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� ­­ ï à ¡®â  ¯®á¢ïé¥­  ¨áá«¥¤®¢ ­¨î ¬ â¥¬ â¨ç¥áª®© ¬®¤¥«¨ ­¥«¨­¥©­®© áâ æ¨®­ à­®©
§ ¤ ç¨ ä¨«ìâà æ¨¨ ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¢ ¯à®¨§¢®«ì­®© ®£à ­¨ç¥­­®© ®¡« áâ¨ ¯à¨ ­ «¨ç¨¨
â®ç¥ç­®£® ¨áâ®ç­¨ª , ¢ ç áâ­®áâ¨, § ¤ ç¨ ä¨«ìâà æ¨¨ á ¯à¥¤¥«ì­ë¬ £à ¤¨¥­â®¬ á¤¢¨£ . �â­®-
á¨â¥«ì­® äã­ªæ¨¨, ®¯à¥¤¥«ïîé¥© § ª®­ ä¨«ìâà æ¨¨, ¯à¥¤¯®« £ ¥âáï, çâ® ®­  ¨¬¥¥â «¨­¥©­ë©
à®áâ ­  ¡¥áª®­¥ç­®áâ¨. � á«ãç ¥, ª®£¤  ®¡« áâì ¨¬¥¥â á¯¥æ¨ «ì­ë© ¢¨¤, ãª § ­­ ï § ¤ ç  ¨¬¥-
¥â à¥è¥­¨¥ (­ ¯à., [1], [2]). � [3] ¢ á«ãç ¥ ¯à®¨§¢®«ì­®© ®£à ­¨ç¥­­®© ®¡« áâ¨ ãáâ ­ ¢«¨¢ ¥â-
áï áãé¥áâ¢®¢ ­¨¥ ®¡®¡é¥­­®£® à¥è¥­¨ï § ¤ ç¨ á § ª®­®¬ ä¨«ìâà æ¨¨, § ¤ ¢ ¥¬ë¬ äã­ªæ¨¥©,
¨¬¥îé¥© áâ¥¯¥­­®© (¢ â®¬ ç¨á«¥ ¨ «¨­¥©­ë©) à®áâ ­  ¡¥áª®­¥ç­®áâ¨. �à¨ íâ®¬ ®¡®¡é¥­­ ï
§ ¤ ç  ä®à¬ã«¨àã¥âáï ¢ ¢¨¤¥ ãà ¢­¥­¨ï á ®¯¥à â®à®¬, ¤¥©áâ¢ãîé¨¬ ¨§ á®¡®«¥¢áª®£® ¯à®áâà ­-

áâ¢  (
�

W
(1)
2 (
) | ¢ á«ãç ¥ «¨­¥©­®£® à®áâ , 
 | ®¡« áâì ä¨«ìâà æ¨¨) ¢ á®¯àï¦¥­­®¥ ª ­¥¬ã,

¨ á®®â¢¥âáâ¢¥­­® à áá¬ âà¨¢ ¥âáï á¨âã æ¨ï, ª®£¤  äã­ªæ¨ï, ®¯¨áë¢ îé ï ¯«®â­®áâì ¢­¥è­¨å
¨áâ®ç­¨ª®¢, ®¯à¥¤¥«ï¥â «¨­¥©­ë©, ­¥¯à¥àë¢­ë© äã­ªæ¨®­ « ­ ¤ á®¡®«¥¢áª¨¬ ¯à®áâà ­áâ¢®¬.
� ¤ ­­®© à ¡®â¥ ¨á¯®«ì§ã¥âáï ¯®¤å®¤, ¯à¨¬¥­¥­­ë© ¢ [3], ¤«ï ¨áá«¥¤®¢ ­¨ï ­¥«¨­¥©­®£® áâ æ¨®-
­ à­®£® ãà ¢­¥­¨ï ä¨«ìâà æ¨¨ á ¬¥­¥¥ £« ¤ª®© ¯à ¢®© ç áâìî: ¢ ­¥®¤­®¬¥à­®¬ á«ãç ¥ ¤¥«ìâ -
äã­ªæ¨ï, ¬®¤¥«¨àãîé ï â®ç¥ç­ë© ¨áâ®ç­¨ª, ­¥ ¯à¨­ ¤«¥¦¨â ¯à®áâà ­áâ¢ã, á®¯àï¦¥­­®¬ã ª
�

W
(1)
2 (
).

1. �®à¬ã«¨à®¢ª  ¢ à¨ æ¨®­­®© § ¤ ç¨

� áá¬ âà¨¢ ¥âáï áâ æ¨®­ à­ ï § ¤ ç  ä¨«ìâà æ¨¨ ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨, á«¥¤ãîé¥© ­¥-
«¨­¥©­®¬ã § ª®­ã ä¨«ìâà æ¨¨

w = �g(jrvj)jrvj�1rv;

£¤¥ w | ¯®«¥ áª®à®áâ¥© ä¨«ìâà æ¨¨, v | ¯®«¥ ¤ ¢«¥­¨© ¦¨¤ª®áâ¨. �¨«ìâà æ¨ï ¯à®¨áå®¤¨â ¢
®¡« áâ¨ 
 � Rn, n � 2, á «¨¯è¨æ-­¥¯à¥àë¢­®© £à ­¨æ¥© �, ­  ª®â®à®© ¤ ¢«¥­¨¥ áç¨â ¥âáï à ¢-
­ë¬ ­ã«î, ¯à¨ ­ «¨ç¨¨ â®ç¥ç­®£® ¨áâ®ç­¨ª  á ¨­â¥­á¨¢­®áâìî q ¢ ­ ç «¥ ª®®à¤¨­ â (áç¨â ¥¬,
çâ® ­ ç «® ª®®à¤¨­ â | ¢­ãâà¥­­ïï â®çª  
). �ª § ­­ë© ¯à®æ¥áá ä¨«ìâà æ¨¨ ®¯¨áë¢ ¥âáï
á«¥¤ãîé¥© ªà ¥¢®© § ¤ ç¥©:

�div
�
g(jrv(x)j)
jrv(x)j

rv(x)
�
= q�(x); x 2 
; (1)

v(x) = 0; x 2 �: (2)

� ¡®â  ¢ë¯®«­¥­  ¯à¨ ä¨­ ­á®¢®© ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®­¤  äã­¤ ¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨©
(ª®¤ë ¯à®¥ªâ®¢ òò03-01-00380, 04-01-00821) ¨ �®­ªãàá­®£® æ¥­âà  äã­¤ ¬¥­â «ì­®£® ¥áâ¥áâ¢®§­ ­¨ï
�¨­¨áâ¥àáâ¢  ®¡à §®¢ ­¨ï ¨ ­ ãª¨ �®áá¨©áª®© �¥¤¥à æ¨¨ (ª®¤ ¯à®¥ªâ  ò�02-1.0-189).
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�ç¨â ¥¬, çâ® äã­ªæ¨ï g, ®¯à¥¤¥«ïîé ï § ª®­ ä¨«ìâà æ¨¨, ¯à¥¤áâ ¢¨¬  ¢ ¢¨¤¥

g(s) =

(
0; s < s0;

g�(s� s0); s � s0;
(3)

s0 � 0 | § ¤ ­­®¥ ç¨á«® (á«ãç © s0 > 0 á®®â¢¥âáâ¢ã¥â § ª®­ã ä¨«ìâà æ¨¨ á ­ ç «ì­ë¬ £à ¤¨-
¥­â®¬ s0). �â­®á¨â¥«ì­® äã­ªæ¨¨ g� : [0;+1)! R1 ¯à¥¤¯®« £ îâáï ¢ë¯®«­¥­­ë¬¨ ãá«®¢¨ï

g�(0) = 0; g�(s) > g�(t) 8s > t � 0; (4)

9k > 0; s� � 0 : g�(s�) � ks�; g�(s)� g�(t) � k(s� t) 8s � t � s�; (5)

9L > 0 : g�(s)� g�(t) � L(s� t) 8s � t � 0: (6)

�¯à¥¤¥«¨¬ ¯® äã­ªæ¨¨ g ®¯¥à â®à G : Rn ! Rn á«¥¤ãîé¨¬ ®¡à §®¬:

Gy =

(
g(jyj)jyj�1y; y 6= 0;

0; y = 0:
(7)

�®¤ à¥è¥­¨¥¬ § ¤ ç¨ (1), (2) ¡ã¤¥¬ ¯®­¨¬ âì â ªãî äã­ªæ¨î v 2
�

W
(1)
1 (
), çâ® ¢ë¯®«­¥­®

á«¥¤ãîé¥¥ ¢ à¨ æ¨®­­®¥ à ¢¥­áâ¢®:Z


(G(rv(x));r�(x))dx = q�(0) 8� 2 C10 (
): (8)

2. �ãé¥áâ¢®¢ ­¨¥ ®¡®¡é¥­­®£® à¥è¥­¨ï

�áá«¥¤ã¥¬ á­ ç «  ç áâ­ë© á«ãç © § ¤ ç¨ (8) ¯à¨ 
 = Br = fx 2 Rn : jxj < rg, � = Sr =
fx 2 Rn : jxj = rg. �ãáâì âà¥¡ã¥âáï

­ ©â¨ v 2
�

W
(1)
1 (Br) :

Z
Br

(G(rv(x));r�(x))dx = q�(0) 8� 2 C10 (Br): (9)

�¥è¥­¨¥ § ¤ ç¨ (9) ¬®¦­® § ¯¨á âì ¢ ï¢­®¬ ¢¨¤¥ [1]. � íâ®© æ¥«ìî ¢¢¥¤¥¬ ®¡à â­ãî ª g�

äã­ªæ¨î h�. �§ ãá«®¢¨© (4){(6) á«¥¤ã¥â, çâ® â ª ï äã­ªæ¨ï áãé¥áâ¢ã¥â, ­¥¯à¥àë¢­  ¨ ã¤®¢«¥-
â¢®àï¥â á«¥¤ãîé¨¬ ­¥à ¢¥­áâ¢ ¬:

h�(s)� h�(t) � L�1(s� t) ¯à¨ s � t � 0;

h�(s)� h�(t) � k�1(s� t) ¯à¨ s � t � h(s�): (10)

�¯à¥¤¥«¨¬ äã­ªæ¨î

h(s) = h�(s) + s� (11)

¨ ¢¢¥¤¥¬ äã­ªæ¨î

pr(s) =
Z r

s

h

�
q

�1�(n�1)

�
d�; £¤¥ �1 = mesS1:

�¡¥¤¨¬áï, çâ® äã­ªæ¨ï vr : Br ! R1, vr(x) = pr(jxj), ï¢«ï¥âáï à¥è¥­¨¥¬ § ¤ ç¨ (9).
�à¨ x 6= 0 ¨¬¥¥¬

rvr(x) =
x

jxj
h

�
q

�1jxj(n�1)

�
:

�§ (10), (11) á«¥¤ã¥â, çâ® áãé¥áâ¢ã¥â â ª®¥ C > 0, ¯à¨ ª®â®à®¬ ¢ë¯®«­¥­  ®æ¥­ª 

h(s) � k�1s+ C ¯à¨ s � 0:

�á¯®«ì§ãï íâ® ­¥à ¢¥­áâ¢®, ¯®«ãç ¥¬

jrvr(x)j �
q

�1kjxj(n�1)
+ C; (12)
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  §­ ç¨â, vr 2
�

W
(1)
1 (Br).

� «¥¥, ¨§ (3) ¨ (11) ¯à¨ s > 0 á«¥¤ã¥â à ¢¥­áâ¢® g(h(s)) = s, ¢ á¨«ã ª®â®à®£®Z
Br

(G(rv(x));r�(x))dx =
Z
Br

�q
(x;r�(x))
�1jxjn

dx = q�(0) 8� 2 C10 (Br):

�ë¡¥à¥¬ r ­ áâ®«ìª® ¡®«ìè¨¬, çâ® 
 � Br. �®áª®«ìªã â®çª  0 ï¢«ï¥âáï ¢­ãâà¥­­¥© ¤«ï 
,
â® ­ ©¤¥âáï â ª®¥ " > 0, çâ® � � Br nB". �§ ­¥à ¢¥­áâ¢  (12) á«¥¤ã¥â vr 2W

(1)
2 (Br nB") ¨, â ª¨¬

®¡à §®¬, ­ ©¤¥âáï äã­ªæ¨ï v� 2W
(1)
2 (
), ¤«ï ª®â®à®© ¢ë¯®«­¥­® ãá«®¢¨¥

v�(x) = �vr(x); x 2 �:

�¥è¥­¨¥ § ¤ ç¨ (8) ¡ã¤¥¬ ¨áª âì ¢ ¢¨¤¥ v = vr+v�+u, £¤¥ u 2
�

W
(1)
2 (
) | ­¥¨§¢¥áâ­ ï äã­ª-

æ¨ï. �®áª®«ìªã C10 (
) � C10 (Br), â® á ãç¥â®¬ à ¢¥­áâ¢  (9) § ¤ ç  (8) á¢®¤¨âáï ª á«¥¤ãîé¥©:

­ ©â¨ â ªãî äã­ªæ¨î u 2
�

W
(1)
2 (
); çâ® ¡ã¤¥â ¢ë¯®«­ïâìáï à ¢¥­áâ¢®Z




(G(r(vr + v� + u))�G(rvr);r�) dx = 0 8� 2 C10 (
):
(13)

�§¢¥áâ­ 

�¥¬¬  1 ([4]). �¯¥à â®à G, ®¯à¥¤¥«¥­­ë© ¢ (7), ã¤®¢«¥â¢®àï¥â ãá«®¢¨î

jGy �Gzj2 � L(Gy �Gz; y � z) 8y; z 2 Rn; (14)

â. ¥. G | ®¡à â­® á¨«ì­® ¬®­®â®­­ë© á ª®­áâ ­â®© 1=L > 0 ¨, á«¥¤®¢ â¥«ì­®, «¨¯è¨æ-

­¥¯à¥àë¢­ë© á ª®­áâ ­â®© L.

�¥¬¬  2. �ãáâì ¤«ï äã­ªæ¨¨ g0 : [0;+1) ! [0;+1) áãé¥áâ¢ãîâ â ª¨¥ � > 0 ¨ s� � 0,
çâ® ¢ë¯®«­¥­ë ­¥à ¢¥­áâ¢ 

g0(s)� g0(t) � �(s� t) ¯à¨ s � t � s�; (15)

g0(s�) � �s�; 0 � g0(s) � g0(s�) ¯à¨ 0 � s � s�: (16)

�®£¤  ®¯¥à â®à G0, ®¯à¥¤¥«¥­­ë© ¯® äã­ªæ¨¨ g0 ¢ á®®â¢¥âáâ¢¨¨ á (7), ã¤®¢«¥â¢®àï¥â ­¥à -

¢¥­áâ¢ã

(G0y �G0z; y � z) � �jy � zj2 � 2cjy � zj 8y; z 2 Rn; (17)

¨, á«¥¤®¢ â¥«ì­®, ¤«ï ¯à®¨§¢®«ì­®£® " 2 (0; �) | ­¥à ¢¥­áâ¢ã

(G0y �G0z; y � z) � (�� ")jy � zj2 � c2"�1 8y; z 2 Rn; (18)

£¤¥

c = max
0�s�s�

jg0(s)� g0(s�)s
�1
� sj � 2g0(s�): (19)

�®ª § â¥«ìáâ¢®. �ãáâì

g1(s) =

(
g0(s)� g0(s�)s�1� s; s < s�;

0; s � s�;
g2(s) =

(
g0(s�)s�1� s; s < s�;

g0(s); s � s�;

¨ Gi, i = 1; 2, | á®®â¢¥âáâ¢ãîé¨¥ äã­ªæ¨ï¬ g1(s), g2(s) ®¯¥à â®àë, ®¯à¥¤¥«¥­­ë¥ á®£« á­® (7).
�§ ãá«®¢¨© (15) ¨ (16) ¯®«ãç ¥¬, çâ® ¯à¨ s � t � s� ¨ s� � s � t � 0 äã­ªæ¨ï g2 ã¤®¢«¥â¢®àï¥â
­¥à ¢¥­áâ¢ã

g2(s)� g2(t) � �(s� t): (20)
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�à¨ s � s� � t � 0

g2(s)� g2(t) = g2(s)� g2(s�) + g2(s�)� g2(t) � �(s� s�) + �(s� � t) = �(s� t);

á«¥¤®¢ â¥«ì­®, ­¥à ¢¥­áâ¢® (20) ¢ë¯®«­¥­® ¯à¨ s � t � 0. � á¨«ã (20),   â ª¦¥ ­¥à ¢¥­áâ¢a
�®è¨{�ã­ïª®¢áª®£®

(G2y �G2z; y � z)� �jy � zj2 =
�
g2(jyj)
jyj

y �
g2(jzj)
jzj

z; y � z

�
� �(y � z; y � z) =

= (g2(jyj)� �jyj)jyj+ (g2(jzj) � �jzj)jzj � [(g2(jyj)� �jyj)jzj+ (g2(jzj) � �jzj)jyj]
(y; z)
jyj jzj

�

� (g2(jyj)� �jyj)jyj+ (g2(jzj) � �jzj)jzj � [(g2(jyj)� �jyj)jzj+ (g2(jzj) � �jzj)jyj] =

= (jyj � jzj)[(g2(jyj)� g2(jzj)) � �(jyj � jzj)] � 0:

� ª¨¬ ®¡à §®¬, ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢®

(G2y �G2z; y � z) � �jy � zj2 8y; z 2 Rn: (21)

�§ ®¯à¥¤¥«¥­¨ï äã­ªæ¨¨ g1 ¨¬¥¥¬ max
s�0

jg1(s)j = max
0�s�s�

jg0(s)� g0(s�)s�1� sj = c. �®«ì§ãïáì
¯®á«¥¤­¨¬ à ¢¥­áâ¢®¬, ¯®«ãç ¥¬ ®æ¥­ªã

j(G1y �G1z; y � z)j � jG1yj jy � zj+ jG1zj jy � zj = (jg1(jyj)j + jg1(jzj)j)jy � zj � 2cjy � zj:

�â ª, ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢®

(G1y �G1z; y � z) � �2cjy � zj 8y; z 2 Rn: (22)

�®áª®«ìªã g0 = g1 + g2, ¨, §­ ç¨â, G0 = G1 +G2, â® ¨§ ­¥à ¢¥­áâ¢ (21), (22) á«¥¤ã¥â

(G0y �G0z; y � z) = (G1y �G1z; y � z) + (G2y �G2z; y � z) � �jy � zj2 � 2cjy � zj;

â. ¥. (17) ¨¬¥¥â ¬¥áâ®.
� «¥¥, ¤«ï ¢á¥å � 2 R1 ¨ " > 0 ¨¬¥¥¬ ­¥à ¢¥­áâ¢® "�2 � 2c� + c2"�1 � 0, á«¥¤®¢ â¥«ì­® ¤«ï

«î¡®£® � á¯à ¢¥¤«¨¢® ��2�2c� � (�� ")�2� c2"�1. �®«ì§ãïáì ¯®á«¥¤­¨¬ ­¥à ¢¥­áâ¢®¬, ¨§ (17)
¯®«ãç ¥¬ (18).

�ãáâì, ¤ «¥¥, V =
�

W
(1)
2 (
) | ¯à®áâà ­áâ¢® �®¡®«¥¢  á® áª «ïà­ë¬ ¯à®¨§¢¥¤¥­¨¥¬ ¨ á®®â-

¢¥âáâ¢ãîé¥© ¥¬ã ­®à¬®©

(u; v)V =
Z



(ru;rv)dx; kukV =
� Z




jruj2dx

�1=2
; u; v 2 V:

�¯à¥¤¥«¨¬ ä®à¬ã a : V � V ! R1 á«¥¤ãîé¨¬ ®¡à §®¬:

a(u; �) =
Z


(G(r�+r� +ru)�G(r�);r�)dx; u; � 2 V; (23)

£¤¥ G | ®¯¥à â®à, ®¯à¥¤¥«¥­­ë© ¢ (7),   � 2W
(1)
1 (
), � 2W

(1)
2 (
) | § ¤ ­­ë¥ äã­ªæ¨¨. �®à¬ 

(23) «¨­¥©­  ¯® ¢â®à®¬ã  à£ã¬¥­âã. � á¨«ã «¥¬¬ë 1 ¢ë¯®«­ï¥âáï ­¥à ¢¥­áâ¢® jG(r� + r� +
ru)�G(r�)j � Ljr� +ruj ¤«ï ¢á¥å x 2 
, á«¥¤®¢ â¥«ì­®

ja(u; �)j �
� Z




jG(r�+r� +ru)�G(r�)j2dx
�1=2� Z




jr�j2dx

�1=2
� Lk� + ukV k�kV < +1;

(24)

çâ® ®§­ ç ¥â ­¥¯à¥àë¢­®áâì ä®à¬ë a ¯® ¢â®à®¬ã  à£ã¬¥­âã. �®íâ®¬ã íâ  ä®à¬  ¯®à®¦¤ ¥â
®¯¥à â®à T : V ! V ,

(Tu; �)V = a(u; �) 8u; � 2 V: (25)
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�§ ®æ¥­ª¨ (24) ¯®«ãç ¥¬

kTuk2V = (Tu; Tu)V � Lk� + ukV kTukV

¨, â ª¨¬ ®¡à §®¬, ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢® kTukV � Lk� + ukV ,   §­ ç¨â, ®¯¥à â®à T ï¢«ï¥âáï
®£à ­¨ç¥­­ë¬.

�¥¬¬  3. �¯¥à â®à T , ®¯à¥¤¥«¥­­ë© ¢ (25), ã¤®¢«¥â¢®àï¥â ãá«®¢¨î

kTu� Tvk2V � L(Tu� Tv; u� v)V 8u; v 2 V; (26)

â. ¥. T | ®¡à â­® á¨«ì­® ¬®­®â®­­ë© ®¯¥à â®à á ª®­áâ ­â®© 1=L > 0.

�®ª § â¥«ìáâ¢®. �§ ®¯à¥¤¥«¥­¨© (23), (25) ¨ ­¥à ¢¥­áâ¢  (14) ¢ëâ¥ª ¥â

L(Tu� Tv; u� v)V =
Z


L(G(r�+r� +ru)�G(r�+r� +rv);ru�rv)dx �

�

Z


jG(r�+r� +ru)�G(r�+r� +rv)j2dx 8u; v 2 V: (27)

� ¤àã£®© áâ®à®­ë,

j(Tu� Tv; �)V j =
����
Z


(G(r�+r� +ru)�G(r�+r� +rv);r�)dx

���� �
�

� Z


jG(r�+r� +ru)�G(r�+r� +rv)j2dx

�1=2� Z


jr�j2dx

�1=2
:

�ë¡¥à¥¬ ¢ ¯à¥¤ë¤ãé¥¬ ­¥à ¢¥­áâ¢¥ � = Tu� Tv, â®£¤  ¯®«ãç¨¬

kTu� Tvk2V �

� Z


jG(r�+r� +ru)�G(r�+r� +rv)j2dx

�1=2
kTu� TvkV :

� ª¨¬ ®¡à §®¬,

kTu� Tvk2V �

Z



jG(r�+r� +ru)�G(r�+r� +rv)j2dx;

¨, ¯®«ì§ãïáì ­¥à ¢¥­áâ¢®¬ (27), ¯®«ãç ¥¬ (26).

�¥¬¬  4. �ãáâì s� = s0 + s�, � = ks�=s�, â®£¤  ¤«ï ¯à®¨§¢®«ì­®£® " 2 (0; �) ®¯¥à â®à T ,
®¯à¥¤¥«¥­­ë© ¢ (25), ã¤®¢«¥â¢®àï¥â ¤«ï «î¡ëå u; v 2 V ­¥à ¢¥­áâ¢ã

(Tu; u� v) � (�� ")k� + uk2V � c2"�1mes
� Lk� + ukV (k�kV + kvkV ); (28)

£¤¥ ª®­áâ ­â  c ®¯à¥¤¥«¥­  ¯® äã­ªæ¨¨ g ¢ á®®â¢¥âáâ¢¨¨ á (19).

�®ª § â¥«ìáâ¢®. �¬¥¥¬

(Tu; u) =
Z


(G(r�+r� +ru)�G(r�);ru+r�)dx�

Z


(G(r�+r� +ru)�G(r�);r�)dx:

�ã­ªæ¨ï g, ®¯à¥¤¥«¥­­ ï ¯à ¢¨«®¬ (3), ¢ á¨«ã ãá«®¢¨ï (5) ã¤®¢«¥â¢®àï¥â ­¥à ¢¥­áâ¢ ¬ (15), (16)
á ª®­áâ ­â ¬¨ �, s�, ®¯à¥¤¥«¥­­ë¬¨ ¢ ãá«®¢¨¨ «¥¬¬ë. �®íâ®¬ã, ¯®«ì§ãïáì «¥¬¬®© 3, ¯®«ãç ¥¬
­¥à ¢¥­áâ¢®Z




(G(r�+r� +ru)�G(r�);r�+r� +ru�r�)dx �

�

Z


[(�� ")jr� +ruj2 � c2"�1]dx = (�� ")k� + uk2V � c2"�1mes
 8u 2 V: (29)
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�§ ®æ¥­ª¨ (24) ¯®«ãç ¥¬����
Z


(G(r�+r� +ru)�G(r�);r�)dx

���� � Lk� + ukV k�kV ; (30)

á«¥¤®¢ â¥«ì­®,

j(Tu; v)j � Lk� + ukV kvkV 8u; v 2 V: (31)

�§ ­¥à ¢¥­áâ¢ (29), (30), (31) á«¥¤ã¥â (28).

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

�¥®à¥¬ . �ãáâì ¢ë¯®«­¥­ë ãá«®¢¨ï (4){(6). �®£¤ 

1) § ¤ ç  (13) ¨¬¥¥â ¯® ªà ©­¥© ¬¥à¥ ®¤­® à¥è¥­¨¥ v,

2) ¬­®¦¥áâ¢® à¥è¥­¨© ¢ë¯ãª«® ¨ § ¬ª­ãâ® ¢ ¯à®áâà ­áâ¢¥
�

W
(1)
2 (
),

3) áª®à®áâì ä¨«ìâà æ¨¨

w = �g(jrvj)jrvj�1rv = G(r(vr + v� + u))

®¯à¥¤¥«ï¥âáï ¥¤¨­áâ¢¥­­ë¬ ®¡à §®¬.

�®ª § â¥«ìáâ¢®. �®«®¦¨¬ ¢ ®¯à¥¤¥«¥­¨¨ ®¯¥à â®à  T (á¬. (23), (25)) äã­ªæ¨¨ �, � à ¢-
­ë¬¨ á®®â¢¥âáâ¢¥­­® vr ¨ v�, â®£¤  § ¤ ç  (13) íª¢¨¢ «¥­â­  ®¯¥à â®à­®¬ã ãà ¢­¥­¨î

Tu = 0: (32)

�§ «¥¬¬ë 3 á«¥¤ã¥â ¬®­®â®­­®áâì ¨ «¨¯è¨æ-­¥¯à¥àë¢­®áâì,   ¨§ «¥¬¬ë 4 | ª®íàæ¨â¨¢­®áâì
®¯¥à â®à  T . � ª¨¬ ®¡à §®¬, áãé¥áâ¢®¢ ­¨¥ à¥è¥­¨ï ãà ¢­¥­¨ï (32) á«¥¤ã¥â ¨§ ([5], á. 95, â¥®-
à¥¬  2.1).

�ãáâì u1, u2 | ¤¢  à¥è¥­¨ï § ¤ ç¨ (13), â®£¤  ¨§ (27) ¯®«ãç ¥¬ ­¥à ¢¥­áâ¢®Z


jG(r(vr + v� + u1))�G(r(vr + v� + u2))j

2dx � 0;

á¯à ¢¥¤«¨¢®áâì âà¥âì¥£® ãâ¢¥à¦¤¥­¨ï â¥®à¥¬ë.
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