1 16749070( 2012) 01-0092-05

Sturm-Liouvile
1 1 1
0
Leggett-Williams Tlin 1 2
340
2 1044 )
{x"(t)+h(t)f(tx(t) (1)) =0 0=s:1<1 (1)
0175.8 x(0) —ax(¢) =0 x (1) +bx(m) =0
A
1520
20 Leggett-Williams Sturm-Li-
ouvile :
(-1 (1) =fty) O0sisl
ai+ly(2i) (0) - Bi+1y(2Hl) (0) =0 (2)
Yoy (1) +6,,y7(1) =0 i=01 - m-1
(-1 (1) = (l)f(tu()) 0<:s<1
u*(0) -, u () = (3)
u(ZM)(l) +Bi+lu’ (77) =0 i=01-m-1L
O0<a <1/ 0<é<n<l gBm-—afé+a, +B, >01i=1
2 mg(01)—> 0 +x) (01) t=0 1=
1 01 x 0 +0) > 0 + o)
2011-0547 Leggett-Williams (3)
(11026213)
. shenswatch@ 126. com 1
( )
. xi20jz@ nuist. edu. cn .
1 E=(E |- Banach KCE

210044



fitidz42% 2012 4(1) 19296

Journal of Nanjing University of Information Science and Technology: Natural Science Edition 2012 4( 1) : 9296 93

1) YVue K7=20 7uek

2)ueK -uekK u=0.

2 0:K— 0 o)
xyeKO0O<r <l o(ra+(l-1)y) =71p(x) +

(1-7)e(y) ¢ K

K ®
0O<a<br>0 K ={uekK]||ul<r}
K(p a b) ={ueK\a<¢>(u) [ull < b}

]l = max [u( )
1 ( Leggett-Williams ) T:
K. —K, ¢ K
olu) < [lull VueKT. 0<dc<
<b<sc :
(C){ucKlgab) | olu) >a =0
eK(p a b) o( Tu) > a;
(2)  lul<d I Tull < d;
(C3) ue Ko ac) | Tul > b
(Tu) > a.
T Uy Uy Uy

||u]||<da<gp(u2) Hu3H>d olu;) <a.
27 0 <o <1/£0<B, <1/(1 -
7]) 0<é<n<l o, =afn-oBé+a +6 >

0:=12-m GJ(ts)
{—u"(t) = f1) s <1
w(0) —au(é) =0 u(l) +Bu(n) =0
Green .
Gt s) 0<s<min{t & <
Ebzl»(ts) Ost=ss<¢
- Tl E=ssmindin) <
(Gal  5) Osmax{é 1} <s<n
Bcsl'(ts) ns<ssts<l
DGGi(t s) 0<<max{n 1} =s<1
Gu(ts) =(Bm+1-Bt) /o
Gu(ts) =(Bm+1-B3s) /o +(s-1)(aps -
aBn - ;) /o,
Gy(ts) =(Bm+1-81)(as +1 -af) /o,
Gu(ts) =(Bm+1-8s)(ait +1 —a,f) /o,
Gi(ts) =(at+1 -af) /o, +(s—1)
Gg(ts) = (ot +1 —a;f) /o,
H((ts) =6G(ts) j=23:m

JH t 7)G(7s)dr 0 <ts <1
Hm( i s) (3)  Green
(3)
1
- fOHm(,: s) g(s) fls u(s)) ds.
3 0<é<n<lO<a <1/£0c<
B, < 1/(1 ) i=12-m
(B1) G(135) =0 Ise 01 ;(4)
(B2) G,(ts) <G/(ss) tse 01 ;(5)
(B3) y,G.(s s) $fminGi(ts) (6)
(stsn
. 1 1 }
= 01
e TR rery AU
2
4 0<a <1/£0<B,<1/1-170<
§<7]<1 ai:aiﬁin_aiﬁéf+ai+ﬁi>0i:
12 m (3) u( 1)
minu(t) = M| ul.
ésisn
Vi m =1
M: m-1 B

(L) 0<H,(ts) <][A6.(s )

o m
j=1

m-1

(12) H (¢t s) >ymHy]1m E<ti<ny
0ss<l.
1 ul
Ai=jGi(T 7) dr Bi=fGi(T r)dri=12
0 £
©m. (L2) (L1)
(L1). m=2 m=2 (5)

0<H,(ts)

fG tT)

1
G (71 7)6Gy(s s)dr = A,G,(s s).
0

m=n-1 (LI) m=n

1
H(ts) = [H_ (176,75 dr <
0
1 n-2
fl_[A,Gn1 TG (7 s)dr <

1n2

j 7 G.(s s)dr =

l:[lA-fG"( s 8).



94 SHEN Zhimo et al. The existence of multiple positive solutions for an even order Sturm-Liouville boundary value problem.
(L1) Oinfl/g(s) Os:i<1/n
2 om=1 AORER D 1/n <t <1-(1/n)
(5) (6) 1(1/ir)lf 1g(s) -(1/n) =1 <1
min u( ¢ —mlnfG ts)g(s)fls u(s))ds = T:K—K o
ésisn fsisn
'yIJGl(s s)g(s)fls u(s))ds = j J e G, (71 5)g,(s)fls u(s)) dsdr.
0
yillul = M|ull. n=2  Ascoli-Arzela 2 T,
m =2 2 (12) (L1 K . By={uekKl|lull<Rr
min u( t) _rnlan ts)g(s)f(s u(s))ds= n—oe T B T
ést=<n gsts<n Gy =max{f(t u) | 0<t<10<u<R}
f%nH% g(s) s u(s)) ds G =max{H, (7 7) ‘ 0=s7<1}
n-1 Gp G < . O<jGm s)g(s)ds <+ o
y,,,Hy,B,jG,n s 5) () fs uls)) ds =
m—1 Hm( )
%nH%BJ 0 (}E,‘Bi o &(8) (s u(s)) ds = lim G, (s s)g(s)ds =0.
A. n—® Je(1/n)
111 ! e(l/n) = 01/n U (1/n) 1
ﬁ')’;J”uH_MHuH 0<st<l1 R >0 u e By
| Tu(t) = Tu(t) | =
H, \( 9 &(s) —g.(9 fs uls))dsdr| <

(Al) g(0 1) - 0 ) 0<fcm(s

s)g(s)ds <+ o}

(A2) £ 01 x 0 ®) —> 0 )
C" 01 ={ueCO1 |u(t) =0te 01 1};
K={uecC" 01 ‘gminu(t) BMHuH}
sisq
fH ¢ s) a(s) s uls))ds

C = min J’nHm(t s) g('s) ds

ést<nq £

o:K—R" ¢o(u) = minu(i).

5 (A1) (A2) o T
(K) CKT K
(3)
4 T(K) CK T
n=?2 g.(1)

Sturm-Liouvile

G(;Rfcm(s ) 1als) —g(s) | ds <

GGI L(s s)g(s)ds—0
1/n)
n— o T, K
T T
3
1 (A1) (A2)
O0<A<pu :
( H1) t e 01 u(t) € 0 At
u() <4
( H2) :
fiw 1
(2D Tipswp miy 757 <
(H22) 0>v=u/M te O
1 we 060 At u) $%;
(H) te én ue puwM At w) 2%
(3) Uy Uy Us
lu ll < A p < grgiilnuz(t) lu, | > A

minus( 1) < p.

é<st=sng



fitidz42% 2012 4(1) 19296

Journal of Nanjing University of Information Science and Technology: Natural Science Edition 2012 4( 1) : 9296 95
m-1 1
B, | max ——H (t s $)fs u(s))ds =
1 . (H22) F)/mHFY/ ] o0ie 01 m—1 m( )g( )f( ( ))
- —_ J
6 T:K,— K, i
(H22) Vu e K, M| Tul > My = p

i _
1 max jOHm(t s) g(s)ds = 6.

(H21) N>0 &<1/D

Yu=Nte 01 M$g.
u

L=max{f{tu) [te 01 ue ON}
fltu) <L+eu u=0. (8)
0
LD
0>max{1_8D v} (9)
Yu e K, (8) (9

| Tull =  max lem(t $)g(s) s u(s))ds <

ting)ffH t s)g(s) (L +eu)ds <
(L + £6) maxjH ts)g(s)ds =
te 01
(L+e0)D <.
(H2) T:K, K,
ue K, (HI1)
T:K, —>K, (C2)
_pAtv
(C1) w ="
Ko p v} olu) = o(E3Y)>u
{ueKlouvl| olu) >u} #3. uveKlop

v} n < mlnu( 1) < u(i)

SvE<t<

f<i<
(H3)

o Te) = min :)H,ms) () fs u(9)) ds >
QEJH ts)g(s)f(s u(s))ds =
ergglan ts) )ds = u

(C3) u e Ko p 6}
ITull=v (12) (L1
o( Tu) _lelisnn OH(ts)g(s)f(s u(s))ds =

1 1
1 .
1 ( H1) —( H3)
/ (3)
2 (A {wdis
ok M
0 <A <m <MI<A2 < s <M2</\3 <<,
neNlN
A
(SI) te 01 ue 0A f(tu(t))<5;
(S2) te é€nm ue w w/M At
Ml
u( 1))
(3) 2n -1
n =1 1 (S1)
T K, — K, CK, T Schauder
T K u,.
n=2 ( Sl) (S2) 1
Uy Uy U I iy I <A <
min u,( £) [us Il > A, minuy(t) < p,.
f<i<ny f<i<y
References
1 IIln V A Moiseev E 1. Nonlocal boundary value problem

of the second kind for a Sturm-Liouville operator J . Dif-

ferential Equations 1987 23( 8) : 979987

Zhao J F Geng F ] Zhao J F et al. Positive solutions to a

new kind Sturm-lLiouvilledike four-point boundary value

problem J . Applied Mathematics and Computation

2010 217:811-819

Feng W Webb J R L. Solvability of three-point nonlinear

boundary value problem at resonance J . Nonlinear A-

nalysis 1997 30( 6) : 32273238

Feng W. On an m—point boundary value problem J .

Nonlinear Analysis 1997 30:5369-5374

Feng HY Ge W G. Triple symmetric positive solutions

for multipoint boundary-value problem with one-dimen—

sional p-Laplacian ] . Mathematical and Computer Mod—

elling 2008 47(1/2) : 186495

Gupta C P. A generalized multi-point boundary value

problem for second order ordinary differential equations
J . Applied Mathematics and Computation 1998 89



96

12

13

14

15

Abstract

Sturm-Liouvile

SHEN Zhimo et al. The existence of multiple positive solutions for an even order Sturm-Liouville boundary value problem.

(1/2/3):133446

Wong P J Y Agarwal R P. Generalized multipoint conju—

gate eigenvalue problems J . Mathematical and Comput—

er Modelling 2000 32(5/6) : 733945

Wang Y Y Hou C M. Existence of multiple positive solu—

tions for one-dimensional p-laplacian J . Journal of

Mathematical Analysis and Applications 2006 315( 1) :

144453

Zhang Z X Wang ]J Y. On existence and multiplicity of

positive solutions to singular multipoint boundary value

problems ] . Journal of Mathematical Analysis and Ap—

plications 2004 295(2) :502-512

BaiZ B Ge W G Wang Y F. Multiplicity results for

some second order four-point boundary-value problem
J . Nonlinear Analysis 2006 60( 3) : 491-500

Liu B. Positive solutions pf a nonlinear four-point bound—

ary value problems ] . Applied Mathematics and Com-—

putation 2004 155(1) : 179203

Lian H R Ge W G. Positive solutions for a four-point

boundary value problem with the pJdaplacian J . Non-

linear Analysis 2008 68:3493-3503

Bai Z B Ma M F Ge W G. Existence and multiplicity of

positive solutions for a class of four-point boundary value

problems ] . Indian Journal of Pure & Applied Mathe—

matics 2006 37(4) : 237245

SuH Wei Z L. Wang B H. The existence of positive so—

lutions for a nonlinear four-point singular boundary value

problem with a p-Laplacian operator J . Nonlinear Anal-

ysis 2007 66( 10) : 22042217

Avery R I Chyan C J Henderson J. Twin solutions of

boundary value problem for ordinary differential equations

and finite difference equations J . Computers & Mathe—

16

17

18

19

20

21

22

matics with Applications 2001 42(3/4/5) : 695904
Avery R 1 Henderson J. Three symmetric positive solu—
tions for a second order boundary value problem J . Ap-
plied Mathematics Letters 2000 13(3) : 17
Avery R 1 Davis ] M Henderson J. Three symmetric pos—
itive solutions for Lidstone problems by a generalization
of the Leggett-Williams theorem ] . Electronic Journal of
Differential Equations 2000 2000( 40) : 145
Chyan C J Henderson J. Multiple solutions for 2mth-or—
der Sturm-Liouville boundary value problems J . Com-
puters & Mathematics with Applications 2000 40 ( 2/
3) 1231237
Henderson J Thompson H B. Multiple symmetric positive
solutions for a second order boundary value problem J .
Proceedings of American Mathematical Society 2000 128
(8):23732379
Sturm-Liouville

J. 2006 26A(5) : 700706
SUN Hongrui LI Wantong. Multiple positive solutions for
even order Sturm-Liouville boundary value problems J .

Acta Mathematica Scientia 2006 26A( 5) : 700706

I : 2007 50( 3) :
547556
SUN Yongping. Symmetric positive solutions to a fourth—
order nonlinear differential equation with nonlocal bound-
ary conditions J . Acta Mathematica Sinica: Chinese Se—
ries 2007 50( 3) : 547556
M .
2009
XIAO Jianzhong LI Gang. Fundamentals of abstract anal-
ysis M . Beijing: Tsinghua University Press 2009

The existence of multiple positive solutions for an even order

Sturm-Liouville boundary value problem
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1 College of Math & Statistics Nanjing University of Information Science & Technology Nanjing 210044

In this paper we discuss the existence of positive solutions for an even order four point boundary value

problems. Sufficient conditions are obtained for the existence of three or arbitrary odd positive solutions of the

boundary value problem by using Leggett-Williams fixed point theorem and inequality techniques.

Key words

positive solution; cone; fixed point theorem; boundary value problem



