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Abstract

In this paper, we mainly investigate the fractional differential equation on infinite

interval. Under certain conditions, we establish the existence of extremal solutions as
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well as iterative schemes by employing the monotone iterative technique.
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1. Úó

�©ïÄÃ¡«mþ�©ê��©�§È©>�¯K(BVP) :
Dα

0+x(t) + a(t)f(t, x(t)) = 0, 0 < t < +∞,

x(0) = x′(0) = · · · = x(n−2) = 0, lim
t→+∞

Dα−1
0+ x(t) =

∫ +∞

0

h(t)x(t)dA(t),
(1.1)

Ù¥n−1 < α ≤ n, n ≥ 2, Dα
0+´Riemann-Liouville�©. a ∈ L[0,+∞), a(t) 6≡ 0, 0 <

∫∞
0
a(s)ds <

+∞, h : (0,+∞) → [0,+∞)´ëY�¿�h ∈ L1(0,+∞),
∫ +∞

0
h(s)x(s)dA(s)L«äk2ÂÿÝ

�Riemann-StieltjesÈ©, A : (0,+∞) → (−∞,+∞)´k.C�¼ê,
∫ +∞

0
h(t)tα−1dA(t) < Γ(α),∫ +∞

0
h(t)dA(t) < Γ(α). f : [0,+∞]× [0,+∞)→ [0,+∞)ëY.

�©�§Ã¡>�¯K�ïÄ, ©u1896cKueser [1]. Agarwal ÚO’Regan [2]éÃ¡«mþ

��©�§�
�[0�. Zhao ÚGe [3]$^ØÄ:½nïÄ
Ã¡«mþ©ê��©�§n:

>�¯K�Ã.). Liang ÚZhang [4, 5]¼�
õ:>�^�e, �§�õ)5. Ã¡«mþ©

ê��©�§>�¯K�ïÄ, �õ�Ä�´©ê��ê½Âe�õ:, È©>�¯K [6–8], é

uRiemann-StieltjesÈ©½Âe�È©>�¯K�ïÄ, �é��. Ïd, �©¥�§�ïÄ´�©

k¿Â�.

2. ý��£

½Â2.1 [9, 10] (Riemann-Liouville) α �È©½Â�

Iα0+x(t) =
1

Γ(α)

∫ t

0

(t− s)α−1x(s)ds,
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Ù¥n− 1 ≤ α < n, n ��ê.

½Â2.2 [9, 10] (Riemann-Liouville) α ��ê½Â�

Dα
0+x(t) =

1

Γ(n− α)

(
d

dt

)n ∫ t

0

(t− s)n−α−1x(s)ds,

Ù¥n− 1 ≤ α < n, n ��ê.

Ún2.1 [9, 10] eα > 0, x ∈ L(0, 1), Dα
0+x ∈ L(0, 1), K

Iα0+D
α
0+x(t) = x(t) + c1t

α−1 + c2t
α−2 + · · ·+ cnt

α−n,

Ù¥ci ∈ (−∞,+∞), i = 1, 2, ..., n, n− 1 < α ≤ n.

Ún2.2 b�y ∈ C(0,+∞) ∩ L(0,+∞), K©ê��©�§
Dα

0+x(t) + y(t) = 0, t ∈ (0,+∞), n− 1 < α ≤ n, n ≥ 2,

x(0) = x′(0) = · · · = x(n−2) = 0, lim
t→+∞

Dα−1
0+ x(t) =

∫ +∞

0

h(t)x(t)dA(t)

(2.1)

k)

x(t) =

∫ ∞
0

G(t, s)y(s)ds,

Ù¥

G(t, s) = G0(t, s) +G1(t, s), (2.2)

G0(t, s) =
1

Γ(α)

 tα−1 − (t− s)α−1, 0 ≤ s ≤ t ≤ +∞,

tα−1, 0 ≤ t ≤ s ≤ +∞,

G1(t, s) =
tα−1

Γ(α)−
∫ +∞

0
h(t)tα−1dA(t)

∫ +∞

0

h(t)G0(t, s)dA(t).

Ún2.3 d(2.2) ½Â�G(t, s) ke�5�µ

(1) G(t, s) ≥ 0, (t, s) ∈ [0,+∞]× [0,+∞].

(2) G(t, s) 3[0,+∞]× [0,+∞] þëY.

(3) G(t, s) ≤ ω, ω = max
{

1
Γ(α)

,
∫ +∞
0

h(t)dA(t)

Γ(α)(Γ(α)−
∫ +∞
0

h(t)tα−1dA(t))

}
.
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y² �âG(t, s) �½Â, �Iy²(3) ¤á. du

G0(t, s) ≤ tα−1

Γ(α)
≤ 1

Γ(α)
,

G1(t, s) ≤ tα−1

Γ(α)
(

Γ(α)−
∫ +∞

0
h(t)tα−1dA(t)

) ∫ +∞

0

h(t)dA(t)

≤ 1

Γ(α)
(

Γ(α)−
∫ +∞

0
h(t)tα−1dA(t)

) ∫ +∞

0

h(t)dA(t),

¤±G(t, s) = G0(t, s) +G1(t, s) ≤ ω. �

3. Ì�(J

�X = C[0,+∞), ½Â

E =

{
x ∈ C[0,+∞) : sup

t∈J

|x(t)|
1 + tα−1

< +∞
}
. (3.1)

�ê‖x‖ = supt∈J
|x(t)|

1+tα−1 , KE ´Banach �m, P

K = {x ∈ E : x(t) ≥ 0, t ∈ J} .

ÏdK ´X ���I.

�©, ·�b�e¡�^�(H1) ¤á.

(H1) f : [0,+∞) × [0,+∞) → [0,+∞) ´ëY¼ê. f(t, 0) 6≡ 0, ¿�3[0,+∞) þu k.�,

f(t, (1 + tα−1)u k..

d(H1), ½ÂÈ©�fT : K → X:

(Tx)(t) =

∫ +∞

0

G(t, s)a(s)f(s, x(s)ds, t ∈ [0,+∞). (3.2)

w,BVP (1.1) k)x ��=�x ∈ K ´d(3.2) ½Â��fT �ØÄ:.

Ún3.1 [11, 12] E d(3.1) ½Â, M ´E ¥�k.8, e
{
x(t)
1+t

: x ∈M
}

,{x′(t) : x ∈M} 3J þ�

?�k.f8þ�ÝëY, �é?¿�½�ε > 0, �3N > 0, t1, t2 > N , ¦�
∣∣∣x(t1)

1+t
− x(t2)

1+t

∣∣∣ < ε,

|x′(t1)− x′(t2)| < ε éx ∈M ��¤á, KM 3E ¥´�é;�.

dÚn3.1 ´�, e¡�½n3.1 ¤á.

½n3.1 b�^�(H1) ¤á, KT : K → K ´�ëY�f.
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½n3.2 b�^�(H1) ¤á, ¿��3~êd > 0 ÷ve�^�:

(H2) f(t, u) ≤ f(t, u), t ∈ [0,+∞), 0 ≤ u ≤ u.

(H3) f(t, (1 + tα−1)u) ≤ d
%
, (t, u) ∈ [0,+∞)× [0, d],

where

% = ω

∫ ∞
0

a(s)ds, ω dÚn2.3 ½Â.

KBVP (1.1) k4�)Ú4�)w∗, ν∗ on [0,+∞), ÷v

0 < sup
t∈[0,+∞)

|w∗(t)|
1 + tα−1

≤ d, 0 < sup
t∈[0,+∞)

|ν∗(t)|
1 + tα−1

≤ d.

w0(t) = dtα−1, ν0(t) = 0, t ∈ [0,+∞), S�S�{wn}, {νn} �±L«�

wn = ω

∫ ∞
0

G(t, s)a(s)f(s, wn−1(s))ds,

νn = ω

∫ ∞
0

G(t, s)a(s)f(s, νn−1(s))ds,

¿�k

lim
n→+∞

sup
t∈[0,+∞)

|wn(t)− w∗(t)|
1 + tα−1

= 0, lim
n→+∞

sup
t∈[0,+∞)

|νn(t)− ν∗(t)|
1 + tα−1

= 0.

y² d½n3.1, T : K → K ´�ëY�f. é?¿�x1, x2 ∈ K, x1 ≤ x2, d�fT�½Â

Ú(H2)��, Tx1 ≤ Tx2. -Kd = {x ∈ K : ‖x‖ ≤ d} . �e5, ·�Äky²T : Kd → Kd. é?¿

�x ∈ Kd, k0 ≤ x(t)
1+tα−1 ≤ d, t ∈ [0,+∞).d(H3) ��,

f(t, u) ≤ ϕp
(
d

%

)
, (t, u) ∈ [0,+∞)× [0, d].

dÚn2.3 Ú(H3),

‖(Tx)‖ = sup
t∈[0,+∞)

1

1 + tα−1

∫ +∞

0

G(t, s)a(s)f(s, x(s)ds

≤ ω
∫ ∞

0

a(s)f(s, x(s)ds ≤ d.

¤±, T : Kd → Kd.

b�w0(t) = dtα−1, t ∈ [0,+∞), Kw0(t) ∈ Kd. -w1 = Tw0, w2 = Tw1 = T 2w0, d½

n3.1 �, w1, w2 ∈ Kd. ½Âwn+1 = Twn = Tnw0, n = 1, 2, · · · . duT : Kd → Kd, ·�

kwn ∈ T (Kd) ⊂ Kd, wn ∈ A(Kd) ⊂ Kd. d�fT ��ëY5��{wn}∞n=1 ´E ¥��;8. d
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^�(H3), ·�k

w1(t) =

∫ +∞

0

G(t, s)a(s)f(s, w0(s)ds

≤ ω
∫ +∞

0

a(s)f(s, w0(s)ds

≤ ωtα−1

∫ +∞

0

a(s)f(s, w0(s)ds

≤ dtα−1 = w0(t).

(3.3)

d(3.3)ªÚ^�(H2) ��

w2 = Tw1 ≤ Tw0 = w1. (3.4)

8B��

wn+1 ≤ wn, n = 1, 2, · · · . (3.5)

Ïd, �3w∗ ∈ K ÷vwn → w∗, n→ +∞. dT �ëY5Úwn+1 = Twn, kTw∗ = w∗.

,��¡, duν0(t) = 0, t ∈ [0,+∞), Kν0(t) ∈ Kd. -ν1 = Tν0, ν2 = Tν1 = T 2ν0,

d½n3.1��ν1, ν2 ∈ Kd. Pνn+1 = Tνn = Tnν0, n = 1, 2, · · · . duT : Kd → Kd, ·�

kνn ∈ T (Kd) ⊂ Kd. dT ��ëY5��{νn}∞n=1 ´E ¥��;8. duν1 = Tν0 ∈ Kd, k

ν2 = Tν1 ≥ 0.

8B��

νn+1 ≥ νn, n = 1, 2, · · · . (3.6)

Ïd, �3ν∗ ∈ K ÷vνn → ν∗, n→ +∞. A^T �ëY5Úνn+1 = Tνn, ·�kTν∗ = ν∗.

e¡y²w∗Úν∗´BVP(1.1)3(0, dtα−1]þ�4�)Ú4�). b�u ∈ (0, dtα−1]´BVP(1.1)�

?�), =Tu = u. duT ´�~�, ν0(t) = 0 ≤ u(t) ≤ dtα−1 = w0(t), Ïd, ·�kν1(t) =

(Tν0)(t) ≤ u(t) ≤ (Tw0)(t) = w1(t), t ∈ [0,+∞). 8B��

νn ≤ u ≤ wn, n = 1, 2, 3, · · · . (3.7)

duw∗ = limn→+∞wn, ν
∗ = limn→+∞ νn, d(3.3)-(3.7)ª, �±��

ν0 ≤ ν1 ≤ · · · νn ≤ · · · ≤ ν∗ ≤ u ≤ w∗ ≤ · · · ≤ wn ≤ · · · ≤ w1 ≤ w0. (3.8)

duf(t, 0) 6≡ 0, t ∈ [0,+∞),�0Ø´BVP(1.1)�). ¤±,d(3.8)ª��w∗ Úν∗ ´BVP(1.1)

3(0, dtα−1] þ�4�)Ú4�), ¿�w∗ Úν∗ �±dS�S�wn = Twn−1, νn = Tνn−1 ��.

�

DOI: 10.12677/aam.2022.113154 1417 A^êÆ?Ð

https://doi.org/10.12677/aam.2022.113154


�¡R�

Ä7�8

�©É��§�Æ�Æ)M#M�ÔöOy�8(X202110452130)Ü©]Ï"

ë�©z

[1] Kueser, A. (1996) Untersuchung und asymptotische darstellung der intergrale genwisser differ-

ential gleichungen bei grossen werthen des arguments. Journal für die Reine und Angewandte

Mathematik, 116, 178-212.

[2] Agarwal, P.R. and O’Regan, D. (2001) Infinite Interval Problems for Differential, Difference

and Integral Equations. Kluwer Academic Publishers, Dordrecht.

https://doi.org/10.1007/978-94-010-0718-4

[3] Zhao, X. and Ge, W. (2010) Unbounded Solutions for a Fractional Differential Boundary Value

Problems on the Infinite Interval. Acta Applicandae Mathematicae, 109, 495-505.

https://doi.org/10.1007/s10440-008-9329-9

[4] Liang, S. and Zhang, J. (2011) Existence of Three Positive Solutions of m-Point Boundary

Value Problems for Some Nonlinear Fractional Differential Equations on an Infinite Interval.

Computers and Mathematics with Applications, 61, 3343-3354.

https://doi.org/10.1016/j.camwa.2011.04.018

[5] Liang, S. and Zhang, J. (2011) Existence of Multiple Positive Solutions for m-Point Fractional

Boundary Value Problems on an Infinite Interval. Mathematical and Computer Modelling, 54,

1334-1346. https://doi.org/10.1016/j.mcm.2011.04.004

[6] Zhang, X. and Zhong, Q. (2018) Triple Positive Solutions for Nonlocal Fractional Differential

Equations with Singularities Both on Time and Space Variables. Applied Mathematics Letters,

80, 12-19. https://doi.org/10.1016/j.aml.2017.12.022

[7] Wang, F., Liu, L. and Wu, Y. (2019) Iterative Unique Positive Solutions for a New Class of

Nonlinear Singular Higher Order Fractional Differential Equations with Mixed-Type Boundary

Value Conditions. Journal of Inequalities and Applications, 2019, Article No. 210.

https://doi.org/10.1186/s13660-019-2164-x

[8] Tan, J., Zhang, X., Liu, L. and Wu, Y. (2021) An Iterative Algorithm for Solving n-Order

Fractional Differential Equation with Mixed Integral and Multipoint Boundary Conditions.

Complexity, 2021, Article ID: 8898859. https://doi.org/10.1155/2021/8898859

[9] Podlubny, I. (1999) Fractional Differential Equations, Vol. 198. Academic Press, San Diego,

CA.

[10] Miller, K.S. and Ross, B. (1993) An Introduction to the Fractional Calculus and Fractional

Differential Equations. Wiley, New York.

DOI: 10.12677/aam.2022.113154 1418 A^êÆ?Ð

https://doi.org/10.1007/978-94-010-0718-4
https://doi.org/10.1007/s10440-008-9329-9
https://doi.org/10.1016/j.camwa.2011.04.018
https://doi.org/10.1016/j.mcm.2011.04.004
https://doi.org/10.1016/j.aml.2017.12.022
https://doi.org/10.1186/s13660-019-2164-x
https://doi.org/10.1155/2021/8898859
https://doi.org/10.12677/aam.2022.113154


�¡R�

[11] Liu, Y. (2002) Boundary Value Problem for Second Order Differential Equations on Unbounded

Domain. Acta Analysis Functionalis Applicata, 4, 211-216.

[12] Corduneanu, C. (1973) Integral Equations and Stability of Feedback Systems. Academic Press,

New York.

DOI: 10.12677/aam.2022.113154 1419 A^êÆ?Ð

https://doi.org/10.12677/aam.2022.113154

	1 引言
	2 预备知识
	3 主要结果

