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�«ï áãé¥áâ¢®¢ ¨ï à¥è¥¨ï ¢ à¨ æ¨®ëå ¥à ¢¥áâ¢   á®®â¢¥âáâ¢ãîé¨© äãªæ¨® «
ç áâ®  « £ ¥âáï âà¥¡®¢ ¨¥ ¥£® ª®íàæ¨â¨¢®áâ¨ [1], [2]. �á«¨ äãªæ¨® « ¥ ª®íàæ¨â¨¢¥, â®
áãé¥áâ¢ã¥â, ª ª ®â¬¥ç¥®,  ¯à¨¬¥à, ¢ [3], ª®áâàãªâ¨¢ë© ¬¥â®¤ ¨áá«¥¤®¢ ¨ï ¢ à¨ æ¨®ëå
¥à ¢¥áâ¢, ®á®¢ ë©   ¯®áâà®¥¨¨ ª®íàæ¨â¨¢ëå § ¤ ç.

� ¤ ®© à ¡®â¥ ¤  ªà¨â¥à¨© ª®íàæ¨â¨¢®áâ¨ ¢ë¯ãª«ëå ¯®  ¯à ¢«¥¨î äãªæ¨® «®¢  
§ ¬ªãâ®¬ ¢ë¯ãª«®¬ ª®ãá¥.

�ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® K | § ¬ªãâë© ¢ë¯ãª«ë© ª®ãá ¨§ à¥ä«¥ªá¨¢®£® ¡  å®¢  ¯à®-
áâà áâ¢  X, S = fu 2 X : kuk = 1g, B = fu 2 X : kuk < 1g, SK = S \K, BK = B \K. �®¤
ª®íàæ¨â¨¢®áâìî äãªæ¨® «  p : K ! R ¯®¨¬ ¥âáï áãé¥áâ¢®¢ ¨¥ ¯à¥¤¥«  p(u)! +1, ¥á«¨
kuk ! +1, u 2 K.

�¥®à¥¬ . �ãáâì äãªæ¨® « p : K ! R â ª®¢, çâ®

1) äãªæ¨ï t! p(at) ¢ë¯ãª«  ¢ ¨â¥à¢ «¥ (0;+1) ¤«ï «î¡®£® a 2 SK;
2) äãªæ¨® « a! p(at) á« ¡® ¯®«ã¥¯à¥àë¢¥ á¨§ã   BK ¤«ï «î¡®£® t 2 (0;+1).
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�«ï ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë ¤®ª ¦¥¬ âà¨ «¥¬¬ë, ¯à¥¤¯®« £ ï ¢ë¯®«¨¬®áâì ãá«®¢¨© â¥®-
à¥¬ë.
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�®ª § â¥«ìáâ¢®. �¥®¡å®¤¨¬®áâì. �§ áãé¥áâ¢®¢ ¨ï ¯à¥¤¥«  lim
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p(u) = +1 ¤«ï ¤ -

®£® A > 0 á«¥¤ã¥â áãé¥áâ¢®¢ ¨¥ â ª®£® ç¨á«  RA > 0, çâ® ¯à¨ kuk > RA ¢ë¯®«¨¬® ¥à -
¢¥áâ¢® p(u) > A. �®« £ ï §¤¥áì u = ta, £¤¥ t = kuk, a 2 SK, ¯®«ãç¨¬ ¥à ¢¥áâ¢® p(ta) > A,
á¯à ¢¥¤«¨¢®¥ ¯à¨ «î¡ëå t > RA à ¢®¬¥à® ®â®á¨â¥«ì® a 2 SK,   ¯®â®¬ã
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t! p(at)�p(�)
t

¥ ã¡ë¢ ¥â ¢ (0;+1). �® â®£¤ 
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¤«ï «î¡ëå a 2 SK,   ¯®â®¬ã

inf
a2SK

p(at)� p(�)
t

� inf
a2SK

p(at0)� p(�)
t0

�
1
t0
; t > t0;

¨ lim
t!+1

inf
a2SK

p(at)�p(�)
t

> 0. �ç¨âë¢ ï, çâ® lim
t!+1

p(�)
t
= 0, ¯®«ãç¨¬ ¥à ¢¥áâ¢® lim

t!+1
inf
a2SK

p(at)
t

> 0.

57



�®áâ â®ç®áâì. �ãáâì lim
t!+1
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a2SK

p(at)

t
> 0. �®£¤  áãé¥áâ¢ãîâ ç¨á«  � > 0, t0 > 0 â ª¨¥, çâ®

infa2SK p(at) > t� ¯à¨ t > t0. �«¥¤®¢ â¥«ì®, ¤«ï ¢á¥å a 2 SK ¥§ ¢¨á¨¬® ®â t > t0 á¯à ¢¥¤«¨¢®
¥à ¢¥áâ¢® p(at) > t�. �«ï í«¥¬¥â  u 2 K, t = kuk, t > t0, áãé¥áâ¢ã¥â a 2 SK â ª®©, çâ®
u = kuka,   ¯®â®¬ã p(u) > kuk�, kuk > t0. �âáî¤  lim

kuk!+1
p(u) = +1.

�¥¬¬  2. (p ª®íàæ¨â¨¢¥   K) () (áãé¥áâ¢ã¥â t0 > 0 : inf
a2SK

p(at0) > p(�)).

�®ª § â¥«ìáâ¢®. �¥®¡å®¤¨¬®áâì á«¥¤ã¥â ¨§ «¥¬¬ë 1.
�®áâ â®ç®áâì. �¬¥¥¬
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�®£« á® «¥¬¬¥ 1 äãªæ¨® « p ª®íàæ¨â¨¢¥   K.
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  K.

�®ª § â¥«ìáâ¢®. �¥§ ®£à ¨ç¥¨ï ®¡é®áâ¨ à ááã¦¤¥¨© ¡ã¤¥¬ áç¨â âì, çâ® p(�) = 0. �«ï
n 2 N áãé¥áâ¢ã¥â í«¥¬¥â an â ª®©, çâ® kank = 1, an 2 K ¨
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inf
a2SK

p(an) + "n�

n
>
p(ant)
t

+ "t��1 �
1
n
:

�á«¥¤áâ¢¨¥ à¥ä«¥ªá¨¢®áâ¨ ¯à®áâà áâ¢  X ¨§ ¯®á«¥¤®¢ â¥«ì®áâ¨ fang ¢ë¤¥«ï¥¬ á« ¡® áå®-
¤ïéãîáï ª ¥ª®â®à®¬ã í«¥¬¥âã a0 2 BK ¯®¤¯®á«¥¤®¢ â¥«ì®áâì, §  ª®â®à®© á®åà ï¥¬ ®¡®-
§ ç¥¨¥ fang. �®áª®«ìªã äãªæ¨® « p(at) á« ¡® ¯®«ã¥¯à¥àë¢¥ á¨§ã   BK, ¯®«ãç¨¬ ¥-
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(p(an0) + "n�0 ) > 0. �®£« á® «¥¬¬¥ 2 äãª-

æ¨® « p(u) + "kuk� ª®íàæ¨â¨¢¥   K.

�®ª § â¥«ìáâ¢® â¥®à¥¬ë. �¥®¡å®¤¨¬®áâì. �ãáâì p ª®íàæ¨â¨¢¥  K. �®£¤  ¨§ «¥¬¬ë 1
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�®áâ â®ç®áâì. �à¥¤¯®« £ ¥¬ ¡¥§ ®£à ¨ç¥¨ï ®¡é®áâ¨ à ááã¦¤¥¨©, çâ® p(�) = 0. �ã-
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�ãªæ¨® « p(u) � "kuk â ª®¢, çâ® äãªæ¨ï t ! p(at) � "t ¢ë¯ãª«  ¤«ï ¢áïª®£® a 2 SK ¢
(0;+1),   äãªæ¨® « a! p(at)�"t á« ¡® ¯®«ã¥¯à¥àë¢¥ á¨§ã   BK. � á¨«ã (1) ¨ á®£« á®
«¥¬¬¥ 3 äãªæ¨® « p(u)� "kuk + "kuk ª®íàæ¨â¨¢¥   K.

� ¬¥ç ¨¥. �¥¬¬ë 1, 2 á¯à ¢¥¤«¨¢ë ¡¥§ âà¥¡®¢ ¨© à¥ä«¥ªá¨¢®áâ¨ ¯à®áâà áâ¢  X ¨
á« ¡®© ¯®«ã¥¯à¥àë¢®áâ¨ äãªæ¨® «  a! p(at), a 2 BK.

�à¨¬¥àë

1. � ¤ ç  �¨ì®à¨¨ ( ¯à., [4]). �ãáâì K = fu 2 H1(E) : u � 0 ¯®çâ¨ ¢áî¤ã   �g, £¤¥ � |
¤®áâ â®ç® £« ¤ª ï £à ¨æ  ®£à ¨ç¥®© ®¡« áâ¨ E � Rn, mesE = 1. �¡®§ ç¨¬

b(u; u) =
Z
E

jruj2dE; (u; f) =
Z
E

ufdE; p(u) =
1
2
b(u; u) � (f; u); kuk =

q
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q
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�
= +1:

�ãáâì b(a; a) = 0, a 2 SK, â®£¤  a = 1. � ç¨â, lim
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= �
R
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fdE. � ª¨¬ ®¡à §®¬, ãá«®¢¨¥R
E

fdE < 0 ¥®¡å®¤¨¬® ¨ ¤®áâ â®ç® ¤«ï ª®íàæ¨â¨¢®áâ¨ äãªæ¨® «  p.

2. �®¤¥«ì ï § ¤ ç  á âà¥¨¥¬ [4]. �ãáâì K = H1, p(u) = 1
2
b(u; u) + j(u) � (f; u), £¤¥

j(u) =
R
�

gjujd�, g � 0   �. �«ï a 2 S, t > 0 ¨¬¥¥¬ p(ta)

t
= t

2
b(a; a) + j(a)� (f; a). �á«¨ b(a; a) > 0,

â® lim
t!+1

p(ta)
t

= +1. �ãáâì b(a; a) = 0, a 2 S. �®£¤  a = �1,   ¯®â®¬ã p(ta)
t

= j(1) ��(f; 1). �«¥-

¤®¢ â¥«ì®, ¥à ¢¥áâ¢®
R
�

gd� >
��� R
E
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��� ¥®¡å®¤¨¬® ¨ ¤®áâ â®ç® ¤«ï ª®íàæ¨â¨¢®áâ¨ äãª-

æ¨® «  p. � ¬¥â¨¬, çâ® ¢ [4] íâ® ãá«®¢¨¥ ¯à¨¢®¤¨âáï «¨èì ª ª ¤®áâ â®ç®¥.
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