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1 ! "
���������������� (SBVP) !������{

u(4)(t) = λf(t, u(t)), t ∈ (0, 1),

u(0) = u(1) = 0, u′′(0) = u′′(1) = 0,
(1.1)λ

�� λ ∈ R+ ���� R+ = [0, +∞), f(t, u) ∈ C((0, 1) × [0, +∞), [0, +∞)), f(t, u) � t = 0
� t = 1 ������� (0, 1) × (0, +∞) � "#!"# !"$$#

� [1–2] ��% SBVP(1.1)λ, �&%&'�'(%$�(%!)� λ0 *&' λ > λ0 +

SBVP(1.1)λ ,)!�(' 0 < λ ≤ λ0 + SBVP(1.1)λ *-$�(%!�#)���+%�,

�*-. f +$ u �,/�#

���-0�&'�..�� SBVP(1.1)λ ��/���01%2� 3%!��$�

/�4�05�61%� [1–2] ��1+�4#,2/3789�4Æ����� �(%
275-���36����:#4� [1–6].

(λ, u) ;7 SBVP(1.1)λ �(%!��8 λ > 0, u ∈ C2[0, 1] ∩ C4(0, 1) 5$ SBVP(1.1)λ

� u(t) > 0, t ∈ (0, 1).

2 %&'()!*
78<64��&'7�

(A1) $� q(t) ∈ C((0, 1), R+) � h(u) ∈ C([0, +∞), R+) 5$= "� (t, u) ∈ (0, 1) ×
[0, +∞) )

f(t, u) ≤ q(t)h(u),
∫ 1

0

t(1 − t)q(t)dt < +∞.

* >8+9��?: (10471075) @>8+9��?:��Æ9?: (A0324616) :;;<A
<B=>C2005-03-30, <D=EB=>C2006-03-06.
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(A2) $� 0 < a < b < 1, *& lim
u→0+

f(s,u)
u = +∞ � lim

u→+∞
f(s,u)

u = +∞ +$ s ∈ [a, b] (

BFB#

���C*D�G�C"7 E = R × C[0, 1]. ECFG�74= "� x ∈ C[0, 1]
HHI� ‖x‖ = max

t∈[0,1]
|x(t)|, I C[0, 1] 7(% Banach C"#1(J�= (λ, x) ∈ E, D

‖(λ, x)‖ = max{|λ|, ‖x‖}, E JF7(% Banach C"#
D

P = {u ∈ C([0, 1], R+)| u(t) ≥ a(1 − b)u(s), t ∈ [a, b], s ∈ [0, 1]}.
KE� P � C[0, 1] ��L#D Σ =

{
(λ, u) ∈ R+ × P : u �= θ, (λ, u) 5$ S BVP(1.1)λ

}
. (

KK� (0, θ) ∈ Σ , �� θ LF C[0, 1] ��$MN#D C � Σ �MO (0, θ) �G.7P#K
E C �N�#

ECFG� SBVP(1.1)λ �!�"H$��O789

u(t) = λ(Tu)(t) = λ

∫ 1

0

G(t, s)
∫ 1

0

G(s, τ)f(τ, u(τ))dτds (2.1)

)!� (λ, u), �� λ > 0, u ∈ P\{θ}.

G(t, s) =

⎧⎨
⎩

s(1 − t), 0 ≤ s ≤ t ≤ 1,

t(1 − s), 0 ≤ t ≤ s ≤ 1.
(2.2)

Q� [7] �� (9.4.12) � (9.4.13) IG� (2.2) I5$
G(t, s) ≥ a(1 − b)G(s, s) ≥ a(1 − b)G(τ, s), t ∈ [a, b], τ, s ∈ [0, 1]. (2.3)

J&' (A1) FB�IQ#IR'S# T T P K P � T ��GU� [5]. VP� Σ ��QL
�N�#

MN��� ⎧⎨
⎩

u(4)(t) = F (t, u(t)), t ∈ (0, 1),

u(0) = x0, u(1) = x1, u′′(0) = c, u′′(1) = d,
(2.4)

�� x0 ≥ 0, x1 ≥ 0, c ≤ 0, d ≤ 0. F ∈ C(D, R) � D ⊂ (0, 1) × R.

α ∈ C2[0, 1]∩C4(0, 1)R;7 (2.4)�(%���8 α(t)5$S=C)� t ∈ (0, 1), (t, α(t))
∈ D � α(4)(t) ≤ F (t, α(t)), t ∈ (0, 1), α(0) ≤ x0, α(1) ≤ x1, α′′(0) ≥ c, α′′(1) ≥ d. WXK�

β ∈ C2[0, 1] ∩ C4(0, 1) R;7 (2.4) �(%#��8 β(t) 5$#OY "I�TZ "I#
74 α(t) ≤ β(t), ∀ t ∈ [0, 1], U[

Dβ
α = {(t, u) ∈ (0, 1) × R : α(t) ≤ u ≤ β(t)} ,

I��)���4

,- 2.1 D α � β 7V� (2.4) ����#��5$
1) α(t) ≤ β(t), ∀ t ∈ [0, 1] � Dβ

α ⊂ D;
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2) $�(%Y� p ∈ C((0, 1), R+) 5$
| F (t, u) |≤ p(t), ∀ (t, u) ∈ Dβ

α

� ∫ 1

0

t(1 − t)p(t)dt < +∞,

I BVP(2.4) *-)(%� u ∈ C2[0, 1] ∩ C4(0, 1) *& α(t) ≤ u(t) ≤ β(t), ∀ t ∈ [0, 1].
. S\���U[(%Z]Y�

F ∗(t, u) =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

F (t, α(t)), u < α(t);

F (t, u), α(t) ≤ u ≤ β(t);

F (t, β(t)), u > β(t).

(2.5)

Q&' Dβ
α ⊂ D T F ∗ �U[R^' F ∗ : (0, 1) × R → R �GU��Q&' (2), G_5$

| F ∗(t, u) |≤ p(t), ∀ (t, u) ∈ (0, 1) × R. (2.6)

MN����� ⎧⎨
⎩

u(4)(t) = w(t), t ∈ (0, 1),

u(0) = x0, u(1) = x1, u′′(0) = c, u′′(1) = d.
(2.7)

D

y(t) = u(t) − x1t − x0(1 − t) +
∫ 1

0

G(t, τ)[c + (d − c)τ ]dτ, t ∈ [0, 1], (2.8)

�� u ∈ C2[0, 1] ∩ C4(0, 1) � BVP(2.7) ���IRG y(t) ∈ C2[0, 1] ∩ C4(0, 1) �⎧⎨
⎩

y(4)(t) = w(t), t ∈ (0, 1),

y(0) = y(1) = 0, y′′(0) = y′′(1) = 0.
(2.9)

Q��UU�$� t0 ∈ (0, 1) *& y(3)(t0) = 0. = (2.9) IV�GUO7V[���WR&\

−y′′(t) =
∫ 1

0

G(t, s)w(s)ds, (2.10)

`= (2.10) IV�GUO7V[���)

y(t) =
∫ 1

0

G(t, s)
∫ 1

0

G(s, τ)w(τ)dτds, ∀ t ∈ [0, 1].

VP

u(t) = x1t + x0(1 − t) −
∫ 1

0

G(t, τ)[c + (d − c)τ ]dτ

+
∫ 1

0

G(t, s)
∫ 1

0

G(s, τ)w(τ)dτds, t ∈ [0, 1]. (2.11)
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D X = C[0, 1], U[(%O7S# A : X → X 7�

(Au)(t) := x1t + x0(1 − t) −
∫ 1

0

G(t, τ)[c + (d − c)τ ]dτ

+
∫ 1

0

G(t, s)
∫ 1

0

G(s, τ)F ∗(τ, u(τ))dτds, t ∈ [0, 1].

Q (2.6) I�&' (2) GS A : X → X )U[�GU�� A(X) �(%)X/#1(JR&�
= "� u ∈ X, Au(t) ∈ C2[0, 1] ∩ C4(0, 1), ]� u ∈ X ������ �(%�{

u(4)(t) = F ∗(t, u), t ∈ (0, 1),

u(0) = x0, u(1) = x1, u′′(0) = c, u′′(1) = d,
(2.12)

'�Y' u = Au.

Q$ G(t, s) � [0, 1]× [0, 1]�GU��̂ ]�2!"#�(BGU��_= "� ε > 0,

$� δ = δ(ε) < ε *&= "� t1, t2 ∈ [0, 1], |t1 − t2| < δ +�= "� s ∈ [0, 1], )

|G(t1, s) − G(t2, s)| <
ε

(|d + c| + ∫ 1

0
G(s, s)p(s)ds)

.

VP�= "� u ∈ X , )

|Au(t1) − Au(t2)|

≤ |x1 − x0||t1 − t2| +
∫ 1

0

|G(t1, τ) − G(t2, τ)|
(
|d + c| +

∫ 1

0

G(s, s)p(s)ds

)
dτ

< (|x1 − x0| + 1)ε.

$�Q Ascoli-Arzela UUG� A(X) �1=L�#VPQ Schauder  `aUUZGS# A

*-)(% `a u ∈ C2[0, 1] ∩ C4(0, 1). ^]���� (2.12) *-)(%� u ∈ C2[0, 1].
�' α(t) ≤ u(t) ≤ β(t), ∀ t ∈ [0, 1]. [)#�\] FBI$� t∗ ∈ (0, 1) *&

u(t∗) < α(t∗). Q$ u, α ∈ C2[0, 1], IZa\(%/b�^!" (η, γ) ⊂ (0, 1) *& t∗ ∈ (η, γ)
�

u(η) = α(η), u(γ) = α(γ), u(t) < α(t), ∀ t ∈ (η, γ).

= t ∈ [η, γ], ��) F ∗(t, u(t)) = F (t, α(t)). VP

u(4)(t) = F (t, α(t)), t ∈ [η, γ].

Q$ u = Au, _

u(t) = x1t + x0(1 − t) −
∫ 1

0

G(t, τ)[c + (d − c)τ ]dτ

+
∫ 1

0

G(t, s)
∫ 1

0

G(s, τ)F ∗(τ, u(τ))dτds, t ∈ [0, 1].

=#IGU.cV[Z&

u′′(t) = y′′(t) + c + (d − c)t = c + (d − c)t −
∫ 1

0

G(t, s)F (s, α(s))ds, t ∈ [η, γ].
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VP

u′′(η) = c + (d − c)η −
∫ 1

0

G(η, s)F (s, α(s))ds,

u′′(γ) = c + (d − c)γ −
∫ 1

0

G(γ, s)F (s, α(s))ds.

`(8a�Q$ α � (2.4) �(%�����)⎧⎨
⎩

α(4)(t) ≤ F (t, α(t)), t ∈ (0, 1),

α′′(0) ≥ c, α′′(1) ≥ d.

 b t0 ∈ (0, 1), I=#I��d(%I#GUO7V[Z&

α(3)(t0) − α(3)(t) ≤
∫ t0

t

F (s, α(s))ds, t ∈ (0, 1),

tα(3)(t0) − α′′(t) + α′′(0)

≤
∫ t

0

∫ t0

τ

F (s, α(s))dsdτ

= −t

∫ t

t0

F (s, α(s))ds +
∫ t

0

sF (s, α(s))ds, t ∈ [0, 1].

_

tα(3)(t0) − α′′(t) + α′′(0) ≤ −t

∫ t

t0

F (s, α(s))ds +
∫ t

0

sF (s, α(s))ds, t ∈ [0, 1]. (2.13)

b

α(3)(t) − α(3)(t0) ≤
∫ t

t0

F (s, α(s))ds, t ∈ (0, 1),

α′′(1) − α′′(t) − (1 − t)α(3)(t0)

≤
∫ 1

t

∫ τ

t0

F (s, α(s))dsdτ

= (1 − t)
∫ t

t0

F (s, α(s))ds +
∫ 1

t

(1 − s)F (s, α(s))ds, t ∈ [0, 1],

_

α′′(1) − α′′(t) − (1 − t)α(3)(t0)

≤ (1 − t)
∫ t

t0

F (s, α(s))ds +
∫ 1

t

(1 − s)F (s, α(s))ds, t ∈ [0, 1]. (2.14)

Q (2.13) � (2.14) cc α(3)(t0) Z&

tα′′(1) − α′′(t) + (1 − t)α′′(0) ≤ (1 − t)
∫ t

0

sF (s, α(s))ds + t

∫ 1

t

(1 − s)F (s, α(s))ds

=
∫ 1

0

G(t, s)F (s, α(s))ds, t ∈ [0, 1].
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^]

α′′(t) ≥ c + (d − c)t −
∫ 1

0

G(t, s)F (s, α(s))ds, t ∈ [0, 1].

VP

α′′(η) ≥ c + (d − c)η −
∫ 1

0

G(η, s)F (s, α(s))ds,

α′′(γ) ≥ c + (d − c)γ −
∫ 1

0

G(γ, s)F (s, α(s))ds.

D z(t) := u(t) − α(t), ∀ t ∈ [η, γ], Z&⎧⎨
⎩

z(4)(t) ≥ 0, t ∈ (η, γ),

z(η) = 0 = z(γ), z′′(η) ≤ 0, z′′(γ) ≤ 0.
(2.15)

� SBVP(2.7) ��D w(t) ≥ 0, x0 = x1 = 0, Q (2.11) I���WRe& z(t) ≥ 0, ∀ t ∈ [η, γ],
_ u(t) ≥ α(t), ∀ t ∈ [η, γ], Pd\] u(t∗) < α(t∗) 1df#VP α(t) ≤ u(t), ∀ t ∈ [0, 1]. e
eKZ' u(t) ≤ β(t), ∀ t ∈ [0, 1]. ^] u ∈ C2[0, 1] ∩ C4(0, 1) � BVP(2.4) �(%��5$
α(t) ≤ u(t) ≤ β(t), ∀ t ∈ [0, 1].

0 2.1 PfUd� [1] ��fU 2.2 1Æ Ygf%�X&'�]�-5-���,)
gg h�h&'�hi�ji% F (t, u) +$ u � k�+(&'#

,- 2.2 D P � Banach C" E ��L�S# A : P → P ��GU��5$
lim

x∈P, ‖x‖→0+

‖Ax‖
‖x‖ = +∞ , I

i) = "� λ ∈ (0, +∞), *$� τ > 0 *& L ∩ ([λ, +∞) × Tτ ) = ∅, �� Tτ =
{x ∈ P | ‖x‖ < τ} , L = {(λ, x)| λ ∈ R+, x ∈ P\{θ}, x = λAx};

ii) L �MO (0, θ) �G.7P C � [0, +∞) × P #�iX�#

,- 2.3 D P � Banach C" E ��L�S# A : P → P ��GU��5$
lim

x∈P, ‖x‖→+∞
||Ax‖
||x‖ = +∞, I= "� µ ∈ (0, +∞), L ∩ ([µ, +∞) × P ) �)X�#

0 2.2 fU 2.2 �fU 2.3 ��lWR^� [8] �UU 1 �'(�e&#

3 123*
4- 3.1 J&' (A1)� (A2)FB�I$� λ∗ > 0*& Σ ⊂ [0, λ∗]×P � Σ∩({λ}×P ) �=

φ, ∀λ ∈ [0, λ∗].
. MN��� ⎧⎨

⎩
u(4)(t) = q(t),

u(0) = u(1) = 0, u′′(0) = u′′(1) = 0.

RG

w(t) =
∫ 1

0

G(t, s)
∫ 1

0

G(s, τ)q(τ)dτds
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�#O� �(%�#Q&' (A1) G w(t) ∈ C2[0, 1] ∩ C4(0, 1).
D M0 = max

t∈[0,1]
h(w(t)), I M0 > 0 �' 0 < λ ≤ 1

M0
+�)

w(4)(t) − λf(t, w(t)) = q(t) − λf(t, w(t))) ≥ q(t)(1 − λh(w(t)))

≥ q(t)
(
1 − 1

M0
h(w(t))

)
≥ 0, t ∈ (0, 1).

+L(' 0 < λ ≤ 1
M0
+� w(t) � SBVP(1.1)λ �(%#�#`(8a� α(t) ≡ θ K

E� SBVP(1.1)λ �(%��� α(t) ≤ w(t), ∀ t ∈ [0, 1]. VP�QfU 2.1 � f(t, u) �
(0, 1) × (0, +∞) � "#!"# !"$$G� SBVP(1.1)λ =m(%5$ 0 < λ ≤ 1

M0
�

λ *)(%!�#

D λ1 > 0 �jU��74' λ = λ1 +� SBVP(1.1)λ )(%!� u1, I=C)�
λ ∈ (0, λ1), SBVP(1.1)λ *)(%!��V7 u1 � θ 7V� SBVP(1.1)λ �#k��#

U[

Λ = {λ > 0| SBVP(1.1)λ)(%!�u ∈ C2[0, 1] ∩ C4(0, 1)},
I Λ �= ∅ �= "� λ1 ∈ Λ, *) (0, λ1] ⊂ Λ. �' Λ �)X�#

Q&' (A2) ��d(%ljRG�= "b� M > 0, *$�m7k� δ > 0 *&

f(s, u) ≥ Mu, ∀ s ∈ [a, b], 0 ≤ u ≤ δ.

^]�= "� u ∈ P, 0 ≤ u ≤ δ, Q (2.1) IZ&

T (u(t)) =
∫ 1

0

G(t, s)
∫ 1

0

G(s, τ)f(τ, u(τ))dτds

≥ M

∫ 1

0

G(t, s)
∫ b

a

G(s, τ)u(τ)dτds

≥ Ma(1 − b)‖u‖
∫ 1

0

G(t, s)
∫ b

a

G(s, τ)dτds, t ∈ [0, 1],

_)

‖Tu‖ ≥ ‖u‖Ma(1 − b) max
t∈[0,1]

{∫ 1

0

G(t, s)
∫ b

a

G(s, τ)dτds
}

.

Q$ M � "b�� a(1 − b) max
t∈[0,1]

{∫ 1

0
G(t, s)

∫ b

a
G(s, τ)dτds} �(%!n�#VP�

lim
u∈P, ‖u‖→0+

‖Tu‖
‖u‖ = +∞. (3.1)

Q&' (A2) ��do%ljRG�= "b� M > 0, $� N > 0 *&

f(s, u) ≥ Mu, ∀ s ∈ [a, b], u ≥ N.
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^]�= "� u ∈ P, u ≥ N, Q (2.1) IZ&

T (u(t)) =
∫ 1

0

G(t, s)
∫ 1

0

G(s, τ)f(τ, u(τ))dτds

≥ M

∫ 1

0

G(t, s)
∫ b

a

G(s, τ)u(τ)dτds

≥ Ma(1 − b)‖u‖
∫ 1

0

G(t, s)
∫ b

a

G(s, τ)dτds, t ∈ [0, 1],

_)

‖Tu‖ ≥ ‖u‖Ma(1 − b) max
t∈[0,1]

{∫ 1

0

G(t, s)
∫ b

a

G(s, τ)dτds
}

,

Q$ M � "b�� a(1 − b) max
t∈[0,1]

{∫ 1

0
G(t, s)

∫ b

a
G(s, τ)dτds} �(%!n�#V]

lim
u∈P, ‖u‖→+∞

‖Tu‖
‖u‖ = +∞. (3.2)

VP�S# T 5$fU 2.2�fU 2.3�&'#QfU 2.2�fU 2.3G�= "� λ ∈ (0, +∞),
*$� 0 < r < 1, R > 1 *&

Σ ∩ ([λ, +∞) × Pr) = ∅, Σ ∩ ([λ, +∞) × (P\PR)) = ∅, (3.3)

�� Pr = {x ∈ P | ‖x‖ < r} .

=$ (λ, u) ∈ Σ ∩ ([λ, +∞) × (PR\Pr)), Q$ ra(1 − b) ≤ u(t) ≤ R, t ∈ [a, b], ��)

R ≥ u(t) = λT (u(t)) = λ

∫ 1

0

G(t, s)
∫ 1

0

G(s, τ)f(τ, u(τ))dτds

≥ λ

∫ 1

0

G(t, s)
∫ b

a

G(s, τ)f(τ, u(τ))dτds

≥ λ

∫ 1

0

G(t, s)
∫ b

a

G(s, τ)fr,R(τ)dτds, t ∈ [a, b], (3.4)

�� fr,R(s) =: inf{f(s, u) : u ∈ [ra(1 − b), R]}, s ∈ [a, b]. Q$ f(t, u) � (0, 1) × (0, +∞) �
 "#!"# !"$$p� f(t, u) ∈ C((0, 1) × [0, +∞), [0, +∞)), ^])

max
t∈[a,b]

∫ 1

0

G(t, s)
∫ b

a

G(s, τ)fr,R(τ)dτds > 0.

Q (3.4) IZ&

λ ≤ R

(
max
t∈[a,b]

∫ 1

0

G(t, s)
∫ b

a

G(s, τ)fr,R(τ)dτds

)−1

. (3.5)

+"lm Σ ∩([λ, +∞)×(PR\Pr))�)X�#̀ �q (3.3)IZG�=m(% λ ∈ (0, +∞), Σ ∩
([λ, +∞) × P ) *�)X�#+L( Λ �)X�#

D λ∗ = supΛ. �'' λ = λ∗ +� SBVP(1.1)λ $�!�#��nbop� {λn} *
& λn → λ∗(n → +∞), Q$ SBVP(1.1)λ =m(% λn(n = 1, 2, · · ·) *)(%!� un, VP
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(λn, un) ∈ Σ . Q$ {un} �)X�� Σ ��QL��_$� u ∈ C2[0, 1], u(t) > 0, t ∈ (0, 1)
*& (λ∗, u) ∈ Σ . VP� Σ ⊂ [0, λ∗] × P � Σ ∩ ({λ} × P ) �= ∅, ∀ λ ∈ [0, λ∗].

4- 3.2 J&' (A1) � (A2) FB�I Σ �$�MO (0, θ) nZ$ (0, +∞) �G.7
P C p�o)��/q

1) C ⊂ Σ ⊂ ([0, λ∗] × P );

2) C � [0, λ∗] × P ��iX�(

3) $� λ0 ∈ (0, λ∗] *&= "� λ ∈ (0, λ0), SBVP(1.1)λ *-)V%!� u∗
λ, u∗∗

λ 5$
‖u∗

λ‖ > ‖u∗∗
λ ‖ > 0 � (λ, u∗

λ) ∈ C, (λ, u∗∗
λ ) ∈ C;

4) lim
λ→0+, (λ, u∗

λ
)∈C

‖u∗
λ‖ = +∞, lim

λ→0+, (λ, u∗∗
λ

)∈C
‖u∗∗

λ ‖ = 0.

. QUU 3.1 G Σ ⊂ [0, λ∗] × P , VP� C ⊂ Σ ⊂ [0, λ∗] × P , _�l 1) FB#
Q (3.1) I� (3.2) IG�S# T 5$fU 2.2 �fU 2.3 �&'#QfU 2.2 � ii) G Σ

�$�MO (0, θ) �G.7P C � [0, λ∗] × P ��iX��_�l 2) FB#
QUU 3.1 �'(G�=m(% λ ∈ (0, +∞), Σ ∩ ([λ, +∞)× P ) *�)X�#r"\�

l 2) RG Σ �$�MO (0, θ) �iXG.7P C nZ$ (0, +∞), ^]�l 4) FB#
=$ (λ, u) ∈ Σ ∩ ([λ, +∞) × (PR\Pr)), �� R > 1 > r > 0, Q$

u(t) = λT (u(t)) = λ

∫ 1

0

G(t, s)
∫ 1

0

G(s, τ)f(τ, u(τ))dτds

≤ λ

∫ 1

0

G(t, s)
∫ 1

0

G(s, τ)q(τ)h(u(τ))dτds, (3.6)

D M∗ = max
u∈[0,R]

h(u). Q (3.6) IZ&

λ ≥ r
(
M∗ max

t∈[0,1]

∫ 1

0

G(t, s)
∫ 1

0

G(τ, τ)q(τ)dτds
)−1

.

�q (3.5) IZG�=$ (λ, u) ∈ Σ ∩ ([λ, +∞) × (PR\Pr)), �� R > 1 > r > 0 )

λ′ ≡: r
(
M∗ max

t∈[0,1]

∫ 1

0

G(t, s)
∫ 1

0

G(τ, τ)q(τ)dτds
)−1

≤ λ

≤ R
(

max
t∈[a,b]

∫ 1

0

G(t, s)
∫ b

a

G(s, τ)fr,R(τ)dτds
)−1

:≡ λ′′. (3.7)

VP�

Σ ∩ ((0, +∞) × (PR\Pr)) ⊂ ([λ′, λ′′] × (PR\Pr)). (3.8)

r"\ C � Σ �MO (0, θ) nZ$ (0, +∞) �iXG.7P#Q (3.7) � (3.8) IZG
= "� λ ∈ (0, λ′), SBVP(1.1)λ *-)V%!� u∗

λ, u∗∗
λ 5$ ‖u∗

λ‖ > R > r > ‖u∗∗
λ ‖ > 0 �

(λ, u∗
λ) ∈ C, (λ, u∗∗

λ ) ∈ C. ^]�l (3) FB#
0 3.1 J f(t, 0) � (0, 1) � "#!"# !"$$�I&' (A2) ��d(%ljI

O`FB#



224 > ? ? @ A @ @ 28 A

5 6 7 8

[1] srs�pqrAtstutvw<xuuvyzA��vw� 2001, 22A(4): 397–402.

[2] Zhang B G and Kong L. Positive solutions of fourth order singular boundary value problems.

Nonlinear Studies, 2000, 7(1): 70–77.

[3] Aftabizadeh A R. Existence and uniqueness results for fourth order boundary value problems. J.

Math. Anal. Appl., 1986, 116(2): 415–426.

[4] O’Regan D. Solvability of some fourth (and higher) order singular boundary value problems. J.

Math. Anal. Appl., 1991, 161(1): 78–116.

[5] Ma R and Wang H. On the existence of positive solutions of fourth order differential equations.

Applicable Analysis, 1995, 59(1–4): 225-231.

[6] Robert Dalmasso. Positive solutions of singular boundary value problems. Nonlinear Analysis,

1996, 27(6): 645–652.

[7] w�x�{y|Ax}z{y~z{|A��C����|}}~~� 2002.

[8] Lu Huiqin, Sun Jingxian. Global results for eigenvectors of superlinear operators and applications.

Indian J. Pure Appl. Math., 2004, 35(2): 225–236.

GLOBAL RESULTS FOR POSITIVE SOLUTIONS OF

FOURTH ORDER SINGULAR BOUNDARY

VALUE PROBLEMS

LU Huiqin

(Department of Mathematics, Shandong Normal University, Jinan 250014)

Abstract The structure of the solution set for a class of fourth order singular boundary
value problem is investigated. Behaviour of the solution set and the existence of multiple
positive solutions are obtained by means of the method of upper and lower solutions.

Key words Singular boundary value problems, continuum, positive solutions, upper and
lower solutions.


