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Abstract

The asymptotic behavior of solutions for a class of nonclassical reaction-diffusion e-

quations with fractional linear memory is investigated. by defining an appropriate

Lyapunov functional, it is proved that the solution of the system decays polynomially

when the nonlinear term f satisfies the growth condition and the memory kernel g

decays exponentially. After that, we achieve that the solution is non-exponentially

stable by means of the semigroup theory.
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1. Úó

�ÄXe�©ê��5PÁ��²;�A*Ñ�§)�ìC5:
ut −∆ut −∆u− (g ∗ (−∆)αu)(t) + f(u) = h(x), x ∈ Ω, t > 0,

u(x, t) = 0, x ∈ ∂Ω, t ≥ 0,

u(x, 0) = u0(x), x ∈ Ω,

(1)

Ù¥Ω ´Rn ¥äk1w>.∂Ω �k.m«�, α ∈ [0, 1), ∗ �LòÈ$�, �²;�A*Ñ�§´

3²;��A*Ñ�§¥�Ä
0��Ê�5!Ør�Ï�éXÚ�K�, d Aifantisïá�, �

©z [1, 2], §3�Úî6N, �NåÆ99D�nØ�+�kX2��A^. ¯K (1)¥�òÈ�

�±�NXÚL��G�éy39�5G��K�, ùa¯K~~Ñy3�§Ê�5nØ�ïÄ¥.

�éPÁ���¹, NõÆö?1
2��ïÄ,�© [3–6]�. Jaime�<3©z [5]¥?Ø
�a�

PÁÚDirichlet >.���Ä�XÚ)�õ�ªP~, /ÏT�{, �©·�Ì��Ääk©ê�

�5PÁ��²;�A*Ñ�§)�ìC51�. ÏL½ÂÜ·� Lyapunov �¼, y²
�PÁ

Øg ¥�êP~�, ¯K (1)�)´õ�ªP~�; ��, A^�+nØ, y²
)´��ê½�.
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2. ý��£

Äk, �ÄHilbert �mD(As/2),∀s ∈ R, ÙSÈÚ�ê©O½ÂXe

(·, ·)D(As/2) = (As/2·,As/2·), ‖ · ‖D(As/2) = ‖As/2 · ‖.

�

D(A0) = L2(Ω), D(A1/2) = H1
0 (Ω),D(A−1/2) = H−1(Ω).

¿kXei\¤á

D(As/2) ↪→ D(Ar/2), ∀s > r.

Ù¥A �H = L2(Ω) þ�î���f, ¿½Â

A = −∆, Ù½Â� D(A) = H2(Ω) ∩H1
0 (Ω),

©O^(·, ·) Ú‖ · ‖ 5L«L2(Ω) þ�SÈÚ�ê; ¿^‖ · ‖p 5L«Lp(Ω) ��ê.

Ó© [5], PÁØg ∈ C2(R+) ∩W 2,1(R+), é?¿�s ∈ R+, ÷vXeb�

(h1) g(s) > 0;

(h2) −c0g(s) ≤ g′(s) ≤ −c1g(s);

(h3) |g′′(s)| ≤ c2g(s);

(h4) 1−G(t) ≥ c3 > 0.

Ù¥ ci, i = 0, 1, 2, 3,þ��~ê� G(t) :=
∫ t

0
g(s)ds .

Ó© [7], ��5�f ÷v

(f1) (ρ+ 1)F (s) ≤ f(s)s, F (Z) :=
∫ Z

0
f(s)ds, ∀s ∈ R.

(f2) |f(s1)− f(s2)| ≤ C(1 + |s2|ρ−1 + |s2|ρ−1)|s1 − s2|, ∀s1, s2 ∈ R,

Ù¥ C > 0, ρ ≥ 1¿�k (n− 2)ρ ≤ n, n ≥ 3 . ¿½ÂXe�òÈ$�.

(g ∗ w)(t) :=

∫ t

0

g(t− s)w(s)ds.

�
�B�¡�$�, ½Â

(g�w)(t) :=

∫ t

0

g(t− s)|w(t)− w(s)|2ds,

(g � w)(t) :=

∫ t

0

g(t− s)(w(t)− w(s))ds.
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Ún1 [5] (Poincaré Ø�ª) � Ω ´ Rn ¥�k.m«�, ¿�k1w>., b� u ∈
W 1,p

0 (Ω), 1 ≤ p < n. Kk

‖u‖Lq(Ω) ≤ C‖∇u‖Lp(Ω).

é?¿� q ∈ [1, p∗], p∗ = np/(n− p),Ù¥~ê C =�6u p, q, nÚ Ω.

Ún2 [5] (Y oungØ�ª) � a, b´�K¢ê, p > 1, 1
p

+ 1
q

= 1,@o

ab ≤ ap

p
+
bq

q
.

3. )�õ�ªP~

Ún3 [5] é?¿�¼êk ∈ C(R) ±9ϕ ∈W 1,2(0, T ), ��

(k ∗ ϕ)(t) = (k � ϕ)(t) +

[∫ t

0

k(τ)dτ

]
ϕ(t).

Ún4 [5] é?¿�¼ê k ∈ C1(R) ±9ϕ ∈W 1,2(0, T ), ��

(k ∗ ϕ)(t)ϕt(t) =− 1

2
k(t) |ϕ(t)|2 +

1

2
(k
′
�ϕ)(t)

− 1

2

d

dt

{
(k�ϕ)(t)−

[∫ t

0

k(τ)dτ

]
|ϕ(t)|2

}
.

Ún5 [5] é?¿�¼êk ∈ C(R) ±9ϕ ∈W 1,2(0, T ), K

|k � ϕ)(t)|2 ≤
[∫ T

0

|k(τ)|dτ
]

(|K|�ϕ) (t).

Ún6 [5] 3Hilbert �mH ¥, é?¿�¼êk ∈ C(R), k > 0 ±9ϕ ∈W 1,2(0, T ), q ∈ H. �

�3~êCε > 0, Ù¥ε > 0, ¦�

|q(t)(k � ϕ)(t)| ≤ ε|q(t)|2 + Cε(k�ϕ)(t).

Ún7 [7] é?¿�ü�¼êk,w ∈ C1(R), Ù¥θ ∈ [0, 1], ke¡�Ø�ª¤áµ

|(k � w)(t)|2 ≤
[∫ t

0

|k(s)|2(1−θ)ds

]
|k|2θ�w.

½n1 b�g, f ©O÷v^�(h1) − (h4) Ú(f1) − (f2), K�½Ð�u0 ∈ D(A) Úh ∈ H, ¯

K(1) �3��)u, ÷v

u ∈ C ([0, T ];D(A)) ∩ C1
(
[0, T ];D(A1/2)

)
.
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y² )�·½5Ì�^�Faedo−Galerkin �{±9Gronwall Ún.

3ùp·�½ÂXeUþ�¼

P(t) =
1

2

∫
Ω

[
|∇u(t)|2 − 2(ut, u)−G(t)|(−∆)

α
2 u(t)|2 − |∇ut(t)|2 + (g�(−∆)

α
2 u)(t)

− |∇h|2
]
dx+

∫
Ω

F (u)dx,

Q(t) =
1

2

∫
Ω

[
|(−∆)1−α2 u(t)|2 −G(t)|(−∆)

α
2 u(t)|2 + (g�∇u)(t) + |∇h|2

]
dx

+

∫
Ω

(−∆)1−αF (u)dx.

Ún8 �u ´¯K(1) �), ÷vÐ�u0 ∈ D(A), Kke¡�UþØ�ª:

d

dt
P(t) ≤

∫
Ω

[
−2|ut|2 + c4|∇h|2 + (

c4

η1

− 1)|∇ut|2
]
dx

− 1

2
g(t)

∫
Ω

|(−∆)α/2u(t)|2dx+
1

2

∫
Ω

(g
′
�(−∆)

α
2 u)(t)dx− (utt, u),

9
d

dt
Q(t) ≤

∫
Ω

[
c4|∇h|2 +

c4

η1

|∇ut|2 − (c5 + c6)|ut|2
]
dx

− 1

2
g(t)

∫
Ω

|∇u(t)|2dx+
1

2

∫
Ω

(g
′
�∇u)(t)dx.

y² ^(1) ¥��§�ut �SÈ, ��

1

2

d

dt
‖∇u‖2 + ‖ut‖2 + ‖∇u‖2 − (g ∗ (−∆)

α
2 u, (−∆)

α
2 ut) + (f(u), ut) = (h, ut).

3Ún 4¥-ϕ = (−∆)
α
2 u, ·���

1

2

d

dt

(
− (ut, u)− ‖∇ut‖2 + ‖∇u‖2 + g�(−∆)

α
2 u

−G(t)‖(−∆)
α
2 u‖2 + ‖∇h‖2 +

∫
Ω

F (u)dx

)
= −(utt, u) +

∫
Ω

h(x)utdx− 2‖ut‖2 − ‖∇ut‖2

+
1

2
g
′
�(−∆)

α
2 u− 1

2
g(t)‖(−∆)

α
2 u‖2 − (∇utt,∇ut),

(2)

A^Y oung Ø�ª9Poincaré Ø�ª, k∫
Ω

h(x)utdx ≤ c4‖h(x)‖2 +
c4

η1

‖ut‖2

≤ c4‖∇h(x)‖2 +
c4

η1

‖∇ut‖2.
(3)
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òª (3)�\ª (2)¥, ��

d

dt
P(t) ≤

∫
Ω

[
−|ut|2 + c4|∇h|2 + (

c4

η1

− 1)|∇ut|2
]
dx

− 1

2
g(t)

∫
Ω

|(−∆)α/2u(t)|2dx+
1

2

∫
Ω

(g
′
�A

α
2 u)(t)dx− (utt, u),

Ón, ·�^ (1)¥��§�(−∆)1−αut �SÈ. 3Ún 4¥-ϕ = (−∆)
1
2u, k

1

2

d

dt

∫
Ω

(
|(−∆)1−α/2u|2 + (−∆)1−αF (u)−G(t)|(−∆)

α
2 u(t)|2 + (g�∇u)(t)

)
dx

= −
∥∥∥(−∆)

1−α
2 ut

∥∥∥2

−
∥∥(−∆)1−α/2ut

∥∥2
+
(

(−∆)
1−α
2 h(x), (−∆)

1−α
2

)
− 1

2
g(t)

∫
Ω

|∇u(t)|2dx+
1

2

∫
Ω

(g
′
�∇u)(t)dx.

UY¦^Y oung Ø�ªÚPoincaré Ø�ª, ��

d

dt
Q(t) ≤

∫
Ω

[
c4|∇h|2 +

c4

η1

|∇ut|2 − (c5 + c6)|ut|2
]
dx

− 1

2
g(t)

∫
Ω

|∇u(t)|2dx+
1

2

∫
Ω

(g
′
�∇u)(t)dx.

Úny²�¤.

½ÂXe�Uþ�¼µ

F =
1

2
‖(g ∗ ∇u)(t)‖2 − (u(t), (g ∗ u)t(t)) , (4)

K (t) = (u(t), ut(t)) + ‖∇u‖2 . (5)

Ún9 3Ún 8�b�e, ·���

d

dt
F (t) ≤ g(0)

2
‖ut‖2 +

c2
0g

2

g(0)
‖u‖2 +

1

g(0)

(∫ ∞
0

∣∣∣g′′(s)∣∣∣ ds)(∣∣∣g′′∣∣∣�u)

+ η2 ‖∇h‖2 +

(
c7

η2

+ c0

)
g(t) ‖u‖2 +

(
c7c0

η2

+
c10

η4

+
c11

η5

)
(g�∇u)(t)

+ (η3 + η5) ‖∇ut‖2 + (c8η2 + η4) ‖∇u‖2 .

y² (ÜÚn 3¿?1¦�$�, k

(g ∗ u)t(t) = g(0)u(t) + (g
′
∗ u)(t)

= g(t)u(t) + (g
′
� u)(t).

(6)
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^ (1)¥��§�(g ∗ u)t �SÈ, 2�â (6) , ·���

d

dt
(u, (g ∗ u)t) = (h(x)− f(u) + (g ∗ (−∆)αu)(t)−∆u−∆ut, (g ∗ u)t)

+
(
g(0)ut + g

′
u+ g

′′
� u, u

)
=
(
h(x), gu+ g

′
� u
)
− (f(u), (g ∗ u)t)

−
(
−∆u−∆ut, gu+ g

′
� u
)

+
1

2

d

dt
‖g ∗ (−∆)

α
2 u‖2

+
(
g(0)ut + g

′
u+ g

′′
� u, u

)
.

(7)

ò (5), (6)ª(Ü, ²L{üO�, ��

d

dt

[
1

2
‖g ∗ (−∆)

α
2 u‖2 − (u(t), (g ∗ u)t)

]
= (f(u)− h(x), (g ∗ u)t) +

(
−∆u−∆ut, gu+ g

′
� u
)

−
(
g(0)ut + g

′′
� u, u

)
− g

′
‖u‖2.

(8)

e¡é (8)ª�Ò�mà©O?1�O, ¦^Y oung Ø�ª9Ún 6, k

−
(
g(0)ut + g

′′
� u, u

)
≤ c0g (ut, u) +

∣∣∣(g′′ � u, u)∣∣∣
≤ g(0)

2
‖ut‖2 +

c2
0g

2

g(0)
‖u‖2

+
1

g(0)

(∫ ∞
0

∣∣∣g′′(s)∣∣∣ ds)(∣∣∣g′′∣∣∣�u) .
(9)

¦^Y oung Ø�ªÚ (6), ·�k

(f(u)− h(x), (g ∗ u)t) ≤ η2

∫
Ω

(
|f(u)|2 + |h|2

)
dx+

c7

η2

∫
Ω

(
g(t)|u|2 − g

′
�u
)
dx. (10)

d^�(f1)− (f2), Y oung Ø�ª, Poincaré Ø�ªÚÚn 7, ��∫
Ω

|f(u)|2dx ≤ c8

{∫
Ω

|u|2dx+

∫
Ω

|u|2ρdx
}

≤ c8

{∫
Ω

|∇u|2dx+

(∫
Ω

|∇u|2dx
)ρ}

≤ c8

∫
Ω

|∇u|2dx.

(11)

ò (11)�\ (10), A^Poincaré Ø�ªÚ^�(h2), ��

(f(u)− h(x), (g ∗ u)t) ≤ c8η2 ‖∇u‖2 + η2 ‖∇h‖2 +
c7

η2

g(t) ‖u‖2 − c7

η2

(g
′
�u)

≤ c8η2 ‖∇u‖2 + η2 ‖∇h‖2 +
c7

η2

g(t) ‖u‖2 +
c7c0

η2

(g�∇u).
(12)
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|^Poincaré Ø�ª, Y oung Ø�ªÚÚn 6, ��(
−∆u−∆ut, gu+ g

′
� u
)

=(∇u, g
′
� ∇u) + (∇ut, g

′
� ∇u)

+ g(t) ‖∇u‖2 + (∇ut, g(t)u(t))

≤
(

1 +
c9

η3

)
g(t) ‖∇u‖2 + (η3 + η5) ‖∇ut‖2

+

(
c10

η4

+
c11

η5

)
(g�∇u) (t) + η4 ‖∇u‖2 ,

(13)

ò (9), (12)-(13)�\ (8), �n��

d

dt
F (t) ≤ g(0)

2
‖ut‖2 +

c2
0g

2

g(0)
‖u‖2

+
1

g(0)

(∫ ∞
0

∣∣∣g′′(s)∣∣∣ ds)(∣∣∣g′′∣∣∣�u)+ (c8η2 + η4) ‖∇u‖2

+ η2 ‖∇h‖2 +

(
c7

η2

+ c0

)
g(t) ‖u‖2

+

(
c7c0

η2

+
c10

η4

+
c11

η5

)
(g�∇u)(t)

+ (η3 + η5) ‖∇ut‖2 .

(14)

�Ún�y.

Ún10 3Ún 8�b�^�e,·�k

d

dt
K (t) ≤ (utt, u)− ‖∇ut‖2 +

(
1− c3 +

c12

η6

+ η7

)
‖∇u‖2

+
1

η7

(

∫ ∞
0

g(s)ds)(g�(−∆)
α
2 u) + η6‖∇h‖2 − (ρ+ 1)

∫
Ω

F (u)dx.

y² ^ (1)¥��§� u�SÈ,3Ún 4¥- ϕ = (−∆)αu,��

d

dt

[
(u, ut) +

1

2
‖A 1

2u‖2
]

= (utt, u)− ‖∇ut‖2 − (f(u), u) + (h(x), u)

+ (u, g � (−∆)αu+G(t)(−∆)αu)

= (utt, u)− ‖∇ut‖2 +G(t)‖(−∆)
α
2 u‖2

+
(
(−∆)

α
2 u, g �Aα

2 u
)
− (f(u), u) + (h(x), u)

≤ (utt, u)− ‖∇ut‖2 + (1− c3) ‖∇u‖2 + ((−∆)
α
2 u, g � (−∆)

α
2 u),

(15)
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d^� (f1),��

−(f(u), u) ≤ − (ρ+ 1)

∫
Ω

F (u)dx, (16)

|^ Y oungØ�ªÚ PoincaréØ�ª,��

(h, u) ≤ η6‖∇h‖2 +
c12

η6

‖∇u‖2, (17)

ò (16)-(17)�\ (15),2�âÚn 6Ú PoincaréØ�ª,��

d

dt
((u, ut) +

1

2
‖A 1

2u‖2) ≤ (utt, u)− ‖∇ut‖2 +

(
1− c3 +

c12

η6

+ η7

)
‖∇u‖2

+
1

η7

(

∫ ∞
0

g(s)ds)(g�(−∆)
α
2 u)

+ η6‖∇h‖2 − (ρ+ 1)

∫
Ω

F (u)dx.

(18)

½Â�¼

L (t) ≤ NP(t) +NQ(t) + F (t) +NK (t).

½n2 b�g ∈ C2(R+) ∩W 2,1(R+), ^�(h1)− (h4) 9(f1)− (f2) ¤á, �Ð�

u0 ∈ D(A),

@o¯K (1)�)�õ�ªP~, =�3���~êC ÷v

P(t)t ≤ C [P(0) + Q(0)] .

y² d^�(h4) ��
∫∞

0
g(s)ds < 1. �òÚn 8 , 9 , 10?1�A�n, |^Poincaré Ø�ª,

k
d

dt
L (t) ≤

[
N

(
2c4

η1

+
g(0)

2
− c5 − c6

)
+ η3 + η5

]
‖∇ut‖2

−
[
N

(
c3 +

c12

η6

+ η7 − 1

)
− c8η2 − η4

]
‖∇u‖2

+ (2Nc4 + η2) ‖∇h‖2 − (ρ+ 1)

∫
Ω

F (u)dx

−
(
N

2
− c2

0

g(0)

)
g(t)

∥∥(−∆)α/2u(t)
∥∥2

−
(
N

2
− c7

η2 − c0

)
g(t) ‖∇u(t)‖2

−
(
Nc1

2
− 1

η7

)(
g�(−∆)

α
2 u
)

−
(
Nc1

2
− c7c0

η2

− c10

η4

− c11

η5

)
(g�∇u) ,
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3éÚn 8 , 9 , 10?1�n�L§¥, ·�¦^�
^�(h2), (h3) 9Poincaré Ø�ª.

�âP(t) �½Â, XJN ¿©�, K�3���~êγ0, ¦�

d

dt
L (t) ≤ −γ0P(t).

Ø�Òü>Ó�'ut È©, �

L (t)−L (0) + γ0

∫ t

0

P(τ)dτ ≤ 0.

duN ¿©�, �é∀t > 0, ÑkL (t) > 0. �

∫ t

0

P(τ)dτ ≤ L (0), ∀t > 0.

�âÚn 89^�(h1)− (h2),(d/dt)P ≤ 0. ��

d

dt
[tP(t)] = P(t) + t

d

dt
P(t) ≤P(t), ∀t > 0.

Ø�Òü>Ó�'ut È©, ��

tP(t) ≤
∫ t

0

P(τ)dτ ≤ L (0), ∀t > 0,

��3~êC > 0 ¦�

P(t)t ≤ C [P(0) + Q(0)] .

4. )���ê½

¯¢þ, 3½n2 �Ä:þb�PÁØ¼êg(s) ´�êP~�, @o¯K (1)31 3�!¥�½

�Ð©^�Ú>.^�e, Ù)ØU±�êP~.

Ún11 [8] �X ´��Hilbert �m, �^u�mX ¥�C0 �+e
At ´�ê½�, ��=�,

iR ⊂ ρ(A) ��3M ≥ 1, ¦�

∥∥(iλI −A)−1
∥∥ < M, ∀λ ∈ R.

�
ò¯K (1)�)�^u·���m��+, ·�Ú\¼ê

ηt(s) = u(t)− u(t− s), (19)
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d (1), (19)��

ut −∆ut −∆u−G∞(−∆)αu

+
∫∞

0
g(s)(−∆)αη(s)ds+ f(u) = h(x), x ∈ Ω, t > 0,

u(x, t) = 0, x ∈ ∂Ω, t ≥ 0,

ηt(x, s) = 0, x ∈ ∂Ω, s ≥ 0, t ≥ 0,

u(x, 0) = u0(x), x ∈ Ω,

η0(x, s) = η0(x, s), x ∈ Ω, s ≥ 0.

(20)

Ù¥G∞ :=
∫∞

0
g(t)dt, �â^�(h4) ��G∞ ≤ 1− c3.

�L2
g

(
R+,D(Aα/2)

)
´½Â3g-\��mþ��g�È¼ê�m, ÙSÈ½ÂXe

(η1, η2)g :=

∫ ∞
0

g(s)((−∆)α/2η1(s), (−∆)α/2η2(s))ds.

�½Â�A�Hilbert �m

Z := D(A1/2)×H× L2
g

(
R+,D((A)α/2)

)
.

-v := ut, ½Â

U(t) := [u(t), η]>, U0 := [u0, η0]> ∈ Z,

·�ò¯K (20)=z��mZ ¥�Ä��5/ª{
Ut(t) = AU(t),

U(0) = U0.
(21)

�5�fA kXe/ª

A

[
u

η

]
=

[
h− f −

∫∞
0
g(s)(−∆)αη(s)ds+G∞(−∆)αu+ ∆u+ ∆v

v − ηs

]
,

Ù¥½Â�L«�

D(A) :=

{
U ∈ Z : AU ∈ Z,

∫ ∞
0

g(s)(−∆)αη(s)ds ∈ H,

ηs ∈ L2
g

(
R+,D(Aα/2)

)
, η(0) = 0

}
.

�âÚn 11 , �©�ÄäkDirichlet >.^���fA �Ì,{
Aei = λiei,

ei|∂Ω = 0.
(22)
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�

‖ei‖L2(Ω) = 1, i ≥ 1.

Ù¥(λi)i≥1 ´��kk��)9k��A���ªuÃ¡�4OS�; (ei)i≥1 ´Ù�A�8�z

A�¼êS�. ¿�b�

λ1 > G∞λ
α
1 .

½n3 3½n 2�b�e, �PÁØg ´�êP~�, @o��§ (21)�'��^u��mZ
þ��+U(t) ´��ê½�.

y² �F = [F1, F2]> ∈ Z, �ÄXe�§

(iλI −A)U = F, λ ∈ R.

= {
iλv + f(u) +

∫∞
0
g(s)(−∆)αη(s)ds−G∞(−∆)αu−∆u−∆v = F1,

iλη − v + ηs = F2.
(23)

�F1 = 0, F2 = λ
−α+1−ε

2
ν e−λ

1−ε
ν seν . �½Â

u = peν , v = qeν , η(s) = ϕ(s)eν .

Ù¥p, q ∈ C, ϕ ∈ L2
g(R+). dd�§ (23)�U��
iλpeν − qeν = 0,

iλqeν + λνpeν −G∞λαν peν +
∫∞

0
g(s)λανϕ(s)dseν + λνqeν = 0,

iλϕ(s)eν − qeν + ϕs(s)eν = λ
−α+1−ε

2 e−λ
1−ε
ν seν .

(24)

d(24)1, (24)2 �

−λ2peν + λνpeν −G∞λαν peν +

∫ ∞
0

g(s)λανϕ(s)dseν = 0,

-λ =
√
λν , ÏL(24)1,2, ��

G∞p =

∫ ∞
0

g(s)ϕ(s)ds. (25)

|^(24)1, é~�©�§(24)3 ?1¦), ��

ψ(s) = Ce−i
√
λνs + p+

λ
−α+1−ε

2
ν

iλ
1
2
ν − λ1−ε

ν

e−λ
1−ε
ν s. (26)

�Ð�η(0) = 0 �, k

C = −p− λ
−α+1−ε

2
ν

iλ
1
2
ν − λ1−ε

ν

.
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d (26)��

ϕ(s) = (−p− λ
−α+1−ε

2
ν

iλ
1
2
ν − λ1−ε

ν

)e−i
√
λνs + p+

λ
−α+1−ε

2
ν

iλ
1
2
ν − λ1−ε

ν

e−λ
1−ε
ν s, (27)

ÏL (25)Ú (27), k

g(s) = e−γs, γ ∈ R+.

�

p =
λ
−α+1−ε

2
ν

γ + λ1−ε
ν

.

Ïd, é?¿�α ∈ [0, 1), �3ε ∈ (0, 1), ε > α ¦�

�λν →∞�, p ≈ Cλ
−α+1−ε

2
ν ,

EÚ^u = peν , ��

�λν →∞�, ‖u‖D(A
1
2 )
≈ λ

ε−α
2

ν →∞.

nþ¤ã, (ÜÚn 11 , ½n�y.
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