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RN TS E—

A OE X
(FEXCEBBE 515 BB %5, F2% 314001)
BE WRT KEMZELITH Liénard B J5 &
o (t) + fz(t)z'(t) + g(t,z(t — 7(t))) = p(t).

MAESEHEE, 5T %R ENE— T- B E TR0, SulbE) T A3+
e A LR

X##38 Lidnard BJ5 R, WZETT, AR, =&

MR(2000) @4 %5  35L65

np

1 5
% % BAW £ 78 JCHY Liénard A5 2
2 (t) + fa(t)' () + g(t, x(t — 7(t))) = p(t), (1.1)

Ho f, r,p:R—>RMg:RxR— RAELRE, M ph T- AWK, gRTtAHT-
Ry, BT >0. marbik, AXRTE (L) HHBRAENECLRE THLFEENSR
(JL3CHk [1-7] ). AT, BAKXECRAZ RF R (1.1) BB ek, maxXieE
(L.1) JE S A 7E 5 M — VR A i L SCRR AT BT S, 3 0 66 15 4K 82 BF 75 Bofl 2228 JTHY Liénard B
77 T8 R A 0 A AE 5 M — PR B A B T SO SRR X

AXFIAUTILS

2l = ( / ' |x(t>|’“dt)%, |]oc = max |z(t)].

te[0,T]

X ={zlz € CY(R, R), a(t+T)=ux(t), VteR},EXHEHA |lz]x = max{|z|o, |2'[cc},
Y ={z|lz € C(R, R), 2(t+T)=x(t), Vt € R} EHEHHN|zlly = [2]o-

* E R E KRB EEES (10801047) MHFILEEE T H K% 24 (20070605) ¥E B ifE.
Wk H B 2007-03-12.
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Nl X,Y ¥4 Banach & [H]. £ X L@ XEW%HT

L:D(L)c X —Y, Le=2",D(L) = {z|]z € X,2" € C(R, R)}, (1.2)
EXIFEHEHT N: X —Y,
Nz = —f(x(t)2'(t) — gt x(t — (1)) + p(t). (1.3)

ks
T
KerL = R, H ImL = Y, ds =0}
er H Im {x|x€ /0 x(s)ds }
B L &4 A ER Fredholm HT. 28EHT P: X — KerL fil Q:Y — Y/ImL }

T
Pz(t) =z(0) =z(T), Quz(t)= %/0 x(s)ds.

M ImP = KerL H KerQ =ImL. % Lp = L|p(L)nkerr> FIE Lp 2P 3R], HHEHH

T t
Lp':ImL — D(L)NKerP, Lp'y(t) = —%/O (t —s)y(s)ds +/0 (t —s)y(s)ds. (1.4)
AT ITE, BATFIN T 5%

(Ao) BREFEIEMFR CL M1 C: TR

|f(x1) = f(22)| < Cilry — 22, [f(2)] < C2, Vay,20,2 € R.

2 JLAN5I3E
M (1.3) f (1.4) BH, HTITE Lo = A\Na 5 TITBEN
2+ A f (2(8)2" (1) + g(t, =(t — 7(1))] = Ap(t). (2.1)x

5|38 2.1 (Mawhin $E¥ EH)P % X, Y #4 Banach 2%[H], L:D(L)C X — Y ¥
RAZH Fredholm HF, N: Q2 —Y 7 2 LR L- B, H QN X PFHERFE, LB
WA S R AL

1) Lz # ANz, Yo € 02N D(L),YA € (0, 1);

2) Nz ¢ ImL, Vx € 02 NKerL;

3) deg{QN, 2NKerL, 0} # 0;
M5 Le = Nz 7E 2N D(L) R ELH — .

5|38 2.2 (Wirtinger A%)>8 % 2z e C*(R,R) H z(t +T) = z(t), M

(1) < (%) 2 (1) (22)

5|38 2.3 RIKAFERHE d> 0 F15TFH &M —mL
(A1) x(g(t,z) —p(t)) <0,V ieR, |z[=>d;
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(Ag) x(g(t,z) —p(t)) >0,VteR, |z >d
X x(t) BT 2.1\ WAEE T- MM, WA

B () AR QDN ME—T- B B0 THA 21\ F
T
| lattate = @) = pitae o,

MNFAE € € [0, T) #1718
9(& x(§ —7(£))) —p(§) = 0.

B, Hif (A)EK (Ar), KITH
lz(§ —7(§)] < d.
L &= 7(&) =mT +to, HH to € [0,T] H m H—MRE. RHGE

(1) = ’x(t0)+/ttx’(s)ds’ <d+ t|x'(s)|ds, t € [to, to + T,

to

to to

x’(s)ds‘ < d+/ |2 (s)|ds, t € [to, to+T).
t—T

o(®)] = [oft ~ )| = [o(t) — [

t=T

a4 LT PR M Schwarz NE, F AT LAEF]

t to

1
o = max |z(t) < max {d+ —( |x'(s)|ds—|—/
tE[to, to+7] te(to, to+T] AN T

|x'(s)|ds)}
<d+ %\/T|x’|2.

3|7 2.3 JE L.
5132 2.4 B (Ao) A1 (A1) (B (As)) BISL. MARB T4
(As) FRTEARGUR B b (15

T T2
CQ% + bE < ]., E |g(t,$1) —g(t,$2)| < b|fE1 - IE2|, v t,x1,22 € R7

A o(t) NI (1.1) WiE— T- R, NE

[bd +max{|g(t,0)| : 0 <t < T} + |ploc]T

1
2| < 5 =D. (2.4)
2 1—(Col +012)

it B oa(t) AR (L) BE— T- R, SE6% M0 (A) (3 (A2)), BATH 512 2.3 fY
EHIITIEA SRR (2.3) P9RMAL. K (1.1) WAFFEU 2" () FN 0B T Ry, | (2.2),
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(2.3), (A3) Ml Schwarz A%ERX, EA1H
T T
2”15 < Cagla”[3 +/ [lg(t, =(t —7(t)) = g(£,0)| + |g(t, 0) + [p()[] - " (£)|dt
0
T
< Coo|2"[3 + blaloo VT |22 + [max{lg (£, 0)] - 0 <t < T} + |ploc] VT 2”2
T T2 2 1
< (ng + bE>|x 2 + [bd 4+ max{|g(£,0)| : 0 <t < T} + |ploc] VT|z" 2. (2.5)

it (2.5) Ml (As) B

bd + max{|g(t,0)] : 0 <t < T} + [ploc]VT

1 [
s = (GE+0E) 20
B 2(0) = «(T) A4, FEHH Cc[0,T] f#1%
2'(¢) = 0.
EREE o/ (t) A T- AR, KT (2.3) KMIEASBRERTE
|2/ |oe < %\/ﬂx"b. (2.7)

EI, i (2.6) f (2.7) /(1%

[bd + max{|g(t,0)] : 0 <t < T} + [ploo] T
7 = =D.
1—(Cos- +bg)

1
|$l|oo < 3

g|7E 2.4 JFEE.
513 2.5 R (A1) (B (A2)) L. MR T AL
(Ag) RiIZ (Ao) BLOL, g(t,x) BT = A KRR E, HFEIERTE L FHE

T2 T T2
CiD—+Co— +b— <1, H |g(t,$1) — g(t,$2)| < b|$1 — $2|, Vitr,ze €R.
47 2w 47

M (1.1) BLHEE—A T- B
W oz (t) A oza(t) AR (L) BFA T- B, 2 Z(t) = 21(t) — 22(t), HATH

Z" () + (f (@1 (2)2} () — fla2(t)5(t) + (9(t, 21(t — 7(2))) — g(t, 22(t — 7(1)))) = 0. (2.8)
EREE oi(t) M oxa(t) o T- MR, B OF TR (28)F

T
/O (g(t, 21 (t — 7(8))) — gt z2(t — 7(1))))dt = 0.

Et, mASHEEEH, FETH ye 0, T) #5
gy, z1(y = 7(7))) — g(v, 22y — 7(7))) = 0. (2.9)

L oy—T(y) =T +7, Py e 0, TT H n HER. 45 (29) M (Ay) TTH, FEWK
yelo, T] s

Z(7) = 21(7) — 22(7) = 21(y = 7(7)) —x2(y = 7(7)) = 0. (2.10)
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EEE Z(t) A T- F#e, RKUT (2.3) XERLBRNE
1 Z] o < %\/ﬂz’b. (2.11)

B (2.8) PIaliEIFRLA Z7(¢) FE N 0 2] T B3, w1 (2.2), (2.11) fl Schwarz A%, ®ATAH
|2"[3 < Ca|Z'12] 2"|2 + C1DI 2| VT1Z" |2 + b1 Z VT 2",
TR
T
o=t
EEEF Z(t),2'(t) M1 2"(t) K T- FIe B R E, B4 (Ay), (2.10) #1 (212) &
Zty=2z't)=2"(t)=0, VteR.

HI, x1(t)=x2(t), Vte R B, & (1.1) REEE—A T- A%, 513 2.5 JEE.

Z"2% < CDT—2 C bT—2 zZ"2 2.12
|Z"|5 < D=+ G 47TI |5 (2.12)

3 EEBER
FE 3.1 B (A1) (B(A2)) ML, XARBARAF (Ag) AOL. W (L.1) FEAEME— Y T- 5
fi#.

it w25 WA, (1) ESFE—AT- Fs. Hik, ZIOTRFIEW (1.1) 7-
WA FAAEYE. RIt, BATRFI S 2 BIE (1.1) 2EOFE— T- F##E. &5EIEY
(2.1)\ BrE T- R A R SRS A FE.

B a(t) A (215 WAE— T- A B (2.0)5 PIARSLL 27 (t) FFA 0 5 T oy,
4ig (2.2), (2.3), (Ag) M1 Schwarz RN, REIT (2.5), KA1H

T T T
23 = —/\/0 Fa) (B (t)dt—/\/o ot 2t — () (t)dt+)\/0 p(t)a (t)dt
T T2 112 12
< (02% + bﬂ)m 12 4 [bd + max{|g(t,0)] : 0 < t < T} + |p|oc] VT |2" . (3.1)

B (Ay) FIHI, FAEIEHE D1 F1 D, 1%
|2"[2 < Du, (3.2)

H
|£K’|2 < DQ, |x|oo < Ds. (33)

i 2(0) = =(T) A5, FEWE Ce[0,T] %

(@) =0, [2(t) = g;'(c)jt/Z e(s)ds| < VTla"h <VIDy, Viel0, 7). (34)

B, %4 (3.3) B (3.4) 713, FEWHE M1 > VT Dy + D, 13

lzllx < J2lo + [2'|oo < M.
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FHreh={zrlreKerLNX, H Nz elImL}, WFEFE M F15
T
o(t)= Mo, B[ lg(t, Ma) - p(o)dt =0 (3.5)
0
[ 1t
lz(t)| = [Ma| < d, ¥ z(t) € 2. (3.6)
A M=M+d+1. &
Q={zlzx € X, |r|ew <M, |2'|0c < M}.

B (1.3) Al (1.4) 541 N 76 2 L& L- 5. #4E (3.5), (3.6) f1 M > max{M,, d} A[%15| 5
2.1 FE SR 1) M1 2) AL
HETT, & SCESERE Hi (v, 1) Fl Ha(z, 1) A

1 T
o) = (1= e = [ latt) —p(o)at. peo 1)

1 T
Hoo, 1) = (1~ ) — - / (gt 2) — p(O)dt, peo 1.

M (A1) B (A2) BOL, FaFBANENAZRIESI B 2.1 FH95&4F 3) ML
G LHatie, mEm A (1.1) EOFE—A T- FHM. i 3.1 fE.
E 3.1 UMK (6] gy EELRRIERL THAFEX

|70o < d+ VT|2'|5

LA LR AR, X—AFEXBRES TAXGHE A (2.3) K. HI, ST (6] F89 & 4
WA LA S5 A A SCH R AR E

4 [ B4l
Bl 4.1 % g(t,x) = 3=a, Vt,x € R. M| Liénard 72

iesintfl (41)

2 (t) + é(cos z(t))z’(t) + g(t, z(t — cos’t)) = -

FAEME—RY 2m- J %
A4, BIMNE\d=1,b=3,01=Co =%, 7(t) =cos’t, T =21 H p(t) = s-en-1,
TR

1[bd + max{lg(t,0)[: 0<t < T+ [ploc]T ) [5z + 5l %7 _ 8
2 T - 1 1 — T9°
2 1—(Cos +0L) 1-1-1 13
T2 T T2 239
C1D— + Cy— +b— < 222 <1
Wy T T <5 <

BHRIE (Az) # (Ay) BOL. FHIE, M@ 3.1 A HARE (4.1) FEME—0 27 FH%.
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E 41 (4.1) ZAEHR R A —2 Liénard 7. BT f(z) = s cosz H 7(t) = cos®t. [
1, EFCHR [1-7] XHS% PR S5 R RE IR FI e O & (4.1) FRTEME— Ry 27- RS
WA SCHY 4518 OERE ) T B4 SCHR B9 AR BL45 32

2 £ X K
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EXISTENCE AND UNIQUENESS OF PERIODIC SOLUTIONS
FOR A KIND OF LIENARD-TYPE EQUATIONS
WITH A DEVIATING ARGUMENT
LIU Bingwen
(College of Mathematics and Information Science, Jiazing University, Jiazing 314001)

Abstract In this paper, by using the coincidence degree theory, new results are obtained
for the existence and uniqueness of periodic solutions of the following Liénard-type equation
with a deviating argument:

a"(t) + f(x(t)2' (t) + g(t, 2(t — 7(¢))) = p(t).
Some existing related results in the literature are improved and extended.

Key words Liénard-type equation, deviating argument, periodic solution, coincidence
degree.
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