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Stochastic Predator-Prey System with Stage Structure

ZHANG Ruimin, WEI Chunjin
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Abstract: In this paper, a stochastic predator-prey system with Beddington-DeAngelis functional response
and stage structure were established. It was shown that there existed a unique positive equilibrium point of the
system by constructing Lyapunov functions, and sufficient conditions that the positive equilibrium point is glob-
ally asymptotically stable were obtained. Finally, numerical simulations were given to illustrate the effect of
noise intensity on the population system.
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Horbs (o) oy (o) 200ICE ¢ 2RI AEEH L b, .0 om n(i,) = 1,2) BONIEHREL
TERMEE, TR —Y M R F B BT A ) B RAARRIRRIE, B, s — Ry
JRANAE S RAEPZES . XTI OR UL, AR R I SRR E MR, TR A AN R A
MIRETT, FEMBENTR RN RERIFEN]; XTI, A4 B o i [ 15 £ 5
RIS RERYIR TR, il B R B ME R A B, JF BAT S & IR A Bl g aE i,
e, ASSCREH B B Beah i I BB R A IR
dx, (1) /dt = yx, — ayx; - by, —d,x,,

dx, (1) /dt = bx, — gx,y,/ (1 + mx, + ny,) —d,x, — a,x;, (2)
dy, (1)/dt = ay, - dyy, _asy? = by,

dy, (0)/di = byy, = dyy, = ayy; + proy,/ (1 + mx, +ny,) .

Horre w, (1) v, (0) 23BN AR FIRUAE B AHAE ¢ N2 I8 5y, (1) oy, (1) RORGNAEFNAEM B HTE ¢
2B s o,y SRR E A B A3 o, (0 = 1,2,3,4) fUSRE A IIRIIEN ST 555 b,
(i = 1,2) FRPIDYFPLNAE R BAE LR, 4, (i = 1,2,3,4) FRFRIIET R, ¢ Fon B HPHH
KA p/q SEE TR UL A B SIH R A LR

TE AR, FIfE RG22 B FEEILA R BT, WmE e p 282/l , SRATHAR A
RS BEMLA R M TS FIER | MR AR, XA 20, T REX R4
PRARERAUREN, R REFERGM G, I, TERGN B AR SR A LB,

BE (2, 2, Ly Ly, ) BHRGE (2) WIEFH R, EREEMAEEIETEN, Al DU B A R & /5L
TRIMBENL, MFR N d, + o, (%, -2 ) B, (1) dy + 0y (x, =2, ) By (1) dy + 05 (y, =y ) By (1) d, +
a,(y, =y, VB, (¢), Hp. o7 (i =1,2,3,4) RIREEMEFSARE; B, (1) (i = 1,2,3,4) J&E LAETE&M
A (0,F,P) WbsEMRIZS), JF HIE TR — M0, WA A RS AN .

dx, (1) = (yx, — a,x; = byx, —d,x,)dt + o,x,(x, —x,)dB, (1),

dx, (1) = (b,x, — quyy,/ (1 + mx, + ny,) — dyx, — a,x3)dt + o,x,(x, — 2, )dB, (1), (3)
dy, (1) = (ayy = dyy, —asyi = boy)de + o3y, (3, =37 )dBs (1),

dyz(t) = (b29”1 —dyy, - a4y§ +px2y2/(1 +mx, +ny,))dt + 0'43’2(9’2 _yz* )dB4(t)o
;H\:EP%)HZS{E% (xl(()) ,xz(()) ’yl(o) ayz(())) € Rto
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S JRIE R

iERR  ATLUE H RGN RBUE R Lipschitz #2209, FT LI FAE RS & ERIRE (x,(0) ,2,(0),
¥,(0),y,(0)) %t € [0,7,) FEAEME——DJREBA IR (%, (1) 42, (1) Ly, (1) ,x,(0) ), Forp 7 JRARME
B, b TIEB XA AR, T EER 7, = 0o, 28 LU 45EH

7, = inf {1e(0,00 ) 2, (1) = V/EBx, (1) = k,By, (1) = VEBy, (1) =k,i=1,2}, (4)
A inf =0, B 7, TF koo BN il 7, :leB T, W T, <7, WERALHEY 7, =0, A
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THECRHBOEERUEH 7, = o0 . FHIZGIEANAL, WAEFEFEE T>0 L e € (0,1) , fHifF Pir, <
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V(x,,%,,%,,%,) = (J/x, =1 =0.5Inx,) + (/x, =1 =0.5Inx,)
+(/y, =1 =0.5Iny,) +(/y, =1 -0.5Iny,), (6)
M T 22345
dV = (a7 =07 da, /2 + (2,7 =0 ) day /2 + (97" =y ) dy, /2 +

(y;"2) =y dyy /2 + (=274 +x72/2) - (da,)7/2 +

(=224 +2,7/2) « (day) 272 + (=972 /4 +92/72) - (dy,)?/2 +

(= y2/4) +y,272) « (dy,)?/2, (7)
ALV = (67" = n)") (yx, —ax; = byx, —dx,)/2 + (=x°/4 +12)0 (2, — 2 )7/2 + (2" -
0 ) (byx, = quyy, /(1 + ma, + ny,) — dyx, — a,x3)/2 + (v =y ) (ay, — dyy, — azys — by, )/2 +
(=274 +172)07 (y, =y, )72 + (67 =y ) (byy, —dyy, —ayy; +pryy,/ (1 +ma, +ny,))/2 + (—x°/4 +
172)0;(x, =2, )72 + (=924 +1/2) 05 (y, =y, )2 /2 = (x;m) — ;" ) yn, /2 + ("7 = x ) byx, /2 +
(i =D an/2 + (357 =y )by /2 + (0 = D) (=ax, = by =d)/2 + (57 = 1) (= g/ (1 +

2

mx2+ny2)/2+(yl_l/ - )O‘yz_d azxz)/2+(yl/2 1)(- 4—(l4y2+px2/(1+mx2+ny2))/2+

v =1)(=dy —ayy, =b,) /2 + (=x/?/4 +1/2) 07 (%, =2, )72 + (=x2/4 +1/2) 05 (%, —x, )7 /2 +
(— 4 w1205 (v, =y )2 4 (= A + 12) 00 (yy =y )220 WL (&7 = ) ) yx, /2, fAR
X, c (" = )y, /2 < 0, FTRAX —TE AT LU S A A w25 0, > 1, (%" -

%y )'yx /2 < (x)? —1)'yx2/2 XT?(MW % )by, /2 (v =y Yy, /2 (v =y ) byy, /2, AITRIRR
I3HT
LV yx,(Jx, = 1)/2 + b,x,(Jx, = 1)/2 +ay,(Jy, =1)/2 + by, (JSy, = 1)/2 +

[—a,x)” +ax, +b, +d, ]2 + (- axy? —d,x)” +q/n +ax, +d,)/2 +

[—ay)? = (dy + b))y +ds +b, +ayy,1/2 + [ay)” + (p/n—d,)yY* +d, +a,y,]/2 +

o (=X A+ x5/ 1 x2 = wy - x w1 2) 72 +

o (=4 +x5/2 45, 82 — xS wy, - A+ x2) /2 +

(= A+ 2y Y2 =y =y Py A xR 2) /2 +

T (=Y A 32 v P2 =y, =y YA 4y R 2) /2 <

(bx2/2 —awy” + (a, —=b, +y/2)x, +b, +d, /2 + [yx,/2 — axy?/2 — d,x)* +

g/n+ (ay +b,/2 —y/2)x, +dy 172 + [byy3/2 = (dy + b)) + (a; = b, +a/2)y,1/2 -

ay?? +dy + by + [ay3/2 —ayyy” + (p/n—d)yY” +d, + (a, —a +b,/2)y,]/2 +

o (=24 +x0/2 + 1 x2 = wy - w1 2) 72 +

o (=4 +x5/2 45, 2 — xS wy, - A+ x2) /2 +

(= A 2 oy P2 =y =y YA P 2) /2 +

o (= /2 P2 =Sy, =y A+ y, P 2) /2 < (8)

R (8) S O R E U 1, WA e — AU AT Y, Xﬁt (7) PAEEF N O B, AT
BUMFBUIERTE, EV(x, (7,AT) 2, (7,AT) vy, (7, AT) ,y, (1,AT)) < V(x,(0),%,(0),y,(0),5,(0)) + KT,
Xk=k, 20, = {7, <T| ., BIXG)H, P(2) =¢ ., B, WEXH, WP w e O, ,x(1,,0)

By (r,,0) FEF 1Sk, I V(x, (0),x,(0),y,(0),7,(0)) + KT = E[1, V(x,(7,) ,x,(7,) 5, (7,),
v2(r)) ] = e[ ¢k =1 -0.5In (k))AV1/k =1 -0.5In (1/k) ], 2l 1, FoR O, FRRMERE, 4 k—o
AlAS V(x,(0),2,(0),y,(0),y,(0)) +KT= o , X5 V(x,(0),x,(0),y,(0),y,(0)) +KT < = FJ&,
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tr, =, EH 1L,

2 ER1TA
BAE z = z(¢) JEREPLIG S T 7
dz(¢) = f(z(¢),t)de + g(z(¢) ,t)dB(t) (9)
iR, H 2" 23 (9) iP5,

3 3t AL o T R 1 e S BEUE W S A SR B LT I R, AN B 2R A R e AR
V(z) W LV(z) <O MHMN Y z =27, z=2(0) BHEE) WM, dV(2(1),0) = LVt + V.(2(1),
£)g(e)dB(t),

EIE2 Ha -0/2>0, a;-0:/2>0, a, —0,/2>0, a, —03/2 —qmy, /(1 +mx, +ny, ) >0 &
S, WRSGE (3) IR (v, oy Ly, ) KR 1 SR EEALHT A E 1
R RLE(3) WLIES Y.
de, (1) = v/x [%,(x, =%, ) —2,(x, —x, ) Jdt —a,x,(x, —x,)dt + o,x,(x, —x, )dB, (1),
do, (8) = b,/%, [26,(x, =2, ) —x,(xy, — 5, ) Jdt — ayx, (%, —x, )dt + oy, (%, —x, )dB, (1) —

g, [my, (2, —x, ) = (1 +ma, )(y, =y, )]/ (1 +mx, +ny, )(1 + mx, +ny,) ]dt,
dy, (1) = a/y [y (2 =97 ) =3y =90 ) Jde = ayy, (yy =y ) de + oy, (3 =95 dBs (1),
dy, (1) = b,/y, Ly (yy =97 ) =90 (v, =92 ) 1de =@y, (y, =y, )dt + 0,7, (3, =y, )dB, (1) +
py, L (1 +ny, ) (%, =%, ) —nx, (y, =9, ) 1/[ (1 + ma, +ny, ) (1 + ma, +ny,) |dt,
L V(% ,5,,7,,7,) = ¢, (x, =2 =« In (2,/2)) +¢,(x, =2, =2, In (2,/%,)) +c5(y, =y, -

yiln (0 /) +ei(ya =y, =y In (3/y, ), Hfe (0 =1,2,3,4) IFFERIER, WESH RGN
H Tto A= 15

LV :Cli(xl _x1*>'}’[(x2 —x;) -, (x, _x{k)/le/x* - a, (%, _xl*)z} +0102(x1 _xl*)z/z +

el (xy =2 )b, [ (2, —=x,) —x,(xy =25 ) /2, /%) —a, (%, — 2, )2} +e,05(w, —x, )2/2 -
eq(xy =, ) [my; (%, =%, ) = (L +mx; ) (y, =9, ) J/[(1 +may +ny; ) (1 +mx, +ny,) | +
el =y el (v =) =m =y )/ 1/ —as(yy =y )t +eon(y, =907 )/2 +
el (1 =1 )0, L =) =5 =3 )/ 1/ = au(y, =y ) + a0y (s =y, )22 +
ep(yy =y, )L +ny, ) (%, =%, ) =nay (v, =y, ) /L1 +may +ny; ) (1 +mx, +ny,) ] (10)
e, =x, /by, ¢, =x]/y. ¢; =y /o ¢, =y, /by, fCAZ(10)AH,
LV = [ —x,(w, =) ) /n, +2(x, =2 ) (x, —x, ) —x,(x, —x, ) /%, ] —¢,(a, —01/2) (5, =5, )" -
e, (a, —03/2) (%, —x; )7 + coqmy; (%, =2, )7 /[ (1 + mx; +ny, ) (1 +ma, +ny,) ] -
cilay =0/2)(r, =3, )+ L=y =9 )5 +2(n =97 ) (1 = %) =5 =% ) /%] -
cipnxy (yy =y, )2/[(1 +mx, +ny, ) (1 +mx, +ny,) ] —cy(ay —03/2)(y, -y )’ <
- [ Voy/wy (v =5 ) = o /xy (=2 ) 1P = (ay = 07/2) () =% )? = ¢,(ay — 03/2)
(%, =2, )" + eyqmy; (3, =2, ) /L1 + mw,) +ny, ) (1 +mw, +ny,) ] = [ //y (v =90 -
I /ys (s =y )1 = e(ay =03/2) (yy =97 ) —ey(ay —00/2) (v, -9, ) <
—c,(a, —a1/2) (%, =) =c,[a, —03/2 —qmy, /(1 + mx,) +ny, )] (x, —x, )" =
es(ay —03/2) (v, =y ) —ey(ay —03/2) (3, =y, )7
MR 2 AT AR LV<O M HAY (x,,%,,7,,7,) = (& 25,9, ,y, ), AT IE -4 5
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3 HUEER

WSHH: y=0.97, a, =a, =0.03, b, =0.90, d, =d, =d, =d, =0.10, ¢=0.15, a=0.80, a, =
a, =0.20, p=0.15, b,=0.80, m=n=0.20, FIHEECH (%, (0),x,(0),y,(0),y,(0)) =(1,1,1,1),
EFNRT (3) FEet R A0 E M TR P 5 E ~ (10. 62,14.43,2.26,4.042) , BiETE T BEAY B K
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h T BRI R X AR BRI, AR SCHE LT 3 MESL: 1) o, =0, =0, =0, =0.01;
2) ¢,=0.10, 0,=0.02, o, =0.15, o, =0.20; 3) o, =0.20, o, =0.20, o, =0.30, o, =0.35,
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