5500 % 5 LEXFFHR (BRFFR) Vol.29 No.5
2024 429 H Journal of Jimei University ( Natural Science ) Sep. 2024

[SXZEHE] 1007 - 7405 (2024) 05 — 0475 - 06 DOI:10. 19715/j. jmuzr. 2024.05. 12

B Allee M EHBEHENFBEIHEE
BB HFE 0

A

(BE2AFHEFKR, 8% HI7361021)

[HWE] TIR—IEE Allee SN A THRER AL ETHA BRI 2580 112, IEWIBOR AR ME— Ry 45 1E
fife, FLEA SRR — DI R P AR M R I FE A4 E . B, B BUER, S00E T Z5ie il A g skt .

[REEE] EIHMERAL BEPL; Allee RN ; kX

[FEHES] 0175

Dynamics of Stochastic Predator-Prey Model with
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Abstract: In this paper, the dynamics of a stochastic predator-prey model with Allee effect and prey refuge
were investigated. The sufficient criteria for the existence of a unique global positive solution and a unique erg-
odic stationary distribution were established by constructing suitable Lyapunov functions. Finally, numerical
simulations were given to illustrate the feasibility and effectiveness of the conclusion.
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{dx/dt = (1l =x/K) = [m(1 =8y)xy]/[a + (1 =8y)x], (1)
dy/dt = [em(1 =8y)xy]/[a + (1 =8y)x] — ey,

Hos (o) Ry (o) 5350008 o 20 A £ ROREERCE: ; r A ETHAN B KR, K IR
m NI EE AR, 6 e (0,1) NEMHEXMESE, o HEMWMSEG o MBS, o HilEEn
TR, A MSBER T%

1931 4¢, 3CHR [9] R BUFHRE S 2 B8 T s AR TR A A AR e, BIVRRRE AR P i S A —
MAER BB, X2 Allee RN . XF Allee BN UM C A T FE MR, W3k [10] &
B, 55 Allee S5O0 AN HiF AT DL42 i BE U R A2 40 Sk [11] R, TERWY TSI T, Allee
RO RPIRRER 5 SCiik [12] BP9 7 B GRS A Allee UM IR RSE, K BTE Allee H{H
RANTEOL T, i H R oK 4

H—Jr, FERRMET, ERRGEHAE MMM, AL T RIS ARTE, AR EE
MR FKSE, BT MBS FR AR, XTI RE X ES R AR R m, 2
SR LRGN, I, 00 B R G TR BEALE "

ZOCHR [8-14] WJEkR, AT IE T H Allee RN AL TH REXME R FEHLIH 1Y

{dx = {rx[l —a/K-n/(x +h)] —=m(1 =8y)xy/[a + (1 =8y)x]|dt +x(0,, +0,%)dB, (1),

dy = {em(1 =8y)xy/[a + (1 =8y)x] —cy}dt + y(0, +0y,y)dB, (1),

Hrbe n FLh Ry Allee BN H G 6 WEMEMERSG of >0(i,) = 1,2) HAMSESRE; B.(1) (i =
1,2) K LAEER/ MR 0] (Q,F, | F,| -, P) FRMES AR BEs), B (F, |, 2
ZMF., R = {(x,y) e R:x >0,y >0} ,

(2)

1 £RERNFEG
TE1 %o, =0,i=1.2, MNTEEHENVHRFEN (x(0),y(0)) e R, BH (2) fFA1EME
—WIEME (x(2),y(1)) e R2, JEEHLVMER 1 fF7EF R2
WERR PUARREY (2) fZRECH LR Lipschitz 254, PR (2) fFAEME—Jmilfs (x(1) ,y(1)) €
R: ,te[0,r,), Hir, BEEAE,  TIEVXAMEE 2R, REGE 7, = o &k 2K, fii
5 (x(0),y(1)) € [k ky] x [1/ky,ky] o X TAEE b = ky , & XIFEFH] 7, = inf{t € [0,7,):
min{x(t),y(t)} < 1/k 8 max{x(t),y(t)}| =k},
inf @ = o, WRAEIEIE XA A 7, = lim7, R HEGE] 7, = o , R T, # o,
LAFERBT >0/M0 <e <1, i Pir, <T| =&, k=k .
EXC-FREV.RE>R, HV(x,y) =x-1-Inx+y—-1-Iny, 110’ s ARA1H
LV(x,y) =(1 =1/x) {rx(1 =x/K) =n/(x +h) = [m(1 =8y)xy]/[a + (1 =8y)x]} +0,,/2 +
(1 =1/y){[em(1 =8y)xy]/[a + (1 =8y)x] —cy| +03,/2 =
— /K + (r+1/K)x —rax/(x +h) = [m(1 =8y)xy]/[a + (1 =8y)x] —r +
m/(x +h) +[m(l =8y)yl/[a+ (1 =8y)x] +01,/2 +¢c +03/2 +
Lem(1 =8y)xy]/[a+ (1 =8y)x] —cy — [em(1 =8y)x]/[a + (1 =8y)x] <
—rlx - (K+1)277/K+r(K+1)*/(4K) —=md [y - (1 + ae)/28]*/a +
m (1 +ae)’/(4a8) +rm/h +c¢ + (o7, +05,)/2 <r(K+1)°/(4K) +
rm (1 + ae)’/(4a8) + /b +c¢ + (o], +03,)/2:= 0,
WA dV(x,y) < Qdt + (0,2 —0,,)dB, (1) + (0,7 — 0,,)dB, (1) , MHFHLE[0,7, ANT] (7, N
T = min{7,, T} ) FRAME,
V(x(r, NT),y(7, NT)) < V(x(0),y(0)) +2(7, NT) —o,,B, (7, NT) -
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AT AT
0By (r, N T) + | () dB () + o ()dBy(s). (3)
P (3) PIRBOHEN A EV(x(7, N T) ,y(7, N T)) < V(x(0),y(0)) + QT
LY ={lweV:r(o) <T| ,k=k, , WHEP(V)ze, TFEENw eV, , 2P x(1,,
o) Hy(r,,0) EFFT LS 1/k, HE V(x(r,,0),y(r,,0)) = (k-1-Ink) A (1/k -1 +1Ink) , I,
V(x(0),5(0)) + QT = E[1,,,, V(x(r,,0) y(r,, )] el (k=1-Ink) A (1/k-1+lnk)],
WL, ) 2V (@) BURHEREL, Sk — o, T o > V(x(0) 3(0) + 07 = o , FHAT7, = |
RIS (2) FEAERfE—R) 2 RaERmE .

2 FRomkiBhE
% X(¢) & R ") B G Markov 1 72, ‘BRI R ABEHL B 5 F2 dX (1) = f(X(1)) +

;&uu»w<w,A#%ﬁWAuu»—<au» a;(x) = Zuﬂmguu

SIER 1M Markov 332 X (¢) s BEAFFEME— 1388 T F-Fa o0 A ﬂn%ﬁfﬂﬁ BRI ea R IX
WMUcCR, HAWTFWRE. 1) TSy e U, PEUEEAX) BEIEERN; 2) fF7EJER C- R
v, HIBER\ U F, LV A%k,

BI32° Wy >0,4, >0, WMHAY —-Ay <[2/(p+2) ] (A/A)"[p/(p +2)]A, .

EIE2 &R =emK/ (a+K)-KB, (o, +Ko,)’ —03 —c—KBnr/h —Bonr >0, Hppg =
0.000 1 +aem/[ (a + K)*(r +K0,,0,) ] +aemK/(r +K'o,,0,,) , ARAKHY (2) FFAEME—Fim T FAa s .

X (o, +0px)’ 0

UERR B (2) BYTHGERF A = ( J . ORI T AOPERT 1,

0 Y (o +0yy)
ELFSE C- V. RE >R, | V(x,y) - I7(x,y) ~Vxy.y5) = NV, +QV) +V, , Heb. v, =B [« -
K —KIn(x/K) ] =B,x =Iny + mKB,y/ (ac) ;V, =y /y ,0 <y <1;V, = (& +y")/y = V(x,50); (9,Y0) N
I7(x,y) M/ MBS, B, =0.000 1 +aem/[r (a +K)*] - (B,K0), +B,Ko,0,)/r ,N >0, {#ifs — NR/3 +
B< -372, Hf B = (31)15112 {(y =1)oL,a”/4 + (y =1)00y"/4 + 127 + emy” |
et ARTH,
LV, = (B, - KB,/x = B,) {rx(1 —x/K) —n/(x +h) —m(1 =8y)xy/[a + (1 =8y)x]| + KB,
(0, +0,%)° 72 + (= 1/y + mKB,/(ac)) {em(1 = 8y)xy/[a + (1 = 8y)x] — ey} +
(0, +0,y)° 72 <-1B, (x —=K)*/K + mKB, (1 - 8y)y/a + 1B,(x* — Kx)/K —em(1 = 8y)x/[a
+ (1 =8y)x] +mB, (1 =8y)xy/[a + (1 =8y)x] + em’KB, (1 = 8y)xy/ {ac[a + (1 = 8y)x]} -
mKB,y/a + KB, (o, + 0,%)>/2 + (0, +0,y)°/2 + KB,rn/h +Byrn + ¢ <-18, (x = K)*/
K +1B,(x* - Kx)/K + KB,o}, (x —K)* + K’B,0°,(x — K) + KB,o,,0,(x - K) + KB,
(o, +Ko,)> + 05,y — em(1 = 8y)a/[a + (1 - 8y)x] + (em’KB, + acmB,) (1 -
Sy)xy/facla + (1 =8y)x]} +B,rn + ¢ + 03, + KB,rn/h + emx/(a + x) — emx/(a +x) +
emK/(a + K) —emK/(a +K) < G(x) +KB, (o, + Ko,)* + 05y —emK/(a +K) +B,rn +
c + 05 + KBrn/h + (em’KB, + acmB,) (1 =8y)xy/{acla + (1 =8y)x]} +emx/(a +x) -
em(1 =8y)x/[a + (1 =8y)x],
H, 6(x) =-18,(x - K)*/K +1B,(x* = Kx)/K + KB o7, (x = K)* + K'B,0},(x - K) + KB,o 0, (x -
K) —emx/(a +x) +emK/(a + K) , WA G(x) < G(K) =0, WA LV, < KB, (o, +Ko,,)* +
o5,y —emK/(a + K) + KB,rn/h +Byrn + ¢ + 03, + (em’KB, + acmB,) (1 = 8y)xy/{acla + (1 =8y)x]} +
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emx/(a +x) —em(1l =8y)x/[a+ (1 =8y)x] =-R + 05y + (em’KB, + acmB,) (1 = &y)xy/{ac[a +
(1 =8y)x]| +aemdxy/{(a +x)[a + (1 =8y)x]} o K, "E LV, = y " {em(1 - 8y)xy/[a +
(1 =8y)x] —cyl + (¥ =1)y" (0 +0,y)°/2 <em(1 =8y)xy"/[a+ (1 =8y)x] + (y —=1)05y" /2,

FEIFE2 Al45, L(V, +QV,) <-R + (em’KB, +acmB,) (1 =8y)xy/{ac[a + (1 =8y)x]} + aembxy/
(a+x)[a+ (1 -8y)x] +emQ(1 -8y)xy"/[a+ (1 =8y)x] +yo3, [4/((y +2)(1 —=¥)) ]/ (v +2),
WO =40Gy)0h/[2R)? (y +2)"?(1 —y) ], flifF -R +y0%, [4/((y +2)(1 =y)Q) 7"/ (y +
2) == R/3, WALV, + QV,) <-R/3 + (em’KB, + acmB,) (1 - 8y)xy/{acla + (1 = 8y)x]} +
aemdxy/{ (a +x)[a + (1 =8y)x]} +emQ(1l = 8y)xy’/[a + (1 =8y)x] ,

o’ s AR, LV, = 27" {r(1 —=x/K) = n/(x + h) = m(1 =8y)y/[a + (1 —=8y)x]} +
(y =1)a" (o, +0,x)°72 + fem(1 =8y)y/[a+ (1 =8y)x] —cly” + (y = 1)y (0, +0,y)°/2 <
(y-1)o,a"/4 + (y - Dony’™/4 + B, WL, LV <- NR/3 + N(em’KB, + acmB,) (1 -
Sy)xy/{acla + (1 =8y)x]} +aemdNxy/{(a +x)[a + (1 =8y)x]| +emQN(1 =8y)xy"/[a + (1 =8y)x] +
(y =1)oL,a"/4 + (y - 1)05,y""/4 + B,

TEXTHHEU = {(x,y) e RL:E <x <1/EE <y <1/Ef, HH.0 <€ <1 R—DFRI/PIITEL,
HitR: (1 —y)on,/4 —= N mB,/a + em’KB,/(a’c) + (emd + emQ)/alé >0, [(y -1)0,/8]E" +
D<-1, [(y-1)o,81&" +D<-1, H¥.D = sup 2{(7 D)oL, /8 + (y = 1)y /8 -

(x.y) eR2

NR/3 + B + N(mB, + em’KB, + em8) + em(QNy| ,

KT HE, KR\ U4 X, 358U, = {(x,y) e RR:0 <x <& U, = {(x,y) €
R.:0 <y <& Uy = {(x,y) e Roww > 1/€} (U, = {(x,7) € Rizy > 1/€}

PEFRIUEM, ZER2\ U A LV(x,y) <-1,

B 1 MMEER (x,y) e U, , A

LV <-NR/3 - {(1 —y)0o3,/4 = N[mB,/a + em’KB,/(a’c) + (emd + emQ)/alély"™ +
N[mB,/a + em’KB,/(a’c) + (emd + emQ)/alé + B <

— NR/3 + N[mB,/a + em’KB,/(a’c) + (emd + emQ)/alé + B<-1, (4)
BR2 IEEM (x,y) e U, , A
LV <- NR/3 + N[ mB,/a + em’KB,/(a’c) + (emd + emQ)/alé < -1, (5)

B3 SMEEW (x,y) e U, , H
LV <(y-1)o,x""/8 = (y = 1)ony"™/8 = (y = 1)a,xa’/8 = (y = 1)oany" /8 -
NR/3 + N[ mB, + em’KB,/(ac) +emd]y + emQNy’ + B<[(y -1)0,/81&* +D<-1, (6)
B4 IEEW (v,y) e U, , A
LV<(y-1)oy""/8 +(y -1)a5y""/8 + (y —1)o,x""*/8 = NR/3 +
N[mB, + emzKBI/(ac) +emd]y + emQNy” + B < [ (y - 1)0’?2/8]{“2 +D<-1, (7)
h (4) ~xK (7) TS, SHMEEM (x,y) e RR\U, A LV(x,y) <-1, FIHEHE (2) f£1E
W — )3l I PR AT

3 R4t

EE3 WEr<ol, 2, M Zliﬂx(t) =0, RPEHFREILT- R K YA,

WERA W Ito’ s A, dinx(1) = {r = /K =rm/(x +h) = m(1 =8y)y/[a + (1 =8y)x] -
(o, +0,x)2 /2 dt + (o), +0,x)dB (1) , XM [0,0] EBGWE, Ina(e) - Inx(0) = (r -
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o /2)t - rJt)x(s)ds/K -rm f;l/[x(s) +hlds - 0,0, Jt)x(s)ds - mﬁ)[l -oy(s)ly(s)/{a +[1 -
8y(5) 1x(s) [ds = oy [ 2 ()ds/2 + 0, B (1) + 0 [ 2(s)dB, (5) < (r =0 /2)1 = 0 [ £ ()ds/2 +

By (1) + My (1), ML (1) = o [ x(9)dBL () 5 (ML) (1) = o [ 2oy

0

A e RO AR A e n] A P{Os<u£) [M,(t) = (M, ,M,)(t)/2] >2Ilnn} <1/n’ ., FFH Borel-Cantelli 5|
FRUST AL sup [M,(t) —{M,,M,)(1)/2] <2Inn, EHM(t) <2nn+{M, ,M,)(t)/2 =2lnn+0,,

Joxz(s)ds/2 , KA Inx(t) —Inx(0) < (r —00,/2)t +0,,B,(t) +2lnn, PAKO<n-1<i1<n

B, WA [Inx(t) —Inx(0)]/t<r-01,/2+0,B,(t)/t +2lnn/(n-1) , T lim B, (1)/1 =0, A
LA lirﬁ supln x(1)/t <r —-03/2 <0, MIIA limx(t) =0, BEVEIHBMEEIL-T- 008K K4

4 BEERMER

BT HAE EARFIE AR, ARSCRA Milstein &5 Wik g AR (2) MEERATIZ R, RIS
Br=1, K=1.2, a=0.01, ¢=0.012, ¢e=0.3, m=0.2, n=1.2, h=1.12, §=0.6, X THEHLEH
(2), W o, =0.01, 0,=0.03, 00,, =0.02, 0, =0.04, NWIEAHE R=0.117 6 >0, HEHM2 Al
M, OBAL (2) fETEME—PRR A (DL ~ 8 2)
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