B1aEE3IM Va3 5 N A Vol.14,No.3
19974 6 A CONTROL THEORY AND APPLICATIONS Jun., 1997

2358 Lurie ;2 H B HIEBRFHIRGNEXTIRE K

X U g RER
(KRERT2MERERWE- K&, 116034) GITIWEKERE R - KE, 116022)

BE. ZXH A Lyapunov iIZ i, X BB EM Luie ZEE FBAEHALA B TAEMNRE
HHAEE BN —AEENFEERIET BT EEER.
XG5 FERFE; BXREH; Lyapunov iZF

1 581 B
AXPREFERHNFRYZTROERSHAS

{if glx,x,) + 2b¢(a),

T
g = ¢;x

(1.1)

WS X , b, ¢;(G = 1,2, m) B n BEE, ¢; #0,p =~ c/6;>0,g(2, $) B
[0, + ©) X ¢,[—r,0] L5EXH n B BELIZSH, r >0,2(2,0) =0, HF ¢, [- 7,01 BE
[- 7.0 £ XA n BIEEEEHO A, U1 (o) 1= | 3 g3(0) 275 n BIAROH, T
()l = Sup 1 gle) g€ cal=r, 01K c,[- 7, 0] FEIHE. g(2, ¢) X ¢ XHEHH
¥ L 8 Lipschitz &4, BiXt ¢, ¢» € c,[- 7,01 F

| g(e,¢) —g(t, ¢2) ISLI ¢y - ¢l (1.2)
XE x, € c,[- 7,0, 2,(0) = 2(e +6), - r <O<0,i% 4,(o;) BRARRY, WL
$,(0) =0, 0<<¢,(0)o < kol, k>0 =1,2,,m). (1.3)

fE3C[1]19, Wi TRAEBI m = 1) Lurie X BB T RMWEBREH REMABN R EE.
FEXR2]1hE S T X1 EHE 2 PA BN HIEG) REEE 4 4 HEHEG)BEAEELHR
B ZEX[3]FAH THEAFEREFRNTERNER g RAFNN RS K4, ESX1]FE
W2 MHIEG) REE 4 HABGOMEED EFANERREAGEN. EX4IFIHEHE
ITENEEMHHNRERBMN TS &4, CEETXR]IVEE 2 HHEG), BN FEEE
W RSETA N R. EE SIAM ALH %1/ 1988 FEMBFR KL (EHEILHRKITE
EENREER—NZAENHF RIS, AT
BEBEBR, ERRARER—NTEHIELEB R REMLER. B0 Popov #EM, Lyapunov
FHELE MM TE2EEMNEREEHALELHANMERTIRREFIMLNRE. b oLa]
W, HBTFR RGN FESEERERBEMED.

ARG (1. 1) RBIE tn

Tg(0)

W) = 2vie, o)+ D[ 4 () (1.4)

AXT 1994 4F 11 A 18 HICH. 1997 £ 1 H 9 HRFIB B,



3 FER Lurie RN EIEH REM LM B EH 359

MFEREHRIZE, HF V(e, ¢) RBEREERN, B DHHETE

= g(t,1) (1.5)

PrifE M E ML RIZE, MAXSIAIRREHE, A XM TFE2EENEHALL B T Kb
BIREEN TSR, FHHBL 4 FHERE ST RGER.
2 TEHR
WHABRON.S)HEER
Fx(e,tg, o IS De % || gl . (2.1)
Hml6]HTIZE 2.1, WX HFR(1.5), Q. DRIEEN g € (0,1), FEEZE V(¢, ¢), EXFEH ¢
>0k ¢ € c,[-r,0] RELMN BWHE

hell < V@G, o)<DIlg¢l, (2.2a)
V(@ ¢) -V, ) ISMI gy - ¢l (2.2b)
V(t ¢) l([ 5) -r V(l ¢) (226)
gl:f:l 7‘ = (1 - q)a, M = D[l+(l q)a]/qa. (2'3)

MFRE(L.1), RERLERE HK
W(e,g) = 2vi, 0+ Zp,j HO 4 (6)ds

—

H —+Z(1—sgnﬁ) Bk L 1711 g2

< w(t, ¢)

N

<2+ D+ smp) Lpr 1o 210 g 1

WY B <OBF,1+ Bk ¢ 12>0.
HAERMGM, Wi, ¢) WREBAEF /D ERSEFATREMS, #EH

W(t, ¢) = V(t, ) V.9 + iﬁ#i(a,.)c‘,-r[g(t,x,) + ibﬁﬁj("j)]
<-r*vVig MV(Zm) Lo 11 8,(a) 1)
+ 'Znn BilLlclVig(e)I+ Zm)ﬁ,-c?b‘vﬂ-(a-)s&-(a,-)]

r2V2+E[MV|b 11 ¢(o;) 1+1 B 1L 1¢c;1 VIdlo)l
+/3ch¢2(0)+ Z | BicTo; 11 8,(0;)8;(a;) 1]

=- V2[4 - Z(Mlb '“"')'Hp e I L+ “‘}’)'
) .'l.b(¢(a))2+ 2 BT 1 ¢,(‘;,) | ¢,(‘;,) e
HA)REAMRERGERE
v(t,x,) | z, | > | =, | 1

1 $:(e) 17 1817 kil | ] k1



360 FHELENAH 14 %
i, B o, 6, e 1) b R D6 B2, 60 1= 6V, RE & F

E*Aﬁ'ﬁ(ﬁ &€ [0,k 1c 1] ME
W(t, )< - V2~ DM Ib 1 &+ B | L1c! &+ Bcibg
i=1
+ E | B{C;rbj [ &Ej)]-
i%j
ic F(&, &, &) = r* — Z(M Po 1 & +1 B I L1c| &+ Beibél
i=1

+ 201 Belt 1 &8).
RMNETEEER:

SIB1 BHEERG =12, ,m)EF(&,8&,,&) >0FERE € [0,k ¢ 1]

BESL, MR EE(1.1) 20, &, ] EXTERE.

IE BEEINO ¢,(o) ISk lc¢ |V, BminF =8 >0, BESHESB W- VIFLK

- 8%V, FR4WH L.

BEIE 1M, EXEREAWNBE, FERELFENMAEXBL, METFRA.
L, I RBIER RN EFR L.

TR 1 HEEL.FH e, €10,k 1 c; || B, A Flay, az, 5 2,1, &, 0, -,
=1,2,,m). W F(&, &, &) >0,& € [0,k 1 ¢;11.(i =1,2,,m)

HTIEHXAEE, RITEHXLEHTIE L

F(&, 6, 8,) = a2 + 0(61, 60 mt §vtn 7 E0) &
+ 7 (6L 6 i Eiv s )

LA Rl 35

0)>0,(s

#"H—Z'. A,~ = ?% = 40’,‘7{,A,‘a Ny 7i ﬂ"]ﬂ‘]*? EL &y Eim Eivrs & E"JE&, E. & € [0,

kil 11(i =1,2,,m).
512 A(6n & &in 8 a) e L =06 =1,2,,m)
ﬁE $§_t Ai(fl, Exy s Einty Givts ,fm) |€ =
= (M1 b t+1 8 I L1c|)+4r8cTh;.
ERH<OM(MI b 1+18 I L1c!1)+4r8cTh, >0 BRBAL.
B >0, FIERIZ(M 1 b, 141 B | L 1 ¢; 1)2+4r*Bclb, < 0, MIXMTRE

%% = g(t,x,) + b§,

d¢; de;

Sl clg(t, x,) + cjbg;, di SR illf
m W = %Vz + _;'1816?1 E% Xy si %Eﬁgﬁ’#ﬂﬁ

W = ge&lcig(e,z,) + clbgl + VV,
K-rPPV2+MVIb 1L EI+IB I L e 11 &1 Tzl + Belbg
S-rVEE MV b LEI+I B L L ¢ | VIE I+ Belbs
=[PPV (Mib 1+IB 1 L1Ic1)VIEI-Pecibgl]
<-e(VP+£2).

(2.4)



3 £ R Lurie iZ M B ] RAE M A X B2 E 1 361

BWkFx, & RAEHN. B, REQ,4) BHERE HHE = 2 THE =clx + b, kA
BLOMARS(2,4) REWIERREH, =ETE. 8513 2 B4E.

SIE3 #1) A&, 8,6 60,0,,0) 20,

2) F(&, 600, €0 §010 §,0,0,0) > 0, & € [0,k 1 ¢ 1],

3) 8,8, &_1,0, &, 0, E21,0,5,0) = 0.
T A B &ty Bt B0 600 0,0,0) 2 0, 6 € [0,k 1 ¢, 1]

ik A&,y &ty Eivts 2 Bimts £,0, 00, 0)

= 72(&1, s &icty Eivty 03 Bty 600,724, 0)
+ 4BcToF (&), 81,0, &epy vy Epy £, 0,04, 0).

L B < 0B, ARAF(Q2) H, it AL,
8 > 00,18 A;(&, &y Eers 0 Em10 §,0,0,0) = A + BE + c.
He

s—1
B =2(1 BcTb, 141 BcTo, DIM 16, 141 ;1 L Le; 1+ D501 BT 141 Bictb; 1 €]
i=1

J=i

=1
— 48T (M 1 b, 1+1 8, I L 1 ¢, 1+ D (1 BTty | &),
Yoy

W oc = A;(Ey s &ty Eivts s £ 0,+,0) =0, BB BicTh; < 051 B >0,

FAZ0,A(E, & ity 61, 6,0,-,0) >0,8 € [0,k 1 ¢, 1].

#FA<O0,HQ) HFEEp >0, #18

F(&, 61,0, 6ty 0 Em s ¢,0,0-,0) = 0,

W A (B &ty Eints s Bty 5, 0,,0) > 0,1 A < 0, B, C > 0 B&MH(1) A A(&,
B iy &1 6, 0,00,0) > 0,8 € [0, ] AR F(E, ", &.1,0, &4 &bk,
ey 1,0,+0,0) >0, FTBA R, | ¢, | < pog, WU A; (&1, o, &y Einis s €21, 6,0,4,0) >0, 6, €
[0,k, | ¢ I].

BI¥4 #F1) F(&,, 61,0 Eurs "y Em12 £,0,°0,0) > 0,6 € [0,k | ¢, 1],

2) F(éiv""éi—bSivg;+1,‘"vé:—1,0»“'40) >0,¢ € [kai | ¢ |]

3) A&,y Eiiy Sints 0 6im0 €0 0,00,0) 20, 6 € [0,k 1 ¢ 1],
W FCE, &y iy Eints s Eam15 £,0,4,0) > 0,6 € [0,k 1 ¢; 11,6 € [0,k 1 ¢, 1].

i BERRBREEE € [0,k 1 ¢, 11,6 € [0,k 1 ¢, 111878 F(&,,&,,&,0,,
0) <O,BHN F(&,,&_1,0,-+,0) > 0. 8B E € [0,&], 118 F(&,,, &1, &,0,,0)
=0.1iC

F(g, -, &, &,0,,0) = a;&% + 77,'(51,“‘,5,'—1,$i+1s“',$n0,“',0)5;
+ yi(&’...’&_l,&ﬂ,...’en()‘...,()).

= (o, Bty Bare s ot 8,0, 00,0) o B (E1, s Eiis Braty o0 8000, -+, 0)
ﬁI'J fi = 2a.

AR—ft, FREH

$ e 7.7:'('51,"',3.'-1,&“,“', E:)O’ "'yO) +'\/Ai(él,"'9gi—h Ei+19"'9 5590’ '"90)
i 2&,‘




362 EHBMRSESNA 4%

= gi(&1, 0 &icls Eiv1s s Eio1s 650,75 0).

Ye €0,k |c, IJBE,A(E, &, Errr oy 61, 6,0,5,0) > 0,e;, #0. B 7};('::1,‘“’
éi—l’éﬁl’ ) .s—l’ £,0,+,0), Ai(élv"';Ei-héﬁh"',és—h £,0,-,0) HE & WY E LR B,
B g (&, s Eipy Eivrs s 6am10 6,0, ,0) M &, € [0, -, | ¢, | 18T & BIESEREL, o, HI1E
LA =T

a) g;(él,'“,é.--u éi+l)"')é;—lv0,"',0) <0 Hﬂ', EE g,—(él.“'.é;-pém. "‘;é,-pés,o,'",
0) =& >0,MEEE € [0, gs] 5 g (&, &y Bivyr 6010 6,0, 0,0) = 0.8 F(E,
0y &0, &y 6o, £0,0,0,0) = 0, 5(1) FE.

b) 0 << gi(élv'"’éi—l’éﬁl’"'rés—l’o"",o) < kilel Hj‘, lg=]

F(éh e Z.-‘,_l’ gi(él’ o, éi_l’ éi+1» - éx—l:()’ -+, 0), 'eiﬂ, el és_l’ 0,-:-,0) =0,
52)FE.

c) gi(:?l""’ éi-—l’ éi+l""! _s—l’O)""O) > kil A, H gi(él""’éi—lvéﬁh "‘,Z:;-l,g,,

0,-+,0) = Z"i < kil I, W FEAE E,[O, gs],fﬁfg gi(élp'",éi—l’énl»“"-5—1,25,0,"‘,0) =
k|l c; | BRE
F(&, -, & 1 ki | ¢; l,ém.---,é,_l,z,,o,---,o) = 0,

51)F & %513 4 BiE.

WA EELASIERNTRIEH S 1.

iE  HEIE F(&,&.0,---,0) >0, 3L FHF[E2%514,(0,0,,0) =0, 4,(0,--,0) =
0, XHEH F(a,, &,0,-,0) >0, NG I T8 A,(£,0,,0)=>0,6 € [0,k | ¢, 1].
(FI3ET[IE A,€0,-+,0,8,,0,-0) >0, € [0,k [ ¢, 1]). X F(&,0,-+,0) >0, 5|3 4,
MHER F(&), 6,0,-,0) > 0,6 € [0,k 1 ¢, 11,8 € [0,k 1 ¢ 1], FIFER[HE

F(0,-+,0,¢;,0,-,0,€,0,-,0) >0
&
F(ay, &, 63,0,°4,0) >0, { € {i,,15,2,3}, & € [0,k; 1 ¢; 1].

THEEIE F(&,, 6, 6,0,-,00) >0. K ¢ € [0,k 1¢,11,i =1,2,3. 8 A4,(§,0,,0) =
0,45(0, &,0,---,0) = 0, F(0, &, &,0,--,0) > 0 &3]3 3, M A,(&;,£5,0,+,0) >0, Hi
F(a,, &, 63,0,-,0) > 0,F(€&,,6,,0,:+,0) >0 X5|H# 4, W F(&,, &, £,0,+,0) > 0.1kt
TE B4, BIBEI F (&), 82,0 6,) > 0,6 € [0,k 1 ;110 = 1,2, -, m), XPEEH 1 1BHE.

EE 2 HHEEEHL. Y e, € 10,k | ¢; 1] BT,

—=1
P2 >k le, I [MUbsI+1 81 L1c|+pcTok, eI+ D 0 BTl 1+1 %8, De;]
i=1

=1
+ D2 [ (M U b 1+1 8 VL 1c; I+ Bclba; + 2, | Belt; 1 a)], (2.5a)
i=1 J#Ei
J<s

. s—1
r’ >%k: le, IIM 1B, 141 8 1 L 1c, t+ 2,0 BTt 1+1 8%cT, 1)a;]
i=1 -

s=1
+ E[G,(M | b,|+| ﬁi | L | C; | + ﬂ,’C-{b,’a,‘ + 2 | B,C',rb_, | aj)], (2.5b)
i=1 §=i
j<s

(S - 1’ 2v *tty m) ﬁlﬁi_\_‘ﬂ, mu%éﬁ(l-l) %Xﬁﬁ%.



k. ZRE Lurie ZEM T BEWNREN AN BEY 363

F XREXBINERANBE ST E.

E EH Flep,ap, a0y, &,0,,0) >0 HFTERMLN(2.52)(2.5b) B, i EHE
150, % 6 R (2.5a), (2.5b) B, BSE(1.1) HBXRE.

THNAEHE?2, ¥ [4]PHE RN T FIETE.

i
Bl | M1b, | S
al = .IC,2 i 2‘1:’ R_L|cm|+2|c',‘,',blklc|

"
EIE 3 ETR=ARGHELE— %#FHT A1) [0, ] J:%%XTE%E
D0< " <1.

i) o =1, BFE i € 11,2, m| B(L ~ kip) e 1+ 251 e 1 & 1 ¢ 1<0.

R - Ea (R - mp".lcn.l)

i)1<e* <2- S HER-%k,p,!c,1<0.
mPm [ Cm [

W FERM D, iDL, BBy, B = 0 IEERBR.
TE &A% i) LAY, B iii) 78

m=1
R - Zaf(R _ kmpm ! Cm |)

i=1
Z T 1 € | 7l

R

= :-Pn ! Cm R -
2" Tch T T W T

X R~ kppo | e 1< o,ﬁtﬁza' <1,BHii)XE
i=1

m-1
a“<2+(2a,~'— 2(1,(2—20: i

kam ' cm i=1

[ﬂ‘lﬂ: 22“1 +(1,,,<2 Elﬂl BZ:'“':.Bm—l:O’gﬁEﬂm >0s/\ER kamICm|<
0, 3#H

r2— D ki le; | M1 b1

B > e T T R = b T ) > O
2r2—2§k,-Ic,-lMlb,-I—k,,,Ic,,,lMIb,,,l
s = kn lcn | R
e i A
rz—i)k,-lc,-lMlb,-I 2r2—2§ki|c,’.|M|b,-t—km|c,,,|M|bmn
T P R

B B R (2.5a), (2.5b)BY B; = 0 7278, EFE 3 1BiF.



364 EHBELENE 14 %

g2 £ X A

Somolinos, A..Stability of Lurie-type functional equation. J.Diff. Equ., 1977,26(2); 190 - 199
ZHAO SUXIA. Comment on stability of Lurie-type functional equation. 1981, 39(3):257 — 258
KB4, Oypve W REREM AL A3 . BB H B LBGR YT, 1980

PiH, Lurie 22 R BIET R AN BT BT K. BFFT), 1983,4A(1):47-55

BAKE, BTV IS REM B BE . PEPE(AR), 1987,8(6):785 - 792

Hale, J.K.. Proceeding of the international symposium for nonlinear oscillation, 1963, 2(4):409 —426

N AW N e

Absolute Stability of Control Systems of
Lurie-Type Functional Equations with Multiple Nonlinear Gains

ZHAQO Zhengrong
(Dalian Institute of Light Industry+ Dalian, 116034, PRC)
ZHAOQO Suxia

(Department of mathematics, Liaoning normal University+ Dalian, 116022, PRC)

Abstract; In the paper, by using Lyapunov functional, we give some sufficient conditions for absolute stability
of control systems and generalize some results from single nonlinear gain to multiple nonlinear gains.

Key word: functional equations; absolute stability; Lyapunov functional
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