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�ãáâì 
 | ®£à ­¨ç¥­­ ï ®¡« áâì ¯à®áâà ­áâ¢  Rn á £« ¤ª®© (¤«ï ¯à®áâ®âë ¡¥áª®­¥ç­®
¤¨ää¥à¥­æ¨àã¥¬®©) £à ­¨æ¥© �, Q | æ¨«¨­¤à 
� (0; T ) (0 < T < +1), S = �� (0; T ), dk(x; t),
aij(x; t), k = 1; : : : ; 2m, i; j = 1; : : : ; n, a(x; t) ¨ f(x; t) | § ¤ ­­ë¥ ¢ æ¨«¨­¤à¥ Q äã­ªæ¨¨, A |
«¨­¥©­ë© ®¯¥à â®à, áâ ¢ïé¨© ¢ á®®â¢¥âáâ¢¨¥ äã­ªæ¨¨ v(x; t) ¨§ ¯à®áâà ­áâ¢  L2(Q) äã­ªæ¨î
A(x; t; v), M | ¤¨ää¥à¥­æ¨ «ì­ë© ®¯¥à â®à ¢â®à®£® ¯®àï¤ª  ¢¨¤ 

Mu =
@

@xi

�
aij(x; t)uxj

�
+ a(x; t)u

(§¤¥áì ¨ ¤ «¥¥ ¯® ¯®¢â®àïîé¨¬áï ¨­¤¥ªá ¬ ¢¥¤¥âáï áã¬¬¨à®¢ ­¨¥ ¢ ¯à¥¤¥« å ®â 1 ¤® n),
Dk
t =

@k

@tk
, L� | ®¯¥à â®à, ®¯à¥¤¥«ï¥¬ë© à ¢¥­áâ¢®¬

L�u = D2m+1
t u+

2mX
k=1

dk(x; t)Dk
t u+Mu+ �u (� = const):

�à ¥¢ ï § ¤ ç : ­ ©â¨ â ªãî äã­ªæ¨î u(x; t), ï¢«ïîéãîáï ¢ æ¨«¨­¤à¥ Q à¥è¥­¨¥¬ ãà ¢-
­¥­¨ï

L�u = f(x; t); (1)

çâ® ¤«ï ­¥¥ ¢ë¯®«­ïîâáï ãá«®¢¨ï

Dk
t ujt=0; x2
 = 0; k = 0; : : : ;m; (2)

Dk
t ujt=T; x2
 = 0; k = 0; : : : ;m� 1; (3)

u(x; t)j(x;t)2S = A(x; t; u)j(x;t)2S: (4)

�®áª®«ìªã ®¯¥à â®à M ­¨¦¥ ¡ã¤¥â ¯à¥¤¯®« £ âìáï í««¨¯â¨ç¥áª¨¬, â® ¢ á«ãç ¥ m = 0 ãà ¢-
­¥­¨¥ (1) ¡ã¤¥â ¯ à ¡®«¨ç¥áª¨¬. �¨¤¨¬®, ¨¬¥­­® íâ¨¬ ®¡áâ®ïâ¥«ìáâ¢®¬ ®¡êïá­ï¥âáï â®, çâ®
�.�.�ã¡¨­áª¨© [1]{[4] ­ §¢ « ãà ¢­¥­¨ï (1) ¢ á«ãç ¥ m > 0 \í««¨¯â¨ª®-¯ à ¡®«¨ç¥áª¨¬¨". �
¤àã£®© áâ®à®­ë, â¥à¬¨­ \í««¨¯â¨ª®-¯ à ¡®«¨ç¥áª¨¥ ãà ¢­¥­¨ï" ã¯®âà¥¡«ï¥âáï ç áâ® ¯® ®â­®-
è¥­¨î ª ãà ¢­¥­¨ï¬ ¢â®à®£® ¯®àï¤ª  á ­¥®âà¨æ â¥«ì­®© å à ªâ¥à¨áâ¨ç¥áª®© ä®à¬®© [5], [6].
�ç¨âë¢ ï íâ®â ä ªâ ¨ áâà¥¬ïáì ­¥ ¤®¯ãáâ¨âì ®¯à¥¤¥«¥­­ãî ­¥ª®àà¥ªâ­®áâì, ­ §®¢¥¬ ãà ¢­¥­¨ï
(1) ¯à®áâ® \ãà ¢­¥­¨ï¬¨ ­¥ç¥â­®£® ¯®àï¤ª ".

�à ¥¢ ï § ¤ ç , ¨áá«¥¤ã¥¬ ï ¢ ¤ ­­®© à ¡®â¥, ®â­®á¨âáï ª ç¨á«ã ­¥«®ª «ì­ëå ¯® ¯à®áâà ­-
áâ¢¥­­ë¬ ¯¥à¥¬¥­­ë¬ ¨ ¯à¥¤áâ ¢«ï¥â á®¡®© ®¡®¡é¥­¨¥ ­¥ª®â®àëå § ¤ ç á ¨­â¥£à «ì­ë¬¨ £à -
­¨ç­ë¬¨ ãá«®¢¨ï¬¨. � §«¨ç­ë¥ ªà ¥¢ë¥ § ¤ ç¨, «®ª «ì­ë¥ ¨«¨ ­¥«®ª «ì­ë¥ ¯® ¢à¥¬¥­¨, ¤«ï
ãà ¢­¥­¨© ¢¨¤  (1) ¯à¨ m > 0 ¨áá«¥¤®¢ «¨áì ¢ [1]{[4],   â ª¦¥ ¢ [7]{[10]. �¥«®ª «ì­ë¥ ¯® ¯à®-
áâà ­áâ¢¥­­ë¬ ¯¥à¥¬¥­­ë¬ ªà ¥¢ë¥ § ¤ ç¨ ¤«ï ãà ¢­¥­¨© (1) à ­¥¥ ¨§ãç «¨áì ¢ ®á­®¢­®¬ ¢
®¤­®¬¥à­®¬ á«ãç ¥: [11], [17] ¤«ï m = 0, [16] ¤«ï m = 1; ¢ ¬­®£®¬¥à­®¬ ¦¥ á«ãç ¥ ¬®¦­® ®â¬¥-
â¨âì «¨èì à ¡®âã [17], ¯®á¢ïé¥­­ãî ¨§ãç¥­¨î á¢®©áâ¢ à¥è¥­¨© ªà ¥¢®© § ¤ ç¨ á ¨­â¥£à «ì­ë¬
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£à ­¨ç­ë¬ ãá«®¢¨¥¬

u(x; t)j(x;t)2S =
Z



K(x; y; t)u(y; t)dyj(x;t)2S

¤«ï ¯ à ¡®«¨ç¥áª¨å (m = 0) ãà ¢­¥­¨©, ¨ à ¡®âã [18], ¢ ª®â®à®© ¨§ãç « áì à §à¥è¨¬®áâì ªà ¥-
¢®© § ¤ ç¨ á ®¯¥à â®à­ë¬ £à ­¨ç­ë¬ ãá«®¢¨¥¬ (4) ¤«ï ¯ à ¡®«¨ç¥áª¨å (m = 0) ãà ¢­¥­¨©, ­®
¯à¨ ¡®«¥¥ ¦¥áâª¨å, ç¥¬ ¢ ¤ ­­®© à ¡®â¥, ãá«®¢¨ïå.

�á®¡¥­­®áâìî à áá¬ âà¨¢ ¥¬®© ªà ¥¢®© § ¤ ç¨ ï¢«ï¥âáï â®, çâ® ­  ¡®ª®¢®© £à ­¨æ¥ æ¨«¨­-
¤à  Q = 
� (0; T ) § ¤ ¥âáï ãá«®¢¨¥, á¢ï§ë¢ îé¥¥ §­ ç¥­¨ï à¥è¥­¨ï á® §­ ç¥­¨ï¬¨ ­¥ª®â®à®£®
«¨­¥©­®£® ®¯¥à â®à  ®â ­¥£®. �®ª §ë¢ ¥âáï áãé¥áâ¢®¢ ­¨¥ ¨ ¥¤¨­áâ¢¥­­®áâì à¥£ã«ïà­ëå à¥è¥-
­¨©.

�¥à­¥¬áï ª á®¤¥à¦ â¥«ì­®© ç áâ¨ à ¡®âë. �ãáâì

V1 = fv(x; t) : v(x; t) 2W
2;2m+1
2 (Q); Dk

t v(x; t) 2 L2(0; T ;W
1
2 (
));

Dk
t v(x; 0) 2W 1

2 (
); ;Dk
t v(x; T ) 2W 1

2 (
); k = 0; : : : ;mg;

­®à¬ã ¢ íâ®¬ ¯à®áâà ­áâ¢¥ ®¯à¥¤¥«¨¬ à ¢¥­áâ¢®¬

kvkV1 = kvkW 2;2m+1

2
(Q) +

mX
k=0

kDk
t vkL2(0;T ;W 1

2
(
)) +

mX
k=0

kDk
t v(x; 0)kW 1

2
(
) +

mX
k=0

kDk
t v(x; T )kW 1

2
(
):

�¥à¥§
�

V 1 ®¡®§­ ç¨¬ ¯®¤¯à®áâà ­áâ¢® ¯à®áâà ­áâ¢  V1, á®áâ®ïé¥¥ ¨§ äã­ªæ¨©, ¤«ï ª®â®àëå
¢ë¯®«­ïîâáï ãá«®¢¨ï (2) ¨ (3).

�áî¤ã ­¨¦¥ ¡ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® ®¯¥à â®à A áâ ¢¨â ¢ á®®â¢¥âáâ¢¨¥ äã­ªæ¨¨ v(x; t)
¨§ ¯à®áâà ­áâ¢  L2(Q) äã­ªæ¨î A(x; t; v), ®¯à¥¤¥«¥­­ãî ­  ¬­®¦¥áâ¢¥ Q ¨ ¯à¨­ ¤«¥¦ éãî
¯à®áâà ­áâ¢ã L2(Q) (¡®«¥¥ ¤¥â «ì­ë¥ ãá«®¢¨ï ­  ®¯¥à â®à A áä®à¬ã«¨àã¥¬ ­¨¦¥). �ãáâì
I : L2(Q) ! L2(Q) | â®¦¤¥áâ¢¥­­ë© ®¯¥à â®à, B | ®¯¥à â®à I � A, L ¨ M0 | ¤¨ää¥à¥­-
æ¨ «ì­ë¥ ®¯¥à â®àë, ®¯à¥¤¥«¥­­ë¥ à ¢¥­áâ¢ ¬¨

Lv = D2m+1
t v +

2mX
k=1

dk(x; t)Dk
t v;

M0v =
@

@xi
(aij(x; t)vxj ):

�«ï ã¤®¡áâ¢  äã­ªæ¨î v(x; t)�A(x; t; v) (â. ¥. ®¡à § äã­ªæ¨¨ v(x; t) ¯à¨ ¤¥©áâ¢¨¨ ®¯¥à â®à  B)
¡ã¤¥¬ ®¡®§­ ç âì v(x; t).

�ä®à¬ã«¨àã¥¬ ãá«®¢¨ï, ¯à¨ ¯®¬®é¨ ª®â®àëå ãáâ ­®¢¨¬ à §à¥è¨¬®áâì ªà ¥¢®© § ¤ ç¨
(1){(4):

I. aij(x; t) 2 C2(Q), a(x; t) 2 C2(Q), dk(x; t) 2 Ck(Q), i; j = 1; : : : ; n, k = 1; : : : ; 2m (ãá«®¢¨ï
£« ¤ª®áâ¨);

II. aij(x; t) = aji(x; t), i; j = 1; : : : ; n, (�1)m+1aij(x; t)�i�j � k0j�j
2, k0 > 0, (x; t) 2 Q, � 2 Rn

(ãá«®¢¨ï á¨¬¬¥âà¨ç­®áâ¨ ¨ í««¨¯â¨ç­®áâ¨ ®¯¥à â®à  M0);
III. ¤«ï «î¡®© äã­ªæ¨¨ v(x; t) ¨§ ¯à®áâà ­áâ¢  V1 ¢ë¯®«­ïîâáï ­¥à ¢¥­áâ¢ 

kA(x; t; v)k2L2(0;T ;W 2
2
(
)) � a0kvk

2
L2(Q)

;

kDk
tA(x; t; v)k

2
L2(Q)

�
kX

j=0

bjkkD
j
tvk

2
L2(Q)

;

kDk
tA(x; t; v) �A(x; t;Dk

t v)k
2
L2(Q)

�
k�1X
j=0

cjkkD
j
tvk

2
L2(Q)

;

k = 1; : : : ; 2m+ 1, a0, bjk, cjk | ­¥®âà¨æ â¥«ì­ë¥ ¯®áâ®ï­­ë¥ (ãá«®¢¨ï ¯®¤ç¨­¥­¨ï);
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IV. ¤«ï «î¡®© äã­ªæ¨¨ v(x; t) ¨§ ¯à®áâà ­áâ¢  V1 ¢ë¯®«­ïîâáï ­¥à ¢¥­áâ¢ 

k[Dk
tA(x; t; v) �A(x; t;Dk

t v)]jt=0k
2
W 1
2
(
) �

k�1X
j=1

d0jkD
j
tv(x; 0)k

2
W 1
2
(
); k = 1; : : : ;m;

k[Dk
tA(x; t; v) �A(x; t;Dk

t v)]jt=T k
2
W 1
2
(
) �

k�1X
j=1

d1jkD
j
tv(x; T )k

2
W 1
2
(
); k = 1; : : : ;m� 1;

d0j , d1j | ­¥®âà¨æ â¥«ì­ë¥ ¯®áâ®ï­­ë¥ (ãá«®¢¨ï ¯®¤ç¨­¥­¨ï ¢ ­ ç «ì­ë© ¨ ª®­¥ç­ë©
¬®¬¥­âë ¢à¥¬¥­¨);

V. ¤«ï «î¡®© äã­ªæ¨¨ v(x; t) ¨§ ¯à®áâà ­áâ¢  V1 ¢ë¯®«­ïîâáï ­¥à ¢¥­áâ¢ 

b0

Z
Q

v2(x; t) dx dt �
Z
Q

v2(x; t) dx dt � b1

Z
Q

v2(x; t) dx dt;

b0, b1 | ¯®áâ®ï­­ë¥, b0 > 0 (ãá«®¢¨¥ ¢§ ¨¬­®© ®¤­®§­ ç­®áâ¨ ®¯¥à â®à  B);
VI. (�1)m+1

�
d2m(x; t)aij(x; t) � 2(m+ 1)aijt (x; t)

�
�i�j � k1j�j

2, k1 > 0, (x; t) 2 Q, � 2 Rn;
VII. 8a0 < 1.

�¥®à¥¬ . �ãáâì ¢ë¯®«­ïîâáï ãá«®¢¨ï I{VII. �®£¤  áãé¥áâ¢ã¥â â ª®¥ ¯®«®¦¨â¥«ì­®¥

ç¨á«® �0, çâ® ¥á«¨ (�1)m� > �0, â® ªà ¥¢ ï § ¤ ç  (1){(4) ¡ã¤¥â à §à¥è¨¬  ¢ ¯à®áâà ­áâ¢¥
�

V 1 ¤«ï «î¡®© äã­ªæ¨¨ f(x; t) ¨§ ¯à®áâà ­áâ¢  L2(Q), ¨ ¯à¨â®¬ ¥¤¨­áâ¢¥­­ë¬ ®¡à §®¬.

�®ª § â¥«ìáâ¢®. �®«®¦¨¬

�(x; t; v) = A(x; t; Lv)� LA(x; t; v) +A(x; t;Mv) �MA(x; t; v);

LA;�v = L�v +�(x; t; v):

�ãáâì g(x; t) | § ¤ ­­ ï äã­ªæ¨ï ¨§ ¯à®áâà ­áâ¢  L2(Q). � áá¬®âà¨¬ ªà ¥¢ãî § ¤ çã: ­ ©â¨
äã­ªæ¨î u(x; t), ï¢«ïîéãîáï ¢ æ¨«¨­¤à¥ Q à¥è¥­¨¥¬ ãà ¢­¥­¨ï

LA;�u = g(x; t) (5)

¯à¨ ¢ë¯®«­¥­¨¨ ãá«®¢¨© (2), (3) ¨ ãá«®¢¨ï

u(x; t)jS = 0: (6)

�®ª ¦¥¬, çâ® ¯à¨ ¢ë¯®«­¥­¨¨ ãá«®¢¨© I{VII ­ ©¤¥âáï ¯®«®¦¨â¥«ì­®¥ ç¨á«® �0 â ª®¥, çâ® ¥á«¨
(�1)m� > �0, â® ªà ¥¢ ï § ¤ ç  (5), (2), (3), (6) ¡ã¤¥â à §à¥è¨¬  ¢ ª« áá¥ W = fv(x; t) :

v(x; t) 2
�

V 1, v(x; t) 2
�

V 1g ¤«ï «î¡®© äã­ªæ¨¨ g(x; t) ¨§ ¯à®áâà ­áâ¢  L2(Q). �®á¯®«ì§ã¥¬áï
¬¥â®¤®¬ ¯à®¤®«¦¥­¨ï ¯® ¯ à ¬¥âàã. �¬¥­­®, ¤«ï ç¨á¥« � ¨§ ®âà¥§ª  [0; 1] ®¯à¥¤¥«¨¬ á¥¬¥©áâ¢®
®¯¥à â®à®¢ fLA;�;�g: LA;�;�v = L�v + ��(x; t; v). � áá¬®âà¨¬ ªà ¥¢ãî § ¤ çã: ­ ©â¨ äã­ªæ¨î

u(x; t), ï¢«ïîéãîáï ¢ æ¨«¨­¤à¥ Q à¥è¥­¨¥¬ ãà ¢­¥­¨ï

LA;�;�u = g(x; t) (5�)

¯à¨ ¢ë¯®«­¥­¨¨ ãá«®¢¨© (2), (3) ¨ (6). �¡®§­ ç¨¬ ç¥à¥§ �� ¬­®¦¥áâ¢® â¥å ç¨á¥« � ¨§ ®âà¥§ª 

[0; 1], ¤«ï ª®â®àëå ªà ¥¢ ï § ¤ ç  (5�), (2), (3), (6) à §à¥è¨¬  ¢ ª« áá¥
�

V 1 ¤«ï § ¤ ­­®£® ç¨á«  �
¨ ¤«ï ¯à®¨§¢®«ì­®© äã­ªæ¨¨ g(x; t) ¨§ ¯à®áâà ­áâ¢  L2(Q). �®ª ¦¥¬, çâ® ­ ©¤¥âáï â ª®¥ ç¨á«®
�0 > 0, çâ® ¤«ï ç¨á¥« �, ¤«ï ª®â®àëå ¢ë¯®«­ï¥âáï ­¥à ¢¥­áâ¢® (�1)m� > �0, ¬­®¦¥áâ¢® ��

¡ã¤¥â á®¢¯ ¤ âì á® ¢á¥¬ ®âà¥§ª®¬ [0; 1]. �®¢¯ ¤¥­¨¥ ¤«ï â ª¨å ç¨á¥« � ¬­®¦¥áâ¢  �� á ®âà¥§ª®¬
[0; 1] ¨ ®§­ ç ¥â à §à¥è¨¬®áâì ªà ¥¢®© § ¤ ç¨ (5), (2), (3), (6) ¢ âà¥¡ã¥¬®¬ ª« áá¥.

�¡¥¤¨¬áï ¯à¥¦¤¥ ¢á¥£®, çâ® áãé¥áâ¢ã¥â ¯®«®¦¨â¥«ì­®¥ ç¨á«® �1 â ª®¥, çâ® ¯à¨ ¢ë¯®«­¥­¨¨
­¥à ¢¥­áâ¢  (�1)m� > �1 ¬­®¦¥áâ¢® �� ¡ã¤¥â ­¥¯ãáâë¬. � áá¬®âà¨¬ ªà ¥¢ãî § ¤ çã: ­ ©â¨
äã­ªæ¨î w(x; t), ï¢«ïîéãîáï ¢ æ¨«¨­¤à¥ Q à¥è¥­¨¥¬ ãà ¢­¥­¨ï

L�w = g(x; t)
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¯à¨ ¢ë¯®«­¥­¨¨ ãá«®¢¨© (2), (3) ¨ (6). � ª á«¥¤ã¥â ¨§ à¥§ã«ìâ â®¢ à ¡®â [7], [8] (á¬. â ª¦¥ [9]),
áãé¥áâ¢ã¥â â ª®¥ ¯®«®¦¨â¥«ì­®¥ ç¨á«® �1, çâ® ¯à¨ ¢ë¯®«­¥­¨¨ ­¥à ¢¥­áâ¢  (�1)m� > �1 ¨ ¯à¨

¢ë¯®«­¥­¨¨ ãá«®¢¨© I ¨ II íâ  § ¤ ç  ¨¬¥¥â à¥è¥­¨¥, ¯à¨­ ¤«¥¦ é¥¥ ¯à®áâà ­áâ¢ã
�

V 1. �¯à¥-
¤¥«¨¬ äã­ªæ¨î u(x; t) à ¢¥­áâ¢®¬ u(x; t) = (B�1w)(x; t) (¢á«¥¤áâ¢¨¥ ãá«®¢¨ï V äã­ªæ¨ï u(x; t)
®¯à¥¤¥«¥­  ª®àà¥ªâ­®). �¥à¢®¥ ­¥à ¢¥­áâ¢® ãá«®¢¨ï III ¨ ¯à¨­ ¤«¥¦­®áâì äã­ªæ¨¨ w(x; t) ¯à®-

áâà ­áâ¢ã
�

V 1 ¤ îâ ¤«ï äã­ªæ¨¨ u(x; t) ¢ª«îç¥­¨¥ u(x; t) 2 L2(0; T ;W 2
2 (
)). � «¥¥, à ¢¥­áâ¢®

ut(x; t) �A(x; t; ut) = wt(x; t) +
@

@t
A(x; t; u) �A(x; t; ut); (7)

âà¥âì¥ ­¥à ¢¥­áâ¢® ãá«®¢¨ï III ¨ ãá«®¢¨¥ V ¤ îâ ¢ª«îç¥­¨¥ ut(x; t) 2 L2(Q). � ¢¥­áâ¢®

utt(x; t)�A(x; t; utt) = wtt(x; t) +D2
tA(x; t; u) �A(x; t; utt); (8)

¢â®à®¥ ­¥à ¢¥­áâ¢® ãá«®¢¨ï III ¨ ãá«®¢¨¥ V,   â ª¦¥ ¯®«ãç¥­­®¥ ¢ëè¥ ¢ª«îç¥­¨¥ ¤«ï äã­ª-
æ¨¨ ut(x; t) ¤ îâ ¢ª«îç¥­¨¥ utt(x; t) 2 L2(Q). �¥©áâ¢ãï ¤ «¥¥  ­ «®£¨ç­®, ¯®«ãç¨¬ ¢ª«îç¥­¨ï
Dk
t u(x; t) 2 L2(Q), k = 3; : : : ; 2m+ 1.
� ¢¥­áâ¢  (7), (8) ¨  ­ «®£¨ç­ë¥ á«¥¤ãîé¨¥ à ¢¥­áâ¢ , ãá«®¢¨¥ IV ¨ ¢ë¯®«­¥­­ë¥ ¤«ï äã­ª-

æ¨¨ w(x; t) ­ ç «ì­ë¥ ¨ ä¨­ «ì­ë¥ ãá«®¢¨ï (2), (3) ¤ îâ ¢ë¯®«­¥­¨¥ ¤«ï äã­ªæ¨¨ u(x; t) â¥å
¦¥ ãá«®¢¨© (2) ¨ (3),   â ª¦¥ ¢ë¯®«­¥­¨¥ ¢ª«îç¥­¨© Dk

t u(x; 0) 2 W 1
2 (
), D

k
t u(x; T ) 2 W 1

2 (
),
k = 0; : : : ;m.

�®ª § ­­ë¥ ¢ª«îç¥­¨ï ¨ ¢ë¯®«­¥­¨¥ ãá«®¢¨© (2) ¨ (3) ®§­ ç îâ, çâ® ¯®áâà®¥­­ ï äã­ªæ¨ï

u(x; t) ¯à¨­ ¤«¥¦¨â ¯à®áâà ­áâ¢ã
�

V 1 ¨ â¥¬ á ¬ë¬ ï¢«ï¥âáï ¨áª®¬ë¬ à¥è¥­¨¥¬ ªà ¥¢®© § ¤ ç¨
(50), (2), (3), (6) ¨§ ª« áá  W . � á¢®î ®ç¥à¥¤ì, à §à¥è¨¬®áâì ªà ¥¢®© § ¤ ç¨ (50), (2), (3), (6) ¢
ª« áá¥W ®§­ ç ¥â, çâ® ç¨á«® 0 ¯à¨­ ¤«¥¦¨â ¬­®¦¥áâ¢ã �� ¤«ï ¢á¥å ç¨á¥« �, ã¤®¢«¥â¢®àïîé¨å
­¥à ¢¥­áâ¢ã (�1)m� > �1, ¨, á«¥¤®¢ â¥«ì­®, çâ® ¬­®¦¥áâ¢® �� ¤«ï ãª § ­­ëå ç¨á¥« � ­¥¯ãáâ®.

�®ª ¦¥¬ â¥¯¥àì, çâ® áãé¥áâ¢ã¥â ç¨á«® �2 â ª®¥, çâ® ¤«ï ¢á¥å ç¨á¥« �, ã¤®¢«¥â¢®àïîé¨å
­¥à ¢¥­áâ¢ã (�1)m� > �2, ¬­®¦¥áâ¢® �� ®âªàëâ® ¨ § ¬ª­ãâ® ®¤­®¢à¥¬¥­­®. �¥« ¥âáï íâ® á

¯®¬®éìî  ¯à¨®à­ëå ®æ¥­®ª à¥è¥­¨© ªà ¥¢®© § ¤ ç¨ (5�), (2), (3), (6) ¢ ¯à®áâà ­áâ¢¥
�

V 1.

�â ª, ¯ãáâì u(x; t) ¥áâì à¥è¥­¨¥ ªà ¥¢®© § ¤ ç¨ (5�), (2), (3), (6) ¨§ ¯à®áâà ­áâ¢ 
�

V 1. �à¥-
®¡à §ã¥¬ à ¢¥­áâ¢®Z

Q

LA;�;� u
�
D2m+1
t u+M0u

�
dx dt =

Z
Q

g
�
D2m+1
t u+M0u

�
dx dt

á ¯®¬®éìî ¨­â¥£à¨à®¢ ­¨ï ¯® ç áâï¬ ª ¢¨¤ãZ
Q

(M0u)
2 dx dt+

Z
Q

�
D2m+1
t u

�2
dx dt+

+ (�1)m+1

Z



aij(x; T )Dm
t uxi(x; T )D

m
t uxj (x; T ) dx+

+ (�1)m+1

Z
Q

[d2maij � 2(m+ 1)aijt ]D
m
t uxiD

m
t uxj dx dt+

+
(�1)m�

2

Z


[Dm

t u(x; T )]
2
dx� �

Z
Q

aijuxiuxj dx dt =

= 2(�1)m+1

Z
Q

Dm
t uxi

mX
k=2

Ck
mD

m�k+1
t uxjD

k
t (a

ij) dx dt+

+ 2(�1)m+1

Z
Q

Dm
t uxi

mX
k=1

Ck
mD

m�k
t uxjD

k+1
t (aij) dx dt�

� (�1)m+1

Z
Q

Dm
t uxi

mX
k=1

Ck
mD

m�k
t uxjD

k
t (d

2maij) dx dt�
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� (�1)m+1

Z
Q

Dm
t uD

m
t

�
d2mxi a

ijuxj
�
dx dt�

�
2mX
k=1

Z
Q

dkDk
t uD

2m+1
t u dx dt�

2m�1X
k=1

Z
Q

dkDk
t uM0u dx dt�

�

Z
Q

auD2m+1
t u dx dt�

Z
Q

auM0u dx dt� �

Z
Q

�D2m+1
t u dx dt�

� �

Z
Q

�M0u dx dt+
Z
Q

gD2m+1
t u dx dt+

Z
Q

gM0u dx dt: (9)

�¥à¢ë¥ âà¨ ¨­â¥£à «  ¯à ¢®© ç áâ¨ ¤ ­­®£® à ¢¥­áâ¢  ®æ¥­¨¢ îâáï á¢¥àåã á ¯®¬®éìî ­¥à -
¢¥­áâ¢  �­£  ¨ í«¥¬¥­â à­ëå ­¥à ¢¥­áâ¢ ¤«ï áã¬¬ë á« £ ¥¬ëå ¢¥«¨ç¨­®©

�1

nX
i=1

Z
Q

(Dm
t uxi)

2
dx dt+N1(�1)

mX
k=1

nX
i=1

Z
Q

�
Dm�k
t uxi

�2
dx dt

á ¯à®¨§¢®«ì­ë¬ ¯®«®¦¨â¥«ì­ë¬ ç¨á«®¬ �1 ¨ ç¨á«®¬ N1(�1), ®¯à¥¤¥«ï¥¬ë¬ (¯®¬¨¬® ç¨á«  �1)
äã­ªæ¨ï¬¨ aij(x; t) ¨ d2m(x; t). � «¥¥, ¨­â¥£à «ë á äã­ªæ¨¥© �(x; t; u) ®æ¥­¨¢ îâáï á¢¥àåã áã¬-
¬®©

1
2

Z
Q

(M0u)2 dx dt+
1
2

Z
Q

�
D2m+1
t u

�2
dx dt+

Z
Q

�2 dx dt:

� ª®­¥æ, ®áâ ¢è¨¥áï á« £ ¥¬ë¥ ¯à ¢®© ç áâ¨ à ¢¥­áâ¢  (9) ®æ¥­¨¢ îâáï á¢¥àåã á ¯®¬®éìî
­¥à ¢¥­áâ¢  �­£  ¨ í«¥¬¥­â à­ëå ­¥à ¢¥­áâ¢ ¤«ï áã¬¬ë á« £ ¥¬ëå ¢¥«¨ç¨­®©

�1

� Z
Q

(M0u)2 dx dt+
Z
Q

�
D2m+1
t u

�2
dx dt+

nX
i=1

Z
Q

(Dm
t uxi)

2
dx dt

�
+

+N2(�1)
�m�1X
k=0

nX
i=1

Z
Q

�
Dk
t uxi

�2
dx dt+

2mX
k=0

Z
Q

�
Dk
t u
�2
dx dt+

Z
Q

g2 dx dt

�

á ç¨á«®¬ N2(�1), ®¯à¥¤¥«ï¥¬ë¬, ¯®¬¨¬® ç¨á«  �1, ¥é¥ ¨ äã­ªæ¨ï¬¨ a(x; t) ¨ dk(x; t).
�á¯®«ì§ãï ¯à¨¢¥¤¥­­ë¥ ¢ëè¥ ®æ¥­ª¨ ¨ ãá«®¢¨¥ VI, ¯®«ãç ¥¬ ­¥à ¢¥­áâ¢®�
1
2
� �1

�Z
Q

(M0u)
2
dx dt+

�
1
2
� �1

�Z
Q

�
D2m+1
t u

�2
dx dt+

+ (k1 � 2�1)
nX
i=1

Z
Q

(Dm
t uxi)

2
dx dt+ (�1)m+1k0

nX
i=1

Z
Q

[Dm
t uxi(x; T )]

2
dx+

+
(�1)m�

2

Z



[Dm
t u(x; T )]

2
dx� �

Z
Q

aijuxiuxj dx dt �

� N2(�1)
nX
i=1

Z
Q

(Dm
t uxi)

2
dx dt+N2(�1)

2mX
k=1

Z
Q

�
Dk
t u
�2
dx dt+

+
Z
Q

�2 dx dt+N2(�1)
Z
Q

g2 dx dt: (10)

�«ï äã­ªæ¨¨ v(x; t) ¨§ ¯à®áâà ­áâ¢ 
�

V 1 ¢ë¯®«­ïîâáï ­¥à ¢¥­áâ¢ Z
Q

(Dk
t v)

2 dx dt � �2

Z
Q

�
D2m+1
t v

�2
dx dt+N3(�2)

Z
Q

v2 dx dt; k = 1; : : : ; 2m; (11)Z
Q

�
Dk
t vxi

�2
dx dt � �2

Z
Q

(Dm
t vxi)

2
dx dt+N4(�2)

Z
Q

v2xi dx dt; k = 1; : : : ;m� 1; i = 1; : : : ; n;
(12)Z

Q

v2 dx dt � (�1)m+1N5

Z
Q

aijvxivxj dx dt (13)
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á ¯à®¨§¢®«ì­ë¬ ¯®«®¦¨â¥«ì­ë¬ ç¨á«®¬ �2, ç¨á« ¬¨ N3(�2) ¨ N4(�2), ®¯à¥¤¥«ï¥¬ë¬¨ ¯®¬¨¬®
ç¨á«  �2 â ª¦¥ ç¨á« ¬¨ T ¨ N5, ®¯à¥¤¥«ï¥¬ë¬ ®¡« áâìî 
 ¨ ç¨á«®¬ k0 (­¥à ¢¥­áâ¢  (12) ¨
(13) ®ç¥¢¨¤­ë, ¤®ª § â¥«ìáâ¢® ­¥à ¢¥­áâ¢ (11) ¤«ï m = 1 ¯à®¢¥¤¥­®, ­ ¯à., ¢ [20], ¤«ï m > 1
¤®ª § â¥«ìáâ¢® ¯à®¢®¤¨âáï  ­ «®£¨ç­ë¬ [20] á¯®á®¡®¬). � ¯®¬®éìî íâ¨å ­¥à ¢¥­áâ¢ ¬®¦­®
¯¥à¥©â¨ ®â (10) ª ­¥à ¢¥­áâ¢ã�

1
2
� �1

�Z
Q

(M0u)
2 dx dt+

�
1
2
� �1 �N2(�1)�2

� Z
Q

�
D2m+1
t u

�2
dx dt+

+ [k1 � 2�1 �N2(�1)�2]
nX
i=1

Z
Q

(Dm
t uxi)

2
dx dt+

+ (�1)m+1k0

nX
i=1

Z


[Dm

t uxi(x; T )]
2
dx+

(�1)m�
2

Z


[Dm

t u(x; T )]
2
dx�

�

Z
Q

[�+ (�1)m (N5 +N2(�1)N3(�2) +N2(�1)N4(�2))]�

� aijuxiuxj dx dt �

Z
Q

�2 dx dt+N2(�1)
Z
Q

g2 dx dt: (14)

�«ï äã­ªæ¨¨ �(x; t; u) ¨¬¥îâ ¬¥áâ® ®ç¥¢¨¤­ë¥ ­¥à ¢¥­áâ¢ Z
Q

�2 dx dt � 2kA(x; t;M0u)k2L2(Q) +

+ 2kA(x; t; au) +A(x; t; Lu) � LA(x; t; u)�MA(x; t; u)k2L2(Q) �

� 2kA(x; t;M0u)k2L2(Q) + 4kA(x; t; Lu) � LA(x; t; u)k2L2(Q) +

+ 4kA(x; t; au) �MA(x; t; u)k2L2(Q):

�á¯®«ì§ãï ãá«®¢¨¥ III, ¬®¦¥¬ ¯à®¤®«¦¨âì ®æ¥­ªã äã­ªæ¨¨ �(x; t; u)Z
Q

�2 dx dt � 2a0

Z
Q

(M0u)2 dx dt+N6

2mX
k=0

Z
Q

�
Dk
t u
�2
dx dt; (15)

ç¨á«® N6 ¢ íâ®¬ ­¥à ¢¥­áâ¢¥ ®¯à¥¤¥«ï¥âáï ª®íää¨æ¨¥­â ¬¨ ®¯¥à â®à  M ¨ ç¨á« ¬¨ cjk ¨ a0.
� ¢¥­áâ¢® M0u = M0u +M0A(x; t; u), à ¢¥­áâ¢  (7), (8) ¨  ­ «®£¨ç­ë¥ á«¥¤ãîé¨¥ à ¢¥­áâ¢ 
¢¬¥áâ¥ á ãá«®¢¨ï¬¨ III ¨ V ¤ îâ ­¥à ¢¥­áâ¢®Z

Q

�2 dx dt � 4a0

Z
Q

(M0u)
2
dx dt+N7

2mX
k=0

Z
Q

�
Dk
t u
�2
dx dt

á ç¨á«®¬ N7, ®¯à¥¤¥«ï¥¬ë¬ ç¨á« ¬¨ T , b1 ¨ N6. � ª®­¥æ, ¢­®¢ì á®£« á­® (11){(13) ¯à¨å®¤¨¬ ª
®æ¥­ª¥Z

Q

�2 dx dt � 4a0

Z
Q

(M0u)
2
dx dt+ �2

Z
Q

�
D2m+1
t u

�2
dx dt+ (�1)m+1N9(�2)

Z
Q

aijuxiuxj dx dt

(16)

á ç¨á«®¬ N9, ®¯à¥¤¥«ï¥¬ë¬ ç¨á«®¬ �2 ¨ ç¨á« ¬¨ N7, N8, T , k0,   â ª¦¥ ®¡« áâìî 
.
�ã¬¬¨àãï (14) ¨ (16), ¯à¨å®¤¨¬ ª ®æ¥­ª¥�
1
2
� �1 � 4a0

�Z
Q

(M0u)
2
dx+

�
1
2
� �1 � �2 �N2(�1)�2

� Z
Q

�
D2m+1
t u

�2
dx dt+

+ [k1 � 2�1 �N2(�1)�2]
nX
i=1

Z
Q

(Dm
t uxi)

2
dx dt+

+ (�1)m+1k0

nX
i=1

Z



[Dm
t uxi(x; T )]

2
dx+

(�1)m�
2

Z



[Dm
t u(x; T )]

2
dx�
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�

Z
Q

[�+ (�1)m (N5 +N2(�1)N4(�2) +N9(�2))]�

� aijuxiuxj dx dt � N2(�1)
Z
Q

g2 dx dt:

�®£« á­® ãá«®¢¨î VII ç¨á«® 1
2
� 4a0 ¯®«®¦¨â¥«ì­®. �«¥¤®¢ â¥«ì­®, ¬®¦­® ¯®¤®¡à âì ç¨á«® �1

¨ § â¥¬ ç¨á«® �2 ­ áâ®«ìª® ¬ «ë¬¨, çâ® ª®íää¨æ¨¥­âë 1
2
� �1 � 4a0, 1

2
� �1 � �2 � N2(�1)�2,

k1� 2�1�N2(�1)�2 áâ ­ãâ ¯®«®¦¨â¥«ì­ë¬¨. �¨ªá¨àãï ç¨á«  �1 ¨ �2 ãª § ­­ë¬ ®¡à §®¬, ¬®¦¥¬
¤ «¥¥ ãª § âì â ª®¥ ¯®«®¦¨â¥«ì­®¥ ç¨á«® �2, çâ® ¯à¨ ¢ë¯®«­¥­¨¨ ­¥à ¢¥­áâ¢  (�1)m� > �2
¯®á«¥¤­¥¥ á« £ ¥¬®¥ ®æ¥­¨âáï á­¨§ã ¢¥«¨ç¨­®©

(�1)m+1�3

Z
Q

aijuxiuxj dx dt

á ¯®«®¦¨â¥«ì­ë¬ ç¨á«®¬ �3. �ç¨âë¢ ï ¤ ­­ë© ¢ë¡®à ç¨á«  � ¨ ¢ á¨«ã ¢â®à®£® ®á­®¢­®£® ­¥à -
¢¥­áâ¢  ¤«ï í««¨¯â¨ç¥áª¨å ®¯¥à â®à®¢ ([20], á. 199), ¯®«ãç¨¬  ¯à¨®à­ãî ®æ¥­ªã ¤«ï äã­ªæ¨¨
u(x; t):

kukV1 � K0kgkL2(Q) (17)

á ¯®«®¦¨â¥«ì­®© ¯®áâ®ï­­®© K0, ®¯à¥¤¥«ï¥¬®© «¨èì äã­ªæ¨ï¬¨ aij(x; t), a(x; t), dk(x; t), ç¨á« -
¬¨ �, T , a0, bjk, cjk, b1,   â ª¦¥ ®¡« áâìî 
. �ç¥¢¨¤­®,  ­ «®£¨ç­ ï ®æ¥­ª  ¨¬¥¥â ¬¥áâ® ¨ ¤«ï
äã­ªæ¨¨ u(x; t)

kukV1 � K1kgkL2(Q) (18)

á ¯®«®¦¨â¥«ì­®© ¯®áâ®ï­­®© K1, ®¯à¥¤¥«ï¥¬®© â¥¬¨ ¦¥ ¢¥«¨ç¨­ ¬¨, ª®â®àë¬¨ ®¯à¥¤¥«ï¥âáï
¯®áâ®ï­­ ï K0.

�®ª ¦¥¬, çâ® ¨§ ®æ¥­®ª (17) ¨ (18) á«¥¤ã¥â ®âªàëâ®áâì ¨ § ¬ª­ãâ®áâì ¬­®¦¥áâ¢  �� (¯à¨
¢ë¯®«­¥­¨¨ ­¥à ¢¥­áâ¢  (�1)m� > �2).

�«ï ¤®ª § â¥«ìáâ¢  ®âªàëâ®áâ¨ ¬­®¦¥áâ¢  �� ¤®áâ â®ç­® ¯®ª § âì, çâ® ¯à¨ ãá«®¢¨¨ ¯à¨-
­ ¤«¥¦­®áâ¨ ç¨á«  �0 ¬­®¦¥áâ¢ã �� ç¨á«® � = �0 + e� ¯à¨ ¬ «®© ¢¥«¨ç¨­¥ je�j ¡ã¤¥â ¯à¨­ ¤«¥-
¦ âì ¥¬ã ¦¥.

�â ª, ¯ãáâì �0 | í«¥¬¥­â ¬­®¦¥áâ¢  �, v(x; t) | ¯à®¨§¢®«ì­ ï äã­ªæ¨ï ¨§ ¯à®áâà ­áâ¢ 
�

V 1. � áá¬®âà¨¬ ªà ¥¢ãî § ¤ çã: ­ ©â¨ äã­ªæ¨î u(x; t), ï¢«ïîéãîáï ¢ æ¨«¨­¤à¥ Q à¥è¥­¨¥¬

ãà ¢­¥­¨ï

LA;�;�0u = g(x; t) + e��(x; t; v) (19)

¯à¨ ¢ë¯®«­¥­¨¨ ãá«®¢¨© (2), (3) ¨ (6). �¥à ¢¥­áâ¢® (16) ¨ ¯à¨­ ¤«¥¦­®áâì äã­ªæ¨¨ v(x; t)

¯à®áâà ­áâ¢ã
�

V 1 ®§­ ç îâ, çâ® ¯à ¢ ï ç áâì ¢ ãà ¢­¥­¨¨ (19) ¯à¨­ ¤«¥¦¨â ¯à®áâà ­áâ¢ã L2(Q).
�®£« á­® ®¯à¥¤¥«¥­¨î ¬­®¦¥áâ¢  �� ªà ¥¢ ï § ¤ ç  (19), (2), (3), (6) à §à¥è¨¬  ¢ ¯à®áâà ­áâ¢¥
�

V 1. �«¥¤®¢ â¥«ì­®, íâ  ªà ¥¢ ï § ¤ ç  ¯®à®¦¤ ¥â ®¯¥à â®à G, ¯¥à¥¢®¤ïé¨© ¯à®áâà ­áâ¢®
�

V 1 ¢
á¥¡ï: G(v) = u. �æ¥­ª¨ (17) ¨ (18),   â ª¦¥ ­¥à ¢¥­áâ¢® (16) ¤ îâ ¤«ï «î¡ëå ¤¢ãå äã­ªæ¨© v1

¨ v2 ¨§ ¯à®áâà ­áâ¢ 
�

V 1 ­¥à ¢¥­áâ¢®

ku1 � u2kV1 + ku1 � u2kV1 � K2je�j (kv1 � v2kV1 + kv1 � v2kV1)

á ¯®áâ®ï­­®© K2, ®¯à¥¤¥«ï¥¬®© «¨èì ç¨á« ¬¨ K0, K1, T , a0, cjk ¨ äã­ªæ¨ï¬¨ aij(x; t) ¨ a(x; t).
�á«¨ â¥¯¥àì ç¨á«® e� ¢®§ì¬¥¬ ­ áâ®«ìª® ¬ «ë¬, çâ®¡ë ¢ë¯®«­ï«®áì ­¥à ¢¥­áâ¢® K2je�j < 1,
â® ®¯¥à â®à G ¡ã¤¥â á¦¨¬ îé¨¬. �¥¯®¤¢¨¦­ ï â®çª  íâ®£® ®¯¥à â®à  ¤ áâ äã­ªæ¨î u(x; t),

ï¢«ïîéãîáï à¥è¥­¨¥¬ ¨§ ¯à®áâà ­áâ¢ 
�

V 1 ªà ¥¢®© § ¤ ç¨ (5�), (2), (3), (6), � = �0 + e�. �â®
®§­ ç ¥â, çâ® ç¨á«® � ¯à¨­ ¤«¥¦¨â ¬­®¦¥áâ¢ã �� ¨ ¤ «¥¥, çâ® ¬­®¦¥áâ¢® �� ®âªàëâ®.
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�®ª ¦¥¬, çâ® ¬­®¦¥áâ¢® �� § ¬ª­ãâ®. �ãáâì �l | ¯®á«¥¤®¢ â¥«ì­®áâì ç¨á¥« ¨§ ¬­®¦¥áâ¢ 
��, áå®¤ïé ïáï ª ç¨á«ã �0, ul(x; t) | ¯®á«¥¤®¢ â¥«ì­®áâì à¥è¥­¨© ªà ¥¢ëå § ¤ ç (5�l), (2), (3),
(6). �®«®¦¨¬ wlk(x; t) = ul(x; t)� uk(x; t). �«ï äã­ªæ¨© wlk(x; t) ¢ë¯®«­ïîâáï ãá«®¢¨ï (2), (3),
(6),   â ª¦¥ à ¢¥­áâ¢®

Lwlk + �l�(x; t; wlk) = (�l � �k)�(x; t; uk):

�æ¥­ª¨ (17) ¨ (18),   â ª¦¥ ­¥à ¢¥­áâ¢® (16) ®§­ ç îâ, çâ® ¤«ï äã­ªæ¨© wlk(x; t) ¨¬¥¥â ¬¥áâ®
®æ¥­ª 

kwlkkV1 + kwlkkV1 � j�l � �kjK
0

0kukkV1

á ¯®áâ®ï­­®© K 0

0, ®¯à¥¤¥«ï¥¬®© ç¨á« ¬¨ K0 ¨ K1,   â ª¦¥ äã­ªæ¨¥© �. �®áª®«ìªã ¯®á«¥¤-
­¨© ¬­®¦¨â¥«ì ¢ íâ®© ®æ¥­ª¥ ®£à ­¨ç¥­ (¢á«¥¤áâ¢¨¥ ®æ¥­ª¨ (18)) ¨ ¯®áª®«ìªã ç¨á«®¢ ï ¯®-
á«¥¤®¢ â¥«ì­®áâì �l äã­¤ ¬¥­â «ì­ , â® äã­ªæ¨®­ «ì­ë¥ ¯®á«¥¤®¢ â¥«ì­®áâ¨ ul(x; t) ¨ ul(x; t)
äã­¤ ¬¥­â «ì­ë ¢ ¯à®áâà ­áâ¢¥ V1. �«¥¤®¢ â¥«ì­®, áãé¥áâ¢ãîâ äã­ªæ¨¨ u(x; t) ¨ w(x; t) â -
ª¨¥, çâ® ul(x; t) ! u(x; t), ul(x; t) ! w(x; t) ¯® ­®à¬¥ ¯à®áâà ­áâ¢  V1. �§ íâ¨å áå®¤¨¬®áâ¥©,
­¥à ¢¥­áâ¢  (15) ¨ ãá«®¢¨ï III ¢ëâ¥ª îâ á«¥¤ãîé¨¥ áå®¤¨¬®áâ¨ ¯à¨ l ! 1: L�ul ! L�w,
�(x; t; ul) ! �(x; t; u), A(x; t; ul) ! A(x; t; u), á¨«ì­ë¥ ¢ ¯à®áâà ­áâ¢¥ L2(Q). �®á«¥¤­ïï áå®-
¤¨¬®áâì ®§­ ç ¥â, çâ® äã­ªæ¨¨ u(x; t) ¨ w(x; t) á¢ï§ ­ë à ¢¥­áâ¢®¬ w(x; t) = u(x; t). �§ íâ®£®
à ¢¥­áâ¢ , ¯¥à¢ëå ¤¢ãå áå®¤¨¬®áâ¥©,   â ª¦¥ áå®¤¨¬®áâ¨ ç¨á«®¢®© ¯®á«¥¤®¢ â¥«ì­®áâ¨ �l ª
ç¨á«ã �0 á«¥¤ã¥â, çâ® ¤«ï äã­ªæ¨¨ u(x; t) ¢ë¯®«­ï¥âáï ãà ¢­¥­¨¥ (5�0). �ë¯®«­¥­¨¥ ãá«®¢¨©
(2), (3) ¨ (6) ¤«ï äã­ªæ¨© u(x; t) ®ç¥¢¨¤­ . �® â®£¤  ç¨á«® �0 ¯à¨­ ¤«¥¦¨â ¬­®¦¥áâ¢ã ��.
�à¨­ ¤«¥¦­®áâì ¯à¥¤¥«ì­®© â®çª¨ ¬­®¦¥áâ¢  ¥¬ã ¦¥ ¨ ®§­ ç ¥â ¥£® § ¬ª­ãâ®áâì.

�â ª, ¯à¨ ¢ë¯®«­¥­¨¨ ­¥à ¢¥­áâ¢  (�1)m� > �1 ¬­®¦¥áâ¢® �� ­¥¯ãáâ®, ¯à¨ ¢ë¯®«­¥­¨¨
­¥à ¢¥­áâ¢  (�1)m� > �2 ¬­®¦¥áâ¢® �� ®âªàëâ® ¨ § ¬ª­ãâ®. �® â®£¤  ¯à¨ ¢ë¯®«­¥­¨¨ ­¥à -
¢¥­áâ¢  (�1)m� > �0 = max(�1; �2) ¬­®¦¥áâ¢® �� ®¤­®¢à¥¬¥­­® ­¥¯ãáâ®, ®âªàëâ® ¨ § ¬ª­ãâ®.
� ª ã¦¥ £®¢®à¨«®áì ¢ëè¥, ­¥¯ãáâ®â , ®âªàëâ®áâì ¨ § ¬ª­ãâ®áâì ¬­®¦¥áâ¢  �� ®§­ ç îâ, çâ®
¤«ï ãª § ­­ëå ç¨á¥« � ªà ¥¢ ï § ¤ ç  (5), (2), (3), (6) à §à¥è¨¬  ¢ ª« áá¥ W .

�®ª ¦¥¬ â¥¯¥àì, çâ® á ¯®¬®éìî à¥è¥­¨ï ¢á¯®¬®£ â¥«ì­®© ªà ¥¢®© § ¤ ç¨ (5), (2), (3), (6)
¬®¦­® ­ ©â¨ à¥è¥­¨¥ ¨áå®¤­®© ªà ¥¢®© § ¤ ç¨ (1){(4). �ë¡¥à¥¬ äã­ªæ¨î g(x; t) á¯¥æ¨ «ì­ë¬
®¡à §®¬: g(x; t) = f(x; t). �®áª®«ìªã ¯à¨ ãá«®¢¨¨ ¯à¨­ ¤«¥¦­®áâ¨ äã­ªæ¨¨ f(x; t) ¯à®áâà ­áâ¢ã
L2(Q) äã­ªæ¨ï f(x; t) â ª¦¥ ¯à¨­ ¤«¥¦¨â ¯à®áâà ­áâ¢ã L2(Q), â® ªà ¥¢ ï § ¤ ç  (5), (2), (3),
(6) á â ª®© äã­ªæ¨¥© g(x; t) à §à¥è¨¬  ¢ ¯à®áâà ­áâ¢¥ V1. �à ¢­¥­¨¥ (5) ¬®¦­® § ¯¨á âì ¢ ¢¨¤¥

B(L�u� f) = 0:

�á«¥¤áâ¢¨¥ ¢§ ¨¬­®© ®¤­®§­ ç­®áâ¨ ®¯¥à â®à  B à¥è¥­¨¥ u(x; t) ãà ¢­¥­¨ï (5) ï¢«ï¥âáï à¥è¥-
­¨¥¬ ãà ¢­¥­¨ï (1). �ë¯®«­¥­¨¥ ãá«®¢¨© (2), (3) ¨ (4) ¤«ï äã­ªæ¨¨ u(x; t) ®ç¥¢¨¤­®.

�¤¨­áâ¢¥­­®áâì à¥è¥­¨© ®ç¥¢¨¤­  | ®­  ¢ëâ¥ª ¥â, ­ ¯à¨¬¥à, ¨§ ­¥à ¢¥­áâ¢  (18).

� ¬¥ç ­¨¥ 1. �¥«¨ç¨­ã �0 ¬®¦­® áãé¥áâ¢¥­­® ã¬¥­ìè¨âì, ¥á«¨ ¯®âà¥¡®¢ âì ¢ë¯®«­¥­¨ï
­¥ª®â®àëå ãá«®¢¨© §­ ª®®¯à¥¤¥«¥­­®áâ¨ | ­ ¯à¨¬¥à, áâà®£®© ¯®«®¦¨â¥«ì­®áâ¨ ¢ æ¨«¨­¤à¥ Q
äã­ªæ¨¨ (�1)ma(x; t).

� ¬¥ç ­¨¥ 2. �á«®¢¨¥ VI â¥®à¥¬ë ¢ë¯®«­ï¥âáï, ¥á«¨ äã­ªæ¨ï (�1)m+1d2m(x; t) áâà®£® ¯®-
«®¦¨â¥«ì­  ¢ æ¨«¨­¤à¥ Q ¨ ®æ¥­¨¢ ¥âáï á­¨§ã ¤®áâ â®ç­® ¡®«ìè¨¬ ¯®«®¦¨â¥«ì­ë¬ ç¨á«®¬.
�ª § ­­®© ¯®«®¦¨â¥«ì­®áâ¨ ¨ ®æ¥­ª¨ á­¨§ã ¬®¦­® ¤®¡¨âìáï, ¯à¥®¡à §®¢ ¢ ãà ¢­¥­¨¥ (1), ¯®«®-
¦¨¢ u(x; t) = v(x; t) exp(�t) ¨ ¯®¤®¡à ¢ ç¨á«® � (¯à¨ íâ®¬, ¥áâ¥áâ¢¥­­®, ã ®¯¥à â®à  L� ¨§¬¥­ïâáï
­¥ â®«ìª® ª®íää¨æ¨¥­â ¯à¨ D2m

t u, ­® ¨ ¤àã£¨¥ ª®íää¨æ¨¥­âë).

� ¬¥ç ­¨¥ 3. �á«¨ ¯®âà¥¡®¢ âì ¤®¯®«­¨â¥«ì­® ¢ë¯®«­¥­¨ï ãá«®¢¨©

kA(x; t; vxi)kL2(Q) � a01kvkL2(Q) + a02

nX
k=1

kvxkkL2(Q);
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kA(x; t; vxixj )kL2(Q) � a03kvkL2(Q) + a04

nX
k=1

kvxkkL2(Q) +

+ a05

nX
k;l=1

kvxkxlkL2(Q); i; j = 1; : : : ; n; v(x; t) 2 V1;

â® ãá«®¢¨¥ VII ¬®¦­® § ¬¥­¨âì ãá«®¢¨¥¬ ­  ç¨á«® a05.

� ¬¥ç ­¨¥ 4. �à¨¬¥à ¬¨ ®¯¥à â®à®¢ A, ¤«ï ª®â®àëå ¡ã¤ãâ ¢ë¯®«­ïâìáï ãá«®¢¨ï III{V ¨
VII, ï¢«ïîâáï ¨­â¥£à «ì­ë¥ ®¯¥à â®àë

A(x; t; v) =
Z


K(x; y; t)v(y; t) dy;

A(x; t; v) =
Z



Z T

0

K(x; y; t; �)v(y; �) d� dy;

¯à¨ íâ®¬ ¢ë¯®«­¥­¨¥ âà¥¡ã¥¬ëå ãá«®¢¨© ®§­ ç ¥â ¢ë¯®«­¥­¨¥ ­¥ª®â®àëå ãá«®¢¨© £« ¤ª®áâ¨
¨ ¬ «®áâ¨ ¤«ï äã­ªæ¨© K(x; y; t) ¨ K(x; y; t; �). �á«¨ ¤®¯®«­¨â¥«ì­® äã­ªæ¨ï K(x; y; t) ¡ã¤¥â
®¡à é âìáï ¢ ­ã«ì ¯à¨ y 2 @
, â® ãá«®¢¨ï § ¬¥ç ­¨ï 3 ¡ã¤ãâ ¢ë¯®«­ïâìáï ¯à¨ a05 = 0 ¨ â¥¬
á ¬ë¬ ãá«®¢¨¥ VII ¡ã¤¥â ¢ë¯®«­ïâìáï  ¢â®¬ â¨ç¥áª¨.
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