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& BARmZAE TCH) Liénard %77 7%

anp

() + fult,z()" (O + fa(t, 2(t), a(t — o(1)))2’ (1) + g(t, x(t = 1a(1)) =p(t)  (1.1)

B w- RIS A w >0 AHE, fo.70, 71, p: R—RM fi,g: RxR— RN
ELLREL, T, g Ml p KTt h w- AR,
AT,  Liénard B fE

o (t) + f(x(t)2' (t) + g(2(t)) = p(t), (1.2)
Al
" (t) + fi(z(t)a' (O + falz(t)2’ (t) + g(x(t)) = p(t). (1.3)

M T HEATZRN S5, AT H AR A8 — B R A%, BEA R
BFFE LA 70 FAxdsei, xtEAm2E48 7ehY Liénard 07 72 R B AETE MR BIFFE48 Hogge 4> (8100,
FERITHISCAR (8] 1, &1, BRI A~ RmZ2E ot Lidnard 27772

a4 [t (), x(t = 6(1)2" + B(t)g(x(t — 7(t))) = p(t), (1.4)

o JE AR, @A A Mawhin SE¥RER, ZOCH SSRGS T AT 4
EEE A -& F= Sup(t,z,y)€R3 |f(ta xz, y)| < %a 61 = MaXie(o, w] 6(0 > 60 = mintE[O,w] 6(0 >
0 H&AM (Ho)
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(i) Hmsup, o0 |27 g(x)] < Al (1) lim)g)— 4o g(x)sgn(z) = +oo.
WO, MU < =Ee B, 7R (14) 7T - SR

WRIE, SCHR (8] MAESRMF (Ho) MOLMTRTIR T, B2 TR (1.4) FMHEER T 70k
g5k, FRHDUK [ 8,9,10] M EZARBARZEORFM (Ho)(1) MGL. TR1EEFTA, S50+ (Ho)
AHGLES, J7 (1.4) BRI EMSER I SCRRE TS, 751, (1.2), (1.3) Al (1.4) SR
R (1.1) BHSBRIGTE. NI, 4REERFTEITRE (1.1)-(1.4) AR EEEA B B SO R
S ASCR T AT EI A5 Mawhin SEfEHIRSEE Q BERF, EARZREM (Ho) K
SLHIETR T, 19877 (1.1) F A s e rE, Sty T EA SCthagiEse
45k, AXGIAUTILS:

v dfi(z)
— k 1/k — / _
ol = ([ e a)!™, ol = max la(0). (@) = L2,
! o — e
hz(‘r) - dx y = 172a 2
X ={z|r € CY(R, R), z(t +w) = x(t), Vt € R},
TSGR
[z]lx = max{|z|oc, [2'[cc},
Y = {z|z € C(R, R), z(t +w) =«(t), Vt € R},

[#]ly = [@]co-
N X,Y ¥2% Banach 25[8]. 7 X @& X&RMEE T
L:D(L)c X —Y, Le=2",D(L) = {z|z € X,2" € C(R, R)}, (1.5)
EXFAMERT N: X — Y,
Nz = —fi(t,z(t)la' () = fa(t,x(t), a(t — 10(t)2’ () — g(t, z(t — (1)) +p(t).  (1.6)

518 KerL = R, ImL = {z|z € Y, fow z(s)ds = 0}. M L 455 AER Fredholm HT. &
WHT P: X > KerL fll Q:Y — Y/ImL 2}

Pz(t) = z(0) = z(w), Qz(t) = 1 /Ow x(s)ds.

w

M ImP = KerL H KerQ =ImL. 4 Lp = L|p()rkerr, FIE Lp ARy, HHBH

Lp':ImL — D(L)NKerP, Lp'y(t) = —5 /Ow(t — s)y(s)ds —|—/O (t — s)y(s)ds. (1.7)

2 JLAN5([3E
o (1.4) #1 (1.5) R, HTI7HE Le = ANz 5 FFITEFN

" ALt 2 ()2 ()] + fa(t, 2(t), 2t =70 ()2 (t) +g(t, x(t—T1(1)))] = Ap(t), A € (0, 1). (2.1)
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5|38 2.1 (Mawhin EHEH)Y & X,V #°4 Banach %56, L:D(L)C X — Y 24K
PN Fredholm HF, N:Q—-Y 7£Q L& L- B, H QH X PERALE, VR
AL

(1) Lz # ANz, Yo € 921 D(L), YA € (0,1);

(2) Nz &ImL, Vo € 00N KerL;

(3) deg{QN, QNKerL, 0} #0.
Wi Lo = Nu 4E Q0 D(L) HESFEAE—

538 2.2 (Wirtinger AZE)M % 2 € C*(R,R) H. (t +w) = z(t), N
)2 (£)]3- (2.2)

(O < (5=
5|38 2.3 fRi%

(Hy) FFFEHE 4> 0
z(g(t, x) — p(t)) > 0(FHa(g(t, z) —p(t)) <0),Vt € R, |z[ > d
WL, M a(t) R (2.1)) WAER w— R, WA
%[0 < d+ Vwla']a. (2.3)

MEBR  GEWIZSMEL T SCHR (8], AL DA

3 FEER

EIR 3.1 R THNEMFRL.

(Ho) FEIEWEC M M, f 2(g(t,2) —p(t)) > 0,V t € R, [z > d, FHMFHIZMHEZ—
JL:

(i) YteRaz<—dif, gt,x)>-M HVYteR, fi(t,z)>0,
(i) 4teRx>dif, gt,x)<M HVteR, fi(t,x) <O0;
(H3) Fo =sup(, o, yyers ot 2.9)] < 45
W (1.1) ZOFE— w- .

WEER 3T (2.1) WFTH w- IR AR SR Q. Va(t) € Qo KI5 (2.1) PR 0 B w
AVl

/w fl(t,x(t))|a:'(t)|2dt+ /w fo(t,x(t), z(t — 1o(t)))x (t)dt+
0 0
A(ﬂuﬂv—nw»—pmxu=o (3.1)

AR (), 0] |2/ B, BAVEBALE (Ho)() RZANTE (R (Ha) (i) MR
HefLHER).
B0 (Ha) () ST (3.1)

lg(t, x(t — 11(t))) — p(t)|dt
[2(t—71(t))>d)
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- / (g(t,x(t — 71(1))) — p(t))dt
[x(t—71(t))>d]

:—/ [g(t, z(t — 7(t) )]dt — / fi(x t)|?dt—
[2(t—1(t)) <d]

/fzt:c £t — (1)) (1)t

: /[w () <d] lg(t, x(t —7(t))) — Idt+/ | falt, 2(t), 2(t — To(t)))2’ (£)]dt

<w(max{|g(t,z)| : t € R,|z| < d} + M) + wF3|2/| . (3.2)

Ti&
/ |t 20! (D]2]dt =] / Fi(t, 2(6)]a (1) 2dt]
0

- / — falt a(t),(t — 7o)’ (1) — (g(t, alt — 71 (8))) — p(t))a]
/ altsa(t) e = ()’ (O]t + "ol 2t — i (6))) — p(0)|dt
0
<wRlt/|o + / lg(t,a(t — (1)) — p(b)]dt+
[z(t—T1(t))>d]

/ gt 2(t — 7(1))) — p(t)|dt
[z(t—71(t))<d]

<2w(max{|g(t,z)| : t € R, |z| < d} + M) 4+ 2wF5|2| . (3.3)
FEREE] 2(0) = 2(w), WNTTLTELEREL C € [0,0] 8078 o/ (C) = 0, AT Schwarz Rt
t
12/ (8)] = |2 (C) + /< 2()ds| < V@l (3.4)

H, /1 (3.2), (3.3) fil (3.4)F

2] < / 12" ()| ds
0

=A /Ow |t z(@) |2 () + falt,x(t), z(t — 1o(t)2’ (t) + (g(t, 2(t — T1(2))) — p(t))|dt
< dw(max{lg(t,z)| : t € R, |z < d} + M) + 4w F32|o.
M2 (Hs) &

dw(max{|g(t,z)| : t € R, |z| < d} + M)
1 —4wF2

|33/|oo <

1 (2.3) f1 (3.5) W15, FA1ES A\ TERMYIEH R My (8

lzllx < |2loo + |2/ |0 < M.
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Wi Ve € Q= {z|lr € KerLN X, H Nz e ImL}, WAFEEEE M, §15
z(t) = } — dt = ) d¢ = 0.
mﬂuﬂﬁwmm>mw Awmato

 (Hy) 74

|2(t)] = | Ma| < d,¥ z(t) € Q. (3.6)

A M=M+d+1. 32
Q= {zle € X, |lall, <M}

i (1.6) fl (1.7) ZH0 N 7E Q & L- B8, EEB M > max{M;, d}, Fili (3.6) ATHI5|HE 2.1
HyZ&fF (1) AT (2) ML
BATE SCESWAT H (2, p):

H(z,p)=-1-pz—p- é/owg(t,x)dt; pe (0 1].
HI2& 1 (Ha) ATHN

xH(x,u) #0, ¥V x € 00N KerL.
MG H(z, p) EFEBUN, MTTA

1 w
deg{QN, QNKerL,0} = deg{—;/ g(t,x)dt, Q2 NKerL,0}
0
= deg{—z, QN KerL,0} #0.

B, RIS 2.1 BRI (1.1) Z2DFE— w- JHHE. O
FUEEE 1 BIERT, BATRT LR AR AL
I 3.2 RN (Hs) BOL. HTIRMFRAL.
(Ha) TRTEIEREL d M1 M, 2(g(t,2) —p(t) <0,V t € R, |o] > d, FEEM FHIRMZ K

i<k

(i) 4teRz>dbB}f, g(t,z)>-M, HVteR,fi(t,x) >0;

(i) YteRaz<—-dBf, gt,z)<M, HVYteR, fi(t,z) <0,
N (1.1) 2OFE— w- FE%.

KRNTEFE 3.1 IERA, FA AT LIIERT 8452 RL.

EIE 3.3 BB fo(t,x(t),2(t — 10(t))) = fo(x(t), fr = fi(t,x(t — 7o(t))), HAMF (Ha)(EK
(Ho)) BOL. MIFRE (1.1) BAFEE—A w- .

B 1 AR, ACMGRHEGE T &M A PErRmsN (Ho), FFEASURM TR (1.1)
EASCHR [1-11] R RE M iz, FASCHSREGE. # 7 iR BF SCIRAAE 245538
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Periodic Solutions for a Liénard-Type Equation with Deviating
Arguments

MENG Hua, LIU Bing-wen
(Dept. Math., Hunan University of Arts and Science, Changde 415000, China )

Abstract: We use the coincidence degree theory to establish new results on the existence of w-periodic
solutions for the Liénard-type equation with deviating arguments

() + fi(t,2(@®))le' (O + fa(t, 2(8), 2(t = 10(8)))2'(8) + g(t,x(t — T (2))) = p(t)-
The results improve and extend some existing ones in the literature.

Key words: Liénard-type equation; deviating arguments; periodic solution; coincidence degree.



