%29 K57 M FTRIFRFFHROBAHAFIR) 2012 4E7 A
Vol.29 NO.7 J Chongqing Technol Business Univ. (Nat Sci Ed) Jul. 2012

XEHFS 1672 -058X(2012)07 —0001 -05

— X ZHEELMERERS TIERRBREFEDNSR

Vgl =
J& B, RS
(ZBUR2E BUFRl 2R B, 28 A AR 230039 )

8 E:#F))) Mawhin T4 E AR — L5 FHR T ZHr-3F K0T i 7 A2 69 B B0 5 A2 64 9
B x" (1) +f(t,x) [x/ (1) 1" +a(0)x’ (1) +b(0)2* (1) +c()x() =p(1) (n>2);F LB FREVHE3 AN
B AR 6 T4 e 2.

KW : S AR EE L R RS A2

FESZES:0178 XHEAR SR A

1 T2 R 53 7 R F A (R A AE P AR A A S R e S A A B2 3 3, 5 T AT 6, O
BT —Sehp g B, SOk 1) FHE A EFRSHE ST T A Bz sRii o o
K" (1) +f(e,x)a" + B(1)g(a(t —7(1))) = p(t)

JE A e PR A ) 05 SRR 2 ) FH & BE BRI SE 1T R 7 2

2 (0) + f(ex () (e = () [x' () ]" +a()x’ (1) +b()x() =p(t) (n=2)
P B HAFAE WA JE I g 109 78 43 25 F s Mawhin 55 45 B S 15 B 0 B8R FF 5 8] 30 e A e P ) B s A 0 9 1
H ARSI AW A A DR X R OB 24 R AR I AEAe e . 9028 18R 1 R SOk —
P () oy A

(1) +f(x) [ (1) [+ al)x’ (1) +b()x’ (1) +e()x(t) =p(t) (n >2) (1)
Hrf(e,®,) H RxC[ -7,0] BESERE, a(r) ,0(1) ,c() ,7(2) ,p(1) R FIIESE 0 - FIH KK 0 >2
B, A Mawhin 54 B2 BIS K — 2800 Brdl 15 A3 Bk 205 #E 2 /D AEAE 3 A SR MR AR 7o 0 &5

1 &AM

FIATHNES
- 1 L . M
g = ZL g(t)de,g” = lerr[l(}g}g(t) & = ,,i?(?ii]g(‘)’
Horp g BBELEN) o — 1Y EI R %L, &
CZ) =lx|x e C'(R,R) ,x(t +w) =x(2)},

ol

M

Pl 1 = max{ [x[,, [« [, = max [2(2) |
te[0,w]

2%

s H ;2012 - 01 -05; &[5 H #§:2012 - 03 - 02.
* BRETE : ER A ARRAALAE (11071001 ) ; ZHAE #H T H 550 H (KJI2009A0057 ) s Z R FAAHT A1 BATI H (KITDO02B) .
EZ B 83 (1988-) , Lo, B BHN W55 4, Rz el il 3 Jr BRIt 5.



2 FRIHAFFRCEARFER) %29 %

C =lx|xe C(R,R) ,x(t +w) ==x(1)},
HHoE U
Izl = Ixl..

%15,C,C, ¥4 Banach 23 [H].

TSR (L) B W B AAAERE , 51 A Mawhin 543 3 fE3 2 .

W X, Z 2 Banach 25 [0 %3 [i] ,L: D(L) CX—Z AL, R dimKerL = CodimImL < + oo, H ImL Jy Z
A 4 MIRRLET L M 48 FR A ZAY Fredholm 37, MR L 23545 HZEHY Fredholm 55.F,P: X—X,0:Z —Z
RIECFEE A 2 ImP =KerL,KerQ =ImL X = KerL @ KerP 1 Z =ImL @ ImQ, Wl L1, ) ..p FT 38, Hoith
WS R K, : ImL—KerPND(L).

T ImQ 5 KerL [Al#), iC[RIFG WSS J : InQ—KerL.

SI 1 ¥ L,P,QFK, WL, i QCX KA RIFE N X—Z EQ 1 L - %10, 3FH.

(i) VYAe(0,1),xe0QND(L) ,#/FH Lx#ANx;

(ii) XV x e a2NKerL, #YE ONx#0;

(iii) deg{JON,QNKerL,0} #0

W4 L = Ne FEQEFDH —AMit X = CL,Z = C,, & Lk TiE5

L:D(L) = {x:x e C(R,R) |NC.} CX—>Z,Ix ="
54 KerL =R, ImL = {x:x e Z,x =0} , LA L 355 R Fredholm 57, i LB T P,Q 4%
W
P X—X,[Px](1) = 2(0) = x(w);Q:Z—Z,[Qx](1) =«

JU| TmP = KerL,KerQ =TmL. 2 L, = L1 ;) o, WU L, 7138, HCFT 3965 K - TmL—D(L) NKerP H.

(Kpy D (1) == [ =)y (o)ds + [ (1= $)5(5)ds

2 EFEH#R

N TETFRER, L A(r) =b> (1) =3a(t)c(t) ,B(t) =b(t)c(t) +9a(t)p(t),C(1) =c* (1) +3b(t)p(t),
24(t)b(t) —3a(t)B(t)
347

A(t) =B*(1) —=4A(1)C(1) ,0(1) =arccosT(t) ,T(t) =

TEE1 %&n>2, N
(H,) a">0,A" <0, |T(t) | <1,(b")* =3a"¢" >0,b" <0,C" >0
(Hy) 3o >0, 2 | f(t,®) | =0,V (t,d) eRxC[ —7,0].
MR (1) BAETE 3 A o - JRI R
iEBR 4 N.C.—cC, 0
[Nx](t) == [f(t,x) [« (1) [" +al)x’ (1) +b()x" () +c()x(t)] +p(2).
M () B F R Ly = Ne. SRFEHETTRE Ly = ANx (A e (0,1) ), AP

2"(1) + A[fCx) [ () 1"+ a()x’ (1) + ()2 (1) +e()x(2) ] + Ap(1) (2)
&x(t) Eijjj%%Lx :/\Nx(/\ € (0,1))[@]‘]’@&#%,&@ t,,8 € [O,a)] /1%?5“
x(t,) = terl?ggjx(t),x(sl) = t;rg&ax(t).

Wx'(t,) =x'(s,) =0,x"(1,) =0,2"(s,) <0, F=E(2) 7[5
a(sl)x(31)3 + b(‘sl)x(‘sl)z +C<31)x<31) —P(Sl) =0



%7 B %, F R AR o 7 R R A R A 3

AT
~b(sy) - 245 (s, ) cos 280 b(s;) = AF(s,) (eos 28 _ g, 00
3 <ax(s;) < 3 3
3a(s,) ! 3a(s,)
B
-b(s,) + A%(sl)(cos L(;') + 3%sin 0(33' ))
x(s,) =
3a(s,)
Sy ik
u, < x(s)) < uy,x(s,) = us. (3)
Hrp
_ bM _ 2 (bL)Z _ 3al4cl‘ _ bL _ 2 (bl,)2 _ 3al4cl, _ bM _ 2 (bM)Z _ 3(1"0/”
u = M sUy = L yUs = M
3a 3a 3a

KUY «" (1) =0 715
a(ll)x(t1)3 +b(t1)x<tl)2 +C(t1)x(tl) —p(tl) <0

1%
)
-b(t,) —ZAZCOS?I
x(tl) = 3a(t1)
a
_ > 6(t,) 1. 6(1) _ . 0G) 1. 6(¢)
b(t,) +2A,](cos 3 - 3%sin 3 ) _ b(t,) +2A,l(cos 3 + 37%sin 3 )
<x(t) <
3a(t,) 3a(ty)
by Bk
x(ty) < v, <a(ty) <o, (4)
Hrp
b 3a* = 3a" " 3a* '
M B SRR (H, ) R
u, <x(t) <v,,¥t e [0,0] (5)
v, <x(t) <u,,Yt e [0,0] (6)
u, <x(t) <v,,¥t e [0,0] (7)
(1) &) BL, W AT HEAS A e R4 M, >0 (A M, = max{u, ,v, | ) ffif5
(x|, <M (8)
Xt (2) Wi B4
[ 1) T2 e+ [ Tao2 (1) + b2 (1) + e(Dx(0) 1de = [ p(o)de = 0. 9)
LA
[ 1) )" Lde < ol Ip| +Mia + 0 16| + M, ).
I A5F (H,) AT

o [« [de<oClpl +Ma+ M [b] +M, o).



4 FRIHAFFRCEARFER) %29 %

R

jo |’ (1) dtg%( pl +Ma+M b| +M, ec).

DAt

d+o(lpl +Ma+M|b] +M,ec).

x|, < L (1) de < M, \f %' (1)"
Horp M, =, 3up (e, @) | . BRI RS f(r, @) R iESE R8O A T A AR B M, < . I,
HAES X TCRHEE M, >0 {415

(2" . <M, (10)
(1) 23 C6) BT, WIRTHERS  FAAE R 2 N, >0 (W N, = max{u, v, | ) il
[x]. <N, (11)

X2 (2) IR, T
= [ @des v | [ o
SR N, = sup |f(, @) | BRI, 1946 5 A XT8N, >0 fii

d+o(lpl +NMa+N|b| +N, ¢

x|, <N, (12)
(IN) #=R(7) Bar, WIATHEAS  AFAE R 5 Ly >0 (WEL L, = max {uy v, | ) 15
(x|, < L. (13)

X2 (2) PIABGY TAR 1
s [ e | [

Hirp /L, =, 3up | e, @) | AL EAE S A BRAR B L, >0 fHif5
x|, <L, (14)
Bkt x(t) e KerL H QNx =0 N x () =CHE) , 2

%[fa(z)cﬂh # b [eycd - [pya] =o.

d+o(|pl +La+12|b]| +L, c).

RfI
aC’ +bC* +¢C -p = 0. (15)
fi 15
—E—ZZ%cosg
C :Cl = — ’
3a
%
- I;+Z%(cosg - 3%sin ?)
C = ¢ = — ’
3a
£
- I;+Z%(cosg + 3%sin %)
C=c¢ = — .
3a
VLAl

u <c¢ <v <0, <¢ <U, <uz <c3 <1y

A VA A
BB B r, ,ry,rs,r, IR v, <71, <1, <0, <u, <13 <7, <Uy, FEA



518 A &, E R RER S T RAEREA A 5

2
|

={xxeX,||x||, <M +M, +N, +N, + 1L, +L2,lrr[1§lxjx(t) <rnt,
e[0,w

S
[

={xwx e X, ||x], <M, +M, +N, + N, + L, +L,,r, <tn[1(:)1xx(t) <,
O, = {x:xeX,|x]|, <M +M,+N, + N, +1L, +Lz,inaxx(t) > r,f.

AR O O, MO, ¥ X ARIFE, QNN #d, I NEL S NENL (i=1,2,3) L RHL-
B, A (16)m[fFx=c, e ,x=c,ef), lx=c, . HTF KerL e R,[HIt a2 NKerL = { — (M, + M, +
N +N,+L, +L,),r | ,0,NKerL = {r,,ry|,00, NKerL = {r, ,M, + M, + N, + N, + L, + L, .

e, e NKerL(i=1,2,3). ITLL, XM Vaee2 NKerL(i=1,2,3)¥FH NOx#0. XHz(8).(10) . (11),
(12) .(13) ((14) "0, Y v e 2,(:=1,2,3) , XV e (0,1) 244 Le#ANx. ZHTIBE 1 95040 (0) (i) #E

K2 ImQ = KerL =R, Fr AR J 2y A AR AR (15) 7HET 15 deg{ INQ, 2, NKerL,0f =sgnf '(¢,) #
0(i=1,2.3).

g5 Bk, CETERIA T 2, (i =1,2,3) 5138 1 o i S5 FARJ2 i7 AY, PRLte, ARIE 5 38 1w s (1) FE 4
—AN, (i =1,2 3) WEDA— AT, MR (1) FAPAE 3 NSRBI EH | FHE,

Sk
(L] AR50, 5530w **#M‘Zi@ﬁ%ﬁﬁﬂﬁﬁ%ﬁfﬁl‘ﬂ”ﬁ[ 1. HroA41E,2004,47(3) :569-578
(2] M8, IR, — Bz M Ir B2 A R e e ()] Bes B4 ,2010,30(2) :525-530

[3] LI W G. Periodic solutions for 2kth order ordinary differential equation with resonance[ J] . J Math Anal Appl,2001,259.157-167

[4] FU Z C,HUANG Q D,SHI S Y. Existence and uniqueness of periodic solutions for (2n +1)th order differential equations [ J].J
Math Anal Appl,2000,241.1-9

[5] LIU Z L. Periodic solutions for nonlinear nth order ordinary differential equations[ J].J Math Anal Appl,1996,204 .46-64

[6] ZHANG Z Q,WANG Z C. Periodic solution of a class of second order functional differential equations[ J]. J Math Anal Appl,
2004 ,292.115-134

[7] MA R Y,CHEN R P,CHEN T L. Existence of periodic solutions of nonlinear first-order delayed differential equations[ J]. J Math
Anal Appl,2004,292.115-134

[8] GAINES R E,MAWHIN J L. Coincidence Degree and Non-linear Differential Equations[ M ]. Berlin:Spinger,1977

Existence of Periodic Solutions to a Class of Nonlinear

Second-Order Differential Equations with Delays

ZHOU Ling ,ZHOU Zong-fu
(School of Mathematical Sciences, Anhui University , Anhui Hefei 230039, China)

Abstract : By using the coincidence degree theory of Mawhin and some analytical skills, this paper studies the
existence of periodic solutions to a class of nonlinear second order differential equations with delays as follows,
X"(1) +f(,x) & (0) 1" +a(e)x (1) +b()x’ (1) +e(t)x(t) = p(t)(n >2), some sufficient theorems for
the existence of at least three periodic solutions to this equation are given.
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