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0 Ú ó

3��5>.^�e, ·�?Ø
XePÁ.²;�A*Ñ�§)�ìC5�.




ut −∆u−
∫∞
0

k(s)∆u(t− s)ds + f(u) = h(x), (x, t) ∈ Ω× R+,

∂u
∂γ + g1(u) = 0, (x, t) ∈ Γ× R+,

u(x, 0) = u0(x), x ∈ Ω,

(1)

Ù¥, Ω�R3þ�k1w>.Γ�k.�, �	å�h(x) ∈ L2(Ω).

ÏLu(·)ÚPÁØ¼ê k(·)��5òÈ�, NyÑPòPÁ3UþÑÑ¥��^, ¦�
XÚ�UþÑÑØ=É�y�	å�K�, Ó��É�{¤	å�K�, ¿���X�m
�í£{¤	å�K�¬�5��. Ïd, �PÁØ¼ê k(·) ∈ C2(R+), k(s) > 0, k′(s) 6
0, k(∞) = 0, ∀s ∈ R+.

XÓ©z [1], ½ÂCþ

ηt(x, s) =
∫s

0

u(x, t− r)dr, s > 0,

K

∂tη
t(x, s) = u(x, t)− ∂sη

t(x, s), s > 0. (2)

-µ(s) = −k′(s), µ ∈ C1(R+) ∩ L1(R+). w,,
∫∞
0

µ(s)ds = k0, �µ(·)÷v

µ(s) > 0, µ′(s) 6 0, ∀s ∈ R+, (3)

µ′(s) + δµ(s) 6 0, ∀s > 0, (4)

Ù¥ δ��~ê. K¯K (1)�=z�

ut −∆u−
∫∞
0

µ(s)∆ηt(s)ds + f(u) = h(x), (5)

�AÐ�^�� {
u(x, 0) = u0(x), x ∈ Ω,

η0(x, s) =
∫s

0
u0(x,−r)dr, (x, s) ∈ Ω× R+,

(6)

�A>�^�� 



∂u

∂γ
+ g1(u) = 0, (x, t) ∈ Γ× R+,

∂ηt

∂γ
+ g2(u) = 0, (x, t) ∈ Γ× R+,

(7)

Ù¥, u(·)÷v: �3�~êR0Ú % = min{ δ
2 , λ1

2 }, ¦�
∫∞
0

e−%s‖∇u(−s)‖2ds 6 R0,

d?λ1�−∆�1�A��.



1 3 Ï � à, �: PòPÁ.²;�A*Ñ�§3��5>.^�e)�ìC5 15

¯K (5)–(7)¤�¹���5��â�^��©�üa: SÜ��5�Ú>.��5�.
�SÜ��5� f�C1¼ê, �÷v: �3�~ê l, ¦�

f ′(s) > −l, ∀s ∈ R, (8)

�

lim
|s|→∞

f(s)s
|s|p+1

= Cf > 0, (9)

Ù¥ p��u 1��~ê. Ó�, �>.��5� g1, g2�C1¼ê, �÷v: �3�~
êm1Úm2, ¦�

g′1(s) > −m1, g′2(s) > −m2, 9
∫

Γ

|g2(s(x))|2dx < ∞, (10)

�

lim
|s|→∞

g1(s)s
|s|q+1

= Cg1 < 0, (11)

lim
|s|→∞

g2(s)s
|s|r+1

= Cg2 > 0, (12)

Ù¥ q, r þ��u�u 1��~ê.
?�Ú, �
�y¯K (5)−(7)éA�ÄåXÚ�UþÑÑXÚ, b�SÜ��5�Ú

>.��5�÷vXe?�²ï^� (B1):
i) p + 1 > max{2q, 2r};
ii) � p + 1 = 2q > 2r�, Cf > R2C2

g1
(q + 1)2;

iii) � p + 1 = 2r > 2q�, Cf > R2k2
0C

2
g1

(r + 1)2;
iv) � p + 1 = 2q = 2r > 2�, Cf > R2(q + 1)2(C2

g1
+ k2

0C
2
g2

);
v) � p + 1 = 2q = 2r = 2�, Cf + k0

|Γ|
|Ω|Cg2 > R2(q + 1)2(C2

g1
+ k2

0C
2
g2

)− |Γ|
|Ω|Cg1 .

Ù¥, R = |Γ|
|Ω|C0(Ω, 1) (C0(Ω, 1)�Ún 1.2¥��~ê), k0 = k(0).

Cc5, 'u²;�A*Ñ�§�ìC5�®Úå
NõÆö�'5Ú,�. 3
Dirichlet>.^�e, ©z [2-4]ïÄ
PÁ.²;�A*Ñ�§)�ìC5. ���5�
g�.O��, GiorgiÚPata3©z [2]¥��
k.áÂ83�mL2 × L2

µ(R; H1
0 )9H1

0 ×
L2

µ(R+;H2 ∩H1
0 )��35. ���5���.O��, ChepyzhovÚMiranville3©z [3]/

Ï;�áÚf3�mL2(Ω)þ¼�
�ÛáÚf��35, �à�3©z [4]¥$^Â ¼
ê�{Ú�+nØ��y²
�ÛáÚf3L2 × L2

µ(R+; H1
0 )¥��35. 3��5>.^

�e, ©z [5-8]?Ø
)�·½5ÚìC51�.cÙ3©z [6-7]¥, �SÜ��5�Ú>
.��5���.O��÷v�½�²ï^��, 
å�©O��
g£XÚÚ�g£X
Ú)��ìC�K5ÚáÚf��35.

â·�¤�, Ï�PòPÁ�3��5>.eUþ�O�3(J, PÁ.�A*Ñ�
§3��5>.e)�ÄåÆ1��é�k<ïÄ, Ï
Úu
·��ïÄ,�. /Ï
©z [6-8]�g�Ú*:, ·�3þã(JÄ:þUY?ØÚïÄ
PÁ.�.éAÄå
XÚ���5ÄåÆ1�. Ó�, ·�uyïÄó��­%ÚJ:�,´)�+�;5�
y. duSÜ��5�Ú>.��5�þ±��.�êO�, 3>.þ;i\½n��±
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9PòPÁ�¤3�PÁ�m"y;5, ¦�;5�y¡�Nõ¢�5(J.�ª·�$
^Â ¼ê�{Ú�+nØ¤õ/ô�
þã¢�5ïÄæN, y²
�ÛáÚf3�
mL2(Ω)× L2

µ(R+; H1(Ω))¥��35.

�©�(�Xe: 31 1!, 0�¤ïÄ¯K�9�ý��£, �)�m�½ÂÚÄ�
(J; 31 2!, y²
�ÛáÚf3�mL2(Ω)× L2

µ(R+; H1(Ω))¥��35.

1 ý��£

XÓ©z [9], �A = −∆�½Â�D(A) = H2(Ω).�ÄHilbert�mxD(A
s
2 ), s ∈ R, �

UXe½ÂD��A�SÈ��ê.

〈·, ·〉
D(A

s
2 )

= 〈A s
2 ·, A s

2 ·〉, ‖ · ‖
D(A

s
2 )

= ‖A s
2 · ‖,

ùp 〈·, ·〉Ú ‖ · ‖�L2(Ω)�SÈ��ê.

éu 0 6 s 6 3, P

Hs = D(A
s
2 ), ‖ · ‖Hs = ‖ · ‖

D(A
s
2 )

,

KH0 = L2(Ω),H1 = H1(Ω),H2 = H2(Ω). � 0 6 r 6 3�, �L2
µ(R+;Hr)�½ÂuR+þ�

�uHr�Hilbert�mx, ϕ : R+ → Hr, ¿D��ASÈ��êXe.

〈ϕ1, ϕ2〉µ,Hr =
∫∞
0

µ(s)〈ϕ1(s), ϕ2(s)〉Hrds,

‖ϕ‖2µ,Hr
=

∫∞
0

µ(s)‖ϕ‖2Hr
ds.

½ÂXeHilbert�mx

Er = Hr−1 × L2
µ(R+;Hr),

¿�D��ê:

‖z‖Er = ‖(u, ηt)‖Er =
(1

2
(‖u‖2Hr−1

+ ‖ηt‖2µ,Hr
)
) 1

2
.

�
Bu�O, ·��I�±eÄ�(J.

ÚÚÚnnn 1.1[10] éu�½�T > 0, P I = [0, T ]. �PÁØ¼ê÷vª (3)–(4), @oéu
?¿� ηt ∈ C(I;L2

µ(R+;Hr)), 0 < r < 3, �3~ê δ > 0, ¦�

〈ηt, ηt
s〉µ,Hr > δ

2
‖ηt‖2µ,Hr

.

ÚÚÚnnn 1.2[8] �3~êC0(Ω, 1) > 0, ¦�éuz��ϕ ∈ W 1,1(Ω), k
∥∥∥ϕ− 1

|Γ|
∫

Γ

ϕdx
∥∥∥

L1(Ω)
6 C0(Ω, 1)‖∇ϕ‖L1(Ω).

±eý�(JÑgSun, CaoÚDuan[11-12], Robinson[13]ÚTemam[14], ^u�y)�+
�ìC;5.
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½½½ÂÂÂ 1.1[11-12] �X�Banach�m, B�X¥�k.8. ½ÂuX×Xþ�¼êϕ(·, ·)
¡�B × Bþ�Â ¼ê, XJéu?¿S� {xn}∞n=1 ⊂ B, �3f� {xnk

}∞k=1 ⊂ {xn}∞n=1,
¦�

lim
k→∞

lim
l→∞

φ(xnk
, xnl

) = 0.

PC(B)�½ÂuB ×Bþ�Â ¼ê�8Ü.
ÚÚÚnnn 1.3[11-14] � {S(t)}t>0�Banach�m (X, ‖ · ‖)þ��+, ¿Pkk.áÂ8B0.

?�Ú, XJéu?¿� ε > 0, �3T = T (B0, ε)9φT (·, ·) ∈ C(B0), ¦�

‖S(T )x− S(T )y‖ 6 ε + φT (x, y), ∀x, y ∈ B0,

Ù¥φT �6uT . K {S(t)}t>03X¥ìC;, =, éu?¿k.S� {yn}∞n=1 ⊂ X9 {tn},
�n →∞, tn →∞�, k {S(tn)yn}∞n=13X¥�é;.

2 Ì�(J

2.1 )��3��5
Äk, 'u¯K (5)–(7)�)�ÑXe½Â.
½½½ÂÂÂ 2.1 éu�½�T > 0, P I = [0, T ]. � g ∈L2(Ω)� z0 ∈ E1, ��| z = (u, ηt)÷

v

u ∈ (L2(I;H1) ∩ Lp+1(I;Lp+1(Ω))× Lq+1(I; Lq+1(Γ)))× Lr+1(I; Lr+1(Γ)),

ηt ∈ L2(I; L2
µ(R+;H1));

ηt
t + ηt

s ∈ L∞(I; L2
µ(R+;H0)) ∩ L2(I; L2

µ(R+;H1)).

¡ z�¯K (5)–(7)u�m«m Iþ�), XJ

〈ut, ω〉+ 〈u, ω〉H1 + 〈ηt, ω〉µ,H1 + 〈f(u), ω〉 = 〈g, ω〉,
〈ηt

t + ηt
s, ϕ〉µ,H1 = 〈u, ϕ〉µ,H1 ,

éu¤k�ω ∈ H1, ϕ ∈ L2
µ(R+;H1)¤á, é t ∈ IA�??¤á.

$^©z [10]![14]¥�Galerkin%C�{, �±��¯K (5)–(7)�) z(t)3 E1¥��
3��5.

½½½nnn 2.1 ���5� f, g1, g2÷vª (9)!(11)!(12)9²ï^� (B1), PÁØ¼
êµ(·)÷vª (3)–(4), ��h ∈ L2(Ω), @oé?¿�½�Ð� z0 ∈ E1, ¯K (5)–(7)3 E1¥
�3��) z = z(t), �÷v

u ∈ (L2(I; H1) ∩ Lp+1(I; Lp+1(Ω))× Lq+1(I; Lq+1(Γ)))× Lr+1(I; Lr+1(Γ)),

z ∈ L2(I; E1) ∩ L∞([0,∞]; E1).

?�Ú, N� z0 7→ z(t)3 E1¥�rfëY�.
�â½n 2.1, �±½Â¯K (5)–(7)3�m E1¥�)�+ {S(t)}t>0, Ù¥

S(t) : E1 → E1,

z0 = (u0, η
0) 7→ (u(t), ηt) = S(t)z0.
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2.2 k.áÂ8��35
Äk, 'u¯K (5)–(7)�)3�m E1¥�k��O.
ÚÚÚnnn 2.1 � z(t)�¯K (5)–(7)3�m E1¥�), Ð� z0 ∈ B, B� E1¥�k.f8.

eh ∈ L2(Ω), ��5� f, g1, g2÷vª (9)!(11)!(12) 9²ï^� (B1), �^� (3)–(4)¤
á, Ké?¿k.8B ⊂ E1, �3 t0 = t0(‖B‖), ¦�

‖z(t)‖2E1 6 ρ2
0, t > t0.

yyy ²²² ^u��§ (5)3L2(Ω)¥�SÈ, ��

1
2
· d
dt
‖u‖2 + ‖∇u‖2 +

∫

Γ

g1(u)udx−
∫∞
0

µ(s)〈∆ηt(s), u(t)〉ds +
∫

Ω

f(u)udx

=
∫

Ω

h(x)udx. (13)

Äk, �âÚn 1.1´�

−
∫∞
0

µ(s)〈∆ηt(s), u(t)〉ds

=
∫∞
0

µ(s)〈∇ηt(s),∇ηt
t(x, s) +∇ηt

s(x, s)〉ds−
∫∞
0

µ(s)
〈∂ηt(s)

∂γ
, u

〉
Γ
ds

> 1
2
· d
dt
‖ηt‖2µ,H1

+
δ

2
‖ηt‖2µ,H1

+
∫∞
0

µ(s)〈g2(u), u〉Γds.

¿�, �âÚn 1.2��
∫∞
0

µ(s)〈g2(u), u〉Γds

=k0

(
− |Γ|
|Ω|

∫

Ω

(
g2(u)u− 1

|Γ|
∫

Γ

g2(u)udx
)
dx +

|Γ|
|Ω|

∫

Ω

g2(u)udx
)

>− 1
4
‖∇u‖2 −R2k2

0‖g′2(u)u + g2(u)‖2 + k0
|Γ|
|Ω|

∫

Ω

g2(u)udx,

Ù¥, R = |Γ|
|Ω|C0(Ω, 1). Ùg, ´�

∫

Γ

g1(u)udx

=
|Γ|
|Ω|

∫

Ω

g1(u)udx− |Γ|
|Ω|

∫

Ω

(
g1(u)u− 1

|Γ|
∫

Γ

g1(u)udx
)
dx

>− 1
4
‖∇u‖2 +

∫

Ω

( |Γ|
|Ω|g1(u)u−R2(g′1(u)u + g1(u))2

)
dx.

-

H1(u) = f(u)u +
|Γ|
|Ω|g1(u)u + k0

|Γ|
|Ω|g2(u)u−R2(g′1(u)u + g1(u))2 −R2k2

0(g
′
2(u)u + g2(u))2.

�â��5�²ï^� (B1)��

H1(u) > C1|u|p+1 − C2.
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,	, �âCauchyØ�ª, ´�

〈h(x), u〉 6 λ1

4
‖u‖2 +

‖h‖2
λ1

.

ò±þ�O�\ª (13), ��

1
2
· d
dt

(‖u‖2 + ‖ηt‖2µ,H1
) +

1
4
‖∇u‖2 +

δ

2
‖ηt‖2µ,H1

+ C1

∫

Ω

|u|p+1dx

6 1
λ1
‖h‖2 + C2|Ω|. (14)

A^PoincaréØ�ª, ��

1
2
· d
dt

(‖u‖2 + ‖ηt‖2µ,H1
) +

λ1

4
‖u‖2 +

δ

2
‖ηt‖2µ,H1

6 ‖h‖2
λ1

+ C3,

Ù¥, C3 = C2|Ω|.
�α = min{λ1

2 , δ}, k

d
dt

(‖u‖2 + ‖ηt‖2µ,H1
) + α(‖u‖2 + ‖ηt‖2µ,H1

) 6 2
‖h‖2
λ1

+ 2C3.

A^GronwallÚn, ��

‖u(t)‖2 + ‖ηt‖2µ,H1
6 (‖u(0)‖2 + ‖η0(s)‖2µ,H1

)e−αt +
2
α

(‖h‖2
λ1

+ C3

)
,

�

‖z(t)‖2E1 6 (‖u(0)‖2 + ‖η0(s)‖2µ,H1
)e−αt + C.

du z0 ∈ B, K�3~êR1 > 0, ¦� ‖z(0)‖2E1 6 R1. �� t > t0�, k

‖z(t)‖E1 6 ρ0. (15)

y..

�âÚn 2.1��k.áÂ8��35, =
½½½nnn 2.2 (k.áÂ8�3½n) eÚn 2.1�b�¤á, Kéu?¿k.f8B ⊂ E1,

�3 t0 = t0(‖B‖), éu¤k� t > t0� z0 ∈ B, k

‖S(t)z0‖ 6 ρ0.

2.3 �ÛáÚf��35
�
y²�ÛáÚf3 E1¥��35, I�y²±eý�(J.

ÚÚÚnnn 2.2 � z(t)�¯K (5)–(7)3�m E1¥�). XJh ∈ L2(Ω), ª (3)–(4)¤á��
�5�÷vª (9)!(11)!(12)9²ï^� (B1), @o�3~êN0 > 0, ¦�

∫ t+1

t

‖∇u(s)‖2ds 6 N0, t > 0. (16)
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yyy ²²² éª (14)3 [t, t + 1]þÈ©, ¿�|^ª (15), ��

1
2

∫ t+1

t

‖∇u(s)‖2ds + δ

∫ t+1

t

‖ηs‖2µ,H1
ds + 2C1

∫ t+1

t

∫

Ω

|u|p+1dxds

6 2‖h‖2
λ1

+ C, t > 0.

�ª (16)¤á, y..
�âÃ¡�ÄåXÚ�ÛáÚf��35½n(�©z [14-15]), aqu©z [16], �I

�yrfëY�+ {S(t)}t>03 E1¥�ìC;5.
½½½nnn 2.3 � {S(t)}t>0�¯K (5)–(7)3Uþ�m E1¥�))¤�)�+. XJ��5

�÷v^� (8)–(12)9²ï^� (B1), 	å�h ∈ L2(Ω)�ª (3)–(4)¤á, @o {S(t)}t>0

3 E1¥ìC;.
yyy ²²² � z1 =(u1, η

t
1)Ú z2 =(u2, η

t
2) �¯K (5)–(7)3Uþ�m E1¥�ü�), ©O

÷vÐ�^� z10 = (u10, η
0
1)Ú z20 = (u20, η

0
2), �Ð� z10� z20þáu)�+ {S(t)}t>03

E2¥�k.áÂ8B0.
Pw = u1 − u2, ξt = ηt

1 − ηt
2, w(t) = ξt

t + ξt
s. Kd¯K (5)–(7), ��

wt + Aw +
∫∞
0

µ(s)Aξt(s)ds + f(u1)− f(u2) = 0, (17)

�A>�^�� 



∂w

∂γ
+ g1(u1)− g1(u2) = 0, (x, t) ∈ Γ× R+,

∂ξt

∂γ
+ g2(u1)− g2(u2) = 0, (x, t) ∈ Γ× R+.

(18)

�AÐ�^�� {
w(0) = u10 − u20,

ξ0 = η0
1 − η0

2 .
(19)

òª (17)�w(t)3L2(Ω)�SÈ, ��

1
2
· d
dt
‖w‖2 + ‖∇w‖2 +

∫

Γ

(g1(u1)− g1(u2))wdx +
∫∞
0

µ(s)〈∇ξt(s),∇w〉ds

+
∫∞
0

µ(s)
∫

Γ

(g2(u1)− g2(u2))wdxds + 〈f(u1)− f(u2), w〉 = 0. (20)

½ÂXe�¼:

F (t) =
1
2
(‖w‖2 + ‖ξt‖2µ,H1

).

�
d
dt

F (t) =
∫

Ω

w(t)wt(t)dx +
∫∞
0

µ(s)〈∇ξt
t(s),∇ξt(s)〉ds

= − ‖∇w‖2 −
∫

Γ

(g1(u1)− g1(u2))wdx− 1
2

∫∞
0

µ(s)
d
ds
|∇ξt(s)|2ds

−
∫∞
0

µ(s)
∫

Γ

(g2(u1)− g2(u2))wdxds− 〈f(u1)− f(u2), w〉.
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|^^� (8), ��

−〈f(u1)− f(u2), w〉 6 l‖w‖2.

|^^� (10), ��

−
∫

Γ

(g1(u1)− g1(u2))wdx 6m1

∫

Γ

|w|2dx

=−m1
|Γ|
|Ω|

∫

Ω

|w|2dx + m1
|Γ|
|Ω|

∫

Ω

∣∣∣|w|2 − 1
|Γ|

∫

Γ

|w|2dx
∣∣∣dx

61
4
‖∇w‖2 −m1

∫

Ω

( |Γ|
|Ω| |w|

2 − 4m1R2|w|2
)
dx

61
4
‖∇w‖2 +

(
4m2

1R2 + m1
|Γ|
|Ω|

)
‖w‖2,

¿�

−
∫∞
0

µ(s)
∫

Γ

(g2(u1)− g2(u2))wdxds 6m2k0

∫

Γ

|w|2dx

=
1
4
‖∇w‖2 +

(
4m2

2k
2
0R2 + m2k0

|Γ|
|Ω|

)
‖w‖2.

�âÚn 1.1��

−1
2

∫∞
0

µ(s)
d
ds
|∇ξt(s)|2ds 6 −δ

2
‖ξt‖2µ,H1

,

�

d
dt

F (t) + CδF (t) 6 C∗‖w(t)‖2, (21)

Ù¥, ~êCδ = min{δ, λ1}, C∗ = 2l + 8m2
1R2 + 8m2

2k
2
0R2 + 2m1

|Γ|
|Ω| + 2m2k0

|Γ|
|Ω| .

éu?¿�½�T > 0, òª (21)¦± eCδt¿�3 [0, T ]þÈ©, k

F (T ) 6 e−CδT F (0) + C∗e−CδT

∫T

0

eCδs‖w(s)‖2ds.

éAuÚn 1.3, �

φT (z1, z2) = C∗e−CδT

∫T

0

eCδs‖u1(s)− u2(s)‖2ds.

e¡òy²φT (·, ·)�B0 ×B0¥�Â ¼ê, Ù¥B0�)�+3 E1¥�k.áÂ8.
�â½Â 1.1, éu?¿S� {z0

n} ⊂ B0, =Iy²�3f� {z0
nk
}∞k=1 ⊂ {z0

n}∞n=1, ¦�

lim
l→∞

lim
m→∞

∫T

0

‖∇unl
(s)−∇unm(s)‖2ds = 0,

Ù¥, unl
(t) = Π1S(t)z0

nl
, Π1 : L2(Ω)× L2

µ(R+;H1) → L2(Ω)�ÝK�f.
ÏdIy²A := {u(t), t ∈ [0, T ] : u(t) = Π1S(t)z0, z0 ∈ B0}3L2([0, T ]; L2(Ω))¥�

é;.
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Äk, éª (14)3 [0, T ]þÈ©, ¿�|^ª (15), ��

1
2

∫T

0

‖∇u(s)‖2ds + δ

∫T

0

‖ηs‖2µ,H1
ds + 2C1

∫T

0

∫

Ω

|u|p+1dxds

6 2T‖h‖2
λ1

+ CT, t > 0.

KA3L2([0, T ];H1)¥k..
Ùg, |^�§ (5), k

ut = ∆u +
∫∞
0

µ(s)∆ηt(s)ds− f(u) + h(x).

w,, ∆u ∈ L2([0, T ];H−1). |^^� (10), f(u) ∈ L
p+1

p ([0, T ]; L
p+1

p (Ω)), ¿�d
uLq(Ω) ↪→ H−γ(Ω), � f(u) ∈ Lq([0, T ];H−γ(Ω)), Ù¥ q� p + 1�éóê, � p + 1 > 2,
q > 1, γ > 1.

��, éu?¿� v ∈ H1, k
∫∞
0

µ(s)〈∆ηt(s), v(t)〉ds

6
∫∞
0

µ(s)‖∇ηt(s)‖ · ‖∇v(t)‖ds + k0

∫

Γ

g2(u)vdx,

Ù¥,
∫∞
0

µ(s)‖∇ηt(s)‖ · ‖∇v(t)‖ds

6
( ∫∞

0

µ(s)‖∇ηt(s)‖2ds
) 1

2 ·
( ∫∞

0

µ(s)‖∇v(t)‖2ds
) 1

2

6k
1/2
0 ‖∇v‖

( ∫∞
0

µ(s)‖∇ηt(t)‖2ds
) 1

2
.

¿�, |^ª (12)9Ún 1.2��

k0

∫

Γ

g2(u)vdx

6k0

( ∫

Γ

|g2(u)|2dx
) 1

2 ·
( ∫

Γ

|v|2dx
) 1

2

6k0C
( |Γ|
|Ω|

∫

Ω

∣∣∣|v|2 − 1
|Γ|

∫

Γ

|v|2dx
∣∣∣dx +

|Γ|
|Ω|

∫

Ω

|v|2dx
) 1

2

6k0C
(
R‖∇v‖2 +

|Γ|
|Ω| ‖v‖

2
) 1

2
.

|^ª (15), ´�
∫∞
0

µ(s)∆ηt(s)ds ∈ L∞µ (R+; H−1), Ïd ∂tA3Lq([0, T ];H−γ)¥k.. w
,, A3L2([0, T ];L2(Ω))¥�é;, y..

�âÚn 1.2!½n 2.2Ú½n 2.3, �±��±e�©�Ì�(J.
½½½nnn 2.4 (�ÛáÚf�3½n) XJ½n 2.3�b�¤á, K¯K (5)–(7)éA�)�

+ {S(t)}t>03 E1¥Pk�ÛáÚfA, ¿± E1-�êáÚ E1¥�?¿k.8.
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