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� [1] ¤«ï ª¢ §¨«¨¥©®£® ¤¨ää¥à¥æ¨ «ì®-®¯¥à â®à®£® ãà ¢¥¨ï ¢ £¨«ì¡¥àâ®¢®¬ ¯à®-
áâà áâ¢¥ ¡ë« ¯à¥¤«®¦¥ ¨â¥à æ¨®ë© ¯à®æ¥áá, «¨¥ à¨§ãîé¨© ¤ ®¥ ãà ¢¥¨¥. � «®-
£¨çë© ¯à®æ¥áá ¤«ï ª®ªà¥â®© § ¤ ç¨ ¨áá«¥¤®¢ «áï ¢ [2]. � íâ¨å à ¡®â å áãé¥áâ¢¥ë¬ ãá«®-
¢¨¥¬ ¤«ï ®¡®á®¢ ¨ï áå®¤¨¬®áâ¨ ¯®á«¥¤®¢ â¥«ì®áâ¨ ¯à¨¡«¨¦¥¨© ï¢«ï¥âáï ãá«®¢¨¥ ¥®âà¨-
æ â¥«ì®áâ¨ ¥«¨¥©®£® ®¯¥à â®à . � ¤ ®© áâ âì¥ ¨áá«¥¤ã¥âáï á«ãç ©, ª®£¤  ¥«¨¥©ë¥
á« £ ¥¬ë¥ ¢ ª¢ §¨«¨¥©®¬ ¯ à ¡®«¨ç¥áª®¬ ãà ¢¥¨¨ ¥ ®¡« ¤ îâ á¢®©áâ¢®¬ ¥®âà¨æ â¥«ì-
®áâ¨. �áâ  ¢«¨¢ ¥âáï áå®¤¨¬®áâì ¯à¨¡«¨¦¥ëå à¥è¥¨© ¢ ¯à®áâà áâ¢¥ ��¥«ì¤¥à  ¨ ¤ îâáï
®æ¥ª¨ áª®à®áâ¨ áå®¤¨¬®áâ¨.

1. �®áâ ®¢ª  § ¤ ç¨ ¨ ¢á¯®¬®£ â¥«ìë¥ ãâ¢¥à¦¤¥¨ï

� áá¬®âà¨¬ ¢ æ¨«¨¤à¥ QT = 
 � (0; T ) á ¡®ª®¢®© ¯®¢¥àå®áâìî ST = @
 � (0; T ), 
 � Rn,
@
 | £à ¨æ  ®£à ¨ç¥®© ®¡« áâ¨ 
, T > 0 | «î¡®¥ ç¨á«®, ¯¥à¢ãî ªà ¥¢ãî § ¤ çã ¤«ï
ª¢ §¨«¨¥©®£® ¯ à ¡®«¨ç¥áª®£® ãà ¢¥¨ï

@u

@t
�

nX
i;j=1

aij(x)
@2u

@xi@xj
+

nX
i=1

ai(x; t; u;ru)
@u

@xi
+ a(x; t; u;ru) = f(x; t); (1)

u(x; 0) =  0(x); x 2 
; u(x; t) = 0; (x; t) 2 ST : (2)

� ¤ «ì¥©è¥¬ ¯®âà¥¡ãîâáï ¯à®áâà áâ¢  Lp(QT ), Lp(
), W 2l;l
p (QT ), W 2l

p (
), H
2l+�; l+�=2(QT ),

H2l+�(
), £¤¥ 0 < � < 1, l | æ¥«®¥ ¥®âà¨æ â¥«ì®¥ ç¨á«®, ®¯à¥¤¥«¥¨¥ ª®â®àëå ¬®¦®  ©â¨
¢ [3].

�â®á¨â¥«ì® ª®íää¨æ¨¥â®¢ ãà ¢¥¨ï ai(x; t; u;ru), a(x; t; u;ru) ¨ aij(x) ¯à¥¤¯®« £ ¥¬,
çâ® aij(x) 2 H�;�=2(QT ) ¨ ¤«ï «î¡®© äãªæ¨¨ z(x; t) ¨§ H

2+�; 1+�=2(QT ) äãªæ¨¨ ai(x; t; z;rz) ¨
a(x; t; z;rz) ¯à¨ ¤«¥¦ â ¯à®áâà áâ¢ã H�;�=2(QT ). �à ¨æ  @
 ®¡« áâ¨ 
 ¯à¨ ¤«¥¦¨â ª« ááã
H2+�.

�«ï § ¤ ç¨ (1){(2) à áá¬®âà¨¬ á«¥¤ãîé¨© ¨â¥à æ¨®ë© ¯à®æ¥áá:

@us

@t
�

nX
i;j=1

aij(x)
@2us

@xi@xj
+

nX
i=1

ai(x; t; us�1;rus�1)
@us

@xi
+ a(x; t; us�1;rus�1)us = f(x; t); (3)

us(x; 0) =  0(x; ); x 2 
; us(x; t) = 0; (x; t) 2 ST ; s = 1; 2; : : : ; (4)

£¤¥ ¢ ª ç¥áâ¢¥ áâ àâ®¢®© â®çª¨ u0(x; t) ¢®§ì¬¥¬ «î¡ãî äãªæ¨î ¯à®áâà áâ¢  H2+�; 1+�=2(QT ),
ã¤®¢«¥â¢®àïîéãî ãá«®¢¨ï¬ (2).
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�®«®¦¨¬ asi = ai(x; t; us;rus) ¨ as = a(x; t; us;rs). �ç¨â ¥¬, çâ® ¤«ï äãªæ¨© f(x; t) ¨  0(x)
¢ë¯®«¥ë â®¦¤¥áâ¢ 

u(x; 0) =  0(x) = 0; x 2 @
;
nX

i;j=1

aij(x)
@2 0

@xi@xj
�

nX
i=1

ai(x; 0;  0;r 0)
@ 0

@xi
� a(x; 0;  0;r 0) 0 + f(x; 0) = 0; x 2 @
:

(5)

�¥¬¬  1. �ãáâì f(x; t) 2 H�;�=2(QT ),  0(x) 2 H2+�(
) (0 < � < 1) ¨ ¢ë¯®«¥ë ãá«®-

¢¨ï (5). �ãáâì äãªæ¨ï a(x; t; z;rz) � a0 > 0 ¤«ï ¢á¥å (x; t) 2 QT ¨ ¤«ï «î¡®© äãªæ¨¨

z(x; t) ¨§ H2+�; 1+�=2(QT ), ã¤®¢«¥â¢®àïîé¥© ãá«®¢¨ï¬ (2). �ãáâì,  ª®¥æ, äãªæ¨¨ ai(x; t; �; �)
¨ a(x; t; �; �) ¢ QT �R�R ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬

jai(x; t; �; �)j � �i(j�j); (6)

ja(x; t; �; �)j �  (j�j)(1 + j�j) ; (7)

£¤¥ 0 �  � 1,   äãªæ¨¨ �i(�) ¨  (�) | ¥®âà¨æ â¥«ìë¥ ¥¯à¥àë¢ë¥ ¥ã¡ë¢ îé¨¥ äãªæ¨¨

  [0;1).
�®£¤  ¯à¨ ª ¦¤®¬ s «¨¥© ï § ¤ ç  (3){(4) ¨¬¥¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥ us(x; t) ¨§ ¯à®-

áâà áâ¢  H2+�; 1+�=2(QT ), ¯à¨ç¥¬ ¢¥à  ®æ¥ª 

kuskW 2;1
2

(QT )
�M1; (8)

£¤¥ ¯®áâ®ï ï M1 ¥ § ¢¨á¨â ®â s.

�®ª § â¥«ìáâ¢®. � á¨«ã ¯à¥¤¯®«®¦¥¨© ® ª®íää¨æ¨¥â å ãà ¢¥¨ï ¨ äãªæ¨ïå f(x; t)
¨  0(x),   â ª¦¥ ¢ë¯®«¥¨ï ãá«®¢¨© (5), ª®â®àë¥ ï¢«ïîâáï ãá«®¢¨ï¬¨ á®£« á®¢ ¨ï ¯®àï¤ª 
¥¤¨¨æë (á¬.,  ¯à., [3], á.363), «¨¥© ï § ¤ ç  (3){(4) ¯à¨ ª ¦¤®¬ s (á¬.,  ¯à., [3], á.364)
¨¬¥¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥ us(x; t) ¨§ ¯à®áâà áâ¢  H2+�; 1+�=2(QT ).

� ª ª ª us(x; t) ¯à¨ ¤«¥¦¨â ¯à®áâà áâ¢ã H2+�; 1+�=2(QT ), â® á®£« á® ¯à¨æ¨¯ã ¬ ªá¨¬ã-
¬  (á¬.,  ¯à., [3], á.22) ¢¥à  ®æ¥ª 

sup
QT

jus(x; t)j �M2; (9)

£¤¥ ¯®áâ®ï ï M2 ¥ § ¢¨á¨â ®â s.
�¬®¦¨¬ â®¦¤¥áâ¢® (3)   ��us ¨ ¯à®¨â¥£à¨àã¥¬ ¯® æ¨«¨¤àã 
 � (0; t), £¤¥ 0 < t � T .

�á¯®«ì§ãï ¥à ¢¥áâ¢® ®áâà®£® ã£«  [4], ¯®á«¥ ¥ª®â®àëå ¯à¥®¡à §®¢ ¨© ¯®«ãç ¥¬
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0
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@us

@xi


L2(
)

k�uskL2(
)d� +
Z t

0

kas�1uskL2(
)k�u
skL2(
)d�:

�æ¥¨¬ ª ¦¤®¥ á« £ ¥¬®¥ ¯à ¢®© ç áâ¨ á ¯®¬®éìî á«¥¤ãîé¨å ¥à ¢¥áâ¢: k�uskL2(
) �
M4ku

skW 2

2
(
), jaj jbj � "a2 + "�1b2, " > 0. �®£¤  ¯à¨ ®¯à¥¤¥«¥®¬ ¢ë¡®à¥ " ¯®á«¥¤¥¥ á®®â®-

è¥¨¥ ¯à¥®¡à §ã¥âáï ª ¢¨¤ã

krusk2L2(
)
+M5

Z t

0

kusk2W 2

2
(
)d� �M6

�
kr 0k

2
L2(
)

+ kfk2L2(QT )
+

+
Z t

0
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@us
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dx d� +
Z t

0
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jas�1usj2 dx d�

�
:
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�âáî¤  ¨ ¨§ (6), (7)

krusk2L2(
)
+M5

Z t

0

kusk2W 2

2
(
)d� �M6

�
kr 0k

2
L2(
)

+ kfk2L2(QT )
+

+
nX
i=1

Z t

0

Z


�2i (ju

s�1j)
����@u

s

@xi

����
2

dx d� +
Z t

0

Z


 2(jus�1j)(1 + jrus�1j)2 jusj2dx d�

�
: (10)

� «¥¥, ¥âàã¤® § ¬¥â¨âì, çâ®Z


(1 + jrus�1j)2dx �M7 +M8kru

s�1k2L2(
)
; (11)

£¤¥ ¯®áâ®ïë¥ M7 ¨ M8 ¥ § ¢¨áïâ ®â s. �§ (9), (10) ¨ (11)

krusk2L2(
)
+M5

Z t

0
kusk2W 2

2
(
)d� �M9

�
M10 +

Z t

0
krusk2L2(
)

d� +
Z t

0
krus�1k2L2(
)

d�

�
:

�§¢¥áâ® (á¬.,  ¯à., [3], á.95), çâ® ¤«ï ¢á¥å � 2 (0; �0) ¨ ¢á¥å äãªæ¨© z(x) 2 W 2
2 (
) ¢¥à 

®æ¥ª 

krzk2W 1

2
(
) �

c1

�
kzk2L2(
)

+ c2�kzk
2
W 2

2
(
);

£¤¥ ¯®áâ®ïë¥ c1 ¨ c2 ¥ § ¢¨áïâ ®â ¢ë¡®à  äãªæ¨¨ z(x). �âáî¤  ¨ ¨§ ¯à¥¤ë¤ãé¥£® ¥à ¢¥áâ¢ 
¯à¨ ¬ «ëå � ¢ëâ¥ª ¥â á«¥¤ãîé¥¥ á®®â®è¥¨¥ ¬¥¦¤ã us ¨ us�1:

krusk2L2(
)
�M11 +M12

Z t

0

krus�1k2L2(
)
d�: (12)

�®á«¥¤®¢ â¥«ì® ¯à¨¬¥ïï (12), ¯®«ãç ¥¬ ¥à ¢¥áâ¢®

krusk2L2(
)
�M11

�
1 +

M12t

1 !
+
(M12t)2

2 !
+ � � �+

(M12t)s

s !

�
+M12

ts

s !
kr 0k

2
L2(
)

�M13; (13)

£¤¥ ¯®áâ®ï ï M13 ¥ § ¢¨á¨â ®â s.
�§ ¥à ¢¥áâ¢  ª®íàæ¨â¨¢®áâ¨ ¤«ï «¨¥©®£® ¯ à ¡®«¨ç¥áª®£® ãà ¢¥¨ï ([3], á.389) ¨¬¥¥¬

kusk2
W 2;1

2
(QT )

�M14

�
kfk2L2(QT )

+ kas�1usk2L2(QT )
+

nX
i=1

as�1i

@us

@xi


2

L2(QT )

+ k 0k
2
W 1

2
(
): (14)

�æ¥¨¬ á« £ ¥¬ë¥ ¢ ¯à ¢®© ç áâ¨, ãç¨âë¢ ï (9) ¨ (13),   â ª¦¥ ãá«®¢¨ï (6) ¨ (7) ¥«¨¥©®áâ¨

kas�1usk2L2(QT )
=
Z T

0

Z



jas�1j2 jusj2 dx d� �M15

Z T

0

Z



(1 + jrus�1j)2 dx d� �

�M16 +M17

Z T

0
krus�1k2L2(
)

d� �M18; (15)

nX
i=1

as�1i

@us

@xi


2

L2(QT )

=
nX
i=1

Z T

0

Z


jas�1i j2

����@u
s

@xi

����
2

dx d� �M19

Z T

0
krusk2L2(
)

d� �M20: (16)

�®¤áâ ¢«ïï (15) ¨ (16) ¢ (14), ¯®«ãç ¥¬ ®æ¥ªã (8).

�¥¬¬  2. �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï «¥¬¬ë 1, â®£¤  ¯à¨ ª ¦¤®¬ s ¤«ï ¯à¨¡«¨¦¥®£®

à¥è¥¨ï us ¢¥à® ¥à ¢¥áâ¢®

sup
QT

jrusj �M21; (17)

£¤¥ ¯®áâ®ï ï M21 ¥ § ¢¨á¨â ®â s.
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�®ª § â¥«ìáâ¢®. �«ï ¯à®áâ®âë ¤®ª § â¥«ìáâ¢  à áá¬®âà¨¬ á«ãç © n = 3. �§¢¥áâ® ([3],
á.95), çâ® ¤«ï ¢á¥å äãªæ¨© z(x; t) ¨§ W 2:1

q (QT ) á¯à ¢¥¤«¨¢® á®®â®è¥¨¥

krzkLp(QT ) �M22kzkW 2;1
q (QT )

¯à¨ ãá«®¢¨¨, çâ® p � q, 1� 5
�
1
q
� 1

p

�
� 0. �âáî¤  ¢ á¨«ã (8) ¯à¨ q = 2 ¤«ï ¢á¥å us ¯®«ãç ¥¬

krzkL 10

3

(QT ) �M23: (18)

� ¯¨è¥¬ ¥à ¢¥áâ¢® ª®íàæ¨â¨¢®áâ¨ ¤«ï «¨¥©ëå ¯ à ¡®«¨ç¥áª¨å ãà ¢¥¨©

kusk2
W 2;1

10

3

(QT )
�M24

�
kfk2L 10

3

(QT )
+ kas�1usk2L 10

3

(QT )
+

nX
i=1

as�1i

@us

@xi


2

L 10

3

(QT )

+ k 0k
2

W
7

5

10

3

(
)

�
:

�á«¨ ®æ¥¨âì ¯à ¢ãî ç áâì   «®£¨ç® (15) ¨ (16), ¨á¯®«ì§ãï (6), (7), (9) ¨ (18), â® ¯®«ãç¨¬
à ¢®¬¥àãî ®£à ¨ç¥®áâì à¥è¥¨© us ¯® ®à¬¥ ¯à®áâà áâ¢  W 2;1

10

3

(QT ). �§¢¥áâ® ([3], á.95),

çâ® ¯à®áâà áâ¢® W 2;1
10

3

(QT ) ¢«®¦¥® ¢ C1(QT ), â¥¬ á ¬ë¬ § ¢¥àè¥® ¤®ª § â¥«ìáâ¢® ¯à¨ n = 3.
� «®£¨çë¬¨ à ááã¦¤¥¨ï¬¨ ¬®¦® ¯®«ãç¨âì ®æ¥ªã (17) ¯à¨ «î¡®¬ n.

2. �å®¤¨¬®áâì ¯à¨¡«¨¦¥ëå à¥è¥¨©

�¥®à¥¬  1. �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï «¥¬¬ë 1 ¨

jai(x; t; �; �)� ai(x; t; �; �)j � �i(j�j; j�j; j�j; j�j)(j� � �j+ j� � �j);

ja(x; t; �; �)� ai(x; t; �; �)j � 	(j�j; j�j; j�j; j�j)(j� � �j+ j� � �j)
(19)

¤«ï «î¡ëå (x; t; �; �; �; �) 2 QT � R4, £¤¥ äãªæ¨¨ �i, 	 | ¥®âà¨æ â¥«ìë¥ ¥¯à¥àë¢ë¥ ¥-

ã¡ë¢ îé¨¥ äãªæ¨¨   R4.

�®£¤  ¯®á«¥¤®¢ â¥«ìë¥ ¯à¨¡«¨¦¥¨ï us áå®¤ïâáï ª à¥è¥¨î § ¤ ç¨ (1){(2) ¯® ®à¬¥ ¯à®-
áâà áâ¢  W

2;1
2 (QT ), ¯à¨ç¥¬

sup
0�t�T

kr(us � u)k2L2
�
M s

25

s !
; (20)

£¤¥ ¯®áâ®ï ï M25 ¥ § ¢¨á¨â ®â s

�®ª § â¥«ìáâ¢®. �¡®§ ç¨¬ vs;m = us+m � us. �«ï vs;m á¯à ¢¥¤«¨¢® â®¦¤¥áâ¢®

@vs;m

@t
�

nX
i;j=1

aij(x)
@2vs;m

@xi@xj
+

nX
i=1

as+m�1i

@vs;m

@xi
+

+
nX
i=1

(as+m�1i � as�1i )
@us

@xi
+ as+m�1vs;m + (as+m�1 � as�1)us � 0: (21)

�¬®¦¨¬ ¯®á«¥¤¥¥ â®¦¤¥áâ¢®   ��vs;m ¨ ¯à®¨â¥£à¨àã¥¬ ¯® æ¨«¨¤àã Qt = 
 � (0; t), 0 <
t � T . �®£¤ 

1
2
krvs;mk2L2(
)

+M26

Z t

0

kvs;mk2W 2

2
(
)d� �

�

Z t

0

nX
i=1

Z



����as+m�1i

@vs;m

@xi

����j�vs;mjdx d� +
Z t

0

nX
i=1

Z



����(as+m�1i � as�1i )
@us

@xi

����j�vs;mjdx d� +

+
Z t

0

Z


jas+m�1vs;mj j�vs;mjdx d� +

Z t

0

Z


j(as+m�1 � as�1i )usj j�vs;mjdx d�: (22)
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�§ (22) ¢ëâ¥ª ¥â á«¥¤ãîé¥¥ á®®â®è¥¨¥:

krvs;mk2L2(
)
+M27

Z t

0

kvs;mk2W 2

2
(
)d� �

�M28

�Z t

0

nX
i=1

Z



jas+m�1i j2
����@v

s;m

@xi

����
2

dx d� +
Z t

0

nX
i=1

Z



j(as+m�1i � as�1i )j2
����@u

s

@xi

����
2

dx d� +

+
Z t

0

Z



jas+m�1j2 jvs;mj2 dx d� +
Z t

0

Z



j(as+m�1 � as�1i )j2 jusj2 dx d�
�
:

� «¥¥, ¨á¯®«ì§ãï ®æ¥ª¨ (6), (7),   â ª¦¥ (9) ¨ (17), ¯®«ãç ¥¬

krvs;mk2L2(
)
+M27

Z t

0

kvs;mk2W 2

2
(
)d� �

�M29

�Z t

0
krvs;mk2L2(
)

d� +
Z t

0

nX
i=1

Z


j(as+m�1i � as�1i )j2 dx d� +

+
Z t

0
kvs;mk2L2(
)

d� +
Z t

0

Z


j(as+m�1 � as�1i )j2 dx d�

�
: (23)

� ª ª ª à¥è¥¨ï us+m ¨ us ã¤®¢«¥â¢®àïîâ ®æ¥ª ¬ (9), (17), â® ¨§ (23) ¨ (19) ¢ëâ¥ª ¥â

krvs;mk2L2(
)
�M30

�Z t

0

krvs;mk2L2(
)
d� +

Z t

0

krvs�1;mk2L2(
)
d�

�
:

�âáî¤  ¨ ¨§ ¥à ¢¥áâ¢  �à®ã®««  á«¥¤ã¥â

krvs;mk2L2(
)
�M30 exp(M29T )

Z t

0
krvs�1;mk2L2(
)

d� =M31

Z t

0
krvs�1;mk2L2(
)

d�:

�§ ¥à ¢¥áâ¢  (23) ¯®   «®£¨¨ á à ááã¦¤¥¨ï¬¨ à ¡®âë [1] ¯®«ãç ¥¬ ®æ¥ªã

sup
t
kr(us+m � us)kL2(
) �

(M32T )s

s !
: (24)

�¯à ¢¥¤«¨¢® á«¥¤ãîé¥¥ ¥à ¢¥áâ¢®, ª®â®à®¥ ï¢«ï¥âáï á«¥¤áâ¢¨¥¬ ¥à ¢¥áâ¢  ª®íàæ¨â¨¢®áâ¨
¤«ï (21)

kvs;mk2
W 2;1

2
(QT )

�M33

�
nX
i=1

as+m�1i

@vs;m

@xi


2

L2(QT )

+


nX
i=1

(as+m�1 � as�1i )
@us

@xi


2

L2(QT )

+

+ kas+m�1vs;mk2L2(QT )
+ k(as+m�1 � as�1)usk2L2(QT )

�
:

�á¯®«ì§ãï á¢®©áâ¢  äãªæ¨© ai ¨ a,   â ª¦¥ ®æ¥ª¨ (9), (17) ¨ (24), ¯®«ãç ¥¬, çâ® ¯®á«¥¤®-
¢ â¥«ì®áâì us äã¤ ¬¥â «ì  ¢ ¯à®áâà áâ¢¥ W 2;1

2 (QT ). �á«¥¤áâ¢¨¥ ¯®«®âë ¯à®áâà áâ¢ 
W 2;1

2 (QT ) áãé¥áâ¢ã¥â ¯à¥¤¥«ìë© í«¥¬¥â u, ï¢«ïîé¨©áï à¥è¥¨¥¬ § ¤ ç¨ (1){(2). �á«¨ ¯¥à¥©-
â¨ ª ¯à¥¤¥«ã ¯à¨ m!1 ¢ (24), â® ¯®«ãç¨¬ ®æ¥ªã (20).

�¥®à¥¬  2. �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï â¥®à¥¬ë 1. �ãáâì

kai(a; t; us;rus)� ai(x; t; u;ru)kH�; �=2(QT )
+ ka(x; t; us;rus)� a(x; t; u;ru)kH�; �=2((QT )

! 0;

¥á«¨

kus � ukH�; �=2(QT )
+ kr(us � u)kH�; �=2(QT )

! 0:

�®£¤  ¯®á«¥¤®¢ â¥«ì®áâì ¯à¨¡«¨¦¥ëå à¥è¥¨© us áå®¤¨âáï ª â®ç®¬ã à¥è¥¨î u ¢ ¯à®-

áâà áâ¢¥ H2+�; 1+�=2(QT ).
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�®ª § â¥«ìáâ¢®. � ãá«®¢¨ïå â¥®à¥¬ë ¯à¨ ª ¦¤®¬ s à¥è¥¨¥ us § ¤ ç¨ (3){(4) ¯à¨ ¤-
«¥¦¨â ¯à®áâà áâ¢ã H2+�; 1+�=2(QT ). �®«¥¥ â®£®, § ¤ ç  (1){(2) ¨¬¥¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥ u
¨§ ¤ ®£® ¯à®áâà áâ¢  (á¬. [3], á.364). �®   «®£¨¨ á ¤®ª § â¥«ìáâ¢®¬ «¥¬¬ë 2 ¬®¦® ¯®-
ª § âì, çâ® ¯®á«¥¤®¢ â¥«ì®áâì us áå®¤¨âáï ª u,   rus | ª ru ¢ ¯à®áâà áâ¢¥ W 2;1

q (QT ) ¯à¨
¤®áâ â®ç® ¡®«ìè®¬ q

�
q > n+2

1��

�
. �á¯®«ì§ãï ®æ¥ªã, ¯à¨¢¥¤¥ãî ¢ ([3], á.95), ¯®«ãç ¥¬, çâ®

¯®á«¥¤®¢ â¥«ì®áâì fus;rusg áå®¤¨âáï ª fu;rug ¯® ®à¬¥ ¯à®áâà áâ¢  H�;�=1QT ).
�®«®¦¨¬ zs = us � u, â®£¤  ¤«ï zs ¡ã¤¥â ¢ë¯®«ïâìáï â®¦¤¥áâ¢®

@zs

@t
�

nX
i;j=1

@2zs

@xi@xj
+

nX
i=1

as�1i

@zs

@xi
+

nX
i=1

(as�1i � ai)
@u

@xi
+ as�1zs + (as�1 � a)u � 0: (25)

�®á«¥ ¯à¨¬¥¥¨ï ¢ (25) ¥à ¢¥áâ¢  ª®íàæ¨â¨¢®áâ¨ ¢ ¯à®áâà áâ¢ å ��¥«ì¤¥à  ([3], á.364) ¨
ãç¥â  ¢ëè¥áª § ®£® á«¥¤ã¥â, çâ® us áå®¤¨âáï ª u ¢ H2+�; 1+�=2(QT ).
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