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Ç ÍÌË„Â [1 „Î. 4] ËÁÛ˜‡˛ÚÒfl ÍÛÔÌÓÏ‡Ò¯Ú‡·Ì˚Â
„ÂÓÙËÁË˜ÂÒÍËÂ ÔÓˆÂÒÒ˚, ÔÓËÒıÓ‰fl˘ËÂ ‚ ‡ÚÏÓ-
ÒÙÂÂ Ë ÓÍÂ‡ÌÂ. ùÚË fl‚ÎÂÌËfl ÏÓÊÌÓ ÓÔËÒ‡Ú¸ Û‡‚-
ÌÂÌËflÏË, ÍÓÚÓ˚Â ÔÓÎÛ˜‡˛ÚÒfl ËÁ ‰‚ÛÏÂÌÓÈ ÒË-
ÒÚÂÏ˚ ùÈÎÂ‡ ‰Ó·‡‚ÎÂÌËÂÏ ‚ÂÒ¸Ï‡ ‚‡ÊÌÓ„Ó ‰Îfl
ÔËÎÓÊÂÌËÈ ‰ËÒÒËÔ‡ÚË‚ÌÓ„Ó ˜ÎÂÌ‡ –

 

ru

 

. éÚÏÂÚËÏ,
˜ÚÓ Ú‡ÍËÂ Û‡‚ÌÂÌËfl ËÒÒÎÂ‰Ó‚‡ÎËÒ¸ ‚ Ï‡ÚÂÏ‡ÚË-
˜ÂÒÍÓÈ ÎËÚÂ‡ÚÛÂ (ÒÏ., Ì‡ÔËÏÂ, [2–4]). 
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 Û‡‚ÌÂÌËÈ 
ùÈÎÂ‡ Ò ‰ËÒÒËÔ‡ˆËÂÈ

 

ê‡ÒÒÏ‡ÚË‚‡ÂÚÒfl ÒËÒÚÂÏ‡ Û‡‚ÌÂÌËÈ ‰Îfl ‰‚ÛÏÂ-
ÌÓ„Ó ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓ-ÔÂËÓ‰Ë˜ÂÒÍÓ„Ó ÔÓÎfl ÒÍÓÓ-
ÒÚÂÈ 

 

u

 

 = 

 

u

 

(

 

x

 

, 

 

t

 

) = (

 

u

 

1

 

(

 

x

 

, 

 

t

 

), 

 

u

 

2

 

(

 

x

 

, 

 

t

 

)), 

 

x

 

 = (

 

x

 

1

 

, 

 

x

 

2

 

) 

 

∈ 

 

�

 

2

 

,

 

t

 

 

 

≥

 

 

 

0,

 

 

 

‚Ë‰‡

(1)

„‰Â 

 

�

 

2

 

 = (

 

�

 

 mod 2

 

π

 

)

 

2

 

 – ‰‚ÛÏÂÌ˚È ÚÓ. Ç (1) ÍÓ˝Ù-
ÙËˆËÂÌÚ ‰ËÒÒËÔ‡ˆËË 
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 Ó·ÓÁÌ‡˜‡ÂÚ ÓÚÓ„ÓÌ‡Î¸Ì˚È ÓÔÂ‡-

ÚÓ ãÂÂ, ÔÓÂÍÚËÛ˛˘ËÈ ÔÓÒÚ‡ÌÒÚ‚Ó 
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Ó·ÓÁÌ‡˜‡ÂÚ Á‡Ï˚Í‡ÌËÂ ÏÌÓÊÂÒÚ‚‡ 
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 ‚ ÚÓÔÓÎÓ„ËË
ÔÓÒÚ‡ÌÒÚ‚‡ 
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. 
É‡‰ËÂÌÚ ÙÛÌÍˆËË ‰‡‚ÎÂÌËfl ‚ ËÒıÓ‰ÌÓÈ ÒËÒÚÂ-

ÏÂ ÛÒÚ‡ÌÂÌ Ò ÔÓÏÓ˘¸˛ ÔËÏÂÌÂÌËfl Í Ó·ÂËÏ ˜‡-
ÒÚflÏ Û‡‚ÌÂÌËÈ ÓÔÂ‡ÚÓ‡ 
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. äÓÏÂ ÚÓ„Ó, ÔÂ‰ÔÓ-
Î‡„‡ÂÚÒfl, ̃ ÚÓ ‚ ÒËÒÚÂÏÂ (1) ‚ÌÂ¯Ìflfl ÒËÎ‡ 
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„Ë˜ÌÓ ÓÔÂ‰ÂÎflÂÚÒfl ¯Í‡Î‡ ÔÓÒÚ‡ÌÒÚ‚ 

 

H

 

s

 

, 

 

s

 

 

 

∈

 

 

 

�

 

,

 

H

 

0

 

 = 

 

H

 

). çÓÏ˚ ‚ ÔÓÒÚ‡ÌÒÚ‚‡ı 

 

H

 

 Ë 

 

H

 

1

 

 Ó·ÓÁÌ‡˜‡-
˛ÚÒfl ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ ˜ÂÂÁ 
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Ç ÏÓÏÂÌÚ ‚ÂÏÂÌË 

 

t

 

 = 0 Á‡‰‡ÂÚÒfl Ì‡˜‡Î¸ÌÓÂ ÔÓ-
ÎÂ ÒÍÓÓÒÚÂÈ 

(2)

ëÛ˘ÂÒÚ‚Ó‚‡ÌËÂ ÒÎ‡·Ó„Ó Â¯ÂÌËfl {
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 ∈ �+}
Á‡‰‡˜Ë (1), (2) ‰ÓÍ‡Á˚‚‡ÂÚÒfl, Ì‡ÔËÏÂ, Ò ÔÓÏÓ-
˘¸˛ ÏÂÚÓ‰‡ É‡ÎfiÍËÌ‡. èË ˝ÚÓÏ ËÒÔÓÎ¸ÁÛÂÚÒfl
ÓÚÓÌÓÏËÓ‚‡ÌÌ˚È ‚ H ·‡ÁËÒ {ej(x) = ej1(x), ej2(x) ∈
∈ H1, j = 1, 2, …}, ÒÓÒÚÓfl˘ËÈ ËÁ ÒÓ·ÒÚ‚ÂÌÌ˚ı ÙÛÌÍ-
ˆËÈ ÓÔÂ‡ÚÓ‡ ëÚÓÍÒ‡: –P∆ej = λjej, j = 1, 2, … éÚÏÂ-
ÚËÏ, ˜ÚÓ ‚ ÔÓÒÚ‡ÌÒÚ‚‡ı Hs Ò ÔÂËÓ‰Ë˜ÂÒÍËÏË „‡-
ÌË˜Ì˚ÏË ÛÒÎÓ‚ËflÏË ÓÔÂ‡ÚÓ ëÚÓÍÒ‡ – P∆ = –∆.

èË·ÎËÊÂÌËfl É‡ÎfiÍËÌ‡ um(x, t) = (t)ej(x)

Û‰Ó‚ÎÂÚ‚Ófl˛Ú ÒËÒÚÂÏÂ Ó·˚ÍÌÓ‚ÂÌÌ˚ı Û‡‚ÌÂ-
ÌËÈ Ë Ì‡˜‡Î¸Ì˚Ï ÛÒÎÓ‚ËflÏ ‚Ë‰‡ 

(3)

(4)

„‰Â Πm Ó·ÓÁÌ‡˜‡ÂÚ ÓÚÓ„ÓÌ‡Î¸Ì˚È ÔÓÂÍÚÓ ‚ H
Ì‡ ÍÓÌÂ˜ÌÓÏÂÌÓÂ ÔÓ‰ÔÓÒÚ‡ÌÒÚ‚Ó [e1(x), e2(x),
…, em(x)]. á‡‰‡˜‡ äÓ¯Ë (3), (4) ËÏÂÂÚ Ë ÔËÚÓÏ
Â‰ËÌÒÚ‚ÂÌÌÓÂ Â¯ÂÌËÂ um(x, t) ∈ C([0, Tm]; H1) ‰Îfl
ÌÂÍÓÚÓÓ„Ó Tm > 0. ìÏÌÓÊË‚ Û‡‚ÌÂÌËÂ (3) ÒÍ‡-
ÎflÌÓ ‚ H Ì‡ um Ë ‚ÓÒÔÓÎ¸ÁÓ‚‡‚¯ËÒ¸ ËÁ‚ÂÒÚÌ˚Ï
ÚÓÊ‰ÂÒÚ‚ÓÏ (B(u, u), u) = 0 ÔË u ∈ H1, ÔÓÎÛ˜‡ÂÏ
ÔÓÒÎÂ ˝ÎÂÏÂÌÚ‡Ì˚ı ÔÂÓ·‡ÁÓ‚‡ÌËÈ ‡‚ÂÌÒÚ‚Ó 

(5)

àÁ ˝ÚÓ„Ó ‰ËÙÙÂÂÌˆË‡Î¸ÌÓ„Ó ÒÓÓÚÌÓ¯ÂÌËfl ÒÎÂ-
‰ÛÂÚ ÌÂ‡‚ÂÌÒÚ‚Ó 

(6)

ìÏÌÓÊË‚ ÒÍ‡ÎflÌÓ ‚ H Ó·Â ˜‡ÒÚË (3) Ì‡ ÙÛÌÍ-
ˆË˛ –P∆um = –∆um Ë ‚ÓÒÔÓÎ¸ÁÓ‚‡‚¯ËÒ¸ ÚÂÏ, ˜ÚÓ –
(um, ∆um) = |∇um|2, ÔÓÎÛ˜‡ÂÏ ‡‚ÂÌÒÚ‚Ó

u t 0= u0 x( ), u0 x( ) H1.∈=

c jm

j 1=

m

∑

∂tum ΠmB um um,( ) rum+ + Πmg x( ),=

um · 0,( ) Πmu0 ·( ),=

1
2
--- d

dt
----- um t( ) 2 r um t( ) 2+  = g um t( ),( ), t∀ 0 Tm,[ ].∈

um t( ) 2 um 0( ) 2e rt– r 1– g 2, t∀ 0 Tm,[ ].∈+≤
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ÇË¯ËÍ, óÂÔ˚ÊÓ‚

Ç ÒÎÛ˜‡Â ÔÂËÓ‰Ë˜ÂÒÍËı „‡ÌË˜Ì˚ı ÛÒÎÓ‚ËÈ (B(u,
u), ∆u) = 0 (ÒÏ. [5]). èÓ˝ÚÓÏÛ 

(7)

àÁ (7) ÒÎÂ‰ÛÂÚ (‡Ì‡ÎÓ„Ë˜ÌÓ ÚÓÏÛ, Í‡Í ËÁ (5) ‚˚ÚÂ-
Í‡ÂÚ (6)), ˜ÚÓ 

(8)

ç‡ÍÓÌÂˆ, ÒÍÎ‡‰˚‚‡fl ÌÂ‡‚ÂÌÒÚ‚‡ (6) Ë (8), ÔÓÎÛ˜‡-
ÂÏ ÓÒÌÓ‚ÌÛ˛ ÓˆÂÌÍÛ 

(9)

„‰Â ||v||2 = |v|2 + |∇v|2. àÁ ̋ ÚÓ„Ó ÌÂ‡‚ÂÌÒÚ‚‡ ‚˚‚Ó‰ËÚ-
Òfl, ˜ÚÓ Â¯ÂÌËÂ um(x, t) Á‡‰‡˜Ë (3), (4) ÔÓ‰ÓÎÊ‡ÂÚÒfl
Ì‡ �+ (Ú.Â. Tm = +∞), ÔË˜ÂÏ um(x, t) ∈ Cb(�+; H1).

èÓÒÍÓÎ¸ÍÛ u0(·) ∈ H1, ÚÓ Ì‡˜‡Î¸ÌÓÂ ÛÒÎÓ‚ËÂ ÒË-
ÒÚÂÏ˚ (3) 

(10)

çÂ‡‚ÂÌÒÚ‚Ó (9) ‚ÎÂ˜ÂÚ ÒÛ˘ÂÒÚ‚Ó‚‡ÌËÂ ÔÓ‰ÔÓ-
ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË {m'} ⊂ {m}, Ú‡ÍÓÈ, ˜ÚÓ 

(11)

‰Îfl ÌÂÍÓÚÓÓÈ ÙÛÌÍˆËË u(x, t) ∈ L∞(�+; H1). ìÚ‚Â-
Ê‰‡ÂÚÒfl, ˜ÚÓ u(x, t) fl‚ÎflÂÚÒfl ÒÎ‡·˚Ï Â¯ÂÌËÂÏ Á‡-
‰‡˜Ë (1), (2) ‰Îfl Û‡‚ÌÂÌËÈ ùÈÎÂ‡ Ò ‰ËÒÒËÔ‡ˆËÂÈ.
Ç Ò‡ÏÓÏ ‰ÂÎÂ, ËÁ Û‡‚ÌÂÌËÈ (3) Ì‡ıÓ‰ËÏ, ˜ÚÓ 

(12)

èË ˝ÚÓÏ Ï˚ ‚ÓÒÔÓÎ¸ÁÓ‚‡ÎËÒ¸ ÌÂ‡‚ÂÌÒÚ‚ÓÏ ã‡-
‰˚ÊÂÌÒÍÓÈ (ÒÏ. [6]) Ë ÓˆÂÌÍÓÈ (9). 

àÁ (11) Ë (12) ÒÎÂ‰ÛÂÚ, ˜ÚÓ 

(13)

Ñ‡ÎÂÂ ‰ÓÍ‡Á˚‚‡ÂÚÒfl, ˜ÚÓ 

(14)

1
2
--- d

dt
----- ∇um t( ) 2 B um um,( ) ∆um,( )– r ∇um t( ) 2  =+

=  ∇g ∇um t( ),( ), t∀ 0 Tm,[ ].∈

1
2
--- d

dt
----- ∇um t( ) 2 r ∇um t( ) 2+ ∇g ∇um t( ),( ),=

t∀ 0 Tm,[ ].∈

∇um t( ) 2 ∇um 0( ) 2e rt– r 1– ∇g 2,+≤
t∀ 0 Tm,[ ].∈

um t( ) 2 um 0( ) 2e rt– r 1– g 2, t∀ 0 Tm,[ ],∈+≤

um · 0,( ) = Πmu0 ·( ) u0 ·( ) m ∞→( ) ÒËÎ¸ÌÓ ‚ H1.→

um' · t,( ) u · t,( ) m' ∞→( )

 *-ÒÎ‡·Ó ‚ L∞
loc

�+; H1( )

∂tum H
1– B um um,( )

H
1– r um H

1– g
H

1– ≤+ +≤

≤ C um
L4 �

2( )
2

2 um H
1 g

H
1+ +( ) ≤

≤ C1 u0 H
1

2 g
H

1
2 1+ +( ), t 0.≥

∂tum' · t,( ) ∂tu · t,( ) m' ∞→( )

 *-ÒÎ‡·Ó ‚ L∞
loc

�+; H 1–( ).

um' · t,( ) u · t,( ) m' ∞→( )

ÒËÎ¸ÌÓ ‚ L∞
loc

�+; H( ),

‡ ËÁ (13) Ë (14) ÔÓÎÛ˜‡ÂÏ (ÒÏ. [7, 8]), ˜ÚÓ 

(15)

íÂÔÂ¸, ËÏÂfl ÒÓÓÚÌÓ¯ÂÌËfl (11), (13) Ë (15), ‚ Û‡‚-
ÌÂÌËË (3) ÏÓÊÌÓ ÒÓ‚Â¯ËÚ¸ ÔÂ‰ÂÎ¸Ì˚È ÔÂÂıÓ‰
ÔË m' → ∞ ‚ ÔÓÒÚ‡ÌÒÚ‚Â Ó·Ó·˘ÂÌÌ˚ı ÙÛÌÍˆËÈ
D'(�+; H–1) (ÒÏ. [7]) Ë ÔÓÎÛ˜ËÚ¸, ˜ÚÓ Ì‡È‰ÂÌÌ‡fl
ÙÛÌÍˆËfl u(x, t) fl‚ÎflÂÚÒfl ÒÎ‡·˚Ï Â¯ÂÌËÂÏ Û‡‚-
ÌÂÌËfl (1) ‚ ÒÏ˚ÒÎÂ ÔÓÒÚ‡ÌÒÚ‚‡ D'(�+; H–1), ‡ ËÁ
(10) ÒÎÂ‰ÛÂÚ, ̃ ÚÓ u(x, t) Û‰Ó‚ÎÂÚ‚ÓflÂÚ Ì‡˜‡Î¸ÌÓÏÛ
ÛÒÎÓ‚Ë˛ (2). ç‡ÍÓÌÂˆ, ËÁ ÌÂ‡‚ÂÌÒÚ‚‡ (9) Ì‡ıÓ-
‰ËÏ, ˜ÚÓ ÔÂ‰ÂÎ¸Ì‡fl ÙÛÌÍˆËfl u(x, t) Û‰Ó‚ÎÂÚ‚Ófl-
ÂÚ ÓˆÂÌÍÂ 

(16)

ì Ú ‚ Â  Ê ‰ Â Ì Ë Â  1. ÑÎfl Î˛·Ó„Ó u0(x) ∈ H1 Á‡-
‰‡˜‡ (1), (2) ËÏÂÂÚ ÒÎ‡·ÓÂ Â¯ÂÌËÂ u(x, t) ∈ L∞(�+;
H1), ÍÓÚÓÓÂ Û‰Ó‚ÎÂÚ‚ÓflÂÚ ÌÂ‡‚ÂÌÒÚ‚Û (16). 

á ‡ Ï Â ˜ ‡ Ì Ë Â  1. á‡ÏÂÚËÏ, ˜ÚÓ Î˛·ÓÂ ÒÎ‡·ÓÂ
Â¯ÂÌËÂ u(x, t) ∈ L∞(�+; H1) Á‡‰‡˜Ë (1), (2) Û‰Ó‚ÎÂ-
Ú‚ÓflÂÚ ˝ÌÂ„ÂÚË˜ÂÒÍÓÏÛ ÚÓÊ‰ÂÒÚ‚Û

‚ ÍÓÚÓÓÏ ÙÛÌÍˆËfl |u(t)|2 fl‚ÎflÂÚÒfl ‡·ÒÓÎ˛ÚÌÓ
ÌÂÔÂ˚‚ÌÓÈ (Ò. Ò (5)), Ó‰Ì‡ÍÓ ‰Îfl ‚˚ÔÓÎÌÂÌËfl
‡Ì‡ÎÓ„Ë˜ÌÓ„Ó ÚÓÊ‰ÂÒÚ‚‡ (ÒÏ. (7)) ‰Îfl ÙÛÌÍˆËË
|∇u(t)|2 ÔË t ≥ 0 (ËÎË ‚˚ÚÂÍ‡˛˘Â„Ó ËÁ ÌÂ„Ó ÌÂ‡-
‚ÂÌÒÚ‚‡ ‚Ë‰‡ (8)) „Î‡‰ÍÓÒÚË ÒÎ‡·Ó„Ó Â¯ÂÌËfl ÌÂ
ı‚‡Ú‡ÂÚ. 

á ‡ Ï Â ˜ ‡ Ì Ë Â  2. Ö‰ËÌÒÚ‚ÂÌÌÓÒÚ¸ Â¯ÂÌËfl Á‡-
‰‡˜Ë (1), (2) ‚ ÍÎ‡ÒÒÂ L∞(�+; H1) ‰ÓÍ‡Á‡Ú¸ ÌÂ Û‰‡ÂÚ-
Òfl. á‰ÂÒ¸ Ì‡·Î˛‰‡ÂÚÒfl ‡Ì‡ÎÓ„Ëfl Ò ËÁ‚ÂÒÚÌ˚ÏË Â-
ÁÛÎ¸Ú‡Ú‡ÏË ‰Îfl ÍÎ‡ÒÒË˜ÂÒÍÓ„Ó Û‡‚ÌÂÌËfl ùÈÎÂ‡
(1) ÔË r = 0, ‰Îfl ÍÓÚÓÓ„Ó ‰ÓÍ‡Á‡Ì˚ ÚÂÓÂÏ˚ ÒÛ-
˘ÂÒÚ‚Ó‚‡ÌËfl Ë Â‰ËÌÒÚ‚ÂÌÌÓÒÚË ‚ ÍÎ‡ÒÒÂ ÙÛÌÍˆËÈ
u(x, t), Û ÍÓÚÓ˚ı ‚Ëı¸ ∇ × u := u2 – u1 ∈
∈ L∞(�+; L∞(�2)) ÔË ÛÒÎÓ‚ËË, ˜ÚÓ ∇ × u0 ∈ L∞(�2)
(ÒÏ. [9, 10]). ùÚË ÂÁÛÎ¸Ú‡Ú˚ ÏÓÊÌÓ ‡ÒÔÓÒÚ‡-
ÌËÚ¸ Ì‡ ÒÎÛ˜‡È Û‡‚ÌÂÌËÈ ùÈÎÂ‡ Ò ‰ËÒÒËÔ‡ˆËÂÈ
(1) ÔË r > 0. é‰Ì‡ÍÓ, Í‡Í ‚Ë‰ÌÓ ËÁ ‰‡Î¸ÌÂÈ¯Â„Ó,
ÔË ËÒÒÎÂ‰Ó‚‡ÌËË Ú‡ÂÍÚÓÌ˚ı ‡ÚÚ‡ÍÚÓÓ‚ ÒË-
ÒÚÂÏ˚ (1) ÚÂÓÂÏ‡ Ó Â‰ËÌÒÚ‚ÂÌÌÓÒÚË Â¯ÂÌËÈ ÌÂ
ÚÂ·ÛÂÚÒfl. 

2. í‡ÂÍÚÓÌ˚È ‡ÚÚ‡ÍÚÓ ÒËÒÚÂÏ˚ 
ùÈÎÂ‡ Ò ‰ËÒÒËÔ‡ˆËÂÈ

Ç‚Â‰ÂÏ ÔÓÒÚ‡ÌÒÚ‚‡  Ë : 

B um' um',( ) B u u,( ) m' ∞→( )

 *-ÒÎ‡·Ó ‚ L∞
loc

�+; H 1–( ).

ess sup u t s+( ) 2 s 0≥{ } u 0( ) 2e rt– r 1– g 2,+≤

t∀ �+.∈

1
2
--- d

dt
----- u t( ) 2 r u t( ) 2+ g u t( ),( ), t∀ 0,≥=

∂x1
∂x2

�+
∞ �+

loc
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í‡ÂÍÚÓÌ˚È ‡ÚÚ‡ÍÚÓ 2d Û‡‚ÌÂÌËÈ ùÈÎÂ‡ 3

(17)

ç‡ÔÓÏÌËÏ, ˜ÚÓ ÙÛÌÍˆËfl z(t) ∈ (�+; E) ⇔
⇔ z(t) ∈ L∞(0, M; E) ÔË Î˛·ÓÏ M > 0. üÒÌÓ, ˜ÚÓ

 ⊂ . Ç ÔÓÒÚ‡ÌÒÚ‚Â  ‚‚Ó‰ËÚÒfl ÚÓÔÓÎÓ-

„Ëfl  ÒÓ ÒÎÂ‰Û˛˘ÂÈ ÒÎ‡·ÓÈ ÒÂÍ‚ÂÌˆË‡Î¸ÌÓÈ ÒıÓ-

‰ËÏÓÒÚ¸˛ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ {vn(x, t)} ⊂ :
ÔÓ ÓÔÂ‰ÂÎÂÌË˛, vn(·)  v(·) (n → ∞) ‚ ÚÓÔÓÎÓ„ËË

, ÂÒÎË ‰Îfl Î˛·Ó„Ó M > 0 ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸
vn(x, t)  v(x, t) (n → ∞) *-ÒÎ‡·Ó ‚ L∞(0, M; H1) Ë
∂tvn(x, t)  ∂tv(x, t) (n → ∞) *-ÒÎ‡·Ó ‚ L∞(0, M; H–1).

éÚÏÂÚËÏ, ˜ÚÓ  fl‚ÎflÂÚÒfl ı‡ÛÒ‰ÓÙÓ‚˚Ï ÔÓ-
ÒÚ‡ÌÒÚ‚ÓÏ îÂ¯Â–ì˚ÒÓÌ‡ ÒÓ Ò˜ÂÚÌÓÈ ·‡ÁÓÈ ÚÓ-
ÔÓÎÓ„ËË. äÓÏÂ ÚÓ„Ó, Î˛·ÓÈ ¯‡ �(0, R) = {v ∈
∈ | ||v  ≤ R} ‚ ÔÓÒÚ‡ÌÒÚ‚Â  fl‚ÎflÂÚÒfl ÍÓÏ-

Ô‡ÍÚÌ˚Ï ÏÌÓÊÂÒÚ‚ÓÏ ‚ ÒÎ‡·ÓÈ ÚÓÔÓÎÓ„ËË .

ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, ÚÓÔÓÎÓ„Ëfl  Ì‡ Î˛·ÓÏ ¯‡Â
�(0, R) fl‚ÎflÂÚÒfl ÏÂÚËÁÛÂÏÓÈ (ÒÏ., Ì‡ÔËÏÂ, [11]).
ëÓÓÚ‚ÂÚÒÚ‚Û˛˘Û˛ ÏÂÚËÍÛ Ï˚ ·Û‰ÂÏ Ó·ÓÁÌ‡˜‡Ú¸
ρ(·, ·). éÚÏÂÚËÏ, Ó‰Ì‡ÍÓ, ˜ÚÓ Ì‡ ‚ÒÂÏ ÔÓÒÚ‡ÌÒÚ‚Â

 ËÎË  ÚÓÔÓÎÓ„Ëfl  ÌÂ ÏÂÚËÁÛÂÏ‡. 

Ç‚Â‰ÂÏ Ô  Ó Ò Ú  ‡ Ì Ò Ú ‚ Ó  Ú  ‡ Â Í Ú Ó  Ë È
�+(N) ‰Îfl Û‡‚ÌÂÌËfl (1), ÍÓÚÓÓÂ Á‡‚ËÒËÚ ÓÚ ̃ ËÒÎ‡ N

> 0. èÓ ÓÔÂ‰ÂÎÂÌË˛, ÙÛÌÍˆËfl u(x, t) ∈  ÔËÌ‡‰-
ÎÂÊËÚ �+(N), ÂÒÎË ÓÌ‡ fl‚ÎflÂÚÒfl ÒÎ‡·˚Ï Â¯ÂÌËÂÏ
Û‡‚ÌÂÌËfl (1) ‚ ÒÏ˚ÒÎÂ ÔÓÒÚ‡ÌÒÚ‚‡ D'(�+; H–1), Ë
‰Îfl ÌÂ„Ó ‚˚ÔÓÎÌÂÌÓ ÌÂ‡‚ÂÌÒÚ‚Ó 

(18)

èÓÒÚ‡ÌÒÚ‚Ó �+(N) ÌÂÔÛÒÚÓ ÔË Î˛·ÓÏ N > 0.
ÑÂÈÒÚ‚ËÚÂÎ¸ÌÓ, ÂÒÎË u0 ∈ H1 Ë ||u0||2 < N, ÚÓ (‚ÓÁ-
ÏÓÊÌÓ, ÌÂ Â‰ËÌÒÚ‚ÂÌÌÓÂ) ÒÎ‡·ÓÂ Â¯ÂÌËÂ u(x, t)
Á‡‰‡˜Ë (1), (2) ËÁ ÛÚ‚ÂÊ‰ÂÌËfl 1, ÔÓÎÛ˜ÂÌÌÓÂ ÔÓ
ÔË‚Â‰ÂÌÌÓÏÛ ‚˚¯Â ÏÂÚÓ‰Û É‡ÎfiÍËÌ‡, Û‰Ó‚ÎÂ-
Ú‚ÓflÂÚ ÌÂ‡‚ÂÌÒÚ‚Û (18) (ÒÏ. (16)) Ë, ÒÎÂ‰Ó‚‡ÚÂÎ¸-
ÌÓ, u(x, t) ÔËÌ‡‰ÎÂÊËÚ �+(N). 

ì Ú ‚ Â  Ê ‰ Â Ì Ë Â  2. ÑÎfl Î˛·Ó„Ó ÙËÍÒËÓ‚‡Ì-

ÌÓ„Ó N > 0 ÔÓÒÚ‡ÌÒÚ‚Ó �+(N) Ó„‡ÌË˜ÂÌÓ ‚ 

Ë Á‡ÏÍÌÛÚÓ ‚ ÚÓÔÓÎÓ„ËË .

�+
∞

 = v x t,( ), x �
2
, t �+  v ·( ) L∞ �+; H1( ),∈ ∈ ∈{

∂tv ·( ) L∞ �+; H 1–( ) },∈

�+
loc

 = v x t,( ), x �
2
, t �+  v ·( ) L∞

loc
�+; H1( ),∈ ∈ ∈{

∂tv ·( ) L∞
loc

�+; H 1–( ) }.∈

L∞
loc

�+
∞ �+

loc �+
loc

Θ+
loc

�+
loc

Θ+
loc

Θ+
loc

�+
∞ ||

�+
∞ �+

∞

Θ+
loc

Θ+
loc

�+
loc �+

∞ Θ+
loc

�+
∞

ess sup u t s+( ) 2 s 0≥{ } Ne rt– r 1– g 2,+≤

t∀ �+.∈

�+
∞

Θ+
loc

Ñ Ó Í ‡ Á ‡ Ú Â Î ¸ Ò Ú ‚ Ó  ˝ÚÓ„Ó ÛÚ‚ÂÊ‰ÂÌËfl ‡Ì‡-
ÎÓ„Ë˜ÌÓ ‰ÓÍ‡Á‡ÚÂÎ¸ÒÚ‚Û, ÔË‚Â‰ÂÌÌÓÏÛ ‚ [12], ‰Îfl
‰ËÒÒËÔ‡ÚË‚ÌÓ„Ó „ËÔÂ·ÓÎË˜ÂÒÍÓ„Ó Û‡‚ÌÂÌËfl Ò
ÌÂÎËÌÂÈÌÓÈ ÙÛÌÍˆËÂÈ ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl f (u), ËÏÂ-
˛˘ÂÈ Î˛·ÓÈ ÔÓfl‰ÓÍ ÒÚÂÔÂÌÌÓ„Ó ÓÒÚ‡ ÔÓ u. 

ä‡Í ÛÊÂ ÓÚÏÂ˜‡ÎÓÒ¸, ÚÓÔÓÎÓ„Ëfl  ÏÂÚËÁÛÂ-

Ï‡ Ì‡ Ó„‡ÌË˜ÂÌÌ˚ı ÏÌÓÊÂÒÚ‚‡ı ËÁ , ÔÓ˝ÚÓÏÛ,
‡ Ú‡ÍÊÂ ‚ ÒËÎÛ ÛÚ‚ÂÊ‰ÂÌËfl 2 ÔÓÒÚ‡ÌÒÚ‚Ó �+(N)

Ò ÚÓÔÓÎÓ„ËÂÈ  fl‚ÎflÂÚÒfl ÏÂÚËÁÛÂÏ˚Ï Ë ÍÓÏ-
Ô‡ÍÚÌ˚Ï. 

ç‡ ÔÓÒÚ‡ÌÒÚ‚‡ı  Ë  ‡ÒÒÏ‡ÚË‚‡ÂÚÒfl
ÔÓÎÛ„ÛÔÔ‡ Ú‡ÌÒÎflˆËÈ {T(h)} := {T(h), h ≥ 0}, ‰ÂÈ-
ÒÚ‚Û˛˘‡fl ÔÓ ÙÓÏÛÎÂ T(h)v(t) = v(t + h). ê‡ÒÒÏÓÚ-
ËÏ ÔÓÎÛ„ÛÔÔÛ {T(h)} Ì‡ ÔÓÒÚ‡ÌÒÚ‚Â Ú‡ÂÍÚÓ-
ËÈ �+(N) Û‡‚ÌÂÌËfl (1). á‡ÏÂÚËÏ, ˜ÚÓ 

(19)

ÑÂÈÒÚ‚ËÚÂÎ¸ÌÓ, ÂÒÎË u(t) ∈ �+(N), ÚÓ ÙÛÌÍˆËfl
T(h)u(t) = u(t + h), Ó˜Â‚Ë‰ÌÓ, Ú‡ÍÊÂ fl‚ÎflÂÚÒfl ÒÎ‡-
·˚Ï Â¯ÂÌËÂÏ ÒËÒÚÂÏ˚ (1) ‚ ÒËÎÛ ÂÂ ‡‚ÚÓÌÓÏÌÓ-
ÒÚË. äÓÏÂ ÚÓ„Ó, ÔÓÒÍÓÎ¸ÍÛ u(t) Û‰Ó‚ÎÂÚ‚ÓflÂÚ ÌÂ-
‡‚ÂÌÒÚ‚Û (18), ÔÓÎÛ˜‡ÂÏ, ˜ÚÓ ÔË h ≥ 0

Ë, ÁÌ‡˜ËÚ, T(h)u(t) Ú‡ÍÊÂ Û‰Ó‚ÎÂÚ‚ÓflÂÚ (18), Ú.Â.
T(h)u(t) ∈ �+(N) Ë (19) ‰ÓÍ‡Á‡ÌÓ. 

àÁ ÛÚ‚ÂÊ‰ÂÌËfl 2 Ë ËÁ (19) ÒÎÂ‰ÛÂÚ, ˜ÚÓ ÔÓÎÛ-
„ÛÔÔ‡ Ú‡ÌÒÎflˆËÈ {T(h)} ‰ÂÈÒÚ‚ÛÂÚ Ì‡ ÍÓÏÔ‡ÍÚ-
ÌÓÏ ÏÂÚË˜ÂÒÍÓÏ ÔÓÒÚ‡ÌÒÚ‚Â �+(N). ãÂ„ÍÓ ÔÓ-

‚ÂËÚ¸, ˜ÚÓ ÔÓÎÛ„ÛÔÔ‡ {T(h)} ÌÂÔÂ˚‚Ì‡ Ì‡ 

(‡, ÁÌ‡˜ËÚ, Ë Ì‡ �+(N)) ‚ ÚÓÔÓÎÓ„ËË . àÁ ˝ÚËı

Ù‡ÍÚÓ‚ ‚˚ÚÂÍ‡ÂÚ, ̃ ÚÓ ÔÓÎÛ„ÛÔÔ‡ {T(h)}  ËÏÂ-

ÂÚ „ÎÓ·‡Î¸Ì˚È ‡ÚÚ‡ÍÚÓ �(N) ⊂ �+(N), ÍÓÚÓ˚È
Ì‡Á˚‚‡ÂÚÒfl Ú  ‡ Â Í Ú Ó  Ì ˚ Ï  ‡ Ú Ú  ‡ Í Ú Ó  Ó Ï
Û‡‚ÌÂÌËfl (1). ç‡ÔÓÏÌËÏ, ˜ÚÓ �(N) =

= (h)�+(N) , ÏÌÓÊÂÒÚ‚Ó �(N) fl‚ÎflÂÚ-

Òfl ÒÚÓ„Ó ËÌ‚‡Ë‡ÌÚÌ˚Ï ÓÚÌÓÒËÚÂÎ¸ÌÓ {T(h)}:
T(h)�(N) = �(N) ÔË ‚ÒÂı h ≥ 0 Ë ‰Îfl Î˛·Ó„Ó ÏÌÓ-
ÊÂÒÚ‚Ó Ú‡ÂÍÚÓËÈ B ⊆ �+(N) ı‡ÛÒ‰ÓÙÓ‚Ó ÓÚ-
ÍÎÓÌÂÌËÂ distρ(T(h)B, �(N)) → 0 (h → +∞) (ÒÏ., Ì‡-
ÔËÏÂ, [5, 12, 13]). 

ì Ú ‚ Â  Ê ‰ Â Ì Ë Â  3. í‡ÂÍÚÓÌ˚È ‡ÚÚ‡Í-
ÚÓ �(N) ÌÂ Á‡‚ËÒËÚ ÓÚ N: �(N) = �. ÄÚÚ‡Í-
ÚÓ � ÒÓ‚Ô‡‰‡ÂÚ Ò ÏÌÓÊÂÒÚ‚ÓÏ Π+�, „‰Â � Ó·Ó-
ÁÌ‡˜‡ÂÚ fl‰Ó Û‡‚ÌÂÌËfl (1) ‚ ÔÓÒÚ‡ÌÒÚ‚Â �∞. 

èÓÒÚ‡ÌÒÚ‚Ó �∞ ÓÔÂ‰ÂÎflÂÚÒfl ‡Ì‡ÎÓ„Ë˜ÌÓ 
(ÒÏ. (17) Ò Á‡ÏÂÌÓÈ �+ Ì‡ �), ‡ Π+ – ÓÔÂ‡ÚÓ ÒÛÊÂ-

Θ+
loc

�+
∞

Θ+
loc

�+
∞ �+

loc

T h( )�+ N( ) �+ N( ), h∀ 0.≥⊆

ess sup u t h s+ +( ) 2 s 0≥{ } Ne r t h+( )– +≤

+ r 1– g 2 Ne rt– r 1– g 2,+≤

�+
loc

Θ+
loc

|�+ N( )

T
h θ≥
∪

θ 0≥
∩

Θ+
loc

�+
∞
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ÇË¯ËÍ, óÂÔ˚ÊÓ‚

ÌËfl Ì‡ ÔÓÎÛÓÒ¸ �+. ç‡ÔÓÏÌËÏ, ̃ ÚÓ fl ‰  Ó  � ÒÓÒÚÓ-
ËÚ ËÁ ÙÛÌÍˆËÈ {u(x, t), t ∈ �} ∈ �∞, ÍÓÚÓ˚Â fl‚Îfl-
˛ÚÒfl Ó„‡ÌË˜ÂÌÌ˚ÏË ‚ H1 ÔÓÎÌ˚ÏË ÒÎ‡·˚ÏË Â-
¯ÂÌËflÏË (1) Ì‡ ‚ÒÂÈ ÓÒË ‚ÂÏÂÌË �. Ç ˜‡ÒÚÌÓÒÚË,
ËÁ (19) ÔÓÎÛ˜‡ÂÏ, ˜ÚÓ

3. ëıÓ‰ËÏÓÒÚ¸ Ú‡ÂÍÚÓÌ˚ı 
‡ÚÚ‡ÍÚÓÓ‚ 2d ÒËÒÚÂÏ˚

ç‡‚¸Â–ëÚÓÍÒ‡ Ò ‰ËÒÒËÔ‡ˆËÈ,
ÍÓ„‰‡ ‚flÁÍÓÒÚ¸ ν → 0+.

ê‡ÒÒÏ‡ÚË‚‡ÂÚÒfl ‰‚ÛÏÂÌ‡fl ÒËÒÚÂÏ‡ ç‡‚¸Â–
ëÚÓÍÒ‡ Ò ‰ËÒÒËÔ‡ÚË‚Ì˚Ï ˜ÎÂÌÓÏ –ru Ë Ò ‚flÁÍÓ-
ÒÚ¸˛ ν > 0: 

(20)

„‰Â ‚ÒÂ Ó·ÓÁÌ‡˜ÂÌËfl ËÏÂ˛Ú ÚÓÚ ÊÂ ÒÏ˚ÒÎ, ˜ÚÓ Ë ‚
ÒËÒÚÂÏÂ Û‡‚ÌÂÌËÈ ùÈÎÂ‡ Ò ‰ËÒÒËÔ‡ˆËÂÈ (1). éÚ-
ÏÂÚËÏ, ˜ÚÓ ÒËÒÚÂÏ‡ (20) Ú‡ÍÊÂ ËÏÂÂÚ „ÎÛ·ÓÍËÈ
„ÂÓÙËÁË˜ÂÒÍËÈ ÒÏ˚ÒÎ (ÒÏ. [1]), ÔË˜ÂÏ ÓÒÌÓ‚Ì‡fl
‰ËÒÒËÔ‡ˆËfl ÔÓËÒıÓ‰ËÚ ‚ ÔÎ‡ÌÂÚ‡ÌÓÏ ÔÓ„‡ÌË˜-
ÌÓÏ ÒÎÓÂ Ë ÓÔËÒ˚‚‡ÂÚÒfl ˜ÎÂÌÓÏ –ru, ‡ ÏÂÎÍÓÏ‡Ò-
¯Ú‡·Ì‡fl ‰ËÒÒËÔ‡ˆËfl ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ˜ÎÂÌÛ Ò ‚flÁÍÓ-
ÒÚ¸˛ ν∆u (ÓÚÏÂÚËÏ, ˜ÚÓ ‚ ÙËÁË˜ÂÒÍË ÁÌ‡˜ËÏ˚ı
ÒÎÛ˜‡flı 0 < ∆ � r). 

á ‡ Ï Â ˜ ‡ Ì Ë Â  3. àÁÛ˜‡fl ÍÎ‡ÒÒË˜ÂÒÍÛ˛ ÒËÒÚÂ-
ÏÛ ç‡‚¸Â–ëÚÓÍÒ‡ Ò ‚flÁÍÓÒÚ¸˛ ν > 0 (ÔË r = 0), ‰Ó-
ÔÓÎÌËÚÂÎ¸ÌÓ ÔÂ‰ÔÓÎ‡„‡˛Ú, ˜ÚÓ ÙÛÌÍˆËË u Ë g
ËÏÂ˛Ú ÌÛÎÂ‚ÓÂ ÒÂ‰ÌÂÂ Ì‡ ÚÓÂ �2, ˜ÚÓ·˚ ËÁ·Â-
Ê‡Ú¸ ÎËÌÂÈÌ˚È ÓÒÚ Â¯ÂÌËÈ. èË r > 0 ˝ÚÓ„Ó
ÏÓÊÌÓ ÌÂ ‰ÂÎ‡Ú¸, Ú‡Í Í‡Í ˜ÎÂÌ –ru ‚ÌÓÒËÚ ‰ÓÔÓÎ-
ÌËÚÂÎ¸ÌÛ˛ ‰ËÒÒËÔ‡ˆË˛. 

ä‡Í ËÁ‚ÂÒÚÌÓ, Á‡‰‡˜‡ äÓ¯Ë (20), (2) Ó‰ÌÓÁÌ‡˜-
ÌÓ ‡ÁÂ¯ËÏ‡, ÔË˜ÂÏ ÔË u0 ∈ H1 ÒÓÓÚ‚ÂÚÒÚ‚Û˛-
˘ÂÂ Â¯ÂÌËÂ u(x, t) ÔËÌ‡‰ÎÂÊËÚ ÍÎ‡ÒÒÛ Cb(�+;

H1) ∩ (�+; H2) Ë fl‚ÎflÂÚÒfl ÒËÎ¸Ì˚Ï Â¯ÂÌËÂÏ
(ÒÏ. [14, 15], ÒÎÛ˜‡È r = 0 ‡ÒÒÏ‡ÚË‚‡ÎÒfl, Ì‡ÔË-
ÏÂ, ‚ [5, 13, 12]). éÚÏÂÚËÏ, ˜ÚÓ ˜ÎÂÌ ‰ËÒÒËÔ‡ˆËË
–ru ÌÂ ‚ÎËflÂÚ Ì‡ ˝ÚÓÚ ÂÁÛÎ¸Ú‡Ú. äÓÏÂ ÚÓ„Ó, Î˛-
·ÓÂ Â¯ÂÌËÂ u(x, t) Á‡‰‡˜Ë (20), (2) Û‰Ó‚ÎÂÚ‚ÓflÂÚ
ÚÓÊ‰ÂÒÚ‚‡Ï

ÍÓÚÓ˚Â ‡Ì‡ÎÓ„Ë˜Ì˚ ËÁ‚ÂÒÚÌ˚Ï ÚÓÊ‰ÂÒÚ‚‡Ï ‰Îfl
Ó·˚˜ÌÓÈ 2d ÒËÒÚÂÏ˚ ç‡‚¸Â–ëÚÓÍÒ‡ ÔË r = 0 (ÒÏ.,
Ì‡ÔËÏÂ, [5, 13]).

u ·( )
L∞ �; H1( )
2 edd sup u · s,( ) 2 s �∈{ } r 1– g 2,≤=

u∀ �.∈

∂tu B u u,( ) ν∆u– ru+ + g x( ),=

∇ u⋅ 0, x x1 x2,( ) �
2
, t 0,≥∈= =

L2
b

1
2
--- d

dt
----- u t( ) 2 ν ∇u t( ) 2 r u t( ) 2+ + g u t( ),( ),=

1
2
--- d

dt
----- ∇u t( ) 2 ν ∆u t( ) 2 r ∇u t( ) 2+ + ∇g ∇u t( ),( ),=

ä‡Í Ë ‚ ‡Á‰ÂÎÂ 2, ‚ ÔÓÒÚ‡ÌÒÚ‚Â Ú‡ÂÍÚÓËÈ

 ⊂ Cb(�+; H1) ∩ (�+; H2) ⊂  ÒËÒÚÂÏ˚ (23),
ÒÓÒÚÓfl˘ÂÏ ËÁ ‚ÒÂı ÂÂ Â¯ÂÌËÈ u(x, t), t ≥ 0, ‡ÒÒÏ‡Ú-
Ë‚‡ÂÚÒfl ÔÓÎÛ„ÛÔÔ‡ Ú‡ÌÒÎflˆËÈ {T(h)}. èÓÒÚ‡Ì-

ÒÚ‚‡ ,  Ë  ÓÔÂ‰ÂÎÂÌ˚ ‚˚¯Â. ÑÓÍ‡Á˚‚‡-
ÂÚÒfl, ̃ ÚÓ ̋ Ú‡ ÔÓÎÛ„ÛÔÔ‡ ËÏÂÂÚ Ú‡ÂÍÚÓÌ˚È ‡ÚÚ‡Í-

ÚÓ �ν ⊂ , ÍÓÚÓ˚È ÔËÚfl„Ë‚‡ÂÚ Ó„‡ÌË˜ÂÌÌ˚Â

ÏÌÓÊÂÒÚ‚‡ Â¯ÂÌËÈ ÒËÒÚÂÏ˚ (23) ‚ ÚÓÔÓÎÓ„ËË .
(ÒÏ. ‡Ì‡ÎÓ„Ë˜ÌÓÂ ‰ÓÍ‡Á‡ÚÂÎ¸ÒÚ‚Ó ‚ [12] ‰Îfl ÒÎÛ˜‡fl
r = 0). äÓÏÂ ÚÓ„Ó, Ú‡ÂÍÚÓÌ˚Â ‡ÚÚ‡ÍÚÓ˚ �ν
‡‚ÌÓÏÂÌÓ Ó„‡ÌË˜ÂÌ˚ ÔË 0 < ν ≤ 1 ‚ ÌÓÏÂ ÔÓ-

ÒÚ‡ÌÒÚ‚‡ , Ú.Â. �ν ⊂ �(0, R0) := �ρ ÔË ‚ÒÂı ν,

„‰Â �ρ – ÌÂÍÓÚÓ˚È ¯‡ ‚ , ÔË˜ÂÏ ÚÓÔÓÎÓ„Ëfl

 ÔÓÓÊ‰‡ÂÚÒfl ÏÂÚËÍÓÈ ρ, ÓÔËÒ‡ÌÌÓÈ ‚˚-
¯Â. ÑÓÍ‡Á‡Ì‡ ÒÎÂ‰Û˛˘‡fl

í Â Ó  Â Ï ‡  1. í‡ÂÍÚÓÌ˚Â ‡ÚÚ‡ÍÚÓ˚ �ν
ÒËÒÚÂÏ˚ (23) ÒıÓ‰flÚÒfl ‚ ÏÂÚËÍÂ ρ ÔË ν → 0+ Í
Ú‡ÂÍÚÓÌÓÏÛ ‡ÚÚ‡ÍÚÓÛ � ÒËÒÚÂÏ˚ (1): dis-
tρ(�ν, �) → 0+ ÔË ν → 0+. èÛÒÚ¸ Bν – Ó„‡ÌË˜ÂÌ-

Ì˚Â ‚  ÏÌÓÊÂÒÚ‚‡ Ú‡ÂÍÚÓËÈ ÒËÒÚÂÏ˚ (20):

íÓ„‰‡ distρ(T(h)Bν, �) → 0 ÔË ν → 0+ Ë h → +∞. 

á‡ÏÂÚËÏ, ˜ÚÓ  ⊂ Cloc(�+; H1 – δ), 1 ≥ δ > 0, Ë
ÛÍ‡Á‡ÌÌ˚Â ‚˚¯Â ÒıÓ‰ËÏÓÒÚË ËÏÂ˛Ú ÏÂÒÚÓ Ú‡ÍÊÂ
‚ ‡‚ÌÓÏÂÌÓÈ ÏÂÚËÍÂ C([0, M]; H1 – δ) ÔË Î˛·ÓÏ
M > 0.

4. åËÌËÏ‡Î¸Ì˚È ÔÂ‰ÂÎ 
Ú‡ÂÍÚÓÌ˚ı ‡ÚÚ‡ÍÚÓÓ‚

�ν ÔË ν → 0+

ä‡Í ·˚ÎÓ ÛÒÚ‡ÌÓ‚ÎÂÌÓ, ÏÌÓÊÂÒÚ‚‡ �ν ÔË 0 <
< ν ≤ 1 Ë � ÔËÌ‡‰ÎÂÊ‡Ú ¯‡Û �ρ, ÍÓÚÓ˚È fl‚Îfl-

ÂÚÒfl (‚ ÚÓÔÓÎÓ„ËË ) ÍÓÏÔ‡ÍÚÌ˚Ï ÏÂÚË˜ÂÒÍËÏ
ÔÓÒÚ‡ÌÒÚ‚ÓÏ Ò ÏÂÚËÍÓÈ ρ Ë ÔË ˝ÚÓÏ distρ(�ν,
�) → 0 + (ν → 0+).

èÛÒÚ¸ �min – ÏËÌËÏ‡Î¸ÌÓÂ Á‡ÏÍÌÛÚÓÂ ÔÓ‰ÏÌÓ-
ÊÂÒÚ‚Ó �, ÍÓÚÓÓÂ Û‰Ó‚ÎÂÚ‚ÓflÂÚ ÒÓÓÚÌÓ¯ÂÌË˛ 

(21)

åËÌËÏ‡Î¸ÌÓÒÚ¸ ÓÁÌ‡˜‡ÂÚ, ˜ÚÓ �min ÔËÌ‡‰ÎÂÊËÚ
Î˛·ÓÏÛ Á‡ÏÍÌÛÚÓÏÛ ÔÓ‰ÏÌÓÊÂÒÚ‚Û �' ⊂ �, ‰Îfl ÍÓ-
ÚÓÓ„Ó (�ν, �') = 0. í‡ÍÓÂ ÏÌÓÊÂÒÚ‚Ó

�min Ì‡Á˚‚‡ÂÚÒfl Ï Ë Ì Ë Ï ‡ Î ¸ Ì ˚ Ï  Ô  Â ‰ Â -
Î Ó Ï  Ú  ‡ Â Í Ú Ó  Ì ˚ ı  ‡ Ú Ú  ‡ Í Ú Ó  Ó ‚  �ν
ÔË ν → → 0+. åÌÓÊÂÒÚ‚Ó �min Â‰ËÌÒÚ‚ÂÌÌÓ, Ë Â„Ó
ÏÓÊÌÓ ÓÔÂ‰ÂÎËÚ¸ ÔÓ ÙÓÏÛÎÂ

�+
ν

L2
b �+

∞

�+
∞ �+

loc Θ+
loc

�+
ν

Θ+
loc

�+
∞

�+
∞

Θ+
loc

�ρ

�+
∞

Bν �+
∞ M 0 ν 1≤<( ).≤

Θ+
loc

Θ+
loc

distρ �ν �min,( )
ν 0+→
lim 0.=

distρ
ν 0+→
lim
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(22)

í Â Ó  Â Ï ‡  2. 1. åËÌËÏ‡Î¸Ì˚È ÔÂ‰ÂÎ �min

Ú‡ÂÍÚÓÌ˚ı ‡ÚÚ‡ÍÚÓÓ‚ �ν ÔË ν → 0+ fl‚-

ÎflÂÚÒfl Ò‚flÁÌ˚Ï ÔÓ‰ÏÌÓÊÂÒÚ‚ÓÏ �ρ ⊂ . 

2. åÌÓÊÂÒÚ‚Ó �min ÒÚÓ„Ó ËÌ‚‡Ë‡ÌÚÌÓ ÓÚÌÓ-
ÒËÚÂÎ¸ÌÓ ÔÓÎÛ„ÛÔÔ˚ Ú‡ÌÒÎflˆËÈ {T(h), h ≥ 0},
Ú.Â., 

(23)

ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ˜‡ÒÚË˜ÌÓÈ ÙËÌ‡ÌÒÓ‚ÓÈ
ÔÓ‰‰ÂÊÍÂ êîîà (ÔÓÂÍÚ˚ 05-01-00390 Ë 04-01-
00735). 
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