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ëÚÓ ÎÂÚ Ì‡Á‡‰ Ä. ëÚÂÙÂÌÒÓÌ [1, 2] ÔÓÍ‡Á‡Î, ˜ÚÓ
‚ÂıÌÂÂ ÒÚ‡ÚË˜ÂÒÍË ÌÂÛÒÚÓÈ˜Ë‚ÓÂ ÔÓÎÓÊÂÌËÂ ‡‚-
ÌÓ‚ÂÒËfl Ó‰ÌÓ-, ‰‚Ûı- Ë ÚÂıÁ‚ÂÌÌÓ„Ó Ï‡flÚÌËÍÓ‚
ÏÓÊÂÚ ·˚Ú¸ ÒÚ‡·ËÎËÁËÓ‚‡ÌÓ Ò ÔÓÏÓ˘¸˛ ‚Ë·‡-
ˆËË ÚÓ˜ÍË ÔÓ‰‚ÂÒ‡ ‰ÓÒÚ‡ÚÓ˜ÌÓ ‚˚ÒÓÍÓÈ ˜‡ÒÚÓÚ˚.
ëÂ‰Ë ÏÌÓ„Ëı ‰Û„Ëı ËÒÒÎÂ‰Ó‚‡ÌËÈ, ÔÓÒ‚fl˘ÂÌÌ˚ı
ÒÚ‡·ËÎËÁ‡ˆËË ÒÚ‡ÚË˜ÂÒÍË ÌÂÛÒÚÓÈ˜Ë‚˚ı ÒËÒÚÂÏ Ò
ÔÓÏÓ˘¸˛ ‚Ë·‡ˆËË, ÓÚÏÂÚËÏ ‡·ÓÚ˚ [3–10]. ÇÒÂ
ÔÂÂ˜ËÒÎÂÌÌ˚Â ‡·ÓÚ˚ ÔÓÒ‚fl˘ÂÌ˚ ‚˚ÒÓÍÓ˜‡ÒÚÓÚ-
ÌÓÈ ÒÚ‡·ËÎËÁ‡ˆËË. Ç Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ ËÒÒÎÂ‰ÛÂÚ-
Òfl ‚ÓÁÏÓÊÌÓÒÚ¸ ÒÚ‡·ËÎËÁ‡ˆËË ÒÚ‡ÚË˜ÂÒÍË ÌÂÛÒÚÓÈ-
˜Ë‚˚ı ÒËÒÚÂÏ Ò ÔÓÏÓ˘¸˛ ‚Ë·‡ˆËË ÔÓËÁ‚ÓÎ¸ÌÓÈ
˜‡ÒÚÓÚ˚. ê‡ÒÒÏ‡ÚË‚‡˛ÚÒfl ÍÓÌÂ˜ÌÓÏÂÌ˚Â ÒÎ‡·Ó
ÌÂÛÒÚÓÈ˜Ë‚˚Â ÒËÒÚÂÏ˚, Ú.Â. ·ÎËÁÍËÂ Í ÍËÚË˜Â-
ÒÍËÏ. èÓÎÛ˜ÂÌÓ ÛÒÎÓ‚ËÂ ‚Ë·‡ˆËÓÌÌÓÈ ÒÚ‡·ËÎËÁ‡-
ˆËË Ò ÔÓËÁ‚ÓÎ¸ÌÓÈ (ÌÂÂÁÓÌ‡ÌÒÌÓÈ) ˜‡ÒÚÓÚÓÈ
‚ÓÁ·ÛÊ‰ÂÌËfl. Ç Í‡˜ÂÒÚ‚Â ˜‡ÒÚÌÓ„Ó ÒÎÛ˜‡fl ËÒÒÎÂ-
‰Ó‚‡ÌÓ ‚˚ÒÓÍÓ˜‡ÒÚÓÚÌÓÂ ‚ÓÁ·ÛÊ‰ÂÌËÂ. ç‡ ÍÓÌ-
ÍÂÚÌ˚ı ÔËÏÂ‡ı ÒËÒÚÂÏ Ò Ó‰ÌÓÈ Ë ‰‚ÛÏfl ÒÚÂÔÂ-
ÌflÏË Ò‚Ó·Ó‰˚ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ‚Ë·‡ˆËÓÌÌ‡fl ÒÚ‡·Ë-
ÎËÁ‡ˆËfl ‚ÓÁÏÓÊÌ‡ Ì‡ ‚ÒÂÏ ‰Ë‡Ô‡ÁÓÌÂ ̃ ‡ÒÚÓÚ – ÔË
ÌËÁÍËı, ÒÂ‰ÌËı Ë ‚˚ÒÓÍËı ̃ ‡ÒÚÓÚ‡ı ‚ÓÁ·ÛÊ‰ÂÌËfl.

1. ê‡ÒÒÏÓÚËÏ ÎËÌÂÈÌÛ˛ ÍÓÎÂ·‡ÚÂÎ¸ÌÛ˛ ÒË-
ÒÚÂÏÛ
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ëËÒÚÂÏ‡ ÛÒÚÓÈ˜Ë‚‡, ÂÒÎË Ï‡ÚËˆ‡ 
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ÓÚÓÌÓÏËÓ‚ÍË
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„‰Â  – ÒËÏ‚ÓÎ äÓÌÂÍÂ‡. ì‡‚ÌÂÌËfl (1)–(3) ÌÂ
ÏÂÌfl˛ÚÒfl ÔË ÔÂÓ·‡ÁÓ‚‡ÌËË
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 – ÍËÚË˜ÂÒÍÓÂ ÁÌ‡˜ÂÌËÂ, Ú‡Í ˜ÚÓ
ÒËÒÚÂÏ‡ (2) ÛÒÚÓÈ˜Ë‚‡ ÔË 
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 > 0, ˜ÚÓ Ò Û˜ÂÚÓÏ (5) ÔË‚Ó‰ËÚ Í ÛÒÎÓ‚Ë˛
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ëËÒÚÂÏÛ (1) ÏÓÊÌÓ Á‡ÔËÒ‡Ú¸ ‚ ‚Ë‰Â
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ëÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ Ô‡‚˚Â Ë ÎÂ‚˚Â ÒÓ·ÒÚ‚ÂÌÌ˚Â Ë
ÔËÒÓÂ‰ËÌÂÌÌ˚Â ‚ÂÍÚÓ˚ ÓÔÂ‰ÂÎfl˛ÚÒfl Û‡‚ÌÂ-
ÌËflÏË Ë ÛÒÎÓ‚ËflÏË ÓÚÓÌÓÏËÓ‚ÍË

(8)

Ë ËÏÂ˛Ú ‚Ë‰

(9)
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(1). ÖÂ ÒÓ·-
ÒÚ‚ÂÌÌ˚Â ÁÌ‡˜ÂÌËfl 

 

ρ

 

 Ì‡Á˚‚‡˛ÚÒfl ÏÛÎ¸ÚÔÎËÍ‡ÚÓ-
‡ÏË. åÛÎ¸ÚËÔÎËÍ‡ÚÓ˚ ÒËÒÚÂÏ˚ (1) Ó·Î‡‰‡˛Ú
ÒËÏÏÂÚËÂÈ: ÂÒÎË 

 

ρ

 

 fl‚ÎflÂÚÒfl ÏÛÎ¸ÚËÔÎËÍ‡ÚÓÓÏ,

ÚÓ  Ú‡ÍÊÂ fl‚ÎflÂÚÒfl ÏÛÎ¸ÚËÔÎËÍ‡ÚÓÓÏ. ëËÒÚÂÏ‡

ÛÒÚÓÈ˜Ë‚‡ ÚÓ„‰‡ Ë ÚÓÎ¸ÍÓ ÚÓ„‰‡, ÍÓ„‰‡ ‚ÒÂ ÏÛÎ¸ÚË-
ÔÎËÍ‡ÚÓ˚ ÎÂÊ‡Ú Ì‡ Â‰ËÌË˜ÌÓÈ ÓÍÛÊÌÓÒÚË 

 

|ρ|

 

 = 1
Ë ÌÂ Ó·‡ÁÛ˛Ú ÊÓ‰‡ÌÓ‚˚ı ÍÎÂÚÓÍ.
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 = 
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 = 0 ÒËÒÚÂÏ‡ ‡‚ÚÓÌÓÏÌ‡. ëÎÂ‰Ó‚‡-
ÚÂÎ¸ÌÓ, 

 

X0(t) = exp(tA0) Ë F0 = exp(A0), ‡ ÏÛÎ¸ÚË-
ÔÎËÍ‡ÚÓ˚ ρ = exp(±iωk), k = 1, 2, …, n. çÂÚÛ‰ÌÓ
ÔÓÌflÚ¸, ̃ ÚÓ ÔË k = 1 ‰‚ÛÍ‡ÚÌ˚È ÏÛÎ¸ÚËÔÎËÍ‡ÚÓ
ρ = 1 Ï‡ÚËˆ˚ F0 Ó·‡ÁÛÂÚ ÊÓ‰‡ÌÓ‚Û ÍÎÂÚÍÛ Ò ÚÂ-
ÏË ÊÂ ÒÓ·ÒÚ‚ÂÌÌ˚ÏË Ë ÔËÒÓÂ‰ËÌÂÌÌ˚ÏË ‚ÂÍÚÓ-
‡ÏË (9). çËÊÂ ÔÂ‰ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ ÓÒÚ‡Î¸Ì˚Â
ÏÛÎ¸ÚËÔÎËÍ‡ÚÓ˚ ρ = exp(±iωk), k = 2, 3, …, n fl‚Îfl-
˛ÚÒfl ÔÓÒÚ˚ÏË Ë ÍÓÏÔÎÂÍÒÌ˚ÏË, Ú.Â. ÒËÒÚÂÏ‡ Ì‡-
ıÓ‰ËÚÒfl ‚ÌÂ ÂÁÓÌ‡ÌÒ‡. ùÚÓ ÓÁÌ‡˜‡ÂÚ, ˜ÚÓ

(10)

‰Îfl Î˛·˚ı ÔÓÎÓÊËÚÂÎ¸Ì˚ı ˆÂÎ˚ı ˜ËÒÂÎ k, k', j.

ÑÎfl ÔÓËÁ‚ÓÎ¸ÌÓ„Ó ÔÂËÓ‰‡ T =  ˝ÚÓ ÛÒÎÓ‚ËÂ

ÔËÌËÏ‡ÂÚ ‚Ë‰ Ω ≠ . èË Ï‡Î˚ı ‚ÓÁÏÛ˘Â-

ÌËflı Ô‡‡ÏÂÚÓ‚ p Ë δ ÔÓÒÚ˚Â ÏÛÎ¸ÚËÔÎËÍ‡ÚÓ˚
ÓÒÚ‡˛ÚÒfl Ì‡ Â‰ËÌË˜ÌÓÈ ÓÍÛÊÌÓÒÚË |ρ| = 1. ëÎÂ‰Ó-
‚‡ÚÂÎ¸ÌÓ, ‰Îfl ‡Ì‡ÎËÁ‡ ÛÒÚÓÈ˜Ë‚ÓÒÚË ‚ ÓÍÂÒÚÌÓ-
ÒÚË p = p0, δ = 0 ÒÎÂ‰ÛÂÚ ËÒÒÎÂ‰Ó‚‡Ú¸ ‡ÒÔ‡‰ ‰‚Û-
Í‡ÚÌÓ„Ó ÏÛÎ¸ÚËÔÎËÍ‡ÚÓ‡ ρ = 1 ÔË ËÁÏÂÌÂÌËË
Ô‡‡ÏÂÚÓ‚.

á‡ÏÂÚËÏ, ˜ÚÓ ‡Ì‡ÎËÁ ÛÒÚÓÈ˜Ë‚ÓÒÚË ‚ ÂÁÓÌ‡ÌÒ-
Ì˚ı ÒÎÛ˜‡flı ωk ± ωk' ≈ 2πj Ò k, k' > 1 ÏÓÊÂÚ ·˚Ú¸
ÔÓ‚Â‰ÂÌ Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÏÂÚÓ‰Ó‚ ÚÂÓËË Ô‡‡-
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ÏÂÚË˜ÂÒÍÓ„Ó ÂÁÓÌ‡ÌÒ‡ [11]. êÂÁÓÌ‡ÌÒ˚ ÔË k' = 1
(Ú‡Í ̃ ÚÓ ωk ≈ 2πj) fl‚Îfl˛ÚÒfl ‚˚ÓÊ‰ÂÌÌ˚ÏË: ‚ ÚÓ˜-
ÍÂ ÂÁÓÌ‡ÌÒ‡ Í‡ÚÌÓÒÚ¸ ÏÛÎ¸ÚËÔÎËÍ‡ÚÓ‡ ρ = 1
‚ÓÁ‡ÒÚ‡ÂÚ ‰Ó 4. ùÚË ÒÎÛ˜‡Ë ÚÂ·Û˛Ú ÒÔÂˆË‡Î¸ÌÓ-
„Ó ËÁÛ˜ÂÌËfl.

ê‡ÒÔ‡‰ ‰‚ÛÍ‡ÚÌÓ„Ó ÏÛÎ¸ÚËÔÎËÍ‡ÚÓ‡ ÓÔËÒ˚-
‚‡ÂÚÒfl ‡ÒËÏÔÚÓÚË˜ÂÒÍÓÈ ÙÓÏÛÎÓÈ [11]

(11)

„‰Â ÔÓËÁ‚Ó‰Ì˚Â Ï‡ÚËˆ˚ ÏÓÌÓ‰ÓÏËË ÔË p = p0,
δ = 0 ‡‚Ì˚

(12)

àÒÔÓÎ¸ÁÛfl (7)–(9), (12) ‚ (11), Ì‡ıÓ‰ËÏ

(13)

ê‡‚ÂÌÒÚ‚Ó |ρ| = 1 Ò Û˜ÂÚÓÏ (11), (13) ‰‡ÂÚ ÛÒÎÓ‚ËÂ
ÛÒÚÓÈ˜Ë‚ÓÒÚË ÔÂ‚Ó„Ó ÔÓfl‰Í‡

(14)

çËÊÂ ‡ÒÒÏÓÚËÏ ÒÎÛ˜‡È  = 0. íÓ„‰‡ ‚ ÔÂ‚ÓÏ
ÔË·ÎËÊÂÌËË ËÁ (14) ËÏÂÂÏ p < p0 (Ì‡ÔÓÏÌËÏ, ˜ÚÓ

C1w1 < 0). í‡ÍËÏ Ó·‡ÁÓÏ, ̋ ÙÙÂÍÚ ÒÚ‡·ËÎËÁ‡ˆËË
ÓÔËÒ˚‚‡ÂÚÒfl ‡ÔÔÓÍÒËÏ‡ˆËÂÈ ‚ÚÓÓ„Ó ÔÓfl‰Í‡.
Ç Ó·˘ÂÏ ÒÎÛ˜‡Â ÛÒÎÓ‚ËÂ ÒÚ‡·ËÎËÁ‡ˆËË ËÏÂÂÚ ‚Ë‰

(15)

Ò ÌÂËÁ‚ÂÒÚÌ˚Ï ÍÓ˝ÙÙËˆËÂÌÚÓÏ a. äËÚË˜ÂÒÍÓÂ
ÁÌ‡˜ÂÌËÂ p („‡ÌËˆ‡ ÛÒÚÓÈ˜Ë‚ÓÒÚË)

(16)

ê‡ÒÒÏÓÚËÏ ‚ÓÁÏÛ˘ÂÌËÂ ‚‰ÓÎ¸ „‡ÌËˆ˚ ÛÒÚÓÈ-
˜Ë‚ÓÒÚË

í‡Í Í‡Í ∆p ~ δ2 Ë gδ = 0, ÚÓ Í‚‡‰‡ÚÌ˚È ÍÓÂÌ¸ ‚
(11) ÔÓÔÓˆËÓÌ‡ÎÂÌ δ Ë, ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, ÔÂ‚ÓÒ-
ıÓ‰ËÚ ÔÓ ÔÓfl‰ÍÛ ÚÓ˜ÌÓÒÚ¸ ‡ÔÔÓÍÒËÏ‡ˆËË o(δ1/2).
Ç ˝ÚÓÏ ‚˚ÓÊ‰ÂÌÌÓÏ ÒÎÛ˜‡Â ‡ÒËÏÔÚÓÚË˜ÂÒÍÓÂ
‚˚‡ÊÂÌËÂ ‰Îfl ρ Ì‡˜ËÌ‡ÂÚÒfl Ò ˜ÎÂÌ‡ ÔÂ‚ÓÈ ÒÚÂ-
ÔÂÌË ÔÓ δ [11]

(17)

„‰Â ÁÌ‡˜ÂÌËfl µ ÓÔÂ‰ÂÎfl˛ÚÒfl ËÁ Í‚‡‰‡ÚÌÓ„Ó
Û‡‚ÌÂÌËfl µ2 + α1µ + α2 = 0 Ò ÍÓ˝ÙÙËˆËÂÌÚ‡ÏË

ρ = 1 gp∆p gδδ+ , gα±  = v0
T ∂F
∂α
-------u0, α p δ,{ },∈

∂F
∂α
------- F0 Hα t( ) t, Hα t( )d

0

1

∫ X0
1– t( )∂A

∂α
-------X0 t( ).= =

gp w1
TC1w1, gδ– w1

TBw1, B– B t( ) t.d

0

1

∫= = =

w1
TC1w1 p p0–( ) w1

TBw1δ 0.>+

B

w1
T

p p0< aδ2

2
-------- o δ2( )+ +

pcr p0
aδ2

2
-------- o δ2( ).+ +=

∆p p p0– aδ2

2
-------- o δ2( ).+= =

ρ 1 µδ o δ( ),+ +=

4
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ëÂÈ‡ÌflÌ, å‡ÈÎ˚·‡Â‚

(18)

àÒÔÓÎ¸ÁÛfl (7)–(9), (12) ‚ (18), Ì‡È‰ÂÏ α1 =

= w0 = 0 ‚‚Ë‰Û  = 0. íÓ„‰‡ µ = ± . ìÒÎÓ-
‚ËÂ ÛÒÚÓÈ˜Ë‚ÓÒÚË |ρ| = 1 Ò ‡ÁÎÓÊÂÌËÂÏ (17) ‰‡ÂÚ
α2 > 0; Û‡‚ÌÂÌËÂ α2 = 0 fl‚ÎflÂÚÒfl ÍËÚË˜ÂÒÍËÏ (‰‡-
ÂÚ „‡ÌËˆÛ ÛÒÚÓÈ˜Ë‚ÓÒÚË). ëÓ„Î‡ÒÌÓ (11), (13), (16)

ÔÓÒÎÂ‰ÌËÈ ˜ÎÂÌ ‰Îfl α2 ‚ (18) ‡‚ÂÌ C1w1 . àÒ-

ÔÓÎ¸ÁÛfl (18) ‚ ÛÒÎÓ‚ËË α2 = 0, ÓÔÂ‰ÂÎflÂÏ ÍÓÌÒÚ‡ÌÚÛ

(19)

Ç˚‡ÊÂÌËÂ (16) Ò ÍÓ˝ÙÙËˆËÂÌÚÓÏ a, Ì‡È‰ÂÌ-
Ì˚Ï ‚ (19), ‰‡ÂÚ ÍËÚË˜ÂÒÍÛ˛ Ì‡„ÛÁÍÛ ÒËÒÚÂÏ˚
ÔË Ô‡‡ÏÂÚË˜ÂÒÍÓÏ ‚ÓÁ·ÛÊ‰ÂÌËË. èÛÒÚ¸ ÁÌ‡˜Â-
ÌËÂ Ô‡‡ÏÂÚ‡ p Á‡‰‡ÌÓ, ÔË˜ÂÏ p > p0 (ÒËÒÚÂÏ‡
ÒÚ‡ÚË˜ÂÒÍË ÌÂÛÒÚÓÈ˜Ë‚‡). ëÚ‡·ËÎËÁ‡ˆËfl ÒËÒÚÂÏ˚
Ô‡‡ÏÂÚË˜ÂÒÍËÏ ‚ÓÁ·ÛÊ‰ÂÌËÂÏ ‚ÓÁÏÓÊÌ‡ ÎË¯¸
ÔË a > 0. íÓ„‰‡ ÒÓ„Î‡ÒÌÓ (15) ÒËÒÚÂÏ‡ ÒÚ‡·ËÎËÁË-

ÛÂÚÒfl ÔË ‡ÏÔÎËÚÛ‰Â ‚ÓÁ·ÛÊ‰ÂÌËfl δ > .

2. ÑÎfl ÔËÎÓÊÂÌËÈ ÔÓÎÂÁÌÓ ‚˚‡ÁËÚ¸ ÍÓ˝ÙÙË-
ˆËÂÌÚ a ‚ (19) ̃ ÂÂÁ ̃ ‡ÒÚÓÚ˚ ωk Ë ÏÓ‰˚ wk ÍÓÌÒÂ‚‡-
ÚË‚ÌÓÈ ÒËÒÚÂÏ˚ (2), (3). åÓÊÌÓ ÔÓÍ‡Á‡Ú¸, ˜ÚÓ ˝ÚÓÚ
ÍÓ˝ÙÙËˆËÂÌÚ ÔÂ‰ÒÚ‡‚ÎflÂÚÒfl ‚ ‚Ë‰Â ËÌÚÂ„‡Î‡

(20)

„‰Â ‰ÂÈÒÚ‚ËÚÂÎ¸Ì˚Â ÒÍ‡ÎflÌ˚Â ‚ÂÎË˜ËÌ˚ Bk(t) =

= B(t)wk ÓÔËÒ˚‚‡˛Ú ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÂ ÏÓ‰. ÑÎfl
ÒËÒÚÂÏ Ò ÔÓËÁ‚ÓÎ¸Ì˚Ï ÔÂËÓ‰ÓÏ T Ó·‡ÚÌ‡fl ÔÓ‰-
ÒÚ‡ÌÓ‚Í‡ ‚ÂÎË˜ËÌ (4) ‚ (20) ÔË‚Ó‰ËÚ Í ËÌÚÂ„‡ÎÛ

α1 v0
T ∂F

∂δ
------u1–  – v1

T ∂F
∂δ
------u0,=

α2 v0
T ∂F

∂δ
------G 1– ∂F

∂δ
------ 1

2
---∂2F

∂δ2
---------–⎝ ⎠

⎛ ⎞ u0
1
2
---v0

T ∂F
∂p
------u0

d2 p

dδ2
---------,–=

G F0 I– u1v1
T ,+=

∂2F

∂δ2
--------- 2F0 Hδ t( )Hδ τ( ) τ t.dd

0

t

∫
0

1

∫=

w0
TB B α2–

w1
T a

2
---

a 2v0
T 1

2
---∂2F

∂δ2
--------- ∂F

∂δ
------G 1– ∂F

∂δ
------–⎝ ⎠

⎛ ⎞ u0

w1
TC1w1

--------------------.=

2∆p
a

----------

a
4

w1
TC1w1

-------------------- B1 t( )B1 τ( ) t 1–( )τ +∫
0

t

∫
0

1

∫=

+ Im
Bk t( )Bk τ( )e

iωk t τ–( )

ωk 1 e
iωk–( )

---------------------------------------------
k 2=

n

∑ dτ t,d

w1
T

(21)

ëÓÓÚÌÓ¯ÂÌËÂ (21) ÓÔÂ‰ÂÎflÂÚ ËÁÏÂÌÂÌËÂ ÍËÚË-
˜ÂÒÍÓÈ Ì‡„ÛÁÍË (16) ̃ ÂÂÁ ̃ ‡ÒÚÓÚ˚ Ë ÏÓ‰˚ ËÒıÓ‰-
ÌÓÈ ÌÂ‚ÓÁÏÛ˘ÂÌÌÓÈ ÒËÒÚÂÏ˚.

Ç ˜‡ÒÚÌÓÏ ÒÎÛ˜‡Â „‡ÏÓÌË˜ÂÒÍÓ„Ó ‚ÓÁ·ÛÊ‰Â-
ÌËfl B(t) = B0cosΩt ËÌÚÂ„ËÓ‚‡ÌËÂ ‚ ÒÓÓÚÌÓ¯ÂÌËË
(21) ‰‡ÂÚ

(22)

ëÓ„Î‡ÒÌÓ (6) ËÏÂÂÏ C1w1 < 0. ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, ‚
ÒÎÛ˜‡Â „‡ÏÓÌË˜ÂÒÍÓ„Ó ‚ÓÁ·ÛÊ‰ÂÌËfl ÒÓ·ÒÚ‚ÂÌ-
Ì˚Â ÏÓ‰˚, ÓÚ‚Â˜‡˛˘ËÂ ˜‡ÒÚÓÚ‡Ï ωk < Ω, ÒÓÓÚ‚ÂÚ-
ÒÚ‚Û˛Ú ÔÓÎÓÊËÚÂÎ¸Ì˚Ï ˜ÎÂÌ‡Ï ‚ ‚˚‡ÊÂÌËË ‰Îfl
ÍÓ˝ÙÙËˆËÂÌÚ‡ a (ÒÚ‡·ËÎËÁËÛ˛˘ËÈ ˝ÙÙÂÍÚ), ‡
ÏÓ‰˚, ÓÚ‚Â˜‡˛˘ËÂ ˜‡ÒÚÓÚ‡Ï ωk > Ω, ÒÓÓÚ‚ÂÚÒÚ‚Û-
˛Ú ÓÚËˆ‡ÚÂÎ¸Ì˚Ï ˜ÎÂÌ‡Ï (‰ÂÒÚ‡·ËÎËÁËÛ˛˘ËÈ
˝ÙÙÂÍÚ). óÎÂÌ, ÓÚ‚Â˜‡˛˘ËÈ ÍËÚË˜ÂÒÍÓÈ ÏÓ‰Â
ω1 = 0, ‚ÒÂ„‰‡ ÔÓÎÓÊËÚÂÎ¸Ì˚È (ÒÚ‡·ËÎËÁ‡ˆËfl).

3. àÒÒÎÂ‰ÛÂÏ ‚ÎËflÌËÂ Ï‡ÎÓÈ ‰ËÒÒËÔ‡ˆËË ‰Îfl
ÒËÒÚÂÏ˚ ‚Ë‰‡

(23)

„‰Â D – ‰ÂÈÒÚ‚ËÚÂÎ¸Ì‡fl ÒËÏÏÂÚË˜ÂÒÍ‡fl ÔÓÎÓÊË-
ÚÂÎ¸ÌÓ ÓÔÂ‰ÂÎÂÌÌ‡fl Ï‡ÚËˆ‡ ‡ÁÏÂÌÓÒÚË n × n,
γ > 0 – Ï‡Î˚È Ô‡‡ÏÂÚ ‰ËÒÒËÔ‡ˆËË.

äËÚË˜ÂÒÍËÈ Ô‡‡ÏÂÚ pcr(δ, γ) ÏÓÊÌÓ ‡ÁÎÓ-
ÊËÚ¸ ‚ fl‰ ÔÓ ÒÚÂÔÂÌflÏ δ Ë γ. èË ÓÚÒÛÚÒÚ‚ËË Ô‡-
‡ÏÂÚË˜ÂÒÍÓ„Ó ‚ÓÁ·ÛÊ‰ÂÌËfl δ = 0 ‰ËÒÒËÔ‡ÚË‚-
Ì˚Â ÒËÎ˚ ÌÂ ‚ÎËfl˛Ú Ì‡ ÍËÚË˜ÂÒÍÓÂ ÁÌ‡˜ÂÌËÂ Ô‡-
‡ÏÂÚ‡ p [12]. ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, pcr(0, γ) ≡ p0, Ú.Â.
˜ÎÂÌ˚ ‚Ë‰‡ γk, k = 1, 2,…, ‚ ‡ÁÎÓÊÂÌËË pcr(δ, γ) ÓÚ-
ÒÛÚÒÚ‚Û˛Ú. àÒÒÎÂ‰Ûfl ÒËÒÚÂÏÛ (23) ÔË ÙËÍÒËÓ-
‚‡ÌÌÓÏ Ô‡‡ÏÂÚÂ ‰ËÒÒËÔ‡ˆËË γ > 0 ÏÂÚÓ‰ÓÏ ÚÂÓ-
ËË ‚ÓÁÏÛ˘ÂÌËÈ (ÔÓ‰Ó·ÌÓ ÒÎÛ˜‡˛ γ = 0), ÏÓÊÌÓ
ÔÓÍ‡Á‡Ú¸, ˜ÚÓ ‚ ‡ÁÎÓÊÂÌËË pcr(δ, γ) Ú‡ÍÊÂ ÓÚÒÛÚ-
ÒÚ‚Û˛Ú ˜ÎÂÌ˚ ‚Ë‰‡ γkδ.

í‡ÍËÏ Ó·‡ÁÓÏ, ‚ÎËflÌËÂ Ï‡Î˚ı ‰ËÒÒËÔ‡ÚË‚-
Ì˚ı ÒËÎ Ò‚Ó‰ËÚÒfl „Î‡‚Ì˚Ï Ó·‡ÁÓÏ Í ËÁÏÂÌÂÌË˛
ÍÓ˝ÙÙËˆËÂÌÚ‡ a ‚ ÒÓÓÚÌÓ¯ÂÌËË ‰Îfl ÍËÚË˜ÂÒÍÓÈ
Ì‡„ÛÁÍË (16)

(24)

„‰Â a(0) ‰‡ÂÚÒfl ‚˚‡ÊÂÌËÂÏ (21). ÇË‰ÌÓ, ˜ÚÓ ‚ÎËfl-
ÌËÂ ‰ËÒÒËÔ‡ÚË‚Ì˚ı ÒËÎ, Í‡Í Ô‡‚ËÎÓ, Ó˜ÂÌ¸ Ï‡ÎÓ.
ÖÒÎË Ï‡ÚËˆ‡ ‚ÓÁ·ÛÊ‰ÂÌËfl Ó·‡ÚËÏ‡ ‚Ó ‚ÂÏÂÌË
B(t) = B(t0 – t) ‰Îfl ÌÂÍÓÚÓÓ„Ó t0, ÚÓ ÒËÒÚÂÏ‡ (23) ËÌ-
‚‡Ë‡ÌÚÌ‡ ÓÚÌÓÒËÚÂÎ¸ÌÓ ÔÂÓ·‡ÁÓ‚‡ÌËfl t → t0 – t Ë

a
4

w1
TC1w1

--------------------
B1 t( )B1 τ( ) t T–( )τ

T2
---------------------------------------------- +

0

t

∫
0

T

∫=

+ Im
Bk t( )Bk τ( )e

iωk t τ–( )

ωkT 1 e
iωkT

–( )
---------------------------------------------

k 2=

n

∑ dτ t.d

a
1

w1
TC1w1

--------------------
w1

TB0wk( )2

Ω2 ωk
2–

--------------------------.
k 1=

n

∑–=

w1
T

Mq̇̇ γ Dq̇ C p( ) δB t( )+( )q+ + 0,=

pcr p0
a γ( )δ2

2
---------------- o δ2( ),+ +=
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γ → –γ. ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, ÌÂ˜ÂÚÌ˚Â ÒÚÂÔÂÌË γ, ËÁÏÂ-
Ìfl˛˘ËÂ ÁÌ‡Í ÔË ˝ÚÓÏ ÔÂÓ·‡ÁÓ‚‡ÌËË, ÌÂ ÏÓ„ÛÚ
ÔÓfl‚ËÚ¸Òfl ‚ ‡ÁÎÓÊÂÌËË pcr(δ, γ). Ç ˝ÚÓÏ ÒÎÛ˜‡Â
ÔÂ‚‡fl ÍÓÂÍÚËÛ˛˘‡fl ÔÓÔ‡‚Í‡ ÔË Û˜ÂÚÂ ‰ËÒ-
ÒËÔ‡ˆËË ËÏÂÂÚ ÔÓfl‰ÓÍ γ2δ2.

4. Ç˚ÒÓÍÓ˜‡ÒÚÓÚÌ˚Ï ‚ÓÁ·ÛÊ‰ÂÌËÂÏ Ì‡Á˚‚‡ÂÚ-
Òfl ÒÎÛ˜‡È, ÍÓ„‰‡ ̃ ‡ÒÚÓÚ‡ Ω ÁÌ‡˜ËÚÂÎ¸ÌÓ ÔÂ‚ÓÒıÓ-
‰ËÚ ‚ÒÂ ÒÓ·ÒÚ‚ÂÌÌ˚Â ˜‡ÒÚÓÚ˚ ÒËÒÚÂÏ˚ ω2, …, ωn.
íÓ„‰‡ ωkT � 1, Ú‡Í ˜ÚÓ ÏÓÊÌÓ ‡ÁÎÓÊËÚ¸ ˝ÍÒÔÓ-
ÌÂÌÚ˚ ‚ ‚˚‡ÊÂÌËË (21) ÔÓ ÒÚÂÔÂÌflÏ Ï‡Î˚ı ‚ÂÎË-
˜ËÌ ωkT Ë ωk(t – τ). Ç ÂÁÛÎ¸Ú‡ÚÂ fl‰‡ ÔÂÓ·‡ÁÓ-
‚‡ÌËÈ ÔÓÎÛ˜ËÏ

(25)

ùÚ‡ ÙÓÏÛÎ‡ fl‚ÎflÂÚÒfl ‚˚ÒÓÍÓ˜‡ÒÚÓÚÌÓÈ ‡ÒËÏÔ-
ÚÓÚËÍÓÈ ‚˚‡ÊÂÌËfl (21). í‡Í Í‡Í ËÌÚÂ„‡Î ‚ (25)
ËÏÂÂÚ ÔÓfl‰ÓÍ T 4, ÚÓ a ~ T 2 ~ Ω–2.

èÂ‰ÒÚ‡‚ËÏ Ï‡ÚËˆÛ B(t) ‚ ‚Ë‰Â ‡ÁÎÓÊÂÌËfl ‚
fl‰ îÛ¸Â

(26)

(ÔÓÒÚÓflÌÌ˚È ˜ÎÂÌ ÓÚÒÛÚÒÚ‚ÛÂÚ ‚‚Ë‰Û  = 0). èÓ‰-
ÒÚ‡‚Îflfl (26) ‚ (25), ‚˚ÔÓÎÌflfl ËÌÚÂ„ËÓ‚‡ÌËÂ Ë
ÒÛÏÏËÓ‚‡ÌËÂ ÔÓ k, ÏÓÊÌÓ ÔË‚ÂÒÚË ˝ÚÓ ‚˚‡ÊÂ-
ÌËÂ Í ‚Ë‰Û

(27)

îÓÏÛÎ‡ (27) ‚˚‡Ê‡ÂÚ ÍÓ˝ÙÙËˆËÂÌÚ a ‚ ‚˚ÒÓ-
ÍÓ˜‡ÒÚÓÚÌÓÏ ÔÂ‰ÂÎÂ ˜ÂÂÁ ÍÓ˝ÙÙËˆËÂÌÚ˚ îÛ-
¸Â Ï‡ÚËˆ˚ ‚ÓÁ·ÛÊ‰ÂÌËfl B(t). á‡ÏÂÚËÏ, ˜ÚÓ
ÙÓÏÛÎÛ (27) ÏÓÊÌÓ Ú‡ÍÊÂ ÔÓÎÛ˜ËÚ¸ Ò ÔÓÏÓ˘¸˛
ÏÂÚÓ‰‡ ÛÒÂ‰ÌÂÌËfl.

Ç ˜‡ÒÚÌÓÏ ÒÎÛ˜‡Â B(t) = B0cosΩt ÒÓÓÚÌÓ¯ÂÌËÂ
(27) ÔËÌËÏ‡ÂÚ ‚Ë‰

(28)

ùÚÓ ‚˚‡ÊÂÌËÂ ÏÓÊÌÓ Ú‡ÍÊÂ ÔÂ‰ÒÚ‡‚ËÚ¸ ‚ ‚Ë‰Â
fl‰‡

(29)
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ÍÓÚÓ˚È ÒÓ„Î‡ÒÛÂÚÒfl Ò ÙÓÏÛÎÓÈ (22) ‰Îfl ‚˚ÒÓ-
ÍÓÈ ˜‡ÒÚÓÚ˚ ‚ÓÁ·ÛÊ‰ÂÌËfl Ω.

5. Ç Í‡˜ÂÒÚ‚Â ÔÂ‚Ó„Ó ÔËÏÂ‡ ‡ÒÒÏÓÚËÏ ÒË-
ÒÚÂÏÛ Ò Ó‰ÌÓÈ ÒÚÂÔÂÌ¸˛ Ò‚Ó·Ó‰˚, ‰Îfl ÍÓÚÓÓÈ (1)
fl‚ÎflÂÚÒfl Û‡‚ÌÂÌËÂÏ ïËÎÎ‡

(30)

„‰Â b(t) – ÔÂËÓ‰Ë˜ÂÒÍ‡fl ÙÛÌÍˆËfl Ò ÔÂËÓ‰ÓÏ T Ë
ÌÛÎÂ‚˚Ï ÒÂ‰ÌËÏ. íÓ„‰‡ ËÁ ‚˚‡ÊÂÌËÈ (15) Ë (21)
‚ ÔÂ‚ÓÏ ÔË·ÎËÊÂÌËË ÔÓÎÛ˜ËÏ Ó·Î‡ÒÚ¸ ÒÚ‡·ËÎË-
Á‡ˆËË ‚ ‚Ë‰Â

(31)

èË T = 2π ˝Ú‡ ÙÓÏÛÎ‡ ÒÓ‚Ô‡‰‡ÂÚ Ò ÔÓÎÛ˜ÂÌÌÓÈ
‡ÌÂÂ ‚ ÒÚ‡Ú¸Â [10]. ÖÒÎË b(t) = cost, ÚÓ a = 1, ˜ÚÓ
ıÓÓ¯Ó ËÁ‚ÂÒÚÌÓ.

Ç Í‡˜ÂÒÚ‚Â ‚ÚÓÓ„Ó ÔËÏÂ‡ ‡ÒÒÏÓÚËÏ ÔÂÂ-
‚ÂÌÛÚ˚È ‰‚ÓÈÌÓÈ Ï‡flÚÌËÍ, ÒÓÒÚÓfl˘ËÈ ËÁ ‰‚Ûı ÒÓ-
ÒÂ‰ÓÚÓ˜ÂÌÌ˚ı Ï‡ÒÒ m1 Ë m2, ÒÓÂ‰ËÌÂÌÌ˚ı ÊÂÒÚ-
ÍËÏË ·ÂÁÏ‡ÒÒÓ‚˚ÏË ÒÚÂÊÌflÏË ‡‚ÌÓÈ ‰ÎËÌ˚ l Ò
¯‡ÌË‡ÏË ÊÂÒÚÍÓÒÚË c, ‚ ÔÓÎÂ ÒËÎ˚ ÚflÊÂÒÚË
(ËÒ. 1). îÛÌÍˆËfl ã‡„‡ÌÊ‡ L = K – V ÒËÒÚÂÏ˚
ÓÔÂ‰ÂÎflÂÚÒfl ‚˚‡ÊÂÌËflÏË

q̇̇ p– δb t( )+( )+ q 0,=

p
aδ2

2
--------, a< 4

T
--- b t( ) b τ( )τ τd t –d

0

t

∫
0

T

∫=

–
2

T2
----- b t( )t td

0

T

∫⎝ ⎠
⎜ ⎟
⎛ ⎞

2

.

m2

m1

c

c

θ1

θ2

g

êËÒ. 1. èÂÂ‚ÂÌÛÚ˚È Ï‡flÚÌËÍ Ò ÔÂËÓ‰Ë˜ÂÒÍËÏ ‚ÓÁ-
·ÛÊ‰ÂÌËÂÏ ÓÒÌÓ‚‡ÌËfl.

4*

r(t)
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ëÂÈ‡ÌflÌ, å‡ÈÎ˚·‡Â‚

(32)

„‰Â g – ÛÒÍÓÂÌËÂ Ò‚Ó·Ó‰ÌÓ„Ó Ô‡‰ÂÌËfl. ê‡ÒÒÏÓÚËÏ
ÔÂËÓ‰Ë˜ÂÒÍÓÂ ‚ÓÁ·ÛÊ‰ÂÌËÂ ÓÒÌÓ‚‡ÌËfl z = acosΩt.
íÓ„‰‡ ÒÓ„Î‡ÒÌÓ ÔËÌˆËÔÛ Ñ‡Î‡Ï·Â‡ ÒÎÂ‰ÛÂÚ ÔÓ‰-
ÒÚ‡‚ËÚ¸ g +  ‚ÏÂÒÚÓ g. ì‡‚ÌÂÌËfl ‰‚ËÊÂÌËfl ÒË-
ÒÚÂÏ˚ Ì‡ıÓ‰flÚÒfl Ò ÔÓÏÓ˘¸˛ ÙÛÌÍˆËË ã‡„‡ÌÊ‡ Ë
ÎËÌÂ‡ËÁÛ˛ÚÒfl ‚ ÓÍÂÒÚÌÓÒÚË ‚ÂÚËÍ‡Î¸ÌÓ„Ó ÔÓ-
ÎÓÊÂÌËfl θ1 = θ2 = 0.

Ç‚Â‰ÂÏ ·ÂÁ‡ÁÏÂÌ˚Â ‚ÂÏfl Ë Ô‡‡ÏÂÚ˚

(33)

„‰Â Ω* = . Ç ·ÂÁ‡ÁÏÂÌ˚ı ÔÂÂÏÂÌÌ˚ı ÎËÌÂ‡-

ËÁÓ‚‡ÌÌ˚Â Û‡‚ÌÂÌËfl ‰‚ËÊÂÌËfl ÒËÒÚÂÏ˚ ÔËÌË-
Ï‡˛Ú ‚Ë‰ (1) Ò B(t) = B0cosΩt Ë Ï‡ÚËˆ‡ÏË

(34)

á‰ÂÒ¸ Ë ÌËÊÂ ÚËÎ¸‰˚ ÓÔÛÒÍ‡ÂÏ. éÚËˆ‡ÚÂÎ¸Ì˚È Ô‡-
‡ÏÂÚ p ‚‚Â‰ÂÌ ‰Îfl ÚÓ„Ó, ˜ÚÓ·˚ ÌÂÛÒÚÓÈ˜Ë‚ÓÒÚ¸
ÓÔÂ‰ÂÎflÎ‡Ò¸ ÛÒÎÓ‚ËÂÏ ‚Ë‰‡ p > p0. ì˜ËÚ˚‚‡fl ÒËÎ˚
‚flÁÍÓ„Ó ÚÂÌËfl ‚ ̄ ‡ÌË‡ı, ÓÔÂ‰ÂÎflÂÏ˚Â ‰ËÒÒËÔ‡-

ÚË‚ÌÓÈ ÙÛÌÍˆËÂÈ F =  + , ÔË‰ÂÏ Í

ÒËÒÚÂÏÂ ‚Ë‰‡ (23) Ò ·ÂÁ‡ÁÏÂÌ˚Ï Ô‡‡ÏÂÚÓÏ ‰ËÒ-

ÒËÔ‡ˆËË  =  Ë Ï‡ÚËˆÂÈ

(35)

Ç ÒÎÛ˜‡Â δ = 0 ÒËÒÚÂÏ‡ ÛÒÚÓÈ˜Ë‚‡ ÚÓ„‰‡ Ë ÚÓÎ¸-
ÍÓ ÚÓ„‰‡, ÍÓ„‰‡ Ï‡ÚËˆ‡ C ÔÓÎÓÊËÚÂÎ¸ÌÓ ÓÔÂ‰Â-
ÎÂÌ‡. ùÚÓ ÛÒÎÓ‚ËÂ ÔË‚Ó‰ËÚ Í ÌÂ‡‚ÂÌÒÚ‚Û

(36)

K
1
2
--- m1 m2+( )l2θ̇1

2 1
2
---m2l2θ̇2

2
++=

+ m2l2θ̇1θ̇2 θ1 θ2–( ),cos

V
cθ1

2

2
--------

c θ2 θ1–( )2

2
-------------------------- ++=

+ m1 m2+( )gl θ1 m2gl θ2,cos+cos

ż̇

t̃ Ω*t, δ a
l
---, p

c
m1gl
-----------, Ω̃–

Ω
Ω*
-------,= = = =

η
m2

m1
------,=

g
l
---

M η 1+ η
η η⎝ ⎠

⎜ ⎟
⎛ ⎞

, C 2 p– η– 1– p

p p– η–⎝ ⎠
⎜ ⎟
⎛ ⎞

,= =

B0 Ω2 1 η+     0

0     η⎝ ⎠
⎜ ⎟
⎛ ⎞

 
.=

γ θ̇1
2

2
-------- γ θ̇2 θ̇1–( )2

2
--------------------------

γ̃ γ
Ω*m1l2
------------------

D 2      1–

1–      1 ⎝ ⎠
⎜ ⎟
⎛ ⎞

 
.=

p p0, p0< 3η 1 5η2 2η 1+ ++ +
2

----------------------------------------------------------.–=

 

èË 

 

p

 

 = 

 

p

 

0

 

 Ì‡È‰ÂÏ ˜‡ÒÚÓÚ˚ Ë ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ
ÏÓ‰˚ ËÁ (3) Ë (34) ‚ ‚Ë‰Â

(37)

(38)

„‰Â ÏÌÓÊËÚÂÎË 

 

α

 

1

 

 Ë 

 

α

 

2

 

 ÓÔÂ‰ÂÎfl˛ÚÒfl ËÁ ÛÒÎÓ‚ËÈ
ÓÚÓÌÓÏËÓ‚ÍË (3).

äÓ˝ÙÙËˆËÂÌÚ 

 

a

 

 Ì‡ıÓ‰ËÚÒfl ËÁ ÙÓÏÛÎ˚ (22) ‚
‚Ë‰Â

(39)

ëÓ„Î‡ÒÌÓ (34) ÍÓ˝ÙÙËˆËÂÌÚ˚ 

 

a

 

1

 

 Ë 

 

a

 

2

 

 Á‡‚ËÒflÚ ÚÓÎ¸-
ÍÓ ÓÚ Ô‡‡ÏÂÚ‡ ÒÓÓÚÌÓ¯ÂÌËfl Ï‡ÒÒ 

 

η

 

. é·Â ‚ÂÎË-
˜ËÌ˚ 

 

a

 

1

 

 Ë 

 

a

 

2

 

 ÌÂÓÚËˆ‡ÚÂÎ¸Ì˚, ÔË˜ÂÏ 

 

a

 

2

 

 = 0 ÔË

 

η

 

 

 

= 0 Ë 1. ìÒÎÓ‚ËÂ ÛÒÚÓÈ˜Ë‚ÓÒÚË ‰‡ÂÚÒfl ÌÂ‡‚ÂÌ-
ÒÚ‚ÓÏ (15), ÍÓÚÓÓÂ Ò Û˜ÂÚÓÏ (39) ÏÓÊÌÓ Á‡ÔËÒ‡Ú¸
‚ ‚Ë‰Â

(40)

ÇÚÓÓÈ ̃ ÎÂÌ ‚ ÒÍÓ·Í‡ı ÓÔËÒ˚‚‡ÂÚ ‚ÎËflÌËÂ ‚ÚÓÓÈ
ÏÓ‰˚ 

 

ω

 

2

 

. ÇÎËflÌËÂ ̋ ÚÓ„Ó ̃ ÎÂÌ‡ ÌÂÁÌ‡˜ËÚÂÎ¸ÌÓ ÔË

 

η

 

 

 

�

 

 2, ÍÓ„‰‡ 

 

a

 

2

 

 

 

�

 

 

 

a

 

1

 

, ÌÓ Â„Ó ÓÎ¸ ‚ÓÁ‡ÒÚ‡ÂÚ ÔË
·ÓÎ¸¯Ëı 

 

η

 

.
çÂ‡‚ÂÌÒÚ‚Ó (40) fl‚ÎflÂÚÒfl ÛÒÎÓ‚ËÂÏ ÒÚ‡·ËÎË-

Á‡ˆËË ÔÂ‚ÓÈ ÏÓ‰˚, ÍÓÚÓ‡fl ÌÂÛÒÚÓÈ˜Ë‚‡ ÔË ÓÚ-
ÒÛÚÒÚ‚ËË ‚ÓÁ·ÛÊ‰ÂÌËfl (

 

δ

 

 = 0). ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ,
ÛÒÎÓ‚ËÂ (40) fl‚ÎflÂÚÒfl ÌÂÓ·ıÓ‰ËÏ˚Ï ÛÒÎÓ‚ËÂÏ ÒÚ‡-
·ËÎËÁ‡ˆËË, ÓÔÂ‰ÂÎfl˛˘ËÏ ÌËÊÌ˛˛ „‡ÌËˆÛ ‡Ï-
ÔÎËÚÛ‰˚ ÒÚ‡·ËÎËÁ‡ˆËË 

 

δ

 

. çÂÛÒÚÓÈ˜Ë‚ÓÒÚ¸ ÏÓÊÂÚ
·˚Ú¸ Ú‡ÍÊÂ Ò‚flÁ‡Ì‡ ÒÓ ‚ÚÓÓÈ ÏÓ‰ÓÈ ‚ÒÎÂ‰ÒÚ‚ËÂ
ÂÁÓÌ‡ÌÒÓ‚, ‰‡‚‡fl ‚ÂıÌ˛˛ „‡ÌËˆÛ ‡ÏÔÎËÚÛ‰˚
ÒÚ‡·ËÎËÁ‡ˆËË.

èË 

 
Ω

 

 

 
≈

 

  Ò ˆÂÎ˚Ï ˜ËÒÎÓÏ 

 

j

 

 ÒËÒÚÂÏ‡ ÔÓ‰‚Â-

ÊÂÌ‡ Ô‡‡ÏÂÚË˜ÂÒÍÓÏÛ ÂÁÓÌ‡ÌÒÛ. àÁ‚ÂÒÚÌÓ, ˜ÚÓ
ÔË „‡ÏÓÌË˜ÂÒÍÓÏ ‚ÓÁ·ÛÊ‰ÂÌËË ÂÁÓÌ‡ÌÒ˚, ÒÓÓÚ-
‚ÂÚÒÚ‚Û˛˘ËÂ 

 

j

 

 > 1, ̋ ÙÙÂÍÚË‚ÌÓ ÔÓ‰‡‚Îfl˛ÚÒfl ‚‚Â‰Â-
ÌËÂÏ ‰ÂÏÔÙËÛ˛˘Â„Ó ˜ÎÂÌ‡ 

 

γ

 

D

 

 ‚ Û‡‚ÌÂÌËÂ (23).
éÒÌÓ‚ÌÓÈ ÂÁÓÌ‡ÌÒ 

 

Ω

 

 

 

≈

 

 2

 

ω

 

2

 

 fl‚ÎflÂÚÒfl Ì‡Ë·ÓÎÂÂ
‚‡ÊÌÓÈ Ó·Î‡ÒÚ¸˛ ÌÂÛÒÚÓÈ˜Ë‚ÓÒÚË. Ç ÔÂ‚ÓÏ ÔË-
·ÎËÊÂÌËË ˝Ú‡ Ó·Î‡ÒÚ¸ ÓÔÂ‰ÂÎflÂÚÒfl ÌÂ‡‚ÂÌ-
ÒÚ‚ÓÏ [11]

ω1 0, w1 α1
p0

2 p0 η 1+ +⎝ ⎠
⎜ ⎟
⎛ ⎞

,= =

ω2 5 1
η
---+⎝ ⎠

⎛ ⎞ p0– 2 η 1+( )– ,=

w2 α2
η ω2

2η p0+ +

ω2
2η– p0+⎝ ⎠

⎜ ⎟
⎜ ⎟
⎛ ⎞

,=

a a1Ω2 a2Ω4

Ω2 ω2
2–

------------------, ak+
w1

TB0wk( )2

Ω4w1
TC1w1

---------------------------,–= =

k 1 2.,=

a1
a2Ω2

Ω2 ω2
2–

------------------+
⎝ ⎠
⎜ ⎟
⎛ ⎞ δ2Ω2

2
------------ ∆p, ∆p> p p0.–=

2ω2

j
---------
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(41)

ëÎÛ˜‡È Ω ≈  ÓÚ‚Â˜‡ÂÚ ÓÒÓ·ÓÏÛ ÒÎÛ˜‡˛ ÌÂÛÒÚÓÈ-

˜Ë‚ÓÒÚË, Ò‚flÁ‡ÌÌÓÏÛ Ò ÏÛÎ¸ÚËÔÎËÍ‡ÚÓÓÏ ρ = 1
Í‡ÚÌÓÒÚË 4, Ë ÚÂ·ÛÂÚ ÒÔÂˆË‡Î¸ÌÓ„Ó ËÒÒÎÂ‰Ó‚‡ÌËfl.

ê‡ÒÒÏÓÚËÏ ‰‚‡ ÍÓÌÍÂÚÌ˚ı ÁÌ‡˜ÂÌËfl η. èË
η = 1 (‡‚ÂÌÒÚ‚Ó Ï‡ÒÒ m1 = m2) p0 = –3.414, ω2 =
= 4.040 Ë ÍÓ˝ÙÙËˆËÂÌÚ˚ a1 = 2, a2 = 0. íÓ„‰‡ ÛÒÎÓ-
‚ËÂ ÒÚ‡·ËÎËÁ‡ˆËË (40) ÛÔÓ˘‡ÂÚÒfl:

(42)

ùÚÓ ‚˚ÓÊ‰ÂÌÌ˚È ÒÎÛ˜‡È, ÔÓÒÍÓÎ¸ÍÛ ‚ÎËflÌËÂ
‚ÚÓÓÈ ÏÓ‰˚ ËÒ˜ÂÁ‡ÂÚ Ë ÛÒÎÓ‚ËÂ ‚˚ÒÓÍÓ˜‡ÒÚÓÚ-
ÌÓÈ ÒÚ‡·ËÎËÁ‡ˆËË ÒÚ‡ÌÓ‚ËÚÒfl ÔËÏÂÌËÏ˚Ï Ì‡
‚ÒÂÏ ‰Ë‡Ô‡ÁÓÌÂ ˜‡ÒÚÓÚ ‚ÓÁ·ÛÊ‰ÂÌËfl Ω.

ç‡ ËÒÛÌÍÂ 2 ÔÓÍ‡Á‡Ì‡ ‰Ë‡„‡ÏÏ‡ ÛÒÚÓÈ˜Ë‚Ó-
ÒÚË, ÔÓÎÛ˜ÂÌÌ‡fl ˜ËÒÎÂÌÌÓ ÔË η = 1, ∆p = 0.5 Ë ÍÓ-
˝ÙÙËˆËÂÌÚÂ ‰ÂÏÔÙËÓ‚‡ÌËfl γ = 0.01 Ò ÔÓÏÓ˘¸˛
ÏÂÚÓ‰‡ îÎÓÍÂ (‚˚˜ËÒÎÂÌËÂ ÏÛÎ¸ÚËÔÎËÍ‡ÚÓÓ‚
ÒËÒÚÂÏ˚ ρ Ë ÔÓ‚ÂÍ‡ ÛÒÎÓ‚Ëfl ‡ÒËÏÔÚÓÚË˜ÂÒÍÓÈ
ÛÒÚÓÈ˜Ë‚ÓÒÚË |ρ| < 1). é·Î‡ÒÚ¸ ÛÒÚÓÈ˜Ë‚ÓÒÚË (ÒÚ‡-
·ËÎËÁ‡ˆËË) Á‡Í‡¯ÂÌ‡ ÒÂ˚Ï ˆ‚ÂÚÓÏ. çËÊÌflfl
„‡ÌËˆ‡ Ó·Î‡ÒÚË ÛÒÚÓÈ˜Ë‚ÓÒÚË (42), ÔÓÎÛ˜ÂÌÌ‡fl
‡Ì‡ÎËÚË˜ÂÒÍË, ÓÚÎË˜ÌÓ ÒÓ„Î‡ÒÛÂÚÒfl Ò ̃ ËÒÎÂÌÌ˚ÏË
ÂÁÛÎ¸Ú‡Ú‡ÏË ‡Ò˜ÂÚ‡ „‡ÌËˆ˚. ç‡ ËÒÛÌÍÂ 2 ‚Ë‰-
Ì˚ ÂÁÓÌ‡ÌÒ˚ ÔË Ω ≈ ω2 Ë 2ω2. é·Î‡ÒÚ¸ ÓÒÌÓ‚ÌÓ-
„Ó ÂÁÓÌ‡ÌÒ‡ (41) ÔÓÍ‡Á‡Ì‡ ÊËÌÓÈ V-Ó·‡ÁÌÓÈ
ÎËÌËÂÈ; ̋ Ú‡ ‡ÔÔÓÍÒËÏ‡ˆËfl, ‡ÁÛÏÂÂÚÒfl, ÌÂÚÓ˜Ì‡fl
ÔË ·ÓÎ¸¯Ëı ‡ÏÔÎËÚÛ‰‡ı δ.

èÓÎÓÊË‚ η = 10, Ì‡È‰ÂÏ p0 = –26.91, ω2 = 10.74,
Ë ÛÒÎÓ‚ËÂ (40) ÔËÌËÏ‡ÂÚ ‚Ë‰

(43)

ζ2γ 2 Ω 2ω2–( )2 ξδ2, ζ<+ w2
TDw2,=

ξ
w2

TB0w2( )2

4ω2
2

---------------------------.=

ω2

j
------

δ2Ω2 ∆p.>

14.34 22.30Ω2

Ω2 10.742–
----------------------------+⎝ ⎠

⎛ ⎞ δ2Ω2

2
------------ ∆p.>

ÑÎfl ‚˚ÒÓÍËı ˜‡ÒÚÓÚ ‚ÓÁ·ÛÊ‰ÂÌËfl Ω � ω2 ˝ÚÓ
ÛÒÎÓ‚ËÂ Ò‚Ó‰ËÚÒfl Í ÒÎÂ‰Û˛˘ÂÏÛ:

(44)

ç‡ ËÒÛÌÍÂ 3 ÔÓÍ‡Á‡Ì‡ ‰Ë‡„‡ÏÏ‡ ÛÒÚÓÈ˜Ë‚ÓÒÚË,
Ì‡È‰ÂÌÌ‡fl ˜ËÒÎÂÌÌÓ ÔË η = 10, ∆p = 0.1 Ë γ = 0.01 Ò
ÔÓÏÓ˘¸˛ ÏÂÚÓ‰‡ îÎÓÍÂ. çËÊÌflfl „‡ÌËˆ‡ Ó·Î‡-
ÒÚË ÛÒÚÓÈ˜Ë‚ÓÒÚË (43) ÔÓÍ‡Á‡Ì‡ ÒÔÎÓ¯Ì˚ÏË ÎËÌË-
flÏË. ùÚÓÚ ÚÂÓÂÚË˜ÂÒÍËÈ ÂÁÛÎ¸Ú‡Ú ÓÚÎË˜ÌÓ ÒÓ-
„Î‡ÒÛÂÚÒfl Ò ˜ËÒÎÂÌÌ˚ÏË ‡Ò˜ÂÚ‡ÏË. Ç˚ÒÓÍÓ˜‡-
ÒÚÓÚÌ‡fl ‡ÒËÏÔÚÓÚËÍ‡ (44) ÔÓÍ‡Á‡Ì‡ ¯ÚËıÓ‚ÓÈ
ÎËÌËÂÈ. ÑÎfl ˜‡ÒÚÓÚ Ω � 20 „‡ÌËˆ˚, ÓÔÂ‰ÂÎflÂ-
Ï˚Â ‚˚‡ÊÂÌËflÏË (43) Ë (44), Ó˜ÂÌ¸ ·ÎËÁÍË.

ÇÂıÌflfl „‡ÌËˆ‡ Ó·Î‡ÒÚË ÛÒÚÓÈ˜Ë‚ÓÒÚË (ÒÚ‡·Ë-
ÎËÁ‡ˆËË) ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÂÁÓÌ‡ÌÒ‡Ï, ÍÓ„‰‡ ‚ÚÓ‡fl
ÏÓ‰‡ ÒÚ‡ÌÓ‚ËÚÒfl ÌÂÛÒÚÓÈ˜Ë‚ÓÈ. ç‡ ËÒÛÌÍÂ 3 ÔË

Ω ≈ , k = 1, 2 Ë 4, ‚Ë‰Ì˚ ÂÁÓÌ‡ÌÒÌ˚Â Ó·Î‡ÒÚË.

ÄÔÔÓÍÒËÏ‡ˆËfl Ó·Î‡ÒÚË ÓÒÌÓ‚ÌÓ„Ó ÂÁÓÌ‡ÌÒ‡
(41) ÔÓÍ‡Á‡Ì‡ ÒÔÎÓ¯ÌÓÈ V-Ó·‡ÁÌÓÈ ÎËÌËÂÈ.
ÇÂıÌflfl „‡ÌËˆ‡ ÒÎ‡·Ó Á‡‚ËÒËÚ ÓÚ Ï‡ÎÓ„Ó Ô‡‡-

18.32δ2Ω2 ∆p.>

2ω2
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êËÒ. 2. ÑË‡„‡ÏÏ‡ ÛÒÚÓÈ˜Ë‚ÓÒÚË ÔË η = 1 Ë ∆p = 0.5.
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êËÒ. 3. ÑË‡„‡ÏÏ‡ ÛÒÚÓÈ˜Ë‚ÓÒÚË ÔË η = 10 Ë ∆p = 0.1.
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êËÒ. 4. ÑË‡„‡ÏÏ‡ ÛÒÚÓÈ˜Ë‚ÓÒÚË ÔË η = 10 Ë ∆p = 2.
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ÏÂÚ‡ ∆p. ç‡ ËÒÛÌÍÂ 3 ÔÓÍ‡Á‡Ì ÒÎÛ˜‡È ‰ÓÒÚ‡ÚÓ˜-
ÌÓ Ï‡ÎÓ„Ó ÁÌ‡˜ÂÌËfl ∆p = 0.1. ë ‚ÓÁ‡ÒÚ‡ÌËÂÏ ∆p
ÌËÊÌflfl „‡ÌËˆ‡ Ó·Î‡ÒÚË ÛÒÚÓÈ˜Ë‚ÓÒÚË ‚ÓÁ‡ÒÚ‡-
ÂÚ, Ë ÒÂ‰Ìflfl Ó·Î‡ÒÚ¸ ÒÚ‡·ËÎËÁ‡ˆËË ËÒ˜ÂÁ‡ÂÚ ‚Ó-
‚ÒÂ ÔË·ÎËÁËÚÂÎ¸ÌÓ ÔË ∆p ~ 10, ‚ ÚÓ ‚ÂÏfl Í‡Í
ÌËÁÍÓ˜‡ÒÚÓÚÌ‡fl Ó·Î‡ÒÚ¸ ÒÚ‡·ËÎËÁ‡ˆËË Ò‰‚Ë„‡ÂÚÒfl
Í ·ÓÎÂÂ ‚˚ÒÓÍËÏ ‡ÏÔÎËÚÛ‰‡Ï δ Ë ÒÚ‡ÌÓ‚ËÚÒfl ÚÓÌ¸-
¯Â ËÁ-Á‡ ÂÁÓÌ‡ÌÒÓ‚. ùÚÓ ‰ÂÏÓÌÒÚËÛÂÚ ËÒ. 4,
ÓÚ‚Â˜‡˛˘ËÈ ÒÎÛ˜‡˛ ∆p = 2.

í‡ÍËÏ Ó·‡ÁÓÏ, ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ÒÚ‡·ËÎËÁ‡ˆËfl
ÔÂËÓ‰Ë˜ÂÒÍËÏ ‚ÓÁ‰ÂÈÒÚ‚ËÂÏ ‚ÌÂ Ó·Î‡ÒÚÂÈ ÂÁÓ-
Ì‡ÌÒ‡ ‚ÓÁÏÓÊÌ‡ Ì‡ ‚ÒÂÏ ËÌÚÂ‚‡ÎÂ ˜‡ÒÚÓÚ – ÔË
ÌËÁÍËı, ÒÂ‰ÌËı Ë ‚˚ÒÓÍËı ̃ ‡ÒÚÓÚ‡ı ‚ÓÁ·ÛÊ‰ÂÌËfl.

ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ÔÓ‰‰ÂÊÍÂ „‡ÌÚ‡ èÂ-
ÁË‰ÂÌÚ‡ êî åä–4244.2008.1 Ë ÙÓÌ‰‡ INTAS,
„‡ÌÚ 06–1000013–9019.
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