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1. Ç‚Â‰ÂÌËÂ

 

ê‡ÒÔÓÒÚ‡ÌÂÌÌ˚Ï Ó·˙ÂÍÚÓÏ ˝ÍÒÔÂËÏÂÌÚ‡Î¸-
Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ ‰ËÌ‡ÏËÍË ‰ÓÏÂÌÌ˚ı „‡ÌËˆ (ÑÉ)
ÒÎÛÊ‡Ú ÔÂÔÂÌ‰ËÍÛÎflÌÓ Ì‡Ï‡„ÌË˜ÂÌÌ˚Â ÔÎÂÌÍË
Ó‰ÌÓÓÒÌ˚ı ÙÂÓÏ‡„ÌÂÚËÍÓ‚ (˜‡ÒÚÓ – ÔÎÂÌÍË Â‰-
ÍÓÁÂÏÂÎ¸Ì˚ı ÙÂËÚÓ‚-„‡Ì‡ÚÓ‚). í‡ÍËÂ ÔÎÂÌÍË
ı‡‡ÍÚÂËÁÛ˛ÚÒfl ÌÂ‡‚ÂÌÒÚ‚ÓÏ 
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 – Ù‡ÍÚÓ Í‡˜ÂÒÚ‚‡; 

 

M

 

 – Ì‡Ï‡„ÌË˜ÂÌÌÓÒÚ¸; 

 

H

 

‡

 

 – ̋ Ù-
ÙÂÍÚË‚ÌÓÂ ÔÓÎÂ Ó‰ÌÓÓÒÌÓÈ ‡ÌËÁÓÚÓÔËË, ÍÓÚÓÓÂ
ÔÂÔÂÌ‰ËÍÛÎflÌÓ ÔÓ‚ÂıÌÓÒÚflÏ ÔÎÂÌÍË. ëÚÛÍÚÛ‡
180-„‡‰ÛÒÌ˚ı ÑÉ ‚ ÌËı, Á‡ Ò˜ÂÚ ‰ÂÈÒÚ‚Ëfl ‡ÁÏ‡„ÌË-
˜Ë‚‡˛˘Ëı ÔÓÎÂÈ Ì‡ ÒÔËÌ˚ ‚ÌÛÚË ÑÉ, ÒÚ‡ÌÓ‚ËÚÒfl
ÌÂÓ‰ÌÓÓ‰ÌÓÈ ÔÓ ÚÓÎ˘ËÌÂ ÔÎÂÌÍË (‰‚ÛÏÂÌÓÈ) Ë
ÌÓÒËÚ Ì‡Á‚‡ÌËÂ “ÒÍÛ˜ÂÌÌÓÈ”. ÑËÌ‡ÏËÍ‡ ÒÍÛ˜ÂÌ-
Ì˚ı ÑÉ (ëÑÉ) ‡‰ËÍ‡Î¸ÌÓ ÓÚÎË˜‡ÂÚÒfl ÓÚ ‰ËÌ‡ÏË-
ÍË Ó‰ÌÓÏÂÌ˚ı ÑÉ (ÅÎÓı‡ ËÎË çÂÂÎfl) [1].

èÂÂıÓ‰fl Í ‰ÂÈÙÛ ÑÉ – ÂÂ ÒÂ‰ÌÂÏÛ ÔÓÒÚÛÔ‡-
ÚÂÎ¸ÌÓÏÛ ÔÂÂÏÂ˘ÂÌË˛ ‚ ÓÒˆËÎÎËÛ˛˘Ëı Ï‡„-
ÌËÚÌ˚ı ÔÓÎflı, – ÓÚÏÂÚËÏ, ˜ÚÓ ÔÂ‚˚Â ÚÂÓÂÚË˜Â-
ÒÍËÂ ‡·ÓÚ˚ ‚ ˝ÚÓÏ Ì‡Ô‡‚ÎÂÌËË [2–4] (ÒÏ. Ú‡ÍÊÂ
Ó·ÁÓ ‚ [1]) Ó„‡ÌË˜Ë‚‡ÎËÒ¸ ÔË ‚˚˜ËÒÎÂÌËË ÒÍÓ-
ÓÒÚË ÑÉ ÎË¯¸ Í‚‡‰‡ÚË˜Ì˚Ï ÔË·ÎËÊÂÌËÂÏ ÔÓ
Ï‡Î˚Ï ‡ÏÔÎËÚÛ‰‡Ï ‚ÌÂ¯ÌËı ÔÓÎÂÈ. åÂı‡ÌËÁÏ
‰ÂÈÙ‡ ‚ ˝ÚÓÏ ÔË·ÎËÊÂÌËË ÒÓÒÚÓËÚ ‚ ÚÓÏ, ˜ÚÓ ‚
ÛÒÎÓ‚Ëflı ÔËÌÛ‰ËÚÂÎ¸ÌÓÈ ÔÂˆÂÒÒËË ÔÓ‰ ‰ÂÈÒÚ‚Ë-
ÂÏ ÓÒˆËÎÎËÛ˛˘Ëı Ï‡„ÌËÚÌ˚ı ÔÓÎÂÈ ÒÔËÌ˚ ‚
„ÎÛ·ËÌ‡ı ÒÓÒÂ‰ÒÚ‚Û˛˘Ëı Ò 180-„‡‰ÛÒÌÓÈ ÑÉ ‰Ó-
ÏÂÌÓ‚ Ó·Î‡‰‡˛Ú ‡ÁÎË˜ÌÓÈ ÁÂÂÏ‡ÌÓ‚ÓÈ ˝ÌÂ„ËÂÈ,
˜ÚÓ Ë Ó·ÛÒÎÓ‚ÎË‚‡ÂÚ ÌÂËÒ˜ÂÁ‡˛˘ÂÂ ÔË ÛÒÂ‰ÌÂ-
ÌËË ÔÓ ‚ÂÏÂÌË ‚ÌÛÚÂÌÌÂÂ ‰‡‚ÎÂÌËÂ Ì‡ ÔÎÓÒ-
ÍÓÒÚ¸ ÑÉ Ë ÂÂ ÔÓÒÚÛÔ‡ÚÂÎ¸ÌÓÂ ÔÂÂÏÂ˘ÂÌËÂ [2, 1].
í‡ÍËÏ Ó·‡ÁÓÏ, ÒÚÛÍÚÛ‡ ÑÉ ‚ ÛÍ‡Á‡ÌÌÓÏ ÔË-
·ÎËÊÂÌËË ÌÂ ‚ÌÓÒËÚ ‚ÍÎ‡‰‡ ‚ ÒÍÓÓÒÚ¸ ‰ÂÈÙ‡
ÑÉ, ÔÓ Í‡ÈÌÂÈ ÏÂÂ, ‚ ‚Â‰Û˘ÂÏ ÔË·ÎËÊÂÌËË.
(ç‡ÔËÏÂ, ‚ [2] ËÒÔÓÎ¸ÁÛ˛ÚÒfl ÚÓÎ¸ÍÓ Ï‡Î˚Â
ÍÓÏÔÓÌÂÌÚ˚ Ì‡‚Â‰ÂÌÌ˚ı Ì‡Ï‡„ÌË˜ÂÌÌÓÒÚÂÈ, ÎË-

ÌÂÈÌÓ Á‡‚ËÒfl˘ËÂ ÓÚ ‚ÓÁ·ÛÊ‰‡˛˘Â„Ó ÔÓÎfl ˜ÂÂÁ
ÚÂÌÁÓ ‚ÓÒÔËËÏ˜Ë‚ÓÒÚË Ó‰ÌÓÓ‰ÌÓ Ì‡Ï‡„ÌË˜ÂÌ-
Ì˚ı ‰ÓÏÂÌÓ‚, Ë ÒÓ‚Â¯ÂÌÌÓ ÌÂ Û˜ËÚ˚‚‡˛ÚÒfl ÒÔË-
Ì˚ ‚ÌÛÚË ÑÉ.)

ëÛ„Û·Ó ÌÂÎËÌÂÈÌ‡fl ÚÂÓËfl ‰ÂÈÙ‡ ‰Îfl ÔÓ-
ÒÚ‡ÌÒÚ‚ÂÌÌÓ Ó‰ÌÓÏÂÌ˚ı ÑÉ ·˚Î‡ ÔÓÒÚÓÂÌ‡ ‚
[5, 6] Á‡ Ò˜ÂÚ Ó„‡ÌË˜ÂÌËfl ÍÎ‡ÒÒ‡ ÙÂÓÏ‡„ÌÂÚË-
ÍÓ‚ Ï‡ÚÂË‡Î‡ÏË Ò 
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 > 1. ÑÎfl ‡ÒÒÏ‡ÚË‚‡ÂÏÓ„Ó
‰‡ÎÂÂ ÒÎÛ˜‡fl, ˆËÍÛÎflÌÓ ÔÓÎflËÁÓ‚‡ÌÌÓ„Ó ‚ ·‡-
ÁËÒÌÓÈ ÔÎÓÒÍÓÒÚË Ó‰ÌÓÓÒÌÓ„Ó ÙÂÓÏ‡„ÌÂÚËÍ‡
ÒËÎ¸ÌÓ„Ó Ï‡„ÌËÚÌÓ„Ó ÔÓÎfl 

 

H

 

 (8

 

M

 

 < 

 

H

 

 < 

 

H

 

a

 

) Ë ˜‡-
ÒÚÓÚ 

 

ω

 

, ÎÂÊ‡˘Ëı ÌËÊÂ ˜‡ÒÚÓÚ˚ îåê, ‚ [5] ·˚Î
Ó·Ì‡ÛÊÂÌ ÏÂı‡ÌËÁÏ ‰ÂÈÙ‡ ÑÉ, ÓÚÎË˜‡˛˘ËÈÒfl
ÓÚ [2–4]. ÑÂÈÙ ‚ÓÁÌËÍ‡ÂÚ Á‡ Ò˜ÂÚ Û‚ÎÂ˜ÂÌËfl ÒÔË-
ÌÓ‚, ÎÓÍ‡ÎËÁÓ‚‡ÌÌ˚ı ‚ÌÛÚË ÑÉ, ‚ÒÎÂ‰ Á‡ ‚‡˘‡-
˛˘ËÏÒfl Ï‡„ÌËÚÌ˚Ï ÔÓÎÂÏ, ÔË˜ÂÏ ‚ÍÎ‡‰ ÒÔËÌÓ‚
‚ ‰ÓÏÂÌ‡ı ÌÂ Û˜ËÚ˚‚‡ÂÚÒfl, Ú‡Í Í‡Í ÓÌ ~1/

 

Q

 

. èÓ-
ÌflÚÌÓ, ̃ ÚÓ ‚ ‡ÏÍ‡ı ‰‡ÌÌÓ„Ó ÏÂı‡ÌËÁÏ‡ Û˜ÂÚ ‚ÌÛÚ-
ÂÌÌÂÈ ÒÚÛÍÚÛ˚ ÑÉ, ‚ ÔÂÔÂÌ‰ËÍÛÎflÌÓ Ì‡Ï‡„-
ÌË˜ÂÌÌ˚ı ÔÎÂÌÍ‡ı – ÒÍÛ˜ÂÌÌÓÒÚË, ÒÚ‡ÌÓ‚ËÚÒfl ÌÂ-
Ó·ıÓ‰ËÏ˚Ï (ËÒÍÎ˛˜ÂÌËÂÏ Á‰ÂÒ¸ ÏÓ„ÛÚ ÒÎÛÊËÚ¸
ÎË¯¸ Ó˜ÂÌ¸ ÚÓÌÍËÂ ÔÎÂÌÍË, ‚ ÍÓÚÓ˚ı ‚ÍÎ‡‰ ÒÍÛ-
˜ÂÌÌÓÒÚË ÔÓ‰‡‚ÎflÂÚÒfl [7–12]).

Ç Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ ÂÁÛÎ¸Ú‡Ú˚ [5], ÓÚÌÓÒfl˘Ë-
ÂÒfl Í ‰ÂÈÙÛ ·ÎÓıÓ‚ÒÍÓÈ ÑÉ ‚Ó ‚‡˘‡˛˘ÂÏÒfl ‚
·‡ÁËÒÌÓÈ ÔÎÓÒÍÓÒÚË ÙÂÓÏ‡„ÌÂÚËÍ‡ ÒËÎ¸ÌÓÏ
Ï‡„ÌËÚÌÓÏ ÔÓÎÂ, Ó·Ó·˘‡˛ÚÒfl Ì‡ ÒÎÛ˜‡È ëÑÉ. éÒ-
ÌÓ‚ÌÓÂ ‚ÌËÏ‡ÌËÂ Û‰ÂÎflÂÚÒfl ÓÔÂ‰ÂÎÂÌË˛ ˜‡ÒÚÓ-
Ú˚ ‚‡˘‡˛˘Â„ÓÒfl ÔÓÎfl, ÔË ÍÓÚÓÓÈ ÔÓËÒıÓ‰ËÚ
Ò˚‚ ÒÚ‡ˆËÓÌ‡ÌÓ„Ó ÂÊËÏ‡ ‰ÂÈÙ‡. ùÚ‡ ˜‡ÒÚÓÚ‡
ÎËÌÂÈÌÓ Ò‚flÁ‡Ì‡ Ò ÌÂÍÓÚÓÓÈ ÍËÚË˜ÂÒÍÓÈ ÒÍÓÓ-
ÒÚ¸˛ ëÑÉ, ÍÓÚÓÛ˛ ÏÓÊÌÓ ‡ÒÒÏ‡ÚË‚‡Ú¸ Í‡Í
‡Ì‡ÎÓ„ ËÁ‚ÂÒÚÌÓÈ ‰Îfl ‰ËÌ‡ÏËÍË ëÑÉ ‚ ÔÓÒÚÓflÌÌÓÏ
Ï‡„ÌËÚÌÓÏ ÔÓÎÂ ‚ÂÎË˜ËÌ˚–ÒÍÓÓÒÚË, ÔË ÍÓÚÓÓÈ
‚ ëÑÉ ÔÓËÒıÓ‰ËÚ ÌÛÍÎÂ‡ˆËfl ÔÂ‚ÓÈ „ÓËÁÓÌÚ‡Î¸-
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ïÓ‰ÂÌÍÓ‚

 

ÌÓÈ ·ÎÓıÓ‚ÒÍÓÈ ÎËÌËË (“ÒÍÓÓÒÚË ÌÛÍÎÂ‡ˆËË ÉÅã”)
[1] Ë ÔÓËÒıÓ‰ËÚ ÔÂÂıÓ‰ ‚ ÌÂÒÚ‡ˆËÓÌ‡Ì˚È ÂÊËÏ. 

 

2. ì‡‚ÌÂÌËfl ‰‚ËÊÂÌËfl, ˜ËÒÎÂÌÌ˚Â 
ÂÁÛÎ¸Ú‡Ú˚

 

èÓÏÂÒÚËÏ Ì‡˜‡ÎÓ ÍÓÓ‰ËÌ‡Ú ‚ ÒÂÂ‰ËÌÌÓÈ ÔÎÓÒ-
ÍÓÒÚË ÔÎÂÌÍË (ÚÓÎ˘ËÌ˚ 
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 Ì‡Ô‡‚ËÏ ÔÂ-
ÔÂÌ‰ËÍÛÎflÌÓ ÂÂ ÔÎÓÒÍÓÒÚflÏ. èÎÓÒÍÓÒÚ¸ ëÑÉ ÒÓ‚-
ÏÂÒÚËÏ Ò ÔÎÓÒÍÓÒÚ¸˛ 
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 Ë ·Û‰ÂÏ Ò˜ËÚ‡Ú¸, ˜ÚÓ Ì‡-
Ï‡„ÌË˜ÂÌÌÓÒÚË ‚ ‰ÓÏÂÌ‡ı 
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èÓÒÍÓÎ¸ÍÛ 
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 > 1, ÚÓ Ò ÚÓ˜ÌÓÒÚ¸˛ ‰Ó 1/
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 ‚ÏÂÒÚÓ
Û‡‚ÌÂÌËÈ ã‡Ì‰‡Û–ãËÙ¯Ëˆ‡ ÔËÏÂÌËÏ˚ Û‡‚ÌÂ-
ÌËfl ëÎÓÌ˜Â‚ÒÍÓ„Ó. èÓÎÓÊÂÌËfl ˆÂÌÚ‡ ëÑÉ 
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Ì‡ ÓÒË 
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 Ë ‡ÁËÏÛÚ‡Î¸Ì˚È Û„ÓÎ 
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) ‚ÂÍÚÓ‡ Ì‡-
Ï‡„ÌË˜ÂÌÌÓÒÚË 

 

M
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 – 
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(
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), 

 

z

 

, 

 

t

 

) ‚ ˆÂÌÚÂ ÑÉ Û‰Ó‚ÎÂ-
Ú‚Ófl˛Ú ÒÎÂ‰Û˛˘ËÏ Û‡‚ÌÂÌËflÏ Ë „‡ÌË˜Ì˚Ï
ÛÒÎÓ‚ËflÏ Ì‡ ÔÓ‚ÂıÌÓÒÚflı ÔÎÂÌÍË

(1.1)

(1.2)

(1.3)

á‰ÂÒ¸ ÚÓ˜ÍË Ë ¯ÚËıË Ì‡‰ Á‡‚ËÒËÏ˚ÏË ÔÂÂÏÂÌ-
Ì˚ÏË Ó·ÓÁÌ‡˜‡˛Ú ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ ÔÓËÁ‚Ó‰Ì˚Â
ÔÓ ‚ÂÏÂÌË 
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 Ë ÍÓÓ‰ËÌ‡ÚÂ 
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; ÁÂÂÏ‡ÌÓ‚ ‚ÍÎ‡‰ ‰‡ÂÚÒfl
ÔÓÎÂÏ 
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 > 0, ‚‡˘‡˛˘ËÏÒfl ‚ ÔÎÓÒÍÓÒÚË ÔÎÂÌÍË Ò
˜‡ÒÚÓÚÓÈ 

 

ω

 

; ÔÂ‚˚Â ˜ÎÂÌ˚ ÒÔ‡‚‡ ‚ (1.1)–(1.2) –
‚ÍÎ‡‰˚ ÌÂÓ‰ÌÓÓ‰ÌÓ„Ó Ó·ÏÂÌÌÓ„Ó ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl;
‚ÚÓÓÈ ˜ÎÂÌ ÒÔ‡‚‡ ‚ (1.2) – Ï‡„ÌËÚÓÒÚ‡ÚË˜ÂÒÍËÂ
‚ÍÎ‡‰˚ (ÔÂ‚˚È ‚ ÒÍÓ·Í‡ı – ÎÓÍ‡Î¸Ì˚È ‚ÍÎ‡‰, ‚ÚÓ-
ÓÈ – ‚ÍÎ‡‰ “Ï‡„ÌËÚÌ˚ı ÔÓÎ˛ÒÓ‚” Ì‡ ÔÓ‚ÂıÌÓÒÚflı
ÔÎÂÌÍË ‚ ‰ÓÏÂÌ‡ı, ÔÓÎÂ ÓÚ ÍÓÚÓ˚ı 
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ÔË‚Ó‰ËÚ Í ÒÍÛ˜ÂÌÌÓÒÚË ÑÉ); 
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 – Ô‡‡ÏÂÚ Á‡ÚÛı‡-

ÌËfl ÉËÎ¸·ÂÚ‡; 
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 =  – Ô‡‡ÏÂÚ
¯ËËÌ˚ ·ÎÓıÓ‚ÒÍÓÈ ÎËÌËË (

 

∆

 

 – Ô‡‡ÏÂÚ ¯ËËÌ˚
·ÎÓıÓ‚ÒÍÓÈ ÑÉ). ì‡‚ÌÂÌËfl (1) ·ÂÁ‡ÁÏÂÌ˚: 
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 ËÁÏÂ-
flÂÚÒfl ‚ Â‰ËÌËˆ‡ı 
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 > 0 – Ï‡„ÌËÚÓÏÂ-
ı‡ÌË˜ÂÒÍÓÂ ÓÚÌÓ¯ÂÌËÂ), 
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 – 
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, ÒÍÓÓÒÚ¸ ëÑÉ  – 4
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M
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. èÓÒÍÓÎ¸ÍÛ
‰ËÌ‡ÏËÍ‡ ëÑÉ ËÁÛ˜‡Î‡Ò¸ ÔÂËÏÛ˘ÂÒÚ‚ÂÌÌÓ ‚ ÔÓÎÂ
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z

 

, Ì‡Ô‡‚ÎÂÌÌÓÏ ÔÓ ÓÒË 
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, ÚÓ ‰Îfl Ò‡‚ÌËÚÂÎ¸Ì˚ı
ˆÂÎÂÈ ÓÌÓ ‚‚Â‰ÂÌÓ ‚ ÒËÒÚÂÏÛ (1), „‰Â ÔÂ‰ÒÚ‡‚ÎÂÌÓ
‚ Â‰ËÌËˆ‡ı 4

 

π

 

M

 

.
èÂÊ‰Â ̃ ÂÏ ÔÂÂıÓ‰ËÚ¸ Í ËÒÒÎÂ‰Ó‚‡ÌË˛ ÒËÒÚÂ-

Ï˚ (1), Ì‡ÔÓÏÌËÏ ÌÂÍÓÚÓ˚Â ÂÁÛÎ¸Ú‡Ú˚ Ó‰ÌÓ-
ÏÂÌÓ„Ó ‡Ì‡ÎËÁ‡ (‚ (1) ÒÎÂ‰ÛÂÚ ÔÓÎÓÊËÚ¸ 
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 = 0 Ë ÌÂ
Û˜ËÚ˚‚‡Ú¸ ÔÓÎÂ 
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)) [5]. Ç‚Â‰ÂÏ Û„ÎÓ‚Û˛ Ù‡ÁÛ
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 = 
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t

 

 ÏÂÊ‰Û ‚ÂÍÚÓ‡ÏË ‚‡˘‡˛˘Â„ÓÒfl ÔÓÎfl
Ë Ì‡Ï‡„ÌË˜ÂÌÌÓÒÚ¸˛ ‚ ˆÂÌÚÂ ëÑÉ Ë ‚ÓÒÔÓÎ¸ÁÛ-
ÂÏÒfl ÛÒÎÓ‚ËÂÏ 

 

H

 

r

 

 > 1, ÔÓÁ‚ÓÎfl˛˘ËÏ ‚ ÔÂ‚ÓÏ ÔË-
·ÎËÊÂÌËË ÌÂ Û˜ËÚ˚‚‡Ú¸ ÒÎ‡„‡ÂÏÓÂ 
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n

 

ψ

 

cos

 

ψ

 

. ëË-
ÒÚÂÏ‡ (1) Ó·Ì‡ÛÊË‚‡ÂÚ ‚ ˝ÚËı ÔÂ‰ÔÓÎÓÊÂÌËflı

Mez+−

ψ̇ αq̇ Hz–+ ε2q '';=

q̇ αψ̇– ε2ψ '' +–=

+ ψsin Hz z( )–( ) ψcos Hr ψ ωt–( );sin+

ψ ' z 1 t,=( ) ψ ' z 1 t,–=( ) q ' z 1 t,=( )  == =

=  q ' z 1–= t,( ) 0.=

z( )arth

Q∆

q̇

‰‚‡ ÂÊËÏ‡ ‰‚ËÊÂÌËfl: cÚ‡ˆËÓÌ‡Ì˚È ÂÊËÏ Φ =
= Φ0 = const,  =  = const ÔË ˜‡ÒÚÓÚ‡ı ‚ÌÂ¯ÌÂ„Ó
ÔÓÎfl ω < ωc:

(2)

Ë ÔÂˆÂÒÒËÓÌÌ˚È ÂÊËÏ ÔË ω > ωc, ÍÓ„‰‡ ÒÂ‰Ìflfl
ÒÍÓÓÒÚ¸ ÑÉ (Ú.Â. ÂÂ ‰ÂÈÙ‡), ‰ÓÒÚË„ÌÛ‚ , ÒÔ‡‰‡-

ÂÚ ÏÓÌÓÚÓÌÌÓ Ò ÓÒÚÓÏ ˜‡ÒÚÓÚ˚ Í‡Í < (ω  ∞) >
> ∝1/ω. ÇÎËflÌËÂ ÍÓÎÂ·‡ÌËÈ Ì‡Ï‡„ÌË˜ÂÌÌÓÒÚË,
‚˚Á˚‚‡ÂÏ˚ı ‰ÂÈÒÚ‚ËÂÏ ˜ÎÂÌ‡ sinψcosψ, Ì‡ ÒÚ‡ˆË-
ÓÌ‡Ì˚È ÂÊËÏ (2) ÔË Hr >1, ÒÓ„Î‡ÒÌÓ [5], ÌÂÁÌ‡-
˜ËÚÂÎ¸ÌÓ. éÔÚËÏ‡Î¸Ì˚Ï ‰Îfl ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ-
„Ó Ì‡·Î˛‰ÂÌËfl ÒÎÛÊËÚ, ÍÓÌÂ˜ÌÓ, ÔÂ‚˚È ËÁ ÂÊË-
ÏÓ‚.

èÂÂıÓ‰fl Í ˜ËÒÎÂÌÌÓÏÛ ËÌÚÂ„ËÓ‚‡ÌË˛ ÒË-
ÒÚÂÏ˚ (1) ‰Îfl ëÑÉ, ÓÚÏÂÚËÏ, ˜ÚÓ ‰ËÌ‡ÏËÍ‡ ëÑÉ
Ú‡ÍÊÂ Ó·Ì‡ÛÊË‚‡ÂÚ ‰‚‡ ÂÊËÏ‡ ‰‚ËÊÂÌËfl, ‡Ì‡-
ÎÓ„Ë˜Ì˚Â ÛÍ‡Á‡ÌÌ˚Ï ‚˚¯Â. çËÊÂ ·Û‰ÂÚ ‡ÒÒÏ‡Ú-
Ë‚‡Ú¸Òfl ÚÓÎ¸ÍÓ ÂÊËÏ, ÍÓ„‰‡ ‰‚ËÊÂÌËÂ ëÑÉ
ÏÓÊÌÓ ÔÂ‰ÒÚ‡‚ËÚ¸ ‚ ‚Ë‰Â

(3)

„‰Â (z, t) Ë δΦ(z, t) – ÌÂÓ‰ÌÓÓ‰Ì˚Â ÓÒˆËÎÎflˆËË
ÒÍÓÓÒÚË Ë Ù‡Á˚ Ò ÌÛÎÂ‚˚Ï ÒÂ‰ÌËÏ ‚·ÎËÁË ÔÓ-
ÒÚÓflÌÌ˚ı ‚ÂÎË˜ËÌ  Ë Φ00. é‰Ì‡ÍÓ ÚÂÔÂ¸ ÒÚ‡-
ˆËÓÌ‡Ì˚È ÂÊËÏ Ó„‡ÌË˜Ë‚‡ÂÚÒfl ˜‡ÒÚÓÚÓÈ ωn,
ÎÂÊ‡˘ÂÈ ÌËÊÂ ωc – ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÈ ‚ÂÎË˜ËÌ˚ ‚
Ó‰ÌÓÏÂÌÓÏ ÒÎÛ˜‡Â: ω < ωn < ωc (ÒÏ. (2), ÚÓ ÊÂ ÓÚ-
ÌÓÒËÚÒfl Ë Í ÒÍÓÓÒÚË ëÑÉ:  < ). ó‡ÒÚÓÚ‡ ωn

(ËÎË ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘‡fl ÂÈ ÒÍÓÓÒÚ¸ ) ÓÔÂ‰ÂÎfl-
˛Ú ÔÓÓ„ ÌÛÍÎÂ‡ˆËË ‚ ëÑÉ ÔÂ‚ÓÈ „ÓËÁÓÌÚ‡Î¸-
ÌÓÈ ·ÎÓıÓ‚ÒÍÓÈ ÎËÌËË (ÉÅã). Ç Ó·Î‡ÒÚË ·ÓÎ¸¯Ëı
ÚÓÎ˘ËÌ ÔÎÂÌÓÍ (ω < 1) ‚·ÎËÁË Ó‰ÌÓÈ ËÁ ÔÓ‚ÂıÌÓ-
ÒÚÂÈ ÔÎÂÌÍË ‚ ëÑÉ Ó·‡ÁÛÂÚÒfl ıÓÓ¯Ó ÎÓÍ‡ÎËÁÓ-
‚‡ÌÌ‡fl 360-„‡‰ÛÒÌ‡fl ÉÅã; ÔË ε ~ 1 ÔÓÒÚ‡Ì-
ÒÚ‚ÂÌÌÓÂ ‚ÓÁÏÛ˘ÂÌËÂ ÒÚÛÍÚÛ˚ ÔÓ ÍÓÓ‰ËÌ‡ÚÂ z
ÏÂÌÂÂ ‚˚‡ÊÂÌÓ Ë Â„Ó ÂÁÍÓÈ ÎÓÍ‡ÎËÁ‡ˆËË ÌÂ Ì‡-
·Î˛‰‡ÂÚÒfl. á‡ ÔÓÓ„ÓÏ ÌÛÍÎÂ‡ˆËË ÔÓËÒıÓ‰ËÚ ÔÂ-
ÂÏÂ˘ÂÌËÂ 360-„‡‰ÛÒÌÓÈ ÉÅã ÔÓ ‚ÒÂÈ ÚÓÎ˘ËÌÂ
ÔÎÂÌÍË Ë, ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ‚ÂÎË˜ËÌ˚ Hr, – Ëı ÏÌÓ-
ÊÂÒÚ‚ÂÌÌÓÂ Á‡ÓÊ‰ÂÌËÂ. éÚÏÂÚËÏ, ˜ÚÓ ‚ ÔÓÒÚÓflÌ-
ÌÓÏ ÔÓÎÂ Hz ËÏÂÂÚ ÏÂÒÚÓ ÌÂÒÍÓÎ¸ÍÓ ËÌ‡fl Í‡ÚËÌ‡
[1]: ÔË  ‚·ÎËÁË ÔÓ‚ÂıÌÓÒÚË ÔÎÂÌÍË ‚ÓÁÌËÍ‡ÂÚ
ÉÅã Ï‡ÎÓÈ ÏÓ˘ÌÓÒÚË, ÍÓÚÓ‡fl, ÒÏÂ˘‡flÒ¸ Í ÔÓ-
ÚË‚ÓÔÓÎÓÊÌÓÈ ÔÓ‚ÂıÌÓÒÚË, ÔÓÒÚÂÔÂÌÌÓ ÒÚ‡ÌÓ-
‚ËÚÒfl ~360-„‡‰ÛÒÌÓÈ.

óËÒÎÂÌÌÓÂ ËÌÚÂ„ËÓ‚‡ÌËÂ ÒËÒÚÂÏ˚ (1) ‚ Ì‡-
ÒÚÓfl˘ÂÈ ‡·ÓÚÂ Ó„‡ÌË˜Ë‚‡ÂÚÒfl ÓÔÂ‰ÂÎÂÌËÂÏ
Á‡‚ËÒËÏÓÒÚË ωn(ε) ‚ Ó·Î‡ÒÚË 0.1 < ε < 1 ‰Îfl ÌÂ-
ÒÍÓÎ¸ÍËı ÁÌ‡˜ÂÌËÈ ‚‡˘‡˛˘Â„ÓÒfl ÔÓÎfl, ÎÂÊ‡-
˘Ëı ‚ Ó·Î‡ÒÚË 1 < Hr < 5. ç‡ ËÒ. 1 ÔÂ‰ÒÚ‡‚ÎÂÌÓ
ÌÂÒÍÓÎ¸ÍÓ ‡Ò˜ÂÚÌ˚ı ÍË‚˚ı Á‡‚ËÒËÏÓÒÚÂÈ ωn(ε)
ÔË ‡ÁÎË˜Ì˚ı ‡ÏÔÎËÚÛ‰‡ı ‚‡˘‡˛˘Â„ÓÒfl ÔÓÎfl

q̇ q̇0

q̇0 ω/α, Φ0sin– 1 α2+( )ω/αHr;–= =

ωc αHr/ 1 α2+( ), q̇0 q̇c≤ Hr/ 1 α2+( )= =

q̇c

q̇

q̇ z t,( ) q̇00 δq̇ z t,( ), Φ z t,( )+ Φ00 δΦ z t,( ),+= =

δq̇

q̇00

q̇n q̇c

q̇n

q̇n
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Hr ‰Îfl Ô‡‡ÏÂÚ‡ Á‡ÚÛı‡ÌËfl ÉËÎ¸·ÂÚ‡ α = 0.4.
ä‡Í ÒÎÂ‰ÛÂÚ ËÁ [7], ÒÏ. Ú‡ÍÊÂ [9–12], Ò ÓÒÚÓÏ ε
ÔÓËÒıÓ‰ËÚ ÔÓ‰‡‚ÎÂÌËÂ ÒÍÛ˜ÂÌÌÓÒÚË Ë ÔÂÂıÓ‰ Í
ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓ Ó‰ÌÓÏÂÌÓÈ ÒÚÛÍÚÛÂ. Ç ÒÓÓÚ-
‚ÂÚÒÚ‚ËË Ò ˝ÚËÏË ÂÁÛÎ¸Ú‡Ú‡ÏË ÔÂ‰ÒÚ‡‚ÎÂÌÌ˚Â
Ì‡ ËÒ. 1 Á‡‚ËÒËÏÓÒÚË ωn(ε) Ò ÓÒÚÓÏ ε ‚ ÒÂ‰ÌÂÏ
‡ÒÚÛÚ Ë ÒÚÂÏflÚÒfl Í Ò‚ÓËÏ Ó‰ÌÓÏÂÌ˚Ï ÔÂ‰Â-
Î‡Ï ωc(H) (ÒÏ. (2)), ÓÚÏÂ˜ÂÌÌ˚Ï Ì‡ ËÒ. 1 „ÓËÁÓÌ-
Ú‡Î¸Ì˚ÏË ÓÚÂÁÍ‡ÏË ÔflÏ˚ı ÒÔ‡‚‡. é‰Ì‡ÍÓ
˝ÚÓÚ ÓÒÚ ÌÂ fl‚ÎflÂÚÒfl ÏÓÌÓÚÓÌÌ˚Ï, ı‡‡ÍÚÂ ÓÚ-
ÍÎÓÌÂÌËÈ ÓÚ ÏÓÌÓÚÓÌÌÓÒÚË Á‡‚ËÒËÚ ÓÚ ‡ÏÔÎËÚÛ‰˚
Hr ‚‡˘‡˛˘Â„ÓÒfl Ï‡„ÌËÚÌÓ„Ó ÔÓÎfl, ÔË˜ÂÏ Ò Ó-
ÒÚÓÏ Hr ÔË ε = const ˜‡ÒÚÓÚ‡ ωn ‚ÓÁ‡ÒÚ‡ÂÚ. ëıÓ‰-
ÌÓÂ ÔÓ‚Â‰ÂÌËÂ ωn(ε) ·˚ÎÓ Ó·Ì‡ÛÊÂÌÓ Ë ÔË ÁÌ‡-
˜ÂÌËflı α = 0.2, 0.6.

3. íÂÓÂÚË˜ÂÒÍ‡fl ËÌÚÂÔÂÚ‡ˆËfl

Ç‚Â‰ÂÏ ‚ Û‡‚ÌÂÌËfl (1) ‡ÌÂÂ ÛÔÓÏËÌ‡‚¯Û˛Òfl
Á‡‚ËÒËÏÛ˛ ÔÂÂÏÂÌÌÛ˛ Φ = ψ – ωt , ÔÂ‰ÔÓÎ‡„‡fl,
˜ÚÓ ‰‚ËÊÂÌËÂ ËÏÂÂÚ ‚Ë‰ (3). ìÒÂ‰ÌÂÌËÂ ÔÓ ‚ÂÏÂ-
ÌË Ë ÚÓÎ˘ËÌÂ ÔÎÂÌÍË (Ó·Î‡ÒÚ¸ –1 < z < 1), ÍÓÚÓÓÂ
ÌËÊÂ Ó·ÓÁÌ‡˜‡ÂÚÒfl Û„ÎÓ‚˚ÏË ÒÍÓ·Í‡ÏË 〈…〉, ÎË-
ÌÂÈÌÓ„Ó Û‡‚ÌÂÌËfl (1.1) ÔÓÍ‡Á˚‚‡ÂÚ, ˜ÚÓ ÒÂ‰Ìflfl
ÒÍÓÓÒÚ¸ ëÑÉ Ò‚flÁ‡Ì‡ Ò ˜‡ÒÚÓÚÓÈ ‚‡˘‡˛˘Â„ÓÒfl
ÔÓÎfl ÒÓÓÚÌÓ¯ÂÌËÂÏ (2)

(4)

ÍÓÚÓÓÂ ÒÔ‡‚Â‰ÎË‚Ó ÔË ω < ωn ÌÂÁ‡‚ËÒËÏÓ ÓÚ ËÒ-
ÔÓÎ¸ÁÛÂÏ˚ı ‚ ‰‡Î¸ÌÂÈ¯ÂÏ ÔË·ÎËÊÂÌËÈ. ëÔ‡-
‚Â‰ÎË‚ÓÒÚ¸ (4) ·˚Î‡ ÔÓ‰Ú‚ÂÊ‰ÂÌ‡ ˜ËÒÎÂÌÌ˚ÏË
‡Ò˜ÂÚ‡ÏË ÔË ‡ÁÎË˜Ì˚ı ÁÌ‡˜ÂÌËflı Ô‡‡ÏÂÚÓ‚,
‚ıÓ‰fl˘Ëı ‚ (1), ‚ ÚÓÏ ˜ËÒÎÂ Ë ÔË ω = ωn. (éÚÏÂ-
ÚËÏ, ˜ÚÓ ‚ ÒÎÛ˜‡Â ÔÓ‰‚ËÊÂÌËfl ëÑÉ ÔÓÎÂÏ Hz ÒÓ-
ÓÚÌÓ¯ÂÌËÂ (4) Á‡ÏÂÌflÂÚÒfl Ì‡  = Hz/α.) Ç Ò‚Ó˛

q̇00 ω/α,–=

q̇00

Ó˜ÂÂ‰¸ ÛÒÂ‰ÌÂÌËÂ (1.2) ÔÓÒÎÂ ËÒÍÎ˛˜ÂÌËfl  Ò
ÔÓÏÓ˘¸˛ (4) ÔË‚Ó‰ËÚ ‚ÏÂÒÚÓ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÈ
ÙÓÏÛÎ˚ ‚ (2) Í ‚˚‡ÊÂÌË˛

(5)

„‰Â ‚ Û„ÎÓ‚˚ı ÒÍÓ·Í‡ı ÒÚÓËÚ Ô‡‚‡fl ˜‡ÒÚ¸ (1.2) ‚
ÔË·ÎËÊÂÌËË Hr > 1, ‚˚‡ÊÂÌÌ‡fl ˜ÂÂÁ Φ(z, t), Ò
Û˜ÂÚÓÏ Ó·‡˘ÂÌËfl Ó·ÏÂÌÌÓ„Ó ˜ÎÂÌ‡ ‚ ÌÛÎ¸ ‚ ÒËÎÛ
„‡ÌË˜Ì˚ı ÛÒÎÓ‚ËÈ. Ç ÔËÌˆËÔÂ (5) ÔÓÁ‚ÓÎflÂÚ
ÓÔÂ‰ÂÎËÚ¸ ÔÓ ËÁ‚ÂÒÚÌÓÈ ÙÛÌÍˆËË Φ(z, t) ˜‡ÒÚÓÚÛ
ÌÛÍÎÂ‡ˆËË Í‡Í Ï‡ÍÒËÏ‡Î¸ÌÓÂ ÁÌ‡˜ÂÌËÂ Ô‡‚ÓÈ ̃ ‡-
ÒÚË. Ç ÔÂ‰ÂÎÂ Ó˜ÂÌ¸ ·ÓÎ¸¯Ëı Hr ÙÓÏÛÎ‡ (5) ÒÓ‚-
Ô‡‰‡ÂÚ Ò (2) Ë ÔÓ ÒÏ˚ÒÎÛ ‚˚‚Ó‰‡, Ú‡ÍÓÂ ÊÂ ÒÓ‚Ô‡-
‰ÂÌËÂ ËÏÂÂÚ ÏÂÒÚÓ ‚ ÔÂ‰ÂÎÂ Ó˜ÂÌ¸ ÚÓÌÍËı ÔÎÂÌÓÍ
ε > 1. èÂ‰ÒÚ‡‚ÎÂÌËÂ (5) ÔÓÁ‚ÓÎflÂÚ Ò‰ÂÎ‡Ú¸ Í‡˜Â-
ÒÚ‚ÂÌÌ˚È ‚˚‚Ó‰ Ó ÚÓÏ, ˜ÚÓ ‚ ÒÎÛ˜‡Â Ï‡ÎÓÒÚË ÓÒ-
ˆËÎÎflˆËÓÌÌ˚ı ˜ÎÂÌÓ‚ ‚ (3) Ò ÓÒÚÓÏ Hr ËÎË ε ˜‡-
ÒÚÓÚ‡ ÌÛÍÎÂ‡ˆËË ωn ‚ ÒÂ‰ÌÂÏ ‰ÓÎÊÌ‡ ‚ÓÁ‡ÒÚ‡Ú¸.

àÁ (5) ÒÎÂ‰ÛÂÚ, ˜ÚÓ fl‚Ì‡fl Á‡‚ËÒËÏÓÒÚ¸ ÍË‚˚ı
ωn(ε) ÓÚ Ô‡‡ÏÂÚ‡ Á‡ÚÛı‡ÌËfl ÉËÎ¸·ÂÚ‡ α Ò‚Ó‰ËÚ-
Òfl Í ~α/(1 + α2). ç‡ÔÓÏÌËÏ, ˜ÚÓ Ú‡Í‡fl ÊÂ Á‡‚ËÒË-
ÏÓÒÚ¸ ı‡‡ÍÚÂÌ‡ ‰Îfl Ó‰ÌÓÏÂÌÓ„Ó ÒÎÛ˜‡fl, ÍÓ„‰‡
ωc = Hrα/(1 + α2), ÒÏ. (2). ç‡ ËÒ. 2 ÔÂ‰ÒÚ‡‚ÎÂÌ˚
‚˚˜ËÒÎÂÌÌ˚Â ÔÓ Â¯ÂÌËflÏ (1) ÔË Hr = 2 Á‡‚ËÒË-
ÏÓÒÚË ωn(ε)(1 + α2)/α ‰Îfl ÒÎÛ˜‡Â‚ α = 0.2, 0.4 Ë 0.6,
ÍÓÚÓ˚Â „ÛÔÔËÛ˛ÚÒfl, Í‡Í ÔÓÍ‡Á˚‚‡ÂÚ ËÒÛÌÓÍ,
‚·ÎËÁË ÌÂÍÓÚÓÓÈ ÍË‚ÓÈ, ˜ÚÓ ÔÓ‰Ú‚ÂÊ‰‡˛Ú ‚Â-
‰Û˘Û˛ ÓÎ¸ ÔÂ‚Ó„Ó ÏÌÓÊËÚÂÎfl ‚ (5). é‰Ì‡ÍÓ Ú‡-
ÍÓÂ ÔÓ‚Â‰ÂÌËÂ Ì‡·Î˛‰‡ÂÚÒfl ÚÓÎ¸ÍÓ ‚ Ó·Î‡ÒÚË
ÛÏÂÂÌÌÓ ·ÓÎ¸¯Ëı ÔÓÎÂÈ; Ò ÔÓ‚˚¯ÂÌËÂÏ ÔÓÎfl Hr
Á‡‚ËÒËÏÓÒÚË ωn(ε) ÒÚ‡ÌÓ‚flÚÒfl ÌÂÏÓÌÓÚÓÌÌ˚ÏË
(ÒÏ. ËÒ. 1) Ë ‰‡ÌÌ˚Â ‰Îfl ‡ÁÎË˜Ì˚ı α ÛÊÂ ÌÂ ÔË-
‚Ó‰flÚÒfl Í Ó‰ÌÓÈ ÛÌË‚ÂÒ‡Î¸ÌÓÈ ÍË‚ÓÈ, Í‡Í ‚ ÒÎÛ-
˜‡Â Hr = 2 Ì‡ ËÒ. 2.

èÓÔ˚Ú‡ÂÏÒfl Ó·˙flÒÌËÚ¸ ‚Ë‰ ÍË‚ÓÈ ωn(ε), ËÒıÓ-
‰fl ËÁ Ó‰ÌÓÏÂÌÓÈ ÙÓÏÛÎ˚ (2) ‰Îfl ωc Ë ËÁ‚ÂÒÚÌ˚ı

q̇00

ω α
1 α2+
--------------- Hy z( ) Φ ωt+( )cos Hr Φsin+〈 〉 ,–=

0
0

ωn/(4π × γM)

ε = 2Λ/h
0.2 0.4 0.6 0.8 1.0

α = 0.40.25

0.50

0.75

1.00

1.25

1.50
Hr = 5

Hr = 4

Hr = 3

Hr = 2

êËÒ. 1. á‡‚ËÒËÏÓÒÚ¸ ˜‡ÒÚÓÚ˚ ÌÛÍÎÂ‡ˆËË ωn ÔÂ‚ÓÈ
ÉÅã ‚ ÒÚÛÍÚÛÂ ëÑÉ ÓÚ ÓÚÌÓ¯ÂÌËfl ¯ËËÌ˚ ÉÅã Í
ÚÓÎ˘ËÌÂ ÔÎÂÌÍË ‰Îfl ÛÍ‡Á‡ÌÌ˚ı ÁÌ‡˜ÂÌËÈ ‡ÏÔÎËÚÛ‰
Ï‡„ÌËÚÌÓ„Ó ÔÓÎfl Hr, ‚‡˘‡˛˘Â„ÓÒfl ‚ ÔÎÓÒÍÓÒÚË
ÔÎÂÌÍË, Ë Ô‡‡ÏÂÚ‡ Á‡ÚÛı‡ÌËfl ÉËÎ¸·ÂÚ‡ α.

0.4

0

ωn(1 + α2)/(α 4π γM)

ε = 2Λ/h
0.2 0.4 0.6 0.8 1.0

α = 0.4

0.6

0.8

1.0

1.2

1.4

1.8

Hr = 21.6

α = 0.2

α = 0.6

êËÒ. 2. èË‚Â‰ÂÌËÂ ‡Ò˜ÂÚÌ˚ı ‰‡ÌÌ˚ı ̃ ‡ÒÚÓÚ˚ ÌÛÍÎÂ-
‡ˆËË ωn Í ÛÌË‚ÂÒ‡Î¸ÌÓÈ ÍË‚ÓÈ ‰Îfl ‡ÁÎË˜Ì˚ı ÁÌ‡-
˜ÂÌËÈ Ô‡‡ÏÂÚ‡ Á‡ÚÛı‡ÌËfl ÉËÎ¸·ÂÚ‡ α.
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ïÓ‰ÂÌÍÓ‚

ÔÂ‰ÒÚ‡‚ÎÂÌËÈ Ó ÔÂÂÒÚÓÈÍÂ ‚ÌÛÚÂÌÌÂÈ ÒÚÛÍ-
ÚÛ˚ ëÑÉ ‚ ÔÎ‡Ì‡Ì˚ı Ï‡„ÌËÚÌ˚ı ÔÓÎflı, ÔÓËÒ-
ıÓ‰fl˘Ëı Ò Û˜‡ÒÚËÂÏ ÉÅã. ëÚ‡ÚË˜ÂÒÍËÈ ÔÓÓ„ ‚ÓÁ-
ÌËÍÌÓ‚ÂÌËfl 360-„‡‰ÛÒÌ˚ı ÉÅã ‚ Ó·Î‡ÒÚË z ≈ 0
ëÑÉ, ÒÓ„Î‡ÒÌÓ [7, 8], ÌÂ‚ÂÎËÍ ÔÓ Ò‡‚ÌÂÌË˛ Ò ‡Ï-
ÔÎËÚÛ‰‡ÏË ‚‡˘‡˛˘Â„ÓÒfl ÔÓÎfl Hr/8M > 1, ÒÓÒÚ‡‚-
Îflfl ‚ÒÂ„Ó H/8M ~ aε (a – ÍÓÌÒÚ‡ÌÚ‡ ÔÓfl‰Í‡ Â‰ËÌË-
ˆ˚, ε � 1). èÓ˝ÚÓÏÛ ‰‡ÌÌ˚È ÔÓˆÂÒÒ ÌÂ ÏÓÊÂÚ
·˚Ú¸ ÓÚ‚ÂÚÒÚ‚ÂÌ Á‡ ÌÛÍÎÂ‡ˆË˛ ÉÅã ÔË ωn. ÅÓÎÂÂ
ÔËÂÏÎÂÏ˚Ï ÔÂ‰ÒÚ‡‚ÎflÂÚÒfl ‰Û„ÓÈ ÔÓˆÂÒÒ,
ÔÓËÒıÓ‰fl˘ËÈ ‚ ·ÓÎÂÂ ‚˚ÒÓÍËı ÔÓÎflı, ÔÂÔÂÌ‰Ë-
ÍÛÎflÌ˚ı ÔÎÓÒÍÓÒÚË ëÑÉ, ˜ÂÂÁ ÌÛÍÎÂ‡ˆË˛ ÉÅã
Û Ó‰ÌÓÈ ËÁ ÔÓ‚ÂıÌÓÒÚÂÈ ÔÎÂÌÍË [13].

Ç [13] ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÂ ÔÓÎÂ ÌÛÍÎÂ‡ˆËË ·˚ÎÓ
ÓˆÂÌÂÌÓ ‚‡Ë‡ˆËÓÌÌ˚Ï ÏÂÚÓ‰ÓÏ Ò ÚÓ˜ÌÓÒÚ¸˛ ‰Ó
“·ÓÎ¸¯Ó„Ó ÎÓ„‡ËÙÏ‡” ~lnε, ˜ÚÓ ÓÍ‡Á˚‚‡ÂÚÒfl ÌÂ-
‰ÓÒÚ‡ÚÓ˜Ì˚Ï ‰Îfl ˆÂÎÂÈ Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚ˚ Ë ÚÂ-
·ÛÂÚ ÛÚÓ˜ÌÂÌËfl. èÓÔ‡‚Í‡ Í ÙÛÌÍˆËÓÌ‡ÎÛ ˝ÌÂ-
„ËË, ÓÚ‚Â˜‡˛˘Â„Ó Ô‡‚ÓÈ ˜‡ÒÚË Û‡‚ÌÂÌËfl (1.2),
Á‡ Ò˜ÂÚ ‚ÓÁÏÛ˘ÂÌËfl δψ(z) ÌÂÂÎÂ‚ÒÍÓÈ ÍÓÌÙË„Û‡-
ˆËË ψ0 = π/2 ËÏÂÂÚ ‚Ë‰

(6)

èÓÎ‡„‡fl, ˜ÚÓ ÉÅã Á‡ÓÊ‰‡ÂÚÒfl Û ÌËÊÌÂÈ ÔÓ-
‚ÂıÌÓÒÚË ÔÎÂÌÍË z = –1, ‚˚·Ë‡ÂÏ ÔÓ·ÌÛ˛
ÙÛÌÍˆË˛ ‚ ÔÂÊÌÂÏ ‚Ë‰Â [13] – δψ = Nexp[–(1 +
+ z)2/(2b2)], „‰Â b – ‚‡Ë‡ˆËÓÌÌ˚È Ô‡‡ÏÂÚ. Ç ËÌ-
ÚÂ„‡ÎÂ (6) ‚ ÒËÎÛ ·˚ÒÚÓ„Ó Û·˚‚‡ÌËfl δψ(z) ÏÓÊ-
ÌÓ ‡Ò¯ËËÚ¸ ‚ÂıÌËÈ ÔÂ‰ÂÎ ‰Ó ·ÂÒÍÓÌÂ˜ÌÓÒÚË Ë
‚·ÎËÁË z0 = –1 ‚ÓÒÔÓÎ¸ÁÓ‚‡Ú¸Òfl ‡ÁÎÓÊÂÌËÂÏ

 =  + …. ÑÎfl Ó·Î‡ÒÚË –1 < z < ∞

ËÏÂÂÏ ÌÓÏËÓ‚Ó˜Ì˚È ÏÌÓÊËÚÂÎ¸ N = (2/(bπ1/2))1/2.
ÇÁflÚËÂ Ú‡·ÎË˜Ì˚ı ËÌÚÂ„‡ÎÓ‚ ‚ (6) ‰‡ÂÚ:

(7)

„‰Â γE = 0.577…. åËÌËÏËÁ‡ˆËfl ˝ÚÓ„Ó ‚˚‡ÊÂÌËfl
ÔÓ b ‰‡ÂÚ Ò ÚÓ˜ÌÓÒÚ¸˛ ‰Ó ε2 : b ≈ 21/2ε(1 +
+ ε/(4(2π)1/2)). èÓÒÎÂ ÔÓ‰ÒÚ‡ÌÓ‚ÍË Ì‡È‰ÂÌÌÓ„Ó ‚˚-
‡ÊÂÌËfl ‚ (7) ËÁ ÛÒÎÓ‚Ëfl δE = 0 ÔÓÎÛ˜‡ÂÏ, ÓÔÛÒÍ‡fl
‚ÍÎ‡‰˚ ~ε2, ‚˚‡ÊÂÌËÂ

(8)

íÂÔÂ¸ Ó‰ÌÓÏÂÌÛ˛ ÙÓÏÛÎÛ (2) ‰Îfl ÍËÚË˜Â-
ÒÍÓÈ ̃ ‡ÒÚÓÚ˚ ÏÓÊÌÓ ÔÓÔ˚Ú‡Ú¸Òfl Ó·Ó·˘ËÚ¸ Ì‡ ÒÎÛ-
˜‡È Á‡ÓÊ‰ÂÌËfl ÉÅã ‚ ëÑÉ ÒÎÂ‰Û˛˘ËÏ Ó·‡ÁÓÏ

(9)

„‰Â ˝ÙÙÂÍÚË‚ÌÓÂ ÔÓÎÂ Á‡ÓÊ‰ÂÌËfl ÉÅã Hef(ε) =
= Hcrit(ε) + const. äÓÌÒÚ‡ÌÚ‡ ‚ ˝ÚÓÏ ‚˚‡ÊÂÌËË fl‚-

δE = dzδψ z( ) ε2 d2

dz2
-------– Hr 1– z( )arth+ + δψ z( ).

1–

1

∫

z( )arth
1
2
--- 1 z+

2
-----------ln

1 z+
4

-----------

δE ε2/2b2 Hr 1 +–+=

+ γ E– 4 2ln– 2 bln+( )/4 b/ 4 π( ),+

Hcrit ε( ) 1.41 εln
2

--------–
9ε

16 2π
-----------------.–=

ωn ε( ) α
1 α2+
--------------- Hr Hef ε( )–( ),=

ÎflÂÚÒfl ÔÓ‰„ÓÌÓ˜Ì˚Ï Ô‡‡ÏÂÚÓÏ, ÌÂÓ·ıÓ‰ËÏ˚Ï ‚
Ò‚flÁË Ò ÚÂÏ, ˜ÚÓ (8) ÔÓÎÛ˜ÂÌÓ ‚ ˜ËÒÚÓ ÒÚ‡ÚË˜ÂÒÍÓÏ
ÔË·ÎËÊÂÌËË, ÔÂ‰ÔÓÎ‡„‡˛˘ÂÏ ÔÂÔÂÌ‰ËÍÛÎfl-
ÌÓÒÚ¸ ‚ÌÂ¯ÌÂ„Ó ÔÓÎfl ÔÎÓÒÍÓÒÚË CÑÉ Ë ÌÂ Û˜ËÚ˚-
‚‡˛˘ÂÏ ÓÚÒÚ‡‚‡ÌËfl ÂÂ ÒÚÛÍÚÛ˚ ÓÚ ‚‡˘‡˛˘Â-
„ÓÒfl ÔÓÎfl, ˜ÚÓ ËÏÂÂÚ ÏÂÒÚÓ ‚ ‰ËÌ‡ÏË˜ÂÒÍÓÏ ÒÎÛ-
˜‡Â. éÚÏÂÚËÏ Ú‡ÍÊÂ, ˜ÚÓ ÔÓÎÛ˝ÏÔËË˜ÂÒÍ‡fl ÔÓ
Ò‚ÓÂÏÛ ı‡‡ÍÚÂÛ ÙÓÏÛÎ‡ (9) ÒÔ‡‚Â‰ÎË‚‡ ÚÓÎ¸-
ÍÓ ‰Îfl ÏÓÌÓÚÓÌÌ˚ı Á‡‚ËÒËÏÓÒÚÂÈ ωn(ε) ÚËÔ‡ ÌËÊ-
ÌÂÈ ÍË‚ÓÈ Ì‡ ËÒ. 1. äË‚‡fl, ÔÓÎÛ˜‡˛˘‡flÒfl ÔË
const = –1, Í‡Í ‚Ë‰ÌÓ ËÁ ËÒ. 2, Û‰Ó‚ÎÂÚ‚ÓËÚÂÎ¸ÌÓ
ÓÔËÒ˚‚‡ÂÚ ‡Ò˜ÂÚÌ˚Â ‰‡ÌÌ˚Â. 

4. é·ÒÛÊ‰ÂÌËÂ Ë Á‡ÍÎ˛˜ÂÌËÂ

ê‡ÒÒÏÓÚÂÌÌ˚È ‚ Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ ÏÂı‡ÌËÁÏ
‰ÂÈÙ‡ ëÑÉ ÔÓ ÒÛ˘ÂÒÚ‚Û ÚÓÚ ÊÂ, ˜ÚÓ Ë ‰Îfl Ó‰ÌÓ-
ÏÂÌ˚ı ÑÉ [5]: Û‚ÎÂ˜ÂÌËÂ ÒÔËÌÓ‚, ÎÓÍ‡ÎËÁÓ‚‡ÌÌ˚ı
‚ÌÛÚË ëÑÉ, ‚‡˘‡˛˘ËÏÒfl ‚ ÔÎÓÒÍÓÒÚË ÔÎÂÌÍË
Ï‡„ÌËÚÌ˚Ï ÔÓÎÂÏ. é‰Ì‡ÍÓ Ó„‡ÌË˜ÂÌËÂ ÒÚ‡ˆËÓ-
Ì‡ÌÓ„Ó ÔÓ‰‚ËÊÂÌËfl ëÑÉ Ò ÔÓ‚˚¯ÂÌËÂÏ ˜‡ÒÚÓ-
Ú˚ ‚‡˘ÂÌËfl ‚ÓÁÌËÍ‡ÂÚ ‚ÒÎÂ‰ÒÚ‚ËÂ Á‡ÓÊ‰ÂÌËfl
360-„‡‰ÛÒÌ˚ı ÉÅã, ‡ ÌÂ ÔÂÂıÓ‰‡ ‚ ÔÂˆÂÒÒËÓÌ-
Ì˚È ÂÊËÏ, Í‡Í ‚ Ó‰ÌÓÏÂÌÓÏ ÒÎÛ˜‡Â.

éÒÌÓ‚Ì˚Â ÂÁÛÎ¸Ú‡Ú˚ ‡·ÓÚ˚ ÔÂ‰ÒÚ‡‚ÎÂÌ˚
Ì‡ ËÒ. 1 ÔÓÒÚÓÂÌÌ˚ÏË ‚ ÂÁÛÎ¸Ú‡ÚÂ ˜ËÒÎÂÌÌ˚ı
‡Ò˜ÂÚÓ‚ Á‡‚ËÒËÏÓÒÚflÏË ˜‡ÒÚÓÚ˚ ωn, ÔË ÍÓÚÓÓÈ
ÔÓËÒıÓ‰ËÚ Ó·‡ÁÓ‚‡ÌËÂ ÔÂ‚ÓÈ ÉÅã, ÓÚ ε – ÓÚÌÓ-
¯ÂÌËfl ¯ËËÌ˚ ÉÅã Í ÚÓÎ˘ËÌÂ ÔÎÂÌÍË (ÍËÚË˜Â-
ÒÍË ‚‡ÊÌÓ„Ó ‚ ÚÂÓËË ëÑÉ Ô‡‡ÏÂÚ‡) ÔË ÌÂ-
ÒÍÓÎ¸ÍËı ÁÌ‡˜ÂÌËflı ‡ÏÔÎËÚÛ‰ ‚‡˘‡˛˘Â„ÓÒfl ÔÓ-
Îfl Ë Ô‡‡ÏÂÚÓ‚ Á‡ÚÛı‡ÌËfl. ó‡ÒÚÓÚ˚ ÌÛÍÎÂ‡ˆËË
ÉÅã ‚Ó ‚‡˘‡˛˘ÂÏÒfl ÔÓÎÂ ÎÂÊ‡Ú ÌËÊÂ ˜‡ÒÚÓÚ,
Ó„‡ÌË˜Ë‚‡˛˘Ëı ÒÚ‡ˆËÓÌ‡Ì˚È ÂÊËÏ ‚ Ó‰ÌÓ-
ÏÂÌÓÏ ÒÎÛ˜‡Â [5]; ÔÂÂıÓ‰ Í Ó‰ÌÓÏÂÌÓÏÛ ÔÓ‚Â-
‰ÂÌË˛ Ì‡·Î˛‰‡ÂÚÒfl ‚ Ó·Î‡ÒÚË ε > 1.

Ç ÒÎÛ˜‡Â ÌÂÏÓÌÓÚÓÌÌ˚ı Á‡‚ËÒËÏÓÒÚÂÈ ωn(ε)
ÔÓÔ˚ÚÍ‡ ÚÂÓÂÚË˜ÂÒÍÓÈ ËÌÚÂÔÂÚ‡ˆËË ÒÚ‡ÎÍË-
‚‡ÂÚÒfl Ò ÚÛ‰ÌÓÒÚflÏË, ÔÓÒÍÓÎ¸ÍÛ, Í‡Í ÔÓÍ‡Á˚‚‡-
˛Ú Ì‡·Î˛‰ÂÌËfl Á‡ ÂÁÛÎ¸Ú‡Ú‡ÏË ˜ËÒÎÂÌÌ˚ı ‡Ò-
˜ÂÚÓ‚, Ì‡ „‡ÌËˆÂ ÒÚ‡ˆËÓÌ‡ÌÓ„Ó ÂÊËÏ‡ ‰‚ËÊÂ-
ÌËfl ËÏÂÂÚ ÏÂÒÚÓ ÏÌÓÊÂÒÚ‚ÂÌÌÓÂ ÓÊ‰ÂÌËÂ ÉÅã.
èË ÏÓÌÓÚÓÌÌ˚ı Á‡‚ËÒËÏÓÒÚflı ωn(ε) (‚ Ó·Î‡ÒÚË
ÛÏÂÂÌÌ˚ı ÁÌ‡˜ÂÌËÈ ‡ÏÔÎËÚÛ‰ ‚‡˘‡˛˘Â„ÓÒfl
ÔÓÎfl) ‚ ‡·ÓÚÂ ÔÓÍ‡Á‡ÌÓ (ÒÏ. ËÒ. 2), ˜ÚÓ ÓÒÌÓ‚Ì‡fl
Á‡‚ËÒËÏÓÒÚ¸ ωn(ε) ÓÚ Ô‡‡ÏÂÚ‡ Á‡ÚÛı‡ÌËfl ÒÓ‚Ô‡-
‰‡ÂÚ Ò ËÏÂ˛˘ÂÈ ÏÂÒÚÓ ‚ Ó‰ÌÓÏÂÌÓÏ ÒÎÛ˜‡Â [5].
ÑÎfl ̋ ÚÓ„Ó ÊÂ ‰Ë‡Ô‡ÁÓÌ‡ ‡ÏÔÎËÚÛ‰ ÔÓÎfl ÔÂ‰ÎÓÊÂ-
Ì‡ ÔÓÎÛ˝ÏÔËË˜ÂÒÍ‡fl ÙÓÏÛÎ‡ (9), ÓÔËÒ˚‚‡˛˘‡fl
Á‡‚ËÒËÏÓÒÚ¸ ωn(ε) ‚ ‰Ë‡Ô‡ÁÓÌÂ 0.1 < ε < 1.

èË‚Â‰ÂÏ ‚ Á‡ÍÎ˛˜ÂÌËÂ ÓˆÂÌÍË Ô‡‡ÏÂÚÓ‚
‰ÂÈÙ‡ ëÑÉ ‚ ÙÂËÚ-„‡Ì‡ÚÓ‚ÓÈ ÔÎÂÌÍÂ Ò 4πM ~
~ 100 ÉÒ, γ ~ 107 ‡‰/Ò, α ~ 0.2, ∆ ~ 5 × 10–6 ÒÏ, ε =
= 2Λ/h > 0.1, Hr/8M = 2. Ç ˝ÚËı ÛÒÎÓ‚Ëflı Hr ~ 120 ù
Ë, ÒÓ„Î‡ÒÌÓ (2), ωc ~ 8 × 108 ‡‰/c. àÁ ‰‡ÌÌ˚ı ËÒ. 1
ÒÎÂ‰ÛÂÚ, ˜ÚÓ ωn ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ε ÒÓÒÚ‡‚ÎflÂÚ ÌÂ-
ÒÍÓÎ¸ÍÓ ‰ÂÒflÚ˚ı ÓÚ ωc. å‡ÍÒËÏ‡Î¸Ì‡fl ÒÍÓÓÒÚ¸
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ÑÉ –  = ωc∆/α ~ 4 × 104 ÒÏ/c, Ú‡Í ˜ÚÓ ‰Îfl ëÑÉ

 ÔÓfl‰Í‡ ÌÂÒÍÓÎ¸ÍËı ‰ÂÒflÚ˚ı ÓÚ . ëÎÂ‰ÛÂÚ
Û˜ÂÒÚ¸, Ó‰Ì‡ÍÓ, ˜ÚÓ Ì‡ ÍËÚË˜ÂÒÍÛ˛ ˜‡ÒÚÓÚÛ (Ë
ÒÍÓÓÒÚ¸) ÒÛ˘ÂÒÚ‚ÛÂÚ Â˘Â Ó„‡ÌË˜ÂÌËÂ ÒÌËÁÛ ËÁ-Á‡
ÔËÒÛÚÒÚ‚Ëfl ÔÓÎfl ÍÓ˝ˆËÚË‚ÌÓÒÚË ÑÉ – H0, ÍÓÚÓ-
ÓÂ ‚ ÛÍ‡Á‡ÌÌ˚ı Ï‡ÚÂË‡Î‡ı ≥0.1 ù. èÓ‰ ‰ÂÈÒÚ‚ËÂÏ
ÔÓÎfl Hz, ÔÂÔÂÌ‰ËÍÛÎflÌÓ„Ó ÔÎÓÒÍÓÒÚË ÔÎÂÌÍË,
‰‚ËÊÂÌËÂ ëÑÉ ÒÓ ÒÍÓÓÒÚ¸˛  = γ∆Hz/α ÔÓËÒıÓ-
‰ËÚ, ÂÒÎË Hz > H0. éÚÒ˛‰‡ Ì‡ ˜‡ÒÚÓÚÛ ‚‡˘‡˛˘Â„Ó-
Òfl ÔÓÎfl Ì‡Î‡„‡ÂÚÒfl ÚÂ·Ó‚‡ÌËÂ ω > ω0 = γH0.

ëèàëéä ãàíÖêÄíìêõ

1. å‡ÎÓÁÂÏÓ‚ Ä., ëÎÓÌÁÛÒÍË ÑÊ. ÑÓÏÂÌÌ˚Â ÒÚÂÌÍË ‚
Ï‡ÚÂË‡Î‡ı Ò ñåÑ. å.: åË, 1982. 382 Ò.

2. Schloemann E. Theory of Domain Wall Motion Induced
by Microwave Fields // IEEE Trans. Magn. 1974.
V. MAG-10. ‹ 4. P. 1051–1056.

3. ÖÎÂÓÌÒÍËÈ Ç.å., á‚ÂÁ‰ËÌ Ä.ä., êÂ‰¸ÍÓ Ç.É. ÇÎËfl-
ÌËÂ ·˚ÒÚÓ ÓÒˆËÎÎËÛ˛˘Â„Ó Ï‡„ÌËÚÌÓ„Ó ÔÓÎfl Ì‡
‰ÓÏÂÌÌÛ˛ ÒÚÛÍÚÛÛ ÙÂÓÏ‡„ÌÂÚËÍÓ‚ // îåå.
1977. í. 43. Ç˚Ô. 1. ë. 7–14.

4. Å‡¸flıÚ‡ Ç.É., ÉÓÓ·Âˆ û.à., ÑÂÌËÒÓ‚ ë.à.
ÑÂÈÙ ‰ÓÏÂÌÌ˚ı „‡ÌËˆ ‚ ÓÒˆËÎÎËÛ˛˘ÂÏ Ï‡„-
ÌËÚÌÓÏ ÔÓÎÂ // Üùíî. 1990. í. 98. Ç˚Ô. 4. ë. 1345–
1353.

5. ïÓ‰ÂÌÍÓ‚ É.Ö. èÓÒÚÛÔ‡ÚÂÎ¸ÌÓÂ ‰‚ËÊÂÌËÂ ‰ÓÏÂÌ-
ÌÓÈ „‡ÌËˆ˚ (ÑÉ) ‚ ÒËÎ¸ÌÓÏ Ï‡„ÌËÚÌÓÏ ÔÓÎÂ, ÔÓÎfl-
ËÁÓ‚‡ÌÌÓÏ ˆËÍÛÎflÌÓ ‚ ·‡ÁËÒÌÓÈ ÔÎÓÒÍÓÒÚË Ó‰-

ÌÓÓÒÌÓ„Ó ÙÂÓÏ‡„ÌÂÚËÍ‡ // îTT. 2006. í. 48.
Ç˚Ô. 5. ë. 835–840.

6. ïÓ‰ÂÌÍÓ‚ É.Ö. Ñ‚Ûı˜‡ÒÚÓÚÌÓÂ ‚ÓÁ·ÛÊ‰ÂÌËÂ ‰ÂÈ-
Ù‡ ÑÉ ‚ Ó‰ÌÓÓÒÌ˚ı ÙÂÓÏ‡„ÌÂÚËÍ‡ı Ò ·ÓÎ¸¯ÓÈ
ÍÓÌÒÚ‡ÌÚÓÈ ‡ÌËÁÓÚÓÔËË // îåå. 2007. í. 103.
Ç˚Ô. 3. ë. 238–243.

7. Hubert A. Statics and Dynamics of Domain Walls in
Bubble Materials // J. Appl. Phys. 1975. V. 46. ‹ 10.
P. 2276–2287.

8. ÉÛÂ‚Ë˜ Ä.Ä., åÓÌÓÒÓ‚ ü.Ä. àÁÛ˜ÂÌËÂ ÒÚÛÍÚÛ˚
„‡ÌËˆ˚ ÏÂÊ‰Û ‰ÓÏÂÌ‡ÏË ‚ ÒÎ‡·ÓÏ Ï‡„ÌËÚÌÓÏ ÔÓ-
ÎÂ // îíí. 1976. í. 18. Ç˚Ô. 10. ë. 2897–2906.

9. í‡ÌÍÂÂ‚ Ä.è., ëÚ‡¯ÌËÍÓ‚ é.É. ÇÎËflÌËÂ ÔÓ‚Âı-
ÌÓÒÚË Ì‡ Ò‚ÓÈÒÚ‚‡ ‰ÓÏÂÌÌ˚ı „‡ÌËˆ ‚ ÔÎ‡ÒÚËÌ‡ı
ñåÑ Ï‡ÚÂË‡ÎÓ‚ // îMM. 1982. í. 53. Ç˚Ô. 2.
ë. 257–266.

10. ïÓ‰ÂÌÍÓ‚ É.Ö. ëÍÛ˜ÂÌÌ‡fl ‰ÓÏÂÌÌ‡fl „‡ÌËˆ‡ ‚
Ó˜ÂÌ¸ ÚÓÌÍËı Ï‡„ÌËÚÌ˚ı ÔÎÂÌÍ‡ı Ò ÔÂÔÂÌ‰ËÍÛ-
ÎflÌÓÈ ‡ÌËÁÓÚÓÔËÂÈ // îMM. 1984. í. 58. Ç˚Ô. 1.
ë. 37–41.

11. ïÓ‰ÂÌÍÓ‚ É.Ö. çÂÒÚ‡ˆËÓÌ‡Ì‡fl ‰ËÌ‡ÏËÍ‡ ÒÎ‡·Ó-
ÒÍÛ˜ÂÌÌÓÈ ‰ÓÏÂÌÌÓÈ „‡ÌËˆ˚ // îMM. 1996. í. 81.
Ç˚Ô. 1. ë. 44–51.

12. ïÓ‰ÂÌÍÓ‚ É.Ö. äËÚË˜ÂÒÍËÂ ÒÍÓÓÒÚË ÒÍÛ˜ÂÌÌÓÈ
‰ÓÏÂÌÌÓÈ „‡ÌËˆ˚ ‚ Ó˜ÂÌ¸ ÚÓÌÍËı Ï‡„ÌËÚÌ˚ı
ÔÎÂÌÍ‡ı // èËÒ¸Ï‡ ‚ Üíî. 2003. í. 29. Ç˚Ô. 4.
ë. 58–62.

13. ïÓ‰ÂÌÍÓ‚ É.Ö. èÂÂıÓ‰ ÌÂÂÎÂ‚ÒÍÓÈ ÑÉ ‚ ÒÍÛ˜ÂÌ-
ÌÛ˛ ‚ Ï‡„ÌËÚÌÓÏ ÔÓÎÂ Ë ÇÅã ‚ Ï‡„ÌËÚÌ˚ı ÔÎÂÌÍ‡ı
Ò ÔÂÔÂÌ‰ËÍÛÎflÌ˚ı ‡ÌËÁÓÚÓÔËÂÈ // îMM. 1988.
í. 65. Ç˚Ô. 6. ë. 1059–1067.

q̇c

q̇n q̇c

q̇



<<
  /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


