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u/(t) = uw(t)[ri(t)— ar(t)u(t) - 01(t)fTK1(s)v(t+ s)ds/,
(1)
V()= v(t)[r2(t) - at)o(t) - cz(t)[TKz(s)u(l+ s)ds/,

w(t)= u(t)[ri(t)— ai(t)u(t) - b1(t)[TL1(s)u(t+ s)ds— 01(l)£TK1(s)v(t+ s)ds/,
(2)
v/(t) = v(t)[r2(t) — ax(t)v(t) - bz(t)fTLz(s)v(t+ s)ds— cz(t)fTKz(s)u(t+ s) ds/

Lotka-Volterra

yll(t) = yi(t)[ri(t) — a(t)yi(t) - bl(ﬁ)[TLl(S)yl(t+ s)ds— 01(5)fTK1(s)yz(t+ s)ds/,

yoa(t) = ya(t)[ra(t) = ax(t)y2(t) - bz(t)fTLz(s)yz(t+ s)ds— cz(t)fTKz(s)yl(t+ s)ds/, (3)
Ayi(te) = yi(th)— yi(th) = Qryi(ts), i= 1,2, k=12 -.

(3) :tZu. , (3)
1

(3) 3 (A1) O< 61< 2< o< (< O fhep= it @ klirgnz oo, k=1,2, ..y
(A2) {ai} ( i,k yi o Lk ) x> = 1, k=
Gup,i= 1,2, k=1,2, ..5 (A3) ri(t) ® , J:ri(t)dt> 0, ai(t),ci(t) o

. bi(t) ® . Li(s)  Ki(s)
J‘jTKi(s)ds: 1, fTLi(s)ds: 1, i= 1,2
(3) (1).(2).
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5 R Lotka-Volterra
L y(i)= (yi(1),y2(1)" (3) : yi(t) €([= T, + 0),(0,+ o)), i= 1,2,
1) yi(e)(i= 1, 2) (0,t1]  (tw, tien] (k= 1,2, ..) ;(2) te, k=1,
2, e yi(ti ) yi(te) yi(te )= yi(te), i= 1,2;(3) yi(t) [0, + 0)/{ts}
(3), & (k=1,2, --).
el X,Z , L: DomLCX  Z ,N:
X"z . dimKerL=codimImL< + o, ImL Z , L
Fredholm . L Fredholm , P: X_>X, Q: z" Z,

Im P = Ker L, Im L= Ker Q= Im(1- Q),
X = Ker L ®Ker P, Z=Tm L ©Ker Q,
Ly 2L1 bun t0keer - Dom L NKer P~ Im L

Kr, Q X , ON: Tz Kr(I-Q)N: T X ; N
9] L- . ImQ KerL , J:Im Q Ker L.
1 X,Z LN ; L Fredholm . Q X
N O - .
(1) \E(0, 1), Lx= MWx x&0 0= WY; (2) x€

0QNKer L, QONx Z0; (3) Brouwer deg{ JON, QMNKer L, 0} #Z0, J, 0
Lx= Nx DomILNQ

o S e L , ,
r o+ i]n{l+ ik ) ra w4 iln(1+ )
hi= min{In/ (;—l; e 7, Inf ’“‘am 7).
r2o+ len(1+ .k ) rio+ iln(1+ k)
ho = min{ln/ = 1. 1n/ = 11,

(a2 + b2)o®
I)

Hi= hi+ o+l i)+ 270 In(1+ ae) 1+ In(1+ aue)],
k=1

P
Ho= hot O(ra+l 2 l)+ D1 In( 1+ i) I+ In(1+ @i)],
k=1

P P
rot Yln(l+ ai)— acexp(H2) r20+ Y In(1+ aw) - (a2— b2) cexp(H2)
k=1 k=1

Hs = m: — -
1= maxf (ar+ bi)o : o /)
P P
r2ot Yn(1+ au)— e Cexp(H1) rno+ D1+ aw)— (@ + b )wexp(H1)
k=1 k=1
H4+ = max{ (a2t bo)o , = o ].

, X= {x(t): x= (x1,x2) , xi EPC(R,R), wi(t+ ©) = xi(t),i=
1,2)),Z= X xR”. ,PC(R,R)= (x: R R 1Zu Jx(th ) x(ti) , x(ti )=
x(te), k= 1,2, ..J. x€X, Ilx Il x= max{tg}é})ql x1(t)l, tg[%,phylxz(t)l};

P
= (% Vi, %) €EZ( Vi 2 ), iz llz= Nxllxs D vl el
k=1
s X, 7 Banach

P
1 (3) , rior Y In(1+ @i)>0,i= 1,2 Hs>0,Ha> 0,
k=1
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P
(@ + b))+ creuz = 1o+ D In(1+ an),
k=1

(a2 + b2) Quz+ c20u1 = r20+ ki;ln(1+ e )
(ui,u> )" ER™, (3) o
yit)= exp(xift) ),i= 1, 2 (3)
xfl(t) = ri(t)— ar(t)exp(x1(t))- bl(t)J‘jTLl(S)eXp(XI(t‘l' s) )ds —
01(t).[7TK1(s)exp(xz(l+ s))ds, t Atk
¥ (1) = ra(t) - a(t)exp(xa(1) ) - bz(t)LLz(s)exp(xz(H 5) )ds - (4)

cz(t).[?TKz(s)exp(xl(l+ s))ds, t Atk
Axi(ti) = In( 1+ ax), i= 1,2 k=12 ..

At x()) = n(1) = @(tjexpri(1) -
b Litsexpter (14 9 ds— e () [ Ki(s)explaa(ie 9)ds,
A2(1,x(1)) = 72 (1) = (1) explxa(1)) -

b [ Latsexpter(i+ 9 jds = e2(0) [ Ka(s)jexplai(ts 5)ds,

Bu = In(1+ au),
By = In(1+ ax),

Ae(tr) = (Aci(te), Axa(te))" k= 1,2, . p.

: (4) o (xi(t)x2(t) L (yr(t).y2 (1) = (exp(ar (1)),
exp(x2 (1)) (3) = S (4) o
L:Dom LCX N

x O (x Ax(t1), s M(t)), Vx € Dom L C X, (5)

N:X"Z
Nx = [{Al(t’x(”)],{&}, {B"ﬂ, Vx = (x1,22)" € X, (6)
A2(t,x(t)) B2 By

P:X"X Q7 z
Px = LwJ.Ox(t)dt, Vx= (x1,x2)" €X,

Oz= Q(x,di, s dy) = (%(sz(t)dm k_i‘,dk),o, 0),  Vz= (x,di, - d,) € Z

,Ker L= {x€EX: x= x( )ER ), Im L= {z: z= (x, d1, - d, ) €EZ: J‘Ox(t) dr+
P
de: 0 z , dim Ker L= 2= co dim Im L, L Fredholm
KT
P, Q , Im P=Ker L, Im L= Ker Q=Im (I- Q),X=Ker L ®Ker P, Z=Im L ®
Im Q. Ly &LIvewinkar, L,: Dom LNKer P~ Im L . L

K,: Im L Dom LNKer P

Ky (z(1)) = J:)x(s)ds+ 0 > di- %[J::J;x(s) dsdt + ka;dk(co— t)]. (7)

< 1, <1
k
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L J:;A (5.%(s)) ds+ DB
ONx = 0, .,0|, Vx € X. (8)

%(J:Az(s,x(s))ds+ D)

J:)Al(s,x(s))ds+ ZBlk)

0< <t

Ky(I- Q)Nx = -
LAz(s,x(s))ds+ OZBM)

<[k<t

%[J:AI(S, x(s))dsde+ AZ,Blk(w_ )]

%[J-;Az(s, x(s)) dsdis YiBa( o= u)]

(L %)(I:Al(s,x(s))dﬁ B

k=1

i , , x € X. (9)
(L %)(J.OAz(s,x(s))ds+ k;‘,BZA.)
Lebesgue , QN K»(I- Q)N , Arzela—Ascoli
X QON(T) K,(I- Q)N(D) Z X

QN T L-
Lx= NWx, AME(0, 1),

(0

x/l(t) = Nri(t)- ai(t)exp(x1(t)) - bl(t)-_TLl(s)exp(xl(t+ s) )ds—
01(t)[TK1(s)exp(xz(t+ s))ds], t Atk

¥ (1) = Nra(t) = axft)exp(xa(t)) - bz(z)jTLz(s)exp(m(H 5) )ds— (10)

cz(t)[TKz(s)exp(xl(t+ s))ds], t Atk
Axi(tr) = Nn(l+ ax), i= 1,2 k= 1,2 .. )
x= (x1(1), x2(t))" €X (10) (o 1) . (10) 0 ©

J:[rlm— ar(t)exp(x1(1)) - bl(x)fTLl(s)expwm s)) ds-

01(t)fTK1(s)exp(x2(t+ s))ds/de = k;ln(l+ ), (11)
J:[rz(t) - a(t)exp(x2(t)) - bz(t)fTLz(s)eXp(xz(t+ s))ds—
cz(t)fTKz(s)exp(x.(H s))ds]de = k;]hl(n i) . (12)

(10)~ (12),
J;l x/l(t) | de <J:) L ri(t)- ai(t)exp(xi(t)) -

bl(t)ﬁTLl(s)exp(xl(t+ s))ds— 61(5)£TK1(s)exp(x2(t+ s))ds | dt <
J.:[— ax(t)exp(x1(t) + bl(t)J‘iTLl(s)eXp(xl(t+ s))ds+

CJ(t)[TKl(s)exp(xz(t+ s))ds] di + J‘;I ri(t) | di =
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ori+lrl)+ ki:ln(1+ Q). (13)
J:| o)l de SOra+lral)+ zln(n ). (14)
x=(x1(t),x2(t)) " €EX, lg}hp‘yxi(t),tgi[r(l)’f(‘]xi(t) , n,§€/0, o,
2i(T) = sppai(t).  xi(T) = syp ai(t), (15)
xi(§) = dnf xi(t), (&)= dnf xi(1), i= 1,2 (16)
(15),(16) 1 ( ). (11),(12), (16)
j:[al(t)exp(xn(a))+ bi(t)exp(x1(§))]di Kriot k;‘,ln(n ), (17)
j:[az(t)exp(xz(@)) + bo(t)exp(x2(&))] dt Sraot k=2|1n(1+ a2 ), (18)
J‘:a(t)exp(xz(@))dt Sri o+ A}_Z:ln(l+ r), (19)
J:cz(t)exp(xl(a))dt Sr o+ k_Z:ln(l+ ). (20)
rio+ iln(1+ aik ) ra o4 pZ]n(1+ )
x1(§ ) Smin{ln/ s By -l — 1} = I,
ra O+ iln(1+ ) rio+ iln(1+ a)
x2(& ) <min{ln/ ((7;+ o 7, In/ = 7} = he.
1 €10, o
xi(t) S<xi1(§)+ J;| X i(t) | de+ kih In( 1+ au) | <
hi+ ori+lril)+ kZ;[I In(1+ ar) I+ In(1+ aw)] = Hr, (21)
x2(t) <x2(8)+ J;| 2 2(t)) de+ ;' In( 1+ az) | <
hat ra+lral)+ i[l In(1+ o) |+ In( 1+ o)) = Hoa. (22)
(11),(12),(15)
J::[m(t)exp(xl(l'ﬁ)) + bi(t)exp(x1(Th))]de 2rio+ k;ln(l+ k) — croexp(x2(Th)), (23)
J::[az(t)exp(xz(ﬂﬁ)) + br(t)exp(x2(Th )] dt 2rao+ k;ln(l+ ) - cvexp(xi(Th)), (24)
f;a(x)exp(xz(rt))dx 2o+ k;ln(l+ ar) — (ar+ bi)cexp(xi(Th)), (25)
f;cz(x)exp(xl(rﬁ))dx 2o+ k;ln(l+ @) - (a2 + b2)wexp(x2(Th)). (26)

14
r o+ Zln(1+ ar) — c1@exp(H2)
=

k

exp(x1(Th)) )max{ (ar+ b1)o
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P
F2o+ 2ln( 1+ au)— (a2+ b2)cexp(H2)
k=1

}= Hs,

2w

P

2 Ot Zln(l+ ) — EZ“)CXP(H')

k=1

exp(x2(T)) > max{

(a2+ b2)©® ’
P

I o+ Z]n(]+ (I]k)— ((;1+ gl)%XP(Hl)
k=1

ZI(*) }: H4.
. t€/0. 9
xi(t) Zxi(Th)- j0| ()L di= Dl In(l+ au) | 2
k=1
In Ha— &(ri+1ril )= Y 0 In(1+ aw) I+ In(1+ aw)] = : Hs, (27)
k=1
x2(t) Zaa(Th)- JO| Zo(e) L= Y1 In(1+ ax) | 2
k=1
InHe— rz+1r2l )= Y 1 In(1+ a) I+ In(1+ @i)] = :He. (28)
k=1
6
H= 1+ Y 1Hl, (21),(22),(27), (28) ,lx 1 <H. , H  MME(O,
k=1
1))
(@ + b))+ crawas = rios Y In(1+ aw),
k=1
(a2 + b2) w2+ c20u1 = r20+ Zln(1+ e )
k=1
(ui,ux )" ER*. M= H+ C, C , ln wi, Inu ll< C. Q= (x=
(x1,x2) €X: llxll< M), @ 1 (1). x€KerLN0Q ,x K
lx ll= M. ,
ri— arexp(x1) — biexp(x1)— crexp(x2) + %ZBIA-)
k=1
ONx = , 0, 0| Z0.
ri— aexp(x2) — brexp(x2)— c2exp(x1)+ %ZB%)
k=1
1 (2) . J TIm QT X (.0, . 0) f, xEKer LNOQ |
ri— arexp(x1) — biexp(x1) — crexp(xz2) + ka:ZIBlk)
JQNJC: p ’
ra— azexp(x2) — hexp(x2) — caexp(xi1) + %ZB%)
k=1
, deg/ JON, QKer L, 0} 70, 1 (3) . ,
(4) - : (3) -
3
[2-3] (1) (2) . 1
2 (1)

maxl/h_— c1exp( max/{ In r__zz’ In 1—1}+ (r2+1 a2l )w),
a c

- - r2 r — -
_ = = @) N
ra azexp(max{lnm, ]nCl}+ (re+l al) )} > 0
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max{r;— Zzexp(max{lnc%, ln%}+ (ri+l arl)w),

& Doy (Tel o
ri— alexp(max{lnal,ln62}+ (ri+ 1| a |)w)ll > 0,

alul+ clu2= ri

_ _ (ui,u2 )" ER”, (1)
au2+ c2ul= r2
3 (2)
- - _r_ I -1 =
max{rl— 01exp(max{lna2+ At In 01}+ (re+l a2l )w),
- . |
r— (a+ bz)exp(max{lngz_l_ b2,1n01}+ (ro+1 azl)w)} > 0;
max{r;— c_zexp(max{lncﬁ, ln%}+ (n+l al)w,
ri— (al+ E)exp(max{lna—l:_—lb—l,ln%}+ (ri+l Ell)w)} > 0,
al+ bl)u+ cluz=r1 . .
(ar+ bt ewr=rt (ui,us ) ERT, (2) ©
(a2+ b2) w2+ c2ui=r2
, 2,3 [23] ; [2-3]
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Positive Periodic Solutions of a Lotka-Volterra Competition
System with Impulses and Delays

WANG Dong-shu, WANG Quan-yi

(School of Mathem atical Sciences, Huaqiao University, Quanzhou 362021, China)

Abstract: In this paper, a Lotka-Volterra competition system with impulses and delays is investigated. By means of co
incidence degree theory and some analysis techniques, we obtain a new result on the existence of positive periodic solutions
to the system, which shows that impact of impulsive effects on existence of positive periodic to the system.

Keywords: delay; impulse; positive periodic solution; coincidence degree theory



