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ëËÒÚÂÏ˚ Û‡‚ÌÂÌËÈ Â‡ÍˆËË-‰ËÙÙÛÁËË, ‰Îfl
ÍÓÚÓ˚ı ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘‡fl Á‡‰‡˜‡ äÓ¯Ë fl‚ÎflÂÚÒfl
ÍÓÂÍÚÌÓ ÔÓÒÚ‡‚ÎÂÌÌÓÈ, ‰ÓÔÛÒÍ‡˛Ú ËÒÒÎÂ‰Ó‚‡-
ÌËÂ ÏÂÚÓ‰‡ÏË ÚÂÓËË „ÎÓ·‡Î¸Ì˚ı ‡ÚÚ‡ÍÚÓÓ‚
(ÒÏ. [1–3]). é‰Ì‡ÍÓ ‰Îfl ÏÌÓ„Ëı ÏÓ‰ÂÎ¸Ì˚ı ÒËÒÚÂÏ
Â‡ÍˆËË-‰ËÙÙÛÁËË ÏÓÊÌÓ ÔÓÒÚÓËÚ¸ Â¯ÂÌËfl, ÌÓ
‰ÓÍ‡Á‡Ú¸ ÚÂÓÂÏÛ Â‰ËÌÒÚ‚ÂÌÌÓÒÚË ˝ÚËı Â¯ÂÌËÈ
ÌÂ Û‰‡ÂÚÒfl ËÎË ÓÌ‡ ÌÂ ‚˚ÔÓÎÌÂÌ‡. Ç ˝ÚÓÏ ÒÎÛ˜‡Â
ÏÓÊÌÓ ËÒÒÎÂ‰Ó‚‡Ú¸ ÔÂ‰ÂÎ¸ÌÓÂ ÔÓ‚Â‰ÂÌËÂ Â¯Â-
ÌËÈ Ú‡ÍËı Û‡‚ÌÂÌËÈ Ò ÔÓÏÓ˘¸˛ ÔÓÒÚÓÂÌËfl Ú‡-
ÂÍÚÓÌ˚ı ‡ÚÚ‡ÍÚÓÓ‚ ‚ ÔÓÒÚ‡ÌÒÚ‚‡ı ÒÓ ÒÎ‡·ÓÈ
ÚÓÔÓÎÓ„ËÂÈ. ùÚÓÚ ÏÂÚÓ‰ ˝ÙÙÂÍÚË‚ÌÓ ÔËÏÂÌflÂÚ-
Òfl, Ì‡ÔËÏÂ, ÔË ËÁÛ˜ÂÌËË ÚÂıÏÂÌÓÈ ÒËÒÚÂÏ˚
ç‡‚¸Â–ëÚÓÍÒ‡ Ë ‰Û„Ëı ‰ËÒÒËÔ‡ÚË‚Ì˚ı Û‡‚ÌÂÌËÈ
Ï‡ÚÂÏ‡ÚË˜ÂÒÍÓÈ ÙËÁËÍË (ÒÏ. [3–8]).

1. Ç Ó„‡ÌË˜ÂÌÌÓÈ Ó·Î‡ÒÚË 

 

Ω 

 

�

 

 

 

�

 

n

 

 Ò „‡ÌËˆÂÈ

 

∂Ω

 

 ÍÎ‡ÒÒ‡ 

 

C

 

2

 

 ‡ÒÒÏ‡ÚË‚‡ÂÚÒfl ÒËÒÚÂÏ‡ Û‡‚ÌÂÌËÈ

(1)

(2)

„‰Â 

 

δ

 

 > 0 – Ï‡Î˚È Ô‡‡ÏÂÚ. çÂËÁ‚ÂÒÚÌ˚ÏË Ò˜ËÚ‡-
˛ÚÒfl ‰‚Â ÒÍ‡ÎflÌ˚Â ÙÛÌÍˆËË 

 

u

 

 = 

 

u

 

(

 

x

 

, 

 

t

 

) Ë 

 

v

 

 = 

 

v

 

(

 

x

 

, 

 

t

 

),

 

x

 

 

 

∈ Ω

 

, 

 

t

 

 

 

≥

 

 0. èÂ‰ÔÓÎ‡„‡ÂÚÒfl, ̃ ÚÓ 

 

f

 

 Ë 

 

h

 

 fl‚Îfl˛ÚÒfl ÌÂ-
ÔÂ˚‚Ì˚ÏË ÙÛÌÍˆËflÏË, 

 

f

 

, 

 

h

 

: 

 

�

 

2

 

 

 

→

 

 

 

�

 

, ÔË˜ÂÏ ÓÌË
Û‰Ó‚ÎÂÚ‚Ófl˛Ú ÛÒÎÓ‚ËflÏ ÓÒÚ‡

(3)

(4)

„‰Â 

 

σ

 

i

 

 (

 

i

 

 = 1, 2, 3), 

 

C

 

, 

 

p

 

1

 

, 

 

p

 

2

 

 – ÌÂÍÓÚÓ˚Â ÔÓÎÓÊË-

ÚÂÎ¸Ì˚Â ÍÓÌÒÚ‡ÌÚ˚, ÔË˜ÂÏ 

 

p

 

1

 

, 

 

p

 

2

 

 

 

≥

 

 2 Ë 

 

q

 

i

 

 = ,

∂tu ∆u f u v,( )– g1 x( ), u ∂Ω+ 0,= =

∂tv δ∆v h u v,( )– g2 x( ), v ∂Ω+ 0,= =

σ1 u
p1 v

p2+( ) C– f u v,( )u h u v,( )v ≤+≤

≤ σ2 u
p1 v

p2 1+ +( ),

f u v,( )
q1 h u v,( )

q2 ≤+

≤ σ3 u
p1 v

p2 1+ +( ), u∀ v, �,∈

pi

pi 1–
-------------

 

i

 

 = 1, 2. äÓÏÂ ÚÓ„Ó, ÔÂ‰ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ 

 

h

 

 

 

∈
∈

 

 C

 

1

 

(

 

�

 

2

 

), 

 

h

 

(0, 0) = 0, Ë ‚˚ÔÓÎÌÂÌ˚ ÌÂ‡‚ÂÌÒÚ‚‡

(5)

óËÒÎ‡ 

 

σ

 

1

 

 Ë 

 

σ

 

4

 

 ÓÚ‡Ê‡˛Ú Ò‚ÓÈÒÚ‚‡ ‰ËÒÒËÔ‡ÚË‚ÌÓ-
ÒÚË ÒËÒÚÂÏ˚, Ë ÓÌË ÏÓ„ÛÚ ·˚Ú¸ ÔÓËÁ‚ÓÎ¸ÌÓ Ï‡-
Î˚ÏË. ÑÎfl ÓÔÂ‰ÂÎÂÌÌÓÒÚË ÔÂ‰ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ

 

σ

 

1

 

 = 

 

σ

 

4

 

 = 

 

σ

 

. éÚÌÓÒËÚÂÎ¸ÌÓ ÙÛÌÍˆËÈ 

 

g

 

1(x) Ë g2(x) ‚
ÒËÒÚÂÏÂ (1), (2) ÔÂ‰ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ 

(6)

Ç‚Ó‰flÚÒfl Ó·ÓÁÌ‡˜ÂÌËfl H: = L2(Ω), V := (Ω) Ë ||u|| :=
:= ||u||H, ||u||1 := ||u||V.

è‡‡ ÙÛÌÍˆËÈ (u(x, t), v(x, t)) Ì‡Á˚‚‡ÂÚÒfl ÒÎ‡-
·˚Ï Â¯ÂÌËÂÏ ÒËÒÚÂÏ˚ (1), (2) ‚ Ó·Î‡ÒÚË Ω × �+,
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= 1, 2 (ÒÏ. [2, 3, 9]). èÂÂÏÂÌÌ‡fl x ·Û‰ÂÚ ‰Îfl Í‡Ú-
ÍÓÒÚË ÓÔÛÒÍ‡Ú¸Òfl.
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ÌÓÈ ÒıÂÏÂ (ÒÏ., Ì‡ÔËÏÂ, [2, 3]). ÑÓÍ‡Á‡ÌÓ, ˜ÚÓ
Î˛·ÓÂ ÒÎ‡·ÓÂ Â¯ÂÌËÂ (u(t), v(t)) Á‡‰‡˜Ë (1), (2),
(7) Û‰Ó‚ÎÂÚ‚ÓflÂÚ ÌÂ‡‚ÂÌÒÚ‚‡Ï

(8)

(9)

ÔË˜ÂÏ ‚ÂÎË˜ËÌ˚ R1 Ë R2 ÌÂ Á‡‚ËÒflÚ ÓÚ δ. Ç ÚÓÏ
ÒÎÛ˜‡Â, ÍÓ„‰‡ v0 ∈ V ‰Îfl ÒÎ‡·˚ı Â¯ÂÌËÈ, ÍÓÚÓ-
˚Â ÔÓÎÛ˜‡˛ÚÒfl ÔÓ ÏÂÚÓ‰Û É‡ÎfiÍËÌ‡, ‰ÓÍ‡Á‡Ì‡
‰ÓÔÓÎÌËÚÂÎ¸Ì‡fl ÓˆÂÌÍ‡ ‚Ë‰‡

(10)

„‰Â ‚ÂÎË˜ËÌ‡ R Ë ÍÓÌÒÚ‡ÌÚ‡ C Ú‡ÍÊÂ ÌÂ Á‡‚ËÒflÚ ÓÚ δ.
éÚÏÂÚËÏ, ˜ÚÓ ÔË ‚˚ÔÓÎÌÂÌËË ÛÒÎÓ‚ËÈ (3)–(6)

Á‡‰‡˜‡ äÓ¯Ë ‰Îfl ÒËÒÚÂÏ˚ (1), (2) ÏÓÊÂÚ ËÏÂÚ¸ ÌÂ-
Â‰ËÌÒÚ‚ÂÌÌÓÂ Â¯ÂÌËÂ.

2. ê‡ÒÒÏ‡ÚË‚‡ÂÚÒfl ÔÓÒÚ‡ÌÒÚ‚Ó , ÒÓÒÚÓfl-
˘ÂÂ ËÁ ÙÛÌÍˆËÈ (y(t), z(t)) := (y(x, t), z(x, t)), x ∈ Ω,
t ≥ 0, „‰Â

Ç ÔÓÒÚ‡ÌÒÚ‚Â  ‚‚Ó‰ËÚÒfl Ú‡ÍÊÂ ÚÓÔÓÎÓ„Ëfl
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‚ ÛÍ‡Á‡ÌÌ˚ı ‚˚¯Â ÔÓÒÚ‡ÌÒÚ‚‡ı ÔË Í‡Ê‰ÓÏ M > 0.

èÓÒÚ‡ÌÒÚ‚Ó  Ò ÚÓÔÓÎÓ„ËÂÈ  fl‚ÎflÂÚÒfl
ÎËÌÂÈÌ˚Ï ı‡ÛÒ‰ÓÙÓ‚˚Ï ÔÓÒÚ‡ÌÒÚ‚ÓÏ îÂ¯Â–
ì˚ÒÓÌ‡ ÒÓ Ò˜ÂÚÌÓÈ ·‡ÁÓÈ (ÒÏ., Ì‡ÔËÏÂ, [3]).
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ÌËÈ (Ú‡ÂÍÚÓËÈ) ÒËÒÚÂÏ˚ (1), (2), ÍÓÚÓÓÂ Á‡‚Ë-
ÒËÚ ÓÚ ˜ËÒÎ‡ N > 0.

é Ô  Â ‰ Â Î Â Ì Ë Â  1. èÓÒÚ‡ÌÒÚ‚Ó �+(N) ÒÓ-
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(7) ÔÓ ÏÂÚÓ‰Û É‡ÎfiÍËÌ‡ ÒÎÂ‰ÛÂÚ, ˜ÚÓ ÔÓÒÚ‡Ì-
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Ì‡ R3 = R3(||g1||, ||g2||) ÌÂ Á‡‚ËÒËÚ ÓÚ δ.
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ì Ú ‚ Â  Ê ‰ Â Ì Ë Â  2. èÓÒÚ‡ÌÒÚ‚Ó �+(N) Á‡-

ÏÍÌÛÚÓ ‚  ∩  ÔË Î˛·ÓÏ N ≥ 0.

åÌÓÊÂÒÚ‚Ó P ⊆ �+(N) Ì‡Á˚‚‡ÂÚÒfl ÔÓ„ÎÓ˘‡˛-
˘ËÏ ‰Îfl ÔÓÎÛ„ÛÔÔ˚ {T(τ)}, ÂÒÎË ‰Îfl Î˛·Ó„Ó ÏÌÓ-

ÊÂÒÚ‚‡ B ⊂ �+(N), Ó„‡ÌË˜ÂÌÌÓ„Ó ‚ , Ì‡È‰ÂÚÒfl
˜ËÒÎÓ τ1 = τ1(B) ≥ 0, Ú‡ÍÓÂ, ˜ÚÓ T(τ)B ⊆ P ÔË ‚ÒÂı
τ ≥ τ1.

åÌÓÊÂÒÚ‚Ó P ⊆ �+(N) Ì‡Á˚‚‡ÂÚÒfl ÔËÚfl„Ë‚‡˛-
˘ËÏ ‰Îfl ÔÓÎÛ„ÛÔÔ˚ {T(τ)}, ÂÒÎË Î˛·‡fl ÓÍÂÒÚ-

ÌÓÒÚ¸ �(P) ÏÌÓÊÂÒÚ‚‡ P ‚ ÚÓÔÓÎÓ„ËË  fl‚ÎflÂÚ-
Òfl ÔÓ„ÎÓ˘‡˛˘ËÏ ÏÌÓÊÂÒÚ‚ÓÏ, Ú.Â., ‰Îfl Î˛·Ó„Ó

ÏÌÓÊÂÒÚ‚‡ B ⊂ �+(N), Ó„‡ÌË˜ÂÌÌÓ„Ó ‚ , Ì‡È-
‰ÂÚÒfl ˜ËÒÎÓ τ1 = τ1(B, �) ≥ 0, Ú‡ÍÓÂ, ˜ÚÓ T(τ)B ⊆
⊆ �(P) ÔË ‚ÒÂı τ ≥ τ1. üÒÌÓ, ˜ÚÓ Î˛·ÓÂ ÔÓ„ÎÓ˘‡-
˛˘ÂÂ ÏÌÓÊÂÒÚ‚Ó fl‚ÎflÂÚÒfl ÔËÚfl„Ë‚‡˛˘ËÏ.

é Ô  Â ‰ Â Î Â Ì Ë Â  2. åÌÓÊÂÒÚ‚Ó � ⊂ �+(N) Ì‡-
Á˚‚‡ÂÚÒfl Ú  ‡ Â Í Ú Ó  Ì ˚ Ï  ‡ Ú Ú  ‡ Í Ú Ó  Ó Ï
ÔÓÎÛ„ÛÔÔ˚ {T(τ)} Ì‡ �+(N), ÂÒÎË ÓÌÓ Ó„‡ÌË˜ÂÌÓ

‚ ÌÓÏÂ , ÍÓÏÔ‡ÍÚÌÓ ‚ ÚÓÔÓÎÓ„ËË , ÒÚÓ„Ó
ËÌ‚‡Ë‡ÌÚÌÓ ÓÚÌÓÒËÚÂÎ¸ÌÓ {T(τ)}, Ú.Â.

Ë � fl‚ÎflÂÚÒfl ÔËÚfl„Ë‚‡˛˘ËÏ ÏÌÓÊÂÒÚ‚ÓÏ {T(τ)}

Ì‡ �+(N) ‚ ÚÓÔÓÎÓ„ËË .

èÓÒÚÓËÏ Ú‡ÂÍÚÓÌ˚È ‡ÚÚ‡ÍÚÓ ÔÓÎÛ„ÛÔ-
Ô˚ {T(τ)}. àÁ ÌÂ‡‚ÂÌÒÚ‚‡ (12) ÒÎÂ‰ÛÂÚ, ˜ÚÓ ÏÌÓ-
ÊÂÒÚ‚Ó

(13)

fl‚ÎflÂÚÒfl ÔÓ„ÎÓ˘‡˛˘ËÏ ‰Îfl ÔÓÎÛ„ÛÔÔ˚ {T(τ)} ‚
ÔÓÒÚ‡ÌÒÚ‚Â �+(N). åÌÓÊÂÒÚ‚Ó P fl‚ÎflÂÚÒfl Ó„‡-

ÌË˜ÂÌÌ˚Ï ‚ . ê‡ÒÒÏÓÚËÏ Ì‡ P ÚÓÔÓÎÓ„Ë˛, ËÌ-

‰ÛˆËÓ‚‡ÌÌÛ˛ ËÁ . ùÚÓ ÚÓÔÓÎÓ„Ë˜ÂÒÍÓÂ ÔÓ-
ÒÚ‡ÌÒÚ‚Ó fl‚ÎflÂÚÒfl ÍÓÏÔ‡ÍÚÌ˚Ï Ë ÏÂÚËÁÛÂÏ˚Ï.
ãÂ„ÍÓ ÔÓ‚ÂËÚ¸, ˜ÚÓ ÔÓÎÛ„ÛÔÔ‡ {T(τ)} ÓÚÓ·‡-
Ê‡ÂÚ P ‚ ÒÂ·fl:

Ë ÔÓÎÛ„ÛÔÔ‡ {T(τ)} ÌÂÔÂ˚‚Ì‡ Ì‡ �+(N) ‚ ÚÓÔÓ-

ÎÓ„ËË . Ç ËÚÓ„Â ËÏÂÂÚÒfl ÌÂÔÂ˚‚Ì‡fl ÔÓÎÛ-
„ÛÔÔ‡ {T(τ)} Ì‡ ÍÓÏÔ‡ÍÚÌÓÏ ÏÂÚË˜ÂÒÍÓÏ ÔÓ-
ÒÚ‡ÌÒÚ‚Â P. íÓ„‰‡ ÔËÏÂÌËÏ‡ Ó·˘‡fl ÚÂÓÂÏ‡ Ó
ÒÛ˘ÂÒÚ‚Ó‚‡ÌËË Û ÔÓÎÛ„ÛÔÔ˚ {T(τ)} „ÎÓ·‡Î¸ÌÓ„Ó
‡ÚÚ‡ÍÚÓ‡ �(N) ⊆ P (ÒÏ., Ì‡ÔËÏÂ, [1, 2, 10]), ÍÓ-
ÚÓ˚È Á‡‰‡ÂÚÒfl ÙÓÏÛÎÓÈ

(14)

�+
loc Θ+

loc

�+
b

Θ+
loc

�+
b

�+
b Θ+

loc

T τ( )� �, τ∀ 0,≥=

Θ+
loc

P u v,( ) �+ N( )  u v,( )
�+

b 2R3
2≤∈

⎩ ⎭
⎨ ⎬
⎧ ⎫

=

�+
b

Θ+
loc

T τ( )P P, τ∀ 0,≥⊆

Θ+
loc

� N( ) T θ( )P
θ τ≥
∪

Θ+
loc

.
τ 0≥
∩=

åÌÓÊÂÒÚ‚Ó �(N) Ó„‡ÌË˜ÂÌÓ ‚ , ÍÓÏÔ‡ÍÚÌÓ ‚

, ÒÚÓ„Ó ËÌ‚‡Ë‡ÌÚÌÓ:

Ë, Ó˜Â‚Ë‰ÌÓ, ÏÌÓÊÂÒÚ‚Ó �(N) ÔËÚfl„Ë‚‡ÂÚ Î˛·ÓÂ
Ó„‡ÌË˜ÂÌÌÓÂ ÏÌÓÊÂÒÚ‚Ó B ⊂ �+(N). ëÎÂ‰Ó‚‡-
ÚÂÎ¸ÌÓ, ÔÓÒÚÓÂÌÌÓÂ ÔÓ ÙÓÏÛÎÂ (14) ÏÌÓÊÂÒÚ‚Ó
�(N) fl‚ÎflÂÚÒfl Ú‡ÂÍÚÓÌ˚Ï ‡ÚÚ‡ÍÚÓÓÏ {T(τ)} ‚
�+(N).

ì Ú ‚ Â  Ê ‰ Â Ì Ë Â  3. èÓÒÚÓÂÌÌ˚È Ú‡ÂÍÚÓ-
Ì˚È ‡ÚÚ‡ÍÚÓ ÌÂ Á‡‚ËÒËÚ ÓÚ ˜ËÒÎ‡ N: �(N) = �,
ÔË ˝ÚÓÏ � = �(0),

„‰Â R Ú‡ÍÓÂ ÊÂ, Í‡Í ‚ (11).

Ñ‡ÎÂÂ ÓÔËÒ˚‚‡ÂÚÒfl ÒÚÛÍÚÛ‡ Ú‡ÂÍÚÓÌÓ„Ó
‡ÚÚ‡ÍÚÓ‡ � Ò ÔÓÏÓ˘¸˛ ÔÓÎÌ˚ı Ú‡ÂÍÚÓËÈ
{u(t), v(t)}, t ∈ �, ÒËÒÚÂÏ˚ Û‡‚ÌÂÌËÈ (1), (2). Ç‚Ó-
‰flÚÒfl ÔÓÒÚ‡ÌÒÚ‚‡ �loc, �b Ë Θloc, ÍÓÚÓ˚Â ÓÔÂ-

‰ÂÎfl˛ÚÒfl ‡Ì‡ÎÓ„Ë˜ÌÓ ,  Ë  Ò Á‡ÏÂÌÓÈ ‚
Ëı ÓÔÂ‰ÂÎÂÌËflı ÔÓÎÛÔflÏÓÈ �+ (t ≥ 0) Ì‡ ‚Ò˛ Ôfl-
ÏÛ˛ � (–∞ < t < ∞). ê‡ÒÒÏ‡ÚË‚‡˛ÚÒfl ÒÎ‡·˚Â Â-
¯ÂÌËfl {u(t), v(t)}, t ∈ �, ÒËÒÚÂÏ˚ (1), (2), ÍÓÚÓ˚Â
ÔËÌ‡‰ÎÂÊ‡Ú ÔÓÒÚ‡ÌÒÚ‚Û �b.

é Ô  Â ‰ Â Î Â Ì Ë Â  3. ü ‰  Ó Ï  � ÒËÒÚÂÏ˚ Û‡‚-
ÌÂÌËÈ (1), (2) ‚ ÔÓÒÚ‡ÌÒÚ‚Â �b Ì‡Á˚‚‡ÂÚÒfl ÏÌÓ-
ÊÂÒÚ‚Ó ‚ÒÂı Â„Ó ÒÎ‡·˚ı Â¯ÂÌËÈ {u(t), v(t)}, t ∈ �,
ÍÓÚÓ˚Â ÔËÌ‡‰ÎÂÊ‡Ú Fb Ë ‰Îfl ÍÓÚÓ˚ı ‚˚ÔÓÎÌÂ-
ÌÓ ÌÂ‡‚ÂÌÒÚ‚Ó

„‰Â ‚ÂÎË˜ËÌ‡ R Ú‡Í‡fl ÊÂ, Í‡Í ‚ (11).

àÏÂÂÚ ÏÂÒÚÓ ÒÎÂ‰Û˛˘‡fl ÓÒÌÓ‚Ì‡fl

í Â Ó  Â Ï ‡  1. ü‰Ó � ÒËÒÚÂÏ˚ (1), (2) Ó„‡ÌË-
˜ÂÌÓ ‚ ÔÓÒÚ‡ÌÒÚ‚Â �b Ë ÍÓÏÔ‡ÍÚÌÓ ‚ ÚÓÔÓÎÓ-
„ËË Θloc, ÔË˜ÂÏ

„‰Â Π+ – ÓÔÂ‡ÚÓ Ó„‡ÌË˜ÂÌËfl ÙÛÌÍˆËÈ { f(t), t ∈ �}
Ì‡ ÔÓÎÛÓÒ¸ �+.

Ç ‰‡Î¸ÌÂÈ¯ÂÏ ËÒÔÓÎ¸ÁÛ˛ÚÒfl Ó·ÓÁÌ‡˜ÂÌËfl
�δ := � Ë �δ := �, „‰Â δ – Ï‡Î˚È ÍÓ˝ÙÙËˆËÂÌÚ
‰ËÙÙÛÁËË ‚ Û‡‚ÌÂÌËË (2). ç‡ÔÓÏÌËÏ, ˜ÚÓ �δ ⊂ P
ÔË ‚ÒÂı δ ∈ (0, 1] (ÒÏ. (13)), ÔË˜ÂÏ ÏÌÓÊÂÒÚ‚Ó P
ÌÂ Á‡‚ËÒËÚ ÓÚ δ.

ë Î Â ‰ Ò Ú ‚ Ë Â  1. ëÂÏÂÈÒÚ‚Ó Ú‡ÂÍÚÓÌ˚ı
‡ÚÚ‡ÍÚÓÓ‚ {�δ, 0 < δ ≤ 1} ‡‚ÌÓÏÂÌÓ Ó„‡ÌË-

˜ÂÌÓ ÔÓ ÌÓÏÂ ÔÓÒÚ‡ÌÒÚ‚‡ , ‡ ÒÂÏÂÈÒÚ‚Ó
fl‰Â {�δ, 0 < δ ≤ 1} ‡‚ÌÓÏÂÌÓ Ó„‡ÌË˜ÂÌÓ ‚ �b.

�+
b

Θ+
loc

T τ( )� N( ) � N( ), τ∀ 0,≥=

sup v t( ) 1
2   t 0 ≥{ } R 

2 , u v ,( )∀ � , ∈≤

�+
loc �+

b Θ+
loc

sup v t( ) 1   t � ∈{ } R , ≤

� Π+�,=

�+
b



 

446

 

ÑéäãÄÑõ ÄäÄÑÖåàà çÄìä      ÚÓÏ 425      ‹ 4    2009

 

ÇË¯ËÍ, óÂÔ˚ÊÓ‚

 

3. ê‡ÒÒÏ‡ÚË‚‡ÂÚÒfl ÔÂ‰ÂÎ¸Ì‡fl ÓÚÌÓÒËÚÂÎ¸ÌÓ
(1), (2) ÒËÒÚÂÏ‡ Û‡‚ÌÂÌËÈ

(15)

(16)

Ç ˝ÚÓÏ ÒÎÛ˜‡Â Û‡‚ÌÂÌËÂ (16) Ù‡ÍÚË˜ÂÒÍË ÒÚ‡ÌÓ-
‚ËÚÒfl Ó·˚ÍÌÓ‚ÂÌÌ˚Ï ‰ËÙÙÂÂÌˆË‡Î¸Ì˚Ï Û‡‚ÌÂ-
ÌËÂÏ ÓÚÌÓÒËÚÂÎ¸ÌÓ ÌÂËÁ‚ÂÒÚÌÓÈ ÙÛÌÍˆËË 

 

v

 

(

 

x

 

, 

 

t

 

), 

 

t

 

 

 

≥

 

≥

 

 

 

0, ÔË Í‡Ê‰ÓÏ ÙËÍÒËÓ‚‡ÌÌÓÏ 

 

x

 

 

 

∈ Ω

 

. í‡ÍËÂ ˜‡-
ÒÚË˜ÌÓ ‰ËÒÒËÔ‡ÚË‚Ì˚Â ÒËÒÚÂÏ˚ Â‡ÍˆËË-‰ËÙÙÛ-
ÁËË ‡ÒÒÏ‡ÚË‚‡ÎËÒ¸, Ì‡ÔËÏÂ, ‚ [11], „‰Â Ì‡ÍÎ‡-
‰˚‚‡ÎËÒ¸ ‰ÓÔÓÎÌËÚÂÎ¸Ì˚Â Ó„‡ÌË˜ÂÌËfl Ì‡ ÌÂÎË-
ÌÂÈÌ˚Â ˜ÎÂÌ˚ Û‡‚ÌÂÌËÈ, ÍÓÚÓ˚Â „‡‡ÌÚËÛ˛Ú
Ó‰ÌÓÁÌ‡˜ÌÛ˛ ‡ÁÂ¯ËÏÓÒÚ¸ Ì‡˜‡Î¸ÌÓÈ Á‡‰‡˜Ë.

èÂ‰ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ ÙÛÌÍˆËË 

 

f

 

 Ë 

 

h

 

 ‚ ÒËÒÚÂÏÂ
(15), (16) Û‰Ó‚ÎÂÚ‚Ófl˛Ú ÌÂ‡‚ÂÌÒÚ‚‡Ï (3)–(5), ‡
‰Îfl ÙÛÌÍˆËÈ 

 

g

 

1

 

 Ë 

 

g

 

2

 

 ‚˚ÔÓÎÌÂÌ˚ ‚ÍÎ˛˜ÂÌËfl (6).
ùÚË ÛÒÎÓ‚Ëfl ÌÂ Ó·ÂÒÔÂ˜Ë‚‡˛Ú Ó‰ÌÓÁÌ‡˜ÌÛ˛ ‡Á-
Â¯ËÏÓÒÚ¸ Á‡‰‡˜Ë äÓ¯Ë.

ëÎ‡·˚Ï Â¯ÂÌËÂÏ ÒËÒÚÂÏ˚ (15), (16) ‚ Ó·Î‡ÒÚË

 

Ω × 

 

�

 

+

 

 Ì‡Á˚‚‡ÂÚÒfl Ô‡‡ ÙÛÌÍˆËÈ (

 

u

 

(

 

t

 

), 

 

v

 

(

 

t

 

)), ÔË-
Ì‡‰ÎÂÊ‡˘Ëı ÔÓÒÚ‡ÌÒÚ‚‡Ï

Ë Û‰Ó‚ÎÂÚ‚Ófl˛˘Ëı Û‡‚ÌÂÌËflÏ (15), (16) ‚ ÔÓ-

ÒÚ‡ÌÒÚ‚Â Ó·Ó·˘ÂÌÌ˚ı ÙÛÌÍˆËÈ 

 

�

 

'(0, 

 

M

 

; (

 

Ω) ×

× (Ω)) ÔË Í‡Ê‰ÓÏ M > 0 (ÔÓÍ‡Á‡ÚÂÎË r1 Ë r2
·˚ÎË ÓÔÂ‰ÂÎÂÌ˚ ‚ ‡Á‰ÂÎÂ 1). èË t = 0 Á‡‰‡˛ÚÒfl
Ì‡˜‡Î¸Ì˚Â ÛÒÎÓ‚Ëfl

(17)

ëÛ˘ÂÒÚ‚Ó‚‡ÌËÂ ÒÎ‡·˚ı Â¯ÂÌËÈ Á‡‰‡˜Ë (15)–
(17) ‰ÓÍ‡Á˚‚‡ÂÚÒfl Ò ÔÓÏÓ˘¸˛ ÏÂÚÓ‰‡ É‡ÎfiÍËÌ‡,
ÍÓÚÓ˚È ·˚Î ÓÔËÒ‡Ì ‚ ‡Á‰ÂÎÂ 1. ÑÎfl Î˛·Ó„Ó ÒÎ‡-
·Ó„Ó Â¯ÂÌËfl ËÏÂ˛Ú ÏÂÒÚÓ ÓˆÂÌÍË (8) Ë (9), ‚ ÍÓ-
ÚÓ˚ı δ = 0. äÓÏÂ ÚÓ„Ó ‰ÓÍ‡Á‡ÌÓ ÒÛ˘ÂÒÚ‚Ó‚‡ÌËÂ
ÒÎ‡·Ó„Ó Â¯ÂÌËfl (u(t), v(t)) Ò Î˛·˚ÏË Ì‡˜‡Î¸Ì˚-
ÏË ÛÒÎÓ‚ËflÏË (17), ÍÓÚÓÓÂ Û‰Ó‚ÎÂÚ‚ÓflÂÚ (10).

ÑÎfl ÔÓÒÚÓÂÌËfl Ú‡ÂÍÚÓÌÓ„Ó ‡ÚÚ‡ÍÚÓ‡ ÒË-

ÒÚÂÏ˚ (15), (16) ‚‚Ó‰ËÚÒfl ÔÓÒÚ‡ÌÒÚ‚Ó (N)

‡Ì‡ÎÓ„Ë˜ÌÓ ÔÓÒÚ‡ÌÒÚ‚Û (N) := �+(N) ÒËÒÚÂ-

Ï˚ (1), (2). èÓÒÚ‡ÌÒÚ‚Ó (N) ÒÓÒÚÓËÚ ËÁ ÙÛÌÍ-

ˆËÈ (u(·), v(·)) ∈ , ÍÓÚÓ˚Â fl‚Îfl˛ÚÒfl ÒÎ‡·˚ÏË
Â¯ÂÌËflÏË (15), (16), ÔË˜ÂÏ ÙÛÌÍˆËfl v(·) Û‰Ó-
‚ÎÂÚ‚ÓflÚ ÌÂ‡‚ÂÌÒÚ‚Û (11) Ò ÚÂÏË ÊÂ ÍÓÌÒÚ‡ÌÚ‡-
ÏË σ Ë R.

ÄÌ‡ÎÓ„Ë˜ÌÓ ‡Á‰ÂÎÛ 1 ‰ÓÍ‡Á˚‚‡ÂÚÒfl, ˜ÚÓ Ú‡ÌÒ-
ÎflˆËÓÌÌ‡fl ÔÓÎÛ„ÛÔÔ‡ {T(τ)}, ‰ÂÈÒÚ‚Û˛˘‡fl ‚ ÔÓ-

∂tu ∆u f u v,( )– g1 x( ), u ∂Ω+ 0,= =

∂tv –h u v,( ) g2 x( ), v ∂Ω+ 0.= =

u Lp1
0 M; Lp1

Ω( ),( ) L2 0 M; V,( ),∩∈

v Lp2
0 M; Lp2

Ω( ),( ) L∞ 0 M; V,( )∩∈

H
r1–

H
r2–

u t 0= u0 H , v t 0=∈ v 0 V .∈= =

�+
0

�+
δ

�+
0

F+
loc

ÒÚ‡ÌÒÚ‚Â (N), ËÏÂÂÚ Ú‡ÂÍÚÓÌ˚È ‡ÚÚ‡ÍÚÓ �0

‚ ÚÓÔÓÎÓ„ËË , ÍÓÚÓ˚È ÌÂ Á‡‚ËÒËÚ ÓÚ N, Ë ÒÔ‡-
‚Â‰ÎË‚Ó ÌÂ‡‚ÂÌÒÚ‚Ó

äÓÏÂ ÚÓ„Ó ÛÒÚ‡ÌÓ‚ÎÂÌÓ, ˜ÚÓ

„‰Â �0 – fl‰Ó ‚ �b ÒËÒÚÂÏ˚ (15), (16).
ÑÓÍ‡Á‡Ì˚ ÒÎÂ‰Û˛˘ËÂ ÓÒÌÓ‚Ì˚Â ÂÁÛÎ¸Ú‡Ú˚.
í Â Ó  Â Ï ‡  2. í‡ÂÍÚÓÌ˚Â ‡ÚÚ‡ÍÚÓ˚

�δ ÒËÒÚÂÏ˚ (1), (2) ÒıÓ‰flÚÒfl ÔË δ → 0+ ‚ ÚÓÔÓ-

ÎÓ„ËË  Í Ú‡ÂÍÚÓÌÓÏÛ ‡ÚÚ‡ÍÚÓÛ �0 ÒË-
ÒÚÂÏ˚ (15), (16):

ë Î Â ‰ Ò Ú ‚ Ë Â  2. ü‰‡ �δ ÒËÒÚÂÏ˚ (1), (2) ÒıÓ-
‰flÚÒfl ÔË δ → 0+ ‚ ÚÓÔÓÎÓ„ËË Θloc Í fl‰Û �0 ÒË-
ÒÚÂÏ˚ (15), (16):

ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ˜‡ÒÚË˜ÌÓÈ ÙËÌ‡ÌÒÓ‚ÓÈ
ÔÓ‰‰ÂÊÍÂ êÓÒÒËÈÒÍÓ„Ó ÙÓÌ‰‡ ÙÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚ı
ËÒÒÎÂ‰Ó‚‡ÌËÈ (ÔÓÂÍÚ˚ 08–01–00784 Ë 07–01–
00500).
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�+
0

Θ+
loc

sup v t( ) 1
2   t 0 ≥{ } R 

2 , u v ,( )∀ � 
0

 . ∈≤

�0 Π+�0
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Θ+
loc

�δ �0 δ 0+→( ) ‚ Θ+
loc.→

�δ �0 δ 0+→( ) ‚ Θloc.→



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


