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d.’El(t) = $1(t) [a1 — 011$1(t) + 012$2(t — 7'1) — C13.’I}3(t — Tg)]dt,
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(1, 02,03)" € C([—7,0], RY), Hrh RS = {(@1,20,23) € R* : 2, > 0,1 <4 < 3}. a5 Loy M
T2 j‘?ﬁ#@, X1 Pl To BEERAR. ap >0 Al as >0 AR T Al To K. —az >0 ==
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a; — a; + O'lBl(t), 1= 1, 2,3,

A {B;(t) }iz0,1 = 1,2,3, B E XAERFIET Fiso FIBHMEEE (Q, F, {F}iz0, P) L1
PRAERRST Wiener 18, oF, i =1,2,3, AURMEAERISREZ. Bk, JATH:

dﬁg(t) = T2 (t)[ag -+ 021371(75 — ’7'3) — ngﬁg(t) — 023$3(t — T4)]dt -+ szg(t)dBQ(t), (11)

{ dzi(t) = x1(t)[a; — cr1x1(t) + crax2(t — 71) — cizxs(t — 72)]dt + o121 (¢)d B4 (1),
dxz(t) = x3(t)[az + ca1x1(t — 75) + c3022(t — 76) — cazws(t)]dt + o323(t)dBs(t),

BE LA TR e — 5% 3k - 3R I P TIR S SR AE 70 M 1 7 A A, |l DAAE 759 31 1 45 51 4
BT ER F-P 7R R dvk B2 D REH R 87k B-°, P Lyapunov B%0E
6=91 SRPEATHEFL. Horh, F-P 7 RE I s VR AT DU AN B I A T JRABLR B R 18
TR B ANBRAED BE, 0 IX A FAR T FE A IR AR MEHR 2, Liyapunov R 5072 ) 75 ZL A7 11 5 /K
BEFAE T, B ¥ (PR R N B X R I (7). 5346, Hu-Wang Pt #5321 25 5 b 16 2640 75 2230 2
T FE R L 3G O sy PR R AN BE T 2 1. AR SR A 1 5 v U8 4 1 LA 32 31 1) 1)
T R T A R AL SRR 4 Bl 772 4 b o B IS

B, Liu 25 B BEFE T Bl w AUOU% 0 I BE HLIS i SIS A& Juii iR I HLAS 3] 7 X AV
R EME. AE3CHER [12] 1, Liu A Jiang 18 1 — K BA AN G835 % W #M I BEATL 2B 2k & HIV
RERY [P~ A2 20 A0 . BEHLAL G B 70 K AT ot — AN S B () (). — R BT 20 A7 B i A A 28
PEPL B I BERLIZ R 0 FE K AT N & i Liu &5 130 Fraf7e. bah, ELAT I =2
R A BT (4. Gk, Lin-Fanl'®) @57 7 — 2 B A W = RhE AL 060 6 - #
BRAM RS, KT PRS2, 0S5k [16-18).

TEUER R FR R, FR LU 5] 3

SIFE 1.1 4 g(t) € C[Q x [0, +0), R, ],

(1) WRFEPADIEFE T A N FETHAER > T,

t n
Ing(t) < Mt — )\0/ g(s)ds + Z @;B;(t),
0 i=1

W, FATH
7" = limsupt—! fot g(s)ds < %0 a.s., A >0,
tlir+n g(t) =0 a.s., A <0.

(2) WERAFAE=ANIEHELT , N A X S0 T AR ¢ > T,

Ing(t) > At — Ao /Otg(s)ds + iaiBi(t)v

i=1

t——+oo

t
A
g, = liminft_l/ g(s)ds > —, a.s.
0 Ao
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SIEE 1.2B0 & BRT P AL, Jrbr ¢ > 0. ROEAESI R ST, N IR R ARSL

lim P(z,)=p z€E,

t——+oo

) g 2 SRTE A
3138 1.3 B y = y(z) € (a,b) Fly = Y(x) € (a,b) 5552 LL FHA T RE I fi#

== fl,y),
y(l‘, 0) = Yo,

y(m,O) = Yo,
Horp) f(x,y) A F(x,y) &% 2200 B 2 B8 Lipschitz 21, 3 H (20,%0) € R x R. #
flzy) < Fla,y), W y(2) <Y(2), 20 <2 <b;y(z) >Y(z), a <z <.
SI3E 1.4 € n > 2, AL TR KT

Z miaijGi(xi) = Z miaijGj (xj)
i,j=1 1,5=1
H Gi(z;) RAEEMREL 1 <i<n.
SI38 1.520 % e My (E) Z2FBE P, t > 0 FIME— AR, A8 258 7 1)
5138 1.6 55E ¢ € L2(E, p), WAFTE n* € L2(Qy, Fo, Py) SEARHE L2(Q0, F1,Py) A

{iﬁ:FmY%

1 /T
lim / w(Z(s))ds =n*, P; —a.s.
0

T—4oo T

BEAh, 3 2 e,

lim = / o(Z(s))ds = /E o(@)u(dz) = (1, 9), Py —as.

T—4o0 T
NITAEASCH 5, AT LR E e
2
b =a; — %7 I' = cr1c00 — cr2c01,

= 2 2
I't = aicae + azco, Iy = (c2207 + €1203)/2,

= 2 2
Iy = aico1 + azeqq, I'y = (e2107 + ¢1103) /2,

_ = 2 2
I's = asczz — asceas, I3 = (3305 — c2303)/2,

5= 3305 — €1303)/2,

(
(
(

Ty = aszcas + ascsa, Ty = (2202 + ¢3202) /2,
I's = aiess — azas, (
(

= 2 2
T'¢ = ascii + aicsn, I'e = (c1105 + ¢c3107)/2,

= / F(s)ds, f* = lmsup f(2), f. = liminf f()

t—o0
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C11 —Ci12 C13
A= —co C22 Ca3
—C31 —C32 (33

N T A B (a1, a0, a3)7 AR, A, Fm A RS BUR (98, %2, 90T AR, Mo
i=1,2,3. ATLURESEH

I''>0,T;>0 T3>0 s3>0 T3>0 Ty,>0, I's>0, ['s>0.
%

C11 > C12 + €13, Cog > Co1 + C23, C33 > C31 + C32. (1.3)

2 MRTFEMFIME—E

FEX — 51, FRATTHRE 37 A R A7 AE M — .

SIE 2.1 SEEBEMVILGME (01, @2, ¢3) € C([—7,0], RY), B8 (1.1) JLPAL AL A ME—4
JRif#t x(t) = (21(t), 22(t), z3(t))T € RY.

IE 4 2i(t) = Ina(t). B Tt6’s ALK (1.1), AT LIS 2

le (t) = [bl — cllezl (®) + 612622(t_n) - 613623(t_T2)] + UldBl (t),
dZQ(t) = [b2 + 021621 (t=7s) _ 622622(25) — CQg@zS(t_T4)] + O'gdBQ(t), (21)
ng(t) = [bg + 031621 (t—7'5) + ng@zg(t_TG) — Cg3€z3(t)] —|— O'3dB3(t),

M 2;(0) =Ing;(0),0 € [—7,0], i =1,2,3. R, X &R Lipschitz 261F. I AR
P AFAE AR — {4 72 B0 DA (2.1) ZEXE] [0, 7.) B — MR iBE 2,, X H 7, S0 Z). 1
R, x(t) = (e®), e2(®) ezsN)T I (1.1) HnE— R0 IE R

T RBATEAE XA R 1. i) il 3, JATH ZEEY 7. = oo, FATATLLEE
WA

dyr(t) = y1(t)[ar — cuya (t)]dt + o191 (t)d By (),
dya(t) = y2(t)[az + co1yi (t — 73) — cooya(t)]dt + ooya(t)dBs(t), (2.2)
dys(t) = ys(t)[as + cs1y1(t — 75) + csoy2(t — 76) — cs3ys(t)]dt + osys(t)dBs(t),

Hrby(0) = ¢:(0) >0, 0 € [-7,0], i =1,2,3. #RI5IF 1.3 WATATLIGE] ¢ € [0,7.) W,
xi(t) <wyi(t), as., i=1,2,3. (2.3)
NI, FRE (2.2) P y(t), i =1,2,3.

dyi(t) = y1(t)[ar — cuiya (B)]dt + o1y1(t)dBa (1),
y1(0) = ¢1(0),
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L uy(t) = Iny (t), Bidis H Tt6’s 2 2UAT LA 2]
dul(t) = [bl — Clleul(t)]dt + UldBl(t).
% U1(t) = U1(t) - U1B1(t), iz H 1t6’s 2~ 2UA] AR 3

dUl (t) = [bl — Cllevl(t)+ng1(t)]dt.

5
>
g
=
I

vi(t) — but, TMTATBAEE] w) (1) = v)(£) — by. AT

de_wl(t) — CllealBl(t)+b1t,
Xof b T 2 R e A R g [FT BT A O 21 ¢ 12EAT R 43 T 1
t
efun(t) _ 67w1(0) — Cll/ ealBl(S)erlSdS.
0

BN =) = =@+ Dbt =m©) = ¢, (0)~1, Ek, 7T
o1 B1(t)+bit
$1(0)~1 4+ c11 fot o1 Bi(s)+bis s
W, 38 R R TTERA TR LA 2
02 B2 (t)+bat+ca S vyi(s—7s)ds

$2(0) 7L + caz [, €72 B2 Hbast e [ i (ums)du g

yi(t) =

yz(t) =

eUng(f)+b3t+C31 fot y1(8775)d8+032 fof y2(877'6)d8
ys(t) =

$3(0)~1 + ¢33 fot e03Bs(s)+bas+ear [§ yr(u—rs)dutcss [ y2(u—te)dugg

Rk, 2t > 00, y(t), i =1,2,3 BAFER. B2 7. = +oo.
SE FIASCHR (23], FATTATLAAS 3

1
lim sup n Inz;(t) <0 a.s., i=1,2,3, (2.4)

t—oo
I BAFAE N IR 8 K 645 oL

limsup E(z;(t)) < K, i=1,2,3. (2.5)

t—o0

3 PRI E R

5138 3.1 XTEA (2.2) &,
(1) #b; <0, i=1,2,3, M

lim y;(t) =0, a.s., i=1,2,3;

t——+o0
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(2) # b1 >0, by + B2 <0, by + 1L <0, U
li (t) b lim y;(t) =0, as., =23
1m = 7 — ey = b ;
oo yl 011) oo y

biecay

()E‘b1>0 b2+51621 >0, by +blc31+¥032<0’)|_\|lj

by + bicar

by —— :
li t li t) = 70“, 1 t)=0, a.s;
Jim (1) = oy A we(t) = — 2, lim s(t) a.s

bicag

(4) # by >0, by + 220 > 0, by 4 Lo 4 +CH cza >0, W

b
. — b L bt
lim oy, (t) = —, lim y(t) = —

t—+oo c11 t—+oo C22

bicon
b ba+
o —— bzt éffl + 76“ C32
lim y;(t) = , Q.8
t—+o0 C33

(5) # b1 <0, by >0, by + 282 >0, 1

bacso

— b —
li t)=0, Il t) = —, lim )= —2_ a.s,;
t—g-noo yl( ) ’ t—}I-gloo y2( ) Coo t—+o0 yg( ) C33

(6) % by >0, by + 22 <0, by + 222t > 0, WY

bicar

I I L
lim g1 (f) = —, lim ya(t) =0, tlim ys(t) = 37‘“, a.8.;

t— 400 C11 t—+oo —+o0 C33
(7) # by <0, by >0, by + 222 <0, U

—— b
lim g (¢t) =0, lim ys(t) = 2 lim y3(t) =0, a.s.

t——+oo t——+o0 Cog t—+00

ME AL (2.2) 32 Tto’s AFRIEM 0 B ¢ HATA S, TR DL ¢ T DAAR 2]

—1 ln yl (t) b
y1(0

(0)
t!'ln yz((t)) = b2+021y1(t)—t1021[/t_ yl(s)ds—/ y1(s)ds]

y2(0 o

—enyi(t) +t7 oy By(t), (3.1)

—ngyg(t) -+ t_10'232<t>, (32)
0

¢ - t
tn s (*) = by +eny(t) — t_1631[/ yi(s)ds — / y1(s)ds]
93(0) t—75 —75

0

+Caaya(t) — tlc32[/t;6 Y2 (s)ds — / y2(s)ds]

—T6

—Cg3y37(t)+t_10'333<t). (33)
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(1) B (3.1) AEBIEE 1.1 7745 limy_, oo 41 (t) = 0 JUFARAL ST, ERATE, X T4
B e>0, fFET >0, 4t >T I {HE

y1(t) <

a7
RN (3.2), 4

y2(t) — — 1
0n(0) = by + co191 (t);022y2(t) +t o2 Bs(t)

S bQ +€*022y2(t) +t_10—2B2(t),

t~tIn

A

Horp ¢ BRI H e RUB/IMER 0 < e < —by, HI5IE 1.1 AT limy 4 o0 92(2) = 0 JLFAbAE
FRAL. [FIHAS limy oo ys(t) = 0 JLPARAREGT.
(2) H1(3.1) AKSIHE 1.1 A[75

¢ ¢
b b
= limsupt_l/ y1(s)ds < -1 Ui, = liminft_l/ y1(s)ds > L as.,
0 0

t—+o00 C11 t—+o0 C11
0 39f 2 i
—_ b
lim 1 (t) = —, a.s.
t—+o0 C11
Fit, F

t t t—73
tligloo t! /tTS yi(s)ds = tligloo tt [/O y1(s)ds —/0 yl(s)ds] =0, a.s.
MNPAEER € >0, fFE T >0, # t > T WAEG

b t 0
TR G AR IC B
t—73 —T3
R TN 3.2) 4
t_l In Zij((éi S b2 + b;ffl +e— CQQyT(t) + t_10'232 (t), (34)

Ho e RU/IMERF0 < e < —by — 22 GIBL 11T W T limy g o ya(t) = 0 JLPARALRE. N
TR e > 0, fA7ET > 0, 24t > T BH{H1F

t 0
—_— €
H< —4—— ¢! ds — ds| > ———
yl( ) — 011 + 4031’ |:/t_7—6 yQ(S) S / yQ(S) S:| - 40327

—T6

t 0
tt / sds—/ st]Z—e, t) < —oj,
R e R e e

5

LA TAN (3.3)

ys(t) < bicay
< b
y3(0) 11

t71 In + € — C33y3(t) + tilang(t),
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Horr, e ROEMET 0 < e < —bs — 2 i T 5[5 1.1 155

c11

lim y3(t) =0, a.s.
t——+o0

(3) Hi_Emm4s Ral A

—— b
lim 4 (t) = L as.
t—+o0 €11

PR by + B2t >0, (3.4) LLABIHE 1.1, A

t—+o0 C22

K by 4 221 4 €
7= limsuptl/ ya(s)ds < ———— a.s.,
0
XHT e FHERIES ]

t by + bicoy
= limsuptl/ yo(s)ds < —— a.s.
t— 400 0 C22

%b2+%20,ﬂlﬂ

by + bicay
lim yo(t) = ——* =0, a.s.
t—+oo C22

by + B s 0, AIRAGE X, FUT (2) HUERT, BT EIE 11 R

t L+ bien
Yz = ltigljgjftl/o Ya(s)ds > Tm’ a.s.
NIIGIEES
lim yz(t) = % 0.8
t—-+oo C29 ’ c9

WX FAERER e >0, FET >0, 4t > T KF{HE

by € 1 /t 0 €
< 4 4+ — ¢t ds — ds| > ———
yi(t) < o I [ - yi(s)ds yi(s)ds| > .

—T5

by + bé% € 1 ! 0 €
ya(t) < + t y2(s)ds —/ ya(s)ds| > ———
t—7¢

b b)
Ca2 4eay 76 desa

RNE] (3.3) 531

t bic by + bacas —
t_l In y3( ) S bg + 1751 + €+ 711632 — C33y3(t) + t_lUng(t), (35)
y3(0) C11 C22

bic
b2+121

UL € S MER 0 < ¢ < —by — e — PEEE 3158 1 5] lim, oo ys(t) = 0 LT
PIRRAL.
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(4)~(7) HRIEFIZEILT (3), BATHEA T B 45 BOCI AL . IR,
Feflity, FATAIRI TS5,
A WG LT HATTURE], 1 <i <3, lim () = J, a.s, KB JAKTERHEL

+oo
BTk, WM 7 >0,

t t t—7
lim tl/ yi(s)ds = tlim tl[/ yi(s)ds —/ yi(s)ds] =0, a.s.,
t—F —+oo 0 0

t——o0

BT (2.3), 775

F

t
tliin tl/ zi(s)ds =0, a.s., i=1,2,3, 7>0. (3.6)
— 100 t—
3138 3.2 ¥ (1.3) Weor, NI TR (1.1) W &
(1) #b; <0, i=1,2,3, 1

lim z;(t) =0, as., i=1,2,3;

t—-+oo
(2) # by >0, by + B2 <0, by + 1 <0, U]

—— b
lim z(t) = L. lim xz;(t) =0, a.s., i=2,3;
t——+o00 C11 t——+o00

A — A,
1. . t — 2 (2
Jm ot = =5

a.s., 1=1,2,3;

(4) %Fl—f‘1>0, Fg—f2>0, A3—/~\3<0, )H\U

ry-r, . .
tLieroo xi(t) = o i= 1,2, tLIeroox?’(t) =0, a.s;

(5) %‘ b < 0, b3622 + b2632 >0, I's — fg >0, ])_llJ

. Y Iy Ty . =y r,—T,
lim z,(¢t) =0, lim z5(t) = ———, lim 23(t) = ——, a.s;
t—+oo t—too C22C33 + Ca3C3p  t—+o0 C22C33 + C23C32

(6) #7 by <0, bycry + bicgs > 0, bicsg — bseaz > 0, M

. L5 — T . Lo T T
lim z(t) = ————, lim 9(t) =0, lim z3(t) = ———, a.s;
t—+oo C11C33 + C13C31  t—+o0 t—+oo C11€33 + C13C31

(7) %5 by <0, bycaz + bacga < 0, by >0, NI

— b
lim z;(t) =0, lm z,(t) = —, lim 23(t) =0, a.s.
t——+o0 t—+00 Co9 t—+00

5P 3.2 MR R T 51 22 3.1, 7ELbEmE.
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4 FRHRH TS

SIFE 4.1 B (1.3) Mor, WAL (1.1) KA fasE 1.
W BB (1L1) EWAM, 20t) = 2(t200) 5 2() = 2(6200)), HH 2(0) €
C([-7,0,RY), 2(0) € O([-7,0], R}). %

€11 Ci2 Ci3 C12 + C13 —C12 —C13
K = (kij)sxs = Ca1 C2 Co3 |, Lrx= —Ca1 C21 + Co3 —Ca3 )
C31 C32 C33 —C31 —C32 €31 + C32

H my, ma, ms 092 L XATCERMRER 7 BN K ZRATTZM, Sk [2) 774
m; >0, i=1,2,3. FHK, BITHF T E X

V() = Zm,| Inz;(t) — Inz;(t)| + miciz /t_ |za(s) — Zo(s)|ds

i=1

t t
+mycis / |x3(s) — Z3(s)|ds + macay / |z1(s) — Z1(s)|ds
t—7'2 t—

T3

t t
+Mmocos / |x3(s) — Z3(s)|ds + mges; / |z1(s) — Z1(s)|ds
t—Ta4 t—

5

t
—|—m3032/ |za(s) — Za(s)|ds.
t—76

dtV(t)

IN

—myci|zy(t) — Z1(t)|dt + mycia|za(t — 1) — To(t — 1) |di
+myciz|as(t — 12) — Z3(t — To)|dt + macar|x1(t — 73) — T1(t — 73)|dt
—MaCao|Ta(t) — To(t)|dt + macaes|zs(t — T4) — T3(t — 74)|dt
+macgr|z1(t — 75) — T1(t — 75)|dt + m3cae|va(t — 76)

|dt — macss|ws(t) — 23(t)|dt

t

—To(t — 76
Zo(t)|dt — mycia|za(t — 7)) — To(t — 1) dt
t)|dt — miciz|les(t — m2) — T3(t — 72)|dt
|dt
|dt

Hz

+mycis|zs(t

Hz

+m2621 |l‘1 t

&

Hz

+m2623|x3 t — T4

Hz

+m3031 |ZE1 t

(
(
(
(
) )

+mycia|ra(t) — (
(t) — Zs( (
(t) — Z1(t)|dt — macor|x1(t — 13) — Z1(t —
(t) — Z5(t (
() — 2 ( (
(t) — Za( (

(t
1 t |dt — m3031|x1 t— 7'5) - QUl(t —T5 |dt
(

)
) )
) )
)dt — macos|s(t — 1) — T3 )
) )
) )

+m3032|x2 t 2 t |dt—m3032|a:2 t*Tﬁ)*.’I}Q t*TG |dt

= - Z macai|i(t) — i (t)|dt + Z > makigla(t) — &5(t)|dt.

i=1 j#i
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t 5B 1.4 A LS

SO Tmicylat) — 2 (0] = > > macy|ui(t) — F:(t).

i=1 j£i =1 j#i
(Al 1k
d*V( )
< —Zm ciilei(t) — & (¢ |dt+zzmz z]lxz — Z;(t)|dt
i=1 j#i

= —my (611 — C12 — Clg)ll'l( ) — Il( >|dt m2(022 — C21 — ng)ll‘g(t) — i‘g(t)|dt

*7713(633 — C31 — 632)|$3(t) — i’g(t”dt

F B W RN A 0 21 ¢ AT R U A
E(V(t)) S V(O) — my (611 — C12 — 613)/ E|ZE1(S) - i‘l (S)|d8
0
—ma (o — Co1 — 023)/ E|z12(s) — Z2(s)|ds
0

t
—m3(033 — C31 — 032)/ E\iC:s(S) - 9713(3)‘d57
0

H S PT

t
mi(c1y — c12 — 013)/ E|z1(s) — Z1(s)|ds + ma(cag — a1 — 023)/ E|x12(s) — T2(s)|ds

0 0

t
+m3(C33 — C31 — 032)/ E|(IJ3(S) — f3(8)|d8 S V(O) < +OO,
0

NIEE
E|z;(t) — 2;(t)| € L0, +00). (4.1)

LAY (1.1) T LAAE 5

E(z.(t)) = $1(0)+/0 [a1E(z1(s)) — c11 E((21(s)))?
+enB(r1(s)ra(s — 1)) — cisE(z1(s)x3(s — 72))]ds,

WYL Bz (t)) 2R3, B (2.5) AT

dE(z:1(1))

4 E(w1(0) = e B(((1)?

+012E(3:1(t):c2 (t—711)) — cisE(z1(t)xs(t — 12))
a1 E(z1(t)) + cr B (1 (t)z2(t — 71))

a1 K + cio B (1 (t)z2(t — 71))

D,

VAN VAN VAN
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HP DR —NEFEH. A, E(x () 2 —FUELSN. FEE B(r(t) 5 E(as(t)) 2 —#
BN B (4.1) A

lim Elzi(t) — &(t)| =0, i =1,2,3. (4.2)

t——+o0

W P(RY) &€ NAE Ry LW A M2 I B P(t,2(0), Q) & «(t;x(0)) MIMEZ, Hp
z(t;2(0) € Q. XT VP, € P, VP, € P, ATH W FE X

M ={h: R® = R||h(z) = h(y)| < ||z =y, |h()] < 1},

dpy(Py, Py) = sup | h(z) Py (dx) —/ h(z)Py(dx)|.

3 3
heM R+ R+

T, AVhe M,t>0,5s>0,

|ER(z(t + s;2(0))) — Eh(2(t;2(0)))]

|E[E(h(z(t + s32(0)))| Fs)] — Eh(x(t;2(0)))]

= | . Eh(z(t;2(0)))P(s,2(0),d%(0)) — Eh(z(t; 2(0)))]

< [ |ER(@(#0)) — Eh(x(t:2(6)))[P(s, 2(0), di(0)).

+

N (4.2) A TR e > 0, FET > 0, Xt > T B E1F supj,c, |[ER(2(t2(0))) —
Eh(x(t; z(9)))] < e, Ktk

Eh(a(t + 5:2(6))) — Eh(a(t:2(6)))] < e.
H A AT = AT 5

sup |Eh(z(t + s;2(0))) — Eh(x(t; 2(0)))| < 3e.

heM

BEZ, NTYVE>T, s >0H
dar(P(t +s,2(0),-), P(t,2(0),-)) <€,

A {P(t,(0),)} 1 P(RY) & Cauchy #1. MM £(0) = (&1(0),€2(0),&3(0)7, &(0) =
0.1, 0 € [-7,0), {P(t,£(0),-)} tH& Cauchy #l. KL 3! u(-) € P(RY) 13

lim d (P(t,£(0),-), u(-)) = 0. (4.3)

(4.2) Bl A1
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tEI-Poo dM(P(t, JI(H), ')7 N())

i dag(P(t,(6),), P(,£60), ) + Tim_das(P(E(9), ), (")
0.

IN

RI45HIE.
IR 4.1 WA (1.1) W E, B (1.3) oL
(1) #b; <0, i=1,23 M a(t), z2(t), x3(t) &KL

(2) £ b1 >0, by + 120 <0, by + 1o < 0, Wy (1) A g (1) KL, 2 (t) A5
Wi S BINE — (038 I AN A v, B

b
lim xq(t) :/ 21 (dzy) = L as.
t—-+o00 Ry C11

(3) & A=A >0, i =1,2,3, W (21(t), 2o (t), 23(t))T KI5 USRI ME— 136 I3 A48
oAt v, A

—— A; — A,
lim 2;(¢t) :/ ziva(dzy,dze, dzs) = , a.s., 1=1,2,3;
t——+o0 R3+ A

(4) % Iy — fl > 0, Iy — fz > 0, A3 — ]\3 < O, )r\“J £L’3(t) Ké@, (xl(t>,x2(t))T E‘Jﬁj\?ﬁgg
W SR B I — Pl AN 3 AT vy, HAA

— L — T ,
lim z;(t) = / zivg(dzy,dzg) = , a.s., 1=1,2;
t—+o0o R2 I

(5) % by <0, bycoy +bocgy > 0, Ty — Ty > 0, M 2y (8) KL, (2o(t), 23(2))7 HIZ A 530K
SHEME— 138 I A3 A vy, B

I's—T
lim 372(75):/ 2ov4(dza, dz3) = S "% as.,
t—+o00 R2 C22€C33 + C23C32
r,—T
lim acg(t):/ zavg(dzg, dos) = ————2 — a.s;
t——+o0 R

b)
2 C22C33 + C23C32

(6) 74!%“ b2 < 0, b3011 + b1031 > 0, b1033 — b3613 > 0, )I_\”J Jl'g(t) ngﬁ, (xl(t)vxd(t))T El/]/\
A1 S B ME— (138 I AL 54T vs, HA

. L5 — T
lim z(t) = z1v5(dzy,dz3) = , a.s.,
t—+o00 R? C11€33 + C13€C31
. Lo — T
lim x3(t) = z3Vs(dzy1,dz3) = , .S
t—+00 R? C11C33 + C13C31
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(7) 47 by <0, bzeag + bacza < 0, by > 0, W 2y (¢) Fl 2a(t) &KL, xo(t) M54 THI
SHCR e — [k [ AN AT v, A

b
lim xg(t):/ z21/6(dz2):—2, a.s.;
Ry

t—=too Ca2
HE (1) "TCAEH 51 3.2 (1) 15 H.
(2) ATBAHIFIEE 3.2 b (2) 5L, AN, HIBUEY (1.1) J PR A R 1 — MBI v,
B4 4 (1) B9 A AT TSI vy, Lt | / o(2)p(t, 2(0), dr) — / () (day)| — 0, K
R

+ Ry
(g, Pox(f)) — (p,v1), M vy AR MRAETIEL 1.2 %0 vy 2R AR, S 512 1.5 10y
R I B A ARYE S HE 1.6 432

t——+o0

lim xl(t):/ 211 (dz1), a.s.;
Ry

[[] (2) MIUEBH G FEFRATTAT LAFR 21 (3),(4),(5),(6),(7) HIIERA.
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STOCHASTIC DYNAMICS ANALYSIS OF COOPERATIVE
PREDATOR-PREY MODEL WITH TIME DELAY

WANG Xiao-huan' , LV Guang-ying! , YANG Ya-nan?

(I.C’ollege of Mathematics and Statistics, Nanjing University of Information Science and Technology,
Nanging 210044, China)
(2.School of Mathematics and Statistics, Henan University, Kaifeng 475001, Chma)

Abstract: In this paper, a three species model with time delay is studied, in which
one species feeds on the other two cooperative species. Firstly, using comparison principle and
stochastic analysis theory, the criteria of stationary distribution is established. Secondly, sufficient
conditions for the survival or extinction of species are given by using the assumptions on initial
data and comparison principle. Finally, combining matrix theory, the stationary distribution of
solutions is obtained and weakly converges to a unique ergodic invariant distribution.

Keywords: predator-prey model; stationary distribution; It6’s formula
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