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�áá«¥¤ã¥âáï ¢®¯à®á ®¡ ãáâà ¨¬®áâ¨ ®á®¡¥®áâ¥© ¤«ï ®£à ¨ç¥ëå à¥è¥¨© í¢®«î-

æ¨®ëå ãà ¢¥¨© ¯ à ¡®«¨ç¥áª®£® â¨¯ .

�ãáâì QT = 
� (0; T ) | ®£à ¨ç¥ ï æ¨«¨¤à¨ç¥áª ï ®¡« áâì, «¥¦ é ï

¢ ¥¢ª«¨¤®¢®¬ ¯à®áâà áâ¢¥ Rn+1 â®ç¥ª (x; t) = (x1; : : : ; xn; t).

�à¥¤¯®«®¦¨¬, çâ® P (x; t;D) | ¤¨ää¥à¥æ¨ «ìë© ®¯¥à â®à ¢ ç áâëå

¯à®¨§¢®¤ëå, ®¯à¥¤¥«¥ë©   ®âªàëâ®¬ ¬®¦¥áâ¢¥ QT � R
n+1 ,   e | ª®¬-

¯ ªâ ¢ QT . �ãáâì F(QTne) ¨ F(QT ) | ¥ª®â®àë¥ ª« ááë äãªæ¨©   ¬®-

¦¥áâ¢ å QT ne ¨ QT á®®â¢¥âáâ¢¥®. �®¦¥áâ¢® e  §ë¢ ¥âáï ãáâà ¨¬ë¬

¤«ï ¤¨ää¥à¥æ¨ «ì®£® ãà ¢¥¨ï P (x; t;D)f = 0 ®â®á¨â¥«ì® äãªæ¨®-

 «ìëå ª« áá®¢ F(QTne) ¨ F(QT ), ¥á«¨ ¤«ï ¢áïª®£® à¥è¥¨ï f 2 F(QTne)

ãà ¢¥¨ï P (x; t;D)f = 0   QT ne áãé¥áâ¢ã¥â à¥è¥¨¥ ~f 2 F(QT ) ãà ¢¥¨ï

P (x; t;D)f = 0   QT â ª®¥, çâ® ~f jQT ne = f . �¥è¥¨¥ ~f  §ë¢ ¥âáï ¯à®¤®«¦¥-

¨¥¬ à¥è¥¨ï f ãà ¢¥¨ï P (x;D)f = 0 á QT ne   QT .

� ¤ ç  á®áâ®¨â ¢  å®¦¤¥¨¨ äãªæ¨® «ì®-£¥®¬¥âà¨ç¥áª¨å å à ªâ¥à¨á-

â¨ª ¬®¦¥áâ¢  e, ª®â®àë¥ £ à â¨àãîâ, çâ® ¬®¦¥áâ¢® e ãáâà ¨¬®.

�áâà ¨¬®áâì ª®¬¯ ªâ®¢ ¤«ï à¥è¥¨© ¯ à ¡®«¨ç¥áª¨å ãà ¢¥¨© å®à®è®

¨§ãç¥  ¢ ª« áá¥ ®£à ¨ç¥ëå £�¥«ì¤¥à®¢ëå äãªæ¨© ¨ ¢ ¥ª®â®àëå ¯à®áâ-

à áâ¢ å �®¡®«¥¢  (á¬.,  ¯à¨¬¥à, [1{6]). �á«®¢¨ï ãáâà ¨¬®áâ¨ ®¯¨áë¢ îâáï

¢ § ¢¨á¨¬®áâ¨ ®â ¢¨¤  ãà ¢¥¨ï, ¢ â¥à¬¨ å à ¢¥áâ¢  ã«î á®®â¢¥âáâ¢ãî-

é¨å ¥¬ª®áâ¥© ¨ ¬¥à � ãá¤®àä .

�  áâ®ïé¥© áâ âì¥ ¨áá«¥¤ã¥âáï ¢®¯à®á ®¡ ãáâà ¨¬®áâ¨ ®á®¡¥®áâ¥© ¤«ï

®£à ¨ç¥ëå à¥è¥¨© í¢®«îæ¨®ëå ãà ¢¥¨© ¯ à ¡®«¨ç¥áª®£® â¨¯ 

@u

@t
� divA(x; t; u;5xu) + B(x; t; u;5xu) = 0;

£¤¥ A ¨ B | ¥ª®â®àë¥ äãªæ¨¨, ã¤®¢«¥â¢®àïîé¨¥ ®¯à¥¤¥«¥ë¬ ãá«®¢¨ï¬

(á¬. x2).

c 2000 �«¡®à®¢  �. �.
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�  ï à ¡®â  á®áâ®¨â ¨§ ¤¢ãå ¯ à £à ä®¢. � x1 ®¯à¥¤¥«¥ë ¢¥á®¢ë¥

¯à®áâà áâ¢  �®¡®«¥¢ . � x2 ä®à¬ã«¨àãîâáï ¤®áâ â®çë¥ ãá«®¢¨ï ãáâà ¨-

¬®áâ¨ ®á®¡¥®áâ¥© ¤«ï ®£à ¨ç¥ëå à¥è¥¨© ã¯®¬ïãâ®£® ¢ëè¥ ª« áá  ¯ -

à ¡®«¨ç¥áª¨å ãà ¢¥¨©.

1. �ãªæ¨® «ì®¥ ¯à®áâà áâ¢®

�ãáâì ! | «®ª «ì® ¨â¥£à¨àã¥¬ ï ¥®âà¨æ â¥«ì ï äãªæ¨ï   
. �§-

¬¥à¨¬®¬ã ¬®¦¥áâ¢ã E á®®â¢¥âáâ¢ã¥â ¢¥á®¢ ï ¬¥à  �(E) =
R
E
!(x)dx. �®£¤ 

d�(x) = !(x)dx, £¤¥ dx | ¬¥à  �¥¡¥£ . �®¢®àïâ, çâ® ! ¥áâì p-¤®¯ãáâ¨¬ë© ¢¥á

(1 < p <1), ¥á«¨ ¢ë¯®«¥ë á«¥¤ãîé¨¥ ãá«®¢¨ï:

W1. !(x)dx ¨ dx ¢§ ¨¬®  ¡á®«îâ® ¥¯à¥àë¢ë;

W2. 0 < ! < 1 ¯®çâ¨ ¢áî¤ã ¢ 
 ¨ áãé¥áâ¢ã¥â ª®áâ â  C â ª ï, çâ®

�(B(x; 2r)) � C�(B(x; r)) ¤«ï «î¡®£® è à  B(x; r), £¤¥ 2B � 
 (ãá«®¢¨¥ ã¤¢®-

¥¨ï);

W3. ¥á«¨ 'i 2 C
1(
) | ¯®á«¥¤®¢ â¥«ì®áâì äãªæ¨© â ª ï, çâ®

Z



j'ij
pd�! 0 ¨

Z



j 5x 'i � vjpd�! 0

¯à¨ i!1, £¤¥ v | ¢¥ªâ®à®§ ç ï äãªæ¨ï ¨§ Lp(
; �;Rm), â® v = 0;

W4. áãé¥áâ¢ãîâ ª®áâ âë k > 1; r0; c3 > 0 â ª¨¥, çâ®

�
1

�(B)

Z
B

j'jkpd�

� 1
kp

� c3r

� R
�(B)

Z
B

j 5x 'j
pd�

� 1
p

¤«ï «î¡®© äãªæ¨¨ ' 2 C10 (B) ¨ è à  B = B(x; r) � 
; x 2 �
; 0 < r < r0;

W5. áãé¥áâ¢ãîâ ª®áâ âë r0; c4 > 0 â ª¨¥, çâ®

Z
B

j'� 'B j
pd� � c4r

p

Z
B

j 5x 'j
pd�

¤«ï «î¡®© äãªæ¨¨ ' 2 C1( �B) ¨ ¯à®¨§¢®«ì®£® è à  B = B(x; r) � 
; x 2
�
; 0 < r < r0. �¤¥áì 'B = 1

�(B)

R
B
'd�.

�§ ãá«®¢¨ï W4   ¢¥á®¢ãî äãªæ¨î á ¯®¬®éìî ¥à ¢¥áâ¢  �ñ«ì¤¥à 

¯®«ãç ¥¬ ¢¥á®¢®¥ ¥à ¢¥áâ¢® �ã ª à¥: ¥á«¨D � 
| ®£à ¨ç¥®¥ ®âªàëâ®¥

¬®¦¥áâ¢®, diamD < 2r0 ¨ ' 2 C
1
0 (D), â®

Z
D

j'jpd� � C(diamD)p
Z
D

j 5x 'j
pd� (1)
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(á¬. [9]).

�¯à¥¤¥«¨¬ Lp(
; �) ª ª ª« áá äãªæ¨©

Lp(
; �) =

�
f : kf jLp(
; �)k =

�Z



jf jpd�

� 1
p

<1

�
:

�®¢®àïâ, çâ® äãªæ¨ï u ¯à¨ ¤«¥¦¨â ª« ááã W 1
p (D;�), ¥á«¨ ¨ â®«ìª® ¥á«¨

u 2 Lp(D;�) ¨  ¤©¥âáï ¢¥ªâ®à®§ ç ï äãªæ¨ï v 2 Lp(D;�;R
n) â ª ï, çâ®

¤«ï ¥ª®â®à®© ¯®á«¥¤®¢ â¥«ì®áâ¨ 'k 2 C
1(D) ('k 2 C

1
0 (D))

Z
D

j'k � ujpd�! 0 ¨

Z
D

j 5x 'k � vjpd�! 0

¯à¨ k ! 1. �¥ªâ®à-äãªæ¨î v  §ë¢ îâ áã¡£à ¤¨¥â®¬ äãªæ¨¨ u ¢

W 1
p (D;�) ¨ ®¡®§ ç îâ á¨¬¢®«®¬ 5xu.

�á®, çâ® ¯à®áâà áâ¢ W 1
p (
; �) ¨

�

W 1
p(
; �) | ¡  å®¢ë ¯à®áâà áâ¢  ®â-

®á¨â¥«ì® ®à¬ë kukW 1
p
(
;�) = kukLp(
;�) + k5x ukLp(
;�). �à®¬¥ â®£® ¯à®áâ-

à áâ¢  W 1
p (
; �) ¨

�

W 1
p(
; �) à¥ä«¥ªá¨¢ë.

�ãªæ¨ï u ¯à¨ ¤«¥¦¨â ¯à®áâà áâ¢ãW 1
p;loc(
; �), ¥á«¨ ®  ¯à¨ ¤«¥¦¨â

¯à®áâà áâ¢ã W 1
p (D;�) ¤«ï ¢áïª®© ®£à ¨ç¥®© ®¡« áâ¨ D, § ¬ëª ¨¥ ª®â®-

à®© á®¤¥à¦¨âáï ¢ 
.

�à®áâà áâ¢®
�

L1
p(
; �) ®¯à¥¤¥«¨¬ ª ª ¯®¯®«¥¨¥ ¯à®áâà áâ¢  C10 (
) ¯®

®à¬¥

kuk�
L1
p
(
;�)

= k 5x ukLp(
; �):

�ãªæ¨ï u ¯à¨ ¤«¥¦¨â ¯à®áâà áâ¢ã Liploc(
), ¥á«¨ ¤«ï ¥¥ ¢ë¯®«ï¥âáï

¥à ¢¥áâ¢®

ju(x)� u(y)j � �jx� yj

¤«ï «î¡®© ¯®¤®¡« áâ¨ D; �D � 
. �¤¥áì j � j | ¥¢ª«¨¤®¢  ®à¬ . � à ¡®â¥ [8]

¤®ª § ®, çâ® ¯à®áâà áâ¢® W 1
p;lip(
; �) =W 1

p (
)\Liploc(
) ¯«®â® ¢W
1
p (
; �).

�à®¬¥ â®£® W 1
p;lip(
; �) ¥áâì ¢¥ªâ®à ï à¥è¥âª .

�â¬¥â¨¬, çâ® ¯à¨¢¥¤¥ë¥ ¢ëè¥ ¢¥á®¢ë¥ ¯à®áâà áâ¢  ¤¨ää¥à¥æ¨àã¥-

¬ëå äãªæ¨© å®à®è® ¨§ãç¥ë ¢ à ¡®â å �. �. �®¤®¯ìï®¢  [7{11] ¨ ¤àã£¨å

 ¢â®à®¢. (á¬.,  ¯à¨¬¥à, [12{14]).

�ãáâì t | ¯¥à¥¬¥ ï ¢à¥¬¥¨. �ë ¡ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® t 2 (0; T ),

£¤¥ T ª®¥ç® ¨«¨ à ¢® +1. �ãáâì B | ¡  å®¢® ¯à®áâà áâ¢®. �¡®§ ç¨¬

ç¥à¥§ Lp(0; T ;B); p � 1 ¯à®áâà áâ¢® (ª« áá®¢) äãªæ¨© f á® § ç¥¨ï¬¨ ¢ B,
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¨§¬¥à¨¬ëå   (0; T ) (®â®á¨â¥«ì® ¬¥àë �¥¡¥£  dt   (0; T )). �à®áâà áâ¢®

Lp(0; T ;B) ï¢«ï¥âáï ¡  å®¢ë¬ ¯à®áâà áâ¢®¬ ¯® ®â®è¥¨î ª ®à¬¥

kf ;Lp(0; T ;B)k =

8<
:
f
R T
0
kf(t)k

p
Bdtg

1
p ¯à¨ 1 � p � 1;

ess sup
t2(0;T )

kf(t)kB ¯à¨ p =1:

�¡®§ ç¨¬ W 1;0
p (QT ; �) = Lp(0; T ;W

1
p (
; �)) ¨ ¯ãáâì

�

W 1;0
p (QT ; �) | § ¬ëª ¨¥

C1
0 (QT ) = fu 2 C1( �QT ) : u = 0   �T g ¯® ®à¬¥ k � kW 1;0

p

(QT ; �), £¤¥

kukW 1;0
p (QT ;�)

= kuk
p
p;p;QT ;�

+ k 5x uk
p
p;p;QT ;�

;

kukp;q;QT ;� = ku;Lp(0; T ;Lq(
;�)k:

� ¤ «ì¥©è¥¬ kukp;p;QT ;� ¡ã¤¥¬ ®¡®§ ç âì ª ª kukp;p;QT ;� = kukp;QT ;� ¨

�ZZ
QT

jujpdxdt

� 1
p

= kukp;QT
;

Lp(0; T ;Lq(
;�)) = Lp;q;QT ;�;

Lp(0; T ;Lp(
;�)) = Lp;QT ;�;

Lp(0; T ;Lq(
)) = Lp;q;QT
;

kuk1;
 = vraimaxjuj:

�ã¤¥¬ £®¢®à¨âì, çâ® äãªæ¨ï u 2 Lp;QT ;� ¨¬¥¥â áâà®£¨© áã¡£à ¤¨¥â v, ¥á«¨

 ©¤¥âáï ¯®á«¥¤®¢ â¥«ì®áâì 'k 2 C
1(QT ) â ª ï, çâ®

ZZ
QT

j'k � ujpd�dt! 0 ¨

ZZ
QT

j 5x 'k � vjpd�dt! 0: (2)

�«ï «î¡®£® ª®¬¯ ªâ®£® ¬®¦¥áâ¢  e 2 QT ®¯à¥¤¥«¨¬ ª« áá äãªæ¨©

V (e;QT ) = fu 2 C10 (QT ) : u � 1 ¢ ®ªà¥áâ®áâ¨ e; 0 � u � 1 ¢ QT g

¨  §®¢¥¬ (p; �)-¥¬ª®áâìî ª®¬¯ ªâ  e ç¨á«®

cap(e) = inf
'2V (e;QT )

�ZZ
QT

j 5x 'j
pd�dt+

ZZ
QT

j'tjdxdt

�
:
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�¬ª®áâì ª ª äãªæ¨ï ¬®¦¥áâ¢  ¥áâ¥áâ¢¥ë¬ ®¡à §®¬ à á¯à®áâà ï¥âáï

  ¯à®¨§¢®«ìë¥ ¬®¦¥áâ¢ .

�¥à¬¨ ýª¢ §¨¢áî¤ãþ ®§ ç ¥â, çâ® ¤ ®¥ á¢®©áâ¢® ¢ë¯®«ï¥âáï ¢áî¤ã,

§  ¨áª«îç¥¨¥¬ ¬®¦¥áâ¢ , ¨¬¥îé¥£® ¥¬ª®áâì ®«ì.

�¥¬¬  1. �ãáâì e | ª®¬¯ ªâ®¥ ¬®¦¥áâ¢® (p; �)-¥¬ª®áâ¨ ®«ì (1 < p <

1). �®£¤  áãé¥áâ¢ã¥â ¯®á«¥¤®¢ â¥«ì®áâì f�kg â ª ï, çâ® �k 2 C10 (QT ); 0 �

�k � 1; �k = 1 ¢ ®ªà¥áâ®áâ¨ e; �k ! 0 ¯. ¢. ¢ QT ¨ k 5x �
kkp;QT ;� !

0; k�kt k1;QT
! 0.

C � ª ª ª ¥¬ª®áâì cap(e) = 0, â® áãé¥áâ¢ã¥â ¯®á«¥¤®¢ â¥«ì®áâì f'kg 2

V (e;QT ) â ª ï, çâ® k 5x '
kkp;QT ;� ! 0 ¨ k'kt k1;QT

! 0. �á¯®«ì§ãï â¥å¨ªã

�¦. �¥àà¨  [15], à áá¬®âà¨¬ äãªæ¨î �k = max(min('k; 1); 0). �®£¤  �k |

äãªæ¨ï á ª®¬¯ ªâë¬ ®á¨â¥«¥¬ ¢ QT ; 0 � �k � 1; �k = 1 ¢ ®ªà¥áâ®áâ¨ e

¨ k 5x �
kkp;QT ;� ! 0; k�k

t k1;QT
! 0.

�ãáâì � 2 C10 (Rn+1) | äãªæ¨ï á ª®¬¯ ªâë¬ ®á¨â¥«¥¬ â ª ï, çâ®

� � 0;
R

Rn+1

�(x; t)dxdt = 1. �«ï " 2 (0; 1) ¯ãáâì �" ®¡®§ ç ¥â äãªæ¨î

x! 1
"n+1

; �(x
"
; t
"
). �«ï ¤®áâ â®ç® ¬ «ëå " á¢¥àâª  �k = �"��

k 2 C10 (QT ). � ª

ª ª k5x�
kkp;QT ;� � k5x�

kkp;QT ;� ¨ k�
k
t k1;QT

� k�k
t k1;QT

, â® k5x�
kkp;QT ;� ! 0

¨ k�kt k1;QT
! 0.

�ãáâì �k;t(x) = �k(x; t). �®£¤  �k;t 2 C10 (
); supp �x;t � 
; QT = 
�(0; T ).

�á¯®«ì§ãï ¢¥á®¢®¥ ¥à ¢¥áâ¢® �ã ª à¥ (1), ¨¬¥¥¬Z
D

j�k;t(x)jpd� � C

Z
D

j 5x �
k;tjpd�

¤«ï «î¡®£® ®âªàëâ®£® ®£à ¨ç¥®£® ¬®¦¥áâ¢  D � 
.

� ¯®¬®éìî ¥à ¢¥áâ¢  ��¥«ì¤¥à  ®ç¥¢¨¤®

j�(D)j1�p
�Z
D

j�k;tjd�

�p
� C

Z
D

j 5x �
k;tjpd�:

� «¥¥ ¯®«ãç¨¬

j�(D)j1�pjT j1�p
� TZ

0

Z
D

j�kjd�dt

� 1
p

� C

TZ
0

Z
D

j 5x �
kjpd�dt:

�ç¥¢¨¤®,
TR
0

R
D

j�kjd�dt! 0 ¤«ï «î¡®£® ®âªàëâ®£® ®£à ¨ç¥®£® ¬®¦¥áâ-

¢  D ¨§ 
. �«¥¤®¢ â¥«ì®,  ©¤¥âáï ¯®¤¯®á«¥¤®¢ â¥«ì®áâì f�kg â ª ï, çâ®

�k 2 C10 (QT ); 0 � �k � 1; �k = 1 ¢ ®ªà¥áâ®áâ¨ e; �k ! 0 ¯. ¢. ¢ QT ¨

k 5x �
kkp;QT ;� ! 0; k�kt k1;QT

! 0. B
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2. �áâà ¥¨¥ ®á®¡¥®áâ¥©

�ãáâì 
 | ®£à ¨ç¥ ï ®¡« áâì ¢ Rn ; n � 1; QT = 
� (0; T ] ¤«ï ¥ª®â®-

à®£® ä¨ªá¨à®¢ ®£® T > 0 ¨ ST = @
� (0; T ]; �T = ST [ (
� ft = 0g) (�T |

¯ à ¡®«¨ç¥áª ï £à ¨æ  æ¨«¨¤à  QT ).

� áá¬®âà¨¬ ¢ QT ãà ¢¥¨¥ ¢¨¤ 

@u

@t
� divA(x; t; u;5xu) + B(x; t; u;5xu) = 0; (3)

£¤¥ 5xu = ( @u
@x1

; : : : ; @u
@xn

), A = (A1; : : : ; An), äãªæ¨¨ A(x; t; �; �) ¨ B(x; t; �; �)

ã¤®¢«¥â¢®àïîâ ãá«®¢¨î � à â¥®¤®à¨.

�à¥¤¯®«®¦¨¬, çâ® ¯à¨ ¢á¥å (x; t) 2 QT ¨ � 2 Rnf0g; � 2 R
n ¤«ï ¥ª®â®à®£®

p 2 (1;1) áãé¥áâ¢ã¥â ª®áâ â  � > 0 ¨ ¨§¬¥à¨¬ë¥ äãªæ¨¨ f1; f2; f3; g2; g3; h3
â ª¨¥, çâ® ¢ë¯®«¥ë á«¥¤ãîé¨¥ ãá«®¢¨ï:

jA(x; t; �; �)j � �j�jp�1!(x) + g2j�j
p�1!(x) + g3!(x); (4)

jB(x; t; �; �)j � f1j�j
p�1!(x) + f2j�j

p�1!(x) + f3!(x); (5)

A(x; t; �; �) � � � j�jp!(x)� f2j�j
p!(x)� h3!(x); (6)

¤«ï ¯®çâ¨ ¢á¥å x 2 
 ¨ ¢á¥å � 2 R, � 2 R
n , £¤¥ !(x) | p-¤®¯ãáâ¨¬ë© ¢¥á,

f1 2 Lp;QT ;�, f2; f3; h3 2 L1;QT ;�, g2; g3 2 L p

p�1
;QT ;�.

�¡®¡é¥ë¬ à¥è¥¨¥¬ ãà ¢¥¨ï (3) ¯à¨ ãá«®¢¨ïå (4){(6)  §®¢¥¬ äãª-

æ¨î u 2W
1;0
p;loc(QT ; �), ¥á«¨

ZZ
QT

f�u't + A(x; t; u;5xu)5x '� B(x; t; u;5xu)'gdxdt = 0

¤«ï ¢á¥å ' 2 C10 (QT ).

�á¯®«ì§ãï â¥å¨ªã, ¯à¥¤«®¦¥ãî �¦. �¥à¨ë¬ [15],   «®£¨ç® à¥§ã«ì-

â â ¬ �. �. �. � à ¨¢ë [4] ¤®ª §ë¢ ¥âáï

�¥¬¬  2. �ãáâì QT | ®âªàëâ®¥ ¬®¦¥áâ¢® ¢ Rn+1 ¨ b 2 Rnf0g. �ãáâì

u ï¢«ï¥âáï à¥è¥¨¥¬ ãà ¢¥¨ï (3) ¢ QT ¨ ¯ãáâì  | ¯à®¨§¢®«ì ï äãªæ¨ï

á ª®¬¯ ªâë¬ ®á¨â¥«¥¬ ¢ QT â ª ï, çâ® � 2 L1(QT ) ¨  2 W
1;0
p (QT ; �); p �

1; �t 2 L1(QT ). �®£¤  ¨¬¥¥â ¬¥áâ® à ¢¥áâ¢®

ZZ
QT

�
A(x; t; u;5xu)5x ( e

bu)� B(x; t; u;5xu) e
bu �

ebu

b
 t

�
dxdt = 0:
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�®ª ¦¥¬ á«¥¤ãîé¥¥ ¢á¯®¬®£ â¥«ì®¥ ãâ¢¥à¦¤¥¨¥.

�¥¬¬  3. �ãáâì u | à¥è¥¨¥ ãà ¢¥¨ï (3), u 2 W
1;0
p;loc(QT ; �) \ L1(
),

z 2W 1
p (QT ; �) \ C0(QT ) ¨ zt 2 L1;QT

, ¯à¨ç¥¬

kuk1;QT
+ kzk1;QT

+ k 5x zk
p
p;QT ;�

+ kztk1;QT
�M:

�®£¤  áãé¥áâ¢ã¥â ¯®áâ®ï ï C = C(M; f1; f2; f3; g2; g3; h3) â ª ï, çâ®

ZZ
QT

jz 5x uj
pd�dt � C:

C �ãªæ¨ï  = jzjp 2W 1;0
p (QT ; �) \ C0(QT ). �á¯®«ì§ãï «¥¬¬ã 2, ¨¬¥¥¬

ZZ
QT

�
�e�bu

@jzjp

@t
+ A5x (jzj

pebu)�B(jzjpebu)

�
dxdt = 0:

� ãç¥â®¬ ãá«®¢¨© (4){(6) ¯®«ãç¨¬

ZZ
QT

j 5x uj
pzpebud�dt

�

ZZ
QT

�j 5x uj
p�1 5x (jzj

p)ebud�dt+

ZZ
QT

g2juj
p�1 5x (jzj

p)ebud�dt

+

ZZ
QT

g35x jzj
pebud�dt+

ZZ
QT

f1j 5x uj
p�1zpebud�dt

+

ZZ
QT

f2juj
p�1jzjpebud�dt+

ZZ
QT

f3jzj
pebud�dt+

ZZ
QT

h3jzj
pebud�dt

+

ZZ
QT

f2juj
pjzjpebud�dt+

ZZ
QT

edu

b

@jzjp

@t
dxdt =

9X
k=1

Ik: (7)

�æ¥¨¬ ª ¦¤ë© ¨§ ¤¥¢ïâ¨ ¨â¥£à «®¢ ¯à ¢®© ç áâ¨:

I1 � p�ebkuk1 � kz 5x ukp;QT ;� � k 5x zkp;QT ;�;

I2 � pebkuk1 � kukp�11 � k 5x zkp;QT ;� � kzk
p�1
1 � kg2k p

p�1
;QT ;�;
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I3 � pebkuk1 � kg3k p

p�1
;QT ;� � k 5x zkp;QT ;�;

I4 � ebkuk1 � kzk1 � kz 5x uk
p�1
p;QT ;�

� kf1kp;QT ;�;

I5 � ebkuk1 � kukp�11 � kzkp1kf2k1;QT ;�;

I6 � ebkuk1 � kzkp1 � kf3k1;QT ;�;

I7 + I8 � C(M; f2; h3);

I9 � ebkuk1kzkp�11 kztk1;QT
:

�æ¥¨¬ â¥¯¥àì «¥¢ãî ç áâì

ZZ
QT

j 5x uj
pjzjpebud�dt � e�kuk1

ZZ
QT

j 5x uj
pjzjpd�dt:

�®¡¨à ï ¢¬¥áâ¥ ®æ¥ª¨ «¥¢®© ¨ ¯à ¢®© ç áâ¥© ¥à ¢¥áâ¢  (7), ®ª®ç â¥«ì®

¨¬¥¥¬

kz5x uk
p
p;QT ;�

� kz5x uk
p�1
p;QT ;�

C3(M; f1) + C6(M; f2; f3; g2; g3; h3):

�¥¬¬  ¤®ª §  . B

�¥®à¥¬  1. �ãáâì QT | ®âªàëâ®¥ ®£à ¨ç¥®¥ ¬®¦¥áâ¢® ¢ Rn+1 , e |

ª®¬¯ ªâ ¢ QT ã«¥¢®© (p; �)-¥¬ª®áâ¨. �á«¨ äãªæ¨ï u 2 W
1;0
p;loc(QT ; ne; �) \

L1(QT ) ã¤®¢«¥â¢®àï¥â ãà ¢¥¨î (2)   ¬®¦¥áâ¢¥ QTne, â® áãé¥áâ¢ã¥â

¥¤¨áâ¢¥®¥ ¯à®¤®«¦¥¨¥ ~u 2 W
1;0
loc;p(QT ; �) à¥è¥¨ï u â ª®¥, çâ® ~u ¥áâì à¥-

è¥¨¥ ãà ¢¥¨ï (3)   QT .

C �ãáâì �k | ¯®á«¥¤®¢ â¥«ì®áâì äãªæ¨© ¨§ «¥¬¬ë 1. �ãáâì äãªæ¨ï

 2 C10 (QT ) á ª®¬¯ ªâë¬ ®á¨â¥«¥¬ S � QT ; 0 �  � 1;  = 1 ¢ ®ªà¥áâ-

®áâ¨ ! ¬®¦¥áâ¢  e. �¯à¥¤¥«¨¬ ¯®á«¥¤®¢ â¥«ì®áâì äãªæ¨© zk =  (1� �k).

�ç¥¢¨¤® zk 2 C10 (QTne). �¥£ª® ¢¨¤¥âì, çâ® k 5x z
kkp;QT ;� � C, £¤¥ C |

¯®áâ®ï ï, ¥ § ¢¨áïé ï ®â k. � ª ª ª u 2 W
1;0
p;loc(QT ; ne; �),  = 1   !, ¨

¬¥à  ¬®¦¥áâ¢  e à ¢  ã«î, â®

Z
!

jujpj1� �kjpd�dt

®áâ ¥âáï ®£à ¨ç¥ë¬ ¯à¨ k !1. � ª ª ª �k ! 0 ¯. ¢., â® u 2 Lp;QT ;�;loc.

� «¥¥ ¯® «¥¬¬¥ 2 kzk 5x ukp;QT ;� � C, ¨ â. ª. zk !  ¯®çâ¨ ¢áî¤ã, â®

k 5x ukp;QT ;� � C ¨ 5xu 2 Lp;QT ;�;loc.
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� «¥¥   «®£¨çë¬ à ááã¦¤¥¨¥¬ ¤®ª §ë¢ ¥¬, çâ® 5xu ï¢«ï¥âáï áâà®-

£¨¬ áã¡£à ¤¨¥â®¬, â. ¥.  ©¤¥âáï ¯®á«¥¤®¢ â¥«ì®áâì äãªæ¨© 'i 2 C
1(QT )

â ª¨å, çâ® ¢ë¯®«ïîâáï ãá«®¢¨ï (2).

�¥¯¥àì ¤®ª ¦¥¬, çâ® u ï¢«ï¥âáï à¥è¥¨¥¬ (3) ¢ QT . �ãáâì ' 2 C10 (QT ),

¨¬¥¥¬ ZZ
QT

[A5x ((1� �k)')�B(1� �k)'� u(1� �k)')t]dxdt = 0:

�«¥¤®¢ â¥«ì®,

ZZ
QT

(1� �k)[A5x '� B'� u't] =

ZZ
QT

'[u(�k)t � A(�k)x]dxdt:

�¢¨¤ã â®£®, çâ® �k ! 0 ¯. ¢., ¯¥à¢ë© ¨â¥£à « áâà¥¬¨âáï ª

ZZ
QT

(A5x '�B'� u't)dxdt:

�â®à®© ¨â¥£à « ¢ á¨«ã ãá«®¢¨© (4){(6) ¥ ¯à¥¢®áå®¤¨â ¢¥«¨ç¨ë

kuk1 � k'kp � k�jtkp + k 5x �
kkp;QT ;� � k'k1

�
�k 5x uk

p�1
p;QT ;�

+kukp�11 � kg2k p

p�1
;QT ;� + kg3k p

p�1
;QT ;�

�
:

� ª ª ª k�kt kp ! 0; k5x �
kkp;QT ;� ! 0, â® ¯®á«¥¤¥¥ ¢ëà ¦¥¨¥ ¬®¦® á¤¥« âì

ª ª ã£®¤® ¬ «ë¬. �«¥¤®¢ â¥«ì®,

ZZ
QT

(A5x '� B'� u't)dxdt = 0:

� ª¨¬ ®¡à §®¬ u | ï¢«ï¥âáï à¥è¥¨¥¬ (3) ¢ QT ¨ â¥®à¥¬  ¤®ª §  . B
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