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Abstract
In this paper, we study a system with impulsive and infinite delay. By using the

comparison theorem of impulsive differential equations and constructing some suitable

Lyapunov functionals, we discuss the permanence and global attractivity of the model.
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i (t) = w1 (t)[ri(t) —an(t)z
by ()1 (t) f5° ka(s)aa(t — s)ds], t # ty,

1(
)

Bo(t) = wa(t)[r2(t) — azl(t) 1(t) — aga(t)za(t)
)

t) — a12 (t)fl?Q (t)

+o0 (1.1)
—ba(t)xa(t) [, ki(s)wi(t — s)ds], t# ty,
xl(tZ) = hlkl'l(tk), k= 1,2, ey
"Eg(t;:) = hgkl‘g(tk), k= ].,2, N
Wi LU IR A A
zi(u) = ¢i(u) > 0,u € (=00,0], ¢; € ((—00,0], [0, +00)), ¢:(0) > 0, (1.2)
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XAt > 0F 5 W TEESEESLRES (L), 2y 7R FRIE o< oo f(E) Fsup
o<t<ioo J(t) 3 ki :[0,4+00) = (0,400)(i = 1,2) &L R AL, Eﬂf ki(s)ds = 1;0 < t; <ty <
o <t < tpyr < L REBKPRETZ] Hlimy, ot = oo BKFIEBI{ Ry s k= 1,2,..3(i = 1,2) £IEFF
HAF.

LPC(J,R) = {¢:J — R, Mt # t;, B, ¢ ZELN. Hot, )Mot F1E, I Ho(ty)
D(tr), k = 1,2, .7 BBk AR50 77 2 1 2 A 5 B W] A, %%éﬁ(ll) H—ME—fRz(t) = x(t,x0) €
PC([0, +00), RT x RY).

SIEB1.1: Ba(t) = (21(t), x2(t)TNRS(1.1) (1.2) WHAEE—ME, Wai(t) > 0,i=1,2,t>0.
WERA:  (L.1)WISEA TR ] LA S pldn T T C

+oo
Pi(t) =17i(t) — au(t)x;(t) — ai;(t)x;(t) — bi(t)xi(t)/o kj(s)x;(t —s)ds,1 <1i,5 <2.
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t
H hirxi (0 exp/ P;(s)ds) >0,i=1,2.
0<tp<t 0
51381.2: [5|fEim € PC[Ry,R] ,» H'EMAEL At = 4, IFHIEL = tp(k = 1,2,.. )2 A%
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Dm(t) < g(t,m(t)), t#tx, k=1,2,..,
Hrg € C[R, x Ry, R), ¢ € C[R, RIH Hop(u)W T4k =1,2,... KT Lr(t) Ak
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(1.3)

g(t )7 t#tlﬁ k:1727“'7
(t ) (u(tk))a ty > tO) k= 152) [EE) (14>
u(ty)
TE[to, +00) EAFTE. Mim(td) < ug BEREmM(t) < r(t),t > to.
ERERI)RST, 2pt)NRG(1A)TEt, +oo) I T/ ME. Wm(td) > v BWREmM(E) >
p(t),t > to.
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{ dfi(tt) — x(t)(r — al‘(t)),t # th, (1-5)
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a t—+oo t—+oo a

SERR: o(t) = L, RGN

W= —ry(t) +ast # b,
y(ty) = my(te) k=1,2,...

SEET >0, A

—rit— t -7 s
y(t) :y(T) HT<tk<t hke ¢ T)+afT s<tp<t He (t=9)ds
Sy(T) A2 (t=T) p—7(t— T)_|_af e~ (r=A2)(t=s) g
Sy(T)e r—XAz2)(t— T)+ [6 (r—=X2)(t—t) *6( (r=X2)(t— T)]
:y(T)e r—XA2)(t— T)_|_ [1—6 (r—X2)(t— T)]
Tk,
I (t) < —~
11m su ,
t—)+oopy Tr— )\2
HIESH
- A
lim inf z(t) > ! 2.
t——+o0
[ E A 15,
) > y(T)e  T—AE=T) L = 11 _ o= (r=2A)=T)7
(1) > y(T)e Pt |
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lim inf y(t) > —
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+o0 +oo
liminf y(t) < liminf/ k(s)y(t — s)ds < lim sup/ k(s)y(t — s)ds < limsup y(t).
0 0

t—+oo t—+4o0 t—~+o00 t——+oo
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Ait < Xig <1y — aijm M (2.1)

e Mi2(t=s) < H hi, < e Nin(t—s)

s<tp<t

fFRGE(1.1) (L2 MAEE EMX (1) = (21(t), 22(£)) T AT LA E]

m; < liminf x;(t) < limsupz;(t) < M;,i=1,2.

t—+oo t— 400
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rir, — Qg My — Ao
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MERR: VX (L) = (1(8), 22(8)) ARG (11) (1.2) MR IEM. B1(L1)MEEAN%R, AR

m;

Edl

51 B2 L, FATREA Bl () < w;(6)HPw; (1)L T RGEHUER — LM

wi(t) = wi(t)[rine — aipwi(t)],
wl(tz) = hikwi(tk), k= 1,2,

B2 (2.1) 543N < g PITRAER 51 BE1.33RATTRT BAAS 3]

7". — A,
limsup z;(t) < limsupw;(t) < M; = M A
t—s+00 t—+00 QiiL
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t——+oo t——+oo
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&i(t) > a;(t)[rir — aijamr (M 4+ €) — (asins + bing (M +€))zi(t)], @ # J.
ERLUT ARG

i (t) = ui(t)[rir, — asjng (M + €) — (asins + bing (M + €))ui(t)], i # 4,

Aoy ()9 B G5 (2.3)i WD 46 61 (1.2) AR 7 — AN IE e T i1 31 FRL.20T Sl (8) > wy(2). 3L 5
H13FFAR(2.1), 2e — 0 FAIEH
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liminf z;(t) > liminf u;(t) > m; =
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3. Rk |4
EIE3.1: B2 IR MHBRR T, BOGLBRRAFE—p; > 00 = 1,2)1H15
liminf, 4 oo (@ii(t)pi + bi(t)pimy — azi(t)pj — bjup;My) >0, 1<4d,5<2, i#j (3.1)

mu%ﬁﬁ(ll)ﬁ:é}%u&%[ E,(Jf E]]Xﬂ‘/%éf(ll)EQ'f]‘E%IEﬁﬁX<t) = (.Tl(t),‘TQ(t))T%DY(t) = (yl(t),yg(t))Ty
A
lim (z;(t) —y(t)) =0, i=1,2.

t——+oo
FERR: kX (1) = (21(), 2o () TRIY () = (42 (1), yo (£)) T AHETR (L1 FE BTN AR TI(3.1) 7%
WRAEXMER T D ey > 0, FATHAT

liminf(ai(t)pi + bi(t)pi(m; — o) — a;i(t)pj — bjnepj(M; +€0) > 0,1 < i,j < 2,i # j.

t——+o0

M@t e #2.1, MFHARe, AT, > 7A16 > 015 T 71X+ Hor
zi(t) < M; 4 €0, 4i(t) < M; 4 €0,7 = 1,2,

‘(E’L(t) 2 m; — 607yi(t) Z mg; — 5077; = 1727

a“(t>,01 + bz(t)pl(mj — 60) — aji(t)pj — bjij(Mj + 60) > 5, 1<4,5 <21 7é 7.
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Vilt) = Y pillni(®) ~ lnyi(t)|.
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Va(t) =

) sgna () - (1)

A0
20
sgn(z1(t) — y1(t)) prlans () (v1(t) — 21(t))
Fa12(t)(y2(t) — z2(t))

FnOn0) [ Rashuatt - s

Y
Y

+oo

—by(t)x1(t) /0 kao(s)zo(t — s)ds
+o0

“b@nlt) [ baohmalt - s)ds

+b1(t)y1 (1) /0 h ko(s)zo(t — s)ds]
+sgn(2(t) = y2(t))palas (£) (41 (8) — 21(8)) + aza(t)(ya(t) — 22(1))
+o0

+oo
+bo(t)ya(t) /0 ki(s)yi(t — s)ds — ba(t)xa(t) / ki(s)xi(t — s)ds

+o0 +oo
“ba(0et) [ (st = s+ bae) [ k(s - )
sgn(w1(t) — y1(t))pilars (t) (v (t) — 21 (1))
+a12(t)(y2(t) — z2(t))

by (B (1) / T ka()ya(t — s)ds — by () (1) / " ha(s)a(t — s)ds

+oo
(1) / o)t — 5)ds(yr (1) — 22 (2))]
Fsgn(@s(t) — ya(6)) palas (B)(w (£) — 22(8) + ans(t) (92(£) — 22(8))

+oo
+ba(t)y2(t) / k1(s)y1(t — s)ds
O+oo
—ba(t)ya(t) / ki(s)xi(t — s)ds
o 0
+b2(t) /0 ki (s)a1 (t — s)ds(ya(t) — z2(t))]

[y1(t) — 21 (t)[[—prai1(t) + paazi (t) — p1bi(t)(ma — €o)]
+y2(t) — 22(t)|[—p2a22(t) + praiz(t) — paba(t)(me — o)l

+o0o
ot (On(t) [ Rl =) —za(t = s)ds

+o0
T paba(t)yalt) / () (t — ) — ()| ds

2 +o00o t+s
o [ k) [ b @)l - 5) - ai(v - s)lduds
i-,j—zl:ﬂ?éj /O /t
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+o0
= / I ()ba(t + 5)ya(t + 8) | (£) — 21 (£)[ds
’ +00
—pr [ (OOl = 5) —aa(t = 9)lds
+o00
o / Fa(8)b (£ + 8)p (£ + )|y (t) — z2(t)|ds

+o0
—pn / ke (5)br () (D)t — 5) — ot — 5)[ds

IN

+oo
[y (t) — 21 (t)| p2bans (Mz + o) /0 ki(s)ds
+oo
pg/ k1(8)ba(t)y2(t)|y1(t — s) — x1(t — s)|ds
’ +oo
+y2(t) — 22(t)|prbia (M1 + 60)/0 ko (s)ds
+oo
o1 [ R OmOlnlt = 5) e = 9)lds

LV (t) = Vi(t) + Va(t) FRA e 15 31

DY (Vi(t) +Va(t) < |y(t) — 21(t)|[=praii(t) + paazi(t) — prba(t)(ma — &)

+pabons (Ms + €]

+ya(t) — w2(t)|[=paaza(t) + praia(t) — paba(t)(ma — &)

+p1binve (M + €0)].
St =t k= 1,2, ..., RAVE 555
V(ty) = Va(th) + Va(t)) = Va(te) + Valtr) = V (ty).

i3 BA b2 r LA T e > T

DTV (t) < =0(Jya(t) — 21 (8)] + lya(t) — z2(1)]). (32)
XF(3.2) /e A PRI R I AT B eR Gy, FRATTREAS 2
V(t) = V(1) <=6 | (lyi(s) = z1(s)] + [y2(s) — z2(s)])ds,
T1
XN T
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‘“ﬂ+5TOw@%—%@ﬂ+@ﬂ®—wﬂﬂMSSVUU<+w-

FrEA, V() 7E[Ty, +o0] 2 H F 15t H

/ T (11(5) = 21(5)] + 9a(5) — w2(5)])ds < +o0.

T

HGEF2. 1551, y1(t) — 21(t) Kya(t) — wo(t) TE[Th, +oo) E—EUELE,

lim_[y2(6) = 1(0)] = Tim_Jya(t) — 2a(t)] = 0.

t——+oo

€ BAFIE.

E K AR 4 (11571088) Wi A E /T Wi H (14A098).
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