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Abstract

In this paper, we consider existence of global attractors for non-classical reaction-

diffusion equation with polynomial memory. We first obtain existence and uniqueness

of the solution by using Faedo-Garlerkin method and energy estimation, then prove

existence of bounded absorbing set, finally we get existence of the global attractors.
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1. 0�

�©�ÄXe¯K:
∂tu−4∂tu−4u−

∫∞
0
µ(t− s)|u(s)|βu(s)ds+ ρ|u(t)|γu(t) = 0, x ∈ Ω, t > 0,

u(x, t) = 0, x ∈ ∂Ω, t > 0,

u(x, t) = u0(x), x ∈ Ω, t 6 0,

(1.1)

Ù¥ Ω ⊂ R3´äk1w>. ∂Ω�k.m«�, 0 6 β 6 γ < 2.b�PÁ� µ(·) ∈ C1(R+) ∩ L1(R)

÷v:

µ(s) > 0, µ′(s) 6 0, ∀ s ∈ R+, (1.2)∫ ∞
0

µ(s)ds = 1, (1.3)

m1µ(s) 6 −µ′(s) 6 m2µ(s), ∀ s ∈ R+, (1.4)

Ù¥m1, m2 > 0.

�²;�A*Ñ�§3êÆÔn¥k��û��uÐL§,¿Ðy3NõêÆ�.¥. 1980c,

Aifantis3© [1]¥JÐ
��Ï^µe,^u�,aAÏ�á�(XàÜÔÚpÊÝ�N)ïáêÆ
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�.,ùÒ´e¡²;��A*Ñ�§

ut −4u+ f(u) = g(x),

�ù��§¿vk�¹�A*Ñ¯K����¡,§�Ñ
�N*ÑL§¥x0�ÃõÊ5,�5,

Øå�Ï�.��,¦ÏL�
¢~,ïá
*ÑL§¥�Äù
Ï��êÆ�.,=e¡��²;

�A*Ñ�§

ut −4ut −4u+ f(u) = g(x),

T�§~�$^u6NåÆ,�NåÆ±99D�nØ�+�,�© [2–4]�.éùa�§,c<®²

ïÄ¿��
±e¤J.�SlÚ{u3© [5]¥�Ä
3��5� f ÷v�.O�^�Ú	å�

g ∈ H−1(Ω)��²;*Ñ�§�ÛáÚf��35;3© [6]¥, Chepyzhov�<��
äkPòP

Á�*Ñ�§3 f ÷v��.O�^�, g ∈ L2(Ω)��ÛáÚf��35. Jaime�<3© [7]¥�

Ä
�a�PÁÚ Dirichlet>.���Ä�XÚ,ÏL½Â·� Lyapunov�¼y²
�PÁ��

êP~�,)´õ�ªP~�´��ê½�.Cc5,�kNõÆöïÄ
�²;�A*Ñ�§�

ìC1�,�à�<3© [8]¥ÄgïÄ
äkPòPÁ��²;�A*Ñ�§.¦�3T©¥y²


���5�÷v�.�êO���§�ÛáÚf��35��K5.ê|û�<3© [9]¥ïÄ


�a�²;�A*Ñ�§��m�6�ÛáÚf��35,�K59þ�ëY5.Ò·�¤�,�é

PÁ.�ÑÑ �©�§)�ìC1�,�Ü©´3�5PÁ��¹eÐm�.,,PÁ����

5��¹�UO(/�xXÚL��G�. Cavalcanti3© [10]¥ïÄ
äk��5>.PÁÚ�

�5>.{Z�ÅÄ�§)��35Ú��P~5.�©3© [10]�ïÄÄ:þ�Ääk��5P

Á��²;�A*Ñ�§�ÛáÚf��35,O\
PÁ��^�.

2. ý��£

Ø���5,P H = V0 = L2(Ω), V = V1 = H1
0 (Ω), QT = Ω × (0, T ), ‖ · ‖q L«�m Lq(Ω)�

�ê,AO/,� q = 2�,P‖ · ‖2 = ‖ · ‖.- Vs = D(A
s
2 ),Ù¥ A = −4, ÙSÈÚ�ê©O�

(u, v)Vs = (A
s
2u,A

s
2 v), ‖u‖Vs = ‖Asu‖.

^ H ′ Ú V ′ ©OL« H and V �éó�m.��Bå�,�©¥Ñy� C L«?¿�~ê,§��

�3z�1$�Ó�1¥Ñ�UØÓ.

Ún 2.1 [11] (Aubin-Dubinskii-LionsÚn)� X ⊂ Y ⊂ Z þ� Banach�m,� X b Y .

(i)e F ´ Lp(a, b;X), 1 6 p <∞¥�k.8, ∂tF := {∂tf : f ∈ F}3 Lq(a, b;Z), q > 1¥k

.,Ù¥ ∂tf ´©Ù¿Âe��ê.K F 3 Lp(a, b;Y )¥�é;.e q > 1, K F �3 C(a, b;Z)�é

;.

(ii)e F ´ L∞(a, b;X)¥�k.8, ∂tF 3 Lr(a, b;Z), r > 1¥k.,K F 3 C(a, b;Y )¥�

é;.

Ún 2.2 [7] (MazurØ�ª)� p > 0,Ké?¿� u, v,k
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2−p|u− v|p+1 6
∣∣u|u|p − v|v|p∣∣ 6 (p+ 1)|u− v|(|u|p + |v|p).

3. Ì�(Ø�y²

½n 3.1 b� (1.2) − (1.4)¤á.Ké?¿�½� u0 ∈ V ,�§ (1.1)�3����Û) u,�

÷v

u ∈ L∞([0,∞);V ); ut ∈ L2([0,∞);V ).

y² Äk^ Faedo-Galerkin�{ [12]5y²)��35.� {ei}+∞i=0 � H1
0 (Ω)¥�����

Ä,Ó��´ L2(Ω)¥�����Ä. L2(Ω)´�©� Hilbert�m, A´ L2(Ω)þäklÑÌ��

½�f,�

Aei = λiei, i ∈ N; 0 < λ1 6 λ2 6 ..., lim
k→∞

λk =∞.

½Â

um(t) =

m∑
i=1

aim(t)ei, (3.1)

¦�é?¿� 1 6 i 6 m÷v

(∂tum, ei)− (4∂tum, ei)− (4um, ei) +
(
ρ|um(t)|γum(t), ei

)
−
( ∫ ∞

0

µ(t− s)|um(s)|βum(s)ds, ei
)

= 0,

(3.2)

éA�Ð©^��

um(0) = um0 =

m∑
i=1

aim(0)ei(x)→ u0, m→∞, (3.3)

(3.2), (3.3)´'u aim(t), i = 1, 2, ...,m�k��~�©�§|� Cauchy¯K.d~�©�§nØ

��:é Tn > 0,�3«m [0, Tn]þ���) aim(t).= um(t)�3.e¡é%C) um(t)�k��

O.

^ ∂taim + εaim� (3.2)�SÈ,¿�é il 1�m¦Ú,��

1

2

d

dt

(
ε‖um‖2 + (1 + ε)‖∇um‖2 + ρ‖um(t)‖γ+2

γ+2

)
+ ‖∂tum‖2 + ‖∇∂tum‖2 + ε‖∇um‖2

+ ερ‖um(t)‖γ+2
γ+2 −

( ∫ ∞
0

µ(t− s)|um(s)|βum(s)ds, ∂tum + εum
)

= 0.

(3.4)

½Â

(µ�um)(t) =

∫ ∞
0

µ(t− s)
∣∣|um(s)|

β
2 um(s)− |um(s)|

β
2 um(t)

∣∣2ds, (3.5)

(µ′�um)(t) =

∫ ∞
0

µ′(t− s)
∣∣|um(s)|

β
2 um(s)− |um(s)|

β
2 um(t)

∣∣2ds, (3.6)
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�

1

2

d

dt

( ∫ ∞
0

µ(t− s)‖um(s)‖β+2
β+2ds

)
=

1

2
µ(0)‖um(s)‖β+2

β+2 +
1

2

∫ ∞
0

µ′(t− s)‖um(s)‖β+2
β+2ds. (3.7)

(Ü (3.5)− (3.7),k

( ∫ ∞
0

µ(t− s)|um(s)|βum(s)ds, ∂tum(t)
)

=
1

2
(µ′�um)(t)− 1

2

d

dt
(µ�um)(t)− 1

2
µ(0)‖um(t)‖β+2

β+2

+
1

2

d

dt

( ∫ ∞
0

µ(t− s)
∣∣‖um(s)‖

β
2 um(t)

∣∣2ds)
− 1

2

∫ ∞
0

µ′(t− s)
∣∣‖um(s)‖

β
2 um(t)

∣∣2ds.

(3.8)

A^ YoungØ�ª,�

( ∫ ∞
0

µ(t− s)|um(s)|βum(s)ds, um(t)
)

6
1

2

∫ ∞
0

µ(t− s)‖um(s)‖β+2
β+2ds+

1

2

∫ ∞
0

µ(t− s)
∣∣‖um(s)‖

β
2 um(t)

∣∣2ds, (3.9)

r (3.8), (3.9)�\ (3.4)¥¿(Ü (1.4),��

1

2

d

dt

(
ε‖um‖2 + (1 + ε)‖∇um‖2 + (µ�um)(t) +

2ρ

γ + 2
‖um(t)‖γ+2

γ+2

+

∫ ∞
0

µ(t− s)‖um(s)‖β+2
β+2ds−

∫ ∞
0

µ(t− s)
∣∣‖um(s)‖

β
2 um(t)

∣∣2ds)

+‖∂tum‖2 + ‖∇∂tum‖2 + ε‖∇um‖2 +
m1 − ε

2

∫ ∞
0

µ(t− s)‖um(s)‖β+2
β+2ds

+
m1

2
(µ�um)(t) + ερ‖um(t)‖γ+2

γ+2 −
m2 + ε

2

∫ ∞
0

µ(t− s)
∣∣‖um(s)‖

β
2 um(t)

∣∣2ds
60,

(3.10)

� εv
�,¦� m1−ε
2

> 0.� δ = min{ε, ερ, m1−ε
2
, m2+ε

2
},Kk

d

dt
Em(t) + ‖∂tum‖2 + ‖∇∂tum‖2 + δFm(t) 6 0, (3.11)

3 [τ, t]þÈ©,k

Em(t) 6 −δ
∫ t

τ

Fm(s)ds+ Em(τ), (3.12)

DOI: 10.12677/pm.2023.138241 2334 nØêÆ

https://doi.org/10.12677/pm.2023.138241


|

Ù¥

Em(t) =ε‖um‖2 + (1 + ε)‖∇um‖2 + (µ�um)(t) +
2ρ

γ + 2
‖um(t)‖γ+2

γ+2

+

∫ ∞
0

µ(t− s)‖um(s)‖β+2
β+2ds−

∫ ∞
0

µ(t− s)
∣∣‖um(s)‖

β
2 um(t)

∣∣2ds,
Fm(t) =‖∇um‖2 +

∫ ∞
0

µ(t− s)‖um(s)‖β+2
β+2ds+ (µ�um)(t) + ‖um(t)‖γ+2

γ+2

−
∫ ∞

0

µ(t− s)
∣∣‖um(s)‖

β
2 um(t)

∣∣2ds.
¦^ YoungØ�ª, PoincaréØ�ªÚ (1.3),��∫ ∞

0

µ(t− s)
∣∣‖um(s)‖

β
2 um(t)

∣∣2ds
6

β

β + 2

∫ ∞
0

µ(t− s)‖um(s)‖β+2
β+2ds+

2

β + 2

∫ ∞
0

µ(t− s)‖um(t)‖β+2
β+2ds

6
β

β + 2

∫ ∞
0

µ(t− s)‖um(s)‖β+2
β+2ds+

2

β + 2
|Ω|

1
γ−

1
β ‖um(t)‖γ+2

γ+2.

(3.13)

ò (3.13)�\ Em(t),du ρ > γ+2
β+2
|Ω|

1
γ−

1
β ,k

Em(t) >ε‖um‖2 +
( 2ρ

γ + 2
− 2

β + 2
|Ω|

1
γ−

1
β

)
‖um(t)‖γ+2

γ+2 + (µ�um)(t)

+ (1 + ε)‖∇um‖2 +
2

β + 2

∫ ∞
0

µ(t− s)‖um(t)‖β+2
β+2ds

>ε‖um‖2 + (1 + ε)‖∇um‖2

>C1(‖um‖2 + ‖∇um‖2)−M1,

(3.14)

aq/,d Sobolevi\½n,��

Fm(t) >‖∇um‖2 +
(
1− 2

β + 2
|Ω|

1
γ−

1
β

)
‖um(t)‖γ+2

γ+2 + (µ�um)(t)

+
2

β + 2

∫ ∞
0

µ(t− s)‖um(t)‖β+2
β+2ds

>c‖um‖2 +
ε

2
‖∇um‖2

>C2(‖um‖2 + ‖∇um‖2)−M2,

(3.15)

ò (3.14), (3.15)�\ (3.12)��

C1(‖um‖2 + ‖∇um‖2)−M1 6 −δ
∫ t

τ

(
C2(‖um‖2 + ‖∇um‖2)−M2

)
ds+ Em(τ),
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Ïd,é?¿� R > M2

C2
,�3 t0¦�

‖u(t0)‖2 + ‖∇u(t0)‖2 6 R. (3.16)

d (3.11)��
d

dt
Em(t) + ‖∂tum‖2 + ‖∇∂tum‖2 6 C3, (3.17)

3 [0,∞)þÈ©,k ∫ ∞
0

‖∂tum‖2 + ‖∇∂tum‖2ds 6 C4, t ∈ (0, T ). (3.18)

�âþ¡��O,��

um3 L∞([0,∞);V ∩H)¥��k.;

∂tum3 L2([0,∞);V ∩H)¥��k..

Ïd, lS� {um}¥�±ÀJfS� (E,P� {um})¦�

um
∗
⇀ u3 L∞([0,∞);V ∩H)¥;

∂tum
∗
⇀ ∂tu3 L2([0,∞);V ∩H)¥;

4um
∗
⇀ 4u3 L2([0, T ];V ′ ∩H ′)¥;

4∂tum ⇀ 4∂tu3 L2([0, T ];V ′ ∩H ′)¥.

qÏ� V ↪→↪→ H,|^Ún 2.1��, {um}3 L2([0, T ];H)¥rÂñ.= {um}3 L2(QT )¥r

Âñ,���3��fS� (EP� {um}).Ïd um → u3 QT ¥�A�??¤á.qÏ� |um|γum
�ëY¼ê,�

ρ|um|γum → ρ|u|γu3 QT ¥A�??Âñ,

¦^ Sobolevi\½n V ↪→ L6(Ω) ↪→ L2(γ+1)(Ω)Úª (3.18),��∫ T

0

∫
Ω

∣∣ρ|um|γum∣∣dxdt 6 ρ∫ T

0

‖um‖2(γ+1)
2(γ+1)dt 6 C, (3.19)

d (3.18)Ú LionsÚn,B���

ρ|um|γum ⇀ ρ|u|γu3 L2(QT )¥.

Ón�� ∫ ∞
0

µ(t− s)|um|βumds ⇀
∫ ∞

0

µ(t− s)|u|βuds3 L2(QT )¥.
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Ï� Vm = span{e1, e2, ...em})¤��m,�dª (3.3)�,é?¿� e ∈ Vm,k

(∂tum, e)− (4∂tum, e)− (4um, e) +
(
ρ|um(t)|γum(t), e

)
−
( ∫ ∞

0

µ(t− s)|um(s)|βum(s)ds, e
)

= 0,
(3.20)

3þªüàÓ�¦± ϕ ∈ C∞0 (0, T )¿é t3 (0,T)þÈ©,��∫ T

0

(∂tum, e)ϕdt−
∫ T

0

(4um, e)ϕdt+

∫ T

0

(
ρ|um(t)|γum(t), e

)
ϕdt

−
∫ T

0

( ∫ ∞
0

µ(t− s)|um(s)|βum(s)ds, e
)
ϕdt−

∫ T

0

(4∂tum, e)ϕdt = 0,

(3.21)

3 (3.21)¥-m→∞¿(Ü±þÂñ5(J, �∫ T

0

(∂tu, e)ϕdt−
∫ T

0

(4u, e)ϕdt+

∫ T

0

(
ρ|u(t)|γu(t), e

)
ϕdt

−
∫ T

0

( ∫ ∞
0

µ(t− s)|u(s)|βu(s)ds, e
)
ϕdt−

∫ T

0

(4∂tu, e)ϕdt = 0,

(3.22)

K

∂tu−4∂tu−4u+ ρ|u(t)|γu(t)−
∫ ∞

0

µ(t− s)|u(s)|βu(s)ds = 0. (3.23)

®�:

um ⇀ u3 V ∩H ¥,

∂tum ⇀ ∂tu3 V ∩H ¥,

Ïd3 V ¥ um(0)
∗
⇀ u(0),�3 V ¥ um(0)→ u0,��â4����5, ��

u(0) = u0.

ey��5.b� uÚ v´ (1.1)äk�ÓÐ��ü�),- w = u− v�e¡�§�):

wt −4wt −
( ∫ ∞

0

µ(t− s)|u(s)|βu(s)ds−
∫ ∞

0

µ(t− s)|v(s)|βv(s)ds
)

−4w +
(
ρ|u(t)|γu(t)− ρ|v(t)|γv(t)

)
= 0.

(3.24)

^ w�þª3 L2(Ω)¥�SÈ��

1

2

d

dt

(
‖w(t)‖2 + ‖∇w(t)‖2

)
+ ‖∇w(t)‖2

=
( ∫ ∞

0

µ(t− s)|u(s)|βu(s)ds−
∫ ∞

0

µ(t− s)|v(s)|βv(s)ds, w(t)
)

+
(
ρ|v(t)|γv(t)− ρ|u(t)|γu(t), w(t)

)
.

(3.25)
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e¡©O�Oþª�Òm>��, d Mazur, Hölder Ø�ª±9 Sobolev i\½n, 2(Ü

(3.16),� (
ρ|v(t)|γv(t)− ρ|u(t)|γu(t), w(t)

)
6ρ
∫

Ω

∣∣|v|γv − |u|γu∣∣|w(t)|dx

6ρ(γ + 1)

∫
Ω

|w|2
(
|u|γ + |v|γ

)
dx

6ρ(γ + 1)‖w‖2γ+2

∥∥|u|γ + |v|γ
∥∥
γ+2

6ρ(γ + 1)‖w‖2γ+2

(
‖u‖γγ+2 + ‖v‖γγ+2

)
6ρ(γ + 1)‖∇w‖2(‖∇u‖γ + ‖∇v‖γ)

6Cρ(γ + 1)‖∇w‖2,

(3.26)

aq/, �� ( ∫ ∞
0

µ(t− s)|u(s)|βu(s)ds−
∫ ∞

0

µ(t− s)|v(s)|βv(s)ds, w(t)
)

6
∫ ∞

0

µ(t− s)
(
|u(s)|βu(s)− |v(s)|βv(s)

)
ds

6C(β + 1)‖∇w‖2.

(3.27)

ò (3.26), (3.27)�\ (3.25)¿(Ü PoincaréØ�ª,��

1

2

d

dt

(
‖w(t)‖2 + ‖∇w(t)‖2

)
6 λ1‖w‖2 +

(
C(β + 1) + Cρ(γ + 1)

)
‖∇w(t)‖2, (3.28)

2�â GronwallÚn,��

‖w(t)‖2 + ‖∇w(t)‖2 6 C
(
‖w(0)‖2 + ‖∇w(0)‖2

)
,

w,, é?¿� t > 0, ‖w(t)‖ = 0,= u(t) = v(t).��5�y.

d (3.16)��, é?¿� R > M2

C2
,�3 t0 = t0(B), t > t0,¦�

‖u(t0)‖2 + ‖∇u(t0)‖2 6 R.

-

B0 =
⋃
t>τ

S(t)B′0,

Ù¥

B′0 = {u0 ∈ V
∣∣‖u(t0)‖2 + ‖∇u(t0)‖2 6 R},

K�3~ê R0 > 0,é?¿k.8 B ⊂ V ,¥ B0 = B(0, R0)´¯K (1.1))¤�)�+ {S(t)}t>τ
3 V ¥�k.áÂ8.=é?¿�k.8 B ⊂ V ,�3 t0 > 0,¦�� t > t0�,k

S(t)B ⊂ B0.
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�y S(t)�ìC;5,·�ò S(t)©)¤ S1(t)Ú S2(t),Ù¥ S1(t)3 V ¥��;, S2(t)�ê

Pò.Ïd,é?¿�k.8 B ⊂ V ,k

α(S(t)B) 6 α(S1(t)B) + α(S2(t)B) = α(s2(t)B)→ 0, t→∞.

- u = v + w, Ù¥ vÚ w©O�e¡�§�):
vt −4vt −4v =

∫∞
0
µ(t− s)|u(s)|βu(s)ds− ρ|u(t)|γu(t), x ∈ Ω, t > 0,

v(x, t) = 0, x ∈ ∂Ω, t > 0,

v(x, 0) = v0(x), x ∈ Ω.

(3.29)

Ú 
wt −4wt −4w = 0, x ∈ Ω, t > 0,

w(x, t) = 0, x ∈ ∂Ω, t > 0,

w(x, 0) = w0(x), x ∈ Ω.

(3.30)

Ún 3.2 ½ÂXeÄ��§:
ut +Aut +Au = 0, x ∈ Ω, t > 0 ,

u(x, t) = 0, x ∈ ∂Ω, t > 0,

u(x, 0) = u0(x), x ∈ Ω.

(3.31)

e u0 ∈ V, u´�§ (3.31)�),K u ∈ Cb(R+;V ),¿� u÷v

‖u‖2 + ‖∇u‖2 6
(
‖u0‖2 + ‖∇u0‖2

)
e−α1t, (3.32)

Ù¥ α1 > 0.

y² ^ u��§ (3.31)3 H ¥�SÈ��

1

2

d

dt

(
‖u‖2 + ‖∇u‖2

)
+ ‖∇u‖2 = 0,

?�Ú,k
d

dt

(
‖u‖2 + ‖∇u‖2

)
+ α1

(
‖u‖2 + ‖∇u‖2

)
6 0,

�â GronwallÚn,��

‖v‖2 + ‖∇v‖2 6
(
‖u0‖2 + ‖∇u0‖2

)
e−α1t. (3.33)

·K 3.3 [9] ®� u´�§ (3.33)�),� u ∈ Cb(R;Vs+1), s ∈ R.K u ∈ Cb(R;Vσ+1).
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y² 4 A
σ
2 �^u�§ (3.33),�- w = A

σ
2 u,@o�§ (3.33)���

wt +Awt +Aw = 0, t ∈ R,

q�â u ∈ Cb(R;Vs+1),�

w ∈ Cb(R;Vs+1−σ),

d��éA'X,�� w ∈ Cb(R;V ).� u = A−
σ
2w ∈ Cb(R;Vσ+1). �e5·�òy² S1(t)3 V ¥

��;.

Ún 3.4 � 0 < ν < 2,e u ∈ Cb(R+;V ),K�3 σ > 0,¦�

∂tF(x, t) ∈ L∞(R+;Vσ−1), (3.34)

¿�,é?¿�k.8 B ⊂ V ,�3 C(B) > 0,¦�� u0 ∈ V �,k

sup
u∈V
‖∂tF(x, t)‖L∞(R+;Vσ+1) 6 C(B), (3.35)

Ù¥

F(x, t) =

∫ ∞
0

µ(t− s)|u(s)|βu(s)ds− ρ|u(t)|γu(t). (3.36)

y² d Sobolevi\½n��

H1
0 (Ω) ⊂ L6(Ω); Hs(Ω) ⊂ L 6

3−2s (Ω), 0 6 s <
3

2
. (3.37)

� 1− σ = τ
2
,Ù¥ τ = max{γ, ν}Kk

0 < 2(1− σ) < 2, (3.38)

±9

τ + 2 6
2n

n− 2(1− σ)
, (3.39)

��í�

L
2n

n−2(1−σ) ⊂ Lτ+2 ⊂ Lγ+2 ⊂ Lβ+2, (3.40)

d	,d��½nÚ Sobolevi\½n,��

V1−σ ⊂ H1−σ ⊂ L
2n

n−2(1−σ) , (3.41)

du¤k�i\Ñ´ëY�,Kd (3.40)Ú (3.41)��

V1−σ ⊂ Lτ+2 ⊂ Lγ+2 ⊂ Lβ+2. (3.42)
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qÏ�
γn

1− σ
=

2γn

τ
< 2n, (3.43)

Kk

‖u‖ γn
1−σ
6 C‖u‖. (3.44)

O��

∂tF(x, t) =

∫ ∞
0

µ′(t− s)|u(s)|βu(s)ds+ µ(0)|u(t)|βu(t)− ρ(γ + 1)|u(t)|γut(t). (3.45)

^ w(t)�þª3 L2(Ω)¥�SÈ,�

(
∂tF(x, t), w(t)

)
=
( ∫ ∞

0

µ′(t− s)|u(s)|βu(s)ds, w(t)
)

+
(
µ(0)|u(t)|βu(t), w(t)

)
−
(
ρ(γ + 1)|u(t)|γut(t), w(t)

)
,

(3.46)

éþª�Òm>��?1�O,|^ Hölder, YoungØ�ª
(
β+1
β+2

+ 1
β+2

= 1
)
Úª (1.4),��

( ∫ ∞
0

µ′(t− s)|u(s)|βu(s)ds, w(t)
)

6−m1

∫ ∞
0

µ(t− s)‖u(s)‖β+1
β+2ds‖w(t)‖β+2

6−m1
β + 1

β + 2

∫ ∞
0

µ(t− s)‖u(s)‖β+2
β+2ds‖w(t)‖β+2 −m1

1

β + 2
‖w(t)‖β+2,

(3.47)

aq/,k (
µ(0)|u(t)|βu(t), w(t)

)
6µ(0)‖u(t)‖β+1

β+2‖w(t)‖β+2

6µ(0)
β + 1

β + 2
‖u(t)‖β+2

β+2‖w(t)‖β+2 + µ(0)
1

β + 2
‖w(t)‖β+2,

(3.48)

|^ HölderØ�ª
(

2(1−σ)
2n

+ 1
2

+ n−2(1−σ)
2n

= 1
)
Úª (3.44),�

(
ρ(γ + 1)|u(t)|γut(t), w(t)

)
6ρ(γ + 1)‖u(t)‖γγn

1−σ
‖ut(t)‖‖w(t)‖ 2n

n−2(1−σ)

6Cρ(γ + 1)‖u(t)‖γ‖ut(t)‖‖w(t)‖ 2n
n−2(1−σ)

,

(3.49)

ò (3.47)-(3.49)�\ (3.46)¿(Ü (3.40), (3.41)�

(
∂tF(x, t), w(t)

)
6 C(B)‖w(t)‖V1−σ , (3.50)
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Ù¥

C(B) = sup
{u0}∈B,t∈R+

{
µ(0)(β + 1)C

β + 2
‖u(t)‖β+2

β+2 −
m1C

β + 2
+ Cρ(γ + 1)‖u(t)‖γ‖ut(t)‖

+
µ(0)C

β + 2
− m1(β + 1)C

β + 2

∫ ∞
0

µ(t− s)‖u(s)‖β+2
β+2ds

}
.

nþ¤ã, C(B)´k.�,� ∂tF(x, t)3 V1−σ �éó�m Vσ−1 ¥,¿�Ù�ê3 Vσ−1 ¥k

..

Ún 3.5 éu¿©�� t,�f S1(t)3 V ¥��;.

y² ®� u´�§ (1.1)�),dÚn 3.4� u ∈ Cb(R+;V ) , F(x, t) ∈ Cb(R+;H), v ´�§

(3.30)�),é�§ (3.30)'u t�©,�- w = vt�
wt −4wt −4w =

∫∞
0
µ′(t− s)|u(s)|βu(s)ds

+µ(0)|u(t)|βu(t)− ρ(γ + 1)|u(t)γut(t), x ∈ Ω, t > 0,

w(x, 0) = 0, x ∈ Ω.

(3.51)

3ª (3.50)¥,dÚn 3.4��,

∂tF(x, t) ∈ Cb(R+;Vσ−1),

A^·K 3.3,�

vt = w ∈ Cb(R+;Vσ+1),

K

Avt ∈ Cb(R+;Vσ−1).

dª (3.31)Ú (3.36),��

Av = F(x, t)− vt −Avt,

�d Sobolevi\½n,��

Av ∈ Cb(R+;Vσ−1),

l

v ∈ Cb(R+;Vσ+1),

di\½n Vσ+1 ↪→ V �� ⋃
t>t0

S(t)B3 V ¥;,

� S1(t)3 V ¥��;.�(Ø�y.
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½n 3.6 é?¿k.8 B,�3 t0 > 0¦�⋃
t>t0

S(t)B3 V ¥�é;,

Ù¥ t0d (3.16)¤(½.l S(t)3 V ¥�é;.

y² - S(t) = S1(t) +S2(t).�â·K 4.5���§ (3.30)�)´��P~�,=é�§ (3.30)

± u0 ∈ B�Ð©^��?¿) vk±eØ�ª¤á

‖v‖2 + ‖∇v‖2 6 C(B)e−α1t,

Ïd,

α(S2(t)B)→ 0, t→∞.

�âÚn 3.4���f S1(t)3 V ¥��;.Ïd

α(S(t)B) 6 α(S1(t)B) + α(S2(t)B) = α(S2(t)B)→ 0, t→∞.

½n�y.

Ä7�8

I[g,�ÆÄ7 (11961059).
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