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Abstract A nonautonomous stagestructured prey predator model with time-delays and ratio—
dependent Holling IIT functional response is discussed. By the comparison theorem, the system
in this paper is uniformly persistent. The conditions of the existence and uniqueness of the posi—
tive almost periodic solution which is uniformly asymptotically stable are obtained by the Razu—

mikhin function method.

Key words prey—predator system, prey—predator stage—structure model with time-delay, almost

periodic solution

xi(t)= Toyx2(t) - Vieyxi (1) - Tie - 1y
eﬁif— 9% o (1 - HL fi,

' [~ 4] ) . [5] x2(t)= T~ ) eij’ MR- 0y - Uy
' (1) + k(t)e(t)x2(t)x3(e) /(h(t)x2(t)+
gx (1)L fx, (1

() = Tm(’[) V() - T V- D x3(t)= xs(t)p(t) - d(t)xs(t) — e(t)
()= T (e = B = B ()4 Kxm (1) (1), x2(0)x3(0) (h(t)x2()+ g(1)x3()) ]

. A
- V= Oxm(t) = b . = fa
y(t)= y()l xm (t) = by (1) ] N T 00).i= 1.2.306 [~ Lo].
« » x1(t),x2(t)
Ho llingIl ! 33 (1) ! ;
k(t) se(1).h(t),g(r) Hollingf11
o
;e - Dxa(r - f)eXp{—Jt_ Ms) ds}
2002-03-12 .
X1 - 1 t
: ey, Me).e(t) k(2) ,h(2).b(t).,d (1),

262 Guangxi Sciences, Vol. 9 No. 4, November 2002



|
U()
k(r)
, K= superfk(s)}, k=
infe x (K(1) ). x(t)= (x1(2),x2(1),x3(1) ), fr =

(fre,fo.fa), RRL (x€ Rlx= 0,i= 1,23},

0< min{T,VU ek Uh, g bd max{T,V,Ue L,

Uhk,g.,b,d} <+ co.

x€ IntR x> 0
\ (1) IntR CLc([-
f,0],R) Al = supe - ol QO)| ,O
€ ¢ .00l =27100))
Banach . (1)

x(t)= O ¢ ,t€ [- 1,01,Q0)> 0 (2

x1(0) = JffT(s)xz(s)«ii’V(o) Y

1
1 (1) (2), IntR
(1)
[6] 1
[6] 2 . 2
3 .
2 x(t)= B (t—- )+ Bax (1)
- Bsx*(1), Bi,(i= 1,2,3) .
x(t)= Qoy> 00€ [- £0],  limx(s) =
Bi+ B2
Bs -
. 3
x ()= Bix(t- )+ Bax(t)- Bsx’(t). (& 0,
x(0) > 0).
X 0, T> 0, &= T , x(t)
> Bi+ Bz_
B3 ’

x(tY< Bix(t- )+ Bax(t)- Bax’(t). (& O,
x(0) > 0).

X> 0, >0, &= T |,
x ()<< B1+B3 BZ+ X

1 (1) (2

2b hg> e, (3)
(1) .
I, IntR (1)

(D) ,
& A 20024 11A % 9K% 44

Exz(t),
2 37 Tl, t> T1+ f N
Toxp(- Vij+ K€
()< ML o+ X( x2(0)
< M, X ) X2 (1) =
Teo(t - fexp(- VI - Ged(r) T2 (>

2U B
X> 0,
. - , (1) ,
x1 ()< TMs - Tmaexp{- Vi) - Vi (1),
, T:(> T), &= T << ML

™, - _"I;ngxp{— Vf}Jr X ( x1(0= M).
(n
ifows)dv. )él(t) =

[Te)x2(e) = T~ D -
fy e s s _

Vit (6) 69
Ed,[xl(f)lfo = E(lt[j:_ fT(s)xz(s)lz[o%'“‘* . 0
t o
= S o) - | T &

V(S J T(t = u)xa2(t - u)g"_‘v(ewdu:

eM * [x1(0) - J (s)xzs)l: (Oods]+J:(t—
du=> Joiﬂnzei “du = _’I;'nz(l—

u)x2(t - u)e[ MO g

e_w)vlé mi.
(0= mi, (> I xi(0= m). (1)
(< x() B - dxs(t) ], . Ta(>

T3), £ Ta+t | x3(0)< Msé§+ X

< M.
o ,
w1 = x(0[b -

ghx:(t)x3(t) = x3(¢) [b- dxs(t) - ¢/2 gh .

,x3(1)

(1) — a2(t)x(t) 12

(3), Ts(> Tv), = Ts+ |
k(0= ml 71&(19— el2 gh), X= ms.
, 1> Ts+ f 0 <me xi(t)<
M <+ oo i= 1,23 . | SA (x€
R | 0 <m<< x=~ M <+ o= ,i= 1,2,3). §
(1 . (1
1
. S (D
S (D )
263



(1)

()= Toyr) = Vyyi(e) - Ty
ot syt - HA 1y,

a0y = Tyl bt ) - Ui +
K(De()y2 (07 () (A (1) + g() (g

BUNE fa,

ya(t)= ya(0) (b(1) = d()ya(r) = e(t)y=(t)”
() IR (¥ (1) + g(Dx3 (D)) [

yi(y= 1:0),i= 1,2,3.0€ [- fo0]

y(t) = (@) y2(t), (1)) . fr =
(flyaf%’af%’): (D
x= fo.y= [ (5)
2 (1) (2 (3,

- d+ 2ZhMAMs [(RM3+ gM3)’+ éma(gMs —
hm3) (AM3+ gM3)® < 0, (6)
T- 2Umo— hmimie/(RM3+ gM3)’+ éhMsEMS [(hm3
+ gm3)’+ eMs(AM: — gm3) I(hmai+ gm3)’ < 0,

(7)
(1) p(t)
() ¢ k- ,

, = 0,x€ S
Razumikhin

[N]

V(L V(tx(1),p (1) =20 | xi(t) - w () +

=1

| Inxa(¢) = Inys (0],

4 (7] 1 . 4

7] 1 @) a).
(). L DL w( - ()
< Vit y0)=< 20 L lx) - vl
A mjn{l,ﬁlg},[,é max | 1,;13}. Pis) = Ls>

s> 0,a(s)= Is> 0,b(s)= Ls> 0, (s> 0).b(0)=
a(0)y= 0, V(t+ O,x(t+ 0),y(t+ 0))=< P(V (2,
X(Z),y(l))),(eze [_ f,()]) ’

D V(t) =2, sign(xi(t) - w(e))(xi(t) - »(8))

4 sign(x (1) - yg(z))(%(% - %)g _VMx)

264

f

- i)+ (Te¥ - T (- = yae- 0

hm3m3 e MM
_ " € ;
+ (T 2L (EME+ gME)T (hmi+ gmi)*t
eMs (RM3 — gm3)
(i gmty? N0 =20+ (- d+
2hMIM: em2 (gM5 — hm3) et N
GME+ gt (e gag)? 1 () - )
< - CV(1).
Mi,mi, (i= 1,2,3) 1. (6) (7
hmim3 e

_cA - VT- o =
C£&£ max{- J, 2 Uno (h'M%+ g_M§)2+

aMEM: eMs (RME — gm3) y
(hm>+ gm3)’ * (hm>+ gm3)’ oma |- *

2l MM ema2(gM3 — hm3) L |
GMi+ gt (e gy N+ T maxtl
Y- Ty <o

[8] 1. 3,
(2). (1) : : t
[7] L (1)
x(t), mod(x)Z mod(f).

1 Aiello W G, Freedman H I, Wu J. Analysis of a model rep—
resenting stage—structured population growth with stage—
dependent time delay- SIAM J Appl Math, 1992, 52 855~
869

2 Wang Wendi, Chen Lansun- A predator—prey system with
stage-structured for predator. Computers Math Applic,
1997,33 83~ 91

3 Magnusson K G. A stagestructured predator—prey system
with cannibalism and competition. World Scientific, 1997,
13 195~ 200.

4 Liu Shengging,Luo Guilie, Jiang Youlin- A nonautonomo—

us stage-structured single species model with diffusion.

Ann of Diff Eqs,2000, 16 153~ 168

( ),2000, 1(3): 185 197.
6  Aiello W G, Freedman HI. A time-delay model of single-
species growth with stage structure. Math Biosci, 1990,
10t 139~ 153.

7 Yuan Rong. Existence of almost periodic solution of funct—

ional differential equations. Ann of Diff Eqs, 1991, 7( 2):
234 242.

, 1988.

Guangxi Sciences, Vol. 9 No. 4, November 2002



