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� ¤ ®© áâ âì¥ ¤®ª §ë¢ ¥âáï áãé¥áâ¢®¢ ¨¥ ®¡®¡é¥®£® à¥è¥¨ï § ¤ ç¨ ª®â ªâ  ¯®«®£®©
¥«¨¥©®© ®¡®«®çª¨ á ¦¥áâª¨¬ ¯à¥¯ïâáâ¢¨¥¬ ¯à¨ ¥ª®â®àëå ®£à ¨ç¥¨ïå   â £¥æ¨ «ìë¥
 £àã§ª¨. �à¥¤« £ ¥âáï ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì ¯à¥¯ïâáâ¢¨ï. �¥è¥¨¥ § ¤ ç¨ ¤®áâ ¢«ï¥â ¬¨-
¨¬ã¬ äãªæ¨® «ã ¯®«®© í¥à£¨¨ ®¡®«®çª¨   ¬®¦¥áâ¢¥ ¤®¯ãáâ¨¬ëå ¯¥à¥¬¥é¥¨©. � ¤ ç 
á¢®¤¨âáï ª à¥è¥¨î ¢ à¨ æ¨®®£® ¥à ¢¥áâ¢  ¢ í¥à£¥â¨ç¥áª®¬ ¯à®áâà áâ¢¥. � à¨ æ¨®-
ë¬ ¥à ¢¥áâ¢ ¬ ¢ â¥®à¨¨ ®¡®«®ç¥ª ¯®á¢ïé¥ë à ¡®âë [1], [2]. � ¢®¢¥á¨¥ ¯®«®£®© ¥«¨¥©®©
®¡®«®çª¨ ¡¥§ ¯à¥¯ïâáâ¢¨ï à áá¬®âà¥® ¢ [3]{[5].

1. �®áâ ®¢ª  § ¤ ç¨. � áá¬ âà¨¢ ¥âáï § ¤ ç  ® à ¢®¢¥á¨¨ ¯®«®£®© ®¡®«®çª¨ ¯à¨ ®¡-
é¨å ãá«®¢¨ïå § ªà¥¯«¥¨ï ªà ï, ¯®¤¢¥à¦¥®© ¢¥è¨¬ à á¯à¥¤¥«¥ë¬  £àã§ª ¬ F1, F2, F3.
�¥à¥¬¥é¥¨ï ®¡®«®çª¨ ®£à ¨ç¥ë ¦¥áâª¨¬ ¯à¥¯ïâáâ¢¨¥¬. �«ï ¬ â¥¬ â¨ç¥áª®© ¯®áâ ®¢ª¨
§ ¤ ç¨ ¨á¯®«ì§ã¥âáï ¢ à¨ â ¥«¨¥©®© â¥®à¨¨ ¨§®âà®¯ëå ®¤®à®¤ëå ¯®«®£¨å ®¡®«®ç¥ª ¯®-
áâ®ï®© â®«é¨ë 2h, ¢ ª®â®à®¬ £¥®¬¥âà¨ï áà¥¤¨®© ¯®¢¥àå®áâ¨ ®¡®«®çª¨ ¯à¨¡«¨¦ ¥âáï ª
¯«®áª®© ([6], á. 298). �à¥¤¨ ï ¯®¢¥àå®áâì ¢ ¯« ¥ § ¨¬ ¥â ª®¬¯ ªâ®¥ ¬®¦¥áâ¢® 
, ª®â®à®¥
¨¬¥¥â ªãá®ç®-£« ¤ªãî £à ¨æã � â ªãî, çâ® ¢ á®®â¢¥âáâ¢ãîé¨å äãªæ¨® «ìëå ¯à®áâà -
áâ¢ å á¯à ¢¥¤«¨¢ë â¥®à¥¬ë ¢«®¦¥¨ï �®¡®«¥¢  ([7], á. 93).

�à ¢¥¨ï à ¢®¢¥á¨ï ®¡®«®çª¨ ¢ ¯¥à¥¬¥é¥¨ïå ¯®«ãç îâáï ¨§ ¯à¨æ¨¯  ¢¨àâã «ìëå à -
¡®â. �å ¢¨¤ ®¯à¥¤¥«ï¥âáï ¢ëà ¦¥¨ï¬¨ ¤«ï ãá¨«¨© ¨ ¤¥ä®à¬ æ¨© áà¥¤¨®© ¯®¢¥àå®áâ¨ ®¡®-
«®çª¨

T1 = B("1 + �"2); T2 = B("2 + �"1); T12 =
1
2
B(1� �)"12;

M1 = D({1 + �{2); M2 = D({2 + �{1); M12 = D(1� �)�;

"1 = ux + k1w +
1
2
w2
x; "2 = vy + k2w +

1
2
w2
y; "12 = uy + vx + wxwy;

{1 = �wxx; {2 = �wyy; � = �wxy:

�¤¥áì u, v | â £¥æ¨ «ìë¥,   w | ®à¬ «ì ï ª®¬¯®¥âë ¢¥ªâ®à  ¯¥à¥¬¥é¥¨© u â®-
ç¥ª áà¥¤¨®© ¯®¢¥àå®áâ¨ ®¡®«®çª¨, k1, k2 | £« ¢ë¥ ªà¨¢¨§ë, B = 2Eh(1 � �2)�1, D =
2
3
Eh3(1� �2)�1 | ¦¥áâª®áâ¨   à áâï¦¥¨¥ ¨ ¨§£¨¡, E, � | ã¯àã£¨¥ ¯®áâ®ïë¥.
�¨¦¥ ä®à¬ã«¨àãîâáï ¬¨¨¬ «ì® ¤®¯ãáâ¨¬ë¥ ãá«®¢¨ï § ªà¥¯«¥¨ï ®¡®«®çª¨, ¯à¨ ¢ë¯®«-

¥¨¨ ª®â®àëå ¤®ª §   â¥®à¥¬  áãé¥áâ¢®¢ ¨ï. �®¯ãáª îâáï ¤®¯®«¨â¥«ìë¥ ®¤®à®¤ë¥ «¨-
¥©ë¥ ãá«®¢¨ï § ªà¥¯«¥¨ï ®¡®«®çª¨, çâ®   å®¤ ¤®ª § â¥«ìáâ¢ ¨ ä®à¬ã«¨à®¢ªã à¥§ã«ìâ â®¢
¥ ¢«¨ï¥â. �â ª, ¢ ®à¬ «ì®¬  ¯à ¢«¥¨¨ ®¡®«®çª  ¨¬¥¥â § ªà¥¯«¥¨ï

w(xi; yi) = 0; i = 1; 2; 3; wj�1 = 0; (1)

£¤¥ â®çª¨ (xi; yi) 2 
 ¥ «¥¦ â   ®¤®© ¯àï¬®©,   ç áâì £à ¨æë �1 ¬®¦¥â ¡ëâì ã«¥¢®©.
�®¤¬®¦¥áâ¢® äãªæ¨© ¨§ C(4)(
), ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î (1), ®¡®§ ç ¥âáï C

(4)
1 .

�  ç áâ¨ £à ¨æë �2 ¢ë¯®«¥ë á®®â®è¥¨ï

u; vj�2 = 0: (2)
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�®¦¥áâ¢® ¢¥ªâ®à-äãªæ¨© eu(u; v), ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î (2), á ª®¬¯®¥â ¬¨ ¨§ C(2)(
)
®¡®§ ç ¥âáï C

(2)
1 . �«ï eu 2 C

(2)
1 ¢ë¯®«ï¥âáï ¥à ¢¥áâ¢® �®à  ¤«ï ¯«®áª®© § ¤ ç¨ â¥®à¨¨

ã¯àã£®áâ¨: ZZ



(u2 + v2 + u2x + u2y + v2x + v2y)dx dy 6 m

ZZ



�
u2x + v2y + (uy + vx)

2
�
dx dy

á ¯®áâ®ï®© m, ¥ § ¢¨áïé¥© ®â eu.
�¬¥áâ® ªà ¥¢ëå ãá«®¢¨© (2) ¢ ¤ ®© § ¤ ç¥ ¬®¦® ¨á¯®«ì§®¢ âì «î¡ë¥ ®¤®à®¤ë¥ £à -

¨çë¥ ãá«®¢¨ï ¤«ï â £¥æ¨ «ìëå á¬¥é¥¨©, £ à â¨àãîé¨¥ á¯à ¢¥¤«¨¢®áâì ¥à ¢¥áâ¢ 
�®à .

� ª¨¬ ®¡à §®¬, ¢ ª ¦¤®© â®çª¥ £à ¨æë � § ¤ ë ç¥âëà¥ ªà ¥¢ëå ãá«®¢¨ï: ç áâì \¢¥ªâ®-
à " ®¡®¡é¥ëå ¯¥à¥¬¥é¥¨© (u; v; w; @w=@n) ¨ ¤®¯®«ïîé ï ¥£® ç áâì \¢¥ªâ®à " ®¡®¡é¥ëå
ãá¨«¨©

Mn(s) = 0   �; T �1 (s) = f�1 ; T �2 (s) = f�2   � n �2; Qn(s) = f3   � n �1:

�¤¥áì f�1 , f
�

2 ¢ëà ¦ îâáï ç¥à¥§ ¢¥è¨¥ ãá¨«¨ï f1, f2, f3, ¤¥©áâ¢ãîé¨¥   â®àæ å ®¡®«®çª¨ ¢
 ¯à ¢«¥¨ïå ¯¥à¥¬¥é¥¨© u, v, w á®®â¢¥âáâ¢¥®. �ãªæ¨¨  £àã§ª¨ fi, i = 1; 2; 3, ä®à¬ «ì®
¯à®¤®«¦¥ë ã«¥¬   âã ç áâì £à ¨æë �, £¤¥ ®¨ ¥ § ¤ ë.

2. �®¤¥«ì ¯à¥¯ïâáâ¢¨ï. �¥©áâ¢¨¥ ¯à¥¯ïâáâ¢¨ï ®¯¨áë¢ ¥âáï ¤¢ã¬ï ¬ â¥¬ â¨ç¥áª¨¬¨ ¬®-
¤¥«ï¬¨. �¥à ¢¥áâ¢®, ®¯à¥¤¥«ïîé¥¥ ª ¦¤ãî ¨§ ¨å,  §ë¢ ¥âáï ãá«®¢¨¥¬ ¥¯à®¨ª®¢¥¨ï.
� ¯¥à¢®© ¬®¤¥«¨ â £¥æ¨ «ìë¥ ¯¥à¥¬¥é¥¨ï ¢ ®¡« áâ¨ ª®â ªâ  áç¨â îâáï ¯à¥¥¡à¥¦¨¬®
¬ «ë¬¨, çâ® ¯à¨¢®¤¨â ª ãá«®¢¨î

N1(u) = a+ w � h > 0   
; (3)

£¤¥ äãªæ¨ï a(x; y)   
 ®¯¨áë¢ ¥â ¯à¥¯ïâáâ¢¨¥ ¢ â¥à¬¨ å ¢ãâà¥¨å ª®®à¤¨ â áà¥¤¨®©
¯®¢¥àå®áâ¨ ®¡®«®çª¨.

�á«®¢¨¥ ¥¯à®¨ª®¢¥¨ï ¤«ï ¢â®à®© ¬®¤¥«¨, ãç¨âë¢ îé¥© â £¥æ¨ «ìë¥ ¯¥à¥¬¥é¥¨ï
¢ «¨¥©®¬ ¯à¨¡«¨¦¥¨¨, § ª«îç¥® ¢ ¥à ¢¥áâ¢¥

N2(u) = w(1 + bxdx + bydy)�wxdxh� wydyh� udx � vdy + b� d� h > 0   
; (4)

¢ ª®â®à®¬ äãªæ¨¨ b(x; y) ¨ d(x; y)   
 § ¤ îâ á®®â¢¥âáâ¢¥® áà¥¤¨ãî ¯®¢¥àå®áâì ¥¤¥-
ä®à¬¨à®¢ ®© ®¡®«®çª¨ ¨ ¯®¢¥àå®áâì ¯à¥¯ïâáâ¢¨ï.

�¥®¬¥âà¨ç¥áª¨ ãá«®¢¨¥ (4) ®§ ç ¥â, çâ® â®çª  ®¡®«®çª¨ (x; y; b(x; y) � h) ¥ ¬®¦¥â ¯¥à¥¬¥-
áâ¨âìáï ¯® ¤àã£ãî áâ®à®ã ª á â¥«ì®© ¯«®áª®áâ¨, ¯®áâà®¥®© ¢ â®çª¥ (x; y; d(x; y)) ¯®¢¥àå®-
áâ¨ ¯à¥¯ïâáâ¢¨ï.

� «ì¥©è¥¥ ¨§«®¦¥¨¥ á¯à ¢¥¤«¨¢® ¤«ï ®¡®¨å ¢ à¨ â®¢ ãá«®¢¨ï ¥¯à®¨ª®¢¥¨ï,   ¯®-
â®¬ã ¢ ä®à¬ã«¨à®¢ª å ¥£® ä®à¬  (3) ¨«¨ (4) ¥ ª®ªà¥â¨§¨àã¥âáï.

3. � à¨ æ¨® ï ¯®áâ ®¢ª  § ¤ ç¨. �¥è¥¨¥¬ § ¤ ç¨ ® à ¢®¢¥á¨¨ ®¡®«®çª¨ ¯à¨  -
«¨ç¨¨ ¯à¥¯ïâáâ¢¨ï ï¢«ï¥âáï ¢¥ªâ®à-äãªæ¨ï u, ¬¨¨¬¨§¨àãîé ï äãªæ¨® « ¯®«®© í¥à£¨¨
¤¥ä®à¬¨à®¢ ®© ®¡®«®çª¨

I(u) = E(u)�A(u)

  ¬®¦¥áâ¢¥ í«¥¬¥â®¢ ¨§ C(2)
1 � C

(4)
1 , ã¤®¢«¥â¢®àïîé¨å ®¤®¬ã («î¡®¬ã) ¨§ ãá«®¢¨© ¥¯à®-

¨ª®¢¥¨ï. �à¨ íâ®¬ ®¡« áâì ª®â ªâ  ®¡®«®çª¨ ¨ ¯à¥¯ïâáâ¢¨ï § à ¥¥ ¥¨§¢¥áâ  ¨ á®áâ®¨â
¨§ â¥å â®ç¥ª ¬®¦¥áâ¢  
,   ª®â®àëå ¤®áâ¨£ ¥âáï à ¢¥áâ¢® ¢ ãá«®¢¨¨ ¥¯à®¨ª®¢¥¨ï.

�¥à£¨ï ¤¥ä®à¬ æ¨¨ E(u) ¨ à ¡®â  ¢¥è¨å á¨« A(u) ®¯à¥¤¥«ïîâáï á®®â®è¥¨ï¬¨

E(u) =
1
2

ZZ



(M1{1 +M2{2 + 2M12�+ T1"1 + T2"2 + T12"12)dx dy;

A(u) =
ZZ



(F1u+ F2v + F3w)dx dy +
Z
�

(f1u+ f2v + f3w)ds:
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�¢®¤ïâáï í¥à£¥â¨ç¥áª¨¥ ¯à®áâà áâ¢ . �ãáâì H1 | ¯à®áâà áâ¢®, ¯®«ãç¥®¥ ¯®¯®«¥¨¥¬
¬®¦¥áâ¢  C

(2)
1 ¯® ¬¥âà¨ª¥ ¯à®áâà áâ¢  W 1;2(
) �W 1;2(
). �¥à ¢¥áâ¢® �®à  ®¡¥á¯¥ç¨¢ ¥â

áãé¥áâ¢®¢ ¨¥   H1 íª¢¨¢ «¥â®© ®à¬ë

keuk2H1
=
1
2
B

ZZ



�
u2x + v2y + 2�uxvy + 1

2
(1� �)(uy + vx)2

�
dx dy:

�à®áâà áâ¢® H2 ¥áâì ¯®¯®«¥¨¥ ¬®¦¥áâ¢  C
(4)
1 ¯® ¬¥âà¨ª¥ ¯à®áâà áâ¢  W 2;2(
). �  H2

¨¬¥¥âáï íª¢¨¢ «¥â ï ®à¬  [8]:

kwk2H2
=
1
2
D

ZZ



�
(r2w)2 + 2(1� �)(w2

xy � wxxwyy)
�
dx dy:

�ª «ïàë¥ ¯à®¨§¢¥¤¥¨ï ¢ ¯à®áâà áâ¢ å Hi ¨¤ãæ¨à®¢ ë á®®â¢¥âáâ¢ãîé¨¬¨ ®à¬ ¬¨ ¨
®¡®§ ç îâáï (�; �)Hi

, i = 1; 2. � «ì¥©è¨¥ à ááã¦¤¥¨ï ¨á¯®«ì§ãîâ á«¥¤ãîé¨© ç áâë© ä ªâ
â¥®à¨¨ á®¡®«¥¢áª¨å ¯à®áâà áâ¢ ([3], á. 80).

�¥¬¬  1. �à®áâà áâ¢® W 2;2(
) ¢«®¦¥® ¢ W 1;4(
) ¨ C(
), ¯à¨ç¥¬ ®¯¥à â®àë ¢«®¦¥¨ï

ãá¨«¥® ¥¯à¥àë¢ë.

�ãáâì K | ¬®¦¥áâ¢® â¥å í«¥¬¥â®¢ ¯à®áâà áâ¢  H = H1 �H2, ¤«ï ª®â®àëå ¢ë¯®«¥®
ãá«®¢¨¥ ¥¯à®¨ª®¢¥¨ï. �®âà¥¡ã¥¬, çâ®¡ë a; b; d 2 C(1)(
). �®£¤  ¢ á¨«ã «¥¬¬ë 1 ¥à ¢¥áâ¢ 
(3) ¨ (4), ®¯à¥¤¥«ïîé¨¥ ¬®¦¥áâ¢® K, ¨¬¥îâ á¬ëá« ¢ H. �à¨ íâ®¬ ¥à ¢¥áâ¢® (3) ¯®¨¬ ¥âáï
¢ á¬ëá«¥ ¥¯à¥àë¢ëå äãªæ¨©,   ¥à ¢¥áâ¢® (4) ®¯à¥¤¥«¥® ª ª ¤«ï í«¥¬¥â®¢ ¯à®áâà áâ¢ 
W 1;2(
).

�¥¬¬  2. �®¦¥áâ¢® K ï¢«ï¥âáï ¢ë¯ãª«ë¬ ¨ § ¬ªãâë¬.

�®ª § â¥«ìáâ¢® á«¥¤ã¥â ¨§ «¨¥©®áâ¨ ®¯¥à â®à®¢ N1(u) ¨ N2(u), ®¯à¥¤¥«¥ëå ¢ ãá«®¢¨ïå
(3) ¨ (4).

�¯à¥¤¥«¥¨¥. �¡®¡é¥ë¬ à¥è¥¨¥¬ § ¤ ç¨ ® à ¢®¢¥á¨¨ ¯®«®£®© ®¡®«®çª¨ á ¯à¥¯ïâáâ¢¨-
¥¬  §ë¢ ¥âáï ¢¥ªâ®à-äãªæ¨ï u� = (u�; v�; w�) 2 K, ¬¨¨¬¨§¨àãîé ï   K äãªæ¨® « I(u).

� ®¥ ®¯à¥¤¥«¥¨¥ ¨¬¥¥â á¬ëá«, ¥á«¨ äãªæ¨® « I(u) ¯à¨¨¬ ¥â ª®¥çë¥ § ç¥¨ï  
í«¥¬¥â å ¯à®áâà áâ¢  H. �à¥¤¯®« £ ¥âáï, çâ® k1; k2 2 L2(
). �®£¤  E(u) ®¯à¥¤¥«¥   H
¢ á¨«ã ¥à ¢¥áâ¢  ��¥«ì¤¥à  ¨ «¥¬¬ë 1. �«ï ª®àà¥ªâ®áâ¨ ®¯à¥¤¥«¥¨ï   H äãªæ¨® « 
à ¡®âë ¢¥è¨å á¨« âà¥¡ã¥âáï, çâ®¡ë ® ¡ë« ¥¯à¥àë¢ë¬ ¢ íâ®¬ ¯à®áâà áâ¢¥. �«ï íâ®£®
¤®áâ â®ç®, çâ®¡ë ¢¥èïï  £àã§ª  ¯à¨ ¤«¥¦ «  ª« ááã  £àã§®ª Hf , í«¥¬¥âë ª®â®à®£®
ã¤®¢«¥â¢®àïîâ âà¥¡®¢ ¨ï¬

fi 2 Lp(�); Fi 2 Lp(
); i = 1; 2; p > 1;

  f3, F3 | ª®¥çë¥ áã¬¬ë �-äãªæ¨© ¨ äãªæ¨© ¨§ L1   � ¨ 
 á®®â¢¥âáâ¢¥®. �®íâ®¬ã
¯® â¥®à¥¬¥ �¨áá  ® ¯à¥¤áâ ¢«¥¨¨ ¥¯à¥àë¢®£® «¨¥©®£® äãªæ¨® «  ¢ £¨«ì¡¥àâ®¢®¬ ¯à®-
áâà áâ¢¥ áãé¥áâ¢ã¥â ¥¤¨áâ¢¥ë© í«¥¬¥â g(eg; g3) 2 H â ª®©, çâ®

A(u) = (eg; eu)H1
+ (g3; w)H2

¤«ï «î¡®£® u 2 H.

4. � §à¥è¨¬®áâì § ¤ ç¨. �«ï ä®à¬ã«¨à®¢ª¨ ®á®¢®© â¥®à¥¬ë áãé¥áâ¢®¢ ¨ï ¢¢®¤¨âáï
ª®áâ â 

c� =
p
2 sup

M

����B
ZZ



[(ux + �vy)(w2
x + �w2

y) + (vy + �ux)(w2
y + �w2

x) + (1� �)(uy + vx)wxwy]dx dy
����;

£¤¥ M = fu 2 H : kukH = 1, keuk2H1
> 1=2g. �®£« á® «¥¬¬¥ 1 c� | ª®¥ç ï ª®áâ â .
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�¥®à¥¬ . �ãáâì ¤«ï å à ªâ¥à¨áâ¨ª ®¡®«®çª¨ ¨ ¯à¥¯ïâáâ¢¨ï ¢ë¯®«ï¥âáï a; b; d 2 C(1)(
),
k1; k2 2 L2(
), ¢¥èïï  £àã§ª  ¯à¨ ¤«¥¦¨â ª« ááã Hf ¨ kegkH1

< c�1
�
. �®£¤  áãé¥áâ¢ã¥â ¯®

¬¥ìè¥© ¬¥à¥ ®¤® ®¡®¡é¥®¥ à¥è¥¨¥ ¥«¨¥©®© § ¤ ç¨ à ¢®¢¥á¨ï ¯®«®£®© ®¡®«®çª¨ á ¯à¥-

¯ïâáâ¢¨¥¬.

�«ï ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë ¥®¡å®¤¨¬® ã¡¥¤¨âìáï ¢ áãé¥áâ¢®¢ ¨¨ ¬¨¨¬ã¬  äãªæ¨®-
 «  I(u)   K. �«ï íâ®£®   ¯¥à¢®¬ íâ ¯¥ á ¯®¬®éìî â¥®à¥¬ë �¨â«  ¤§¥ (á¬.,  ¯à, [9],
c. 269) ® ¬¨¨¬ã¬¥ á« ¡® ¥¯à¥àë¢®£® à áâãé¥£® äãªæ¨® «    £¨«ì¡¥àâ®¢®¬ ¯à®áâà áâ¢¥
¯®ª §ë¢ ¥âáï áãé¥áâ¢®¢ ¨¥ ¬¨¨¬ã¬  äãªæ¨® «  I(u)   H, § â¥¬ | áãé¥áâ¢®¢ ¨¥ ¥£®
¬¨¨¬ã¬    ¯®¤¬®¦¥áâ¢¥ K.

�®ª § â¥«ìáâ¢® â¥®à¥¬ë áãé¥áâ¢®¢ ¨ï ®á®¢ ®   á«¥¤ãîé¨å ç¥âëà¥å «¥¬¬ å, ¢ ª®â®àëå
¯à¥¤¯®« £ ¥âáï, çâ® ¢ë¯®«¥ë ãá«®¢¨ï íâ®© â¥®à¥¬ë.

�¥¬¬  3. �ãªæ¨® « ¯®«®© í¥à£¨¨ ¤¥ä®à¬¨à®¢ ®© ®¡®«®çª¨ ¢ ¯à®áâà áâ¢¥ H ¨¬¥-

¥â ¢¨¤

I(u) = kuk2H +�(u)� (g;u)H : (5)

�¥¬¬  4. �ãªæ¨® « �(u) ï¢«ï¥âáï á« ¡® ¥¯à¥àë¢ë¬   H.

�¥¬¬  5. �ãáâì kegkH1
< c�1

�
. �®£¤  äãªæ¨® « I(u) ï¢«ï¥âáï à áâãé¨¬   H, â. ¥.

I(u)!1 ¯à¨ kukH !1:

�¥¬¬  6. �á«¨ ¢ë¯®«¥ë ãá«®¢¨ï â¥®à¥¬ë à §à¥è¨¬®áâ¨, â® áãé¥áâ¢ã¥â í«¥¬¥â

u� 2 K, ¬¨¨¬¨§¨àãîé¨©   K äãªæ¨® « I(u).

�®ª § â¥«ìáâ¢® «¥¬¬ë 3. �à¥¤áâ ¢«¥¨¥ (5) á¯à ¢¥¤«¨¢® ¢ á¨«ã ®¯à¥¤¥«¥¨ï ®à¬ë ¯à®-
áâà áâ¢  H.

�®ª § â¥«ìáâ¢® «¥¬¬ë 4. �ãáâì ¯®á«¥¤®¢ â¥«ì®áâì fung á« ¡® áå®¤¨âáï ª u0 ¢ H. �à¥-
¡ã¥âáï ¤®ª § âì, çâ®

j�(un)� �(u0)j ! 0 ¯à¨ n!1:

� ¤ «ì¥©è¥¬ á¨¬¢®« \!" ®§ ç ¥â á« ¡ãî áå®¤¨¬®áâì ¢ äãªæ¨® «ìëå ¯à®áâà áâ¢ å
¨«¨ áå®¤¨¬®áâì ç¨á«®¢ëå ¯®á«¥¤®¢ â¥«ì®áâ¥©,   á¨¬¢®« \)" | á¨«ìãî áå®¤¨¬®áâì. �¡®§ -
ç¥¨¥ �;i á®®â¢¥âáâ¢ã¥â ¤¨ää¥à¥æ¨à®¢ ¨î ¯® xi, i = 1; 2, £¤¥ x1 = x, x2 = y.

�á«¥¤áâ¢¨¥ «¥¬¬ë 1 á¯à ¢¥¤«¨¢ë á®®â®è¥¨ï

kiwn ) kiw0; wn;iwn;j ) w0;iw0;j ¢ L2(
); i; j = 1; 2:

�«¥¤®¢ â¥«ì®, �(un) á®áâ®¨â ¨§ á« £ ¥¬ëå ¢¨¤  (un;i; �n)L2 , (vn;i; �n)L2 ¨ (�n; �n)L2 , £¤¥ �n ) �0,
�n ) �0 ¢ L2(
). �®£¤  ¯à¨¬¥¥¨¥ ¥à ¢¥áâ¢ 

j(a1; b1)L2 � (a2; b2)L2 j 6 j(a1; b1 � b2)L2 j+ j(a1 � a2; b1)L2 j; a1; a2; b1; b2 2 L2;

¥à ¢¥áâ¢  �¢ àæ  ¨ ¨á¯®«ì§®¢ ¨¥ «¨¥©®áâ¨ ¯® u äãªæ¨® «  (u;i; �0)L2 § ¢¥àè îâ ¤®ª -
§ â¥«ìáâ¢®.

�®ª § â¥«ìáâ¢® «¥¬¬ë 5 ¯®¢â®àï¥â ¯à ªâ¨ç¥áª¨ ¡¥§ ¨§¬¥¥¨© á®®â¢¥âáâ¢ãîé¨¥ à ááã-
¦¤¥¨ï ¨§ [5]. �

�®ª § â¥«ìáâ¢® «¥¬¬ë 6. C¯à ¢¥¤«¨¢®áâì «¥¬¬ 4 ¨ 5 ®§ ç ¥â ¢ë¯®«¥¨¥ ãá«®¢¨© â¥®-
à¥¬ë �¨â«  ¤§¥. �®íâ®¬ã áãé¥áâ¢ã¥â ª®¥ç®¥ § ç¥¨¥ inf

u2H
I(u). �® â®£¤  áãé¥áâ¢ã¥â ¨ ª®-

¥ç®¥ d = inf
u2K

I(u). �® «¥¬¬¥ 5 ¯®á«¥¤®¢ â¥«ì®áâì fung, ¬¨¨¬¨§¨àãîé ï äãªæ¨® « I(u)

  K, ®£à ¨ç¥  ¢ H. �®íâ®¬ã ®  á®¤¥à¦¨â á« ¡®áå®¤ïéãîáï ¢ H ¯®¤¯®á«¥¤®¢ â¥«ì®áâì.
�¥à¥®¡®§ ç¨¬ ¥¥ ç¥à¥§ fung. �® ®¯à¥¤¥«¥¨î fung ¢ë¯®«ï¥âáï ¥à ¢¥áâ¢®

d 6 I(un) < d+
1
n

8n 2 N:
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�®£¤  ¢ á¨«ã ¯à ¢¨«  ¯ à ««¥«®£à ¬¬  ¨ ¢ë¯ãª«®áâ¨ ¬®¦¥áâ¢  K ¤«ï ¯à®¨§¢®«ìëå n ¨ m
á¯à ¢¥¤«¨¢ë á®®â®è¥¨ï

kun � umk2H = 2kunk2H + 2kumk2H � 4
un + um

2


2

H

=

= 2I(un) + 2I(um)� 4I
�
un + um

2

�
+ 4�

�
un + um

2

�
� 2�(un)� 2�(um) 6

6
2
n
+

2
m

+ 4�
�
un + um

2

�
� 2�(un)� 2�(um):

�¥à¥å®¤ ª ¯à¥¤¥«ã ¢ ¯®«ãç¥®¬ ¥à ¢¥áâ¢¥ ¯à¨ n;m!1 ¢ á¨«ã «¥¬¬ë 4 ¢¥¤¥â ª äã¤ ¬¥-
â «ì®áâ¨ ¯®á«¥¤®¢ â¥«ì®áâ¨ fung. �®£¤  ¢ á¨«ã § ¬ªãâ®áâ¨ ¬®¦¥áâ¢  K  ©¤¥âáï u� 2 K,
¤«ï ª®â®à®£® I(u�) = d.
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