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0
1
X Y Banach  ,L:D(L)CX Y 0 Fredholn ,P:X X, Q:Y
Ty :
ImP = KerL, KerQ = ImL, X = KerlL,. ®@KerP, Y= ImL OIm(.
L | gomt.Nkep: domL N KerP ~ ImL
, Kr .
Q X ,domLNQZf N XY ; ON( Q) Kp(1
- Q)N:QTX , N Q L :
1( Mawhin! 1) L 0  Fredholm N Q L
1) (x, \) € [(domL \KerL.) N0Q x (0,1), Ix #Z Wx;
2) x € KerL N0 Q, Nx € ImL,
3) deg(ON lxer, @ N KerL,0) Z0.
Ix = Nx domZ N Q
2
X = ¢ o1y, e Il = mad 1o e 11 o ooy a1 11},
e Moo= max | x(2) 1, Y= L'/0,1] e lly.
(2n) - (2n-1)
ILx = x""(t) domL Y , domL:{xl (¢) [0,1]
m=2
a0 = V)= 0i= 1,2 can- LA ()= 0,x(1) = Za,x(E_.)}
Nx(t) = f(t,x(t), (1), 2" V(1)) 1 €01
N:X T Y . x(t) € domL (1) (2 x(t) L
= Nx

x(t),y(t) €, ©(t)=y(t) . x(t)= y(t)-

G(y) = ff J.Szwz ---'rz'r y(r)drdsy ---dsan-1, ¥ € LI[O, 1/.

H(y) = fj I f fy(r)drd91 ds2e, vy € LY0,17.

2 f[O 1]><R2"* , x(t) €EdomL f(t,x(t),
K (), e x "V (1)) €L'0,1] :

m—2

(H1) Zal_ 1, A= G(1)= H(1) > O
(Hy) M> 0 x € domL \ KerL min | x () 1> M
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G(Nx ) ZH(Nx);
(Hs) f(t, 21, 22, 5 x2)
1) ai(t), ax(t), - ax(t), b(t),r(t) €EL'[0,1] 0 €/0,1]

2n
| F (s 2 xan) | < Sqilt) U xi 1+ b(e) |1 " r(1),
=1

2n
1<k <2, D.lla Il < 1.
i=1

2) L f(t, w1, %0 ~yx20) | S Zg(t xi(t))+ r(t),

gi(t,x) , x(t) €C[0,1], gi(t,xi(t)) EL'[0,1]
2n
. gi(t x) 4 ' . 4
Ikllmwtg}]tpl] I x] = 7 ri € [0,1), i= 1,2, .., 2n; ’_; Ip < 1.
(Hy) M >0 lel> M

¢/ G(Nc) - H(Nc)] > 0,

¢[G(N¢) - H(Ne)] < 0.

(H (2 1
1 (Hy)
(A1) L:domL C X Y 0 Fredholm Q: Y Y

O = SG(y)- H(y)]
(A2) L:domL N KerP

Kpy = (- 1) fr j er( )drdsy --dson-1-

(A3) Q X , dmLNQz#f N Q L
(A1)
KerL:{xEdolex: c,cER}.

ml.= {y € V1 Gly) = H(y)).

, x(t)
)= y(t), x €domL, y €V (3)
% :
G(y)=H(y). (4)
. x(t) (3 . (H) (2) y 4 - .
y 4,
x(t)= (- 1) jj j j fy(r)drdsl-d32n_1+ c,
c ,  x(t) (3)

ImL Y
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yo €ImL C Y, y, _ y €Y,
| G(y)= H(y)1=1G(y= yui)=- H(y= yu) | <
Gl (y=yu) 1)+ H(l (y= yu) 1) <
[1+ ZOJ ly= yulli” 0, 0~ oo

y(t) € ImL, ImL

y €, 0: Y Y
O =60~ Hiy).
Oy €R. yi=y=- Qy, Qyi= 0, y1 € ImL. ImL NR = {O}

Y= Iml ©ImQ,
dim Kerl, = dimR = co dim ImL = 1.
L 0  Fredholm
(A2) P:X X
Px = x(0), x €X,
Kp:1mL = domL N KerP

Kpy = (= 1) nJ:)J_: JZZH J.(?Jj y(r)drdsy --dson-1.

, € ImL,
(LKp)y = (Kpy)"™" = y.
, x(t) = domL N KerP,

(1 s
Kpa™" = (- 1) HJI JAZ”_Z fr x(zn)(r)drdsl wdson-1= x(t).
0Js,, 0 0 s

,Kp L:domL NKerP ~ ImlL .
(A3) f , ON(Q) . Arzela-Ascoli , Kp(I -

(KrL )x

Q)N: Q7 X , N Q L
2 (H2) (H3) 1) (H2) (H3) 2 ,
91=<x € domL \ KerL | AME(0,1) Lx= XVx}

x00)=0,i= 1,2 - n- 1,
. t .
«(t) = J‘Ox(ZH Yis)ds.
@ o < Na®* V01 < ¥V | o, i=12 -, n- 1. (5)
V1) = 0,i= 0,12 - n- 1,

x(%l)(l): - fx(2i+2)(s)ds, 1=0,12 -, n- 1.
t

a7V Nl < a2 01 < N2 ] o, i= 01,2 -sn-2. (6)
Ha® ™Vl e < I 1l (7)
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a1l e < I 11, i=12 - 2n- 1. (8)
Ix = Max, Nx € ImL,
G(Nx)= H(Nx).
(Ha2) t0 € /0,1 | x(to) | S M. x(t) = x(to) + fx’(t)dt
Mo KM+ " Iy KM+ I1x Nl <M+ 1122114, (9)
(Hy) 1

1 1 < [0 f (). (1), x V(1)) 1 de <

2n

Dlla i T flat b lye T ™Y 1% e 11, <
i=1

2n

Dlla I a1+ b e 7 194 ¢
i=1

1o 1l
N0l KS—F——— I 11+ ¢,

1= Dllla Il
i=1

Nay M+ Nrlly EZ1 .
T Na s e M+ p=1 7 2 '
; ; 1= Dllaill
=1
, Mo> O ||x(2”) Il <M0. (8) (9) Q
(Hy) 2 . SVt g< 1 €>0 §>0 Mi> 0

; <o | = e 2ne < ; :
| 1> & t}lyl]g,(t,x) S(riv §lxl,i= 1,2 -.,2n; |1xlS6 [E}lqpl]gl(t,
x) SMi,i= 1,2 .. 2n.

1 1 < [ f (). (1), x ™V (0) 1 d <
2n 1 )
Zjogi(t,x(L_l)(t))dt+ r il <

2n . .
EU gi(t. '™V (1))d+ J gi(t,x'" “(t))dt]+ 711,
i=1 1 2

Ail = {; IR 6} Aiz= [0,1]\ Ai1.
(8) (9

2n
n ) (i-1)
||x(2)||1<2[(n+ S)J‘A‘Ix (t) | de+ M1}+ el <
=1 4
2n

(i- 1)

riv € a7 i+ 2nM0+ llr Il <
i=1
2n

DUrit & 1™ i+ (rn+ &M+ 2aM i+ r Il

i=1
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|| (2n) || <(r1+ 8)M+ 27M1+ ||r ||1
X 1 X 2n .

1- Z(r1+ €)
¥ 9 . Q :
3 (Hy ) Q= {x € KerL | Nx € ImL}
x € O, x= ¢ Nc € ImlL.
G(Nc¢) = H(Nc) .
(Hy) el KM, O :
4 (Hs) 1 A> 0; (Hs) 2 A< 0, Q=
{x €KerL | Nx+ (1- M) QVx= 0, A€ [0, 1]}
(Hy) 1 A< O; (Hy) 2 A> 0, Q3 =

{x € KerL |- Nx+ (1- MQNx = 0, A€ [0, 1]} ,
J:KerL ~ ImQ, Je = ¢, Ve €R.

(Hy 1 A> 0, x= ¢ €KerL, Nv + (1- M)QNx = 0,
X=-— %‘[@(M)-H(Nc)]. (10)
A= 0, (Hy l el <M . A=1, c¢= 0. AME(0, 1), lel> M,
(Ha4) 1

M= - c%\[(;(]\fc)— H(Ne)] < 0

el <M, Q3
Q3
2 Q X , UL, qc o 1, L
0  Fredhold LN Q L . 2, 3 EUEC Q Lx
Z Wx,x € (domL \ Kerl ) NoQ AE (0, 1) Nx EImL, x € KerL N0 Q.

H(x, M) =% Nx+ (1- NQNx. 4 ocC Q H(x, N Z0,x €00 N
Kerl, A€ /0, 1], :
deg( ON I ke, @ NKerL,0) = deg(H(*,0), Q NKetl, 0) =
deg(H (*, 1), Q N KerL, 0) = deg(J, @ NKerL,0) Z0.
1 ,Ix = Nx  domL N Q , (1) (2)

= 5- )% )+ PO () + SR () +
k@) )- 4, 1 €(0,1), (11)
X ()= x(0)= x@1)= 0, x(1) = x(1/2), (12)

| x| <8
Clx) =< TIR% 2 L3
0, | 21> 8

(H (2
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fltxnxxzxa)= (5= )07+ P )+ 29 wa)+ 9 (x4) - 417,

n=2m= 3, a= 1, A= 23/384 Z0(,

(H) . M=M =8,

1 s (°1
J.I/Z.[ Jlo-v[f(r, x(r), X (r), x”(r), x@r))drdsidsadsz Z0,
| x(t) 1> M, ¢t €/0,1/

| s (1
c-J fjjf(r, ¢,0,0,0)drdsids2dsz > 0, lcl> M".
/72 Sy 0 55

(H2) (Ha4)

gi(t,x1) = (5= )21 xr 13 ga(t, x0) = 21 5215,

gi(t.xz) = 1 aslY ga(txa) = 1 a1 r(1) = 4%

t,x

4 .
| f(t,x1, 22, x3 x4) | < Z‘gi(l,xi)+ r(t), |1|jm luopljgﬁ(ﬁl: 0.
i= 1 X ¢ 3

,(H3) 2
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Solvability of 2n-Order m-Point Boundary
Value Problem at Resonance

JIANG Wei hua”®,  GUO Yan ping’, QIU Ji-qing’
(1. College of Mathem atics and Science of Information, Hebei Normal University,
Shijiazhuang, 050016,P.R . China;
2. College of Sciences, Hebei University of Science and Technolo gy
Shijiazhuang, 050018, P. R. China)

Abstract: The higher order multiple point boundary value problem at resonance is studied. Firstly, a
Fredholm operator L. with index zero and a projector operator P are defined in the subset of X and in
X, respectively, such that L. is invertible in the intersedion of the domain of L. and the kernel of P,
where X is the space of functions whose (2n — 1)th order derivatives are continuous. Secondly, a
projector operator () is defined in the Lebesgue integrable fundions’ space Y such that the composi-
tion of the inverse operator of L., 1-Q and the nonlinear term f is compact, where 1 is the identity
mapping in Y. Finally, imposing growth conditions on f, the existence of at least one solution for the
2n- order m-point boundary value problem at resonance is obtained by using coinddence degree theo-
ry of Mawhin. An example is given to demonstrate the result. The interest is tha the nonlinear term

may be noncontinuous.

Key words: resonance; Fredholm operator; multi pointboundary value problemy coincidence degree
the ory



