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1. Ç‚Â‰ÂÌËÂ 

 

àÒÒÎÂ‰Ó‚‡ÌËÂ ÓÊ‰ÂÌËfl ˜‡Ï‡ ‚ ‡‰ÓÌÌ˚ı
‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëflı ÔË ˝ÌÂ„Ëflı 
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�

 

 1 í˝Ç ÔÂ‰-
ÒÚ‡‚ÎflÂÚ ËÌÚÂÂÒ ‰Îfl ÙËÁËÍË ˜‡ÒÚËˆ Ë ËÏÂÂÚ ‚‡Ê-
Ì˚È ÔËÍÎ‡‰ÌÓÈ ‡ÒÔÂÍÚ ‚ ÌÂÈÚËÌÌÓÈ ‡ÒÚÓÌÓÏËË
‚˚ÒÓÍËı ˝ÌÂ„ËÈ. àÏÂÌÌÓ ‡ÚÏÓÒÙÂÌ˚Â ÌÂÈÚË-
ÌÓ ÓÚ ‡ÒÔ‡‰‡ Ó˜‡Ó‚‡ÌÌ˚ı ‡‰ÓÌÓ‚ („Î‡‚Ì˚Ï Ó·-
‡ÁÓÏ 

 

D

 

, 

 

D

 

* Ë 

 

Λ

 

c

 

), ÓÊ‰‡˛˘ËıÒfl ÔË ‚Á‡ËÏÓ‰ÂÈ-
ÒÚ‚ËË ÍÓÒÏË˜ÂÒÍËı ÎÛ˜ÂÈ Ò ‡ÚÏÓÒÙÂÓÈ áÂÏÎË,
fl‚Îfl˛ÚÒfl ÓÒÌÓ‚Ì˚Ï ËÒÚÓ˜ÌËÍÓÏ ÙÓÌ‡ ÔË ‰ÂÚÂÍ-
ÚËÓ‚‡ÌËË (Í‚‡ÁË)‰ËÙÙÛÁÌ˚ı ÔÓÚÓÍÓ‚ ÌÂÈÚËÌÓ
‡ÒÚÓÙËÁË˜ÂÒÍÓ„Ó Ë ÍÓÒÏÓÎÓ„Ë˜ÂÒÍÓ„Ó ÔÓËÒ-
ıÓÊ‰ÂÌËfl [1]. ÖÒÚÂÒÚ‚ÂÌÌ˚Ï ËÌÒÚÛÏÂÌÚÓÏ ‰Îfl
ÔÓ‚ÂÍË ÏÓ‰ÂÎÂÈ ÓÊ‰ÂÌËfl ˜‡Ï‡ Ë ‰Îfl ÛÚÓ˜ÌÂ-
ÌËfl ÙÓÌ‡ ‡ÚÏÓÒÙÂÌ˚ı ÌÂÈÚËÌÓ fl‚ÎflÂÚÒfl ÔÓÚÓÍ
‡ÚÏÓÒÙÂÌ˚ı Ï˛ÓÌÓ‚, „ÂÌÂÚË˜ÂÒÍË Ò‚flÁ‡ÌÌ˚ı Ò
ÌÂÈÚËÌÓ [2]. 

èflÏ˚Â ÒÔÂÍÚÓÏÂÚË˜ÂÒÍËÂ ËÁÏÂÂÌËfl ÔÓ-
ÚÓÍ‡ Ï˛ÓÌÓ‚ Ì‡ Ì‡ÁÂÏÌ˚ı ÛÒÚ‡ÌÓ‚Í‡ı ÔÓÍ‡ ÌÂ
ÔÓ‰‚ËÌÛÎËÒ¸ ÔÓ ˝ÌÂ„ËË Ï˛ÓÌÓ‚ ‚˚¯Â ÔËÏÂ-
ÌÓ 20 í˝Ç ‰Îfl ÓÍÓÎÓ„ÓËÁÓÌÚ‡Î¸ÌÓ„Ó Ë 3 í˝Ç ‰Îfl
‚ÂÚËÍ‡Î¸ÌÓ„Ó ÔÓÚÓÍÓ‚. ëÚ‡ÚËÒÚË˜ÂÒÍ‡fl Ó·ÂÒÔÂ-
˜ÂÌÌÓÒÚ¸ ˝ÚËı ËÁÏÂÂÌËÈ ÌÂ‰ÓÒÚ‡ÚÓ˜Ì‡ ‰Îfl ËÁ-
‚ÎÂ˜ÂÌËfl ÍÓÎË˜ÂÒÚ‚ÂÌÌÓÈ ËÌÙÓÏ‡ˆËË Ó ‚ÍÎ‡‰Â
Ï˛ÓÌÓ‚ ÓÚ ‡ÒÔ‡‰‡ ˜‡Ï‡ – ÔflÏ˚ı Ï˛ÓÌÓ‚. èÓ-
ÚÂÌˆË‡Î¸Ì˚Â ‚ÓÁÏÓÊÌÓÒÚË ÔÓ‰ÁÂÏÌ˚ı ˝ÍÒÔÂË-
ÏÂÌÚÓ‚ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ‚˚¯Â, ÌÓ Á‰ÂÒ¸ ËÏÂÂÚÒfl ÂÒ-
ÚÂÒÚ‚ÂÌÌ˚È ÔÂ‰ÂÎ, Ó·ÛÒÎÓ‚ÎÂÌÌ˚È ÌÂÓÔÂ‰Â-
ÎÂÌÌÓÒÚflÏË ÔÎÓÚÌÓÒÚË Ë ıËÏË˜ÂÒÍÓ„Ó ÒÓÒÚ‡‚‡
ÓÍÛÊ‡˛˘Â„Ó ÛÒÚ‡ÌÓ‚ÍÛ „ÛÌÚ‡, Ó„‡ÌË˜ÂÌÌ˚Ï
Ó·˙ÂÏÓÏ ‰ÂÚÂÍÚÓÓ‚ Ë ‰. ìÏÂÒÚÌÓ ÔÓ˝ÚÓÏÛ
‚ÒÔÓÏÌËÚ¸ Ú‡ÍËÂ ‚‡ÊÌ˚Â ÔÂËÏÛ˘ÂÒÚ‚‡ „ÎÛ·ÓÍÓ-
‚Ó‰Ì˚ı ˜ÂÂÌÍÓ‚ÒÍËı ÛÒÚ‡ÌÓ‚ÓÍ, Í‡Í ‚˚ÒÓÍ‡fl ÒÚÂ-
ÔÂÌ¸ Ó‰ÌÓÓ‰ÌÓÒÚË ‚Â˘ÂÒÚ‚‡-ÔÓ„ÎÓÚËÚÂÎfl (‚Ó‰‡,
ÎÂ‰) Ë ·ÓÎ¸¯ÓÈ ‰ÂÚÂÍÚÓÌ˚È Ó·˙ÂÏ, Ë Ó·ÒÛ‰ËÚ¸
ÔÂÒÔÂÍÚË‚˚ ÌÂÈÚËÌÌ˚ı ÚÂÎÂÒÍÓÔÓ‚ (AMANDA
[3], Å‡ÈÍ‡Î¸ÒÍËÈ çí [4], NESTOR [5] Ë ‰.) ‚ Á‡‰‡-
˜Â Ó· ËÁÏÂÂÌËË ÔÓÚÓÍ‡ ÔflÏ˚ı Ï˛ÓÌÓ‚. Ç‡ÊÌÓ
‚˚flÒÌËÚ¸ Ì‡ Í‡ÍËı „ÎÛ·ËÌ‡ı, ÔË Í‡ÍËı ÔÓÓ„Ó-
‚˚ı ˝ÌÂ„Ëflı Ë ÔÓ‰ Í‡ÍËÏË ÁÂÌËÚÌ˚ÏË Û„Î‡ÏË
ÒÎÂ‰ÛÂÚ ÔÓ‚Ó‰ËÚ¸ ËÁÏÂÂÌËfl, ˜ÚÓ·˚ Ì‡‰ÂÊÌÓ
Ë‰ÂÌÚËÙËˆËÓ‚‡Ú¸ ‚ÍÎ‡‰ ÔflÏ˚ı Ï˛ÓÌÓ‚ Ë, ‚

Ë‰Â‡ÎÂ, ‚˚fl‚ËÚ¸ Ì‡Ë·ÓÎÂÂ ‡‰ÂÍ‚‡ÚÌ˚Â ÏÓ‰ÂÎË
ÓÊ‰ÂÌËfl ˜‡Ï‡. 

Ç Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ Ó·ÒÛÊ‰‡˛ÚÒfl ÂÁÛÎ¸Ú‡Ú˚
‡Ò˜ÂÚÓ‚ ÔÓÚÓÍ‡ Ï˛ÓÌÓ‚ ‚˚ÒÓÍËı ˝ÌÂ„ËÈ (
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1 í˝Ç) Ì‡ ÛÓ‚ÌÂ ÏÓfl Ë Â„Ó Ú‡ÌÒÙÓÏ‡ˆËË Ì‡
·ÓÎ¸¯Ëı „ÎÛ·ËÌ‡ı (ÓÚ 1 ‰Ó 20 ÍÏ) ‚ ‚Ó‰Â. ê‡Ò˜ÂÚ˚
‰ËÙÙÂÂÌˆË‡Î¸Ì˚ı ÒÂ˜ÂÌËÈ ÓÊ‰ÂÌËfl ˜‡Ï‡ ‚Ó
‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëflı ÌÛÍÎÓÌÓ‚ Ë ÔËÓÌÓ‚ Ò ÎÂ„ÍËÏË fl‰-
‡ÏË ·˚ÎË ‚˚ÔÓÎÌÂÌ˚ ‚ ÏÓ‰ÂÎË Í‚‡Í-„Î˛ÓÌÌ˚ı
ÒÚÛÌ (åäÉë) [6], ‚ ÂÍÓÏ·ËÌ‡ˆËÓÌÌÓÈ Í‚‡Í-
Ô‡ÚÓÌÌÓÈ ÏÓ‰ÂÎË (êäèå) [7] Ë ‚ ÏÓ‰ÂÎË [8], ÓÒÌÓ-
‚‡ÌÌÓÈ Ì‡ ÚÂÓËË ‚ÓÁÏÛ˘ÂÌËÈ äïÑ Ò Û˜ÂÚÓÏ ÌÂÎË-

‰ËÛ˛˘Ëı (

 

O

 

( )) ‚ÍÎ‡‰Ó‚ Ë ËÒÔÓÎ¸ÁÓ‚‡ÌËË ÌÂ-
ÔÂÚÛ·‡ÚË‚Ì˚ı ÙÛÌÍˆËÈ Ù‡„ÏÂÌÚ‡ˆËË Ì‡ ÒÚ‡-
‰ËË ‡‰ÓÌËÁ‡ˆËË [9]. 

 

2. ÄÚÏÓÒÙÂÌ˚Â Ï˛ÓÌ˚ 
Ì‡ ÛÓ‚ÌÂ ÏÓfl 

 

ùÌÂ„ÂÚË˜ÂÒÍËÂ ÒÔÂÍÚ˚ Ï˛ÓÌÓ‚ ÓÚ ‡ÒÔ‡‰Ó‚
ÔËÓÌÓ‚ Ë Í‡ÓÌÓ‚ (‚ ‰‡Î¸ÌÂÈ¯ÂÏ 

 

π

 

-, 

 

K

 

-Ï˛ÓÌ˚)
‡ÒÒ˜ËÚ‡Ì˚ ‰Îfl ‡ÁÌ˚ı ÁÂÌËÚÌ˚ı Û„ÎÓ‚ 

 

θ

 

 Ì‡ ÓÒ-
ÌÓ‚Â ÏÓ‰ÂÎË fl‰ÂÌÓ„Ó Í‡ÒÍ‡‰‡ [10], ‚ ÍÓÚÓÛ˛
‚ÌÂÒÂÌ fl‰ ÛÚÓ˜ÌÂÌËÈ [2, 11]. ÑÎfl ÒÔÂÍÚ‡ ÔÂ-
‚Ë˜Ì˚ı ÍÓÒÏË˜ÂÒÍËı ÎÛ˜ÂÈ ‚˚·‡Ì‡ Ô‡‡ÏÂÚË-
Á‡ˆËfl, ÔÂ‰ÎÓÊÂÌÌ‡fl ‚ ‡·ÓÚÂ [12]. í‡ ÊÂ Ò‡Ï‡fl
fl‰ÂÌÓ-Í‡ÒÍ‡‰Ì‡fl ÏÓ‰ÂÎ¸ ËÒÔÓÎ¸ÁÓ‚‡Ì‡ ‰Îfl ‡Ò-
˜ÂÚ‡ ‚ÍÎ‡‰Ó‚ ÔflÏ˚ı Ï˛ÓÌÓ‚ ‚ åäÉë Ë êäèå.
èÂ‰ÒÍ‡Á‡ÌËfl äïÑ-ÏÓ‰ÂÎË [8] ·˚ÎË ÔÓÎÛ˜ÂÌ˚ ‚
ÏÂÌÂÂ ‰ÂÚ‡Î¸ÌÓÈ ÏÓ‰ÂÎË fl‰ÂÌÓ„Ó Í‡ÒÍ‡‰‡ Ë
ÎË¯¸ ‰Îfl Ì‡Ô‡‚ÎÂÌËÈ, ·ÎËÁÍËı Í ‚ÂÚËÍ‡ÎË. é‰-
Ì‡ÍÓ ËÏÂ˛˘ËÏËÒfl ‡ÁÎË˜ËflÏË ÏÓÊÌÓ ÔÂÌÂ-
·Â˜¸ Ì‡ ÙÓÌÂ ·ÓÎÂÂ ÒÛ˘ÂÒÚ‚ÂÌÌ˚ı ÌÂÓÔÂ‰ÂÎÂÌ-
ÌÓÒÚÂÈ, Ó·ÛÒÎÓ‚ÎÂÌÌ˚ı ËÁ‚ÂÒÚÌ˚Ï ÔÓËÁ‚ÓÎÓÏ ‚
‚˚·ÓÂ Ô‡‡ÏÂÚÓ‚ äïÑ-ÏÓ‰ÂÎË, Ú‡ÍËı, Í‡Í 
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R

 

(˝ÌÂ„ÂÚË˜ÂÒÍÓÈ ¯Í‡Î˚, Á‡‰‡˛˘ÂÈ ÂÌÓÏËÓ-
‚‡ÌÌ˚È Á‡fl‰ 
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 (¯Í‡Î˚ Ù‡ÍÚÓ-
ËÁ‡ˆËË, ÓÚ‰ÂÎfl˛˘ÂÈ ÔÂÚÛ·‡ÚË‚ÌÛ˛ ‰ËÌ‡ÏËÍÛ
ÓÚ ËÌÙ‡Í‡ÒÌÓÈ Ó·Î‡ÒÚË) Ë Ô‡ÚÓÌÌ˚ı ‡ÒÔÂ‰Â-
ÎÂÌËÈ ‚ ÌÛÍÎÓÌÂ. ÑËÙÙÂÂÌˆË‡Î¸Ì˚Â ¯ËËÌ˚
ËÌÍÎ˛ÁË‚Ì˚ı ÔÓÎÛÎÂÔÚÓÌÌ˚ı ‡ÒÔ‡‰Ó‚ 
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‚ÒÂı ÒÎÛ˜‡flı ‚˚˜ËÒÎflÎËÒ¸ Ì‡ ÓÒÌÓ‚Â ÔÓÒÚÓ„Ó ÏÂ-
ÚÓ‰‡, ÔÂ‰ÎÓÊÂÌÌÓ„Ó ‚ ‡·ÓÚÂ [7]. 

êÂÁÛÎ¸Ú‡Ú˚ ‡Ò˜ÂÚÓ‚ ‰ËÙÙÂÂÌˆË‡Î¸Ì˚ı ÒÔÂÍ-
ÚÓ‚ Ï˛ÓÌÓ‚ Ì‡ ÛÓ‚ÌÂ ÏÓfl 

 

D

 

µ
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E

 

µ

 

, 

 

θ

 

) ‰Îfl ‰‚Ûı ÁÂ-
ÌËÚÌ˚ı Û„ÎÓ‚, 

 

θ

 

 = 0° Ë 89°, ÔÂ‰ÒÚ‡‚ÎÂÌ˚ Ì‡ ËÒ. 1
‚ÏÂÒÚÂ Ò ‰‡ÌÌ˚ÏË ˝ÍÒÔÂËÏÂÌÚÓ‚ [13–18]. ÇÒÂ
ÔË‚Â‰ÂÌÌ˚Â ‰‡ÌÌ˚Â, Á‡ ËÒÍÎ˛˜ÂÌËÂÏ [13] (ÒÔÂÍ-
ÚÓÏÂÚ MUTRON), ·˚ÎË ÔÓÎÛ˜ÂÌ˚ ‡ÁÎË˜Ì˚ÏË
ÏÂÚÓ‰‡ÏË ËÁ Ó·‡·ÓÚÍË ÂÁÛÎ¸Ú‡ÚÓ‚ ÔÓ‰ÁÂÏÌ˚ı
˝ÍÒÔÂËÏÂÌÚÓ‚. ÑÂÚ‡Î¸ÌÓÂ Ò‡‚ÌÂÌËÂ Ò ˝ÍÒÔÂË-
ÏÂÌÚ‡Î¸Ì˚ÏË ‰‡ÌÌ˚ÏË Ì‡ ÛÓ‚ÌÂ ÏÓfl ÔÂ‰ÒÚ‡‚-
ÎÂÌÓ ‚ ‡·ÓÚ‡ı [2] Ë [19]. 

êÂÍÓÏ·ËÌ‡ˆËÓÌÌ‡fl Í‚‡Í-Ô‡ÚÓÌÌ‡fl ÏÓ‰ÂÎ¸
ÔÂ‰ÒÍ‡Á˚‚‡ÂÚ Ò‡‚ÌËÚÂÎ¸ÌÓ ·˚ÒÚÓÂ ËÁÏÂÌÂÌËÂ
ÔÓÍ‡Á‡ÚÂÎfl ÒÔÂÍÚ‡ Ï˛ÓÌÓ‚. é·ÓÁÌ‡˜ËÏ ˜ÂÂÁ

(

 

θ

 

) ˝ÌÂ„Ë˛, ÔË ÍÓÚÓÓÈ ‚ÍÎ‡‰˚ Ó·˚˜Ì˚ı (ÓÚ
‡ÒÔ‡‰‡ 

 

π

 

, 

 

K

 

) Ë ÔflÏ˚ı Ï˛ÓÌÓ‚ ÒÚ‡ÌÓ‚flÚÒfl Ó‰ËÌ‡-

ÍÓ‚˚ÏË. ÑÎfl êäèå (0°) 

 

≈ 

 

150 T˝Ç Ë (89°) 

 

≈
≈

 

 

 

1 è˝Ç. ëÓ„Î‡ÒÌÓ äïÑ-ÏÓ‰ÂÎË [8] ‚ÍÎ‡‰ ÔflÏ˚ı
Ï˛ÓÌÓ‚ Ì‡˜ËÌ‡ÂÚ ‰ÓÏËÌËÓ‚‡Ú¸ ‚ ÔÓÎÌÓÏ ÔÓÚÓÍÂ
Ï˛ÓÌÓ‚ ÔË ·

 

ó

 

Î¸¯Ëı ˝ÌÂ„Ëflı. äÓÌÍÂÚÌ˚Â ÁÌ‡-

˜ÂÌËfl (

 

θ

 

) ÒËÎ¸ÌÓ Á‡‚ËÒflÚ ÓÚ ‚˚·Ó‡ Ô‡ÚÓÌÌ˚ı
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‡ÒÔÂ‰ÂÎÂÌËÈ Ë ‰Û„Ëı ÏÓ‰ÂÎ¸Ì˚ı Ô‡‡ÏÂÚÓ‚.
äË‚ÓÈ 
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 Ì‡ ËÒ. 1 ÓÚ‚Â˜‡ÂÚ Ú‡Í Ì‡Á˚‚‡ÂÏ‡fl
MRSD-ÏÓ‰ÂÎ¸ Ô‡ÚÓÌÌ˚ı ‡ÒÔÂ‰ÂÎÂÌËÈ [20] Ò 
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, ‡ ÍË‚˚Ï 
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 – ÏÓ‰ÂÎ¸ CTEQ3 [21] Ò
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 Ë 
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 ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ (ÌËÊÂ
˝ÚË ‚‡Ë‡ÌÚ˚ ·Û‰ÂÏ Ó·ÓÁÌ‡˜‡Ú¸ äïÑ-1, äïÑ-2,
äïÑ-3). ÇÓ ‚ÒÂı ÚÂı ÒÎÛ˜‡flı Ï‡ÒÒ‡ 

 

c

 

-Í‚‡Í‡, 

 

m

 

c

 

,
ÔËÌflÚ‡ ‡‚ÌÓÈ 1.3 É˝Ç. ÑÎfl ÏÓ‰ÂÎË äïÑ-1 ÍËÚË-

˜ÂÒÍËÂ ̋ ÌÂ„ËË (

 

θ

 

) ÓÍ‡Á˚‚‡˛ÚÒfl ̃ ËÒÎÂÌÌÓ ·ÎËÁ-
ÍË Í ÔÓÎÛ˜ÂÌÌ˚Ï ‚ êäèå, ‡ ‰Îfl äïÑ-3 – Í ÔÂ‰-

ÒÍ‡Á‡ÌËflÏ åäÉë: (0°) 

 

≈ 

 

850 í˝Ç, (89°) 

 

≈ 

 

5
è˝Ç. óÚÓ·˚ ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ Ó·Ì‡ÛÊËÚ¸ ‡Á-
ÎË˜ËÂ ‚‡Ë‡ÌÚÓ‚ äïÑ-ÏÓ‰ÂÎË ‰Îfl Ï˛ÓÌÓ‚ Ì‡
ÛÓ‚ÌÂ ÏÓfl, ÌÂÓ·ıÓ‰ËÏÓ ÔÓ‰‚ËÌÛÚ¸Òfl ‰Ó ˝ÌÂ-
„ËÈ 

 

E

 

µ

 

 

 

�

 

 100 í˝Ç. 
ä‡Í ‚Ë‰ÌÓ ËÁ ËÒ. 1, ÔË 

 

E

 

µ

 

 > 10–20 í˝Ç ÌË Ó‰Ì‡
ËÁ Ó·ÒÛÊ‰‡ÂÏ˚ı ÏÓ‰ÂÎÂÈ ÌÂ ÒÓ„Î‡ÒÛÂÚÒfl Ò ‰‡ÌÌ˚-
ÏË ˝ÍÒÔÂËÏÂÌÚ‡ Ò ÂÌÚ„ÂÌÓ˝ÏÛÎ¸ÒËÓÌÌ˚ÏË Í‡ÏÂ-
‡ÏË åÉì [14] Ë ÔÓ‰ÁÂÏÌÓ„Ó ‰ÂÚÂÍÚÓ‡ Fr

 

è

 

jus [15],
Ë, Ì‡Ó·ÓÓÚ, ÌË Ó‰Ì‡ ÏÓ‰ÂÎ¸ ÌÂ ËÒÍÎ˛˜‡ÂÚÒfl ÌÂ-
‰‡‚ÌËÏË ÂÁÛÎ¸Ú‡Ú‡ÏË LVD (É‡Ì-ë‡ÒÒÓ) [16]. éÒ-
Ú‡Î¸Ì˚Â ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â ‰‡ÌÌ˚Â, ÔÂ‰ÒÚ‡‚-
ÎÂÌÌ˚Â Ì‡ ËÒ. 1, Ù‡ÍÚË˜ÂÒÍË ÌÂ ‰Ó·‡‚Îfl˛Ú ‡„Û-
ÏÂÌÚÓ‚ pro et contra. ùÚ‡ Ô‡‡‰ÓÍÒ‡Î¸Ì‡fl ÒËÚÛ‡ˆËfl
flÒÌÓ ‰ÂÏÓÌÒÚËÛÂÚ ÌÂÓ·ıÓ‰ËÏÓÒÚ¸ ÔÓ‚Â‰ÂÌËfl
ÌÓ‚˚ı ˝ÍÒÔÂËÏÂÌÚÓ‚ ÔË ÒÛ˘ÂÒÚ‚ÂÌÌÓ ·ÓÎÂÂ ‚˚-
ÒÓÍËı ˝ÌÂ„Ëflı. í‡ÍËÂ ˝ÍÒÔÂËÏÂÌÚ˚ ‚ÓÁÏÓÊÌ˚
ÚÓÎ¸ÍÓ Ì‡ ·ÓÎ¸¯Ëı „ÎÛ·ÓÍÓ‚Ó‰Ì˚ı ÚÂÎÂÒÍÓÔ‡ı. 

 

3. ëÔÂÍÚ˚ Ë Û„ÎÓ‚˚Â 
‡ÒÔÂ‰ÂÎÂÌËfl Ï˛ÓÌÓ‚ ÔÓ‰ ‚Ó‰ÓÈ 

 

ÑÎfl ‡Ò˜ÂÚ‡ Ú‡ÌÒÙÓÏ‡ˆËË ÒÔÂÍÚ‡ Ï˛ÓÌÓ‚
Ì‡ ·ÓÎ¸¯Ëı „ÎÛ·ËÌ‡ı ‚ ‚Ó‰Â ËÒÔÓÎ¸ÁÓ‚‡ÎÒfl ‡Ì‡ÎË-
ÚË˜ÂÒÍËÈ ÏÂÚÓ‰ [22], ÔÓÁ‚ÓÎfl˛˘ËÈ ‰Îfl „‡ÌË˜ÌÓ„Ó
ÒÔÂÍÚ‡, ‰ÓÒÚ‡ÚÓ˜ÌÓ ·˚ÒÚÓ Û·˚‚‡˛˘Â„Ó Ò ˝ÌÂ-
„ËÂÈ, ÔË·ÎËÊÂÌÌÓ Â¯ËÚ¸ ÍËÌÂÚË˜ÂÒÍÓÂ Û‡‚ÌÂ-
ÌËÂ Ò ËÌÚÂ„‡ÎÓÏ ÒÚÓÎÍÌÓ‚ÂÌËÈ, Û˜ËÚ˚‚‡˛˘ËÏ
Â‡Î¸Ì˚Â ˝ÌÂ„ÂÚË˜ÂÒÍËÂ Á‡‚ËÒËÏÓÒÚË ‰ËÙÙÂÂÌ-
ˆË‡Î¸Ì˚ı ÒÂ˜ÂÌËÈ ‡‰Ë‡ˆËÓÌÌ˚ı ÔÓÚÂ¸ (ÓÊ‰Â-
ÌËÂ 

 

e

 

+

 

e

 

–

 

-Ô‡, ÚÓÏÓÁÌÓÂ ËÁÎÛ˜ÂÌËÂ) Ë ÙÓÚÓfl‰ÂÌÓ-
„Ó ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl Ï˛ÓÌ‡. ê‡Ò˜ÂÚ ·˚Î ÔÓ‚ÂÂÌ
Ò‡‚ÌÂÌËÂÏ ˜ËÒÎÂÌÌ˚ı ÂÁÛÎ¸Ú‡ÚÓ‚ ÒÓ ‚ÒÂÏË ËÏÂ-
˛˘ËÏËÒfl ‰‡ÌÌ˚ÏË ÔÓ ÍË‚ÓÈ ÔÓ„ÎÓ˘ÂÌËfl Ï˛ÓÌÓ‚
‚ „ÛÌÚ‡ı ‡ÁÎË˜ÌÓ„Ó ÒÓÒÚ‡‚‡ Ë ‚ ‚Ó‰Â [2], ‡ Ú‡ÍÊÂ
Ò ‰‡ÌÌ˚ÏË ËÁÏÂÂÌËÈ Û„ÎÓ‚˚ı ‡ÒÔÂ‰ÂÎÂÌËÈ Ï˛-
ÓÌÓ‚ Ì‡ ÛÒÚ‡ÌÓ‚Í‡ı çí-36 [4] Ë AMANDA-B4 [3]
‰Îfl ÌËÁÍËı ÔÓÓ„Ó‚ Â„ËÒÚ‡ˆËË [23]. 

ç‡ ËÒ. 2 ÔË‚Ó‰flÚÒfl ÂÁÛÎ¸Ú‡Ú˚ ‡Ò˜ÂÚ‡ ËÌÚÂ„-
‡Î¸Ì˚ı ÒÔÂÍÚÓ‚ 
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µ

 

 (>

 

E
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, 

 

h

 

, 

 

θ

 

) Ó·˚˜Ì˚ı Ë ÔflÏ˚ı
Ï˛ÓÌÓ‚ ÔÓ‰ ‚Ó‰ÓÈ ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ˝ÌÂ„ËË 

 

E

 

µ

 

 (
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),
„ÎÛ·ËÌ˚ ÔÓ ‚ÂÚËÍ‡ÎË 

 

h

 

 (

 

·

 

) Ë cos

 

θ

 

 (

 

‚

 

, 

 

„

 

) ÔË ÙËÍÒË-
Ó‚‡ÌÌ˚ı ÁÌ‡˜ÂÌËflı ÓÒÚ‡Î¸Ì˚ı ÔÂÂÏÂÌÌ˚ı. ÑÎfl
äïÑ-ÏÓ‰ÂÎË Ì‡ ËÒ. 2

 

‡

 

, 2

 

‚

 

, 2

 

„

 

 ‚˚·‡Ì ‚‡Ë‡ÌÚ
äïÑ-2, ‡ Ì‡ ËÒ. 2

 

·

 

 ÔÓÍ‡Á‡Ì˚ ‚ÒÂ ÚË ‚‡Ë‡ÌÚ‡. 
ç‡‰ÂÊÌÓÈ Ë‰ÂÌÚËÙËÍ‡ˆËË ‚ÍÎ‡‰‡ ÔflÏ˚ı Ï˛-

ÓÌÓ‚ ÏÓÊÌÓ ÓÊË‰‡Ú¸ ÔË Ì‡ÎË˜ËË ÔÂÂÒÂ˜ÂÌËfl
ÍË‚˚ı ‰Îfl ÔflÏ˚ı Ë 
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-, 

 

K

 

-Ï˛ÓÌÓ‚ (˜ËÒÎÓ ÒÓ·˚-
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E
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D

 

(

 

E

 

µ

 

, 

 

θ

 

), ÒÏ

 

–2

 

 Ò

 

–1

 

 Ò–1 É˝Ç

θ = 89°

1

2

3

θ = 0°

êËÒ. 1. ÇÂÚËÍ‡Î¸Ì˚Â Ë ÓÍÓÎÓ„ÓËÁÓÌÚ‡Î¸Ì˚Â ÔÓÚÓ-
ÍË Ï˛ÓÌÓ‚ Ì‡ ÛÓ‚ÌÂ ÏÓfl. ùÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â ‰‡Ì-
Ì˚Â: � – [13] (89°), � Ë � – [14], * – [15], � – [16], � –
[17], � – [18]. ê‡Ò˜ÂÚ: ÒÔÎÓ¯Ì˚Â ÎËÌËË – π-, K-Ï˛ÓÌ˚,
ÓÒÚ‡Î¸Ì˚Â – Ò Û˜ÂÚÓÏ ‚ÍÎ‡‰‡ ÔflÏ˚ı Ï˛ÓÌÓ‚ ‚
êäèå (¯ÚËıÓ‚˚Â), åäÉë (¯ÚËıÔÛÌÍÚËÌ˚Â) Ë ‚
äïÑ [8] (ÚÓ˜Â˜Ì˚Â); ˆËÙ‡ÏË ÔÓÏÂ˜ÂÌ˚ ‚‡Ë‡ÌÚ˚
äïÑ-1, äïÑ-2 Ë äïÑ-3. 
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ÚËÈ Û‰‚‡Ë‚‡ÂÚÒfl ÔÓ Ò‡‚ÌÂÌË˛ Ò ÓÊË‰‡ÂÏ˚Ï ÓÚ π-,
K-Ï˛ÓÌÓ‚). á‡ÏÂÚËÏ, ˜ÚÓ ÍË‚˚Â, ÓÔËÒ˚‚‡˛˘ËÂ
Û„ÎÓ‚˚Â ‡ÒÔÂ‰ÂÎÂÌËfl, ÏÓ„ÛÚ ÔÂÂÒÂÍ‡Ú¸Òfl ‰‚‡Ê-
‰˚, Í‡Í ‚ ÒÎÛ˜‡Â êäèå Ì‡ „ÎÛ·ËÌÂ h = 1.15 ÍÏ
(ËÒ. 2„). ùÚÓ ÔÓËÒıÓ‰ËÚ, ÂÒÎË ‚ÍÎ‡‰ ÔflÏ˚ı Ï˛-
ÓÌÓ‚ Ì‡ ‰‡ÌÌÓÈ „ÎÛ·ËÌÂ ÔÂ‚ÓÒıÓ‰ËÚ ‚ÍÎ‡‰ π-,
K-Ï˛ÓÌÓ‚ ÛÊÂ Ì‡ ‚ÂÚËÍ‡ÎË, Ë Ó·˙flÒÌflÂÚÒfl ÚÂÏ,
˜ÚÓ Ù‡ÍÚÓ Û„ÎÓ‚Ó„Ó ÛÒËÎÂÌËfl ‰Îfl π-, K-Ï˛ÓÌÓ‚
Ì‡ ÛÓ‚ÌÂ ÏÓfl ÁÌ‡˜ËÚÂÎ¸ÌÓ ‚˚¯Â, ˜ÂÏ ‰Îfl Ôfl-
Ï˚ı Ï˛ÓÌÓ‚. 

êËÒÛÌÓÍ 2 ‰ÂÏÓÌÒÚËÛÂÚ ÒËÎ¸ÌÛ˛ ÏÓ‰ÂÎ¸ÌÛ˛
Á‡‚ËÒËÏÓÒÚ¸ ÍÓÓ‰ËÌ‡Ú ÚÓ˜ÂÍ ÔÂÂÒÂ˜ÂÌËfl ÒÔÂÍÚ-
Ó‚ ÔflÏ˚ı Ï˛ÓÌÓ‚ Ë π-, K-Ï˛ÓÌÓ‚. ç‡ÔËÏÂ,
ÔË  = 5 ÏËÌËÏ‡Î¸ÌÓÂ Ë Ï‡ÍÒËÏ‡Î¸ÌÓÂ ÔÂ‰-
ÒÍ‡Á‡ÌËfl ‡ÒÒÏ‡ÚË‚‡ÂÏ˚ı ÏÓ‰ÂÎÂÈ ‰Îfl ÔÓÚÓÍ‡
ÔflÏ˚ı Ï˛ÓÌÓ‚ ‚ ÚÓ˜Í‡ı ÔÂÂÒÂ˜ÂÌËfl ‡ÁÎË˜‡-
˛ÚÒfl Ì‡ ÚË ÔÓfl‰Í‡ (ËÒ. 2·). ùÚÓÚ Ù‡ÍÚ ÔÂ‰Ó-
ÒÚ‡‚ÎflÂÚ ÔËÌˆËÔË‡Î¸ÌÛ˛ ‚ÓÁÏÓÊÌÓÒÚ¸ ˝ÍÒÔÂË-
ÏÂÌÚ‡Î¸ÌÓÈ ÔÓ‚ÂÍË ÏÓ‰ÂÎÂÈ ÓÊ‰ÂÌËfl ̃ ‡Ï‡ Ë,

θsec

‚ ˜‡ÒÚÌÓÒÚË, ËÁ‚ÎÂ˜ÂÌËfl Ó„‡ÌË˜ÂÌËÈ Ì‡ Ô‡‡ÏÂÚ-
˚ äïÑ-ÏÓ‰ÂÎË. 

èË ÔÓÓ„Â Â„ËÒÚ‡ˆËË Eµ ~ 1 í˝Ç Ì‡ Ì‡‰ÂÊ-
ÌÛ˛ Ë‰ÂÌÚËÙËÍ‡ˆË˛ ÔflÏ˚ı Ï˛ÓÌÓ‚ ÔË θ � 80°
ÏÓ„ÛÚ ‡ÒÒ˜ËÚ˚‚‡Ú¸ ÎË¯¸ ÚÂÎÂÒÍÓÔ˚, ‡ÒÔÓÎÓ-
ÊÂÌÌ˚Â Ì‡ „ÎÛ·ËÌ‡ı 3–4 ÍÏ (Í‡Í, Ì‡ÔËÏÂ,
NESTOR). ì‚ÂÎË˜ÂÌËÂ ÔÓÓ„‡ Ì‡ ÔÓfl‰ÓÍ ÔÓÁ‚Ó-
ÎËÎÓ ·˚ (ËÒ. 2‚) ÔÓÒÚ‡‚ËÚ¸ Ú‡ÍÛ˛ Á‡‰‡˜Û Ë Ì‡
ÔÓ‰ÎÂ‰ÌÓÏ ÚÂÎÂÒÍÓÔÂ AMANDA (h ≈ 2 ÍÏ), ÌÓ ÔË
·óÎ¸¯Ëı ÁÂÌËÚÌ˚ı Û„Î‡ı, θ � 85°. ç‡ ÛÒÚ‡ÌÓ‚ÍÂ
NESTOR ÔÓÓ„ Eµ = 10 í˝Ç ÔÓÁ‚ÓÎflÂÚ ÔÂÂÈÚË Í
ÏÂÌ¸¯ËÏ Û„Î‡Ï Ë, ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, Û‚ÂÎË˜ËÚ¸ ÒÚ‡-
ÚËÒÚËÍÛ, Ë ÛÏÂÌ¸¯ËÚ¸ “ÙÓÌ” π-, K-Ï˛ÓÌÓ‚. èÂÂ-
ıÓ‰ Í ‚˚ÒÓÍÓÏÛ ÔÓÓ„Û Eµ = 100 í˝Ç (ËÒ. 2·, 2„) ‰‡-
ÂÚ ‚ÓÁÏÓÊÌÓÒÚ¸ Â„ËÒÚ‡ˆËË ÔflÏ˚ı Ï˛ÓÌÓ‚ Ë Ì‡
Å‡ÈÍ‡Î¸ÒÍÓÏ ÌÂÈÚËÌÌÓÏ ÚÂÎÂÒÍÓÔÂ (h = 1.15 ÍÏ).

èË ÙËÍÒËÓ‚‡ÌÌÓÏ ÁÌ‡˜ÂÌËË θ ˝ÌÂ„Ëfl (θ),
ÔË ÍÓÚÓÓÈ ‚ÍÎ‡‰ ÔflÏ˚ı Ï˛ÓÌÓ‚ Û‰‚‡Ë‚‡ÂÚ ÒÛÏ-

Eµ
c

I(>Eµ, h, θ), ÒÏ–2 Ò–1 Ò–1

10–10
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10–18
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Eµ, É˝Ç
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cos θ

I(>Eµ, h, θ), ÒÏ–2 Ò–1 Ò–1

10–14
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cos θ

sec θ = 5
sec θ = 5

I(>Eµ, h, θ), ÒÏ–2 Ò–1 Ò–1

10–12

10–16

10–20

h = 1.15 ÍÏ

h = 4 ÍÏ

I(>Eµ, h, θ), ÒÏ–2 Ò–1 Ò–1

10–13

10–15

10–17

10–19

1 32 4
h, ÍÏ

a ·

‚ „

1.15 ÍÏ
2 ÍÏ

4 ÍÏ

3 ÍÏ

1.15 ÍÏ

2 ÍÏ

4 ÍÏ3 ÍÏ

1

2
3

êËÒ. 2. èÓÚÓÍË Ï˛ÓÌÓ‚ Ì‡ „ÎÛ·ËÌÂ 1–4 ÍÏ ÔÓ‰ ‚Ó‰ÓÈ. ëÔÎÓ¯Ì˚Â ÎËÌËË – ‚ÍÎ‡‰ π-, K-Ï˛ÓÌÓ‚, ÓÒÚ‡Î¸Ì˚Â – ‚ÍÎ‡‰˚ Ôfl-
Ï˚ı Ï˛ÓÌÓ‚, ‚˚˜ËÒÎÂÌÌ˚Â ‚ êäèå (¯ÚËıÓ‚˚Â ÍË‚˚Â), åäÉë (¯ÚËıÔÛÌÍÚËÌ˚Â) Ë äïÑ (ÚÓ˜Â˜Ì˚Â): ‡ – ËÌÚÂ„-
‡Î¸Ì˚Â ˝ÌÂ„ÂÚË˜ÂÒÍËÂ ÒÔÂÍÚ˚ ÔÓ‰ ÁÂÌËÚÌ˚Ï Û„ÎÓÏ θ = 78.46° (  = 5), · – Á‡‚ËÒËÏÓÒÚ¸ ÔÓÚÓÍÓ‚ Ï˛ÓÌÓ‚ Ò ˝ÌÂ-
„ËflÏË Eµ ≥ 100 í˝Ç ÓÚ ‚ÂÚËÍ‡Î¸ÌÓÈ „ÎÛ·ËÌ˚ h ÔË  = 5, ‚ – ÁÂÌËÚÌÓ-Û„ÎÓ‚˚Â ‡ÒÔÂ‰ÂÎÂÌËfl ÔË Eµ ≥ 10 í˝Ç ‰Îfl
„ÎÛ·ËÌ h = 1.15, 2, 3 Ë 4 ÍÏ, „ – ÚÓ ÊÂ ÔË Eµ ≥ 100 í˝Ç.

θsec
θsec
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 ç‡ÛÏÓ‚ Ë ‰.

Ï‡Ì˚È ÔÓÚÓÍ, ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÌËÊÂ Ì‡ „ÎÛ·ËÌÂ ‡Ò-
ÔÓÎÓÊÂÌËfl ÛÒÚ‡ÌÓ‚ÍË NESTOR, ˜ÂÏ Ì‡ „ÎÛ·ËÌÂ
Å‡ÈÍ‡Î¸ÒÍÓ„Ó ÌÂÈÚËÌÌÓ„Ó ÚÂÎÂÒÍÓÔ‡ – ‚ 35–60 ‡Á

‰Îfl secθ = 5. í‡Í, ÏÓ‰ÂÎ¸ äïÑ-2 ‰‡ÂÚ  ≈ 8 í˝Ç

‰Îfl ÛÒÚ‡ÌÓ‚ÍË NESTOR Ë  ≈ 300 í˝Ç ‰Îfl Å‡È-
Í‡Î¸ÒÍÓ„Ó ÌÂÈÚËÌÌÓ„Ó ÚÂÎÂÒÍÓÔ‡. íÂÏ ÌÂ ÏÂÌÂÂ

ÔÓÚÓÍ Iµ(> , h, θ) ‚ ÔÓÒÎÂ‰ÌÂÏ ÒÎÛ˜‡Â ÓÍ‡Á˚‚‡ÂÚ-
Òfl ÔÓ˜ÚË Ì‡ ÔÓfl‰ÓÍ ‚˚¯Â. ùÚÓÚ ÔËÏÂ ËÎÎ˛ÒÚ-
ËÛÂÚ ·ÓÎÂÂ Ó·˘ÂÂ ÛÚ‚ÂÊ‰ÂÌËÂ. Ç ·Û‰Û˘Ëı ̋ ÍÒ-
ÔÂËÏÂÌÚ‡ı ÔÓ Â„ËÒÚ‡ˆËË Ï˛ÓÌÓ‚ ÓÚ ‡ÒÔ‡‰‡
˜‡Ï‡ “Ï‡ÎÓ„ÎÛ·ËÌÌ˚Â” ÛÒÚ‡ÌÓ‚ÍË (h = 1–2 ÍÏ)
ÔË Ô‡‚ËÎ¸ÌÓÏ ‚˚·ÓÂ ˝ÌÂ„ÂÚË˜ÂÒÍÓ„Ó ÔÓÓ„‡
Â„ËÒÚ‡ˆËË (Eµ ~ 100 í˝Ç), ‰Ë‡Ô‡ÁÓÌ‡ ÁÂÌËÚÌ˚ı
Û„ÎÓ‚ (70–80°) Ë ÔË ÔÓ˜Ëı ‡‚Ì˚ı ÛÒÎÓ‚Ëflı ÏÓ-
„ÛÚ ËÏÂÚ¸ ÓÔÂ‰ÂÎÂÌÌ˚Â ÔÂËÏÛ˘ÂÒÚ‚‡ ÔÓ Ò‡‚-
ÌÂÌË˛ Ò ÛÒÚ‡ÌÓ‚Í‡ÏË, ‡ÒÔÓÎÓÊÂÌÌ˚ÏË Ì‡ ·ÓÎ¸-
¯Ëı „ÎÛ·ËÌ‡ı. 

ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ÙËÌ‡ÌÒÓ‚ÓÈ ÔÓ‰‰ÂÊÍÂ
åËÌËÒÚÂÒÚ‚‡ Ó·‡ÁÓ‚‡ÌËfl êî ‚ ‡ÏÍ‡ı ÔÓ„‡Ï-
Ï˚ “ìÌË‚ÂÒËÚÂÚ˚ êÓÒÒËË – ÙÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚Â
ËÒÒÎÂ‰Ó‚‡ÌËfl”, „‡ÌÚ ‹ 2-728. 
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ON THE POTENTIALITY OF DETECTING MUONS FROM CHARM DECAY 
WITH DEEP UNDERWATER NEUTRINO TELESCOPES

V. A. Naumov, T. S. Sinegovskaya, S. I. Sinegovsky 

Within several charm hadroproduction models the potentiality of measuring the prompt muon flux at the depths
of operation of large underwater neutrino telescopes (1–4 ÍÏ) is shown in experiments with high registration
threshold. 
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