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The Existence of Periodic Solution of

Periodic Stochastic Predator-Prey Model
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Abstract: In this paper, the existence of periodic solutions for a periodic stochastic predator-prey model
with Holling II growth function in the predator was studied by stochastic analysis. It was proved that the system
had a unique global positive solution for any given positive initial value by the Lyapunov functional method.
Then some sufficient conditions for the existence of nontrivial positive periodic solutions were given, and the
persistence and extinction of the population were proved. Finally, some numerical simulations were given to ver-
ify the main results.
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EYRER SR A FETT R A AL R BOF A R AR — BN AR, TR RE S B W
JEMHES S Bk, R B A R B B 12 R SR AR R R
SCHR (7] WP A BRI T — MR- AR . BEE B AR N, R AR
P B WEAE /DL R B, R IRy
{dx = x(r = by)dt, (1)
dy = y[Abx/(1 + bhx) - d]dt,
Hop x, y 00N EEAEETE c 2RISR, r SRR B AN B R, b Rl Edny
AR d R EHMBET R, Aba/ (1 + bha) S Holling [0 THEES N sREL, A Fl h 43BN E I3 5%
LR A RS ]; BT A SECERZ IS, SCik [7 -9] ZEX AR A b2 ik s/, #F— 2B 5%
T RGNS AT BTEA (1) MERTAE, %8 T HER 2, B
{dx = x(r —rx/K = by)dt, (2)
dy = y[Abx/(1 + bhx) - d]dt,
Hi K>0 R RAKAEENE, Sun FHERSE (2) W BATFTEIE, HRAZN I FHET,
X USRI T —E S
ASCEIE T IV A BRI 2 SR T E- SRR AE AR RS, A
{dx =a[r(t) —r(t)x/K(t) = b(t)y]dt + o,(t)xdB, (1),
dy = y[A@)b()x/(1 +b(t)h(t)x) —u(t)y - d(t) Jdt + o, (1) ydB, (1),
Hr, o7(i = 1,2) BoRmEAMES MR, B (¢),B,(t) JEMME IS PR UEAR B3z 3l r(e) ,K(t) ,b(t),
A(E) Jh(e) u(e),d(t) o (1) o, (t) YIRIER) AR, EERYIE T A R%L
i, BB (2,7, 1.7} 2, P) B— AT 7 P Bl R w & (B0 |7 L, B s
R H 7 S A EFNE) MEaiRasm,

(3)

1 &R

HIATHRERN—LIL ST 1) R, = {(x,,2,,,%,) € R"|x, >0,i =1,2,--,nf3;2) X

F—AME R, L3S RIORELA(1) | XS = inff(1) = sup f(1);3) X T =7 e [0,0) 1

PREL 2(t) , X (z(t))" = lim sup t_lftz(s)ds, (z(t)), = lim inf t_'flz(s)ds; 4) X m, =
—® 0 —® 0

T"fol[r(s) ~o*(s)/2]ds, m, = T'lf;[i/ﬁ — o (5)/2 —d(s)]ds , A, = Ab(r 1) —4rmy/K | A, =
whm,/(A - dh) - b,
B3 7
dx(t) = f(x(e),0)de + g(x(t),t)dB (1) (4)
BIRIEAE 2 (1) = (x,(t) ,2,(t) -+ ,x,(t))(t =0) , HH.fe Z(R" xR, ,R") ;g € Z(R" xR,
R™™); B(t) /& n A iz 3,

BN (fFAEME— T E ) BB S(x () ,0) Al g(a(e),0) BT x(e) R TFIEM: 1) JFHE
Lipschitz 25, ff1E ¢, > 0(k = 1,2,-) , i1 Vx,y € R" H [x|V |y|< kF AAFERX
fx,t) =fly,) |V g(a,t) —g(y,) | < eplx =y Oy 2) RMUERK S, 1 >0, i1
fx,0) [V [ glx,0) [<e|l + |x|], ¥V (x,0) e R" xR, , MPIIHFMA A 2(0) =5, e RTIITRGE (4) FF
TEME—EZL AR x (1) (¢ e [0,7,) 7, EBRBLNE]) |

2 (o AR Ea(e) (1 =0) S To A, HEEWUD A de(¢) = f(e)de + g(¢)dB(¢t), H
H.fe £ (R",R") ;28 Z(R"R") , ZHV(x(1),t) € C'(R" xR_;R) , W V(x(t),t) {55k}
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o i B, HAWM TN dV(x(e),0) = V,(x(e),0)dt + V. (x(t),0)dx(t) + da"(£)V, (x(t),
t)dx(t)/2,

EX 1M Fa(n) BRAES (3) WTEM, W, 1) %zkﬂx(t> =0, WIFRFIEE x(1) K4,
2) A x(t))" >0, WIFRFRE x(e) 59FFEA; 3) #F (a(t) ). >0, WIFRFPEE x (1) 38 FHHEA

SIE1™Y WM = (M|, R EE SRR, WA, 1) W2 lim (M M), = o, W
lim[ M,/(M M), ] = 052) W lim sup[ (M, M), /1] = o, W lim(M,/1) =0,

5| 3@ o Nxeﬂﬁm)xﬂxmw)]ﬂﬁﬁFeﬁOm)xﬂx]&gyﬂﬂﬁ):OO
1) WERIMEZER =0, FEFEA MIEFR T A, , HENFTAEN =T, #4 Inx(t) < At -

(1)) < A/A,, WHRAI=O0

t i . AT o
A, 0x(s)ds+F(t) , JJJ{ lim (1) = 0, WA <0 2) WRSHEE =0, TEAEFH A FIE

WHT, Ay, SEAHFEATI =T, JLTABA Inx(0) = A= A [ x(9)ds + FQ), W ()™ = A/,
g IR

X(1) = X(1,) +f;b<s,X(s>>ds + Zlf o (5s.X(s))dB.(s).X e R', (5)
BT B 2 F AT

b(s,X) = b(s,Y) |+ Z{ o, (s,X) —o.(s,Y)|SB|X-Y], (6)

b0 1+ 2 (5,0 [ < B+ (X)), )

Hep B RE— 15
BIIB 3 WA (5) WA RECET « & TR, BESMEE IxU hE&M (6) Fl (7)
Wor, I HARAEAE— C-RB V(e x) 2T ¢ & TR, B NI SEI T

‘ir}fRVHoo ,R— o, (8)
LV(t,x) <-1, (9)

WIFR (5) FAE—A> T I, RIZf#e—A T FAEE Markov id 2,

2 FEHERKRHIUER
EIE3 IMLEAEHYME (x(0),y(0)) e R2, RE (3) #E1 e [0,00) EAFEME—IFfif
(x(t),y(t)) , HHZMUME 14T R,
R HAH BN R
du(t) = [r(t) =r(t)e"/K(t) = b(t)e" — o (1)/2]dt + o, (1)dB, (1), (10)
do(e) = [A()b(t)e" /(1 +b(t)h(1)e"”) —u(t)e"” —d(t) —o3(t)/2]dt + o, (t)dB, (1),
Hrf w(0) =lnx(0),0(0) =Iny(0) . IR, RE (10) Wi &R Lipschitz 50, W RGAAAEME—
HRRAR (u(e) ,v(2)) e RE e e [0,7,) , Hopr SRRt E], o A4, (x(0) ,p(1)) = (",
ey JEMIRL (3) FEEWE IR A (x(0),y(0)) e R® fME— bR, N TIEHZ e Rme, R
THUE 7, = + w0,
A ky >0 BIER, 15 (x(2),y(1)) € D, = [1/ky,ky] x [1/ky ko], S TAEEREL b=k, &
M —MERFEY) 7, = inf{t € [0,7,) :min{x(2),y(t) | < 1/komax{x(z),y(t)} =k}, EXLinf@ =
o (@ RE—NEH) . B, Hhkowlf, 7 BHRMBEHH, Hr <7, HA 7, = lim7, Hrp

http : /xuebaobangong. jmu. edu. cn/zkb



- 174 - FFRREM (HRBERRD 527 %

T < T,, ZIKjC/\FﬁfﬁEED%T —®

R 7, —o0 BOL, RUAIEHET >0, 6 € (0,1) M—NIEREE =k , APlr, <T} =e¢,
Vk=k,

XA CBRH V(x,y) R R, M lim  inf  V(x,y) =+ RILV(x,y) < MG,

hk—® (x,y) eR%\ Dy,

Hrp M ZE—MNEFEL, 2 V(x,y) = (x+1=Ilnx) + (y+1 =1Iny) . W6 AXAT15 dV = LV dt +
o, (1) (x = 1)dB, (1) +0,(1) (y = 1)dB, (1), Hr,
LV = r(t)x = r(t)x’/K(t) = b(t)xy —r(t) +r(t)x/K(t) +b(t)y + A()b(t)xy/(1 +b(t)h(t)x) -

u()y’ —=d(t)y +u(t)y = A()b(t)x/(1 +b(t)h(t)x) +d(t) + o (1)/2 +05(1)/2 <

(; + ;/k)x + (ZA) + Ah o+ LAl/)y +d-r+ (3'?/2 + aA-g(t)/Zo

WHESCHEE [16] FRI5IHE 4.1 fFx, <2(x, +1 -Inw,) - (4-21n2) <2(x, +1 -Inyx,) ., KL,

REX (r 4 r/K)x + (b+ Ak +u)y <2(r+/K) (x +1 —Inx) +2(b +A/h + ) (y +1 = In y) B,

AV oA

26 o= d_r+0'/2 +0'2/2$|102 = mElX{r+r/K b+ A/h +u% I C, = max{C,,2C,} , &
dV <C,(V+1)dt + 0, (1) (x =1)dB, (1) +0,(t) (y =1)dB, (1) , K X0 ] 7, A T B FFBUHEE L
T Fi Grownwall ANZERAS,

AT
EV(x(7, NT),y(r, NT)) < V(x(0),y(0)) +EJ . C,[V(x(s),y(s)) +1]ds <

AT )
V(x(0),y(0)) + C,T + C3f . EV(x(s),y(s))ds < [ V(x(0),y(0)) + C3T:|ec3r =M,

B, V(x(r, NT),y(r, NT)) = (k-1-Ink) N (1/k =1 = In 1/k) , W M = E[1, () V(x(7, A T),
y(r, AT )] =e([k=1-Ink] AN[1/k-1-1n1/k]), K1, (0) 2Z7EQ, EH—MEREEL, 4
k—oo , Mo >M=ow , XSKREMEFE, EE

FE4 HI) m, >0, m,>0; H2) A, >0, (A,/Ab) > (r+r)/8 —r*Km,/ (2:K); H3)A, > 0,

PKAL/r > A A0 (i = uhmy/ (X = dR)) , E5MEHL) ~H3) Hsr, WAL (3) fEfE—NE T i,
UERR MRAESI 3, HEHE A C-mE V(e,x,y) AU e R, X (8) Azl (9) L

SEHIRT R AR C-RRE V(e,x,y) = x —;k; In x +;Iv(; w, —4A, )\_Zb Zlny +4A, /\ 2b w, +

vv oA Vv A

py =V, +V,+V,, Hp. vV, =x —rKr ' Inx +1Kr o, 5 V, :—4)\)\ 2} Zlny +4A, A2 w, ; Vs =py;
p = Zuhz(/\ - dh)’2(erlr"/2 + 2/\1m2 2[) ); o, (1) Flw, (1) & XFE [0,0) LAY pRECE T E

o (1) =r(t) —o(1)/2 =m, , w, (1) = Ah - 02(1)/2 =d(t) —m, M, (0) = w,(0) =0, HEHIE
W, (1) Flo,(t) &2 T-FHBER, Ho (t+7T) —0,(1) =0 Mo,(t +7T) —w,(t) =0, FiEH]
lim inf +V(t,x,y) =40 , U, = {(x,y):(x,y) € (1/k,k) x (1/k,k)} o FrlhV(t,x,y)

o (x))ERZ\U

JE—A TR R B 228 (8), THIHFERKA—TMHEU e R, Y (v,y) e RR\NUK, H
LV(t,x,y) <-1B800], f Io \M;f:

LV, = r()x - r()2/K(1) = b()xy — rKr ' [r(8) = r()a/K(2) = b(0)y — a(1)/2] +
;[v(;_lw'l(t) —rK % +rx —;k; r(t) +rx +;IV(ZA); y+rKr "ol (1) /2 +;Kr w',(t) =

— KR +(r+r)x+err 'y —rKr'm,,

LV, = A A2 A b(D)x/(1 + b()h()x) - d(t) —ult)y - a>(1)/2] +

AN A0 20 (1) < AN ATD T (Abx/2 — ARTY) + 4N, ud by + 4N A 2D (d(e) +
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02(1)/2 + @', (1)) = 24,17 b7 % +4A, A by — 4A A2 m,

LV, = pLA()b(D)ay/(1 + b()h()x) - d(t)y - u(t)y*] <-puy’ + (pAh™ - pd)y,

A, LV < <- /K" 2+(r+r+2/\)\ b DY —puy +(errl+4)\llf;)\72b +p/\h1—pd)y—rKr m, —

AN A2 my X —AE U, = [ (x,y) e Rie <x < 1/e,e <y<l/e}, Hif1 e B AF4/IH
B, FIIARSRBST: (r+r 4+ 20,070 e < [rKr'm, + 44,420 72m, — (PKbr™' + 4ud A2

v v A

p)\}f1 —pd)z/(4pu):|/2 ; (erf1 +4)\,u)\721f2 +p/\h —pd)a < [rKr''m, +4A, )\ zb m, — ]A('(; +r+

AN (40172 5 —12Ket v Ky <~ 15 —pu2et + K, <—1, H K, FIK, ¥R ERE,
FHAE A, XD, = [(x,y) e R0 <x <e}l ;D, = {(x,y) e Ro:0<y<el;D, =
{(x,y) e R:x >1/e} ;D, = {(x,y) e Ro:y >1/e} , WIR> \ U, =D, UD, UD,UD, ., ¥
WEASHEER (x,y) e R\ U, , #ALV <-

M (x,y) € DI, ALV < pu[y - (;IVQA); ! +4lAL)\l/i’2lA)72 +p)AJVL*] —pg)/(Zp;)]z + (; + ; +

2)\1;\711;71)8 + (;Iv{l;;fl + 4;/\1;\72[)72 + p)\lf1 - pd>2/<4plvt) — K ;71m1 - 4A1)A\721A772m2 < (rKbr™'

411/\,/i_zl;_z +p)A\}VL_1 —p(vl)z/(Splvt) - ;k;_lm1/2 - 2A1)A\_21A)_2m2 =K,

vV oAA v vvaAa

T rKbr™ +4u/\ A2h2 +p/\h ] —pd -2 2pu(rKr~'m,/2 +2AX, A2h m,) = 4A, A2h2 [
whm,/(A —dh)] - rKr'A, <0, FILILV <K, <0,

Wo(x,y) e DI, LV <-rK'[x—r"'K(r+r+2A X*‘?fl)/z]z K 424,070 4 ¢
(rKbr™ + duA A2 +p/\h ' pd)e — ket my — 4 A my < rUK(r 41 42007078 — Kt /2 —

Vv A

QAN P my WK, = 7 K(r + 7+ 20,0757 /8 = rKr ' m, /2 = 20,020 my = K[ (5 +1)?/8 -
rzKrilKilml/z - (AlAilbil)z:l <O ’ Fj]j[/y‘ LV <0°

Wo(xy) e DI, ALV <—m/(2K) +K, <—r/(2Ke®) +K, <1, KK, = sup | —rK"'%%/2 +
(x,y) eR?

v v AA vv oA

(r+r+2/\/\ 131 )x—puy + (rKbr™" + 42, u)\_zb2+p/\hl—pd)y—rKr m, — 4\, A2h" ‘myl o

X (x,y) € D, B, HLV $—puy2/2 +K, $—pu/(282) +K, <-1, K, = (xs)l)lle)m% C KT+
(r 47+ 20070 )% = puy/2 + (PK br™" + 44, ud b7 + pAh™ = pd)y — K ™' m, — 44, A 2072 m?}
%K, = min{K, ,K,, -1} , WXHMEEN (v,y) e R2\ U, , &ALV <- 1. IEE,
Sl 4 SHMEBLAERNWIE (x(1),y(1)) € R: | RE (3) THRIFIEE x(¢) A y(e) A TR
liI?ﬂosouptf Inx(t) <0; lir{Liupz" Iny(t) <O
iEBA AL (3) WE—A S dInx = [r(t) - r()a/K(t) = b(t)y — o2 (t)/2]dt +
o ()dB, (1) < (r = rK™'x = 02/2)dt + o, (1)dB, (1),
& —A~ L R G
{d X = (r=rK"'X - 02/2)dt +o,(1)dB, (1),
X, = x(0) .
MW d(e' In X) = e (In X +r KX = a?/2)dt + e'or, (1)dB, (1) . PRI 0 B ¢ BUY, e’ In X(1) -
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In X, = [ [ln X(s) +r =K' X(s) = o/2]ds + [ 0, (5)dB, (5).

S M,(0) = [ o, ()dB, () . MZWAESE (M, (1) My (1)) = [ ot () ds, REHEOBA 2L,
LR T, >0, ¢, >0 Hle, >0, #f P{OELLBI, [My(t) —c;{My(t) ,My(t))/2] > ¢c,f <e™ 2,
530k [17] WML, 2T, = A, ¢, =ge™, ¢, =0’ InA,, HP A, eN,0<e <1,

0 >1,0>0, 1T DA <, )rllJP{Osug [M,(t) —ee™™(M,(t) ,My(t))/2] >0 In A, | <A’
M=l <t<Ag,

N Borel-Cantalli 513, 777602 € Q(P(2) =1) , HHMEEEE w e Q, BAEHE—TEHA, =
A(w) , WXTFIAR A, > A, , &8 M,(1) < e (M,(t) ,My(t))/2 + 0 ' nA, ,0<t<A,,

S0, =N_NHPD) =1, B w €2, WA (w) =max{A,(w),i=1,2,-,n} . KL
My(t) < ege™(My(t) ,My(t))/2 + 0"’ In A,,0 <t < A, WL, TUMIIAO<t<2A,, A

¢ In X(1) ~ln X, < [ &'[In X(s) +r - K" X(s) + 0%ee™/2 = 02/2]ds + 0™ ¢™ In A,
0

B, Tt e [0,40,] Hs e [0,6], In X(s) +7 - K" X(s) + 0lee™/2 - 2/2 4 15,
I, fFEK HRAHEE O <t<A, 5, =A,(w) , Ae'lnX(t) ~InX, <K (e —1) +027"e"In A,
YR lim sup t™ In X(¢) < 0, UL, NFHREAL 78 0 b e #EAS lim sup " Inx(t) <0,

[ £ AT IE lim sup ™ Iny(r) <0,

EES MEBHEMVE (x(1),y(1)) e R, (x(0),y(0)) BERGE (3) WEEM, 1) &
(r(t) —o7(1)/2) <0, WFEEx() Fy() ¥R 1D) 27 ((r(1) =07 (1) /2) > 0, (A(2)/h(t) —d(t) -
a5 (1)/2) "< 0, WIFREE x () SESFHFREAN, y(r) BT RKLN; 1) & (r(t) -0 (1)/2),.> 0,
wb™ (r(1) =02 (1)/2) .= kb T K (1) = a2 (6)/2) T+ (d(1) + (1) /2) . =2d(t) + a2 (1)/2) "> 0,

W (o) RSGFEFFAR, FIRE y (1) ESRFEFFAR
R 1) i

dIn X = [r(t) = PK"'X = (1) /2]dt + o, (1)dB, (1),
XO = x(O)o

P AL 0 B0 B, B I X() - 0 X, = [ [r() - ol(9)/21ds = K X(o)ds +
[ o)am,(s).

AHEGTINNY &, >0, 4 T, >0, B25 0> T, B, 4707 [ [1(5) - 02(9)/2)ds < (r(1) -
o (1)/2)" +e,. ERALIE N In X(1) - In X, < ((r(1) = 02(1)/2) "+ &)t - ;k-‘f;X(sms +
[ o)am,(s).

LM (0 = [ o (5B, (), MBI 1A lim sup M, (1) = 0. 1312 T o, (OEREHE AT

(X(0)) < ' KGr(t) — o, (1)/2) " 0 B, RBEDLSON 7R LA AR (x(0) ) "< (X(¢)) "< 0, 0]
limx(t) =0,

t—
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FHEAEHE S ¢ (1) MRANE, B, ATEFNNG &y, HAET, >0, M%7, B, 4
ﬂf;x<s>ds < e/ (Ab). MESE (3) WS ANFE [Iny(1) —Iny(0)] < (=d - 02/2 + &)1 -

v [t

ufoy(s)ds + J;O'Z(s)de(s)o

M) = [ ou()dBLCs) o MMBIT T A lim sup Mo (1) = 0, A2 5 5, HERHE
limy(#) =0,

i) MMEERD N ey, HET, >0, 4 :>T, B, . t_'f;[d(s) +03(s)/2]ds = {d(1) +
o (1)/2) .~ &3 x'lf[/\(s)/h(s) —d(s) —0o3(s)/2]ds < (A(0)/h(t) —=d(t) —o3(1)/2) " + &5,

FEMAFRHEE x(0) B FWFEAR, RTIEMAE m >0, RS (3) WAL 5 AW 2
(x(1)) "= m BT, LR IST, WA - (d(0) + a2(1)/2) .+ (1 + Ab)e, < 0, (r(1) -
a2 (1)/2) .= (1 + 1K™ )e, > 0,

BT [In ¥ (1) —1n 7(0) ] sﬂj;[-du) -ag(s)/z}ds+f1)11§f;;(5)ds+f1j;az(3>d32(s>,
M Tim sup ¢ In 5 (1) <= (d(0) +03(1)/2) .+ (1 tAb)e, <0, FEEL lim ¥ (1) =0,

FRHEE] d In & = [r(1) - r()Z/K(1) = b(0)y = 0(0)/2]de + o, (1)dB, (1) = [r(t) — KX by —
o (1)/2]dt + o (1)dB, (1), P FEAF N 0 2] ¢ B4 IFBR L ¢ 5 8], ' [In x (1) - In x(0)] =
t-lj;[r<s) — 02 (s)/2]ds - r‘j;?k-‘;(s)ds —t-lj;i)ﬂs)ds FM() = (1) =P (0)2) . - e, -

ﬂj'?k*;(s)ds -t*lftéy(s)d.s +7 M) MW lim sup ™'l 7 (1) = (r(1) = 07(1)/2) .- (1 +rKM)e, >0,
535;)§IEE4 T, lillﬂz?ﬁiﬁﬁijo

HHRL (3) M AR ¢ [In y (1) - In y(0) ] St’lf;[)\(s)/h(s) —d(s) - a2 (s)/2]ds +
t_'ftaz(s)de(s) < (A1) /h(t) =d(t) —a3(1)/2) "+ &, +t'1f’02(s)dBZ(S)o NI lim sup In y(2)/1 <
MDA —d(0) ~ (02 <0, Hlimy(0) =0, N

i) R (r(e) -0, (1)/72) . > Oﬁﬁiwﬂﬂﬁﬁix(t) EFPERE AR, T EIEMIFEE v (1) BREA
P, WK, S MEEFIMY &, FAET,, HMS:>T, B, A1 ' Inx(r) < 834/(411); t'lf;x(s)ds <

PR (1) - 02 (0)/2)° + bKe,/ (Bur) ; z-lf[rm _02(5)/2]ds = (r(1) = 02 (1)/2) . - be, /(3u);
ﬂf’[d(g 1 02(5)/2]ds = (d(1) +02(1)/2) . - &, /3; ﬂﬁd(s) +02(s)/2]ds < (d(1) + 2 (1)/2) . +

&,/4,
HARGE (3) BH1E

Inx(8) —Inx(0) = ((r(£) —>(1)/2) .= be, /(3u) )t -?k”f;x(sms -13f;y<s>ds +j;al(s>d31(s>;
Iny(t) —Iny(0) < ZI;A(S)b(s)x(s)/(l +b(s)h(s)x(s))ds —

Lf;y(s>ds S ({d(1) + 02 (1)/2) - £,/3)1 + f;a'z(s)de(s)O

http : /xuebaobangong. jmu. edu. cn/zkb



- 178 - FFRREM (HRBERRD 527 %

W w1 x(2) =Inx(0)] =b[In y(1) —In y(0)] = uM, () - bM, (1) + (ulr(t) = a>(£)/2) .+ b{d(1) +

02(1)/2) = ke K r(1) = o, (1)/2) " = be, )i - 2z§j;A<s)b<s)x<5)/(1 + b(s)h(s)x(s))ds . P,
j;)\(s)b(s)x(s)/(l + b(s)h(s)x(s))ds =~ LVLIA)_I[ln x(t) —In x(0)]/2 + [In y(¢t) = In y(0)]/2 +

ub™ M, (£)/2 = My (1) /2 + (ub™ (r(1) - 02 (1)/2) /2 + (d(1) + 02(1)/2) /2 — ruKb™ 'K~ (r(1) -
o(t)/2)" /2 —e,/2)t,
HMASLE (3) WE AN HRES IR,
In (1) —In y(0) = f;A(s)b(s>x<s>/[1 +b(s)h(s)x(s)]ds - f;u(s>y(s)ds - j;[d(s) "
o2(s)/2]ds + j’(rz(s)de(.s) > ub™ In x(0) + [ub™ (r()?(1)/2) . - rukb™ K™ (r(1) -
G2 (1)/2) " + (d(1) + a2 (1)/2) .= 20d(1) + 2 (1)/2) "= 2,1t —2&jty(s>ds +ub™ M, (1) + M, (1),

WIS 1 FS 2 DL e, BT EMEE, (), = [ub " (r(t) - a*(1)/2), — rukb™ " K™ (r(1) -
02(1)/2) "+ (d(1) + 2 (1)/2) = 20d(1) + 02 (1)/2) " 1/ (2u) .,

3 H{EEM

N T RAEHEEEE R, SRA Milstein @B 52 WA (3) SEATEUERY

B (x(0),y(0)) = (1.436,0.282) , % r = 0.8 + 0.0lsin(m/5) , K = 1.5 +
0.0lsin(m/5) , A = 1.6 +0.0lsin(mw/5) , b = 0.12 + 0.01sin(m/5) , h =2 + 0. lsin(w/5) , d
0.16 +0.0lsin(m/5) ,u = 0.16 + 0.0lsin(mw/5) , o, = 0.01 + 0.00lsin(w/5), o, = 0.01 +
0.001sin(mt/5) , IASEEGELL T=10 WEARE, R5 (3) KHAEHAARIEINE 1 PR,

o1 T
= 1.40t ‘ ‘ ‘ ‘ ] = 1.40 ‘ MM ‘ ‘
0 200 400 600

0 100 200 300 400 500 800 1000

(®)

(®)

t

= 0.25¢ : : : : 1 0.25
0 200 400 , 600 800 1 000 0 200 400 . 600 800 1 000
a) B 2 PEAE Y Deterministic model b) FEHLEHY Stochastic model
(o=0,=0) (01=0,=0.01+0.001sin(/5))

B 1 FEALE R (3)F0 8 Xt R B A RE AR B (2) B B i) B [
Fig.1 The series plots of the stochastic model(3)and the corresponding deterministic model(2)

TEHAB S BRI R LR, B o, = 0.000 1 +0.000 01 sin(m/5) , o, =0.000 1 +0.000 01

T T A~Av
sin(we/5) R m, = T [r(s) = 02(5)/2]ds =0.8000 > 05 m, = T [ [Ah™" = o3(s)/2 -
0 0

AA A

d(s)]ds ~0.687 4 > 0; A, = drmy/K = Ab(r +1) = 1.103 65 A, = whm,/(A —dh) —b ~0.052 4,
H (A /AD)? = (r +1)2/8 = *Km,/(2rK) =~ 27.786 0 > 0, rKA,/r — 4A, A6 [u — uhm,/ (A = dh)] ~
1.3072 > 0,
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o R ER 4 R, RS (3) fAE—AIERE (nE2) .,

0.282 5t 0.282 51
0.282 0f 0.282 Of
0.281 5t 0.281 5¢
< 0.281 0} 2 0.281 0f
0.280 5t 0.280 5f
0.280 O 0.280 Of
0.279 5¢ 0.279 5¢
0.2790 0.279 0 . . . : - ; !
1.430 1. 432 1. 434 1. 436 1. 438 1 440 1 442 1 444 1.430 1.432 1.434 1.436 1.438 1.440 1.442 1.444
x (1) x(8)
a) 1 5 PR Deterministic model b) BEALELH Stochastic model
(o=0,=0) (0=0,=0.001+0.000 O1sin(mt/5))

2 FEWLEEEY(3)F04E X B2 Y AR E 1A B (2) Y 1D (1.436,0.282) 4 ¥ 34 18 B & (x(1), (1)) B9 B HA

Fig.2 The periodic plot of (x(f),y(f)) which is respectively the solution of the model (3) and
the model (2) for initial value(1.436,0.282)

R MBS AZ M EARE T, 1) Blo, = 1.3 +0.0lsin(w/5) , o, = 0.1 +
0.01sin(me/5) , W (r(t) — o, (£)/2)" ==0.022 1 < O W /EERS B0, WA (3) fFHRE
x(t) Fly(e) ¥RET KL (A0 3a fiR) . 2) Bo, =0.3 +0.01sin(m/5) , 0, = 1.5 +0.0lsin(7/5),
AR AE, (1) =0, (1)/2), =0.7420 > 0; {(A(t)/h(1) —d(1) —o,(1)/2)" =-0.4127 <0, &
SR, REOHIEEIL S BIARIFL ), WIAEE x(0) E-TRFREALAEN, y(0) BT K4 (i 3b fir
N) o 3) NTHEREMS AEAMFi), Blb = 1.0 +0.01sin(mw/5) , o, = 0.3 +0.01 sin(mw/5) ,
o, =0.3 +0.01 sin(m/5) , WB (r(1) = o, (1)/2). =~ 0.7420 > 0, ub™(r(1) - o2(£)/2) . -

Kb KT () = 0 (1)/2) L+ (d(t) +02(1)/2) = 2(d(1) +02(1)/2) " ~0.078 4 > 0, FIFEE
x (1) B FREALELEN, v(¢) BRI FFALEAER (WK 3c FiR) .

i 45
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a) 01=1.3+0.01sin(/5), 075=0.1+ b) o,=0.3+0.01sin(mt/5),0,=1.5+ ¢) 0,=0.3+0.01sin(m1/5),5:=0.3+
0.01sin(mt/5),b=0.12+0.01sin(mt/5) 0.01sin(mt/5),b=0.12+0.01sin(/5) 0.01sin(mt/5),b=1.0+0.01sin(/5)

B3 ZRZEQ)HFE x(Hn y(HMREESHEAE
Fig.3 The extinction and persistence of the population x(f) and y(f) of the system(3)

AR B, MRS AR BERI AR x (1) 1y (o) BUAEAFBA ORI, 2RI RS 5 B L 8 /)N
FORERTRERF A WARMRFT G B AL UG, AR Al B T K4,
4 i

ARICWFFE THHE & A Holling [T pRELRBENLAR AR - RS, IEW] X THEZ BRI
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B (x(0),y(0)) e R, , &G (3) FA7EME—RJRIEM, 8 TRE (3) FAERBIM, FEEK%g
LA FE Iy 251
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