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Abstract

In this paper, we focused on a predator-prey system with a random growth rate and deeply explored
the dynamic behavior and stochastic evolution of two types of predators competing for a single prey
resource. By performing multi-stage reasonable deformation on the invariant surface set, the closed-
form steady-state solution of the Fokker-Plank equation is derived. Under the premise of establishing
the persistence of the system, the environmental noise intensity was innovatively used as the bifurca-
tion control parameter to reveal the phenomenological bifurcation characteristics of all populations.
The stochastic bifurcation criterion and competition quantitative model established in this study
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provide a dynamic basis for the optimal design of biodiversity conservation and invasive species con-
trol strategies.
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KTHAEREENL, HEH - P aE XA/ BRI, K3l 2=t
n[IE % Lotka[1]and Volterra 2] GIVE TA/E, 33 94 SR N J5 22 7t 25 1 B . 1)L
TR, BEEARIFEERIARIRE, BEFREATESL 7SS E MY 5 UL A (1) 2 Mg
WEZE, M THREY ARG T R IRSBAT R SE S TR SR EE . IR (3]-[12]). XL
WEFIRAERN T MRS KRG RN EL R, SN AEPIBIA TR I e Pt 17 B S RE.

ERXTAI I B e W B H M =R S, aR 7 IR R E M ) Y 13]:

dN =[ N(r-N/K)-a,Nx—a,Ny]dt,
dx=(ﬁ1N—y1)xdt, (1
dy=(BN —p, ) ydt.
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IR T ARG SRS IAF X PR AR AR RS . SR 2R Fudt— 0 4 i AR R B T, A
S W, Hsu [14] [15]+ Groll [9]&524# 1) TAE .
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PERR SRy e, AT R SE AT S R i B LA 23 7 R . BFFER 101 [16]-[19], FENLIAEZN AL BEHD
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BRSOSLI R o 2R X B BN R S NS KRG AS KRG @D R IE 5 BN
7.

RETNH RS - e KA R OIS RE R, EINASCRER AR N RARESSm
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21, WHEREMKEABEHIR
BEARY ()& — A VERR AR AL, Sl 30 0 M vl DL L U5 A B R 7
{x(t) = xoefé[ﬂuv(u)—ﬂl]du’

T BN () ) @
y(t) = yoe 0 b
TAh, el N eI, RS R x My oK
dN = |:N[l” _ %j _ aleNeJ}t)[ﬂlN(u)*ﬂl]du _ azyONeJ.(t)[ﬁzN(u)*#zzldu :| dt, N(O) _ NO- (3)

AL, AR (3) P E SCHIBAR & 3 (RF AT 78 70 KAAR, A2 st n] DA & x Ay AT 78 70 1 73
Bro F4b, XTRLEA T RWEE FIFIIBEH ROk UL, HER S ZENRAE . WRAE. IR A 55 E 2R 5T
S, R TE R MBS ISR b, B SEREALIA S b e e A R A R A R R L DL
JE OB, AP RE AL T B T, oA KON 0.4666%, HidEok H L8201 (LA 1),
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Figure 1. Natural growth rate of large Paramecium
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rdt > rdi+ odB(1), 3o B() RAFHEARWREED, o >0 FoRMmm ke, MR G) AR 2
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x(t) _ xoefé[ﬂlN(“)fﬂl]dl‘ ,

y (t) = yoefo[ﬂzN(u)*,llz]du , (5)

dN = |:N(}" _%j _alonef(t)[ﬂlN(u)*M]du _ azyONefé[ﬁzN(u)#z]du:|dt i O'NdB(I),N(O) _ NO
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dN = |:N(r —%) - aleNeI‘[’[ﬂ‘N(")fﬂ']d” - azyONeI‘;[ﬂzN(")fﬂz]d” }dr +0oNdB(1)

WG N(0)=N, >0

JR#6 Lipschitz & fF: I BRI BT N OB 8 2 B S8R BN A& TSRS
Ne[o,M], ERBTHY BT N 2R Lipschitz BEAEM] . ZeEdg K MF: FR IR 2 5
X N/ K RFEEIE S, 5 BTN oN , T R VKSR Tk, ARAEBENU S 7 FE A7 (e ME— P2
B, RGUAE R I [A) A A E— A

4 Jr R R R i -

N TR RAE A SRS (] ¢ > 0 WAFAE HARFFIEYE, TFIUEMEA 70 PRI ) Py BRI ESEIIA

Ji& Lyapunov %V (N)=InN , NHHFEAX:

2
d(InN)= {%-?Qjﬁzlﬁ—%}dt +0dB(1).

RS I ¥ ORI 3 T A N K BERE . TRILE,  In NV ROIE AR BEE ], A S AEA PRI
Al A [ TE 55 K
0 N () BEE R, HR % SN
dN = [rN—alx(t)N—azy(t)N]dt+O'NdB(t).

BT x(¢) F y (¢) FRE AR Sr, 2 N AR/, $RBIAR S rTRE R 1 0, S8 x(e) B p(2) 38
ek, LI ML T2, SRR N ESOED), #3) N()ZEE. FE, §HE5oN 1
N - OB @EIET%, WP .

L, 29 N (r) BOZ ], BB IUEITEILIAR%, W liminf N(1)>0 as., o NE R R
], X =0,

WEF M N LT REAA H:

x(t)= xoefé[ﬂlN(u)*ﬂl]du, y(1)= yoefé[ﬂzN(u)fﬂz]d“_

M T HE R R B AR E, HATAME X, > 0, HRIRZHTP R N (¢) 04 RAAEERIEYE, B3 Bt 42
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5 B B AR AR (U0 AS AR I B B ALL 7 7 (/N 75 35 50 B )
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AHFE, FLRomn BE g B E RS, 7 W RS Py ZE R R R G Rs e T TR IR

3) FAMERAME: LSRR REMUE RGN R AR . B0, #& & s0r s p3E nnr
AERRRILAE AR, HEMT s g KBRS . T B E N Ao fE e, FoihEERsH
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3. HIHRMREN

TEARS IR, “PRaafie— " NETER TR, FibE il i P A EE. EARTH,
TR A, =2, H r—%—%> 0. MFTER >0, FATKEITERG(SHERME F(N,x,y)=c LKZNT]
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SIE 30 WA =2, WHEEFE T ()y? (()=c M TAEREM 20,

WEBH: T RE(S) AT 1

xﬁz (t)y7ﬂ1 (t) = (xoejé[ﬁlN(u)_”l]d“ )ﬁz . (yOeJé[ﬁzN(u)_”Z]d“ )_ﬁ]

_ xé;z yaﬂl eﬁz J’é[ﬂlN(u)fy] ]dufﬂl L;[ﬂzN(u)ﬁuz]du

HrhFa 80N«
B, _L:N(u)du _ﬂzﬂlt_ﬂlﬁZJ.;N(u)du + Bt = (_ﬂz/"] +ﬁ|,u2)t =0.

Le=xly A, WE X (6)y " (t)=c,Vt20.
A =0, FHEEREE x(e) By () LA X2 (1) y ™7 (¢) TREFIE S, R BIWIFH € # 7E SRR A b
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Z XN T HERE >0, F(N,x,y) =c ROVWIANEE, HARHES F(N,x,y) =c ', BR(S)AT PATRfL N
i
N LY}
dN = N(r——j—alx—azc Axhi }dl+o-NdB(t),
K )
dv=f, (N - 4 )xdr.

WSROV FFAET RS /AT B TR B, MK HE SO w (N, x) > 3 — P IRATE SCHAP AR 0 A1 R 2% L bR
#e. w(N)= .[:l//(N,x)dx My (x)= f;ow(N,x)dN o [AIREHL, FRATATLAE R By (N, y) My ()
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y(y)= — 7

2 e g p 2,0 2 ,Lz,ig B
w o K| B P o2 poK A
IO e f - du

1
iF: 6 =N, 6, =Inx, WFHEIG =—dN-
W 46 =N, 6,=Iny, WA A6 =—dV-—

(VNQOFEWIECE

By (6,(¢).0,(2)6,(s) = 6,6, () = 6, ) F9(6) ST ] s BT ] ¢ ORISR 6 B MR B P kR B, B4
w i /& LK Fokker-Planck /7 72:

1 B 2 A2
oy 0 L 4) 0 0 oA o 4 _T oV _
S e e

HIVE 1 RATTLAER S v (6,,6,) = }i%rgl//(ﬁl (1).6, (t)|t91 (5)=6,,6,(s)= 6’2) o B, FERET, yink
“F-#2#7 Fokker-Planck J5F£[23]:

L B 2 A2
0 1 ,) o P 5 0 o o° o0y
T@{(r—ze‘j—T—a,tﬁ—azc te™ l//"r%[ﬂ](e —/11)1//:|—— =0 (7)

AT RAGR AL Rl AR Y 3

Ll(91’92){@(91),/,+H1(QI)Z—Z}rLQ(01,92){G2(92)1//+H2(92)2—21 =0

ﬁ¢,Lﬁ%@pégﬁus%,an@pé%%~Mﬁwﬁﬁ%,%%ﬁ;
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2l Ay K
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w(y), ANy (x) M F(N,x,y)=c HHHES R, IR S
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2
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> f
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+Fi(ﬂ1N_ﬂ1)x+Fi(ﬂ2N_,”2)y+g(z+a1x+azy)_g[r_7]
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Figure 2. Numerical simulation at ¢=0.55, 0=0.6,and o =0.65
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Figure 3. Numerical simulations of (//(x) at o=1.1, 0=12 and o=1.25 were used, respectively
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Figure 4. Numerical simulations of (//(x) at 0=13, 0=1.342 and o =14 were used, respectively
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