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P fi s A P I R G

MERR  HERE 3.1.1 6], Rk e R oo Ere e s (3.1.1) BUHTR R
(3.1.13) RAME— S, AHREFEASN § = ¢V + ¢y i gt =
glt) — g ol ¥ Py SRR S, TR (3.1.13) ¥l

3

q{[l}“} — _Eqﬁ{l][” +Ail]g[1]{@ilj[”}
L - e
- ATTEaTw)y (3.1.27)
q(t) = —CqI(t) + AR (G2 (1))
+A{?J§E1}{§mm}

b, g (G0 (1)) = o(q®(1) - old): g (G (1) = o (gD (1) — o(d).
F B Lyapunov-Krasovskii 12 g

: ] [on o] [dve .
Vigit)) = 3.1.28
) L‘rmm 0 Ua) [¢®(1) A
134
U,C+CU; 0
I o=—
0 LWC + CU3Z
N A0 0,40 [ 0] [ran —p A
0 (0 0 WV 0 0
- —1i -
| 0 V, 0 0 0
AR 7, A A A2 1Al
A I (3.1.27) BURRTES VR L SRR S 300 5 BE 243,
d . @Eli“j ! -Ul 0 q’r’“}{t}
—Vi{jt)) = :
a ! e [@tznm 0 Uy [d0)

. i) o o] ¢
| Lo Uy [§0)

e [ve +cour 0
g (t)

0 U C 4+ U3

@[H{ﬂ]

gl(t)
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Gy oAt —p A [oiugiie)
G (t) 0 L gég"* (t))

Ggvn]” [o, A A ’ G ()
giﬂ}{@{i‘)“” il il ffm ”

N ‘EH]H} : 0 0 “”I{*:F“‘{r}]l
F()] |[UA® U AN | g (g

I O] I T N P00
_thj{@mm}, UEA[E} Ugﬂ"” &i&]“j

GO (8) ! GO ()

< b

@EE]“] ! @iﬂ]“]

N ‘H[”{@“]Eﬂ}” ‘1’1 0] -.!T“’('IF[“{T}]I-
FHGH )| [0 Ve 7P ()]

L [avarn] [ve o] (0@ @)
_H[Eﬁ{q.'-:i]“”_ _D r1_ _ﬂizhw[m{ﬂj_

avm] o [d0 )]
ﬁ @':E:IHJ] El |:§If2:l|:ﬂ_

‘E”]{!‘}-* -'[fl ﬂ‘ ‘E-:U“}-
qa |0 Vel g

_|_

P

G [ve o] [

Tlaow] o ol [a@w
[aom] L i)

2 = X+ diag{V, + Vi, Va + V)

B 2.4.6 AR (3.1.14) WL 2, < 0, AT %vwm} RN, LEN

Vit) f2mER, 8 Lyapunoyv f2E tEEE W, EESEN () B9 0 oS et 9945 (3.1.1)
fy o L R ETIA E. ERE.
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i1 3.1.2  FEHELR 3000 BURPER, R AP e A s M Es (3.1.1) /Y
Tl e A F TR R E

WERA LR 3.1 BRERTELRE AT R, st (3.1.23) WTHEREL (B.114). TR
HREEE L 3.1.2, SRR (8] B PO o S bR 4% (3.0.1) )Pl s 4 R AR e . IR

[~ TR 5 H A () Y P g B £ A (3.1.8) Py S AR AEME R ER
iE PR — B 78 4 R

T 5 SrE 2 A (A Y P e A R R AR (3.1.8) AR R

q|l' — '?I'E—r_-,# -+ HT{S:I (E ﬂ-::rﬂljl::qj.} -+ ﬂt) . § = 1.. 21 N )

i=1
5 PESN [R) BY DU e eE M S (3.1.1) BT T R

1
—i; — Zﬂ,‘jﬂj{l’ﬁ} + Tw; = [_L I = 1.,21--- L T

i=1

A, BE LR MR AR, BRI, i BE 3000 FdE iR 3,100, 3 TR (3.1.8)
il A AR B ME—E, ek,

EE 3.1.3 MBEEFEMAIEE Hermitian B U Uy e Crxn LR A4 1E
FAMEEE V) Ve, VG,V e RO, R RERSEIL (3.0.04) R, A L ] R
PO eSO P 5 (3.1.8) A ME— T il 4.

MERA L PR RS A (3.0.04) WEAE, BUEEE 3,001 R, PO oG Eep
£R0EE (3.1.1) HAME— T, B—Jrm, a8 (3.1.8) 53X (3.1.1) WP RS

HAlF e 3.1.3 BHERY, wT LS R 0 R HE G,
it 3.1.3  MRFEFE T IF T Hermitian BEE [, & Cv=m B 5~ 1F 4 )
HEE Vy, Vo e Brn, (EEE RS (3.1.23) Bliar, 64 B imt () 34 0 o $ e

S S A R R DY o s e R AR (3.1.8) TS R R ETE R e .
EE 3.1.4 WMEFIEWE T IEE Hermitian B P, P, € T BLEP]A4~IE
WA V), Ve, Ve, Vi e Ren ) (3 LT 28 4 4 A 2 ol

T "f’l "'.l'-"g
= |# —w 0 | <0 (3.1.30)
By 0

Hr,
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T — T+ W+ Vs 0
0 T+ Va4 Vi

T =-hC -0 +CW.C, T = -0 - 0Q; + CW.C

(@ — CW AN (=) + CW AR

P, —
! 0 0

0 i
By — | |
(Qa — CW2) A (Qy — CW3) AW

b V7 — (A, A (AT, A2
1= {‘ql:z:l}t'[_.:i_.-’l‘q{"] 1}2 _ {A[E}].H_FIA{E]

g [Ta— (A2 maA® () waa ]
T —(ADYWRAD - (AW, AW|

Q=0"1Pf, Q.=0"1P.8, W, =0P8, W, =0P.0
0 = diag{/ 0 (s), VPa(s) -, V' Bu(5)}

A2, P ) Y P e e ol i (3.1.8) B ME— PR, P A R AT
faiE,

AR = AR T

AR 1 AR E A (E) B PO e B ER g (3.1.8) HAAME- P, B AR
— it &

C = diag{—C, —C}, W = diag{W,, W,}

A 4 00
"1 B ’ ] 1 H B ]
A2 All)

0 0
wWowW W
D =diag{C, A B}, A=W W W
wWowW W
I, 0 AN — AP 0
x I, 0 0 (Ja AR Py ALY
I L * - J-| ']‘_ ] 0
I = * * W -V 0 0
* * W * -5 0
* * * * * -V
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Hrt 1, = —Q 0 — CQt + Vi + Vi [y = =00 — O3 + Vo + Vi
EEF A'WEB = B'WA =0, it 8T

Iy, = IT, + D*AD (3.1.31)
HW=0u#HAz0 T& f
D*AD =0 (3.1.32)
H (3.1.30), 20 (3.1.51) FIat (3.1.32) afHEH
T, < 0 (3.1.33)
BU = Us=0Qu, Vi =V, Vo= Vo, Vo =V, Vi =V, I
I, = IT} (3.1.34)

Herp, Iy B5E 3R (3.1.14).
Hat (3.1.33) # (3.1.34) 0T, 11 < 0, M EEASER (3.0.14) Jlor. [
b, AR ERE 3.1.3 Al S ] DY e E R [ R (3.1.8) B ME— T AL
B 2 A5 e A AP e B e e (3.1.8) FEiRREIrER, R
Lyvapunov-Krasovskii iZ 8. 3% (3.1.8) ol S {r¥e{b A

gilk + 1) — gi(k) = (=) (—t',-q.-[k} + Z gl (k) + H:‘)

Hp,i=1,2,-  n, HE5MEmERESN
qlhk + 1) —glk) =8(s) (—Cqlk) + Aa{g(k)) + u) (3.1.35)

Hor, glk) = (qu(k), ga(k), - qu(BD)T € Q7 B(s) = diag{#(s), #2(5), -+ ,0.(s)}
= Hn}tn: {:.' — diag{':hﬂz-."' ;fn} e Hrﬂ-cn.: A = '['T-r'j}nxu = @uﬁ{n; {T[-IJ'I:IE\,” —
{El{qlikjhﬂ-i{qﬂ:k”*”' 1gn[qr![k}]}T = '33'"': u = I:T.tl,'i'.t;:_u._ e :-uTL:IT = 'Q"'

B g = " 4012 4 g2 4 g3 = gl 442 Hop gltn) = [qE‘FJ?qu?: .
qu}T eR" (Lp=1,2), q[l} . qm: _l_Iq{m} e ", qiE} . qm] +w[:&2} e
'ii A = A[l} +A[2}j, w = ulfl,'l _|_u{?]j1 El:lq‘ A[l}ﬁq[?} e Eﬂ.‘-ﬂ:ﬂ-‘ uil]’u[E} e
T # alg) = oV (M) + @ (g®), Kb, a0(q®) = (o"(g!"), ot (g, -

o (g )" € C 0" ()] = max{0, 4]} Homax{0,¢f} (1= 1.2, = 1,2,
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n), WU (3.1.35) nlEAL AW T S0

¢k + 1) = gV (k) = 0(s)( — CAD (k) + AV (g (k)
— Al2y={2)f 402) {1)
ARFE (g2 (k) + utt) (3.1.36)
g2k 4+ 1) — ¢' 2 (k) = 6(s { Ch'¥3 (k) + A2 g2 (k)
_h;l[ib H]{q[ 3[_;5” + .ul?]:l
Wog = gV + §'*y BT A B Y e B e M ER (3.1.8) (SR L

(3.1.36)) ROME—PiS, BidFh Gk) = qk) — ¢ BPHOSPREERS, T2
peE g (3.1.36) 7T LR N

FgUE+1)—§Y k) = 3{3],{ _gﬁ[n{k] 4 ‘qtljg{I]{&[lj[k”
—A®GA (GO (k)
1 Gk + 1) — §3(k) = 0(s) — CG2 (k) + AV g (G2 (k) (3.1.37)
+-‘1(23g{1]{q“1’[ﬂ}]}

H-':F', gillw[l}{k}] = ﬂ'[q[l]{k” _ﬂ-w[l}j; gmjw[z]”{” — ﬂ'{qm[ﬁ:]} . ﬂ'w{i]].

¥1ifi T Lyapunov-Krasovskii 2 e
Pl 0 ?jlllikjl
3.1.38
0 PJ Lhm] R

Via(kT) — (k)
(k) [MH

mik) = 0130 k), (k) = 613 (k)
B3 AFMES AV(gk)) &

E

Hrp,

fUER). HHER, 2

Rik)| |=C 0 | 3" k)
Ry (k) 0 —=C| |§* (k)
(400 _ q02)] gV (G (k)
+ 0 ] qm |2] .I!'cjl
Lo o | [FrEh e
T _Am;l Al gm (2 (k)
T 0

1=

0 Tz] + O D 4 Bl + D
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AT (3.0.37) BURF, VPRV =Sy, FRIHESIE 3000 FIG[EE 2.4.3, 019G

AV(qlk))

= Viglk + 1}) — Vig(k))

Cfmtk+ 0] [ 0] [tk +1)

Clmlk+ 1] |0 Py |melk41)
C[mw] [P 0] [mk)

'I}-gI:L.:I_ 0 Pg I}g{k}

_ k) [P mik+ 1) —mik)
(k)] |0 P: ik + 1) — nalk)
L[+ —mm] [P 0] [m(k)

(k1) —mlk)| |0 P2 |n(k]
N ik + =] [P 0] [k +1) — (k)
ek + 1) —ne(k)] [0 Po| |nelk+1) —plk)

[avw] @ o] [Rak)

GO [0 Qs |Ralh)
L [mw] e o] [am)
_HQ('E‘::' ":" Q.z t]"m[
| [mw] W, Ry(K)
Raib)] [ 0 ug R (k)

_favwm] a"(k

G (k) _n T, qtﬂ[k
L[] (0 (k)

TRIG) a“”[ )(k))
-_gr[”[.r}[l]{k]} favm
! _ﬁ*ﬁm[?-‘{m}] . L*ﬂ*m_
d(R)] 5 [70@ k)]
! _@[‘ﬂ{km] : Lmnx}[ﬂm}_




3.1 SR fr] A0 A (] B P o R I S L R R

DT

L [amen] . favw
9P @ kD] T [ k)
L [ @] [ @A) wha®  —amywa@] [0 G0 k)
GG E)] [—(AB)TRA (AR AR | FE (G (k)
N ﬁmrrn{k” ,:‘,1[21]1”;2‘,1&3 I:ﬂm:l"ﬂ"g:'lm !TU]H[”{L'}:'
_gtﬂhf-[ilik”_ _(_4[1]]4[.1?:Ai21 (A WLAN | | g2 (g2 k)
A0y A0 |
= ?m(j 2! :-I-m[}
q=k) G (k)
L [ @] [ o] [¢ @)
FEGHR) | [0 Ve [FH(GH (k)
., -ﬁi”iﬁ”]'{#ﬂ-x V0] -ﬁi”wf”{kﬂ-
g PGP [0 Vi g™ (k)|
=] B * =i 1) I i
s ?m(j ! t-I-m[}
g (k) g (k)|
L [amw) o] [ahw)]
GER 0 Ve |G (k)]
) '{5[11{'&]" v, 0] '@m(;ﬂ'
G2k |0 Vi [§®(k)]
TESTTR TN RN
_ R TR (3.1.30)
g (k) ]
Hrp,
0 =T + &0 b7 + b, &
—1
_r_ -% 0 Py
=T [r‘ﬁl %J 0 —, s

H 5 EE 2.4.6 FEEEAS (3.1.30), o[fF ) < 0, T AV (k) A& 1052 1.
SR V) R e, BBl E ot a) B S e e s (3.1.8) BT e SR

IREGE. IERE.

HEie 3.1.4  WERFFAE T IEE Hermitian ¥ P P, € T BLEP]4E



- 30 o = VBt E TR T el

of R V), Ve, Vo, V) € B0 (BT PEARSER (3.1.30) W, WILLT A~ it
AT
(1) FESE (o) RS P55 (3.1.1) BAmE— T a5, Hi%F g i 4 R fase
(2) B () Y £ o (3. 1.8) ELA e — T o5, HLiEF i ok 4 R e
iR R 304 GEE AR 1 arH, MR EE R (3.1.30) B T HEEE
AL (3.1.14) ey, [Fik, R4 ERE 3,11 RER 3.1.2 Al{E5ie (1) AL
Mgt (2) nTHEM 3.1.4 BHEHER. F5.

3.1.4 #ETH

1 T A e ] 5 O 5 R I TR R AT A
5 3.1.1 IR R A AR I Es (3.1.1) ST

O = -]--5 l A= 11 gz

0 1.5 oy (go
__[03-020-05;+0.6x
044030+ 0.4y - 0.3k

(3.1.40)

H,
ap =04+03: 03 +0.25, a1z =064+0.2s — 045+ 0.1k

iz = —L1 + 04 —0.27 4+ 038, Az = 0.2+ 00062+ 0474+ 0.2k

L ToE

—0.1+ 0.4 0.2 4 (.6 —0.24+03 04402

42 l—u-ﬁ +021 —0.4+ 0.1

F B MATLAB ${Fd () YALMIP THEHE EER 3.0.1 SR A%
T, (3.1.14), H i F T HE:

[ [1:6994 +0.00000 0.0218 — 0.0092:
' [0.0218 +0.0092 1.8372 + 0.0000:
_— [1.6994 + 0.0000:  0.0218 — 0.0092: ]
* 7 0.0218 0,009 1.8372 4 0.0000: |

o Trasss 0  Trosos o
Vi = Ve =
0 2.0314 0 0.7693



3.1 SR fr] A0 A (] B P o R I S L R R

L [rosos o o [rasse o
oo omeeslt T 00 20314

H 0 A A S (3.1.14) Bar. T, MREERE 3.0 fEE 312, B0
T (3.1.40) e RS A — TS ¢ A& TP& S <RinctEe. \idblid
E i AP M E R R AT 20 9HE, AIH YR Runge-Kutta 558 E s 28
PIREE TS TR, B 3000 ~ B 3,104 4 B i e o £ 11 3 A Bk s
fFiXE G, it TEes whih, ikl rPas g Mt 6

P 0.16258 — 0.1731r — 0.4431 7 + 0.6540x
! —(L5025 + 0.1638: + (.10667 — 02121k

1.6, ; —t ;
oy A — A
1 g —AE | -
. 05
B S
= ”
&
= 05
-1
—1.06 1 1 1 1 1 1 1 1 1
0 5 10 15 M0 25 30 35 40 45 S50
f
3.1.1  fRR (3.0.0) F--ARar ksl
1-. L L T T
- - M
1 — M | 1
v D5
=
IR
iim
£ :
Y
—1
—-1.5

i 10 15 20 3H MW O35 40 45 50
¥

B 3.1.2 T (3.1.1) 35 800 AYAR &5 ST

(3.1.41)
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] -. T T T T
- —— A Y
I — Y T |-
w05 -
-EE_.
o0 .
=
Z
T L5 ]
—1 -
- | :’ 1 1 1 1 1 1 1 1 1
i o I 15 MM 25 S0 35 40 45 H
i
B 3.3 #RE (3.0.0) 58 =8 iR s
lll:i . T T T T
1 — = — oy S O 6
1 i P15 % I 5 |
W 05 .
E
=20 .
%‘_{
= —[L5 4
1 -
—1.5+

] B i 15 20 25 30 35 40 4% &
¢

FEl 3.1.4  BEAY (3.0.1) SEPUAR AR BT

il 3.1.2  HEEHCH (3.0.40) 092 SE 0] BP0 o0 $eih £ W25 (3.1.1) BT R
Py R (] Y PY e E e M s (3.1.8), &4 O, A Al u iR (3.1.40) H 9%
B B E AR s = 0.1, BERWIE

A0 — [{m +0.31 0.6+0.2

=01+ 0.4 0.2 4 0.6z —0.24+ 0.3 04402

42 — [—n.a +0.20 —0.4+0.1s

FIH MATLAB @fF i YALMIP TE# R, 8 3.01.4 a9 EEA
WAl (3.01.30) Bl i AR

17545 + 0.0000:  0.0294 — 0.0161:
10,0294 4+ 0.0161: 19161 + 0.0000:
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o 17545 + 0.00000  0.0294 — 0.01613
© 00204 40,0161 1.9161 + 0.0000;
) 15420 0o | . [1.1162 0
Vi = . Vo=

0 2.1048) 0 0.8235
im0 1 - [imaz20 0
1:-5 = N 1"':1 —

0 0.8235) 02,1048

e A, A E (3.0.80) WAL TR, HUHEERD 3.4, %O ) B Y
e Mg AW TG ¢, BT EaeREiEE. @kl i e i
R RS R 20 A0, FIATIE AU 0 200 5 I 45 A4 i AT S i 59
P 3.1.5 ~ B 3,18 53 A i i (o S D0 4 B o AR AR AR, T LR 02
iR vl TR R, eAk, LR TP S ¢ LA ¢

0.1628 — 0.1731: — 0.4431) + 0.6540x

i = (3.1.42)
—0.5023 + 0.1638: + 0.1066; — 0.2121x

R A, BRI (3.1.41) F0aK (3.1.42) WTEN, g &5 ¢ #SFE. X5 2800
SPHTES B (ELEEY () B PO g BRSO EE (3.1.1) g LR A R e () Y PO o e £
Fls (3.1.8) BATHIRI0-F ) S,

a A S — S0
— i B — i |

s —A

l.r:l ) 1 1 1 1 1 1 1 1 1
i I 20 30 40 50 @0 70 80 90 100
i

B 3.5 HHE (3.0.8) B A AR & U



.

=0 R A VTt S o b T ek
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e

TS PO

1.'\:-. 1 1 1 1 1 1 1 1 T
b o S A
1 l'"-. N— -

o 20 0 40 510 6l FOo = A TU
&

3.1.6  fRR (3.0.8) B A ks

1.5 ——
iy 093 =W
L — = | -
0.5 \'-\ 1
0 1
0.5 7
1 .
0 20 a0 a0 TJ 60 70 &0 80 100
B 3.1.7 R (3.1.8) B aaRERE
1.5 —

BT PO 4
—— i P |

_ll_fil 1 1 1 1

o 20 30 40 50 60 T0OO B0 G0 100
|I;'

B 3.1.8 8 (3.0.8) 300 E0 0 pR sk
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3.2 AR r BE T DU S0 AR £ X 2 T R E 1

AT P R AT e s rh e MR iR s e B, EAR AR EEE., B
F A S U I Lyapunov J7ik, CLEE PSR PR A 2 A% 6 20 O 3 v 1 i s f R
i ¥ B i R E B B, ORI T R A v S TR B DO R £ O £ T 4l S B AR
P M- PEF4 R R e PE. ok 05 ik SO A (035G 1F B 15 25 R0 i

3.2.1 HEAGE
5 1 DL o 3 Y i DY s e R R s
q(t) = —=Dq(t) + Afiq(t)) + Bylg(t —=)) + Cg{t —=)+J, 1 =0 (3.2.1)

Hop, g(t) e Q@ Fow ¢ W RIRpRERE; o TR (), 9() € Qn Tl
W D = diag{d,, dy, -+ . d,} € BV Foon R EERERUERE, HH 4 > 0
A e @ FREETUER; B e Qi FORETRIERELUER; © e Qo fRE
iR A R ) S ORI T 2 Qn Fon AR A

4 (3.2.1) HIWIEL{EA

qls) = (s), s € [—=.0] (3.2.2)
Herp ah(s) € Q7 21E [—e, 0] SR,
3.2.2 REREE

J3 7 ardrep Sr RN IO U AR RO AR (3.2.1) AURRSE T, 1R Ll R R
fis 3.2.0 A TEEM i =1,2,-- o0, FEMTAEREE A Ay 11

|filon) — filos)| £ Mo — o, |gilon) — geoa)] £ 9:|on — aal
MTFER a0, € Q WL MBS, B3 A = diag{A, Ae, - A, JILT =

diag{y1,¥2.-* s In}-
3.2.3 FEHER
T TH R A R P e SRS WA (3.2.1) PR A AR, ME A

A R P P I G S AT R S A AR A . R, B G A
EE 3.2.1 AL .20 SN R, EFECEER Hermitian ¥EF P
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=R I U\ Ve EE e e el i

FilQ, IEFTAFEREE Ry f1 Ry, fEFRI0F B2 PE R P AN SR AU L

[ 2,

0 *

W

*

PA—DOA PB-DOB PC - DOC |

A*QA - R,
e

*

A*QB
B'QB - R,

*

AQC

<0 (3.2.3)
B QC

CQC-Q

W o 57 Y s i DY o R pp e & (3.2.1) FEEME— R mfEERF s, e 2y, =

—PD — DP+ DQD + ARy A+ T'Ra T,
WERR  AEHA YR IR T

R 1 AERE S R R PO SRR EE R AR (3.2.1) Pl s A TE R A E—
i g e Qn e ar BB Y o B N (3.2.1) 10— F e, W g R

—Dij+ Af(§) + Byg(§)+J =0 (3.2.4)
HHELLT
W(8) = —D3 + Af(A) + Bg(8) + C¥(8) + J (3.2.5)
LB @ (3) 2 Qn [ gt
B, TR @(8) &7 Q0 BMeM, mBREE 5.8 e Q" H 8, # 5, 1
1
W) —W(82) = — D(G — B2) + A(f(51) — f(52))
Blg(51) = g(82)) + C(#(51) — #(52)) (3.2.6)
R
0= — (F(5) —P(52))"QU¥(A) — ¥(5:2))
+ (= D(B1 — B2) + Af(B) — f(5))
B(g(81) — g(B2)) + C(#(5) — ¥(5))) Q
x (= D5 — fz) + A(F(51) — f(B2))
+ Blg(B1) — g(52)) + C(¥(51) —¥(5:2))) (3.2.7)

Fa3 (3.2.6) Koo (61 — 52) P, ATH
(81 — Ba)" P(E(51) —¥(Ba)) = — (1 — ) PD(B1 — B2)
+ (1 — Ba)*

PA(f{51) — f(5a



3.2 thar A Y o Rop e P S A R v . 37 .

+ (8 = B2)" PB(g($) — g(B:))
+ (1 = Ga)" PC(F(3)) - #(52))  (3.2.8)
AHLEE (3.2.8) g0 1 aT 43
(W(5) — W (5)) P8 — 82) = — (B — B2)" DP(By — fa)
+ (f(5) — f(5:))7 A" P(5 — f2)
+ (gl3) — g(3))" B P53, — 5]
+ (F(h) —¥(5))CP(3 — F2)  (3.2.9)
a0 (3.2.8) 150 (3.2.9) InF)=L (3.2.7) Lk, Al
(B — Ba)"P(E(51) — () + (P(51) — €(52))" P85 — f2)
= (8 — ) (—PD — DP + DQD)( 5, — ()
+ (B = o) (PA = DQA)(f(5h) — f(B2))
+ (f(B1) = F(B2)) (AP — A"QD)(5, — 5s)
+ (B = B2)"(PB — DQB)(g(51) — g(:))
+(g(81) — g(3))" (B'F — B"QD)(5) — )
+ (8 — B2 (PC — DQC)Y(W(3,) — ¥(3))
+ (W(51) — #(F))(C"P = C"QD) () — f2)
+ (f(81) — f(B:)"A"QA(f(5) — f(5))
+ (f(5) — f(3)" A" QB(g(B) — a(Fa))
+ (g(B) — g(32)) B QA(f(5) — f5a))
+ (f(51) — f(B))" A" QO(F(5,) — ¥(5a))
+(F(A) = U(52))"C*QA(f(51) — f(Ba))
+ (g(51) — g(32))" B QB(g(5) — g(52))
+ (g(81) — g(B2))" B QC(¥(51) — ¥(52))
+ (F(51) — F(E))CQB(g( ) — 9(B2))
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+ (W 0) = F(52))"(C7QC = Q) W(3) — F(f:)) (3.2.10)
fERHE 3.2.1 MR PE T, AT IEX AR Ri(i=1,2), 1
0= (fy = )" AR A = B2) = (F(80) = FIBD) R (F(3h) = f(B2)) (3.2.11)

0= (8 = G) TRO(8) — F2) = (g9(581) — g(B2))" Re(g(31) — g(82))  (3.2.12)
B3 (3.2.10) ~ 2 (3.2.12) "I}

(Fy = Ga) PUWP(3)) = F(02)) + (F(3) =W (5))P(By — Fe) < £702¢ (3.2.13)

Hep, & =[8) — B2, f{81) = f(Ba), 9(B81) — gl Ba), ¥(5) — ¥(532)]".
F2R 3 # B2, PTEL £ # 0. #9655 (3.2.3) #0455 (3.2.13), 715

(G — Ga) P{E(3 ) —F(32)) + (F(F) —F(F2)) PG — 32) < 0 (3.2.14)

B, W(3) # W(d:) bR &(z) &—E Qn RS
Hoif, AFH 2 || 3] = +oc B, |03 = +oo. 4R F(H) BIEL, H

() - (0} = —DE+Af(5) - f10))+B{g(3) —g(0}) +C(E(F) —¥(0)) (3.2.15)
FAL TR AN (3.2.13) M, g
*P(F(F) — W(0)) + (B(3) — P(0))" P < n* 2y (3.2.16)
Herb, =8, F13) — F(0), g(B) — 9(0),®(53) — w(0)]*. B, A
G PP(F) —(0)) +(¥(8) —P(0)"PF < — Al =257 (3.2.17)
Bt Hel i
Amin(—12)[|B]1* € — 8" P(¥(8) - #(0)) — (¥(3) — w(0))" P3
= — 2Re(F"P(¥(5) — ¥(0)))
< 2[87P(#(3) — ¥(0))]
< 2| A - (1P| - [|#(3) — (o)l
< 28] - (1PN - (e + [1# )] (3.2.18)

B, Yim sy oo [[9(3)]] = +00. HUESIFR 2.4.0, W75 w(3) R7E Q" Y[ T
{5, o S A ST R 2 R (3.2.1) 77 6T B 2 LTl 2 —
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L% 2 AFRH RS (3.2.1) T § et
L 0(t) = q(t) — ¢ M&HEH (3.2.1) ofEHFERHN

8(t) = —D8(t) + Ah(B(t)) + Bs(8(t — ) + CH(t — ) (3.2.19)

e, h(B(t)) = FIO() +q) — f(g); s(8(t — ) = g(8t — =) + g) — glq).
FEE (3.2.19) IS RAE R

B(s) = (s) — q = Kk(s), 5 € [—£.0| (3.2.20)
Hrp, k(s) e Q" {E [—=.0] EIEFESEA),
FJifi i Lyapunov BA -
V(t) = 6°(£) PA(E) +f é*(sjc}é[,s}dﬁf 0 (s\TR.T0(s)ds  (3.2.21)

it (3.2.19) GRS V) BT, T
V(t) = 0*()PO(L) + & (1) PA(L) + 6* (1)QB(E) — 6* (1 — £)QB(t — &)
+ 6 () TRoIO(t) — 6°(t — £)T Ry TO(t — <)
= 6*(t)P(—Da(t) + Ah(8(t)) + Bs(8(t — £)) + C(t — £))
+ (—DO(t) + AR(B(1)) + Bs(8(t — =)) + CO(t — £))* P(t)
+ (—DO(t) + AR(B(1) + Bs(8(t — =) + CO(t — £))"Q
x (=DB(t) + Ah(B(t)) + Bs(8(t — ) + CB(t — ) — 8"t — £)QB(t — &)
+ 8 (TR TO(t) — 07 (t — ) TRy T8t — <)
— W ()T w(t) — 6°(t — )[R DBt — <) (3.2.22)

SR, w(t) = (6(t), h(B(t)), s(6(t — £)).0(t — )", H

[ _PD_DP+DQD+ TR PA—DQA PB—DQE PC— DQC
- . A"QA A*QB A*QC
" x B*QB B*QC

* * * O — Q) ]

HidbEit 3.2, AP FIEAMEME R f1 R, H

0 < 0 (1) AR AB(E) — h*(B(1)) Ry h(0(1)) (3.2.23)
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=0 R A VTt S o b T ek

0< 0t — ) RolB(t — £) — ™ (At — £)) Ras(8(t — £))

R (3.2.22) ~ 3 (3.2.24), o[ {8

Mt (3.2.3) 9T &I

Vit) < w* () 2wit)

Vi) <0, t=0

(3.2.24)

(3.2.25)

(3.2.26)

T Lyapunov BasE EERiE, 0] BLERLIE S Sr BR3P oo o sh 22 90 2 (3.2.1) (1)1
moq BreERiR e, R
E 3.2.1 3F C =0, Wb sr B P oS e s (3.2.1) FHEBLA

git) = —Dqlt) + Af(q(t)) + Balg(t — ) + J

oFF #Ba (3.2.27), Hi T
HEiE 3.2.1  fEfER 3.2.1 W2 MFEM F, HEEHA D IEE Hermitian B E P
L Q, A IER AR Ry 0 Ry, 95T 50 8 00 P A 2 o

(3.2.27)

2, PA-DQA PB-DQRB
=1 » AQA-R A*QB < (3.2.28)
& * B*Q)B — R

W Fa (3.2.27) FFEM P s P asRtaE, b 2, =-PD-DP +
DD+ ARA+ TR,

LR &2 A7 Ao 3r B i PO oo Bdh £ [ 8 (3.2.1) P S ARENE . ME— PR 45
Fo 5 T A G 7 4 HE

EE 3.2.2 7R 3.2 WOTHIFESE T, FHEIET Hermitian 3 P, Q,
W, U 1 Z, IEXfHEE Ry f1 Ry, 73 528 55 A S U

[ Iy Iy Il 114 1) Z ]
* M AQE A*QC D )
g=| * r M BROU D o550
* * * Il 0 )
* * * * W -2
| * * * * * =

HA, My = —-PD—DP+DQD+ AR A+ TR I +*U+W; s = PA— DQA,
Iy =FPB - DQEB, I, = PC - DQC, Iy = A"QA — Ry I3 = B*QB — Ry;
My = C*QC — Q. W2, Pr Bl Pl o e ee M (3.2.1) fFEME—HeRE
S Tl 4
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WERR %
[ 1I,, PA—DQA PB-DQB PC-DQC
o_| * AQA-R  AQB A*QC
* * B*QB — R, B=oC
I * * * CHC — ) )

A (3.2.29) o, T R FHEE 6 <0, T U =0/ W >0, a]fF

[ 2, PA—DQA PB—-DQB PC—DQC |
g_| * AQA-RrR  AQB A" QC
I * BQB - R, B QC
* * * CHOC — ()
[ 2U+W 0 0 0]
0 000
=6 - <0 (3.2.30)
0 000
0 000

Wb, 0, = —PD—DP+ DOQD + AR A+ T'Rol.
IXEAEER 3.2.1 PO (3.2.3) BAE. dERE 3.2.1 alfn,

i eh A R P T O AR R (3.2.1) BT AN g e QU 3RS 00 = qlt) -
g, AL, P SE B R P o B £ g (3.2.1) nTEERS A
D(t) = —Di(t) + AR(I(t)) + Bs(B(t — £)) + CD{t — =) (3.2.31)
o, h(B(t)) = FOO(E) + §) — fF(g): s(B(t —2)) = g(d(t — £} + §) — glq).
B Lyapunov-Krasovskii 32 B

t [
V(t) = & (1) Pdt) +f f}“(s}l@u}(s}dHf () (T Rod + W (s)ds
f=—x t—g

+ € jj *; W (s) U (s )dsdE + (/:.: ﬂ“{s]ds) z (fti ﬂ{s}ds)

(3.2.32)
i I (3.2.20) BFIRUERTHERE V) ®9EL TG
V(t) = 0*(£)PO(t) + 0" (1) P(t) + 0 ()QI(t) — I*(t — 2)Qid(t — =)

+ (TR + W)O(t) — 0*(t — e)(TRal + W)O(t — &)
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4 2 (U (t) = = f | (s U s)ds
+ (") — Ot — E]}Ef W s)ds + (/ 1?*{:;‘]:15) Z(0(t) — it — =)
< O () P(—Do(t) + Ah(9(t)) + Bs(d(t — ) + CH{t — £))
+ (= D) + AR(9(t)) + Bs(d(t — £)) 4+ CH{t — £))* Pi(t)
+ (= D) + AR(B(t)) + Bs(d(t — £)) + CHt — £))*Q
x (—DO(t) + Ah(B(t)) + Bs(d(t — £)) + CO{t — £)) — 0" (t — £)QD(t — &)
+ I () TR + WYt) — 0 (t — e) (T Rol + Wit — )
+ g2 ()T (t) = (f t?‘l[s)cls) L" f ﬂ[s}ds)
+ (9*(#) — Ot — E]}Ef W a)ds + (f 1?'"{::‘]:15) Z(Bit) — it —=))
= " {t)=n(t) (3.2.33)

E%:;(z}:(-ﬂu}*h{ﬂu}),s{ﬂu—e;}ﬂu—s}.ﬁ[f—s},f ﬂ(s}ds) H

[1)

= PA-DQA PB- DB PO - DQC 0 VA

* AQA A*QB AQC 0 0
_ * * BB By 0 ()

* * * CHOC — ) 0 0

* * * * W - -z

* * * * * — ]

Enw=—-PD-DP+DQD+TRT+W + 22U
BT 3.2.0, A FIEMAEE R, fl R, &
0= G () AR ADE) — R* (00 Ry R(0(1)) (4.2.34)

0< @t — )T RaTH(t — 2) — ™ (Dt — &) Ros(d(t — 2)) (3.2.35)

B (3.2.33) ~ K (3.2.35), W4

V(t) < w(t)Twl(t) (3.2.36)

iz &4 (3.2.29), AT

Vi <0, t =0 (3.2.37)
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T Lyapunov £252 PEHE, o &0op o B0 VU oo B a8 2 (3.2.1) BT g
AR FER. IEEE.

it 3.2.2 TR 320 FEMARNR T, #7FTIEE Hermitian HEE
P.Q W, U M Z EXHEEE Ry MRy, (58 110 A2

I, PA—-DQA PB-DQB 0 %
*  A'QA - R, A*QRB 0 0
T = * * B*QB—H, 0 0 < () (3.2.38)
* * * W -
¥* * * * —{7 |
Wep, [T, = —PD — DP + DQD + ARy A + 'Ry + 207 + W, W) e 37 A9 35 P9

TR AT R 2R (3.2.27) fETEME— B4 R E2 5 011 15,

3.2.4 HEFF
L F EUE s e 1 AR S A O w A R
il 3.2.1 RSB EE I T A EE AR (3.2.1) MBI

D= 70 A — 1.24+:—157—-08x 141.2e+137— Lhs
o 97T | 14-2Ti-253-13k 05408 — 14y 1.Tk

1.1 —-14e—137—-12x 214+ 1.34+097-1.1x
1.3+ 12— 127+ 1.1 —-15+e+ 1.27+ Ldw

= D1+ 06+ 037— 028 034+020+0.27— 0.1k
0.1+ 0.2 — 0374058 —0.2—-0.1: 4+ 055+ 0.4k

0.5 = 0.5t + 3+ 0.5k
1+1+ 057+ 2K

e=0.1, filg(t)) = falg(t)) = 0.4tanh{q(t))
gulalt)) = galglt)) = 0.2 tanh(qg(?))

v 4 0 0.2 0
5i ; 2. i, ) — = . Al
RIS IFE® 3.2.1 B, 3FH A |i 0 04 ] H l 0 02 j| £l

H MATLAB #4F ) YALMIP T B, T LR LR A S (3.2.9) #1—

A~

257082 P2
= 122.8476

P—

0= 12,0596 (s
’ sy 14.23306
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1197.2406 0

| 1487.6350 0 B
Ry = ] » Ha = 0 1319.5816

0 1305.1449

TR, Pra = —20.2504 + 3.26261 — 19.02449 + T.9822k: Py, = —20.2504 — 3.26261 +
19.02443—7.9822k; (o = —2.8230940.4869: —2.69707+1.2154k: (e = —2.8230+
0.4569 — 2.69707 + 1.2154x.

W4 3.2.0, spar BRI o M Eg (3.2.1) BP0 4 i E AL

HF W% ¢ (s) = 2cos(s8) + (3 + 5% ) + sin(s)g+ (28 + 4}k, Uals) =1+
sin(s) — cos(2sh+ (3s + 23+ 3sin(s)w, s € [—0.1,0], 0T o H 20 F EE: 320 ~
B 3.2.4 i3 e P EE IY A~ 50 o AR A, AT SSE 7 b S B i 1Y o e
FEE (3.2.1) i i 4 R F e .

1.1 r
- —— - A E
H —— 5|
1.2}
L 1t
B
0.8
= 06 H
0.4
0.2 11 .
0 H'l‘ - - .
i o l}] 15 S
B 3.2.1 M (3.2.1) B pRERGT
20 T
PN
2F —lfll'_l|I|":_|-i:|":l -ﬁ:ls'.li.r‘ ]
1.
:_-: |
B af

Y

—1g 3 0 15

' f
Bl 3.2.2 4 (3.2.1) B AR S

20



3.2 cpar B AR Y o PR e s e

ik

R

e S PO

1.2 o - iy P =
gl =

IR0 &

ki

|."I-"IMHW'" ’
i HL’I
I

0

(4

i 0 ] ] 2
f

B 323 B (3.2.10) 8RS

- — = o A P
— i A

[ B
[}
—

| ]
T

— ] L L 1

il a L L5 20

rl

B 3.2.4 % (3.2.1) SR pR &R
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4.1 WY o e R B it

A W T B A R SO A A P o e £
S EEECEE R, BT R R ER R Lyapunov B, F]H Y o A58 0
0, &5 AT S A E M R o B e P A T il SR RS
FEFR ST PERT Ao . dbdbh, (RN ceest R B REN HY, 79 30 S8k A it i B s Y
VY e e 25 [ g L R EL A S0 Il R e 38 1 S (P 45 0 5 (complesx-valued
neural network, CVNN) £R&S#ELREENAIL R0 &0 BE, a5 8iEs
{5 e i 1 P 95 55 SR HE

4.1.1 #EEGEE
A (B LL T A ks ey A0 iy e DU G e e o] S A AR

G(t) = —Cqlt —8) + Af(g(t)) + Bf(glt —7)) +J, L 20 (4.1.1)

Hb, q(t) = (qu(t),qe(t), - .qu(8))Y € Q" 8 ¢ BEIEAT n SHPER ST £ 9
SrpRERE, C = diag{e, ez o0 € R 0 > 0 (i = 1,2,--- ,n) HNH
RPEEBERE: A = (aij)axn € Q" 1 B = (b )uxn € QW S HRERER
TR RO, 0 = (), Jae 0T € @ RS R RS Flglt)) =
(Fila (), falgalth), - fulan(8)))" € Q" NAEALBGEHREC 4§ > 08 7 > 0 4
Sl A i % P 3 R R

4.1.2 REEE

FHes AR E RS, S5 B, EA0Es in T R
g 4.1.1  PUocHh M ss R (4.1.1) P © A, B, J S RIFELL TR

Lt
Cr=1C,C]={CeRy":C2C=C:C,Ce Ry HO<C<C
Ar=[A A ={AcQur:Az Az AAdeqrm B A=A

Bi=[B.B]={BecQ™ :B<B=BBBeQ™ i BB



4.1 AP e s R AT

J=Ud ={reqQizr=Jdjeq =]}

Hob, A = (d5)nns A = (i )nsns B = (bijlusni B = (b nsn. 3T FAHE
A B e @@ A= B ¥R AP CEMN BN = ERRAEE B Rl
o B o & H SR = R

Big 4.1.2 #HTi=1,2.- ,n, OIS AS £ RESN B2

|filur) = filvz)| < vifwy —ug|, Yuy,up € @
EI:F'-. i ﬁ%ﬁ&- .I-H:;FI'-. Ej{ I'= di&g{"}'h g .,":r'n}.
4.1.3 FEEHEM(E
EM 411 BHEEN C ey, A Ay, Be By #1.0 € Jp, i S0 o Eopd
SRR ER R (4 1.1) T R e R R ), D ER PO e B e M E R (4.1.1)
s ) MR R E .
LA 7Y e S A A A AT s BRE O bl 35 B AR
ST 4.1.1 {H¥ A e Q" A = (@)axn € U, A = (a)pnn € Q"
HA<A<A WM TATE o,y € @, FHHASE A
' A" Az < |z|°|A|*|Allz] £ |z|* A* Az (4.1.2)
' ATy +y" Ax = 2|7 A y| = 2|rn|*j'|y| (4.1.3)

HEF':- J"'l_l - (ﬁe;.l::li't}ﬁn ﬁ'ej = 11]'&":{{|&1J|'| |&1J|}
AR AR 2.4.7 1R (1) #1 Cauchy-Schwarz A% 38, 78 5 AEH A5 20
(4.1.2) F1a% (4.1.3) AT, EHE.

4.1.4 FEHER

Fie B ke, FRES O oo B 5 AR Y (4.1.1) P S AR . ME— MR AR
Bt PR — T R

FE 411 PR 410 FERE 402 TR, SEE S s E AT
HWEE U, vV #®VL {ES T AR 1 B A S 2 R AT

¥, UA UB
=1+ =¥V 0
* I

<0 (4.1.4)

Ht, B = —UC - CU + PVl + PV, W PO e S a: e iy (4.1.1) B
— P-4
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HERA LA DU o S P SR A R (41,1 #HSCHER EE SR T S . Q7 —
Qﬂ jrg
#(g)=-Cqg+ Af(g) + Bflg)+J (4.1.5)

HER e, A1 B % e e R [ A e
AT 1 UERE #(q) £ Qr st
BT g, € Q" q # q, 659 #(q) = F(q), WH

0=#(q) - #(q)
= —Clg — q) + Alf(g) = fl@)) + B(f(q) — fg) (4.1.6)
T (4.1.6) EHFIRENFELL (g - )L, 07§
0=—lg—q)"UC(g—q)+ (g — q)"UA(flq) — flg))
+ g = q)"UB(flq) — flq)) (4.1.7)
shE AR (4.0.7) BULHEEEE, T
0= —(g—q)"CUg—q)+ (flg)— flg) AU (g q)
+(flg) = f@) B U (g - q) (4.1.8)
Mg g #E 243 fug| 8 400, 28 (407 fost (4.1.8) MR AT
0=—(g—¢)"(UC+CU)g—q)+ g —q)"UA(flq) — f(q))
+(flg) = @)y AUlg = §) + (g — V" UB(flq) — fl4))
+(fla) = f@) B"Ulg - q)
< (g =4y (UC+CU)qg—q) + (g — @) UAV, " A"U(q — §)
+(fla) = F@YVilfla) = F(@) + (g = @) UBVy 'B'Ulg — q)
+ (fla) = Fl@) Va(fla) — fd))
< lg—q* (- UC - CU + VAV, AU + UBV; ' B*U ) |q — 4|
+ (fla) = Fl@)" Vilfla) — f(@) + (flg) — fl@)"Valfla) — fla)
(4.1.9)

Vi BV RS ER R, b 402 a)
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(fla) = fla)) Vil fla) = fia))

< (g —q)"I'il(q - q)

=g —a["I'Vil'lg — q (4.1.10)
(flq) = flay) Val(fla) — fla))

< (g —q)" 'Val'(g — q)

=lg—q|"I'Val'lg — q| (4.1.11)
G (4.0.9), 20 (4.0.10) f2 (4010, &
0< g —q["f2lg — g (4.1.12)

Hif, 0= —UC—CU + Vil + I'Val + UAV, VAU + UBV, B U.

5B 2.4.6 MEEREASEN (404) W1H 2 < 0.t (4.1.12) 77,
g —q =0, [EIt #F(q) £ Q~ FAgmei,

ERE 2 R | q) = oo B, |#(q)]| = <.

—

B # (q) = #(q) — #(0), 313 2.4.3 M5 FE 4.1.1 o[

¢ UF (q) + #(q)"Uqg
= —q (UC+CUg+q UlA+ B} flg) — flO) + {flg) — F0))° (A" + B )Uq
< —g"(UC+CUq+q'U(A+ BWY(B" + C")Uq

+ (flg) = FIOV{flg) — F(0))
< g —20C + U(A+ B)W YA + B )U)|g| + |q|* TV Ig|
< lgI* 2)gl £ —Amia(—12)lq]?

FH Cauchy-Schwarz A% =, 3|

Amin (=)l < 20 11U ()|

Y gL0B.H
I||.|.|:|.|:_IE::I||‘?”
2|t

AT, 2 gl = oo B, |# ()] — oo B, B, 2 (g] - o B,
|#(q)|| — oo. MG 241 WH, #(q) £ Q" LM REEMRS. Bt #4%
(4.1.1) FA{EME—F i e, iEYE.

- )
1% @) =
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B 4.1.2  FEEGE 40100 FERE 402 R T, SRR s A
ﬁiﬁl—'& P]._ F!_r-. Hi: P.-;-, Pﬁ: Qh Qz-. R1 ﬁ-l Rﬂ' fﬂﬁhfﬁﬂﬂiﬁﬁiﬁﬁﬁ%ﬁﬁiiﬂ

2 0 0 0 Ppii: P ;?; ]
* Ml fhy 0 Q1A 7B 0
« % 0 QiA QB0
(= = * * 2y 0 0 0] =0 (4.1.13)
* * * * .T-ll?,[-,ﬁ 0 L‘!ﬁ,‘;
* * i * * T e
| * * * * * * — P

Heb, 0y = —PIC—CP+ Po+8*Py+ Py+ TR (7 = CPC; (g = —( =
g = Q1C +Q; gz = —Po = Q3C — CQyi Vya = —Pyi+ TRy (g = Py = Ry
7 = A*P\Cy 255 = —Ps — Ray gy = B PO, WP oECHh e W S840 (4.1.1)
A M — i o EL i T il R R e R .

WERA 4 A IR B i e T

ATE 1 UEMAPD O R ER AR Y (4.1.1) FEEME— T

i

2, PA P B
ﬂl = L3 P5 - H1 0
* * —F, — R;
0y - P — 8P+, PA P B
12 = * P — R (
* * ~ Py — R

[ W 2 B 1, 5, 6 ATHINE 1, 5, 6 PRI AT FREERE, FIEATE 2 < 0. B
P+ 8P =0 1 12y, <0 8]

—Py =8Py + 24y 0 0
0 00
0 0 0

2y =1 + <0 (4.1.14)

MU=P,>0,Vi==FP+R >0f Vo=P; 4+ Ry >0, 1]
=1k (4.1.15)
Hrp & P e (4.1.4) Jr R

0 (4.1.14) R (4.1.15) WG £ < 0, EEWRAF LIRS (4.1.4) )
VE, HSERE 4.1.1 0l g, POoC Bk s R R IR (4.1.1) A E— T
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GEE 2 GERH Y e P A (4.1.1) P o R R R R Y,

& 5 BRS (4.1.1) BT830 = q(t) — 4, HFE A FEE A
VY e e PR BT (4.1.1) ¥R A
gt) = —Clt — &) + Ag((t)) + Bglg(t — 7)) (4.1.16)

b, glq(t)) = flglt)) = fg); glglt = 7)) = flgl(t = 7)) = f(g).
F B Lyapunov-Krasovskii 12 B

V(t) = Vi(t) + Valt) + Va(t) + Va(t) + Va(t)

( m::*f fl) :H:P.( cf m) (4.1.17)

HoH,

Valt) =f “(s)Pails)d (4.1.18)
Vilt) = f f $) Py s)dsdu (4.1.19)
=f *(5)Pydls (4.1.20)

Vilt) = f “((s)) Pra(d(s))ds (4.1.21)

AT U o B PR e P SRR R (4.1.0) AEEE ST Vi) 1S 8L, BT

Vit = (r;{t}—::?f_fj[#}d:;) P, (:fa(f] —{Tur}[f]+{'ffj[t—5]|)

+ (-f;_r‘[tll — Cglt) + Cilt — -ﬂ‘}) P (q{r:l -~ f ﬁ qqa;ds)

= —q (H(AC+CR)qlt)

+q ()P Aglq(t)) + g (q(t)) A" Pq(t)

q (1) P Bglglt — 7)) + g" (gt — 7)) B" Piqlt)
+( i s]cl.@) e:;'P.f:-'r;{t}+@*{¢}{?Hc(£6qrs}ds)
+

|
=4
( / d_t?{ﬂJdH) E*P.Ay(tir{t}Hﬂ‘{tir{t}]lﬂ"ﬂﬂ( / af;cs:lds)
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f
+ (f t}'l[s]lds) C' Py Byt — 7))
f—4

+ g (qit — T]}B‘Pﬂ:( f_.-; r}{s]rls) (4.1.22)
Va(t) = " (#) Pad(t) — " (f — 8) Pagi(t — &) (4.1.23)

&
Va(t) = 623" () Padl(t) — 6 f & (t - w) Pai(t — w)du

t
= 5" (t) Pag(t) — 5_[ g (s)Fsq(s)ds
t—d

B L i - t 7 o ' : t 5 4.7 .52
= &G (1) Pag 1) (Lﬁ q{SJdL) Ps(ft_ﬁqmdS) (4.1.24)

Vilt) = ¢ () Paglt) — ¢ (t — 1) Paglt — 7) (4.1.25)
Valt) = g (a(t) Psaldlt)) — a™(alt — 7)) Paglalt — 7)) (4.1.26)

EHE T ASERL (4.0.24) B{EH 7518 242, BT R, #1 Ry fB2 R M1k
M, B 412 AT

= ¢ TR Tq(t) — g™ (q(t)) Raglqlt)) (4.1.27)
0= g (t —7) R lglt — 7) — g™ (glt — 7)) Raglqlt — 7)) (4.1.28)
iR (4.1.16), f
= (@1q(t) + Qaqit — 8))"( — qit) — CFlt — &) + Ag(dlt)) + Ba(d(t — 7))
+ (= alt) = Clt — 8) + Ag(d(t)) + Balqlt — 7))’
x (@Qglt) + Qaqlt — ) (4.1.29)
M (4.1.22) ~ K (4.1.29), 7[5
VIit) €3 (1) — PLC = CPy+ Py + 62 Py + Py + TRy ()
+q ()P Aglg(t)) + g (q(2)) A" Prglt)
q ()P Bgla(t — 7)) + g™ (q(t — 7)) B" Pig(t)

+c;'r*{1‘.}CP1C-'( [ éﬁis}dﬁ) i (f _ﬁfs}dﬁ) CP.Cilt)
5)

+q () = Q7 —Qu)glt) + g () — Q10 — Q2)dlt —
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+§*(t = 8)( - CQy — Q1))

+ 4" (1)Q7 Agldlt)) + 9" (§(1) A" Qualt)

+ 4" (1)Q7 Byl(d(t — 7)) + g™ (@(t — 7)) B~ Q1)

+§°(t =) — Py — Q3C — CQ2)qlt — d)

+ " (t — $)Q3Ag(d(t)) + 9" (G(1) A" Qadlt — 6)

+q°(t — §)Q3Bglqlt — 7)) + g" (Gl — 7)) B Qai(t — 6)

+ ' (t—7)(— Ps+ PRaI)(t — 7) + g° (Gt H{F’r — Ry )gldlt))

. h
i * i
_ (f :j{s]lds) Pg( / ﬂs}lds)
f—4 JE—4
< |3 (0| = P.C = CPy + Po+ 8Py + Py 4+ TR, T)|i(2)]

+2(g" (1) PLAlg(4(1))] + 214" (1)| P Blg(g(t — 7))

e[ atsas
+ 207" ((Q1C + Qa)lalt — 6)| + 2|g"()|Q5 Alg(a(t))|

+ 2|q" (£)|Q] Blg(q(t — 7))

+1q"(t = 8)|( — Pz — Q2C — CQa)lqlt — 6]

+2(g"(t — 8)| Q3 Alg ()| + 213" (t — )| Q3 Blagld(t — 7))
+ |4§*{t—7'}|[— P, + FR;F]|§¢—T}|

+ g™ (g (Ps — By )|glal

'S f gl s)ds
t—d

+ g™l = 70 = Ps — Re)|g(g(t — 7))

+ 20§ (D|C P + g (] — Q7 — Q1) |g(2)]

+ 2|g* (G(t)| A P,
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fis e

./.ia E{SHH'

+21g°(4(t = 7)) B AC

t ]
— ‘ f ql=)ds
t—d

= o e

Py

Heh, 155 a = (I@’EHL " (O gt =a)l, gt =)l lg* (@)l lg* (gt — 7)),

L)

Mt (4.1.13) "5, Vg 2AGER. BT V(e 2FEEHRE, i Lyapunov
fsE PR n] En, PUocHir 2 MER R Y (4.1.1) 0918 e 4 REATIT R e (1), GRS,
Fot R R R, B0 6 =0, WP as i (4.1.1) BieA

q(t) = —Cqlt) + Af(q(t)) + Bf(q(t — 7))+ J (4.1.30)

HF R4 (4.01.30), Hi a5 R

#it 411 fEMEE 410 FHEEE 412 e, SEE= b
MR U, V) #V, R PR R PEASEIL (4.0.4) BEOE, WP o S £ 6 f AR Y
(4.1.30) 57 ME— 17 2.

HERR I TP E R ER AR EE R (4.1.30) SP0on s EE M ER LAY (4.1.1) 1
P RS MR, AR 5 4,00 @5EE -8, fEM . GERE,

it 4.1.2 R 400 FEE 402 SRR, R -E s IE R
MIEM P, P, Py, O, Qo By #1 By (E55 F 00 #26 1E 5 FEA-SF 20T

Zn 0Q7 0 PA FIH
* Zaa 0 A e
== | = * Zh 0 0 = ) (4.1.31)
* * * = 0
* * * * Zss |

Hep, =), =-PC-CPi+ B+ TR\ 50 =-Q - Q; Z3a = —Po + NRa T
=P — Ry S5 = — Py — Ry, Mo PR (4.1.30) HHE—F
L %1 iy it R R R e 1.

MERA ST 4.1.2 BOENE, EHER IR B AT A P AR BT

BRE 1 QR PO T B ST (4.1.30) TEERMETERE AR (4.1.31) FAF
I LA M —F il 5.
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s
= PA P,B
51 — * .F3 - R] 0
* * — = Ry
Sht+En PA P B
Eg = # P:_; —_ R] U
* * —P_'J — Rg

=Rl E L 4,5 TR L, 4,5 R TR, Ik 2 < 0. B i <0
GIE:

[1]

Q=E]+

=ay 00

D 0 0]<0 (4.1.32)
o 00

H:I{;r:Pl =0, Vi=-FP+ R ::-El»ﬁ] Vo= P+ Ry = 0, E.I_‘fg-

— = (4.1.33)

Hrp, & R FE A% (4.1.4) i,

B (4.1.32) fa (4.1.33) 0J# X < 0. g 4000 arsEl, P E e R E
B (4.1.30) B ME— 1.

R 2 AR A R R E ).

2 BPUICE PR AR PSR (4.1.30) AUME— TS, B G0t = qlt) — g, HiE

il TR R L, WP or Bleh £ M ER A (4.1.30) el
q(t) = —Cqlt) + Ag(q(t)) + Balglt — 7)) (4.1.34)

Heri, g(q(t) = fla(t)) — Fq): 9@t — 7)) = flalt — 7)) — fl4g).
FIEW P Lyapunov-Krasovskii 22 B

Vit) = Valt) + Valt) + ValE)

Hor,
Vlt) = i (D) Pr(t) (4.1.35)
P’:{t}=-/;_ G (5) Paii(s)ds (4.1.36)
Va(t) = f g (d(s)) Pyg(i(s))ds (4.1.37)

A (4.1.34) ATRETEEL Vi) B E, o
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Vilt) = q (Pg(t) + q(t) Pug” (t)
= =q"(t}{ P C + CPy)q(t)
+q () PrAg(d(t)) + g7 (4(t)) A" Pig(t)
+q ()P Bglqlt — 7)) + ¢ (alt — 7)) B  Piglt)

Valt) = G (£) Pagit) — ¢ (t — T) Padi(t — 7)

Va(t) = g™ (G(t) Pag(g(t)) — g™ (Glt — 7)) Paglg(t — 7))
T Ry #l Ry #0200t i iR, B 4.1.2 W
0< g (R T(E) = g"(alt)) Rigldlt))
0<§(t—r)CRCG(E = 1) = g"(G(t = 7)) Ragldlt = 7))
BT (4.1.84), 7TH
0= (Qug(t)) ( — qlt) — Calt) + Aglqlt)) + Balglt — 7))
+ (= qlt) — Cqt) + Ag(a(t)) + Bgla(t — 7)) (Qa(t))

HRE (4.1.38) ~ 3 (4.1.43), o[ {3
V(t) < §* (1) — PC — CP, + P + TR, T) (1)
+q (1) — CQ)alt) + 4" (6)( — Q1 C)alt)
+q () PLAg(q(t)) + g (g(t) A" Pg(t)
+q ()P Byt — 7)) + g™(g(t — 7)) B"Fiq(t)
+q (1) - Q7 — Q1) g(t)
“{ HQT Agl((t)) + g (G(t)) A" Qualt)
HQ Ba(glt — 7)) + " (Gt — 7)) B*Quglt)
t—7)(— Py + R, }q{t—ﬂ
(P — R }q il
it =i~ Hz}ﬁ' (t—7))
< Iq (6)|( — P.C — CPy + Py + T'R.T) (1)
+2|§* (1) CQ34(1)]

g
q(
g
g

(4.1.38)
(4.1.39)

(4.1.40)

(4.1.41)
(4.1.42)

(4.1.43)
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+ 213" (1) PLAlg(d(1))]
+ 213" (t)| P Blg(g(t — 7))
+ gt ()] — @7 — Q1) (1)
+ 20" (£) Q7 Alg((e))]
+ 20" (8)|Q; Blalglt — )|
+ g (t — T}l{ — P+ Fﬂzrjlﬂt -7l
+ g™ (GUEN (Ps — B )|g(q(t))]
+ g™ (gt — T — Ps — Ra)lg(q(t — 7))
< a'Zo
S, o= (16 (8)] 1d* ()], 1* (6 = 7)1, |a* (@), lo e — 7))
MERMAE RS, (4.1.31) A%, V() REAGEM. BT v R TR,
H Lyapunov 325 8 i 0] 51 V0o e e a8 (4.1.30) B 52 2 Rk
FER]. UEEE.
VO e i £ o) 8w LA b 5 P % T, R U PP o 0 e 5 [RR) g e HY
(41,10 Ha A — P~ FLAT s e o 0 35 R o (1) B Ao o 25 -

HO) = —Cz(t — &) + Af(z(1)) + Bf(z(t — 7))+ J (4.1.44)
ot =0, z(t) = (zy(t), zalt), -~ ~..:,,l{i!J]IT e T O = {]iﬁ,g{.r:hr_h_g,--- ..f.',,} =
R:-;Kﬂl oy > () |:E' = 1, 2' :-ﬂ':]'; A= (ff'ej}?:}l:ﬂ = EH;H; B = {ﬁej}?t}ﬁh € EHI":
J= (S, doy e L LT €T fl2(t)) = (Hilz(t), falze(t)), o L fulza ()T € T
& = 0 MR o= 0 2R

FAREH, i 4.1.0 AR 4.1.2 4 B R R

% 4.1.3  H{A MR EIT (4.0.44) ThRIES C A B, J S RTELL T
e
cr=1¢,C)={CeRy":C<C=E:0,CeRp Ho<C<C)
Ar = [A, A = {AE A< A< A A deC H A< fl}
B; =B, B] = {E EC":B<B=<BB BeC A B= E*}
Ji=Ud={Jecr:izy=zdijiect AJ=J}

-

EI:F"- -""i = [:'&i_.i:lr::ai:rl.; _.r.l = {&EJ'JTJKH: E = {'E"ij_]n:l{:ri: ﬂ = {E"'i_;l']:u:l{n'
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B 414 BT i =12, 0, HITEPES RIERERY (4.1.44) B9 TRUE
e RS B 2

| filur) — filuz)| € vilwy — ual, Yuy,us € C

Hrh, T TR

X = diag{yi, 72, v}, BEEEE 411 FERE 402, T EEHE
P e B (4.1.44), Hin T e,

Mt 413 fERIE 4.3 AER 414 BOHRAEF, WRE(E =9
M UV AV, B AT (4.0.4) Bior, 0o S R 2 Y
(4.1.44) 5 PE—F7 5.

WG 414 TEERE 403 I 404 BT EN T, MR LA 0 £
L Py, P, Py, Py, Pr, @, Qo By Al Ry (EFR 8RR PR AT (4.1.13) B
ST, 2 SR RREE R (4.1.44) 70— T4 20 L% T 40 42 R S R R s 0,

4.1.5 #W{ETH

LLF Ao (R 8SE T 175 25 A4 M0 o ma .
Bl 4.1.1 RSP e EE ST (4.1.1) DS EEN

& = 0.5 0 e 0.6 0
0 0.5 0 0.6
A= {fisj}zxzs 451 = {fii_;ijﬂﬂ

B = (bi;)axa. B = (bi)axa

o !m.z 0

L 6=02. 7 =04
0 n.z] T=0

Hrp,
iy = —0.24 — 0.32 — 0,187 — 0.24x
e = —0.256 — 0.1441 — 0.192) — 0.192x
gy = —0.18 — 0.240 — (0245 — 0.32k
g = —0.288 — L3840 — 0.2887 — 0.216k
apy = 032+ 0.24: + 0.187 + 0.24k

igp = 0.192 + 0.256: 4+ 0.144 5 + 0,192k
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figy = 0.24 4 0.32: + 0.247 + 0.18x

figo = 0.384 + 0.288: + 0.288; + 0.216x
by = —0.256 — 0,192 — 0.1445 — 0192k
bro = —0.18 — 0.24s — 0.245 — 0.32k

boy = —0.192 — 0.1441 — 0.1927 — 0256k

o = —0.24 — 0.32: — 0,245 — 0.18k

]
I

0.256 + 0.144z + 0.1925 + 0.192x
b = 0.24 + 0.18: + 0.247 + 0.32k
bop = 0,192 + 0.1921 + 0.1445 + 0.256x

boo = 0,32 + 0.242 + 0.187 + 0.24xk
MR A, A, B R B 5% XA

i [n.a u.q] e [m n.5]
0.5 0.6 0.4 0.5
FIH MATLAB $F9 i YALMIP T ILE, RFEH 4.0.2 et B A
K (4.1.13) B AT A

. 15.0741 o | P, — 0.0211 0
i 14.9214 i (.011449

[14.7971 0 (20875 0 |
P, = T

0 44.0764 0 22705

op.2%06 0| 0.1024 0
P:. = . Ql =

0 22,0183 0 0.0734

(0.0653 0 108.3610 0
Qu = R, =
0 0.0481 0 103.2251

0 006558

Rzz‘ﬁz.maf 0 ]

EFER 4.1.2 fUR A 262, FilkPY oo eemag il (4.1.1) BEEME— T
s EL o 5 R s R R S L



G0 O VBTt -/ T SRR U8 S el

P, A 41 v R R 0 AT R O FUR IR R R A5 R A
P EFRLL T EE AT A S

i

o050
006
2 A= (m)axa, B=(bij)axz (4.1.45)
. 0.2 - 020 — 0.37 + 0.4 ]
k 0.4+ 0.3+ 0.4) — 0.3k

Hrh,
i = 0.3 — 0324+ 0.15) — 0.2k, a2 = —0.25 4+ 0.25: — 0.157 4+ 0.15&
iz = 0.2 4+ 0.3 — 0.24) — 0.3k, a2 = 0.35 — (.36 + 0.257 + 0.2k
byp = 0.25 — 0L18: + 0167 + 0,198, e = 0.2 + 0,18 — 0.249 — 0.3k
by = —0.1 4+ 0.16: — 0187 — .25k, bay = 0.3 — 0.3 + 0,167 + 0.24k

Mt BEHEELL T P or S 76 S eR S e I o S 20 M S AR Y (4.1.1) (iR ef 2

0.5
14em

AoH MATLAB ${Fd iMoo TREE QTFM M Runge-Kutta HiEx
[ £ HEAT TSR, B 400 ~ [E 4004 iR R EE DU A A R RO, B
FRATG FAFEFE R 10 A EEELE B o B E . MR E el LA L e
vk e & S R e

filu) =

e ed j=12

| =]

- A
1.5 — A | S

‘|‘H5 'H'"

Pt EeE!

0 1 30 40 H &0 TO RO 00 100

f
B 4.1.1 B (4.1.1) &0 R A T



4.1

B il U e P P R

-1l -

i 1 x

5

W

THEEH

) % P 5 o

oy 55— i
a1 5 A

fl

—1.5

]ﬂ 11 ~3'n H 40 a;rr l'illl ']’Iﬂ HII:I !J'n 1
e 4.1.2 R (41,10 B3 AR iR s o

iy (195 — Al
1.5 — = |
1
0.5
il
—0,5
0 20 a0 40 50 60 70 &0 90 100

i
M 4.1.3  #8 (4.1.1) 5 =004k sk

:z T T T T T T T T T
i TR P
lat AP |
1 .
0.5 -
0 :
—1.5 -
|
0 10 20 a0 40 50 G0 70 S0 90 100

t
B 4.1.4 8 (4.0.1) S 09EE G pR sk



62 WA DUEECHE R i

Al 4.1.2 i E A R R (4144 BB LR
C = diag{1.4,1.4,1.4}, € = diag{1.5,1.5,1.5]

0,48 — 064 —0.48 — 0,360 —0.32 — 0,24
A=1] —06—-08 —048 — 0360 —0.24 — 0.3%
04 —0.3 —0.72-096 —0.3—0.4

0.64 + 0458 0.48 + 0.36: 0,24 4+ 0,32
A= | 08+060 0.36+048% 0.32+ 024
04+03 096+ 0.72: (0.3+0.4:

—0.36 — 045 —03—04 —0.18 —0.24
B=|-048 —0.36: —0.24 —0.3% —0.32-0.24
—04-03 —-032-02h —04-03%

DA8 +0.36:0 04403  0.24+0.15%
B={0.36+04% 0.24+03% 0.32+0.24
03404 0324020 03404

I' = diag{0.3,0.3,0.3}, § = 0.1, 7 = 0.2

MWHERE A, A, B # B 95 3wl 13

0.8 0.6 0.4 0.6 0.5 0.3
A=11 06 04.B= |06 04 04
0.5 1.2 0.5 0.5 0.4 0.5

{1 MATLAB # i) YALMIP THA#, SRAFHER 4.1.2 PAIRAE A5
(4.1.13), 43— a7 &

Py = diag{12.4631, 10.8257, 7.9553 }

Py = diag{0.0363, 0.0324, 0.0323}

Py = diag{483.2460, 402.4446, 257.1563 )

Py = diag{4.2126,3.1972, 2.7880)

Py = diag{23.6629, 18,4145, 17,2507}

1 = diag{0.0839, 0.0761, 0.0653}

Q2 = diag{0.1279,0.1155, 0.1004}
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Ry = diag{118.6511, 107.4976, 73.0504 }
Ry = diag{46.6237, 35.3570, 30.8117}

IXFRHETE 4.1.2 pUR PR ENA L, FIILE (A M E i (4.1.44) BRAME— T el
HoaZ il o B A R B e R E Y.

T, A 4.2 Bry— A RREE SLEETT (0 1, LSS IERTR &5 A A A A
RN T P R ] e B

0.6 —1
C = diag{1.5,1.4,1.45}, J = |-0.4 — 0.5
0.5
05 —0.4: 04+03 —0.3+0.5]
A= [0T-08 —-04-0% 03-03% (4.1.46)

04+ 03 —0.7-0% 0304
04 —04r —0.3-04r 0.2-—0.25)
B=|03+04 024+03 03+02
04403 03+0.2 0.3 —0.3

SRR T B AR R A E AR e M S B (40144 BOREE R AL
filu) = 03max{0,r} + 0.3 max{l, y}, j=12

HP, u=a+yicC,

SERIPET Runge-Kutta 5, IR MATLAB SR RSETT 1 S HLLL
P 4.1.5 FIPE 4.1.6 4k B8 18 & SR o s MO s &, A as e foh 10 A6
LSS (R ) 6, MOZSEEER] AR I, e oo iR aR ol Bl R e AR,

1.5 :
iy A
1k rfglrl{..‘f?;'mi
—sfY A
0.5 i
i
=
—0.5
-1
_J__l'

|:| 1 1 1 1 1
] L] 20 Al 4l Al il
f

Bl 4.1.5 $8 (4.1.44) TEEEL (4.1.46) FEcAERTAR s
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P
R LERE

g R

0 20 30 10 50 i)
t
Bl 416 BT (4.0.44) TR (4.1.46) FEE SR AT

4.2 vp LRI 2 B DU e R 42 I 4% B HR AR E 1

AT W T R A o 3 TR R A ) T DY e e £ e £ )
BERSSEME. 6 AN 1% o3 BB DY 7o S0 45 1o 458 4k o S0 A i 5 1 S0 A sl Y A s
{E RS IHH T, ST R R R, 8 A T Lyvapunov 72, BLEEE
T A Y e 2 o S Y B o S DU o AR M S P T S AR M1
o 4 Ty i e e e 3 5 AR R A O B i8S 1R O T B (9 ke 3 i
i 8 R R

4.2.1 #HAEE
5 1 LU o Sr B0 i R P e e £ Y 2

§DMglt) = —E(t)q(t) + A(t) f(q(t) + B(t)glg(t — o))+ F(O(F DFg(t — 7)) + J(t)

(4.2.1)
Hep g(t)eQn 4t B RIFMEERERE, ¢ 2 0; flo(t)) =(fla (). flalt)), -
Falga(E))T € Q" LI glglt — o)) = (mlq(t — o)) galgalt — @) gnlgnlt —
a))T € @ AFEEBGTHAE o AEIREE, » Al Bl = E 4+
AE(t) € R HH REWEEAUER; A(f) = A+ AA(t) € Q*", B(t) = B +
AB(t) € Q=" fl F(t) = F+AF(t) € Q= IS HEERCEME, B, A, B f1 F 30
M SRR, AE(), AAD), AB(t) ¥ AF(t) AR ERHESRSL, B B AB()
AIEA R J(t) = J+ AJ(t) € Q" ASA R, J N E PG EmE, A
A& HCA I E )



4.2 tpar B A A ST Y o ¥ e A IR R e . 65 -

e S 2R B o SR P S B e M g (4.2.1) RIERRTEIO T
qlt) = ¢(s), 5 € [~o.0] (4.2.2)

Herh, o(s) € Q" 1E [—o.0] EiEEH p = max{c, 7}
4.2.2 EEEEMG|E

RS HEER, W EAHRE R B S 8O e L LR R
fig4.2.1 WRFEHTIEE R AHEE L = diag{l,, I, 1} VR K =
diag{ki, kg, Kk}, B TEATH g1, g0 € Q, 297 F 2T

[filay) = filgz)| < Ll — 2, lgilar) — gilae)] < kilgy — g2
g 4.2.2  SPEEAEE S AR, AAL), AB(t) B AF() BN
AE(t) = MgUg(t)Ng, AA(t) = MAUA(t)N4
AB(t) = MgUg(t)Ng, AF(t) = MpUp(t)Np

Hd, Mg, Ng, Ma, Na, Mg, Ng. My F1 Np 225 0E SRR Ug(), Ualt),
Up(t) f1 Up(t) 2 AR R, Has 2 e &0

Up(t)WUelt) < I, U(t)UA(t) < I, Ugit)glt) < I, Up(t)Up(t) <1

HH Mg, Ug(t) 1 Ng 3, 158 E + AE(t) NIE R
A M = [Mg Ma Mg Mg], Ult) = diag{Ug(t), Ua(t), Ug(t), Up(t)}, N =
diag{_ NE:- ’h"r.-"!.' ‘H'Jﬂ1 hrF'}r !ﬂljﬁ

—AE(t) AA(t) AB(t) AF(t)] = MU(t)N
HH
()it = 1
AT EE S a5 5, ST o ) B
g1 4.2.1 MT{EE rye Q" F{TEKE ¢ >0, H
ey 4yt < sty 427 yy

IR 4.2.2 i q(f) € Q" EVE S, P e QM 2 IESE Hermitian HFE,
IES
§ D7 (g (O Pg(t)) < g (OP(F D () + (5 Dy glt))” Pylt)
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4.2.3 FTEHE

PR, Feas b SR Y o BB P e Bep A N (4.2.0) P R AR . M
P A TR AR S T I I G S TR R % B e

EIR 4.2 fERVE 420 M 422 THIERMETT, 35T IR SR
P, Pye @ n, IEXTMIERE R Ry, BLEEM p>0M e >0(i=1,223,4) ¥
LU S e P A e

I'=(I})sx5 <0 (4.2.3)
Jooh,
[ =(11] - [~ e |
' PA PB PBF .
S e A
Ny = 1 a |, N2= Py, Iy = pN*
11 . . 0 Fliiu]. 12 B 2l =p
* & * f'f;m} £
P, M |
0
Ip = 0 s Aae==F, I'na = PM, I'yg = —pl, I'yy = —pl
[] =

Fﬁﬁ_ — [liﬂg{—E]I.. —EEI_. —EHI.. —E'_tf}

H 'Y = —PE - EP, + e;NiNg + LRy L + KR K, I'2Y = N3N, — Ry,
M = gaNgNp — Ry, D) = euNpNp — Py, W cb 3 R 3550 B0 DU o0 #1422
P2 (4.2.1) FFTEME— BT Bzl sl sl f2 g

WERR AR RH 4y P BT

AR 1 IERA o L A o SR DY B e s (4.2.1) P S B E TR
ME— 1.

% g € Qr Rrpar B A SO U e ER [ ES (4.2.1) AP, W g
i S

—E(t)q+ A(t) f(q) + Blt)g(g) + J(t) =0, t = 0 (4.2.4)

HIELL TR
ha) = —E(t)g + A()f(a) + B(t)gla) + F(t)h(g) + J(), t>0  (425)

Nk AR hig) B Qn LATIE R
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TP, HERH h(g) &£ Q" EMBRY. HTEE wp e Q" H z # y, W EiE
Bl hiz) # h{y). RIEDN (4.2.5), &

hiz) — hiy) = — E(t)z —y) + A(E)(fx) — fly)
+ Blt)(glz) — gly)) + Ft)(h(z) — h(y))  (4.2.6)
a5l (4.2.6) K (z — y) P, WTH3
(x =yl Pi{hix) = hiy)) = - (x — )" RE(t){x -y
(= )" P AN flx) = flu)
+(x —p)" R B(t)(glx) — g(y))
(z — )" P F(t)(h(z) - h(y))  (4.2.7)

4

4
MG (4.2.7) pI3LYEsE E, w3
(hiz) —h(y))" Pilz —y) = — [z —y) E" () Pz —y)
+ (flz) = fw) AT (t) Pz — y)
+ (glx) —glyh)" B (t) Pz —y)
+ (hix) — h(y)) Fr(t)Pi(r —y)  (4.2.8)
it —H, it (4.2.6) 53]
(h{x) = h{y))" Pe(h(z) — hly))
= (—E({t)(x - y) + Al)(fx} = fly))
+ Blt){glx) — g(y)) + F(t)(h{x) — hiy)))”
x By(—E(t)(x —y) + Alt)(f(x) — fly))
+ B(t)(glx) — g(y)) + F(t)(h{x) — h{y))) (4.2.9)
Mt (4.2.7) ~ 3 (4.2.9), A
(= y)" Puh(z) — hiy)) + (h{z) = hiy)) Pi(x - y)
= (x —y)" (—PLE(t) — E(t)P)(x —y)

+ = y)" PLAQ) () = fly)) + (f () — Al AT Pz —y)
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+{x = )" PB(t)gl(x) — glyh) + (g(x) — gly))" B (1) Pr(z — )
+ (& —y) " PUF(E) (h(x) = hi(w)) + (hlz) = h{y))"FT (1) Pi(x — ]
= (hlz) = h{y))" Palh(x) — h(y))
+(=E{t)(x —y)+ A (flx) — flu)
+ Bit)(glx) — gly)) + F(t)(h(z) — hiy))
* Po(=E(t)(x —y) + A(t)(fx) — fly))
+ Bit)(g(x) — gly)) + F(t)(h(z) — hiy))) (4.2.10)
FIF 22 4.2.1 ffigik 4.2.2 w[{4
(x —y)" (—RE{) - E*(t)P)(x —y)
S(z -yl (—RE-E"P)r-y)
tei Yo —y) PEMgMa P (x — y) + 21(x — y) " NpNg(z —y)  (4.2.11)
(x —y)" PLA)fx) — flyh) + (fle) — fly))" AT (E) Pz — y)
<(x —y)" PLAf(x) — fly)) + (flx) — fly))" APz — y)
+ 25 e — ) PLMAMS Py (2 — y)
+ el flx) — fly)) " NINA(f(z) — fly)) (4.2.12)
(x —y)" PLB{t)glx) — gly)) + (glx) — g(y))" B () Pz —y)
(e —y) " PiBlg(x) — gly)) + (glz) — gly))" B Piix —y)
+ o5 — y) PLMp M3 Py(x — y)
+eslgle) — o(y))" N Nel(glx) — gly)) (4.2.13)
(z — y)" PLF(t)(h{x) = h(y)) + (hlz) = h(y))"F*(t) Pz — y)
<z = y) " PiF(h(x) = h{y)) + (hix) = h{y))" F* Pz - y)
+e x =y PLMp Mg Py (x = 1)
+ ealh(z) — hly))"NpNe(hix) — hiy]) (4.2.14)

ST IESHHREE B, M R, RIFEE 4.2.1 H53]
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0= (z—y) LR Liz—y)— (flx) = flu)) Bl flz) — flu))

0= (z—y) KRK(z—y)—(glz) —glw) Rz{g(x) — g(y))
B (4.2.10) ~ = (4.2.16) A H

(z —w)" Pulh(z) = hly)) + (hiz) = W) Pz —p) < £ 02(1) (4.2.17)
Heh, &= [l —w)* (flx) = fluh) (glx) — gly)), (h(x) — h(y))*]: H

(t)  fhalt) fhalt) 20t
o =| * = AORBEY AGOPEEQ
* * Raa(t)  B(t)PyF(1)

- * * Qaa(t)

Hrh, L}”l{ﬂ =

—~P,E - EP, 4+ e]'"PLMgMALPy + e, N3 Ng + e5 ' PLMAMA Py +

ea ' PIMgMa P +e ' PIMe M P+ EQ) P E(t)+ LR L+ K Ry K 02(8) = PLA—
E*(t)PaAlt); £215(t) = AIB-E (1) PRaB(t): Thy(t) = PLF - E* (1) P F(t); 2a(f) =
EEN_;;""I'TA -+ .‘l‘l{f:ngﬂl[T} - R1; ﬂg;;l[ﬂ — ng"nrfi.!r"lrﬂ + B*{t:lpgﬂiﬂ - Rz; .'r.}ul:ﬂ =

e NENg + F* (O PF(t) — P,

HT5 B 2.4.8 fERPER ARSI (4.23),

F]] F]*'_n- }] FN*
-P PBM 0D
" 2 e <0 (4.2.18)
* * — il 0
* * * —pd
H,
MY PmA PB PBF
P S | B
11 = . . }.,l[:ls:a] 0
* * * F]{'l”]

H# Iy = —PLE — EP, + eyNiNp + LR\ L + KRyK + e7' PLMpMALP, +
e ' PLMAMA P, + 65 ' PLMp M3, Py + 7' PLMp M3 P,

N [ ,
] <o e

HEF S 2.4.8 B (4.2.18) 7T#H

0
P M

12

+p!
_P, F

Iy
*

0
P M

+p
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JET T 4.2.2 fiaf (4.2.19), 77§

111 i_ 22] + [P:H [F(t) [J"‘;;‘ + P;".‘ U (t) Pi-‘-.-f} <0 (4.2.20)
il
[ Iy Na+ NU ()M Py 0 (w2.2)
* - B,
iE 5 2.4.8, o]
[y + (D2 + NU* () M* Py) Py YTy + N*U* () M* Py)* < 0 (4.2.99)

i i Ry, T
[y 4 (Mg + NUSM PP D + NUN MY P)* = 2() (4.2.23)

ES IR
2(t) <0 (4.2.24)

ooy a[H £ #0. W (4.217) #:L (4.2.24) B3
(x—w)" Prih{x) — i)+ (hix) — hiy)) " Pyle —y) <0 (4.2.25)

B hix) # R{y), IXEIER © hiq) &2 Q™ ER ST
FE R, EER Y (gl = 400 B, ||R(g)|| = +oo. B4R hig) FIEN, B

hig) —h(0) = —Eq+ A(flq) — F(0)) + Blglg) — g(0)) + Flh(q) — h(0)) (4.2.26)

FfA T (4.2.17) e T RE, W

q" Pr(hig) = h(0)) + (hig) — h(0))"Prg < 0" £2(t)n (4.2.27)
e, = [q. flg) — f(0). glq) — g(0). hig) — R(0)]".
[,
q* Pi(h{g) — h(0)) + (h{g) — 1(0))" Pig < —Awin(—22(1))lg|I* (4.2.28)
f L S 2

Mnia(—2(1))|lg]* < — ¢" Pr(h(g) — h{0)) — (h(g) — h({0))* Pig
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= — 2Re(q" Py(h(g) — h(D)))

< 2|q" Pi(h(g) — h(0))|

< 2lgl - |1Pull - [[R{g) — RO}

< 2|g|| - ([P ] - ([1Blq)]| + [[R(O)]]) (4.2.29)

B im0 | ()| = +00. HI1EE 2.4.1 BTH1, h(q) £ Q© LFEIEDRS, ix
s ST TR I 3 5 3 DU SE SR (4.2.1) 9P 7 1 ELE—.

SR 2 IO oS R 3 A S PO T LR A (4.2.1) (M- G
Fasz .

% e(t) = q(t) — G, H5PSTRI 5T S0 T E B 22 (4.2.1) 205 Ny

§ Die(t) = —E(t)e(t)+A(t) fle(t))+ B(t)ile(t—a))+ F(t)(§ Die(t-7)) (4.2.30)

e, fle(t)) = Fle(t) +q) — F(a): ale(t — o)) = gle(t — o) +§) — g{q).
F A 4.2.1 af48

0< e (t)LR Le(t) — f*(e(t)) R fle(t)) (4.2.31)
D= et —a) KR Kelt —a) — g lelt — a) ) Baglelt —a)) (4.2.32)
XM T Lyapunov-Krasovskii 2 B

Vit) =Eﬂf“_""[f'[f]F'uf!(t}]l+f (5 De(s)) Pal§ Dy e(s))ds
+f e*(s)K RaKe(s)ds (4.2.33)

S P TR A P I RO R (4.2.30) BORRIEEE V(1) B9, JFE RIS
M 429 A

V(t) = §DPe(t) Pre(t)] + (§ Dyelt)) Pa(§ Dy elt)) — (§ Dye(t — 7)) Py
s [5:Dg'e{t — T4 et KR Kelt) — e (t —a)K Ry Kelt — a)
< e ()P [—E(t)e(t) + A(t) fle(t) + B(t)ale(t — o)) + F(t)(5 Dye(t — 7))]
+(—E(t)e(t)+A(t) fle(t) + B(t)gle(t — o))+ F(t)(§ Die(t — 7)) Pre(t)
+ (—E(t)e(t) + A(t) f(e(t)) + B(t)ale(t — o)) + F(t)(§ Dye(t — 7)))* P2
x (—E(t)e(t) + A(t) fle(t)) + B(t)ale(t — o)) + F(£)(§ Dfe(t — 7))
— (§ Dye(t — 7)) Po(§ Dye(t — 7))
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+ et ()R RaKe(t) — e[t — o) K RoKel(t — a) (4.2.34)

FT A (4.214) ~ 3 (4.2.14) BT, HAER (4.2.31). X (4.2.32) #
i (4.2.34), WTH |
Vit) < w' (1) 2(Hw(t) < 0 (4.2.35)
Hoely, wit) = (er(t), f*(e(), 3" (e(t — o), (§ Direlt — ))°)"
BT Lyapunov 2200 PE8E R, AR S0 B I o BB P o B pp e 5 (4.2.1)
T e g R R E R E . IR
E 4.2.1 5 F(t) =0, doar B e PO oot £ 88 (4.2.1) iB 1A

o DY q(t) = —E(t)q(t) + Alt) flg(t)) + Blt)glglt — o))+ J(t) (4.2.36)
e, A A R P, b 3 R R S P o e 2R (4.2.36) B 1EA
SDMq(t) = —Eq(t) + Afiq(t)) + Bglqg(t —a)) + J (4.2.37)

At o 0 R I A SR DY O EE S (4.2.36) 1 (4.2.37), AR AHER.

HEiP 420 fEEE 420 REAE 422 WOTREME T, FSAELE EEERE
P PoeQree, IERAEEE Ry ARy, LEIEFSp>0f g =00 =1,23),
{75 DA 8 0 P A S e

(I P 0 pN* Iy Ty Ty |
* —F PBM 0 () () [
* * —pl D 0 0 0
I'= |« * * —pl l 0 ] < [ (4.2.38)
* * * w  —= 0 0l i
* * *> * - —&£ql i
| * * * * * * —53."_
Hrp,
N = diag{-Ng, Na, Np}
' P A "B
N = |ir eaNJNy — Ity ] ]
* * E;g:"-rEgNﬂ- - Rg

I'i=-FRE-EFR +E|£"'-lrE~J"'lrE + LR L+ KR K

—E* PiMg P M, P Mg Mg
FE — A . Pﬂi — 0 . _I:I — 0 . Fﬁ = i . M= fhr__:
B 0 0 0 M,
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HEE 4.2.2 (AR 420 BOCRSRTE R, FECIEERRE PP, e QU R
AR Ry Al Ry, {3 LUT 2e M FE A 2 RAE:

[_PE—EP, + LR,L+ KR.K PA P.B —EP]
. -y 0 A* Py
r— <0 (4.2.39
* * —Rﬂz E*Pﬂz [ ::I
k3 k) k3 _PE

) o 57 Y e 3 A B DU e R R A (4.2.37) FETEME 04 R R T
He R ke, el BT SRR L b R S i e 1 e
BT 4.2.2  (FHEE 420 fEE 422 ATRES L SECIEERME P <

Qe (i = 1,2, ,7), IEMAHR R M Ry, LEEH p=>0M s >0 (i =

1,2,---,8), {E5G LT 2k P A~ Al AT

T = (IT;;)axs < 0 (4.2.40)
Hep,
'Y PA PB RF| = =3
N § | 0 A .| A
I, = . 7 - Py, Il = F
11 . N | ;{.1:.;3 0 » 4472 e 2 13a=T 3 4
N P o
[ _E* ] [0 —P]
A* 0 0 P —P.
Iy =pN®, I = B Py, I = 0 0 , Al = |: *:' _PJ
F*— ] 0 0
(P My PM, P Mg PMp|
”]3: E g g E . nnz—PE ng_.,:.lt"g.'\-f
0 0 0 0

Hﬂ_:g = —TEP.L, H:-H. = TEP411:I-~ Hd;‘l = —ﬂf
H::r: = —PI-. Hﬁﬁ = _E.‘I- Hfm = HHH
s = diag{—=, I, —eal, —e5l, —e, 1}, Hyy = diag{—e51, —egl, —¢1, —241}
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Jop, MY = —PLE — EP, + (&1 + e5)N;Ng + LRy L + KR K + Py + o2 Py;
O3 = e, N3Ny — By + e6N3 Ny I = egNiNg — Ry + £;NjNg; IV =
.smFNF - P + Eg;"'lrFJ"'np, I e s TG o BB P o B AP R P 5 (4.2.1) AFFEME—

HERA *—f*?

-nll HIE ”]-’] Iﬁlrl-'i- nl-ﬁ
* Mlaa Moy Ilas g
_ﬁr = L L H.“ H.ﬁ, Hqg
* * * M Hig

* * * S I

=

BT 02 I PFEEE, Brel <o [0 58 421 i) I 255K
IT— T = diag{M,, — I'1.0,0,0,0} =0 (4.2.41)

AR, SERR 4.2.1 Py ERPER PR AR (4. 23] ﬁ'ai mﬁﬁﬁﬂ 4.2.1, [l

B G rboar BR e SET P o Hp SR R EE (4.201) BOME P e, FH S
e(t) = qlt) — q, M2 b S BURE R o Efir oo S s (4.2.1) W RLES Y

CDre(t) = —B(t)e(t)+ Al f(e(t) + B()ile(t—o))+ F)({ Die(t—7)) (4.2.42)

Kb, fle(t)) = fle(t) +d) — £(a); glelt — 0)) = gle(t — ) + ) — g(q)-
F BT Lg,rapunmr-lira:mwku i BRI

V(t) = Vi(t) + Va(t) (4.2.43)
Jerh,

Vi) = §D; " (e(t) Prelt)) + f (D e(s)) Po(§ Dyels))ds
f—r

N (f* {Eﬂskﬂisj]dﬂ)-Pa (,[,iT{ED?EES”dS)

+T f f (5 D%e(s))* Py(§ D e(s))dsds (4.2.44)
7 oof g

Valt) = /;_ s P+ KH K )e(s)ds + f.rf j:f e"(5) Fye(s)dsdé

+ I e (&)ds | s | efs)ds (4.2.45)
(L, ) ([, )
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A (4.2.42) BB LS Vi(e) B SR ERIHGIEE 4.2.2 FI5EE 2.4.2,
IS
Vilt) < e (1) P (5 Dyelt))
+ (5 DPe(t))* Pre(t) + (§ Dy e(t))*(Pr + 7° Py) (5 Die(t))

— (§De(t — 7)) Pa(f Dfe(t — 7)) + (5 DY e(t) — § Die(t — 7)) Py

s (f (b Dfels))ds + (f {E-‘D;rﬁ-[s}]ds) Py IIE:DFE{J‘.]I}

— Dye(t - T]l) - ([E {EDF’E(S}JdS) Py (ft {E"DE‘E[S}MS)

< e’ ()P {—E(t)elt) + A(t)fle(t)) + B(t)ale(t — o)) + F()(§ Die(t — 7))
t—Hmﬂﬂ+Aﬁﬁhwn+meww—ﬂj
+ PG D et — 7)) Pre(t) + (—E(He(t) + A(t) fle(t))
+ B{t)alel(t — o)) + F()(G5 Delt — 7)))" (P + 72 Py)
x (—E(t)e(t) + At) fle(t) + B(t)gle(t — o)) + F(£)(§ Delt — 7))
+ (—E(t)e(t)+ A(t) fle(t) + B(t)gle(t — o))+ (F(t) — INF Drel(t — 7)))°

¢ § =
x Py ( E,,"D;’rf[s}]rls) + ( {E:,:Dfﬁl[s]l}ds) Py
t—r

(—E(t)e(t)+ A(t) fle(t)) +B(t)i(e(t — o))+ (F(t) — N5 De(t — 7))
—(FDyelt — )" Py Die(t — 7))

- ( f | qﬁ'ﬂre{s}}ds) P ( f | [Eﬂre{sj}ds) (4.2.46)

FLT R (4.2.14) ~ 3R (4.2.14) (4 FiEFE, Bk (4.2.46) 774
Vilt) < BT ()C(E) (4.2.47)
HH,

-

¢(t) = |e(0). Fe(t)). o ﬂnmnmﬁ“r—r}]'fﬂ"MJM]
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[T(t) Tia(t) Yislt) Talt) —E'Py |
w Taalt) Taalt) Taalt) A*Py
Tit) = * * Taalt) Taglt) B Py
* * * Talt) (F =115
| * * * * Tanit)
H Tuit) = -PE — EP, + 7' PPMgMyPy + e\ NpNg + s '\ PLMAMG P, +

&5 \PIMpMEP + ey ' PIMp M Py + E(t)(Py + T2 Py E(t) + esNpNg; Tielt) =
PLA — E*(t)(Py + TP At Tslt) = PIB — E*{#) (P + T2 B B(t): Tiult) =
PoF —E*(t)(Pa+ 1Py )F(t); Taa(t) = eaNiNA+ A () Po+ 72 P A(l) + 26 N3 N a5
Tas(t) = AT (1) Pat7* Py} B(t); Tau(t) = A (1) (Pe+7" Py ) F(t); Taa(t) = eaNgNp+
B*(t)(Py + T°P4)B(t) + exNpNp; Tault) = B*(t)(Fx + T2 P F(t); Tyult) =
el NENF + F*(1)(Py + T2P)F(t) — Py + 2sNi2Np: Taslt) = e PsMpMLP; +

g ' PaMAM Py + e7 ' PuMpMp Py + €5 ' PsMp M3 Fy.
HE Val(t) IS, B

Valt) < e* (01 Ps + K Ral + o Fye(t) — e (t — o) {( Py + KR K)e(t — o)

([ o) ([ o)

+ (e"(t) —e*(t —a)) P ([ el{&}d&)

— (ft E‘[s}ds) FPrle(t) —e(t —a))

FIEE 4.2.1, 0T

0 < e () LRy Le(t) — f*(e(t)) Ry f(e(t))

0<e(t—a)KRKelt —a) = g (e(t — o)) Reglelt — a))
HUESS (4.2.47) ~ 3 (4.2.50), A

(4.2.48)

(4.2.49)

(4.2.50)
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nit) = Talt) +.|’Hlf + P+ KR K+ 0% F; Z17(8) = Py Sgalt) = Taalt) —
*H[f) Via(t) — Ra: Sgslt) = —Ps; Ser(t) = —Pri Sqz(t) = —Py; Z(2) PSR
() 5 T(t) EFB"'J 11, GEIEE
FTAEN (42.24) MHERLRE, &

=(t) =0

l|] [|| l[]

] b

Vity =i, t=0 (4.2.52)
BT Lyapunov BSETEREE, o] fneh sr BYEFE o S DYoo fd &9 as (4.2.1) #1°F
fiT At R E ], LERE.

F 4.2.2 R 421 FERE 4.2.2 85 H TS HIIE AR LR PR R A A, 1T
LA MATLABR ¥ YALMIP T H#E#THETE. B TFeEEsAS
I S5 5 R R e e S ok O e (1 N AR e i e, A L Ginday
B A1 i S ATy R — A~ B AT R A ey ) L

4.2.4 HETMH

I~ 1 380 2o 7 4 B0 e (e 3k i 3 255 L 1) E W o 0 A R
B 4.2, b oar B E A S P cHip e s (4.2.1) 9B EF:

r=0.1, 0 = 0.05, fi(q(t)) = fala(t)) = g:(a(t)) = ga(g(t)) = 0.5 tanh(g(1))

_ 100 My = 088 0 Ny — 0.8 0
0 10 0 D.88 0 0.9

i 0.3+ 0,45 + 0.0347 + 0,068 0.296 + 0.012: — 0.0687 + 0.051x
0,030 — 0.0220 + 0,034 + 0,017k 0.049 + 0.07% — 0.034; + 0.068
"o [ 0.585 — 0,293 — 0.323) + 0.350%  —0.176 — 0.7021 — 0.269; -+ 0.898k |
S 0076 — 0117 — 0,269 + 1077k 0+ 0.468 — 0.4497 + 0.718x
v | 0.365 + 0.638: — 01137 + 0.198% 0912 + 0.456: + 0.283) — 0,142 |
17| 0.274 4 0,182 + 0.085) + 0,057 —0.460 + 0.460: — 0.142; + 0.142+
o 0135 + 0.2372 + 0.1847 + 0.450%  0.338 + 0.169: + 0.275 — 0.459%
0,101 + 0.068: — 0.184) + 0.002x  —0.184 + 0.367: + 0,184 + 0.367w
e [—0.151 + 0,152 — 0.1217 4+ 0.073% 0,050 + 0.050: + 0.483) + 0.363x
T 00050+ 0,101 + 0.0245 + 00855 —0.101 — 0.050: — 0.0487 — 0,024k



- TH A W - VBTV Fl b R R L il
N 0,320 + 0.2471 — 0.047 + 0.04k  0.822 + 0.08220 + 0.135) + 0.02% |
P |0.986 + 2,054 + 0.068) + 0.270k  —0.165 — 0.082¢ — 0.2697 — 0,014
e (0,076 + 0113 + 0.071 + 0.2135  0.038 + 0038 + 0.0715 — 0.213% |
0,038 + 0.0761 — 0.2137 + 0.142%  —0.076 — 0.038 + 0.3545 + 0.284x
. 0,007 + 0,007 — 0.0267 + 0.079%  0.023 + 0.0021 + 0.524 + 0.026x
T 0,002 £ 0,027+ 03677 £ 01845 —0.005 — 0.0021 — 0.0525 — 0.026x
Vo (.08 — 0,035 — 00147 + 0.021&  0.012 + 0.117: + 0,090 + 0069
T 0,012 4 0,058+ 0.146) + 0.014k  —0.02 - 0.012¢ — 0.02) — 0.1x
S, 0.3189 — 0.318% + 0.2620; + 0.1310x
| 0.6379 + 0.637% + 0.1310; + 0.5240x
: 0.1 sin(#) 0 r Uity Ui
Te(t)= s Ualt) =1 oy H(22)
0 0.02 cos(t) vy Ui
Ir{j[f]: E"r,'r:g”](” Drllr:!lﬂ:lliﬂ LlrF[f]: L;[llll{t';l -IT_.-"”E:I{I}
; -U(Bﬂ]l:i_] UHEJH:I 3 - T[’”{ﬂl [“}{ﬂl
Hee,

UV (#) = 0.1 sin(#) + 0.1sin(t)s + 0.1sin(t)y + 0.1sin(t)s
UV (#) = 0.1 sin(28) + 0.2cos(#)e 4 0.1 sin(2¢)7 4 0.2 cos(t )k
UV (1) = 0.1 sin(t) + 0.1 cos® () + 0.1sin(t)7 + 0.1 cos®(t)k
UV ) = 0.2 cos(t) + 0.3sin(t)r + 0.2 cos(t)y + 0.3sin(t)x
Uy (#) = 0.1 sin(t) + 0.1sin(t): + 0.1sin(t); + 0.1sin(t)x
UL (8) = 0.1sin(2t) + 0.2 cos(t)e 4 0.1 sin(2¢)7 4+ 0.2 cos(t)x
UV (1) = 0.1sin(t) 4 0.1cos? ()1 + 0.1sin(t) 7 + 0.1 cos®(t)x
U () = 0.2 cos(t) + 0.3sin(t) + 0.2 cos(t)y + 0.3sin(t)s
ULV (#) = 0.1sin(t) + 0.1sin(t)s + 0.1sin{t); + 0.1 sin(t)s

U (1) = 0.1sin(2t) + 0.2cos(t)e 4 0.1 sin(28) 7 4+ 0.2 cos(t )&



4.2 P IE YR o BT DU oA A R T

U () = 0.1sin(t) + 0.1cos*(£) + 0.1 sin(f)7 + 0.1 cos*(t)x

U (1) = 0.2cos(t) + 0.3sin()e 4+ 0.2 cos(t)) + 0.3 sin(t)x

S B BT, 5 4.2.0 AU 4.2.2 S, JEE L=K = [“[f D”r],
FIH MATLAB #4498 YALMTP TE#H, 83L8EEEASA (4.2.3) 1
—A~a[{T R

b ' 147.8 —16.72 + 47.041 — 20.39) — 11.27&]|
| -16.72 — 47.040 + 29.39) + 11.27k 154.5

o | 8.364 —2.248 4 2,723 — 1.07) — 0.9773x]
FT [ -2.248 — 27230 + 1.07) 4+ 0.9773x 10.68

(770.3057 O
0 1378

Ry =

1731.
Ry — 731.6 0
il 7303355

p=121.2017, =, = 236.4886, =, = 391.1772, =5 = 137.6046, =, = 27.9110

WA R 4.2.0, TR0 ep ar SRR o KR U o8P eR MBS (4.2.1) BT
ERFEER. B 4.21 ~ B 4.2.4 9 500E 0 R8I0 500 PR GE, 3k T
PR RNATERE, Hb go=(1.14 L4: — 057+ 1.5k, —1.6 — Lde + 13+ 0.3)7T.

2
— it}
, - gt
l":
.
.'-.Ei'_. "
- 0 I..-I“'” e oo
—1F
3 . ) L .
L 2 | fi g 11

f
B o4.2.1 B (4.2.1) F—HamERE ([ 4.21)
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Bl 422 #EH (4.2.1) 50 EHEE (A 4.2.1)

1

Ik

ailt)

----- gilB)
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b

bul
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B 423 EEE (4.2.1) F=danERE ( 4.2.1)
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4.2 P IE YR o BT DU oA A R - 81 -

5l 4.2.2 o ar B R Y oo e g (4.2.1) BEEIN T
T=01, g =0.04, filq(t)) = falq(t)) = gi(q(t)) = gola(t)) = 0.5 tanh{g(t))

3.0 3431 ) (.56
po |39 0|, (0843 0 | N _[05630 0
0 3.0 0 0.3431 0 0.5630

4 (0.3 40504029+ 04x 0.3+ 1.2 — 0.45 + 0.3%)
03— 0.2+ 0.2+ 016 0.5+ 0.8 —0.25 + 0.5
o [ 0,119 — 0,059 — 0.061) + 0.0685 —0.036 — 0.1431 — 0.051; + 0.169%
T [ -0.036 - 0.0240 — 0.0517 4 0.203% 0+ 0.095 — 0.085) + 0.135% |
v _ | —0.112+0195 — 0.223) + 03905  0.279 4+ 0.13%: + 0.557) — 0.278+ |
S ] 0.084 40,0561 + 01675+ 0.111k 0139 + 01391 — 0.279) + 0.278x |
o (0.217 + 03800 + 0.1317 + 0,327k 0.542 4 0.271: + 0.1967 — 0.327k |
0.163 + 0.108: — 0.1317 + 00655 —0.271 + 0.2712 + 0.1315 + 0.261x
. [ (0.1464+0.1461— 0.4767+0.286x  0.049+0.049: +0.005) +0.095¢ |
P | 0.04940.09704+0.095540.190%  —0.007—0.049: —0.190; - 0.095x
N [ 0.0934+0.0700—0.1443+ 0. 1445 0.023+0.0232+0.048)+0.048k |
P | 0.02340.04604+0.048)+0.0965  —0.046—0.02310.096) —0.048+
o [0.063 + 0.0941 + 0.0237 + 0.069%  0.313 + 0.313: + 0.023; — 0.069x
0.031 + 0.063: — 0.0697 + 0.0465  —0.063 — 0.0312 + 0.1167 + 0.093%
v [ 0.15840,158 —0.079;40.238%  0.053+0.053:+0.079)+0.079% |
" | 0.053+0.1050+0.079;4+0.159%  —0.105—0.0531—0.159;—0.079%
v [ 0.135—0.058 —0.1823+0.273%  0.019+0.019:+0.0919+0.091% |
S0 [ 0.01940.039140.09140.1825  ~0.039—0.019:—0.182 0091k
S [2.0803 + 2.0803: + 0.29887 + 0.1494x
0.4161 + 0.41612 + 0.14947 + 0.5076x
, 0.1 sin(¢) 0 i v o
Uglt) = gy | * YAl = | oy o
0 (.02 cos(t) Uy Uy(t)
Up(t) = Up (1) Up ) Up(t) = Up 0 Up 0
BRI 7 (I 1 (5] I [/ G I sl ()




B2 O O R [V Bt E TR U8 O el

H,
UL (#) = 0.1 sin(#) + 0.1sin(t) + 0.1sin(t); + 0.1sin(t)x
UV (1) = 0.1 sin(2t) + 0.2cos(t)e 4 0.1 sin(20) 7 4+ 0.2 cos(t )k
UV () = 0.1 sin(t) + 0.1 cos? ()t + 0.1 sin(t)7 + 0.1 cos?(t)x
U () = 0.2 cos(t) + 0.3sin(t)r 4 0.2 cos(t)y + 0.3 sin(t)x
ULV () = 0.1sin(t) + 0.1sin(t)s + 0.1sin{t); + 0.1sin(t)rx
UL (1) = 0.1sin(2t) + 0.2 cos(t)e 4 0.1sin(2t) 7 + 0.2 cos(t)&
U (1) = 0.1 sin(t) + 0.1 cos ()1 4+ 0.1sin(t)7 + 0.1 cos® (1) x
U5 () = 0.2cos(t) + 0.3sin(t)r 4 0.2 cos(t)y + 0.3 sin(t)x
ULV () = 0.1 sin(t) + 0.1sin(t)s + 0.1sin{t); + 0.1sin(t)x
U (8) = 0.1 sin(2t) 4+ 0.2 cos(t)r 4 0.1 sin(2¢) 7 4 0.2 cos(t)x
U2V () = 0.1 sin(t) + 0.1 cos®(#)2 4 0.1 sin()7 4 0.1 cos® ()&

U (#) = 0.2cos(t) + 0.3sin(#)e 4+ 0.2 cos(t)y + 0.3 sin(t)x

i ek ] LR, R 40201 AR 4.2.2 T, JRH L=K =

0.5 0

0 0.5
B MATLAB $fFeRi YALMTP T B, 758026 5 E P A2 (4.2.40)

B — A~ iT#E A

b 93.05 —8.130 + 6.8312 — 11.477 — 3.66k
P | —8.139 — 6.8310 + 11.47) + 3.66k 98.34

o ! 17.07 —1.417 + 05000 — 1.9427 — 1.11x
T —1.417 — 0.5009 + 1.942 + 1.11& 17.7

o 4,647 —0.422 — 1.7211 + 1.051 + 0.323%
| —0.422 + 1720 — 1,051 — 0.323x 8,070



4.2 o ar R A ST Y e R M R R R
b 102.4 —10.92 — 26.58 + 9.608) + 3.467#|
'l_'_—1ﬂﬂz-+iﬁﬁa?—-&505;—-3&57m 141.3
b 83.74 _10.56 — 8.478% — 17.28) — 4.637x]|
| ~19.56 + 8.478 + 17.28; + 4.637x 101
b 163.5 —0.368 — 1.302: — 1.2657 — 0.372x]|
v —0.368 + 1.3020 + 1.265) + 0.372x 160.5
o 39.43 —4.5093 — 1593 — 0.3677 — 0.968x|
" | ~4.593 + 15931 + 0.367) + 0.968x 13.27
109.1437 0 1246972 0
R]_ — . R:.:." =
0 369.1562] [ 0 14u.1443]

p=57.3277, £, = 92,1653, =2 = 91.04T8,

e = 130.2995, =4 = 22,8871

g5 = 69,2002, =4 = 72,5009, £ = 89,3087, g5 = 5.7711

Wit sE FE 4.2.2, oo Bt ¥

DU TE R S (4.2.1) (T

ERFEEM. F 4.25 ~ 8 4.2.8 Rizapas P 045 o e ok, Sk TR
SR AN, b g = (1.1 4+ 140 — 0.57 + 1.5k, — 1.6 — Lde + 155+ 0.3x)T.

T —
Ty

i

.
L
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A
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LI M
HEN Y
N
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:

ai'(4), g(1)

2

T —

— gt}
-gi ()

|

P 4.2.5 R (4.21) W
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i

SrER e (R 4.2.2)
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$ 58 MrTAMEME p-REMRIGIREM
5.1 JREH TR 2 e p-Fa e

AT RIS R A I AR B R R T S A S ) P g B £ P S A e - B E (]
ML AR B Tk, R o S £ P A B T A R A S B R TR, IR
e 5 R Lyapunov J7iZ A SERE00, L VY0 EUePes 9 2 T8 o AR
M — R A fe - REE 1R A FE A SR A 8 R e A (0 B i 7 5 R A R

5.1.1 #EENEE
X LB F HA I AR I R 20 A I A P e e Y

q(t) = = Dqlt) + Af(g(t)} + Bflg(t — 7(t)))

f
+ c:f K(t—s)flq(s))ds +w, t =0 (5.1.1)

Hrh, q(t) = (quit),qe(t), - qu(t)T € Q" FrMEERUERTE ¢ IF 20 148 4 m) &t
D = diag{d,,dg, - ,d,} € B"" d; > 0(i = 1,2,..- ,n) #RE i THEILH
H R BHEFEALE: flg(t)) = (fila(t)). falaa(t)). -+ fulga(t))T € Q" Fmdllif
4G K() = diag{K,(-), Ka(-),--- . K. ()} € B FoRM AR, A =
(Gpglaxn € Q™" B = (byluxn € Q7" il C = (Cpglnxn € Q" (pg =
1,2, m) SRR e HE RO B . B e U A0 A B R U B (8)
FERIEITH: w = (W, wa, oo o) T € Q7 o s A ) B
A I DY o S e M A (5.1.1) MINAG SRR

I'.'_{“-} = d;{'t'} = I:':bl[”:{'f"‘_"“'}""' 1(;[.}"“_”1' € 'IITJ-. { e {—Eﬂ."_.ﬂ]

P, o(t) fE (—oo.0) FIESEH T
AP A i P e E A R (511, A

q(t) = zn(t) +rz12(t) + g2 (f) + K22(t) = 21 (1) + 22(2)7

.3'1|::|!:| — .3'1|{-t-} + 1.3|2|:f:|, 32{1} — .321“:] + 1;22{!]‘



B - #1500 PUroRiike s Rt R BT EIERE

el
A=4, + .‘Jlgj'. .le1 = ﬂln + ?i‘.’11;_. .."12 = .."lgu -+ -!1;12}

B =B, + Baj, By =8B%+.8/, B.= B, +.8,1

C=0C 4+, O =" +00,), € =" +0,7

w=W, +Way, W, =W, % +W,7, Wy =W," 40,7
Heab, 7S PR P Ar I Fn S0 POty i o R i b i i
5.1.2 EAEfE

AT BN R ERE SR, AT LR R

i 5.1.1  EFETERE () 2R RE TR, AL F) << 1, H
e R IER L

i 5.1.2  FHEEE fglt)) WTELFER A

fla(t)) = ga(z1(t)) + ga(22(2))

H, gu(z:i(t)) = (gulzn(t)) mzlziz(t)) - sz ()Y @) « C = C™
ga(za(t)) = (gar (2 (8)), gaa (202 (E)), - -+ L gon(z2a (D)D), gul-) s CF — O,
TR v e, FEEFRH ~, Moo, (p=1,2,--- ,n) {EH
iplu) — gup(v)]| < 3 lu — v

|§Ip{u:| - g‘ip["-"Jl = U |'i'..|. - "'-Jl

id I = diag{, Y2, ,Yn b I"g diag{ny, . -+ . }.
B 5.1.3 HEE K.(s) : [0, +00) — [0, +0c) BELHE, HFWELT
F 1

=0
f Kysids=1, p=1,2---.m
0

F 5.1.1 e 5.2, HEHEBEIENTEE vwe C, FEEFRE 4, >0
Mg, =0(p=1.2,--- ,n) {#77

F1p (1) = Ty (v)] < v Ju — ]

|§2}|{_u} - ﬁg!._,{f-'ﬂ "‘{ﬂ- My |'i'.-|: - vl



5.1 JRSIRE Y o RS M A p-RRE . 87 .

5.1.3 EEEEFGE
EM 511 B plt) 2 bE s HE L rl—iil*:]-cﬂ[t] = oo, WRFAE
BEM>0MT=0#8TFt>=T. 8

. M

t) — gl £ —

lg (t) — 4l )
Ferb, q(t) 270 St 0 oG B s 58 (5.1.1) PAT EAE H G & IS i 0 oG Sl
FERUEE (5.1.1) [ A, ARSI R D oo e EE (5.1.1) 2R p-EasE [,

EMN 5.1.2 MTFEHE =0 MBFEEFERE M =0 #§5
M
la(t) — gl < o

Horp, g(t) ZiR-SE I c SR e (5.1.1) FMITESER ¢ RS E P
MEEPES (5.1.1) MFHT s, MIFRRE-S Yo lmeeMes (5.1.1) ReRfgis
TE .

F 5.1.2 M EEE e, R E R o R — R B

T AEB SR, T A B R ]

SIEE 5.1.1 H M e OV 2P IEEHEE af-) : (—oo,a] = [0, +0¢) £
ThmE B F() : (—oc,a] — C B— & el 8, W F i A9A 5 s

(j:” &{S:IF[S}JS). M (j_u ﬂ[S}F{HJdS)

= ./: | vl 5 )cls (‘/: | ﬂ:[S}F'{s].ﬁfF[S}d.ﬁ)
5.1.4 EBER

gy RSP A R AR (5.0.1) PSR ERE . ME— R A e
p-FRE AT A 1

ER 5.1.1 fEEIE 5.1.2 R 5.1.3 i &4 T, MBI IEET
B U; e C i = 1,2), WASIER SR Vi (i = 1,2,3,4), 1885 T 0 et 5
A SRR

[ 0 Uhyy —=Uhya () l
* oy D 0 Uaxa Usxy
# * —1.-"| 0 () l
=< ) n.1.2
* * * —V5 0 il [ )
" W * * —15 il
* * * * * —Vy ]




L BE #1500 PUroRiike s Rt R BT EIERE

Hrh,
Yi=A+B+0C, xa=4A:+ B4+ %
¢ = —U D = DU + (Vi + V3, o2 = =020 — DUS + 13(Va + Vi) 1%

W38 I DY e s EE R 2R (5.1.1) A0 1P il
MERA ARSI EE 2.4.7 FENE 5.1.2, (RSP T ERhEE AR (5.1.1) W] 4
Sk TR A A, B

[ 5 (1) = — Dy (f) + Avgn (20 (1)) — AaFa{2z2(1))
+ Bigi(zi(t — 7(t))) — Bafalzalt — (1))

+ f! Kt — s)ig(z(5))ds

—Fgf K{f—ﬁqg{ 2'[5] ElS+Hrl

Za(t) = — Dazalf) + Aygalz2(t)) + Aaga(z:(1))

+ Bigalze(t — 7)) + Bagn (2108 — 7(2)))

¢
+ [ Kt — s)galzals))ds

t
+ O, f K(t — s)gi(z1(s))ds + Wy

-~

B g = 3 + S ARG o RS (5.1.1) 9P, N

(0= =Dz + Aigi(51) — AaGelZ2) + Big1(2)) — Bafia(22)
f

t
+ ) [ Kt —s)gy (£)ds — {?gf Kt — 8)iz(22)ds + W)
) —io —o fﬁ_]_:].j
0= —Dz:+ A1ga(2a) + Aain(2) + Brge(za) + Bagi (1)

¢

4
+ C]_ f .H.“- — ﬂ'_]y:g{.é:_:_l_]dﬂ + Cr_gf .H.“- — $J§|{E|Jd3 + .i-':l-"r;:_l
. —x

— 0

M 5.1.3 AT, S arar oo e MEg (5.1.0) AME— T A S H S

HREH H - ,E.l.-a — [:En -
:*.:1 —J'm gr{z)
G2l zz)

H[;]=_[£} +:r”¢l




5.1 JREIRE Y o M p-tRE i RO

[ 00
+
Xz Xa
RFRCRE, B, 2 = (2, 22)7.
R, R M b HAE IR SRRV C B 2 AR (5.1.1) Tl L R AFFEREA
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L0111 — 0.0108:

.2t

(LOT1T + (LOT0E:
o404 + (L0

0 = 10? 21123 + 000000 0.0043 — 0.0055:
B | 0.0043 + 0.0055:  2.1156 + 0.0000:

R —10% x [ 21627 + 0.00000  —0.0104 — 0.0033
B | —0.0104 + 0.0033: 20725 + 0.0000:

77626 {

g | 174736 0
0 1720949 1] 17.0250

M=[ ]
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o | 256.7815 0| o [ 2516786 0
Lo 2maas | 00 250.0480 |
[ 2550241 0 251.8422 0

Gy = Gy = -
|0 245.4604 0 2506704

H eI 5.0.1 AR, B PO T B AR )5 (5.1.29) B0 a4 I dE SR e .

B 511 ~ B 5.1.4 8T HEAVHE 61(t) = 2.64 — 2.4 + 1.2) + 1032k,
d2(t) = =3 + 4.321 — 1.2y — 2.4k IR CEEPEE RS (5.1.29) UM AR
BT, Sk 7P o R AR R (5.1.29) 1T R 4 e AR B E 1.

A r r r
= = = |T|Ili:1|l?:|h5 Il:::II.'-I;.?-
at — u'_:-l':"}f-ﬁ 'II:‘I:I.5 H-
PR
1ol Fr 3
g |
-1 I
-3 T :
i 5 11 L5 20 25 H a0 400
I
Bl 511 R (5.1.29) 88k E U
Al |
' — AR
JF
& 2
=

T o
E— ,-'"_'_L

- ] b 1 15 ol 20 Bl A0 i)
1

B 5.1.2 B (51.20) 8 8ol &t
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1.5 : :
o, (S5 =4
LF — LU= |
= -ﬂ.f'n'l
% 1
ol
& e ]
=
- -u_:'.f
1
i 5 W 15 M 25 30 35 40
d
B 513 #E (5.1.20) 8=t EYuE
1.5
r.l.E'IJ I"J“Hr’}
g — R 1
0.5
=]
HE {
El —U.:';-I'
i
z= -1
—1.5
—ak
—2.5

. i -J ]Ii:' ll:': zlu .!': :illb J-': 41k
f
B 5.1.4  $E (5.1.20) SP0HEE R ST
il 5.1.2  HLELL A PO op Eep a5 [ 4
((t) = —Dqlt) + Af(q(t)) + Bflalt — 7(t)))

% +C [ (t— &) flgls))ds +w (5.1.30)

Lg(t) = (1) € Q" t & (—o.0)

A, glt) = z21(t) + 2ty z21(t) = z10(t) + z12(t)e, 22(t) = z201(t) + 220ty

FOR(EY) = galz0()) 4 galz20))0, ga(=008)) = (gua (20 (1)) a(z12()))7T, g2lz2(t)) =

1

(g (zan(t))} gz ()T, gualz) = gualz) = EE':-L+1 —lx—=1]), galx) =
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1

=1 oot = 088, Ky(t) = Ka(t)=e"", H

(lz+1| —|z-1

gaz ()

0.4+ 03— 057+ 0426 —0.7 + 0.7 — 0.67 + 0,14k
06— 041+ 0147+ 053 0.7+ 0.3+ 0.1+ 0.6x

. 0.77 4 0.1k 0.5 — 0.3 + 0.6 — 0.1 ]

0.7+ 025+ 0.6 —0.1+0.6: —0.37— 0.3k

| 0T+ 08 =067+ 03k 06+ 0.2 — 04y — 0.2k
| 04404+ 017+ 04x 06+ 0.4 —0.25 - 0.3k

30 | 08-020+035+406k
0 3|’ —0.3 + 0.82 4+ 0.97 — 0.4k

HHET, 5.0 ~ #ik 5.3 MOr, 3 H = = 0.8, I = diag{0.08,0.08},
Iy = diag{0.2,0.2}, th5E 5 H

[ 04403 —0.7+0.7 ] . ’ 0.5+ 0420 —0.6 + 0.14 ]
1 — y SA3 =

=06 —-04: 0.7+ 0.3 0,14+ 053 0.1+ 0.6e

| 0 05-03 g | 0T+0L 06-01
: 0.7 —01+06: | 0.24+0.6: —0.3—0.%

0.7+ 035 0.6+0.2:

) =
04+04: 06404

g L3 =

—06+03: —04—0.2
014+ 04 —0.2—-0.3

i MATLAB # i) YALMIP T H#, SR 7 205 A L
(5.1.2) 9 4~ml {7

o _ | 55993+ 0.00000  —0.6285 - 0.0774: ]
| 06285+ 00774 4.8672 — 0.0000 |
[ | 63474 0.0000:  —0.4742 03811 ]
© | —0.4731 4038020 5.7279 — 0.0000¢ |
v [3sa06r 0 ] [383034 0
Lo ssamo T | 00 381553
[ 38,4061 0| [ 383034 0
Vs = V=
|0 383780 |0 381553
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HSE R 5,11 07N, B DY oo 8oeh £ ) £% (5.1.30) B4 ME— i 1T e
FEW pty=t, T=10, MAFt=T, %

@=l{ﬂ.l=u

wit)

+oo
f K (s)pu(s 4 1)ds
0
pit)

EFEM 5,12 i (5.1.13) ~ 2 (5.1.15) BB,
[ MATLAB $fF 000 YALMIP T EE, a5 (5.1.16) f1 (5.1.17)
fry—~nl TR

1
=1+E{1.1=5

p_ | 194357 +0.0000: 02126 + 0.0620¢
Tl 02126 — 0.06200 19.5931 + 0000

0 10° x | 6.6733 + 0.00000  0.0576 — 0.0468:
N ' 0.0576 + 0.0468:  7.2681 + 0.0000;
B 10t | TATS2H0.00000  —0.0637 — 0.0210
| —0.0637 +0.0210:  7.0783 + 0.0000:

| 625246 0 ‘ﬂ:[ag.ﬁﬁas 0 ]

0 62,5990 0 56.4504
[ RR0.6687 0 | [ 705.7913 0
G]_ = ¥ G: = -
0 §37.3341 | 0 859.3705 |
[ 867.1242 0 [ 795.7303 0
{:;r_a, — . G.-] =
0 §23.9968 0 866.2646 |

HRAEER 5.1.2, WY TAHEERES (5.1.30) BT sl 2R p-FaEm,

B 5.1.5 ~ [E 5.1.8 fiiik 7 HAHME ¢i(t) = 6—12cos(t)+(5—12sin(0.5¢) )1+
Seos(0.28) 7 + 3sin(t)k, de(t) = 4sin(0.4t) + (5 — 10cos(0.5¢) ) + 4s8in{0.22t)7 +
4cos(the R AP0 ToSPEE SR (5.0.30) PU-~E0 4 AAREEELEE, Sk 1 B & P oo
e PR (5.1.30) iy S0 Ea e £,
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YT =
]T — i —ah |

T — — — — — —— — — — — — — — — — — — —

i‘

it

]
|

'-PII ]IIZ] '.".ILP -'F;II -th -JIU Gk
B 5.1.5 R (5.1.30) 85— 9 pdk ST
12

ol T
——

=E

i

Hhr

b

2

i

i

l—-.i_,-.d-—-F——l—
I
I
|
|
I
I
|
|
I
I
|
|
|
|
|
|
|
|
|
al

2

—ii

0 D ;;;.. ST —
5.6 U (5.1.30) 3 AR A UL

-.':l T T T T T

- I_'|'|r1r:1'ﬁh'1. '.-l':ﬂls.'-':.i"
1! g AT |4

=0
K |
5‘3 !
' |
ifm=—========= ===
1t
—2

0 10 20 :il:[] 10 50 i)
Bl 5.0.7 B8 (5.1.30) 3 =50 wR & Pt
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4 ' r

S r,llﬂfjmqu i
St — R [
a

a1 5 P
e _\_rl_IF_

0 10 20 40 40 ol )

B 508 8 (5.1.30) S PEAE AR R

5.2 v S R DU o EBE ] £ o 5 2 T R e

A% A R AT R R op A R e DY O R R AL £ e e )RR . AT R Y
7GR £3 ) 2% BB 43 B D P RO S S B R, i el O B R R T
o £ gy R e RS gt e SR e (B8 B 7 2 R A

5.2.1 #HREHEE
F R LA SR o S I DY oo S R A e R

( z cilt)g(t — 6(t) ) ( —d; (t)qit) + iﬂ'ij(ﬂfj{w{t”
=1

+memwhﬂw+mﬂm

J=1

+ 3 oyt gy () duw(t) (5.2.1)
f=1

Hh, t 20, qu(t) € Q RFEEFE § PHETIE, filgt) e @ £% i tahsx
RIS R G 6(t) (0 < 8(1) < &) R EHE, (1) (0 < 7(8) < 7) 2B
di{t) € B 2 RBGEERE, WL 0 < d < d(t) < 3 ay(t) € Q, by(1) € Q
il eylt) € @ A7 MEERE; J,(0) e Q 247 M A oyt .:;_.r( V) A AL
WEERE: wy(t) 2ERGERLIE (7] 2 0 IEH#RET0R (2.7, P) Lw 3Ll
fi iz ah.
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VYo H R LR EE R R (5.2.1) AR AT
gi(s) = dls). s € [—p,0] (5.2.2)
Hrp, o 78 (—p, 0] BREESET R H 0 = max{d, v}
5.2.2 EEfER

RTINS (5.2.1) IFEE PR, S AT BT R
% 5.2.1 FELEWHEL>006=12,- ,n) FESTFHE /e, §
fila) — fi(3)] = Lo — 3

B 5.2.2 FAEERES ;>0 (=12 n) FRHTHH .30

fMtz0H
|loij(E, o) = ot 5)| < 7wyl — 5

5.2.3 EFXECEMGIE

EMX 521 MBPHTIEE = =0, 77 w =0, 1 Ello(t) — o(f)]| < w i, Bl
A 2 R ‘

Ellq(t) —pt)|* < ¢

H qlt) = (), qe(t), - qu(t)T 0 p(t) = (po(t), palt), - opalt))T 43501
RV C BN 95 (5.2.1) FEVIEENE O(8) = (A1(t). dalt). -+ .o ()T H
wlt) = (), walt), -« o (INT TR E() Fm M, WIRRPY o S #L
ERREE (5.2.1) 2R HEREm.

LL o] 2 - e T S TR 2.

I 5.2.1  WH wit) = (w (), walt), - w,(t)T € B JE—5E LIE %
HE=E 28] (2,5, P) B/ n 70 BRIEEN, WF

E{[} h.r-{s}dw,-{sjlfn hj[ﬁ}di{"jiﬁ}} = E{fu h,-(s}h_.,-l[s}d{uu(sjl,wJ{s]},}
Hrb | {wg(s), wi(s)), = dys, 6 HIOCERYG b EERE, B b € LN = [0,1])

(i,7=1.2.--- .n).
SIE 5.2.2  # f(t).g(t) € Clla,b], @), WH

, 2 5 b
f F(s)g(s)ds| < f F(s)ds f F(8)]lg(s)[2ds

S 523 WabeQ(i=12-.-,n)lll{H

L 2 (i n
(zlafm) TN
=1 i=1
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5.2.4 FE#R
E 5.2.1  FEEGR 520 fEEE 522 R EET . R e A Al T

fi t
o 3 (2 [t (5 o+ St

te[haed 52,
+ Zi?lb;j(ﬂ}lz)dﬁ + — Z?Tu) =n< l (5.2.3)
i L Rt
WP s E R AL AR SR (5.2.1) A A EE.
MERR iR
0= s 3 (g [ 40 (@ Lo+ St
+ jz. x§.|h.-j{x}|ﬂ)ds + 2@1_ 3 ;leﬁﬁ,) (5.2.4)

FEEE G(E) ZEKIF (0,d;) F5 HiESm@Ee e, HY £ — d i GlE) —
oo, HASL (5.2.3) T

G(O) = sup Z(dl [ e "{d Eru |:‘+ZF|-L; (5)F
b VB S

tE[lac) o)
Tl 1
+ z:ﬂbﬂ-{snﬂ) ds + 5— ZTU) = (5.2.5)
j=1 — =1
B GE') = 3, WAFEE M ERE A >0 (A< € < dy ) e
7t 1 f’: - - - = i 1
GiA) = . o [y — At ] LE, 3 2+ IE y a
A IEbi:-:Ii-:IZ (E—ﬁ 0 ( ;lh{ﬂ}l ; et
+ ifﬁh,-jl:sﬂi)dﬁ— ! y T.I?.I) < ; (5.2.6)
=" 20— N =) "5

B q(t) = (qu(t)qelt)s - g™ B p(t) = (pa(t), palt),- - pa(£))T MU
AL MR (5.2.1) HEREBEA, HE o) = (d(t), @olt), - Lo ()T F0
@l(t) = (i (t),walt), L (B))T SrBENR (t) I p(t) PIRIGEFAE, WP o E bl
HIH S 8 (5.2.1) afLLRLE Ky
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‘i(“é“?' =2 eultuilt - ﬁtm) = ( — dy(t)uq(t) + Za.-,f (£)h; (o (1))
=1 J=
+Z£:ru £y (e (t — 7(t)) })
+ Z it (F) )dw; () (5.2.7)
i=1

Hf 20, ui(t) = qi(t) — palt); halus(t)) = Ffilge(t)) — filpa(t))s 00t us(t)) =
a(bog (E) — o (bopy (), FFH w(s) = (dn(s) vals) - o (s)TL thils) = di(s)—
wils) 23 (5.2.7) B w(t) BIFIE IR,

R (5.2.7) FIPHATRLL ofs 409 Ik 0 2] ¢ B4

w(t) =" I dil€)de ( ZC?J‘ T._; 5{[] )
f-:i{:s}e Ji dit)de Zc — d(8))ds

=1

f s .Iif}:lazﬂ 5))ds

p— Jo dilg)de b (& M (w;(f — 1 il
<[ S by () (¢ — (8)))d

=1

i "
+j|; e‘ﬂ’I'i‘f}‘lﬁZﬂﬂj(s,uj(sjjdu'J{s]

1=1
= L (t) + Lialt) + Lis(t) + Lia(2) + Lis(t) (5.2.8)
AHEFH H
lus (8)]* < 5(| L () + |Lia(t)* + |Lis(8)]* + [Lalt)* + |Ls(t)*)  (5.2.9)

A SR R L AR A

X = {ul{f] D [=o,00) % 12 = Q" |uy(t) = wi(t) . t € [~p,0],

"
. e (1] —
H. thi,';e §E|u=[!]| ﬂ}
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SE ul(t) £ X MiEECh

mn

lult)lx = sup Y Elu(t)]?

te|-o) |54

W X 5e & AL
EH—ET F (Fu)(t) = ((Friug (), (Faua) () (Faua (1) € X %
t € [—o,0] B, (Fa)(t) = wu(t); Bt =00, §

{Ru:}“} - I1I{t;] + I:E{t:l + I:.ﬂ{t::l + I:"I.{t::l + Izﬁ{t} (E'E'lﬂj

I+ T o P ik B i 3
B EPHTERS TR R F 7E [0,00) bryEESESE,
PR re B, Mk LR 2 20T

EY [(Fau)(t+r) = (Fu)(t)[* =0, r =0 (5.2.11)
i=1
P 5 Rk
Ez|f,jf+r It —=0,r=0 j=1,234 (5.2.12)

FHETEE Lo (t) 46 [0,00) bX0 MIEA S 1
B3 5.2.1 0] {3

T
Ezmsiﬂ‘ r) — Iis(t)|?
t== ]

T i n
— EZI 'j; o= Jo dilg)de (c-' [T dig)ag 1) Zﬂmlﬁs,uﬁ(ﬂ)dwﬂs}
i=

i=1
2

{4
_/ o I cfl{{}:iEZt‘i s, 1l 8))dw;(s)

2

S EPZ'_/ - “Em e ST e )Zﬂe-.i{-ﬂ,’{f'j[-ﬂz']dﬂ.l_j{rﬁ]
J=

2

+EEE‘/ L7 m"EZfi‘u ERTHEN GITNEY
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2
i 3

< EEZ_/ E—E.L (£ )dE (E—f,* di (£}dE _ :] (Zlﬂu s, IJ- ) ds
=1 U

it { o _ i =
+2£?Zf @ ?fi*'*i'ﬁlﬂ&(2|i-i,-j[#__ uj{.ﬂn) ds (5.2.13)
=] 1

i=1

HHEER, Sr =00, f

EZ [Lislt + 1) — Ls(B))F = 0 (5.2.14)

PR, 3 4o A1 0 5 e,
EFE 2 HE F(X) C
A FERE ult) € X, EIa:L (5.2.10) "I 4§

“EZl (Fu) = MEY quiﬂ Ze“z It |E (5.2.15)
i=1 | y=1 =
Rk, bt (5.2.05) v e o
EEF A <d, FafBd: Bt M, H
“Z}hl|ﬁﬁ£}9““” m—Zﬁﬂh?tH
€ Y e BN (0) = 3 e (0 (—8(0))| =0 (5.2.16)
i=] i=l1

S P 522 5|8 523 o[
Y Blla(t)
i=1
r t r 2
<M B( [ Tt Y ey ollugls - 6s)as
im1 S0 =1
2
< et ZE([ —daft- ‘]{lvf —daft- ’](Z leii(s)||u(s — *f}]l|) Ll.r-;)
0

I d_ fdgit—s I -
< e ZE(d—f el 1jzl|f_-,-j|:.qj||2;|uj|;.q-a[s}jﬁds) (5.2.17)
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EEH, Mt = oo B/t —8(t) = oo Mt —7(t) = oo K, BFFEER
e 0, FE—PTIEHM T >0, 8¢ >T 0, Fli= A5 E80 T

i T
et Z Elu(t)]* < ¢

e ef"z_m (t — ()2 < e (5.2.18)

"“EElu{t—r )|? < et

BRI,

A Z Eij’,-z{t]l
1

i

|2
1;
ﬂ:c"‘”ZE(r / e dti- "]Elc‘u{ﬂ Z|u |2ds)
-' il
T ﬂ[t‘ . . N - )
+eMYE (F f Tt Y™ ey () 3 fuylo - a{sm-ds)
AT =1 i=1
< sup {c’“"“"‘““”ﬁ D> lusls tﬂ:s:l}lz}
i=1
AT
KE dé: f pldi=At- slzlfu |d€

i

T Md

feX

f —idi—Ale- "]Zku{s}ﬁda (5.2.19)

¢ n -

5 i —(di=A)(1-2) (s12ds — . a2 e

B Jim | o Zlh‘u{s]l ds = — _M%Z;md(m A .
J= i j=

e, 25 ¢ — 0o B, 15

"

e™ ZE-‘

i=1

AT (5.2.19) A0dE AL, FIMFEE 5.2.0 afRUIEE]L %t - oo B,

a
Ia(t)] =0 (5.2.20)
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i @
MY E|Ls(t)
i=1
" n 1 T Tl
= sup r_-"""-‘u‘z:Iu_,-[sjll2 E?f 1:*'{"'—""”“'"]Ziﬂﬂ-q[s}l:ds
sE[0,T] =1 =] om0 =1
+:Z f L *]zi g (8)[*ds — 0 (5.2.21)
= i=1
T 2_
c“ZE|L.l{1‘}| sp { Ale— T{H”EZ|H (s = 7(s)) }
=1 F“?Tq

"”f e (M=) § b, (5)2ds
i=1
t EAT
+E; 4
g 3 521 F{EE 522 0], ¢ = oc B, H

i 2 i + ) e 2
MY E Im[fj| gn“zg(f e JomiEey ﬁuis.uj[s})ldwuis})
im=1 jm=1 U jml

| 1
f e MU= 7 2 (s)|2ds 0 (5.2.22)

n

T t <
= g™ Ef e~ 20 dilg)e Whals ug(s))] ] ds
; i 2 sils.uy

=1
< 8 As g - pi2di=A)(t-T)
R Rl Mok
T le. Edu—,h 0 (5.2.23)
i=1 j= —_

o (5.2.16) flal (5.2.20) ~ X (5.2.23) 73, Mt — oo W, FH

eMEY T |(Fau)(#)|* — 0 (5.2.24)

EEWE F(X)C X,

ARE 3 AEMETER TR R FUAC) R [0, 00) b0 He #e Bk i

PR ult), v(t) e X, Mt € [—p, o0} 1, ult) = v(t) = (). B (5.2.10)
Al {3
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i a
Z E|(Fus)(t) - (Fuv)(8)|
2
425(_/ gle” I di [EJ"EZ (&) ug(s — 8(s)) — v;(s — 8 5}]||d3)
i=1
il 2
i -'lzﬂ(f e~ S HIEMEN " i (s)|hy(uy(s)) — ﬁ.f(l’j(ﬂlllf'ﬁ)
1=1 a =1
i & 1 2
+4ZF_‘(] - f,,'-i.[EchEZh,-_r-[,w}w_r-[u_i;[.ﬁ*—T{ﬁ]]l] hilvi(s —1(s))) |r|f-ﬁ>
im] u gml
f i m 2
+4Z£( [ ”'[E]"EZI-A?@;LH-H;[#H—ﬂ-;(ﬂ-?aliﬂ]ldw;{ﬂ) (5.2.25)
1=1 L =1

5 EiddEFR, H

2

ZE| Fa)(t) — (Fv)(t)

T L
{'_IZE( le.{.. diit H:IZ|f:1j|::.€::||22|11.j[r.‘i—ﬁ[.? vils —d(=))|" f]ﬁ:)
i =l i=1

L)

t T fi
+ 42 E (dz ﬁ —dift—s) Z} HENBIE Zl: I (s) — -z-_,-{s]Fcls)
A= y=
' dZE( DY Bl () D s 7(5)) vy ﬂ:s;:nﬂds)
i=1 §=1 =1
| JZE( e ]Z’Tu E | (8) = wy(s) lidﬂ) (5.2.26)
=1 §

(5, 7

sup ZE|EEH4JH) - (Ff't-';}{f}r

sE|—g o i—1

<4 sup {Z E|u.-{H] — vi(8) 2} b (%f e Q=) (EEZ e (s)]®

sE[—po0)
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FIHI (5.25) oJf, HTEHHE =20, FH
1 (u(®) = F@)l < gllutt) - @) (5.2.28)

R, EEFIE N FIX) [0, 00) b0 HE SRk
RE 4 ERA Y CEREHLIREE A (5.2.1) RELT R E .
AW 3 bR Rt ERE R, P OB AME—Ash ulf), #H w(t) 2

A4 (5.2.3) H— M8, JEEL lim eMEﬂuf{tn = 0. FEit, RHIEH &5

i=1

(5.2.3) AOME— B8 wit) fEE T INEE T2 000 ).
M (5.2.8) f1 EikdES, BE

S Elu(n]? <5y E (e‘ztd"'|t;l',-|:ﬂ]| - Zc,-j [nj-a,-'.uj{—ﬁ{mjn
i=1 i=1 =

(Eflfu g Liltmslg er” s)|? thj F—0 }|2c1';)
+ Eri E(ﬁ_rl fE pduit=s) Z 13]ag (s)* Z |u1{5}|”da)

(dl/ e dlt- ”]ZEE|EJU{£| Z|u. s—Tls 21:1:=r)

(f e~ 2dult—s) ZT—U Z (s *dﬁ) (5.2.20)

i=1
. 1 T 2
MTEER R e = 0, BFEE w < (— - n) gf &1&5{ (H_,-Z:.: |ﬁ_.-{m|) }
P I o,
T ik B 2 ME R ZEl;.-h,-(i]F < w B, BLTFASERRN AT
i=1

N Elw(t)f<e t=0 (5.2.30)

e b W RE A S A RE, WL fEFE— T EdE T = 0, i1
S Elu(T*)F =« (5.2.31)
i=1
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H

i
> Ew(t) <e, te[-0T) (5.2.32)
|

ik (5.2.20) fI5 (5.2.32) AT49

z " 2
: ik i ] : [ =
;Elu.(T JI” <5 max { (1 + ; |r3¢;,|[ﬂj||) }u.i‘ + 5ns < = (5.2.33)
x5 (5281 FIE. W, #

S Eh(t)f <e t 20 (5.2.34)

i=1

S PO T BEY MR SR (5.2.1) RBHERER. B

i 5.2,1  MERL 5.2.1 WHREMEEFE el HI, B 5.2.1 X T2 S pL e £ )
IS S R AL PR Y R 2 1 Y.

I 5.2.2  HAEERGL AR, PYocHEEHL e AR (5.2.1) T LATEI{k R

d (EI:'{” - Zﬂe;'{”ﬁ’j” — 5“]]‘)

=1

— ( — di{t)gi(t) + Z ai;(t) filq;(t))

+ E b (E) (g (t —7(E))) + };[f])l'lt (5.2.35)
a=1
b, 2520 (5.2.35) M) FECE T, o0 (5.2.35) aTRAf{E A

d (mit} =) eqaylt - a{m) = ( — digi(t) + Y agfila;(t)
i=1

i=1

+ ) biifilay(t = (1)) + J,-) At (5.2.36)

a=1

SE LT EE S e H A A)

. {‘ff{t} [-0.00) X 2= Q"|ui(t) = $ult), t € [~0,0] H lim 3" Ju(t)| = ”}
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HH wit) BEEE LT

|lu(t)||x = sup Z |1e; [ #

h: —8.0e)

I i et S |
ot F 2 (5.2.35) fI= (5.2.36), 7§ FHIESHE.
HEif 5.2.1  fE{EE 520 FBM R, WIBLLF A R

Ll

i n
sup Z[ "_ii'_"}(t‘-’ezwa[ﬁ}l
i =1

tE [ o) i—1
+ ) lilai ()] 4> blbig (S}I)ds <1 (5.2.37)
=1 i=1

W= (5.2.35) B
it 5.2.2  {EHR 521 FIF R, mBLUF ASEA

Z (u’ Z|cq| + ZI |y | + EE |bu|) <1 (5.2.38)

i=1 i=l =1
M= (5.2.36) & fEER.
5.2.5 H{ERH

T~ Ty 3 e A {9 5 5 5 2L Y L R A A R
i 5.2.1 HRELUTF RGN h r RE  P nH EEA 2  £R

d‘ (q:“':l - ZUEJ.{L:J?J{L - 5[.”}) - ( q‘l.“' + Z ﬂ'z_.' .lr_;l E.|!'J ”

+Zf;,j Vst —7(8))) + Ji(t ]-)dt

3 o 6 1))y 1 (5.2.39)

=1

{2 v PU so R A e M58 (5.2.39) B ESIT:
a(t) = 0.1 + 0.05) sin(7t)], T(t) = 0.02 + 0.01] cos(0.9¢)|

Jilguit)) = 0.00 tanh{gy (). falga(t)) = 0.03 tanh{g(t))
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e (t) = 0.02sin(t) — 0,01 cos(t) — 0.03sin(t)y + 0.01 cos(t )&
e12(t) = 0.03 cos(f) + 0.02 cos(t)r + 0.013 sin(t)7 — 0.015sin(t)x
eo1(t) = —0.02cos(t) + 0,01 cos(t): + 0.013 sin(#)7 — 0.01 sin{t)x

cos(t) = 0015 cos(t) + 0.013 cos(#)e + 0.021 sin(#) 5 — 0,016 sin(#) s

0.05 0.1
() = 0.3 —
1+ 212 (1) 6+ 712

I'j].“_] = D.]. +

aq(t) = 0,017 cos(t) — 0.02 cos(t)r — 0.012 sin(t); + 0.014 sin(f)x
apz(t) = 0012 cos(t) + 0013 cos(t)e + 0.014 sin(t)y — 0.011 sin{t)x
ag (1) = 0.013 cos(t) + 0.019 cos(t)r 4+ 0,011 sin{t); — 0.017 sin(t )k
aga(t) = 0.021 cos(t) + 0013 cos(t)e + 0.019sin(t)y — 0.014 sin{t)x
by () = 0.019cos(t) — 0.014 cos(f)e + 0.012sin(t)y — 0,021 sin(t )k
bia(t) = 0,017 cos(t) + 0.015 cos(t)r — 0.01 sin(t)y — 0.017 sin(t )&
bay () = 0.014 cos(t) + 0.015cos(#)r + 0.016sin(f)y — 0.014 sin(t )k
2(t) = 0.015 cos(t) + 0.017 cos(t)r — 0.019sin(t)y — 0.012sin(f)x
Ji(t) = 0.318in(2¢) + 0,12 cos(t)r — 0.13sin(t)y + 0.5sin(0.9¢ )&
Jolt) = —0.12cos(38) + 0.1 cos(t)e + 0.2cos(28) 7 + 0.3sin(t)x
gt g (1)) = 0.03q.(t), Tra(t, ga(t)) = —0.02gs(t)
gar(t. () = 0.0Lq (), @aalt, qalt)) = —0.03qa(t)

HERBB, PR At) MBS § = 0.5, BRI S0 MBS 7 = 0003,
F R S R E I 0 B R dy = 0.1, dy = 0,283 f1 dy = 0.15, 42 = 0.3.

FhEE, Wi 5.2 A 5.2.2 L, B L =001, 1 =003, ™y =
0.03, mp =002, 75y = 0.01, 79 = 0.03. ]ﬁlillﬂ1 H

i i i i
1 —dy (s
EE’?}:I‘}Z(E[J = fZlcu l*+Zﬁluﬁt~n*+Zf?”’-‘i{“‘”z)‘“
=1 = j=1 j=1

i
) = (L0169 <
—j ]

1
Eu’
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EE s, MR 5.2.1 AT, PO o SRR e SR (5.2.30) R R,

B P e S LR R 2R (5.2.39) BT E{E R GREUIIG R 0F gi(s) =
0.4 4 0.261 + 0.055 — 0.01&, gals) = 0.97 — 0.24¢ + 0045 + 0.023x%, pi(s) = 0.5+
0.11 + 0,025 + 0.03k, pa(s) = 0.95 — 0.321 + 0.017 — 012k, K, 5 € [-0.15,0].
B 521 ~ B 524 8 w(t) = qu(f) — po(8) 7 wa(t) = gu(t) — pa(8) BITARE L
b, JZ L EHIE T PO oo BB AL £E )5S (5.2.39) [ERSE 1.

0,04 : : :
(PR — A
0.02 [,‘ - === g A —ER A
& Dfp "==eeeeoie-iama
=
ooz b
i
= 0
% 0.6
F —0.08
—.1F
B e ———
0 10 20 30 40 5 G0 TOOOS0 90 100
¢
B 5,21 wa(t) 31 ougl(t) B4
wg [ )0 54 | -
""" ﬂ_:-[”n":.lm i 1) i
i.':-»."
B

iy [ ) F | 0I5

0 10 HO30 40 B0 G0 TD S0 900 100

t
B 5.2.2 uplt) Hi uzit) B
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6.1 O T e B LS M 2% Mittag-Lefller 258 M

AW I S A S {7 e A e S R U TR AR SR 2 R Mittag-
Leffler FasEE. FCFH 43 125 7 72046 40 e P9 oG Bl 28 ) 28 4 B R PO 1~ s H Y.
T M- FE R AR S a0, e 3 e DU oo i 3 1o 8 1 8 o (1) 77 FE M — 1]
5. Mt Lyapunov JriE#HVGEER R, B M T# G0/ Mittag-
Leffler fi e P40, S T $0E =0 36 1F iy 1595 LA 2.

6.1.1 $EENEE
A (B — 35 o S DY o S e P A B A

Dz, (t) = —¢,z,(1 +Zum_,|"q (2,()) + (6.1.1)

p=1
Homii s
D:(t) = —Cz(t) + Af(z(t)) + L (6.1.2)

EE[:' v £ (0,1 t} = |z T} Eg( :I ,31;,“‘”1— = 'ﬂ'", E.",.{T-}l ﬁﬁ% n ’T‘#ﬁ
J’EET«HEEE t =0 C = diag{e), e, e} € B FE0R BRI S U B,
ey > A= {ﬂpr.l}ﬂ::{n € g Eﬁﬁﬁﬁﬁ"[ﬂg L= (s, --- )T e Qr Foow
SRERRARL f2(1)) = (filz(8), falze(t)), - fu(2 (D))" € Q" FORBUTR RS,
.|F ["r.l{ )] Foon 1 P0G B AR 2R A ) {5 e B

folz,) = max{0, zf} - 'ama:-:{[]_.z;} + ymax{0, z;f} + xmax{0, ::f (6G.1.3)

H, g =2l az] 2] +r2) H 2 20,2028 e R, g=1,2,
s FtER

z(0) = zp € Q" (6.1.4)

Hod, 2y = 28(0) + 227(0) + 927 (0) + kz®(0).
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6.1.2 EEEEZF5(E

I 6.1.1 ¥ f(z) = R 4 af (2 4 g/ (2T + kR (2R e @, H
i, f;f{z;’} = max{0, :,:"'}} f;{a,;]l = max{(), :f:;} f (2 I]l = max{(, r:} _ff{..fu
ma:-:{ll:f}[‘:l' =1,2,--,n), MITALE 7, 28, 7, h‘; RS- L= L o |
R A B

IFR(2®) — fR(ER)) < |27 - 20 (6.1.5)

F1) = FED < | = 2 (6.1.6)
) = FED < T -2 (6.1.7)
[FER) = FREN) < 25 - 25 (6.1.8)

Iflz) = F2) < ll=— 2| (6.1.9)

flz) = FIZ)Af(z) — f(2) < (2 — 2)" Az — 2) (6.1.10)

Ferp, A AR IR AT M e .

WERR il B EE, A AAEE AL (6.1.5)~ 2 (6.1.8) mior. M, HEIEH
T (6.1.9) ~ 2 (6.1.10) AL ETH.

Woz= (2,22, 2,0, E= (5,5, 5,7, A =diag{A;, Ay, -+ A}, H
oA, =0,g=1,2,--- . n, MHK (6.1.5) ~ X (6.1.8) o]

(FTE") = FREDD + (17 (2T = F1ED)?
+ () = FIEDD (55 ) = FRER)D
< (|28 =252+ (12 =22+ (127 = 27 + (12" - 2N
X5 (6.1.9) i, ML, 8
(flz) = F2))"A(f(z) — f(2))

—Ejdmuu — [z

r.|l_

= E Aglzg = Z*
=1
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=(z— )" A(z - Z)

AlEn, = (6.1.10) REAF. GEEE.

AR (6.1.2) #E{T 4.

W z(t) = 2 ezl gl e, fl2) = AR (2T o (27 ) 4 af R (2R),
A= AR pad! 4 347 4+ kAN, L= L7 4 oL" L7 + s L%, IR (6.1.2) 47 EH
[ D°z%(t) = —C= II )+ ARFRR ) — AT ()

T(t)) = AR RN () 4 LT

D2l (t) = =C2'(t) + AR fI (1 (1)) + AT fR(5(2))

+ AT R ) = AR )+ L
4 (G.1.11)
D(t) = ~C2'(t) + AT (2 () — ATFE (R (1)

+ AT fRER() + AR () + L
D25 (t) = —C2™(t) + AT RN () + AT (2T (1)

— A7) + AR PR R ) + LF

]

%4 C = diag{C.C,C.CY, Z(E) = (27", (2" (0" (=7 ()", (25 )™,
f'[fii]']= RN P T, f“r{E“r{t}]l}TJf“[zH{ﬂIJ} )T, L=[{L o,
(LN L) (L )T, B

[ AR g 4T —AK ]

R Al AR _ K A

A= AT AK 4R gt
| AR —-AT A AR

M=% (6.1.11) |
Do Z(t) = ~CZ(t)+ Af(Z(t)) + L (6.1.12)
EM 6.1.1 WEFEREE 2 = (27,23, 207 HEE

O+ A4+ L =0 (6.1.13)

W FR Y (6.1.2) frP 47
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EM 6.1.2 WURAEE = IERE H, NG, ERERE (6.1.2) BL x5 R
{EFAT B =() il

I2() = "] < Hllzo — =" (Eal-2t"))", £ 2 0

MFRELR (6.1.2) AT F#T S 2* 24 R Mittag-Leffler g 1),
SIE 6.1.2 i V(1) &5 LTE [0, 40c) bBMESLE S, Hile

D*V(t) £ =AV (1)
Hep 0< o< 1; A R—IEEE, WA
Vit) € VID)E(—At"), t = 0

I 6.1.3 HHEFE A= (a,)nw. FEHEHER ER o EiEIEEr, 1) A 2
e M-HEE Y ALY BL RS R o
(1) #FE A FIATE 7R IR
(2) FEBE A EIFERER, BVERE A A —AEREE A S aE R L
(3) HEFE A P RTE A oo AR R, JF B — e MEEE © = diag{d,,
by, oo 0, ) 1H1F A6 IR AT SR, B

ﬂ;..']'.l'H;r.l = Z |r'Ii|'-".|'|H‘|“ p= 112.‘. cam
0=1.q¥p
(4) W A frEM MaoFEA2IEE, i HEEESAEE @ = diag{d,,
fa, - 0, } 513 04 =R A0 SR, B

(g, = Z Boltpgl. g =1,2,--- . n

P=1,p#Fq

6.1.3 FTELR

RTAEH £S5 (6.1.12) PG ErE P, AT LU R
% 6.1.1  HEE C — |A| 2 ES R MR

fi% 6.1.2 4 B=C—|A, W B+ BT £—IEw R M-HER

ETE 6.1.1 WS 6.1 BT, W RS (6.1.12) FE7ERE— Ty T

F 6.1.1  HRARRAEE R, 2 6.0 fEH 6.1.2 FEIE
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A RE (6.1.12) BTSSR 20 = (2207 (2207 (22T (Z275yT i
W H(t) = Z(1) — Z*, H4 (6.1.12) o] LLE{E R

D*H{t) = ~CH(t) + AF(H(t)) (6.1.14)

Serh, H(8) = (h™ ()T, (BT )T (T () (W (0)")T: F(H (1) = FH()+2°) -
F(2*) = (RN, F (RN, (B (0 (0T, (PR 05 (0)7)"; 161 C &
A W LR (6.1.12) .

B 6.1.3  (EE 6.1.1 BLHIKNE T, WRIEEEHE p, 08 FAS
bW AT

AI N IE-:':EH {EFP Z F_l (lﬂi'”.l'l + |ﬂf | + |r11-'r|'| + |ui|:"':l'|)

g=1

_ Z.r?(lﬂ-wl + I:I | + |n.w| + |u.,“,|j} = ) (6.1.15)

gl

WEEAE (6.1.2) By s 42 R Mittag-Lefller F2 52 0.
MR FHEWF Lyapunov pRE:

1

Vi) = Z' (hB(t))® Z HO)

p=1

Tl ]_
—(h7(t h“ 1.1
+;2E +Z (6.1.16)

p=1

AT RS (6.1.14) B TEE V) 1) o B Caputo T4, 0775
I}ﬂ‘;{t}

" o o
=Zjﬂ” (1 (1)) +Z D im}f+Zl§;-ﬂ=mgmf+g;iﬂr.{,lf[,j}_
p= - p

< Z RS0 DR8] + E [ (£ D B ()]

e 1

+Z|h )| D[k I}|+Z|h ()| D[R (1)

p=1

< ZIhfliﬂlﬁaﬂ(hf{t}lD”{hf{fﬂ +E [ (1) [sen(hg (£)) D (hy ()

pel
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)

+ 3 B (B sgn(h;) (1) D" (b E By () |sgn (R (£)) D" (B ()

p=I1

ZH: |sen .Fr a‘]n]l(—f h —|—Er1MF” hlr th Zﬂf FJ .i'r

p=1 =1

_z ﬁ'f.' rf Eﬂ“hﬁhhh' )
I Zlfa:,tmsgumitzl'}( o) + S al EL(RA(1) 4 Zuq Fhg (¢

=1 a=1

T Z ﬂﬂr.er } o Z "'Ipr.' -? )

+Z|h;:{t}|a;gn{hjf{t]lj( cphd (1 +Zu”F (R = al FE(RE ()

p=1 g=1 =1

L}
+ ZHTJJ'FT“"”H )+ Z Tpq -7 )
a=1

g=1

+ Z |h t)|sgn( hf‘-l[t}]l( —¢c h )+ Z fr,:f:,}'_"rr hq (t)) + Z r:;,rﬁ}:[hi[’f]}

p=I1 aq=1 g=1

Za Fl(hlt Z al FF(RE(t )+Z|m ||k (8)
Zlhffﬂl(—ﬂplh |+Z|ﬂ-“|lh (t) I+Z|ﬂ,ﬂ,
pel
+ 2 lag, |l (1 )+Z|h {r}ll(—fﬂlh" |+Zlaﬁ'llh

=1

p=1

+ Z |apr,|||h {?}l + Z |H;|-_|r_|| |'rIH-{r::I| + E |ﬂpr,|||h )
=1
| Zlh,‘f{ﬂl( eplhl (£)] 4 Zla 11 ()] menhﬁ-

p=1 g=1 q=1

+ 3 lag |IE ()] + Z lafs |l ) + Z [y ()] ( — cp|h X (1)
q=1

=1
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i

) lafy |1 (E)] 4 Zlﬂ‘r |l (£)] 4 Zlﬂwll’I ()] ZIGFWH'rr )
g=1

p=1
— Z J'-' .iI.I.H _|_ ZZ |l!'!-j_"|||||ili- ||.IF1” | + Z Z |ﬂpq| FL i’]”h-d“_]l
p=1 p=1 gq=1 p=1 g=1
+ Z Z sty [ (E) | (£)] + Z Z |ak ||k E(2)] | R ()]
p=1 q= p=1 q=1
_Z el Rl +ZZ|;; Bty Bl ()] +ZZ|¢M [ (8)] BR8]
p=I1 =1 g=1 r=1 gq=1
+ ZZ | | ()] e ()] + ZZW‘ (1 ()11 (2)]
=1 g=1 p=1 g=1
=S G+ 30 S IR OO+ 30 3 kIR O )
p=I1 p=1 g=1 p=1 g=1
"'ZZ""w”h (t)l1hg |+ZZ|€!M||-'? )|y (t)]
=1 g=1 p=1 g=1
_Z el BE(1)) +ZZ|H B2 (1)) |l ¢ |+ZZ|;;M||h ()[R (1))
n=I1 p=1 g=1 r=1 g=1
+ZZ|'1W||J’1 (t)]1hy T}|+ZZ|ﬂhllhh NIk ()]
p=1 q=1 p=1 =1
i 0 I
=3 e (h() + ZE |aft ( (R (1)) + %{hf(t)}**)
=1 =1 g=1
n n Ir’ -1
p p -
+ DD lapl | - (1) + 5ch;{rn£)
=1 g=1 \
n n Ir’ -1
P 2 | Py dina
+ 20D lapal | ()" + EHLJEFH )
p=1 g=1 I'l., -
noomn -1
K2 R 2
+ZZ|uW|(_3w S u:n})
p=1 g=1

S SN 3 ST (—[F }f+§{fe-,ﬂ|:m*)

p=I1 =1 g=1
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.r_ i L
i ZZ| Uy ( : f{r ) E{hf(“}‘;)

p=1 g=
{
+zz|a | afT': (1) + gmmﬂ)
p=1 q=
Fa—
+ E Z [apa k%th;{rﬂ” + £ {tn”)
p=1 g=1
- EE::F (hl(t) +-:E:;§E:|upq (-——— ()? ——Lh [fJ}Q)
p=I1 p=1 g=1
+ Z z |um| ( hl,, (1))* g“&?{”]z)
p=1 g=1
i i I.‘ 1
. P . P
+ Z Z il | 3 (0" + Eth,;*mf)
[ —1
+ Z Z |umr ka':FL}f[f:'}z + g[hi{t}jz)
n=1 g=
— er .F;J-: ()% + ZZ |ﬂw ('“T hﬁ:'[”}?
p=1 p=1 g=
+ gy ()7 +ZEIH’ | 1) + Ll (1))
E =1 q 2m"
+Zzlﬂ'w (PT P ‘t {h- (£)) )
p=1 q=
1
+ZZI&”|(” (WX (1))* + {fz.,I )
p=1q
= —Zf (hf (#))* EZ(& |+ laty |+ laZy] + a2 (hE (1))
- P | - 5 Vit
p=1 q
+EZ (la 1+ laf | +|a?, |u,m) B n(1))?
=1 p=1

{hJII N

D)+ ZE (Iaft) + lafl + lazy) + la51) 5
I 1

r=1q

|"-::-
B
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Y (Iafh |+ lagy | + lag,| + lafy ) Sy (0)

q=1 p=1
T —1
=Y bl + ZZ (|a |+ lal,| + laZ,| + |aw|) (hd (1))
_r.l=] ]‘.I—J. = =1]
F 03 (Jelt]+ laly + laty + fa )2 Ll (1))
q=1 p=1
-1
P -
=S O + 23 (a1 + laly| + lag,| + lal]) £ (8 (0
p=1 p=1g=1
Fo .
#3057 (Jalt] + laly| + lady| + la) ) S (1)
qg=1 p=1

)

+ |“J>4:r| + |”’rm| + |”Jn’.'

= _Z (E-rIJ z,ﬂ '( o
p=1
Tl
_ Z P(l“‘upl + |.r.1lw| + ||:'L | + |r1w|)) %[hf[f‘]}i

7=1

—Z(ﬂw Zﬂ '(lafy| + lafy| + laj,| + |afy])

r=1

=3 p(laf + lagy| +lag | + |uf,,,|)) SR (0))
qml
—Z(.-{.‘p z.l':" ( I,,|.|'|'|'lf"!-*r |+|l1 |+||:IW)

p=1

Tl 1

- Zﬂ( gl + lag,| + lag,] + lag, ))E(h;’[ﬂ}z
q=1

_Z(Erﬂ zlﬂ I( ;|'.lr|l|+|ﬂ';|+|ﬂ' |+|a;|'.l|3l)

p=1

! 1 ) .
o Z p(lar,lpl + |ﬂ' | + |I5I! | + |ﬂ'r,|;|'.l )) E“IJ.:L {t]l:lg
q=1

—AZ (Bt —AZ (hl(t)

=1 p=1
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n il

— z %[h}f{t}]? — X E é{hf[t]f

=1 p=1
— V() (6.1.17)
T
Vit) = im TR + i[h‘r}'”{h‘}+_1[h"}'1'{h"]|+ iqh*“ R
2 2 2 2
lIIH t)]I* (6.1.18)

Mt (6.1.17), 7% (6.1.18) F15| ¥ 6.1.2 133
[H®? < [[H0)]* Ea(=Mt®) (6.1.19)
£l
1Z2(t) — 2°|| < |20 — Z*||(Eal—211")) " (6.1.20)

s, fidlEE 2 6.1.2, AlHIRS (6.1.14) #F# S22 R Mittag-Lefller £252 /),
gl v (6.1.2) BIME— 1 2 s Mittag-Lefller 2520, UEHE.
ER 6.1.4 (EfEE 611 RarfsRt F mEFE N AEE Q = 0 f
— IR A, (EFRELF AR AT
2= |AR|QIAR|T + |AT|Q|AT|T + | A7|Q|AY T
+ JAT|QIAN T + 16Q 7" + 2X0y — 40 < 0 (6.1.21)

M ERY (6.1.2) B 5 2 4 R Mittag-Leffler £ 0.
MERA  CRTET ¥R, 4
AR A EN |AX|

Bi= i Bi= g = =

FREWF Lyapunov R4

Tl

Vit) = Zl hil(t +ng (t))?

p=1

Z ()% + Z {h"‘ (6.1.22)

=1 p=l
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AT RS (6.1.14) IR V) B o B Caputo S, 075

DVit)
T i ir)

Y ey + ZZmth” )R |+ZZ jal, [R5 ()] B ()]

p=1 p=1 g=1 =1 q=1
+ ZZ g, | [ () [ (£)] + Z Z lajs R (D[R ()]

p=1q=1 p=1 g=I1

i i)

_Z”, (h!(t) +ZZ|u (MGG +ZZ|¢;W||J¢ ()[R (2]

p=1 p=1 g=1 r=1 g=1
+ ZZ gl R (E S ()] + Z Z g ()] 1By ()]

p=1 g=1 =1 g=1

T i 1

=S G+ 30 S OO+ 303 ek I O o)

p=1 =1 g=1 =1 g=1
+ ZZ lapg | (RSN + DD Jaly b7 ()R (1)]

p=1q= p=1 q=1
- Z ey (8))* + Z Z Jag [y ()1 B (£)] + Z Z gl B (£)] 1By (2)]

p=1 p=1 g=1 p=1 g=1
+ZZIHWIIF= (B[R ()] +ZZ|u*‘*||h- ()| h )]

p=1 q= p=1 g=

L J_ EE] 1 i l i 1 .
2 ) s O+ 2D S0 + A2 Y S0+ A2 Y 5t (1))?
=1 =1 r=1 p=1
L l ! 1 7t 1 .
(Z S ()7 + ST+ 5y (6)° + > 5 by qt}'f)
p=1" r=1 p=1

— [RE[TCIRT] + BT By R S| + [RR VBT R + |hY T By k| + (B! [T By |h"|
+ BBV By b | + |0 | T B |RE| + |hT T By R | + BT B |RE

— [P CIRT] + BT By BT + (B[ BY B + BT Ba BT + BT By R
+ [R [T By h" |+ [R5 By || + [T Balh| + BT By B

— [BTCIR? | + |07 "By B | + | T BY || + BT Ba|nX| + |h5 | BT R
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+ || T Ba|hB| + |hE|TBIAT| + |h T By | + R BT R
— [RE|TC|RE + |RE T B W5 + |RE|TBTRE ] + W5 T Bk | + |BT | T BT R
+ |h5 T Ba|hY | + |RT|TBE|RE | + |hE| T By b T + R T BT B

Az A A

+ E[h”]‘“h” + %{h’}"‘"h’ + fua-f}Th-f + ?E{h""]Th“ — A V(#)

Ma
< (h®)T (HIQHT + BiQBY + BaQB] + BJQB] +4Q7" + 5y - C) KR

A
+ {h’)‘“(E]QEF + B2QBY + BsQBY + B,QBy +40Q 7' + ?"“'In — (:')h’

+ (AT (LHQB]" + ByQBY + B:QBY + ByQBT +4Q7' + %1[, - r:) B

+ {h“‘]‘]‘(ﬂlcgﬂ'," + B.QBY + B:QBY + ByQBY +4Q7' + i;’f.. {“) R

— V()
- %[f DHAMQIATT + [AYQAT" 4 |AT e ATT
+ |_4”|c,;=|.4f'f|T +16Q " + 2Ax0 — 4C)RF
Iihf IT1ARQIATT + AT QAT T + |AT|Q| AT
+ [ARIQIAK|T 4+ 16Q 7" + 22,0 — AC)R!
lmi}’f{mﬂ@m”ﬁ +1AMQIATT + |A71Q| A"

+ [AR|QIAN T +16Q " + 2Xa Iy — 4C) 1

+ %Lh"'J"'(Iﬂ”IQIA”I"' + AT QAT + AT QA Y
+ |AT|QIAR|T +16Q " + 220, — 4C)RE — AV (1) (6.1.23)
T
DV(t) %[h”ﬂﬂhﬁ‘ l{h*)’fﬂhi’ + %[h"’}TﬂhJ

1
+ (BT RRS = V()

.p

< — MV (6.1.24)
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)
V(E) = SRR (R) + S (0T + (7)) + S (0T ()
= SIHOI (6.1.25)
A4
IH(E)I? < [|HO)I Ea(~Aat™) (6.1.26)
Eu
12(8) ~ 2°1 < 120 - 2°1(Ea~Aot"))? (61,27

Mz, H4E Q3 6.1.2, TTHIREE (6.1.14) P78 S22/ Mittag-Leffler 25 1),
g R IR ER (6.1.2) fyE—Fi SRR Mittag-Leffler FER]. 1EEE.
EE 6.1.5 {E{EIE 6.1.1 TS T, LT &0

Az 1= 1%1:?1%1:?{2@} LA max () = 0 (6.1.28)
:H':'EF"- "]"II:I.H.HIIH} = Inax {"'\'-rl'lﬂ.:l: [El}l AEIIHE(BE::IH -']‘!llmulze.'i]: -'}‘maxl::e'ij}'- ﬁ-
o B, |0 B
'9"‘_3',[' U_,eg. B o
R 0 B
By = =
B oo |V BT 0
hEy ! g iy
i B, =0 g, = 0 g, - 0 g - ] g 612 v

4R Mittag-Leffler £25E 1.
WERR EHBIE (M, —

—\ HLRMEE BB ML, ¥ B.BY

A E5) = 0
F W T Lyapunov
T

Vit) =

pel

Z (i)

&, = |A*I, — B,BT| (i = 1,2,3,4).
e E e, W A2 G2

+ E (hi(t))?

SE N
e B, Mam T
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Z (1) +Z (Rt (6.1.20)

A RS (6.1.14) MYEEE Vi B o B Caputo 54, ol #
DoV (2)

'l

< -3 clhfit +ZZ apn |[R gt ||h“u|+ZZ|a,.u||h (t)]1g (2)]

p=1 =1 g=1 r=1 g=1
e Tl T n
+3 S Cag REOIR @)+ el [BE)||RE (2]
=1 q=1 r=1 g=1
~ ch{hpn:r} + Z E lal Ikl (OIhL ()] + Z Z al [l [hE ()]
=1 p=1 g=1 =1 g=1
+ Z Z lal |IRE () W5 ()] + Z Z | [[R ()R (1)
=1 g=1 =1 g=1
i 1 i 1
IO Z |l (B[R] (0)] + S0 Jal || ()[R (t)]
p=1 p=1 q=1 p=1 g=1
+ ZZ o B ORE®] + 35 [alk || (#)] | 11 (2)]
p=1 gml =l gl
- E@{h (t))* + E Z g |02 (1) || R (£)] + Z Z g, [ (1)1 ()]
=1 ¢=1 p=1g=1
+ Z Z lal IRE () ||hl ()] + Z Z la ([R5 () |h R ()]
p=1 g=1 p=1 g=1

= —Z calRR(8))? + || T By [RE| + |R®| T BT |RE| + |h®|" By|h'| + |h'|T BY |RF|

p=1

+ |W| P By B |+ R By (R 4 R Ba k™ + RNV B R

- Z S(BLE)? + |BT "By R+ |R' T BT |AT| + [R'|T Ba|h®| + |07 T BT |n'|

p=1

+ |1 | Bs|n® | + W5 |TBY B | + |B|TBy k7| + |7 BT R
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i
— 3 e (1007 + (BT By R |+ |0 T BE R 4 B B b+ VB |
+ R | T B R + |WE[T BSR4+ || Ba Rt + [RY|T BT ||
FI
— 3 B () + B[V By B+ (BT B R+ BT Ba B |+ [T BY R

p=1

+ [R*| T Ba|h' |+ || By R + [R5 Ba kB + BT B R

< —ZLP PO = 3 ) = 3 e 0 = 3 ey 1)
=1 p=1 p=1

+ Amax(O1) (|71 + R TIRE]) + A (62) (1R [HF] + [ 1))
Auax(O3) (|AF[TBR] 4 11717} + A (O) (IR T1F| + [T 5]
M O0) (|7 | 4 | [ IRT]) + Armae(©2) (1T P11+ (B[R]
A (E3) (|1 [TI7)] + 15T IR} + Ausae (€3) (107 [T + ||| )
Mws(O1) (10717 4 B T1071) + A (62) (10717117 |+ 15T 1K)
Mona () (117" 117] 4 [T IRR]) + Ao (€0 (117 [T 17] + || )
M (O1) (| 7115+ [ TIAR ) + e (©2) (05T IR+ 17|17

+ Amic(O3) ([R5 TIRS] 4+ (1 T1H]) + A () (1RSI 4 (BR[|

< rl,h..m(ﬁ_?}(z{hﬁ}Thﬂ + 20k TR w2007 RT S 2(nE }Th“"') — min {2¢,}V(?)

< - (LE}'PJ,{EC } - 4ﬁ:.tn;{5})v[ﬂ

= — MVt (6.1.30)

i

3| =

Vit) = S(h") T (h") + %Ua’ )(RT) + %[h"}"'{h"l
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+ TS = Sl (6.1.31)
AJ i
IH{t)]? < |H(0)||* Ea—Ast™) (6.1.32)
Bf
1Z(t) — Z*]| < 1 Z0 — Z*[| (Eal—Ast™))* (6.1.33)

W E 3 6.1.2, Bl ENREE (6.1.14) 09T 8] 5L 4 R Mittag-Leffler 2509,
SRR HTY (6.1.2) HIME— T 2 R Mittag-Leffler $25 /1. {EYE.

6.1.4 H{E=H
i 6.1.1  HFEWF 5 E P oo e e [ s R

D () = —~Cz(t) + Af(=(t)) + L (6.1.34)

Hrpa = 095; 2(t) = 2% + 2" + 327 + k2™ = (20(8), 207, € = diag(4, 4);
flz) = max{0, 2"} +rmax{0, 2" } + ymax{0, 2’ } +kmax{0, 2% L = (0.3-0.2:—
0.5+ 0.6k — 0.4 + 0.3 + 0.45 — 0.35)7; H,

—0.12 — 0.45: — 0.153 — 0.52x  —0.45 4+ 0.24: — 0.423 4+ 0.26k
—0.35 +0.15: — 0.213 + 0,16k —0.65 — 0.12: — 0.213 — 0.14%

A=

L, O — | A| BIFEE(E 2 1.7266, 4.7676, 4.1025, 3.9772, 3.9134, 3.3324,
3.5288, 3.5775. [Fik, € — |A| 2435 MR, HEEM 6.1.1, U RS
(6.1.34) A PE— 1

TR R (6.1.15), 2 (6.1.21) f1=k (6.1.28).

(1) % p=1, M X, = max{4.72, 448} = 4.72 = 0, kR (6.1.15) M7,

(2) 4 Q@ = diag{4,4}, Ay = 1, ] A1) = —0.8210, —8.4480, B} 17 < 0, Ak
i (6.1.21) WS,

(3) Amax(©1) = 04340, Ao (B2) = 0.2720, Ao (6) = 0.2624, Apan(©Gy) =
03085, M) Ay =2 % 4 — 4 % 0.4340 = 6.264 = 0, Bl (6.1.28) #iAE.

MER 6.1.3. FH 6.1.4 BUEH 6.1.5 nlE, #E (6.1.34) 090 i
2R Mittag-Leffler 8252 0). HUFIUENT 200 = 1.5 + 052 + 2.5 + 3.5k, 220 =
—1.5 — 0.5: — 2.57 — 3.5k AEE (6.1.34) FET0E, B 6.0 ~ B 614 85 T
T (6.1.34) PO~ 43 (AR A .
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€6 T

PO o 8 M2 Mittag-Leffler $2iE 1%

— =f{t)

- =)

(1], =)

0] L 2 ::i 1 ]
¢
611 R (6.1.34) AR ST
|I 1! “
1 R i)
\
H\
—01.5 ! L L !
0 | 2 4 5

a

fi

¢
fH 6.1.2  FER (6.1.34) 8 A mR s B

| ]

-
b

- \'\\E‘-\'——a_

L

— 5B

)] i

H 6.1.3

1
o
=

1
&
L

5

P (6.1.34) @5 =07k &Pk
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1

51t
=M

[B&}

0 e ————— -

=), 2801

0 i 2 3 3 5 ;
A
Bl 6.4 U (6.1.34) SOUR AR AL

6.2 HA ki 40 2 P s 22 I 4% Mittag-Leffler
fa s 1

AT T ILAT A0 B S o R Rk o A BB DU o B 2 R 42 R Mittag-
Leffler 25 . A U oo S e o4 25 pr S 2 47 o 3, ELE R F AT Tl i) 4
b Gronwall 4353, 5 0 25 0B £ o3 B i S0 oo B RS 190 S5 A o 2 () 9 A
A FR, HFAEFEA S AT Lyapunoy fE e, @ M-T# 05 R
Mittag-Leffler &5 509 70 o P4l S It ik 8 {81 = 00 S Gk i 15 445 42 A 47 2001k

6.2.1 AR
A R F BA o B SO 0P R B P o e Y S B R

CDEg(t) = —Dalt) + Af(g(t)) + Balg(y () + U, t # 7
Agime) = qlme) = qlm, ) = Jelglrg ), t =7

Wt 2, ke BT ={0,1,2,--- }; ~(t) B ST TEEHBEL () =0,
teld,0,0), ce M ={1,2-.}, 0, Hf—H[HEmLiyn, 3 e IE s
0,0 79 0 < 6.4 —0, <8 q(t) = (q(t),qa(t), - g (1))T € Qn RFRERICHIIRE
[, n AETCR TG flglt) = (Ala(t), falge(t)), -, fulga(t))) € Q" HI
glg(t)) = (glqu(t)), galga(t)), -+ gulgan ()T € Q" AMETHBMITHALE, D =
diag{dy,dz, - ,dy} € R™" AHE RGEEBHEF A 4 > 0; A = (0ij)nxn € Q7"
Fl B = (bijlnun € Qe HCVENAGEFERUEEE, U MRS A, Jo(g(r,)) N
Mhobiksh, b oo IR BEEL 0 < 1 = < o0, limpssn 7 = 400,
q(7, ) = lim, . ql(t), q(n) = ql(r,[) = lim, gl

(6.2.1)
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Bl (6.2.1) BWlGaRTE R

qlto) = o
o, gy A5G0 2,

6.2.2 EEHS

EN 6.2.1 MTEHETH = {n}, ke N, 3 PC.(RY, Q") £ —H4HiE
o H BA b i) BHES R L PR BT — Q" e PC(RY, Q")
R R

(1) o AT SN BAE ¢ =, BE| B ETE;

(2) o £ BT _EER 7 ZRE AR 202 200
Mdn, ¥ THHLEFEHN 0= {0} F r={n}, # r BHH p =700, Bir—%
sy BUES H H PC(RY, Q).

EM 6.2.2 WIRAEHEN qlte) =gy B BOESEEE qlt) = (q(t), qalt), - -
g (T BY — Qr G2 R

(1) g(t) € PC,;

(2) { Diqlt) € PC.:

(3) qt) £ [to, +o0) EIRLER (6.2.1).
e, BRibSr BrE S R BRI (6.2.1) MORR.

i 6.2.1 ML BRSBTS, R () R s, Ehm, Bk R
Fr R A R LR R A R SRR, R, DAE R BT
fy b e AU B AT A R R, SRR B, MRS H®
SR —EIE T RS R EE.

EM 6.2.3 WH —D§+ Af(§) + Bgl§) + U =0, FR J(§(r)) = 0, WFE
WP e @ AR (6.2.1) B9P#T L

EN 6.2.4 FPERY (6.2.1) BEWEE g FEERE qt), NRFEE =1
WM, N Fe,

lg(t) — dll < Mllgo — Gll[Ea{—Alt — to)™)]*

WFREC R (6.2.1) BT R ¢ A2 40k Mittag-Leffler F85ER].
EX 6.2.5 WRLLF AR
(1) Vit,v) B B Z S H AR 2R RS, BT EE w e @7, Vi, ,u) =
limm Vit,v), V(r, u) = lim  V(t,v), Vim.u) = Vir5 u);

[tw)—{T, u) {t, )= (7} u)
(2} V(t,u) 26T w R Lipschitz #EELM, H V(t,0) =0,
Mo, AV BT =xQr - RT BT @ #
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6.2.3 HEAEFE

Jo T BICHER (6.2.1) W4 Mittag-Leflor R452 1, 7 BT DL TR

Bk 6.2.1  BUFHEBL f() W g;(-) A FIFEL Lipschitz #10F, B FER
gi.g2 € Qo j =12, on, FEAPEEEMAER L = diag{ly. lp,-- 1.} 7
W = diag{w;, wa, -~ cw, }, 5

|filg) — Filge)| < Lilgr — g2

lgi(an) — gilg2)| < wilgr — g
fix 6.2.2 {FE— T E, = diag{en, ez, L enie}, EREMPR T J
Q" — Q" JEiE
Jelglm, ) = Byl )
Hdt ke Wt
B 6.2.3 HIHESHINE cdo+ (eh +op)(1+23a) (1 + 0B (MG EL (A,

gy < 1, Hrh, _
Hl':r
=TT O e fead)

M= JIEE-E:-{R {ﬂ-'i + 1 ; |”-j£|} . Ap = f_j};ﬁq_xn {Tﬂi;mﬂ}
6.2.4 HAEGHE
Jh 7UEB] 3 S I, g B A o B

S 6.2.1 i a(t) BAE & <t < T IR A e f e i d, 1)
Hbh=0, >0 3T t e[ty teyy), W g(t) e PC, f 20 FA2%K:

latell < alt) +1'f (t— )" gls)ds + > Billal=)l

t.r{fh gf

mj
lg(@)]| < a(t)(1 + BEL(bT(a)(t — to)* ) BB (a)(t — to)*)

Jeh, 8 = max{5,).
g|E 6.2.2 WMEHFTEAE Ve HIEH ve (0,1), p=0, {E
CPOV(tg) < —pV(t.q), t £ 7

Vit g+ Jelg)) < vVing .q)
Hep, t e [ty 00); € (0,1); k€ HF, 1]
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F“‘r'ﬁ'} = F”D.«"IﬂjErr{_H'{t - T-L:-}W]L i e [i‘-u, (}::l}

HANEGR qlts) = qo.
B 6.2.1 # Brouwer Ha g 8, F HIEHET (6.2.1) T8 = MATELE.

{ fLDpolt) = —Dolt) + Af(e(t)) + Bale(+(1))), t # 7

6.2.2
Ao(me) = olm) — olr, ) = Jelelr ) t=T ( :I

T, flolt)) = flelt) + d) — Fla): ale(t)) = ale(t) + ) — ald).

T AbEE S BRSO T RS TR R, WA Bl 5] B

I 6.2.3 {EMEE 6.2.1 ~ {Hi% 6.2.3 L% F, M THRA ¢ e B,
._'U'H'} = (EI{*LQ&HL'" :-E':-i'l:ﬂ}T 7t EGE” R, W

o(~ (I3 < nn?|lo(t)|1? (6.2.3)
Hop ) #38 np E30H
7 =1(1=(ha + (=X + ap) (1 + Xa)(1 + G EL(MF ) EL (A F)) !

WAl S o=  max  {|eq|}, BEBE 6.2.2 075

1€ignkedt

Wieloilmy N < oo )| (6.2.4)

Hep i=1,2-.. n
5 o € N, W= t € [8,,0,,) B, B2 8B #E4r (9 & 3L n] 1%

1 ! o = -
oi(t) = o;(0,) + o) fﬂ (£ — 5] (— dioi(s) + gﬂuh{gﬂﬁﬂ

+ Zlbijgj{gj[ﬂﬂ]})dﬁ_i_ﬂ Zﬁ J:'i.-'{E':i{"_.lc_:l}

P30 H 2 (L ROF0, e (6.2.4) RIS

et = Zly.tﬂl

< Jlel@ )l + > (ﬁ fﬂ (t—s)! ( — dilois) + > lag| file;(#))]
i=1 E j=1
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+ Z |bfj||§j|:£‘;ﬁwe}]'|)d5 + Z |JA-'[£*1'{TE:|}'|)
j=1

H‘_.{T;_ﬂi
1 i o ) 13
< [le(8,), + Fae) fg | (t —s) (Z (dl- +1, Z |u;.-|) |0:(s)|
+E ( Z I’aal) o6, }I)d* £ Y oot
i=1 &, =t

< llete )l + = }/ (t—s)*" (ZA |(5) |+ZA2|§¢ H}I)
+ Y alelw )l

@, <t
‘:"'1 t k— 1
< |lel@ )]y + =Az||el(d, oy /. (= 8)" " els)]1ds
+ 2 ale(ml (6.2.5)

i, < gt
H 5 # 6.2.1 f1af, (6.2.5) AT#
elt)y < (14 2A2)(1 + o B (A 8*))P Eo (M6 28 )14
K, p= 125&@{{&}1 o ERK S FERCTE] [6,, ) PAD-TEL SRR, A

lolm Ml < (14 ed2)(1 + o Eo (307))" Eq (M8} o(8.)]2
BIE, =5 ¢ € [8,,0,40) B, ATHF

leld )] < lle(t)]ls +=Azlo(8, )]s

!
N F’i‘;}fﬂ{t—ﬂ” Ye(s)lhds+ > etz

LR O |

< el + eAzlleld. )]

t
' f (t =811 4 eAa) (1 + o EL (MF )P EL (A8 o(8,)]|1ds

IMex)

t )0 YL+ o Ea (AT )P Ea (A F) 208

E < T ﬂf

< (g + (A +op)(1 +eXa) (1 + o B (Mf™))7 EL (M 07))] | 0(6,) ]
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+ [|el(t)]x (6.2.6)

H{E i 6.2.3 B0
a(8)] < nlle()]
LNIIEE]
loly(EN < nlle(t)l, (6.2.7)
Fm) i - (R ) BEER FC g, wT LA 3

Er)] 2 i
loll} = (Z IQ.-I) <ny ol = nlol3
i=1 i=1
] n e
lolld =" |ail* < (Z Ie':-l) = |lell}
i=1

=
lell3 < llellf < nllell3
le(v(ENIE < lle(ry(E)1F
P lle(t)|} < nn?llo(t)|3
R, RIS (6.2.7) AT
o ()13 < nn?|le(t)|3

BIs (6.2.3) BT, iFEE,
6.2.5 TEHER

ER 6.2.1 621 ~ Bk 6.2.3 UMFEET, o8 RSk,
(1) FEEIEEEME Q  Qm =, IEXAMAEH R, R, ¢ B FFE#H u = 0, {#
HLLE S akar, Bp

P — QD - DQ+ LE L+ np*WHW QA QB
AQ R, 0 | <0 (6.28)
B*Q 0 R

(2) fFTEHE v e (0,1], (1]
(I + E ) QU + Ey) — v < () (6.2.9)

MIEER (6.2.1) BFi 2 4R Mittag-Leffler 25 0.
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MERA IS Lyapunov eR &
V(t) = " (H)Qu(t), V(i) €O (6.2.10)
1t B, IR (6.2.2) B9ELEETHET V() B BB S H, r e
LDV < 0" (1)Q(—Dolt) + Af(e(t)) + Balo(v(1))))
+ (—Do(t) + Af(ol(t)) + Bilo(~(t))))* Qelt)
= 0" (t)(-QD — DQ)olt)
+a"()QAS (o(1) + f*(2(t)) A*Qalt)
+ 2" ()QBjle(v(t))) + " (e(+(1)) B* Qelt) (6.2.11)
APz R R 7 R., iR 6.2.1 A7
frlolt) Ry flo(t)) < o () LR Lo(t) (6.2.12)
grloly(t))) Reglo(y(t))) < o (v(1))W R W ol~(1)) (6.2.13)

BRAr A (6.2.11) ~ 2 (6.2.13), 7[{§
LDPVI(E) < o (1)(—QD — DQ)alt) + 0" (H)QAR " A*Qolt)
+ f*(e(t)) B f(olt)) + " (1)QBR; ' B*Qolt)
+ g (e(y(t) ) Ragle(~(1)))

< o' ()(—QD — DQ)o(t) + o' (1) QAR A" Qelt) + ¢* (t) LR, Loft)

+ o (QBR; B Qolt) + o' (v(t))W Ry Wol(~(t))
< o (1)(—QD — DQ + QAR 'A*Q + QBR; 'B*Q
+ LRy L)o(t) + o ({t) )W Ry W o( (1))

RS 3 6.2.1, Al (6.2.8) f15 (6.2.14) 743

(6.2.14)

CDPV(E) € ot (1)(—QD — DQ + QARTTATQ + QBR;'B*Q + LR, L)o(t)

+ a0t ()W R W a(t)

= 0" (t)(pQ — QD - DQ + QAR A*Q + QBR;'B*Q
+ LR L+ ny® W RW ) p(t) — po* (1)Qolt)
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= - po'(t)Qelt)
— V() (6.2.15)
Nt =7 B, BHEMF (6.2.9) AT
Vi) = 0" (m)Qolk)
= {o(ry ) + Erolry )" Qelry ) + Eralry )
= olr, ) (I + E)"Q(I + E)olr,)
= o(m )" (I + Ex)" QI + Ey) = vQ)o(r, )

+ vo(T, )V Qolr, )

< vVt ) (6.2.16)
s o ¥ 6.2.2, Ha0 (6.2.15) fIS (6.2.16) AT
Vi) < Vitg) Ea(—plf — 1)) (6.2.17)

HH A R B Lyapunov #8505 )
Auin (@) |2} < 2" (1)Qo(t) < Max (@) ()]

Wit
lat) — dll? < AL%} Vits) € Amas(Q)llg0 — 2 (6.2.18)
sl (6.2.17) #5 (6.2.18) 7]
late) — dli* < %uqﬂ GlPEL(—pt — to))
.
. llrlﬂx[{?j o] ni [ EL
lal(t) —gl| = mllﬂu — g Ea {—pl(t —ta)™))

HSE 5 6.2.4 R T (6.2.1) (9°Fi#% 22 R Mittag-Leffler 3252 1. IE5,
M F(t) =0, BUJC s BURT S i, R (6.2.1) iRk In R,

{5mwm=—ﬂﬂu+awmn+a L # 7

Aglme) = qlm) —qlr ) = Jelglr ), =T (6.2.19)

B TEIR (6.2.19), & FEAESE.
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fEie 6.2.1 7R 6.2.2 lOCRERSE T, WARGE R fi() A HAFELE
MR L= diag{ly. Do+ L} S0 THH qLg. e QA

|fila) — filgz)| £ Lila — a2

L, FF AL RS A
(1) fFFEIEREFRE Q e @, IEX AERE By € R™™ f p > 0 {15

pQ-QD—-DQ+ LI L QA

< 0
A} — Iy

(2) TELERE v e (0,1)

(I + Ey ) QU + Ey) — v < 0

WEERY (6.2.19) HF7 R 3 R Mittag-Lefller £25€ i),
MR (6.2.1) TP P IR, EE TGRS A,

CDRqt) = —Da(t) + Af(q(t)) + Bgla(v(t))) + U (6.2.20)

AP (6.2.20), 15 0SS .

e 6.2.2  7EME 6.2.1 BECRISRPE T, R E PSR Ak

(1) 2 + 2 (1 + =X EL (M F7) < 1

(2) FFEIEERE @ « QU , EXHMER Ry, R, e B LR p > 0, {#

13
u) — QD — DQ + LR L + nifWR,W QA QB
AQ R, 0 | =0
B 0 —H

WIEEAY (6.2.20) BTS2 4 Mittag-Leffler $252 0.
6.2.6 H{ERE
il 6.2.1 FERER (6.2.1) MSHEEDT:

filalt)) = fzlq(t)) = 0.1 tanh{g(t))

g1(g(t)) = g2(g(t)) = 0.2 tanh{g(t))
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{0156 + 0.302: 4+ 0.285) + 0311k 0.219 + 0.053¢ — 0.283) + 0.082x
| 0,089 — 01871 4 0.114) + 0.0965 0,170 + 0.0031 — 0.103; + 0,363

| 0.269 — 0.156: + 0.042) + 0.103k 0,142 + 0.111 + 0.0397 — 0.058k
0,054 + 0,092 00477 4+ 0.0025  —=0.078 + 0,217 + 0.145) + 0.152x

D— 03 0 - —(.1 0
0 0.5 0 =01

TR o = 0.95, S {E}}—— te M, {T;,}—— ke M*,

0.2 — 0.3 + 0.3y + 0.28
=0.1 4 0,20 + 0.4 4+ 0.2k

R T ST = e I AU o oo o {02 0
DR EAGH LR 621 H L = 0 oa W= 0 0o o B
2 Mk S R B 6.2.2. W AR, TR
f=02 E=L=GEEIE g=0.1, p=2
- Na+1) ' o

A = max 4d; +1; il p = 05797, o = iy bl p = 0.1012
] f:;g{ le} = { ZIJI}

Az + (eAr +op)(1+2A2) (1 + o EL (A 87)) Eq (X87) = 0.4958 < 1

B 2B 6.2.3 H n = 19832,
W op=01,r=09 #id MATLAB %8 YALMIP L E#, o bLit &
SRR A (6.2.8) A (6.2.9) H T ¥ —H 0] T ##:

0 - 5056 —0.905 — 0398 — 0.7257 + 1.169«
—0.905 + 0,398 + 0.7257 — 1.169x 100, 5000
12,8831 ] 8.1439 il
H]_ — 1 H? =
0 12,7887 0 0.3195

R, dEF 6.2.1 o, S8 (6.2.1) #9°F#5 5245 Mittag-Leffler 25
(17, B 6.2.1 ~ B 6.2.4 S THER (6.2.1) POk s, R ki
go=(—03+1Tr+167+04x, 19— 15— 037+ 1.8:)".
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2
il f)
Lif 1)
T
= g
.-".\_.
0.5 - r’/ '
.rl"
[r L L 1 1
i) 2 1 6 8 10

i

B 6.2.4 $RR (6.2.1) SEPUEE AR SE0E (7 B bz m)

A 6.2.2 P BURECE IS () B EEEEE, BR (6.2.1) WREE T L] AL
0, bR ARGt B, T RRPEIREN, fE 6.2.1 oA e R B
FFfE. [k, TR 6.2.0 S AT ko Sz R Y M e o H U 4 i AT
M. ek P Sz B R AR AN 6.2.5 ~ B 6.2.8 Fraw, e U0 S0 R Y
AEACi .

Ny g
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i A 10 15 20

{
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[ .l_|_'= [

o t)

HUR (6.2.1) F

11
i

Al AR A PR (S e R 1 )

15 0

2 , . |
L 'flll":l
1.5 !'.I 21t i
|
5 LT Iln. -
& e
= _
ot _
U.a“ I‘ |;* II?: 20
t
{627 A (6.2.1) BHBAIIREHIA GEBkIEN)
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o
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BTE HNx#HHEME Lagrange F2EM
& H-U f2=EM

7.1 IREEHE YL EEN S N EE Lagrange f2E M

AT SFE LA i e e R R TR S e ) PO MR e SR ) 42 ) Lagrange 25
. M fiE Lyapunov-Krasovskii i ¢, iz O thBUE R, @il
Lagrange 252 PEEEREH EEA S AHE, &5 S m S {85 R
k.

7.1.1 #EEHER
¥ et B AT I B RS I R D g e ) g R

@UJ=—ﬂ*;rli-f—i"]l+-‘ifl[t:f{i}3+Hf(tf{-ﬂ—T{£H}+C‘f Mals))ds+ 1 (7.1.1)

1—J:|I:_!:I

Heb glt) = (qu(t)qalt), - L ga(t))T € O FREEMERTE ¢ I RIR e oS
Fl, ¢ = 0; D = diag{d,. ds,--- .d,} € B"*" FHon HRBBEREEIER, 4, = 0
|:._]' = 1, E'IIIL :ﬂ.,lli _ﬂ:qtij'} = {IJEQI{t”:IE(QE{t”r'“ *ITI{QTI{I}J}T = 'IIH 'ﬁiﬁ
AR T(t) R R, p(t) RO A = (apg)exe € @7, B =
(Boglnxn € Q" H C = (epglnwn € Q" Wl FpEEBIERE . SRR M ESE
R [ F0 Ay A AR T = (N, Lo, - 1L) T € Q" Fa SRS AR &,
7.1.2 EAEEHGFIG|IE

R T ECHIA Lagrange BUE R BHE, afERET 0 R (EGE

g 7.1 RS () B ) SRR AR

Dr(t)<7, 0 p(t) S

Hodh, o A R
i 7.1.2  BUEEEL £ WE f(0)=0H

| filog) = filow)| < Loy — as)

;H:-I:Fl.. P = 1.,2.,"' 4 TE u& 1y ?él'.tg . fz' e “1 '%' L =diﬂg{|!1-1..12.."' .,E:"}.
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SIE 7.1 i V() e O(0,+o0), R), MIRTFER T EE o #1 3, 75

DVt < —aV(t)+ 3. t 20

o) 5
Vit)- = < (F[D) - —)e‘"‘. t=0

ir i}

7.1.3 TEER

EFE 7.0 EREE T R T2 R T, TSR ENE R A >0,
MRFEEATIEERRE Uy, U, Us, Gy, Qa, Qy € @™, N EUERE 5,, S,,
Wi, Wia, Wi, Waa, Wag, Way € Q@ e, LLEMIEI SR P, P, e B (&
(O O o o N o T

Wi Wi Wi
W= (W2, Wa Wil >0 (7.1.2)
Wiy Way Wi

H:{Hjj}]_'}(ll {ﬂ [:?13}

Horp, Iy = 105 1y = = @i D = D@y +aQy +0Qz + 7Wiy + Wi+ Wi + LA L
Iy = Wi — H'f].'1+ H"Eg: Hus = Qu“l: Iy = QIH: HIE = Q1GZ Hm =
DD — ool D Iy = (s Tlan = 7 Wy — Wy — Wiy + L L Iy = pQls — Fi;
Hj? = :"!.‘5"1'; H;m = :'1.*5';; H.i_] = —Pg; H.ﬁ" = B‘S;: H4ﬂ = E‘EE: H[.5 =
—I.T-IF

p Qa; Mgz = C°5Y; Iss = C* 85 g = aDCH D — 5 (o Hgr = —DQy;
MTga = =D Dy g = 1€ Way — 5, = 87; Ilys = =5,D = 53 70 = 5y;
Hge = =80 — D853 gy = S g = —U: g0 = —Uss I 1 = —Us: K
M =0, MEEE(T.1.1) Lagrange 3085 ) LES

o o

(7.1.4)

1
ity + U+ U.-;]-’) 7 ; D
R=<xre" S
{.-r Q" [ =]l ( A (01 ¢

bR (71.1) B R S| AT
MEBA ST Lyapunov-Krasovskii 12 68:

Vit) = WVilt) + Val(t) + Vi(t) + Vilt) + V5(t) (7.1.5)
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Vi(t) = (qm 2J iﬁq{slds)":;H (qm - ﬂf;rz{s}ds)
- f D f+ e~ (5)Qaq(5)dsde
f_ ! f e~ 1+ (g())Qs f (q(s))dsde

f f et T (8 Wagg( s ) dsde
=7 o t0r

Ph(t}—ff et (e, s Wple, 8)dsde
L e—T[e)

ELE ple,s) = (g*(e), q" (e — 7(e)), 4" (5))".
arE R (7.1.0) BIEIER V() K5, TG

Vilt) = (q{i} - Df ﬁQ[S}dﬁ) Qulg(t) — Dglt) + Dg(t — d))

(qit) — Da(t) + Dgl(t — 8))7 € (q{r .[J'/ ds)

- (r,n[t} - Df!_aq[x}ds) th ( — Dylt) + Af(qlt))

+Bf[q|[i—r|[t}]|}+{ ds+f)+( Dqglt) + Af(q(t))

t |'["]

+Bflq(t—1(t)))+C Vs + I) &y (t}r{l‘]l ﬂf S}ds)

t— if[f]

—nlﬁl{t}+n(q{ﬂl—”‘[6 (s)d ) Q.( t]—f{[!_ﬁq{s:lds)

= —aVi(t) + ¢ () el — D — DQglt) + ¢ (1)Q1Af (q(t))
+ [ g(t)) A Qug(t) + ¢ (1) Bf(g(t — (L)) + fTlglt — (1)) B"Chglt)

cr0ac [ fatnise ([ fta)as) e

¢ (DO + I Qug(t) + ( / dq(s}ds) (—aDQy + DQLD)q(1)
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+ g (1) —al D + DQ D) f_ﬁ q(s)ds
— qglt) ) A chH D s)ds — sids | M)A ;
FaH)A°Q f ([ﬁ als) ) QuAf(a(#))

. ( j (s .;13) DQBf(q(t — 7(t)))

- Plalt=rONBEQD [ als)ds

(. fﬁ r,,{s;.d.q)”m]a A fﬂ{” Flals))ds
- (Lmﬂq ) cQ, ﬂf

L

’ (./,Iiﬁt‘rmds) aD@:D ([_HEI{SJ':H)
(/ m:s:lds)* o -ran([ a5 .

W4 5| 52 24,3, BT LAY F
Vilt) £ — aVi(t) + ¢" (1) aQ) — Q1D — DQy + iU ' Qu)alt) + ¢* (DL Af(q(t)
+ gt AT Qualt) + g (1)@ B flglt — 7(t))) + fr{qt — v(£))) B Chalt)

ror@aC [ fads+ ([ fats) Qe+ 1
t—pelt) t—pult)

+ (f;q[ﬁ“}d-ﬁ') (—e Dy + DG D)qglt)

+q‘{t}{—ﬁQ.D+DQ]D}f ﬁq{&]ds

- ([ as) DQuATa) - Fla)4@D [ ate)ds

- ( ft_'aqmch) DQBf(alt — (1))

— F*(qlt - 7(£)))B*Q, D f (s
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!

a(s}ds) poc [ Fla(s)ds

t—qalt]

(/.

- ( f” ({?{sj}ds)‘ﬂ‘@lﬂ f a(s)ds
(L.
(/.

+

qls ) aldQy D ( [S}ds)
gl s ) DOV — 'O\ D (f q[&}d#) (7.1.7)
t—id

TR Vo(6), Va(t), Vi(t), Val(#) B8, WA 7.1.1 fig| 8 2.4.2, 714§
Valt) = "”f f el 0" (3)Qua(s)dsde + dg* (£)Qaq(t)
—& J 2
t
f ey (5)Qaq(s)ds
t—4

= —ala(t) +dq"(t)Qaq(t) —e "'jf Jq'(-‘ﬁ]l'i?sz{-ﬂdﬁ

< — alVu(t) + dg™(1)Quq(t)

B e-;ﬁ (/“ 2(s)ds )*QE (ftiﬁq{,gjds) (7.1.8)

Valt) = _ﬂf_ﬂ [M e () flgls))dade + pf*(g()Qa fiq(t))

—[_ e g (5))Qs f (q(s) )ds

< —al(t) + pf (q(t))Qaflalt) —e ™" _[_ mf‘(?(ﬂﬂ@:;f{qf-*})f'-ﬂ
< —aVy(t)+ pf (q(t))Qs flqlt))

e II 5 ds)" -1( | gl ds) 7.1.4
# ( f s @ f Sl (7.1.9)

Vit f f e TN g () Waagls)dsde + me™ g () Waaglt)
—F of L4

i
_[ E*H[H_E_'-T}t]'l'{3I|H',3.3ii'|:3:|d3
=1
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< —aVy(t) + e §" (1) Waag(t) — f 81 Wagq(s)ds (7.1.10)

Vilt) = - crf f e 5= p* (e, 5)Wple, s)dsde
N c—Tlc)

f
+ f e =t (4, 5\ Wplt, 5)ds
1

i

—als(t) + [ o' (t, s ) Wplt, s)ds
Ji—z(1)

ol

—aVs(t) + g ()W + Wi + W glt)

g (T W — Wis + Wi g(t — (1))

+ gt — () (T W — W 4+ Wag g(t)

gt (t— () (T Was — Way — Wi)g(t — 7(1))
of

+ j §* () Wasi(s)ds (7.1.11)
f=T
Bl (7.1.7) ~ 2 (7.1.11), 7T

Vit) € —aV(t) + ¢ (D(aQ) — @D — DQ, + WU 'Q1 +8Qs + 7Wiy + Wiy

+ Wialalt) + g (1) Afialt))
+ gt A Chglt) + " (1) B flglt — 7(f)))

+ £ (alt — 7)) B Qualt) + ¢ (1Q:C [ . flals))ds

=

E

+ (f q[s}ds) (—alh + D D)glt)
t—d

t
+ q* () —ath D)+ DGy D) [ ) qis)ds
f—
+ gt (B (T Wia — Wi + Wi g(t — (1))
+ g (t — () W — W 4+ Wag gt

+ g (= 7)) (T Wag — Way — Wiy )glt — 7(1))
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[ at9as) peuastn - i [ aas
f als ) DO\ Bf(alt — (1))

g(t — (1)) B* @]D[

!

a
-(
oy
([ qs}ds) DQIC [ flal)ds + uf*(als)Quf(a(s)
(L
(L.
(

t—pult)

t
}ds) QD [ als)ds
t— |u[l!] o =i

— f
5 )ds e D — £ - 1) ( e rls)
as ) (ap@iD - a2 ([ a

¢
g 3}.15) DT — I'Q\ D (f q[&}d&) UL
t—d

- ( f » ftq{s)}ds) Qs ( j:_“mfw{éﬂl}da“)

+ 7§ () Waad (1) (7.1.12)

+

R 7.1.2 %M, T

Frqlt) )P flglt)) = ¢ (t)LP Lq(t) (7.1.13)

gt = 7)) Peflglt — 7(t)) < ¢"(t = 7(t)) LP2La(t — 7(t}) (7.1.14)
A (TLL) PR ¢t (1) S, 133
G (1) Su(t) = —q" (£)5, Dg(t — 8) + ¢" (1) S A f(q(t)) + 4" () S Bf (q(t - 7(1)))
+-;.=*|[.!JS.::'[ " flgls))ds + ¢ (1)8,1 (7.1.15)
HAa (7.1.15) MPILHET s, a1
§"(#)57a(t) =—q"(t — ) DSTq(t) + f*(q(£))A°STqlt) + f{q(t — 7(£))) B S74(t)

!‘ L]
n ( / i’(q{s)}m) CrStalt) + I Stilt) (7.1.16)
b=l t]
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4 (7.1.15) F (7.1.16) #bn, FFIHSIH 2.4.3, 775

O0=—g"(£}(S) + 57)q(t) — q*(t — 8)DS{q(t) — 47 (£) S, Dalt — &)
+q" (E)S1Af(q(t)) + frlglt))A"Syqit) + 47 (1)S: B flglt — 7(1)))

[4

+ 7 (qlt — 7(t))B"S{q(f) + ¢ ()5 t’f flals))ds

t—p(t]
t L
+(f f{q{ﬂ]}l{]#) C*Stq(t) + (1S T + ISt i(t)
E—pit)

<4 () (=S — 8] + S1U; ' S7)d(t) — q*(t — 8)DSTq(t)
—* ()81 Dglt — &) + §* () S1Af(q(t) + f*(q(t))A* ST q(t)
+4* (1)S1Bfqlt — () + f*(q(t — 7(t)))B*S74(t)

f

Lit(1)8:C f Flq(s))ds
t—plt)

*

+(f | f{q{sihdﬁ) CS5ilt) + I'Tu (7.1.17)
b=puit)

FIFE, #520 (7.1.1) RAAFRELL g (t — 6)8,, AT 19

g (t — 8)Saq(t) = —q"(t — 8)8:Dg(t — 4)
+q (t — )5z Af(qlt)) +q [t — 6)520
+q*(f — &) Sa B fg(t — 7(t)))

t

+q"(t — d)5:C Flals))ds (7.1.18)

t—ult]
AP (7.0.18) FRGHTHAIE R, AT
q (t)S3q(t — &)= —q"(t — §)DS3q(t — 4)
+f (gt} A" Saq(t — &) + "S54t — 4)
+f (gt = 7(1)))B" S3q(t - &)

W

+ (f f{q[s]l]lds) C* Siq(t — 8) (7.1.19)
l'—|:r{1':l

550 (7.0.18) f2L (7.0.19) #Hn, FRH S8 2.4.3, 77

0< g (t— 6)(—SaD — DS; + Sl S3)g(t — 6) — §°(£)S3q(t — )
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—q"(t — 8)Saq(t) + f(q(t)) A S3q(t — &) + " (t — 8)S2Af(q(t))
gttt — 8)S B flglt — () + fflglt — () B*55q(t — 4)

+ (f f(q{si}d:ﬁ) C*S3qlt — 6)

— it}
i

gt — 8)8,C Flgls))ds + I*UsI (7.1.20)

t—uit]

i, 3 (7.1.1) PR ( / ac;rlis}cls) DQ,, 3

t
+ f g(s)ds DQIC‘(f j{q{ﬂj}dy)
t—d t—pult)
t
+ f glshds | Dhi (7.1.21)
f=d
JEREE (7.0.21) P IENERE T
¥ 4
(@D f q(s)ds = —q*(t — 6)DQ1 D f o(s)ds
t—d t—a
[
£ F(g(t))A*Q, D f (s)ds
-

t

+f*(ql(t — 7(£))B*Q, D [ o(s)dls

{—&

+ ( j i f{qusnds) C* QD ( f q{s}ds)

t
+I‘Qiﬂf q(s)ds (7.1.22)
=4

FIFSI# 2.4.3, R (7.1.21) f=l (7.1.22) o5
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o= [ s ([ a9as) pauie
7*(t — 5)DQ.D [ {]dﬂ—(f!iﬁ {ﬂds):D&Dq[i—rﬂ

()A* QD f ds+( f q{ﬁ}dﬂ) DQLAS(a(t))

w17 F QD [ a@s+ ([ atsas) D@~ 70)

i (j:,m}ﬂq{ ]}{h) @ D.[ )ds (.[iﬁq{ﬁ]ds)' Do

K .[_,t[:] flgle))ds + 17 Q].Df s )ds + (j;_ﬁ ql[a]dfs) Dol (7.1.23)

#at (7.1.12)~ 2 (7.1.14) (7007, 3 (71200 f (7.1.23) #n, o
Vi) < —aV(t) + ¢ (0(aQ — Q1D — DQ, + QU 'Qy + Q2 + 7Wyy + Wiy
F W+ LPL)g(t) + q (1) (7 Wia — Wi + W2qlt — 7(8)) + ¢" (£ — 7(£))
% (Wi — Wi+ Waglglt) + g (1 Af(gl(t)) + fr{q(t)) A CQalt)
+a () Bflg(t — (1)) + £ (gt — () B Quqlt)

+ g {tyeh O ' flgls))ds + (/ figls) da‘) 0 qlt)
t—alt] b—pit)
+ ([;d -r;[.w}d:;) (—aDQ, + DO\ D)qlt) + 4" (1) —a D + DQ, D)

i
* f gis)ds 4+ q*(t — 7(t) ) (7Wag — Waoy — W3, 4 L L)git — 7(t))
tmd

&

gttt —apo D | atsids— (| atsids) DO, Dalt —
ot - 5)DO, .[,_f{']d* ([_qu }d) )0, Dalt - )
P ) 0Qs — PO T () — I (alt — 1)) Py

<Sate—ron+ ([ awas) (ap@ip-S0s) ([ atons)
e ( f i““}f{q{s)}ds)‘ﬂé‘s ( f i“mﬂﬁr{ﬂ}ds) G (1) (e Wag
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— 81 = 57 + SiU NSt + at (¢ = 8= DS) — Sa)4(t)
+ @ (=510 = 53 )qlt = 6) + ¢ (1) S A f(q(t)) + flg(t)) A" 5] q(t)
+q ()51 B flalt — 7(£))) + Fr{q(t = r(£))) B 57 q(t)

L SC f{q{s}mH( / f{qts}ms) C*Sti(t)

E—pl8) —jiit)

i

00D [ ads— ([ als)s) DQuitt)+a' (=) (=SuD

o E— i

— DS + SaUy 83 )q(t—=8)+ f(qlt)) A" Szq(t — 8) + ¢* (1 — 8)S2 A f (g(t))

+q"(t = 8)SaBf (gt — v(1)) + [ {glt — () B"S3q{t — 4)

L] of

+ (f f{q{s]}dﬁ) c*s;qu—&}w‘{t—é}szf:‘j Tlgls))ds

— it} —pit)

+ I"I:Ul + Uy 4+ Uy )1

= —aV(t) + ¢ ()0p(t) + I*(Uy + Uy + U3)d (7.1.24)

Hep ¢(¢}=(-;r*lif]l.~i;r*ff—r(t]l}1f‘(t}r{t}]qf*{q{f-—*r[ﬂ}]‘ f‘[q(s}]d&/_ﬁq‘is}ds,

t—px

d‘(ij,q*(z—ﬂij) LUK

8 = '[Hz'j}.h'xa
B = 8y, B = —QiD — DQ, + aQy + QU Q1 + 6Q2 + Wiy + Wis +
Wi+ LR L, O = Wi — Wig + W3, B3 = A, G = 1B, 05 = W,
G = DD — o D, By = vWoo — Way — W3, + LAL, Oy = puQs — Py,
Gy = A*S}, Gas = A5, Oy = —F, Oy = B*S}, G4 = B*S], G =

ook E—Hrl';
p (Ja, Osr = O8], Os5 = C*5], Ogg = aDH D — ; (2. Oar = —D(,

Bgs = —DWD, By = e Wy — 5 — 8§ + S,U718:, G = -5, D - 85,
Bgs = — 5,0 — D85 + 5,018, Hithi) 9, #{4 0.
FIHGIH# 245 075 [T <05 @ <0 5. iz (7.0.3) f154 (7.1.24) o] 50
V(t) € —aV(t)+ I'(U + Uy + U) I (7.1.25)
H 3| £8 7.1.1 fIa€ (7.1.25) 6T

Uy + Uy + U\
o

Uy 4+ Uy + U
i |

V(t) — ! < (V[m - )e-‘“ (7.1.26)
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B V() fRE AR
2

V{.T = |11111'|:Q1 ET 1 ET]

t
‘q{l‘ — T}f gls)ds
t—d

- H.

V{[]]—(q{[l} fﬂ {w}dﬁ:) ql( (0) Df {n)
f fe"*q*[w}carq deds+f_“[ e f*(q(5))Qs £ (g(s))dsdle

+ f fu e 5 () Waad( s )dsde

0 0
+ f [ ™G (5) Waag(s)dsde
—j e e

] I _ .
< (@ ADIPIQ + 1@l + Elul max (2)) swp (o)

s€[=£0]
(e Wl + e Lwag) sup Jis))? (7.1.28)
a a se[-£.0]
%
; A m N , .
M= (nl +SIDIIQu + I @Qell + = 1s]| max {::}) sup u(s)]°
v o} lsign aE[—£.0]
ar ? r eep M T i 2
—|| Wy BT : - 7.1.29
+ (e Il + e SiWasll) sup [ (9)] (7.1.29)

RS (7.1.26) f1S (7.1.28), T4
U, + Uy + U

Vit) — -

Bk, 88 (7.1.1) 24 RS .
i (7.1.27) fi= (7.1.30) Al {5

o o

#H—, A

< Me ™™ (7.1.30)

(A=

( M I"U + Us + U,-;]I)

7.1.43
-”"n:uju{‘:r?l}' N ﬂhmin[@ﬂ |:'r 1 1:'

1
M J“(U| + Ug + L'E;:llr F1 :
”q{t}" = ('J"I'liljll{Q].} " 'ﬂ'f:"'|n1'1:|'|:'[:ﬂ21lII ) - ”D” ‘/r._.'s ”'—j!"[ﬂ”dﬂ tTlSE:I
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fiH Gronwall A-Z53, 53

1
1 ] I ; 2 .
M (U + Us + UJJI) SO (7.1.33)

}"min{Ql} ” ":t":I"ruiu'[:"‘?l:|

(A, #8Y (7.1.1) 1F Lagrange & 3 F—#fasE, b, HREY (711 £/
15 EE ) B — A A

la(t)] < (

2= {qm € Q"Vig(t)) < T+ Tt Um}

-
1

: P+ U+ UL X

E{qmwI ol < (“ ooty ) E"D"} o

ik EE,

F T FEMEE AT AT P o Horp e M as AR R Ty 8, MR 7 BT ke
FF B 205 6 A B 2 A e ) 0 TE $ORP 8 U/ 7E Lagrange 30 F 942
FifedifaEtt, By THY Lagrange BSEFEEE, W THER R0 51 H
) —A~ili it

3 7.1.2 A5 Lyapunov BUEVE, Lagrange F20EPEPE )2 ¥ R4
fEM. Lagrange BE M REH EFENE FHEMERES| £, R Lagrange £
FE ) RS E H AT FRGE S 1 ET A,
T.1.4 HERH

il 7.0.1 25 RELLUF A TR O U o e £ e S A

t

@[f]=—Dql{i—5}+ﬂf[qliil}+Bf{q[f—’r{i]l]]'+ﬂ'f flgls))ds+1 (7.1.33)

f—pi{f)

HoH,

0.25 + 0.36: — 0.377 + 0.06x 0,13 + 0.26: + 0.387 — (1.18k
—0.24 + 0.56: + 0.095 — 0,97k —0.46 — 0.4T: — 0.255 + 0.46k

B 0.37 — 0.86: + 0.37) + 0.64x 057 + 0.2 — 0.057 + 024w
0,35 — 0.15: + 0,587 + .13k —0.08 + 0,11 + 0.367 — 0.12k

=074+ 020+ 0277+ 027« —0.53 —0.15: + 0.245 + .02k
0,36 — 0.03: + 0.125 — 0,19, —0.43 — 0.25: + 0.047 — 0.27k
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b 15 0 . 0.2 — 0.12 — 0.35 + 0.3x
Sl 4as|T T | 0640004 0.4 — 0,26

§=0.1, 7(£) = 0.1]sin(36)], p(t) = 0.05 + 0.05| cos(5t)|

1 :
.f-j'{ff-'::' = _':l"]r'l-'rl + “l'?ﬂql _Jl"Tl!r.ll + ""-'l'?-ir;”1 4y =y + Mzg + Mg + Ftlyg, 4 = 1.2
10

FEWHEFEE 701 AR 702 AP REMER, HFH s =01, g =01 M
L = diag{0.1,0.1}, #FEZEM o = 0.1, i MATLAB S {41 YALMIP T.
HA, BRIt A SR (7.1.2) R (7.1.3) BITTTIA

o 129.32 0.61877 — 0.1643x
| -0.6187) + 0.1643x 42932

o 129.33 0.00137 — 0.0004x
© 7 [-0.0013) + 0.0004k 429.33

v 12982 0.011 + 0.01355 — 0.0037x
7 [ -0.012 - 0.0135) + 0.0037x 429 82

o — ' 0.8158 0+ 0.001: + 0.0015 — 0.00044
' [0 0,001 — 0.001; + 0.0004% 0.817

o, - ' 24,7078 0.0002¢ + 0.00022; — 0.00025x
£ [ -0.0002: — 0.00022) + 0.00025% 24,7080

0, - ' 24,6182 0.043 + 0.029: + 0.0077 — 0.025%
T 0,043 - 0.029: — 0.007) + 0.025x 24,5836

o (4156077 0 ~ [4105110 0
: 0 415.0061 | 0 109.3139

6 [ 3263+ 0.00012 — 0.0001;  0.027 — 0.103: — 0.1237 + 0.042x
0027 + 00030+ 0.123; — 0.0426 —3.313 + 0.0001: — 0.0001;

& —10 17.902 + 0,001 — 0.0004; —0.054 + 0.205: + 0.2467 — 0.084%
o —(0.054 — 0207 — 0.248) + 0084k 18002 + 0.0012 — 0.001 7 4+ 0.0003#
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oo 13022 0.0361) — 0.0082K
U [-0.03617 + 0.00826 1302.1

_— ~513.27 —0.011 + 0.0103) — 0.0025x
¥ -0.020 - 0.0187) + 0.0046k ~513.24

—_— 23,015 0+ 0.0011 + 0.0017 — 0.0003%
F |0 - 0.002: - 0,003 + 0.0006x ~23.015

wo | 12801 0.0089; — 0.0020x
7| ~0.0089; + 0.0020% 1230

v — | 28,312 0+ 000061 + 0.0007; — 0.0002%
“ 7 [0 - 0.00012 — 0.00015 + 0.00003k 28.310

—_— 1805.2 0 — 0.0021 — 2.235) + 0.777x
0+ 0.002 + 2.2355 — 0.777 1806.1

RS ER 700, APRIEERY (7.1.35) 7E Lagrange & X TR RfEEERN. i
o, TR (7.1.35) RS ER ST

2= {q(t) € Q" | [lq(t}]| < 8.7536}

P 7.1.1 ~ P 7.0.4 s s A 4 AR A, 0GRt eh Bl ALY
JLELR EERE R, o, g = (g0, q0)T € QF FERMEE TR TE .

II..EI 1 1 1 1 1 1 1 1 1

o ) 5 — i
! — A |1

Al

qhY =

i Fi A g 10

L) B

0 1 2 3 4
i
B 7.1 R (7.1.35) 8—-farkERu



T.1 RSP o REE M EE Lagrange £ 169

T

e

i I 2 3 S T . T A 1

i
L

B 7.2 R (7.0.35) 8 iR ARG

1.5

1! — I = |

“Hbar

i [ 5

LI T - T * N 1]

T o W PO
g PO A

DL E P

4 4 5 & 7 &5 o 10
{

H T4 R (T.0.35) SEPUER SRR ST



170 7 Pro¥ipe s Lagrange FERE L H-U 25EE

7.2 BYAERS PO R 2 M 2 H-U e 1t

AT T AT R Y s B S R ) Hyers-Ulam (H-U) E25EfE. T

HZ RO REN H-U RS R 3, SR T I e o e M At H-U B E PR

. FIFENGEIT i, #oT B A R P oo dopes i st H-U R85 PR Y 7o 2R
f. L HE ], B BT Pk SR M.

7.2.1 fREHEA
B B 7 i I e e £ o) g i Y

D )+ Y bl (0) + Y e filg (6 - HO) + L) (12)

Hh, qi(t) € Qli = 1,2+ on) FRF i PHELGE § HRIRTRE, 0< i <t <
+oo; f; 2 Q = Q FORMPEENET R G (1) FoRmEREEEEL 0 < (1) < 7
LAty FmE @ e s, 2 A = diag{ay, a2, ,a,} € B"*"(a; > 0)
F O R RUE R B = (bij)pwn € Q" 1 C = (e)nun € Q" SrHIFR
T AR e 0 e R

e I i P e M £ R SR R (7.2.1) HIHIEG(E

qi(s) = wils) € C([-7,0],Q)

7.2.2 REESIEE

T g AR P oo 8 e R EE B Y (7.2.1) H-U FE5E PEAE 3.
BN 720 WRAER O G, B TAER € > 0, % v,(0) : [—rt/] =
Q L
du; (t)
ot

Fai() = > by et = D ciifil(t = 75(8)) = L{t)| < ¢
=1 i=1

I, B AR P JC RO R B (7.2.1) F78E M 0i(t) : [ t] - Q b
lea(t) — qi(t)| = Ge

U0 e B 3 Y s M R 2R Y (7201 B H-U B, #5 G ORI AR Y
TS AR IR (7.2.1) B H-U faE ka0
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A5 A DU TC SO R SRR (7.2.1) 205 Rt R AR R
(4:(0) =:(0)

rir:.{t}=:,;~,-[[}j—f ;i s :1=;+f Z'E'uf;[‘b GE (7.2.2)
T |

[ Zr”fj q;(s H}dHf li(s)ds

L

N,

F e o] e B RS 4T i R R
‘g 7.21 HFi=12.-.n FFHE z,9eQ, 15 L >0 {E

[filx) = filw)] < Lifx = gl

B L =diag{l;.la,--- ..}

ik 7.2.2 HTEHE =12, 0, BT 70t W2 () =
7.2.3 HAESHE

I 721 HTHEecQMEH e H

d{azx(t)) da(t) f‘ ]‘*
= . ls = d
. a— : ar(s)ds =a n x(s)ds

S 7.2.2 i o, a0 € Cla,b] L

f
w(t) < ot) + [ alg)(s)ds, a<i<h

i
60 <60+ [ sls)a(s)el 0 ds, a <t <
7.2.4 FEHER
T T U B R R S R (7.2.1) LU B 095 40 2 0F, I 7
R VG 77 5 T UES,

EIR 7.2 EEE 720 R 722 RS, W THEE e = 0
te -7ty WRFERE vlt) : [ty = Q W2

)+ @ Zhufj () — Zf,jfj{a..j{t —n(tN =Lt < e
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U b i DY e A P SRR Y (7.2.1) FETEME—8R q(t) : -7t — O FHEEEE
,.:.-:-"'“_I' -1
|HE “]I o 'Qrf{.t::ll = M €

b, M =max {M; i =12, ,n}, Mi=a;+ ¥ _[bll;+ 3 |eglly.
i=1 j=1

WERR  oE
g0 (t) = vi(t), t € [-7,14]
BER, ") e C([—7,t5], @), HIRFEATI t€ =1, t7], (£, q"(1)) € RxO([—7,17], Q).
E L R

[vi(t), t € [—7.0
v:(0) — [ asal(s)ds + f Zbumq’;*

L

fzcﬂf n{s]l})clsi—ﬂlff[s}dt,tE[EI.t;]

a=1

a0 =

(7.2.3)
TR THAR ¢ e [—, 0], u™ (1) = vi(f), BTl FEERE ¢ € [0,¢,] R
W TR ¢ € [0,8,] B omoe N, BAF RS

|qru. m ] |=-_ :f J':I:::H I:T”Eil::l
b, Yo = L, ATH e [0,t], B
ui(t) + at) = S b fylus(e) = 3 e filuslt = T(0)) - L(1)| < ¢

Al

gl (t) — g% (t)]

-u,-l[ﬂ]l—]:a?:;q (5) {1'-"-+f Ebuf-r qi (&) d'-"-+f E‘-‘uf? qJ Ti(5)) s
+f;f;|:5}d£—t‘,|:f:l‘

=‘_f ;) dq+/ Z!mf; qjls dq+f Zrufj (s — 75(s5)))ds
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t t
+f I;[S}ds—] v (&)ds
1] N

ﬂl m;fu+za,jf:q +Zu.f,1qJ — 13(8))) + Lils) — v)(s)|ds

T
= [ eils = te
Jo

B2 m =10, 3 (7.2.4) WAL
B m =k 0, 3 (7.2.4) BAE, B TRAA e (0,4, &

i N © JFI-I
laf(t) —q Im,”T Hf'

Mm=k+ 10, BHEGE T2 AEFM=max{M,:p=1,2.--- ,n} A7
|lgftH (t) — gl (t)]

4 on
= |u(0) - f aigt (s)ds + j > b a5 (s))ds + f ZLEJL (¢ (s — 75(5)))ds
1] i
t
+f Ii(#)ds — (t';{ﬂll—f a;q; ds+[ Zhu.ﬂ{q" Hs))d
il i
¢t n
+f > il (s - :r_.,-(sj]}d.H[ MSMS)
R

0

!
<ai [ Jat(s) — 7o) dw+Z|hu| [ 1) - 56
i
n !
+Z|c*u|£
. Ak
|:I+Z|I._J| +Z|FI-J '.J. -[ '”I' klﬂdﬁ

. M e MY,
'Mo(k+ 1) M O (k+1)

ds

£ilds(s = 7)) = fy{gl (s = my(s)))|ds

B m o= k41 0, & (7.2.4) BAE
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i,
‘e r” l - i ' ‘nf"L iy i i {-“'Itj]lr”
mzlm. (1) — " ()] < E:] s ME Yy
ME
- ﬂfrf . (7.2.5)
BRI, {qm (1)} —BOBCRCE S i 3 i(2).
#Em, H

oG 5
() - unfi—zj{””

W PR ¢ € [0.t], B 7.2.1 A

]n; (_“:‘E:ﬂ +Ebﬂfi i +Z'5u.lr1 il (8))) + (8]
_(_’“1'? +Z‘i’u.ff ;s +quf: q;(s (s))) + Lils }'>)1“
< [l - mﬂi]ijnm - Flap(s))]| s

+Z}m/WL”* — 75(5)) = Fila;(s — 75(5)))|dls

(a +Z|E:U|f +Z|rzulf)f v ’”“K

ﬁ 1

— (Mt )% eMi 1
o — = e
‘u . K M

B, ™ wm — oo B,

f
/ (—rr, g (s Zl’lu_fj{q:.” +Z|’,J._|FJ q; (s—i(s)))+
Jo

g

Mﬂ—(—mﬂﬂ+§j%h@un+§}mﬁmw—nwm+nwg)m
§=1 §=1
MCEE 0, 2R Y m— oo i, A

gt () = v (0) — fﬂu'” r|=s+-[ Za,lfj q"(s))ds
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f Z e fyla]"(s = (D) + [ Lepas
Wod T
ﬂfftj:t'a(ﬂ']—j; Elé'i]'f{ﬁjl{lS-Fﬁ ;b1-ij|:q;,(s}](ls

+f * ir-sjfjwj{s - s+ | L(s)ds

L qe(t) R EAWEGE v (0) B0 R0 P o0 e [ iRy (7.2.1) #9— TR
1 TETAE B O 78 i Y e e o S AR TR (7.2, FPT A A I ).
P AR i P oo ppee M S R Y (7.2.1) 5 0 (e B

ﬂ'g‘i ) — _aq(t) + Bf(a(t)) + Cf(alt — 7(8))) + 1(8 (7.2.6)

Heb, qlt) = (th gelt), - qu(t)T € Q7 A = diag{a,, aq,- a,,} e R"*™
B = (byglnun € QM7 C = {r-'pq}nm e Q77 flglt))=(filam(t ]I < Falga ()T
e Q™ T t}_“-L{t IE[ ] IT,{I :I e Q.

H LA b E B AT et Eﬁ'. (7.2.6) fEFGEAE (0,0(0)) FH—6, Hd
v(0) = (vy(0), v2(0), -, nlifl}]l Fis glt) = (qut).ga(t), - gul(t)" € @ £
2 (7.2.6) FEFEEME (0,0(0)) FES -0, nf#

a(f) = v(0) — f Aq(s)ds + f Bf(q(s))ds

Clals = d I(s)d 7.2.7
+ [ eftats = reas+ [ rgas -
‘ﬂﬂ:T-"ﬁﬂl—f; Ar,ﬂ{-ﬂrl.wfu Bf(i(s))ds

Crigls = d I(s)d 7.2.8
+fD flgls T{s]}ja+fu (s)ds (7.2.8)
=
e [g(6) = d(6)

< max QA+ IBIDlaG) = 6]+ 1BILats = () - (s = 7(s)) s
elf=Tithl] fy
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t
< [UAI+1BIL +1CIL) | max l4(o) - i(o)lds

i F 7.2.2 o] {5

0= |git) — gt} = o lg(€) = q(&)|| <0

), HTRER ¢ € 0,4, B q(t) = §(t). i
ST 7, (¢) =0 B, EPASRRPCER MR (7.2.1) $ERILALL IR

d*ﬁ;f} = —a;q(t) + Z bii Filgi(t)) + 1) (7.2.9)

X B 2 i DY e e e AR R R (7.2.9), LU HER.
e 7.2 fERE 720 BCERISRME T, M THEE e 2 0, ¢ € [0,44], W&
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(8.1.1) B — T 5.

B X TAEEEEMN ¢ = (g2, q0)T € Q" RIELFESR (8.2.7) ()i
s s F ), — A, HEE R (8.2.0) MREER (8.2.8), AT LLEH

FO00) <0, F(s0) > 0 (8.2.11)

Hd, 1=0,1,2,3,i=12,--- ,n
S5, FETE A <0 # A s 0 R A <0 S S0 B ET) -
0, F/9 &y < 00 M, s (8.2.8)0 75

FOE) = 0, FOED) <0 (8.2.12)

BT e =0, Wik .F'fﬂ[.ir] E [—f::,“.l"::ﬁ}} F [SF},+m} A R R L (6]
I, L (8.2.00) AR, FI9) 78 [r07, &40 bR PR 0 R A

Hidh F (o) M A R L (8.2.11) Aok (8.2.12), W HIIERFAFTE
O g 100 G0 ¢ gl g GO ¢ fOr gum

P:I:E][,*;_TEHI:I _ F}(ffl[-jgﬁh:] _ Fl:l'?][i[lﬂr:l =1

&= (£, 8,0 Eap), Hod g SR w07, vt B et AT B, (R
F—T g =(gr.ge. - .gu)" € cl(Z%) FREHACAI (8.2.7), 7l LLTF B4 R o6 E
FUO () B A & = (31, 50,0 L 80)T € cl(X6), {57 PO G0 o, 3t
th, 7 = #0084 g g g2 4 g 2 001,2,3,i=1,2, - ,n.

E SRS The @ el{E9) — el(59), Teelq) = & W Twe REEEER. HE
Brouwer 8 g, Tee BAFEEPHEE T € ol( X9), %42 £ 5 &0 H Y
TLET PP SR HERY (8.1.1) B— T Al 0T, & 4Eha 3 AR X AER
ik BB,
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313 8.2.2 TEME 81 BUEMAESET, TS ERRE 2 e 2 R
f (8.2.09) BE3r, W 28 dhOE S AE DU o SO P SR EE RS (R101) B —F
fli7 45,

MERR ZELLTSIEE 8.2.1 AUUEER, MRS Tos : cl(27) — el(127). 1 Brouwer
Ash s E e E, BAGFE—PAPEE 7 e (2 (Fl, 7 e ), Ehshd
B P e Bl e P B B R (B1.1) B — 1P A T il e A 2 AL B - R Y

FEFERS— D PHS ge ¢, HH g# 2 PRtk #ikz g
fysdm A, B o2 2 g #F oz R g ARE LEER (8.2.7) BAMM LR
H, BT 7.5 e 2F, AL R BUR IR, thk ik i, 1500 28 6 $0 v L 30
HFa (8.2.7) BrE Lo FYC). 5, LT 820 farEr, meaaE FY
(7o) B (3 BN i, B () £ B . B, i
T 5 g T, Bl FOE = FOGEMYY = 0, i SRR, IEE.

g1 8.2.3 (e 8.1 BriysEeE F, AR (R.2.9) mear, TR oG
e PR HERY (8.1.1) 7F Q7 — UE iy Pl

WEBR 1R i%ﬂﬁﬁﬂﬁ%ﬁﬂiﬁﬁﬂ (8.1.1) £ Q" — UE PFFEEPHES
F= (3,72 5", M FY € (—a ] C (-0 “‘*] &% 77 e 5, —00) C
{.?,Ef}1—DC-}. ;'I_,.R. A 3, ﬂf‘“ﬁ :r:-'“'I:I —oa, T }] A E Qmr —uXr, ENX
& (8.2.7) M ES w1 (). TIH i1 8.2.1 ¢nﬁ;}ﬁ%iu. g Flv
fF (—oo, ™) Egiget. Bk, O™ 2 FOE) s 00 B0, BT 7
i g, Fred F“:‘:'{ [“]j 0, XEEEFE. EEE.

EE 8.2.1 PR 811 F0F (S2.90% 0 (8.2.00) WA, WY oo
M ep W ag Bl (8.1.1) FobA 810 AP, Hb 167 AP S E un b, A
Tl dE (X - ) P,

WERA SRR, X b 3t A XE onE, fE 0 b 2t A 0 nE, Hk
EF 8.2.1 PAESeNT S M 821, 51FE 822 MG HE B3 HIEGE. FEe.

8.2.2 EHSpiaEM

I8 8.2.4  WIREE 8L R (8.2.9) BT, W 2F e 2 EE
A,
WFBR Ak —dEthdh, 3% 6 = (LL--- 1), DB PO oo Sk 45 R d HE Ay
(8.1.1) fI¥8GF1EH
gi{s) = di(s), s € [—’-".hhﬂ']

b, g (s) = 0! (s) e (P, F=0,1,2,3, i = 1,2,
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TOER], BT R ¢ = 0, P T e P s A (8.1.0) SERINESRTE T
FRIRE q(t) B2
HO < g0 < 11O

He ¢=0,1,2,3,i=1.2,-- ,n.

W E AR, WAETE q(t) S —do 8 BRIRMIETA) ¢, R ql) R
B AR g, BSEEEAE o BEIEEM D) i, mﬁT%ﬁm
f=0,1,238i=12-- n %

PO < gy <! te -ty
FILL T PR 2 — T
(1) = 72, ¢ (1) <0 (8.2.13)
qf,m t) = ,.iﬂﬁ EIELD]'I =0 (8.2.14)

T E—FER, BT F20 (1) = £ 0 - 7)) = FOFHY) = o,
st AT

i) = nmﬁt}+§j(ﬂﬁ“{mt}
gl (1 i) a2 ¢33
:]_.I-F {q E ] 1.|__;|f a1 {:t :I
(30 pld a 0 et 0
— a0 (1 )+Z(bfu’f“ (6 (t: — 7))

— bGP (- 7)) = B P (P (- 7))

ST GRS )) B

*1.1

() 0 0 0 n
"2 _II'-'“? ]+|:: Elil +bf|l]|}|f[ b{. I: :l

qD] iﬂ} iﬂ} {'}fl Eﬂ} qnj
+ Z mm{ i1 1;"?:.r *t z-n bru ] }
F=1lg%h

Ufl III} (1] IfL" Ufl
—Z(lllax{ ,,j+ﬁ',” =|: ='|.J+ﬁ?:|j i

+ma:-.{{um +b[g}"} 2 (a4 ﬁ"} ii}}

1t by 1

+ max {{acan +4‘.:-[3*}u“" {atan _l_b[:n}vm}) + hﬂ”

d T g )
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Fm:l[ 1'-'.']] =)

x5 (8.2.13)F .
MFHRR, BT L7 (00) = £ (0= 70)) = £700) = )
RN RG]

Qi)' (0) = cﬂﬁru+ij(ﬂﬁ%Em t))
a3 0) = ali 1707 ()
— a1 )+ZGﬂW[Wt )

— b A (=) = B AP (1 — 1))

_ ¥ f{:z-] (3) (t, — ]I) n hiﬂ;'

)

< —c,r® + (al?), + (")

17 2 Ipay 111

(0) ((0)
Rty

T
i i{'} (0], 10] [y ['3'] i'L'}
+ Z IILEI.}.{{EL?” 'E"u,rj {i':u'i'+'!"u,r }
J=1,%4

a4 pMu ) (gl i)y, (1
—El@m{4u+%; all)+ o)

—|-II1111{ {2:'+f':2}} (2) e {934_1;(3} Q_EII}

-!-|J 'i' -!-I._J
+min {(a?) + b7, (aff) + W20} ) + b
F“m( IIZl]:| = )

X5 (8.2.14) FIF.

Lk AEM TR T 8= (1,0, 1), 20 EIEAEYE Selih, i B IEE T
{Ef 6, 2% BRIEAEE (FEE

EFE8.2.2 WM 8.1 fE (8.2.9) OE, WEFE— R 20 e 52,
i 8 PO e R R P SR B RY (8.1.1) 18 2F PAE IFTELE — 138 Bk o ) T 1 45,

MERR MR SIER 824, 027 R REPY o E A e EERY (8.1.1) BIIEAIEE,
M3 8.2.2 0] H1, B R POoC e P as T (8.1.1) fEXHEL 20 piSEEAT T
fres § = (d,q2. o da)’ - 2 2(t) = qlt) —q, WHRS (8.2.1)~(8.2.4) WTLLFE
kA
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w8 ool MR ERETE

L0
%) =

M) =

A0 -

n

Ltuiu][f] +Z ( f{'}f{ﬂ']{ { ]::l

J=1

—al FV(ED ) — ) TP P 0)

L

M_;I"““[ jj’[f]}) +Z( [umf[m{ [n]{

=1

ijf.El}{ [ll{t H b{ﬂflfl:g} fE]-{t

_ hﬁjjﬂ“{ﬁ]{ — ) )
—eiz (B + Y (aE?hﬂ”{r;”I[t]}
j=1

1} #in L 2y Za) 4
+ai (7" 0) + 0 7 (27 (1)

—T;

T_f”

)

mfm tzn ) + Z (ﬂ?’ﬂ”{ﬁj”if - 7))

a=l1

(1) Fl0) e (0] (21 FUE) (3}
+ '5'5_.5 JF} {""_.i (t—mh)+ b:_.i f; {3j (t-

PO 7))

JEJ "'Z( iﬂ;'_{{m ”

2) 00y (0 1] pla 3
+a [0 0) - o PV 1)

[3]JFE1:I|: EIJ[”}) + i (EJE?DJJT:E}{E,EE]“

i=1

+ b3 [0 (= (e — 7)) — 8P TP P -

(3 Fllye (1)
+ b FP (N - 7)

nn

—eix{?() + 3 (o £V )

J=1

7i))

I

Tj”

))

(8.2.15)

(8.2.16)

(8.2.17)
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+agy £V (M 0) 4 ay £ (1)

- all {P(V ) + > (0972 P - 7))

a=l
+ 055 37 (2 (= 73)) + b 57 (7t = 7))

R IMCREEN)) (8.2.18)

b= 1,20 7 (z00) = A7) - £7@@E, = 0,1,2,3, 5 =

1.2,--+ ,m.

e
Zt) =ez(t)], i=1.2,---.n (8.2.19)
Herp e E—THEHWME 0< e < min{ey,ea, - en b m(t) = z[m{t}+:£'}[t}1+
m{t g+ zm{t}u.

1& K = max|£;,;n{3upﬁe[_+_n] |3r'|:5}|_]':- E-Fﬁﬁ &Wﬂ?ﬂﬁ;ﬁ'ﬂ’l t = U_. I:"J-.-F
A FF RS

Zit)< K, i=12,.n (8.2.20)

MR (8.2.200A430, W—EfFE i € {1,2,--- ,n} 1 ¢, {E73
Ef{t:] < K, te [—‘.I';Lf.ﬁ}

il
Zit) =K, Z; (t;) =0
BT Z,(t) = K =0, 8F |z, (t)] = 0.
BRR R TR £ =0,1,2,3 8 j=1.2,--,n, ¢ (1) A1 g7 WE (7 )
o (s, 87) By BTEL 37 (z000) = ol (0 (1)) — g7 = 00 e, AT
A7zt —m)) = 0. B (8.2.15)~ R (8.2.18), BLE |2, (t))] > 080 717 (z;(01)) =
gj“{ j(t — 7)) = 0, T

Lzl = S0 + 0

=1y df

i =

+ 0P + GP@)P)

|t=t|_
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1 .
= — (2’5[?]{!‘1}2,[-??[11J+:E”( )3 m“2
|“51|{t1}|

+ 20 (0)ED (1) + 2 (02)21) (k)

_ _lgir:l;:tl}l(lz lIIII:I[ j}.& “]{h”z

+ (2002 + () (1))?)
= —ci, |2, (t1)]

Bl 7

d . L d
12| = el (0] + e Tz ()]

=h

= (g — ¢, )z, () < O

=1

x5 Z,(t) = 0 F0, #al (8.2.20) B, B (8200 f1 (8.2.20)0 1, T

M tz0fMi=1.2,--.n H

) < e max { sup Ja(s)]}
1=isn SE[—Tas 0]

BRI, q(t) $88ON ST g, WesEh . k%,
8.2.3 ¥W{ESRF

1 T A - 0 A ] B E 3K 15 LA A PR R E W
Al 8.2.1  {RIETEHTEI (8.1.2) BT Bk

_ 20 A gy (12 B bir Bia

0 3 My flaz L bag
0.1 — 0.2 — 0.25 4+ 0.3x
=024+ 0.1 4027 - 0.1k

|-.r+1|—|fr—1|

fl’] [FW'.'

Hepo=0,1,2,3 H
iy =3+ 0.5 —05)— kK, ajg=1—-08+057+ 02k

g = 1+ 062 + 0.65 — 0.9k, s =4 — 0.8+ .45+ 0.5k

(8.2.21)

(8.2.22)

(8.2.23)
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by =4 =1 =037+ 0.2k, byo = 0.5+ 0.60 — 0.4 + 0.8x

foy = =05 =14+ 027+ K, bpe =4 + 0.60 4+ 0.4y — 0.5k

BH w0 = 1,00 =1, 00 = 1,69 =1, =1, b, i = 1,2,
£ =0,1,2,3 FEEFE, ik s MENS (R210) BEEEL, @i FY ()
B (), WA

B9 () = -2z + 7" (x) + "
Fiz) = =22 + T (@) + 3}"
E (z) = =32 + 8" () + i
Ey ) = 3w+ 8£(x) +
He gt =49, 0" = —49, 8" =32 4 = -32,¢=0,1,2,3.
M, a]

FlOr Yy = 01 <0, By =-18<0
FsM =010 FsY) =18>0
IEI_lH:. %# [329} Rl 3T EEEE@ 8.2.1 JIﬂEI'E 8.2.2 nl 0, Voo o es 2 b

Hmafﬁ MATLAB E’“T#EIJEHI:IGEEIE:?H QTFM FUE Runge-Kutta 35
3, A o A T T AR O . 1R 20000 AEEELATES(E, 33 20000 - HIR
e, R E AR S B 256 R . IXHE, BT E) T 256 TR
A AELE. T R RE AR, A1 (L 8h A ) = F il a5

[ 5.9500 — 4.3500: — 2.65007 — 3.0500% |
—2.8667 — 24667 + 1.7333) + 2.9333

[ 5.8500 — 335000 — 4.15007 — 2.8500%
| —2.3333 — 2.4667: — 3.60007 + 3.0667x
[ 5.7500 — 2.8500¢ — 1.6500) — 3.1500k
| ~2.7333 + 2.8667: + 1.7333) + 2.4000%

Bl 8.2.1 ~ [ 8.2.4 Bop T iR 28 P~ 41 it A0S S, Heb s Rk
100 A~ FEATLEE R DU Soalh (0 B MOl 5 P 0T B H, B wp e o s 3
fERE.
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B 821 FEfirieal (8.1.2) 88 (8.2.21)~(8.2.23) T & aarrARE g

i - N .
respE SN TTE e ] - g MR 5
44 g e s — sy

-y

U

o B el o B e B s o

£.2.2 SRS (8.1.2) R (8.2.21)~(8.2.23) T & MRS

AR A RR AR RASRAS P = |

Hil

. A e
=

&= .

=

B

] i) 1 15
t

B 523 SfriEad (8.1.2) B (8.2.21)~(8.2.23) T8 = #aradh & 5E
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i ;
- g, B PO 4
! iy — g PO
e e e e |
|:. y
i~
S =
o
g,

i 5 Ilil 15
824 WAL (8.0.2) £ (8.2.21)~(8.2.23) T EEMAR 4R B
FEP e, P eE BRI o Elopp s o) 2 B HC AR L R L H

il 8.2.2 HEME 25 hiEEEAEE “A”, SHmEES (8.1.2) B
A< Y e e £ 0 % o HE T B R DG B 2

12

f] 2 i Li] ] R 12

Pl 8.2.5 PR bR P AT

b, B cAT BN 12 18E <2 9 Filk, Wi 144 e
TeE AT SR L (8.1.2), ©IE — 144 HEAYF 8 A, F TR ERMEtn. 5
fir 2t (8.1.2) mMEitm T
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=1 (8.2.24)

1404 —0.3)+ 05k, i=j
i = { fT TR (8.2.25)

0.4-0504+05)-03k, 1 #)

'

—0.240.20 — 057+ 0.4k, @ < j
by =824+ 03:—025—03k, i=j (8.2.26)

—0.14+ 020+ 0.3 — 0.5k, @ >

L

fx) = 10(jz + 2] = &+ 1]) (8.2.27)

o, i, i=1,2,---,144; £ =10,1,2,3.
AT EEESEOENE “AY, Wy Y oo B [ g s R

':i = {':il:-‘521 R '5?144]'11 = QIIIH

Ho, gy = 01504+ 0.3+ 0,156 G = 0.15: 4+ 0374+ 0,14k, - -+, g = 0,150, IX 5[5
R EER A" PR E (0.15,0.3,0.25), (0.15,0.3,0.14), - - - , (0.15,0,0) 2 R,
T A g, AR R AR A R A

ho=(hy, ha - hygg)t € Q' (8.2.28)

Hep, by = —62.8 4 22.75: — 90.5) — 7.25k: ha = —63 4 20.95: — 90.5) — 5.66s: - - - ;
hygg = =914 — 234,60 — 9087 + 221 4k,

B TR PR, AR T =4 @ B=A he H 8.2.6 S5 TPV
Mr{f L EE R, (A R, B S (3.2.24)~(8.2.28) rIVY oAl £ Fy £ Gl
Al AEHb AR IOt B R A
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i 5 1L ] ] 141 i 5 1
f=2 f=25 f=5

B 826 BHELVIASMEL FRE#® =0, 1. 1.5, 2, 2.5, 5 BF S < A7 {6 B0

=



£ 98T MMMt RARSE T

PRI SRVARILYE s o I v G e ot R 3

A<V S LA o S R B RN S A A 2 BB P e e £ P % 1 T T 3%
VETH ) B, FEASSr M AR R AR B, I et S s I AR, FIA Lyapunov
2 B R RN I, BT R s oIS B e R . e e i 0 ] e B
15 55 HEnT A U

9.1.1 #HAME
A5 e T B AT b 3 B e 0 2R AR T B A i P o R s b Eg R

[ Dq(t) = —Cqlt) + AF(ql(t)) + Bf(a(t — o))

+ EDq(t — 1) + J(t) + Fas(t)

{ rlt) = Giglt) + Gaf(g(t)) + Gar(t) (9.1.1)
s(t) = Hqlt) + Hyxlt)

| gls) = é(s), s € [—0.0]

Ko, q(t) € @ w(t) € @™, r(t) € Q7= F s(t) € QT 57550 8o
SO IS 2 T RS PO, BRENSRON, TSR RS £ > 00 f(g(t) =
(Filga (£, falgalt)), - o fulga (E))T € Q" Fam ¢ B RS oBE R G o FRE
HLE R, Font e O = diagfey, ca, - 0.} € BV F0R B R ERRL
WEE, o =0 (i=1,2,---.,n); Ae Qe BeQuer fil e Qnen TRk
B (1) € @ ForshRBARE; Fy e QU™ Gy € QT Gy € QT
Gy € Qrem, H € Qe Bl Hy € Qe JURCHIMMEUERE, & 1
d(s) € Q" RIEGRE H p = max{e, 7}

9.1.2 BEEREGMS|E
a1 P SRR IR A ARG e B R
g 911 A TFEGEEE L (= 1.2,-- n), FFEIEFRH L >0 {#7
filgr) = filae)| < Lilgy — a2

;H:‘I:Fl" 1. 4z = IQI‘ é} L= dia'g{jl*fﬂ'l' t !ETI}'
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b o S PU o Ep e B s LR (9.1.1), wih i T g e

[ Doty = —Cglt) + AF(G(E) + BF (Gt — o)) + ED™§(t — 7) + J(t)
+ K{r(t) — #(t))
Ft) = Giqlt) + Ga fg(t)) (9.1.2)
i(t) = Hglt)
gis) =0, 5 € [—p,0]

ey

%

Her, ge), #(t) #0&(8) o500 q(t), r(t) D s(t) B4 Ko Qreme g s B,
% e(t) = qlt) — g(t), Wiz ER/SH

[ Doe(t) = —(C + KGy)e(t) + (A — KGa)gle(t)) + Byle(t — a))
+ ED"e(t — ‘r} -+ ( Py — I*.'Gc,-}u{t]l
ult) = He(t) + Har(t)

( (9.1.3)
| e(s) =d(s), s € [— . 0]

Hep, gle(t)) = fle(t) +q(t) — flqit)); u(t) = s(t) — &(t).
g 9.1.1 HTFHEEMNOI<=Xe@ " MogsY Qe §H

YX 'Y =2y - X
MEER AP EER 0 < X e Qv IO £ ¥V € @, T 0 = (X -

YPrX-YX —V) =X -2V + VX'V, Bl YX-'Y =2V — X, ik,
513 9.1.2 & g(f) e Q" NA[§RE, Pe Q" P*=P H P=0, 1

D (q* (1) Pq(t)) < ¢* (1) P(D"q(t)) + (D"q(t))* Pql(t)

9.1.3 FEZH

T H R FR S (9.1.3) A= SR P T 0 0% H 3 AT R O FI3E .

EE 9.1 fEREE 9.1 T REE R, mEBEEMTEEE 0 < P e QU
0 < Py Qren, et MM B >0 81 Ry =0, —PE K e Qreme, —
P p = 0, LT S 1 A T

T = {Tij]'ﬁxﬁ < 0 (9.1.4)

MR #ERE (9.1.3) RAEK. X, 1y =-PC-CP,-KG,-G{K*+ LR L+
LR‘II;.: le = P]_.'dl — .II-{'G‘I; Tl;j — PLH: T1_1_ — P]E-If_ T|5 = P_I_F.-i — I-{,th —
T =-CF —GIE": Too = —Hy; Tog = APy — Gi:fi": Ty = —Ry; Tys = B™Fy;
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.T:H = —P*z, T_,w = .F'J-P]; T55 — —Hd— Hr} + E_lljll.iI Tm — FJP]_ = E-;.-IR‘I Tﬁ_ﬁ =
Py — 2P H Ty =17, 3Ald 1y #0200 JF HIBEE (9.1.2) hAOHE G EE A
K=P'K (9.1.5)
WERR RSB 9.1 #SE (9.01.5), HERPEEMEEASEL (9.1.4) TS
E=(Eij)exs <0 (9.1.6)
Heh ) = —P(C+KG) —(C+KGy) P4+ LR L+ LRy L; 512 = Py (A KGy):
S = PB 5y = RE =E;=PR(F;-KG)—-H;, 2 = —(C+ KG, )" Fy;
Sap = —Ry; Za = (A= KG2)"Py; Z33 = —Ray S = B'P Sy = =P
Sy =E'P;; S5 = —Hy— Hj +2pl; Zre = (Fy — KGa)* P1; S = —PIPy Py
H =5 = =5, BAm =5 8RN o
R 5P 2.4.8 BTEN, ERA% A EEAEAR (9.1.6) ST
= (I)axs <0 (9.1.7)

Hep, Ny = —PC+KG) — (C+KG ' P+ LR L+ LR L+ (C+KG, ) P (C+
KG); Ny = PiA = KGy) = (€ + KG )V P(A = KGy); Ta = BB = (C +
KG\)'PBy Ny= P E-(C+KG, ) BB DN =P (Fy—KGy ) —(CHKG ) Po Fy—
KG) —H*; I'my = —Ry + (A — KG3)*Py(A — KGa); Ty = (A — KGy)*' P B,
Ny = (A= KG2)*BE; I'is = (A — KG2) Fa(Fy — KGy); I'yy = =Ry + B* BB,
Iy = B*PoE; Tys = B*Pa(Fy — KGy): Ty = —Po + E*PoE; Ty = E*Py(Fy —
KGya); I'ss = (Fy — KGu)' Po(Fy — KGy) — Hy — H + 2pI H Iy, = Iy, HAlh
Iy A=alA .
P 02 = (Ij)awa, BATFER (9.1.7) ATH

2 <0 (9.1.8)

¥Jigi T Lyapunov-Krasovskii i2 6
t
v{r}=ﬂ-“-"}{e*{r}ﬂc(zj}+f (D%e(s))" Po( D™ e(s))ds
t—7
+j-=It e*(s)LHyLe(s)ds (9.1.9)
t—or

iR RS (9.1.3) AIEETHE V() B3 FERI RSl 9.1.2 153

V(1) =D*(e*(t)Pre(t)) + (D%e(t))* Pa(D%e(t)) — (D"e(t — 7)) Po(De(t — 7))



9.1 o B T Y 0 M e 207

+e*(t)LRzLe(t) — e'(t — o) LRy Le(t — o)
HP(—C + KGye(t) + (A = KGa)glelt))
+ Bgle(t — a)) + ED™e(t — 1)
+(Fy— KGk(t) + (—(C + KGy)e(t)
+1A - KGylgle(t)) + Bgle(t — o))
+ ED%(t — 1)+ (Fy — KGy)e(t))" Pie(t) + (—(C + KG))elt)
+ 1A - KGa)gle(t)) + Byle(t —a))
+ ED%(t — 1)+ (Fy — KGy)k(t))" P,
* [—(C'+ KGy)elt) + (A — KGalgle(t)) + Bgle(t — o)) + ED%e(t — 7)
+ (Fa— KGy)(t)) — (D%t — 7))  Po( D%e(t — 7))
+e*(t)LRyLe(t) — e*(t — o) LRy Le(t — o) (9.1.10)
TR 20 BB P oo B b2 PUER R Y (9.1.1), AT 45
0 < e (t)LR; Le(t) — g (e(t)) Rygle(t)) (9.1.11)
0<e*(t —a)LRyLe(t — a) — g (e(t — o)) Ragle(t — 7)) (9.1.12)
MRz &5 (9.1.3). % (9.1.11) f2k (9.1.12) 77§
Vt) e ()P (—(C + KG)e(t) + (A — KGa)glelt))
+ Bgle(t — o)) + ED"e(t — 1)
+(Fy— KGk(t)) + (—(C + KGye(t)
+ (A — KGz)gle(t)) + Bgle(t —a))
+ ED%e(t — 1)+ (Fy — KGg)&(t)) Pre(t) + (—(C + KG,)e(t)
+ (A — KGa)gle(t)) + Bgle(t —a))
+ ED%e(t — 1) + (Fy — KGy)k(t))* P
< (—(C+ KGy)elt) + (A — KGa)gle(t)) + Byle(t — o)) + ED"e(t — 1)
+(Fy — KG)k(t)) — (D%e(t — 7)) Py(D%e(t — 7))
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+e" (1) LR\ L + LRE;L)e(t) — g™ (e(t))Rygle(t))
— g le(t — o)) Hagle(t — a))
= () + C(OPR(E) + K7 (NP C(H) + £ (1) (Fy — KGa)" Py
x (Fy — KGy)e(t) (9.1.13)
Hor, C(t) = (e*(t), g* (e(#)), g (elt — o)) (D%e(t —7))*)", H
[ Pi(Fy— KGa) — (C+ KG\ ) Pa(Fy — KGy) |
(A— KG:) Pl Fy— KGy)
B Py (F; — KGy)
I B P?{PI'I — I"i.,Gl.gfj
O e L A A R e e
ATE 1 AR k() = 0 FHEE RE (9.1.3) 24T EER.
1 k(t) = 0 0, 2 (9.1.13) B LLF A S 2
Vit) < CF (02 (9.1.14)

R (9.1.8) f12 (9.1.04) WRL 2 kit) = 0 B, SRS (9.1.3) L5 R
AR .

B 2 EHIEG S 0 BRI, IER L ARG

P =

T T
f (" (t)ult) +u(f)w(t)) dt = Epf s (t)(t)dt, YT =0
1] 0

M0 (9.1.13) FERZERE (9.1.3) PS4 7, 7@

V() — (5" (F)ult) + u (t)(t)) + 25" (H)K(H)
SCCN) + C ) Pr(t) + w7 (PC(E) — e (HJH ke (t) — w7 (t) Helt)

R O(Fy — KGo) Po(Fy — KGy) + 2pI — Hy — H3)6(2)
=w"(t)Mu(t) (9.1.15)

V() — (k" (t)ult) + u” (£)5(1) + 2" (1)r(1) < 0 (9.1.16)
BHTATEN T 2 0, #55 (9.1.16) M 0 3] T B, o3
.

f (k*()u(t) + u*(Or(t))dt = V(T) — V{0) + Epf g5 (Ds(dE (9.1.17)
0 0
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BF V(0) =0, V(T) >0, &

T T
f (k" (t)ul(t) + u"(t)k(t))dt = Epf wE(E () dE
il il
AR R (9.1.3) SR, iEEE.
ER 9.1.2 fEM/I 9.1.1 BROHEM T, MERFELTER 0 < B e @ren
(i=1,2.---.7). MM IEAMERE R >0 8 Ry, =0, —MERE K e Qe fl—
AHE p > 0, EFEE A

T =(T)oxi0 <0 (9.1.18)

AT, MRS R EE (0.1.3) RFRERN. Kb, 1) = -PC-CP-KG,~-G{K*+
Py4+o? P+ LR L; T2 = PLA-KGa; i3 = PLB; Ty = PLE; T); = —-CP,—-G}K™;
Tis =P Yie=PFy—KGi—H*" Tiw=CP, 4+ G:K*; N0 = CP, + GIK™,
Tzz F Hh Tzf. = A* Pl—':r .ﬁ rgg- = —.-‘!‘F1+G'ﬁﬁ“f. Tglm = —A*P1+GEE-1‘
Tys = —F5 — Rat Tys = BFy; Tog = —DB°Py; Tag = —B°P; Ty = — Py
Ti=(E-I) P Tw=—-E"P:Tjw=—E"F; T =—-Fs Toaw = P Fy — KGy;
Tq}ﬁ = —H; + LR L TL-;';' = — 5 T‘r? = - Tg,g. = —H; — HJ + 2pl; ng =
—Fi P+ G:-ﬁf‘: Yoo =—F;P + GEE“: Yog = Po— 2P Yigap = 7°P; — 2Py
Ty =17 HAbEY Ty 400 0. 3 BB 8% (9.1.2) i aa s s

K =P'K (0.1.19)

MERA HRESIER 0.1 F1SE (9.1.19), MERMEEFES S (9.1.18) |

= = I::'—:"Ej',lll!.'l}{lliil = 1l [g.l.iﬂj
B 5, = —P(C + KGy) — (C + KG)*Py + Py + 0*P; + LR\L: Syp =
Pi(A - KGz); Zia = BB 5y = RE; 55 = —(C+ KG\)'Py 57 = P

Sw=PF-KGy)—H Z=(C+ R'Glll P Ziw=(C+ ﬁGl] P Za =
Ps— Ry; Sas = (A= KG)" Pii Saa = —(A = KG2)" Py S3.00 = —(A - KG2)" Py
Smo= =P - Ry B3 = B°P; Sy = —B'Py; S50 = -B'P By = By
S =(F-IpP; Sy=—-FEP; Sqw=—-EP; S5 = —Py;: S = Pi(Fa—
_HG# s oes = =Py + LRQL: iy = =Py Sy = —Fg Zas = —Hy — H,; -|-Epf;
Zso = —(Fy — ﬁGd] B0 = —(Fa— KGy)* Py Zo0 = =P Py Py Syg0 =

_T_PIPH_IP]-: EJ, = = ﬁ-'ﬂ_.ﬂ"] ‘—'l_'l' iiﬂ;‘h l]
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W4 5| 2.4.8, SRR PEAF (9.1.20) ST
I'=(Ij)axs <0 (9.1.21)

Hep, 1, = —PC+KG)) - (C+KG Y Pi+Py+0°Fy+ LR L+-(C+KG )" [ Py+
PP + KGy): Tha = PuA — KGy) — (C + KGy ) (Py + 72P)(A — KGy):
Na=PB—-(C+KG )P+ mF)B; I'y=PFE - (C+ KG))' (P + m°F)E;
Is = —(C+ KGy)' Py: Tys = Po: T = Py(Fy— KGy) — H* — (C+ KG,)* (Ps +
2P (Fy = KG); Toy = Py = Ry + (A = KGo)*(Py + 12P3)(A = KGa): Tyy =
(A= KG2) (Pa+7*P3)B; Iy = (A= KGa) (P + 7P E; I = (A— KGa)" Py
Tog = (A - KG) " (Pa+ 2P Fy — KGy); Iy = — P — R + B (Pa + T2 P B;
Iy = BY(Py + 1P)E; I'ys = B'Py: Ty = B (P + 7' P)(Fy — KGy); Ty =
—P+ BN P+ T R)E;, Iy = (E—1P; I'is = EY(Py+ 72 B)(Fy — KGy);

Iis = =Py Inw = P Fy — KG): Ty = — Py + LR, L Ty = —Fy; I = —Fy;
Tia = —Hy— Hj+2p + (Fy — KG)' (Py + 72 P)(Fy — KGy); Ty = I, HoAl
I A 0.
% (= (I)rer, HE (9.1.21) oI 7
<) (9.1.22)

Fl&E T Lyapunov-Krasovskii 2 6

VI(t) = Vi(t) + Valt) + Va(t) (9.1.23)

Vi(t)= DU e (£) Pre(t)) (9.1.24)

Valt) = fti (D%e(s))" Pa(D%e(s))ds

+( [ et ) ([ @eetenas)

+T[ / (D"e(s))" Ps(D%e(s))dsdé (9.1.25)
—T o E4E

Vilt) = f e*(s)Pye(s)ds + f 4" (e(5)) Pag(e(s))ds

-I-f'.lf -[ s) FPrels)dsds
—er St
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" (ffif:{s}ds)ﬁ ( f,;f{ﬂd*‘) (9.1.26)

HERE R (9.1.3) P V(0 MSE, JFFRIASIE 9.1.2 {53
Vi(t) = D*(e*(t) Pre(t))
< e" ()P (D"e(t)) + (D"e(t))" Pie(t)
= e" ()P (—(C + KGy)e(t) + (A~ KGa)glelt))
+ Byle(t = o)) + ED"e(t = 1) + (Fy — KGg)k(t))
+(—(C+ KGye(t) + (A — KGa)gle(t)) + Byle(t — o))
+ ED(t = 7) + (Fy — KGa)k(1))" Pre(t) (9.1.27)
B Vu () 1S EeT

Va(t) = (De(t)) (P + T* Pa)(Delt)) = (D"e(t = 7)) Pa(D"e(t — 7))

t
+ (D"e(t) — D"e(t — 7)) P (f {D”E(S}]ds)
f=—7

+ ( / _m"ersndﬁ) PUDe(t) — D7e(t — 7))

. (-/r.:r{D“E[S”dS)HE*(];iq_lzﬂnf":ﬂ]}dﬁ)

=(—(C"+ KGy)e(t) + (A - KGslgle(t)) + Bale(t — o))+ ED"e(t — 7)
+(Fy— KG)e(t)) (P + T P)(—(C + KG)e(t) + (A — KGa)gle(t))
+ Bgle(t — o)) + ED"(t — ) + (Fy — KG,)s(t)

—(D%e(t — 7)) P(D%e(t — 7))

([ wretonas) mi( [ oretenas)

+(—(C+ KGy)e(t) + (A — KGa)gle(t)) + Bgle(t — o))
+(E—-ID"(t —7) + (Fi — KGa)s(t))"

x J"’l([E {D“'e[s}jds) + (ft [D"e{aj}dﬁ)iﬁl
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® [—(C+ KGy)e(t) + (A - KGolgle(t)) + Bgle(t — a))
+(E = DD"(t — ) + (F5 — KG)k(1)) (9.1.28)
Vi) S8 RIS 2.4.2, 0T

Va(t) e (8)(Py + o Foelt) — e"(t — o) Paelt — o) + g"(e(t) Psg(e(t)

—g"(elt — a))Paglelt — a)) — (fr! ) e” [s}ds) F ( j! ) f{s]{ls)

et (t) — e (t — ana( f frs}ds)
+(j_t B‘I{S:Ids) P—,—I:EIIE} —E[E — )] (9.1.29)

FHEGL 9.1.1, ATH
0 < e™(t) LR Lelt) — g (e(t) ) glelt)) (9.1.30)
0= et —o)LRLe(t —a) — g"(elt — o)) Ragle(t —a)) (9.1.31)
At (9.1.27)~ 31X (9.1.31) I

V()< C (DR + ¢ () Ps(t) + & (£)C(1)
FR D Fy = KGa) (P + 72 Py)(Fy — KGa)s(t)  (9.1.32)

H,

Clt) = (f“{t}.ﬂ“(elif}l}.ﬂ“li&[f = o)) (D%e(t - T}]I".-f (D%e(s)) ds, e™(t — o),

-/:”E*[s}fls)

[ PUFy— KGy) — (C+ KG )V (P + 2P (Fy — KGy) ]
(A— KGo)* (P + 72 P5)(Fu — KGy)
B* (P 4 72 Py)(Fy — KGy)
P = E* (P4 72 P3)(Fy — KGy)
PFy — KGy)
0
0
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T R LT P A R e R B
AEE 1 AR k() = 0 BHAE RS (9.1.3) 25 Rz e .
N k(t) =0 K, 5L (9.1.32), A[{G

V() < (B[ (0.1.33)

B (9.1.22) FI2L (9.0.33) ATREL Y k() = 0 B, IRE RS (9.1.3) &5k
AR TE B
BFE 2 TEREARTEN 0 MR, AR B A 2R
T

T
[ (R™(E)ult) + u () s(t))dt = Epf () s(t)dt, ¥T = 0
0

0

W (9.1.32), AT#

F{r} — (& (thult) + u"(t)w(t)) + 28" (t)s(t)

SR + CPR(t) + k" (HP(E) — e () H w(t) — s (t) He(t)

F ((Fy — KGy)* (Py 4+ m2P)(Fy — KGy) + 20 — Hy — H)k(t)

= w" () "w(t) (0.1.34)

)
pul

Ferh, wit) = (C7(t), w7(1))".
g (9.1.21), W

V() — (k" (Dult) + u® (E)s(6)) + 2ps° (Dr(t) < 0 (9.1.35)

WFEER T =0, 335 (9.1.21) M0 3 T #4784, o #

T T
f (k" (t)u(t) + u"(Hr(t))dt = V(T) - V{0) +?pf U(ER(E)dE (9.1.36)

E R Vo) =0, V(T) =0,
T

T
[ (K (Eult) + u (n(t))dt > 2p f K (£ (E)dt

S i

FORZE HE (9.1.3) &R IR, GEEE.

9.1.4 HEFF
L1 F $E A R 35 0F T B 95 5 SR iy Wt G k.



214 . B8 B R R T Ak s T

B 9.1.1 RS EE P T E P AR R (0.1.1) MIHSEEECA

a=1=02 filq(t)) = fa(q(t)) = 0.5tanh{g(t)), C = diag{0.5,0.5}

e [ 0,100 + 0.238 — 0.058) + 0.030%  —0.005 + 0.143 + 0.039; — 0023
0.005 — 0.124¢ — 0.0057 + 0.017k  0.002 + 0.095: + 0.0125 + 0.023k
. [ 0.168 — 0.059: + 0,005 + 0,036k —0.059 + 0.021 — 0.0137 — 0.008 |
| —0.020 - 0.043 — 0.0105 + 0.003%  —0.118 + 0.003: — 0.048; + 0.035%
o [ —0.027 + 0,107 — 0.038) + 0.060%  0.062 + 0.055 + 01215 — 0.118x
| 0.027 - 0.045: — 0.015) — 0.053%  —0.556 — 0.080z + 0.1147 + 0.094%
| —0.093 4 0.073: + 0.0037 + 0,002 —0.069 + 0,055 — 0.0017 + 0,001
Tl 0041 — 0,037+ 00017 + 00035 0.001 + 0.0461 + 0.0025 + 0,002k
o [ 0409 + 0.0821 — 0.0357 — 0.069%  0.123 + 0.0161 + 0.022) — 0.018 |
o 0.008 + 0.025 + 0.0137 + 0.004s  1.042 + 0.082: + 0.0097 + 0.045x
. = | 0.028 + 0,062 + 0,024 + 0079 0.123 + 0,020 — 0.0167 + 0.040x |
P | —0.062 4 0.025: + 0.008) + 0158  0.250 + 0.062¢ + 0.0807 + 0,008k |

a —

o (L3800 4+ 0.092: + 0.0967 4+ 0.020x 0,019 4 0.092: + 0.0747 4 0.008x
=0.120 + 0.194: + 0.0747 + 0.050x  —0.078 + 0.092: + 0.0167 + 0.081x

g _ | 0198 +0.019: +0.045) ~ 0.0205  0.014 + 0.018 ~ 0.053; + 0.030x
| 0.010 + 0.0051 + 00535 + 0.0165  0.010 + 0.018: + 0.0417 + 0.041x

. ! 0.826 4 0.112: + 0.0387 + 0.092%  0.049 + 0.056: — 0.0107 + 0.092x ]
d =

L0944 + 0,103 + 01195 — 0,128 0.768 + 0.094: + 0,092 + 0,110k

J(t) =

cos(f) — sin(t)e + sin(#) 7 + cos()x
sin(t) + sin(t)e — cos(t)y — sin{t)x

e "M e tsin(t) + e 1% cos(21)) + e sin(Tt)x
R(t) = 1

1+ 1

Fe ™ gin( 3t “ cos(4t)k

1
——jte
E+-|..-f1+fj
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wERTEE 0L HREEE A

L [ﬂ.ﬂ 0 }
0 0.5
FIH MATLAB S48 YALMIP T HE, Al kL (0.1.4) MR
Ry = diag{37.1354, 24.8183}. R, = diag{7.7014, 7.3372}

. [ 38.911 1,058 — 0.601¢ 4 1.436) — 6.193% |
-
1058 + 0.601: — 4.4367 + 6.193x 28.020
, 20771 0.670 — 11141 + 3.512) — 6.495 |
? —
0670 4+ 1.114: — $.5127 4 6,490k 31.324
. [ 179.02 —10.90 — 22.95¢ — 5.69) — 17.36x
3 =
—10.90 + 22.95: + 5.697 + 1736k 293.83
. | 5.054 0.349 — 0,292 + 1.079) — 1.200% |
4 =
0,349 + 0.292; — 1.079; + 1.209% 1601
. [ 13.106 0.007 — 1.998: + 0.762) + 0.707x |
© | 0,007 + 1.998: — 0,762 — 0.707k 11.687
. [ 13.512 1.715 — 1.284¢ + 5.033; — 5.570% |
-
1.715 + 1.284z — 5.0337 + 5.570 38.451
., [ 4610 0.268 — 0.2511 + 0.830 — 0,984 |
.
0,268 + 0.2511 — 0.8307 + 0.984x 3.670
o | 0073 5ATT 4 840y~ 21985 1572~ 02611 - 0.816) ~ 0.095%

2,463 — 1954 4+ 0.662) 4+ 0.078x  —0.286 + 0.23% + 0.2287 + 0.637Tk

p = 0.0068
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L (9.1.5) f9 IS L (9.1.2) A oA

=164 + 0140 + 00713 — 0,053 0,040 — 0.0122 — 0.0205 — 0.004%
0.074 — 0.064: — 0,037 + 0,017k —0.010 + 0,003z + 0.0187 4+ 0.016x

HERE 0.1.1 851, iR HE5 (9.1.3) B™ELER,

oo = 0.98, FIHEGEM o(t) = (9.5 + 6.60+ 3.57 + 5.5%, —9.5 — 6.60 — 3.57 —
5.56)T, q(t) # g(e) B EUIE 9.1.1 ~ B 9.1.8 AR, 2 k(t) = 0 1, eft) B4
HimE 9.1.9 ~ B 9.1.12 Fras. (G R EREEAE 1 #55 Brii ke 5 =ik,

10 : :
| FEHC ) A —
T Gl AT A — i | ]
£ 6} -
=
=4l
=
.
=
s 2
Ll -.
-3 1 1 1 1 1
0 5 1 15 20 25 30

i
B 9.1.1 R g () BRI G B

o
=y 2t
B
= gt /
= |/
T -6
]
_q 1,I'I o FEEC ) A —
ol T T8 ) A% 55— T4
— 1l - - - - -
I 5 10 15 20 a5 a0

i
B 912 ARE qt) BT qalt) M —Ha
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= 2 1
B HH\/\
h‘_ I [ Faa .-'-l ]
0 . 4 ml'li\'\..-f’dll/_\_‘//—\/_\/
—1F ' e - 1
0 L L L L L
1] ] 10 15 20 25 Al
I

B 9.1.3 4hE qit) BEMAE 600 B &5

i

1
.‘-‘_'l_—:
=
| B R | ]
G - R T
-7 . . 1 . .
il 4 10 15 2l 25 AL
¥
B o914 AR gelt) BIANTE galt) B35 A0S
5.0 r r r
all — g P RS = |
Ja - R B =R | |
"= o5k \ . /"\ ]
113 )j I,l'
0.6F kﬁ\} :
~1 : A— ' :
1 5 1] 15 20 25 :
i

B 9.1.5 A& quit) BT quole) B98 =G
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1
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b 10 15 & 25 A
i

A AR (0.1.3) B0 AR B

&
i b
Ak

i

LIl

el £

N

— el A ||
e 1955 i

] 9.1.10

i 11 [ a0 25 Al
!

R (9.1.3) & AR AR S Ul

“ e

el

T
e,fH%E = RB 41

o111

] 10 L 20 25 Al
i
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e
i e, 25 P 57

el 1) I AR

0 3 T 1;5 20 25 a0

B 0.1.12 RERGE (9.1.3) BIUASARERL
0.2 I PO e 8 ) 2 A Al

AATHIE T B M T R R A e ) D e e Y £ etk A
Wl . BT Lyapunov 773 FEE Pk A S ETY, 27 PO e R s W £ 40 A
v P o SR MR R A SR, O A T E, FA DY o A e R AT
AR S ERME R I A o, e e il el A e (0 e A P 15 £ LA A

9.2.1 #HAENEE
F R LLE LA M O R R0 A e G U S e 5 e £ R
git) = — Dq(t — 8) + Ag(q(t)) + Bgiq(t — 7(t)})

+ r:?f glg(s))ds + Jit) (0.2.1)
b= 305

S, g(t) = (@t @lt), - ga(®)T € Q" REH n AWBITLMMELE ¢ B
Bk &smEt, ¢ = 0; D BECIERAERE, #FrE RIEEREME, A e Qi
Boe Qrer il C e Qren AR EESUERE, B R U R A AR i
HERUERE: glq(t)) = (mla(t)) g2(q2(t)). - L gnlgn(t)))T € Q2 ¢ B HIFhE T
TR J(t) e QU ARSI B 4 R AR LR 6 = 0; () A St
) 2 B A o A A A e, L R

o<Tt)sT, 0<B(t) < 8

T F g A
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78 2B e, PR TR A L R A A A S 0 i eh e 4 9K 79, 3F FLIN 2
i A R BRSO, P, TG R AT, STtk R e th
BT &

r(t) = Eqit) + Fhit, qt)) (9.2.2)
Kb, () € Q7 RWMEHEE Ee Qran fl F e Qrem 2 AL R
ho=(hy hay e By )T R ox @ — QAP A o e 52 0 (19 AR £ M 1 2.

f T P oo phes s 8T (0.2.1), FEMIEESH (9.2.2) 50T, HARES

F1AT L 1 LT A AT

g(t) = —Dg(t — &) + Aglg(t)) + Ba(g(t — w(1)))
+.-:*f gli(s)ds + J + K(r(t) — #(1)) (9.2.3)
t—3{1)

r{t) = Eq(t) + Fhit, g{t}) (9.2.4)

b () FREHEPY T EE e M EE R (0.2.1) RERE o(t) MM F(r) 2R
PR Ko Qo i W S B .
SE RIS I B e(f) = (1) — §(t), W B SEnim 2k A

e(t) = —K Ee(t) — De(t — &) + Agle(t)) + Bilet — 7(£))
+C * gle(s))ds — K Fhit, e(t)) (9.2.5)
t— A1t}
Jerh, Gi(e(t)) = alalt)) — ala(t)): hit.e(t)) = hit.q(t)) — hit. q(t)).
9.2.2 HEEEG
Pk, @B RS (9.2.5) SRETIIEE MR, FRe R e
M RO, Rk, SRR L o) FARERYEILED B ) S0 R
Big 9.2 FTALEM i € {1,2.--- .0} FHTEM p.g € Q, FEHK
W E E {EE:I'E
l9:(p) — gilq)| < vilp — gl
g 9.2.2 APEER e {12, ;m} AMEER) w0 e Q@ BLE t 20,
EEH G L, c R (7
et u) — Bt v)] < LY (u—v)]

J 7RI, 5230 T = ding{y1, 72, 30} M L= (Ly, Lo+, Lw).
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9.2.3 FTEHLE

T e A P s A £ PR Y (0.2.1) FNRERERE (0.2.5) £EHNHE
VTSI

ER 9.2.1 EfRiE 0.2.1 ffRid 9.2.2 RICE R T, WRFTE R IR
B A, Ay e B, —PEERE Ay e B, B EEEKE P.Q R U,
W, X, Z e @ RIIHEE VY. 8. T € Qv (EfFLUF =12k i A 5
W

v
= = '] = [9?6]
* W
(X v
== =0 (9.2.7)
* A
2y 2y s YT W SA SB SC  -TF)
* [l —=SD D Vv sS4 SsB SC -TF
* * —FP o -W 0 0 ] ]
* W * 2 0 0 0 0 0
R=|* * *x x -Q 0 0 0 0]l <o (9.2.8)
* * * * [ 0 ] ]
* * * * * * = ] 0
1
——R 0
& E * * = * = I:j
| * * * * * * * —Ay |

H, i = V4V 4 P+EQ-TE-E'T*+ A+ LALT; (), = U -8 -E*T*;
Dy =-V-8D;fhy =7Z-85-58% 4y =7X-Y-Y*"+I?Ay; (0 = —BR—A,,
WP 2 Y (9.2.2) T BB P oo B e SR B (9.2.1) IR ZEAREREL (9.2.5)
ARt n, At asiE K it K = 57T,

HERA  FEEW T Lyapunov-Krasovskii 2 f:

V(t) = Vilt) + Valt) + Valt) + Va(t) + Vilt) (9.2.9)

Hep,
elt)

Vilt) = f o(e)ds L H_,] f e(s)ds (9.2.10)
t—d t
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‘Lﬂ[!jlzft e*(s)Pe(s ds+ﬁf f e*(s)Qe(s)dsdu (9.2.11)
v w—T7lu))| |[X Y| |elw—T1(u)) dsdu 9.9.19
a(f) = [ /_T{ j l é(s) * 7 é(s) l: )
0ot
=] f (51 ¢ s)dsdu (9.2.13)
Vait) GEGET 09.2.14
{ f f+u ] [ ::I
HE V(i =1.2,3,4,5) S8, oG
Vilt) = e*(t)(V 4+ V=)elt) + e*(t)Ue(t)
efUe(t) — e*()Vel(l — 8) — et — &)V et
e [EW (5)ds a)jds | W
+e*(f) ([_éffﬂ ) ( .5:)
++Ef‘l{ﬂ.‘j|1#’(jzr f{s}ds) ( el s ds) V*elt)
—e'(f—0W els)ds | — ds | Welt—4 9.2.1!
o ([ ewas) = ([ ewas) wew-s)  w215)
Va(t) = e* (1) Pe(t) — e (t — 8) Pel(t — 6)
+45?ﬁ'[t]|£.}'ﬁ|[t}—ﬁf .-: Ha)els)ds
< e ()P + 8*°Q)e(t) = e*(t = §)Pe(t — 4)
- ([I El[.;}ds)*v@(f! f{sj{ls) (9.2.16)
t—& t—a

Valt) = r(t)e™(t — r(t)) Xelt — (1))
+ ™[t — () )Yelt) + e ()Y et — T(t))
—e"(t — 7Y + Y )elt — 7(t))

t
+ f e (5)Zé(s)ds
t—7{f)
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et =Tt X =Y =Y )e(t = 7(t))
+ &"(t — (1)) Yel(t) + e ()Y et — v(t)) + ft é*(s)Zé(s)ds  [9.2.17)
Vilt) = re* () Ze(t) — f et + u)Ze(t + u)du

:ré*(z)zéqrj-f &*(5)Zé(s)ds (9.2.18)

Val(t) =3§r‘{ﬂ{f}|]R§?[ﬂ[f]}—f ﬂﬂ'{f{-‘*]}ﬁﬁ"(ﬁisj}ﬂ#
< 97" (e(t)) Ra(e(t)) — %(-[_I.iﬁ[e{qw}}ds) R([_qj{e{s]}ds) (9.2.19)

Hoeb, fiE Va(e) 1 V(o) BEFRIAL T 51 EE 2.4.2,
H% (9.2.15) ~ 34 (9.2.19) A3
V(t) < e 1V +V* + P+ 82Q)elt)
+ e (HUEE) + é* (H)Ue(t)
—e* () Velt — 8) — e*(t — 8}V *e(t)

+ e ()Y elt — (8 + et —7(t))Yelt)

+H‘[E]W'(-[:_E f_{sjds) + (—/r._ﬁel[s]lil.'i) Welt)

t
+ e (H) Zé(t) +é'{r}v(f r:l[s]u:ls)
i—4

+ (j;f[ﬁ}ds)*v*@[fj — &*(t — 8)Pe(t — )

—e“[!—ﬁjﬂ-’(fi E‘{ﬂ]d&) — (jE e[s}ds)*ﬁ’e[!—ﬁj
t—d t—4

+et (=Tt X =Y =Y )e(t — 7(t))

- ([ijf[ﬁ}ds)‘ﬂ([iﬁe{ﬁjds)

+ Ba"(e(t)) Ryle(t))
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N %([!—ﬂﬁ{f{s]}ds)‘ﬁ(j:ﬁ ﬁr{c{s]}ds) (9.2.20)

iz E BACERE ik, el (9.2.5) AT
0= (S*(t)+ S e(t))"H + H*(S5%e(t) + S*&(1))
Hr,
H = —¢é(t) — KEe(t) — De(t — §) + Agle(t))

+ Bgle(t — Tt + C / ) glels))ds — KEh{t. e(t))

[R] kAT 75
0= —e"(t)SKE+ E*K*S*)e(t)
— e ()8 + E*K*8*)élt) — e (t)(S° + SKE)e(t)
— e*()SDelt — §) — e*(t — 3} D* S"e(t)
+e* (D)8 AG(e(t)) + 3" (e(t)) A5 e(t)
+e* (DS Bile(t — (1)) + §*(e(t — T(1)))B*S*e(1)

+a"[f]5'{'j(j;_ﬁf;[e[3}]lds) + (];_ﬁf:[t:[&}]lds) C*S*e(t)
— e (O)SKFh(t, e(t)) — h*(t,e(t)) F K" S*e(t)

— & (6)(8 + §7)é(t) — &* (£)SDel(t — 8)

—e*(t— 8)D"S*e(t) + & ()SAdle(t))

+ G (e(t)) AT S E() + e (£)SBile(t — 7(1)))

+tle(t — (1)) B8 é(t)

+é*[f]5{j([= f;[ﬂ[:f}]lcl.'i) + (ft f]'[ﬂ[.'f}:lil.ls) ‘fj*S*.;;-{t]l
t—[5 t—[F
— E(OSKFht,e(t)) — h*(t, e(t)) F* K" S é(t) (9.2.21)

S, FEAE W 9.2.1 AR 0.2.2 0] #

0 < e ()2 e(t) — g (e(t)) Avile(t) (9.2.22)
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D= et — Tt Agel(t — 7(t)) — G (et — TN Azglelt — 7(8))) (0.2.23)

0= e* () LA LT e(t) — B (te(t))Ashit. (1)) (0.2.24)
R (9.2.25) ~ 3 (9.2.24) W]
Vit) < £ (0ITE() (9.2.25)

am=( (1), (1), e*(t — 6). ¢ z—r{uf (s)ds, §*(e(8), §* (elt — T(8))),

-

[ artensivt.em)

(11, I, Iy Y* W SA SB SC —SKF]
* e =50y 0 vV 54 SB S5C =5KF
* * - P 0 =W 0 0 0 0
* * * T4 0 ] 0 0 ]

g— | * " * * =0 0 0 0 0 (9.2.26)
* * * * * Mg 0 0 0
* * * * * * —Aa 0 i
* - +* - w * * - lH )]
,l'jl
| * * * * * * * * =Ay |

KB IO, =V +V+P+8Q—-SKE - E*K*S* + I'A, + LALLT; 1Ty =
U—8—FE*K*8*: [Ty = —V—-8D; [l = 7Z—-8—-8* [T, = 7 XY -Y*"+I?% Ay
Igs = BR — Ay,

H K =S8"'"T, FRIE T < 0 Fr T 2 < 0. BT (9.2.8) f1k (922;]
ATE V() < 0, HERT V() 2FFESN. B Lyapunov £ @ #ERE 4, i
WA RE (9.2.5) 4 HEHLFRER. EE.

M TER MATLAB 800F MR PEREBE A0 (9.2.6)~(9.2.8), T B4 T4
RS P EOE M AU RE, ik, SRERICERERE A, B, C, E M1 F #
SERNEEEMNE Bl A=A+ A, B=B 4+ B, C=C,+Cyy. E = E, + Ey,
F=F +Fy B9 A, Ay, By, Ba. O, Ca, By Ea, Fy, Fy € 000,

e 0,21 FEMERGE 0.2.0 FOEE 0.2.2 BT SIETT, o EETE P S 1R
MEME Ay, Ay & R0, —PSLEAMEEE Ay e R™™, B4~ Hermitian M P,
Q. Ry, Uy, Wy, Xy, 2y e C ) B RATER Hermitian 35 Po, Qa, Ra, Us, Wi,
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- 327 -

Xo, Zo e C™*n NAMERE V), Vo, Y1, Y2 5), S, Y, T € O, (FHEL TR

A~ S TR

Hep,

Faitl [1]
fhy' 1,
(1]

* My 5D
- -
* *

JI-':'}I. — * * -
4 - 4
.3 b .3
- * &
- k] E ]

"~ 20 02y (2
) 5?1? ﬂl:l
N2) T
4 s-ul?:z:l__l- —.-E}QD
* * - P
* * *

2, = W * W
* * *
W * *
W * W
* * *

—
-
—

o

—-P

P, —Q|
e {E" Eh =0
P, Q@ Q1
—Ry) 6, -6,
_ =10, | = - =)
Ry 8, 6,
=, | (), —12,]
=0, |2 ZFl <0
= 2 O
U, vl LV
1 1 _. Hg — F f]
t H-"rl " H-"PE
X, vl o LY,
* E| PR - E:g
A | SR
0 vy o
0 —W, 0 0
ay 00
* —Q[ ﬂ U
& w J'?[Erl;} ]
o #* & !12
* - #* k1
* - w £ 3
o N (A e A
I U ¢ U P
0 —W, 0 0
2 0 0
L3 —I!:,_]'g 0 ]
* * _{-.?RE 1]
* * * 0
W o b
. * ks .

2]
[

0

)
0

=

(0.2.30)

(9.2.31)

(9.2.32)
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Y =Vi+ V' + P+ 8°Q) - TVEy + ThE, — EYTy
+E3 Ty + Ay + LAsLT 9.2.33)

(
O =V = VT 4 Pyt 82Qy — TV Ey — ToEy + EJTY + EXTT (9.2.34)
(

OV = U =8 — BT 4+ BT, 5 = U — Sy + ENTE + ETTT O (9.2.35)
O = v = 8D, 0% = -V, — 8,0 (9.2.36)

) =l =804, — 8,4, 0 = 27 = 8§14, + S, A, (9.2.37)
O =) = 8B — 8.8, 27 = 02 = 8B, + 8.8, (9.2.38)
2y =l = 8,0 - 8,0, 27 = 02 = 8,0, + 5.0, (9.2.39)

2 =0l = TP + ToF, ) = 02 = T F, — TLF, (9.2.40)
Q) =72, -8 —8;, 2 =12, — S+ 57 (9.2.41)

OV =T X -V ¥+, 2 =X - Yo+ Y (9.2.42)

) = B8R, — A (9.2.43)

Mg (9.2.2) F A9 P oo ¥ e M Er R (20 MINHRERE RS
(9.2.5) 4 RETTEr, A5 HEGHE K A K=85'T, Hd, §=5,+ 5
:-'Fu- I = T] + Tj_’j‘-

WERR EELHIE 2.4.4. FIH 2.4.5 FUERE 90.2.1, &S A FLETE. UERE.
9.2.4 ¥iETH

I~ T A 4 AL (] o 3 Y o LA b 0 E
Al 9.2.1  FEEAEA-FE O A U o Ere e M E R R (0.2.1) #0092
o (9.2.2) &N T

D = diag{1.8,2.8}, 4 = (a;;)2u2. B = (by;)axa
C = (cij)axz, £ = (eij)axas F = {(fijlaxz
a =01, 7(t) = 0.1] sin(T#)|
Alt) = 0.1 cos(9t)], J(t) = (S (), o (#1)T
g1(q) = g2(q) = 0.5 tanh(q), ¥q €
ho(t,u) =€ — 0.2u0, Yu = (11, ua)T € Q°
ha(t,u) = € + 01wy, Vo = (1, us)" € Q°



9.2 WER e M a1 . 229 .

H,
ayp = =074+ 1 =02)+ 04k, aj; =03+ 1.2 = 0.4+ 0.3x
gy = 0.3 =020 + 0.2+ 01k, azz =1 +1—0.27+ 04dx
by = =04 +0.Te+ 027+ 058, byg =1+ 052+ 0.37 — 0.5k
bay = 0.3+ 0.20 = 0.2 + 0.1k, bay = —0.5+ 0.5 + 0.27 + 0.4k
ey =0.24+08:+037+ 1.5k, c1a =05+ 0.8: 4+ 0.87— 1.5k
g =0.34+0.2: —0574+02k, 50 = —02—-08+ 74+ 2k
ey = =024+ 054037 =05k, €10 =—02 04+ 0.27—-04x
egp = 0.1 =020+ 0.1 — 0.28, €30 =04 — 0.3+ 0.55— 0.2
fli=05—-02r 4+ 0.2+ 0.1k, fiz =02 —-021— 067+ 0.3k
fo1 = =03+ 0.1 — 067 — 0.5k, fae = 0.3+ 0.5 4+ 0.5+ 0.3k
Ju(t) = cos(t) — sin(t)r + sin{t)y + cos(#)x

Jolt) = sin(t) + sin(t)r — cos(t)y — sin(t )k
FrE R U HOERE A SR

4 0741 034 1.21

T los—02 149 02+0.1r —0.2+0.4

024041 —0.4+ ﬂ.ﬂ

T REATER, Woo8HER B, C, E #l F S EE AT —— 5,

FrabE, i 9.2.1 AHiGE 9.2.2 BHEE, H I'=diag{0.5.0.5}, L= !—?: 2”&}11
r=0.1, d=0.1.

FIFH MATLAB $Fhf) YALMIP THEEH, 483 7 26PERREAEN (9.2.27) ~
(9.2.29) F—-nl {7 N

Ay = diag{18.4380, 37.8611}, Ay = diag{9.3340, 31.7285}
Ay = diag{55.9767. 127.0446}

P - 10,5255 + 0.0000:  —0.0152 — 19866z
L L0.0152 + 1.9866: 37.8442 + 0.0000:



. 230 . B8 B R R T Ak s T

o [0.0000 + 0.00008 —1.2651 — 3.3482%
£ 1.2651 + 3.3482¢  0.0000 + 0.0000¢
. [ 2.6335 40,1042 —0.2434 — 0.690%

| -0.0638 4+ 03237 5.2045 4 0.0084
. _ (0.2524 4+ 0.0248:  —0.1833 — 0.6098 |
: 0.1077 + 05452 —0.3623 — 0.2553:
_— (_1.1286 — 4.6337:  2.9286 + 5.530%|
b —1.4467 + 0.02111 5.3888 + 2.3078:]
00
Ty =
00

M TR AR, A3 A T8 LR, B, TR A I B R B
_;L:r I".i.- == {kf__]:lﬂ:-:21 EEFI;

= —0.5535 — 1.8624¢ + 0.0556) — 0.2349%
Fia = 1.2539 4 2.4030: 4 0.04258y + 0.4381x
Fag = —0.4268 + 0.0252: + 0.16117 — 0.0124k
kaa = 1.2443 4 0.3648: — 0.14367 — 0.0399x

e 9.2.1 oTED, imFEARE RS (9.2.5) 24 R R E R,
P7F B 0.2.1~ B 924 85 T HADRE o) BEAATRE gl B0 a] e R

2 t t t t t 1
) — (LR A A
L AR i | ]
1 - SR 57 | |
& Y o= il fl AR R —
=)
& F
1 b
I
—15F
_Ij L L L 1 L L L L

B 9.2.1 WEARE o) RHEAGHRE i) BF 8
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Niihg

.5
i

o Ur .
=
R N
|_I

] ‘

i

_l -| 1 1

—— i FEE AR )
S— A L [
— o el PLAARE ) (00
- em - il AR A

b
K%
R
Ll |

=

L
(=3
=1
o

9 10

4 9.2.2 HEARE q(t) BILRSTERGE §(0) 8 8

it

o FI A

—— oy PR AU
— = AR

— o RS A =
- TR A

Xy
S

] I

B 9.23 HIRE ¢lt) BHAGHRE ) HFE =84

L. T T T T

b B S PO A

E:

— gy R e P |
= = Gyl fh R i S PR
— o g B i S PO A
- Gl it AR PO |

0.2.4

R qit) BEILAG TR Gi) HSs st o
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ek, Hoh REMPIEMHER o) = 11+ 14— 057+ 158, —16 — L4+ 155+
032)T Gty = (L6 + 2 — g+, — 11 — o+ 3+ 006) T R T B35 PO o £

LR P SRS T A% BT T AT AR A I R

fl9.2.2 HEMSHH (9.2.2) TR W EEE 0 R0 I CECRR L R 2

B9.2.1), KEBdEEN

D = diag{3.3.1.2}, A =

—0.1 0.3
0.42 —0.35

L1g 0l 200
B .13 0 C= 0.2 0.3
0.1 012 0.3 0.2
E = F = diag{1,1}
§ =001, 8(t) =1, J(t) = (3sin(t), 2 cos(t))"

Mg =gal@) =02(g+ 1] —|g—1]), Vg R

hy(t,w) = haft,u) = 0.1cos(t) + 0.2, Yu € B?

T(t) = 3 + 1.5sin (%)

(9.2.44)

FhEE, fiE 021 MR 022 {AEFELE I = diag{04,04}, L =
diag{0.1,0.1}, = = 4.5, 4 = 1. #H MATLAB #{fFhi YALMIP T HA#,

3| TERMEE MRS (0.2.6)~(0.2.8) B1—TaliThH

Ay = diag{71.8567,95.5687}, Az = diag{0.6084, 1.5696}

Ay = diag{234.4496, 170.14261

p_ | 713226 —9.3114 O — 1530202 73.1186
| -9.3414 4892787 7 | 731186 170.5852
R 313756 108800 [28.7440 —7.4667
108890 44.1905] T | -T4667  37.0309

91.862% 10.9839
10.9839 41.9464| —0.0263  0.1424

0.0451  —0.0263
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p [ 0.7727  —0.3784] y (41,4867 —1.4240
—0.3784 24567 | 37418 —26.8647

y [ 0.1668 —0.0803] ; [ 6.6855 —3.4318
_0.0821 05198 | _3.0580 17.0088

. (153536 —5.4025]

41496 24.8500

LTS, 73BT R

K =

23921 —0.0640
01862 1.44096

e 021, ZAEWRERS (9.25) 2L REER.

{iECH 9.2.5 FIE 9.2.6 Son T RS o) ZILATHE Ge) G0 [a) e R
ek, Hob R ETEN q(t) = (2, -2)7 8 G(t) = (—1,2)". {5 E#H—
AR T I A R P B AR A T AR R SR AT R AR R

2 T T T T
— k)
15} — — GifkiiE)
|
1 'II 7
|I _,.-'-"-.\ J,.-""\
& 054 / \ / ]
= | x
] -,'l \ ‘.-’/ .
/ \ /
- xﬁ\\r/ |
—1 1 1

1] | 2 3 4 ] ] Fi i 0 10

B 9.2.5 HEARE qu(t) R THGE §(t)
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] T T T T T T T L !
A gl BN )
|.:|-|Il' r.i_.l:£|l|||-1-|-:k_.-”': |
Va
L 7N |
~ / Y

H
=
n

1
¥

Y
P i "l. 7

T
.
.
-
1

B 926 HLRE q(t) BHETHNE @0



£ 10 B MuxBHesMEERRicizhaI A

101 SR PO o B 28 ) 28 7R AR 102 i N FY

AT i i 255 A TR PO s e 2 R R R (P AR L A T e e e
B AR P o i £ [ i, (i AR R R AT T AR R A & S, E Rt
U B ar B E R 0, P R Y U0 e A b £5 P S 1 B, (2R ) i
T B R B E B — At R S e W 77 5 B AF 14 43 (R g ) e s P14 1Y)
TEGE EHE.
10.1.1 $EEGE S

1B — 285 T BICRY PO e i e e R

gk + 1) = Dq(k) + Af{q(k)) + U (10.1.1)

Hodp b RIEREL (k) = (quk), g2(k), - Lqu(BNT € Q" AILAT n - 0 i
SERERTE kB RINERE TR, D = diagl{d,, da,--- . d,} € B**" NE RIHEER
HEEH d, >0 (p=1,2,.-- ,n); A e Qe REEBHEE fgk) = (Hila(k),
falga(k)), -, fulgu (k)T € Q" AMECEGERE; U = (U, Us,--- U &
Q" RARERSR A R

10.1.2  EFEHG
g 10.1.1 W FESESEMN we e Q, FEEFE 1, > 0, HHBHT R
Spl-) 2
| fplu) = folv)] < lp|u— v (10.1.2)
Hrp,op=1,2,--« n. ¥k, 5L L= diag{l; 0z, 1,}.
10.1.3 EEHR

E 10.1.1  fEEE 1000 BT EEF, mBREEEEN R Q /
IER R G 5 LT 20 e o A 2 o el

[ pepiLeL-q@  Dpa
A*QD A*QA-G

D R P e S PR P B A R (10.1.1) 7 (EME— By 4= ) F5e ~F il s

—
=
et

<0 (10.1.3)
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WERA A BH A A A SR T
AT 1 A N T O e e R (10011 P S A R — 4

i g AR e e A R Y (10.1.1) T, W g G2
(D—Ng+Af(@)+1U =0 (10.1.4)
5 R LT e g
Hig) = (D —-DNg+ Af{g)+ U (10.1.5)

UEE] H (q) 72 Q™ A [S] FR .
HAEUEE] Hg) 2 Q" ERRH. MEFE . fe Q" H a# 5 WH

Hia) — H(F) = (D — I){o = 3) + A(f(a) — f(5)) (10.1.6)
e, A
(Hi{o) — H(3))Q(H (o) — H(F)) + (0 — 3)"Q(H (o) — H(3))
+ (H{a) — H(3)) Qe — 5)
=({D —I{a = 5) + A(fla) = FIEN)QUD — I){a — ) + A(flex) — f(5])]
+ (o = S QUD — Il — 5) + A(fla) — f(5)))
+ (D =T} = 3) + A(fla) — A5 Qo —3)
=(a— 4)"5(f(a) — f5)) (10.1.7)

Heh,
g_ | Pep-Q DQA
a AQD  AQA

M FIER AR G >0, R 10,11 BT#
0< (a— AV LOLIa—8) — (H(a) — H(A) G(H(a)— H(Z))  (10.1.8)
F0 (10.1.8) EL (100.7) L, 53
(H{a) - H(#)"Q(H (o) — H(3)) + (a — 8)"Q(H(a) — H(3))
+ (H(o) = H(B))" Qv — B) < £72€ (10.1.9)

HHf €= (" — 3% (o) — f(3))".
H o5 3 AR £ 500 FIRSRMEEREASEN (10.1.3) f15X (10.1.9) o[ §
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(H (o) = H{Z))"QUH (o) = H(8)) + (o = 8)"Q(H (o) = H(j3))
+(H(a) - H(8))' Qe — B) < 0 (10.1.10)

Bl H (o) £ H(3), X8R H(g) 2 Qn ERg g
HUAEI Y ||a|| = +oc B, ||H(a)| — +oo. R3E Ha) MEXL, &

Hio) — H(0) = (D — Do+ A(f{or) — f(0)) (10.1.11)
EF A (10.1.9) BTz, oG
(Ho) = H(0))"Q(H(a) — H(0)) + 0" Q(H (o) = H(0))

+(H{o) — H(0)) Qo < "y (10.1.12)
Hp g = (o, f*{a) — FH(0))".
I, A
(H{a) — H(0)"Q(H (o) — H{0)} + o Q(H(a) — H(0))
+ (H{a) — H0))" Qo £ —Apin(—Z)|[n]]* € —Ain(=Z)[l0l*  (10.1.13)
Eida g TR
Ain(=Z)[la|* € —(H(a)-H(0))"Q(H{a) - H(0)) — 2Re(a”Q(H(a) — H(0)))

< | QUUH () || + [[HCOND el + [ H (e)|| + [H(O)]]) (10.1.14)

Wi,

| H {a)|| + [ H{0)]
x|
Bk, 2 ||a)| = +oc B, ||H(a)| = +oc. HIGIFE 2.4.1 TH, H(a) 2 Q" L#H
PR it Al R R DU e P P SRR (10.1.1) 77E i 5 EL Tl 5 e —
0 2 iﬂﬂfﬂ;ﬁilﬁﬁwﬁﬂfﬁﬁi {m 1. 1} ?tﬁiﬁtﬁﬁﬁﬁ

Amin(~Z)all < ||@||{||H{-:~:|u+||Hm}||:|(z+ ) (10.1.15)

FlEgEi Y (10.1.1) @ Tuﬁﬁr%fﬂ
ik + 1) = Dglk) + Af(i(k)) (10.1.16)

Jerh, (k) = glk) — ¢ flatk)) = flg(k)) = F(§).
e I:,ﬂpunm 1% -

Vik) =g (k)Culk) (10.1.17)
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PR U P e e M AR R (10.1.1) B VI(R) ML, AT
AV(E) = V(k+1) — V(k)
=k + 10k + 1) — g (k)Qulk)
= (Dglk) + Af(g(k))y Q(Dg(k) + Af(g(k)) — 4" (k)Qu(k)
=y (R DQDyR) + 3" (K)DQAf(u(k)) + [ (k) A" QDu(k)

+ FHaENAQAf(G(kR)) — i (k)1Qu(k) (10.1.18)
A F IR fiERE G = 0, B 100001 AT
0 < g (R)LGLy(k) — [ (k)G fly(k)) (10.1.19)

P (10.1.19) fLAGE (10.1.18), B35

AV(E) <y* (R)DQDy(k) + g™ (k) DQAf(y(k)) + fH{ulk) A QDy(k)
+ Frulk)) AT QA (u(k)) — u* (k)Qu(k)
+ § (k) LGLg(k) — Fr(u(k))Gflulk))
=5 (k) Zn(k) (10.1.20)

Horp, nik) = (gt (k). fr(alkn)".
AR P A 2 (10.0.3) o8N, AV(E) < 0. bk, S5 E08 P or #4344
FLTY (10.1.1) WPl G- RFEER. UEEE.

10.1.4 Fixigit

FE T 3, il O PU oo Eep £ e 2% i 2 k] ) 2
My eQri=1,2--,m) TaMER m V88, o7 el a8 o
SRS M EE LR (10.1.1) ATELE (E R 0P sURBGER). A4, BRI
JEHHHEE RIS (10.0.1) FHEFELLT R
g = Dy' + Af(y"y + U (10.1.21)
B[
(I — DY = Af(y") + U (10.1.22)
IR R LT PO e R A VR R R T e B £ R e T P G AR L
1 FH B .
tbg.ﬁ 1 i_:;{_ 1|!'_.- = {y[l} _ .yfm]J.yffE] — y-[m:l_. .. ?yl:m—'l.lil _ E.I'{m]] = I:I:Ilnx'{m—|':|1
M=% (10.1.21) %4 T
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(=D} = & (10.1.23)
U= (I=Dyy'™ — Af(y'™)
:H,:-EP’ f:: {f{y[ll — y{ﬂa]j!f{yﬂ] . y{ﬂ::.]j! L ,f{y“”'” . y{ﬂ::.]]} e ,I}nx[m_ljl
R 2 AP ICEOERE ¢ TR R ILRE, B ( = PRV, Hep, P e Qe
Ve Qim-lxim-1) SHHEEE » e gretm- 22— HAHEERLRELFREA:

A (€
r= : (10.1.24)
0 0

He, A, 22—~ IEX R,

B 3 BUEMMERME D, iFEMESAE, 7T A= (T -D)gVA T P +
BaPy, U= (I-D)yy'™ —Af(y'™", Hp P, BEHERE P 080 r 7], P RFHE
P 8T n—r %, By e Qr=tn-m) R—-F4EME.

4 GEiEAEREFEREE SRR, WREERERER,
g iy o A I R BT, A N T LR T AR e R

P TR DY e e e R 8 A DR A b i B R iR B 10,11 B,

b

i At o P R AT
fist

il

o A PR, ST SRS U
AR BRI M S

V| 4 R R
S Ik e

i1 A 4 W
e ) P

HA S i o1

Hi
10.1.1 A PO o Sl 22 R R IRCRC A7 oh it B R i 8
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TR R A R R, FHE e RE (normalized mean square
error, NMSE) FIWE{E {5 M L5 (peak signal-to-noise ratio, PSNR) #7353 470
o, WMTEES Y = (w),, TEEEE X = (), ., NMSE f1 PSNR (i

23l .
ZZ i — wij
NMSE = —I= (10.1.25)
.2 |l
im]l jm1
2557 s
PSNR = 101g —— (10.1.26)
EZ|I'§J: - I.l'ér.i|2
i=1 3=1

il #, NMSE fUHUEHR/, PSNR BRUE SR, F2amt 58 5 I B AR A 0 2
A, B A R AR

10.1.5 [ ARE

R 7RI AT R A A, IR CACD2000 045 FE Y 17-Keegan-Allen-
0008 1 14-Aaron-Johnson-0002 FE{R# 7505, BEHR AR 250 x 250, i
A5 2 FET AR 2 L B A - i P B AT, SR (e B T 2 S E . FE b
SRV 7 A R R R HERE S 250 % 250, FRFEIE 5 m) BEHERE Sy 62500 x 1. M
P 62500 A0 P o H e g A RE AR ERR 08 250 « 250 MYER, Mt T
FFF AL MATLAB BN RG], A g ab Bl b o SR 2. A48
Hear i 16 W6 BIFE A0 S, SRR SIS E N 63 « 63, ML HX 16 18 E{E
SNy VLT v €l L Mt R G A R Ok AN P = e £
el aT LA 20t 5 PR

AT IR I LT £ 1 o B S R S

folup) = El.-f.l].nm}:{ﬂ}yf} + 0.41 max{0, y:,}*e:
+ 0.41 max{0,y;) }7 + 0.41 max {0,y }x (10.1.27)

gy =yl tutu syl e e Q. p=1.2,--. ,3969. SRR, B A Lyapunoy
WEL L, = 041

F#l 10.1.2 FE 10.1.3 R T 7F i e A5 F0Hkl 25w A5 F 99 235 ) 25 1 B {5 (R A
ICFZA AR, wf WL R A AT B, 22 BT R AN, ) FH i o 23 i 48 22 1
15 5[5 PR o S e oD, T R A AR R . Ol e T s R 5]
INF, B L e s ST B R, Ran T iy o 20t (10.1.27) MK, #
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[ FE 4 REHRMAET(0, 0.1) i o R

I [ i e (0, 0.3) et [

AP TR (0, 0.6) §0 32 R

f 10.1.2 HH?“E;“FHHH_M:E%HH*M%H@1 1207 E 48

ERELRL i&ikﬂb&_ﬂf[u.n 5 ]
[T FE] {8 B (0.3) 4 3 R

R iﬁ:ﬂ,m!f[u.ri; 1% 5 1 R

B 10,13 AR R AR MY o S £ R R R 012 1 P R
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FH S H A s 1 3R 1 A e ) F i Y e S e M S R R Y. 4% 10010 (2
HE— 35 R T 6 A [ e 7 s oh b 32 P () NMSE 0 PSNR E, il — B 8GHE T
AT R AT

F+ 10.1.1 FREMAFZIEPEEE RN NMSE # PSNR {8

ERWE (W, HE HLWE (TR

2 ok (5 ) () .
o, il o, 0.3 0, b .1 0.4 b

MNMNEE LIN TN RSS! 0.0205 01 1E6G 0015 0514 0020

PENR 33T 4 A5EN 184077 D 02T FE O0EG 2400

10.2  FEEERPU U EGH 2 28 PRI AE L CAZ A i

AT b3 e T 3 450 B I e e £ Py R RELCAZ BT iR L T R e
AR T T U o A I A R R AT B, BT PO OB R R R R T,
S A D r e e P ST e T R SFE L. RIH Lyapunov 3L, B
2 O Y e o £ W 2 i L R E A A AR . AT ES T, s Y
PP e Pl as R A UETHREY. R B, B R A VY o b fe R A% A
BT A TE AR i 0 L PRSI B

AL
5 R SR Y S e 0 P S5 B

10.2.1

Gilt) = —cqs(t) + > ag; Filg; () + J; (10.2.1)
]
Hp i=1,2- mt =0
S DY ST AR R EE Y (10.2.1) A Tt R ) R At
glt) = —Cqlt) + Af(at)) +J (10.2.2)

Kb, q(t) = (@), g2(t), - qu(0)T € Q" FRIAT n AHEETTIIPLEINERAE ¢
&g ERE: C = diag{ey.eq, - - .r.n} ER™™ ¢ >0(i =12 ,n) ¥R
H e R A = (a4 nwes € Q" T BEEER flg(t)) = (fila(t)),
Falaz(t)), -+, fulgu ()T € Q" FoRMECMBOTEY; J = (0, L, )T €
Qn Fon Ak R

TR A S A A s R P G e R SR R (10.2.1) BEIT ETELTE.

WT ¢ e ”ﬂh [Hh—h), B (10.2.1) 5]
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gilt) = —esgilt) + Zuufj (qj ([ ] )) + J; (10.2.3)

i=l1

b i = 1.2, ne B RS B L 9 [ ]i‘?_r% 4 A

Sy R, H ke F q(k) BAE qu(kh), Bk ZERSR LS. TR
M, WF i =1,2,0 0, 30 (10.2.3) WJEIESN

Gilt) = —cigilt +Ea“.ﬂ{q} )+ (10.2.4)
i, 2 (10.2.4) WTRILS A
;lt(fh (the™t) = e~ (Zuu,ﬂ q;(k ) (10.2.5)
B (10.2.5) IRLE [k, t) BT84y, 918

o J.He

gi(t)e™ — qi(k)e™*" = = (Zﬂuf? (q; (k) + J) (10.2.6)

He, kh <t < (k+1)h
BT q(t) BaEaldt, ayelat st (10.2.6) FIR LB, 4+ — (k+ 1)h, 135

qilk +1) = qi(k)e =" £ 8.(h) (Za”fj{qj[k}] + JJ (10.2.7)
Hr,
1 — F—r.-l'l.
() = r

Hoe; =0 F h=00H, 8;(h) = 0. F5H (10.2.7) 2RV oGP R s
B (10.2.1) ME MR EERY. ATRUE S, BB (10.2.7) 78 A — 0 EiSE|
PSR DU e i £E P A R (10.2.1).

T TR, AR (10.2.7) U5 ALUTF SRR

glk 4 1) = Cqlk) + Af(gik)) + J, k=0,1,2,--. (10.2.8)
b, g(k) = (qu(k).qa(k).- - cqu(k)T € Q@™ C = diag{éy.éa,--- &} € R,
: 1

o "ﬂ'} ;'i' {ﬂ'!?}TI}{TI = .ﬂ.ﬂ.‘-“ﬂ- I&1__; = ﬁl (h:l gj"| -l.lr [:uir]_ uirg

fl{"]'l_ .fE fh': ” fn[qu{k} ;I' = ﬂ'n-
{U § = dmg{ﬂl (1), Ba(R), - B, (R)).
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10.2.2 EEFIEFNG|E
F P ¥, ATEGE e BT RO TS Y S F
g 10.2.1 T i=1.2,-- .n SiGEE L RELEFHML
|filae) — filus)| = viluy — uz|, YVuy ua € §

Horp, RS8BT = diag{v. 2. . b
%lﬁ 10.2.1 & Ae meﬂ E"]ﬂ:fa I WU#EE%EI’E (= @mxm ﬂl Ve ﬂli-t.h:'i'l

i
D, 0
0 0

Hdr, D, = diag{dy, da, - ,d. }od; >0 (i=1,2,.-- ,r) BHME A BT,
10.2.3 FEHH

P T e Y P G e R R R AT B O T B, i P oo e £
i al T EE T (10.2.8) s H B ROEARTY (10.2.7) Sfediid, 8t e
LLf A R i R {v, e, o), v € Q0 (= 1,2,--- ,m), B
O = Eliﬂg{[‘hﬂg,"' J;n} e BHn 4 e Q’”‘” HJe g W v ve, -0 v, 2T
BETFIE (10.2.8) frFa T i o

Fi=1,2,. ,m, FE o HER (10.2.8) EEPHOMOERTN

UAV =

Co; = Af(v)+J, i=1,2,--,m (10.2.9)

ol # T T
A =@ (10.2.10)
J=Cu, — Af{v) (10.2.11)

ﬁqj- Q = {1"1 = U V2 = Uy V-1 — I’mJ = ﬂnx[m—l]: W= {_f[:t-'lj - f{t-‘m}h
flva) = flom) o flom) = flom)) € Qretm=t,
WS B 10.2.1, & ol #3E{7 R AT S S

o - DV (10.2.12)
;[th = @nxn "ﬁ'] Ve _ﬂ,(m—l}x[m—l] %E-?EI_Q‘I:I Y e Q_TI.K{TH—].:I E__ﬁ-ﬁﬂ‘r"ﬂ%;{:‘

o, 0
Y= 100.2.1:
[ﬂ i) (10 !
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D, = diag{d,.dy, - .d,} € B d; = 0(i = 1,2, .r) N W RIEAFL r A
UL
32 (10.2.12) {RAK (10.2.10), 0] #

AUY =CQV (10.2.14)

B (10.2.13) oTHL EME AUY ffE m — 1 —r 515 0. Hilk, CQV #
G m—1—+ FA 0. ZH, Eitlooiiike R, fmEnF Rt

g 10.2.2 CQV Gl m—1-r 70,

% B =AU & =0CQV. T 1022, ¥ B fl ¢ ilh

B=[B, B o=[a 0

Hrp By Mo xr B By A nx(n—r) B & A0 = r B
% (10.2.14) a]{§

D, 0
[Hl Hz] [ﬂ ol = [qﬁ] n] (10.2.15)
Miil By = & DY, By 2SR,
Hal (10.2.14) AT§§
A=BU"=&,D-'U; + B;U; (10.2.16)

Hrep Uy AU MR e 3 U R U S n—r 91,

T Bt alEn, & (10.2.9) #8 (10.2.16) W 10.2.2 FESE. G
YR CE N RTOERE

EH 10.2.1 ATEER m THEE vve-- Ly € Q0L W1 Q= (1) — vy,
Va — Uyttt WUy — V) € '@"Kim_l]'l ¥ = [.Ir[“-’l:' - f['ifm:l.,_,lrliti'g:l - f':ﬂrn]r“':
flogm_ i) = flog)) e @retm=U FHilkm—-1<n He MEFREIRAE=UXV",
Hoep [ @ren fl Vg Qim-Uxim-1h ZEEEE. & o e (10.2.13) b, I
i 10.2.2 B2, WAE o, v, v 2R (10.2,2) (SRR FEHERE (10.2.7))
1 om P, FH

A=¢, 0710 + Bl
{ J=Cv,, — Af(vy)

o, &, R oQv ml » #; D, g LTE (10.2.13) by U, R U AT - F; U

AU MEn—r #l; By e o) 9EEEERE.
R SRR, WA e
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i 10.2.1 A TEHER m TRE v v, v, € Q0 W@ Q=(v) — vy,
Uz — Tyt s U1 — U ) € ,ﬁ,nx(m—l]‘ Fo=(flr) — flom), flva) — flom),-
Flvgoi) = flog)) € Quetm=U @ mapREGER ¢ = UV, B U e gren
Ve Qlm-1xtm-t) SRR, H X 2 LR (10213) . fitm—1<n, ¥
HAVEERE, W vy, va, 0 v 30 (10.2.2) (EEEOHCEEERY (10.27)) B9 m 4-F
fire, FFH
A=0QVD " Ur + BU; _
{ J = Cvy — Af (1) (10.2.17)

Ho, D,y 5 AER (10.213) B U R U BIRT m—1 %) Us R U S n—m+1
F: By & Qrein-mtl) Soif 5 Hip.

TV TR S 7 W D 5 ) B B RS R A T 0 P e S £ [ o 1 - e SR
T T A P T AR R

ER10.2.2 RN e R E R (10.2.1) FERUEER! (10.2.7)
FAT AP s, mSEE 1021 o, HFEEE T EEM Hermitian HEF
P e Qrem fl—ASCIERT MERE W e R (E15 LLUFEREmpEA Sk ar:

T P —CP)A
7 = 11 ([ h)

- ) <0 (10.2.18)
A (P, — CP) —W + AP A

He,
Iy = -P,C~CP} +CP,C+TWrI
Py =67'P8, Py =0Pf
0 = diag{y/#1(h), \/Ba2(h). -~ /B (h)}

WE AL EAY (10.2.7) BT s SRR e 1.
MERA B (10.2.7) E5 iR

qulk + 1) — g (k) = Hf{fa-:l( —eiqu(k) + Y a filai(R) + un)

HPp, i=1,2,--,m.
i g SRyt T S e e R A

glk +1) — g(k) = 0(h) [ — Cy(k) + Af(g(k)) + J) (10.2.19)
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Hp, qlk) = (@(k), @(k), - q(k)" € Q™ !‘3 = diﬂg{ﬂhﬂzw” Ca} € BTN

He =0 (i=12--- . n) A= I:ul-_;l]:l'lx'n € Q= = (J1, Sz, -+ :J:ra:'T e Q"
flalk))=(filgi(k)), falgalk)), -, Fulan(k)))T ﬂ” ( )=diag{th (h),8:(h), -,
8,(h)} € R"="

&g R [1{1.2.114) BFfT L # Glk) = q(k) — g, ME (10.2.19) al¥Ak
Gk + 1) = G(k) = 8(s)( = CGik) + Agl(d(k))) (10.2.20)

b, glglk)) = flglk)) — fdg).
FEW T Lyapunov-Krasovskii 12 6

Vig(k)) =" (k) Pylk) (10.2.21)

s,

(k) = 87'q(k), 0 = diag{y/Bi(h), \/6a(h).--- /B (R)}
MR 10.2.1, W18 g ()W ald(k) < ¢ (R)TW k). 3T &k =0, it
BV RT (10.2.20) B4, HERH G 2.4.3 77}
AV((k)) = V(glk + 1)) = VI(g(k))
= (k+ 1)Py(k + 1) — n* (k) Pnik)
= 5" (k)P (n(k + 1) — n(k)) + (n(k + 1) — (k)" Pn(k)
+ (nk + 1) — (k)" Pn(k + 1) = n(k))
—~ .f*(mp. R(k)+ R*(k)P;qlk) + R (k)PLR* (k)
EN—=PC = CP + ChRO)qk) +q (k)P — CP)Aglq(k))
+s;r II 1ENAT (P = CP) (k) + g7 (G(k)) A" P Ag(g(k))
B)( — PC — CF) + CPC
+ (P — CP)A(W — A* P A) T APy — CP)* ) (k)
+ g7 (q(k) [ Walglk))
< ¢ (k) 02g(k) (10.2.22)

Hrep,
=—PC—-CP +CPC+TWI

+ (P, — CPYAW — AP A A (P — OB
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HAE S 2 2.4.6 FIEBPETE MR AR (10.2.18) 0I5 2 < 0, IXEERIT AV(gk))
RACER. B, SR B (10.2.7) BT A g R RE . Gk

M FEyE LR vy, v, - v, TR IRE ARUEE T (10.2.7) (Y
fask P, RS 1020 FUERE 10.2.2, B E AR (10.2.7) D&
EEEE A Mg, LR MRS R (10218) R WiTRE P WL Hill,
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