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�¢¥¤¥­¨¥. �§¢¥áâ­® [1], [2], çâ® ¤¢¨¦¥­¨¥ ­¥á¦¨¬ ¥¬®© áà¥¤ë á ¯®áâ®ï­­®© ¯«®â­®áâìî
� = const ®¯à¥¤¥«ï¥âáï á¨áâ¥¬®© ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ¢ ä®à¬¥ �®è¨

�

�
@u

@t
+

nX
i=1

ui
@u

@xi

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

divu = 0; (t; x) 2 (0; T ) � 
; (0.2)

£¤¥ u| ¢¥ªâ®à áª®à®áâ¨ â®ç¥ª áà¥¤ë, p|äã­ªæ¨ï ¤ ¢«¥­¨ï, f | ¯®«¥ ¢­¥è­¨å á¨«, �| â¥­§®à
ª á â¥«ì­ëå ­ ¯àï¦¥­¨© (¢á¥ ®­¨ § ¢¨áïâ ®â â®çª¨ x ¯à®¨§¢®«ì­®© ®¡« áâ¨ 
 ¯à®áâà ­áâ¢ 
R
n , n = 2; 3, ¨ ¬®¬¥­â  ¢à¥¬¥­¨ t). �à ¤¨¥­â grad ¨ ¤¨¢¥à£¥­æ¨ï div ¡¥àãâáï ¯® ¯¥à¥¬¥­­®© x.

�¨¢¥à£¥­æ¨ï Div � ®â â¥­§®à  � | ¢¥ªâ®à á ª®®à¤¨­ â ¬¨ (Div �)j =
nP
i=1

@�ij

@xi
. �¥§ ®£à ­¨ç¥­¨ï

®¡é­®áâ¨ ¡ã¤¥¬ áç¨â âì ¢ ¤ «ì­¥©è¥¬ ¯«®â­®áâì � à ¢­®© ¥¤¨­¨æ¥.
�¨¯ à áá¬ âà¨¢ e¬®© áà¥¤ë ®¯à¥¤¥«ï¥âáï ¢ë¡®à®¬ á®®â­®è¥­¨ï ¬¥¦¤ã � ¨ â¥­§®à®¬ áª®-

à®áâ¥© ¤¥ä®à¬ æ¨¨ E(u), E(u) = (Eij(u)), Eij(u) = 1
2
( @ui
@xj

+ @uj

@xi
). � ª, ®¤¨­ ª« áá áà¥¤ á¢ï§ ­ á

¯®áâã« â®¬ �â®ªá  ® â®¬, çâ® â¥­§®à ­ ¯àï¦¥­¨ï ¢ â®çª¥ ¢ ¤ ­­ë© ¬®¬¥­â ¢à¥¬¥­¨ ¯®«­®áâìî
®¯à¥¤¥«ï¥âáï â¥­§®à®¬ áª®à®áâ¥© ¤¥ä®à¬ æ¨¨ ¢ íâ®© ¦¥ â®çª¥ ¢ íâ®â ¬®¬¥­â ¢à¥¬¥­¨. �â®â
¯®¤å®¤ ¯à¨¢®¤¨â ª ª®­æ¥¯æ¨ï¬ «¨­¥©­®- ¨ ­¥«¨­¥©­®-¢ï§ª®© ¦¨¤ª®áâ¨ [2].

�¤­ ª® íâ¨ ª®­æ¥¯æ¨¨ ­¥ ï¢«ïîâáï ã¤®¢«¥â¢®à¨â¥«ì­ë¬¨ ¤«ï ¢á¥å ­¥á¦¨¬ ¥¬ëå áà¥¤. �
ç áâ­®áâ¨, ®­¨ ­¥ ¯®¤å®¤¨â ¤«ï áà¥¤ \á ¯ ¬ïâìî": ¡¥â®­®¢, à §­®®¡à §­ëå ¯®«¨¬¥à®¢, §¥¬­®©
ª®àë ¨ ¤à. �¤¨­ ¨§ á¯®á®¡®¢ ãç¥áâì íää¥ªâë ¯ ¬ïâ¨ | ¢¢¥áâ¨ ¢ ®¯à¥¤¥«ïîé¥¥ á®®â­®è¥­¨¥
¯à®¨§¢®¤­ë¥ ¯® ¢à¥¬¥­¨. �  íâ®¬ ¯ãâ¨ ¢®§­¨ª«¨ ¬®¤¥«¨ � ªá¢¥«« , �¦¥ääà¨á , �«¤à®©â  ¨
æ¥«ë© àï¤ ¤àã£¨å ¬®¤¥«¥© [3]{[5].

� ¤ ­­®© áâ âì¥ ¨áá«¥¤ã¥âáï à §à¥è¨¬®áâì ¢ á« ¡®¬ á¬ëá«¥ ªà ¥¢®© § ¤ ç¨, ®¯¨áë¢ îé¥©
áâ æ¨®­ à­ë¥ (­¥ § ¢¨áïé¨¥ ®â ¢à¥¬¥­¨) â¥ç¥­¨ï ¢ ¬®¤¥«¨ �¦¥ääà¨á  [4] ¤¢¨¦¥­¨ï ¢ï§ª®-
ã¯àã£®© áà¥¤ë ¢ ¯à®¨§¢®«ì­®© ®¡« áâ¨ 
 � R

n , n = 2; 3, ¢®§¬®¦­® ¨ ­¥®£à ­¨ç¥­­®©. �®®â¢¥â-
áâ¢ãîé¥¥ ®¯à¥¤¥«ïîé¥¥ á®®â­®è¥­¨¥ ¨¬¥¥â ¢¨¤

� + �1
d
dt
� = 2�

�
E + �2

d
dt
E

�
: (0.3)

�¤¥áì � | ¢ï§ª®áâì áà¥¤ë, �1 | ¢à¥¬ï à¥« ªá æ¨¨, �2 | ¢à¥¬ï § ¯ §¤ë¢ ­¨ï, 0 < �2 < �1.
�á­®¢­®© à¥§ã«ìâ â ¤ ­­®© à ¡®âë| â¥®à¥¬  áãé¥áâ¢®¢ ­¨ï á« ¡ëå áâ æ¨®­ à­ëå à¥è¥­¨©

ªà ¥¢®© § ¤ ç¨ ¤«ï á¨áâ¥¬ë (0.1){(0.3) ¢ ¯à®¨§¢®«ì­®© ®¡« áâ¨ 
 � R
n , n = 2; 3.

�â¬¥â¨¬, çâ® ¢ àï¤¥ à ¡®â (­ ¯à., [6]{[8]) ­ ç «ì­®-ªà ¥¢ ï § ¤ ç  ¨§ãç « áì ¯à¨ ãá«®¢¨¨

§ ¬¥­ë ¯®«­®© ¯à®¨§¢®¤­®© d
dt

= @

@t
+

nP
i=1

ui
@

@xi
­  ç áâ­ãî ¯à®¨§¢®¤­ãî @

@t
, çâ® áãé¥áâ¢¥­­®

áã¦ ¥â ª« áá áà¥¤, ã¤®¢«¥â¢®àïîé¨å íâ®© ¬®¤¥«¨ (á¬. ¯® íâ®¬ã ¯®¢®¤ã [3]). � [9] à áá¬ âà¨-
¢ «®áì á®®â­®è¥­¨¥ �¦¥ääà¨á  (0.3) ¡¥§ â ª®© «¨­¥ à¨§ æ¨¨, ­® ¯à¨ ¢ëà ¦¥­¨¨ â¥­§®à  ­ -
¯àï¦¥­¨© ç¥à¥§ â¥­§®à áª®à®áâ¥© ¤¥ä®à¬ æ¨¨ ¨á¯®«ì§®¢ « áì à¥£ã«ïà¨§ æ¨ï ¯®«ï áª®à®áâ¥© á
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¯®¬®éìî ãáà¥¤­¥­¨ï ¯® ¯à®áâà ­áâ¢¥­­®© ¯¥à¥¬¥­­®©. �â«¨ç¨¥ íâ®© à ¡®âë á®áâ®¨â ¢ â®¬, çâ®
§¤¥áì â ª®© à¥£ã«ïà¨§ æ¨¨ ­¥ ¤¥« ¥âáï. �â¬¥â¨¬ â ª¦¥, çâ® ¯à¨ ¬ «ëå ¢­¥è­¨å á¨« å ¥áâì
â¥®à¥¬ë áãé¥áâ¢®¢ ­¨ï á¨«ì­®£® áâ æ¨®­ à­®£® à¥è¥­¨ï ¤«ï è¨à®ª®£® ª« áá  ¬®¤¥«¥© â¨¯ 
�¦¥ääà¨á  ¨ � ªá¢¥««  ([10], á¬. â ª¦¥ [5]).

1. �®áâ ­®¢ª  § ¤ ç¨. �ãáâì 
 | ®¡« áâì ¢ ¯à®áâà ­áâ¢¥ Rn , n = 2; 3, ¢®§¬®¦­® ­¥®£à -
­¨ç¥­­ ï.

� áá¬®âà¨¬ ªà ¥¢ãî § ¤ çã, ®¯¨áë¢ îéãî áâ æ¨®­ à­®¥ ¤¢¨¦¥­¨¥ ­¥á¦¨¬ ¥¬®© ¢ï§ª®-
ã¯àã£®© áà¥¤ë, á®®â¢¥âáâ¢ãîé¥© ¬®¤¥«¨ �¦¥ääà¨á 

nX
i=1

ui
@u

@xi
+ grad p = Div � + f; (1.1)

� + �1

nX
i=1

ui
@�

@xi
= 2�

�
E + �2

nX
i=1

ui
@E

@xi

�
; (1.2)

divu = 0; (1.3)

u
��
@


= 0: (1.4)

�¡®§­ ç¨¬ ç¥à¥§ Rn�n ¯à®áâà ­áâ¢® ¬ âà¨æ ¯®àï¤ª  n�n á® áª «ïà­ë¬ ¯à®¨§¢¥¤¥­¨¥¬ ¤«ï
A = (Aij), B = (Bij)

(A;B)Rn�n =
nX

i;j=1

AijBij ;

ç¥à¥§ Rn�n
S | ¥£® ¯®¤¯à®áâà ­áâ¢® á¨¬¬¥âà¨ç­ëå ¬ âà¨æ, ç¥à¥§ Rn�n�n | ¯à®áâà ­áâ¢® ã¯®àï-

¤®ç¥­­ëå ­ ¡®à®¢ ¨§ n ¬ âà¨æ ¯®àï¤ª  n�n á® áª «ïà­ë¬ ¯à®¨§¢¥¤¥­¨¥¬ ¤«ï A = (A1; : : : ; An),
B = (B1; : : : ; Bn)

(A;B)Rn�n�n =
nX
i=1

(Ai; Bi)Rn�n:

�¨¬¢®«®¬ rv ®¡®§­ ç¨¬ ¬ âà¨æã �ª®¡¨ ®â ¢¥ªâ®à-äã­ªæ¨¨ v : 
 ! R
n , á¨¬¢®«®¬ er� | ã¯®-

àï¤®ç¥­­ë© ­ ¡®à ¬ âà¨æ �ª®¡¨ áâ®«¡æ®¢ ¬ âà¨æë-äã­ªæ¨¨ � : 
! R
n�n .

�ãáâì E | ®¤­® ¨§ ¯à®áâà ­áâ¢ Rn , Rn�n , Rn�n
S , Rn�n�n . �á¯®«ì§ã¥¬ áâ ­¤ àâ­ë¥ ®¡®§­ ç¥-

­¨ï Lp(
; E), Hm(
; E) =Wm
2 (
; E), H

m
0 (
; E) =

�

Wm
2 (
; E) ¤«ï ¯à®áâà ­áâ¢ �¥¡¥£  ¨ �®¡®«¥¢ 

¤«ï äã­ªæ¨© á® §­ ç¥­¨ï¬¨ ¢ E. �­®£¤  ¤«ï ªà âª®áâ¨ ¡ã¤¥¬ ¯¨á âì ¯à®áâ® Lp ¢¬¥áâ® Lp(
; E)
¨ â. ¯. �ª «ïà­®¥ ¯à®¨§¢¥¤¥­¨¥ ¨ ­®à¬ã ¢ L2 ®¡®§­ ç¨¬ á®®â¢¥âáâ¢¥­­® (�; �) ¨ k � k. �¡®§­ -
ç¨¬ â ª¦¥ ç¥à¥§ C10 (
; E) ¯à®áâà ­áâ¢® £« ¤ª¨å äã­ªæ¨© á ª®¬¯ ªâ­ë¬ ­®á¨â¥«¥¬ ¢ 
 ¨ á®
§­ ç¥­¨ï¬¨ ¢ E.

�ãáâì V = V(
) = fu 2 C10 (
;R
n), divu = 0g.

�«ï ªà âª®áâ¨ ®¡®§­ ç¨¬ á¨¬¢®«®¬ C10 ¯à®áâà ­áâ¢® C10 (
;R
n�n
S ),   á¨¬¢®«®¬ Y = Y (
)

| ¯®¯®«­¥­¨¥ V ¯® ­®à¬¥, á®®â¢¥âáâ¢ãîé¥© áª «ïà­®¬ã ¯à®¨§¢¥¤¥­¨î (u; v)Y = (ru;rv),  
á®¯àï¦¥­­®¥ ¥¬ã ¯à®áâà ­áâ¢® | ç¥à¥§ Y �. �¥©áâ¢¨¥ äã­ªæ¨®­ «  ¨§ Y � ­  í«¥¬¥­â ¨§ Y

¡ã¤¥¬ ®¡®§­ ç âì áª®¡ª ¬¨ h�; �i.
�ãáâì f 2 Y �.

�¯à¥¤¥«¥­¨¥. �« ¡ë¬ à¥è¥­¨¥¬ § ¤ ç¨ (1.1){(1.4) ­ §ë¢ ¥âáï ¯ à  äã­ªæ¨© u 2 Y , � 2
L2(
;R

n�n
S ); ã¤®¢«¥â¢®àïîé ï â®¦¤¥áâ¢ ¬

(�;r') �
nX
i=1

�
uiu;

@'

@xi

�
= hf; 'i; (1.5)

(�;�)� �1

nX
i=1

�
ui�;

@�
@xi

�
= �2�(u;Div �)� 2��2

nX
i=1

�
uiE(u);

@�
@xi

�
(1.6)

¤«ï ¢á¥å ' 2 V ¨ � 2 C10 .
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� ¬¥ç ­¨¥. �á«¨ (u; �; p) | ª« áá¨ç¥áª®¥ à¥è¥­¨¥ § ¤ ç¨ (1.1){(1.4), â®, ã¬­®¦¨¢ áª «ïà­®
¢ L2 à ¢¥­áâ¢  (1.1) ¨ (1.2) á®®â¢¥âáâ¢¥­­® ­  ' 2 V ¨ � 2 C10 ¨ ¯à®¨­â¥£à¨à®¢ ¢ íâ¨ à ¢¥­áâ¢ 
¯® ç áâï¬, ¯®«ãç¨¬ â®¦¤¥áâ¢  (1.5) ¨ (1.6).

2. �á¯®¬®£ â¥«ì­ ï § ¤ ç  ¨ ®á­®¢­®© à¥§ã«ìâ â. �¢¥¤¥¬ ®¡®§­ ç¥­¨ï �1 = � �2
�1
, �2 =

���1
�1

, � = � � 2�1E . �®£¤  (1.6) ¨ (1.5) ¯¥à¥¯¨èãâáï ¢ ¢¨¤¥

1
�1
(�;�)�

nX
i=1

�
ui�;

@�
@xi

�
+ 2�2(u;Div�) = 0; (2.1)

�
nX
i=1

�
uiu;

@'

@xi

�
+ �1(ru;r') + (�;r') = hf; 'i: (2.2)

� áá¬®âà¨¬ á«¥¤ãîéãî ¢á¯®¬®£ â¥«ì­ãî § ¤ çã:

1
�1
(�;�)� �

nX
i=1

�
ui�;

@�
@xi

�
+ 2�2�(u;Div �) + "( er�; er�) = 0; (2.3)

��
nX
i=1

�
uiu;

@'

@xi

�
+ �1(ru;r') + �(�;r') = �hf; 'i (2.4)

¤«ï ¢á¥å ' 2 Y , � 2 H1
0 (§¤¥áì " > 0 ¨ 0 � � � 1 | ¯ à ¬¥âàë).

�¥¬¬ . �ãáâì ®¡« áâì 
 ®£à ­¨ç¥­  ¨ ¯ à  (u 2 Y , � 2 H1
0 (
;R

n�n
S )) ï¢«ï¥âáï à¥è¥­¨¥¬

(2:3), (2:4). �®£¤  ¨¬¥¥â ¬¥áâ® á«¥¤ãîé ï  ¯à¨®à­ ï ®æ¥­ª :

�1kuk
2
Y +

1
2�1�2

k�k2 +
"

2�2
k�k2Y �

1
�1
kfk2Y � : (2.5)

�®ª § â¥«ìáâ¢®. �­â¥£à¨à®¢ ­¨¥¬ ¯® ç áâï¬ «¥£ª® ¯®«ãç îâáï â®¦¤¥áâ¢ 

nX
i=1

�
uiu;

@u

@xi

�
= 0; (2.6)

nX
i=1

�
ui�;

@�

@xi

�
= 0; (2.7)

(�;ru) + (u;Div �) = 0: (2.8)

�®«®¦¨¬ ¢ (2.4) ' = u,   ¢ (2.3) � = �

2�2
. C«®¦¨¬ ¯®«ãç¥­­ë¥ à ¢¥­áâ¢ . � ãç¥â®¬ (2.6){(2.8)

¯®«ãç¨¬

�1(ru;ru) +
1

2�1�2
(�; �) +

"

2�2
( er�; er�) = �hf; ui: (2.9)

�âáî¤  á«¥¤ã¥â

�1kuk
2
Y � kfkY �kukY ;

kukY �
1
�1
kfkY � ; (2.10)

  (2.9) ¨ (2.10) ¢«¥ªãâ (2.5).

�¥®à¥¬  1. �ãáâì 
 ®£à ­¨ç¥­  ¨ f 2 Y �: �®£¤  áãé¥áâ¢ã¥â à¥è¥­¨¥ (u 2 Y , � 2
H1

0 (
;R
n�n
S )) § ¤ ç¨ (2:3), (2:4).
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�®ª § â¥«ìáâ¢®. �¢¥¤¥¬ ¢á¯®¬®£ â¥«ì­ë¥ ®¯¥à â®àë ¯® á«¥¤ãîé¨¬ ä®à¬ã« ¬ (¢ íâ¨å
ä®à¬ã« å ' ¨ � áãâì ¯à®¨§¢®«ì­ë¥ í«¥¬¥­âë á®®â¢¥âáâ¢¥­­® Y ¨ H1

0 (
;R
n�n
S )):

K : Y ! Y �; hK(u); 'i = �
nX
i=1

�
uiu;

@'

@xi

�
; A : Y ! Y �; hA(u); 'i = �1(ru;r');

A" : H
1
0 ! H�1; hA"(�);�i = "( er�; er�) + 1

�1
(�;�);

eA : Y �H1
0 ! Y � �H�1 : eA(u; �) = (A(u); A"(�));

N1 : H
1
0 ! Y �; hN1(�); 'i = (�;r');

N2 : Y ! H�1; hN2(u);�i = 2�2(u;Div�);

fK : Y �H1
0 ! H�1; hfK(u; �);�i = �

nX
i=1

�
ui�;

@�
@xi

�
;

Q : Y �H1
0 ! Y � �H�1; Q(u; �) = (K(u) +N1(�)� f;fK(u; �) +N2(u)):

�®£¤  á¨áâ¥¬  (2.3), (2.4) íª¢¨¢ «¥­â­  ®¯¥à â®à­®¬ã ãà ¢­¥­¨î

eA(u; �) + �Q(u; �) = 0: (2.11)

� ¬¥â¨¬, çâ® «¨­¥©­ë© ®¯¥à â®à N1 ®£à ­¨ç¥­ ª ª ®â®¡à ¦¥­¨¥ ¨§ L2 ¢ Y �. � ª ª ª H1
0

¢«®¦¥­® ¢ L2 ¢¯®«­¥ ­¥¯à¥àë¢­® (­ ¯à., [11], £«. II, â¥®à¥¬  1.1), â® ®¯¥à â®à N1 ¢¯®«­¥ ­¥¯à¥-
àë¢¥­ (ª ª ®â®¡à ¦¥­¨¥ ¨§ H1

0 ¢ Y
�). �­ «®£¨ç­®, â. ª. Y ¢«®¦¥­® ¢ L2 ¢¯®«­¥ ­¥¯à¥àë¢­® (¯®

â®© ¦¥ â¥®à¥¬¥ ¢«®¦¥­¨ï), â® ®¯¥à â®à N2 ¢¯®«­¥ ­¥¯à¥àë¢¥­.
�§ ­¥à ¢¥­áâ¢  ��¥«ì¤¥à  ¯®«ãç ¥¬, çâ® ®¯¥à â®à K ­¥¯à¥àë¢¥­ ª ª ®â®¡à ¦¥­¨¥ ¨§ L4 ¢ Y �.

�®áª®«ìªã Y ¢«®¦¥­® ¢ L4 ¢¯®«­¥ ­¥¯à¥àë¢­® (¯® â®© ¦¥ â¥®à¥¬¥ ¢«®¦¥­¨ï ¨§ [11]), â® ®¯¥à â®à
K ¢¯®«­¥ ­¥¯à¥àë¢¥­ (ª ª ®â®¡à ¦¥­¨¥ ¨§ Y ¢ Y �). �­ «®£¨ç­®, ®¯¥à â®à fK ­¥¯à¥àë¢¥­ ª ª
®â®¡à ¦¥­¨¥ ¨§ L4 � L4 ¢ H�1 ¨ ¢¯®«­¥ ­¥¯à¥àë¢¥­ ª ª ®â®¡à ¦¥­¨¥ Y �H1

0 ! H�1.
� ª¨¬ ®¡à §®¬, ®¯¥à â®à Q ¢¯®«­¥ ­¥¯à¥àë¢¥­.
�§ ¯à®¥ªæ¨®­­®© â¥®à¥¬ë ([11], £«. I, â¥®à¥¬  2.2) á«¥¤ã¥â, çâ® ®¯¥à â®à eA ®¡à â¨¬. �¥à¥¯¨-

è¥¬ ãà ¢­¥­¨¥ (2.11) ¢ ¢¨¤¥

(u; �)� � eA�1Q(u; �) = 0: (2.12)

�§-§   ¯à¨®à­®© ®æ¥­ª¨ (2.5) ãà ¢­¥­¨¥ (2.12) ­¥ ¨¬¥¥â à¥è¥­¨© ­  £à ­¨æ¥ ¤®áâ â®ç­®
¡®«ìè®£® è à  B ¢ Y �H1

0 ; ­¥ § ¢¨áïé¥£® ®â �. �®£¤  ®¯à¥¤¥«¥­  degLS(I�� eAQ;B; 0) | áâ¥¯¥­ì
�¥à¥{� ã¤¥à  ®â®¡à ¦¥­¨ï I � � eAQ ­  è à¥ B ®â­®á¨â¥«ì­® â®çª¨ 0, £¤¥ I | â®¦¤¥áâ¢¥­­ë©
®¯¥à â®à. �® á¢®©áâ¢ã £®¬®â®¯¨ç¥áª®© ¨­¢ à¨ ­â­®áâ¨ áâ¥¯¥­¨

degLS(I � � eAQ;B; 0) = degLS(I;B; 0) = 1:

�«¥¤®¢ â¥«ì­®, ãà ¢­¥­¨¥ (2.12),   §­ ç¨â, ¨ á¨áâ¥¬  (2.3), (2.4) ¨¬¥¥â à¥è¥­¨¥ ¢ B ¯à¨
ª ¦¤®¬ � 2 [0; 1].

�á­®¢­ë¬ à¥§ã«ìâ â®¬ ¤ ­­®© à ¡®âë ï¢«ï¥âáï

�¥®à¥¬  2. �ãáâì f 2 Y �: �®£¤  áãé¥áâ¢ã¥â á« ¡®¥ à¥è¥­¨¥ § ¤ ç¨ (1:1){(1:4).

�®ª § â¥«ìáâ¢®. �¡®§­ ç¨¬ ç¥à¥§ 
m ¯¥à¥á¥ç¥­¨¥ 
 á è à®¬ Bm á æ¥­âà®¬ ¢ ­ã«¥ à ¤¨ãá 
m, m = 1; 2; : : : , ¢ ¯à®áâà ­áâ¢¥ Rn . �«¥¤ãï ([12], á. 117), ¬®¦­® à áá¬®âà¥âì áã¦¥­¨¥ f ­  
m:
f j
m 2 Y �(
m), ª®â®à®¥ § ¤ ¥âáï ä®à¬ã«®© hf j
m ; 'i = hf; e'i, £¤¥ ' | ¯à®¨§¢®«ì­ ï äã­ªæ¨ï
¨§ Y (
m),   e' | ¥¥ ¯à®¤®«¦¥­¨¥ ­ã«¥¬ ­  ¢á¥ 
. �ç¥¢¨¤­®, kf j
mkY �(
m) � kfkY �(
).

�  ª ¦¤®© ®¡« áâ¨ 
m à áá¬®âà¨¬ § ¤ çã (2.3), (2.4) á § ¬¥­®© f ­  f j
m , " =
1
m
, �=1. �®

â¥®à¥¬¥ 1 íâ¨ § ¤ ç¨ ¨¬¥îâ å®âï ¡ë ®¤­® à¥è¥­¨¥ (um; �m). �¡®§­ ç¨¬ ç¥à¥§ (eum; e�m) ¯à®¤®«-
¦¥­¨¥ (um; �m) ­ã«¥¬ ­  ¢á¥ 
: �® «¥¬¬¥ ­®à¬ë keumkY (
) = kumkY (
m) ¨ ke�mkL2(
) = k�mkL2(
m)
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à ¢­®¬¥à­® ®£à ­¨ç¥­ë. �®íâ®¬ã ¯à¨ m ! 1 ¡¥§ ®£à ­¨ç¥­¨ï ®¡é­®áâ¨ ¬®¦­® áç¨â âì, çâ®eum ! eu0 á« ¡® ¢ Y , e�m ! e�0 á« ¡® ¢ L2: �®ª ¦¥¬, çâ® (eu0, e�0) ¥áâì à¥è¥­¨¥ § ¤ ç¨ (2.1), (2.2).
�®§ì¬¥¬ ¯à®¨§¢®«ì­ë¥ ' 2 V, � 2 C10 . �à¨ ­¥ª®â®à®¬ k ­®á¨â¥«¨ ' ¨ � «¥¦ â ¢ 
k.

�¡®§­ ç¨¬ ç¥à¥§ u�m ¯à®¤®«¦¥­¨¥ eum ­ã«¥¬ §  ¯à¥¤¥«ë 
, áã¦¥­­®¥ ­  Bk: �á­®, çâ® u�m ! u�0
á« ¡® ¢ W 1

2 (Bk) ¨, §­ ç¨â, á¨«ì­® ¢ L4(Bk).
�®íâ®¬ã ¢á¥ á« £ ¥¬ë¥ (2.3), (2.4) á " = 1

m
, � = 1, u = um, � = �m áå®¤ïâáï ª á®®â¢¥âáâ¢ãîé¨¬

á« £ ¥¬ë¬ (2.1), (2.2), ¯à¨ç¥¬

j"( er�m; er�)j =
���� 1m(e�m;��)

���� � 1
m
ke�mk k��k ! 0;

£¤¥ � | ®¯¥à â®à � ¯« á .
�â ª, ¯ à  (eu0, e�0) ã¤®¢«¥â¢®àï¥â â®¦¤¥áâ¢ ¬ (2.1), (2.2) ¯à¨ ¢á¥å ' 2 V, � 2 C10 . �¡®§­ ç¨¬e�0 = e�0 + 2�1E(eu0). �á­®, çâ® e�0 2 L2. �®£¤  (eu0; e�0) ï¢«ï¥âáï à¥è¥­¨¥¬ § ¤ ç¨ (1.5), (1.6), ¨«¨

á« ¡ë¬ à¥è¥­¨¥¬ § ¤ ç¨ (1.1){(1.4).
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