%29 K% 8 FRIBRFZM(ARFFIR) 2012 4£ 8 H
Vol.29 NO.8 J Chongqing Technol Business Univ. (Nat Sci Ed) Aug. 2012

XEHS:1672 -058X(2012)08 —0001 - 07

— KRB BN WA Lienard 712 2 B B %
HWFEEEFME—M"

HEfs, £ R e, skitt =

(LR HEERAE2EBE, 4 230039)

@ E .4 A Leray-Schauder 226 #1507 — & BLA 47 Bt it o Liénard 77 A2 5B A g 64 e M Fovfe — .
KR oA uhi; Liénard 75 42 ; Leray-Schauder & 226 ; B8 #A ¢ ; G "R —
FESES:0175.12 XERARERD A

it et JUAR AT AT Lienard J5 7 9 JE 910 FVARE FEL SO0 2 LR PRI —PEREA T TR A BOBSE . B2
Rhap B0 % JB R SE P, ot 2 S 3900 5 ) A0F 95 3 4 5 AT S T FE STk [7 ], 1 35 FILFH Leray-
Schauder i BEEHTFE T —% Lienard J5FE " +f(1,6' (1)) +g(t,a(t=7(1))) = P(1) WM LFFELER]
ME— k. 7RI IERY R Leray-Schauder 5 HE & A 43 A IS4 Lienard J7F2 .

a + f(tx' (1)) + g (t,x(t = 7(2))) +h(t)fl<(s>g2(x(t -s))ds = P(1) (1)
1) B S 10 it B A A P O — 4 T SCHRL7 ] 4521
Hift, g h7e € CCRR) fugy € CCRxR—R) [ K(s)ds <+ BIK(s) R = [0, + %) I
()2 2L R AR, HLH A2

(HI) RHERH) tv e RABAT S+ 5, =x) = ~f(00) s (1437, =) = =g, (60) (=) =g (x)
(t+§) = —p<z),r<z+5T) =r<t>,h<t+21> = —h(0).

X1 # w472 = —ul(t) FRESIRE u(n) :RoR B M. 8% ut+ ) = —u(1) 0

(t+T) =u(e),fRix:

(H2) fEAE—AAE B L, R L, 07 | g, (1,x) —g, (7)) | <L, |x=y |, |h(t) | <H, | g (x) -
& (1) | =L, [x=y |, Vx,yeR BIAIAHS

Ch:={xeC(R,R) x(t+T) =x(t),YteR}| ke {0,1,2,}

Gt = e CHURR) i+ 1) = —x(1) V1 e R
el = U0l [0, x| = max (o) | 15 ] = max (29 (0) |
1 0.7 te[0,7]

I =maxt [a |y o', L [ 9 Vae€hr

WFE HER 2011 — 11 -22;4&[E H#§:2012 - 01 - 06.
« HETE  ZEERK HRBIE 34T AT H (KI2009A49) ; 22 0F 5T A4 BHFE T 22 415 H (YFC09011) .
YEE B : R (1987-) , 5 alEg =11 N, WA 52 A4 , Nl i 5 s i R 5¢.



2 FRIHAFFRCEARFER) %29 %

1 EEHIR

21310 0 BRI ) X g BT, [ RO LA TS, IR degl £ ,0Q,p] #0,p e

X\A0) WIS (x) =p 76 Q WEDAFAE— ik,
g13E 21" PrxeC(R,R),HVteR,x(t+7) —x(t) I (e)de =0,

[2'(0) |5 < ( IEUCRE (2)

\f (3)

SIE 3 #UrE ()WL (H2) FLi A F o4 —
(H3)  FPLER 8 L, (7

BT \
2Tr+ i+ L, 12f | K(s) |ds < 1

‘f(t,x]) -g,(1,x,) ‘ < L, ‘xl ) ‘ , Vi, ,x, e R
(H4) FELEHECm 15
fltu) = flu),mlx, —x, 1> < (5, —x,) (f(x,) =f(x,)),Vt,x,,x, € R

0 ngTL] +€THL2LDQ |K(s) |ds < m
(1) ELAF(E— ) -

iERA ﬁﬁxl(t)%ﬂxz(t)%ﬁﬁ(l)E‘Jﬂﬁ/l\zlfiﬁ,ﬂ;ﬁﬁié,ﬂﬂ
(v, = 2)" + (fe,2, (1)) = f(,2," (1)) + g (1,2 (2 =7(1))) -
& (i (t-7(1))) + h(b‘)fK(S)(gz(xl(t —35)) — & (% (1 —s))ds =0 (4)

Bz(t) =, (1) —x, (1), A3 (4) ik,
(z())" + (fQ,x" (1) = fQr,x" (1)) + g (1, (2, (2 = 7(2))) -

g (1 (1= 7(D)) + () [ K() (& (3, (1 =) = g (1 =) )ds = 0 (s)
BRR 2(1) =2, (1) —x, () 20E CAE R 0 S pRi %8, )
LTz(t)dt - ng(t)dt ¥ j;zmdt - fzu)dx +L;z(t +2)di =0 (6)
HI R B B AFTE £ [0, T, 73 2(£) =0.

HA B 3 A
T '
zwsjuzz (7)
i (H3) a (H4 ) s, 45 T B BRI L
W 1 WS (H3) oy, MR (S) P TR, —2(¢) B O 51 T34 A
|2’ |2 =—er"(t)z(t)dt =

[ () =)= d + [ Calrn, (1= 7)) -



%84 H A, % — R B A i Liénard 77 #2 SR 1 09 77 4 B A vt — 3

gl (1= 7())=(0de + [ h() [ K() (g (x,(1 =) -
& (2, (1 =) )z(t)dsdt <

LgLT\x’l(t) -y () | [2(e) [ de +L1LT L, (¢ =7(2)) —x, (¢ —7(8)) | |2(2) | de +
LQLT[ [ K(s) | |w,(t=s) —x,(t =) | [h(e) | [2(2) | dsde =
L[ 12 | 1ao) e+ L[ 1= () | 12(e) Lt +

szf [KCs) | LzCe=s) [ Th(e) | 12(e) | dsde
M (2) (7) M Schwarz A&, A
|25 <Ly [2'(e) [, 12(e) |, + L | z] uole(t)olt +L,H|z| wLwK(s)dsfz(t)dt <

L3‘z'(t) ‘z‘z(t) ‘2+L1‘z‘w /T‘z‘2+L2H\z‘mJ; K(s)dsﬁ‘z‘zS

LT ’ T ’ T ’ T ’ * T
: ‘z‘§+Ll *\Z\sz ‘Z‘2+L2H 7‘3‘2‘[ K(s)ds T ‘Z‘zg
N1 N 12 o 21

LT 31 fT 2
N e WO EE (8)

W 2(e) 2 (t)%‘ﬁfeﬁﬁﬁﬁi 32 PRIER, H 2 1¢(H3)%ﬂﬁ(8),?‘§rdt)Ez’(t)EO,VteR. I 2, (1) =x, (1),
YieR NIMiJfE(1) BEH L5 BI7.
fBS 2 AR (H4) 8oL, X5 (S) MR L 2" (¢) 0 2] 7 Uy A

T
mlz' |3 =Lm\x’1(t) —x, (1) |2t <

[ ) =) (', () =y () =

[ = 7(0)) =~ G = 2(0)))2 (i -

[ WO [ K (g (1= 9)) = g1 (1 = 7))/ (1) ds <
L 1x (= 7(0) == 2(0) | 12(0) e +

L[ [T 1K) |12, (=) =x,(=9) | 1200 [ dsde <

Llel [ 12 e tatt 2 [T 1KG) L[ 100 e <

3 , 3 ” '
B, 1213+ B[ 1K) a1 =

By B [ 2
CoTL +'CTHL, [ [K(s) [ds) [2']3 (9)

B (3) (9) FI(H4) 155 2(1) =2"(1) =0, VieR Wit x, (1) =x,(1), Ve R TR ZE2H TR
Je 391 1%



4 FRIHAFFRCEARFER) %29 %

2 EEFRKIEMH

1 B (HL) A7, SR (H3) A1 (H4) o 2z —plar, WIT7 7 (1) A E— (1 S S 393 i
IERR Mg TR (1) B B 5 e

2 == A(t,x"(t)) —Ag, (t,x(t —7(t))) —)\h(t)LwK(s)gz(x(t -s))ds + AP(s) =

AQ, (t,x,x") A e [0,1] (10)
SIS AL, (D) B2H AR E g, N EE e HE 1, REHIE (1) 208 —A- R . T 1
FIFHS 31 RIER 7 RE (1) A —A 5 3 i

BRI x e C SRR (10) (5L 2 08L(7) UM it B

21, < fo 1, ()
XF(H3) MI(H4) I8N T BRI -
B 1 AR (H3) oz, 7R (10) P L -« (¢) HA O 2 TR A

213 == W (Dx(dr =
M A (D)4 A [ (= () e i+
A1) [ K9 (a1 = 9))x(0)dsde = A [ ployx(r)de <
[ 1A 0 =000 | 1xCo) L+ [ 1A0) | 1e(o) [t + [ 1 gy (e = m(1))) -
g (1.0) 1 1) Lo+ [ 1, (1.0) | Loy Tae+ [ [T 10 T 1K) |1 g(ex(e =) -
&:(0) 1 L) Ldsde + [ [ 1h() | 1K) | 1g(0) | (o) [dsde + [ [p(o) | |a(e) | de <
Ly la" [ lwly + L lx | L x|, VT + HL T [ x|, \x\zf [K(s) |ds +

HIT & (0) | v [ IK(s) [ds + [max] |f(1,0) | +

lg(1,0) |:0<e<T) + [pl.]lxl,/T<

Ty 2, By g 5
L32ﬁx‘ 12LT‘ E 12w |5+
HT JT ,
T o) [T 1K) s, +
21T o
TJT, |
[ max | \f(t,O)\+\g(t,O)\:OstsT%+\p\w]Tf\x\2 (12)
i (H3) 1 A —A 5 D, 75
‘x/‘ZSDl"x‘wle (13>

B e [0,7] 78 |x(r,) | =max,_ o p |2(e) | 02" (1)) =0. FFLEREL D, WA (14) ;
/(1) | = |2, (1) +£x"<s>ds\ <

[ ()) + (o5 = 7())) + h() [ K(D)as,x(s =)o = ps) | ds <



%84 H A, % — R B A i Liénard 77 #2 SR 1 09 77 4 B A vt — 5

j"r 72 = f(1,0)) [ de +LT f(1,0) | de +Lr‘g1(t,x(t -7(1))) - g (1,0) [di +
J;T‘gl(t,o) | di +J;TL°° (h(t) | [K(s) | |g,(t,x(t—5)) —g,(0) | dsde +
J;TJ: [h(e) | [K(s) | [g,(0) [dsdt <

LJT |« |, +L,T|x ], +L2HT\x\wL |K(s) |ds + HT | g,(0) \L | K(s) | ds +

T[max{ |f(t,0) —g(¢,0)|.0<¢:<T} + |p|l,]<D,,Vte[0,T] (14)
152 G (HA) oz, xR (10) g DL «' (¢) HAN 0 2] T 845 A

mle |3 = [ me (e (<
[ ey - 70))x (1 ar =
[t =m0 (= [ B [ K(s)ea(at = 5))a' (1) dsde +
[[pCox (e = [FO)w' (1)t <
[ e (raxti=r(0)) = g,(1.0) | 1#/(0) |de +
Lv‘f: (R | TKG) | g (e =5)) = g2(0) | [2"(2) | dsde +
LTLM [h(e) | 1K) | [g:(0) | |2 (2) | dsde +
f\pm\ %" (1) \dw[\f(oﬂ | (1) ‘dt+LT\g1(t,0)‘ /(1) | di <
Llf\x(t —7(0)) | [« (2) \dt+HL2Lw | K(s) \dsf\x(t ) | Ix'(0) | de +
& (0) [H[ " 1K) s Lo Lo [ [ 1p(o) |+ 170) |+ 1g,(1,0) |1 1x'(0) e <
gLIT\x’ : +“/6—§HL2TK |K(s) [ds|x' |2+

[max{ [f(2,0) | + [g(£,0) |:0<e<Ti+ [pl ]VTIx"|, (15)

WAETEHE AL D, (15
‘x"ngs , ‘x‘w$D3 (16)

[RIREXS I FE(10) PR LA 2" (1) HNO 2 T FVy A

=[] e s
LILT\x(t - 7)) [ 1«"(e) [de +LT [g(2,0) [ |a"(2) [de +
L[ [ 1K) | LxC=9) | 1) | dsde +
H1g(0) | [ [T 1K) | 127 Lasdr+ [ 1p(o) | 1x(o) | di <

L1D3\/T‘x"‘2+L2HD3ﬁL | K(s) ‘ds‘x”‘2+



6 FRIHAFFRCEARFER) %29 %

H12(0) | T TKG) [ds [, + Tmax, o 12200 |+ [p(0) [ 1T |2
A5 1B 3 J A7 AE— AR D, , 15

() | < J5 1"l < Dyt e 10,7] (17)

LA (13) (14) (16) FI(1T)  FEEERE M, > max | D, +Dy, Dy + D, | i max | [x [, |2 [ L) <My, &
M=M, +1 Q= xeCy? =Xmax| x|, [ || <M},

RAR A e (0,1) 7 (10) 45502 VAT S JE M. F HTE DN )7 1) B JEL 0L e . (T e
C;%,mux(;)ﬂu%ﬁi Fourier JE2 ;

- 2w (21 + 1)t C2mw(2i+ 1)
x(t) = z [azHlCOS% + by, sin %J

i=0

YT L:Cyr—Cy I

o by T < ypy . 2m(21 + 1)t by, 21T(2L+1)t
(Lx) (1) = f’“ )ds’zw T e L T ] (18)

WS (1) (1) =2(0)  HL

\uwmwsLuuHm+fzz+l7ww+—«zbm<z(zﬂ> (19)
FER
S 1L _m
(Z (2.+1>2) Y
A Parseval | El%f:JUO lx(t) |? dt—fz[az I S I ) R
‘(Lx)(t) ‘ <T|«| +472—(;(a;+1 +b§i+1>) < [« +7(?f ‘ (t)‘ dt)z =
(T+-) %]t e [0,7] (20)

WUHMHMH$U4§HMHﬂﬁ¥LﬁEﬁ%%
XV CEF L APECHD 1 Q, (142 (i 2) (14 2)) = =@ (1,x(1) ' (1)) IAE 0, (1.2(1).

W(1) e Chr. ENET F#:DHC?,’%CX WR:F,(x) =AL(L(Q,(x))) =AL*(Q,(x)),A e [0,1],
Arzela-Ascoli%lIﬁEﬁEF RHERUE, BAR F, AE Q FROARSI SRR TR (1) B9 52 S5 191 .

& RS H, (x) :0x[0,1]—Cy T JH, (x) =x = F, (x) , 1 Q& XFH,(a0) 20,1 [0,1],
K, i Leray-Schauder & 1) E RS AZEMEH] degix — F x,42,0} =deg{x,0,0} 0.

B3 1, R o - Fioo =0 76 Q WEDH —AMf, BVEF F, 76 0 AME— AW Amisf (1) A
WE— 1% 2 ] S fie

3 % fi

wf(t,x) zlfx(t) | sin x(¢) | cos’ t,g(t,x) :L(l +cos’ t)Lsin 2x(t) , M) Liénard J57 2.

x"(t) + 7 "(¢) | sin x"(¢) | cos* (1) +*(1 + cos'r) ;Sln 2x(t — cos(2t)) +



%84 H A, % — R B A i Liénard 77 #2 SR 1 09 77 4 B A vt — 7

sin tJ; 672‘%“9@ —-s) |ds = ;fcost (21)

A ME— [ ] 5
SERR it (21) %L =%,L2:%,H=1,J(§° e ds:%,rzzﬂ I P(1) :%cos L
Aoy B RR (21) 3 2 (H3) (H4) |, PRI F2 (21) 777 ME— S 303 i

S 3Lk

[1] LU S,GE W. Periodic solutions for a kind of Liénard equations with deviating arguments[ J]. J Math Anal Appl,2004,249. 231-243

[2] MENG Y, LIU B, HUANG L H. Positive almost periodic solutions for a class of Liénard-type systems with multiple deviating
arguments[ J]. Journal of Computational and Applied Mathematics,2008,220; 615-623

[3] GAO H,LIU B. Existence and uniqueness of periodic solutions for forced Rayleigh-type equations[J]. Applied Mathematics and
Computation,2009,211 . 148-154

[4] ZHOU Y, TANG X. On existence of periodic solutions of Rayleigh equation of retarded type[ J]. Journal of Computational and
AppliedMathematics ,2007,203 ; 1-5

[5] LU S,GUI Z. On the existence of periodic solutions to Rayleigh differential equation of neutral type in the critical case[ J].
Nonlinear Analysis: Theory, Methods & Applications,2007,67 : 1042-1054

[6] ZHOU Q,LONG F. Existence and uniqueness of periodic solutions for a kind of Liénard equation with two deviating arguments
[J]. J Comput Appl Math,2007,206(2) : 1127-1136

[7] LV X,YAN P,LIU D. Anti-periodic solutions for a class of nonlinear second-order Rayleigh equations with delays[ J]. Commun
Nonlinear Sci Numer Simulat,2010,15:3593-3598

[8]LIU B. Anti-periodic solutions for forced Rayleigh equations[ J]. Nonlinear Anal,2009( 10) :2850-2856

[9] YU Y,SHAO J,YUE G. Existence and uniqueness of anti-periodic solutions for a kind of Rayleigh equation with two deviating
arguments| J]. Nonlinear Anal,2009,71; 4689-4695

[10] LI Y,HUANG L. Anti-periodic solutions for a class of Liénard-type systems with continuously distributed delays[ J]. Nonlinear

Anal ,2009(10) ; 2127-2132
[11] AIZICOVICI S, MCKIBBEN M, REICH S. Anti-periodic solutions to nonmonotone evolution equations with discontinuous
nonlinearities| J . Nonlinea Analysis,2001,43; 233-251

[12] DELVOS F J,KNOCHE L. Lacunary interpolation by anti-periodic trigonometric polynomials[ J]. BIT,1999,39 . 439-445

[13] DEIMLING K. Nonlinear functional analysis{ M]. New York : Springer-Verlag,1985

[14] MAWHIN J,WILLEM M. Critical point theory and Hamiltonian systems[ M]. New York: Springer-Verlag,1989

Existence and Uniqueness of Anti-periodic Solutions to a Class

of Liénard Equations with Continuously Distributed Delays
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Abstract: In this paper, we use the Leray-Schauder degree theory to study the existence and uniqueness of
anti-periodic solution to a class of Liénard equations with continuously distributed delays.
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