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�¢¥¤¥¨¥

�§¢¥áâ® [1], çâ® ¤¢¨¦¥¨¥ ¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¢ ®£à ¨ç¥®© ®¡« áâ¨ 
 � R
n , n = 2; 3,

  ¯à®¬¥¦ãâª¥ ¢à¥¬¥¨ [0; T ], T > 0, ®¯¨áë¢ ¥âáï á«¥¤ãîé¥© á¨áâ¥¬®© ãà ¢¥¨© ¢ ä®à¬¥
�®è¨:

@v

@t
+ vi

@v

@xi
+ grad p = Div � + f; (x; t) 2 
� [0; T ]; (0.1)

div v = 0; (x; t) 2 
� [0; T ]: (0.2)

�¤¥áì ¨ ¤ «¥¥ ¯à¥¤¯®« £ ¥âáï áã¬¬¨à®¢ ¨¥ ¯® ¯®¢â®àïîé¨¬áï ¨¤¥ªá ¬. � ¤ ®© á¨áâ¥¬¥
v(x; t) | ¢¥ªâ®à áª®à®áâ¨ ç áâ¨æë ¢ â®çª¥ x ¢ ¬®¬¥â ¢à¥¬¥¨ t ¨ v1; : : : ; vn | ª®¬¯®¥âë v;
p = p(x; t) | ¤ ¢«¥¨¥ ¦¨¤ª®áâ¨ ¢ â®çª¥ x ¢ ¬®¬¥â ¢à¥¬¥¨ t; f = f(x; t) | ¢¥ªâ®à ¢¥è¨å
á¨« (¨å â ª¦¥  §ë¢ îâ ®¡ê¥¬ë¬¨), ¤¥©áâ¢ãîé¨å   ¦¨¤ª®áâì. �¥à¥§ Div � ®¡®§ ç¥ ¢¥ª-
â®à, ª®®à¤¨ âë ª®â®à®£® ï¢«ïîâáï ¤¨¢¥à£¥æ¨¥© áâà®ª ¬ âà¨æë � = (�ij(x)), £¤¥ � | ¤¥¢¨ â®à
â¥§®à   ¯àï¦¥¨©. �¢¥¤¥¨¥ ¢ ãà ¢¥¨¥ (0.1) ¤¥¢¨ â®à  â¥§®à   ¯àï¦¥¨© ¨¬¥¥â æ¥«ìî
ãç¥â à¥ ªæ¨©, ¢®§¨ª îé¨å ¢ ¦¨¤ª®áâ¨ ¢ ¯à®æ¥áá¥ ¥¥ ¤¢¨¦¥¨ï. �¨áâ¥¬  (0.1), (0.2) ®¯¨áë-
¢ ¥â â¥ç¥¨¥ ¢á¥å ¢¨¤®¢ ¦¨¤ª®áâ¨, ® ¯à¨ íâ®¬ ®  á®¤¥à¦¨â ¤¥¢¨ â®à â¥§®à   ¯àï¦¥¨©,
ª®â®àë© ï¢® ¥ ¢ëà ¦¥ ç¥à¥§ ¥¨§¢¥áâë¥ íâ®© á¨áâ¥¬ë. �â®¡ë ¢ëà §¨âì ¤¥¢¨ â®à â¥§®-
à   ¯àï¦¥¨© ç¥à¥§ ¥¨§¢¥áâë¥ á¨áâ¥¬ë (0.1), (0.2), ª ª ¯à ¢¨«®, ¨á¯®«ì§ãîâ á®®â®è¥¨ï
¬¥¦¤ã ¤¥¢¨ â®à®¬ â¥§®à   ¯àï¦¥¨©, â¥§®à®¬ áª®à®áâ¥© ¤¥ä®à¬ æ¨©

Eij = Eij(v) =
1
2

�
@vi

@xj
+
@vj

@xi

�

¨ ¨å ¯à®¨§¢®¤ë¬¨. �â¬¥â¨¬, çâ® ãáâ  ¢«¨¢ ï á¢ï§ì ¬¥¦¤ã ¤¥¢¨ â®à®¬ â¥§®à   ¯àï¦¥¨©,
â¥§®à®¬ áª®à®áâ¥© ¤¥ä®à¬ æ¨© ¨ ¨å ¯à®¨§¢®¤ë¬¨, â¥¬ á ¬ë¬ ãáâ  ¢«¨¢ ¥¬ â¨¯ ¦¨¤ª®áâ¨.
� ª®¥ á®®â®è¥¨¥  §ë¢ îâ ®¯à¥¤¥«ïîé¨¬ ¨«¨ à¥®«®£¨ç¥áª¨¬ á®®â®è¥¨¥¬. �¥®«®£¨ç¥áª¨¥
á®®â®è¥¨ï ®â®áïâáï ª à §àï¤ã £¨¯®â¥§, ª®â®àë¥ ¤®«¦ë ¯®¤â¢¥à¦¤ âìáï ¤«ï ª®ªà¥âëå
¦¨¤ª®áâ¥© íªá¯¥à¨¬¥â «ìë¬¨ ¤ ë¬¨.

� â¥ç¥¨¥ ¯®á«¥¤¨å ¯®«ãâ®à  áâ®«¥â¨© ®á®¢ë¬ ®¡ê¥ªâ®¬ ¨áá«¥¤®¢ ¨ï ¬ â¥¬ â¨ª®¢ ¢
®¡« áâ¨ £¨¤à®¤¨ ¬¨ª¨ ï¢«ï¥âáï ¬®¤¥«ì ìîâ®®¢áª®© ¦¨¤ª®áâ¨. �¥ à¥®«®£¨ç¥áª®¥ á®®â®è¥-
¨¥ ¨¬¥¥â ¢¨¤ � = 2�E , £¤¥ � | ª¨¥¬ â¨ç¥áª¨© ª®íää¨æ¨¥â ¢ï§ª®áâ¨. �á«¨ ¬ë ¯®¤áâ ¢¨¬ íâ®
á®®â®è¥¨¥ ¢ (0.1), (0.2), â® ¯®«ãç¨¬ å®à®è® ¨§¢¥áâãî á¨áâ¥¬ã ãà ¢¥¨© � ¢ì¥{�â®ªá . � 
®¯¨áë¢ ¥â â¥ç¥¨¥ ¯à¨ ã¬¥à¥ëå áª®à®áâïå ¡®«ìè¨áâ¢  ¢áâà¥ç îé¨åáï   ¯à ªâ¨ª¥ ¢ï§ª¨å
¥á¦¨¬ ¥¬ëå ¦¨¤ª®áâ¥©. �® ã¦¥ ¢ á¥à¥¤¨¥ XIX ¢¥ª  áâ «¨ ¨§¢¥áâë â ª¨¥ ¦¨¤ª®áâ¨, ª®â®àë¥
¥ ¯®¤ç¨ïîâáï ìîâ®®¢áª®¬ã ®¯à¥¤¥«ïîé¥¬ã á®®â®è¥¨î. � ª®¢ë¬¨ ï¢«ïîâáï,  ¯à¨¬¥à,
¦¨¤ª®áâ¨, ¢ ª®â®àëå ¯®á«¥ ¯à¥ªà é¥¨ï ¤¢¨¦¥¨ï  ¯àï¦¥¨ï ¥ ®¡à é îâáï ¬£®¢¥® ¢

� ¡®â  ¢ë¯®«¥  ¯à¨ ä¨ á®¢®© ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®¤  äã¤ ¬¥â «ìëå ¨áá«¥¤®¢ ¨©
(ò 04-01-00081) ¨ �¨¨áâ¥àáâ¢  ®¡à §®¢ ¨ï �®áá¨©áª®© �¥¤¥à æ¨¨ ¨ CRDF (òVZ -010-0).

50



ã«ì,   á¯ ¤ îâ ¯® ¥ª®â®à®¬ã § ª®ã, â. ¥. ¨¬¥¥â ¬¥áâ® à¥« ªá æ¨ï  ¯àï¦¥¨©;   â ª¦¥ ¦¨¤-
ª®áâ¨, ¢ ª®â®àëå ¯®á«¥ áïâ¨ï  ¯àï¦¥¨© ¤¢¨¦¥¨¥ ¥ ¯à¥ªà é ¥âáï ¬£®¢¥®,   § âãå ¥â ¯®
¥ª®â®à®¬ã § ª®ã, â. ¥. ¨¬¥¥â ¬¥áâ® § ¯ §¤ë¢ ¨¥ ¤¥ä®à¬ æ¨©; ¨ ¦¨¤ª®áâ¨, ¢ ª®â®àëå ¨¬¥îâ
¬¥áâ® ®¡  íâ¨å íää¥ªâ .

�¯¥à¢ë¥ ¬®¤¥«¨ â ª¨å ¦¨¤ª®áâ¥© ¡ë«¨ ¯à¥¤«®¦¥ë ¢ XIX ¢¥ª¥ �¦.� ªá¢¥««®¬, �.�¥«ì-
¢¨®¬ ¨ �.�®©£â®¬ ¨ ¡ë«¨ à §¢¨âë ¢ á¥à¥¤¨¥ XX ¢¥ª  ¢ § ç¨â¥«ì®© áâ¥¯¥¨ ¡« £®¤ àï
à ¡®â ¬ �¦.�. �«¤à®©â . �¤®© ¨§ â ª¨å ¬®¤¥«¥© ï¢«ï¥âáï ¬®¤¥«ì �¥«ì¢¨ {�®©£â , ãà ¢¥¨¥
á®áâ®ï¨ï ¤«ï ª®â®à®© ¨¬¥¥â ¢¨¤

� = 2�
�
E + {��1

@E

@t

�
; {; � > 0:

�¤¥áì � | ª¨¥¬ â¨ç¥áª¨© ª®íää¨æ¨¥â ¢ï§ª®áâ¨, { | ¢à¥¬ï § ¯ §¤ë¢ ¨ï. �  ï ¬®¤¥«ì
¨§ãç « áì ¢® ¬®£¨å à ¡®â å [2]{[4]. � [4] ¡ë«® ¯®ª § ®, çâ® ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì ¤¢¨¦¥-
¨ï ¦¨¤ª®áâ¨ �¥«ì¢¨ {�®©£â  ®¯¨áë¢ ¥â â¥ç¥¨¥ ¢ï§ª®© ¥ìîâ®®¢áª®© ¦¨¤ª®áâ¨, ª®â®à®©
âà¥¡ã¥âáï ¢à¥¬ï, çâ®¡ë ¯à¨©â¨ ¢ ¤¢¨¦¥¨¥ ¯®¤ ¤¥©áâ¢¨¥¬ ¢¥§ ¯® ¯à¨«®¦¥®© á¨«ë.

� ¤ «ì¥©è¥¬ ¡ë«  ¯®áâà®¥  ä¥®¬¥®«®£¨ç¥áª ï â¥®à¨ï «¨¥©ëå ¢ï§ª®ã¯àã£¨å ¦¨¤-
ª®áâ¥©. � ®á®¢¥ íâ®© â¥®à¨¨ «¥¦¨â ¯à¥¤¯®«®¦¥¨¥ | ¯à¨æ¨¯ áã¯¥à¯®§¨æ¨¨ �. �®«ìæ¬  
| ® â®¬, çâ® ¢á¥ ¢®§¤¥©áâ¢¨ï   áà¥¤ã ¥§ ¢¨á¨¬ë ¨  ¤¤¨â¨¢ë,   à¥ ªæ¨¨ áà¥¤ë   ¢¥è¨¥
¢®§¤¥©áâ¢¨ï «¨¥©ë. �®áâ â®ç® è¨à®ª¨© ¤«ï ¯à ªâ¨ç¥áª¨å ¯à¨«®¦¥¨© ª« áá «¨¥©ëå ¢ï§-
ª®ã¯àã£¨å ¦¨¤ª®áâ¥© ¯à¥¤áâ ¢«ïîâ ¦¨¤ª®áâ¨ á ª®¥çë¬ ç¨á«®¬ ¤¨áªà¥â® à á¯à¥¤¥«¥ëå
¢à¥¬¥ à¥« ªá æ¨¨ ¨ ¢à¥¬¥ § ¯ §¤ë¢ ¨ï. � â ª¨¬ ¦¨¤ª®áâï¬ ®â®áïâáï í¬ã«ìá¨¨ ¨ áãá¯¥-
§¨¨ ®¤®© ìîâ®®¢áª®© ¦¨¤ª®áâ¨ ¢ ¤àã£®©, á¨«ì® à §¡ ¢«¥ë¥ áãá¯¥§¨¨ â¢¥à¤ëå ç áâ¨æ ¢
ìîâ®®¢áª®© ¦¨¤ª®áâ¨, ¥ª®â®àë¥ ¯®«¨¬¥àë¥ à áâ¢®àë ([5], á. 101{103).

�¤  ¨§ â ª¨å ¬®¤¥«¥© ¯®   «®£¨¨ á ¬®¤¥«ìî �¥«ì¢¨ {�®©£â  ¡ë«   §¢   ®¡®¡é¥®©
¬ â¥¬ â¨ç¥áª®© ¬®¤¥«ìî �¥«ì¢¨ {�®©£â  (¯®àï¤ª  L = 1; 2 : : : ). �  ®¯¨áë¢ ¥âáï á«¥¤ãîé¨¬
®¯à¥¤¥«ïîé¨¬ á®®â®è¥¨¥¬:�

1 +
LX
i=1

�i
@i

@ti

�
� = 2

�
� +

L+1X
i=1

{i
@i

@ti

�
E ; {L+1; �L > 0: (0.3)

�¤¥áì �i | ¢à¥¬¥  à¥« ªá æ¨¨, � | ª¨¥¬ â¨ç¥áª¨© ª®íää¨æ¨¥â ¢ï§ª®áâ¨,   ª®íää¨æ¨¥âë
{i | ¢à¥¬¥  § ¯ §¤ë¢ ¨ï.

�«ï â®£® çâ®¡ë ¢ëà §¨âì ¤¥¢¨ â®à â¥§®à   ¯àï¦¥¨© � ¨§ ¤ ®£® à¥®«®£¨ç¥áª®£® á®®â®-
è¥¨ï,  ¬ ã¦ë  ç «ìë¥ ãá«®¢¨ï   �, â¥§®à áª®à®áâ¥© ¤¥ä®à¬ æ¨© E ¨ ¨å ¯à®¨§¢®¤ë¥
¯® ¢à¥¬¥¨

@iE

@ti

����
t=0

(x) = "i(x); x 2 
; i = 0; : : : ; L;

@i�

@ti

����
t=0

(x) = bi(x); x 2 
; i = 0; : : : ; L� 1:

�á«¨ ®¨ ¨§¢¥áâë, â® ¯®á«¥ ¯à¨¬¥¥¨ï ¯à¥®¡à §®¢ ¨ï � ¯« á  ¯® ¯¥à¥¬¥®© t ª (0.3) ¯®-
«ãç¨¬

�(x; t) = 2�2
@E

@t
(x; t) + 2�1E(x; t) + 2

Z t

0

�ie
�i(t�s)E(x; s) ds+ %i e

�it; �2 =
{L+1

�L
> 0;

£¤¥ ¯à¥¤¯®« £ ¥âáï, çâ®

�i (i = 1; : : : ; L) | ª®à¨ ¬®£®ç«¥  Q(p) = 1 +
LP
i=1

�ip
i ¢¥é¥áâ¢¥ë, à §«¨çë ¨ ®âà¨æ -

â¥«ìë;
�i (i = 1; : : : ; L) | ç¨á« , § ¢¨áïé¨¥ ®â ª®íää¨æ¨¥â®¢ à¥®«®£¨ç¥áª®£® á®®â®è¥¨ï (0.3);
%i (i = 1; : : : ; L) | ¨§¢¥áâë¥ äãªæ¨¨, § ¢¨áïé¨¥ ®â ª®íää¨æ¨¥â®¢ à¥®«®£¨ç¥áª®£® á®®â-

®è¥¨ï (0.3) ¨  ç «ìëå ãá«®¢¨©.
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�¯¥à¢ë¥ íâ® á®®â®è¥¨¥ ¡ë«® ¢ë¢¥¤¥® ¢ [6] ¯à¨ ¯à¥¤¯®«®¦¥¨¨, çâ® "i = 0, bj = 0 (i =
0; : : : ; L; j = 0; : : : ; L� 1). � íâ®¬ á«ãç ¥ ¢á¥ %i � 0 (i = 1 : : : L). � ¢ [7] ¤ ®¥ á®®â®è¥¨¥ ¡ë«®
¯®«ãç¥® ¯à¨ ¯à®¨§¢®«ìëå  ç «ìëå ãá«®¢¨ïå.

� [6] ¨ [7] à áá¬ âà¨¢ «¨áì  ç «ì®-ªà ¥¢ë¥ § ¤ ç¨ ¤«ï á¨áâ¥¬ë ãà ¢¥¨©, ¯®«ãç¥®©
¯®¤áâ ®¢ª®© ¤ ®£® á®®â®è¥¨ï ¢ á¨áâ¥¬ã ãà ¢¥¨© ¤¢¨¦¥¨ï ¦¨¤ª®áâ¨ ¢ ä®à¬¥ �®è¨.
�à¨ íâ®¬ ¢ ãª § ëå à ¡®â å ¥ ¯à®¢¥àï¥âáï, çâ® ¯®«ãç¥®¥ à¥è¥¨¥  ç «ì®-ªà ¥¢®© § -
¤ ç¨ ¡ã¤¥â ã¤®¢«¥â¢®àïâì  ç «ìë¬ ãá«®¢¨ï¬   �, E ¨   ¨å ¯à®¨§¢®¤ë¥. �¤ ª® ®â¬¥â¨¬,
çâ®  ç «ìë¥ ãá«®¢¨ï ¤®«¦ë ã¤®¢«¥â¢®àïâì á¨áâ¥¬¥ ãà ¢¥¨© (0.1), (0.2), ¨ ç¥ à¥è¥¨¥ á
â ª¨¬¨  ç «ìë¬¨ ãá«®¢¨ï¬¨ â ª¦¥ ¥ ¡ã¤¥â ¨¬ ã¤®¢«¥â¢®àïâì.

� ¤ ®© áâ âì¥ ¡ã¤¥â ¯®ª § ®, ª ª¨¬ á¯®á®¡®¬ ¨ ¯à¨ ª ª¨å ãá«®¢¨ïå ¬®£ãâ ¡ëâì ª®àà¥ªâ-
® ¯®áâ ¢«¥ë  ç «ì®-ªà ¥¢ë¥ § ¤ ç¨ ¤«ï ®¡®¡é¥®© ¬ â¥¬ â¨ç¥áª®© ¬®¤¥«¨ ¤¢¨¦¥¨ï
¦¨¤ª®áâ¨ �¥«ì¢¨ {�®©£â  ¯à®¨§¢®«ì®£® ¯®àï¤ª  L = 1; 2; : : : � ¨¬¥®, ¡ã¤ãâ ¢¢¥¤¥ë â ª
 §ë¢ ¥¬ë¥ ãá«®¢¨ï á®£« á®¢ ¨ï, ª®â®àë¬ ¤®«¦ë ã¤®¢«¥â¢®àïâì  ç «ìë¥ ãá«®¢¨ï. � ãç¥-
â®¬ íâ¨å ãá«®¢¨© ¡ã¤ãâ ¯à¥¤«®¦¥ë ¤¢¥ à §«¨çë¥ ª®àà¥ªâë¥ ¯®áâ ®¢ª¨  ç «ì®-ªà ¥¢ëå
§ ¤ ç ¤«ï ®¡®¡é¥®© ¬®¤¥«¨ �¥«ì¢¨ {�®©£â  ¯à®¨§¢®«ì®£® ¯®àï¤ª  L = 1; 2; : : : � ¥¥ ¤«ï
¤ ®© ¬®¤¥«¨ ¨§ãç «¨áì â®«ìª® á¨«ìë¥ à¥è¥¨ï ¨ ¢ £« ¤ª¨å ®¡« áâïå. � ¤ ®© ¦¥ à ¡®â¥
¯®«ãç¥ë â¥®à¥¬ë áãé¥áâ¢®¢ ¨ï ¨ ¥¤¨áâ¢¥®áâ¨ á« ¡ëå à¥è¥¨© ¢ ®¡« áâïå á ¥£« ¤ª®©,  
â®«ìª® «®ª «ì®-«¨¯è¨æ¥¢®© £à ¨æ¥©.

1. �¢¥ ª®àà¥ªâë¥ ¯®áâ ®¢ª¨  ç «ì®-ªà ¥¢ëå § ¤ ç

�§ãç ¥âáï ¤¢¨¦¥¨¥ ¦¨¤ª®áâ¨, § ¯®«ïîé¥© ®£à ¨ç¥ãî ®¡« áâì 
 � R
n , n = 2; 3, á

«®ª «ì®-«¨¯è¨æ¥¢®© £à ¨æ¥© @
   ¯à®¬¥¦ãâª¥ ¢à¥¬¥¨ [0; T ], T > 0. � ª ã¦¥ ¡ë«® áª § ®,
®® ®¯¨áë¢ ¥âáï á¨áâ¥¬®© ãà ¢¥¨© (0.1), (0.2). �à¥¤¯®« £ ¥âáï, çâ® ¦¨¤ª®áâì ã¤®¢«¥â¢®àï¥â
à¥®«®£¨ç¥áª®¬ã á®®â®è¥¨î (0.3) ¤«ï ®¡®¡é¥®© ¬®¤¥«¨ �¥«ì¢¨ {�®©£â .

1.1. �¥à¢ ï ¯®áâ ®¢ª . �«ï á¨áâ¥¬ë (0.1){(0.3) à áá¬®âà¨¬  ç «ì®-ªà ¥¢ãî § ¤ çã á
 ç «ìë¬¨ ãá«®¢¨ï¬¨

@iv

@ti

����
t=0

(x) = ai(x); x 2 
; i = 0; : : : ; L; (1.1)

@i�

@ti

����
t=0

(x) = bi(x); x 2 
; i = 0; : : : ; L� 1; (1.2)

¨ £à ¨çë¬ ãá«®¢¨¥¬

vj@
�[0;T ] = 0: (1.3)

� ¤ ¤¨¬  ç «ìë¥ ãá«®¢¨ï   @iv

@ti
(i = 0; : : : ; L),   ¥   @iE

@ti
, ¯®áª®«ìªã, § ï ¯¥à¢ë¥, ¬®¦®

¢ëç¨á«¨âì ¢â®àë¥.
�«ï â®£® çâ®¡ë ¢¢¥áâ¨ ¯®ïâ¨¥ á« ¡®£® à¥è¥¨ï ¤«ï  ç «ì®-ªà ¥¢®© § ¤ ç¨ (0.1){(0.3),

(1.1){(1.3), ¯®âà¥¡ãîâáï ¥ª®â®àë¥ äãªæ¨® «ìë¥ ¯à®áâà áâ¢ .
�¡®§ ç¨¬ ç¥à¥§ D(
)n ¯à®áâà áâ¢® äãªæ¨©   
 á® § ç¥¨ï¬¨ ¢ Rn ª« áá  C1 á ª®¬-

¯ ªâë¬ ®á¨â¥«¥¬, á®¤¥à¦ é¨¬áï ¢ 
;
�

W 1
2(
)

n | § ¬ëª ¨¥ ¬®¦¥áâ¢  D(
)n ¯® ®à¬¥ ¯à®-
áâà áâ¢  W 1

2 (
)
n; X = fv : v 2 D(
)n, div v = 0g | ¬®¦¥áâ¢® á®«¥®¨¤ «ìëå äãªæ¨©;

H | § ¬ëª ¨¥ X ¯® ®à¬¥ ¯à®áâà áâ¢  L2(
)n; V | § ¬ëª ¨¥ X ¯® ®à¬¥ ¯à®áâà áâ¢ 

W 1
2 (
)

n á® áª «ïàë¬ ¯à®¨§¢¥¤¥¨¥¬ ((v; w)) =
nP
i=1

�
@v

@xi
; @w
@xi

�
, £¤¥ (� ; �) | áª «ïà®¥ ¯à®¨§¢¥¤¥¨¥

¢ L2(
)n.
�®à¬ , ¯®à®¦¤ ¥¬ ï íâ¨¬ áª «ïàë¬ ¯à®¨§¢¥¤¥¨¥¬ ¢ ¯à®áâà áâ¢¥ V , ®¡®§ ç ¥âáï k � kV

¨ íª¢¨¢ «¥â  ®à¬¥, ¨¤ãæ¨à®¢ ®© ¨§ ¯à®áâà áâ¢  W 1
2(
)

n.
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�¥à¥§ V � ®¡®§ ç¨¬ ¯à®áâà áâ¢®, á®¯àï¦¥®¥ ¯à®áâà áâ¢ã V ,   ç¥à¥§ hf; vi | ¤¥©áâ¢¨¥
äãªæ¨® «  f 2 V �   í«¥¬¥â v 2 V . �ãáâì Rn�n | ¯à®áâà áâ¢® ¬ âà¨æ n�n á® áª «ïàë¬
¯à®¨§¢¥¤¥¨¥¬

(A;B)Rn�n = A : B = AijBij ;

R
n�n
S | ¯®¤¯à®áâà áâ¢® á¨¬¬¥âà¨çëå ¬ âà¨æ ¨§ Rn�n .
�à¥¤¯®«®¦¨¬, çâ® f 2 CL([0; T ]; V �), ai 2 V , bj 2 L2(
;R

n�n
S ), i = 0; : : : ; L, j = 0; : : : ; L� 1.

�¯à¥¤¥«¥¨¥ 1.1. �« ¡ë¬ à¥è¥¨¥¬  ç «ì®-ªà ¥¢®© § ¤ ç¨ (0.1){(0.3), (1.1){(1.3)  §ë-
¢ ¥âáï ¯ à  äãªæ¨©

v 2 CL+1([0; T ]; V ); � 2 CL([0; T ]; L2(
;R
n�n
S ));

ã¤®¢«¥â¢®àïîé ï ¤«ï «î¡®£® ' 2 V ¨ ¢á¥å t 2 [0; T ] à ¢¥áâ¢ ¬Z



@v

@t
' dx�

Z


vivj

@'j

@xi
dx = �

Z


� : r'dx+ hf; 'i; (1.4)

�
1 +

LX
i=1

�i
@i

@ti

�
� = 2

�
� +

L+1X
i=1

{i
@i

@ti

�
E (1.5)

¨  ç «ìë¬ ãá«®¢¨ï¬ (1.1), (1.2).

� á«¥¤ãîé¥© «¥¬¬¥ ¯à¨¢¥¤¥¬ ãá«®¢¨ï, ¯à¨ ¢ë¯®«¥¨¨ ª®â®àëå  ç «ì®-ªà ¥¢ ï § ¤ ç 
(0.1){(0.3), (1.1){(1.3) ª®àà¥ªâ® ¯®áâ ¢«¥ .

�¥¬¬  1.1. �á«¨ ¯ à  v; � | á« ¡®¥ à¥è¥¨¥  ç «ì®-ªà ¥¢®© § ¤ ç¨ (0.1){ (0.3), (1.1){
(1.3), â® äãªæ¨¨ ai ¨ bj (i = 0; : : : ; L, j = 0; : : : ; L� 1) ã¤®¢«¥â¢®àïîâ á¨áâ¥¬¥Z




a1 'dx�

Z



(a0)i(a0)j
@'j

@xi
dx = �

Z



b0 : r'dx+ hf
��
t=0

; 'i;

Z



a2 'dx�

Z



�
(a1)i(a0)j + (a0)i(a1)j

�@'j
@xi

dx = �

Z



b1 : r'dx+
D@f
@t

����
t=0

; '
E
;

: : : : : : : : :Z



aL 'dx�

Z



L�1X
m=0

Cm
k (am)i(ak�m)j

@'j

@xi
dx = �

Z



bL�1 : r'dx+
D@L�1f
@tL�1

����
t=0

; '
E
:

(1.6)

�®ª § â¥«ìáâ¢®. �®áª®«ìªã ¯ à  v; � ¯® ãá«®¢¨î «¥¬¬ë ï¢«ï¥âáï á« ¡ë¬ à¥è¥¨¥¬
 ç «ì®-ªà ¥¢®© § ¤ ç¨ (0.1){(0.3), (1.1){(1.3), â® ®  ¤«ï «î¡®£® ' 2 V ¨ ¢á¥å t 2 [0; T ]
ã¤®¢«¥â¢®àï¥â (1.4). �âáî¤  ¯à¨ t = 0 ¯®«ãç¨¬ à ¢¥áâ¢®, ª®â®à®¥ ï¢«ï¥âáï ¯¥à¢ë¬ ¢ á¨áâ¥¬¥
(1.6).

�«ï ¯®«ãç¥¨ï k-£® à ¢¥áâ¢  (k = 2; : : : ; L) ¤®áâ â®ç® ¯à®¤¨ää¥à¥æ¨à®¢ âì à ¢¥áâ¢®
(1.4) k � 1 à § ¨ à áá¬®âà¥âì § ç¥¨¥ ¯®«ãç¥®£® à ¢¥áâ¢  ¢ ã«¥.

�á«®¢¨ï (1.6)  §ë¢ îâáï ãá«®¢¨ï¬¨ á®£« á®¢ ¨ï.
�§ ¤®ª § â¥«ìáâ¢  «¥¬¬ë á«¥¤ã¥â, çâ®  ç «ìë¥ ãá«®¢¨ï (1.1) ¨ (1.2) ã¦® ¢ë¡¨à âì â -

ª¨¬ ®¡à §®¬, çâ®¡ë ®¨ ã¤®¢«¥â¢®àï«¨ ãá«®¢¨ï¬ á®£« á®¢ ¨ï (1.6), ¯®áª®«ìªã, ¥á«¨ áãé¥áâ¢ã¥â
à¥è¥¨¥, ®® ¥®¡å®¤¨¬® ¨¬ ã¤®¢«¥â¢®àï¥â. �¥©áâ¢¨â¥«ì®,  ¯àï¦¥¨ï ¨ áª®à®áâ¨ ¤¥ä®à¬ -
æ¨© ¢ ¦¨¤ª®áâ¨ ¢§ ¨¬®á¢ï§ ë ¨ § ¢¨áïâ â ª¦¥ ®â ¢¥è¨å á¨«. � ª¨¬ ®¡à §®¬, ®¯à¥¤¥«¥-
ë¬ § ç¥¨ï¬ áª®à®áâ¥© ¤¥ä®à¬ æ¨© ¢ ¦¨¤ª®áâ¨ ¨ ¢¥è¨å á¨«, ¤¥©áâ¢ãîé¨å   ¦¨¤ª®áâì,
á®®â¢¥âáâ¢ãîâ â®«ìª® ®¯à¥¤¥«¥ë¥ § ç¥¨ï  ¯àï¦¥¨©, ª®â®àë¥ ¥ ¬®£ãâ ¢ë¡¨à âìáï ¯à®-
¨§¢®«ìë¬ ®¡à §®¬.

� x 2 ¡ã¤¥â ¤®ª §  

�¥®à¥¬  1.1. �à¨ f 2 CL([0; T ]; V �) ¨ ai 2 V , bj 2 L2(
;R
n�n
S ), i=1; : : : ; L, j=1; : : : ; L � 1,

ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨ï¬ á®£« á®¢ ¨ï (1.6), áãé¥áâ¢ã¥â ¥¤¨áâ¢¥®¥ á« ¡®¥ à¥è¥¨¥  -

ç «ì®-ªà ¥¢®© § ¤ ç¨ (0.1){ (0.3), (1.1){ (1.3).
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1.2. �â®à ï ¯®áâ ®¢ª . � ª ¢¨¤® ¨§ ¯à¥¤ë¤ãé¥£® ¯ãªâ , ¥ ã¦® § ¤ ¢ âì ®¤®¢à¥-
¬¥® ¨  ç «ìë¥ ãá«®¢¨ï (1.1), ¨  ç «ìë¥ ãá«®¢¨ï (1.2). �®¦® § ¤ âì â®«ìª® ç áâì íâ¨å
 ç «ìëå ãá«®¢¨©,   ¥¤®áâ îé¨¥  ©â¨ ¨§ ãá«®¢¨© á®£« á®¢ ¨ï (1.6). � ¨¬¥®, à áá¬®âà¨¬
¤«ï á¨áâ¥¬ë (0.1){(0.3)  ç «ì®-ªà ¥¢ãî § ¤ çã á  ç «ìë¬¨ ãá«®¢¨ï¬¨ (1.2) ¨

v jt=0 (x) = a0(x); x 2 
; (1.7)

¨ £à ¨çë¬ ãá«®¢¨¥¬ (1.3).
�à¥¤¯®«®¦¨¬, çâ® f 2 CL([0; T ]; V �), a0 2 V , bi 2 L2(
;R

n�n
S ), i = 0; : : : ; L� 1.

�¯à¥¤¥«¥¨¥ 1.2. �« ¡ë¬ à¥è¥¨¥¬  ç «ì®-ªà ¥¢®© § ¤ ç¨ (0.1){(0.3), (1.2), (1.7), (1.3)
 §ë¢ ¥âáï ¯ à  äãªæ¨©

v 2 CL+1([0; T ]; V ); � 2 CL([0; T ]; L2(
;Rn�nS ));

ã¤®¢«¥â¢®àïîé ï ¤«ï «î¡®£® ' 2 V ¨ ¢á¥å t 2 [0; T ] à ¢¥áâ¢ ¬ (1.4), (1.5) ¨  ç «ìë¬ ãá«®-
¢¨ï¬ (1.2), (1.7).

�â¬¥â¨¬, çâ® ¤«ï  ç «ìëå ãá«®¢¨©   á« ¡®¥ à¥è¥¨¥  ç «ì®-ªà ¥¢®© § ¤ ç¨ (0.1){
(0.3), (1.2), (1.7), (1.3) ¨¬¥¥â ¬¥áâ® á«¥¤ãîé ï á¨áâ¥¬  ãà ¢¥¨©:Z




@v

@t

����
t=0

'dx�

Z


(a0)i(a0)j

@'j

@xi
dx = �

Z


b0 : r'dx+ hf jt=0; 'i;

Z



@2v

@t2

����
t=0

'dx�

Z



��
@v

@t

����
t=0

�
i

(a0)j + (a0)i

�
@v

@t

����
t=0

�
j

�
@'j

@xi
dx = �

Z


b1 : r'dx+

D@f
@t

����
t=0

; '
E
;

: : : : : : : : : (1.8)Z



@Lv

@tL

����
t=0

'dx�

Z



L�2X
m=1

Cm
k

�
@mv

@tm

����
t=0

�
i

�
@k�mv

@tk�m

����
t=0

�
j

@'j

@xi
dx�

�

Z



��
@L�1v

@tL�1

����
t=0

�
i

(a0)j + (a0)i

�
@L�1v

@tL�1

����
t=0

�
j

�
@'j

@xi
dx = �

Z



bL�1 : r'dx+
D@L�1f
@tL�1

����
t=0

; '
E
:

� «®£¨ç® ¯à¥¤ë¤ãé¥¬ã ¯ãªâã, ¥á«¨ ¯ à  v; � ï¢«ï¥âáï á« ¡ë¬ à¥è¥¨¥¬  ç «ì®-ªà ¥¢®©
§ ¤ ç¨ (0.1){(0.3), (1.2), (1.7), (1.3), â® ®  ã¤®¢«¥â¢®àï¥â (1.8). �á«¨ à áá¬®âà¥âì (1.8) ª ª
á¨áâ¥¬ã ãà ¢¥¨© ®â®á¨â¥«ì® @kv

@tk

��
t=0

, k = 1; : : : ; L, â® ®  ¨¬¥¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥
ak 2 V , k = 1; : : : ; L, ª®â®à®¥ ¬®¦®  ©â¨ á«¥¤ãîé¨¬ ®¡à §®¬.

�§ ¯¥à¢®£® ãà ¢¥¨ï á¨áâ¥¬ë (1.8) ¢ëà §¨¬ @v

@t

��
t=0

¨ ®¡®§ ç¨¬ ¯®«ãç¥®¥ ¢ëà ¦¥¨¥
ç¥à¥§ a1. � ª ª ª v 2 CL+1([0; T ]; V ), ¨¬¥¥¬ a1 2 V . �¥¯¥àì ¯®¤áâ ¢¨¬ ã¦¥ ¨§¢¥áâ®¥ a1 ¢®
¢â®à®¥ ãà ¢¥¨¥ ¨ ¯®«ãç¨¬ @2v

@t2

��
t=0

. �¡®§ ç¨¬ ¥£® ç¥à¥§ a2. � ª ¨ à ¥¥, a2 2 V , ¯®áª®«ìªã
v 2 CL+1([0; T ]; V ). � â ª ¤ «¥¥.

� ª¨¬ ®¡à §®¬, ¢ ª ç¥áâ¢¥ à¥è¥¨ï á¨áâ¥¬ë (1.8) ¯®«ãç¨¬  ç «ìë¥ ãá«®¢¨ï   @kv

@tk
,

k = 1; : : : ; L. �® ¥áâì, ¥á«¨ ¯ à  v; � | à¥è¥¨¥, â® ®  ã¤®¢«¥â¢®àï¥â  ç «ìë¬ ãá«®¢¨ï¬

@kv

@tk

����
t=0

= ak 2 V; k = 1; : : : ; L: (1.9)

�¤ ª® áâ®¨â ®â¬¥â¨âì, çâ® ¥ ¯à¨ «î¡ëå f , a0 ¨ bi, i = 0; : : : ; L � 1, à¥è¥¨¥ á¨áâ¥¬ë (1.8)
¯à¨ ¤«¥¦¨â V . � ¯®áª®«ìªã (1.9) ï¢«ï¥âáï ¥®¡å®¤¨¬ë¬ ãá«®¢¨¥¬ áãé¥áâ¢®¢ ¨ï á« ¡®£®
à¥è¥¨ï  ç «ì®-ªà ¥¢®© § ¤ ç¨ (0.1){(0.3), (1.2), (1.7), (1.3), â®, á«¥¤®¢ â¥«ì®, ¤  ï § ¤ ç 
¨¬¥¥â à¥è¥¨¥ ¥ ¯à¨ ¢á¥å  ç «ìëå ãá«®¢¨ïå f , a0 ¨ bi, i = 0; : : : ; L� 1.

� x 2 ¡ã¤¥â ¤®ª §  

�¥®à¥¬  1.2. �à¨ ¯à ¢®© ç áâ¨ f 2 CL([0; T ]; V �) ¨  ç «ìëå ãá«®¢¨ïå a0 2 V , bi 2
L2(
;R

n�n
S ), i = 0; : : : ; L� 1, â ª¨å, çâ® à¥è¥¨¥ á¨áâ¥¬ë (1.8) ¯à¨ ¤«¥¦¨â V , áãé¥áâ¢ã¥â

¥¤¨áâ¢¥®¥ á« ¡®¥ à¥è¥¨¥  ç «ì®-ªà ¥¢®© § ¤ ç¨ (0.1){(0.3), (1.2), (1.7), (1.3).
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2. �®ª § â¥«ìáâ¢® â¥®à¥¬ 1.1, 1.2

�à¨¢¥¤¥¬ ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë 1.2. �¥®à¥¬  1.1 ¤®ª §ë¢ ¥âáï  ¡á®«îâ®   «®£¨ç®.

�¥à¢ë© íâ ¯. �ëà §¨¬ � ¨§ (1.5). � ¨¬¥®, ¯à¨¬¥¨¬ ¯à¥®¡à §®¢ ¨¥ � ¯« á  L ¯® ¯¥à¥-
¬¥®© t ª (1.5):

L

�
1 +

LX
i=1

�i
@i

@ti

�
�(x; t) = L

�
2� + 2

L+1X
i=1

{i
@i

@ti

�
E(x; t): (2.1)

�¢¥¤¥¬ ®¡®§ ç¥¨ï

L�(x; t) = b�(x; p) = Z 1

0

e�pt�(x; t)dt; LE(x; t) = bE(x; p) = Z 1

0

e�ptE(x; t)dt;

"i =
@iE

@ti
(x; 0) = E(ai); i = 0; : : : ; L;

�0 = 1; �1 =
{L

�L
�
{L+1�L�1

�2L
; �2 =

{L+1

�L
> 0;

C(p) =
L�1X
i=1

({i � �2�i�1 � �1�i)pi � �1 + �;

#(p) = 2"0

�
�2

L�1X
j=0

�jp
j �

LX
j=1

{jp
j�1

�
+

L�1X
i=0

bi

LX
j=i+1

�jp
j�i�1 � 2

LX
i=1

"i

L+1X
j=i+1

{jp
j�i�1:

�à¨ ¯®¬®é¨ á¢®©áâ¢ ¯à¥®¡à §®¢ ¨ï � ¯« á  (á¬.,  ¯à., [8]), ¯à®¨§¢¥¤ï í«¥¬¥â àë¥ ¯à¥-
®¡à §®¢ ¨ï, ¨§ (2.1)  ©¤¥¬

b�(x; p) = 2�2p bE(x; p)� 2�2"0 + 2�1 bE(x; p) + 2
C(p)
Q(p)

bE(x; p) + #(p)
Q(p)

: (2.2)

�à¨¬¥¨¢ ª ®¡¥¨¬ ç áâï¬ (2.2) ®¡à â®¥ ¯à¥®¡à §®¢ ¨¥ � ¯« á  L�1, ¯®«ãç¨¬

�(x; t) = 2�2
@E

@t
(x; t) + 2�1E(x; t) + 2

Z t

0

LX
i=1

C(�i)
Q0(�i)

e�i(t�s)E(x; s) ds+
LX
i=1

#(�i)
Q0(�i)

e�it;

£¤¥ �i (i = 1; : : : ; L) | ª®à¨ ¬®£®ç«¥ Q(p). �á¯®«ì§ãï ¤«ï ªà âª®áâ¨ ®¡®§ ç¥¨ï �i =
C(�i)
Q0(�i)

,

%i =
#(�i)
Q0(�i)

, ¨¬¥¥¬

�(x; t) = 2�2
@E

@t
(x; t) + 2�1E(x; t) + 2

Z t

0

�ie
�i(t�s)E(x; s) ds+ %i e

�it: (2.3)

�â®à®© íâ ¯. �  ¯¥à¢®¬ íâ ¯¥ ¡ë«® ¯®ª § ®, çâ® ¯ à  äãªæ¨© v 2 CL+1([0; T ]; V ),
� 2 CL([0; T ]; L2(
;R

n�n
S )), ï¢«ïîé ïáï à¥è¥¨¥¬  è¥© ¨áå®¤®© § ¤ ç¨, ¡ã¤¥â à¥è¥¨¥¬ § -

¤ ç¨ (1.4), (2.3), (1.7):Z



@v

@t
' dx�

Z



vivj
@'j

@xi
dx = �

Z



� : r'dx+ hf; 'i 8' 2 V; t 2 [0; T ];

�(x; t) = 2�2
@E

@t
(x; t) + 2�1E(x; t) + 2

Z t

0

�ie
�i(t�s)E(x; s) ds+ %i e

�it 8t 2 [0; T ]; (2.4)

v(0) = a0:

�®ª ¦¥¬, çâ® ¯®«ãç¥ ï § ¤ ç  (2.4) ¡ã¤¥â íª¢¨¢ «¥â  ¨áå®¤®©. �«ï íâ®£® ¤®áâ â®ç®
¯®ª § âì, çâ® à¥è¥¨¥ (2.4) ¡ã¤¥â ã¤®¢«¥â¢®àïâì  ç «ìë¬ ãá«®¢¨ï¬ (1.2), (1.9).

�¥¬¬  2.1. �á«¨ ¯ à  äãªæ¨© v 2 CL+1([0; T ]; V ), � 2 CL([0; T ]; L2(
;R
n�n
S )) ï¢«ï¥âáï

à¥è¥¨¥¬ (2.4), â® ®  ã¤®¢«¥â¢®àï¥â  ç «ìë¬ ãá«®¢¨ï¬ (1.2), (1.9).
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�®ª § â¥«ìáâ¢®. � ¬¥â¨¬, çâ® ¥á«¨ v 2 CL+1([0; T ]; V ), � 2 CL([0; T ]; L2(
;R
n�n
S )) | à¥è¥-

¨¥ (2.4), â® ¤«ï  ç «ìëå ãá«®¢¨©   v ¨ � ¨¬¥¥â ¬¥áâ® á«¥¤ãîé ï á¨áâ¥¬  ãà ¢¥¨©:Z



@v

@t

����
t=0

'dx�

Z



(a0)i(a0)j
@'j

@xi
dx = �

Z



�(0) : r'dx+ hf(0); 'i;

Z



@2v

@t2

����
t=0

'dx�

Z



��
@v

@t

����
t=0

�
i

(a0)j+(a0)i

�
@v

@t

����
t=0

�
j

�
@'j

@xi
dx=�

Z



@�

@t

����
t=0

: r'dx+
D@f
@t

����
t=0

; '
E
;

: : : : : : : : :Z



@Lv

@tL

����
t=0

'dx �

Z



L�2X
m=1

Cm
k

�
@mv

@tm

����
t=0

�
i

�
@k�mv

@tk�m

����
t=0

�
j

@'j

@xi
dx�

�

Z



��
@L�1v

@tL�1

����
t=0

�
i

(a0)j + (a0)i

�
@L�1v

@tL�1

����
t=0

�
j

�
@'j

@xi
dx =

= �

Z



@L�1�

@tL�1

����
t=0

: r'dx+
D@L�1f
@tL�1

����
t=0

; '
E
;

(2.5)

�(0) = 2�2
@E

@t

����
t=0

+ 2�1E(a0) +
LX
i=1

%i;

@�

@t

����
t=0

= 2�2
@2E

@t2

����
t=0

+ 2�1
@E

@t

����
t=0

+ 2
LX
i=1

�iE(a0) +
LX
i=1

�i%i;

: : : : : : : : :

@L�1�

@tL�1

����
t=0

= 2�2
@LE

@tL

����
t=0

+ 2�1
@L�1E

@tL�1

����
t=0

+ 2
LX
i=1

�i

L�2X
j=0

�L�2�ji

@jE

@tj

����
t=0

+
LX
i=1

�L�1i %i:

�®ª ¦¥¬, çâ® íâ  á¨áâ¥¬  ãà ¢¥¨© ¨¬¥¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥,   ¨¬¥®

ai; bj ; i = 0; : : : ; L; j = 0; : : : ; L� 1:

�à¥¤¯®«®¦¨¬ ¯à®â¨¢®¥. �ãáâì áãé¥áâ¢ãîâ ¤¢  à¥è¥¨ï:

@iv1

@ti

����
t=0

;
@j�1

@tj

����
t=0

; i = 1; : : : ; L; j = 0; : : : ; L� 1;

@iv2

@ti

����
t=0

;
@j�2

@tj

����
t=0

; i = 1; : : : ; L; j = 0; : : : ; L� 1:

�¢¥¤¥¬ á«¥¤ãîé¨¥ ®¡®§ ç¥¨ï:

!i =
@iv1

@ti

����
t=0

�
@iv2

@ti

����
t=0

; �j =
@j�1

@tj

����
t=0

�
@j�2

@tj

����
t=0

; i = 1; : : : ; L; j = 0; : : : ; L� 1:

�¥à¢ë© è £. �®ª ¦¥¬, çâ®

@v1

@t

����
t=0

=
@v2

@t

����
t=0

= a1; �1(0) = �2(0) = b0:

�«ï íâ®£® ¢ëçâ¥¬ ¨§ ¯¥à¢®£® ¨ (L + 1)-£® à ¢¥áâ¢ á¨áâ¥¬ë (2.5) ¤«ï ¯¥à¢®£® à¥è¥¨ï, ¯¥à¢®¥
¨ (L + 1)-¥ à ¢¥áâ¢  á¨áâ¥¬ë (2.5) ¤«ï ¢â®à®£® à¥è¥¨ï. �®£¤  ¤«ï !1 ¨ �0 ¨¬¥îâ ¬¥áâ® ¤¢ 
à ¢¥áâ¢ : Z




!1 'dx = �

Z



�0 : r'dx;

�0 = 2�2E(!1):
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�âáî¤  ¯®«ãç¨¬ Z



!1 'dx = ��2

Z



r!1 : r'dx: (2.6)

� íâ® à ¢¥áâ¢® ¨¬¥¥â ¬¥áâ® ¯à¨ ¢á¥å ' 2 V , ¢ ç áâ®áâ¨, ¨ ¯à¨ ' = !1. �âáî¤  k!1k
2
L2(
)n

+
k!1k

2
V = 0. � ª¨¬ ®¡à §®¬, ãà ¢¥¨¥ (2.6) ¨¬¥¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥ !1 � 0. � ®âáî-

¤  á«¥¤ã¥â, çâ® �0 = 2�2E(!1) = 2�2E(0) � 0. �® ¥áâì ¬ë ¤®ª § «¨, çâ® @v1
@t

��
t=0

= @v2
@t

��
t=0

,
�1(0) = �2(0). � á¨«ã â®£®, çâ® ã á¨áâ¥¬ë (2.5) áãé¥áâ¢ã¥â à¥è¥¨¥,   ¨¬¥®

ai; bj ; i = 0; : : : ; L; j = 0; : : : ; L� 1;

¯®«ãç¨¬ @v

@t

��
t=0

= a1, �(0) = b0.

�â®à®© è £. �®ª ¦¥¬, çâ®

@2v1

@t2

����
t=0

=
@2v2

@t2

���
t=0

= a2;
@�1

@t

����
t=0

=
@�2

@t

����
t=0

= b1:

�«ï íâ®£® ¢ëçâ¥¬ ¨§ ¢â®à®£® ¨ (L + 2)-£® à ¢¥áâ¢ á¨áâ¥¬ë (2.5) ¤«ï ¯¥à¢®£® à¥è¥¨ï, ¢â®à®¥
¨ (L + 2)-¥ à ¢¥áâ¢  á¨áâ¥¬ë (2.5) ¤«ï ¢â®à®£® à¥è¥¨ï. �®£¤  ¤«ï !2 ¨ �1 ¨¬¥¥¬

R



!2 'dx =

�
R



�1 : r'dx, �1 = 2�2E(!2). �âáî¤ 
R



!2 'dx = ��2
R



r!2 : r'dx.

� ª ã¦¥ ¡ë«® áª § ®   ¯¥à¢®¬ è £¥, íâ® à ¢¥áâ¢® ¨¬¥¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥ !2 � 0.
� ®âáî¤  ¯®«ãç ¥¬ �1 = 2�2E(!2) = 2�2E(0) � 0. � ª¨¬ ®¡à §®¬, ¯®ª § ®

@2v1

@t2

����
t=0

=
@2v2

@t2

����
t=0

;
@�1

@t

����
t=0

=
@�2

@t

����
t=0

:

� á¨«ã â®£®, çâ® ã á¨áâ¥¬ë (2.5) áãé¥áâ¢ã¥â à¥è¥¨¥

ai; bj ; i = 0; : : : ; L; j = 0; : : : ; L� 1;

¯®«ãç¨¬

@2v

@t2

����
t=0

= a2;
@�

@t

����
t=0

= b1:

� â ª ¤ «¥¥. �®¢â®àïï íâ®â ¯à®æ¥áá, ¯®á«¥ L-£® è £  ¯®«ãç¨¬

@iv

@ti

����
t=0

= ai;
@j�

@tj

����
t=0

= bj ; i = 1; : : : ; L; j = 0; : : : ; L� 1;

çâ® ¨ § ¢¥àè ¥â ¤®ª § â¥«ìáâ¢® ¤ ®© «¥¬¬ë.

� ª¨¬ ®¡à §®¬, ¯®ª § ®, çâ® ¨áå®¤ ï § ¤ ç  íª¢¨¢ «¥â  (2.4), ª®â®à ï ¢ á¢®î ®ç¥à¥¤ì
íª¢¨¢ «¥â  á«¥¤ãîé¥© á¨áâ¥¬¥ ãà ¢¥¨©:

Z



@v

@t
' dx�

Z



vivj
@'j

@xi
dx+ �2

Z



r
@v

@t
: r'dx+ �1

Z



rv : r'dx+

+
Z t

0

�ie
�i(t�s)

Z



rv(s) : r'dx ds = hf; 'i+
Z



%i e
�it'dx 8' 2 V; t 2 [0; T ];

�(x; t) = 2�2
@E

@t
(x; t) + 2�1E(x; t) + 2

Z t

0

�ie
�i(t�s)E(x; s) ds+ %i e

�it 8t 2 [0; T ];

v(0) = a0:

(2.7)
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� ¤ ç  Z



@v

@t
' dx �

Z


vivj

@'j

@xi
dx+ �2

Z


r
@v

@t
: r'dx+ �1

Z


rv : r'dx+

+
Z t

0

�ie
�i(t�s)

Z



rv(s) : r'dx ds = hf; 'i+
Z



%i e
�it'dx 8' 2 V; t 2 [0; T ];

v(0) = a0;

¨§ãç « áì ¢ [9]. � ¨¬¥®, ¡ë«® ¯®ª § ®, çâ® ®  ¨¬¥¥â ¥¤¨áâ¢¥®¥ á« ¡®¥ à¥è¥¨¥
v 2 CL+1([0; T ]; V ). �®£« á® ¥¬ã ¢ëç¨á«ï¥âáï � ¯® ä®à¬ã«¥

�(x; t) = 2�2
@E

@t
(x; t) + 2�1E(x; t) + 2

Z t

0
�ie

�i(t�s)E(x; s) ds+ %i e
�it:

�âáî¤  � 2 CL([0; T ]; L2(
;R
n�n
S )).

� ª ª ª ¯®«ãç¥ë¥ v 2 CL+1([0; T ]; V ), � 2 CL([0; T ]; L2(
;R
n�n
S )) | ¥¤¨áâ¢¥®¥ à¥è¥¨¥

(2.7),   á¨áâ¥¬ë (2.7) ¨ (2.4) íª¢¨¢ «¥âë, â® íâ¨ ¦¥ v ¨ �| ¥¤¨áâ¢¥®¥ à¥è¥¨¥ (2.4). � «¥¥,
¯®áª®«ìªã (2.4) íª¢¨¢ «¥â  ¨áå®¤®© § ¤ ç¥, â®  ç «ì®-ªà ¥¢ ï § ¤ ç  (0.1){(0.3), (1.2),
(1.7), (1.3) ¨¬¥¥â ¥¤¨áâ¢¥®¥ á« ¡®¥ à¥è¥¨¥ v 2 CL+1([0; T ]; V ), � 2 CL([0; T ]; L2(
;R

n�n
S )).

� ª¨¬ ®¡à §®¬ â¥®à¥¬  1.2 ¤®ª §  .

� ¬¥ç ¨¥. �¥®à¥¬  1.1 ¤®ª §ë¢ ¥âáï   «®£¨ç®,   ¨¬¥® ¯®ª §ë¢ ¥âáï, çâ® § ¤ ç  ®
á« ¡ëå à¥è¥¨ïå ¤«ï  ç «ì®-ªà ¥¢®© § ¤ ç¨ (0.1){(0.3), (1.2){(1.3) íª¢¨¢ «¥â  § ¤ ç¥ (2.7),
ª®â®à ï ¨¬¥¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥ v 2 CL+1([0; T ]; V ), � 2 CL([0; T ]; L2(
;R

n�n
S )).
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