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Stability of Neutral Volterra Stochastic Dynamical
Systems With Multiple Delays

WANG Chunsheng
( Department of Management, Software Engineering Institute of Guangzhou,
Guangzhou 510990, P.R.China )

Abstract: A class of nonlinear stochastic integro-differential dynamical systems were discussed, the necessary and
sufficient conditions for the mean-square asymptotic stability of the zero solution to the system were given by means of the
Banach fixed point method, and a mean-square asymptotic stability theorem for neutral Volterra stochastic integro-
differential dynamical systems with multiple delays was established. Unlike the previous research methods, according to the
characteristics of each time delay of the stochastic dynamical system with multiple time delays, the operators were
constructed through introduction of the corresponding functions, and then the stability of the system was studied with the
Banach fixed point method. The conclusion improves and develops the results of several related research papers to a certain
extent. In addition, the results obtained supplement and extend those of the fixed point method in study of the stability of

zero solutions to nonlinear neutral variable-delay Volterra stochastic integro-differential dynamical systems.
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TILMES R AR AR L 3 71 2 GERUE KR % 7
A AR, O T 5E Lyapunov FLIEIA FER TR E BRI 2R GET 18 2 ) R AE, SCHK [2-91 R TS
JT SRR E T Bl ) R G R BRI A SRR E L, 158 TR SN IE.

ST AR GOITEAEW T RGO E By T A DB, Luo™ A8l s 5k BT T 5E BRI 3h
RGN FIIE | AT SRR E P, MO RE 1 R AN 8l G 5 IR IE S BENL S ) R G a e PR e
T AR EFTE R, IR 2L R HRR AL AN 8 0T P T 2% 2R BENL 3N ) R &L Horh, ERA S BESE
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WAQ, F, P} R 5E 4R 28 (), HAT W % SRR TF )i=0. {w(0), t = 0V JEE XAEMLZS 8] T bR ifE—4E
Wiener 1 F2. 2L B g () <t,mi(D)=<t, ri(t)<t, 5 /&: 24t — ocoll}, gi(t) = 00, m;(t) = o0, ri(f) = 0, i=0,1,2,---,n.
BN E AR AR LN E TR ST 2 AR Volterra BUBENLSN 1 R 48, 24 =00,

dx() -G, x(m (@), -, x(m, (D)] = [ﬁ (t,x(g1 (@), -, x(g, (D) + L;O(t) q1(s,t,x(s))ds|dr+
LEx (@), ,x(r, (1) +fr; 0% (s,2,x(5)) dS] dw(t),
Hdx(r) e R, MIUREA R xo = ¢ (1) € C(Im(0),0] , R),

m(0) = [nax {inf (g; (s),s=0),inf (r; (s), s=0),inf (go (s5)),inf (ro (s))}.

(1
5%G e C(R, xR",R), fi,f» € C(R; xR",R), q1. ¢ € C(R, xR, xR, R), i /L J&ji#fs Lipschitz 251, BI777E 14

éim‘15/[:“%"%&1(/([) ’ Aj(t) ’ Bj(t) ) C(t’ S) > D([’ S) ’ .] =1,2,---,n, Ogsgt(zi;:] |Kj(t)|’ Z};:I |Aj(t)|v Z:;] |Bj(t)|’|c(t, S)l
DG, 9 AR 3,5, € R A

n
|G(t’x1 5 X2, ’xn) - G(t,)’l’yz, e ,}’n)' < Z |K](t)||xj _y]|9

J=1

J=1

n
|f1(t5-x1"" ,xn)_fl(t,)’l,"' ,Yn)| < Z|AJ(I)||X]_)’J|,

|.f2 (t,.XI,"' ,Xn)—fZ(t,)’l,"' ’yn)| <ZlBj(l‘)”xj_yj',
j=1

2
3
4
lg1(s,t,x) = q1(s,t, Y| <C(t, s)|x - yl,
|QZ(S’ t’x) - QZ(S, f,)’)| <D(l" S)l)C —)’|-
EX 1
E|lx®))* — 0.
1.1.2 CHGAREAFRTLESR

(5
ARG (D) PARA AT IE R E /Y, IR ARG (1) B ZFA# x(n) Y758, Bl Y t—olhf, A
LG TE

I X HALS2E LA BA ARV A B S S B R4S .

(6)
7
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V() = —L’_ at, )g(y(s)ds, =0, (8)
AREHHE Volterra RIFRAM 080 11 R 5t
V(1) = —a(t)y () + f’ b, 5)g(y(s)ds,  1=0. 9
t=p(t)
i ST IR BERLI S 3 R S
d[x(0) = g)x(t =D = [a)x(®) + bt —TE)]de + [c(Dx(r) + e(Dx(t - SO dw (D), 120, (10)

EZ NN G PIE R
N
¥()== aox-xi0), =0, (1D
j=1
Wz 27 i BE LI 3 ) R Gt
d{y(0 - > qiOxt=7i0)| = D biOxt—Tie)de+ ) ciOx(t—5;()dew(n), 120, (12)
j=1 =1 j=1

FITARA S S 2518 T

EIE A(Burton™) ZFAELEK > 0, 155l /£ Lipschitz £51F 10 BRI B gde [— K, K b 0 BA3E 336 194 3% 22 25 pR 8K,
x—g(x)=0, HAE[0, K] [ AF8. 4 % 2 n] fH é‘ﬁza(t,s):=[o,oo)x[o,oo)—>R,r>o,ﬁ*zS(A(t,s):zftisa(yﬂ,s)dy,
WX =06 .

() A(t, z)-:j a(u+1,0du=0;

(i) B: —supf U av+t—w,t— w)dvdw<§

=0
MRS (8) BEffasE. HE—AHh, e (0)FE [-L, L] FELE, g’ (0) £ 0, H 24 t—ofif
(iii) J;)A(S, 5)ds — oo,

MR S8 (8) R Al A E .
TEE B(Burton™) R BEELO< 1 (1) Spro(poh—IEHHO , FA7EA € (0, DEAF, =004
(i) f ek “W‘/‘j b (s, nldrds<1;
(i) ¥ T Ee > 0, ﬁhl > OFIT > 0, [0 =0 Hll =0 + TR, ¢ % < o) Y4 oo, e 9% , oy
(iii) £A7E L>0 {115, H|x|, [y| S LA, |g(x) — g (0 < |x -yl g(0)=0,
IR SE(9) i i ke
TETE C(Luo"™)  Anir(s) ATk, (BORAFAE— 446 € (0, DFNELE AT FpR £ g (1) - [0, 00) — RIFFFXT 1 =06
@) hmjog(s)ds > —00;

@ lgol+ [ latsy+gidss [ L0bigol([* g0 +atriar)ds
Joe g(")d“l(a(s 7(5) +g(s = T(sN)(1 = 7'()) +b(s) —q()g(s)lds+
([} e +leconias) <o
I FRGE(10) By I W RAE (9 FE A B4R P2
(iii) ¢ — ooffi, fO g(s)ds — oo,
TEIED(Zhang) Bk NI, 1 — & () O PR g j (OFFAE, &

N N ‘
00 =" a;(g;0). 60=)" |
j=1
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(ii) Z[I ‘aj gi(® ’ds+j el Q(”)d”lQ(S)|f ‘aj(gj(v))‘dVdS]‘FH(t) <0

MR GE(11) 2RI AS E B FE 7 Ab BER 02

(iii) 24t — ooffif, fo Q(s)ds — co.

EIE E(Wu ) e (0, B AEE—1E 5 a € (0, DAIELE BRELA (1) : [0,00) > R, j=1,2,---,n, fiff
54241 =0H,

(i) H(s) = Zh(s), hij(s)ds> —oo;

1—00

(i) Z (|q,(r>| . |h,-<s>|ds)+ Z (Joe 111095 | 9) = Has(9) + Iyt =51 =75 () s+
: <

172
f o S |H(S)|(Z f ()|h (/,1)|d,u]ds+ 2 f 2 HW""(Z le; (s)l] df} <a;

M Z 58 (12) W4 7 i ke e X HAL St — oofi, A
(iii) J H(s)ds — oo.

113 XF%&#

AR SCAEAR 385 55, AR S A0S TR 2 16 5 AR [T DL FC R %%, 2R )5 F Banach A8 T EMR R4 (1)E
f A W RS R M, AR S R — e R R A T b S R ek A 4

EE 1 BEEG A, f.q, @l R (2)~(6), g i, H A7 1% $la e 0, )L I % 52 k5
hi(1) :[0,00) > R, i =1,2,-- ,n, {4551 =00,

(i) h(s) = th lim j h(s)ds > oo,

—o0

(11)Z|K (t)|+Zj h; (s)Ids+f " h(wdu

j -J h(ﬂ)dﬂ[z IA; (s)|]ds+j " hdu (f IC (s, v)|dv)ds+

;(LM v+ (5

U ;e_zﬁh(”)d” [Z IBis)|+ (f PG v)|dv)2]ds}l/2 <a<l;
i=1 oS

W RS (1) M 7RG E W T84 b B4 2

(iii) 247 — ool f()’h(s)ds 5 oo
.14 XFEL® M. %3 A~E LB

0RE B 1 AIE5S FIE B RN FH B R 40 (8)~(12), FHAE IR A2 H AR H8 28 48 1 SE PRl A 718 24 1 A8
AL, WERE A~E Al 20 N E A ~ B

EIR A R g i /2 Lipschitz 554 A EA A ZES T B R A M) S E M xyeR, A
|lg(x(1)) — gV < M(0) |x(t) — y(0)). T BAFFEH £ € (0, DL BELLPRELA (1) : [0, 00) — R, #1451 =0F, 1 /2

@) hmf h(s)ds > —co;

ds+

Z hi (2 ()8} (5)

[ et ds+

t—o0

(ii) foe Sy (IZ—r IM)a(s,v)| dv)dsga;



1194 MO % % M h 2021 4F 55 42 %

W R 5:(8) M 7 AR E W FE 4 b B4 2

(iii) 247 — oot folh(s)ds S oo,

SE EH AR EOR g (x) FRIEEIY B oA R, fE—E R L HuE T A gk

EIE B Bk kAL g & Lipschitz 55 1. 77 76 A A% 22 0] BB N, 3L B M x,yeR, B
lg(x(1)) — gV < N() |x(t) — y(@)|. HAFTEH $a € (0, LA SGELLPRELA() - [0,00) — R, flif5XF:=0, Wi &

) llmf h(s)ds > —oo;

1—00

(i) [ laCle S Hbds [ e S (7 IN@b(sldv)ds<a
W R SE(9) WM 7RG E W T4 b B4 12
(iii) 247 — ooff, f’h(s)ds — oo,
SE2 BB AEE T, ABFIE LSS A L A A PR, M LR B A — R L L ARG
EEC waa(r)TMz HAFTERELS € (0, DDA S ZL R B R, (1) : [0,00) — R,i = 1,2, #4541 =00,

()h(s) = Zh (s), hmf h(s)ds > —co;

—o0

(n)|q(s>|+j 2 (©lds+ [T ()= g (5) () + ha (s = T(9) (1 = (3)) ds+
1/2
joe-fsh@dﬂm(sn(j i @ldr)ds +( [[e 2o (o) +le(o))ds)  <a:

MRG0 (10) =240 5 B R A 30 53 WA B 25 1 /2

(iii) 241 — ooffif, [ h(5)ds — oo.

E3 BAR, B CEMEE TR B C RS, BB C 2B ORISR, RlE B O —ERE Lot 7
HC R,

EIED 1%%&7](07%@ FEAEESE PR (1) £ [0,00) > R,i = 1,2, ,NHIEH %S € (0,1), i 2: =00,

(i) h(s) = Zh (s), hmj h(s)ds > —oo;

t—00

(n)Z(j i (s)ds) + [ e WWZ(k (= (N1 =K @Nds+ [ e Jh@dﬂh(s»(Zj Ihi(u)ldu)ds<5

MR GE (1) Z 35 7 B R M FE o Bk

(iii) 24£ — ooff, f’h(s)ds S oo,

4 LT D MR, EHED A R — ()AL KRB RINEA BER sR % — ()™ 45 B8, T L, 8 B D/ —
FREE LG RIE) T R D PSSR, TR 5.

EIEE ﬁn%r,(tﬂﬁt BARAFAE IE B € (0, ) FESL R E (1) < [0,00) > R,i=1,2,--- N, ffi154r=0,

D h(s) = Zh (s), llmf h(s)ds > —co;

t—o0

(II)Z(|Qz(I)|+I |hi(S)|ds) je I hGadu
ds+f oS hdu Ih(s)l[Zf |h (,u)|dﬂ]ds+

12

2
[I;e—zﬂh(}t)dﬂ{ij(sﬂ] ds} <a<l,;

=

Z(b ()= h()qi(s)+

hi(s =i () (1 = 7{(s))

R 55 (12) BRI i e i 78 70 b B 55
(i) 247 — ooff, f’h(s)ds S oo,
E5 RBR, B B GHEIE E MG TEMEL. L, B3 BRI Fd 7@ #E E 85, 305 3.
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E 6 EHL AR R RGURE FELEIE, SR T 30K [4,10,16] BOSHIE.
1.1.5 &322 1 %38

MEBR S EIR F-E NS Ry (1) : [m(0),00] x Q - RZAL LY Banach %5 [], HXTFEE Hw e Q, v (t,w) X
UM ESE, T E—4, % 2 s € [m(0), 01, v (s, w) = ¢ (5); 241 — ooltf, |y (1)]] := {E(|l//(t,u))|2)}]/2 Lo

EXATY:S - SUF.

(i) Y47 € [m(0),01HF, (¥x) (1) = ¢ (1);

(i) 4r=0AF,

5 (0 i
(o) (1) = (¢(0) ~G0.¢(81(0)).+.¢(2,(0) —Zl J, o 9 (s)ds] e by
DS B (s + G e m (). o m, (1) +
=1
e T g g (S)p(ai(s)ds — [ R(s)e NG (5,0 0mi (), p (my () s
i=1

Jore B9 £y (5,0 g1 (51, p (g (s s [ (s)e S [Z} Jo (v)go(v)dv)ds+

0

Joem (7 gr0uspmdv)ds+ [ e EH0 o (s, (51 o () den()+

0
10
joi e~ i hdu (LZ(S) g (v, 5,0(v)) dv) dw(s)= ,:ZI L(). (13)

4

h(n= (¢ (0)=G(0.6(51(0). .6 (8, (O Lim h,-(s)¢<s>ds)e—fg o
=1

b= [ hs)eds
=1
B0 = G 1,0 0m (), 9 Oy (1),

10 = ) [ e 1 gy (5))g (g (5)ds,
i=1

150 = = [ (e MG (5,0 Gmy (), (),

Io(®) = [ &M (5,001 (), 0 ()

L) = - f(:h(s)e‘ﬁ"h(”)d" [Z‘ L() hi (v)go(v)dv)ds,

N

)= [[e b ([° g1 (ns.pdv)ds,
o) = [ e S0 £, (5,01 (), () deo (5,
no@) = [1e 0% ([* g5 00av)d(s).

1) WTE[O,00) b RIITT L)
LpeS, =0, oo/, W

10
EI(¥e) (11 +0) - (Po) ()P <10 |1t + o)~ e
j=1
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i 4 PEGDBHIE, 2o — O, E|I; (1 +0) = ;)| = 0, i=1,2,3,4,5,6,7,8. 141, 1 Burkholder-Davis-Gundy
A, Ho — O, A
Ells (1 +0) = I (1) = EUO" e BT L (5,0 (ry (1), () da (5) -

2
<

jtl e’ﬂl h(”)d"fz(s,go(rl (s),--- ,go(rn(s)))dw(s)

0

1 1 _rnto 2
2k [l h(")d"(e f "Wd“—l) £ (51 (). @ ()P s+
2E j T 2T (5.0 (r1 (5)) 0 (e (5)))Pds — 0.

A3, o — O, Ellyo (ty + ) = Lo (1) — 0.

L5 IR, Yo — O, E((We) (1 +0) — (W) (1) — 0.

2) W©S)cS

HREI¥R) 0P <107y BTG 48, i — oot EIL (O — 0. t 25 Gi) I 53 E, V3 (0F — 0. o1
Mt — ooltf, g; (1) — oo Hlllp(t)l| = 0. IF AR B e > 04FFET) > Offi15 s =T, 15 Elp(s)* < eFlElp (g ()I* < &. A
M7 241 — ool E| ()] — 0. [RII, B 4G A

2
+

T t 1
ElL (0P <2E| [ e 514 igi(s)gi(s)p(ails)ds
i=1

2

2E <

f; ¢ Ji Hundu Zl hi(gi(5)) g () (gi (s)ds

2

2F +2ae.

I " e S Zlh (81 () g ()@ (gi (5))ds

HIZRPFGO NG L, A7 FET, =T, He=To i, £

m 2
2F J‘OT] o ! hudu Zhi (gi(s) g1 ()P (gi(s)) ds‘ <e.

i=1
MITE|L (TP < &+ 2ae < 3e. K24t — oo}, E|L (T — 0.
AR, I FH A (2)~(6) T LUIER 2t — oofif, E|1; (t)l2 —0,j=5,6,7,8. 3 H.HH &M (4), Xt — oolif,

2
S

Elly ()] = E Uo e B fy (5. (r1 (5)), -+ (1)) deo (5)
n 2
E [ 2 L1091, (5,00 (5)), 0 ())Ps< [ e W’dﬂE(Z IB: ()l (r <s))|] ds.

i=1

HRTTATIE A 2, 241 — oo, Elly (1) — 0. [A] B, 241 — oolfit, E|Lo (1)]> — 0. FFLIAW(S) C S.
3) wREE4AN
2 Gi) 50 0, AFAE R BL > offiFs:

1 n n R ‘ , n
z . . = J§ hd 4
(1 + L) {; IK; (0] + ; L,-a) I (5)lds + fo e z (; 1A, (s)|]ds+
t t s
~ " hdu
ds+ jo e (jgo(f) |C (s,v)] dv) ds+
ds} +

L =2 hGd N , 3 ’
IO e 2. ”(;'Bl(”” LO(X)|D(S,V)|dv) ds]<a. (14)

f "o S
0

D higi(s)g] (s)
i=1

Z(L() Iy (v>|dv+|1<,-<s)|)

i=1

(ot
0

(1+L)
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FRLL, XHEE v € S, HZE1F(2)~(6)
E sup [(Pe)(s) = (P) ()P <E SUP] lp () = ()%

s€[0,1] s€[0,z
1 n n s s s n
1+ — Ki(s)| + R Wldv+ | e b0 N 14, ()] |dv+
i%‘i]{( L){le )l ;Lm' W)ldv+ | e Zl) W)l |dv

$ o I hGdu $ —jjh(u)du( Y )
fo e dv+f0 e LO(V) IC (v,0)|d6)dv+

D i@ ) g )
i=1

2

i ()], m@de+Ix <v>|)} dv} '

i=

n 2
(1+1L) {fo e 2 hwdﬂ[; B, (5)| + L,m ID(, 0)|d0] ds}} i (15)

M (14) A5, wod i, i L, wE s mS A ME— A3 mix @), BISHRSE (1) BE#. 5358, i FARIE
B R T, 247 — oo}, Elx (7)]> — 0.

4) R (1) WEMRITEE R

XHEEIE A /N T e IE RS, W6 2

NG

n 2
0 r*
. . =2 J; h(wdu +
(1+ L)(S[l + gl IK; (0)] + L,-«» I (s)Ids] e ae <,
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i=1

2
e 200 hdu 4 oo < ¢, (16D
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(1+L)6

1+ ;] (1Kion+ [ imoas)
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J;)e ds+ J;)e L—tanhsdv ds J;)e ds+ J;)e ds 2(1 ¢ ) 2.

La=05<1, WHEM A" BHYFMARTH, RG220 BFEMEE e, ik,
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u(t) = tanhr<Spo. E L B ANGEAF 13 ) R4 (21) M ¥ 7 i A2 e o, 2 21 BRI SC i 25 R ulcalf -4 T STk 31 /9
8.

5 I TR o ) RS

dx(?) = —a(t)x(t — 2sinr)dz, t=0. (22)
ket R B DY, A5 R i S5 ie.

TBATAEELE PR ELA(r) - [0, 00) — RFIIEF K6 € (0, 1), i /2 24: =00,

) tim [ A(s)ds > ~oo;

[—00
(ii) ﬂ—zgm [h(s)lds + f;e‘fih(‘“d" |h (s —2sin s) (1 —2cos s)|ds+
t . s
e mmsme( [ holu)ds<e<1;
§—281n §

W 2R 55 (22) B 2 247 A A A ) S8 e AR



11 FHH: P 2AEEHE Volierra BIBEHLSN 1 R G HIFa E T 1201
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