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1 3/i E � Banach ,Æ�);℄#3 Sturm-Liouville ��






Lu = f(t, u), t ∈ I,

R1(u) := α0u(0) − β0u
′(0) = θ,R2(u) := α1u(1) + β1u

′(1) = θ
(1.1)�A:_3�Kx Lu = −(p(t)u′(t))′ + q(t)u(t), I = [0, 1], f ∈ C(I ×E,E), q(t), p(t), αi, βi(i = 0, 1) >�E��i

(P) p ∈ C1(I), p(t) > 0, ∀t ∈ I; q ∈ C(I), q(t) ≥ 0, ∀t ∈ I; αi ≥ 0, βi ≥ 0 (i = 0, 1), O>� (α0 + β0)(α1 + β1) > 0; > α0 = α1 = 0 m�i q(t) 6≡ 0.nX0+,Æ6F�o��A?#�DUB-�r�!��! [1–3]. TXU"�,ÆZ�S�,ÆA�w$H�_�S�,Æx�℄#3) f(t, u) A5:3�l�7�A:_3�B�4 f(t, u) A5:3�}AR f �
BIA���_�! [1–2] x��d�I f Bu5:�O>�E�℄�3"O����R\F R > 0,f >�℄�3"O��
α(f(t,D)) ≤ Lα(D), ∀ t ∈ [0, 1], D ⊂ B(θ,R), (1.2)Kx L = L(R) ∈ (0, 1

2 ) �%x�� Q>h�=�Me�LFI1�`�_(#3Z7#36{P0���<7 Dilichlet �o��i�A:_3�_�! [3] x��d�2E���
(H1) f ∈ C(I × P, P ), R ∀l > 0, f _ I × (P ∩ Tl) 
Bu5:�O ∃L, > 0 ≤ L < 1

2Mm�U α(f(t,D)) ≤ Lα(D), ∀ t ∈ I,D ⊂ P ∩ Tl.tg℄J�2007-03-28; 6J℄J�2008-09-13
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(H2) ∃ a ∈ C(I), O a(t) > 0 (t ∈ I) Z b ∈ C(I, E), o
f(t, x) ≥ a(t)x− b(t), ∀ t ∈ I, x ∈ E.

(H3) ∃ r > 0 Z c ∈ C(I) o c(t) ≥ 0 (t ∈ I), O max
t∈I

c(t) < 1
M
, o

‖f(t, u)‖ ≤ c(t)‖u‖, ∀ t ∈ I, ‖u‖ ≤ r,Kx M = max
t,s∈I

|k(t, s)|, Tl = {u ∈ E| ‖ u ‖≤ l}.

(H4) ∃ d ∈ E, o f(t, x) ≥ −d, ∀ t ∈ I, x ∈ E � QF$MeA�LFqx1<�_(#3P0���<�� (1.1) i�A:_3�U��	sR℄�3"OA���|���! [2–3] R f Bu5:ei{NA���`�5:���y�� (1.1) �RKA#3Z,A�go1<�R
w�� (H1)–(H4) �2YBAe�Zb4��m�\QF$MeA�LFqx1<�`�_(#3Z7#3P0��~�7�� (1.1) i�A:_3�r�e-�re�w�o7
w�dAj��
2 =13�u��<Z, (1.1) �RKA#3�go��







Lh = λh, t ∈ I,

R1(h) = R2(h) = 0.
(2.1)Kx h ∈ C2(I), 0 �s�� (2.1) A�go�_�� (P) *4�aZ, (2.1) A�D
X^�A�`Z,

h(t) = λ

∫

I

k(t, s)h(s)ds ≡ λTh(t). (2.2)Kx T : C(I) → C(I) Y5:� k(t, s) A�qp^�
k(t, s) =















1

w
x(t)y(s), 0 ≤ t ≤ s ≤ 1,

1

w
x(s)y(t), 0 ≤ s ≤ t ≤ 1,

(2.3)Kx k(t, s) ≥ 0 O k(t, s) ≤ k(s, s), ∀ 0 ≤ t, s ≤ 1.2� 2.1 �i�� (P) *4�aT (2.2) p�IGA|� T AIÆ" r(T ) 6= 0, O:_i�gux h(t) ZEB�go λ1 = (r(T ))−1, o h(t) = λ1Th(t).9 T k(t, s) A3wm�:_ t1 ∈ (0, 1) o k(t1, t1) > 0, a:_ [a1, b1] ⊂ (0, 1), o
t1 ∈ (a1, b1)O k(t, s) > 0, ∀ t, s ∈ [a1, b1]. W ψ ∈ C[0, 1]>� ψ(t) ≥ 0, ∀ t ∈ [0, 1], ψ(t1) > 0O
ψ(t) = 0, ∀ t /∈ [a1, b1], a ∀ t ∈ [a1, b1], U (Tψ)(t) =

∫ 1

0
k(t, s)ψ(s)ds ≥

∫ b1

a1
k(t, s)ψ(s)ds > 0,m:_%x c > 0 o c(Tψ)(t) ≥ ψ(t), ∀ t ∈ [0, 1]. T Krein-Rutman I1m���~l�2� 2.2 �i�� (P) *4�_:_ h(t) ∈ C(I) � (2.2) p�IGA|� T Ai�gux� λ1 �KEB�go�a:_%x δ1, δ2 > 0, >��p

δ1k(t, s) ≤ h(s) ≤ δ2k(s, t), 0 ≤ t, s ≤ 1. (2.4)
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(i) _ x(0) > 0, y(1) > 0, a k(t, s) > 0, 0 ≤ t, s ≤ 1, O h(0) > 0, h(1) > 0, m

h(s)
k(t,s) > 0, 0 ≤ t, s ≤ 1. T5:3m:_ δ1, δ2 > 0, o δ1k(t, s) ≤ h(s) ≤ δ2k(s, t), 0 ≤ t, s ≤ 1.

(ii) _ x(0) = 0, y(1) = 0, � β0 = β1 = 0, T�i (P) m α0, α1 > 0, T (2.3) pm
k(0, s) = k(1, s) = 0, s ∈ [0, 1], O h(0) = h(1) = 0, h′(0) > 0, h′(1) < 0. I6

lim
s→0+

h(s)

x(s)
=
h′(0)

x′(0)
=
h′(0)

α0
> 0, lim

s→1−

h(s)

y(s)
=
h′(1)

y′(1)
= −

h′(1)

α1
> 0. (2.5)IG φ(s) = wh(s)

x(s)y(s) , s ∈ (0, 1), W φ(0) > 0, φ(1) > 0, m φ(s) ∈ C(I), T (2.5) p�KIGm� φ(s) > 0, ∀s ∈ I. T�oI1�:_ δ1, δ2 > 0, o δ1 ≤ φ(s) ≤ δ2, ∀ s ∈ [0, 1], �
δ1

1
w
x(s)y(s) ≤ h(s) ≤ δ2

1
w
x(s)y(s), s ∈ [0, 1].> 0 ≤ t ≤ s ≤ 1 m�T k(t, s) A3wm

δ1k(t, s) ≤ h(s) ≤ δ2k(s, t).> 0 ≤ s ≤ t ≤ 1 m�T k(t, s) A3wm
δ1k(t, s) ≤ δ1

1

w
x(s)y(s) ≤ h(s) ≤ δ2

1

w
x(s)y(s) ≤ δ2

1

w
x(t)y(s) = δ2k(s, t),� (2.4) p�l�> x(0) = 0, y(1) > 0 Z x(0) > 0, y(1) = 0, lC0z�E�i E �U8 Banach ,Æ� P �ip��N �ip%x� C(I, E) � I 
A E o5:ux
�<oWxl* Banach,Æ�K = {u ∈ C(I, E)| u(t) ∈ P, ∀ t ∈ I}� C(I, E)xA��
 Tl = {u ∈ E| ‖u‖ ≤ l}(l > 0) Z Ul = {u ∈ C(I, E)| ‖u‖c ≤ l}(l > 0) `��,Æ E Z C(I, E) xA�T�IG|� A : K → C2(I, E) ∩K, �

Au(t) =

∫ 1

0

k(t, s)f(s, u(s))ds, (2.6)a�� (1.1) A�D
X|� A A�LF�E�R|� A KQ�
A�LFqx1<�W
K A�� K(h, δ1), � K(h, δ1) =

{

u ∈ K
∣

∣

∫ 1

0
h(t)u(t)dt ≥ λ−1

1 δ1u(s), ∀ s ∈ I
}

, h(t), λ1 �J1 2.1 x�IG� δ1 _J1 2.2 xIG� Z� K(h, δ1)\{θ} 6= ∅, O
K(h, δ1) ⊂ K.2� 2.3 A(K) ⊂ K(h, δ1) O A : K → K 5:�9 ∀ u ∈ K, T K(h, δ1) AIG�J1 2.2, U

∫ 1

0

h(t)(Au)(t)dt =

∫ 1

0

h(t)(

∫ 1

0

k(t, s)f(s, u(s))ds)dt

=

∫ 1

0

f(s, u(s))ds

∫ 1

0

k(s, t)h(t)dt

= λ−1
1

∫ 1

0

h(s)f(s, u(s))ds

≥ λ−1
1 δ1

∫ 1

0

k(t, s)f(s, u(s))ds

= λ−1
1 δ1Au(t), ∀t ∈ I,
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�A}7AZ℄�3"O�F$MeA�LFqxUnA�8B-�r�2� 2.4 i E s Banach ,Æ�_ B ⊂ C(I, E) U�ODO5:�a α(B(t)) _ [0, 1]
5:�O α(B) = max
0≤t≤1

α(B(t)) = α(B(I)).dJ1��! [1] xI1 1.1.2.2� 2.5 i E s Banach ,Æ�_ J = [a, b], u ∈ C(J,E), ϕ ∈ C(J,R+), aU
∫ b

a

ϕ(s)u(s)ds ∈ (

∫ b

a

ϕ(s)ds) · c̄oU(J),Kx U(J) = {u(t)| t ∈ J}.dJ1��! [4] xJ1 3.2� 2.6 i E s Banach ,Æ� B = {un} ⊂ C(I, E), _:_ g(t) ∈ L1(I), o�
‖un(t)‖ ≤ g(t), a.e. t ∈ I, n = 1, 2, · · · ,a α(B(t)) ∈ L1(I), OU

α({

∫ t

0

un(s)ds}) ≤ 2

∫ t

0

α(B(s))ds, t ∈ I,��> B U�m�
p*4�dJ1��! [5] x�< 3.1(6).2� 2.7 i E � Banach,Æ� P � E xA��Ω ⊂ P �U�(��A : P ∩ Ω̄ → P�F$Me�_:_ u0 ∈ P\{θ}, o
u−Au 6= µu0, ∀u ∈ ∂Ω, µ ≥ 0,a i(A,P ∩ Ω, P ) = 0dJ1��! [6].2� 2.8 i E � Banach ,Æ� P � E xA�� Ω ⊂ P �U�(�� θ ∈ Ω, A :

P ∩ Ω̄ → P �F$Me��O>� Au 6= µu, ∀u ∈ ∂Ω, µ ≥ 1, a i(A,P ∩ Ω, P ) = 1.dJ1��! [7] xJ1 4.1.

3 
+.�,'8��
4.�� 3.1 i E �U8 Banach ,Æ� P �Kip�� f ∈ C(I × P, P ) �U��M�U���O�� (P) *4�_ f >�E���
(P1) ∃ 0 < L < 1

2M
, R\FU�A D ⊂ P ∩ Tl, U

α(f(I,D)) ≤ Lα(D).

(P2) ∃ ε1 > 0 � b ∈ C(I, P ), o
f(t, x) ≥ (λ1 + ε1)x− b(t), ∀ t ∈ I, x ∈ P.

(P3) ∃ 0 < ε2 < λ1 � r > 0, o
f(t, x) ≤ (λ1 − ε2)x, ∀ t ∈ I, x ∈ P, ‖x‖ ≤ r.
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0≤t≤1

(
∫ 1

0 k(t, s)ds), a Sturm-Liouville �� (1.1) tdUBii��9 I�� (1.1) A�D
X (2.6) pIGA|� A A�LF�A�< A A�LF�u�l A �F$Me�R\FAU�� B ⊂ K ∩ Ul, T f AU�3m A(B) DO5:�
J1 2.4, U
α(A(B)) = max

t∈I
α(A(B))(t).R ∀u ∈ B, t ∈ I, TJ1 2.5, U

(Au)(t) =

∫ 1

0

k(t, s)f(s, u(s))ds

∈ (

∫ 1

0

k(t, s)ds)c̄o{f(s, u(s))| s ∈ I}

⊂ (

∫ 1

0

k(t, s)ds)c̄o(f(I ×B(I))).T℄�3"OA3w��y�� (P1), U
α(A(B))(t) ≤ (

∫ 1

0

k(t, s)ds)α(f(I ×B(I))) ≤ LMα(B(I)) ≤ 2LMα(B).6�W�<o�U α(A(B)) ≤ 2LMα(B), W 0 < 2LM < 1, m K → K �F$Me�W R > r /`<�O
R > Nλ1(ε1δ1)

−1
∥

∥

∥

∫ 1

0

h(s)b(s)ds
∥

∥

∥
. (3.1)�BlR ∀ u0 ∈ K(h, δ1)\{θ}, U

u−Au 6= µu0, ∀ u ∈ ∂UR ∩K, µ ≥ 0, (3.2)rn
�_:_ u1 ∈ ∂UR ∩K � µ1 ≥ 0, o
u1 −Au1 = µ1u0, (3.3)TJ1 2.3 m Au1 ∈ K(h, δ1), m u1 ∈ K(h, δ1), R (3.3) p6Q�+ h(t) �`�Kx h(t) �|� T AEB�go λ1 �RKA�gux�OT�� (P2), U

θ ≥

∫ 1

0

h(t)(Au1)(t)dt−

∫ 1

0

h(t)u1(t)dt

=

∫ 1

0

h(t)(

∫ 1

0

k(t, s)f(s, u1(s))ds)dt−

∫ 1

0

h(t)u1(t)dt

≥

∫ 1

0

h(t)(

∫ 1

0

k(t, s)((λ1 + ε1)u1(s) − b(s))ds)dt−

∫ 1

0

h(t)u1(t)dt

= (λ1 + ε1)

∫ 1

0

h(t)(

∫ 1

0

k(t, s)u1(s)ds)dt −

∫ 1

0

h(t)(

∫ 1

0

k(t, s)b(s)ds)dt−

∫ 1

0

h(t)u1(t)dt

= (λ1 + ε1)

∫ 1

0

u1(s)ds

∫ 1

0

k(s, t)h(t)dt−

∫ 1

0

b(s)ds

∫ 1

0

k(s, t)h(t)dt−

∫ 1

0

h(t)u1(t)dt
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= (λ1 + ε1)λ
−1
1

∫ 1

0

u1(t)h(t)dt− λ−1
1

∫ 1

0

h(s)b(s)ds−

∫ 1

0

h(t)u1(t)dt

= ε1λ
−1
1

∫ 1

0

h(t)u1(t)dt− λ−1
1

∫ 1

0

h(s)b(s)ds

≥ ε1(λ
−1
1 )2δ1u1(s) − λ−1

1

∫ 1

0

h(s)b(s)ds,� ∫ 1

0 h(s)b(s)ds ≥ ε1λ
−1
1 δ1u1(s) ≥ θ, ∀ s ∈ I. 6�WWx��

∥

∥

∥

∫ 1

0

h(s)b(s)ds
∥

∥

∥
≥
ε1δ1
λ1N

‖u1(s)‖, ∀ s ∈ I.6�W�<oWx��
∥

∥

∥

∫ 1

0

h(s)b(s)ds
∥

∥

∥

c
≥
ε1δ1
λ1N

‖u1(s)‖ = ε1δ1(Nλ1)
−1R,� R ≤ Nλ1(ε1δ1)

−1‖
∫ 1

0
h(s)b(s)ds‖ eZ (3.1) p?T�mVi�f� (3.2) p*4�W A �F$Me�mTJ1 2.7, m

i(A,K ∩ UR,K) = 0, (3.4)�lB�3��i Au 6= u, ∀u ∈ ∂Ur ∩K.�B�AlC
Au 6= µu, ∀u ∈ ∂Ur ∩K,µ > 1, (3.5)rn
_ (3.5) p�*4�a:_ u2 ∈ ∂Ur ∩K � µ2 > 1, o Au2 = µ2u2.R
p6Q�+ h(t) �`�OT�� (P3), U

θ ≤ µ2

∫ 1

0

h(t)u2(t)dt =

∫ 1

0

h(t)(

∫ 1

0

k(t, s)f(s, u2(s))ds)dt

≤

∫ 1

0

h(t)(

∫ 1

0

k(t, s)(λ1 − ε2)u2(s)ds)dt

= (λ1 − ε2)λ
−1
1

∫ 1

0

h(t)u2(t)dt.� θ ≤ µ2

∫ 1

0
h(t)u2(t)dt ≤ (λ1 − ε2)λ

−1
1

∫ 1

0
h(t)u2(t)dt. C)+�

θ ≤ (µ2 − (1 − ε2λ
−1
1 ))

∫ 1

0

h(t)u2(t)dt ≤ θ.WI µ2 > 1, aU µ2 − (1 − ε2λ
−1
1 ) > 0, mT
p+�2

∫ 1

0

h(t)u2(t)dt = θ. (3.6)WI u2 ∈ ∂Ur, ‖u2‖ 6= 0, m:_ s ∈ I, o u2(s) > 0, WI u2 ∈ K(h, δ1), m
∫ 1

0

h(t)u2(t)dt ≥ λ−1
1 δ1u2(s) > 0.
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i(A,K ∩ Ur,K) = 1. (3.7)WI Ūr ⊂ UR, T (3.4), (3.7) p�F$MeA�LFqxA+�3��

i(A,K ∩ (UR\Ūr),K) = −1. (3.8)T (3.8) p�F$MeA+�3m� A _ K ∩ (UR\Ūr) xtdU�LF�a Sturm-Liouville�� (1.1) tdUBi��> 1 I1 3.1 ��! [3] nX f Bu5:ei℄%NA��e��5:��m�R fb'"vT�! [3] A�� (H2), (H3) e��I1 3.1 x (P2), (P3), �6�r�?7�S�> 2 I1 3.1 xbX7�! [3] �� (H4), ��~�7�A:_3�r�
4 �+.�,'8��
4.�� 4.1 i E �U8 Banach ,Æ� P �Kip��_ f ∈ C(I × P, P ) �U��M�U����i�� (P) �I1 3.1 x�� (P1) *4�_ f >�E���

(P′
2) ∃ ε1 > 0 � r > 0, o

f(t, x) ≥ (λ1 + ε1)x, ∀ t ∈ I, x ∈ P, ‖x‖ ≤ r.

(P′
3) ∃ 0 < ε2 < λ1 � b(t) ∈ C(I, P ), o

f(t, x) ≤ (λ1 − ε2)x+ b(t), ∀ t ∈ I, x ∈ P.a Sturm-Liouville �� (1.1) tdUBii��9 I�� (1.1) A�D
X (2.6) pIGA|� A A�LF�W f >��� (P) �
(P1), mTI1 3.1 AlCm A �F$Me�i:_%x r1 > 0, R ∀u ∈ ∂Ur1 ∩K, �i A_ ∂Ur1

∩K x�U�LF (
alCÆ*).�l�R ∀u0 ∈ K(h, δ1)\{θ}, U
u−Au 6= µu0, ∀ u ∈ ∂Ur ∩K, µ > 0. (4.1)Vi (4.1) p�*4��:_ u1 ∈ ∂Ur1 ∩K,µ1 > 0, o

u1 −Au1 = µ1u0, (4.2)C)��
u1 = µ1u0 +Au1 ≥ µ1u0. (4.3):

µ∗ = sup
{

µ
∣

∣

∣

∫ 1

0

h(t)u1(t)dt ≥ µ

∫ 1

0

h(t)u0(t)dt
}

,R (4.3) p6��+ h(t) �`�U
∫ 1

0

h(t)u1(t)dt ≥ µ1

∫ 1

0

h(t)u0(t)dt. (4.4)
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0 h(t)u1(t)dt ≥ µ∗
∫ 1

0 h(t)u0(t)dt, R (4.2) p6��+
h(t) �`�WT (4.4) p��� (P′

2) U
∫ 1

0

h(t)u1(t)dt =

∫ 1

0

h(t)(Au1)(t)dt+ µ1

∫ 1

0

h(t)u0(t)dt

=

∫ 1

0

h(t)(

∫ 1

0

k(t, s)f(s, u1(s))ds)dt + µ1

∫ 1

0

h(t)u0(t)dt

≥ (λ1 + ε1)

∫ 1

0

u1(s)ds

∫ 1

0

k(s, t)h(t)dt+ µ1

∫ 1

0

h(t)u0(t)dt

= (λ1 + ε1)λ
−1
1

∫ 1

0

h(t)u1(t)dt+ µ1

∫ 1

0

h(t)u0(t)dt

≥ (1 + λ−1
1 ε1)µ

∗

∫ 1

0

h(t)u0(t)dt+ µ1

∫ 1

0

h(t)u0(t)dt

= ((1 + λ−1
1 ε1)µ

∗ + µ1)

∫ 1

0

h(t)u0(t)dt

> (µ∗ + µ1)

∫ 1

0

h(t)u0(t)dt.eZ µ∗ AIG?T�mVi�f� (4.1) p*4�TJ1 2.7 m
i(A,K ∩ Ur,K) = 0. (4.5)W R /`<O>�

R > max
{

(ε2δ1)
−1λ1N

∥

∥

∥

∫ 1

0

h(t)b(t)dt
∥

∥

∥
, r1

}

. (4.6)�BAl
Au 6= µu, ∀u ∈ ∂UR ∩K,µ > 1, (4.7)Vi:_ u2 ∈ ∂UR ∩K � µ2 > 1, o

Au2 = µ2u2, (4.8)R (4.8) p6Q�+ h(t) �`�OT (P′
3), m

µ2

∫ 1

0

h(t)u2(t)dt =

∫ 1

0

h(t)(

∫ 1

0

k(t, s)f(s, u2(s))ds)dt

≤ (λ1 − ε2)

∫ 1

0

h(t)

∫ 1

0

k(t, s)u2(s)ds+

∫ 1

0

h(t)(

∫ 1

0

k(t, s)b(s)ds)dt

= (1 − ε2λ
−1
1 )

∫ 1

0

h(t)u2(t)dt+ λ−1
1

∫ 1

0

h(t)b(t)dt,WI θ ≤
∫ 1

0
h(t)u2(t)dt < µ2

∫ 1

0
h(t)u2(t)dt, mU

∫ 1

0

h(t)u2(t)dt < µ2

∫ 1

0

h(t)u2(t)dt

< (1 − ε2λ
−1
1 )

∫ 1

0

h(t)u2(t)dt+ λ−1
1

∫ 1

0

h(t)b(t)dt.
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∫ 1

0 h(t)u2(t)dt <
∫ 1

0 h(t)b(t)dt, WI A(K) ⊂ K(h, δ1), m
θ ≤ ε2δ1λ

−1
1 u2(s) <

∫ 1

0

h(t)b(t)dt. (4.9)R (4.9) p6�WWx��
ε2δ1λ

−1
1 ‖u2(s)‖ < N

∥

∥

∥

∫ 1

0

h(t)b(t)dt
∥

∥

∥
.R6p^W�<oWx

ε2δ1λ
−1
1 ‖u2‖c < N

∥

∥

∥

∫ 1

0

h(t)b(t)dt
∥

∥

∥
, R < λ1N(ε2δ1)

−1
∥

∥

∥

∫ 1

0

h(t)b(t)dt
∥

∥

∥
.eZ (4.6) p?T�m (4.7) p*4�TJ1 2.8, m

i(A,K ∩ UR,K) = 1, (4.10)T (4.10) p�F$MeA�LFqxA+�3�� (4.5) Z (4.10) p�m
i(A,K ∩ (UR\Ūr),K) = 1. (4.11)TF$MeA�LFqxA+�3�m A _ K ∩ (UR\Ūr) x:_�LF�a Sturm-Liouville�� (1.1) tdUBi��> 3 �! [3] xA�� (H1) xA M = | max

0≤t≤1
k(t, s)|, U���� (P1) x

M = max
0≤t≤1

(

∫ 1

0

k(t, s)ds),e6{P0V�{<�^>Z, (1.1) x p(t) = 1, q(t) = 0, t ∈ I, 6m�RKAMB M = 1
4 ,U|B M = 1

8 .> 4 I1 4.1 A�<s�� (1.1) _ Banach,Æx7#3P0�i�:_A.�<�_R℄#3)AU�I1 3.1 �I1 4.1 xN�a7E���
(P′

1) ∃0 < L < 1
4M

, R\FU�A D ⊂ P ∩ Tl U α(f(t,D)) ≤ Lα(D).�� 4.2 i E �U8A Banach ,Æ� P �Kip�� f ∈ C(I × P, P ) �U��M�U����i�� (P), (P′
1) *4�_I1 3.1x�� (P2)(P3) �I1 4.1x�� (P′

2)(P
′
3)nB*4�a Sturm-Liouville �� (1.1) tdUBi��9 i A � (2.6) p�IGA|��a�� (1.1) A�D
X|� A A�LF�WI�� (P2)(P3), � (P′

2)(P
′
3)*4�TI1 3.1 �I1 4.1AlCm��s7�< A �F$Me�R ∀ B ⊂ K

⋂

Ul U��:_+x�� B1 = {un}, o α(A(B)) ≤ 2α(A(B1)), UOU
α(A(B1)(t)) = max

t∈I
α(A(B1)(t)), 9UTJ1 2.6, ��y (P′

1), U
α(A(B1)(t)) = α({

∫ 1

0

k(t, s)f(s, un(s))ds|n ∈ N})

≤ 2

∫ 1

0

k(t, s)α({f(s, un(s))|n ∈ N})ds

≤ 2

∫ 1

0

k(t, s)Lα(B1(s))ds

≤ 2L

∫ 1

0

k(t, s)dsα(B1) ≤ 2L

∫ 1

0

k(t, s)dsα(B).
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p6�W�<o��
α(A(B1)) ≤ 2LMα(B), α(A(B)) ≤ 2α(A(B1)) ≤ 4LMα(B),WI 0 < L < 1

4M
, 9U A �F$Me�> 5 ZI1 4.1 &���� (P′

1) ��� P1 xR℄#3)AUN�mR L AAUT
0 < L < 1

2M
e� 0 < L < 1

4M
. 	 � $ (
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Positive Solutions of Nonlinear Sturm-Liouville Boundary

Value Problems in Banach Spaces

1,2Zhang Lingzhong 2Li Yongxiang
(1College of Science, Gansu Agricultural University, Gansu Lanzhou 730070;

2College of Mathematics and Information Science, Northwest Normal University, Gansu Lanzhou 730070)

Abstract: The existence of the positive solutions to the Sturm-Liouville problem in Banach

spaces is discussed in the superlinear or sublinear case by using the fixed point theory of

condensing mapping and doing precise computation of measure of noncompactess and using

the eigenvalues corresponding to the relevant linear equations.

Key words: Boundary value problem; Measure of noncompactness; Fixed point index; Positive

solution.
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