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x=x(ax- ox> by),y=y(- o Bx- ¥). (*) (1) A1<ALA<A2A3>A3

(*) (2 Ax<A2AA: (*)
AM S(1991) 92B, 34C/CCL 0175 12
1
L otkaV ottera ix= ax (1- kx)- bxy,y=vy(- o+
BX) ’ a1 b1 k1 (xy B [1]
, Kuno'®
, b(x) = ax?/(x + x?) a ax.
x = ax’/(sx + x%) - akx’- bxy,y=y(- o+ Bx), sX
, Y 1/k :
x= x(ax- ox®- by),y=y(- o+ px).
[3] , :
{x = x(ax - ox®- by), 0
y=y(- o+ Bx- ¥).

X= u,y= A, t= ¥ oY= 1,Bu¥= 1, NY=1 A:= a/BA= o&/F,
As= b/Y Xy, T X,y,t
x: X (Ax- Ax®- Aay), 2
y=y( 1+ x- y).
R= {(x,y) |x> 0,y> 0},R= {(x,y) |x2 0,y = 0}
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(A 1x - A2X3)/A3= x- 1, x* + px+ gq= 0, p= (As- Al)/Az,q:
- As/Az A= (9/2)°+ (p/3)%= As/MAr+ (As- A)/2AS> 0, As> A1 . A
>0 , x>+ px+ q= 0 x*=~f- q/2+JA+f- v2- 1 A A

< A (AAsAs- A))+AL2AL x = AR A)+O0(*)> 1, O(*)
.y =x"-1>0
A< A1< As,A2< 4[(BAAsAs- A1) + AL]/27A5 2 R

/R0 (0, 0) ‘Ri({ A1/A>, 0) ‘R2(x ",y ") x =4 - g2+ { D+
A\ - q/2- {A> 1L,y = x - 1> QR2(x",y")

X (Bax - A+ y )M Xy (As- At Ax")= 0,
q=x*y*(A3-A1+3Azx*2)>0 ( As>A1L),
p = Aax - A+ y =3@Awxx - Asy )- Ax +y ( Awx - A - Asy = 0),
=220:1x + (1- 3As)x +As- 1( y =x-1)
= (2A1+ 1- A3)x + A, 1
P=0 x = (BAz- 1)/(RAs- As- 1)> 1, As> (A:1+ 1/3 . A<
[(3As- 1) As- ?Azﬁ)]/?A3 KOs XL x> X ,p< 0,g> O,R2(x",y")
. x'< X p>0q> OR2(x",y")

Ar=min{As [(RAs- D@As- AL AJ/AL,
Az= minfAL 4[ (A AsQAs- A1) + AL]/27A%,
As= max{A1, (A:+ 1)/3}.

3
1 A1< A_l,A2< A_z,A3>A_3 , (2) R
PoincareBendion 1
R:C: x = «/Al/«lAz,
dL
Lac= x- A A/A A, e =- Asy< 0
dt L= 0
(2 RiC
CD:y = - 1A * x + Kk, Lo = y + 1/A3'x-|<,§ch’l =
dt Lep=0
[%%'F Al;%xj 0< Al/A3lA1/A2+ 1/A3DQIA1/4IA2_ K- AZ/AS'X4- (_ X/A3+
LCD:
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K)\’< Q

AS/AAs+ J;/ASJ;-

N
L]
=0

k< O

D4

: (2)

C

2( z* 9y*)

DO:x = O
PoincareBendion , (2)

)
ORiCD , (2

A2< A2A3> A

\Rz(/%—;,O)

OR:zy = 0
OR:CDO

Ra(x",y")

(2 R

2
Aoz mir{A1,4[(3A1A3(A3— A1) + Ai]/27A§,
AiAs- D°/A(RAs- 1°,

CD

z

Y
«fAin(As- 1) (As- A:1- 1)°/(As- 1)3J,

As= max{ 1,A 1, (25\ 1+ l)/3}.
(2) L ienard

X

, (2)

folx) - f1(x)y,

y= g:(x)y + g2(x)y’,
fo(x) = Aax?- Ax’fi(x) = Asax,g1(x) = x -

N= fo(x) - f1(x)y,x =

X,

1!92()() = -

v = fbxpj‘:*llfz(s)ds,x: x,dT= exp(-J‘:*Wz(s)ds)dt,

(3)

d)_(:V
dt ’

dr~
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1

Yy (x)exp (Z-I':,,Wz(s)ds) i Wl(x)expj-:*(ljz(s)ds' v,

3

(4)



q—’o(X) = fogl+ f(zjgz/f 1,L/J1(X) = - f'o- g1 + (fllfo- 2fogz)/f 1,W2(X) = (gz-

f1)/fu us= v- fo(x)expj':*(liz(s)ds+ folx'),x = x, (4

da _ u+ fo(x)expj':"l/z(s)ds- folx"),

o x (5
dT: (g1+ fogz/fl)expj-x*‘l’z(s)ds(u- fo(X')).
, x>0 . R x> 0,u<
folx™). y= In(1- ufo(x")),x= x,folx")dT=- dt, (5)
xi D(y) - F(x), ©
y=- gx)
D(y)=€- 1,F(x)= fo(x)/fo(x*)expj':*‘l’z(s)ds- 1,9 (x)
= [(gif 1+ fog2) /f 1fo(x')]epr':,,Wz(s)ds
, x> 0,u< fo(x") ) , R2(x",
y) Ra2(x ", 0).
(6) [4] :
f(x)= F'(x) = [(Az- 30\2A3)X3+ Ai(As- 1)x]/A3fo(x*)epr-i*Wz(s)ds
g(x): [A2X3+ Asz- A)X - A3]/A3fo(X*)eXpJ‘:,lI'E(S)dS
fo(X*) = A1X*2- AzX’4= A3X*y* > Q
Ux) = Ax>+ (Az- A)x- Asg, P(x) = 3Ax*+ As- Az> 0, (xp(X*)ZAzX*3
+ (As- A)x - As= 0, x> x  WYix)> o, x#z x  (x- x)gkx)>Q

G(x):J':'g(x)dxz x' e /Asfo(x ) [AAs/(RAs- 1)(x(3_j;)- x'(}A3))+ AsAs-

ER 1=+ ER

A))/As- l)(Xl_A3- X A3)+A§(X-A3- X*Aa)], X >+ 0 [ G(+ )=+ oo, f(x")
= X*[(Az- ?AzAs)X'Z+ Ai(As- 1)]/A3fo(X*). l»U(X):- A2(3A3- 1)X2+ A1(As-

1), (»U(X): 0, g = “/A1(A3- 1)/(A2(3A3- 1), Az< (Ai(Aa-
D)/ D) 8 > x. x < x < x  ,Wx)> o, f(x') =
x Px)/(Asfolx")) > Q d0) = 0,F(y) = €> 0,

dﬁ—(l‘;}fgim: p()/AxC+ Ba- Ax- Asl

p(x)=- AA3(3Az- 2A;- 1)X3+ 36\5(35\3- 1)X2- AAzAs- 1),x1= 0 y =
p (x) , p(0)=- AAsAs- 1)< 0, As> 1 ; p(x2) = [A2(RAs
D°- AAIAs - 1)(RAs- 2A:- 1D]/A3(RAs- 2A:1- 1D]P< 0, A,<

4l‘]AJAg(As- 1) (3Az- 2A;- 1)2/(30\3- 1 Xx2= A2(3As- l)/(A3(3°\3- 2A -
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1))>Q x>0 ,p(x)<aa
Ko= mif AL 4 (AAsAs- A1) + AS]/27A5,

AiA:- DY /A5A:- 1)),

|
{aaias- DEs- 2 DI/ (@3- 1)%
As= max{l,A 1, (25\1+ l)/3}.

A< K2,As> As d(f (x)/g(x)) < 07 [4] (6) 2
R , 1 2 R
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Existence and Unigueness of L im it Cycle about Predator-Prey
System with Spar ssing Effect

Wu X inggi L iu X uesheng
(Dept of M ath , Dalian U niversity, 116622)

Zhao Zhenhai
(Dept of Appl M ath , Dalian U niversity of Technology, 116024)
Abstract

A predator-prey model w ith arrssing effect is considered asfollow s x = x (ax- ox®-
by);y=y(- a+ Bx- ¥)(*). Themain result isasfollows (1) whenA:1< A1,A.< A,
A s> As, thereat leastn existsa limit cycleof the system (* ); (2) whenA2< A2,As> AT,
there exists unique limit cycle of the system (* ).
Keywords Imit cycle, equilibrium points, system, unigueness, existence
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