T AR Mo W R 5 W B Vol.27, No.4
2007411 JOURNAL OF MATHEMATICAL RESEARCH AND EXPOSITION  Nov., 2007

EHS: 1000-341X(2007)04-0854-05 TERERIRED: A

BEIZHT Sturm-Liouville [a] I BAEME

KRG 12 KA
(1. HtR =R ERE, Hl 22 730070; 2. PYALIEREReE 5(E BRI 20, Hl 224 730070)
(E-mail: zhanglz1201@163.com)

B B @SRRI, MR E AR, RS S EH, e
T Banach %3[d] Sturm-Liouville 7] SUf# A TEAE: 5 ME—H2h 5.

A ENE SRR, BERMUNIIAS AR, FHEE.
MSC(2000): 34G10; 47TH10
4 0175.25; 0177.91

1 5] 8§
% E & Banach Z5[q], FEIEZM: Sturm-Liouville [A]H
Lu= f(t,u), tel,
{ Ri(u) := agu(0) — Bou'(0) = 6, Ra(u) :=aqu(l) + fru/(1) =0 (1)

Ho Lu = —(p(t)w' (1)) +aq(t)u(t), I =10, 1], f€ C(IxXE, E), q(t), p(t), s, Bi (i =0,1)
6 2 LRI

(P) pe CHI), p(t)>0,Vtel, qge C(I), q(t)>0,Vtel; a; >0, 3; >0 (i=0,1), H
W2 (o + fo)(ar +51) >0, B ag=ar =08, &qg#0.

ST (1) 1ER A7 O BT RO B B, % p(1) — 1, (1) = 0,1 € 1
R, TR )

{ —u = f(t, u), tel, )
u(0) =u(l) =46

C— L2z F R R R NE BARSCI A S (AR5, WSk [1],(2],[3]. FEE FFRFNEEL
AF)EITIRRBEIE A, IR EUE AL AT EY Banach ZE AR IR

u(t) = /0 k(t, ) f (s, u(s))ds = (Au)(t)

HALTE, HA k(t, s) ANAHRMEY Green BEL SEEBTH I TTREAN RS, TEEAWMER: 7E—
fi Banach ZE[A]H, LRIV HT A AEEARME X A MASERBUT
TNEHR MARRHIA S RUEHE, BT ES f MHIn— L AR R Ry < RELRE . A,
SCHR [1)2](3) R XHEE R >0, f iR AREHENE A&

a(f(t, D)) < La(D),Vt € [0,1],D c B(6, R), (3)
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He L =L(R) € (0,3) 7@'#4& TERL I, MR LA S A FHTHY, BIEXS f Lipschitz 3%
LETETE, WTESRRRL L < 4, WERIE.

AR3CHY B HY X il 25 ] EP—ES%E’JW RIHENE (1), ZERBASMF FIHe MR A7 &
TE X TR T AR RIRIE, MR R PRI BRI, REARZEI £ (¢, w) HiSCRR
2] FETAFIERE N R 2 AN, FFER 3) Xl L HGE T 2. RHEATR AR
f (3) ZFHHY L SEE] 0 < L < 4. TEVFRMRAIME—PERT, BF L BOES 0 < L <X (Hh M
M1 (1) Bt LAY ERAE 7 R 26 —4FIE(H). R RAER] T A,

2 FRER

HIETRTITE (1) Bt R AR ] &

Lh=Mh, tel,
{ Ru(h) = Ra(h) = 0. (4)

Hrt hoe C2(I), 0 AR (4) MHRHE(E, &% (P) oL, WIOTRE (4) MsSE N Tar T
IR

h(t) = A / k(t, s)h(s)ds = ATh(t), (5)
I
HFT: o) —C() £i%E, k@, s) WERAWT
Layls), 0<t<s<1,
k(¢ s) = { ixEs))g;((ti 0<s<t<l. (6)

EI 1 X E 4 Banach =6, #FH5&M (P) oL, fe C(U x E, E) HER TAIM
(P1) FAEHEL co, c1 > 0 1§

1Ft, W) <co+ecilull, YEteI, ue E; (7)
(P2) HFIEWHRLL > 0, MMEMERLE DCE, H
a(f(I, D)) < La(D);

(P3) 1 <A1y L < gyp, Hbt M A (5) RPFE BT T W SE—4HE(E,

M= max /01 k(t,s)ds > 0.
MAEME (1) BT
i fERASHT A C(I, B) - C(, E)

/Olkts (s, u( (8)

W A:C(, E)—C(I, E) %%, HFFE (1) WEENT A WARSIE, FIERT A BRI,
HERIERSE 2
Lu=\f(t, u), tel, 9
{ Ra(u) = Ro(u) = 0 )
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HIPTEFRERM v € C(I, B) H—PAMKET A € (0, 1) BsERF. TABSHEY.
HI, W BCC(, E)FF, %M (PL) M {—(Au)" |ue B} HF, FBEEHEFMEN
{(Auv)’ [ue BY B, MIMH A(B) SEELE, # a(A(B)) = maxies a(A(B)(1)), WA

(Au)(t) —/0 k(t, s)f(s, u(s))ds € (/O k(t, s)ds)co{f(s, u(s))|se€ I}
1
C (/ k(t, s)ds)co(f(I x B(I))),
0
NUIEE] 1
(A(B))(t) C (/0 k(t, s)ds)co(f(I x B(I))).
B AR R MO G 45 (P2), B

Q(AB)0) < ([ ke, s)As)alf(T x B) < La(B(D) g ([ h(t.5)ds)
0 <t<1Jo
— LMa(B(I)).
e, w1
a(A(B)(t)) < LMa(B(I)) < 2LMa(B).

Xt R BUE R, 7118 o(A(B)) < LMo(B(I)) < 2LMa(B), f 44 (P3) 410 < 2LM < 1,
MNTT A R BESR BRI
HK, #ueC, B), R ult) = Nu(t) = A [) k(t, s)f(s, u(s))ds, 0 < X < 1, %zt
PRI RL, 15 1
u@)] = AII/ k(t, s)f(s, u(s))ds|.
0

& p(t) = u(t)], L& (PL), 4
1
(1) < / Bt $)(co+ ert(s))ds < col[Tl| + ex (T)(),

Hrr T2 (5) XPrE XHWHT, TRA ¢ <ol T+ aTy, RREH LEAEX, 7

U< collTI+aT(eoll T +eaTy)
< col| Tl + coca||T|* + eI T
<L ool TN+ el Tl + ST+ -+ 7T ) + Ty

n—1
= co|TI| Y AT + T,
k=0

&l

n—1
b <ol T D eI + e IT | ], (10)
k=0



43 AR, & BAEMAT Sturm-Liouville [MIEIRHIFFAEN: 857

MHZAF (P) BGL, NI SCHK (4] & Krein-Rutman BRI,  r(T) # 0, HAFEIERFEREL h(t)
HE—HHEE M = (n(T) 7 {5 h(t) = MTh(t). #H Gelfand EH, A
1

(1) = lim /177 = 5 (11)

B o = 9E21 € (e, Al),ﬁé>/\—1l.

0 (11) X, F7E No, 2 n > No Bf, /[T < &, B |77 < &, 8 11T < (2)",
1] Zn o)™ Wk, MTTZREL D0, e IT ) Mgk & Mo = col T X202 I T |, £E (10) X
1, & — oo £ Y(t) < Mo, B [lu(t)|| < Mo (RHIBET A), XK [|ul < Mo, 55 A LPHAE
B, EE&%%IE&QTE’J Leray-Schauder A3 M, A BHAZE. BIHENS (1) BOEE—4
fift.

LUk 2] BURARRMI f(t, u) AR, XR—MREREAG. BAIHE £, w) B
R A B LA K.

2 HASUHIRIE T, W ) R LB O<L<iBgEAoO<L <4

EIE 2 B £ 9 Banach Z[H], f(t, u) € C(I x E, E), &% (P) oL, H f HEE
1 gt (P1) Beskft

(P2) BIEEREL>0,Viel REFRW DCE, B a(f(t, D)) < La(D);

(P3) 0<er <A, L < o4 (HHf M = maxes [}, (1, 5)ds),
NHEMNE (1) ZOFE—

JEEA % A e 3.1 IR E T, SERK B C O, E), FAERH T4 B, =
{un}, 15 a(A(B)) < 20(A(By)), TIHH a(A(B1)) = maxies a(A(B1)(t)), FE4EEHKME (P2),
A

a(A(B1)(1)) —a({/0 k(t, 8)f(s, un(s))dsln € N}) < 2/ k(t, s)a({f(s; un(s))ln € N})ds

1 1
< 2/0 k(t, s)La(Bi(s))ds < 2L/O k(t, s)dsa(B)
< 2LMa(B))

Xt ERBIHBE AR, a(A(B1) < 2LMa(By), 8 o(A(B)) < 2a(A(By)) < ALMa(By).
HiZMF (P3) 40 A ERERB, LIFIER 55E8E 1 MIERI, o 25,
FI 3 ¥ E & Banach %[H], f € C(I x E,E), |RI&&M (P) oL, #HFE L, A
0<L <A, Xt Vu,us € E, F

I1f(# ug) = f (8 un)|| < Llfug — wall, (12)

NGBS (1) FEAEME—fF.
W BRSHT A:C(LE) - C(LE) Xy (8) U XHHF, B

1
(Au)(t):/o k(t, s)f(s,u(s))ds,
MERE (1) WBFN THT A ARSI, W
[[(A"ug)(t) — (A"u1) ()] = ||/ (t, ) [f (s, (A" Tu2)(s)) = f(s, (A" u)(s))]ds|]
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< L/ k(t, s)[[(A" uz)(s) — (A" Hu)(s)||ds
0
= LT(|[(A" uz)(s) — (A" Tur)(s)),

REMEH LA EX, A
1(A"ug)(t) = (A"ur) ()] < LT ([luz(s) = ui(s)]]) < LT [[[lug — wa -
Xt EAPABERE, 4
[A"ug = A"urle < L[ T"|[[luz = ur - (13)

XHH n — oo iif, (/T[] — r(T) = 57, B Ly € (L, M), INo, 2 n = No B, H |17 < 77,
RN (13) K, 3

L
[A"ug — A™up|[e < L™ T"|[[uz — ualle < (L—l)"llw — ualle.

WY n > No B, A" EREAEBGT, TR RS AS e B, T A TP EME—A3)
R, BA{ERE (1) FF7EME—fE.
E 3 TEEHE 3, WATER 0 < L <Ay, XH L&A

S
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Existence of Solutions to Sturm-Liouville Problem under Copactness
Condition
ZHANG Ling-zhong"?, LI Yong-xiang®

(1. College of Science, Gansu Agricultural University, Gansu 730070, China;
2. College of Mathematics and Information Science, Northwest Normal University, Gansu 730070, China )

Abstract: Based on the fixed-point theorem, the existence and uniqueness of the solutions to Banach
space’s Sturm-Liouville boundary value problem is proved precisely calculating the spectral radius of
linear operation and the measure of noncompactness.

Key words: boundary value problem; measure of noncompactness; fixed point index of condensing
mapping; eigenvalue.



