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Pergstence and global stahility for nonautonomous
predator-prey system with diffuson and time delay
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Abstract : A nonautonomous predator-prey mode with diffuson and continuous time dday is studied ,where dl parameters are time

dependent. The system ,which iscomposed of two Lotka- Volterrapatches,has two gecies:one can diff use between two patches ,but the

other isconfined to onepatch and can not diffuse. The sysem is uniformly persstent under gppropriate conditions. Furthermore ,sufficient

conditions are estabished for global stability of the sysem.
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1 Introduction

One of the most interesting questions in math-
ematical biology concerns the survid of geciesin eco-
logical modds. In this paper ,we condder a nonauto-
mous system composed of two species predator-prey
with diffuson and continuous time delay. L EV IN™ |
KISHIMOTO'” and TAKEUCHI®' sudied these
kindsof models. SON Gand CHEN' L 1U and WU
extended the autonomous Lotka Volterra system to a
two- gpecies nonautomous diff uson Lotka Volterra sys
tem with time delay , In this paper ,we assume that al
the codficientsin the syssem depend on them.

2 Modd and background concept
In this paper ,we consder the following Lotka
Voltgrra population mode :
X1 = X1 (a (t) - b (t) xo - c(t)y)
+ Dy (t) (X2 - x1),
X2 = X2 (@ (t) - b (1) x2)
+ D2 (t) (x1 - X2) ,
y = y(- d(t) +e(t) xa - q(t)y

B[ K9 y(1+ 943

Where x; and y are the population dendty of prey

(1)

oecies x and predator gecies y in patch 1,and x; is
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the dendty of prey pecies x in patch 2. Predator ge-
cies y is confined to patch 1 ,while the prey species x
can diffuse between two patches. Diy (i = 1,2) are
diffuson coefficents of Pecies x.

2 Persistence

In sysem (1) ,we always assume that the follow-
ing.

Assumption (Hi) a (t) ,b (t) ,di (t) ,(i=1,
2) ,c(t) ,d(t) ,e(t) ,q(t) ,andP (t) are continuous
and grictly podtive functions ,which statidy

Irgllr;{ al ,bil ,d} ,Cl 'el ,dl ,ql BI} >0,
ma a".b",d" " &, d",q" B} < oo,

Where welet ' =inf{f(t):t R} ,f"=
sup{ f (t) :t R}.for a continuous and bounded func
tion f(t).

Assumption (H,) k(s) =20,0n[-T ,0],(0<T

< o)and k(s) is a piecewise continuous and

0
normalized function such thatJ' k(s)ds = 1.

We adopt the following notations and concept
throughout this paper.

Let x=(x:,%2,y) R:>={x R :x20(i=
1,2) ,y=0}.Denotex >0 ,if x InR% ,for
eoological reaons , we condder sysem ( 1) only
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inInR> .

Let C* = C([-T ,0];Rs) denote the Banach
space of al nonnegative continuous functions with

[RoN = [S!JP,olch(S)l for® cC”.

Then,if we choose the initid function gace of
system (1) to be C” it iseasy to see that ,for any ®
=@, 9. ®s) C’ and ®(0) >0,there existsa
(0, ) and unique olution x (t,P) of system(1) on
(0],
such olutions of (1) are called postive olutions.

[-T ,a],which remains pogtive for al t

Hence,in the reast of this paper ,we aways assume
that

® c",@(0) >0 (2)

Definition  System (1) is said to be uniformly

perdstent if there exists a compact region D CI( R})

suchthat every solution x (t) = (x1, X2 ,y) of (1)
with initial condition (2) eventualy enters and remains
in the region D.

In this paper ,a podtive slution of (1) is cdled
gobdly asymptoticdly stableif it is stable and attracts
all postive slutions.

We let
e =,

my =min{ (ai- ¢"M; ) /b ", a/b"}.
We have

Lemmal Suppose that sysem (1) satifiesthe

following,

Assumption (Hz) ,(arq)/(c"e") > m;

M; =max{

Assumption (H.) ,(e my) > d" +B"m, .
Then sysem (1) is uniformly persstent.
We do not prove thislemma here ,see[4].

3 dobal asymptotic stability

In this sction, we derive sufficient conditions
which guarantee that any postive lution of system
(1) is globaly asymptoticaly stable.
In addition to ( Hi)
further that syssem (1) satifies the following.

D, (t
Assumption ( Hs) by (t) = e(t) +4r2n?l ,and

D, (t)

t
255 dt = o0
m;

Theorem 1 ( H4) ,assume

inf, (6:(0 - (0 -

and !imj;m(t) - T)dt = o;
q(t) 2c (1) +B",
and !imj;(q(t) - o) -BMdt = w.

Then any postive lution of (1) is globdly as
ymptoticdly stable.

Proof  For two arbitrary nontrivial podtive slut-
ions x(t) = (x1,x2,y) and u(t) =(uy,u,v) of
(1) . we have from uniform persstence of (1) that
there exists podtive constants m; and M; (i =1,2)
such that for dl t>1t (t  sufficient large) ,

O<m <x(t) <M, (i=1,2),
0<m; <y(t) €M;,
O<m <u(t) <M, (i=1,2),
0<m, €V (t) €£M,,
We define

(3)

;i ZInXi ,yzlny,
u =lnu ,v=Inv(i=,1,2).

Congder the following L yapunov functional
L(0 = 3 % (D) - Q)]
+y(1) - v(1)]
B K1 %6 - vB) | Bds

Now we calculate and estimate the upper-right de-
rivate of L (t) adong the olutionsof (1)
D"L(t)<- (b (t)-e(t))] xi- u
- b (t)] X2 - U
- (a(0) - c(0))] y(1) - v(D)]

BTy 9 - v(te 9] ds
- B”]’Tk(S) | y(t) - v(t) | ds

+ D, (1) + D, (1),

where

B, (1) = D, (1) (f-%j)sgn(xl- u)

B, (t) = D, (1) (ﬁ-ﬁ)sgn(xr u) .

Now consder D; (t) for the following two cases.
(a) x,2u and t>t ,then
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~ D. (1)

D.(t) < u (1) (X2 - Up)
D, (t
SJ_ll %o - U] .
ms

(b) X, <uand t=t ,then

5. (0 s 2 (1, - x0)

D, (1)
< m; | X2 - U2| .
From (@) ,(b) ,we have
~ D, (t .
D. (1) S_l(_l(U2- x;) for t>t

ms !
Consder for D, (t) in the same way ,we can ob-
tan

D .
A(Xl- Ul) ,fOf t=2t

D <
Dz(t) = m; ]

Hence ,we have

D'L(t) <- (b (t)- e(t)
_uinl_tl)lxl_ U1|
(b - B

- (q(t) - c(t) -B™) | y- v|.
From the proof of Lemma 1,we know that m;
can be dose m, sufficiently , according to Assump-
tion (Hs) ,we have

by (1) 2 e(t) + 22
ms
and
t D, (t
IimJ' (b (t) - e(t) - _l(—l)dt = o;
t—of 0 ms
D, (t
b, (0 222
1
and
t D, (t
ing, (50 - Baltly - o (5)
t-of 0 my
We let
C(0=3Ix- ul +ly- v.
From (4) ,we can obtain
C(t) <4M, +2M, ,for t=t’
Ref erences:

|f{i-ﬂgf(t):3d,(d>0) we have
Jt-i-?ilaxi(t) -u ()] =d,(i=1.2)
or

Lim| y(t) - v(t)] =2d

S ,without loss of any generaity ,we can assume

that lim| x; - u;| = d,then we obtain
t o0

D, (t)
m

1

D" Li(t) <- (bu(t)- e(t)- )d (6)

An integration (6) leadsto
L(t)-L(t")

<- rj’I*(bl(t) ~e(n - 2yg,

therefore

L+ (0 - a0 - 2 har

<L(t) (7)
From (5) ,we have

te D, (t
nng' (b (1) - e(t) - A—l)dt = .
t - t ml
We obtain that (7) does not hold,,d =0 ,there
exists a sequence of number { t,} ,which satidiesO< t;

,such that
!irglf(tn) =0

<t, < <t,<

and
my < x (t,) <M (i=1,2),
m; < y(t,) € M;;
1< u(t) €M (i =1,2) ,(8)
m; < v(t,) € M,.
From (8) ,we can obtain [imf(tn) =0.
From (4) ,we know that L (t) monotonic de-
crease.
S ,we get !imL (t) =0 ,we can say
lim| x - u| =0,(i=1.2) ,lim|y- v| =0. (9)
From (3) ,(9) ,we have
lim| xi - ul =0,(i=1,2 limly- v| =
This result implies that any postive olution of
(1) is stable and attracts al postive solution of (1).
The proof is complete.
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The rings characterized by singular modules
HAN Yang ,WEI Junrchao
(Dept.of Math. ,Coll. of Sdi. ,Yangzhou Univ. ,Yangzhou 225002 , China)

Abstract : Some characterizations of regular rings and semismple rings via sngular modules are given ,and some
characterizations of field over commutative domain rings are obtai ned.
Key words:dngular module ;semidmple rings;regular ring;flat module;coflat module
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