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çÂÍÓÚÓ˚Â ÔÓ·ÎÂÏ˚, Ò‚flÁ‡ÌÌ˚Â Ò ÛÒÂ‰ÌÂÌË-
ÂÏ ÔÓ ‚ÂÏÂÌË ‡ÚÚ‡ÍÚÓÓ‚ ÌÂ‡‚ÚÓÌÓÏÌ˚ı Û‡‚-
ÌÂÌËÈ Ï‡ÚÂÏ‡ÚË˜ÂÒÍÓÈ ÙËÁËÍË, ‡ÒÒÏ‡ÚË‚‡ÎËÒ¸
‚ [1–4] Ë ‰Û„Ëı ‡·ÓÚ‡ı. ìÒÂ‰ÌÂÌËÂ „ÎÓ·‡Î¸Ì˚ı
‡ÚÚ‡ÍÚÓÓ‚ ‰ËÒÒËÔ‡ÚË‚Ì˚ı ‚ÓÎÌÓ‚˚ı Û‡‚ÌÂÌËÈ
Ò ·˚ÒÚÓ (ÌÓ ÌÂÒËÌ„ÛÎflÌÓ) ÓÒˆËÎÎËÛ˛˘ËÏË
˜ÎÂÌ‡ÏË ËÁÛ˜‡ÎÓÒ¸ ‚ [2, 5–7], ‡ ÒÎÛ˜‡È ÒËÌ„ÛÎfl-
ÌÓÈ ÓÒˆËÎÎflˆËË ÔÓ ‚ÂÏÂÌË ‚ÔÂ‚˚Â ‡ÒÒÏÓÚÂÌ
‚ [8]. 
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èÂ‰ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ g0, g1 ∈ (�; H), ÚÓ˜ÌÂÂ,

ãÂ„ÍÓ ÔÓ‚ÂËÚ¸, ˜ÚÓ ||gε  ≤ Qε, „‰Â Qε := M0 +

+ 2M1ε–ρ ÔË ε > 0 Ë Q0 := M0. éÚÏÂÚËÏ, ˜ÚÓ ÔË ε > 0
ÌÓÏ‡ ‚ÌÂ¯ÌÂÈ ÒËÎ˚ gε(t) := gε(·, t) ‚ ÔÓÒÚ‡ÌÒÚ‚Â

 ÏÓÊÂÚ ‡ÒÚË Í‡Í ε–ρ ÔË ε → 0+. 

èÂÂÔË¯ÂÏ Û‡‚ÌÂÌËfl (1) Ë (2) ‚ Ó·˘ÂÏ ‚Ë‰Â,
‰Ó·‡‚Ë‚ Í ÌËÏ Ì‡˜‡Î¸Ì˚ÏË ÛÒÎÓ‚Ëfl ÔË t = τ: 

(6)

(7)

á‰ÂÒ¸ τ ∈ �, ‡ uτ ∈ H1 Ë pτ ∈ H – ËÁ‚ÂÒÚÌ˚Â Ì‡˜‡Î¸-
Ì˚Â ‰‡ÌÌ˚Â. èË Î˛·ÓÏ ε ∈ [0, 1] Á‡‰‡˜‡ (6), (7)
ËÏÂÂÚ Ë ÔËÚÓÏ Â‰ËÌÒÚ‚ÂÌÌÓÂ Â¯ÂÌËÂ u(t) := u(·, t),
‰Îfl ÍÓÚÓÓ„Ó u ∈ Cb(�τ; H1) Ë ∂tu ∈ Cb(�τ; H), „‰Â
�τ = [0, ∞) Ë Cb Ó·ÓÁÌ‡˜‡ÂÚ ÔÓÒÚ‡ÌÒÚ‚Ó ÌÂÔÂ-
˚‚Ì˚ı Ó„‡ÌË˜ÂÌÌ˚ı ÙÛÌÍˆËÈ (ÒÏ. [9–13]). é·Ó-
ÁÌ‡˜ËÏ 

„‰Â u(t) – Â¯ÂÌËÂ Á‡‰‡˜Ë (6), (7). íÓ„‰‡ y ∈ Cb(Rτ;
E) Ë y(τ) = yτ. äÓÏÂ ÚÓ„Ó, ÙÛÌÍˆËfl y(t) Û‰Ó‚ÎÂÚ‚Ó-
flÂÚ ÓÒÌÓ‚ÌÓÈ ‡ÔËÓÌÓÈ ÓˆÂÌÍÂ

(8)

‰Îfl ÌÂÍÓÚÓ˚ı C > 0 Ë β > 0, ÍÓÚÓ˚Â ÌÂ Á‡‚ËÒflÚ
ÓÚ Qε, τ ∈ � Ë yτ ∈ E (ÒÏ. [9, 10, 12]). 

á‡‰‡˜‡ (6), (7) ÔÓÓÊ‰‡ÂÚ ‰ËÌ‡ÏË˜ÂÒÍËÈ ÔÓ-
ˆÂÒÒ {Uε(t, τ)} := {Uε(t, τ)| t ≥ τ, τ ∈ R}, ‰ÂÈÒÚ‚Û˛-
˘ËÈ ‚ ÔÓÒÚ‡ÌÒÚ‚Â E ÔÓ ÙÓÏÛÎÂ Uε(t, τ)yτ = y(t)
ÔË ‚ÒÂı yτ ∈ E. àÁ (8) ÒÎÂ‰ÛÂÚ, ˜ÚÓ ÔÓˆÂÒÒ {Uε(t,
τ)} ËÏÂÂÚ ‡‚ÌÓÏÂÌÓÂ (ÔÓ τ ∈ �) ÔÓ„ÎÓ˘‡˛˘ÂÂ
ÏÌÓÊÂÒÚ‚Ó

éÚÏÂÚËÏ, ˜ÚÓ ‰Ë‡ÏÂÚ ÏÌÓÊÂÒÚ‚‡ Bε ÌÂÓ„‡ÌË-
˜ÂÌÌÓ ‡ÒÚÂÚ ÔË ε → 0+.

ÖÒÎË d < 4, ÚÓ ÔË Î˛·ÓÏ ε ∈ [0, 1] ÔÓˆÂÒÒ
{Uε(t, τ)} fl‚ÎflÂÚÒfl ‡‚ÌÓÏÂÌÓ (ÔÓ τ ∈ �) ‡ÒËÏÔÚÓ-
ÚË˜ÂÒÍË ÍÓÏÔ‡ÍÚÌ˚Ï Ë ËÏÂÂÚ (‡‚ÌÓÏÂÌ˚È) „ÎÓ-
·‡Î¸Ì˚È ‡ÚÚ‡ÍÚÓ Aε � E (ÒÏ. [12]). éÚÏÂÚËÏ,
˜ÚÓ ‰‡ÌÌ˚È ÂÁÛÎ¸Ú‡Ú Ú‡ÍÊÂ ‚ÂÂÌ ‚ ÍËÚË˜ÂÒÍÓÏ
ÒÎÛ˜‡Â d = 4, ÂÒÎË ÔÂ‰ÔÓÎÓÊËÚ¸, ˜ÚÓ ÙÛÌÍˆËË g0 Ë
g1 ÔËÌ‡‰ÎÂÊ‡Ú ·ÓÎÂÂ Â„ÛÎflÌÓÏÛ ÔÓÒÚ‡ÌÒÚ‚Û

(�; Hκ) ÔË ÌÂÍÓÚÓÓÏ κ > 0, Ú.Â. (ÒÏ. [14, 15]) 
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àÁ ‚ÍÎ˛˜ÂÌËfl �ε ⊆ Bε Ì‡ıÓ‰ËÏ, ˜ÚÓ ||�ε||E ≤ 2C(1 +
+ Qε), ÔË˜ÂÏ ÎÂ„ÍÓ ÔÓÒÚÓËÚ¸ ÔËÏÂ˚ ‚ÌÂ¯ÌËı
ÒËÎ gε(x, t) ‚Ë‰‡ (5), ‰Îfl ÍÓÚÓ˚ı ||�ε||E ≥ ε–ρ ÔË
ε > 0. ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, ‡ÁÏÂ „ÎÓ·‡Î¸ÌÓ„Ó ‡Ú-
Ú‡ÍÚÓ‡ �ε Û‡‚ÌÂÌËfl (6) ÏÓÊÂÚ ‡ÒÚË ‰Ó ·ÂÒÍÓ-

ÌÂ˜ÌÓÒÚË, ÍÓ„‰‡ ÒÍÓÓÒÚ¸ ÓÒˆËÎÎflˆËÈ  → ∞. 

2. êÄÇçéåÖêçÄü éÉêÄçàóÖççéëíú 
ÉãéÅÄãúçõï ÄííêÄäíéêéÇ

Ç‚Â‰ÂÏ Ó·ÓÁÌ‡˜ÂÌËÂ G1(t, τ) = (·, s)ds. èÂ‰-

ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ 

(9)

ÔË ÌÂÍÓÚÓÓÏ l ≥ 0, „‰Â 

í Â Ó  Â Ï ‡  1. èÛÒÚ¸ ‚˚ÔÓÎÌÂÌÓ ÛÒÎÓ‚ËÂ (9), ‡
‚ ÍËÚË˜ÂÒÍÓÏ ÒÎÛ˜‡Â d = 4 ‰ÓÔÓÎÌËÚÂÎ¸ÌÓ ÔÂ‰-
ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ ρ < 1.

íÓ„‰‡ „ÎÓ·‡Î¸Ì˚È ‡ÚÚ‡ÍÚÓ �ε ‡‚ÌÓÏÂÌÓ
(ÔÓ ε ∈ [0, 1]) Ó„‡ÌË˜ÂÌ ‚ ÔÓÒÚ‡ÌÒÚ‚Â E, Ú.Â., 
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ÚÂÎ¸ÌÓ„Ó ÎËÌÂÈÌÓ„Ó ‚ÓÎÌÓ‚Ó„Ó Û‡‚ÌÂÌËfl (6), ÍÓ-
„‰‡ f ≡ 0 Ë g0 ≡ 0 ÔË ÌÛÎÂ‚˚ı Ì‡˜‡Î¸Ì˚ı ÛÒÎÓ‚Ëflı. 
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ÇË¯ËÍ Ë ‰.

3. ëïéÑàåéëíú ÉãéÅÄãúçõï 
ÄííêÄäíéêéÇ èêà ε → 0+

Ñ‡ÎÂÂ ÔÂ‰ÔÓÎ‡„‡ÂÏ, ˜ÚÓ ρ < 1. àÁÛ˜‡ÂÏ ‡Á-
ÌÓÒÚ¸ w(t) = uε(t) – u0(t) ‰‚Ûı Â¯ÂÌËÈ Û‡‚ÌÂÌËfl (6)
ÔË ε > 0 Ë ε = 0 ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ Ò Ó‰ËÌ‡ÍÓ‚˚ÏË Ì‡-
˜‡Î¸Ì˚ÏË ÛÒÎÓ‚ËflÏË 

„‰Â yτ = (uτ, pτ) ∈ B� Ë B� – ¯‡ ‚ E, ÍÓÚÓÓÏÛ ÔË-
Ì‡‰ÎÂÊ‡Ú ‚ÒÂ ÏÌÓÊÂÒÚ‚‡ �ε, ε ∈ [0, 1] (ÒÏ. (10)).
é·ÓÁÌ‡˜ËÏ yε(t) = (uε(t), ∂tuε(t)), y0(t) = (u0(t), ∂tu0(t)).

ã Â Ï Ï ‡  1. èË ‚˚ÔÓÎÌÂÌËË ÛÒÎÓ‚ËÈ ÚÂÓÂÏ˚ 1
‡ÁÌÓÒÚ¸ w(t) = yε(t) – y0(t) ÔË yε(τ) = y0(τ) = yτ ∈ B�

Û‰Ó‚ÎÂÚ‚ÓflÂÚ ÌÂ‡‚ÂÌÒÚ‚Û 

(11)

„‰Â ÔÓÎÓÊËÚÂÎ¸Ì˚Â ÍÓÌÒÚ‡ÌÚ˚ D Ë R ÌÂ Á‡‚Ë-
ÒflÚ ÓÚ ε, τ Ë yτ ∈ B�. ÖÒÎË d = 4, ÚÓ R = R(ρ).

èÂ‰ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ ÙÛÌÍˆËË g0(t) Ë g1(t) fl‚Îfl-
˛ÚÒfl Ú‡ÌÒÎflˆËÓÌÌÓ ÍÓÏÔ‡ÍÚÌ˚ÏË (Ú.Í.) ‚ ÔÓ-

ÒÚ‡ÌÒÚ‚Â (�; H). èÓ ÓÔÂ‰ÂÎÂÌË˛ ˝ÚÓ ÓÁÌ‡-
˜‡ÂÚ, ˜ÚÓ ÏÌÓÊÂÒÚ‚‡ 

fl‚Îfl˛ÚÒfl ÔÂ‰ÍÓÏÔ‡ÍÚÌ˚ÏË ‚ ÔÓÒÚ‡ÌÒÚ‚Â L1(–T,
T; H) ÔË Í‡Ê‰ÓÏ T > 0 (ÒÏ. [12]). éÚÏÂÚËÏ, ̃ ÚÓ ÔÓ-
˜ÚË-ÔÂËÓ‰Ë˜ÂÒÍËÂ ÙÛÌÍˆËË ËÁ ÔÓÒÚ‡ÌÒÚ‚‡
Cb(�; H) fl‚Îfl˛ÚÒfl ˜‡ÒÚÌ˚Ï ÒÎÛ˜‡ÂÏ Ú.Í. ÙÛÌÍ-
ˆËÈ. ãÂ„ÍÓ ‚Ë‰ÂÚ¸, ˜ÚÓ ÔË Î˛·ÓÏ ε ∈ (0, 1] ÙÛÌÍ-
ˆËfl gε(t) = g0(t) + ε–ρg1(t/ε) Ú‡ÍÊÂ fl‚ÎflÂÚÒfl Ú.Í. ‚

(�; H). èÛÒÚ¸ �(gε) Ó·ÓÁÌ‡˜‡ÂÚ Ó·ÓÎÓ˜ÍÛ ‚

(�; H) ÙÛÌÍˆËË gε, ÍÓÚÓ‡fl ÓÔÂ‰ÂÎflÂÚÒfl ÔÓ
ÙÓÏÛÎÂ 

ãÂ„ÍÓ ÔÓÍ‡Á‡Ú¸, ˜ÚÓ ÔË ε > 0 Î˛·‡fl ÙÛÌÍˆËfl  ∈
∈ �(gε) ÔÂ‰ÒÚ‡‚ËÏ‡ ‚ ‚Ë‰Â (t) = (t) + ε–ρ (t/ε)

‰Îfl ÌÂÍÓÚÓ˚ı  ∈ �(g0) Ë  ∈ �(g1) (�(g0) Ë
�(g1) – Ó·ÓÎÓ˜ÍË ÙÛÌÍˆËÈ g0 Ë g1 ÒÓÓÚ‚ÂÚÒÚ‚ÂÌ-
ÌÓ). äÓÏÂ ÚÓ„Ó, 

(12)

Ë, ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, Û‡‚ÌÂÌËÂ

(13)

uε τ( ) u0 τ( ) uτ, ∂tu
ε τ( ) ∂tu

0 τ( ) pτ,= = = =

w t( ) E Dε1 ρ– eR t τ–( ), t∀ τ,≥≤

L1
loc

g0 t τ+( )  τ �∈{ } Ë g1 t τ+( )  τ �∈{ }

L1
loc

L1
loc

� gε( ) := 

ĝ L1
loc

�; H( )  τn{ }∃ �, Ú‡Í‡fl,⊂∈

˜ÚÓ gε t τn+( ) ĝ t( )→
ÒËÎ¸ÌÓ ‚ L1 T– T ; H,( ) ÔË n ∞→

‰Îfl Í‡Ê‰Ó„Ó T 0>⎩ ⎭
⎪ ⎪
⎪ ⎪
⎨ ⎬
⎪ ⎪
⎪ ⎪
⎧ ⎫

.

ĝ

ĝε ĝ0 ĝ1

ĝ0 ĝ1

ĝ
L1

b gε
L1

b Qε, ĝ∀ � gε( ),∈≤ ≤

∂t
2û Aû γ ∂tû+ + f û( )– ĝ t( )+=

ÔÓÓÊ‰‡ÂÚ ‰ËÌ‡ÏË˜ÂÒÍËÈ ÔÓˆÂÒÒ ‚ E, ÍÓÚÓ˚È
Ó·ÓÁÌ‡˜‡ÂÚÒfl { (t, τ)}. Ç ÒËÎÛ (12) ÔÓˆÂÒÒ˚

{ (t, τ)} ÔË  ∈ �(gε) Ó·Î‡‰‡˛Ú ÚÂÏË ÊÂ Ò‚ÓÈ-
ÒÚ‚‡ÏË, ˜ÚÓ Ë ÔÓˆÂÒÒ {Uε(t, τ)}, ÓÚ‚Â˜‡˛˘ËÈ ËÒ-
ıÓ‰ÌÓÈ ‚ÌÂ¯ÌÂÈ ÒËÎÂ gε. ü‰ÓÏ  ÔÓˆÂÒÒ‡
{ (t, τ)} Ò ‚ÌÂ¯ÌÂÈ ÒËÎÓÈ  ∈ �(gε) Ì‡Á˚‚‡ÂÚÒfl

ÒÂÏÂÈÒÚ‚Ó Â¯ÂÌËÈ (t) = ( (t), ∂t (t)) Û‡‚ÌÂÌËfl
(13), Á‡‰‡ÌÌ˚ı ÔË ‚ÒÂı t ∈ �, ÍÓÚÓ˚Â fl‚Îfl˛ÚÒfl
‡‚ÌÓÏÂÌÓ Ó„‡ÌË˜ÂÌÌ˚ÏË ‚ E: (t)||E < ∞.

åÌÓÊÂÒÚ‚Ó (τ) = { (τ)|  ∈ } ⊂ E Ì‡Á˚‚‡ÂÚ-
Òfl ÒÂ˜ÂÌËÂÏ fl‰‡ ‚ ÏÓÏÂÌÚ ‚ÂÏÂÌË t = τ. Ç [12] ÔÓ-
ÎÛ˜ÂÌÓ ÒÎÂ‰Û˛˘ÂÂ ÔÂ‰ÒÚ‡‚ÎÂÌËÂ „ÎÓ·‡Î¸ÌÓ„Ó
‡ÚÚ‡ÍÚÓ‡ �ε ÔÓˆÂÒÒ‡ {Uε(t, τ)} ÔË ε ∈ [0, 1]:

(14)

í Â Ó  Â Ï ‡  2. èÛÒÚ¸ ρ < 1, ÙÛÌÍˆËË g0(t) Ë g1(t)

fl‚Îfl˛ÚÒfl Ú.Í. ‚ (�; H), ‡ ÙÛÌÍˆËfl G1(t, τ)
Û‰Ó‚ÎÂÚ‚ÓflÂÚ (9).

íÓ„‰‡ „ÎÓ·‡Î¸Ì˚Â ‡ÚÚ‡ÍÚÓ˚ �ε ÒıÓ‰flÚÒfl
Í �0 ÓÚÌÓÒËÚÂÎ¸ÌÓ ÓÚÍÎÓÌÂÌËfl ÔÓ ï‡ÛÒ‰ÓÙÛ
ÏÌÓÊÂÒÚ‚ ‚ E ÔË ε → 0+, Ú.Â.

ç‡ÔÓÏÌËÏ, ˜ÚÓ ÓÚÍÎÓÌÂÌËÂ ÔÓ ï‡ÛÒ‰ÓÙÛ ÏÌÓ-
ÊÂÒÚ‚‡ B1 ÓÚ ÏÌÓÊÂÒÚ‚‡ B2 ‚ ÔÓÒÚ‡ÌÒÚ‚Â E ‡‚ÌÓ
distE(B1, B2) = b1 – b2||E. èË ‰ÓÍ‡Á‡ÚÂÎ¸-

ÒÚ‚Â ÚÂÓÂÏ˚ 2 ËÒÔÓÎ¸ÁÛÂÚÒfl Ò‚ÓÈÒÚ‚Ó ‡‚ÌÓÏÂ-
ÌÓÈ Ó„‡ÌË˜ÂÌÌÓÒÚË ‡ÚÚ‡ÍÚÓÓ‚ (10), ÓˆÂÌÍ‡ ‡Á-
ÌÓÒÚË Â¯ÂÌËÈ (11), ‡ Ú‡ÍÊÂ ÔÂ‰ÒÚ‡‚ÎÂÌËÂ ‡Ú-
Ú‡ÍÚÓÓ‚ (14). 

á ‡ Ï Â ˜ ‡ Ì Ë Â  2. èË ρ = 1 ÛÚ‚ÂÊ‰ÂÌËÂ ÚÂÓ-
ÂÏ˚ 2 ÌÂ ‚ÂÌÓ. óÚÓ·˚ Û·Â‰ËÚ¸Òfl ‚ ˝ÚÓÏ, ‰ÓÒÚ‡-
ÚÓ˜ÌÓ ‡ÒÒÏÓÚÂÚ¸ Û‡‚ÌÂÌËÂ 

(15)

ÍÓÚÓÓÂ fl‚ÎflÂÚÒfl ˜‡ÒÚÌ˚Ï ÒÎÛ˜‡ÂÏ (6) ÔË f ≡ g0 ≡ 0,
g1(t) = –sin(t) Ë ρ = 1 (Á‰ÂÒ¸ e – Î˛·‡fl ÒÓ·ÒÚ‚ÂÌÌ‡fl
ÙÛÌÍˆËfl ÓÔÂ‡ÚÓ‡ A). ÑÎfl Û‡‚ÌÂÌËfl (15) ËÏÂÂÚ-
Òfl fl‚Ì‡fl ÙÓÏÛÎ‡ ‰Îfl Â‰ËÌÒÚ‚ÂÌÌÓ„Ó ˝ÎÂÏÂÌÚ‡
Â„Ó fl‰‡ zε(t), t ∈ �, ÔË˜ÂÏ 

ÔË Ï‡Î˚ı ε. íÓ„‰‡ ‚ ÒËÎÛ (14) lim ||�ε||E = 1, ‚ ÚÓ

‚ÂÏfl Í‡Í �0 = {0}. ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, distE(�ε, �0)  0
ÔË ε → 0+. 

Uĝ

Uĝ ĝ

�ĝ

Uĝ ĝ

ẑ û û

||ẑ
t �∈
sup

�ĝ ẑ ẑ �ĝ

�ε �ĝ τ( ).
ĝ � g

ε( )∈
∪=

L1
loc

distE �ε �0,( ){ }
ε 0+→
lim 0.=

||
b2 B2∈
inf

b1 B1∈
sup

∂t
2u Au γ ∂tu+ + ε 1– t/ε( )e,sin–=

zε t( ) ε t/ε( )esin t/ε( )ecos,( )∼

sup
ε 0+→

→



ÑéäãÄÑõ ÄäÄÑÖåàà çÄìä      ÚÓÏ 422      ‹ 2    2008

ìëêÖÑçÖçàÖ èé ÇêÖåÖçà ÉãéÅÄãúçõï ÄííêÄäíéêéÇ 167

á ‡ Ï Â ˜ ‡ Ì Ë Â  3. Ç ÛÒÎÓ‚Ëflı ÚÂÓÂÏ˚ 2, ÂÒÎË
2 ≤ d ≤ 3 Ë ÙÛÌÍˆËfl G1(t, τ) Û‰Ó‚ÎÂÚ‚ÓflÂÚ (9) ÔË

ϑ = 3 1 –  < 1, ÚÓ 

4. çÖèêÖêõÇçéëíú èé É›ãúÑÖêì 
ÄííêÄäíéêéÇ �ε èêà ε = 0

Ç Á‡ÍÎ˛˜ÂÌËÂ ÔË‚Ó‰ËÚÒfl fl‚Ì‡fl ÓˆÂÌÍ‡ ‚Ë‰‡
Mεη ‰Îfl ı‡ÛÒ‰ÓÙÓ‚‡ ÓÚÍÎÓÌÂÌËfl distE(�ε, �0)
ÔË ÛÒÎÓ‚ËË, ˜ÚÓ „ÎÓ·‡Î¸Ì˚È ‡ÚÚ‡ÍÚÓ �0 fl‚Îfl-
ÂÚÒfl ˝ÍÒÔÓÌÂÌˆË‡Î¸Ì˚Ï. ÉÎÓ·‡Î¸Ì˚È ‡ÚÚ‡ÍÚÓ
� ÔÓˆÂÒÒ‡ {U(t, τ)} ‚ ÔÓÒÚ‡ÌÒÚ‚Â E Ì‡Á˚‚‡ÂÚÒfl
˝ÍÒÔÓÌÂÌˆË‡Î¸Ì˚Ï Ò ÔÓÍ‡Á‡ÚÂÎÂÏ ν > 0, ÂÒÎË ÒÛ-
˘ÂÒÚ‚ÛÂÚ ‚ÓÁ‡ÒÚ‡˛˘‡fl ÔÓÎÓÊËÚÂÎ¸Ì‡fl ÙÛÌÍˆËfl
�, Ú‡Í‡fl, ˜ÚÓ ‰Îfl Î˛·Ó„Ó Ó„‡ÌË˜ÂÌÌÓ„Ó ‚ E ÏÌÓ-
ÊÂÒÚ‚‡ B 

í Â Ó  Â Ï ‡  3. èÛÒÚ¸ ‚˚ÔÓÎÌÂÌ˚ ÛÒÎÓ‚Ëfl ÚÂÓ-
ÂÏ˚ 2 Ë, ÍÓÏÂ ÚÓ„Ó, „ÎÓ·‡Î¸Ì˚È ‡ÚÚ‡ÍÚÓ
�0 fl‚ÎflÂÚÒfl ˝ÍÒÔÓÌÂÌˆË‡Î¸Ì˚Ï Ò ÔÓÍ‡Á‡ÚÂÎÂÏ
ν > 0. íÓ„‰‡ 

(16)

„‰Â M = M(g0, g1, ρ) Ë η = , ‡ R – ËÁ ÓˆÂÌÍË

(11). 

á ‡ Ï Â ˜ ‡ Ì Ë Â  4. éÔflÚ¸ (ÒÏ. Á‡ÏÂ˜‡ÌËfl 1 Ë 3)
ÂÒÎË 2  d ≤ 3 Ë G1(t, τ) Û‰Ó‚ÎÂÚ‚ÓflÂÚ (9) ÔË

ϑ = 3 1 –  < 1, ÚÓ 

ç‡ÍÓÌÂˆ ‰‡‰ËÏ ‰‚‡ ÔËÏÂ‡ ‚ÓÎÌÓ‚˚ı Û‡‚ÌÂ-
ÌËÈ ‚Ë‰‡ (6), ‰Îfl ÍÓÚÓ˚ı „ÎÓ·‡Î¸Ì˚È ‡ÚÚ‡ÍÚÓ
�0 ÛÒÂ‰ÌÂÌÌÓ„Ó Û‡‚ÌÂÌËfl fl‚ÎflÂÚÒfl ˝ÍÒÔÓÌÂÌˆË-
‡Î¸Ì˚Ï. 

è  Ë Ï Â   1. Ä ‚ Ú Ó Ì Ó Ï Ì ˚ Â  Û  ‡ ‚ Ì Â Ì Ë fl
Ò   Â „ Û Î fl  Ì ˚ Ï Ë  ‡ Ú Ú  ‡ Í Ú Ó  ‡ Ï Ë. èÂ‰-
ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ ÙÛÌÍˆËfl g0 ÌÂ Á‡‚ËÒËÚ ÓÚ ‚ÂÏÂ-
ÌË, g0(t) ≡ g0 ∈ H. íÓ„‰‡ Û‡‚ÌÂÌËÂ (6) ÔË ε = 0 fl‚-
ÎflÂÚÒfl ‡‚ÚÓÌÓÏÌ˚Ï Ë ÓÚÓ·‡ÊÂÌËfl S(t) = (t, 0),
t ≥ 0, Ó·‡ÁÛ˛Ú ÒËÎ¸ÌÓ ÌÂÔÂ˚‚ÌÛ˛ ÔÓÎÛ„ÛÔÔÛ
‚ E. Ç ˝ÚÓÏ ÒÎÛ˜‡Â „ÎÓ·‡Î¸Ì˚È ‡ÚÚ‡ÍÚÓ �0

ÒÚÓ„Ó ËÌ‚‡Ë‡ÌÚÂÌ ÓÚÌÓÒËÚÂÎ¸ÌÓ ÔÓÎÛ„ÛÔÔ˚
{S(t)}: S(t)�0 = �0 ÔË t ≥ 0. äÓÏÂ ÚÓ„Ó, ÒÛ˘ÂÒÚ‚Û-

⎝
⎛ 2

d
---⎠

⎞

dist
E

ϑ 1– �ε �0,( ){ }
ε 0+→
lim 0.=

distE U t τ,( )B �,( ) � B E( )e ν t τ–( )– ,≤

t∀ τ τ, �.∈≥

distE �ε �0,( ) Mεη,≤

ν 1 ρ–( )
R ν+

--------------------

⎝
⎛ 2

d
---⎠

⎞

dist
E

ϑ 1– �ε �0,( ) Mεη.≤

Ug0

ÂÚ „ÎÓ·‡Î¸Ì‡fl ÙÛÌÍˆËfl ãflÔÛÌÓ‚‡ �: E → �, Ú‡-
Í‡fl, ˜ÚÓ

„‰Â y0(t) = (u0(t), ∂tu0(t)) – Î˛·ÓÂ Â¯ÂÌËÂ (6) ÔË
ε = 0 (ÒÏ. [9, 11]). äÓÏÂ ÚÓ„Ó, ÂÒÎË ËÁ‚ÂÒÚÌÓ, ˜ÚÓ
ÒÚ‡ˆËÓÌ‡ÌÓÂ Û‡‚ÌÂÌËÂ 

ËÏÂÂÚ ÎË¯¸ ÍÓÌÂ˜ÌÓÂ ˜ËÒÎÓ Â¯ÂÌËÈ {w1, w2, …, wN}
‚ H1 Ë ‚ÒÂ ÓÌË fl‚Îfl˛ÚÒfl „ËÔÂ·ÓÎË˜ÂÒÍËÏË (ÒÏ. [9,
11]), ÚÓ „ÎÓ·‡Î¸Ì˚È ‡ÚÚ‡ÍÚÓ �0 ÒÓ‚Ô‡‰‡ÂÚ Ò
Ó·˙Â‰ËÌÂÌËÂÏ ÌÂÛÒÚÓÈ˜Ë‚˚ı ÏÌÓ„ÓÓ·‡ÁËÈ

�u(wj), ‚˚ıÓ‰fl˘Ëı ËÁ wj: �0 = (wj), Ë, ·ÓÎÂÂ

ÚÓ„Ó, ‡ÚÚ‡ÍÚÓ �0 fl‚ÎflÂÚÒfl ˝ÍÒÔÓÌÂÌˆË‡Î¸Ì˚Ï Ò
ÌÂÍÓÚÓ˚Ï ÔÓÍ‡Á‡ÚÂÎÂÏ ν > 0. ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, ‚
˝ÚÓÏ ÒÎÛ˜‡Â ÒÔ‡‚Â‰ÎË‚Ó ÌÂ‡‚ÂÌÒÚ‚Ó (16).

è  Ë Ï Â   2. Ç Ó Î Ì Ó ‚ ˚ Â  Û  ‡ ‚ Ì Â Ì Ë fl
Ú Ë Ô ‡  Ò ‡ È Ì - É Ó  ‰ Ó Ì ‡  Ò  Ô Î Ó Ò Í Ó È  Ì Â Î Ë -
Ì Â È Ì Ó Ò Ú ¸ ˛. èÂ‰ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ 

(17)

(ÒÎÛ˜‡È d = 2). íÓ„‰‡ ‰Îfl Î˛·ÓÈ ÙÛÌÍˆËË g ∈
∈ (�; H) Û‡‚ÌÂÌËÂ (6) Ò ‚ÌÂ¯ÌÂÈ ÒËÎÓÈ g(t)
ËÏÂÂÚ Â‰ËÌÒÚ‚ÂÌÌÓÂ „ÎÓ·‡Î¸ÌÓÂ Ó„‡ÌË˜ÂÌÌÓÂ Â-
¯ÂÌËÂ zg ∈ Cb(�; E), ÍÓÚÓÓÂ fl‚ÎflÂÚÒfl ˝ÍÒÔÓÌÂÌ-
ˆË‡Î¸ÌÓ ÛÒÚÓÈ˜Ë‚˚Ï, Ú.Â. Ì‡È‰ÂÚÒfl κ > 0 Ú‡ÍÓÂ,
˜ÚÓ ‰Îfl Î˛·Ó„Ó yτ ∈ E 

(18)

‰Îfl ÌÂÍÓÚÓÓÈ ‚ÓÁ‡ÒÚ‡˛˘ÂÈ ÔÓÎÓÊËÚÂÎ¸ÌÓÈ
ÙÛÌÍˆËË �, Á‡‚ËÒfl˘ÂÈ ÓÚ ||g  (ÒÏ. [6]). èËÏÂÌflfl

ÌÂ‡‚ÂÌÒÚ‚Ó (18) Í ËÒıÓ‰ÌÓÈ Ú.Í. ‚ÌÂ¯ÌÂÈ ÒËÎÂ gε(t),
Ì‡ıÓ‰ËÏ, ˜ÚÓ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÈ „ÎÓ·‡Î¸Ì˚È ‡Ú-
Ú‡ÍÚÓ �ε fl‚ÎflÂÚÒfl ̋ ÍÒÔÓÌÂÌˆË‡Î¸Ì˚Ï Ò ÔÓÍ‡Á‡-
ÚÂÎÂÏ κ ÔË Î˛·ÓÏ ε ∈ [0, 1]. ÅÓÎÂÂ ÚÓ„Ó, ‰ÓÍ‡Á‡-
ÌÓ, ˜ÚÓ ÔË ‚˚ÔÓÎÌÂÌËË ÛÒÎÓ‚ËÈ (17) ‚ ÎÂÏÏÂ 1
ÔÓÍ‡Á‡ÚÂÎ¸ R = 0. Ç ˝ÚÓÏ ÒÎÛ˜‡Â, ÔËÏÂÌflfl ÚÂÓÂ-
ÏÛ 3, ÔËıÓ‰ËÏ Í ÌÂ‡‚ÂÌÒÚ‚Û 

ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ˜‡ÒÚË˜ÌÓÈ ÙËÌ‡ÌÒÓ‚ÓÈ
ÔÓ‰‰ÂÊÍÂ êîîà (ÍÓ‰˚ ÔÓÂÍÚÓ‚ 08–01–00784 Ë
07–01–00500), Italian PRIN Research Project 2006, ‡
Ú‡ÍÊÂ ÒÚËÔÂÌ‰ËË Cariplo Foundation.

� y0 t( )( ) � y0 τ( )( )– ∂tu
0 s( ) 2

s,d

τ

t

∫–=

Au f u( )+ g0=

�u

j 1=

N

∪

K  := f ' v( )
v �∈
sup λ1, γ 2 2 λ1 λ1

2 K2––( )≥<

L1
b

U t τ,( )yτ zg t( )– E � yτ E( )e κ t τ–( )– ,=

t∀ τ, τ �,∈≥

||
L1

b

distE �ε �0,( ) Mε1 ρ– .≤



168

ÑéäãÄÑõ ÄäÄÑÖåàà çÄìä      ÚÓÏ 422      ‹ 2    2008

ÇË¯ËÍ Ë ‰.

ëèàëéä ãàíÖêÄíìêõ
1. Hale J.K., Verduyn Lunel S.M. // J. Integr. Equat. Appl.

1990. V. 2. ‹ 4. P. 463–494. 
2. àÎ¸ËÌ Ä.Ä. // å‡Ú. Ò·. 1996. í. 187. ‹ 5. ë. 15–58. 
3. ÇË¯ËÍ å.à., óÂÔ˚ÊÓ‚ Ç.Ç. // å‡Ú. Ò·. 2001. í. 192.

‹ 1. ë. 11–47. 
4. Chepyzhov V.V., Vishik M.I. // El. J. ESAIM: COCV.

2002. V. 8. P. 467–487. 
5. ÇË¯ËÍ å.à., îË‰ÎÂ Å. // ìåç. 2002. í. 57. ‹ 4.

ë. 75–94. 
6. Chepyzhov V.V., Vishik M.I., Wendland W.L. // Discrete

Cont. Dyn. Syst. 2005. V. 12. P. 27–38. 
7. Zelik S. // Proc. Roy. Soc. Edinburgh. Sect. A. 2006.

V. 136. P. 1053–1097. 
8. ÇË¯ËÍ å.à., óÂÔ˚ÊÓ‚ Ç.Ç. // å‡Ú. Á‡ÏÂÚÍË. 2006.

í. 79. ‹ 4. ë. 522–545. 

9. Å‡·ËÌ Ä.Ç., ÇË¯ËÍ å.à. ÄÚÚ‡ÍÚÓ˚ ˝‚ÓÎ˛ˆËÓÌ-
Ì˚ı Û‡‚ÌÂÌËÈ. å.: ç‡ÛÍ‡, 1989. 296 Ò. 

10. Temam R. Infinite-Dimensional Dynamical Systems in
Mechanics and Physics. N.Y.: Springer, 1988. 648 p. 

11. Hale J.K. Asymptotic Behaviour of Dissipative Sys-
tems. Math. Surveys and Mon. Providence: Amer. Math.
Soc., 1988. V. 25. 198 p. 

12. Chepyzhov V.V., Vishik M.I. Attractors for Equations of
Mathematical Physics. Providence: Amer. Math. Soc.,
2002. 363 p. 

13. ãËÓÌÒ Ü.-ã. çÂÍÓÚÓ˚Â ÏÂÚÓ‰˚ Â¯ÂÌËfl ÌÂÎË-
ÌÂÈÌ˚ı Í‡Â‚˚ı Á‡‰‡˜. å.: åË, 1972. 588 Ò. 

14. Grasselli M., Pata V. // Discrete Cont. Dyn. Syst. 2003.
Supl. P. 351–358. 

15. Grasselli M., Pata V. // Communs Pure and Appl. Anal.
2004. V. 3. P. 849–881.



<<
  /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 [5952.756 8418.897]
>> setpagedevice


