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�¢¥¤¥­¨¥

�§¢¥áâ­® ¬­®£® ¬ â¥¬ â¨ç¥áª¨å à ¡®â, á¢ï§ ­­ëå á à §«¨ç­ë¬¨ ¢®¯à®á ¬¨ à §à¥è¨¬®áâ¨
ãà ¢­¥­¨© � ¢ì¥{�â®ªá . � â¥¬ â¨ç¥áª¨¬ ¬®¤¥«ï¬ ­¥­ìîâ®­®¢áª¨å ¦¨¤ª®áâ¥©, à¥®«®£¨ç¥áª¨¥
á®®â­®è¥­¨ï ª®â®àëå ¯®¤ç¨­ïîâáï ¯à¨­æ¨¯ã ®¡ê¥ªâ¨¢­®áâ¨ ¯®¢¥¤¥­¨ï ¬ â¥à¨ «®¢ (á¬. [1]),
¯®á¢ïé¥­® £®à §¤® ¬¥­ìè¥¥ ª®«¨ç¥áâ¢® à ¡®â. �à®¬¥ â®£®, à §«¨ç­ë¬¨  ¢â®à ¬¨ (á¬., ­ ¯à., [2])
®â¬¥ç ¥âáï ¢ ¦­®áâì ¨áá«¥¤®¢ ­¨ï § ¤ ç á £à ­¨ç­ë¬¨ ãá«®¢¨ï¬¨, ®â«¨ç­ë¬¨ ®â ª« áá¨ç¥áª¨å
ãá«®¢¨© ¯à¨«¨¯ ­¨ï. � ­­ ï à ¡®â  ¯®á¢ïé¥­  ¤®ª § â¥«ìáâ¢ã â¥®à¥¬ë áãé¥áâ¢®¢ ­¨ï á« ¡ëå
à¥è¥­¨© ªà ¥¢®© § ¤ ç¨, ®¯¨áë¢ îé¥© áâ æ¨®­ à­®¥ ¤¢¨¦¥­¨¥ ­¥«¨­¥©­®-¢ï§ª®© ¦¨¤ª®áâ¨ á
ãá«®¢¨¥¬ ¯à®áª «ì§ë¢ ­¨ï ­  £à ­¨æ¥. �¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® à §«¨ç­ë¥ ¬®¤¥«¨ ­¥«¨­¥©­®-
¢ï§ª¨å ¦¨¤ª®áâ¥© à ­¥¥ ¨§ãç «¨áì �.�.�¨â¢¨­®¢ë¬, ¢ ¤ ­­®© à ¡®â¥ á®¤¥à¦ âáï à¥§ã«ìâ âë,
áãé¥áâ¢¥­­® ã«ãçè îé¨¥ ­¥ª®â®àë¥ à¥§ã«ìâ âë ¬®­®£à ä¨¨ [3].

�ãáâì ¨§ãç ¥¬ ï ¦¨¤ª®áâì æ¥«¨ª®¬ § ¯®«­ï¥â á®áã¤ á â¢¥à¤ë¬¨ áâ¥­ª ¬¨, ¯à¥¤áâ ¢«ï¥¬ë©
®£à ­¨ç¥­­®© ®¡« áâìî 
 � R

n , n 2 f2; 3g, á «¨¯è¨æ¥¢®© £à ­¨æ¥© S. � ª å®à®è® ¨§¢¥áâ­®,
áâ æ¨®­ à­®¥ ¤¢¨¦¥­¨¥ «î¡®© ¦¨¤ª®áâ¨ ®¯¨áë¢ ¥âáï ãà ¢­¥­¨¥¬ ¤¢¨¦¥­¨ï ¢ ä®à¬¥ �®è¨

nX
j=1

uj
@ui
@xj

�
nX

j=1

@�ij
@xj

= Fi; (0.1)

£¤¥ x 2 
; u = (u1; : : : ; un) | ¯®«¥ áª®à®áâ¥© ¦¨¤ª®áâ¨; f�ijgni;j=1 | â¥­§®à ­ ¯àï¦¥­¨©; F =
(F1; : : : ; Fn) | ¯«®â­®áâì ®¡ê¥¬­ëå á¨«. �à¥¤¯®« £ ¥âáï ãá«®¢¨¥ ­¥á¦¨¬ ¥¬®áâ¨ ¦¨¤ª®áâ¨

divu =
nX
i=1

@ui
@xi

= 0: (0.2)

�á­®¢­ë¬ ®¡ê¥ªâ®¬ ¨áá«¥¤®¢ ­¨ï ï¢«ïîâáï ­¥«¨­¥©­®-¢ï§ª¨¥ ¦¨¤ª®áâ¨, ¯®¤ç¨­ïîé¨¥áï
á«¥¤ãîé¥¬ã ®¯à¥¤¥«ïîé¥¬ã á®®â­®è¥­¨î (á¬. [3], [4]):

�ij(p; u) = �p�ij + '(I(u))"ij (u); (0.3)

£¤¥ �ij , "ij | ª®¬¯®­¥­âë ¥¤¨­¨ç­®£® â¥­§®à  ¨ â¥­§®à  áª®à®áâ¥© ¤¥ä®à¬ æ¨¨; "ij(u) =
1
2

�
@ui
@xj

+ @uj
@xi

�
; ' | ¢¥é¥áâ¢¥­­ ï äã­ªæ¨ï, ®¯à¥¤¥«¥­­ ï ­  ¬­®¦¥áâ¢¥ [0;+1)(= R+); I(u) =

nP
i;j=1

("ij(u))2; p | áä¥à¨ç¥áª ï ç áâì â¥­§®à  ­ ¯àï¦¥­¨©.

� «¥¥ ­  £à ­¨æ¥ S ¢¢®¤ïâáï ãá«®¢¨ï ¯à®áª «ì§ë¢ ­¨ï ¦¨¤ª®áâ¨ (á¬. [2], [3]). �ãáâì f =
(f1; : : : ; fn) | á¨«  ¢§ ¨¬®¤¥©áâ¢¨ï ¦¨¤ª®áâ¨ ¨ áâ¥­ª¨ á®áã¤ , â. ¥.

fi =
nX

j=1

[�p�ij + '(I(u))"ij(u)]�j jS;

� ¡®â  ¢ë¯®«­¥­  ¯à¨ ä¨­ ­á®¢®© ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®­¤  äã­¤ ¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨©,

£à ­â ò 04-01-00081, ¨ �¨­¨áâ¥àáâ¢®¬ ®¡à §®¢ ­¨ï ¨ ­ ãª¨ �®áá¨©áª®© �¥¤¥à æ¨¨.
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� = (�1; : : : ; �n) | ¥¤¨­¨ç­ ï ¢­¥è­ïï ­®à¬ «ì ª S, fe1; : : : ; eng | ­¥ª®â®àë© ä¨ªá¨à®¢ ­­ë©
¡ §¨á ¢ Rn . �®¢¥àå­®áâ­ãî á¨«ã f ¬®¦­® à §«®¦¨âì ­  ­®à¬ «ì­ãî ¨ ª á â¥«ì­ãî á®áâ ¢«ï-
îé¨¥

f(s) = f�(s) + f �(s) 8s 2 S;

£¤¥

f�(s) = f�(s)�(s); f�(s) =
nX
i=1

fi(s)�i(s);

f �(s) = f(s)� f�(s) =
nX
i=1

f�i(s)ei; f�i(s) = fi(s)� f�(s)�i(s):

�ç¥¢¨¤­®, çâ® ¤«ï ¯®«ï áª®à®áâ¥© ¦¨¤ª®áâ¨ u ¨¬¥¥â ¬¥áâ®  ­ «®£¨ç­®¥ à §«®¦¥­¨¥.
�ª®«ì¦¥­¨¥ ç áâ¨æ ¦¨¤ª®áâ¨ ®¯¨áë¢ ¥âáï á«¥¤ãîé¨¬¨ ¤¢ã¬ï ãá«®¢¨ï¬¨:

u�(s) = 0 8s 2 S; (0.4)

f �(s) = ��(f�(s); ju
� (s)j2)u� (s) 8s 2 S (0.5)

(ç¥à¥§ j � j ®¡®§­ ç ¥âáï ­®à¬  ¢ ¥¢ª«¨¤®¢®¬ ¯à®áâà ­áâ¢¥ Rn). �¬¥áâ® (0.5) ¡ã¤¥â à áá¬ âà¨-
¢ âìáï à¥£ã«ïà¨§®¢ ­­®¥ ãá«®¢¨¥

f �(s) = ��(fr�(s); ju
� (s)j2)u� (s) 8s 2 S; (0.6)

£¤¥ � | ¢¥é¥áâ¢¥­­ ï ­¥¯à¥àë¢­ ï äã­ªæ¨ï, ®¯à¥¤¥«¥­­ ï ­  ¬­®¦¥áâ¢¥ R � R+ ,

fr�(p; u) =
�
�Rp+

nX
i;j=1

'(I(Ru))"ij(Ru)�i�j

����
S
:

�¤¥áì

Rv(x) =
Z
Rn

!(jx� yj)v(y) dy; x 2 
;

¯à¨ ! 2 C1(R+), supp! 2 [0; a], a 2 R+ , !(z) > 0 ¯à¨ z 2 R+ ,
R
Rn

!(jxj) dx = 1.

� ª ®â¬¥ç¥­® ¢ ([5], á. 9), ­ «¨ç¨¥ ¢ á®®â­®è¥­¨¨ (0.5) ®¯¥à â®à  à¥£ã«ïà¨§ æ¨¨ R ¥áâ¥áâ¢¥­-
­® á ä¨§¨ç¥áª®© â®çª¨ §à¥­¨ï ¨ ®§­ ç ¥â \­¥«®ª «ì­®áâì" à áá¬ âà¨¢ ¥¬®© ¬®¤¥«¨ áª®«ì¦¥­¨ï
(á¬. [6], á. 15).

�à®¬¥ â®£®, ­  ¤ ¢«¥­¨¥ ­¥®¡å®¤¨¬® ­®à¬¨à®¢®ç­®¥ ãá«®¢¨¥Z



p(x) dx = 0: (0.7)

�â ª, ªà ¥¢ ï § ¤ ç  (0.1){(0.3), (0.4), (0.6), (0.7) ®¯¨áë¢ ¥â áâ æ¨®­ à­ë¥ â¥ç¥­¨ï ­¥«¨­¥©-
­®-¢ï§ª¨å ¦¨¤ª®áâ¥© á ¯à®áª «ì§ë¢ ­¨¥¬ ­  £à ­¨æ¥.

1. �á­®¢­ë¥ ®¯à¥¤¥«¥­¨ï ¨ ä®à¬ã«¨à®¢ª  à¥§ã«ìâ â  à ¡®âë

�¢¥¤¥¬ ¯à®áâà ­áâ¢ 

Z =
�
v : v 2 H1(
)n; v�jS = 0

	
;

W =
�
v : v 2 H1(
)n; v�jS = 0; div vj
 = 0

	
:

�à®áâà ­áâ¢® Z ï¢«ï¥âáï £¨«ì¡¥àâ®¢ë¬ á® áª «ïà­ë¬ ¯à®¨§¢¥¤¥­¨¥¬, ®¯à¥¤¥«ï¥¬ë¬ ¤«ï
«î¡ëå u; v 2 Z à ¢¥­áâ¢®¬

(u; v)Z =
nX

i;j=1

Z


"ij [u](x)"ij [v](x) dx +

nX
i=1

Z
S
u�i(s)v�i(s) ds:
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� ¬¥â¨¬, çâ® ¥á«¨ ã¬­®¦¨âì ®¡¥ ç áâ¨ à ¢¥­áâ¢  (0.1) áª «ïà­® ¢ L2(
)n ­  ¯à®¨§¢®«ì­ãî
äã­ªæ¨î h 2 Z, â® á ãç¥â®¬ ãá«®¢¨© (0.3), (0.4), (0.6) ¯®«ãç¨¬

nX
i;j=1

Z


'(I(u)(x))"ij [u](x)"ij [h](x) dx +

nX
i=1

Z
S
�[frn(p(s); u(s)); ju� (s)j

2]u�i(s)h�i(s) ds+

+
nX

i;j=1

Z



uj(x)
@ui
@xj

(x)hi(x) dx+
Z



p(x) [div h](x) dx =
nX
i=1

Z



Fi(x)hi(x) dx (1.1)

(§¤¥áì ¯à¥¤¯®« £ ¥âáï F 2 L2(
)n).

�¯à¥¤¥«¥­¨¥. �« ¡ë¬ à¥è¥­¨¥¬ § ¤ ç¨ (0.1){(0.3), (0.4), (0.6), (0.7) ­ §®¢¥¬ ¯ àã äã­ªæ¨©
(u; p) 2W � L2(
), ã¤®¢«¥â¢®àïîéãî ¯à¨ ¯à®¨§¢®«ì­®© äã­ªæ¨¨ h 2 Z á®®â­®è¥­¨î (1.1).

�  äã­ªæ¨¨ ' ¨ � ­ « £ îâáï á«¥¤ãîé¨¥ ãá«®¢¨ï :

C1) äã­ªæ¨ï ' : R+ ! R ï¢«ï¥âáï ­¥¯à¥àë¢­®©;
C2) áãé¥áâ¢ãîâ ¯®«®¦¨â¥«ì­ë¥ ª®­áâ ­âë a1 ¨ a2 â ª¨¥, çâ® a1 6 '(y) 6 a2 ¤«ï «î¡ëå

y 2 R+ ;
C3) äã­ªæ¨ï y 7! '(y2)y ¯à¨ ­¥®âà¨æ â¥«ì­ëå y ï¢«ï¥âáï ­¥ã¡ë¢ îé¥©;
C4) äã­ªæ¨ï � : R � R+ ! R ï¢«ï¥âáï ­¥¯à¥àë¢­®©;
C5) áãé¥áâ¢ãîâ ¯®«®¦¨â¥«ì­ë¥ ª®­áâ ­âë b1 ¨ b2 â ª¨¥, çâ® b1 6 �(z1; z2) 6 b2 ¤«ï «î¡ëå

(z1; z2) 2 R � R+ .

�á«®¢¨ï C1){C5) ¨¬¥îâ ä¨§¨ç¥áª¨© á¬ëá« (á¬. [3]).
�á­®¢­®© à¥§ã«ìâ â à ¡®âë ¯à¥¤áâ ¢«ï¥â

�¥®à¥¬ . �ãáâì F 2 L2(
)n, äã­ªæ¨¨ ' ¨ � ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬ C1){C5). �®£¤ 
áãé¥áâ¢ã¥â ¯® ªà ©­¥© ¬¥à¥ ®¤­® á« ¡®¥ à¥è¥­¨¥ § ¤ ç¨ (0.1){(0.3), (0.4), (0.6), (0.7).

�â¬¥â¨¬, çâ® § ¤ ç  (0.1){(0.3), (0.4), (0.6), (0.7) ¨áá«¥¤®¢ « áì ¢ [3] ¡¥§ ãç¥â  ª®­¢¥ªâ¨¢­ëå

ç«¥­®¢
nP

i;j=1
uj

@ui
@xj

¨ ¯à¨ áãé¥áâ¢¥­­® ¡®«¥¥ ®£à ­¨ç¨â¥«ì­ëå ãá«®¢¨ïå ­  äã­ªæ¨¨ ' ¨ �.

�«ï ¤®ª § â¥«ìáâ¢  ¢ëè¥¯à¨¢¥¤¥­­®© â¥®à¥¬ë ¯à¨¬¥­ï¥âáï  ¯¯à®ªá¨¬ æ¨®­­®-â®¯®«®£¨-
ç¥áª¨© ¬¥â®¤ [7], ¤«ï ç¥£® ¢­ ç «¥ ®¯à¥¤¥«ï¥âáï íª¢¨¢ «¥­â­ ï ®¯¥à â®à­ ï âà ªâ®¢ª  à áá¬ -
âà¨¢ ¥¬®© § ¤ ç¨, § â¥¬ ¤«ï ¯®«ãç¥­­®£® ®¯¥à â®à­®£® ãà ¢­¥­¨ï ¢¢®¤¨âáï  ¯¯à®ªá¨¬¨àãî-
é¥¥ á¥¬¥©áâ¢® ãà ¢­¥­¨©, § ¢¨áïé¥¥ ®â ¯ à ¬¥âà  �, ¤ «¥¥ á ¯®¬®éìî â¥®à¨¨ �.�. �ªàë¯­¨ª 
â®¯®«®£¨ç¥áª®© áâ¥¯¥­¨ ®¡®¡é¥­­ëå ¬®­®â®­­ëå ®â®¡à ¦¥­¨©, ­  ®á­®¢ ­¨¨  ¯à¨®à­ëå ®æ¥-
­®ª ¤®ª §ë¢ ¥âáï áãé¥áâ¢®¢ ­¨¥ à¥è¥­¨©  ¯¯à®ªá¨¬ æ¨®­­ëå ãà ¢­¥­¨©, ¢ ¨â®£¥ á®¢¥àè ¥âáï
¯à¥¤¥«ì­ë© ¯¥à¥å®¤ ¯à¨ � ! 0, ¯®áà¥¤áâ¢®¬ ª®â®à®£® ¨ ¯®ª §ë¢ ¥âáï à §à¥è¨¬®áâì ¨áå®¤­®£®
®¯¥à â®à­®£® ãà ¢­¥­¨ï,   §­ ç¨â, ¨ § ¤ ç¨ (0.1){(0.3), (0.4), (0.6), (0.7).

2. �¯¥à â®à­ ï âà ªâ®¢ª  § ¤ ç¨

�á«®¢¨¬áï ® ­¥ª®â®àëå ®¡®§­ ç¥­¨ïå. �¥à¥§ X� ®¡®§­ ç ¥âáï ¯à®áâà ­áâ¢®, á®¯àï¦¥­­®¥
­¥ª®â®à®¬ã ¡ ­ å®¢ã ¯à®áâà ­áâ¢ã X,   ç¥à¥§ hg; yi| ¤¥©áâ¢¨¥ äã­ªæ¨®­ «  g 2 X� ­  í«¥¬¥­â
y 2 X, § ¯¨áì Xm ®¡®§­ ç ¥â â®¯®«®£¨ç¥áª®¥ ¯à®¨§¢¥¤¥­¨¥ m íª§¥¬¯«ïà®¢ ¯à®áâà ­áâ¢  X.

�¢¥¤¥¬ ®¯¥à â®àë

A : Z ! Z�; hA(u); hi =
nX

i;j=1

Z



'(I(u))"ij (u)"ij(h) dx;

K : Z � L2(
)! Z�; hK(u; p); hi =
nX
i=1

Z
S
�[frn(p(s); u(s)); ju� (s)j

2]u�i(s)h�i(s) ds; (2.1)

M : Z ! Z�; hM(u); hi =
nX

i;j=1

Z


uj(x)

@ui
@xj

(x)hi(x) dx:
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�®«®¦¨¬

D : Z ! L2(
); D(u) = divu:

�â®¦¤¥áâ¢«ïï L2(
)n ¨ (L2(
)n)�, á®£« á­® â¥®à¥¬¥ �¨áá  ® ¯à¥¤áâ ¢«¥­¨¨ «¨­¥©­®£® äã­ª-
æ¨®­ «  ¢ £¨«ì¡¥àâ®¢®¬ ¯à®áâà ­áâ¢¥ ¬®¦­® ®¯à¥¤¥«¨âì ®¯¥à â®à

D� : L2(
)n � (L2(
)n)� ! Z�; hD�(p); hi =
Z



p(x)[div h](x) dx:

�ç¥¢¨¤­®, ¬­®¦¥áâ¢® á« ¡ëå à¥è¥­¨© § ¤ ç¨ (0.1){(0.3), (0.4), (0.6), (0.7) á®¢¯ ¤ ¥â á ¬­®-
¦¥áâ¢®¬ ¯ à (u; p) 2W � L2(
), ã¤®¢«¥â¢®àïîé¨å ®¯¥à â®à­®¬ã ãà ¢­¥­¨î ¢¨¤ 

A(u) +K(u; p) +M(u)�D�(p) = F: (2.2)

3. �¢®©áâ¢  ®¯¥à â®à®¢

�áî¤ã ¤ «¥¥ § ¯¨á¨ vk !
k!1

v0 ¨ vk *
k!1

v0 ®§­ ç îâ á®®â¢¥âáâ¢¥­­® á¨«ì­ãî ¨ á« ¡ãî áå®-

¤¨¬®áâ¨ ¯®á«¥¤®¢ â¥«ì­®áâ¨ fvkg1k=1 ª í«¥¬¥­âã v0; ¥á«¨ ¦¥ ç«¥­ë ¯®á«¥¤®¢ â¥«ì­®áâ¨ fvkg1k=1
­¥ áâà¥¬ïâáï ª í«¥¬¥­âã v0 ¢ á¨«ì­®¬ á¬ëá«¥, â® ¡ã¤¥¬ ®¡®§­ ç âì íâ® ª ª vk 9

k!1
v0.

�¥¬¬  3.1. �«ï ®¯¥à â®à  A ¨¬¥îâ ¬¥áâ® á¢®©áâ¢ 

a) ®¯¥à â®à A ®£à ­¨ç¥­ ¨ ­¥¯à¥àë¢¥­,

b) ¤«ï «î¡ëå u1; u2 2 Z ¨¬¥¥â ¬¥áâ® ­¥à ¢¥­áâ¢®

hA(u1)�A(u2); u1 � u2i > 0: (3.1)

�®ª § â¥«ìáâ¢®. a) �£à ­¨ç¥­­®áâì ®¯¥à â®à  A ¤®áâ â®ç­® ®ç¥¢¨¤­ . �®ª ¦¥¬ ¥£® ­¥-
¯à¥àë¢­®áâì. �â ª, ¯ãáâì uk !

k!1
u0 ¢ Z. �¥ ®£à ­¨ç¨¢ ï ®¡é­®áâ¨, ¬®¦­® ¯®« £ âì, çâ® ¤«ï

­¥ª®â®à®© ¯®¤¯®á«¥¤®¢ â¥«ì­®áâ¨ fuklg
1
l=1 ¨¬¥îâ ¬¥áâ® áå®¤¨¬®áâ¨

I(ukl)[x] !
l!1

I(u0)[x] ¨ ukl [x] !
l!1

u0[x] ¤«ï ¯®çâ¨ ¢á¥å x 2 
: (3.2)

�à¥¤¯®«®¦¨¬ A(uk) 9
k!1

A(u0) ¯à¨ ­¥ª®â®à®¬ u ¢ Z�. �¥ ®£à ­¨ç¨¢ ï ®¡é­®áâ¨, ¬®¦­® áç¨â âì,

çâ® ¤«ï ­¥ª®â®à®© ¯®¤¯®á«¥¤®¢ â¥«ì­®áâ¨ fuklg
1
l=1 ¨¬¥¥â ¬¥áâ® ­¥à ¢¥­áâ¢®

kA(ukl)�A(u0)kZ� > � (3.3)

á ­¥ª®â®àë¬ ä¨ªá¨à®¢ ­­ë¬ � > 0. �æ¥­¨¢ ¥¬

kA(ukl)�A(u0)kZ�

def= sup
�h2Z; k�hkZ=1

jhA(ukl)�A(u0); �hij 6

6

����
nX

i;j=1

Z



'(I(ukl))"ij(ukl � u0)"ij(�h) dx
����+

+
����

nX
i;j=1

Z


['(I(ukl))� '(I(u0))]"ij(u0)"ij(�h) dx

���� 6
6 a2kukl � u0kZ +

�Z


['(I(ukl))� '(I(u0))]

2I(u0) dx
�1=2

; (3.4)

¯¥à¢®¥ á« £ ¥¬®¥ ¢ ¯®á«¥¤­¥© ç áâ¨ ­¥à ¢¥­áâ¢ (3.4) áâà¥¬¨âáï ª ­ã«î ¢ á¨«ã áå®¤¨¬®áâ¨
uk !

k!1
u0 ¢ Z, ¢â®à®¥ áâà¥¬¨âáï ª ­ã«î ¢ á¨«ã â¥®à¥¬ë �¥¡¥£ . �«¥¤®¢ â¥«ì­®, hA(ukl) �

A(u0); �hi !
l!1

0, çâ® ¯à®â¨¢®à¥ç¨â ­¥à ¢¥­áâ¢ã (3.3).
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b) � á¨«ã ­¥à ¢¥­áâ¢  �®è¨{�ã­ïª®¢áª®£® ¨ ãá«®¢¨ï C3)

hA(u1)�A(u2); u1 � u2i =
nX

i;j=1

Z



['(I(u1))"ij(u1)� '(I(u2))"ij(u2)]["ij(u1 � u2)] dx =

=
Z



['(I(u1))I(u1) + '(I(u2))I(u2)] dx�

�
nX

i;j=1

Z


['(I(u1))"ij(u1)"ij(u2)� '(I(u2))"ij(u1)"ij(u2)] dx >

>

Z


['(I(u1))I

1=2(u1)� '(I(u2))I
1=2(u2)](I

1=2(u1)� I1=2(u2)) dx > 0: �

�¥¬¬  3.2. a) �á«¨ K | ®¯¥à â®à (2.1), â® ¤«ï «î¡®© ¯®á«¥¤®¢ â¥«ì­®áâ¨ fuk; hk; pkg1k=1
¨§ ¯à®áâà ­áâ¢  Z � Z � L2(
)n, ¤«ï ª®â®à®© ¨¬¥îâ ¬¥áâ® áå®¤¨¬®áâì (uk; hk; pk) *

k!1

(u0; h0; p0) ¢ Z � Z � L2(
)n, áãé¥áâ¢ã¥â ¯®¤¯®á«¥¤®¢ â¥«ì­®áâì fukl ; hkl ; pklg1l=1 â ª ï, çâ®

hK(ukl ; pkl); hkli !
l!1

hK(u0; p0); h0i.

b) �«ï ¯à®¨§¢®«ì­®£® ®¯¥à â®à  T : Z ! L2(
), ®¯¥à â®à K(�; T (�)) ª®¬¯ ªâ¥­.

�®ª § â¥«ìáâ¢®. a) �ãáâì ¨¬¥îâ ¬¥áâ® ¯à¥¤¥«ì­ë¥ á®®â­®è¥­¨ï ¨§ ãá«®¢¨ï ¤®ª §ë¢ ¥-
¬®£® ¯ã­ªâ  «¥¬¬ë. � ª ª ª ¢«®¦¥­¨¥ Z ,! L2(S)n ª®¬¯ ªâ­®, ¢ë¤¥«¨¬ â ªãî ¯®¤¯®á«¥¤®¢ -
â¥«ì­®áâì fukl ; hklg1l=1, çâ®

(ukl ; hkl) !
l!1

(u0; h0) ¢ L2(S)n � L2(S)n; (3.5)

(ukl [s]; hkl [s]) !
l!1

(u0[s]; h0[s]) ¢ R2n ¤«ï ¯®çâ¨ ¢á¥å s 2 S:

�à®¤®«¦¨¬ äã­ªæ¨¨ ¯®á«¥¤®¢ â¥«ì­®áâ¨ fpkg1k=1 (¨ äã­ªæ¨î p0) ­  ¢á¥ ¯à®áâà ­áâ¢® Rn , ¤«ï
íâ®£® ¯®«®¦¨¬ epk(x) = pk(x), ¥á«¨ x 2 
, ¢ ¯à®â¨¢­®¬ á«ãç ¥ epk(x) = 0. �á­®, çâ® epkl *

l!1
ep0 ¢

L2(Rn). �¬¥¥¬ Z
Rn

!(j� � yj)epkl(y) dy = R(pkl)[�] !
l!1

R(p0)[�] ¤«ï ¢á¥å s 2 S: (3.6)

�­ «®£¨ç­®,�
�Rpkl +

nX
i;j=1

'(I(Rukl))"ij(Rukl)�i�j

�
(s) = fr�(pkl ; ukl)[s] !

l!1
fr�(p0; u0)[s] ¤«ï ¢á¥å s 2 S:

(3.7)

�æ¥­¨¢ ¥¬

jhK(ukl ; pkl); hkli � hK(u0; p0); h0ij 6

6

nX
i=1

����
Z
S

f�(fr�(p
kl ; ukl); jukl� j

2)� �(fr�(p
0; u0); ju0� j

2)gu0�ih
0
�i ds

����+
+

nX
i=1

����
Z
S
f�(fr�(p

kl ; ukl); jukl� j
2)(u0�i � ukl�i)h

0
�i ds

����+
+

nX
i=1

����
Z
S
f�(fr�(p

kl ; ukl); jukl� j
2)ukl�i(h

0
�i � hkl�i) ds

����: (3.8)

� á¨«ã ãá«®¢¨© C5) ¨ á®®â­®è¥­¨ï (3.6), (3.7) ¯¥à¢®¥ á« £ ¥¬®¥ ¢ ¯à ¢®© ç áâ¨ ­¥à ¢¥­áâ¢  (3.8)
áâà¥¬¨âáï ª ­ã«î ¯® â¥®à¥¬¥ �¥¡¥£ , ¤¢  ¤àã£¨å áâà¥¬ïâáï ª ­ã«î ¢ á¨«ã (3.5).

b) � «¥¥ ¡ã¤¥â ¨á¯®«ì§®¢ âìáï ¯à¨§­ ª �.�. �¥«ìä ­¤  ®â­®á¨â¥«ì­®© ª®¬¯ ªâ­®áâ¨ ¢ ¡ -
­ å®¢®¬ ¯à®áâà ­áâ¢¥, ¯à¥¤¢ à¨â¥«ì­® ¯¥à¥ä®à¬ã«¨à®¢ ­­ë© ¢ ¢¨¤¥ á«¥¤ãîé¥© «¥¬¬ë.
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�¥¬¬  3.3. �«ï â®£® çâ®¡ë ¯®¤¬­®¦¥áâ¢® M ¡ ­ å®¢  ¯à®áâà ­áâ¢  X ¡ë«® ®â­®á¨-

â¥«ì­® ª®¬¯ ªâ­ë¬, ­¥®¡å®¤¨¬®,   ¥á«¨ X á¥¯ à ¡¥«ì­®, â® ¨ ¤®áâ â®ç­®, çâ®¡ë ¨§ «î¡®©
¯®á«¥¤®¢ â¥«ì­®áâ¨ äã­ªæ¨®­ «®¢ ffkg

1
k=1 ¨§ X

� â ª®©, çâ®

fk(y) !
k!1

0 8 y 2 X ; (3.9)

¬®¦­® ¡ë«® ¢ë¤¥«¨âì ¯®¤¯®á«¥¤®¢ â¥«ì­®áâì ffklg
1
l=1, ¤«ï ª®â®à®© ¯à¥¤¥«ì­®¥ á®®â­®è¥­¨¥

(3.9) ®ª § «®áì ¡ë ¢ë¯®«­¥­­ë¬ à ¢­®¬¥à­® ­  M.

�®ª § â¥«ìáâ¢® ¯à®¢®¤¨âáï â ª ¦¥, ª ª ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë 3(1.IX) ¨§ ([8], á. 274). �¥-
§­ ç¨â¥«ì­ë¥ ¨§¬¥­¥­¨ï á¢ï§ ­ë á ¯¥à¥å®¤®¬ ª ¯®¤¯®á«¥¤®¢ â¥«ì­®áâ¨ ¢ ä®à¬ã«¨à®¢ª¥ «¥¬¬ë.

�ãáâì T : Z ! L2(
) | ¯à®¨§¢®«ì­ë© ®¯¥à â®à, M | ­¥ª®â®à®¥ ®£à ­¨ç¥­­®¥ ¬­®¦¥áâ¢® ¢
Z, hk *

k!1
0 ¢ ¯à®áâà ­áâ¢¥ (Z�)� � Z. �¬¥¥¬

hhk;K(u; Tu)i 6 b2kukL2(S)nkhkkL2(S)n 8u 2M:

�à¨ íâ®¬ ¢«®¦¥­¨¥ Z ,! L2(S)n ª®¬¯ ªâ­®, ¯®íâ®¬ã ¤«ï ­¥ª®â®à®© ¯®¤¯®á«¥¤®¢ â¥«ì­®-
áâ¨ fhklg

1
l=1 hhkl ;K(u; Tu)i !

l!1
0 à ¢­®¬¥à­® ¯® ¢á¥¬ u ¨§ M. �«¥¤®¢ â¥«ì­®, ¬­®¦¥áâ¢®

K(M; T (M)) ®â­®á¨â¥«ì­® ª®¬¯ ªâ­®.

�¥¬¬  3.4. �ãáâì

M� : Z ! Z�; hM�(u); hi =
1

1 + �1=4kukL4(
)n

nX
i;j=1

Z



uj
@ui
@xj

hi dx (� 2 R; � > 0):

�¯à ¢¥¤«¨¢ë á«¥¤ãîé¨¥ ãâ¢¥à¦¤¥­¨ï:

a) ®¯¥à â®à M� ®£à ­¨ç¥­ ¨ ¢¯®«­¥ ­¥¯à¥àë¢¥­;
b) ¥á«¨ ¯®á«¥¤®¢ â¥«ì­®áâ¨ fukg1k=1 ¨ fh

kg1k=1 ¨§ ¯à®áâà ­áâ¢  Z â ª®¢ë, çâ® uk *
k!1

u0

¢ Z, hk *
k!1

h0 ¢ Z, â® áãé¥áâ¢ãîâ ¯®¤¯®á«¥¤®¢ â¥«ì­®áâ¨ fuklg1l=1 ¨ fhklg1l=1, ¤«ï

ª®â®àëå ¨¬¥¥â ¬¥áâ® áå®¤¨¬®áâì hM(ukl); hkli !
l!1

hM�(u0); h0i.

�®ª § â¥«ìáâ¢®. a) �¢®©áâ¢  ®£à ­¨ç¥­­®áâ¨ ¨ ­¥¯à¥àë¢­®áâ¨ ®¯¥à â®à M� ¤®ª §ë¢ îâ-
áï áâ ­¤ àâ­®. �®¬¯ ªâ­®áâì ¤®ª §ë¢ ¥âáï á ¯®¬®éìî ­¥à ¢¥­áâ¢ 

hM�(u); hi 6
kukL4(
)nkukH1(
)n

1 + �1=4kukL4(
)n
khkL4(
)n

 ­ «®£¨ç­® ¯à¥¤ë¤ãé¥© «¥¬¬¥.
b) � á¨«ã ª®¬¯ ªâ­®áâ¨ ¢«®¦¥­¨ï Z ,! L4(
)n áãé¥áâ¢ãîâ ¯®¤¯®á«¥¤®¢ â¥«ì­®áâ¨ fuklg1l=1

¨ fhklg1l=1 â ª¨¥, çâ®

(ukl ; hkl) !
l!1

(u0; h0) ¯® ­®à¬¥ ¯à®áâà ­áâ¢  L4(
)n � L4(
)n: (3.10)

�¬¥¥¬

jhM�(u0); h0i � hM�(ukl); hklij 6
���� 1
1 + �1=4ku0kL4(
)n

nX
i;j=1

Z



u0j

�
@u0i
@xj

�
@ukli
@xj

�
h0i dx

����+
+
���� 1
1 + �1=4ku0kL4(
)n

nX
i;j=1

Z



(u0j � uklj )
@ukli
@xj

h0i dx

����+
+
���� 1
1 + �1=4ku0kL4(
)n

nX
i;j=1

Z


uklj

@ukli
@xj

(h0i � hkli ) dx
����+

+
����
�

1
1 + �1=4ku0kL4(
)n

�
1

1 + �1=4kuklkL4(
)n

� nX
i;j=1

Z


uklj

@ukli
@xj

hkli dx

����: (3.11)
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�¥à¢®¥ á« £ ¥¬®¥ ¢ ¯à ¢®© ç áâ¨ ­¥à ¢¥­áâ¢  (3.11) áâà¥¬¨âáï ª ­ã«î ¢ á¨«ã â®£®, çâ® ukl *
l!1

u0

¢ Z, ®áâ «ì­ë¥ á« £ ¥¬ë¥ áâà¥¬ïâáï ª ­ã«î ¢ á¨«ã (3.10).

4. �¯¯à®ªá¨¬ æ¨®­­®¥ ãà ¢­¥­¨¥ ¨  ¯à¨®à­ ï ®æ¥­ª 

�«ï ¯à®¨§¢®«ì­®£® � > 0 ¢¢¥¤¥¬ ¢á¯®¬®£ â¥«ì­®¥ ãà ¢­¥­¨¥ ®â­®á¨â¥«ì­® ­¥¨§¢¥áâ­®© äã­ª-
æ¨¨ u�

A+(u�) +A(u�) +K�(u�) +M�(u�) + ��1D�D(u�) = F;

£¤¥

hK�(u); hi =
nX
i=1

Z
S
�(frn(��

�1Du; u); ju� j
2)u�ih�i ds;

hM�(u); hi =
1

1 + �1=4kukL4(
)n

nX
i;j=1

Z


uj
@ui
@xj

hi dx;

hA+(u); hi = �
nX

i;j=1

Z



"ij(u)"ij(h) dx:

�®«®¦¨¬ hK+(u); hi = b1
2

nP
i=1

R
S

u�ih�i ds.

�¥¬¬  4.1. �«ï á¥¬¥©áâ¢  ®¯¥à â®à­ëå ãà ¢­¥­¨©

��
t (u

�) = A+(u�) +K+(u�) + t
�
A(u�) +K(u�)�K+u� +M�(u

�) + ��1D�D(u�)� F
�
= 0; (4.1)

§ ¢¨áïé¨å ®â ¯ à ¬¥âà  t 2 [0; 1], ¯à¨ ¤®áâ â®ç­® ¬ «ëå � ¨¬¥¥â ¬¥áâ®  ¯à¨®à­ ï ®æ¥­ª 

à¥è¥­¨©, â. ¥. ¯à¨ ¢á¥å � â ª¨å, çâ®

0 < � 6 c(a1; b1; n;
);

¢ë¯®«­ï¥âáï ­¥à ¢¥­áâ¢®

ku�kZ 6 C(kFkZ� ; a1; b1; n;
); (4.2)

£¤¥ c, C | ¢¥«¨ç¨­ë, § ¢¨áïé¨¥ â®«ìª® ®â ãª § ­­ëå  à£ã¬¥­â®¢.

�®ª § â¥«ìáâ¢®. �à¨ t = 0 ¨¬¥¥â ¬¥áâ® â®«ìª® ­ã«¥¢®¥ à¥è¥­¨¥, ¢ íâ®¬ á«ãç ¥ ®æ¥­ª 
(4.2) ®ç¥¢¨¤­ . �ãáâì u� | à¥è¥­¨¥ (4.1) ¯à¨ ­¥ª®â®à®¬ t 2 (0; 1]. �®¤¥©áâ¢ã¥¬ «¥¢®© ¨ ¯à ¢®©
ç áâï¬¨ (4.1) ­  u�. �¬¥¥¬

hA+(u�) +K+(u�); u�i > 0;

â ª¨¬ ®¡à §®¬,

hA(u�); u�i+ hK�(u�); u�i � hK+(u�); u�i+ hM�(u�); u�i+ ��1hD�D(u�); u�i 6 hF; u�i:

� ¬¥â¨¬, çâ®

hA(u�); u�i+ hK�(u�); u�i � hK+(u�); u�i > min (a1; b1=2) ku�kZ :

�¬¥áâ¥ á â¥¬

jhM�(u
�); u�ij =

���� 1
1 + �1=4ku�kL4(
)n

nX
i;j=1

Z



u�j
@u�i
@xj

u�i dx

���� =
=

1
1 + �1=4ku�kL4(
)n

����
�
�
1
2

Z


D(u�)ju�j2 dx+

1
2

nX
i=1

Z
S
u��i�iju

�j2 ds

����� 6
6
n

2
kD(u�)kL2(
)

ku�k2L4(
)n

1 + �1=4ku�kL4(
)n
6
n

2
kD(u�)kL2(
)

ku�k2L4(
)n

�1=4ku�kL4(
)n
6
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6
kD(u�)kL2(
)

�1=2
�1=4

n

2
#ku�kZ 6

kD(u�)k2L2(
)

�
+ �1=2

n2

4
#2ku�k2Z

(# | ­®à¬  ®¯¥à â®à  ¢«®¦¥­¨ï ¯à®áâà ­áâ¢  Z ¢ ¯à®áâà ­áâ¢® L4(
)n).
�¥âàã¤­® § ¬¥â¨âì â ª¦¥, çâ®

��1hD�D(u�); u�i = ��1hD(u�);D(u�)i = ��1kD(u�)k2L2(
)
;

kFkZ�ku�kZ 6
l2

4
kFk2Z� +

1
l2
ku�k:

�®«®¦¨¬ l ­ áâ®«ìª® ¡®«ìè¨¬ ¯® ¬®¤ã«î, çâ®

1
l2
< min

�
a1;

b1
2

�
:

�®£¤  ¯à¨ ¤®áâ â®ç­® ¬ «ëå � ¯®«ãç¨¬

ku�k2Z 6
l2

2

�
min

�
a1;

b1
2

�
�

1
l2

��1
kFk2Z� : (4.3)

�¥à ¢¥­áâ¢® (4.3) ¨ ï¢«ï¥âáï ®æ¥­ª®© ¢¨¤  (4.2).

5. �ãé¥áâ¢®¢ ­¨¥ à¥è¥­¨©  ¯¯à®ªá¨¬ æ¨®­­®£® ãà ¢­¥­¨ï

�«ï ¤®ª § â¥«ìáâ¢  áãé¥áâ¢®¢ ­¨ï à¥è¥­¨©  ¯¯à®ªá¨¬ æ¨®­­®£® ãà ¢­¥­¨ï ¯à¨¬¥­¨¬ ¬¥-
â®¤ â®¯®«®£¨ç¥áª®© áâ¥¯¥­¨ ®¡®¡é¥­­ëå ¬®­®â®­­ëå ®â®¡à ¦¥­¨© (á¬. [9]). �®ª ¦¥¬, çâ® á¥-
¬¥©áâ¢® ��

t ®áãé¥áâ¢«ï¥â £®¬®â®¯¨î ®â®¡à ¦¥­¨© ��
0 ¨ ��

1. �«ï íâ®£® ¢­ ç «¥ § ¬¥â¨¬, çâ® ¢
á¨«ã  ¯à¨®à­®© ®æ¥­ª¨ (4.2) ¢ ¯à®áâà ­áâ¢¥ Z áãé¥áâ¢ã¥â § ¬ª­ãâë© è à �R á æ¥­âà®¬ ¢ ­ã«¥
à ¤¨ãá  R > 0, ­  £à ­¨æ¥ @�R ª®â®à®£® ­¥â à¥è¥­¨© ãà ¢­¥­¨© ��

t (u
�) = 0 (¯à¨ t 2 [0; 1]).

� «¥¥ ­¥®¡å®¤¨¬® ¯®ª § âì
a) ¤«ï «î¡®© ¯®á«¥¤®¢ â¥«ì­®áâ¨ fukg

1
k=1, ¢§ïâ®© ­  £à ­¨æ¥ @�R, ¨ ¤«ï «î¡®© ¯®á«¥¤®-

¢ â¥«ì­®áâ¨ â®ç¥ª ftkg1k=1 ­  ®âà¥§ª¥ [0; 1], ¨§ â®£®, çâ® ¨¬¥îâ ¬¥áâ® ¯à¥¤¥«ì­ë¥ á®®â­®è¥­¨ï
uk *

k!1
u0 ¢ Z, ��

tk
(uk) *

k!1
0 ¢ Z�, ¨



��
tk
(uk); uk � u0

�
!

k!1
0, á«¥¤ã¥â uk !

k!1
u0 ¢ Z,

b) ¤«ï «î¡®© ¯®á«¥¤®¢ â¥«ì­®áâ¨ fukg
1
k=1 ¨§ è à  �R â ª®©, çâ® uk !

k!1
u0 ¢ Z, ¨ â ª®©

¯®á«¥¤®¢ â¥«ì­®áâ¨ â®ç¥ª ftkg1k=1 (tk 2 [0; 1]), çâ® tk !
k!1

t0, ¨¬¥¥â ¬¥áâ® áå®¤¨¬®áâì ��
tk
(uk) *

k!1

��
t0
(u0) ¢ Z�.

�®ª § â¥«ìáâ¢®. a) �à¥¤¯®«®¦¨¬ ¯à®â¨¢­®¥, â. ¥. ¯ãáâì uk 9
k!1

u0 ¢ Z. �®£¤  ¤«ï ­¥ª®â®-

àëå ¯®¤¯®á«¥¤®¢ â¥«ì­®áâ¥© fuklg
1
l=1 ¨ ä¨ªá¨à®¢ ­­®£® ç¨á«  " > 0

kukl � u0kZ > ": (5.1)

�§ ¯®á«¥¤®¢ â¥«ì­®áâ¨ fuklg
1
l=1 ­¥«ì§ï ¢ë¤¥«¨âì ¯®¤¯®á«¥¤®¢ â¥«ì­®áâì, áå®¤ïéãîáï ª u0. �¤-

­ ª® ¡ã¤¥â ¤®ª § ­® ®¡à â­®¥ ãâ¢¥à¦¤¥­¨¥.
�§ ãá«®¢¨ï ¯à¥¤«®¦¥­¨ï a) ¨¬¥¥¬

lim
l!1

h��
tkl
(ukl); ukl � u0i = lim

l!1
h��

tkl
(ukl)� ��

t0
(ukl) + ��

t0
(ukl)� ��

t0
(u0); ukl � u0i = 0:

�¥ ®£à ­¨ç¨¢ ï ®¡é­®áâ¨, ¬®¦¥¬ áç¨â âì, çâ® ¯®á«¥¤®¢ â¥«ì­®áâì ftklg
1
l=1 â ª®¢ , çâ®

tkl !
l!1

t0 2 [0; 1]. � ª ª ª ¢á¥ ®¯à¥¤¥«¥­­ë¥ ®¯¥à â®àë ®£à ­¨ç¥­ë, â®

lim
l!1

h��
tkl
(ukl)� ��

t0
(ukl); ukl � u0i =

= lim
l!1

h(tkl � t0)
�
A(ukl) +K�(ukl)�K+(ukl) +M�(ukl) + ��1D�D(ukl)� F

�
; ukl � u0i = 0:

(5.2)

60



�à®¬¥ â®£®, ¢ á¨«ã ¤®ª § ­­ëå á¢®©áâ¢ ®¯¥à â®à®¢ ¨§ ¯®á«¥¤®¢ â¥«ì­®áâ¨ fuklg
1
l=1 ¬®¦­®

¢ë¤¥«¨âì â ªãî ¯®¤¯®á«¥¤®¢ â¥«ì­®áâì fuklm g
1
m=1, çâ® ¡ã¤ãâ ¢ë¯®«­¥­ë á«¥¤ãîé¨¥ ¯à¥¤¥«ì-

­ë¥ á®®â­®è¥­¨ï:

lim
m!1

hA(uklm )�A(u0); uklm � u0i > 0; (5.3)

lim
m!1

hK�(uklm )�K�(u0) +K+(uklm )�K+(u0) +M�(uklm )�M�(u0); uklm � u0i = 0: (5.4)

�¬¥¥â ¬¥áâ® ­¥à ¢¥­áâ¢®

lim
m!1

h��1D�D(uklm � u0); uklm � u0i > 0: (5.5)

�§ (5.2){(5.5) ¢ëâ¥ª ¥â

lim
m!1

h�[A+ +K+](uklm � u0); uklm � u0i 6 0: (5.6)

�à¥¤¥«ì­®¥ á®®â­®è¥­¨¥ (5.6) ¯à®â¨¢®à¥ç¨â (5.1), â. ª. ®¯¥à â®à A+ +K+ áâà®£® ¬®­®â®­¥­:

h[A+ +K+](u� w); u� wi > min(�; b1=2)ku � wk2Z 8u;w 2 Z:

�®ª § â¥«ìáâ¢® ¯à¥¤«®¦¥­¨ï b). �ç¥¢¨¤­®, ¤«ï ¯à®¨§¢®«ì­®£® h 2 Z á¯à ¢¥¤«¨¢® à ¢¥­áâ¢®

lim
k!1

h��
tk
(uk); hi = lim

k!1
h��

tk
(uk)� ��

t0
(uk); hi + lim

k!1
h��

t0
(uk)� ��

t0
(u0); hi: (5.7)

�¥à¢®¥ á« £ ¥¬®¥ ¢ (5.7) áâà¥¬¨âáï ª ­ã«î ¢ á¨«ã áå®¤¨¬®áâ¨ tk !
k!1

t0, ¢â®à®¥ | ¢ á¨«ã
¤¥¬¨­¥¯à¥àë¢­®áâ¨ ¢á¥å ¢å®¤ïé¨å ¢ á« £ ¥¬®¥ ®¯¥à â®à®¢.

� ª¨¬ ®¡à §®¬, ®â®¡à ¦¥­¨ï ��
0 ¨ �

�
1 £®¬®â®¯­ë, ¢¬¥áâ¥ á â¥¬ áâ¥¯¥­ì deg(��

0;�R; 0) ­¥ç¥â-
­ , â. ª. ®â®¡à ¦¥­¨¥ ��

0 ­¥ç¥â­®. �®íâ®¬ã à¥è¥­¨¥ ãà ¢­¥­¨ï ��
1(u

�) = 0 áãé¥áâ¢ã¥â ¯à¨ ¢á¥å
¤®áâ â®ç­® ¬ «ëå �.

6. �à¥¤¥«ì­ë© ¯¥à¥å®¤

�®§ì¬¥¬ ¯®á«¥¤®¢ â¥«ì­®áâì �k !
k!1

0 ¨ ¯®áâ ¢¨¬ ¢ á®®â¢¥âáâ¢¨¥ ª ¦¤®¬ã �k à¥è¥­¨¥ uk 2 Z

ãà ¢­¥­¨ï ��k
1 (u) = 0. �¬¥¥¬

��1k D�D(uk) = F �A+(uk)�A(uk)�K�k(uk)�M�k(uk): (6.1)

� ª á«¥¤áâ¢¨¥ à¥§ã«ìâ â®¢ [10], ®â¬¥â¨¬, çâ® ®¯¥à â®à D� ®áãé¥áâ¢«ï¥â ¨§®¬®àä¨§¬ ¯à®-
áâà ­áâ¢

P0 =
�
� 2 L2(
) :

Z


�(x) dx = 0

�
¨ W0 = ff 2 Z� : hf ; ui = 0 8u 2Wg:

�§  ¯à¨®à­®© ®æ¥­ª¨ ¨ á®®â­®è¥­¨ï (6.1) á«¥¤ã¥â áãé¥áâ¢®¢ ­¨¥ í«¥¬¥­â®¢ u0 2 Z; p0 2
L2(
) â ª¨å, çâ®

uk *
k!1

u0 ¢ Z; (6.2)

uk !
k!1

u0 ¯® ­®à¬¥ L2(
)n ¨ ¯®çâ¨ ¢áî¤ã ­  
; (6.3)

uk !
k!1

u0 ¯® ­®à¬¥ L2(S)
n ¨ ¯®çâ¨ ¢áî¤ã ­  S; (6.4)

D(uk) !
k!1

0 ¢ L2(
); (6.5)

��1k D(uk) *
k!1

�p0 ¢ P0: (6.6)

�®«®¦¨¬

�(uk; v) = hA+(uk) +A(uk)�A(v) +K�k(uk)�K(u0; p0) +

+M�k(uk)�M(u0) + ��1k D�D(uk) +D�(p); uk � vi:
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�®£« á­® «¥¬¬ ¬ 3.1{3.4 ¨ á®®â­®è¥­¨ï¬ (6.2){(6.6) ¬®¦­® ¯®«®¦¨âì, çâ® ¤«ï ¯®á«¥¤®¢ -
â¥«ì­®áâ¨ fukg1k=1 ¢ë¯®«­ïîâáï á«¥¤ãîé¨¥ ¯à¥¤¥«ì­ë¥ á®®â­®è¥­¨ï:

lim
k!1

hA(uk)�A(v); uk � vi > 0; (6.7)

lim
k!1

hK�k (uk)�K�k(u0; p0) +M�k(uk)�M(u0); uk � vi = 0; (6.8)

lim
k!1

h��1k D�D(uk) +D�(p); uk � vi = 0; (6.9)

lim
k!1

hA+(uk); uk � vi = 0: (6.10)

�§ á®®â­®è¥­¨© (6.7){(6.10) ¨¬¥¥¬

lim
k!1

�(uk; v) > 0 8v 2 Z: (6.11)

� ¤àã£®© áâ®à®­ë,

lim
k!1

�(uk; v) = lim
k!1

hA+(uk); uk � vi+

+ lim
k!1

hA(uk) +K�k(uk) +M�k(uk) + ��1k D�D(uk); uk � vi+

+ lim
k!1

h�A(v)�K(u0; p0)�M(u0) +D�(p0); uk � vi =

= hF �A(v) �K(u0; p0)�M(u0) +D�(p0); u0 � vi: (6.12)

� «¥¥ ¢®§ì¬¥¬ v = u0 � 
h, £¤¥ 
 > 0, h 2 Z, ¨ ãáâà¥¬¨¬ 
 ! 0. �§ á®®â­®è¥­¨© (6.11) ¨
(6.12) á«¥¤ã¥â, çâ® ¤«ï «î¡®£® h 2 Z ¨¬¥¥â ¬¥áâ® ­¥à ¢¥­áâ¢®

hF �A(u0)�K(u0; p0)�M(u0) +D�(p0); hi > 0;

§ ¬¥­ïï ¢ ª®â®à®¬ h ­  �h, ¯®«ãç¨¬ ¢ á¨«ã ¯à®¨§¢®«ì­®áâ¨ h, çâ® ¯ à  (u0; p0) | ¨áª®¬®¥
à¥è¥­¨¥ ãà ¢­¥­¨ï (2.2).
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