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1  �J����2)'Æ( p-Laplacian Uf��UP$�[	r9U�9,J�iJe�
{

Dβ(φp(D
αu(t))) = f(t, u(t)), 0 < t < 1,

u(0) = u′(0) = u(1) = Dαu(0) = 0, Dαu(1) = λDαu(ξ),
(1.1)Q� α, β ∈ R, 2 < α ≤ 3, 1 < β ≤ 2, φp(s) = |s|p−2s, p > 1, φq = (φp)

−1, 1
p + 1

q = 1C ξ ∈ (0, 1), λ ∈ [0, +∞), Dα �\ “Riemann-Liouville” Uf�1f� f ∈ C([0, 1] ×

[0, +∞), [0, +∞)). �269znP9�D?B��64'Q��[	r_R,J.\i%\U�9&Uvy�t��Uf��UP$64'aM`l�9| J&O
�'UN)��F6'kJ!d�Æs9�w [1–10]. �M� [6] 69�jF�/�)'Æ3Uf��UP�� 2017 ; 8 G 4K^3�2018 ; 5 G 1 K^3�VX�
∗ l7W}Cwd>�(�6 (16A198); l7Wd>zS%�	l7WrH�%p� (2015JJ6101) �6pk�
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{

Dαu(t) + λf(t, u(t), u′(t)) = 0, 0 < t < 1,

u′(0) − βu(ξ) = 0, u′(1) + γu(η) = 0,Q� 1 < α ≤ 2 ℄.\Yf�Dα �\ “Caputo” Uf�1f� [9] 69znP9�D?B��)'Æ3Uf��UP$�[	rU�9Je�
{

−Dαx(t) = p(t)f(t, x(t)) − q(t), 0 < t < 1,

x(0) = x′(0) = 0, u(1) = 0,Q� 2 < α ≤ 3 ℄.\Yf� Dα �\ “Riemann-Liouville” Uf�1f�+.P3�:> p-Laplacian �UP$9�[	rJR>I!&�Ag��'|	ri/��/:hJ*BE;aM969��t<�+;kJ&O)'QP39	r��Ew�� [11–15]. �M� [11] )'Æ3 p-Laplacian g?�[	r
{

(φp(u
′(t)))′ + a(t)f(u(t)) = 0, 0 < t < 1,

αφp(u(0)) − βφp(u
′(ξ)) = 0, γφp(u(1)) − δφp(u

′(η)) = 0,Q� φp(s) ℄ p-Laplacian operator, φp(s) = |s|p−2s, p > 1, φq = (φp)
−1, 1

p + 1
q = 1. vO69�D?\f�/�n6'Q�	r,JU�9&Uvy�

2 "y(�JQ.���2`�℄' “Riemann-Liouville” Uf�1fiqU9B1��C�V4��9i*�du.��*99oÆ_v��� 2.1[16] α ℄.UYf�ff x : (0, +∞) → R 9 α � ”Riemann-Liouville” qU�
Iαx(t) =

1

Γ(α)

∫ t

0

(t − s)α−1x(s) ds,℄*:[9<GJ (0,∞) ;B1��� 2.2[16] α ℄.UYf�"!ff x : (0, +∞) → R 9 α � “Riemann-Liouville”1f�
Dαx(t) =

1

Γ(n − α)

( d

dt

)n
∫ t

0

x(s)

(t − s)α−n+1
ds,℄*:[9<GJ (0,∞) ;B1�Bb n = [α] + 1.! 2.1[16] Md x ∈ C(0, 1) ∩ L(0, 1) C�� α > 0 Uf1fb> C(0, 1) ∩ L(0, 1),L

IαDαx(t) = x(t) + c1t
α−1 + c2t

α−2 + · · · + cN tα−N , ci ∈ R, i = 1, 2, · · · , N.Q� N ℄.>o:> α 9t�Rf�
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−1, 1

p + 1
q = 1, α, β ∈

R, 2 < α ≤ 3, 1 < β ≤ 2 C ξ ∈ (0, 1), λ ∈ [0, +∞), M := λp−1ξγ−1, L�[	r
{

Dβ(φp(D
αu(t))) = y(t), 0 < t < 1,

u(0) = u′(0) = u(1) = Dαu(0) = 0, Dαu(1) = λDαu(ξ)
(2.1);�.�

u(t) =

∫ 1

0

G(t, s)φq

(

∫ 1

0

H(s, τ)y(τ) dτ
)

ds.Q�
G(t, s) =







1

Γ(α)
[t(1 − s)]α−1, 0 ≤ t ≤ s ≤ 1,

1

Γ(α)

(

[t(1 − s)]α−1 − (t − s)α−1
)

, 0 ≤ s ≤ t ≤ 1.

(2.2)

H(t, s) =



























































[t(1 − s)]β−1 − λp−1[t(ξ − s)]β−1 − (1 −M)(t − s)β−1

(1 −M)Γ(β)
,

0 ≤ s ≤ t ≤ 1, s ≤ ξ,

[t(1 − s)]β−1 − (1 −M)(t − s)β−1

(1 −M)Γ(β)
, 0 < ξ ≤ s ≤ t ≤ 1,

[t(1 − s)]β−1 − λp−1[t(ξ − s)]β−1

(1 −M)Γ(β)
, 0 ≤ t ≤ s ≤ ξ < 1,

[t(1 − s)]β−1

(1 −M)Γ(β)
, 0 ≤ t ≤ s ≤ 1, ξ ≤ s.

(2.3)

> :3� 2.1, �2;
φp(D

αu(t)) = Iβy(t) + c1t
β−1 + c2t

β−2, (2.4)

c1, c2 ∈ R. : Dαu(0) = 0 , �26 c2 = 0, )K�
φp(D

αu(t)) =
1

Γ(β)

∫ t

0

(t − τ)β−1y(τ) dτ + c1t
β−1. (2.5)2(�

φp(D
αu(1)) =

1

Γ(β)

∫ 1

0

(1 − τ)β−1y(τ) dτ + c1, (2.6)

φp(D
αu(ξ)) =

1

Γ(β)

∫ ξ

0

(ξ − τ)β−1y(τ) dτ + c1ξ
β−1. (2.7): Dαu(1) = λDαu(ξ), �j (2.6) � (2.7), �2;

c1 = −

∫ 1

0

(1 − τ)β−1

Γ(β)(1 −M)
y(τ) dτ +

∫ ξ

0

λp−1(ξ − τ)β−1

Γ(β)(1 −M)
y(τ) dτ.
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φp(D

αu(t)) =

∫ t

0

(t − τ)β−1

Γ(β)
y(τ) dτ −

∫ 1

0

tβ−1(1 − τ)β−1

Γ(β)(1 −M)
y(τ) dτ

+

∫ ξ

0

λp−1tβ−1(ξ − τ)β−1

Γ(β)(1 −M)
y(τ) dτ

= −

∫ 1

0

H(t, τ)y(τ) dτ,l/�
Dαu(t) + φq

(

∫ 1

0

H(t, τ)y(τ) dτ
)

= 0. (2.8):3� 2.1, �2�6
u(t) = −Iαφq

(

∫ 1

0

H(t, τ)y(τ) dτ
)

+ d1t
α−1 + d2t

α−2 + d3t
α−3, (2.9)

d1, d2, d3 ∈ R. : u(0) = u′(0) = 0, 6 d2 = d3 = 0. 2(�
u(t) = − Iαφq

(

∫ 1

0

H(t, τ)y(τ) dτ
)

+ d1t
α−1

= −
1

Γ(α)

∫ t

0

(t − s)α−1φq

(

∫ 1

0

H(s, τ)y(τ) dτ
)

ds + d1t
α−1.: u(1) = 0, �26

d1 =
1

Γ(α)

∫ 1

0

(1 − s)α−1φq

(

∫ 1

0

H(s, τ)y(τ) dτ
)

ds.l/��[	r (2.1) 9�.��
u(t) = −

1

Γ(α)

∫ t

0

(t − s)α−1φq

(

∫ 1

0

H(s, τ)y(τ) dτ
)

ds

+
1

Γ(α)

∫ 1

0

[t(1 − s)]α−1φq

(

∫ 1

0

H(s, τ)y(τ) dτ
)

ds

=

∫ 1

0

G(t, s)φq

(

∫ 1

0

H(s, τ)y(τ)dτ
)

ds.V��! 2.3 , q(t) = t(1 − t)α−1, Z)ff G(t, s) i K(t, s) ;Æ(�a
(1) G(t, s) = G(1 − s, 1 − t), G(t, s) ∈ C([0, 1] × [0, 1]), G(t, s) > 0 H> s, t ∈ (0, 1);

(2) q(1−t)q(s)
Γ(α) ≤ G(t, s) ≤ (α−1)q(s)

Γ(α) H> t, s ∈ [0, 1];

(3) q(1−t)q(s)
Γ(α) ≤ G(t, s) ≤ (α−1)q(1−t)

Γ(α) H> t, s ∈ [0, 1];

(4) H(t, s) ∈ C([0, 1] × [0, 1]), CMd 1 −M ≥ ′, L H(t, s) > 0 H> t, s ∈ (0, 1).
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(2) 0 0 ≤ s ≤ t ≤ 1 X��2;
G(t, s) =

1

Γ(α)

(

[t(1 − s)]α−1 − (t − s)α−1
)

=
α − 1

Γ(α)

∫ t(1−s)

t−s

xα−2 dx

≤
α − 1

Γ(α)
[t(1 − s)]α−2[t(1 − s) − (t − s)]

≤
α − 1

Γ(α)
(1 − s)α−2s(1 − t) ≤

(α − 1)q(s)

Γ(α)
.=�2� 0 < α − 2 ≤ 1, l/�

G(t, s) =
1

Γ(α)

(

[t(1 − s)]α−1 − (t − s)α−1
)

≥
1

Γ(α)

(

[t(1 − s)]α−2[t(1 − s)] − (t − s)]
)

=
1

Γ(α)
[t(1 − s)]α−2s(1 − t) ≥

1

Γ(α)
tα−1(1 − s)α−1s(1 − t)

=
q(s)q(1 − t)

Γ(α)
.0 0 ≤ t ≤ s ≤ 1 X��2;

G(t, s) =
1

Γ(α)
tα−1(1 − s)α−1 ≤

1

Γ(α)
sα−1(1 − s)α−1

≤
1

Γ(α)
(α − 1)s(1 − s)α−1 ≤

(α − 1)q(s)

Γ(α)
.=

G(t, s) =
1

Γ(α)
tα−1(1 − s)α−1 ≥

1

Γ(α)
tα−1(1 − s)α−1s(1 − t) =

q(s)q(1 − t)

Γ(α)
.2(� q(1−t)q(s)

Γ(α) ≤ G(t, s) ≤ (α−1)q(s)
Γ(α) H> t, s ∈ [0, 1].

(4) �\ H(t, s) ∈ C([0, 1] × [0, 1]). 0 0 < s ≤ t < 1, s ≤ ξ X�,
h(t, s) =

[t(1 − s)]β−1 − (t − s)β−1

Γ(β)
.0 0 < s ≤ t < 1 X��I; h(t, s) > 0. 2(��2;

H(t, s) =
[t(1 − s)]β−1 − λp−1[t(ξ − s)]β−1 − (1 −M)(t − s)β−1

(1 −M)Γ(β)

=
(

1 +
M

1 −M

) [t(1 − s)]β−1

Γ(β)
−

(t − s)β−1

Γ(β)
−

λp−1[t(ξ − s)]β−1

(1 −M)Γ(β)

=
[t(1 − s)]β−1 − (t − s)β−1

Γ(β)
+

λp−1tβ−1[ξβ−1(1 − s)β−1 − (ξ − s)β−1]

(1 −M)Γ(β)

=h(t, s) +
λp−1tβ−1

1 −M
h(ξ, s) > 0.
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 41��h;�0 0 < η ≤ s ≤ t < 1 o 0 < t ≤ s ≤ η < 1 o 0 < t ≤ s < 1, η ≤ s X��2�/n6 H(t, s) > 0. l/�0 t, s ∈ (0, 1) X�; H(t, s) > 0. V��, E = C[0, 1] ℄ Banach �v�BLfB1� ‖u‖ = max
0≤t≤1

|u(t)|. ,
K =

{

u ∈ E | u(t) ≥
q(1 − t)

α − 1
‖u‖, 0 ≤ t ≤ 1

}

,L K ℄ E P.\n�! 2.4 HJ0 u ∈ K, B1jq T : K → E,

Tu(t) =

∫ 1

0

G(t, s)φq

(

∫ 1

0

H(s, τ)f(τ, u(τ)) dτ
)

ds.L T : K → K ℄G"!9�> HJ09 u ∈ K, :3� 2.4, �2;
Tu(t) ≤

α − 1

Γ(α)

∫ 1

0

q(s)φq

(

∫ 1

0

H(s, τ)f(τ, u(τ)) dτ
)

ds.+.P3
Tu(t) ≥

q(1 − t)

Γ(α)

∫ 1

0

q(s)φq

(

∫ 1

0

H(s, τ)f(τ, u(τ)) dτ
)

ds.2( Tu(t) ≥ q(1−t)
α−1 ‖Tu‖, l/6 T : K → K. 
.��: Arzela-Ascoli B�i�Z�`_#B��864 T : K → K ℄G"!9�V���'V4�29i*�/�m*94Æ3j59 Krasnosel’skii �D?B��! 2.5[17] T E ℄ Banach�v� K ⊂ E ℄ E 9.\n� Ω1, Ω2 ℄ E 9;��qr� 0 ∈ Ω1, Ω̄1 ⊂ Ω2, MdG"!jq T : K ∩ (Ω̄2\Ω1) → K 0s

(A1) ‖Tx‖ ≤ ‖x‖, x ∈ K ∩ ∂Ω1 C ‖Tx‖ ≥ ‖x‖, x ∈ K ∩ ∂Ω2 o
(A2) ‖Tx‖ ≥ ‖x‖, x ∈ K ∩ ∂Ω1 C ‖Tx‖ ≤ ‖x‖, x ∈ K ∩ ∂Ω2, L T J K ∩ (Ω̄2\Ω1)P_R;.\�D?�

3 &	�~#�JQ.���2n/�[	r (1.1)U�9,J���'P��2m39Æ3ug�
f0 = lim

u→+0
inf min

t∈[0,1]

f(t, u)

up−1
, f0 = lim

u→+0
sup max

t∈[0,1]

f(t, u)

up−1
,

f∞ = lim
u→+∞

inf min
t∈[0,1]

f(t, u)

up−1
, f∞ = lim

u→+∞
sup max

t∈[0,1]

f(t, u)

up−1
,

ρ∗ =
(α − 1

Γ(α)

∫ 1

0

q(s)φq

(

∫ 1

0

H(s, τ) dτ
)

ds
)−1

,

ρ∗ =
( q(1

2 )

Γ(α)

∫ 1

0

q(s)φq

(

∫ 3

4

1

4

H(s, τ) dτ
)

ds
)−1

, σ = min
1/4≤t≤3/4

q(1 − t)

α − 1
.
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(C1) f0 ∈

((

ρ∗

σ

)p−1
,∞

)

(o�; f0 = ∞), f∞ ∈
(

(ρ∗

σ )p−1,∞
)

(o�; f∞ = ∞).

(C2) f0 ∈ [0, ρp−1
∗ ), f∞ ∈ [0, ρp−1

∗ ).

(C3) ,J�f d ∈ (0, ρ∗) i λ1 > 0, Z6
f(t, u) ≤ (dλ1)

(p−1), 0 ≤ t ≤ 1, 0 ≤ u ≤ λ1.

(C4) ,J�f D ∈ (ρ∗,∞) i λ2 > 0 Z6
f(t, u) ≥ (Dλ2)

(p−1), 1/4 ≤ t ≤ 3/4, σλ2 ≤ u ≤ λ2.� 4.1 Mdvy (C1), (C3) ! �L�[	r (1.1)_R;%\U� u1 i u2, C
0 < ‖u1‖ < λ1 < ‖u2‖.> `��:vy (C3) W�,J�f d ∈ (0, ρ∗) i λ1 > 0, Z6

f(t, u) ≤ (dλ1)
(p−1), 0 ≤ t ≤ 1, 0 ≤ u ≤ λ1., Ωλ1

= {u ∈ K | ‖u‖ < λ1}. 0 u ∈ ∂Ωλ1
, �2;

‖Tu‖ = max
0≤t≤1

|Tu(t)|

≤
α − 1

Γ(α)

∫ 1

0

q(s)φq

(

∫ 1

0

H(s, τ)f(τ, u(τ)) dτ
)

ds

≤
α − 1

Γ(α)

∫ 1

0

q(s)φq

(

∫ 1

0

H(s, τ)(dλ1)
(p−1) dτ

)

ds

≤ρ∗λ1
α − 1

Γ(α)

∫ 1

0

q(s)φq

(

∫ 1

0

H(s, τ) dτ
)

ds

=λ1 = ‖u‖.l/� ‖Tu‖ ≤ ‖u‖ H> u ∈ ∂Ωλ1
.+.P3�:vy (C1) b9 f0 ∈

(

(ρ∗

σ )p−1,∞
)

, W,J�f 0 < r1 < λ1, 0 0 < u ≤

r1, ; f(t, u) ≥ up−1(ρ∗

σ )p−1. , Ωr1
= {u ∈ K | ‖u‖ < r1}. 0 u ∈ ∂Ωr1

, �2;
r1 = ‖u‖ ≥ u(t) ≥

q(1 − t)

α − 1
‖u‖ ≥ σ‖u‖ = σr1, t ∈ [1/4, 3/4].2(�

‖Tu‖ = max
0≤t≤1

|Tu(t)|

= max
0≤t≤1

∫ 1

0

G(t, s)φq

(

∫ 1

0

H(s, τ)f(τ, u(τ)) dτ
)

ds

≥

∫ 1

0

G
(1

2
, s

)

φq

(

∫ 3

4

1

4

H(s, τ)up−1(τ)
(ρ∗

σ

)p−1

dτ
)

ds
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≥

r1ρ
∗

Γ(α)

∫ 1

0

q
(1

2

)

q(s)φq

(

∫ 3

4

1

4

H(s, τ) dτ
)

ds = r1 = ‖u‖.l/� ‖Tu‖ ≥ ‖u‖ H> u ∈ ∂Ωr1
.=�: f∞ ∈

(

(ρ∗

σ )p−1,∞
)

,W,J�f R∗ > 0,0 u ≥ R∗X�; f(t, u) ≥ up−1
(

ρ∗

σ

)p−1
."K R1 = max

{

2λ1,
R∗

σ

}

, , ΩR1
= {u ∈ K | ‖u‖ < R1}. 0 u ∈ ∂ΩR1

X��2;
R1 = ‖u‖ ≥ u(t) ≥

q(1 − t)

α − 1
‖u‖ ≥ σ‖u‖ = σR1 ≥ R∗, t ∈ [1/4, 3/4].2(�

‖Tu‖ = max
0≤t≤1

|Tu(t)|

= max
0≤t≤1

∫ 1

0

G(t, s)φq

(

∫ 1

0

H(s, τ)f(τ, u(τ)) dτ
)

ds

≥

∫ 1

0

G
(1

2
, s

)

φq

(

∫ 3

4

1

4

H(s, τ)up−1(τ)
(ρ∗

σ

)p−1

dτ
)

ds

≥
R1ρ

∗

Γ(α)

∫ 1

0

q
(1

2
)q(s)φq

(

∫ 3

4

1

4

H(s, τ) dτ
)

ds = R1 = ‖u‖.l/� ‖Tu‖ ≥ ‖u‖ H> u ∈ ∂ΩR1
.l/�:3� 2.5 W� T _R;%\�D? u1 ∈ (Ωλ1

\Ωr1
) i u2 ∈ (ΩR1

\Ωλ1
). s�[	r (1.1) _R;%\U� u1 i u2, C 0 < ‖u1‖ < λ1 < ‖u2‖. V��� 4.2 Mdvy (C2), (C4) ! �L�[	r (1.1)_R;%\U� u1 i u2, C

0 < ‖u1‖ < λ2 < ‖u2‖.> `��:vy (C4) W�,J�f D ∈ (ρ∗,∞) i λ2 > 0 Z6
f(t, u) ≥ (Dλ2)

(p−1), 1/4 ≤ t ≤ 3/4, σλ2 ≤ u ≤ λ2., Ωλ2
= {u ∈ K | ‖u‖ < λ2}. 0 u ∈ ∂Ωλ2

, �2;
λ2 = ‖u‖ ≥ u(t) ≥

q(1 − t)

α − 1
‖u‖ ≥ σ‖u‖ = σλ2, t ∈ [1/4, 3/4].2(��2;

‖Tu‖ = max
0≤t≤1

|Tu(t)|

= max
0≤t≤1

∫ 1

0

G(t, s)φq

(

∫ 1

0

H(s, τ)f(τ, u(τ)) dτ
)

ds

≥

∫ 1

0

G
(1

2
, s

)

φq

(

∫ 3

4

1

4

H(s, τ)(Dλ2)
(p−1) dτ

)

ds

≥
λ2ρ

∗

Γ(α)

∫ 1

0

q
(1

2

)

q(s)φq

(

∫ 3

4

1

4

H(s, τ) dτ
)

ds = λ2 = ‖u‖.
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.+.P3�:vy (C2) b9 f0 ∈ [0, ρp−1

∗ ), ,J�f 0 < r2 < λ2, 0 0 < u ≤ r2X�; f(t, u) ≤ up−1ρp−1
∗ ≤ (r2ρ∗)

p−1. , Ωr2
= {u ∈ K | ‖u‖ < r2}. 2(�0 u ∈ ∂Ωr2X��2;

‖Tu‖ = max
0≤t≤1

|Tu(t)|

≤
α − 1

Γ(α)

∫ 1

0

q(s)φq

(

∫ 1

0

H(s, τ)f(τ, u(τ)) dτ
)

ds

≤
α − 1

Γ(α)

∫ 1

0

q(s)φq

(

∫ 1

0

H(s, τ)(r2ρ∗)
p−1 dτ

)

ds

=r2ρ∗
α − 1

Γ(α)

∫ 1

0

q(s)φq

(

∫ 1

0

H(s, τ) dτ
)

ds = r2 = ‖u‖.l/� ‖Tu‖ ≤ ‖u‖ H> u ∈ ∂Ωr2
.=�: f∞ ∈ [0, ρp−1

∗ ), ,JU�f R∗, 0 u ≥ R∗ X��2; f(t, u) ≤ up−1ρp−1
∗ . Æ3�2U f ;�o��%E�
�V4��� 1 Md f J [0,∞) P;��L,J�f G > 0 Z6 f(t, u) ≤ Gp−1ρp−1
∗ H

t ∈ [0, 1], u ∈ [0,∞). "F R2 = max{2λ2, G},, ΩR2
= {u ∈ K | ‖u‖ < R2}. 0 u ∈ ∂ΩR2X��2;

‖Tu‖ = max
0≤t≤1

|Tu(t)|

≤
α − 1

Γ(α)

∫ 1

0

q(s)φq

(

∫ 1

0

H(s, τ)f(τ, u(τ)) dτ
)

ds

≤
α − 1

Γ(α)

∫ 1

0

q(s)φq

(

∫ 1

0

H(s, τ)Gp−1ρp−1
∗ dτ

)

ds

≤R2ρ∗
α − 1

Γ(α)

∫ 1

0

q(s)φq

(

∫ 1

0

H(s, τ) dτ
)

ds = R2 = ‖u‖.2(� ‖Tu‖ ≤ ‖u‖ H> u ∈ ∂ΩR2
.�� 2 Md f J [0,∞) P���L,J�f R2 > max{2λ2, R

∗}, Z6 f(t, u) ≤

f(t, R2) H t ∈ [0, 1] , u ∈ (0, R2). , ΩR2
= {u ∈ K | ‖u‖ < R2}. 0 u ∈ ∂ΩR2

X��2;
‖Tu‖ = max

0≤t≤1
|Tu(t)|

≤
α − 1

Γ(α)

∫ 1

0

q(s)φq

(

∫ 1

0

H(s, τ)f(τ, u(τ)) dτ
)

ds

≤
α − 1

Γ(α)

∫ 1

0

q(s)φq

(

∫ 1

0

H(s, τ)f(τ, R2) dτ
)

ds

≤R2ρ∗
α − 1

Γ(α)

∫ 1

0

q(s)φq

(

∫ 1

0

H(s, τ) dτ
)

ds = R2 = ‖u‖.2(� ‖Tu‖ ≤ ‖u‖ H> u ∈ ∂ΩR2
.



538 4 7  # # 
 41�l/�:3� 2.5 W� T _R;%\�D? u1 ∈ (Ωλ2
\Ωr2

) i u2 ∈ (ΩR2
\Ωλ2

). s�[	r (1.1) _R;%\U� u1 i u2, C 0 < ‖u1‖ < λ2 < ‖u2‖. V��)P3%\V4b��2�864Æ39{/��Æ 3.1 Mdvy (C3) i (C4) ! �L�[	r (1.1) _R;.\U���Æ 3.2 Mdvy f0 ∈ [0, ρp−1
∗ ) i f∞ ∈ ((ρ∗

σ )p−1,∞) ! �L�[	r (1.1) _R;.\U���Æ 3.3 Mdvy f0 ∈
(

(ρ∗

σ )p−1,∞
) i f∞ ∈ [0, ρp−1

∗ ) ! �L�[	r (1.1) _R;.\U���Æ 3.4 Mdvy (C3) ! �C f∞ ∈
(

(ρ∗

σ )p−1,∞
)

(o f0 ∈ ((ρ∗

σ )p−1,∞)) +! �L�[	r (1.1) _R;.\U���Æ 3.5 Mdvy (C4) ! �Cvy f0 ∈ [0, ρp−1
∗ )(o f∞ ∈ [0, ρp−1

∗ )) +! �L�[	r (1.1) _R;.\U�� { � � �
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Abstract In this paper, we consider the multiplicity of positive solution for boundary

value problem of fractional differential equations with p-Laplacian operator. By using the

fixed-point theorem on a convex cone, the existence and the multiplicity results of positive

solution are obtained.

Key words fractional differential equation; p-Laplacian; boundary value problem;

positive solution

MR(2000) Subject Classification 34B15; 34B18

Chinese Library Classification O175.8


