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) = f(tx(8) . x(t= T(1)), wx(t= Tu(1)) (1)

T O

,x(t) € C(RR),f Flt+ T, ) = f(t, ), T()(i= 1,2, -um)
T .
() 1 , .
X Banach R
Ix = Nx (AMET0,1]),
, L:DomL N X~ X ,AET0,1] . P,Q
P:DomL N X ~ Kerl,
Q:X ~ X/Im L*

—

H X  Banach L Fredholm JN:QT X QL

Q X .
(1) Ix # Wx, VAE (0,1) (Vx €0Q N DomlL),
(i) QNx Z0  ( Va € 0Q NKerl),
( ii) deg{QNx, Qn KerL,(} Z0,
Ix = Nx Q .
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1
1 (1)
Al) Ro> 0, w> Ro(t= 1,2, -.om) ,f(t,ui,uz, -nus) > 0 < 0);
u;<— Ro(i= 1,2, --.m) f(t,ui,uz, ~yun) < 0C > 0);
A2) | f(t,x(t),x(t— T(e)), ~a(t— T(t))) | Sao(t) ! x(1) 1+
ai(t) l x(t—= T(e)) I+ ot an(t) | x(2—= T, (2)) I+ p(2),
,ai(t) (i=0,1,2, ...m),p(t) T . a; = r[r(}aT)](I a(t)!l, T.mZa,-
<1 (D T .
X:{x(t)EC(R, R), x(¢+ T)=x(t)>, | x 1o =
[moa%(l x(t) I, X lxlo Banach
= 2X1), Nv= f(t,2(1),x(0= U(t)), -a(t- T(1))),
Px = = —‘rx(t)dt x(t) € X)e
, L Fredholm , N Q L Q X
Ly = Mx( A€ (0,1))
X)) = X(t,x(t),x(t— Ti(t)), - x(t— Tu(t))) (A€ (0,1)) (2)
x(t) (2 T , x(1) A © (2 0 T
ﬂf(t,x(t),x(t— T(t)), (= T(2)))de= 0 (3)
Al to €[0,77],
| x(to) | < Ro* (4)
, x(t)> Ro, t €[0,T], x (1) ., Vi E€R,x(t)> Ro,
x(t— T(t)) > Ro(z= 1,2, ...m)*
Slx(e),x(t= T(t)), - x(t= Tu(2))) > 0,
Jj)f(t,x(t),x(t— Ti(t)), x(t— Tu(t)))de> O
(3)
x(t) = x(to)+ J:xxs)ds (t €10,T]),
|x(t)|<Ro+£|x>(t)|dt‘ (5)
(3) *i), 0O T

JZI > de = )\J:Af(t,x(t),x(t— Ti(t)), wmx(t— Tu(t)))dr <
f)l ) L f(e (), x(t— T(e)), ma(t- Tu(e))) | dt <
J:I X))l (ao(t) I x(t) I+ ai(t) | x(t— Ti(2)) I+
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an(t) 1 x(t= T.(0)) 1+ p(1))dt <
aoﬁ) | %) llx(e) | de+ alﬁl w¥t) (= T(t)) | de+ ot

amr | b)) la(e— T(e)) | de+ bﬂ | ) | de,

, b= max| p(t) |*

[ar]

(5 .
f| ) lw(e— T(e)) | de <Ro_r|xm | di+ [fo| x%1) | dt] <

Roﬁ | 2%¢) | di+ Tﬁ | 2X1) | “dee
JZ| b t) 1 7de <[Roi$ai+ b]JZI ) | di+ Tiiaiﬁlﬁft) | 2dee
[1- T:ZaJ JZ| o) 1 0de <[1{0§'.a,~,+ b].roum) | de <

(0 5is Ja{[ o]

2
Ro i+ b
JZ| a0 e < L
1— T_Za,-
(5)

|l x(t) | SRo+ J.:um) | dt <

; 1
Ro+ ﬁ“o | xX 1) Izdt} T <R+ [TR, = R,

T= R (6)

Q:{x(t)EX||x|0< Rz}, , Ix = Nx,
T
T(t) = T(i= 1,2, .., m) , (D
o) = f(1a(0) x (1= T) s (i Ta))e (7)
2 T a(t),t= 1,2, -.,m,p(t) ao(t),

| F(tox(t),x(t= T)y cma(t= T)) = ao(t)x(t) | <
a(t) 1 x(t=T) I+ ot an(t) | x(t= T) I+ p(t)*

m

A2)  ao> 2 ai = max| a(t) l,i= 0,1,2, ...y me (7)

[a7]



108

1 , X T ,
Lo = oXt),Nx = f(t,x(t),x(t— T), -x(t— T,)),

Pr= Qv= 1 a0 d (x(1) € X)e

Iy = Wx (AME(0,1)),

Xt) = X(t,x(t),x(t— T), —yx(t- T)) (ME (0. 1)) (8)

x(1)  (8) T . x(1) A - (8) x(1) 0
.[Ox(t)f(t,x(t),x(t— T), ey x(t= T))de= 0 (9)
Al

|2 () (e a(e), x(e= ), na(t= T)) = ao(t)x(t)|=
lx ()f (2 (0) o (1= ), (1= T)) = ao(t)x'(1) | <
ar(t) |x(e) la(e= T) [+ ot
an(t) | (t) Nx(t= Ty 1+ 1 2(e) Ip(t),

ao(t)> 0,

x(Of (tox(t),x(t= T), cmx(t— T)) Zao(t) | x(1) I~
ar(t) |x(e) Nw(e= T) |- oo
an(0) |2(0) lx(t= T = p(o) la( o) s

(9
ao-rol x(t) 17de <a1£|x(t) Nx(t— T) |de+ .

a,,,J:|x(t) Na(t— T,) |de+ b.[(j|x(t) lde, (10)

b= [maxlp(t)| .

flx(l lx(t- T) |dt\[.r|xt)|dt} [flxt—T Idt} =
flx(t)ldt,

J‘rlx(t 2de < > irl x( 1) |2 de + b‘rlx(t)ldt,
[ao— LZ}JJIx(t)I de < bj () 1de < b,/_(JJ|x (1) 17d1) 7,

2

r b
Ox(t)lzdt<{ } T= R (11)
Lo <75,
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to €10,T], | x(to)!l < %-
x (1) = x(to)+ J::W(s)ds,t €[0,7],
|x(t)|<R0+J1|x>(t)|dt<ﬁ+]~0|x%t)ldt, (12)

Al)
L f(t,x(t),x(t= Ty), -x(t— T,)) | <
L f(t,x(t),x(t— T), ceya(t— Tw)) — ao(t)x(t) I+1 ao(t)x(t) | <

ao(t) 1 x(t) I+ ar(t) | x(t= T) I+ ot au(t) | x(t - T) 1+ p(t),
(8)

ﬁl 1) | di <fo<§mm (i T) I+ ao(t) | x(2) I+ p(2))dt S
o 1ot Ve S5 [ 1t T e -
aofo L x(t) | de+ pro | x(t) | di+ O <
[ S]], v vant o r <[ S) e = g (1)

(12) (13)
|x(t)|<ﬁ+ R:= Rs*
Q= {x(t)EX||x|0< Rz}, , (7) T
1 [2]
dv(e) N(t){r( ~ ao( 1) N (1) - Z () N (1 - Ti(t))}, (14)

r(),a(1)(i= 0,1,2, <y m), T(1)
N(t) = exp[x(2)], (14)

X)) = r(t) — ao(t)x(t) - Z ()x(t- T(1)) (15)
ai = maxai (1), (i = 01,2, wym), Ti;:ai< 1, 1
(15) T . (14) T
2
aXt) = aox(t) - iZai(t)x(t— T)+ p(t), (16)

a(t),p(t) T , > 0= 1,2, -, m) ,ap< 0
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m

) |al> .Za,- , ;= maxla()l(i= 12 . m) (16) T
2) J._T— _Zpi(s)exp[ ao(t— s)]ds S1+ %exp[ ao T, t >T= llgia%"'fi, (16)
T , .
1) 2 ;
2) [3] 1 .
[ |
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On the Existence of Periodic Solutions for Nonlinear
System With Multiple Delays

CAO Xian_bing
(Basic Sciences Department , Beijing Technology and Business University,

Beijing 100037, China )

Abstract: The existence of 7_ periodic solutions of the nonlinear system with multiple delays is stud-
ied. By using the topological degree method, sufficient conditions are obtained for the existence of 7_
periodic solutions. As an application, the existence of positive periodic solution for a logarithmic popu-

lation model is established under some conditions.

Key words: multiple delays; periodic solution; topological degree



