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B(t) = 0 (t — 7) + a(t) f(x(t) + B(t)g(x(x(t))) + p(t) (E)

i FEMRA TR, 980 T IRTEEE I OO A P, SHA L T B i JL o WU .
KERATELL: 0,7 WA, H >0, B8 a0, f,0.p € C(RR) , FEAFLERIT > 0,
EMERE t € R ot +T) = a(t), B(t + T) = B(t),p(t + T) = p(b).

2 FRERRHENMA

XY (E) MEHRnErEt, BRE

D HFERE v € R, HEMER t € RF a@t)f(x0) + B(t)g(xo) + p(t) = 0 BL, M
= x0 NHE (BE) T FLE R

THEAFFR R (B) —f& T e,

EHRTHESER f,9 F—MER, —NEREHEN. Y4 fF AR, g TREE

FE 1 R TAISRMERL

I) SMEF teR, B(t) #0;
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HEE&WH: BETHEERFESE (056EZ52)
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(I1) FEFEH M >0, [FHEFE 2 € R, H | f(z) |[< M;

(ITT) iy oo 22 = 43 0 < 7 < +00).
E1=200]—r [} | B(t) | dt> 0. I (B) ZHFE— T I

JEBA  FEICHITE 0 > 0 BHRAESL. 24 0 < 0 B, whes R |6 | 408 0 BIET, FEAR
TR,

WX ={re C'(R,R)z(t+T) =2(t)},Y ={y € C(R, R)|y(t + T) = y(t)}. 7 X FHEFE
BNz = max{] [, [ # |} HA | 2 [oo= maxie(o,r{] 2(t) [}, | £ |oo= maxe(or{] (t) [}
TEY FHGEEL || v [|=] ¥ o= maxiepomi| y(t) [}. A X, Y $IHAL Banach 2 [H].

# L:Dom(L)NX —Y :x — Lz = t[x()—@z(t—r)]

THiT® L BHER, 5% 8% Ker(L): # o € KerL, Bl Lo = & [x(t) — 0z(t — 7)) = 0, #}
4 a(t) = Ox(t — 1) = c R, BOMERE t € R#A

x(t) =c+0x(t —7) =c+0c+0x(t — 1 — 1) = c(1+0) + 0%x(t — 27)
_enfl
1-6

==l +04+0*+ .. +0" Y +0"x(t —nr) = c1 +0"x(t — nT).

EE:J:1—29—TfOT|6(t)|dt>0,0§9<1,ﬂ:1:€X. WY n— oo b, H x(t) = <5 €R. 5
—J7H, & « € R FHEEE, W Le = 0, Bl » € Ker(L), Ii4 Ker(L) = R, dim(Ker(L)) = 1.
ﬁﬁ %%hm;uM)dmLWﬁExeﬂmLWXEHLW——(U b(—r)) = y(t), N
fo t)ydt =0, 4 ImL = {y € Y] fo t)dt =0} & Y FayMA%E, H dim(Y/ImL) =1, K
It L ET"TT?@I 0 Mt Fredholm FF.

B

T
P: X — Ker(L) 3:—>Pa:——/ tydt; Q:Y — Y/Im(L) : y—»Qy—%/O y(t)dt.

S48 P.Q WL, Im(P) = R =Ker(L), i Ker(Q) =Im(L). T (@) =Im(P), Hff
W = J Tn(Q) —Tm(P) S fERBAL, W ¥ Tn(Q) —Tm(P) MZHRIIEHA.
T
d

T [2(®) — 02t = 7)] = Ala(®) f(2(t)) + B(t)g(2(2(t))) +p()], A€ (0,1) (1)

W T JEERA e A
W x(t+T)=x(t) AFE (1) WE— T FEIE, B ) ARATTRE (1) FFRE R mTE X E
0,T] LRy, ZHkrE 515

/ dt+/ B(t) dt+/0Tp(t)dt_0,

/ﬁ - wamw+4pww.

0

B4 g(w(x(t)), B(t) HLE, B(t) # 0, W B(t) FE [0, T) LA # | [ B(t)dt| = [} 18(1)]dt #
0, MAFFE ¢ € [0, T fEf%F

)»ABQM=ALWMMWM&=—%(WHMWM+AP@M~
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T
II/ ot dt|</ )Ilf(())|+|p(lﬁ)|]dt§/0 (M [ a(t) [ + | p(t) [)dt.

A i,
Jo (M [a(t) |+ | p(t) [t

S 1) | dt '
X H T im0 £ 9@ — 4p £ 0, #% limy,| oo | g(m) |=r >0, B4 lim, . | g(x) |= +o0 . BF

DAETE A > 0, (58 | 2(2(6)) |< A BRGTRE 0 K 1o € [0.7], 4% 2(6) = nT + 10, W
| (t) |< A.

HF limy oo | 22 =7 >0, H1-20—7[) | Bt) | dt >0, HOHEE e 0 < e <
L?%%%%?gﬂﬁﬁﬁébm>ojﬁﬁ|xbxoﬁﬁﬂﬁ%ﬂ—ﬂ<aﬂﬂM@H<0ﬁfoL
Wrte=ro WH1-20—ro [} | B(t)|dt >0, H |g(x) |<ro|x|.

RS By ={t € [0, | x(x(t) [< xo}, B2 = {t € [0, T]| | x(x(t)) [> o}

M g WIESMERTR, fE7E Mo > 0, HfHMER 2 € [—zo,20] H | 9(2) |[< My. IaXt t € By
A g(@(@t)) |< Mo, i t € B2 | g(x(2(1))) [< 7o | 2(2(t)) |-

B (1) T a(t) = 0i(t — 1) + Aa(t)f(2(t) + B(1)g(@(@(®) + p(t)], TAXHER
€0, T B/

x(t) = x(to) +/t #(s)ds

| g(2(x(£))) [<

= a(to) + / (B (s — ) + Aax(s) f((5)) + AB(8)g(x(x(s))) + Ap(s)]ds
— (to) + Olz(t — ) — x(to — 7)) + A / [a(s) f((s)) + B()g(x(x(s))) + p(s))ds.
H it

t

0) < atto) | +611 a(t =) | + | 0 = ) [+ | | [o(s)(a(s) + Blsofa(a()) + pis)ds |

<avallet [ 1a0) 1 @) s 160 o) at [ 10|

<A+%|MM+M/ o) dt+ [ 180) | ota(e) | dt +
REQFEET) |dt+/ ()]

<A+29|;v|oo—|—M/| |dt+MO/ | B() | dt +

RLCIEE |dt+/ p(t) | dt

<A+29|x|oo+M/| |dt+MO/ | B(t) | dt+
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olale [ 10w s [ 1)

=A+ 29+T0/ | B(t) [ dt) | 2 |oo + /O[Mla(t)|+Mo|6(t)|+|p(t)|]dt-

Bt EA

T T
leoo<A+(29+ro/O | B(t) | dt) leoo+/0 [M | a(t) [ +Mo | 5(2) | + [ p(t) [Jdt.

T T
<1—2e—ro/ Iﬁ(t)ldt)lwloo<A+/ M | a(t) | +Mo | A() | + | p(t) [1dt.
0 0
M 1—20—ro fy | B(t) | dt >0, BFLA

_ AT M [ alt) | +Mo | (1) | + | p(t) [1dt
1-20—7ro [ | B(t) | dt

| % [oo

M LA A, M, Mo, Jero B8 o TERIGHEL, HSHEL

A [TIM [ a(t) | +Mo | B(t) | + | p(t) Jdt
120 —ro [ | B(¢) | dt

= wo-

MLEZ te R, A | 2(t) |<| 7 |oo< wo-
Eh g € C(R,R), FrPAFTE Co > 0, HAEXMER t € R, | g(x(x(t))) |< Co. MR (1) Pt
IRYEXHE AT A5

| %(I(t) —Ox(t = 7)) [<[a(®) [| f=@®) | +[B8@) || g(x(z@))) [ + | p(t) | -

[ 2(t) [<] 0&(t —7) [+ | a(®) | f=(®) | + 8@ || g(z(z(®))) [ + | p(t) | -

m
[ 2(t) |[< 0|2 oo +M | afoo +Co | B oo + | P oo,

(1=0) &< M |aoc+Co|Bloc+ [P loo-
HUEELZAFRI 1 -0 > 0, #

. 1
|$|oo<m(M|0<|oo+Co|ﬁ|oo+|]9|oo)1=w1-

B, 77 (1) BE— T g « = «(t) *ﬁtﬁﬁ
7@@4)‘@9’3]71’45%? TR f(2) [y at)dt +g(a) [y AL+ [} pt)dt BIFFE. K
GIfE,

T T T
G(z) = f(z) / a(t)dt + g(x) / B(t)dt + / p(t)dt.
BT F(), alt),p(t) WHERER, B(0) £ 0, FAE.
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U Tim oo 22 = > 0 B, Lo g(x)sgn(z) = +oo. HLMFTEMEL 21 > 0, {78
Y|z |>x B G(z) £ 0, HFE B(t) >0, Gz) HY g(z) RS, B4 2G(x) > 0; #F B(t) <0,
G(z) 5 g(x) %5, 4 2G(x) <0.

im0 @ = —r < 0B, limjg_o g(®)sgn(—z) = +oo. MBABFIEFEIHCNE
1> 0, {84 | o > 21 B G(2) £ 0, HE (1) > 0, G(a) 5 g(x) %, {H 2G(2) < 0; %
B(t) <0, G(z) 5 g(z) 7%, {H2G(z) > 0.

B w = max{wp,w1,21},Q = {z € X| | = |[< w}. W Q K~ X FRERFE. BR
Ker(L)NQ # ®.

& CARLAEBRI

F:Q—Y:z— Fr=a(t)f(x(t)) + B(t)g(x(x(t)) + p(t).

HIBREL f, 9 B o, B IYERCAMELER] F 76 Q B L- B, B LEMITR W SHF R Le = AFa
1E Dom(L) N 9Q EXHERE A € (0,1) Fofi.
MEE 2 eKer(L) N Q|| z ||= w,

1 T
QFa =7 [ la) (@) + Ble)gta) + plo)at
1 T

T T
= Tf(x)/o a(t)dt+g(:c)/0 ﬁ(t)dt—i—/o p(t)dt

1
= TG(:E) # 0.
TS QF 7€ Ker(L) N 0Q L#J Brouwer F:
B, % limp o 22 = >0, H 4(t) > 0 B, 5 limy0 22 = — >0, H 5(t) <0

x

BF. XS Hy I x Q — X, (HA I =100,1].) f£FE (u,2) € I xQ,

_ T
() = -+ (1= p)QFz =+ = [ (a1 ((0) + O (a(a(t) + PO}

HTY 2 eKer(L)NOQ B, =45 G(z) FS. FrPh x €Ker(L) N oQ AT,

. T T T _
Hy (1, 2) = o+ T 1 (@) / alt)d + g(2) / B(t)dt + / p()al] = o+ L) £ 0

HWK, % limy, oo 22 =7 > 0, H (1) < 0B, 5 limy o 22 = — <0, H 8() > 0
Bf. EXMLS Hy I x Q — X, FE (u,2) € I x Q,

Hy(p,v) = —pz + (1 — p)QFr = —px + FTM ; [a(t) f(x(t)) + B(t)g(x(x(t))) + p(t)]dt.

MY z eKer(L)NOQ B, =5 G(z) 55, FrLAMH:

_ T T T _
Ho(,7) =~ + [ (2) / a(t)d + () / B(t)dt + / p(t)l] = —pa+ T E G £ 0
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M2 QF HEFBY J: X — X1z — J(2) =2(8 —J) FE. H Brouwer BRI RN
GG

deg(‘IJQF|KCr D ,Ker(L)NQ,0) = deg(QF, Q2N Ker(L),0) = deg(H1(0, z), 2N Ker(L),0)
=deg(H1(1,2),2NKer(L),0) = deg(H2(0,z), 2N Ker(L),0) = deg(Ha(1,x), 2 NKer(L),0)
= deg(+J,Q2 N Ker(L),0) # 0.

R Mawhin HLEEH B, HFHE Lo = Fo 72 Q WA, BHHTR (E) 2OFE A
JE A O

Yoo /R, A, SEE RN, HRE () FEEEE B e E

EHE 2 W AR

(') XMER t € Ra(t), B(t) RS, H. a(t) #0;

(IU) HFEWE M >0, [FEMEE 2 € R, H | g(z) < M,

(1) lim|g)— oo fgf) =47, (0 <1 < +00).
Wz, M 1-2[0]— [ a®)dt >0 8, & (E) BOFELE—A T FHH.

7 SE BRI i ’3&@ 1 HEASHHE, IEHT AR

MEEL f,g HICHES, RAMRBEEL f RIERA, HETE

EIE 3 W0 |< 1, FHEHTIFMAL

(I1) lim oo 22 = (i 0 < 7 < +00);

(IV) FEFEREL My > 0, ﬁﬁ%Xﬂi% r€RAE f(z) =M |z]

FXMER t € [0,T], H alt) > 57 | B(t) [> 0, MIT7E (B) ZOFFE—A T .

JEEA HEH 1 AREHE X Banach 28] X, Y, KBS L, P,Q.

i T hm\w\m 99 = o, dimpye | 22 =1 > 0. BT alt) > 5 | BE) |, #
My [T a()dt > v T | B(0) | db. TRARHER < 0 < < < Mo “}?T;;& PO et vy > 0
Y | x> a0 B, || 22| | <o SEE 1 RMIGBIE, FERE >0, Y | o[> o
i, |g(@) <zl #H My [ a(t)ydt —ry [y | B(t) | dt > 0. FIREIERE C1 > 0, 24
|2 |< a2 B, [ g(2) [< Cr

ENES By ={te[0,T] | x(x(t)) |< 22}, By = {t € [0,T)| | 2(2(t) |> z2}. MY ¢ € Fy
B, | g(a(z(t) < Cii % t € By B, | gla(z(t) [<ri | 2(z(t)) |-

THEe TR

%[w(t) — 0zt — 7)) = Ma(t) f(2(t) + B()g(z(x(2)) + p(t)], A€ (0,1)

Y T AR R L.
R LKA, & ot +T) = () AR, W

/ dt+/ B(t) dt+/Tp(t)dt:O,
/OT / B(t) dt—i—/OTp(t)dt].
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PIORRAERHE, FHERE f 5 o) WS, "

/0 o)/ (x(8))dt < / | B(t)gx(t)) | dt + / | p(t) | dt.

T T
M [t ) [t < [ 1 B0Oale®) [a+ [ pwgtee) T+ [ | ar
0 E3 Ey 0
T
< E3|ﬁ<t>|cldt+/E4|ﬁ<t>|n|w<x<t>)|dt+/0 | p(t) | dt
T T T
scl/o Iﬁ(t)ldt+r1/0 Iﬁ(t)llx(l‘(t))ldH/O | p(t) | dt
T T T
gcl/o |ﬁ<t>|dt+r1|x|oo/o Iﬂ(t)ldt+/0 (1) | dt.
i

T T T T
M1|x|oo/0 a(t)dtgcl/o |6<t>|dt+r1|x|oo/0 |5(t>|dt+/0 | p(t) | dt.

T T T
| |oo / (Mra(t) — 1 | B(t) dt < Cy / | B(t) | dt + / | p(t) | dt.

Cy [T 1B [ dt+ [ | p(t) | dt

T JooS =w

ol foT(Mla(t) —r | B(t) dt ’
¥ | 0 1< 1,] 2 | BHR, SEM 1 BLMEEFE ws > 0, {HE | & |oo< wa. oo —
maxc{ws, wi, o1}, R o1 (HRVE SREHE 1 g o AL B Q1 = {v € X||| 2 ||< =} 32
e

F:Q —Y 12— Fo=a(t)f(a(t) + B(t)g((x(t)) + p(t).

HEM 1 FMEAUEAR Le = Fo 7€ X WA BO5# (B) 778 T AR, O
THEIHS UM RN, ZERE
() = i@(t C )+ A cost 4 (14 % sint) - %x(x(t)) +p(t). @)

XHEE 0 = 1, f(z) = Ae™5 B(t) = 1 + isint,g(z) = 6%:10. mr = 6%, F&1-2/0] -
rETIB@IAE = L > 0. MRAEEE 1, 7R (2) EAOE— on FRIR, K AT REENE
p(t) 5&Lh 2 R AR AT R SE R 5N

BT EM 1 HESR g TEn B i s & — e i 244, BIERRE (2) i ¢ ErEEm L
— I FIELLREL, TR

(1) = ia’:(t C )+ Ae™E cost 4 (14 % sint) - %[z(x(t)) +arctanz(@(®))] +pt)  (3)
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FIRERA 2m . ROBFEHE 2 AVRAE LY 2

z(t) = ix(t —-7)+ %esm’faz + B(1 + cost)sinz(z(t)) + p(t) (4)

Hy 2m FESAREOAAEYE. DAL LA R SERr R A BV B FE AN ] (o] ik g 1]

S

[1] HALE J. Theory of Functional Differential Equations [M]. Springer-Verlag, New York, 1977.

(2] AR, 2Rt RS (M]. A HE: SHEFE B, 1994,

ZHENG Zu-xiu. Theory of Functional Differential Equations [M]. Hefei: Educational Publishing House, 1994.

(in Chinese)

Xl XA PRI ER TR (M), AR R, JE5T, 2000

LIU Shi-kuo, LIU Shi-da. Nonliear Equations in Physics [M]. Beijing: Peking University Press, 2000. (in

Chinese)

[4] WANG Ke. On the Equations z’(t) = f(z(x(t))) [J]. Funk. Ekv., 1990, 33(3): 405-425.

[5] EDER E. The Function-Differential equations z’(t) = z(z(t)) [J], J. Differential Equations, 1984, 54(3):
390-400.

(6] EE®. n- 4 Liénard ZURRATEFIE [J]. BEEFET] (A $]), 1990, 11: 297-307.
GE Wei-gao. Harmonic solutions of n-dimensional Liénard equations [J]. Chinese Ann. Math. Ser. A, 1990,
11(3): 297-307. (in Chinese)

[7] LU Shi-ping, GE Wei-gao. On the existence of periodic solutions for neutral functional differential equation
[J]. Nonlinear Anal., 2003, 54: 1285-1306.

[8] DEIMLING K. Nonlinear Functional Analysis [M]. Springer-Verlag, Berlin, 1984, 172-183 .

3

Existence of Periodic Solutions to a Type of First Order Neutral
Functional Differential Equation with Complex Deviating Argumen

LIU Xi-ping, JIA Mei
(College of Science, University of Shanghai for Science and Technology, Shanghai 200093, China )

Abstract: The paper studies the existence of periodic solutions to a type of the first order neutral
functional differential equations with complex deviating argument @(t) = 0&(t — 7) + a(t) f(z(t)) +
B(t)g(z(z(t))) + p(t), obtains sufficient conditions for existence of the periodic solutions, and gives a few
simple applications of the theory.

Key words: functional differential-iterative equation; periodic solution; topological degree.



