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éÔËÒ‡Ì˚ ÌÓ‚˚Â ÍÎ‡ÒÒ˚ ÚÓ˜Ì˚ı Â¯ÂÌËÈ ÚÂı-
ÏÂÌ˚ı ÌÂÒÚ‡ˆËÓÌ‡Ì˚ı Û‡‚ÌÂÌËÈ ç‡‚¸Â–ëÚÓÍ-
Ò‡, ÒÓ‰ÂÊ‡˘ËÂ ÔÓËÁ‚ÓÎ¸Ì˚Â ÙÛÌÍˆËË Ë ÔÓËÁ-
‚ÓÎ¸Ì˚Â Ô‡‡ÏÂÚ˚. èÓÎÛ˜ÂÌ˚ ‡ÁÎË˜Ì˚Â ÔÂËÓ-
‰Ë˜ÂÒÍËÂ Ë ‰Û„ËÂ Â¯ÂÌËfl, ÍÓÚÓ˚Â ‚˚‡Ê‡˛ÚÒfl
˜ÂÂÁ ˝ÎÂÏÂÌÚ‡Ì˚Â ÙÛÌÍˆËË. Ñ‡Ì‡ Ó·˘‡fl ÙËÁË-
˜ÂÒÍ‡fl ËÌÚÂÔÂÚ‡ˆËfl Ë ÍÎ‡ÒÒËÙËÍ‡ˆËfl Â¯ÂÌËÈ.

Ä‚ÚÓÏÓ‰ÂÎ¸Ì˚Â, ËÌ‚‡Ë‡ÌÚÌ˚Â, ˜‡ÒÚË˜ÌÓ ËÌ-
‚‡Ë‡ÌÚÌ˚Â, Ò Ó·Ó·˘ÂÌÌ˚Ï ‡Á‰ÂÎÂÌËÂÏ ÔÂÂ-
ÏÂÌÌ˚ı Ë ÌÂÍÓÚÓ˚Â ‰Û„ËÂ ÚÓ˜Ì˚Â Â¯ÂÌËfl
Û‡‚ÌÂÌËÈ ç‡‚¸Â–ëÚÓÍÒ‡ ‡ÒÒÏ‡ÚË‚‡ÎËÒ¸, Ì‡-
ÔËÏÂ, ‚ [1–15]. Ñ‡ÎÂÂ ÚÂÏËÌ “ÚÓ˜Ì˚Â Â¯Â-
ÌËfl” ËÒÔÓÎ¸ÁÛÂÚÒfl ‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò ÓÔÂ‰ÂÎÂÌË-
ÂÏ, ‰‡ÌÌ˚Ï ‚ ÍÌË„Â [14, Ò. 10].
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íÂıÏÂÌ˚Â ÌÂÒÚ‡ˆËÓÌ‡Ì˚Â ‰‚ËÊÂÌËfl ‚flÁ-
ÍÓÈ ÌÂÒÊËÏ‡ÂÏÓÈ ÊË‰ÍÓÒÚË ÓÔËÒ˚‚‡˛ÚÒfl Û‡‚ÌÂ-
ÌËflÏË ç‡‚¸Â–ëÚÓÍÒ‡ Ë ÌÂ‡Á˚‚ÌÓÒÚË:
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ÎÂÌËÂ, 

 

ρ

 

 Ë 

 

ν

 

 – ÔÎÓÚÌÓÒÚ¸ Ë ÍËÌÂÏ‡ÚË˜ÂÒÍ‡fl ‚flÁ-
ÍÓÒÚ¸ ÊË‰ÍÓÒÚË. èË Á‡ÔËÒË Û‡‚ÌÂÌËÈ (1)–(4)
Ò˜ËÚ‡ÎÓÒ¸, ˜ÚÓ Ï‡ÒÒÓ‚˚Â ÒËÎ˚ ÔÓÚÂÌˆË‡Î¸Ì˚ Ë
‚ÍÎ˛˜ÂÌ˚ ‚ ‰‡‚ÎÂÌËÂ.

ÅÛ‰ÂÏ ‡ÒÒÏ‡ÚË‚‡Ú¸ ÚÂ˜ÂÌËÂ ‚flÁÍÓÈ ÌÂÒÊË-
Ï‡ÂÏÓÈ ÊË‰ÍÓÒÚË, ÍÓ„‰‡ ‚ÂÍÚÓ ÒÍÓÓÒÚË ÊË‰ÍÓ-
ÒÚË Ì‡ ÓÒË 
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 ÔÓÔÂÂ˜Ì˚Â ÍÓÏÔÓÌÂÌÚ˚ ÒÍÓÓÒÚË Ï‡Î˚ Ë Ëı
ÏÓÊÌÓ ‡ÁÎÓÊËÚ¸ ‚ fl‰ íÂÈÎÓ‡ ÔÓ ÔÓÔÂÂ˜Ì˚Ï
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. ÖÒÎË ‚ ÍÓÏÔÓÌÂÌÚ‡ı ÒÍÓÓÒÚË
Ó„‡ÌË˜ËÚ¸Òfl „Î‡‚Ì˚ÏË ̃ ÎÂÌ‡ÏË ‡ÁÎÓÊÂÌËfl ÔÓ 
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, ÚÓ ÔÓÒÎÂ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Â„Ó ‡Ì‡ÎËÁ‡ ÏÓÊÌÓ
ÔÓÎÛ˜ËÚ¸ ÒÎÂ‰Û˛˘ÂÂ ÔÂ‰ÒÚ‡‚ÎÂÌËÂ ‰Îfl ËÒÍÓÏ˚ı
‚ÂÎË˜ËÌ:
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èÓ‰ÒÚ‡ÌÓ‚Í‡ ‚˚‡ÊÂÌËÈ (5) ‚ Û‡‚ÌÂÌËÂ ç‡-
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ÄËÒÚÓ‚, èÓÎflÌËÌ

ÒÚ‡‚Îfl˛Ú ÒÓ·ÓÈ ÌÂÍÓÚÓ˚Â ‰ËÙÙÂÂÌˆË‡Î¸Ì˚Â
‚˚‡ÊÂÌËfl, Á‡‚ËÒfl˘ËÂ ÓÚ ÔÂÂÏÂÌÌ˚ı z Ë t. ê‡Ò-
˘ÂÔÎÂÌËÂ ÔÓ ÔÂÂÏÂÌÌ˚Ï x Ë y ÔË‚Ó‰ËÚ Í ˜ÂÚ˚-
ÂÏ Û‡‚ÌÂÌËflÏ An = 0, Bn = 0 (n = 1, 2), ÍÓÚÓ˚Â
ÏÓÊÌÓ ÔÂÓ·‡ÁÓ‚‡Ú¸ Í ÒÎÂ‰Û˛˘ÂÏÛ ‚Ë‰Û:

(6)

(7)

(8)

(9)

Ç‡ÊÌÓ ÔÓ‰˜ÂÍÌÛÚ¸, ˜ÚÓ Â¯ÂÌËÂ (5) ‚ ÒËÎÛ
Û‡‚ÌÂÌËÈ (6)–(9) ÚÓ˜ÌÓ Û‰Ó‚ÎÂÚ‚ÓflÂÚ Û‡‚ÌÂÌË-
flÏ ‰‚ËÊÂÌËfl ‚flÁÍÓÈ ÊË‰ÍÓÒÚË (1)–(4).

èË γ = 0 ÒÚÛÍÚÛ‡ ÚÓ˜ÌÓ„Ó Â¯ÂÌËfl (5) Ë ÒË-
ÒÚÂÏ‡ (6)–(9) ËÁ ‰Û„Ëı ÒÓÓ·‡ÊÂÌËÈ ·˚ÎË ÔÓÎÛ-
˜ÂÌ˚ ‚ ‡·ÓÚÂ [12] ÔÛÚÂÏ ËÒÒÎÂ‰Ó‚‡ÌËfl Ó‰ÌÓ„Ó
ÍÎ‡ÒÒ‡ ˜‡ÒÚË˜ÌÓ ËÌ‚‡Ë‡ÌÚÌ˚ı Â¯ÂÌËÈ (ÒÎÛ˜‡È
α = β = γ = 0 ‡ÒÒÏ‡ÚË‚‡ÎÒfl ‚ [7]). Ç [12] ÔÓ‚Â‰Â-
Ì‡ „ÛÔÔÓ‚‡fl ÍÎ‡ÒÒËÙËÍ‡ˆËfl ÒËÒÚÂÏ˚ (6)–(9) ÔË
γ = 0, ÍÓÚÓ‡fl ÔË‚ÂÎ‡ Í ‚˚‰ÂÎÂÌË˛ ‰‚Ûı ‚Ë‰Ó‚ Á‡-
‚ËÒËÏÓÒÚÂÈ ÓÔÂ‰ÂÎfl˛˘Ëı ÙÛÌÍˆËÈ ÓÚ ‚ÂÏÂÌË:
1) α, β ÔÓÒÚÓflÌÌ˚, 2) α, β ÔÓÔÓˆËÓÌ‡Î¸Ì˚ t–2

(˝ÚËÏ Á‡‚ËÒËÏÓÒÚflÏ ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú ÚÓ˜Ì˚Â Â¯Â-
ÌËfl Û‡‚ÌÂÌËÈ ç‡‚¸Â–ëÚÓÍÒ‡ ‰ÓÒÚ‡ÚÓ˜ÌÓ ÔÓÒÚÓÈ
ÒÚÛÍÚÛ˚).

Ç ‰‡ÌÌÓÈ ‡·ÓÚÂ ÔÓÎÛ˜ÂÌ˚ ÌÓ‚˚Â ÍÎ‡ÒÒ˚ ÚÓ˜-
Ì˚ı Â¯ÂÌËÈ ÒËÒÚÂÏ˚ (6)–(9), ÍÓ„‰‡ ÓÔÂ‰ÂÎfl˛-
˘ËÂ ÙÛÌÍˆËË α, β, γ ÒÓ‰ÂÊ‡Ú ÙÛÌÍˆËÓÌ‡Î¸Ì˚È
ÔÓËÁ‚ÓÎ. éÒÌÓ‚Ì‡fl Ë‰Âfl ÔÓÒÎÂ‰Û˛˘Â„Ó ‡Ì‡ÎËÁ‡
ÒÓÒÚÓËÚ ‚ ÚÓÏ, ˜ÚÓ·˚ ËÁ ÒËÒÚÂÏ˚ (6)–(9) ‚˚‰ÂÎËÚ¸
Ó‰ÌÓ ËÁÓÎËÓ‚‡ÌÌÓÂ Û‡‚ÌÂÌËÂ ‰Îfl ÔÓ‰ÓÎ¸ÌÓÈ
ÍÓÏÔÓÌÂÌÚ˚ ÒÍÓÓÒÚË V3 = F.
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Ì˚ı Â¯ÂÌËÈ, ÍÓÚÓ˚È ÓÔËÒ˚‚‡ÂÚÒfl Ó‰ÌËÏ Û‡‚-
ÌÂÌËÂÏ.

Ç Û‡‚ÌÂÌËflı (6)–(9) ÔÓÎÓÊËÏ
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èÓÚÂ·ÛÂÏ, ˜ÚÓ·˚ ˜ÂÚ˚Â Û‡‚ÌÂÌËfl (6)–(9) ÒÓ‚-
Ô‡ÎË ÔÓÒÎÂ ÔÓ‰ÒÚ‡ÌÓ‚ÍË ‚ ÌËı (10). Ç ÂÁÛÎ¸Ú‡ÚÂ
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‰Îfl ÓÔÂ‰ÂÎÂÌËfl ËÒÍÓÏ˚ı ÙÛÌÍˆËÈ ÔÓÎÛ˜ËÏ ÌÂ-
ÎËÌÂÈÌÛ˛ ÒËÒÚÂÏÛ, ÒÓÒÚÓfl˘Û˛ ËÁ Ó‰ÌÓ„Ó ‡Î„Â·‡-
Ë˜ÂÒÍÓ„Ó Û‡‚ÌÂÌËfl Ë ¯ÂÒÚË Ó·˚ÍÌÓ‚ÂÌÌ˚ı ‰ËÙ-
ÙÂÂÌˆË‡Î¸Ì˚ı Û‡‚ÌÂÌËÈ:
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ÓÌË Ú‡ÍÊÂ Ò˜ËÚ‡˛ÚÒfl ËÒÍÓÏ˚ÏË). åÓÊÌÓ ÔÓÍ‡-
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ÒÎÂ‰ÒÚ‚ËÂÏ ÚÂı ‰Û„Ëı Û‡‚ÌÂÌËÈ (11), (12). èÓ-
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„‰Â p = p(t), q = q(t), ϕ = ϕ(t) – ÔÓËÁ‚ÓÎ¸Ì˚Â ÙÛÌÍ-
ˆËË. ÑÎfl Û‰Ó·ÒÚ‚‡ Ò‚Ó·Ó‰Ì˚Â ÙÛÌÍˆËË p Ë q ‚ (17)
‚˚·‡Ì˚ Ú‡Í, ˜ÚÓ ‚ ÂÁÛÎ¸Ú‡ÚÂ ÔÂÓ·‡ÁÓ‚‡ÌËfl
(10), (17) ÒËÒÚÂÏ‡ (6)–(9) ÔË‚Ó‰ËÚÒfl Í Ó‰ÌÓÏÛ
Û‡‚ÌÂÌË˛ (14) Ò ˝ÚËÏË ÊÂ ÙÛÌÍˆËflÏË p = p(t) Ë
q = q(t).

í‡ÍËÏ Ó·‡ÁÓÏ ‰ÓÍ‡Á‡ÌÓ ‚‡ÊÌÓÂ ÛÚ‚ÂÊ‰ÂÌËÂ.
ã˛·ÓÂ Â¯ÂÌËÂ Û‡‚ÌÂÌËfl (14) ‰Îfl Î˛·˚ı ÙÛÌÍ-
ˆËÈ p = p(t) Ë q = q(t) ÔÓÓÊ‰‡ÂÚ ÚÓ˜ÌÓÂ Â¯ÂÌËÂ
Û‡‚ÌÂÌËÈ ç‡‚¸Â–ëÚÓÍÒ‡ (1)–(4). ùÚÓ Â¯ÂÌËÂ
ÓÔËÒ˚‚‡ÂÚÒfl ÙÛÌÍˆËÂÈ F = F(z, t) Ë ÙÓÏÛÎ‡ÏË
(5), (10), (17).

ë Î Û ˜ ‡ È  m ≠ n. Ç ˝ÚÓÏ ÒÎÛ˜‡Â Ó·˘ÂÂ Â¯ÂÌËÂ
ÒËÒÚÂÏ˚ (11)–(13) ÏÓÊÌÓ ÔÓÎÛ˜ËÚ¸ ÒÎÂ‰Û˛˘ËÏ Ó·-
‡ÁÓÏ. îÛÌÍˆËË m = m(t), k = k(t), q = q(t) Á‡‰‡˛ÚÒfl

ÔÓËÁ‚ÓÎ¸ÌÓ ÔË ÛÒÎÓ‚ËË m2 + k2 ≠ . éÒÚ‡Î¸Ì˚Â

ÙÛÌÍˆËË, ‚ıÓ‰fl˘ËÂ ‚ ÒËÒÚÂÏÛ (11)–(13) Ë Û‡‚ÌÂ-
ÌËÂ (14), ‚˚˜ËÒÎfl˛ÚÒfl ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ ÔÓ ÙÓÏÛ-
Î‡Ï

(18)

Ç ‰‡ÌÌÓÏ ÒÎÛ˜‡Â ÍÓ˝ÙÙËˆËÂÌÚ p = p(t) ‚ Û‡‚ÌÂÌËË
(14) ÓÔÂ‰ÂÎflÂÚÒfl ˜ÂÂÁ ÙÛÌÍˆËË m = m(t), k = k(t) Ë
q = q(t) Ë Ëı ÔÓËÁ‚Ó‰Ì˚Â (‡ ÌÂ Á‡‰‡ÂÚÒfl ÔÓËÁ-
‚ÓÎ¸ÌÓ, Í‡Í ·˚ÎÓ ‚ ÒÎÛ˜‡Â m = n). èÓÔ˚ÚÍ‡ Á‡‰‡Ú¸
ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓ Á‡‚ËÒËÏÓÒÚ¸ p = p(t) ‚ÏÂÒÚÓ Á‡‰‡-
ÌËfl ÙÛÌÍˆËË m (ËÎË k) ÔË‚Ó‰ËÚ Í ÌÂÎËÌÂÈÌÓÏÛ
Ó·˚ÍÌÓ‚ÂÌÌÓÏÛ ‰ËÙÙÂÂÌˆË‡Î¸ÌÓÏÛ Û‡‚ÌÂÌË˛
‚ÚÓÓ„Ó ÔÓfl‰Í‡ ‰Îfl ÙÛÌÍˆËË m (ËÎË k) Ò ÔÓËÁ-
‚ÓÎ¸ÌÓÈ ÙÛÌÍˆËÂÈ q = q(t).

ê‡ÒÒÏÓÚËÏ, Í‡Í Ì‡‰Ó ‚˚·‡Ú¸ ÙÛÌÍˆË˛ q = q(t),
˜ÚÓ·˚ ‚˚ÔÓÎÌflÎÓÒ¸ ÚÓÊ‰ÂÒÚ‚Ó p ≡ 0. àÁ ‚˚‡ÊÂ-
ÌËfl ‰Îfl p ‚ (18) ËÏÂÂÏ A = B + s0, „‰Â s0 – ÔÓËÁ-
‚ÓÎ¸Ì‡fl ÔÓÒÚÓflÌÌ‡fl. éÚÒ˛‰‡, Û˜ËÚ˚‚‡fl ÙÓÏÛÎ˚
(18) ‰Îfl ÙÛÌÍˆËÈ A, B, n, Ì‡ıÓ‰ËÏ ÙÛÌÍˆË˛

(19)

íéóçõÖ êÖòÖçàü ìêÄÇçÖçàü (14)
èêà êÄáãàóçõï p = p(t) à q = q(t)

1°. èÂËÓ‰Ë˜ÂÒÍËÂ Â¯ÂÌËfl ‚ ‚Ë‰Â ÔÓËÁ‚Â‰Â-
ÌËfl ÙÛÌÍˆËÈ ‡ÁÌ˚ı ‡„ÛÏÂÌÚÓ‚:

γ 1
2
--- p ϕsin At',+=

1
4
---

n
1 4k2–

4m
-----------------,=

A mq mt', B+ nq nt', C+ kq kt',+= = =

p
At' Bt'–
n m–

----------------, α AB C2 Ct'
1
2
--- p 1 2k–( ),–+ += =

β AB C2 Ct'–
1
2
--- p 1 2k+( ), γ–+ pm At'.+= =

q
4s0m 8 mmt' kkt'+( )–

4 m2 k2+( ) 1–
--------------------------------------------------

mt'

m
-----   ÔË p 0= .+=

(20)

„‰Â B, C, σ – ÔÓËÁ‚ÓÎ¸Ì˚Â ÔÓÒÚÓflÌÌ˚Â. èÓÎÓÊË‚
‚ (20) q(t) = νσ2 + (t), „‰Â ϕ(t) – ÔÂËÓ‰Ë˜ÂÒÍ‡fl
ÙÛÌÍˆËfl, ÔÓÎÛ˜ËÏ Â¯ÂÌËÂ, ÔÂËÓ‰Ë˜ÂÒÍÓÂ ÔÓ
Ó·ÓËÏ ‡„ÛÏÂÌÚ‡Ï z Ë t.

è  Ë Ï Â . ê‡ÒÒÏÓÚËÏ ÒÚ‡ˆËÓÌ‡Ì˚È ÒÎÛ˜‡È.
Ç ÙÓÏÛÎ‡ı (17), (20) ÔÓÎÓÊËÏ

Ç ÂÁÛÎ¸Ú‡ÚÂ Ò ÔÓÏÓ˘¸˛ ‚˚‡ÊÂÌËÈ (5), (10)
ÔÓÎÛ˜ËÏ Â¯ÂÌËÂ

ÍÓÚÓÓÂ ÓÔËÒ˚‚‡ÂÚ ÚÂıÏÂÌÓÂ ÚÂ˜ÂÌËÂ ÒÎÓfl
ÊË‰ÍÓÒÚË ÏÂÊ‰Û ‰‚ÛÏfl ÔÎÓÒÍËÏË ÛÔÛ„ËÏË ÔÎÂÌ-

Í‡ÏË ÔÓÎÓÊÂÌËÂ ÔÎÂÌÓÍ ÓÔÂ‰ÂÎflÂÚÒfl ÁÌ‡˜ÂÌËfl-

ÏË z = 0 Ë z = , ÔÓ‚ÂıÌÓÒÚË ÍÓÚÓ˚ı ‡ÒÚfl„Ë-

‚‡˛ÚÒfl ÔÓ Á‡ÍÓÌÛ V1 = a1x, V2 = a2y.
2°. êÂ¯ÂÌËfl Ò Ó·Ó·˘ÂÌÌ˚Ï ‡Á‰ÂÎÂÌËÂÏ ÔÂÂ-

ÏÂÌÌ˚ı ˝ÍÒÔÓÌÂÌˆË‡Î¸ÌÓ„Ó ‚Ë‰‡ ÔÓ z:

(21)

„‰Â a = a(t) Ë b = b(t) – ÔÓËÁ‚ÓÎ¸Ì˚Â ÙÛÌÍˆËË. Ç˚-
·‡‚ ‚ Í‡˜ÂÒÚ‚Â a(t) Ë b(t) ÔÂËÓ‰Ë˜ÂÒÍËÂ ÙÛÌÍˆËË,
ÔÓÎÛ˜ËÏ ÔÂËÓ‰Ë˜ÂÒÍÓÂ Â¯ÂÌËÂ ÔÓ ‚ÂÏÂÌË.

îÓÏÛÎ˚ (20) Ë (21) ‚ÏÂÒÚÂ Ò ÒÓÓÚÌÓ¯ÂÌËflÏË
(5), (10), (17) ÓÔÂ‰ÂÎfl˛Ú ‰‚‡ ÍÎ‡ÒÒ‡ Â¯ÂÌËÈ
Û‡‚ÌÂÌËÈ ç‡‚¸Â–ëÚÓÍÒ‡, Á‡‚ËÒfl˘Ëı ÓÚ ÌÂÒÍÓÎ¸-
ÍËı ÔÓËÁ‚ÓÎ¸Ì˚ı ÙÛÌÍˆËÈ.

3°. êÂ¯ÂÌËÂ (21) ÏÓÊÌÓ ÔÂ‰ÒÚ‡‚ËÚ¸ ‚ ÒÎÂ‰Û˛-
˘ÂÏ ‚Ë‰Â:

(22)

„‰Â b = b(t) Ë q = q(t) – ÔÓËÁ‚ÓÎ¸Ì˚Â ÙÛÌÍˆËË, a0 –
ÔÓËÁ‚ÓÎ¸Ì‡fl ÔÓÒÚÓflÌÌ‡fl. îÓÏÛÎ‡ (22) Ò ÔÓÏÓ-
˘¸˛ ÒÓÓÚÌÓ¯ÂÌËÈ (5), (18) ÔË p = 0 Ë (19) ÓÔÂ‰Â-

F a t( ) σz B+( ),sin=

a t( ) C νσ2t– q t( ) td∫+[ ]exp ,=

p σ2a2 t( ), q– q t( ) ÔÓËÁ‚ÓÎ¸Ì‡fl ÙÛÌÍˆËfl,–= =

ϕt'

ϕ 0, a
a1 a2+

σ
----------------, q– νσ2 2a1,= = = =

p a2σ2, σ–
2a1

ν
--------⎝ ⎠

⎛ ⎞
1/2

.= =

V1 a1x, V2 a1 a2+( ) σz( )cos a1–[ ]y,= =

V3

a1 a2+
σ

---------------- σz( ),sin–=

-⎝
⎛

2π
σ

------⎠
⎞

F a t( )e σz– b t( ), p+ 0,= =

q
at'

a
---- σb– σ2ν,–=

F a0 σz– σ2νt q σb+( ) td∫+ +[ ]exp b t( ),+=

p 0,=
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ÄËÒÚÓ‚, èÓÎflÌËÌ

ÎflÂÚ ÌÓ‚˚È ÍÎ‡ÒÒ ÚÓ˜Ì˚ı Â¯ÂÌËÈ Û‡‚ÌÂÌËÈ ç‡-
‚¸Â–ëÚÓÍÒ‡.

4°. íÓ˜ÌÓÂ Â¯ÂÌËÂ ‚ ‚Ë‰Â ÔÓËÁ‚Â‰ÂÌËfl ÙÛÌÍ-
ˆËÈ ‡ÁÌ˚ı ‡„ÛÏÂÌÚÓ‚:

„‰Â a = a(t) – ÔÓËÁ‚ÓÎ¸Ì‡fl ÙÛÌÍˆËfl, C1, C2, σ –
ÔÓËÁ‚ÓÎ¸Ì˚Â ÔÓÒÚÓflÌÌ˚Â.

5°. åÓÌÓÚÓÌÌÓÂ Â¯ÂÌËÂ ÚËÔ‡ ·Â„Û˘ÂÈ ‚ÓÎÌ˚:

6°. íÓ˜ÌÓÂ Â¯ÂÌËÂ Ò ÙÛÌÍˆËÓÌ‡Î¸Ì˚Ï ‡Á‰Â-
ÎÂÌËÂÏ ÔÂÂÏÂÌÌ˚ı:

„‰Â ÙÛÌÍˆËË a = a(t), b = b(t), c = c(t), λ = λ(t) Û‰Ó-
‚ÎÂÚ‚Ófl˛Ú ÒËÒÚÂÏÂ Ó·˚ÍÌÓ‚ÂÌÌ˚ı ‰ËÙÙÂÂÌ-
ˆË‡Î¸Ì˚ı Û‡‚ÌÂÌËÈ

á‰ÂÒ¸ ÚË ËÁ ̄ ÂÒÚË ÙÛÌÍˆËÈ a(t), b(t), c(t), λ(t), p(t),
q(t) ÏÓÊÌÓ Á‡‰‡Ú¸ ÔÓËÁ‚ÓÎ¸ÌÓ. 

7°. íÓ˜ÌÓÂ Â¯ÂÌËÂ Ò ÙÛÌÍˆËÓÌ‡Î¸Ì˚Ï ‡Á‰Â-
ÎÂÌËÂÏ ÔÂÂÏÂÌÌ˚ı:

(23)

„‰Â a – ÔÓËÁ‚ÓÎ¸Ì‡fl ÔÓÒÚÓflÌÌ‡fl, ‡ ÙÛÌÍˆËË ω =
= ω(t), ξ = ξ(t), θ = θ(t) ÓÔËÒ˚‚‡˛ÚÒfl ÒËÒÚÂÏÓÈ
Ó·˚ÍÌÓ‚ÂÌÌ˚ı ‰ËÙÙÂÂÌˆË‡Î¸Ì˚ı Û‡‚ÌÂÌËÈ

(24)

Ç ̋ ÚÓÈ ÒËÒÚÂÏÂ ÏÓÊÌÓ Ò˜ËÚ‡Ú¸ Á‡‰‡ÌÌ˚ÏË (ÔÓËÁ-
‚ÓÎ¸Ì˚Ï Ó·‡ÁÓÏ) ÙÛÌÍˆËË θ(t) Ë ξ(t). íÓ„‰‡
ÙÛÌÍˆËË ω(t), p(t), q(t) ÓÔÂ‰ÂÎfl˛ÚÒfl ̋ ÎÂÏÂÌÚ‡ÌÓ
(·ÂÁ Í‚‡‰‡ÚÛ). èÂËÓ‰Ë˜ÂÒÍËÏ ÙÛÌÍˆËflÏ θ(t) Ë
ξ(t) ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÔÂËÓ‰Ë˜ÂÒÍÓÂ Â¯ÂÌËÂ (23).

8°. íÓ˜ÌÓÂ Â¯ÂÌËÂ Ò ÙÛÌÍˆËÓÌ‡Î¸Ì˚Ï ‡Á‰Â-
ÎÂÌËÂÏ ÔÂÂÏÂÌÌ˚ı:

(25)

F a t( ) C1eσz C2e σz–+( ), p 4C1C2σ2a2 t( ),= =

q
at'

a
---- σ2ν,–=

F 6νσ σ z λt–( ) B+[ ]th– λ,+=

p 0, q 8νσ2.= =

F
a t( )
λ t( )
---------- λ t( )z–[ ]exp b t( ) c t( )z,+ +=

λt' cλ, at'– νλ2 q 2c bλ+ + +( )a,= =

ct' c2 qc p.+ +=

F ω t( )z
ξ t( )
θ t( )
---------- θ t( )z a+[ ]sin ,+=

θt' ωθ, ωt'– ω2 q t( )ω p t( ) ξ2,+ + += =

ξt' 2ω νθ2– q t( )+[ ]ξ.=

F ω t( )z
ξ t( )
θ t( )
---------- C1eθ t( )z C2e θ t( )z–+[ ],+=

„‰Â C1, C2 – ÔÓËÁ‚ÓÎ¸Ì˚Â ÔÓÒÚÓflÌÌ˚Â, ‡ ÙÛÌÍˆËË
ω = ω(t), ξ = ξ(t), θ = θ(t) ÓÔËÒ˚‚‡˛ÚÒfl ÒËÒÚÂÏÓÈ
Ó·˚ÍÌÓ‚ÂÌÌ˚ı ‰ËÙÙÂÂÌˆË‡Î¸Ì˚ı Û‡‚ÌÂÌËÈ

(26)

á ‡ Ï Â ˜ ‡ Ì Ë Â. ÑÛ„ËÂ ÚÓ˜Ì˚Â Â¯ÂÌËfl Û‡‚-
ÌÂÌËfl (14) ÔË q = 0 ÒÏ. ‚ [8, 13, 15].

4. ëÇÖÑÖçàÖ ëàëíÖåõ (6)–(9)
ä ÑÇìå ìêÄÇçÖçàüå

éÔË¯ÂÏ ‰‚‡ ÒÎÛ˜‡fl Ò‚Â‰ÂÌËfl ÒËÒÚÂÏ˚ (6)–(9) Í
Ó‰ÌÓÏÛ ËÁÓÎËÓ‚‡ÌÌÓÏÛ ÌÂÎËÌÂÈÌÓÏÛ Û‡‚ÌÂÌË˛
‰Îfl ÔÓ‰ÓÎ¸ÌÓÈ ÒÍÓÓÒÚË F Ë ‚ÚÓÓÏÛ Û‡‚ÌÂÌË˛
‰Îfl ÓÔÂ‰ÂÎÂÌËfl ÌÓ‚ÓÈ ‚ÒÔÓÏÓ„‡ÚÂÎ¸ÌÓÈ ÙÛÌÍˆËË.

è Â  ‚ ˚ È  Ò Î Û ˜ ‡ È. èÓÎ‡„‡fl

(27)

„‰Â a, b – ÔÓËÁ‚ÓÎ¸Ì˚Â ÔÓÒÚÓflÌÌ˚Â, Ò‚Â‰ÂÏ ÒË-
ÒÚÂÏÛ (6)–(9) Í ËÁÓÎËÓ‚‡ÌÌÓÏÛ Û‡‚ÌÂÌË˛ ‰Îfl
ÔÓ‰ÓÎ¸ÌÓÈ ÒÍÓÓÒÚË F Ë ‰ÓÔÓÎÌËÚÂÎ¸ÌÓÏÛ Û‡‚-
ÌÂÌË˛ ‰Îfl ÙÛÌÍˆËË G = G(z, t):

(28)

(29)

Ç Ú Ó  Ó È  Ò Î Û ˜ ‡ È. Ç Û‡‚ÌÂÌËflı (6)–(9) ÔÓ-
ÎÓÊËÏ

(30)

„‰Â p = p(t), q = q(t) – ÔÓËÁ‚ÓÎ¸Ì˚Â ÙÛÌÍˆËË, a, b –
ÔÓËÁ‚ÓÎ¸Ì˚Â ÔÓÒÚÓflÌÌ˚Â, Θ = Θ(z, t) – ËÒÍÓÏ‡fl
ÙÛÌÍˆËfl, ϕ – ÍÓÌÒÚ‡ÌÚ‡, ÓÔÂ‰ÂÎflÂÏ‡fl ËÁ Ú‡ÌÒ-
ˆÂÌ‰ÂÌÚÌÓ„Ó Û‡‚ÌÂÌËfl

(31)

θt' ωθ, ωt'– ω2 q t( )ω p t( ) 4C1C2ξ2,–+ += =

ξt' 2ω νθ2 q t( )+ +[ ]ξ.=

u = a2G, v  = b2G, w–  = abG, α = β, γ  = 0,

∂2F
∂t∂z
---------- F

∂2F

∂z2
--------- 1

2
--- ∂F

∂z
------⎝ ⎠

⎛ ⎞
2

–+ 2α– ν∂3F

∂z3
---------,+=

∂G
∂t
------- F

∂G
∂z
------- G

∂F
∂z
------–+ ν∂2G

∂z2
---------.=

u
1
2
--- ϕ ∂F

∂z
------ q+⎝ ⎠

⎛ ⎞sin a2Θ,+=

v
1
2
--- ϕ ∂F

∂z
------ q+⎝ ⎠

⎛ ⎞sin b2Θ,–=

w
1
2
--- ϕ ∂F

∂z
------ q+⎝ ⎠

⎛ ⎞cos abΘ,+=

α 1
4
---q2 1

2
--- p 1 ϕcos–( )–

1
2
---qt' ϕ,cos+=

β 1
4
---q2 1

2
--- p 1 ϕcos+( )–

1
2
---qt' ϕ,cos–=

γ 1
2
--- p ϕsin

1
2
---qt' ϕ,sin+=

a2 b2–( ) ϕsin 2ab ϕcos+ 0.=
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Ç ÂÁÛÎ¸Ú‡ÚÂ ÒËÒÚÂÏ‡ (6)–(9) Ò‚Ó‰ËÚÒfl Í ‰‚ÛÏ
Û‡‚ÌÂÌËflÏ:

(32)

(33)

çÂÎËÌÂÈÌÓÂ Û‡‚ÌÂÌËÂ (32) ‰Îfl ÙÛÌÍˆËË F ÒÓ‚Ô‡-
‰‡ÂÚ Ò Û‡‚ÌÂÌËÂÏ (14) Ë ÏÓÊÂÚ ‡ÒÒÏ‡ÚË‚‡Ú¸Òfl
ÌÂÁ‡‚ËÒËÏÓ (Â„Ó ÌÂÍÓÚÓ˚Â ÚÓ˜Ì˚Â Â¯ÂÌËfl ·˚-
ÎË ÓÔËÒ‡Ì˚ ‡ÌÂÂ), ‡ Û‡‚ÌÂÌËÂ (33) ÎËÌÂÈÌÓ ÓÚ-
ÌÓÒËÚÂÎ¸ÌÓ ËÒÍÓÏÓÈ ÙÛÌÍˆËË Θ.

ÑÎfl ÒÚ‡ˆËÓÌ‡Ì˚ı Â¯ÂÌËÈ Û‡‚ÌÂÌËÈ (32) Ë
(28) (ÔË ÔÓÒÚÓflÌÌ˚ı p, q Ë α) ÌÂÒÚ‡ˆËÓÌ‡Ì˚Â
Û‡‚ÌÂÌËfl (33) Ë (29) fl‚Îfl˛ÚÒfl ÎËÌÂÈÌ˚ÏË Û‡‚-
ÌÂÌËflÏË Ò ‡Á‰ÂÎfl˛˘ËÏËÒfl ÔÂÂÏÂÌÌ˚ÏË, Â¯Â-
ÌËfl ÍÓÚÓ˚ı ÏÓÊÌÓ ËÒÍ‡Ú¸ Ò ÔÓÏÓ˘¸˛ ÔÂÓ·‡-
ÁÓ‚‡ÌËfl ã‡ÔÎ‡Ò‡ ÔÓ ‚ÂÏÂÌË.

ì‡‚ÌÂÌËÂ (32) (Ë Û‡‚ÌÂÌËÂ (28)) ‰ÓÔÛÒÍ‡ÂÚ
Ó˜Â‚Ë‰ÌÓÂ ‚˚ÓÊ‰ÂÌÌÓÂ Â¯ÂÌËÂ F = a(t)z + b(t);
‚ ˝ÚÓÏ ÒÎÛ˜‡Â ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÂ Û‡‚ÌÂÌËÂ (33) (Ë
Û‡‚ÌÂÌËÂ (29)) ÏÓÊÌÓ Ò‚ÂÒÚË Í ÎËÌÂÈÌÓÏÛ Û‡‚-
ÌÂÌË˛ ÚÂÔÎÓÔÓ‚Ó‰ÌÓÒÚË.

ëËÒÚÂÏ‡ (28)–(29) ‰Îfl ÔÓËÁ‚ÓÎ¸ÌÓÈ ÙÛÌÍˆËË
α = α(t) ËÏÂÂÚ Â¯ÂÌËÂ ‚Ë‰‡

„‰Â a – ÔÓËÁ‚ÓÎ¸Ì‡fl ÔÓÒÚÓflÌÌ‡fl (a ≠ 0), b(t) – ÔÓ-
ËÁ‚ÓÎ¸Ì‡fl ÙÛÌÍˆËfl, ‡ ÙÛÌÍˆËË A = A(t), B = B(t),
C = C(t) ÓÔËÒ˚‚‡˛ÚÒfl ÒËÒÚÂÏÓÈ Ó·˚ÍÌÓ‚ÂÌÌ˚ı
‰ËÙÙÂÂÌˆË‡Î¸Ì˚ı Û‡‚ÌÂÌËÈ, ÍÓÚÓ‡fl Á‰ÂÒ¸ ÌÂ
ÔË‚Ó‰ËÚÒfl.

àçíÖêèêÖíÄñàü à äãÄëëàîàäÄñàü 
êÄëëåÄíêàÇÄÖåõï íÖóÖçàâ

ã˛·˚Â ÚÂ˜ÂÌËfl ÊË‰ÍÓÒÚË, ËÏÂ˛˘ËÂ ‰‚Â ÔÎÓÒ-
ÍÓÒÚË ÒËÏÏÂÚËË, ‰ÓÔÛÒÍ‡˛Ú ÔÂ‰ÒÚ‡‚ÎÂÌËÂ ‚Ë‰‡
(5) ‚ ÓÍÂÒÚÌÓÒÚË ÎËÌËË ÔÂÂÒÂ˜ÂÌËfl ̋ ÚËı ÔÎÓÒÍÓ-
ÒÚÂÈ (‚ ËÒÔÓÎ¸ÁÛÂÏ˚ı Ó·ÓÁÌ‡˜ÂÌËflı ÎËÌËfl ÔÂÂ-
ÒÂ˜ÂÌËfl ÔÎÓÒÍÓÒÚÂÈ Á‡‰‡ÂÚ ÓÒ¸ z). ä Ú‡ÍËÏ ÚÂ˜ÂÌË-
flÏ ÓÚÌÓÒflÚÒfl ÓÒÂÒËÏÏÂÚË˜Ì˚Â ÚÂ˜ÂÌËfl, ÍÓÏ·Ë-
Ì‡ˆËË ÓÒÂÒËÏÏÂÚË˜Ì˚ı ÚÂ˜ÂÌËÈ Ò ‚‡˘ÂÌËÂÏ
‚ÓÍÛ„ ÓÒË z (‚ ˜‡ÒÚÌÓÒÚË, ÚÂ˜ÂÌËfl Í‡Ï‡ÌÓ‚ÒÍÓ„Ó
ÚËÔ‡), ÔÎÓÒÍËÂ ÚÂ˜ÂÌËfl, ÒËÏÏÂÚË˜Ì˚Â ÓÚÌÓÒË-
ÚÂÎ¸ÌÓ ÔflÏÓÈ ÎËÌËË, ÚÂ˜ÂÌËfl ‚ ÔflÏÓÎËÌÂÈÌ˚ı
ÌÂÔÓÌËˆ‡ÂÏ˚ı Ë ÔÓËÒÚ˚ı ÚÛ·‡ı Ò ˝ÎÎËÔÚË˜Â-
ÒÍËÏ Ë ÔflÏÓÛ„ÓÎ¸Ì˚Ï ÒÂ˜ÂÌËÂÏ, ÒÚÛË ÊË‰ÍÓ-
ÒÚË, ‚˚ÚÂÍ‡˛˘ËÂ ËÁ ÓÚ‚ÂÒÚËÈ ˝ÎÎËÔÚË˜ÂÒÍÓÈ Ë
ÔflÏÓÛ„ÓÎ¸ÌÓÈ ÙÓÏ˚, Ë Ú.‰. (ÒÏ. Ú‡ÍÊÂ [10, 11]).

éÒÂ‚˚Â ÚÂ˜ÂÌËfl, ÓÔËÒ˚‚‡ÂÏ˚Â ÙÓÏÛÎ‡ÏË (5),
Û‰Ó·ÌÓ Ú‡ÍÚÓ‚‡Ú¸ Í‡Í ÌÂÎËÌÂÈÌÛ˛ ÒÛÔÂÔÓÁË-
ˆË˛ ÔÓÒÚÛÔ‡ÚÂÎ¸ÌÓ„Ó (ÌÂÓ‰ÌÓÓ‰ÌÓ„Ó) ÚÂ˜ÂÌËfl

∂2F
∂t∂z
---------- F

∂2F

∂z2
--------- ∂F

∂z
------⎝ ⎠

⎛ ⎞
2

–+ ν∂3F

∂z3
--------- q

∂F
∂z
------ p,+ +=

∂Θ
∂t
------- F

∂Θ
∂z
------- Θ∂F

∂z
------–+ ν∂2Θ

∂z2
---------.=

F az2 b t( )z
1

4a
------ b2 t( ) 2bt' t( ) 4α t( )––[ ],+ +=

w A t( )z2 B t( )z C t( ),+ +=

ÔÓ ÒË z Ë ÎËÌÂÈÌÓ„Ó Ò‰‚Ë„Ó‚Ó„Ó ÚÂ˜ÂÌËfl ÒÔÂˆË‡Î¸-
ÌÓ„Ó ‚Ë‰‡. Ç ÓÍÂÒÚÌÓÒÚË ÚÓ˜ÍË z = z0, ÎÂÊ‡˘ÂÈ Ì‡
ÓÒË, ÍÓÏÔÓÌÂÌÚ˚ ÒÍÓÓÒÚË ÊË‰ÍÓÒÚË Ò Û˜ÂÚÓÏ (5)
ÏÓÊÌÓ ÔÂ‰ÒÚ‡‚ËÚ¸ ‚ ‚Ë‰Â

(34)

á‰ÂÒ¸ k, m = 1, 2, 3; Gkm – ÍÓÏÔÓÌÂÌÚ˚ Ï‡ÚËˆ˚
Ò‰‚Ë„‡; ÔÓ ÔÓ‚ÚÓfl˛˘ÂÏÛÒfl ËÌ‰ÂÍÒÛ m ‚Â‰ÂÚÒfl
ÒÛÏÏËÓ‚‡ÌËÂ; δkm – ÒËÏ‚ÓÎ äÓÌÂÍÂ‡; Fz – ˜‡ÒÚ-
Ì‡fl ÔÓËÁ‚Ó‰Ì‡fl ÔÓ z. ÇÒÂ ‚ÂÎË˜ËÌ˚ ‚ (34) ·ÂÛÚÒfl
ÔË z = z0. ê‡‚ÂÌÒÚ‚Ó ÌÛÎ˛ ÒÛÏÏ˚ ‰Ë‡„ÓÌ‡Î¸Ì˚ı
˝ÎÂÏÂÌÚÓ‚ G11 + G22 + G33 = 0 fl‚ÎflÂÚÒfl ÒÎÂ‰ÒÚ‚ËÂÏ
ÌÂÒÊËÏ‡ÂÏÓÒÚË ÊË‰ÍÓÒÚË.

ã˛·‡fl Ï‡ÚËˆ‡ ||Gkm|| ÏÓÊÂÚ ·˚Ú¸ ÔÂ‰ÒÚ‡‚ÎÂ-
Ì‡ ‚ ‚Ë‰Â ÒÛÏÏ˚ ÒËÏÏÂÚË˜ÌÓÈ Ë ‡ÌÚËÒËÏÏÂÚË˜-
ÌÓÈ Ï‡ÚËˆ

(35)

Ç Ò‚Ó˛ Ó˜ÂÂ‰¸ ÒËÏÏÂÚË˜ÌÛ˛ Ï‡ÚËˆÛ ||Ekm|| (ÂÂ
‚ ‰‡ÌÌÓÏ ÒÎÛ˜‡Â ÏÓÊÌÓ ÓÚÓÊ‰ÂÒÚ‚ËÚ¸ Ò ÚÂÌÁÓÓÏ
ÒÍÓÓÒÚÂÈ ‰ÂÙÓÏ‡ˆËË) ÔÛÚÂÏ ÔÓ‚ÓÓÚ‡ ÒËÒÚÂÏ˚
ÍÓÓ‰ËÌ‡Ú ÏÓÊÌÓ ÔË‚ÂÒÚË Í ‰Ë‡„ÓÌ‡Î¸ÌÓÏÛ ‚Ë‰Û Ò
˝ÎÂÏÂÌÚ‡ÏË E1, E2, E3, ÍÓÚÓ˚Â fl‚Îfl˛ÚÒfl ÍÓÌflÏË
ÍÛ·Ë˜ÂÒÍÓ„Ó Û‡‚ÌÂÌËfl ‰Îfl λ: det||Ekm –λδkm|| = 0.

ÑÎfl ‰‡ÌÌÓ„Ó ÚÂ˜ÂÌËfl (34) ‰Ë‡„ÓÌ‡Î¸Ì˚Â ˝ÎÂ-
ÏÂÌÚ˚, ÓÔÂ‰ÂÎfl˛˘ËÂ ËÌÚÂÌÒË‚ÌÓÒÚ¸ ‡ÒÚfl„Ë‚‡-
˛˘Â„Ó (ÒÊËÏ‡˛˘Â„Ó) ‰‚ËÊÂÌËfl ‚‰ÓÎ¸ ÒÓÓÚ‚ÂÚ-
ÒÚ‚Û˛˘Ëı ÓÒÂÈ, ‚˚˜ËÒÎfl˛ÚÒfl ÔÓ ÙÓÏÛÎ‡Ï

(36)

ê‡Á·ËÂÌËÂ Ï‡ÚËˆ˚ ÍÓ˝ÙÙËˆËÂÌÚÓ‚ Ò‰‚Ë„‡
||Gkm|| Ì‡ ÒËÏÏÂÚË˜ÌÛ˛ Ë ‡ÌÚËÒËÏÏÂÚË˜ÌÛ˛ ˜‡-
ÒÚË (35) ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÔÂ‰ÒÚ‡‚ÎÂÌË˛ ÔÓÎfl ÒÍÓ-
ÓÒÚÂÈ ÎËÌÂÈÌÓ„Ó Ò‰‚Ë„Ó‚Ó„Ó ÚÂ˜ÂÌËfl ÊË‰ÍÓÒÚË ‚
‚Ë‰Â ÒÛÔÂÔÓÁËˆËË ÎËÌÂÈÌÓ„Ó ‰ÂÙÓÏ‡ˆËÓÌÌÓ„Ó
ÚÂ˜ÂÌËfl Ò ÍÓ˝ÙÙËˆËÂÌÚ‡ÏË ‡ÒÚflÊÂÌËfl ÔÓ „Î‡‚-
Ì˚Ï ÓÒflÏ E1, E2, E3 Ë ‚‡˘ÂÌËfl ÊË‰ÍÓÒÚË Í‡Í Ú‚Â-
‰Ó„Ó ÚÂÎ‡ Ò Û„ÎÓ‚ÓÈ ÒÍÓÓÒÚ¸˛ w = (Ω32, Ω13, Ω21).

Vk Fδk3 GkmXm,+=

G11
1
2
---Fz– w, G12+ v , G21 u,= = =

G22
1
2
---Fz– w,–=

G13 G23 G31 G32 0, G33 Fz,= = = = =

X1 x, X2 y, X3 z z0.–= = =

Gkm Ekm Ωkm ,+=

Ekm Emk
1
2
--- Gkm Gmk+( ),= =

Ωkm Ωmk–
1
2
--- Gkm Gmk–( ).= =

E1 2,
1
2
---Fz–

1
2
--- 4w2 u v+( )2+ , E3± Fz.= =
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ÄËÒÚÓ‚, èÓÎflÌËÌ

ÑÎfl ‰‡ÌÌÓ„Ó ÚÂ˜ÂÌËfl (34) ËÏÂÂÏ Ω32 = Ω13 = 0 Ë
ÊË‰ÍÓÒÚ¸ ‚‡˘‡ÂÚÒfl ‚ÓÍÛ„ ÓÒË z Ò Û„ÎÓ‚ÓÈ ÒÍÓÓ-
ÒÚ¸˛

(37)

çÂÚÛ‰ÌÓ ÔÓÍ‡Á‡Ú¸, ˜ÚÓ ÙÓÏÛÎ˚ (36) Ë (37)
ÓÒÚ‡˛ÚÒfl ÒÔ‡‚Â‰ÎË‚˚ÏË ‰Îfl Î˛·ÓÈ ÚÓ˜ÍË (x0, y0, z0)
‡ÒÒÏ‡ÚË‚‡ÂÏÓ„Ó ÚÂ˜ÂÌËfl (5).

ÄÌ‡ÎËÁ ÙÓÏÛÎ (36), (37) ÔÓÁ‚ÓÎflÂÚ ‚˚‰ÂÎËÚ¸
ÌÂÒÍÓÎ¸ÍÓ ı‡‡ÍÚÂÌ˚ı ÚËÔÓ‚ ÚÂ˜ÂÌËÈ, ÛÍ‡Á‡Ì-
Ì˚ı ‚ ÍÎ‡ÒÒËÙËÍ‡ˆËÓÌÌÓÈ Ú‡·Î. 1.

çÖäéíéêõÖ éÅéÅôÖçàü
èÛÒÚ¸ V1(x, y, z, t), V2(x, y, z, t), V3(x, y, z, t),

P(x, y, z, t) – ÌÂÍÓÚÓÓÂ Â¯ÂÌËÂ Û‡‚ÌÂÌËÈ ç‡-
‚¸Â–ëÚÓÍÒ‡ (1)–(4). íÓ„‰‡ Ì‡·Ó ÙÛÌÍˆËÈ

(38)

„‰Â x0 = x0(t), y0 = y0(t), z0 = z0(t) – ÔÓËÁ‚ÓÎ¸Ì˚Â
ÙÛÌÍˆËË (¯ÚËıË Ó·ÓÁÌ‡˜‡˛Ú ÔÓËÁ‚Ó‰Ì˚Â ÔÓ t),
Ú‡ÍÊÂ ·Û‰ÂÚ ‰‡‚‡Ú¸ Â¯ÂÌËÂ Û‡‚ÌÂÌËÈ (1)–(4) [4,
15]. äÓÏ·ËÌ‡ˆËfl ÙÓÏÛÎ (5) Ë (38) ÔË z0 = 0 ÓÔÂ-
‰ÂÎflÂÚ ÚÓ˜ÌÓÂ Â¯ÂÌËÂ Û‡‚ÌÂÌËÈ ç‡‚¸Â–ëÚÓÍÒ‡,
ÍÓÚÓÓÂ ÏÓÊÌÓ Ú‡ÍÚÓ‚‡Ú¸ Í‡Í Ó·Ó·˘ÂÌÌÓÂ ÓÒÂ-
‚ÓÂ ÚÂ˜ÂÌËÂ Ò ÓÒ¸˛ z, ‰‚ËÊÛ˘ÂÈÒfl ÔÓ ÔÎÓÒÍÓÒÚË x,
y ÔÓ Á‡ÍÓÌÛ x0 = x0(t), y0 = y0(t). ìÍ‡Á‡ÌÌÓÂ Â¯ÂÌËÂ
ÏÓÊÌÓ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ‰Îfl Ï‡ÚÂÏ‡ÚË˜ÂÒÍÓ„Ó ÏÓ‰Â-
ÎËÓ‚‡ÌËfl ‡ÁÛ¯ËÚÂÎ¸Ì˚ı ‡ÚÏÓÒÙÂÌ˚ı fl‚ÎÂ-
ÌËÈ ÚËÔ‡ ÒÏÂ˜ÂÈ Ë ÚÓÌ‡‰Ó.

Ä‚ÚÓ˚ ·Î‡„Ó‰‡flÚ Ä.ç. éÒËÔˆÓ‚‡ Á‡ ÔÓÎÂÁ-
Ì˚Â Á‡ÏÂ˜‡ÌËfl.

ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ÙËÌ‡ÌÒÓ‚ÓÈ ÔÓ‰‰ÂÊÍÂ
êÓÒÒËÈÒÍÓ„Ó ÙÓÌ‰‡ ÙÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚ı ËÒÒÎÂ‰Ó‚‡-
ÌËÈ (ÔÓÂÍÚ˚ 01–08–00553, 08–08–00530 Ë 07–01–
96003-_Û‡Î_‡).
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Ω21
1
2
--- u v–( ).=

V1 V1 x x0– y y0– z z0– t, , ,( ) x0' ,+=

V2 V2 x x0– y y0– z z0– t, , ,( ) y0' ,+=

V3 V3 x x0– y y0– z z0– t, , ,( ) z0' ,+=

P P x x0– y y0– z z0– t, , ,( ) –=

 ρ x0''x y0''y z0''z+ +( ),–

íÄÅãàñÄ 1.  äÎ‡ÒÒËÙËÍ‡ˆËfl ÓÒÂ‚˚ı ÚÂ˜ÂÌËÈ, ÓÔËÒ˚‚‡ÂÏ˚ı ÙÓÏÛÎ‡ÏË (5)

íËÔ ÚÂ˜ÂÌËfl àÒÍÓÏ˚Â ÙÛÌÍˆËË îÛÌÍˆËË, ‚ıÓ‰fl˘ËÂ ‚ ‰‡‚ÎÂÌËÂ

éÒÂÒËÏÏÂÚË˜ÌÓÂ u = v = w = 0 α = β, γ = 0

äÓÏ·ËÌ‡ˆËfl ÓÒÂÒËÏÏÂÚË˜ÌÓ„Ó
ÚÂ˜ÂÌËfl Ë ‚‡˘ÂÌËfl ‚ÓÍÛ„ ÓÒË z

w = 0, v = –u α = β, γ = 0

óËÒÚÓ ‰ÂÙÓÏ‡ˆËÓÌÌÓÂ (·ÂÁ ‚‡˘ÂÌËfl) u = v α, β, γ – Î˛·˚Â

é·˘ÂÂ ÓÒÂ‚ÓÂ u ≠ v α, β, γ – Î˛·˚Â
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