llt$7H: 

:~am'G3k 

i! : Ia:&~ ~~:tat IY ~:II~~ f" .11 IJr :lit .00: 'If~~ •p •C.' lJII ·ilUtHf~ ; ttc Jt Hi ill:lli M , JJ< ~Hi J;J o. 4 MJ'a , f!i1: Hi at r11.1 1<1 
72h • 1;!;,6 Wtfi GB 15563-1995 f*lli!fiji:J$ %~#I a~ t!E it lJi ; ~ 15 iii: l!ibld'l' j;} : ~it~ r\1. ~Hl•J Bl! .It!! ll!i 
~1Ii\ti.lt 6m, 8m, tOm. 111 Ellr1Ulf!l±.lt!!itio ~~~~~U~~~M~iH!-$-tt~~~, ~?.li-fJAllJU.I.i 
ttm~~~~~~~~I~~~~o 
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•6~4 •~·*tt~n¥&~a~•••tt~•·~~-~-.~-~~tt~~a 
fff:it!:JliJI'iJ ~~ffl~}~, ;a;Wlf:1g 1. 598glcm3

, :lll:l!19 7400mlso !¥LltC¥.&i~W lff~~n~ 
m•~.H~~~mtt~n~mmm, ~~•~•tt~~~~.,L•¥•~~~w~~a 
~l•n~m•}l!J. ~Wfl~¥ffE•}l!J•~~t=1:.ili6~:fil , •~~0 

c *~~~M*•~*~~~~~~~~ 
~ Pj.J ~ ~ ::ffl : 
(1) 2tMHtH~~~nio.J o 2t5J!H~t11£*;J,2i!;Ff~~*o ~:f£;J,, .!'ii'L1-t~H:tl3~1!~~ 

Iff~, ~J3titli; ~~MH~1£:i:1:;Nt; 'L.IJ3't~19t.!'ii;J'~~2~MH:t13tt¥..15 , ::ffl$?t~~?IIHW 

tE~tll.!'ii,L1-t1$~Z.fBJ , ~¥1£Wll'U1CF II* . ~;J,~ffi.:tE.ffilH~a,HIUftEE:ill:*FH"i=' , t!Hli7 
*FH~~ll;~~-*~.mmam~*FH"i='~~~s~ll*.~•••k~, ~-~11*; 
~tr-1£:11*~ , ~~-~ W~~!¥L~~. f9iJ!ID ~ WJJr:it¥1J L 45glcm3 1J;f, ~~-~~'L, 
@lfa L 43 - 1. 4Sglcm3 Z.fBJ~,L~~Fllo ~it· 6-751lJIWlfW, ~~JJr, ~-~*~ 
MH?ifi!Htt:l2!;ffl~MH~~£a 3 - 6mm JgE:o 

-6~ -~~tt&~-~~~~-~--~~~ 
~t-t~~~ Wolf JliJ•m• .if ~R<tFi~~ !MlJt til·~- .if 

/ mm / g · cm - 3 /em / m · a - t / nun / g·cm - 3 /em /m · s - • 

0. 5-1.0 I. 350 16 5625 4. I - 5. 0 1. 410 12 6423 

1.1-2.0 I. 370 15 5775 5.0 -7. 0 I. 412 11 6660 

2. I -3. 0 I. 385 14 5975 5.0-7.0 1.430 10 6660 

3. 1 -4. 0 I. 395 13 6250 

< 2 ) ~ H W ll:5Ct•~ a9~ IIJiiJ o ~ IR.l tl:f£ a9 ~ M~ .!'ii 'L.IJ3't¥ 19t:tl3 nlFc~f ¥1J ~ IR.l a9 ~H.\! 
llo ~-6~5 1'iJ~-W .• ~~G-HW!l~*tDW~tuoyg~~~-~-MR~~ . 
.ffi~H~.ffi~~~i:t*.~~~~7•a•Htt~m•.•·~·-··aMH.!'ii~1-t~ 
H~i~~~H*lla 1. 40- L ~2glcm3 Z.fBJ:19E:o 

( 3) 'LJte~Ef!: ~~nP.J o 'Lft¥~7lblmn!ZA1f~iQi a9 ~!iill, :a .9!U.!'ii ~M&fffm~~.ffi· 
~'L.IJ3't~19t:it.§ah~!¥L , 'ill!~!!iili'H9tt~ ~tfl7.K tt o 'L 1-t*FH ~!¥1Atti!J .!'ii 7lbR!iji:-*H4 Mrru 
•~••*•~.m.tttt•~~~-tt~tt~o ~&aa*7.KA:Cta.~~HttWll~ 
-.-~tt~~-;*7.K·i:t~,,L~~-~&'Lo~~.,LJJ3't¥19t~~~M~ItHtt~ 
fi tm~tlt* (19 ~ ojli] o 

D -ti!~~.M*1l~*;ff~ .Ji!Z}f] 

~r••~•tt~~~,·~~.~1f~~~~m~~*.ft~~~~~~~,w~ 
~~~~#~~~~m~*~ttfl~~~~~~~?tm$m~o ~~.~~*~~W$m 
~-~$~~-*~MH~m&ttjgm~t=£o 

~ r!¥L1ti'f:H'f'*1f 10% lr:;(ia97}(, !::j~$.1$!9, *J}~~-f.t*FH~ It, ~~:9J~.iJfQ 
~o :19*~~~i'f:Ha9B!Zm~~.~~~~~~~tt~a9$~~.~~~H~*'~~ 
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;k. , .lilt*f~ R9 ~L {t:f$!§ Jl!: 1-~lllf!~ R9i!U~i o 00 P3 B ~xq-lit f~ 7 ;k. :fit R9 -if~ I flo , A$: l'it 
~ ~JJ ~L 1ti10!§ R91Vfi!i1JllHr1SiHt o 

6.4.1 ~-~~~H·~~~~~*~N 

i10~ :lili10 15 >:tl" r.a m 11-m a':~ 4HN~~f'F m #!t!V!i)$f'F JfJ . ilJ IV- Jli f~:tt!!ffl ~~ tro:JJ #!:!@ ~ rw 
1-~IUiT--*iii!: o -M~L1t:J$H R9:tiii , ~J.tt1S~~~ ~U-%!6 .0!1L 1-t:J$ H R9~ftt~ ;J(, .R~ 

;J:tf~~fi~:JJ #1-%!6-:0!1L1t:I$H~?l~*ffi1H'f:in;o 
:J$fit,f:J$Jl1Htm ili, :J$Hf~~tm:JJ R9ii:ktl~Jt1&~, iE~ffi..t ~-TtiHt:tz:#lxlllH'& 

~--~~-R9~o @-~..t •• :J$f'Gea9~HA~-~~-R9.A#~-1-~~--~ 
~~o W~~~·~-Wtz:#l~~-~~~~~~m~~*o H~.rz:•~H~~:k.~ 

~m~M&:;k, 1~~5&$-tl!~~::k o 191Hm, :II:J$f'G#J~~li1:T-~-f*$1lt, ~~jji;J< ~~~ 
~~*·~~a9:1$H~~tro:JJ::k;*~W--T~~~~~~~.~~g~~*·~~m~~ 
1 1' • ~~ 09 :J.1: Hf~~ ~~h J.lJt;J\ o IZSI lit , :I.'F m R9 1~~ i~:JJ EiJt ~~ ~1a1 w rz: ~ tr-nt~ nlt.iE ~t *•· ~P-~.~~8::k.~~5&$8~.:J.i:HR9~~n.:n••*o 

••R9~~-~-~-T:J$~*•R9ttm.~-T~~•n••M<~ma.•a> R9M 
M~~L1t:/$!li, Jt•*FLiJ.i)Zl!LJ11!£1tlli-T.$.1W::J$H, :IJ:I!~:IJ~. ~~®1t~&llii!Jlr 

R9~::kW~:k o ~A~~--®~W8-:k..Lilli~~ff:JJ~m•••.Li&l!J.taJ.i)Z~n 
'I;R, ~~-)!it8:ko 

~~~..t*~ilJ~.~T~~:J$!li~~*•~~*·~~:J$!liR9~~nh~••·~ 
BM-~:I.'FHR9··~-:J$~#JR9~Wo 

~lit.~7··~L~:J$fi~-~ft:JJ.~*..tilJ~~~~~1--@-*~· · ~P: -~ 
tt~~L1t:J$HR9W-~f-4. n~7.l<*~:Ut . @5Z0*7.1<*~:&l:.:t:f~~~~Lft:J$HR9iti1it lk1~1¥ 
~to••.m~R9**~2~:1$~Ee~.~~~-T:J$He•m~at~~~m•R9• 

a. ~lit.mz•~••~~***2;=•~•~L1t~~R9«••·•••*•••~u. 
J.i)Z*ffl~~·•~rr:/$H~~.~~~~tt~••R9•:/$~*~•~~~R9~~~~.1ilt. 
~~7~~LiJ.i)ZR9~~~.~-•~#••~E~.Iilt•M~~~co,~~~~-f*~~~. 
~f.EI.nfMi*l:&lli~~JiX;~, tt?.~f~~.W; -=:~tE~L1t:J$!91f! 5 1Aili6fmjE~~1JilA~BIHil: 

R9••M.~m.•.••R9~~•·*~~:J.i:m~•• ; ~•~ctm~o~~rz:•~~m 
R9Dt-*m:iEQ*I:~~ tt~. 191J5!n . ~:!lt*ffl•:J.i:~#l~ffiS~~-1*99$'.~3liJ~~fi!:Et:tt!!s i Atm 

-~-~-~~~R9jE·;~A*JfJ1JnA'L~DM~~~~1t~ll9~~--~·-·*· 
:fHB9*~-, 1J!-1t~J~ilJ!/'&3liJR9:J3Ul~l!~o~.m, •wlimz:itHT~~~Jr;~. ~V-a•:J$~99 

-~~~~0 

6.4. 2 ~~~Hm~~I~-~~x•~~~~~~ 

6. 4 . 2. 1 -1Lit:.tt ~ m~~ .X.ti-:.tt Jii..h {!l] *J-FI 
$t1t3liJ~ilJt&~JA:J$HR9::E~~:!it~$~m . Jt~:Q:fl9~j;-1t~~~~~L1t11:HR9f~:9Jft 

h o :OOlt..tl}t, tErtc~«-••!i1:~Ui&ttt09re~~. «1t1'flj~lij-jl!J*:!i~:*:. ~j]~~o 

A ~ 1t *~ {tl JJ<. 1-. ~ 1,* Pf.J 

~1Jo,L1t:J$H lf!~Mf!CI¥1*:6i, @!#!a ~-#I ~t~, @~~&2fietE7Jc .:P 99$ffif J.t R9 m1 
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~~J.till:k, ll.iUt~J.t 891lt!!flf;, itttMJ.t~,.tJit!!~~J' o .¥:1 llt!!~~J->:Et!ffi.J.ta119!~ ~~;tJT 
€r:., :iVJ"~~'IAtKF~B9*i~f~H~:If'~l o ~Fff ~~, ~L-ftKF~B9~&o~t~lH~. jttJ:fm~ 

s.~7~~*~89fiA~. ~~,~m•*m•*•-ft~. ~P~m~•~~.~oA-~~ 
.. !:~Hi~®-tll.n\tfl£;J:t;.~£(19~JPi, :(lll NaN03 , Ga( N03 ) 2 l11Pi<~~ o 

M~~L*··~~~~±~~~~~-~&&Fc~~~~~~-ft~,jt&&~nlt~ 

~f*tt.~JfJ·-~~-·-ftJliJ~~, .xtm.~~~a91$:lJJfmiJ7f~J o ~7 ~flt!*~~WJJ\l-ft 

~~***•· ~~••w~h. ••••A.xt71'~~~•-ftmmM•~~~•-ftm~ 
~. ~&71'~***·~~-ftKF~mfi.KFtttm~~.-6q6~X~~-·o 

* 6-76 3:., •• {t111J~It&**•~1$Fj·1$~~1¥.1~-

~~--f.tilll~lt **:lit ( ~:fit?tJX ) 
tt fill 

84/0 78/5 75/ 9 69/ 15 5% 8% 10% 12% 

~JJM!:Ial$/m · s -• 4950 4808 4850 4894 4965 4840 4950 481 2 

M~~:tille~/cm I I 10 10 10 12 12 I l 10 

tJJ :~~t~•w .lf.;;/11 mL 316 302 310 286 331 325 316 302 

~-6q6~-M~GW.~7kffim#Ata*71'~89ffl~~.~·-ftm~~-·-ft 
~J89ftett:ti:J.JO, KF~a9-f$lJJfmiJ:ffEJT~~. f!!:it~O~~~IlHlf ; im~~'7k89*:fit. 1$~89 
t.i:l$tl:~:lt;J~k7tf!J~, 4*jjJ]~1$~891$:lJJ~iJ!tt~n~ll~~ o 

B 7111 ;ta # *1- oH~ Pf.J 

~~~-89~~~*BE•*·~~-ft~~a9~Wttfm~M~8~tt89«~o B • • 
• AMEM, mMM,A±#,~*M,aAM·$~M~~Mmh7~tt~Ro ··· 
f!iJ , -*fflflt1*a9~-*-~;lti89~1&:flo:O.fl;t, m~M.,>t~~f4'XlJJ~iJ :!i!::ff.ftl ~, fE!~~ J~~J 
~~a9~~tl:.*JfJ•~~a*~~~-&~~~~o • 6q7~WA~rmffi~-~'L-ft 
WJ~J.xt~L-ftKF~-~tttm~~P(.ij, ;J't;J:f:IYIB.ffi~fl~*F~~ 89~:fit:lt;J~ 4% o 

-6~ ~~~$~~~~{t~~~1$~·1$~~1¥.1~~ 

ftl! ;fU it .M "- {t .IIIJ Jill 
tt fiH!i ~ 

A!Htlt ta• MF·1 Mx-1 A; C-16 C-18 C-20 

:W:IzfHii.Vm · s -• 5040 4860 4762 4852 4846 4985 5051 4950 

:WJM!J{j)Jtii'£~/ em 15 12 10 12 10 12 12 12 

M .lzil:ti 1-t Jf..1J I mL 290 294 302 305 314 345 351 349 

•6q7J:f:r~-ftMm~*F~~*Ftt~B9•~A~.xt7kffim*~•~•*~fitt-fta• 
~~fi~~-o ~~•w.~-~~I~-~~Jkffi , rm~m**#~.hnA~-ftMM~ 
:t$ !§ 89 fltlJJ fmiJ :ff IYHHI iai o 2: ~ tm:!i!: Ell r ~lAtilEm~J 89 f¥~ , :W-iiH!E iJ J'l(tfl£ , W-ilii 1m 89 
~tt·~--.:W-ilii~E·AQ~.*Bffift~~·-~9~-ffiSM.YT~--~*~llE 
iQi, ti:~1i~:~>J\, ~ft~J;ftlUJ~~J1tM~1Jn~~ o .¥:if*~mfi•i1=131, &&J!%~. ~ 
~~ frniiH~ ~JJE#'-f Jlt o 

C ¥L 1t iflJ ~ ~ ~ 
~EFT~~, ~L-ft~J~flitJ41-$L1tKF~~~-!ll*, 'E~.#~ , En: :I:, *:1Uil~.fr..lll~$L 



· 380 · 6 *H-*.fL1Ut ~, *~it JJl .ftAt.*t ~ .&.$.-11!-.::0# ···········----------------····························· 

1-t.I ~ , ~L~ i* ~ Mi":!it- P>J .ffi*-lt: r::k ,J,, fiW tt~ , 1* .ff~;E ·~ ~t151i ~a A9 ~ n!RJ o .tl m 
!¥LftJ!I!iB,ftl~~, !:tt'~L-ft:t'F~, J.ilZ~~tJ~~.!§rm.ffi:M~~;ffi~·l1:1!f, ~x'f?tr Mliti\li, lli 
~llt::k, ~L-fttmiJs.!L ·11:~~~}£, -*TW-r-tz.~rm~.K~!¥L1ttf1J o 

21l:B~:ili:, ~1:-r~ Span-SO !¥L1ttf1JIV.Jt.m!:Mfl-*~jtz., !¥L1tfmiJ~ii~~~-1r 

::h!E~::k$~!¥l1t1.'F~r~~mo PCE < mzmT=ll5IEJ11i ) ~?tr~1t1f!J.!Jl~A1f~:5('f?f 
-r~~::k,~~~~ -- ~~r*,£~rmrm~rm~1immm,*~tt~+?t~~~~~ 

~J!I!1tttft,ffl~~'L1tM**~!¥L1t~~ttft11f. ~~U~8}EM-ffM~~-2-3ffio 
:tt:ll~~J.J!j!~ii\7lltmf'lt,L1t1f!JX'f!¥L1ti'F~fi:I:'Ftt~~~~n~, ~:W:.!A!.;& 6-78o 

w jt; tt 00 lll.ff71'-JI .Fci¥Jtttm 
1Lit3'ill 

f~:rotm)J/mL ~HIHeJlVcm ~!JI:/mm :tJijy _, m • s ffoJi.IBI!JI\V em t{jj;/ mm :tiijym · s · • 

PCE 337. 4 [ 8 ] 3/ 3 18. 4 5526 [ 6] 3/3 15.9 4958 

Span-80 326. 3 [ 7 ] 3/ 3 20.0 5504 f[! • 0 m • 
PJ .!A!., PCE fF!¥L1t1f!JB1:1$!§f}J1lattfm~fltffffi~ttt$~, J3.~i*~rJJtt~, ~-#l11[ 

$'L1t1f!J o Span-SO !¥Lft1'i!J1JJ:I!fttt~:!e'-, @fltf.fi~ttfm~~ o 

D ~ lt i)i] ~ jpJ 1-it 99 ~ Pj.J 

'L1t:l$~~. ~~*·~~-~~~~$r~~~--o ~--~.!¥L1t:t'FR~e• 
~~:9Jfm.1Ja9~n!RJtt~::k . -M2:~1$?.. 1£'L1t:t'FR%~1i~a9$jl""f, Jt~=!tlfJ~j]~@· 

~k~W~~.:tt:~a•A~~~-~.!A!.•6~9o ~llt.~}Em•~•~~•m*•·M 
mi\i6!¥Lft:J$R~~~:W~.1J-tM&lfi:~ o 

Jd!Ijj;/ g • em "3 0. 95 - I. 05 1.00-1.05 I. 05 - I. 10 1.10 - 1.15 I. 15 - I. 20 1.20 - 1.30 1.30-1.40 

1\t:ro flll j]l mL ~300 :;;.307 :;;.31 0 ""'316 #!:320 #!:328 #!:340 

6.4.2.2 ~~~R~~·*~~-~~h~-~ 
I~~#~'L1t:l$~tl9e:W~.1J~~~-i'Fttfm~~~li2~~-PIAJ o *•••AM 

!¥L1tmw~~ , mwm•,e-ftmg , e-ftB1~•mftT*•·•*~A•6-So-• 
6-82 0 

~lU'f!~~~ fffH~.ii/r ·min "1 ~!.tU/ijj: ( 50'1: )/Pa · s §IU.JleJ(/cm :tiil/m · s · ' f4t:rotm.7Ji mL 

milt~ 2150 1400 8 4761 326 

J1i'Pt~~ 2150 1600 12 4980 351 

1/il~it 2150 1400 10 4810 335 

~~*• 2900 1600 12 4150 348 

• 



································································································ 6.4 ~Jii..:JJ.fL~t:lt Pi •381• 

* 6-81 #rltt*"ittlf*i!ll~J'<~~~~U~Ifo.J 

&#ff'Ji!l r • min · I i!!ialtli!l[(50'C ) / Pa • 8 ~§lllf~/cm eil/m·s · • &J.Jf/ mm f,\1,(:9) fmf.J I rnL 

600 620 6 4629 15. 4 308 

1000 1200 8 4808 16. 8 324 

1500 1400 9 4950 18. 6 331 

2150 1600 12 5165 19. 5 351 

. 

llt-ft 5min llt-ft 10min 

f.!lm.«t* 
45'C 50't 55'C 45'\:: 50'C 55'C 

\i'/tl g · em ·) I. 17 I. 15 1. 20 I. 10 l. 10 1.15 

jl.if/ m • 8 · I 4605 4718 4471 4860 4910 4831 

Jfililft!jlll/ cm 6 8 6 10 10 8 

f&*~fm.:h/mL 335 341 338 342 351 346 

IB J:~ 31-~t:fa9~~ilJ~rt?li1: 

< 1) t!lt#:;IJj.\.Xif:II*Ftl:o~:fl -~~llij, Jt!frtfTpt~j.\~~-f*MfiA~L1ta9~1t*F~­

*F ttuMHX>t~ifti ; 
(2) 1trl!l!lt <JHm!iift) X>t~:Wfm.1J B9~~ l:t~~H. mi~tii!#~l!B9~i*i, ;lit 

f;f((;J]~j] ~J:7t ~~; 

C3)m~~•~m•~•~~~~••~1t~~B9•~ttrm~~~~.1J:fl~.m~~ 
f-?j-~Jll o 

6.4.3 ~~-~MM~--~-~~-

6. 4. 3. 1 ~.hP 1f1 ~.FUtlt;fs>~:+»-1¥3 1-Jfij.:JJ .jL1t;llf ~ 

A lJ[.~ 

.1!1 :f/U'6~L it~~ B9 :II~ ~JJ , 1i a;J-~~L~~~ 9=' ~ :bll-~:it ll9lfl E~Ji:t'F ~9;X;Jt1t!!. iWi fl~ 
•*·*·~~~~#-~:~it.*F~+··~+~- ; ~~1-t~+··~+··-~ 
~;~L1t~~+~«M~+M8o ~~-~-MW~~~~~m•*~*ll9~~~DS ~ 
Hlt!19HIW~:tRm~~ I .lilt*~ o 

*S?t~M-#ffl~~--~00~8r~a-•7Jilt~.H~*·~~WHB9 •• .1J 
~~~H.~m?ta9m~~j.\.1!J"'L1t~H +~%Mlt~···Ma+M511 • ~P=~· 
MN!l91fl}f/(d•tt~~~lt~J:bllA7J<:ffi?lH~9=' I 1*7~··'L1t*F~B9-~~J3t~-~~ 
.1J:flfWJVJ:<:?~, ~7J<;tfld'Mrr ;;R~~~m~~HB9fPffl , ~ 6-83 Mli1·~~~.1J,L1t*FH 
B91C:;IJ 0 



• 3 8 2 • 6 f;} :It .jtAt. :.tt Pi , ~~it Jll .fL -It :.tt Pi .Y.. $-~ ,g. # · · · · · · · · · · · · · · · · · · · · · · · · ·· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

fU-83 ~it *f:;§fi!1f < JJi::tJHH!O 

n JVJ !fl. 1t1*ilil£1r .P 45-m~"*il:/% 15a'R.:h!fl.1tW~IIG1J.P*iH~~ftl% 
til 7! m ~ 

f!C1J- l!Cn=. !!tn.=: IIC1J- lien= J!t:h".:: 

li~ftt~ 50-70 40 - 60 40 - 60 ~ illl o. 5- I. 0 0. 5 -I. 0 0. 5 -I. 0 

lin fttfill 10 - 15 JO - 15 10 - 15 ~L-ft~l 1.0 - 1.5 1.0-1.5 1.0-1.5 

4J JrJHM 1\Ut 10 - 15 10-15 .ill1.lill&!il'l 0. 05 - 0. 10 0. 05 -0. 10 0. 05 - 0. 10 

IiR # 1 -2 I - 2 1 - 2 ~i'l:!~ 3 - 5 3-5 

* 8-10 8 - 10 8-10 mm~ 5-7 8-10 5-7 

Atlt I - 2 I - 2 1 - 2 ol'MWilttiM 0. 05 - 1.00 0. 05- I.()() 0. 05 - 1. ()() 

Bt.'t 0. 3 -0. 7 0. 3 - 0. 7 o. 3 -o. 7 

B ~~.:r.t; 

-~~,L~~H~~~*ffl~--~-~m~~~~I~.*M·-~~~-~~~ 
t£iM/J1!i1HT~~:fl,lkfP o ;tt~~I~:tt~3::~§11S : !Wt~ili~tt, ll.ill~,L~~mt~ fflili~ ,L~ 

~nti ~ ttl~ ~Yi!!.ffi§~ o I 1::mt~~n 00 6-42 JiJfffi o 

4 

6 

:.!tte!1fll ~ tt~~ 
1;:71 ~1/,i~ 

~f4UI.7t 8 -@- !jjjj~Jii 

A .. E!!.-Tff 

y i\11-4 

c:::r-, =F~St! 
0 ~l'j:l~JM.~ 

T U~lMJIK 

Q U~lt~J.~ 

.AI¥ - -

00 6-42 il'Uit.:b~L1ti'F~~~I 2:;Vii:~ 

t~li$f1l: 2-EJIJI'!(:.tt:lfHtlil: 3-JJ<~~ ; 4-til~L~~. 5- it!J;f=HifHi#il; 
6-~Ut.ill; 1-m1S~: s-~ffi!Jf1JlM4HI: 9-JEiliiJ·ti" ; •o-i!i@ll~m 

E9 :r -~~1tl~~I¥J111!~ tt:-01Jt3Cff£, :19~~-ttlit tt~:flit~F, I!JJI:tx:t!JL~~rl$\Jtt*~* 

t3CiCi , ~·~ ~i!E!JL ~1M' ¥A *41¥J f2it 00 Bt fa] o Ia] IM'~J .ffl fBJ Jlt~~F I~ 1¥J ~ R.\ , *JH ~ i&l$t?! 
tt*, m:ttF~~*'J~i@!&J2.Z~$~ iif4J@!ff:~m#B-tfBJ, -!fz~~~~*~~mmt:fil, ~ 
ii£7~H-\tfl~litjlfi¥J~~fi~o 

c tE~~ 

-'*i~.1J,L1-t~H~7'~XW. :19'~1U7< ~~:f'R4WJ, 1H~tt, !W JJr:Y-J 1. 35 - 1. 45glcm3
, *1i 



• 

................................................................................................ 6. 4 11 /J1..}J fl.-ft.~ !Si • 383 . . 

lf;::f'/J\=f 80Pa · 5 0 

•6~4~~•••h~~~H•~•h~-~~~m.x~•••h~~~-h~ 
IV. 2 %~1ittrt:r~~H~ti~~h.19 1. oo i-i"~ o t£x~*ld4r, Jf.I~~Htt.®:li , lJ!~~ 
89·~-JJ~L1tf!f:~891a~ttfiUil1i:~ttfJ~~tm~tl A~ 6-85 o • 6-86 ~ ili 7~1f=:~L~ 
WH 89~t.ff·r.:t fllilJ!tl P\~ * o f¥J =f# r ~ ~~lL -IP!tl M roHv fE:tj{#f: 891;1~ ~ ff& ~ ~~~Wi ti 4 
~~~~f!f:l, ·~=~DC:1i89,L1tf!f:H·JJ~::k. -~~101~:~:!8'-o 

il6-84 .. J!:h~{t*f;~tf.J~*f:ll:h 

illi.lllt)J ~IAt1$lAi iii.atJJ~Atm~ 
fi 1m fi 1m 

1!:1i- ll!1i= 1!:1i=: 1!1i- ai!:1i= ai!:1i=: 

«.lflf/ g. g"' -3. 393 - 6. 80 - 6.80 lli:iital(JJ 

:{.!1~/L • kg - t 969 989 989 1*~.&11.7.1 

-~/kJ . kg " 1 3395. 49 4027. 70 4027. 70 

-~ IIlli ¥/-1i:& fd:tl\..al. tt~m-~lf ~-!:ti!Jt 
till!! / m • s _, / mm F.iAig 1% /% 

Jlilttt~ 4500-5500 50 25 0 4 

tt rm * xw. 
lit ~ 

:WMI'i'£1!1l G!. ~ 
!lt ~ 

filf# 6 1'.fj ~titiUl 

illlffttfm filf:{f:61'.Fl .fijtfil: iUl 
ilf:(f: I 0 1' Jl lit~Flli: 

6. 4. 3. 2 ~ /n:1 L. .::. ~.::. .F/Ut .!t 1¥] ill; jt ;7 ~L 1-t :l'F Pi 
A ~.ll1/-

>1.5 >2. 0 >2. 0 

>2. 0 >2. 5 > 2. 5 

~~lf jl,§~-
titlttt 

ilh.UWJ 
/ '\:: 4:{.f*/% /}] 

225 65.5 IHf 6 

\!ilJrlg ·em ·l /a.ill[lm · s - I 

l. 35 4851 

1.39 5349 

l. 42 5190 

1.37 4630 

1.40 4980 

1.37 3800 

.,L~f!f:H89ftG::fj_!A!.~6~7 o -ff.19±~m:fr, ~PJ~~IJZ=JI'tr:=~~1ili: (EDD ) ;::f'{>( 
~tn7~~flli•.~m~~g•~••~••;TI~ CM*m>Bw~••mtrm, n• 
~ftitJ~ ~ati'BJbt~ fai!OC; SL*'L1t3l!J Iii ~~T~T=m:.ffii.Jflc~PI~'*~f:~r~!¥L1t*'l~ll 
d;·~-~-~-1i~A~~~H-~1i:~tt;~Z-~ti=f1i·~--~~~.8" 
1i-~If,~4H~~.--1i~mMBllHt£.~r~~~tto 

• 6-87 * EDD tt-JaJl:h~{t*f;Pjfi!Ji 

m ?t NH4 N03 EDD H20 Ti02 ~{t1tf.t~J :O.ti lldD.t: JkZ.l$ 

~- ( JJ!:Iil#ri) /% 28 59 8 0. 05 2.0 2 0. 2 0.8 

B i!PJ ~ .I. "t. * EDD, NH4N03 , Ti02 ~t*?iit-:MJ?:I?t=fJ.!(if'%.7.1<~, ~f!lrrtb;ff!;U~H~L{t3l!H!£ 



· 384 · 6 ~~:1:. -ftAt.;.lt Iii, }l~it JlJ $L1t.:lt Vj J.i..~tl!!.~# ························································ 

ir:J:5J0:J:m~~irml.ffi, Pi9ffi7HJUtm~~ 110- 120'\:: , f&..6~7)(ffl~~:tmA~itffltf*tl9!iir 

iliJ.fflrp, m~~V- lOOOr/s ~~tit1¥ 20 min, ~i:p~f£Wt..6 I!P~~L~¥!fi, :bDA~·C.·lJ:lf!It'it 

•<~~---·~3%) ~~-~-m#:J:5J0:JI!P.!JL~~Ho 
c 'it fi~ 
~ T-.!IH~AAI.~~·~~, ~!JL1t:l$~89 W/ 0 ~tu:tL~~ 0. 5 -3. OJ.LIDo :5};{JHW£SL~ : 

ti:~::kr 0. SJ.Lm ~:t[T-~ 6 30% - 40% ; :t[~ 0. s -1. OJ.Lm ~~T-~ 6 50% - 60%; ~ 
~~ 1. o -2J.LID ~~T-~ S 6% - 15%; ~~ 
::kr 3. OJ.Lm (t<JfSlr~*J: i§t~ o JitW;Jjt~ 
36N · s/m

2
, ~:bn:2>C.·~!Oil'H~~iffi11l!JL1t:t:F 

!fi~Wif~ 1. 10 - 1. 30glcm3 
o 

12r--------=----------,3=7o".s - -, 

10 

I 8 
~ 

• 

Jgs s 

· 'E 6 \ ....... 
00 6-43 ~ :±I * ffl DSC ~ ( f-f ~ :fit ~ L---- ---...:.<19c;:--2 _ 

2 
l Omg, 71-Wtl.i.$ 10'\::/min) ~tlit~W:!JL1t~ ~ 4 

!fi 119 ~?t11J¥ tliJ ~ , E8 00 6-43 9=' Elb ~ i:rJ ~ , tE 
:rtm~~r.p,a~~~~~~ra~~~.~ 0~~100~~200~~300~-4~00~~500 

191~* rraifi fi\'1~~-~ff::B:o ti'C 

~1t:I$H~-:I$ttft~n-6-88~ffi o E8 
*- 6-88 UJ~, W:!JL1t:l$!titE~* 24h ntrJI§", 
•;t:Ftt~¥*~~1to ~~:/$~~-#C~tt~~~tt~--~·~=·~--~~-. 
32 (i.: ; ~g{~If 0% , 1mm~If 4% , Ss ~;Wj~~R,(Jg 350't: o 

*6-SS -~~'lt1$!9ti<.Jta*lo'li~ 

.ll ;l.1o tt.n~ If BUg· em " 3 :II Jill/ m • s - 1 ffjJ :1111{! 7il'i I em ~!JC/mm 

iSVl< lliJ I. 12 5800 12 17.2 

&JJ::24h.€ I. 12 5600 12 17.0 

6.4.4 ~~~ffffl·~~~~-~~~~~-

:II :t): Jti;IJ/ mL lll!i!H-TIR!I mm 

360 12 

360 12 

~ 7 t£ f.l!JL 1-t:t:F H ~ ~JJJ tmJJ , ffff~:l$ H r.p ~:bD .l'fi. ffi :tt!fi ~~ !tU}i * ~ f.b tm!fm m , ~ 
~W:I$Htl9m:5t•~-~~~*···~~-Fm.~~ttlm~ . AWU::k~-~tto ft 
~AfflTmV~T·&~"·--~~*ffl~~~~mn:I$H~-~-ho ~~. ~~~ 
:!$HI ~~~.lf'~:bn1ffiiJ~fm!IMJlft 119 i'.16~JJ!JL1t:l$~:i1!ff 7 1VF1t, *;J\ 117HJU1r~ utmfll 
Jt~;&~A1R:ii~f.li~JJ:G--5!1L1t:I$Ho 

6.4.4. 1 ~Ah <-•)~~~~~~ 
Jit!IC~}5(itf!Xii~~ J¥-flj lliU!I!. :il!;J& -@~~~~~ ~~ 1!1!, ~~.{} ~lli~~~nlt~~~ 

~sc~~!lm o 1911~~=~ , jl!;J& it5G$~:!1!~i*i I¥J~l!l! . 1j!~mzr~~l!$ 119 H2o . ~~~P.\~f.b.EI. 

:B:~&T~L=(~o i31A:7c:!D:~. MT-, tt1tm?tDG~I::. lliffl.JIGJZ!~~L1ttR/ttfJ!4Hii:5tJMt 
~M. !JL1tW~~~&U&~iit:fl~~Jffl:J:5J~i~JJt:?t~ft. ~L1-t~Ha9{~lJJ~JJ::k < ilJlt 
350mL), :liiii (35mm, 200g H~) -~:11J:B: SOOOm/s !V-J:, .EI.H~~~*· ~fl!i'¥-o 

A iG 7J i)!: it 
••• h,L~:l'FH~a1t~~V-aM•~~.~6~HAJ.!l!MI19 80%, .!V-~hla~ 

• 



--------------------- -----------·-----·----·--·-------·--·-·······----·--·--·--·-············--· 6. 4 ~;/9..11 .fL~t*1' f1i • 385 • 

Mo Jk?t*ii:A: 10% - 12% o 
X'f-TifiiJ4i~fl:~IEWJ~;Jt~*atl~&'b~L1tW~, E:~JfR-~~fif~*B<:l ~ dMli:~~atr 

~~~~ra~~~~B<JsM~~.~m•~~~B<J~«~~~~~~~o ~T-1t~~m~ 
1tB<J~L1tW~ , 'L~¥19rB<Jili/l1.it:k:ft-*'fr~~t/C~~m~tt~~!-§ o 

~Tttr:~'LttW~a<J~1:H~.~tt. ~*JJ;~m~iftt. J2!;JHA:fi~?t.:r-~~~¥;Ja9 w; 
o ~~~~1t~ o ~T~•~&'ba<J&•••, •~tt~.~?t~mw~atr~•~•.~• 
r.fi~iJ~L1tWi9r:j=l :tmA T~ilH:t o. 5% B<J~iHil.?to 

B tU~tlJ# 

~iti~JJ~~'Ltt~~atr~~*~tt~mfi1d~~* wn9s9-9o < 'Ltt~~> fi~?ta<J 
Jl;Jt. ~~ 6-89 0 ~ 6-90 ~J m i%~tJJ,Ltt~~w~tttm.&~1ftttm. iit~.ms ~~:Jt:k m 
'if, 1Jf'lf-f4l~fmj}~ 7mL it-o 

·6- ··~ (-·) ·~-~-~~~~~-~~ 

r.r..:g~ 
'tilit/.;IJ( -~) =u:G 2~:5~~ 

1".11~~ 
ifli~i1 ( - f:&) ~E 2 .f§-.a-:ri~i:tR 

~:0~~!§ ~AAPi i'li~1$!§ :6E~l-ftmli $L{bl$!§ 'iti:tili1$Pi 

§IUI~JA{/cm ... 5 ... 3 ;;>5 :(j~iiftfflOl/d 240 180 180 

~ltlmm <;!: 16 ;;.12 <;!: 12 Ulf/g · em -l 1.05-1.25 0. 85 - I. 25 0. 95 - I. 10 

11i!Vm · s· ' ... 4600 ;;lo3000 ;;.320 tfotctt ~ ~~ ijlj 

1~~fm;IJ/mL ;;lo320 ;;.260 ;;.320 

tttll!r.i;ti; 980524 980525 980526 980529 980603 

1$J9\J/Jr/ g · em -l I. 08 1.08 I. 07 I. 07 l. 05 

J!i~\J!f/g ·em •3 1.14 I. 17 I. 13 1.15 1. 13 

ffliJ~~/cm 10 9 9 II 10 
tnflattllll 

.Jll!/ m · s ·• 5237 5573 5547 5649 5222 

Jf!i;/ mm 18. 43 19. 18 19. 64 18. 14 19.61 

-~00;/JimL 348.9 345.4 360.72 340.2 339. 7 

illt#Wll d 270 270 270 300 330 

Jlj)IJ~JAT/em 9 9 9 9 9 

flll.ff:fillll ~~~m · s · • 5049 5222 5348 5389 5210 

ai!:TJ:/mm 18. I 17.36 18.46 16. 57 16.04 

-~81!;/J/mL 350.88 346 346.28 341.6 339.01 

~~&'b~1ti~*m~•~tt••.~tti~*.m~~tt~~~~.H~-mtts. 
Mfl:MWr:j=I~~H . "~·"···g···~~o ~&~-JfJ .A:ftitiJ* , ~~-··R 
f~. ~-T~i.fi:.I~!HL.~tt o 

6. 4. 4. 2 ARYl 1' $ .:G $L1-l::.;.tf ~ 

A ffl?Hf~ 

1-1 T ~:f!tJtBmi .IE 'AC:/Jfm:tit ~ , tt fm:f!t , ~* f~ B<J ~ ;Jt , J.ill~ ~;11~ ~ .t¥l fU19r ill B<J 1m :i: !i.t 



• • 

• 386 · 6 ~~:UL1t;lt~ , ~~'i+Jfi -1L1t:J;t ~a.,1t.11!!..r..# ························································ 

•*·••~~-~~•• , *•~gm~~•~m•~~•~mo mM••I~~H~ 
~~ , ~~ , *~~ , ~m~M:k~I~~H~~m.~~·~~~~m~~~*~•~ 

M. ~~~ -~~~H~•mm~-~~-~~.E~~2*«*a~MMM~--·~ 
~J o iat~~I9.J. ri!J~M*:ht~O% - I0%1Jl:t, ~;f~iWi~L~~HIW:~H~~;flltt~~~;fiJ o ft# 
flt=A: 7% - LO% a';f, ~L~W!~A~tlt~HI%lF(f~}:Ef£5f'IJ~~~t/j~5f'IJ tt.~ o 

JJcffi~-~7-~~•~D~*~~~~~~oomtt~~±~~~~~*~.m~~ 
~7./C~~tfllf.ii: o ~flt7./C~~:bD Jfll~~f~7./C~~Jli.~;.~ . :laSiiJ~~ittJMH.~Jli~~ , tm1M 
J./C;l'JH§~ari'BJ o ;l'J;ftm:ID:/f':k-T o. 3% o 

~-7-~·~!WMF ·~~*·~~-~UM.~-·--·~··~-~.A~ 
il--~$j.~if117lbft:fi, Ei~7}~~L~1iiJA~ ~:!z:f~rffifte·l1 , ~Jllt~~JJlHi~~J:Ettllt , ..El 

JU*~~o 
~-~PCE~~m~~tt~:!z:f!W DRQ~~~~-*ftmfi , mH7a~tt. ~~~ 

ttEj Span-80 ::kl&ii'B~. iiJm!JE.f~~J!L(t!}!L~B-9~>1(. :®.:®~-Tlfl~.ffl PCE :JL1-tifiJI'!<J1)gtJ] 
5lJJr, 1¥iiE~L~~H*~1::f'=o IW]a;f)t~~ PCE ~L~1llJ~f'=B-9~L~~H~1f~5Ett~a9ti 

ao ·~~~-~(f9@i(t;k,~iiJ··~·B-g·}Jr, ~~T···~~ho 

*m~mMM~ti~~•*a-g~~~~~*o ~•~m*~~~~•••ff:~~~• 
~ ·11 , tE NaN 0 2 it~~ :IJD A~:!iUli llf.tJliJ , *ffl ~~ ijj~ 4if'Jl1t~* , iiJ f3l! !1LJBC¥19i n!d* ~ m 
U£1t, g :ftffiiJH.f*WJ.t::k-T 1. 20glcm3

, ~~1§ 15min IWiiJ~H, r.w~ 7 ;1i;j~f=tf9~>J( o 

ARYl %!61:i~L~1$Ha<Jfte1J %~ 6-91 o 

• 6-91 ARYl ~*:0~'f.t1$~~1r 

tf*l,g:J$ * lil'IMiJIJ lil'lllf'Ji ~:bnJllJ ~mill' ~Ht1f!J ~L {t.ll!J JJIJ 
~mm JliJ'I@JJIJ 
<mlll) ( ?~:IJD ) 

"*11 <11i11~Ht)l% 7-10 0 - 10 65 - 85 0. 3 2. 5 -3. 0 1.5 -2. 5 0. 5 - 1.0 0. 15-0. 2 o. 08 - 0. 10 

B It;~~ 
~-T*ffl7-flt~~--~7./C~fiA~~~OOffltt~.7./C,M~m~&~~~~~ 

9s-tm~ .~~r~r=~•~*~5f1l~•~m•~o~WMffiUM•~~. g•m•* 
~~~~r;tJ, f§.EI:!-T:bDA 7~Lft~Jl!J, 'm!tL*~~ 200 - 300r/ min ~PiiJ , ~M-Tm~~t= 

J'J9*~~~fj:~;ftj 0 

-•w•.~•~•••~•.~w&mdaJ:E~'LJBC-1*.~~-•M, J.k~*• ; 
:!Ill *:bnMJ!l~B1 ti , ~ fi :bll A~« ~1f1J 7./C r£t ~!U.tq~:ltiJ 1:J :ttl!*~ ¥.1J Wi~ a<J ~~ -1* ffi ~ o .iE 
i9fll'J9a~~ . ~J.k~EI:!ili~JtR:bi1A¥1JilUm~o m~~FY3, V!tl!~iliiJ=B: 100 -I20kglmin , iiJ 
~ m .QX;•:tlf ~ !tLJ&-1* o 

~ ~ lliftlt 6-9?$ 1~~1* liEf'=~ :tl1$•r.£fm.& ~~:ffttfru ~ 11! ~'*f4 o :!!~ El:! -T , flll£1-t m.J3t ijg 

~.~~~~ma~$~~~~&~Ji$ , @~~-=f-OO~M.~A%d:k~~.~~H 
tt~~f~o .,L~1-'FH~~~tf!Jl;J .. .:y- so~ a;f, fiit~·*S::tlf o 

c 3:.~~~~ 

-~~~&A-~~-~a9~~7./C-,L~-f*. ~S@d~K@.~--~···· 
~. ~tti¥. ~~~. iiJ .m¥m.lllt~J!7t. A~-}E3•tt • .llltmtt•%. •~1-1 1. 20-



···························································································· 6. 5 ~-il!!.~# .flAt*\'~ • 387 · 
1. 30glcm3 

o 

~~-1L~~H~m*~~*•m~H~W·~~ . R8~me~.$~~tt&S. 

-~~~-~~ttnm•:•*•• 8%,••••o·••oc*•·~·~~*2~'~ 
80Likg, ~~lliJ~f,]\71£•* 0 

F~~.±~tli'!=ttft.!A!.~ 6-92 , i*·tH~UEttfro~tl~fl&.!A!.~ 6-93o 

* 6-92 rc~tt-J.:t~•*'"'l!~mtF 

lJl g ~~ JII?)I.I/ em yt£1(/ mm :Jai!/m · s _, i/i(~fllijJ/mL 

00~$-~l'!E~>lt ... s .,. 16 .,.4500 .,.320 

@ilHa 5 - 10 16 -22 4800 -5700 320-340 

m .\} iltlff:ll"t Iii]/ fl flil:IIBe~/cm ~&/mm :liil!Vm · s - ' f/i(~fllijJ I m L 

0 9 19. 7 • 5681 

3 7 17. 2 5128 
9904Q7 337.2 

4 7 17. 4 4928 

6 5 17. 8 

0 8 19. 0 5348 

6 7 18.7 4950 
99 1008 333.5 

7 8 17. 7 4950 

8 6 16. 2 5208 

5 [ 4 ) 313 18. 9 4587 

6 [ 4 ] 313 18.6 4754 
20020812 330.4 

8 [ 4 ] 313 18.8 4736 

12 [ 4 ] 3/3 18. 8 4679 

-6~3B~.~1L~~-~-#M~~*~00-5$·2~6~~~·*·*fi~ 
~~~~*mTttna~.~~••*·'L~nh••~~*~~~~~•m•~~•u 
*4, !fL~~JVt~7Jc~ffi~mJH!illl·*. ~R>tDC~!¥L~i!E:ilHi#, {j!:7Hfl£~~~!111~~$i 

:!5J?:J*~t£:e~~ ~ W-IJJ~~ o 
D ~Jb,!U}fl 

~.¥2005 &:f: IO f-J, B~Ftffi:!¥L1t~Hili 20000 ~114: . m~~i1L JJ<Jt , W'tlJ , M: 
m.~R·$~00·-~IW~.•m•*:!5J~~. ~§R2%*~,L~~-~-~fth 
?.1fj, -1*~~.11*, ~1E£T1>1~I.il~~H~iJi*€liHIH~JVt*o .EI.H~~~~~. Hf*~~ 

2¥-, ~.f6~1LM, ~ffl1I'ilo 13ffiJ. W:F~Bili o 1000 ~IJili:iiJ*wHE~~OO, fiDi1i!J~ I® 

~~lP:% o 

6. s .t 'J'A~~it~~ 

'J':R~,L~itH;.If;J!Jf!J'tiii:IJ~tiZ-*~~MJ3)zJgrm~~ o J'tffiiitWttz#~>J(JfjJll.JL/i~ 

• 



• 388 • 6 fH-R9L~~ ~ , tl~it Jll.fL~~ ~ aJ(:.~~# -------·-····-··-··--·-·--··-·-··--·-····-··-·-···-··-·­

Fo~PJfm*&~;j\:'~;jmJ*(Jg~~~J'J'l. ~~iH.nX;%~~. ~WJ'tti'L :if'F~.t~H£ , :;z~, tm 
U~MR~R·~·Ro ~T~~J'tOO·~~·*·R#-~~MR.&A•~~. @* 
mm*:YtOO·~~~R~~m~R.•*~~~--~~~J'J'lfRM~~~*ffih~,f~ 

~~-~ttffi~-&~~--o ffi~'-@1L~~-~~ffl. ~~T·R·~*··-~· 
-~~~~~~~.~~~~BM~:Ytoo•••*o ft~~~··~~,··-~tt*~~-~ 
~r~~m.~,.@,L~~-E~m~T&~*~~~•. :if'«mf~•~m,~••~ 
~t»~I~~, ffiJ3.~;JlW"7f~~tt!~~J*:it~J'J'l a *;J'11*~'JfrtBJL1'-;J,][@'L~~­

~~~Jo 
6. 5. l. 1 ~-{911 -

*~~Jfr ~IHIE~ ~*ii ~ 1;1;J ~IS' lJZ-B:W" * fiU:R :li~ /-1i1fft1JI'fJ "=:tJ'" -~tt.#~ m ~ 
1t~Ho 

C 1) IG:1i a W:~R~l!C:1i .W.* 6-94, ~~£i:-f~Ht;;lil;~ L 0% -1.5% :2,C., llt~~~ 

B9¥rrtllz~, ~:bo~m~m1f~».;J:tilEm1t!J . .#iM:ii~~~ifi!:4k:fOit:~flf:mq-r~it1i1((1t 

~ a m•e~:n~~-~,L~~H.A~W'••J3.:if'~:bo~H.nX;*o $•~~mM•• 
f!J3, ~~~~.#Je:ftJ,1l:@1L1tWH~~F, .nX;*f~Jl. t"Jtttfm~~o 

* 6~ "E~,·•••m~~~~~~ 

~.Q~IAt1$i9 =~H.¥¥"~-ft1$i9 
JK{ ;M .fi1. 

#'Jl11!6lt-ft x 1:-e-1t #'JlJ!Iilt-ft X-frtlt-f.t 

!il'llmfJ( 67 -69 67-69 67-68 67 -68 

iii!! flit~ 8- 10 8 - 10 10 10 

!il'llll!EJl.I!K 3 - 5 3 - 5 1. 5 - 2. 0 1.5 -2.0 

JlfJitlill.ll'f 0. 02 0.02 0. 02 0.02 

* 10 -12 10 -12 10- 12 10-12 

~l'f. fll.llll 4-4. 5 4 -4. 5 

~f+!r-frtlr 4 -4.5 4 -4. 5 

Spnn-80 I. 5 - 2 I. 5-2 I. 5 - 2 I. 5 -2 

tt r.-t I. 0 -2. 5 1. 5 -2. 0 

:2 •L'~Jl4fl~ 4 - 6 1.5 4 - 6 1.5 

{.t ~ lt i@)ll) 0. 1 0. I 

•~•••~.•~••~Aa~2%~~-~~~3~~vett••1$•~•~oo 
h, :boA:fit~ 5%~~~1lJm:ili 101 gJ~7J<~1$H~-~OOJJo ;tt.L'!UIJ~~tt00~1$H.nX;* 

~$:1rim~~ , •rJZI;~ 2% L;.rF~:1g=~:llW"i.lffJ'l1L1tWH~~ft1f!J1.mA:IL 3% - 5% 
.1J:if'~~jJ~::fi~L1t~~~:bOA:lit o ~~M· .IHC:JJoA:il~ 2% - 5% at, 1L1t*FH8911ffiJ'l!.. 
@:{E 14 - Ll mm ;t.ISJ o 

(2) tt.#ttOOmfiT-a !WfliitL ~~~J,1I@~1tWH~'llf:ii·J.i!Z~IIibJ'l!. -@~~~J', 1lJ 

. 
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82-Bo ~•~•ewH~~.~~•••••~•-~•.•w•~~--o~'•@ 
~L1tWHH~iH2-.fN:1g 27mm ~ 25mm, &.R~~W~$£-JN:jg IOOgo ;a: lO"C ~J:~ 

m.••···~~~--o ~-M~~.~Q$9-.F·M-.M~. ~*o M~~ 
~~llJJ 1.1: BIll§ , f:!IT$, llJi;k, !Vill:tlfff~~o 1t~~jig;J,1i:~~L1tWFJtE 30"C ~"Ffl\:1!~ 

~~:1g1f.o * 6-95 ?tl :±: 7 <f>27mm ~Lft*F~l¥.1 ~~t!u~ffl~T- o H~W ll-i**i£.« 5( f! ± o. 05 

glcm
3

, mfBJ Wjt~Jj)zfmjJ Ell;££ P>!~ cJ>32mm iWif ~ ~~·*!Jl:::F'J'T 2m, tfi;;j( tifMJJlZ;££ 
98kPa Jj(.ff"F~W. 2h Fon:$(~fi~, 1]$~f*.J.3ll~it MT60 ~ 1. 2 ~~~2. ~iYilfffl;J$ 

Fjl¥.Jffl~:$(~f;EJ.3ll~it MT60 ~ 2. 2 *"l¥.lm2, =~~iYilfffli'FFJ(i(]:l,j~fmjJJJll !§ 3 %~ 

iY.Si'FFJB91;f~fm.1Jltl~, !~H:l1$HB9.itfm.1J J.illtlllir tOt ~~:07J<.IIll:.l$!-9 o lft9~. 

~fflJ:J.ilZ~r-3%~iY•8i'!=HB9&H~m~~o ~~l¥.J~~IE•~•• ·~r::ka 
mi2lk~Fo 

J9:lf1i::f£ ;ID:II~- .if !ill ·~li!SJJ >1Hin:t£ ili1<l!AWJ 
JJi 13 / m • s _, / mL I J) / mm / em / mm / mm 

~~m 27 ± 1 ;;.2 ;.3100 ;;. 12 ;;.280 El8 ;;.6 

f.t~i.~JH~ 27% 1 ;;. I ;;.2500 ;;t; IO ;;.220 " 18 ;;.4 

(3) tiJ* I!:o ?HJU*=ffl7 18JttfTj.\';~#ii~:a:WJf"!l~f=IE: 
1) fsi~fBJtm':r.\: ;j(~iffil!l: 95 - 105"C ; rltPf~ 7NAll : 75- 85"C; 'L1t~~$lbt'71t: 

650 -750r/ min; ~L-f-t.Bt fBJ : 5min; it~~;j(fl'ft~:U~it: 80r/ min; ntWm: 40 - 60r/ 

min; #EI ;IJ&Hm~$: 500kg/ho 

2) #:Ji~j.\';: ;j(ffiilflt.J3t: 95 - 105"C; rm:tHiffilJJt: 85 -90"C; J:jjf~L~~$lb~·= 

350r/min ; ::k tz: ttnL1t.ff : 900r/min; ~tlm~7.Kfl'~~ff : 80 r/min ; ~!Vf1HJL~· : 80 r/ 

min ; * EJ ;IJ.H:fJL • .$ : 500kg/h0 

( 4 ) JJ41.:%ilf!..lfl o ffl~~JB~ Z:.:f:lt~J9tm~~ f't::;lg " =:;J'" f&wt~ ffl:I$H~-@.?Fi.f.t*l o 

~3f"Filtffl~l1§ : ~&19~~fa$, if!~ . ~~~'.fiilJf!K~ , H:iHIHJffJ, fl!JI3~il!. ~¥1J7 

3 %~iYilffl31rtiW:I$Hl¥.l~m~t* o 
~!-981-fjj{:lf'1f.ffl.1J~~, ~;A~19twt!-9~, IRJM:l~!HL!.16,®11$J~, ~;A ~~-~:58JI4f~ 

~llii~o :tuH~!.16,®r$:J9t.ffH*, ~;11t~f*.~%~i'iJ~JU*Illit~Hi¥.J 13l¥.JM, ~i±~~HFo 
.&at~~, ~*'Hf*P3~1t~7f!l~~W.!£f*~~Fo, ~~tl:liR1t~W., lt~1ati o :(!o~FJ 

M~ffl#~~B1.H~ilJ~ffln~.-*"~~~IAW~o 
6. 5. 1. 2 ~-if~;::_ 

*~191J1f'm~~~1tHHI¥.J;J'][~'L1ti'F~ o 

( 1 ) 7f~1Jffl1t~~7i!!fll~J/f~4il((1t~!JL1t:I$Httfi~~ lmo 11( ,!!« " =:;J'" Jltiii:J;~Wtl¥.1 

¥ 33< , xf i~H~~L 1t:kF H l¥.1 JL~ ~.W.-* t= J1 H ~ , ;tJ:iffil IRJ ~FIt:~~ fifJ ili!tlii\*"14 "F , ltl:fftt: 
ROOilt,M*~·6~o M·6~6ilJ~·W.1t$~W.iR1tl¥.1~1t:kF~~ffl$.:5iR1t 

~~L1t*F~ttfmtlf , ~2. IX.tl-:k. ~m.•~r~J.t~. Jlffi:W1f~;J,H.lit*f~. bl.JrttJJtX:;J' 
1i:@Fi~, J!!~it~f't: "='F' Jltiiiiit~.m'J'·~Fj~~L1t:.l$!-9 o 

• 



· 390 · 6 ~.:lk..flAt.;ltf!j , ~~itJfl.fL~t.;ltf!jll.Jt.*-J:.# ························································ 

• 6-96 pijflllt:U.t :1nt=1' fii'J1!UUL {{: 1$~~1'1! ~~ ~~ 

Jtj~~f/i/mm cf>25 ( IIOg) cf>27 ( 140g) 4>35 ( 140g) 
. 

F.i lid < ~ ID l 't: 4 ( 4 ) 4 ( 4 ) 4 ( 4 ) 

-~ _, m · s 4084 4110 4545 

1t~~~fJUt "Hiie"/ cm 4 4 10 

tlffi.,W. !H~/ mm 12 12 12 
:eH:i"~Lit.J.'FPi 

.:iii!/ Ill • S - I 3590 3610 3738 

~~~ftiHt JIU§llU{Imm 0 2 7 

tli)j.,W. :U:fWmm 20 20 20 

.l!/m · s· • 3800 4170 4200 

1t'i!2t7@tt1t ~jlij!ll{/mm 3 3 9 

=.!!JHt!Yitf m tfQ; .,W. .li :fW mm 13 13 13 

!JlL1t.J.'FPi :lillf!/ m • s " 1 1980 3252 

:Ftl*:t'l-fl1t §!lUiie~/mm ~ • 0 5 

tlai:W-ti:fW mm 20 

~ ~ 

f!fmr.ft)j; cf>27mm ( 135g) ct>25mm ( llOg) 

:w~rm 6 -t-JJ.ef!&g WJ!ttff!fm 
@lJt! g • em · J 1.05 - 1.20 I. 12 1.05 - 1.20 

J!Uiiie7ll/ mm 30 -so 30 30 - 50 

iiJl!Vm · s _, 3800 - 4200 38 17 3500-4200 

~llt/mm 14 - 16 14 - 16 

·J.'f~}J/mL 280 - 300 280-300 

~ J'\'-1i::fW mm 13 15 13 

:fHl"'\.~ · kg "1 
. 

60 45 39 

'tfi!t~ 6m :i31 6m~· 6m~J,I 

:?<:~ttS;!S ( 150g) 0/ 5 015 015 

M.ffWJ! )'J ;;Js6 ;;Js6 ;;Js6 

(3) UI!J'IH&*o Ul!.ffl~.**FW, cf>27mm IJM ll ~if·itfJfJ~L1t1$!91¥.11.1~~~01~::k:ktt7-

f£JfJ cf>35 rom =:.l%~it f!H~ 1$!9 , :Jai'f ~JJ 13 = %;f1 15 fit~ 1$!9 .ffl ~ o mi .El.1i&t.61@m 9> , 
i"f:!9tit7.lc, liJI!f!~!ii, {j!}fj/J'(l , ~~111£~, ~l:Jt3'&tui IIJH~.o 

6. 5. 1. 3 ~-ff·J -=-

*~i91J11-m*IUH!I7c~~T:tlll~ )diH1! 1¥.J:J't iii :II it~ .ffl 1$!9 o 
o) ~ nt~m~J 1¥.1~~0 ~~q~ tt~I¥.1:J'tmi:llit3'&:W:. -&!JfJ~-* 11r, ~:Ill!, ;J\J§r~ 

1$!9 :!iH~E:I¥.1 o iffHI\·M l£ ""F , I :It:!$~@ !t ~~.6 , 11 :Wili Z. ""F ~ , mi .ffl ~ W !t .tt ~ 1ffl( 

1$~~~~~-\t!t1$!91¥.J:fllf,1l1fi1H~ o j;§Jtt, ~ft~J*1ij;~JJL ~1;11£, ;j\j[~I¥.J:J'tffiHiit 

.ffl!¥L1t:.l$!9, ftllif~1B'G~~-#~1i.:l¥.1-\tll~-1flJ o 
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1:/.ttt. ?HJIJ~*~' ~Jf[(:ft'*:E-~~m~•t?JJf'F;J;JmJ.tiRIJ"'W~J. ~fli~ c m~fli~~ . 
. W-~ =80/ 20) ®flirlh~~7i~~f'F!i:.I$1~Hil?t, Yi-ft~f~J!;~fF~~h~~o ~**IY:I, 
ffi~ft~~1:/ffit£4?8~, :::t'~~:J.jj.i:JjtJ.ilZ, ~fli~1i~41o~lf~.?£ 0. 80glcm3 61 ( IOOg ftc 
~71-El-!lto;r~:bo I5g rt~:E-~) , *F~riHI; £?&*~YET v..A~:bo~J-1:&m . .ELtE~f~W JJt ~ 
raJB1;{-tfi~f~mt~?tll~'!Jf'FJfJ~'J\, ff!~lil ~*~*!J-WJ.f~j;:, 7G#.d!1ff.:~l¥J~J.f~~:i!! 

T~~~*~Wlf ;~--~~rf!~:::t'~~*~·-~~-~m-El-•~-- ~$1t,*.EL 
~--~~~~~-~~m.B~~:::t'*~1ff.:~~•~•~•A~••••.Hm~•• 
~'•*~tt~o• 6~8 •~•~~•f'FmlfM~m~~••*o ey~.~m•~•A 
~~~mJ.t, mtt•~~•••M~~f'Fm.•~m~••J-1:•~~·~~0 

* 6-98 ~~-Jif!IJ@:ll~~~HI9it~UUl 

tt 1 oos t1i 7illm 4iJ I OOg ~711Jftl . 
~~\!J.f 8 -\}I.lll!. lai! ~l1j@!Jt 8%I.'lk j;li! 

*!!m* :tJn I! JJt /g • cm· 3 'tfi'l:f®11 / m· s · • 
* ~?~ :IJD It; 1Jt 

/g ·cm · 3 mtl'®:ll l m · s · • 
~ijJitJ'!IJYl~ IIM.l'flJYl~ 

0 0. 93 -0. 95 ta • 10 0. 45 -0.47 • ~ 1706 

5 0. 53 -0.56 • ~ 2120 15 0. 38 -0. 40 • ~ 1371 

(2) *Jf17 .=:flllrtt~:1n'!:~tt:ffxrtt~•1Vf~. ~r.::tr c.Jm::M:$1-~) ;-u~•6-99, ~• 

•*~~ 6-lOOo * 6-100 ~IY:J, ~*ill?t;t;~ raJ, E8 :::t' IWJ7i~:1Jr=!i!Jtl~ I±! ~W~ttfro~ JW. 
~~JJIJ o 3:~*~1£ : .:P~Yi~r=!ft1*~*F~··~ ; ~L1tS~r=!illtJ*~fF-iltff:WHM; 
~L 1t .:P ~ r=!i!JtJ ~I±! ~ 1$~ 1.1 JP.9itll:f* , Vft ftt tt~ , 11 ~~ ~ o .ttt;r~ ~ 11-im ~ .:P ~~ftc 1-1:~ ~ 
t~ , :J!L ft =f~~ 1liiJ :iii~ ;1$ ~ i!A~ ~:ta: ~ m 11& ?§itt a~ o ~.Itt , !¥L 1t =f~ r=! AffiiJ ~ f~ ~ JJt f'F 
~ ~:li'Hiit: o 

(%) 

ll!l1iJ11! lil'l i!U!i ll< m 1111 ~f.t)l!J ~i@~-~ 

:Pi$"11!*1! 85.5 3.0 1.5 10 

f Lf.tltl11l-1! 72.5 13 3.0 I. 5 10 

1Lf.t'f.t! 83.5 <3. 0 3.0 1.5 10 

tt fl~ 'F~!lt! fLf.ttiU trR ~Lf.t:P~t! 

;.~ ~ * ~ t/ittl{~ .f'.CltUU~ 

ll< ?t~:lit < .e£riHt«t) /'ll> <0. 3 10-13 <3 

~~\l/tlg · em ·l o. 45 -0. 47 0. 51 -0. 53 0. 43 -0. 45 

j,l~/m · s· • 1706 2114 1775 

~ ift >35 21 - 26 26 -30 
llib#iq'J:W mm 

0!f/H~ 16-20 8-16 8 - 16 

JIUIBeJ4<D/cm I 3 3 

filf.ffJ!II/ d <3 > 180 

tit191Mtt 19ll1l1 % m:tt 191~2. 4%-~ 



• 3 9 2 • 6 tf :1k. .fl. -it. ~ f!i , ~ ~ it Jll .fL 1t. ;tt f!i ;!1.. Jt.. -1!!. J:. :ff · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

*m'L~~-~~-~~-~~~m~~.m•~•••.~~-M~~~••mfi 
~-;;, :i1iJflT.§fflJ'tW1JUtYl;Jtf1B~ffl1J1Al~o ~l€!f.li-4WJU9*:fJl:iiJ1£ 5% - 13% zrBJ~ft, 
i'j:~·ri@i:I!Jiffizfftolli~~: .\!,' lJt 0. 35 - 0. 70glcm3

, §J& 1300 - 2200m/s, 1.11$~}1 263 
-359mL, ~Jt 6 -7Imno 

( 3 ) r.i~illZJfJ o _tit;$~ 5HJUtE L1J * ~ LlJ IDH~J ~~if ;Jf "F ~.H!t lli m . Jl.-!* 'lfH5?. :(lo "F : 
LL1 *Jt P if 91-.ffl:l ~~if l'l #:@ 4Utr A\ :k ~ ~:i:t ~ ::5-ffl .1J ~~ JJi: ::l5-, VB~ JJi: ::5-~~ ;a- , ;a-:ti ~ 
l'!f~~~f=O. 8-40 !fii:[L1I~:1-;40mm, J~Bti:rL*JfH!flj)O. 35 -0. 45glcm3 ~:J't:la~~ , 

~-fiTW$~mm~~~~~-Ro M*00::5-~~--~~.·-~~M.:rLm1£ 
50% l;,t_t, ~!HiR~JiM; \!;Jjtj] 0. 60-0. 70glcm3 ~~W-i/i1$~1£Li(~g~~if9J-f.U# 

t-tlfmq=r .p~*JI~iaeHi, *1ii¥J~~~fl:1!1 7- 10, mM~.:ci1Hll!~l!H!JJt~~~, -&! 
J!HfJ#:i;HiJ[~£?HJIJjg 2lmm, 24mm, 26mm, 35mm, 1£!filfl]:~£;h 55mm ( fl~ 3m) ~ 
40~mn <:rL~L5- l.7m ) ~JiJJti:[L.:f#$C±~J't!ii:tlili~;Hi, ;tj~~*liM. :rL~.$li'c~* 

.fl$~85%l;,t_t,~~-~~,~~--o 

6. s. 2 '*iiH.2*.~Jr.J!JL{U1=~ 

6. 5. 2. I -~ 

~m~~~~~~*~~~~mrn~~~~~~~~"F*~~~T~~~~M~~ 

~.w~~*~4Wl~ .. ~~~~tt~to~~.~~£~~~~@ . ~~*~~*~~~ 
~~~mo 

1rt ffl 1¥1 ;zH!I!~JfJ i!1i~~ 09/J~ JMf&~, ?Ht:lfi:l!! ~ , 1st*~~, ~J1f e :k, ~ ~B I 
.®ft&li$$lll$* 0 

~~m~~~~·~~ff~M~o ~M~~m*~~*~~~~ .. ~£~, =~~lll 
$¥~o ·¥~~m~~(NC) ;h~~~t~*·~~~~U9*~t~.~~m&:ko 
~~~~ t;,t ~~~llHi~~ 1:t71b ~;It fit!. *tl~±tl fl!~J :(lnliJHt= z:.= M1a ~~ ~il.*, ~ .P ~1t~ 
~*2~&$£H.Pfio W~aHA~~aH~£-_tftltnTM=M~--~o ~H~e 
lti£ 1. 50 - 1. 70glcm3 lr.ti' ~{11:{£ 2900 - 5000kJ/ kg zrBJ' :lli'F~-!*1::~ii1£ 700 -
1200Likg ZIBl o :(£?'~:W-fm:itfFJft""F, 1!P~~x-~~"F i:l!fm6$l;.t~i!6~i!.lt~1§f!i.~~~ , 

:Jf~:tit l±l * ii 1¥1 ff~:ii 0 

lil=f!JL~~~B~;h!t~~~~Ift~~z.-, ~Jffl~HI19~~·jj:J9t, :mi!Hi.*~~ 

-~I~toid&~~.~,L~~~-~. JfJ~4#.8I~8·~~0I.:f, .ft:k:km 
~~~*~U9••.x•~••~~N~m.~d*•fio ~#~#•m~~~N~m. 
~i'~T-~, ii:f:~T5!Hli!.Qit*, -tE.il!]M;TJf~~~WtE~~~~~.'!- , ~~T~m. ~­

#~~ .. ~~~N~m~~o ~~.A~&M~~~~~~tl~~~o 

~ffl~MH~~-~~%~~R~.1£~~ffl~"F~ft~~W~~1::§i'F, Q:(£~~ 

~·*#"F(:(luMHC&a~~~)"-~&-(jO}fJ @X8.)""F~~~~~1::~ 
~. ~~-~~~MR~ftKM$afflffi'F~o:m~M~8-~-~--~--f*~.5-f* 
$J:JJt~;J,, ~-%1£§:.t'F. lf~ilJ~~¥1J%~•~0 {a~:m~MR•1I•$1'kfflfFift~R 

~~~-~.~;h~-~~MH.~L-®J.t , ~MSlt8*•·mm~~~;~MH&U9 
-~--~,, ~maiJ~, ; ~M~·~«Fm.•~~~-W-~i**M:ko ~~.~M 
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Pi~ ~~fF~¥:1t~JY)tiliti~iR~f4t~JJtt:bu:ll~ftl&15Yit.!t, wm-r I.it*FPi.P o 
~-~~fti~~~~··· ~R-~*H~-~---·~~-·.i~-~~ft 

IFf'l!tr:bllA·~*Pi, i$;7&\ , ?i6it11UI~~f4=""FPJfm~51b<:11W~~3k$$:, JJfr I~H~~:tE 
m~C~ft)I~.~~~ftWH~m~*H~m*o ~P~~§~&¥m.M~~-~ 

-~7&\./tg,~A~ftM·h~ft. ~H:boA~-S~·~*H.~~-*~~gm 
*1-, -§.~0 

1!-i1H~~MH~~Lft1$Pi~J®i7,LftWPitfc7.JcttS, l&<JJrPJ~mml7cffi~M*~m7.Jc 

tt~ , W.llffi~J.j!tt~m~f.(j(l()ft•. J3.~1W"'4tnm~~f£S, ttf~Ui.~o l~i.tt~** 

~.•1$••~nh7c,m7.JcttS,M~tt~.~~~m••so 
6. 5. 2. 2 -t-i!Ai.:k. Jti ~Ltt;kf Pi .t;5:1f•J 
A ~'(?IJ -

*~-f9iJ1!-il!~*H~Lft:k'FH(I()DC1J Cm:it~~) .!A!.~ 6-101, ~ti:k'Fttft.!A!.~ 6-102o 
( o/o ) 

~J!j~§llj .itfi!J iiJ~JliJ * ~itl'PI i1!1li.:k~ altit1PJ 

!G::ti!rl 65. 0 -75.0 3. 0-5.0 9. 0 -11. 0 l. 0-3. 0 5.0-15. 0 2. 5 - 4. 0 

II:Ji:lrl 34. I -45.4 2. 0-3. 0 4. 6 -6. 6 0. 8 -1. 2 42 -60 

m ~ \!J.t/ g · cm·3 .li/m·s·' fillff::l!ll/d :j1f: lX \t'./JVg • em - J • .i!!/m • s - I fill:ff Jfll/ d 
. 

96-1 I. 37 6042 270 97-8 I. 32 5843 270 

96-3 I. 33 5985 270 98-6 1.34 6028 270 

97-5 I. 30 5960 270 99·12 I. 30 5995 270 

~~YE~, 1!-:i~Hi*Pii¥1~LftW~:t3Ctf-Ji!(I(J'LftWHi!i#~·~nxx~~, ~:515mi* 

~. -~LftW~iff~tlfHs- 25'C; ~T-S7dlll**· W::JLft*FHiil~t&\it- 50'C o * 
6-103ftl*7A17C~~~'Lft1$H(I(Jifi#~l.&!ttftiJ!~~~:W: o 

* 6-103 -~~R~t.'f:i9ti<Jii!Kflfi8.11MlNiit 

ff ~ ~Z*IUlV'C .:ill!/ m · s - • ~ l± 
l -30 5624 

2 -35 6025 ~~*l'iti:(£~l:f-~ri'linJJl?HJIJ:i:5JU - 30'C, 

3 - 40 5965 -35'C ' - 40'C' - 45'C ' - socc ar. mi!l3h 
4 - 45 5956 1.!1..t i1f: fT 8!1 lit 
5 -50 6016 

• 
~T-=1'~~ilf'iJ~lf(I(J1!-:il!~*~~LftWH, ~UF.J~Jfr J.!Jt;lil~ti4M ttr!~f.:EJ:tt!ffl~~ 

1~~ft.1J , ;Jt-:QU£~rmWHfF~~Jm , ~**~-~7C~~L1t1$H~~lltiWH(I(J~~~n 

7c~i$ o 
B ~~J .::. 

*~•frmm~aft•~ti1:i~'LftWHm~•(I(J•WttRo W:m~wfi(I()Wm~ 
0. 95 -1. 2lglcm3

, ~-1£~ 32mm, §flleHe:~ 5 - lOcm, 1$~fth ~ 220 - 280mL, ~Jt 
17 - 20mm, :Jai! 4500 -5300mls, 1f~fi3:ff~ 261' ~ 0 
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~ 6-1 04 ~tl:±l~ t O% -40% B9$:~ll1J1t~Ej~:Q~!JL1t:l1:~tlii!EJTDG$1J~I~IId$~~ 

:l1:ttfmB9&Ha:~:W:o ~~~Jl~1lJtj:f£ L 01 -1. 05g/cm
3 o M.~ 6-104 9='~~~ ~;f:±l , l!.iH 

•••~•1t~*•~*tn.~•~~.W~Jl~~aa~d1t•*•*~30%~~~­
•~~.~-~~~••~~~1t•*2~*iu,•mi!I~:l1:~B9~~~-tt**•~~o 
~·t~it:t'F!9~5bl< 6h, * 10%, 20% *" 30% .:fHilJ1t;fli!B{J?Ii~:t'F~~~-Ile~~*=f 
7 em, jjl.J< 48h, ffiflliffl 1 )t 8 % I~flf'W1t:J't.®J!io 

• 6-104 JI~I~1.1=19tf.Jiiflt 

lii'Ht .fftl "* it ~l-91!1£ ~-j!!]ll,{ -"It jlif lii'Ht.fftl ~it 
Oli::ld#~ > 1% / nun / em /mm / m - s - I <»fil?H!c)l% 

0 32 lO 20 5540 30 
10 32 10 20 5200 40 
20 32 10 21 5180 

6. 5. 2. 3 %i!-&:k_~$L1-t.;kf~~!i.?*1:-•i1-

A ·-~*~IL~~~~~~-« 

'tftJ!itr-12 Jf!J.II!. ~ .ill! 
/ mm /em / mm /m • 8 -I 

32 9 18 5160 
32 9 17 4680 

iM~:k~J££~·A1ifqliiflJ~f11.:f!J£~Jl C1lili~Jl~~~~tl0, .mi¥_t;(;f -~~te; 
~tto ~?'~. $., ~~~r>z:~'tf11Et!, ~~~1::~~~-~o ~1e:k~hUA~J~L1t:t'F~If! 

Jf5 , :{E:k~W!·?'H~ W-§f:ltf !iL~ ~ JlJt, itz?±~t= , fiifl-, ilifU! nW If! m.~~Jl ~1~, 

3<~-tttf/:bn o ;& 6-105 ~~:±l T:bnA:il!~:k~~~1t~~a9m!m$Jl~J\I•~Jli)!~iJt~~HI~: o 

•6-I~ *rn~*l9tf.J~~1.1=~~•~~~-~ <~~"~~> ~•••M 
-

*l:i!ii'~~ *F.i*:!it mHtr <~t~~llu% .IJJjX~JJ!:/% it i± 
< 3!:lil?Ht!O 1% 

-l'l<llli 1L 1-l:~ili 0 0 0 JmmltMI:: fi(!IJB!fi!:JJ 2kg, ~ilt 250mm; * .:ki!i1L1t~~~ 40-60 0 12 lf.fU(~f!l: :&Eli 4. 90MPa, Q-fll96° 

B f# It!. *4-ii 
il!~:k~:f£1JUiit~.&ntit09i:J:~If!, !.16,®!:/JnAVtfftlt!J~Ij, ;)tfF.ffl:tE~l~Uff~itTi$B.J" 

~~lR, JA W!Wt1~ Tm~~Jt, ~ i'iJIV-~ ilifftEt!, ~ll:I'B:k1-tslj§f:t9~~lll:ti~ o 

c 3!-&:*~ ~ ~~1t*1'~ {JIJ-#J~ii 

§ ~fii1¥lll~1.MH1r1i£~, il!~:J<~Ej~L1t:I$~Jik.ffi~~ o ~:ffi:J:fi~~i!~iJt~:W: 

~UA~ 6-106, ~ 6-106 ~JJciJS*rm, :IJOA:il!q5t;}(~.6:t'F~~t¥tt~~.@, 6 - 13 -t-JJ Fo·l1: 
~~ft~*o IW.!Bt, :t'F~B9?'~~ , ~.fft31lL ec'*~:7JWrJl:::ff ~·»s·~~~~ , JAW~~ilH:i 

:kH~'Lft:J$H1if~~~-~~~tto 

• 6-106 !JI:It1.1=~iili':ftl:iEtt 

M~JIIIIJI 0 4 7 10 13 

jlll/m - s -I 5927 5908 5803 5612 5546 
. 

~rz:~B-M .~~:f£~~9='*·~~~~~~·-··il!~:k~:bnA~1t~Hif!A 
n•~~~~~o ~?'~.~~-~=~~~~:~&~-&$9$, ~~-~~~*~· 
~;~~I'B,~~. I'Bff#~~ffl~-~.~~~ftHM.~t¥~~l~~;~~~~~~ 
~~~~~~%~~~M. ~~ll::J<H~~:t-FH*A.~~~~~. ~m$;~*~~~ 
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*li!~~~Fii~'i!f891lJi .*'@.tf~; iiH~.*~&:,®'flM!l!l!&:tnifnt o 

6. s. 3 fii~~~-¥~L-f.t:l'F~ 
. 

-i'-lHi~L 1-t:k\:Pi 89 ff ~% ~ , 1f~f6-¥ ~ f.!i~ ~ Jti ~1ii *X 89 I'DJ IE , ~~ :f;ll1t!HL ft1 , Jti ;ffi 
~~~~ ~ Wi:wl , f6~Fo:ii1!~:t!fL, ~~Pi'r!f?IHE!Xl, ~Jf:l:::t'{!J! o A 111~mPJI:tf~U.t:kF~ 
89*B~~.8aH•···~Jf:I~~--,~M-¥,~~-~'L1t:kF~~~ o 

6. 5. 3. 1 .m~i!IC.~ 

~l(aJ,L1t*FJti@!tlfi<J~~~~$, ;JtAG1J~IlJ.ilt , Jh'tfJ~~~, ittJ~ It:~~~~-ft:f$~89 

@!13r ;fll~ff.J·!1;f;f-~~ l(n] , ~ J:f=I'Lf.t11"1J *" ¥JB;fH~~~ n(o;J ill:*: o ~L 1-t:kt:Pi fi<J ?~ W.*" PJ!J.l3:Ji ~ 
~=f EJT~Jf:l fi<J rm ffifJ-*4 o ~ !&~ 1!11 , ffUt .¢.i: 89 rm ;t~ :1:t *4 , ~ ;fH x>t ?1-T-mt:lil: '1' , rm WBEtLl ~ , 
;&~1Jtl-tfJBiJWJltEJ$J;fc~f'Ffijtft:1fiJB;j, ~*~~, ~;(f.JttHio ~Jlt, hiZ*JfJjt':j~t,(il!J~:fJ*'I-o 

:::t'~W~.~~~~~~~1tWHm~-~~~~rm~fJ~;fHMtt~,;fH~?tT-•a 

7o11i , f5;r.Jlt:;k , ~L1tfmf.li!itfltrill:J1!l.7Jzru!!¥Lf.t1?1J o .\& B ~ll!, Span-80 iJ.-1'f ,L1t ~g_:;IJ 5.1L ~ 
• 

~~!¥L89~R.i:, 1§. -tl!..ff:fEtf;ffi5C>t?t-=F ~:hl'J', 1/i.!lf~~~-~ o "Pt~~~, ~JJ(;ff! , 71b;ff!flffl 

~89t"Nt5t"F, ffllft-89 Span-SO f'F1!At~J, ~)l!~JltEJ$J;tc~~1t89F£, ill~~-¥ ; ffllft 
- T = MSJE$:!¥L1t1?1J. t'f:iffi~B*~~~ftitft89~i*~@!, ~*6-¥, ~-{f~l)'!.~tt, f.EIJi:k\:·11 
-~~~W*o W*mMC~~~'L1tm.~~-•~~•••J:f=l,:::t'•-¥.~~ttn~ 
89~>1( 0 

~ 6-107 ~jt~~~A1ltllt89 ARJ-Z ~~~!¥Lft:l'F~i£1J, ~Jl?ti£tt~ir~~.lf-~}Jj{ 

~~ o *;ffl~~mM•~£·~~•m®M89M~•1tm•;fll*M•.fiA.¢.i:~~-65~ o 
ilii~~~J$!;J'H-~-fft89ifUli~illl~:fJ.f4 MF ~7~-1L1t:l'FH~ffl!!-IS-$, .#-~:bu-~ 

tm•ll*~W~1llttt89::ffffL~ o ~L1t1f~J*ffl Span-80 .!3T=MSIE$:f.6?tT-~LftJr!J89~~%~ o 

ftit1t;f-f;fSl.J$!;--f5l!J'HlllBi~JJtc~J?IUG-. err mwn~~~::75-i¥1tt.71Ct1it~~: @ ]j[ 40 - 6o kglm3
, 

~]Jr0.833 -0.175mm(20-80 §)90%t;J._t, pH{.i[7+1 0 

* 6-107 A RJ -Z ~ !¥l:f.H'I=i9ftt1:i 

!ill 11 * filllft!li'J( lli!JilJ!i'il! !l{l-.t/i ~1Jnj!IJ !fL+tlH fi·li!iMiH~~Jl~ 

*tit U!ltfiHt~) 1% 10 - 11 66-88 14 -16 3-4 0. 5- I 2. 0-2. 3 3 - 4 

~~~1!11 , ~JJ*J$J)f(*fi<J!itJ3t, f:ii:J.t, tJlJVt, ~fJI89~Jl~~fx~fm~~!¥L1t:l$~89 
·!!!:I'm o -ftlHIE-IJt, fF ~157](:1$~@ JJliffdmJ?lJ 89~q.$fL1ilttl:, W*~fL~ ~.!Dt tt~ii.l!! , ~ 

~Jj( ' ~t\l:lt~~1r 0 

6. 5. 3. 2 1..?- .I. t; 

?il~~-*6-¥ ~L1t1$j1J 69 1:.~ , .R m~ l!~!JLf.t:l'FH a'~ ~r-c .I ~*"ii -al89¥i:!U: , imJ m 
f.U$I~f:lPPJ o 

IV...t~ ARJ-Z ~®!~!¥L1t*FH~i91J, ~iti3~~J*I-fi<JfteitlJ~1£illl~~1tfJLm~ftEJT~89 
~IS-.ti,J, fT Ailii*Hit:ltff!iJE, :bu.A it:fil~i¥J::fftlt~:bu1f!Jo *~~ft.G, :bO.Ait:ii~B{J~-g. 

!JL 1t1liJ. rm ;ffJ ifilM t:J s5 - 95 <t: .19 1r 0 

~ME I$~ ;s-89 ~ *" ;UWX>tJ$J)f(~ *"~L~~ -T:i1J ::ff ~Iii! ~11 89 Witf\f'l: Jti , !JL~ ~ mHffiUt 
7.11iat, ~Jl'J', ~~$X, Jl!fL~tlLT-*:!iit::ff -~~tt, {!f!=f.!3J$J;tc~89~*"~r-IE.;fllfJL~~ 
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!'tj 0 f.Et*/$1-t~J.txrto. KF!'tJxr-'i. 5!;J"ii~~YI~f"'7f';f1J; */$1-t7111J3txrf~ . .!itU£~~!t 
~*.71'~~m~~~o ~~m#~~~tt. ~~x~~~!'tJ~-~~~~~~~®~~ 
IA~f'F~:If'il, ARJ-Z ~~~~L1t:l"F!'tJ~/$1ttm.!ljJ 60- 65~, ~ft~fBJ 2- 3min, ttl 
~lli\\ll!t$1J:(:E 40 - 45<t: , Mr~~Iff: ~t~~E:o 

6. 5. 3. 3 .i--*•li.~ 

...t~~~71'~-¥~1t1-'1:~1¥.11Ht:~~~·!iflli1Ji!~~~*9M~ 6-108, fltf'fttflli?l!~~~* 

.JiM& 6-109, ;M;~:fH£~~:lis¥IJ 7 2 %;s-.fi,L1t~!'tJI¥.J~?l o 

* 6-108 fif~ :::r-*6-'f!PI. it ~~tii.J tt ~ JIJi'ittU~ 

~-ie· 4llf §it ~:;/J fti!JJ 
U!f lllti$!f •• !IB!f 

:till'"i:l**:ti 
tt til! 

/ mm ltm·s · ' / mL / L. lr.g-• / em 

~llt~:* ::f;J''f 3 ;. 12 ;;.3000 ;.260 -ft.j;& 
il*l:.tft$ •*~'•* =s;IOO 

;:f::;.l.::'f 8% ::f::.l.::'f8% 

~lJ!I~::\l! [ 9 ] 3/3 18. 5 4598 285 '*'* 0 0 so 

1lt lX 990609-1 981222 990407 981206 990107 

iiaffJ!!!Id 133 181 184 199 217 

~!ft/mm 12.55 14.34 13. 72 14. 15 14.68 

~-BJ!)f.)l em 4 3 3 3 5 

;II ill[/ m · s- 1 3355 3765 3703 3588 3428 

.,L1t~~·r*ffl7~-1¥.J MF ·ffl·*~~~-·~·-~· ~~f"'Aa*~ 
~.g•~T:t:Eam~a.~rm~1t~1"'&~~.~~7~•••*~1tl¥.1~1t~~* 
$Rflli.:f-I~~l¥.J-~.X-~7•m~H~&Wo 

6. s. 4 iiiHJ£iB.!JL1t1*~ 

PJTmmH~mi~LftKF!li:JH~:t:Ef~m~ftf~ 1JJJ!J.-;ff~~ 1¥.1~~ tt ~ j§:ll~ll ~-~ttflli 1¥.1 
~L 1t~!'tJ Af'tt o {91J:flo : :t£~~ 1t1-'l:!'tJ ffl r~t:lf ~* F*!tl!18Jj~ fF }!tlf1 , it~* ~1tW~ 

~:fltt~l¥.1~~711itt~ .~*;a;71'~7f'~~~~~.w~~~A:fl~~l¥.1•~~1l~•1-'l: 
~-~ttfto AA"·~~sw~~M7-fatt:t:E~m~#~A~-~ttfllil¥.J~ft~H.;M;~ 

1ft~~~ :t£Ji~tl3 .P ~~*;ff l!l~ !J)tA:fl.:(G:?t1~J!Jiti.!ll¥.J ~* !fkJ , J! fatt ~ *~ ilJ ~ ~ fJ3 
~D~IT~P31at~lt~j:H~!Im ~ Z:.~£Z:. ~lt/Z:.~~~JIH!J.J!J.,lt'i?:ffJ ~j~*~ o fF ~19tJ7-, 
.2fi:,J,"P1l-ffi~t:JJHf~M~.g,~ft5!;J'~~R;WT:lS:i1!!.18:~*F*~~ilJ:lis -45- -so~ WM$1J 
1¥.1 iH~ m\~L 1t1-'I:H o jj ~ i'i6~L 1t-f* ~ 1¥.1 jjij *~~ tt , ~iJf~ ~ :t£$1 7ffi IC/fi&tit J:f * ffl T ~ 
~·*tt*m•.••T•awH~~5f!fto~&~--~.-~1tWH:t£-45-
-50~F*~#~---~--7ffi~·*·W7f'~M. 7f'~m.~¥~.®-i'iJ8.~~ 

tJtrJ6~.:E~:Iil~tt~~¥*1*~-~o ~!¥L1t~H~iJf$JJJllt :9J, ~OOP37'~F-:*tB1W~~*~ 

~~~~7-fittttftilJ31¥.J~~~WH~f'tto 
6. 5. 4. 1 lie.~i~:. it 
:t£~~~~I~Aftf~.*ffl~~l¥.JM~m?t.~4~~~-~~~~~L1t~H.a 
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ftD~--~·o···~·*Bffi~~--~·-·,MMM~*m•ME~ .••• * ~ ~ , t£ - 35 't: Iffi\l~fF ?t ~ 3d , ~ 1* B f;£~f~/3Nf.L ¥U - 40'l: at~~ B 5~ , ?3£ i.ll! , !ij< 

~ ;Wft*Bffi~•tum~~•tnm~••mM~~a-so<t:fi&*#T~•~•3d, ~ 

~~-~~~.~•w~~~o~~~. ~~~•m•~oo~~~. ~~-~~*•~0 
--~~.~--~~~ffiUM~~~~~~«••·~~#BT.WA~~mtt. 

~*~.oo~t£fi&Tmn•M•w~•~••.~••~~o ~'Iasw••~••• 
~L~~~I'!J-~tlfte~, ~U~~ 6-l lOo 

• 6-110 iHif~!il. 1t 1$~ii!1i < liliii!:*l!c) 

m * ~li!l~ * 11Atfl~1RI AA;to- AA;to=: llt{t~J- liiUtlllJ=: l!fj~jl!J \if.' 1ft iYHUJ 

l!C)J- 75 -78 10 - 13 0 6.5 - 7.0 0 3-5 0 2-4 1.5-2.0 

~:It IIC)J=: 75-80 11 -13 0 6.5-7.0 0 0 0 1 -3 2. 5 -3. 5 

/% ftG)J= 75 -78 10-13 0. I - 0. 3 0 5. 5-6.0 0 2-4 2-4 o. 1 - o. 3 

nc:nrm 75 -80 11 - 13 0. 1 - 0. 3 0 5. 5 -6.0 0 0 I -3 o. 1 - 0. 3 

6. 5. 4. 2 ht11&.~.&·11.~~~·l ~ 

~TTMM~MM~~~HmfiattnM~%.~mmfia~mc~am~o­

-s5<t:).•~~~~·~~~••••M~m~mft•~~••· ~~-~~oo~.M 
~m~•w~~P•~~~I¥J~~~~-~•ttno dC:tE*"oo~••5~#&TM~­
~"oo~•oo~~H~~~••ttn. ~T~M~~Mfi&~~~~M~~-·o 

*~tl-T -35'\:, -40'l:, -45'l: , -50'l:IMtltT~5 1 -2d ~, ~7M~~Lf.t~HI¥J:jjt 
~lllt.iBttR , ~·MJ!Htl:lzt=f~ 6-111 9='o ···~, itl:*~tlMf~Wt~L~~HI¥JII91'~ 
~ . t£-35--45<t:MS~5~#T.e~:jjt~m•~••·m•~.t£ - so'l:••§# 
TH~~lfoJ-JI:b, 1E!m:&:?ffi~l. ~~flAlftWo m.~ta -45- -so<t: at , a••• 6 it~ 

I¥Ji'i.t!Ji···~, ~~!1L~~Hmf***XW~5-, .tM&$~ tOO%, ~ta.ttff~¥*~ 
~0 

. 
- 35't: - 40't: - 45't: -50't: 

tt fl1l '*' ll.l 
24h 48h 24h 48h 24h 48h 24h 48h . 

l!m- 4739. 4545. 4525. 4444, 4484 ' 4694, 4385' 4629, 4347 ' 4524, 

4629 4545 4608 4347 4629 4566 41 15 4504 4444 

Jft!:tJ=: 
4000 ' 4300, 4237 . 4065' 

il:if 4237 4255 ~-
/ m . & -1 4504 ' 4484, 4310, 4237' 4166, 3937 . 4405. 3802 , 3731, 3610, 

fti!:tJ_ 
4566 4444 4405 4424 3875 ~~ 3610 3891 :i:jl 

IIC:tJil!l 
4200 , 4100, 4081, 4048, 

4300 4115 4115 

IICJr- 10 9 7 7 7 7 7 7 7 

Jttlillif!Jll wc:n= 9 8 7 

/em WL:n= 10 10 8 8 7 7 6 5 5 

lft!:tJil!l 9 8 8 
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#f~~L1tW~::(£ -35t~~3~W:. -N-1&7Xr -4ot, - 45t, -5ot, -55t iZ!lt­
~m, ~~~ 3 &t:W:s, .M);Jcf'§ 9=' ~ :±:. J$:It::(£¥:ilfft < 10 - 15t) ~f'fr.fft$: 46 - 61d , 
7t J.ltlXW. iJ!rJ W!:fi 1¥Pf7( ?.1H1l :ti fi tt ~ o ;6( 6-112 11 ..t l£ ftC 11 =: 09 ~L 1t W !:fi ;1;11$ tt ~ 1J!IJ ut~M , 
)t~!:fj1f;t£11 <t>32mm, ~!:fi*Jjt L lOg/ cm3 

0 ~**IY3, ~JC/J~!1L{t1$~:tE~7Al -35 -
-55t~#rr£~~~~~zJE", JZ.::(£ § r&~#rfltrff: 1. 5-21--YJ, ;t;:!:fi17J~ , ~~~, 

~~1t.~~mn, ~~~fftt~17J~~~~o 

- 6-IU ~~*"~~-g~~~~~~~~~ 

iU~ ~ rli<ti!J!: .Ei a.t liil ~ lti<Fc ~ 1'?.\.ff$: fltfiij/ d :lliaV'm · s -• ~~il'!-/cm Bi!$:1$Jii."tt~ 

- 35- - 50'C 4484 • 4566. 4385 • ,it!j~rfi< t2d , :1$F.;1J}iliH~illil!i • 46 7 
~~ 12d 4444, 4270 ~' ;r-~~. ;r-.\}lt!, (ll = QO ) 

-35'C~t*9d, 
61 

4444 • 4270. 4484 . 
10 

ii~~l* 30d. ;j;I;Jijo{J}i¥~$\Jil!i 

-55'C~rnt 21d 4424. 4504 *X • ;r-tli l'ht • ;r-.\'f It!. ([l = QO ) 

.§H'~. tE -45t~#r~~ 2 ~~.s, -N:tt:¥:7!1 r.ff~ 5 - u -t-YJ ~i:t~~*~IY3, 
..tu DC1r-~ if1 ~ iAUL ftfF!:fi B<J 1&1$ tt fm~1t:liit ~ IYJ ~ , f!P ~ftl1r B<J ~L 1tfF~ifiif 11£ 7!1 tt flli 
liJt:jff o 

6. 5. 4. 3 _:(, 3ldt./' ,r,.l¥] hj-i* •1'1. ~~ l.i * "f j;J.$.,S. .m 
%1 ~~~;~$~ r 1:f'= ~..tl£DG1f =: if!Jii1f£tAft!fL{t:J$~' ~~~JM~ 11 <1>32mro X 200mm' * J.l 

11 L 10- L l5glcm3 o - 45't~#r~~:il~ 1 ~~Po, )}dlj(t€9='~1±l, :Rtl:IEti:;J:trJAl 
~--~fflo r£00 •.• Ift1t1::f'=~~&~~ftJE"fFHB<J~---tt~X·::k~1t . ~ 
il4~*W.W..~ 6-1 13o #r.iitJ.!Y:fflit~:t±~if#rtFitUiL.titH1', ~$*JlH£~»~~ 
re1J=:ifiiffl£i1f!!¥L1tW~, 1iHUttJffl$JtjJtJ11 83.3% -99.4% o ~W-ftfflB<Jf/i'ilbWHm?itiit! 

R 25. 4% -25. 5% o -~J§"tFftW~*.lJl-~~J~, ::gEJ<Jltf~:§'!l!!liii , :7t1JHL, :7t::k:!1c, JIR 
~~ 7 ~j!JB<J.1i!/i3!:Hl~o 

• 6-113 litf- iHifil.$1.1-t 1$"li'tf.!Ilk1t1"'lil~*lr.I s~±~fiJitt~ 

mllr .Ei ll't rBJ jlif/m . • -• Jfcji~]AI/cm ~l.f/mm ~ it 
4854 20.27 

4366 20. I 
11tlfd. (28 -3 l'C ) 10 

4901 20.8 

4807 .li!- 51:8-l}Ift 

4629 19.2 :kflt'r'Bijl . 
4901 20. 4 

11till -45't:~~ t1H~ 8 
4545 19.3 

4901 

6. 5. 5 f.ii:ltii7J<!¥l-f.t~~ 

~81tif*~*rw••**~·•r~*••*••*••~.ft~R"F~~Dtt 
;.J<, pH -ttiJ;5~J 1 - 2o ~DttJtft-e--i1iliftfF!:fi~A~Rm , ~IH~~7tfff~$, }}.. im~1:: 

• 
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1P:11 , 71'13t :iil!:JVt e 7c (I{]~ tJH.91 ;ii: , Tffl .13.1¥1 ~ T 3(~ ~11 o # x>t _t:i£ ~ ~·m (fl. ~ ~ :g W" ~~ ?Vf 
3i: ,\11, ~ ~ f1 ?Vfilltl :±l ~J.i!Z 7 ~ 1t:W" .BIC:;kit~ l's!HL:JJ~ (I{] !it ll~H~E7J<~L 1t:l$~ o 

6.5.5. 1 ia~~~jf 

~r••~•a•~~~tt~~.m*~Bbn~S~M~~M o ~~~-~~~-. 
;JU!~;Wi;ltl!~f.£, ~ifflt#M, M*~bnA-®~~~~~J, ·§Ji~~faR.\:~1l~J~~1t'ftE 

lll:Jf!J. ;It ftC :n J;i!. ~ 6-114 0 

~lit ( altit~f{) /% 
m ~ * l± 

~n- ~n= ~:11.::::. 

* -m 85-90 85-90 85-90 

11!1 ~ 5-8 5-8 5-8 Je1i-*ffl1t~2tm 

Span-SO 1. 5-2. 0 I. 5 -2. 0 2 1iiR iMl iHU!i \!! nt. N! 
~ g[if.I!~~J 0.2-0.3 I -3 1J .= ~ 1JU ~ li~ BJiiitO:f! 
~L~iiJEtfiJ 0. I -0. 5 0. I -0. 5 0. I - 0. 4 ~oll1t ~ Ell: 0 *I' ~ B9 iltl # 
tJtDilli'W~J 0. I -0. 5 0. I -0. 5 0. 1-0.5 ;f111il!JIH&: :!IU~ !Ur 
fit1t~.iUJ 2-4 

~ 6-114 JC1r(I{J7Jc;ffJ~liJU\Ut~iit 80% -85%, 7Jc~ii 1l% -14% o 'il.l!;f'B:izH~tHf~tt 

7Jc~MJ*$q~~(l{]~~--. ~~8-MM(I{J·~-. ~~~~7Jc;ffJ··~'ii.I!M~~ttR 

~*~**~ . sm~~rm/f'&~o ~•~~.•••~••~~~•a~•~A±#, 
~~-1f~~tt7Jc ~m.!*$fl!i ~%:tto ~~1f ~1ftJLillU~•-m:.a.1ftl(%-1¥JMMtt*~tt, f£!. 
:m:.J.>\.Ql(;Jjs:., mt~*m~:blli~$:1Ji1ii~~~7f'ilfllito ~..13., •ditt:t' s•~}L±#Jl..li~ 
~!ii.~*n11~tt, .!:3~L1t1f!JI¥J~il-~~~~. ill'Jtti¥J~L·¥M.tmit:flfo 

~~iftl~Jl!J-€1m: ~~m&«1t•, ~izlliiML~&~®1ftJL4WM, ~~~-~~L·~~ 

~Htt7Jc~~·R·~-~.@~-:I$~~~~tt~~ffM7f'R.~ o 
6. 5. 5. 2 #JJJA±~~;fp~:kt·l±fl~ 

-~?JJmHtt~L1t~~~~W!lt~5HW.~~.ti!.~ 6-115, Jait, ~:tifie~, ~ll.&-ffl' 
:AiifJJri¥JmtlutflUt!A!.~ 6-116, ;it~fte/f -~fte:1J =~111'1fi&~~~L1ti1:~, t'FJiJ®:li~, 

~:1J- JiJ~Fllf'B'$~~~{t~~' f'F~.:E~~o 

* 6-115 titlltt*~{t~~IY-J~nf~~~~~~ 

lJC 1f "~XW.iS~ ~~-AAI. :f): ~ l!)Jr/ g · em - 3 n-e 1J ?'f-AA'.~~ moolf:R~ \'llif:!t/g · crn - 3 

lli!:ff- •~e '111' ~ 1.05 - I. 15 Ben=. 1\t e ~PI]\*,flq~lf:R 1.30-1. 38 

IJi!:ff= ~ ~ "Tfi!Jf~ 1.05 -I. 15 

l!C 1f J'I&/mm {lilitlm · 8 - I JliJ :ti lie lllJ I em i(Ilf/ mm ~JS*E!Cim ~ l± 

l!C/J- 4>32 4000-4500 8 -10 18 - 20 ;.:3 lf'lffitijl 

~e:n.= 4>32 4200-4700 8-10 19 -20 ;;.3 lli'tf'l~ 

!e:ff.=. cj>l20 3800-4500 ;;!:3. 5 ;f~lli'lf-~ 
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6. 5. 5. 3 :bttlt•ti.,f(.•ti.1it 

m~~~~m•~•*~mMtt•~* 
a<J 1!/:f 1tt ~ It .9i!. ~ 6-44 o 11< fifi a<J R -t : 
<J>370mm, ~ 500mm; 1P. A • tt 7J< tit, 
40. 5kg; pH = 1 -2 ; *'!lHI~7J<·i! : 0. 93 -
0. 97 V min 0 

~k~~~-~~~=~~~fr~m~ 

tt7J<~~~&a<JH80~ff.aMtt.~7J< 
9=' (pH =1) ~7@l l -3d , ~tijJaW!fjiJt;ft1;t 

~tU~, ~i!L*= .!A!.~ 6-117 o E8 ~ 6-117 ilJ t;A~ 
ili.£~~-~~.-i!~~~···~· 

~ 6-118 ;.9kJ£~~WC~a<J!JL~;k1:51£ 

8 
"' 

;370 

,.....-: ........_ 

( -
["::::: o o 0 1 o o .-J" / 

* llliif + -- -• • 
II& 

* ~ ' 'If . . - . . . 

* . . 

*l!Di'ii:ff i;J;jifi 
lJij ifjj 

Vlf.~*/ 
--. pH= I~2 

-
Q 

~220 v 

i;J; 
~ll 

• 

pH =2 t¥J~ttmti9J7J<~?J!7f!H~i8 7d Fo, {£1iflfi\T#!P. 69d Foa<JW:!Ji~~o JA*. 6-118 .:P!li 
~PJt;AGtij,aUttR~7J<.:P~--M~Fo.£~~·~MH$fi,.BPJ8,.BB~ 

~~~~W-·#~~a<J~*lli~~*o 

* 6-117 !iilit1$19i*lltt*lilitiUl: 

AC 1J BC*BfiDII it~ nf!i~ll?. Wif/ m · s-• m•~·/cm 

I <J>32mm nf!i3(tll, i!i!i*7tm 4237, 4048, 4219 7' 8 ' 8 

li!1J- 2 c/)32mm Fi :ff:- ij,IM IN JHr 3921 ' 3927 ' 4032 7' 7' 7 

3 c/)32mm Fi~-~fl'!j:8JIIr 3984, 4016, 3952 5, 4, 4 

1 c/)32mm n~~~~} 5208' 4524 ' 4464 8 ' 8 ' 8 

!i!7I= 2 c/)32mm §~;JC~ 4587 ' 4545 ' 4484 8, 7. 7 

3 c/)32mm Jli~%ff 4329, 4504, 4545 7, 7, 7 

~ 11 .i!!Vm · s-• ~UIIle)li{lcm .;p. ~ lf1 JHr.$/% 

lfi!n- 3984, 4016, 4032 5, 5, 5 0.3489, 0.64, 0.68 

ni!1i= 4716, 4830, 5000, 4854 5,6,5,5 0.61 , 0.565, 0. 60, 0.58 

;t£;11H~e~~H I, *fflliiffi!JL1t*FH~t'-4&, :ill:rrT ~~ii~fiit~~fitMttfl~~L1t 
~Ha<JI~1t~f'ff1;3J!.:%ili'tm.ffiW:!Jio ~~tEl!<~~*:%~1L 9='tflin¥!Mtt (pH= 1 - 1. 5) 

~.-~~~W~tt7J<a<J~#.~fil!<~&~I~~£~~7J<W:~~-~tt~OO~o ~* 

•~.mm sh Fo&•.amT••~••~*·m~Mh ffl, -~~·~·~*•·~ 
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$;*1~ , 4i 114;~~ Ej ?'~ WJ *a tt ~ 1H<J woo ~tc ;(:j , :!! f-1': Wt :h ilitJ ii! r ~ lrl ~m ~ 11 ~, 7 ~ 
5\!.t J¥.J 5*11£ 0 

(2) liJ=fjfHL%~, tLM~-E.IZSJ#ag~n!RJ, 'iit~~ 

J¥.J~-~~---~~-.-~1¥YE&~~-.:lln007-l 
Yr~oW,L-ft~~-~-·m•-ftM~-ffM&~,/F 
i~~tL!=f;ffJJ< !::i:a, tLMJ'tnt Ej:a, ~L1t~~$;t§ ~ ~ 
•••A•~!=f.~/F~~1:.~1Lsa.xmwa~• 
tL.ffiJkf)t~J~ttz_t, ~j;-~~EjJktiMI¥.Jffii~EjB;JfBJ o 
Ej~&t:£&:!;\!!·~~~ .-~m~~~B1§8··~ 
-~81t,a.,L1t~~Ej-~MI¥.JM-@-~-.-~~ H~~ -~~~ 

ffl-*~, ~*-~it tt1lt:AA'.fi~::k. -11J1Jo_t~*-i~MtL oo 7-t ~~~flil 
•~~.;ff~r~~-~~*·~~FoJ¥.Jm•~~.• 
~~-~,ITff~~o~B-~. lilr&H81t~Mil-~BJ¥.Jm•.~r::ktL~#B~20%-
30%, ~~~tLit~ 25% -30%, ~-~;4;:1YL~~1~ o 

(3 > 11ifij:!Jm&!f:J¥.J El Z9Jtt-:!ttt£i!itJ~~, ~ ~tli:Jm~f,flf~J¥.J~tt~~~••J¥.J~1t·~ 
~. EIZ9J~l1lrl~-~1t~HJ¥.J~~~--.tt-A•a~'r2%,~H·m?t~~~~-
7~~~··~z.Qlt:h/F~8.!t,/F~~~,/F~~hi¥.J~~oUI!~H~iiUJ~ft?t~ 
l?ff, J!JJnti~JT-~1~*~-*· .R;H~m•, $H@>f!IIJ~J¥.J:II~~*o :i!~tt#_tJ¥.J~mtt, IOC 
~ ~ Ul!~~~;4c{¥*:Q{~' X~~ 151!~~~*~~~ft{to 

(4) mrri!&$J¥.Jm~-tt~J.¥if6, ~~~-*t!!iti, 4ii?t~~11!ilitJ lrl~ :tJH:t:~25o-

300kg,ft.@IA~;/J~J.¥.a.~Z9J~F~-*···~~~~o ~R~~. !::i¥I& 
~;j:§ ~' -~~-~~-~$ 5 -10-m 0 

(5) iEtttflitl~tAtt~"P. ~L1t~~.QltJb,R~tt:l1tA.tL~:::t%~. WJl~ll~1~. IZ5J 

Jlt::{:Efflfl I¥.J~:it!!.m:Em ~X~iltH~:EtBU~H~£, ..Rf¥1$. -~~~-~·!iJJr:;fJ.f-+, -a:T ~:k:k 

~j;-~··ffl~-~~-tt. ~~:t<~~-0 
( 6) ~~!ii 7 ~~J¥.J:ffi:7J<•Iiffgo 3t;R~~, ffl?l!e~$~/!i\itJ J¥.J~L1t~~ f!Pi:if!tt pH = 2 -3 

J¥.J~ttlk9='8~ 48h~_t.~•~lrl-tt•tt~,•~tt~•~x~BJ¥.J~-tt.~••~~ 
~0 

(7) ~~1§'*Irill~~1Jnirlrl~~.&:. 1l~'7J1JHfH9:5*o Ejm&W~$DC~I¥.J:it!!.iii 

1~, :I!~HJJr:t4-fit:(:fEjfi1.1Joii¥.Jif!Pffi, B '=iWmi1JOI);t§t~. ~-iJii~;J,, }t~~ffil!li, 

:t<~~JJU1~' r;t~ ~ 0 
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(8) {S!!ffl.&a-J)f{9!, 7f'~a>f iB"J , jgtlfi , $;ff:rf~~U19~n(.ij o 

7. l. 2 JjlJ,M 11 ~ * tt9 ~ Jil JJj ~i 

····~~$~~-~mTafi$~m&$~~~-ofL~~Hs•m&~H$~ 
~tm, ~#HtlfOO{Jf;bli:i,!iiCill~ ~l}(l'§~tfl , ilhf§$tfl;fO~it5G~ ( ~Y@.~J) ~ , ~~¥U~.it 

:f£ -F $$ift_t a9~1-fi'Mi-fr P3 o ?&.15 JfiBI~f'F .ill::~·, :tE$ _t1C.Q\t!IL ~, ~f'fl ..!§ R:Qi ~ 
~~I~,Wm~dBW~~--~~m·~~d:ft·R~~rt~rt!1.Zmfi•d~dBW 
Ho B~d7m~;fO&~~H~~$~~.~~~~~m&$o 

::fJIJ9Btf~, 7.KJI'EPf11ilbffi~'L1t~~~tEMiii~d1tHr~.QZ~, ~B~JL~:(!J-IJ9:!fL~ 

~~R~JU-F$_t~fL~-IJt1i~ (Gil) P3, !iiJa>f:lfHfflimJIHfiL ~1Lu~-ff4m£-rfi , if&*l-f8 
~ (Wif~at~j)p ) :.WJtf1!!.~1Jn1f!J-tt&A4t~-IJt#-frP3 o ~:;gm:•~~•m, :jfj.~_t7f'liija<J 

~-·;f0~~.2~--~~-R~o «~:jfj.~~I)B~~~--S~dB~~~~~ 
~--.WRA·R~o ~~~H~mM7f'A:fE-F$_t , ~~~~-F$-·fF···~ 
$, raJfiF~l!H9$ o 

m&$•••uM:;g~,~HmM~&«~-~~~-.71'~-~~~WH1Jnir, 
~~~iii~~~~~w&•fl&~!f::_t.~m~~••.~~•~:n~•*-~•~w 

H . -~&A.fL~ o B~~-~-·~A#.~tiM·~-*~~.{S!!'L~~-~­

• .. mm~Bfl~~~-*~•ma<JWfl, ~-~~--~~~•••· ~~••s•m 
mw-;s-~tl:o ..EI.7~-~~~tt$!f, .$liri, ~W5¥:i1J§i**•a9AA::i!P.o 

7f'~W·.~~&H$*~·RA1i~~;fO&~~min,1$H~-M~~-· 

~•27~ . B~••••R~A~m~~r••tt~••* ~~"•~z.mmtt• 
~0 

~00 , Jffit:!J!!., 1Jn~::k~IN~20 t!!:~a 70 ~ft*7f:Mi1Uf~~~:t$H7tU~$. =f 1982 ~ 

1iJf~~~ o IE P3:fE:i!Jriii~1iJf~I f'FMl'~ 20 t!tgc 80 :f¥1-ttJJAA, I!P:(£~1E!IL1t:t$~~MZ 

1JJ , ~ ~ .:E 'lf$1'1 ffltJz# All!! .!M:7fMl'if~ ~L ~1$~ ~ .:J:h 7~ ili1J ~ i9 tbl~ o :fE 1Vfili1J 1JJ M , Iii 
~$:$HM~~-71'~$ , it:I:71'?1Ef!!Q~.LiJ.:~, 151!~~it~HifP5LC=f?1~~~, *im~-~ 
~~~~f=.1J o 1984 ~~-OO~it:!QJ~9H~, OO~!£r;;:~ , f!L~I.ill::$fft?t , El!LlJW~~ 

f'!l~$ili1J:ll!trsli1!00 ?'~71l~$it'JliH:R#, 1986 if::(£~t:J¥- ~~OO~?JJR;~~~iTT5l:itUx~ 

•M~Hm&!f::,~~:t$Hm&$,m•~:l'FHm&!f::®~•~Mm•w••<~•m 

it!!) 1JZ#51i1!it'liiJo 1990 tf:t£-*WJi$1~~r:illil:tllfS~~~' 3:f;t.Fo mm ~t.@~(;tl~' .lJZ 
~~~~OO~::k~~*~Lllo ~~~OO~~*fP~m~!f::tt#~-7~~. 71'~~~7• 
i[;(tf-~ ;;f:-g.JJI! tf9it!?.Jr, *Jfl7iillt~~J~ili1J~flr~# , flr5t1tt , #~l}.ll.7 PLC ~i!JiJ o ~l:t 

=+$•B9~•.aoo~~~HB9•&mM&Htt#<SMm~&~$~~tt-..!§ ~:ll!t , * 
-~,L~;$i9KfiB~, 15t!Jfltt?!t~) e~d~U~?IE, -1f 7~~89t&tli~&H$1ll~:ii!I), ;FF 

:tt-m::k~•~*~~~•f'F.ill::~a•mrmmo 
Iii ~t£~L1t:t$Hill. $ _t , 7)(~ ;f071bffi~}flfFf¥fBJ JHZ2l1F~ 1'191¥ ili!~l1IL ~~~I~ 

~~•~#~-~~•*·~~-·~"•~"•·••w•~~IJ9~~~Htt~71'•~ 
~-ao liiJaq- , 71'.!£§~~-~--~-~-o ~~~tt:(£~?'~B~-1Uf~-~JflP~ 
iAtR, 20 t!tgc 9o ~tt~M~*, w:n~~oo~e~~?fdit!f::~r!Bl.kffi~~~L $I.ill'J1i:!fl 
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~--~-~-~~~~~H·~--~*~····w~aT~-W~-~~§'L~¥ 
,Wi, #f'LJBC¥-Wi~f'F-#JH.:*'l-.-T:$..t~f*~rg, .R~~2fi"R~m·:!Ji-T:-L'!HL~~;tr1£fiftft 
AtrmA;W:)jj( ANFO f!l;!t1&f$:4~~~~:1JllJrilFo~~~·ij=p:J.§JL~, ff:iElit¥r.IJ..t~.l& T 
:®.mJC~~t1t. 3taT~~i!itJ~'L!Ile Ollm::kf'J.ill!J'/tA~-WMiF.F'L~ 15 -20 Jf t, J5 
•wtqqrvJ\) ?t'I~~OitH~i*~ o ~IE Austin -0-irL tm1Jr::k~ ETI -0~, ~:;k;flj}IE Orica -0 
~--dfll·A~~no~hcl%~8~§~-T~#ft~,*~~~-~~#~ffi&~· 
4 o 

M=~~*'L~~Ha~m•~*~~~~#a$ .• a~~-T~:$8~Ra~ 
~§~t1tft·~~-~-*OOffiM·~~~~-OOM .• H$~N~~~H8M~M 
•. ~~~~'Lft£-Wi*~&.~WW~T·$·B~#W*~B&I~~-o $..t 
QJC.,La¥aM~--~m•fll,Lft~~-~--~---·~-.~&H:$•:$ 

~~---~~$ttE~~-·o ·~-~-~·~~*Mffi·~-~--~~- ~ 
~*t1t~1£-WMrmrg,~If'F~#-~.a~.~w••'LJBC~-~-M8~o 
~W .•• H:$~*&E.If'F8~ttfll.~f'F~~-·~··*·~···*R* 
~t1EB-91!m~~ o 

M~'''Lft£a~wmm··. ep••••M•-~~a,Lftaa~*••~~.•• 
g,•oo~~•*•m~.~m1£••m~B-9•••~~•H*&!JimA•JLm~~;~t• 
~-~~m-•m.~aT~m~H~~F-~-fll~&&H-*fttt#fllB~*i*~ o ~ 
Jl3C£.wt~Wi~ic~~-~1i&~*, ~1£1'"Jtl.*tm~*~~·~Hi~'=•~~iilfl..t~.~&®*~ : ~::A 
"*,Wt~~tt~~ ~'LJJ3C~a~;Jt~4~*;'L&~a•sf!l~M--·~~#o ~Atr. 
··a&m&'L~~H~#~;Jt&H$

11 

~~afll&fflK~~*X, "'Lft~a~•m~·~ 

~*~t1E~~~~~-. B~~~~ft~m~o 

llif!#lif*a~ri&:¥L~if:H~*~~~~·flltf£r-&m, ;~t~*~*·~.!=.i*•~~·~ 
B~!IJ~~a91iZ.i:AIWJ o !::jlltiWJat, ~TMtk:!1!CFil~f'Fll.t~~Ha~r~&filJJm, !Erg~~ 

ffiW"IiHiJf~,~~:I$H~~~Wf~M7f~TMl'"~~tlft•~L1tif:H~*~Wf~7f~I~o 
lit* .!=.i •-r ~-f'F ll.t ~-t:9•:tL.H~2~ IWJ , ~tr;trii 'lit ~Uil~f~~~#HLitH~II~::k.R 

12a9:J.§fL (<t>lOOmm ~_t) I ,G;tflf.j:J.§fL.H129lU~Ij\ (4>35 -64mm, 'lit#! cf>45mm li:;ti) 0 

;It~ I ~'L~~t:9~ft•B-9·~I~:I$t:9' ~H.R~2.x>f;it~~f~fl::ffl~~*~"ir1l. ~il" !j\ H 
12•:tL&H~&~:I$H, ~*A4~;J\~IIib~1.i~.H12fll8JE~-ffl'~·~~o :¥Lft¥,Wt~* 

He~M~. :i¥~-~-H • .*iJI!It;~#~l)C*~ Mtk: T ;J\.H12~Lft~H~a~®:~. :!®. 
R--~-~~-·~B;1£~£iilfl..t,Wf~7f~T~&~M~a~m&~~~H~H 
$ o ~#Jf~&H$~::;fflq~~.!l~tft79Jtt~3U~tt, ~-l'"!l.f'F2&~~~ W-~#1-=f~;j"~~ 
*W"ili,*E~~;Jt~·**±.~f'Fllko 

71t~~H:$atjj7i1t'J&:J$!~'L1t~H, W~$i!itJ~~~H, ii!.**f'F~-~Ho 'L~~ 
H1:E~IE~-~;f.Ur~ t:f B~~~T!I~f'F.FB, tlt.~H$fll:$i!itJ~L~~H~J.ill#l, JZ.fE 
•• IW~#~..tT-~JTB-9ft~o 
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7. 2. 1. 1 f,ij 1£. 

~~~-~~-~q~-~B~-~~~R~~.~-~~~·~--m~-~4~~~. 
~~*~~~~~*~u~~~~~~~*~•*~~~~·~••~*o 
~~m~•*~.~~~-~~¥*~~~*~8·~~~•<~,•~ •32 -

somm ~.:1:: ) , ~- !JLf-t~~ < :k1i:~ .65mm ~~), ~-~L~:kFH. ~L~1~Hil~~ 

(Th~E). ~ft~GM~H~-~~&•li•o ~~~~ft~~~~~~~.~·~~ 

~~~~*~~~~·~~o ~~~~~~*~AW!JL~~•m*ttE~s~••*· 
~AWF~-~-~~.toi~~I~M$,:kFH@lt~*•r~ttm~~~~-~ 
Ao 

*'J,lr.:E~?r~~*~~B~-~!JLf-ti'FH o - M!'!BiJi, *F~~~~~~'lffifl~«b , $ 
f!J!~&i&J~Foq~~ita:IJ!~fL{]I!Jfi~, 1:5lmi~;-J-1ltff:WH!i'llf~tt!:WW~~*~ o 13Btr~~~ 

«b .:1::~ ffl -TB 7( W~:k1I~1S1Lii~ , tt!CF tJ\a&:li!HLil~!i!tl {]I!JJH-fHf It~~ o ~ ~* ;m 
~#f~lt**tFr, ~~~A~~O"F JL}Jiii~~: 

0) iiflrt§iY.~'~HUu~{ij;~fifiJtffl, :l!WII*~~-~:Iitflf..IVt*, 1-11:.F~~~ffl$t~ 

3IH~#f3'&:fid ; 
( 2) 1£ffl? ~.!'IBm: IE r-J ..R 1111-fffi.t~ ~ -~ ·~ ~ W--M*'L ffif 7G ~fi~ff::I$H , ~~fit ff:Jt 

J:lj;ffife:~tt; 

(3) .!3§.Frfb::Ff61, $i&J~Lf-ti'FH~Wilt~fij; (250- 300Pa • s) , ~~~~*~· 

1251 Jlt::f ~;11HL ~ :f.fr9: :f.f * , ,m fi~q~ ~~ JtJ;. jj( , ::F~ ~1:. it H §JJ~,f-f: ~ -F fL -~ ; 
(4)~~~~.m~~m~.aa&n~•Hu~~~mi'FH~m.mt, ~~~::Ff61~~ 

tN~m~B.X::Ff61W~•tt~ffli~, Mt:i'£1t*~1f~ffltt o 

1-J~$flitl'L~WH~J:lJr-*~il:l$~{lf, :ftmi:I$HI11!~:l!tr7BG:1Jt'Gf.t, 5t./67f~ 
lti~'M"1.Jt!JL~i'I=H~~z.~~~iftfij;i'Jiil. ( - 45 - - 50't: ), m~ttJ.!< ( pH= l -2), lY!tf-tW 
fflWJEI~F1:11 ( +70 - + I OO't:) .$1'-&~o ~7-1 *1l~7-2*~tl?1J~~::li!::JL~$ilitl~Lf-t 

~-~~-~1J<RA*e> ~ttEo 

(%) 

m:St;g~ $llitJ~L1t*l:~ BME ~L1t~~1$~ MAN-31~Jilt:<f>:!fl-ft1.f!ff DDS-1 lii1tit Ji81i:~:JL1t*l:iU 

$! •• 60-80 30 - 70 72 - 82 75-85 

* 10 - 20 20 -30 10 -20 15 -20 

~1t1Pl 1. 0 - 2. 0 1. 0 -2. 0 1.0 - I.S 1.0-2.0 

111lffitt*4 2 - 8 2-8 5-5. 5 3 - 7 

~:/Jol'f!J 10 -30 40 -6Qal 2. s - 4<2> 

lt1tl'fll 0 - S 

t'&:1iUii?t 0 - 0.5 0 - 0.5 0. OS -2 



· 410 · 7 $L-It~ "Ui ~Jh ;7!. .1} ,l},A.~;f,J\ 1t ---------- --------------------------------------- ------------------------------­

* 7-2 JLflll$1fi!J!fL1tt$~a<.ltt~ 

:f:FpjJ8ffj; li'ft/g. em - l :l.l:l!/m - s - I IIIli !Jf-1[ ~/ mm f!iJ!H~J3U m ti:lJ<tU~ fll:ff:l!ll/ d 

BME 0. 95 -1.40 3000-3800 50 >3 .M. jjjj JU ~ >30 

MAN-3 I. 25 -I. 35 4200-4700 60-65 ;;.3. 5 !lt !If 

I ' 
MCWil> l. 30- l. 35 3500-4000 >3 - ~ 3 -5 

BDS-J I. 05 -1. 25 3900-4800 50-70 !lt !If 5-7 

<J)~~-mi.Jllt:<fs::$1ttJ~IA-t*I'Pi . 

7. 2. 1. 2 4-~UL1t.~·Htj V-J ~c.~-f;ltAt 

···~~~Hftft~~~I~W*.~H~~~~~I~~~Aft~-~~m& 
H$~*mtt*o ~H~~•~tt~~rr~~*~.~~~~~~~¥~L~~~m~ 

ff. o 
~7~~ml~¥FM~HfL~ft1tll1:, $1SJJ~L1t1$&:£E,a..;;(f~~-~·11:1!~~1W~r, ;a;tll* 

~~PJfi~~f.lO~. ~.:EWAtl:lr~rc~*~~$~~1¥.1, im.§.;Jt~~~~:illi 1it:~PI*:itil¥.1 

mti*. iE•iM~~.ff-~atfBJ, 1-rl&~rtf~#AA 15- 30d , Jm~~~tiil&H R~~ 7d ti 
;f:jo 

C 1) DG~11Gft)Jj(9lU o :£Eri.l~Ji&$I'l;*·ri~*I¥.11Wtll! r, :ilmir9'J)Jj(9lU: 
1) ~~·11:~9ltl o IC~!Ji*J:f~ PJft.lf'~:IJll~Y~:IJll;J;I1$·r£!J'!I.JJ:OO: ; 

2)~~~A)Jj(mo :£E•~mP~~-~~ftn~•1t*ftW*~1War.~PJft 

f.lOftm* · ·~··)Jj(UMm*l¥.1~ffl.&*~~-~-~-~*~Xffi~~~-·· 
m; 

3)W1t~~I~)Jj(m o E~~1t1tm~~1f~rM1t~rci~-~*~•m~•• 
~~$. im.lf'ftfff:IJlliZ:xif~; 

4)•:9~~~~~~•)Jj(mtl,re~J:f~~*.lf'~1Jn1f•.1f•~~-•~tt. a« 

ftttm*.~m~)Jj(UM:£E~rttw~.lf'~~•~~••o 

(2) IG~t't1t~~o :PI!iMWii¥.J.fft£~~ 7 -~7.l<ffim11!1¥.J~JfbR,i:, tll!~~£~Lft 

~HI¥.J.#AA .• d~$-fL1t1$H~·#AAW*~--.:£E~Hm*~~Z-MM 
~~PJft, ~Bt-M7M~MiE1f~ra.~&~---~ o ~~~-~***•• 
-~~HI¥.J•••~ o ~im.tE~~~-MM~M~•P~~~~-I¥.J!J'!I.JJ:OO:,~m** 

-~~••••·*~~~-~•m*E~ . ~~~11G1t~§~ o -~~•~m~r 
JL 1'-~ jljj : 

1 ) M ~-u~ ~ ~ 1t m 1¥.1 ;.fLU~ o 1£ .If' :bllM M a<rNll£ r, iY!H~ ¥1: 1t jf!J 7.1< ~ ~ pH fi. 7>J 
4.2.~~~m~•~~1tm~sm~¥.Jr~o ~~AMM~•M•~~~~m.m~~pH 
fi.~Mitl:lil~m:oo. x1T-2:t~tt~.lf'fU, ~.tlt~!l6·••m~~~~J:OO:. :x;t ~~~~•:t!o;& 
7~~~o M*;&M,*MMM~·~~-~~~L~·7fi:B~- . .§.1f~r~~IA 
~-*~~1~~-~*0 
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* 7.3 ~ltilt!JitU~ 

~nmlllt <tifr-llt#-tt) .& lit~ •ill' ~ j(g tr.t l'iil 
2 3 4 5 

~j(g .it 
Tlill!!illi lin !If!'! -* lii'J. it~ M.liAll!!il'! ~j(gfi!J!.' 

pH {j ;k!)\ ~* 
/% / % /% /% 1% 1% ! "C 1$~\filftlg · em -J 

75-82 4 - 6 15- 19 0. 05 0. 10 0. 15 4.0 79-80 1.24 I. 20 I. 15 1.11 !a 
i!X 

1)\ 

75 - 82 4 - 6 15 -19 o. 10 0. 15 4. 2 79-80 I. 15 I. 19 I. 17 L 15 
:!tg 

75-82 4 - 6 15 - 19 o. 15 4.3 79-80 I. 25 I. 23 I. 20 I. 18 # 
~ 

2) ~m•mD•a~m~Mo M•••••**S·~-~~Htt~o 
3) Tffl~~L1t~Ja9:lil1!Jfl:r.lo ~H'? Span-80 a911fijJI!.ff'J:fit;k.J o. 5%, {E!~~fflit~MH1: 

JitfR. § a9~i&~~Lft.51Uu~*~Hf*#Mo $~a9!1Lft~Jit:bnT*FH.lit*. Yi r5T~ 

Ma9ffia.~~~*~M~----~~~H~S::k~-~o ~*~Jfi$~'L1t~H~m 
~ * flt#M 09 ¥-T -~ , .&.liT~~ ff£ 'lit 1l~J m :li . ~ ~ff£ Jilt* , ~ r.6 ~ H .mt JJ o l!i :11 * 1il ~ 
Hi, 'LftjllJJfl:it:1iJ o. 9% - 1. 2% at~~#li..lE~>J< o 

4)~·~*~'L1t~HilJM~~$-~.m~~fi~H**2, ~at~~~~-M 
f!i m fd: , ~ W$:. .lJl-. )jj!:Ji!U riff~~ ~7itl 89 ffi $i o 

~:11MH•~.$~•~z~.WH~~~--;k.JM.fli,* , ~71t1.~~~8~M 
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~Jt~lft~~1~tl, f.S.f£~~:i:J:~'i='~F~~--1-t~~:rf~'-'1.~ , rz;JJit;Jt~m ttf91J&H9!F 
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f§:t£$1J o 
-7~MW-~a·h~~-~-M~H~~~.~-*~ '''L&~a+&S%·-~ 

If' Jl'tNi~ M!t + -tg m + $?Lt~vfjt Wlll." ;m :r.t~ll il Tifi J$t o 

*'~ ••n~~~~~~~*~~n <~~~~) 

n~JJa-«:.tv:tt41iYillW~ ~~JJa-u:.tv:~tli'III!W~ 

m 7r i£n<P4§-m7raiitl% m ;t lf!!1i <F4Hil7l'*:lil: 1% 
• 

fti!:fj- lli!1i= IIC1J=: lf1i- £11= lf1J=: 

mn~ 40-50 40 -50 40-50 ~ 'Ill! 0.8-1.5 0.8-1.5 0.8-1.5 

liA~I!Ill 8 -13 8-13 8 -13 11.-ft)l!J 1. 0 -2. 0 1.0 - 1.5 1.0 -1.5 

Efl Jl'l( ~1llfJ!ilL 10- 15 10 - 15 .liE liJ!lli!!~'N 0. 05 -0. 1S 0. OS -0. 1S 0. OS - 0. IS 

* • I -2 I -2 I -2 tmiflM} I -2 I -3 

* 7-10 7-10 7-10 mit!~ 2-4 4-6 2-4 

Ail:\' 2-3 I -2 I -2 ~1'L$£~lint!Uii 10 - IS 10 - IS 10 -IS 

B.t,'t 0.3-0. 8 0.3 -0.7 0.3 - 0.7 llt~i&tt.J'IIJ 0.05-l.OO 0.05 -1. 00 O.OS -1.00 

7.2.2.3 ~~•**~~~~~• 
~B~M , $RC~-M~H~8M~~~.~8~~~~~a~~.~~30%~B 

tli:i:;I;J~fHL~, 70% ~!¥ffi,CfEiJ~~o imi'i6Wfl~~L&~~~zmi!Z.Fo, JJ!CJ:I:Jt!HLI!Jlt:19~ 

HtiH1~&:,~~fii§:~ff, JmurBJ~I'EiJ~EI:!VtlJ<f.:t~!il~~L&~aJt::t}{, .>t~$?LC~t1<111l~~ 

~••••~-•aao ~Tifi.~~bo7•~~~~~•••~~~tt~ . .>t~~A~R 
&~tt7J<f.:t~.K~-~--~~$R·~-M~~~~--~~m••· ~~~~~­
tts~IRJJ'fJ:i.t!, ifi!J~:A-:ff~~B9mt~tt~~~tt~tz:d1 o ~$J.IM, E8 Jlt~¥UB9niil!f'M:R:Hil 
T·M~~M7J<.M~M-~~-£-i:;I;JS~~~.Sff~~-~ .• A7·M~~nlt* 
~.B~*•r~,L~~~tn:ll<.xe.~~ttas.•~~~~•h*·•?L~m• 
•-~t:~~m~~tt&.~~~-m~•~ttS.>t~-~~~•,•~m~~·~•~ 
~0 

~~-~-M~Hr~mm~•*~R~~R-~•-~••~~ft.ft~~m~~ 
~ ~ltiJ~li:fLff~~~W~~~o ~~ill~~ JL~OOtJC~, ep: ( 1) ~~•h tt~* 

<~ffl~~2 %;tt15fJC~tt:~i¥.J 1. 6 ffl), ~~Jtmntm::I~+*~~J~ , ( 2 ) ~1i~mm:liY 

?L~~7J<:I.t!HL~~; (3) ~~~flo ~~~~Mt~ttlt~&. !lC~ . ~8;1JMi¥1HLJit . 

·~~;a:~$-FR~f5J~; ( 4 ) 8:1~~-*~f££. fM~~'iil! . E5!JltA~~SI¥.J~tJt~~o ±:!I 
iftt!V.~Wi~~.JE. LIP: { I ) ~flit~~. 11if~1t~*~®-~;;t~i51~Jt~¥1JJ.I~Ji 
~. ~IHf.!:®li~f!mi'iit~;J,, ~fm~~~j8HJ9i(9& , llPtl:l~lf~ ; (2) ~~M~m. - M 
~~Wj;,9 31'-JJ , :filcft{ffflAA;Jg 60do 

'Lfttft~-71H~~_¥:f1~la?i£m!~!f!J!tll~. 8MitflfftWJ.f1-J 0. 8g/cm3 tr_;(:;, ~~1&,'­

- M:;Jg 0. 80-0. 95glcm
3

, ;Jlt'f!$?Ltll~lirf-·~!M~.R 't~ 0. I -3. Omm Z.i'BJo ~~itj 
~-$~~~~~~~-~tt~~-.A~••a~~~~¥.J~aaa~~~•*~~~¥.Jm 

*Wtl:l.''fi~······~~~~•tt•~·••tt~S-o W~-~~~~•••• 
agffl~~ . i'):~~~~f.:t~~*~~~~~~o ~m7J<tt~~~T~~£-~~-~~~ 
W~o-MM~.~~~-i¥.J~A~e7fJ(M~~~tt7J<tt~. ~~~-~-£·*·~ 
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±tt1Jo, }t!/i;,lj( ttfllii:!!llifiZJfBio 
( 1 ) ~L~~ 19t*illX>t~ 1-tt'L~f!i 7113 ~~ ttf~IUfJ~ nia.J o tr~L 1-ttiDiitilti 7113 1$~ :i! f'll~ J11! ~ 

f;tl~lft, ~LJllt~J.9ttt:JJ.9!:1tlt~JiiJE8 0%~1t:19 100%, f!i7ltli"f:~tt:Jit~J!i!U;ffiJ.i!ZE8 100%~1t. 
:1iJ O%o•~~tt:Jtta~•~~•*tt:Jaatt~~~~a•*~tt:J~tt tt:J~~W~1t.. oo 
7-7 ' 00 7-8 ~~ 7-9 ~jj; 7 :i!f41~1t;)C~ 0 

140·.---------------,---, 
'iF;Jjl Pa l.30glcm3 • 

130 
-R 
~ 

10%AIANFO 

5%AIANFO ISO ~I!! P=1.33glcm3 
4SO a; 120 

~ 
'!;;< 

E 
E ( ti!llr.iiJtA I g) -

!i! 110 / 
/ 

/ _.,., 
100 - ANFO 

0 I 0 20 30 40 SO 

~ 125 
llm1 
~ 100 
~ 

7S 

60 0 

it!Jlt.l 
1.28 

1.08 

10 20 30 40 so 
tJlOWt!J!I~t¥1 /ili:llt7Hlt 1"/o tJlllt?!Jcp~Jfflll!itil?ttl{ /% 

I'll 7-7 'L-1ttll~i'Jc7111*1=Pi(i(J~:iCJ'-I*~~;tJ ~ 

~ffl~.P~~!l;}Jit(ltJ[Ji' lt~(ltJ;k~ 

.,~ -~-~~~~~~m~~-~~~-~ 

~ ~ m?tCI§(fit?t~>;% 

~l.Jffl¥Elt 1 10 20 30 40 so 60 70 

ANFO 100 90 80 70 60 so 40 30 

\tJlVg · cm - 3 0. 85 1.0 1.10 I. 22 I. 31 1.42 I. 37 I. 35 

~:i!/m · s _, 

C FH!!lli:~ 3800Q) 3800 3800 3900 4200 4500 4700 5000 

127mm) 

•n~WkJ · g·• 3.804 3. 758 3. 712 3.670 3. 611 3.544 3.452 3. 368 

lljlflj )jj/kJ • g - I 

(J'r~ 127mm, 1. 202 

li<"F) 
IOOg'/#lil~ 

~~::~n!lec 4.38 4.33 4.28 4.23 4. 14 4. 14 4.09 4.04 

i*f.t/ mol 

~.mrrufJ 100 99 98 96 9S 93 91 89 

~~~--j] 100 116 127 138 146 155 147 141 

X~* Xt-<JJJ! ~ji(J* X~:iJ! 
1,. 1.-. ~ 

§~"F -f!!lt~H §~"F §~"F 
t!t*tt X '"' ,P)' - A -;Ay 

'ii]'jlgjl iif®. iiJ'JtilJI 'iiJ'fliH~ 'ii]'-f*~ 'ii]'~j't> UJ~J't> 

13 Ji:Jtiljl 13 Ji:ililJI 13 :*iaHI 13 Ji:®DI 

:6,\:1]\J!Wmm 100 100 100 100 100 100 100 100 

80 90 

20 10 

1. 32 l. 31 

5200 .5500 

3.824 3.217 

3.99 3.94 

86 85 

133 131 

~~* 
§~"F X~l!t 
'ii]'f*~ 3;Ji; 

13 Ji:il§j,l 

100 100 

60 

100 

0 

1.30 

5600$ 

3. 150 

3. 142 

3.90 

83 

127 

~~~ 
~~3JC 

100 
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E8 00 7-7 iiJ ~$!±l. ~if1l!lf!JB9~.X;f{ifi:tf{~.1J ( ANFO = 100) f!!fr~lll~ 9='!¥LJJ3C1t:lia9 
:ti1JnftiJ:It1JOo 13-~ 5% ~ IO%f8-*J}tf9m1tttcilli:I$~B(]~.X;J.f*~~jJ E.~OO i:f~ffi 7fm:fit~ 
mtt:,;: o - fj1 30: 70 (~LJJ3C: ANFO ) ~~#Ja9i*tR.&t.1J9!U~ilir* 10%-fg-*J}tf9t/(111J:I$~ o ~ 

~·!:f,LJJ3C¥a1tS~*~~%~~.~-.1Jf!!Z·~'o BWA~.~~~a9e~f!!ft~ 
if11. !:f 'LJBC -?iii:l: B{] ~:hn ftjj it] 1Jn 0 ~ ~ ;f!J4W B9 !jf; Jjt ~ :1-J L 30 gl cm3 a;J ' B~&iili5~J :lit* 0 

E8007~~••w~•~•a9•••••~~•aa1tAB9~:hnftiJ~~,o ~••~ 
I. 08glcm3 

( '\3" 23% tf9!JLJJ3C¥J9t) f!;J", ~~#JiiJif 1 7!. 90g tf9~~JB~jfiH,I~-§.ffri;;ltlio 

~.ti'!&'&a<J:it1JOWT~a9.®ti~§B91Jt:Gl-&~*o .§@J3£~r L 33g!cm3 fl';J I :IR;N&:IM~§ 

B9JJt•~~ 450 g~~JB•o +*~•~••~.~s~••aa9~ffi~w•~•m•ili 
=r L 30glcm3Eit o ~:JG~IOJ I :ffftll~~1Jn¥lJ~~B9!¥LJJ3CaJJt!:f, iiJ~tJU~i~l!l ~a<JI4t~e 

••~~••*~••~1Jn~ ~~••ff~M~<ffl1tt/iM:I$~~•~~~~w~~B9W 
1fl'o 

( 2) !1L1ttl:~·n!J:J$~89~~t'd:~ o ~:J$~a9et~tft tt-MI~:J$~{~, ~~1:r1!t~ 

.®t.i~&, ~-@f:t±:J;-iiJtf1BI~IcJ$~-fiY{nlttf9.®:1i~§~J~rf::t~$J@lf!J.®1-I o f9iJ~Il, 1£~ 

~][:t£ 50mm B9~{4""f, fl.i*fR~:J;-T- 50g B{]~{t:l$~~.fir-fi\f{_®ij~§, :1fiiJ.®Ilo ~~ 
1J~*~#""F, Jtrlib:W-ir~~ 40 - 53mm Z fBJ o 

.ffl~~~r!*JJUOO!JErkJ~ 50mm ~ 53 mm (!9~1'tfl!lm$1-~~~B9:!i:W, ~:m?IJT-~ 
7-10 (Jti-.Ot:kif~~~:J;-=f- 50g a1J!¥L1t:J$~~~.®:Jj, ~~iE.lt~J L Om) o 

• 7-10 !fliU!~t1ii1111$~tr.J.tliiJIJit~U~ 

J¥ ~ I 2 3 4 s 6 7 8 9 10 

:ll.iifl/m·s- 1 29 15 2915 3110 3081 2902 28 14 2218 2167 2037 1857 

~W:*fll: ~~ SOmm (ICJ"'1'f ~~ 53mm (ICJfn~'l'f 

...tlt~ 7-8 ?tl~a9*?tl!¥L1tt!l~ft(71b:l$~, ;J.t@JJtEI=J;J,¥U* ( l. 25 -1. 40g!cm3
) , ~ 

~~~~-.-~~Jti~~iiJS~~~r~~#""Fa9·R~%~-E!8V~-Rtt~R-E!M 
?to :.1$~~~-*.:E~·ttf!Ull!~titW.~ 7-11 o ~ 7-12 ~ti:!~*?U~Jj\G.1J~L1t~~t/Cllll:J$~ 
~:l$tt•~~•~• ~ m~•Rtt.®~o fflr~""F~m•Roo~~ra1J•~~~lll••~ 

4···~.-~~1tC~·llll:J$R,~ffi-.1J* , WH~A~-S~tt~tto M~-­
~~, -~~L1t*lr~·nll:J$~·nt7Mt~1lf:""Ffl11f.f~ 31' JJ ~~ 9?it~~L, •im:a: 4000rnls ti. 
1:i I ~f.f 51- jj Fo~~L~$, :Iii! 3400m/s ti.1:i o 

• 7-11 ~l:ft*!~ttilll f$~tf.J .:E ~11 ftUI ~-

Jll:l$t':tlm jl:f$t'£fm 
~ ~ l.Jil 1§1 

l~Cti- ~:n= l'i!:n.=: !"~11- !i!/J~ fte:ii= 

•.sr-.ftil g • g - I - 0.10 -2. 44 -2.44 11Uitlf..11 >1.2 >1.5 >1.5 

J:ttf/ L • kg - 1 856 908 908 ~At.:n >1.5 >2. 0 >2. 0 

~WkJ · ks· ' 3290.8 4010.9 4010.9 
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* 7-12 • .-:n !1l itf!~~11b*f:l;~·*l:~~-litta. 
tt tm j!!IJ;Af£~ tt 1m ll!!ill:f(t@ 

.JliVm·s·' 4500 ~ ssoo ~~lf/'C 223 

lli'li !11-.R ~I mm 50 :II Fa 1,J $"\. i*/% 72.7 

:liit I Nlil :l!j !§ :li!/ g 25 j')LJ)(tt !i 11-T-

l!lru~lfl% 0 M~JIIll J! 5 

,.Ji!~JjU% 4 t 

7. 2. 2. 4 ~~-1L1t.ti-iJ!.~itb~ Pilfh.J..!.~ i&~ ~ f; 

'L1tt!r~ftellll :tf!91'JCJ!il:l$tt!m, ~J.K tttm, ~#~~ tt~~l11!~ ~j5_Jlfj{ ~=f !1LJ&¥~ 
I'JCJJ9i:&~•~~-o ~=f~ffi~••~•~.~~-k~•R•m~~-*~~--~~ 
-~~~~tt. ~~rffi~~~.~~~-~~~~tt. ~~~~L~-~~-HZFc~ •-•T*· ~~~~m•••tt~•~tt~~--~~. ~tm~••~•m. m~~~ 
$•m'L{te~•llii~H~•$%~~--~~--~~-•*o ~~~*•**••n~ 
~~$%~~~·~~0 . 

( 1) 'L~~.&tl!C/JI'JCJWolaJ o 13\~~~~ ~~:ttt:ho~{t~J~flt~~,L~~}jtl':f<J~1!U~UI:t~ 

be. b\W:ttt1Jo~~•~w.Jtt ; 5<1=ffl£'L~£!9i:*:!t~'L1tif!L~ftellll:tt!9ma, ~~J:ftlln~ 
1t~J B9~:1it , ~.f!J =ftft ~ !1LJBH~~ I'JCJ~~ tt, fi'i.l a1~ ~~ ~ tli: illti rmffl*iL ~fiE 1ft if1i ¥ ~ ~ 
Vfi~f.£~7d!Mt~J3t; ~1f:llftl@imti9Jtt~~tt89llllffi~U4o ~J:!m, i2Hfrlri;/Jtt~B9 32 -E}:tJL 

~id! -it .1.1 rm ffii'JCJ 3::W Jilc:?t , ~ 1G 5% - 10% ~ iWi Will~ ~ ~ 7Jb :fU..t *!- , ftU~. 7t'Ji ~~ ¥ J9t 
~~;IJtt.~~~~R&~arm:ttH~m~~~tttft~.x~nn~•-B932~8LMMM 

~~~~L~£./!U:~JEft~~~~):E 1 ~~f?i~ JVt~'L{tt\t~·llll:tfHA~ -~~W;~fto 

(2) 'L~~}jt*:l:l':f<J~P~ o 'L1t~i'Dii't.iffi1$H9=t89'L~¥hlt-€5ill:-:ti:1± 10% -50%Z 

IBJ, fEJ.mtl.i)z.ffl=f.ffi~·Hk r~1L¥1r1i~Wlt:i!-~~I'JCJfP-*.:%Yfilii~ , 'L~~·~*:!it:tf 10% 

- 15% 1.JE:o .111l*'L~¥)!lt~~:fiht1H:1: 15% 1 JJ!tl~l*fij;!¥L{tlf.}D~·ldJ:tfHI'JCJfm~'t:£, ~ffi~ 

~Hi:t~'flf'1:.~!9W~~#tl!l!f~ilt ; W~~LJBC¥i19t~*:Ll~=f IO%a1. JJ!~!h:ii!~'L1ttk~ 

fteld!~H~~-tt~~~~x~R~H~H~~~Fm~ffl~.b\ilii~~~*~~~~~~ 

-tt~~~mo 

~~~~~1tft~-ld!~~~,L~~19ti'JCJ*M~Ma~a~.&t89Wi&.-ft~~-~o ~ 
=f~ 32 ~m~rm-tt'-l~~?Jb~U~ I J+~:ho5% - 10% 1¥Jif4~1t*XIm~rmffiM.!MiliiflitHfJ~ 
,L.~,&t 1 ffiiJ:t~~il±l ~ L2% - 13% .1-JE:o 

( 3 ) 'L 1-Uii: ~ft(na ~Htl ilitJ ~W if' ~~fH 1JCAJ®V¥ tt9 W n~ o .iE f#D 89 !lil§ 7Jb 1JO AJIW!~ ill~~ 
~rwJ'G ~$1Lft~mM•ri~. J+iY!;M;Jt:*Wt~1Lt[~mM•I!&t~& I ri.\Fo-1'}1JnA!¥L•£a 
~~t~~ o .111t*?t~'LJBC¥~~$JLft~~D•rrt-Et I -N:tJoA~rmrm1*. JJ!~~H.tJI¥J,L1t• 

llll:ttHttflli~£. ll ~ =f~na B<J~$T~P:fll-~ftltk:x1,L.IBC~l!Jta<Jf6M-ft m, ~~ JfJ~ 
/Jt!11i'J~~!Jl 1tt!r~fte7Jb:I$H~~ff~:*~a1faJ ~~Wi~~~T-~, ~-fl.H~T~, ~i! 

;£Ek~1@R'fl~~o 

(4 ) 7ii!itJ~W~!IL~£J1ltbiiA7E!J.lB9~1(nJ o !1Lll3C~.&t~U11i'J~%-a1~?1fi1J.l:f£ 85't ~L. 

&~tt~~~.ill!lo•~~p~~Rft~f1(7Jb~Hm~.JJ!U·~~--~~-7Jb$*g~,M 
rm~nlnJ!}!Lf-tft~•rm:ttHB<Jttl1mo ~Jl&~f!ij , ~~L~¥mtl*rfflt~ 50<t £tl ~ $JLtll~•YIH 
~-·~~~•••~&aa•&~~i9Jtt.~'L1tc~arm:ttHB9m~j5j~tt~*•tt 
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-~.xn•~-M~R£. ~-~~~-~-M~H~~~ttfto 
~~fiB- , K~tt·M~~-aJJi.~R~-.3~S··~--.~-~$ILft 

tst• rm ~Fi ~ ?:J r~re 15- . ill~,®!ffi mz:lt!!.liH~:t~re 15-at rBJ o w.!! f-F~~Jil(;tt m ~l:l: ~ 9=' ~ $ ILtli: 
~m~•~-~~~. ~~-~~m~5-m•m•~so~~~o 

(5 ) ~JJX~mi..!:j$1L&~-7113:1$!5B~tt~~nF.J o mJnL.JBC~J9t..!:j$Iltl~-M~Fi 

ffi:!LZJBJ 1':198~ •r.£ , ~~LJBH~ J.9J: ~ ~ :lt!!. iY.m ~ $1Ltt ~ fJlll ~-~ ft* iti , ~iS!! ~~~L ~flvtR 
4rf(rm~Fi~A~ -~~ViH~tt, XA;(f'~~·jj:~;tdi!1251* o 

~~£•. 1If&:fti~L.JBC£J9t..!:j$~L&~•tm~Fim1*flltH-i~~L1t&V\ram:J1:Fi. m¥ 
~W, f'.Hf¥Fo¥9='.t.5::tf~i$~~LIBC~mt, ~-~L1ti'!i7113:1$Fi&!A7k9=' 3 - lOmin , ;ft'f!~ 

$IL&V\m~•~~•mtt*'fl.~m~'L&¥1.9J:~•ILatst•7113~H~••tt~~.m 
~--:lt!!.~-~$Il&~i'/i'llB:J$R~&SWo~#~1t&~-rm~R.M~A·T-2~ 
w.-•tt. 1E!.K~tt7f':1H&~o 

t£!1LIBC¥1Jt..!:j$=fL~i'Dl:R·YIB~R~til5-:1:1:~ 9=':bnA:Jli Jl:~*iiimtt~J , ilJ ~:lftJJn~LIBC 

aJJt~•R•~•~~•~•~tt.~;f-f••~~1tc~•rm~H.~*~~~ili~2-
3ho -~-~~&5.!i'dt~J!&Mtt. ~~tl~iti~~.Qlt-~tbHW~-«!!~lJ(ntlilffil~I~M~t!Ca<J 

-~, ~iiiffltt~JB9:1JDA:iH!k~~.fWT.Di'!i~ll!-tVJ!Iiti}1~tk, tE:I:t:bDTtitlktt~fR.Iat 

~ f.lf!~L1t:U~i'Jirm ~RA1H~M B9mt f~tt o 
• 

7. 2. 3 $:1iiJ,Li-t:t$*¥f§tJ 

f'F~oo p;j.!f::f!itJ~L1t~Ra<Jw;J-t-A~f91JT-, *;J'$ :fr~ ea~tJinilli!1i1f~.m,~·WHM 89 TM 

~~ BDS :!<~~~1'-~?U$$1J!JL1t~Rt¥.1~1J, ttfiMili!fffl~*~, 1::1nfJ91::FI~J!ff~ 
7. 3. 3 BCRH-15 ~~L1t~R~~7tU~$-1l't':fr~o 

7. 2. 3. 1 TM ~ 1f- if,!] $L1-t:lt ~ 

~tJiHil1€i-liff~,g.~..!:j i~Jrgg~'~jojt~~~0ii115-f'F, #)(t 1116 ~~L1t~H ( ~ OO~?U 

~~*I~0iil~~~~-~1J) •*~mat~tr:B9=-t-~~~~ 1.9J:~~~~'~* 
:mttr--fft~-*€~~, 1i1fittJJiX;~T~15-=f BCRH-15 ~~H$89$$1J~L1t:I$H, .i:~~t;S TM-

1 ~;¥11 TM-2 ~~1'-~#o 

A lie.Ji 
;Jtlfe:tf:!lll~7-1 319f~ . jtt:plJ(:)-}*:lit~iMt£ 15% -1 7%, r!Hffim~tlil (C,6 H32), W'" 

:tnrrtl ( C,6 H26 ) ;¥11 Span-80 rP; 6: 5 : 3 l:tf91Jl'icf!itJ. ~ ltif&l!!i~lj*JfJ NaN02 o ~ T ft~H·~J£ 
fif£1t~ 81fll[ "P.El. ~~~~ ' ~:bll~ill:i..IHHfltJ!ij( ' ~ JJ<;M:] fiHil a9 pH {Rtf 4. 3 - 3. 8 I x-ttt 
1t~7&a9F1::ret~JIJ~~f'FifL Jt~1qlitJJf'Fffl, ~iil*1r~:bllA7k1H't' o * 7-13 9=' TM-1 

~•~~-~~. TM~ ~•~.JBC~$R&~m~•m~wa~o 

* 7-13 TM iW~ it1$!tiiit1f ( }j)tfil?H~) 

t:I'Pi!t'l% 7}(~1V% il!lff!/% w Jtimlmi'f!J;% ~:lil:m?t;% $ :n til: .tt lil'l ftll ti(/% 

TM-1 tt'1 92-94.5 6 -7 0. I -0. 3 0. I -0. 08 0 

n t-2 m 81 - 83. s 6 -7. s 0. I -0. 3 0. I -0. 08 10 - 12 
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~ 7-14 ~~;.tt~-1'-l::t$3C~Wl~DC1J o .1Vtri1H'F~~?'r%\\;1;J~b'(-@.~~~~E9-*:i!'~ 

~JBHF; :J$~$}3t;1;; 1. 10 - 1. 30 glcm3
; ti~ ~3800m/s (~~*{Lf.:: <f>l lOmm , L = 

700mm ~ PVC m*'!-'Ef) o 

$ ?)- liAftU!i 
$it. tv:~ 

* ~IIU tll.IIU ll:!t:ll!J llf.!in~fl'l iUJ lii'!IJ :kft !ir!Mt]( 

*• ( 1ilt:IJ!: 70 - 80 10 -13 15 -20 2.5 - 4.5 1.5 -3.0 I - 2 0. 25 o. os -o. 3 
~:tit ( ifl,j!fti ~it ( i.IIJ!'£ 

?rtt) l% ®~J.JVI'J) l!lt~J=Ij) 

B ~t~tE~*'.E!ZJfl~;;!fl: 
TM ~$$1J~L1t:l$itia1J:E~ttfm, ?HJ1J7'tlr~ 7 -15 :ln~ 7-16o 

• 7-15 TM ~$lfitJ~it1$J94tlllit~11~ 

:l'\:~1,\!l% ~~ ~ ~ ~ 
-I-ll ~ tli If !JiL~-*((JlC ~ljl-.{tf u~~ -~ • rl.l/K 
/Pa · s I J.I.rn fi / rnL / kJ • kg - ' 

TM-1~ ;fi'HA:tt~ae~. 'lit~ 40-58 0. 5-2 -0. 06427 38.246 2723.5 2562.36 

TM-2~ 
m~~~a~~.HJ:fti$R~~ 

40-58 o. 5 - 2 - 0.083904 39. 3089 2717.3 2446.26 
liftntUt~ . . !a]!Nfl;m, •~ 

~l1ill'l·t} 
l'!l'lll l1j~Jlf;'l ~~ 

lti.l:lllitt.tr ~~i<: JJC/m ffllr?WII d 
/ g • em - l / nun / m · s _, 

TM-1 ~ I. 08 - I. 15 PVC/100 3800-4500 150g 2 ~ ~;Q!JI:ft:l'\:Pi ;;.3 15 -30 

Thf-2 ~ 1.10 - 1.20 PVC/100 3800-4800 150g 2 .(}~.0"3t*l'~ ;;a3 15 -30 

~-~~.m~tt:~~1t:k'FH.:ti:.ttttn«l,.Ma2.~&~*m~~e~oo 

~.tr-fft , milfl=fi17C*=%1aiti , llit~~ 7l~E1J:tiiti~OI~:5fiH~~H&~o ~~ 7-17 .1g~:J$!~H!~: 

:t}Jt.J~mzfll*~J..& ..!§ 1116 ~lt!1L 1-t:J$ ~ :tliUUt*M tt , 7f' *~ ili , iW ~ l::tJ§ ~ E1J ~if~JJ 

:k , %0l~:M- , ®:Iii ilJ 3 , lP-*€ f!JHiP. ~f~ o 

* 7-17 ™ ~~it*I:J9~ttl1l•~~*~~m11fli~• 
~ 13 TM-1 !H TM-1 lrJ TM-2 lrj TM-2~ 11 16 ~ 

:liit:lt!!R.i. 24}~ 34}~ 4 .t}<fi!i 1 .{}4\'i 2-i}~ 

~~~[J(/m 12 12 12 12 12 

1fi!i'L ~If/ m 12 -13 13 14 13. 2 12 -13 

Rfiilli!V m 9. 5 - 10 9. 5 - 10 9. 5 - 10 9. 5 - 10 9. 5 -10 

~~fiiJi!Ym 5. 5 -6. I 6 6 6 6 

~ll.fi!R 25 53 25 II 22 . 
4.\Jil.~f§11/kg 280 -400 360-380 420 350-340 420-450 

'~~i!i:!it/k.g 9750 20000 10500 3800 9570 

.tMi ii1i :lil:lt 61560 140238 75022 25660 41610 

*f!pj .1)1*€/kg • I • 1 0. 16 0. 142 o. 14 0. 148 0.23 

:ll~l!ijfg 1 - 1.5m, 
J)tr~3ii.JIR.* 

·it~ .111! ~ I!J) .H ' :llit~N:Il~ jlit~JRil~ lait~~IHUJ-
Mlil.~~ror 

:llit~!ll!if 
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7. 2. 3. 2 BDS ~ 1•1 .$--$1) .lL~t:kt ~ 

iffi:* ?U $ ifi!J ~L ft:J$ ~~~ ~JiHii r€H!Jf~ .~, ~ .ey ~ 00 :e!~HfaHii il-fF , :hM tk: Bt 3C ~ ft-1ii fj! 
M:J$~~~~~•wm~~~~o :tf~Mw-Mm~ft~~.••r••· ••~a~w~ 
I~Ht&~:tl~~. ~*1f~~:tt~fF~~~1W-*TFj[~itij;J}o ~§JU~5 1 ll!T:;m~11!~$t!i 

;f:~V.J§-. 1<~riJJ~m£~Fj[, ~:hm~~Lft:J$~*~§~1I~.eya1t-1ii~.tr~t. :J$~rffiilt~ 

J2l65't ti:::(j, :(£J!~~f4"FJI!~~~~W~~ §:lf&~1&$~o BDS *7U$ifitnLftW~B'ir~ 
m•••~.•:J$~••~~§•§•~•~~~.•~T•:=JCaaft1f*r~~•fF~ 
Jm~~~~>J<o 

A ~:# 

BDS *7U$ifi!J~Lft:J$~~DG1f <mit?tfxJ ~!A!.*?-18, ;lt9='W~~il?t9='~ A rffi:li!: 
-~~attl!l~j!tt~;J\, ;<:t8ftlii .-!iHfitt~rm;t§~~tfiJ, :ff.f'J T-:t£~~Lft5&*lllrlfl§7k 
c~o> ~-~rm•~•~tt.l!~~-•~~•~•.eyaftlii~~•.••~~tt.~ 
:fff!JT-a•w~~iH9.J P3 ~-~-!f:E~~g, ;Jtfj!ffl5&*.!ii!.* 7-19 0 :t£:J$~~WG:1J 9=', Arm ~:bn 
A:I:-Alt::fim:ctrlfl;ftL~,jjt~ 50% o 

(%) 

:1$~!12.(} BOS-1 !12 BOS-2 !12 BOS-3 ru :1$~~-f;· BOS-1 !12 BOS-2 !12 BDS-3 1J!! 

• 1-tmm l!l 85 -95 85-95 85 - 95 fllllfjl]lllj l 2.5-4.0 2.5 -4.0 2.5 - 4.0 

Tlllffilf.fl!l 4.0 - 8.0 3. 0-5.5 3. 0-5. 5 fllJ lfilj ll!J 2 0. I -I. 0 

A'illl 1.5 - 2.0 1.5 - 2.0 ~i!:ti?t 0. 05 -2 0. 05 -2 0. 05 -2 

m?t Cllli:ii?t~o / % 
ti~1V~% ~~~flf bt:mlit 

$i.1t ll!J lf.f Ill 'iJII ffl ~fH~ A'iJII 

94 6.0 ~tmc~~JL7i-ill' lfi tJ. stJ.i! 

94 4.5 1.5 ~.1&:6'!£~ 7d lfi{)J~~{.t 

90 10.0 ii.t3% ~~it~~UH~~tl.!t&m£ , .t $1.±l ~:k:IJt~fg 

90 5.5 4.5 it3 % 90'C,7j(tftr:f:!.JW~~&m 

B .I. "t;~~ 

7kffiMMfiA~~-:(£56-59't,*fiA~*T-~&~ . ~~~~M:bnA•::f~;& 
Z.~U~~~~M:bnA~a.~--~~-~-~o ~&~~--W~fiA~l1lmMm~ 
~~*!A!.*7~o ~~-P3&·~~:(£75 ±l't o :t£.Ati~$O,m~~:bnAMftM 
TU, ffiftliJMM pH {jjlj 4. 5-5. Oo ~,;j{j.±~EI3~Lft11JJ Span-80, ~rffiffi.8~11JJ A r!fl~il~. 
~*~~&. iA!Lt~ili'J:t£ 40 - 45't: o ~71!l1fUm5It1i~~#.J : lJ( = 1 : 2 ~ ~f?JJ:hnA¥JJifi!HUI 
"f, JEJt~W~;lt7$1t, 1£30 -35'(: ~~fli:"Ff*§il-Jfl o 



---------------------------- ------------------------------------------- ----------------------------- 7 _ 2 4-.l -'tAt~ Pj • 4 25 · 

.,~ •••~~~m~ <•~*~> ~~~ 

/¥-!} 11lll&Jl'fll!% i'Uil2tfi/% lJ</% trrJ1ui"C )¥-!} illHM)liJI% ~~f{il% IJcl % :f1i .fl. R.V"C 

I 0 80 20 S9. 7 6 2.St 77.99 19. 50 S7.S 

2 0. 73 79.42 19.85 S9.0 7 2.86 77.71 19.43 S7.6 

3 1.45 78. 84 19.71 S8. 5 8 3.20 • 77.44 19. 43 57.6 

4 L 81 78.55 19.64 S8.S 9 3. 20 77.44 19.36 57.0 

5 2. 16 78. 27 19.57 58.2 10 3.55 77. 16 19.29 56.8 

c j:_ ?I 'ti ~~ 
$~~~~~-~~~w~~~~·*m~•~~-.~~ffM~~~~~*. ffi 

:I!~ £t;Jt:tJt7.)(tt-*iJt9!U~+?t~mo *11~ BOS ~~~$illtl !JL1t;l.'le ~;Jgf91J, 1)-~;ft.i:~·ljJJgo 

a ~JJI!ttBt 

~ 7-21 ~ttl BOS ~9JJ1f-ftl1J~L~1-'Fmia-9#.J$ttBto 

~!7-21 DOS ~JIJ$$1J"-itn:i!J!II3lli!~ 

~l§@'.!Jl fl.~ ti:W f.L"' 

lb'eJAlitrt'l9~.1Jl :If!! i'L o:p ~ J:l(l&' gr lh'fi ¥1-][ 1£,1 mm ~J3(/Pa • s tn:ll<ttfm 
/ g · cm ' 3 / g· cm· 3 

tL~1i'!:[li1 3Jl-;ltijfk:~ 

L0-1.2 L 15- I. 30 50-70 0. 1 - 10 2 -3 15-30 
:(£.7)<., tillS 7 d 

1!5tmiifnitilw 

* JfJ ~~ ~7fi!n~t! #i!l 1f-ftl1J~L ~1$!9 a-9 i.fHl tE -1'-'* JJI! a-9 fi1 Bil P3 , ~~ ?L~ !t.i !&' JJ[ i5 
~t#a-9~*.Mwa~ffiMa-9••••om~~+~Ift••.~~~•a••~. 
BDS ~L~1$!9a-9WJJrliiZ~ili~:-tE L 05 - l. 15glcm3 Z.I'SJ, )J~~l&~~:llfa-9··~t'=o :I!O='=lt 
!t.i!&'fl~'*J.M~ Ifl~JrrF JL~tw~: 

( 1) 1$!-tj-\f;J.l~'J\o i!at, ~:rLr~$1-'F~fi~ii~JE, li£$~~~'~¥1J.JE?t•~, ~F 

~--;~ltH--2~.&!t.i··~~n.~-~Rmsng~~fiF~~~ ; J.)(R8H 
~.1$H~~~m . W8~7.)(m~w•~~•••o 

(2) @fltc::ko ~-f-filJ ~-:l:f!HLm;~Mm:ill:~-T-~'f-1, •its:G-.:OF~:i:fii$, WJJl$*~ 

W!W~.JEJt, Af=~jdi(o 

(3) ~~:fiHtt\!lto Jlt~ . ~R.SW?t1$H~ ".ffi~" F~m•. ~~~:.l'Fmifm:fi 

~1Jffl-$~!*, ~ll)tjj;ti~·* o 
b t.»~f:Efm 

BDS·~~~$M~~WHM~E·~·A#~~~~R~**#~~--~~~* 
Jii!.~ 7-22 0 

lJi 0 :11!!~iif;Jjt/g · em ·l j§.ilj ~i1f.\/m · s- 1 ~jf[~# 

:tJJMtfli 
L 05 - L 15 250gM~t§tt 3900-4800 4>11 OmndtUt 

L 05- L 15 I OOOg 1\~ llJ tt 4800 -5800 oj>250mm ~i'L 

fl#:tf 5d 1.05 - L 15 I OOOg l:«~ !§ :t± 4800 -5800 oj>250 mm 1f!! =!'L 

-fii:{f 15d 1.05 - 1.15 250g Ml~l§:t± 3900 -4800 4> I to mm ~11'1f 
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c :ti: :i:·~ "~ 
~-ft~JL~~H-~,B~ *~*·~~~H~m~S~~--~--~~~I~ 

~:i:tt•~--~A~••r~~~-~-~-tto 
(1) :oo~r~~:i:tt:fi~~ o a1tF15~«1ttt~9='~tb:-:1:, Jt-T~mz~~WT:il!h, 

••••~m~k*·*~~~~mre.~•~·~~mz*•o ••~~•~•JLr~ 
~~H:il!B~!MlW:Hio *. 7-23 ~~ 7-24 7Hi'J7tll±\ T~Hi!i~J1§-I¥11$H:torm~$1::t'~1$ 
H~~IWJF¥-Mi-il-JE-I¥.!~Hi~* o 

if f.F -"'!· 

:;15 1% 

47% 

48% 

49 % 

50 % 

ifil.lo/ 

::15 1 .q-

2-\'} 

3% 

5 -"'!· 

50~-

•7~ ~-~~*a~r~~~~a~~~~ 

*" Fi ~ !l'l 

~ llll ')$ Fi ltt6 ~~L1t:tl:ll; BDS .*~J!f:J1;1J~L1t:tl:ll; 

2 h f.HHii :fi :;k :!il: 13 -@. ~ .fl. 4t8 • 
25 min Fc * Mili .1-'1il: 13 -@.~.Fa m 2.5h 7G~1t 

x®J ?.!!& m 
5 min Fc ~ 1:. ®J?.!! & J.ilZ , i"' 1:. :;k 11 min Fc Ei. J.ilZ ®J ~-~ , li :;k 1il: l* f3 l h Fc*lliilid>:til: 13 {3~ 

iil:l*-€5:1111~ :llll#.ilt'l!l'~~-{g .Fa. 2d Fc.X;Itfll!1(1t 

4 min Fc ~ !t.®Hm Ei. J.ilZ • i"' 1:. ;:1;: 1 min Fc P: 1:. ®Hm & m . 1" ~ ;:~;: 
4b.X1(1t 

:!il:l*-@.:IIIIJ: :fil-tMM!l~ 

5 min Fc P: 1:. EtJ ?..~ & J.ilZ • 1" 1:. :;k 8 min Fc P: 1:. ®J ?.!! & J.ilZ , f"' 1:. :;k 4h .X1(1t. &~im~. 3 
-fitl*-@.:1111~ itl*'@.ll!l~ 7CFc*Hiilid>ilt~f54W!lli 

5 min Fc $: ~ ®J ?..~ & J.ilZ , 1" 1:. :;k 15min Fc&J.ill.®J?..~. ~-@.:1111~~ 4h Fc.X1(1t, 2d 16-i&Hiili 

:!il:1* t3.:1111~ ' ilt'IB' cp l±l ~!I: t3;1d§ ~se.i.etriEJi'if51(~1*e d>it~t341!.11lll: 

22 min ;If izti ®J f.!!E/.J.ill , li":;k1i1:~{~31!1~ J"!£ , lfff ~ lJi 4 l'X 

30min Fctll~st3ll!~ 

3h Fc5t:~1t. lJI-~1-;!l';lli 4JX 

3h Fc5t:~1t 

30min Fcl±l~S15dlt~ 

30min Fc :fl ~13-@.d'l!~ 

13 min ;If izti .lilfJ?..~&J.ilZ , li :;k:lil:1*@ :1111~ i"' 1:. 

II min :Jf:!zil.li:iJf.!l&J.ilZ, 'H:;k11l:ti(f5:1111~f"'!f. 

3h Fc5t:~1t 

3h Fcx~1t 

24 h Fc 1f .1-'-fit~-(g 4t8 Jlli 

3hFcx~1t 

»-.~Jbi~jJtart;A;e-1:1:.\, Jr 1 %, s %, 47 %, 48 %, 49 %, so %~r~~ u16 ~'L 

~1$H~~mz·~-~.ffiBDS~~$-,L~~-~~89='*~:00····o 
( 2) :1:§1L~ H ~:i: JKi:ij!~ o :h T JKi:?Ji!~ :JL 1k.1$H~:I:i!l1L 9=' #IT!Wl;IW fBJ 1¥.! ~:i:tt :to 'LJB't~ .wt B9 

a~tt.~-1L~H~~A~m-~, t;A·W~H~-·~·R~~m~~~-~~~W: . 
~*JN.*- 7-25 0 

B>jjiij/h 0 0.5 1.5 2 3 4 5 6 8 10 18 

iliUtl<t: 68 62.5 61 56 52 48.5 46 43 33.5 30 24 
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lA~ 7-25 7t'ftl:l, BDS ~$flld~L1-t:l'F~.?ltA:t{!HLJ5, 111!.#Bt1BJI':I9#U$7Mtlt~l$i"Fil$, 

3h J5!i1f~J 52CC o !13j~, t£A1i E! tf& eHif!~B9i.t1-tiVIR:ittfrJJi!.:l~di\:~, EHI!'t 7d 15 BDS ~ 
!f:iff!J 'L 1-t:l'F~ /!'*'&.If'. o 

(3) ~?tftlil~lito *.FilbnilJ.t:lft~{)( ( ARC ) :.t•t 1116 ~'L1t1$~~ BDS ~$$1J1L1t 
it~tE~~~ftt-"Flttrri~Hi\:, ~i!Hfi!:.W.;;& 7-26o ~ 7-26 ~&~!W, BDS ~$1liiJ~L1t:l$~~ii 
1-t?Vmii-~~ ( ~ s %~) ~J®.Mf?tJWrMtJ.t:J! 92. 09<t:, ~L1t:l'F~~I~JliZfftll11¥.17Mtll :liHl1 

::t'~MH:I SO<t o 

• 7-26 1116 ~~ BOS ~JIJ!Jl{t~l9.!:3fil{tif*¥~*~1¥1 ARC iil:il~·· 

lJi ~ Tol't T.I"C (dTi dt)-I"C · min·• t".lmin P0/ ltPa P .lltPa 

1116+115 -li} 45. 84 229.33 603.5 176.2 146.9 5169 

BDS + f!!S -1} 92.09 235. 04 908.0 968. 6 224. I 3093 

~ {1{ 46.25 6. 51 304.5 796.4 77.2 - 2076 

t±: To ~ffili~Jti:Mi i1l.tl; r. ~mlil.i<l'tJn~.itlif!.l'dcntt'J!Jilll:f : ( dT/dt ) ...,.~m&@i:il'i\<l'i!~J t'J!JJI::Xhn~ 

.it$:~3~li~WM~-~.it$ftXt'f!let~;~·mli~WMN~ffi~;~·ffili·<l'·B.it$»:;ket 

t'J!Jffi~ 0 

( 4 ) :OO;%:Jil~~l&o ~~B9~1"'~l&~l!ij, BDS ~~tl!f:itnL1-t1$~Jfl=fit~IRa9·~ 
:J!~~a9.~~T:I$~§~§~$$1¥.1~~.~~T~~~~.~~:I$~~1"'~*~~~ 

~*I¥.J~}fl$,~~~~~tt~~~~~o 

d flttHiUE tt-ut~ 
BDS ~~J$1ff!J~1t1$~~;ff~~ttfm~-ut~:W:, },{!.~ 7-27 ffi:/i( 7-28 0 

:A 7-27 BDS ~JIJ$M"-{tf$~il!!·illf.¥1if1Ut 

fi#~ttfm c/> 11 o mm U!.'HJf;flt ~~nlHfdlt:r t¥1 :11!!!&11 ill 
' 

1k i£ 
filf~et fii]/ d 0 4 8 10 • 18 21 *ffl BSW-3 lt2§' 00 

:lii.it/m · s ·• 4854 4789 4758 4690 4612 4577 1i tiUI.it iS{ 

fil~tttlll c/>250 mm ~ lij;~ 11. ~~ ~f'l= r t¥1 11.1l'l.i! 1k t± 
fi#:(f 1Ft rBl! d 0 1 2 3 4 5 6 10 *WI BSW-3 lt2"' tl~ li 
jl]i/ m • s - I 5760 5625 5556 5584 5540 5425 5389 5160 li!Hii!& 

0 ~-~ BDS -~$-~~~~--~-~ 
~T:l'F~m?t, ftGltX:t;ltttfm~~~~~zj~, ~1"'I~~~~~iff!J.X:t1.1=~tt~B9~ 

~~m&f~~~o ~"F~~m~~~~~m~zo 

~i&i···~$~~1-t:I$~1¥.1~~-J.t~~~-:W:.~rMt·~~·-BDS~~$~ 
fL1t:l'F~~~-mWH~~~~~.~~~*~· 7~9.1A~R·*~~.~-~8H 

ml¥.l*•w~*o ~·~**~*~•·m~~~~~~.-~B9~-fj= : ~-.­
~*~~·~~~-·-2·n@M •• ;;tt=.•~n·~-~*~·-tn~*m• 
78"C 0 
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.7-29 "f9ia~~l-911i!tf.l~lllll 

$ I} ~w~ ijl.i!/m • s· ' t.(_J J~Hl't# $ % ~l/,l(~ 11lal/ m • s _, ~**# 

68 4490 68 4322 

2 72 4576 
<J>IIOmm 

t.Hit fa; flW 
6 69 4415 

<f>llOmm 

IS'H/Hix~· 
74 4732 70 4673 

~~~*~lli~.~-~I~~*T£*~~•.Bre~~~~,~R~~~*~ . 
*· tlilftT*f:~~~Fi!!!.miJ'¥, ~R , 11ltJ!9, ~~.=:1!fralrr-tt£f1:.itOO...tit!::ffo ~{)(j!o.tJ:t, 

~1Ll1l~~f'F-*.~PJ lW~~:tt!r~~:itE~:L1!! lq] rr-tit!::ff, ~Z:1iJJjHI~~!9, ~PJ t;A ~0"?1Ut:t:F~$ 

EIIJ&, itJJt!:tc111';Jzsti.1J , :itl!~:YL~§ . .JAii'ff~~4£~~~#f~~ o j!llfiJEJfl£, 7tMt$JiH.J! 
$fj(;/J@=f-:!l~.fftlt-f.<Mt1"~, PJi~ftzstiA~~~3i~c.I$!91JDir , ~-TYJ.l.J-~Slt*it/L~ 

1tf'F-*.~-*:ill:zt, .l.ill.mflr:ll+?tr-~~ o -*111HBPJ;ra2in!:Nt~~Lft:t:F*it!tSlt$ o 

1. 3.1 ~{t1$l9~1U~$~~Jl~~$~.t,tlti{1=mtl.l 
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1'-:I~HLB<J~~:fil:~:fLH~l!i~m-t :tEH~~ ..t TN 1!11¥1 o 00 9=' ~~i?J ~ ~~ :1$~ !:Et' a9 I~ mt 
W, ~L {t:l$~ l¥J1Jili~¥f 7.K:.ttL 7$~9M1 !'JL 1t-M~~ft!?JH ?t:t£ m il-ti 9=' m ~ Fo , ~tuu ~~'iU!tJ 
:Jli~~lllf'o J¥iif&~1<7:h~;j~f*~$f.l¥Jtift:li (L), ~it (r) bln\Z~l¥Jm£:Ut;f1:11Qfljfj:i::t~o j!Q 

:!Jf~dQ tt::M $f!P DG1r ~»: ff~DG lt l¥Jt~iH'FttlBtfl~ , iiJ :tE IW.I- :ti!! lL 9=' - 7X%!Vt$f!P !JL {t:l$ 
~l¥J~:ifi , ~.@ ~f'P ®!J.3nr ;E-69 1.1it~ :Y< o ~f* :1$~ l¥J}Jil I ;fll1QjjjtJ:7d<M13 fPlo 

A it-E.f-~ 

a tt:li~ ~1¥1 I 11= .[jjU!I!.»: ~iit 
!Vt&,L1t:I$H~-~---l¥J~~--.~:tEM~:i1~~~:1$~1¥JW·M~m~•l¥J 

/f' ~W.J Tfff:H J9T~1t • ffilutHt&~t IVt .fl. w~ 891-Hit tt~ m~ o it~ 4} m ?t 1¥1 rAt :1: /f' fJOc * ¥JJ * 
~DGtta9a•tt.Tfff~~m?tRMZ:m*~8~S~:I$Hl¥JR~. ~Tfff.~m?t~~RS 
1lt&.;.tt;!}Jil, ~P7t§J~~t7JCffl, 7lbftl, ~7f!i.tftl;fll~*'l-~tt:~m?ttt:hl, f&Fotfl~!.li?tR:itffi:f(( 

tt~ah. IW.I~%d~~-~~-MRMl¥JM •• RPiiJ~ma&:I$Hl¥JR.ol9fml¥J~~ 
~H~i.t~fti.t~•--t-•lll¥J~Hhl:m-7X~~fl=ftl¥JAaHA.~iiJ~B:i1~~­

~,Mit~1lt&~~4}m?tl¥J-~R~o 

tt:fit-*~~¥Jmo.m3lnoo 1-1o J9Tffi. oo q:, .R-1<~ tl:\ 4 :fll1 m?tiflL:I.ill¥J~ttunm<£, ~~1Z51jg: 

1t ;t;tt m~mtru gll.?tmtkl:~rvJ\ • M .~VtH iill¥J~1Hii*/F f' 1:.~ Pliil • tOe .z m 7 /f' *It! m ~ ~ 
wl¥1 iM: :fii:H • m ij:(fn ~ dl -~ H :fi ~¥J o. 5% , J9T ~:a: ~-J.t q:, re -e: 11= 1g --t-11t :iilli :i::tbn r! u 
l¥J~····~·t:tl*;D#ffl~~.m~$Q}JilA-f!Pm~~*4.3lll*~~}JilA~~~­
f*~M~.iiJ·:i17f*K•m•~f*m~~Ml¥Jffi~~:±l;l}(~:t£~1t:l$~9='J9fdlltmM 
:;lc, {£1~-tl\~~~~~, irf~)i:i::t7f* K2 m•. $~$,tj~7J<;f§ o 

ll<~Uii"il itbti!iUl •ftlWffhtA i!UlitJI (-) m*'ltt:!ii <=-> 
4- 20mA I 4- 20mA 4- 20mA 14- 20,tpA _l4- 20mA 

I K, 
lEI!!.~ 

I I f I 

im#.:ll 
I- 5V •Y"'Kz •- sv 

v{f~iHt 

t o- 16 200!*JI!IIh 

}Jo r!ti l¥J g_!:! ?t .fff }Jo~ Jtjg : 
E = N1 ( E 1 - 1) + N2 ( E2 - l) + N3 ( E3 - I ) + N. ( E4 - 1) + A0 (7-4) 

Jtq:, Ao ~-~y ~7f!1.3FJ W::tit.Fol¥J~>;E1if~, Ao = 1. 02o 
1( 7-30 q:, N. -N. ~~~H~:I$~It:;~>J(~~l¥Ji5(~1if~. ~~~ftio E. -£4 ?tll~~ 

l -5V~.ffi~t:tl, 1"t~4}g.Jl ?tl¥Jrnt:IH.i[, '8M{f:l$~!.ll?tDCttl¥J~~Tfff~~. ~1'-~iil, 
1f-!:3 K. - K4 dlElt, Jl~'@!TI.VE.lt (7-5) : 

(7-5) 
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~---E~*~ 5V,E~P~*•*•m•~~.~~T#·d~~-~§~o 0 
~flt!5(~.$Jlj~~ffif~~~~~ ~~~~Hx-tJ.ili:~Mcflt!f-;5%-*~Z>IJi.t!~Uht!/&, ~$-1'-~ 

=IL ~~~:iUil-{X~H~ -~,Hii.H~:f£1-t~ff ..t~~ tl:l * o 

*'~ m~&•~~am•~~~• 
~~-llt~ilti£ (N) m 7t n.liiH~~J(K)/% 1)(~1itiY:iltJE (N) m. * Jfifit tt~J( K )/% 

N1 =0. 95 * ffi K1 : 0 - 95 Nl =0. I ~-ft~J'F~ Kl : 0 -10 

N2 =0. 08 tlb ffi K2 : 0-8 N4 = 0. I tll~'F~ K4 : 0-10 

b i.tit~~~~~*fff 

•~*•$m~~s~m*~~-~~*•·~~~~~~~~••*~~~2%, 
n•~I£•*o ~~m&~d~~H~0.5%~~.m*•••*••~•~•~•~= 
M =2% xO. 5% =0. 01%, m.mW:i\iU~5C1"dHit*~mm~~i.to ~5'~~ 4 ~!JHt~~tk: 

~y,g.•H:~t~*;J\, *m*i.t-!i1SU~~t.iJ.ttk:~Ti.t:!i~-~i.t:!it.il3t o ?i~$~·­

~~J.ili:~ik!J:f£ ±2% ~P>J, w•f*liE~•-~,f*~~~mB~IJ\ . ~~m~m.:E•fll*rm:iHt 

~:12\;!Mo 7l<ffimtiiJM1it ~ ~Jd~:.t'FH~ 70% ~ ..t . i.cJ-J Q., ~~•:m:i.tt.ill-f~~ 

+ 1%, i.e~ Mt , W~f!P.m*¥m:!ii.t•~_m:~ffjJ.t-f.N::1:5]:1g ± l. 5%, i"C1g M2, i!$*¥m:!i 
~A-~30%,2:1g~ o ~5'~, ~-P>JbU~ft,~~--~f!P.tt•~~#8J.t-ft:1g 
±0.55%, i.c:1gM3, ~:itg.J{)(~[ti]iliU~. Ji!U~~iliU~M:1g: 

M = M1Q1 +M2 Q2 +M3 = 1.7% 
~..ti.t.:~tg.J{)(*i.t:ittt•~~M-mlM~, :!!o·~-f'F~~jftj~a;J, ~tff}l: M = 1. 7%, 

~~m:ffliftl¥11 + 1 %~~ o tF:19--t-f¥tl~, • 7-31 ~• 7-32 *§JU~tl:l~Eiu.KML rmtH, ~ 
mm=m*md~~~:.ttH&mll<~~~••.M~~~••*• · •~•~\~±1%, 
~ JJI!i.~* fJT ;.ffi f,f 0 

ff% tt~~~~ f*:lil: ffil kg 'tt:lil:/s ~~/% R'-E; it~lm/~ f;l\:fll:ii/kg ititls i5<!£1% 
I 100 99. 3 30 -0. 7 2 )()() 99. 5 30 - 0. 5 

*7-32 51*~~ 

!¥% ttiY:~/~ .f*ill:f!/ kg 
~11!:1*~/kg ~~/% 

It!. fmlo/o tt:litls 
y = 1. 35 y = I. 36 1. 35 1. 36 

I 190 140.0 189 190.4 74 60 -0.5 0.2 

2 193 141. 5 191 192. 5 74 60 . - 1 -0.3 

3 192 141. 5 191 192.5 74 60 - 0. 5 0.3 

c i.ti!:{~--~:12\;ru/&JJJ"~ 

*•tt-*~•g, ttn,ru~%•~~•:12\;•~~~~m.M#•*••~m•-If'F 
~#A~iftlme~~*~f'Fffl o #•tt•~••s~ll<ffiRR*, M~R-#,~··· 
if, ~&~ftl!.i.f.-{)(--~:Q\;~ o 

(1) ll<ffiVIi::I.Bt~R• o ll<:t§m~~~~~i*. ~-~Wilt. ti~~J9tjf~£Mfa , 

Jl.~tl(5.§J.~~1w:r£, ~:f£,Lft~H~EIT~ ttli:li*· ~1-t•~*i~U..ll*o ~ffl~?lfii'At:W:i.t 
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*OO~~·~~~~~.~*~~~~OO~~~~~~~~~~~iliT~~~$~. ff~ 
-~~,.~~~~*~~--~~~~M~~m~~-·-;~ili*m~VitAZ~A~~~ 
:!lf~~tt**. ~~JJ<~m~rUI1.l' , ff.~, lll1.l'~1t~mt79J:~7t~a~~p~; f~5~f4:~1:j~ 

M~a-M.~~*~•~tt~·~··ft~W*RM%,Xft•ili*B~~%~ft·~ 
~~1t1ti~m~«·~~o-8~~.-~*ffiMM~«•.~~----~'T±l%, 
Wf~rntiil::h 12m3/h, ~iliffi~:Jg 4 -20mA ~-fxo 

( 2 ) 7ltl~Vititit~:il\i-o 'llbfflrif~:Jg~~"* I ~ Jts:f no T~L1tjl~J~Ilili~i% 0 mi ml-& 
*Bmt:fi.l:itrrii:rri JJ[~, ~m T ?.l~li 11-~ ~oo :fll::, mLeL~~ ~m t?~~JUiii {f , ~mW:mt:fit 

it*~J:bt7ltlfflm:ll~~~~ o ~mlmt1i!:itfff]J[-AI!::h ± 1. 5% , $i/.Emit:h 1. 5m
3
/ h, ~ 

ZICJlJ~!ijf$~~1ii¥J.M~f~P}ff~~4 -20mA ~EBmttltili, PI !::i ~;b1tlti~tt•tc~o 

c 3 ) .,= *'HRt :!itt~~~ o tfl~ * ...twr m ~~fit -T *'Ua ?t:l:!8 :h ~HJL :~7t I J~o *m ~ J.i.IZ a9 ~ 
~-~it.~«~M~-.~~a~~-~~o ~T~••••••*ili~~m•~~­
~~. ~~~rr~~~~~~~~~*~~tr•-T~~~~-~~~~~~~~0 

( 4) 8;D1tltift«a~:il\i•o ~*•~ho~ft~BmPI:hi~~;n1tm~«•. ~ill 

~m7~~~~~~~*~~~~~~.*mm~~I~~~Cllic)m#~~-~~ 

4 -2omA•••~.~~~~4~m~~~**·•••m~*, ••••~.~~•m 
nttt~ , (.lJ*D!Amm~•~:e~:.&!(::kft~ ~ttaAlH~ilti¥JfRI.l'~~3tt~ ~~n:n~:~~B 

~I~~~ma~.~~~~~~~~I¥J~~.~§~I~~~~w~1~mm~~;n~ 

ili1Jtt ~ o ~ fn ~* !JHt ~ • :fil:Jt§JIJ:ill:rrm% ~1*f1l ho ~~~ I .3f :ill:rr-i*.fJI. VfL ii ~1J am mtlil 
89~~~ ~:fl-~ft·$;~:J$~fil*IJ'~tt~~EJifll%o 

(5) ;1(:11P.it:Jif)U~~~~ o ~m1fu~~L1t*F~~~,~$;?t, fE!#tmtit~le'RtZIJ', $PI 
•m~~~m%•w~•••~•~*•o *~•,'/lB~M,,L1tft,m~u~••~~ 
~~~-BaUOO.m&$*B?t~ff~,~~·~-a~~#?t§J~:il\iJlJTA~~- , W 
~~t:E~*:ittt.7& o 

B ~~J.*#tti9#1~~.I.11:~1f 

~ffi1J*~-E!f5~il!J7.kff! , 71B~··~mt:fibl' :t£i!ifJ7.kff!, 71B~fiii:il~mt:m:~i!ifJI1YJ ' ~ 
~-~ , JJ<ffi~~~IC~~~--.-~--·~~-~. ~~;tt-~~--o ~L1t*FH 
~-S&$~~~-~-JJ<~mtilltr, '/lB~VIL•rr , MR.8ft.-~Vitit~~~,~~ 

t2iiitlfl , mt:i:MHt~fliiHt~ , ~~~~ft, ~Atlftl±\:i1ilft;ti~1l~~.Hffi*• (.!MOO 7-11) o 

Jj(ffi IYCit ii!Jt~ v1Uit ii!J:KJU 
lJIUili.t tS! 1M :!§ tilPJ ~ fjj( * II!J t;!$J~ 

I 

111lffi 1- '- UJ(tt 5 .A.5illi ~lMiiS 
!J!Blliil iUlit ts!flll38 i:m1& I@J3 

• 
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*~~AA~mt2~-W~ffi%,~···~%-~-~~---~.~-~W~~~ 
~~~~~--~·H·~~-W~~·*•o *ffiRhl~~~-·G%~R2~-~E 
~~i!itJfUil7Rtitl:~~t1i!itJ:Ho !ltt:flib'J:H tt~lJq§, AA~~ftc ttffi~-W 1-l11JiJAA~lm::l:~ 
~~-~o ~~~~%~~·&~~~~~*~~*~~~~.~~~~·~1-l~~o AA 
~-~1-l~~~H~~*~~~.~~~AA~~~~~~ffiAA~mt-~~~~.~W~ 

~AA~~••o ~~•a~~~~~~~~~~fl*&·•~~••E~~~••~•m 
1~%11 ~ ;IJ~li1~ r'1~7fJJt, ~W-BI!7Wltl~mtli~~J7Jcttlmt:fit~E~~*mo ~ib'J ~t!EI¥.1 

1S ~ ~ 11: :J!!k~ :iili:tl. A~ tl:l :U?ll ;ttii El3 ¥.l 11JiJ ft~ rt(fll ~1£ i!itJ W: ~ rt( m ~ :±\ o 1£ 1M ffi% El3 • A 
~:±\:tl?ll~~~~~A.~M~~*I¥.11S~~ll:o 

~~ff~~~~~~I¥.J~~ffi%~:l:1~~~~~~*~~~.~~~*S~~fu~o 

&H•~~-~~~•••~~~*~~-~•Mmo &H•1£~•ft•ru•-"• 
lf<J *~rAt it~ 7Jl3l§ Vi£ :tilt« , jf ~it lfiiftEI1 fBJ I¥.J mt iii , i.t~ :±\ B ~-A 1¥.1 1$ H JJl:fil , .§ B. 
Aiii~~J~):E!lfJ}<-ooiA1 ~ ;IJ~ ll:ffl!JH~·H:U~o )l:tlt£ffl~ft~ ~~-@i:tmtl:.:f;IJ~j.\~ ~ 
~~11Jij~j.\Z,fB]#J~o 

am*mLM~~~~~U*w•.~*m*~~•.•~*mm~-~~t!EI¥.1o ~~ 
~~ PP ~--$~.A~-~ffiJEI¥.JMffi;/Jh~~~.~~;tJ&m*•~~a.*mMViL 
2&a•••~•-ttr"~~~21¥.J~B~B~A~:tmmm~•m*R~I¥.J.~~--~~ 
~•••I¥.1~M~j.\.$~•~•·~~•~*~~m~m~•c~o~JJt~ffih~~•> ~ 
RA~~-~-P~o @·~~~~~~~-~~.~-a~R-£W*#·~~-~):E , 
~~s••~~mB~~o m~~•~j.\~M4•*m•mu*a*~~m~E-~H:l:1 
~*fi~~~o m~~~j.\~~~~~~*~~jfm~~~o 

7. 3. L 2 .lit:£:#~ .~!Jt 

~~~IT~A~-~~--$)i}fl·ft~~-·~~.~-··$·ft~~~-I¥.Jfi 
JVt, *;ffi-l}'l~iWt:a<J·!i~~.~, *JflffA~i.i-~*ili~~tJL~~~~I¥.J~~If'FJK:fljt , jf"W~ 

i.t~ :±l :iJI!}:i1li l5l r i'FH$ 1¥.1 ~5 1 ·!ifm/M&, lil~x1m $ a<J *51 ttt~:il!:fi~~**'T o 
A j.[~ 

rr~A~•~•~**~;IJ~-~~-•~••m~~~•~r•~¥.J~~.A~*•~ 
AG.ft, ~Mml?'~l\:i.J~~~~ql!~l¥.1f.£-fft tto 

~~m•m~~ Deutz 0t1J~ F6L912W f~~~~~m. jfJC~ ECS 0i'iJI¥.J$:~*~• 

fro .f~?ft~~r, F6l912W ~~tltt£~~~)! n •• m =2300r/min ~1¥.JWi):E~$ N,om =63kW o 

~~~~~J!~~Jfl~~ D~A0~~~~~~-~~~£o ~~fi*~~~~m~ 

~*m~ttA~~.~~W:~~*ffl~~~~.M~~~~~=~~~o 
e,~~;tJ••m~~ DANA0i'iJI¥.J~r*m~tltta.~~~h*o •k•~b*~ 

~~-A~;IJ~§$M;/J~ofi$M~ft~#ffiM~$4Mffi~;IJ.W.AM~~W$M 
• 

~--~•ffi•a,••~~.w~•ffi•~••~~~%*~•~~@•%~. &P$~ 
)g!J«~mib'J ;/J~*§JIJ !'M!kt~¥1tl, ~Jlt~$$1J;IJ~3ttf.li, ~~tt1!f o 

~JJa~ffl lO. 00-20 jfij#JlJJ~JJao 

s ~jmm~~~~#fp]I.f¥•1ifi 

~~••&•~~~z.~.~~m~~~ff~~~I~~••m~m~2~~"·~ 
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i9.1Vt10 ~!HIHlbVl.~ I¥Jtul~, 1ltlf~:ii~~~~~::~~I¥JtR~, :ifJ $~11:~~~~ o 
a ~WJm~m~ 

~ 7-33 JiJfffi1.J$iJit£qf~:tt~ ifll¥1-fall~m!I~, f1P$ilit£1f~Ht, Jti;ii~IE*~ 

l¥J~Z9.1~*~~~~*iflm$~.~~~~~~1lti~@~~o 

* 7-33 • .IIMJl.#'Jt:H~ 

ii!J~:O¥% s ~WJ-t!Lti;J~.f# 
~HI~:fll: q, *ffi~ tlp, ~HftrAffl.~ T, 

/ mL • r-• / MPa 
. 

/ N • m 

I ~(Ji]ii!J~ 16.0 0.8 2. 04 

2 t!J;!Jilll* 11.3 0. 8 1.44 

3 Jl:9a:! ff~~ ii!J ~ 33. 7 1.93 10.36 

T, = A.p,q,I2'TT ( s = 1 ,2 ,3) • 

~9=' T, !Hii.IVJVl.~'ft~~flf:I¥J!Hmtvl~, N · m; 

t:.p,, A.p2, A.p3 ~~*' Jt!Ji9.1*~1~~*1¥Jfff1i6J;Jc, MPa; 
q., q2 , q3 ~~*' Jt!Jl9.J*~f~~*I¥Jfl~ft, mVro 

b ;It lfij I 1t IZ:~ 
E8 -T~i9.1Vl...t.t~ft~#ft!~m~::!M1<~J$l!lill~, $~ 

T. = Tt (1 - 'Tfm) 

r ... =T.- rA 
:d:'ft r .. 2ti9.1Vl.:Ju~~ffiftllftf4tflji2fVl~~I¥J~~ l±ltR~, kw; 

~ 2ti9.JVl.~ft~~~I¥J~iliffi~,kW; 

'Y/m 2ti9.JtJl.I¥Jffi~i6J~*~, Jljt 0. 03; 
T ""' 2ti9.JVl.f~:ii~~~~*~I¥Jtflji2, k W o 

M&-m#l~m~ rA 
/N . m 

13.83 

(7-6) 

(7-7) 

( 7-8) 

(7-9) 

00 7-12 .19T7F1.J~~~I¥JW-~1~'f'l1:dti~ o 00J:j:l i 1.17~~~i! n, .!:3*~~i! nB Zit, f1P 
i = n,lns; K 1.J~ji2~7~~mm TT l:3*~ffi~ Ta Z.tt' RP K = T.ri TB; "'· 1.J~~~l¥J~i9.1 
~~$, 'Tfe = Ki; *~ c1 = lOOc, c 1.J~m~tflm*~• iftfil.1.J N/[ m4 

• (r · min - • ) 2
] o 

~~~I¥Jffi~~~1.J: 

(7-10) 

):\if! D ~ji2ff~%C/[1£, D=0.305rn 0 

2ti9.JV1..!:3~~~;#;1fiJ~JEI -it at: 
(7-11) 

j\;ifl nout ;#;!mi-ftiJt2ti9.JtJl.I¥J~]f , r/ min o 

~7J41.J~i9.1Vl.t£8ft~~~I¥J~ili~$~~1±lm~~-o ~~-m~.•~~i9.J 
m~~~~;J:t;!fiJitt=~l±latr~. J.moo 7-13 lffffi ~ 
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4.0 

<> 
~ 
~ 

..,:? K 
.Jl!t 2.0 ~ 

. 
l<: 
~ 

c, 

~ 
~ 

ff ~ ~it! . -1 r • rom 

I 1550 

2 2000 

c ~sitU~ 

0.6 

~i!lt; 

:ro~w 

46.2 

57.0 

1.2 

m~N ·m ff 

285.0 

272.3 

IOOOr------------------. 

800 

0 

~ 

3 

4 

'I' ••• A~ 
~-A-.A~· 6 • 
-~ . ..... . 

- ~ . • • 
/' h. 

1000 2000 
I . - 1 nT r·mm 

3000 

~w . _, r · rom :W$/kW m~N·m 

2150 60.0 266.6 

2300 63.0 26 1.7 

tH~Hti.*~A~fl~ , ttl!J:lli~~**sl~f£l114}~~ll o ~ 7-35 WT~)I;]$m:tE~ 
~.Uilm!,CF~~fi~r~ 1 ~llill11¥J~lJt~~~Jttl--fl-(R, * 7-36 Wf~)I;J$m:t£.:;~qEJfft 

r.J, :::t'IEJ~llill11¥J:lililt6frlJ!l!iH!ll o lit~ 7-35 PJ~, :m:~Btti~$~~~ 1 ~f.fl:lt}?.li$im~ 

..ti!i l3°1¥J~ll, :ll:::kJfll:!~J.JU1H120° , ~tmW:tl~$~::fHlH~fi¥J~~~.1J o 

• 1 -3s rr•i!llfll.,~lli+•• 

rrll!l!if!JI:/bn . h- I 

:tf:M~~~~ 0.0 1. 3 2.6 3.8 4. 8 5. I 

~:lltffl/ ( 0) 

~ ~ 34. 8 34. 8 30.4 20.9 19.2 13. 5 

li ~ 34.8 31.4 20.4 14. I 12. 9 9.0 

lJi El ~·~ m2 ~ ;JD~ lJt f) ~ · ~ ~2r! ~3~ 

~ft:liUli:tfi!/ km · h · I 5.4 II. 8 26.8 tillftiltli$i!/km · h - • 5. 3 II. 7 26.5 

oo 7-14 Wf~)I;J$WM£~:i!fi 3 -t-~l!~1.IT..ti¥J~s i .1J, 1-T.§f~ff ~ ~frJJ~miSIJmJJ 

£19~1itif$~{R, ~},U~~ llii¥J*51f£fj~ltiJ~ o 

00 7-14ltlltlG*F91, ~~~~~;;fm!~. ti~$:tE~ 1 ~Bt~PJYH~Hii::k*sl.h, ~F91 

Jitii~ijfi~tJf~:ff ..fE~I¥J:p}J.$flt-l\ o tf-iJjE 7-14 ~~ 7-36 PJ~lfi:Jj, ~~fji 3 -1'-~it~ 
lli:lii::k:i!lJti¥J!fx{R7}-;(p'~~1:J, I'BJIGU~::k, ~.llt$m 3 -t-~:i!~uHI~ ~l!3'&-*F91~ , ~~ 

1J!l!~~~~&m~ffl~:ff~~~~~ll.~~~~I¥J~ililih~~o 
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1. 3. 2 lj9~~f.t~~im~**f9~ 

~7'~!¥LftWPi71.¥.·$~ J;A T JLfll: 
( 1 ) J.Jllij!: * I .!It :ff II& 0 iiJ l¥.J ~ ~ ~ WT ~ 

( Gelmaster) ?!.¥.. $ o JJil $:*I 2& :ff ~ 0 iil l¥.J 
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I-:xt :Q. flit! i;tJ mIt!.~~ ; 2 - 'fi' .;g WI ; 3 -.;g "'\.-~:If~ ; 4- 1§1!HR ~mz la:ll< ; 5- ~L f.U~ .;g S ilfiJ ; 

6- 1!.1tfll:!i.I§ZS:lk; 7-4'8~-fr~lfEf~~~I.!;Z:lk ; 8, 12-jij!jft!itft~-frt!Ji:'E~J.!;z:lk; 

9-MONO iliiEfl.S~; 10-~flitJifJJ; 11-tJ!!~?t!i!~;&fifr!{, ~'illl . -=f.f4-frtf.J 
Efl.S~, iloi:!itlRill'tiiEfll.; 13-~iibd~EI:!.S~; 14-~i;fJflEI:!.S~ 

If!. ~lGUll!~ll 00 7 -27 fiT ffi , tLH~ If!. 1m JJ.jUJIL J.m ~ rl~ $:££ ~ ~I t'F at , ..R ~ If!. ~ !iDtr ili 
~12V~P~If'F a mffi~~.-~~•teo~lf!.mS~ili$~.~U~~m~~nif'Fo ~ 

at~~~*~~=~~~~~~.~Fo~~-~-~~m~.~Fo~~~~~ff~o ~~ 
~~~. eg-~~~-~-at~--~at.~-~-·fffi~.-~.ili-1I··~·eg 
r~B..t' ~m:;g,)fl 0 
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!SA 
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m 1-27 It ~J.JJH~I! oo 
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D ~JOC ~-T.#$/t~*#f. 
~~~~IBTW~ln'ii, m~rnt:!iti.t, 'L1tf~, J:Bittt~IO'DE, $1:1t.-:a:E-f*, tll~:H.-&.'lf~ 

~~li.JiX. a 'E Pf ~JiX.i'F ~ Jjj(ft # ;t:§ , 1ltJ ffi , -T *'PfU~:fit7G. 897fl ~ ~ ~:ili , JrJIJ ~ JiX. ~L 
1t1.1=~ o ~llllt%JiX.891$~~A~*~U44 , m~***l!:¥:l:X'lf~flf*~!:Ht~l:XWJ!¥JJ 

:181L, %JVttlU~l::t~ o m~-rUo-T*4t!Uc~~~~I!I~OO 7-28o 

t 3! T ifHJ~ 

iii!Uliiti.t 

I' 

,, 
/ ... , '-\;J<QU\ mr.t A< 11 

Sii{ifttf \ 
*EI?Ut~ $i'fl~lllAtt 

fi1Uibc.A.D 
MONO Jii1Ifllli4 

-~~89,L1tftm•··~m•··m~I~Jjj(•, ~•m•-f*,~m , ~~•,•*~ 
•~#,B~#mmto W~Rru~~~mc, ~~~-~c.a~~M~$~1Lm••• 

aA•~.~a•,~~•o •~•ffi~~~h.~m~•~~•••••~•, *~~. 
{il!Jt~JVt~LJBH!JJJi o ~ "*m•" ;f)ll.:::f' IRJ a<J:.I!'ii!J , 7J< WHO!IZ•®UJU~ ¥JJ70 - SO't: o Pf ~, 
~L1tft~~:::f'«~MMa<Ja~.fiR~~T·~·ffio ~llt. ~~-~~~1t~~-,~ 
~'L1t:::f'%~~tlJI!6~3tt'.f~;kiJ o 

~1tftA·m-MMmJVt~M~~-~···JVta<JJJ<ffi~fl~L1t~m~&•.M 
•&HYf~JIJ 1200r/ mino ~L1t~'£:*~~$H~~ptij~-f*~~}Etl;, ~L1t~Jt.J:::f'~3t:m 

.1L.~J:fl$:.1t*'J ~ ~ ~ J£, ft-~f(~ ili~II~, 'J I.®:::f' ~ ~1tir~ffl !ilt :.I@HLtfit}jtffil~1:. 
1t~TS~ o 
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E ~)!b * ~ 

W:~mfi!::MnX;~Lft:l$~8'9-1-!.16,~~#. :£~-§.1St;,U--t~rm~ , ~~ff, *'&~¥ , Vft 
:l!:it :& iffiUfb ~1f~ , ;ll~ ~ 00 jill 00 7-29 Fffffi o 

00 7-29 lf&Ylii~~JRXJ:OO 

7. 3. 3. 3 BCRH-15 ~ ilt..'t..$-~ !t/' .r. t; 
A !:1:./'.I. t: ~tt 

*~~ft;J$~*m~M~~~IE.*~--~···~BM&H$M1-B*.~~ 
~IZ:*~~:ImOO 7-30 ~00 7-31 Fffffi o ;JI;Ylll;f:~, 7.Kffi~jtW*'J~~:!5Ji£·W~lilf9rH!ffiftifL 

7J<ffiftil~jtWttJ1llfl9='flilJ4i o ;_a;l=j:t :&~ 1:1:19iL JJn~iffilJJt~mt~RtfBJ ~I Z:~~, ft( P.«I Z: 
i&Ht!'l>Jto/G.QX;o ?&~~.=:.f'ltJffi~i~Hil*~tl*:i!~ BCRH-15 ~:l$H$8'9xtmz~~9=' o ~fL 
:tlliltmlj~~EI3~11=Htm:i!t!L:i!A*FH$a<J-T~~o BCRH-15 m!~Lft;J$~$&mlffii:~~ , ~~ 

~**~o ··*~·1--fLR~&~-~;I$~~~8'9~>Jt.m~tJLM .• ~~H.~~ 
!¥L1-t:l$Hiai1$H~¥A.fLo 

r- " -'-

*~~.fif litlm:ttJ~ ~t@!1frj 
75 - 80"C ltiJ~ 

. 

~(-t ~~~ ~i§ 

• 
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B ~~?1-~~J~ft!~l! 

a 7k:f'§f£Hlia<JlfilJ~i¥1l~m 

Jt ~ DC ifiiJ I ~ ma'li jm m 7 -3 2 wr 
~o t!(JffH$~ DC:lJ, ;t:m- ~it 1¥1 
~lkw :tt mt :liHt 11n Am 1t ~, rr 7f 
~~1Jn:t.&, 1t-7f;ti~1*~. ~-~ 
?t7J<:.1Jo:t.&~ 70 - socc B1, ~ ;u~~ 
tJl.wt~MMiti o wt~Foa<JMHitiJ.m 

:i:UI~~mtJL~:ili¥1J~1t- 9=' ll!:h 
~1m ' ~ ill rJ;j 7NA J30~ 1~ ¥1J 40 't B1 ' jfl 

~.t.I::1JO~Hiti o ~f-t&~~~ . H 
ti8i3f-

lilllAl!fk~M! 

i t:lll 

.b.k 
f 

i.t:lit 

i 
i~Htfll 

f 
Ml#d 

+ 
J::tit.SilS 

f 
ri;ilH~ 

~re~~a<J1i~Miti1!~1Jn%J:fmff¥f o 007-32 JJ<ffl~ft!Jit:mt@III 

~7!Alt7t¥1J 75- so't llf, :m1if.tM1Jo A~{t(fjfj P-1 7t7Al~ 80 - 85't, Jfltf-tll!:1-T JJfi:it~m~ 
( *JT ~ £ i¥1l pH fi) o J.m :1:± 1Jn 7J< :~Ul1i ~ iti ~ *JT ~ £ iftJ ~U ~Jil.~ 1¥1 ~ fi 1B IE P-1 ; J.m :U toM~~ 
¥f. pH fi 1,mJ ¥1J :AAI.~ 1¥1 ~ fi 1i1 IE P-1 o 1/.\ Fo Nffi7J<:.~ ~7fl* :ili ¥1Jf* ff Jil r*J , 1:* 7Al 80 - 85 't 1~ 
.fflo 

*~~*w~••~JJ<~m.P7k~m&A~~so-s5't~~.~o~~~~*·~~~ 

Jtm~~m, ~:iliia:tt~~:m~7fl**¥1J1iifiiJ $7t~• r*1 o 

h rill :f'§;f:J -*4 lfilHrH-o tlfli:ili 
~~~MI~mtW~0007~3WT~o ¥f..~i¥1ltJL~a~&~W:U#.1JOA~M~84 

.rJ;J o ?£1Jo~~FJi~Fo ( FJi~~ 30'C, {§.~ffEMiu 60'C) a<J~L-ftJfiJ Span-80 tlH~:J;'F!9DC 
:1J1JoA~M~•r*J .7f;Tim#~m#~~epey*A~m&$k~•••rJ;Jo 

c ~m1f!HiiiJ4ltffi~m 

~m~EMI~mtft~0007~4Wf~o mH:J;'F~~:1Ja<J~*·**ffinMHM~A~ 

m•~.7f;TI•#ff.m~~~Fo*:ili~m~$k~m~~P-lo 

i!th~ <tff!!llUm 
~ftif!J mllb 

~ 
i.tft i.tiit i.tM <tff!!fflj 

llbms -
it .fit 

mn~ i.Hi 
m~:lf-

oo 7-34 .tltffi!~Jlft!ft!JI"f;ilit@OO 



d f ;JS~. ..t.:M 
tir~iiiliMHr&!2~W1H~:it!:Atl~:$ ~f~-+-fr 1*1 o 

c ~L 1t ~¥ 15 ~ ifiiJ -ft. 
!JL1t:t$~1¥JftltJ4H£"7. 2. 1 iiJ~~tf9D!;flf~~L1t:t$~" 1J,1l"P BfM'I·m, ~l!f!/Fiff~o 

D J.tjj~·~Jijtj 

~~~~~~~~~t$~~~~~~~. ~~~~*~~~*~~*H~~~~~~ 
~1l . X~:t$H~~~·~~-~~I~$~ill.~o•m~-WhZ~~~--~~~ 
m. ~~x~~~w~~~~~o ~•~~.Q~~~~w~•~~s~~.~-•~* 
M!J~¢~1¥J·~·~o R~ms~~~~S~:*ffimM~-~~.M~MR~a~ 
M.F~--~~~••:t$~$1'19a~•~~~-o ~"P*ffimRB9mMm~ . 8~~~ 
4-~.MB pHmB9~-~--~-B9~-; F~-g~~S~M&B900~~~--~ 
tt~a2ttl¥J•·o ~~--~M#mfiA4B9~M.F~mg~~~-·¢H$B9~ 
~o ·~~M~M-BB9~1t.~Wffl~ill-~M~o 

a 7J<.l§fi~ 4t'J~F~iWJ 

~m1t•l*l%~m~B9~~~m•.~2~~4o ~~~~*~<~~~~B9fi~4 
III}~~JJIJ), iJ?.IJJj~ilfl~ll?rleltlETdfl, ~9!H«~01!: (7-12 ) tt-Jr~l(t/C*:fil. f&J§"~~ 

~nc~~*:i1H-T~mo 
Y = 62. 48 + 0. 294X (7-12) 

it~ Y 1i~Hf~t/C~~:Ifr,% ; 

X fiHb.~, CC o 

b F~·:l1H£i&J 

( 1) 1M J.f B91J!tl~ o iJ!f~'L.B<JWJ:MiW &~:lfl~M &:JiH~ti!JiJJN.~-~ .:1111'19-~11!~~ 

Ro *~·-~W-~* . MRa8¢HftM~~-~.~--~~--~~?r·-·· 
~~*#C. lratlf~~~ffi:/il ; ;tlf1.!.:J3r~IJ', aew1:i~~~¥JJ1E?rill-. ~f=~*•~~ 
15'o ffl@J.f~--~~.~~&-~~~-RI'i91E•a•aff~···o~:t$HW~WR 
;lit@::1f'litlJlft~, ~,~lit~:~U&ffiill~J.!I!nfM!!, J!-!*nli:SL!A!.~ 7-37 o 

• 7-37 ~ll~m-~H!:1;7t 

;l'fl ~J.llltl 
11.~ft~ ~JJUUf ~~lil.@ 

~~.&@l!$::t1t 
VJ tztH~U@ llr l:t*~jg . 

lfllr:.tcil'li ~llr:.tc~ i!l!$;tc~ !l!LJ& (l(JAA!~ m f~~jlt!j 
)J;l l1il ~ i@. :Jlil :Iii -'1' Ji! ~ i@.illl ilt::t~ pH {]'I 11-~ iiJ(; r!'! f:f il1li ~ pH w il'6 i.\1t rJJ m: ~~ -.}tJllJ~Jll(~~:ffln~ 

~J!I!rt\'liii 
ill!!~~ ll1t 1m ' r.. m iJi lllt~ . :fin: Uft1JU) pH {i, :fi:O: ( ~j> ) pH fi, H~{!l! ffl • :flll!!l :tm mH·5 • xt 
~7Silll:lii:1JU;k 2tl@il!Jfil:.;J' ~~;,t~lf.\J.t ili!t\Uf.m mJ.t 7J<;t{Jnfl!li!ff/J(:tlt~l!ill 

(2) ~LJBHnt~f:E~~%':ttl¥J~U*o !JLJ&ffitJ~Fo3l:.f!P!i!:JN.I¥.J~~ttttW~m:ffiWJt~~ 

fto ~~ffi~~~~~~tt~a~tt, ~~ffi~,m*tt~.~*~ml¥.!~~~~.~~~ 
t4:1£~~~ii&lt>J' .IIH~~!iJIJ~~, tE~:%~~~ .~ll~J!O"F - @JJI!ft .illbtB1*=l&fftM!!, f!P : 

l )'L~~~~=~-~~~Fo.~JJll~*·~1ta9•~mM•.#~f!PW--Ad 
fiAJJilao Jt~~~~-~~1t~~•, #mmam•~~- •m~*ffi~~~~M•~ 
~. ~~a*WM-~§~B9MR·A~¢~$~~.~~~~~M,Rm&$mM~H 

B1MlilJlilll~m~~ 70't: o 
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2)MA:~m~~---~--~A~-~~-fi~aU.¥M.!JL&~me~• 
:%, .:E~·i!HltH~tff-:>!'ilfii ~i'F~4:~L1-tfi~~:i:tf~~l2sl~ 51;§~ o )!iif.!!~~JH'I=Yf:l4t>~ 

-~8fiA.MW~!JL1-t~H~tt*ttft~-.• ~ttW**•~.jo*W·~--·JU 
:>!'fig J:W.?eH§ o 

3)M~ = ~•aa•m•a-mMA•~~:>f'C2~x-••.~~•••• 
~~m~~w;.~-~~-~~~-ft~~.~~-•~nAmA~•••~•• 
~0 

4) ~Jt#'iit: !JL.I&¥19t::tc:m4t>51j&~fLJI¥f:L ti~, ~t~ft~~rg;lliJI!; &z. !JL 
•~JJr::tcfJ31Jtl~slj&~4ilxt~~~~*:i!&.iJ o ~~I'J<Jl.!i~J.t, ~~*fiUl..t.J{J{lk:=f:bnii 

z•~~~~o ~~-:1:1:-mffn*••~-f-t~H~~-. ~~~~~-##~-o 
c ?lt&$1¥J~ft 

m&4:~~ft~M:#~ft~~ft.~1-tft~-~~rt.mMtr£«•~~rt, {t• 

•:bo~#H«*~~~·A~~OOo ~~A#·--~~m.E~FMmho ~A~ =f. 
~~••**•~~-.•~~~~Hm*~~.Mw•~'L-ft~&•ao ~jo:&&$ 
m~•&•~*•:i!~H~•m*.~m-m~~~.~*~~-~~•:i!'a~~-~ 
~~ff:~~lllt, ~~-ttt•;ff3mt:fil#~1¥-f-, ~~jt~Jfflm?t~~, !JL.I&tttm:>f'~~ o !:§ 

Jlt, 16·~i.~M~1tl:U~$ tHil: ·~ilHrri'ftitffiF.m ~~ ?t, ~$ _t it'JH ~ -1k B9 IlfL:ilHJ-\Q:%: 
~~-.~~~~~~.~~*~~~~jt~J~~~ft~#~~~:i!. ~~~~~~R*~ 
~~?Jf:iefi', ~ifiiJ-ti~!JL1-t~HttnM~.~~8~J:5ilJtt~~ft o ~tE.H:l:t~'ft WJJI!I'i:iJ 
•.a~Am•Mff:tE~~-~.Jtl~~~Pmh&fto 

7. 3. 4 BCJ ~HIJ !:p!l,:i:G!¥L it~~il~$ 

7. 3. 4. l (.fj 1! 

ffl -TS **1l~~fL:ti~fF.lll~lJ,II.~7~'L1-t:kt:6~*~~~!1i$, B tE ~?'Hr ).[k~ 
~~J:5~00*~#trr.t~.ffl o ffff~~~;>F~$~9=t'J'1I~:I4JHL:ti~:19£~:tt!fr~LIJ , .p,J, 
m!ii;=J(~Ll.J~~ft!!±:E-.~I~'f!, ~81Ji7Hti!!HI?:JfLA.I~~1f~. M1StiM~~~1$H­

~-~-~A~1L.&H~~~-*···~··1L·~M~tt~.1l·8~····· 
~).[k~~tt&:>f'. o MM~~~-~VLlJ*.fflff~&HH&~C~'L-ft.M:kt:!1i·~-­
~~-~H.@ffi~·Htt*~~-~~-H~·MB,IT •• a&HfF).[kW~m~•o 
Jtt;>~ . lX~ ~H ~ •~;:~nti~ ~~ail: tli:::k • :>!' f!J r*=!lii!ti&illiJXt~ .lilt. o 

a:p,J,.:§:~!JL-ft~Hlm~tlt&~*Brrz~.ffl~~ill=!lii!:Jtt , VLIJ*flffi•lJ,II.$&H, A1f 
~fFfiir IP-, ~.FIH<~1J~, ;tFH~*f~Eilt, &!1i.$iE6, !lii&·*~rg;ft~ o 

:1 ~ J¥-V ?it?iJF fE .~, ~ :kt: !1i -'=Hi~ 1iJf fE J9f " If! 'J' 1l ~ ~. 'L {t :kt: H ~ * " ~ 1iJf ~ 7f ~ 
I fF, 16~~~T -~11J~il~*ffl~tl~-ti~l!o .ffHi:>f'~'ft'J'1l~181L§&&H 

~.lilt.~~. B1ilfit~Bf~W BCJ-l It BCJ-5 Ji~m!~·~~H$, ~~=f:>f'~~&HJfi 

:itfi o 
··~~H$~.:EWtt*•~~:~UT~m.iJ*m••:i!~-R~·1-taHtt~; . 

&H~~EE PLC ~7;/J~flitl%~ . i.tfift~. 3<~~;W;o miffii9.J.1J~~f*iiE!if3i::I~SJt~. 
fF).[kt/j. ; ~JJM;J~HL*Mii&H, *~lll~~:kt:Hfm:fit*'·::fL~IJM$, l!Jl~&W~Hf~:, ~~ 
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~--~~~.•~*•I••~••;••mH•m•~·••~Htt~tt•. m•~ 
H~*~· ; ··~-~~~dM~.~*~--~~T~&~ft~~mH~ o 

BCJ ~7tl~L1ti'FH.:%7i~$~~ , ~tlru~LJJ3C~l!lt, tE~lit~it-~*J¥.15til!:~li~ 

~~~~~~*.tF:~R~~~~l!lt~~~~~~~~Ho ~m~$~~~~~.~~00 
~ffli'FH~I.fi!:Ai&h)J~:l¥tl7~·i'FH1lltJ~~-liltliV:ffl-~1t:M:*.'&~#trt, -~ 7 ~* 
~~~~~.#~~OO~ffli'FH~~,lliffl~~~~~~~W.**Y:M:*~~o 

BCJ-1 ~:t&T ifl;J,1I1£$ilitJ~L1t:l'F~~H$~~itJ!l!, ;{flft~~, :@qf~~~$ , tt 
n«k. ~~~·~~.•~m§,&m*•m•.~H•*•·A~r~~mmtto ~ 
$ *ffl m~:rt& i.n~LJ~~!Jl!: , lil* !Slt!ir *& 1£ jl.1(j 7 ~HL i:f ~L ~:I$ H ~ -~ fm:fil , ItA I& iJi 
*~H1ffi, A~~~~-lilt-:W:, 71'-Qtf!l!j;RJJI>Nm:MJ?:J, ~~7~~3'&$, miJ33il!R~Jffl 
$~ ~ 96% lV-...t, lkiffifm:lit*!l&ll*&~H!ti.lilti.I ~%($; J'H'~, t,Jit3'&$~1£iti~~ 
lV-"&~1@R~LIXXJ~~, Vl:.£~~fL~tit. iiJIY3.H:li!!11~~Rd-*, ff~~W:~&H$i£~1!10 

~' fk~~llUIHHt!, ~~J,~Jt*1ila<J1i1:0*·~®i:IBXA'ff~~~ff£r1Wjjt-o it&~$&~~ 

:Jik'L~~H-*-d&t 'L~£1Jl!:. te;~ft;J', :mi'i67~L~*F~:tE:i!£~:i:t·i:f:!B9~~·-o 
so~~&H$mit~U*1ilw••Iw,*.m~•$~-*••·~~m•m.n-•• 

~. ~L~£JJl!:~ff::fit:k ( 8 - 15t), ·~&H:i!Jt~ ( 60 -200kglmin), ~~fi'if.qi, ~:ff 

~~~~m~~~-~.~~,~no ~$I~~~,~n.&Hmm•.••3'&*• 
~.Blliffl:tEM~t*$·~~·4#~-~~~ o ·~--~M.-~fL~*FH&H$~ 
4J~Hi:fmffi~~~JTiitl-~3j(; $ffl,LJJ3C£1Jl!:IG7JitJJI!, fl11fff:WJ~*, -~~JJe:tM~H~ 

~o t.lt~Fo~,L~i'FHt;J~tt~ttli, J3{1.$i:ti·~*-~J-o 
7. 3. 4. 2 BCJ ~ 1•UL1t.;tf ~ J.t!h itf.t(.f-1¥] ~ ¥:1 ~ ·11. ~ 

~-~&H$A~...tA~fi-8A~:l'FHm&...tA~*B~md.A~~-T~~~ 
m: r-t$:J~A.&~n •m, 'LJ&¥JJl!:~:ff.&~:i~t*m, tif-1Jo~Ji*ff:.&~~-~- ~LJJ3C£JJl!: 
:l!~f!}!( 1t~ ~ :tJt~ ~ , 71lffi.&1tt£ *~ ~ trt, l:t!. ~ ~ ~ ~r.l ilitJ ~ m ~ o 

BCJ-1 ~ BCJ-5 4}1-~%69~~$~~%, ~llOO 7-35 EJTJR, ~JJOmfflr~liiJ !:f;J\R1£~ 

1L:II.&H~~. ~.:E~:M:*~fl?tlT-~ 7-38o 4~&l9$~~ 7-38 iflltilil.~.:E~le:ffl 

jllll!~~, -tl!~71'1iiJ~.!t:!i!!3DZ.mfflr;l't11!!1f~~H~~o BCJ-5 ~~~~71'* ~ fiSA~ 

~J9m. ~~;littlk~~$i&J8:l!i!J&H~~ W, ~JJOJE:it~rfl , ;J\$TOO~itHtiii:il!:ll~o 

*'~ oc~~~•*~~~~~em~• 

~% 
~~ltj:fit: ~lYiliUl 

~JJK>.f.ft. .:E:iJ!.iaffHiHlil Ol!il't ) 
/ kg / kg • min -• 

BCJ-1 600-1000 IS -20 P'IN!-"IiUU!t II! ;1.)-~l:E ~~WFili8~;~~.~~-~;*~* 
ll!~ . w*~ ; •.~m•~rili~-~~ 

BCJ-2 600 -1000 IS - 20 11'1 it&- liUii: !ilZ II! ;IJ-~ffi ~u~~*~;•*~.~~~;~m.~ 
i::i~~~-~ff~ 

BCJ-3 8000 - 10000 50 - 200 11'1~-~.ffi!il(ft!.;IJ-lllffi 
rj11j'~~*:ffili, *i::i:%; ;J:tflki\l*±:f'f:ll 

i'lH:J'Zi tl 

BCJ-4 1500 -3000 20-50 11'1*!-iilffi~ll!~-~ffi m•~**~r~ili;~~. ~"· *~· 
mll'i&tiliH~ 

BCJ-5 100-200 15 -20 11'1 it&- iillliilt tt!, ;1.)-iill!i <P lj\lfi i1ii.:@: .ill Ill il! 
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J.Dl 1'1 tt#Jit~~!lic ~ t;t lJi 1'1 tt:.tt~~t.f~ ~ t£ 

2 lllfi:/ kg 15000 ~~jjl(.$/kg • min - I ~l~ 240. =f-*4450 

lilt Fill/ kg 
~~tt-iti:U!/% :t:2 
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89o 
~~~H$1¥.!~~~*tJ11!~1ilrn1-it~~lll~JJo~. -t:fn~~~J-1'-~T-JM\{Ifl~i.t-1'­

~. JAITff~~~iSIJ~1fitJ~~o ~-~.ff~m~tE!fiJ-1~HL"P~~l'F5JDG!t89:1$~a1, f!!~!IC 

;jS} 89~1'-7f~t&¥U ~ i9J {.il:lt...t , ~it~:HJ:9Hfi:Yflit~ 89 ~~ , ?& mt& Z9J WC~-t 7f ~ , i~H1"PIBJ 
~~~~~~~~m~F5Jat7f~I.ff.ITff~~~*~~rr~o ~~~~:H~~at,WC;jS}m~ 

~tti.ff.~m~Z9J~=-t-rr~ff.~=-t-rr~ff~~~w~ttat,~~Z9J~~1'-rr~~. 
JI[~J~Il91-J.f~f~~j~{.il:EJ1, ~~~7 -1'-~~Lpg ~ Z9J~J;i\ll9fsPl'F5Jfl~:fi~B9:J$!tjo 

7. 4. 3 BCZH-25 ~!JL{t~Jjj;:~jJI!if~jfl~$ 

BCZH-25 ~7l~$:!!1i!:ft)j(.jjl~iff1l,g,~i&(i.t ...t1l!~~:WWf89§JU11rWT T548A ~$~11! 
.ff!Dc~ • .3t- l±l i!Hit-ftt:W WT " 75iJJ~~" *~~ iiJ 1¥.1 ~Lftt!ol;l(fti:Yltf :1$ Hnt~ $ o ~'J' iJ fr §7:1 ;lt 
.± f*~f'qlfl I if JJfH!I!o 

7. 4. 3. 1 j:_'(f.~~ 

BCZH -25 ~ 7/l~$ .± ~ E8 !1m *41ff, 71tffi ~ ~, ~ ~ ilitJ ~ ~, m fJJU~ ~lk ft$ ~A ~..ll 
..QX;o 

!!m~ft.±~~-=~••,•~•M•• · •••· ••~•••.u•~•~ml' 
~WHli1fitJ..QX;, ;ltlt-i*~~~~:rr: 

1L~~ ;;(;fJ&~~ 12. 5m3 ~*4 17. 5t 

=f*4~ :ftJ&~~4. 6 x2 =9. 2m3 ~*4 7. 5t 

1t&*4iltl~ ~J&~mo.6 m3 ~*4 0. 5t 

1il:fi5G~~ :fl%(-%)!~ 0. 15m3 ~'*'!- 0. L5t 

~ff~~.±~~-:~ff*,~ff~, ~~~~ff~}}~~*~o 

m~~~.±~~-=~~~, ~w•.~*~~.mwfl•o 
~~*~.±~~•= a~PJ~AiH~iH~mtJ~ . HmM, ~~~. iJJW~mlk.~~~~~• o 
~$m;t,t .±~lst*~~~: ~~~}tit 40t, ~$,g,}9J:jt 96. 5t, ~iYJtJL:lf!::kJ)J$ 

405kW o BCZH-25 ~~~U~$,g,00~000 7-49 Yf71'o 
7. 4. 3. 2 .i.~{i;f:#A 

BCZH-25 ~:JL1tt/iM:I$~tl~$,t,1,89J)Jfm~: jg;ft4, 7if*, ~!"§, ;lt.±~tt;fe~R,i: 
~: 

(1) ~~!"§$-?'j(·J1:~~J.9t:l::;k, !im~jj-~p~fsPilJJ;54 -51'-, l'{ftilJIW~.JE::k"P~ 
.jj/ili:I$HW*M::k,~~-·-~~*·ITff~PJ~m~~·~*rili~~Hl'F5J~~&fsP 
ft<Jm>J<; 

(2) BCZH-25 m!nt~$A1i~~~1fitj~~~~. PJ~:ffiw.:ifsP~!"§IC1f~~fsP~*47niit 

~f1:1-?'j(:I$H~I±ll9i:t~. 7HJtl~A~J~~~ilitJ~, ~~Git.H71'M~~~ffiB!~~~o ~ 
§jg~~.•raAmMilJ~.H71'••~~~~~~a MITff1i~~--~l±l!!m#:t~~• 
·~ ' ~ at.l!fl:'li 7 ~~:i:i~ ; 

(3) $m~~l:X'ir8911fll±l*lliiJ ~mJE~$Fo;f§fr 11H¥!~ I=Jl,c,., ~~ 5 -1om m:oo, 
~i5 15 -18m ~;lt!HL~So •ff*f.l~l±l:I$H~Wlt~ 200- 300kglmin; 
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6~ill!$fjjti~f!; 7-f1~~fttf(1fjjli~tjt; 8-~Etf~~~fl; 9-J~Hf2$tjj!; 

( 4 ) ~~~~A~~~~. ~m~~~.-~~ili~~. -~~$~W~~~o MW 

•ey~~~w•~~-~~~~•.x~•~~~~~~-~~~-~~~. Mw~•T~ 
*•~ , :fr~Jr~~-~3~lc*o 

7. 4. 3. 3 llt~.$~ .I..ft~J£ 

BCZH-25 ~~L-ftft(j]!J 1$~ti.V~$ft<JI~~~3W00 7-50 F.fr ffio ttM~${EI ~ ~lltr;t~ 
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tE~~$89~1ff:¥:£ , ::(;f- fl1fkW. 

BH$~~~-.~M&£~~-*~ 
~~~~**o ~~**A~~~~~ 
~~~~~o~**fl~~~mft~. 
ey•a~~-~~~ ; ~**ff~~~ 

---------- -----------·············· ···---------------·-··· ·············-·········· 

mk 
~!11lm 

'L :lil me -71: m. 
* iti!Si!S fill m 

~D~n 

IE 7-50 BCZH-25 !llHI~~$IfFW:~OO 

&~~.R-~~-~**·M~~-~~~fl*.~~~M~~~~~~o tE~~­
£.•~*BB~-~~fto *Bftey~·2B~$-~89$HS. -~~·~~~--~· 
E*"~89···~ ~i~---~-R~~~ lOO~~~.a•a*ftB£.2lOO~~ 
ft.~Fo~~~~**·•H$*~I~o §*ftB89ft~MlOO ~~~o~. I~§~ 

~ll:, ·~YCJVto 
BCZH-25 ~Hi.$, 4iHt#ilJ1::.f"Jti:fl(71tJ1$~ 280kg, ill:W:~-~·1LPiBiJ! 500kg 

;1.1:H'rl.!~~¥1J 2min, W 1l 2min pg ~%1Vt 7 Jli!J~ f:U·~iW ~l:H~l o ill* Iii AI-*B1}'H$~, 
:t£ 2min P-JB 500kg ~7f'ey~~3l!Ja9 o 

W:ffl~~*l!ij, BCZH-25 ~BH$A~:tm """Fft,¢.\ : 7H~~X!i. ~~ir:JJI!, •itJ'G:il!, 
R4M~•~.~~tt~;-~•••fl•*·~aeya,m~eM•~*·•~~~~ 
••~s.••~·•*a;M~tL•¥•~~~••m#~$~mmzttD,ey~*m• 
~-~H~•~•*1Vt*·•~~,L~•~••;I$~••••~•.~'*a*~~a~r 
LlJ jtj J.iY: .ffi 0 

7. 5.1 $$tJ!ftit1.1=~tf.J~:tl 

.1f-1ff~'L1t~~~*£:Jik~F'III1lffilt~~a9, Uf!matm~-~89®:tiftt:ito Jf.J®IB!Hl=~ 
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~-H@.•*••· -··~--~H~&~-*~300 ~~~o ®~-~rnT~ 
RDX m•. ~-KF-:b*, ffliP11tf~ffV~1$~:lilil~ , tifrfc M~tF*ffll¥.liH1~f'l:ffl 
-m::k o 3!o :liiHlUIH5-15 !JL 1-t:J:'F H fttl.®ia 5!)'!. , .!Qf6J ~ * ::k ~1~®:11•* , # .13. PI ~ ~ ;J' x1 {,';!; 
:Jrr ::5 /iHJ<J &t:tf- o ~ "f ~.ffl 1 %* 15 ~L {t:J:'Ff-9 51 fii itt& KF Pi~~~~ i;it~ , JJII.:thiit~ ~ Mi;.I 

£!Zffl~~J o 
( 1) ~~~13t~o ffl-]EfflHi!:~ l %!M.ti.!¥L1.tW!'fi'51tfJJII.:th~l:t&!¥L1ti't:H, jj!~i;it;Jt;lii 

it, ~Jltif~Ui*d$~~-~ffi'l£o ~7-41 ~m•i't:~tf:lf(J<JmJ~~~. ~7-42 .1-Jtl:t?l~~ 

~£~·1~U~o f:t·~ 7-41 ;ffi~ 7-42 9=q'J9~iJiFf~~/:l:j, .§fi'J Jkg l -'%*-ti~L{t:J:'F~~ ~ :fi 

m?li't:~~.~~tt~m~~]E .~~~~~~-~0 

• 7-41 ilU~1$~1eiilfiJi.itlll~ 

I .ft;6-.Q~{:ft1$J§h}ijt/g m~11!':ml'iWmm ~li!Uill/m · s · • i l!J,J&jJR\VJ 
1 -1}:6-.:0,L-«:11\':mt..t.M 

( tf>xh) / mmxmm 

1500 90 - 120 4300-4500 

1000 90 - 120 3900 - 4200 
I x 1500 (/I E<8m) 

2xl500 ( H >8m) 
80 x400 

500 90 - 120 3300-3500 

Wil!(/ g · em - J .,it/ m· s- 1 jft it.a£;/J -l*.m~JJ ~=tL.;ftJJfl$1% {iJfJi!t'dJEWJ/ d 

I. IS - 1.25 3900 - 4400 0. 85 - 0. 87 I. 05 - 1.15 100 7 

(2) ~:th~~o ?HJ~tET-1L5¥07J<fLT#Jf'PJf:!fl2.'F1McJ.!il:th'l3t~o 

I )T-RH~'l3t· o tE•R•aa1 , *ffl~~--~~~ ~--·~~~~::k~ 
$ . ~•••i'itf'l:~~*ffl o ~~*!tl*m••~~~-~--~~-~•.&HM 
:f%11zo 007-5 1 9=' a~ b J'Jrm , JJ&t~ili.W.~ 7-43 o 1J3Mm 1 -'%~15~L{t:J$~'51. o •• 
•~~•••tma~•~.~~~-~,w~~, 
•~•m;~~••~••••.1i~•~ . ~ 
•~' · ••••s.~•~••i't:~~~••o 

2)*R&~~·o *ffl~T-R&H~~~~ 
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• • • 

• • • • • 

-~~. :il!:fiT*1L:tii'RJm:%~·· ;J:t:fMcT 20 lX. ~•*-hv 
~rxt1H~¥1JTJ11!~~-~-:'=o 

( 3) Mii:IJ.l!ZJfJ ~{91J o t£ .=: ~=Wl .± {lfi:.I$\ ± ii~Y-i--~--'-A 
15/Jff~~I !fl, E!Zffl l %::5-:fi ~{ti't:HiJI~B 
•~•.•~5oo•~.•~~ Tms~••• 
*·**~T~~~~~-~. -~~~--~ 
ll{!j)li-f*:Jrr~fsi&;J:t:~.m·•~· 1500 ~~liB' ·~ 'Lit~~§ 
4ft l!iB1l ~ 35 o JE .x r i6 fJ :?Jt m , 1H.<:~ :?Jt .ffi ;~:t: -n- a 

52. 5 7i ~J[j 0 

0 
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' 
. . 
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:lf!HLtr~ ~if!!][~ :fl.iE l!UI! JL~ ~~elliit ~~itjlf!Jr 1fl :J'L iti :Jil :t:Fitilliltl :ttfM~Dr 
~~ta:tt:J 

/ rom / mm / m / m / m / kg / kg· m " 1 / kg / kg · m -l / rn 

~~~* 105 80 4 2.5 8 1.5 11 50 0.63 3.0 

lilll~~tlj 150 130 6 3 15 3. 0 23 220 0.81 3.5 

~..t.EJT~. ~!Ji~~JJi , ~~~!Ji~~~Jiiitf:!B<JJ.i!ZJ1H&*~~~, *.m l %;G-1i~L 

f.t:l'FY151:tittU'~:l'F~, -1'f3lfi~~~~U%~-~ , rmli ~*H*~~7J't~:Mo 
~~~.$-~f.t:l'F~B<J2·~--~-~~-4:M-.••tt~~-~fi-ftUo 

~~m&$~~~~~~--~(~65~).VW~•*aa~~.m~.~~--~S*B 
•• f.t.Bd*~~~~~~-·#~~.~~~~~~~--~-~~~~mdH~~ 
···-~~-~---~;M=.~~-~fi~~tt~~··•ao ~~.~·-~JL 
at:i:EJ.iiZ :it!Ht lm:tfi~ rr ~ o 

7.5.2 *~-~~-~~-~~~--~* 
iE~~riUt~Lf.t:J$~ ~:tl?i!liMBI:i::J:~ 9=' , :ffEI11JtmJE tf;Jti:~U~ llfl;J,I~~~mW -f*tf' fiH:I 

lll~J!=>J< , r;~*.m!J\tr&-1'*M-€1&Ha9•~tt* o •~ :It* 1£1i!i ;J\a&w~ ~•* ifliJ~Lf.t 
~Ha9~-~/f'~ft.Htt*~~nW.~~M~~7J't~ffl~-1'm-€1•H~~~~~~~~ 
~;J,1i:1£!¥L1t:J$~ft'Gn~~F It:iJJ.i-1-.:E~fiiJ:l!o :m,J,f1fgfLir1£B<J~*t~MtA1fgfL 1*1 , ~J 
.m&H~:m:l'FH*Am~~~.*~~m*•Ho ~#~,/f'@~~T-1'm-€1&H~~ 
~J;t>J<, rmlii'FHti:WI*J~~~*:ti ; .1'{5CfJ..:ff~:l:m7RWHffl~1t~~*tt,~, rm..EI.m~ 

73ll~~~~~~£mW-f*tf'&~~B<J~>J<o ~~.:E~ftm~m*&~:!t*o 
< 1) /f'*M*•~m*'l~"S'B<J:J2l;~o ~m-€1•~~im.M:l'@fl I*J:bo• PVC ~'.U'll-ff*~~ 

B<J o ~T-m•~•~•• . .:t:•••~~~R~-1'~*~~. ~11~•3ll&d-i*tf'S~& 
~I~.~~*~-~--~~~~~~~-~--~-~m~~~~o 

(2) ~m-€1~H:tt*a=:~I%H!aiB1NJI'@m~••9='B<JJlY:JH o ~B<J7f~1m~F.#f£tifl1J 

mm~•$ . ~~•••~~fi~•••.~~~~~•t-2~~~~R. ~•••Jti;G­

~~~--~•0 '~"•~&•~~~11~~~*~~•. ~~M~-1'*~~*~·-· 
jf:ff JISWJf}A~Ji£f£;G-jJ;J{, ;J:t4fo11J!.1J~~f{JA!.~ 7 -44o 

« 7-44 l!ilt-UG(IPJ:fi1itf.l~ll:h~-~ 

..1Xt1t7Hir g~~ft.I~!W :t;:U:tJi:ffi (j~P.) ll\Jl/MPa \fitft/ kg. Ill -l 113¥-H~ ~1:i"~Uii·i:t*fi! 

ffi If :J;k ~ 90 ~ 110 27.0 0.2 8 

fa.IXI.1t J:R~.lXJ:Rtt • 85 ~ 100 27.0 0. 22 6 

l ) W=IL~~o ~ffl KQG-150 ~1fHLffifJl.ITfL, fL& l70mm, nt~!1L1t*l:~~.lJt&t:JJ , 

~*~H'1i!~lt'lit~*l:~*' ~*}ij*=fLJiiBf&o i1tittJ~~-1J: JL~ L = 16.0 -
17. Om , =ILfljliffj a =75•; .:EIH1JHL?LBE a =4. Om, ~FRE b =3. Om; ~=fLJ&;#!~R m =alb= 

L 33 ; .:E~ MtJL Oi~ 1 ~~~~HL) ~!YU~HL B<JKe~ b2 =I. 2m ; ?X~MttL~.:EJLa<Jlie~ b1 

=2. Om; ~?Jtl:l'@?LfLJie a =3. Om0 

2).HM~o .:E~-R~JI3-M$.~L1tWHM*•H.~·MtR:bo~--.m'J'tt 
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;j2 'ii~ !llitJJt $ *'! ~1At1*~ ~ft~ 1DJ .lf'*lllir:iifl~~ , ::£~ ITP1t ~~£ 1DJ .If' *lllir ~ ~ 7'~ , if~ 
ft~Jtili'BJ~~~, Jii!.I~J7-52 o 

.±~1L 

3 ) !)1W.:J$~711~!i.!'3~~~~o 1¥!-W.*F~ffl~il:;h 0. 78kg/m3
, ~[a'J~fL~!$~a9fff 

lSt""f , 1i\"~~1$~~~~Jtf(jo ;.ty~~WJ~~-~tf(j~f?, ~~~~ 0. 25 -0. 35o 

4 ) ~~:lito .:£3;1~11..11..1* L = 16. Om , ~~- Q = 150 -l70kgo ::f:.fl?lfl1t:bll <f>90mm WJ*l 
11, :::f'*lllit~~;h l.8 , ?t=:~~~. "F$Q,=35kg, 'f!$Q2 =25kg , J:$ Q3 = 15kg, .frlfii] if. 2. Omo ~~?lflfL:bll <f>90mm Wl~'ff, :::f'mit ~!/&11 1. 8, ~Jtil:::f'*lllit:ii~~~ 95kgo 

5) ®:ti~~o ~fJH~;~f'l!!.'IH'J~\ ~~E@.~~~:/ii'}f1J;'lf~ft$f::li~H>t®:tao ~ IJ.jB;j jSJ 

IBJ!i AT;a:25mso . 
6)~m••*~o ~I~BtM~m~~•.:P.•m~'K@ffi'lf••**'~~~1$~.:::f' 

Mit~~~¥J ~liUlUi~$~:3~!9, ~~~JET l~fl1:8fl'fliiJ:flt£99tl·tt*~*, Tfii..El.*~t 

H~~~~~~~~m.*WT~HB9tt*~~·*o ±~~~a~"F~~~oo: 
~jfc, ~~T~~••o ~n-n, ~~-·~lfii~$:1-J 90% o ~lli.l~~dtt"F*=m1tt 

:~.u.~~w~••, ~Jt:B9tRJ.l-g.~'*'-' 60. 1% o tgffl H-95 tiYrmifif~ntt~t1t, •mm~ 

~L1t*F~B9~Wft~-il~$lJZ-:MJ1J 92.3%, ~~/f@i)lHi=1X·~I!PPJJC~~$lli:~lif. 

w•m1it*J.~~:J$~:li•at~~w-~•it~¥lJZ-jtg19 67. 8%, ~·@ii£=7X•wJE-;tt~~J$t~ 
$lli:~?i:lio 

}t??-:, ~~T~iYJ~lil.f, ~ttiT~~-$o ffl11¥3~$~~ •. ~~T~~1Jl~1t. ~§Jtl 

:1Hi?IP=FL:bnm:fS1.lfifffl7l.Mil~$~:!;Jl:l$~, il~'Tm~t~~*F~Eifflii~::kii.A.Io ~Hlll: :££: 
11$1l>tRGilji]~t£it.:»ai:I'f!, t{(J!«'!it~a9*F~~ifUEt9!1J l 71m3 34 Allffit~11if 1. 5h, ~ 
ijt~~:it 3. s t, ~?JiYJ}J 25 .A.; *=JIHli~$fF~. JHlHif9J}J lO A l iff, ~~!W}J 65% 

~J:.&~at~-~~60%, I.A.!W~Rlf~~.*~E-~~. lli.lat~~Tift~* o 

7. 5.3 ~~~-~$~~~~--~&* 

7. 5. 3. l f9UU~ 11-~#.;t;.~ 1it,?., 

BHii~~:J;J-tt#t!*=fflft!itL , ~~ ... jji~lJZ-frfF~~:a::ilHi.IR fi4h-, l!P~~:tnf61L 
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~~B1.~ffl·H*••e·~~-R~~~R~8·~-8~~-U~M~~-~-­
~~*·~~~--~-®~~-M~&-I£o M&H~&~#-~::k~~*V~S::k 
~~~~lt-t~B~3CW, I®.?'~VLi.Jt.IBfF2lt 9=t tt~)rz:!t!!mr!!!BiiH{it.i1it1i* o wJ~&tt 

#A::fi~l'"tlt,~: 

( l) *=ffl)ll.ILJti.!<Ht9fffri £i:if ~ f.f:D!i:fL$1'"~, lr~~ILJV(;* ; 

(2) *=fflJJFIL, .H.lJZ~ffF~:/J~~ ~~l:j:l-~jg:fr'l~·#.i, PJIV.;9;S::kl3:~~~11-t 

~•tt*·•~~·~•~•~~~~.~r--~~~•*~••~••~~.••~~ 
~$ ; 

( 3) ~·Ei8H, ~BB'.tfiiJ llJ J:J OOJ.E, ::ti~J-=fil-~~11~~~, ft::k~FJs!il.m, iifk. 7 
~~-~~~h~•~.~~•~••••••m•a; 

( 4) G::k~lf:Jt!!~Jffl;fJ1.~1t•!'J~$, ?J..t~8l/J$ i!~ o 
7. 5. 3. 2 -ffi .ftt Pi :).;l. . .o,t -it;!(,(!. ~ ~ it 7t-4FJ.;o" {f.] ;!l )f) 

:J.J T ~li!Z~ lmft::k a<J ~~#ilA!Hf:~il"V LiJ ~ ;9:; ~'li'i i£ , ~ 00 qJ~f.Hil" ~ ~tJ¥-V ~~HPf~~ 
AR~~~--~~~il"fF , *•7''::k~~*rB•&•aU#~~~~li!Zffl" ~-~ 
WF~. ~l~712!1~1ilt!h o t£fU!fC'c7®:5tU~. ~!'J~-*?Ult-*~lmm I ~it~oomrli!Z 

ms~m•~•!'J••tt-*.••~*~~.ft*~W7m~~-•~*· ~~7~~1ilt 
* o ~8HB'.tfEiJ'i:iJ:iil7 -lOd, :JiB{Xfl8:J~-*~1ij* I -2 CX~1-'iJJ1ijJ!:j2 -3 lXo Jilt:J.J~ 
r~···fF2ltff~~~-1i*~-.~~~-a~tt~---~o ~l'"m~~-~~­
tt#~JLR:~R:: 

C 1) MIL:i;iUlo ~:t:.li!-lf!Jl:tll]\, •&Fok»:±l.tlilPf1l'lS-1:J: ft:!JH~:lt:tl::k, .mLt $ 
:f,j8::k~$:ttt$ o ~~E13r, ~~·~JJti:t!J,Btt.E.®:Iiim~:t'F!IM~JA:rLP'l ftll :±l I 151!~i:IJHF~ 

~Mit-~fFm~~-~.A••~•~••~••.~~•mwTn•x~~.:r•JLr 
:!6'o<J~{j$o ·~~ii\~19'], ~--~If: ±.il~*- = 1 : (0.65- 0.8) B-;j~fmJio 

(2) jlg:tB:/Jj.\o ~-=fttt3't~:t.J~lj)";i:7, !JX,R;ij-~j,j-~ liJltiB'.t, 'iif*}fj V *.®,';~ , 

~:li!.IVtV*:IIFoffi~---m, A:ff= ?XWili$5&-*o jg~JJ: v -~~-fL~ft!J, v *'~a<J 
~ffl ~ 120° -130°j[o Mi;ij~"i'--fl1t ~ EB iiDB'.t I l.OC*ffl~fflj.\®:fl o i:iJ -&!~1Hrr~'ffi.i~MIL 
~~n-~•~~EI:Ioo,m~•~~~oo. ~~•r:!6-•&*#:wg•m.®•a<JRfi&H~ 
lli.&1-'. ~~ 7 :~a am liP o 

MiV:!6'~-~.PI*ffl~F~B·~~o 
(3) ::k~~~JlfBt:li&HMJlo ~F~~~~, .::k~~tl-'~B'.t:ti~PJ JiP.$~·-·l!ll:fil, ~ 

j>:JiWJl~fi. ft*~~~:tL, ~!'J , P~. mttru~-4il-~~~~*· ~f.Ui7CV~.f~,-f*~ 
~fth,~~~f'=fF2lf.Jilt*o 

~=r~~~••fF~~-~~m&~r~*~~~~~~#~~ **~~7-~a<JfF 
2lf.~$. A~~pj&§B~~~~--$~~~~a<J~Ifs, i7ii~ft;£E~J.E~BtfBJ 1*1~~ 
8'.1', Jl!~~VLIJ~'lf~&iE'Rt~~~~HfE~~~.~. :(:Elf! (1], ) :JIIK~.ti~~k»F~;f!lffl;l 

l2il JJt* m Jj!~ !'J:Ii&tt-* ;9:; ~* ~ ~#'Jlf ~t-t• Wi • xrr w * ~:t~Wi ~ 2lY. ~ Sl.li::k o 
*~•~~~t-t••*m~~*~••~~.*~~••~~~B'.t~&•aam~t-t. ey 

--~--~-~-~ o lilr::k~~~~"•a:rLe,~Fe•.~~-~·.::k-&~®· 
Rill. ~~~---~~~-~-~o *ffl~~*~· RP*-~*-~*jg~~~-~. 
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PI J;5¥1J::k~~ =ftx~~B<J Fl B<J o 

007~3M~-~::k~a8~~-•®•o~~--~-~~o 

( 4) $If'Fiiilil.l atmHi~tfeo El3 =f~ 
~7~~~.~~~fl~L~*ffl$If'Fiii 
lii.Jat®·~~*1-IFta~fF)Jt o J9fii!$I fFW 
lilJ at®;!;i ¥ ~JI!::~IJ :%~~~IfF iii :itHrJ:li'i~ 
~, ~~®:fsii8:IfFW~nl(;,t~g, MJJtJ~~ 

®tio JtfF-*.rntW~mJN.m 7-540 

El3=f*Jfj~~~~~~#.~~~-* 

~~~*~~*~~·**~m•~~~~ 
B<J~m~•;~•at~m~~~.~~.:r~ 
$*$1~~~.-~§~~-~~~~4-· 
·~-~-~o $IfFiti~~---~~r~ 
*~••~~-~Jt~<~or••)fF-*. 
at~B<J-~.-~7~~·-B<J~~B$; 

-~J:t!!.\!1. : ~t LIJ 5 4f.li 
;gj!j; ' =. ' ~ ~ :llt 
R~ • 8 - 9m 
:tl~ : 17 .5m 
1011 : 6- 7m 
fjj:fi.~p,jit : 750kg 

"'\. "'\. ,12,p,jll : 170t 

B!'IU~ fU'H§ 

, 
' 

A,B,C ... 

Iff'ifii~~ 

'Dl!X 

iS:t,J 

Hi~~ 

~~~. ~=f-~7·~~•.mw•~7••~-B<J~e.~~7$$~~~•*o 

7. s. 4 -~~H~•**n•~~tt~~ 

~~~~m•**R~&B<J«Mtt~: 

••••• 

( 1) m=fftHi'c~-~L1t~~7.1<1L~&~:f§~JfJAim:.ffiB<Jfl~-A1Lf*J~, ~£:51£1® 

Rf*J3&xn.•a19f•~•~•~~Rawan~Rf*J•~&•~~••·•*~*o 
~~-H~~~-~.£~~~~~rr~~H···H*N · ·~~-~~~~-.~~ 
3&-~jiJ~~HJij!{ o tt:!lo: te;i;§JL :f&Jf.~-fi~, mnt "~*~", E$1F:J;tf/VJlB~~. ±~1.Jo.$ 

ii'L~ ~ jiU€iil:~ffl ££ o 

( 2) *.ffl~&7t%.11L~1t~*7JcR.Hat:mtliH~~tiA~Ra~, I!JRft~IH-9*-t'if ~ 

•*·~H:m•R~~*~L$1FWo~~7~~B<J~~tt~~tt~~-tt. ~w~•7* 
1L:ti~m:!ll:, tJo·~ 7 I~:itl:.!l o 

~~~.~-~-~*R~&~at.&H~V~~-~R&o ~m.ma~~~R~B<J 

B**m·~~H~.-~~H~~~.A~H~*~aMW~::k.~~~Ha.Rf*JW 
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1-'F~ ;tJ(J4H~tflJ I¥J¥YW:~i~H~1: ~f'lltt tm*:£~l±l 7IE 09 , ~ ~ttfi~ tk:~ T E fil1:HJll.:% I¥J :.llit3'& 
*0 5C>tr:.ti~fF1'frrn~. tJCm~I¥J:l'F~ttfi~1!1.r& : :lil£, 14fl~tmJJ, ~ll~ mll<·~, mi'F 
Fo1nff~-f*~:fiL jSfLfL ~l!t~1~tBtmJJ~o ftiE~?t~L-ft:l'F~as~~ttfila.!A!.~ 8-lo 

* 8-1 ftl!lall1t!¥L{t1$l9BI..J~~~~ 

~~~~.(} EL ~~tl RJ ~~tl wn~~~ CLH ~~IJ SB ~~tl BME ~1JJ MD ~?IJ 

eif/ m • 8 - 1 4000 - 5400 4500-5400 4700 -5800 4500 - 5500 4000 - 4500 
3100-3500 

( l!ff'ft') 
4500-5100 

\tJllg · cm - 3 1.05-1.35 1.0 -1.3 1.0-1.2 1.00-1.25 

ffi§jj!)il/cm II - IS 7 - S 5- 10 7 -12 7-8 

t.iJ1!1i:Wmm IS -20 13 12 - 16 40 12 - 16 40 20 

lllf/ mm 16-19 16-18 18-20 15 -18 16 - 18 

{iifQ/}'1 6 3 3 >8 >6 2-3 3 

~m~~.,L1-t1-'F~A-~$m*as•~as~1-t-l**.A-•Amasm~~-o ~B 
•~.~-ft1-'F~as~•~•tt•~«*tk:r~~~¥Jm?t~~.~•tk:r~~I¥J~~I~~ 
X~#~~•o ~~w~. R~am~•~mT~1-t:l'F~asttn•~~~-@~•.~• 
~~•B•a~m?t~~tt.m~~-~~as~~I£~AtF*#. -~~~asttn•~ 
:l:t!!m!JE~~m~. ~fi~f*~•~asnlt* o 

8. 1. 1 9~ il.!ii!:lit~N.lt~lt!J 

~L 1t1-t~ ~-~ *~:r~1~-~ as 7l!l i!!J.K m !11.~-1* ~ • l:@.llll:ii:h x :91 * o ~"~ ;t:H 4m 1ffi ~-@. ~ 
~as~Jii.l , ~LJ&¥JfffiiJ ~~tt:erc -@.~ rJHI$~1¥1-*~IY.J f*, llt:!lll~iffi ~!JLB~ o 

-!~ttl!. 1#. , !JL 1-t~'F ~a~?'~ %\Wt ~PI~~ -1'-ffi ~ ::k I¥J 1e-ft m Em , Nn ». iiJ VfL iSb I¥J VIi: -1* JU 
~~ -JEWfllf£a91m~ o !JL-ft~H?'~ %i).~~J¥.J~;f11~1-t;;t~:1;J~:tjj1f:J'I'H~~ T 1r19!*14o 
191J :ru:1 • :h19! raw **1I~:l:1!HL as m~1t~~ ~'L -ftti'L~ile i~a 1-'F Has m ibtJ 1i {j! , it~ iii, w 
~-~a-~~-~-~BS~1-t~H.~~fm·~~~-~~Wa·~~--Rd~·· 
~~-~~~ ; ~rm72::k1I~~~~¥I&&.m~~,•~~~~~•••~1-'FH­
~, ~.:tf-~5!)mf±as, ~~~~ (9x~HL~) as!JL-fti'Fi-9, ~.f!J~-=f-I~··A·JL 



~;W~~~Trili~k~M~~-~-~~-~.~~~,·~~-~-~-~-~­
F.m~L1t:l$~, ~~¥ I~~:f§&~tft&~, milT~~, af;JJ;~.mJ~F.mW:.~L1t:kF~, if~ 

tJL~1tfit&&~o 

m~.~1t~~~~~-~~~-#~~~~~•~z~~~-~~-~.~~~~• 
JJil.:.'ilVIi:~tt o :IL1t:kF~F.m7Jii:~tt~n!RJl)<~-IJJ5!R.It, ~L1ti1il.lt, W.lU'~*' ~1t, -~~I 

£~R6~R*~MB.*~~~~1t:l$~~~m~~.MM~a2tt&~-2~-~o 

~~:IL1t~~~~~m~~~.~~~~-~-~tt~~~-R~L1tMa ~RW~.~~ 
gllfil(;, ~;tt;t4#~, 1titJ6 I£ ~:1:1JilJ ~n!RJ~L1t:kF~~mt~tt, ;It ~!!L1tj}TJ ~rJI:Iif'D#~~ n!RJ 
•*o ~tn.~~,·~~,~±#••••,•~~,a•tt~•a.mw.~:Jil~1t:l$ 
~~~~~~iJf'pj}lj; lll(Vf:fL1{.if1J ~~.lt:lll::k, !!L1t~~~~Jill.ltl\ifLZ.:lll::ko Das Ashok 

K. •Amtlilt71*Jt1Ut19tl:.'il o. 74 -o. 92 ~~L1t:l$~;a:~~-IJJ:i!.$T~~fl, !V.iiJfJEI*Jffitl'r 
~*~'<•:1:1J>,~if'D~N , ~~*e~•m•••M'L1t:l$~~.~t~•~.•~•m~ 
80~. ~1iJfJE~~-.1il,L1t:I$H~~.ItMSI*Jffi~~*ft~:lll~OW:lll~O(::k8~-tt~ 
~) , lli.%fi*Jffitl'r~~~~*~ow~~t;J,, w.EI.;a:r.tli*Jffi~m*Ba~r~L1t:l$~ r:~g. r:Jgffi~~ 

ti'I~:X;jW;JJ[ ~ • njRJJ! ~.liP.~ o 

8. 1. 1. 1 -tl~.A!.#J.tl:j #ltaHL~ 

~Lll3C~~!ili:r:~l:tftfl!Vft~~~JRC~ttmt~. ~~-~~Jkffi~7d:JffillB:f$, ~;a:-;E~ 

~fl, 't:MWJJil.~~tt~.l3.JJ Mi:ff£.&t~¥1J~~tJJJ!.$~~1tW~1t, -R fl~~'t:2.:X.~ ·" W 
xw.~.~t.. ~ .. tlliJ.It.. ~m~ o ~ ~JJixw.~~ffl!J~ftm m ~, 'L1t:l$~~•••*1l.~t1tt:~c, 
~ili 500Pa · s, *1!-~MJIP.~M~tto $~:-£;mtl~7ffii\SJI£1titJ~ffille~~~~JL#!JL!l3C 
~.&t~W%\1. ( 19J?.fi) ~Jjt, fj!fflfSl!fm~ ..t #iJ;JC.{)(:im/iiJIJB~ NDJ-4 ~:/ifE~Jt~lfito 

00 8-1 ~7!'1\SJ~l!T:IL!l3C~JJIJ:~·X!il.~.lt 'YJ ~~ilt~*o ~l!~~. JJ/tJJ~JJ r ~::ko llJ 
W.lf:±l. :if'~AC1r~~LJ11C~~~--\'i.lt, :1:1JI!Ji~l!.¥T~~1t69~~. iJt~W:~~~~L 
&~~-~Ftf·~-~.~DW*#T~B~ttmt~B9M~. &PMi:D-IJJl!.$*::k.B.It~ 
fl!i o :ILIJ3t~ JJIJ:Wi .It~ J!# ~ -IJJ 1t( fJ! tt , ;~i;: M ~ tt a9-# 7& JJi1. o M ~ '!'£ ~ ~ 69 Ami JJ C tli 
fl) ~~~-ft(8tt o 008~7&M~J11Ca~~-W~M.D-IJJ~h-~-ft(8MW~~o 

300~----------------~ 

250 

50~~~~
2

~~~~~§ 
10 15 20 25 30 

SP/r. min- t 

00 8-1 ~LJllti!l!iftfi~IU~Wilt~~Jll¥1~~ (35'C) 
l-~~;tJ;f9t(i<J~jpjc;lfiJ:tjg 1 : 9 ' tl!l;t0jgi!lf*.:Q~; 

2- 1LID(£J.9ta91111JJ<;f!J l:t;/;J 3: 11 , i\1l;tO;/;Jl!ll*-7i~; 
3-~LID(;tJ;}]f(Q91111JJ<:fti~t;jg 1 : 4 , ll!J;tOjgi!l~.ilf; 

4- 11Jlli£1ili:Q9111!7.)(:fti J:tjg I : 9 , illl;tOjg*Z:.~ 
1111.ffi'P~L1t~JEilllll:tjg 1. o: 5. 6; l.)<.;lfl't' 

-* ~~ftllW~1111illi t:t;/;J t. o : 1. 5 

800 

680 

540 

"' 1?: 
... 420 

B 
300 

180 
A 

60 

o~~,s~o--~3o~o--4~5o~-~~o~~ 

r/s 
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?HJIJ)j!IH~m\13eh 35't, ~J£:19 3r/ min EJ;jA{JJJ<.ffi , Ylb;t§, .& Ein?:1f1~ nlta9~1llHI~B!I¥~ 
fli!l:19 0. 032Pa · s, 0. 21Pa · s 3flll87Pa · so /f'~ul:iL 7JGffi3fll1'Hl ifiHt9~3r~Jj\, frlFf tf 
u~a#o~~m~Im~~~~-~•a. ~~~--~~-~h•*·~~-~R¥ 
.Mt69lli!JH~*, ~JN.ili~Ftftli~mt#~~o 

8. L L 2 i:!.Jt~~Ji. ~ •11. if.] Jj -A 

~ffM•wah~.••••a~• 
••~•n••.~n~s~~~o ~A~:19 

••~•.•~•M~~to~.•~~w 
&o 008~~-~.~--~·*·~-~ 

·-~~~~.~~-~----;1g~­
··-~PioJB9.:E~~~ o 

ffl Heckroodt fr m A{] Gi>odeve )j ?'! l9!~ JE 
M~tt.n•~---~&-~~~~H 
-~B9M~tto .,L&¥•m•~~*~ 

160""-
140 
120 

.. 100 

~80~t====~~~~~4 ~~~~ i2'6Q 
40~r-----~L3~~2 --~~==:= 
20 
~~5~3~0--~35--~40~~45~~5~0~5~5 

r/'C 

00 8-3 'LJlUt~~~~Jlr~n!J.t~~~ 
(~J!E I. 5r/min) 

( I - 4 IR]I!JS·I M;) 

n~.->EMB~~>EB!l:19~.~~EJ;j~ea.oom•• ~ •• ~M~tto~~~~0~ 
*~-': 

0 = G( ~. - ~o) (8-1) 

):.\ 9=' , G 1-J. ]Jt. !/& o 

M~-~.~-¥-A9M~tt~~-DWB$~89~M~tt3flla~WB$~89ft!l~ 

~B9&M~tt.*W.~T~ft89~&¥•89~"Ua~:19MB.~~~'L&¥•89~& 
M~ttU~,L~~-B9•m~f1iJo ilf~iJ\~~*·~~;&U:±l~Wi~WB_."fB9 "ilt~", 
:18:"~~1.ilZ::*Jtfi*ttmtB9&1J!Jt, en .... ~~ B9&M~tt" o 

· ~-~•B9•#8@~••M·••••~•w•••• n w~~.~DWJ.illh~~ 
J!$-.J.t D 3fll~~)Jjft:ff~. ~¥fii¥J~:t1\3fll~Jilt~D;jfB]~~. liiJB-;f·#~.!iiJ.t~1t~~.ffat 

IBJ{l(~tto 

mz.m NXS-11 ~!itEMlli"JJtit c ~IHi'Ht:tQllffi.~~t ) . 1fftUur'i?:B9tQ7BUttL 1m~~L1t 
1$~89Vft~~ttll.!lia!Jt89~1t~~. ~ooo s-4 ~~0 

ll1Uiriail!t89~?:1i. ~L1t1$~a911J.!M!~tt~~~~~gij.H, $@ ~~:Jf:ftrim~ o JAOO 8-4 
PI~, il¥6mt"f~L1t1$~~~:±l~Ftfiijl·-f*~HJtmt~ o ~Uil!87HJT, lg(D/s -•) -Ig( ~ / Pa) ~ 
1(-;t:~, PJJ'IHff~~-~19 

D = K T" (8-2) 

:i\:9=' K , n mi~'/it«io X-;f~'L1t1$~*~• K <1 , n > l o 
V!t-f*~*'l-B9M~tt:ff~f!PM~.m~, it~LR~.Mtm~ . PI!V.:i8:.f.!f*l&l~: 'i?:~wft~ 

~ o. s - 3~m 139¥~tft~~JlJilta<J, •~ I*J~~IJt:i:1t1!!3flli¥J:Jtt!L1itm~ , tft-T i'BJ~rlb~!jo/J 
ffi!:, ~-T-~l!t~WJJIU!n~-.®. >tn*~~~~fl!i1fffttW*'l*~m, 9!tlfiHJM~B9AJtl~f.I~?U 
~-fi.:tf~::*J~~~:1J·W~--~o ~~-~-§-WEJ;j,~f!P~·-~~~~-* 
J!Y.h, ~Wit.$*, ~~~B, ~Wlillh~:ko @:18:f!PI*J~Ma~iUtt:i\Fo. ~WJ.illJJ9ltl 

"f~; ~!WW~~~~J\, ~*a<J fij]-~~1~U~:t1\, $t~.!VtJJ\.:5EB9~AAJ..:E #~¥fl, :iE~m 



··-----------·----··-···--············--------------- ·······-·····-············· 

30 
30 

20 
20 

T T 
~ 

~ 

Q Ci 

10 10 

g.':-2_4=05:---:1-:-:::12-':::.02:-::-5 ------::27701."':":64-::-5 ---:297:"'1 .. 265 
OL---~--~----~ 
44.81 134.43 224.05 313.67 

T/Pa rfPa 

a b 

I-358K; 2- 338K 

h••.~~~h~z•~,o~a~T~M~••••~.~m~•~M~~¥*~A~' 
-ft~~~~~o ~~~h~~h~~~ThM~~~~¥*-~o 

8. 1. 1. 3 .1L1t .I. t: ~ .1L1t ;.l'f ~~:A: •11:. ~ J} of.:! 

~~I~~#T~,L~D~~~.~m~~~~*~~Jtlo ~e'L~Wll*::k,,L~ 
-f*~~7Ht~J!J!~~'J', li:I~~~L~~B'!~ll~::k. ~JJlt/!f.;, ~8-2 ~f.tMJE?t~I!JJT~ 

-~o ~~.~~~~~~~~~ll~~ll.~~m~~*~~~tt~*~~~.~~m 
~~1t~Edl o ~~L1t~~PICJJlt1'L~~!U3t OO>E'II~ T, 'L~~~'ij)~~lljiij'L~~titk;J,~llt 
~~lSI~ o E1:1 ~ 8-2 ~f.tfiiiJ;e:±L lllff'L~B1fEiJ~~, 'L~£mt®!Jl!l!f.;, @'L~~I'ij)MJ:i:t 
5min lfi, ~~!!JJi~J.f~~/f"Y'JHo 

•s~ •~"~~~~w~~~~~~ 

~il!Ufl:/ m • • - 1 7.0 9.5 14.3 17.2 22. 0 26. 4 

~!lC?IJitiltA.lf/0. I mm 220 195 180 171 160 152 

:ft.ftp.ffii)/ min 3 3. 5 4.0 4.5 5. 0 6.0 7. 0 . 

~L.!lC ~EIH!tAl!t/0. I mm 235 210 195 180 170 165 164 

~Jl:t. 'L1t*F~~t'I~f.t~:Q!lmt:£H9!~Jfftp;mt~~tt. :t!IJ'L~JY~~$, i&t*~ 
Nit*1l:ilil ~ ~ o 

8.1.1.4 .fL~~-l6?~3t·li.~~*a#~~Jfl-l:'~~~ 

~~~I!JJ.,L~~-~~~~~~~-·~fm:Q!lm~~~uM~~~~x•~.ft~ 

•~f•Mm?t~••~m o ~aA~.••mf~§~~~•~•a•Mm?t-•~• 
s•r:&m•~~~~-~~W~o 008-l~l%~4~~~·-~~1J~OO~~~.R­

llllffi~M~~. 1 ~:191{{-f*~t!L 4 %1J:atZ:.i*o Iiiii! 8-3 iii~. 1 ~~~¥11!rB~X!\1.161.f 

~~~*-~T~-&;4~~~&-~25-35~Z~~~-~-~~-~-W~* . ::k ' 
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r 35't:Fw, ~~~·~~ll7ti\i1irm~ff£; iE 35't: ~, ~~lli!Jt tiHJN.:Id:k'iRo :i!:JI1:1251:1il~ 
~•••a•m.~•awo~~-~-~~~m.~&~Z~F~~~•mo ~N7t 
•~.~~-~~m.a~•~tt~•.•~~•ffl*o ~m1.17t••-~m.a~~~ 
ft£~%D•~•n~.&~~~-~~:1il~.•~•ll~Z~•o 

El3008-l:i150J~;{j:±l, ~tT-l% , 2%~ 3%~L~~mt, :E:-~7Alll5fllJY-ml.iiZJJ"F. 5'~ 

~~*~3%~aaa••••M~' . t%~aaa~•~••~*o ~orn~5'~~~* 
~~L~i*~ 9:t fiU$1¥iE:U:k IR~~:ii~llll~, ~~::k IR~B<J:ii~llll~-/Jffiil'JIJ ~~ 7 8~ fBJ 
~~m.~-/Jwa•~~®•••~m.~w••-~*#~~•~•N~~'o 

•s~•~7ffl~~~~B<J•Mm~~-B<J~L~~HB<J•~ttn5fllm•B<J~~o 

•s~ ~~~~~~~~~~~~~~~~.m•~"&~~ 

~~if'lo~ llAt*l! ~lit 81. 09t!Al!Jt ffl ~ 

~f>Htll ~llt~l\f.PJ*:ili it 1¥.1 PJ W~iH! ; 1]' 1i: ~~ ~ rt> ~11 * 09~ 1L ; 111 ~ illl:.t\!~ 

1it:am ;(!~ ~t.t Milt • PJ ~ :i! 7;:1i::Q (IIJ Itt~ 81. ; fMI•IJ o<J •to ~ 1iJHI 7;:11: ~ 09 il!lrt 81. 

.Ottilb+.Ot: 1111l!J. tt09. J.li'I'!(ICJ 1]\a&(lg~fll.l.i#•r., ; 111!Jib(I(JifitJlj{!L 

@IIi~- Jl!J!J.11tK-r Jb1i:~~<P~1i:~I¥.J~l.l.i~.l1· ; PJ~Jl9<J#.ll:.Gl!.fa.~09 

ti!f!it'f ( m:dl) J;fiii'!o<JJJ;-T 'HI:f.io<Jml.l.i$&.; nr~mo<J:tt .ll~~}:E~¥.J 

El3·8~~-~:±l.~m~~~~~-Mm~R~~~B<J-E. OJ~~~~-~*~ 
~~~~--~~~~&mMm*~Z~~~~.~-~~-~~•09o ~B1*1iiZmW. 
~-M·~~J!91®~L~!.l1=HB95'~~-tt~~~~, Jtffi!J4& It:*~fF~1iiZB<J~m, ~Z;#.I 
~1iiZ o 

£-~~A~P.tl:tlll!Jiff;I~Diiril'J ·~/J?'!, ij!~i.t7'L.¥100:~itAtl o tl~-il\ifiHft:1il 25't:, 

ltif.iL~ 0. lmm .ffio itAlt~::k, PJ!J.I~;J,, &Z!fl'f&o 1£~*~HDC/J~~t¥ni!Ht~, 
.lf'~ll!J~M~La¥JOO:P!J1l09~~09~13\!a.*.W..~ 8-4o El3. 8-4 PJ~;g-lli, MF-1 ;ftl MF-2 

~-fr.!tl\' ~ )7.1<~-ft-;ftl2 %~-ffiffi!J-i-t'fl~L~~-~~JI!, ;lt'f! MF-1 ;ftl MF-2 ~OfHi!dio ~~ 

.lJl.~~~~ffi!J, ~~miil:M~L1ti"f!~iillft¥:zfs:~~ufn.l o ~~7.l<l1Hil~~~~1$H~JI!flm¥:zfs: 

~~~0 

MF· I MF-2 119~W ~Ttl A }7]< 
il!J;jtj~~ ilb;ffi14} llll ;+a 2 .q. il!J;l>S 3 .{} iJ!l;+I'J4% 

;t:~t! ~~- ~~flj !r*t:? ~'*!: 

~JJ!l~8lit 

Aft/0. lmm 
230 199 240 315 180 195 261 276 205 

t£: I ~.t<fil\',!li.lil41ir 58 .{}.!¥-11t,flj 50% , .Llfr.Jt±:f;t 50% ; 2 4}~,\1m.llt1;.r 58 .t}¥~tft 35% , I~k.lkl:# 50% • 

so .f}ttd'bflj 1s% ; 3 .fJ--I<f81.m.lil41ir 58 ~~~flj 40% . :tllkfL±# 40%. 13 "}milb 2o%; 4 .f}~£m.lil41ir 58 

~.!¥-~tt 20% • 13 -l'J:f1tilb 80% 0 

- Alt?fEiJt ~L·~~ B<JWilt ll.ifl;f1 ~L ~ff!J t&J.l B<J!ftbo rm ~* , Sherman ~tH~H£~ ~ W :!lll 

"F0J:t: 
l n'l'j, = ac<f> + b (8-3) 



· 474 · 8 .1L1t~Hij ~·t±ilt.a~§J~ I~J;t 

~ !:f' 'T/ r iffi )(;j"~~ ~ ' 'T/ r = rJI 'T/o i 

'T/ ~*~~~; 
'T/o 7'~.;f:~~~; 

c :JL1-tifU#XJJt; 
a, b '/itfi; 

cf> ~.;f:§f*~1}?flo 

Span-80 ~Lf-tifUffliiX>t:JLf-t:t'P~~lJJt~llfOJ B-9}~~iai:~*.9i!3& 8-5o illiu tUi~;g tf:l, Span-80 
Jfl:it:jg 1. 5% -2. Oo/o B;j", :JL{t:t'P~B'9~,!t~3!f, ffl:fi;if.(iiJX:;ifij;B}Uf!:}lL-f.tt'l=~~fl~fij; o 

~-~~'L1t~ffl-*bn.~~Wa8-9~--@tt~~.MW~'L1t:t'PH~lt~*;18'L 
1-tJflJfflii:i:J:~Bt, EE~ Span-80 'ijtilfii:jgllJV!ii9J~~. JXITffUf!J!.;j;§~!fj,:, ~11Jt~f~ o 

Span .SO ~L 1ti1'1J a!:i ' 
1.0 1.2 1.5 1.8 2.0 2.2 2.5 

~L 1t*l' ~ ~t 191]1% 

~L~£J.!lHftAlf/O. 1 mm 230 213 202 199 195 221 242 

~ 7'~ , 'L 1t ~to fiiJ.Xt ~L 1-t;l$~ 8-9 :UlJJt ill;ff ~ ninJ , ~ :1Jo->E S: 69 ~L 1t ~ bn fi!J% nit a9 j[ -g. 
~L f-tfi!J :fl .fiJ ~!!! ~:JL f-t;f$ ~ a91i11l o :JLJBt!i~£ 193: !J-.:fl~Yl H a9 ~-' •!j:h jg , i\lli ?t -=f ~ ~ T :1*1 a91JD 
A, 1t~~'LJBt~Eti:Jl95lji·lj:~5Et o 

~ ~~7j!~i'it~~!IJ/G 15J~Lf-tfi!J a9'Lf-t;f$~1¥J$ @!lit! ~ltbt~L1t;I$~1¥J~lt 17• l!.ift:~ VJ Bt iBJ 
~1-t. 1-tA~ (8-1) EJT~~E9:fJtfMr~·lj:*;J\a9~1t3lllOO 8-5, 00 8-6 rRffi o 

00 8-5 fOOO 8-6 ~tyjjl-g.~Lf-t1f1J~J~B-9~L1t11:~ tti¢J.-:JL1tfi!Ji#~1}8-9~L1-t1:1=~:fnfft!l!~ 

fi*···~$@1~00~~Jfl·-Span~O~-?t-=f,L1t~~*· ~»~~BJ.la9~ti~ 
tt/f'IRJ o ~-~ ~;8[-g.:JL1tJflH~nlta9!r-00~~~]1!1JD~W, .!:37J(;f'BB9~iJ!ff.FiiiiB&, Jiiu 
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m !!&~ ~* ;{fj tt9t'F ?i 1Mil~ u In jJit H~~:ltHI!!. 7&W: !JLJBHi'LT-8{] ;ffi ::<>t *~~Jjt 0 

u~i.ilJtt-~if~=&~ir m!!&~ ~* ;{fi , :fii/Jfj! B91r~:le:t£::<>t~•*m~~tM tl:l * ;fJl 1¥.1 ;fiJ{ . 
$~~~1¥.l~*~~. *~n~~*·~IY'l~~~~M~~~7t;fJ;o ~~~~B9~-*~T-£ 
)(>fB~~:5t;ffiat, ttM~.flif!m~~:a~&:,ii:Ct.ljl-:t$Jtil.1'1 so% B9,g. iiii:Ctf'F¥-*tL-T-I¥.1)(>t 
·~~:51-;ffii:II' OJ*~ JL{iiJ.ljl-~fiL~ r ~JLfnJt'F?itfi~ U tn 0 .lit?'~' im:CtX>t~iE~:5f;{fj wB:i:E 
OJ~tl:l~~• c~•) - *~ , w~, ~~~:5t;ffi7g~~I¥.1¥-*~T-B9~~~~0 

·--~~-&aa9ft@7gd, ,~a~B9RT-B~-~--~tt9~:5f·1'Jv1 , ~* 
1J£ , iiii ~, ~~ ~ a<J :51 ;{fi .1'1 ~~ a94H1E it .ljZ-:t$J t51:~ OJ )E5t3J :flll Tit~ :it : 

:tll.-KJJt.lf:MJ{_ft~: Dm. = ~v1d/~v1 ; 

til:Biiii~JPf:t$J{_ft~: D11s = J~v1d:l~v1 ; 

tft~-f*~.lf:t$Jtl:~: D,vv = }/~v1d~l~v1 ; 

*flfiii~.ljl-:t$Jtl:~: D LS = ~v1d~l~v1d1 ; 

fiii~~~.lf:I:1J~::f2: Dsv = ~v,d~~v,d~ ; 

-f*lR.1J~.lf:I:1Jt)r::f£: D"'' = ~v.tf.~v1d~ o 

1X m a9 o NS , o NV , o LS , D sv, o V!>l )Nf*1'J~4taJJ!!~)( a<J .lf :I5J tt:f£ o f91J :flll , ~J mil* 7't3 f5 m 
¥'\:'~ ~&¥! ~Hitt T-1¥1 .ljZ-:15J1H£.1'1 o sv • a .:r-~ :l5Jl!Jt:m tt9 ~ oo~OJ im:Ct e. ;;n tt9 o sv -J.-t-nmi~~ o 

.1'JT1E:51-Hi1IE~L1t:t?F!-98<J¥*tL-T-~~~'*mB:iE~?t;(p, ~~Mfi1f~T~~J r63l!J7t 

Btt9,L1t:I?F~~*ft-T-~:5f;{fiffl~.~mmBiE~:5f;{fiOO~nT'L~~H£*ft-T-~&~ 

~i.t.ljl-:f18tl:1£ ~bl1f!-f.fta:Ut:&Tiiffto ~*7&~, *ml~liil a<J~~ liil:trf!~:OOB9'L~~~I¥.J 
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•*•~.~~-~~*~~~mk¥*~-*K•k.~~~~~WH~~*-~M~ 
·~~71-;(Jl 0 f'F~-1-f?tl~' ~lli~itYl=a<J~:f!P~it.lfl-~ffi(:r<Jit~~=~::lf!.W.~ 8-13 0 

lA ~ DNL ONs DLS Os,, DvM Sw<D 

a I. 548 l. 998 2.578 4.291 7. 144 0. 990 

b 3.355 3.816 4.341 5.615 7.264 0. 756 

c 0.410 0. 467 0.533 0.692 0.898 6. 41 

d 0.388 0.429 0.475 0. 583 0. 715 7.28 

~~~lli .~~~~~~~~¥*·~~~~-lfl-~~~~~-~~0 ~~.~~~*· 
~B·J, iJJ ~~~fY!~W-*~F~JHi!i*t'L~B<J:;Jc;J', 5X:X1~A ~iJ~~L1-Mt-H~*tL~a<J~Jiltl1U~~ 

~f~~::fiiit~ o t£ Sw it~~i-\~ p ~'L1-t:f?1:H¥*tiL~~!if.tJJr, E8r~L~:I$H¥*t'L~~ 

~:U {fgffll'!~Hi~ M1i/1~ .:£ B<Jiil~ , ~ iil'i ~1i/1 88% ~, Jj!HIIf*:til: ~ R9 ~ f.t p = L 413gl cm
3 

o Jill u 
Sw ~~~, ~=f1ilf~~L~WH'P"ii11JEB5Uf , rlbl3';.1¥1f~tm1iill!~a<JWiM~~~..)(o 

~~~W·~~M~fi~~7t~.-~W~D~~~~~:I$H~¥*8~*~~~M 

fi~~*;(p, ~-1fW~-~7l415t~~foJ~o ~XW.i)!tl~{lfa<Ji!Rf&J, ti:lfr.j:rf.!i:~~:JVJ*I8:1BJ 

**~~"·-~~~k,~~-~-~A~fi~~-**~~~A*~~~-=f~­
ko ~D**M······~omMB~~~-····~··E•••w~~~:I$Ha 
**-fl. ~A<J xt•~~* 1P I JAw~~·~~ ~r!fH:ti!!. tt~ lli ~#~it:lJZ ~·~.£ ftl ~*til~ B<J lfi1il. 
J!fdlt~ lii ff{ 0 

*J'fj~-~~?t ;{fifd\!iit~ lli ~ f!fitJJZ-~f)L1.£ ~rl( ~« 1it ~~ 99 ~5( j.\it~ 09~ itJJZ-~· 
~~t£-~~~.~.:E~~ffi=f~~B<J~int~1f~~F~B<J. ~~{£~-~~71-mOO'P 
ff{Ef'FIIJ~&tB~~-~#~Ileo {fl.~*~j!fj~X;j!JL~:J:t-H¥*ti:~B<J?*A iA i:R 1 JA~f/1 

~~Mf.t-*iAi:RT·~~:I$H~¥*~JVt$~~~M~R'L~:l:t-HMM~a•~~~FI 
~:f4f F~~m ~..)( o 

~~ l1l $ ~il-ft<~ x1B~~:$};{p :xr'L ~WHB<J*11.£7t ::1'15 :izHr T iN~=tn.1~Hf.{o ~~*Ji!\1. 
aM~iliMB~~7t~~A~m7tmm.M~~~~-~~~-0~ft~*~-~X-M 
~B<JJJZ-W ~ o 008~ l ~~Mft*$~-~~~~~~~M~Jilt~&~-~f'FOO~~~o 
Jt7J-;(jjfttl•~:x-t•~~7t~=rt.:~·~ur, ~JJtl~:ff~Jtff.{B<Jt1L~ft ~ ~!J..'" I F~B<J 7};{JJ Bti 
-{Jj~ ft~Jll!·o 

8. l. 3. 5 .tt -r jft ~ ~ .#:] 1¥1 • .fiji. 

JAJJI1~L~. !iL~Rliiliitim~l't{J~-..R:.!ik-1'-. Laplace-Young 1fWB<JfP.I~o @~~ 

k, E1J r 'L~7-ll$J~~~m~~~ -fi-* B<llit*-l1l:lll ~flf B<Jijij ~ ~ -*~ltk ~~, fuHJTff!VL 
.;p. ~iii fmYt~" , ITfi. {][~ ~ ~ 75t {f X ~fiR tlllli o B ~ ~X ilVt~ :li'! :(£- .® ~ ~ B<J -ffll itt~ .7'C Jilt 
B<J 1 :t!O Princen lll Ashok K. Das ~AB<Jif'F, tt!;111~-Z.®ifil:I*J:f1H{l:~ B [i~ITijjg:ej(jij 

1 
~ 

.Z.mi;]\if~~~IBJ, ~ITfi~~li:;fc8<JfiU~lH-Eo :i.'I~-*~~*ffl1fllli5G:1rM>Jt~ Laplace-Young 

Jr~, :r'£~~1Hffi* 'P:JG~7t f.<XJ~, rJ;J :f1HiU&i:lifff{~~{Jj*ffl .fL1fW ,L.,:t:'!UH ( FCP ) , xr!1L~ 
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~~*~ffi~r~Jt~~~~ftT~~m~o 
:¥L1t~:11W~1Jl tQ.f!S;~J<;f§*~.mti~I~'J'~~~*t't9¥iUli, XEi!l rOO.:fUc tt-~, ~~ 

P-J;ffini~~~ffl"·WJ~1l.tW~:¥L1t1f1.*1¥1~tmm:i9J, ~ 13:CE~¥U-~I¥Jtii:rt, Ul!i*~~~J-~ 

~~I¥J.Jt~~#J o 

:7tU!H.ifitJ1.~9jE/f~m~ttT-~lf~ll!f.II::11W, f!P:*ffl~tn.~~~ oo~, iE4ff- 7X:i!ft 
:1:1:~~~~-~~m~~~*2.~~rm~~*Mu~~-~~~m~L.##~iE~ 

-~tii:~L~~~A·· · ~~~oA-~I¥Jtti9JM.M~··-f**a•2~fl·~-~* 
1ifQ ~ :i!- ?Xlfl$~i!f PI fT o 

1M~~f9:1, ~r~tltt~~. *fflffii•L':lL/f:lfUJt1nt, PJ~~~J.Q::k~Jt~-f*~WJ.tr 
o. 74o ~L1t~~$*~-f*~JtfR~ffg~~I¥.1~*Ke~ , $.JC::kl¥.1tlti1H~~3&-f**.lt~W& 
~fl·~--~$ffii1*1t; ~ffi8M8@*~~-~Q~ u~~~~.·-~~F~~~~ 
B1J, [iij~ Ut .. ~::k~, ~ffl-$ji¥J~Fj"tl7f~;JCJ¥ft, .EI. U1.~::k, ~~;JC~;J;.It~m!~JI! o 

~~/JW•0*fRM~~~ff-~~%P'J~M•w~.~B1Jffi~M•ftM•~12~o 
~~flt.ff811Jif'#Z9=', 8$i~-~A:ff~JJi~~t.£1¥J~W-I*o 00 8-22 -:t; FCP :m~ ~ ~ pg;j{J 

••%~o ~*fi~-.PI~re•••m~*~~:11•w, &••~~-KPJ~~~•* 
~ 48 £t, ~~~1fJ.R~#)f:±:;l't~-£t~%~~PJ~ T o l!-£t~%~:fUIOO 8-23 Fff~o 

OAB :liMt~~IWM.~tiOO~Im*Z.-Wl%, ACDB 1-J El EB.00$*o 

z 

0 

X 

'L-f.t~~~~-:tJ*ffl,*ffl~~•ai*fR~*a~~-~*fR* 
ao ~#IW~~·-~tiWfRl¥J~::k.-f**l¥11*fR*ft*~~M 
-~~D~o ~~iEtltiffii~~~~-MM*#o {E·U~~-::k 
~ . PJ~~~~1*fR*ft~-~~~~o 

~~151-fft!kjij~:fltiffii!m._f@ CIMHiM o, >lllOO 8-24 FJT~) 

8 

y 

:it!ftT~~#n:, I*J;f§·M~OO>IoOO 8-25 Fff~ o J.AOO 8-25 PJt:J. e, 
tt:±: : tifH!I!:fH -J;J~~titiOOIMI._ 11J 0, ~I:VJ,B;J ( 00 8-25a), i*Jltl 
filnlitlilif!!~~HJ9~1* ; :tE o ~ltx, ii'fi o, ~~~1,~ ( 00 8-25c) , i*fR 
*~;J,=fO. 74, *MOO~rtl?'~8811~~ ; :tE 0 ~ o, :lti.J~::ka;J ( 00 

D 

8-25/), i*JltltlUti •• :±: IY}§P.~$iii~1t~~, JllltBt § m ~$1 008-24 IMHt1fJ e, 71'~1¥1 
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;& iiii 1'¥1 liZ-~ ltb $~ 'J' , $~ _t ~ .iE:JiH~:il:i:~L 1t1$~ ~ ~tli ~ (!(J- ~ ~~ • ffil ~ ~ 1t1$ ~ 1'¥1 

~l)!U~ti:ffl ~i*t:R?tfd~:li~lt:k 1'¥1 o 

Oa O.OO 0,= 2.00 ~=0.742 

a 

0 .. 30.00 0,= I 5.00 ~= 0 756 

d 

0 .. 0.00 8,= 10.67 ¢=0.824 

b 

0 =25.00 8,= 10.67 ¢ = 0.7 16 

e 

00 8-25 FCP P'l.m~~:t.fUJHl:1Hlii00 

o ~Mffl; o.~Milillmfi:ffl; <t>-i*;fMH!c 

8 c 30.00 8,=2.00 9 = 0.667 

c 

0=30.00 8, =28.00 ¢ • 0.941 

f 

~M:ffl ~:;A: , 1* ~ I¥Jl!Z-:Jt9 ltb $~-fij; o :ft~M 1H- ~ B1 . .:f?:t£ JfZ-~ ltb $ B9 :IVH.io ~ l!Z­
-Itb$·~-a~-.-B1.~~?tB~8~ti:fflB9~::kW~hno ~~~ti:ffl~·B91*** 
iJt ~ 1.iiZ T' :liiJJ-..lJZ--ltb $'lit~~ ];fU~ pg t1Hil 1lti .;f{J t7J B>t B91* m ?H& • f!P o. 7 4 o i*~Ht• itt 
ho,::k$Mffl~~ . ~Miiii~?te&*hno ~MM~*~~.;f{!J.iiZI'¥J~Miiii~?tft~mm 

hO o ~M:ffl~-f*~·~~~~iiii~~-~K~'o 
~_tf.JTn, ~L1t1$P.ipg*fl~~a9~:jjtliiJ~MffJ, ttfMOO~illdij~~~~~o f!P pgl§~7$i 

§~~w~.lJZ-~~tn•,~•oom?t•,~~ffi,•~~~~oo~~~~ti. ~-~*~*•' 
~M:ffl1f ;H--1! t7J a9 If** o 

m~•.iE~?t~*•~•~?tBtt.m•~~~*•~*•••·•••~-• 
1. o~m. trJl:~*mm 8-26 ~m 8-27 •~0 »-.oo 8-26 PJ!;.(;Q'tf:l. ~'f\~{i!&~ o - o. 1 , 1* 
•(!(J~~-•~•~•B9~~;W~5~~~*T o. I ~.~-~me~x••@*,:t£ 
o.35"~RM::k~o ~~~~~:;Jc(!(J~~-~1**$~?tBtt*hnB9~·.~~PJ~-tf:l 
~~~~:-?ta~~A~~::k~~~·-.M·?t·1*~~$~?t~1**u~B1. $~ 
?t8&.*B9~~1tmd71*·~~--B9~-~~.H~~1t~-~:t£5~-~~~'B>t 
•w~-~?tBtt ; ~$~?t•tt~-~*::kB1.~~tt~$~?tBtt~~mffix••· 
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?tfifl ~if fiH~iiUf{W -~ $T @I 71- o 
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0.1 0.2 0.3 0.4 0.5 

~lllil~ 

~-~-~~·"~*~~~--~~ 
?t~a9~ttA~*:h 0. 737 1r.1:i' ~tJ!!le:il~ 
fl!i , :!!~ ~ :h tE lil1!1i t'lg :iff$ tt~ lfl i} I A 71l.la 
tJUJt~ o 

I 00.-----------, 

0.95 

0.90 

M~sms~-~~~~•M~*~e 
ft~=*=~~mttA~*jzo~ 8-28 f1fffi' ;a;~~ a 0.80 

~ ~p :h W. il" .1§ 1~ ¥1J 119 = ~ HI! ~ o liJ !;). if tiL ~ 
~ 0.75 

0.85 

ll.la::8~Dffl ~!t::k, :ro:tm~~?tfX:!il::~:IJni¥J , ~ 

~~·?t8~*~M*A-·1¥J~R~~~ o.7o "** I¥J $ ~?tfi •11: I ;f{f 1.\Y: 1191*~ * fX {R ~¥ 0 65~--­
fl!i-~o 

liJ~;J.~~~ $~?tltt~* ~, ;J'~~A 
:ff~;J'IW~OO~, 1Jf rm~WtA:ff~;J'~liH~ 
~-~~*~•m~~o ~~~~~~a• 
~~~~~~~¥J~n$~~~~oo~~~~~ 

~hm < f;itllflil~ = o.2 >t<•) 

00 8-28 t~XE1!!4~-~u~·i1JJ!ti 

i*lft?t~rnl~ti1fl*~ 

*.fflOO*R:IJO~~~~::IJ~*~-~~AClli:fXlt~il"~ I ~p 

~~ N1 ~ i -i'tillf8Ii¥Jffi~til$i~; 

R1 ~ i 1'~nti;ej(W$?t-*~ o 

( 8-14 ) 

Jlif:r~~?ttUgJ3t~-~*•~mW.il!i.*:tzo oo 8-29 FJTm I ~9=' 4 ~Hb~lA r9iU.L-mrx){tillZ 
1¥J~Mffl~0°, 10°, 20°ff]30°~ 4~HJ!ff~ o liJ!;J.tf:±l~ f.&fU!I!:IlO~::k~ ~~lfelli:~~::k; 
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fa•~~--~~$m•~~wm~&~~~woo~~~. ~~~~··~~·~· 
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+ tltiJft =o· 

20 ... tt~l'fl = 1 o· 
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ll::t!l r fJt~ a<J ~* ~ ~ , t~ f'i~xt!¥L 1-t:l$ l-9 8{] tL r* 'J' Ei ?t 1ii ~ ~ 1Hi a<J ~ njuj , 131! ~L 1-t:J$ l-9 
a<J~r~'J', ttg5]Ej~~, t£~!¥L1t:kt-!i9a<J;i;i:J$tt"tEif*·fH~.:iEtt o Ai*i5i71E, ff IU. ~ ~ 
n!i!J IZ5I ~ : 

( 1 ) !¥L1t1l1Jo illi1it, fL:J! HLB ffi.jg 3 -6 69~1!~r!W!JL1t3llJ!!gf'i~%flX: W/ 0 llM!¥L1t~o 

fE!tt~L1t:J$~)!1-~~a~#~*lJt· .R:ff1g~:::f'$~JL~~~~r~!¥L1t1fUtmm~~rm5J 

69~XE~L~£l!lt, ilT IU.illi:Xi~~~~~~ 8-J~L1t3l1J 69~~lit1lil" ~ &'tt1*JJU;!ik.!:ii*J ?tr ~Lit 
~~re~m o ~HW~S~1tm~~Mm?ta<J1t~?tr~~~~-~~~~•.••1t~ 

~~~-~.m*~~~D.ilf~m•!¥L1t•*o 
(2) *'&f-1-fil?t o r~Btf?t.\*'l-fil?t~JmniuJ.±W:flP>lJ1-1fiti: Ei!¥L1t1}lJ a<J JZHfc5ftli~~ o lit~ 

7& f9J , M =f ~- !¥L 1t1¥1l ~IH#., ~ lti1 a<J Jli)J[ ~lit* a<J 7lll -fiU.tM Ei ~\£-&I at , ;it !¥L 1t• * ~ ff 
M:::t'~ o ~~~-M~~~~UMreil"H.~~1t~*~AW~~o ~~.~A~OEj~ 

~-~ ~mat,;it~1t~~o-•+?tf9JB.M~~~~1t:I$H~~~&ra<J?t1iiB~OO 

s -7 f1f7R 0 § *ffl ttttr-1! 1r :r.t~L 1tB>t , ®t J!It*'&*>H£1. ?t~~ t:~o<1 &--r* 1Nt'~ ~ n~uJ PI El3 ~ :r.ti!ffl J£ = 

(!. ) d3 3 - kl d 2 4:! ( ) 
dK = k<f>fo 1s · ( ; P) • ( ; ) • ~ ( 8-1 5 ) 

:;:.t t:f k-3~% * ~ . :::t' liSJ m :r.t 139 ~Pi-:fl :::t' ~ a9 ffi: ; 
</> ?t~if~J@:~ft7}~; 

!~ Ej </> :fl~~J-~; 

1o llai JJtt t[ &~o~ ¥ lt , ;~t!ltaJllt@': )(~ m:!.!o:W:~ JJt a<J $!ti!Km~ m f@J ~~~~ ~'J' ; 
d ~pt][~~ , em; 

D 1tf¥~J~H~ , em; 

n-~pt~)!g, r/s ; 

J.'J-?tltUHI391/iJJ!.:¥lt, g/(s · em) ; 

JL.-:ii~;ffia<JlJiJJ[*It (f£~L{t:J$~t:ftl~J.!ll::lt&*'l-gil?t), g/(s ·em) ; 

u ?t~:f§~j!~ifl3rFf.irl1U9JJt!.Iti5ffj:J, dynlem(ldyn = 10 -5 N); 

p m..g-~B<Jljl-t!glffi' }3[, gl enl' p = 0. 4p, + 0. 6pJ; 

p, J! ~!Uti a<J lffi( JJ!.: , g/ em 3 
; 

Pd ?t1a~I':I9~JJt, g/cm
3 

o 

(3) ~{t1f1J o *l'I'Hiil"$!:1t1f!J, 1HOAYit~:bD3llJ C:!mJUW~ttJflJ, ~L1t1JE:iti:Jf1J~) 

liT IU. ~1ij;1it 1t 1f!J ~luJ<J!~~ B<J.tfT ~ -~ , ~ *'1 =f ~ ~~L 1t}.lij::ilUil~~ tt o « 1t3l1J 1i!L1J< i!fHi 1':191/i 

]Jt, *13tM&r::k,Nf.J~~ii!PJEI3:tt ( 8-15 ) 'B'tl:l o 
( 4 ) ~L1t~* o i'tl!l!:W~1t*lJt, !JL1t~-*.:E~m~~-~ k, ~pt][~~ d , ~Pt~ 

if n , ttt!#ffiii':I91I ~ D , ~Lit tlffi.JJ!.: t ~ ilt ~ Jtj9!ij; ~ o 11tr 1m :r§i 1Z51 ~ ( k , d... n , D) 5<1' tL r a<J 
mf;fU:1tjfllitg-:s]tt~~PjuJP} .b\:r.t (8-15) ~if~ti:l o !¥Lit~f'Flm #~:t£~.f)l~{t*IJ1iJL7J<ift~ 

1':19 * ll. R.\ :<:...t:fl!:rr ~J o N-*4 J~iU¥ !Atl w.ttH~ A-I* 139151: -i-~14 , 1£13 ~ I!l!1H!RJJt ~ ~ ~~..g.~ 
••mo-&~-.:t£~§~0-~{t~~~. ~~.fJ1·1t~1ilL*ift~-~:bDAM~­
~, .1!0.tlt~f'FM~139~t#5!Uf.,J,, ttt!f¥B;jfaJ-m•m, Jm iitfm~~itil:~~'J', i'SJ-:s] 139~LI& 
~£o 
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s. t. 4 m*tt 
8. I. 4. 1 #X.i£. 
*•~m.,L~~H~*BffiA~·M·•~m•~m~JJ<mM~~~ . ~~--~ 

~U~**#~~m~.-~ili•-~•*tt~~Bo ft~AMfi**•~~*~u.~• 
~ ;t11 :ttl!.~ lJ( ~ ~.ltit ~ !1!!.18: , »..lt:mt illtl * , 1~HLfftlJ(~*~F !I!~ ffl {)t ~ , .x;J ~ fi ~ tfi:# t.:E 
fru~~>J<J!i\ili o ~it~*JfJAI~~:1J:a:, lE~*ffl~~:$~~:1J:a:, tE*7.ki~HL:Jaittmi: 

I tf:', Afi1J~dl.ltJJ1'.1,1~~*1tll!WJ~~~. ~*iE**:it!l.:ttl:bO o ~~. ;ft~f-t1V"JfJW~ 
~~~tt~m~~.tt#ttfru~~~w~~ti~$~~~m~~¥*~~~mz-o 

wrwJmJt a. ~J9t..ti>t:Jlld~ .ll:~:lil* ~lf:it!J.~j;-~~m* 1ft~ nH·Jc• PJ maw.* :tE* 
"Pa9t?ifm. ~a1~.11:7'Hmll<*~A~~P3$, W.f~iHiE~:l'F~:IJ:~H~~&fll~Wttlm::fl&M 

~~~A-<J~~jJ 0 

~AM#m~IftWH*~. ft.J9t~~-~~~H~JJ<~WR~A~~~~A-<Jtit7J<tt 
OO.G~ttll< •• WH~tfi:#tt•• · -···WHlll$1LC~m•wH::f'A~tit7J<tt, 
1lt. rlb ~ ~HJ.t~JJJf15 'L~ a9 J9t:hl ffii A 7ff ::f ~ ~J't ~tit* t.:E o Af* »8!:I El1 , 1ilZ * m·tw (){.:iii;~ 
titl.k tmi:J fruml JE~ * , £13i w tA: tmtt ~ , ~*~fl!; ~ ~ ~ o ~a 7ff 1.k :tt!!m:tnl!I a1 , :{m•wt 
'ft ili:IJA!~fS~$(~ttg~-f*. ii!i 'liHi!:~ .:rJJ<~:J$Hf'PmiJ i j§W~~grim~~-~~%3!a9~ 

Eb=f'L~WHA·1HIB~7.k~~~#JJJJ!Pflm~~, 5tm~1tjllJ~7.kitffliiit$i~$tlt:ii~1lil 

:.fi3!Jf [lf,IJJJff~iHP o ~ ~ B f'£1iE ~ , ~ ' L 1t:J$ fi7:i AJ.k 9=' a-t , ~ M ~~ret fil5 :lil * ~lf :ilk ~j.' ~~ 
~••~m«1tm~:e:7.k9='~•••~m.xnm.li:7'~•*•*'L~aatf, ~w•~~ 
fiJ:.l.~ ~~JI¥Jtfi:;j(·tj:~o f71J:lZD, fst'ff~t[.JE~~ · itf.!J.! ~~T!f.l~ cf>32mm X L200mm ~~~1$~ 

~ltJ9~tE~7Jc9='~7@! 12h fa , OO)E~ftt,.W!~.$, l;J..X;Jtt~tJLJ.k•tj:, Jt~*Ji!.~ 8-14 0 

~'ftA9f£USi$i!Y'I, ~lb~Jt#A ( Emulite A ) jL1t1$H~m7Jcttfi~Jliiift~ o X:!lD, cf>32mm 

~ EL *?U!¥L1t1$~tf9t;f-?f£~H~:t£ 1. 3m ~7Jc!:f:'~jfg lOOOh !;A_t:fTHm·fJtH~It'lffii~lf. :Ia 
illt;e IY'I JBNt o 

:J;j:~AA!~ f69<:$ (JJiftl:?tJJO I% 1-'I:~AA\-\} m9<:* u~ut?t~) /% 

1~~~:12i3'llfr B 61. I fit ~:ili>'iWi AM 57.6 

~:ill~ ( 7)<~1$~) 72.9 ft.&1G}'i:Wr 220 60.5 

tJij t~~ ( tlii!ll*!'i~) 100 ~:fb.'ftJ~ A ( ~L1t1$ili) 1.2 

8. 1. 4. 2 :tf!..:JL;fR7!<.n.fL1~:tf tHU~O{Jlj~ 

1WJ ~~1)141at:T ;tHL~$X11a~!¥L1t1$~tt~~~~ o .x;J=f ~ ~1i:~~~ ~ID~~!9~ 
:(£::f ~J.k~7i7.k!a, ?fJilJiJ!~~:JltWlt p , ~JJt J.L ~7t1lt~J.9Hit c, ~*?'Jr~ 8-15 tf o ~ 
*•IY'I.~H~~m*•M~.JJ<~a••~.x;J1$H~~·~1tm . .x;J~•~~~~•• 
*· :tHJ;!£9~7t~H~5'&; -f&dJ1itiilr5 1 7§~7tiit:IRJJJf!5(J(Jt;t$~19 5% -20%; 1LY*- 5E 
M.~JJ<~~. ~mn~*~~!-9~~~~~~~~*; 7i7.k!aH:IR~~~tt~~ . ~:IR 
~-~~~~t£7.kS.WHtt~B~U*~'~#~&M~~-~~7.k~o ~~«~~H~ 
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~@.ll!i*ffl; , ~~njtj]:lt~-~~~~~tlto 

.845 ~*B~~~~~~-~~~-~~~~~·M·· 

.&7J< ~~ i§~~ M 1ti ~ 1ti \!Ill* ftAJJt ~ftt~t!i 
i§~ ~llt#t 

~ll .ta(jl[a tUi~ ilf;$ {(,..~ JI-1'-Fi#t 
mtt ~tr ttAirft ~ll ttAJJI:fli f.UI:/ g 

/ m / g / rnm / g. cm-l / mm / g•cm-3 / rnm 1% $1% It$./% 

511. 2 90 I. 30 7. 53 0.8 76.3 91.0 17.8 

1211. 8 120 I. 30 7.99 3. 0 97. I 197.5 16. 3 
J3ti* 1.34 4. 27 

1725.4 135 1. 33 6.51 o. 8 52.5 163.9 9.5 

2366.8 ISO I. 33 4. 72 0. 8 10. 6 137.3 5.8 
II. 5 

5(J7. 4 90 1. 33 17. 45 1.26 18. 56 5.3 6. 4 iii~!# n .i:t 
~ -- 100 

1122. 7 120 1. 25 22. 31 6.0 27.9 253.8 21. I 
lm'-ii* 

1712. 5 135 1. 31 19.77 1.5 13. 3 205.5 12.0 

2349. I 150 1. 32 19. 56 0.8 12. I 183.2 7.0 

5(J7. 4 90 1. 29 20.67 0.8 5. 7 188. 5 38.0 

1242.7 120 1.28 20.57 1.5 5.2 211.6 18. 0 
~f* I. 33 19.55 

1712.5 135 I. 29 21. 10 0.8 7. 9 50.2 3.0 

2349. I 150 1. 29 20. 45 0.8 4. 6 227.3 9.9 
8. 5 

503.6 90 I. 26 19.46 4.5 20.3 139.0 27.6 

J 193. 7 120 1. 28 19. II 3.0 18. 1 281.7 23.6 
lmttf* I. 32 16. 19 

1699. 6 135 I. 29 18. 77 2. 2 15. 6 241.3 14.2 

2311.5 ISO I. 29 18. 49 22 14. 3 261. I II. 2 

S(J7.4 90 I. 29 31. 51 2.3 7. 7 183.3 35.8 

1242. 7 120 l. 30 44.01 1. 5 50.3 242. 3 20. 3 
J;J"* 

1712. 5 !35 I. 31 40. 67 0. 8 38.9 210.8 12.4 

2349. I ISO l. 31 34. 92 0. 8 19.3 209. 8 9.0 
5.5 1.32 29.27 

503. 6 90 1.25 47.01 5.3 60.6 142. 0 28.2 

1193.7 120 I. 27 45. 92 3. 8 56.9 276. 9 23.2 
~tt"*-

1699. 6 135 I. 28 41.45 3.0 41.6 226.0 13.3 

2311. 5 ISO I. 29 36.97 2.3 26. 3 286.8 13.3 

492.0 90 1.24 17.20 3.9 123. 7 110. 2 22.4 

1165. 6 120 I. 27 15.51 1.5 101. 1 87.4 1. 5 
~f* I. 29 7.69 

1661. 0 135 I. 27 17. 17 1.5 123.3 182.7 II. 0 

2278.5 150 l. 26 11. 50 2. 3 49.6 305.8 13.4 
2.5 

503. 6 90 I. 23 6.8 130.9 26.0 

1193. 7 120 I. 27 44. 94 3.9 136.11 286.5 21.0 
lfiltt"*- I. 32 19. 02 

1699. 6 135 I. 28 41.12 3.0 116. 2 249.8 II. 7 

2311. s !SO 1. 29 32. 61 2.3 76. 7 352. I 15. I 
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El3* 8-15 r:p~:JiilJ ~. ffl FP.J1i:~£, ffl FP.J%~£19~~: ~w lf~11!i$. Jtlf~11!i$~ 
*B~~~tt$£19~~~-~R.~A~a-*Bffii'P.l,-M$·~-*~~*~oW~~ 
El9 o ~7.K~:1il2. 5-5. 5m at' ...t3£~~£19~ir5t~il*o 

~tf*F~M:lii1i:~£19it:IJD, *F~£19~J.m~~~~~~3VJ\o *F~~~£19~tf-~;J\o {_§_ 

:t!IHT~:~i!:1i:~:ltt-$ttl*, ~~""fml!lf~·t~, ~R.~~HittJL~~$. ~Jlt~~mtf-~F 

][, :Lf~tJL~it!.~*o 

* 8-15 r:f~tt5:115~~' :t£t§FP.J;9k{lf:""f' ~i*~~ ttml:tt-f*~~~:lfiii£19~1Bl~lf~ 
;J', ~l.KFo3~5o'~~M-~o 

Mal!S-~iiiilJ$R,,L~~~~7.KRM£19-~I~. ~OO:tt~~~~~~-lfttl 

*, J¥: 1Jp3£;J, £19!MI:li ~ , FP.J at7.KJYdm .m1 rfil...t mut . 2: at~~~ s ~£ 1i ~?t:llY ~ tr-o m .t:C ~ 
M7.K~~.~007.K:t£*W*~~W7.Kff~~ffl""fft~~~~A7.K~~£19~~.%~~""fM 
~o :1iflt§MJ.K~rfil""fMft1i:m••~~~...t.••~~~:t£mat~~£19:boR. ~5t:li 
rfil.d~••••.~~~~~£~5t%dB:tf-o~FoB~•~£197.Kaoox*M...t~.~ 
~~=~IIJitM , ~-{li!~Jm~7.Koorfil:!75-iJ!~ft~, {E ll!JtMl!JJt~;J\~$, 2:flt)(>J"~~~P(Ii]~ 

~'o 8Fo:t£:!75--X~~:!75-~I!JltM,1i:~*B9~M5t~*B9•~.~~-~5t:1il.D:1il 
li:.o 

iat:~~*~ffi, ~:ff•*~~~~m1*tt~~¥tl/FI\"i..~JJt£19•:1;f. tf~:1i£19:ii¥UFm: 

Btf-o :ff~:!$~M7.KJE~~-I*tt~M . .&~:AAJ.f¥~§:1~. 1t.&~a:ff-~~£19s1Sm~. 1§.:1$ 

~~-ffl~~-~.2:·*F~·7.KFo1t~R~~5t~~~';:!75:ff~:!$~M7.KFo·J.m~~5t 
~ffl~~*·*•a:1il-~ar:pf19*~~.mJ~~$£19~,•~·~*oo~8~•.••~• 
£19~~~-~;:i15:1i-~:I$~~7.KFo~i*~-tt5t~.~~-m$·~~.~·R~~5t 
~~*· .:ff~Bool3~~~. tm?t~~%~~~0 

1im~si.®~~!JmR~~~~£19:iii.:E~£19fJP(Ii]~~, ~~~£19~~~-:tf-.:E~~EI:IM 

m~*;J,tk:~B9o ~*ftm~~A7J<:f$~£19%~~-lf:ff~**~, ~~~19t:i:*~~~ 
~, imA7l<*lfX~tL~~R~~JVJ<~!l:1i:m*I9t o 

aw...tJ£iat:&~•.~~T~~*~~~*Fo2hfl9~~:lttfi••~••~4•~. 
~~~*~* 8-16o *ifl~tw•~, •~'L1t:I$~~~*Fo•r.m~~jt~~~£19FP.Jat, -~ 
!ffit~""f~, £1:.:J1Hi£19tJL~~*, ®:tl~:ii1W:bD*o 

7Jc~ 
®~W MH~ ~!li 

j;j:J! 
sl!lim~-1* 

9k# J!JI:il fdliJ.Jl lil!:it #:m7oJ' 
/m 

/ g · em -l 
/ m · s - • ~:tR 

/g / kg * x ~~][:f£/m f*)Jtlm 

8.5 m• ~JIW~#: <IJ.l. 75 0. 15 

1m *Mt 2. 5 300 I. 27 tl'i~ ~J!Wf(ff* <IJ.l. 70 0. 14 

1!z:.•m~ -*It* 2500 *~~ 2. 15 X I. 70 0.32 
'Jf,-\"fj;j~ 

Jlj:J!v= 
8. 5 10 'i'Eiti fjiJ00~-1* <I> I. 20 0.25 

7100m/s 2.5 800 I. 27 m:lti fjiJ00~-1* <1>1. 18 0.24 

*it* I. 27 3780 *~% 2. 21 X). 95 0. 52 
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8. 1. 4. 3 ~ 1-J ~L1-t..:.lH~ :til. 1J(·ti ~~ ~ .i.~ 1!5l-! 
.:E~:ff"'F :J£ WI -t-:noo : 
( 1 ) !JL 1-ti'F~ ~ 195: .&!: m: a<J ~If,!) 0 - ~ ~ i)t , ~L ft/9l: It~ a<J !JL 1-t*P ~ ' t;tJJ< tE Fmit~ 0 

~~.~--~~•~•••a<J~R.io~1-tm~•s~ma.~1tm~*~M~A~M 
~U~a<J~~- ~~-m~.fL~t*&I£*#~~·-~~1-t1$~~t;tJJ<tER~~~ 

rltl il1l ;fi ;fSt 1'191.1 )jt %il<f!-AJ3r •w ufiiJ ' L 1t1$~ mlK f.U{J 11:~ ~ ~ o ~ JJf ;tc;J, !!lt;tc:Xm~ II* 
~!JL1ti'FHa<Jtit~ttft o ~-~~~Jt;tc~'.%da<J~W·~~-~.a~•· ; ·N;tc 
::*:9!tl%.nlta<J,LHlH~~ "*1-t", JZ.~W.mi!m~i@.~··o ~t!S~~~'L1-ti'F~a<JtitJJ(t£W o 

1!il-7tMHfi*189<ft AJt~;J,, %Jl!t~'L1t*PH~~Jt~~, 1±1$H:boiu~:!Uil~:ffjgWi:i:J: 

~9=', 3'-fmilm~~-·, ~ilUt11~1l*~'L1-ti'F~a<JtJi:7J<tl:W o jti!-rmff!M*'I-~Mt«)(;j'L1-t 
it~~ m1.K tE IJ~W ufiiJ /f' ::*: o 

(2) ?'Hi'fS~{lf:~{Q.*~~ PfiiJ o 'Lfti'FH~~ffl~:r.t:ff{Q.*~fOI~~Wfflfl o ~*ill!fflM, 

;littit7.KttW~fJL~1t*H~=F-I~~~flj ufiiJ o )Hi 'lit, ;MAJ!t1-t~~tl~iil!i91*~~1EJ;ii:J~!Ht, 

:mmJ.Ktii:¥1HilHL~..t$, !:37.K~~Mfiiilft;J', ~ilUf51!i'F~~Vt7ktttmttB!!o ~a;j, '\ltJ.K-9 
mt7917.Kt11~'Lft1$~~m7J<tftm~~;f'~~~Pinl o 1±flt7J<'ft~1-t1$~fmt2~;ffi~*a;jiSJ~ 

~7§ W/f' 9c -t§*P ttn o 1± Vit11< .:P ~!tl m9c JJEN *~ ~ tm . mJJ< a;j fBJ -m ll.lB z~ m o ~ v; 1Q.~ 
~~-fll!.ffla;j,~tt7.Kttfm.:EW*~~~-a<J~m-9~o 

8. 1. 5 jijfffffa tifffi 

~~~1t1$~J.K;ffia<J~~•1tmJJ<m~.t±~~mNTe~~~~-~a<J~ra~~. 
Jt;~t•t±~*f~m:i1!trii•If£JJ&IB;j. ioftffl/f'~~~ll!t~=IL.:Pa<J1$~P:~m•. JJt~ 
~:r±~ ~~tn~r.KH ~{} Jtj;J 1if m o 

W!$ .ft ~ ),J.JUIB!ii 1t 1~ Y1il iJ.\~:f!M~* it a<J kt 1'* , X;j T220 * -E 7.1< Jf>C 1$ ~ 5ffl f$ %IC :E-tlHt 
~~1-ti'FH.~m~~-"'F~~/f'~~~. ~&!2~rt~a<J~~1£~---M~.:Pa<J •• 
~fi*~~iJ.\o OOiJ.\M**M,,L1-ti'FH~&~~-~-~~*ftit~oOOiJ.\~·a<J·M 
*jjtl1:J cf>( 32 ± I ) mm x ( 400 ± 15 ) mm ~ cf> ( 32 ± 1) mm x l90mm, mJ::fit*jjlJ1:J 300g ~ 150g0 

~iJ.\~~1:7 BSW-l ~ 5 f:l~Jilm1)(o ~J~B;j~'fnPI~Nat-~~ . -N:I4fH=*:htA~IIiUif~q-rft 

~. §MM~•rt5~m~a;j~~-~~-W.~M;It.JJ!o 

1±~8~#"'F. JJ<ft1$~~'L1-ti'F~Bft~fl;j~~m*,••"'F-o Jt'fl, J.l<~1$~ 
••~~5~~•~•*·~m""F7Kfti'FH~~i'Fttft§~F••~.a -~~""Frt5 
1. 5h RP1et.l, ilU'L1ti'F~ilit~ft5B;jiSJ~·PinJ9!tl~*·*F~;J', 1£ -24<t"'Frt~ 12d ;t 

~~m•o *•1$~~~1-t1$Hft~~ .~-•"'F:htft-RB;j~~~~~--~rt•&a<J 
1IJJ!o ~-~:Ire, 'L1t:I$H~f~rffiHltf.ffM.ii'ft, ;Jai£r~JJ!$ ~t7J<JBCJ$~ti~~~ ; ilU~~ 

~mltlm7t:i:J:~'ft, .itlm7tiaP¥.:st ~7J<JBC1$H·~o H1*71f!J3[M~M~9=', Wii#i'FH~:Ja 

i£B~1*&·~~1-t~--~~.~-~1*a<JS • ..t7tilU~:bU o 
~~JJ<fti'F~'f!JJ<~~-;ffi .~~~---~o<t~"'f!l;j,J.](.i'FH.:Pa<J.1tm#M 

~~~·•***M*.~fflx~•. ~~TJ.Kft1$~~•79Jtt~mtt.•1-tm~~•m 
mil-~~~tt~• . ~wft*Hit~a<J••••~•~""F~; W~1-t:l$~~a<J«1-tm*• 
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~-~-~~'~*~~~~~~ . fi~A**•••~~tok••~•~oog~-~~ 
ffl I {Y!jt;e:•m~~'FfiMH~~ !il~~-*Ftt~ a IRJIJ;j 1 l!B•M:M~~~/j\ I ~?%~ft~ 

~~~~@~~~~-:J$ft@~~~~*~~~~o 

*F~~-~tt~~~~*F~~F~mfitt~~m~~~tt . $~*-•~~~~~~ 
&~iAHma .X1r-~lfil:-*4~4m.&tm~~B~ c ~-fi51lf: ) ~dl"*~M. jmfiiJ-mt:-ft!Jr1-i:Pi 
~-~~Jj{ , xi'e~.X1W~tiit~i!~~1*F~Jt!J~~*i>i~~-;lt1t~ ~fiiJJ!o 11 T 1S"!S * ~IJ;j~ , A~~•h~a•m~•*ili-ft!M&ftl*F~zg.~ai~~**•za 
MftM~~*~Jf~ftl~~~-··Jj{ ~ ~·rM~ftl~··o M*F~~~m•*~ · T 
-~~Bttn••jt••~~~~A . • n~~-~ffi*R$,&~+*~~~o ~T~­
•r~~~---~tt.&i:~IRJ.~am-~~*•·•~•&r~~tta~m~IRJ~Btt 
n~~~o 1J~. *~m•m~~fflWPiiJ;j~~~~~~m~*F~~••ttnm~ • 
~ . ~~~~wnh~~r~fi*~~~~•*· ~M-~Iil~~~~~~o ~~~F~ 
~~~~F~~ttn%~~~ . ~~~~IR.I·~~#~~*· ~•m••~~*~-~~ 

~-~~*0 

8. 2. 1 ·--~Jlt 

tr~•ffl~.~t~m*F~;e:~~:W-W:MT~n~~m'F£1:Jt*F~ft~;$~•J.t. ~sl;t;~*F~ 

~ma9:lil!Nt~iit, ffih•w$~J-ftllt:fil:, ~1it~1f'lJ5!J.tii\t;eHI~~~••*~~a !J!.JJ 
~*F~••~••·•••~~aMA8jt~IRJ••#'F~~•m.~•••eP•tt~. 
1fllt~f!ef!P~.~t• a ~-~~ilta*11f'F, *F~:>e1r 8 %1H1f~~.~twtm*~J*~~~• 

~~o-~W~~~A~~~~lt~F&~r-~m.~~m~~·~F~~r~~a ~ 
IRJ~~~-~1f!J~M~it~lt:k. £~tlc'TF~ll1J~* ' ti~ , WJt, ~~-~, ~*-flf: 

flll1ii\.Jt~ o 

1-i:~~Jt~•~mmm8~21-i:~~~~~~~•oo*•~.~•*F~~~a~• I 
81J~§.~§~~-~~~~n2~mg,~~&n~ I •~K.*f~*M•~.~~·~ 
F•m.•ailin•.~ ::r nll1J~~o ~m 
8~2m~.~~~~~ ~ ~~~~~ K ~~• 
1$ ~ 1i!Z &HW JQi l& !:J.E I ~ B~ :fit- 1$ ~ ~ m ft fto 
~~~~Jt~~~~::r*F~~it~m~ . ~~ 

~~ . ~~®it~tta.w~i!~~-~~§ 

lit~~*#~~~~tJJ~3(:0 

~it*F~~~*••.~taMma*~~* 
-~~ffl'F~~~-*F~••~•o m'L~:It 
HWW,*~&·Jt~«A~~X~~tt~m 

•m•.w~&•~~,L~~•~*®•~• 

I 
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I 
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I 
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~, ~~' ~ffl~~~~~~~~~~-~~-~.W~I~-·~~~.~-~--~* 
i1t 1¥1 f'F JfrF .:R ~?ll9£1 ilJ 3:lt!!®!ll o ml lit , ?IP* ilt~fl.!3 'L 1t1$!§ B9iiit, :tc 3t~ f' .& -% J1l! 
~Jft.1H~#I.¥co .*tr1HiUJ!~ilti¥J,Lft:kF~I¥J?IP*iltllffi:W-®:tl.ffi.1J~.11 2. 5GPa tr.ti o 

mf~1t1$H*~.m~~-~~, ~-I£A#~~1tS~B~.&~M@~·.ilJ 

~~~-w~~l¥1••••• · en•••••we~~-l¥1~1tmoo.~m-R&%I~ 
tttr•~~J~-~~1iti¥J®!I~H1ilt~o 19iJ~Il, 4>18- somm I¥J5t~W:I¥J~L1t*FHHlff. 
I!P~tEtt~:ml¥1mlJtm:mJP-J ( :tto, -40- +40't), ±!9ilJ~-.R 8 %I.ill'.i!i1fJYT511.1 ; ~ 
•.1H£Btlf' 11~ PT~~- .R 8 ~ -10 -'iHI1'lf~iTit~:1il®:l.IH§Efrs l•; tiL:tkfi!I*Jt~:ii~~ 

B9 f' JUtlit-Wtlt~ W JJt 1¥1 F ~ ~m~~~!i't 1¥J®:IJIH§J9f 51 :li ; :7c:R:t£ 'lf:Utf' rib , tHJIHHJL 
~1t~:tJ( :l:i!HLI¥Jt'~m~m~~m-~:lil:l¥1®:11!§§ < tl: ) J9fs l;ljo lftg:lt!!iJt, ~Jmm~ 
1¥J®§H§ , FJf;ffi¥J~L1t:t:FH±!9ilJtE- 18't ~JI! f~I¥Jm.Itr~®•o t£ :!mllt:m~¥Jm.Itm!E 

~.~~~~I:t£1¥JfL1t~Hf'~~-Mffi~~mB9•fi····~-~~fflCBffl:t:F~ 
~~~i&Bt:l®. fU!t H-€tl:iilt T ~ iJ!Aflf: , m 1lJ ~,m ~ :llfjjB m ,IE~~ 'ffl ~~ ~W" llJ ~ ll *:,1;1& f'F 
.ill'.l¥1 m ~ o 

~~~1t1$H•••••~¥J~Zf~•.~~tt~t~I¥J;fi:Wa,•1tm•••m , 

«1tM~*'·~-,~1tM~---~' ~1ti~A#.o 
8. 2. 1. 1 !Sf~ {t.J of}~ 

'L1t~HI¥J~JI.~~~;ff!li.&!::kFH~~, ~@Jt.m:tlfi·!ii1l;~B9~Pfnl~;ff~~Ua<J o ~'L 
1t:t:FH.R*;ff~1tM~-~-~~.tE~Htftf~~'lf*~~B9m~r.~~:t:F~Wa~¥J 

~*······~-~M~:7c~B:7cffi.~~-~--(~·8-17),@.~:7c~ 
1. 35glcm3lr.t;, t£H~1f~/J\f 50mm I¥J'tft£ r, 'lit'iif 1±1 JJe11!:!to mfJJ~~*;ff .$.&!:1$ 

HI¥J,L1t*FH*~· ~1ififiii81f~~~~!li.&t:I:F~~i!:I¥J~:/JDW!I!~ o @lf~:/Joat, • 
~-~~m~;<:~~o ..ti:£·~-~~(J(J~£1Jli~T=;g-BtJ.*f:Ji~t!LJJI!~~ o ~r~!li 

.&t~H~~~1$H*iJt.®•~••~1tm~¥Jf'Fm. m~~¥J~to•~~f-~Ji~(J(J~ 

h o rm5C1f~~!li~:I$~1¥J~Lft*F~*~· ~ii:kF&J.ilZt!LJll!.f 8. 4 l'i~l:£o ~flH~tf:l, 

fL~~H~-~~*·~~HB9 • .R~~~m•1tM~~-~~~flm~~~-o 

•s-n ~~e•~~•~a~-~~••••• 
E-B1~~~1f!Jt . l!'i!J(Ig · em -l 

I"C 1.13 ~ 1.20 1.14~1.21 1.25 ~1. 30 

21 6 .!>}<I) 6~ 6 ~ 

- 7 6-i} 6~ 2g$~ 

- 18 6 ~ 8 .f}<%1 6-8~ 2g*1C 

iJf~~~, ~-~ (J(]@ -~00 P3, !IL1t~H(J(JIIffiJ'i!.®ta?IP*iltff.1J I!Ifi~W~ 1¥JI!.ff~¥ 

..t~·· · RP~~~~-~(J(J*:7cW~···o· 8-18~*~·~ffl~&ilt&~~I¥J~ 
~~1Ai~~*ii(J(J:¥L1t~~(J(J~*7J!U8Hi~!i't- o H~, llm#~'C.'~-~~*:tilB9:1:1:/JD, ~L 
1t:kFH B9 -\ill lil'ffi o 
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• 8-18 W'P;~.i!R\J:::t'fal~~Wi'~~t/CJilf!tliilk~J.l ( GPa ) 

Jt-.tt:~tt"lt:!it 50%il$t$ il<J 

1% liP t1r llt5.!i IJf 

2. 5 2. 4793 

4.5 2. 4979 

6.3 2. 6053 

!II 8-33 J9T ffi 1ii J!iiU.& J!J lf Ei $L 1-t 1$ ~ 

~[fzfa.J;k~~iit~7J-~*o 

~-~1-t*FHmlf~~*~~•,~~ 
J!ji Jj( -tlz:::t' ItT :II* 0 J! -m ~ ;(£ Jlt i:l: ~ tp I ~L 

1-t~~.il=9-F.JT1ffl~ *m~5£lf~'J' I :1$~ 

~~~-··To~fi~Jil.~-'L'f.t~ 
·~~~~~$~~~~(~~*~~ 
~). *m~®••lf~*~~~~ffir 
-~~tt~mlf~*~~~mmm-tlz~ 
*· *~ PMMA ~·~~MtltEEJJ-tlL;m 

99%~.il(:$~ ~~~$:19 l % il<J 

IIPttrilt~l:tC IIPffi ilti!ilJJ!' 

3. 0293 2.2611 

2.6400 2.3988 

2.8685 2.4558 

56.--------- - -----, 

52 

~ 48 

li!! 44 
1m!: 
~ 40 
11! 

36 

32 

• 

ii;J<: IR~ 

-<>-i:l»~ 
• 50% li:tt 
• i::fli~ 

1.00 1.05 1.10 1.15 1.20 1.25 1.30 
ft. {l::fFF.iE /J!:/g ·em-3 

~~*.W$;(if•~~~ . ~~~~~M~m~~~o 
8. 2. 1. 2 ~ 1t. j)'<j ~ -IJJ;l *l ~ f) -FJ 

;B: \!If~*-5E B~l'tJ! ~ r , 'L 1-t~H ~ -~ 1$ ~If lllfii'l ~ 1.t3):1J ~ #IH~jf!J $:11 ~ttl' :Dn iTi'i 
ilr:iQi o fjlJj!n, G. G. ~~;B: 3765964 %~1N~5tU 9='~~~iW.¥~'L1-t:I$H, ~~1J~-*;ffi 1fiJ , 
1.§. Sr2 

• 1tti:lil1f1J ~$il:::t'f51, £'i!i*'t;1fJ~:fii~®:·lt-tl:!.8)tM~ tl:l-5Ea9~J31J o ;Jt 9=' Srh $:ti1 
;/g2.0%a9~:1J. ;ffH~25.4mm(lin)tf<JH~I=J=I ( 7!!J.t;-92IOC ) .Rm 1 .R 6 %t!f'lf~i'if s l 

:11 I Tfii s? • *:lit19 o. 55% a9DC:1f I ;ff.#Jf51a9~d4r, m:!fj{51!Jfl8 %W'lf;t~sllsl o 

-'¥!-&t 1$ ~ a9 :tm Ax;J- 'L 1-t 1$ H ii~ ~.If a9 ~ ~ 1!!. *;(if~~ o J. Renick ~ .AJilf ~ $t JJ.I1 : 
~'L1-t1$~9=' HMX a9$:i1UH:i:120% at, llifil'f HMX ~:It :Do, ilffi #f H~:::t' Wi'~'J', IWJt 
ij:~Jl*~iiU~~- o M. M. Mendonca ~A~~~?Vf~£i!i*~~ 1 ~~TNT ~)JOA:::t'{)(.;{if!t/ 

1JO,L1-t:I$H:/aff a9:ro~, ifii.El;fifi!i;il'U~H~lta9~Jfl o Cranney Don H. ~A~19:1JilA T 
PETN ~ RDx ~~~~-~:l$~~~1t1fiJ~*~'L1t:l$H I ;a:~m&at~JJ.I1 :±l~11ra<J:t®~ 

*ftl:o 
·-~~A~Jf!Q~M~··N·iitT~1-t1$~a9~ilr-®lsldN.~8-19 ~:±l T 

~~~*o ~*~~, 'L1-t:l$l9R9~ilr®:lillfiiJf-fmitU:::t'~-i:~~~~:ISJ;m~H~~ilr® 
:ti\li~Jf-!}!IJ~ p'- r = consto J!i'if@.!:j,L'f.t1$~~~a9m7t~~~~~:fl!k I 151Bt·d!3~~~L1t 

*FH~~ilrB~m~•~~.•-m~•~$•o ffi~~-1-tR9~1-t~Ha9•:W-®~ftg 
Jilfl£, ~p2 

r-fa::f£(13 -35) X l012 Pa2
• s ZIBJ, m~~1il~filt1t~~L1t1$Hfl!J~-~. ifij 

!1LJBC~!.ifr.!iliJ.J!.~.®-o ~'f.t:I$HB'~ ~ij!IJ1j~.ffij) 1iJ 16. 68GPa 1 J! !:j}JI!i.-e;i.t~~ 19GPa 
a9;ti~.Elif.J~IH~ili':o -~·.lilt*M IB.I*~:fE 2. 3-2. 5 1J.s Z IBJ, J!J::5~ 11!!. ~1JiF.Jf~~~IJS9$L 
1t~H:tfUltlt~N€B>tfBJ 2~J.S ~~;Hi ili': o 
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•s-~ @~~~~~~~-~-~-~~~~~-

fl'i .. 
pp .ffij] .. {ti/ GPa at (ii]/ J.loS :JHfi&ll 

5.06 1.44 ~ 

3.90 I. 80 -a 
~L-It rt; lli 3.40 2. 10 ;!!!: 

( ~I@! fJt -It ) 2. 67 2. 40 -a 
2.63 2.52 :.lik 
2.09 2.94 i!i' 
6.50 l. 59 i!i' 

"--ftft;~ 6.02 2.61 H:: 
< lJUnli:~ Iii -1t) 5.84 2. 12 ;Q;: 

4. 90 2.53 . 
i!i' 

6. 05 2.50 ',!;' 
~Lill(~~ 

2.80 i!i' I. 81 

~llt~ MHH&FY'J , ~ 7{g~ «:Et<J~L «::~iF~ Et<J ilffi#f. ITPilr~:t,»tJ~:bl: i*i r-~~~~;m~ frn*FJ9 
TNT, PETN ffi RDX ( Ji!.;M 8-20) o :l!-1-~*It~L«:*F~;£!:J!Ff~1rttMffi;EHIEt.tR911$#f.{i 
~:;k-~, {.!Htl~=i':;ko R!Hlfi.lll~~A i:Ajg : 1£1iiJ-J!'.f:J[""F, l!ififflltJfiJ~~tll:~B9!t:;k, 

~«:~~~-M~B91TPffi~JJtFY'JA~~.~~ITP*S•JJt*m•~*o 

-8~ ~~~-~--~~~$~-~~~~-~~ 

« ~ !Jilftft;Fi TNT PETN RDX 

\!\' jJC/kg • m _, 1.05x!03 1.65 xl03 I. 60 X 103 I. 45 X 103 

p2 T / Pa2 • s (13- 35) X 1012 10. 0 X 1012 I. 25 X 1012 I. 0 X 1012 

8. 2. l. 3 .l\.1t.Jltl :F ~ (!l] f) -F1 

!¥L1ti'F~'f'f!;ff:;k111:89~l1Uli o ~JT.P.iJ9:fl, iiill&ittirf.lr&•tN!l!~lU~:;k, l!ifi~lf!l!""F 

• . MM•1f*~Et<JM•&a••~',*~*•B9mDtti~B&o A •. ~MrWO~ 
!¥L~¥.1.9ta<J%~~~~7f::.t'~JB9, ;M;:Jt~e•ltii!l!if!Z.""F~ o ~~1Jn~DfP1, ~-li5~i\%Jt 

~M Cfti) ~xm~«:~J1i!LF.Jt. mt~•~•f~~Mttia<J*Hlo~. llHll:?iiU~1iiL*tl:l!i!i~:t, x 
~:JX:f4f;ff~Jr~L1t89:ilHr, ilE:itt?tWc;f:§~-T~~JIHt, :J~H~i1i~e•JJt o 

~-~;MFY'l •• a®~~~*~~~Et<J-©««:~.WA~~-Et<Je~~ o &mt·~· 
~jJO~t\®jfiiJ I;_{ FYL'!P.:!IM1lf.IJ~L1t:$~ Et<J;ti~··ftffi-f*ff:t.UEtl: o f91Hlll, SB ~?iU!¥L~ 

i'FJ9,1£~nffi~FI~~~~~Et<Jffl~""F.~I;_{6%~~~M~(~)*~ft~gtJ9m 
ftfif!if!;j', ;M;!fl{t*F~Et<Jifai:?j'. 1l:~~Ei:JJ.ij1)fEEt<J 20mm "f~jg 16mm 0 

8. 2. I. 4 *:Fllh~-1}~ 

:l!mMma<J•~•~m~bnR'L~~~~~~~~~•*<in~e•) ~~••bnM 
( ~rld'b~t!JC'I1:1f!J~'L1tilEll!:1f!J~) o J!.ll.*f91JmFY'll::fi'J.X1!1Lft~~-~ti~lf89~Pjijj: •110~ 
1M~ <Jg • t~ t.t ~'L ~:$ ~ a9 fi1f! ~JJt o ;ff! ~ , • :hn tlL ~fg *JtiM ·r.~· R::fF ~ *'~ m Et<J , 1± tt {5I! !¥L ft 
:kj:#.jf.l.:;{j!i3t~I¥JJ!'JJt, f8 fm~$Z5.§t a<J~;I;J@J!:f~J'ti3l~o &tt:flk~, ~:1Jiltlf:~~*Jt~5 1 ~ 
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'L1t*F~-fUt!®.lfa<J~~o - !lUtMJt ~~PJ(tt1flJ.fl1~1t-f.@la~Ja<J~:bll~fm-f.@:ilt~1t. 
tJHt~L~~J9! a<Jl3i:ll:, IZSI ffil~i&~.it:ll~tt~ll, ~ 8-21 ?~~tl9~&i$i!Yl 7 ~#~o~ o 

* s-2t "'it ~m:~m!¥1. it W!9ta•• 11/.tl'f.l~~a> 

~{Yli:Q% 1 2 3 4 

'L 1-t {Ji!i!t lfll ~:bn:fitl% 0 0.2 0. 5 1.0 

\Jfff/ g · em - l I. 17 1. 16 1.12 I. 15 

ilt~F.i#1i:Wmm 25.4 25.4 25.4 25.4 

iJ I :II It-t (!IJ if!fl! '\:: 7 7 7 7 

• Jj\ itilJI ~:II 25 s •oom::llffl 10 ~1fi;R/l(~11'1f 6 ~tr ;R!JUI!!it'if'lf lt!.1f'lf 

8. 2. L 5 $L1tdl1];fl:>:.lf;Utm~fi-JJ}~J 

'L1t*'Jlll~~giL:fr~1~L1-t~~1;J~fill!®lla<J~IlM±~~JJI\1'£;)(1.it:fr*ffitiLT-:k'J'.&.it 
?j-;/p(J<J~n(<i], f§J;]Jt~:mtil-T:k;J,.&;tt?t:$"1r~~njtij~'L1t*F~:II~itt~llo ~~~l!ij , 

'L1t*'l89~·~, 13iitlll~:bo111:.&;Jtf31!JfJ:tt~~. M'L1t1*~a<J~}EfJ: , ~mttil:T-:k'J' ~ tt 
7J<tt~Ht~ttfm~tHfHJi89~~o 

8. 2. L 6 J'K. 4.i--ilf t!l-J-~ -Jj .P, 

~-~#ti9*F~. mr~f31!m~~~~~ 

~~~.-~FI£~M~. ft~~·&ll.ffi 

~.~~~~m*~~~. mr¥13i89mg~ 

mw2~•.~••~-~.••~M~•• 
~~o r~~~&~F~~~B9-m~~~~ 
1±1;1;:~1~1, :tmOO 8-34 ~ffi o 00 8-34 i$i!Yl7:H: 
-}EM~~.m~~~l±l-~:k,,L1t*F~a<J 

~~~IJ(~~ ( :&J~fliJIU~O~:k ) o 

a•1t~ma<Jx~~•~•~~a<J•~ 
~.~1t~Ha<J~MfliJ:II·~~~~~.itm1t 

8~--------------~ 

7 

E 6 
~ 

4 

...-.• ---~· ==t&~r 

, '/ , \ 
\ 

, ' , \ 

........ .~.. ~ ~f5~ 

3L-~--~~--~~~ 
0 0.1 0.2 0.3 0.4 0.5 0.6 

AN fiT l.tl.lo/o 

~~.ffi~ o :a:-~•#~ ~ m1t~**~ 1t•&~am•; m1t~a~'~ ~•&~a• 
~o !lL1-t~HP3mHai1'5~*'HiHm:l:t-1L1t11lJ~~1t*'J~:ilt~i'f£:fl~, a-~Mm!P3-EHI~4H~ . 
iff I Wf~~*'fl±l (I<Jt';:;ffj~Jj\l)it)L~~Y' I tl51-t~~jf(j > 1$~19J~fli]·-~1~ j ;ff!&*FPifJJ 
~~:t.Jfi~ o 

:frfa;ff!~ntia<J~X!t~f1g:h r"J$~-1t1ltJ;ffJ, ~ fBJN:~L1t*'J, IH~ Fz!~i1'519:*'J ftPrd!.ffi o 

~TM~~~~~,:k~,~~.a~~&mWB~rdJg~~-~a<JB&•:t:trd!.fil±l.~ 
@a.ffi~c•sard!~.frl?tB~~~~OOo 1JJ~FI±IH~ mrfiWa<J~•~*~•mw• 
-E!Ila<Ja~~J,~tL. :a:~HfBJ~ tAJN:;ff~~, illf&~;J,~~:l*~+far:J:FH~, ~fn!3~ 

~·T-?r~.ma<Jrd!Jm1r1l~~ , ~~!lL1t11lJMa<J lill.llii, !ftw:i~£~&J.i!Z~~71!W~J B9* 
#o ~~-~~*FHH~~--;ff!·C~M~~~~-*F&~~~-f.@~a<J~m, ~-7~ 
~~ffl-ftfmo &~. 5!1l:!ff!rl1llm~lt-8, ~;ff!uT-:k1J'~~, # ..EI.f!S;(:Eli~ftMOOZ.~, !i!U 
tfrT-tl:fm~~' -rrti.Jm~#~It;;q~Y'-tFfE¥-lJj}S}Bfil:, 1ij;:;ffj·tif:·~·fi 1±1 I ftP£~B9~~ii 
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.tJT 1±1 ji:Jj\ • 1$~1¥.Jffi{tfm~;ij~~f~ • ~~1'Jfn~~fjfj~f~o 

1M, · 1f~~iJV¥Lft'El.rl~~:fa:)(;j;f$~£:fi~J o !2;11'Jiht~ a<Jit~~.fl~ $Tmi9J, ~$Tlft 
~, ~ff:-}EB11'BJ.IS, ~lft~a<Jit~~tli:$¥1J-}E~Jlat, ~::f-fi}~Wfi%1¥.Jit.ffl1ilt*ll, iffl~ 

~wr~~:X~.flo b\iffl~rlfl~1!n~M~, ~f~TW~~.!l. %fffltc:XI¥.Jfm:I:~Jt. :tmt:Jlm~ 
~' ;ffj~2t~JtJffi;iji¥.J~j), :llll.p}JjJ!*~ff:IJ;j!'BJ, ;ft:f;I;J$tJ:fm~J1!-~l'"!Ifo 

8_ 2. L 7 ~L1t...L t;~1t-~~~ 

JM'Iit, :t£~Lfti'F~ifi1J*:U~!fl, JL:l!f4~-tt0-~~~.:r-~gruft~~?:Jftl¥.1tlfk~lz.a~~rm 
m~ ft1.'F~ 1¥.1 :li~~~ll F~ 1i :6d a<J~ nli!J , JtA-f*a<J~ PlliJ 12;1 # _w.* -~-11 o 

8. 2. 2 fll1a!ie:lil 

:f.'l:~!J.I~IJ;j, iJI~~'E~~#i;il!a<J~Jl!:f.'l:~-:f.'l:a<J~~' P41$~5 o 1£- }E;{iJl_t, 
9fiJ. &_ ~ T :1.1: ~)(>J fiP Ilr ~ 1¥.1~~)3( o Iliff .:E2t ~ -E2 !=j ~2t ~ '§. ~JBJ fr ~ 1¥.1 ~ IPJ , Jt9fil § :5t 
.1'1-=.flll : Q ~ !:fl¥.1~ r~ . w ~fr-115: !:fl¥.1 ~• ~~ fL 'P 1¥.1 ~ :.~~ o JM 'lit ElfiM.I¥.1 9flJ • J! m Q ~ 'fl 
a<J~•, Wt:J!iM.tE.:t2t~~J::j~2t~~zrBJ l¥.11r 115::J!~~a<J·IrHSrF, .:E2t~~~~a<J:t~i'F 
iJI-~2t~~~:f5. :l!#iJ I.fBJa<J:il:kU:e~!!P1!77fli·RE~ o 129Jlt, ~-Re~~.IJ' T 1$~1¥.1 
9fil:tlfi~JJ, :J!~~F~JJ5::ti:ta:~a<J.:E~f,.f-jj\;;Z- o l!GI!J~}E~:.IIRe~J!~Lft1.'F~a<J a 'lit~ 
~~§,ffl~~-;J$~J15::1:a<J:fa:~o :J!:J!~1'J:(£;J$~~f'P,~;j5][~,~~'~*~#, 

-~ffl~fi~~~#~~}EFo.~1iHE~~&_~T~Jt~~I¥.JfiPm~~!l.X&-~T.:£2t 
~ ~ 1¥.1 iJ h';f fmj] 0 

*8~~~Tft00~-00~M~M*~~~.-~-it*~~I¥.J:fi~~ft:f.'l:Ha<J9fi1 
11 H:e~ o .b\~:9tll¥.1 ~:1m llJ ~ ~ 1±1 , 11\ .H ~ 1¥.1 ~Lit;!$~~ 1/51¥.1 ~it Be~ J! It~~ 1¥.1 o :OJ: Jll ft 
~ , :1! # 9fil:ti Be~ fi 1lJ !;..( 1E:5t~ ..@:tt!fF lit LiJ -**'*'• ~~it 1¥.1 J:i~ o .b\ ~ffl a<J f-fllllf , i!~ 
~i:fi~Ja<J o f#l>\if~j.f;f$~r , :ffi:~Iff}, .$ff}a<J:tc1tlle7~0~~, X~~~~:lil!f:e~:i::t:ko 

:l!•J!~.m~~ft1$~1¥.1~:t~rmn•~oo•~~•. ~-•~•..@~.m•*·x~~:tc 
3tJle~:i1::fr~j;: o 

JfiJ Wie:Ji.! l mm 
00 ;}lj ~ ?tl AAl % 

~!{jj1H£ (32mm) 

EL-101 100 -110 

EL-102 100 -130 

EL EL-103 100 - 130 

"" 
00 EL-104 100 -140 

EL-105 100-120 

RJ-1 >90 
RJ 

RJ-2 >70 

100 25- 100 

oo<D 
Powermax 

~ 200 25-125 

Iremite 355 

Q)Powennax ~~OOiliii*f:lrWf:klli%mF~; Iremite ~~ll!l.tj!?tJJ'l1t~%roF~. 

®~~][~Jg 50mm. 

~!{jj][~ ( 40mm) 

100- 120 

110 -140 

110 - 150 

110 -150 

100- 130 

100 -150~ 

100- 150<2> 

100 -1so® 
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'L~~-~~~m•§·M~·M-~.~tum*~~.&emN,HS.He•@ 
&~~••#•o~~-n-~•~-Mift~H~•~•~.X«'L~~H*•~¥~a 
4\TZ.!lto ~1m!!Ht~tuT: 

8. 2. 2. 1 7]<.~~-JJ-FJ 

a•m~e~ . -~Ift~HWW,J)(#ft~~·a•H~&~.~~~-~-T 
~, WJi~~fj Pflll ®i::k o f91J:!m, 7k#~;j 2 -%~151$H~~-~-~-P-~flT: 

l.K:$1-15-il: ( E.lliit:$1-~) /% o. 14 - 0. 18 

JliJJitllE~/ em I 0 - II 

0. 80 - o. 90 

7-8 

L 50 - L 80 

6 -7 

2. 8 - 3. 0 

3-4 

@5C;J-!fL~~~WW, :tE-}E~J)(?t*:fifl11EP3, 7k#~:tJtfliJ1i~-~~IIPJ:lH~:~~:i1! 

I'J<J o fYiHm. ~m*P!G~!fllJc?t*:it~~=r 8% - 16% B;J-, /q_~i'F&mJJt¥*~*-fc X 
~-~-~~Jt~~~~~~o 

8. 2. 2. 2 ~~i.!llf.~~Pf.J 

•••JJt~••~•~•.c~m~i'FH~fliJ~m••~~*.tu~m•~•:e:~~~ 
ot:~14Tft:~1&ii\:Hi, 1Sl.~:tE-WtT~fliJ*i~-1&~~~1a; 5 -lOmmo ~~11!!.*7)(1$& 

~~. m=r~~wH~xm~~m~~~:tE~~~•JJtT~~u~~m~~~ff~.~* 

*~~it~:I>I~~~JJt, JJIT~,L~WH.££ - 15- -20't~flfT~JL+;J'B;J-~f8im , J:tfliJ.l!e 
• .R lt#i&'!TTII* 10 -20mmo ~ilffi.!JUtt~ -25't ~TB;J-, 'L1t~H~1J~~Jlf:U/l=P$-7lt 

$~-~~-~ll*~.~fliJ•He•~*•&~fio •mmw, ~*m~~~~W~WJJt 
~.&HmJJt~=r~t:a~fliJ•m•~~~-~-~o ~•m=r5&S&uaB~WJJtll* 
fi, ~mHiil:t~m~t!!.l!ltiZ.T~o 

8.2.2.3 -~:Bilt~JJ-FJ 

.iE:!lll~MfliJ~Il69~~:W. ~HWJt~~~l!e·~·PJiil, :tE.:E2t.Hf:U11t~5Hi:f~~lJ,II. 
~ ~ *11 [fi] 69 0 

15-\!liiiE~ , .:E:6t·H~~14tm~Fo, iHi •• Jt.HWJJt~;J', ~fliJ1Jm.~:bn, =* 
I'Bl~.*~£-*_t~~tt~o 5C1-1L~~HWW , ~-HWM~ o. 95 -1. 25glcm3 B;J-, ••• 
Jf~1P.H.iie.69W~. t!!.~)l~_t:l&-*~~. @~~~HW~::k-T L 25 glcm3 ~~;J'T 
0. 90glcm3 al, ~;fiJ!\ll!e~&ffiJT~ o ~.§JIJ~~~J,t~~~J!!::k-T L 30glcm3 ~)§-, fliJ1AHe 
~JL-SJ-IIif!W ~*1JPli~ T~ o 

~2t~H~JJt~~·l!e·~*~·m~~~-.:E2tHHWm~*a.~~m•*~Z. 
~~::k o ~~m -T:tillf:U~Z.ffi.*~f=!fmvnlit?lfmtlt~51J3rfl~l!.iH&HW ~~Jtt)JPffff~::k, ffiJ 
~~.iE~511&~2t!H§~flli~o !fL~WH~.:£2t~HW~;J\T 1. 25glcm3 B;j, ~~~~.* 

~m:J!-ffi~B~69 o @~~~HWJ3r::k-T L 30glcm3 ~)§-, ;ltflUiimi'&II~H~::ktllf~1~ o 
~m~m-T~Jt~H-~~~J.f~~T~~~$0 

8- 2. 2.4 ~ 1t .!j ~ ~ 1i.A~ ffJ *1 of.J 

~!!i* ~ , H:lil:~H e -~~1-1L~~HfliJ:Iim• ~~ oflll~ ~;J-~1!BI~~• ~~ oflll:J!­
B~. ~*to.:E , ~~--~--~~-~~.~~~~~-~Z.*::ko ~~*tnH•~ 
H:fli1I@, ~~.:E~~H~/l=Pm1lt~.!i1JJt~~~ttk. M~&H~§':/l=Ptlr7lt69iliifftt!!.it::k, ;It 

9i!Jt.~He•16'?&~~* 0 
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8. 2. 2. 5 1Tlnta#*l-~~;l;J.le~~f;-f.J 

~~~~~~~~-~~.m~u•~•~•*·'L~WH~~•m•••o ~~~ 
_1;_7~ii:~•lt:frftl-TIMJE~~~r&Jt-i~~*~r&~fiZ*, ~z*;JvEf-~JiZJg:fr~~~~~ 

m~tJ•B9~i:«:X;J"T-~L~WH1¥.11il~i1:~t9::fr~njry o mt~~~tr H 2tr&ff1Jt£M·r:E~ftf 

~]!£ -=f)H~ , ~ rm2tr&if~·I1C WJ3.2tmffiHH¥HID Ji£, ~m~:li: ~ , :1$ H~~~ -ti!J.i)z:fr FJT 

~~ o fE!~:~m.W:2tr§jj=tl Bg£JE$~, ~i:R8Jt~{l;~ulfll~1ilm• ~:;I(;J'o ~Il!~,fJ;ts~I¥.JMf A\~ 

ft Alt:X;J-fL1tt'FHI¥.J~:tift£~1)i:fr~n!rY o 
~~~.H·1¥.1~3R~#-~2t~·2t-HI¥.J·-~-~~~I¥.l~a•.e~~L~:I$H 

I¥.J~:ti~~~~-·I¥.J·~ o ~e~~--tt~~~I~WH~~~o 

8. 2. 3 llaiW-1If£ 

ilfnJI'-11~~ffi-#:ttf:Hs I :!lm~~~;E§~I¥.Jifi;J' 11~, ~~:l!::ttf:H:Iil~~~ 1¥.1 1!~ 

~1i, -m~tttl(, ?iff!J£~~:ttf:H:ff;J'1i:~•~~~l.iilmmoo~¥.Jlfi:~f&:J15 o i91Hm , tt::~W"1t­
~-*~11ffi:il!:~. 7'6~fl~fF~t~Ut~m;'EIJG~f1J fi'J;J'fli~, ;J,flff~;J,H• (.:=.'J'), ffi* 
AAR~M~R~m~~,•••tE~•oo••l¥.l•en. ••n~~~n~~•~m~-• 
~I¥.J;J,H.:ttf:H o ~~#~IfiZ-*1~. w•~m, g~r;r~~~~·o 

WH~---~~~.-·~-~~o ~-~~~WHI¥.JIIJI'-1i:~*~~*o ii:W-11 
~-~'.WH~~~U~M:Xo ~~I¥.J:I$H~.W:1l~*~'{l;~~m••¥•o•8~3~ 
:i£T -~~L1t:ttf:H~ II-3'f-1i:~ffl~ii\~.W: o 

*s~ -~~~w•~~~~~~ 

~ J}lj .p ~ ~ ~ ( l"iJ ~!iLWi :k ~~ i!\1 ) 

* jtl EL -*~tl EM *~tl RJ *~tl Powermax APEX 
P-DYNE 

Jll¥ % 101 102 103 104 105 I-V I 2 100 200 355 700 

lr.i :W-11 :1£ 
14 12 12 12 14 18 12- 16 12 - 16 13 13 32 37 37 

/rom 

m__t•~u~~~t«/F~trtl:l, ~~:tE~L~:ttf:HmYtl:j:l~:frtl(*:m~;J< ( 6% - Is%). 

R·X~@~WH~~~m.~IIJI'-1i:~m~~~~,o ~~ffi-Tt£~~WH~~*~~ 

~, ~-~-it~if~R:MiitT7.1< ~3$Citf'l:.ffl, ~Bt-~ffiJ;fam~ffiJ~fO!I!JE)t, :frf!JT-:ti~l¥.1 

~2tfllf~~o X~, ~Jl~;j\~II(OJ!f!-][~£m ~JE)t~JE$#.ffl:/9il¥.l~~ o 

Y. Hirosaki ~Affl~ii\T fi'IJf-:ltgtli:1£_1;_7 0. 05 -2. 42mm ~/F~~Ji~:2·C.·~BIJ~f$~~ 

~!JL~WH~IIJI'-11~, 1f~r~oo&J.i)zfJ1J11!$31: T &J.i)z.m~ , f!Jm~.m~Wf~ TfL~:I$ 

Hllfn-W-1i:~~~~~f$1¥.J*j;o ~*~IY1, ilfn-3'f-11~~~7$~00Z.fBJ I¥.JlllD~HiH~i1:*j;, 

J:~HIB&J35ZIR~*lf-HL.fiZtt~tl*j;, -HI. !=i~1t~f$691*~Yt~~*o )(;J"-=f~~l¥.1~1$1*~ 

*~-*iJi. ;ru:~!fX'J' 89~7$ rn r Jt~ oom*, ~~;<:rBJ ~ liE• m: . ~ ~•B&B2l!fXslH',~ o 
• s~~:i£T~~~*·!JL~WH~IIJif!-11~·ii\~-o EB·~~-/F~-~.~ 

•*~•l¥.l*bo, llfnJ!f!-11~~*bO o 
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. 8~ ~~•*••~~~~~w•a 

7J<~1it (J!J(fi#Jt) / % s.o 7.5 10.0 12.5 15. 0 

~~1HWmm 12 12 14 14 16 

8. 2. 4 :IIi! 

~~~~-~~.~m~m~~~~~~g-~~~-~~.*~~-~~m~~~ 
~lj, -~~1£~~1:j:l~~tl)tlfP41i\*~~~lf, Wfyl\~~' Jm'/tt;_{ m/s ~ffio ~i!~:k 

;J,:mJ~~ P[lij~~-~ff~:k;J\, !lli~ff;li!;IJ)t.lfZ-}j!:HiHt ~ffi~o R. A. Dick iA1J, ~~ 
~!i~m~a<Jill:i:tl~.ff5<t-T~~~~a<J~if1i~!rdla<J;tr:O~~I:'iitlt~B9 o lill'iita<Jf&~t';J.J, 5<t 
-Ttlt~~!Et :0 , :!m E.JfJ a<J~~:::F fiMII JE ~i$(19~:1( , 9!tl~11Hii!J!i{6 B9 W~it PJ !;_( iHk-~ 

i$/FWa<J~~o ~--~~~~~JfJT···-~··a<J;tT:Oo ~~.--~~~~~~ 
~1il~~~, ~~~:I:W~~~Ufi~~-~m:~mliT- , VH!Jt.il!:§'~PJ 1;_( 1ti~ :±\ 1$~~ftl!.~ 
-~~~ 0 lifJ M:tai!i15~d$~ JYT:fl;tf~~~ If! ' fm}fj~IWj. ~:h?'! 1i ~llH-T flfdfl ~IJ iil: (19 7F 

ttffi.~ffi~~T~~a<J~}j~~~~tt~a<J~~o 

-~iA~.~~a<Jm~&~~~~~~~a<J~~~oo•~~~~. !;_(&~~~~~~ 

1l o lifJ-~~~, ;ff::(:E;&fm-m:~:k, ~il!!:te:k a9-*~ o f.E!.~L~W!5 ~ ~}:jjtW!5 B9~~~~ 
?HJU m£ -Tac -tiUD ~~ ~"'\.- tm ilfl &~ o 63 ~~ ~ * ;E $ i:iJ ?aJ , fQJ ftlt :1'18 .1.00: ~ ;1(1§ ~:::F [fiJ , ~ 

1::&~1Yfl'hf ffl ~ ~1HJU If :k , E8 ml ffl ¥1HiUfJ :.liHJ!j ~?'~:W--~ fm:&i B9 AA * o i! .f.f ~71' ~lUll!~ 
*J}~~g.ga<Jfmiit~tl:kmi.iflt~L~W!9f~a<JJU:~ o ~.tit, ilJ ~ iM.~~~il:k~;lt-i!:k 
B9~~~#,JTii~~~·~~~~-~}E~i!·~a<J~~~#o 

jfE.~:ilL 1£!1L~W~-I*~ t:f, PJ ~ii.O'fU ~ :ilrf~ 7}=f:k,J\~~~3llJ~fU!It. ~fU!Itoo~~ 'ilt 
:k.1f~-TC~W~&~a<Jmfto ~.tlt.5<t-T:::F~$.1.00:~~-~MB9I~~~mi~.1£~ 

~-~#~.~~WHA-ffl~·a<J-i!o ·8~~~7~~~~a9~~--~nffi~ 
~~lJ!gj;EfEi o 

~ 1§1 1\.{t1$itj tilllt1$1li JJi El ~Ht*l'#i tilllt*I'Fi 

~Jl/g · cm " 3 1.10 0.80 ;11; lJll§li!/ m • s - 1 5150 2900 

J1l! ~:\I iiJ!/ 00 • S - I 5834.2 4896.4 Iil1Y.$ 0.97 0.35 

EI:!~~Ja<J~mPJJN., :1L~~~ !:_j~tf:~~l\2~~~ ( :fUJ~lltl~~) ;m i:t~!fl:?it:::FfQJ 
fl9 o ~§·a9~~-~~~-ZI:tffi~=~:h~~.PJI;_(m~:±\C~W~a9&~$.M~ 
~~•*m~n% o ~~ . .tltffi~ffl~a~ o ~~-~MI:t~~. ~lifJ~a<J:h~m•:±l* 
~W~C~00~~-~~~~·9!U~W$o Mio,M-T~-M~&( MMAN) ·~m~* 
R~H.;M;C-J Wka<JaU~&~$R~50%-70% o E6~PJ.!N.,~~~~I:t~mM~R 

J}(J&~~il.::ff:k~~B9~~tt , ;JI:;§i!tl:il£-TJ.m~1Hllo ~~~IDJ, :(:EI_ftqfJ(:f$~®! 

~!l, /J\1r~~~J;R~~fmflill.tltiWifl9:tlif, ifD~~I±IA~*4B<J, ~~L~tt*1£~7J<Ijf 
W~@!~t:j:!Jilt:&J~Jfja<J-~~;=go 

BIH'iSlt!~~ A:rvf~iA~~L~~Httft~*fiD:'iK~ j;:;J,lflttk:-T~ ,c,,~PrAJ~~ ( GMB ) 
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l¥.ltrr~~*:a o liilf-F~~w JJt"f l¥.l~L1tKJ:~?£~1:~ ~ «c ~ < ?:f:~ lf:i.1 mm •~ PPJ ~* ) 
IJ;ji¥.J·~~GMB 8@1¥.JM;J'rm•tt~*o ~-8~GMBe1tl¥.l~{t~~I¥.J~-M~ 
;A;~~* 1t B9 Jfi * fffi :tfl * , :i2s Jtl :lli * f.i1 Ja ~ i.tJf ., J' , rm 1/t lft 1¥.1 ~ {t 1: ~ EB G M B 1¥.1 * 
~-~o ~ GMB·@·~·At,.HA<J·~~~-Q~X~:;k~J;j~§A<J~Wa~• 
ili,g·····~~~··**l¥.l~lf:i.l o MW1£@ffi-f*.~.~~-~~~GMB 
t[~:;k;]\l!;~~rm~{t, J3Jm~{Htllt~PWffi -1*.* •lf!(S?J!!i*i I¥.J:AI~ o Bll$~ .A iA~ GMB 

u~m~Htt@I¥.J~~~~~ GMB I¥.J~~. ~~~~~@(t<J GMBI¥.J~~~~~~~ 

,~·~·lltm&~~*·l¥.l~~~~~liil o ·~~~-AiA~'L1tKJ:H~B~~~­
.#~~&**-*·~~m~~I¥.J--~~m••·~~-500~so ·~~1tKJ:H~ 
m a<J m1 11t IN ~:till "f ~it o 

8. 2. 4. 1 $L-1-t 3tt *- {1!] fj -.{i] 

'L1t~t*~~ P(oJ,L1t~!{j:ti~I¥.J~~ IN~ o :(:E'L~¥!9ttl9flltl-ll:i1~ l:j:l, El3 ~1£-}:E~!il 

fla<J .YY ~ f'F m "f , ?tm;ffl ~ ~ *tl nMll:1:11E:7c a<J v~Jro ~tiL , ~ tt ~ oo m*~ ~ :JJo , IN .Ltt 'Em 
t1B~': A<J~?t.m F4mfl~ii!:~$ , % ~~ 1t ~,c., t¥.Jf1 § ~~$ , -tn.~~ -fP~B l.i!Mi~ &J.i)z o .Ltt 
,~. El3~~•wm~*.&J.i)zWJJt~•.~~~~WB~¥.JrM;N:bnk~§*B9••• 
~.~{t~~~~~~··~.--£~~~~~~0 

~e~m.~1t~*Mm~1t••~•••~·•s~6~Wm~~~1t~*MB9~ 
Wl)!~liie~i:*o ?k!JillE~, !JL1t1l1J Span-SO B9*:!it1£ 1. 5% -2% IJ>t'L1t~* ~~J.m:l! o 

•s~ ~~~~~m•~~~·~~•~• 

!JL{tJl!IFllfil < }§(fil?t-~!0 1% !¥L{tB•trrlJ / min 'L 1-l:.lll(:* ~~~ill!/m • s - I iliff+ 7d JS~ill!lm · ~ - • 

0.5 13 ~ 

1.0 6 t:(t!f 4200 *7'l-it!:ll~ 

1.25 6 t:(~ >4000 3600 ( 14d J6) 

1.5 3 ~ 4530 4100 

2.0 3 fEr 4450 4600 

6.0 6 t:( fEr >4000 3000 ( l4d Fn ) 

tt : 1. Wl-911C/.f:h-m~t.f.i : 7.1c = so: 20; 7.Jc;KJ : i1Q;KJ = 94 : 6 ; 2. :lli1!!:1-J~-W~i3 -t--W.fl.i¥.J.it!l.~-J!lf~.HU ( ·'if 

ii~/!); 3. ~flt"mflf:ht/>l00mmx80cm, ~jjt6~tF8i:~; 4. ®:11~1-J250gi:l.'t~; 5. 'L{tJliJ"l!tiilL2S%;fll 

6. 0% 1¥.1 ut~ <P 7 d JiU F Jlfr i!UL , 1HIT .11:J!Il • • 

~~L{tJllJ:t.?'~, !YL1ti Z::*'f!fm~1t:.l$~tt~l¥.J~I(Iijf'Fffl-tn.lt~~A. )t;JtR::WJ~~!i't 

JJt o •••~.w•••~tt~•~, 8~tt~a<J,L1tKJ:~.~#~~W~£•a<JMm. 
~W~-2a<JDW~~.OOiiie~~~-8~o -M*~·•w••*~·-~tt~~~ 
~ . f.§:f*#~2tt~-~~~~o ~:.!lEli~t£1L1tmm1H1L!t~~a<JiFH~"f, JV~~!i'tll!tl 

*, ~L1trrla<Jtrr-T~~. ~:MJ~ o {!1~. m#B>fD~~!i't1Jt¥1J~--t-W-Jlll.Fo, f2i:T-B97Hti .!:5 
~M:i2s¥1J.lfZ-~~~, ~P1!1!-N:i1Hfttlt#, 7Htitlz~-N:itl:ff o ·~~!i'tll:ic::k, J!JR.tf~fllif81~A9 

~1t .OOtll&1Jtt¥.J~1t . •Mm~n~~~.&W~~T~~ttn~a~tto~~~ .tll• 

"~~•.da#B>f~:i:i*·•*•~-1"~~~~-~~~tt-tn.~m~*o 
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- 8~ -~8~~~~~~~~~-

~iHilr · min - • ffiliiBe~lcm ~)!lm · s " 1 fii:ff~l A 

900 3 3000 2-3 

1500 5 3200-3400 4-5 

2800 ;r.S ~3500 36 . 

8. 2. 4. 2 l$i Jt. {fJ §} l>{oJ 

~~~Httft~~·-~--~-M~*··· , ~BM~~-·-A*~H~o ~ 
~~f=~Hi. ~L1t:J$HWJJt-ft!H!l fli1Jl£ L 05 -1. 30glcm

3
.1JE:o 

~~~-.~~1t~H•~#:J$H~~~.WJJt~•~••tt•~o~§~~~~~R 
:tf£~5 1 A "\7@!.~~~ o ~~4m J.!fr:t!g~ ?tW =f:J$HZ. ~. 1£7-~W ~~ill B-<J 1'¥ .Firf~ nX;~t.\, :itt 
wa~:J.'¥H~••&mo ~••• · •~~m~•s , %~~*~,•~~-~f=~-~~ 
~n~J o J. Lee ffi Ya V. Alymova .A?J-JJIJ Wf~T~'L.,~Ji&iWU.lj(;ff:JJ$}J:\'U"Iitfllii-1itiJJ1tiN1t~~L{t:J$ 

H.M*:t!g*~:~-~~---~~.~it~H~--~e-HW~~~~o•M*:k~ 
- 1'-:liick flt:1'& Fc ~~J' J[~IJ:!I~ ~ ltJT o 

*•a~~T*Jtl•~~~••~mm 
~~1t:J$H~••~••~~~ . mw~~ ~ 
~~*· fll~S~~ir!HJ~j!OOO 8-35fYT7f;; o 

a:t oo 8-35 or~, -tt~~m•~~~L1t~ 

H ( Span-80 ) ~-~. ~~1R2t~1£!ifn.tgf.j 
j] L 08glcm3 f#1Jl! ; ~'L'~~~:e1(ffl{t~~L 

1t ~ H ~ :lil :*: ;t~Ht ;(;J mL B-<J :J$ H • JJt 11 
1. 15glcm3

, eJt:k=f L 22glcm3 EI;J~$?t~ 

*il11f~Jl, $~:*:=f 1. 25glcm3 B;f, :J$H 
7t~~*1f'lf~~; J$~*·~~~L1t:J$H, 
etl.1J l. 09glcm

3 1Jij' j,ii£j;5f!J:IN::Xo f$~ 
*•1t ~'L 1t :J$ H ~ • ii fl-ii!i tt ~ I$l-1ili JJ1t ti& 
{tag~ f~ o ~ 7'~ ' ~ ~ m ~J *:fit :.m ~ IJij ' 

- 4400 •., 
- 4000 -€ 
~3600 

!!.!! 3200 

2800 

2400 

3 

• I 

4 

2000 v 
1.00 1.05 1.10 1.1 5 120 1.25 1.30 

ft. il:~i§\'E'al /g-cm-3 

00 8-35 !iL1t*1:1-9 ~\!tl~~JtB9~.* 

1 ~71i!liiHt ( Span-80) ;2~7@$:-f.t ( ~:fr-T"-itl'fll) ; 

3-~·.f,;t~1lit;4-rt~ii'l1t 

Span-80 ~L1t~*FHifJJ!l!fii!i ~=ft6?t.Y ~LftfriJ ~Lit~*FH, flu.:j!f ~:/Bii:llt:kiiM mJ.t~ 
fr1Ht9~£.t.:'h o. 105%, Fc.:j!f~:fiiJ£:m::X-m:x>Jm~~?e!1f1J*il1.11 o. 1o8% 0 

:*fl31»!1~t(it{tfrJJ~~~{tB;J, ~L~~-~-~~.\tJJttf1{¥:£Efj' .L:I£!R{g{ag~~ o j!Q:W: 
M:~~~J.lj(~~7@!.~J~ir, ~J.lj(* 112.91% ~~L1t*FH§i£1RJ&:*:, Jlta;j~L1t~Ha9.W 

)Jtj] 1. 19glcm
3

, ~:J$H~~~V{(J.lj(~~:fit~=f~:J;:=f 3. 85% B;f , ~H/.tJI~HIIftf~ o ~ 
ita9:11l:k1i~*_t~~~:£Ejt7@.3}1J*:ti1:1.J o. 10% ltilli!R~, ~-Jit~=f JltiR~IJij, t>ii!llifi~ 

m~J~:.fitag~~nrm~~o' ~=fJltl8:~Bt:lliiillfi£?@!.1iiJ*ita9!tt:*:iffl~;J' o $~*;f:IJ~7@.Jllj 
~irfi1t~~L1t*FH~iiii:tl!£:*:fRJLlft15~~:£E~r£Y~J*lil1-J o. 118 % liftili:o :J$HHtt~J[ 
~j] <f>(32 ± l) mm X ( 200 ±5)mm0 ~tj:gf.j*j]~~~&F~o 

~ 8-28 ~*flilj}t ffi~ii!:~ttttl lJ!~~flM!l!H!tl W a9~ IWJJJt~~J.lj(ffi.~ffi.friJ~:I: a9.1If{M o 



-- ---- ----------- -- ------ ------ ------- --------- -- -------- ----------- 8. 2 .fL1t :)If ~ (!() :tl ~t •t1. Altl.>l$.-1} 1>f.J ~ -;t • 509 • 

*s~ ~~~•~••m~~--~~~~ 

P:ili!ifiJ~:!il (Jlli:ii?t~) /% 
1Ji!/m · s-• 

0. 06 0. 09 0. 12 0. 15 

1. 96 5099<1> 5111<1> 5083<1> 5025 

2.44 4884<1> 5102 5021 <I> 4878 

2.91 5195 5050 5060<» 4964<1> 

Jllt~jjjtJlt~it 3.38 4898<1> 4672 4545 4323<1> 

( ftl!:l.il:?t~) /% 3.85 4761 4751 4761 4598 

4. 31 4728 4762 4690 4651 

4. 76 4762 4739 4672 4504 

5.21 4683 4595 4630 4386 

~R~J¥%8~~~ : J;JJ!~"F~~mT-~~~~1*3oJMt-T 1~Hil?t?t~tr~~rflit.!:jft~ 
~~:!llil:o -:tJW~W~~~J::t:kat, {j!,®t,ifi~?tDG~4IJ-1'W~mtk...t~~~li:~{~, {j!~i 

w~••~•~•~;~-:tJw•~"~~w~~~~~&~~m~••~.~~&~• 
$~M.~W{j!&~~~*.W~i~W~~**···~-W~--~-~---~-o 
~1*:J:&iJt , ~ft~&W:fhll~m, 1ffi:~-u::k~!¥L~w~••~1~~W-mi3:~:ff~"F JL-i':tJ 
W: (1) JM~J::t:k, •f.tr1*~~~~~W.~tlt:!i:k:k~f£~, ~W.~BS:Wtr~tl-9~~~i:IL~ 
:k:k~~, ffilllt*&illW~~-·~JW~~~ffi:f;l1ft'FJliW~-~Wr.~~:bo1~HJ~;J\, {j!~-i~ 
••n•&mz~~~~&mzm•••o (2) mT-~~~**{j!•W~U&~~~~~• 
~.w~~~&~~-~~~~•~z~tl-9~£m1l~•.•••~w~~~&w:~~~ 
~~&~~,r&~•o (3) :1$~~~-u::kat, •••~$)~~~1£1Wooft9j$~. t!L~{j!:l$~ 

~--·~·11:~M o 
7& 8-29 ~7& 8-30 ?t§JU~ftti:I~'C.'JltlM~J:j(*:i!>W¥UtWPijttn~~~ nfiiJ , ;It~* 8-29 * 

Jll~~ 3M 0i¥J~tr~ Scotchlite™~~tlflt~~J:j(tr~ o * 8-29 ~tJt:m~ffi, xt4IJ-i'Jl$%~ 
Jlt~~~tr~~;tm,A:iL mff:1£--i'i~W~. 1~-TW:,~!ilUW~:taJ;J, ffil~~T-W:.~W~Jjltl 

~tl1$ o * 8-30 tiL~~ T ~-.~, 7& 8-30 ~ B23/500 ~ Cl5/250 tl-9:1flfi~:IJO:lil:?tJ.l1J j;J 

3% ~ 2% o :1'J1~iHiE!¥L~:I$Pij~J,i-·11:~, ~,C.,lltlf~H~~~~:bn:li-~:1'J o. 9% -4. 5% o 

* 8-29 ~'L'~--Jili*·~~L'f.t*I'H11~~~Pial 

~-!i!: ( [!Jt -!i!: ?t~) I% 
~L-ft~F_j;li]i/m . s - 1 

k1 k15 k20 k25 

0.5 3015 0 0 0 

0. 75 4225 3951 0 0 

1.0 4489 4018 3200 0 

1.5 4557 4800 4400 3755 

2. 25 4800 4800 4824 4630 

2.5 4800 4824 4824 4637 

3. 0 4800 4824 4824 4637 



rl'*Af~ ili:lm:lt Olril~H!OI% :l$!l.i$!f:/ g . em -3 • .i!/m • s·• Jfi·~JI(/cm Jllf/mm 

1 I. 26 3711 5 13. 9 

2 I. 20 4656 tO 16.8 
823/ 500 

3 1.14 4874 12 19. I 

3.5 I. I I 4843 10 18. 6 

I J. 23 4346 8 17. 0 

2 1.12 4867 g 19.4 
C151250 

3 1. 06 4782 8 18.4 

3.5 1.04 4784 8 18.0 

lllfi#~-ti\t~~ila<J:itt1JP,t$!9tl:~~i1i'lf~lf.Fo ,l,ll($fGJ!i£~!1-:.k.J1Jf!£7ciR,t'&Fota 
l(~$f~lj\o ~$!~~~ ~7@jf!J![il"~-ft1Jt, ~H~:Qjc:lfl( ltJltf/11~JJti(l.J!k~ 1t1Jt~f~o 

tE~1i:fliR/Jlfl iPJ ~·~11m. "F , r$~::51!lUir ~ ~1JniUn~ ji:ij £ ~ ~1\'~~ XIJ"~L-ft~!-9 ~ ~~ 
fl&~fl~ta~~tt~.F~fjij~a<J~~, ~ 8-31 ;m~ 8-32 'Pa<J~Wi#.I!Jl T i!~~P(.iJ.** o 

~ 8-31 'Pa<J~L-ft*F!-9 A .R~:ff 0. 5% a<Jf$~~' tEH-E!1H£;J\T 64mm Bt~1:J§1,J, rm~ 

f$~~1¥l*:fit:lt~0.99%81 (:~L-ft:l$!9 B), ;itjt!f~J£:911¥1, tE$~~~~:fil~:k.T-
4%a9Mm.~.*··-~-~·o ·8~2~~1f&"~jPJ~~··::5a<J~L1t~Ha<Jit 
~, ~L1t:I$H A- D FJT.fflf$.~a<J~:It9:tllf.~il-· 4-38 1¥1~~, fmmi~~~Ht!S:JH!l1f~ 
~a<J o ~L{t1$!9 E JYT*f$~;5, ;it.lJZ-:ftg~Jf~jc , I!P{f!'EfJ1F.Jf~a<Jf$Jl;5~~{tt$H A, 
B F.Jf~l¥1-~~. ~~~'W'l~f4~~a9o :1L1t1$!9 F t11~1f~ E 'PF.Jf*~~HJ~~*-H.~f$·:6-, 

@;it~ti~:k.-~.F.Jf~FA1f~ A - D ·~~~ji:ij~@lf. ,ti1AWV·~~o ~~ey 

.w., ~-!*~~ fl:iJ a<J•~•~J3l, mtLeJ.*:s-a<Jf!l!m:fit~ t~~ur$•::5*~~$ o 

• 8-31 ~~~tfJ=1'faJ*·~···lli¥J~~ 
~fl~titm A 8 

.fiAfttf1( 68.96 68.61 

m~Wi 13. 71 13. 66 

* 10. 55 10. 50 

fl.it~l 1.00 0. 99 

r~rut 5.27 5. 25 

~fle:G' 0. 50 0.99 

\!lfl g • em "3 I. 39 J. 34 

5 'C IJ;ftJIJ. :l$t6 ~ <D 

124mm 2. 3~ 4.0 

IOOmm I.S~ 4. 7 

75mm 1.2~ 3.3 

64mm :ft! • 2. I 

32mm ffl • ~ • 
.@:Jj \g§!lj ( 1lt1'l'~fl( ) 6 -i}/5 -i} 6 "'}15 .(} 

( JliHII :Je.) 
. - • CD:IJ:J.1:f'6*1fJ4}~1¥J~{l[~:.ltlJ\illR1, ifl.@.J;] km/&0 

~@~t¥.J~~-~~7J\·~~~~. 

c 
67. 94 

13.53 

10.39 

0. 98 

5. 20 

I. 96 

1.32 

5. 3 

5. J 

5. I 

4. 7 

4. 4 

5 -(}/4 -1} 

' 

0 E 

66.63 65. 38 

13. 27 13. 02 

10. 19 9. 99 

0. 96 0. 94 

5. 10 4.99 

3. 85 5.66 

I. 23 1.15 

5.3 4. 9 

5. I S. I 

4. 9 

4.9 4. 5 

6 ~IS -1} 6 -4}15 ~ 



................ ...................... .. ......... ....... .... ........ 8. 2 $!.-It'* fli 8(] ~~ ·li. iit.&.Jt. f}""' 1!1 !" . 511 • 

• 8-32 '!'fa'! ~~~'*~~~'f.t1$"'-i···~ll!.J~~$ 

J$~:'6.ftr~ !:'3:tl:tt:t£1113 A B c D 

CT-23 3.07 4. 0 

DPS-20 3.07 4.0 

Paxiite~ 

\fgr/ g · em •3 1. 26 l. 27 I. 22 I. 19 

20"C B;fitWfa:ll-! 

64mm 4 ~/4. 9 4 -f}/ 4. 9 5 ~15. I 

50mm 6 ~/4. 0~ 4 ~/4.0 

38mm 8 .J;}/ 4. s 
32mm 8 .J;}/ 4. 4 8 ·1}13. 7 8 -i}/3. 6 

25mm 8 ~/3. 7 8~/llili 8 ~/4. 0 8 -1}/3. 3 

19mm 8 ~12. 8 8~/lli:tl 8 ~/3. 3 

5"CIJ:tjJ:l'Ft.i* 

64mm 4 ~/4. 9 

50mm . s ~14. 7 4 -4}/ 5. I 

38mm 8 .J;}/ 4. 7 8 .fJ/ 3. 8 

32mm 8 ~/4.4 8 -l}l ff11i 

25mm 8 .(}/ 4. 2 8 -i}/4. I 

19mm 8 -1'}/ llijf 8 -€}/ 4. 0 8%13.4 

.fil!H!lli~ < ili:.-tiHI > 

20"C 6 ~15 -E} 4 -1}13 -4} 4 .f}/ 3 .fJ 4 .\}13% 

5"C 8%/ 6% 5~/4 ~ 4 ~/3 -4} 4%13% 

CD4H'I:. ~ :tF ~~$l!l< :'6~~ , Jt $!'< ftc:;li;t<!llt~J . 

®Paxlite ;liH~IIItaJ'!Wfi}ii.J (IC]Jf;t*:'6JI4!-'}, ;ft~~:f!Z~ 1:t CT-23 , DPS-20 *• 
~ ~/4. 0 't' 6 ~lit 'If~~, 4. 0 Jg§i!fli. lftUf.~ kmls, ~'f!~J~Fnlo 

®m 17og~tf;/f!.~E•m•. 

®m 1 .R 8 -'}11t'l'fi&•B;J-m•, ifiiffl40s ~tf;/f!.t.Yil!li,IB;J-•~ . 

E F 

3.07 8.33 

l. 33 1. 21 

8 .f}I:JlHI 

8 W :JlHI 8 ~13. 5 

8 -i}lllijf 

8 ~1-11!18 8 ~/3. 0 

8 ~/3.0 

8 ·t'}/ 3. 0 

8 ~ltiHI 

8 .fJ/:IIHJ 

8 -17/llijJ 8 ~/3. 2 

8 ·l}/~f1:li 8 ~/3.0 

8 .fJ/2. 5 

8 -E}I llijf 

:jli18® 5 -1'}/ 4 .q. 

m•($ 6 %15 .(} 

~JJ.H':f~toA:Ji-Jlltjg 2% -6% o toA:Ib~:f~at, .xt:¥L1t:k'F~~WJ~.iJYt~~. :¥L~ 

~ J9t 9=' *~ 99 ~4:(. rf!v1Uli~j,-- , m ""~ f= £ 99 -~~Yt f1l·~ ~~ ; :boA :tit :tt iOi at , .xt f= £ ~ -~ 
ttfm~~ IUJ~ojtij, jtft.X;f-f*ff:a;ffBJtle~99~L1t:k'F~-*ltl=, ii~~Jjt;&~~J?..Q, If~~~-i­

W'if~.!f o 
8. 2. 4. 3 ~ ..t. iJ1l 'P 1l<J lUi:k. + 1¥J J} ~ 

jg7•~•1t••.~M~:¥L~£19t9='*~~-299.*~~~99E(m~~--~o 
;Jitli~-~jg 5 - 200~m, IV.][~:(£ IOO~m tr:ti994:(71Qfftlft•"=jg:IR 1§1§o f£-~m:OOP'J~ 

1t~~~··*~~~~.-~a;f99''A4''~$.~~99-;f$ft~-~~o J.~e·A 
i:,ljgtf-~99~~]l~"f, :ll~i!K1Jti!Jiltf:t/t:~9='99~~(19t)I~B(j~;j\ifiifl*o G. S. R. Ravi 

Shankar ~A-lilf3i:~J!t. tii1t~*a9J@'i!fjg: ~~ > ~7f!!. > ~~*o 
Bfl$JJJ~~A ~jj~-*m:ffi!.AAJ.~7:¥L1t1$~9:t~-~~~~B9:k.;J\.xt11i!a9~~ o f1Mil 
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oooo.------------------. 

• ... 
• 
E -sooo 

= 
--<>--<>- 1.02- 1.04 

4500 
--t:.-....o--1 .07- 1.08 

• • 1.15- 1. 17 

4000L-~~--~~--~~~ 
0 20 40 60 80 100 120 140 

~ijlfi!t~W£ /~m 

00 8-38 .lt.Sj~-~~~~ 

7;:;NJ9;/C~ ( x~HR ) 

~, :;lc1*J:'i'iJ~~JIJ~ 6500m/s (J{Jjfj\ifjtfJlo 

Ql 
il;! 
~ g 
~ 
"ill'l 

1500XI06 

1000X106 

500X106 

IOOX106 

50XI06 --n.. 

10Xt06 llJ~f:tt~1i:f~/~m 
6 -<>---0--- 125 

5 X1 0 • • 79 

1.0 

.----54 
8 8 33 

1.1 1.2 
'itJllg·cm-3 

00 8-39 *l:i9'fl~~t.jtlf~illfifl~Jj( 

;fil~~ty:=i£j(;j\ag~{t;tc~ 

-

1.3 

DH$Sa~&~&~~--£~-~ o ~ 8-33 ~~7••a•~~-~o 'L~~ 

H A - r m*••~~•~••••· ~w~flJ~~~m~••~.~••*•~; 'L~ 
~!§ G M*.$S!tt, ;t.:ISJ.tl:JJr.:;lc, f!Pii!!;t*:ii~ A - F - ;f-f$, ~111~&/f'e~o 'L 
~:kt:H H M*$Saa<J. :ISJtii:Jll§ G - ;f;f:;lc;J\, ffi;t*iil:~:;lc~i$, llHJH!~l§ A- F .ti/f' 
$,f§ lilJ ~W ll . .b\ W-f*~Jt;ffi'ltfil~!l. W:tlii.!iltl l:t A - F ~-ii;J\o &£t~iJ6, ~1JD. 

fY:T:t•a 1'iJ ii!!~L~*FHiltW·~ B9tfli. W~1JD@tt$•:1:t .R fm~JJJ·f~B9:tl*o 

• 8-33 ~Jl~~JI~111$ti~tl9~~ 

~ ~ 
!iL -It~ PHI!.{} 

A B c D E F G H 

'ft~:'6*ii!:<l> 3.07 4. 0 

$~!6*:lll:<%> 3.07 4.0 

'ft J!l<;l!/'1Ut® 3.07 4.0 

~ J!l<~* .I:® 3.07 8. 33 

ftf£r/ g • em - l I. 26 I. 27 I. 33 I. 22 1. 19 I. 19 I. 33 I. 21 

~1$tiH~~ , 
20'{: 64mm 4 -li}/4. 9 4 ~/4. 9 S ~IS. I 4 ~/J 8 ~/I 

SOmm 6 -\}/4. 0 s ~/3. 8 4 "}14. 0 8 -\}/ 1 8 -1}13. s 
38mm 8 ~/4. s 8 ~/3. 1 8 -\}1 1 

32mm 8 4}/ 4. 4 8 ~-/3. 7 8 ~/3. 0 8 .f}/ 3. 6 8 -13-13.6 8 -1}/ 1 8 .t}/3. 0 

2Smm 8 -13·13. 7 8 ~/1 8 ~/l 8 ~-/4. 0 8 .(}/ 3. 3 8 ~/4.0 8 -f}/3. 0 

19mm 8 ~-12. 8 8 .f!./ 1 8 #/3, 3 8 ~/2.8 8 .fJ-13. 0 



----------- ············----------------··········------·-·· ···············-····· 

JJj El 
A B c 

5't 64mm 6 ·1}/2. 3 

50mm • 5 -\}14. 7 

38mm 8 .(}/4. 7 8 -1}13. 8 8 .(}13. 0 

32mm 8 -1}/4. 4 8 .\}II 8 ~/1 

25mm 

19mm 8 ..fJ·/J 

fij-~V,i(rut/rul): 

20't 6 -\}IS .f} 4 %13 -1} 5 .f}/4% 

5't 8 -£}/6 -1} 5 -1}/4 -4} 6 .f}/5 -1} 

(!);I& 'ill' ;l(:$1-0i'!J irJ "GT-23Microperi" • lfi-~~J:!r ::tJ II011m; 

®t&11f;fef40iil {19 "Dicalite DPS-20"; 

~~;(p!YfJ'l0i'Q {19 "Insulite"; 

@~Jt:Wi0 i:ll A<J " Paxlite" ; 

~:il{ 8-33 

:Jl -A::I:f.i~{t-1} 

D E F G H 

4 ~/4. 9 4 .\}IJ 8 ·~·/1 

4 -1}15. I 8 ~·/1 

8 .\}11 8 -1}13. 2 

8 .4'}/3. 6 8 -1}/1 8 f}/3. 0 

8 -\}14. I 8 .J.;}/3. 3 8 ~/2. 5 

8 -\}13. 4 8 .q-;3.0 8 .\}/1 

4 -1}13 -l} 4 .(}/3.(} 4 .1}13 "} If s £}14 % 

4 -lt/3 .\} 4 -1}13% 4 .J.}/3 "} lg 6 -1}·/5 -1} 

®~-1-fJ:1-J 1Iitl'%~. I1.Jtl[if , J 1.1®•. tHlt1.J•ill!. Jfl.{.llkml&. r 11m 170g ~fEM~®JJatH~:tl . g 1-JJ'H 
1 .R 8 ~·ffi'l'fil&:llfltffHi , frfiffl40g ~fEJE.ifilil:liMJitU® • • 

*8~4~ili7$R*&·~~~WHttn•~"~--~-~~~~~ -~~~­
~&-~~ -80§Z~~.&·~-"~~ttfto 

- 8~ -~~~~~-~~~-~~~~ 
~lft/mm( ~) <0. 833 (20) 0. 833 -0. 370(20 - 40) o. 370-0. 246(40 -60) 0. 246-0. 175( 60 - 80) 

:I$11JlMll/kg · m ·l 1. 18 I. 15 I. 10 I. 108 

:llif/ m • s · I 3900 4200 4500 4700 

JfUW!le~/cm 9 9 10 9 

~lJ!/mm 15.0 17.0 17.6 18. 0 

'"~~lffl$1% 39.8 44.9 54.0 57. 9 

~•••m~~to.~•- ~•m• . ~~~~*·••*~~•~m•~•"o ~ 
~ *••*~~ti:JE?t?t'la =r ~LJ!lt¥ mt ~ , ~ .~tt~N xt ?t :1P :t!f1 ?:J ~ 1* ~ • 5¥: ~~ w'lf ?J:P rtr tBt: fF m 
Fo, it!¥J!t!!I*JEJf*~~9:7f!tiJfG5¥:¥1J~~.ffimi, ~n!G~R.i:, 'SI®~L~1$H~:11W, ~XW..L 

~~~~~WH~•~®•~•~•wtt~o ~~~..t?t~.••~•~~*·~·~~ 
?:J .Elf*~•~~~~~•.~••R.i:"~•~•.~~ttn~••o mtttt~?t~bn, 
~~9:--~.&W~-7~Bttftoey£,.R~&m~*·~~,:t!fJ~~~~-~-~ 
ttn~::t'~Jo 

8.2.4.4 -·~··~-~~~-~ 
~7~1JU~:fit-~~;itf.tt~tt . !PJ~L~~H'P~:hnti~ft\fJ}, ~~fJ}~tm~!lm*4jj!U~ 

1it1f~$ o lit~~;EJ, ~butJL~f.gfJ} , ?Yf!Ji1U3!Fo~f51!~L~1$H~~~·~&~~~~, tfJ{j!:liJ 
~1fEJf~ff!;o _§_~~~~ftltfL ~{ltfJ}*ill~:ltbo••~*ll*ff!;o [¥1 8-~ 7&7f-;7~L~~ 
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~-it.!'5%l1i:fil~*~ 0 

00 8-40 'f~!ltJ~~Ijij, ~{.{t;$~~-it~tf~1iii~:ft:IJ0 .-§! 1i:~"F~ o ~~1i:itliJ 

0% !ft:boJIJ 21% a-t, ~it Iii 7c!!:J 5639mls "F~iU 4938m/ s 1£-;(:j, :i!~~~~~-T~LftW~ 

~1&; 1t E13 1. 20glcm3~:1Jll ~J 1. 35gl cm3 ~1{} (19 o Mi.ti~ 1iii! a9:lt:1JO :lilit"F ~B9 J]j{ f§ :tE =f, 
%\:tE:Iii;;Utt:~'iir'lit%~ Al203, £1&~~J.ilZZi!&o 

8. 2. 4. 5 ~~1U9.{rl]-J)-FJ 

-•**·~~~~1,iit~He~@·~-~'o :tE-~&H8N"F.•B•~·-~ 
f~ti~:liVN~H1I@fltf*fl=:.l1:H~111li!f.lr@ o 1I12m~:bo7c,G, :llit.:fWjf1JO~:lfVN\tH 

1I&8fi=~Ha9m~1I@o ~&Hn@~=f'l1li!f.•&~•••&z~~.•it~•••& 
a9:bll7cfffli1!:brlo 00 8-41 ~!JL1t:t$Ht,jit ~H!ffi1I@a9*-*rttl~o 

@6~----------~ 

5486 

•.. 4876 
• 

.€ 
Jll!l 
• 4267 

3658 

3048 L..._ _ _.__ _ ___.__ _ ____, 

0 8 16 24 

flltt ll JO,{, 

00 8-40 ~L-A:W~.ff:lijg ~ffl~il:a<J~~ 

( ilifHi:~ : 101. 6mm ( 4in)) 

6~.---~--------~ 

I 

5486 

II 

'"' 4876 • 
!! 
!'1!1 
• 4267 

3658 

3048 ~---=-::'--::----::':-::---:-:-':-:---:-=' 
25.4 50 8 76.0 1020 127.0 

i-i~Ii~hnro 

00 8-41 ~Lit:l$~~l?Y<li*:I$~(J<J 

/J~l3Pj~ 1H£a<J~~ 

T -~*~~~~; n~~S% ; m-~~~ili 

Ell!!! 8-41 9=' ~~~ !ltl~.:f~;r:t It, li~!1LftWH:tiit ~ 1I& JL.1f J£1I~~~, {s :if' 
!m1I@fa](i9.it2Hil.,J,o 19tl:tm, H~1f@JA 25mm jf~ lOOmm a-1, ;ft.MHK~{I[{J(j;} 

1200mls, ffii.EI..it..t:i!~'J'~~{I[-1'~ j;§~:fJDi=!l¥JJ i'ffirJJc~ o !if& 00 9=' a9 rtti~..R~l.R T!JL 

aaa®1i5%~-~~B.m~~=f~~a9~B•••~ffi~a9*•· ~~~•*•• 
i:1:20% !Wl"&lt-tl!.:lf'~J?'I-o 1¥1 9=' ~ rtl3 ~~;&R,ij, :tt:•H1t@'J'T 25. 4mm ( lin ) B9tlll£ "F, 
~L~WHtlL~M~~~Bo ~~WHB9-it,~,~'J'=f!¥L~:.l1:~B9:laito 

~ 8-35 ifl~7WJJ1Jt~ti~H:!L~/t~f~a<J~.M4t, I!P~~H@EB 25mm :l:~7ciU 30mm B;J":Jilit~ 
Ell~*, lc=f 30mm EJ;f", $1itM!-T~~-o 

~~-••B9~Hw;.~e~H•&B9~7c.;ft.•itJL.1f•~tt•*·&~:tt~~ 
1&;·~~7cim~7c, :t~oOO 8-42 E!Tffi o :i!~IJilefrMiffH~~HWlf ~:t.t7c, -~-&~t~ 
H:lli~~llfiil£11,ij.l!L :tEW~:IJit.!'5.H1I&fflJ~a<J.*~OO!fl, llJiiffH~1I@~'J,¥U~Jli:111li 

J'f-i«~ltB~~~"FI!:!I, rl!:!ltmNJIR~-T~~-~B9~,~&ElZ.fJlJJI!o 
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* 8-35 ~~1It£~11il~-

ili$1IWmm ~~iill/g · em - l 1li!!/ m • s·' 

25 I. 0921 4464. 3 

30 I. 1052 4762.4 

35 ). 1439 4886. I 

J§;g-~ 10% ft:1:! 0 Shigeru l toh ~AM~ 7 ifiil 
w.~~~~m••,~~~•~•m'L~ 
~H~-~~~~~m~~~@ . ~n.*~ 
Jtj;IJ 1:1 40mm, 5mm ffl 160mm, ;Jf .ftJ .ffl!AJ it 
HI~ (Streak photographs) 1t*~JJ7~~~ 

H-~&~~~~~~~%~o ~~~*~ 
~~~~~-~~~~H:t~•J:J-m~•. 

~~j[~/mm 

40 

42 

7 

I 

~Vjftf].Jt/g · em -l 11~m·s · • 

I. I 93 I 4760.3 

I. 0317 4840. 0 

p /g·cm-3 

1- 1.25: 2-1.1 0; 

3-0.95; <Hl.80; 

o~~=-~~~~--~~~ 0.02 0.04 0.06 0.08 0.1 0 

• 

Wff m•~~-~!JL~tn~a~Bt,ii!!llift;tT.J.3~13-:!iEt9~1Jofffl~;J'. 'Lf-tt1=H'i='4.i~1Jo Is% B1l 
iff\~Hiiaf"Fil* 150m/so ~U~~~*~l.f; I JtJJ1J.fflf.J~f11~1r-~*Et9'L~1$HEt9:lil~~~iif 

1:J·Et9~W~~mllt•~~B'ii'L~:I$H~~---~iif~8~WMffl~-88®o ?tfi~ 
1:1 , ll..lllti!~ 1f:~ Et9 Jffi !'&OJ flli~ ~-~*4 a9 Pf l~lHfL (1'9~ u!PJ , !'& .19 r£ Jlt~ f'P ~ fl 'P ~ m~ $J 
B'iiJIS" §lHti:~:liVJ, ~ o 

~ 1J! MJJ/mm !1\'t~J.!;ll/g · em -l :Jill! _, m • s ~ J.M !\J.P.}./ rom JlRVi\fll/ g · em -l •m.tm · a· • 

.tiH'tilf 3.0 1.0317 4840.0 ~II.Z:.t$ 4. 0 I. 0317 4967.2 

~z:.~ 1.0 I. 0816 4412. 7 ·~ 'llil 4. 0 I. 0557 5557.5 

EBT'L~~Hit-1HH~i*ia9:ti~~~[Jt I ~;t~}R5f--f4"f:l,j·.§~l faifE.:iZl;f§~::k 

B9~fi~ ~Jit~~s!~sl:t1Ht!:la9~**1Lt*f£~,L~*FHB'il:tli!!~~~)(/f::k o ~ 8-3 1 

'P (19 ~;j" lt~~tB i.#. ~ 7 :i!.~ 0 

8.2.4.7 iS.J.tBlJ~~ 

~E.§~.~~:I$H?t8~~~MM••;tm«~m~~~~-~~~-~~r±o ~ 
~-.·~~~--~~-~~~"ftB~fiili~A,~~-#~~~fto ft~·@·~\1 
~•*111&(~~ I ~~~t.\"f~~ii.t~*, JNJJt~Lf-t:I$~A~ ~:t~r~vt~tttm, !JL~~19!Et9 

asa:t~r~~vt~tt~•~•o-•*m·••~=r-w-~~moo~~~~~-B'il~• 
JLSJ'-~~-JlW~~o tB·~-. m=r~--@i¥J;JL~:I$~H~fffl~ I -~»- -20"Ctf'/if#j 
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.¥ +40'C, ;lt!ii!JL.>f~t.j:;pjr o G. Om Reddy ~Aa9iJfJt~*1il, ~tffiL!l~~ -33CC ~ 

"fR;j", 1$~./F"~f!ltlf'lfs l~ o 

8. 2. 4. 8 7](.~'*"-~- if.) J; ""1 
7)(:.1!-f'P1t$ttl95:-'f'ffl~~~Wm1, tJc~Tt:~~L1t~~lfla9~~1liJ. ~'-l~~w~~t& 

a98~m•B*~Mft~~7)(~~o~~**a9S~~. ~~7~B-~Wa9B*R~.MW 
fj!:Jii:l!~fij; o $. 8-37 ~:±l7~6=f~~A~HJta97};:-ttit~t:liii~l(nJA9i.'i\~~ti o 

·8-37 **•~11iltr.J~~ 

#aJI (t!ft:flt~Ht) 1% 5. 0 7.5 10.0 12. 5 15. 0 

\Jflf/ g · em -J 1.06 1.06 I. 03 I. 03 1.04 

. l!KI - 1 4908. 8 4854.8 4823. 3 4711. 5 4566. 5 m • s . 

JID·I!e~/mm ~ 1 3 ;;.12 ;;. 12 ;;.10 ;;.JO 

M-8~7~A9~mm~U:±l.~·7)(-tt8a9~to,~L1t~~a9-ii~r~:W~:Ii 
/1:!! ~ ~1t ~ ~ :t: ::k o ~ 7)( -tt 1it JA 5% :tftbliJU 1 o% a9 :i::J: N r:p , ~L 1t ~ ~ a9 $1 i! ~ 1t:tf ~ ijjj 
a . m~•*bn7)(-tt~.~-~-r••••~•ljjjH7 o ~~~-~~~•**2a9~ 
bn,ftW7B*«1tM,{j!a1tma9*Sr•.•~~~•~o 

8. 2. 5 ~J.l 

:!$~-~at' ~li$.!:j ;lttltif'm 1l-}lit (19~JJ ~'-l~J.t ' tiL;li&~:!Jl:j$~ jlj$ ·~!£"~ (19 - 1' if!!{t 

m~o - Vm, Ill!~, ~ll::ko W~:/ii*Fat1:.~::k£lU{J'=t-f*F~, ~~JJ~iW~-!W-faJ, 

'EfrJ~tEAll:M:ilfli , ff.JJQ::k, J;§JLt~;1'1;1I~~tia91M1*~Jllt ( ~Hm , :tE~JL r:J:l.!:iW~t~f!l!ha9 

~-:£;", 71·±~), :14f~¥1H!'t?..~a9~:l;l'. ;lt~~~&WtJt.IJYf11lla9~JJOIE~ilo ~ll~::k'N~ 

tJcT-ti~F!JM~ff.JJ ~f'l; JfJatfaJ , m1, 1Ii!~~f'P, I!P~~~mi!~~~$.;~i! o 
8. 2.5. 1 J£.*.$.-;1';* 

:t£~~~-~*#r,•~~~-~a9i!ll~~o ~•~~-~a9~1*~JJ~$~, 
~~195:-~m,~2~m~n~~m~~~~l±l£*1I~~ : 

D = Y0 j (P- P0 )1( Y0 - Y) ( 8-16) 

~~ D ••• km/s ; 

P :J;I~ffi, MPa; 

P0 tT-fl:;k~ff. , MPa; 

Yo t~fl~~r~i*~lt~. mUg; 

V ~ffilt~, mi./go 

~~~.w~~1:'F~.~~~•M?t-lllta9&~f'l;m. -•~m•~rz:~a9ffiJJ~~s 

*~mo ~~ffi::ka9W~.~&ti1::ko 
~ (8-16) ~~:mFo, 1tffiHIJ11!~~i¥1J: 

P2 = p0 D21(k + 1) ( 8-17) 

:r.\!:f P2 :ti~&$Z~W:!W-fSJ~~_F!fM(Bff.iJ, MPa ~ GPa; 



Po :t'\=~~~\!!Jt, g/mL; 

D :/$~-~. mls ; 

k ~~ffifl, )(1=f~Hl~:l$~*iM.· k=3 o 9l~Jt ( 8-17 ) ura~~ : 

P 
- PoD2 

2 - 4 

JAJt ( 8-18 ) UJ~, 1$~(!9~J.tl!ifiJtWJt~tJI~tf.J!ff/:;kiTff!fl:;k o 

~ ffl fF ffl tE § 1ffi...t B91t flfii~VR~Jl at ( .if'~~ ~4 J.iJ ) , ~"""Fit : 

J 
8 8 Dm 

I = Pdt = 17Hp0D = 27 S 

:Tt'fl /'-lt{lfjt, s; 

H i'F~~~~}jt, m; 

m ~~ii . kg; 
S-f'F)fjjij~, m

2 
o 

• 

( 8-18) 

( 8-19 ) 

)(1~-}E~B9~-fti'Fpj, it~ lt~F#i B9~it'J ( -AU&~~itiJ1£ o. 05glcm
3 ~"""F), 

lt*X~}E, !i!f.Jat~J:lt)!~~l¥1 OO~fiJ;fl'P~F#iB9~}E, itMt~il1till~-fttJt;J', [;1 .lltUJ ~ Jl! 
f!;,( i)..:;lgtJiJ3t ~ ~ ·~ ~ .1c 0 

8. 2. 5. 2 ~litdt.iF* 

:a:•oo.in**·m*~n•oo~.~=r*#i'FR~#.if'~~~•. 1£Jt•i'Ftt~m 
~'flm.if'•~~.lt~o ~OOm*v..~ . ~Jl~~iii'F~tt~~%1¥1m~m~z-G ~~~ 

.R 8 -1% I.illcW'lf~tg$UJtJF5 1 ~(19:1$~, illi'lt:m.JfJ:ftt-rta<J 5i1W~~~:1fr! ( <f'Jtt.EEm;~) ~~~ 
~Klt.o::kSB9ru~•*M··~.,L{ti'F~B9~Jt-·ffi~aB9o~~.~OOEL~ 
~tl,L-ft:J$~tf.J~.It~~ 16 -20mm ( l!ifi!lf%/f'!i!f.J;ffi~J.l*;j\rrff~) o ~ 8-38 ~~J~7/f'!i!f.JJ:t 

-ij-(19 EL ~j!J,L{t:I$~1¥J~lt~~~*B9-~~{91Jo ~ 8-39 lttJtj!J:fl7 -~:1$8.!:3 EL ~ 
~tl,L1t1$~1'l9fiilliO:o 00 8-43 ~ EL *~'J,L{t:I$RB9<f'Jtt.ffi~~*B9~~JfflJt o 

• 8-38 :flii.l .. ~a<J EL ~~J~{t1$"1ja<JK_,.fl 

.«!~ Vilflli:/ mm bt It ld4 

EIA01 17.30, 18.25 , 18.38, 19.12 , 19.40 . 

EL-102 18.54, 19. 22, 19.43, 20.28 1M~~m: .l[~::f.J40mm ~~f.t' , ~it 50g; 

EL-103 18.99. 18. 92, 19.82, 18. 85 4~HI:~f6: ](~40mm, iQi60mm; ~mJt}.t~: 

EL-104 18. 69' 19. 39' 19. 61' 20. 07 45 .f}ifi, ][~41mm, ~ IOmm 

EL-105 16. 70' 17. 19 ' 17. 97' 17. 73 
' 

:I$P.i.«¥J; Wlf/g · cm · 3 ~lfr{fi/mm j$ilj~¥J: ~lf/g · cm - 3 Vilf«l/mm 

~-~~ 1.0 16-17 2~ilj(:f$J!j 0. 9- I. 0 8 - 11 

.tilt~~ 1.2 18. 8 
il'iill1i.t.li1$~ 0. 9 - I. 0 8 - 9 

2~11~*1:~ 0.9-1.0 10 - 12 

2~1EI':O:t1:~ 0.9-1.0 12 - 14 EL ~?~!Jl it1:1:P.i 1.05 - 1.30 16 -20 
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00 8-43 EL ~~J!J1L1t:kt:Pi~~~l1t6Tattffi~I¥JJ!!Ut 

8. 2. 5. 3 fL1t.~~.f.tJ.t6l1J}-FI~-t 

WL~~~~~~~~~ey~.~~~~~~(~~-) I~~~~~m~~-~~ 

2~.~-A~---~-~~mtnW*bno ~H.~~-~K@~*~~-~o ~~. 
}L~~PJnJ~Lft~~-lm~~~~~:ms~~ltrz:~11Uf~~PitiJ o tt~:fit (fiiltta) ~Wlt:fl 
j{o""f~~: 

j\!:fl A ~~~;fip~:fl"~~-~; 

k ~1$~·~*-flf:fl"~~~f! ; 

p :tj:~a<J·~~~o 
;a: (8-20) ~IYH$~(1<] tt~:fit~~-~ 

-~--~~o ~~~~ffi~~.i0~8-« 

mffio ·~~.~-m~•lt·~~.~ft 
~-a<J~lt~-~-~--lta<J~bPW~Z 
~bO o ~Wit* .3?: ~- ~2-m: On 1. 31 

glcm
3
)$, ~ -T~~·~~~- ~i[!~llf 

1~' ;l't~ltii m~Z.!:IJ!lfo Jt:!UJ , ~**-flf 
a<J~~-m~•~ffi•ru. ~P~•~•A#a<J 
J:l%1, ~~lt~mi!.ltiZ.~::*:o 

~""f·~~ft~~~~-~-olti)~ffl~ 

;it1iB~-: 

18 

17 

16 

~ I S 

--II! 14 
~ 

13 

12 

I 1 

( 8-20) 

• 
• 

• 

1234 5 6 7 89 
It~~~- ,.lo 

(1 ) -*~pH {i~~IIPJ o •*~~WJ~$a<J~_F:~~q:., ~~7 42 -1-m~a<J-*~7!6 

f!la<J pH ffi, ?J!Ui7)(;J"Ji a<Jd~16-:0~Lft1."F!9~:ll~~~lt o ~.*~IY3, l.l<ffiit~~ pH 
ffi~~~i¥J:tl~~~lt:fl~lr!i¥J~P!t!l o ~l.l<ffimtt~ pH {i;(:£ 4. 4 - 6.0 ZI'BJH, ~~~:Iii 
~~~lt~itti, )(;j"Ji=f pH ffi:h 5. 1 ata<J~~t.f)artll~Hlltiil:lili'lti , t!:l~:lilim~~lt~dll 

00: ; ~pH -m:'J'r 4. 4 ~::kr 6. o H, -~~~•~$r""F!'/t; ~ pH oo:'J'r 4. 1 ~::*:-=r 6. 5 

B;j", -~~~lt~~t!:\JJ~l.:::t'~~~#' ll~ileffi!&J\!.~ 8-400 

?H'ii-A:h , ~-~:l:t~.P~11$.1t1ftli¥J~ftUJi, )(;J"~~~-~tttro®~~ttf1:ffl, ~ 
1."F!9•1."Ftro~~I•ma.w•••i¥J~~I•••®~ftf1:ffli¥J•~,~~ o ~*ffi~ 
pH ffi~;J'B1" ( ;J'r 4. 1) , lif!l89Mtt:Ct~.i, WT~rz:~~LJl!C~.&i::B:ffl~~Hiflf1:~H!!~Jilt 

~B1".~~1t~~Jii¥J~~u~.~m~~~-~~tt~~~*~m . ~~~~m~~• 
~~o *tiffi:, ~Jj(ffi~pH{il~:;*:B;J" (:;*::-=f- 6.0), mfll'fra<JNHJ · H20, NH20H ;.fti)(;j" 
~$, M·l!ffi~~~ o !JLftit~~-~&Ji:Jik~Ut-J!Jij(ffi:Ji, W~-~~7l<~fllJVJLi2:1r 
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• 8-40 pH fi~11i!, ~~ttci.t 

Jllt£~-ftW~~.i! fllG !l'l. ~fl:ft1:1' ~ JUl 
]j(;jU pH m .llt£~11:;1$l9~.il fllG .IU!At1* £li f:lt 

J!C;jU pH (t{ 
lf;lt;Jfi/m • s · ' .lf-;lt;Jfli/mm lf~{li/m • s ·• .lf- jSj (fV mm 

. 
3. 1 4131 13. 7 5. 1 5122 17. 9 

. 
3. 5 4145 13. 9 5.4 4932 17. 8 

3.8 4350 15.2 5.5 4794 17. 6 

4. 1 4654 16.9 6.0 4711 17. 6 

4.4 4821 16. 5 6.5 4257 15. 7 

4. 7 4831 16.3 7.0 4255 15. 0 

4.8 4968 17.7 7. 5 4184 14.8 

·~tt~R~~Dtt~-~~A~-~tto ~~~~-pHffi~··**~MM·~-~ 
tt•MT~~~~-~~-~m~anwm~a~T-~Mffi~~-~~~ttRT~o ~ 
f'I~WC1rrf! 75%-84% a~Jll(;?tJH~~• I !2SI JJt7}(~§7'#~~ pH -m:.±~rn•M•~ pH -m: 
~~o ~m-tol\~~•fl•B9 pH ffi;Jg 5. 9 I I~mmtf!(~ pH ffi-A!t~ 4. o -5. o ~IBJ o ~ 
~~ ~pH iJl;fg 5. 1 B;j 1 ~f±l~J,j~ff)~1Jt(J9~{j[o 

~~mM~nT1r~*~·Jl(ffiMM~pH1il : ~~-~7)(ffiMM~•~m~~-~~ 

~m~Fo I 1f! tt.~Wi!i, ·~~, ftETit!~f'IIJW pH tt:~ < n:t~t~~m,J mfiffltr o. 3) m8l!~tl:Gt 

m•~pH ·o ~~*ffl~~?t~~~~*~ffl~lJt*~o *M~~pH ffi~*~~~Jj( 
;J:§M~!:fl:boA~:1Jl~;m•~)lHr~:M I fll!mnt~ pH ffi~;J' o {sf.R~ti~~~. fiitm!JIV~ 

~~•~•. ~~m*~~-*~1r!:fl*~m:bom~•~. ~-~~~o~~~•:bo•• 
~~~-~.~~&m~•n•~•~o ~•~~ pHC•~'~~~*~••~:buA•• 
lt<.J~J..k l ~*riflit~ pH {l, ~rit-a9 pH {l:ttft~i~:t~iEl..kffi~i'Hi pH fiMmii*J, .b\ffiffl 
~~L~~-A~~M~*I*"ttfmo 

(2) ~~--~-~o~--~.MffiUM~••u~~~-~~-~~-~o a~ 
**I rw;f§t;;tM~.It*1Jo , ~L~~-~!Jtffi ~llifl:~~* o j!:J!IZ9 ~~L~~•~•xw.~•Jfy{ 
~~~~~~-. NP~~U-~~Jt .~;f§UM~•tr::k.~~--~~~~-~&8~ 
5I, 'fif!JL1t:.l'I=Pi~W/!l~ ~:it::k o 

8. 2. 6 .:I)}ft~jJ 

8. 2. 6. 1 r~ 1t 
~:wn~ ~m~~11JWB;j ~J£~~mi, ~ ffi:tlJ~ rt~ .xHHJ~.!*, .a:!:fii.ffll~JJ ~11- 1.!li • ~ 

~~m,a~,~•w~~~.•w•~-~-~~tt~m•o~~--~-•~~~oo 
11-a.;n:~a<JtF.ffl~ffl, ~D~~mfi¥l:~-~,:9J, 51'/iti:!Lfyj\fF;Jt.H~:lt~Jil(.~ o ~~I~~~* 

1#., ~:WR~:li?l!i!~:ili~~mzm, :t&tm~il1*JJII.;It~Jfl1fr"«io 4¥if*~~~ IE*!!ltff~~nE~ 

m-~.;n:~~~~~~~~~a<Jm•~*o 
~~f$:~R~B9:WJ,%i:t~ "lti:lt-fat~fmJJ" ffl "-f*~H$:~R~" , jj}fJ1mtt<.JJiH@~ 

1:1-~~~- !:fl ~ a<Je ?t~ o j!.Xt~~IHti:IM·.±~ nMt 69~~ A1~1f .m 89, {E!a~ .I~~ 
~F~f*~~ B ~:tt:bol0~~1ti:trm~Ha<J~.Ff:!~*~~,, j!f*f$:lJ.Jfi~~~i-'¥~1r~LJ~£-
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T~.fflffl'-olo ..G*t;J. ANFO ti<J-f$::9Jfm.1J~ l. 0 ti<Jtt1rfmfit-(jl~.ffl* lt~~~1$~-f$:~Jfro.1J 

a9:m.xt::k!J\o • 
8. 2. 6. 2 ftt.YJ ~~h a?it J. 
A 1~ 1}J ~ jJ ifg J! itit ~ 
oo~~~~I~*ti<J~~~~.•:ro•n~••~ttea<JMtt•~w*o ~n•~mT'L 

{t1$~ t1<J :Ill! tH~ ilJ t;J.fiS~ ;l:t{~W •.11 , J!;}J}l ~-m W ~Iff : 

am•n••-~~:••~•a<J•~•~••awa<J•&bnk*•~'~Yf•ti<J~o 

- du. = dQ + dA ( 8-21 ) 

:a: If! u *•~ 89.11; 
Q * •a w tJ<J • til:; 
A *•Yf1~ti<J:9.J, J!t~~~W~ti<J1~~fk~f.l, mLo 

:ff::.liH~I!JltfBJ, llJ t;J.-fNi&Ui~~~ti<J~H*ii~;IH~t&tJ<J o JUW dQ =0 , llft;J.tt~W : 
v k-1 

A = [ l - {-v;) ]Qv = TlQv (8-22) 

:a: If! V1 , V2-1a~&Jiilml"Fc ti<J It·; 
Qv :l$~ti<J~·-·, J/ kg ; 

"1 1$~ti<Jf~~~$o 

8:1 J!t i'1T ~ ' ~~ 89 :llt&:Jil:t#c~ :1$ ~-~ .;/J 89 jtj;j-)F ' :1$ ~ tJ<J It. ~;j" -{$:~ fj~;/J w m: ~ ti<J 
-P~. -&i'iTMitW.~t&ft"a~mM~ti<J~$o ~¥~2~tf<J~{t:J$~.~-~~-
1YJ~t~W v~ ~{t~!J\, iA~:!iHH~tJ<J. ~J!tiA~f~J)J§~.1J l=¥i:ti~r=:·~~t~W v2 ~JIM~~ 
W* o Qv l=¥i V2 18J,f:., {~Jj]fmjJ A Wt;@f:.o 113L~IltE"fie:IJ"P*1rit$~~t&lll.:I$'=\:~~I!W~ 

fi<J~~.~i'ift;}.~~~~-~~.1Jtf<J~ti<J o 

Tfii ~tH\Hi~ 89 1m:~ i9J .1J. J11!~ • 9!U ff -: 

( 8-23 ) 

=a:J:f D :l$~ti<Jitl!, m/s; 
k :kl~f=!fmti<J~~mflo 

IE ;a: ( 8-22) ifil:a: ( 8-23) llf~~ : 

( 8-24) 

K' = '11 
2 ( k2 

- 1) 
( 8-25 ) 

JU A=K'd 

~J:f K' ••*flo 
~~~•a<J:I$~~oo.~••K·•~~a<J.~·~~~~~•a<J:J$~.~a~t£:11B 

-J:f~·&JiiltJ<JHOO~&Jiii~tJ<JX·~~ o lttn*m:I$~8:1~&JiiiHOO*.••~ffi.1J. 
ffi~ff£, f.ELbt&Jiii!i!l:~itf:. , ~-~F!!WtJ<J~ffi.iJM'~atfeJ~-~o ffi!J!tlif&~:Wf:.f:.:l&~f 



ft7, @·~~h-**•••7o ~'~ ' ~~I~~fi~~-t"•~tt , ~~-~­
#"mM.~~-~~~-~~H.~--K'&~m-~.~-~-"o~~: 

Ov = [- (pz + PoH Yo - Vz )/2] + (pz Vz -Po Vo)l(k -1) (8-26) 

.X>J"~IHl~~:J$fimi~, P2 Z:*~ Po, ;a:tt-)la1 Po QJ ~f<?!lll}~tf. ~ 13. k - 3 , m.¥1J 
Ov = p2 ( 2V2 - V0 )/2 ( 8-27 ) 

A = TJ0v = P2TJ(2V2 - V0 )12 (8-28) 

~ J:t ( 8-24 ) ~~ ( 8-28 ) iiJ!m, ~l-9"-~fmh.!:§/J~~~Jl~.*o 

B ~J/J~~ }J ~f6~ 

ill~~~Af«iiOO*m;Yt;t(~Jll't:it~l9!'l tf=l·C.'"~tJ!~·W (?•JA~ 8-41 ), ~I±I~L1t:l$ 

l-9"t.IJ! , f4t~fmh~ K'{i"~m.*~o 

·8-41 ·~,·~-~&K'~~~-~~ 

" .f} 1$~.fb~ :lllm/m · s - • f~ljjfmj)/mL K' 

I RMO 3624 283 I. 99 X 10 - s 

2 RMll 372 1 283 1.89xl0 - s 

3 RM I 3841 297 1. 86 x w-s 

4 RYI 3848 286 I. 78 X 10 -S 

5 ru.tn 3465 264 2. 01 X 10 -S 

6 RMll -1 3414 278 2. 20x10 "5 

7 ru.tn 3623 271 I. 91 x 10 -s 

8 RMll 3561 267 I. 93 X 10 -S 

9 RMll 3845 238 1.61 x!O-s 

10 RY I 3649 264 I. 88 xlo -s 

I I RMD 3427 243 2. 07 x 10 - s 

~ : I. 4}JI!Ilii!;~ifl}(l(JJ'r~~~ c/>3Smm; 2. 1 - 8 ~~.fl.-fl«ljjfmj) i'J9ll!llii!:*=Jti~l'lt;:I;J WJ301-65 , 9 - II -i}#.li.Jj!H~.ffl 

CB 12436-90 , liP /6ilt P,Ji'!'fr~ :U!: 9" :J1l ~ T 8 ~tll¥f ~ lltft£ 15'(; at (J9fiJ!aiJtm.::JJ 22mL. ;(£if1t: K' itilt.t, ~ J!f!J 
- )l(ft, I - 8 ~#&'l, (J9f/Jtljjftlij)Jti~ 8-41 <f'lftfti~* 22mLo 

~W~ 8-41 tf=l•W* K'{l[".lJl-:ISJin, ~A= 1. 9 x 10 - s D2 .itt51H'Fl-9"1i\t~fmh, ~ 
9='D :hiW??c?Utit:l.il~~.lJZ-~-M:. ~ll.*1»-j:IJ)t«£~~~::k. J.i!H~tJ!U- !X, *~.X>J"~~ 11 :Iii -;J,, ..EL~*~.lJZ-~{RD (J1J 10% ~~??ctJ!~-titf!W, ~ 8-42 ~1±17 -gil.#i.ttl .!=§ ~7J!!J1io JA 
~9='-WiiJ~~ili . t!iJf-M:.!:§~~m~~~~"-~tto 

• 8-42 f/i ~. ~ I'I<J 'fi!i. {l..!:i ~ iJIJ fi ~ ~~ . 
*F .fit Di m· . -• A/mL A.fmL .11/mL 

-
IliA 

I 3624 261 249.5 - II. 5 - 4. 41% 

2 3762 258 269 + 11 +4. 26% 

3 3841 275 280 +5 +I. 82% 

4 3848 264 281 + 17 +6. 44% 



-------------------------------------------------------------------- s. 2 -1L1t :.tt jlj ~ t~-:.tt ·ti. ~»--Jt-fJ -PJ ro -t · 5 23 • 

~~8-42 

.j;f 5I, D/m·s·' A/mL AJ mL .11/mL AlA 

5 3465 242 228 -14 -5.79% 
. 

6 3414 256 256. 5 +0. 5 +0. 20% 

7 3610 246.5 247. 5 +1 + 0. 41% 

8 3548 247 239 -8 - 3.24% 

9 3845 238 247.5 +9. 5 +3. 99% 

10 3649 264 253 -11 - 4. 17% 

11 3596 242 245.5 + 3. 5 +I. 45% 

8. 2. 6. 3 $L1-t.;.tf jfj ftt,:}] fl~ h {!!] 1} ~ ~-!-

b\1~:9J~~}Ja<JJll!iB~7F/Jr!q=n:iJ·~;Jfl±\, ~Pjil)j$~{~:9J~}Ja<Jfl:¥:<$:f§t\:JH'P~a<J­
~o ~~r.~:9J~}Jili~~~-~F~a<JW~~~~~-~~~*o~~.~~a<J-~~ 

*···F·~--~·*·~:9J~}JM•*;~~~~-~ftM*,Jtl~:9J~iJ&8 
* o jHHIHIBF•!:f:l~-~;f§F •. ~llflil~ C, Al203~ NaCl ~. Jtl~~m!I&£:Ul(;J\ o [;§ 

Jlt, :!!~~~ ~~:9J~$&tlt~fl£o W~L1t~~:.ta~~ t~~~~!Jl?t~DG t~1H~.f§* o 
I~~~±~!Jl?t~~~~DG~. ~~~~;Qt~f!~*;j\~*· f§Jltl!C/Jx>t~:9J~}J 

~~PiffiJHk:J£·~ a<J o :J;I~l!l:ti·F· ~mnl<;JtR~T-~~ a<J$. ~~, f§ ffiJ ~~ a<Jf$::9J~~jJ ~ 
•••~cWWa<J*~o~J$~~••~~"·~••*; ~Q•~•H.:ti•F•!:f:l~ 
-~~~~·o~:l!~~-~~.~~a<JM~~}J~~*o B#&m?ta<J~~*•N*~ 
~···~~ili-T~-~~. ~~~~a<J~~-~*o ~T*~~-T~~~~lli%~.~ 
j$~1:j:lt):t):~:!Jil~1t~J o ~~flt{tjl;:U~a<Jm;}k~~~~~~ 'ilJ~jflj, :X;j-=f'$-JJ<.~~*iM,, 

'f::ff1M1~:9J~~ha<J~nlfil, ~115~:1D:~1f;f!J, ~J~~-t~?Xz, :tt&~rl13~:J<~;m19~~0 1Z5119m 
~-T~~-~mb\W81t~~Z~r.~'ilJ~F-~a<J HzO~C~~fi=~~lli.~l±l* 
iia<J~, ep~~:fb. • ••, & 'ilJ -BI!:t~~~:bnwm~ ~m a<J1~:9J~}J o 

c 1) ~••~~njil)o 5ittifi¥1m«1-t1f!J, 7t!Jffi~f4~~:bo1f!J~:Ji, fiifitJ«~•m~&J.ill 

-~-.~-~'L1t~m•~~}Ja<J-~~*/Jr!o*~~Aa<J••••19.«.i!L-1tr~ 
-o. 0139- - o. 0021 ZfBJ~:ti~tl841*~a<J*~~oOO 8-45 E!f7Fo ~~~M, ~···19 
- 0. 0038, ~~-~~--:(If 0 

(2) ;J<.?J-*ita<J~P!tfi o xtr~JJ<.~m-*iJt, ;J<.?J-~~~~~a<Jf.j:~gJl?J-Z-o 'f::X;j~ 

~~}Ja<J~~~~-a<J. ~ff·~~m•}Ja<J-OO,&ff~~a<J:fb.ID~ffl o ~JJ<.a•?tB 
lli1f-~B~a<Jmm,~n•JJ<.?t$.•~~}J~•o ff~~-w•••~~-BI!-~'ilJ•tt 
a<J•1-t1f!J ~!Jl ?t$/m b\ [i'ij ~ ~:lt9 ~3& * M 2.90~---------, .@ 
a<J~•ffi.-BI!W~*:bn,~~'ilJ~*~ I 2.88 ..... 2.67 

&llim?t~•••.-BI!~$~%~.~ * 2~ 
.§.ffiM~~~ma<Jt~J!~••; 7f';f!J ~ Jlf 2:4o ~ 
:nw±~£f§~m•~a>t, ~Eff~a<J;j( - 0.21 -0.0139 -o.~;ooos4 -o.oo3s -o.0021 

~;1;;?.«ft~~*:ita<J~~~ o ~Jlt. ;J<.~ 00 8-45 $:l!'-ilr!§.ilUi4~·lR~* 
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•~*~~~M*.~~-~~~~~~o •••A00~7~~~H~W•d**•~ 
79.5% -82%, 7l<**:i:J;] 13.5% -l L 5% a1, .!:j:I£H~tlfi4~~~195t1Ell*~ , 3!DOO 8-46 

J'JT:li\ 0 

(3) ~Jjt~~l(nj o !JL{t~-~~J.t;<:j" 

x•~-~~-~. ~-~~-~jg~ 1~~: 
lW. o 3Jft: tiC~ H ~ :¥L ~~ H 8<J ~.It tE L 1 ~ 2.6o 

~c~~k.~•a•mn~*~· ~• ~2A1 
JtiC~H·* · ~X~···Q~m~•~ 2AO 

-~ ~*&jg~ f ij ~ 0 '---79~.50--80 ........ 00_8_0.5._0 _ 8__.1._00- 81..._.50--' 

~~~~m•1t~fi~~•~*~'L 
1t~H, HI ~ecffi!.a<J#tEf?ti*1iE7 i31·*" 
~B&ElZ~%~tt.X~~fi,L1t~H89 • 

13.50 13.00 12.50 12.00 11.50 

**AI% 
~.It o :tt:~Jt~~a1, ~mtt~, ~~& 00 8-46 1i~Jilt1Hn~7.l<:llt~1>1~ili4-~.f7l~~~ 

~~%~o -~~~~HeJt8<JL*~· 
~n~mto. ~~~~-•m~B.81tN*~o-~••~n~~~o 

8. 2. 6. 4 .tJ!. ~ ;tt ~ ~7'3 <nit~:£ 
83k:l£f4t~)JftjJ~itJJ:~~Pii!J~~ilJ~l, ~-i'iG~&~·~·~, ~:IJD:II~*"U~~:R; 

~~~*~~.A~n~~~~~~~~nOO o 

( l ) i&!f~&~.!JZ-.m 0 

(2) H:~H!fl)Jo.A~, ~ , ~-. PJ~:tl~o1i~L b\rmf1!~&1$:~fi~~;ff~j;Jilt89 

-~o ~T*~~H89$t.iJZ-jr, ~~Wf~iAJ;], l<t.iJZ-ii'ElZ1lilfA, -~~tt-:U: -10% -
-30%fi1.J;]W~o 8B~A.~~83T*~·-~HA~=~&ElZ~M~. ~P~S.!:j. 
BF#.Jifr~ C02~ H2 0 &Ell, i!!:¥J!PJ~.!:jf'#.Jtp(J{J N2&J.ilZ~d AJN , b\~fl!-~if1lf$:~ 

fm~:t<l/* o 
(3)tE~fi~fi~tt-a1.~~~m•~.F~~~~f'•*89m*.~~:R;~m~~• 

~'-~~*~ec~t=#.J, ~~1Jo~H89~Wo 
8. 2. 6. 5 :J:J.it, 3..£;faf~ #J ~E. 7'3 <n Jtm :§.. ~ ~ 

~•a<J•~,~lt*"•~~~Z~#tE•ax•~~*·@•~z~~~~x.!:j~H 
*~~~fi,~f'I~~•••~*.iAm~mz~~~-~~ax*~~--~•.~ 
•~-~~,L~~H89•~ttnooiAmo ~~*· ~~~A~~•~~afi~.•ni~ 
:l:FH891J~ !:3~lft, 1>i~*"~J3r !:3-~~~~fBJ~B~~~:ito ~WJimi:t2:~.1c-A, ~ 

1m~~lJ!4:lilB{]J,I~B1m, *tt-~tli~$1Ji!OO~lt~~$:~fm~, ~'il~'A~~~ , #~~J:Ifi 

f!~tft-* o 
C 1) ~~.!:j~J3rzfBJB{]*~o *!Pa:!JHl<W'L~~-~~f'Ji!~~Hi-~, ~>J'J,I~.!:j~ 

1.f~fi71ill!E*~o ~:W:~I!f.J. ;<if~JE~I'J<J, IZ~Ji!OO~L~:I$#.i, -~.!:j~lf~:fftli~ 

~a*tt;~~~~~#OO~~~-.~~~~-~~-~~OO~!E~W.~ft!:3~H89 

IZ:ff~. 1.BtE~~~~ 99%89*VklW.~ffi:ko ~~.E~Hm~,~FI~,~I.f~ 
•~oom~~. lill!EfiW&~••~-ao M;z,aiZ~~~*#~.~1t~H•~ 
~~l.f~a~•~:trm~tt. ~~ffl~~•w•~~~~lto 
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~&.~~~~E~ftM~~WHI£~82-~mn~~Wmo ~P ~ffl OO~~-­
n a<J-m ~J3t ffi ~ ~ )j!IJ ~~ -(l;f!t~ ~*at . £1il:i! , ~tt :~tg 1tr-%tiH-i-F1~~ , m ~ iA ~J I l: 
~~~-~~~<~*~AWm'L~WH~~-M~~?tA#), ~~~~~-m~~­
fie~t3t~, .M:I~lXli~~, ~.ffotfBJ~*' ~mAf4~9jt¥Jfflf' o 

~~-~~~.~m•~•~•~~~•~•~.m•~•~M~•~~-~~mn 
lill~=t?ttfi. ~~~~~~:a: : 1=3x l0-4

DI.2924
, .ffi~~ftr=0. 9978 o ~i$i!Y'J, !fL~WH~ 

--~---~~~~~~-tt~~-·0 
(2)~~~-~Dha<J*• o M~•awH . e~n~::ka<J-•«&&::k. ffi~@m 

-%WH.ft~M*~·~--~m-%WH.~e~ft~::kffi~~~-2"o ~d~#M* 
t¥J~~£WA~~-Wttft~ftH~?t~A·~~*~~o ~B~m.~&£··~~~ 

•~•~.w•~·~~~£W~~-~~W~*o •aw&t¥J••~~~~-·~*B?tft 
aaf~•~&~~~••·••m~••••~~ffi;W*m•~~•~•-%wH.~~ 
~-B?tft~Aa&~~~~t¥J=~&~~•wt¥J. ~~••~•=•~•a••.@~m 
~•~mc~w• i'lli {i\t:9Jft~ o 

(3) :J.IB, ~-~-~~~~.=:ifzfBJt¥J~~ o ~~~Jffl)!S{ft·~· Xt!JLfti'J:Ht¥Jfi\t~ 
ft~ (A) , tiB ( D) ~~Jj( (/) mh@l!B7Hri, ~~~Bfl1~fBJ~J~~~ A = D0

-
7381 

• 

,-o-•653 o ~iJV~, !JL~WHfiYi~ftn~t>IBJVt~ lt-l?lJ~~. f.§. !:5~1lJVt& lt~J~-, ~tt 
.ffi~JIVi, .§. ~~7HJT1tt-%W>R o 

8. 2. 7 TNT ~· 

rnT ~~~~~~1$Httnt¥J-~mw~li . ~m~M~~rr,~~~~Re:~,** 

ii\l1$$$~~t15~W~l11$H~ TVT ~:il~ o - AV1Ei$i, !fLft1-'FHt¥J TNT ~:it~lllflm?t 

~IRlffi~~, ,~,tfi:ffii§B;J\~ 1 o 

::k~~lei-'FH~J TNT ~ill: t~:&15~:mWft:Q:;f§f!!.()Jj{J!I!fJ(;fl·~~a':J , Jl!ll 

E = _!2_ 
q QTNT (8-29) 

;a:cp Eq ;lit#i'J:Ht¥1 T T ~:Li: ~ ; 

QTNT TNT t¥11,1~, J/ kg; 

Q ~~W~a':JJi., J/kgo 
Mffi.~:a:~m~I~WH,~H,a~M~-~~~~H·~.~~~m::k~~ 

~o :ili1¥3fE, ffj-#lil~~-~~ W31Hifti):E~W~ TNT ~:Gtt¥J~~~WT1JtA fr'JJ!JTM~;fotl 

~o J!JTm~~~1-'F•m~•i1:**•••ffn;fo~ffi*•· apa~~t¥1@~~-~-~~ 
~~-i'f:~mffi~ C ~ttff~~)otT~t¥JH~~-1$~t¥JH~~~ffio ~~-1$~~ 

TNT ~jil!ifi~J1lJRe·~~ft, ~~-~1jt~, Jj}f~)ffi'ilt.lli ~~:kt:~t¥J~.~~ff~ ( * 
:!it) ~:li!t~~-~.!JZ-:itgf.io ~;j\~~Aiitt~HiiJ.~ ii\ft{-%~;5-E~M!¥L~:kt:Ht¥Jffin TNT 
~:fl t~ ~~m.xt ltRe~ a':J ~~** . :Jf * m -~ tt!t3(~Jfl ~.!fl-:lt9ii 0 

-~?tJJU~ 2. 4kg ., 15kgTNT ~ 2. 4kg., 15kg, 42kg :5-E~~L1t:kt:H, W:~LitWH~ 

m?t~ 65% -70%~Mt!L 12% - 16%mJHii.J, 10%#, 2.5%~-ftJfiJ , 4%!'[-%71b~ 2% 

•••¥o H•0••wt¥J•·~lm, ffl8~ff~~~-ft3fE~-Re~~~~Re~~t¥J~ 



If a ~ 8-43 j~ 1±1 T~~:fil:~W~tsi~B9Sffi 6.p ..Sjfle~ r 89~~ 89~Hi~i1L~I~o 

* 8-43 &Billl&He.t!CJ!l{t 

1$ 1,!j 
'l'FoilBl~Jif~S:.ffi 6p/ kPa 

lm 1. Sm 2m 3m 4m Sm 1m 

2.4kg~5~ 4843 2294 1444 422 227 119 49 

2. 4kg "--A:1$19 2891 2166 541 281 125 93 44 

3m 4m Sm 7m 10m ISm 20m 

lSkg~.'!~ 1685 547 391 129 94 38 29 

I Skg ~l{t1$i9 1039 425 235 120 71 35 20 

42kg "--A:1$19 2423 1392 781 144 65 32 

!Om 

24 

24 

40m 

12 

10 

14 

~JJi~JIJB9 TNT ffl~L{tW~B9Jl1R.ffiiJ ..SjX;J ltRf!'~B9~~ r!ll filt?HJHmm 8-47 ~m 

8-48P,JTJ.R 0 

4000 

~ 3000 

~ 2000 

1000 

2400 

~ 1800 

1±1 
1\!l! 1200 

600 

0 

·li.H!Iit~~B9 Cranz -~.ffifpl$, ::fi 

6.p =!( ~) 
j.\: !:f 6.p-~ ~ flfilr 7JUH.ffi 1i , kPa · 

' 
w ~~mt:li' kg; 
r--JIJj,J~!:f,C.,B9Hfi~, mo 

I 

j.\: !:f - 5!1 ~tHE~, mlkg3 o 

r = rl .f'W 

lf4fj.\: (8-30 ) lfl7fJg~~j.\:Jt.Jtkttrrm~flP~: 

AI A2 A3 
6.p = Ao + -=- + -=2 + -=3 

r r r 

j.\:t:p Ao , A1, A2, A3 ~~~~o 

4 

EI:Ji:!l!l-fd!fi=iJ~, ~ r ~T-~~at. 6.p ~-T~. JYT~A0 =0 , flD 

( 8-30) 

( 8-31) 

( 8-32) 
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J!Ji,;t~~ ~t¥.Jim.ffiitJH~:r.\, ~~A,, A2, A3 ~tH.\!i~~f!ffi)Eo 

:f'l.Hi~ ~~'Jcm , ~:liM\=* r! ~JlfH¥1 :±l t¥.1 mil-.il:'lffi 0~?HJ1J 1iJ : 
TNT: 

t:.p = 183._ 594 + 22~; 65 + 3259. 44 
r r r3 

t:..p = 12. ~81 + 1036. 75 + 532. 802 
r T-2 r3 

(8-34) 

( 8-35) 

t.Uirltb~~r~ 8-49 5ftl~ 8-50o ffi~ 8-49 ;ftl~ 8-50 PJlj':±l, ~~~tJiSfllff-{il-at!~~ 

il"1~1LH!f o 

1600 

~ 1200 

l±l 
\II 800 

400 

0 

c 

4 8 12 16 
I 

j(;j' lt.~~ /m • kg- "1 

1600 

~ 1200 

If! 
\i! 800 

400 

. E = W TNT = ( r-EM ) 
3 

<I w -
EM TTNT 

( 8-36) 

WTNT TNT t¥.1 J.!lt!tL kg ; 

WEM :5Eru!~L1-t:.l$~t¥.!Jifdll:, kg; 

r-, NT TNT t¥.Jxrt~ielf6, rnlkg'13
; 

r-EM :5 E ru! ~L 1t :I$~ t¥.1 .X'.t t~ ie 1f6 , 
I 

m/kg3 o 

mfi~ (8-34) ~~ (8-35), PJi.t•:±l 
lfij-ffi}J{~iJ!'f~rTNT ;fl]rEM> ftA:r.\ (8-36), 

ftPPJ:>ft::±l Eq o imfftf 10 -lOOOkPa at, :5:5 
ru!'L1-t:.l$~~ TNT .§fd: f:t Eq ~rEM~*~ ffl1 
~ :tm ~ 8 -51 Ffr ~ o !±r ~ 8 -51 ilJ .!.ii!. , ::(£ W:Jmffi 
111 II pg :5 E ru! ~L 1t :J$ ~ TNT ~ :1: t~ ~-¥ :t!g 1i 
jg 0. 708 0 

t.Or----------- --

0.8 

±l 0.6 

~ 
iffi 0 .4 

0.2 

0~,-72-~3~-4~-75-~6~-7~~8 
I 

5ttlt.~m tm· kg-J 

00 8-51 $i-.t:I~~L1t:l$~ TNT 

~iHt ~X,Htl!E~Ef.J.*~ 



8. 2. 8 V.Ht~fm 

~7~;1Jof*~B9n~:fi:, Jm1ittE$L1ti'F~lf!~;IJo-5Eii8M8~ o f8~.Xt$L1-ti'F~B9~1t 
~tt~B9•~mm~s~2~B9~•*•~0 ~~~-••••~.A~m1t~~Q~m 

*•~·~~-~~o iliA.~--~~~••*•~~~A~~~~*·~~~-*;IJOo 
~~~•••~~~-~. ~~•*•••~.~-~~m••••~•.w~m*•~ 
19% ft;t~at, m1t~ffiJJ P J;5¥JJ:!ti*1Ro ~:Jt~fiiJ , ~A Iii r ~ m*ii~ilill ~, &J.illf'~ 
7~m~~OOf*~~f*f'eZtt~•~o 

~--~.,L1ti'F~B9~~-E~~~-&~7m5~A1t~ft~~Mo ,L1t1$~~ 

ffi~~~-~m•*•~**~•~r~8~3~o 00~~~~--~~-~1$~(AN: 
FO = 94.5: 5. 5) ;J:J¥rt, ffi:Xttt~•71'~~.!9t:li~fm:lilSffl~f*~~n15iitia b\ffix11!lt 
•B9•••m~tili,ttR•~••~m•*••~~.~~•~m•*•B9*;1Jo~~• 
*;buo ~tH~ffl:x>tf*~D:fittiit~>J(1~~~•mw.£~~-i5ffftmm:xt~~ni5B9~PiliJ, 'E& 
~7*mf'~~~•••m~a ~~. nt-1*~~~~-~•m*•*;bo~••~~* 
**o ~••~.tE~*~1ti'F~~m5t~ttffl~~-~~-~.¥rffl~~~n••~ 
W/J\~n~ilftti, R1/fAtt•~~~~·f,!fl£~ o 

6 .7 

' 5.9 
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w(AI)/% 

00 8-52 !JLftfi:Pijlf9~it!lFt.tl£ 
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lfl 
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1.00 
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ANFO = 1.00 

0~~4 ~8~172~16~270~24~26 

w(AI)/% 

00 8-53 !fLiJ:.*FPij 119ffl~<t-9:rf!. lm~ ifl~:it ~ .*~ iHJ ~ 
1 - !<.( f*.fR tt-~ tJ1J ; n -!<.( !lliil:i.tJ~t: tJ1J 

~mlllPI~ilrWT.1<.~0~B9~~~1l:WT 100 ffl200 ~'L1-t:tt~, ~1m~~1-'P~ffllfiAJe 
M~ · -~~0~~~M~1l:WT:tt~~A·$, ~PtE*~~:tt--~~~-~A·H~Ao 
~:111$B91t~*~fl~:i!: Q B9 tt-!i ( QIA0 ) B9 tttJC:tmm 8-54 ~.IJ' o 

00 8-53 ~I¥.1~--~7,L1t:tt~~~~-~m*Ii~~*o tEm5tACtt-5E~ffl~ 
~.,L1t:tt~~••x~~~~~--~·••~m~to~o 
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517 IXXXXX! ~ &l!i1. 
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8. 2. 8. 1 *-*"-I" .!i -1L1-t.;l'f ~tit -f"{liJ =*: ~ 

~~~~*~•~•~. ~~~~Hm*~~*~••~••*~·•#~~*•m 
ttStn~.**•~tn~~-~~~-.~·~~*~~A-~TB*·~·*~*~o 
IRJ~, 7.K~?lLlt~ft;Jt~:fit~ 41. 8kJ/mol, f.§.4;pflt!~~F:tfJJ:fl;fl JJJf~:bOo B. B. MO<l><Pe • 

A~ !V.I\I;f;f} (20/ 80) 11!~~fle~~~>1<~tl:l:t£~1R.l**1t~~-~~ it~OO::t!ll~: 

**A x(.!!lt:flt?tf£)/% 0 5 8 lO 12 15 20 

-~ QvlkJ · kg_, ( kcal • kg _, ) 4782 4418 4218 4ll7 3942 3720 3369 

(7Jc.-"t't) ( 1144) ( 1057) ( 1009) (985) (943) (890) (806) 

It~ V0/ L • l.cg ·' 648 678 694 708 720 738 769 

(Jlc-rt) 

~---~.-~m~*~•~*:bnW~-. lt~-~:bn o 
•:tr•-$1V..M , M••md•···~-~~~~.*-~1Rl**·~~-~~ 

itW(~-8-M), IV.*M~~~-o #H~tl:l~-m~•~**·~-~ . lt~~~­
it.~ : 

Ov = 917. 13 - 1468. 8x 

V0 = 969. 69 + 274. 76x 

it~, x , Ov, Vo~~ )(~- 8-M ~lii.J o 

( 8-37) 

( 8-38 ) 

!It 8-44 !:Wlllli~lltt (5. 52194. 48) il-2'4i**•~·~, ltWI¥1~~ 

* 1tJit X ( lilt -~ Qvl kJ · kg "
1 lt!S Yo *~:It x( Jilt -~ QvlkJ • kg "

1 It~ Yo 

fl:~)/% ( kcal 0 kg - I )( ]j(-ft) / L • kg " 1 ( ]j(-t't) tl:?tlt)/% (kcal. kg " 1
) (]j(-t't) / L • lcg " 1 (]j(-fi;) 

0 3833.60 (917. 13) 969.69 10 3219. 65 (770.25 ) 997. 17 

3 3649.43 (873.07) 977.93 12 3096. 84 (740.87) 1002. 66 

5 3526.62 (843.69) 983.43 IS 2912.67 (696.81) 1010. 90 

7 3403.82 (814.31) 988.92 20 2605. 69 ( 623. 37) 1024.64 
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EI:i* 8-44 fll ;;:.\ ( 8-37) , ;;:.\ ( 8-38) :ltgRJ IWfi 1±1, L~Hi~Mtli:1;J~f-t1):1J Et9tl:t~~7.K ~:It 

*iu~.••••~•.w~•••~tuo m••~~~m~•*· ~-~to~~-­
'J'o Af*:tt!!iJt, JJ<~:fit4ift:bD 1% , :J;iM~·~jg 54- 67kJ( 13 -16kcal) , fffi~·a<J:I:ft!Jil 

7-t:fl2. 7-3. 5Lo 8**t-%1J.:-tl!~ffil±l, ffiX;f"~jJ S =AIAo (A, Ao?tJJU:J;i!N:Pea<J~~lla<J 

~~1-'f~a<Jit::k:fl~frn) , ~ S = 1. 0 It-t, Jtll<?t&it:bD 1%, ;t{IX;f"fruiil:~~ 2%; fffi S = . 

1. s au-, ll<?t&m:bo 1% , ;fJlx'ftmill~~ 2. 6% o 

a~.fL~~~•**~~-*~~*~••-~mrom•~~•o **~•~•• 
~-~-:fl~~~-W.&:fl~~~-Wo ft:fl~~~~--~~RJMtt~a~~m?tm 
~~~~~~~.~~&~m?t~M~~.&~•%~. ffiX>t:tt!!~~~~~~a<J~~fll• 

-;~~~~-~Dk~~.~-a~•~*·~-~-·fll*?t*•it::kffl.~TS?t. 
~~-~---~~.ll<?t*•~:X~~~~OO-tl!a~Bo ~~.~DM*W~-~~R~ 
~~~·11£ . w .:sz.~~niHI::i::t?tll*f~ ~:iii fill< ~:iJ7 ~~~: ·xnD:• ~ o 

8. 2. 8. 2 ~ J.it.l:j 1if. i:lf.J * * 
-~**· a~~-J£~~~& Cim'ffi'm~;fftt'W®:Jj~JJO ~~Wm~, ~~JH~,L~~ 

H~-a<J~to.~Ha<J•~mfi:IRH~ffl:bn.~ffi~a~~-JJ~::ko ~~~--~J£7 

M~~~~-K~RI~&•1-'f~a<Jaao a~n•m"a<J&*·-•*m~••*~~ 
1-J 
Pll o 

• 

@~~~.~~~~AMA:fl·::k~@~.ili~Eg~tt-~o ~~.~~~~~­

~:1;J*m~~~H~~RJtm~~~~~~~o 
~M. Bd:1;J~*·~~-~$~1$H4ftm~. El:!~*~d·Q-JLe~~··· 

'f!~!l.ll~rmt~tfl:m~llim•noo~~~J£}j[. ll3~~•&~~••w~~rJrtx~~~:oo:i1 

~~~.19to EI:!~*~~~~~•mm~.•~~-~~:tt!!~~~-~~~~~~dfllm# 
~~o ~~~m·~-~~ . fl:ffl"~&M .• .Il&~~~-~~-~-o ~:1;Jtit~~­
t5·~-~·W:Jl*{fjl, liMI3J~.ffi~l}t~mt~~_;~~·l11f~ N · s/m2 :1gfil:~. {EIJ¥!-W:Jliki~P 
;fflli1Jt00.!:3tft~ft~iil~fl (J/( m2 

• s)) ff!X;j~~:!i:ll[.~i&:~·!i ltim1J~:Ll (J/( m2
)) .ffl 

tltfl:fflMfBJ (s ) o 1i~xiU~tl:l, iif#i~I!Jit~J£~~Ji.fll$~1fEJilU~:B&htJJD®:JJ ~~$ 
( Pals), Tffi:B&~:tJDJlimfmfiti¥.1~$(J/( m2 

• s )) o ~~ , JliUL~~j:Ft.tia<Jfm:!fi:f)::1g~~1$ 

~(J{J~~*~, J!jg}i~fll*Jllo 
•~~~~-~~~w~~fl:m~~~~•~•~~••tt W!l . ~Mfll•~. * .FirF :it i-t~ 1$8 a<J fl~:il: all • 

N =pQD 
i:\~ N-1$8(fJfm:fil:@lf, kJ/( m2 

• s) ; 

p ~-JM·, kglm
3

; 

Q ~·· kJ/ kg; 
D ;J;iW, rnls o 

(8-39) 

i:\(8~9)~~~-T~H~~-~ttS.Tffi~~§~X'f~~~ma<J•~=m~o B• 

~•,~•~.ffl*~~~-~~fl~•~fl:m~*~(J{J•~~••~~H~~••m~ 
~o ffl PQ *~m~•w:•~•~~~~~~ll,Tffi~~~D~~~~~m~w~~~~ 

) 
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i!.ll o 7f' iPJ 1$~ tt:J ;1;1 1$ ""(-!* :l:::k3~U§ iPJ , ~JJIJ 7f' MHt 5 o/o - 10 o/o , Eff V ... rr:iJ V.A 7f' ~ tiHIW :i:1: 
~-1$ ""( -f* 1iJ: tf:J ~ UJI!J o 

.:E7"kW~J,Ji?:ffl7Jc¥JeiJ;~, :W:rr7~~ii\~, ii\~fflW~tt~~~.!A!.* 8-45, 7.kiieiJ; 
?»ttt:JftG~~jJ9 7JcrJE\: rt9: 7Jc = 1:3.49: 0.72( Ml5.0 ) o tl!li:E-.:tiii\~VtlliH!citJL ~~WC 
1J tt:J 7Jc VE\ 1tP ~ 1lJ IV. :iii{!!,(~ ttl.~ ~j! :E--1* 0 

* 8-45 iit~JI'l ~ ftW~!IIW1i~9lt1tlf 

lJi 13 j)g ?if. Wl W2 W3 

it-'1'-~lg. g- 1 - 0. 032 -0. 031 - 0.030 

tt 1m \1') gu g • em - 3 ]. 14 ]. 13 1.00 
• 

).i:ilE/m • s - I 2923 5106 4763 

:1$~/kJ • kg- I 5438 5327 5216 

l:t~/L . kg - I 934 929 919 
:li~~~ 

;li .ffi/MPa 
it;)~ {iii 

4075 3842 1955 

f>JW'C 2865 2802 2727 

fllii!:.\1'JJ3tf.l.t;f; 18120612 30735618 24843808 

EEl* 8-45 PJ ~V-l!f :±1, liJMr~~~~tt:J1.JoA, ~Lf-t:.tt:~tt:Jl&' .ll~Jo~;J\, ~J;9'i~~:I$J ~ j:: 

~~.~~-l&'ll*7f'A~l&'ll~~'fi~~o 
~~ii\~tt:J~:W:*~ , M-=f5!a1l~~tt:J:E-.:ti~~ii\~. WJ3t19 1. 00glcm3 tt:J W3 ~L~ 

:t'F~~WEM!Jftli~, ~WE~JJt~jg:f!tJ5J, ::k;J\~ !f!, 1SIWE~~~~ ?t11l:f!tJ5J; fffl.W JJtJ:T 
1. 13 ~ W2 '¥Lf-t:J$~§WEEiii::WB-9::k:!ik-*:11:iWi, 7f'~IJT-~~~ito )!i.~M, W2 ~L~:t'F~ 
!i~:li ~ill~ , fil5:f! W JJt mtT--tl!~;ltftt!. iW 1-DG::tf i~ ~ ::kilf ~ , 1E!.ti Wt~t~HP 7f' J.!l! ~ o £ ?t 
Wl fL~:.tf~tf:J~---~.@EI:JT-.)!ffi~~\,.EfiA::k~,itB.:W:7f'So ~~. 

~.:r~~:E-.:tiii\~.~•~:.tt:~••m1l~~~tt:J~•w1le7f'~-Tit•~it. R~~m 
~~~:.tt:~n•r.t1l.••••~-~~•*o 

8. 2.9 %1M~@ 

~--~.&•wm•~- ~--~.MA~~~~JL·~~~A~~~~~. 
•:.tt:~~EffW.tt:JS~M n•~---~~mittt:J.ao ~B-M.~~\~~­
~it&!f!)!~-~~~--~~~-.A-~it·a~tt:Jm~~·Z-o ~e~~I 
~~7f'~-A.Ama••~m~~-~-~--tt,:i!!~*ft00~~00·:1$JB~~ 
••ma:Y9r~:.tt:~tt:J-~•~tt~m~o OOii\~*•~·~*~rm~H!f!.fL~ 
j:f~~~m•~A~~~\~.&a•m~~\~~•n~,L~:.tt:~~~•*•Affi~* 
~ a ~8-46~tl~7ft00 EL ~Utlfl~~f-~~:t'FH*1l~OO~~tl5Ht~0P.J~~tl*%'*~U 
1$~1397tle•~it!~ii\1.iL J91j!-T~~' ~*8-46!f!B5faJB;f~UA 7 2 %:E-.:ti:t'FH~~tfi 
~~{i o 
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1$~~-li} EL .¥?~ EM ~ 2-li}!Et:Q 
lremite l ~ 

Iremite ll ~ 
Iremite ll!l2 lremiteM ~riA 

-m~Hl:-A; IIMH~Jii1J (I<] ftl'fl JIU!l it 
».~Wl .ilftj:l:~ $l ft :1$ Vi M~:tt.ili 'l{t:J$~ 

~tt:kH9 ~~:J$19 (I<J~~:t\'~ 

~m~.liut 

( Wit*lf)/m 
>3.0 >1. 4 .;;1.9 I -2 ;;.3. 0 3. 0 l. 5 - 2. 5 

Ut:9i;Jtflf 
~J:f:;!:f£1.1 42 -43mm, *3m l'I<Jf!UI{ZJAHll-*'l'lf ( Q.ttli!'!) , f*~Jf4f <j>32mm l'l951;Ut:~~-1'-ii.tf-

1'-~~A~<f>.m-~s~m~®•. 

-~-~~ft~~~~-&B~AillM~~ o ~~~~~-~~--~A.-~~­
ffi·H·~~~ZM~-~~~~.~~~*&.~m&~···#ffi.He,~~­
~o ~~-ifl¥*'71'11iJ, ~Ei!l~~tl1£1t~1}ii]~ M.A. $}i fl:l L L Jtim (Udy) ~A:J(;flit 

ltl:rrT -~?JJ~~iA.~, ~~-J.ill~EI3~H·;.Hm:I$H:li~~~~~--T~si/8H¥J o ~£1; 

~~.~•®•Fo~•*•~w~~n~-~~-r~<--r*•).~Fooo*&!.ill~~~ 
-~~~ffi-~m<~ms~s),MW·&~H~~~&!.illo .~-T&~oo~···~OO 

**~~*·••••-r•~-~.~~--~-~-~-~ ~•••w•~*o ~•• 
7lS-T&~:i1!-tl7:tfH~L ·~iJI®FoWH§:laB~~~3'<o lrJmm 8-56 ffr~~~~iiJ~ 11iJB>j 

mw 
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• 
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/ 

/ .:t'Fi"'~ 

~~Riff 
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••.:ri*ll!~!a,g.(l()f'~ 
rflli-TI* 

If~~ raJ 
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~w~•~~~~~--~~~--~oon~~-~~-~-~o 008~7M~~-~~ 
~ffl-*mtlf'E~·(l{J~UioJff.iJ~~i!. :#f~~iJI~J§'~~.jg;ffi~?lf!t!r~ffl:~-*~f'Eiff;AS71g~ 

~J.i)l};t~~-ffl':/il-lf.lt o ~ljlJt~**fW, ~-~~·~-~~1g 4500m/s li:;f; o 

• · . : • .I : . • • • • , . ' . ~ • • • j • • • • • • ,: • • • • • • • • ; • . . . . . .. ;,::· . . . ~ . . . . . , . .. . . . . . . . . . . . . ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ., . . . .. . . . . . . . . . . . . . . . •. 

00 8-57 ij!g)E-fii!~(<i]ffj]lfl;l,i:lit ( lJ!:~~~~~i) 

( ;flj.ffl~ 20. 3cm x tc 122cm i¥J~~f1HHHT) 

. 
L~~~~r71g~~J.i)l~-~~~§$~h(l{J,J.i)l~*~~1f-~(l{J~~~w.~~ 

~Jl!-~JtMJ(;~~-o 

~~*FW, 71g:fil!f~J.i)l;J'~~~, tE;J:H~~-~~{lf:'F, it1'lf:J;t-lf~lt-lf, 1ili!rt~*8.t 

Y:fo -~-*i3t, ~~~J.i)l:Jik~~~lJC:Jj ~ ~J:!f~~~ -EJ.&~-flt~:iJIJII~lf~~ o 

C 1) El3 r~L1t~~~ffl~L1t1t*ifiiJ-i-~, ~~A1ftJHIB~rrl3'EI.7.Kru!:1Pl/:F:IPHm~~, $: 

1-tm~~-M~~~*~*~,~~--~···M .•• -ffl'~ffia,~···~--M· 
-~-~Jilt, •• r1*~.Mirffiff.gmf1:ffl~.1JJ.fftEo ~R~::Itlll!·A~Ji!l!it, ~L1t~~~141 
.fff~J.i)l~~LVNm, :&f~:Jik~,fftf(l{J o {.§.:Jik~tr~~1t'=Of!(l{J~L1t~~, llififi~,ffotfBJ ~~ 

-If' ···-~f£Rg~;f£~, ;Jt~1t'j~J.i)Z~~~~~~j§*o 
( 2 ) IE:tm*~~ 5 :iJ:M:l£, Il:~$1J~#~~£;<t=f'~L1t~~~J.9tit1f.i<FW~~~ 

~o ·~~~J.i)IW~.A:Jikft~~~*W~L1tB~~#(l{)I£~·(~**•WW~), 
t!SRM~il11i~L1t~~(l{J_&HI, ~;J,itrf;Jm~J.i)lo 

( 3) ~ ~ ~-§&*-flf:~~~nlfil~L 1t~~ ~~1tf~J.i)l, 19iHm**~·~~%~~.i.!Jt~~!fL 

1t~~~~~-J.i)l~--~,,-~M·o ~~E13r*W~-~#.~tta•T~L1t~~(l{J 
••.w~~~T••r-f*~ff.~~~f'Ffflo 

Fumihiko Sumiya ~Afflil11iif?t~llltl~tJL~~T~L1t~~tE1ftrtlltJ/lJ'lfpg;IJ~otMtt~ 

~~~•J.i)l.~•~•••~••w•Man~*•~~~•*·•••••••~*• 
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~~:t~il.!tJt:~& ~ . ~L 1-t:J$~ ~ •~u~ 71' ~ w nlii.J • tt:'lll: V"1 ~71' $} ~~ %-J ~~& o 

ullJt~ *~ !Yl • -r ?IJ ~ ;;tr.t~ilf ~ l.l:£' J\ !!X: m ~ ?tJ;ft'H&& . ~ ~:tJ 7PJt~t* : 
( 1) {t~~;;t: 

I>•m:lf'~~s••m•.jn~~•w-~•·•••; 
2) ifliJ~ *!:~ tJ9 DC:lf 5ff1 :tm I It: , ~ it1i 'N$~ :liiBI! ley •~ T-1* :i!tr ISJ tJ9 *={I[ o 

( 2 ) if~~~T-i*tt<Jf~tl: 

t>t£•n~~•~••~•~-mmM~••~~·~; 
2)ffl*•~m••~~-Rley~•z~~~~%~~; 
3) :ltV::k~:fZ']H£o 

( 3 ) m-H§~~fitft-~~~~~o 

( 4 ) *ffl1ri~~*, -lii!:Ji!R~$~t1.U'!:H71' 00 I'RJM, ~f&ittiffMfilliti9.~T-mr¥ 
tEo 

8. 2. 10 ff_;;h;,.,~ 

8. 2. 10. 1 r;.; ]!. 
::kit~~*IW. ~~Lft:l'r.Hfflr~~~lt.t$~~~81, ¥£'ffi'~ll!l¥1Jmt>I~;~HL·H~ 

%~-:J$~ffi~~·t1[(5?., ::Jtjt~t£;.t{g[L ii:iJBe~tj\, ~~LfEij ~;g~ t~!&~jj~ , * r ~~-~ 
*~I~W~~-&BtMW&~~o ~~---·~··ffi:n~e··. Am~L1t:J$~~-m 

~?'~ 1li f'F fflr . -~~It ~-1.1: ~;;h r ~ B<J fl fiM<'1 ID: , .:E JH& ~19 fJ£ i!Ui~~..F.b :a1Hil~ 
C .mfi'P¥•) , -~ ( llPiBi!~~) !!X:~t1Hi o 

" _ffij]'~ijt.. JM 1it .fyl\ ~ "st& i't! 1t.. . -tl11i !lilil ~\ " ~ 1lt it~ .. ' " ~ fijf{.. • • ?ii ;W 
#.fi'J\~ ".ffiJJ~ef'Fffl (pressure desensitization)" 0 ~~*IW. ~§!IJB<J?'~EEf'FfH~ !J.!i{ .!J[~ 

~.~1t1-'!:H-~tt•-r•B<Jftlt~-~U. ''"1t" B<J~~RA-~T~~"-B<J*~· 
i2:fl'-~lli~~ftll~Jl.,m, , rm "~tit" -~~~·~Jl~~Y:U~, ffiL§.!FaffiT~,N-~ 
lf~~-W., ~*~MJ.~IliF o 

~L 1-t:J$~ B<J ffiJJ lroU&::!t:: li!1c "i I :liHJ<J~ ~~1:. ~ lrf'tm~-&JJ i$lX1" ~ -*~~ tJ<J ;I;{!HL~ 
~~~?!Pmffi~~J=FBI®B<J . jn.*~1t~!fiB<JVt.ffitt~~?i6. Jt;U;::~t::tt~fftJ:~:If'f.lj, 

MIWSili$~~-·o •.ffim~A~a•st~~~~tt<J~~.ffiJJ, ~~?IP*• ·J.ill:h 
. , ffiJ~?IP·.~·~-~-~~-~-~o ~~n.~~*~@ili~--~~-~~ 
.DUH!?tJ:IIWt ~. i9J.ffis l.®~ fRJR!:fl}* C :tE~# 'ft1ffPJ ~~ 9=' ~ eJ ?&~~JLSf ,~.;!t::WU llc~ 

•• );•F*~·"··~~~.-~*·B<J~1tWH~~Bt·~·-··~~~~ 
JJ~~ . m~H . •~~ffi••••o ~ffi~mr~1t1t~-tl1~~1:.ff:h•~••·• 
~1:.~•*••~•n•••I~ o iE•*~•~st. ~~~*•~~in8.ffi~~~-
2•at.*r~~s••~*W~~••ttB~r•d~*••~•mm;~-~L~&~ 
ftst.&~*~B<J~JJ~~~nau•&t19am~towa~-r~.Mrm~~~~L~$& 
H~ffj]~·o 

~~3¥:f#.ffif'FfHat. 'Lft~~~:liiW11J!{~tt~:ll~fro:fiJ9f~3!1J tt<J~Illii.J, ~ ~~~$}tJ!~ 

:fi~o fE!.:.l! , ~trJStL9=t~'Lft:J$~&H~W"ii~BIIt~~:tL~B<JJ51iiHS~1:.·-~i9J& 
~ JlDfEi#. , ~~ :fit®*~lt a ::k , f5l 19 ~ley iW 1'-j.~HLfBJ :S-1**¥·11: ( :i! ~ ~·11: ilJ ~ ~ ~Lt~ B<J ffi 
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mii*J~1t) WtJ.Jffi!ko ~eHL1H£~;J'at, §9-§£~~:il~?'~llifFffla9~Pflil o 
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::k.~~-~~~~~~m-m~~80% o ~H~~~~.m~MA~~.~*•~•• 
~~:EJ~Mo ~ ttffi~{~Elt, 1::~~A ~iii.f5UJ~;}, l&'J.l l~f~ o tt.ffi:1-J 16kV at, MA~M 
-j]j~i"J ~H¥-fiii~~ 20% o ~ttffi:it!:-tl7~1~~U 13kV Sf a~~~~ 16kV at~~f~ o m 
JfJ}!;! JJ[ 1-1 3 mm ~ ll11m IE mH'fJ 6g :kH9 :it!: fi ~ nr ~~Eft , t.li :W: :1-J J'E It It!. Eli 25 k v at ~HJ\!1t Jfl 
t~11J!€fir'f~;N1ca~i*, R 1":9: lOJJ.m :iil:.o ~?&, ~if.r~fp]f'Fffl~~.!JLf.t:kH§~MMf4J~ 

~o :S:7'~:W-ffiJJft:Jfl~:ltHJJ 300JJ.s at, tfi:~B::kiii~Mf~J o 

V. Krishna ~AX;f.!jLf.t*FJ9~mttfru~~!Jirvf~* 

fflOO 8-63 J9fffi~!Ji~!L ~~7~f.t:I$H~~-m~ 

~~~mfFJfl 300~ E.*~~~MA.~il.rt'FJfl 

600JJ.S E, 1Jt.f-F~*~$~~ o 1tf1Brvf~if1.~ffi7ffif~ 
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:I$HeM~~-~T~Aa~~~.if1.~~-a~~ffi 
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~MA*~EI~30%~~B1,~--~~T~.~~EI~ 

~%~~B;j,~~®~--o~~.~#~A~~*~ 

~Jf/k!Z,~~3&~Lf.t:I$H®~~J.f~f~o 
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Wrffl:tm, .M.~~~filt3i!J~~~.ffi?f:;lik-1'li~~f.t.U·W~:;lik-1'-~~.i:tft, ~ ~~ ~~ ~ 

JHfl~~, mmi!J}7~fitll~~~9~111!tto ~Lf.t:t1:H.ffiJJ~·~~.ffifi!E~~*~, -~~ iiJ 
~ftnJ£:1-J: ~~~fSJ£t!:k~:l$~a99fiJ·fi!E~a1, l!lfiffH-§.Ii3JREa<Jtti:IJEI, :I$H11t.ffi?Ea<J~f;llgtt 

~lfr~;J' I ff!.~~I5J~lt~~ltJJC~ft<Mff::(:E; l!lfi#H1£1i3Jlle~~-tl7~*' W!9~.ffij]~ 
nltif:l!i*~~I!J}~. li:~r~~o £JE~"~f~77ci!: ~~tl-ut , ~*:i$J~!Yl, ll:~ili~~.ffiU:e~moo 

I*J:J$~~-·ltT~··q~1;k 1 W:U:ZRE1~.n'[!E r:*J, ~·JlTil*~~~~o 
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m~,MI~$~--~-~-~~--~ffih··~-~~~~~~*-o ¥~~. 
3:.7'"~tl!ili T11Qi:W-ffi~Jle~~I!Ai$~~A)' illiiDir*•l£tt:~b\£~~fiit!IJ~ffi~~He 

·$~. ~-*·l£~HM.*··~-·~~-:W-~o ~D-~'~¥~H~~~~.tt:~~ 
.ffi~tt9mfmtt;lc , ffiJ:ic~l!~BE·B>t~.ffi~I¥.JJL$'J', fllU~J(~~-:1-J~~~~JI~:W-.ffi~ 
Jle~ o IWJ:ml, ~'J' =F~~~~fBJHEB1-*:~~HJi1~~~~Jlll![, :ic~~~7~HI11$~8<J·~7f'~ 
~. 9!!J~5(~ie·J;JIJAi-!R-•• ffi.o IIQi.JI!-•• JiE.:;k, -~tj:~~~£~ffihlJ~U!(, IIQi$ 
.ffi~Ji!E-:ic9ltl~~1-'FH~~~.ffijf.o jij~jJJ.j~.l!JE~*tM"l£1$~~.ffiJJ•e !§~~IBJffi~IBJ 

I¥.J*•~to~~.~~-~*··~--~~-.ffi~tt9~~-~@TW*o 
:19Tt~~~il:tf!!.;&W:~L1tiFHI¥JffiJJ~e. 3:.~~51A 7 ffiJJ·4it·.lt C *·=tH~fJJ\~ 

•.~t) ~-~' ~J.ffl~tlr?Bt~.ffit!(Jm:i-t ( 8-41) n-~: 

d, = (p -pl)l(p -po) ( 8-41) 
• 

p ~£H~*~ilia11¥.J IJ:!l$-U/l~.ffi, MPa; 

Po ffl IWJ~!Ji5k1'~""F 'i!r"fl¥1 ~ilrtJJlil.ffi, MPa; 

p, ~itH~~.ffi~ /J:jl$-?Jt~.ffi , MPa; 

l ~.ffi~·, em; 

i :J$H~~o 

•~~ 1 it 8 %Ijt~ 'ii'lf~ l ll, ~rm7f''lfH~1=f&~it~EEJJ~•. ;M;1i:~?F~m-llt 

A~*· t ~WW~~~ . RPp~p~~§*~ho~-~~ffjf.~,«~ I itW~~tt:. 
~!ltp,=p0 , lil:i-t (8-41 ) m~llt~d1 =1; ~H-El.*~~V..Ui!rfl't,p1 =p, ee:i-t (8-41) 

~fd,= Oo ii!U:t.a: (8-41) )j$J-~L1t~HH9!IJJ.fiJUiiHJfd,{l!EI~. ~PO~d, ~ I , d, 1tii¥.J:ic 
1Ni~ 7~L1t~H~~ffih •• I¥J.~~Jl, ;Jtfii8H&lli~ 1, ~-Jl~:k, )}.. ffiJ~EE.iJ 
··t¥.J·W:~:fi11t, Ji!!fm'lt&~~~~~¥p$:J9t~t'io ~eJ.Jt®:~'J,~L1t1-'FH~7f'~£~.ffi 

JJ IN.I.• , ttcff tt rm~~:!lf o 

EB~P~Po~J'J~~~-I¥.J·~-.~!ltM~B<Jp,.~~~W·:;k~p-~'~h8<J 

M~.~~---T~<O.d, > l tf9rr~{i.~~-~""F~·*Jtl· O ~l. ~J;]!lt~ 
~~1t~H-~~~-~~~B~~EE~.~~~~tt9~-~~ft$~~~~o 

8. 2. 10. 4 JS,.}J ~~J£ 

ffJ)(f~~}if\1ii1.i~~!tJii'ff8 , !¥L1tW~A~t3<:5!iHt9m.ffih ~tittl~h o A~ ~Wf~~-*'1-i:A 

:1'1 : ~1t~H~~~-~~~~~ffh~.ffl""F~¥J~•~•w~••F~~•~•~.•* 
-~~A~~~~*~*#~H~h~tt~.~~~L~~T*#~H~~*~~~~~ 
~-I* tt9~ ~JMil *fi.Xf f* *~~It n ~~ttta B<J~J ~lliJ o ~~#i:A ;Ja t£ ffl.ffi tt W ~ , !¥L~;; EJ!: rtiJ 
!!!~A CC~9'~ , ~~Vft:i9J -~'<3~!¥L~~19t;;ts::!ll~$ilfil.ft-;fll.Xf9:~1¥.Jff!fa, 9:~-f*~"i;lVJ\, 9: 
7'f!ltffii!f~ififfl-i'ili#~~;itmJ OOI¥.J£19to 125l llt. ~F~~:t~Hib\ 9:~~·i1J~L~¥~~o ~ 

f'l'~:fi~'fl~~~~~lJillf'*1f£, 11Al*.ffih~:ff""f~~~, 9:~f*~~~-ff£ o ~~~~~ 
1££tffii~fm;J,~~~. ~-~®1.1~~. lil ~~~nliff-.&9:~.ffih7f'.&.. :I?FHilJt~7f'~~~l 

;Ia o ill~ , CC 1@ tiG -1*~ a:tf .R :!i!: fPJ 1M! I¥.J -~/rOO , IZSI :1-1 ~L 1-t:tt H ~-~ il1li P3 ii'H tt ~ ~~ ~ 
w;o ~!1L1t~. t£.ffi.iJ~ffl""F~~F~~~~~~rq~1t. _q!~;p;:tf!!.~~L1t~H~ ffin• 
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liff~iA~, •~mz}J~f'Pmm , tt7t~:RP~~L1t~~¥J~¥tltJt;:tJ~~~, illt~-1*-* r:r 
~ftlfU~:iaS~ntJ~~fft!kiii~ .. !Ufii;J,, ~f*F!JPJ~~~ftW:~itl:foJ~, 1t~&miiK.5C~&mzat 
rBJJJE-If, ~~~:bn, ~(ti]~JJIE~s l ~~~:m:m~:no:k, ~3&~L1t:RP~~lf~fk\i, •ltr 
~' ~!fff{1t~~tJ1:i\i3!U~~' ;ij[~~· "~~" ~j,", 1L3~Jj~,&mll:f:tltJTo 

::E71'~.x~·tt1M~T~LJBC~~~~L1t~~i¥Jff}J~1f!t. ~**IW~LIDC~~a<J~1f!tft!W~ 
tJv=f~Lft~~ o ~~q:t~~. ~LJBC~~~ilJ~ffi~fPfflZ.m, Jt*W~-iim~LJBC¥~W! 

~f!J3K25!:S, ffffr:p,t:.,$71 ~ U1Ur~l±l:ff1t~5!:1t, ~*IW•:ili*iiil¥l~LJBC¥~~Ylti~7K 
(WO)~aM¥J:il~~~ . ~P~~o ~«~~.~u:W:~~LJBC¥~~-a~-~~f*~!JPJ 

~-~*:ff~:k~~.mtl~~-~~~~¥~~••w~~LJBC¥~•~-t!1~~S o ~m~W 

~~*~fPfflr~JBC¥~~~~L~«~~ffi~R!t:ff~.:ia5~~iii:ff~o 7tfiiA~.vo 

~M¥J*!it~~~~~, 1f!t1tntJa<J;IJnA~~L1t1$~~-siA T:k:l:a<JatJ,~W, f5!!14~LJBC 

~~~,L~-W-T o ~ft:RP~~~~ffi~fPfflm,~~~-~*WB~m-~~s.ffff 

J3.7t;{f31ft~?:Ji.JtliEIWT~,#- o ~81't~'LJBC¥~~~~~~Jv=f,L1t~~~~IZSIJJJf~ o '*Yf£ 
f:Jt~ m j~, . •~*!it tt~i:k~ ~*~ fP ffl"'FilJ~~~ WE~ , ~ Jt a<J PJU1fuffiJfiiec m a<J Wt!t 
7t f-6, tl5lfllJn~i@:lZI: T~'La<J:ltth o 

~7fY~*:!i1:~:k, '~*iii~~:k. T~UL~~LJBC¥~.eJT~ Ltf9iJ7ti'fli; J3-:1JW~I~ffi~ 
~~ffiff~fPffl"'F.~~W~~$~~W~~a<J:1J(ti]F~lli~. ~r~~~~#. ~~iii 

~~~LJBC¥~:ia5lf(ti]~~~-·M~S§,~~~ff·~·M·~F~~~.SC~~*·:ff 
~-*.~~:1Jiii••~~••**~1t:RP~~~•ft*:bn~~IZS! o ~L1tm~••~•P~~ 
~Lft:RP~?tW:~ft@~:k~,~~W·a<J·!t~R!t, ~ffff.~-M~~ft@~~iii-~:1J 
oo.*?t{ff~·*11J1J!o 

¥T-:kita<J3);;~1Vf~, ft.x>t,Lft~~a<J.ffi}J~~m~. ::E¥~t£l±l T ",J,~" ¥Jm~ 

~~ff$J£-Vt;, 'tfi1~-~JJfli.~~Wi~:1JW, tlr£f.~:ff~;~UZ.lffKJJ1J, WJ~.:E~Jaffl-T-:2 

'L'l1Vt~HitJ$~1ta<J'L1t~~, Fo~~:¥Jafflr1-t~~~~~I*~~:E-e1t~~L1t*l:~ o ~ 
ftm~•~~Aff}J••~~~~IZSI. ~ZS~~~fuma~1t:RPH~~~'LJJ3C¥a~•*ffi~ 
t?f'Pffl, ~~~!ttt~~a<Je1tniJ~ffJI§-;J\~~~, ~~~~W,L1t:RP~a<J~ft~;J,f!&1tntJ ~ 
~~fPffl~;J\o 

··~,~·· ¥Ja~A•~•~. ~ffi-~:RP~~~-~~•ftmMea<J•~•~xtPm. 

wre1tntJ*-9ftLJ!J~a<J:tee:kB9~LJBC.tiT-~~mJmtt$'e-Wl~. 3&f5!!~~a<J~1'~JL~~LJBCft 

T~~~%~~-m~~~~*a<J~ft&T,~B~~~-H·~~B*fiAo ~T~~ 
a<J'LJBC~T .Rff:~re1-tntJJ!Wi&J!J~, ~it'EUlFfE!fl,C.', %~-~-~~ "'E!T-" ~-MJ, 

~1tntJ*-9ffttll~r "§T-" a<J~JL, ~~L~'LJBC*-.ii:T~~r "§T-" Bi., ~#~¥J~1ftr 
~~ .. ,J,~" o ~r~~>t:.,$fSL~ecm~•. 'ilJn~E.~WE~t!1 'ilJn~%%-:JCtfflo "tJ\~" ~WE 

'L ~~LJ!l(~T-:ia5tstlf%~7f~JgWJ;f~, w•~*:a~~~mtl%~#a, ;~t:~ m~ e.g£~.5e 

~.~~-fiAl±l*~····tt~f~~-~.~$~~~--~WB:ltt-~&~. ~~ 
llt-~{JTA, 1l¥U.5C~~~tlf'W~!a~~ o ffff ";J,§" j~:Jll~*ii&,La<J~L&&-=f, .eJT:ff 
~ ",J,§" ~*1£*~'La<J,L&¥~9=tfSJ, ~~Z.fSJ~?tl%7f*, M "tJ,~" ~$E.& 
'La<J~IDCft-=fa<JfiAtt~.~~-~,B-~fPffl, IZSI~~~ff}J-~ffff*~ff~a<J~ 
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";J,iQ," ~R. >j"q(!j;: I ~JltZfOJ~/f':fft£*?~nLtl9:JL•~gr, JitB1tl9~L~:I.'H~~fl.IJ[t&:k o 

",J,iQ," ~-:JL(J(J~L-tlrtl9R. ·J :ttl:bll, ~~~~ff1Jfnifl9:1llJI':I9ti.tiW~~'J', /f'~J-T11 

~liJ.i!Z~~~5f1lf~~o *k12itt1JU.it!&$~ :lii~tt!W'"'F~m!.t~:ko "tj,'@," #g~!U¥J~iil\jf/f'~~ 

$iUL. mi~-~Ltl9'L.tir;{'ffi~1f!J!Iitli:tf9iQ,Jl~~ ;ffl~-Tt£"~,~".ffllOOiil'iT -~io1! 

~#1.1.00:, tE*~~-~~.!l'"'F~tl91'fiJII>t, I~IHi'\liT "~R.\" rPI*•'LtJ9,~*lirtl9~fmo 

Trable J;!.[Ji!UiJ.-~ 1 l'fi.I-~LftJf!JtJ:f~*ItB-t, ~1W5!Eh 1¥J~f~~~~~JJt~iE t~ 1 f§. 
A.~••fnftm.Fc~~~'"'F~mtuma~:;r-;~•~•~*h o ~~m••~2TBWI¥J 
:k;J,:il!:ffff~2 T ~1f'l;jflu-Ttf9:ktl'o ~i#.~ ~~~1f!J09*1ttN~II>t. *1£tl9~L-~l!lit2:-T 

][~·:k , ,W. Wlm5lll13f1~, ffff * :ffi:it:bD at, tl1£.tl', B W .WB!li!t!t:bll, /f'~ * ~ "tl' 
tQ," o ffilrm, ~L~Jf!J15li!:~ 3M:tt~ :Do 11>t I !iiL1t~~B9 li~HJk!.l•'J' I rm ~ *it:itt- W:tt1Ju at, 
Iii -T.W.iiilm~~LftJf!J Bi£~iU1f!lfU' 'Lit~~tl9~il£-.lf':jff~!j\ I tf~:fi Elflm7t 0 

DR~~~-TI'fi.l-~•aa*~.ffl~l'fi.I~~-~.~~~~A:fi.l!'l'fi.ll¥1•am.~ 
±~AEI3-T ";J,iQ," ~*1£.&.;ft:kt1,~eft1llJ~!Iit!:ktJ ,5f1l7'~·iiD:fi -;E~~ o t~~ll, I~ 

JHCft~~tl9%~Ifi:fl~:JJHfft~J;!.[Ji!lj' 1Jil~~$~;klj\~- , *~-*Jft19m!tb~Jt:! I ~q~.!ey 
~*•~mMWM:bn~•~~~m~~•aa&~t19~Fm. ~ffff;jfjl'fi.ltf9~&¥ame~ 
~i!t\iita'f •• Jj[.jco ~f& , 1jjJ(~Jllj!l(t}LI':J9tJL.ffiftfm;{lj-.ffih~·tJ2;fi$X;;'c~P~, {§..If'~± 

~~~-(iDftE/f~) o ~-~MRm~-&V..~.eit~I¥JDa•*R>t~ 'Lit~HI':I9~ 
ffitt~~-~o@~~$i£M-~~1':19MftFc,V..~-1t~~~it~~.ffih~a~·~~ 
/f' -~:JiHit itJllJ 1':19 ~!i NJJJf3& , rm ~ .$1- ffll ~ 1':19~~~ ffl ~ .* o 

8. 2. lO. 5 ~ -ir .#l-.:5e. 
~1t~~&h.8t19~M~~~M~&#e~~~--~~.ffiP~~M~~~m~~ 

-~-~1':19~~~~~-~~~AI':I9~~.~ff~£1':19D~~~~~Mt19*m~*~12o 
~T.W:~'Lft~~#g~19J.ffi~ffl'"'Ftl9il~~ ••a~~L~JllJJ.i!Zmti~U.il:r~ftiN~,W.WJm 

D~o~~~m~~~--~~1tME13-T~~-~~~~~I¥J''M*IIffff~WWmW~~ 
tv! , ~i*i ~r'L~Jl!HHi% ..!Vt~ j!;ftlj£~~~ im.lf'iift!lY W o 

'*T ~-it~~'Lftj):IJ~ffl:ta:Z7'~, f!e~·itj):IJ ~fflit~:lt9?:J*~t12~1-ll~n\'Jilfi I 
ffftJ~u. M~*fflMH(IIH~7&1llJ (180- 200 ~~74-89,....m), )j4fO. 1% - 0.2%ti9"W:~71Q3l1J 

±'9 ?:J t&-e-.a-f'lt ~,Jc ~ ± 1':19 m iil r:p • ~.f.f ac ftitJ 1':19 ~ m1l1J -HJ:~ I .lf'ffl.~ :i2i ~ f9! w £L ~ .!:3 ¥a 
±'9?:Jnt~ , ~ '=\.1@ :lt9 ?:J , ji~ .If' $TJt!;:1Ju A , Elfill'J ~ tl9 'Lit~~~~~~~ .ffiJJ 11!& 8~.ffiiJ 

~-~JJt-tJ\ o 

};37'~, 'L~~~~Jt:f1Mll*, jU)Jj(~*iil, rll!ifflfi$1- .. $:~~J~tf!;(tJtffih~fiB:~-
21':J9·11J(ij~J'l3 I ~iiJfftitJ'L~;I$l.fflJC~II>t' mzsl~tl:·o 

8. 2.11 !¥L'f.t1$~-1$~~tt-Jlt~~l(a)~-

8. 2. 11. l -*J.l.i,tij~jl!J~;bo.I. t;{I(JJ}-PJ 

c 1) lf~WJm~Jt'l9nt~mm o ~ 8-51 /9:5?>L'~~~~i¥J?i-frili!N;{t'L~~~-~tt 
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~~n(nJI19~~-JJt~m, »-.~i=f~W~I±l, ~fl!J~~Ei~Lruc~&tl19tll-&~-iffilJ.t~1filJ :(:£ 90t: ~r:19 
~o ~~~~-~119mJJt~~m.a•119m-&~-s•~~§JU.~~~~·~~I19~~~­

il-BJJti19~*~~.~~~•'L&¥&1:119BJ.t.~:19BJ.t~~•m-&~-119•a•~.m-&~-119 
~ ~ ·[f!~ifi ~ 119 ~501~: 0 

~~M!% ifl il-lliU!V'C t-i'~*Jl/g · em -J ~_i!lm · s-1 ;fiJ;I;I Be "fll,f/ em 

52 1.15 4911 10 . 

72 J. 17 4975 12 
823/ 500 

90 I. 15 4S34 8 

104 LIS 4810 6 

55 1.15 4774 12 

71 I. 14 4985 12 
CIS/250 

S5 LIS 4724 8 

106 I. 14 4693 4 

lrJtifK11Hi, f$J54c;fii19~:1JQBJ.t~tll~:t£ ( 60 ± 5) 't: , ifx:ft%01H~:!!f, W:~~lr3'tl ~ 

~ &-s2o ;E!fBJJt:Ctfij;, ~.&!:~~, :bn A#~lt1f$J54c;fiat, $A :~tzJJHQ/i, ~ utnJf' &=ld1: 
~;;E!f8J.t:Ct •• :IJQA.J54c;fiat,a~Mffl~~F~m8H,d·~·A·J54c;fi~ft 
~. •~•~••.~~ttar•o ~8~3-~-m•-JJtem, ~~8~29='119BW~ 
;fM {12.( 119 J;!il.1$ •If! o 

$JJ!<;fi-;IJ!f A :lit ( 19t:lll: ?Hlt ) I% !lf.tl&'l!Jti'C ;fiJ;I;IHe"fll,f/ em 1it.i!lm · s - 1 ~Jl/mm 

3.0 .;;so 8 4211 13.0 

3.0 55 8 4635 

3.0 60 7 4726 15.0 

3.0 65 8 4627 15.0 

3.0 2!:70 8 3828 11. 7 

1f.~f;$:i&\\Jli'C 80 75 70 65 60 55 50 45 

t-i'~~Jl/g · em - J L 30 I. 31 l. 23 L 19 I. 14 1.08 L 10 1.12 

:!Ji!/m · s - I 1ali ~!I 3300 3800 4500 4700 4500 4500 

;fiJ ;l;ll!E /lr I em 6 8 9 9 9 9 

!f!Jtlmm 9.8 15.2 17.0 17.4 17. 6 17.6 

fill :fHW d 30 180 270 270 270 270 

li~:fll.ffl$1% 8. 9 8.8 17.8 23.4 36.8 40.8 37.4 34. I 
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< 2) m JJti.'i!M ff!J ~~mat fiil o ~mat fiiJ5<1!fl.1t~J:9t'£fm tP.fr .!ii* ~~ ulnJ , ~i~B119J l1 
?iil7f'fm-!*iJEti~~~?:Jtt, liZ.5<1mJ.tiR!I!Mff!J~~L~~.&t~~F~~:t1\tFffl, Jt;a;;;t!~l* 

~~:i:t o ~tiB1fBJ.ii=!!H~~, ~~;tt~~W ~JL$~*, ::ffl?~UtJffl$~f~ o 

1J:k5i!J~71'-ft~~~~Jl~:ifi~:t1\, Rtrum~~~~ § I¥J, ~tllB1fiiJ~IH~!IL~¥~a9 

··71'~WB§~~o ~~¥ai¥J•ltD7~Mlt1f*~~.~-~~~~I¥JM~UM~ 

~.*ffl71'~1¥J~~~M.!IL.Ma~-~7!'~1¥J-Bo ~mll1~M~1t~Htt8•~1¥J 
il\~iJ!~iat~~, ~rJ r~ 8-54o ~~~-, i!ttW~fti¥J~~, I tF:n~tP.J(;f~~;ff.!:j,LJBt¥~1¥J 

mil-~$1f~~o 

~ill a-t fii]/ s 30 60 90 120 

1$lli\!:lll:l g · em -l '!'J$)~ I. 14 1.18 I. 20 

~Jlli/m · s · I 4500 4600 4800 

Jli.HIHe~l em 9 9 8 

~!lt.f1)}fl$/% 30.9 24.8 21.9 

(3) !WJJtiJ1m*'JI¥JWJJto ~ 8-55 ~J :±l Y ~l*~~:l51¥J1tiltM!IL1ti'FFittfm~IJI!!~lit 
~IJ!~il\~trs. Ei:J~"f~i!SPJ~. Wl*~Jl:tf~t[;J,, @lt*· 1f~~Jffl.$, !IL1t:t'l=H~~ 

J.t.~~~-~~-·~**o j~·W!t**·~--~.~~~~-~.bOA~~&"f 
~~Xifi*ttli:~ii~d-', :t'l=P.iWlJE*· ~!J[f~. t.l:t'l=ttfmlf:. H~tx.EI.Wifo 1J~iJE1$~JYT 

•*~••.~~mtne~a~tnAg.~••*~~••.m.ElM~M~.aM71'8 
~o ~IWlJE*;J,, ~~:l5~tl:*, ~Jfl31UfJL~fFfflWiu1Hi$, t.&1ta:!D:7f'~~o ~.tit, ~Jf.J 

·~WJ.t~~~:fit.MF~I¥J&~.-~tt•.·~~~~~~~o 1l~~~~~:t'l=H~ 
-fl-t'£frn, 1&'lf~i:f(t£ 45 -55kg/m3ZI9J1J~o 

~8~5 -~-~~~~~-~~~~~~~~ 

~Blf:~~~@Jl/kg · m •3 38 42 47 54 40 63 15 

t$lli~!ll:/g · em ·l 1. 17 1. 14 1. 14 I. 12 I. 19 1.15 I. 13 

liJlli/ m · s · I 4100 4200 4400 4500 4500 4700 4900 

~llie"Jii/cm 8. I 8.2 8. 2 8. 5 9 10 10 

IllJll mm 16. 2 16.6 17. 2 17.4 17.0 17.6 17. 4 

~ JJf<:tt ;r; t& ~l.Jfl $1% 36. 7 40. 1 48.5 60.0 34. 5 47. I 48.6 

1ii:{f1JI/d 240 ISO 90 

( 4) i!tt:W!iHa;ftJM~Lft:t'l=~tt·I¥J~nrliJ o ~~~A?HitJ*fflttllEM~1 JBI_50 ~:W 
m~ 2ookg ~50 kg ~;tt~~~~:Wff~!!Jlti~ft~¥Jff£1tm =.fH~:* < tt%?HJU1J 1 %. 2 

%~3%).~~T~~R:Wft~~MfL1t~Htt~~~~tFffl.OOlit~-~~-8~6o 
~rz:, ~~~*IP.ffi. JBiso 11lt:Wm~~n~J.t,LJBH~I¥J~mo 



-------------------------------------------------------------------- 8. 2 ~L1t *t f'i 6/:J ~*t •!Uit .l.l~ f) o¢1 ~ -t- • 54 7 • 

*s~ •~"~~a~~"·~~-~~~~~ 
mwJm-f-t-t} 1 -\} 2-(} 3-\} 

3illfl'tfiij/ min I 10 11 

~~\!IJ:Ig · em - J 1.13 1.18 I. 19 

:IJit/ m • s- 1 4500 4800 4900 

Jfij:IJ i€7lS/ em 8 8 8 

~flfit/kg 106 215 53 

-fii:ff::Wl/ d 270 210 210 

*lJfJ$1% 48.9 39.8 38.2 

8. 2. 11.2 ~~1tJll~$!..1t3H'i-ti.~6?~~ 

~L1t:ltiSt£~r' , fitr¥ , :IB~~~Y!B::t~ 9=' , fi:~ ~J m ff, !iY tv, ?111-dr~-*flltJL~JJ 

~~m.~•JJ:ft-2M~~~fL1t~Httft~~-~o 
( 1 ) ~ H .ffiJJ _x;j·fL 1-t~ H :llLl*F f_:!Jj~ ~ ~ Pjn.J 0 w iS :fE ~ r= at~ if .ffij] ~ Jlll~: ~ llJ :1!!¥ ~ 

1¥1 , TfiLEI. ~ .ffl I¥Jt1Lfi.:~, B;J- fSJ *. .:E~ ~1:. t£~H:UW 9=' • ~L 1-t:ltHt£ m EE ~ .ffl ""f ~A 1f 
'i='o tm~m*m lY-1 !Wffi1ij.\~-ftWiS~Hm, :Jfle-i-7 ~,~l¥l.ffiJJ~~. ilHi\7~H 

EEJJ xif~ 1-t:ltHttfm 1¥1~~ " W:~tti :W:;t{ 1!!3 , P& l!t¥*~ EEJJ ~11~ :1d~~H3Vt ::k, 7ii11.i 
~7~Hlfi.tl.ffiJJ:tttnrm"Fi*; ;(:£.ffi.1J::k-T 0. 45MPa ti:;f:iA;f, :lilt.¥ ""f~~~~, iTIJtJ:;J,-TW:ifi 
B;J-JJ!U~~ EEJJ:t:tlif6im:Jt::k, ffl¥ I~H I¥Jt§liE tt.~HfiVL~ 1¥J:IIiE~ tl:\ :lli 900rnls; ~fi 15m 

.tf.ffiJJ 1¥JJtt::Jc)t~_tft rm,S""f ~, j.l; ll(ljJI\'. .~:ft 0. 43MPa [ifj:iJ!; It! ~$!11fiff .ffiJJ:Jt~im m 
7c, fitf¥B;J-fSJ7c~.tll:U 250d B;J-It!~$itt:bll~LHRo fi!.ffiJJ ~:ltHI¥1 Et!.~$~1c3&*~3m 00 
8-64 JiJT~ o 

~~IXJtl~ A*.fflUW~ JY Ui¥i:kit11 
~r ~r'l¥1 RZ 12- l glU~.ffiffl~itfL{-t:l$ 

H~Ht11,00~7HHffJJ~~1t~Htt 

ft~*-o &HH8~3s~ .JiJT~~~ 

~~-m~at&tl:ll¥l o ~~~*~tm~m 

t¥J~~~*~*-¥X.~~z~t£.:r•Jt 
~I lit :W-#:~IE JJ 6 MPa ti: ;tr o .:ft JiJT ij!Ht9 IE 
JJ~WH*~'~it,~~,lt!,~$~::k 

~*-*3mi¥J 8-65 Ffi~ o 

~~~~~ffirmffml!t~~.~£ 

;(:£~1tWH~EEB;J-;n'~~~.$~:W-OO~ 

t£~~1¥l~~~~.m""fit~ • .f4:bu...tm~ 

fl( ~t§ fl"Jll!t lllfi.ffiJJ ~ ::k w ~f~ , ~ w 7Jc*t~ 
?6bl.J~tl:\, :bo'*7 :7HfUIH~$i89~1JE~~ 
~.~ff,S~~~::k.~~tt~~.~~ 

~~~~.~w~~tt""f~.~~7~H 
ttfmo 

I 
E 
<> 
• 
~ 
<-
-llll-
at 
-Bjl 

1100 r-- 244d 

1000 
178<1 

900 
I Sid 

800 

700 

600 

500 
43d 

400 

300 

200 

o~~~~~~~~-7~ 0.1 0.2 0.3 0.4. 0.5 0.6 0.7 0.8 
Dffi1JIMPa 



1.24 1.5 

1.22 7.0 

1.20 
E 6.5 ..., 1.18 ~ 

'e l!l[ 6.0 
() 

1.16 Wli • 
~ ~ 5.5 
ll!g 1.14 ~ 
~ 1.12 5.0 

1.10 4.5 

1.083 4 s 6 7 8 9 10 4.03 4 5 6 7 8 9 10 
~t9££:t.J IMPa <l!'t ~EE:t.J IMP a 

a b 

4050 

4000 
14.4 

3950 
14.2 

3900 
14.0 

i E ' '(I 
3850 E 13.8 

.€ -i!! 13.6 jfl 3800 !:tl e 3750 13.4 

3700 13.2 

36503 13.0 
4 5 6 7 8 9 10 3 4 5 6 7 8 9 10 

~i§ ffi :t.J IMP a ~RifE :t.J IMP a 
c d 

1400 

1200 -+- jt,Hf: SOd 

'e --fti!f¥ I OOd 
1000 ......._ ltilf¥ 150<1 <.> 

~ 800 
--liM'? 200<1 -.sit 600 lilt 

ii!l 400 • + 
• • • 

200 • 
03 4 5 6 7 8 9 10 

~Ri ffi :t.J IMP a 

e 

oo s-6.5 !fti!t'IBi.IJ.5J:l'I:J!i\tJ5c ~1£, ~Ill:, El:!.~l.~a!J~~oo 

JIR~ffit15<1~L1t1$~8-9fFJfl .:E~f=~~1'-.:E~~* · f!P5 1 ®ftJ5Hs~U¥zFo, ~L~1$ 

~--~*;~1$~~-El-9-~o ~ffitJ~~-~~w~~.M•B-9•~•N*~FoC;ffi 
t1*~~m~.m~~~~&a ~~··~~~~*~ffl~~.-~®~~~~k~.~o 
008-65c, dFJf!J' ; Ttii~FoC1»i£ , ~Jl~~~iiJI;,(Jli!Mit~ o l@.~$~11t:i1W"F~WT!t:bn, 

ti!.:Ji! ~ ~Jli!M a-9 o 
~~~~~~.~~ffi~~u•~ . ~~~FI~~~~~~~w.~~~oo®m* 

~:1fto.J(i<J/Plt:F~N~~ 0. 5 -1. 5 mma J!~El3 ~~.ffitJf'Fffl~, fiUfflHI~:!JLJBC!I'-OOJm~~, 

mM•••N~~ ~ *~&SfiW a ~Ttii%~~1t!Bm. lt!~$~*0 
,~1$~~-~m~ma&:tJfFffl~. El3W·P~WW~A-B . a!lt:i1W~8Rf$ 
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~~ ~~ ilit~o ~aH&~VIL {:;fq:kJ ,_IUtrHJUomt -f* jJ 1¥:l11!~ , 5C;J~IA-t:I.'F~ ~~ i:t~:il!:rr T 
.n~*m~~~~~~i:t~~~~:l$~~-~~~••*~~·~•~.~w••~~• 
:ta!*;{JJJg-~J!JIJtlllfl'fo~. ?H31J:t!ll~ 8-66 , 00 8-67 P!rfF o ~Jit~ ~t-t~lt!Wt-l-1fPHi~Imf' 

~Q*~~~-h.~~~~~~~~m~L~~f'~~Wo 

~T·~~~~~-~~-~*•toTm~:~~. 
W~-~~--~A*M ; ~-~"~~~---···; 
~~ . W~W~UM-~B-Mtt~~UM ; ~F·~~ 

fi~ffl~T.-~,W~····~~WMW~o 

z 

tJ 

- R - ro 0 

z 

v 

- R' 0 R' 

~ 8-57 ~~~:iJA)(if~·L•l1tlJ;!~~ilt~B9~L1t~~f'£·~fm~ nf(i](!9~~-jjt~lio ~If! 

~~~JF~ ;l:Jl,;fj~~~ l:tA.I~~~i!IBiH~T~. ffii1f!l~Rem&ffffL71- o 

-8~ ~~~~~-~~~~~~~~~ 

~i!!:n~ ~J)j!JliiH} 1$!9\i'~lg · em -l Jl:illl m · s _, 9fi}.lf.e"f4/ em 

B23/ 500 1.11 
.A.IltH!i 

4680 10 

CJ51250 I. 15 4889 6 

823/500 I. 17 4538 12 
mtum 

CIS/250 I. 13 4791 12 

( 2 ) ~~)(;j~L~:I$~tj:fm!¥J~J(nj o ~L~i'j:~)>A.,~f', :@tlfn¥U~JtJ 1 ~jjJJ!i!~JW.~~~ 

-~-~~fflo ~·~~.-~~ffl~~,L~~H~·l11!lt!~Btt~f'~-~~~·'L1t 
~m~ttrm~~o lt~~as#•~x~~. -~••••89'L~~~~£~i:t•*RE• 
;g~~~•l)lar:f - c.·Fo I !11-'Fttfml:t*~ftr*~Mll~~. 1f~W~*•~m~. 1!!~ 09~&'b 
~¥U~jjl1JJfl •L•Fo BE,LtRLW o i!~-{)(1[~Jjnf(i]:J;i~~*· ~~~fflifim~*~~f'1!¥-*~ 

-~ o 't1ti'FHf&~R~~fi'J.ZFo, -~ttti~~1t89~1UH~ll, *45 Jfi~.Z1J't~i'F~B9tt 
W;!Jf!fmo 

:t£0~:@tlftri1:WJfl' Jmi£~§Jtl1~* 1 ~~0/Uf:@tif.j)(;j,t1-ti'F~f!~~~Pfij tt~W%£o 

~:*t£~ A*=ffl5.!H-t~rbt:@tlfnWZ9J-jjt~ ~:it!:~-T!1L~~~*~0/Uf:le ~:bn :ii~rbt -jjt~ , 4ii:~ 
fbt:@~-~1¥1!1!~3!Fo, J{ltT$?Hitt.f~~~~~Xl\l. , @§ , ltif~*~§iiJ~RE~ C*JfJJt 
~~) o ~~Jfl~m~1f~~~~~r 20~. -~~~-Jj\t.f-~~~-mo ~mm~tunH 



MifO~W:EJt. 4}~~-m*~~ttHfJ~ sfitf¥utf-f~.ffimz~~&m. tt::h tt~~*~ o 

~lli~lt:1>.1 T-300 5.9Ht:mW.~$jg~~iYJ'Ei' o $m!:1>J~:fi!(Jl!l! 4t"F$, !mm:1>.1=~i~!m 

~~~ilii, $i! 35kmlh, ~iYJtl!t~:1>JIE~.lJZ-~~#IIJfitJ17Lt, ~i9J1Jili!~ll&:1>.1 cf> =4. 3o 
Jile~ 4 ~'Lit:J$t§fF:h~~it~~Jflt§, ~P=~*1:i~Lit:J$~ ( 1-t~~1fM!lHt HRY) , 

=¥&~iY,Lit:J$t§ ( 1-t$~¥@. HRM), =~*15'L1t:J$t§ (~~*filtft ZRY), =~mW 

~Lit:l$t§ (~~*~ft ZRM) o 
~Hi~:W:~tlf~ 8-58 o ~ 8-58 ll&~~IY'J, ~~:ii~W.*~~Im:iE~, !1Lit:J$t§~7'~~ 

f08~&~---~.4~'Lit:J$H~f-f~--~·~~-~--~~-2~-~T~. 
T~~~a*.ffi~. T~ft-MCSm~m•~~1JnW** o 

* 8-58 !II. it 1.1=i9 ~ i&mwr•w.lit~T!U~ iflll ~~u~ 

t'.£ 1m W!li 
#.HU!! if!i\/krn 

m t.M'ill+? 
0 250 500 750 1000 1250 1500 

HRY 1.13 1.14 I. I I 1. 08 1. 12 1.09 I. 08 1.11 
0 

~l.ll HRM I. 17 1.1 3 1.13 1. 16 l. 15 1.15 I. 15 1.13 

/ g · cm· 3 ZRY I. 12 I. I I 1.09 1. 07 1.08 1.09 I. 07 !.II 

ZIU1 1. 22 I. 20 I. 19 I. 20 I. 22 I. 25 I. 21 I. 21 

HRY 4762 4669 4661 4512 4335 4372 4300 4671 

~il! HRM 4310 4414 4300 4048 3853 3743 3817 4150 

/ m · s · • ZRY 3938 3891 3846 3884 3782 3738 3746 3863 

ZRM 2963 2864 2670 2575 2645 2568 2549 2688 

HRY 9.5 9.2 8.6 8.6 7.8 7. 7 6. 7 8.6 

.$/flffi)~ HRM 10.6 9. 7 8. 7 8.7 8.4 8.0 6.5 8.8 

Be~/ em ZRY 5.9 5.5 5.5 4. 7 5.2 4.2 3.9 5. I 

ZRM 4.8 4. 0 3.8 3.5 3.9 2.8 2. 2 4.0 

lillV=17H1f~IY'J, 11i.fO.!a;iiJ1a.fle·Flfi~~~HfJ.m~ffift~1JDWT~~Jt$, .X~~ft~ 

$:1CY1iJ!£ft~~WHJ(~~:E-11tit, ~Wm!~T~i!$t!S*T-*1:im!~, ;Jtlffi1291lJV=1~:1>Jlllj~ 

mm•r~~it:J$t§82tt~•~ o wm~-m!%~~it:J$H*~·it$~1CY~~~it:J$ 

H~--~~·B;iiJ·~-T~B$*T-8a~~*8it~~itWHo ~~W-~fit~ 
~ffi~'Lit:J$H~~W*~~4}~~M~:J$tt&m••·fi~-2~~-itfFJfl.Mf¥. 

0 

- f&D>tfOJFo, 4}~·11:~~;t~f;f~;<>J'~2 o w•a~~*11titfl{],Liti'FH-;$t:fJJ~~:J$ttfm 

iil~f~. ~~~~W*~, 4}~~&J.iiZ~B%.f£. ttfmi:l!.~1!1m2o 

1$M:& 8-58 ~~Mfitf¥*~.f~Htt~tfj1Jt~I¥J4}:!J!OOJ2ffL j:j:~$f*.ff:WJI¥Jf*Pij, 4 f!Jt 
'Lit:J$t§tit~ 1¥J~JtfO~fl~t.IBe1~FlE~:lii~J~0 ~ilitlf!~W. ~!Ji~ , T II*~Jl$:::f:;lik~~ 

*·~~titlli~m~ut~~~~~~-2**0 
m~~:J$tt~:fJJ····~~it:l$H~~.~M*B~~~tfj~.-~ttRAM~m 

T•.ma~md•OOJ"mn••w••~•~ttno wm•~tt~w~••~~~~. 
T~~Ef<J:Jj~{l[B~m:f1J\?i~~I:EB9111t~{ft (/f';J\f 2500rnls) ; Wt1J\?l£~~2Et<Ja 2cm ~~ 
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~-g. ~ tR?t >J<1i~~ Vft~~:ite9-tfie tt1J7'! o :!zll{ESi~~ .A3!~J'~H£~JHi* , ~ fifa.IEUli it 
~~~ffin~~-A~.ftA~~~~~>J<~~~~~: 

( v- v) - _!_[ [ (au) - (au) (2i) ]dt ( 8-42 ) 
• 

11 
- Po ., ah 1 ah h ah 1 

( u- u1 ) 11 = _!_J.'[(Qp_) - (Qp_) (2i) ]dt ( 8-43 ) 
Po ,, ah 1 ah • ah 1 

( E- Et)~> = [[P(~) - (iJV) (2i) ]dt (8-44) 
•• ah - at h ah . 

J J 

~9:t u ~ p ~ V, E ?HJIJ~19J:,~)(JJ[ ~ ff_j] ~ tt~ ~ tt 1*1~~; 
h' j fll:~~f,~; 

Po 1-t~:W:Mi-\tn£ ; 
t at fiij 0 

~L 1-t;tF-~ ;li!: It$ m ?t tli-% w Jilt a<J , ~ m ?t 1£ l!Pilr t1t B9 t1= flrF :lt8 PI ~;A 2t 1:. 1-t ~ & J.i!Z. 3f 
PJ~~~~B9&&•$o &~•$1JWA~*••••~•a~•·0.~$~~L~1$~a<J 
jil§I.t!f tJ., :Ql;~ DAGMAR &~$ ( Direct Analysis Generated-Modified Arrhenius Rate) , ~ 

%~~~~: 
,\

0/(1- A) = Z0 p"G(p,t)exp(- r· I T) 

~9:t Z0 ~ n ~ r· -')It~; 
p-/tttitr ffij], GPa; 

( 8-45) 

c c P • t) ffi.tJ .!:J R1 rBJ ~ ~ ~ m ~ . J!Ff • m ~ 2t R1 rBJ o .!:J =PL ~**'Tit~ -m m 
-% , -*#~:1-J : 

G(p,t) = 1 ,Z0 = 0. 0047 ,n = 1. 284,r· = 736K 

~~~~~7~~~~a<J&~•$1JWo ~~miliB9~&m••.!:J~~1J~~PJ?t 
ff, *=ffl/f'liilB9~~1JfiL #~Zo~ n ~ r·a<J{i[/t'IHJ o 

*lif.i!Z;tf.~*Jfl JWL :t;Jt~)j~: 

P, =A, [ 1 - W, ]exp(- R1,V,) + B, [ 1 - W, ]exp(- R21 V.) + W;/• ( 8-46 ) 
R1, V, R21 V, , 

V, = v,lv0 

J:t9:t A,~ B,~ R., ~ R2, :t5]~1Jtfl; 

w, ~*~~·m·~; 
E, I*J~~ o 

&~F~~~1J@B9%~~: 

[ W ] [ W ] WE p8 =A8 1- « exp(- R11 V1 ) +B
1

1 - 1 exp(- R21V
1
)+ t« 

Rl& VB Rz, V, I 

( 8-47) 

w, = r, v8 = v,lvo 

J:t9:t A,~ B8 ~ R1,~ R21-:t5]~1Jt~; 
r, ~#~~'Xt~o 

p = p, = p
1 

V = FV, + ( 1 - F ) V, 

E =FE, + ( 1-F)E, +FQ ( 8-48) 
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~:i:1~3iJJ:I.i~o 

~tlL~£a~fll&l£~~-~.tE~*•f'Fm~.~&~~&m~B~H~~~7s-
2lsns, ~~J.il.i!ZI¥.rl~~Bti'BJ::h 4. 30 -7. 46f.LS, ~~ ~iiJljllflfJc~.:t•nlt?tl'f<J~L1-t:tfH:!lt-:ff 

~ 1:i I¥J &J.i!li!E!t~ ~ * I¥J &$. IR o 

~L 1t :1$ H ~ $ fHil ?t 1¥J 7Lt i)- !l'tiJ , ~ ~ :!Jtt. ~ ~ ~~ :l:t9 ;J:EJ W H , ~it r ~\ R.i: ® :t.i m J1l! o 
~L1t:I$HP9$.fFff:tl;J,ec7f!!~~:bn t¥.1~$lt'&:lit~W Jt~n~1f!J, $PJlltf'FJ:!ll~ I¥J ~~o 

~~~£m?t~~§*~mM~,m~~,~~~~,~~~~~t£~m•f'Fm~~ 

PJ00~~1t~J.i l.i!l .• DfJc~~~-~-*BPI~~~~Mfll~i!EM,t£.~M?tM 
tt~•~·*••~:bni!E.tE:bni!EM~ft~•. ~"•m*•••~~-.:ffPJHM 
1-1 *'M~ ~ »H~ o 

~L 1t:I$H ~ tt&*'l-rm ifiii 1t f'F m I¥J PI ~~:ltli~~*'&*'~ rEI! :lt8 ~*It!. 'E!m t£~ 1tnu * m tll ~ w , * . 
*T~-Z~I¥JmUW~~~.g.w&.~~~-:I$J.i~~m-~tni!E.~PTftMM%JVt. 

~'~-.:ff~~-····~" o ~§~~*•f'Fm" .• MM~~--W~$-~.F~ 
8WftB9~M~~.m•7~~·-····~· 1¥JPJ~~ o 

• 



----------------------·-···························································· 8. 3 .fL-It.~~ {!IJ ;t ifr~JJ.ii:>fl. • 555 • 

*~~-~-~~~•~m••w*~••.~••~·~~~••~~•ti~~­
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J:Ea9~1~UL 
. 

8. 3. 3 Vo\#.\~~.GX 

1L~1$~1¥J~lill: ~ -T~~~n , !-<1 t. 45 glcm
3

, ii!l 'llt1£'iitild ""F ffl 8 -4} I~ ii1fXIE ~ 
.®iao ~J.l5:!fl:bO.A~~jf!L 4}f*:2,C.·~· · lift$:'$~=*•· :14f~:it ~1*iJI .A~-f* • .13.~ 
;ffl -T~~Z'fl I ~~1f{1-t5f!JJ9f ~t!SI¥.1~!1: -f*~$~ 17% -30% 0 ~~~*V..~ I ril T 
~~I¥J~--~fL~~-~. ~~~~~~~*·I¥J~ffl""F , R·~~~ ······~· 
~' :tE:J$~1¥J ~~m: ~~I ~ 10 -J - 10 -s s I¥J ;fh"U~Ht;f fBJ pg% .mt- ~jlj ~~ il16 :l.t 400 -

600~I¥JM~o ~H~~:J$~~~a~m~m.•w••·*~~1.1:~~~M•am~ 

~~o ~:J$~~%~H4~B§~·· · J3.R~X~~*·H~MN*·R~~~.~ 
•~P~J mJ:J$~~¥Ja~5f!J ~~~1f~J~~~~&mz, ~t£Mn. iJI£l!~09:J$~£~&~. 

*wam~•~•2. ~~~a~••""F~.wJ3.•••*•~. a••~"~~•Q 
x~~~ili*.~~~&~~~~~:l$&~.:1$~~~~~~~~:1$ o ~~~lt%~ 

"M4''M~m~·~~-~-~~jo""F-~-$~:Mmffi •• :J$H~~/t-f* (~" 

:2!1:~~1::~-f* ) fBJR9~- . :J$~*-B9f.ljii~f.£tmi9L ?IP*-~l§E.: f'Fffl, ~:2!1:-f*. 
OO~-~~~§mtt,~*:bD8"1¥J~~ . :J$~~:2/t ~B9·M·o @.~-T~~tllM 
lt~j[~, Xf~~~1'-Hi1ifo 

M. M. Chauclhri .AiA:1;J~L1-t:J$~:ijJ~· ~r·!:k)!R*ffi~l&~~~~~~'flf=~~jQJ 

rHBR.i:Efrslaa9&J.iJZ3tM'I¥Jo K Tanaka ~A.!i!UiJ..:1;JfL~:I$~:ti~±~~EI:! T-Mmtxt~~ 

I¥J~ffl.*iA:1;J~~I¥JR~~~~&J.iJZ~*NI¥J~~··o S. K. ChM .iA:1;J~ff~~~ 

:I$~B9:tl~tllJll!~i'f!~ff~~ ~.';f.~~ r§Ji.l IE :J$!9M7t rm ~~~~o :2,c,,~~~f4( 

< GMB) 1it~~~L~:I1:~. mr*~I¥J~-f*:ti.Y. J3.~!1~~&7il16Mffi~~i*Mf=~~* 

tm~~ii . J9f~~ffi5<t:Jtm~tttm~ujnj~*o ~~flj.ffij]Jii~U L 9GPa B>j, :l$~tll~moo 

~Jt.Mi:i1:~1ffttm9r~ ( Hugoniot ) ffi, ~L1-t:J$~f,i~tJU!ll*~:1;JM~tJL1!1!o ~~#~A 

iA~ec7l!!PIJIE~L~¥J.l5:1¥J~?#fMM~iffi\7H~:·!=0~-~1¥JfL~:I$!9~ilrj§f»I¥J.±~mJlf!o 

~-'J'~~5¥:¥1JMHffi·%~~HA\:1;Jf91J, tH~Jll!~ec ~MMffi~~j.\: 

( 8-49 ) 

~ ( 8-49) ~, K liJU. 4, ii~¥f!l:B:ffi~ififti Po = 1. 013 X l05Pa (latm), T0 = 298 K0 :!Ul*~ 

~$~7@'fl~i<fi:B<JM-Wf$~-~1f*I¥J~~.7J~ttlffi:, :£Ej~~ffij] p. = 40p0 ~ffl""F, r. = 
855Ko ~JA!.Jmffi~*· lffii.lf~Jt~i\'6o :f£tJHRB9"JBJI*J. ec7e!~¥1Ji'f!Mffi •• ma*~· 
1t~PIJ~~¥J-.~~J~~f&5f!Jl!!dfsr.~o mr!JL~:J$~(19 ~;f§ tt7'~ff!$R.i: ~, M~Jit"I*J;ff! 
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~~Jil..!Jltl~~f*~. :B:;l§l;~~a<J II".IM~F~~Mmtf!fmit.!l!in~'i=', ~Am\13tJI!~, ~we~ 

fi'J ~ ,f.·Vl&~~ f.ta<J!¥Lf.t~H A~ tx; ~ B91HsiH1:~~ .:E¥ .[ijt I& o 
1:5llt~~~.m~. ~--·~-iti~~71iiJB95'~~~~DIJ . ~~~t£5'~JJfFffl"'F~JJ~ 

~ . ~~~li$. if~~~~~~~F~UtMtlfto' ~~i1J$~~a<Jt\11£•*· ~ltt%~~.~ 

B9m •• fi.R~·*·.§.·~-~*FH~~A1-~-~.~tn~·-~*·~Mtt• 
····~fi-~t!tfFfflZFo*&~~HB•*•m•~A····~··f.t~'Lf.t*F 
H. ~lttffl~ef.ta<JILf.ti'FRa<J.Btt~~to~'0&••··~~fLf.ti'FH o ~io,:a:e 

f.t~*S~II"J~.$·~-f.t~~Ha<J·K~Afir···~·f.t~~f.t:t"':Ho ~-~ 
oo. ltf'miiUlf~•••~~Hi~M=~tt.tfBJ•*. ~JJtC••~ .fflliii~Hm*•tt. &:.lik~• 
~ftfrn-~B(J-1-Jhi:~ o 
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8. 4. 1 fl(~ 

~~~~. ~~m•~r~tt~~•tt. -•~*I~~HA~~s~~~tt~. 
~-~~H~~~- ~~~~fflMN~~~~~ftfto ~IM~~~~ttn~~-~~ 

•Am~M~~~H~m~•~ <m*M~~·-•• > · •··· · ·~4 . • *~ 
~~~tt~m~~~~~~.~-~~~~oo~~~~~~H~~~~3N~~~­

~o ~~~~~~•s~•~.e~~m~~~~~*~•,L~~H.~~~-&~q~• 

~ o ~~ttnS~~A·-~H~*ili~~Z- , ~~~~&*--~~~~~~A-A 
"~~i'I=H" o 

m~.~-~oo.am&~••~. ~~~~,L~~Hre•~~~~•~••.Am 
5C>t!IL~~H a9~f'~~ffl a9~~tt ~"lA iJU~~#f~:tnri*~it! iQJ o 

im'iitte•Jl?t.lilt~·, fl~fe*~:J.1:H.ieHJ~~:t£~ffl~OO~~-f$1-J "~ffl$N"; 

ffiJffl~ifiiJ~ . f!ffl , ~~~f~.ff~1f3/c~-~~~ ":fe:~~JJl" o 1W;tf:f!~HPJ8tt~~tl 

>E , .15 ~ .!iltl :.liH§~:fe: ~·~ ~ 00%: o 

$1F~iJtHtl1Ef!ll, 'L1t:J.1:Hm••ntfll~-.tl~tl~t,I:J$$-Ai:19~ , .Rff ~f£1G~"F 
1Jll1fM$Wrt~~~~~·~~.&t (:tlll TNT~itittUU:) ~ti?(£"""f, !JL1t~H:;t~~-~ 
(25cm ~jli{j, lOkg ~~. -~.$1-J 10% -30%) o 9i;;!tM"(1251, ~T .JJt{~~~ , &~1911Jlj\:JJ 

7"!7f'~L\lZ!1L1t:J$H~~ff.*o Ufm*•lt~IHJi. !JL~~Hq~~.lilt?HiHil~, tim~ , iil~ 

¥9~b\mtt~.!eymttZ.fBJ~~~¥.#~1lfltili, :J.1:HxiJitm;:tJfm~~J&$qJHr£ o :t£.-111Jt~ 

9=', 7'6~~~fli1Jo~·60kN .ffi.i:J, ~H~~~~¥9mtJL.>f~$~39tiliff'ftt)}tlijOO, :flll*~H 
*m~~*~1t.~~*&~~m.~&~*·~~$•~m~ . ~~-~B7f'~~H~~. 
ffij~-.m~.Jmo 

~~H~~~~mm~.PJ~~~~mM~~-~M~~~·~.-~~MN&ql. 

•o ffii-~B5~1t~~-~?"!.~a1f•-~~re1Jt~~~ffl%~.!ey~H~~~~~~ 
~JJJT~~J~~~ffl~~. mJmMwt~. nr *fflley~~mts?. ~m:'iit ~~ , Mte:~~~J~if'Difr 
~~~o ~~.~~%~LilZ~•w~ . MOO~*~A1f~~~m•tt.#~JtJ#~$~~ 

:£EI.it:J$H~Rt~BJW~, q~~~H~~.tt~~~L1t~H(.G , ~n1iJll~itjJ!j.I.ft:l$ 

H . • W:J.1:H •. @8~~T*··~I~~~~o ~A~:19:t£*M~~~~B9='.Aill 
m-e~~~~.tt~·~;ffT t~~~~tl ~~ 1-.Jt, #:££Jit~ iH~~iilll..t~jff~~ T ~.F I l:; , i&t 
-~~•~••o ~~m~~.~L~~Hm•-~•~~£.amm~~~tt~m~~~ 
~*~~.~Jit . ~~~~~,m~~Wf~.-~fl~~~JJt~~f~o ~~~#, :;t"~* 
i.iE~L1tWH~~~~~ o 

8. 4. 2 fJI.-Cll 

WH~~~~~~~m~~m.#~~·N~·-~~$.ttttA~~~~~~fflo 



· 558 · s 1L1t.:.tt ~ ~ ·li n~a$.-JJ>W fEl * ------ ----------------·-························································ 
~-~- s•oo~mT-~•••*~•o ~~~•~n~ft*tt~~-~~-M~~ 
Tayloy .)di9Jj\~~-=fA!·~·· Ubbe lohde ~~-=f··~!j&, Torpedo A-·~··o {a 
~~&00~~--~-~~-~H~••••~w~~o 

r!OO~i!i:t~·i:f,L'1VfiMT:Ifi::kf.i£k5 30kg ~::km11L~ft·~JJ[~·t!L, ilittZ.fBJ$: 
~~Ht~m;, ~~:!il20 -30mg, fti'ili o. s -3m, J'ltfr~r!~~~~-*$;Jg 50% at~Yrm•:tir. 
••m~•-~•~••-~•so~at~~~~$-ffio B$&1VF~Tf.i.~IU ;Jg 
30kg, 15kg l!llOkg, :lf!::Jcftjlifj 4m ~jc~~-~lt, {j!fflffi-l±lll80 §:lfi~tl~m;, ~~iii 
50~,#-~T·~~-~~~~m~o ••~~~-lll~7!8~M~~~~H~~*~ 

{E~~, ~L1-t:J$H~tt!ili~Jl:W!tl~~>.Krtr; GJB772. 206 :izHr, JI;~IJi~f4;fgftfiffQ:fi 

lOkg, Wftfif\]ljf.l250mm, Hi!: o. osg, Hlffiij;}~lffi!. o {a~, :51J.L!t¥U~L~~ffQ~t£~iffii~jj 

mm#~-#T~d~. ~~~~~-~·ili·Jl~TW~~-~#mfi~A~-~tt. 
l'lP~LJBt¥.!9J:Hiffi't lOOCC (tiP-ill-at) , 7ifi.!9J::fij;J l Okg, Wftfii\]ljf.l500mm, Hit;Jg 0. 050go 

-4~--~~-~~~-~~~~-#o~O--R~Ht£~~-iliat~~-:.1$~M 
$,1gP, --~%d~.fft$j;]PJ, ~41~tJ~m$,1gP2, mtl~P=PJ ·P2o ,R~~~t~~­

~-M-~~-#, l'lPAWM·::k~R~. M·•~aJl:lll$:WM·~-·at.~·-M 
~-w~~H~~-~0 . 

~$-~· A~tl~T~LJBt~ffQlll~:hD~IRJfiit~Jf!J~~L1-t:J$H~ttlili.Jl:, ~.&::0~~~1" 

}1;•-ffi-mMr~~P(njo ~S-f4,1g: 7ifil9t:ti10kg; H:tlt(60 +l)mg; ~~Wd~(25±l)"C o 

Xtt~~LJBt¥.!9t:ia-i~~IRJfiit1-t~:r.t~~L1-t~H, t£riljilifiJl:;Jg 160cm at~7f'~~m~o 1£ 
m ilitt fBJ:hD ( 40 + 1 ) mg ::0~~ .6 ( ~J£ o. 355 - o. 450mm, ~ : ~H = 2 : 3) , ~L~~mtlll 
~L~~H~~~~~~~:f"&:kto :tE1I«m~SJ:f51XI:ktH~±~J*~~11Jtu::xt~~~~.Pm~ 

••~m, ~.&:ho~ z~!ii1-t~~mltJo~~ffl o 

~LJBt¥.!9t1i~~4:7@, {atJo~ z, {£~{~F-6Jlrif11Ht9.ili T, &~ ~~t,J~, ?t-m-1-A 
j;;}I;~4%~~J*~·=•mat.~H~~Tmtt.&~tu:~~**~···%d~4.::k 
$~~LJBHi!i.!9t:tE mtt ~t1L~~ fflT, ·mt JtiJ mtt·ili~oo~:lll~, M. mtt ..!§ mtt~Z.fBJ ~grt 

~~~~IIJJ! Wo ~LJBt¥ffQ:tE~mti9J:tt~ J:f, ~~Wimi:ho~~, m -T~tll~1~U~¥ffQW.i9J ~ ~11. 
~. ~i~TWimltJo~~ffl, {j!~f-F~:hD~¥1JJ!~~iffiiJl: o IE -T~LJBt~ffQ*:!l~~~:MJmtt£, 
~mtW·I~Hil~$'l~~m, iit~&$lli:lffiiJl:71-~~~!l:~71'-~~, t£miJl:~iWi~!t!!:l.f%d 

~LJBC~ffQr£~~~7@Fo, 11m-••~~~ito ~~~;Jgt£1tmat, llifitrmtt){1~'FH~ 

5i?..~*m, ~Tlll¥.!9t-f-F, ~Lf-t:kt~~~¥tl~tll#lmtt~*m ~$-~ffl~R~$1JD~ 

~~-49~.:ktH~~4:7@~z•ili~~-ffi•.4:•~•m•~~.&~~~~4o ~ 
~.~·~--~~~L~~Ht£~~mili~.~~B4~~-·-T¥.!9to ~~.~~~· 
fiit1-t~~L~~H1tm~- tt~.!9J:i'£'j o * 8-60 j;];(£ 50cm ri~~ ~f-Fiffiifl:~IIJ1>J 80"C ~ 30CC ~·m~~'fl ~~BM*o )},. 
*i:f~-~~~w, tm?tJ;-Fo m~;J,i¥ltr«mi9Jtm&P~~~~L~:ktH~~-~EJ;~?..~~B?t 
fr. o ~~. :tE~L~WH~~J:fBli:~9~Yi~~fi~?IA~tt~~ o 
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"U\ :w at1t1Jl:t iii:Wt!'!ltl '{; ]if.li/ cm !il$~$. 

A 1t!l¥:~7ii! 80 160 25/25 

B Jili,IJ*~J)I(;E:- 80 160 25125 

c 1t!l¥:~7ii! 30 50 27/ 50 

D 1t!l¥:~ffi 30 50 31/50 

8. 4. 3 1!.\~~tt 

1£~f'F .m r , · :.t1: ~ f*:M';~t!lm JlHt ~ tt lilt /F 51 j§ ~ .ll! i!1 ~ B<J ~ .:iJ , ~LJ ~ :.t1: ~ B<J ~ ~ ~ 
tt o 1ilf3i: w~ B<J ~~ JE: tt riiJ 112 , ~ !w-Wt~1ilf3i: :.tl:Fi ~:5t1ffHili1!Wl B<J ~Ji'.$lk~ .=& 1ill c El :bn 
i!&J.ill ) ~,1\l~"fi"J"~tUil~,#; o 

8. 4. 3. 1 ~~J.t 

I.illc.:.tl:~ B<Jta: ~tt * ~ -~ £Jt~ m ~51® B<J o /F if :E!::.rnJ $ ~ ~ c ~ R.i: 1:. ~ ) , r£:E!:: ?t ;fff 
~~ ( ~;f;lj$)' :.tl:Fia<J.:.tl:f!S:E!::m =f~t£nt~&J.ill51®B<J o rm1ilf3i:~t£1Pc~~:1.f~Z.-

8JG:N:~tlJE:W~~~~J.t , :.tl:Fi~~~J.tim 11r ~mii~mAJ.t c ~fJ\-jtR.i:) • t:"fff .mfFwe>E 
~fF*1lf~~~:2f\:Iilt:i:J:~~~t£B<J~fl o 

(1) .jtA\~IJil\ o *lt~~.Al9ltlil\B<J,LJilt~Iilt B<Jil~,#; ( T ) il\!Ji~ *~tl -T~ 8-61 o 
~1*~1'F:1.f~:1il : ~(50 ±2) mg :.t1:~~&1.~A 8 %m~%9=' , ?&J51!iAE.f!!WtiiJBf~Mtl.t 

B<Jffi·~~m9=',~~R.i:*~~B<J~~ o ~!Ji"fff*.ffl*S~~~-~o ~*.ffl~m!~~. 
t£~il\!JiWtl.tm~m~~~r~ . -~~r~2-4~~il\~-~o *.ffl~~:1.f~OOil\B<J~ 
J!:R:~Lit*l:~B<Jf;i~,#; ( T) B<Jil\!Ji~*~J-T~ 8-62o 

* 8-61 !JL~~lliHI~.SiiUUlrtM 

ililt)i~l'{; .N~Wl 't" / s In 't" 1 
tl\\l!V'I: .N~Wl 't" /s ln 't" I - -T T 

305 16. 0 2. 773 I. 730 x1o -3 327 7. 5 2.015 1.666 xlo -3 

309 13. 8 2.625 1. 718 X 10 -3 338 5. 2 1. 649 1.636 xlo- 3 

312 12. 5 2.526 J. 709 X 10 - J 359 3.0 1.099 1. s28 x 10-3 

316 10. 8 2. 380 1. 697 x 10 -3 370 1. 75 0.560 1. 555 X J0 - 3 

320 10.0 2. 303 J.686xlo-3 

ili!./l/'1: .N:l!SWJ 't" / s In "t" 1 
'lllfll:/ '1: .N:l!SWl r / s In "t" 1 - -T T 

333 3.68 1. 303 1. 6so x 10-3 323 5.68 I. 737 1. 678 x Io - 3 

331 4. 10 1.411 1. 656 X 10 -3 321 6. 50 I. 872 1. 684 x 10 - 3 

329 4. 71 1. 550 1. 661 X 10 -3 319 7. 10 1.960 1. 689 X 10 - 3 

327 4.87 1. 583 1. 667 X 10 -3 313 8.44 2. 133 1. 706 xi0 - 3 
. 
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ti~R.: T(K)~~WPCs) a<J~~;:t. $!Iff: 

( 8-50) 

ln T = Inc + EI RT (8-51) 

:t\lfl c 'lit~; 

E t$~69m1.ttm, kJ/mol ; 

R J.ffiffl EC -1* 'ffl' ~ o 

H~. JlJ In -r ~ 1/T~OOml.&lt~·t£~~, :tlllOO 8-73 J]Jf~ . 1[~69~.l$~:;1! EIR , IE .lit 
ftPiiJ~llitiHtfm; .J.A1i:~tE~~~~J:(t(rtl\lGBEfi~J lnc o ffil!l 8-73 iiJ~. !JL.IBC~Eii:lnl5Jtt!JL 
{.tW!Sffl{tflliJtjjU~ 101. 92kJ/ mol iftl 122. 59kJ/ mol, 5s ~:ilU1.lt.i~R.:Jt§JIJ;kJ 339CC ~ 

326. 3'C 0 

(2) ~t!ii'i\Mi o 1£I~~t'9='' ~LJBHI!i~fil;tE I OO'C tr:;ta9!JL1.tff'fl:llHr~L1.ta9 o xt 
=f~:I*!¥L1t:t:F!S, ~~157f.~~~.¥:::-t't37f., ~!¥L1t!ffi\13fJ!~ o 12Sl.llt, 1illJULJ&~JPtiftltJi 

tt!jL -f.t:t:F~tE~* iiit~_t a9ffi~~ a9 ~R.::k fi" ~-t-?t~'~ . . ~/F~ iiJ ~;~H~~!FL-f.tfl If! ~L 
1tW~¥ma9~n-;~;; ,&iiJ~~••:a:~m~w<~*~**m*~·•~wm~oo•> 
_t(J9~1t~!S~~(J9~fj;9~~T~o ;(£Ir'f!B~~~~-B~~H¥-~:ka9$ •. 
WiiJ.tt5~~-A:k·-~.¥~1$&~I~--a9~~Dm o ffilittRa9fil;Mt!iHM~ 
ooR.::k~•~R.:~m~mR.::k~~:::.t'~.~M~~-~~~iii®~~ffl.~~.-t~iii~# 

~~mrf~*EC , mn~-!p~JlJ o 

*B~·A··~-a9~aaa~~~~--~.IBC£~tE~·J:W~~~~~~ 
-f.t.~~.J.A~~~~~~~~~~.#H~~~~-f.t.~~.'±\8~-~~~~~. ~E 

~ln~~~*~•· ~*~•n.~•~~••·•FoG:k••o *•••:k~.mus 
~T-.tE~&J:MT-ffi?tMFoa9~~·~o tJi:l*~1t:t:F!S.TH~~~~-~-1t 
?~ . 1tFoa98~..l:§ ~LlllC£m-¥-f! o 00 8-74 ;kJ~~~~~iC.~fl!l~, ~ 8-63 ~Ulli T~:f& 

ia:\·~- 0 

.. 
c -

3.o.-----------, 

2.5 

2.0 

1.5 

1.0 

0.5 • 

l.SSXI0-3 1.65XI0 -3 1.75XI0 -3 

I 
T 

300,.------..--------, 

250 

200 

~ 150 

~ 
100 

50 

o~~-~~-~~-~ 
5 10 15 20 25 30 

B;f (iiJ /min 

• 
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:j;'f.f.t ~/mm 
~f!U\'.1< ~~~fi'j( llili!l-fi' j( 

In ( 80' ~,.,./~ ) r -• 
l/fii.Jj!/C llid!ll 't t!\\Jl! 't 

p ,c.r 

1 282 272 277 12.491 1. 817 X 103 

3 260 250 255 10.212 1. 893 X 103 

~lJllCiMi~ 
4 252 244 248 9.61 I. 9.19 X 103 

5 246 238 242 • 9. 14 1. 942 X 103 

3 264 255 259 10.227 1. 879 X 103 

1}}~ 
4 258 248 252 0.625 I. 904 X 103 

:fl1t*l:!ti 
. 

5 248 240 244 9. 148 I. 934 X 103 

~1&$;~:1Jr!llT~:±l~*iiitffi'tfl TPEj*Yf~~)¥fl2aoZi'SJI¥J~~ P~J¥fl~*f~R >t' 
ao) o ;(EilfliJjL~{lf~, ~1JiilfliJf.WtJJt Tp,cr -9~11i*~R i' ao ( #&blf.fljg 2ao) 1¥.1 *~Iii 
~~~:±I: 

ln ocr r: .. , = M - .!;,_ • 1... 
a0 R T 

~ '1=' M-- 1-{£ !=j &Ell !1m J1l!: 1¥.1 !fWJf1Uil1t~·lf£J1l!:;(f ~1¥.1 :1.: ; 
o"-'iit~. -~·~(£~DC~~ ~JLfilJ%:Jit, l2IJI!.~f41¥.1 w~, 

0. 878460 

(8-52) 

!¥LJ1lt¥J1l!:~*Yttt!¥L{t:J$~1¥J~~$;!J§t~:OO~*~* 8-64o ~;ti$;1J§LE!f1~i!JI¥J~~m1t 
i~t~El:i DSC ~ SC-DSC E!f1~i!JI¥J~f:i~j(-.lfu, J! j! El:i r~~$;~9='/(f -1-1~::*:1¥.1~* 
oo.~~~~~M~~.~~A~~w~m~l¥.1~~0 

.t-(l "' PU M Elkj • mol- 1 r $ 

~L1t*l:!tiiMi~ 61.9807 226. 73 0. 9971 0. 1376 

1Jt~~1tW~ 47. 1905 163. 7l 0. 9935 0. 0873 

~~m~Ar!CJ!« M T66- 1995 ~!X'.JE:I¥.1~~1&¥'!, #f~11itffi'tfl7t~~U 245 -255~, ~1 6 
1-~~Ir~~I¥.1!¥L{t:J$H*b7•~0 ~•~•~~••·••~1¥.1RaEjm••rtm 
~'L{t:J$HB1E!f~!UI¥JJJ\I.a-#~?..Q o ;ff~-~~*~* 8-65o 

~ 8-65 245- 255'Cl'!iil it*!;~t!.H!BJl 

lit f.(; i&1t:tfit ~~~* iJ£ t-F •1t;tr~ ~~~~ 

A 1t$P:ft!! 3/3 D ~ll!E~~;s- 2/3 

B 1t$P:ft!! 213 E ~lliE~~* 2/ 3 

c 1t$~f{!! 3/ 3 F ~lliE~J.*;G- 313 

8. 4. 3. 2 ~7)-Nf 

:J$HI¥J~~-A~~--{t~~{ti¥J • • %~.3!~~-~~-'L{t:J$~1¥J~~fto 
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~~~~~~u~~~~~~~~~.ft~~~~*~~~~~~~~~~m~~~~. 
~~~~tJoit:l~HT o ~o:W:i'F!fi~ilt:ff::fil::k, ~~a--,Ha.I*, Jm.IXI.~f4~~, 3&15l!i'F!fi~7tM 

aw~~•~••~.~~~~~m~••~~~•~toit&~.~W¥B••~I~ 
~; W1l1t:l$!fi:t£ii7(iJ!t~lY~!fi:l:!~~ ~~~ ~ ~ ~ :JifiiJ:AlJ!, ~~~1-t.W"it€1-t.W~~)t 
All~EI~JJil.~ o ~J~n. ~P>lffl:iii~~~~~m1Y*1Y~~~~$~EI~EI1M$t&o 

( 1) ~~~&J]Z7;1J.7J~¥*Jlt!Je~/JW o 

Mf"F;tl~~~&ElZ: 

~tp (s) I'M~; 

(g) ~~0 

ffl~~~~B~.7J~M~~.~7;1J.7J~:1JW~: 

~ 9=t t-ll't IBJ , s ; 

dda = kf( a) f!l G(a) = kt 
t 

a- t lt-t~tliit~B&~!Im.19ta9s ~fidf*J.J~{t$; 

f ( a ) , G( a) -&mHilJ.Ii?Blt~~~f!llJHt~it ; 

k &J.illit$1Jtlt, S -
1

o 

( 8-53 ) 

( 8-54) 

fN ti:~x ~&1 J\ ~fit fBJ fBJ IWi rJ3 • ~I=~ iilli&J.illiiJ ~:ill: M 7/il ~ 1&\\& JiiZ , .YlU ~&Ell it$ iiJ *~ 
~~ ( 8-54) ~m~, &Ellit$'/ir~ k -9iffi!.J3t~3U~ffl Arrhenius :1JW*l.f\: 

( 8-55 ) 

~"f A mmr~.:r . s - · ; 

E &mzl¥.1 ns~fre, Jl mol; 

R Jli!~~A*iir~. J/( mol · K); 

T ~JJ~mi./Jt, Ko 

:t£W.¥7tWl~#r. r~tl/JW~JL.: 

T = T0 + <pt ( 8-56 ) 

~c:p T &mz-1*~~ t flt~J~l&lll. K; 

To &ElZ-1*~7Jf~&mza;f~l&lll. K; 

<p ti~7J·iffil.it$, Klso 

~~~~ : 

.!£.._ AR E 
In • - In E - RT r: .. ( 8-57) 

~"P Tm 1${~ .. ~R.UliUt, Ko 

)!Jtt~lf~ B<J Kissinger /J~o liU&, In~ !=jf~~·lj:*~, .tt~ Kissinger H. m:±l ~ 
m •• 

~~&ElZmJ11!m~.:t£~~7tii\liit$r.~~mll~~~~-~¥*~~~. ~~iii~~ 
~~-;Jg~J!Jt¢.i., ~Jffl~UE7Alll~1IX!\!.tt. ~tl$T&Eili!lfl¥.J~1t1WC£ o ~P~:m~ 1m B97tl&! 
i!$ <I' ""FB9~~~atl~. iiJ~¥lJ-~.Il Tm {t, W:i:J:J:\ ( 8-57 ) 31<Wffl~fm E flltilitriZ37-A , 
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~tt;ff:J*~fl r ;fllf,)\fl{il~ S o 

~~~•m&~~h~~~R~.~~~~~~~-••m•w~~h~••~•• 
*·••~~~•~mw~•~••~~o~~.~wmw~•~••••••••o ~ 
••~wmw~a~.~~-~~oT~?t : ~nu~~m~~Emm~~ so -~owm~ 
~~ ; ·$~~~~ft(l~)ffi~ 7 -30 Z~ ; ~tt~*~Br*~Oo98; 8~1ilMs~' 

~ 00 3o EEl Kissinger 7* , Ozawa 7*, ~~~1* , ~?t7*l1l~7}-7*, 4}1fl~m*~~~~h~~ 

•~~ i'iJD- !i&o tLHK..t:ii£M-JJt1J~•~mww~& !3~~miflm~~~;f§~ o 
(2) 'L~£~;fll (f)}~) ~L1t1:t:!9~ DSC *" SC-DSC ?Hfio ;f£Jlt1f-m*~Jr~~Am 

f~O(]~lliiiJf~, DSC ~~*ffl Perkin Elmer DSC-2 ·~t-:ftfQjft~f)(, ~.flr7tMf1f:ti;:Jt!, ~ 

~lf.t, ffi~$:illi'!PPJ o SC-DSC ~~J)tlj~fij.J:j(iJ7(~f)(~r~Jiil!i'Jt CDR-I ~·~~?j-tfrf)( o 

o~.k;"Tm~!¥~·~?tfA¥F•m- DSC lt~U~~~~~;fll 573° 2K ~.J:i'Sf;f..flr7t!V1~;!jj-~~ft~;j" 

iat~~~ft~ =fi'Jt , !!!I!. a<J·~:1-J 7 ~~~?tfA¥Mtrl1l~?tfA¥tt~ 9:t ~ 71-$ ;fUll{~ mH I® a<J 
-Ti'Jt. ~~JH~~a<J~~M~. *f&:r:*mwws:~~m (OCrl8Ni9S) ~it~ (Sealed Cell ) :it! . . 
fi DSC iJ!~~. ~~:1-J SC-DSCo 

~8-66 , *8-67 ~tl t±l7 OSC ;f1l SC-DSC ~~~JJ(mo ~?fttfitf00;&19':], *Jti~~;f.:f 

A•m•~ osc~~~-~~•~••.w~~-ffl~£~~ooc~•~•~~m~~~ 
~, ;_!iH3~~#F!D:o l£m:ff~~;f.:f.flr !:f=l, ~})l(££~11$~:lil~1Ji-~m , - .E!.:bllA 7 re~ 
l1l~1l~m, -~~~!P~~?t~ o :(£~~~1t1$!-9l1l2 .l,}~-1:1mH1i*l:!-9a<J~HOO...l:, tl:l 
8~Ba<JM~-~~-~-.W~'Lft*I:Ha<J.OO.J:,R1f~~I9':JB~H?t$~~-a<J~~ 
-o ~-~~l£5~~ft~H~2%~-1:1··~·~-~-B~~e~~A~~~~~. 

W1£!¥L1t~!-9 1=j:rmli fit.!iltl~~~*~~~'J,~?ll~?t~1£~~1¥.J71±1ffi~o 

* 8-66 !JL~&m~fJt:l*m{t~~tf..J DSC ~!Jiftjl 

71-fAllllf! tp/ K o min _, 11J!Ulililt T ,.11 K 11JBt~lifi: T .aiK .&};(.I:!Mt*l'~ T m,I K ~tULit*l'lti T ..2/K 

5 53709 5930 7 5l5o I 573o5 

10 545o 7 602o4 526o4 58303 

20 558o9 53500 58405 

40 567o0 548o6 599.2 

tt: Tmt , T,o>l?f;t}iJ ::J:J~Ir-ll'llm=:~U!\?}JWdil!flii!dlto • 

• 8-67 ~~*f~tf..J SC-DSC ~!JtiUM 

i:i!:*-F~ ¥1: 71-ilil!$ tp! K o min ·l T01K 7',1/ K T,a!K T,IK 

10. 72 505.4 58207 ~700 661.5 
ll~£Bn 

20 10 545o0 . 

5o09 5570 7 
lt.itM-9 

l0o86 . 
(Oo 3%{1:;~~~) 

46802 5800 I 58902 631.7 

23032 605o8 

1Lit1$~ 
I Oo 51 458.8 

( 4' 0% JJ.tl)llliltr:t) 
5750 7 604.2 6380 2 



~~8-67 

iiUf S ¥$ 71-ililil!P~ <p/ K · min - I T0 / K Tm1/ K T.a! K T. IK 

10. 91 471.2 564.5 593. 0 625.2 
l l:ft*l'ili -

( 4. O%.filt!lil1Jil< ) 2. 00 505. 4 

5. 06 521.2 

fJt~~itWFi 10.76 466. 7 532.2 580. 7 622.4 

22. 15 543. I 

)}..~ 8-67 a9:1it~~Tlffi.ll-fifilJ~~ til, ~JBt~l!fta9®~Jtfi¥71ffiJ.l:19 538. 2K, mi!IL1t1$ 
#i9!U:1>1 458. 2Ko !J!LJ&£mta9:1il:::k7tffHffilJ.l:1>1 616. 2K, ffff~L1t1$~9!U:19 532. 2Ko ~M, !J!L 
J&amt®~1tWH~~JtMS·t~a~!J!L1t~H®2~~~--~H···o ~-~~1t 
1$H~~~~·~j:ttfk-il\a~I~1$H~~~~$o 

•••*ffl~~~h·~-~mw~•···~~~LR¥1!fi . ~1t1$H®·~~ 
1t1$ H 1¥.1 ~ ~ E tfQ i1t ~ < \f.: it 7tB f:ll ~ F \!ttl!!!. ) a9 iit!Ji ~iHI~ • ~ ~J 7 ~L· !!i Jtft , ~ 7@ ~ 

1tl¥.l~1t1$~~-~~1t1$Ha9~h~·-f:!l~7t~m~~-. Bffia9M1tM7tiU:1>1 
(160 ± 5) kJ/mol ( 95 ± 5) kJ/mol, ( 140 ± 5) kJ/mol, !}!LJ&¥1!ft f:ll. ~!}!L 1ti'FH 1¥.1 ~ 

JtfDif:!liilJ JLe§~ (~Jt~AG (a)) it>J:1;] l- ao iiJ~, !}!L J&~l!fta9 ri51t@:fit;Wj, a 
~!IL1t~~~z. ~~-1ti¥.J~1t1$H~M o 

(3) g~'L1t1$Ha9~7tfi¥:Mfio .ffll*Tl!J~Al!JfflbUit~it-{)( (ARC) Wf~7:5~ 

'L 1t:l$~ 1¥.1 ~71-.KR tt M o t!lkfl: :MW:19 : it jt:tJo 1.Mm J:9ijt·iifi a9 fJ1 :!li~Tlffill , ~~-~1M' fBJ f!l! 
~~i!!J.l~~UJfl-_., M.Fotf~ml7tit$o ~ml7tit$'J"T'Bi.Jti,9:)E(!97ffHtli$, ARC ~fl( 

JrrHJiijt;®~69ilffr.J.l91~ ~ iJJ:ltH=J "1JO~~-~~-tf~" :ltfi, 1I.¥.~lJ!~ JU ttiilii9:TK!7tl!$;e; 
~~:bo~li$.~~~•tt•~M~~~1I~~•M•o ~•&•~~••ru~~&&& 
~~~m7tli$itll:i17~$•~1lat, &m*m~i1X3&Jiil:lit~:ho~ § ~, :hoit~fi1)(a9 

tt•*~~ m ~ i9JicJ*~1'-~~~:ltfii¥.Jmi.J.l f:ll.ffih l!itift-tfB] (fJ~1to 
g~~'L1t1:PH•~69:hnit~:fft1)(lJ!tlJJtit!J~~oo 8-75- oo 8-780 ~&mtfit:1'1 o. 7660g, 

lJ!IJi;;t®:!liii1fii.J.ti,9:1!t/(J 100. O'C, *J!.$ft&~JJt 0. 02'C/min0 

440 5520 5520 

390 4830 4830 

340 4140 4140 

290 3450 3450 .. 
p 240 2760 c.. ~ 2760 1::: ~ 

190 2070 <:>. <:>. 2070 
140 1380 1380 
90 690 690 
400 100 200 300 400 500 600 700 

0 
800 0 

t/min 100 ISO 200 250 300 350 400 
1/min 
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1077.735 1.2 
396.476 \ 
145.856 0.9 
53.657 

T 19.739 :::t e:: 
0.6 ·~ 7.262 ~ 

::)::: 
SJ 2.67 1 

~ 0.3 'l.. 0.983 
1: ~ 

0.362 -R 
0.133 1fl 0 

0.049 
0.01~00 525 550 575 600 625 650 675 700 

-0.3 
625 630 635 640 645 650 

T7K t/min 

J.AOO 8-75 -00 8-78 iiJ~, ;e~~~~Jtm:<::IW#::tr -1'-1!&~:11~, tli!J.t~1i7l-~, 

ARC ~:11~ 1'- ":bll ~-~ #f-t! ~" 1¥.1 Ji!a WH!ti ~, ;££ 233. 090C ~ W!OU 1Vl ~ , tb ~ ll $ ~ 
0. 497't:/ min ( :;k'f"W!JJii\~fi!l~ 0. 020C/min) o tE~W!JJjlj;/&~[i}j)IE, iffi\.7\-i!$*~!ti1JO, 

r!iUl~.ffijJ ~'Ni!t:tm' ;e~~mJ.t:Jtj!J 251. 190C Et&' m.Jl ;f11.ffi.7J tl:l ~ 7 ~±t' ;££ 0. 2min 
I¥.Jif;j" fEi] ~ , i!!lflA 251. 19'C 7\- il1:i j!J 259. 51 OC ( ff1 ~ J.ilZ 1¥.1 7A\\ 7\-it$~ 3. 0330C/ min ~ 
266. 5000C/ min), Ef1JJA 0. 57MPa f!-jl$j!J L 75MPa0 t£ 333. 35'C IJ;f, [i@~~a<J~~.ffi 
jJ ~ 4. 87MPa, ;££ 370. 480C IJ;f m\ 7\- it.$ :it jlj :!&: * {.il 856. 5000C/ mjn, :IN: pl!j m\ Jl :tJ 
398. 690C 0 

JA008~s-oo8~8 ~iiJ~.~~~~~Ht£~:117tm:<::m~¥.J•m~~:l:i~m.m• 

~~tb~7tM!ijj)z,tiillml&~.ffitJ~~71-~.~~&~~~I¥.l:l:i~~~ . mit~~tf:lli 

m~~~~:;k·l¥.1~~~~.~~~~~~~~~-~zW~7tM!iilll¥.1-1'-~~~~o 
J.A tli!7H1$1t!I ~ iiJ fr!J~:tt!!tl' tl:l , ;s-.Q!¥L1t~m~¥.J?tm iiJ ~tl 7t~ 1;,( ""f 4 1'-:l:iW: 

1 ) i!ftf!-it $~-tl:f.t :I.Jn B9 ~ ti :l:iWo fli!.:$: ~ li 1.& 1¥.1 W1 :Mt WI'~ 1*-:ff I!&~ 1¥.1 ~ ll!I:i::t ~ , TAft 

71-il$./f'~ffiit:f.t:I.Jil, ffilJiHE-.}E 1¥.11BIII PH&~i}J ( o. 497 - 3. 0330C/ min ) , llti!Jl" ~lffi\.11~ 
.ffit1~1i7!-~; 

2)i!ft7\-it$~7!-:i::t~ o ffi 'f"~~7~~1¥.1.:$:~7tM&J.i!Z,&J.&I¥.1ltillf~ff.7J~~7!­
t6, tli!f!-i! $J.A 3. 033'C/ min :m7!- .¥: 266. 500'C/min (X;j J.ilZ B9 i!ftJ.tJt jjU ~ 251. 19'C ~ 
259. 5L 0C, ~ij"Jj)ZB{J.ffij]~ 0. 5MPa ;f1:J 1. 75MPa), llt:i:t~if'ffii!!~~l:f:l[ijj)z~jf~Jilt:;kiili¥.J 

~~f=~; 

3) ~I¥.Jlffit7!-:i:t~o 1£r&JE7 -1'-~~JI¥.Jlffit7!-:l:iWFo , liill~-T~~, i!ftlf~llitJffli 
~~~~:bll, ~tli!Jt:it~J 284. 05 'C Et&, ltilf!-i!$ IE 227. OOOOC/ min ~71-~ 465. OOOOC/ min 
( ~J.iiiB{]i!ftJJt~ 333. 35'C) .§.llitJ:liiilJil*-fi 4. 87MPa, 1ft£ 0. 02min ~, i!ft7!-it$ilH! 
:lt~J:lt:ckfi 856. sooOC/ min <~illi¥.Jltilltjg 370. 480C ) ; 

4 ) mf!-it$ !lffF£:1:1:~ o ea .:r & 1.ilZ 4'18 ~¥.J m $€ , ~ mf!-J£ •~ .ffi tJ :~t ¥JJ • * f.~Ls , m. 7t­
i!$:~:&it ll$ff£ .¥: 15. 5000C/ min, ffifl-& llffi ;B ~'It II* 1f£, ffii tti!lf *~it :bll 1f :it ¥U I&* fll 
398. 69't: 0 * m ~t tt m.f!-it $-mf:!r ltii ~ :f11 a:JJ -m.Jt ltii ~ iiJ 1;,( ~ ~ , m 71-it $ 1¥.1 ~ 1t ~ BUJ 1¥.1 ~ 
1t-•.ffil.ffi.7Jft~7tft-~~edilJ~*-$~~ffi.7J~~~I¥.1~1tffl~ o :WM7tM~ · 



J.l)Ztt1:: 1311¥1 ff.:h ~ ;IJp -!:J fi:X&J1Z ff.:h ~~f)] :tr.:i?tM &11ZEE:h l'fJ ~ tiz t~xe .:X. J.J Hi :h !tHt?t 
~ , ~~ it19 o - 1 o el:l -T :tEJifc ~ & J1!Z r:f , f¥ i£ /1' ~ ~Jl ~ '!& :t{L 1251 ltt Wll. 7H~V~-ill! It l1±l ~ 

-19~~.ff.:h~~7tft-131~l1±1 dl¥1~---198~. ~:t£-~WJ.t~~~&-7tM& 
~ltl:rri¥1-Wl!to ~ 8-681.J;fi.O~L1t*F!9ffS~7tMB9~tt~ftm!Jilt:~*o 

• 8-68 ~1S"~.:ftWFii81.MtMl~ftPIU!!Ii:it~:!R ( ~~mtit o. 7660g) 

To .• f{Jo •• T,. T,, , Po AT..~ .• fPm,t 8.JJ • • T,. .• r .• Pm,• 

/'C I'C . - o · nun / 'C ! '\::: / MPa !'C I 'C • min " 1 / rnin I'C / MPa / MPa 

233.09 0.497 398.69 398.21 48. 4 165. 12 856. 500 18.01 370.48 4.87 4. 76 

it:: To,,-t7J.tfl~Milol1Jl.'C; 'Po .• ~.tfl11Hl-.ill$,'C · min ·•; T.,-QitHtM&.!f,'C ; T,,,-Jit~~~Ui!f,'C; 

p0 -fJJ.tfl~JirHii:)1, MPa; AT ..... -tl!fi!':llolfl-, 'C ; cp,.,, -fi:;kil:TI-ili$. 'C · min - I ; 8.JJ.• -~JlJJi::kl!.lfl-illl$ 

€Jffli i'J<JfltrQJ, rnin; T m , -:/ll::killl.fl-il!l$11lj'(t(Jjf,\.!f, 'C ; Pm - fij(Efi.jJ, MPa; Pm , -Ji~ Hi.JJ, MPa. • • 

EJT~~~L1-t:J$~a<J:Ct:*141.1 : $:~~J~;Jc~1tta<Jt§tJJrJ.J llO"C ti::ti, 7ltfffl ( ftlijiJfiJ) 
a<JWtJ.tJ.J 9s"C tc:ti, ~L1tiffi!J.t1.J 90 - t40"C • fii~mlt'"' so - 6o"C 0 m ~ 8-68 a<Jem PI 
~, EJTll~ii\B9~L~:J$~1¥JfJJ~7tff¥lli!J.tjg 233. 09"C, :IN:~?tMi&i.Jl1.1 398. 69"C. zii1fi r 
~L1-tilllJ.tfnfii1-tmJ.t. l!r.G.:r~mmllr < -m·mo o 

.ftJ m mtlilt:qi ¥1J l'fJ fJJ~7tM ilill.J.t , & @ 1¥1 M: ii1fi ilill.Jl . ~ .& /1' 1iiJ 131 ~J T li@. ~a~ t§tJ.t ~ 
-~·····~-~-~~«l'fJS~--~-. ~*~::FiiiJMJ.tTB9B$#ftk o ~fH 

Arrhenius ~Wa<JMftJ~J:t lnk = - ~ • + + lnA, ~&J.&~ft:JZ1;1{1{~~131, fP Ink , -liT 

lll1f:5t1Jtf'Pdtt1ID!l3 o ~~H~1Idl'fJ~$ ( - E/R) *1lfttlle ( lnA ) , 31(~n51-tfm E.,fnr.JIW 
125Jf' A, ~*JA!.~ 8-69 0 

lit@~~ - E I R 
" InA R E.!ki · mol " 1 A/s - I 

n=O - 13846 22.216 0.8638 115. 116 2. 669 X 1011 

n = I -21896 37.854 0.9609 182.043 I. 652 X 1011 

n=2 - 29946 53.493 0.9752 248.971 I. 023 X 1025 

·lllH~::FfiiJ.!i@~ft (n= O, 1, 2) TlliiV3HII~I¥Jffl~-· ( R) ' I¥J;X;J,-*fifft~&J.&~ 

~' .ffJ~~-~;k, lnk, -liT I¥Jdt£~~~~o ~ 8-69 'f!f[~~f93, ~Ji~~f[jg 2 

131 .• tt.ffi~~-Q:X.dtt*~M~. ~~-2&~~-~2,EJT~~~~~7tM~¥Jm 
~fmfnr.JIDi~-TJt§JUjg248. 97lkJ/ mo1 f1ll025

·
01 s- 1 o 

( 4) irt1-tiV:5t1~L1-tit!'il~7tifllf I¥J~n(!j] o ~JoHli:ii, {!~f.llif »..~IE~ I lti:I¥Jl¥f:ll!i 1116 ~ 

tL1-t:J$~.~~m~•~~1::T$&~•e••~.~Tma~mB9~~tt.~~~tt• 
iJHii~T BDS -~tl~~~L~;$~o X.OO;ftJ~)dl~ffl DTA IJ!~i.i\1fit~~~~~L1-t:J$~1¥J~7t 

ifllf&l1Zo ~ 8-70 ~U tilT JLft!~p~ 1¥1 DTA ~~Rma<J?ttff~*, EJT~.ffl«ffj;J Perkin Elmer 
DTA2 ~~Jttff« o 
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~o!'f,~ ~.IM!l.lilt~!C lt 1TU$/"C · min_ , T,.I"C 

I AN: ~ .5 '}if~( I : I ) 10 211. 8 

2 AN : 'Ill 5 ~if~ : Feso. < 4: 4 : 1) 10 171.6 

4 11 16 !J!LJ&: ~5 4J:JV~(I : l) 10 21S.6 

s t ii6~LJ& 10 229.0 

6 tt!S ~-ttft 10 449. I 

7a BDS "-~: 'lt 5 ~q"~(3: 2) 5 212. 7 

7b BDS~: I! S ~J"~(3 : 2 ) 10 228. 7 

7c BDS "-.!&: li S ~J".t;f ( 3 : 2 ) 20 241.2 

7d BDS "-_n: liS .f}J"~(3: 2 ) 40 262. 0 

8 BO 1L~ 10 250. 2 

9 ~4 .I]·W'W 10 434. 5 

10 AN: 1,14 {}if*f 10 209.2 

I I a 1116 !JL~ : ~5 -fJ-if~ (3: 2) .5 203. I 

II b 1116 !JL~ : .ftl!.5 ~-IV¥F {3: 2) 10 217. 5 

I I c 1116 !1IJll: 1.1 5 ~lf~(3 : 2 ) 20 237. 7 

II d 1116 ~: 1W5 4}lf~(3: 2) 40 2.55. 0 

.b\~ 8-70 9=ti¥Jf-f£ I ~n£ 2 iiJ~~ili, FeS04a<Jf¥:(£#ff&*!jg:IJUi!HiA&Hr/i~~ftlY' 

~(!<J,li)jiz , {£~JtffJ¥~{j[rJf!JJt.b\ 211. 8't: ~~ 171. 6~, ~~·~~ 40~ Z~o ttt\tf-f£ 8 ;fO 

f-f~ 5 a<J~?tM~ii@UIID.lt2tJ.m, .BDS ~L~~ 250. 2"C , ffi 1116 ?J!l~LJ&~ 229"C , Rtr~ ttFc 
*~ 20't: ~-to ~~J:jij BDS ~~Lft:J$~B9~3<~t'.£ tt 1116 ?J!l~Lf.t:l$~~1!H~~o 

»..~ 8-70 9=tflWiiJ~;ffl±l, .BDS 1LJ&;fn 1116 ~LJ&~Wf-ft~~4ma<J~?tM~{J[tlfAJJr?t 
jj~~ 22s. 1~ ;fa 215. 6"C, :ISJ tt ~ ~ s:~ cAN) Ei w ~ r~ ~ ~ 1¥1 ~?tm ~ m m J.t 
( 211.8~) ;f4i, @1116!1LJBCEj lY'~a<J7ti~4m (~~ 1lb, 217.5~ ) {)[j\i66.3~, i'fij BDS 

~LJBCEiWf-fa<J71!~4m ( ~rfb 7b, 228. 7"C) Jil~~ 16. 9~ o tt~f-fp'if 7 ~~U~f-f£ 11 ~~U 

iiJ ~$i:J3e, BDS ~~tl!fLJ&EiWf-f11t~~a<J"lfi?tff'*71fil.lf~ tt*liJElZ 1116 ~~Ll&EiWf-ftll~ 
~B9~{«Jtf0ll1i!J.t~ 10~ ~..to 

~;j"=fFPJ-;j:$~, fl-iA!~J1t~, Jiltl~JtMf~{J[iffilJ.t{ij;o )!iJti:Jij;g:t\t{~iffilJ.t"'F, f-f~}jt;fl 

~?1-JW2t1:. o 

*JfJ* 8-70 9=tf-f.fit 7 ~~tl f1Jf-f8l:t 11 ~~UI¥J~?t~de!t{il(iffil)jfffj Kissinger 1:fm:itH=r;-IJ.:tJ 
~tt~t:. ~*~tl=f* 8-71 o ttn:~**IY3, BDS ~LJBC .!:j~ 5 %W#?l~Fc~1=:f.t~&E1Z 09 
ffif.t~ (84kJ/ mol) ttfh-:illi 1116 ~!fLJBCa<Jf.Sf.t~ (72kJ/ mol) ~ 12kJ/ mol 0 

* 8-71 ilb:tJ~-IHt•t!• 

lJi 13 BDS ru 11..n + t1!J 5 4'} u16 mu +'/!!15 ~ JJ!EI 80 ~~,~&+tiS~ lll6 !WM+1W5 .f} 

Elk]· mot· • 84. 2831 72. 3602 r - 0.9960 - 0. 9988 

lgA 6.6202 5. 4659 s 0.0885 0. 0479 
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m•*~~-) ~m•o ~~~~~-~-~--~~~~.~&HSJJt~-~60-
70CC Z.I'BJ o 1± - :WH;t1(5(. r , ~L1tWH E.i:tL:m:~~1.M~~ . JtmiJJt t~HIII* .¥:1tlHL mill o fE!.:J! 
~ ~L ~WH -'=3 iji 1t?rlf!1L 11= m ~~ ~?t:ff &mz fJ;j , «rJJIJ ;!!&Jl\Z it tle~J ?..Q fJ;j • til :±l ~ ~ :fi :iF 
~ftt:k, :1$HI*Jt-!Sili\.JJt~~/FitJTJt~, ;ltiV;ftt~:lft/F~J~&mz ~uJtJLfiiJ.P ·C.'::hlK o ~&mz 
~*~~-~~~~-~-~~JJttJ;j.-~~~M~~-~§Wo 

lll6 ~~L1t:I$H-'=3ijtW"m!Ml~~~~ ~ *'& E1 ;J;j~JJl-~tE~ , ~rttl;ffi~~~L~Jl1J~~7JD 

2~m?t.~ID~-~M~~·g···· ~*~mM6a••·-~*~~q~--A 
fiW-'=3.Rr~~~~&Jl\Z,~~&Jl\Z8~tilB&Jl\Z,Ht£~-·~~.P.MM*··~· 
~•:J$H:tf&~~•w, ;P;&Jl\Zj.\ :~mr: 

FeS2 + 5 o; + 4W= Fe3
+ + 2SO!- + 5NO j + 2H2 0 

2NH4 N03 + H2S0 4 ( NH4 ) 2 SO. + 2HN03 

8HN0 3 + 2FeS2 Fe2 (S0 4 ) 3 + BNO j + 4H2 0 + S 

S + 2HN03 H2 S04 + 2NO j 

6FeS04 + 2HN03 + 3H2S0 4 3Fez (S0 4 ) 3 + 2NO j + 4Hz0 

4FeS04 + 2HN03 + 2H2S0 4 2Fe2 (S04) 3 + N2 0 3 + 3H2 0 

BDS *~,J~~~L1t*1:Ht£ 1116 ~~L1t*1:Ha9rm;tn .P1Jn.A 7 ;M.lltl, f;'tfr¥1~ 7iWiR13:~L 

~~-~m~~~~B.xn•~7JD;tnd*~Bo ~::hm7Wfi~-'=3~1t~~~~*mM.x 

nt;t~g7JD;f11~7JDJm5.!ilJJt, ~.LI:7W·~~~··· ~~J' 7li}ljlfl.fifa , .b\~~~7~L1t*1:H 
lf{J~~f£~~~f£ o 

( 5) m~m~~w-~~~1twH•?tm~~~o ~m~®~~m~A~~-r~~F 

~=&®~a•r~m~~*1:H~fi~-aM~R(DSC ) ,M~;l$H~~~~fflMM* 
:iit/Fii:il, ?tJJU::h6%~ 16% o Bl::h~~~~fiill1t. ffl~~~f.:L :1.1*1:tl:~~ - m~~JJt, M 
···~~--.~~~fift·M-~o ~~m~~ft::h8*6*U~O I ~~-aM:fi 
~~, ~-f*Jg N2 , iil:~: 0 -lOOmW o :frjj1JVJ/Ff51Jtlli.ii£$~fi~·, 00 8-79 ::hfl-lli.i:it$ 
::h 5'tl min ~ilt:RIIIllo 

30,------ - - - - ---, 

265.9"C 
20 

I 89.9'C 
- 10 

20 I 00 200 300 400 500 
ti'C 
a 

30 
274.7 'C 

I 20 

~ 
l!!J- I 0 
fit -ii o~---__/ 

249. I"C 
\'---

- 10 
2~0--~1 00~-2~00-~300~-4~00---5~00 

ti'C 
b 

00 8-79 DSC lllitf OHiilit.$: 5"C/min) 

a.-=t~Wlfi.lfffl~IAt1*l!id : b- UJI"iffflfl.f.t~~iieW 
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~~cooma•~~*ilfilB$THMa•~•&~a•-•~m~.~- 8~o 

* 8-72 DSC lllif7fth$~i&l.f~!U~··.¢.\l:.lfl 

!;it 

*"' 
ft 1&1 iii! $/'C • rni n - 1 ft( ~ 1i 5i. ff !Ia ifllf/ 'C ... ~tru!V'C 

5 189.9 265.9 

10 204. I 275.8 
=.~rutl!i t'F ffl~t 1t:J:I;~ 

20 212.2 284.9 

40 250.0 307.9 

5 249. 1 274. 7 

10 249.0 281. I 
=t~~l!il!fffl~1t:J$l.l.i 

20 236.6 295.9 

40 247.5 308.0 

~·8-72 9='~~*r&B$TB{]:/it~dlll~A\ilfill3l, tt-~ 1±1 In~~ f.- B<Jiili.fifJ'Il/:il;J' = 
m "' 

*1!:it!:.fi~ttlill !J=I, ~~ 1±\ ~Lit :I$~ a<J @I Ja::JJ.mo Iii]$, {&If Kissinger 1f~ (A ( 8-57 )) 
:¥n Arrhenius 11~ (j.\ (8-55 )), iti'):~J.illi!$#tt k, • 8-73 ~1±\J:~r»[ft!~it:l$!-9~ 
it~~W:o 

iii: .f-F El k] • mol - 1 A/s- 1 I gil k i20'C kuo'C "250'1: 

=.t~;llW'l!f 

Jf.l~it*l'~ 
117. 911 1.27Jxl09 9. 10 2.740xl0-7 3. 534 )( 10 "6 2.141 x •o -J 

=t~~~tlf 

JY:iL1t*l'~ 
146.298 5. 088 X 1011 ll. 7l I. 855 X J0 -& 4. 431 xl0 "7 1. 255 x •o -1 

~·8~2 1'iJ£,M~~it:J.t:H~~-~:1:8{]*7t.~~oW:,Lit:J.t:H~--~--~ 

mltat c ..t~rw~I·:J.t:!-9~ 189.9 -2so<t>, ~~~~?..~:tm-7tfi¥. at!:tkftl:••· a•dll 
*f~ilfi!JJt-AlttE 265. 9-308't 1?£B!I J*J 0 

fflit~ft·~~~~~~B{]~g~Mo aRfflit~~,,~~A~J.ilZB{]m~~,o ~• 

8-739=' ey~, =~:W~i~J'W/Lft:J.t:~B{]~Rfflftfm lt=:#J!AAtW~i~J'M!fLit:J.t:!-9fij;, .EL?t 
Jitlt£ 120't , 150't :¥n 250't .=: 1'-MJ.t~ , lW~ ~tJ§:tf'J}~~JJ)zJ!$:::k o :J!~I!ij, =#J!:!;!.!;~ 

itF ffl~it:J.t:!-9 tt=:#J!:Il~i!f .FFJ ;JL ft *F ~ £ ~ ~ 71-M, :i! 1'iJ ~~ ~ -=.f r~ i:tHfU ~ ii H1J ~JJU Yf 
•.~~~MMM*A~hon•tr-m~a..t~~~it:J.t:HB{]•?t•o :i!~~~~~m• 
1fll*it~it. ~~*f!-9B{]fflit?t-Ttt$, ••mitn, ~mil$#~, ~m•~.n~rttrz:~ 
•~o ~~~~GMMm*••~.~it:J.t:H•••8m~••~zm~o ~,~. ~•8· 
73~1'iJ~WI±\,ilfilJJt~-.~it:J.t:H7tfD¥WJJt~-o &8~~. M~~it~HB.B{]W 

•.~m~••~•••&a~mno ~~it~H~~~~-~ . ~-I~••••.m 
W:~,H£~:i!~o 

8. 4. 4 !Jl~-~t(.j···ll 

~LJ£t~J9Hi1~'Lit:J.t:H!:Etz:l1~ 'flftllli!~~ ~ fflt o ~ -=.f \!If :::k , -~~JJt~fij;, ~ mi A 
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m-I~~~&¥Elt~~~~~~~o fflfin•~~~$®'L~~&~~~~···-· 
~'L~£Elt:fl~, ;t151!A 1fl~ i.Jt¥1J'L~~Elt~3<~ttfCJ.Imo 

:.ftHitEI~~-*'l-~1l-~,L~~&~F r*x-t;M;~;a:~,L~~Elt~ilt~~~tili~~~~, ~ 

l!litlf~,L~~&~'LJ&£Elt1£ 100't:ti:1i::Jc$~'titf1f~Jl, ;M;m~®:AIEJ;j~~-1I~­

·~3o-~~;•m~~~&aa~WmW8Jl~~~~~~.;M;SW®·EJ;j~~-­

~~~ 50-~mmo Am~~~.,L~~&¥Elt~WW•Jl£M~~Me~~'L~~&~ 
f~ , {.EV¥LJ&¥ Elt*:St Q JiZ~-.fll ;Iii~ &r~ o ~ J.Lt , :tE'LJllC~ ,Jgt 89 :1Jn I ;fnflt # ~ flr"t M~ 9=' , !16, 
m*·~~~~--.~--~&'&o 

~T~!JL1t~&~8lt~-*Jilt8lt!JLJ&~J.atil!fil)t~g;;$~il1f8Jl~®1iilt~;t~. Wtr 
~tt~~!J~a••n•~~, •1t**;fll••~Jl•~•m:ilt~M~~M+*~~~o 
~1t:l!-m . !16,®tbn~!~t,L1tW&I¥.! "~ffl~J3t" ;fO "fe:~~lf" ~:tc~ttfm~ilt~M~, 

;Jt~t£:1Jnm "te;~-Jt" ~M~.l!~lll~o )!.ff;tft'ti!VJT-**rriM[, ml~:t<~~~l! o 

-·~*fe;~$Jl'JH~. ~J'§$J3l~~ , ~~~iJtiW~Z tt~:!fl:*;f:tlf o {.EIJ<;J"T-~~ 

¥Eltmifi , Ji!IJWJ~~~~:;t~ o )!~T-~~?k /&3!H~:liHEHD:~ ~ o 

W&I¥.!~W•Jtm~.:rw&•~~lf~~o ~tt~Mn~~.•~•ll~~~•lf~ 
iW-1-71' Iii!~-~, ~ f~IH.!tJlt~fft . )! -~ ~<t'L 1t*f&~:Ui.m o f§ ~ ?k ~~ f!ij : ·m·~¥Elt® 
tl][:f£;J\~Jf-~~-~~---~::Jc~M:Ili o »-:I::t-*0*~~*4~, -~*Jfl~&~tilt-~J 

~~:flill:i1At~!t~$L1t~&~il$!f lt~#~~~)(t tt~*Jf.J~ ~ Jffi1'Jt4 ~'Lft~& ~ ilffi!f.li: 
~;]\. 1§.;lt:ffl;~~!J(;flk7f'-.;:r ffi]PilJtf9 0 

~ta!I:~AJI-tttOOiltT~~;fll~lffifttt'L1t~&~Efr~11tii® •• !J(. iie~~**JJtl 
~-8~4;f0·8~5 o 8~~1tWH~~J&~Eft~~-~~1t-4~·-··~~1tWH 
~li}!j~iflfll Span-80 'L1t1l!J, &~~~=:m4&:~·EVI~ o 

•s~ . ~«~~~*·~~••~ 

~$;ijl.t!lmrn 
¥ JJll tf.ll.(V'I: 

100 80 60 40 

~100 x200 %~~~ %~-~ %~-~ 7i:~-~ 

t/>6(J X 150 %~~ . %~~~ %~-~ ~~~~ 

cj>35 X 150 7"C~-~ /.l~::t'%~ /.l~ ::t\%~ * jJ 

J9$nt~/mm 
~mlili\lf/'1:: 

90 80 50 40 20 

cf>80 X 130 1i!~-~ ~~~ %~-~ %~-~ %~-~ 
4>4{) X 150 ~3?JJ~ 7i:~-~ %~-~ %~~ )C~f,l~ 

tt~* 8-74 ~~~ 8-75 .:P!t:t®PJ~fl· tl:l, ~~~L1ti'Fm89~L~£mitt-t!filliii~'L1tW 

Ha9'L~¥JW::ff~~~:t<~tio ;N;D.f(~PJft:J!~~~L1t~&B9'LJBt¥1Jltrp~;fi~~~~ 
~. Nf~*.liltM,¢.(51~·~~n$~;J'o 

~ :iltli~ XlJ!IJ ilt T AE ~ ~L 1ti't: ~ ;fO tE pg #Ht\1 ftC~ (.F!Hi~ ~ tti ;fO 100M ifl ~ $\1t~J , 
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Span-80 fP~L1tJ!IJ) B9~1t*F~¥19!.il'!HI~J.l89~~~*, 7HJU¥tl=f~ 8-76 W~ 8-77 o 

* 8-76 AE ~!¥ll&~~l'f.l~11·J.iiiJ~tUl 

~l~£19tl?i&J3!/'C 60 70 85 90 95 100 

q,80mm ~-§ * w * :II * • ·~;f%:3k. 

1i 1-':!i!:;i~ Jti::ll 
~:Jl;! ii~'1'7H: , 

<j>IOOmm ~-§ *~ -~%:3k ·~%:t ~~~{t 
ll~llt~~ 

t£, 1. ~.g~~JH[Rtfl=ftp±}j(JF-mLt. m • ~ s ~ll!'fli''lt <M~> .;ut. 2. illi~!l~(!(Jl-9-§~jfg~_a. z~~$: 

fl(!()JiUJitp±JI.SJ¥-m; 3. :!t~1J q,80 mm x 260mm lll <j>IOOmm x 200mm, 3 ~lf:.!t~tM1$4Jilt;~5'f, 19{2't' 
:tit Jj( (!() ~JllH!mt:Jil!.bU:!ll'.!tF ~~ ~t.fiL '1" 1Ulllil. ill >lit .A • 

•sm ~~-~~~l'f.l~~&am~••J.t 

~L!BHilijg(ii\UlU"C 90 80 50 40 20 

.®li q,80mm ~1!! -~~:3k -~%:3k ·~7\;{t -~%~ 
taM!: cj>40mm l-91!! -~%~ iii~Ff';;\;:3k , :t:J'~i-9 

tE : I . i9§tl9m~f!IE.:tJ:it~fiiJ"f~ 8-76; 2. l-!i§At~13 q,80mm x 130nun '"cj>40nun x 150mm ( Z9f!l:tiQ x ~ 

§iflJO . Wi't.ffl 3 ~4'8i:!!Etc!it.'tt4 1ilt. 

)}..i& 8-76 ~1( 8-77 llJ W.IY:JH;g l:fj, AE ~~~¥J9!89jlg§~J.l:@{ij;=f-$-~lltif.t.lfl 

Span-80 !IL1tJ!IJ1fi!JntB9!1L~~J9J: . ~llJ~~ ~ AE ~~~~19!89~tiL~~WJ\!.iii!mJ!;rifff:f.i ~~ 

tt~~o ~ifff.AE·~-~-~maJ.Je,*~&-Mo ~-~.-T~--~ a<JI~ 
*-1tt~~* z7'~, iii:ttiJiilm~L1t~~~~1rm llJ w.m:?.iti!¥L~~l!1tB9*~-~~o 

~*~~~.¥L•a•a~ww•J.JB9•~.~-T,L&a••*~:tte1t.m~•1t 
1lll *1l~~3llJ B ~ W.t&;M;~ gro B9 mU.ii:JE * t~ir , J'H'~ :B:'L 1t :M ~ If' Iii =f ~ J! :fJIAlJ~ ~ W fP m , 
;{;JilJ flli 7~AY:i!:~~7efim®$*~1tfPJf.J o ~Jlt. 'LJ&£.:B:-5E~#rA~'ilt1f~J.ltlJ. 

tt~~JWilT o 

.~z. . ~~~J9Ha~u~J.JB9i'f'6fij;~Jt•~~-~ ac1r~tt, ~~~~Wil:~~~tts 
~~0 lt~ll I :a:•ifSWi*4'*1Hlll.llMLB9~~¥19!1t~*if61UIHILB9~m!~Jl~i'i'O ; * 
m ~ ~ a<J!IL ftJf!J , !¥LJ&~mt B9~lt -til.~-*f ; 'L 1t~ 1&Nt-H1it tl9 (.fj-f~-til.~t®11~ Jl~~ 
;7c~nlfiJ~o 

~:tf~~, J.!)I~m~1JD~.!ULJ1lHi~l9!*~·1(£691i1f~, §:J'5;i(>J';J$~!6t:*--HJI*~ Il:~~* 
~1$w.».m~~f'j1~'f!~l!i~1ttr69m~~ll , ~~H!l~J3t~•~'lit:W-K1£~1roo~Wmliit1r 
~~OOiit~H~. IV.~~~~,Il:*#»-~*B9~tt~~~~*~o 

~4. 5 -~-~~~~~~~~-

*~,~~--~~~ . IV.-~~1t1/FHa<J~··J.l, **fi~~*~J.lB9~"~-o 
8. 4. 5. 1 ~1f1J 

A ~{fij -

~~~~~~H~~~ffl~~~*~0~~t'~.~*~~tt~: 
< 1) :B:r¥tl1im~$~iit!Ji,Yd4=r'li~ fi!.!)I: 



······························--------------------------·-·······---------------

1) lOOcm ial, 5kg t'IHm~~o 

2) 200kg ~~JlP.\:~ o 

(2) x-t~rx~JtNT~~:l1!B:fftil.rut~~!Yl, ~JdJt~t(IA.agiift::k:-T 500mls Ef17f11aili 
J.W.li~ o 7Jc~*F~t£WA.~tt:1:1 300 - 350mls at&~. Tfii ~~:i2H~lffi 1it:O:WA.~§:1:J 
lOOmis liAr~~1:.lil.i!l o 

(3) &~?HIT~~, 1i:¥1J7Jc?t~~~~liAm1J1ti~~~¥1J7JtiX3tJtWT!¥L1t*P~:ht~o 

iE ISO -243't~l!A\'(inJ'rU~~:Qt~&J.ilZ o ~-*7.k?tJ§B'!J-Tflit£ 250 -255't IBJ1J'&t?eo 
B ~'(?~ .::. 

~00 EL ~ CLH ~~J!¥L1t*P~tl9~~tl:~o 

(1) m~~Mo i!f\111'-*~J~L1t*Pi91¥JfJL~~ttOO~~JIHU-T~ 8-78o 

* 8-78 EL !:5 CLH ~~J!JI:It1$i!ii'!H1t~··il 

~tit~~ 
•J,;;a?tfi 

EL ~:Jtl CLH ~3itl 
:!)< lli ff- ~tj: 

llitr~.!ll E8% E16% filii 10kg, ~tlj (250 ±I) mm, i{ijt (50± 2) mg 

··~.Ill 0% .;;4% filii: ( 1500 ±I ) g. m:lfl96•. !§Hi 4840kg/cm2
, Jli:!it 20mg 

(2) ~~~tt~~o ~ EL ~ CLH ~3iU!¥L1t:l$~l;Al\J~WWl:l&ti:~;ji_t, ffl9;:.tlj!.;k;li§ 

11~:18~ , t£ '={:l;!i! ;k :.tf:l R.i.~ r 7f :!lil:ltMJ~ , - ..§. k(. m ;k :t5 ~ 7f , ~ ~ .1L ~p "'J.l: im 71' :S I ~JI 
:J.i:o 

(3) :fftm~~ o 4i-1'-:l$~~f-{:Jij{ 5kg ~ .. A.JlUH.~'tt, ;lUt.i-§.R '1":1:1 200mm x 300mm, 
~~EJ1re~-E!.MmtE*~~~..t.~J§-=f50m ~m63~~~~~:!1!fiMil.ro ~~A.AM 

~JJ[19 820m/s Ef1, 4i1'-~f.fitr 'i=t 10 'it., :lt;:J:::f'~/f'JJ o 

(4) ~?tfUl o CLH ~3itl!¥L1t:J$~1¥J~?t!WH1t~~~f:":~1J -T~ 8-79o FJTJ'@f)(fljg TG-2000 
~~?HJTf)( o 

iit#Ali:!it :IDJiit:St-IUl.!ll ~~"*flilB.!ll/'t: fit~ .. m: l.QIJr/ 't: 
*I'Jii • .f} 

/ 'C /mg I n I n m 
CLR-1 1.60 193 220 349 392 

CLH-2 1. 0.5 200 . .5 200 . .5 231 330 38 1 

CLH-3 I. 47 198 198 232 343 378 

CLH-4 I. 05 158 222 232. 5 305 

(5) ii~R.i. o EL ~3itl!¥l1t:J$i91¥Jli~~~7~iH~-~~-M7f'fl£-T 330't o 

c ~'f?tl.=. 

AE ~tV¥L1t:l$~693<~tt9~o W:!¥L1t:J$i91¥Jf!L~~J.l~or : 

( l ) ?lfilj~!J(: 7j!lj~~*Jg 0% ; 

(2) fftl{~.ll: t)!~ilt~*:1:! 0% ; 

( 3) ~f.tr~tt: ii\~~*[;A 6 ~-®'tt, 7f'~/f't4o 

N 
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360'C 

350'C 

&~?:HJT (DSC) ~*~m. ;Jt?tffftli!J.i:1'J250't o 
D ~-f?!J 11Y 

~ pgJL# Span-80 ~:¥L1trF~~T =M:]E$:~!1L1trF~~*~ttft~~ tt~o 

~ 8-80 7U ili T ~ pgJLf'f' Span-80 ~~L1-trF~~*~·jj:fm~Wo Et=! ~ 8-80 9='~WPJ .!A!., 
JL#:¥L1trF~ £19m~~~, :ltm~~:ltiJ~1!£o 

•s~ ~~n~~~~~~~~~~~~ 

~3l:ttfru 
~ t.i?-1f.l€!M~ .!,1. ~ ~tl>WLIJM~~ WiJJll'Y * ft.\1 I I r ~dtt1tir 

EL ~:1~ RJ-1 ii~-11 RJ-1 RJ-2 

jjflr~Jl/% .;;8 0 8 0 

~*~l!tl% 0 0 0 0 0 

l'(tfli-~Jll% 10 $:1ft;""' ;fif&;f :lj 0 0 

*~~it "':~:l;(]ii!G;f~ "i.~:l;(]ii!G;fjf&;f:l;j 

-~.~~V't 330 390 340 

T =M:]EJJY:~!JL 1-trF~ a9 *~tt ~~:k $ g~:r:J: 00 ~ ~ YIHJ 1-"F ~~iJ!tl9=' 'L'~?Y!!J , ;a;mtt-.!A!. 
~ 8-81 0 

:!i:3l:tt!il3 SBPCE-2 m! ECPCE-102 ~ MD ~ MLH ~ MFB~ 

lfJg(~)Jtl% 0 0 0 0 0 

l!l!flr,$lf/% 0 0 0 0 0 

~m~Jt ;fif&;f:l;j :::f'it&/1':11 10 ~"tftr'fo;f~;f· it*& A 

"' *& 

*~~Jt 4 :flil-lj<.:k~~iii I em :l;(]~,;f:ft&;f:l;j 

~~Jt :::f'it&/1':11 :::f'it&:::f':li A .. *& -€i*& A .. m 

~A~~*m.~~A~S~-80~A~T=M]E$:1'J,L1-tm~•£19~1-trF~.:ltiJA 
1f~1r£~m~~J3[, ~Sf~>Jt~:jt$-;fn~~~, ~~00 Vil~~$:~$&f:jpf~ii'iH~ ttl ~gaito 

fBA*~UIIUiUit~~$:Jm, ;lit~~%~ Span-80 ~'L1-trF~~J3t9='~;!ft~.ft~~-~. A:ff 
JJrFtt.$o ~m~~JJ:iffl~ , ;!;t~ Span-80 ~'L1trF~~m~~~~f.firT=fi]E$:m!!JL 
1trF~; Q;t~~lf])t~~JEttii'ff;;-, ~mr=~tSIE.Jft(~~L1t~J tt~m Span-80 jlf-~0 

@A,&~--~.ffM~-&a9~~fiA1fW~a9~-tt.*~~-~Ma9o~ft 
1fffM••*~~--~ff1'Ja9~~o 

8.4.5.2 *-J~~-!-~71-i'i-

~ P(nj I2Si ~ :fl : 
( 1) ~:bn~~~lllrl! o .1'1 T mJY3i[#~P(nj, ~ 8-82 ?IJJ£ T JL#:JiL1trF~~;i§t:11!tJ$~a9 

m~~ li: 8{] ~tl i;it~ * o 
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* 8-82 JLflll1$~((.JtJl.~-~ 

11ilr~lf -~~If lftz.;IJ'*·~~ • 

J.'!'~«JJ:~ 
•J.'\'a?t~l% •J.'!'a?t~l'*' JLI Jkl 

~1At1:t:F.i l 0 0 

~-lt1$Fi 2 0 ~4 0 0. 14 

~-lt1$t9 3 16 0 ~4 0. 16 

~~~~J$ili 16 ~32 0 

94 ~~o:t/6 tit 4 ~20 0 0. 14 

75 ~i?4'15 t,'i/20 il 24 ~ 36 8 ~24 0. 16 

tll\."-~ 8 ~24 0 ~4 0.07 0. 07 

.fiFit~ Jiil JL 44 ~52 4 ~20 o. 12 0.08 

~~o:t 72 ~ 88 48 ~52 0. 18 

CD!¥L-It:l1:Fi 1 if'*i§t}~{fM.1$·~tjj/JA; !fl1t1$i~ 2 ~ 3 ;lH!!fl-lt:J:I'Fi I rp~;IJD 'il~~~~~flgJlltt¥J. ~1t1$ 

Fi 3 99ln~4-~:tmtit:ft~: 

® JL• :JUU!Ii:itff'~fftttfiil t¥JIIt ijb ... ~~: lkl ~m-ll!!itft_l:j~tftttZ.fiil. I!P~ !:i*Z.fiil99t!tWJ*Jr ~ ~lll~ tit 
tt!:iit#Z.fiilt¥Jmw••~~t¥J~~~o 

?Hfit~!&~ 8-82 9='B"J~U.i::::Fxt~ tl:l, ~~fi!~at*F~iHj!:tl~~~, BffJit<JtJL~~ 

J3ttts ~ ~ •* fi:ff * o !\ ~ 4-, ~ ftiU L.. t;ll .f&l.t;ll .!3 ~ .ra 11<1 »t• * fi tmxff: .!3 ~m ~~ll~t<J 
?XJ¥lN-~ o ~Mt~~4-tf:l:bPAfa*J}Fo, J!J-*~~::kT , tJL~~Jl1:11111fi:Z.fl:k o 'L{t~ 

~~ wo ~'Laam%~.~~~-*~•-•~~~~~.~-*~~-•~h** 
ll*f~, I2Sillt/F~tJofffiiJ.m*B-9'L{t*F~ 1 ~JtJL~~lf~IH~ o 'Lft~~ 2 lll'L1t~'!fi 3 ffi r 
S:bnTm8lllA*4-.~m~~llit::ko ,L1t~~3~A•~~-~~{t~~2~, ~lit 

~{t~~3~-~~Blllm~mll&~~{t~~2::ko 

fbJ E!Zm :±: , S:bo ~ • 4-:ltt :k!fL 1t~ ~ ~ tn.~~.JJt ::::Fisc~ .1111* ~ fllt<J IJ nV!J , w .13. E8 r ~ 
*4-*~B"lm•sll::k.~&!fL1t~~9=tffl~A~••~%~#a.~~-~R~-•~ 
O.l- 0. 2mm, iffi~~~~~R.i: llaiJ'ItR."t~ LO -s cm1i:;{5, ~~~JtJLtliXf'FJfl, am,~~~A 

-f*..t:ff~R.i:%./ilt ll't, ~,~it:ffi'iT~-w11, 1>\iffi~tJt~~.lt:f:tt:k o E. P. ~1l ( Bowden) ~ 

Al!~HVf3i:If'F~IYl , .tt:.f.1:~9='S:bn~R.\ar~,~~lai:W-tli!ll (350 - 450CC) ~~~, :±SJ~it 
:7\:tlt:bit~JJl o <t;g~~~A~ 660<t, EJT~~'L1t~~if!S1JO'fg~~f.li!:..t'F~~tJL1llt~lf:l:tl:*:, 

f.EI.~ ~~~ ~ t~ s :bo r ~f!B:.f.1: ~ ~ ,J, o 
~~:i:EV..~, ~;g~L1t:I$~~~~*~~~:1$~1¥J/FWT~M , iJF~I f'F~:ff &'~lAA 

f~tHt~~r /F liiJlN~:.I$~ 1¥1 t1L~~llll@~~1Jt! o 

( 2 ) iffiilJE .!3 ~ rfg 69 ~ nM o JE:(!o *1.1:~ 1 l!i EJTJ£ , r:i3 =f*~if;Ef*li: T-11<1 ~~al1t , :tE f~ Wl T 
c~o. -2o~):::f~~~•~m*MMB-9~A1t. ePfflM~r••~~q ~~•»-- 2o<c 
~{t~J lOOCCB;j, ~&E!Ztti§tfrft~::ki¥J~{t, ~iffi:X;j~~ttfro&t2:1i$:ki¥J~Pflil o 

E. f£ilf:~ ' ' L {(.;.1.1:~ If! :tSJ 0:3 * ;;{fi B<J ~I j\ ~ rfg;<;j ~ i!'1i !fLft :1$ ~ ~:II~~ 1ft~~~ 'ht :ff ~J 
a9 o {a ~&E!Ztt:Q: ~J. )!J~Hl1l'~~t£tJL1llt fr.Pfmf'F J'HT , ~~%Jilt~ ~~.ffiJm a9 ~ ~ , iffi ~ 
~~~-~0 
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8. 4. 6 fl.9: 'f* 

8. 4. 6. l -.~ 

~--~~~~~~-~~~~-*ACO~N~-~~.~-m~#T~~~~~ 
~~~ H;s~ S02 o dM.M~~~~.-~-~,L~~-~·*~~~~~-~·~· 
·~~~~~-m~~~dCO~N.~·~-~~~o &Q~a~~~-~~~~ ~f'L 
1t~HJ'lt#, ~f¥~f4 , s l:!i1f~~IHI&1Tt#•~~~WJ I ;J;t:Ja~at.~,·~~~~~~~­

~~m~-l*~o f91Hm~ ~-1t~::t'J' , ®11lfllit~tg, ~H:ll§7J<~~~~m~•~~-{g~ 

*;t-*4~1 ~~±t:bll~-~-l*~~~mfru o Rowland m ]. H. ~A~1Vf~~*:1il I ~~-B<J 
~--~-~~~7J<·M~~at~~~~:bll~-~~N~O,~~--o ~~~~~f.A~ 

•~••+*~•~~ ~~--~~-m~~~~~~~-·~Am~•~it~n~o~ 
~~-~~~-~-~dgUd:1u,L1t~H~-~-~~~~--o 

)(;j" f :a ;m:U!' 1V ;lUll Jt1tM11;a'J !8: ~:i!Hr;IJ &11: .ill:: I ~ m ~. ~:a 7/;t 51 ® !Mf jjU ~ tE ~ I 
~llW:)ffi.JXl.~:!!f~~51®Al1!! 'f!~ o ~.lit~ 1ffiiJ-#~H~it~tl) @fflfJt!l.TI~;lJ· 

o>t. •!16·@!00J.m~;rnu;~~~•:nr. *Jil.m~~~ <!!..t:J®:tm) •~0 
~a~oo•••~~B<JA~m~amw~•~~~ft~•••~o ~io~a~ c•r 

3i:~*Ji1.~> ~m: Jt!l.TI~~~ 9=J co *•~~MI~ 16 x w-•% I N.o,~~itfi~ 2. 5 x 

w-4 % I Hzs ~~4'tS!i:t 6. 6 x w-•% I soz~~~~ 1 x w-•% I .13.~-~~~d.~:il.t~~ 

itil~ lOCH/ kg ( VJ colt~) ; ~rilf.ffl~:l$!:9~$~~~.$t.~,:fi~~t3~ 80Ukg o S * 
1:JIU:Eft~r-&!.t.A : co ~i.E 100 X 10 -4

% ~T I N.Or~i.E 5 X w-4
% Q.(T 0 ~OO~rt/JDtlt:*:9lU 

m Y¥JfJt!l.Til~H~•~~H~Jil.m7 ;J;§:tm•~ < Jii!.~ 8-83). fii!at~oolt Ll.Jm,ff~Jil.m I nlfiJ& 
co "1:-i*r-&lt:19 100 X 10 -4% ~ N~O, ec~r-&~:19 5 X 10 -4% ~~l=(. I ~~.iJm:l18ho 

• 8-83 ~Iii- :IJI**li.~-f*:~Jl 

~ ~Q) :/JD :$: * 
I f& (23Vkg) (0. 16ft31200g) t:.Xr 

If LIJ I :4H"I'Pi 2 tJt (23 - sov k!) (o. 16 -o. JJrt1n oog> ~ r "5 ~ ~ ~ 1£ (I() f.H~ ;1ft rnJ • 
Jf& (50 - IOOV kg) (0.33 -0.67rtl/200g) ~r f!! 2 , 3 ~:r-l'fUfl=rjdfF 

~J£~Pi3ttl'll:f£ 160Vks (2.srrl; lb) ~r 

Cl);il{~tl!llr'fmtiJti 31. 75mm x203mm (5/4in x8in) (I(J~fQ. ~~?! 1'1-t)l(Wif:E (Crawshaw-Jones method) 1;!.:~~10- . 

8.4.6.2 $L1t.;tir~SlJ*·~~1../'§:-

~L{t:l$!:9a<J!K~1<~1'#ttz- . itt~:!I:I$~•~•J:f l¥11f~~1**il~ 0 JJ.il.~f91J~Ijij 

~r: 

EL ~ Clli ~ft~1t~H·~~~~~~-~~8f~~~"~~aJt!l.T•m~-~ 

~.fRpqJUtff~iJ\~~*-fmr: 

*l=~~iltl 
:rnli~-f*ft/L. kg-• 22 - 29 16-22 36-42 100 



~*~~-~--~~~-~g~~H~·~*fi,*ltl~-EM~~~E~~~­
.!3=~~W'"itf.ffl~L~:I$H~:fi$~1*~~1i:1-J 31. 53 -43. 461/kg (:::t'IR.J~f!P) f!119. nv 
kgo AE !JM~L~~H·:I$~t'~~:fi@~f*m~)E~*1-1 681/kgo 

~ 8-84 ~~tl:l T s. K. Roy ~A B9:il>H~m~iitm* o iii .ill, Wt.:E~~;fi$~-1*~* co ~u 
NO. Tfff 'fi , ll1J~1f~IM'F~B9~~:lil:::k=f~L~:I$Hfl17.1<~:1$!§, Tfff~L~:I$H~fi:!-'~ o 

« 8-84 ~itl!f,EJ.J!Jlit1$J9, *1&1$~~~itttilll1$19ti<Jlif·~~~FA 

m §}lj 1$j!j~:!JIJ NO,/L·kg - 1 

1\.1t1$lli 6.673 

m-m Jlc~1$lli 7. 843 

lii'Ht 1tilll 1$ tli I I. 840 

!fLit1$lli 4.823 . 

m=m Jl<~:l$lli 6.647 

N'Ht H'ilb:J.'1!W 15.365 

!fLit:tr:t-V 8.445 

m=m Jlc~:tl!~ 10.712 

i'l-ftl!'ilb:l$!-§ 14.487 

tt:~~~~~$~~~~*~~~mo 

8. 4. 6. 3 -lL1t.;tf ~;tj -4-q.#"-~~ -t"fllJJ)-FJ l!l-!­
~P(nJ~L~:I$H~1i~~-f*~~:l!t~ ~ ~*l1\S~1i : 

COI L· kg - 1 

18. 123 

19.64 

33. 726 

19.800 

21. 887 

29.025 

25.230 

26.042 

30.356 

( I ) ~~~-o ~~:l$&~~-~-f*~d·~-~. ~~~-P(nj~~~:~W~~;I$ 
~~~~~~~-~~~.ffi~ =f7./<~~.m. ~~~~-~~~~~~T;«~~.!3iiJ~ 

~~J v..t uifw. .:r*-T::ktJ\ a9 lle~ Wl .11t~ J&t ~ fA!k , :fi ltl .:r;~;~ :1$ JY..$i. - • 1t:B5JffiJY..$i. a91E*:it!:rr 0 

(2) _?t~ :g~flil~ o - M:l!Bi$t, H;H;][~-::kat, ;lit CO, N~O, a9~difl:~f~; H~*.ti 

M*~,co~-~~~ ; •~•••::kat.;tit~~~~2~~ ; ~~~-•~~~ . ~ 
:rL•Hi.A§~J&t~, iifftllib1J1n3ec-f*a9~.1Vto 
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~{tM?t-T-~~~tf'9ZMWlf o ~~~j],JDttf'9iiJ~ttX't~~-(J9tt~~-~ttiiJfm~~~ 

~ptiij 0 

~·*·*ffl8Mft$A ••• EI!-T-A··~x-M•mMt£~a-9&~%~~-~* · 
*Wf~,W.iii_&Hi~ft~o f9!Hlll, J. M. ~Wlt ( Moreno) lJ:I F. -F*.ftJ~ (Catalina ) • ..ffl ~ 
-T-11B~it1Vf~j)tt£5'H,Utm!iUo~1tT=~tiiLWf~~a-9 0/ W ~~Litlilo BtlMs a-9!\!-00 
.~m&~.tm~illl•~~~~~.w~•T~~ttma9~~• .a=rs~.~mw.Jtt•~j] 

1t.Z.JfJBtlMEI~}Ea<J~L~Rla-9til~t'£:4l"!lfo 

J. H. ~~~®E. G. ::ltJl.!J.! .~ ( Gockbain) m tl:l, :fzn:W;;(£,?1!. OO.Jm..t~ "~il"~" ~ 

-.~U~~-il-,W.OO·a-9~··*~· ~lt.t~RB9ZM*~·~·-~-.~~~OO~~ 
~·~~, ~-£~-~~, ~ffii,L1t1iUtJI!.a}Eo ~il":W-OOJilB9-fft~t£~4'~1ttF!9"P 

~RWT~m.~~-~~•%•7,L1t~Z*.~m-••~~~ttm"f'Fm" a-9~ 
JJlt, ~.lilt.l9fi.\)Jti*~L1t~Ja9W.OOM!; o 

-~:tm~.t£~~-7.k!\!-OO.Iilt8~"-*~ ''a<J~JJlt~MA~~L~Ma~f'FJfJQj;: 

a<Jel.9l:o OO~.J.kcp§~~+~•¥EDM.~~~~~OOWM.&+A•~--.~Ut£ 
~-7.k300..t~~-il"·. ~~~---~a<J~itlilo ~& .OOmDli:IMM<&+A•-
9-MB<J:ll.i*:1f~~ ) t£~-7J<!j!.jti_t~~~-il"·, Wf~Ji\ttJ'9~~~tB~~fE o I¥J 9-6 ~ 

J. H. ~~§!ll:l E. G. ::l<:.Jl .Dl.~JfJ*~IYl?t~:li~~,L~il·~tta<J~~o El:t OO ffii'iJ tl 
tt.-~~L~&a}E,8~~~~7.kM.~MM.zM.~~;a:,w.w..tB98:1i.~M~ 
~-rB•.ffl~o~ID~~•.••~a}Ea-9,L1tM .~Maa9~@•"!lf~m~3~m,§ 
~.j!j:.;j\·}!·~ 0 

• 
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~~~~~~-~~••a~i*~• 
~&·T~~--~~-~tt.~~~* 
!1L1t~I¥J~~·~JJ.-1f -~~¥.Jm~~)( o 1911 

• 

3LoA fmnP'f!¥.t~~, .mmil-!1L~tf!J~~~~ 

~~•••~.m•-~~mM••Ec 
~.~~~$~~~~~wr~~W~~ 

-~T~il"~o ~W~~~~g~~~~ 

••~~-~~9~~-~. ~~•m•~ 
lle/J\'L':ft!!:@Jti~ -11Jt~ o 

9. 1. 2. 3 ~tilnl{I(J4~~~;t·l± 

:ili~-*.~~~-X>.tl!~ttiilf9i:~::E 
-~~A~~~oo~~~~~.w~~~ 

6-9 *Ff§fl! ~~ 0 

JI. JI. 5f. ; tl :!lilt m! 7c ( KpeHHeB ) lll 
c. A. ~WT~ < CociGIH) 'itiilf~*~ 5% 
~MM*··~~~~o~5%~~~M 
*•~~, :bn*filY.J , li¥~-N:bnA-.~ 
*!1L~· ep~~~:19 .ll::o ·ftMfJ~ Jttt&I~UL 
~-Q4·~-~~~-o Jtt~!1L~-I¥J~ 
R.\~f.§ vm~~T>, 1?:/k ~g:7g l cm3 ¥1B~Mm: 

-~!1L~I¥J*~:Q:;k:.f*~o 
~~Hi7it~.f*~.&iti~J§, ~Ji!""f~ 

*•~ooJm~~lls: 

s = ev.;A ( 9-1) 

~~ ~e-~MMm-~-f*W-~~~~ 

-f*W- v2 Z.lt ; 

a 

b 

, 

~ 
/ 

.,..A 

I 
I 

/ 

c 

' 

j ' 

' 

' 

( 
~\ 

\_ 

e 1·1\1.1C~iili.IIUIJ 
o fllii!D 

!flitl!lf&f.e~ 

O+;;'\ ill 
e l!lllm~ 
~ltliH::t:ta~ 

1!1 9-6 $Lit nl "P rdJ-* :W-ifii )j!f~ Jil(. a<.!~ -frf* ~ 71\ ;tX Ill 
a-+T-~~~~mw~ru~m~~~~~~.~~a 

~~~~~;&-+T-~~aMM~llll•m~M~~~-

< ~D'f2Xlli!(I(Jfi1i!O , "-~Rlf&-1'fl~; c-+T-D~ 

l!IID~t.li~ l:t~.it~(I(J~-fl-Jll. ~-lt~~li!~<fl~ 

v., A R~-f*~lllOO~. iiJ.ffl~mtii~~~io 

~ n. R. 5f,;tl1d!J~x~AWfiiJf9i:u~i.lf$-i*~ 9=t, t&~,L~iil~ S {i[ ~~:19 0. Ol~J.m o 

~~ft~3~-~--~~~ . S{i[~~~-~--I~.&~-#~-~*o ~~~00~ 
~~•sltl•~~~Wf~~oo~~~~~m~~~wa~o ~IDiiJf~W~TNa , K , ~, 

cs ~MM~.••~r• 9~ ~.~ sltl•~~TWT~~oom~a~~~~~~~•~* 

~~~~~~ 0 

~-~(lgi'J¥J; v. 8/IJ.Il' flYt-~ £IT 6 i!ii~v' nm
1 

l!ll.fill 178 0.01 0.50 

jJij!ltiJI 190 
. 

0.005 l. 03 

l!I!Mit 223 0.0035 l. 47 

~•m 247 o. 0020 2.58 

• 
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~~-~~·A~m~f~00~~5~M-t£5%M~MMM~~-,L~M8~tt~ 

W~o M~&~A••~.~xmwuey~•~*•mwoin~-~ft•~~m~~~ 
l¥.J ii fl . .!i!U :ij" r ~u ~*i-t : 

( 9-2 ) 

~~ ~ 'L~m~~~m~~l¥.J~~-~flo 
~i-\: (9-2) 9='1¥.J 250 = 0. 021-Lm R.f, 28 ~ft'T 0. 03 -0. l2j.Lm0 8 ~:;k.!iltl1t~M~~ 

~, ~.1u 13 ~ ~9~L-f.t1ftJ1§~ey~ f!i~~~Wlt1\71¥.Jttt~.lm, #-..13.t£.t'r~:!L:f1HI'Ht.<:.~jgifij~ 
t'Fm o 

m~~-gij, ~-!.9t~>t ~OO.lm~fl~:fl~P(rga<J o 19iJill, .1uMMil'i~~l¥.J*1£7Jc 9=' a<J'L 
1tM, X!Jll¥.JJ!i:fl~7kffJ9='711JMil'ia<J.fl:fl~ o :bllA~ftMI¥.Jiitf~'T 0. OlmoVL ~, fi:ij" 
~~~~~ ; tlx)jl:(£ o. 01 - o. 15moVL .<:.rSJat, 8 ll.lfit&./.Jt~:bomH~P-1o ~~1t••flt£ o. 15 -

0. 30moVL zfa:JB-t, ~:if'~JI.t~a<J'L~nl o l!Ati!fi!el~ 0. 30 - 2. OmoVL Bt, !1L~llt.1u WI 

o ~ , Jlt at 8 J!ifi t& 1Jt ~ :bo iffl ~ iliJ o 

9. 1. 2. 4 .il.7t ~4t-"i~.\t·t1. 
iiff~q~:±l, {E'L~•WJ:t~a<JnUf ~~~Un;lft~~·~.<:.IBJ :ij" -~a<l~*, JtHf ~~ S ·~ 

~-1if.f*t£!Jj-1fl-f*~!i!Ji*..ta<Jfflff~I*J~fmfJa<J~JJ~ o ~.ffl l~f>Uff~ W,.~pg-~ We·~ 

l! fall flli jJ ~ ' .!i!IJ fl : 
S = WA - We (9-3 ) . 

~~w~~I*J~~l¥.l£**~·xeymws~~•~•w*JJA<1~~. ~P: 

S=y2 -yl - 1'12 (9-4 ) 

if s > o, JniJ-M-f*~:t£5}-·ffiiJ:m!7f; ~ s < o, .!JliJ..tWI¥.J.i*:ft-n!Z- n-Mi-tl¥.J.t'r 
~ ffii:if' .R€7f 0 

~~ W/ 0 J.W'L~·!fla<J -1'7k~.1u19iJ-*i$il!ij o 3lll00 9-7 ffi~. 

*•f£,L1-t&~..t~.~~•oo~~-~eyn••: I S> o I 
( 1) ;jO*iE~iti..tJ!Hfn!ZJkJll(S >0), 

1\!P;f'.ffJ. Jilt. o Jlt :if~ 71' $T liUL 1l '7 I ® ~ 
f{.1{ll'J9~t1\o 

(2) ;J<J)jct£.iti..t1f--1'M7f (S <0), 

t£~~Bttn.£li!Jflill~J'L~1lli*J$o 11Hm 1 
8~.~1-tRC~ttW*~~l¥.JM7f~e 

.1ufA ill' 1\!~ s < 0 0 

9. 1. 3 ~ ~nltt~~~ I@.)! it 

9. 1. 3. 1 t.J.tk~btir?JL..f-.£-j.i) 

Et'!. J1l! iB 7!P 1k l¥.J ~ WJ :fl : 
( t) ~~.fi! o illOO 9-8 ffi~. t£'L1t 

..,__.__.. / 

S<O 

009~ ~0~~~~·-~*·~ 
~ootJtJ~~m~ 
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M~.~--#~M~·~····~-~z~.~~-~&~-~BP~~m~·ft~~~ 
®*' ~Jl.Q1t-'f-.1-J?}-;(jj~~~~ o 

(2) jf*~~~o EB 00 9-9 PJ;fitil 1 ~~iiJ~~~IlttJ.ill~;MJ~~~ 1 {13~tf~~I¥.JM 

~~-~~-~~ . ?t~~~~fi•~~o ~·~~. ~u•~,?t~~~~.M••~ 

~lt~tl:!.~t!~~, 5'~-~~I¥.J ~filj~ lt lliR#Re. ~:Lt1JO JV.tlJ~1CF~o :llll*~1f~Wf~, 

if PI w. :14f~ # jffa~ ~~* t4ii E@. {iJj ?t ;(p ~ ·m lft ?t :h w;j -tms?t : m- ms?t~* J: ~m JEt~:~ oo 
Z~o :J!~~~f,;J~-~~f.;J~&, ~~~fBJ;{if --f-q~~~~~!!*, :im'fit~J!t$?}**fF~illJ 
~$~ ( Helmholtz) ~ ; ~-fflS?t:.IHf"*(I<J, 1$A?t~1l'MZ~. ~Jt!.~ll1JTJ$TjtBJV.m~j.\ 

(i<Ji"!lUf ""Fil*, J!t~-.1&**111& ( Gouy) m o 

. 
. . : .~- @:.0 -_ e--

.:.:.:: . 8-~-- -a.-­
.:.:· :· .. .-.. ·.· . - (f)- - e--
... .. . --------

.· .. ·. ·,· :: . . - + - --8--- ­
::. 'ldl· . · . ------7]<- --.. : . . .. , - '+' --=-. . . - \:!.t----o-- ----·.·: · .. . :·~.;-- --- ~-- -

. - _@_ - - - _ \;!.;/... - -

.. : .' .. . . &t.p - - - - .l±L- -
. ·. ~V·- --- -

... . --!.@- - - - e-

I 
I 
I 
I 
I 
I 
I/Htf¥ii!i 
I 
I 

x - --

( 3) ~~o #f-#!1Lit71li!i~~~~, ~~-~I!Pmli~tfflfl9~.J;}IPJffi&~lt!AlH$ 

;/J, ~#Jm~H!Pf/J\~$ o !1Lit1il~?t'lf!£1l'Jtti:lBJ~ Jititi#~itlt~:.@:Til~~·:i4Jit.J.l o It!.$ 
~~*im -m· ffl1f,\jf.t u ~m, j!IJ1if: 

j.\cp v &H~~-~~~~~J.l . J.Ul'll's ; 

E 7'~1JO~~~.J.l. V/ cmo 

v 
u =-

E 
( 9-5) 

(4 ) Zeta ~~o XfJF~i}.J~~. 't~IJ'~~~~;lit,¢.dJ<J~~. :*:i&::.9flt#IR~It!.~~ 

( .W..OO 9-9) o ~~~~, ;o~:bol't!.:%fmft~Lit1il9='~fft~~nfr,~~1WJE~I¥.J7.K~ioJ~U&#;/J, 
~lt!$~!Jr v 'iiJ Jti""f_jlj~~j.\~~ : 

j.\9=' ( Zeta~~; 

s--1r~'lit~; 

E ~~:bn~~; 

11-11' MWilt o 

v = (sE/ 47M1 ( 9-6) 
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9.1. 3. 2 ~tfJ~~~.fL1t.iflt~J~;t·ti. 

~·~M~M**~·•*•*•m~~~-~-~-*~~-o ~~ww•~~ 
M*~.ww~~®mr~~WL*~~m~~~~~~~-~o ~~o. ~m~~~~w 
T.Stt1flJ ( :«D1illml#J.!f!) ff:~L~J11J$1J~~ o;w ~~L~ffl r=P, ~L~J11J:f:EW-W~llf;ta1, ~ii.<ft! 

m .. AJ1Bl1L tiHi¥3i C!!O- COONa) 1')vj(ffl, iffl.§.J!~t&tt~OO~*L~~~~, I!P­
coo-~ Na ·, 2:~:f:E~W8,t~~~~~o EB T Na• ~;ttJL~~~tnti;fJ:I'tm. if~JVZPJTil'l 

:ttB~~~o ~M.~r~o•'L~M~#:f:E~~m~a~•••.~~·~-~~~ 
i!~1*.*9='Jllt~~W~~PJ~tt, ~iffl~~_t, lf!::(£ 1920 ~ S. S. E.%'~1JD ( Bhatnagar) ~ 

m:±l, ~-iif~ill:~lt!.mttnt~ W/O!¥L~lllo 1933 ~ R.M. ~Wf (Fuoss) ~8;ti!E~, :(£~~ 

t&tt~-f*r:p, ;tf~it~~~tl~o :S:~~ffizstl'", ~%~~1'£!.~-I:~IVJ,, .RlliT~:iilt!.raJ~ 

~~-B~~PJR~*W!t!.•o ~•<~~)~••~qmw : *m~•~.mu~~#B 

--~··*~~Mo r!!r:f:E'L~M9='*~~%#·~~#WB~~-·1*·.PJT~W 
w ~'L~•a:p~n~J*•**~Et!.~, w w; o ~'L~Yil'fla9M~~u*IE~t!.M o 

21tB1!!:~, ~'if~L~Ma:flii~~f.li 

~WW~It!.MA~o~~~~.Bfn~~ 

:S:~PJ~~~·-f*ffi~T~~o ~~~ 8 

-~~·rp··*~ffl~5%~~- ~ T 
6 

~~'£!.~~~~~-~~~~~. ~~-· ~6 > ~-~fBl, ~~~~~~MI'Bl~:ftB:;ffl .; 
"' ~l:ff:~~Ell o ~~~~. ~Bfnt!t.lltM i; 4 .2-

tia1affl~~~ff:.~im~·-~~T·' 

·(.19·~·····7~~-~Q~&o ~ 2 

5<\f-T~~~•oomtt~J~,L~1flJfttJ 
~a9,L1t•. Jt~OO~{ijj-\i'J.t~'f&J.ey~ 0 ~o -~o.~, - ---=-"o.'=-2 --o~.3--' 

oomtt~~~•ms~IE~.:f:E~•L 

I!P·J!Al~.l.ey ~ ffii~~j] ~'*1f!i~ '.*:o 1!1 9-

10 ~JJ'.fY:~Jt!.~ifJ.t ( ~tr.ll.l~~) fll 
~w*n~•wmttm~J.t£*;ffjm a9 
~~*~oWOO~M.W~~*·~*m 

00 9-10 .Ot!illl~:t£=< 2- z.~ - C.i!iO 
~Jt:f!JH!ll~~~* ~ill tf I'J<J lr.l It& 

~ 00 Jm?t~tii':Vtl ~fl>~ ~1!.'. -T:Ji!:W iHi Jm5!il.l ·tt!A1f~ * o '-!fir~~ fll :W- ffii * ~ ~ ~-® , :K15 
~~~---~B<Jtl~JJ, .M-im~~L~fit~~~tt~~~HI~iHi o 

9. 1. 4 lllf*~*I¥.J~)i:i1=ffl 

l¥i*Wm~mffi•~. ~~-f*•*~:S:-TM-*~ooa1.U~B~,L~m~~mo ~ 
~B~-tyj, itF~IID-1*5*, ~0~~, f~~ ' $-=E.B!J , ~~~, ~±, :0~, ~~~~~ 

~~li,!;: , ~ff4$:1t4'm, ~~~~~~PJ~mtt:~L1t~Jo 

m~~•*tt:~L~ma•~~~•~•·~~m~oo~•*••~•~*-*0 -•• 
-~~~ww~~~·~~**#-~-f*&*E&~*PJf~M. ~Jlt~&.A~MPJT~ 
~a9~-l*5*1mfttJ. W/ 0 ~'Lft•o 
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~~•*•~~~-~.*~~Q~~fi~~oo~.•~~~.JJ<~~~•*••tt 
89~:;<;j]\:;J' o j!llOO 9-l lf.Jrff\, ;5~i**J}*%~~7J<~FJt~, .!J!Ui£7j(!fl~i¥; .Ji%!flt~j1FJr~. 

~&~~~n;~~MJJ<.~RMMm~M • .!J!U~M::tEAA-JJ<WW~o 

* 0 

8<9o· 8 ~90· o>go• 

l 
OIW~ OIW ~f!JW/0 !rl W/0 !rl 

ttH!;4:~ ~ 2 ~m~i£ ~ffiiMJffiJJIL ml~5 * .!:3 iltJ , 7J< !& i!l! ~ fr~ iii ~IE JJ .!:3!& ti:ffl e 
tfJ ~~ ilJ JffF 3t~ffi : 

'Yso - 'Ysw = 'Yowcos(J 
.3t!fl 'Yso" 'Ysw, 'Yow IID-:irtl" iiD-Jt , rm-JJ<~mB-IEJJ; 

(J :A:lt~ 1J iii a<J !& fO!k jFj 0 

.M:'i (J <90°EJ;j, cos(J >0, Ji!U /'so >')'sw , ;lt~*::!i!~i*:;k®JtiEJj(~!fl; 
~ (J > 90°EJ;j, cos{} < 0, Ji!tl /'so < 'Ysw, ~"*:k®?t1£ill!ilfl ~; 

~ (J = 90 o EJ;j , cos{} = 0 , Ji!U ')'so = ')' sw , liD i*::tEJJ<~ ~IHII! ;fft ~ fr S--* o 

( 9-7 ) 

.ill'.B~ii, %~~L1t~Bt , 1Jil-7tJ!tl.iiia9iiifJU~'J,~M- o 00 9-12 ~~, .R:ftiiD"*5* 
£•a?ta~a~.~~.R•~~~~Mm./Jn~~~m~~~-~-o ~••m. • 
-~~~$119lJ~#Tili*::tE%$;~L1t~B1~$;~~~ o ~Jlt. ~ fJ <90°EJ;j1~ 0/ W ~~L{t~; 0 

>90°8"1, ~w;o~'L{tfil; 0=90°Bt , .!J!tl~/F¥U~i:Ea<J~L1t~o f9tJ~Il. ~~:Wilt!<*· 

~i1il~>-*"*~·~'~'~'~' ~. ~~~~89~.3t~~~.~{t-. ~~=~{t 
-~--~-~-~JJ<m~MB91IDi*5*·~~%$;WW~~~~;W.A , ··~· 
~rmm?JFJMI191IDi**>t*. Ji!IJ~;tt*~ w; o !W~Lft~o 

~ m ~ oomtt~U5ll:Jll! IID"*5* , apiJ: ~ "*a<J~ m. :ttt£fli1J 119 *flf r ~;tt I$Z lift /F ~ 119 ~ 
oomttm,;tttta•~~T. epg• 
:ffl8/F~ o {91Jj!ll, }HBaS045*~~L~ ==- -- -9Ht'l:- -=== ---
mat.;s:%m+=~¥aum5ll:Jll!at. 

--------------

St~~~~i:£119 W/ 0 !:W!fL{t~. Jlta>jlaJ 
~~tf1•M1H e ~~ 12oo 0 ~mpH 1! --
-Jg 12 89 0. OOlmoVL ~ i- = D ~fll 

( C 11 H23 COON a) flf Til~ J11! EJ;j , it! 14 ¥U 
0/ W m!!fL{t1{l, Jtfl.ti:ffl (J rf;J-j) 80° o 

ww;;-~. m1*5*119~>E~m, 

- -------------------------- - -----------------
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BMA~~~~BW~e*%·7-~,~~~BW~o ~"~~~~~~.·*-~W 
1M -It! PI ~.rz:~ ff1 ~ iWi a<:J Zeta !:@. ~ o ~ 1'-IZ5! ~ .X>t ~ !JL 1ti1l ~ ~}:E -t:t!H::ff ~J ~ o 

9. 1. 5 ~~~~~~,~~~~­

!JL1tR~~-2tt~~~--~~:7.tM,~~~-'Lo ~~w•.~1t-~7.t~, 
~~~-,L~~~-~~IZ5J~.R:ff~M7~~--.~~:ff--~~~.rz:~•-~m~ 
fl1o •M~i>Jlt:tmr o 

9.1.5.1 ft~ 

7.tm:JiH~IE-f!PtL1t.7.t:1-J~f'P1L1tR , 1£-M9=t7.t$:~ ltlliHIE~$, t£~-m~ !Jl~ 

~&o-••~.t£7.t~~~~Bw•*&:ff&~. IZ5!~~-~ft•a~.m•m~Ra 
m::k, it!!5£7.tm. ~:li~PJ~~~-'Lo G. G. Wff£;1\fWf (Stotes) i~Hr~iff~~~:±l, -1-
;J'Ib11~t£lli·!t£R1*9='~tJL~~JJt u PI.m-r~•ffi= 

(9-8) 

~~ g £.iJ'M"~; 

r---Jj\·1¥1~~; 

17 • -f* 1¥1 tli ll ; 
PI' P2 ;J\·~-1*~~·0 

WJ:\ (9-8) ~_xi~l±\ : ( l ) ;J,at£1il-f* !fl~l$;1J}J(a], JIR?Jc~ P1 ~P2 ~*tJ.x1'-fio 

iE o; w ~!1LftR!fl, rm•I¥1-WJJt P1 ;ii'M";J'~*I¥1~IfP2 . EJT~t~.7.tmatrm•:1ikJ:7+~; w 
~ W/0~!1Lf-tJ~Ifl. l.](•:.@:r~~ ; (2) til·I¥1~~~\'J!iiJ', 7.t~;fB!=j~~ft-~lffi'tt(;fO~ 

il!l!l~. :Ef~ffii¥Jl.lilf~::k, 'LftRWC~.xt?:t~. ~-~t.:E-ti1~~.it~!t~fo 

FM-~.~(9-8 ) RM~7-1'-R.I¥17.tmWJJt. ~··!JL1tR~7.tB~i1l·~ 
~:k;J'~~~~~ifl£at. iif!~4JiiJ,L1tR~7.t8ffi:I>C.'I¥Jl$iYJltlt ~-~~: 

- "' 81T s ( ) u = 7 27 V7Jgn;r; PI - Pl (9-9 ) 

~~ v *·~~.~.of*~; 

n; ··~1'-~; 
r; li~l¥1~~~; 

J't~r.T%1¥J~5(~:r.\ (9-8) ;fB~o 

1iP. w £ ~ . ~ • ~ * ;J' ~ - *¥: at. 
(9-9) it~$;7~ (9-S )o, 

9.1.5.2 1:.~ 
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Jlo 

•••*mA•It!.•«M~it~H,Lft~~~7$~DiiM~a9~~.~-'Lit~H 
~~l¥Jit!.-~ll ~ lt!.~~ll ~ ~~~~t~-~~.u£~~~.~~ft~~~»~H-~ 
tt~•~agag~~.~~7~1t~H~&-It!.i¥.1.~ •• ~7C~-00Dit!.m•~a9 
~.uf o 

)}.. Debye-Huckel :f111~tf:l~, @Jfl Poisson -0j.\;i'iJ ~m Helmholtz-Smolu-chowski 0A: 

(9-11) 

j.\;!:f:' E lt!.~~!i\Jjt, V/m ; 

v ~-BJJ[, rn/s ; 



. 604. 

u EE!.7*?fl,jJ.l, m2
/ (V • s); 

c EE!.~EE!.w, v ; 
?J-1'i'J9ta<J~Jt, Pa • s; 

e-1'1' J1lt l¥J fr EE!.'Ilt iSt o 

:rt (9-11) :m:ffHIJ&t!LEE!.$it~ C Et!f.ft B<l¥*-0:rl:o C EE!.ma<JWtlt.fitiE 0;rt-ey 31U1Un 
r~~:it : 

C2or: = ( g;00 [ l -0.02(t -20) ] (9-12) 

:rt9:t t ~~at~~MA!lt, "C o 
:J$J-EE!.$WJ.tftA:it ( 9-ll ) -ey i-t~ 1±1-*jtlff!ElZB<JEE!.i9JEE!. f.ft (() tio 
*. 9-3 ;Jg?t!iJIJXt:Jl1iii!fYR~Lft~t~Ettt¥19t ( =, =~) Et!$lli!tl~tlt5*-o=~:ll1iiitF 

m~L1tYF~a<JE@.;fJEE!.w C tRo *.9:ttlt~:m:~ 12fYR~s7Jt;Jg?t~1flJ, ~JJ~1-iiUB<l o 

a 9-3 lt!i*iJIIJiitti:m~ RM D ~L -f.t~~IY-Jit!ilhlt!W:i.t~Ui 

It!. tikiSWU m • s - 1 ItM TI ~{tj:j:!§ 
fii1Y. !~iii: 

~t;kjf.\j!3f It!. 7#1 It! {ji t I It!. 7#1 It!. & l'2o'C J!IVFI il\\lfi "C RM II~!§ RM II ~)Jlt RMJUJ:j:!§ RM lU ~J!Ii 
1m2 • (s . v) - 1 / V /V 

2 25.6 s.to x w-6 5.12 xlo-6 7. 35 xlo- 6 7. 85 x 10 -6 7 X 10 _, -2.320 -2.0600 

6 25. 0 2. 22 X 10 -6 2. 65 X J0 -6 3. 15 X 10 -6 3. 85 X 10 - 6 7. 367 xJ0-8 -0. 899 - 0. 8190 

8 15.2 0.12 x w-6 0. 13 X 10-6 0. 13 X JO - 6 0. 14 x10-6 4. 000 X 10 - 9 - 0.054 -0. 0595 

10 13.2 o. 08 x 10 - 6 0. 06 X J0 -6 0.08x10-6 0. 07x10 - 6 2. 667 X 10-9 -0.039 - 0.043 

12 15.6 7. 37 X 10 - 6 7. 59 x w -6 10.10 x 1o - 6 9. 03 X 10 - 6 4.123xio -' + 5. 220 +5.4810 

14 24.0 3. 12 x w-6 3. 75 x to.-6 4.41 xlo -6 4. 33 x w-6 7.067x1o-s +0. 863 +0. 7784 

16 29.4 1. 02 X 10 - 6 0. 86 X 10-6 1.85xlo-6 l. 45 X 10 - 6 3. 401 X 10 -S + o. 031 +0. 2501 

~~~fm~f!l3, l\lU£t~t¥:wla<J~iE:, ~L~$1:-=f1'£?t~EE!.~9:ta<Jl¥.7!WJ.t~~~'J\, 1I¥1J 
~~YFH~a, EE!.$RJ.t-~-~'1Ro= 
~:.fl1ii~L~YF~ 8<1 ( EE!. f.ft!iJRH;f IBJ~~ Ell3 ~:tm 
009~~~o M009:tEII3~~-~-~~~­

~~,ff lO ~AZFo~(E@.UL~~~~~ ~ 

zYF~~•m•.~*••~±~~•~a<J• 
~o ~~~~=••ritFm'L~YF~~~ 
~ma<J£19ta<J?EE!.wBat~l¥l~~-•~~ 
--o ~~T'L~~OOEE!.$tt19t~~-a<J 

•~tt~•~~l¥l•*·~m••~~~ 
~tff**B<l~~lill o • 9-4 )(;jmzjtll±\ T~ 
lii.l~.ff:w.la<J'Lft*F~a<J C EE!.uz~YF~$1:1!1¥J 

6r-----------------------, 
5 (\ 
4 

3 

6, 2 
s 
ijjl l 

~0~~~--~~~--L-~~~ 
-!!fl .0 2 4 6 8 10 12 14 16 18 

-1 

- 2 

-3~--------------------~ 

IE 9-23 RM ll ;fLft;li:~~;IJ 

ltl.-&t ~fJijffWJ~*~ 
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*9-4 RM ll , RMill !¥Lf.t~~[lt!.t'r!=:i1a~~~blZ*~ 

. RMU:11.1UF!li RM m ~L -1-t-J.'f-~ 
f~MfJ!Ill Jl 

SI V V/ m · s ·• S/ V V/ m·s- 1 

2 -2. 060 4098 - 2.656 4016 

5 - 0. 809 3652 - 1. 154 3833 

7 - 0. 059 3570 - 0. 114 3521 

9 -0.043 2770 - 0. 137 2660 

II +5. 481 ~ +4. 931 H! 

13 +0. 778 1¥ + 1. 1233 ~ 

•••~•~~*·'~&~~~~.~~~m~r•*•$~*~~~~•~• 
~~~~A~OO~.~~~oo~~~~~ffi~,,~&ffim~zw~~o ~~~~~ffi 

~~.~~~ffi~~*~•~~h~~~~$~, ~~'~&H~~~•~*~~~~ 
J! o 

9- 2. 3_ 2 tt!.. ~ * {r!J ~·J .:.t. 
El3 -r•~JBttli:ft~:%9='~~:iEi5tl, f'4:-i:iJi9liJ ~~~mt~i1:$L{t~~JBt~, :tE*%Y....t. 

~Jm:fg-f**~~~·~}gto ft~~f*~-~~$~::7\:;J\' !§Jt~:.l'¥ ·~~~;f1j)(;j"J2Z' ~~Jt-ai,& 

$. T1L{t:.l'¥~~·1f~~·I~L ~~U*tie~~~;fl:l~~m~·~~~~?~IJ;£, 5<11Lft~~ ~~)g): 
~1-T~WHI~, ffi$.1¥.1 ~~$ij11j~, i9ltliJ.t~W:JR.~ 9-5 o 

•9~ ~r~mfif.t~~~~~~mlt!.~*Rf.t . 

~L-It :i.f!li 
~~flti:ff:Wli¥.111!~.$/IJ$ · m "

1 

11"-Jl 31"-Jl 5 1"-Jl 7 1"-Jl 91"-Jl 111' Jl 131' Jl 

=~ 10.2 21.0 66.0 68.0 92. 0 195.0 520 (~-) 

~ II. 0 28. 0 66.0 125. 0 145.0 175.0 720 (~-) 

a•~~. ~M1fMH*.1L{t~~i¥.J~~·~~m::k. ~~•,Lmm . ~~~mw 
~~~.~-·::kffio ~~·i¥.J~~~~O~ : 

o- = f · v · k 

:a:9=' v :tE:5'r1Jnrttm~fFffl"f, }t~~~m~~~.ti'L-T~~71J:J!~. ~m/s ; 

f ttfJtl'iitft; 

k }tt&~~ma{]-~t&~o 

~ 9=' e !J!LJBt~J.!li 891r ~'lit~ ; 

11 ~LJ13t£)gt~JJ[; 

R !J!LJJ3(.t!L~~-*"~ o 

v = c ( (, kR) (§_ 
'11 

( 9-13) 

( 9-14 ) 
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c(( ,kR) ~~.¥ !it3~~1l00 9-24 19f7Ro 
#f:tt (9-14) 1-ICA:t.t (9-13 ) ::f.i : 

u =J · c(( ,kR) ~ • k (9-15 ) 
TJ 

J.. 
41t 

EI:J-T;A'; (9-15 ) if't~u{fl~:Qsj.\'fl-§;~·7 ( , k~ u 1 

~!{, Hf&, ffllt!. ~$1RB9::k;J,~ ilJ ~ii'1it,LJJ3t 6
1t 

£-~W~tt-~~~~H8~tt-~~ o 
;h7~~~Lit~H~~·jf£ ..5j lt!.~$ti<J~~' 0.1 I 10 100 1000 

~~~·A~ttloosra•~~~~•~a••~ u 

:Jtll..!:jlt~$~~-*o ta :Wd!O~ 9-25 ..5i009-26 J9T 009-24 c = C((,kR) ~¥rtb!ilt 
-
/J'\ o 

~~~MOOilJ~ . ~~-·~, . ~~~m~a~tta~o M~B·R~ta• . ~It!.~ 
$i9:~1Jl~EI3 10 - l J.-LSI em ~~¥1J LO - I J.-LSI em a1, .xr fitz -T~L~:.tt~~1JJ:!Ifl?VUL, .PHtHIHI 
~tt~~~--~~"~~-~~~-~Bhll~o ~~~~~~-~ft!.·$ffif{Q~@~ 
$1]:(£ 10 -2 J.-LS/ em ~ r o 

T 
E 
'I 
'a ...__ 
b 
lilt 
lllr 
ilfl 

0.75 

0.50 

0.25 

0~~+8--~1~6---+.24--~ 
tli'l1\:fil1Jf!Xt2 n 

m 9-25 !~!~$ !::j~fij;i.&!Mfi'<X~~~¥1tll~ 
' 

-
9.2. 4 ~*wm•~~~~&x~~~• 

750 1l!la 

T 
8 

ffi~ <> 5.00 . 
'!I 
~ ...__ 
b 
lll-
liiF 2.50 
-f!!l 

*7i!r~AW:.ffl~1*fJU'!iY!IJJE7~1WJB9!JL~~H , pH {«, $\:~~H!Lr&JJL ~.&!r~~L 

~~J~rJt!Jj(1f ifii~j] I¥J~ PfiJfF ffl o J9T ffl-{)( :8.19 Jf?. iliBiC j] {)( , pH-HJ90 B {il! ~·H ~ HJ.l tt o 

~~~14.19: i!\\Jl -( 35 ± 1) 't: , ~-tiiJ}C&; lfl. 014glmL, 20 %Wi"~mrm~ lf o. 9 t lglmLo 

-~~M·~~~:i!b*~W~.1JB9~1WJM~~~-~-~tt~-~-~.~««~~L~ 
· 1f!JW-iiiiffltttl9-fl'*~%~. lii.l~L~:.t'FH~iti~ttti::f.i:Rft~-* ; ~-tt~ Span-80 1¥J~ 

llij:in; It ;e;~-r~L~~J::k, if'ttt~~::f.i;fiJ-T~ iQi~L~~Htl98~tt; ~r&lf~!JL~1f1J ~rlt!JJ( 

w.w~:(£ "11£trr" ~ "11£m" tF.m. ;iC\J~L~~Hw-g, xmEt!!.mmJ<rWW%':n~ninJt~t;J,, 
@ {5I! llai W-~*tl:< lf ~ ji:l:ft ::k I b\ w !t/1Jil~L ~1f!Jffl :a 0 

9.2.4.1 ~~~~M~~*~~-~ 

?H.l1JOOIJE~L~1f!J Span-80, ~~7-~L~~J 1, ~~7-~L~JliJ 2 .=.flt~Lit~J, :(E;;y;;IWJ~Jf 



~~M*~W*~··*~0009~7M~o~ 

-~-.~~~®-~~~~~--~~~ 
~~~m*~~~~w•~~-~~~~­
•o ~w•~~--~~~-~"fi~.~ 

2.5 

20 

ilfli~~*t&J.t (erne) o 1£ erne Z "f, :W W* 'i'E 15 
• 

.1J l!.ifi~J.t~ j(ITff ~J~Ij"f~, 1;). Span-80 ~J].ll. ] 

Jt~~ It, .J.l Ell 0% - o. 5% , ~ WH~ Ell ~ 10 

19mJ/rn2"f~~ 4.45mJ/ rn2 o rmi@i?t -=f!fL~ 

JflJ t2:1f ~ ~ 1Y'l liP_, JIJ erne fa , r& It .W :1:~ :7c, 
~ W*~ ~~~ IY'J liP_ o 0 

~1\5 Gibbs ~:rt. 7f:MiEJ>t~~Jf!JiH!ii?.!~ 

••M~~~~w~.•M~~••*tow 

\. 
....... ~?tr1Lit1fll2 

1:. 
a ?tr'lltM ' 

~ Span-80 

-0.5 1.0 1.:> 2.0 -
flltllllltilf ( lli ji ?t~ ) 1% 

*tOo~~erne/a,WiHi·ffl~~~~~~ 

~~-~~w•~~•o ~•••~mto.~~m•~~~#~~~It~~~:k.~~~ 
7dl.ffi-=P~*ittl£~j{,i!~T~•~~~W o !JL~jllJ Span-80 ~iliinsttttii1li7t--=f~L1t1f!J~ns 
tt:k, JYTI;A~L~~I'BJ~. JYT1i~L1t*'J~ o ~1t*'J Span-80, ~?t-=f~L~*'J 1, ~7t-=f~L.1t)l1J 
2~erne7t.§JUjg2. 0%, 2.8%, 3.2% o riJ.£, ~n(ri]!1L1-t:lt~~-~-jg:~f2SJ~~f5{13C~fff.W 

-~, ~;9 erne tlef.6~iei?t-T~L~J'fUffiU.ft~~L~:I$~ tt Span-80 ili1J-if~~~tE:!lT o f.§.l\'ij­
.¥~tl ~n ?t.:r ~~1f!J~ tt . 11*1~~ w•~ :ka<J ~ ?t.:r !fL ft)llJ 1 a<J flt~ tt tt f.6 ?t=r !fL -ftjllJ 2 

i\1bo 
9. 2. 4. 2 Jt~.fL1t.~~J ~ ~iiiHJ.t}J 6<; ~ -f.J 

M#~~tt-~~L1tm~~~~#·~•to2mWOOH.1J~-P(ri].ffl~:ko~-~~. 
~..g.~L1t1f!JR:ft£-~~JJ[~~11t~ W*~o it?t=f!fL1t1fiJ~lf~, ~1!1tt:7c, f.E!W minstt 
~. J;.tat!{J.f!.fflft1!fL1ta:JI'BJIY'JfitJC*, ~!fL·:fll~~o Ej Span-80 j!..g., !fL~~~~Jlli&~o 

~..g.~~m~~oo*~•~mtt•~~~1tm.•~T~1t~•tna.~•Tm#~~tt 
-~~~m~ -w~•~·· o rm~R~fL1tm~~~M•~-~~••tt.1f~~~~~w 
H.1J~~¥f~ W.Jm~~~ o :bo~:ht~ Kt2, RJ f9!!fL1t£~~, 1.§..1H:tiil:.u!tl~ It J].{l.ffil,L1t 
·~, JL-1-tNt-t IV.Fo ,g?j-fiH~~o 

9. 2. 4. 3 pH ii~ 1} tiH-!t!Jlf.J§J -f.J 
ffl HN03 ( CP ilO, 0. l rnoVL NaOH **1'11U~¥llimlm pH 11, ~l~~*.!A!.~ 9-280 ~~ff! 

' 
ffi, Span-80 tE pH tltJ'~ 5. 0 at, 7liJ;jct§~WH~~ pH ~71-i*Jmi~:k. @.L.7HM1l~::k; 
f-6:5} T$L~1f!J:t£ pH {fttJ'r 7. 0, ~JJ[~jg 0. 5% B;f, ;t~Rn pH {ilffl:kmi~:k o Span-80 1¥J 
pH {i1ijc~ 5. 0 Bt, l!.ifi pH {i~:k, ~ WH~ ~~·lii&~::k o ~ ~~J![ag Span-80 :{£ pH it 
·~9.0Btili-~fiA.rm/a~~~*;••*•:tE 4. 5~Bt~·--~~ ; ~fL~mM 
~~:k. g~tt~~WH~-~m!l~A'o 

riJJA!., ~?t-T~L~ifiJ~D·tt~~~tletJ', ifff Span-80 ~~~tt~~t!C:ko .:£~.@:~ 

-~an-80*1f··~7dl~.~NaOH &~~~~~7dlMM.ifff~~M···M~WH~ 
~~-.::r~wmttmo ffi~®~Span-80~~~-~. f2Slmi~W*~"f-~M~o ~1t:lt 
m~-~jf~;J<.UlpH {i~ 5 . 5, l!P_~~ftUt, 5<1~~tt~;f!J o {S~~~r'~. JYT:bn~ Span-
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80 :@:tt~::k . MH:t771B;ff:II¥J 10.0%, 151!~-i pH 
ffii¥J·~~~'a WUtt.#T.QM.*M· 
;}1: iiJ ~ Span-80 ~1:_.!~!.-ft!REli:a !Zill!t, :!JO A -

~RI¥1·*·~~~~-~~~-~~~~­
t:tJi:~ a 

9. 2. 4. 4 ~1t:ll<l ft*.l.t~itluJ< .. ;hJJ/-Oi75it 
:h {f.] *J 11{;] 

~~IV. AN : SN = 4 : 1 , :¥L1t1fll IV. Span-
80~~.~-~~-~tiBJ.)(~W*hi¥J.~a 

~--M·*~tL~m~-~&~7*~~ 
~a ~~~J!j!OOO 9-29 FlT~ o 

liJ 00 9-29 iiJ~, Span-80 {£${.~~J!ll.JJt 
~35% Bt, WW5~JJI±JJm:li1~{!, !!Lt{I:Jjt/J' 

,.. 
I 

E 
• 
~ 

.€ ..... 

16 

14 

12 

10 

8 

6 

4 

2 

2 4 6 

I - 0.032%Span-80 
2- 0.124%Span-80 
3- 4.86%Span-80 
4 - o.s%~Lii::J!ilt 

8 
pH (fi 

4 

---- 2 I 

3 

10 12 14 

.::f35%Eit, ~W~lEhl>.ii!ll·ll~:;kWI)'_&/J'; :;k~35%1f>t, lllfi~titll:ttl:lcW~:lc. ¥1J70% 
tt~.Ifl.· o l!iH.W'L~~JtttJJUI~~::k. ~ W*n ~U:-lf 1¥.1• OltiJ~/J,, :(£ Span-80 ~¥1J 
2. 5%Eit, ~iiiJ*fJI¥J~~J!!.>f1f~ o )(;f-=fj'!(j*~~~Jl!J-tJL~ ~ Span-80 ;ff:J~I'fJ~R.\ 0 

12 

10 

8 
~ 

I 

~ 6 
~ 

E 
~ ..... 

4 

2 

0 
10 

Span-80/% l-0.05 24 
1- 0.IS( tJ;): 0.85( 7]<) 

2-0.125 2- 0.35( tJ;): 0.65( *) 
3- 2.59 

20 3- 0.45( tJ; ) : 0.55( * ) 4-4.90 
4-0. 70( tJ; ) : 0.30( * ) 

16 1-
,.. 
I 

~ 12 
~ 

.€ ..... 

3 8 K 4 ~,-4 3 

2 

0 • 
30 so 70 0.5 1.0 1.5 2.0 

1i/i~IJ! { !Pf:lit7tft)/% 'uu•~l!l < !Pfit7tft> t% 
a b 

00 9-29 _i!it:~l!!:~.J';f'fdi,L1ttf!JM7](,W. mi~;IJ a9~ l(oi] 

a-~ roJ f:&~ {I<J Span -80 ; b-~ fiil1i/i ftt/l 

2.5 3.0 

~~j:E~~, *1loft!.M~Bt, Span-SO l'fJ erne {tjg 2. 0%; :M;:tttJ.t~ 35% 1ft, ;J:'t erne 
{ffjg 1. 58% ; l!iD!lLtttJr~j;:, erne !f/:;k, ~~tttJljg 70% at, erne {ijg 2. 24% o Xt~FJT?J!~ 
i:iti¥Jw;j#.*-=f:¥L1t1f1J, ::f£*110 ~Mflltat;J:'t erne 1!*~'1 1g 2. 81% lll 3. 20%; ?:!3 ~ffl¥flltttt 
lf~ 45% Bt, erne «<*~IJ:jg 3. 2% ~1l 3. 45% o )ift;iitt!&, ~:OO~tttJlE@.~ff!J!tf#.)(;j :W-W~lE 
)JI¥J.tf.il/l'.:k::k, @)(;j' erne {t~~:;k~Pii!J o 

xm~it119t5Ct1~~~~~~J tfJ~ffl, ~~~Et!.m~~.:r mx>ti!Jitl.)(lHfll¥.1 "~~ .. ~ 
··~m··~mo MJ.)(~ook.•J.)(a~xm~•~*••~~ H·ma•• · •M¥~M 
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ffi~ffii.M%d''M*··~.~-*~--~fL~mM~*jc~-2W~. ~B~ffl~ 
~IHm~!IL~jf!JJt-r~•w~m o ~p•r*Wnsttjf!J ~ H. %d~M~.&Jl!-W~~.1J~m:~$1 

.1J~m.toa~JlitmJ!!-w~~~~~•m.~~~••~m~~•bom•~~~. ~-~• 
~~t~:JJo I ffit1iiY Jl!-W~~tm, ~ffltm,Lf-tjf!Jzi'6Jff:.1J~~~ I ~k"h~ffl~$~,L~jf!J I !f 
oo~~J"~~:1'1 ~w I ~~# cmc ~Jj\' !foo5J.t.1J ~1~, J!RJt~~t/Uli: ~ "1ili:ft1f~)()j)z" 0 Ill~~ 

trLrt!.MJJltf!t~~itbO, iimf-t~e~k"b~ffl-=f!f iiiiffl%dJBt~, ~~~~~Jf!J~ cmc :A-~ 1 

~*JII!. rm*.1J t~*, l!~~~m1.1i:~ "1.1Lt!T~I.!il .. 0 

El:!-=f,L1-t1tF~$\.~jfiJ*m~~-f'lt:itt€!~tt9~m~Mmm~. 1ill.f!t~1£ 80% ~_t~ .:¥L 
1-t.Jf!J~t!X.If ~rlb~a9 10% ~_t, ~1.1i:~J.!!Z)(;f 3i'- W5tt.1J lm~P(rij~jc, 1!!M cmc ii~~~~ 

P(rij o 

9.~s ~~m~~~~~~~u~~~~-~ 

'L~1$~ *XW.~~OJ W. ~~UJL s ~a~, J!f'ltjl;11j ~~'Lf-t~ ~~.f,L1-t1:'F~ ~13~2-~at 
IBJo MJl*~· .:¥L~1:'F~Wi~~!t;fJO, ~llli:Y?t~ffi~r~~H~, m~~;fpJW~;tJ~ ~11: 
Y !1L1-t:t.'H1i ~ :5t ~ ~it'L , ~ 131-lli:ilJ W. ~llll: tit 1-t 9J@. ~ ~~ o !1LJ!it¥ JJlt Will ~ jc;J\ ~ rlb ;fH 

tJ#, P3t~~1*~:5t~ ... 'Lf-tJflJ, 1M ~I Z~14~1i ~, {a ®tfVE~ JfJ ~iE~riirtiH.t*'L 
~o•~~tm•~• ... B.Ifjc, •tt• ... ~ll*,m'LJBt£.1Jlt~B~IliU*bo o •ffl~± 
;t>t, .a~, -~~, ~fa$, iliemHHttti'$?tm~1lhOJ ~V-m~tLJlit~~•.lf, ~~;ftew 
tt15 , ~fL 1-t1tr:~ tJ-9. mitt 15 E8 ~ 15 ~Ui£~ 15~1-t o 5& 9-6 J"U 1:1:1 JL.flt ¥ltl ;fH fA" ;fSI. :xt .!iiL ~ 1$ Pi 
~}Ett~~P(rij, &~I±I~JJt~,L~;I.'le~~}Ett~~JnlriJo 

$ 9-6 'l' Fa! illl fiHvt~ ~ !fl:lt t1: ~~:lEtt R9 ~!(a] 

:ltE~;tiHIHt .m~~ JL± #::Ot: :Ot\':tJl.ft£11!1 JL±#::ot::m~rm 

:ltE~ffi P3 ~ m~ ~ l:t/% 100 50 ; 50 50; 50 40:40:20 

. 
~L -ft:l!r. Pi ~ ~-fil!#Wll Jl 3 3 4 6 

*9~~~T~~--~-lf~i*m~•~~-o §•ffim?t~,L~W~~2tt~• . 
Pii!J~Jj-£Jl~lliM*?FT5& 9-8 ~ 0 

* 9~ 'l'Fai-~R9~~---·~-R 

* ~ 1 2 3 4 5 

~W!c:ma> I I II II I 

:JtE~:ml2> I n II I Dl 

~ 1/n\-f*~..f mL 20.0 20.0 20.0 20.0 20.0 

'littl!-f*W mL 19.5 19.0 19.0 19. 5 19.5 

'lltm~l.f/Pa - s 50. 2 36. 7 48. 9 54.0 76.8 

CD?tll'lcffia<.J!.Ii!ilt: l - @:$:AN, SN, 7.1<-fll.VU~. tfrdlt.~ 78 -88'C; II - @.$; AN, SN, CN, Jj(fll*~· tfrd'& .~ 

74 -8o<t: . ®if~:ma!Jm!ilt : I -50%1¥1 13 ~m~illl. so% a<.J.O~'f"(l Span-So .I!!Tm.lilt; n-1oo% a!J 13 ~tJl.;!iJtllll 

;fO Span-80 F!f!.li.lilt; m -50% (I{J 13 ~m~ll!I' 50% a!J:O~. ~UfU9fll Span-80 F!f!.li.lilt • 

• 
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ffl_:$}~~ :Ott ~;!(l\~t1 -11t:bllilll 7Eit: .()IL~ illl Jt!!~ .fJL~71!1 ~{l-.tlt ;ffl.:.tlil'il!J ilil~ 
iUUO 

~jl(}j(.fit*lt>/% 100 100 100 50 50 50 50 68 30 2 

# /1,,\ fin ff tO :!IV)] <D 0.5 I 2 3 4.5 6. o !!U. 

ag~~-9~~~~~---*~T~TA~: -
( 1 ) !1L -ftj:>j: ~ ~ U 1Jt Ed*fR~ 1t {30lit CJc =f ii ~ :fl'l A9 gil nit , W ~ ?t f:tU§ ~til 7t ~~:if' 

lc; 
( 2 ) j:>j:~-f*~El(]~f.t7c;J,~7'~;fm~1l1i ~o Wi"J3VNt9, -f*.f-Rl&~7c; '~J!t7c09, i*~ 

l&~;J\; 

(3) 3V-W.lm5SlJ.ltl(7cE!(]-f*~. ;Jit~~tt-tl1~~o -~!!!!.*, ~1JO~JJ[7c~~[9!:~~ 

< ~ll::tf~IJ , !!!!.!if) ~00-l*ti*~!fWJ~ Oll~Ui)q~) ~1f~J=ffli!itO:W-WJm09~!¥Ulo 

tmt~~.Aif~-h\jg, ~L1t1$~ilM~~;JtffJ.ti~f.£~7c. mH~.A111iffi#EffiAjg~~lt 

~7c~a~.~~~1t1$~~-R?tfiffi~~o ~1tWH·-~fi~~~i*~--~.~ 
• 

~fll~;f:19~!1!!1?J~-JE B9B'.J·IBJ, J!~ El:!:ff J¥:3DJJCJit;~J,m tl:l ~¥f~~V[~·!§:-_M!1!~~~7c 

;J', iiJ fFJg1Jifit~L1tW~tft~f£~-~flrE!(]!J!IJJJrJ::Jii:R o 

~··1!)3 , tEIPJ-:!W-!1Ji!.$T, JtJJ1Jfflil%?t-T~Lf.t~J~ Span-80, ~Ect111A9M'*4Wl 

flilJ 4t 89 $L f.t:l$~ , ~;£ ·11: lil:!lf ~#-:if' •m if6 ?t-T ~L 1t~ Jf~1J ~ ~ ~L 1-t:l$ ~ , ..@'-~ 't 89 ~ 1l :mt 
7co K~~1tm~~~~1tWH •• ilitl(7cA9mtt~%.@~8~tt~MS~El(],~&* 
~:if'ft~fRJ1P.~.ffl~J.lE!(J7c;HIE~:iil$L1t1$~~~~El(]iQifr£o 

• 

~L1t:kH§~il?t9='~1i::kit89~tJI.t.£ li~l®f!£ (ill3, ~) ~~1-t~J. ~~.ffl~ililffi;M 

~7c$?ttE#mT~~~ . HMffi*M7c7c~=f~ffi o #mT,,L1t1$~--~~~~~ 

~ nli~ :tl\: i* ~ , ~-;pp il!!IJT-=f!r£~~L 1t~ ~~ t19 W'7.*JJ3C ~ ?H~-!* * , fJd JHi~;Jt~~tt:tlll!V. 
it~o ~~*.Affl~~L1ttiU~JEttl.!l!~jg~lilfl, :-£Ejrz~~~~~~~L1t:tFH~JEi1:~fl51 

~:ilH'fTWf~ o ~?XWF~IfF. ft.A1ll~~~~~L1tW~~~ttf&~~T:il!-t!7iAi:.Ro *lr 
?tfii:t;.-e~uio.J,Lf.t1!F~~~·I1:~tr=f~~, ~~ilfii~~=f1Vf~~,@~L1t:l$~, ~jjrJ .tJi!; 

F..'i~J;E t-E~t& jg ;{;] :ful ~ 0 

9. 3. 1 fft~ 

~~tta9~~. Ji#~ ~f'&fitff:ME!(]~~*•ffi o ~1t:tF~fl9~ff:~J:Ett~JUiln!t~ 
~~W1J.Jffi~, :if'IPJ~ilJVt, lie~ lit fli1J* I~:t-IS~i3 1 .®!¥LJBC-I*~~tt~P.1c~ o W~a~gil?t, 

~-*>H.W.~, fitff:~#, I5l~ti&t~~I~~~~, $~}{;f~L1t1$~t"(:t:if'ltiJ~JJHt<J~IIjoj, @ 

:1&11!.~ ~fE:!ik 'L f.t~j ~~ Pjaj 0 f§ :'-1 ?t'lit*II ~ tll~1U~~ ~ ?t~ffl ~til Pi~ A ag (:t.$t l'1l f't A 
mJ.t . ?tlftffitll ~n!t gm , m~ fi Amll ~~ fr£ , w :5ttt1c:f§ tll~ 7c;Jd§ ~L 1t*O fl9 .fb f'l' f1l ~iii: 
W-!1Jffi~o ~~.~ffi~~:f§El(]~W~~lt~~~1tmag.fb~~altlii.~~r••~~~ 
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~*o A~*~.mR'L~~H~~~M-~*~~~~-~-P~ . ~~I~·-~-~ 
~-~~~~-~~~-0 ~~-~-~~~H~~~ . ~-~~~~--*~~~H~ 
~fE~o ~Jlt. :(£~~~~1$~~}E~a;t. !.IZ'mt~·]t~~JIJ*I:Hll{;M*'!-~~m o 

'Lft~~~~~tt!f;t~!HJI1.19'L~¥l9l:~~~tt. ~Jlt}L~~IlfiiJ'L~~~~~~~~ 

~·~~~~-~tt~-"~~·o afiZ.,L.¥1!JJ:l91:~~~~~2e~~~H~afio 
19iHm, 'LJ&&r1Y.m:l9l::ffi::!ti-, JJ!~:I$H~-~f£*NX1~J!t-~o ~ 9-9 ~J tf:J 7 ~ liil'i'!G~lll~ liiJ I 
~""f'L~¥1!JJ:*"~~~~~~}Etfl)!~i;t~M!:o 

• 9-9· !fl~~~*ltfi ( ~l!Ht~O ~1$i9t1~1'!1'fJ~~ 

ii!:~*--1~' !¥% AN A<~Hal% ~fl-\:iJ,lliJf~~ iA !JiHfd'f 1¥~ AN 7Jcit'(il % it'Ufl-l:!l.l:fmJI'».:~ 

l 0. 96 24 I 2. 70 II 

0. 23 18 ~1"11!:11 ~~1£11 2 

~lii.!IZ:: 
2 0. 99 22 

:tiJJijl1:£ 3 2.82 8 

3 1.16 20 4 0. 35 8 

@M .• ~~:I$H~82ttW~ .~~1Y.Wl9l:~*~-~~tt~~-.gfi~&~m 
-~~s.&-ra•~•~o ~-~~'L&A~~~~•.tn**1Y.m~'LJ&&T-~~. 
*••**~~SmM~,L-Cr~~.~~~*g·~~~H-&#~~~,L~~~-2 
•!if'~+1t1!Uf~~u~o 

9. 3. 2 ~~-M~-~tt~~~~~-~ 

Jifr~I'Jifflffi*J*'I-nd'~'L~~H-1** lf!i!~ff!JJJf81t~~$1b{rlb~~mt. ~~ ~~;;flii.IAA! 
%~n~r~~.*~~•4#•~4#~~-*~•A~~~•a•~.M~•~~~ 
~~;;f~~~m*.~tt~M'L~~H~a~tt~mWS~o -aUM~~-~-#~ 

?3. m~~!li1J:(£ (90±5)'t: o if!J.t:l:l:f~. •ft~.%3t ; llfil.J.l:l:tr.t, 'L~JflJ~~~1t*~o 

~1t~~~*rt-f~to•.~:(£•~mA~~qwsminbnA•~*••o 

jgf!l!~ tt~, Mlfl:~1'f!J7J<mr:!la9g!l**"*iil: , ~Lft1flJEI~;f1t••lllJlHI!:. 'L~i&C4i .&;/Jn i 
I ~~:iti);fHX>tf~iH~~~ , -0L -0L~i9J ilb .fD .M *l ~ rf'u f'tl &~f* l!Go ~ $ ¥E¥;$:;ft! !'iiJ ~1Rf4: T , 
XW.~~LJ& (W/ 0) ~*~~f¥~2tt o ~ue~ga:W:~: 

< 1) V~lltl o ~ ~~ffljg;;flii.IJl:I\!~~V~lltlrt-t, ~LJBCf*~il9~~~AflW!J¥.19: 

so -~m¥113 > 10 %t~trm > 2s %~.ffiHlltl > 40 %m¥lll > 20 ~tit rm > 13 %;f!L rru 
~*.mJ®tJ¥!19: 
so .g.m¥113 > 10 %m?ltl > 40 "'%m• > 20 "'%m'iltl > 13 %miffl 
( 2 ) • Bli~4m l!fr o .:E. tlU!~ U\ 7 JL~• ;;f lii.l #~ ~J i!ll a;M f.f fli1J -til a-9 !IL ~~!-9 El9 ~:AI He 1li l>.lfi 

~1ia;J-faJ~1tf.tffi££ , ~*~J~~9-l0o .M3&9-10 ~--~~tJ· tf:J, •t0tf~jg 1 %rfll!~ 
~'L~:J.1:H, ~~-ili~~:X. ~~tt~. ~riJYJ;Mo :i!Af51:1ilrJ1Jffi;M*4WiJtf£.{;, ;;f~% 
~~- ~m~•~o ~~-~~~~~~~~a~~. m~~~A.~W~1$~~*• 
~tt~.-#AA&mo ~m•.~±#*"l~~~-~~jg•~M*l~~~~~.~-• 
~1!:~-~,.~~~-~af£tt&~o ~jg~~-Q~Wa-9a~f5l••wma~•&~B 
W~Jt, iTiilt'i.J.l~~;~;tH;Mt-l~t.!H'OJ!ilitilm~51iU3L ;fr~-~li:1TU~~;a. •till . :fff~. f5l 
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.tltJtfiimVlm~f.lj o {R~t:E:f: 1'19~ , 1 .!%~ *~&.r-1-rm 1'19 ~L~-1* f6 Lt ~ ~* =rm?!H , fL ± * a9 
~~f*llilf, fS=~a91lt.ff~~f!~i5t::AI!R.HI¥.J~J~f!o ~ 9-10 !f1, 2 ~~-%1!&-*411B:1'11ib*"S~ 

#a<J,LJBH-iti¥J~jji:lli:;k, f.§f~f?~}Ett;Jt-~~~~o l!~*MlXi#.'Yi 7~Lft:t'P~I¥.J~:ff~~tt 

~ ~ J.t A~ ;R~ /f'Ji!: W ~ a9*ti::k , :l?E 1iJ fit~ JBC.tiL~ iii It fnjJ&t lt , IV-.&~ Iii A\ 1f ;R o 
• 9-10 3l;!Jt~~jfltillut 

Ill! ;KJ 17/ Pa · s 
~iii~}( 

Jill :II (l!l mnl 

-1'-fl -1'-fl 

v v X v v X v X X 

tn.idi • .R.±# 410 
140 160 180 50 80 180 40 50 60 

v v X X 

I -1} 'lilt lili 270 
80 100 120 

v X X X 

2 ~ill I i'lill 240 
70 90 I 10 

v v X v v X v X 

1 -9~-e-m~~~~~ 820 
180 200 220 50 80 100 30 60 

v X X v v X X 

2-t}~-fl-~flilll >1000 
120 140 150 30 40 50 

(3) Yl!l~m~ o ~~;f:EJ1'J~;fllilb7lt*~lt-t, Jt~L~-1* ~1'19f.it~tt~~ 9-11 o 

* 9-11 ;r-lii.Jtft, llll il!~!lt~~~~tf'.Jfj~~~ 

illl ~R -M $h¥J 
13 -E} :f!l.ll!r 

13 .fJ-.tll.M: 13 -1} til 'il!l : 0-E}~'/i!J: I 3 4:} .!ll illJ : 13 -!} :f!1. 'il!l : 
.ut P"ll itt 

*~~ 5i*1il: I 5 -!} .f/l iliJ .:Qt(V .:Ot: -iit.'t ~d'l!t: 
100 100 

(~111:7tft )/% 50: 50 50: 50 50: 50 25 : 75 50: 50 

7tfi1.!!lt:IITA 1 -4h 17 -31h7}Q. 12 - 13h 7}}~' 

J'Rft-t(ij] <D 
4h7}~ 8 -9h 7}.@ 10 -27h 7}-.lil 

:$}-fil .jlf i:t 3 h .j1f .rn 6h7tm 
~.fl.£~-«:. 

CD!fL ftl'flj I¥.J Jllfi!: :19 II$ !~!-~~:lit 0 

~ 9-12 "F g::~ ~ 1¥.1 ~Hi~ :W: ~ ~ , ffr * ffl !'l9 ~L 1-tiftJ .f!P ~ ~ ffl :lit g. 'if-% fJI[ , {!!~ ~ nt1 ~! 
~•/f'~M~It-t . ~fta~tt~S~W~Mf?~~&M~C2~~::k/f'ffi~l¥.l o ~*m• 

-~Trt!~Mif§, ~J.~~Lft:t'P~It-t~i**' l~~:t'P~I¥.1-f*f¥~2tt.R::ffl 6 - 7d , ff.tiJ. 15d 'L~ 

::k~~1ih.~s~~.mffFc~~~~r~~~~~.1ib~*~~ftM~~iii~~W~ 

lt.SH&~B~s~-.~~§BSNo ~*m~~M~~~Mffi .•• EL -~ft~ 
H~. ~~•*al¥.l~~~~u.~~~-~~~tt&::k::km•o §*fflm•~~~-~B 
~~~~Mffie"~t-t.~ft~~-~f!;fll8~~~-~~~·~•*+*~~o l!~•• 
*~l¥.1~--~ . --7~~~~&.~1t**M*~OO·~··tt, ~W-M~m*•w 
m~ZWW~o ~.tlt. Mffi*~••oo•sm*ffi&~. ~%da~~§~·· ~~-~ 
qJt.tJt..S#. W£L~LJ!lCtu:f-mff~tb'lmf1~ E! ~:tm: , ~mmH~:.?--§t~~rsfttt£1./f'$) ~ft. 11l!;t:t 
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:ff~:5c:!.tM!! *.lilt .fb ;t1: ~ ~ ~ff ~j] o 

:& 9-12 :if' faJ i111 iiH~ l!iC :m 1.1: ~ 1ll f:f tt ~ .OH!lE: 1i~ llJiiJ 

1Jll~l:t "3Jilt,ff,;J$~~~ 
fiif ff 01 flij 

!!1§1111:r.t .l!l!§1111:tn.illl tJLI!Il : !/i 
/ d 

I : 0 I : I I : 1. 5 I : 2 2: 1 1 : 1 I : 2 

7d ~~. l5d 
~. ~$' ~ .:1-':!i!: t\: • i!J!i ;,js: ~ . ;:: :Jil~ jJil • ~. ~idl. 

~~1:. 
7 -15 J!lHf , ::k :!i!: 

~l'!ll, fl = 00 /l'~i11l. fl = 00 fl = oo 
/!' ~ 1111 • 

fl = oo fl=oo 
~7ill.fl =O fl=oo 

$liM,:. $11~. ~M.:. :lllllif. $.Z$X . 
$X ,fl= 00 30 ~HJ. 

fl=I50kn fl= 200kfl fl= 200k0 fl=O fl = oo 

90 
'J£ lij!! • $11~. :!Ill $X. 'J£~. 4Jll~ . $X, 
fl = O fl =O fl=O fl=O fl =20kfl fl = oo 

5d:Jm 5d:J£ 'J£ li.il! • n = o 5d:Jm 
~$X. ~*X .fl= 

180 
fl =500kfl 2 kO ( .jl) .\'t ) 

5d:Jm 
<!t~. ""*". 365 
fl=O fl=500kfl 

(4) :O~o ~}i~;ff[1g~~Ji!t!% ( 46"C , 52"C , 60"C ) (t\):Q~EJt, ;JU~,JE·ji~~~ 

*Y~Jr~ 9-Bo 

.P!!ll'AA!~ 46'(: 52'(: 60'(: 

~jJQ:li!: ( 1JJi 

flt?H!c) 1% 
2. 0 3. 0 4.0 2. 0 3. 0 4.0 2. 0 3. 0 4.0 

~-IX 
~ .;f'~ $X. _::f;~ ~ . fA~ ~.'!'~ ~./!'~ ~.;;f'~ ~ .;;f'~ $X . /!'~ ~./!'~ 

• 
j@~ l'lll, /1'.\J: rt!. 7ill • /!' .\'t It jJil • "'~ rt!. l'lll • "'-'if rt!. 7ill • ;;f' .>;< F.!! ill! • :r; .\'t rt!. 1111 • /!' .\'t rt!. l'!ll • _::f; ·l'f F.!! l'lll • /!' ~ 1'1:!. 

~* T'v.J. T'~ . ~.::f' ®!, ~ . fl;ll. ~. li.il!, lij!!, 
~-=lX 

~It!. !>fit .\'tit ~It 'I' .\'t it -'if it /1'-'iflt .\'tit .\'tit 

JAm=?J(~~~~*PI~~I±I, 4% a-9 46<c sjftn 3% ~ s2ec a .!f.& 2% ~ 6ott stt 
~jH~ li'iJ f.f B<J1t/H¥~:tW: o 

~ Jktlno ;lt11B ~ ;bo }f!J ~ ~ , ~L 1t}f!J 1g I lib m. ~:fffi J£ffl :it at , wr m ~~Jilt!% tn m :iti:l!:tm ~ 
~ 9-13 flT Jtl , m-?Jcxli~J~~atff'Jttt ~ 46 oc .&. s2 oc a tt ~ il?:bo A :1:$ .Y ;Jt IDHfi: ~ m~@! .ll ~ 
Jt!, .R~~ 2%, 3%, 4% ~ 60"C SM~JBCf-*1JJ.¥-*®(:J:}(~.Jl/F~Jt! o ilJ ~iWi~t.(~Jfj f! 

~1.)( tt~~ BitiY, ffff.J3. fltffi:J! tt€~.f!JEo 
(5) -~-o ~~-. ~±#1g~~-ffiUM~1g,L1t~~~~~ffi. ~r;lt*~A-

7c, i£Jkffi~t!L7H~ Jilt~-§:tllmf.IF?tl~3&J!', $3t1gfMiiiit, ~1'r-f*t?7kt§::f ifiJ, Jkffi~U~-1-* 

~~$.) JliiJN!til±IJUtffff ~~I:JQit'L , ~1$~ ~flt#AA ~1~o ~ bn- J£ tt i?tl ~~~VitA r.ifj~$ ~;bollb 
!m~~Wlto ~1g~~{l~ttt~~-tt~.t\\ ~±;f9tvJ,, ~1g:Q., ~±#~~fi}J.;f!:UM~ 
~HlH~flt#Ma-9~fflo -~!lt~ff.J;8£~~~~i:IL~®¥~q~~a-9~*, ~r 1~i$m:frgB o 
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G~**~~~~-~M·»~~~--~,L~~H .• T~~--~-~.-~M 
*7tl=f!'& 9-14 o m!'& 9-14 RJ?al: tE~L~~~-;m~;t*i-c:j:l~:bot$,g~f.:j~~}jE:;M#RJ I;AP)( 

~-~-~.B'L~~~-~tt~.X*hl~M=fM~;M#A2~50% o 

* 9-t4 ilii~~~:&~~~~~L-«:~!9R<J~~ 

11!J#I:f;tfl ~ .fllt1;lJ/% ~i*4tU~ Mi {ltl!tl tt Jf lXf.< 
75 : 25 fllm oo«- 15 

.:n~ =}L±# 70: 30 fll'M-*(glf.t>: 12 

50: 50 ~-~ 10 

70: 30 r/1~-*00-1* 16 
fl: dUll' : 1L ± # 

t/i'Jf~ 50: 50 11 

75: 25 m~~oo'* 13 

:o.t"i = m~M 75 : 30 l'iff~ 9 

50: 50 ~tli~~ 7 

50:25:25 
:C t: : -11Uill11!J : 1L ± # 

t):~'Jltt 8 

70 : 15 : 15 ~H~-*001* 10 

~: ,QiiAl 60~, 9h, f~i!ll. -30~, ISh :!fa- 1-llli:Efo 

~m~m•~•~u•~~~~-~~-~"·~~~~~:bna~+*~•o ~~ 
~~fL~IE~#T.~~~~m·RI~*m•~·, M"~~~*Z-~;Ak, WH$L 
tcf*~-ffAA'fit#~£~*~~mlil o 1JIJ ~o. m~~ffi:jY"i€HiJF~.~~iiJf1fitJ~~~~-2 ~~· 
*NM-~EL*J~~~~H.~tc~aM#=·~k. ~~~-~~~~a~~-~~o 

•&!'&M.~~~ffi;MM~~~~--~tt~•~**o ffl~-~,~~~-,# 
A-*~~~~~U~~~~,L~~H~8~tt-go -~M*9;M-~Mm*·'L~~ 
H~8~ttT~o~~m=f$L~~R~~~·~pH @MOO~.~·a·~~~m.®m 

~--~~~~••.~w•~~~w•~• ; a~~-#~~~-~T.:tt-~Mm 
~~~~~••*,ww••~•• · ~tl'L~~•~•#a~tt*••so illAM•~ 
*· *~~~~~HM=f''~~··,x~~~=f~~~M#a~tt ; BS~~-~~M# 

A-~--.~~~H~B~tt~~z•" · ~Am=fMffiUMA~~~--~~-U 
M.~~#A····~~~-~~,UttB.A~-*~~m~•~.--~~=f~ 
11:. iiJ!J ® tgc #I a~ lO Ire' .t1: $L~ 1m a<J 7~J.9H& :1-1 ~ .f1J o j3 ~~ , ~ ~ iltJ il'm ~ *!-~ i§ ,g )(;j ~Lit~ H ~ 
~)Ett~Pij~*o 

9. 3. 3 ~~~~~~tt~~~~~~­

!fLf{.*IJ :J'!.*~aufi~:S%~tTE§7Jc~;JLtc~l9!~~~UJl*, ~T~>J<~ HLB {l[Z~~. 

~-~u•~~~-~~•a•~••~•~o-&M~.~itM~MaUftc:p~am 
~. !1LJPHJLT-aoo~~:ISJ0:J, ~L~-*~:(Ef, ~~tt£tM:(Ef o :!¥L1t1f!J ~fft~~~-·~~ 
liFJ:!fL1t~ili ~~L1t~:W: , :if.$;f1lJl\'. rwM ~~:Mr. :i!W ~J(nJ~L1t~H~~~ fJ: o 

~L~1f!J~!JL~~-~~tt09•PFJAm~7}T~~EJf~~I¥J , ~1fA~T-~I¥JlE~~~~ 

-r~~•wmttM.~*T-•A~**~*•~Mtt&m . ~~09£m~~~•~··• 
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~··~oo~.~&~~~~OOHh-A,W~~~*B~~.£~W~~~~~~OO~tt 

~~~~.~~~~~,L~-~~&~~--o ~9~.~~M*~~~-~~~~~~~ 
1-IF?'tliffi~$:~~ OO.Im£~ Ilfi-T!lt~'L1t·~~;Ett o El:ult~ JR., 'Lftft!Jxt'L~*F~ ~!t!W 
ftT o 

9. 3. 3. 1 $L1talH:Ut-t~t:Fe?*-J~ 

~--~.~~m~ttnm•~,L~*F~~-~tt~~•~•"~o ~,L~*FH~~~ 
-~.-iliS~~~-~=~~~~#,Ize••~~~--T.~~r~~~w~O 

P£,ttnm•~~~Too~•~~~tt•£.@~~~m•••s.w~~••••* 
x~~ffl. ~-ra~~m~~~B~m••~~~~-•0~~~-~ttmMT~w-
80 El ~~~~tt·P~ll!¥L1t1$H~~~o 

A Spw~O ·~ ~U~ # Jt ;;t. M ~~ 1t ~f ~~,A;: ii ~ ~ iif.J .j!Jt:ii 

'L1t3}1J~*')(¥, *ntl¥~*~h~!ii.~~tlc~T'L~*FH~~1fa~tt, W*~h:k;J\ 
)(5j'L~3}1J~~~{j[, .¥!~-fl[, ~{i[.M.tffi~~-*~, ~JL1-iK11:1t*J3'J5j~fft, .¥!:~ 

ffl'~Mfft•-m;~;f§x;j•o ftl{j[:J!M~ Span-80 !¥LftJl!J ~f~5R~Bii/WM~:!E; .¥!:1-t{i[:J!M~ 

Span~O 'L~3}1J~f~~BiiJtJi~~ Span~O ~~~·~:!it; ~~{i[:J!M~ Spw~O 'L~ft!J~~ 

~~-0 
M{l[~~~~~~ll. ~{![~~, mM~J~Eii/W~~:ib~$, E !§ Spw~O *~~~~ 

·11:~*, El3 ~Bii/W~fi~·~, ~Ejrlif;f§~~;fH ~ ~~-t!L!l'm~Xt/Ulia®~JiiZ~$;~fft~, W 
~m~-~m&J)( 1Qnti~!¥L~Jf1J. B~:m:7HJ!;ii:!j Span-80 ~!¥Lfttt~~, ~~IV-1Ji:J!-f~ T 
Span~O ~~-~ito ti.H~:kiii.it~~ii\~, M{l[;J\r •• r 4. Omg( KOH)/g ~Span-
80, -*:!lt~~~.&.EIT~$;~1L~~l!Jta~tt~tl(j(T, ~{j[;lt 12. 7mg(KOH)/g at, 'L~*F 
Hftft~~~-~. ~fi~ffl~iffj£1Lf{.j$~~~o 

~~{j[, .¥!~1t.±~~.@:;fJ*'!-DUt~~P~ o ~RilEM : Span~O ~~{j[~f~~~~:I5J 

x1,L1t1$H~fflf.ff:M~f!J o .@:12i!?£-T, - }JOO, ~¥{![~ c •.¥?:1-ttif~) B~1L~3}1Jfi~ 

J)(§rttJ~. ~~{i[f~ Ca.¥?:~ii!~) 9!UfJ!!¥L~1l!JiliU~ntl§7)(~, f!!.:tA. !¥L~fth~'tf-tt 
T-;~-:7JOO,~u·~~-~-,eyftm$:M~~Ji~Z~~~.!¥L~-···~o-~¥1t 
~f~, Spw~O 5j7j(*~~~~ "-OR" .j;', **fl~h~. Span~O t§Jj(~-~~$m!, 
Wf:ii!:J.1:H~.ff:M ~ ~o ~ irifiiJ ~ !¥L~ *!:~ ffl ~ !¥L ~3}1J Span-80, E13 -T ~ * 7)( * 1lil f--ii{i[ 
HLB 1.1 4. 3, ~-Ml&~~{ijg 180 -220mg(KOH)Igo -ill.~m:@~ .~~iii~ 230 -270mg 
( KOH)/g ,.¥!;~-{j[~ 100 -160mg( KOH)/g, ~iii;J\-=f 7mg( KOH)/g .:t..i'BJ:Ii1.JJll!~ o 

~t!S~~~~tJ;ff£, Span-80 ~.±W~fflP9! E1 M{R, ~~iii, ~~1t~*=ffl~~*.tff 
~.w~~~~•••M~~~-•nm~Aii, ~~£~~m*~-~~ii~•#o ~ 
~o, Miiiret§~Iit1l!IM~~W$:*+ J\.~, tl1-El.ni~11t!.~fJl.ftla9~ii!; ~¥1t~~a9:J! 

~£~~~-*~*~WM~MM~·M,~~~*~~a9WM~M1l!IM.~,ffi·B~ , 
~Bii·~~~A~ ; ~~{i[&§M~~M~~-~.¥!~S.&@ffly·*~~~M~~.¥! 
ftiiio fiB~.&, Spw~O ~;Ju)(WMi'll·ilii~J~jg ~1*a9;5::P~1lil~ft~~7~i!·, ~~ 
a9~Ji!GIZ~~~F£~mJi!G~~-~·#, ~~tiL ®iii, .¥!~-fl[~ -~MfiJ\~~~lt~ 
~~~~~~~o ~••$:T~£~,L~*F~~~~~fth~•~.mw•n~,L~:J.1:H~ 
••ttn~•.ff:a~fto ~OM·~-~£boff£·~~a9~~~~.~~-*~t*fiff£ 
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Tiff~ • :ilErmTiffl ~;tt tt tmmtr- . ;ij#f -r~tz: r ~ , ilf~lt!--fftf!Hr it 1:: 1f~tH1 :ilE-tf7i.t~iJf~ o 

B Span-80 •ii 1ii ~ # ~ ~L 1t ~f tH~-;t •1!£ fj '11 ~ ~~ ~ ~-*. 
~ 9-15 ~tl :±l T !SJ;f111 Il:.lf'f\1J1~5fll:lf'f\1Jitt?X~~a9 Span-80 a9•11:fiM~~miJiat~~, ~ 

9-16 ~J t1:1 T ~~ 9-15 Mmla9 Span-80 ititl*a9'Lit:t'Fl9:li~ttflli~~U\~5F!:, #.l*=ffl~itit~ 

~7e!tft£ito ~9-17 ?~tl:lT~Ji!i{fi5flllffi\JJtMI/ilf~PPJB9ffiHa\J:YM. ~9-18 5fll~9-l9 ?tl:±lT 
~ttm~~~:t'F&a~tt•~~~•~•o 

* 9-15 :~FfaJ Span-80 t(.J;r-'f1~M 

112 {l{ •i:Htm ~~m ~J.ll(SO~) 
m?X 

/ mg(KOH) · g " 1 / mg( KOH) · g" 1 / mg(KOH) · g" 1 / Pa · s 
~filt:fjt~ 

I 3.8 147.0 258.8 15 ~ll:lll, ~IYI 

2 3. I 145. 0 235.4 5 ~~.i!IYI 

3 6.4 143.0 224.5 3.5 ~ .:i!IYJ 

4 4.0 145.0 214.5 3 ~l* .~il!IJJJ 

5 2.3 149.0 203. 1 2.5 ~-.~i!IYI 

:fii:?X JliHI.i!~/cm jli!fm · s " 1 filf-R=J!iil:ll•trl{)/ }I :j!f:l:): f!IHI BE lllil! em ~iii _, m • s filf.ff ~ iii:D<t w fl 
I 5 4640 6 4 0 3880 I 

2 3 4550 6 

3 2 4080 6 5 _;E.!ljfgff!~ 1 

j;}'-£ {[ 
25~ 30~ 

f1i IJr! Pa · s 

50~ 60~ 

261. 51 64.50 4. 86 2.40 I. 32 

234.23 15.00 2.22 I. 14 0. 72 

232.47 15.00 2. 10 1. 02 0.66 

228.92 13. 50 2.05 I. 08 0.66 

223.05 10.50 I. 80 0. 90 0. 60 

220. 77 10.50 I. 68 0. 96 0. 60 

215. 71 9. 00 I. 50 0. 84 0.54 

202. 84 7. 50 I. 35 0. 78 0. 54 

1£{ti/ong( KOH) • g - 1 .!iHt{ti;mg(KOH) • g · • -{ll/g(~) . g " ' pH {li ~liltflii.Jf/Pa · e ~~tt 

234.23 139. 3 53. 53 5.9 2. 35 

210. 51 147.67 56. 76 3.2 2.2 1: 1.93.47 150.67 60.82 1.7 I. IS 

122.94 4.6 1 
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• 9-19 ;r-11{1~~~-~ttl'f.JI!IJ!iit!)t!:/i. 

Span-80 jf-i!£fli JliHIBe~I/cm 

~ m -'~Atffi iJI! m 
61'}J 12 1'~ 

/ mg( KOII ) · g · ' / mg( KOH) • g · ' /g( l l ) . g _, 
pH {i :m~ 21' }:j 4 -'l'}l 

261. 51 148. 18 59. 72 1. 49 5 5 5 4 I 

243.22 151. 09 60. 88 6.60 5 5 4 2 0 

219. 90 152.81 61.54 3. 92 5 5 3 I 

201. 17 153. 45 62.31 4. II 5 4 2 ffi!l 

t£ : .M.~i"'~.llil.ff. *F.I'h jj PP !rl~-lt1$!§ Jll!jjjifl~$FJTt!U1 ~.bit£ . 

JA*. 9-15 ~*. 9-19 PJ;g' l:f:1, ~i!iH!:k a<J Span-80 , ;Jt~JJr~:ko f.HHliJti\1li, Efi~j*= 

.t-*~!1L1tW!9ttrt~J!tJt, ~-i'Et'.:E~tl7~~ 0 *. 9-16 'flm 4 ;t~Jm 5 m. JA~~7f~!9~nr~ 
H~R:I$H*.W~~D-~A•e . PJ~~~-~'L1t:I$H~8i'Ett•n~~:k o 

~~~~~~~1t-~Span~0 ~1tM~FI±1~'L1t:I$H*hT i\1li~~-~~-~~ 

t&~ff:~~ 0 iW~-JJ:\~as~:W:-J.;!c . Yt !:f El ~~.ff:iJ!IJ U\:~.!41:;-tl r * 9-2o o 

* 9-20 'I' fiil ~{t 1i l'fJ Span .go ~r l'fJ ~l {t ~l91'f.l ~ ~ fll # • iittl!i ~ 

psn-80 .!i!it.ffi -fitrJ:;;J' Iii) Bf fill ~it ' lffl lll 
/ mg ( KOH ) • g • I 2 -'l'}l 3 1-}l 4 1-A 51-f:l 61'}) 

140. 5 IHf ~JJ- (it :jl- Jf.Mii!Ul 7i:1iki!UL 

142. 8 IU J tit~ r.ut 6!.~ tf.Miit~ll 

144.3 lH'f R~ jjt:jl- !it :Iff ~:A} 

146. 0 ~:jl- ll!.:Ar tii.M- U 7- LH J 

147. 8 ll!.:Ar U f Uf ll!Jf 6,!.::jl-

149.2 liW flt ::jl- lil.::jl- Ill. if fit::jl-

158.3 l!l.:jl- ll!.::jl- IHr tf.taiUt 7i: 1ikliUI. 

161.6 Gl_ jf lil.~f tf.Miijt~L 7t1ik i /Cfl. 

JA*. 9-20 PI ~.lf l±l, ~1-t1i~:k~~;J'$~q-,L{-t:I$H tj{J~~tt~f!J, .R ;{if ~1-tifi;££ 

144 - 149mg( KOH ) / g zJaJnt, ' L1tWH::t ;!l~ fjt:!lfa<Jf.t:fH~ti'Eii o 

Span-80 ~ El ~flif.ff::i:1~ !:f, B2tJJ.iift~(I{J~.&i:EI1fa){)(J9 8 1'-Jj ( JA~m.l !fl{~®~ ) o 
~B;J", 'L1t1l!J/F{)(5'~XW.1f~71!j!k, Jl;:(ifl!fi.Ha<Jilfl~'* o ~fiiit~:Rl~~ 2 ~' Span-80 {JJ 

A~~S(I{J~-f.ttt C~R·~~)o ~~l!fl . ~an~o (I{Ja~~-&Wa~B,L1t~H· 

~oS~n~O ~-~-~~-~-®~~M*~ifla<J~.&i:~«1t~hn.T#~'P~·~· 
1to ~'L1tW!9~~ ~an~O.B~~ffi~M~~~.&J: c m••·~·~·M·) ~ffi,~ . 

~~*~·.&i: (I{J-~o ~~~~~-1-t~-.*~8~-lli . *AMffi . -~B~-f.t~R 
j'G~;Ji;:~o 

8 PP ~!l/L1tWH:Jm:%tl!~tt: ffii~ , Ji.ffl~ Span-80 ~~n£~ : 



· 61S · 9 .1L.ft;li:Jii {l{)~~..t!tfaJ ~ 

J\£¥ffi 
l/i}j[ 

li!itili 
.{t 

M ( pH) (fi 

c it. .ij:H~ * 71- .tT 

200 - 250mg( KOH )/g 

::*==f I. 500Pa • s 

147 - l57mg( KOH}/g 

60 -70g( 12 )/g 

'f'::k'f7 

~~®>f~ft1-'!=~li9~~t£~Pfijf'FJf:l, ~Jt.W-!N, :E!:: EB r~~{Jlft-~, ~~ pg "-OH" 

~ $ 0 :t£ li!i.l ~~L ftf'F Jlrf • ilJ :bn51.!:3 l.k~t:~ iliil!f'F m , ?tT-if' li9 **£ m ley 7.1<*11 ~ ~]!! ~~ 
li9f.t~l!&llft, :R:Bil7 :W-WK7J li9f'FJfl, {JI!:YL~~l!fi:"P ;}(;fiU!LT-Ii9~iii § m n~*::;lc~ff£, m;m 
.QJZ!i9~L~¥£~~tt:ftt:bll o ~lf.t, ~Jl~::;lcilJ ~:W-iii~5&fl~*, ~ J.i: pg;fRtif:T-~~, ~-~ 
~ffl~i*io ~~H~:k:fiti~fti.lt~. ~r:5-:0!:W~Lft1-1=~, ~1$( ~fflSpan-801l91:£¥ffi1J 

220 -240, ;{>J"r:.JUiV~~Lf.tKJ:~j, ~~fi.1-J 25o - 210, KF~~il-tta~~tlf o 

~f.tti!IlJcJ:E7 HLB {i, Ejf!fr~ Span-SO (19.\jl-j:5J;f~~?tT-mi:!J.t1r*, ~fttili.i~ltli:, ~fjij 

~~?J-T~·~~o ~~~~rz:*~•~¥{1--El-~,~f.t{i-}:E'*~• ~~.~ft~~~ 
ft~lf}liZ~~j{£ 4 -lOmg( KOH)/g jgE'_, ~Jffl;ftftB~?i, JliZ~/E{£ 147 - J57mg( KOH) / g 

JJE: 0 ~L ftKF~ ~ .ttt~ tt;fll tt~~~ ~~~ uflil _/f: fJij ~ , rm !::jmtfi~1r !.1Z,t,M11J lJ: ~ o 

~-¥~~aJ:Ett-~r:W-WM!i9N.Jt;fU~Jt. ~~~1tm*T-M~k~ft~8~ 

tto Span-80 ~f[t~;{>J")tT-JJt ffi: ~ ~L ft ~J, B :fE rJIP.K :W- iii k ~ .GlZ li9 W. Iii$.! a9 J!l! J.f -f)tjg 

0. 1 f-Lm o tf.:?tT-t~:MJk, .!:3:W WiHt<J~~t'.£1f*~*1iil~?t~~i'§~~4na<H~J.l o ~~ 

k E8 r ~ t: Span -SO ~ jlil ~ ~ * ~ ~ 1'iiJ , -'¥f.~ Span -80 ?t T- 9=' ~ riB ftt ~ 1?1'1 * 1i _7f: li!i.l W Jl 
~_/f:ffg~~ilto ~7 ffg;ffi(t9 C,8 ~9~, :ilS1f* I JJJ 3 1'-~il!~ C,sDo m T-~:(£~;\ifj?lf!Jt 
Til-~a<J. _7f:i1!l~1lU~1l~r C,8 ~M~:t£~ilk~~~il", Jf1t;fll3L~~5!!. ~=ff!S?t!IM 

a~ASpan-801i9~tt.GJZ?t.~-~-~B~~~ttft.~-. -~~M~5ffi~~­

~~~M~~Jt-f!t.Aii9JVZ?t.tr.:•maa~JtTM.£.~8~~~£~~fto :t£ 

li!i.l~~1lf""f. i:f!!~ C,slf~?tT-/Yr~iiifRJJ(21 -25) X w-'9 m2
, rJI.lll?t T- /Yr~iiifRJJ 

( 2S -55) X 10 "19 m2
' ~lHJJ ~' Ul!m~it~Jjlilftti~_F: a.g Span-SO' :(£jli~J}( Mffi:W-iii~ iuJ ~ 

M~~•~•*-r~ . •••~"~~··.w•-t-M~?t-r~m~~.:r~?t~m•rz:~ 
7~-~~~f'Fm.~w~~-~.:mJVZR~o ~-~~-~.-~w•~~l.k?tT-~ 

~mt?tT-?L~'ft-·ffiili •• ~l.kfflfiA; ~-~W . ~JJ-~a<J.W-~~*T-~-~_7f: 

~~ ' ~~fto 
9. 3. 3. 2 -1lAt.;~Ht~a?~-Pl 

T =MSIF.HJ(~~L ftjj:JJ ley 7JIJ &iBii ~ a<J Span -SO :(£ ~ :M.r .!:;j tt £ 1J ffil 1f I'!JJ lnUt~ ~ # , f91Hm , 
S045 ~Lft~JJJ& f.O ;fO 51'1" ?tT-~:lit~, ;fH ~ ?tT-£ :it::;lc -T 2000 , ~L ft~J ~ ?tT-~:M.rm~ ~ 
" - 0- " ~~ . ;lt'f=! " O" 19*7~¥. "-" 19*11t1~. ~Lft~P-l~~T-Ii9~~%.GJZJ& 
mo ~L1t~r*J~til:T-~~:ttg.t£~~~J', -~Jg 1. Sf-Lmo ~til:T-~iii~P&Ilft~~*, Ji'.iW:M.I 
.GJZ1tfiQi?tT-m~ , fi!tlf:ttfR~lf!?tT-Mt, 5!f1ttM, flfl~·l1:5&, ]!,rlf7c. ~.fjHI!z~L. ~.!!JilT 

~lOOOnmo WCT-Z~mr•.GJZ-1'-~~~m·~·A*~~~M.~XZOOF~D~ 

~h.~~~~•a<Jm:M.r1f~ra~tt~mao ~ftM*~~•J:Ett&M.«•*~•~ 
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Mo rm Span-80 Jlil-Tf~;ft!.Xt?Ffl9tiil:ru!, ;ft!J<t?Ff£itJ:;Ig 428. 590 ~l1t1f!J!¥.J?tf-~.ftj~Jt 
~"-O''%Jt,,l1tM~ffi·f-~~.ftJ%~~-o 'l1tM~ffi-f-I¥.J·~-@;Jg 

2. 5~o #i-OOJmrf!:5ti\1fi?tf--tiBW~~, ?tf- B9:it~~~/f'~-*, f§mf~fl:/f'..@, ~;1t1t , 

*~.M--.~~~;Jg-~•M*o &f-~~~~«3~••ffii¥.J&~ffl~.-~m­
_E!J'iiJ~. ~~tt~il1i*~~ . ..El.A~~tto rm.EI. , Span-80 ~l1t1f!J~ &$:.1t, ~~t:IBJHf 
i!f~ !lit , El :5it /f'~~ 0 

~ Span-80 m!!Jll1t:l$~lff/f'la'J 99~, Wfffi¥.J~JfJT =M:ITE.JB(~~l1t1f!J B<J'l1t:t!F~, t15 
JJ.;ffi-?tUt~mfPJ$1¥.Jflt:ff>~ft~. 5<·tA~:J(~tti¥.J~JltfT:liHt.Xt Span-80 ru!!JL1t:l$~*1¥.J~ 
~o ~ 9-21 ~-~.fbf!PI¥.JfltiffWIXWJ~~*o 

* 9-21 T=ta~!i~~it~~ilf.ffM 

T=~.illlti ~,r,, 611 :ff a:t rw &F 

~1L1tJl!J f.Q ·\} I 2 3 4 6 

T Jl!J 860703 
~'J:~~f'~ ~1l:~~f'~ ~~fS-'1'1"1:. -'1'5!:~.:fi"'1! -'1'1"~~1*. 

9:f*.fl=<» "t f* . fl =<» ~1*. fl =<» ~1*. fl =<» £lllt~tx n ="" 

PCE 4 10-2 
~f*~tx. ~f*~tx . ~f*Jttx. 

fl=<» fl =oo fl =oo 

B Jllj 881116 
""~~.ll'f'~ ;f~{S.If'f'!t ~~fS-'f'J»=~ .11'5!:~'1'i"'I.E 

"'\.f*. fl =<» 9: f* . fl = "" ~f*.fl = <» ~f*. fl =oo 

MH 900104 fl=<» 
~11:~7f'.i"'!t 

~f*. fl=oo 

!lif&IRJ/li&~JJ~/f'~~i*~, fEl.T= ntgF.JB(m!$L1t1$!91¥.Jfltf¥WI- /&$Jt Span-80 m! 
~1t:l$~*.1ifi¥.J~&~*~6-7·/f'~~,/i'~~~1*.~-~-o ~~~. r = M 
n&~tl1tWHI¥.J~~~tt·~~-~~~~~~-~/f'#~-·I¥.JNH;,~E!~-ff 
:i:J:.W q=r:Jl~~J9t){t~ ~ q:r 7]( ?t Ef91~ 1111~ m•'J' , ~:id~H~'LHit~./00:~ ilii~~ I¥.J J3 -1'-li~ 
~f4:o 

•~••A•m•»r•r=~n&, ~»r•~~~«M~•~,L•a•~•tu 
3%1¥.J.&$•~*1t,&A.32~H•*fiT8~ttOO~o lff~··I¥.J~1t1$~¥I& 

~ ~ I 7f'1i¥i fffiiJ ~iF' ·11:~ m, ~ ~ m ~ /f'~M , ,fut -T:£' "'\. q:r E! ?& tit ttfit :ff o ~.£:i:t --t-M 
*~~*~~1t~~-~*~~m~~*~~•~•ft~.£*~~~.*ili~~~*~~ 
~, ~:¥MH~t11~*!t*i1t~~o ~~IY'J iti?t 3000.---------------.. 

-t=-~1t~~~H~~~m?t~~-~~·~~ 

ft~;ltl$tt I ma *1lll~**it~t±B9 Dmax-rB ~ 
~X-ray ~3MrrM1)(, ~-Jl1tW~~~:It>J?J ~ 

~ !1!!~-TWM~ ..t ltthEtAl, X-ray quM00.3!o 00 ~ 
9-30 BJTJJ'' 00 r:p~~tt-;lg 2 ffi~fflMi@ {)I #A 
~-~mM••· en•~iliR~~f-~Bo OO 
9-30 ~~: ~l1t~~titlt 7 1'-fj lEi ' 1JJ~~~ 
m!i*. ~P1$~~qD~m~~A,,l1t~H-

lS 

0~-·~~d 
I 0.00 20.00 40.00 60.00 

20 

Ill 9-30 X-ray :ffjgtlfj 
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9. 3. 3. 3 .i.'*"-1l.1t.~J 

-~~~~-~~~-~~~ka9~~~m~w•.~~~~~m"*~~•bn~Mffi 
lll7Jc~"F, ;£E:fL1tat~l'P~L~~J1f..1g.f~ JE'iJEiiL ?J(~J\~L~fiftgo iE~Lft1$~0~ft1J~ 9=t, 
*ffl~:5t-T~Lft~J.!:3~ii!la~rm-§7Jc~~Lft~J ~i.lfl, ~15!!~L~:J:i:~B<Jf~ff~~ttJllt-ft:H&~ 
if6 o {91J:lm, ~*45 "4. 4. 4 ![~~~jllj" 1]' 11 9=t FJT~B9;ftii!lj:\.1g (A-COO) .. - B 89iJ,tJf£ 
~m~tt:-fll~L1t1f!J, ~ Span-80 tFtfii!l'!(]llfJ-§l.k~!¥L~1f!J, =*~;A 1 : 4 ~ lt19iJ:ffltiffl, 
~#R~~~m~m•~~~~aam~o.s% o ~1tat.~-2~'L1t~~llfJ~~-~ 
m~.M~re-1tm~7JcMMm•••A*~'L1tftU~M~~Mm~Ma:f=to ~B~RW~­
mM~Im#,a~~~m-~a~ttR~~-~~-o ~fflRM2M~mfii'!(]R~M* 

~IYJ, :!zll~%·89~!1LftM;ft-~~1it~a<Jm~ 11:1 ~fm~~~. ~.ffJJ¥!-~ Span-80 %~~ 
AU~1t&~UA~-ili~•B9m~e~~B9~~o ~#m~e~n89~~~1t .• ~~~ 
~~l'!(]·~·~~tt-~~~89o AW.~.~~MWWSID~ata•~··**&M• 
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tt~~ma1t~~*•••-r~••~•.•~w~•M*bn~B~d*B9~~=~.~~ 
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~-~~.~:.m~B9~&•#~.:5t~~m~~-8o , •*-r'L1tm~~~~1t~~. 
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~o :.ltl&, !¥L1.t.*'J..fflit:J;5i!J2%ietiat, ~L1t3'&JfHt~. ~L.IBti*~llJL ittJ3'£, ~~, lif::fi 
~-tt .• #a~tt~::k~•mno ~~.f:Ea&,L1t:l$~1tir~~~.~L1tM..fflM:J;5 
2% -2. 2%a;f, Mfit#it~ttfro~tt~~~~ o 

$9~ ~~~~-~~ffl·~-~---~~~~ 
~L1tmm1il: !fl{t.)ll]#~ 

< !Ji::fiHt~ > 1% Span-80 C£ :l:fl"~l1t1fll PCE n#"T-~1t1fll 

tm~JiUt.~. m~-u:~~. ;(? 
~~I£~!&. {D_;;f':~~ . :fftit 

0.2 Jit7d .S~fUtiti~s. ~.!'h. 
I d .llf-1*2H£. n = 0 

;fflt~lll~l& 

fl=O 
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!fL1t~M-. ffi~-1*~-'M. -:(?Jii. tm~{t.-ffi~f*.ilt~.ff/li. 7f Ml m tt~ !ft1t • mi m illllJ< 

tsd ~1-*?ll:~, n =O 7d/&#:~~J!. fl=O #AL t!Tdb, fl=O 

ll.-ft~M-.1&-l*.ilt:ft:.:(f$. ~{t~M-' {!rf?HI. 15d ll(f*.J'4 
tlt~IR~/&. ffi~-l*.ilt-'4. 

1.0 ttl ~~11!11-J'U~. #tit 2 1'-Jj 
30d l&f*ii4T!f, n = O it. fl=O 
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~L1t~:!!!M-. l&-l*lt!J%. +?1/J. 
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2.0 JJI& I* {}Ht:; ~ • ~ tf\.::f .\T-It! , 
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9. 3. 4. 1 JJ<.~~#'*+:fn~Nf.:lkutelJfJoro 

*ffi~~~~~-~-~-~ - -~~~~~~~~m~~~~~~~M~m~~~ 
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12% o ~~~:1il~$7..k*:M:B<J~;J,, :!JLJBC~J..kffi!W;Jfifal~~Jt, ~;Jfifa:li:i2s¥1J-~itB1~ 

~•~•g.~w«1tm~~•m~•ti~~~~-~.i'l:HB<J~•tt@•~ ; ~**• 
~boB;j,:!JL-~;Ij(ffiB<Jfifa•"F~.~afira,a•tt•• o 

9. 3.5 ~~~~~~~~~~~~-~ 

:t£:!JL1t:.t'FHB<Jmjj-9='1Jo.A.~iiB<J~1Jo 1fiJ, ~•~aJEttflli®ll:~~m, l!~~bJJ1flJ~ 

~:fl~aa2m.,L1t~mm~ra~~ttm•o ~~~-m~~~~*~•w•~ . ~~ 



------ ----------------- ------------···································---------- 9. 3 .fL-it. :/It Jtj :lt ~·li. {I)~ 'Fi l!il -;t · 625 · 

{t~'JNt~~ ; ra~~f.:t:filJtmf£1&JliJli~fti~~m~l¥!1'4fM-tfilPI'"•. :t!u6503 , Kt2 ~; :J3 
j~, ~1JDf!l~l»*~~fm~ti:'L~~~HH€1ZfiiJ~.!Vti!~a9jt-g.Jm, ~5.i~iiifJI.~5£1t, 

*~fi~iiiiii~.~'L&£aa2o-ft*~.~~•:bu~•~•~•-~~{t~Ha9* 
AA'fit.ff~~·~;fj]fl~/jj$(~J.l~~~:il!:-~ PJc 'i!f o roo9tl* JL-t-~~~* o 

9. 3. 5. l ~.*r~Jt;'\'1] ~~~ 

•:boa~fi!J(ig~PPJ:t!~CF: 

( I ) •:boml~l»*o *:rjt~ l 11~ Bi£, mi~~*X1~L{tifl1H~2fFJf.l o il'lltlnJ-3tt 
'L{t~H¥a*.~Vt~~~.M~*~U~~~-:bo~rnJ~-a9~-·**m~.~~rnJ~~ 
~~14r~tri!IJft.2tt, ft~.*9tl:lt-T~ 9-25 ~o B *1tr.I3J'C~t~M-~9tl~1f~ , ~ 

~M6, ~±~1M a9itli lU~!t, fffi m 'L {ta):£1f!Ja~ 1'19'L{t:J.i:H iltfi 7 fl;«.fH~~ ttlit~, ;It 
~~~:!f!;~-~~~-~~~~-T~9~~o ~-M~~-~~*-~~T~~~-* 
~~-~"•)EfFfflo ~BA~.~~~••*•:bo~~{t~H~ . ~~*mllMPJce~ 
AA~.ffr mitB~J.ll¥.1~%: tt o 

•9~ ~~~~e*~-~~•~tt~•~ 

~~~~(11)4!\f* 'f'j§:IJO ii!Hi§~ifl me ~- tlile 1.tH~-fll 
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~-~J;Jt 3.87 3.80 3.87 3.87 3.87 3.87 3.87 3. 87 

IN. w . .=itli~W! • 0.20 
$4 :i!!f I d Iii 1¥J \!' Jf 

I. 07 1.06 I. 07 1.09 1.06 
/ g · em - l 

I. 01 1. 03 1.06 I. 07 I. 02 1.02 1.02 

ltil~~lf flif:H~l~ 1'.£ 
ttl!fr Yl:llt !:it~ ( 71: ~-*" 32 30 29 29 31 28 31 29 38 28 27 16 

iif tmllllfi: I'! It) 

Al£%~§1:Fati¥J 
1.09 I. 10 LOS 

~lf/g · cm - 3 
I. II I. 12 I. 10 1.09 1.08 I. 13 1.12 1.13 

CD!f!Hrt i11J ;&'; nt ~-tfl.illl , (2)~ m, (II) .lJZ-:lti.J~~:!kl o. 03 ~m ; @~ m WF· :lti.J*Y:t£ :!k1 o. 2 ~m ; @x* = «1t !Uli¥J.!JL :lti.J ~t£ ~ 
0. 71'-m; @OOJlfMi*a<J.lJZ-:ltijfll~J;J 0. 3jUI10 
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~-.~•tuffM~M~~~~H-M~~·s-w~n•~•~~.ffMmwa~ 
~'~MMaM~.&ftffM~~~-~-~~~.-~&Wm5~~o -aM*•M.S 
bn~:fil:i.ifJ!Ui.!Ji~~, f/S~ Z.~ ~$}*:tft~*4frnB~~ ~~L~~H 1¥.1~~ ttl!lifijf~mi tt tl~, 
PPf51!f&~ 25 ~lV-..t. ~(.Jjf~iffiH/6~ . ;M;:t't~~ttn~~~~~~~fL're~~~o @~. ti!J.lll~ 

u~~A-#mm~•.••~•~*&m.~~•~••~tt*••~~~~~&m~ 
:ilH=r , ;Jt &mj;\:~mr = 

2AI + 6H2 0 2Al( OH) 3 + 3H2 j 

2Al( OH) 3 + 6W 2Al3 • + 6H2 0 

~~. ~m~~~-~--~~-~~-~.~~~H&W~8~.~&B~-~­
m~~.~~~~~--~~~~B*,Al~ ~o ~&~~--fi.~mA1~*7·~ 
~ffl.X~*·~.bo.TMM••ai¥.Jfi~.~-~*··$o gW~~~H~ffl~8 
;it~ mi -~ , B~ Jlti~a ·~ fQ.;m ~1l ~ , f.E!.;J!J!U*f/3 ;f)} f!$ A~ JJlt At •• :11: tR, Wt)Jt :11: ~ , LV, 

».m~:21s::!li!!.fi~F, ~#f~1:JHg7.](&m~m~, ~-~ll!t.Qlt~~tl~«lnJ o 

(2) .iJD:kR~B~l!fio .iJD:k!¥.YfJ~B~~-~&~n(riJ~lit1Ji~51t!ii!.• 9-27 o 

* 9·21 :k:iHI!IiUif~tl~tfJ~~<ll 

tit# fa% I 2 iitf<Uli~ I 

;kligp"Bii~bn 
0 0. 7 

~l:1-1'tf1Jf.€it'JCJ m 2. 5g ~:!i:®JJII't 
1it ( !Jt:llt?t-10 1% :liM' itil"'~ 'll<ll 

1-'j;i§JiltJI, 
). 17 1.17 

~l:!m1'tr«Jf..£t'JCJ 

J,i!lJrl g · em -l !lt;J\ ®:II Pi iit 

i1r~*(lg:J$~(ll) 
lt!.'ilt'l:l'<J> 7FI C® 

~u= 1'1!tiPF.Ii5o<J 
lil:!NtiHI !Ul:<2l liVJ,itil:lt~ 11 

<Df;!:~ 1 lll2 ~:;;:.Rg~"BI:i~~bnlt::t'flil~~. ;Jt~m?ti!Ctt.&tHiiZ#dlJ:#J.toj.iJ. 
Q)~:l£ S'(; J9~1I~;:Ig 25mm 5ftf1'"FJ!tlliil:l'!l.lo 
®-1'lBlfMJfiit~f.i: Jt;lllf~:ft1*£H£ SO'l: "Fillf?f 3d, tUi':lE - 17'l:"Ffllfi'f2- 3d. 

®*'1:1 0. 78g *:ti1*Fi. 
®vcmm*lllCD~~~.~m~~~tt~~~. 

tiBI 

2 

8FICQil 

9FIC® 

lt!.1lt'l'l' 

~-g~ ·~~--~~.SiJD~M~:k!¥.0·B~~~~~~H~M~8~ttamA 

tf~jQj o 

(3) •tn••~~~o ~•~~.••~w~~m~~~~L~~HI¥.l~•a~m.;Jt 
~~~*?~Jr* 9-28 0 

$9~ ··~-~~·-~~~~~-~~~~~~ 
tU.'t .!;j ill ~Ill fl" ~ tJi 1m .13 ~ ;U~bn {ICJiil:.fif 

M~lt.J'fiil~ I d 0 90 180 0 190 

~ JA(lg IIQi:?f.]l~ GJ I mm 16 - 20 25 -32 m• ( <f>32mm) 12 - 16 25 

(l)@tftf/l' !:j i'JI~~ :liD .13 -6' ::t' fii.l *. @-ill:~ II<J ~t~m?t I!C lt .13 $J * IZ#J;fft 1111 ; 

(2)~lr:Fl1ti$FiJiltM/i B #1::F::1Jj.\:-@Lll;!i!a, :tDc:lE'ffii!iJfffi~Mrf . ~~@!)OttE fl~; 

@J3i'::f:iii$W.Ii:~ll!!ili:#Jf.i)fj I 21:8 '}I.:!Ik'at'l'l''31:11. 

e.~mt'!9ut# 

300 

25 

540 720 

25 32 
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9. 3. 5. 2 ~J)!J.lL1t.-iitl!~J ;fl> n\ ~ Fk·~~J {!(} *J.P, 
inJ ~L 1t:t.1: ~ 9=' ~:hn ~L 1t -aE:il!~J ;f1J ~ ~!f~ ttfilJ ~ ~if~f.f~~ tt.F ~ ;ff ~ a<J fF m . ~ il\ Hi 

~~;fflm~~m~*~~5~9='~~0 
9. 3. 5. 3 ~J)p ~~ :m~J {!(} fjof.l 

M~•r~~••~1t~H.•~•:hn-~~~m•~.•~~m•~•1tmMM 
9='.~~·····~:hn~MM~M$o MMm~:hnA.~M~1t:f.1:~a<Ja~tt~*~~ 
~ l(nJ • ~ .ffa~ tt "F ~ • {]I!~~!JL 1-t:l$ H:amat * "F a<J ElZJ'JBf: ¥U 71l!l $J o 

%J:W: ;!ik*ffl1H!l~:hn(J{J7f:r.t. ~H!ttE8~2:~!t%tt~J!.W.~tl, ~lt::Jc. 1r~~!fL~tt 

-T~.M. M:fD~!flAt.*1:i9;~~7Jilmt;ff~:;Jc~~$f'Fffl, 13.2:~1it:~~IJ&M , :hnit7!fL~ 

a.:r~&~o ~~.~~m;~:JJomMm".m~~~••m~•.~••ma<J~~.~-
1t~ , $:.1UJ!i~o 

~~~•~*m:a*~••~••~:n~. rn~m•mm••~~~~«1tm.~~~• 
~::Jcf6ffHlfr\JJt~Hl5*MMa;J-f8J3fE:il!hMffff, :i!.f-ffil ~71<7t~:i1it~$t. ¥t~Mttt:hD71<ffiM 
Mt¥l:i1i1Y*":I7C~ o tE:ilH7ffl!fL , *fl!fL, 14(~, filt1tJIHt~%f· tl:\ :EJ.e.~ lli.l~lt ~tiT faJ.m~, 
{]l!~~!fL1t1$HB9a~tt;ffFJr~~ o j;§~, ~!:E.F:t:t~!:f~F~:fti\ltJriHt.mill~M1ta>tf8J, 

#lllfiU11111~«1tfilJM1flB915"7~a 7t It, ~'~"Ell~~ tt~J:hDA~ii~Ji(o 

9.16 I2·~~-~tt~~~~~~~ 

I§! M~L1t1$"HfOJ1it~3fE, A1n- ][~,C.,a<J:J!!JL1t:/.1:#JB91C1r o ll3 It~ r, ~if!fL1t~4l 
~IZ*#I'fJMft.~-~~1rB9M~IB~-Ao MW,.b\$·~~.F~M~B9='.AfJ 
iA i!UIJ ~ n(oiJ!fL 1t:t.1: H~~ -tt:fik~ ~ ~ ~ ~ " ~~JHr ~m " , ;M; 9=' 'ffi ~ lf !fL 1t :!$Pi e9 ~i-e ::n- , !fL 
1tiZ , ~L1tR§ , I£*#•e~~-o ~~.AflliA~~~;ff7-~--~fL1t1$H 

ifl!:lr , f'J.;ff lf!jf I¥J~L 1ti Z~ tr .fll* l.m ~ ~Uttt # .!:ff Z eG ffi , IB ~ !fL 1-t:l$ ~ 1¥1 tt tt~ 4ti £~ 
~7Elfo 

fii ~ §M00~~1t~~~.F~~-~~-~I~m:r.t,~~!:EF1~~;ff-~~;ffa<J 

~.F1fl.m:7r~l!liZ, ~fa- , tt#~f.<, f!5J~!:E.Fti:\B9!1L1t*F~~~~tt~JJ1Hltk o 

~L1t~~-7Jillg.Ji(~!fl~¥J.!ftB9~TJliJ'f, ~~L~~J.!ft69.&tii!.:~-flt1¥~~tt®fftk:~ 

~m o ;M;~.~1tM~:hnAa;J-~~~•'*ffiM•B9:hoAJ.t•,mw"~~~•aaB9m 
--~·*o ~~. =a,L1t~~I~9='.M~~-~--~~~~T~~~-~M* 

m,jt~~-~o tEM,L:i1~9='.R~M~OO~M~'. ~-·····~·-··~.1$ 
HMf.fMM* ;~:i1.~8:i1~,~~~!:E.F~~ . -MmM:ff0.25-0.30~ , ti:\MW. 
17kglrnin ~1fi.o iE~D*-15~ 3 :f.'t9='Eif~~B91J~.f-f. ibtJ4k,L1t·I¥J~L1tR6li1it:fllm~: rnJ 
lf!ti*fi , :t5J1tfi, ~~Mllli11Fitlt!¥L1tfio 2:mFJr~a<JI1:*#~~1t~H~~tti¥J~ 
oij ~ ~ m* ~ 1tfi ( fill! .!:ff 1M ~tti * :r.t) ~8u tiHl'Hlf ~ o ~l!f'llfff7}t "F , .!:ff~L 1t1$ H~~ 

tt~~~I~-#.~•AmM:7J~, m*J.t$.m#it.lllDW~-.~~A-~m 
• , tm#B1fBJ~-ill.fro5tif~~ttF!:E -~a<J~~ o 

9. 3. 6. 1 iil#~ ~ 

tE~L1t:I$H~1#~6 I Z'i=', )M·nt~JJcm:t5J~:hDA71:tJ;f~!:f, f!TL2A~~~J:EW:t5J-B9'L~ 

~0 !JL1t*IJ :a~xm•1tfilJ!R7J(M1till3mzntr, 7tMArm;t~m*~:l!~~'lf&,~B9, ~~J! 
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f-'filJ ~J ~ !JL.lllHlHJH~ ,&14 , ~~t!it'W , # ~~lH~ f*.fH~\.~ tt o ~o *~L 1t3l!J 5j JJ<.*B ~ B1 :boA 7lb 
:ffi if' ~t£;j(:ffi:1Jo A 7IB ;f-11 z litr $t:bo AJJ<.;ffJ $§ t& r:f , ~ ~ JVC; ~~~:fit 1¥1 !JL~ i* , JJlU W& ~ !l!1Jil5.!il 
?.JfifflJE Jtl¥.1 ~r-1! , ~D Jlt ilitJ * I¥J ~L 1-t:l$~ I¥J ~:ff~):£ 1+.:1.: tl!tl{"fu" ~ ~ o 

t£00·~~1t~HM*IE!fl.JJ<.~MR~t•a~W~ffl~:bOA71baM&'f! , JJ<.ffi 
mA71B:ffii¥J•~-):£~•~7t~m~. ~P*~~m-~.-~~~•m~~~•~*• 
-o~DM~$~7J<~MM~:bllA-~.tttt~~~~1t~-,,L1t~JE7t····~·· 
~~!JLa~~I¥Ja2tt~MT. ~JJt-):E•~•~JJ<.~I¥J:bu••~. ~~~~•~m,&l4a 

~I¥J~0~~1t•o ~*iEfL1t•~*MD7tttMmr:f•1Jo~ai¥J~~~.~~-~% 
•m!JL~Fff~~I¥JB'tfiij, tl!;ff~J-T!f!j@j!JLJ!lC.f*I¥J~:fit5fll~*~:ffW.~tt o 

~~~fJJ3, *ffl~u~m-!JL1ti}j! 1ti.?&~>,K:fftl{5S!?.U891JJ:Mt&#, f.§.~Elf%Jal¥J!JL~ 

i*lifriitJJlU~~f!89, ~:ff~~tttl!~&~o JtfJ.1*1¥JtiU.>t~1tiJ¥~: $t:#f$7t-1tff!JJJ<.Ti 
•<t~-•n>aA~1tft'fl.~~M&Wzmee:bnAM:ffi~~~~1t~~¥Jm~•.a 

5!R?.,~111-I!Tf51!:¥L1t.%,&14zFo, .f!}~*'J~l¥J$tftffUJ.J<i4'HfliE~#~--:bnA~i:f, !JL1t~ 

W1I~~~~il:itg-l¥J~~ao 

9.3.6.2 ~#~ 

Iii -T !JLJBHl!i ~ ff16 -T ~~ t:f ~.W mt ~ 9=t 1¥1 JJHW 11: mt 1* , rnJ at~ .3l. A ::tr fA!l! ~ t.:l.: , :?& :W. ~ JJt ~& 
Jco I§ .tit, iE!JL1t.SWHiil:#~Jifa OO:ffB1~:±l-~~, il#fi~.f.I}{SI!!JL~~.&tlfl~; :ffat!JL 
1t~Ha.mt~•~w•~~-fi~~~~~-@~I¥JW~. ~Pm•·rr•··o-~~1-t• 
~~dT~~~~-~~··rr•··.~~~8W$~89:±l•<~P~M) o ~n•*m~'1I@ 

~¥Jmw••~ammtR#B1~~••*m~I¥J~~e~.•~ea-r•i*~•~~¥J~mw~ 
ffi* R m ifiiJ :tEnt~ llt1urm ~ , Jltft!!. $7t~~.lllt ~?liT~ o ~ 'lf:ff at 'L 1-t~~ 1¥1 tt ~ f/6 ~ • m 
~L 1t1.1: ~ 1¥1 -fitffAA .R tm:tE ~J}( .lJl-~ ~~~ o 

~~••m•~~~:tEr::tEm~•#~m~earJ}(~Ej•~mM.,L•a~-~ 
%d,JJlU!JL1t~Ha.&ti¥J~R~-A~~*.%da~~~~I¥J~·-~·*·~$h 
®-~~~m.•~~aff-••~~m~3~#-~. RP-~ , a~~W~ o Jltat~o 

••#•~•~aa~~~¥J@~~*••~••*·ww~*••~~-.~~~~1t1.1: 
H¥.&t8~~nt~-~~~m•••m~.~#·M~~---T·rr··· ; Wi*W~ 
~~m~-~oo~~I¥J~%~amh.~.lllt•~~•ffi~Jt~~~~~m.:?&w~~~ 

•. ~~-9='·&~-~nt~~at .~~W89~~--A.W.~ID~~~£.&tm~. -r• 
~~••dT.~atnt~S~aM~.f*l¥1 

h~f§Jltifii~;j\' ji[-·1**~ 1¥1-ffi.X;j 
jg;IJ·~~ o 

*i.l~?i1f~TS#~.xt~L1t~~1ft 

:ff8~tti¥J~~ o SW•m~~Ai*R 
-t.'A!.m 9-35 fll~ 9-29, Jt~Uilt'FW-~ 

A1 , A2, A3~ A4 o E/fia:tlli89!¥Lft~~fte 

~if' 7j( ;fN *it 93. 2% , it~ :nJ fr :ll: 
5. 3%, ~~;IJO L 5% ~~Jl~ 4% (J{JJt.$: 

~J;f.;!G, 4iHXtlC 3kg i!itl~o 

II II 

• 
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• 9-29 ~~R -;f-

~ ~ x~~ll li!:lt R. --rJ-1 mm 
Pf~~HI~lMl!m · s · ' 

800rlmin 1400rl min 

diD= 114 -113 
nt~E~: D' = 120 

1l1i~: d =80 
Vd : 0.?-1 

A, ..t"Fillillie: £=122 5. 03 8. 79 
BID' =0. 2 -0.25 

D'ld =0. 6 - 0.7 
pt~~Ji:: B = 20 

~~~ : D=l50 . 

sld= I lf.'lil'1!:~: d = 138 

BI D=O.J jf.'ljj'~: s = 130 
Az 5. 77 10. I 

Z=l-2 .lll~~/l: B =23 

dl~ =0. 90 • t,fl' .lli!. ill : Z=2 

diD =0.92 -0.95 
~][~: d = 137 

A3 :jgifij, L =87.3 5. 73 10.0 
BID= I -12 

m~m:, a =zo. 2 

d/8 =5-8 
·~11.~ : d = 80 

A• ltlif~Hr : B = 25 3.35 5.86 
Z=6 

~~ll£: Z=3 - -

tE: f!l#~if287.4mm; ~~ 17mm; nt~)!¥:)jt4mm; A2 , A3 , A4~<fU:<\:~JttR.i"¥-'fi;:fO!iiJ; d =126mm; il~ 

1=30.4mm; :M:Jlii!: 1'=27.2mm; tfri\im=18mm; ~~~D=I50mm; ~~L=D; 1\*~t!!:B; lt'lti!l!Zo 

•••m. Q~*fflA2~A~~~-~-.~•m•~~~··rr•··. ~RW$go ~ 
~H:-T, J!TW~~~-#~MJ]I1£qlt:k, %E~-*1£~jl!~pg1£, fEiJ~~;J\, ~)!7f'q~i@i. 

-~111007c, ~-&1--Tiliti~jjt~~L.IIIC~,Wr~~#, A3 ~-#~~~ 15Jiifi~~Ht A2 ~~r-1£~ 
B9~15Jmi~~~-~o 

*ffl~~B9mr-t:~--~~~HM~M*ffi, ~ffi~~-~B9-Wmr-~£.~*M~ 
?:1 :ttl!.jj-~~~ ffl if'~ Jli(;'L.IIIC:£L -=f ; -rl! fi~ ~ ~W. ~ jjtq~jc B9 'L~ 1* f= 1:. !IJ ~Q 1191! ~ ~ j9f W , 
~'L~~T-J1!-zv-~;j\fto h\iJe~--i=iJ~-tlj, ~)! (n) , ~nt]I~~ (d), ~pgq~ (D) 

&:'®f~ii:, d/D ~)Ji T- 1, ~~flV=5.77m/s, -a]"~~iiE~JE$B9~~)jtJ1!fjm~. ~~ 

~~iifi-!*~~•rrwm~~L*,N~4'~m~~wT.~~~~-~no. ~~T~~~ 
•·~--~g~~-~g~J1!fi~jj-:ttl!.W~.m•TW$go ~#.~~-~*~•~~~ 
-,8~o ~W.~~®r~JE$B9~~~~-~M~ft-JE$7c; m#"~~*-ti!7f'%, 
~L~~OC~···'L;hO#i!OC~~.m~*~·-~:k.7f'a•*~~~~;~~··* 
~·~~--~~~4'.~7f'••w~ttm~ffl, ~•o 

AI ~-~~Rf=~~-~f'Fffl' ~~~"XW.~JU;fffpgW~iifi~~~' JL->JZ-ti;f.flll~' ffi1 
-~~~~.MW~&-=f&1£M7c.~~~T-M~57f'~.~--N§M~B·T·-~ 
~q~-J1!waa,fiA,~~.~~l!-rl!7f'•q~-o ~m•~-~~~~1400dmin ~ 
14~-~-~-.@~~15J·~-~-~.ft~$4' • . ,LR£~MM~~-~~OC~ 
~. ~M~-~-.fL1-t~*7f'A~~o M·~--~··*··A3mmr-~£~·-aJfiB9. 
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@-~~--#~---~~ -~-~~~~-~~-~-@,@~A4·~~-~-@o 
'L~~ 19t ~ ~XW.Wilt llliiJli ftlitlit!T :±\ :hl , t;A.& ~ 1t:t'l: ~ ~.lffi' Jllll ~ 1,1 HE~~ iit~~ * :9tl 

T~ 9-300 

~ !t'! 
tlli'l!ill!fJr mttatfaj }J11 flat IBl ~X!tfJilll PAAUU!i' l.l:l Wli ~ :!ll!I~Jiil 

i:il:~-13-
/ r • min · I / min / min / Pa · s :fit/% / g . cm ·l / mm 

I A, 1400 15 3 460 44 1.04 50 

2 AJ 800 15 1 400 43 1.04 40 

3 A2 800 15 3 480 33 I. 05 50 

4 A• 1400 15 I 460 65 1.04 40 

5 A, 800 10 I 420 70 I. 07 50 

6 AJ 1400 10 3 500 86 1.04 50 

7 Az 1400 10 I 480 36 1.02 40 

8 A. 800 10 3 330 40 1.07 40 

~,~n~~m~~~~~~~~*m~~at~~~~~~~~~~6~~~~a~~;~~~srut.£~msr 

~ 50'C ; ~~~lle~O'I;!;tf'fllfl-f~ff:Jj ~. 

~tHJiSOO.AE~1i~HWfli:fJTtl:l:Q:, JA;fl_ 9-30 ~Xl~ :±lfrld!}J;tjg: A2 ~~H1-It#~ , 800r/ min 

~ ~ l£ , 15m in ~ 'L 1t at fBJ ffJ 3 min 1JO *'1 at IBJ o ~ ~ tA ~PI'~ .iji t¥J ~1i:.~l~:il11iE FY3 , * Jfl-J$i::li 
~}J···~~~£-~···*·'L1t~H~8~tt-~.~~-·-~jgA3 > A4 
>A, o iit~~*~FY3. 4f~~)(;J~L1-t:l$t9~~tE~~nfliJfFffl~.:ElX~~19 : ~w•• > 
R#l!!~~R#at~>1JD"at~ o ~~~ .~-iit·~-19 ~MR#·~-~-. @~ 
~•••o AZ.k~~•~•••~~. mw~m~~¥£~£2.&~a~tt~~~ 
~llijfFffl o 

9.3.6. 3 "Jrm)iJ.t 
~Wn~~~1tm*m~~~~~*~~ o ~~.~ffM~W~%~.~~~~~~ 

£~~~~~~~~M~.#-~~~~~~ct~~r~~~~o R#l!!~m~.mw 
~~JY"-IJJ~~ill:k o ~H:l~FY3. *m~~-IJJJ£l.f~-&tmm~t9~~1l, mHL PJ t;A~4'Jf,Lft 
~t9~~~t'.£ o 

Am~~.,L1tMt¥J8~:k~,.&~~~ 

~~~~~~·ti~li:~fj'f- m;;o 'L1t1$t9~­

t!£~:;klj\~XW.if!g~·~f9], ;JU~:r~lliflfr~L 

1t at B<J mf* i~03H:f.l yg W5!!1l ~!t:hll ifO ~ ;J\ ~ , 

~LJ1lt~B<J~ll!i!tl:I!J!f*~1t~~~1i:~&~. 

~ 9~ ~ ~~7-~~Wll~~L~~t9~-~ 

J.f~~~o ~~-iiE~,~J3t:;k~ii\~~ff 

~~tl:tt* o !I 9-36 :'&~Y~J!!~)(;Jf\t.(Hi 

~tt~•~o JA~~kW.mWm13ta", 
~L1t%c~i&t~f. @.~~:t(~fEJ~, :X;J -=fP ~ it 

) 

.. 32 

¢25 

10 

5 

0~>7-7~~~~~~~ 2 4 6 8 I 0 12 14 16 18 20 22 24 
Q;fffi]IFJ 
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~~o t:EM-~~~~.~-ffit£ft-T~~W~~~~~ili*, flP~w••~~~- ; ~ 

•=~~~, •:&t~mR~. ft-T-1\!PlS-m;~c o rW#JJtl#.fff~~~u•~~f&~JJJT.®~f'F 
Jfl o 

9. 4. 1. 2 ~ti1Sl1:{4., $:~ 

%1*re~l'~:ct•;a~~mr.~~~tlttm~rmm~:U~ < IR.oo 9-38 ) . 9!Ui:ilt;Aa!""Fw~m 

•0~~tt-#.fff--r•~wwm•~~-a~•o 

~~ r ~J!J./Jt h = oo jf~ilJ h0 Elf~~B>tfs] ; 

ho #'f. jRj 1m p;I JJt ; 
Po i! loJ Ili.iJ ; 
a *ft. a =

3 
4 

2 Jil
3
16

2 , ;J;l;l:j:r "7-7iHfs:WiJl, r-Ji!.WJm~~ o 
TJ' "1r 

~~ ( 9-16 ) nr~V-3iili~n-r=:~~~ = ~l /: 
( l ) T IIi] r

2 n\tiE It, f!PJi!. 00 .(!<] jij~~*, l \ ( ( 
~Hll~l!lt~fl; 

( 2) T IIi] TJ JV(; IE It ' ~ I~JHii ~ 8915 JJt ~ * ' 
=HF~a9l!lt~'ti; 

( 3 ) t" lliJ Po fVt& tt , i:iJ ~Ji!. Wai*J 1¥.J .fE.iJ~* 

:J:IFill~~~o ~!f:!~Po = flo ='Yt21k6i I .~Jit, 
WW*.:fJ~~ffi&-Tl¥1·~~-~*·~F~a<J 

h 

(9-16) 
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~-&~:ko ~~~~.·~~·~WW*h~~-~-~tt®8q~mW~~fflo~~~ 
r~iW-t-~ ~ ~f'Fm . ::t ~ ~w UilJmtl~~ ~;,t ~ •1t¥UiU~ ~ 2t1=:. i!.m t&~ ~ ffl ?5i'Ji!J'f. w 
9~h~·~·lli$~~-~~~1t.~~1=:~R~1tMo ffi~~·'L1tM~~·A•a~ 
l!&~ o 

~A~~1t&a~~~-~:~=fm~~~-fi-.,L1t&~-*WW~ft~~%· 
*~--.W--ffi~¥~*~··(~~ 9~9) o 00~N~-~~~,~~~-~-~ 

B.~rt·~--~-~ABo ~009~9~~. ~-~-1'-~-~--··· RPN~~ 
B>tfaJ~~~Ioiit~ti~-·~~~'~lo'iitil!i~~~-o ~IE1Jif!fJ,L1tM~C~~~:Iifm~~~ 

1'-~liiJ~~t~~m•. I!Pii~UFI~ft~~WWzfBJi'Mt!!:~*; ~iiii!m~1=:~~, b\rmil!iilt~ 

1iU$L~?l1l;k o i1<:x:J:~~JJI!i:t;m~riiJ:f!U 00 9-40 ~ffi, RP ~ft-T.iliW Wf:SI mi:!Liftl>\lfif);j, 
~immz~~~•iftl••~~~lii1B>t.a~~~1=:T''~·· , ~~··fi'' ~~-~~-~ 

:ltl~:gMt ~Woo JDP:!t:ri£~ o 83 =f~i5/J~~MtJ3lL fB~b\:fiHlU~ ~JJ~-,.~o~ ~iliiJ rL . *~ 
lfft'":k, 3& ~Woo Jm% iitl~JU&, ' L1ta)fUU?Vt:lifo 

No to D 

::-\ 
\ 

c 
N 

1th 

8 

I 

~ 9-39 ii!J-.*W-W..t~-T~'Iftr(t<JA~?t;i'Jii!IJ~ 

'o :!M'I-i!UJ~ll(ij] it~ ;fti B<J l#11!!1J.tflil • 

~~Ji:fE~~~WI ' tnlf:BI: 

• 

0 b 

oo 9-40 ~ .:r~ili::W w li!E.fflalili: 1'19m m 
a~-r~l!i::t'~~:VH!iifltB<J~~ . ;ff "Jl" :W/i!t; 
~ttrs;fti~l!io.tB<J~~.;n"~"~li!t 

dhl dt = 2-rrFh3 l3f7S2 ( 9-J 7) 

:x.t4' h ~wooJmzfBJa<Jie~; 

t fJ;j rBJ ; 
'T1 tl~Wt-~Wilf; 
F ffih; 
S Woo.!m~iii~o 

9. 4. 2 W.itiJBll'f.JiiRuUl 

'L1till·$~---~~*Bffift~~~*·**o ~~-~~-:x:l:W*~-~#~ 
U*ftffiC-T~Woom~&~. ~~~~~W8t'"B~~b\-~,~~~~~Wiii.~A* 

• 
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~moW~fL~~-~~wo~-M~.~~~~•m•~*~@o-~~~~~•* 
:t£1!Bllt.t 4' R9 tt'lai!ff~IHl , = 91U ?tftUg ~:tl tf!!~ 1'19 ~ ~ 1il , WHfHJf .Pu ~ ml ii!~ 1'19 it tl\J! '-1 
ll!~ o I!IW~~*lll~~~?HtU11til:-=f"*#~.:E~~~, i!#lmB9~!illl1lJ¥Jlli.iJ~.~tt E! 
1&1:11~~ ;tf ][~ B9Jfj(.~ 0 

Iii 9. 1. 5 ;J,~9=t:!:¥UB911l!J!Ltt5-IE:*J3r0;t.\ (9-10 ) jjJ;Jflli, !i-fiil.Jm89it~i3Uft!~JfiJi!.iii 

*hB9~bOW~*· ~!?OOJit.t~Jt~~bn~~~-·1'19~*W•~o W!i-iii~SOC6~~ 
~1f!Jt/t!.l c -!fJ nltlE l:t*~ 0 

6 = Cq>IA (9-18) 

s:.t r:J=l q> iffi -f*~U~ ; 
A tit -=f.f*fJUt iii~ 1f * B91Z3 -=f o 

1L~~HB9·dit~*AA!.t~l!P.71' , ;Jt~tfMt*~¥U:W-iiiitB95!ii?.&fttJ~ o ;t.\ ( 9-18) ~~ 

.!@ ttJ&iJi~ T .1E:li~~iii~tt1f!J ~1tllilitJ :W-iti Jmi¥J~~#fmf~;f~.W iii Jma<JiV!:tl\$?1-o 

M~ttHB~0~(9-lO)~·T-WB9•-.m•••Tim~OC~·o jjJ~--­
~'-1 .• ~-*~1*¥Q.!@,i!~'-l*••Am•~~-~o !i-OO.Blt~~fL~~-n 
::ff;ko ;kT-'L~1f!J3'&R1JWil'l91i1f~, JAJL{IiJ~.SCt N~ T 'L1t1f!J15":fitl11f'!l~~fL~*l=H~. 
~11:~¥ ( ~~ 9. 4. 8 ili.F~it~) 0 

~~'L1-t~Ha{J'L~tLT-?t'-lr*1~ !:f~ 7'~-=:m. ~lf! l*lm'-l?t'W:;t~. !:f:!m'-l~oom·!i 

~m.7'~m'-l~~•mo aw•m~oo~0;t.\.~Wfr!itt~l'I9~~-•~~*T-*m~?t 
~;f't!trr-=f:k;J\1¥.1;k*j;: 

~ !:f:! :fr115£ffl t'l:~ ; 
8 ~oofr!iftff!Jm~•; 

C ~ij{*•o 

r = 
8 

.fC - 1 
( 9-19) 

A (9-19) ~gij, f:E:fr-=f*·~~a<Jtlli5fF, ~jj{~·~:k. Mm?tm:•~~ ; IW.Jst 
tl1~gij , 7}-=f·KJ.Jt~*l¥:lil1ti?t-=f,L1-t1f1J , /f'nm.~Vt~ll?t~~~~ ;~llHfl!'L~~*fUE~fL1t 

r-!lf*¥ o 
~~r~a.woo•••~J¥J.t891!1•.~1f~r~~-1*¥a.!@tt89aa. ~~.JAJm5Jii 

N~~~a<JMJ.t?t~-M~ ~ ft-=f*@~~AB':J.~ o 
( 1 ) ~ fMt!fJ M •s!ii!.t a<.J f.lJ nii!J o ?t ~ 00 9-41 llJ ~ , :tl.m.rhff:J 1'19 1¥1£ 151! ~ M 00 5lt ~ :W- 00 5-!E 

~~~.~~OO!:f:!*·~~~~~ffl~~~~iii5-IE~ o .b\h·~~#U.V·M~~5lt~ 
~-OOa<J~W5-!Eh~-~~~~B9?tMQIWJ~OO·~.Wm5-!Eh:k~,~·.1J~W&,~~ 
.Y;.t~~ ( 9-20 ) : 

'Ys = 'Ycos(8) (9-20) 

Jf?fiil5lEt.J EJ9~ff;t~~;{f~fiijfr!it£1fiJ:t£~JMrjjj5lt~1f~o J!!Jtt, jjJ !;Ajflti[:-=f-1'19~ i5 1 ~~ 
=«.lilt~ :t-f: = tt: .:;- I'BJ 1'19 ~:s: f1= trH! Iii!? iii 5lt I!& 1111 mil!~ 1'19 • ~ -~ m ~ ~ * ~t.J o :tE 51 t.JB':J 
~m~.~ooMtt~:a:•~~mx8ilia<J-ooamc~oo9-~>. ~w•~•5lt•ffh~ 
~tJo , f'.!P~ i1iH!ff.l~~ff£, .b\iffl%.1Vi:~::tr -~~fiirt!JfJ rr~~.!@~Mo .JO!kff:J~:k, 91U J!.f'lt51 
t.J~m~Ul~~!i o 
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f)"' 
I " I "\. 

0 b 

oo 9-42 m.ttr~i!ill'1*itiffitt~J?tr?t~~~ 

a-JIB~~~ at~ Tfiif.!it't)'fiJ~-T-~?:J~Hli ; 

b- UJ! 1li ~ J1I at W Tfii ~ttlllHH ::!i ffi '!& ~ I , 1.lHR 

.ti00~$WMttME$~8~~~~~~bn~m~~~~.MW~ho~ooa~ 

a~tto ~~~e~m~~-ffi~~~w.~~~ww•~~~~oomttm*~&~~ 

•w~m~~~•.-g~m•~wmmttm*~*•*•~.~oo•&af~••• 
rL T o 

(2) *11H§til:~*·&x>J"~J!j{a~~oi"J a A-~ -JE•Jn!k~~~~ ~~ 8 Ebtil:~.g,Rd3 iita<J 
if11:!i~51, %1£-;f!llU\~~:ftJ (,!A!.~ 9-42), 12S!Tffl'E111Z.I'BJ~f1=JfJ}J=B:;fl!l:!i;$ur~~W'i=' 

1H'&:Ji!:-;f!ll51JJ o ~I JJ Jig:;k;J'~~ T ,W. 00JmJigfJ.JMiJ.!Jf4L 51 }J ;HltlmtJ!JJJt:k, ~z9ltl'J', 

Wi 1tf £~ It~~ 0 Tffllf-~111 51 j] ~!I& fi ffl-:!a:4¥ ~ ~.ffi • f8l ~ .R ;ij" ~ f-¥ , lf! 1'-~ ~ FJT ~89 -ft 
j];;tjg~o 

E8 W4.ffi 89~i2s~PJ ~ , *WC;ftV~.li:~*q£ ~~.ffi.$;& tt , ~f-¥ ~ llJ l~H~ W ~ it-?t~il-'ffl 
•~*@~fJ.JMim~•~lto ~M.MfJ.JMa•*~~•~wmaam~~~"~·m~ 
:f!GfJ1~j;-iiJ !V-~f-filit: ~IHf!fJ.J ~JmJ!tl{i[tlt:k, 9!tlJ<r JJ5Z ~51 JJ ffitJt;J'o ~¥-f~il"ffii?:T0 
~.~~~,,~00·~-~"~r~~*-~o 

J3-1Jim, !JL~¥19ttiL~~~J,, ~Wimflt~:k. Ma~ilJ. ~~1!1ffl!HMH!RJl\ ~'¥itt 

~~ ; -N~tiL~J&t;J', ::ftlWH~l9J~~ , ~~-~12Slittmtiffl~H~~:JL~oi"Jjt8~tto 

12Sllit , ~L~· ~.# ~~ ~~N~llf , *~-ffltil -=f * f~J~W::A:::f 151!:l:l: @:f11 ~it ¥lH!T dfu 891ltr ~ 
""'F, ~ii~l&iil:k-~o Miffl, ~IW\_tAE!*1*liEE!f;(jff/9t'r~*~~~J,~.f'JT~8911ili~tiL -
g*@:l:l::k89&~fiA.a~M~~89a2ttm••~~89-~<~~~m•*-~W 

it) o ~Tffl&iiJ!V-~~~111*B~tiL~*@:l:l::kA~-~~-~.¥a~~~~~~-@ 
«iJ~W¥*-~t'I9?Vf~ o 

(3) ~~fiA~-~~89-~ o 'L~C-=f§M~RB;(jf~~~-h-~~~-~898 

•*#.m~••,L~ . •~m~Mfi&~~m~m•~•~.~ffi:l:l:i1Y~~••~fi~ 
A••ll1.~~~~~w•~~-•~·*•~a•a~~fiAua.~;f!ll•$t1=JfJI~ 
~o Elft"~-'tld':rft9~fR£f&tJ,~B*89~~, {B E8 =f-~A~'It1;(jf~jij, ~5(1*1'11-ffl~~ 
-=f89~oo•~~•$o MTffl~~7~ffiM•89~~~~.1li!WW*JJy~:k.~~~ww 
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Z~~··gM''OO~~~~~~--~~~~*··~*.B~BOO~&&.~~·m• 
tf~Jb~ft, ~}Ef£F1fi:~f~ o 

P'J:.fF!zJiJr~ f1~1£11ttlft r 1¥~/f't!Ttra. -)fW£m :r v"l :#l~rtFJ-¥~1.tVJ'. J3 -1fiffm 
El:l=f~~~ra~~m~~~o ~~-g~~~~*~pgffi~r~Jb.#~~-~~~&tr­
Z.Fo. ~~~~~:ti.t~UJ:-t!75 l~llf-tili~ P-Jii'H~-Tifrfa. »-rm~4:-#:ii~&J.i.\Z. 1£~a;t 
~P'J~~WM~dE*~&tfo~~A~~~-~mag~-·"·MA~~-~OOS, 
~~A~~-.~~-ili.JAW~~~~H~-t:W~·-o ii'H&. ~*ii'H~m~A··~ 
~A4&~~.~~w~~-$~ffl8**~~,.~~~-~Q.1Ett••o m~•~~. 
~~~Lft~~-~L.Fo , :(!Q;!~Hadlr~t\L11Hill'J', ~Lft~H~71'~)1c-t:if1f~J3r~, jtttB~m 
~1&71'. o ~~~~XW..rA\#71'7f Jlt , W-1:511£=f.litB'1!1Lft:ttHI*J $~ IUi'L.R >t1EV1', ~rib~§ 
tt*4~gtiOOfJ=H1Xf'&•*, :fl~J=f-~&J.ii ~ii~o {fl.2:#tt~71'~~~, ;ltt;J~~fEi] ~ 

*·~-~~~~H~~)f~~~--:fl~.ftjtAMifHM·~~~m~R-o :(!n*B* 
TJ1i~~rtll:fflttf~~~L~fl1J, W.§.~L~·· ~J!f, !¥Lft~HttO~t.t~, Jl:tB.J'IW13t!~ 3b~F 

~, E8 =f ~ 00 fJ{Jirottf117t~U~til-=f~;J,it9?:J~W-f&~£1!~~tilil1:~~'J'~tt~ mi/1'~-ii~ 
Atn~. *l£•*-·~~pg·M~~~~.Miffl-~ili·~~A&X~WWS·~­
a . m&•~-fL~:I$H&fL#)1c-t:WW •• o 

ey~,t!TA~~w•w••*~&tf~ffl.ffiMCZ.~X-~~~~~.-~iD~­
~~;Ett,-1fOO~~~-~A4.J3-1fWX~~-tD~Wm~~No 

9. 4. 3 ~::tJiii.t~~~'li~/1. 

JAftriiiXif~{t~~~ti~J~~i1~~7t~, !tfflilJ~~i:±l ~r~~ : g_ilijfl ... JII!.W* 

~-·~~-~----~-~tt~~¥~·0 
:(!o•m•MM,~W*~~:ii-ii'H8J3r~~--~1f~~~~~~-~-.--1:51· 

X:fl·~-~"ey~.~~~-~:fl~T 8 ~~~~~~m~o·"~1fC~~=~-~7t 
~~.1Ef.£~f-1~~~~·~~~~~7t§}IJ~tlT-:'& 9-37 :!if§-Wj~ D 

. 
• 9-37 ta~t!~=-~tHHJT* 

1:1: Pi ~tiii'l 1f.ifii~JJ IIi lf •lf.a~tt JIU1i~~tt 

EL :l'Lf.I:J.'Iit!j ;)c lj\ ;)c i\1iflU~ il'lif.lif.S 

m.-* 1 1] \ l j\ l j \ ~~~ ~-~ 
UH~2 1]\ l j \ ;)c ll&flflll ll&~i'iti 

tJl{l-3 1]\ ;)c l j \ ~n~ 11£1~ilti 

m-;;:- 4 1]\ ;)c ;)c f1U'U5 ~~i*i 

!ll.-*'S ;)c l j \ l j \ j\ljflt~ il'liil'li-11& 

~'111- 6 ;)c 1]\ ;)c j(ljf~~ ~ jij'jf.ljf.lj 

i.fl11t7 ;)c ;)c 1]\ nn~ i\'li11£-ll& 

!Rit8 ;)c ;)c * i\l~il'li ~-~~&itt 
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.ftll;WdJ..:19,L1-t~~lf!£A$:J:::f~;f;f~~ C :~:t1'fi$t~~}~) ~~, lJ~~ill.~ 6i*~:lil¥J 
~~~~-~o W·:Yg·~~EL-~;f;f·:k~Mti~. -~~~fi~~~~--~§Mffi 
l.liff JE~ ftE!Tl! - 5J!u ftlf ag JE ~fA: o 

9. 4.4 *mffi~~~~•*mffi~~~~~w 

9. 4. 4. 1 ~i!J.E. ~ Jt)(_ 

~)ffffi n ~~)(~ Princen m,~IB<:J, 1:EM.fMtjij:Yg~~f**lfl, ~Dr :r.tlfrtft : 

n = t< 1/1) n.c 1/1) = t< 1/1 )yK( 1/1) < 9-21) 

;tr:p /(1/J) ~7-1'81Mt~~tilJZ-iiii ~ lllJ~,~WtRB<:J?t~; 

n. c 1/1 ) I*J;ff.!ff~; 

i' Jr. iii*~ ; 
K ( 1/J ) lJZ- t!fl tltJ .$ o 

::t:x1tlill.UffL 1£ ftfMt:lll :k "f1? E~f* .If! , Eb1 P'J ;tg ttl 7- 13 Iii ~ ~ a>t , § . ;fl3 ~::t: 13 ~ j:jg mL 
A , i:l!,;::f 13 ~ ~ Vit tl:l Plea tau ))] Jr. , )! ~-#Sf-{ii :t;t ~ , ffill.lt :1! B;f B<:J ~ ~.ffi & ~ ~ "f ~ o 
Ml!-4tl:l~.aill~)(~b~:k"f·"~·B<:J·~.ffi~: 

(9-22) 

.it If! 1/Jo fJJJltt~tR,H&; 

I< 1/1 o ) , K < 1/1 o ) ::$t iJ'J 1-Jfl.l Mtf*f.R?t~ at B<:J ~fMt 00 ~Jt?t.tU'03JZ :iSJ fH3 .$ o 
~~J:~~~n-ti:IB<:J.~ff~~.A;f;f~T~~:Mb:lll~:k. 1'8'J~~~?t~r~ 

-~.ffi{!~;J\; tltl~F81 X ~B<:J3C,~' f!P.jffff1-J~B<:J,r,?: UL1tl!if!~tifn 8<]~:;,1.;:' loJ~{.R?tfi 

:lfl :hll B<:J 1J loJ l$ i9J 0 

M·~ffi~)(~(9~) ~~Uti:I •• Bff~-~-~T~iiii1J(~,ttbM,&r* 
affiSJZ-~ 8E•••~•~w~m~.~iii*h&•1:E•-~~.:r r J:.MM~&~a~~ 
1/Jo fn/(1/1) B<J~U(nJJ:, f.il:r-*~l1JSJZ-~ 8E$.!l!IJ&~i£ K(l/1) 4'o 

9. 4. 4. 2 *~i!J.li ~ '*" t!: 
rn 9-43 ~ffi 7•jffffil'3~fft?t~ , ••• B<:J~•. m rn lf!IIII~ ~;a- t1:1. -~*• ~~t.R 

?t~Jj\"ffJJJltt1*t,R?}-~"' ~~~fft~·~ff, &;<:.!QIJJ"'~JEB<:J.~.ffio ::f)t~JEB<:J·~ 

ffi~~fft B<:J·~ff. U::f~Jr~Lf-t~~:i!~§M 2.o -+- tifi~Ro!=O' 

ffilliJ.ttief.U~'Lf-tM~a~~:tf o 1.s := ==~~~: 
~•&*r~B>t. IID?&~·~$t*~B<:Jt!;~ 1.0 :::=m=:=~~ 

~~~~.ill~~~~~a~ffi~1*•*~*~ 

•*~x 0 ;ff.l & • JJt "?tla ~ tJZ .:r 13 Iii ~ oo ~ • I o.sm0;:::4l~FiiC~~:........._~c 
:iSJfl!l$!tlttW :MH*~*~B>tB<:Jffi~ lfr:lfl:hll, :1!~ 0 

o.1o o.so 100 

~MM .-?.t We -1*. B<:J itfl: ~ ~.¥? 1±1 * o ». .lf ~ 1#1 -o.s ~:-~­
- l .o~___.-'9--~. $~"f~W-~FMRMB<:J.~?t~~~.:i!R~ 

-~~~--~~;(:EB<:J"~o M~·?t·f*-~ 
@~~*;{j, ~jff.ffi;J,"f~ B;f, lJZ-:ISJ fl!l $:fl~ 
~,B<:Jm•.mm~fMt:lli•*B<:J~•*~·:i!-• 

- 1.5 14> #'!~ l:!{ 

00 9-43 71$ :i!Bi .Ej {;t.;¥t?ttt ' 
tl.*tifJI'l<J~~ 



~'~~~Bo ffi&::k~~•~rrm•••~*~~•~*•w•~••.~~~~~H* 
i$i~P~·j;•rm, ~--~ltffJB~.{f~~~XW.OOIJIJT o li!=f.~-&~~f£~*89~$. 
~~--~~•••-*~•~M::ko m••~••-~oo~wwm~~. ~-~-~-~ 
7~-~~-tt.xt•B&~-~-~~-~~W~o 

M·~ffi~~~OO?tfi~W~~~~-~. ~Pf£~-~-~-~--.::kMOO~~?t 
~~ IV-~~B>J", -~.ffij;~I¥J~%dH'?.~J\;ff$Xj!f~~)Ef.£ o 

9. 4. 4. 3 ~~.JL1t.>llM :+tl~ £.~~4tjiq:$:~~A.?., ~ =*: ~ 
( t ) !tiM!if:J.x'f~·~.ffif.(~~~~.o ~IM!if:Jil'IA::k, W:Mi-1*~?1-flx ( RP~·~.ffi#fft?t 

~) ~~::ko f£Jmjf:;f(JX>j=f~T--*~RIIV-~~B>j, Princen ti~T"FWW:Mi#m?t~liii;Jl 

IM!1Y~~-: 

l{lg = 0. 7405(- 5
3 + 9

2 - 3) 
cos (} cos (} 

(9-23) 

. 
~nm 9-43 EJT/J'\, 1:lfB!I!fFI±~::kftit, J*J :HI*-li:T-:Jtml¥1WMt1*m?t~~~tH:R±~::k, ~~1!! 

~-~~-o ~W.~~~~MtifA::k~~~~?t~::k~ 0.9B>J",a•li!=faT-~•~~ 

fFffljJ, %~-f'PIXJ1JttM:ftJ o ~f!I1 M:ftJf!liiff. 7~-=f~;fB.::<;J'ffl';b, .x-t*li:T-~~.ilff.I~?'Jf&j;~ 

~.~W::k::k~~T~~~~~•mo ~~-*~~~~H$ft?t8~~~•m~~~RJ 
IV-:ff¥!Jo EL *J'J~L~~HA:ff~::k~t!.iUfJ, _§_~m?t~fij;=fir~fi. -tl!.~-1-~~j!f~ 

fiJliEo 
tlfMtffJiE:lJHm:.:!~l(o]f*~~9WMlf*~?t~»~W IBJ~t&·oiu.J~~~-~ffio ~~~a<J~ 

~1*~?tB-fili!~~~-~~•&$fi••~J:E.~~M~~::ko~~~-~B~~~ 

~fndtffi~-%~. 8)t~~JVtW~~~~?tB~~~~«CfJ~?tB1R·::k~iWU~ . MW~~*·~ffi 
-we•~m, .!;fi:U~J£tt~fl~ o 

(2) ~L1tWHJ*J;fH~T-~t'L~?t:ffi'.x-t~·~&,~~~Piu.l o ~~I¥J~L1tWH~*~, !JL 
~tlLT-~::k'J'RJt;AlJ' .. !iltJ~dfili..@~fiiE~?t:ffi'~, W~:l~J!I!i~Ht9Jl!.?tf&i*~, $ft?t8tt.x-t 
W:M:i~m?t~I¥J~~~a~RT tv,~~ o bUJ"$jt?tftH~*W:Ml1*~?tf!~lt1HJL~HU!i!i* 

iiJ ~ , ~i~HiEt'I T-?ttU~ll a9tffi lfE1il 1l a-1n ~ W:M:if*m?t~Z.IBJ t'H'fff~ J£ 1¥1 !k ~ o ~ ~ ~ 

m~~~*•~~~~~•Am~••alli-f**· ~m~lfE••a-,.•••~•1*•~• 
·~EliA'i:, ~.§ ~:fffi?lilift~f.R/tf11H;.'tl:iiE-1-f**~~-~ffi~ o 

9. 4. s **iSLEmm'J 1¥-JIJ&i.iE 

1:JT~YE~~~ff~9!tl, .::<t~.XEf.£~il1lil¥! EL *-?tl~L1t:l$&, ?tjjiJ:il!:ffT 1*~Qjt. , 

Mti~~·~-Q~?t~~~-~~o 
9. 4. 5. I iJI]a_;;5-;t. 

~~ffi:fiJ\a9?J!IJi~:1J~j![J""f: 

( J ) ~*~?t~~~JE:1J~o J'G?tjjlj~IJ:!i~L~\!Jjtp filii~~~ li p. , it~$L~¥~~ 
~~?tat/I.E~~*•~~~ii•~mM?t•A.ru~. 

(9-24 ) 
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VJ :J} itffif*mo 
IE < 9-24) P:PT ~ 1±1: 

ifJ = 1 - A .e_ ( 9-25 ) 
Pc 

( 2) tt fMt#J a{] VI!~ J£ :tn! o l{ir.:itlii ~LJBC , tlitl Jt Fo 1-El!P. t~HJl T lJ!~ !t iW 1'-;!'IEf. ~ fMtt[ -T 8{] # 
~~ R I :m R2t;J.liUli iW*'1 -T 'tT .c,, :tJ 1c.1 ;ru: -T 8{] *~ L, 8..t nr 1;).1JtF P:ii-~t&fMtff! e: 

(J 1( . X . X) = 2 arcsin R + arcsm R 
I · 2 

;a:rpag X PJt;J.~;t13J(~T~*>1t~&-: 

L - R 1 - R2 = J R; - X2 + J Ri - X2 

( 3 ) 1JL :itg tlJ: ~~Edt ;{ff o Jf!U~ ii ~L J& tlitJ Jt , ?& Fo 
.ffi~-~~~~~fLJ&tlJ:-=fB{]~~,~~~o 

9. 4. 5. 2 i'Jll] ;t_~ *-*"it~~*-~ J:t~ 

lJ!~Ji:~*: ~LJ&tlJ:-=f1(~;(E 1 ~m ti.-;(5, ){;j"~fi~ 

?fE{ij)& -:tJ o. 2s tr.1:i, ~m~~ 89. 4%. 'LJ& ~ ~ 
p = L 44 gl cm

3 1* ~ 8{] !i- iii ~tCiJ /!' ::k , 111! ffi ~It t3C ~ , 
~Mffi-:h 31. 6° C 00 9-44) o 

~~~•:•n~•~ffiaru.~*B{]!i-WHh 
m&1l'~~. -!*m~~-:h 90% , :xt~t'J\ ~i\iU ;§:-:h o. 25 

Bt, t&MffiB{]ii-~f!-:h 30°o i*~B{]~/l1:E~~~{j 
B<J ft1 00 pg li)z ~ :ti~ 0 

;lt1tl!.iW1'-WC1r B{JVJ!1JJ£~:W:~tl -T~ 9-38 'fl o IE~ 

(9-26) 

(9-27 ) 

9-38 't'~!ISPJ~Ii1, t&Mffia9jJ!IJJ£1Jl!WJ~~1t~ltt3Ct&ili~ o u!Hi-m~~. :i! J.ilZ~~'L 

f.ti'F19~Mff:l I¥Jm- ?X lj!lj J£ , IWJ fJ;j -tiL:!ikft tiff:! Q;: -~~.(£'L f.t:l$19 'fli¥J tr ~J1Z.ffi o 

*" 1§ ~ ~ EL MGW SB 

~~fi ~.ti1fll (•) 31.6 33. 0 27.2 

i ~;l'j:ffi JUl1lV (0
) 28.9 31. 5 27.3 

9. 4. 6 ~LJJlH;j ~ 1¥J ~ $: ft:iE fJUI 

:t£!¥LJ&~ ~ 1¥J ~ ~ ltl~ rr , 1>\ ~~$~it I¥J m ~ t PI !;). ffl Bm :!~!!. XW.~ JIJ ~LJBC.t\l -T-1£ ~ t}] 
rp t¥J ~ lcJ ~;bit~ ' .#-fi~li ~ 1±1 j&ty:~ ilii eg~ I¥J tt~ ( Q;: f!l1~W:.b\Jc!~ J::!ik ~il" ~ .~~ 
$119 ) , I!P1£~J£MI*I'LJ&tv:-T-rlii iEt&f$;tJ, ~!1-LAAJ&tftiulfb.t&f$;#Jo IWJEJt;ff -~;J,t¥Jft 

mtiilluT!fi.J&-f*~ o 

~-~-B~-~ .~~~Bt~I¥Jm*.!ll~C-T-1£~-'fli¥J~~-~.It8~~' 
~~~&/f'~T·o~~~"· 'L.i**B{]It~$~-.~H~~i'FttftT •• K~~~ 
~ ~%~~tt. ~'L , m:tio ~1:111¥1 lt$.lt , It~ ttl. f.ftjtg ·f~JiU:®:f~-fi. ;it It ~{Jli:~ J.t ~ 
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~0 ~•~•£~~~.~-H~~••·•••w~~~-~~~~~.~•~tt~~ 
:<::.11*1~0 

9. 4. 6. 1 W/ 0 ~~~69-ilt-t.A~ 

~L ~:tt§9 .I& til 1¥1 M ~ JJi!.~;.I!!:A fl1 Jill# 3!UB 1¥1 ~ T-~ * iti 7i!i tE jf!J 1¥1 ~ loJ Et!.1i\f JJI! it JJ!TX ~ 
~~~¥J.~~~~B~¥J~~~m~~~T~~JJI!it~*m~~m-~lol.~~~~~~ 
~. WA~-~~-~~.m·~~~R~o ·~·~fi~~eyg~~~A~W~~: 

('l) ~L1t:tt§9~LJBC~.* 1¥J.iiiJt.~qiiflJI¥J.Wnstt, :(£~L~~~.!Vti¥J:l:ll£9=', Jl.~rw 

mttt¥J•oomtt••~~••h.@Bh~~~~m•.~•tt•~m¥~•~•T-. ~ 
lll'f.f~~.*l¥1.00 § El3 00, ~Jilt-Jif :i{!~H4~~tla9*~lif o ~fl! Ff!fil} R#.$B n IQ;t 51-I*~ 1ft~ 

• fl:fR:I¥J&Et!:;tTtii:T- , ~Jilt1J~m~lt!.fi! o J.ilZ~ ffitl:l, ~~~ft!fi!~Jiltl'f91Jl.it"!l:fl JJrJT-•T­
~@~. Mtt~Q;tm8~¥JA.$Bh~,~~n.~lt~Wk~~~~~:;tT.~~~Wk~~ey 

~ft!1i\ft¥J~T-.Mtt~Q;t~~~-~~. -~~tt~-rc~ffl*~T-) ey~rr~ook~~tl:l 
$Jleh, . IQ;tllf.t-:xE~irt8~=lf~til:T-, tl~J~~ibt. ~i~~T-~egfi!f¥:(£.!:3~, IQ;tllft~rt!.m~~ 
{1!(~fffto 

(2) :t£~LJBC¥.J.!fii¥J)Joi~~J:f:r, -A5Hl.T~rtliit:tdE~ , 5l~h 1¥J~M, 151!~&ilblJ(~;f~z 

~~~-~I¥Jm~~-o ~T~It!.U~*ibt.tE~~-M··~~~.ey~--~~-T­
~{.lj~-~~.&8•w~r:g.y1¥J.~ttW~~M:t£JllCC.Wkf¥m~*· ~p~~~TM 

~.~ey~~~~a••w*r:g·~~•M~~m.~~~~~m•*~~~ff:aT~~ 
:bOI:t1:~'fl o ~~~:;tT~·, )Ieyf;!5)jQjJm:IE~I¥J~~~iiii'EiJ ~~-I*~ It! Wi:J l.iEL ~.&.;f)J:T­

~~-··W~88T-''~~*~'',Mffr.l&&•iii~o ~~.w••~~~:;tTM~• 
!!? iiii k.%~m~1¥J€~eyn~¥J o 

(3) :t£~L~~~r:p, I!Jfl-fff~ •mtr-1!, ~~11.t~.* If! ~1WEt!tl:T-)).. J:f:r ·C.· lolft~~itil 

M.~~~--~-o ~U8--00@M~~~·It!.R*~.&.~R·It!.··~C~T-It!.M 
•mtt~~~fL~~.*;.I!!:eyft~). ~-~~:;tT~~MftD~&T-R~·~~-.~--T­
R tfl •L' It! f,ij 1¥J!~)JD o 

(4) * Span-80 !}1L~W§9-f*~. EBT Span-80 ~T-D9rl1l~~¥k*:;(;f~~I¥J~T-zr~ 

m.~-~~-~~lt!.M~~~*m~•Rm. ~~~•~a-rey~•~Rmm•~·•• 
~~~~1¥1-~tt~+~~~~o ~~.A~~~A~·~-~*~~~~~tl.~~W 
~i3 1 Ait!.ftttt~j(I¥J~~T-, El:l -T C-CI TJI!I¥J~tt. :tE&tll~oo~Jilt-~'fflt!.IN , i*tf'~ 

I&~, :l!~JME@.:;tT:l4FffJ¥1JT-~.*~}E·~~~~ o 

(5) 'L.I&¥1Jlt:.f&-~~~§~, ~~-EI.lll¥1~~1¥1 WI O ~.f*.* o .~H1U!U~B.7J''L~ 

~H.I&8~W~A-~~-~a9$W~M~o ~T-~~~-~~~-C.*m~~I¥J~~ 
M~~·-EI.m·· t¥J~lf~~~~.#~~-JiltAfi1JJ!fma9='~JJI!•~•~-rmo lMI'f9R~ 

-d1~eyfrujC~:fSJ?:J-B , $WJDB!iilf~5JS3a<J~-& C lf~~fmf¥1£~~~$f.ft ) ~~;ffl*lt!. 

~T- "rftl:tMi" I¥J:IIk:!a'iaiti:; :bllZJJOI~~tfl~iiilm~~i;IJ, :fSJeyi31.i§JD.l5!J.f~£~$m~ 

•.~~~~T-~~*•~:t£~oo~.w~••••w•lt!.. ~.~&aamm~¥J¥@~w~ 
••Jilt1J•mr•T-~~~It!.mo X~~mmM~,a~•~- ~~~~~~~~I£, 
~~~~~~~.&.~wgi9J.~~w~~~~~~~~¥J~i9J.:tE~i9Jw~~*a<J~~.ey 
~&ts!iilfiUt5P;~¥J~~£~~m "ffll:ta" ; ~'~· ~m¥JJjpjft~~mn~f¥iE. ~ey~ 
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~~wm~m~T~~$~~, ~T~~w~~~~W*~ o 

m•~~.,L~~R~••*~d~~•~w~.~~~~~~-"••#~•~" 
®~ffl o F~~~.ftffl~ffi~W~~%~~#~~%~~~~~o ~W-~~T. R~~ 

ffl~mff:t£, i.tff:t£:«~1-t~-lli:; R~~.fflfEiJ~1t$-lli::lf'~, i,t~,Mf:f1tfr*~~Ttl9!t~ 

#. %~1-J-~::k'J'~~W:~. i:!:~~~~m~W:o EIT~~~m~~.ffl~iiiiEITtif~tJ9tf:iii 
~~•a.R:If'~~~~~~~~~~~.m~m~~~.m~~~.••~m~~w 

s. ~••R~•Tu•oomtt~~m~•~•-•~0 
9. 4. 6. 2 W/ 0 '1HL&#-~ {!(J t-1/::f.t;t~J.tt 

t£i1iS!JLJ&~~~~~·I1:", ~,®l~"~~¥1J-«Eft!,LJ13t~T#t:!i~~ti9~1.7J~ffl~llll 

.Ll:*li:T~~tJ9f:l~.fFJJ(J9~ffl o t'.£Tfjjj(J9si.7J* El m;{'!t~si.7J, IZil!ttM.*~J:~ . ffffl!JL~ 

~-*~lHi!:~JJ~:If'~~-f*~; 11C!m Gouy-chapman-Stem ~~l&~~~i~,m~, ~~1'-~f.IL 

•m~~•w~~-~~~-~~-~.~~~~~~~m(J9D~~.7J o ~~••.~# 
R.7J ti9W:n1-Jae~a~ttm~7-#&ao&£a~.,La.f*~••~.m~~••T 

•w~•~~ocma~tt~~~~m~~~mo ~iS-~T-~tJ9.~8~(J9. d~~~ 
ag:f:R~. ~~m;~~si.7J~Dft!RJJ:tttEI:i!itJ~llltTL•~!tf:W: o 

t£~~tl9~f:fM~.~~t'Lffili~lli. ffiT~~iiiiif~~ft!~ag~~.~~::k~-~ 

*Z~o ~"ag~~~-~f:ft£.~ (et!m~~ . ~Rag·~~~o &Z, ~~Mf:fAA~ 

g*·*EI~ffi(J9Cd~~~ti9> &•T*A•w•.~•••w~~m~~•&•.,~ 
fil:~14Jf~f~. ·iii~~m~JJ~'J' , ·~·ii~fft£"F~. ~*~loJi~UL , ~~. ~~!JL. 
~%( 0 ~tt. M.~l!$ ·11:~~5t1t3tEtf, JBHiL7&mfag~~m~m-( ~fft.$Ll13t1**·~f.:l: 

tJ9"~••·· o eP,(~&••~~fi1**8~~ft•.•m•&~T~~••M~~~ 
1t~~~mtt./1Ji:~~~~-¥~o 

~"F·~~R&TZ~~fflli~fflRo ~m•&~.~~--Mffi~?:t~.~MMT 
.7J~W-JJ!!, EB Landon j], Debyn j] , Heesem j]llJ ~ttl Vander Waals ?fTSI.7Jfftfm0~ o 

4 

..k - - ( 2 2 2 J.La 3 h 2 ) X -6 - a X - 6 ( 9 28 ) 
'l'aa - a . ~-'• + 3 . kT + 4 Voa. - - f.' ... -

~~ cf>u ~~T~~~$s i .7Jm~; 
a . ?:tT a ~mit.$ ; 

J.L. ~T ~m~-ootJH€ ; 
~ ~T~T£~H*TagW~B$; 

h tU.t:l.% 1it ~ ; 
X ?:tTfBJI€"$'; ; 

{3... 7} T .ff!li ~ffl~!l;i , ;Jtffi:~.:X.~ : 
4 

2 J.L. 2 2 3 h 2 
{3.. = 3 • kT + aJL. + 4 Vo a a (9-29) 

~ (9-28) ~~. ?iTsiJJxrtfft1l~~:!.it~-'=5?:tTfsJJlE~~~~~.rtz&l:t. re~-0~ 
ffl T ~L 1-t*l=R RC tJ9 ;f~li ~ ffl , llJ ~ tl:l ;M.: s I .7J 1ft n :lli {gt~ : 

(9-30 ) 
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it !fr <1> AD * X!il.~ «z fi3J 1¥1 ~ 1 JJ {)L rm ; 
· A11 Hamaker 'iitfi, ~1iE9i:X!il.~~fBJ~ I}JS!Iti¥J~ , ;ilt!:f:l: A11 =/37r2

n
2

; 

n !)i{)L .u:m !fr 89 tlt -T-1-ft 0 

it(9~0) ~it(9~8) ~~I¥JA.~tiLZ~I¥Jffi~~mn~~~-(D) 1¥J.fr. 
lilt, ~-ifrl'*~h a ~.!tiU~tiL11JE@., *i~ Gouy-Chapman-stern )t)'(E@.JjlJ!I[i1?;, lliffl Pais­

son-Boltz-mann 0:t-\, 1lJ ~:±l ~~1'JBCtil1t:ift~J;Jlt7&1M~F@.fi} ~1:_3(:~a1, ~ IBJ 89\f#EI!ff 
}J{)Ltm0it:h : 

( 9-31 ) 

:a: r:r <I>R ~tuR oo ~ EI!.Fz! 3<:1l~t-t Jl: JJ w: rm ; 
e fl 19! I¥J fr It!. -m· rx ; 
r PJU~ Jilt tiL-*~£ ; 

t/lo JBH1*1M~tt!.~*W~1ft; 
K $"'" ijt){)'( ft .Fz! }!J It I¥J {ftjfX o 

:tt (9-31) *~Yl, ~~-t.IISCttt&:ili¥U*OO~Et!~xi:I¥J~JJr, f:l~fi}Jil!d.!~*· Jtff: 
JJW:flli~~~•(x) 89*~~m~~~I¥J*~ o ~~$:ili~~EI!m~~I¥J~It.~~:±l 

$~~*1¥Jff}J{)Lfllio J!1fi¥J t/10 ~~t!r*IMEf!{)L, * Gouy-Chapman-Stem ~tt!.JiH~~, ~ 

?tltt~J!1JJ£ K- ')}.. Stem 00~®, ~B1J}..Wi1?;...t1lJJ13 Stem 1M...t i¥JEI!{l'r 1/16 ft~~~a:~E@.Uz 

l/lo , W 1/1 s m t£- JN-•Ifi ~ ~ ~ ~ 'iitti :ili t ttlli , ~ a1W 1l1lJ ffl t tt {)L 7& ~1 l/lo ttlli I¥J *11\ o IE 
~m~.~--~89(EI!UL~TM1*~1¥Ja~ttB•~*Z~I¥J~.ffl a 

5\J~JBttilst¥JB IJJfflff:JJa{J~m:~m. ~~~ C9-3o) fl:l;r.\ (9-31), .JisCtiL89.~- llia~5 

~:~J :55 JiMO ~ I¥J ID ~ : 
, 

1 2 ( - Au 
cf> = -

2 
erl/f0 exp - KX ) + 2 L21TD 

~{iLfmtltl~m oo 9-45 *~0 

M lliflli tltl~i'iJ ~~ :±l.IISC~.~Ui:fmlllfi~J§,!;~ +; 

1ti¥JMm.o Jl;!:f:l, ~~ E(l ) Mff-~~i'ff:fm~ 
I¥Jffl~o ~~~cmm•fi.am~~m*~ 

1!t 81 , JBC *li: fBI a9 ~ I JJ U: B ~ Jt.J , • ~ {1L ftl5 1u ff.t 
ffio ~~•~m.~ttm~~~~.ff}J~~ 
~.a{)Lnm•...t*1u~ffi.~ll1Btl~~t£­

•m.Rnna~o •-=r~•~ru~~~~~l! 
-na.~Ju~n•~o ~am~T~a.u:• 

0 

t£- ~at fBI ~ lH ~liUE 89 jjjt ~ o {fl.~ IIlli%! ?'~$ 
.#89~1-t •• til*OOEI!~.~~tlACtt!.~~ 
-~~.til~89ttuzn~•~~.naEb~ 

WT~Ij\' }~til~ JE~89B~il!:llllr~ffjg£' 1£51 }J -; 
~M~§~~~~.~~mffiT~~~~~89 

\ 

\'R 
\ 

' ' £(1) 

... 
I.<J 

£(2) 

/ 
/ 

/ 

I/ ;AIJ 

I 

(9-32) 

' ' ' ._ .__ --- -
------

;--....-

X 
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)li:~ 0 

fib~ E(2) ~~~~~B<Jff:.1J1'£1ffnJHe~ti100~~~~J' -=f i!~FH}J Ml'hll5t, ~.~tl~~.~-~ 
ftt'ift. Jlta1!8Ui1-i*~1&;;f~JE . .R~fll:-Tffl~. ilt~:ll.E!P$:1:~~o E8-=f.IBt~ZIBJM!~ff: 

:£E;g< ~51 flli , ~~ 7'hW-*# 8<J i!Jl:~ *II' ff: 1m£ llif!tr~ oo ~tiL~~ rm ~~ , t¥: -T ;;f $T ~:.U fro!£ 
rmtli~ o EJT~M.~*_ti*, ~L1t1-'Fl9 :!H~1J~;;f~~~~ . l!%~:Ji!oEl:Jt¥:-T:Izt-=f511J~~ 

ff: 1J:% 'f!B<J ~~ftl: ~~Err tk:JE 8<J 0 

~~fll~iti)!)(~~~7'~~~ !Zs!*EITB5J& , ~~~~& C ti~i:tJT~:Ui-=f~1.il, ll:tB>J"tl~!£ 

m;~<:, -f**JL.f.!PtlHli~~~o ~fr1~1JW18<J~*, C t:@.til:fl:ili:~tia1, ~L1t:.l'FJ9B~~-:.l'F 

f.:Eflli, -f** BWi~Lo 
.e.z, .f*~~~JEti~tk:=f~*1r~oo~t:@.~I¥JffBi~Jflo ~~~Et!&~~, ~7-;ffi:!i 

tl:ili: £19 rm£~ ~ . i*-* m8Jt;(\t .f!JE :1:1!!.1¥1£ o ~tr M. ~ .ffi ~ :±l ~ li ~ -r ~b\7'~ ffi!. ~ ~& ~ 1X ~ 
7-;;f.mA~~SB<J O~~- . ~~TJBtft~iti~~mB9~M, ~~M~M**~~.C 

~-ffi:;;fl:tJT~;J\. - .E!. C ~w~i!I~fll. i**:i!'ilJ:i!!t~:ttB~rP:J~~~~L o 

9. 4. 1 ~L {t1$FiifiS~IJMJl.ll 

. 
~1t1-'FJ9 Jl!. oo.~mm JHCI¥J~ JJt:fJLJll!ilJ ?t~fjj};j *~ : -~ :m:~~tt~~mJll! . ~ -~ ~f.lE 

m~amJll!o Jl!.iifim~~~aff£19~1£.£~•:1:1!!.~A~7'~ffi•~B91t•-ro:•~~~1£. 

••T•amn•aa<J~1J.M.~-~ww, 1t~tr•~~•••a•mT-#~Mtto 
rro ~ oo nsttffU 1¥1 rf!l .fflm ~)(>J" 11< *~'~ m ~ 1¥1 :bo rM'F JfJ • 1.1 •1ffrf:t JHC ~ilt T wr ~ tt o :!!o ~~?ttl m 
*SR~~~?tzA,:boA•oom~m~.~ilJ~*B9•~~~~•w•o ~Jlt.~1t~ 
£19 1¥1£:1i!o!1L 1ti'F !9. •m JHC 1¥1 ~iJ!EJTt£ o 

~~~~-8BttaR~oomttmi¥J":borf:t~ffi'',~~-:bllM'' RWARmEJT~ 

1:~¥J•m . rmw•as.*ffi•~~~B<J~~rs1ffrtffi!.oo.lmoffi~•~•m1.1*Mtt 
~JBtm.•~•*·~~F-~m1J•a2~* o W WO~R£a~~1t~~*ffi:brl 
M~fflAMrf:ttt•m.x•~··m•m··,~~-~o ~.ffl~. ~-=f:.U~~~MI¥J~ 

1£.*a~~1£~1tm~•*a~k.%di¥J$?t•am.-•~•.f*m~ff:a.~• 
oomtiMffii~Jfl-~.%d~~I¥JM·q~-o ~~.ilJ~~~MffiMM~~MMtt• 
oomtt~~*~~~M.;;fA-&:Xk~Rm~Jfl*M. W-~~1tM~Jfl~M~7J< 
.ff!M 1m J3t 1¥J ~ 1Ja o 

~ nt1£ 7lll7J< ~ iHi _t ~ ~L 1t~J. ;Jt *71<¥ ~ *-ffl7~ J~~ 89 JJ<~f'F ffl , :~ill~ ill! ffi If!~ u 
~L~Jl!J~1£. 9!tlffi!.mik~!1L1t~J~iltlffi ~ ~~L1t*'J?t-T~~il!!:!i~1!lfl, 1¥~;tJ~~- , 

~~W71<.&1*1~9lM~~m~.f8¥amA.Jmao ~~7'~.ffi71'1¥1£~•&•1la1. :l!f'P•oom 
·11:~J?t-T~Z9J~~~1tlm:fN-f*t;f-3&1¥J7J<ffiM.f8¥.; ~ll*.ff1£tf1t~1Jl:t1'lfl, 9!tl1t7'~Ji!-7J< 
~-~ B<J 1t1: ~ ltffj1!JJ~ AtN.ffl , m w rmcA r*J ffi , rro ~ ~ 1¥1 7t m ~1m~ 1nrtm: A7'~ ~ , 51.® 
T~mi-~8Ro ~~~~.7J<?t-TI¥1r8~~•~*-T%~••ra~B~a ~Jlt. ~ 
7J<ffi~:¥L1t1l!J~-T-71<~1tr A.Jm.ffl~, E8-=f{t~-ffi:·tl~~ffl;Tg*-=f~1t1f!J~~ffl, 7J<~Jm 
~~L{t~J?t-Trm•5mMrtt, ~lmfflll!A~.ffl&7'~ffi!.o ~it-~L1t:t:F~fif.IHCI¥Jret~r•~ 
~:fJLJll!o 
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9.4.8 -~BttM~~~~~-~Affl~~~ 

~Aro~~~*.wo ~,L~•~~-~•oomttm*~~~oom~hn~MMtt~ 
5.!iHt9~*, ~~a9,L1t&Ji!U~~~OOnstt3l!J*~tE:WITii~~WfiF?M~~~w;Jmm, !If 00a9 
~!jff.l~?/IJ~}j[ ~~7JC ~rtb¥!?fl A9j'jj~;fj !ko 

tEAMtlF?iJJ 1111 ~ 9=' , JfJ J't::tJUO& .!..t. * J£ iHtli ~ , 
ao 

~~ v~~oomttm*rlf'm¥~~~~.~~•m 
fflttiliJ~J.l(¥1?fi•m~. VJ;;m~~a9~lto ~~w;o 

~'L1t~®!..£..l. > 1, lil!.lfVlr~-1-l:tfi~~hD, It. ITii 
~ 

m·!11f!J.*7J<~rm~::IC!NlcJ£ a9 w ; o ~•~-*12 r ~~J\, 

1* ~ :1:~ m :fit -r !!* o 

•~,L~~Ha9~&ftr*~~~~~~m.~~ 
9-46 EJT~ o 

•m•~•oo~a9#$%~~•.••~~~m 
~~~~•m~!3~•oo~z~t~: 

J:1:: 9=' s~~ !!L~3l!Jm a9~~•oo~ ; 
s,)j !!L1t3l!Jma9 ~~OO;f.R ; 

R !JL~3l!Jm(!f.J~~-Wi¥~~ ; 
I 

r-!JL~3l!Jma9 pg•i1ff¥~o 

( 9-33) 

it~oomftwJmJJJJt~ 8 < :t!JJ*;&mtsf.:EwJm~.t\i*r~, ;~t.J¥.ttli5Z~r*r~tt >, 
Ji!IJ R = r +8, r~:fr 

~ = ( l + _§_)2 
Sill r 

( 9-34) 

:{IO:lfHJG ffJ® ii* oo ffltt3l!J m 5t ~ El3 ~ oo f.SftWJ ?tr~ P.« "JE (til~" AMfiJri , li Jli {f.( 

:ttl!-i:A. ~ J't::J;J't~ ~ c = ~ , .!i!U ~ J:1:: ( 9 -19 ) : 

r = 8 

JC -1 

iE- 1'-4'fJEA9!JL&-f**-~, i:i V ~*itffLg_.f*~, A ~ ,g_,w iiii~, n ~~~ J:fl .~t!Lr 
~' =f;lil;:fr : 

4 3 ( z) r r V = - 'TTr n = 4'TTr n - = A -
3 3 3 

3V 
r =-

A 
(9-35) 
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lz;Jj;) A ·ftdfA=f~L{tJFJt&J.f, FJf ~1!1-f*.¥ lf! ~*liT--*~ r ~::Jc;Nt<~=f!1L{t~j ~t& 

B ••• ~.~.¥lf!,L1tmS~~T~~~&T-~::Jc~,o ·1-*B~&T-~~OOS~Ss= 

41Tr2 , .f*.¥~*~ffi&T-~. n=f, !JL1t*F!-9~~9=t*iU~~~OO~Sw=nSs , ii:~OO 
s 

~tt~;f§M*T-a•1'1 M,a~~•oos~~.~u~~•~•mmwaoom~m*T-1-R 

~ i = ~, FJfiM,L1t~Ja:iil~ m, = i M , ~~ 1iJ~: 
ao g 

it.P mw--1*~ 1*1 *iU~atL 
m,--#~ 1*1!1L1tff!Jail ; 
Pw *1tUil~ JJt ; 

G llPJ tR:bnW~ 1i(·~ o 

(9-36) 

it (9-36) •gij, :tE-1-~JEf*.¥9=t, *tftff~~:bn, fl.i~JE~iil:a<J•w~~~J*~ *· lPf*.¥ 9=t.lliiS~~~~~2TMffi~OOS,#~~OO~ttma<JM~W*o~1-M~ 
M!¥L 1t~J*TM ~ bZ -1* .¥ 9=' 'L 1t1FJ !IH£Jfl :fit I¥.JJ21; f.l! + * lfi~ o 

~~1tR-1*~9=t.~1t~a~2T*a~cri¥.J-*~'·W~1tmi¥.J~•~•mM~ 
Mf.I~~U~fflm.', W1~T -1-~JE&T-1¥.1-*~ r' o ~ r < r'B1, W.~'L1t~J:fil:~~I¥.J1:@5f1li!& ffl 

~W::Jc=fE8,L1t~J*T-Mf'iJM~~I¥.J~.2~~FJflMa<J~fiiJ~nu, El3!lt%~1¥.Jt§ll!.lif.f~W 

~J!~fiiJ...t~JEI¥.J~iW, ~t!I~ii~~::Jc, 1I.¥ r = r', 12Ht~~-1-.ifiif.S~JjlJl:J:ii!f* 

.¥o ~ r >r'B1 , Ji!.OO...t83T-~Ilfti¥.Jaiiiffltt~J*rft~.1E, ~fm%~JLfnJ~289.iW?% 
~~J*T-tfY;fUI!&Ilf-tm. ~mt.t•wmtt~IJ*T-f.l~~u~~*, ~-1-tE~aoom~Jl:IJ~JE~~ 
1¥.J~fi\J:Ef*.¥ o ...ti£Mf!Pi*~M~fiiJf.I~1Uffl Ni1t, Elf~ ~1¥.JW/ff!W-iti~Jiil T-~~JE~ ilii, 
QWJffiu*71c*71i1~31::Jc'J'a<J~~, {j! r = r'B1::tfm-etl:ill::t£,L1tJFJJfl:tit-2~iW-r%~ 
~-~m~~OO-o r =r'B1~~-~-M~1-MJE.f*~*i1tAM•m.~-~m··~~ 
~" JN it£ .W ~ J.Y!M o 

~...tEJT~. ~iW~::Jc'J'~YET *a~ttT-~::Jc'J', 'L1t1FJt&B~=;f§fffoofi\J:E~iW 
m. ifflAW ~Z.;fH~J.&a<JJt:±J{.¥BI¥.J,L1t~~lJ*r , ~U1>JJ!f!P.ttt2mt~T ~iiL 1A~L~:tfr:T­

M~I¥.Jffl.*W..¥%~8J:EI¥.J~1tM.f*~I¥.JA#W~: -~*fflmA~·I¥.J*&ff, ~ 
-etl:ill:i*~I*I~JE·I¥.J;f§~ifii;=AM~W-OO...t~~.1E·I¥.Jaoom~M*T-~--~·2 ; 
.=.A;Moot.Stt1FJ~W~~a9Jt:Jti~-, IW~JE~mH~~ "~%" ~*f.I~?IJ I¥.J~iliiS~1flJ* 
-r•~l¥.1~~0 ~1rlli,L1t1riti¥.J~j'ijj, ~1'!JL1t1FJ 89Ht~*TM~B<J~:>R~;fffKJiiJ I¥.J, J! 
~-~-,L1tM~~~r•B<JI£mmaJt~:Ha~~••~~I¥.JB~o 

~...t~MltB~ . -1-G2B<J~1t~-1*~.~1tmi¥.J~~~~;ff-~a•mo ~1-~ 

•-m:~~-~?tl~*~ij;~~T--*~ r ~Mmz, r ffiptl:~I*J,L1t~J~:i:lli*TMflg~JE o 

E8~*~~~~:8=F~.W~1tM~ititfY;fll~~*rB~ r = -si =l, IE~ 
P w ao 

(9-19) mJN1lf~~¥1J~L1t~JJt::I;JUU&~-I*~ 9='!JL1t~J:tii¥J-*~: 
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2 

( 
Pw m,) c= ]+ - · -

- 3p m~ 
(9-37) 

;:tl:j:l P !JL{-t~J-WJJt o 

k~**~~-~~*9='M~!JL~m?t~~~---~~--~~~W~~o ~•~ 
~. f!P~5<tlll.l-~'L1-t~J, .lf'lll.l~~*~~.Ql(;a~~-M~,L~~J?t-T~JE«*!l& ( ~)t­
-T~~)~.If'~~o -~Z.-~-~~~*9='~~-~~~~--~~-~JE~-- • 
.ELJ! ~ JE•*!l&PI LIA f«ti~* ~"W:itt5!!&1Mi'tH1U"Jt~"', 3!1uftffJ~~~* 9='lL1-t~J ~)t 
~~~:m~T1.J.it''f«Wo 

~~. !JL~~J)t-~.*7.K£~mi~.1J a0 ., .*r!ll~~mi.f.R.1J b, JRJ.K, JRYlB£~~;m*!l& 

.11 k, JnUJE:Ijl!*!l& c = k !!_, :iZ!:WilH~fU: 
ao 

(9-38) 

~(9~8)-~.PJI.IA)Mi't~~*~~-**-~r!ll£~!/&§~~~.~-~~.*#, 
Jj€¥1B¥~~iii~ . .b'WJl.1LT!JL1t~*·~~1lf~m·~~~jj€£~1Gtt k ZIBJ~** o -til. 
:it!:-$-~.~~~HE~~Ill.l.fflW!JLttm~)t-T~~A~-~tt.f«~PJ1u.-!JL1t 
iflJ~:fr-T~~"W:itffi;:l.g-!]L1t~J~.Ql(;)t~~:m~~~f«~o 

-~~~ ~~, M1i1f~~~- 9=', ?t1ttffi~m .lf'IRJ*-U:~2)t-1fi ~~~£if.~, WlL1-t~Jt' 
&~~~~~~?t-r~•~•.k~~**~a~~*h•~~1.J.~¥~kJl.1L~.~~ 
~mat~ti:~~~f~IEo 

9. 4. 9 Span-SO a~1ti'l=~fil1¥i~U~~RTfm~~tr..J1t~&m£ 

;f!:!JL1t~H~~1f:i'tN9=', li.iRtf .®:f;l-£if.?t%1Jf/F~~~1t, Span-80 PJ~~~ ~~ r :1:£1-t 
~&~: 

9. 4. 9. 1 JJ<.~&..S. 

DffiJ.K&~PJ~~~ffi~~~.J!AD~&~~m&~a D~#·~-~LIA~--~ 
•ttm.~Mtt~9='tt~~9='~~·•m.g-~.~-tt~~9='7.K.at,&~~.Ql(;~M.1Lf!P 
ffi~~~:fi!L. ti~~Jt•&~:it!:hfU~, Jt7t•i't~PJ~7J\:tlllr = 

RCOOR' + H2 0 RCOOH + R'OH 

RCOOH + NaOH RCOONa + H2 0 

~ ~lf 1±1 , m r Span-80 ~ 7.K. ¥.}:·~ , &H'~~ ~ ~Y':I!f!!. ~_;a; ~~'L 1t fJ~.iJ f:O~L1t~5Ulf1: a 
9.4.9.2 ~$f&..S. 

fi~f:ll~~mt~~.Ql(;m;Jtt( = 

RCOOR' + NH3 - RCOONH2 + R'OH 

~B~m.aD••~~••~*•·~~~'Ltt~H~.F:tt•!:f:'. mr&J3t•affi 
::k:i:1HJL~~:1JDJfiJ~ff:~. J!~?t·&~--~iJt1u~llP.. ~~;M;~:fl'll&~IRJ~~~il!t 
:fk., ~~*·J!:it!:-$~~~ Span-80 ~!JL1t~*o 



• 
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9. 4. 9. 3 ffiWfjj_E. 

~~H2D~~ PJ~~JJ¥-~?!til"~: 
H• 

RCOOR' + R"COOH RCOOH + R"COOR' 

Span-80 !:fti»¥~89H2mUt~:ff:t£8-9, iE~L-ft:bo*~~'*f4~, ~~~Mffif89~flf, Mifit 
~~J!i!:~,fi.\~~ Span-80 ~1B\5cf3"11tl1U<;f'~~o 

9. 4. 9. 4 i£f#.Jj_E. 

~~89H¥~MM~~•£mm.•~•~E•~~~•&m.a••~••~~~ 
-~#aaf.EPim•~~a~•w~~~~~. ~P 

RCOOR' + 4( W ] RCH2 0 H + R'OII 

{E~~l;B9~1t*FPiill7t!:ft. ~891C~*:!lit*~$~~-jl!J. ~llt{E~1L~*'f4~ 
Span-80 ~~1rDJn~flf~}jj(o 

~~~~&mey~~W.MA-~&SMtt-~891til"·.~~·-~~1t$~1tW~ 
J&;Jt.::fr-7-!S~m-f*o EE!D!Ut9&llif.ff£7f'~*:±l, tU. Span-80 :1iJ'L{t1flJ~~L{t:J$pj-f*~*~ 
ffllfl~~1Jt1II~*'#~ Span-80 ~~lkm, lUff¥, HM, l:E}jj(~~&llij;-jeyfm o .ik:B~ 

if!, ~~~i.IE~{t~pj~~/Ett, 7f'~1[~ffllti- a<JSpan-80f1:j;-J~L{t1flJ. tE~fflllil"~ 

~FlfbBtm~J>I.-I~~*llitm'Mii. lllill:it*:!l'J-~~1t~~1to 
••mw. ~$BiE~1t:J.1:Pi!:ft~~~m~~••~-ft~~••u~m~~. ~~A 

~~·-ftil"~~f.ft':E . EEl rit&Smt':Et~Cft~~~ . fl;l!ttfflML-ft~!fL-ft:J.1:Pi-~t$~-11f 
~~J.E tt, @ ~t-f~~ lU:t!.\l.it*:!l ~~ffff~t~L-ft*FPi~/Eff'IW* 1¥.J~n(cij o 

~ukM~ . ~•~tt~*~•$tt~~-~~--~~~oomw•~••~•tU.~& 
~~*'J\ifil:lt9?:113t~ JL-t-~w o Jmu~~J!JL-t-:nw ~~~, PI~ ::k::kt£ i€1i~L-ft:J.1:Pi ~f* 
#aJ.Ett o ffi~. ffi r~1'-'*~~FI~~~*~~#. tU.~~**#~~~.~~~ 
~~~Lft:J.1:PiB~iE~J 61'-JJ t;J.~~fr#fH~J.Ettro~. @Jf~~JJJT::tr ~Fit.ik'.~F«bt$fm:M 

~7~-*o itA~~tt~~61'-JJ~)~.~7f'~~~~-m.Flfb~~~i.lEA~PJ3~ 

;mJ.E tt o ~ 11t, a~L-ft:J.1:P.J ~¥Jf*r¥a5E tt~w. ~m~:itl:-$*mtiff~ ~mniD: o 
~~~.-~~1t~PiaJ.Ett~~-t-~•~~-~~-~69o ~ llt.j;-Jm•~-ft:J.1:HM 

J.E i1: , S~ll.-1* fill lai:ltl:rr~A ?Hfi , ~1!1'-*~fit 1t B-91fJ Jl: W ~ ~ m lR: fiiJI2! o 

9.s. t ~-•~m~*~~~•••~~~•~•w~~* 

j;-j7~~-1t~~~-~~L-ft:J.1:H8/Ett~7f'~S~ . --~~*·~~~1t:MW!:ft 
/!' ffi fa , if!.~ 11: 'L -ft:t.•H.tjt£ ~:ff:u~ 9=t ~ tfi d'U-o J:t -~ o rru ~ ~ ;J( ' L 1t !Jt$: 1t1f!J ~ 1lt 69 7.&\\ 

tl~,®l~rittfiA#.\. JS=tf!iltl~*~ 1Jt~fi£«1t1fiJ1i!L7.Kr&~~tfil~R.\ < ~mr:~r-m +Jt:m: 
.).~MA-f*~fi:±lffi~* o *MRil"·-ft~~PPJt;J.~~l.KMMB-9t.ITA#.\,~8Mf.IT:±l 
~A~.x•**~~So~~.a~i.lE:J.1:H•:J.1:ttft~~~tt~•~~.:boAA~~tt 
~.*MdMM, *•••~m•m~«-ft~.*~~MD.B-9fiAR.\,Pim~'L-ft:J.1:H 
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tr~ ~~ ·11: o I5J at , ::(£!1Lft:t'P~ mJt r.r jZ\; t.JJa. ~ a9 * niit~!IL 1t 1-"F~ ~>E ·11: fll :11 ~tt ~~ 1i1. 
A~~~~~a9o~~-~M ... M®~ . -MWS9ft&~~--~-.m~~nAS~ftW~ 
$ o JJ.-1*a9ft;i(fM':Dfl!:1HBJIO"F: 

(1 ) * J!HlHt$: 1-tWJ o f!Bi~ ~fl( :{EJ)( ct:r 1§ fW ll a9 tlMJt ~ ll ~::k . l!ifi;'lflN!J.f B9 ~{f!; . Jt 
MfW.IlA~~~'.~~~Ao ~1t:l$~7)(ffi~m•1tm~~-81§M~::(£~m~a9M 

fi ••••.~#*fflm~•1tm~~-{f!;1**~fiBAo ~ 9~9~•7•tn~I5J• 
ft1f!J !tf§ ~ a'i! tl,. ~ ~ft·~ m. o 

Jilt.fl~f;F * lil'lllt1i Mll!il'i 1\liUiifll lii'll!!~ liTA.W't 

I 15.0 85.0 77 

2 20.0 80.0 59 

J-1! .f} 3 20.6 61. 8 17. 6 45 
• 

4 21.4 so. 0 14.3 14. 3 33 

5 18. 3 55.0 15.6 11. 0 36 

M~ 9~9r.p~~~~~.&bu~~M ..... MM8~M~~OOB~-{f!;~~-J)(M 
MB9~AAo ·M~~boA~~*::k.MtJ(•~m~•M•aM~~ll"F~t§M •.• ~ 
fiAA.*::k•a*n~~'L1t.~~7tBffiC~••1to 

~~*~••~~*~*•~~•.•ooa~1t~Hr.p~~*m•~•fllm~Mm~ 
a1t~J o 

(2) &:Jmfa~i&ttjf!J o iEJIIPF4S 4. 5. 1 ;J,ilml::i:, jg~~l!f!)i'/it~JJ<t§ttffJID'J~~~ 

iHHiSttjf!J o ;lt;Jl1Ht1f-t~~: +=~~~-M ( K1 2) ' +=~¥~~M ... m¥~~~il'3 ... 
+=•£*~MM•o ~~1t:f$Hr.p•tn~•••-~w~~i&~mD••~m~•u~ 
~~iM1:1!1!, 1tllffi1Jit~fii¥,J~ tfl 8:ltt* ; :?3-~00 , ~~T-~OOffl·lt£5tU C •tn~J) ~~~~ 

~•wmttmc~1tm)amar.p•~m~&m.~1tM7t~u•A··•mr.p~!§.~ 

8*~~-~•oomttM~"~~~··~~~~tt~~-~.~bo~M~~OOMttMJt~ 

~~iU.iHBJI'J9~7)(f1:JfJ, w~~~nt•m. m~Mi!li'J9Jtai:¥f•m~ttlf"F~, 15Jatp;q#~ 

OOMttMamM•m•M.~OOHh-~.~OOMtt*•·n&T~•8m~a~M 
ffff, Mra••, ~··~--~~l$$Jo :X~. ~~fZil~~~~~ff~)Ett~iL 

~~-·~~~m~*m~•~~••~crat. -~~-~·~~•~*•~0 
(3) Ja.~lZ\;~*7t~a o $~•••oo.~1t~~~•>Ett~•**at'J9*bnm• 

ao ~-~~·1tMat'J9~--~at,*bo77)(Jt~M.~-~~7«1tma~~rat~,.o 
~-~oo, ~~*~•~••t'J9•~.mtn7)(#~•x~•~•1**nm~~~o ~~. 
&'®I 'It ~:l2l;~ 7.lc #*:fit . ft;lt·~ tt ~n :lib"HI~ tU~ ~ :l:tJ ~~ JIJ ~J®! o - AlB'!!; i$t , 11t~4!fl 
ru!ti¥.J!¥L1.t:t'P~ , ;!t7)(7}~:§t ~ f~~ 15% .19 it:, -M:"M.1910% tr_;(:j o i17R::kfL~~f!J!JfJ fJ9 ~~'M 
···~~1t~H.~!UA~**I¥.1fL~~~.;it#**•~{f!;~W%~···M· 
17% ir:;(:j 0 

(4)•to~5~o ~5M5N•A-~••~*t'J9~m~*~l!l!~t'J9~m~.~~­
& ... ~¥t§~M·o ~!IL1t~Hr.p•to2%-3%~~#~1!1!~~B·-~1**t'J95MM 
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1¥ , ~§JIJ ~~t£ f~ ilfft "F ~ tliiJ XtJL$:1-t~J 1it 1¥1 ~ a'i :fJT 1±1 , f£ t5!¥L it ;I$ i9l¥1 ~:{H~~ tt o 

9. 5. 2 -~B-~mMMm~~~m~~M 

lie~:&~ , 7111 li'JU M l¥1 gii.JVt~-t-T ~L ft ~ 1¥1 ~~ ttJi!:;(f ~ P(n] 1¥1 o f!SI :J-1 !If iii &Ht9 ~ J.JH'll ~L 
~tL-TI¥J::k;J\~~Lit~J~7ll!li'IU*li¥J·etl.!JlWW;J:O~o :!i3 - /Jiii, ~~~~ l¥1-rta;f:fJ;fi*f~;J$ 
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~-~mRK~a<J~#~.•*•R&H••• 

*~•lli~*ma<JR~m• . •~n~••~~•a<J* 
1]\la~~$::ka<Jim'i*~. ~1f£~:li~--ft:ltt.71C~~ 

. . . .: 
. . . . ' . 

• . . . .. . . . 
·, ~---2 
' r . . . . . . . . . 

• # ... •• 

. . ... . . . 
' . __.,_ 

mf!r-tr$JC::k89~P~ o i9lHlll, Jf~~}fj{!iJl~ 1. l glcm3 i!II0-6 Jl;J;:lf~~ltl~fi.IOO 
a<J!tL~*FH~& J'b' •*1tHL& H fit .Rtf 12kglm ti. 1- EL-106 J!tlllt.r..; 2- EL-102 ili::lll9§; 

3- JAM1t; 4-~:lllt 
;5, ;lt1l~~~-Ailtk4.0m x4.0m, ffl;fA:w;~-)!'iif 

::t':k-T 5. 5mo ~*.fflWlfjg 1. 25glcm3 a<J~&J'bl118&B<J-\¥;3ljg 1. 25 -1. 30glcm3 B<J EL-

106 !tL~:kFH!.l!.g.·H~, f!P15!!4ij:*1t!!1l.Hit~J.ilZWit1iJ1J 18 - 22kglm, =FL~~~~m;~ 
~m?HJij:l:ftJJnJIJ 4. 5m x 5m ~ 6. 5 -7. 5mo 

*10-4 ~Jfi !Plit~t-9·-~l'f.l-~·iitfi,~Ui11 

!¥% i"~f'~~ 
liiHLli:~ ~*=:tf!HL~~:!it ~*-~it :lit-~.l'Me 

:llli/i:~f,f!iif-.it 
/ mm / kg· m -I / m3 

• m / kg · m-3 

I r :Q 150 I L 6 14.5 0. 355 :fm.hl:::k~.iru1Jti:t1[ 

2 ~ :Q !50 12.2 15.6 0.31 :ll'lt~~.::t*Jil\:k~ 

3 ..,. :Q 150 13. 2 14.2 0.31 :ll:ltt~~, ::t:llilTit::k~ 

4 * :Q 150 14.2 22. 1 0.35 ~m.lif::k~ 

5 ~ :0 150 17. 3 18. 1 0.38 •'lttHf. ::t.fft.lif::k~ 

ltt5-r, "i!i#:fll~g§"!:Et"atl EL ~~tl,L1t:.ti:!1J, t11:£Ei!f#;!Jt~1Y, ~W-$13-*.!I*r, 

•w••*~rrw••*••~~~••7r~~ffl.~ Io~~~7"i!i#¥Wr~m 
!1L~*F!151a~a9JL~A~~-.&.t&iUtW~ml~lf~ o 

10. 2. 2 ~L~.!:;it!itttiidl1$~~fll.Fii1£~H!J~ T · ••113':t¥il" ( Martin County Coal 

Mjne ) t19E!Z.m 

~OOI!iiJ~~Wi.:kH0ii.IB9 1984 ~~ 4 WJ Hl~m) ~ "~.fflt@!~ AN ( Power AN ) 

r:k1l~••••~T · •••r~~7 I5~~~·· jg~am7~~AN~~•*•r 
B<J J.})zffl'fi (£ 0 



1¥-% .lit lil:Al1Uit~ 11.:12 1L~ 1LPilJ(~ ~?.'5 
1LJt / m /rom / m / m / m 

1 7 6 - 8 250 
11 .5- 10.5-

12.5 I J. 6 

2 4 7-8 250 
9. 5- 10.5-

1 -7 
11. 8 10. 8 

3 8 9 - 11 250 
12. 0- IZ!l1L 

12. 0 
13.5 ;fj]j( 

4 7 9- II 250 
10.0- 1i1l 

12.0 
14.0 ;fj]j( 

250 
13. 0- 1i1L 5 8 8 - I I 12.0 
14.2 ;fj]j( 

6 7 8-10 250 
10.0- 1l1L 

12.0 
15. 0 .fl}jc 

* 10~ a~¥$F~A~-~--~~* 

~F.i:lt 1Ml~ ijliiiOilt .€Jill !Ill :I .it:li 
/ kg / m / m / m / m /m3 

6 6-
1540 ;!<:ill! 

9.3 x 15 6700 

832 
7.0-

10 
0.8 ~ 20 2480 

1588 
7. 0-

8. 5 
3 4 35 4140 

6. 0-
1654 

8. 0 
2.5 4 38 3250 

1939 
6. 0-

10. 0 
2.5 4 38 3750 

1621 
3. 5-

9.0 
2 4.5 35 3840 

.. ~ *~· MJB;J$ 
~.f'ittmt /kg ·m -3 1% 1% 

~m!tt 
0.23 0 

/=8 

llfi:G 0.33 0 
!=8 

liY~;g 
0. 384 5 0 

/=8 - 10 

~~!6-
0. 509 3 0 

1!= 8 - 10 

~~;g. 
0.513 5 0 

/=8 - 10 

~iig 
0. 422 8 0 

lr= 8 -10 

!liUUHliH! 

~ ffll * m !ft1t ~u~. 
• it lJZ- !!J ' ~ It :IS) '.l:J ' 
x::k~~m.~ 

=1Lm !fl-~t*I:Pi.• 

li.lJZ-1l.::k~P.~~ 
~m. ~ , ~lH'Jifi} M *!: F.i 
~fi7.3%, ~t~IHr 

-t1LJti!fl1t*l:!§.lJ( 
1Lt/Cf'r} ~fflj m ;k!tj lito 
!'tift\~ fJi tHIH~ flf; 6. 4 

- 14. 4%x:IR~ 

1111. m ~t1t *"Pi • :t.li! 

16 IJil ~ • lil. :bu * 7 m 
:!i. @;k~$1JilB.IS¥ 
fi . ». ftff i!Ui f' ~ ~ 
$, llir-RJ IUtU 

~ ms * ~nt ft *" lli. 
J.l!.tta.Jlll2 ~{If;' *~ $ 
~{If; 6. 7%' ~lit if!~' 

~ il'lif'~%01! 

~ ms * m !fl -~t *" F.i • 
rr;J1!£1(!*tjJlijliHJ}~JJ! 

:!!!. • * J.k * !fit ?£ 8% • 

~It~~ 

-!=> 
N 

~ 
~ 
>I' 
~ .. 
~ 
~ 
-11-
$. 
~ 
)!! 

• 
0\ 
-...! 
Vl 
• 



· 676 · 10 $L1t.:/lf~ li? S.Jfl ~if•J ···························································································· 

·~~ AN ~ 1!"1 ~ f;IWf :k #50~ 1:. 

~~-~~~~-~-~-~--~H~ 
~5fl:l r= ~ . ;l§t: .:E J~>r-E fi~ 1'tl r ~ 1 o-6 Q 

!l{!! ~ AN l¥J ~ ~ &lr iE ~ JL ~ i§ l¥J Tii i£ 
r. ~*~~~¥Jmwn~~~~•• 
~~"40% o ~-B~ffl=f~Bd~ 

*~~R.m~~n·~~-~JL~ 
1it~a<J-·:I$i9;ffl raJ, 00 10-7 t~iM T 
A~-R&H~I~Q~-o ~~~~ 

140 

100 

100 

80 

~~ffl o. 68kg ( t lb ) ~fi~~L1t:I$HH~IJJ(: o. 45kg ( llh ) ~~~:ftJE.!M'i§ttfP11®11l~ 

§, - /tl't.lfJ=f]H2.1J 125mm g)(;;tf]!;:k-~a<J~JLt.IWio 

* 10-6 t@~ AN ti9tifl~ 

i"' .f.,§~~~ ~ ;ljiJ llf.lf/ g · cm - 3 ~.ill!/m · s -I f'.f.,§~~J:t ~ jJIJ \'i\'1f/g • em -J a!i!;/ m · s - 1 

f<~ ,r, 2500 LI0 - 1. 15 3810 ~~~7. 3000 1. 15 - l. 20 3810 

'II'!(~ I I JUI 5000 l. 25 - 1.30 4876 ~~.fl. 5000 1.25-1. 30 4876 

~r · ••~~•r~~~~m•••~•,~~H.a•••R~~m-~~-~ 
--~-~:I$H ,~~R~~~~-~~ o ~*mm&l¥JM~ AN~g,~R~#Bm 

::k T 0 ~J:l!ll ' )t;j" T H ~ 11 200 mm a<J. JUtE 1M.' ;l:t JL ~ •• it/ ::k 42% ' ep m 4. 5 m X 

4.5mft::k1J5.0mx6.0m; mrK*1l225mm l¥l:i8tL, ~tL~··~;:k33%, !!PEll 
5. 5m X 5. 5m Ifj('J.J 5. 5m X 7. 5m; m-T j[*jj 270mm l¥J:J®.1'L, ~JL ~~•m* 48%, 
f!Pm 6. 7m x6. 1m 1i::k~lj7. 5m x9. 1 mo ;W~:f$H1fl.iffi~.1-JO. 488kglm3 

0 lAHfJ\f!P~:A::l!ll 

~*~R~••~#r .~·-~~ffi~~~.-~m~~••m.•wT~~~~•• 
5&.*o 

.f& T · •Wfrt¥J;J;l!!R&i§~*ffl EKE ~&H$:il.!J=J~Ha<J, 0010-8 ~~flt&H$iE 

~-H~-~o ~~-~*~~M~M~.~~-~~••3730kg~&aa.~-~~ 

B 5595kg tu::l:7t•?!B:I$H o M~~~raJB>t ial -~0~1¥J~~?!-*'t~~r:p~~~LJI3H~a5fl:lfJilib 

it~, ;J;t:~*J.~JJt:Q: ~ if;'il;mtt<J, =1!:rtE!Ilm1ifEt~*4Hlf!rt.ft~m~~U·d€HL !fl o tE11.t*l-:U~ ~·f)( 

ii!I:I$Pi~~-~t\L~ 'flii~i*fll 7 !IL 
JBH!!i a • ~ ¥¥ revet 11n T iii ilb :1$ Pi l¥l 
J&' 1t , Y. tt1 :bn T m * tt -l1l 7ff ~ ~ ;~;~ 
~~iii:. ~:bo~La~Jlfi:~s * tt~J 
~~~H~H,a ~ fF ~f ~ ~ ~f~W ~ ;/JU ~ ~ 

11 o :l!n* ~ ~ a9 ii5, ~ 1£ ~- :tr!! R 
9=' lit~ ·~£ ±!!!. ~ :t;;c=: ~1 ~~ trJ: w JJt :il" ltiJ 
1¥J :1$ J9 , W!J :l!D :m 7l fm :10: (19 ~ ~ 

AN5000 ~AfL~, 9"~18J${Jt~.ijt~ 



·······--··----·-------------·----·········································--······· 10.2 .t£.4-kl.llJl:ft:fr. .P6?B.Jfl . 677. 

~ A 2500 , Jt; ..t -M~ A f1t·iiD B9 fJi illl :1$~ o XJt , :i!~ fmitt?Hil ret ::A ;ftJ -T :R:Bil~ 1~Hlkm~ , 
~ 151!:/~lHL~tta<J~ii/f'~:l!:k, :ll·t~~Hi~J9til~+?t:ff ~a<J o 

~fL~~~El3*;ij 8 -!9~~~ -@J1il'ff~a<J~il~tt®fi, £1iJEI3 25 ~/m (1 ~ = 
64. 8mg) a<J~il~sl:l'i o ::{E:l:t!!.W3::-=f~..t-ill.*Jtl~~ ~ iftr~M, f¥.1 IV.~1li&-1-Jl]J~IaJ IWi 
~~-:I$H•o~~-~~~fL~fL~?L~~~mM~9ms,7f'~~~a<J-~~~~~--~ 
lOOmso 

~r · •~v~:t1=H~~-~~a<J••~m#•ma~•~~.£~•~a<J•~~ 
flffil:illili)Z o -f9i]_!lll, ~ ~ ~ 0. 81 gl cm3 a<J ~la *~~7r.IJ :I$Jli (f<J fmfi!: ~ 739caV cm3

, ffij W 
IJt ~ l. 15g/cm3 89~~ 2500 (19 fi!Hi ~ 1046caVcm3

, llSI.dt ~~ 2500 a<J ~it lt-'l!f:iiD 1ti 
~~7r.ll:I$H~ 40% o ~!i;J(:Jf~il·fP~~*..t:mHdfJtJf!(!HJ( 2500 ~~L.IJXfJC71ll1-'!=!ti 
-~~~ o ~~--~a<J·····~Mitl.E1-'!=~"·&~IV.~B15l!JtJM~5ooo 
~1-'t=PJ 0 

~T · -~Va<J·-~--~.~f¥.JM~AN~,M-:I$H~·*;ij~~~0.@7f'~ 
1I~a<J:t§?LZ.fLJijj~~tjH~1JO 7 33% -48% , t!ifLfit~~~~:l>, -l/'~5et!ftr3'&$~~fti!:i'lli, 

J&:m 7 ~tff-691t-*~~1H&M o ~J:tlo, :tE 1984 ~a<JmJ 61' }.1 pq, w r~Wi&JtJ7M7}( AN, 
J(;~J~ifkftt~ll7 499662m3 (3 153 .ll.:JJfWI), 4JJ, m

3 •*~fl£7 30 ~?t, ~a<J?':!itjfljJD7 
18%, -~~1H.{_J7 150225 ~Jto 

•~•r~wr~~~•r~••r.••r~zo tE~~r~~.~-•~r• 
-e~r~A••a<J4%-s% ; ~~r•-•~r~~m~~ 9s%~~0~ ~. 01~ 

:t1=Hmu~~e•e••$a<JK•r~?t~Mr.~RQ$a<J*•r•. ~V.m•~•~ 
•~?t~-ra~z.~ o m~~tt?ta.r~~*~~= I •V~3::~~~~~~a•. 
;{.tit<iihJ*M~' ~tl:lhJ*::S-lri~~~*M~ I ~ ~~~!= 10 - 12' 3$(~ !!lHJ!~f.1Jtt' 
~-r~~ ; n ~w~~~~w~~~~~~~~~~r~ 

;e-, /=6 -8, PJ!rmllfB, ~~~IP1<; m ~v;a-~*i!ttjt!i.ltv.R 

~~~-B<Jf~~.~~~W.~5tttff-o 
t.i.31lfl'F.Illf 15m, 1®tL~IHi:i*JJt (17. 5 ±0. 5) m, 1® 

tLli~ <J>250mm, fLJijj~~: I ~V~!:fl~ 6m x7m, ll ~ 
1t~~7m x7m, m~V:!Ef7m x8mo iia:JJ~~:Wii.fl;iHJ·m 

&5*./'¥J)(;j1f:j, V *, tJHEiJ~{III:Jf~ o 

~**~~3::~9RR-~45R~~~m.¥&ffl 

13m3 :J£tMJm. ;gf!m~ I54t tti9J~~$. •~*m~~7~~ 
$ o ~.t1!HL&H~~:!lll!II l0-9 ~~ o 

Pfi m~~~Lft*F~~~ w ~~Aor ?ftM1t.til. ~ ~~~i1ijj r 
-~~~tf<J BDS~~*~~~~H.*JtJ~~~~:JJR~~ 
:J.1:H@lf.WlfMg~*ffl•amlf~!i.ltJtJ.RMS&H,l 

. . . . . . ·• . . . . . . 
:. :_.: .k-1-·. - · 

2 . . . . 

. , .. . . . . . . . . .. . : . ........ . 

4 

1 -.JCJl~ ; 2--11-~~; 

3-~Lit1H9; 4-®iiif* 



. 678 . I 0 $tAt.;l1 jlj ~B. JfJ ~1f•l 

.10·7 Jfi\!JI*fJ.Ji!:ti~iit~~ 

fl1fiil/min 5 10 15 20 

950817 1. 21 I. 16 1.13 

I. 22 I. II 1.09 
950818 

I. 16 1. 10 1.08 1.06 

l. 22 I. 16 I. 10 

1.22 I. 14 1.11 I. 10 
950819 

1:..Fm~ 1.13 I. 05 I. 02 

I. 12 1.06 1.04 

1.20 l. 12 I. 08 

950821 I. 22 I. 10 I. 05 I. 03 

I. 18 1.10 1.06 

950822 1. 15 I. 07 1.06 

(m) 

fl1fEi.l/min 1JJMifli 5 10 15 

8241 9.3 9.0 8. 8 8.8 

8242 9.5 9.2 9.0 9.0 
1.1!!11.% 

8243 9. 3 8. 9 8.9 8. 9 

8244 8.0 7.5 7. 5 7.5 

$7HI~~f9iJffi.3~'1C:lfH.iJZ1ft JN..~ 10-9 o 

* 10-9 BDS ~~J1$~J.Ji!:tiiUE11ii'lti.R. 

jJ~BW! illit:lm,~ 
R.i* 11.11& 4iHL~:I: .!!}~ft !JJ! 

jJ ~ ~ * / m 11- / kg It / m · s - I 

950817 
R1tiLlJ +290m 

7Jc lf- I 0 -i}.j6 
16.5 14 700-750 9.8 5393 m ~:s-. ftUTi:~-ili!:k . ~:ll!-~ 

950818 
iWLlJ +155m 

7Jc.lJZ- 7 ~.j6 
8-9 36 200-280 9. 8 

I ~;s- . -1&$ll~. :IIJUHU~'. 

m , •<P.Po~ljij.H.~:ll!f(f 

9508 19 
iliLlJ +215m 

JJc.>jZ-8-Ii}~ 
18 26 750 -800 19.6 5336 

:11Jtm<Pt£tt. xlitri!PlllPolll. * 
~~j.' 

950823 
iWLI.J +215m 

9 200-250 9. 8 
-1&Jll;il!it.x.l51ll .J;I:Iiilt.~tw 

36 
7Jclf-8 -i};f6 ljij.H.~:lft_!ij: 

ifiLlJ + 155m I ~ ~IUI;s- • .ffililil~ • .ffi ii1fJJJ[ lf 
950823 18 14 700-800 9.8 4914 20m Li: ti. {!HIm iJJ 11;1 ijij .H • *~ JJc.If'-7-li}~ 

1->.x-1&~ 



-- ------··· ---- -·· ----· · · · · · · · · · · · · · · · · · · · · · · ·· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 1 o. 2 1i. "-x:l:lJt..ff .!lk. .P til) .a Jll • 6 7 9 · 

~* 10-9 

it lilt Jill~ 
11.~ 1L~ 4i1'L~:!lt ,g_~1it :lUi 

~ lilt l'!lc * fililt13Wl 
/ m 11- / kg / I / m · s · I 

950825 
lfiLI.J +215m 

}j(lf-8-1}4'/i 
18 13 750 9. 8 s~~~.if'IJJI!o U-Ai 

lfiLI.J +215m 
II ~:'it. 'f'('ll~loi . Biil:lllilt . ~ 

950902 17.5 28 700 19.4 ~.fit. ::k:!J.!$~ o :111ft#!tpt'£- •. 
JJ<.ljl-8 -';}oll.!i 

x.sa. x!l~~~· . 
950912 j t LI.J 5 .f} 4'/i 18 700 ~ 750 5691 ~-IlL ~.Jf!:li!Jr 

ifillJ +155m 
!iii:iiiJJifUt. ~lL~$~JJco x 

950915 17.5 28 600 ~750 19.8 5444 ::k~.~~. ~~flM~.~~l'!lc 
JJ<lf-7-1}4'/i 

*~~.::ffra lll 

10. 2. 4. 1 .:Lll.QL 

••w~?YH::~~I¥.J!fi:~W-*4¥~. 19&9 ~tit'=. i&bt~-*-~L~:m 550 JJ t, ~.:P~ 
w;o 150 7J t o 1993 ~--Ll.J~?Y*~~30% a91§:fLtil:mlnril.K. ~lJ 1994 ~3t$1§JL:itg1JJj( 

R.~~~m~J.K~&•h•ao ~m~~-a9~~~-~•~•.•d*Fd*m•~ 
~o ~~ BO .,L~~-~*.DT~Ha9M~~*·~~~~~-~*7·8~*a9~ 
•• -*.ffii¥.J$f4~:fL~It-ttft&f;la , :kRJleJBJIWi~H . 'if:k~$~~~~. 1>1i!R , l6Rlt1~ 
~~*j;:tl{g(·~ o 

~Mw~r~~~~wlt1M~w~~~~r*.~~w~m~~~~r*,$~w~ 

V*1J&M**•~*.~~~~?~$1¥.1·~~~-*~·~~.~~4~V~.~~ 
~~~~.r~~~~~w•o ~r;o~-~~~*~~~~~ltl•~~~;o~~~.~ 
:{;(~d'll~~ , * tt, **~ii!!o F~I¥.J#JJ~jJ~f£1Jt?tl~* 10-lOo 

• 10-10 ij'"~4tJII:tJ~tt~ 

W"~f!i~ ~Jltit.ffi~J.f/MPa @IJYI;/ l • m -l fikllU~llt li! J.f il~~~ 

w- :fj 146.02 3.52 1..5 9 ~ 12 P: 1f 
~ 

:0 :(i 108.29 2.70 1.5 8 ~ 12 P: 1f 

~4~ I. 80 1.2 ~~-

10. 2. 4. 2 BM E ~$L1t.ti*ii-)dl;.lt ~ 

-~-·~'LftltiGMWH&·-~~~mMWdi¥.J.~~B~T·M~H~~J.K, m 
J!t ~ 1¥.1 ~£ o lllfl:tf 'L~ it 1¥.1 tt;bo i:iJ ffl1J Jiit.M.~ ml.KflJ ttl.K -~ ~~ 1t ~ 1¥.1 $ ~ ~ f'J1 , fRJ It-t~~ :I: W 
Jli!IHZ.:ttltJo o 

BME !X'l~L~W!-!i~~li.?Hli1$, mt.f4*lmt}iZ, ~1'=~*~' -~ttQMf, ~t'=ltl~ 

ffl~~~~£ . *¥j}IJ~*:::k1l:f£1JiHLII7\:7f*a<Jifw1fm, ~~tt~JV& 10-ll o 

• 



. 680 . ·············----------------------------· ····································-------- --- ·--

\t lJl: :li ~ itffi :W-11: ~ 
ltuk ttlm 

mmhJ& .ll'llw.hJ& ::fn lVt-1* f*l!fiWl 
/ g · cm - J / m . s _, / mm / % / % 4:.1ilt /it/L · kg _, / jj 

I. 25 - I. 35 3500 - 4500 socx~~o tt. lit 0 0 22-29 I 

10. 2. 4. 3 :JL fiil ~4i;fu ie.:JL~ iJ; 
~:tmili!Jf~llJ:J 12m, ~ffl KY-250 3f~~t!L~M-~1l:J~HL, :J~HL1l~19 250mmo :££ 

~ffl BME ~'L1t~f~fJJ~W, tfffi'J)jjiJIEEt91L~~~ (5m x6m) o ~.*:ll:lt£:11~. :*:~$i9i, 

::F.f'J=fif~o Fc* ·llH~ BME ~'Lft:J:1:!-9tEflli, *=fflf8J!Wj~!-9I~ ( ?LIXX.J~~:1g 7m X 

7m) 0 ~~~:fil:~~~ 30%, f.HL,GX;*~~~ 20%, ~~+:$1-.l~}Jfo 

BME~'L1t~~::F«A*-~S.WAWJla.M~T&R~~R~"~~-o @. 
4ii*:liHL~R ffi.I**Et9 20kglm t£j'.l:j¥IJ 25kglm, =B.:*=JH 
~-~~"··~~-~8:11$.~~~·-~~MRa 
•· ~*wmr•sM~~w~•*~*~Et9~~.1J~ 
•~~~•.mtn•R&R~. ~-~-~•No m•• 

••m~••.~••T••~*o .7:1T~~~~mm. 
-~-~--.=a:~MT-~~--~ . -~*=ffl:*:Rm 
fBJIWi&RI~;Y;;~J;I&, ~lli!ll0-10 E!f!J' o 

10. 2. 4. 4 ;1;1. .b.lt :AA:. *-;fu ~ ~~.it 

:B:~S*=FH.fl~fBJ®:ti/f~~, ~~::F+?t'&.Tf IK ~Et9 

-~·-~. @:B:~~T?t'&.W~~ rr ~~-~-*~ 
•&o Ru*=ffl:*:Rm~~-Rffi$~t1LK~mffi~&. 

~t~~·v··m&~~~*Et9®•1f~.~•••••~ 

Ill 10-10 lii.J IVUH~ ta~ .lF~ 1!1 
1- BME t121L1t:W~ ; 2- lllHIPH.±; 

3-4UI#J ; 4-._\;f~~ 

~~.-~Et9~1lffi~m~•~~~~~~.*~*~W-*~ wo/o~~ s%~~. ~=f~ 

&.m.Tif·····~T·8~*ffi~~--#Et9M*€;~-·fi~2~kgl~ t­
¥1J 1800kgl~ t , 4if:ifiiJ1)~~1t 200 ~JGo 

( I ) ~~m*€nX;*o ~~*IY3, ..ti£~-/f~/f'{}[ PJl:~T:ta&M.*. ~RrfJJfe!!*f~ o * IO-L2 .1U~T JL!X:9lt-m!a<J:fB~·*o 

~ 10-12 •• LlJ ~tit JL ~A AI! tY.HifiUU~ 

?L~-1- .~~i:lll:/kg 1'L lliJ ~ l!(/ m ..t :CA: :flUitf:!V m (OJ 1\'a j'$1jJJV m Jll*E!kg · m - J :k~$/o/o :lit~ 

34 15400 7 x7 2.5 3.0 0.41 5 •.~tlF-~ 

32 13660 7. 5 x7 3.0 2. 7 0.45 4 IJ!ft.lj!-fjl,~;jl!_m; 

29 12860 7 x6. 5 3.0 2. 5 0. 41 lfi 1$ 5 m , X 'lllrl!: 

31 171 20 7 x6 2. 5 3.0 0.43 0 :liillF-t.f, X'Il!.!'J; 

32 13000 7 x6 3. 0 3.0 0.42 3 .€.'1$ 3m, x~l!l 

(2) ~?LnX;-* o :t£~:R1VLlt, -M-~~.1&*~ 6*~.~~*119 10% -15%, .J&-RJ& 
*~*tll~--~•*r~a••*·•W**~B-nX;*::F~~~Elf-~.IB~~R~ 
* ~ffl tu8Jt~'*~4i=J;J\flt Ni.. ~£$ ~?L~]I!J!Tt&ffl4if:*~?L, I!P :(£ f:*i.iHS&it::F ~ Et91i' m. 
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~~~--~o ~M-M,BME~~~~~A~ftR•.•··~*~~~.~*ffl~~­
~~;fiHt, tL fXXJ~~* · .iffi'i*ii~~. 1fjftJ =fflt{!f~<M"tLht*, .10-13 i9tl;;r-T15t!ffl~~!MJ~L 
{{.~~~~}¥.! § ~ BME ~!fL1t~~:X;J·}L ~~~l)bll['i*:ii:~~Pjoj o 

* 10-13 ~L IXXJ :iH~Uo@ ~-xt~~L·i¥.l~Pilil 

~if!x1U!Vm mwm 
~!L][~/mm 

;Y~jijl.J~ BME li2 
ofl;::fL~~;% 

?'Hili}~ BME~ 
Mfi*~j-'1% 

6 x6 7 x7 14 2.5 1.8 28 

250 5. 5 X S. S 7. Sx7.5 13.6 2.3 1.6 30 

5 xS 7 x7 21 1.8 1.3 28 

( 3) *~nlt* o ?iiit~JJr ~.f'k~:ltfl~, ffi) -Ttf~, iii':~ 7 tf~~jc$, ~1~ T eg tf ffi) rPl 
flf=~rltJ~~~~Jt};* o 

to.z.s -~~•a•aoo~~~-0~R~v~mm 

~?F1f:~~Rls~EJ(if~-~*f*~ff..l~:tii,!;li:, ~*~~-~fbli 2ooo 7J m
3

, &:Fm~~~ 
,g,ii~ 10000t, ~t.!t:W-+*iYLlJZ- , JiBOJtlm2 1SI. , ~-1'-§i:FoWH~AIR~Jt!1.1!E:;f{JxiHt 

J!Ht<J:kwvUR~*~ff..lmiYPli:o if-?:i~~~if:1g.:E, /=8 - 14, ::a--?:i J: ... ctt~;(gfO:ul**:1g 
.3::, != 16 -18o iftie9=t~;{gi'HJI!~gljt+Jt~lf, ~~-~~o if .*9=t~**· *~I*J 40% 

~fflHL~:lt!!T~ID.it7k~~, ;I~HLI*JJ.Ktt~JJrft:~*~~:lts 10 - 15m, - M1g 10m 1r.1=i, ~ 
*~7Cifil' rlfi' _t~iJF±'i*JJr:Jts 2 -4m0 

•r*ffl~7Cil'M-?iia.~*~••r-75M*~~~•-M.m-Mm~*~~~ 
r o :J~HL1H£:1g 250mrn, il' ~[Wjlf L5m, tL'i* 17 -20m, ~iitl£m~9 -10m , tL~~l/& 

1g 8. 5m x8. 5mo ~~~·~i®fL~!-*}¥.!~00flltJ~~ BCZH-15 ~r~~$, -:$~;¥L~~ 

~~~M~~-,m#,.tL.«f-~#tE·~--.WH~t£~--RI*J&~~~~ 
tt~~~, W:$·~~1l1>.7 150 -250kglmino Wi?F1f:~~7Cifm£W'J?ii8-?Ji:, ~P£M­

¥£Wrn_t.Lf·~, ~JPUi~LfmBo l:9Uit~:.~&a~a•f!ij, tHL~ 19 - 20m, 7k~ 10-

13m tf9-fL 9't·:t~~ 600kg ;!$~, JYi~~ff;jfBJ:Jts 108h, ~ ~~-f¥:i:$-~, %(.*1lt!!J-o JL 
?Ji::lltl-~-~~2/&]}.··~*~Jii!.· 10-140 

* 10-14 a~~~•~v~~~-A~•~•~~~ 

5!i 
ftl!fi" 

1L~ 
1L~ 

m~ 
i!HL~ &-* lt:O 

lf:O 
.!,ti§ 

:tili*::lf 
.!)f!~ 

B:llll ~Jf 7.KI* i§jl ~i§ii!: -Willt :Oil!: 
1LfaJ 

1L~ / m /m illf! 1i1;/t / kg · m -> lNVm 
jjifU!dl~ 

/ m /m / kg / kg v~ _, /ru3 g • Cm 

18 - 3- 2. 5- 500- 60- 12- tHr . tl} i9J:ti lit::k 941024 39 IS 2. s 21 J.75x l0' 0. 56 8.S 
21 15 3 600 62 13 :!R~ .Xtlllit 

IS- 17 - 5- 2. s - 60- 12- 0. 56- !Ut .:!Sltl!B'f::k 941024 58 600 2. 5 34.8 6. I X 10' 8.S 
16 20 13 3 62 13 O.S8 ~~ .Xtllr~ 

18- 3- 2. 5- 12 - t~ i9J :li-llli ~ ,!JHt 941104 91 15 600 62 2. s 54.6 10 x104 O.S4 8.S 
21 12 3 13 ~.~ttl!<P 
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~::/!( 10-14 

tt&"r fl.~ fiR~ fi* j'":[i jljlj'" 

·~ fLfiil aWJ •• .If it~ *~ .ii'l11il 
!;it ~!;:lit 

T?:i 
lf!f 

laili 
?:i1i lliUt* 

~Iff / kg·m-• ie/m R.~ / m / m 
/ o -• 

1itl t 
/ m' / m / m / kg / kg g ·em 

17 - 5- 2. 5 - 60 - 12 - §:lfMl~.U9. 
9411 1 I 135 15 600 25 82. 8 14. 8 X JO' 0. 56 8. 5 

18 13 3 63 13 ~Ukl.fi4 <j:t 

18- 3- 2. 5 - 12 - ;IJ .tUHf. ~ * 
941118 149 16 600 64 2. 5 89. 2 18. 5 X 10' 0.48 8.5 

20 12 3 13 9.~ .;:.1;:tk!l> 

17 - 3 - 2. 5 - 62- 12 - WJ!Uit~' .~* 9. 
941124 123 IS 600 2. 5 73. 8 16. 0 X 10' 0. 46 8.5 

21 tt 3 64 13 ~ ,:tiU!r.IB '~=' 

~iil@~f= lOOOOt i15'CiVJfi$&1J~~L1t*F§9), 1994 ~Jt.JaN.F;}f JE:a:l$x~i!i~ 
~~*~~~ ~~~*~~*~%~o ~-T~~F~~~1t~~~.~~~$,t=&=b 
:.a.~ 6!3ffa9ttL7Jc f.tt~~ ti:.l'Ff.t~lll~~f.tft~, .Ja*1~, )>1.. iffiJ~Mt T ~% ~ $~1.11!~ a9 TNT 

fJL~:p~tf(:t$J9, ~*T~J!i!im*W:I'f«~*F§Ii:itl: r:J tJ9)Jj~o Jt¥12itf~~l1lof±~~~+Jt~ 

~0 

10. 2. 6. 1 .bf .I.! l'o\i 1r 
~~~~~%~~oo~•*a9~~~t=~ft~~-.~•* · ~·~~ho . 1t . I 

~-T-~tl9~~*~~~~~.0~~~tl9a*=!V~2~~~r=!VE~~-*m.•o =!V 
LiJ~-*iJtl,ffi,iiH~tr:h 1173 7J t, 1999 ~~~~*~L~.:Q::;J;J 1100 7J t li:;fi, :h::ff~fil& 
::k~Bi*W" o 1996 ~Htr;lt.:E~~t=I£ flifL, 4'1~~. ~~:it9*ffl*~~lH~1t1t~-i-, 

~~-~I£ ill ffl ~ ~ a9 -'¥ I~ §9/Jt!: , .13. :.l'F §9 ~ ~~Ht.!iJ , ~ tmt& .if' :t:c ~ o Iii] f.t{ I A. tJi 
~~•*·•••~.~~.if'~~mvili•tt1tH*a9W~o ~a*FI993~B~r 
1!!1 ~ H * , El:l -TV :E-~ M:&t 1f , R ~ .* J II fnJ !iF i1 V * , ¥;!{ 1.11!:11!HL Mj 7Jc :iil: ~ $ , ~ :l!lH'H!1J 
a9&H*FH~#~~~~ . ~R;m•••·*•w~·lll·$~*~ili •• MiE#~ 
f'**q&$W~o 

~-T ~~W-~. ~it'7 1 :il!T BCRH-15 ~~l1t1$§9-~7tf.~!f:. ~.g-*~1til:t(Vili 
DG~~-i-7Jclfl-tf9~3J( o 1995 - 19961F4tillt0~tlt~:UI 900 7JJT., {E~*F§9~a9¥li1ll~:itl:rr 

~it"Jt, 1$~)-T 1995 !tfllJiX;tltF. #1't~~PID!.fiJ:ii :I:J:OO~~l& o ~~7l:U~~l1t*F§9!f: 

a9~~.1.ll!~*w--~••a*~~~-I£~*•· ~•tt~, ~·1t~~m•T-* 
ZVo 

~$~.:E~1iA~~~B¥12r "7. 3. 3BCRH-15 ~~L1t1$§9~~nt~!f:" ,J,lt'f!fFT:ft­
~o ~Fa9$iktJ~L~1$§91!P 1; TM ~$ftii.J!¥L1t:t'F§9, Br 7. 2. 3 $ffitJ !¥L1t*F~~~J-1tfF 

T :ft-mo 



···································································----------------- 10.2 ~4-.;ttl~-ft.:!k."' 69S-JII • 683 . 
10. 2. 6. 2 ~~4t~1~At..&.~~ tt¥;} 

*~~~~Hm~~~r~•~~~in~A~~~=~~&HM~ ; ~~*~~~~ 
H~8~*~~~*~-~.~~Htt~~-tt~~-~~9~M~H~-*~~~mn, 
mnT.Bttft ; ~~*m~~~~-~-~. ~~L~~~-~~-~~H. ~~§~~ 
ffih~~~ ~HWN~~~k~M*~~,~-~~~. ~-~L-·MR~@R*~~­
~ . Mffi.i~-fiJ~~~~m;*#t~jE*, tlit;J;I.l!A:!ito ¥~Jlt. :tl8rL~~flf/r1~~~~ 
~mo 

~W~VV*tt~~~~~~~~~.~V*~•tt.~*V~V**~3~~~= 
~*'~~*~~*~~F~~~~~~N~fiumr.~~~3~*tt~~H~~.M~ 
m&:!f::•Hit:, r£~?~:P\Hiir.dm. ~J~J 3 ~*tttt~~~~~fl <~ to-ts ), lf!.rL1,1Wi 
iiU fJU~lJJ{~f£1JHJri o. 3 f~ o 

•1o-1s ~~v•~n~•~•~••~~ 
f:t 1t JiiJ 

;;s tt 
iliiWm2 fl~/mxm 

j_f ~ 

:Q 36-42 6x6, 6x7 

.PiJ!:ti- 48 -56 6x8, 7x8 

tt :ti- 63-72 7x9,8 x9 

7!it&$.Hf!r, ;'G#Jm*'l-M~?.ffi\.~!1~~-m 
it1iiffi\.~f;I~J1~:1«-®ftiJ!., .#titA.~L, :li!f_;(:EJA 

1Lr~ tnJ ..t ~it.Hj'ilj tfr l/3 ~ tl:ft, ~fti rt:iJ JL p;J 

&Ho ~1.1=H&:ij311J~it•H~.f.Jt~ 2/3 at, N 
:/i!f_A~2~Mffi~n~~~~®-A.ffi.ifti·~ 
~~J~~:f.1:Ho .HMt;J:!m!E 10-11 Fffjf; o 

~m~~~~.~~~H~~m•m~~~ 

19! **~L~~H~~Jii~~r!f~~ ~=IF 1it1if~ ~ 
mpa;z- , ~~L~:f.1:H~Rk:et~~-*:iltZV. . m ~-A 
•1.1=H$~~m~~~**~~~~r!f~~~tl 
~3'f!c?.ao 

10. 2. 6. 3 ~~3itJt~#" 

m~~·~*·•~~~~~~m~.~fi 
~~ (~ l0-16 )0 )}..~ 10-16 ~iJ" :fl, {t}fl TM 

iliiWm2 

56 - 60 

64 - 80 

84-90 

tt ~.t IS 

fLI\iJ/ m X m 

7x8,6xl0 

8 X (8 - 10) 

7x ( 12 -13), 9xl0 

• 

-~$~~~~Hfti.~~H.~r- t8.23% 

~m~r.~mm~iu*~•~~~-~.&w~~r45-ftm••••37.s6%,m* 
~8ill:~atill..t3t 26.28%, IZ£JJlt~~~~:fl:tlllrMie: ft~ TM -~U$i!JIJ~1t:f.1:~:11!ff~ 

fi~1L~~f£-fit1-tt£~;;ft_t~'i1]'fj-~, ~1Jt~~~~%\'.(f.Jo 

:tE*&BMB~~a-k,~-~*fi· ™ -~*~'L~:f.1:R~~····tt~~ 
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*31Hl~r£Vf~~, ~I&B1Jfr£Vf3'~;fffi:f{U~ 10-17 FJflJ' o 

*10-16 11~!UiitF~tt 

1996 ~ 1-9fj 1997 ~ 1 - 6 .fl 
lJl B .lJl ~ 

( 1116 *"ifi) ( Th1 mli> 

~ijt1it/t L 15839 X 107 9. 9325 X 106 }lDI':.itiitlt · m _, 

1$l!jl(l.*€/kg • I - I 0. 192 0. I 57 4-&tl1l*1Ylil~ . JJ t - I 

lJl B M-~.lit.\1 1116 TM lJl 1§1 

1il! Jfllf;J' rBJ 
1995 ~ 12 Jl 1996 ~ 1996 ~ n•~a 

IUlliJ 1}l8 B 9 n 30 aFo /t .... - · 

l J'i.fe/kg . t -I o. 135 0. 22 0. 170 .~RUilm · Ji ,- • 

1996 ~I -9 fl 1997 ~I -6 }J 

( 11161$llj) ( TM *"!§) 

132.4 167.2 

15.2 20.91 

M-Jll.lilt.lb 1116 TM 

160 123 171 

62.5 81.2 58.5 

~:ft~B;J(W"~*~J,g,:m:~ 1700 7i tit, ~fLJtt;,( 25 5Vm it ( 1997 ~ l J] 9 S ~ 
it), TM ~9tl:I$!9:J:!( 2350 5G/tit, 1116 ~IC1J!¥L-f.t:J$#j:J:!( 2223 Jt/tit, j~j!~~~:l$!9 
* 4100 .fu't it ( flj:!j&{f)-)' TM ~~tl!¥L1-t:I$!9?H1U.!:3 1116 ~~L-f.t:J$ !9' ?H!~~~W~iffl 
~t , 4IJ~PJ"W~ 312 7J7G~ 318 7J7Go 

10. 2. 7 BCZH-25 ~i.IU~1$~$1£ft\:~l!JT:k~~L1Jt(.j.fillif:l 

10. 2. 7. 1 .. .i!. 

"!iJJ~~ .. *~~l§'.)~.fLr 19571f:, ;liH~~WT::k~~W'rlJ:G-, ~*ffiliil:~ 5000 JJ t 
t;.t t , ~ ~ ~ :VlF(;j 4 1'-W" IK , f!J: ~1ft :I$J 1u 16. 5% ; <ffl a-<J $: 1-t #a~ :1: ~ o. 14% o 1V 1201?:1~ 

F.@.j] fJL$t.!Lig W' 76-o i:B<~ ~ ~ m ~;l$ !{) irt ~ 13000 - 14000t , t;.t 1W .3:: ~ m *€ ~ :1$!9 ~ TNT 

:1$~, :iiX~ TNT ~til~~IIH!(t!lil-:I$Pi, :l$~!f!.*-€1imW':EI-{ll!lf~IWJ, JA 0. 14-0. 56kglt 
;Gfi!J~{to 

~~}i(W'?f:Hi1f~,g,!ifG.:r 2000 ~rtl~~il'J ili~ 7~ {:; BCZH-25 ~~L1.t:I$!9*<!9$1¥J...t.tl, 

.!:3M~WT~~B1JIU~WfTI48A~$aAif8Eeo 2001.3Jlffi1£~1J~2m•~~{:j$ 

M&~$ . fr£~~~-s~:~$~~ft~~~-~ft, WHE1JB1J8~.-~Am61J~ 
iJIIZFo, .fL !';!PNA:l.i~i.'i\:~o ~~P'Jffr!ii~WH.r, ;{EiWWi BCZH-25 ~&H!f::f:ll&~$ 
m l¥1~---i'Jl, itili'J~Y Jl$tJ~lU~fit700t~L1t~~:I$~1'19Ift;itiJJo ;{E*:%*X*IK, 61 
:51&: . ::kiti.'it&~L-f.t~~*F!-9, ~m llX fijj jf!H,I, -~~*jSj ~ifo 1£ 9='1~-'!t;j( l';!p:m~ 7f 
1W, ~1-'F~)fl!ffH~WHm BCZH-25 ~&H$, rP.I*IK~;i!_ , tllf-¥ffi*<~Y 444t !1L1ttil~ 

WJ9o ~~~:;kB1J-~-~~~~;{E.:l::W~*ftB1J o 
10. 2. 7. 2 :.lt~ MJ ilie.~, .r. t:~·ti~~A~~>f 

-~~-o~a··~~~~~:I$~~--M*FHC~~~~-M~~) .*fflY~~~ 
~ cB1JDG1J~~f'I£.&.®:~. ~~~~;{£1$J9)B1J~.F$fiiJP3~~o ;tt~L1.t:l$!9~19tDG1J 
(J!lt:fil7tfx) :tlll~ 10-18 Fff~. ~:iit7G*a<JIC~.797k : S!EliJl!IW~ = (75 - 90): ( 10 - 25) o 
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• 1o-1s ~~~lifi!n < '*' ) 
ULJJ J.l<.ffi (93% ) ~-IJI (7% ) llii!:n '* ;Jctn (93% ) tlll;ltl ( 7% ) 

I ~~-j;j( 60 -68 !Jll {tJlil I. 5-2 3 * 15 - 18 

2 ~~~ 10 -16 illl ~ & ~ Jm l'fll 5-5. 5 

!1!2oo~f'$fBJpg~t'Il:: ~L1ttffiiJJ[ 80 -85"C, ~L1t~f:lt~hJ'G.@~L, Fot;!J~Lo *.ti!!L~L 

1t~H1~~ t500r/min ti.;{;J ; t~J~L~L1tfi~~~ 3000r/ mino ffl~~~~L~i*J!:ti1i~, :R 
~mtA BCZH-25 Wlil!~$a9~LJJSC~ 9=' , }t1t!!.W-*1-t11?HJIJ~A~~$ ~~ § ffU4-fr P3 o :t& 
oo~f'$1BJS9~1"it$~ 10 -1611ho 

tE BCZH-25 WJ1i~$J:~~*f:~1l!flfteltiJ¥, A'f*!t'lr~t.zo~ 10-19 Fff~ o 

• I0-1!~ BCZH -25 ~~~$i1U.Hilt 

1#1*4~~ !J!l.JIU~JJA JU~Iil'J-f]C ~ ~b ~llt]G~j:gjjl ~,t}~f$ !J!L IJU~ 1.ilt ~-V\lii!fM-iiJ( !Jil1 illl tl:fi1:ft~ lfHil: 

I 90- 100 0-9.4 0 -0.6 o. 2 - o. s 2 70-90 9. 4 -28. 2 0. 6-108 o. 6 -2. 4 

tl:$J:,L.Mt1*~!WJJ[: p = I. 40 -1. 45glcm3
, ~L1t~~*f:~jj!{#mtt~: Wit p = 1. 2 

- 1. 28glcm3
, :l;iit ¥=4200 -5100rnls 0 

10. 2. 7. 3 JJ!.~ s. }f) 

m-!Xiit~~t£.3:1YI&"FfflS~tlti:ilHr, WIR tE: 3000m, ~ 2500m; w;g?i.li!J.t~~/ = 
16 -20; '€:1M'~ 15m0 ?8:rl][~250mm, ~.li 17m, ~fLfB]Ji€5m x5. 5m, ~fLI:j:t;j(1*8-

lOmo 2:7XMJ~fF~~EI:J~~ TNT ~til:~mM~fl!..g.*f:~:ltQJ.K~ EI:J BCZH-25 WJ~~!;:::ti~ 
~~-~'L1tft~*f:~-l&~---~lt~&o 

•:rL¥ff'€:1M':illJit~~ 5 :t.lj;ljl-q-J\ =:#1~1-l~jtl, ,gJtlr 330 <t-•:rL, ~~ 255t 0 ;)ltq:. ­
*•:rt.~~L1t-~*f:~;~-*~fL~mT~C~-~-m..g.*f:~a B&$~2121'-. 
fL. !i~:fi 170t; AI&~ 1181'-~fL, ·~it 85to A I . TNT l11tl:~iJli~~m..g.*f:~ 
~HL 720kg, JfJ71!&$&1!fte71tJ*f:~4~HL& 800kg (1!1fte71b*f:~~!WJ.ilt T T ~tfl~mD 
i!jtll..g.*f:~~::k. 1l'ill!f@fL'fi~J9j¥1jJ.tlt!~. Fff~4iHL$& 80kg )a -~~1Jt~1J 9-
lOmo tEi*ia!R~jJi*f:~:'-lB;J-~5 -6d, f&Fofti~~1l, ~-~ll*~, @~Fo®1.to ~fa 

~{tf~: 4fi1'-t@:rllfTW1'-®ti~-', 4i1'-®~~ ( tt~ TNT) 400g, 7HJ~:fi)(_it;(£.fL~tiS, 

9J0~?8 :rlfit$ 2 -3m ?aJ a91.ll:N, $1'-®:tf5-'~ -1'-'111 ~:f;i~ a<J~!i~.ffi:ii ~ o 

~iVt~.EJA!.J?MU!il~$3iU~Jti:l&:~oOO 10-12 Fff~, ~~a l11 b ?HJU~~~AI~~~ 

S&$~~-&Foa9Jti:I&:M.OOo MB·~~-ili.V-~Jti:l&:.~8~ooMili~··· 
W:iSJ~ ' ::k~$f~o 

"EB~~, *:12!;0~a91:R#fftjfi-A 

~uffm~~~Mtt~~Fo~~:~!X * 18: '€:1 M':k•&, BCZH-25 WJ~~$ni 
~~--~'L1ttl:~*f:~---·~A 
I~ :!:A a<J TNT *-1: ~ 1iJ!j M ~ tf!Ht *f: ~ :Ia 
·--~~S.W,L1tC~W~~­
.5,t'~~~1*~-~.Jti:I&:Mili~a<J 

a b 
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10. 2. 7. 4 :tt~~*~# 

EHT BCZH-25 ~~~$1¥Jfj!Jij, ~$lllt1-tT~H!L~ TNT i'l=~~ TNT ~t[~lillJM~m\ 

~i'l=~. ~~T:flt~-ft:~i!~~. ~~T~~~:Illn~t'~$, ¥f~1J~~:W:~0ii.li'l=~ln 

~jfi~~ ~**iliilll'~f~o 
~ifT-iFf5e.ffl:tJll4000t i"j:~I¥JlVL1J, ~O~$~.ffl TNT i'!=~ , f&~ 2. 436 x 10

8 p;fp, ~ 
${5effl TNT ~t'I~?WlM~?i~i'!=~, 1/J~ 1. 12 x 108 pi(p ; :!lll~~$fj!JfJ!JL{t*-Y:~i'!=~ 
( t9; 5000 pi(p/ t it) , ~~ 7 x 107 p4'fj, J!tt~.ffl TNT ~1l:t!Dl*lillJMi~tl!~i'!=~li~ T 4. 2 

x 107 JS:ffi, ffi ~T- 144.8 JJ~:TGo 2001 :tF 2 il'7m~tt:rl:tf!MI::t'i'l=~;!tit 14000t, llJli~' 

145.6 JJ~:lG; 2002 iF 2 il'tt:mffltJ~t'W~ 16000t, llJli~ 166.6 JJ~:lGo PJ~i£f>H~:&! 
~~'/it liP.~ 0 

"EI~¥"*~~~--I¥J-OOM~~1t~~~-n.MWMK.~t'IA~~~4 
A. 4 i;$ 10 IA, .~,i.t 24 A o 

10. 3. 1. 1 .!t...1tm»r. 
ft~-r~~··••r~MT*:W:I¥1*~VL1J.MT-.B2Mm, ~-m~l¥1-ft 

~w-w , ~r•~£9lll. E.H~t(<i] ltH!Ji~. V;f:f~fP.t~~. J!Jlf.1'13.5-6.0m, Jt-1-J.=.fil, fil 
fiiJ~Hi.1'J~~~lU~i"o JY;l~H!Ji:fti 15o -55° o -1V1i1V.$.-1V ( F~01) 1'1£. I.K ~W$~§1:.* 

dWmA~~~-~m@••r<~3o.) .1'1£o r.a=~~••*~,M~.1'1£, •~ 
=;j%).1'J?'Xo V~..t:li:R1::1&IJt;f5-fil, T:li*;J\81i~::V:f, ~:fi·~*81i~·o •.ai¥J~Jll! 
.tJL~t£~jU 7~ 10-20 o 

tt ~ ~ Ell 

~:ti~f3; :S.f:i~llf t!Atlttlti! ~lllltit btffit;.!f t;ttHMJJr ~lriltt 

/g · cm - 3 
JLm[t!lf% 

/ m · s · I / kg · crn·1 ·e - 1 / MPa / MPa Jf.fi.J 

~ ;s 2. 0 -2. 4 10 - 30 1400 - 3000 300 - 700 9. 8 -98 1. 96 -9. 8 6-8 

$'/ilt;f!i:S 2.0-2.6 5-25 1100 - 4000 300 -1000 19.6- 166.7 3. 92 - 24.5 12 - 14 . 
:O:!tf~ 2.65 o. 1 -0. 5 5000-6500 1300-1650 147. I -294.2 9. 8 -98 18-20 

10. 3. 1. 2 ;tf ~ ;fi>~J;J~# 

.(£JiE•••w"!i!!T*Ii~~fF~cp, £~~ffl <f>32mm 1¥1 EL ~~U!¥L1k.:l1:~~~£ o it< 
W" lA 1981 ~:Jf:!m , ~OOtl)fY!.ffl EL *!i!J~L1t:t:P~o it<:lt~~t.£fi~B?U7~ 10-3 !:f:'o E8 
~ l0-3 ::f~lifili, EL ~?U!¥L1t:t$~1¥l::f~£#A~::f!iil~t\f.~, ~.1'1~$/Fiiil ?Y::V:fM~ 

*#~m~wm~~.~~~~*ln§:t:Pt.£~~~~~~.~~m~~-TV::V:ft¥JA~~#~ 

~:ft!!.~.ffl;ljt-Ji!fltgj(;JL1' £flti¥Jt.Jl'*, ~~~-{ii¥Jt{-*f&ttf~~ o -~-~' ~ 10-3 
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~~~~~fi~--~~*~r~~·~••~~ 
~--ffi~m•~••••o ~ffl~~~•%WH 
~:k~ tt~J:~ EL-101 ~ ~ 15% -20% , EL-102 ~ ~ 

60% -70%, EL-103 ~ ~ 15% -20% o tlf~~~if 
a9M~:JiafF~~~Jtl~l~!U&~, EL-101 , EL-102 

~ EL-103 ~~~ffDG~Yt~~~jlf:t.Ja••~lt~~ 

~~-o R~~!~~iV~-~-~--~Vili~~ 
~~m EL-l04o 

~1'1!-*'1-~:t.I~~'O~F et!. W'I~~-El-fF1J.®11~~, 
ffltt1£~:e.X::Jdlf~51:ti.if.'lf 0 

10- 3. l. 3 ,(f. -tl.k ilL 'f 6? .s. Jfl 
i7<if ~ t- 1m -1fl- ~~~tim -1fl- ~, ~ 2. 7m, ~ 

2. 6m , 119TiiiiiifJt~1J 6. 5m2 
o EJT~;t:tm1Jw-l*~ti 

:ksE~~.~~~~£W.~E~~~~.~~ 

E .... 
N 

0 
0 

0 

0 0 0 

0 0 
0 0 

0 
0 

0 

0 
0 

0 

0 
0 0 

0 

2.6m 

~~/= 1 8 -20, -~~·Jttj o J.!!Zffl~l-f.tWH:t.l.a<J1:t!HL:tplt~ll00 10-13 Ji!Tii; o :t.fgfL1I~ 
42-44mm, fLl*1.2-l.4m, 4:ft.tE:t.fg~~fL~j;J 18 -22~, ~~~'L'1fdtf, -lfl-35]4-ij~J® 

fU!tH~ 3. s ~ . ~~:tfgtJE, &IPJ7re1Jo Jt~H~#il~.®f,IJ"J'~OO~oOO 10-14 Wfffio 

I 2 
3 

. . . . . . . . . :. . . : . . . . .. . . . . . . . . . . . . 

4 

III 10-14 litflil~SI~~~f!J~AJ:OO 

5 

1- :ti!!lL; 2-'l!i'lr; 3-~tl;; 4-1fi!ili!; 5--!'f.!ld~~-\if.ll'l! 

t-~·-J.!ilffl EL~~,L~~-~.-:rL~ffl$~~~~%~~.~H-ftjg 

1. 88kglm3
, ~t.I*~JfJ 2 %~ElillHr/CWH~~~ 10% o 

t-llY.lJZ-~~"F:Jr.il~;Jt-j!~ifi~. 7fll~if-f*~A:llt~~, 119Tiiim 7. 49m2 
o :W:~~ 

~8 . &8A •. @;Jt-~IfFOO*&:k,#Rim~&IPJ~~·*·rn•~-~*·~~~­
M. ~-.t~:I~HLIPJ~Hmll< o ~iSWIIfol, tE~~~{lJ:~:it!:~-Tii?it:JE::~F'fitiE~~ o ~ 1981 ~ 

VJ8u, ~~ffl 2 %;a.E~Hll!fi;Ji\l • . #J?it8u!-16,~~~J'H~~e<JHts}~~fjJA.it!Je<JI!Ji7J< 
H~~. ~~$ff$~~-~1HIL71B o ~ff!lllllt, m;$:Jt!HL1JJ$~~.7tm:lL I!P,¢.Uk® •. 1E 
·JN.~1JJ~iFJi o - fflUt!!i$t, L0 -1.2m~e<J:fi!HL, 4ij(j(:'i:?itFo7l.~.R0.5 - 0.6m, iffi_§_ 

•• Foi~00~8~-lfl-.m•F•.n•mm8~~~-~N.~~~~~~M*~~*~ 
~o EL ~~~~~H~mM•·~~~~JfJ~M#"F~~-~ft~.~~Bii; 7~7J<tt 
r6~se<Jit~. n•-t±~ 7lH.f!!. ~fL~Jffl-*~ ~:il!::il!ll~:lil?itmt:fil8~t~t:ka<Jmi'i0. ~~­
I~ :lt;ff!J3!Z~~ , 11 ~ 7 Jjj(;f:J-*'1- o {]!!}§ !¥l f-t~ H. lit a9 :J~ffL f.ll' 3'iJ ~ ~fllf/J f! ~ll 00 10-15 JilT 
Jl'o 1981 &f: 7, 8 jJ {7}l7<I~jljj~jj:Jl!:Jj·~*f,f-~~-3/"tl~~ 10-21 o 
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ffl~:f!l;ilj -~it 
flit fiij j:j;ilj~~ 

/ kg 

1981 "¥ 7 fl !JUtWili 181. 05 

1981 "¥ 8 fl !JLitW*i 124. 10 

Mfl~tt !JLitW1-1i 305. 15 
. 

1980 "flf-!1) 2 -i5·:6-.:0 :f$1-1j 

$~1:1;~ 

1 0 0 3 0 1. 4 ..(f. *-#f tj> S!J ..& .m 
IV.~-1i ;Jf * 1R 1314 :!iR ~lt1>J ~J, fr 

~BEL ~:9~!1Lit:k'F~B<Jmrfflti'C£, ~til39 

1Y-E3&.lffi'~ij!, ~1H~7f'~ff, f= 18-

20, lY~f@ijH32° , 1f;cJfV.1itt~1(1.J;E, 

;lt...t$iiJ .W,;N1iS?t~H1c-W", *~ 1. 03m, 

*~30m, *1Y1J7"!1.JJ§"if'!::r.\@l*o *ffl 
~L 1tW ~ :ti ~ B91~HL ;fff ft :tml!l 10-16 Yf 
7l' o :l®fL1i:1£ 42 -44mm, fL~ 1.6-

1. 8m, :Ai ;j\ ~ m ~ Oo 8m, fL IBJ ~E: ~ 

o. 5m, lJFfL7fD RET9l~ oo 3m, *IL7f o 
RE~~ 00 23m, &~:l®fL~:tJH -5 R~ 

~.~~:I®~.&M®·o ~-W"lOO~~ 

;ft.: * :±: .w- -E 3300t' ;!$ ~ -~' 7~ f€ 
12570 80kg, :k'F~!f!f€ o. 377kg/t, :l®fL~J 

)!Ri m 

15 

9 

24 

0 

!Iii&: :Iii: I m 3 
:f!l;*ilj!*€ 

* ~ / kg 0 m - 3 

106 !. 71 

65 1.909 

171 1. 785 
;lj(~;tf7 , 

~oloJ)!R 
2.40 

-25. 6% 

2.6m 

0 0 

0 0 
o--o 

0 0 
o--o 

0 
0 0 0 

3.39m 

00 10-15 ~:WFl~'ii1tffl~L1t:I$~:Aiit 

B9:f4!!1L;(p j1 ~ ""' ,c,,!t]lfj)J~ ~ ~00 

. 

JH.$1JZ-:M11.1 91%, ;tt~LitW~B9·f€ttf5!!ffl2 %:E--EW~atl'll* T 350 2% o 

1: LlJ 

000 

Ooo 

-

000 

0 00 

E 
8 -
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10. 3. 2_ 1 1il ~ 
~~~~~T~~$~~~~~~~~~~~~~~r*~~~~~~~ffi~-~~ 

_t , I fFBt ~ i9J79Jj:] ~ ~llltlt.:iti.* Yf, J'fHJ~:iti:/J~:I1} ~~~~ l"£)d1!!. T I~ B<J:!@ fL 9=' , it 
~~-~f#H1PilJ •• , )A ffil ~lNJtl!.l'" I~~iB~~1JiiU11.~1tB<J-f'lt ~ 7911t~f'~ * o ;Jtti R.i: 
~~~~~Iif'h~#m:/J~,~~~, ~Z9J1tW~~.IlJ~~IA~79J~~.~mfF~ 

~Pfa-tfSJ , :!ik~ -r I~11it~~m~ft~~ B<JJJI!~~~Hir o 
~-~·~*~•m~~~:!f-B~:;kUVili.*~IW~r~~ffl.ffilMl'"~~$ 

B<J~~~~ffl~~U~BWo ~~---~U*~~*~·-~tt~~-.~~·*U* 
••o &*~•-r••fF~B<Ja~~B<J~~~-~•a~~.n•••*m~~~•m 
~~~tit. :;k 1i ~ ~ :lt!HL ( <f>100mm ~ _t) , .5 ;g- B<J !lt!HL ~ :f£ •11', Jli -M·J.J <1>35 -

64mm, 'lit ..ffl:@fL1{q£ <f>45mm tr_;(:j; EB T~~1I@){;ji~~~~;Ij~f~tl:ff·:;k~PJI!I , 

q:.~,1Ia~:rL••~••.~~A••~,~•~•••a~•m~~•tt~.~~~· 
~~.:f:~(RjjiJ o 

•-r•~m~*~~~~~*'~~B<JM~~*~·**~Fora*••m~tt*B<J~ 
~o .±~14{~~ : ~~TlfliJ'1i:f£:Jt!1.1LJJ\1:%m~fF~B<J~L~~l9!:*ME7~L f~m.iJ~*~:it 

~~~~~~~-I~~*.1I~m~~w~~*~~o ~~~~~U*~¥~.*m~ 
B<J1it~I~, ~RT r:f/J,1IQ~L~*FHB<JJ.!e:t,W.{t , :JiHU!tJJ\~~.m~1Jio tNpg5'J--~~ 

~:11:~0 'ffJ ~iif~.tJL;t1g , iftlmiif1ttJ* P:~:9J T "1ft !J,1i:Q~1t~HJJ\1•m~U*.&Jt~iti 
$" C -&f!J\ "•-r••m~~Ut~~·~$") o 

10. 3. 2. 2 BCJ ~ 11l.fL1t;kf Pi J.Vh i£-ft.$-..(f.~ -f;l;J.~tf-*- 't SfJ il.Jfl 
$~BCJ~~~*'~~••m•$~ft•.~m•-rasm&tt*B<J~fflffl~oft 

e~&.~~~~*A~•~~B<Jm79Jtt~~Mtt.~mr•-r••fF~~~~,a•*r 
ili,*~5.&;lt~~~~·IWB<J:t1:HR:%M~fF~.IlJ~~-~·~~~·fF~~~ 

~-•m•o ·~~~L1t~~$&m&$, B~Fotr=M~~~I.,%(.) ~~m 

IW,*-Hmift,a*~±-8IW, -l'"Vili .*~··~·r~m.~Jfl-~ 
BCJ-4 U!JL1t~~R51!~$B~~I±l l::J"I:tSIF. BGRIMM ~~:fli!R0jjj o BCJ-1 .itj$ 
~T41J~~;!tt~:i!!I.*liN,Wil*@'"1tffl o 00 10-17 ~ffi~ BCJ-1 ~~L1t~~$~nUjlt$:fE 
1r~.f$JB =:~.$18:nitr:0~~:i1Hhll~ Jfl trlJ~ffl fflt£, ;tt 9=' 00 I0-17d ~:@1L;{ff fl 00 o l?Al 

-~~---~.~~-AI&~~·~-.~1t~H$Stl.$.tJL~~~~~-R~ 
ffl$JA 85% ~~¥1J 96%, 1.1&~~i1.1~ (III 10-l7c), ~rl±lifif.fPiL if~, l±lilt 
WiPfati'BJJA 6. o -7. Oh ~~¥1J 4_ o -4. 5h, ~~fm:fi:~Jffl$!1tiWi, 4iJ-ii•WJ:fllJ~~ 

~fL 10% ~Lo 

10. 3_ 2. 3 ALB-9E ~ ;t r ;tl~ lf--(!..:;:.~7)<. tl?. _:t:.,f.!Jt r Jt~lih 1t4t~;t 'f Sf] iL JfJ 

A f:tllif 
*~*~Ift.l'"d.eB<J~I.~~~-~-&IW~~~-I4.&B<J.:E-~ 

~z-,rm--r~•~.:E~*m~n••~~~*~o ~~.~••I~~-rm••• 
Ilf!B<J~m.~~*•&ai~-::k~aJJU,;tt·~~-A·:·IfP~~~-~,,I 
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a b 

0 ~ ~ R s2 sJ!W-'85o 0 9,'s o S6sf>o 9
5

'f6 
0 

<,?2 2 44 4~ 4~ 0 88 0 0 ~· 0 0 47 
89 

0 a, 74 040 0. ' ' 18 0 4<§ 9() 
On 3 OJ? OIS 6 OJ 19 0 4f 910 

071 038 02 40 20 500 920 
~ 014 2 10 uo 

011 0 1 50 $10 940 2 
069 013 220 ~ 
068 036 $20 950 
067 012 ~ 9 l' ~ ~ 23o •

30 
960 

066o3s E ~ g fl , 97o 

065 034 011 g i fl 3f> 240 540 980 

064 o33o o o 
5
q o 61osso 990 

063 56 57 ss y 60 1000 

062 0 0 0 0 0 1010 

~ 
0 104 lOS 106 107 108 0 9.7.;-

0•2 103 109 110 
- - 9920 

c d 

ff.~$.~ITtt~::k;·~~~~*~·~*~~~-~~~-~R~ffl$~.~~ 
-~~~~-m~-~~~-::k~~~; IMB.~~- ~~ - W~·~~--;-T 
~m~~~~Trm*~· ~r*~~w::k. -~*~*m*~~·~I.H~m*~ 
~-)J~t-15::ffEJTI20iiJ; #!HL]f1£1J\, JL~$, ~.?:l$1Ril!€~lil:::k. 1l-!&191s-JJ<~1L, 
~*~H~JJ<ttft~;~T···*~~~--~OOM~~~-~~*·~~~~~~M 
~~~19~o ~T··~~~-M-Amm~•TH&$~E·7J<~IW~~~-t7 
?£o 

B !tl!, 1' ~ ~ $jJ~i;!:.~ 
:i*fflT:bD~::k BTl 0iiJ~r-:~ ALB-9E ~-THH${i\X:ti&i5\Hio ~~i.lt~;I!~E~ 

tiW~T~~~i!ii7J<tFo1I:9ilt3tlfnJ~IW~%1lt~o :lt!;T~M~;fflfi 6 *517K7fo1, ifol~1l1£19 

15_ 5 - 17_ 5m, 7foJfBJ~~J¥lf~ 10m , mJ~&riAhd4*:tt;~;tHf .:P, ftibi<Rttlt•#J, 
~&aS~~-~o ~~.~DAIH&·~~#~~~k~T-~~~o ~~tFo1*19 
L, Tp;g-$*~h§aH~ o 

a k-*jiiijm•ut• 
k*~•&A~~--~m~~. R::ff-~B~OO.~&~~~ffl::k .• MR~ft% 



···················································································· 10.3 ~31!!. T~-it.:ll. 'f {IIJ_B.Jfl • 691 • 

~~~~~rrft~m~. *m~~~w.~~~~~~Io ~~~~. ~~~~fi~~~ 

h~. ~--~illR$-~95%~~0 
~*MMJL~~~~,MM~.N~~.SRm•.*mAIHH~Bfi~~. x• 

U~ 10-22 o 7f.J£~iiiilR 105. 95 m2
, <ftifUt JJ!' 2. t31-l m

2
, .~Hit 504. 42 kg, Jl::;lclp.li 

~~Hit 34. 8kg, *R$ 11. 6% o 

* 10·22 ~·~AI~···-~$ 

:t81L~~ 1LfJ(I1- tL~/nun t LWcm i!i :f:& J'i: ~/ mm !ii!i*l!llcm .!¥t1Li9 :fit/kg 

~:ftHL 9 89 - 45 430 70 360 15.36 

JVlrifL 139 45 430 32 308 2.4 

JaJ.lllfL 51 45 430 32, 25 367 1. 02 

""'{,• :£ 1t 4 89 430 70 36 1.5 •• 
Ji!; 1L 23 45 430 32 330 3. 0 

*mM~HH$HH•&~.-MfL.MMR.aR •• B~AI&fi~B~~~~ 
fF 7 ifti ~, .!A!.~ I0-23 o 7f 1£ ~ oo oo f:R 105. 95m

2
, f,!j fL .<ffi' JJt' l. 54 1-Im

2
, .~.Hit 

617 . 08kg , :IR:;Ic.Qili®1iHii1 46. 4kg, -*fL$ 5. 1% o 

$ 10~ ~•~•m~~~•*•~•~• 

~fl~~ fLJt/1- tLW rnm 1LWcm i§~Jl:i2/mm ~!§ ~IJI:/cm !'ML~1ilfkg 

'f·(.·~fL 4 1!9 430 89 60 1.5 

~1111. 9 45-89 430 32 , 89 360 25. 74 ;ftl7. 2 

AAWHL 82 45 400 45 319, 290 5.8 , 2. 76 

m!.lllfL 54 45 400 25 361 0. 82 

Ji!; fL IS 45 400 45 330 6 

b ~*M~&iat9i 

~•m••·~~~~~··*R-~•Rm~.*fflAI&H•&~~-~~BJA!. 
~ 10-24o :7f:f£WrWIIDtq 82. 74m2

, ~fLWJJ' 1. 5 "1-Im2
, ,g,H:fi 268. 32kg, Q:;Jclp.a®:t~ 

&lit 42kg, *fL$ 11. 6% o 

~fL~!t! fL~/1- fLWmm fLWcm FJ ;fj :IT :!21 mm ~Fj¥;lf/cm Jl'!fL!§:!i/kg 

~.Ill it 46 45 400 25 354 0. 78 

!i/ll'fL 25 45 400 32 300 3. 0 

.:£ji1L 43 45 400 32 300 3. 0 
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*JtJ:lt!CF ~ ~ * •it ~ f:E A I~ itHfHL i9: it~ illl..t , ~®:I 1AHf!HL :l$ f.n :B 1. o x 

1. Om 2 imJ ~ jg 1. 5 X I. 5m2 
' ff .. Hrc~ 83 ffii 1. Om iml~ jg 1. 2m ' :m 1Jj( 3::14HL ..!:3 ~ fi:HLfBJ ~ v:J m 

1.J 1. 3m, ~fit!~fl::f5e, ;ff*~f£~~ 10-25o Jf~Wf[ijjjij~ 82. 74m
2

, ~fL~tf 1. 2 1'-1 
m

2
, ,~,~iii 246. 81 kg, ii*1t!~.il!Hi~:fi 42kg, -*1L$ 5. I% o 

* 10~ ~·~~~~~*····· 
1i!Hl~lW :rL~-1' 1\.~/mm 1\.Wcrn !9 ~ 1'(f2/ mrn ~Jlj~lf/cm !)!.1(.!9 :lit/kg 

J~lit11l 46 45 400 25 351 o. 78 

!IJ!Pil 25 45 400 32 300 3. 0 

3:JIR. 27 45 400 45 300 5. 97 ( :$:~) 

c **7!-{ff 
-~-~$-~jg~~*•H.~**··~R~m•. ·~~RB2.•m~R~ 

~~fa], 1Jn•I9C7foll :i:7ftz:iE:llo ~~it , ..t-*Wi!~~~ 28% 69~1L , ~-*1fii.II!J~~ 16%69 
~R ; ~am••m.-*R$~5%, ~#8WH•a•~aa~¥~..t ;R~filt8 •. 
AI~;IJ~.itf~~. m-t-•~~fi.Rlf'J 5 A~$~H~~~~o J!l~-~~tla9tt*MJHil 

~~ . ~~~~W~$~~~*%~~*r*~Iea9•rifi~~•it.~~*1~m 
-T 00 P3* ~Ifthl&I 'f! o 

10. 3. 3 ~Lit*l=*i'£ "si~Ai$" I~-71<'-i~tAili1Uiirf!IY-Jm£Jij 

10. 3. 3. 1 *~5li~ ..:r:.;f.Imvt 
"si~At$" I~~J!4f~TPI7JC51A7Ctlf!rlla9~"JJ<Ifi. ;_l;tif' "si~A~" fDi*~7FoJ~ * 11. 39km, ~ "s i~Aj$" tfi7JCifia9*ilifiZ - o ~~7FoJ~urf.J±~~ffl.:m:::tci:iJ!f 

~m~.~~~WB~*~-~~-.miliMB~~-~~~-*~•o&~~~~ff~ 
Jt a9.lf-:ft9-fll1.J 63.7 - 127. 5MPa, 5!f!ttm:hHt9+:!f81t.1.J (1 1 - 14 ) x 104 kglcm2 

o fi/:, 11J!l! 
~-, ;J\~lfJTfi!.Wi~~1H3(~o 

m-t-~*~Wil~r•r*&~r.•~*•~•.•~oo*m•*•~P*.~•~ 
~.•m•m•Ra~~*~•aoi~~tl1fM~. ~~m2%•~••~~.amm~ 
:e.:!7.tt, ~~~1ln±P~II1f-33i!~, ;J'tffl;:tL!Ii!f.$;ffiJ>t;l~~ 60% , ~~ti:till, Flti:~Pili.J~ 

:iE::iE:ff 0 

10. 3 .. 3. 2 :tt ~~~if-a# 
~~MH~-m~~~~~~-~0~201WHr~Fa9EL ~~~~~H 

(EL~lOl -103), i%<~ ~tl ~H a9 £# ~ 3::~f:E~ B~IJ T~ 10-3 ~ o ;Jt~JtJ a9 ~Ji~A~;ff: 
<t>32mm x1200mm, l70gl~ ; <t>20mm xl.500mm, 190gl~o Fo:tf-3::~JtJrmltifLB97'titi• 

it~~o ~JtJB9.i8l.UHt~m*i-~~'lf~~l:~~~ . -*~~MtfW, ~~trr1f1i 2- 10 

~. ¥~1tif~ 1 - 4 El!o s l jj'lt~~.ffi 8 %I~iT'lf o 
10. 3. 3. 3 ~ ;G)l;l.tJt~4t 

M-~~.ffi 7655 ~-~~~t!L~1r12 40nun ~-~~*~~~o ~~7FoJB91f~:JJJt;ff~#: 

3tltJTUii-?X1f¥U!~~JILJ~~J1i:MliWlE Fi M-Jf~~o ~-1LWit~®·~~~ll00 10-18 FJT 

~. ·H·~~l'i~tlT~ I0-26o 
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~~ 10-26 

~1ft~ l!tSUtr JE €i lift7f ~ 
7ftt1Js:t ~Mfi:t.ii-~7ftt 

~IIOfHrJ1c 1E€illft 

1. 3 0.9 0.9 0.29 0. 9 0.9 p.29 p. 75 p. 29 4lHL~ i!i :lit I kg 0.9 0.9 0. 75 0.29 I. 35 0.9 0.9 0.9 0.9 
5 1.2 1.2 1.2 1.2 1.2 1.2 

10.8 1.8 6.96 1.8 1.8 p. 58 
~· 15 ~·51 ;)\tt l kg 10.8 10.8 6.3 16· 75 5. 51 5.4 4.5 5.4 4.5 5. 4 

3.6 2.4 4. 8 3.6 2.4 4. 8 

ii:Jillli!¥ 1 2 3 4 5 6 7 8 1 2 3 4 5 6 I 2 3 4 

1f~lfii:t.ii/m2 45 18 27 

47 51 
!1i!! i'L!Ml£11- 102 

98 

1-1!1 1L l'1f :II! * ~ 2. 61 I. 89 
2.27 

11- ·m -2 2. 18 

32.64 37.62 
11'1 ff:KI: iii ,(a :lit/ kg 70.52 

70.26 

*"'~-*!; 1.07 0. 82 
0.92 

/ kg· m -l 0.92 

~•~••~.B-~nT••~~-•~•~~~w~•••~+*m~~ = 
.ffll .l:t1 1L 161 He : E = 40 -50 em; 
£VH~m~ : W =50 - 60cm; 
:.~t!HL~~~~ : m =0. 80 -o. 83 

0.9 

1.2 

1.8 

6.0 

5 

0.29 

1.2 

. 22 

4. 8 

6 

!i!9~'f!lf: *ffl~'=tifl}~Pi~#il. 1LI* 1. 6m , 1L~~ 1. 5-2 .R <f>32mm ~t~?l!JL 
1-t!l$#.;~~. q =0.14 - 0. 19kglm, ~~~ 1 -1.5 .R <f>20mm ~L{t1$pjpj;ff, q =0.14-
0. 18kglm 0 

~WI~~~ : ;(;j"~ <f>32mm !{j~, D. = 1. 28 -1. 41; ;it;j~ <f>20mm !{j:ffi, D. =2. 05 -2. 25 0 

~Pi~~~&!PJ.®/a~~'=\.tt~!-9 (.!A!. Ill 10-19) o 

10. 3.3. 4 ~~~~ 

ftB~~.~~M-mi~W*•* · ~~JH~Vt*~ 2 %a~1$H, ~~:rL~ffl$ 
1l:l"8 50% - 60% , :.t:F!-9~*€~ 2. 81 kg/m3 

o i&ffl!JL1t:t:Fl-9Fo, Jt1~HL~J.m.$~~:(£ 90% ~ 
_t, 1$!-91ti~~ 2 . 17 kglm3 o ~ 2 ~·.S..:ci:t:F!-9ffl ~. ;lt:t:F!9~*€~{~~29. 5% o lfilat:tl8 
Fo~..:ci~~••w.~~~~~.~~~~~R~~ffl2%~;q-1$!-9•aatm~~ ~ fflo 

JH~. ~Wf!tHit~.it~-*t21t1J7mi'f5~7f12WTW, M:I12:tit:t£$1J:(£ 15cm ~;,t~. JtJlil:itl 
1L09*1L1¥~$~ 85% ~...t.. ~ffl <f>20mm ~L1t1$l-9!9*Fo, ;J!t~Wf·8~3'&Jf~:)t;.fio 

10. 3. 4 ~~!fL-A:11t=~.ai!I!~~~LIJ7F*IPIY-Jgm 

10. 3. 4. 1 i! ~ .j:-.$f .bf ~¥}tin J.!Lj; ~·~11~ 

•~*VQ~Mtt~•s&~~.~~~T**~•*rw.r~~~, ••.r~ 
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?32mm *i\I!Ei§~ftf:iti!if9 

. . . . .. . . r 
.1 .'l _l I 

...... i ;. .· . . . . : . 
2 3 

00 l0-19 ~ln.Jj§~~~~.f.t~~~flil 

1-~~EI!ff'llf; 2-~L1t~!!i!!i~; 3-'2"'\.:tt; 4-~~; 5-."f:Ji'l 

~.Q~JJ*, tt-~i!Jl~~f= 18 -22, IE;fi:fiJ(ltk?iiltlf~, ~-'ll*~!= 14-16, ?ii;fi!l'mJJ. 
f.J~tt~g_IA!.~ 10-27 0 

lit~~~:/ 
w~ W.ilttltlf il*:llllm fJL.EH;~ fJctfH!il~ 

Jji!Jf~~f / kg • m - l 
I _, / kg- ( cmz • s) • 1 / MPa / MPa m • s 

:O~Iliklitf* 2700 5000 - 6500 1350- 1755 150 - 300 10-20 18 -22 

Jit~litl!!l'* 2600 2500 - 4500 650 - 1170 1 00 - 200 6-9 14 -16 

10.3.4.2 ~~~~~$k 

~~~?j}w**~·*~~~-~~~¥*~-~~Ifl~.~~~~*~~~H~ 
~IIJPJ*~MEI~,Wf:fi, ~JlffllVt*o ~?j}~ -lOOm 7.l<.1JZ-7frjE[ti]*:Jti-~$TID~ 4. 8m2 ~ 

*?j}~:i1L ;g..Q}g~J!ll*~!= 18 -20 ~.Q~JJ*?ii-1*. :fi$71-Jtfk?YIE:E-o 
~~*m•%mm,mR~t~&Hfi?t 

~UJA!.OO 10-20 ~~ 10-28o .®11&-ez~:rLm;~= 

QH~tllt, .®:liltUtJJ 2 -Is Ei~~tl-'m*-4~ 

f,l1flf'lf~~. 511f.ffi8 -li3-I~:klf'lf, .®iHiffi 
J¥~00 10-20 tf!9TttflWV¥o -~m;fi.Q~W~Jl 
:ltiJ?:j, :fi.f!Jr.:ieo 4itWiPF~R 1. 4m, itHJP. 
fe3.125kglm3

' m:rL.ftJ.ffi$:it 90% IV...t.o ~)Jj( 
-*~ffl 2 Ji3-;fi -1:1 ~ ~4iti ~:I$ H ~'fA' lSL:fD tt , .1JZ- :ltiJ 
~Rf! ilfi T 16. 7% , it& iii*€ ~-m; T 14. 3% o 

EB r PEE gll. 11- tp .71' * :m .~ :m , :);1 ~ Fo :@ :® j;- , 

xWIJi*:fi~'*' 15min m~PEJ~B~-IJ¥~ 

~.-~T~~-~~~.--TI~~$o N 
:tr, ~it& Jt.:fi &~~m* tt, m;$7.K :rL•&x 
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• 

@'!tlo~J.)(~, ~Y' T~fl:fflt, ~W~~ffl? ~x.Xif!!o 

* 1o-2s ~n*'•.!:;;~~· 
~HL~f;l; R% 1L~V1- R~m 4!R~~1itfg ~R~f;l; 1L% fL~/1- !LWm 4iHL~~:fit;g 

~~~HL I -3 3 1.6 1050 Jtllff!L 8 3 1.4 750 

:£ 1L 4 1.6 ill !L 9 4 1.4 750 

:tt~1L 4-6 6 1.5 900 ~ i'L 10 4 1.5 900 . 
:ffj 1L 7 2 1.5 900 li:ffl 1L 11 2 1.5 900 

10.3.4.3 ~~~L~~~~ 

~~*rA~~~•••·~*••*·fl:ft*#~~®d*~•~4.~•~rili 
**ifl~)r£*ffl o ~1L7iril~i:it~~~r~--t*tz::i1Err o 1&~1L~1-J somm ~ 1L~ 
8m, *=ffllJZ-h;{fHL1J;A;, ~~ff~~, ~~~*>i.$~Jffiffl2 -i}_:E-.Qftt~~~~f~ T 10% 

~_t, ~~.!)if£~{~ 16% ~Lo 

$tX:I.i~~~ilEOO, ~~~5C~fflr~~~r#"f:la~fl:fto J3~~. 1£;J\fmM!8::11f 
1-Ti¥JI.WM[I®~~W"*W~.F!fli¥J~ffli:E.~~, ~ffl PEE tM~Jil~'!H~-~.F-.$, ~f~ 
d*-*fpj{tffl:ftff~o 

10. 3. 4. 4 :tt ~ ~ ;6 Ai {ri.J l1!i fte. 73'-*If 

1-JTPJ(·-~~····~--~~ffl.$.~@'i-m.:E-Ei¥1•m~•··~H&#, 
~~fJI¥J•m~•~•ms•~~o ~•~oo.~&i¥J•m~•••ili.:E-.Oi¥J•m~•. 
9!tl~~~:fa:J$~~:i:-ffl'tl~.$··, ~W1£.:E-.Oi:fiJI.®~ill~M·*o PEE :t£~1L!fl~~W 
JJfilJ)Zs 1050kglm3

, j~HL;I&it 4800m/s, ;I&~Bt~iltm~M.&;t\ 2 %.:E-.Oftt~:J$~:X-JI:tffl 
iSl.W.~ 10-29 0 

KF~~lfl 
~ll tili! ~mm: 

KF~~ID! 
!&'If Jill! ~Iii. tiL 

/ kg· m -3 /m · s " 1 / kg · ( cm2 
• s) - 1 / kg·m "3 / m · s -I / kg · ( cm2 

• s) • 1 

tttt~L1tt!F~ 1050 4800 504 2.(}~-E"tli~:l$~ 1050 3600 378 

)}..~ 10-29 !fli¥Jit~~-ilJ~~I±I, ~ 2 %.:E-.0f](~:J$H~ t~, PEE i¥Jiltm~MJ!• 

iliW.:E-i¥J.ruit1LMo :X1rttmt1L*X*~ if!, '®!*-~fFft, *=ffl PEE ilJm:itfi~HfmiUIJffl 
.$, *FH·f£~~ T 14% ~_t, ~1LfUffl.$J2s 90% ~...to 

~*FH~ilJfflr~~-~.~~-~~~oo•~. ~~-~.&;l't~$#~~-~0 
10. 3. 4. 5 ~*3&:Jt~ ;f.±.~3&:ji 

x~~~f-ttfffte~*FH~~OO:X-t~•tUJhft~~-1±1 1¥1.~-f*~>.K, PEE iE~IOCmHE:~ 
-~>.K • .:s<.~-%-ffl'~M!ffl.:s:IMI¥1-#tt~~~e!~I.ill'.:J$~, m~YiiJ~F?it*o ~.i<F:fi~t£ 
~ , d;;$:iiJ:i1E-tP~f~o J3~~. EbrtE~~!fl~~::ff~fl~~:X-J-~4.:11ErrBB1J11L ~.F PEE 

~~7-C"'{.~(Sl~~P~, ilJfiji{~J~"'f:~JE~.Fo INJit, PEE ~~.FA~~lfl}9g~t)t-:.Mo 

*fflli~ft~tJL~ililJ~.F~~.F PEE, ~.Flf~S, x-=:~f.I~:Mc, ~ z;tJ-ft.f~iUl~ , I 
A~~~-~,.~.rz:•••o ~Bt. Ebr.F&ifl~*~A~.~ffl!fl~S»lfm, ~WA 
~ e!S~t±~~~o 
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10. 4 tt VCR J55ncp9SJJSSZffl 

10. 4. 1 1ft~ 

:bo~::ki~::fii~IH~iUI¥J L. G. ~ ( Lang) ~:!l~ti4JffiJJ!~i!Ff~LIJ~f=~~. ~.tr. 

T~1i~4-J6i!!j.\*W1f~ ( VerticalCrater Retreat Method , VCR ) o W:1r~~IJ..HI~llt4 
m~~¥~ . ~~m::kK@•~m*tt*••~·~*~m••H~•~•41¥J-~MI¥J 
~~*W1r~ . A~•••'*~M~.•*•~~ft~~·~4o 

ffi7~~--H~-~~.H~I¥J*~~A@Z~~~::k76=1,~~-~~~.~ 
~~@*H~~~~.~~~*m~~~.~-~. ~~h~Ho~ VCR jJ~@*~ft 

~. ~-~~~~~~$~~H.~~~~T~~W:*m~m~~~--~~~~~H 

Cio·~~H-~~····~~H), ~~7~~o aM~H~--*~~~~tt&,ill 
ffi-T;JI;~~1~-tt!.~~;H: VCR jJ~I¥J:ti~~~JfJ o ,R~tE-%H~~ttt}tH~ta~.tl~il-

~~-1J·~··~~H·~~-~H~~~~mo 
)tc:Jfa~W'"~!ltm1:lit.!f!1Je~~m VCR 1J~~WLIJ , Jt1-t;&tt~*~¥AJ.In~tt~~tl 

7~ I0-30 o 

~.ff- ~fttiJ. ~.fff!A tMHt •ttmtt ~-$ 
,..~ \!II 

l!titll l!t i!!ll i!Ulll 
tli:ffi~!ll tli:~3lll tli:!IJ¥4!1 

" ;IJ 
,g.J$ / g·cm "3 / MPa / MPa / MPa .. 111 

Vkg · cm · 2 Vkg· cm "2 *~ ~!i: 
l m · s - • /m · s " 1 / m · s · • 

117. 5 X 73 X 

w:o 4.31 6022 4490 2995 153. 1 6. l 0.9 0. 26 0.36 10 - 6 7 - 4 to• w• 
. 80. 5 X 85.5 X 40 -

-ac.~ 2.82 5824 3690 2800 147.3 5.3 1.2 0. 19 0. 13 40 -6 
104 to• 19 

Mm~H~ CLH ~if~J~L-ft~H, ittt~~ti-T~ 10-31o W:~~ti1?1:H*ffl1I@ 150mm m 
*'1-~1:!1~, *Jitl::(ij 5kg, lOkg, 12. 5kg =:f!P~Ji1A~I¥JH~o ~®-P.itE:liha ~~4-~~-'!~ 

( RDX: TNT = 1 : 1 ) J8~im-~, 4iJ.RH.f1~~:fit~ 200g0 

* 10·31 CLH ~~J!Jl-f.t 1$!!i t191j;flti 

lJl El 
1$ l9 ~ -ij-

CLH-1 CLH-2 CUI-3 CUI-4 ~ t1 
~lf/g · cm · 3 1.35- 1.40 I. 40- I. 45 I. 45 -I. 50 I. 48 -I. 55 

lli!l!/m · s ·• 4500-5500 4500-5500 4500-5500 4500 -5500 

I~ J¥. 11 :/?!1 nun 60 60 60 60 

i~~*lllm ;;.3. 5 ... 3. 5 ... 3. 5 ... 3. 5 

~ :0 .itili4 f*W.Im3 2 48 4.29 5.67 

lli.lill!l!l 011$8 # ft) 0.0 0.4 0. 0 16. 16 ~/ttl JL 48 :1: 2 

•• $1JC(:III$8#ft) 0. 0 4. 4 0. 0 0.0 ~frilJL 12 - 14 

~i.li~ll ::{'~::{'· ::{'~~- ~~~- ~~~-



~~ 10-31 
~ 

1$ 19 f.i\ ~ 
J9i 13 

CLH-1 CLH-2 CLH-3 CLH-4 '* it 
:(if$ ""\. i* (£Jilt iii: I L • kg - I <30 <30 <30 <30 2 % :'Ei' .:0:1$19 46 ~ 59 

m7.K tt~ru tltM- t&M- t&M- tltM-
fit ffJ!Ill A ;;.6 ;;.6 ;;.6 ;;.6 • . 

~--~~~m~-~~h~·--4~-~-~~VCR ~a-mH~M~R#~ 
*Wo ~~~om~~~~£~ -l~m~m*~~•••4~·~~.~~-·~4* 
~U~-~:i:i.W~ ~-;&jf;~)( o 

~-;!jk:{:E~Jl!*~~$~p;j~~'J~, ~~-7 231"~1Lo ~jfG:{:E$;iHw.J1J!tl.fij VQ-100 
~<f.!lt!L<f.!IJ1#¥1if$~1J!HW7.k.lf-:@1l, :@1L1i1£ 95 -llOmm, 1~HL OHE~$~~:f:&~iWiJ.l 
~ 1. 5m le;f;, fL~~'ftf 1. 0-3. 2m, ~~J.ilZH~:f!!.~~~1.to H~~][1£~ 95mm , &iL 
~Hi!::itg~4. Skg, &1'-H~~:f.f-,R 200g ~~~~~Jm:tiH.tt, ~~)(~, :k1ft'1J51.o 
;Jt?Ai4m•~m~~:tm~ 10-21 Fffffio 

&-~~tlti4m.b\ 1. Om :l!f!~ffMI, ;Jt~7H3~;!jk 1. 4m~ 2. Om, 2. 5m~ 3. 2m0 &?X 
Q··-1"~1L.~Fff·&~*4#B.MM~~E--.~·--~hmWo ~C.W 
fiJ)CWl~ ( Livingston ) ~ti4ifii·Jm~, :(:E-~~1:'FH~!ffiDC;k*:9k14T , 11$:?\'-:1!!.~ N 

J.ilZ;!jk-1"~-o ~E··~~--iliilffi~:l!f!~,:(:E:I!f!~*T2.5m~~*JfJE~\~:I!f!~* 
:li , # ~ .f!tmj $:E-fiHt:Emt~'ft;fll ~l9t ~~ ~ ~ olnJ o ~tsmamm~ , ~ :1!1! ~.tH:i:ilft1:it:l:lll ~ t;.t 

~.tm4~-~~·:l!!.~~~to~ffll~ I tc~•••f*~w•~a•~.~-~-~ 
~~ T *ffli'it~ll~ ~-i!~ jll:jf*.fR~iJ1$H:(:E~~(!<J:E-f*'P··~~,~, :E-f*:(:Eilffi~ E1 
~iii~~flilZ~~~.1J~f'Ffflfffj2t~·tf\ o *~tl~4m-~m1j!tl~-~tlf.l0-32 o m •• 
~. UJLOfd~~~t~):Eit:E-~~mt:9k14W-;;;-, *ffl CLH-2 :JL1t1$H~1f VCR ~a•& 
-~-~~(!<J o CLH~~1t1$H~ti4ma• 

m~~Jm~~u-T• 10-33. ~1$H~ili-DL1$H 
•w1*m~~J.ltt~:k*EUI~:tm~ 10-22 Fffffio 

<.&.J; 

"'?.>, 
{> 

Ol 
~ 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
iJ = diN 

00 10-22 CLH-2 ~Lit.W~t'f.l!)im:l$~ 

~-!i$-1*~~7*!l ttt'f.l~* Jib~ 
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iW 4 $ fl ·lilt li$ ?/!( ;l!l:/% 

=fL-15- :I$5J:t.f} 
ilj f!:l.f!tlit 

:l!ttt!/m 
/ kg lfl-~1[~ RJ.!l!.~ll f*.m 50~ 150 150 ~ 300 

<50mm >300mm 
/ m / m /m' mm mm 

8 CLH-2 4.5 I. 03 3.50 l. 02 2.40 35.06 31.89 17. I 15.95 . 

23 CLJi-2 4. 5 1.40 2.05 l. 48 4.29 49.2 22.6 17.6 10.6 

4 CLH-2 4.5 1.80 2.45 1. 13 2.96 

21 CUI-2 4.5 2. 31 2. 61 0.90 2.00 34. 2 23.84 20.89 21.2 

7 CUI-2 4. 5 2. 79 1.90 0.52 0.583 25. 9 67.6 32.9 13.55 

19 CLH-2 4. s 2.98 0.40 0.20 0. IS 46. 0 44.8 9.2 

17 CUI-4 4. 5 0.99 2.80 0.93 I. 845 43. 6 17.6 16.4 22.3 

10 CUI-4 4. 5 1.40 2. 31 0. 76 1. 742 45. 40 30.27 14. 45 8.57 

II CUI-4 4.5 1. 80 I 1.60 l. 38 2. 149 40.84 15. 48 16.37 27.30 

12 CLH-4 4. 5 2.28 2. 15 0.58 1.064 26.45 30.20 18.23 25. 13 

22 CLH-4 4. 5 2. 30 0.80 0.5 0.248 61.24 25.45 15.05 6.27 

14 CLH-4 4. 5 2.95 I. 75 0. 46 0. 777 37. 46 43.2 19.32 

1 CUl-l 4. 5 1.00 3.32 0.89 2. 48 17.91 24.29 30.06 27. 73 . 
. 

2 CUI-I 4.5 1. 33 2.50 0. 61 I. 98 19.80 21. IS 24.35 34.63 

6 CUI-I 4.5 1. 78 1. 25 0.22 0.331 15 10 10 65 
. 

15 CUI-3 4.5 1. 03 2.60 I. 10 3.67 41.30 17. 08 25.67 16.0 

16 CLH-3 4.5 1.39 2.00 0.50 I. 352 42.0 37. 1 14.2 6.6 
. 

20 CLH-3 4.5 1.40 2. 40 0. 88 1. 94 30. 70 25.52 37. 15 20.02 

~ .f} Q/ kg :l!l!~m d$ V/m3 V/Q 

8 4.5 1.03 0.343 2.400 0.533 
. 

23 4.5 1.40 0.467 4.290 0. 953 . 

4 4.5 1.80 0. 600 2.960 0.658 . 
21 4.5 2.31 o. 700 2. 000 0. 444 

7 4.5 2. 79 0.930 0. 583 0. 130 

19 4.5 2.98 0.993 0. ISO 0. 033 
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J;J;&l5:1$!lil3::5"~1'8J~I!!!fte*~, c. w. *J)CWfiJitltl:l T:t!tf"Fi£~%~ : 

~ 9=' N !lj fg llffi J'F. ill! 1* , m ; 

w !lii£mt:l:' kg; 

E m~~~~.M=f~~~::5-~~~!li~~~~-~~~.~~~o 

.XtJ"=f:ft1!ill!"i*d0 *~· ~ ( 10-6) J<.OJ~..tiltturf~~: 

. 

~~ d Hf£~~ill!"i*l3 11ai~~-Z~o 

-~~~~4··--~~fil3#.,0J.~:t!O~~--~: 
llib :W-:1;1 "i* N = 2. 98 m ; 

:fiHiE:I;I"i* d0 = 1.4m; 

J.i)Z~fm~~ E = 1. 785 ; 

:iHE:l:t 1* lf;j ~4}:rffi ~· : 
114 -f:*tR V0 =4. 29m3

; 

:l;li.* ~ d 0 = 0 . 47; 

li4~~ R0 = 1. 45m; 

li41lJ ~"i*!l Lo = 1. 54m; 

~H.t;.*'l§ WIV0 = 1. llkg/m3 =0. 28kg/to 

•~M**~.~~ilir~1!:J;~i.*lf;j~•~~4 
~*~~~ft~.~4~1lJ~"i*~~*=f:l:t"i*W~OO 
~fL (~III 10-23 ) , ii:t't:l:f"i*rttj JtiHi~W'~~~ml:l: 
mil~o 

10. 4. 3. 1 ..:r. t;~M:a?~;t 

4} It;~·~TJfUfEiO~: 

X 

(10-6) 

( 10-7) 

( 1) ~%Hf£~:iio t£ VCR :1J~9='~~H-EI~H:lH~Hf£*J3f~*r!lif£1i:~2~ 6 

.ffio EB =f~1L1H£~ 165mm, i£it•T9U~4i-1-~~Hf£~1t:ltM~ 30kgo 

(2) :IN:tEill!"i*o :lt1ii.I"i*:lH~Hf£9=' ,f.,~1LCl El EI:Jilii~ie~ o a~...ti£~?Uti4~· 

M~~~E~d~·-.~~~%~#·~~~~·-: 

tn 3/-ir\ d0 = A • E • W = l. 785 x 0. 47 x .y 30 = 2. 61 ( m) 

(3) :I$H!)i*Go lrtri£tl4~~~tf:l:IQ:1!.itiAfi41f;j~~H.t(l*€~ o. 28kg/to ;:tjJ!tJU liD 
*W" matt 111 :lll :~SJ ~ ~:E-w--1* , ~:E-~ tm:fl r~ *'€~ T ~~b.K 3f- El a:!"iti ~ mt4 •~ ~ ;~ , JlfJ :ill1L 
~••mfi~~~•. ~~~~--~~~~• . ~*•*••w-lf;j~:J.1:H•~•m~ 
0. 395kg/t0 
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( 4 ) ~~~~0 ~~~~~4~~~*~~~m~~~~~~.~~m~*~*.m~ 
CJt::(jHL, 1LfBJ~B<J:Qi{ffirgfE,1;)2.4-3.6m, Jti1LHE:bol&',1;]2.4-2.6m, ~fLimf4~. ;it 44 
-t-.1tilfL <.w-oo 10-24) 0 

10. 4. 3. 2 ~:1;1. ~fit. 

:lmOO 10-25 Nrffi, *.FB7®:e~tt-~§~-~-'W-~il~&fa~~o ~%~tYJ~?:ffl 
200g m~6;--~.~~~tt~·C.,.®:Iilo fLI*J~tsi~~?'HlfS~JmzfBJ*ffl~§'Wi!~. ~~J=f 

ft1-Mll fL.i8HI~~ 89 :12\;~ o 

~~~••••B<J•~~m.*mT*~•8m"••·•~••~•~•~3sokg 
~""F 0 

~--~.~~-~~--~-Aey3a<J .• I~-~~··*·B<J 44 1-·JL~~ 
:ill:fiT77.X1&1Vt.~1f~~f.ffiiJ~§~~ .~iiET:II.~:fito 

I 

Ill 

0.8m 10m '\ r 
A 

l - : 
o~~ o 'j~'>;_o 0~· 0· 0 o?o .og/:) oo o . ~~ 0 0 ."cr.:g_oa o 

(o ~ ·0:[?.;a oC?o 10~ 1 :0 ?·014<P.I 

. . . . . 

A - A 

. . . . . . . . . . . . . . . . . . . . . . _..,J . • • • • • • • 

. ·I 2· 3 . 4 .5 i; 1 · 8 9 10 II . · . . 

00 10-24 ~9HID*~1l;(pft!II 

( KHL~J¥ I , 2 , 3 , · .. , 43 , 44) 

"' Ufti ;..-

ll.i1'l~ll!i > ( ) ( ) ( 

I 
( ) ( ~ ( 

.... tlf~~~Jitj' ( ) ) ( 

Jit.~t.i 
( ) ( > ( 

~ 
( 

'\ \ 

IE I0-25 ~-~i* 

) 

) 

) 

) 

I 
A 

I 
I 1-

J 
I 1-

I 1-

I 
I 1-

I 

' 1-

10. 4. 3. 3 -~ 

~!!i~~&tHJ:tzor: 

(1) ~~#f~ o ~%~-@.*fiUJ·B<J~ 

-
... . . . -2 ' . . 

C! 
:::: 

: ··-"' rr . .• r 
:::: 
. .... 

3 

C! ~ 
5 

-
4 

-3 

)\':::. .,.. . :.:; 
0 , .. 2 ' .. . . .. 

I 
... - - '-. -

--T 

111 10-26 J't!?tJiHilit~~!9~.ftJ 

<•-lll: m) 
1-;Tj(ifi!JI; 2- fiiJ{iP; 3-IOkg CLH-2 

'L-It!$~~; 4-jlgl.f~tt; 

5- 5kg CLH-2 :¥L-It!$~~~ 

6-~:ll~ ; 7-.IE::tt~ 
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( 2) ~~:6t!:I~W o Jt%~§1i~~~~:6t!:I.3::~-§~tj!HL, ~tL, ~~, ±J!~, jijj 

~ittiHilBti~I.I¥ o 

~no ~mtt•••~~-~-~-.~aoon-bo-~~cm*~•••~=#~ 
~.m~~~~~~.~~~-·~~~fi~o 

itfto ~UH*~~ni!.f±itnll:t4f18n£$it13: o ntai± • .!tlll~~i1HL1!~~¥glJt 
itn~~:!LilOO 10-27 F.JTJ$, ;tffl~Jtm!JM.titn~"F:Q!{3!1J1.DUE~~J.t. ?&.15~?& flil..I:DLZ9J 
ittL~, .lftB1 • .!tiJUP~I!Jl0-27c Yf~~~~, 1aUM£:1§1Lfimi:t4f~i=L~{j:, li"Ja>ta..t 
$~--~ftR~~~. ~~Pffl~~~-~-~~-J.to · 

I~SZII :. :. 

. . . . 

II Ill 
v 

a b 

lll l0-27 J#JL~.&~R.tvB! 

a---~~BOff\.~; h-r$:~f\.M; c--Fttijl'fL 

c 

~~o ~it!Ljj'i~~1i9itiU!DUE~~*~, ~PfJi:W t0-26 Elf.lR~~i!J~~i~HT~ 

~o &H~~~-~~B-Httmili&1!1.*~51!1~n~~Rs~m~tto 

J:$t'i¥o ~~~R~~-~~*•~ft5§J:$~~~~-~ ~~~~* 
~o **~*ffl~~~~~ •. ~t'i~~J.t~2mo ~~~~.~~ft~*J.l~~E~ o 
~ft~*r2m~.-~~Fo~~1i9~~~7~ft~~~o 

*:t,m!*]~$:1§1L:ItiJfJi:..t:lt~~-H~~J5. ~~fJ(OO L0-25 F.JflR~-·~~~~~~ 

:ill:~--0 
10.4.3.4 ~~~ 

ffl~~&{g.?f.FzHI~~llthT 6 ?i:. Wi7Y.~~:Ii l95llto 7Y.O~i'i$JJJi::JiU7-. *~.$..R1f 

o. 98%, =7XiU$*FHifi~jg o. Ol8kglt , ;J'r 200mm ~tRJ.tE!f c!i ttfjiJ~ 94. 7% o JvHfJJi 
~lfJL w-mr~HJ!Uiff&¥1P¥-~. lllt~~ 7 R:!lf~f.lit~*o 

10. 4. 4 ~~Jt!Hif 

E!fiJ!l~* JiiHfg,t:Ji1::3F:ffl'*%5-E!~tt~5§~~ Ni7Y~~~ o ~-~*~jiJ""f ii~ JL 
~ (:!lll3-sm) ?tma;J-, -~~*ffl;!#~~-?i:Nif!~$~J~~7Y.Oo 



························································································ 10. 4 .(J. VCR ;;tikt/'S!JS..ffl · 703 • 

~&~ - 160m W'" 9HF::I$iffl~JfH9-E!:I1H1" 
T 6 -t-..qtJtm.iiiHfi;Am. ~~rF 18. 45m ~. 

~-~-~~~~•w~•a~~*~mm 
~.~~~m~%~-E!~m~~~~§~~ 
JiiHf}J~-*OOH~~J~~W:Oo :lloOO l0-28 Yr 

~.~~&~-·~**··-~--. ~ 
~-•M?L•••s.~ftam.~%~-
.rno:itlJL:bnW (2.4mx2.4m) o<Jjj"%~fllf~ o 

~~3-~.~~~:bn~-t-~mJL.w~oo 
f}{~ 54m2 

o 

~m•Jtm••~•~.~-~W~R~ 
~-~~MVOOfR~-~,.~~~ffl** · ~ 
W~JL~-%~-E!Jt~&~~~,L~~~·fi* 
:bn~ o. 48kglt, 2 %7Ef:O~~tt~~~~;JS:rL 

•• Ji)6 ~ Ei l!fl"j;IQ j.\ ' ~ :ltt ~ ~tlft ~ # ;fJ ~ 

~-~%~-E!~4••~s.~~-~~~~ 
1fl.ft, l!P 0. 38kg/t0 

W~lL*ffl~~~§Jta&H.7tE-t-
7t~.-~-·7t~~m~-~.4i--t-~ 
~~§~!D::it1:J 30kgo tt:tJt 18J wr•~~tlJ !;A 

8 
"' ": 
00 -

A-A 

4i-JL~-~:ittt;,t:~f.&!~L 4i-7t·~-~:it~ 40 kg , fBJIWim~lt-M1:J 2. Om o WJ 
;flll~~~tlJJj-jllj~~ 10-29 *11~ 10-30 0 CLH-2!}1L~~~~-~:fit~ 2200kg, 2 -'%;f:t:O:J$ 
~~~~fit~ 5000kg, ,~,JWW'":fit 17300t0 

. . .. . . . . . . . . . . 

30kg 1L 
ftti!Jfff,j ~ 
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WM 11HL as J51< JfH9 §~ ~ * .ffl €HI 
~tt-~t.i~®fi~rft (JA!.OOJ 0-31) ® 
§ . tt~~••••mm•1L~*~R 
~~~~~j@§~rft®.o-11J~·~~ 

m&H~rr~~~~~~. ~~rWL 

as~~®~. ~-*m~~~~~~• 
~ru•~~rr®•.m~mas~•~m 
nit 12ms asJLfBJ?i~~~, Ut!-w~fHUa~ 

~ ill!flit [I;] _t fiE :itt 0 

~m~•~~-H~•••ffl.2% 
*E~~tt~•~~-~~e~mn~tas 
mm•~~~m~rr~~•~m~~~ 
®ito ~000 10-32 !!Ffm, ;.~B~Jl~1HI?:Jl3~ 

-~-~-~*~~~~~.~$&H 
Jg 26 ~~~~!Jit®f>io 

~m~1!!~tt~H-E1~-EI:t.t&Ilit~~ 

7 ~ ri- ~ ~ :W:: ?t E .IJl- :t1J ~ J3t 
103. 15mm; ::k~.$ 0. 5%; =?X~li$~ 

5 
+12ms 

4 
12ms 

3 
12ms 

2 
l2ms 

. . . . . 
.. . . . . . . . . 

30m(l5.6ms) 

. . . . . . . . . . . 5 . . 
+12ms 

4 
l2ms 

3 
12ms 

2 
12ms 

&•fSrm~fi o. OI3kglto ~IDGi.iE~, :1!~11!*-EiflJ•JVHv1Jr!1J.-;{ii:tmr ft.~: 

. . . . . . . 
. 

(1 ) ·~* JiHI~:f1ti$i 7 &Hh'ffii3~)U~, ~~ 7 e&?X~UU5!:t:lt!1. r ftO ~(IS~nij ; 
(2) ~-T*Ilit 7 ~~-~ , 1LI'BJ·~~B:t~lit~milJ~1E?t*'J.ffl7cJL~~J.&~, tt~ 

&H~&fflilJ~~~ri-as•&~*·*~~7·&~*o 

oo•o-32 *~mif'Jl!Hal9:lilf 
(JII'I>Wimlll ($lll(l) .. · ) l¥1fi~:Q71'~tl>l5Btll!tf!; ~WIWIIIB<Jf!!¥ ( .lin J , 2 , 3 ... ) ~ff-JL-1}) 

10. 4. 5 .:E~~*t2i3f~~ 

~~-~tt~*.~AVM~*.~~-·*••mH~-~.~--m~~~~ 



·····································································:·················· 10.5 ,(j;. ~,lf'-ff',;jl'f>I¥) S,Jfl · 705· 

-~~~--.~~--~~.~-~~Clli~~~~-m~AOC~r~vCR ~~­
•*~•+*~~~o ··~·004···~&VCR ~~~~mtt~a~I~, -~M 
415t·?ifU~~~~~~, PJ ~fi3?1H~-~ VCR ~~~§·I ~o 

~ £~ - 160m r uBl?::%lfrllj{~~ ~ ±~tt/IC~.?:VHlitffi:l.urF : 

litE~-f.t.$ 8.4% 

litE liD!&$ 96.7% 

~*~1L.Mlit-S: 201/m 

'L-f.t*l=~~t€ 0. 38 - 0. 40kglt 

:k#t$ 0. 98% 

*~ilii"frn}J 482. 41/d 

lill*ft~I~ 19. 031/I:a£ 

lill*fi=~Jil4* 6. 86 jC/t 

1o.s. 1 -~~&~$~tv~~~av~•~ 

71£~~r:9}r.u#H~r•-&:FF t5o n t ;l;l~~amlf:JF. ~tHBEt'.~lt#, llJ*~~* 

-~~~~~~-~~~~*•~.#oo•••m~~~=~•.~*•a~A.••• 
~*~~~~~~~'~*~~~~~~ ' *X*~~#~~o 

•rt981&:F~$-~~m2~-~~-o ~#ft&I~ . ~~*••*•*·2~~ 
~~-~*tt~~.~Hm~•aFm.•••••~.~~-~--~~~Mft::k::k& 
:i::t~Mo ~~$.Mfi~, -tl'!El:J~;g-;o~~. 2 %a-E~Hl£1JtHL~~Wit~illlt.FlJI, 

~~--~j(JJ.~,o )}. 1981 :¥7 .f1 7f!tr:i, 7t~~:.ta•tt/ICWF~EJf:ft.;a;1iJF$tJ~F~ EM ~!JL~ 

~-~~~;l;lr~fiT}~ill~.~mT~*~t!t/IC~~~tffio ~W~~~illmffi~~• 

mm•J9f.~~~*'l-mJ.li!Tfff.!Vt~ o 
LO. 5. L 1 EM ~~L-It.;.lt~~.i..-l-•t11l~ 

~ 10-34 ~tl~T EM ~!¥L~:I$H~±~·If£~1tftffi o EM ~!¥L1-t~H~-.Q~~, ~m~ 

~"BLWT·~-~~~~lY~ff.If-~, :sl.#, 7f1fiffl;J< ~:J;I·-f9!.-"f3. ~~ EM-Nf!l EM- V ~IVJ 

~~a9.~m~.tt~?ffi!.fii\;!Jl~{j!m o 

.10-34 EM ~"-{t*f='f'j~;t~~·U·~ 

ttfll!4!1~ 
~ ~ 

EM· I EM- 0 Et.t- m EM-IV EM-V 

@Jr/ g • cm · 3 <I. 20 <I. 20 <I. 20 <I. 20 <I. 20 

ii!ll mm >15 > 16 >16 > 15 >15 

11Ji/ m·s·• >3400 >3500 >3600 >3500 >3500 

1111 :II Be Jail em >8 >7 >8 >7 >7 
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~~ 10-34 

~ ~ 
f£ 1m 4'i 11F 

EM-I EM-ll EM-m EM·IV EM·V 

tnl~ i*~J£1l!: 
37. 67 43.46 

/ L • kg - 1 31. 53 35. 11 37. 74 

'l!ill~J.iil >7. 4m (i·~ij!~.lt) 

titJ!<f!ft :{EJ!<I!i! 1om ~fll:r. b1JI( 24h ii:J.'I'ttrlll::t'~ 

:fl ~WI/ J'l 4 

.lf'-.af/ g. g-1 +0. 093 +0. 093 - 0. 041 +0. 018 +0. 018 

10.5. 1.2 j~Jll~.~- fr!J.l:.~.H~/t~vt 

( 1) ±1f1~I o ('(;~ 6. Sm, E§~ 7. 4m, EBWTW 43m2
, m~±#~, J!J~ o. 45mo ~Jf.l 

:tt!!.¢.i: :tE - 411 m 1.J< 3Jl-l;A "'F , :E-75 ~liP :E-~ VB~~~ , J = 6 - 8 , IfF W 7lll 1J< :ht ~ 28 t/h , * 
m~qTfFft. <f>2. Snd~*~~~Jt. it 1. 5m3 :UF6 AHtlL ffl~~ 80DGL50 X 10 ~!UiH1H4~ 

7.J<o EE =f'/i'IJ;tj(:fitj(, !1l!.ffli:~{lf:$[~, :kt~*J&~JJ<fiJ:ii£, fFft~~~jf~!M,Ijlfo 

(2) IIDJ1f~ o ?$~ 7. 2m , =5~ 9. 3m, =5itlfi1ii 67. 9m2
, ~~l~~±;Jf~, J!}lfr 

0.55m, ~ffl:J&,¢.i:;(E_:.260m7J<3Jl-!;A"'F, ;S-;Q~lfY:Ef, J=8 -10 , 7ifi7J<:fij;8.6t1ho fFft1J 
j\~;OOii ~lit~ .:E# ::kJ&~ fRJ 0 

( 3) 4' :!1c )XI.# 3jZ- $ 0 iJt m :!& g :tE - 260m * 3jZ- J: - * .~ liD )XI.~, tKil :ill: =e $1' i1ii :1!1 
l0.2m2

, :k$?t~ifi&:E-, 'ill.m~~~. /= 14, ~fi!1!!~~~~£l~:E- o *YIB'Gi1ii1a~. 

%1~ x f? .Jl(EI • " rm 7\" ittJ fF ft , .iE~Hiilf o 

10. s. 1. 3 1s1:.m ~*att~ 
( 1) .:£#~ o .:E#ilt~1~HL:$1t~OO I0-33 o 4ff£:.ti!!~:lfHL.f.?,~~ 70 - 95 1-, *Jf!tt! 

~ftJ~, ?t:1!7~1fHL ~WJtL~J~HtltL o .~lHL1I~:1-J 42mm, ~:¥fi1I~~ 32mm, ~mm 

••• tiB,.iE~®~. I;A380V ~~-tFa•e•.*JfJ I -5mmM~S~.~itlf i1ii-~ 

®~o it~YiH!1i:Wdi<J~~~~?U=f~ 10-35o 

~ m lL :1lli fi/J 1L Jfil it1 lL :ltHL .~ ~!HL fij.:tf 

I¥~ -~fl Pi iii ~IJfl!f! ~il!R 
!l!::ci 

lLI!t Rl!i! ~Pi1i Rfl Rl!i! tlfPitt lLI!t :n.~ ~!till: ~!Jfa> 
11' / kg 11' / m / kg 11' 11' / kg 1% / m / m / m / kg . 

I 4 1.2 2. I 43 1.0 32. 37 31 1.0 16.28 78 so. 75 90 0.91 ~J1:J 

2 s 1.2 3.5 34 1.0 21 30 1.0 15. 75 69 40. 25 99 1.0 ~1:,) 

3 5 1.2 3.5 45 1.0 22.4 34 1.0 17. 85 85 43. 75 80 0.8 ~1:,) 

4 s 1.2 4.38 56 1.0 24. 4 35 1.0 18. 3.8 96 47.25 92 0.93 ~~ 

5 6 1.2 4. 2 47 1.0 20.5 30 1.0 2 1.0 83 45.5 97 0.98 ~1:,) 
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~* 10-35 

m ~ tL ~ JtiJ JL r.ll lll tL ;lii!:J'L -~'~ ;liiJ:J'L 4if:if 

.(!J.~ ~:!it JFIJ.ffl$ ;lii!:i!!.R. *?i ./¥{} tL~ tL~ ~~:!it tL!I& tL~ ~~:!it R~ tL~ ~~it :!ikJtcr> 
11- /m / kg 11- / m / kg 11- / m / kg 11- / kg 1% /m 

6 7 1.2 4. 9 56 1.0 40.95 32 1.2 22.4 95 68 5 76 0.91 :It>}~ 

7 5 1.2 3.5 52 1. 0 21.35 37 1.2 25.9 94 so. 75 73 0. 87 .ltg~ 

8 5 1.2 3.5 50 1.0 33.25 37 1.1 21.9 92 62.65 82 0.82 .ltg~ 

9 7 1.2 3.68 58 1.0 36.57 30 1.0 15.75 95 56 0 83 0.84 .ltg~ 

10 5 1.2 3.5 50 1.0 19. 25 35 1.0 24.5 90 47.25 92 0.93 .ltg~ 

. 80 79 

51 50 

29 I 28 
30 

14 

87 56 
0 33 17 0 .. 

24 .... 
88 57 70 .... 

23 43 

36 
37 20 

62 38 

95 63 

175 740 785 700 600 1400 600 700 785 740 175 

~ 
I J § g - "' 80' -

70' 
580 

.1£ EM ~~Lft1-'F~tit,FIH1W9=', ~iE.:t~roJI¥.11il~*f41", !=j2 %:E-1:11-'F~:itt1-T)(;fft:f;J~, 

%i!.i1J;lt~.*. * 10-36 :1i!: EM ~~Lf.t1$~..!=j 2 %*1:11$~.1£Bf-:lliii:itt9='a9t.i~~;\1H~~o * 10-36 atJ~m*ajj, ..!=j~tJL7Jca9 2 %:51:11-'F~.ffi t~, 1££1t-:lliii:itt9='-BJ!ffl EM ~~Lft 

1$~~.~-BI!·~~m~:E-1$~Mft~-37%,WWMft~-~23%,:11iii:itt.$aa 
W%~~o ~H8 •• , IA&Htt~m•o 
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~ 1§1 EM ~UI:It1$J9 2"}!6-.01$J9 lJi § EM t!.Ul f.t1$i9 2~:5.01$19 

~Ri Jf ?XJ'xi i'X 10 ~ UL ~.IG(!S'tlH~ 
2.269 2.95 

~HVP-~eil.!Jflm I. 05 1. 05 mfli/ 1- . m -) 

lf"-~ill; R.l m 0.899 0. 75 li::ti .l'(!{i'lilJ:R1Ji'~ 
97.55 126.6 

:liHLlf1Jffl $/% 86 11 ..tr ~ff:/1- · m-• 

l(l & f*;fn.li;l;t':tf;-
t& 1-:iJIJ~ -2H8J.a! ~'lit:ti~:lf!!~ 

I. 326 2. 17 1$ili&Wffllll. SP-.~:1<1111f~* at • ;£ ~ :1! 1$ Jlj TJUVkg · m _, 
m:II'Jiig ~Jt<.ttflll~~llfi: 

. .IR.tr~~.$t£ l(l{l'rilJ:R1$i9 ~lf~~tt~ 
57.0 93.33 !fi.Q~ii$ffllll. 50mm t;:;fi. m !I-' 

rAft:/ kg · m - • 
,fi;k~!5.0 

~ 

(2) ·#·~~~K#··~~Mo ·#·~~~K#·@~fflEM~,L~~Hmfi 
:1;\Hvt 11= it~ :t1!HL ;:{fj l! ~ 7HJU .!A!. I!! 1 0-34 ~ 1!1 10-35 o 

85 

52 51 50 

29 28 

94 
25 77 8 95 58 10 45 co 
24 76 0.. .... 

96 
59 44 75 97 

'19 

20 

5 66 ' 67 

17 960 1000 800 700 1600 700 800 1000 960 175 

so· 

~#R*ffl~~~H.~~-•*m•~~~.-R • •. H8·M~®·~~·~ 
.:E#·~~;I:HIIlJ o .M.~~f51!ffl 9:tf,~~~~itL!fd~ : j,fHLl~ffl.$.lfZ :I~fRJ~ 83.3%, 'L~~H-
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53 37 24 46 

18 31 47 

78 77 76 

oo 1 o-35 "P :!k:.IXI.;Jt-.IJZ-=t!JlljlHtlit~!HL:(Ji ~m 

~jg 1. 46kg!m3
, lt'WJti~jg 1. 55 1-I m3 

o 

'P 91:JXI.#~~tliiil!::!i!:*=.ffl J'ttli'Nii!Jf.D@:I ~ , ff.ffl~L ft.~~-~ ~:li!HL~ ~'If l£.&®:11 
J@l~jtlT"~ 10-37 , 1~HL~~Foit'-~7Je&lal®1sl o :il\;Jf.ll -5 f3t_gMfH1l, !;A MFJ-100 ~ 

~:lttB I:tl o :H:*flfffi i~I¥.J·Ii£St"F, ff.ffl~L1t~~-~I¥.J~~Jti~ ltf51!ffl 2 %:!M~*f.~Bt 

~{~ 10%!;Al:, ['5JIJ;j~~'J', -=1'Jfi!JiJ:UIUi'i, jt;::~r:fi9.f*fe;iJIJ'r 2 %:6-~~~o 

.10-37 ~*IXl*.l!l•itm EM M"-1-t~lti~JC(I(J~ft.~f!JM~ 

~ ~ II: 

!l{jFfL#tl% :lf!HL4!1*F R.fx:/1' i'L'I*/m ~1' :/SR. 1:- tt i&. A!% 

#ltl~ ~lf/mm m:tl kg ~~ ll:tl kg 

I - 7 :JtiliR. 7 1.7 7 1400 1. 05 49 7.35 I -I 

8 -20 .ftbfL 13 1.5 5 1000 0. 75 65 9. 75 1-2 

2 1 -33 =:IIR. 14 1.5 5 1000 0. 75 70 10. 5 1-3 

34 - 49 .=II!R. 16 1.5 5 1000 0. 75 80 12. 0 2-1 

50 - 68 Jl1lltl i'L 19 1. 5 25 .500 0.375 47. 5 7. 125 2-2 

69-78 ll fL 10 1.5 6 1200 0. 9 60 9 1-4 

79 }j(~fl 1 1. 7 7 1400 l. 05 7 I. 05 1-5 

to. s. 2 i.!fm!¥Lit1$~1£7f~if~)Bjtt-Jgm 

~ OO:I.t~~~iiJf~~tfJ~Hvf~EJT ley ff~W * f.U'*~ii1fi!JIJ~ F 7 tlf Jf.l !til ~L ft.~~ fll:6 ~ 



• 710 • LO .fL~t.:/.tf!i ~ iiJfl =*1Jol ........................................................................................... . 

~!}!LftW~, ~ 10-38 ~U~T:i!~.ffl~~!}!LftW~i¥.Jttfmffi~iJt:~~o 

~ ~o~ ~m~~-~~~~~~~~~m• 

~ Pi ~ ~ 
ii fm 

=!i&Wifl~.ft~Fi 

• .!JL3f/g . g -I -0. 0015 

l'l'.'!JUg • em -l o. 95 - I. 25 

ll(l;:?/-][1£/mm 15 ' 

~?im~L.ft~Fi 

+0. 01 

0. 95 - I. 25 

15 

§IU:IIIIe]lll/ em 
( cj>25 mm Pi J(/) ) ( cj>3 5 mm i!i :I'll ) ( cj>25mm Pi :\'II) ( cj>35mm Fi!tE) 

5-7 8 - 12 

.i!/m · s _, ( cj>25mm) ( cj>30rnm) ( cj>35mm) ( cj>45mm) 

37 10 3700 -3840 3700-4100 4600 

~JJ(/mm 14 -17 

§f.J/ mL 307. 5 

mm-~fl<D 0/ 15 

:ffll~f*!£J£it 
19. 72 

/ L ·kg·' 

ttL ; j( t'.i 1m CZ) :ti: 1!ifiHI 

'l'J' J1l !& Jill ill: !Ji (3) I m > 10 

fff;t\'! IEI fl-ill:~ 
IEI:JT fiJ ~ lB iitm~~ 

( - 15"C"F.ffR!C 38h) 

:t(~i!E~Wg wlO =255 -405 

(i)~~~~f'I:;IE: filii: IOk.g, J!!ti 1m; 

®Fi!tE:tEllc.ffi 98. 0665kPa ( I kglcm2
) ~ftf"F~* 24h FR m 1 .R g -1}1lt'i'fi:lUI; 

® an:t£tj; IIHHHlJ!!J ptJ!j ~ 1'19~~*!:!!: . 

6-8 8-14 

( cj>25mm) ( cj>35mm) 

3720 3800-4300 

IS - 17 

306.4 

I l l 5 ( [T:JI!I ) 

:K1!ifil:tl 

>6 

lEI 7T ilJ -;·t!Uifm~~ 

iE 1JiH~:.l§ 1L ;{fJ ft , ~~ , ~ ~.!3 .it!HJ 1Jj.\:~ ~ 1¥.J ffllSL '"F , r=i-Jm I¥.J ::6 :ti ~ :ii .f01Ht:Wf 
l¥.l::6:ti•m~•~ft~~~3~~m~•w•,2~•:ti~•w~mfiT~~-~.• 
10-39~tl~T:Ia~~*tf9;;ttl:ttf~. ~ 10-40 91H£T:i!~WH:B:I'M,t~at, ~H , ilt'lfm 
*€1Vt*l¥.1~~fflt£. ~ 10-4I 91J~T::6:ti~!¥LftWH~ 2 %::61:iWHi.ali'J{~:lfJ:a<J~ tt o 

~Htfli~~fl\ 
~ Pi iii -~ . 

=!i&ifflfl~{t~pj 3-'tilflflrltli~Fi 2-l};G?:jfljfi~Fi 

1H!i£1!1T iJlj/ ml 10.07 10.07 10. 07 

~.MR 1.7 1.7 1.7 
:.ISRi*&'lm 

Jt1 R 1. 5 1.5 1.5 

.!,t~Fj:flt/kg 21 33 27 

fij~J:{g (I(J.!JL ~.i! R/ m I. 45 1.0 1.2 

j~Jit:b'?ii*:!Wm3 15. I 10.07 12. 08 

• 
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~~ 10-39 

1$ Pi ~ {;); 
Ml:tr.Jf;1\~$ 

=~& i-'F m :~utwm 3 %i-lf J~HlH'!iWFi 2%:#?'ilii'!UiWFi 

t(l{\'L .f*m.lhtt1:1$"5 m *6Jil:/kg . m - 3 I. 39 3.28 2.24 

.Ql.{\'L:i1J:.R 1$"5 71U€fit/kg • m-
1 14.0 33 22.5 

.IJI.{I'li<t';fR.Ifit;EfB'IfirJ~:fil:/-1' • m -l 2.58 3.87 3. 23 

t(l {\'L:i1£ R_iJi'lf ifJ flefil:/-1' ' m -I 26.0 39 32.5 

~:tL;f!J .ffl$1% 97 66 80 

.ilt:E ?'iliU$fff ISil. li$ * o:p 

*1'1-lilix~• x ;X :;{: 

.x1 It lJi ~ 

1$1-li~-1> IUi!J'I=£9 41t-*Jlil! fi-*liiia:'ili'IJ fi-*tliliiHii'IJ 4ij * -llil.ii!:PJfffl f€ 
71'11Utlkg WFi.lit;;fi:l ;n; ii'l*€1ltl-1' Jilt;;$:/~ WPinttr ,g.Jilt;;fi:l~ 

/k;;fi:X't l:tl% 

=~&i-lf .ffl!JL1t:f.'l:~ 14.0 7.39 26 2. 60 9.99 84. 7 

3 %-~lfJfllii'!UiWPi 33 II. 35 39 3.90 15. 25 129.2 

2%~:0iil'lttW1-Ii 22.5 8.50 32.5 3.30 II . 8 100 

1$ Pi ~ -'* :1$ Pi -« '* M l:t:tJI ~ xtlt.IJ113 
~ :Oll.'l~L 1t1$1-li 2~~:0iil'lttWl-!i t:-:0 It! 1lAt1$~ 2~~1:1/iAUi:l$!§ 

N~tHL 1.3 1.3 -"-&ii!:R.Wl-!i 18. 4 31.2 
~fL~.!ll:/m i1'l f!lljl/ kg · m · 1 

Jl.H!I1L 1.2 1.2 l(ti~i!R. m'lf 
tl'!~:litl-1' · m · I 

47.3 56.2 
.~-~i!i fit/kg 21 30 

lf1-~4ij~~z. 
~1Lft~l-1' 54 54 

1.14 0.96 ~1L~JJf)$/% 95 80 i!R./ m 

'L~~-e~*•r•~~~•amr. #w•r~•*e•r••rr~~m.~ 
:19l!~rw:l.l~-fl;itlf'~.:E.!;l<~Hz-o !& 10-42 ?tll£Tl!~rw1t.I'IPI~ Iii.l~lti·WH:Iii~ 

~J~89mlt o 

lY §JIJ.& -fii!Yflfi9:f:t!lj ~.fJJ( 

i!~.EE:l\tW' 
Ml:t.IJII3 

#i!Y~W' it:~.EE:WW' 

~1t1$Fi 
2%:6':0 

~1-t:l$!§ 
2%~:0 

!11.1-t:l$1-§ 
2~:$i:O 

lil'Hlri :1$!-9 MUiWFi ~~WFi 

4ij~:fS 

llH-9 fit/kg 
21 27 26. 7 33 38. 4 44. 7 



. 712 . 

~* 10-42 

~t _grJ.& ~m ll<JW~ « ~ 

~lt~l§l 
~-1HE:IN:lt #~:IN:lt m:4}.8:1\¥lt 

~L1t:l$~ 
2 .q. :b' ?5 

~Lit:~$~ 
2 ·1}:/:tf-i 

~L1t1$~ 
2 ·1}:5'?5 

Wl<t.t£1$19 Wl<t.tiWPi jjjlj~;l$pj 

~ :i!J:R/rn 60 45 80 60 80 55 -60 

~{if!UrJRj$/% 95-97 80 - 85 95 80-85 95 80 
. 

~~il'lli?< 

u-truJ/ min 
5 15 5-8 15 5-8 20-28 

to.s.3 ~••r•~$~~r~~=r~&m 

-·~•A•~~~Ha••~•~••I~oo••~~~~~m.•nr~•fi 
~.~~~~~--~~o ~~I~a~~~*~$~~~L2I ~~••~•I~oo~ 

illi= iil" 04137 •m:E-8, 02145 :IU8I~Wit!tr o ff@:I:If7**FI3~:!i?1;;o 
;)(9=', L 21 I~Wfiil(.!i'BCWTI~W, .J!J I. 0 -1. 2m, JJit&~=litR:E-, ~t&~J:ftil: 

~:E-, ltlfilii~:;h 5. 5m2
, &£:Jml:i1.H9iff5i:t? ; 041 37 I ~ffii:lH;fl~ltiTOO, ltlfllii~~ 4. 9m2

, 

;Jl~J.!}0.8m, i~ff1~35°- 50° , JJit&~=li~:E-, ~t&.1-JgujltP:E- , "ffH~*l&ff~t?. L 
'W~I~~:!JO*Hl!!~t?, 1. 2kW :l;lt1t!:~H1HL, 3t ~$~Wtr, .teif :f1Ui'~$: ; 02145 I~Ifii(J-9 
ftiTW~~ 6.7m2 , •••~4.8m,8mm•M"f~M~*·•~•~~-~ltP•~*·~ 
:it~~. ftJTM$, 1. 2kW mft!.~~=JL . It iii"$:~~' AI~ll1t ' ~t? ffli~~ 2. 4m X 

2. 4m 0 
' 

~~fflj$~:1-J=~:Iliil"i.lfffl~L~~l-9~ 3 %:1lii"'-l-lffflflt~~~, ff~~-iil"tlfJfJ 8 % 

*~~Mit!. if~ o 

~tH~~L~~l-9()9~fi~I~iiii:it!1.mRd4, f!J2tiU~~~fiB1~~~m~"fJL~: -~tfiJ 

m:/J~; =AaMR~B,&Ha.&~M~·~#~~(J98."f, ~-~~~~~-· 
~~a<J!Iiit~~'i:W:; -~~;$-~Y~L~j$~~~~iil (~Y1:i!R1'-~~:I§RP3&~ii) , IZ!I 

•~r1afi'L~~•~••~•~•m-~ 250 4 

.®§~~~ tt~~o 1100 \ o~ \S 

~~~~~~~~~·~~.~~~fi 

ft~••~~.•m:n~~:1-1~n~m•m. 
4¥JX·t#'MlHL1l~ IBJm:i~ o. 2mo )!= iii" 02145 

8 
"' l 
8 ..., 

I~ffiia<JMR$W~·····~JUtom f 
$? 

<::> 

l0-36;fl]~ 10-43 /Yi71' 0 v; 

~~~~· *mm~~*~~~~•• 
••~•R~m•.w~~~-~-~~• 
-~~-~~&$Mo :J§~·~*·~-~ 
tE~ =tL cp 1f-1:E a1 f8J ::kr•=tutiJ ~ rlltt ~ ¥tl112 

1. 

II 

600 

"V7 I 

'-o8 
o5 

o3 

014 ots 

,7~0-8~, 

-
12 

JJI 
0 

600 
90 

' 8-r< 2 

"" l 60 10 
8 0 

' "Lo4 
18 16 o11 0 

3540 

=JLll:eR1E!fm~a1 18J*l1JU~, :JtJH~~0~it~ 0010-36 02145 Itl=ffii~JL;(tlrt~~OO 

8 
~ 
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ili~-~*·~~&H*-~35%-50% 0 
~~iii -?tlHIBt:iit~.iaHIJ@!f¥ ~ DR.Oltl , ~J§.®~ ~ ~H fmJt:?t~J fll$tmHI~ H% ~ 

~~~iDi,®.MJ¥~~=-~R •• DR. ~R. rnJL~~Ro .®.Bt.&:~$~.®~ 

Bt§~~-~-im-~·-~*·o~----~.N~R~~~-R®·B;J-~~ 50ms , 
ttD;f-~~ 25ms B;f-1j·~*~~o itftl!.:t§JL;tl§.®:!@flt_&~ 25ms ~'iro 

J:f'Fjij.:£~1t~:Wff-j'~=f~ 10-44o 

« t0-43 02145 fJU~Ii1=iti11iiU~ft 

1liHLf£ ~HL~ 1l!Ht!Bl~ 1fi/Jll (0) ~!§:fit 
11fff§.tjJIJ ~f!H\.4!1# ~Ht.~ 

11' I~· kg"1 l m / m ]j(lJI- !!1i: 

~MR I -4 4 1.60 I. 20 76 90 12/ l. 80 I 

~II!IJR 5-6 2 I. 45 90 90 510. 75 2 

1/P/ 11. 7 -10 3 I. 45 0. 55 -0. 8 82 - 85 90 8/1.20 3 

11 ' 13 2 I. 45 82-85 85 - 87 4/0.60 3 
TJ)i 1\. 

12 1 I. 45 90 85-87 2/ 0.30 2 

15- 17 3 1. 45 0. 75 -0. 8 90 82 - 85 8/ 1.20 5 
Jil: .fl. 

14 ' 18 2 I. 45 0. 75 -0. 8 82 - 85 82-85 610.90 5 

~ l f· 18 45/ 6.75 

« ~ .t 21 I fFW 041 37 I fFim 02145 IfFW 

:JiiHUli!lfl m I. 45 I. 50 I. 45 

<fiJM:>f:liHL KJl/ m 28. 15 29.3 26. 7 

I fFimt¥J:>fJ!.RI m I. 38 I. 43 1. 43 

•a~ ltV% 95.2 95.3 98.6 

fiMJ.:Fil&~-l*/m3 7. 535 70. 01 9.54 

<fiJM '"f*!'Piit:fillkg 8.55 8. 10 4. 75 

Jl\{tli:f::fJt*!'tl.iiUI;/kg • m -l I. 135 I. 156 0. 708 

<flftrn~ 'iitUt:itlti 19 19 18 

lYl-/:l~1*~flt'lffeji!:IJi · rn -J 2.52 2. 71 l. 89 

~-~~.*ffl~~~·I~,,L~~H~:W·.¥·-···I*Im~·-··· 
-M~m~ . :t(~~i£~:itgttlli.J~~f4"F~ffl~~~H:!Ifo .fL~5fll&H:I:~j;-, *Ff1*1Qil-
·H-~ . ~ili-~.~Wrim-~~~.~~*~~~~-·-··~~~~~.g~, 
MH~5fllJVlfftJ~~~JJM~o 

V=t~.®.*.:E~::ff:tlll"Ftt~: 1t!!R~Jffl*¥fJtt:ti.:J2sjJ 93% - 97%, ··~~J 97% -
too%; ••~•••••mi0! 3% -6%, ••t!~ 2% -4% ; *FHm~••:ti~ll*f~ 
3% -5%, ••llff~ 2% - 4%; m~rllj~*••~f~ 2% - s%, •$~f~ 2% -3%; :li 
Wif§]LWf._ -~~lt~ C02 fdit?t:tlr-ey;Jfili (~ 10-45), ~m~Lf-t~Htt~~:.t'FH~~ 
t&&~f~ 41%, C02 ~hl:~{l;l; 43%, !&~ T *.itPr-:mo ~~~. ~Lf-t~~~iM:G[, iliWtr, 



· 714 · 10 $L1t.;.lt iSj fFJ ,S. JfJ ;I< 1?•) ···· · --- ----······ ····· · --- --- ----.-- ---- ---- -••••••••••• ••••••• •••••••••••••••••••••••••.•. 

1*#, f!J!m l=j=l!t:ff~M~*~'I4, Vt7J< tt, Jt!t=Jg.m -T::J+ "F:ff7.K1t!HL:!!l<: l=j=l t~irJL:f;l~ o 

~ 10-45 coz, rn. ill~~~l:fl}.W_JIJr&~~ tt~ 

m~ !(!HL~J.l 1i!HLif{ ,f,t ~ l-!i in :1$!-!i C02 ~J.llo/o «~~J.l/% CH4/% 
If'Fmi 

17\lf,{/17\ / m 11- /kg ~jj~ $::1i!!lltr tli~Fc fi!<:Ji!llltr $:~.Ia fi!<:~iitr $:~Fc 

..t 21 *~~ 15 1.4 19 8.55 ~l{t 0 0.04 7.5 21.5 0.24 0.66 
. 

-'l!Iftilii 10 1.4 21 8. 87 i'JiW 0 0.08 8. 1 61. 8 0. 24 0. 67 

04137 *~~ 15 1.5 20 8. 10 ~l{t o. 12 o. 10 5. 1 19.2 0 0 

$ I ftilii 10 1.5 22 8.49 i'JiW 0. 13 0. 16 3.5 55. 0 0 0 

02145 AAt-'1! 15 • 1.4 18 6. 75 ~l1t 0. 15 0. 17 6. 8 27.0 0.06 0. 11 

I fti!ii 10 1. 4 19 6.90 tli:Nl 0. 45 0.33 4. 8 83.0 0. 06 0. 10 

to.s.4 a•~r••mw~~~=~~~r~mm 

•fflr••m~~0~~M~•r-T2oot •*~tl~m=a®~a•r~m~~~R 
~1~.Q\t~J§', § ffii~iii**;flffioo~f!l!JH~LftWR , ~1~ li:t!f~~1MH:tli!Uo IY'I.)1U9r£m®U 
~~ido ~T1HB*J'b#~Lft;J$~t£~iii~~m'I'Wt5L o 

10. 5. 4. 1 -=-~3~~it m $L1t-:tt tt; .tf- 9112 ~r .:r_-1f lf1 Et-J i~m rft ot 
91127'~Iftiii1.iL-T~iiiW-*IR, -~}.J2.72m, f~JJJ ll 0 -28°, iii-tf43 -146m, 

jEIEJ 162mo :12\;JH=a•rilf:JH~Lft~R. 1 - 5 ~~tpgw:JJ:gm'~. Jt1il!:f;l~~~~:i2:H~ 
Jj!U~Jffli.t~~*-!3~~ffi'litt5L:izth o 

~~# •. &RfL~~H~·~~-~-~~ 0. 48k~m .~~~~.&R;I:'FR·~ 

&Hi!:lliU ~mtit o. 45kg, :fiHI'!i*~tLitJH, J:m~·lift5[., ..t.1-TJL, IIJHL, T1-TJL~&R:fi 
?Hfctt191J:79 2 : 3 : 4 , Jj!U..t.h1L4iHL&H o. 3kg, MHL4iHL&H o. 45kg, ThJL&JL&R 
o. 6kgo E8 llti.t • .¥3at~I itiii§~~~~ : -OO~~tL~ 929 1-, ~llfi~~~ii:79 41 8. 05kg, 
& 60 1-1@JL~-i:Jl:izthf@f>lo 

10. 5. 4. 2 ~!It~~* m $L1t:.t-t tt; .tf- 9112 ~r ..:c. -'if lf1 U"/<f Et-J1.tm ·Jtot 
9112 7'~Iitoof:!E~~Jl:~ -690 - -658m, :J&J1Z.:iJ$3C::k, 337'~~..tm: 7 •!K~:l;!tttt~ 

Ji:.*ff.:iJ , I it iii itH ffiiJi:.*ff.:iJ , i7J 710tEffbt}li] M-* lli I¥J ~ Pjiij , ~I it iiitE.im ffii ~:ilL ..t 
T1W~~ IK~#tE /IPm:!&ffifrt~ o 

M-1¥1± ?lftmtrt~ B<J IR~~~~.&ffP~•~~~w ilftm:~&ffii¥J~~m~ 0 a~ IR~• fllJ 
;{JJ~~:rL . 1iiHL~1lr-~, .hr.& iii, ~.It 8m, IBJRe 10m, ~JL t:1 ~_m;~ 1. o -
1. 2mo :I$R:J2\;JH~~-1iiifJH~L1t~R, &~1tR-Klt 300m, mtii:79 300g, m'~19 1 -5 
~~~gw:JJ:g'i'~ ()l1ijl~-tf!.f~ 9m), &tL&~1.2kg, 1f'lf3~, *J=IHLI*.J.#~ ... f LIBJ 
$~1¥J~~~~.MJLMM~-~~7.KM~.MR-KJl:~~'-T2m,7.)(~~~31-,S~ 
~~ 1 -12 fLo 

10. 5. 4. 3 iJ:.Jfl jijfl?)-;fjf 

~r~m=~mr~m~Lft1t~M~ . ~~~••s~ t. ~.Q\t•~*R 4. I~.1t 
~~~$.3CB=%tt7.K•r~m~~~~T~6%,~~~~2~~~ ; ~.m~~•r~m 
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'L~~H~h&ffi•&~~.~~--~~~~~7*R~&o 
.~ a<J .31EiJi , ~:ff i9= JfJ ~L ~:1$!-t.i .££ ~?Y a<J ill.ffl J:t.{j 1m r re~ : iE ~ 1'-i.i\JfJ WI , f.JT JfJ ~L ~ 

~-~*~~ffi~ - ~••••.~•~•~».••w~~ .• JL~m•~~ 96%~ 
~~~~~m~m•~-~~F~;tt*ttnft~.~~*~I~W&H4h gm••~ 

M~--~·;•&gM~~--~.--7M5~~.-·7I~~·;·V~HA~ 
~Ma<J~~tt.~ft (~W'~~~~)~~~*·~~~~~~-;~:ff~!.t.i~~·~~ 

~•~m•~H~~r~ . ~m••~•o 

to.5.5 ~v~~~~~~~•~a~v•~•~emv~sm 

10. 5. 5. 1 'J.t*"1r~ 

~~:ff~~~~~~ff0~~~~~*0~.m~~~~~~~·*w~~* 
4.95km , mj~~2km, im~JWJ 10km2

, V#.!~'!;(£ 19071f~)t7f~~t= . ;;@:-~s&f:~V. 

&f~f'U~j] tJ 320 7J l 0 

V#*JfJ-~#··~·*•*@7f~~~.--MM~~.~-~-~WtJrfl~ 
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rt8i5!:Tlie:ttcm~6lt 4. 6km ~Mm-fU£o ~1!7i ll:m~#:W!~.&l71JG~J:W'f.1<:ti-T, :tE 1997 &¥ 
3:tRWrM":m Jll~t;IJ ~ 3000 7J m3 7}($:~ , ~il':;tt c ffl~:l~Hf~ ~~11ft 11\, ~I~~~~ ~/I 
*•I•~•&•~-~-~•••••~o ~~~7mx7mMf1~%. ~~mcmrm 
:!Jt~*J:Wf~ 250m 6lta<J~~jtg1!fJ}CF 30m, J'f-~J:~T~, J:B~.!t 78° , T:e'i~~JJ[ 15°-
30°, so2m ~f:!ll~T.1.J~ti:~:llfUR~mm. J¥1l o -12m, .:lC::k~.:P 0 *FH::krU£f.l~fL~ 

~~/J~:il!Jr;t:i-¥:ti~ o 

~~mc~f:E&MM~.jtgM~~~w~;g.~~m•~.~.:P•m~mo.2-

I.sm, r:~Nl5°-30°E/SEL20°-30° , filiii~Jf-]L ~$:ft?Je~ifm:rt:.tA o :tE;tt.J;I& 
1fi!E:I~UJ~~}.J2 -5m, ~p;!g~JHlEifitt~rrut. r:tJC.1.J 70° - 85°W/ NEL70° -85°~ 20°-
30°E/SEL72°-80°; ~!il.JX1.~fil}.J0.8-3.0m, =*-f*~mt.£~ . .1.J~~m~~f1J. :ff:(Em 
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ilillll~lf~iit~iHf~:]!.~ 10-53o cf>90mm ~;fi;~]j( 48h iitlJi~~ cf>25mm ~~¥-IJJOIJilt 
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• .ii/m · s· 1 4545. 2 4178.3 3578. 3 4020.3 

.iilf"F~$1% 0 8. I 2 1. 3 I I. 6 

"Ef/ mm 16 12 II 10 

"lf"f~$/% 0 25 31 38 

t:E, J!~J.l!J~~.mmttaiJiiitJ.;. ii!:!a~11:~ sos. 

:6-.~ilHiH~/F.fti!f3lUfJ;k1lt'lf, ~:tltfiJI~:J$~, ~I~~Jflf.f$1JI!Jf7J<~~~Wllt 1H~ 

5f1l ~~ ~ o {j!Jfl Bt , 7'~~:fi't~ ec~~ .lib I!JJJ.K o ffl:itiJ WI JJ(i'i;~ lll:ltll ~ 11tf I!Jf 7](·11: #~~ , fftti 
Jtmt~*f~tJ!tlil-:m, f&JJ("f30mWJJ(~JJ(-Jat~. lJ!U-~atm~~n~l0-54, ~10-55Yf~ . * 
~;.Ka~tPT~$.19 99. s% (432 :&#Cit) 0 

it 10-54 It!. Wtttt:JiiT11$ 
24 48 

I 
72 

100 95 92.5 

(%) 

1111!1l.3'!:-lt lt!lil3'!:-lt 
~ 71< Jl11iij/ h t:f7)<1J<tfij]/h 

on ±0. •n > 0. 2n !!lt ... - 0. 2n on :tO. 1n ;;.O. 2n lit 1!1i - 0. 2,0. 

24 50 45 5 72 22.5 57.5 20 

48 47. 5 47.5 5 

*JfJ~m:tt&-*4=r~rz:B9tr-mii~~-~ . !l:i!:liVH« 6550mls, Jti!Jrz:Jlt*'~fl. f& 
24 h , 48h I¥J 30m 7.K~dsb.K-ot!Ji, i*jt71tJ,6~JJ(r 30m ?HiU8V.K 24h ~ 48h, -ffl-§$1:1 
100%, I!JJJ.k~*~o 

mJJt!EJt~HI3!UI3/f'~.g.im~~~, ~;fi;K~ 25mmo 1¥L~~-~B9~~JHt~ill/FJEl~H I 

;fi cf>25mm ~~. *=ffli!9~~-~fl~.Ql{;:9JiJij,fo 
10.6.3.4 ~~~Al 

® • .6.~~0Lfi~®~:k-~ID7.K~~~~~7.Ktt, ~~iliD*jt~B9~~~* 

ili, lJe:Q?iil"J.KMi :±1, i*i.ff~.f*l1JJJ(tRt#f:k:it:6"fltfftt ili ~7'~o :tlfii~lJ!Hii£7J< 1:\I 513. 5m, Iil* lfttl!tmt:i!: .19 338m
3 
Is , TPi JE -ij!if ~ ffiiJ 1Jtmi at 1¥J :llt:k fftt mL :fit~ 31( o :IIi~ WJ B9 3000 7J m 3 

J..k:Mc~m , ~tii ili 1.1< ID 1¥J ~ ffiiJ llH:Yifnl o .1£~ ~:tc~X!\!.~ , ~ ~~ ~ , J.i!ZJfJ ~L 1t:J$ !9ll!fi :ti­
lillWi:lis¥1JT.:JN, ~~ , ~~B9~*1t*~*· ~BU~~.GX;%~*~~. ll! DifnJJJi~~. 
J:Vi~ID-*fL$:1is 99.5% ~Lo 

W:7jz~~-ifi.!;_i!m~I~;f131.t;fif~Or~,~ : ~-~*JfJ:ktL&f.IHL~fl?'!nmi, i§tL 
-~ 100mm;$WS-~$Jflr~~~~R ;*=Jfl~1t~Hll!h~8-&;M.RM•B9 
:Ei§fL~iil[il~Jtrl::tAi o 
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*~*•••~d~§~T~•I~~-~~•.m•~~-T~~•m.J.k•~• 
~7~~.~~7~~~m~ft~ll~~~o 

10. 6. 4 if/}jciftlili'PtfJ.@JfJ 

I 0. 6. 4 . 1 "if f.-1)--~ 
*?$HiitJiH~~%Jiii..t~iii* , *~~:k#CVU:*, ~F~~~,-ffl, IV.)fiJ T- *~~tl!!, 

{IE~ 7F %I at {Jj( ~J~ift J~ jilt a~ :ff~-¥ J?i o 1?1J :!£1l , tiHtMi~mHIHtt , :l( ~iiJ~ ihf 4i ~ ~ ;§ at"il , $ 
~~~~~~*' ~~,M~~~~*%J~-~o :ff~~~~~~~~~.:ff~~~~~ 
!llC:M~at. tJf-#HlUR, ta~J.k{IL, ~Jilt~ffl.o JJJ~...t~ffUk:P$!~. ~i!fFlfi:o ~1" 1 855 

~JifiiJi&:iiEIHlJ*.A#iJ3?: 1938 ~~ 83 ~IBJ:ff 24 ~1i#iffl.l#c P, .5l#cP~~~ 42%; ·~~ 

It 74 ~ ( ~), mfiii.A~st~ T'er~o 

$~*~%J~~*~··-H*ffl2%*E~~~~~~ . {a~:ff-~~~~~~~ 
itt~~~o ~lit. 7HJ1J :fE-tiiJ!iiftJ~%:1jjlm:lli~Jcoo~iftJ$ 101 %ffili1f%J7.k:tm, »;.t 2 %::5-
~•~•a~&, 2 %~7.k•r•~••~-~~ =•*E~~~HafiT~~-*~ 
~o -T {Jj(_t~{Jj(~~~--~@, ~:fE~~*~~·~~*~~o 

10. 6. 4. 2 3 #:lt~~1'}"J:t.~~~(}{. 

Af*~~~tff<£?r-m:t£n~: 

( 1) {Jj(...t5<11:tiie~o 11H~PJc.~*1lHiil:B<J~~, iie~?tjg 4 ~JL ~T~L1t~H4iHil 6 1' 

~-§?'~. Xft!!~.rH'FH&m* 3-i'H-El.. iie~~~:!£o~ 10-56 Fffffi o 

. 10-56 ~..t.~ttiit~ti:jA 

!11 Jil ~-m j!J=.tJl jll=ul ;!JI!!Uil 

2%~ 2 ~~ RS RS 2%~ 2%:Wi RS RS 2.1}~ 2-I};Wi RS RS 2.\:}~ 2 ~!l RS RS 

:klii9folt~ :0~$1\ @'"'I'J(f,ll ~lft 11.1t :0~$1\ @'"~f,1l 1L1t 1L-It :0~;$ @'"~f;\1 ~{t ~l{t :l:jt1(f,1l itt/(~ 'L-It 'L-It 
1$i9 ~i9 ~ili ~i9 ;1$~ 1$~ :tm 1$i9 1$i9 1$~ 1$i9 1$i9 1$i9 j;j;ilj j;j;ilj Wili 

!jJt/ kg 0. 30 0. 30 0. 30 0.30 0. 60 0. 60 0. 60 0.60 0.60 0. 60 0.60 0.60 0.90 0. 90 0. 90 0.90 

% ~ 'lf{g tf{g tf@ tlf 'lf{g fi'§ 'lf{g a!k 'Is fi'f!!. "*~ tlf 1f{g 'If@. 'If@ "*~ 
11Jc)Jicm 15 10 10 15 10 10 10 10 20 20 20 20 10 10 10 10 

ljL:M)jio'i] :f2 
0.40 0.42 0.43 0.45 1. 42 1.40 1.50 I. 33 0.63 0. 60 1.50 1.58 2.03 2.02 I. 92 1. 93 

/ m 

~ 10-56 !:f~ ".Sjl-:ltgfaj~" ~ffi.Sjl-:fSJ~*-*~0 EI:J.Sjl-:1:1]~*'*~ liJ IV.f.t ttl, ~-~it~ 
a!:f~~~~-~T- 2%::5-~~•~2 %•r~H;~=m~•!:fw~&-§~~*~• 

~2~::5-E~~~T-2~~~~H,2%·~~-~~T- M~~~H;~~m~•'P2 

%*E~2~-r~H:I:1JjgW~.&*~*a*•~.W RS~L~~H*ffl~~,-·B . 
9!6"*iii~~j.\';, ~~I±H~*ft~. -~?fnJ~:lt 1. 50m; ~llYm~•9='»-'lf~H1:!1a9&PJc.~ 

:W:J'fi ttl 2 ~::5--ti ~·~~-T 2 ~:llr~H, 2 ~-r~Hiftlt=f ~ ~L~:I$& o 

(2) ?Ji~5<1tt~~o ~~{Jj(JJ:lUHit~~~. ~!li?t19 3m, 4itm9='*~:1\t:H:f5Jjg 3 
1-H~ , ~-~~:!{ll~ 10-57 Elf7l'o 
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* 10.57 ~l'~ttltiltlitt 

m Btl jjl-m m=m m:=:m 

')$~f+~ 
2 ~;G-:O 2 ~1!\t!V RS~L1t 2-!};G-:0 2-!}:U\!V RS~l1t 2-l};G-1:1 2-!}:.i;l!V RS~1t 

i1/(~j$~ i1/(.t;\'l:l$~ w~ ~.t;l'lj$~ ~~!$~ !$~ ~~!$~ ~~!$~ :kF~ 

~:fit/kg 0. 30 0.30 0. 30 0.60 0. 60 0.60 0.60 0.60 0.60 

~ ~ 'If -@1. 'fl' -@1. ~ -@1. tl' -@1. '1t -@1. ~ -@1. 'I' -@1. 'It -@1 ~ -@1. 

MeW em 10 10 10 20 20 20 10 10 10 

.If-:~til ifii1 '1£/ m 3. 10 2.87 2.73 4. 17 7.00 5.07 4.02 3.42 4. 23 

M-mB•A~2%*E··~&•tt~2%•r••~&ffiRS'l~~&;M=m 
BtmA~ 2 %:Jl1iiit.~H-tt~ RS 'l~~Hifll 2 %*Eit-~H; M=:illBtm~rt§ RS 'L 
~~&•ttr2%*E••~&ffi2%•r••~&o 

rnk~~~--ey~~~: ~H:fi~ 11J(~if011J(~~~~.~3~~H~11J(~~*~~~ 

~~-.~(JJcan~*ffi~o ffi~-*~·· RS 'L~~H~ttn~M~--.~~ey-, 
rmJ3.ey~1f~Jilt.%. f?J57.l<'linM, Wff.7c=f7.l<, ~11J(~f'Ff'iiHlo 1£-~H:ii~{JjcJ¥~#~ 

ey~ii(~~-~~Wt1lttft•. ~1lt:fintzffl:ti:I.Jll, J.illntz~f?J5~~11J(If'Fr:Jl~e~~Ho · 
10. 6. 4. 3 RS $L1-t.~jij..o,t;,jc..~ flr;,J<..:JL;ft>-tiJ.;k}~;,jc..~;tl.;,jc..~~ 

:(£ffi~~PfiJfF, XW.~?l~~B;f-~ffi~~~H-@.$:11/Jj\Xfit(JJc~*~ftP(o!Jo ~* 

~g,§,:f£-~~(JJcJ¥ffi&•~.~-~~~H-§~~/Jj\ifll~~. ey~*tit·~~H~~ 

1*~1lt*no 
f'Jffl'L~~&ey1f~-%~¥-f~f'F11(JJcJL~~. ~1-t~.AI111Jj(fLIJ9t4£f'F~A~~~ 

;tJ~!Ulo ~~11J(00~1Jj(J¥25cm , ~o. 3kg ~ RS !JL~~H~-~~~. ~f'JYIHIU~J\:, I9i 
fB*jj~,¥ 90° ~ l20°ffi 150°, *~~~~~· Scm )W~fRlSL, ~~--}A!.~ 10-58 0 ey~ 

~~~--B1.&l9i~~~&S{JjcfL~~ 0. @ -0.68m,~·5cmB;f,&m~~~HS1Jj( 

JL~~ o. 43 - 0. 55mo -ill.wtl~:iJt'L~~H~S(JJcJL~~·i'i1fiWtJJffi3C, rml9i~~n(o!J~7c o 

~~~*~g,§ . ~fflRS'L~~H:f£f?J5~If'Fr:Jlm~~~AIS11J(fL~eyh~ o ~--lL 
~jc;J\~HifL (JJc.J¥ ~ (JJc~~ ··~~~~Jtn(o!J, ;(:E~fflr:p~~-~~11lSL. ~~~11!~ 

•*1f~, /tf!~-1~-M~S(JJcJL~*o 

* 10-58 RS !JI:ft:l'1o~'ll~nlt!J.Ut~ 

!¥= ~ 1 2 3 4 5 6 7 8 9 

~:fit/kg 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0. 30 

~ ~ ~ ;lk if ~ ~ ~ ~ ~ ~ ;lk ~ ~ ~ ~ ~ ~ ~ ~ 

Ufffl/ ( 0
) 90 90 120 120 150 150 90 120 150 

m!jlllj/ em 0 0 0 0 0 0 5 5 5 

VJcj!j{/ cm 25 25 25 25 25 25 25 25 25 

tll!Mc1!AVm 0. 68 0. 60 0. 62 0.65 0. 50 0. 55 0. 43 

*m~~~H-§~·/Jj\ , mfiRS!JL~~H~(JJcOO··~·· ~~*:*:~(JJc~~~o 
~~~Jt~~W!i$* : 
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( 1) ~JtJ( RS ~L{t1$~!U7Jt"Pl:!Jio 7Jt~~ff 22cm, *ffl 20 1- 150g B<J RS 'L1t1$~~ 
~§~~~m.$;-*1I~. ms-t-m'lWsltJJ§- , ~(Jj(W1$ili-*~· ..to~~50cm, "f 
Q ~~ 20cm, :lt~J~~B9!U (Jj(~*; 

(2) ~'*Jfj( RS ~L{t:.t$~!U7Jt"Pt~ o 7Jt~J¥!J[ l 0cm, ~ RS 'L1t:tt:~~i\f{.$; 301-
0. 6kg B9-*Jt, ?t Jll(;3 t1i, 4iJtli-15- 10 1-, ~ -t111$~ fBJREtJ 1. Om, ~ =~Jl:lt~ fBJ lle 
1.J I. 5m, ~-=.g.Jl:tF~ fBJRE1.J2. 0mo JA;IJJ~~-~. liui'Wtllll4f{Jj(Uij!tl7f, :ltili -~ 

~.~If~ 1. 5 -2.0m, &~l±lg!_~B9WrJ(Jj(~*; mi~ -=:. tli!ii;(iJLfL:ii)ifia<Jl],i!~, {§. 

~~~~3 1-*7f{Jj(m,~7ltM*~M--.~WAW~~~~*~Bo ···~~ 
-2B<J(Jj(a~7ltJ¥B9ffl~"F.*ffl~ma<J RS,L{t1$~ffl2~--~~-~.-~~ 
:It ¥1J ttl (Jj< 13 ~ ~ 0 

10. 7. 1 I.i:toiil~*i£*'Jili.Qt:Jlt(.J .@Jij 

10. 7. 1. 1 .a JfJ ·m- Qt. Ji'j ~ 

~*~IW~ . *~~**~~ ±~~~~~~~~~,m~±~~a<J7f*$$mW 
~rr•~.mr~•~~~t*o *m~~a<J·~~~~I.ttttmw~~e*~An,~ 

nfi!JM"n o ~at. El:J-Tft.ill'..$1~. ~£1ti~IWlo mi!.illffl1$~tiM~$3lH1f,l~ft.ill'., 9lU 
~~?t~~~m~1t~~~re~·**~~ft.ill'.•$.~~~IA~~~~~o 

~~ E1 20 fitta 80 ~fttJJEl:J ?a~$si~W~m~$1t;i(t;A*, i.%(1t;i(-1i:{JUit-TWLlJ 
..t~.ffl o 1.JT~~~-I~••~ ~ •~•' *~•*~••~sw.~ooa1i*Br1~ 
*n~~"f.#~*~IWSia<J-~.U~~*~*~IWmffi0~~-=:.-IWai 
~.~rrTm~$J.illffltt;i(~Wf~.~OO~§~lj4f~1t;i(lli.ffl-T*~IW~ o 

El:! -T*~I·~~LlJ1i~~$~~a<J·~· ~~.m~$1t;i(~r*~I·~~~$ 

J.ilZ.ffltt;i(~-~~Mo B&$~-=. -IW.a<JJ.ilZ.ffl~?ttJm-t-~•.». 1~3~ 11 A~ 

1994 ~ 5 YJ , 1.JJ.ilZ.ffl15t-*WF~.&~t'ttiJ.U~rlfl"-o :EWU:~W0iltl rJ;J-15-.IiiiHtL~rlltatfci 

~,~~-~..t.B*~·R····~-rr. ~M·-~~-·~.M~~~M¥~H 
~.~~~-7fffi~-·M·*~·.~-~-·85t0 ~~~-~-a<J-·M~.-~ 
Mfmtk: Tti~$1ilZJflr7.K~IWaia<J-~1t-*fPJR!, ~~T;It::*:1&.ltlliffl~)Jai:II1:1t 

lil1!o )Al994 ~ 6 JJ 7fid:i, ~1t#*~tJtMliY:fflr-=:. ~3::-f*I~~I, ~rlffiiJ;J'Af}f@f!l7"kR 

M~8I~.~.m•tt-*a<J$~~7&~~-ffiZ~~.~1ia¥*~$~,·D~*~I 
~%:J-- Jit2l~tt~1t0iltl, WJll~1t0-;;tL ~r$:Jt.%m~-tt•I0~~o El 1993 1f:~~ 
1996 ~ . .JIGJ§-B:fr 4 ii~:il:tl lOt a<J'L1t:l't:~m~ $ti:-=:.~I~~=N:A~ffl. ~ftitJ!9:ili 

lOOOOt , ··±~:IJ:lt 1000 $li~, JE?t.H~ Ti!-.JIG~tfJ:ll•tt-*~lt~I-·I·a<J 

e*ftffl o ~~~. ~r1:1:~m&$~re•~•~••••*.$;:11:~. ~-~»-r•~~:l't: 
~~~.~*m~•~~•d*,i!~*M~m:l't:~a<J*~I•*~·~m~a~+?t~ 
X!\l.a<J 0 

*~•·~~~~~~. ~~i.%(~llimtt-*a<J•~· ~*~~r~w~ma<Jm~$tt 

• 
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*· B~-~-@ffl~*~L~~o ~--~~~"M~.~~-~.r~TBff~~­
rr.~~~~~*~*~~. ~~~I~~*~~. ~~~~±~~*~~ili7~*~ 
~0 

MW,WHm&$~*~ffl~*~IW.~~-~~*~~~~*-$M~.ioaft 

00~8.B&~·~~~fflo W~.-fflm8~H~~-~~~~-~-~---~~-
8~H:ko 

10. 7. L 2 E.Jfl.ft'*-JJt-~ 

*~IWff~--~~w*~~-~~.£*ili··~~~~~tt~-~·~~~~ 
tto ~m~~~~~Z~--~~T-A : (l)·~~@·l~:ko *~I~--~~* 
~ • . X<t~;M, :lll•~t~~~~·~iGJ~~i!itJ~*· - Alt:tL@t!S~;J, , ~~~ ct>89mm, 

<Pl02mm, ct>127mm ~ ct>l65mm JLf'l•, W~ Lli~Hi:ti8~KHL1r@:k, $a ct>250mm ~ 

ct>380mm Z faJ ; (2) ~i!itJ~8~>~it'U, ~~~*!:~ o -~~ w:ti85tifiU~*~*, iP­
III~H:!Jl'ilJ :1;5 2-3t, f(i];~J< I'@.I;fg i¥J3f~, ~*F~~11itl~f;.IJW PiuJ rtHID, -fN:i(iuluJHiil$¥.;! 
~~soo~~~300kg~~.~M~~tt*•ili7~&"~*o ~~-~1l@&~, , ~~W 

~JAJ..m I¥J t4H!Hl' l!fr _t , 71< Eg I~ 13<J<Ui :rL~:!i $ , )}.. W'IW -*®t.l 5$ ffl :til$ , ~ B!i! ~j!~~ f5J 
mo#~~_tifA.*ft7~T~~*~*~MRo 

A -~~--~-A~~~~-t~ 
*~~~w••••~.~n~•msw®~.m•*m~•~~••i!•~••~ 

&fMo m~~ff:~~•Hs i&GJ<J-If!:tlf5Jl2!, ~Jit'ilJ~1l~fE&f&5l(l.3(:trJ:a~m;, ~rr1tiE 

~& IRJ&!i, )}..W.~:Ii~~IOl~:o 

1gi&Ht~Jil=f7J< fti;f~VJ,:tL~ 6<J&1.i5!J, ffZWt ~ml ..@:Jil;J,&:IJ ijjg~ * , Y-. 1m ~1ft.et *, 15£! T-~~, illl:i1:illfimmtlii1~ imuHf T :li'fuNg:tJ fmil\~, J(:~ :5!H·u ~7& 10-59 o illl:ttfk 
;j\j~:ljg~il\~' f!ftil-E 7 Ji;j\)g:f£~~lit&;I;J5f!li&[it 0 

~--mttl/g 
ilj~)'(Wnuu ~lt!Hiii/m · s·• 

-~;Q/],_giftm _®ji-R-.J' ( </> xh) 

TN'l'/ RDX 50/ 50 ( H ::i'Hl$i!) / mm xmm 

450 90- 105 45 10 -4600 I x400 (H< I2m) 58.0 X 126. 5 

400 90 - 105 4000 -4200 2 x400 (H>l2m) 

300 90- 105 3400-3500 

B ~~~~~~I$~-~~--~ 
~~m8WHtt·~---·~-~~~.~fiffl"~M~fi~~~~Z~~-~­

&a*.~·~· -···$'L~WHtt~jn7&IO-OOM~ o 

• to-60 =•i1U~$!1L-It1$~1!fm 

ljl !3 ii'i !JI:I g • em - 3 :liJililm · s -I !ftl'il: ~ ;/J {;t;~~jJ ~i!HL~L"'$1% 

J5!:~{l( 1. 12 - I. 20 4000 - 4500 0. 86 -0. 89 ]_ 07 -I. 17 100 



;ftH~ ~_t ttf~MHi:iltrrnl~ $ *l~itnt, ~JH.:.!l!Hm 00 t 0-51 Effffi o . 

ii!J£11\J€q ill~ ill~ tit til itfJ~* T 1l.~H !18 
• 

t!l!1i1l.ifia it# JttRJ911l 
Q 

5B~L.D.!ll~.~~~---#~~~~-·#~ft7W·~-~·M·*·~ 
ffitJ l±l7 PJ~~tif'F.ill(.~~~~fl~o =: ~m~:tt:fi~iQ:i.t~~~fi9U r~ 10 -61 ltl 

~ 10 -62 0 

!f:t{:!i fflj 4-6 6-8 8 - 12 12 - 18 

.1\'lfE/kg · m - 1 0. 37 -0.39 o. 40 -o. 45 0. 52-0. 58 0. 70-0.85 

f6 :!k 1i:i21 mm 89 102 127 165 

lU:~i9fit ii!JXI.1t 9.0 12. 0 18.0 30.0 

/ kg · m - • tlMi:fit 8.0 10.0 16.0 27.0 

if: ;& 10-62 'f'~WlJtllJI . .f0fiil1(~{l(Jt.Ji~ld!l.IXI.1t~M.tfi:E.IlltJL;J;:. $~~JO~llte~fit;J;:. :il'ili.llJI~~4i~1it. 

;IJ{~*-JJU£!Ji%Jt~ll'"F : 

T = 0. 0085 ( H<f>) 0·
1145 ( 10-8 ) 

Jt !:fl T fll~*-ll , m ; 

H ?Ll*. m; 

<P ~~1[~, mmo 

~.ffl%.Jt (10-8) B;j, E\ZB:~~r*1f'i!PJ~IH~:$i}Jffl?£*f'FWJJI, -~ffl~'"F, ?L 
;f£;J,B;jilJ~~~J'-#., rriHL~£7;:B;j,!li~E\Z.ffl~;Jv'fi.t~>CR~~ffio 

c ~ilit#~J'E 

*f:~m~ :tt:f'F .ill'.$ ~r:kmm:ta~ . 1£1.Jot! I•E\Zm B;j-rx•rilHL~$, ~:!il* o :R JJt 
~mM~~E\Z~fi~U~. ~*~~MPJa. ••~~~o ~~*B;j~*~~-~~~ 

M.~~w•~~--~--~x~~-h~Mo •~~•••~ft~••h~'. nr~ 
~*~~--~H-h.••~fr~tt•a•~~#.o~-~~XM~.PJ:*::*:m•~• 
~nr~tt o J&~;fPJt!.'l''lf.l:jf!.~ilJi\'&.ll;h 99%, ~;f!P~~tt tlf'lf.l:jf!.~PJ#1l7h 95 % B;j, ~i.-r 

~ilJ~IXXJMilJ31l~ 99. 75% o 

~~~~~*m~~~XXJ•. *~$wm~. ~•PI3 . ~f1=·~~~.~~~~•~ 
qjEJ!Il~ 10-63lJl iJ) 10-52 EJfffi o 
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~ ~ 

(lij :i: 

foij :i: 
ikMUfliil 

foij 1i[ 

rtiot 

~a<tAG"-1 
(lij 1i[ 

..t!\nt 

* t0-63 -111H'f:~i1Ut:$flfii~M'l'~ 

ll;f flil ftl91l/ t 7)-8tfl 

1995.2.2 II. 8 65 

1995.5.3 16.5 65 

1995.6. 13 6.9 38 

1995.5.7 7. 8 42 

1995. 3. I 15.2 50 

1995.7.2 10.8 41 

A-A ,_- ---- ..... .... / 0 0 ' 0 0 / 
1 msl 2 msll ' ms8 msl l 

I 0 0 o' 0 
1 ms i O ms9 ms61 

ms6 I 
I 0 0 tO 0 
I ms7 mss I mS2 ms5 
I 0 0 0 I 0 
I ms4 ms3 msl I msl 
I 

1

1 

1

1 

I 

I 

1

1

1

1 

I 

A- A 

~ll;f/ms •*•~~tit/kg 

6250 200 

6250 300 

3400 200 

4025 200 

4380 350 

5400 300 

0 
msl2 

0 
msl2 

0 0 
ms9 msiO 

0 0 
ms7 ms7 

0 0 
ms2 msJ 

1

1

1

1 

I 

~ :JHt11flm~ll~ 

;;,. -- ~lltf1f'llf 

..::: Bl~ll!tl:W 

Jll~D\f(ii)/min 

40 

50 

30 

35 

40 

40 

D lL~~~ 

IE r1$!97tU~t:$1¥J~!9~~-!i1i7~~~!9, ~ll1$fm:fiU~. it:i , ;ff .f!J r~fi~JLiteJI 

~ , ~~;J\:k~$o :t£-=:~I.~, ~L1t1$!9U:$1iH~I¥J1~HL@·~~:1i7L 5 -2. 1, 1Llie 
4 -7m, f.I~U:g2 -4.5m 0 jl;)fit{Rj(;j\!~ :fll! ml:~14'~1L~1B'E o ~ 10-64 ~~ 10-65 EJT;ftlfj 
~~~1il=~~mm~$ 1995 &:F 7 JJ ~mER*.ffl o 

• 10-64 =-·il~$~1Xl1t~·--·· 
f6 ~ 1l'!£1 mm 89 102 127 165 

Ji€;1fe:m:fit/kg • m -· 9.0 12. 0 18.0 30.0 

tL~-ft/m x m a xb =5.0x3.0 axb=6. 0x3.0 a xb=6.0x4.0 axb=1.0x4.0 
. 

~ lll?Uit~ .tta ~ ~-~~ .tlf. Q ltll.ll,~mj.tlfM ~ i.IJl.U~ .t~a 
?L~m / kg _, / kg / m /kg -) / kg /m 1/kg _, /kg / m / kg • m 

-l /kg / m · m ·m ·m 

8 0.46 ss 2.0 0.49 70 2.2 0.49 95 2. 7 0.50 125 3.8 

9 0.48 65 2.0 0.49 80 2.3 o. 49 . 105 3. 2 0.50 140 4.3 

10 0.47 70 2. 4 0.50 90 2. 5 0. 50 120 3.3 0. 52 160 4. 7 



. 736 . ·······--------- ------------------------------------------------·-·························· 

!$:& 10-64 

~'JI-t{Wmm 89 102 127 165 

~*#i:!it/kg · m · • 9.0 12.0 18. 0 30.0 

:JLifll~ft/m x m a xb =5. 0 x3.0 0 X 0 : 6. 0 X 3. 0 oxb=6.0x4.0 oxh=7.0x4. 0 

-~ .l'fl.:Jlfalj .tla ~ .l'fl.rulti!i .tlll ~ ·~ .tla ~ .l'fl.rult~ .tl~ 1\.Wm 
/ kg·m "3 /kg /m / kg· m -• / kg / m /kg ·m ' / kg / m k -· / kg / m I g · m 

11 0.48 80 2. 3 0.48 95 3. 1 0. 49 130 3. 8 0. 51 175 5.2 

12 0.47 85 28 0.49 105 3.3 0.50 145 3. 9 0. 52 195 5.5 

13 0.46 90 3. I 0. 49 115 3.4 0. 51 160 4. 1 0.52 210 6.0 

14 0. 48 100 3.0 0.50 125 3.6 0.52 175 4.3 0. 53 230 6.3 

IS 0.49 110 3. I 0.50 135 3.8 0.53 190 4.4 0. 54 250 6.6 

.flj ~ ::crw mm 89 102 127 165 

J!l)I<':J9:fl! kg • m _, 8. 0 10.0 16.0 27.0 

:JL~~Ii!m x m ox6=4. 2x2.0 axb=4. 0x2.5 BX0:5.0x25 o xb =6.0x3.0 

lJl.*€ l.l'fl.:JL~~ if1J ~ lfll.~i!: if~ .41-f€ l.lll.:JL~!§ if~ ~ IJll.R J .tta 
:JLfii!/m 

1/kg • I / kg 1/kg -· / kg / m 1/kg -· / kg /m / kg·m-• / kg / m •m / m ·m · m 

8 0. 72 46 2. 2 0. 77 57 2.3 0. 75 75 3.3 0. 75 110 3.8 

9 0. 72 50 2. 7 0. 72 65 2.5 0. 76 85 3. 7 0. 74 120 4.4 

10 0.75 60 2.5 0. 70 70 3.0 0. 76 95 4. 1 0. 75 135 4.8 

11 o. 74 65 2.9 0. 70 77 3.3 0. 76 105 4.4 0. 80 160 4.9 

12 0. 73 70 3. 2 o. 71 85 3.5 0. 77 115 4.8 0. 84 180 5. I 

13 0. 72 75 3.6 0. 71 92 3.8 0. 77 125 5. 2 0. 85 200 5. 3 

14 o. 71 80 4.0 0. 71 100 4.0 0. 77 135 5.6 0. 84 210 5.9 

15 0. 73 88 4.0 0. 73 110 4.0 0. 80 ISO 5.6 0. 85 230 6.2 

E JJi!Jirffr ~ i!t ~ 
~~m~$·~~~~wm~~~~~~~I~~L~~~~ . ~~~~ : ·~~ 

t~-+fli=fL-~1L-+t!iEl~t$8~1IL-+ "f ®1!Bitt-~~-~t91~~ ~i~ltJUt~ J.W::lil:-~~-~ ~ 

-®--1(~~~0 
F 46 fL :iltR. 
m~~~~~~~m*~ loo%, ~~~~~h*~~~~*~~~~. ~~R~~ 

~!ii~1t:E-~~Jo - M:*Jfl «P89mm a9~::ki1Ht, ~~*~~ill~: 
..lnnm = 9.lkglm(p = 1. 20glcm3

) 

..lmi!!W = 5.0kglm(<P = 80mm,l = 0. 4m ,Q = 2kg) 

1l~;l.i:~:l:11lmlt.t.J ~ ~ 2 %~ .Elijljf/C1$~ ~ 86% , 1g £1H~FfiJ¥-¥~.1J ~Pi~~ ~tHLllt 
..R tt~ (5/ 0. 86 ) / 9. 1 = 0. 640 

Etl~llJ .!Ji!. , *Jf.lt!Ut$!i~f1:~1lJ~1>lfifL:ii!:..R 30% - 40%, M!II~IfF1L~~~tx:;ftt 



---------------------------------------------------------------------------------------- 10. 7 -it* to Jt i!. '*' ~ $. JfJ • 737 • 

:tm~ 1 o-66 !Yfir' o 

89 102 165 
:ftiFfLli:~/ mm 

axbl mxm ;ilJ:Rim · m ·) axb/ mxm .ill: Rim • m -J a xblm xm ;ilJ:R/m · m -J 

Itt~~~ 6. 0 X 2. 0 0.083 6.0 >< 2.5 0. 067 6. 0 )( 3. 0 0. 056 
~IX\{(. 

2~~-Q:J:I;~ 3. 0 X 2. 5 0. 133 3.5 ><3.0 0. 095 4. 0 )( 2. 5 0. 100 

jjjjJXt{t}l m:&~~ 5. 0 x2.0 0. 100 6. 0 x2. 0 0.083 6. 0 x2. 5 0. 067 

tl:fii~ 2~~-Q:l$~ 3. 0 X 2. 0 0. 167 3.0x2.5 o. 133 3. 5 X 3. 0 0.095 

10. 7. 1. 3 ~~3tt_jl~ft~3tt4t 

~L 1.t:l$!9ttM~ $ i£:i1:(£ =:li!Jti~~b'k~fm 1'-l ~ t!ai at 1m l)jl].&: 7t 1m m ~mH~:X:!iE\Z ffl , mt q~ 
Y l'!Uf~'*~fc~o ~~ .ilr.~J3t·~ , ~-~ IMH~~ llJ$, !G' .:0 g<J~J#$ fllj llP.mo ?116, ~~AA $. 
~~-~.~.:0-~~~~~.~.:0::k~~Yo 

*~*~I····I~.-~~!ti#R~:It!!.-~R:It!!.R~~~-*~nH~ffl~. 
:lti]:::f' tm'iit!:I$H ~¥Uititit~m; ~•. tt tt:iik~ !!il ~!ti:::f' ii~ mHe••~ m;$&:fl :1$ m ~ w ~ 
::kj@jj!! o lllirt~:.tfHLtz:~ B9 :l®f:il! 4l>:tft ::k./51-!Ht!HL B9 Jff; i.l~ttL~ , ~-«: tlffi ~ ~# , ~'fit! :1$ !9 1m 
il:J!!$1¥J~-A:1-J:It!!.~i8i. 1Jn:X7~1J!$t~¥~1¥J·:lil'~ffl o fiiii~~$~L-A:i'l:H3iHFJ~H~ 

El ?Llff;fiil..t& ioJ~H, 1¥~:1t!!.MtJt 7 ..tl£iii'$filJD!, ¥-J:jj~~{£-.fet;)}J3HiiU~I ~, ~* 
Jtjg 1!-ij liP. 0 

~4lt.1t:/J-*~.:O:t.li.t~YEq~B91ItU£m:~~~~ 10-67o ffi~ 10-671lJ~. *fflt!l~ 
$:itl:ff1iHt~.ilr.at, J.A~?LiUf£~, 4lt.1t:/J-*~157ft£1lJl'C9~ffl4 ~o {l(J.A 1994 &¥ 7 
~~1995&¥6~B9-&fat~•. =:-I•~~fM:l-M~tlffiHMM*fflm•$•&7f~~~ 

1:i'iil:?HJU1-J 571 JJ m3 
*1]150 JJ m

3
, :J:t.it"'P~' 2884 JJ fto 

* 10-67 ~?JUUt~~ 

lJi 13 -nl'~·litfFjH!Jfll:n; · m " 3 nu~=~·-fFft~.lfi/jC . m 
3 ~11H!ffl/Jt; · m -l Jtffl~llf$.1% 

tli :n. 3. 61 l. 80 L 81 50.0 

AI J!Itili 0. 068 0. Oll 0.057 - 83. 4 

-~fi~ 6.04 5. 34 0. 70 1 I. 6 

rz lilt 2.27 0.84 1.43 63. 0 

-fr it 11.988 7.991 3.997 

tE: !&<P~iS~tJtfl!llfi$, JJ<fiJSII 1991 "F~fiJi-fti1f . 

W•&~2,&~$1¥J&H·~~AII¥J t0-12M,IlJ~~~-H~~~YAI 

65% , 1l!S'B1fBJ 60% ~_t , t£itOI~ 2 'ffi~_t, t1fjjU~'*-T::k~Jtmf.fi~Iiilta9~I~>.K o 

10.7.2 a-~~~~~-~~=MI~~~5ffl 

*tt=:~I•~~~me:X,~.ilr.~),~*~~fiii~~~§ o ~~~I~~1-J : ± 
15/J:Jff£ 1. 031Z m3

, ±15/J±.A$t 2933 7i m3
, nt~±#U'l: 211s JJ m

3
, ~ffiUs~~~ 26 

JJ to _:::~-;IWI~I¥J~~Jl8iiJ]i! 13-@.ffiie/¥~~1i~7j(~fJliiliiJ , ifi~-t&tlffiB;f;l}f}l\iiJ.&:* 



· 738 · 10 .fL~{.;l'j: Pi fllJ .8-J!l ~ffol ·················-··················-····································---·······-·--····-

·~~fmm~±~~7f~~m·±~M.~~~-~-7f~.~-~·-·~R·~~~ 
~m•±•M.~~•**•~••IR•~wwm•±·0•~•~I4om•w~T~• 
M•o-MiaSIM~.Am~Ia±~~7f~.~M·I~--~-o ~T·~~~ 
f2Z.?'~. ~;ffi.!f$1'\1~~W:~±~~7f~. ~~IB91t-*~I!U'Ui:lni::k o ;(£,j(fA.RGfiji]7f~ 

~, ;Jtta1i!t~ 1300 ~?X . ~}!H.'F~ 11000 $we, 7f1£~~ 1300 $7JJI.~*o *JJ\"'Pfr~ 

.lti~bk!A.RG fijiJ ~:111VU7f ~I-o 
1 0. 7 . 2. 1 .:t. :;fl. :ift. (~{. 

~!A.M~A~-*~mm~::ka••z-,W:~*tt~••m~OO.~*~~~~­
Ji~RI)ji], PJ:ifiB:1:7JJJ4:~.M}~, 4iH&i'lfiJ:i:;ff~R."tjg 280m x34m x5m, ;tt-fX: 1607m, :Ji: 
;(£;Rf&LlJ-f*9='~-m7f1£f$., :lii::k7f1£1*Jf 170m, %Jilt:fil:*lti~ 150m, hi'(~.~,-fX: 6442m 0 

,j(!A_fmfiji]ff~SI:friWM, -MI~j;J...t~mJJU!1£, IlNji~ 1900 7J m3
, IM 18 

1'-YJ , YJ .lfl-~7f~3.§(J3t 105 73m3
, !i}::/cYJ 7f~5!iJ.l 151 7J m3

; =AA7f~I·:fit~ 1800 7J 
m3

, IAA 40 ~ f-J , f-J Jjl-~3jJ.l 45 7J m3
, :ft:;kjj ff~5!i\J3t 70 73 m3 o 

=Mififf~-.lf::k.lll~a.M~~-~R--58m9='~·o ~~~--~·*· 
tft;ff 40 -68m 1[}Ljll~ (4ft 15m it'G£t'ft·J3t~ 30cm ~;J\it~) .§.:f:fl!A:~, .itH1£:f:::k~ 

20cm, ~fltEE~I)ji)tlM~·*· §~~ifiiX~:f:~.9ltl%~. 7f~1t*~1ff.&::k o - MI• 
llt'rtif*.:t•~.:t-f*a...t~~J/&!7f~; Sitz:,g,-fX: 3700m, Jjl-~-~ 250m, fi::k7f~f* 
If90m ~;{5 . ff~.~:til::lis 1791 7J m3

, jjii~~=fLlH: .R.~ u 7J m, 111HM~3t·OOlR 19 
)J m2 

o 7f12tz::!Jl!.~ltJT00%00 10-S3 o 00!:f=ti\1(i•!)[W:~ m, 009='M:f1g~}Jji{)(j;Jm~o 

270 
260~------

240 ~~==:::::::::::::::::E~~~~ 
220 -=---.::\~--=--t--- ~ 
200 

180 

160 

140 

120 

100 

160.0 5 

.... - 118.25 II 9 

28.5 28.5 37 

00 10-53 7F~JK;!J4~1Vfjjjj~~~~~ 

1 -3t~1tl!f~; 2-~~-ft:ii~; 3-li51~1t..tJiBi~; 4-~ij~-ft"'F n.!.it~; 5- WI7f¥Gt& 

-~'i<!A. Rf}l)ji] W: ~ 1X: tt ~t ~±iT-itt~~, :R ?& Jt!!.~ lit~ J.l.J ..Ed~ 12L LlJ ~if:; •-All: 
260 -210m, rq~t:;~ so -110m, iliSJ&~j;JiJ~'!WiiE!~~~·~l1l-tH~~A;a-, 1!i}jj 

-f*.•tt~~~~*~~•j;J.:t, ~~~~:f:*~~•••~. ~~~M~A~•attw 
Jli.k, ~;a-Mm~~?lr:lft:fr:ffl~dlt*~• f!ili~250°-270°, f!ilini54°-8l 0

, -fX: l250m, ~35 
-50m,~R~W.MMW~~~-~•••M.~•m-M*~·~~•o ••wa7ff 
~m: -~ll~;ErhJ50o -7oo, f!ili~~tW , {fjff(;J60°-85°~.:E . -fX:-AtsOO -lOOOm, ~2-
8m, .:t•:fr:ffl;(£..tib'f5 1AAi!!lH:D&~M~ I'iji]*; ~-i:iliV.jE~ 340°-360°, fliii~*-~t *· f!Jif(;J70°- 84°:19~, -fX:lOOOm li:;{:j, ~~ lm , .!::j~·~~19Jt-ti , .:E~ :fr::(p~MJi 
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feiil :i: , ~1&m;s-~ ~ F23 ~ .F71 :t1Hf ~fit! , ~ 4 - 13m , ~ ~ ..t. irJ '51 M lli: o .3:: ~ ?JP 1AJ ~ $ :ff 
).!1: 0. 5 - 5. Om a9:11t~UitiJI±~.IXl1tli$m o ;6-tt~ll~1SJ- , .!Xt1t1Mil5!~, :tm~~~.IJX\.1t­

~;ffl'20m ti.ti , LiJ'ft5l£tttt~~ 30 $-*o * 18: :lm$1-Jtl;!; 1¥1 9=t JJOt:mt :ft-* , ~ liiJ ;6-tt a-9 ;s-:!;R ~.IJJt ~ :ff ~ * , ll.ii 1:i ~~:til a9 ~1t 
ffii~-fto ;s-;Qa-9~~j]*~tJ.:?H.Jij_m~ 10-68l0~ 10-69 0 

*10-68 *~~~ll:h~M~ 

~ t1 titEiiJ!illJV MPa t'Ailtl~Jt/ m · s _, ~~tJUitiGPa J¥t{i'Li9lJJ<$ wl% 

~.lXI. -A; 
500 -1000 0. 3 - 0. 8 k =0. I -2. 6m/d 

860 

~JX1.-1t 
1600-3000 o. 5 - I. 0 k =0. I - 4. Om/d 2700 

Jiii.IXI.1t 
"f : 120. 0 3300 -5500 15. 0 - 30. 0 (J) <0. 01 s 52% 
il!: 77. I 4490 

tlt.IX1.-1t 
"f : 122. 4 4900-5800 25.0-37. 0 (J) <0.01 .5' 79% 
1ft: 88. 8 5390 

jj M ~: 89. S 
5000-5800 35. 0 - 45. 0 (J) <0. 01 s 0. 04% 5420 

~ = ~~~~~k~Mmm,r~~~ffi:k ~-~~~ . 

• 10-69 :;;J<~~Iiiil~*~1*-ll:h~-!lt 

~~ i1HJtDH§!lf ~f.Uotiit laf'.l} It :fif*bt~l!i\lf ~f*bt.OHM~~!llff 
:fJ :n JX1.-1t~lf 

/ kN · m -J / MPa / GPa H F C/ MPa F C/ MPo 

~ if 27 100 1.5 0. 22 1. 8 1.8 1. 3 0. 7 

p;] Zi;~ ~~JX1.1t 26.8 50 I 0.24 1. 3 I I. 1 0.3S 

*.1,Et><l:O 5!i\JX1.-1t 26. 5 20 0. 5 0. 3 I 0.35 0.9 0. IS 

~JX1.-1t 25 I I 0. 35 0. 7 0. I 0. 7 0. 07 

:ltB IRWT~~~.3::~:ff~rliJ~t~t~ln~t~t*IJ};Jm, f~ff:J~~, :k$1£ 60° ~;AJ: , ~.@~ 

m~*~~~~~~~~W~tttt~JX\.1t~ffl~*·:ltB~#~~1t:k o ~~~*M:kr 
40m (f.Jlt'f$ 125 g}, ;ltt:j:r~~ llji)~a-9;(j 8 g} o Wi~*lf50 -lOOm .. ~J.t;J\r lm a-9~f!il!:ffl 

~~l1;Jiti1.J.3:: : ~rliJ~t~tiDL f~rliJWJIDL f~ff:J 65° - 75°B9~~~~ii~lfo ~.=: , I!Y i)ji] ~ . 
WJ~l1l~ll9 ' :li i)ji]~~t~ ' ~t.*.* [f;]ltJT$~1.1~1! 0 

10. 7. 2. 2 ;.l'J,#A: ~~at.) i9:. it 
~-~-a9~*.3::·~-7~~~4 : 
( I ) ~~~.!Xl1to 'iJ~~~~jf, ~~~J~m~~$1X~:itiE;fJ(f.J'i!J;!;;s-.f*9=t~~~JOt;f 

tlit~!O~ , ~ i! a-9 ~ ~HW * a9 ~ ~ , :ft;~ :£~H~ :ffJ a9 J@i :11t~ ~;i(;J' .61!! I 3C ~ ~ l!l :!1t ~;E a9 
~~ ; ~I~~~1:i~1tm~~- .~;s-tt~~~~~ . .IXl1t&~~~~~ey~, tttt 

~$B2ili.&;s-~.~~$X~~~~~1t····~-.~····~~-, eR 
M$5*7~*1¥1ffi·;~~~.~~~.!Xl1t5e~~. ~ ~:ft:!iRV-~1t~ 1SJ- ,S:ft 
~ft"m•*•mvoo .n••*~~a•alli.!Xl~W~~~. •••~~-n•••~ 
~$:~0 
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(2) 1C~~$1Jf,l\?f£o jj(~Al}llji]:lt!! r~7Jc' t.lt7Jc~~#lJ.nt-1-t&.1-J~~a9~# , ~1fli.l~ 

lXX.! o ~.:tf;1H!Be llji]~][JL. Ji'!.f:li iii~ 1g 15m . W:~~)(;J" #m 7f ~iliHt ;1( ~ * t& f-6 o IZS1 )\ij m 
~~~~. •••~~~~-•~•c•~>~~m•~'~ wc~s .:ttl!.r1fli.laMil!m• 
;J'T lOcm/s ; -:$/::la&..L¥!- n(oi)~'fil.ll':k=f 500kg, i*f?~~_t-~.lf':k=f 300kg, 11$UI:lti. 

:ttl!. •.ll':k=f l00kgo ~T~~--~~~~.~~--7f~~-~p1g~:ttl!.tt~,tt-~• 

1=f.il'~'~)ffi~Pf.m; !f'?'HMMffii~ El 89-*f'll'lai~~h"U!, JiHt<A\ tt!.~=f ~.a 18: J:kJ, J\'i.l:lti~ 

~~~~~.~~FM~~~-~~89m•o 
(3) I ~:fl:~ffffiitl:lt o tfii~itl:ll~*ir IRJ I WP¥·:ltf1jj ~!illt 100 7J m3

, :0:7JJF1£ 
.lfl-:ltgjj ~~·~ 90 7J m3

' ?t _t, If!' r = 1-.&mi!j\18:' ;j\18:~!ill3r 30 7J m3
' 13 .lfl-:ltf15!iilt 1 

Ji m3 
o 1N& ~- B iti:R:hn..t.Jm~HLgiHt¥1J 1500m ~_t, B :ltf1*€F.iii 7. 5to 
-~~..tn~~*m~jnr~&1I•= 
:ltl·JV(;~*.ffl]jji~;»&, fti'fiif.\H~)l , ~~f,l& ; ~-7f~*.ffl-Wt'-~ (15m) , -

• 
WI'=~ (2x7.5m), =WI'=:~ (3x 10m) .=:f'll%;:.\ , llH~li:ttl!.~, :ttl!.J9t , $1Iif.J:,~JR.ffl:J2!; 

.ffl; ~m~tr~*~*m¥~~?tm•-~••·*.lfl-B~.~~•a-m~••M~w 
~. :k~~~iffli!AHLt.ltm , ,g_t.j~~ , :t"FF.i~ f'll , .®f,I1J(I;]~J®i.l¥~o 

m•~fti1J*.itk7.tmr n~nt.&m, ep~~ •~~:fit , -frWliEa--traJ~, ~SH*'I.atiYJ.ll[~tl , :t& 
!J!~~AAJ.OO~o ~.Qa9~ffl!Jft:\'~1g: m~:liHtm:m~:hD*ifl!, ~!J:.®:ti:7Jtul, *.ffliiJiil 
.mt~.a~ttta9liEIJ;J'$f o ~itiiEFY3, m:m~JH1::XEix3:J:;J,~%~1-j}IJzie•~.a o 

.1-77 ~~~M*i*~~iii, *.ffl7 .Jlt~, I9i~--~~B9:7J~o !!P:t£~mtAHitiJ;J'I¥fr 
-~~lta9B~«i9Ji*. •~~•~mi9Ji*itl:fi.ft•~•. ~r--~•tta91¥~i*.~~ 
1¥tF'~l1!fii9i~~-. :tmOO 10-54 E!f~o 

,rl __ __,_a ---,fl 
1 1 

~ to-s4 ~~tt~f*mtJ:m 
a-$l2UUJU>llt!J:; H-$f!tli5:~ lJl ; H 1-i!Ht$1l!U'Ii 1¥ 

' 
( 1) $i•mi9J~B9J'MI~J· o ~·tt~i*!!P1g·~~--ita9F.i§1r1£.&*~B9:ttl!. 

a*#W~2a9-lt.X~fflA~Mft~B9~m~&~1¥M~i*.ll'~~~~-~ft· 
~o ~~~itl:b.Jlt•fi•IJ;f. g•ii£~rn~ :1 ) &~.ll'~tt3t.I~••~.~-IJ;J'$ 
t.I~~*M ; 2)·P~~Mm~~-OO-i*B9R~B~~M;3)*ffl~'~m~~~(­
~1£ I. 2- l. 4 ) (.tg:l!~~~~ff;}; 4) t.l~ i'a:I~EitiJ;J'IBJm:.lf';J'T 50ms; 5) ~~tJCij\(J9~~ 
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:rL 1l ~ o ~ :11 tJt ;tJ i* ~ J'tta¥11 ~ :tzu ~ 10 -55 FIT~ , ;tt § ~ :IIH£ i!i~HiiHi.& J1!!. ~ 7.1< lf-1J 1nJ (~(] 
1VX tr- m; Em 0 

~ 

1 
b ~ 2.0m L 2.5m ~ 2.5m L 

1 1 f 1 

-.. 
0 
v 

--- ---- -- --~+v-

00 10-55 ~~Uit;JJf*a9ftf.i~J~mtl:~ 
( ~:flil:~~ 90m.ro, b ~~1?1*1-'J&) 

(2) ~:t?i*B9!0i~tl~o ~t?i*~!Jjt~tfi;;/Ji*B9-$?t, ~tE~~-~'fl~~.FIH~. 

~~~tfi;~i*B9J't·~~~~9='.~~m~i*B9~:t?~~~~tt~fflo BB9W~~~T~ 

JJJ!~# .&J'tt.I~J~a>t~m-Elli:~*"liUli~~~~, - A!t1i!HSL r 6 - 8m 191!., Jm19!:j}dtf~~ 

~~N.il. &~~:k-ii'i. ¥*~tEBi~HLmr~m 2-4 tf~fLI¥J7P:IIIf'F19~tFi*B9Nl.t o JJJ.]Jr 

**~~~w~~-~ . ~~:k . w~•~i*~~~,~w.~~T~~.~~~tEn~ 
~:Ji~7f~s:j:I~]!1J~:±l ; JJJ.J.l*;j\ji§~¥U~tFf'Fffl, ~ 10-561g·~~-19iJ o -f*:tfri*I¥J® 
~-~~m!Oi~t~•I¥J~a,FJT~~I¥J~•tt~~~aq-aq-~~~tEI5-30~o ~~aq-~~ 

fl~:i:i*, a-tfBJ:i:i*ffi T-f*:tfri*~~, Jji!~1L®:t1Fo~ili*ln1 El E8 iii:1r Mf!ilf~~,~, ~SJ{Sf! 

~~fL~&**·••m•; ~~a>t~m.&~~~:t?~fflo 

r' 6- Sm 

~ii 

0.8m 

E 
l "' -

-~--~--0 --~-

"' 
,_ l .6m ,_ 

3 "' 3 4 
E 

2 

00 r 2.5m_J ____ ~ --- -<) ---I 
'0 

~ 2.5m-:r -;-o----o 

I I I I 1'1'1 I I I I I 
[-[ 

IJJJ0-56 t.IWi~~J:l?-#111 

(OO<t' l - 41:/® :IIJ®i/¥, ;tt:J~flitl'iili!MP-tftiJ~ 15 -30ms) 
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10. 7. 2. 3 ~.:r:.U;f.J;;.tt;!( 

-WJI~1-JfijiJ~..t tliHI~tl]]lJf:J2, 1f:J2~ililfflx;J-Jf~, ~$§1]\Jt.lt 230m tr.ti o ~ 
IWJ¥-.fjleR c:p fBJ'Ill5W:*:Qlt1~iFfL~f;lHJit, ~~tl)ll~J;Hi 5 - 8m -IJ!U lal-f*tP .m, :lftFo~JJ'fJ)ll 

:11t~~:Jj~~~;JJ~1JltllaJ-f*tP.m, %~ ( 1: 0. 7) - ( l : l. 5) a9:ll1Jlk:o 
=.'MIWm:t£:!ll:*X7co ~lljijfii¥J~;f:'tgR "tffl%:f*.&~#Jf:J2Jt!:!Jr a9~n[PJ, :oo!I~J'f*X 

-WI*i>i~~~~~o lljijffHf12Jt 37m ( lljijtl$W:~?'r) o ~~:1g 40- 68m r.:i1I3Ll!1:1&: o 
Iii f pjiJ ifl1-Jli .± f;t@J J:t~~ ( m~± lljij it1i J!j[ 1l j] 3. 0 m ) j:j: ~ i1 ~ m a<J f.1j ~.!iiJ.t itliff ~ ;G­
~~---~.~Piil*Mru•m~~.~~f·~~;f:'ig~-.~-~~:1gf;tmJ:tM~~~ 
~-B*o=.MIW*J'fJ~&IWJ¥1-J:~lt!:fi~~c:pu•m•8B~·~--~W~ffl 
~ilil~~.MFomfiM~1¥tP.mCMilil) ffll!1:11tftW~~ o ··%~B.ll.l!1Jlk:~5IIJ¥ 
( .!A!. 00 10-57) 0 

23 

~fflff1£.t31:i;Jit~*;xgm T-=.WJIW !fl, JffZ,~IW:lit 500 JJ m3
, 1.6tlWP!r.:ttg7f 

:J2~.!ilJ.l l 8 JJ m3
/ YJ, :Ai~Jf:J2~j!Jr:1g 30 JJ m3

/ )=I 0 

~i1~~:J£·~~•~•~*~~.m.Qt:~••~•7•••~a9•~.a*•~ 
7l!1:1&:~Ilii~~~- ~)Efflnf!i:I}j!:Jt~>J(. ~:£E~t31:1/i•cr , *fflT~F~~:~8NIJlt V %~ 
-~-~®·~-.-~Ra-M~f50kgo S~~~~~-~\T-·~-. ~~f-Ift 
Ilii~ROOa<J.mo*Jti~~T-~tti¥1•~R-RM~%J:\:, ~P£$1-2m••t:•@~R 
;(I;, #f~ffltlfF.Jtl.7ca<J£B;G-:tiWHI:\, Tifi..tB*.Jti•'J\11@ ( <f>32mm ~ <f>25 mm) &;g;, 
#f~:ti~~,m~ o ~Moo~•.m~w..t~R~7c:1g~~.~~fft~MJ¥Jffl~~)E~~ 

~.MMOOft~.m~e~~-T~~§#o 

~~~~Ilii~M&;JJit~*~~Jt!T--MIWl!1:11t····IW.~MMcrBmft•m 
;li~IJ;j ' 1JJ 00 5 - 8 m ( ~~J.Jnm LSC. iTii )E ) ffltl lal lll ** .i\il:tf' M 0 :a: II$ jl!Jj( • • iP ~ a9 •• 
:JiB~, ~.¥H£ffiiJ.l(oJ®fH9:1it, ~1,\Jlj;'x;J-.f¥00~~~~;/J o ~'i*tP~;G-{<$;1E*~t&~j] 

~~-~··Fo.N~§tPM..t3~2-3·S~:J,j&R.j:j::£El!1:1&:k~mftM~··· 
.QJ§-l:jj;~~tLBe}j!&OO L 5-2. Om, ~lJP=JL~Rfl(ftW;f;iRSl'P1LRiil'i&ttt o 

®fstJIW!J:f:1g : Bl.~HL-m l l'-l~~~=JL-m 2l'-lF3?:ilFo-l:ll:~l!P?L o J!flt:oo!I1f~~it 

J~tE-T: ( 1) l!1:1&:~ffliJ1a~tiiJ~iWFoflliiJ:¥:!flB7cmim~m~& . ~~~i'ifj5JiflE1rff~ 

:n&!:I~;J(; (2) El:!f~!PJ-et!tP~.R~ 5 -8m, IN.lft, Jftf'fl~f4""f~Bi~:!iRPJT~¥1J~~M 
~Jt!ZIJ\T-:tlf"*-7C~:ft-J.!nl:j:I~Jji&fl~, t&tili&1,1&:zfs::!ix;J-l!1:11t~~;IJ~ tt1Jt~~TJi& 

1N~~ • . §J.lU!-~~jcf 20mm, ~m~:!fH.Hio ~){;jl!1:J&:;ft~J¥j~ffli1:~f!;.(ftfij:Jj.o . 
Hi~~~iitf·miiw:(!o oo I0-58 JJJf7F 0 
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1.3 1.7 2 2 

.::: ~~uk~ 1m ~ji] .1i.ll. :ltlt :ill.l11t ~ 20 $ JJ .1jL 1f * , ~ J.t 40 - 68 m o 3f ~ ~ >J( ~ft. itF .X~ , 
imf'l;;f:~~iffi:U 20cmo *.Ff'l 891r~~: )lc:i£1Jti~~1L~R~~~at•wt + :b!BIJ't;W~Wi, 

:tf ~ fi T 3m J!Jili!~ ~ ~tp fi! o ill!~ ~ ~tf' fi!*=JIFf-.JXlf5 :W:i iti -~~*:Iii~% .liltlr.ll.JtHf W o 

~~~•.ll.e~••~.•m•8m~••~~•IftW~~*•-•~~*••· • 
Jj\.tlb~W!D<>t~ IWf*tF fi! B<Ji~ninJ~JJt&t9Hii~lWtff:Hf;{;j-.1jl-~ o J:A rm15!!~ iH!f:tF fi! 'HtrtfHIHJL 
-~-.~~~~~~·#~.~~~~-~-~h·B<J·~~ffl.15!!1r.ll.~iti~&T•~ 
~iSJJ~PinJ o 

~~~~~~--~h~·g·~••a••·~*fflft~--~# . ~~*MMR 
IIW!o ~JiJ~M~-;jgUt~~;uf. ~3m:UBlR1ii&*~~¥1J-~~~a<J.1JUift3C:Juf!l~ C­
!Iltga~;J,f5mm) o i£j'i:jJ.&.h:it!!IR, B!~HI&Fa, ~~EllJJ~~f& , J!:Jr~fte. ~·-M·15!!;.f. 

*•~~B<J•~•.~~rx••m~.-.lilt''M•··••.~~~~•m~mx•~• 
JlX;~:6llbi1tr*~l~t o 

10. 7. 2. 4 -:t $ ;fn. J!. , :JJ..J.t a#*" t.~..o.t 3lt *-
=-~~-~*••,•~•B<J~1rff~:tf~>J(m~•~•~~m:i£ . ~~.~•.lilt 

~;fiWCB<J~1L~LJ:I..EllA4a-~~, ~fifO B<J~tt, &,~·~J!nUL , J:J ~~ ~:J:• , nf?iffi.XE-llL :ffliSJJ 
~fli o IZ5llit~Jf-JIWJ~tl:Nr, ~#Ut~, iS"fpJ~Jfi~j.\~1{l.fff5tJL, fL~-Illi 76 - I02mm, 

:Q;j( 165 mm , lJZ- :tSJ ~ ~ ~ U1: J!J.t llJ i<5 o. 5 ml min !).). J: , 1i B<J <fMJL ftC~~ 1f-&: It! H~ l)l~ ~ ~ 
~, lrf I).J.tfJl'ifM!J1~ta:~\lf1tiJ!flJ o 

:ki£1-Jiiii*J')ft~:Hf:f, :!!n1r~ 32 -70mm ~L1t~~. ~-~' ~~ff- lt!.it~~o 
;tJ .r~i'F~ YIHi*, 18I?Ji9J~!iilf~, ·Ur:fL1r~~~J,~1~\¢.i: , :t£IW "P l1S7c!i*=M.:::~-· 

%~t¥Jrll~$-:%tmiM~t:n~L1ti'F!!Jo 1ttt#m.tr- ( ~AA!ia) 1-J:/iiJ! 4000 - 4500mls, ~ 

J3!t 1. L -1. 2kglm\ :131-'F~h;kJ 2 .!%76.:01ii!J~i'F~B<J o. 86 ffl, :7G~~~ll, *M~:fiADC 
~w~~, fLJ:J *~~~?GfYilt"if~~mat o 

~m~fl~-~~~~.n~at~~~M.$*ffl~$~~~~*~~~~~~0 

~~~R~-•~•*~~.~m+n~ft~,~·~•a . m~i<5=n$•~*· 
i£fi-~~~~~ , 5~~~~~. ~~~~i9J~~~:t£ftitFMOO~ .~mT~~B<J-~ 

~*o i!~:1JRi£1Wi~m::k~~B<J~~:liwtff~"F, llJ~i*;~Wi~1H&$L 3 ffi, ~-~ 



• 

bt~JJ!~ a1J Jt1 :l2t ~ tF h"ffi:I :hr! o 
-~--~-~~-~~--~·W·~~-~:~~*fflW&$'L~~-~--­

~-,L~WR, t;li•:t~85C1~$a1J~Iful7BOO:ISJJ;J L 5-2. Omo J;JT!ffl~f'iil~¥?i'JI~~PT~t)c 
~~$~tFmJ¥J.t1iJ 2. 5mo Jit€$1*tr'~7f~. *YIFf-.IXI.~lJ<.l!'-J't;OO:II81tltt o ~~YE~: 

R--~-~~~#~J;J·M~·I)Ja~«7f~amPT8, ~"&PT~·&····I 
~>1< o :Jft:.t~HL =FLHE 40cm, :Jft~IHL~ ~~ i!i!- f.l~ 7J< .ljZ-.3::-.fL, 1LBE I. 5 mo ;tg J5 ~1ilfl 00 J'G Tit 
.l!'-~ o ~1L$"i*ik5 98% ~J: , ~{jC~-f~VJ\=f 15cm0 lljij~-~$)!! 7 7J m2

, ~®*ffl~ 

*~:ha.••Q~.••T~•a•a•o 

10. 7. 3 1lU~*ti*i±**i1~1Y!!&iiCMIPa9.@ffl 

10. 7. 3. 1 f~i!. 

~~~~~)J-.~-K~*~·-4.)l!.*d1iJ~~*~~,-~MB11#·~-. 
#I-·~ t~ ~J & R $:J:Ritt iJ I Aft~ :fJJ! a1J ~Hie~~ 7HR ~ , PT t;J, ]I!Jt ?t:it!!$: ~~ :0 :fJJ! 09-fft!l} , f3!! 
I~~*l! ~, **~!iUll!i*i, .m•Jl! tRo l~rF 1[-~ n1tt.J}(;fff±j£I~~-i;it:~·li¥(5?.o 

Ut:~B11809~~~~~:tJn~B11•~~w&~* · •w~~*~~~% . ~a~~~:fJJ! 
~o i&Hta1J.C.•:Iti:lt£~:fJJ!:I«:kr.filt 227m . :fJJ!l.m * 670m, .~JJUJt1ftt 347. 2 7J m3

; ntll± iti 
;i&!it~:fJJ!M::k?ifiJ.t232m, :t.!Jll.m*620m, .~±}'{1A)J:til: 1842 ]J m3 

0 ~tt.3::tl~*l=f*.lt2.15V 
m3

, ~~~f( O.Ol , :Q:ktft1£800mm; ?Xtt~*i-=flit;lt2.10Vm3 , ~~~f( O.Ol, :lt:k 
t\[1£ 600mm; u7JJVt4=f@J.l 2. 15 - 2. 20t/m3

, ~~~f( o. 001, M::klf\H~ 300mmo 
'L' ~*I-lit~-}l :1e £ ~ JXI.~ liP Jn:. J: * , ~ 5l£ ;E--1* E. ~ $ .lXI.~ , finHHI-'f • ~Wit t;A 

NE10° -20°, NE70°- 89°:£1f, ~~fQ]£2js::j;~:MJli~ o 00-ti:fJJ!ii\~-Ifj{~ r:J !JllX-~ 

;fll!i1fm.flr~!J<:E'1iJ?Vf~~~o ~ r:J mtJ<.1iJI*tJ< ~J¥n!tk~11: A!k. . :E' iiii l!IH!, fi!lli:~ 
XE, ~ ~~$t:lr , ;J;t fAJ El3 :hM~J'E~ ; ~1!l!JH3(:E-tt.t.ll.g. :k ~71-1-1 15 Ei, :E'filfiHQ!%JM, 
~Wjtiii~3f 11. fBJ!le 0. 1 - 1. Scm, ~1iJ:hffF5, ve~a, 'tk<ijta~Jt:~o 

10. 7. 3. 2 !,lf~Jfl4--ili1l :-tt~~·ti.~~ 

Elff3!!ffla1J*F~:1-J~L~tta!Hi'FR, ~~~~~1(~~J!J~:ff~?€!B11~~~-f*. ::ff ~%-~liiL 
~tt. mlJ<tt, WlfttlJ<:k, .x17J<1LB9~RJt;Jt:h'fil!, ~ 10-70 ~ili..!:j-~:6~~~1$~ 
l'f9t£fm~;j"lt o 

;1$ ~ Jld'l' lf/If/g · em -3 

- 1&!1!:-.O~L 11;*1:!9 ( <j>70mm) 1.0-1.3 

:$$Jll1tt!iilll*l=~ 1.05-1.25 

cr>Jtn ~ .!:3 2 ~!it :C *1:1-9 t'!<J It iio 

10. 7 . 3. 3 .-:;J.,t#-Jt-* 

•wm · s _, 
3000 

4200-4500 

l*:fRJt;IJ <D J!iJ t.l/ c ru ~lf/mm 

;:;!13 12 

1.17 ;o,5 14- 16 

:t£ flttliP:vt~!IBi.lt~*m 9='~::rL ~ l~frJJn~!iita~;~JB:h~. ~~~:tt. ::rL ~m ~~® 
iill-<JI*i. ::rL~f-~tp~". -ftm~~~:li'if~n~Bif. ~~•0 m YQJ-loo ~ttHL~m~ 
fL. ·$~1iJ: ~M"itlJJ.i( H)S. Om, 1L/te(a)4.0-4.5m, f.l~ie(b)2.8-3.3m, ii:R. 
~( q )0. 43kglm3

, J¥11L~it( Q)25 - 35kg, fll:kfi~:li ( Q') 150kg , *l1l*Jl 1. Sm, ~* 
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:ll~il; 14. 7m3 / m0 

10. 7. 3. 4 ilV1t..±.mi~Jft..:G#7t-* 

m•±m•*~Mff*~~~*~MH*~~-MH*MB~.~---~~~~-
10-71 ~ .10-72o :li&B1*AHfii~%;tfl?L, ?L?'Hif~~fl't , Et!.'l'ff~~ , v ~®-. ?LrJ;J 

~-~~ t:j:t~j@jj$t.i3it;lo 

:Jilil it ~ ~ !1!1 _g?t<dl wt:.lil: 
m ='ltl -"l ~ m.ElJ / m3 • m · 1 ~*#iflil 

U/ m a/m b/ rn q/ kg • m - 3 

1 10. 5 2.4 2.2 0.42 6. 3 ~flll-&l-lilllfi~ltj 

2 10 2. 6 2.4 0. 52 6. 5 ~~liijQllj 

:t:om 3 5. 5 2.0 1.4 0.44 6.2 ;f~liijftJ!j 

4 10 2.9 2. 5 0. 44 6. 2 ;ffiJI-frliJ ~~t1j 

5 I I 3. I 2.8 0.44 8. 4 itt-&l-~lti 

1 16, 10, 8 3.0 2. 8 0.40 9.6 i!l-fr~* 

12 £i 2 16, 10, 8 3. 2 2. 8 0. 52 9.2 lll-fr~* 

3 17 , 14 , 10 2.9 2. 7 0. 44 10. 3 m-fr~* 

MfUil. llti I 10.5 1.5 1.7 0. 57 3.6 ~flll-fr flij ~~ilj 

10& I 5.6 2.3 1.7 0. 42 3.3 .::f:flll-frliJ Wr~ m 
10/ 11 ( 1/ 1) I 13 2. 0 1.8 0.56 5. 0 .::fflll-&l-iiJ ~~ Jlj 

10/ 11 ( 113 ) 1 13 2.2 1.7 0. 52 4.9 ;fflll-g.fil]Q tlj 

*4:1$, !LW m til!ft~JJUm !Li!Vm 'l'l~B!Ym •R.m&t ks 
:I$Jli.l'!i~ 

it~~JJUm 
_g*§~tit 

/ kg·m -3 / m3 ·m · • 

4& 100 5. 0 3.0-3.5 2. 0 30 - 35 I. 03 1. 0 7. 5 

5~ 100 II. 0 3. 5 2. 0 - I. 8 75 - 80 1.06 2. 0 7.8 

10.7.3. 5 ~~jt~ 

00 10-59 ffrffi~~~J5Hfff:t-1iTf~,~~1ilfifiijl¥J BCJ-3 ~~L{t:l$!9fJ\l~m~$;(£ml:I7JC;fiJ~ 

~~*~~~~9=t~~fflffl~o •••~.:ll~~-~~·•*~~•s.~m•~•• 
lit, lt<f/":W~U1Htii!I5% ~..t ; ;(£7f'!et:bo:l$!9!li*€1't<:n!tr !Ii; T, !li?UI&fit OJ:ttt:bo 65% tc;£:;, 
*~~~~T~ni~•.~•~n•*~~~•*· ~~T~•~•••a;f£:11&B 
~ff~~OO . ~~~$- ~ffl~~tt~~·*~W.tt~•~~~o 

i;it~9=t:Ja&H*=rl•±m;fii~~*~fli9342. 02m
3

, :i:tllf*l- !224m3
, 'L'Jil~~!il.JXI.{t~ 

!Jt$1- 2871 m
3 

, ~IC -~ , 71' :1t9 ?:J ~ f'l * , s I A 7i~ $ :Jst* Fo mJ ~tt ~:li!: tlH~ , MH~ ~ M lJi.t 
~, :ll&mxm=~&ii$1W~fflr?Yiffio ~*~%~, Ul:!t:i6J:k53!U~>Jt. ,L.,it!T*4H*~m~ 
±Wtli*:O*l-7f*;li~~~?HJU:f£1Mf£ 150m~ 200m m:oo rJ;J, :tt&~;IJ , l!Pml!t:i6J~ 151(~ 

t~1lo 45-~~$~51'¥:!6]~~~ 10-73, * 10-74o m~ 10-73 OJ~. 'ht~f.l&~m~$ 

fi***:ll~*'l~~ ~ #itJE.~~~)~ , fE!.i£:ttt:bnmi~t:Y:~ *'1-lt~J~Wri~$ti*1ffi-~ o 
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:?5 .fa; 

01:+~1ll 

:Eli 'ilUljjlit 

.O~f 
~~~$ 

ltftF.HI~ 

,c_,lllfl 

.« ~ 
200 

ifbtlli: 16.00 

~~m 18.38 

···································----- -----------------------------------················· 

rr 

a 

c 

~ 10-59 BCJ-3 ~~L1t:tU9ml~~i~$;a:*=.Q~a<JJJ!Zffl 
a-ltftil.J$:(£J!,il.lj}); b-ltftitii:t&\; c-:11~ .O*l 

.ttf2>t ( mm) t.arW% 

800 600 400 200 100 60 40 20 10 

10.00 12. 00 20.00 15.00 II. 00 6. 00 9. 00 8. 00 5.00 

9.48 10.83 17. 14 14. 79 13.54 !0.06 10. 44 6.52 3.86 

9.96 I I. 80 19.45 13.08 II . 39 9.68 10.58 6.9 3.92 

16.47 14.58 13.40 16. 51 13. 5 12.81 

~tJt ( mm) ti!./ilV% 

100 50 20 lO 5 2 

24.00 18.00 17. 00 8.00 6.00 7. 00 

23. 71 16.52 17. 12 8. 42 5.86 6.40 

b 

:if' :J:!;j ~J fH~$ 

5 ~tlc 1% 

4.00 17.5 <3 

3.34 13.9 1.26 

3. 75 13. 7 0. 74 

12.78 9.4 0 

iil1:i~% 
0. I 

4.0 <3 

3.59 I. 74 
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m* $i£ :0 *4 Jf31HI?Mt s:F 1¥.1 J.i!ZRHJJW:l , jg~ i!itJ "1.11 , 4~Hx~~Fo ::k ~$tiS~ iE6 , 4'# .§JIJ 

;li!;..t ~rz: ~ 1¥.1 :;,1\::l;/HT~$ , :iBl uJL::¥ 1W 7-f' WT~~UilfM~ , IU liUJi~. :%iii:~ ~·w: , :im tttt-~S!: 
Nlt~WJPi1!1., imlm~Pi~:MJ, ~Ji1l&'J.t, i&~{fl1U~~..iey51!Hil~~~1t*m'fiffi, ::k~$ 

~~7~~~~.~*..t~~~3%~Ur.~~7~~~~*~~0 
~~·~s:F~N~~~~~~Pi~~~1!1. -fioo~~~..t~::k~.~~~~~-~ 

tt*F~::k~; ~-fiW~~u~~§-~Fo~~l¥.lffi~~m.~~w~~~m~o ~~ 

~---~~--~~~.~B·M~-&~&·.~~~&Fo~~~*m•UM*8~..t 
U/F*~*-~, ~ .Ll:.f.(!Jti1L&Fo~FfL=Pr~~FoltPF~:;k~-15 o t~•!¥L1t:t'F~ii¥.Jl&' J.t, ~ 1U 
tE 1. 05 - 1. 25glcm3 VE:OO P-J~~im111, -~t~Un:E-~f-fiflil&' J.t, ~J.XIAt:E-~•f~W ll, ~ 
~R,Fo~FRB-~l&'J.t, ~--~··••ma..t.S~mllo *ffl·~~~~-~&W 
~~~~~ "V" ~~-. I!P:it~tl1€Ri:I~>J\~Flf£;(fjztJJ;tJID, &~flli:!d:#!~, ;Jff!I!:E-.76Jt:?t 
~~•ffiwa•.•~••~•a2-3Z~•• ; ~~-tiffi~~. ~~o••~~•~. 
~~1\ti.*ll, ~~NWJ~=IL&Fo~~~Jeyif€1~::E:I~HL~fOJU&:, *m I¥171UJHt;jm ffi:f;l~~o * 
1 o-7 s ~ :±l rFM~UL 1t~Pit~:.=:. ~ ""F t$ m *1- :1:~.. 1:i w ~ :P¥ m ~ tF * ;l_tj! :J:fUHJg 1-IW~t * ~J.i!Z m ~ 
~~~«So 

1LB€/ m *f~B!Vm ii!HI1i:i!: 
*1:~4i~ 

1l.Wmm 1LiJi!/m 
/ kg • m"3 

105 12 4. 8 2.5 f~~fllj 0. 73 

105 12 4. 0 3.0 u v·· 0. 71 

ISO 16 6.0 4.2 "V" 0. 15 

150 16 5.0 5. 0 "V" 0. 73 
. 

200 14 10.0 4.0 l:IF fill 0. 79 

200 14 6.5 6. 5 " v" 0. 79 

10. 1. 4 a=•I~~~~~~~'*'~!llm 

1 0. 7. 4. 1 .=..."*.I. :i[..::.. )tJj Ill .II :J:i.~ .;jJf tit 
A .:r..t£m~ 

.l1!1~*lflm ~Jl!J:!9~/kg 
m~lif~t 

:;k~$1% 
/ kg · cm"3 

2.5 1. 50 1.15 2. 12 

3. 0 2.25 l. 20 I. 18 

4.0 7.50 I. 20 1.96 

4.5 9.00 1.15 2.55 

4. 8 10.0 1.10 2. 78 

4.0 7.50 1.1 5 1.12 

.=.~Il§1=Wl..t.Wf~(t;J~:fiJHl!=f 1997 ~ 11 jj, j.j n ~llffiat.@$t!JM, 13titm7Jc:t~ME:1:1 
1% ~$::¥m:::k 13 Jjl-:t!gmt:lt 83700m3 Is , ffili)I~JklJ(ift 85. Om, i&ttt-:!IIflJnt6~ 88. 5m, itllffi 
~[l 15 . Omo {i/:=fj(;l_tj!~~_t.Jj 200 -450m, 1.Jli:J¥:;}\:;l_tj!_tiaf1i{[I_M~, ~~~~(tij_tinf 

I~Hfi~%Jt;fpfl, ~* 1439. 6m; li:~'IH~4-:%--=f:!Jlt, ~~*ir.PIT.*li:flfAl._ ~~-- ;f:i~ 

~; 1:i~~-AAm~±~(t;JIIJifUIHt. :tlilffif.fi~88.5mo :lii-f*tH4 ::E~ 83JX1.1tit., ~tfl 

M-..75Mm*M, ~-1:JM,tt.Mm.o 8~;(fj~~~ttm&±~·-·..t•±I~~M 
Mm•l¥.r•~~•·&•.~~M-*m1.J~~~~ttm•±~••·~~~~m.1gs.om,~~~ 
I'EiJ;f:t::(pN 5 ni:J!J 1. Om I¥.J~f.£7tt•±~~!Wi:lf, ~ftlnmiftj.J1MI~~ttm•±J!Ji•if.l¥o fnJ.* 
~ ( 1!1~~~~flFJ!Ji·iti~) fl!tt1ltiE± IIJJ.ilitilJir.:i~ 73. Om, :lt!fi*J9: t. Om, ;M;11!!.$ 
Ui:fJ1tt7tMt±IIJJ.J;fflllJiitW 79m, ifl{*~ 0. 8mo IIJJ.:Jt!tp;jrft~~;(fjft:fjfEijj£ l. 5m , '}I 



• 
········ ------------------------------------------------------------ ------------------------

~ 114mm, 'lf~¥4mm ~1\l~m~&005E<WJ'lf~<WJ$3t-~ o 

OO:IfijJf~.:E~ I~fil:1nlc...t7f:f£ 240. 3 7J m3
, JlCF ff¥2 92. 8 7J m3

, ~~!iMtfF~ 1. 86 
7J m3 

0 I~.D&I:il!Jj(.:E~~ l!:lf~ itUJl:~ ;fO 7JCF 3t1£ p;y -1' ~i}tl.Jn 13 ~ PlPJ 0 *ffl 1Jii ~ ~ ~ wr 
W~JJ(1J~, ;tltl:fi~ ~WI W IU?'HlHH19tJf~, ?!.tFo .'jfj.l£fi~~ $I W ~jJf~ o ~~ftljJf ~ 

-~~~~~:lfi:il!JJ($~~.~~~§~m~~~~w~~~-®*m*~7f~:nA~ 

...t rt-f IE :l:ll:tlU~ ~.F¥.1 ~ cf> 70mm 2 ~ ;F-r .:ci ~Lit :1$ ~ ~ ~ , ~ WJ IE iii :lit #I ~ ~ ~ <f>60mm 2 
%;1l:f.Q!¥Lit:l$~~~o 

B flh'*tit!IFM<" 
m -r~...t M m:~:~~Jlll :it1lf~~# &::kjjj! 1};j:1g$t~ B9~~!llli1J ~ >.K , ~~ t.f.f &,@f~~J£ 89 

Bti'BJ~-!ttt1lllit, #T!ffl-f*/f'Wtitlo 1,1~Fo~~m1fltJT~*:JJr4iJ¥VJ\-=f 2m, -~~i*fi: 
::ka~/F~::krtm,~rft5:f£~H8Io ~Bt~!l~••~••~~~-IE~.M::k 
:tJil ~1!~~-IH.tr.&~ $t~ B9ti~~~~ u(ti];(£ftilf711 IE Z P9 o 

~~~~~~. ~~m'lfP9**~~~~~-~~~~•:nA.~~mff~~~~~ 
~**WT.w~~~~~~~~~~*~.~~~~m~•*~m'lf-~tttJf~~~~B9 

~~ o ~~~M~·**/F~~-~ItJT~~B9H~M~%A,~H~emt£~~ 

2. 67kglm, 1~tl~lll**1f, $J{X~Jt~A~~. ·~-PlPJ, -~.~~81:19 18812ms, ~ 
~~~~~ 10-760 

JJi !§! ~ ~ :J,Jj 1::1 # ~ 

Ril!lm 1.5 - 1. 7 32 ( iii .ttuUo X!UfHl!: llii .tt ) , 17. 6 
ip.H!-§11/ k.g 

( ~Jt3.-.611: ) 13.8 ( Jl'l-113.-~~ll~li',PI ) , 9.8 
ilfiR 8i!J.Jl/ m 

( XRJt ~.16il) .1\!f~*li'/m 1.2 

l!Rl~1:i:Wmm 90~70 ~!-§!!lift] Jlll;g-Jiji~' .. tJ!II!UJ ~ 

tli1Lfft/i'l < 0 ) 90 iSl-~JB& mfl~•~*~~~~~®~~B& 

4'1R~JSillkg 
32 ( J(l.lffll:ftiXR!IU!tiiiiJI ) , 17. 6 ( XR ••:mr: 1L rill ~~}!5ll<t 

.ta3.-J5JI) tiR1nt "- " !¥~ 

=AA...t~~~MOm~~~-~~-tJf~~~.~~-~Fo~~~~~JJ(~ff~M~. 
m~±~~~~~~~~~.m~~**•~~~~#~*o ~~~$~gm$w~~T 
~MK@lmltl.v'g~--f*.~~·-f*·~-7~*~···~-~t£-~SO.Om~OO~ o 
~~<WJ~tlltlf*:~t£~~2mltl.~.JJ(WIU~••Fo~~~-1*;fO•~~~m~~~~~ 

~~fi~o ~M•~-~~~~oo.~•~*•~•~•••~~~,r~~~--~o ~ 
-~!l$1Hi.F~B9 18 %71it~jjj!~~~iHI~~H1~•:19 o. 34crnls ; 13 ~71!t~~~~4t5ii 
~~:{I.H~~·;J;; 0. 35cm/s; 14 %rff}jjj!~~~ti~~-)!!;J;j 0. 15cm/s, 11J;j\-=f 1. Semis ~fljiJ 
·~~-~--~~W-37&,~~~~-~~*o 

c ~jjf$fii7f4Z 

~~--~.~~ltJTW~7J(~~~.:19~PJJ(~7f~~&~itl:il!JJ(~~OO~~IE~ 
r::k . ~-~~filtJTOO•&aFoa~~-~~.~;E~~••utat~~~\~~•wm-!*o 
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~u~~~~~~M~. ~~~·~~~Fo~~~*~~~: ~ ~~~.~~~-Fo~~~ 
7f~~ 1 : 0. 3 ~Jlljj/{, ~1}t~jij:iji-f*f!~o 

w T-:1!1~ i~ m ~iii 1t1J< -IJ!tl JxtAt~i!l jJ/{ lttlt ~ , J3.:W: -m * * ,llitl • ~ ~~i!l :llt~ ~* ..ey ~ 
•~MW.Mm•~~••m•§•••~oou~m~•~ft~~. ~~.~m•wwJJ< 

-~~~*~*~~~~o ·~·=·~~-~-·&Fo=7F~~~-3m·~·-~ 
66.3m ~_tjj/{tt1-J 1: 1.5, l~fF:l1/i:~t1-J 1 :2 o f'I.{Fo, t£:ff7J<~tlB7f12~~~57m ~{:j~ 

~'&t£ m ltlf iii :!It Jlil! !Ll: ' [PfF fHHf ~- jf-.t~H~ ~ut• ' ·~~;&I« tl ( s I ltlf iii ) JiSi Yl 23m ' 

lJt~27m , ~4m; ~flliEi;ff!.tlt~ (S2 ltlfiii) ~~20m, -rn~24m , ~4m, TF~Wfmiff~i-\ 

~00 10-60 , I!)I0-61 o 7f~INiit1-J 5. 6 7J m3
, ~~lRM~7f~IWit 0. 4 7J m

3 
o 

57.0m 

67.0m 
SL 

67.0m 
SL 

JJi~Uffliff.ll 
S3 =5.25m2 

I--*Ll1L---J57.0m 

t.£mllliilii Jlii*~JvJ< 
r~llili .t:1fl!ffll7t 

E .... 

E .... 

10. 7. 4. 2 ;_~ .:r..;fl;.~ !1 JJlt.l-lit .trr Jlt 
=~I~=~~ffim~±oo~~~-.~~~mm~m~~~~~Fo~m~I~z 

-,W*~Miii-~~•••~m.#•~~~-~r-m•~•~~m~~o ~~.~ 
&89~-*.xljjt~ff.J~t~W>Jt~ll!i\'6, J3.:/i&:1Jitl::k , :bffiiilltJf;<J*flf:~!!~, f9lJ:ti~:W:*tr.7J<:flt 
::k, ~lit~~ , ~AA~45-:/Jiii ~ llLll ~L ~~J!i~ifi· :;k:Jjj!~r ~ :t..OO~tltuL J3. W:t.iiHJT:. I 
~~mE::ko ~••~•I~~- .xt~z::k.1-J§nu~~oo~~•~..tm-.~~7§~ 

OO I:kl~~-7X-&?H~«t~lil~f'C~o 

A .L1t~?.IL 

=wl~rm..tWf~1111-J=AA~I~J31~7J<R'$t4W (:f!oOO 10-62 Ji.Trffi), &r;l:i.l$~~V!L 
~mP-J, 1-J~.llitl!•±mJJ:Jjj!~mJ11io :tJ:;t:JpiHI~!j:~m~Fo , m~•*~•=wHID:I:II, J:Wf 
m•±~~oo··~·~=-~·±EOO:I!I, ~--~M~#~ffo ·~~~~ft~::k~ 
;{fl)!, I!ID:tli$lb~w-=f::k:fjj!$1B~..t~ 114m, ~~Wf:ljj:!JI!IIfie~ .i::t..OO..trh1iii~ 40m, tr:Vffil90°$t 
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~Fn%~~~oo~~m~~~~~.E~ 

~~~e~~ili~~-ffi~o ·~~~~ 
~-~*546.5m , :ti.f.*:lii:k~~ 121m, 1Ji 
~Sm, ifl!7.klti~fi70m !lA..t:J;;~£[~, 

il16fi 70m llA T .19 I : 0. 3 tf.J:ill:llt, ffl.k Wi 
~~130m~..t1'JSK:flll, .Wl30mi 
50m :J;; 1 : 0. 75 89 i:J ilfl" :ill :!ill, ~ ~ .1-J ~ 

~o ~~Ift~:Jg~~-~(2~ - 5 % 

Jtfl~, *106.5m), fnJ.*~ (6%-15 ~ 

i!Il~, *380m) ~ii:f&~~ (*60m) o 
.=:WJ ml:illtlt~±.~1fill:1'J 173 7J m

3
, 1\U 

~tJf~ .~ *ll1'1 480m, :til (P] ~±lib\ t5 ~ 
140m fJf ~ ¥U iQ; W 110m, tJf ~ i\'U fl ;'/.J 
30m, ±mf*lJ't'ilt'fifi 110m ~a<Jm;~jg 23m, .~tJf~I.fd:J;; 18. 6 7J m3

, :±m~ 110m F./jl1£~ 

~.~~-~~~~-~tJf~:tm~o A~fi•m~.19=~• 5%•~=*~m.tJf•I~ 
~ 110m; j11JJ;f(~6 % -15%i!l~: ·~380m , 11f-¥~~1l0m; ft:iif&~: *60m, t1f 
~If.fiW 110m , ;J=ttf:l~~!fi?X:Jif~tfi:I~¥W.fli~8Wi o 

~~ft•~~t4i:lmm~•~~~~.:k~~•m*~h.~w~~rm~~•* 
sr~~. ~~·•*tJf••••r~~•§*~-~Mrm~~~••••~~~o 

=-~IE :tmfi!::~~ 1¥1 it.1J ~~~ 00 ~ .f1;J • tfHii'ttJf .1* ~a it1T Wi ~ llJ t~R.14X : t!J ..t tiJf :i!IJJY 
;fU~ 140m¥ 115m ~J.l8m r.6fl25m a<J~~I'miW.ffl~ih¥t5W 130m I 115m ~~tt 1: 0. 75 
~~M=M%rmw•B~m~o ~#~rmwm~t=l=l~8mZll•:k c m2om),T•oo.19 

-M~-Wi.M7Jc.~~-·I·~~o 
ml:tm:llaA<J. •*:tm~~]j(fft~I 135m ii$W, i!IP-J7.kfft1EI 139m jli:j~~ • .f!J ffl:fllp;j~~ 

7Jc.~~.m~~-~ta1J(P]~MmJJ~.*bolE:tm~..t•:n~M-~IlJ$llo 
B if.~ :;ff ~ 

~·1f**m"W:fll~~380mM~H~ CR)M···~---R~&~M~" 1¥1 
JJ~o 

oo••••mTm&~~~H8a~,L~~-.~~••,L~~m~a~~•~•• 
;/J0iU.ffl?l~:$JJI\~ leffiiJ, ;S:]j( ~ 50m ~11!!. 7d fEi, :J;j~~JJ ~{(£~ 320mL ( ~ijlHi[jg 
346mL); fit5b~HEI3 Orica0~ ~f'>:: o ;M;!:f, l)il:ij]Yi~:J$~ 152. 7t, !5.~-~P.j:fita<J 80% 0 

:fL~:J.t:H ~ JJi!~~jJIJ .19: ?m~ fL~1$ i§~~H !&; Hi 1:1 12. 5kg/m ( cJ>llOmm ;t@ :tL) ifil 
ll. Skglm ( cJ>lOOmm ~ R); cJ>80mm H ;ffi ~ 1J m 2. Okg, *If o. 33m, ~ ~ H !&; Jj[ 

6. 06kg/m; cJ>50mm §ti~lf!$£ 0. 75kg, ~.It 0. 32m, ~~P.j~.fl2. 34kglm; cJ>35mm H!ffi 
lfi.1JJI 0.2kg, i~Jj't0.22m, -~~WJJt0.9lkg/m0 

Ji'$:ili t*J ~ l-9 ~~ f.l~ 7l< 1L:J~HL 1¥1 ~ l-9 , Ei=l ~ H :$ ;(£ :!IRULilll :l1: 30 ~% ~ ~ ~ 'm; * ~E ~ t0tr 
*IJi'$:i!, .f!J~~H@=?X1mffFo~A; ;a;~73HL ~ ~H$:tf:lliJJBm:i1~ !~1f1i~~A ; 

·~~H*MAinm~AMR;~-~. WMR~~H.*m•&G~~~--~tt~ 
..t~1fr!*A•:rL o 

• 



........................ ....... , .............................................. .......... 10.7 ,(l:.JJ<.tl!.;ti.lt'ffi?S.Jll • 751. 

~~~~~~~rr*~~~~r~~~.~~~TF~~~*~$.~I~~ftW~ 

l:lJi o m1i[.&:l~HL:It~*JlHvfiM ~filr~-w m~~JJIE:ft~~.tf..J.:I1Hi o 
~~$~~it.:E~-§:jjS;J$f#$?}~f~{!IJ$?}~1-$?}~~it' ;J!l:'f';J$~$?}~;tl~~ 

rr-§:fiS~~~~-6%.~85%·~~~~-~~rro ~~~~. ~T?tltl~~~~~ 
~~JL$~~it81t9ifiiJ$?t~:tl~~it o . 

· (1)~~~-~~-~~rro .:E.~.:E~*m~•JL~~fi•.•~•~no~k• 
~rWJ~~it 11 1ll'.±~lL: ~ 1 -3 f-IF1@lL::fP~t:f:E•m. JL:t2 <f>llOmm, f-IFllE 3.0m x 

2. Om; ~ 4-11 f.II'~JL;{fjlt:f:E.Fo#-!J.:~fiik. rL:t2 <f>lOOrnrn; ~ 41fp18}Lf-IFllE 3. Om X 

2. 3m (~fliFo.J'r. iiill&ffi!J. lflHI:l 30crn ~f6.fJL;(p1[2:fBJ) ; ~ 5 1fp:J§JL11FllE 3. Om x 2. Om; 
·~ 6-11 f.II'~JLf.II'Re 2. Om x 1. 5mo ~$7';!HL*.ffl-=f-}X\,flifli}L , =IL:f£ q,42rnrno :*J~T-71 
ill, _ttbt!VJ6 f-IFlLJLm:~~~ 55°rft9i:fh o .:E•=tLJLm:jlii;WB.e*iliii:9XJ:ill~fii o. 5rno ;114~ 
~I:!Jifiik.:£1§JLJL7* 45. 8 -4. 4rn 0 

(2) f~f!IJ$?1-•mll~ito t£Emili~f~}ti:t~9='. J:illJIG~~T 1%, 2%, 3%m~». 
I:!Ji~JL (.W.0010-63) o l%m~1.fL.'ll: ii16Wl08.7rn, ~k-iii2.2m, Beftti:i11~~2.3m, 
m~I'BJB.e2.2rn; 2 %m1i[f.Ilil: ~W101.5m, ~_t-flii6.om , ~1i[fBJRe5.0rn; 3%~1i[ 

Dl.it: ~~ 106. 4rn, ~_tih1f.W 10. 5rn, m~fBJHE 4. Orne t£~mJitiS:i1ir·{)i!~·-f*l*li'ltiW 
109. 7rn J:illm!-f.lj:I:!Ji~HL, JLfBJJlE 1. Omo 

1.£}-

2.£} 

~~/.J\J:ill:J;lm~~i!:~~ttY6~-~. ~1.ill~m1i[.354-4'-o ;tt9=', 1 %m~ 17&-t- , 2 

%m~ 78 1-, 3 %~~ 98-4'-, I:!Ji~JLJ:ill~ T 376-4'-o 
fliJif!IJ$?}.i<fi:!fi>C.•f.fLitB.e_tWf~Hiii 7. 5rno 1 %~1i[.:E~:*J 2 %H~·~-€!J:lf1t~14; 

2%m~§mllFoM~-*~·~-c. ~~~3%ft1i[··~~~~iii ; 3%H~*~M 
••c~••m~o i%,2%,3%H~ffim•&Fo,Mc~~~Em•k•iii~Be~*r 

10. 5rn; Wf~HLf*~fliJif!IJt~?t±lii*~~M'®?t$l~, :*JfffiifjJ~~t&:*J~~J~~flfo 

H-l*l~B*m~H$~Ho l%~a*•&H,2%H~~-~H.3%*•&m, . . 
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~~:ilJt-£1J:1g 60kg , 690kg ~ 160kg, fi~*?t-.EU1-J 2. 2m, 5. 5m lU 3. 3m0 

&-~-R~-~--~-#~~0~~~: 
( 1 ) "W ~U !L :ti it. B ~ito "W !U !L r*J • nt &1 ~ $ , IE -~, • ~ .§t atJ ~. ~ m' JJr 

1. Okglm, *Jfl cp35mm JVt&'1~~; !Lm;$:JJP5!;9 4. 2kglm, *..ffi cf>70mm ,ij\t~~$; ~m 
Rf5t1/f'IWJ, 1Jo5!SH~: 1. 6 -3. 2m; 43}-HJJ~HL~·l ~Bii!!lt~ , m~*ll1-1 L 5-2. Om; 
fi~.§t~~ 2m f.U$?J.Jt~:1g 0. 5kg/mo 

( 2) Jm~HL:t£H~-B~i.t o ltli~R~~Pi -\i:Jtrtc1it~J:9!~:!Jfli1HJG·Pi~ & ~ 4 fti-* 311: 
ff.pj, ;ltEJ ~;1r:-{¥1i£J:$f~{jJilUfi:~~$;1fi'f*WJm;?t-~, ~·~m'ltJ;; 1. 5kglmo Wf~ 
!L~~ 3m :IJP5!.;tj , ~·PiWJ.lJ;; 6. Okglm C*ffl <f>80mm JVtr\h~~), ~~iiEW<llt~&B<J 

tl~±JE?t-~11$, %JVtf~fftJ.1C~ o li"JatJ;;~ ll::.;ffi4'1S.§t~~I:Ji!l:.ti, ;ffi~~fJ!:~ ltli~HLJtH$~· 
Pi~.&iliJ:m:19 2. Okglm Ot?:Jfi cf>35mm JVt.fl,~~) o 

(3) J$i!!r*lffF7.KtL~WJ•P.i o :flli*l"' ~liiWff~ffF*R I J:Wff.IF*R 9=t .c.,~lli:rrEill~ 
~J:Wf 3. 0-3. 5m, ~fll#~.f§! 107. 5m *l~ffiiijf!;f!:Ji1If191~~; FoWJ:G: 7 -~· J:JUJtli:~:!JR-

15 ~im:tR~~ 107. 5m Jij:l]tlle~~~ 50cm :fl!::fJO~-ff~ffFJj(!L, ~ ..t. ih'rf:lf:*=FL~fliJ;ffi%;{jl 

Ito ffFl.KtL!LllE 3m, =FL:f£ cJ>llOmrn, lm~¥lilllhfiS:iii o 

:J;;t~:tJo 2 ~~:i::!I~~1J-~~~~~1£, 1'£..t.7Kif.IF;j(fL 99.5 - 94. 5m ifS~fi~ 43t=FL• 
60kg rl ~ ~L 1-t :1$ FJ ; ;k; C.1c tt 3 ~ ~ :i: 1i !VIlllffi ~ ~f4' , 1£ ~WHit; ;j( !L 106. o - 102. 5m 
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~•••m..t.~•••~~~~5~-~~•:rLI1lJ6%•:!:k~~R*• : m&m~•• 
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c tl--Plt~-* 
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10. a ttJltiii3iS~, ~~~~~ID 

ifilm1Jf~c~c:p~mm 

10. 8.1 1£~~fB]Mi~~*iti11~1f!I¥!EiZJt'! 

{Eftifi:'lWtnffi:Icp, ~f§J'ttiWPia':J~f'=r~1&Y', ::k$~1'Wi:S~;F~:%5C~~¥1J, W 
_§_J!!.i!~5lt~~~-- 1fl-~~f.b o ~D-~Y§;J\H~~L1t:J?F~~~ ( fjtlj(Q 4>25mm) »ttl~~ :±l~ 

~Drf5J~: ~pjg T i1?d.iE;J\1L~?IL1tWPi~fBJIWi~§§fi~$~JE-~, $*Jf.J~-~~WPim 

tL$;W§§:fli¥1:1J~. f.Et~;t;~~1ft~~~. l2Sirm~q{Joftt.J,QX;-*7til$; B:!r~~~il~§§. ~ 

F~Tm~~.~~R~-~9='1¥J~HW~9='-WUTB~._§_#1£·ft··~BU$~ 
~Mi~-- !JZ~~F1!~f5J~o 

Mr~~~¥~m~••·•~~fi9='~~~~~~••H~~•••·•,QX;••Hm~ 
~*~•~J'G•••o ~~~.{£~H9='~•.m~••a•~~•.rmm~tt~•~•• 
»!U#·~~~-o W~···~~~~mft~~--.@ey~~~*••= J'G.JL.BW 
H®•m, tiWI+m?Bli!JlfBJ1l£:115.8E2:, B3 rJLt=~itit1&m~. /l'Pm?Bl;J\B?HJ!~t.tii, ::k 
B7t.&M, ~~-:1J~ffi~--~-~ , a~a':JB~~@,{£~@~ftcp~~1£~·9=' 

~-~?Bl~~.~~T~~-~-~.~rm~eyn•,QX;•~9='~H~•~9='~o §m~tt 

.tt~-l-4£~••at, J~c®.W§§f'= 1:.1¥::l /l'Pm?Bli~SL~tt.tt~-l-~11lk®:;f:U!f/l'P~mrmq&y-•&M, 

l2SI W::<t~:Ji 9=' ~ ·~ ?${ i¥:J 5.i ~ ~ PinJ ~ ::k o ;fm 3i ~1~ T :2: ~JB] IWi. §§JIG W .{Vt i¥:J 1~. -)jt iJi , 
~ T ft¥(~~11'~ o 

10.8. 1.1 ~~~QL 

-)jt~a~ w ilfCJ 1 JJ<Iftl¥::lilf-W~?tii.l:l1Hr. ~~71iiJ1It: r#lftc ~'31'/tti:m:!ft '*-'. ~~n ?1iil *· ff~-OOJ)tp};jf'tl, R.""t:;k;j\7.)-JJU:;h4.lmx3.883m~ 3.5mx 3.525m (~x~) 0 
-)jt~~a~.~±-'%7 +25o -7 +7so ~¥:J~E2:. ~?1iil~:!tfttJ;(~ta:fSrnr~u~::E-jg.:E, JJ6B:J!i[m 
:lt?Jl!l!:E-, .!:!.IH.iL %mtt3!T. :E--O!J£~~~/= 10-12, 3~tt:milE= l5x103 MPa, rat~ 
U~JJ-= 0.17 -0.23 , .§11!-y=27. 10kN/m3

, ~~J:JC=2.5 -3.5MPa, ~1fo.I~Ji.ij J - ll 
~~JEIE:!tfo 

-)jt~J:f*Y§til!UJ'6:ti.&~nffi:I:1J~. ~~i¥19='fBJ$7t (.:i::~IR) MiiW7F~ 15 -20m, 
til!UJ'6tl.&~88~ti~~"~IL,@ft·.&-~®-.M.6®;1;1.:E;I;IJL o .:E~J'G;I;I·~ 
jg: :J:§ILHq£ 4>42 -45mm, JL"l* 2. 3 -3. 85m, JLI'BJNE: 60 -70cm, )'t;I;I,&)J)j[ 60 -80cm, 
J'GMHLW~~~ k =0. 75 -0. 85 o *m!fLftWH~~fBJIWi.Pi, -~PiW~ 300- 340glm, 
®1il~§ltriL., 1 ~~pl'f!~tJ;-Ti1f&~B1il o ~~i!EI!ij, :£~ fBJIWi·H~~2k#.:1J 

~~#~~~~F~a':J:JIG~~-~~-$,~J'G;f;l#~${£85%~ko 

::<;j=f~*:J;JWt, 7k It! Jlffi: I 4Ji-* ~ fi1 9=' ~Jil.JE, .ft;l;f~~ H W )j[ 1¥1 k ~& jg 350g/m, 
rmm 4>25mm ~L1tW~~~~~H , -~HW~IlJ:kS 420 - 500g/m, ::k::k&~T tt-* 

~.W.7!1~)jti¥Jkll& o :!!ll**m 4>25mm ?!L{t?$~~:£~ fBJI!M~H. ;~U~~-·HJif;~~ 

ii:J'6•tt-*~*.WH~U%~H~A~$£M·,~JJ<ttft§ , ~~~~~-~~~ 
~1:Jt . .fR 0 



~o*=E~~-§.:tr~~%. lt:¥:~Wi-t-~§Jfi'if-Titt&~, El:t r:tl:t.'Ft'#!Jmta<JiltlinllSW£ 
~~J~W:, ~ t&~1t*~~~-§.1JIPJ a<Jslf.ifigJJ, EFKtfl*ffiltillE~, 7t~:l!'f-Ta9~§llt 

~~*~.~~m•*tna<JE* o ~T••~m~,L~~~.~%mtt~ . •lt•~•n~ 
•tt~:E-~a<J·~-~.~aR~a<J-~~-~*rd.rl4cmo :fr~T·~~~~~ 
~ltHf.d4l' a<Jf~ii fiiJ~ o 

I 0. 8. L 2 ii.\:J}t-~ ~ 

~~BJfiMtt~~~Ir~t'I¥J ML am~1$H .• ~~~a<J~Q~25mm,* 
19mm, ~~J! lOOg , ~ttfig:ft:Jtf-~: mlf1.05 -1.30 glcm3

, .)£ 3200m/s, ~lt 
12mm , -#J!(:;JJfi~.lJ 260mL, ~t.l~· 3cmo ~R pg ~Ht3i1Hltlf:l ::f: ~ a9 'rli~ , 7t3i1J :1-J:Ii!!fL 
pg 1 - 14 f&~~ ~~~~fi'm'W'I'i=' 1¥Jff~-1-Stf:tr, ~fL~rBm 8 %~%:k tlt~®t.l; 

~HLJfi YT 28 "'\.Jiil!j.\Jl:E-tn cJtiM, Rffl; ~ 2 - 5 ~ :t.'F Hf'F ~ ieHll H , Jl.~ H :ll ~tHtH!ll :E­
~-~Ra•••*~'~Jfi.RP~ffl:J$Ha<J•7f~P-JSH.,m •• &&•a.M• 
*J3t 15 -20cm 0 

~~~fa.II!M~H~.ftl OII l0-65) 1'19.:%.~. ~:iltfi"7IDI1-1J~. ~1r~B9~H~ 
fi~tlT~ 10-77 o 

)J$. JL"IJI! 

I 230 

2 280 

3 330 

4 385 

&~»fimtf 

I < ·f I 

c 

ll"iJ II'UH9 -L~JJf 

27 x5 

30 x5 

33 x5 

30 x8 

F;j~ 
I 
' } 

I 1 I 

D I 
I 

Rffl:~~~l-9 

(@.!Jj) -!.~Ill 

19 x2 

19 x4 

19 x5 

19 x5 

1- IH·I I 

I 
F E G H 

B 

A 

(em) 

.~Ut?!R~ lfl.1'£.§!fa J\t1'~'9: :;f?IR£.§ 
ttf~~)Jt 

B<J¥:JJt I'J{J¥;Ift liil 19JH~:Ift ~lklft 

27 19 8 37 20 

30 19 I I 34 20 

33 19 14 50 20 

30 19 II 30 20 

~•m•••~%•tt·*••••m•.•~•~A~~·-~~o &H~~~~ 
~1J~:l!:~MMm~B~~&m¥:RS.~~m•m~~--~~-RP&KI¥JAA 
(1¥! J0-66a), ?i.\Fotk::fH§;ftt, ji.lflt*ltAB=L=l~ +l2 (l 1 ~~~fB.IIWil~ll; l2 ~Pi~* 

lf), Jt)j4j-1HJ:Jtl~~ud! B, :j:I}Jij~ffMtf-1-ltj~ttA:tLI*J, :t®-ll~t£J:JtlEIT-t-f±a<J B A~J 

~R P ~, ~ati-9;fil:~~:t£tiitii'lft..t C 00 10-666) o li!J!~~tP-~, 1WilJ%nlt~1-;t.tg:tL 

139~H:J:1fio 

.§)J~·~~*.W..~ 10-78 0 EI:J.llti'iJ~, f~1.a~-1-ft-~*tJ5!;t~:tlfo 
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JL'I?f! ®;!;~Pi :!it ~pjfDJHe 
/em /g / em 

230 200 8 

280 400 11 

330 500 14 

385 500 11 

' 

a 

\ 

" ;t@jti\ 

l(l.!L Pi :!It ~~Pili' it 
/ g / g • m -I 

700 304. 3 

900 321.4 

1000 303.0 

1300 337.7 

~~fiil~ 

b7zzJI£i, 

b 

rLHe Jlt:lih.!~Jt i:i\:!JUL~ -ffl'11$ ¥JL$ 
Bil!tii-filf~ 

/ em / em 11'- /% 1% 

60-70 70-80 105 100 96.2 ~ 8 , j(;JIH'tj!.J' 

60-70 70-80 112 100 92.9 f;;;.8' %!'ftt~ 

60-70 60 -75 112 100 94.6 f;;;. 6 • jC!'f·ii~ 

60-70 60-75 119 100 91.6 f;;;. 6 ' %l'f•lj;~ 

~-~-~-~.~-~---n~~H~R-~7~Bift·~--~-~~-~ 
m, J!lfi:~l¥J~:l\!11Jo7 ®t~fi~, P3l:=tlf 7 1B.IIW3&HB91~:1.13'&* ; 151!m9fil~He~7cl¥11$H. ilJ 
**&Hl¥J~~.-·~IW3&H~ilJ8tt ; ~R~M.~~H~Z~~~*··~~.~ 
~n(ri] f~;li, 12S!.tlt&HIW!.16,®fffl~ff:Jxt,~;t~HV!XT~ ; ·m~tL~\itwl£~7.f\, tL·~·· 

H~~ ~1f ~fi~ WJ T ~tL , {E!.;M.:JL~1i!?t:t:i~W./tjzj;:;lcf~ 9:.18J !Wi&H Nt o 
10. 8. 1. 3 ..L ;f.Iffi_ Jfl ·~ {}L 

~ ~ IBJ IWi &H ~ ft.:Jt# , iE ilfi'tfH WX LlJ 71f 517.1< I~ilf.W: ~ Wil :it! 1J Nt J.ili:ffl , %~7F ~:it! 
R 1603. Sm, ~:la3'&* rf!.t!t, *~~teMHm~, l!Rq~ 7 4-).J'jl1j~l¥Jft:la~~*o 

iEm~*~~ 2069m ~Will¥J7f~Jfl, -PI.r.&:it!m IJ 31m l¥J V~mi*H97F~, 19:1f~»ffi: 
I~~W~R-aMff.~~~J.ili:~~rrf!.~l¥JftW1i&~*o BMIW~~J.ili:ffl.*~ 
uP3l::ilf:, iftJ~. 1~~J7~-ifi.q:w~Wii~E*~)j(gi*ftt~¥Jftt~~~. ~o* 10-79 EJTI.f\, ilJ~ 

~~I~~Iat~~ o 

rL~ 1-L'I* JL~i@Wili ~~f'UM!~ili~ i1111¥*lt BJI!tii-~f!l: 
/ rnm /em pj~lmm ~f,!/g ~~~/mm !-!}:fit/g ~ ~ frjj Jlli\/ em / em 

42-45 330 25 500 
j(;l'fi'£~1'' j;;;.8 

25 500 14 15 

42 - 45 420 25 600 25 800 14 15 

42-45 330 32 600 
7'/HI!!tH~~ , 1H~J!~ll~"IT , ~6 

25 800 8 15 

42-45 420 32 750 25 1250 8 15 

:t£ 2. 3 -3. 85m ~l¥Jft:!JJLI*J.Rffl-~W~-*5 1.1BJI%.H, ~fE!.ffiHtT ft.Ho$1Jil 
II~,W~~·7~-~Iat~,1Jil iHo$MR~tt~.~····fflo ~~-~ 
3. 85m ~l¥Jft1AHL]gf7tl:it!1-T~YJf~t~H~tl<: . ~*JIL-\~ 10-80 !flo .bA.~t:f.lf'~lftl:l, .®. 
~f~MtJfr!P31:~m, ~~PJ1H~ 7. 52 5G , ~.2$:~1~ 38. 4 % o 



I 0. 8 ~ Jt dll!I-Jlt , 1J titJ..IJt. >f-. .\i. 1f; ~ f.t t.IJlt 'f ~ ,& Jll • 7 57 • 

• •o..so ::r-FaJ~tlnlt~~~~~t:t~ 

t(l. 'ili'l!f·f~jlf1? ~-~Wililm ii!UH.lJJl!.!!ll®§~ 

*:f fl 
1(!-lft/jt ~ffl"/7& :tleit t(l.ift/jt ~-!IV;& It :tit lllift/jt f::-fit I :n; lfl:!it 

:J$Wikg 1.3 6.60 8. 58 1.3 6.60 8. 58 1.3 6.60 8.58 

.\lo :ji 'l'\' 1lf tf I~ I 3.50 3.50 9 3.5 31.50 

~~j(/m 4. I 2. 20 9. 02 

-Yr.ltl .ftl I 0.80 0. 80 

~:Jt;/~ I 0.20 0.20 

AIJ'tl~ 1.00 

~it/~ 12.08 19. 60 40. 08 . 
tit: : ;a 4' * *" tt *I (19 t(l. 1ft t!i) 1'1 .ill!. :E.g~ I]Z llli l'l91;1t!~ 1ft~ 0 

#~~~~~•~=~7~-~~~~~••~~m•oo~rAax~*~nmft . 
I~~~~~ ; Mr~~~~*~IW*-#.k~~~tt*~ffl~~~~~~tt~~~ 
}:Eo 

l o. s. 2 .t£ ::k :riA£ Hi~ 11Tili 1:P tfJ SZ .m 

~-~-~~mA~~-R~-~~k~~-~~-~-00. ~"-~RMft~B 
ttt£~-*~~~tt~H* o ~ r~---~a}:Ett•*~•&*~~--~--~~ 
--~~-~. ~~-}:E••~m•oo~a~o ~r~B•&•#~~*·~~-·~ 
~J, :fL I*J;li:-~;1$1~ffi.1J-/,Jl!~ 10

9 
- 10

10
Pa ( **Jll:U::J:;tl-.:5 ~51~, *.:t:i 1¥Jx~ :it!® 

l!Gtit ffi~titfJL5i~-f.N:{E 106
- L08Pa) ZfBJ, ~l!G~i&flli~ttt:bO o ~~, ~:i!it~JL~ ;f;:f 

.:t:i~-~~~ili~•~a~••~ttm~~~~•~•:L1:•~~•~mr•RRm~ff 
fl o 

~-R~ffifJ~1it.ffl:iai~:ff 2 ~ = ~'J'1$·W~~1i!!JL~*IJI*~- o ~*M*~Htt* 
:(.Etl'1L~ C - .ffVJ'r 130mm ) *'fif~09J:iY:.fflffl~!HWi!li o *111l-m~L1t1:1:l9*:tLaY:m~HI 
Wlli\~"P ~m.ffl·ll~o 

10. s. 2. 1 Jt!1~!Br J.t:tt ~1m~:J;J..-.t4t'*-
~x~r~ I a~rlll!~~~~fl~~ I :L1:H09•~~;1;@~fE.1J:It9fr£rJlf!-tt#;}t1«~ .13.:lt9~ 

~Jfitf*F"i9-W~~~'J'i'fff~fl£ o :fftli!B~&~~'J':L1:t9WJ3!B<.J~-tt~~:tE·H~:ht-}:EB>.t 
RUH~&H~Bo BM~~Htt·~~m•e•:L1:HR1B<.JmH~~~~~~-~HmM 
1{.~}3!~~EJ9?j-::ffl~~o 

A ~-Jo~ii~ 

•~•••w~~Afi-B~~•••m*•~•Mr:i!it~*#§~tt~•~. 
-~--~~Et9~R~&~* ~ A~+?t~•Et9~~~~ o *.ffl~n tt*,~~;Ll:H 
B<.J@ JtilJ ~ o. 2g/cm3

, ;Jf§UE*FH~~ ~~09 mt~ttn I ffi'i:L1:t9m?tm~~ 2t~7J­
~ o 

MJfJ:L1:·t£~~*~~~JH-@.][~~1.tt~ I tiit D jf[l:liHI£®§ft~jj!tllit~*j!ll~: 
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.¥:lx~·~f4"""f~~1l~ d > 200mm 111, D = 2. 6- 223/ d; .¥:l lOOmm < d < 200mm 111 , 
D=L9-85/ d0 

x~•~#"FGW~S1l&*~~~oo~.~~~m•~~-~~~-~~m~•• 
~~o ·B-M,-~ lWg~&·H~~~-~~H~~~&~o 

~-·~*ffl~~--$~-~~-.~~-AH~~~~~M%M~o 
B ~~~$ 

~~mm•~~~lli~~*~~~m~$±~•~M~~-*~•~~W*B~o ~ 
~~!HL~L~1-J 3llmm, ~LBI!4mo - IN:1J!il5t"""f, 4!J~!Ii!HL{5!!ffl2 ~H~. *FH~~L1ti'FH 

~.:E~.IVt?to lp.~H~Htflt1<J IOOkg, $1t1-J L 2glcm3 o ~~-~H~-&T-:lt!HLftt$, ~ 

-~fiT-•R~$o R-~39-~mZ~o i'FH~B~*m•&Hm•1-J 5glm~~~ 
~, jP.Ja;j4lJ~H~{5f!ffl-~ 400g ~BMB~o &1illl>.t& 10 ~-1L1-J l mo 1-JTII*f~!ll\l~J,;l 
f9J, :fit.m i'aJ ii~~BtiBJIJiii B1i'aJ::f;; 5mso 

-~1f 19 1'--~~:rL, tJLLtJ¥:ffl'kt~Jl\&H~~~ffl~~fL, ~it:fl 100 ~ffl~~fLo 

tE 11 ~-Hi~IL~~$, ~~ffl T 200kg ~ 

8~@J.li'FHH§,W~~·8~···R 
~.~*fflT2~~ 100kgm~@J.li'FHH 

410,---------- --, 

~o ~-~R~H§,g,*fr*~1-J 13m, W 
~ffl#-~H~~·~R~&H*ll«~* ~ 

405 

T-2mo ~T 3 ~ffl~if!UiHLpgt,t~~~R 
7'~, 4}~~fL :f:5J*ffl- 400g I¥J.J&1,j~~&!»o 

J+1 ~~tJ:fil::ti)! ~ ~ IL*ffl ~;lj 'EB I ;19 , ** 

~ ~400 
~ 
iii£ 

395 

m :ii~itat ••vj!lJJ£•iai o 

f,IJ£19!tlii~*:!m 00 l0-67 Jiff~, J¥-~tl 
j; 2200mls 0 

390
55 56 57 58 59 

-~--~-.~-RRCBlli~~~ 
~·+?tMB,R~~···RE:tJn~ili. 

ll>tllil/ms 
60 61 

jPJI11&1f~~MB~~~~~o ~~~~*.IVt~~00.~~*1t*~::f;; 80mo a~~*~ 
..tff~ lK~~Ni~~501~=~~~%-, f§.W.:·IK~JI!JJ.lf-Jl, 8~J!~ o 

;i:ljj'jf~~mH1H7T~1r:t13P.il, ~iJ!~JE-*fL.$, :!W~ 10-81 ta:W:Eif~, iit·IK~-*~IL 
$JL.!JL t~iffi~~~1tBIK~iQi ili 1 1: o 

. 10-81 -*!UL!!«Jt~*it.~!t!: 

l&:lii:t\¥tt ~1Lhll~1'«t 1iJ .!ll.'*i'L~-*!Vm M~~i'UM~IJVm ~iL$.1% 

#UllifUHiil 18 305 968 32 

Ml11-H!' IJO$lli J1i~HJ!lt 18 526 846 62 

10. 8. 2. 2 .:k.1L~~::1"*~~~~tt;i( 

~ B ~-, ~Mir~~:(£?Lm:.!eyH;fi:ZfaJJJ!I~~*P.I fl{] ~JJ*m~-~}1\* ~fa] , ~ rm 



PJ~ff£~f'Ffi'FFJL~B9ff}J, i!ftltf'Fffl~1fr.Y~YTJLJ*J:J$~B9~18JW~ o BB9J3- Ilf11Jo 
-~~A:J$~~~~~-~X~-~~~·=B9. ~~~~.Y~e•BB9%•.~~-~ 
3&tJ:i!B;fll •• ffjJ B9~~*0 

~-~-~$M-'f~'·*B···~-~ o -ftM~~.~,~·~-.Y~J*JS·,~· 
B9~••~•.i!•~•:J$~B9~••~~•.M~m•~~•••~~mn••B9*• 
~-~~-ffi·B9~Bo W~*•*•B•JL~~ffl*~*~~. ~.y~~~-.~· 
~,•~~~~~~fim~~~m~. ~~~~~~0 

A ~¥ ~ .zt ;ft. 'ti fi~ 
J;JT ·~:tzoJ:.EJr~B1JIIlJB, Xt.Y1\f§JU•B11*JL{:£;fiJj(~JL, ~ffl B9:J$!5J;JW:.~L1t:J$ 

~.#~~fflft&A-8~MV%·~~o ~-~~.Y&~$~B9-$~ARJ*J o ~~7.K 

MR~~mi!#~~.&~MMt~••~•••mmn••B9~Bo 
~~'~%~ - ll{}J;"J 150mm, -tf6m B1J~~-I-"f~~. Jt- ~~tfdj, 3f~:J'IS-j: 

900g B9®~5.qt o ffl-~l~l~~:IIV11tV5I:Jj o ffi:iztffl B9~L1t:l$~t~·*~~~ Ef.IMI 
JtffJJ. ~:J$~$~--ABffl •• QM.YRJ*JB9~~-.M~~-~~o ·~~~ 

PJ~~.W.!iJ;J 1. 2glcm3 B9~L1t:J$~ 120kgo ~-~%~at, F!PPJ m•$#f~~~JH~~ 
AJLli o 

flt:1JJB9~:t,m~~~~JL@J;J 270mm B9B~H1!HL~:it!:f'TB1J, 4f:J~MJL151!ffl 6 ~~~o 

:t:fiHL~llili1FJ 20°, JL~36 -46m, JLIJ~:t.l~. :tLJ*J~:f-I-~:IIV~Jm~~~-91. o ~ 

··~·*ffli!~~$~~B9&~~~-~-~fflX~~o ~~-MB9JLIJ7.K·~·,U 
dJT, ffi~B9:1§1Lt~~·i.E1ft o ;Jft-1'~§ ~i9!~{*JB9:tiJ!J;J 5840m/s0 

. B ~~~~ 

~-~--~~TM*~~~±~MAaJma9-1-*~•*•ra9-~*··B·· 
&~f"~a~:it!:HB9 o Jit?'XB •• &MJ 13 B9A%nlt-~f.ii 65 -75m B9J:!1:ftt, i!-~~MJL 
MJ~~#f~*-T-ftB1J~J..m C~*-T55m) o llt5'~ , :R:i&titB.IKB1Ji¥JS , Jm~7J<mll!*, 
.§.RJ*J7J<-~:J6 60mo 

~.Y:tzollt~-B1JJ:!1:Jtt,J;JR··~B1J~···~-.M~·*~~--~J:!1:JttB1Ja~ 
tt.B·~-~-~B1Jo ~~~-.rrmftB1JMR~*ffl-ntafi$8.B1J:J$~B··~* 
mt ltP }Eo .lit?'~ , ~ .Y :tt!! ~ 11< 1il ifili , * ffl -ft~UIMi.F rt ~ 1-¥ ~~ ~ ~~~~~§-ill. t§t tl~ :16 JIJ 13Jl 
MB1J§B1J o ~di!~~-~-~.~i!-~Km*ffl~M~&~o 

~-IK~~m}E~~ 45mMOOJ*J ;fll~:Jtt~~--B1Jl~mMOOJ*J*fflT~M~-~~ 
~.A#~521'.Ro Jt~*$e:I§R~8S~ffl-1'1WkgB1JH§ , ~M~~RIJ25m 

~~M-~ lOOkg B1J~~ o lfr~~~tiHtffl900g .®:lifBlf!~r.i. ~-~Ji!~ IE lfF.f~~ii'ft!t 
Wsl;\io ~;f;l1f~-tf!t:fl)iftlllSJ, M~-YEE11l~·llSJatj@*-l , {a 2 ~ M .YW!Hil::tL P3J;IJ!B1J 
:I§JLB5'~o :R:i!~MR~.~--~~*It~i&t#~.!i!~A·YE~S~~WM.YJiS~§ 
lOms ~f>lo 1£Jm~*ffl~:Ja-51;f;iJLJ*J~1a'lf o :tLIJX:I:JUgo 

Jt~MJL~*=YH'It~J.&~:/.Jj.\;, ~MJL~ttRJi~ffl-~ 150kg B1J~L1-t:tt~~§, ;a: 
~-~ffl-1'00kg(J1J··~:J$~~~ o lfr~j!~~~~ffl~g~·~B:Ji,®~-~~ 
~~-51 •. :tLIJ-ti15C:I:JUio 

tftfg{~*~71', i!7JzB •• WlMJJiJT;fi:IS:tL~~~.i§· o :tLJ*J?J!~:Jiia9~-~IW, ~-~ 
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~!9 ~ !L 1*1 :J.1: !9 .ljL :t5J :~~ J£ 1.1 s8oom/ s < ~n m 
10-68 J'fiffi) o Bi~:tl~*nU9:liiiti, ~ffl:::f 

~~-!9~-~150mM~~MA~I1.J.ljl­

~o 

480.--------- ---, 

10. s. 3 :t£a~~E~JTAm~~t11~~tr.J1it.Zm 

•*••a••••w•~~mwH~ 
i'F~m.~m••~M•~~~.•~-

460 

420 

Wili1!f..ifl1. 
Jlii5740/m·s- l 

~~~~*~~~~~.~~*mw~~ 
1.Jfl.iJ! ff!J~ t$1* , ill!~ 1'- :f=tJ S 4M ~ 1!: 'L' iiU l$ , 
:t£1!:n~mr~~-~M~M~ o *~~ 
Mtt~fHm•~rtsoma~oo~••w• 

1.Jm.~M'L~i'FH~•~oofi•w•• 
&I=J=la<Jmlffl o 

400~4~0--~45--~50~--5~5~ 

U,j"f\i] /ms 

10. 8. 3. 1 ..:r:..;fl--.Qt m to-6s iil!ffl2-t-~•*~i!!a<J~~Ht. 

"W: 150m ;e)iffi®~ffi}~\9i::k1.180ii.J 1-'F~~j!MJ1J1~!-l! 

•~••~•~.~~~n~•~••~• 
a<J m: f.li ~ oo . .§. ff:JiU~l ~ • !1!1 JiJ :t5J 1.1 ~F= r .m 11 Et! rEt!~ 7'41 • PI 13tff!J ~ a<J m m ~~J\ • ~ ;f.f 
~1*fl.iJ!fjja<J~#; ~®~lUI. *$~~{5l: 40cmo A1*~~1HIHlllr: 

i$:1:l!IIID 1.Jm1*lJ,t~<WJJejtllft± • ~~¥3, ~~:h: ~$?'~ 11:~ 1 J. 66m, ~PJ 400mm; 
lJi$7'~~ 6. 54m , ~J¥ 150mm, tl~±~-~ 300 ~, ~l,R 1053. 47m3

, *-li:~iPii!tiWi~~~ 

112m3
, ilijj(~I*J:f<;j-454. 4m3

, fl~mJ::li.t 34001 0 :flN®~i"f!.iE~t~~~-~ x ~= I. 8m X 

2. 5m 69:±\ll(CJ, IE-*~IEW +5. Om ~~4it~ -~ x f.fi =3. 42m x7. 5m ~~il! 0, ~-~ 

**-*Dmmc~~~1.JIE*,IEE~~ o 

:llN ® llYJiJff~:!lll 00 10-69 B/Tffi, ~till Be~ 1 ~fU 2 .l%m3:r 9f 9. 2m; -*it1ie7~Hii<Et!~ 

120m' ~~ffi:H 130m ; m:ltlie~:idey~ 68m; il!i:ltli~§J~~ ~~ 60mo ~~~*{Jl!U~~~~ 

~1fz#ii~~~lt!.~~!ltr~n::tt~ o 

Ill* II 
~~fit~ 

Q ~lttitnt.ll w I I :f11.9J MUfll It!. 
:~ 31* ~ P.l 1:.1 J}j 

00 oD h&f':l 

= fl ;_;;; 
60' m~ 130 'ti~fli 

:f1l.l::J cp 
00 
\0 tJ • 

: 1 It!.~~ ~ll#illl tt~ I I ft~:i I D - . 
---.,,tU!---......,2Sr---fi!i-:-:k----



JO. 8. 3. 2 ~f,;J.j}f~;;-"*=il~itit 

~~m~~~•®m~•~~•#.Q~*m~~~~mafra , ~~•*~ 
+30. Om~J.t~m®~*ili!~ 7f--1'tlJ P, t£H19!U~ili:tt!!.Ifii~7ffit!J5 -1'·!;JJ D , +30. Om 
!;AJ:~-®tul:tf-f~~J. +30. Om VXF;tm®tuJWf~if!J, if!J:J:;t£~ffiffl;.{l!i, ~#ftfm!;A~t~f[ 

fEI*J o 
A iJ.~ -lJJ D i)t it 
J:·!;JJ D ,;lg.i£~%, ~~jij 30°; "W t:1 j\1/Jft 2. Om; t1J D )(;j"J.i\IIMJ'C.'ffJ /'iJ 210° , ~% ""F~-t.~ 

18. 6m , ...t~* 10. Omo t£-I;JJ D 1cti~iJ!~~7f-1'~~~T, tftiJ t:JI=J:i~7f\i-1'1:Jl fiijif o 
~~112./'iJHflJ =:ffJ%, ~2.5m, ~1.5m , !:flfa]if_M3.0m, i0i2.5mo J:"W I:J~,R-;f,% 

~.& );E~if, lf!fBJifo :.ti-~~;/g: =fLftE 25cm, tl~m:i 25cm, =fL~ 15cm, KJ:!tji(i~ 

3600glm3
, ifi=fL~it 67g, :tf!HL~it 3521', it~ 23. 6kgo 

""FtiJ t:l f.il:~~!t!2Ifii +0. 6m ~./l~, /'iJ.iE~%, ~ffj 45°, W D ~Jjt 4. 8m; W [J )(rj }i\I 

iMJ,C.,ffJ240°, ~%""F~*24.0m, ...t;(~ ·i:R14.4m0 t£tJJDli:ti1#11J!tl.ft3f-1'~~@. {EtlJ 
IJ !:fl~ffi9:-1'~%1=Jlfii]JT o ~ ~W:h:RffJ =: ffJ%, ~~2m, ~2m; .P fBJfil~ 3. 44m, 
jij/j4.4mo --~~./'iJ=fLm:i30cm, t!H'£30cm, fL~25cm, :J$!tji(i~2700glm3 , i(i=fL!t;in: 
lOOg, ~=fLfilit 738 1', ~~:tli 73. 8kgo 

..t""FtlJ t:Jit.t2$tm1fjg7. 0so ~""FtlJt:J.il§:f;llt.f, J:tlJt:J!;A...t 120m.®Bfi!Jifftj 11.12°, 
:tl§~l9H1'JSB.ljZ-f$ 23. lm0 ~lt.f:tm®fi!J~];: f,UB);E, ilJ%~-f*iiE..t-$ 120m JX~·~~fjj:J:; 
/.J~ o 

B ti~~.* 

:tm®•aJI§"t!Cii:it/JriiJftJr~, ...t ~fi!Jiif!J:nriiJ~ ~~t1AiB~ 1. so • ...tt3HG$r 11 ~m?'~3 
8.5mo ~Jl*lfti11E: -10- +94.3m, ?t7:J4a: ( 1) ~l¥lr~f.Z~JI-f*~%, ~~ 
a; ;Jtm:00:1:J - 10 - +5m; (2) ...t~~f*T*-~1$~. ~trlOO:h +5 - +28. 5m; (3) ...t 
fifiti*::k~~:tf\~, JUI1EID.1-J + 28. s - + 88. 5m, ~~~f*ffiAlll, ~~WA:~Jilt4- s~, m 
$?'~1L ::k~mAJt!!.""F O.S- 1. 3m; (4) far-f*JJifflSW~IR~. ;J1;7BIE./'i1+88.5- +94.Sm, 
lJi ~liHi$ ~Jilt;N~ , P3 11 ~ 1:1.1 o 150m f.6 ~ ® ~Jilt~ :l'H~tlf ~ , 1t ~ IE l~f:* ~;A ...t :1:1§ ® 5I)'{ ~ tfi 
~;lii~~;fCJ;5~U 7 -1' J!tfia<J7~.l!Z o 

1 o. 8. 4 1£) ffl-f*JftfH~IIt ~ t19 .fii:Jfl 

10. 8. 4. 1 .:C..;fi~ot 

r- ftl-f*W iff 1¥1 :tliUf ~ , ~J'l ftC i:­
••=~---W~Ba<J.&~iffl$ 
.P 'L' til! 111 Oo W 10-70 Elf~) , 1F- :ill 
30m .1-J:f!W :Qt~t ~, ~ W 75m :1i1 18B~ ~ 
129 , mtiaimt~rm. !=.i'fl~::klWJ.!f;M'Jue 
110m , riiJW lOrn ;liHIJ!m::kl!l, ~tW~ 
~liD! 1m ;M'I fWi 30m o W: i!Ul~ ~ 1956 1f:, 
1g 50 &f: ft r- ffl + * Jl! 9Jt z - ' s :It!!. 
11000m2

, .~,$9JtifiifR43215m2 0 ~ii 
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~$xt:k!l!f~lt1MJt*~~, El3 tt~it, ~~ - :!~~- .*fl~~wn~».IDi:!~1fJ:bn~~ 
-m.=.J~H1UIJ ri.H~f±~~Hi!i ~ ffiHii.JVt, ¥ilfl ;iJ; iJ' ~ !1!!~1~~± ii* IU ~ 4233m3 ~ 
532m3 

0 

tt~'lt.*W* 91.5m, WJ:!~~56.4m (15~1)l~IlJ:I$.&.*IDif1), f.:j 23m, 6!1!!5160m2
, 

~-00~25800m2 ,~~m&m•±~~o ~+-aM~~ 50m,f.:jTim~:km~~-~ 
~ttfa9x®, t~·i:J'ffi 114 am&t~•±tt~~; :1~~-*W* 83. 25m, m:!~~ 39. 27m, 6 
:ttl! 3270m2

, ~-FzHi~m~~1J, ,~~-W~ 9810m2 o w 40 ammiti~±Jl.tt~ 20 a~tt 
.&~**11~~1$ ; wH~-*IDi* 83. 25m, ~:It~ 24. 75m, Sit!! 2060m2

, ~-fif~rl! 

~~, ,g,@ill:W~ 6180m2 o ~ 24 am•m•±Jl.tt~ 38 .:ttH~tt.& ~**~11~1'*; 
:bn@a9 .=.m~, *25m, ~ 19m, 6!1!! 475m2

, @$too~ I 425m2
, ~=:.mr~'!§l-~~. E13 

+ =.:ttH~WJt~•±:fr.tt~· o 
IWff*~*·~~:tt!!¥*•W.M~•m•±¥il:!l.&*il'·~~~~.-:tt!!M~~ 

*·~--~~~-~~. ~S-~IM~-~-~~-*Ifio 
10. 8. 4. 2 ;);J.$..t~~ 

••~~••fi•~~*•a9mam•±M,tt~*n~R . &~m~~~~~-~ 
±•w.m•*~*~~-m~.w•JVtm•±M,tt~~.~~~~~~m~~~~ o 
.fiHJ&i*1fttr~W 10m ~ilfHX:k~. m 8m ~:tt!!~IlW.:%~~~·11i£, ~~xtlmflii~u(.;]$JC 

~,,IM·-~~~fi···~-o ~*~-~~-WAI~mMfi····~~&*=:. · 
1'-B*: ~~it C15IlJ~N..*Wf1), :!~~~M~o {ljfifjJ~~*~IJ~ : tt~ttr~lnlfi~. 
-*fl ~IDifjJ:tb1\. wn ~1Kffi~t~; i¥1~~:ltff~~, ; :Jt~~m-tr1t~ o 

-~~-ttr~.*fl~IDifl*IU~IDi~~.*~tb1l.~~~~it~*~=:.1'-~*· ~~:ttl! 
iii~~~m1J1:~*3i 1'-IK~*frJ,I.i9:it, 1\!P tt~it~}Ltt~~~-, tt~it~.*IlJ~». 

.*fl, tt~ttf~IDiwiti».IDHl, i¥1~*-o:!t~o 

~•m••*"••*~~~••· ~~~••••±•~m~•~~WJVZA 
m,m-t-~--~~-h~ffl~~- . ~~*~~-tt~~-it~~fi··· o ~T 
~~•-m*rm~•wc».~~~~~~fi.**~••~•~*~~w~Mm~® 
f,i, fiJfflBti'BJ~%Jtz~~fBJ11jff:jl~h9:1L 1t-i*:tt!!itf. 1*1fttfJgMJt*49.5m ~-% 
m%~~, 19-fY!~>UPmmlff~V .. H~r~E:ffi~-~ffl, \W~~:tt!!mi 23m, ~ 1. 3m ~m~ 
~:i1H'J~ tL ;t;i& o 

tt~it~ +8. 8m ~~~il'~;l;t&W~$ffl'Mim&Wm'1Il!ili tt~it o + 11. 9m ~"F~ 
:fr.tt~~---~~Wiff,xW~~--~~~ 4 -Wiff(~5-), •• ~~·-·· 

10.8.4.3 ~$K~~ 

~19-1'-1-t*, ~~:fr~ ttWit~:fr.tt~~~·a9·~~lJ&:i9:it o 19lifei\fl::fl.tt:fm1*1E 
* , :5t~tl~:kl:f.:j ±0. Om, 3. Om, 4. 5m ~ 8. 8m Sfft ~~~~2m~ 0 

A ~fL~~ 

~~tt••~ttJg~aoo.•••~•~~~~~R•~*mmamm~~~e•~ 
tL, tt~itm$r~-±~~.&.fttt;Jt!HL11Jit~tlc~o* 10-82 YTli\o 



I 0. 8 ~ 7'C. dintj.l}:, -ffl ~11-Jll:.>fo .tfol ;fi 4/f 1\t.-t.J.Jl!: 'f 6? S. Jfl • 7 63 · 

$ to~ ~•~nu~•~~n•~* 

tt ~ $illl m ~VHitii:~/mm 1L'/1iVmm 1L.Ile/ mm ff~ JlfY mm i'Lfi/1'" 

±0. 0 250 300 400 400 9 x2 x34 =612 

( II ) , {15 ) , {19 ) , +4. 5 250 300 400 400 9 x2 x30 =540 
( 21 ) , (28), (30). 

(32)' (36)' (40) +8. 8 250 300 400 400 9 x2 x36 =648 
. 

£ M 250 950 400 9 x2 xl2 =216 

±0. 0 250 350 350-400 400 2x2x39 = 156 

+4. 5 250 350 400 400 2 x2 x48 = 192 
(23) 

+8. 8 250 350 400 400 2 x2 x36 = 144 

~ ~ 250 950 400 2 x2 x 12 =48 

-fr tt 2556 

*.ffi~l:'t:f!.ii:eJ.'MWHir'i'®ii, If! fBJ < 23) $1! ~J~~7t®r.i, !;,( o. ss atrBJ fEiJ !WitlL;IJ* 
WM1Jl!J~~M ( 23) ~tUlto 

B ~f~~~~it 

:iitffl~L1.t~~fF:;kJ.I~YIH§, 85341'-~:rL;J~~~ 486kgo ~~lfi~.:E~;ftH~H1~mJ1ili! 

ffll£ifiW~ti±~~, 3fffi ·it1.i:fl~~~, tt~tt 11 ~1l:ttlit!.¥~B(]Jfl.:fL~-!iliU~J~Usit 

;u-r~ 1o~3 o 

tt % $-(!Vm 1Li!Ym ~i!Ym 
JL.f:I:J\!lt :l$flj.Qtft Jfi1L5:llt .(,i~R.JX .~:1$5& 

/ m / g • m -3 / g 11' / g 

±0. 0 0.4 0.4 0.5 938 75 612 45900 

( II ), {15) , {19), +4. 5 0.4 0.4 0.5 938 75 540 40500 
(21) , ( 28), (30 ) . 

(32) , ( 36) , (40) +8. 8 0.4 0.4 0.5 938 75 648 48600 

1l M 0.4 0.5 1.2 834 200 216 43200 

±0. o _t -'Nl11 0.35 0.4 0.5 1071 75 60 4500 

± 0. 0 "F -*ffll 0. 4 0.4 0.5 938 75 96 7200 

( 23) +4. 5 0.4 0.4 0.5 938 75 192 14400 

+ 8. 8 0.4 0. 4 0.5 938 75 144 10800 

~ $ill 0.4 0. 5 1.2 834 200 48 9600 

A 
R tt 2556 224700 
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10.8. 4. 4 ~~~At 

11+11*1fi1-T2001 &:f 5 Yl 18 S.GJ4lJJ:.IIit!ff~, -:ff;(f 45 &fJE~~)1+i#: rfit;ff:3.5s 

P>J ~~ .11 .lJl- :it!!. , 19 ~~t~ jm oo 1 o -7 1 Hfr7f-: o ;n JfJ 1IJt m mi 71< ~~ , ~tt =:ill I!"Ji~ ~ • :H: ~ 
rfft1F ~~~ f'F ~ 9=' , it ~~tJiHl~~ ~ B>t .mck ll9 , 1f1: ~li~ ~tl ii!r 7 !IT 119 tE jjt o 

a b 

;t,i~Fo. ll1Jltl~~m::kMI¥.1~J/il;m;!l~5ej!f:JGf9l, ~-f*mHl.00:1Jl1J , 1i~~1i~i!JtJ:H: I Om m: 
ffiJ JAJ' :;fi~:ltl!~ff£ ~.:t:J.m f.i!III~m a<J~ njli] ; f*W iii 10m i;Hr (f) P~flit£ ffj1J :(_£ 60 7.)-m It( r' 
:12ii1J 7Mi!I:1J~!fr 1¥.1 1'1 *'F; H:E~7'1-!t.\t I Om, 20m, 30. 6m ;ffl 58. 4m ~Hi~~;fi)£)3t7.)-J.JU.1J 

1. 5cmls ~ 0. 2l cm/s~ 0. 6cm/s ;fO 0. l l cm/s, :l:SJ;J\T~*:tlj;?f£119 5cm/s, He~~~$:%~ 

~(~Sm),fi£~119~~ ~~~~=%~I~~~~~; m~~m~~~*I¥.1Wm 

;fO•M ; 5~-m~~-·-XM~M~.ffiA1*~W·~~~~-.M*JfJA9·~~~ 
f:nf[~:;fi~PJ~-Tl!9 0 

I {9lgx;m. ~!tJI'J<Ji'tfi~.&:Jt{E:Ji~<j:lfr<Jfl:JtJ . ;li~:~H,.f. 1997, 26 (2): 8-10 

2 Lnngefors U, Kihlslrlim B. ftS.?:i~WOJ.Ht~#. :5-.?:i;tUllJJUt:J':1i#ilm~m . ~t)jt : lfr~I}]~tl:llt!H±, 

1983. 2 

3 Orury f C, Westmnns DJ. l@~~~)jiHit*JV"· ~.:EM.\~ . 11 , 1980,30-31 

4 J. tUHSL. &;Rm-.tHUt.=fmt. :1t!t1Jt, 'F~~~- ~t:;jt : ?tl~I~tl:l/l&l±, 1982. 134-138 

5 Borg D G. Atlas Blasting ews. 1984 ( I 0 ) , 4: 2 -7 

6 'i*ffiJJ:;, Wfi~~u , .?:i!J9S(It. ~~~Lf.t~iY.t:HlUBtfr1iliU!OIH~.r-lilf?t. 1!9'll!H~Hvi~ . 1995, 7 ( 6): 

45 - 46 

7 -=£:3t:1t. ~1L;ijHi/l: . :It~ : ~~I~:±l/l&U, 1984 

8 T · ~-*11~. :lii~ i9JJJ~.&;it@ffl. ~tffi: ~~tl:l.ll&t±. 1987 

9 ti:#H~~. t.llit~JJ/t. :ltJR: ~~I~Iii.I:&U, 1986 
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tll~1lll (lmL) il!.i!7tll't il!.i!:$Tll't :fl1lll iii!" ' /!' 1m i€ l'll 

:0~ ( lg) i'R:i!ifffl ifflW~-M! '!:lei! iff~ tllJbiff iff~~~ !$ iff 

mll!l~ (sg) !$ iff ~ iff !$ iff !$ iff ~ iff ·l»t iff 

1i1tftll (Sg) !$ iff !$ m !$ iff !$ ~·-: 
~~ ~ iff !$ iff 

7l<mtt~~•tt~*~· *•tt~••~=•~•-•®M.••·•~~•. ~•tt~ 
e1.9l:~: Span-80, ~rlf:l, t!L¥lf:l, ,P,t\', :8lil- .tl • • )ftjJ¥.1 ~ - %<·11:, ilJ Q.l. ~~ OO~~il ?bt 
~7f, r&m~lJi:ill:1tr.J!~~. ~~1*?t~1r7*ilf Q.!.~~j;j~o-r JL,#- = 

(1) t.tttm~-*:tr-fl~.w.~~1r~il-flf!*¥F, r~m~*-~:m c~osog) ~~L~;J:t~¥F 

£, .lt-=f 250mL ~-~*& 9=', :boA-~ t~17tl ~ ( 1 : ( 1. 2 - 1. 4)) ~mm~J ( ~ll767.1< If'~, 
767.l<L.M), ~--~*& !=J~~~~~H~:ii*M, :Ft.'lir7J(m..t, fJ7f~~ti~*Pl1!7J<AA!f1, 
~~JJ(~Jm~lfiilltfJJ(m..t@lVit 1 -2h, ~*Pm*mm~mi, #Jf.l:ftbtt!Hfiitlt!:rr:i:t~ . 

(2) cttlt7t1*Sii\t-f~ug~ffl~-ffr~tJLM~J.&~m~ 3 -s ?X. tJt~~l&Am~mi"P, 
§~m•~~1*m~2oo~~~ilfQ.!.T,~~~mi~r7.l<m..t~T~mmm . 

(3) ¥H~:i:i~mmft!Jmr~lb:t~~~. m~!l!~ift7J(/Iflr7UU soom1 l¥.1~itmtt:J=t, .flf~ 

~T~mm~J ~tt~mi 9=' ~~~-tf!m~if&JJ(tJt~:i:iug, ir#¥Ullt soomL ~:!ltmi"P , ?1.\Fo m 
~®7j(~~~~tl.tt, #~?:J, ~~H~7.l<m·I1:JGtJL1t:m?t*:m:~~u~ . 

c 4) tm~..ti¥.1~:7'Rem~mmft!Jm:!lffl:PtJt¥Utt~mi9=', ~tJLMft!J-f*~~ 1somL tr.-:ti, 
•mt£7.l<m..t•T, m~~L~m*•l¥.1•~· 

cs) ~?t~tl7~ (3) "!='m•tm71</lfltJtct~~~. m~~!ifl:PtJtJLrx c~tt9ffliiH0 
lOOmL tr.-:ti) , re~•T, ~f.i~,Qr.ffi:!i~tl%:. 

~it~Lft;J:t~~mnX;:tmfiiJ~~, 1it~Lm~~il?t~~.!R:sL.I¥.1 . :tE~tl~;l~Uil?tBt, .R!H~tl~l* 
{Hil?tfBJ ~Ttt, ~Pilf ffl(Wj.tf'9ft~$ :fi~~·til7* X>.t ~gil :51-Jt!:h~ it tf'9i)j!tlii\. ii\~tt~, 
.%JfJX7J<Z:.DMl~L , ~mE~mtm~#£, :lim.flfll<m, ti~$$r&M:!t!?,?t~7J<l11~~ffl, »..rm 
~~?1la:l:tt9?tlifll·l1:. 5(-tr;J:t~~rz: r~-*ibt, *m~L~;J:t~~il?t~·I9H!jy!tl%:1rr! • .&~, m 
lifll:!t!?, T ififtz:8b1.9l:it, .:ttJ~)(;f~f':til§!Jt!:~f~~:it!?,t£1#tl . .:E ~$1al!i T -#19Cl!mtl~~Lft;J:t~ 
gil:)t~ii\~Jrr!, ilJ ~?t.ttr~rBJ;m~¥U~ 2h, .# ..El.~Y' T BIT Jfl{>(ti~?t.ttrii\~J, 11~ 7 .Qit 
.2$:o ~IYtS:C E ~:)t§J1JM¥L~;J:t~.QX;£ B9~.El:)tjy!tl~1rr!J1!rr T t~tit* tft~ii\~1Vf~, t'r J*Gf!fD 
~7~:!i:lt!?,~tfe?t~~~m?ta9$~, tltfffllt~~T~L~:I$~~1'-~il?t~?Jltl%:1rr!. ~~1r~ 
Bt£1Vf1E~~f'~~lf!~~~ T -~MJJ.ili:Jfl, lf*iE~!IH-*il"tl#:i3:.11:bJr~o 

n. 2. 2 * i@ tt ~ ~ .-ovt< to ;f1T ~ ~~ tr.:1 lJ!g )E 

. 11.2.2.1 .Eli~#, $.1t#.._ ;5j~~#~.~.i\.i:~~.ll1l1t. 

A ~Ot 7nt Jffi J1l[ 

MMG,a~--~-~-·~M~~-~If'H~Jfl~.QX;~M~&~·-~Mo ~ffl 
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··~M~?ttMM·~~-~~&P~~-Zo 
B tifF tJrll.t 
ii'I~Tit'W.J.AiifF71<mtt::.tm~m~t1:1J!d~~ soomL ~lltlli'Pl!Efiffll!&~ 2smL 7t~fF 

~~jY!~i£\~. )!'t=f250mL ~%mirJ1. :hoA25mL 25%R~'P·ttlfJM7WM, ~:hoA 70mL~® 

*·•A l%~amffimmas•.•mmo. sm~L~••~M·~~••~••tt@, 
jf~ I min ~ffi@f!P~·~~.~o 

c it#~~ 

=-~f!(iJL,~-1i.iit(%) =NV X 141~~000/25 ) X 100% (11-1) 

~l:j:l N it1A~$[fi~flM.Jl9./fjJJ\~lt, moVL ; 

V -~Bt7~~B<J1i.$:.~il'l~J-n£7?iHtl09~~. mL; 
G ;.t1:~"Pt*FJPiiil. g; 

14 ~Jl9ffj)(t)Jjl-T-EJtil: o 

11. 2. 2. 2 ,i"Jj At 4i-"* ... a!} :J!IJ Jt 
mMf!C09-~-ftffl·M~. RPmM5~~MB<J~&(HCHO)fFffl~-~~R '¥~ 

[9f!{ (~mf:tJ"b C6HI2N4) ~~fil:B<J~~ ( HN03), }fJE.~~lJr~:ilitil:~il'l (NaOH) ~~ 

nEm••~~-~-~. ~P~~wm~•~*•·~&m~jo~= 

4NH4 N03 + 6HCHO C6H12N4 + 4HN03 + 6H2 0 

HN03 + NaOH NaN03 + H2 0 

A~~fF$-W~ : 

( t ) i£\~5£Hlllo n£f9flf*llit lOg Cf* ?tt~ 0. 0002g) !JtfiF=fBmma<J~:Jm Um: = 1@1Jf 

•••~) ~.i!'I WmL ~*~•m~i£\fiF,jfffl••••~~~w••~o~:hnAS­
lOmL :tiitll&r#~~'P~~-&I¥lll~ o :14 .=.1fl~mi~~~~itt3Ha:m:tE7Jcr~'P~i11, i!!-TBt, 
W~Mi11o ~~.=.M1JfR.:hoA80mL ~~~71<MM71<~'P~-~mM~-o ~-m.~ 

~~A250mL 09?1-Mtflt.i~"f:r OllWd!~~ . JWt*illhb?.M~1J~), .=.~~miffl7Jcm~ 2 -3 
&, l*M-jj:~~A?H~ifi4~. tit.liS- tOmin, *7W , ll<?t~m . ltl?tMM4:14~£1$7}7J< 

ff!MHlVfi =f 250mL 09~:til:R'P o ?Hll?Mi4j;-:h1:09rJlFI*~~ AJJ;(.=.:ftH~nti.P, ffl~~7C71<~ 
l!20mL m~?H!lmt4 2-3 ?X-N#.I:Orfll ftl8 - lOmL m~?H~~4 2 ?X. m¥1l-#~A.=. 

f@!femt!:f o ~9=t8SM~flir£?i!UL?t~Fo?t.JW$?t, -BJt~;ijmfiHf1J7tM~7llll€1 'P* 
~~j;-QMDtli ; ~-B?t•*~~--~~*••u•a 

:tE Pe*F51£:fll! If! , ttL;ffl :14 1£\~ ft =f~fB~ mL 1ft , :hn A~ iW Fo :flo ~M\U* ~ ~*F ~ ~Ll¥J 1~ :ii o 

~~~W •. :tE.%R'P•:hoAa••• · *:tE•%mt~~~'-4o ~*F~•~~~Fo. 
:hnA-~:!ia9~7Jc. OO~Et:!.~:H:W$~ 300 - 450W , 1JO~i£\*f~M{!J!it!Jffl;fifflYS-JftiM[I;JJ: 

~ft-#-~~0 ~m•~~.¥:-~~!lm. :p:j:1Jn-;Eii!:~*· ~~:bn~1I~••~f93. ?tif.J 
mm••*~~-~~~4~~~~.:bn2M~¥ttmffim,joMM~n~.M:hnm«~M 

7tM.¥:~15 (~ic*!/&); .E)JDA20mLl : 1 AS~f.£ '¥&ttt• . ftlt3- 5min, ~:tJOA2 
MM.mffi~.ffl·~ga~MMMM;E~-·~tt~~-@.XW.ttf5~·4o ~Bt 
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•~e~a.a#~m~•*1il:~.m•«~M5Bm•~~~••~o~•~m~~• 
~1tillf5?1£~·B9-f*~o 

(2) *:b!:t!lil~ o .M.I.:li£ 250mL ~~itmti:frtHJfU$~ 25mL m•-T 250mL -=:.ifl~mt B 

9=t, :boA somL 7J<ffi20mL 25% ~ ~tl:Ef'Mm:lll C 1£1Cffl1JM-~ 25% ~ rpf.£ I¥Mft'flii ~i!l1Jil 
2 ~ 1% Mft!:m~~J, ffl 0. 5moVL ~it-~illfiml~t~H~~JVt~HI~. Jltritnl:A:~Jtilitrl£ 

flitJ), ~Jf. 5 -lOmin, :hll2-3 ?lti 1% i'$Httm~WJ. fH 0. 5moVL j(,~1til!f5?1£7t~}jij~~ 
~-tt~(Jlt~~-@~~25%~ttEf'M8~WM-a.•~·~--).#WMI~n 
7f'~-@.j]~£o 

~f-f 4' ~ ~• ~*i!: w r :a:-t 1-1r. : 
NV X 0. 08004 

NH4N03 (%) = G X 25/ 250 X 100% 

:a:!:f N ~iYlt1tilif**fl$.(1"J~~~J.t, moVL; 

V illi~Mrl!f~~1.t~~Wi5ftm]qlB-<J~flt, mL; 

( 11 -2 ) 

0. 08004 ~~·~~:R;~Ht, ~ L OOmL ~ L OOOmoVL NaOH fiHiU§~ (I~HiJllMf](~ Jlft 

ill, liJllftflflt ~-$J.al::kl:, kg/mol ; 
G 1$P.i !Jtff J9!JiL go 

rJlrtfi rp * jE 09 Y :It liiJ M fJi 3101H~iJ ff ~ :if 7tdJ!tl ~ , {!!. 3~Hf.l ~ N aO H fi- ft m • Ell 1-J 
0. 03moVL, :li}:,6~~$)t~~~t!(a9jY1JlJE~j!i;~t:f{J:1JIJ ~pjg~~ 'ft ~~~li~J®i"Ji(!9llft:fio 

~~~.mz•~•·*fflN~H •~~••JE:a>t.~•~•n-@.mz~•~~~tt"U@ 
WM-a. :a9ltlil;~ l®~•o 

11. 2. 2. 3 .JUt ill!-*" -1:" ~ iJii.-t. 
A ")j'/t;. l 

a }11-:Jm 

~WJrJ ~.fef 9=t B"J ii"J ~;& {!( ~jffi :l::S:Il!:! ~ -T 3(:~~ nr at , -ti"J~ -T- , fti1~FF ~ ~ Bli ~ ~it~ -T-
3C~m~.JVt®.~mm~«~M**~m••JEo 

b -~tv-1}1 

~ r3C~-W ni:Ut<J~_HJIL&x~tt 1¥.1 ~jjl-~:!Inr : JIR~ ZJ~~HR~ ~~~.Iii Mtt liB~ -T-~ 
Eli 20g, ffl-*~-T7J<~yfg 3h ~_t, ~~JE)t~J*o iE lOOmL ®s:\}i§j~~r1;ffl~~':1flllt$J 
•• ~~Y@§I¥JMBI~S~A~-tt~Jtllt85~, _t$~Yil····ffll=5~~ 
lOOmL ~~ti:Att~, ~~J;M;Mi:i! 8 -lOmL/mino Jl:trt.t~Biii:f Na + ~ H + ~~. ~~tfrL~ 

mm*~-TJJ<M'~~Biitt~~tto ~.ffl250mL *~-T7J<75t~, 1£75t~'ft:hll2 nt I% Mfttm 
~~J?tlfl, Jfl 0. 1 moVL ~~~illft/Ffljffiil$;JE:~*Jt tt{g, $jJE:}iii¥J~tit;J'T 0. 2mL, :a 
9!tl@~~75ti;t; 0 

.ffH$~~.M.OOt'F7J<Tttt~tJL~m?t*il?li!~JEB"J 500mL $:1Uli i:f~Qltl!R 5mL fl-T 500mL 
•fltJ~m£9=', 1JilA 25ml25% ~ttlflllltm~o Jfl 200mL ~~-T1J< fl:P75t~DI1~.t1f;Jtmt:A!di1ili\ 
f-f~.m%mL~ , ~m:hllA 3 $1 1% ftUA;mff,;wJm•, JfJ 0. 1 moVL 1t$:~f~fi-ttm•$i~.¥: 
att-@.o .tlt~M~~--~MM~1J~ ~m~fto 

ffl f$Ul~ .M.I¥1 fF7J<ft'ftt~.fJ1.1itm5t*ii?Jm~ 1¥.1 500mL ~ :IBIE ~ (fffff! ~llk 5 mL m• :i!t 
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=f 50mL ~*P:PN'fiJAx~t±tj:l o ffl 200mL *~rJJ<?t~nx{lfl~~U#f!fJAx~t±cp, ~ 

fliiJ*~rJJ<:tE~~tttj:la9VftW:Y-J 8 - IOmVmin o Vitl±l~~t&:t£ 500mL ~fU~mltp o ~1&5C!$ 

~~ ~·%R~toA~~25%~~tt~&m•.N•to3at%MMm~~-~. ffl 

0. lmol/L it~itififijf!EM71U'~);EI£~HIT13, #~ lmin /fiJ!fgnp;~g·;;;E~~ o 

c it~0:tt 

( ) 
JV c V2 - V1 ) x o. 085 x c 1000/5 ) 00 NaN03 % = G x 1 % ( 11-3 ) 

:i.\rf! !V it-1-t~fi'F7fUfHil$~t&Lf , mol!L; 
~ ~~fflfta9C.itM-~MMa9~~. ~; 

~ ~~fflfta9g~-f.tifi~~-·~~~.~; 

G *P~W:~£]1!' g; 

0. 085 1ii1J~if36'9~Jl~£1:o 

B 1Hi: 2 
a .lij(J.!I! 

~U~,~Uifi,*~~~a9~~~=f~~~cp~~I£~~~.~~~~*~W~ 

N. R~~-~Mo ~~••m~msep~*•a~M~*~o 
b •f'Ftv-~ 
ffl#.'lf b\ 00f'FJj(mttxtJL.tt!ll?t*:itjj!~J;Ea9 500mL ~:filllli'=Pf!EfifU~ JtS( 50mL iJ\1{l, 

l!t=fB~£:fit::h A a9 IOOmL ~:i#:I'Mrf!, a no - 120CC:ijl;~cp, :tA~mm:, fyj\j!;J9t:!ll:::h A1 , 

~-:i#~5~~~~cp~~-~~~~~ •• J9tm:1gA2 (~~~~cp~-·~~HP::hM 

Miji.j )·, f'&Fwit~~~if3D9~:!il o 

c it~0:i.\ 

A2 - A 
aN03 (%) = G x 50/ 500 x 100% ( 11 -4 ) 

j.\ l:j:t A 1 00 ~ i: :Itt~ a9 £:fit , g; 

A2 Et :tm.Foffi:l'M~J•!tmto~:i# ~ a9J9tjjt. g; 

G ~~~mf:ft, go 

11. 2. 2. 4 ~ *'*i:#J iJ11l ;t. 
A 1iit II 
~•a••~••cpto•~am&o MMa~•••~~daD~.N~~&f'Fm~ 

d~M~B~&Mo mS«itM-~M&.;;;EHP~;;E· o 

B tl1f~-
ffl#1il'lfb\00f'FJJ<Mttxm•~?t*it~~a9 soomL ~:flll!til:j:t~1ifil~ Jfl7: 2s~ ~tllft 

=f 250mL i!IU~nJicp o !'Jltt:boA 12mol!L it~itMM#i 5~o :#fi~H~llli.!=.i~~~llltf~!lfo 

tn••%R~~••••~~~•w•o al±l~••~••~~-~4m~L &HD9~~ 
R.t&o iJef.f:bll·~~ 30min f¥.11:1Jn~#t!f~~l&&ll o m•t&mtcpa<Jmr.rtf!fJA 500mL. 
%R~*m*•~*~m~~-~~mo ~m%&cpboA2•~~•m~~••.Mgm 
5mol/L ««1t~M1{li:j:t~~J~09?iiii~~nf3~tlrli:i~~~:M-@.~, Nm o. 2mol/L ~M.:P~ 



• 
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~~~[(~:~U.I:o 1JilA 40mL 25% ~9='·11: ffl Mit~. Ji):Tt. 2min ffl1JilA 6 ~nfi*mlF:R~Jtt 

~. ffl1moVL ~~1t11!J:fil'fi?$~~~~~~.¥Jfi:~frr~ 1min /G~~::h~Ao 
c itjf~~ 

< NH
2

)
2
co(%) = (NV x o. 014 x ~000/25) x 100 _ x)~~ < 11 _5 ) 

~r:p N ~~1tf!!J:fit-flm~g$71,t)jt, moVL; 

V $i~Bt¥i!:l*€~~itfi!Jit~B{]-f*flt, mL; 

G W~~EJUi, g; 

X .=:~ft(!J;:~1j!Jj EJ{j ,g_1,&1.j!:tt:J~:I:; 

60 PI<~ t8 ffl X1 ?Ff 19Hi:!: ; 
28 PJ<~:)t-T-9='~t8~:1:; 

0. 014 ~EJ{j~}t~:fio 

11. 2. 2. 5 $..1t~%-_l-fr.Jiji!~Jt 

A )l:J! 

m m1i ~~~ nti ~ 15\~1!1!Jt::Emt ~ 1-t ~ a ~ m~ , 1t:ctit tm m1i M ~~ !=i m ffi J}JJ JR :J't ~ fF m.¥ 
JJiH~ft~t!P::h~l~ o 

B tit¥#~ 
ffl $~~ b\ 1¥1 f'F7J<mtt7Gt1t!tm?tts:lt7j!~~ (!{] 500mL ~:lim£ 9=' rtiHfU ll&ltl. 25 mL 15\~J! 

.:r 250mL ittJ~mi'fl, tnA~ 2mL o. 5% (I{J~~m7F:1}1Htf7il5f0 3-4 nti~:J'G~mffiJ}JJ, m 
o. 2moVL MM~:tl'flm~Joo-~~MJQ:~, f!P1.J~Ao 

c ii· ;Jf:J~ ~ 

NH4C1(%) = NV X 0. 05349G X (1000/25) X 100% ( 11-6) 

~9=' N liJ1J~m:t'Fflm7ll~~$71,t)Jt, moVL; 

V $i;Eat~~~t81ii\JM~fiJ\flm~tm1*fR, mL; 

G W~iJt~mt:lt, g; 

0. 05349 it1tf.'t(B{]~}t~:fil: o 

11. 2. 2. 6 $.. 1t~-*-1: f8 iJN ;t 
A )l:}J 

Jtt.~tt8-JJt~m~mP)!l~mli'Ffim~:il!:rrnti~, ~:i1iitm1ii111MH~m~ !=i~M~f'Fm~ 

n't~~tt~, t!P::hnti~~A o 

B tit¥#~ 

JfJ$~'1fb\WfFJJ<m·I4X.m~m?t*.t~tl~s9 500mL ~il.mt9='ft1ifflll&ltl. 50mL iJt7llR 
r 250mL fi%mi9=', 1JilA 4 nti~Mflllm7F:3}1Jm7ii, f&ffl ffl 0. lmoVL P)!lM~lil'flit71Ufti 

nti}:E, 1I~~JV(;89fft:tEmft~~JV(;~~[(~, ll~:mt%7f'm~1.J~A o 

c it~~~ 

N Cl( nt. ) = NV X 0. 05846 IOOnt. 
a -;o G x 501500 x -10 (11-7) 

~9=' N 1il\l~~~fiJ\fimnl(I{]·~~J.t, moVL; 



• 

• 776 • II f'L~t.,tt Jti fiJ ~~-ii.;f. ---------------------------------------------------- ----------------------------------------

v nl~B,HI1:1*€(:f.JlilljJH.:IU'F?l$~8-<J1*~. mL ; 

G 1$ ~ -Jit;f;f llJl :!i ' g ; 

0. 05846 1Jl;{t~(:fj~:fl~:fito 

l L 2. 2. 7 ~ 1,.-_ ~"i' t!J iJ~l ;t 
A Ji-31 
~it ~tl(;l!- f!l' ~lil ~ 1-tJfiJ , t£Mtt~flf '"F ~:if JJr.:JfiJ .YE.li!t MiR fF J:W:E ~ lHt t1( , ~ .6 ffl 

1»1~ JE $1'.1t t1( 1¥.111 7! l!i!tl JE ;lt 1?iil 0 

B ti'W #_. 
J'IH~~~b\ilfFJJcrtttx.m~m?~*:titlJ!ll~B-<J soomL ~iimtt:f?tfiffi~JfS( 25mL W:~rt 

-T 250mL lt~mt'f!, Jf171li~~1JDA 4moVL .YE.~MMfiHfll mL , N:bllA 4 - 5 l1lj 98% (:f.Jift 
~, fit_Jt 5min JB1JnA 2 i'Jtjlfl ¥tttli~~Jmtil, ffl 0. 1 moVL i"t$.1tiRti'F?littfl~)E _¥Ji't{g 

J§-1JllA 2mL ~'tHI!C~tl!~JfiJ& 0. 5 - 1 mL 0. 5% 99~*3Htl~~J, ffl 0. lmoVL lilll~~U~?l7#tfl 

$i )E~]~~ Ji't{g :tl~ .~~ 0 

c it~0*. 

NH CIO = [ NVx0. 05349 x ( 1000/ 25) x 100 -x]x 117.49 
4 4 G 53. 49 

( 11-8) 

~t:p N-liJ1JM$1H~ffEfif~B-<J./.tt$l*ll, moVL ; 

V 1Jli)E li'ttl1:1 *€ B-<J lilUl~i$1U'F ?t~~ a<J-!*m , mL ; 

X itt1tf!C8{J~~H.i:l: , g; 

G W~-iit:f<F .19tii , g; 

0. 05349 l\1ttl(I¥.J~:fl~jl; 

117. 49 ~it lli'/i B-<J;ff!)(;j' ?1--T J1lt :fil ; 
53- 49 jt 1t ft( 1¥.1 ;fff~ ?Ff-.&!: :M o 

11. 2. 2. 8 Tyndall i-1 ;)Jll ;t 7)<.;!;11) ~.If u\ , P., 

a~••lJ!llmJJcffifiA~.-•~•*~••t£•••t:F1JuM-~-.m~~••* 
icJk 1' mR tl:l J.m ~1!1let B-<J i.ill , t£ .Lit :fr §B Tyndall 7* iJ!tl m 7k ff!M til fiAt.( o i;f( 7* t£ Jllt-!*1-t 

Hltlit 

!If* In 

---

~'IMI.CA!Ytl~)~ ll!Sfl~~ 

ll<lliti3li£~1hl'LP.:JIU£ It!! 

00 Il-l lJJjj] Tyndall ~l)!4~7J<ffitli:ifffi;f!Ttf& ,¢.\~jf 
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~ J:j:l f& 'llt 15!! m , :Jt ~it ~n oo n -1 Yr 71' o 
~§ftB•ftm.f&~m••~~~-~-•~2~. ~••~~$••<~*~ 

lOCC/ h) ~iff!, Jli.3~3!i?.i!ftffft!R~~ ~tliXJIJ tf:l~-jjl;J\tad~drtJCi;lftJJ;j, ic*iff!J3t, lllfi~~ Mt I¥J 
tl:l~.atl:l-~•1¥1~~~. ~~~Pf5!!m&•~••~-. ~••&n§~-~Bt~oM 
mM•~~-¥~ft~ftm~.-~DOO$~.~*fiA~I¥JmJ3t.•~•~•.••~ 
tiT:±: i:iJ ~m1~ffi~Mi'Jt~ili~!lt:®ll*XW.~o 

11. 2. 3 ldl~tt#Jmttt-.J Jg~ 

mx7.KZ:.~~~f-f~:!¥Lm, ~1:itlt!Mmm~¥-Ft:fi¥JrJU~, ~rtll -- 1.KWJffi?t~m, rmffi 
1'£7J<t!GJ:j=11itil; ~:JC7l<Z:.M~1:irii!M1i:±l, ~®~~ 100 ±SCC~:ij:t;f, ~:tiJ§.¥.!\ii, ~P i:iJ 

~tlq~~il-riiiffi*ito :JCll<Z:.-~ftW?ffl¥ T-152, 7Ul:1H~~Lfl:J'IL Ent!Mri15MffJ¥ T-152 ~~ 
il-~t.Jl$.1¥1 ~ il-r!B ffi 0 

••m.R~·ft·~~-(~C)EW~·~--~·:±l·?t~•tnMI¥1~1'£;. 
~-@.W (TLC) lf;ftj ~ Span-80 I¥J~J.ltl; U7'~fti! ( IR) ]J~JJIJiUfi¥J~.f±; ~11[:)1-fi 

( TGA) ~~ffit=ftlti:!i:~?tfi ( DSC) #Be-% IR n~x>jrtllffi t:f7.)(1¥J;(f.f±Jtl:fi ~Jj1J~2:fi?t 

tiT; li'i.]Bt , TGA "~)(>j:JC:f!Lili:I¥Jtf;(:E~~:fi :fJ I¥JiiEf!Jl o Elf f§ tt:$:fi : PE7 "¥7U UNIX ~:51-. 
Vf"¥tff. ( DSC -7., TGA-7), ITIR-1600 1\!JJ!Ilt~~U7'~ftWf)( ( ~IE Perkin-Elmer 0 
j§fJ ) 0 

~U7'H'tW?tVff.;I'~JL±if*~~Jfr-§B;It¥2$:W-mlo -~¥II!~~J9tr&*l-~.ll?tmJl!Z~L1t:J;F 

~I¥J~-~ffi.~MM1:irtll~·-I¥J· .~rlfL±if*.,15M,MM.~$"IT~-~ 
(C,6 - C30), #-~- Jii'~~~75'~1¥J?~il-4o/J, :JtmJl!Z;i~ o EM±~~*!iiT~~~­
~M:ff~~~.Jii'-~~-·~~I¥Jmil-• o M&±•~*g:ff~~~. ~-IT~~~. 
75'1£.glLJJ!Z o 1E!.15M, MMt, JL±#I¥Jn7'r'9kl&ftm~-fbt. 1'£ 2970 - 2840cm -l, 1470 -
1340cm _, ~ 750 -720cm - I .:=: 1'-IR~~:±lt-§~~il.1til-~*fUE~l&ll$"o 1251~. EM., :!mM 
*1lfL±ii*I¥JU7'riifOOXft~l20ltl o w•a~-"~¥.J8, ~~~~llU~•tttra, MM~Ii'i.J.*M 
tJ1Jl!Z , U7'r~l&fti~~ J:j:I~Jt.lf J::ittf!!~~i£~!&11$"7'r, .f± 1716 -1738cm - I i'a:J :±: JJ4l~dl!, 
.f± l17 lcm -l&lf!&5!i'9kt& ( J.ilZ~ a, P-~i'f!!~~~~75'w~l1~) o ~~, MU7'rfttlilJ ~~ 
J.llj. 81¥J tf.f± 0 

:j!L1t1fiJ Span-80 *iii¥JiJ!~2:1J7*:19 : f;J\*~ lOg ~¥-f ( l*fft¥ 0. 0002g) , JM.Xll< Z:.M 
~~Lmm•rii!ffi o .f±~:+tl~tffniffltllA 25mL ~J3t:19 0.1moVL I¥J KOH Z:.~fifM . @l fRt 
45min, ~~f§f!i)}fj;t.:fj:~~IJ'Jf!J, ~ 0. lmoVL I¥Jt'i:~fjfi700"2?t~J$j2~:fiti¥J~, ¥t~ffi1ftl 

~¥Jn~m~, ic*~Mt~fl$i2~1¥Jm:l: o li'i.1Bt11/£~ EIU\~~>J<::±l~L1t5fiJB9~1ttio 

~rfr§B~IJ~ Span-80 13:1:1¥J.!~Ht•7*~15M*iil¥1iJ!!J2:1J~o 
11. 2. 3. 1 $L1-t.Jt!J Span-80 -*"~~ i9!'l ;.t 

A }JJI 

5ftJffl~1t•:n~m~2;it13i!:, &.J.ilZ~~n~ ; 

RCOOR + KOH b. RCOOK + ROH 

KOH + HCl KCl + H2 0 
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B t'idf: jl7 lJl 
~til 7t 7i\Htkf'P:P M tt= ~L 1trtJJ *irOOJE ~ i1H~ mt, rtiJ jt 9=t :bn A so mL Z. M , :fJ} fi f9tl :JJn A 

0. 5moVL jl$({t"' 25mL 0 ~_t~~~lfttfi£7km _t@! mL 30min ( [i!) rAtH~::f!UT~:Ji~) 

Z.J§", l{lCF~'l;p.¥.~7Ai. :bll4 -5 ~ 1% M1!U~J.KJfiJ1fHi~ . ffl o. 5moVL ~M~~~fi~rfli 

;.tcRP~~~, ~cTWfJFJ!t:MHt91*m v, o ~JitjiijB;Jfl\X-1-~ si.it:t-F~~W:~, micTEJfJ'IUt 
~~1*m Voo 

c iUt~~ 
~1tt.~ra:r t!iT ~n-n = 

8 JIJ.I\5( ) N( V0 - V1 ) x 0. 056 
-'e.I'L·w. % = G X 100% 

~If! N JtDf,~fimilla<J~~tf(Jj[, moVL ; 

V0 ~ Siit:f-FWfm*€~t'li:~.fffifiit~~-f*m , mL; 

~ W:~WfMft~~M~~MM~1*m, mL; 

G :1$~~:¥-¥ !Jiiit, g; 

0. 056 i($({t~~~Jl~ito 

( 11-9) 

~ittHffi?lti!J~ : lf%~F~L1t1:\:~e<J»r:*'I-$L1t)1=1J ( Span-80), tlC o. 5%, L 0%, 1. 5% , 

2. 0% , 2. 5% , 3. 0 % ~::ff5Ja ?Hll.mta9~L1t1llJMM. ( iHl 1it1JD SOmL Z. M) DCffitJ~J o ft. 

J§"m..t~~M?tldMJE~Q1t.o :fi}~Eif·~~1t·~-~-.~1tmDM.*2~-~ 
t~ , ~ik!J til~1tfli:-~L1t3l!J*iit-** llt!t\GOO o 

::fr 7 :1!~1~-fi ltii ~ , 8Jt i1J l!Jffl ij!~ ~~ ~W:~~{t {i[:fEf,~ ?l tlt1 ~ ..t 3i til if§ X1 J.itr89 * 1i1: , RP 
~J~L1t:f.1:Pi!:f~L1t1fll~* lll o 

11. 2. 3. 2 ;G~*..-~jjl•JJt. 

A ~lf 

ffl*~rlk~f~~m!t~*~~z#~.~~mT*~~~~#~o *ffl!Ji~MOO 
til~-,~-~~*to tD·~-~~±#IiijB>j#i£,Jij~til~·~~±#~*So 

B tl~#~ 

Jitf?fi~Hfkft:!:fi~H1:~ili*itm1XE~~JUlt. ffl 100 -lSOmL ~~*&~~7*. Jlt~T**fil 
§A 200mL BmJI!8<J1Jeif>f!:f ( ;Jit!Jiii~ C) , iElkm..t~*~-T, ~;j)fl=j:l~mtr:ws ±2"C T 

• 
~.¥.Sm.M~'l;p~~•.••m2~C. o 

c it;t*~ 

.:Ot:i (%) = [ (c. - C)IG] X 100% ( ll-10 ) 

~l=j:l c 200mL ~1JE*F~JJfi::!i' g; 

cl ~~;j)f1Jo~~a91!fl::Ji. g; 

G :1$ ~~f.¥: fJi :fil: 1 go 

~~~.to~~~.m~•~lk~*Mtte!JiMM~Jkl=j:I , JitR•m•*~••~z 
Fo.~~~~±#mTR*Ifl.~~·~~~~.~~g~XE~*~o ~~~~~~ : ~ 

..t~#~.:O$$JFJ~m~J§"~~..te<J~~•.aliij~~~AB~ftlthl~~•~'fl.~~~ 
1ifl=j:l, i£ 105 ±2'CT~~ti11! , ~~ftltfltjg D., l*:fil:~)Jotllt~~ffl!il~ Do ;itlt~%st 
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~~;M(%) = [ ( D, - D)IG] X 100% 

:r.\'1=' D, ~'tt!Jti:bntmw;1Jo~~;s~.~mti!:, g; 

D fyj<:fi!Jffi:bo?J#w;~ ,f!1,J!I!:iL g; 

G i'F~U\.f.f.&:ffi1, go 

;ft;fi!!.~ tis:~ ~c.·~lEL~ )jti%Jm~J a915-:!itm~ ):E ..!:ii$~*1'15-:ma~~~JE -~ o 

(11-11) 

11. 2. 4 ***AI¥JJIJ~ 

*•~~i'FHa9m¥m*z-.mfL~WH~m~,~~••,••••••w•~ 
B~-P~ o n•~~w~,L~WHm*~·•*~•••z•~••~tt•*~~-§~ 
T-:W!.*M ~·* o -ti:~~. Jfl!r~~~~ Et!~m7!Ui1i:1t1JD~T-~~iil::Jn!*lJ!~~!JL~ 

i'FHa<J7Jc*1Siil~::f~1ra9 o ·1tHlfL1-tWH.'€!7Jc~;a~~~~~E~a<J~J&. 11$'-~#~ 

•••acr••**~JE«a> 8~~~•ao Tmm~•~~~~Mo 
11. 2. 4. l ~~~~* 

A jffi l! 

*~a~a*~R~~. ~-~~*d**•'L~i'FH~a<J--~•am*, ~ID-'-3 
•~•*m•mdm~~o ~1Jo~a<Jffl~T.~~-~-~OOJE«a<J••~~~~-.~ 
~-~ · ~• · *••M~.-~~**1t§~•~m~ma9::f~~~W71c*a9*So -Dt 
Ij§t~fUili!J ll -2 ~ffi o 

8 1X.. *' ~ *lJ 
*•~ma9«~fflut~J: 

llc~.i.'Elit!Jl~)E~ SYB3110-59 

~ *i. ~~ 500mL 

If' JiE GB684-65 , ~HIT~. -JR~x.llc-. 

'ft~fj!lfl)jl:Jljtllc , l:J:~Fu~Jfl 

c ~L~ tJ; ~ 

?ififflfFI{lVtL~W~lii\~ 15- 25g (.f$fl~ 0. OLg), ~A7Jc 

*~'-~JE~~·~, :boA 250 - 300mL If!* ( ~~Mt7JcM?J#), i! 
•**1t§ftffl~%~•~·•·~~~a<J~~*·~~m~ 
~~--~M~Et!~k1Jo~~--o ~-~~bo·M~MW, 
~••::f~@R.1i:~**m~••*~~m::f~~1Jo.MM 
kM~~B~~W~:bD·o ·M71c*1t~ft~·M·S".ff 
····~ft~TB7Jca<J#~(·?l~O.OOmL ) o Mm~T~ 

IT~ttllJci¥J1S:1i.t X: 

X =eX X 100% 
m 

(11-12) 

~~ p 71ca<J@lt, glcm3
; 1-~.@;~Jii: 2-l}c?t-U!~ff: 

V )}~~f«Hi~JJ<*~m( ep:J.J7Jc~~tt~.g) ,mL; 3-!HH~?til'l'lf 
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m ~{k.:I$~1Jt~J3t:fl, go 

•~~~•ftoo2m~. ~•h•2~~~acto. t%~.~~m~•2~•~s. 
ti!iiftl ~ 0. 01% o B:i::.t~~Bt, J.i)IJt!JT;f~~tl o 

11. 2. 4. 2 ~;hl~it* 

A JjJ! 

~#dt9 £* mo~l!~ , lftf-JE :li ~ ~L 1t:l$~~;f$m ffilf. £:* Edl' iJU~ !fl , ?t Fo ffl"'t;ffi {~.t?l 
~-JE~m;Wt:F**~~-. ~p~~~:l$~t:F**~*•o 

B Jift Jfl ~ ~ *'J ~ 1X. g.~~ itHH!f 
~1l!J: *· *1fT~ ; :r.F~~. *1fT~; *;Uttm~, .ff.J\~t4vJ< o. 122og ~tr-T~~ 

50mL ~:fijff[r:j:t , :bo 30mL #NM. Nffl*~~~*~lfo :P.fr~Jij:i( 1 -2d Fo-ftfflo rttmrit& 
~Jt~ 2. 44~g 7J<o ~f1!v.Ktt-tl!~.lltWGffitl o 

i>(ti : SP-2304A ~4:11H~.i!f5C lfC IOmV ic~f)( (:It:?: ?HJTf)(HrF) o -tl! llJ {tffl~ 
1m~%~ "'t;W-@. tt-f)( o 

-@.lfrr9Jd4- ~ -@.itftt : 7f'~mtt rJ;J:f£ <f>3 x 0. 5m, rJ;J ~ o. 147 - o. 12lmm ( 100 - 120 § ) 

~GDX-105 0 ~4: : ID[l=(., ffif.J l kg, ~4:7m:liW:f:ill~30mL/mino tJntUI3" : 155't: o #fit!. 
1m 120 mA 0 f-t1t 2 f~ o 

c # Jft did~ ~ ~ if!J ~ ~ ~if )Jl0t 
a JEtE, IE~*f)T 
:ft...t~-@.itf~f4-~ , *JJ'J~-2:1:~tatuJc :R'!i79lW, *tEA-@.iff-f)(. 51-JJIJffiiJJE~i±l~~ 

~IBJ, 7}( 16s~ #NiW57s~ *230s, ~ffitJt3ifJEtf:~5lll~ 11-3 Fff~F o 

lf1f-!Eii~*'#NB~*M~.~-IEM~m~m&~A"'t;ffi-@.iffr:j:t,*~»N8 
l!l$::=.:1f~~~~~ 89 * ~~=':o !±\ ~ Bt fa]5f-o.!lj!~!R~tl fi:;ffi lEi.!, ~p 71< 16s, # ND 57s, * 
230s , ;t£5min I*JI±\~%.!$i, ~rtt~-@.it~~nOO ll -4 Fffffi o 

A -

' ' ' 0 2 4 0 2 4 
lit raJ /min 

fltfii] /min 

miiOO 11-4 ~-m~-@.ifHb~, llf~~ffitlliJ'llllb~ o ffi\~.7f'~ii89***-=ff5t. *JJU 
11-TT-~89 50mL ~fitmir:j:t, ~-lfffl#NMlll* ( 3: 2) 89tm~m~•*~ilmi~~~~ 

' 
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-~.M~*WftGfflo ·fi~8~~~-~ 
f4""F , 7HJrj}A tj:- -'j'-~it Jfli If'~~-~ lim: 1il 
tl:.A -&·~{)( l:f:l , i'iJ ~ 1~ iU .!:J .if li:fJ 7l< ~ iil.ffi x;J 111. 

99~~' ~~(.:j)(;jl](*:itf'F~lfEBt!~. Jllll¥111-5 

m~o ~~~®~.~ey~m-~w~~re~ ~ 
~ 

~--~~•*m•.•m*JU*~.ifli:fJ~m • 

200 

tt .A~ ~fSC li:fJ *"¥ Pf ~ * ~ dJl f-6 x;J 71< * 11 ~ fl\ 100 

~Bt~~.~~*~m*~-~~0 ***~»-
1 ~.~-g 3lJJ 15jLg IKfBJ, f]\f'lBtJ~~J[~ o 

b ;9;~j!r!lj~~J.W 

.f$*1!!il.JE:!il: (lj\][~~:fl£7'1 0. 2000g, * 
:iZifft~J'b7u o. 1000- o.l500g) Ml!11At:lt~i5\ 

~.n~~-~~~W'f'.m•••m•to.A 
:1ff!§"~;fn~ ( 3 : 2) a97~*7it lOmL , Jl...t~ 

10 

-T, Jflh~M~!!L~:lt~~$?Wfm o r.txm1it""FlJLfi, •...t~rJtr« 2 ~.~-L ttA '@.if-f)(, • • 
m•~**~•~.a~?tBt!~...t§W~11l**~ato &•••i5\~~a•.~n~~ 
:1$~ 4' 7k 7t 1¥1 *iii 0 

D iff JldH1f tiJ ~ r!fi it ».It lJi tE 
Ui. 30 ~*, ~OO:l~JiHii?€Hi1f~,~~~lilUl:~JJfl :i! -:lf#f;x;j EL ~Utl~L1t:lt~ 1:J:1 *** 

•*fiTn~.~••tt~~~%~ .~*f£7tfi~••~•m•?t••~~~•••~. 
#~a2~*fi tt~~M**~·o ·~---~.-:lft£;.2'L~:ltH'f'7l<*tAI¥J 
~?'f£ii}~~~~,¥JlJ!Il. 11-2 Flf~ o 

~.fJ· 

I 

' 2 

3 

4 

5 

6 

*litil mm 1i! J(,f ilil§: tt- JJ: 
107 -2 

109 0 

u =J!.( X-X)l = 1.14 108 - I n-J 

109 0 u u % =-y ><lOO% = 1.05% 
110 +I 

107 - 2 

E ~j!lj~-@.il*#~~f.fr 

a f6fflj 

fi..f} lll~/mm ft!X'J"{Ijj~ tt- Jt: 

7 109 0 

8 109 0 
u = J!.( X - X) 2 = 1.14 

9 110 + I n - 1 

U' 

10 108 - I u% = -y >< 100% = I. 05% 

II 108 - 1 

'Lft:lt~ii\*fJEJtMm.Er~M'=t:iffl'@.i1£~2~~1lf(iJ~+7}!K~Ml o ~~-~, 'L~:lt 
~~~~?Wma*~.&m~7l<.if~E4*~m.7l<~~~~~~~~~~xm1itL.~• 
~~R*ho ~.A-2-~#~B~.7l<.#~5~*~•-~~T--t-~m~m~~ 
~o bo#~D$~n~1Jil'~7Wfftlf'L~:lt!§~;nt)j:, **ff'F;.l<**fiBtil.mf.£:1!1-o t£-f*YE~L~:lt 
!§rif•~~#""F ,#f!§"~~~~~*· ~m*~m~%.7l<**~~~~~.~~2M* 
~~~~~o ~~-~~N~EJ*~~~~ 3:2~E.~~~~~~~2ft~~~o 
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• 

b fa m~ 1/iii.J.t 
ffi-=f GDX-105 xt%:J!&~t:t.1J~~~ • .f.i:1/iil.){'f%: :±l d$Bt18J~nlnJ~::ko ttrl! 155'\: B;J-, :l$: 1±\ "* 

B;jj'a]:1g3min 50s; .f.±m't 130'\:B;J-, 25min E:tl±\d$, fiD:J{;it!All!*, $.f.±m\~:§::l:.tf~o ~.g. 

~ .l!tf)(ff;fO GDX-105, :mt.i\i11ii1.~1/iii.J.t~~:1g 155't: o 
c ~scrm:J£ 

•sc••~-~~+*••.m•sc••* · ~••~~-~0 ~~-•~.•~• 
.:1g 30mUmin 0 

11. 2. s :tJHii!fffl!flit~~tfliR~HftJ I¥-J~J:iE 

:1gm~~1Yilf.fiEf!f'lLft:f$~~fflSC*~·If£, ii 11t:tE;a;WC)J9=':fJDA NaCI ~ KCl ~·~·If£ 
1it:fF:1gfR:Ji3~J , ~-1~ttm;fO~iLWT:tl1$&illF4?8~ 13 83£&-illo f§.J!y~:.tf3~J~:fJDA~a...§ • 

• 

-~,L~1$~~••ttft;fOM#8~tto ~~.••*~~-~~~.m~m~*•~• 
Fm~•*o m•m~W~1J~•••~~-•~.~;a;~m~.·~•-*~-~-~-~ 
1J~, ){t-=f:lliYilf.fiHfM,L1t1$~~1ilffU!Jffimm~•~~Jl-)(o *11 1rm~~J5i:1Yl!S1ilf~,g_~ 

£-9='~Aflill!~1R#1~J~rj!~;:E)J~ o ~:1J1*7i:nlt-?X*VfJiJT~It-J ISJillm lh, ftbZBt&~ 

F!fhliet~, ~.:Pm~;fO.IK\:1fF£J9i:i:, ffi)('ftf-fti\TU~7h o. 18% -L 31% o 

11. 2. 5. 1 l~!l) .it~J.! 

~-%:ii~'L1t1$~. m~mJt~J~t-1!. :tJn~ .. ~m. 15!!¥m~~~. -f'H~7J<m. rm, 
*ffi*m.m~mmA~*ffi9='o *ffi~~~.:t£9='tt~R~tt•#T. ~•Mw~m~ 
~J, ffl1il!JD~lH7J\~it~$i~itM 9=' ~ ci - , 1t&.ill~~lfF : 

Ag• + cr AgCI L < 8-@.) K.p = 1. 8 x 10-•o 

2Ag• + Cro!- Ag2CrO.! (~fa:~) K.p = 2. 0 X 10-12 

El3-=f AgCI ~7$JWJ.tt~ Ag2 Cr041]\, aW*$7JL1JE~Jffi~. AgCl 7Jt7JEtJ)tVftl:\, i!lR. 
~~~mfr, AgCl tlt7JE~!iffl1ftl:l, Cl - rii:J.tffiill:!m~*~'j\ , ~~U~1t~itit.~llf:tili:Bt, 

Ag•rii:J.tmW~::k.mtt~ I ~~~~-~-MW~nlt~U@~A~C~.mr;E, ~p~-~ 

~.~ o att&iJ.\:¥-f:li , AgN03t"J\tfE~~~1&.ffl:ffi§ftRff.~f*m, i.t;wlJt:¥-¥9=' r~fi3JfU~~it o 
11. 2. 5. 2 71-~./fiV ~ 

:¥$~~Wilf ffl~Ut~§!JiJ.\f-f 0. 1 - 0. 5g ( f$~~ 0. 0002g) .:P 150mL =:ffJ ~mt 9=', :fJD 
A 50 -80mL20%Z:JWmM, 7l<rt:t...t:fJD~~~Jl~L ;tt~~:lt!!.tJ.l!WlOmin, 151!1t~~Lo ~6 

lW~~,~g, ~T.=:ffJ~mt. W:fJDA~ii7J<7$1W~9='~5E.fJL1it:, ft~~.f!L lieili~Jit~.&~­

ffl7J<:~tg _7g ~ tWlJJ< 0 

~...t~1~ffliJ.\#~ pH it~"'P:t£ 6. 0 -7.2 Z ISJ, :IJDA 3 -4 ~ 5% ~Cr04 i1J~t'Fm7J' 
~J, :tEft:*tJ.l!WT, ffl 0. lmoVL ~ AgN03 t"J\~7$~-~~7$~:!i!~~~o ~Btii\i~ BiJt 
!l&o rR~Ji!J ~it~%~~Dr: 

r~fi31'f1J = lc::;G X 100% ( 11-13 ) 

~tfl c M~•tr-ttm~rii:J.t' moVL; 

v -~M~1il!JD.5tfEM~~f*~.~~ 
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M ~-~m~m~•~•~.~mcl; 
G 1:FHi.'A:~~~11L go 

1 L 2. 5. 3 1;\~*-# {!lJ .t{4 ;t_ 

A ~ 1t'J Wg :I!f 1t 
mr~m~~~H~~*-~~M.zD•~m•m~m~•~~-~.~~~ffi . 

~ffi?t·~~~o &~*~~~B~UA~~-~3.00ZM~«~W.Wfi£M~~ . 
H~*~~~-A~~-·.~~~-ZMMM~Mm•~o 

B -.Jtll'g~Jt 

lii~H2 Cr04 ~7t~~-ijt~ ( K,p) ;93. 1 x lo -' , :t£~·11:M~9='. CrO! - ~t:&JJOlff~JJt 

:If: :k milr~;J' , 1lti ;E ~~iffi Jiil:ttt :k o ~ ~ Jlt , $i ;E~ ~:a:• 5!1 ~ mltt M M 9=' :lt:Hr ; @fi!: , :M 
*f6M'fl~¥tt:*5!L Ag·~n!Z AgOH lJLTJEFa, )(. :ft. !!P$Ht~ Ag20 tfLTJE, #-.Ellit~~­
~~tp~~irHlL. ~ pH {i$Xji1lj!J;j, ~ NH3 ~l±l, ~ID~ Ag( NH3 ) + Jk Ag ( NH3 ) 2+ , ~ 

AgCl]k Ag2 Cr04 ~-~~JJt!flt:k, ~Jnjnj$jJ;E~i!i:~ o ~~~~, pH {i[t£ 6. 0 -7. 2 :1-Jii:o 
1 L 2. 5. 4 lll'l iA'. it *-lft-lfoJ 
rfiJfftJ:~~JJi:Jit! , ;<;J-E.~fte!:Jf~.=:Mt:.W;iY-~fffl'L~~~:iltfrlli;E o ~='=~~, m~ 

m~~~·~-~~:Jfr:pf~M~~A~~--~o ;~:JTB~~~:Jf~~--tt.~~'P~ 
iW~i.'A:~lt!:n-T 6 (j;::1t!lmu~, ~iti.t~ :±Jffl)(r:fffirtEillU~, ~*!A!.* 11-3 o 

w " "" I 2 

~iiitil% 8.9 9.0 9. I 9.0 8. 9 9. 2 II. 2 11. I 10. 9 10.8 II. 0 11. 0 

ljl- .t!9 ill/% 9.0 11. 0 

l!IX't~ If£ 1lil i!:!/% I. 31 - 0. 18 

11. 2. 6. 1 LRZ ~-'L1t.:.tt~m~<r-J~'l;ttt*-

LRZ ~~tl~1t~~ riJ ~ 1rml~if1l1i(~3l!J7Jcf61{l~L~W ~. ~ "P 1£1r1ltlffl r:B T-152 , 

Span~O!¥L~~Jif1l1t-€r~t.llnlto LRZ-1 lli!~L1t~HF£:1f;f:J~~fli ( 80. o ±I. o)% , ~ ( 14. 0 ± 

0. 5)% , ~1rrltlffi (6. 0 ±0. 5)%, 4Hfi.YJ-~;l:Jl!fr:l.ll?t~o ~Ui?t8~1J!tl~£tLW:~tl~* ll -4o 

~ 11-4 9='fXW~~, fi!liMfli, 7.1<~~1rrltlffiiWJ~~·~~*~AG:Jf-fiffi-f{o 

* 11-4 ~~~~t4rt-J LRZ-1 ~!JI:f-t~J9JIJ;E~~ (J]Jt1l\:'ltfl) 

ff -\} lilU!!fJil% ;rj(/% !l -Q-rm ;j:O; '*' 1¥ I<} ~1t!H1il% l.kl% l!~flb;j:O(% 

1 80. 28 14.22 5.47 6 79.96 14.42 5.60 

2 80. 16 14.42 5. 54 7 80. 27 14.42 5. 51 

3 80.45 14.33 5.50 8 79.99 14.46 5. 56 

4 80.32 14.40 5.45 lJl- :I$J 80. 23 14.36 5.52 

5 80. 40 14. 22 5. 56 
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!iiJrr.t. ~~-iit¥¥lltrr7 8 ??:: m:~~)E. ~1~~H7tt)!~~~l'f.ll¥-:lt8f« , tjTtfft~lllffl~~ 

?t£-M ~ m:f1 7 m n-?t m: , ~ * lA!. ~ u-5 o Iii ~ u -5 or lA!. , .::: f!P !;JHt l'f.l m !&' 1t ±1J ~ jWj , 1J?. 
f!ij ~~iJt)J#r: ~JtJJ~Wi:~M o 

. 

f } 
.If~{l .j:,j; 11£ -!Iii ~ ~WX.J":f;j; lfll{.ll!~ 

f } 
.1f-1&] ill :f;~ 1'1E11ii& ;j§ X'j:f;f-I'!E {I;! !l! 

tli 
( Jiltit~)/% /% 

m ( l.!li !it#~ ) I% 1% 1% 1% 

ii'!Si; 80.23 0. 18 0.22 ~il-j!IJ ;l§ 5. 52 0. 05 0. 90 

* 14. 36 0. 09 0. 66 

II. 2. 6. 2 MRB ~~L1t;t>f ~ ~~Ol] i)!l) it.~*-

MRS ~ ~L ft:t'F ~ -tl11i! ;!{ 'IS-llil ff! ~I$: 1t1f!J ;j(ff! mnlt , jit t:ft ~.g. Ml ifH ;ff T -152 ~L 1t~J l!l ~ 
.g. !aiW -t-mnlt'll157t o lit~~ 1Jt, 1e.R3 :lG?I< z;M~~L, ~ J~F5 7IB l!lttle ~f.¥ P~ , iiFo ~ 7..k t7t , 
~••s•?t•7..kffilllM~ .M~•~••~Tt•tto ffl•fra?tm:-~r•~~~ 
MRS ~~Lft:t'F~, q~¥JJ 7~~1':t<J 3~tli~: o 

MRB ~~Lf.t:t'F~EmfiCJr::J-1: ~~ftC ( 82. 0 +2.5) %, 7.k ( ll .5 ±2. 0 )% , • .g-711Ji1'~ 

(6. 5 ± 1. 0)% o .ffi tl£1f'l!~)E I'f.l~ :WHUT-~ 11-6o Iii~ 11-6 JflfiMilJ .W., lJ!Hf!~=*=Si~ 

?til~UicJr~F 1IU~:ll! o ~ IPJ- iJW(::itl:fJ 6 lklJUl ~~ )E, ~ ~ g_H 7}1J!~ ~~ a<J ljl-:lt8{(, til\ Tiiil~ , :ffl 
~~Tiiil~ IV..-&!tffi lt:19 95% 81 B(]ljl-.Jtg-(j[ l'f.l ft ffi 18: fii] ( ~ 11-7) :ill: fj 7 7t ;f)IT 0 Iii ;& 11-7 llJ 
.W. , 1J!~~I'f.l =f!P~il?tl'f.lfnl&' lJt :lt8~ • Jlltii7'! OOJ)E1ir:IM~ (f.JftH! lJt aJ311t r ~ :m:a o 

* u-6 MRB ~ !J!L-«: 1!1=~ 1¥-J ~ .lE c ~:ltt7H'x ) 

1¥ .q-
tiM!li'/il% 

.§:l!tt* !Jit:lilt'!: 
71<1% ~ -El-7111 ;j§/ % 

I 82. 86 82.56 II. 2 6.34 

2 82. 87 82. 34 I I. 2 6. 17 • 

3 82. 32 82. 19 II. 4 6. 28 

4 82. 43 82. 29 II. 4 6.30 

5 82. 53 82. 41 I I. 2 6.37 

6 82. 50 82.37 II. 2 6.39 

!R ?1 :fr;ffft!: .1f- .1!>.1 ill ( I~UH}f£ J / % ~ I'!E-!Iil ,?t/% :I'FIX•!t.J; I'!E1.lfi&/ % ~{if~ fnj/% 

-l!i':llti! 82. 58 0. 23 0.28 82. 58 i: 0. 26 
"~~ 

Bt:lil:~ 82. 36 0. 12 0. 15 82. 36 ±0. 14 

lk II. 30 0. II 0. 97 11.3±0.13 

~~j!IJ,:jft 6.31 0. 08 I. 20 6.31 ±0. 09 

7t!d*m~•~~lllt27'!1~~~M~I'f.l~*·~m•~a.M**~~tt~o lllt~~ 
lt~f12~ .El~*~ttr$:&~, {§.~M~* ; ~it~7t:f1fB11'iiJ~?fi, 1E!.WDCifftJ$f!P7t~~ 
~JEtFflf!t'l~ o )(;j~_r<:r~*i$L ./jjtfil:~llJfl~~~lfr o 
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11. 2. 6. 3 .i..f!!:ilie.~~L1.t;tf ~ ~!Jl~iJlil~~*­

·~~M~~~¥·m~~$L~~H~m*mff~-*~··-~~;j(~~~-MM 
~~L~~JmBTm~~. *~fiW C!.OO::!ll:?tfi) ?tlr~ lHl ~ o ffi r~Lftrt:iY -iHil*B9JG 

~ffi:.:f'BMt~Jtlt~«<, IN.llt~L~~H4fm*~~~~MI:~:.:f'~T99~~~::k'J'o 13 T M?t 
~~='=~7lf9tilf.hifffr. :x>t~Mfli~~Di11iB900~1$:T@l®:~a~ • .W.~ ll-9o ffi.lltOJIV. 
W~?t~~~~mMfli~m~~*~~~~OJ3tt~?t~~*B97l~lfo 

(%) 

.I¥ ~ litlll!l~ i'l~il'l Jlc ;t 1L1t~J illl.ffi],t;Jtfl1. 

1 67.66 II. 83 13.44 

2 67.38 II. 93 13. 42 

3 67.41 11. 98 13. 42 

4 67. 58 12.08 13. 04 

5 67.34 1 I. 92 13. 10 

6 67.52 12. 06 13. 10 1. 82 5.50 

7 67. 42 12. 17 13. II I. 63 5. 67 

8 67.22 12. 12 13. II I. 74 5. 81 

9 67.28 12. 06 13. II I. 86 5.69 

10 67.56 11. 95 13. II I. 80 5.58 

I I 67.28 12.08 13.53 1.66 5. 45 

12 67.32 12. 04 13. 10 1.83 5. 71 

lf-~{i 67.41 12.02 13. 21 I. 76 5.63 

tyj;1ft-fi~ 0. 151 0.097 0. 205 0. 089 0. 126 

~,IU<'flc 0. 22 0. 81 I. 55 5.06 2.24 

i!l:fiii!Z.[Ei] 67. 41 ±0. 10 12.02 ±0. 06 13. 21 ±0. 19 L 76 :tO. 08 5.63±0.12 

li!/Jffi 68. 75 12 II 1.5 5. 05 

(%) 

' 'S'!e~Hifa Iff! til: @I LJJ(s ;t * 
.f(i Jl. 7Hir~!lft 

( Jlftfit;t~) I 2 3 4 

1~ ~It~ 67.32 99.39 99. 19 99.35 99.20 

11S Iii'! JIM 12.06 99.46 99.51 99. 50 

2~ lil'lll!l~ 67. 83 99. 36 99.69 99.38 99.35 

2 ~ lil11.1l1illl 12. 17 99.58 99.69 99.64 100. 38 

'L~~H4m?t?tfi~-~fflWm?tltl!V.~M~-~~M~~-~.~~.·~-~ 
:n!Miii~:1-J o. 18%, ~~M:1-J o. 67% , Jk?!-:1-1 1. 28%, Span-80 :1-1 3. 98%, 71b;l:H.&;;I§l;-f1B:1-J 
I. 78% 0 
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11. 2. 6. 4 .!5 .:G ;j:j}-:J:k.$L1t:kt ~ aHi.~)Jl•l.>t. 

5~,L~~Hm*~~~~~~-~,L~~H~~o ~~5~,L~~H~Ift~~M 

W~.-~~~¥1!ll~M··~·%-~.~~MW~7.k*~~~ . ~~~&m*~·~ 
--~E~~~JU , fi~I~~-~.ffi~~~~~J.k~·~~~ffi~o ~~~r~~~ 
~;MD5~,L~~H~171J, t2:.t-J.E~~~7.k: mli~~: ::lil-rffi;fEJ == 4: 91 : 6 , ~~~.xEzl<* 

*Jlj~ 2. 10%, 2. 60% o mli~~ifll~il-~l.bffi~{J!~~~-~tl~~ 11-10o ~MM7j1Jl,XE·:~Ht~ 

••*~ifll~®-~@~••~.•~~m~•**~~~A~~•~•m•ifll~•• · 
mLEI. A:ffW fJ! , ·!*~ ~ ttAi: o 

* n-to ~:fifJt~~1t*I=!!Hrom~ <ffit:i!:7t~) ~~~11& <%) 

1 %*f( ~~~!Ji~.fl. ) 2 -llt~< lJ!:~F~.fl. > I %~( ~~~!Ji*f,fl.) 2 %:f:!f( iJ!:~F~.fl.) 
J3J! 13 ~ 13 

li1lllli~ M-*'illlffi li1lllli~ jl.g.'iJilffi li1lllli~ ;§i.g-7J!Jffi li1llllif£ ~-*7111tD 

Di!1Hill 91.84 6. 06 91.37 6.02 ~~00: 91.81 6.09 90.94 6. 46 

91.76 6. 14 90.97 6.43 ~~m 91.77 6. 13 90. 95 6.45 

91.81 6.09 90.90 6.50 t~?IH.fa& 0.056 0.053 0.079 0.079 

~JEffi 91. 83 6. 07 90.92 6.48 
~~{j~{1f 

91.77 ± 6. 13 ± 90.95 ± 6. 45 ± 
91.69 6.21 91.09 6. 31 JZ: riil < ~ fll! 

0.06 0.08 0.08 0.08 
91.74 6. 16 90.86 6. 54 

!Jt:I;J 95% ) 

tl: : Ell =f I!lldt~F H9 g -ti' .f)} :tl: 1L 1t1$ ~ ~~*4 it<.J It $J tt.litllUi fllil!i lllif£ t'l9 !lti!Jt ~ IZSI. ~ ~~ • m ?T H9 if!! 1J 1li !¥j J'( 

:9;;00: ~-JE ;ftJ fil'l , ..EI. ~:M ~# =f~.E ]j( ?T*:!lt B ~~~~-It . fli1 .lit* .P lie :11 ill 1iJ ii :M 00 ~ t'l9 ]j( ?T '\t :1: it ;)!I: :f.i 
:±l (19 0 

iJ!~~lil1:i~~a1, f-F.fol.W::i:~lVJ\ , {)(~ o. 25 - o. 30g, 13 ~-~~iiE-iatf-Fm~iUUL.J§1lif, 
**1!f~*11f, W.EL~~,~~~i:iJ ~1r~~~~, ~~~J\'~• , ~atmff.$j~~Jit~~ilf3tr­
~m~~~1£fttJ.f£ 30mL ti.ti, i:iJ W. ~iY!~ill~fR~~5Cr•M'J\~ o. 1% o ~ T-;MDft~'L 
ftKF~~f-FA~M-E!7.l<~J~Hii&~~¥il. A~it~~~-tt. llS!Jlt~Pfif!f-F.fol!ll:i:~l.VJ\~~~· 
ojnj;Jt1"t*tt o 

~l.~,L~~H~@J.lim'llt~-#~~~-~~~. ~P'I!3c~nl(;p~ ~Wit , ;J\1r~'L1t~ 
~~~ag1$H@ltifll~:rL~~@JJto ~-~KFH@l.t~t~H~~ifll1Y;MIHiltf'Fft$~~~ 

~~J(o ~Jlt, 'L1t1$~@·~~tl~~~'IB~~l'~tl .=.~o 

11. 3. 1 ft!c~PX~~I:U~~~~ J.fttf.JJtl~ 

11. 3. 1. 1 .t-..f-~.f£ 

~T'~~1$H~M-E!7.k~~~~.~--T-7.k .•• -~.-~,L~~H-& .• 
A-~~~~7.1< ~, ,m~,L~1$P.i~l.klitr.J§J.J<~~~Z.~1t. ~i:iJ ~T#f!~1Jtili!tl~HB9W 
lJt o 
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11. 3. L 2 1X..W..!O #:# 
fEffA:;JC.lJZ-t:l', 500mL ~~·~-9- (:Jt)t{HjJ 5mL), ~~-HliJ.Im*T-, fi~;j\]J-

11. 3. 1. 3 .:tlfl:., ~ 
~ 250 -300mLT-~7.K~J.A 500mL :!:~9=', ?t.Fo~lflt~OO~Lf.tit:~ 50 ±0. 5g, ~·tt:lt!J. 

••lflt~it:H•.A••~~"f c~•=••~~ft~M~~H.ft~m~•~•~wm, 
-~$:.Al.K 9='), !1£!1£~;/JitW , 151!:t'FH~iii~llf1~l=(.~f.l~ tl:l , :f;f~ iii~lt.lJZ~Fo~l!R~tl 

lt. rtliffl~2.5mL, JlttURtl:bo~I!PiJ11Um~L1.t:t'FH~f*~. 1>\mfilJ~~ (11 -14) -tt;llr 
tl:lit:H~Wll o 

p = WI( V2 - V,) (11-14) 

j\l=j=r p ~L1ti't:H~!&'Jt, g/cm3
; 

w EJT$Jflt~~L1.t~H.&ti!, g; 
V, *1ill.A~HIIt7.K~f*~, cm3 

; 

V2 fill.A:ttHJ57.K~f*ffC cm3 o 
mz~mtl:l, ltr~Lf.t~H~7'~~:§Uiifi:l*, J:if*, llfY~, :tV;s-~~~~HI~ffl;w;'Jf1:1 

-~~~~·MA, ~Jlt~~1t:t'FH~WllM~9='.~ffl~JJA-~m•:~m•.~~-ff 
~. ~~~H~~ffi~~f1:11lf1~~~0 

~~~M··~aW&,&m~mr~M~-~-~!JL1t~H.~~iJ~M·· 
~&H8~~M&o ~*'L1t~~~-~ll-~\.•~~•~a•*·&m~*M* 
ll~& o ~~~iJ.~B~~~~Wll~~·~~H.ffl7C.lJZ$~.~H~~~~W 

l!~~~EJT~i~ffi. f!PiJ~H~Wllo A~-~iJ. ffl7C.lJZ$it~ litlliA', fi!HJD~ 

o. 5g, ~JJ\itFo~Wlt;ff9='&~!JL1t:ttH, ~J.lJZ, $;M;~:it, fRliffl~ o. 5go ~-~ 
j\ ( 11-15) ~:1£: 

p = v (11-15) 

~9=' p ~Hlitlt, g/cm3
; 

m2 &~:t'F~FoWJ.tiFf~l!ti:it, g; 
m 1 ~Wlt~~Jl!tft, g; 

V WltiA'~~. cm3 
0 

JJ!T~i ~ *Jj)z 1* li TW {iUl\~ , :itth TW ?X .lJZht!i!~ ~ , Jt!(~$-* .lJZ :ligffi o 

11. 3. 2 ~~~.sx~~l {.t:f$~@ J.lt(._J JWJ:iE 

11. 3. 2. 1 ~4'-J.f- J£ 
. . . . 

~\-@H8~~1t:ttH~aJ.tR.Amit:H~e~elt,~JltJJ\ft •• He~~~.-

?'t.Fo -PfrJ!H-'~HHe~f*~, =~~ltl!P iJHe~Wll o 
11.3.2.2 1X..2-
Illt7C.lJZ-il ( ~Ilil o. 5g), ~fiR. -re ( 71-ltffiil o. 1cm) o 
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11.3.2.3 ~t¥ :!1'- .\t 

ffli~~~~~~~~~~·*ffl~~R~~~~~~~H~~*~<~~~~~­
~~1!!16d:~.95-~a<JI!!l~Ht•), ~iiffl~ 0. lemo 

~;tirW lJfi:iH1fF :i\1~ : 

(11-16) 

;r.t If! p 19 ~1,f.t [!( , gl em 3 
; 

w !{i~~:6t' g ; 

D !{i~1H~. em; 

L !{i~*fi:, emo 

~~~mH~!f!,&~-~~-~·-~*·*W~H.ffl.R00~8a~m~M*, 
~~-~~*~.~00~-WH~~~~o 

-~M~. f.!i::r.t ( 11-16 ) it~mri:t:t!&~!J. ~t=f;lit-~1*~.1~ <:!m cf>32mm) 1¥.!~ 

~*~ , ;fir .A.~ te fiT ffl :{!IfF ~:r.tl!l:fiflil j)~~ : 

:r.t!fl w -~~:til:' g; 

L H•*ll, mm; 

p = 1 - L - w - K X 0. 01 
2 

K 'iit~o ~;j=f·~ 32mm, 19iit 150g ~H:¥f*~• K r!Jt=f 37 0 

( 11-17) 

:r.t ( 11-17) ~»-.~~If! .~,~tf!te ~, ~>t:&~Ir 1=-F, 1lHiEF~miiit1irfJUJH'Fffl o 

»-.*. 11-11 , * 11 -12 ~~ 11-13 If! ~~U5, fiT ~tf W W jj1t~:r.t < ll-11 ) ~ E8 *~i!t!ffl 
fiJilf.f o 

• 
J-9~-L'<:lf U nun J.9fUt1t WI g L-W J.9iffi'<:!Jf U mm !lj.f!~:li Wi g lrW 

192 154. 4 37.6 189 152.0 37.0 

191 153.6 37.4 

J.§ffi<:!Jf !l.it!Jllt:fit 
It'll p/g • em - l 

!l.i~*lll l{j ~ .lilUil: 
ttf!Jf p/g · em -l 

L-W L-W-31 ( ~l'l: ( 11-17) L-W L-W-37 ( ~l'l: (11-17) 
Umm Wig /./rum Wig 

mn1JI±l> it~:fll. ili ) 

193 150 43 6 0. 970 184 149 35 -2 I. 010 

190 149 41 4 0.980 186 152 34 - 3 I. 015 

191 152 39 2 0.990 187 152 35 -2 I. 010 

192 153 39 2 0.990 183 152 33 -4 I. 020 
0 
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* 11-13 Wifl!li.t•ta~l¥-1 tt$ji 
-

~.ftii':lf ~.ft?J!Jt"llt 
.!&'lf pig • em - J 

~~i.~& m~.JJJt:lll 
\filfpl g · em · J 

Umm Wi g 4W L-W-K ~~ 
Umm Wi g 4W x 1000 L-W- K ~~ 

x1000 1 - xO. 01 I - xO. Ol 
TrD2 L 2 rrJJL 2 

174 148 I. 057 I. 055 -0.002 187 152 1. 010 1. 010 0 

175 !51 I. 072 I. 070 -0.002 183 150 1. 019 I. 020 +0. 001 

177 148 I. 039 1. 040 +0. 001 189 152 1.000 1.000 0 

179 !51 1. 048 l. 045 -0.003 191 !54 I. 002 1.000 -0.002 

180 !52 1. 050 I. 045 -0.005 194 151 0:967 0.970 +0. 003 

184 149 1.006 I. 010 +0. 004 198 153 0.960 0.960 0 

186 !52 I. 016 1. 015 -0.001 200 152 0.945 0.945 0 

11. 3. 3 !~~HL~F.iW MI¥Jifrl~ 

~--~~~.1@:R~~~-@-8··~-2~. ~~~m~R-H-W~R#•m 
~-firtf-.fF~=tL-f*~~·Hl!lf:i!:, ~ kg/dm3 ~ffi o ~ -;,;; rmlljtr, Q~~Jit1Ril@tl1@:JLa9:l!~ 
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:ff DXD ~1@.1!AVJHiA • .t;:lt!.·f)(.~ XSS-2 ~ft~H~ift ( n!(*ffl1:t 1000 ffl) o 

;k·~M. l~fV9'~ff-~fBJB9g*· 'L~*lrT-tE~rl@.&!:f:'~·~lt . ~$~J3tl111:@.;/Jit 

m~rfrl'~ o iJ~.I'!~7'L.~iiilt~ft~~Jf>Ctu:~~()E'~:fltfi*J~~If*~, 't:fl1:14fmnlril~tk: 

}E.t'f~~B9·Ji:~fto 

~·$W~~~ : 
(1) :iM~Htt. ~tt , ~ttb'(l$1t~~WffiiJ4it:fi'Fll~:WJt ; 

{2) :12l;lllt7!Ht~~- . srm , 1~15J3HJL1ll!~ < fSJ~~H~ ., ~:&~~~~J) f'F.1.J?Hf:i 
1fiJ. Jeib1J~~tii.nta9~•miil ; 

( 3) ~~~~m~~ljl-.rem~m~~~tim~~~•~.~~mft~,~t•~~~ 

mti~~M":!k?f.§JlJflA:j£flitJ~o ~:!Mtt~Et!.M, 7fm.J'tmt, ~~~11t. ~~ft~. lPJ~~ 
M~..t~~~~ffl*--~~o ~m~f)(.ff~ffl~~.~fi~.nt~~.~~Et!.$~~~k 
.li! ; 
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(4)·M~~~~~~~H~~-A~--.&bD,~~S . M~ffi·~~-~~-~ 

~-o ~~~ffi·,~--~~~-M"A~~~"~'~2·ft~~~I~~~--o 
~W.itMit~fi, iffi~~~~1)(ti!~Mif, Jl&~~LtH!L~, ~Pi'iJfJ!~ ::b~~~?9J-2Jl€~J9f 

~~~~.~ffi-~m••~,~~-~m~~~~-•0 

11. 6. 5 7.J<~1iiJ!IJiit 

ll. 6. 5. ] £.'*-lf, .£ 

AJ9T JWJ~, tf~L1t1$Hi*!fo 9=', 71t11-Jitf~ffl, 7.1<1-J?-Hftffio 71cffi"PJEm~*iit~4f~ 
~ma.~~S~WQ~AM~So ~~~"P.~n•~~-~M.~~~•~*"P.~~ 

m•m~•*~~m~<~n•••>•~~••oomtt~JYr~m. QW"~~-~9='.~ 
~mtt~IB!ii~MM·C~-£lit7..k~71Q, ~~~i~~l&'f~¥1JJ..ktj:r~~~~~ ; ~~-@.lil~ 

~~~~•~••.&~~*~~mffi~••~~rm•.•fi::b*o JYr~.ffll..kM~mm 
ri!!!fLJ&# , ~ ffllfl M lll il $: ~ tl~ ~:til: :ttf!.lJ!tl~ ::b Wf .1ijlj ~ ~ ~ ~ :Cil < fl3 M r!) , 8~ i'iJ 1I • .& 
~l±l!¥L1t:l1:~~,Jgtlt, 1\ffiif-fft~~)E·~ o ~1U~ibl. WtAifiJfH7..k~.1il5.!ii1t~H!=*::If.ft<~L 

fti*:W-oo 1m a<J ~lUitH~ifn 5MJ.t , ~ 1ie tt ~ 5¥0 Bi mu ~L {t:I$~ a<Jfolf ;ff:~)E ·11: o Wf 1~Hi~ Mltti a<J l!@tl )E 

Jij(Jli!J'ff.llfllftr!~~-~-a<J~:iito 
11.6.5.2 ..fX.SJ§,:;t~J 

300mL ~¥f-, .7C.lf, f:l:f,O , ~%mt, ·~~~.&, O. lmoVL ~~~~~llfiHil , I : 1 Ef3 

Ml!iHfi, I % Ml\!:m ~3)':1JreHll o 

11. 6. 5. 3 ~11= :!V JJIIt 
~\JfR~L1t:I$~¥Jfft 20. OOg 1'1-=f 300mL ~;f)ftj:r, :IJr:JA 180mL J..k, ~~rlfil. ~'Dili§t¥@! 

24h, Jcr:m?Xre!M~JAJ3-1'-t*~~a<Jf~~,J~~;f;ftj:r, ffl~·tr~ll1t 25mL ft=f<fft%mi"P, 
:bnA~PttlfiMWfM lOmL , l!inu:m~?rU 2M, ~ o. l moVL il~~if*f~mm••~~~~ 

~. 30s l*.i~m;k:1g~,~ o fttF;:ttr~ H4 N03 a<J*:it: 

NH IQ = VN X 0. 08004 X 180 
• 3 25 ( 11 -29 ) 

J::\9=' v M)EJYrm*€a9 NaOH ~?f£·~~71-~. mL; 

N NaOH fi]\l{EWf~(l9~~~ll, moVL; 

0. 08004 ~~1U:l:Hll NH4 03a<J:fl:~, glmg0 

NH4 N03 Wf'T5'~~a<Jii:, ~[1~9::$ e, & i'iJ ~JfJ~J:\?!Ht~: 

8 
= (0. 08004VN x 30)/5 x 100 = 0. 48024VN x 100 ( 11 _

30
) 

ck.,mkio cl.,mkio 

J:t tj:r Ck;. 1*.1 ~ l'\lJI4 N03 B9 ~ilt~ .ll , % ; 

mk;., J9f l1it !ll~ ~ lfft B9 J9t :fil fi , go 
m•mm.a*FH*•~~.mmz•a<Jfil±lM~~i*a9m~M~ . mll~.&w~~~o 

woo u-16, oo 11-17 *"~H-Is i'iJ~;o-m, i5tmatrBJ~*· rlfii.JJt~~, •fM!oo~~::k. ;Jlt~ 

llUJi;f!T llHIJ:~$, ;Jltl:j:l ~rlfil.·a9~nr~f&:Xo ~Jit • .1il T 151!lll1tl~~ii~?iffl, ~i'iJ3 a9ffJ)(;j' It~ 
•ij:, f}k~atJ.iiZ~fljtj-)Ea<J~re!r:Jt l~ifn~fU!IlOO~, ~?@tlffi.lt ~:fltM~ 20't: ti.;ti1g~o 
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0.05 

3 
0.04 

2 

.E_~>O.o3 
11)!1 
~ 
~ 0.02 

0.01 

0 2 4 6 8 10 l2 l4 16 18 20 22 24 
J!;ffB] I h 

oo 11 -16 jjl m F,Jt rBJ ;tt m ~ ifti :lfi :±J :!lll'fJ ~ ulfil 

( I, 2, 3, 4-ii\:~atJlitf-1'#.!11%) 

11:1 1P-~ ~ * m 7* ..R flli ~~ ~ :±: ~L f-t r& 
~~L~••·•~~•w~~-~tt. 
~fl7*-~~~~fl7*~~®*~*£ 
j!J-0 

• 

~fl7*~ffl~ffi~~-~§~00~~ 
fi~M~~~•a••~~*~,~~~• 
BM~.*W~~~~-~-~tto ~· 
~~~~~~£*·~~*~,~~~-~ 

0.4 
<0 

~ 
~ 
$ 

02 

20 30 40 
ifi,JJU'C 

00 11 -17 cHf!l tl.\lJ.l;tt liJ1l ~ 1rit :ffi :±J 1fJ: l'fJ ~ nlfil 

(1 ' 2' 3-l:i!:~atllitf-l'fi%) 

0.10 
.E_ll 
ll)!t 
~ 
$0.05 

30 40 50 60 70 
ilifffl!cm ~ 

50 

~~~~H·~~~~M~BW .• fL~~--~tt~-~-~ o ~P~ft&~a~,,a 

~~.,L~~H~82ttR8Ma ~~fl7*·~~~········~-~A~-~ 
~~~.@~~~~~~~~~~.1~m1~fflff~-~~-o ~~*m~•Em* 

••,L••~~••*~'~*~~~$~mm.m~~-•Emff•~••~~.•• 
•~,L••~~-~.aMmhm~~~~•.iomRM~~•o ~~'L~~H~~­
~~JIH~m•. B~~ 8. 1. 3 11 "~~-~~*-'1' ~~~" cf=l~~1rm, ~1!71'~~ 

~0 

t£~-ffi1lH~ifrrm••~~*'NF05-}~, wc~tt!.~?Ji!~~, ~£.&~m•xr tt . •*~~ 
~msrmfF~*~~~J~*tt~j!J-0 ~PJflli:J!~~srm~~~tlk·~~-, ~'L~~-rm~1r~ 
#B~Jli:, ;fl:l1J!I~M~~··~~j!f, 'ffiiJ3.~Jt!.~$tlk11£ (-:IN:~ 1 x 10 "9s/m) , )(;j-fLfttf: 
~ ~ Eg tt~JL12-79:~ -=Ftli: . JJJr D.J.x>t'L•tl: .:rw~~*~*. ~ F.liftHft~m -r ~~ m lltlf!mm• 
•~~~~~~.~~m~masrm~~~~~~o 

11. 6. 7 ~JJ!(~~J~ 

mJHE$~)(~7.K~~flt~~~~-WJ7.K~-f*.f,R~ t~-(t~a ~$o 

i.t~0J:tjo""f: 



• 804 • 11 .fL1t;Li: pj a? ~1~4!;{( -- ---- --------------------------------------------------------------------------- -----------

'TJ(%) = Vw - Vwo = Vw _ 1 = V .. l( l - (/Jw) _ 1 
Ywo Ywo Vm/( 1 - fPwo) 

=(1-rpwo)/[1-p -pm]-1 = ( 1-rp.,'O) Pw -_Pm -1 
Pw - p,. Pw P 

(11-31) 

:it"f vm Mfflf*~. mL; 
Vw Jj(#l.f*~, mL; 

V WO Jj(ffjiT.J:!lft-1*~, mL j 
lf>v.ll J.Kff!iTJ:!lfta **,% ; 
Pw Jj(ff!fiHil.WJ.l, glmL ; 

Pm lm:t~fiHll~!l, glmL; 

p ~L 1t 1{li; J.l , gl mLo 

§8~MR$~00~~-~-,ft@R~~~~7.Ktto ~~~1t~HM-~1t~$~ 
1251 ~ ~ ~ u!PJ , .f4 :tJo ..t A~ !M!~ mt~ 1\f·~ , IZSI mHI.Httm • J30!Efl TifUI!!.& l!!k:$L~~ mt r~q t§ *:lit 
~~1to ~MB···~-~~~~~7.K$~&@~1t~~B.R@·~-~&I!!k:~1t~ 
-~~*·~~~o *m~~007.Ktt*•~~ffl~~1t.A·~~~- .ill'L1t~H~~ 
J.Kit:::Ft:i, ~f'F:::F~~ o 

ttxt~L1t~~~~~~~tt, *ffl.W !lR-*~~JE~R$o ~ !¥L1t~W Jt~1t*~iU7k 
;ma?t$ fPw ~~1t, }}dm~iUMR$o 

*m.WJ.lRM•~~*,M~~~a~~~m.tto WJ.lR~&wmL~&.m~a• 
~$~.$;, #m~~7.K~XE:o ~~Jlftli:7J!~XE::mft1<5¥1J o_ I mg, WltR~~fi!HiJ4~XE:, 1&:1!~ 
!&; J.t~UE:R ~fR Jtt3Cif6 o 

~ w,, w2, W3 ?tJJUJ-J~mi:f$:!1, &A~~7J<~:fil , &A~~f*i!EIT~~~~iit~~; 

Ws :h.Ami"ff-f:rfltmt:i: ; Ps, Pw·JtJitljg~~~~~]j(~,WJ.t, JJlU 

EJT•~1t~~~•*tt. ~a..t••~~••*~J.t••~~Hm?t!=fmmttm?t 
CioMu••~m•1t~~)M-~7.K, ~"~~~~Bl.K?t·A~HpqS, ~-~~~~ 

tt•~M-1to m7.Ktt·~~~~-*·~~?t:h~M-~~-~-~~MRo 

11. 7. 1 ~!Jt~ll~~~ 

11. 7_ 1. 1 ~~iJ;.$-)t-

~-~ r:J ~ fi 9" Cl@ :::F ~ ;j' ~ 50 em) :tm 71< ~j ~ lt jg 1. 3m , 1} #.f ;j' 1[@ Oil 
<J>20mm , <J>32mm , <J>35m , <J>40mm ) ~L1t~-~~!/f;-flij*r:J, ?j-Jjlj]j(.lf.¥1Lf&~~~ 

~~$, -~~m 24h ~*tl:l, t)!fiat~rf'llf~!®J.l~ta3!o ~~-, ~L1t~Hl£Jit1R#T~ 
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=f 'J\1:~~:fiarlir o 

11. 7. L 2 i~~~$-ik 

~~?t£89 <t>32mm ~L{t;f:F!.tjta;!.tj~~~~.fb?Hi•JJJ< 

SfZ-~¥ 1: :it!! Sl .A 14m 7¥ 7J< 9=1J?.l(; :tit .A ttu.K ~ ( .!A!. 1!1 
11-19) q:t, ~ ;¥t i£ Sf: 14m J.K .f! ( l mm JJ< ;t! = 
9. 80665Pa) a<J.ff.1J o im '/it::(£llt~1~=1'"75tm 16 - 24h 15 
1& :±l ' ~tliJtJti.i~fifi~.!l fll:tiii 0 

!!llOO n -19 m~. m7J<iltl!ifi-JN:~1:~J;; I 5o-
170mm, F.fi.!f~J 2m 99::km!1Jil .ff~~o iJt~!.tj~.fb01, 

~~!.tj~-~~O~.A~~a<J~$ ; i5t~~~.fb~. ~ 

f/.J\1& 5 -lOkg ~L1t:J$!-tjf=&'l:rftt~=f~fl~=ffi5. ?&Fc:tEM 
ffi~~l'"~~**~~im. ~~~~B97.Ktt~lli.1J( ­
M:tt7J<iat!J&B1l&;fi'I~T 14m ~JI:Ii0Jti'9 7J<t±.ff}J, jjltl ll$ 
:?1-J.K~. JtR;f:§ ~=f- 40m, 60m, 100m J.Kttffi}J ) , ~!.tj 
-f*tE.ffJJ""fi£ 16 -24h ~J!*EJ1fS)a<J~?§o 

i5t~i£ttL~.A7J<~?§~Fc .-~~~~~ (~) 

~ 

10 >-o= 

~ 

2 
3 

-4 
.........__ 

_.,..... i--5 

..-6 

r--, 

)..---8 

"ir . ~ -
9 

1\ 

?t fi1in;Jc $fl:l :t~H'I= ttfro a<J ?3t1t w.J 1'-:1JOO * ~t tlt*' W1fl- /!' oo 11-19 mlJ< 1All1t~~fi;Jffi~ 00 
1-Jl[JJ<tl' ; 2-:j:j~.tt~ij; 3-mi.il:l.; 

15J~L1t:tf!.tja<Jf!L7.K•It£ n~a<Jtt~ o 191J~o , Jifij:91!-JM~~ · it 4-1\ii#>:; s-:titrt~llill~~m; 
JJ.! ~0 jjj:m-~:fil:a<J~L1t:tf*i , 7J<~:J$!-tj ... t!(rm:J$*i~ 6-JttJ!/t!!; 1-J:flM(~; 
~ fi'J &'l:rf'lta<J:k'F#.JITmt7.K lfl~7f!!-:xEB11liJFc, ?HJtlml:xEJt s-""Ftt7JC.Iill; 9-R!~; 

1fUJl1iJ!;Jc $ , )}.. Tfii ~ ~ :±l !1L 1t :J$ !.tj a<J m1J< tt ~ ~ Q ft t ()-JJc li:& 

a<Joft~~•w~~1t:J$!-tj,M~:ttH~~-*:tfH~ttL7.Ktt~B1 . ~--~Jt:t:FHafi.A 
* 7f ?§JI§'ti:kF t.£ n~ a<J :a~ ·111 C£ , - fsvmm fi1P! ;Jc $11= ~ ~ WJ-¥ ~ o 

11. 7. 2 JJI!:ti~l~~ 

~f'lt:1J.M::(£*7J<MRq:tdMW•••a<J·7J<~~fi~~-H.m~-~B1~(~~ 
~PJ~2t1:~1il*i5l7@!B11'BJJ;;?1£, ~ll8 h ~) Fo, ~1lHTi311!11!1 •• ~tlHi~~*':la·~ 
"=1!:r :J:f**NXtW1fl-~L 1t :J$H a<Jm1J< t'.£ o - 1Jit:lt!! 1M., ~:fsf'l'~tl~/J-~ ~ ~fiijl( 11= ~ a<J ~{4:-f* 

~-a.Milt••~-~~s•~~MC£o ~•f1=~•••·~-2t~m~Fc.~VR~ 
J!!/Fbi, 0 

11. 8. 1 !ill~ 

I~fi:H~-1'-$ffl¥a.&ta<Jri~~, ft:ta~~ffii =f~~JJ!:f;!l:li~, flPI~:J$H a<Jff~.& 

~~~m~.~~~~mff~~~-r:a<J•~&~~~a<J1t~m~~~ffi~.Tfii~~~m~ 

m?t a<JiM~~~ ~~*N~o ffi -T~~:KFH a<J~~~:t;!t tt , Jt-~~1l!H:t~:i: J9!tlltll.!l.&Jtm 
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~~~~-~-~0 *~~--M.m&~* · ·~~~~~.~~~~~-~H~~& 
~~~B. ~~~~~~~•r~o ~~H~~:i::t*,m~7&~F~~~~.m~~~ 

&J.iii. ilJJr r ~ , -If .3~]~JI o !fL 1t1-1=H 9:t ~¥it ~Jl!J .!filJ f& 4W.HiHfE ?t -T 7)( JJZ m ~ . IZil lit , fir D..tJ 

r~frl1~1t~*, 'E!t-:fl ~:!lf~®-~f~tltt~~, tlil~i€6 o 

W!tl~*F~ f1:Pm~~lf B~titnft:lf~ .:E~:fl !Wit&·JJ\~, ~H~ii\~]UilJ:J;itit~~ 0 Yoshikazu 

~A•M''~-m~m~,L~1-1=~••m•~M~o••m::rw~~*•~~tt~:lf~~~ 
•~•.m~~~w~••••~•~s~. ~m~•7~m~•••a.~•~&~~~ 
~w.i-t-laHa, 2:1Wf4!:7fa~:tE*ffirtE*ftfr:iltB, iit•*flf~-t~:W::fl ~~~~0 ll!&f:*ilr~ 
a~QM~~m~H~~~~*~tt~?tfi~*·~~-~~"*fi$1-~Wa4•m . 
s~~1tm51:a<JlJ!f!i~~. J:tm-tl7i.t~Jt11!!,4'm:J.11!iit~~~m51:, Jt~* ~m~~ttaJtJi 

*!=~tE/111miB{f'Ffflr~~~&mz:i::t~ o ~t)jHY£il1i1f~-~~~~.3I:~~A~trl~~i.t~fk~ 

?ttFr-lX*illfflJ!IJ,Lft;t'l:H~f1:Pilr®~u~?Vf~9:t. !t~~1r~~11~:!fl:Brm 8.4.111 "~L 
ft;t'l:H~m®:li~~~W!tlil\~:W:" ,J,~9:t~:±l, J!!!.~N~~o W.Tft<~fiJJtJLf4! tt~:!JI!. 

~l!Ht':J~L1t1-1=~/1=Pmtlt~ll~7»!tl~:lf~ o 

11. 8. 2 ~-~-tfJiJ!U~ 

JiiJ:IIi'E~~*'N~.~ 7 :I$J9tE?Ifilr~tFJfJr~~ii*~~1lL~ft)J( o :I$J9~it~JJ ~1J!4 
~;l!1r~fiag~.rz= . fit:ff:.bHj!ffl:ft.~m~~.sc ~~rz=r~ B 11t~iJ!~I¥l:t.m §Z- o Jm1itiA 
j.J ' .i:~~ .=.1-:lfW a<J IZil ~ ~ P(ojj :1$H ~ 9iiJ :tltilf lSt ' *~'J :1g : .:E~ ~ ~ tl fiF 4'Jg )(;j"~ ~~ F5 
~~m ; .:E~~H·~"Mit:±I~·~~-~~H~?Ifm; .:E~·H~·":tEmtt*a~ 
%mto':J?If ;:t;·7»l5C1tl1i~•H~f'Ff¥.! o ~mi , ~~mm. ~nr:n~~Ne:~*'Nf9!2SI~.:E~::t.i: .:E 
~-H~H~.-~~·- ; .:Ea•H~~-~#;.i:~~~~-~-H~~~-:lf~. 

~~-~-H~••••~•-~*a~ttm~o 
11.8.2. 1 ~Jfllf.J~t.J.Jie~~HA:~~ 

I~~H~-~~~~~W-~:1g.~-~~-~~~H~agFJ~~~~-H~~-~ 

H~, .:E~H!ff~~m , Jmu~~* mts I®~~H!f:f~11~ , IV. W"JH!ffYiffiOO~lBJ ~:Qj\:Be 
~f'F:1g:l$~~tlll£~1¥JliJ~-{Ro 

~fi~lJ!tl iJt:JJaJ:J, ~TW.R cf>32mm. cf>35mm a9~~W:~ . ?tjJIJf'F~-H~~t&:itH 
~. T~1tf~~lf~:1g 150mm, $11il¥1*1f~;J\r 150mm0 :(£~y 50cm ~~tp-T ..t, ffl~ 
Fi~-t:r~.:f~~~oo~:tEt9oo..tffi-~~m, ~J.f~~'J'r~~tHTWH!ffa-9~1l~1lkij!tl~~ 
Bc1*S~~ o n:oo 11-20 (lf,J:lf~:iltqf$:~, i&l:JEIWH1ffi~MJ%f00~JBE~, filfiffl~ l mm, ~1(11 
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~~~~~-o ~~-H·-~·A-~8%.~.aAW~~--~&~2~.Mfim 
ff®•o •••~mM~H·~~~••R~~~R*'tl~A~~~~-.~g•m~a 
HH~~-~HG~~~~~-~.~~E~N·o ~~WWMa~~--~···~· 
~=H~•w•~~~-H~m&~~~o ••~*•@~H•~••~H~m•~~m 
If#Jij.Jllt cf>32mm :gjt cf>35mm ~R~llf:fi"lJ!~iJ.\o j~J~~l)1~iJ.\}f~laJ~T;Jtt~~Pin.J9fjj.Jl€jl!S~~ 

~ I ~llH•~~~'ie, H:!iliH~•rBJ~(J:fl-J.lft~o 

JBI'fit, m..t~~~:il!:fi~tlut, tV- :=:7X3f~"JW.:~:fflSt'IM~N;II~M:*HE~fP~~R~N~ 
,OOjl!S 0 

·~~tH!Hf'J [ L]AI B %~M, ~~ L ~N·Be~ I lf!w em I A :AJ·~··~7!Uti7X 

~ , B ~JJ.\!Ji t:'ZJ.t o 

11. s. 2. 2 ·~-m Jij f.l.je ~ iJl'J-i>.\:. ~ * S? .:F ~ 

_t~?j!JJ W.:*{4 ~ ~ ffE1iffl:l&li ll*::.li:H ~ 9flJ. n~JJ o iXA ~~it<~~ 5!:~ .F-* ~]JE _;u~~ 
lfi~-J9HI':Jtt11ft, i:l1£tJH!it~.F.m~]>i:r:J>r~ttJ.lft, ~IJ~.ffHt~ ~, .::P~ff fil~ ~T3f Iii~ 

tt11ft~o ~~.4•w~MW.:~#•R~~*o ~~amfi..t:il!:h•w.:.~~a*~~..tm 
fi~W.:.&~~a~~~±~..tmfioow.:.~m~~r&4~*~o W~~-#~~~­

~~71U•Jl€•~~••*•~ 0 ~•~~=•~.~~~-~~-~~.ffid~*oo~~ 
-~~-.&~tst&R7'~%~Jt~~~iol~~*~•~~~ o ¥J:~..t. ~m~m~. -~~ 
-~~Jt·~--~:t&$*~~~)fioJ~~.MW~-~~-·~=•n~o ~!X.~m 
.& ~ m T 3f oo if-t -*4 t¥J 4wJoo ttl!fc J~o m JJL }tf ~~ uln.J A~t * m-tJt a Jli!.lii ..t t= ~ ~ ffdlt **till: 
t¥J5Si.o * 11 -1 9 ~~AA~~.Jdt~~AM*ilri!t~!Uf~ 20. 272GPa a;J', tF:*WSP;f,t-*'t..t~ 

&M*mi!t~~&.ll o 

. 

• 11-19 fal ~ tfJ .A tt )Ill itT iR 1'£ :::r- 151 ;t;t M W. iii ..t1" ~ tfJ & M )Ill iii iR tfJ Bi :tJ 

tt-*4~~ tt*lJI>ia\lkm · s · I A ~;fflW!!JUg · em -l li~~ Ill' itt iltiE.1J I GPa 

::kl!!-ti 3. 50 1. 95 2. 70 24.53 

i:'k 3.07 1.92 7.86 33.45 

!& =f 1.30 I. 35 I. 65 16. OJ 

~~iH 4.57 1. 49 7.90 34.46 

;ffi~ ?:i 2. 10 I. 63 2.63 22.30 

:fHJl.:QV~ 2.57 I. 52 I. 18 16.01 

t£ : 1$~(1<J-~l$~Jllt~.!!t p 1 =2. 13glcm3
• ji~J1k:i!f!l c1 = 5. 25kmls, Jllt.~Jt]jf u 1 = I. 81 km/s , ~jjfljr.fft 'Y = 30 

§'17~. ;&<t• ,\ 11#~. 

M* 11-19 'P~USiiJIV.;ftl:l, El3~~-*4~~, ~J~~AM?~Pil:r~tf:~:W-Iii..t~~B91i 

M*m~~~&~~~JJrH&*o :i!*¥:, ~ ~~-·~~ l!(J f!Pmi!tr£utl!itst~Firm *llli 51 f;i•$t 

aHa;J'.liM~*-~D·~~-~--uln.J~Hl!(J~·~· o 
11. s. 2. 3 ~ ;J;i.je ~ ~l i;~;.~ * ~ l.t:itl 
m~L~~iiJIV-~tl:l.$ftl!(J71lJ·OO·~·~~~~*:fl-~~~~~~FW. ~~W.: 

lli:fi¥1JI¥J71U1,1ie., ~-iiJ~~*o {ll liL ~Mtt'~.&~~T~:fl-Jlti:l1!ff.F-*~~JE, 9!tl 
~~"T®*~~j:'ii\·~~ o ~fPA~ ~li~t'+':'li£4~HJ\.m!W.:Bt~ ~.& iJ'~T fr J.lft~ttJ.!'t-~ o 
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~~~.OO~~H~-~~-~~-~~( EX~~)Mm~~~~--~~~­
?'1€, *ffl~~;@:~1'!, ;lt~ft::(W IIJ ll -2 1 EJT~ o 

EE!r1ilffM~W.tfl~~i£it!J~1lH1t~~~ml~, ~~»-**~1~~T~1i"~7'!~:if'JE o ~ 

r& , w:~ :~:-m1r -u·ug, iJJI: :Ill:~ :~m~ . ~ '} 'E :tri'if tm.rz: ~ iW -t-~ l9:if' 1± li:f.l-!flh ~ ..t. ~ ·m~ . wr 
~mf!X~~A.il!l)(*ffJ~I@;f'fH"t~~;ff o ~!'t:l!nOO 11-22 Nrffi o 

v ~!Jl 
ii:JtrJ~ 

:E~t§:tf 
L m'l1 L L .( ) J. ..J.. 

./ 

( 
-r\ ) 

~mlff / 

~ ll-22 ~ ;n: l'f.J~ w, rtd!!~)E~~il!~ ~n 

~ f-f _R ~)j.ff ~~ tt 4£ 1m ;fl1J 9='-$: , 'E fil ~!16,1£ li:f.l-~lH~.' ~ o ~ ,f+l! ~7! ::f~ ~JiHIHJMi" 

~;t;il91~ ~~7! ~ ~~~ . -m 1m t~tl<: fl fiffl :t&:s<1 ~~ BJ.J ~:ti ~fl :izHr ~:s<-t J:t~ o 

11. 8. 3 l!lt&lit!lt~ 

11.8.3. 1 ~~~Jt 

~---~~~--w~~~m·S~~~Httf'~Bf.J~m-~MttM~~---~ 
~fflr·~~tt~W.R~•m•~~ttf'~ 50%:J;i~$~~~-~~.*·~~f-f~~ 
m-•~~0 oo~~~Jli:fflr~ll••~•l¥lfflttM*4 ~~1=Iiim£•, :tr.f!L~Ol~•, m*4Jt 
~0 ~~-~~r. ~rft~:ffm~~~~~-~~·~~0 

~·~·~ft:l!llllJ 11-23 EJTffi , §jlc)(;f?lf'itr~f£M!t&'f'(l9;&•~~:lll:rr~~o ~~ill: 
~m~mttr.J~Ji:, &·@fF~:t£$tJ~2t?/R~~@J.t, ~:hllk.R. •to ~•~•»- cJ>SOmm ~:ff 

m••·~·-.N1£$*~illi,~~~~EJTW~8-~J.t. ~f-f~M·T~Mma~ 
--I~. ~~Xi'iJ~~~M~-Z~#1£l¥J~-~~---l¥J-~o ··~iil:;f&~-§ 
l¥l:AG!J1~L*:I=tl~~f-f:i!§:tl~ o tE~!Ji~i@il'P, :i!ll:!li'!.~Pitt:tl~. 9lU1£~iU~~ w:•~ 

W1f~-~~-.~··~~tta~•.~w:•~:if'~~G~Jm. ~rm~~~:~m4~~B 
J9o 
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11. 8. 3. 2 m.~~*:lo~4fk;.l:J.t. 

~fi~-~~--~~A~~~~~~­
~ ~ ~~ & ~ ~ , illi :i::1: x!U~UiiJ iti -Pin.J 1.i)Z ( • 

~ ) ' t.IE~~ JJVJ ~:a -Ojnj )i\Z ?!& 1i ' tm lit M ~ J3t ?t 
~~ilim~~M•o ~·~--~~-.~ 
~*J=Fl~~~J~ ( Langlie), -fr~~ffl~:/J~ 

ey~~~~-~-~I~-o ~P~~-·~ 
~-~*~*~-~~.~~~--~~~ 
~~~~~~-~~-~!Jt~I~W&•ffi 

~ o ~~~~--!Jtey·~~~~~~AZ~ 
ffl~~J.JC(t9*;J\ o 

~JJt!/&im-NHiJ11!JVt:!zlfF%~: 

N N ··· N I 2 i ( ll-33 ) 

n n ·· · n I 2 k 

~~.k~~~&Mffl~~--~~-;xi 
.1>Jilt&Jii1J a :it. i = 1 • 2. . . . • k; N; •m X ; 

~-~;f;:f £~!/&; n , ;kJJ<•J )i\Z~ Djnj/.i)Z~?f& o 

•~-~~~•iltM:JJ•.•~m•• 

~~~~-~M••=~~mz~•~~~ 

13 

12 

I I 

8 

I 
2 

3 

4 

6 

7 

00 11 -23 l!i\li;f&iA~~ft~:O:~ 

I-1H'lf'31€£; 2-8 -'.}I:oiill!.1!l'lf; 3-ltl.t~tt 

( ~tl!i.«M) ; 4- :ff-IILllUil'll'; s, Jo-lllH!f&M4H! 
ll<JW<tt ( ~Mtil~); 6-.ffi llllit5 1 ~ Ct.&ff-Wt~> ; 

7 --1'-;!ltl~lt <P ;ffi ~ R<J Jff 'flJ!IJ :1i .& (l(J Bi:llll it ; 
8- .!\!.1iH&; 9-.ffillllt~11~ (~ftHilKO ; 

ll-it2t~l:ft1$1§-l<F.P, ; 12-:ti.f11. 

~~1!11&; l3-.i:2t~tt 

xu, ~~n(li]Jj)zJJVJalll:~~~ x~.~ilt&~fil No xu, x~.f~\.1:/ilt&~, ~ 1'1 ~, x u - ~A/J\.1:/ITm o 

~~~m~~~--~g•~~~m~r1~z~. ~lit. t1•••~~-•~s••~• 
~~·o ··~~-~.1:1~-~#~·;f;:'f*BN"W~-- . WN-8··~~-~& 
~•m~••~*~•••**•~~. ~"~*•••tm~m~wm-fr••~. ~•• 
--~~-~Z-,N~•••~*~~-fr~~~~o m~•*~~*~~n~: 

if}:~~f:J:f,{ti;kJ:r:\ ( 11-33 ) ~%~, mi =Ni - nio 1 ft·~ /.i)Z·*· 0 f\:~~DII!J)i\Z. 
*0~ 

xw = max l x, I m, > 0 I 
x ~. 1 = min/ x, I n1 > 0 I 

:!!n*xLI <xw, 9!Ufl<~fSJ (xLI• xw) .1:1eM~7i-fr.*l8: o 

( 11-34 ) 

(1 1-35) 

~lit. lfl ~m~~iH~ 18: ~ ut~f£ :fit-tl1::!i!d21; ~ iJ£ ~:JJ ~ mz ~ J~ ~ ~ Din.J ~ ~ , m N ... • 
lF, ~>}( N>NminO 

11. 8. 3. 3 :t .?f•J * ~ .:Vk;.!: J.t. ~ 1fiJ 

~lit~*•••A~~••*~M~m~~~~~mo ~&mm~3~,L~~~;f;:f 
~ 1 %f-f~, 2 ~#&~ 3 ~;f;:f~, 1&'.1Jt?t§JU.1:/ 1. 23glcm3

, 1. l5glcm3~ 1. 03glcm3 
0 

3::1st ~ §.1:1 ffi~ ~ 8701 , ~ t£ 1&' J3t .1:/ I. 62gl cm3 o a~ ~-ffi-tBtffi~ lllfFif tJl.~ $! ~ .f1i }.!1 J3t 1'19 
%f~·I)!J(5L, -~~1-t~~ ~:fl.*:~~·:!f!, J(;j" J!JTliJ!I] 3 ~!1L1-t:l$~;f;:f£ 1'191Jt~f1 ~&?J-JJ!J ll!( 
x~.1 =50mm, xlll =Omm ; Xu =60mm, x U2 = lOmm; x1.3 =60mm, xw = 10mm 0 



. 810 . 11 ~1t.~t ~ UIJ i.J]•J iJ<..ft;R ---------- ------------------------------ ------------------ ------------------------- ---------

:.j;tU~.::f!J~a<Jij\~;~Ji!O :itHTJj\~, Jj\~~*j!J-"r* 11-20a E8* 11-20 ilJ~H~:±\ 1 %, 
2%;fil3%-f-l!~a<Jtmil-!S*IK?t~O/'g (46.699, 43.750), (44.765, 44.269) , (42.810, 
40.641), .§-f-J!~I¥J$il-~*jK"ftffl:fii¥J*=f*lt5J-J31J/'g 3 -f-, 1 -1'-~ 4 -1'-a 

* 11-20 !FL1tW~~~I!It&iit!Jt!1HI~ 

Pf % 
I -15-,f-f£ 2 ~-flf, 3-\},f-ff, 

lliltj;fli)lj[/ mm ~ * 1\"'.!.f!i)!IV mm ~ * lli\ti.f!i)!jV mm ~ * 
I 25.000 I 35.000 I 35.000 I 

2 37.500 1 47.500 0 47. 500 0 

3 43. 750 0 41.250 I 41. 250 I 

4 40.625 I 44.375 I 44.375 0 

5 42. I90 I 52. I90 0 42.810 I 

6 46.094 I 48. 281 0 43.593 0 

7 48.047 0 44. 765 I 43.20I 0 

8 47.07I 0 46.523 0 26.601 I 

9 44. 631 0 45.644 0 39.90I 1 

10 42.628 I 27.822 I 39.247 1 

ll 43.630 I 36. 733 I 49.623 0 

12 45.351 1 41. 628 I 44.435 0 

13 46.699 1 46.909 0 39.668 1 

14 48.350 0 44.269 0 42.052 1 

15 40.500 1 45.837 0 

16 43.945 0 

17 41.807 1 

18 42.876 0 

19 42.342 0 

20 34.472 I 

21 38.407 I 

22 • 
40.641 0 

••Jj\~•m~~*~••••a<J•~~••~•a<J•e. ~•Jj\*WRI¥.l~*•• 
•at, fflUE4i-t--f-l!~ ,R;ff - 1-rfffi:W-JIVJiJb.K 1L, t.t~ -t-51ia<J?'~:W-Me~ ,~,fi~~-f-l!~:lil~, ffii~ 
~J!1-;.K1Li¥JMcliJ:rJi!U~~~~-f-I!.Ildi~o {ffilJf-Fo~~~-ittfi"li:~Jj\~, ~PUf!~iJt:fi-~ 
~.f.f~ , tE?'~Ji! Jli1c(lj:r a<JfF mr~%1\..t~ B~~ T 4o/JJJI!~f-t$:~1ta :,1g T ?iKJJE~*WR-f-¥ ~ 
a<J8jjt5J-;t;J·~, &'£Jil§t.?t.ftH~;tt~~~~J!:7fWttfi~I¥J5t;(p*~, ~~1-fif~ a9·~5t 
;f;J ittq-T@JE , r&Fc ,m ~@JE?lHifOJ£ .§·~o @JE~L 1-t:J$ ~ I¥J (lj:r *. !~'Mt I¥J 5t ;f;J#t m! :,1g ~ ~ 
iE ~ 5t 1n , ;t;J-m _,._ f! J ~ Yt~~ a<J~L 1-tW~ ~ * &•JJtB:II ittfi" 5t 1JT 5£H11L ilJ ~1i __t J£ .§ ~L 1-t . 
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1$ ~ ~ ~ a(] ltfili ilt~ .!till , ~ :!l'H'Ij -T~ 11-21 o 

* 11-21 !Jl {t1$~ffliai!BI.liUI 

1!/iHJiiJ'Jlf/ mm 
.n'l "' ~~ 

50% :II .lit$ 99%jl;,s($ 

1 .\} 45. 27 36. 14 

2-l:} 44. 79 41.63 

11. 8. 4 iltWJ~Uo~~~~ 

ll. 8. 4. 1 ~~.1-.1. 

~~~jl:fl : 

~ rffl 
l%.,llt$ 

51.33 34} 

47.50 

(1 ) tlltfflb fi o ~ JiJh K :!ld'fl .* m tfV Nfll J5 ~ ?If m F.m 

~~~it , jm 00 11-24 Mffi, .i: ~lliJlFf11H~lf!:ttm 

~~~~m~.~···•a··8·~m··~B·~~ 
..ffl o 

@~UiiJtUtll~.ffi}J:flm ( ;J'r 0. 2GPa), /IPilift: 
m"~·*· Q··ft~.ffi~ti(J*ifrmff~·o 

(2) ~~tJ!!o ~~/§~~ .ffijJ PJillfj , ~~ ilfi£ 

(50 - lOOOrnls), ..EIJfP.it~~JtiiJ ~*m::f:li".IID~~::f: 

li".IUM~•$~tPiliilttt:m~~.qmm~r•m1-'FH*m 
®:lii~R. ~lJi~i!.!X!.OO ll -25 o 

¢40 

0 -
2..t=~~~h4~~~~t 

¢44 

!Mtl 

il/1! ;f&J!jt & I mm 

50%-~$ 99% :II .lit$ 1 %il~$ 

42.32 38.03 45. 90 

00 11 -24 Mllb~~~~ftff-;('):00 

1-~:;i ; 2- 111 mfl; 3-!IH;~Jt.!ia, 

4-~*iff, s- m*4mH; 
6-iliifliilf~~~; 7-i:i\:~ 

*f,r~., s- WimM· , 9-lll:~ 

I· ;2
4 

.. I 

11111-25 ~~/lfti!rjlgJ;i;9:;~~!tff-~lll 

1--ii!:!JQ*F.r.., 2-ffi.M~~~, 3- J!Iilt.!ft 

4>37mm -~~~m~•~ftti(J1t!!if* 4. 2m, ~-.lJZilfflllm-nt::f::lcr 0. 5 ~Mill o m~ 

itl:~~J.jjtf1J!ffi~ 00jm 00 11-26 f!!Tffio *YH "H" ID~f.lBi ~JHt, ;lt:fl5&$?t::J.J lmm x 

0.5mm, fflJ!I.tJ 15 1J.m, ~JHJi:1.J0.2!lo EB"'f~:t£?r.j:lifr~ft:J'¥fF~~,&@fit, Jtj"C~J{.:fl 

~~ft. m~.ffi&#*ffl0. 09mmti(J~~-~-mM~a~~~-o 
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Kl!lt~ 

6 DM 
902 

5 D 
Te~ 

2430A 

m 11-26 ~~~l'-lffDlt:l1!7J'~OO 

1- lS./f ; 2-'MI.iU!~t; 3-ut.f'f.ft'Jl; 4~iilf~~n; s-.ll*l'l'milil!li; 6-.U~~%JllG~II1i 

~m*~••~•~ffim•m.~@m~~-~ffi~~~~~~~~*~ = 
p = a+ b(llR/R0 ) + c( flRI R0 )

2 

.:x:.t 9=' p ffi~ , GPa; 

R0 ff,Jii it 89 t7J Mi@ llli:Cil , !l ; 
llR ;JtJM-:fWMi~lffi. Ro ~~1t:hi:; 

a, b , c .E€1![#89~~~~-M-~. *~f9tJ9='7f.E1J~0.27 , 34.4, 1.07 0 

(11-36) 

l:l:IT-*=iiH!!mtmt, ~;ff llRI R0 = llVI V0 , ~9=' llV ~ V0 :f:!>JriJJ[t~lil.lFllt~w;l:f1 o j! 

*F. fe~iJt~~~~~89@.ffi1tA~ (Ll-36), RPi3J3ltte.ffi)JfJ<J~1to 

11. 8. 4. 2 itt~~~$-lt1f.ijj']i~~1f·J 

00 11 -27 ~titi!Fi¥f£:f:E~liliJ~~~~ft_t~~89~~ ~fl ~ 0 !i1i*7&~ ' ;ff~ffib~~ fJ<J 

~)c ~ Efl ~H11:Q::kff~~, f.!.1Ha~rtgfJ!£1t89~L1t:l$~1&:~:ti C 00 11-27 b) , Tfff~L~~ 

JJij: ;fO EB lJ.tf~ ~~fiN~ fJ<J !JL 1t :1$ ~ ~ ;fdtUiHi ( m 1 I -27 a ) ' f.§_ 1H!i1 ~u fJ<J ~ ~ ~ 7t fff. ~ 
'*o MOO Ll-27 b 9='i3J !VJW~11!!3IT 1±1, #tA f§~ £:Li~ ffiiflt:t1:.l£WJ-*, *F3f$TW 1!!1 t!:J /f' 
··~··••.a•~·A·S~$T~oo_t?t~8*?1-C009='.~$T·W~~89-@ 
$?1-) o OOll-27alf'l!9mA%M-, f.!.~~J/Ji m~tt1ti~ T ~lfS~mJt < m 9=' 89 s~:Ef~1f 
~ ZM} ) , :(:Em; :lJL W ...t. .¥ ~ ::1\ ~ luJJ'& M ~ * ~ , l! 7& ~ *F &1 ;(£ to .Eli~ 1&: #r te ~ 1oJ lm fflJ i% 

a b 
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l!!!im~ll.9'tM ili* o 

0011-28 ;JgQ~~~I¥JEEJJ~~ o 00 ll -28a 'i='a<J~~,g~.o/t~. ill~~?A:m . 00 

ll-28b i:f{!{J~~;Rf!JH5J;Jg~1;:~~rm~tiJT 7 EE!Ylit o *. 11-22 ?U ili f Efi~4} ;f.'H~ i¥J~bJb~ 

~!Ji~:W:o 

250r-----------, 

200 

al 150 .. , .. ... 
-R 
1:!'i 100 

50 

0~~500--1 500L--2-500L--~3500~ 

RtfBI/j1S 

a 

f$ "' pp \4\'l.f/g · em -l 

~l@~ft~~L1t:ltPi L 0229 

-~tlt~tlt1t(l<J~L1t:I$Vi I. 1959 

fl.JUUi I. 3657 

lL 8. 4. 3 ~~3B~ft.1tt.i.•1l'lii\:-*11'J 

300 

250 

Qj 200 

• -R ISO 
1:11 

100 

so 

0 

[j(:fi/g 

2.0 

3.5 

3.5 

~ 

~ 

500 

fl. it*"' p.j 

1500 2500 3500 
Utfiil/j1S 

b 

f$.fn.R.-..fl mm xmm -~~~ 

cJ>L5 X II. 07 1.1~ 

c/>15 X 16. 57 ;;fi:Ji~ 

c/>15 X 14. 51 *lil~ 

~~:l§~~~fi;(£~~-utr~(I<J!fftJt.!lllOO 11 -29 fnOO 11 -30 E!fffi o m =f~E(:l§;(£?k~B>t * tff (!<] 1i ~It ~f~ ~J 3 Pa , 83 ~ ffi! 4iiHt A~ ' Lit :kF 19 9=' 1¥J ""C 7€1. ~ flli:-gMHtJrflt tl:l , JA rm ~ 5t 7 
~&ta<J~)Jl, ~alii]~~~*, t;S!W5C1=f~?@~itl¥J~Liti'F~*ffl~Mffll¥J~!t I ?k~, W 
~r~&amfnm•~••efta<J~it~H~m•m•B<J n ~~&•~o 

a 

oo u-29 ~~t I ;!l;~lltr.Fo~rvt 
a-:~ai~tr: b-:!U~Fo 

b 
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a 

• 

• 

oo 11 -3o ~ ft n :!k l1£tlitr ifll \) Jt ~~au Fc fflit Jt 
a-!lt.\! n ~~llu; b-~Jt~~lltrFo 

b 

El3 ~~iW~a-:J#~~~tfrl~~ic ~~~**U ~¥-¥.fb :.1!~~~~ 0 rn u -30b 9=' 1¥.1 
~~H~~~Rftt,~~**lli~€*•&• 2 ,3 frl&W~ 41¥.JM~ o MJUM~tt 
:itt 1¥.1 ~ 4, ~J:t •* ~ 9=' 'L':fil: 1¥1 ;1;1~ ~ :k'F ~ o 00 11-31 lfil IIl 11-32 ~ :114 ~ 1¥.1 ~ R ffi~ 
~~ 0 

0011-3 l a t:fl¥.JM1'-ffi~JI&!. ~-1'-~~~1i*F'1:1¥.1**11t~. ~=-t-91U ~:k'F 
H~~$~~fflT~~-~MF'~I¥1-Btlt~o ~ **~EE~-~d~ffl~~~-
B;f, lrFm~~~R~~1a¥-¥.fb, litlt-LR~ - 1'-EE~~~ ( 0011-31 b) o ~~r:f~H~l¥.J:llJi 

250 

200 

B! 150 
-m: 
-R 
1:tJ I 00 

50 

0 

250 

200 

Qj 150 
~ 
-R 
l:tl I 00 

50 

0 

1-

1-

1-

1-

1-

A- iJ.i:t.Ji& ~~tBt~MEEf.J ~ 16. 68GPa, ~~JJRitit 

~1¥.1 19GPa l¥.J;iiiB&.1Jq~itJli o * mtlt~ 

~-~-~ fEi) l¥.J 131 iSJ *~ ~ 2. 2 -2. 5 1J.S, 

~~~~~-~~Rl¥.JJL~:k'FH;iiiB~~ 
' ~at ISJ 2 IJ.S tM~ ;ffi :ili o 

~ 11 -23 ~tl :±l T ~ '9: :tfY 1¥.1 ~ & ~ * , 
m u -33 ;~g ;fiHg ~ •~ tifF :±11¥.1 P - -. m. 

so 100 ~'P, ~~jg~Hi1fJ.-g.~:W:. Eli!~91UX>t$ 
I 'v! I I 

20 40 60 

H;ffaj IJJS 

a 

B- ~~J.Ii& 

~ v 

I J 
20 40 60 80 100 

111 riiJ t).ls 
b 

~~l¥.J ~~~~·--o ~OO!=f=Jey~ ·:±l, 

~~:k'!=Hl¥.l~**~ '~~n••*~~~ 
180~---------

140 

100 

60~-~--=-~ -~~~ 
0 10 20 30 40 

nti\il '"s 
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~~ ~~ ~ l§ 1-1: iti ~ ?~P * .® • ilffi w ~J m 
p2 T=#Bo ~~~~~~~ili••~m 

*~~~~~~~~~*· ~~**~~ 
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fO 3. 79 0 

~:t&B-9~~~itfl V. fO~Z}jf@ B .!=j:J$~Hiit D 6-9-*~;Jg: 

A 9=' V, ~.t& a<.J tJJ lt:J it ll ; 
D :J$~!$l£o 

v. - = sin(J 
D 

( 11-44) 

~-~--fflf~ASW.fla<.JfL~WH.~.t&~~~-~I;Jg~-o ~~~~o 
T: 

( 1 ) ~·ey~-~~-~--o ~~ey~~~-~-~~~~*CJ.¥1¥J~*~~o ~ 
JfflW*i~*.®Ml~ p2t *tlm, ~*~~a<J·mll ttf'FfflBtfBJIIt~ o 

(2) ~.t& :tE1i * :1$ *i B1, F. f= ~ ¥.2f;: a<.J-!l~ ~, ~f~ 7 fJiW rP1 fffJ W[?Jt £B ~,~ 

11. 9. 4. 1 ~~ 

~14372~3·JE~~~H-¥aA~A~·~ttB1.R1it~X~··#T·~· 
1f~flP\.o iYJ1P\1f7'!A:ItfP\f-F1!itl n\4 cf>80mm X 160mm a<.JH~. FIHfWi51:Jil, ~- 3 JX, 
~Oi~~tst~~:l$, i,ti:A;/g~P\f-F~A~1J:I$·~o {a;!Ik, m:•w.:~~-~-~-fla<.J!J!LJ&¥ 

a~~-~#T.~~~R-~.W~~·~~~*~•w•ho 
fL~W:tfi , 91VI*:I$H~·~~fl~f~f'E1fla9j@;Jtltm1C~jjt o ~~r.ifffi~-~~1L 

~WH~~~~.ffi~~Ef'F;JgRffii~WHam•fla<.J·-~·o i~~Ha<.J~--­
~~, 'E1f1 tt~A~if~·lla<.J*ru!~fflWH~o TNT, B WH~~o t£.1f.fll011*!@ 
flZ.fBJ{~.3JZ-~ -1-F~I¥J:*:~ o 

~~_t. ~ft~ GB 14372~3 ~-m~Jt~1iiXIWi.t&m:•. f'Ffflf~f-(q':r9{1:fl*~s§!NI*. 

I1ff1Jf*Uim-#~~:;~jt~A1f·W·~o N!J!IJ, tEIWi:t&~·9=', iA¥-f:itf-tlXJ1fpg, W~· 
1f··~·9=' , W.:f-Fa<.J7'~%::1iHJ!~.t& o .llU~, ·~ilt1.£l1XJ1f9=' It f1J!tllt:Jfffli!lli:~~~~A· 
~at~W, I~ffHio -lti,t:;ljti#,, f:~•~•fl~•~A:ffw~•J.¥a9W:f-F, tEIWi.t&~• 
9=' ey ff~A~ •:ti: f.:l:o 

11.9.4.2 ~·JJt~*-~1?·] 

~T~ 11-25-~ 11-27 :!Ik-ffl.!J!LJ&¥.&ta<.J.~.®Ml.fliY!IliA~:Jm. ?tJ1UEEI~f=r* 
-~o ?tfi~9='~aey~.~•¥a~.®••••~afllO&H•@~-*Z.9~.~.!=j~ 
1f, fL1tm~~ , :Jt;ft~nlt~J§"I¥J:ftg~~it~-* o ~~~i\:®U:a<.J!J!L•¥~ tt~~~~­
MU:a<.JfL•¥a~•~.®•••if'IJ o 
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. 
F.jjAl/"C ~F.i:H~£/mm ~LJ&J.iJHil:l g lJ!IJmti!i* tt it 

32 202 tE!{ii 
50 495 m~ . 

28 
100 1980 %~-~ 
130 3345 f.;~-~ ~ m etJ wr n: ;lilT lJ!rJ.~ ; 
32 202 m• ftG:JpJ:q:; "* Pi l!. itHIL ~ iji 
50 495 ;fjG~:Ja:J$ 

JJlt :I$F.i ; !IL 1t tiL llUH~ it 80 
100 1980 %3t·~ 
130 3345 %~·~ 

tJ 2650r/ min, ill!; it ~L 1-1:;, 

32 202 :fEii il'li it:lt91t 

50 495 :::f';il;~:Jti:J$ 
95 

1980 %3t1.1~ 100 
130 3345 . 

%3ttl~ 

F.iW"C ~F.i1l:Wmm ~L~JJltii!:l g m~ m:ti!i * ~ it 
75 140 9450 :J€it 
75 150 11430 :JE;J!i 
76 130 8640 :J€;J!i 
80 100 5200 m:Ja 
80 150 11450 -~;~~~ 7 G . . 

82 140 9500 %~~~ 
~~EhiMilUtr~!~; 

86 90 3850 m~ 
ifl!:JJ""' :::f' * ili6 ~ ftU't: ~ I(! 

:te• J.!ll: fr:F.i ; ~L 1t til l!HHHll 
88 130 8650 

JiJ 2650r/min, :ft;J1t~it:JiJ 
90 100 5200 :te• 1325r/ min 
92 80 3250 m~ 

94 90 3850 ma 
103 80 3250 ta:JJ . 
103 100 5250 ;ij;~;lj~ 

110 80 3250 :J€1.1 . . 

F.jjAl/"C !4i't F.i 1i: W mro -1L ~ J.!ll: fi!:l g iJ!fli\:~:lf! tt a: 
20 50 478.4 te:li ~~IE iM1¥J:l!W lli!iJ~ ; !G:JJ o:f *iii l!. 
66 40 285 :::f'%3t.:l$ ~Ml., ::f~!'P-Sl::I$F.i; ~L1ttll.jjf!J!~it 

85 50 525.8 %~-~ 1-J 2650r/min, :ltg{.t~:ra;J;J 1325r/ min 

11. 9. s :ti-li~-f*F~tf.J~tl~ 

~~-~m.~-~~--~•,a·~-·~-~~~---~I~A~~~~­
•. ~~~~-~-R~·~·*·tomm,r#~~fi·&~ft~.~~·I*o ~~ 
-•~•~••1t•J<t3fr~1iLWT , ~~~•~&lli.®1t~~m. )lltnfliJ¥tl~if#r~~~ 
1:.~ o ~JLt, ~:fY";Jt ifl~ffl~Ift~~ , ~005<t~1:.JVZ~::fr·~~.~,:i:~1f.tftie1.1F~~ 



ll~J:E, JE~om s. 5. 6 11 "::~n6i~1*" 9=' ffr:l(t o !IIHff JdiJ:Fif\-f*~·iJ1.a<Jtfl:n, f!fJ15!!tT:~*~* 

~~-I~~~.&~-M~H~~~·~a<J~·~-*•mfl~~o ~4.§~~-9=' 
;ff:$~ 1**ill~JVt1-J:li:HI'I<J-J9ilt~J;C~ttmtT-, )(;j''t; 1'19~~Ji'~A1f~ "lj£~ a<J;tl)(. o 

80,#mi~~H~-~~a<JOOhlB*fi7:k~a<JM~I~.I~:li:H~$m~m 

e~.:li:H~~~~~~~~~m*~~&~Foa<J~~~*.ffr~~~~a<J~~~-*~ 
~&~m*~&'t:IDa<J~~*·· f!PI~~Ha<J~~-~~~.~~--·~o-H• 
*·~~·~a<Jm~~. -~~~~JVt~~ ; iE~•~nt.~~~~~~~~o ~a•~ 
Z.7'~, mP@;{f$~~~~iil:B9~ ~ff:fr:I1H~fr 191:- ~~8~§~if%t*4%il~~B9m JJr*il~JJt, 

~&f,f:t'F &J.i)Df~ll ~ 0 

11. 9. 5. 1 :It#. ij;,# {~() ~) 4b-
lfj(-):E:flt(J<J~L~~HtEE.~.§W-a<J&:$5&iP>J f;i:lt, iM~4J:/a:lt~~F1mo l Omin ffi, lA 

&:$5lliP>l*11U1J~f**f a ~1*W:Wit'J4il-~ft71'ft00~1l00 11 -43 fJf71' o ;Jtrf!. /&1$j~M'1-J7'~ 
~ 600mm ~ pq~~ 350mm , IAJtf5f*J.t 550mrn a<Ji'!XJJttJU!Dfr!f; <f1XJ~j;J7'H~ 240mrn , ~ 300rnrn a<J 
1211*-1:1*, ;it9='•C.'JLJ[:f£j;J 45mm, f*)Jtj;] 200mm; 1{~~1-J l. 5 ~; U %J.K~LH!i1Hfa<J* 

JJ(f1ij;J 0. 133kPa, iJ!HiftlJJt1-J 0. 04kPa0 

8 

7 9 II 12 

00 11-4 3 ~{{it; lit f.F lfi!J 1lt ~ 11/r-:a 1!1 
1-!1:1$~~: 2-~:1@; 3-~~: 4- Ui'l!f; 5-§:l$31f.t:IJ..t; 6-.~llil; 7- Hi.:hf&; 

8-= Jilf]!ij: 9-lt~~: 10-,tt~~: ll-U~J!<flllli1Hh 12-;lR.fT-f]!ij 

~~$lljj;J = o) ~1!1:~11. ~:Lt~tfli:3fi*J~illrat.tt, ~~tt..t.J.l)Z5G1J(~.ffl-m:lf.1, &~ 
fl~J!iJ11}j ; (2) ¥J\lfj((110.0±0.5)g.@~H;flt (1i::f£;k=f35mma<JH:¥f;, ~!&~1Jlt1{:(£j;] 

35 mm) , ~ 8 ~~~%m:f~Jt!. 'ii~ffti'.A~~ 'ft ~, fin .A Y*ff1-JW'lf~* a<J 2/ 3, ;&~~.A 
M:l§I*JJL9=' ; (3) W.f$Jlit(300.0±0.5)g.Q~qt ( .=$:1.tiff'*ii::f1~=f 90%, tlf.JJtjg 

0. 40 -0. 63mm) , E! ?.~ft:±.U:ffH;flifiOII!Ej .J: t'f~, tf~Jj1;p~*J.JU:mH:w.J~n;~t;t_t ; ( 4) itf 
~111$~fi;1)'1J. ~ ;IJ;Jt~ ~Till'=\, ?tf,i~~fi;if P>! *'J~ l:E}J ::f::kr 4. OkPa at, ~ .tl:Mt"'\ ; 
(5)®~~H.~~~--~~1*~~--~Fo.•~*~ffh,aaftumJ.K~ffi~ 

itffi~ti C:k~ffhmzmfir&lll.ffi~JJttiiE); (6) .AHlt*fff*~~«cW:~a 

~--~~~a<J*bo, ~fitH.:Lt.F'ea<J8REj ~~.MMMJL~~~::f-if:k. 
~:I§JL~t~tt ~~J-J:E~Jjtfft, fi~rtiJ~~~.Q~1!t.FI3:GtB ~::ffig{5!!.7)!H'i\:li:H~-mmi'.P, rm 
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tMHlfltE:O~l?P:t.?'~. W~Ei1:1XH®JL!ffBJ1iJ!mF~ "faJ~~J5Y", it-~&ml~%~. ~ 

~~;ffi?'~~tt&~ffilF~:kfll~-$.1tlilit, JAffil~:fj$-9:1;11:~:till)!IJ~~*F~tl'C:k~iili!o 

•~•A*M~~-2~~-~~~?tJ~-~T.nmm =&•r~m~~~H~ ~ 
~frflXJ~ .:Plll ~t:rL.Ja B<J IS WJ~ "P ~H.W 8~dl ~ J5 :fj. t:t 1* ~iii: ; ;QJt JL J5 B<J tlXJ:@ 9=' ~ :ho T :0 
~~£1, I$C~'J\1r~i'F~~oo~~£SL I ?tJ,Jmtl~:J:t:H:Ii~.Ja1ntf~i**:it~1t'ti?~; i.l,(:if' 
~ Fi :ffi~.WA~ B<J ~•.w ~ I l£ 1t :rLFc 89 18m~ .:P 7t JJU iJ!~ ~ ~ H :Iii :t1: Fc 1f il ~ i* *:fit 1:: nUI-7 
lSLo ~-~·~fYj, :ftfLFc l¥:JISWJ~!:J=l, ~H:ti*PJ5F1::ft9-~~~F~*:Q:ilie;k 1 ~¥.i 
~H:fj•~1*~•oo~~-~1::tl'C7cB<J•£~~~,•~~~~•~i**•~~=•B9m• 
ttlllliJ ~tttf"~FmB<J~Ilij o illi:Umno:O?tf~:it I ~ff'J'1l~tt:HB9ml~~l5tFc I Elf~~~~ 

•w ~411J 9=' -$At~*ill;ffl ml~Y o 

~~~Affltt~•~:if'•Eiw~~~&m~~~:li•~•®''~~M~'*fflo~~:ho 
~15?/f~iil:JEI.l,(~'J'H~£*P~~~~IE~Fc, i'FH1£~!iWJJ;R~~""F:J;IJt , m~TIZSIWJ:J@:ftJL 

ffff ~ 1:: 1¥1 " IBJ imt3\'ft§" fJj u(ri] , m~iae~ * Fi~~ fl.~& IJ!).yj, .R~£i'FF.i ~~ Fc :fj ~~ -!*~ ~ 1:: 
dM~.~~T-~M*B9M•tt~liJ~tt.~liJI.l,(~·YiaWJM~Bfiff~~~--

1 L 9. 5. 2 ;1f 4q,~-*"-J:-6!J~I.'t. 

1G?tJ1JtJ!H~--1t~~-$:. 1t411J a9*1It, -Na~JVt:fj$CC-f*B<J .~-*:ito 
A -•1t~-tt99~~ 

-$Atlilit*:i:B<:IlJ!~~~t!1f1t~'~~ll&~, n?'~~~i*?t;Vrft~~ec;ffif3i~~ o t;,( ""f?} 
JJIJ.:Y t;,(~m 0 

tl 1t~f¥ki&~ 

--~~t!B9~$~~~~.W.:PB9=« 
1t•,•~~-•1t•?tJuma•~~• 
~,~tt~~rMm~lll~1t~~~-~~ 

~&.~~~&FcB<J~~~~ePiiJ#nili-« 

~~~~~?teo~i*?tm«~•~~~ 
11-44 J9i'7F o ~ 

~*?PJJJ~: ( 1) ;(£ ~ i&mi 1 .:P71~it 6 

~~~m~.~~&~2.:p~~~tt~~r~ 

"MM.~i&R3.:P~mm~~···· · 
~i&R4.:P~·~MM-~ #~~~i&RM 
oo£~A·~~~o ~*~R.:P71AM ffi 5 

Jfl, ~~·~~B<:I*~-=PttAlldli* ; 
(2) ~~~~A~®~ ; (3) lnJ~-f:ii~ 

~'ftimA 100. o ± 0. l mL t:t-l*iit.f.f ; ( 4) :«f 
~~~~~.:PB<J~~iae.f.f*~ffiA~i&R l 

} ,s 
I 

:f1l ~ i&R 2 9=' , ?tJJtll1!:.fi ~ Sl.i¥k !& , 1r~ ¥f 
=~~~~~~~~%~Fc.~ffiA~i&R 

3.:P~i&--~a.ffiA~f&R4cp~*B 

I , 2 , 3 , 4- J9,ta&/lfl:: 5-"'{,f*.\1'A'll'; 6-i!l:il1ltl': 

7-=:ii!l~iJ: 8- :fl!Ufa.tl'; 9-~'l:f:!it''l.'lf: 10- A<11film 
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"'\' m~:titi!&l&Fo~J~""t-f*a<J-f*tRo 
~f*iat~9='-~1k.~t5-il~:it ( 11-45) it~: 

V1 - V2 
'fJ I = Vo X }{)() 

j.\l=j=t 'P1 -9:i*i3!.:.t<f!ft-$Ht~l'f.J-!*~Ht~,% ; 

V1-Jmui!&!&mt 3 ffira<Jl=(.~{<tctR, mL; 
~ m:tt~i&R4Ba<J~~~~.mL; 

Yo' 9;{fl5t*'fa<J~tR, mLo 

( 11-45 ) 

•fi~~~~.ft~•a~~*~ o.5% ,•~*•~•~~~•.••••~ 
0. l % 0 

b n;~~9: -!*?Hfi~~ 

~m~~::tn~~lhiJJI!::Iil co ~-JEiBi:*U?'~J't~*f{.IEIJ&i&, !!. co 1*tR7f!tx !j ffl~iUP!~ 
~~ t~li=JEf=l!, ffl co ~fl-9:~.iEtr?'I-~~1*?HJT~S, ~Al(:Pf~iat~f!i:-f'Emtill:liliAti:?'~~ 

~1*7t.ffifi.PJ1r~~~l~i CO a<J-i*tR7t!tx, N-1iH!if*~Jflia<J~tR1'iJ~~ CO a<J~~ilt Vcoo -

~ it~tffi nt ec ""'- :a it~ a<J ~•mz Ej ~~~ m 7t""' a<J -~it Jm-$" :i:tt J.1I o YT ru 1¥! tt?'~ ~ l=(. -1* 
51-tfifi.a<JfW.IfJ.llL~~~ 0. 1% 0 

Itfletl7B1-J: ( I ) $1 ~tt?'~l=(.#7t.ffiff' ~;]:~~JEB' ~IE~ A\' Ji!iA -•1-t~tffiff£ 
~~ JI rm JJt ; < 2 > rt;"J n ?'~~ ec 1* * tJT~ 9:1 jjiA-JE :!It 1¥! '"t.f-*15t*F • m~ 1:1:\ - 1ilt1-t~ 1¥! 1-*.fR ?t" 
~0 

•fi•~=~.ft~•a~~::k~0. 5%,•~*•~•~~••.~•••~ 
0. 2% o 

c ~t1H3 itt-~ 

~~JE~~I¥J~W1il~~·-~~~1¥JM~(9:,00dM) .PA~~~a<J~~*~· 
~ m ;t~ fle;t~Mjg ~a-t , :Jg ~4?9 •t£ m ffl J:!l& !t:itH=r $ ?X7} 1!C , .M. ffil f3!!~~ ~*DC*~ .R ~ ~ 
;J\~ffi¥Jm~~!£q~::ka<J7}~~*0 

iat~~fletJ7W:1g: ( 1) 7fiYJ9:;fQ'@.i!{)(, f!i:f~iJfN~#:fel=(.;t@-@.if{)(003l!JiiJ ffl~~, ¥ 
~-U~~E, ~-@.ilflit!i~l1HJLI'f.JI~~lX; (2) JliJ9:~'@.-{)(9='iiA-~it~~ft~= 

~. >J(-~1-t~~~.iE~r (-@.ii~UH1:Jll!tn§i9Jit~) ; (3) JliJec~-@.i.fi{)(rp)MA-JE 

:Lila<Jeci*utf.f, ~~ l±l-~1-t~a<J-$-:iil,&~IJJE~Ao 
~if~#: ttr_,msooc, ~iJ!tl~ (~~) Yffli.Jl: IOO"C, ~9:im::li 20 - 40mUmjn, ttttr 

ffi 0. 1 MPao '@. ll f.± ~ .R i" ~ rJ3 ~ 3 mm, * 2m, ~itt 13X ~ T 9m ( }L ~ 19 0. 15 -

0. 20mm ) o ~9;j]~f.l99. 99% B<Ji!9: o 

.h00JE=~.ftW~A~~::k~0.5%, .~~·fi~~B<la*•~-~:1g~-. 
~**'i-liff!~ 0. ] % 0 

B ~~1t#J-t:t~59l0t 

~~~~~~~~~B<J~~it~~~1g-~it~~=~it~m~.~~NO ~~~. 
~$!lit~ N02 o IE~ NO,I¥J-11:1t CO ::k~i~, f§Jtl:ft.iJ!iJ:fit NO. 4:~:it::Jt:1gll!~o ;Jt1J!il 
JE~~fttl\fl GB 18098- 2000 ( I2&~t{i :Jii1: Fo:ff $''1:f*-$" :it B<JtJ!IJ JE) 9-J ~~ ~ Wj #, 
l!P~ :tit :fr .ffi~ ffl?t:J'tft.ttr! 0 IDI ~11.1~""\ i* "Pt~iit tle:;k ' Fc ~15t.t<f :fiflij * $3( ;J\ ' l~.Cf :fr~IJ 
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.:YIV.fHBo 
a ~ill?HIT~ 

~n~~W-~~mu•~~~~~~-~~~~~~=~~~. =·~~~*~~~ 
JiX;~ , ffl f,j ?1Ui£Jfi 1il nti~ , .ttHS.Jfi ~iUI!j*€iL PI 1t1f. til Fta ~j! $l:ft tJJ ~ *ii o 

llt!Ji~f1=tl7!JJ;f;J: ( 1 ) :tE*~mi~~A I OOmL .l1«~~m1ft ( JJti:iit?tf(;J;J 3%) ;fa 

2mL +=~~*~~~mnl c~kt?t~~ I%), ~*~mi]i!Jl~.¥:~J~ffi.1J~::kr 
4. OkPa, 'JEA 1000 - 3000mL -9:-!*"Pt~, itJ?.'U~Z9J l Omin, W*!t 5 - lOmin; ( 2) ~*f-fmL 

~~~~--~5oo~•~•~.m*~a*f-fR~~.~•••.~-~~&.inA 
2- 3$Hmil"nt~~J ( E8~lfi!}~Z:.IM2fifni;flllfl~fa:Gifm1iH~-f*~ tt 3: 1 ntii-, ~il:Jt 
~?j-§Jrj7g 0. 1% fll 0. 2%) , .ffl 0. I mol/L it«.~M*'F?tm•~~~tj'@.;J;;~ Bo 

9:. ~ iatf-f rp 1ilt$t ftta ~*il:t!ilt (11-46) it~ : 
22. 4 X c1 X V3 , 

<pz = V.' x LOO 
0 

(11-46 ) 

it "f ({Jz ~¥a: 1ttJJ i*.fR?J-f( , % ; 

c. iH~t1til'3t'J\?tml{l~t/Xlf, moVL; 

V3 itti~m*€~if.~{t~f,j;filim1il~i*.fR, mL; 

~ ~~~~rt:ti*iatf-f~~.fR. ~o 

•fi~~m~.ftw••~~::kr 0.2%,*~*•~•f1=~••·••••I 
0. 01% 0 

b ?t:J'tJ't11l fi 
~~t~}ffi~)Ei:JI.~ NO {E~~~-~{t,ijjt NOz, NOz·~-ftifi3Z..~fif1il~~~JiX; 

~DHt ( N03- ) ~jyJi~&tMi: (Noz-), 1JilA~-@.1f!J1rHJ\ltil~~tr'@., ;ftHJ&~'@.~JlEj NOz 

•tfn~t~~.~?tJ't:J'ttf#M.NOz~2.mWR~··~·~~~lliVN~o 1t~&~}f 
~.:ct:!mr: 

2NO + 0 2 2N02 

2N02 + 2NaOH - NaN02 + NaN03 + H2 0 

H03 "~NHz + HNOz +- CHOHCOOH---.[ H03So~ W ==N] CHOHCOO- + 2H20 
~ I - I 
( Xtlilllli~i!M~) CHOHCOOH (ill1m.1.ti:-~) CHOHCOOH 

[ H03 "~N.==N ] CHOHCOo-
~- I 

CHOHCOOH 

H03~W=NC10 H6NHCH2CH2NH2 • 2HCI +CHOHCOOH 
~- I 

[ ~~Htit~ OilOJ!.tl:~)] CHOHCOOH 

ilt~-f-1=$~1'1: (1) #l~tl.J.f~'lf?:t§JIJ~· NaN02tffi?tm~ (NaN02 ~*i!:~ 
0. 0015mgl~, ;M'J ~ -T 0. 002mglmL ~ N02 ) OmL , 0. 5mL, l. OmL, l. 5mL, 2. OmL, 

2.5~, 3.0mL, 4.0mL, 6.0mL, 7.0mL T~'@.tfl:jl (;Jt ~Jjiz~=~{t1i[lfff:fi?:tJJIJ1'J 

Omg, 0. OOLmg, 0. 002mg, 0. 003mg, 0. 004mg , 0. 005mg , 0 . 006mg, 0. 008mg, 0. OIOmg , 
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0. 012mg, 0. 014mg), ?)-§JiJ:bD.A~l&mi (0. lmoVL a9il}ii.1tfl!if~H.fl.!ey:JG7J<Zmrl< 1: 2 -1* 
~.R~t!Cf!i~) 3?: 15mL~~JJr; (2) m~~1ffi'?J-jjiJ~ltll.5mLM~J1=1Jfifnt (1!Hs1f1Jm1t~t;1Ht9 
~~~~=f.\1:~ z~ = ;<t~~$ftii:J!l( = Wi.:ciM = 1 = 4 = 9s 1.ih ta:t:tmil-hlt, m~m 3og ~ts 
~-~100~ ~-~?t~~ 4%~~M·-~~d):bD.AI:t~W~.~-I:t~WI~ 
25 ±l't:ti!Wt7Jcm4', 'f¥jf!~30min, ~~%~.!1H3 ; (3) :ff?tJ'tJ'tJJttt_t, ffl l cm l:tts 
m, ~~~~rt-~f'F~I:t. ~ilt~ 545nm 6ttffi~)E-Hf-~?t·7-!l~~J't)j(; ( 4) 1;..(=~-f.t 

1ila9mHtl:~tl~tr-, !QkJ't}Jt~m_~~~flitJI f'FEU:l~; (5) ~HUJtll. 40~ '=i:-i*iit:*F, ri:.A~ . 
1f 15 mL =$.1{.~ ~ 1& t1l ~ ~ -1'-Jt ~ * *Fmi !:f , $:.A~ !:(. , f!!!)fft P3 .ffijJ .!ey ?'~ ili5 .ffi jJ 5JL~ , 
tit fi: 24 h , ~;f-f~U:r. 1t ;m ~ l&ffl , ffl ~ffid .n! ; C 6 ) ?tUffJ ~If>( 5 ~ ~ tsiF~ ra: ~ ~ *-f-fmL !:f , 
m!L~~ ( 1) 3?:tv-~ (4) , I;..(~Jl!J~s•Mtf'F~t:tmJ~~*JJt, ~m~J'GJJ[:t£If'FEU:T~ 

..tft~~W:iit:.f-FJ'JT~tJiZ a<J= .. 1t~B9 mt:iil:' ?&Fo~•n~t=•1t~ i*l.R?t~ 0 

?tJ'tJ't!Jt it: B9 I f'F fU:T ~ 1B 00 :il::k ..R ft~m~ :±l o. o 14 mg B9 N02 o ~ im 1it ·lrH£ 1 kg :1$ ~~HI:f:'P 
,G _rz: ~ B9 '=(-f.* (19 f*jf,Rjg 350 L itJr , ;f;i '13 ~ -f* ~ ~ -ft!JW a91ik :;k;@: 1±\ :1: ~ 0. 08 Lo :(£:;k ii (:!9;@: 

?J!d ..P ~lN., 80% J;..(_ta<J~.f-f ~tsFo, ~:)'t}j[iEf.7f1!!.!~Hil:±l I f'F lttl~m:Em , iffl.I3.Mi:±l~fil9!U 

QMmo ~~.~--~~~-~89·~~--b~~.~•w••w-so•o m•• 
fflft~*·•~*~~*FfflBa::k. ~~.•••-2B9••m;m••A#o M~m•A 
?J-jjiJffl~®lt, pH :S:;2 a9l,Ul~, iit~ , iiH:tHT-§U~i&l1l+JiH~.fFIJ (15mL+5mL) f'F~ 

a•m.m•7f~M}j[a9A~iit:M,002~:Yt1Jt .• 27.1fl7J<f'F •• MB9~.n!~M. ey~ 
~m~~~:!lt'-l!t'l1~B9 No. l¥J~:!ll:, ;rt~~I*J~:!lrrF o 

117'6, Jt§JtlJ& NaNOd~· jt~ 0. 015mg · mL - t (19-jl\~ A~ NaN02 ~iil~ 0. 0015mgl 

mL ·i.t?a B ~ 5mL, lOmL, 20mL ft~ 25mL B9~:!1lJfliJ:j.l, 1Jill!&l&1il3?:~J 20mL , ~:IJDH 

~jFIJ 5mL, ffli!&J&tll~3?:~**'JJJ[#~?J, a.A 25't: t'!9 7J<t{t~, ffilffil. 30min )§, ~1ft A 
mm7f~B9••~••~o•m~~~~:Yt~. ~iit:a s mB9•mooamt:t~ . M•~ 
~ 11 -28 0 

II& ft lf 
f8 iii • fJ m *'"illl'£ 5mL IOmL 20mL 

I 0.094 0. 193 0. 393 

i.it~B 
i/.«t1li!J< ( pH {i 6. 5) 

10 o. 136 0. 279 0.566 

~·ul! (o. 2%. pH -m: 1. 64 > 10 0. 155 0. 309 0.610 

ttlll! < pH m 1. 69 > 10 0. 152 0.305 0.608 

ill:i!lA i'IJ:OM ( pH (j 1. 62) 10 0. 147 0.298 0.590 

II& till: i1i + .i1 @.jll] 10 0. 108 0.201 0.296 

ffi* 11-28 ey ~, 7f~l¥J~~fFIJ;<lfW!~2~*:J:I.9:ff~ urnJ, ;ft;J:j:! 3 ,f'llfMlf'F~m~J1=1Jat, P.& 
.7'Gll1li:~iit8 B B9 1. 50- l. 65 -ftf; 7}\.f'F;/-J8.fF!Ja-;J, ~:)'tJjr:J!iJ:\8 B B9 1. 44 -1.45 ffi ; 
~l&M+A~M~-~m~.~~:Yt•m~il\& B B9~M-~&*o &OOM~B~-~­
ijt~ ( ~~lit:t£ pH -{i~ 2. 0 ~"f:lf!i:~2), A~fFIJ~-~~Jf'FJ=I'J.:fm2 o 

;K~. t:t&Tm•~*~o.2%~~Mf'Fffl~~~-f*~B9C3-t-7f~•~>~~•. 
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•• lOfflFoMM~~~~-~~~~~o ··-~.~~~-MMffl·~····~ffl 
~ i117tm•iJ!~ {~ 89 ~J'GJ;l :k o fE!:!ik , ll.ifi~ at fBJ 1¥.1 flU$ , ~ § ~:JI6Jl'~ 741T "jV J' , W .§J\jt' J' a<J 
~m-m:~*-fflliiJ < ffl;f§ ~at rBJ p;J ~~•••fl; ffl ~ ~-~llM1ii 1¥.1 I!&J'tfl &.3Ht:k'J'~* 
;f§~ ) o ~~~••mM~I¥.JpH~~~~:k.Wm~l¥.lm~~~~~M~o 

~~~.~~M·~-~ . ~fi-~M~lli¥.J~fi.~J'(:;J;l·~~**· ~~~~~~ 
B~¥.J~~.•••I¥.lma~~·~••ffi~ ; J'(:;M~•ft••~,.~.~~#~~*•a 

*~~0 
~~@~•~•~•w.*m••*fl;••m.•~~ml¥.lm•••ey~~••ili 

NOz i¥.J*So @~-~~~ili~••••~#~~ftll~a*••.~~MB*•~ao 

~~---······M·.-~M~~~··*·*~-~o 
c *•~1* ~-1- :1 
< 1) fii\?ft~l5i. ~, 4it=fJii1:~11W.Fo~:f*~'g_f*fft.~J:titJ,J:: 

Y, X (p4 + Pt - p2 - p3 ) X 273 x 1000 v. = ....:.__.....:..:..;:..__:...:._..:..,::......-:...::..:.._,-__ _ 
0 101. 3 X ( 273 + t) X m 

(11-47 ) 

J:t!fl Y0 ~?t~l£~tfl:f%W~:J'hH~FoF1::1¥.J~f*-f*fft , l/kg; 
Y, ~ffi~~~~~~~t, L; 

P4 U %*1Hff~it.ffi12ffi. kPa; 

P1 ~~~~A;f~:k~ffi.1J, kPa; 
Pz :fl~IJt~Fo5~~ P>IJREE , kPa; 
p 3 jj!tl~r:Jt][t\'ft.t("C)~~~{'tyifll*~~fli. kPa; 
m ~l)g~tti¥.JJ.W:it, go 

(2) 4i=f:W:1.t~:tli'f:Fo, ~~I¥.J-~~~f;ll1l$: ~~ 1¥.J-f*fft5HJUf)(J:t ( 11-48 ) ~it 

( ll-49) tf·~ : 
Y' = Y0 x ((J 1 

V' = V0 x (/)z 

J:t!fl V' 4ij:f}Z:J$!-9:tl:t'f:Fo~J&I¥.J-~~~*i!t, Ukg; 
V' 4.fVf%:J$!-9:J'I1$Fo1::~1¥.J~~ft~*:Gt, l/kgo 

( 11-48 ) 

(11-49 ) 

(3) 4l}=f}'l1$~:ti1.1:Fo~~a<Jtfii~-f*,g_:fil:o NO, I¥.J$ttffi~~ CO 1¥.1 6. 5 f{t, -~ 
~~l5i.~tfr~J$t-$tft~it, 9l~eyt!(M~~ ( 11-50 ) it~'):: 

V = Y' + 6. 5 V'' (1 1-50 ) 

J:\tp V 4iJ:fJi:J$!-9:/&1$Fo~Jilti¥.J;fili~-l*,~:fil: 1 Ukgo 
ftiq:i!fW:@:~M:l~ IOI/kg, Jllt~:k{J[fl;JI:Ifl:~~*, .:Jf~~~J-t-•m o 

11. 9. 6 ~ifi.!fJJH$~1't-J~~ll~l:iE 

. PGWT~~~1i~:Ji!:fe;.&1il .. :#~f'~F!I!I¥.J~~Z.-o E8 ~~OOI¥.JW'":# JL.sft~~ PGWT , 
~~:liii1:te:~B9W"":#, so% 1¥.1:~U~Jt1f:ta1.ttt, ~wm-.FIFf#~:tt~f1:it~tJragi~1.t!-9 
~~~~~ag. ~~Jilt~~~~Wlifll~~-1$1¥.J~~ o ~~~ffl1.t~I¥.J~~-~~. ~~ 

~ffi~-~f*~~ll00~,~~~~-~~ifll~~-~.1J~~~1-~00o ~~. PGWT•~ 
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~·~•• . -••~Ar~••m••~*~~-~~•~•w•~*~~••#.a 
!'J-T--1ff4!~ r'l#Ht~~KlUt~Eli:Bf..I•~::Jnt:J!rr o 

1§1 Btr~ 1*17'~ .:EW:ffVJ ~ JLf!Pii\a:tf7*: ( 1) ~MS:IS7* t~Hf,(#-~fiitD;j,;n:~~i®. 

<tt~) ~~.~n7*Eli:mm~~~.~m-T-~·~~~ 
89~~~•. ~~ EJMu-~~7*19.:£; (2) ~r!ft7* mtf,( 
#-~ .f!UI:II.mB!JtiL a<J:tf7* ; ( 3) 11H3 jl® rt .mm:Jt-~ 
~••n~••m*~~:ff~~~·~••.~••a~ 
••s•~·&Wff-~M•.-•19~~. e••-T-•~ 
:i: I*J , fH .llJ ~ \ijjfl 1f rP1 • WI rP1 ~fiti ~ _t $ , f!J ffiF:ll1,lut 
•a-tB51lf ~~~t~M;t&, !In oo 11 -45 FJTm ; < 4) m ~~JJi 
- mtf,(#-~ :~S:tL m **14-r ~~•. -e~f!t( -T :&5Jt s • 
:IS:tL~-*X1siHW1£~iJI:II1LWT~· ; (5) ~Wit8:1SiitlJi 

-~~UftJ:Fr?a;~~Ert:Ji•~t==~~Wit~ 3 f!P:Ii~lli:B91W oo 11-45 ~JS~~ 
~. ~:tEflX1#it~~~~sl:ll:l .. Hs~•*••~.:a~:trsl:fi 
1LMB91lf~tt.H.~-T-·B~~---~~.#3M.M. ~P-~~-~~~(-~00 
1$L-T:I§R~Hm;=$ , ~H:I: 1. 02kg, 5 •::fsl./9-%~ ), ~ll!J(~·R.lfl-fi ( :I§R- -*ft 
m:lf, H··~-TW.filJ~Wlt~, :J:FH=f 6. 3% m-~:11-JJ!~, ~H:fi 230g, slfi$::f~-!t*-T 

50%), ~~~~:tLJVtli:ffHEx ( :t1!HL~H:tE~ID1t·*~lJI!ta~~, ~H-~&19 o. 3m, 5 

~:if's 1:1119-fr~) o 
~:ij'-Bf..luta/J~!!Z,~f*mw: ~*M Ii!:tzr-B9ID:~tt~~18"-~~§11JflliiJ; ~~lit 

•flli'lt~~~~fa.~, .El~WJY:Jfifll~ito 1!tW*f!l!B9l!.'ittlit•:tf~:ff~r 3 M••: o) lit 
• nIX, ::ffti.!f:ff- 7Xsl;k, I!Psl;k~f£19 Oln, :!.!ll~~~fff,r-lfE; (2) lit. nIX. fti-tr:1if 
k IX51;k, I!P51;)($ffi~k/n, !11l~m!·~8:l@-fr~~fl 13/26 ; {3) lit. nIX, ~:ij'- n/2 (X 

sl;k , m~~Hill: (W50) 7&i1o ~@!, 7Jt~, ~lf*~M%b\201!tgc60&¥1-tJa:M7f:Mtwc* 

m (2) ~ (3) iWf4!~·1i~*fi•m••· ilii~00.?£4'1JJ;¥:ffl/J~ (l ) o 

11. 9. 6. 1 ~.-9'" 14'- JJJ :t1 ~ PT :If!'\.#"-~~ 1t ~u:. 6(} ~ M-a Je. * 
~~~m~Hilf~~f*~~~•m~~:ff~~~f*~~~~~~~B9~~*~~m~ 

~·.WJJto 
A £-<f.:~'*' 
-*~slj(:!tt;!Hiit~:~J£~14r, sl ;J.det$19 5o% a<J:J:FHI!IHi, m M5o~lf\. if!lli. g; 

-*flsl;k:!i!:f,~rfH!t , m m507&JJ', if! '($I g; ~*Bf.J*;J\, ffl n ~JJ' ; ~Be:.li!:m:m~JH~liW:!Ji7J( 

.lfZ-Z.;&: B9~){;jfj, ffl d ~JJ', if! {}I go 
B ~~$"*~~· 
~~J£~#~.*m~\~*~••<~P~*M::f*-T-6,*•~••m~~.lfl-~•~ 

W:~n7!), *.sf:~:J$~!t-T-JtMS:@Jfg1LP-HIWo .tiHi·iitH~;f§ii i*J~*'~"={-~~nt-fr~f* 

iii l;k#i:!if!:, it•-*~sl;k:li, ~~~UJ£:1$~ 1¥Jilf1?&~~·!lo 
00~-f,j$ GB 18097-2000 ~JE: ~*:::k:JJ\ n =6 ; :f;l;Jie d =50g; t1J11aW:~J..klJZ- M0 = 

m 50 +do 7H~~lMttl19' iJ\~tE M, J..k.lfl-51.*. r-lXlitHi7J<.lfl-~~-~~He d; -N.!i!tlil:bn­
~~HE d, ::filf:~~:ct~ie~1*~litR7..klJZ-:if'~ o M0 ~ M; lf!.Ul.~19 g, ;Jtt:j:t i 191J\!Jil..k.lfl-,U@i 
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~-'%o 

iJt~~.ft, .:t~wiJt~~i~L ~~tl¥Hr~lm~ ~MS:I§~ tm-€iimlXLVL~ ~J::tltl:liJXl.tJI.liZ. 
~it'Jffi~H§.~, ~JA!.OO 11-46o iJt~~l§:~.:£~j;;-1'1*J~ 1. 8m~ ~~ 18mm, *20m~ 
~~~··*·~-~·*·~·*·*····~~~*~j;;5m,~~j;; l2.7m3 0 • 
~~I*J~Mm•~·~*~~o.•o••~Mm••o •*•*•j;;15m, ~-~~-P 
•~m•o~~-~~•w•~~~ ~~·~~fl~mao•~wwaili•~•Mm•k 
U51A, ~~fflii$:1Ji1i~-~P·TB51 :±l o 11:-~'l§flm~~~-·_t$.*JJtl~:ft~ 
i'l o tft-€;-imJXLM.fll~F:JmimJXLM,J.!lZj;;~-m[ o 

2 3 4 5 6 

/ 

/ 

13 

12 II 10 9 8 7 

Iff 11- 46 'iiJ :4f~ .ec * 3ti3f~ili!ltt .m:/J\ ;~ Iff 
l-1i\:JJU~Ui; 2-m*~; 3-!<tffi~~; 4- -:l$il; 5-i!!l!iHL; 6-~MS!ltil; 7-f-I~~!B!!i.lxl.fJt; 

8-14HJ!I'lf; 9--ilt~ 'If ; JO-tlti:·im.lxt:f1t ; I i -!ill~ 'If ; l 2 -il.t:iiJ 11&~ 'l:f; 13-Jlil f1 

~MS:I@j;;--i'·:f:E~!VL;J,$_t~)!J~lft1~. * 1. 2m, ~~ o. 55m, Iii 1*11liUo7'~~ 
f~~' ~I*Jillijt!t:±l, ~~~M~~' ~·L'$brB:I*~~{l, ~~j;; 55mm , ~j;; 900mm, !A!, 
00 11-47 0 

c iit~~#tlJtfdt#"• 
iJt~J9fffl~l'fl~~, ~~~*l'tU.!\Z/f';J'r 90%, ~f1!!"ilJ:!t&~~~*~~,~Hilbli:/f'7c=f 

3 4 

900+1 

1000 

1240 

00 11-47 ~:M 8 :l:f!!~i!i~ 00 
1-~ ~; 2-!il!'!<tlllHrlt ; 3-fl'l~; 4-:l'Hf!:: 
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L%:WW~~~G~T803 1 ~-r~~~~~WW ; ~Bm~~-~·-~~ft(*~ 
ffi)jiz:lf'::k-T o. 02%), rKAJJLit, t.liH!tit, *.Ifl-~o 

i;itB*14~ : W~i;it;f-f~~m'IElZ~ 5 - 35"C : iiW!l J;!;Jii-fr~i* 'i='. lfl•i*t~:t*J!£$ 
~ 9. 0% +0. 3%, t!!JJttl!~ 5 - 35"C, ffiM~~$:11'7;:-T 80%; ~MS~tt=tL$J.!\i:::fiiH1 
25% o 

i.lt~~~~lff : 

o ) 4iJ ?X ~•litr . mz ~1!t • ~m~ ~ ~ u~ ec w tt j:j: ;f5ut ~ ,rA'( ; c 2 ) m t:t: .Bl ~ eJZ ~~H~4 • 
J~i1 1~J:f&WJi[~I/M( Ci lGM ; (3) f$J&iA*f. l!It!ll:§fiS7'r1£~l!ll: :fib ( 4 ) ~W~~A~;f-f­

···A-~&:If'~'TWW*~~2/3,*ffl&~®-~~.Jll*~···ii\~~A~M 
S:ltY~=tLm;$; (5) :tff:&MS·ft~t.i:lt:¥:~1~:!Yoli1fff~, fJJ!8 ~:i!!:A~ffl~mlJIJ, ;it~ 
1Di ~ tt ffl ~ I;!;J ~ :Jt.IJL : < 6) 7f ~ m~ iifi .IXlm • rP1 :~.~;.;::¥: I;!;J J't:AJjt•Jw=c • ~~:film~~ 1* ~ 
mJJt , ~~~-~~••JJt: (7) ~-~-J;!;J~-f*m~~~. ••*•~~•*"·~~ 
.Jt:~. ~rnt~:t~:ti!l.JXttrt.& if'EI~Iiii.l n , lffJ "f17ffijl.ffi~ ; c 8) i!~j&·~~ . tE;Rffi t~:t-frim 

JXI,tJLFc~ 2 min I*Jj@~; (9) ~1!t~iae~!fifilo:a~:J1J, ~O*:!i~-*:tl, :2fc(Xlit·~~, 11! 
1~W:7.l<.IJZ-i.lt•; c w)~o*~~w~~•. 9!'J~~?t:t~E(.-f*~i!f51.1<. j:j:fhc~; cu ) 7f 
£ f.l~:tumtLixl.m. Fn.J~t-ttr7f7tt~im.IXlmlft~flij n. 7f JS ttf.-frmi.JXtm. 11~oo-;~m I;!;J D91t!Hm . f.l~ 

:1m B;j feiJ Ell :if'~ -T 3 min ; ( 12 ) :J4f~ lfjJ 1'1 ~ w ¥1JPeHi fJJ :M:i :f:R ~ o 

D ~i%?t$1 

J&·Jat:Hif¥~~ 9=' El ~-~ **§lli 7f~ 9-<J:l!~ 6 ?X lit·~ ;ij~:, j:j: !'IHfH!~ 7 IX ii\·~ *, ll!P 
~61Xii\•;{!f "51.1<", Jj!U~--1'-~Be. &zfl--"f'-~Jij!o ft(~ ( 11-51) it~-*~~ 1 .1< 

:fil:' 1f:jffiit:~~*1~~JU"f'-~{J7o 

M ~ = 2.k.M./1 
~ . . ( 11-51 ) 

:a:t:f k; M; iae.7Jc.IJL""f~1Jt·jj;:1&o 

ii\~~*~~U~3lO""f : 

;(!f M 50 ;;?;m,0 , !J!U~~ii\t-F*~--fr~ ; lf m 50 - M50 > 40g, ~tl~W:iJtt-F*~JJt:lf'~-* 0 

:a!J!IJ, ~tH.fijf; 6 ~litlli~*. ~~{i¥( 6 CXiJtlli' -N~tf.{~ 13 <Xii\~~*, tt-~ 13 (XiJt~ 
JJ<.IJL~-*~~I:k:fito ;f!f M 50;;?;m50, 1JJ~IJ)EW:iJCt=f~~Jl~~ ; ./iZ , #JJ:Jg:lf'~~ o :lrii\l!i 
;Jc.IJZ-71-~ m 50 +3d ill*='31:k, Jj!U~ ~ii\l!i, IV. M 50 > m 50 ( :f§)jiz~~~~*~5 1 :klll:) ~.19 

iJ.\~~* • ~tl~W:Jat:*f~~JJt~f1i o 
11. 9. 6. 2 ~"'* m :l'F ~~::1:: ~1.-J!?)liJJt.~~Ma JIL* 
lil=f~#JJJ(f§, ~OO~~ff~ffJW!fi~:W~*~tt~~. -&1~:l1-~~~tt~ii1F9i: o 
A ~~ ii.Jf- Jl 
a iJ!1J i1\~ .it 
i;it~ ~ i1! ~ 1iL WT * ~ tt ~ tt!tl ii\ *H 

1\1.1 ( .!A!. IE 11-48 ) , ll!P rJ;J ~ 1. 8m , ~ 

15m, :tj;J$j[ * 5m, ;.I~H't:~JJ!~;Ijj!;ff 

ff!J f1;J • m r;@; m m ~~~Pi ~t-F o 

/. 

I 

5~ 
I 

/2 
3 

'4 
(·) ( · 
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•~~·-~~*•~~~mM:~-•*m•~~ . epre-~m~•~~-~~~ 
•m•~•••~•w~•~~.•~~~~~-~--~E~.~H~~-~~Ms• 
~-:j=LI};J flil·itl~£M, ;I!UitFf~ i3 1 :1tE~Jtm~~ffll£, .tlt~~t*B9~.~;1!~~Jfl:it:k, 

S:l;f!!~&~nt:k, ilt:~~#~ti.ll::~~::ltHJ~Iljfij~:k; Jt=:.li!:r¥tb1:W~~, RP~-~iti:~:W~ 

~~~~~~~<~~~)~fflT•m~~~~~.ilt:~*~nu~~-~§~~~~H~ 
:.1$ , ~-~~idH'¥1fjc\ft8f~ilHi~-pg, -~si:J;ii'FHi'it~, AAJ.~:J:FH~b:~~~~ 
~-h . .tlt~:Jf~~~A~~H~~-~f:W~~~.~~-~~~~M. ~H~-~~ 
JfJ•~.~-§#8-T~M.~§aB. ~-~•.E•&~w••~~~-~~~tto 

~~~•mm=~•~*81fjc\,•~~~~*20g~tH. ~-~~ffi~2m, ~ 
~:9~ffl~i!HI~m~tx~nF:~f4=r•~~~~llltu~~rrTmVffiHt~ o ~*~JJil. :n:m~ 
~~ftt~:tj~~ 0. 5s lt-t~.Glt ~·~ 

~.aflil~e~•~sm.~flilrB~ 

~~3m ft~, ~i'it··~~~~* 
~ 5m, :(lo:W;~ 0. 5s at•~~~?511!l 

•:n:~m~~M*#r.E~~~ut~ 
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mA1*1tjg 15mmo J!f-f, ~ •. g,~:Q:!lf-:lf'~f~r205mm(lOO +20 +70 +15) o .X'fr~~ 

· :hu,®;ijjpj!(f} (tt) 5¥0 (~) ~!ii~W:~f!f;g:f,IB{]~f-f, A ~JlemlA~f-f"fB{]11f'WE~~~®­

~· ( tt) B{]:fiU~iii~::f;J'r 3f1l~~1I1£o 

(2)~-~~--A~·~~~o ffl~-~-~;tt~·-MW~.~~--A~· 
B>t~~~-~~.~p~-~~-~~~~!lfia1I~~~·~.M-B{]mA~.!l~~ffi 
·o ~~~·t'FB>t, ~-A·.!l~·-TH!lfi~~.J!f-f~~~-~tt~~~~tt('L~ 
;ttH) -~~~·~·A·~~~~~.W151!~-~~~···~7f'Affi~1l-ft; ~B>t 
~-A~lttttt~~-&··-~--.·~~--~6{]~~-ltii~X~iiffi~~ 
~o M~B{]~~~*ffli.tlt~n~m• . ~•~•Jle~•.5§~~•~m•-~ae:rL•1I 

·r~·~iii.151!~~-A-·h . mA•.tt&fi·r~·1I~o ~~~~~:!lf-~~~ 
~-~~-m~-~.ttf'F_t~% •• AB>tll~•~-•mM~~%.N~~-~m1Z-ft 
3fa1I-TPi,.1>t~~ T o 

(3) ~1li*~~~ic%o iE~:Ili*1llU>tM~~. ;g:~~iil£;ff~, i.c%iliUft:~f,\iU1:J, 

jj!U19J1J-Jae.SJ9f:lil&~~~*~-~Jle~~tlUH:li!L~ L 1>t~ilfii:;k~I~~\IJ'o ic%ilfU:;{:j 1 mm, Jjltl Lit 

:*: fmm ; 1&ic%ilfiiti: 2mm, JilU L ~;J' 2mm, J!~8,.t~-EJf?J!H.~{RB{]f,\iU:;k:~1hfQ;j' ( ~ 
ll-34) or;§J.It, M~:J;i~a;J, -%:~-iA:!lf-tf'.~, li.ic%, i.c%~fk:!lf-iE 0.5mm ~"F. 1t­
iEJJJiJ\a1 ~#I ( ~~) ifi_tEJff'FB<J8~.X1~o 

* 11-34 ~ tj fet n:E L !:;; 11Jjl fl D 1¥-J ~l!« 

Dclm • s - 1 Dc/ m • s- 1 

L/mm L/rnm 
6000 6500 6700 7000 6000 6500 6700 7000 

71 4225 4577 4718 4930 107 2803 3037 3131 3271 

72 4167 4514 4652 4861 128 2344 2539 2617 2734 

73 4110 4452 4589 4795 129 2326 2519 2597 2713 
. 

105 2857 3095 3190 3333 130 2308 2500 2577 2692 

106 2830 3066 3160 3302 
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11. 10. 1. 2 iJI•J at 1!( * 
~)fj! lW D.J!: JJib~ .¥H"F ~fit i31 :tim , fB~ 7&: ~J ~ f~ ~~ f4 ~~iii It B;f , ~ ~ 5'G f4 :-{£ 

~•••w~••·•lli·-• · ~*••~~*m~.•~~~-~~~mA.~ 
~~M%Mft~•~m%o ffl~~-~~•w~•~-m~-~~Hfim~~-~~ 
.ft#MW~m%Z~IW~~~~.-~>J<~~~~-~~·~~- o ~*~WA*$ 
~~:~--~~~;~-~-ft;··~·ft#~MB1~-;B·~~;~·· 
~0 

.x·H~~Jljf4~¥*~*~, fig~;\\HI!!~l!lt!i~tltl~foo~Jl8D>t~tl D<Jffi%. :1ttmmJE..x-tm 
lla<J~>j<; .x;f~;ft-~H1:~~~n(nJ~tVJ,~3&~~~~ ; ttfm-~iHE~o -/jlB~.ffld1T-~i:t 

!ti:t~~t, ffi1H£{£ 0. 10 -0. 15mm ZfBJD<Jfp)~~f:g~ffliJ* o ftilf~I'RJ-$:~~_t~·WJ 

~~_t~8ft#,@OO~~-~~o ~--~~-Jr~~--~·ft#D<J·~-~.@~ 
•~•IT•-•~--•·~•n~~~--~%~o~-~~!t~m~mm~~~~~ 
~#ili1:~~•~-=r, traA~~I*J~$?t~J.i}Z~~:1t El.tlr1lo m~s9*~rJJ.l!lt'T~~;ft~~#fflJ& 
;{fJ~J1lHIH~'I~t£~~_t o ~&jlfm , IW~I W~~lt!:I1:W..t.ill.wtJit1:*M=~7f o 

~~--(~ffi·%~---~-%~-~~~)~~~ 0.1~. ~~.m••«- • 
::r:i:tlJ!4rr.t~, * Jmlfl~.ffilt~tm~~tlt~~~~•~ic~~ rflff fPI - f'fl o mtl!i~aJlj#~ 
~fttti:fi1.&ttrm:~Ztmm%*.tvtlt!.Bti. J.illtmmJE.::ff~ . ~$:tmJJC~-ffl'~ftf4:!4$1~~J~f~% 

ft~~~-oo~~*~~W*m%.~fm§~•••~••~~•* o ~~.m••~~~ 
~.m•~~~~fflmN.~~~~~~~mffim~~~~•~•~;~~-~~$B~ 
::ffM%~-~-.~U~~~~Oo ffl%~M~IWB~~--~·ft#~ttft% •. illtmmJE. 
::ff~c WT$:ttl!.f~fttuf~%~1:*-uEmtla-tmBui<J~* o *~--t-f91J~, ~ ""f ~f*1rm~~)jHfl~~ 

~.~~~11ltlff9 BB-1 ~~fllij.\:;ljJi~tl~~mtl~:/Sit!Wi'i~ o 

~~*~I~~~-~ffl~H~-~----~WD<J~-~~~ft.M~§··-~ 
~~Htt~ ( ,~ ) B~m•Mm§~~~w*••~~Bffio ~~Jr~~~4A•*•• 
Jr{!l! , 5f:~Htt.lf'm~f!~. ~~B<JBtiliJ~.ffl~t¥~~ 0 j3?'~. if5:l:llbnTilt.ff~~1K~tr 

ElJ~~fmo BB-1 ~Wfmi:t •• ij!4~fSlr.~!Jti*D.J!:~:fm00 11-54 M!R o 

• ttfin 
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:t£ ~?J!~!-9 tt...t 89 a , b ~R.i..§ trfi-~It!.~~# , ~L ft1.1:1-9 89 Jl ~ f= 4m Eb r ~ 1!1 if6 .ffi iffl 
~~@-~ffl.:t£··-~~aR.\".~~--M·#~%·S~M%.~%~M·m~ 
~-~--~~iffl·~·~&.*S~ftf1. r~~~-·-~···%~~A~··· 
#*M#~o ~---~~b~"' ~~~-=~~#~~.%-W~~%.~%~~~ 
~~~ Fo • fit£ flitJ ft.fl} e~~* mHit 1±1 ff!i ~t lli:, :m+rftfl.)HfJ , r~• •• 89 w sm -~5· ~-Pf 
ll!:A itftH. tra1~ lf:: , t~:tr•ft...t~ffi~~~~ll!Pjg~~•1t~!-9!ffi-tE:I¥ B<JP1fBJ, ~~ 

nep~~~~~~&~~i!ffio ~~".ffl~--~.§-#.~~-«~~:t£~ftlli:~RP 
~ :itH'T:JJ)!iJ!4~o 

~MZO.~~-#~H:t£~HH!ffi~o ~··#W,&m•#:t£Htta<Jlli:~~-
B. ~§~-~~••••~w~:t£ffi~89lli:••~•#o ~~m••~~«ooa~H~ 
~•" , !;A r JL1J00891ilJ:/:2ili1Z~5 1.®tt~ = 

( 1) •tr{.il:Ita<:J1iffl~ o - f&iA1:1, I~1.t:Htl'!l~~~;IJ!iHf!KjJH~B<J 2 - 3f~o ffOJYf 
W!IJ~a9•:J!lit:jg•BM(J{J1~7iB~~U~~••at~1{'1/JHJUJJto ~llt, :;<tr1f~jg 32mm 9..lt 
35mm , iE:J:fjg 160- 200mm 1¥J~HH!ffi, j] T i!f- ii.E~i!~~~~:!fl:~ flfiffl, ~1Jf.1 ~il\Eie 

(~~IK)~~~-~--~~ o ~~~~•m~••H~~~tt.•~a~-~-#89 
lli:ftfitl:m~~ 20 -25mm j]'if <-m~~~lliffl~) o #W.llt.~lnJJ§•jjMii*~-tE::reue~~ 
~~;JtfiB.#lli:~. #~i!E~®:Li~Ji:i.fr(l9jj~~-#-"3.®~~1¥JHe·~~J'r 2-3 'fii~H 
~£ o .xif.:r~:bo®11J!-9a<JH~, ®ia9i.b\EJTtillAa9~'lfr~ms~~, rrumrm:hn®~Ha9 2 ~ 
-~~!-9.3%G~~H . $JLa~-~~H·~A6W~J§···B<J~H.®~-JU$ 
.b\®:tiH ~~IJ!~ ~H897f:W-oo1U'!lo 

~--#~Mfi~. -re~~·~B<Jlli:t.~~~S~*· ~eyg-~HG~·0· 
··~·#Z~ffi~·flo W#~MM&.mT•#•m. ~~~-#~-~&fi, Q~ 
~ffj c/>0. I - 0. 2 mm jti(js!ii!Jt -lliiJ ;[-~-§. , ~~ §~ .* !i;X tt ~ 5!\ fJt ~ :!lf o ~ 3it. # Ef1 .li[. 6{] 

mHtlH!H~~ lmm ~ltJ~~~1*·liE~, llta1~Reffi.Xt~~~J'T uso ll!P 2% o :tf~~·fl"Et-t 
J'fH!Ff~:rLa9:1n.\~ey*· Il!!SO~~ffl o. 8mm 8<JWJ#*rl§~-1r~MH~~·C.·~~~:n 

~g(~·#o 
(2) ~Re (M.R·tJ·~~~}E(.l]_t 89fBJHe) ~9~~o ~W GBIT 13228-91 tff-?la9~ 

2.~~1it:mtt••m~•~~HB9~~rru~.~~m~~~~~*.:r 2%,~~~~­
~s l®a9~~atffim1*~~*T L%o jgllt, lelle-~J!lt SOmm, ~:J£:~:1g-fN:IitWF.io~ 

fi)£11£19 2300 -4500mls o i&!:fltl9!~ :kf:Ha<J~~{i:1g 4000mls, JiJWJ.# iBJJI~lJt{~:j'j B;j' fBJ 

t =50 X 10 -3/ 4000 = 12.5 X J0 -6s = 12. 5J.1-S, rrff:J;I~«~imiJ D;JftjJ.l-M_:~{f!iT 0. lJ.~.S, JUffilj 
atffim~~jg (O. l/12.5) ;J'r l %o 5!1Hl!leie~;J,, 9ltl ~J "ff!M~~:hll*; :relle~*· 

-~ey~~$7f00~~~-2~·1Ko ~H~~.~-~~50mm,~ft-iif~a;j"~-­
>1(, ~{m~~~~)E89§lJEft®o 

(3) *.ffl "$HI!i" ren:i.to 11~1)t:t£Itf-1J:i.t...t~~~~~ . I!P "ii!i-$1" :1r~ffl 

"lfr-li" 1J5t.o Ml*Itf-:1f:a:~>J<~~-#~1Jr!~lffJ, Ml*1J~~1~~~1~%89.11i0JI!~ 

~-~o ·· •-•·· Itt-:1r~~~••*wm~•#~ftZ&,•#~r ''ii!i''~~. ~~ 

BlltftM~•tr&•~· •ft-g~~ ·····~~~~~.~i!«R~M£ffl% o •#~ 
··~··~~~~~·····~~~-~~-.~~~SJ.~.s,#KM~a~ama~a~tto 
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~-A~.*ffl"·-·,~~~~~-~-~--R~B1···~~~5~~~~A~ 
s j.LS o w .. wr -•.. I tF:/J~t£:JS~ 71ll *#tl ¥JJ ~~m!tz Rtr • ~ ~ :tl ~ .. ff" :lfC ~ I :t£:ta 
••#t~~~~{}L·~~~~ ~~~•-•ffi~tFm~••~••~•w~•~:tl~ 
" ill1" :tJt ~ , :til!1Sl$H-t !A!l!~ f~r% o * m " ff -5ii" 1!. ~ ~ • fMl~ JJiJc llfrmr m ~ o. 3 j.LS • .fi mr 
$-B~~o fififfa~~*M''~-~··Itp:/J~~··a-•·· IfF:/J~W·J!~~~.M 

•mt~~fa):Eo 
*JfJ " ltJHm" I fF~~JiiZ ~jJIJ tt -~~# a<J ~91 ttl~ Z faj :(£jj!~ U\:rnHifn-f* " d;lf7f" o - ~ 

~>J(Jtl¥.1l1Htl:k~ 500k!lo ~lt!.llll1H:l:ttJ\, 91U*ffi~~B<J~1£~a<J?H~~gB:if!i~191, ~ 

91:±\~ZJEiJ:h .. ~ ... ~~. JiiZ!I!Yr~~-#o :RT~~~~~O~bl!~f~%. E)ZJI~~A:,l1;H 

~~•~<~••1£~>nd•~:lfC.~*••-~~ o 
(4)-~eM:tl~o *ffl·~~-~···-···~5~.-~*·~So #-~ 

:?.tit~~=tr-lliii'U~ s: 
n 

S= 1 I<D,- D)2 
n- 1 i•L 

( 11 -53) 

:r.t tft s ti- fflH.lia. , ml s ; 

D, miR (~~) §i/£{11 1 mls; 

~~{H, rnls; 

n m~~--1-J&' n =5 0 

S a<Jft.ilfV[m!:h 1 ~~~H71':;k~ 150mls, 15"7J(~H::.f':k~ 200m/so 

M~n:(£•~•):E~~~•••~••~Sa<J1'1tlftS~~n-~*a<J~*~a<J•~~~ 
-~~--·#~--:/J~~-M~-~-~~F~fSM . *··~~~a<J~--.ey 
fF:Jg~·~·fi~J~o jf:1<~~!JZ,~Jl<JlJ!IJ·~·, IV,~JE n =5 0 

(5) ~~~~o :(£:,l1;Ha<J:J;i:l'j;@ft00•~.S-~~Ha<J·~~~JiiZ~~---o m 

~~~~~~):E~~~~JiiZ•re~~~m%f{f~~~~~*~m1-~~*~~~x•z 
~.~~~WWMA:,l1;H~M~&§o ~-~~~tt•oo·~~MAaW~M~.BJiiZF 

:m~J.I: o 

;!13;.~, :t£1ii·iJ!~);E ~, ~H"dtf-dlJ.i.!ZiJ 1®73:~, J.i.!ZF~tJcJm~~;fffiffEa<J~JEtAtr o 

11.10. 2 ~-ffi:lJtf.JiJIY.flli.tJJ 

ll. 10. 2. 1 .. it 

~-~--~-1'-B .• ffi.~~~~W,A~~ft~&$fFfflo ~WH~··· 
•~.•T«~~~•~•••~a~V-;.~~~~•=••~ru~~~•~•*~ ~~~~ 
~0~~--~o ~Jt~WH~~mffh(W.~ff) a9~~~:(£~*~••a:ko ~ 
~~Q#ffl~~~-Bffih~:/J~A~•a. ~P~-~WH~m.ti~Mtt~M~o~.* 

~-=•,~~~~~~**•mM••· ~•a~~~a<Jffla.•~·-~~~0~* 
tr. :t WH 09 ;t,t Eli o 

-~~-llfr$···-~a*~~-.1-J·B··~WC~ ffih ~~SM};EaJETtt 
#¥milo 1955 1¥ R. E. Duff :f1l E. Houston~* T1Y!~):E:I$H:I;i~f8t C-J Hih ~m-m·wt~11i 
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~.~mTma~ ~~H*•~•M~~··~~•m•N~~&••••c~a:~~~ 
Jll!.lil~~!:ibt~ , ~1g "~ ~-Wl!J3t~" o 20 tJtgc. 60 1iH~1JJ, A. H. Drerllin ~!Ji!:::±l Tlr. 
~~il::t~UUt C-J W~f'=~lilt~l!N-*ti~ C-J ffi.7JI¥JE!TlW "l:@.it.t7*" o 1960 &f: M.A. Cook 
a:±lTm••*~-~~$-1JJMB~&mc~ ffjJ~"*•~, o ~~ . W.E.De~a:±l 

T1l-~tl:i:2:~~:tf11:~$-1JJ1!ftl!~&ft C-J ff~. f$j.J "2:~7*" o 1970 1if: 
W. C. Davis m}jjj\flt! X :Yt~~UB/J7*icJf{¥1Jf'=!Jm lf!~iltiltB~{.il:!i, JA fffififf!Ji: •• f'= !Jm 9=' ~lilt~ 
•N. :it!fffiit~•ffi. ~Jl!:X:Yt~-~!ITJ.i\Zm, ~{f: W. C. Rivard ~:tEHtt~ittA~fif~ 
•m.mx:Ytm~~-•~••~~~.JAfffi~:±l••;n=-e~~*•••ffn.~j.J 
"~~7*" o 19721¥ Kennedy tiJm VISAR ~:Ytf~1)Ciilf~T~fii¥J •• Wf·l1:; H. S. Yodav 
;ft:l P. H. kamath TI: 20 tlt2 80 1¥1-t~Wl:fiJm~~ffil)t[it;;f (spot) iJW:i:7l<~~$l)t[Jm~, JA 
fffi•~•Bffna §ft.m~--~~~~ffilt!.~••.m••~~~~ff~~•••• 
-:±l~11:&mMI¥1~·-I¥Jffi~&mc-J &.7J,.~Km••c~&.7J~~~&:i1!ffT~ 
~o ft~•~•*m~~~~•••=ff~9~.~•:±lT-~M~~~.~~m~~~­
=~lfi11G~, **~~~*';j(•~nU'[!Jt~#~~o 

J!i&f:-*1i A iM~¥Tile~:tf~~~i¥J~ffit•I}]t~~~--~~, ~~l~:k7G~ Am 
VLWR ··~J¥:-<•tT~~ I}]t~~~--~~lc& C-J f"'!j1J,J~-ljl-~~il~:i1!ff T it•, ~~~~ 
•*m1im••aa•o •mm.•~~A1iM~it*R§, mH•~· •*~~~~o 
fF jj f9iJ -T , ~ ""F ~ JJIJ :1HN 7l< ~It!. f3tHtl* ;fl:l::fi m•• rt;; a 

1 L 10. 2. 2 J~fQ tt~#* 

A £ -*ffj JJ 
~H-~HI¥1····1lAM~~~H.:t£~~9='~~f'=~·~~*·· ~H:t£ •• 

f"'-~f"'~&M~$-.-~f'=~&MMa•.~~&M.~tta~~T~H~~mi¥1!11J,] 
-~tt:~n-11:RI¥J~$mtt~~~~~~~tt~'.&M~~OO~~ff~·T···~C­
JW~ff~.m;n=•9='~&Ml)t[j.Jflt!$l)t[;&Z, ~n-~H~~*~~:kT~~~~$~ 

~.~W~ff~~~T··-~C-JW±ff~.m~Af"'-~1¥J&M.j.JM8·;~n-~ 
~~~~mmffi~.~~~OO~~~~&Maa.AM·W~~~~~A~~~*o ~TI 

~~H~**•m~JJ<~**~~-~.ey~mJJ<~Hu~~M*~ffi''~~~re~~··~ 
.:±::tiff, itit.J:t:tmT : 

Uw =0. 372Dw + 0. 0283D~ ~ 0. 607 
Pw =p wo • Dw • Uw X 10 

P2 =pw(PoD + PwoDw)l(2pwoDw) 

J:t~ Uw 7J<9='~*··1f$00~~~J1~(:lf~, mrn!J.-LS; 

Dw ;j( ~ flt!$¥Jtif!JJ[, mrnl fJ-.S; 

D ~-I¥J·B~tf , mm/ f-lS; 

Pwo JJ<~fJ1M~J3t, g/cm3
; 

Po 11:H~HI¥11JJ11fteN, glcm
3

; 

Pw Jj(9='~*·£f,_j], kPa; 

Pz --fJBffi~ , kPa; 

(11 -54 ) 

(11-55 ) 

( 11-56) 
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1 o El:J!'ti {.il: ~~q~ * tt9 o 
:f:LHI~ 7At 1* l9J t.I $ :fl1! ~ , PI~ Yt14l:ti~ff.1J 1Jl! ~1i5~ iii , 1t11: 0-:t.t :;h : 

P,_j = l0p0D21(r + 1) 

;a: J:j:l P < _ i $ ~:Jj .ffi {j[, kPa ; 

Po ~i§~cll' glcml ; 

D :1$#1:/'.i:W, mmi~J,.s ; 

r ~fi~:f~~. r=k+To ( 1 -e -0·5459Po) ; 

k :t:IHfr"'!IW wm 9: .f*at tm tt ~ tt , k = 1. 2s ; 
T0; 19~#.JJ:j=l~ i ~?ttm~~fef~. T0 =!n./2 (n/r0;) ; 

n ; ~ i ;f!l~4?otf'9J!J~~o 

B iit~~.'I 

( ll-57) 

7J<~Eg~$H~tJr!~ut~m. ~IJOO 11-55 lYTl.K o Jt.§JrJ#B~iHI"llt~~Ht~Xlt~~T-Eg~#-!=J~ 
~m••~~.m~. ~•••~*J:f~ 
~-~~.mm~~•m~~#~Xlt~• 
T~~ftFo. JtJJIJtz'~Wf-t-rt!.Ji*Jrtl$jA 

¥um ~ lJIJJ ~ 1)( , :flH~m 1c ~g~ B9 ~ft fiij 
tt9RE •• PJ~~-·7J<J:f~*···~ 
• 1-91¥1$1 i! . :ilHffi EIL.t :1£ :t.t (11-54 ) , 

* :t.t ( 11-55) ~ s:t ( ll -56) ~i ¥HI~.ffi 

.1J o &1"9--~A~~.~--:;h®:Jj 

9M! ' ~ A 7.1< B9 - 9ifi1 JfJ ~ ~ g ( J!1-
0. 03~)M~.OO-~*-~llB9~ 

~~*~~#~8~ft~&HMHM 
{Jl1L :J:f: IIDiE:I!f, fiffff¥ M~#)Iffij oo.ffix1"RE 
~~~o ~n~A~~~~fi,~~~ 

WHi~ 7l!i~~.fflf~~*f~ . ..§.it~~* 
~3. ~~~~I~~i§tt~~iit~ 

*o •~~~M~•mll~~w~•~ 
*~~*-•lltm·~~~ . ..§.~-· 

*It!. 
fl-1 ........__ 

~ --I' • 

I ll 

EE3570 
12 

" ll1i*tt!. v'*,t2 lt!.fM2 

'V v*mf<l> 
V) 

rJ} - 11lJi2 V) -; 
12 

' EE3570 
.\ ll 

~im ~!l l Wt'J :...- f.!:ft 

~urn 

>~ffr~~W~tm~~:;k-T 3000mls, # .§J~H9Wll~~:iJIT- 1, :i!~iJ!111~tt9~ffi~~?t~~~ 
::k.:T- 5% 0 

$008*ai¥1¥~~.•-~••~•W**•~~#~~Mm~:;h•W•o ~~~ 
.&M-t-:noo , !!P~#71¥JR'fffl~ftl¥.1*'1to ~~R'ftt91i:1t. ~~*.lttAM:ta~-~ooa<J 

•wll. ffi•~•••B9•~o **•HB@~f••HHM•mfiB9•oom~~~B9. 
:;hi\t!:iiE~~:I~Hf. ~H*ll ~1r@~.~Uit~~J LID= 3. So ~#B9;(pJL .±:¥:f:fH~s-HR 
'f?/Hd6~ o 

c ~~ :1- ft * .l!j'!; ~ 
~m$~R&E?tJJtlOO·~~,L~~H,.r n•~ma'L~WHB9~B.ffih.~­

?IJA~ 11-35 o 
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• II .JS Jtfl!lil it~!!Jtt-.J •• .IE:t.J ~lilltM 

1$Jl.i\t!f .i\1! 
~L 1t1!1=Fi £foil 

1$ili~!Jt IIi! 
llfiiiCPa ~L 1ti:l' Pi oi'U'i' 

/g · cm - 3 / _, llffi/ GPa 
/ g·cm - 3 / _, 

mm • IJ-8 mm • IJ-S 

RY 1.2 3 . .53 3.47 RMID 1.2 3. J·J 3.29 

RM II 1.2 3.33 3.59 

~ t l-35 9='~Ltt*P~tB~ffitr B9~~oo:~:tS:W:f,f a~I!Jf-tl!mm~. lJ!!J~~:e: 10% ~ ~*~ o 

11. 10. 2. 3 :1fl1t.Jt~* 

A ~~~Jl 
~ mJ tt~ W~ *f. .fb , fl -T 1HJllltJt!!:!'R ..t 1J 51il o il\ ~- iijj !l~Bl?: ffl RC It~ , iHi :l::1: ~ 4: ~ 

~MW#ffl·*~•ftre~~--~:l::t-~*P~~B~m-~%~OOOO~a•••; ~~ 
m~~"•~a•~m~•••~*re~~*•~wm~~~-~~-~~oo~~tt.• 
••~~~*~~*•~m&ftx~~~'~tt~•L•.#n~m••9='~*••••ti 
&tt•mm•x~~it*•·~~-~~**~~~m.m~x=O~~~*••&~a4 
.Jjl, ;fil]ffl Goranson :tf~f,!Pi'iJ* tf:I:IIEL 

B ~~3!tii 

ilt~~!t:!ZOOO 11-56 ~mo .iJ!Il:I$~1-J cJ>40rnm x l OOmm ~tto *ffl~~3!ii'Wtl:J'GW'J(, 

PTa~m~a<Jilt~ntJ:t o 

c ~~~**'~fk!t3l 

l\ljffi£1!tlr'llf 
~llt§tt 

1!1illlgw i1.i 

1----7 Ef!J:m 

f1Jffl..t~~·ij!~~#itna<J:Ii~!ttm.m• n-36 o ?~•t.:~m~m GSJ ~ar&ifJ3t1J 

3. Okm/s , ntrBJ?HJ$$1-J 0. 04f.Ls, Jitfflip.·~· ·~~[![ 0. 04mmo Jit~~U*{)(B<Jjj!~ ftl?t! 

00::1\:-T 50mm ?}Yf-(! 0. 02mm0 ML8100 ~*?t*i:X~?t1J$$1Jt -T Shit, *;f,$J!lf:if' f~ -T 
108s -•, ic~atrBJJc-T lOf.LSo 

i:l'~~t$ 
~If *If PffAJ .it 

1$Fi~f>1; 
\!If *ll nt!BJ IJi! 

/g · cm - l / mm / .,_s / mm • IJ-8 -t /g · cm-3 / mm / IJ-8 / mm • j1.S - 1 

.(;' -?5 M!,-1t *1: Fi 0.997 40 I I. 249 3.556 it ;j;fl *1: ;lj ]. 067 40 12.516 3. 196 

m; lil' MHt.Wi!l 0.987 40 12.706 3. 148 
~L-1t ( ~;-;:~ 
~1t)1$i!) 

I. 026 40 8. 288 4.826 



· 846 • II .¥L.ft:.:iji ~ {r{J ill'J ~4t'*- ···························································································· 

!±!~ ll-36ilJ~, 4 ~·.Ij.ld$~Jt-1if lt~f~(f{J~if o ~1rmi{*.I~i'I:~3IH~. ~J.t!fl 

~1f7ctd:~~~~r~311Jf!Piliffi~iffi%.ilt~R, ~.lit. ~fl1.Xotf!PmUt~lt~tit~B9 o - IN: 
fl-~imt4Hfa9ftftli!Jt7c~:t£ 2. o - 5. Ornrnl~s, 1£~f-fB9?tflilr~f'FffJ""F, i'!:~B9~~:hn~~l 

&~-~~Ao ill~r*1if~~~~-~~~~~%~~•&•.~~-~B9~w•&£ 
~ i!J I ~~ m~MM35:.mif'~if'§ ~ 7.'U9 rhd.JJt o ::(:£ .~ 1*~ 9='~ _ :A'Mt I~~~ El3 7-J!#:hn ~\ W 

{EC-J~~~--&~.~~---·~·f{f•""f"*o 
"•~•mme~~~~4,~I~~~::(:£1ifm••!f!B9*~•~•~oott~7. &~ 

T~~-::(:£~fJL··~B9Wtl~~~~~-~ . ~~~~~: 

t = A( i " - 1) ( 11-58) 

~rp t ?!Pwilt{£1iffJL •• 'fl(i<Jf~tlaotfEiJ. s; 

X ?1Pwt!t::(:£1iff}L~IO~!fi(i<Jfflfill£m . mm; 

k , A ~~~~o 

tl:J:.t C ll-58 ) ~, ie~x1B·UBJ~?H~ ?!Pwilti!JJt1-J 
Us = d.x/dt = 1/( Ak) e-Jor = USJe -Jor ( 11-59 ) 

3:t9=' Us ?!Pmilti£1ifm•~9='1¥Jf~t!iilt, mml~s; 

ugJ 1ifm••r:r?~Pi11iBl1JJM:i•JJt, mml~o 
:l'LH~s?J~j[f{~;.t0~ uPO = ( uYJ - Co) l t\ llJit~1ffJLflt~"PfJJ:Ml?!PilriBlFo~gl£1f UPO, 

Jt~ C0 =2. 75mmi~J.S, A= L 48 0 ~U.Ff! Goranson }j~~ ( 11-60 ) I'!PilJ* tf:\.I~~HB-9~ 

ffio 

P = ~ Uro (Po.\IUSJ +PoD) ( 11-60) 

it rtt lj PO 1ifm•• l:j:lf}]jfrj ?rl1mi/tE (f{Jm!,~l£lt, mmf~J.-<; i 

D ~~(f{]-i! , mml J.LS; 

Po"' 1ifJL.1;!JB9tJJ.!la.\f;JJl , glcm
3

; 

Po ~f-fi¥J~H~.lf, g/cm
3 

o 

~~~ !=j;{iff}L •• i¥.J~jij5£t X =0, t = Oo ffl@;Jt~U~{)(~!Ikf-ltt/ii!H~~(f{] n -t" ( n~ 
30) ~:Ji, ff2tif(*ffl~~f-1Wi i!Jl~~'}:n\t n "t-~tff- p 1 ( x 1 , t 1 ) , p2 ( x2 , t2 ) • • ·p. ( x., t. Ht.A 
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n 

j;.\: (11-59) l:j:~, ffl:/fifJ\=*~)(tjn1-~~:ilHT!LH~J!, iSH~ L1m;n = L [A (/-'; - 1) -tJ2
, 

i = J 

L1,.; .. ~~JE~~ k , A >j(1KsJ~~;{!f Muoio/ aA = 0, aL1'";/ ak = Oo mtt1i11iffl~ A , k 1Ho 4 ,fir_( 

~:li: ~H:1i m~Jf'J 't' a<J ?IF* 7di 1.3 tM $it~ Itt! ~~m!~ :W:.w.~ 11-31 0 

~ 11-37 I~lld$~119t1BiJIJ:iE!'S"= 

j:ji!§,g~ A k U !IJ/mm • fLS -• Uro l mm · ,... - • P/CPa 

*.0~1tWtli - 4.750 x w-" - 4.485 ><109 4.694 I. 314 5. 968 

~W'J~1t:I$Fi -4.750 x w-" -4. 510 )( 109 4.668 J. 296 5.583 

tli~:tHti -4. 1so x w-" -4. 331 )( 109 4. 861 I. 426 6.521 

~:ftj:ji m < $:51< w Ut 1t > -4. 750 >< 10 II -3. 797 )( 109 5.545 1.889 10.857 

11. 10. 3 :IIJB.I't<JjJ!IJ~ 

~~-•~·•=~~~$~~-w~~•.~•=~•~ns~~&~m~•·~~ 
~~~•o •m~w~~~ttn~--t-m•mffittBW , A~~•=~~~~•~•~• 
:1J~H~~~~$it~'fla<J-1'-1t~~~, H:~~·~~~ 't', .X;f:.ltH&iil't<J~fil -tl1.1f -JEa9~ 
~o H:~H~§B~W~.•~~~--.~~•*m~:a:am~"~~mBT•.~~ 

~--~-~-$.~-~-·8~~-~~JE:A-#+*m•~I~o ~T~~WH~M 
a<J~ti, -mt*=J!HJI.!~it~:1Jf!, ffii/f'A~jj!Hao 

*~~·~•~•Amm~~•••~·••••m~~~-•~~-~mfi~M 
~~~~o •naA*~~r~M~~~~-$~it~.~~~·~-~~~-~ 
( T ) -~IBJ ( t) *;{fillt!~ o mlmJM!tim:ii-lli:=Wft~~~, ~lii'J-a;f'~JI't<J!J;§~~~iit-

~~~~-T*.MOO·I't<J~1'-~M~A~--I't<J·-·~~M·~-~-o ~~~« 
#,if.=-}~, ~~~ ~~15\~W~ EfT m~•J!!li:ISJ1-J~~tl-rnl, ~* t~~miiiij; i!l l AJ't~~~illB11 
•~••*•u.#w~•~"~*•*·~•~*•~•~•=~~~~~~mB 
a<J.m••~~•s••~~~~~ll!:h~~•~•~.#Mwm•~~~~~B<J*~ 
®~.~r~~m~&M~~~-~~~~•oo~;•mm~•~•~•••~~~M 
J't.M~7J't~a9M~ . ~/f'-~J't~~-J!!8J't~-tt.~B~hl~~A~~-~m 
~JG~, :t<~ttitfi 0 

11. 10. 3. 1 i)l•Ji.KH-m.#J~ 

~HfJUi.~Y!.\itl~J'ti!~JJllui~U'Jt~llOO 11-58 fllTffi o -~~~Jffl-?5~J't~tHl, *~ 
·--~~-B.J'J'ti~{~~~~i!J *:Jf(;U , ~~M~itt~, EI:IM1'-J'tlfl.#l:ttl'W ( R300 ) :m 
J'titfffi%~**~~~1fl.ffi.lit , ~ill--$1fl.Jm~~i!J$l!lit!Jl~:ll·*~~ ( JV5200 ) 

:f1Ht1HJ1, ll!:fi~a1~W*•8J'ti~{~%~m!o 1-J{fft~8~1-mtt~~~/f'~~H••~ 

•~~•-.a~~•~m•~m~•~•••~~~MftB~% . #~~ft~B<J~ ­
grM o 

~~~.~~~HAffifi**•~*•·••~~~•m••.~m~~~~•~m 
~·-~~~B<Jm~~~~~J't~AOI't<J~§8lli~.~~H,m~~~~~J't~~Ao 

H=~-H~L,#*m~-~~~ft~~~E~~Lo ~m~~-~~~.®-~H , $ 
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~ Ji!lillm~ic:lR:M 
Jttmt 

imill!W~~m*~ ~ie.jj! r ~iJdt~ ll9..nl~t~M¥~at rBJ ll9 ~1t. m !It 1lJ tUH"F~:!i~i:i: 
-~~~at~r~-~~~m~~~~~~1t~•o 

ll. 10. 3. 2 ~·I ~J!iU.!. 

ffJJ:~J'titf?J!tli6il.*~i~1H~ 7 - :~umw~ cu tf•~mM~!iJJr (I) ~at iRJ < t) I¥.J~1t 
fiJi ~. 5fUffl~:r.t ( 11~1) ~JJI.!EJTIJi!IJ ~&-~tJ I-dtJ •• f,\t:±J:J.i:~J:ilfu\. ( T) !lmEJt iBJ (t) ~~1t 

[ltJ~ o 

1 Ez - E, B 
T = - k . lnR - A - lnR - A 

:r.t ~ E, , Ez )} JJrJ ::h rw ~it~(!<] i!t~ ft!.lli: ; 
k Bolztmann 1Jt ~; 
T iftZ ~jffi1J.l ; 

R E8?J!IH~(I<Jw.J*i!~I¥.Jif.f~~!il.t '·"~ IA2it~H~3!U, l'lP 

A = ln( A,g,.A2 ) 

AzgzAt 

B =- Ez - El 
k 

:t:\"f lA, , l A2 ~*i&:*?HJIJ~ A, ;f1l Az ~J'ti~~!BsJJt; 

A,, A2 ?HiU7h~*il~a<JWC:ifJL$ ; 

g l, g2 ?tJJrJ::Jg~*itH<Jti1¥£~~1¥.JmittJ!D: o 

( 11-61 ) 

( 11-62) 

( 11-63 ) 

(11-64) 

)(·t-TB ~(I<J~*iffr~. A,, A2 , A, , A2 , g, , g 2 , E,, E2 fl]kf13jg'ijt~, EJft;..t.R~?Jtl 

~{"}IW5fdt\~~~it}-~Jjt / AI fll f .u, f!PilJ*~m\}jt To 

11. L0.3.3 lJIJ -i>\#§)ftftt1f~ 

:l2H~I¥.J~~ffi:iif~I¥.Jilt* A 1 fll A2 ?tJJU:::fg Cu I 510. 5nm ift1 Cu I 521. 8nm, Ell -TiW*" Cu 

i~~ (!<] i$l -~~ ~ 'lit;f:{J i!i , -{)(~ 11. 3m , Jrr l;..t 't fn I¥.J$1M $ B JL.>f~ :fl3 ~ (!<] , ~ t-ft£1!~tl tffi\. B;J-JM: iJf 
tV.~~ m41M $)(;JIJi!tl m t¥.J~ PfliJ o M foHJ-m$:1fl ?iGilJ it o. 1 ~s 0 .ffl!)lt~t w ~ rtt:~&~ff:tffi fiE~~­
Z:.:llk:.*~~~:itHrfij);E, 00~{}- A = 1. 880, B = -3191, ~~~rffii.J!la9;&.t!s;r.tllJ~.fiV;: 





•tn•~&~.&w~•a~~ao ~~. -~~~~H~••, •m~•~~h•~~ 
~~~L~~H o _t~m1i.t~~tW:.!3m!~7ttJT A:fl11Uf~-~t'.£ o 

11. 10. 4 ~J.ltt-.JJIJ~ 

Ift~H~~~~~ffl~ttffi~~.~~m!~~~~~~&,~~~AMR~~~~ 

~;M~""F, ~H~H-~B'f)(>J".m-+.t:ill:n:-Hi~, ~Hi~{il-*~:fi~H~~Ifo 
11. 10. 4. 1 ~~~][ 

~~~·~~~~~tt, m~ , ffim,m~~. ~~~~~R~*~~$7to 
(1 ) ittto mtt~*J~:li!:~it1£ (400±10)'C""Ft8~.E- ?X~.J£. ~:ii24h EJf& 

ft!IJJ5.fll.1JUI.i£ q,( 40 ± 0. 3) mm , ~ ( 60 ±0. 3) mm ~!Mit!.f* o JlB1:~itt!ftilf]fiJfH3f! 

ffl.1£mM~~mbnA~~~to%~•~ 0 ~-~-~--~•ttm.J£-mo •m• 
tt~a~M2%~fi-~.m-m•••~~~~3~o ~-m•••~~3~~.• 

3 ~ -m• :i~Hr:flr-J£ o 

f'JttaMff-~ffl~~~ TNT, 3 lX~~~ffi~{H1£( 16. 5 ± 1. 0) mm trlOO pg, El.:lil:kffi~ 

fl.!3:liVJ'Hi~ffi;<:~~*~ 1. Omm, JJ!tlW:m~tt-ftt4} o :!ln:W:~!Ji:fl2 ~ffi!fiiffi:t£( 16.5 ± 

1. 0 ) mm trlOOI*J , ~-{H~~~j(~ 1. Omm , J3 1 ~Hi~«£7;:~ 17. 5mm, £1. ~-j(~-fr 
*1!Hi~{iUR~~j(~ 1. Omm; J1lt:M"~ 11-ffi!lii{Htj\f 15. 5mm , £1..!3:1a:tJ'~iff4iBi!liifl;f{J 

~~j(~ 1. Omm, £1.~ 3 ~.ffi!fij{j[~1f:#.1JL:iS]flif~'ffl:t£ (16. 5 ± l. 0) mm 7&00 rJ;j, Jjllj~ 

-~f'1·~:~f4i o 
(2) m~lllmmsmo m~EI:!ttmtiU~~#gm*J.!Vt, ~JJt~ HBt5o -2oo. R-t~~~ 

4>(41 ± 0. 2)mm, j€G(l0 ±O. l )mro0 

m$;m~-9='~m~. ~Jjt~;j\~ 20mm, :fi%l:i:tl~J.r(~ 

:R~)~;j\~200mm , mU~6. 3 J..Lm , lil.lt~ HB 1.50-2000 

(3) ffit!ito ffim-~EI:!J'i~ffitJ.J£. i"Pr-tl1PJ~~fflJ! *· Jt~ftl:!lnm ll-61 Elfffio fti-lf*=.ffl;lt;.fm~~~ffi#t m 
~~~~H~AMRi"~~H~It~mitt&m o 

l l. 10. 4. 2 ~~--fj:j". 

~~~~~~~~~~~~~·'•tt••~-~~~ 
=~7}o 

1fl-~, ~~1l~o X>t~f;}~~Lft~H. Jt;)#f~mf:tVcA 

ffi#t 9=' , t&J5l*it (50. o ± o. 1) g :kFH, {JJJA~illO ~ o Wtl::kF 
HL.ifit&-1-*ILml~~. 1&.15 .ffiH, !lffitJWJ.t~ ( 1. oo ± 

o.OO )~cm3 o ·~~r.1£~H&H9='·0RrJ;jftA·V~ . 
ffiA~HJ:f~~It 15mm, f&J5il!~o .fll.~~fm_till~nHt2 o 

111ft~~~~H~~fflW~~ft~~o 

~~~~~~~H.16~~~~ . ~:tE~~~~M •- l!Pr; 2-~oo-; 3- UI:i 
50. o ± o. lg ~~, ?&J5:tE~H _t iii:!$( -~*IL ~ ~~ • .ffl 

2 

3 

-=¥-~Hi. 15t!~H1r~it~U 40mrn, :Jf:tE~H9='·C.'~~A'ff1f1E . ti&A~H~~I*.I:ft1:11~ 

15mmo lJ!~ii~H~.lf, it~~HWlf o 

• 



• 
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M=$.~•mtto ~-~~-~~00~.~~00 ·0fflC~QQ~+~•·*~M~ 
%. jloOO l l-62alfrff-; o ~ 1-+ • J:JJ!f:x£ 10mm ~l!f4£~iffiiJ:3CJ<.m~. fflfdf~-F R~l:t 

+•••~~Q.~M~mfi-tR••~~BxJ<.••~ . •m~~••~•*•~m~ 
;J;JiJ.\%:lluCtt~~a<J.IjZ-~1.fi. ffl ho ~7.Fo 

~ .=:$ , :1;!:1$ ~~ o fJ( m~ 00 n -63 Yfffi :t:< JJtiJ.\!Jft~ ZL <tlXJ J~ J.iff$( .'It ~~1iJI! 1¥1 ~ n:fJ Ott 
llf± Jl;l tl .-1'.-:Jvr I oo mm) J: , t& ?X~ fl: !fdtf ( 1!!!1 ~JG ~rfil ITii WrF ) , i1X1 Jt , :1$ ~ ~ ~ , 19! ~ tft 
~~---J: . ffl·~~n-•oo~~~-~J:o *WWH&H~·0R~~·V% .•• 
8 %ill~, ~mU~::fi.®:tSo 

(/ b 

11111-62 -l!H1lli~!W.Fo l'i<J.iJ\~~ 
a- * ffi!fii (!(J«};tt ; b-ffi~ li:'i (I(JfA H 

2 

3 

4 

5 

6 

00 11-63 ii\:1&~~00 

1-trr~; 2--IIHL 1W !t1;tJi ; 3- :t\' !li ; 
4- f ut; s-rott, 6-'Mlil:~ 

•~iJ.\•mmttJ:t¥.JM•.m•fi~R•&~2M=$~~~~-~~••.jo~ 
1 ! -62b lfr7.F , *~-*-lf-:MJ-fR~7hw.:•mmf.I:~JJt~•~m . m h, ~ffi 0 

.!lll*Ct:I.ffi~-:*:-T25mm, J.U*ffll1iM~~H:I:i5\~. li!ll ( 25.0 ±O.l )g , W~tai"A~ 

J94' a9i*fl~;h 5mmo :l!)(;.:l!t~Hfit{JJ:1g (50. 0 ± 0. 1 )g, *.FfJ~tlXJJt:il!hia\%:o ;;<1f-Trl,J~1JO 

1lXJ ~ ~ siUrtJ ¥ ~ :.1$ J9 & §!i i:it ~ Elt, lfr .f1Hli9 ~ !16, %!~~ GB 12440-90 ~ fi ;I;Jii.JE, gll 7'~~ 

cJ>48mm , ?iiJJJt 60mm, XM_~ 3. 5mm l¥JM!tfH!XJVo 
II. 10. 4. 3 is\~~ AUf.; it #- :ft> .Pf-;t 

.mttEE.~-mar~it~ : 

j.\';rp 6h-ffi-tf.ffi~{i, mm; 

ho -iJt~ 1iU Ctt?Ji J3t A<J .ljZ-~{I , mm ; 

h, ia\~ Fa lfJ .tt jQj JJt I¥J .ljZ-f5J {i , mm o 

(1 1-66 ) 

•~•~•2~-lf-:fii:lt•.~$m:J$H~s~m~:l$H.~•:fiiat•a9ff•mffi•~ 



~*l :;k T 1. Omm ; ;t~!At!!A1JJJ1IPI* ~ 1¥1 t~Hr :t1:~ , ;ft1JL-fi'iJ\~ 1¥1 .BSJI1H~>i'§£ :lfqi :;k T 2. Omm o ?~ 

Fc ~ ~ 3fl-~-T1Jt!Jil¥J~# 3JL j:!g 11L ' fr1f T!ffi 3§: 0. 1 mm' w: ti ~p .1il1Jtf-t!l¥J fa tt.ffi mi m 0 

*3¥-~-TJJtHiil:i£ . &W:fllf$ 2 -t.ljl-~-JJJt~, :~ttrr~ ~0 

11. 10. 5 ffi:h ~~I¥JiJ@~:iE 

11. 10. 5. 1 #13£. 
~~~*~~l¥J&h~~l¥J~ffi~~~T~fi'.W~.ffi~~ffi~~~o ~-~~~~ 

iC , fliS~~ :i::HJ!H,,J.5.M/l¥Ji9:1t o 
.1ilT%JV4::<'f1$~1Jt:f-¥1¥JJJJ!7'G.ffi~, 00 I*J?'hf$~~*.Ff:l T ~-*.~, ~Pi9:li-~ft~~~~ 

Ji, ~~;)(~;fll;I$~1J\:f-¥~ Bt~A~.'lt 9=' o iJt~at, .J'G9 1 :i;J~;k.pj, ~#51:i;J1$~1Jt;f-¥, 

E8 T tflW )§-ffi £ 8<J m Bt fa] I*J ~i£5~*f ~ 3!JJ ~ ;)d~i *1*'!.\ rz: ~ 1¥1 .ffi h 7&: f1= J'l'filffJJJ!.J'G$¥:& , )A W 
•mT•~mat•&f1=ft~W&lli$l¥Jffin•e~ao @~, EBT~~~-&f1=ft9=',.J'G 

~51*-'8<J~!9F~l¥J/IPwrBi5.1iL!l:®l:t~-*.Pi::k, _§_~fijBt iBJm, ~;;-;G, Jt:J<!91J.BI:t1Fo 
~-~~~~*ff=~~~l¥1-Bffi,Wtttt~··· ~~;ftf=~l¥Jffih7lt~1$!9~~1¥J&~ 
~m~~~l¥J,_§_fl=fflat~•*·~•R~~•~•~kl¥J~w•.*~•:G~~.1ilM~ 
.ffi , ;l§l; f1= ffl% :i.\ 1r rlit .ffi ;f1l ~ ffi :G IBJ o 

11.10.5. 2 M>AftJflr-lL1t:ttP5~1..A.fJ~~~U\.%-~* 

.1il T ~ tm~ 1l1-t1$ ~ t£-JE I¥J 7]( .ffi ~ 1;1. ·11 ~R I¥J ~ 1t '!'~ !£ , :XIJ ~ s!Uo ffi¥ 1L dJ! 15e ,m T 00 
11-64 EJTffil¥J~~~:ft o 

,-------------- -, 
I 

1 l 2 3 4 1 
I 5 1 

I 

I 
I '---------J I 13 
I ... __________ ____ ..J 

200- 1 ~;p:t£i.i:t1Ui 

6 7 

12 

00 11-64 7.K.ffi~.~~it~:f:OO 

8 9 

I I 10 

i-fl1M~!i: 2-f~Hi~WJ; 3-~.a:~N.J; 4- l\ire: s-Hin~; 6-Jlill!lil; 7- lliJJ7J<; 
8- ';i'if; 9-~W!'if (q,53mrn x800mm); 10-Ef!~~Tt ( cfl>. 3rnm); 

II-1$Fj~ {<J>35mm X 170mm); 12--tN$ (<J>IOmm) ; 13-JllC'if 

~.'B:9='1':ltJ:Ia&~f.TitfliHP<J~. Pil~cf>53mm, ~J¥3mm, *800mm 0 ~~fflr!~ , jJX 

m, mtlit<t~, ~~iiEJtWM·Ii, ~~~:liffM~ik~ l¥Jjl:;kffi}J .1:11. 5MPao 

iJ!:.fft,*~HiJ\~150-WOg,mA•~~-#.a•r~-WIT9='$, ~JE~­

,m <f>6mm , * 780mm I¥J<tlXlm:iko 51 ili'wWJJ!II~;fll·~-#~I¥J-~ffl~Fzl!J.IXm*.lff~*1± 
~~#&Z.~~@ti, ~-2~1*J.ffih o ~7]((7](.10-20~) Fo.ffl¥M~.ffi-~ 

~-~:itthit7.l<JJil.ffi o ffih~:f/Jll"~~ffih{R, :i:~f.T 0 -1. 6MPao ~¥UJ:!JlJE.ffiJJFc, if 
11::. :It .ffi , ~I~ jliiJ ~~ o :tt 5 - 1 Omin Fo , ~ ~ 11 & ~ , ~~ ~ .lff 1.!< .ljl-~ 1! T :Ill KF ~ 1!: I*J , .® 
-#~JE-~o ~~:J;j~~;fll~~~~-~,~~~~~~~~~~~~~~*~*~~ 
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~' ~:l;i!l)tf~ii o 

lit~~:W:~f!EJ, :e::bnffir.®tart-t, ~L1t1.1:i989 

••~~ffi~~~w•a•~••~~~m•.~ 
.13J.lf[:ffi~HJ:Wl89_g1Kif#ffitl:"~~J~iJ·f~ o 

11. 10. 5. 3 $L1t.;tf~J3i.jJi~-15t~if:t#J..ffi~~~ 

A M. S. Wieland fig " "it 'f ~I" 
~rnl?t 11JPU ll];f.t!f;1Vf~ 9=' 'L' 89 M. S. Wieland _f1j 

m*•~~m89•*•a,&m••m•~~*• 
--~tt•~•.R*:bniT-~····&K'' 89 
iJJ.ffilJ!41J.\~~ on m 11 -65 FJTn;) 0 ~ff•~t.:e:~ 

~L~T~T~~~~. ~~~FJT~*B9mn~~ . 
-~~~-~-~&~~~89-iJJo £~~M-~ . 
~&~~(·~~1$J.9) ,-~~~~ff, -~~ 

ffii9. ( ffl*&~iJJH~),-~~~~~-o ·~ 

89R~---~h8~B9L~"~'·-~r~rt-t 
falo ~-:1f ifi , 3:: i9J~ il! ~~ nlfil Jl7}0$ ;:k;J\!!: ~ W u(.U 

~W:fl1feJ'ijg·~, ti#3l?:ftl40glft 1Jli!ISH9JI89~~~, 

~~-B91KN:e:t•I~a~®·~--~r*IU 
m 55cm ;fO ll7cmo 

~~·~Ln~ffi~~~~~~5~~~~~ 

~~~.r~~ffiH·~~~~~~~~*~ . ~~-~-~~~-@~-~~~H~*· 
I¥J1:WB9;§tirt-ffBJ ( R:i&B1fBJ) o ~.ffiH~ J;f;J *JfJ~-~, ~~ ~'E 89 ~milt~.X·t lt~f'~ 
1it, :fll"'J =f--fjtHIE~· B9 %Ito J3 - 1fTlii, !M~ B9 ~-~.:S:C:3'Ui:l$ • .!l ~£H~ ~ ~~ #: 1"'~ I¥J 
•iJJ•~-~~ffiH•~mna~~~•o:e:~~~a~•~~•.w:e:~•*~<~ffi 
H•tt9~w;t~) mt~.m~. iX~~Lilllll: T~m7&:a91~tflto :e:m;mLa9~*:l:f:1:#JltMJI~~* 

:ilt-~·~~Tllflmt!t(I(J~tl o ffl~1BI!Illl:7 Taylor~~.x£1¥J~!i o ~!J!U, &mz~1*~:e:7Jc 

~-H~~%d-~·-I¥J~~ o *·~T&&~-FJT~~--~.WH ( ~~~~~) 
~-~T&HFJT~~~~~~h-Ro *~~~MT(·Q~Mll) ~~~a~H~mM r 

tt~&~ffl o ~~.iX~e*~~-T~~-~~~1¥.1-~tt. ~~§~~H~~o 
~1JJfJ~·Jlx17.k.lllHt.H, *~l!IH.t.H, *JJ~:I$Hlll~L1tW~:izH'T 7 ffih·ij~~, ~ 

·~~··~fi&~"~~••~mm~•T~~~~"~~o 
B *~~~#J.EH&~l!t~I 

*~~~.A-it${Ji9Jffifia~Mi•N~uoo 11-66 FJTm , ~~Hii\:t-F:tvo:~=r~Wll~l¥.l*EI~ 
Ul.lf, ~tftl~~~f¥!, :e:lie~}j/ij~ Scm~. &fi}E-~~;{f l g ~*Pii¥Jlit1<~ o ,~X~l1l 

·~"~~~~~~rLWnF~W~~a~fi~"~~~Lo ~-~~~~*~ffi~ 
-~-~~·M~r~~I¥J~\·W~~--~-~*~M,#~·~-~-~-~ftLo 
••~*•ffin•*•~-~~~-.~~-}E~~"~~~. en : MAxu~•~iJJ~ 
~--~~u&n~B1~R ; 4*u~m~~·~~~B1~•;m~m~m~w~~H• 



• 854 • II .ftAt.J.i: fli 09 i)JI) 1A:4t;f::. ---- ----------------- ---- --------------------------------------------------------------- ----

• • 

f>'l 'if': 
u-n·t~ 

.b\fltffiJm3l!Ji&•l'fla;JfaJf8J ~o 11~9=' It rm~Jai9Jif1l.t"''-E11::fflzfBJ B<JIHfaJ~ < lO~s) i'if ~%t 
Jll!o 

~T-2A*ft·$~llih~W.ft~aw-••ffh~··· ~~-~~R~a;JI'fl 
ffh ll1I ~0 ~~jpj•~ "1:. -1* f"~l'flW1h ~4H4' & MfF JlBi!r~l'fl ffJJ m*- . 1±•arr-1: l3 tt 
:ltA*ft*~MI'fl-·IJ-1'- <f>Smm (f~;Nto _$7}zt9)~i5.\~.*iC.~~(J~:Q::kff}J~ 5MPa ti:.:ti , 
*~f~i%:mlJrf£ 0_ 5-1 rns Z I'8J o 

c 1(;PJ-# i~it ~ ~l!.t£ 1'. 

W:&fl:fUl~ 11-67 EJfff- , ;ft9='-wJ1JI*J~~ 52mm , ~)!?: 4mm, -IX:~ I. 5m0 ~~ZiW, 

:lfflliiJit, ~:k.Rllli&WR§1&~$:•o ~~a1, 9e~~;kR91:1J, il:i:i1t±~f1Pm1PJW 

~!iliJIGMEtlll-1'-.ffiiJ , fl.\ Fo ~:i:im-'lf at~ ~IHII'I a-t rBJ zFn ~ ~1&: :s1 ra . :.1$ ~at~-~·~~~ 1iJ :ii :i:i 
••m•B<J~••~~-•~m~a~*•~o ~•:J$~•llin.••nr~@~~*~ 
lml'flmWlll8M1£~•~~~.~--w!Wlll~~•a~~o 

• 

IJi.tJ'&I EEtJ!M2 

w~ 

11. 1 o _ 5 A $L 1t-;.l'f ~ .ffi. .1.7 ~ 4jt a~ #J .ffi. ~ .!Jft-;t * 
~*fF~~ff~-.~~~m•~••~•wtta~•~l'fl••~:J$~lll:J$H~~rt=~ 

;E, ~~Pi§, 7t®IU9~tF~1£*9=t~~:ltH.'F71Pilr~, ~}t~faJWli3.Hx2tHt!!JfMZ. 

1"'~ /IPtli-lli~Z.Fo, si~?X~H§, :i1tffflR~tl~~H§~~fiitfffl5Lo ~'lf~:i:i7.KB<J;Q:~fl= 

m.m~~~~Hf"~B<J71Pm-•~•*~•~*,rt=m~~•.Aa~•~~B<J~ff. ~ 
JJ:tJ!~ir1£td;~~a11i.fF211 9=' Fosi:JiB<J&H~JIG'J i t,i~~1':1971Ptli- .fFff:HI~o 

' 
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A ,Jj(~:;t 

lliJL1¥i~UJft~.A.3~UfiB"J~~::tr~, ~¥f-JE:lia<.J RDX( ~~~) ;fl:l*7.l<.tH1i~a1Jt 

AJJ<~pg, :5HJrJJtllt)ltt:fll~AAJt fl~l$1t*®*51m, *7l<:.tf~~~J ~.tt~-§f,f1$f1fritrrtllfF 

Jt!Fo ~ ff;;/J ~1ilft!W !£ f JfH-B ;flii*~79!tl, :!!Ill!! 11-68 Eff~ o 

mtrll!ll~ 

~Jtlllt!.il!i'ef 

~~i§ 

i\1& 

~------------~~*~ 

B ;tl ~f #. )ll!. :* 

£~~~Jtl7l<~·:.tf·~~*·~·~7l<~~-~~~~H~~f1fr-ttrff•ft€BJ.J·~ 
flfrtlrrBl.ft , *~~fl~~H~ff;;/J •• o 

:5HNm 5g ~ 3g RDX(M~~>fF1:..ttH-§, lOg fl1t~HfF7X~H§ , *111Wi-B~.rt:e. 

~, ~a11iJcA7l<~~ o ;'G91.1:..ttH-§. ~*-¥.iH1fSJ€, .pJJ14f~~Jf1fr-ttrff•Fo~~~H 

§~Jj(~pg1J!5!t!.9 1 •. ;Jf79JrJ :fi?X.ttH§~•:.tff1fr-ttrmt•~. ~§~~~:!!1100 11-69 Effm o 
-M~·1:. .7X~H§Z~~~-.*~M7X.ttH-§Eff~~f1frttrilt~~o 

a b 

~7~~~~.§M~§~7l<~~~W , ~H·8·~~-~~~~#~pg~-Affi 
~~ , ~P ~~-~li.W!~iJ:\:~7X.ttH-E15Jff;;/Jf~~:HzfBJ~H:e.·J:Ui*A~JE/F~~ , k-(-f*iiEilti 
~~~~-ttriltQ~~-H§*~~-~tt·~~~W~~o ~W. BM{lfritrrtllff;;IJ~%~ 

~~.-~~~~H@~·:.tf·;;/J:f!J&~W~o 
~-~~ffH-§~f1fr-ttrrtllZft,%~~~~-~~#~.~~UMg*~ffBJ.J~.ttH 

~;fl:l$~-.t't 8 %I~~--~f1fr-ttrmt,~IU~J:U~7X.ttH-§~f,J;fi:!M f1frttrrtllff~~­
l£o 
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I~t :1$ §§ 1¥.1 f~:pJJ ~~JJ ~fl£ ;1$ m ti :ttlfr f= !::1:: 1¥.1 llf!m rf/Of11 ~ ~ ec ·Ptq"' ¥J.J fF .FIFf 1r J.9i , ~t ;It 
F~5-.&~~--~0~JJ . A:I$Httft~~--··z- ,m8:ttHI¥.J•:tt•JJ o 

11. 11 . 1 ~~ 

e$RJJI¥.JW~fr~~-~tr~~.~iliSM~.-~aM •• &~4~. ~&*~ 
~:l$-~o ~f~~~I¥.JOO.MW~.~~I¥.18HM~~~.#A~~~-~~~~~f 

*6~~M~. ~~~~~~~~~~---~WHI¥.JD·~~-~o ~-;I$Httft~Q 
~~~¥.J~M~*hKm~••••.~~~•~¥.Jm••m~* . &~a·t~k.~~~ 
~H~~~:itth o 

~M~*.:I$H·JJ··~*WEtt~-~~I¥.J~~k.~~~~~~Ift:I$H~~ 
~I~~~*~T~*~~~W-I¥.JM~~o M.Ift1$HI¥.J~~*~~*RI¥.1.A,M 

~•$nhd•JJ~OO-~*•W7~•1¥.1•*o 
·~rt ffll¥.1-m :tlftrJL f! ~-)E ht 1¥.1 1$Htt.m :t1f 'P *I ;I$ at , :Iii :I$~~~ #1 ~ JHCJJJT ~ I ® 1¥.1*1-t;q 

:ftfL~~jc;J'*~'J*ff;u l:tt3C:I$!91¥.J.$ngJJ , @AJJ, M JJ , #1 JJ l¥.171l :f/!$3(:jc, TfiJ ..ElM =f 
~-~Q.lfr~-•Q~-~~)E~ , ooaaA~~~oo)E•~§ o 

Ji!afrf**hi¥.J~!Jc·&~4-~, *.ffl <f>30mm ~f'm 50g ~Ho ~*2tJm, li!J~~~ 
~~;fiJ)t:Wf~j! (Livingston ) 1¥.1 V -L li!J~%~, 1E!. 4i}-fjt:J$#jYf~itlb ~lHf.JJl~%J!*;{:f~ 11! 
I¥.J~Itl .•• ili*~:k~=HI¥.JM.nJJ~~ o ··~2tU,Sjc~4~~a9-M*~'~~. 
iliB~!::E~WH~---~ 0.2m~ ; Ati*~4~m~#tt•JJ~~~tt*•o ~~. 
iil.ktm ~~~ti:{1I~-.&~ T 1:1:H 1¥.J:lt~t &X.JJ jc;J' o 

*~~;I$~•••MM~:I$H~**••~~-~fffl•R•:pJJftJJe•I¥.Jo ~#hR 
n~fflfjcH······~~~~.fflm~.H~M£~~~~.~W~W~I~;I$~~ 
h~~JJm~~~~~tt*~· B~$~~W~:I$H~WWJJI¥.1m~~~o -~~~~~ 

~B~&•*•*~--~-~M~¥~k.~~7~f1~#ff~~m~~-~-~-~ 
OOJJ.~---~ 95%~ko *K~~m-~BM1:1:H~~~~I¥.JR~o 

11. 11. 2 $~fti'l5t 

~~~-# tlj!i)(~~l¥Jlli!~-:1ftt, ~7§1! :*:5f1JS!E.A*f9flX ( Trauz) 1t J'G!l\':-W, JZ.f*~ 

~~~-.~1900~ME~~m~~OO~~~W~fF~~~~Ha~RJJI¥.JOO~-~~ 
#s: o tNJ:tftlf1f~fM $, iJ!~ii\:~ ~Hftlj((J~ft,g , .3?: ~'flHiHE P3 ?H~iit m ~ ;l$~·:pJJ tmJJ ~ 
~~~M.aftOO&Bffl~fF~~~~~:1f~o 

II. 11. 2. 1 .:L.f¥~J.t. 

~i)l~utfr~~f:ErnDtt=Jf31¥.1«t~"P ,c.,:tL l*l:t&f:l-~ft:I$J9~~, mm'lf~ J~ffl, ~mt4 

ffi i¥J1i;l$ ~ ~ ~~ f*~~~J~J*~~:p}J , ~ fli~fL~fJH7:*:, ~tl:fit*;mM:J;t~ttr Fofa-;lqJU:t9 
-~~~*·M~HM:pJJRhi¥.Jjc~' o 1$H~~H.~*-~ecf*tz: ~I¥.JDJHC~fa-:tlfM~ 
f.,~EEmi, uef!i:U¥2t!::E~%, :m 1*1 :rLtniE ~~%. 1$& ~¥.J ~~:fit.±~ rl,\jt£~~:1:t1 B<J M·tt~% 
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k.~~~*-~~~-~~~-~~~0 ~~. 
•~m~~•R•~~~m*~~~HffiM•~ 
~~iJ o 

4:>fl-:f;t;! 19 -1'-11 ~ 200mm , ~ 200mm mJ U 1<fi:, 
c:p,C,,1L1:1~ 25mm, ~ 125mm, .J.A-9ifil{fi'IM<f'd~a9 

c:Fif~o ffltJiJ:\at .~ lOg WH'iitt<f.ffi~-\f;J.l;/9 l. Og!cm
3 

~-WWR~Htt.&~mV~:IVcAB~~.~ 
iJii5MkJJitLR. i" 0. 20 - 0. 35mm (19;Q~~, ~lit 

.6 OOJ :fll:tt1L ia o flit ffl tffittl $9 TNT :iH: ff;f,~ )£ o iJ:\ ~ 

.ftjUJI¥1 11-70 Efiffi o 

A1*~~fl=tl7~19: ( 1 ) ~:qRWH < 10. oo ± 

o. Ol)g &A~~~-Mn5ck*1LIDJ~;t&; ( 2 ) ~~ 

fey :1Vc ;(-£ 1*1 1£ jg ( 24. 5 ± o. I ) m m A~ ~ JlHliiJ ft.P T- ( llP 
-=frp,C,,:fl1H£ 7. 5mm, j*i 12mm 1¥1~@$) ¥f;f$ 
H.ffi..Q1tl=f,f.,:ft1L, •mw JJt 19 ( L. o ± o. 03 ) g1 cm3 

( it1l= 1R) 89Htt; ( 3 ) ~ :illt~ T-.6, :tE 'fl 'L' :fL 

5 

4 

3 

2 .. "' 
• N -

921.5 

¢200 

t -'i!Hiq~t;Ht•; 2-f'iiji~ :l$~ ; 3-'ilt~ ; 

4-.£i~~; s-m~M~ 

~~A ilt~%, iJ:\~S111}1*klt!'li~ ( :!Zn*~ll3ttt~L1tWH , ~H·A~~ ~~ill:, 1i:~ 
till A 'i'1f , ftilft1(~L1t:l$~89i5f!ffl@ll*ffiJ:t~, f.!Hil~*B1~~'YB~H~J.l); C 4) ~ 
7.1< f'F ft 3t ffl ff :!1 mi~ $i ~ ~TJ!~:bl:.m ±tHL 89 -~ , ~Ff , 4il fR ; ( 5 ) 7U!i~ t1HL ilil& , ?& .6 
ll4f& fteiJ-~Pi tttitA fa ;l:ij:fL r-*1 , .#-;J' ,c,, :ill; ffl -*f$#f 1?; :12i iiJ 1L 89 m5 $ , #H:tf1L 1*1 ~tll ~ ~ ~ f8J 
P@.Q"~~t,a;~ ( E! IE1f!JA, ~?ttl1~;/J~t.IYJ~), ~J.lJZ-, J§f,i ; ( 6 ) :tl:l$15, ffl~,ffi~~~Yl'l l~ 

:fLj:f;JB9~1i~. fli:$~ (4) l'f<J)Yr!IJ!Ui-m~:fL~~~o 

:kH9a9M:fb~.:tlfli:T:rt 11-~: 
X = ( V2 - V, )( 1 + K) - 22 ( l l-67 ) 

:rt~ X 1-fP.i.:fbfmJJ ( t;A.m:t:tHLtt::kti~JF), mL; 

Vz mlat1J1LB9·~· mL; 

V, WiWf:i~1LB9~~, mL; 

K ilfi\J.lf~IE~~ ( .W..:t< 11 -38) ; 

22 m=JCEI! tlf~ 150C Rti¥11~-9Jfmj]' mLo 

4\\J::UU!U'C ·~.iE~~% m J:tJ ilnHlf /'C t¥.iE~~% 

-30 +18 +5 +3. 5 

-25 +16 +8 +2. 5 

. -20 +14 + 10 +2. 0 

- 15 +12 + 15 0.0 

- 10 + 10 +20 -2,0 

- 5 + 7 +25 -4.0 

0 +5 . +30 -6.0 
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1£fiJ\ It ~ };!l'.~ : " 4tH)tiJt~ ~ :iSJ fa ft1Hifu ~ 1 mL, ~~"1 ~ JE ~ ~ ~ il:lh'::t 20 rnL, Jzll mitt 
20 rnL , Ji!tl ;f H~ -1-·b.\~ , ;&T Jt~ * ja] H'uWi 1' ~ * .!JZ-~1" ;f:IHfi: :1!9 15tim :1:1: 20mL , 9!f i'iJ IIR ;f:~ 2f: ~ 
;Nf9=~f'F~~ffio ;tr;(Jag~*iml:t 20mL, I&;lt~MI~trM&it>JtJt1JZJ1J{EI" o ~~~tJii\ 
r:p, Jzll:W::ll!i¥1Jf~~B<J~W !::jJIGBtra<J'M1'~t~H~2f::itgjfff:u 20mL at, Bi-5l-N1H~-1'iie~. 

~;A JfJLfi {l;tu &:Ill 1 J' l'i<J iW 1-ii t'F 1JZ ;t!;J o 1.& F ~ f-l 11ltJ w:~ 99 \! Ilt , JtJt xt~ 7Jc i'F ~..If! :1iJ m: ~ o 

m~rrn A~ .tt m:RtJ'Ul~ Pin! ¥1J~iief-t ffb ~:Iii~~* o 

~~B9~t'Ftoitt•r:fl~~~-hl-*FM, ~:1iJ~M~toim~~-- ulnJC~ B9 
mtt. •*c•~N~:f£ 99.99%~k.m•~N•~~-~~&tt 3- 4 ~ ~ ·~~• 
$at, TG~a<Jilfr11tt::k::k~1f£, UJ~11Ufrfr!r:I$JI§.:;t~-BI!ffi o :1M 'XtC:ttJE!Z:f£ ( 400 ± 10 ) 'C 

~-~••·•~~•~•~•R.•wm%~~••.~m~~-~~••; r:p~~ 
~~~-~~R.•a~m1£••~•ft 48h ~~n~m ; -~•~••~••••­
ttt I &:JttrlJ ~~':fliH:l.l W.j 1-C!tfm.mtt-tJ B<J~-~~tr-~' ;Jitft1L1im:f£ ( 285 ± 7) mL ?[ ~ i1'J 
JrJilil-M o 

155R;W!JilzF~~ GB 12436 ~JUE~llX. -NJi!tl~~~!Q*;tH3~::k~PinJ o A-~~itt. 1:1~ 

Tt);t£JXVF' JfJJ!!M~:19 cf>200 X 50/ 0. 71-1f1La<J k9riilii. cjJ200 X 50/ 0. 40-1f1L~~~:it!:fi9ml2'f' 

fi'l:f£"f.m9mJ:B91:1~~RP~~~*· ;f.tft.fJH!i..ltJiJ 1. 35- L 37glcm3 
o ;& 11 -39 :1il*ffl~ 

liil *-Y:lf ft:l ~ ja] :tt ;tJH! J.t w 1:1 ~~ • m :ttHt R ~m B9 )(t tt w: ~ fim o »-• u-39 m ~ ;g- :±l I 

~l=~ffEE~~~~tt15~1lM13 tt, i:it~i!J!i*tlf:~T 10% I;A __ I:o 

* n -39 ~ift1:i~li!!l~~~=~~fHi'~W~mjff~:iEttU~M~~ 

:rl~TlPtY: t!UP-WJJt lAJl f~J/Jftllj; .o~~ty: .ljt;fJ!Itll tll!JC fliWJtf;/J 
/g · cm- 3 

TNT TNT 
lf/ nun I'C / mL J:l[/mm /g · ~m-J /'(; / rnL 

>0. 71 1. 60 -liU~ 0 319.9 <0. 4{) I. 62 .Wfli1.1 23 320.2 

>0. 71 I. 60 MM 13 3 18.7 0. 40-0. 71 1. 39 fl'i l!iiJ 0 282. 7 

>0. 71 1. 60 ftilli'l 13 318.9 o . .w -o. 1 1 1.39 ml!iiJ 19 284. 2 

<0. 4{) 1.62 ft'/1111 23 315.8 0. 40 -- 0.7 1 1. 39 tlli&IJ 19 295.5 

. 
11. 11. 2. 2 .lf-~~..tJnt•t:i 

~•••~•~afi.~m•*~·m•:ttJttRffi~*~'!::ji'FH~~h~~tt~~ 
~.RR~~~~~o -~~~~~§U~~-Ifti'FR~~~-~R~.WA~~-~ 
1~~'!'~./layi'F~J[~ "*-¥;t~" 0 

m ~~ w M fluH~t .:E ~ ~ = m !tf Eft hi:* . :1M -nt :1il 11 kg tr: 1:1 I ~ 1J! ~tiN ;~g ; ~ .m ;e; , & 
1-ilJtf .IV4* ili:-T JG • .EL ::Hr6li~ ffJfJ ; ~~ )E 11:. ~ ww:~ tf91J!lJ iJ\~ * ja] i'F HJID ie:fti ::kfi ~ 
fmlit~~ 'it-~, f§.~~~~l*fltB:<$: ~ ~~· m:t~~ ~!\'l:ii! A ~~jj~~fFHffl B<J)E tll?};jy=f o EJf~IJ 
1# l!<J1itt~ ff~j] ~:!} ~ A~ iii&. , rm ~-~ ~f't ~a{] C:I1H't1L -l*fJ{ o 

~ F ~ :l:£f 7&:00{£ I :If' ~MLtlm~ !J~Efr ~."} JIJ ~ ~t JL {i)(t ~ FrJJ :I$~ B<J 1;\i ~ ffV J t'F ~ :m: ~. 0 

~191J-*-m, ffil:!m~-1:-FH B<J ftJL ift :1iJ 260 mL , rm J3- *HfH~rJt 1L fi :1iJ 520 m L, ~ tl~ i:A.Jil Fo 
~~•~•n~&~::k-M.mu~ttRfi•*at,Rm~~lf•~.~rR~mn•~, 
rm a ~it~ o ftfL ffia<J::k;HJc~ ~fa-:bl1 1'19~fi~%, .!::j :t'FH ~ !w--BI!.ffi 131~~ ~ !i.Ji;~:?:i-:0 ~ 
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:t1\ l¥J I it*itt .If'~ . :1m z.~ MLffl ~ fij;' . r;§ .tl:~~ tm1i~ & t!*:1t~ ~ 1$~ f15h o 
j5 7'~. m~~.W.5E:t± 15oc r :ilHr, :t~n*m!Jit£~fmmAJ3trU!rr, fi!IJ~*t~!~7E~*:il!1ff~ 

iE, ~*Fw-*l¥J~~i*~~jco 19Hlll, lA -~m!Ji~*~ , .m:J:tfl/ffi.ltt£ - IOOC ~ l':§.X:20't: 
~..tat, 1tf~.LE~*~:oo~ CJi!.~ n-40) 0 JA~ 11-40 "Pf!ti!P:iJ;g tl:l , t£Wj-t-rlftltrtiJ\J£ 
fJ:t:tf:lfgil':m (280 -300mL), {SilfiUti@J a;jJtfffi~{i[tEJ:illt, rlft!3t1~a1Jt.tJ\J£{i[t£Tilti!, W3 
1fff! ~ 1Om L tr. ti o l>\ili:JL<¥:!! ~;f-f J'b I¥J f&i~ ~5}J ~ il' ~ ~ tHti :W:.tf , ~*:its~ l¥J 1i'Jf( ~ ~5 
fJ~il'~$:@:@~rM* . ~~~ 11-40 139mML~*:f§IWJil' o 

l.\illtl 't 1/i!: :J'}JfltjJ/mL TNT .0~-itJ.· t\'J, )J!:I't 1;1'( :l')J flll .7:1 / mL TNT .0~-itJ.· 

23 305. 6 ~l'li! fff-li - 16 282. 7 ~It fffili 

23 294.5 ~l'!E i'if-1ft - 16 286.8 f,f.li .j:;j\11£ 

11.11. 2. 3 ~J~*fli.J?k:itt 

~T•~••-m•at~~~••~~•ft••••4 . an•~rili~~~•tl:lmffi 
~1-t:tf~~:il!hm~ o f.g:t:tflif~lt 99.5% I¥J~$Lf.g:f$-wttl iliJn\t, ~~ 80mm, f.6 180mm, 
mHLI¥J~q£ 35mm, f* 135mmo ;tt..ftu~*"t~J(~:1J~:Ifg.!:3fa-.m!Jiffllfi.l o ·!JtML~.*~~, 
.~#:1J~-~---~ft-~.~M~~*"··~*&.~JL{i[8~· ; *~·tl:li¥JW§ 
~m~l¥J~:ilt11~.~*~*#11~~*:t±<~-=r~~~~~~I¥J~~~ ~!Ji~~~ 
~-> ~.Jt.~R~~~~~~ff!lfi.l o ~m~•ttmm•9lm5iit••bni•nlt. H~ 
(50+1)mm, i\Wi70mm, JHit1LR.>t"~H1£25.4mm.._ ~ 57.2mm ; ~~I¥J~·IO'ii\:; • .A.)(;JfG.W · 
~I¥Ji!J!:ittlr~. ~¥f~:l:tfml1.±7'~~R>t~~~~ 100mm, ~ lOOmmo J:f,L.,JLRi"~~H1£ 
16mm .._ ~ 50mm 0 ~~:fi~~ 2. 7g0 ~~~-*'*~, ~Jfflit<l&:il!J§I¥J~-~~~Jl~~f$~ 

ftiJ . A~~~UM.~Mbui • • ~ ... ~m:n~•tt4,.ffi~-tl:li¥J.~ftfJ{f{~Bm 
.W.fiJ\fl~EJT?j!J!I¥Jf$:9J~!;}J{i!A~ -~&9ilJ tt·jj:o 

11. 11. 3 71<1'11i'f=lt 

11. 1 L 3. 1 i»1!!. 
*r•~-~~*~~-=~mw*~Z.Fo ,H~&m-=r~•~o ~•t£20m270 

•~*so •~m. ~~7'~~-~••-=r~:t±~fflift~~ttn•~~I¥J~.ffi o ~-.~ 
~*r•••~~~e~r~*~fflrift~~I¥J•n•m.~tt•ttt£rft$Mtl:l~& 
1$~1¥J~5ttm. ~~m;;m11t11H~:llim•~sif!~!tl::!i~~~~Jifi~t&tl:l B<J1t~f15 c :t.i~ > • .EI. 
•~•. •~tt~.ilJ~.ffir~ft&~~~B<J•~nfJo 

t£•&I~J:f , m••·~-~tt~•Ift~&$•ai¥J£*~mA~r--I¥J~a 
~m l!filiftfflft51!1¥J~&, 5ttrft$J\I¥J~ a~m•:l$'"t-f*-~Bf.Cftfflft51!1¥J~~. W5ttr "P 
·~~~~---~~ffl~ili~ffl~·~~~~Hft.ffift~aB<J~Ho ~*~••m:JL• 
Ift~&I¥J·~·jj:ft~f!:tii»l'l~*' ~tlA* 11-41 o 

~~fL~~E~&~--~HilJ~-~. ~~~~~~~-~-r~E5~--~ 

~. r;§~~~~&I¥J~NSH·*~~~-- . ~~ro.W~JL{i[~~W$MAfirS~­
·~Ho ~~-r~m~~~&~2%•r~m••~~&A~Ifi.I*FI¥J~·o 



1:\=Jlii>fij; -~m · s " 1 ill .t:ftr-1'1. «i/mL ~lJI:/mm It~ Q/ L · kg _, 

!# .n ~) ~i'Ji -lll\:l$ili 3441 353 14.3 444.5 

1i\' :t:i ~l1t :l$lll 4410 281 . 16. I 433. 3 

2 ..f':}:l;~nr ~ .fl1\ :1$~ 2994 287 12. 7 386. 0 

_:tjt~f"~L 1t:I$Fi 4007 261 14. 6 379. 7 

=:t.~~.~r~1t:I$Fi 4011 231 12. 8 347. 7 

b\ i1:!:1HiiL f!L , lt~UlHif~ i:iJ :U 1±1 • ~L1t1$~ agt.f1$ ~ i*~ RIH1~ Jfi ~ lt*5t tt~~1$!9 
~~J', iffi~iltL ~llf!L~:*. i!~IW~Lftif~I¥J/1Pmil!tf'FfiU1Ff~~~~ii:~ " @~. :1! 
~~~~~~~~8Ifi~&-ffitL1t~~~~-·DB#~ft-W~IMI¥J•&•·~~ 
m o ;:s:~aA, 'iit~~I¥J1$~ttfi~*~~LUf£-f*JJ,%lfLftW~~~~ir/i~if~(!{J:Jli~~f.J*ft'.£, m 
m~~-~-Bttn~•Rn~~&~1$HI¥J~f.J.~ft~--~~-I~aM•&~m 
~~tt*~~~~I¥JI~~~~~-~~~I¥J~~*W" 

R~b\~HI¥JD.MllW~ . ~*··~H·1$~~m~~--~~--*~-~. 
~·~-~I~-Jfi~~I¥JI~~!9m~#~~~~*Wo 1$H·1$~f.J*~k*~~~ 
~J:.t. f!P/ltlmi!UO~i*·JHC~fH o 1$H:t£7J<~ ~Iii~-~~, ;Jt)lii ml~ 19!:1r~~¥Uif61tl , 

~.ffi, jl)ji1f!B9:1i~f'F.m. ~!H!Ht!!.ffi~ffi~(!{]Jj(~J.!lt. ft;Jit.ffi.f.J , WIJ!- i.&i'tll~JUC7t~. ~ 

~mM/IPmil!t;iffi~HI¥1~~~-~~~(!{Jm~:t£7J<~~~ct~n~~~ff~I¥JR~~~ o 

:i:S:~-~~H~1$D2:t£7J<*a~*~*mil!tD~~--~~-*" $~-~T~H-~ 
(!{J~*fFJfJ,E~-~T~HM~~~i*·JHCf'FJfio ~~.~~7J<T.1$ft~~b\Dhli¥J 

~-i:iJ~--~~U~tt~H~~1t~HI¥J·~·f.J•tt.~Ifi·&~ai~ii:~W~# 
$1¥J~~~-. ~~~~Hft~~~-~~~tt~~~.-~§&Ifil9!:Mo 

~toY~io•A~~T~1tii:mi¥J••tt•~~*T§1$••1¥J~~.B~••wm 
~J3~>C.'~~I¥J~~Jfll~:l:ilt~~Lft1$HI¥J.~Jfll-W • .:iJ, J~U!:T :fl.-:fl;f{J liiJ ~~:i!t S:lt!!ffi 
iffi~~~I¥J·if~A:fl;f{J~I¥J~~iffiW~~I¥JWms:lt!!m~~~~~1t~H~BI¥J7J<T~ 

1$/JPT.I.iiltfm~~mfm " ~-~fJR. tLfti'f.H~71QftMlf!:&llif (2520 - 5360rnls tii/E 1*.1) 1¥.J 

**w•~.iffi~3~¥J/1Pmi1tn~~~~; /1Pmi1!D~~-n~~e••s•s~¥J*buw 
±~11U o Kurokawa Koichi ~A@f~T,Lftii:HI¥J?lfmilli:fm, ~7{gf:j~~~if·~~~~:ria<JWi 

•••~~l¥.l-~o ~m~L1ti'f.H~~~~~.•-~•~uTre~.~•wttn~••~ 
7&tm~ t. 95 - 4. 3SMJ/kg ~~BJ~ft~?'~. Jtfm~B:Jtg~~~~; ~=~•~o~~~~~¥J~ 

,c,,m~Wl'!JL{(;W!:tii¥J§:it:ffi 1630 - 5100rnls ~IBJ , Jt:f!B:J;i1$ttn~fl~~~~ o !ti11~ 

itWi.ltJJi:li!:~ t m3 1¥J7t?.m~~H.t{lt!:fiB9, ~H:!l!:~ 30g" ~=*=~'YJ, 7./( 718~1¥JitW~lJt ~ 

~1t1$H~~--~~ifWW:m~. ~P~1$~1¥J~mftdW-~hn~.~-Wlft~*· 00 
~HI¥J/JPmiJii:ft~&-filJt~•~* o iffi~.~fi•~.~-n~•-••I¥.J•~~mtt 
:IJHt:* ~ 3 ffl' o 

~*T~--it~.~~H-~A~·*~~R~i'f.~-7J<~~Wk~M/JPmilli:R~ 
ilii¥JTifft~ o ~JJI:!:1J~:*$JJBfd'f:l G. Bjamholt ~ :±: I¥J-0~ , H·;),''Pf-lmiJtt.Y!;tc~·, 1;&.6 F1=1 
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mt~ ~ ?!Pm tJt flliilt~ Wi 9-;: ~ fl( .ff(J J;E 1JJ :!!a ltP m tit 1m ito @ ~ G. B jamholt 0 5!: 9=' jJ:ft m iJt :J.9i ~ 
~fj(~~~~~ffi~ffi~o ~~~-~)li~,~~~~M~~~~~ff~~~~~~~o ~ 

~-MW~j!:fti!JtJt~·.~~---~~~~~?JPmilt·hl·*·~iliilt·~*B. ~~ 
w !$ J1:P m-• fi~it ~ iiffl J:E;;.:~-~~ 1.1< r t>~~ flli:hl: ~ m~ ~fiEf~m~ 89 o 

ffl~,g·~*~~~I~~H~~fJJM~miltnE. , ~~~Eb~~#.~BIT~~ 

~, wna ~ * ~m1.1<~.m :itJ:rr~ ~ 7l~ i'itJYT ;,w * ~ :ti ~ :l:l!!.m ilt m l':m.llld~ ~ re: 7!f ::k , ~ !iti * , 
00~--~~--~::k··~o lli=+~~*~$~-~~~~MS~~OO~~~o ~ 
j(O: G. Bjamholt IV..& P. Wollert-Johansen ~-1-2m x 2m x 2m ~~ittJ;Jvlclt!!.!J!JH;J,~:fit:i!!: 

fi-T ::k:£1:a<J1i1f31:, 1-fr.JI±l~f*iit~~PJhtto ~~~ R. A. Barnes ·ti!~Jffl 1. 8m x l m x 

1m a<J~JtlJ!J'*lt!!.x-t~ml\.*l-ti:iarr T -~&!!lit, ~f!J T ?!Pml1tl0~7!!!11*~t.!UtJfHt-~ 1±1 
T *;J~U~Hli ~ r£ ~0 5!: o {E!JN!1H\l:l$7.l<"ftB~ PI :i!!t *-:1:1!!.1¥~ti':it1 ~~ J.ilZ tt9 ~ n(.i] fF JH , f.§~ ~o 

filJ ~U r~ 1]' 1.1< lt!!.Jti ~~Ell , :;tt;Jt .:JHJU ttM oox-t ~m iltffi~ :hl~ili:!-1~ ~ ~ nfiil me~~ - 1-11! ~ ~ 1fff 31: 
v~Jmo M 1988 ~7fMI¥J~~.m.' 00 pg3(~JJI!Ij(~::(£ 2m X 1. 75m (1'9ij5gffitl;J\*rtl! P3' fdfrE 
*'JJ'!H~J&.t&, ~fHt~Z:I$~i*if&;ffl~7@1!t;m;•.M~*r~~:illW-~$ o M:W:~, ~Mc;t&fft-;jf~ 

Jt; ~ Z:l1tHWJN1Ql&i~~?f!!~;fU~*Z~ri!!i*~fl~~~t~-J:l:l!!.~l& *miltflli, {B)!J.W~~it$1-t& 
$Hlli~~ ; 1Et.ir~~lli~!t'=\.7fM!ft~. ~:fl~:l:I!!.~J~?JPmiltJ<-tfm~tt9fFJfJ, FJIJ~~~* ..!::j 
ll!lfE(.'ff ( ~r@~f;t~~ff) ~M~~3(~(1'9{il:ft~~o B *~~ S. Nitsui ~ N. Susaki fr;fE 
~1ttJtt9 2m x l. 8m ~;J,JJ<?IM~Htffl 0. 4m xO. 4m ~Z:MHilJm (Polyethylene Film ) -@.li~~ 

~~. rl1i~l!l:W-~a<Jiit~. iiE~:>:;j 5g ~~E o. 7m 6ll:PJrf1l~&Mlqti!Jilt 90% ~J: o 112. 
~~.:fJ*'J.iJ3~.ffi£5jJt~~, ~fm$~~}fj~fiiJJmo 

11. 11. 3. 2 iJliJiJ!:A.L;l( 

A ~1:ft~#t 

I§l~fil:~ ~::E~iQ.1%:li!Bi: Ji\~;J< jt!!. , Bm*~~ ~ffl:li:k'Fmt=: 1-$?t o 

a §~iit~7J<'i!P. 

11*F*11!!.1¥.1~1t3:~~.&i~fnJ R. -t, ffi~~llt;Jr~)!Jrft~ JL~OO o R. 'f~;J\a;j, 001il:M 
:!ilH~ ~:itl ,w.~mz 1¥.1 ~ PfliJ , @R -t ::k ::k.>l. ~ * 71!! a<J to I , •:e fll ~ ~ :%:1:1!!. ~~ 1±1 :1! ?.$ ~ * , 
ll:tStWitlt::ko !V.3(J:ri.JJI!I::k~a9-*Fiit~7J<tt!!~~J, Jt?'~%:tto III 11 -71 JiJf~, llclt!!.JtUiH~ 

~.f£~.£~~~J:o 
:li~l51:Hi*lt!!.a~mfffi~~jJ1i:q£ cps. sm, 

~ 3. 62m, ~~ 8mm , ~T1JO~lH¥J~~oo~ 

ttffiw•.?tld~~J: , ~ , r=:-t-emm 

T-m~~~~o *lt!!.tt9~ J:n~-~~. 

--t-;J,a®!B:~~~It!.iJJtn.tt9~19Jr. mff 
~~PJ~~J~*fl!!~'c.'Smo jJTmJ;E~§ 

~ffih~~~.1t-F~~~OO~a<J~~{il:~, 

~f1W.JtlJ-1-~Jtlj~iJ.t~ o 

~7J<lt!!.~~1t~ftjJ10g TNT, f§~:JE$ 

mrr•*H·~~~o D3(~~~~~~JYT 
fj!JfJ 1¥.1 :.li1$* ll!!,]g 1m! f:i% , Eb 16mm J!j[ tt9m.t& 
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:t!i!~ffiJ,Qli;, Jl(rt3_t~l0.5m, T~lOm , ~7.5m, :R!t::k~:QilJiislkgTNT ~iil o 

b ~~*~IUU'i'c 
(1) ffij)f~~:AAo :ili~*, I@.E{.:t:l ib.Jtilli 'ijt~ffl*f'FJJ.ffiJJ~~~1ID£~JG{lf, E~ 

-ooJ rDJ ~Ell 'J" , tJlAiiHlfl mJ , ~ r 7Jc T I f'F o :fln*:mtit~ :lG#::ft: ;fr -1'-!liHJti ~ :::t' tJH~?'~ ~z. 
P-J. *1~J£~ff~. *~ §! ~Vik~P5c::k~, itllJ JV.~z.rm~*~ffljj!f:liq&~t¥J l'Pm ffiJJ. 
# .El~~, :tc~::tf-@! o f91Hl0 : :JtJ¥-WI:;k: 
9#.:'-EF a9 ~% HZP2 ~~~ . ;Jt~~-:h 

" ~ :tf% 13 E8 :!:~ ffi rt ffi JJ it" , ~ .ffl =f 7J< 
r:p ~ i'F ffiJJ :ljh I¥J lJ!IJ fU: , ~JJIJ ~ ~ T iJIJJ liT )(;j" 
ttBe~ o. 5 - 50mlkg Z.IBJ l¥J fll:ri.tril£1U'ti!t 
mm~ffJJa<J~~o •~•~~¥J,~m~oo 
11·72 EJilJ\ 0 

1.91~ ~tat , ffiJJ ~~ima<J *W,c.,~ IE5trir l - $fmtt=h 2-~'JEHL; 3- $fffiff;fll3tntffi1H:&!.It. 5'Hm 
19-§~,c,,, ~.f-f~:tl:l${1fli!JUt¥1Jiis~mtff 

9C~at, ;JtlJitiH~~tH*'~%-ft~~ fll:rmiltUt 

IJ!l-~IVJJ!<Il1Hil; 4-~l:*ff; 5- t:l!tA!tJC; 6- 3tr1 
tf r&til , m111t!!..ffl~7J<.IBHIHY.. 

•oo~:::t'~~~m~m~T.~iisOOffi~. ~at&~~7l'P*•~a~&M•di¥JffiJJtnm 
$ao OOffi~~-~ffirt•~m# .• ffiJJffl%·~~~Q~.~~~~~~-o 

(2) nt::A:Ho mrn/i2:::k~. ~a~1~~~~~11.m~~flltf~~11.tli:~:±l, IV..JlRii!rt~-Tm 
~~o ;ttSA~M:±lmm~¥J~*·*JJtlW~ffl~ft•:±lmm~rt••mmffi~E.ft•rt 
~ffi~~~~··*~~~~~%~~ffl-*~~~~o 

(3) ~llt~ o :mff-ilt~~~Jttfl.~,Q\t, •f'F®*itf~tllkf'F-i:l'~tll.-.f.f1f{J! o f9lHUl: 

~~ Agilent ~WJ~FI¥J, ~%1;] 5484~A ~11[ft, - ?X:M$ilJfi 41'-illiJlto 'i?:Jt-1BI:ki¥J 
.M~*11*;tJT~~JJ , & rM~ffi**JTtlt% o 

B ~Ot~Yi: 

*~~-~ffiJJ~ma,:Q5c:kftffl~&im.~••i'FHK~~ff.:n~•a~~a•~ 
~_t . -Pf*;tt ;~; ~ :t£JJc 7tk cr ~~ 1¥1- ~ i*fl5tt , :fLU oo n-73 m ~ , & llJ IV. a ~-i* Lt5tt P5c 
ft$~13~:1ih~••o ~~~~--~*~~$,M~*•fflffl•"~z~.•x~~1>1 
1ff.'f .M~:f7C~ , t&m /&~4Bt19W:f-f , ~~~~¥UffiJJ ?Ito 

ffir~-~ag~~ff~~-~W-~~-·tt,g~*ti~~~~··· ~~:(£~fi~ 
;t.\ m~ HI: zrw . ~* ~ wr -~~ w.: a9 & JJ m: ~ .l1t fif~ • im ~ ~ ~ *ffi ~ ~ ;JtjYk f'F rl f.5! :!w _t Wf:i£ , 
.R~:I$!-IJW.:~*ffl~ffE:I$Ho -~~Jf.l TNT f'Ft'r-ti~-Elo 

c ~f~ii.#~.A,j(~l{ 

**•~~~~~~*W0;t.\Aar~~*•~ili~.wawm*•~w.:•~. 
~=f~:(£~M,7J<OO~Ttk-~-~. ~~.~~~--1'-~Ba9~a~#.~~£~ 
~~AJJ<.Ll, ~M~~~~E\ZI¥JW~.it~·M*gfi~·T-X~$-J!Jf.~I¥JB 

< 1 ) ~ ~~Ht ~ tt l!f ~ l¥1 • Pfiil o ;1.1: !9 a 7Jc ~!I ;1.1: at , • reiJ -;z: ~ ~ r!L ~ ffi t¥J tt fi -;z: 
~.-fi"F~~~~~.ffi~~OOI¥J7J<"F~fll:rmilt, l'Pm·JV.~OOilti¥J%;t.\rDJ~~~~ o 
~~*•~•~7tk~ , $00ffl7tka~. ~~~&Mo jn•&Mfll:rm•~~~~~I¥Jat~~' 
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I 
/_~ /'\ 

· ljj( 

'\_ _ ~ 7Fi!liilll ft 

u*· * - YlitA:: lllH 
-< 
-'-

/ !J 
!-

Jj(il!! 
/ fA:~r / 

lltiF,i a: :n ~milS 

T- 6. 7 o at , 8)t~ xtWJJ t.Ht9 tt fl:fl m lJ!i ~l;;n:: ~ ~ olnJ o ~ 11-42 ~ :±1 .:EltiJUf At9!~ iJ\ ~ i'P ~ ii\ 
¥-F tf9Al](l*~ !=H*m ll!i.mff if1l ~t~oo~xtl.i)Z~ttii 0 ».~ tt-42 c:p~mllT ~ttili, ~ 1-t~A 

ll<"i*Jlt~ 2-5m B1, ttltttflUElJ!4iJ\~JJtf111IJpg¥;;tc1*~7f'~ o :tf~~iji~{ltr , itlm.~fif 

.X1 tt ~ fm¥:4C &;ff W u(aj o 

* 11-42 t$*.A*~ll.!:3~itri&:.@ffi~~)IJI~tt-.J~~ 

M~J3f/m l+mi!UH.lli/MPa ltl'ffm/ MJ ·kg· ' )Vjc~(t/m I+ID-IJU l.lfiMPa tt~~fm/~U · kg ' ' 

2 13. 629 l. 061 4 14.429 I . 005 

2 14. 521 I. 068 4 15.329 l. 008 

3 15.650 I. 093 5 15. 183 l. 017 

3 16. 535 ' I. 038 5 15. ISO I. 000 

tt : ii\:~.7)( itli::t£ 10m , ttl 7. 5 m • ill~ ill .fll j!!Ja; ffl .I!Jlf 1:1 13 mm tJIJ itH& :1.'1 tU! flt. lit~ 1i 200 - I 000 g m1 tl: ~ IIiJ~ 
TNT. ~lfjg I. 56 - I. 58glcm3 • J1itl:t'Aif:ill~ 1i: 1£tt.1J I : I. 2 o 

( 2 ) it1~~{4~~~~~~-~o *f*~7](00~~~~~~-~~~~-~~-~ 
~~ .:tf280ma9l*m*, ~~~~~~l](ID6m~r~~-i'Pat,l](ID~M-~~~­

~~M&;ff•n(ai],~~~AAmr~*•= 

Tb = km1131(h + p,1760 x 10. 33) 516 ( 11-68) 

;:t r;fl Tb ~rtgS~Ji!fJWL s ; 

k Ej:.f$J9!fill~l1Ht~-t£1llt;ff*(t{J#~, s • m
516

/ kg
113

; 

m 1.1:~B9&Hit , kg; 

h ~.Alj(~)Jt , m; 

p , ~~B11¥1:kecEEJJ, mmHgo 

;a:,g,7](7*7f':k=f lOrn 09~~1bJ0~9='!11.1:B1, k iillliiaef.f.All<'l*lla9 ~3Ntiffl~it, 7l<im 
~n(<i)~Yf!!S~15!! k {lGJ~;J', MJ!HJ~n(<i)~ffQS;IJ15!! k {l[ttt:k o 1tffl!~~JG:@:~Utt09ffl~ r , 

• 
¥:1 iA~.A7l<l*Jl~ ,g.JK'l* 2/ 3 BU', * ~ 1k lii~ffl!.-5<1~7iYJJ:i}\~J ~~P(ai]PJ I~Hli{Jl-l;f-'EI1H~?Jll o 

11:~~1ifF9=', je:@:li<JU'11:09Mm;;,tik71':ff:t£09, liJ~illi:i:tiae~1-itl:litJ11!69A7J<l*ll, )J#J:f! 
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~~H~~~~-~~~-·~m-~~M~OO~ ~H~~-~S*~~~W~H~*~ 
ffi 1 ~P.~Jl~~ytg~W}J.!I!iBif~0j\f'FI:f:jU\.f-fAJK~JJr~~?@-~.ffl]Wj I¥.J~~ lltJ~o JnUW-J 
~ ltll ~3(:,~~~ .xr J.iiZ 1¥.J A7.K ~Jjt , ::h :lj;'d!A7.K 'i*Jjt , :1!~ EI:J -T :t1: H U\.f-f tEJtt f*JJCF El 83 * 
~8~•m~m•~~M~•~ey~~x•m~~~~l¥.!~mn~~~*•~~~~¥.J~m 
tm~ ~ 0 iJ\~~*!A!.* 11-43 0 

* 11-43 ~:;r-~EJ*~~I't-J~ffi!~M~lJIUIEiit•fi 

.A;}(I*lf/ m ~iJI!Ij(fi/ IllS ttnii'il ms A7Jci*JJU m ~!J:!Hi!llms tt:ltflVms 

2 168. 83 187. II 4 162.99 163. 37 

3 166. 96 174.35 5 156.48 153.80 

»..*. 11-43 l:j:lf{llr5ey~~:±l 1 tE-iat~AJK~JJ[~ 4m H~00~7e!.ffllAA~J.!I!~it~ti;f:§ 

•~~ttt£•n~~#~~-~,f-f~J.!I!~A7K•Jf~4mo »..~mJ.!I!~#n0~ey~,• 

7 ~ IA.f-f 1¥.J A;.K 'l*JJr ::tT ~z5'~ , ~ 7fi/.JM< ~ ftij WI kE ~ :ti:H -!J\f.F 1¥.! 4m l'lHt ~·~Eli: 8 J9Ui , ~lit 
*~ffi~fN~lf~o 

11. l l. 3. 3 iJII) i: it J!lztt{itj . 

;&. 11-44 19 JLf!P ;!14ru!Ift:ti:H 7JCf ~~ fm:l: I¥.!1J!~ ti\!fi!~ o 

* 11-44 I.!ll!1$~*1'•1$tltiAJIJlitfl 

Q E. p.E. E. 
:1.'\!~.i'\~ / MJ • kg_, J.L 

/ MJ • kg " 1 / MJ. kg "' /MJ . kg" ' 

2 -fJtit-*~ .:5 ~ .f;l\ j$l§ 3.985 I. 340 I. 038 I. 391 

I1Ut1:J ~ .O~I:ft:l.'\!ili 3. 402 I. 288 0. 762 0. 981 

2 -l}tJt-*j,1J~ .. iff m ~;!J;:I.'\!19 3. 345 I. 291 0. 984 I. 270 

3~tlt-*U:Wifffflf.IiW:I.'\!i9 3. 144 I. 295 0.911 I. 180 

=~mlfitF nm it!$~ 3.563 I. 365 0.867 I. 183 

.::: ~:.Wlfi.lf Jl'J!ft. ft:I.'\!Jli 3. 310 I. 343 o. 743 0.998 

t±: l. ~utJti(I<JlJ(71S.tn B:~45m, Ji£G 12m, 1f7J(Bi!.ll9m , llltl!i:Jit~ lkg; 

2. ~""' Q ~t:t:JliJI~. 

2.594 

2.42'1 

2. 121 

I. 978 

2.380 

2. 310 

p.E,IQ Eb! Q 
1% /% 

34.9 65. I 

28. 8 71.2 

38. 0 63.0 

37.5 62.9 

33.2 66.8 

30. 2 69.3 

~~2%. 3 ~•r~m•~••~•~=••r~m'L~~-~~*•~~-~. 
8 p.E.IQ ey_ml ~L1-t:Jt~~~mtlttt~~~ ,uE. 8p.E.fQ ~~JiVJ\-TfJt~-~:ti:~, ~~~L 

~~~~~m~ffl~~-~-·:JtH~\.~~tE···~~,L~;I$H~~-ffi-·i¥.JM~ 

~&o ~~~~-~-, ~~~---~~~-IN~~-T~~~Hm*~*I¥.J~~-~ 
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:JtHo 

~.m. BM~-~~-:I:~ti\ . ~aaa<J~-~---T·fJt~··:ltH~,L~:JtH 
lt~~JJ a<J~tt, f.!Pe~f!t-:ti:HJl.~·~i¥.J?!PmfF.ffl, ffi1!1L~:t'l:H11.~·5lii~:tf~~1* 
~}}j(~ffJ o 
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II I 0 
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00 11 -7 4 tff-lt l2jf jljJ U\:~;ry; ~III 
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I!BJf.iJrpi¥Jt,ij£1-J 5141.4rnls0 j'i:j~Hf~ 

-{S(B<Jf-Hf!~~ Vo ~ L 859mrnlj.i.So J~Jt 
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El3 -T4l-12DOO"I¥J~~~flf:;f~~~-
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20 

15 

3iX , :Jg ill! -T lt tgC , ¥J Me!* at I'BJ 1Ji IE ¥HIT- ~ ' o 

5 
fil!lD~ (J:I;J~ 25 . 4mm, ~~2.54mrn ) 

~#T~@o ~m~~#T.m,LftW 

~*fi3~~-.-3£~-~·~­
fF~~~~*o :ilHr~~~tl:1t{~, ~SWi 

o~~2~4~~6--~8~JO~I~2~14~16 

-~-·~-~8RH~~~*~•& 
;fttf.{~dl:J·. ~00 11-750 
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* 11-45 ~L-ft*Fi!.ilm~iit~tr-J~~~~f&&1$i!.i~:tl~t 

~fj(f(( f'&X",J"~~ 
.5iFJi~1JJfi'Ut~ ;tf.'W~~ 

~~{![ f'f!l~~2:! 
Ei FJiJlre'WJffil¥J 

;ffi~.f,~ ~ .I}'Ut (f:l) ;f:fl;X:~~ 

A 2. 8324 1 0. 17062 0.98401 c - 2.92754 0. 16853 0.82672 
0.2771 

8 I. 17684 0. 01482 0.96935 D -0.483 0.05522 o. 88105 

~'W~IliF 
l!lt tJ4 U; ( f:l l 

0. 2771 
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E = 1/2 · mv~ = 112 · mgL ( 11-69 ) 

~tp m fiT-119mJ:it, kg; 

g ]!]J:fm~.ll g = 9. 81 m/s2
; 

L 71< :iJZ-M~, m o 

~~_t, 00 11-81 EIT7Ra<J~f'UP~M.~~ ~tri:tt!H~ ;e; 1±1 L Om (.JfJ H ~ffi), Ff.ti:l&i}l:, 
!l-J'~)}\ZW:;ff~ ili!ti!Uii L Om t't<Jlfl-W..tltl:fJiJ!tl:l!:, f!PJJI!*"M~ L;,_ o 1Ei::liH!~~JE**:::F{i!!, ~ 

T fnHttt1t=, E8 fmii~~~noM.f*:E;tfPJ W.ft~ 1±1 W!M~Jl H, ®~i!£ vo ~~~!m L_,. 

Z.fa](fgffl][~*~ (11-70) 0 ~~~ ( 11-69), EB~ (11-70) ilJJ;).~¥JJ~ (ll-7l) o 
v~ = gL#< ( l / (1 + HI L1;)) (l l -70) 
Li = L#<[ ll(l +HI L#<)] (1 1-71 ) 

~ ~tl ii 1±1 119 ~ ~~1~ , :f1 J.JfJ _t~ 0 ~ , ?HJtli.t~ 1±1 JJI! tt:: M~ , ~ fi f7J ill~L 791 tm W. .& 
l!i!!J:@:~~. ~*:!W* 11 -46 Wfffio ffi~ 11-46 r:ft~jfiJ!J;J.;r]t±1, ~ll*~~1!f~j.::T- 30m, 

ffi~~~~-~s%~~(~~~~ilJ~8-) •• ilJffl~~M@~-JJI!tt::Mft o 

$ 11-46 fti!Atl<.l~JJill •• ~fm, JI~M~~HJ;;~J4·M~.:&Jt~~ 
L,.lm Lftl m t:.Lim ( t:.L/Lif. ) 1% v0 / m · s · • E/ k.l 

2.0 I. 14 0.86 43 3.3 I. 12 
5.0 3.85 I. 15 23 6. 2 3. 78 
10. 0 8. 70 1.30 13 9.2 8.54 

15.0 13.64 1.36 9. I II. 6 13. 4 
20.0 18.60 1.40 7. 0 13. 5 18.2 
25.0 23.58 I. 42 5. 7 15.2 23. I 

30.0 28.57 I. 43 4.8 16. 7 28.0 
40.0 38.55 I. 45 3.6 19. 5 37.8 
50.0 48.54 1.46 2.9 21.8 47. 0 
70.0 68.53 I. 47 2. I 25.9 67.2 
100.0 98.52 1.48 1.5 31. I 96. 7 

11. 11. 5. 4 ~i!~~*il:.~4ttt.!? ~J~>!-il:.~4t11t¥J ~t..ft 

~ T ~mmHl!W!mf*Jey <lla:ttJt!zfaJ 119~t mz~* . ftfl31131 -m1.1=~ ltl:fJ T ~~ :n~ a9 .x·t 
~-JA!Ji' ~Jij{~?J;: .ljl-~j--JA~B9lfl-:ISJ{ll' -IAHi~*.!A!.~ 11-47 0 

?t:m-~ 11-47 9=' B9iJ!tlilt~~, ilJ ~Yli~:tt!!;fif 1±1, lii.l-~;fl:l filJ1tt?XI¥.JI.fr:kP!l.i B9~~ll!WA 
~r!iJ!tl-JA~-m:Jeytft:l:ti~ii\~~ffi:Z.fBJ, 1=J~~:te'a<J~lt-11:MJ.i!Z~~, ffl~*~1-l o. 97 o 

• n-47 •itjim~iit*~m~~iit~~-

~!§.!'~..# 
~ .i1It\UJI!r! 4{}.1/jf! 

:t\:Mrl1;folo ~ilrllidJIII'! m~r! 
/ m / mL / m / mi.. 

3 ·I'HU"i-'f Jfiit~:t\:m 24.22 250 = ur-wm.IHt:t\:m 26. 18 284 
4~~.Qtn:J!<it~:t\:l!i 36.24 387 TNT 30.40 301 

~.Q~IAt~!§ 31.62 303 =~~11'Wffl~ll*~-1tt$l.li 31.20 337 

=i&~r~lf.m'!fv:~-tt~~ 26.82 250 E:~!ilifW ffl~li*~L1tt$!§ 29.95 307 
=:~&t~lfilfffifttt~1tJ$m 22.90 202. :;s:ne~'L1t~ili 33.24 342 
-~;~;twi-lf m ~-1t~m 27. 80 299 =t&mwilfJfJ7k~J$l.li 20.01 180 

i£ : 'ell 'ft * ~iR a<JJ~-b!:~ '!Iii tJv=f J:N irKtij; XJi;ij'.iE a<J 210mL. :i!~ El:l 7' ffr ~ t$~ ~Jill!# a>f lliJm:i:J: T u rfE m~ (~J 1ill #:1111 , 
@.itjl,ljfolrlll~ii\:tfr!a<J.xtll« rmU. ~!I!Hiil*~~.fl~a<J . 
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I I. I I. 5. 5 ~ .i!.~~ ~ (}{. 
m l t -82 J.JJH~Jtf1f~f)(1f!t:aa<Jl1J.flLt~~.'BJJ!IJii\i'F!t:if{JJJ~JJ ~~~~«Jt, ~rft ». 

a ¥U! f:t<?X1.J.M.1$f0ia.\.f-t:1a:J$1Ji.ti'BJ JiUmmYH~Ii~:ii:Jm~;.t§ fit', .1If-1J~Ea:~ toJ ~ 9=t a<J~ I'EiJ {Q 
)-g_ 0 1~1 1 t-83 ;~g ~[!! i1ttlm m;ww ii\~ n (J<J ~ ~ JffUt o 

(I b 

d 

e 

~I 11-82 if41i:HhM#:i:ti§l 
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