2013 4 5 H ERMEAFFRCE AR FHO May 2013
% 30 % % 3 H Journal of Chongqing Normal University (Natural Science) Vol. 30 No. 3

DOI:10.11721/¢qnuj20130312
MEMFERRMENENEREHRRTESE

£ .6 xE, 8 A
(L W ZEf= TR B iR R SRCETT IO 2. W HEH = TR 2R, IWZR MG 264001

WE - EHMBEHNFEL LR Lipschiz #8 HWEHEBEHR AN EETHEIFHANTIANLAGET BdHE -4 Ai’:ﬁ‘]

Lyapunov 2 & 3 % & Young £ % X, f| Al Lyapunov # & £ # it , ’é%ﬁan#éﬂ?ﬁﬁEﬁmé’iyﬁk# HiEWE

GARGWARBEREENA. R -RAEEZERFFTRIEN RIEZAALRERBEN TS &5, EH A, f%EJ

Tﬂﬁi#ﬁﬁ%%%ﬁi%#E“A?%u&#ﬂxéﬁikEvé?%é‘]éﬁ%ﬁk%&ﬁﬁﬁ%ﬁ HREBET -XRHELH
SHEHFENEF AR FEN SR A EWENERGN 2R R BRI R4, AXETHETXTHHEEA

?%\T%ﬁ% A A S HAATHRACRANER, KAXNERWECHBEWENLE RS, REZXARMAT KX %

B AR,

KR HEME N ;4 BT F E K Lyapunov 32 i ; Young % &,

PESHES:0175.13 SERAR ARG A XEHS1672-6693(2013)03- 0059- 06

IR K THR AR ME RGP AN ROA A s0E 2T e, SR 2 2R
EREERE T ZERANOIE, CRR\IFLZE Lipschitz K. EHEKIET Young AFERX, Ik

BB 3 BR ARG A RE RS R — A 2410 Lyapunov 32 BHF 5T 41 R B 2 B4 AR
TE B 8l R A B ST i HL S RO IF A AR ﬁﬁwzﬂ%#ﬁﬁW%m%ﬁﬂ”m
FE Ph BR A BT I Lipschitz B T2 T 18 o () =—c;(Dx; 1)+

e MK Lyapunov 32 RSR AT, T4 FHE Lya-

punov I 5 Y TFE . U5 01 2 1% B0 4 26 % 7 24 24 O fur G, (0= w0 +

I Lyapunov 32 e& Y TEIE T 4623 B 59 £ 75 0 5 L) =12, m (D
A R AR R E T ASCH 3 9 Lyapunov 7 p8 . 78I 30 E B SCRR

GRTIT A (13 I 2 B 25 R ok i Aty LLACDSJHE R — bk, AERTH Young RSN, 5IA
B 4 ] Lipschitz £ M 41E TR+ & G5 1 fir TS, BEIMESIE BA T 2 i@ Y, i
SR — B T LR F T, e FAE A mbu T IRE Ml 1A S SR e

P22 W 25 R R 58 SCR AN 2 0. SCik[9-11 138+ EHEBHR THENRE(DORBRINT ZRE 2/
A AR I LE AW MHA %R LK Young A4 ERBENE. '
A 3E Lyapunov 3Z o FUTEIE T #5817 40 T IE WAk xi () =—c;Wx; (1) +
FII6 Il 28 I 4% 2R 496 1Y) 4 Jeg 48 R 1 i“v O Fy (e =1y (1)) )+
1.”'(”:_"““"'(”*Z“ﬁf O fi ;OO + LW ei=1.2.m (2)
2”’7 ) f,(a, t—7, (D)) + 1, (1) 1 B HR
X T BT g G ELAT S RO 2 S RGO T . 0 4R B2 2T AR, m

AMAEMERENTFNEINDI . ACER TEE AT R BER . o O R %] e 50 g

«  UgFEHE:2012-04-16  {EE HHI:2013-01-12 P 44 tH KR B 18] : 2013-05-20 1804
FBNI B o A T il A [ B R N S A W B H (No. 201202240060 5 ¥ ZE M 28 T R2 2 e 4 Vil T R2 551
EE®N B, 5B BB 2k 9T 05 1 M2 N 28 3 J1 2% , E-mail : maokaif @ hotmail. com ; & L 4 & : B} 55 » E-mail: baoshi781 @ so-
hu. com

P & H AR 4k« http: //www. cnki. net/kems/detail/50. 1165. N. 20130520, 1804. 201303. 59_011. html



60 ERIEAFF]CE LR FBO

MPIRASAS B, o (o, () MR IR BT 2 ¢ 55 e
(T PR A, a0 () FORTERTZ ¢ 5 5 AP TT R AR
PR ITCHER 2] ¢ — 7 (O IALE KN, o (O FRE i
ANZTCIRE S | DA TCIEE L AR BT & R S
AR . L (O FoRME | AL ITIER ] ¢ 4k
FREA . WM o () FoRGE T I ICTE S 45 1 3% B2 87
HFAB AT SRS A S T8 AR A2 e 1k IR A
RGO EHENT B

(HD) ;D) vay (D1, () G, j=1,2,,n3l=1,2,
oo m) BRI E LAE [0, +oo) B FIELL R

(H,) ¥ R %02 42 J5) Lipschitz #2211, R AFEA4E
WE G HEENEEN . =12, n I I=1.2,
coums usvERAG | for (W) — fo () | <Ay |u—wo]|
| g () =g () [ <y [u—w] .

(Hy) B 2R AL Tij WIAERH R, B 0<<r; (<
vy LA H 7, () <1,

FE 0 PR B £ 42 JR) Lipschitz & F MR T,
— MR ULE A R — 8 R A B
RXPIARER R G HA VS, EXFENEET.
S X RYE (D W& R Bk e PRI T M X

EX A SR H R e >0, M=1 F3 4 T
AE(DEEHANEGWIBEME 6 ) p()ssE
[ OB = (0) s () A T 2Rz AR R 4 (D
Je & R e

|z —x@ ||, <Me * || g—¢ I, =0

Heh o, = Ol )" lgll, =
i=1
- N\ 1/
(20 sup 14 17)

FE L RO A R N = A oo R TR
I, ik U5 REE H
EX 2U #E R f:R—>R M 4 Dini $%(
D" () =lim sup—f(t+8(;_‘f @
>0
XFF RS D AR 33 B A WG 556 ()
() sE [~ 0JHI#E x (D)o () A yO) =a@) —
(@) My (o) AR AN T i
v =—c; )y, )+

DI au WO F (v, =7y (1)) si=1,2,
=1 j=1

(3)
Hrf Fy Gy, (0) = fi (e, () — [, (2, (1)
FH(H,) & 5153
DTy, () |<—c: )|y |+

http://www. cqnuj. cn % 30 &
ZE ‘ai/’l ) ‘)ﬂiﬂ‘yj(l‘*fi,z(f)) ‘ €9
=1 j=1

1 1M (Young AR Y a=0,0=>0, VUM

1,1 1 1
= ==1, p>1, W ab<-—a’+-b",
p q » Wa » g

2 FEHR

Eiﬂ 1 %ﬁﬁﬁ%& a,ﬂ,ﬁ,ﬂ (i,jzl,Z,"',n;
1:152""77”)’ d,>0(1:172,“‘,71)’{@?ng¢1£%? 7
HA

m " Y‘ﬂl m
—rdic; (O +di =1 D)D) Jay O |75 +
[=1 j=1
m n ) ) (7571‘[1 (t) ) ‘ "<17“ﬂ/)
d AT B ‘ajl J _
;Z;”’ 1=z, (gl D)

RS (DR E . b ¢, (O ¢ @) =1—
oy (O PR

ERR B O RXA, AL /NNF B >0 f#115
T kar

m n . m
—dr(c; (D =) +d, =D D) D) |y 0 |71, +
=1 j=1

m n
. 2 : 2 : 1B, >
et dj;\ }1‘/ Bt
=1 j=1

<0 (5

r(l*aﬂ.[ >

| @ (it (1))
1— 25 (gt (1))

<0

(6)
Z B NP Lyapunov {2 i

V)= IEG{I. [‘y[ (1) ‘ et i 2/1271—,@,]1 >,
=1

=1 j=1
y | @i (i () |77
1— Tijt (ngzl (s))
v, () ‘ reerlstey, Copf <O Jds]
HEVOIRERSE R Dini B4 S5, h@ORXE
VEGED

Ty (D)

D' V() < Didife”r |y, (0|7 [ e |y, (0 [+
i=1

D320 lag O [ [y, e =z ) | ]+ |30 | "ere” +
=1 j=1

n

m

(1—, )
5 E Aoy Bt
=1

j=1

r(—a;,)

a (go.;/l ()
1 Ty <SD,]1] (l))

‘yj(t) ‘7'eer’(l+ru/(g&;}(l>)) _
DIDTA T L ag (gl (1 — 1y (D)) |70
=1 j=1

|y, (=5 () | 7€ (7

melH 1A
lag (O (X [y @ |7 [y, = ) | =
(‘aijl @®) &”’/\'ZU/[ \y( ® ‘Vﬁl) °
(lay, @) ["eadly b |y =z (D) | )<

% L@y, () |l A0 B |y (= () |



%34 %

P, % M RAHFEE A MAENLEN 2RI ERE K 61

r—

r

ra; Bijt
Loy o [75257 15 )

r

B ERARA DA

D' V() < Dldie? {—r(c; () —o) |y (| +
i=1

m n

23 25 law o ai e |y, = ey () |7+

=1 j=1
m n m{] Yﬂ,
=D D)D) a7 |30 |7+
=1 j=1

m n

—1 r(l—a..,)
2 Ekr(liﬂ'ﬂ) ‘ A (gD,J[ @) ‘ il ‘ ) ‘ y-eg‘ri,[((;i,[]“)) _
1—2y (gt ) o
=1 ;= Tije (e (L

—_

m n

D0 20AR Y Jag | |y = () 1) =

=1 j=1

Zes’{—rd,(c,(z‘,) —e)+(r—1)d;
i=1

Z 2 ‘aiﬂ(t) ‘%A% + Z Zdﬂ;z(] Bii> o
e (=1 j=1
| Cput () |7
1T =z (g (1))
()L DTV (0<<0. MTIXEFAERM >0, £
V<V,

e} POk

BRE— A V(O = minid) D5 |y | e
ssn i=1
73— J7 Mk A
V) = D>7d, [ 130 [7 4 D) Db
i=1 =1 j=1

JO ‘ Qiji (gaijz1 () ‘ ray)
O] 11—z (gp;[l ()

di[ s () — ¢ (s
;} [ sup 1400 =g

N
‘ i (s) re”[’+fu/(‘ﬁtjt ] ds} <

"+
ZZ; /Z;/\Z(ﬂ*ﬂw)c Sup | () — ¢, (s) | ,—] <

max > 3d; [14 25 24 e ] g—¢ |
sisni= =1 j=1
‘ a, (gﬁzjzl (.\‘) ) ‘ rl=ay > .
172',’][ (gD;[l (s))
s Dby, Copl €00 T ¢ 2 (0) )

TRA

XH c= sup
i€ [0

r eEY‘I <

lmln {d:} 2 \y;(t)
~i=n i—1
AR IDI N e
i=1 =1 j=1
B v <Me* | ¢—¢ |7 AHE | 20—
i=1
() | . <Me“ | ¢—¢ ||, MAG LRI HFaE. H

w oo
1—5.
max{d,'Jr 5 E A a2 C}
l<<i<n =1 j—1

min (d, |

I<<i<n

M =1, HIE 57

2 U141 2 4 3E Lyapunov iZ B8, Ff F
FHFE AR 15 8 R 48 (D) 2 5 18 B0 E 1 58 40 4%
7 B e 2,

/:'-EEEZ ﬁé—ia>o’wl>o’qrﬂ’riﬂeR?ﬁiﬁ%“Fﬁ
J AT

wif,'(l‘)_%wizz
=1 j—1

1 SN 4 ‘aji/ (sb;/l @) ‘]’f”
2 ; ;“”’“1 1 — 70 (gt (D) —o
L S, XB T RASCER 1Y r=~=2Zya; =

=50 =1 SRR W 3 AR R A

2 2—
ag (t) ‘ Tl gy it —

. L 1 1
B‘C/CEIE 1 él r=2, Q1 :By/:?ﬁ:z,a;}/ :_?9[3;]/ =0

\ 3 RN
P Mr=2, 0(1,1:?’,8”1:0 Hﬂ‘ﬁ’ﬂ’ﬁ%‘%ﬁ;o JX/TJEI%U&M

SCHERL 14 TR S5 RAURA SCERE 1 o r=2 454 H3C
MRLL4 00 BT A 4598 A — A ™ 1 265K, BIE 2K
o IAFAE. ASCE 71X —20K, 45 R AA /M
PRSP R, B2 HE Ve . DA SCHfE T I 3 ek
27 SCHRL 14 R &

E3 Y r=1m, GORBIATCE L, e T LIy
i 4n FIE XA Lyapunov 7 i

Vi =>d [y

=1
J' | @ (il () |
o0 L Ty (@yl (D)
FRAO KX EEAM T VOIBRRSEW Dini EA S8
tﬁ’%ﬁg‘ E%ﬁﬁﬁﬁ di>o(i:1’2""an) ’ 'fjii

7t

m oo
Ce/ + § §:Af_}l .
=1 j=1

—1
et [‘\grz/l Coyp 520 4 d\\}

|y, ()

QBN | au (@il () |
_dl 1'(t)+ d)(z — L — <09
‘ 22 A (gt D)

1=1,2,sm €))
MARS (D 2FEEFEE. XCHkL15 M i Lya-
punov JZ B, I B THAH Dini B4 SRR R 5
(D By 2 Ry 36 B € A5 1F - e IR SCk 14 1 —F A — A4
FEERE A B . BIAEAE IR o0 (45 T 2USGE

oSS law Cou OO [,
dic; () ;;dﬂ\ﬂzlifﬁ[(@;ll([))>a,z 1,2,+,n

AR, (&)l w7 ax — 2R 45 B EA T/ £
SRS, B TIZ RS T

S S5 A B 1 2 B 3 OR35S
RHGELLTHER .

iRl AHEEHHA>0G=1.2, ) 5L
TR L Q1O —or, W RS (D) 2 )58 # i
JE




62 ERIEAFF]CE LR FBO

% 30 %

http://www. cqnuj. cn

—2dic; (D +d; D) D] Tag (O |y +
(=1 j=1

m n . ( . (t) ) ‘ )
d; ‘af”. il <0, i=1,n (D
1:21 ; 11— Tjil (50111 @)

—2d,-c,-<t>+d,2 E lay (O |*ay +
=1 j=1

0y i—1seeun (10
22 fl—f],/<¢ﬂz<z>>< ' n (107

iERR HEAEG) KB r=2, aw:ﬁiﬂ:%;

7’:270(1‘J’1 :ﬂqz 1 E[] Hlbo ﬁEﬁg“
q%%ljﬂ'bn él Tijt @) — Ty HTJ‘a EﬂXﬁﬂ:%ﬁHTj‘{%v ﬁ

TR HER .

HiL 2 AHTEFE ap P Gaj=1.2.n;
1=1,2,m), d;>0G=1,2,,n) ,fH 15X F E K
i PR, MRS (D 2R BT E .
—rdic;(D+d;—1) 121] Z} ’f[(t)‘ ]A’” +

R ' (1D
Z 2 d,/\;;(/li'g”ﬂ ‘a];z(l‘JFz'j,-/) rd=a;) ()
=1 j=1

WERR L B o (O =t—75 W @' (1) =
ttry. B REHLEL. E5e
Wit 3 AHRAEFER I >0G=1,2,-.n) 1
T 2 A AR — o, MRS (D 2R ERE .

—2dic, O+ d D)D) ay @ A +

m

Ei]d, <0, i=1.,"n

=1 j=1

—2dic; O+ d; D) D Jag (O |y +
=1 j=1

25 2 s

=1 j—

na:: E—T(llfi*%ﬂﬂﬁl r=2 s iji ,8,,1 1;
7:29aij1:B[j[77E[] nllﬁo ﬁEHé‘

THEERGEDRRHE](2) . s AL ERE R 1
HHEIE 1~3. FHR A MERF 2 56 T R 48 (2) 2 R4E &K
o B0 I8 .

ay (t+) | <0, i=1,,n

?Ei@ 4 %ﬁﬁﬁﬁ ll,‘_,eﬁ,j (iajzlvza"'an)a
d;>0.ffi15

i
1

—— <z>+d<r—1>2 |y (|75, +

r(l—a )
ji

A T8 ‘“ﬂ(%z $2))
E Al 1=, (g, (1)

W\IJ%%(Z)Q)%?E;?&%E,,\ gy (O e, ()=
7, () W SR B .
W5 HHEFH I >0G=1,2,

< 0, i=1,,n

’77) D ﬁﬁ%‘

IR 2 s i — 08z . MRS () 2 R8s .

— 2d,c, (t)+d;2 la; () [, +
Zdzlﬂ . S| < 0vi=1.n

1—1, <¢;1 )

—Zdic-,-<t>+di2 lay @) 725 +
j=1
id ‘%<07 i:l’-o-,n
YT = (g (D)
IR 6 ik, O=r AT 3 APRE—X
WAL, MRS (2) & /8 B E .

" i Bij
—rdc, (O +d (r—1) D) la; () [7125 7 +
j=1

n
(1—3..) 1 .

MAAE |ap ) [T <
i=1

O,i:l’...’n

ij ij
0,0=1,"un
i A

Zd/x,,

%%L X F a0 R o Sy — Y, [ i H % S A
75 IF RN G 95 0 A I G R 2 R 4% R 4
(D) =—c; (D x (1) +

2 Eaijl @) fij(x; t —
=1 j=1

S @ g (| k=2, ds)+ L

=1 j=1

a; (t+1;) \<o, i=1,

Tijt (t) ) )+

12
M ESCH T AHERREI LU T 4598 .

E 3 BT E ayBos orsqu (ivj=1,2,
",n;l:LZ,"-ﬂn),VJ\& d,'>0(l.:1927“‘,7’l) 71@1%
PORE D= Y el

—rdic; () +d;, (r—1) 22 ‘a,],(l‘) ‘ llz,/ +
=1 j=
d:(r—1) ZZ
=1 j=1
mo —1
d/l,”(l B> ‘aﬂ‘z (@i (1))

1 — 7, (g (1))
[2 251,#;,51 % >J:°/ej,, O | by (40
)rlﬂigjél(lz)é%%%ﬁ%ﬁ%o
T (0O W EREL AR A% BREL Ry (@){mEJ) ki (0) do=
Ly g WA PREL g 0 W9 Lipschitz #45,

by (1) ‘ ! ﬂirll +

rll=a;;, >

r(l*/)ﬂ[) < O

Hrb g (O J2 ¢ (O =1—



%34 %

AR AR A A R TR BRI 63

ERR fEW T XA Lyapunov iZ bR
V)=V, ) +V,w)+V, @

’ﬁ\: EP V@)=
A (go;/l (s)) ‘ ray)

(1 )
V, () = ZdZE/\ ﬁj Lo 1y (g ()

|y, (5) | e Dt Cout <> 3 g

vio=al [k
e |y, (s) | "dods

SRR B 1 A UE R RIAS A g s HL AR
Ui HE B

Ak, E B 3 WA LML T EM 1 AN HER . A
FEGR

F4 BHTEAD AT L ay ) =0 AR B SCHR
C17 W5 WA AT TE 55 4 AR B I 3R 48 L A 5l 2t 5] A
AHZS (8], A4 3% Lyapunov iZ bR 5 45 31 7 (12) A4
JrF8 B R A A

rd e, (1) —d, (r—1>22 by (1) |74 #,,

bi;l (6+ S) ‘ r(l*ptﬂ)#;([lfq,],) o

2 Ed.i#;;lﬂlﬂl > J }»’],z @ ‘bj,z (t+0) ‘ T s
=1 j=1 0

FKALFSCHR[14-15 ], WZRIER o WAFAE . A
2 AT X 2K,

ES O EHIWALY =1 WEE, AT
W F Y Lyapunov iZ i8

eet +

V)=
ay (gyl () | sy,

[ZE J ) 1_T,1(§D,1(>)
euf,[@},<>uds+22J7J ki (0)

I—s

‘b,,/ (9—’_8) ‘/L,][e R ‘y,(s) ‘ dﬁds]
WA HETE VOERSH Dini B4 38, 514
HESFHEF d,>0G=1,2,,n), {15

n | (it (D) |
— d: ; d} Jt = . »
C(z)+—2}2§ /11],,Tj.[(gp,}o:))41L

() |+

EEdJ#,,J b (O | by O+ | A0 < 0vi = 1,2,++1m
N RS (12) & s Bk e .

3 Bl
. % I F G

(1) =—crx, () Fan @ fn (@ G—7 @)))+
ay () f12 (s (E— 112 (2))) +1, ()
' — ey (1) Fan ) fo (01 G—10 (1)) +

lrz 1) =
Ay (1) f o2 (s 122 (0))) T 1, (1)

Horp

¢ () =5+2 coszt—i—%sinzz‘,,an (t) =2cos tsa, () =sin t

_ 3 .
——5Ssint¢,

9 9 ..
s (t):4+?cos't+§smzt,a21 (t) 5

s (1) =3cos ts711 ([):Tzz([):1+%sin t,

TIZ([):‘[ZI (f) :1+%e*cos/

EXFZZ,

A,jzl
LR RIS AHE R

di=1,f; @ =5 (1] + =10

-9 2 —:
(1) + 2 ay (0 |2y + 2 e )
1
10+ 1—0. 25005(50”l 1))
1 _ —0
1—0. 2sin gy () ) e o
n ) ) n 1
_2 g 4 2 2 2 P NN
e <t>+§ las; (1) |* 25 + Z el )
1
8+’144125am(¢ﬁ(t))
1 | <0
1—0. 2sin(gy (1) ) e w1 2
R 5 M5 2 :UF, ERARGeREHREE

4 g

AR SCH AT WA R RO B R RAE TR Y BRI A%
8, 2B R B0 JE 2 R Lipschitz 2540 09 58 Atk . @
1t A8 3 — A 24 1 Lyapunov {Z BRI 45 45 Young AN 5§
XA T — Rz i BA w2 sk A
B E M 4% RGN IR 2 R B ek, AT
— RIVRIE R G4 R 1 Be € W 5o 40 26k . iR 4510
FHE ) 1 ) et LA A R TG 5 G AR I ) 22 il 28 R
EIR 2 M4 R Y5, 7SS4 Tt ) ook 1+ O STk 9
5. I ARSI E T A SO A S, B
SR ARSCH) I iR E T AR AR R 5.

S % 30k

[1] Arik S. Global asymptotic stability of a larger class of neu-
ral networks with constant tine delay[ J]. Physics Letters
A,2003,311(6) :504-511.

[2] Sabri A,Vedat T. Global asymptotic stability analysis of bi-
directional associative memory neural networks with con-
stant time delays[J]. Neurocomputing,2005(68) :161-176.

[3] Huang Z T, Luo X S, Yang Q G. Global asymptotic stability

analysis of bidirectional associative memory networks with



64 Journal of Chongqing Normal University (Natural Science)

http://www. cqnuj. cn Vol. 30 No. 3

distributed delays and impulse[ J]. Chaos, Solitons and Frac-
tals,2007,34(3) :878-885.

[4] Cao J D,Dong M F. Exponential stability of delayed bidirec-
tional associative memory networks[ J]. Applied Mathematics
and Computation,2003,135(1) :105-112.

[5] Cao J D,Wang J. Global exponential stability and periodici-
ty of recurrent neural networks with time delays[J]. IEEE
Transactions on Circuits and Systems 1,2005,52(5):920-
931.

[6] Chen A P,Cao J D, Huang L H. Exponential stability of
BAM neural networks with transmission delays[ J]. Neuro-
computing,2004.57:435-454.

[7] Zhao H Y.Cao J D. New conditions for global exponential
stability of cellular neural networks with delays[ J]. Neural
Networks,2005,18(10) :1332- 1340.

[8] Li X M, Huang L. H,Zhu H Y. Global stability of cellular
neural networks with constant and variable delays[ J]. Non-
linear Analysis,2003,53(3-4):319-333.

[9] Zhang Q,Wei X P,Xu J. Delay-dependent exponential sta-
bility criteria for non-autonomous cellular neural networks
with time-varying delays[ J]. Chaos, Solitons and Fractals,
2008,36(4) :985-990.

[10] Zhang Q,Wei X P, Xu J. Exponential stability of nonau-
tonomous neural networks with variable delays[J]. Cha-
0s,Solitons and Fractals,2009.39(3):1152-1157.

[11] Zhang Q,Wei X P,Xu J. On global exponential stability of

nonautonomous delayed neural networks[J]. Chaos. Soli-
tons and Fractals.2005,26(3) :965-970.

[12] Hardy G H, Littlewood J E,Polya G. Inequalities{ M |. 2nd
ed. Cambridge: Cambridge University Press,1952.

[13] Zhang Q,Wei X P,Xu J. Global exponential stability for non-
autonomous cellular neural networks with delays [J]. Physics
Letters A,2006,351(3):153-160.

[14] Jiang H J,Li Z M, Teng Z D. Boundedness and stability
for nonautonomous cellular neural networks with delay
[J]. Physics Letters A,2003,306(5-6):313-325.

[15] Mehbuba R H,Jiang H J, Teng Z D. Boundedness and sta-
bility for nonautonomous cellular neural networks with
delay[ J]. Neural Networks,2004,17(7):1017-1025.

[16] Zhang Q,Wei X P,Xu J. Global exponential stability for
nonautonomous cellular neural networks with unbounded
delays[ J]. Chaos, Solitons and Fractals, 2009, 39 (3):
1144-1151.

[17] Jiang H J, Teng Z D. Boundedness, periodic solutions and
global stability for cellular neural networks with variable
coefficients and infinite delays[J]. Neurocomputing,2009,
72(10-12) :2455-2463.

[187 W52, JRASAF - 3 B . 30 77 R B8 B O M. JE 5t
] 55 Tl i ikt 2005,

Shi B, Zhang D C, Gai M ]. Differential equation theory
and application[ M. Beijing: Defense Industry Press.,2005.

On the Globally Exponential Stability of Multi-axons Non-autonomous

Neural Networks with Time-varying Delays

MAO Kai', SHI Bao*, ZHOU Gang'
(1. Institute of Systems Science and Mathematics, Naval Aeronautical and Astronautically University;

2. Department of Basic Science, Naval Aeronautical and Astronautically University, Yantai Shandong 264001, China)
Abstract: Under the circumstance when the activation functions meet global Lipschitz continuous only, the time-varying functions
are bounded, continuously differential and its derivative is less than 1, by making use of Lyapunov stability theory, firstly, the
multi-axons non-autonomous neural networks with time-varying delays is studied in this paper by employing a suitable Lyapunov
functional and combining with Young inequality. A set of sufficient conditions, which are easy to be verified in practice, for guaran-
teeing the globally exponential stability are obtained. As special cases, the global exponentially stable sufficient conditions for the
multi-axons non-autonomous neural networks with constant delays and the general non-autonomous neural networks system are also
derived. And then, the multi-axons non-autonomous neural networks system with both the continuous time-varying delays and infi-
nite distributed delay is studied. Some restrict condition imposed on the activation functions, such as boundedness or differentiallity
is removed in this paper. The results of this paper extend and improve partly the previous ones and can be used in other autonomous
neural networks. An example is also given to illustrate the effectiveness of the method in this paper.

Key words: non-autonomous neural networks; global exponential stability; Lyapunov functional; Young inequality
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