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(Z Uk R )

(1) = Be(t)+ F(x(i1= T))+ p(1),

,x(t) ERLTER BE R*2 F (1) o . Browwer
Mawhin s s 2 Duffing
; Bouwer ; Duffing
0175 © A
1
¥t)= Bx(t)+ F(x(t— T))+ p(t), (1)
27 , x(t) ERL TER x¥t) = (%x(t),B ERLF:RT R,
p EC(RR) 21m_ .
“ 7 ) ) (1
27 . s B *im, m .
) C € R"
1{ O m
B= C _
y(t) = Cx(t), )
y(t)= }y(t)+ CF(C'y(t- T))+ Cp(1)* (2)
B- 0 m .
T l-m 0 o
, ( [1.2]),

* © 1998.0325; ©2000.04_12
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(1965—) ,
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Landesman Lazer , ( [3,4,5])° , Landesman Lazer
F(i', i): Hli;gooF(r,s)' (3)
(3 . [ 6] ;
[7,8,9,10]°
(3) , Brouwer M aw hin
(1) 2m_ , Duffing
2
[l R Euclidean .
Py = {x € C(RR):x(t+2M) = x(1), Vi € R},
||x||-s&1£)|x(l)|— 6s[%plx(t)l
(Pw Il * |I)  Banach L:doml C Py~ Px
Lx(t) = »t)- Bx(t),doml = {x € Py ¥ft) } (4)
B cosmi  sinmt
e =
— sinmt cosmt
kerl ,
ImL = {x € Py J?eBT’x(t)dt = (%,
B' B . ,Iml.  Px :Pm= kerL OImL,
dim kerL = co dim ImL = 2< oo L Fredholm .
P= Q:Pn_ Px
Px(t) = ZJT & x(s)ds (5)
ImP = kerL, kerQ = ImL*
J:kerL ~ kerL .
2.1 K:ImL "~ domL NkerP P L ( ) , LKz =z, Vz
€L, PK=10 K K Il <2
. , z €1ImL,

t T 1 J‘D'IJ'\ T
_ Bt B s _ 4B B s .
Kz(t) = ¢ J‘Oe Z(s)ds i MK z( a)dads
3 BT'
Ie Z(s)ds  27_ ,
| Kz(t) | <2 liz Il; |Kz(t1)—Kz(t2)|<(1+4JTm) iz Il el t1= 121, ( Vi1, 12 ER)

2.1 Arzela_Ascoli .

N:Pyn  Pon
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Nx(t) = F(x(t- 1))+ p(1)

[11] 7.2
2.2 Q  Pon .
i) Ix #Z Wx, V(x, N € (domL N0 Q) x (0, 1);
il) QNx #0, Vx € kerL N 0Q;
ii) Brouwer , degp(JON |ierp, Q (N kerL,0) Z0
(1) domL N Q 20 _

Hi) M = supl F(x)l< oo
xER?

Hz) l>0 |F(x1)— F(x2)|<l|x1— le (x1,X2ER2)

MR a): = ZLJTﬁneBT’F(peBT’a )dt,
P 20.a €0Bi(0) CR%, Bi(0) = {x ER: | x| <1}-

AP AN 0 1,
M'(P.a)= 53] ¢ 'F(RY)d, A= o J

Y= ¥(a) €ER

MF(p, a) = 2%.[ OneATtF((pcos(t— Y), — Psin(t- Y))T)dtz

I
et i & F((Peost, — Psint)") dt,

OMY(Ra)l  a  0Bi(0)
Mie(P): =1 M"(P a)l,a €EOB(0) CR,
Mp: = sp%)MF( P
, 0SS My SM+
P = 2%1 . eBT’p(t)dt'
2.1 H) Hy \ P> 0
Mp(P) Z24TU(M+ lipll)+1 pul-
(1) piill x(t)
| x(1) | <SP+ 4T(M+ llpll)e
2.2
, AE (0 1),
Lx = Mx*
. (13)
ONx = 0,
(I- P)x= NI- Q)Nx
M = amM+ llp ll)e kIl <2m ll7- 0 Il <2, (15)

(6)

(7)

(8)
(9)

(10)

(1)

(12)

(13)

(14)
(15)
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W(i-P)x Il SAMIKI < I-0Ql(M+ llpll)y< M" (16)
0= {x €EPw IPxli< pll(I-Pjxll< M), © Px
ILx ZXWx (Vx €0Q) (17)
x€0Q (- P)xll = M, (16) , (I- P)x # X(I- Q)Nx, Lx #
Wxe x €0Q lpxll=p0 l(I-P)xll< M+
Gi(x): = 32" P F(Px(s) s Gafx) =
zﬁfﬁﬁ EUIF(x(s) - F(Px(s))]dse
Y _
ONx(1) = 57| € [F(x(s=T)+ p(s)]ds=
[ Gi(x)+ Ga(x) + pu]® (18)
Pl = @ Px(t) = R@%, a= %Tﬁneér‘cx(s)ds,
Gi(x) = 35" OneBT“F(peB"a)ds, | Gi(x) 1= Mp(P) (19)
Hy l(I-D)xll<M",
| Go(x) | SLI(I-D)x Il < M+ ()
(11),(19) (20) , Gi(x)+ G2(x)+ pn Z0 (18)
ONx Z 0 (21)
lpx ll=p li(I- P)xll< M x€0Q , Lx # Wx, VAE (0,
1) 2.2 i) . ., (21) 2.2 ii) .
kerL 1 Q=1 x € Pan:x(1t) = eBta, a € Rz, lal< O;
kerL 1 Q=1 x € Pan:x(1t) = eBta, a € Rz, lal= ;
h:kerL " R hx = Zl_ﬂf)ﬂeBTsx(s)ds
h(kelL N Q) = Bo(0) C K, h(ketL N 3Q) = 0Bp(0) C K
a € Rz,
hONL™ '(a ) = 2% ) I F(h \als— T))+ p(s)]ds =
Z%Terl‘Tf)ne”T-‘F(eﬂ‘) ds + pue (2)

| hONR ™ '(a) | 2Mi(P) =1 pul> 0,a € dBo(0)*
Brouwer  degz( hRONh™ ', Bo(0),0)
a= (a,a2)’ Z20,a ER  cosa= ai/ | al sind= a/ | al , (2)

T n T .
hONK '(a) = zlneB Tﬁ EF(1al e®(cosa sina)’) ds+ pm =
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T T T m
zlneﬂ Tﬁ EF(Lal (1,0 )ds+ pn=
1 5" Bl arm Bs T
e ), ¢ F(l al €°(1,0) )ds+ pm =

1 p't| cosa - sin q r“ B Bs T .
e { } , € F(lal €°(1,0) )ds+ pn

sin cos a

ai - a

hOVR™ '( a) = #e‘f{ iMF(I a1, (1,0)") + pne (%)

Ho:R°~ R

a?l ai

LBTT aj

Ho(a) = e _ m} MO (L0 + pua= (a1, a)" € R
a) ail

a= (a1, a) € OBo(0), hONK '(a) = Ho(a),

degs( hOVH ', Bp(0),0) = degs( Ho, Bp(0), 0)* (24)
fER

MR (L)) = (Me(P), 0" (25)

H:R*x[0,1] ~ R

ar — a

H(a, V) = %eBTT . alz} FEM0,(1L,0)") + (1= Wpn(a= (ay, az)’)e

H(a,0) = Ho(a) (%)
| H(a, W) | 2Me(P) =1 pul> 0 (V(a, 1) € OBp(0) x [0, 1] ) (27)
(25)
Hi(a): = H(a, 1) = lpeBT{Z; _aﬂ EOE P (1,0)7) =
Lpe”’vr{z _aﬂ (Mi(P),0)" =
]%p)e‘ﬁa- (28)

(24).(2).(27) (B)
degs( ON, Be(0),0) = dega( hQVh ; Bo(0),0) =
degg(Ho, Bp(0),0) =
degg(H1, Bp(0),0) = 1 Z0°

2.2 iij . 2.2, (1) domL N Q 2m_
x(t)e Lx(e) |l S el SUPells - P x|l <P+ 4y M+ llpll)e
21 22

21  H) Hy
Mp> 4T(M+ llp )+ 1 pul,
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(1) pui .

2.2 Hi) H2)

Mp— 4TM > 0,
ro> 0 p I <ro (1) 27
2.3 H) Hy ,
| pml< Mpe (9)
W> 0 0<I VISWw VER
¥t)= Bx(t)+ F(%(t— 1)+ p(t) (30)
27 .

Fv(x) = F(Y%)* VZ0, (H) H),
) M= sup| F(x) = supl Fv(x) < oo
xERZ xER2
21 Fv(x1)- Pv(x2) | <11 xi- x21, Vx1, x2 € R’
, P20 «a€0By(0)CR, MYPa)= MF(l VIl P asignV),

Mpv(p) = MF(| VI p),Msz Mp, (VV¢O)' (31)
(29) |pm | < MFv: MF' 2.1 2.3
2.2  H) , (1) 20 | pm | SMe
x(1) (1) 2m SNV &’
o [ e
pm= 2rm)o e o
| pm | SMe
, - L>0 FECRR) Ir <L
F Lipschitz  ,  Lipschitz Ir SL*
[M, S, L]: = {F € C(R, R): sup | F(x) | <M, Mr 28, I <L}-
x€R
M> 0,VZC
2M
= _—arctan
Fix)= | B0 w2 (x, k)" € RS
0
sup | F(x) 1= M Mp(P) ~ 2M/T(P ™ oo)e S=2M/T, | vl STL/(2M),
x €

FE€[M S, L], [M,S, L] #f-
2.3 [M,S,L] # f° :
i) lpul> M, FE€[M,S, L], (1) Pon .

i)  Ipml< S, F €[M,S, L], (1) P .
ii)  Pon(H,s): = {p € Pu: | pul Ss< 8, llp |l <H}, FE€[M,S, L]
p € Py, (1) P .
, 1), ii) 2.2 2.3 , iii) 2.3,
3 Duffing

Duffing
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N(t)+ mix(t)+ g(x(t-T)) = E(1),
. m ,TER g,E € C(RR), E t 27

hi) M = ;srlégl g(x) 1< o

hz) >0 |g(x1)—g(XQ)|<l|x1— x2 | (Vxl,xZER)°

3.1 hi) ho) , P> 0
r >‘ﬁ

o &(Peost)costdr | 2 (Mt supl E(e) 1)+ TLEI,

1 T sinmt
E = om E(t) cosmt de
(32) x(t)
4T

| x(t) | <SP+ (M + supl E(1)1)*

(32)
¥t)= my(t),
Y= = mx(1)= Le(x(i- D)+ LB

0 0
Flx,y) = { ig(x)],(x,y €R).p(1) = {IE(U]'

m
hi)  h2),
M

x?yé)lll F(x’y) |= m)
| F(x1y1) = F(x2,52) | <i| (x1,y1) = (x2,y2) |
(V(xi,y1),(x2y) €ER)

L L]
| pml= mIEI

Mp(P) = 2%_[ Jz eBrSF((pcosms, - psinms)T)ds =
L P oel Pcoss)sins |
2mT f) {_ g(pcoss)cosj ds ‘_
m_lj.[ J.o g( Peoss) cossds] .

2.1, (33).(37),(40) (36) o
om . .
3.2 hi))  h) , P> 0
1) g(x)
Jog(psint)costdt >4mﬂ(M+ supl E(t) 1)+ Tl EI;

(32)

(33)

(34)

(35)

(%)

(37)

(3)

()

(40)
(32)
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i) g(x)

8 417]
_[Og(Psint)smtdt >7(M+ supl E(t) 1)+ TIE|;

JE (), (32) 21 .
1, .
31 g(x) = sinx, Duffing
x(t)+ mx(t)+ sinfx(t- T)] = sinnt, (41)
X(t)+ mx(t)+ sinfx(t— T)] = cosnt* (22)
N . [10] : P= 2Nm (2N- T
J:g( Peost ) costdr 7# 0° (43)
n#% m
m > LI
H;ng(pcost) costdt
31, (4) (42 pul .

(7]

(8]

(9]
[10]

(11]

[12]

[13]
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The Existence of Periodic Solutions for Nonlinear
Systems of First Order Differential
Equations at Resonance

MA Shi wang”? ~ WANG Zhi cheng’, YU Jian she’
(L Department of Applied Mathem atics, Shanghai Jiaotong University, Shanghai 200030, P R China;
2 Department of Applied Mathem atics, Hunan University, Changsha, Hunan 410082, P R China)

Abstract: The nonlinear system of first order differential equations with a deviaing argument
»(t)= Bre(t)+ F(x(t- T))+ p(t)

is considered, where x(¢) € R, TE€ R, B€ R*? Fis bounded and p(¢) is continuous and 2 TT_peri-

odic. Some sufficient conditions for the existence of 27T_periodic solutions of the above equation, in a

resonance case, by using the Brouwer degree theory and a continuation the orem based on Mawhin s

coincidence degree are obtained. Some applications of the main results to Duffing s equations are also

given.

Key words: first order differential equation; periodic solution; resonance; Brouwer degree; coinci-

dence degree; Duffing equation



