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ñÂÎ¸˛ ‰‡ÌÌÓÈ ‡·ÓÚ˚ fl‚ÎflÂÚÒfl ËÁÛ˜ÂÌËÂ ÒËÌ-
„ÛÎflÌÓÈ ˝ÎÎËÔÚË˜ÂÒÍÓÈ Í‡Â‚ÓÈ Á‡‰‡˜Ë ‚ Ó·Î‡Ò-
ÚË Ì‡ ÍÓÌÛÒÂ, ÒÓ‰ÂÊ‡˘ÂÈ Â„Ó ‚Â¯ËÌÛ – ÓÒÓ·Û˛
ÚÓ˜ÍÛ. é‰Ì‡ÍÓ Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÓÔÂ‰ÂÎÂÌÌÓ„Ó
ÔÂÓ·‡ÁÓ‚‡ÌËfl ÓÌ‡ ‡ÒÒÏ‡ÚË‚‡ÂÚÒfl Ò‡ÁÛ ‚ Ó·-
Î‡ÒÚË 

 

Ω

 

 Ì‡ ÔÎÓÒÍÓÒÚË. é·‡ÚÌ˚Ï ÔÂÓ·‡ÁÓ‚‡ÌË-
ÂÏ ÂÂ ÏÓÊÌÓ Ú‡ÌÒÙÓÏËÓ‚‡Ú¸ ‚ Í‡Â‚Û˛ Á‡‰‡˜Û
‚ Ó·Î‡ÒÚË Ì‡ ÍÓÌÛÒÂ. Ç ‡·ÓÚÂ ÓÔÂ‰ÂÎfl˛ÚÒfl Ë
ËÁÛ˜‡˛ÚÒfl ÌÓ‚˚Â ÙÛÌÍˆËÓÌ‡Î¸Ì˚Â ÔÓÒÚ‡ÌÒÚ‚‡,
ÍÓÚÓ˚Â ÒÓ‚Ô‡‰‡˛Ú Ò ÔÓÒÚ‡ÌÒÚ‚‡ÏË ëÓ·ÓÎÂ‚‡–
çËÍÓÎ¸ÒÍÓ„Ó–ÅÂÒÓ‚‡ ‚ÌÂ ÓÒÓ·ÓÈ ÚÓ˜ÍË. í‡ÍÊÂ
‚‚Ó‰ËÚÒfl ÔÓÌflÚËÂ ÒË„Ï‡-ÒÎÂ‰‡ ‚ ÓÒÓ·ÓÈ ÚÓ˜ÍÂ. éÒ-
ÌÓ‚ÌÓÈ ÂÁÛÎ¸Ú‡Ú ÒÓÒÚÓËÚ ‚ ‰ÓÍ‡Á‡ÚÂÎ¸ÒÚ‚Â Ó‰ÌÓ-
ÁÌ‡˜ÌÓÈ ‡ÁÂ¯ËÏÓÒÚË ÔÓÒÚ‡‚ÎÂÌÌÓÈ ÒËÌ„ÛÎfl-
ÌÓÈ Í‡Â‚ÓÈ Á‡‰‡˜Ë. 

Ç ÔÓÒÎÂ‰ÌËÂ ‰ÂÒflÚËÎÂÚËfl ÔÓÒÚÓÂÌ‡ Ó·˘‡fl ÚÂ-
ÓËfl ˝ÎÎËÔÚË˜ÂÒÍËı Á‡‰‡˜ ‚ Ó·Î‡ÒÚflı, „‡ÌËˆ˚
ÍÓÚÓ˚ı ÒÓ‰ÂÊ‡Ú ÓÒÓ·ÂÌÌÓÒÚË – Û„Î˚, ÍÓÌË˜ÂÒ-
ÍËÂ ÚÓ˜ÍË, Â·‡. é‰ÌÓÈ ËÁ ÓÒÌÓ‚Ì˚ı ‡·ÓÚ Á‰ÂÒ¸
fl‚ÎflÂÚÒfl ÏÓÌÓ„‡ÙËfl ë.Ä. ç‡Á‡Ó‚‡, Å.Ä. èÎ‡-
ÏÂÌÂ‚ÒÍÓ„Ó [1]. í‡ÍÊÂ ÏÓÊÌÓ ÓÚÏÂÚËÚ¸ ‡·ÓÚ˚
å. äÓÒÚÂ·ÂÎfl, å. ÑÓÛ„Â Ë ‰. (ÒÏ. [2] Ë ÒÒ˚ÎÍË
Ú‡Ï), ‚ ÍÓÚÓ˚ı ‡ÒÒÏ‡ÚË‚‡˛ÚÒfl Í‡Í Ó·˘ËÂ ˝Î-
ÎËÔÚË˜ÂÒÍËÂ ÒËÒÚÂÏ˚, Ú‡Í Ë ÌÂÍÓÚÓ˚Â ÔËÍÎ‡‰-
Ì˚Â Á‡‰‡˜Ë ˝ÎÂÍÚÓ- Ë „Ë‰ÓÒÚ‡ÚËÍË. ê‡ÒÒÏÓÚÂÌ-
Ì˚Â ‚ ÛÍ‡Á‡ÌÌ˚ı ‡·ÓÚ‡ı ÓÒÓ·ÂÌÌÓÒÚË Â¯ÂÌËÈ ‚
Û„ÎÓ‚˚ı ÚÓ˜Í‡ı Ì‡ÏË Ò˜ËÚ‡˛ÚÒfl ÒÎ‡·˚ÏË Ë ‚ ‡Ï-
Í‡ı ‰‡ÌÌÓÈ ‡·ÓÚ˚ ·Û‰ÛÚ ÓÚÌÓÒËÚÒfl Í Â„ÛÎflÌ˚Ï
– Á‰ÂÒ¸ Â˜¸ Ë‰ÂÚ Ó ÒÚÂÔÂÌÌ˚ı ÓÒÓ·ÂÌÌÓÒÚflı Ò ÔÓ-
ÎÓÊËÚÂÎ¸Ì˚Ï ÔÓÍ‡Á‡ÚÂÎÂÏ ÒÚÂÔÂÌË. Ç ‰‡ÌÌÓÈ ‡-
·ÓÚÂ Ï˚ ËÁÛ˜‡ÂÏ ÓÒÓ·ÂÌÌÓÒÚË, ÍÓÚÓ˚Â ÌÂÎ¸Áfl
‰‡ÊÂ ÓÚÌÂÒÚË Í ÒÚÂÔÂÌÌ˚Ï, ÔÓÒÍÓÎ¸ÍÛ ÓÌË ÒÚÛÍ-
ÚÛÌÓ ÒÓ‚Ô‡‰‡˛Ú Ò ËÁÓÎËÓ‚‡ÌÌ˚ÏË ÓÒÓ·ÂÌÌÓÒÚfl-
ÏË ‡Ì‡ÎËÚË˜ÂÒÍËı ËÎË „‡ÏÓÌË˜ÂÒÍËı ÙÛÌÍˆËÈ. 

çÂÍÓÚÓ˚Â ÂÁÛÎ¸Ú‡Ú˚ ÔÓ ˝ÚÓÈ ÚÂÏ‡ÚËÍÂ
ÓÔÛ·ÎËÍÓ‚‡Ì˚ ‚ [3–6]. 
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ËÒıÓ‰fl˘Ëı ËÁ ÚÓ˜ÍË 
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 Ë ËÁ ÓÒÚ‡‚¯ÂÈÒfl ˜‡ÒÚË „‡-
ÌËˆ˚ 
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. óÂÂÁ 
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 Ó·ÓÁÌ‡˜ËÏ Û„ÓÎ ÓÚ 
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' ‰Ó 

 

G

 

'' ÓÚ-
Ò˜ËÚ˚‚‡ÂÏ˚È ÔÓÚË‚ ˜‡ÒÓ‚ÓÈ ÒÚÂÎÍË ‚ÌÛÚË Ó·-
Î‡ÒÚË. Ñ‡ÌÌ‡fl ÍÓÌÙË„Û‡ˆËfl ÔÓËÎÎ˛ÒÚËÓ‚‡Ì‡
Ì‡ ËÒÛÌÍÂ. 1. 
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 ·Û‰ÂÏ Ó·ÓÁÌ‡˜‡Ú¸ ÔÓÎflÌ˚Â ÍÓÓ‰Ë-
Ì‡Ú˚ Ò ˆÂÌÚÓÏ ‚ ÚÓ˜ÍÂ 
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 Ë Ò ÓÒ¸˛ ‡·ÒˆËÒÒ, ÒÓ‚Ô‡-
‰‡˛˘ÂÈ ÔÓ Ì‡Ô‡‚ÎÂÌË˛ Ò ÓÚÂÁÍÓÏ 
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'. ÑÓÔÓÎÌË-
ÚÂÎ¸ÌÓ ·Û‰ÂÏ Ò˜ËÚ‡Ú¸, ˜ÚÓ Á‡ÏÂÌÓÈ ÔÂÂÏÂÌÌ˚ı
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=  ÓÚÂÁÓÍ 
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'' ÔÂÂ‚Ó‰ËÚÒfl ‚ 
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', ‡ 
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 ÔÂ-

ÂıÓ‰ËÚ ‚ Á‡ÏÍÌÛÚ˚È, „Î‡‰ÍËÈ ÍÓÌÚÛ. í‡Í‡fl ÒË-
ÚÛ‡ˆËfl ‚ÓÁÌËÍ‡ÂÚ, Ì‡ÔËÏÂ, ÔË ‡ÁÂÁ‡ÌËË ÍÓ-
ÌÛÒ‡ ÔÓ Ó‰ÌÓÈ ËÁ Ó·‡ÁÛ˛˘Ëı Ë ÔË ÔÓÒÎÂ‰Û˛˘ÂÏ
‡Á‚ÂÚ˚‚‡ÌËË Ì‡ ÔÎÓÒÍÓÒÚ¸, ÔÓ˝ÚÓÏÛ ‡ÒÒÏ‡ÚË-
‚‡ÂÏÛ˛ ÌËÊÂ Í‡Â‚Û˛ Á‡‰‡˜Û ÏÓÊÌÓ Ú‡ÍÚÓ‚‡Ú¸
Í‡Í Í‡Â‚Û˛ Á‡‰‡˜Û ‚ Ó·Î‡ÒÚË Ì‡ ÍÓÌÛÒÂ. 
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(3)

ÔË ‰ÓÔÓÎÌËÚÂÎ¸ÌÓÏ ÛÒÎÓ‚ËË ÔÂËÓ‰Ë˜ÌÓÒÚË Ò ÔÂ-
ËÓ‰ÓÏ 
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 (ÛÒÎÓ‚ËÂ
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) ÔÓ Û„ÎÓ‚ÓÈ ÔÂÂÏÂÌÌÓÈ 
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‚ÒÂı Û˜‡ÒÚ‚Û˛˘Ëı ‚ ˝ÚÓÈ Á‡‰‡˜Â ÙÛÌÍˆËÈ – ˝ÚÓ,
ÔÓ ÒÛÚË ‰ÂÎ‡, ÂÒÚ¸ Í‡Â‚ÓÂ ÛÒÎÓ‚ËÂ Ì‡ ˜‡ÒÚflı „‡-
ÌËˆ˚ 

 

G

 

', 
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''. èÓÌflÚËÂ ÒËÌ„ÛÎflÌÓ„Ó ÒË„Ï‡-ÒÎÂ‰‡

 

σ
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 ·Û‰ÂÚ ‚‚Â‰ÂÌÓ ÌËÊÂ. 

á‰ÂÒ¸ ÔÓÚÂ·Û˛ÚÒfl ‰‚‡ ÍÎ‡ÒÒ‡ ÙÛÌÍˆËÓÌ‡Î¸-
Ì˚ı ÔÓÒÚ‡ÌÒÚ‚, ÛÒÎÓ‚ÌÓ Ì‡Á˚‚‡ÂÏ˚Â Ì‡ÏË ÒËÌ-
„ÛÎflÌ˚ÏË Ë Â„ÛÎflÌ˚ÏË. Ç ÒËÌ„ÛÎflÌ˚Â ÔÓÒÚ-
‡ÌÒÚ‚‡ ·Û‰ÛÚ ‚ıÓ‰ËÚ¸ ÙÛÌÍˆËË Ò ÒËÎ¸Ì˚ÏË ÓÒÓ-
·ÂÌÌÓÒÚflÏË ‚ ÓÒÓ·ÓÈ ÚÓ˜ÍÂ, ‡ ‚ Â„ÛÎflÌ˚Â – ÒÓ
ÒÎ‡·˚ÏË (Ú.Â., ÛÒÎÓ‚ÌÓ „Ó‚Ófl, Â„ÛÎflÌ˚ÏË) ÓÒÓ-
·ÂÌÌÓÒÚflÏË. 
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ÒÚ‡ÌÒÚ‚‡ ëÓ·ÓÎÂ‚‡–çËÍÓÎ¸ÒÍÓ„Ó–ÅÂÒÓ‚‡. 
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ÚË ‚Â¯ËÌ˚ ÒÂÍÚÓ‡ ÛÒÚÓÂÌ˚ Ú‡Í ÊÂ, Í‡Í Ë ÙÛÌÍ-
ˆËË ËÁ 
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, ‡ ‚ Ò‡ÏÓÈ ‚Â¯ËÌÂ ÏÓ„ÛÚ ËÏÂÚ¸ ÔÓËÁ-
‚ÓÎ¸ÌÛ˛ ÓÒÓ·ÂÌÌÓÒÚ¸. 

Ç‚Â‰ÂÏ ÔÂÓ·‡ÁÓ‚‡ÌËÂ 
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Ï˚Í‡ÌËÂÏ ÎËÌÂ‡Î‡ ( ) ÔÓ ÌÓÏÂ ÔÓÒÚ‡ÌÒÚ-
‚‡ Hs(Ω):

„‰Â ˜‡ÒÚÌ˚Â ÔÓËÁ‚Ó‰Ì˚Â  = ,  =  Ë

ÒÛÏÏËÓ‚‡ÌËÂ ÓÒÛ˘ÂÒÚ‚ÎflÂÚÒfl ÔÓ ‚ÒÂÏ ˆÂÎ˚Ï ÌÂ-
ÓÚËˆ‡ÚÂÎ¸Ì˚Ï l, m, Ú‡ÍËÏ, ˜ÚÓ l + m ≤ s. èÓ ÒÛÚË

ÔÓÒÚ‡ÌÒÚ‚Ó (Ω) ÒÓÒÚÓËÚ ËÁ ÙÛÌÍˆËÈ ÔÓÒÚ-
‡ÌÒÚ‚‡ Hs(Ω), Û‰Ó‚ÎÂÚ‚Ófl˛˘Ëı ‚ ÒÓÓÚ‚ÂÚÒÚ‚Û˛-
˘ÂÏ ÒÏ˚ÒÎÂ ÛÒÎÓ‚Ë˛ ÔÂËÓ‰Ë˜ÌÓÒÚË Π1. 

é·ÓÁÌ‡˜ËÏ ˜ÂÂÁ (Ω\�) ÔÓÒÚ‡ÌÒÚ‚Ó, ÒÓ-
ÒÚÓfl˘ÂÂ ËÁ ÙÛÌÍˆËÈ f Ú‡ÍËı, ˜ÚÓ ÔË Î˛·ÓÏ R ∈ (0,

) ÙÛÌÍˆËfl (1 – χR)f ·Û‰ÂÚ ÔËÌ‡‰ÎÂÊ‡Ú¸ ÔÓÒÚ-

‡ÌÒÚ‚Û (Ω). 

éÔÂ‰ÂÎËÏ ÚÂÔÂ¸ ÔÓÒÚ‡ÌÒÚ‚Ó (Ω) Í‡Í
ÔÓÔÓÎÌÂÌËÂ (‚ ÚÂÏËÌÓÎÓ„ËË – Ó·Ó·˘ÂÌÌÓÂ Á‡Ï˚-

Í‡ÌËÂ) ÎËÌÂ‡Î‡ ( ) ‚ L2(Ω) ÔÓ ÌÓÏÂ 

ÔË ˜ÂÚÌÓÏ s ≥ 0 Ë 

ÔË ÌÂ˜ÂÚÌ˚ı s. 

 fl‚ÎflÂÚÒfl „ËÎ¸·ÂÚÓ‚˚Ï ÔÓÒÚ‡ÌÒÚ‚ÓÏ, ÌÂ-

ÔÂ˚‚ÌÓ ‚ÎÓÊÂÌÌ˚Ï ‚ (Ω) ⊂ L2(Ω). Ç ÒÓÓÚ‚ÂÚ-
ÒÚ‚ËË Ò ‡Á‡·ÓÚ‡ÌÌÓÈ ‚ [7] ÚÂıÌËÍÓÈ ÏÓÊÌÓ ÓÚÓÊ-

‰ÂÒÚ‚ËÚ¸ (Ω) Ò ÔÓ‰ÔÓÒÚ‡ÌÒÚ‚ÓÏ ÔÓÒÚ‡ÌÒÚ‚‡

(Ω), Ú.Â. (Ω) ⊂ (Ω). á‡ÏÂÚËÏ ÔÓÔÛÚÌÓ,
˜ÚÓ ‚ ÒÎÛ˜‡Â „Î‡‰ÍÓÈ „‡ÌËˆ˚ (Φ = π) ÔÓÒÎÂ‰ÌËÂ ‰‚‡
ÔÓÒÚ‡ÌÒÚ‚‡ Ì‡ Ò‡ÏÓÏ ‰ÂÎÂ ÒÓ‚Ô‡‰‡˛Ú. 

åÌÓÊÂÒÚ‚Ó ÙÛÌÍˆËÈ (0, R) ÓÔÂ‰ÂÎflÂÚÒfl
Í‡Í ÏÌÓÊÂÒÚ‚Ó ‚ÒÂı ÙÛÌÍˆËÈ f, ‰ÓÔÛÒÍ‡˛˘Ëı

ÔÂ‰ÒÚ‡‚ÎÂÌËÂ f = �νg, ‚ ÍÓÚÓÓÏ g ∈ [0, R), Ú.Â.

1 ùÚÓ ÓÁÌ‡˜‡ÂÚ ÒÓ‚Ô‡‰ÂÌËÂ Ì‡ G' Ë G'' ÒÎÂ‰Ó‚ Ò‡ÏÓÈ ÙÛÌÍˆËË
Ë ‚ÒÂı ÂÂ ÔÓËÁ‚Ó‰Ì˚ı, ‚ÍÎ˛˜‡fl ‰Ó·Ì˚Â (ÚÂı, ÍÓÚÓ˚Â ÒÛ-
˘ÂÒÚ‚Û˛Ú Û ÙÛÌÍˆËË ËÁ Hs(Ω) Ì‡ „‡ÌËˆÂ ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ
‚ÂÎË˜ËÌ˚ s). ç‡ÔËÏÂ, ÔË s = 0 ÌËÍ‡ÍËı ÒÎÂ‰Ó‚ ÌÂ ÒÛ˘Â-
ÒÚ‚ÛÂÚ, ÔÓ˝ÚÓÏÛ ÌËÍ‡ÍÓ„Ó ÛÒÎÓ‚Ëfl ΠΦ ‚ Ú‡ÍÓÏ ÒÎÛ˜‡Â ‡Ò-
ÒÏ‡ÚË‚‡Ú¸ ÌÂ ÒÎÂ‰ÛÂÚ.

CΠ
∞ Ω

f
HΠ

s Ω( )
 = Dx

l Dy
m f

2 Ωd

Ω
∫∑ Dx

l Dy
m f L2 Ω( )

2∑ ,=

Dx
l ∂l

∂xl
------- Dy

m ∂m

∂x
m

---------

HΠ
s

HΠ loc,
s

R°
HΠ

s

HΠ ∆,
s

CΠ
∞ Ω

f
HΠ ∆,

s Ω( )
∆l f L2 Ω( )

2

l 0=

s/2

∑=

f
HΠ ∆,

1 Ω( )
 =

= f
HΠ ∆,

s 1– Ω( )
2 Dx∆

s 1–( )/2 f L2 Ω( )
2

Dy∆
s 1–( )/2 f L2 Ω( )

2
+ +

HΠ ∆,
s

HΠ
s

HΠ
s

HΠ ∆,
s HΠ

s HΠ ∆,
s

Cν
∞°
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ëàçÉìãüêçÄü äêÄÖÇÄü áÄÑÄóÄ 3

‚ ‰Û„Ëı Ó·ÓÁÌ‡˜ÂÌËflı (0, R) = �ν [0, R).
éÔÂ‡ÚÓ ÔÂÓ·‡ÁÓ‚‡ÌËfl �ν ËÏÂÂÚ ‚Ë‰

‡ Ó·‡ÚÌ˚È Í ÌÂÏÛ Ì‡ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı ÔÓÒÚ-
‡ÌÒÚ‚‡ı ÓÔÂ‡ÚÓ ÔÂÓ·‡ÁÓ‚‡ÌËfl �ν ÓÔÂ‰ÂÎfl-
ÂÚÒfl, Ì‡ÔËÏÂ, ÔÓ ÙÓÏÛÎÂ 

„‰Â  – ÙÛÌÍˆËfl ãÂÊ‡Ì‰‡ ÔÂ‚Ó„Ó Ó‰‡. 

Ç‚Â‰ÂÏ ÏÌÓÊÂÒÚ‚Ó (Ω) ÙÛÌÍˆËÈ f ËÁ

( \�), ‰Îfl ÍÓÚÓ˚ı ÒÔ‡‚Â‰ÎË‚Ó ‡ÁÎÓÊÂÌËÂ 

„‰Â ÍÓ˝ÙÙËˆËÂÌÚ˚ îÛ¸Â

ÔË ˝ÚÓÏ ÔÂ‰ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ Ì‡ÚÛ‡Î¸ÌÓÂ ˜ËÒÎÓ
K Ò‚ÓÂ ‰Îfl Í‡Ê‰ÓÈ ÙÛÌÍˆËË f Ë ˜ÚÓ ÙÛÌÍˆËË

χR(r)fkl(r) ÔËÌ‡‰ÎÂÊ‡Ú ÎËÌÂ‡ÎÛ (0, 2 ).

á‰ÂÒ¸  = sin(λkϕ) Ë  = cos(λkϕ), „‰Â

λk =  ÔË k > 0, Ë  = . 

ç‡ (Ω) ÓÔÂ‰ÂÎËÏ ÔË ÙËÍÒËÓ‚‡ÌÌÓÏ ˆÂ-

ÎÓÏ s ≥ 0 Ë ‚ÒÂı R, 0 < R < , ÒËÒÚÂÏÛ ÌÓÏ 

èÓÒÚ‡ÌÒÚ‚Ó (0, R) ‰Îfl ˆÂÎ˚ı s ≥ 0 ÓÔÂ‰ÂÎflÂÚ-

Òfl Í‡Í Ó·Ó·˘ÂÌÌÓÂ Á‡Ï˚Í‡ÌËÂ ÏÌÓÊÂÒÚ‚‡ (0, R)
ÔÓ ÌÓÏÂ 

(4)

„‰Â L2(0, R) – ÎÂ·Â„Ó‚Ó ÔÓÒÚ‡ÌÒÚ‚Ó. 

Cν
∞°

C∞°

�ν f r( ) πr ν– 1/2––

2ν 1/2+ Γ ν 1+( )
----------------------------------- Pν 1/2–° ρ

r
--- 

  f ρ( )d
ρd

-------------- ρ,d

r

∞

∫=

�ν f r( )  =

=  
2ν 1/2+ Γ ν 1+( )–

π
--------------------------------------- d

dt
----- Pν 1/2–° r

ρ
--- 

  f ρ( )ρν 1/2+ ρd( ),

r

∞

∫
Pν 1/2–°

TΠ
∞

CΠ
∞ Ω

f f r ϕ,( ) f kl r( )Yk
l ϕ( ),

l 1=

2

∑
k 0=

K

∑= =

f kl r( ) f r ϕ,( )Yk
l ϕ( ) ϕ ,d

0

Φ

∫=

r
λk–

Cν
∞°

R°

Yk
1 2

Φ
---- Yk

2 2
Φ
----

2πk
Φ

--------- Y0
1 1

Φ
--------

TΠ
∞

R°

f s R,
2 r

λk–
χR f kl Hν

s 0 2R,( )
2

+
l 1=

2

∑
k 0=

∞

∑=

+ 1 χR–( ) f
HΠ ∆,

s Ω( )
2 .

°

Hν
∞°

Cν
∞°

f
Hν

s 0 R,( )
π

2ν 1/2+ Γ ν 1+( )
----------------------------------- Ds �ν f( ) L2 0 R,( ),=°

ëÔ‡‚Â‰ÎË‚Ó ‚ÎÓÊÂÌËÂ (Ω) ⊂ (Ω) Ë ‰Îfl

Î˛·ÓÈ ÙÛÌÍˆËË f ËÁ (Ω) ËÏÂÂÚ ÏÂÒÚÓ ÓˆÂÌÍ‡
||f ||s, R ≥ ps, R( f). í‡ÍËÏ Ó·‡ÁÓÏ, ˝ÚÓ ‚ÎÓÊÂÌËÂ ·Û-
‰ÂÚ Ë ÌÂÔÂ˚‚Ì˚Ï. 

ÑÎfl ÙÛÌÍˆËÈ f ∈ (Ω) ÓÔÂ‰ÂÎËÏ σ-ÒÎÂ‰ ‚
ÚÓ˜ÍÂ � Í‡Í ÔÂ‰ÂÎ 

ÔÓÌËÏ‡ÂÏ˚È ‚ ÍÎ‡ÒÒË˜ÂÒÍÓÏ ÔÓÚÓ˜Â˜ÌÓÏ ÒÏ˚ÒÎÂ.
á‰ÂÒ¸ 

éÚÏÂÚËÏ, ˜ÚÓ σ ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ ËÌÚÂ„‡Î¸-
Ì˚È ÓÔÂ‡ÚÓ, ‰ÂÈÒÚ‚Û˛˘ËÈ ÔÓ Û„ÎÓ‚˚Ï ÔÂÂ-
ÏÂÌÌ˚Ï, ‡ Ò‡Ï σ-ÒÎÂ‰ ‚ ÚÓ˜ÍÂ � ÏÓÊÌÓ ÔÂ‰ÒÚ‡-
‚ËÚ¸ ‚ Ò‚flÁË Ò ˝ÚËÏ ‚ ‚Ë‰Â 

í‡ÍËÏ Ó·‡ÁÓÏ, σ-ÒÎÂ‰ ÔÓ Û„ÎÓ‚˚Ï ÔÂÂÏÂÌÌ˚Ï
fl‚ÎflÂÚÒfl ÌÂÎÓÍ‡Î¸Ì˚Ï Ó·˙ÂÍÚÓÏ. 

éÒÌÓ‚ÌÓÂ ÙÛÌÍˆËÓÌ‡Î¸ÌÓÂ ÔÓÒÚ‡ÌÒÚ‚Ó (Ω)

ÓÔÂ‰ÂÎËÏ Í‡Í Ó·Ó·˘ÂÌÌÓÂ Á‡Ï˚Í‡ÌËÂ ‚  ÔÓÒÚ-

‡ÌÒÚ‚‡ (Ω) ÔÓ ÚÓÔÓÎÓ„ËË, ÓÔÂ‰ÂÎflÂÏÓÈ ÒËÒÚÂ-

ÏÓÈ ÌÓÏ (4) ÔÓ 0 < R < . ùÚ‡ ÚÓÔÓÎÓ„Ëfl ÒËÎ¸ÌÂÂ

ÚÓÔÓÎÓ„ËË ÔÓÒÚ‡ÌÒÚ‚‡ (Ω), Ë ÔÓ˝ÚÓÏÛ ÏÓÊ-
ÌÓ ‰ÓÍ‡Á‡Ú¸ ÔÓ Ó·˘ÂÈ ÒıÂÏÂ ËÁ [7] ÒÔ‡‚Â‰ÎË‚ÓÒÚ¸

‚ÎÓÊÂÌËfl (Ω) ⊂ (Ω). 

Ç‚Â‰ÂÏ ÔÓÒÚ‡ÌÒÚ‚Ó σ-ÒÎÂ‰Ó‚ A[0, Φ] Í‡Í ÏÌÓ-
ÊÂÒÚ‚Ó ÙÛÌÍˆËÈ, ÓÔÂ‰ÂÎÂÌÌ˚ı Ì‡ ÓÚÂÁÍÂ [0, Φ]
Ë ‰ÓÔÛÒÍ‡˛˘Ëı ‡ÁÎÓÊÂÌËÂ ‚ fl‰ îÛ¸Â 

‰Îfl ÍÓÚÓ˚ı ‰Îfl Î˛·Ó„Ó h > 0 ÍÓÌÂ˜Ì˚ ÌÓÏ˚

èÓÒÚ‡ÌÒÚ‚Ó A[0, Φ] fl‚ÎflÂÚÒfl ÔÓÎÌ˚Ï Ò˜ÂÚÌÓ-
ÌÓÏËÛÂÏ˚Ï ÚÓÔÓÎÓ„Ë˜ÂÒÍËÏ ÔÓÒÚ‡ÌÒÚ‚ÓÏ, Ú.Â.
ÔÓÒÚ‡ÌÒÚ‚ÓÏ îÂ¯Â. 

TΠ
∞ H loc

s

TΠ
∞

TΠ
∞

σ f � σf r ϕ,( ),
r 0→
lim=

σf r ϕ,( ) f ° r( )
rln

------------- r
λk f kl r( )Yk

l ϕ( ).
l 1=

2

∑
k 1=

∞

∑+=

σ f �
1
Φ
---- f r ϕ',( ) ×

0

Φ

∫r 0→
lim=

×
2r2π/Φ 2π

Φ
------ ϕ ϕ '–( ) 

 cos 2r4π/Φ–

1 2r2π/Φ 2π
Φ
------ ϕ ϕ '–( ) 

 cos– r4π/Φ+

---------------------------------------------------------------------------------- 1
rln

-------+

 
 
 
 
 

dϕ'.
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s

H loc
s

TΠ
∞

R°
H loc

s

MΠ
s HΠ loc,

s

Ψ ϕ( ) ΨklYk
l ϕ( ),

l 1=

2

∑
k 0=

∞

∑=

Ψ h
2 h
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Ψkl

2.
l 1=

2

∑
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∞
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ä‡Ú‡ıÓ‚, äËÒÂÎÂ‚ÒÍ‡fl

é·ÓÁÌ‡˜ËÏ ̃ ÂÂÁ SR ÍÛ„Ó‚ÓÈ ÒÂÍÚÓ ‡‰ËÛÒ‡ R
Ò ˆÂÌÚÓÏ ‚ ÚÓ˜ÍÂ � Ë ‡ÒÚ‚Ó‡ Φ ∈ (0, 2π] Ú‡ÍÓÈ,
˜ÚÓ ÔË ÌÂÍÓÚÓÓÏ  > 0 ÔÂÂÒÂ˜ÂÌËÂ Ó·Î‡ÒÚË Ω
Ò ÍÛ„ÓÏ Ò ˆÂÌÚÓÏ ‚ � ‡‰ËÛÒ‡ 2  ÒÓ‚Ô‡‰‡ÂÚ Ò
ÒÂÍÚÓÓÏ .

ä‡Â‚‡fl Á‡‰‡˜‡ (1)–(3) Ò ‰ÓÔÓÎÌËÚÂÎ¸Ì˚Ï Í‡-
Â‚˚Ï ÛÒÎÓ‚ËÂÏ Π ÔÓÓÊ‰‡ÂÚ ÓÔÂ‡ÚÓ ‚Ë‰‡ 

ëÌ‡·‰ËÏ ÔÓÒÚ‡ÌÒÚ‚Ó  ≡ (Ω) × (G) ×
× AΠ ÚÓÔÓÎÓ„ËÂÈ ÔflÏÓ„Ó ÔÓËÁ‚Â‰ÂÌËfl. 

í Â Ó  Â Ï ‡  1 (ÚÂÓÂÏ‡ Â‰ËÌÒÚ‚ÂÌÌÓÒÚË).

èÛÒÚ¸ f ∈ (Ω), Ψ ∈ AΠ Ë s > 0. 

íÓ„‰‡ Û Í‡Â‚ÓÈ Á‡‰‡˜Ë (1)–(3) ÒÛ˘ÂÒÚ‚ÛÂÚ ÌÂ

·ÓÎÂÂ Ó‰ÌÓ„Ó Â¯ÂÌËfl ‚ (Ω). 

ã Â Ï Ï ‡  1. èÛÒÚ¸ s ≥ 0 – ̃ ÂÚÌÓÂ ̃ ËÒÎÓ Ë ÙÛÌÍ-

ˆËfl f(r, ϕ) ∈ ( ) Ó·‡˘‡ÂÚÒfl ‚ ÌÛÎ¸ ÔË r >  –
– ε ‰Îfl ÙËÍÒËÓ‚‡ÌÌÓ„Ó ‰ÓÒÚ‡ÚÓ˜ÌÓ Ï‡ÎÓ„Ó ÔÓÎÓ-
ÊËÚÂÎ¸ÌÓ„Ó ε. 

íÓ„‰‡ ÒÛ˘ÂÒÚ‚ÛÂÚ ÙÛÌÍˆËfl u ∈ ( ) Ú‡-
Í‡fl, ˜ÚÓ 

Ë ÓÚÓ·‡ÊÂÌËÂ ÌÂÔÂ˚‚ÌÓ ËÁ ÔÓÒÚ‡ÌÒÚ‚‡

( ) ‚ ( ). 

éÒÌÓ‚ÌÓÈ ÂÁÛÎ¸Ú‡Ú ÒÓÒÚÓËÚ ‚ ÒÎÂ‰Û˛˘ÂÏ ÛÚ-
‚ÂÊ‰ÂÌËË. 

í Â Ó  Â Ï ‡  2. éÔÂ‡ÚÓ �Π ËÏÂÂÚ Ó·‡ÚÌ˚È

 ÌÂÔÂ˚‚ÌÓ ÓÚÓ·‡Ê‡˛˘ËÈ ÔÓÒÚ‡ÌÒÚ‚Ó

(Ω) Ì‡ ÔÓÒÚ‡ÌÒÚ‚Ó (Ω). 

èË ‰ÓÍ‡Á‡ÚÂÎ¸ÒÚ‚Â ÓÒÌÓ‚ÌÓÈ ÚÂÓÂÏ˚ ‰Îfl ËÒ-
ÒÎÂ‰Ó‚‡ÌËfl Â„ÛÎflÌÓÈ ÒÓÒÚ‡‚Îfl˛˘ÂÈ Â¯ÂÌËfl Ï˚
ÔÓÎ¸ÁÓ‚‡ÎËÒ¸ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÏ ‚Ë‰ÓËÁÏÂÌÂÌËÂÏ
Ó·˘ÂÈ ÚÂÓËË ÒËÎ¸ÌÓ ˝ÎÎËÔÚË˜ÂÒÍËı Í‡Â‚˚ı Á‡-
‰‡˜ ËÁÎÓÊÂÌÌÓÈ, Ì‡ÔËÏÂ, ‚ [8–10] ÔËÏÂÌËÚÂÎ¸ÌÓ
Í ‚‚Â‰ÂÌÌ˚Ï ÙÛÌÍˆËÓÌ‡Î¸Ì˚Ï ÔÓÒÚ‡ÌÒÚ‚‡Ï.
ëËÌ„ÛÎflÌ‡fl ÒÓÒÚ‡‚Îfl˛˘‡fl Â¯ÂÌËfl ËÁÛ˜‡Î‡Ò¸ Ò
ÔÓÏÓ˘¸˛ ÒÔÂˆË‡Î¸ÌÓ ‡Á‡·ÓÚ‡ÌÓÈ ÚÂıÌËÍË.
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