
ïàåàóÖëäÄü îàáàäÄ, 2007, ÚÓÏ 26, ‹ 7, Ò. 37–44

 

37

 

ÇÇÖÑÖçàÖ

 

Ç ÎËÚÂ‡ÚÛÂ ËÏÂÂÚÒfl ÓÔËÒ‡ÌËÂ ÌÂÒÍÓÎ¸ÍËı ‰Â-
Ú‡Î¸Ì˚ı ÏÂı‡ÌËÁÏÓ‚ ÓÍËÒÎÂÌËfl ‚˚Ò¯Ëı Û„ÎÂ‚Ó-
‰ÓÓ‰Ó‚, ÍÓÚÓ˚Â Û˜ËÚ˚‚‡˛Ú ÏÌÓ„ÓÓ·‡ÁËÂ ÔÓ-
ÏÂÊÛÚÓ˜Ì˚ı ÒÚ‡·ËÎ¸Ì˚ı ÏÓÎÂÍÛÎ Ë ‡‰ËÍ‡ÎÓ‚ Ë
‚ÍÎ˛˜‡˛Ú ‚ ÒÂ·fl ÒÓÚÌË ÍÓÏÔÓÌÂÌÚÓ‚ Ë Ú˚Òfl˜Ë Â-
‡ÍˆËÈ. ç‡ÔËÏÂ, ‚ [1] ÔÂ‰ÒÚ‡‚ÎÂÌ ÏÂı‡ÌËÁÏ
ÓÍËÒÎÂÌËfl Ì-„ÂÔÚ‡Ì‡, ÒÓ‰ÂÊ‡˘ËÈ 650 ÍÓÏÔÓÌÂÌ-
ÚÓ‚ Ë 2300 Â‡ÍˆËÈ, ‚ [2] – ÏÂı‡ÌËÁÏ ÓÍËÒÎÂÌËfl
ËÁÓÓÍÚ‡Ì‡, ÒÓ‰ÂÊ‡˘ËÈ 126 ÍÓÏÔÓÌÂÌÚÓ‚ Ë 976
Â‡ÍˆËÈ, ‡ ‚ [3] – ÏÂı‡ÌËÁÏ ÓÍËÒÎÂÌËfl Ì-‰ÂÍ‡Ì‡,
ÒÓ‰ÂÊ‡˘ËÈ 715 ÍÓÏÔÓÌÂÌÚÓ‚ Ë 3872 Â‡ÍˆËÈ.
çÂÒÏÓÚfl Ì‡ fl‰ ·ÂÒÒÔÓÌ˚ı ‰ÓÒÚÓËÌÒÚ‚ Ú‡ÍËı
‰ÂÚ‡Î¸Ì˚ı ÏÂı‡ÌËÁÏÓ‚, Ëı ÔflÏÓÂ ÔËÏÂÌÂÌËÂ ‚
ÏÌÓ„ÓÏÂÌ˚ı Á‡‰‡˜‡ı „‡ÁÓ‚ÓÈ ‰ËÌ‡ÏËÍË „ÓÂÌËfl
‚ Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl ÌÂ ÔÂ‰ÒÚ‡‚ÎflÂÚÒfl ‚ÓÁÏÓÊÌ˚Ï
‚‚Ë‰Û ÌÂÔËÂÏÎÂÏÓ ‚˚ÒÓÍËı ‚˚˜ËÒÎËÚÂÎ¸Ì˚ı Á‡-
Ú‡Ú. ÇÏÂÒÚÂ Ò ÚÂÏ ÔÓÒÚÓÈ ‡Ò˜ÂÚ ÔÓÍ‡Á˚‚‡ÂÚ,
˜ÚÓ ÔË Û˜ÂÚÂ ‚ÒÂı ‚ÓÁÏÓÊÌ˚ı ËÁÓÏÂÓ‚ Ë ‚ÒÂı
Â‡ÍˆËÈ (Ì‡ÔËÏÂ, ÔË ‚ÍÎ˛˜ÂÌËË ‚ ‡ÒÒÏÓÚÂÌËÂ
ÔÓÎË‡ÓÏ‡ÚË˜ÂÒÍËı Û„ÎÂ‚Ó‰ÓÓ‰Ó‚, Ò‡ÊË, ÙÛÎÎÂ-
ÂÌÓ‚, Â‡ÍˆËÈ Ëı Ó·‡ÁÓ‚‡ÌËfl Ë ‡ÒıÓ‰Ó‚‡ÌËfl Ë
Ú.‰.) Ó·˙ÂÏ˚ ‰ÂÚ‡Î¸Ì˚ı ÏÂı‡ÌËÁÏÓ‚ ‚ [1–3] ·˚ÎË
·˚ ÁÌ‡˜ËÚÂÎ¸ÌÓ ·ÓÎ¸¯Â. ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, Ú‡ÍÓ„Ó
Ó‰‡ ‰ÂÚ‡Î¸Ì˚Â ÏÂı‡ÌËÁÏ˚ ‚ ÓÔÂ‰ÂÎÂÌÌÓÏ
ÒÏ˚ÒÎÂ Ó„‡ÌË˜ÂÌ˚ Ë ÌÂ ÏÓ„ÛÚ ÔÂÚÂÌ‰Ó‚‡Ú¸ Ì‡
ÔÓÎÌÓÚÛ ÓÔËÒ‡ÌËfl ÔÓˆÂÒÒ‡ ÓÍËÒÎÂÌËfl. ëÎÂ‰ÛÂÚ
ÓÚÏÂÚËÚ¸ Â˘Â Ó‰ÌÛ ‚‡ÊÌÛ˛ ÓÒÓ·ÂÌÌÓÒÚ¸ ÒÛ˘Â-
ÒÚ‚Û˛˘Ëı ‰ÂÚ‡Î¸Ì˚ı ÏÂı‡ÌËÁÏÓ‚: ÓÌË ‚ÍÎ˛˜‡˛Ú
ÌÂ‰ÓÒÚ‡ÚÓ˜ÌÓ ÔÓ‚ÂÂÌÌ˚Â ‰‡ÌÌ˚Â ÔÓ ÚÂÏÓıË-
ÏËË Ë ÒÍÓÓÒÚflÏ Â‡ÍˆËÈ, ˜ÚÓ ÒÍ‡Á˚‚‡ÂÚÒfl Ì‡ Ëı
Ó·ÓÒÌÓ‚‡ÌÌÓÒÚË Ë ÚÓ˜ÌÓÒÚË. 

ÑÎfl Ô‡ÍÚË˜ÂÒÍËı ‡Ò˜ÂÚÓ‚ ÔÂ‰ÒÚ‡‚Îfl˛Ú ËÌ-
ÚÂÂÒ ÌÂ ‚ÒÂÓ·˙ÂÏÎ˛˘ËÂ, ‡ ÓÔÚËÏ‡Î¸Ì˚Â ÍËÌÂÚË-
˜ÂÒÍËÂ ÏÂı‡ÌËÁÏ˚, ‚ ÍÓÚÓ˚ı ÔËÒÛÚÒÚ‚Û˛Ú
ÎË¯¸ ÓÒÌÓ‚Ì˚Â ÔÓˆÂÒÒ˚, ÓÔÂ‰ÂÎfl˛˘ËÂ ÒÍÓ-

ÓÒÚ¸ Â‡ÍˆËË Ë Ó·‡ÁÓ‚‡ÌËÂ ‚‡ÊÌÂÈ¯Ëı ÔÓÏÂ-
ÊÛÚÓ˜Ì˚ı Ë ÍÓÌÂ˜Ì˚ı ÔÓ‰ÛÍÚÓ‚ [4]. í‡ÍËÂ ÏÂı‡-
ÌËÁÏ˚, ‰‡ÊÂ ÂÒÎË ÓÌË ‰ÓÒÚ‡ÚÓ˜ÌÓ ÍÓÏÔ‡ÍÚÌ˚Â,
ËÏÂ˛Ú ÒÚ‡ÚÛÒ ÌÂ˝ÏÔËË˜ÂÒÍËı ‰ÂÚ‡Î¸Ì˚ı ÏÂı‡-
ÌËÁÏÓ‚, ÔÓÒÍÓÎ¸ÍÛ ‚ÒÂ ‚ıÓ‰fl˘ËÂ ‚ ÌËı ̋ ÎÂÏÂÌÚ‡-
Ì˚Â Â‡ÍˆËË ËÏÂ˛Ú ÍËÌÂÚË˜ÂÒÍÓÂ Ó·ÓÒÌÓ‚‡ÌËÂ. 

àÁ‚ÂÒÚÌ‡ ·ÓÎ¸¯‡fl Ó·˘ÌÓÒÚ¸ ‚ ÙÂÌÓÏÂÌÓÎÓ„ËË
ÓÍËÒÎÂÌËfl ÌÓÏ‡Î¸Ì˚ı ‡ÎÍ‡ÌÓ‚˚ı Û„ÎÂ‚Ó‰ÓÓ-
‰Ó‚ [4–6]. Ç [4] ÔÂ‰ÎÓÊÂÌ ‡Î„ÓËÚÏ ÔÓÒÚÓÂÌËfl
ıËÏË˜ÂÒÍÓ„Ó ÏÂı‡ÌËÁÏ‡ ÓÍËÒÎÂÌËfl Ë „ÓÂÌËfl Ú‡-
ÍËı Û„ÎÂ‚Ó‰ÓÓ‰Ó‚, ÍÓÚÓ˚È ÔËÏÂÌÂÌ ‰Îfl ÒÓÁ‰‡-
ÌËfl ÍÓÏÔ‡ÍÚÌÓ„Ó ÏÂı‡ÌËÁÏ‡ ÓÍËÒÎÂÌËfl ÔÓÔ‡Ì‡.
Ç ‰‡ÌÌÓÈ ‡·ÓÚÂ ˝ÚÓÚ ‡Î„ÓËÚÏ ËÒÔÓÎ¸ÁÓ‚‡Ì ‰Îfl
ÒÓÁ‰‡ÌËfl ÍÓÏÔ‡ÍÚÌÓ„Ó ÏÂı‡ÌËÁÏ‡ ÓÍËÒÎÂÌËfl Ì-
·ÛÚ‡Ì‡ (Ì-ë
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), ÍÓÚÓ˚È ÓÚÎË˜‡ÂÚÒfl ÓÚ ÏÂı‡ÌËÁ-
ÏÓ‚, ÔÂ‰ÎÓÊÂÌÌ˚ı ‡ÌÂÂ (ÒÏ., Ì‡ÔËÏÂ, [7, 8]),
ÁÌ‡˜ËÚÂÎ¸ÌÓ ÏÂÌ¸¯ËÏ ÍÓÎË˜ÂÒÚ‚ÓÏ ÍÓÏÔÓÌÂÌÚÓ‚
Ë Â‡ÍˆËÈ. èÂ‰ÎÓÊÂÌÌ˚È ‚ [4] ‡Î„ÓËÚÏ ÓÒÌÓ‚‡Ì
Ì‡ ‰‚Ûı ÍÎ˛˜Â‚˚ı ÔËÌˆËÔ‡ı: 1) Ò˜ËÚ‡ÂÚÒfl, ˜ÚÓ
ÌËÁÍÓÚÂÏÔÂ‡ÚÛÌÓÂ ‡Á‚ÂÚ‚ÎÂÌËÂ Ó·flÁ‡ÌÓ „ÛÔ-
ÔÂ Â‡ÍˆËÈ Ò Ó‰ÌËÏ ÔËÒÓÂ‰ËÌÂÌËÂÏ ÍËÒÎÓÓ‰‡;
2)

 

 

 

ÔÂ‰ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ ÔÛÚ¸ ÓÍËÒÎÂÌËfl ˜ÂÂÁ ËÁÓ-
ÏÂÌ˚Â ÙÓÏ˚ Û„ÎÂ‚Ó‰ÓÓ‰Ó‚ ÏÓÊÌÓ ËÒÍÎ˛˜ËÚ¸
ËÁ ‡ÒÒÏÓÚÂÌËfl, ÔÓÒÍÓÎ¸ÍÛ ÓÌ ÏÂ‰ÎÂÌÌÂÂ, ˜ÂÏ
ÔÛÚ¸ ÓÍËÒÎÂÌËfl ˜ÂÂÁ ˜‡ÒÚËˆ˚ ÌÓÏ‡Î¸ÌÓ„Ó ÒÚÓ-
ÂÌËfl (‰Û„ËÏË ÒÎÓ‚‡ÏË, ‡ÁÎË˜ËÂ ÏÂÊ‰Û ̃ ‡ÒÚËˆ‡ÏË
ÌÓÏ‡Î¸ÌÓ„Ó ÒÚÓÂÌËfl Ë ËÁÓÏÂ‡ÏË ÌÂ ‰ÂÎ‡ÂÚÒfl).
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Ç [4] ‰Îfl ‡Á‡·ÓÚÍË ÍÓÏÔ‡ÍÚÌ˚ı ÍËÌÂÚË˜Â-
ÒÍËı ÏÂı‡ÌËÁÏÓ‚, ÔÓÒÚÓÂÌÌ˚ı Ì‡ ËÁÎÓÊÂÌÌ˚ı
‚˚¯Â ÔËÌˆËÔ‡ı, ÒÓÁ‰‡Ì‡ ÒÔÂˆË‡Î¸Ì‡fl Ï‡ÚÂÏ‡ÚË-
˜ÂÒÍ‡fl ÔÓ„‡ÏÏ‡. Ç ˝ÚÓÈ ÔÓ„‡ÏÏÂ Á‡ ÓÒÌÓ‚Û
ÏÂı‡ÌËÁÏ‡ ÓÍËÒÎÂÌËfl Û„ÎÂ‚Ó‰ÓÓ‰‡ ë
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àÁ‚ÂÒÚÌ˚Â ‰ÂÚ‡Î¸Ì˚Â ÏÂı‡ÌËÁÏ˚ ÓÍËÒÎÂÌËfl ‚˚Ò¯Ëı Û„ÎÂ‚Ó‰ÓÓ‰Ó‚ ‚ÍÎ˛˜‡˛Ú ‚ ÒÂ·fl ÒÓÚÌË ˜‡ÒÚËˆ
Ë Ú˚Òfl˜Ë Â‡ÍˆËÈ. çÂÒÏÓÚfl Ì‡ ‰ÓÒÚÓËÌÒÚ‚‡ Ú‡ÍËı ÏÂı‡ÌËÁÏÓ‚, Ëı ÔËÏÂÌÂÌËÂ ‰Îfl Â¯ÂÌËfl Ô‡ÍÚË-
˜ÂÒÍËı Á‡‰‡˜ „‡ÁÓ‚ÓÈ ‰ËÌ‡ÏËÍË „ÓÂÌËfl ‚ Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl Á‡ÚÛ‰ÌÂÌÓ ‚‚Ë‰Û ·ÓÎ¸¯Ëı ‚˚˜ËÒÎËÚÂÎ¸-
Ì˚ı Á‡Ú‡Ú. Ç ‡·ÓÚÂ ÔÂ‰ÎÓÊÂÌ ÍÓÏÔ‡ÍÚÌ˚È ÍËÌÂÚË˜ÂÒÍËÈ ÏÂı‡ÌËÁÏ ÓÍËÒÎÂÌËfl Ì-·ÛÚ‡Ì‡, ‚ÍÎ˛˜‡-
˛˘ËÈ ÓÒÌÓ‚Ì˚Â ÔÓˆÂÒÒ˚, ‡ Ú‡ÍÊÂ ÔÓÏÂÊÛÚÓ˜Ì˚Â Ë ÍÓÌÂ˜Ì˚Â ÔÓ‰ÛÍÚ˚ Â‡ÍˆËË. åÂı‡ÌËÁÏ ËÏÂ-
ÂÚ ÒÚ‡ÚÛÒ ÌÂ˝ÏÔËË˜ÂÒÍÓ„Ó ‰ÂÚ‡Î¸ÌÓ„Ó ÏÂı‡ÌËÁÏ‡, Ú‡Í Í‡Í ‚ÒÂ ˝ÎÂÏÂÌÚ‡Ì˚Â Â‡ÍˆËË ËÏÂ˛Ú
ÍËÌÂÚË˜ÂÒÍÓÂ Ó·ÓÒÌÓ‚‡ÌËÂ. Ç ÏÂı‡ÌËÁÏÂ ÓÚÒÛÚÒÚ‚Û˛Ú Â‡ÍˆËË ‰‚ÓÈÌÓ„Ó ÔËÒÓÂ‰ËÌÂÌËfl ÍËÒÎÓÓ‰‡
Ë ÔÓÏÂÊÛÚÓ˜Ì˚Â ÔÓ‰ÛÍÚ˚ ‚ ‚Ë‰Â ËÁÓÏÂÌ˚ı ÒÓÂ‰ËÌÂÌËÈ Ë Ëı ÔÓËÁ‚Ó‰Ì˚ı. èÓ‚Â‰ÂÌÓ Ò‡‚ÌÂÌËÂ
‡Ò˜ÂÚÓ‚ Ë ˝ÍÒÔÂËÏÂÌÚÓ‚ ÔÓ ÓÍËÒÎÂÌË˛, Ò‡ÏÓ‚ÓÒÔÎ‡ÏÂÌÂÌË˛ Ë „ÓÂÌË˛ Ì-·ÛÚ‡Ì‡.
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„Ë˜ÂÒÍÓÏ fl‰Û Ò ˜ËÒÎÓÏ ‡ÚÓÏÓ‚ Û„ÎÂÓ‰‡, ‡‚Ì˚Ï

 

n

 

 – 1. 
ÑÎfl Ì-·ÛÚ‡Ì‡ Ú‡ÍËÏ ‡Ì‡ÎÓ„ÓÏ ‚ „ÓÏÓÎÓ„Ë˜Â-

ÒÍÓÏ fl‰Û fl‚ÎflÂÚÒfl ÔÓÔ‡Ì. èÓ˝ÚÓÏÛ Á‡ ÓÒÌÓ‚Û
ÏÂı‡ÌËÁÏ‡ ÓÍËÒÎÂÌËfl Ì-ë
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 ‚ÁflÎË ÏÂı‡ÌËÁÏ
ÓÍËÒÎÂÌËfl ÔÓÔ‡Ì‡ [4], ÍÓÚÓ˚È ‚ÍÎ˛˜‡ÂÚ 45
ÍÓÏÔÓÌÂÌÚÓ‚ Ë 204 Ó·‡ÚËÏ˚ı Â‡ÍˆËË. ëÓ„Î‡ÒÌÓ
[4], ÛÍ‡Á‡ÌÌ˚È ÏÂı‡ÌËÁÏ Û‰Ó‚ÎÂÚ‚ÓËÚÂÎ¸ÌÓ ÓÔË-
Ò˚‚‡ÂÚ Ë ÌËÁÍÓ- Ë ‚˚ÒÓÍÓÚÂÏÔÂ‡ÚÛÌÛ˛ ÍËÌÂÚË-
ÍÛ ÓÍËÒÎÂÌËfl Ë „ÓÂÌËfl ÏÂÚ‡Ì‡, ˝Ú‡Ì‡ Ë ÔÓÔ‡Ì‡.

Ç ÌÓ‚˚È ÏÂı‡ÌËÁÏ ÓÍËÒÎÂÌËfl Ì-ë
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 ‚ÍÎ˛˜Ë-
ÎË ‚ÂÒ¸ ÏÂı‡ÌËÁÏ ÓÍËÒÎÂÌËfl ÔÓÔ‡Ì‡ Ë ‰ÓÔÓÎÌË-
ÚÂÎ¸Ì˚Â ÍÓÏÔÓÌÂÌÚ˚ Ë Â‡ÍˆËË, ‡Ì‡ÎÓ„Ë˜Ì˚Â
ÍÓÏÔÓÌÂÌÚ‡Ï Ë Â‡ÍˆËflÏ ‚ ÏÂı‡ÌËÁÏÂ ÓÍËÒÎÂÌËfl
ÔÓÔ‡Ì‡, ‡ Ú‡ÍÊÂ ÌÓ‚˚Â ÔÂÂÍÂÒÚÌ˚Â Â‡ÍˆËË
ÏÂÊ‰Û Û„ÎÂ‚Ó‰ÓÓ‰Ì˚ÏË ‡‰ËÍ‡Î‡ÏË Ë ÏÓÎÂÍÛÎ‡-
ÏË, ı‡‡ÍÚÂÌ˚Â ‰Îfl Ì-ë
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. ç‡ÔËÏÂ, ‚ ÏÂı‡-
ÌËÁÏÂ ÓÍËÒÎÂÌËfl Ì-ë
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 ËÁ ÔÓÔ‡ÌÓ‚Ó„Ó ÏÂı‡ÌËÁÏ‡ – ‡-
‰ËÍ‡Î˚ ë
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. Ç Ú‡·Î. 1 ÔÂ‰ÒÚ‡‚-
ÎÂÌ ÔÂÂ˜ÂÌ¸ ÌÓ‚˚ı ÍÓÏÔÓÌÂÌÚÓ‚ ‚ ÏÂı‡ÌËÁÏÂ
ÓÍËÒÎÂÌËfl Ì-ë
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. á‰ÂÒ¸ ÊÂ ÔË‚Â‰ÂÌ˚ ÒÓÓÚ‚ÂÚ-
ÒÚ‚Û˛˘ËÂ ÁÌ‡˜ÂÌËfl ̋ ÌÚ‡Î¸ÔËÈ Ó·‡ÁÓ‚‡ÌËfl 
Ë ˝ÌÚÓÔËË 

 

S
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, ÍÓÚÓ˚Â ‚ÁflÎË ËÁ ÒÔ‡‚Ó˜ÌËÍÓ‚
ËÎË ‡ÒÒ˜ËÚ‡ÎË ÏÂÚÓ‰ÓÏ ‡‰‰ËÚË‚ÌÓÒÚË.

Ç ÌÓ‚ÓÏ ÏÂı‡ÌËÁÏÂ ÓÍËÒÎÂÌËfl Ì-·ÛÚ‡Ì‡ ‡Ì‡ÎÓ-
„Ë Â‡ÍˆËÈ ÏÂı‡ÌËÁÏ‡ ÓÍËÒÎÂÌËfl ÔÓÔ‡Ì‡ ë
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4

 

H

 

10

 

 = ë

 

4

 

H

 

9

 

 + H. ÇÏÂÒÚÓ ‰‚Ûı
ÏÓÌÓÏÓÎÂÍÛÎflÌ˚ı Â‡ÍˆËÈ ‚ ÏÂı‡ÌËÁÏÂ ÓÍËÒÎÂ-
ÌËfl ÔÓÔ‡Ì‡, ë

 

3

 

H

 

8

 

 = ë

 

3

 

H

 

7

 

 + H Ë ë

 

3

 

H

 

8

 

 = ë

 

2

 

H

 

5

 

 + ëH

 

3

 

,
‚ ÏÂı‡ÌËÁÏ ÓÍËÒÎÂÌËfl Ì-ë

 

4

 

H

 

10

 

 ‚ÍÎ˛˜ÂÌ˚ ÚË ÏÓÌÓ-
ÏÓÎÂÍÛÎflÌ˚ı Â‡ÍˆËË: ë

 

4

 

H

 

10

 

 = ë

 

4

 

H

 

9

 

 + H, ë

 

4

 

H

 

10

 

 =
=

 

 

 

ë

 

3

 

H

 

7

 

 + ëH

 

3

 

 Ë ë

 

4

 

H

 

10

 

 = ë

 

2

 

H

 

5

 

 + ë

 

2

 

H

 

5

 

. 
ç‡Ë·ÓÎÂÂ ‚‡ÊÌ˚Ï ‰Îfl ÍËÌÂÚË˜ÂÒÍÓ„Ó ÏÂı‡-

ÌËÁÏ‡ fl‚ÎflÂÚÒfl ‚˚·Ó ‡ÂÌËÛÒÓ‚ÒÍËı Ô‡‡ÏÂÚ-
Ó‚ ÍÓÌÒÚ‡ÌÚ ÒÍÓÓÒÚÂÈ ˝ÎÂÏÂÌÚ‡Ì˚ı Â‡ÍˆËÈ.
ÑÓÒÚ‡ÚÓ˜ÌÓ ÚÓ˜Ì˚Â ÁÌ‡˜ÂÌËfl ˝ÚËı Ô‡‡ÏÂÚÓ‚
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ËÁ‚ÂÒÚÌ˚ ÎË¯¸ ‰Îfl Ó„‡ÌË˜ÂÌÌÓ„Ó ÍÛ„‡ Â‡ÍˆËÈ.
èÓ˝ÚÓÏÛ ‰Îfl ÔÓÎÛ˜ÂÌËfl Ï‡ÒÒË‚‡ ÍÓÌÒÚ‡ÌÚ ÒÍÓÓ-
ÒÚÂÈ Â‡ÍˆËÈ ‚ ÏÂı‡ÌËÁÏÂ ÓÍËÒÎÂÌËfl Ì-ë

 

4

 

H

 

10

 

 ËÒ-
ÔÓÎ¸ÁÓ‚‡ÎË ÍÓÌÒÚ‡ÌÚ˚ ËÁ ÏÂı‡ÌËÁÏ‡ ÓÍËÒÎÂÌËfl
ÔÓÔ‡Ì‡ [4]. 

Ñ‚ÛıÔ‡‡ÏÂÚË˜ÂÒÍ‡fl ÍÓÌÒÚ‡ÌÚ‡ ÒÍÓÓÒÚË ‰Îfl

 

i

 

-È Â‡ÍˆËË ËÏÂÂÚ ‚Ë‰

 

k

 

i

 

 = 

 

A

 

i

 

exp(–

 

E

 

i

 

/

 

RT

 

),

„‰Â 

 

A

 

i

 

 – ÔÂ‰˝ÍÒÔÓÌÂÌˆË‡Î¸Ì˚È ÏÌÓÊËÚÂÎ¸, 

 

E

 

i

 

 –
˝ÌÂ„Ëfl ‡ÍÚË‚‡ˆËË, 

 

T

 

 – ÚÂÏÔÂ‡ÚÛ‡ Ë 

 

R

 

 – „‡ÁÓ‚‡fl
ÔÓÒÚÓflÌÌ‡fl. 

àÁ‚ÂÒÚÌÓ, ˜ÚÓ ÔÂ‰˝ÍÒÔÓÌÂÌˆË‡Î¸Ì˚È ÏÌÓÊË-
ÚÂÎ¸ 

 

A

 

i

 

 ÔÓÔÓˆËÓÌ‡ÎÂÌ exp(

 

∆

 

S

 

i

 

/R). ÑÎfl Ó‰ÌÓÚËÔ-
Ì˚ı Â‡ÍˆËÈ ‚ ÏÂı‡ÌËÁÏ‡ı ÓÍËÒÎÂÌËfl Û„ÎÂ‚Ó‰Ó-
Ó‰‡ ënH2n + 2 Ë ÔÓÔ‡Ì‡ (n = 3) ÒÔ‡‚Â‰ÎË‚Ó ‚˚‡-
ÊÂÌËÂ

Ai(n) = Ai(n = 3)exp[(∆Si(n) – ∆Si(n = 3))/R],

„‰Â ∆Si(n) Ë ∆Si(n = 3) – ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ ËÁÏÂÌÂÌËfl
˝ÌÚÓÔËË Â‡ÍˆËÈ.

ÑÎfl ˝ÌÂ„ËÈ ‡ÍÚË‚‡ˆËË Ei ËÁ‚ÂÒÚÌ‡ ÒÎÂ‰Û˛˘‡fl
ÔË·ÎËÊÂÌÌ‡fl Á‡ÍÓÌÓÏÂÌÓÒÚ¸ [9]:

Ei = 11.5 – 0.25∆Hi ‰Îfl ˝ÍÁÓÚÂÏË˜ÂÒÍËı Â‡ÍˆËÈ 

Ë

Ei = 11.5 + 0.75∆Hi ‰Îfl ˝Ì‰ÓÚÂÏË˜ÂÒÍËı Â‡ÍˆËÈ,

„‰Â ∆Hi – ËÁÏÂÌÂÌËÂ ˝ÌÚ‡Î¸ÔËË Â‡ÍˆËË. ëÎÂ‰Ó‚‡-
ÚÂÎ¸ÌÓ, ‰Îfl Ó‰ÌÓÚËÔÌ˚ı Â‡ÍˆËÈ ‚ ÏÂı‡ÌËÁÏ‡ı
ÓÍËÒÎÂÌËfl Û„ÎÂ‚Ó‰ÓÓ‰‡ ënH2n + 2 Ë ÔÓÔ‡Ì‡ (n = 3)
ÒÔ‡‚Â‰ÎË‚Ó ‚˚‡ÊÂÌËÂ

Ei(n) = Ei(n = 3) – 0.25[∆Hi(n) – ∆Hi(n = 3)] 

‰Îfl ˝ÍÁÓÚÂÏË˜ÂÒÍËı Â‡ÍˆËÈ,

Ei(n) = Ei(n = 3) + 0.75[∆Hi(n) – ∆Hi(n = 3)] 

‰Îfl ˝Ì‰ÓÚÂÏË˜ÂÒÍËı Â‡ÍˆËÈ,

„‰Â ∆Hi(n) Ë ∆Hi(n = 3) – ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ ËÁÏÂÌÂÌËfl
˝ÌÚ‡Î¸ÔËË Â‡ÍˆËÈ. í‡ÍËÏ Ó·‡ÁÓÏ, ‰Îfl ÓˆÂÌÍË
ÒÍÓÓÒÚÂÈ Â‡ÍˆËË ‚ ÏÂı‡ÌËÁÏÂ Û„ÎÂ‚Ó‰ÓÓ‰‡ Ò
˜ËÒÎÓÏ ‡ÚÓÏÓ‚ Û„ÎÂÓ‰‡ n > 3 ÏÓÊÌÓ ËÒÔÓÎ¸ÁÓ-
‚‡Ú¸ ‡ÂÌËÛÒÓ‚ÒÍËÂ Ô‡‡ÏÂÚ˚ ÒÍÓÓÒÚË Â‡ÍˆËÈ
ËÁ ÏÂı‡ÌËÁÏ‡ ÓÍËÒÎÂÌËfl ÔÓÔ‡Ì‡. ÑÎfl ÔÓ‚ÂÍË
ÒÔ‡‚Â‰ÎË‚ÓÒÚË Ú‡ÍÓ„Ó ÔÓ‰ıÓ‰‡ ÏÓÊÌÓ ËÒÔÓÎ¸ÁÓ-
‚‡Ú¸ Ï‡ÒÒË‚ ÍËÌÂÚË˜ÂÒÍËı ‰‡ÌÌ˚ı, ÓÔÛ·ÎËÍÓ‚‡Ì-
Ì˚ı ‚ ÎËÚÂ‡ÚÛÂ.

èÓ Ò‡‚ÌÂÌË˛ Ò ÏÂı‡ÌËÁÏÓÏ ÓÍËÒÎÂÌËfl ÔÓÔ‡-
Ì‡ ‚ ÏÂı‡ÌËÁÏ ÓÍËÒÎÂÌËfl Ì-·ÛÚ‡Ì‡ ÔÓÚÂ·Ó‚‡ÎÓÒ¸
‚‚ÂÒÚË 9 ÌÓ‚˚ı ÍÓÏÔÓÌÂÌÚÓ‚ Ë 84 ÌÓ‚˚ı ˝ÎÂÏÂÌ-
Ú‡Ì˚ı Â‡ÍˆËË, ÍÓÚÓ˚Â ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ‚ Ú‡·Î. 2.
èÓÎÌ˚È Ó·˙ÂÏ ÔÓÎÛ˜ÂÌÌÓ„Ó ÏÂı‡ÌËÁÏ‡ ÓÍËÒÎÂ-
ÌËfl Ì-·ÛÚ‡Ì‡ – 54 ÍÓÏÔÓÌÂÌÚ‡ Ë 288 Ó·‡ÚËÏ˚ı
Â‡ÍˆËÈ. 

àÁ‚ÂÒÚÌÓ, ˜ÚÓ ‚ ıËÏË˜ÂÒÍÓÈ ÍËÌÂÚËÍÂ ÍËÚË-
˜ÂÒÍËÂ fl‚ÎÂÌËfl (Ì‡ÔËÏÂ, ‚ÓÁÌËÍÌÓ‚ÂÌËÂ ıÓÎÓ‰-
ÌÓ„Ó ËÎË „ÓÎÛ·Ó„Ó ÔÎ‡ÏÂÌË ÔË ÏÌÓ„ÓÒÚ‡‰ËÈÌÓÏ
Ò‡ÏÓ‚ÓÒÔÎ‡ÏÂÌÂÌËË [5]) ÏÌÓ„ÓÙÛÌÍˆËÓÌ‡Î¸Ì˚ Ë

í‡·ÎËˆ‡ 1.  ëÔËÒÓÍ ‰ÓÔÓÎÌËÚÂÎ¸Ì˚ı ÍÓÏÔÓÌÂÌÚÓ‚
‚ ÏÂı‡ÌËÁÏÂ ÓÍËÒÎÂÌËfl Ì-·ÛÚ‡Ì‡

çÓÏÂ
ÍÓÏÔÓÌÂÌÚ‡ îÓÏÛÎ‡ , 

ÍÍ‡Î/ÏÓÎ¸
S298,

ÍÍ‡Î/ÏÓÎ¸

46 C4H10 –29.6 64.51

47 C4H9 18.46 77.34

48 C4H9O2 –10.5 101.38

49 C4H9O2H –40.6 93.3

50 C4H9O –6.5 86.1

51 C3H7CHO –50.7 82.2

52 C3H7CO –16.0 83.5

53 C4H8 –2.74 73.52

54 C4H7 26.36 70.1

∆H f 298°
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í‡·ÎËˆ‡ 2.  åÂı‡ÌËÁÏ ÓÍËÒÎÂÌËfl Ë „ÓÂÌËfl ·ÛÚ‡Ì‡

‹ êÂ‡ÍˆËfl Ä, Î, ÏÓÎ¸, Ò E/R, K

1 C4H10 + O2 = C4H9 + HO2 0.259E+10 0.240E+05

2 C4H10 + OH = C4H9 + H2O 0.409E+10 0.580E+03

3 C4H10 + H = C4H9 + H2 0.603E+11 0.401E+04

4 C4H10 + O = C4H9 + OH 0.328E+12 0.481E+04

5 C4H10 + HO2 = C4H9 + H2O2 0.389E+09 0.862E+04

6 C4H8 + H = C4H9 0.141E+10 0.652E+03

7 C4H9 + O2 = C4H8 + HO2 0.300E+11 0.700E+04

8 C4H9 + OH = C4H8 + H2O 0.803E+10 –0.337E+03

9 C4H10 = H + C4H9 0.233E+14 0.376E+05

10 C4H10 = CH3 + C3H7 0.324E+16 0.422E+05

11 C4H10 = C2H5 + C2H5 0.194E+17 0.428E+05

12 C4H9 + H = C4H8 + H2 0.803E+10 –0.337E+03

13 C4H9 + CH3 = C4H8 + CH4 0.470E+09 –0.443E+03

14 C4H9 + C2H5 = C4H8 + C2H6 0.131E+09 0.128E+03

15 C4H9 + C3H7 = C4H8 + C3H8 0.184E+09 0.151E+03

16 C4H9 + O = C4H8 + OH 0.268E+12 –0.337E+03

17 C4H9 + O2 = C4H9O2 0.684E+09 –0.659E+03

18 C4H10 + CH3O2 = C4H9 + CH3O2H 0.890E+10 0.600E+04

19 C4H10 + C2H5O2 = C4H9 + C2H5O2H 0.890E+10 0.600E+04

20 C4H10 + C3H7O2 = C4H9 + C3H7O2H 0.890E+10 0.600E+04

21 C4H10 + C4H9O2 = C4H9 + C4H9O2H 0.890E+10 0.600E+04

22 C4H9O2H = C4H9O + OH 0.643E+16 0.198E+05

23 C4H9O = H2CO + C3H7 0.257E+15 0.983E+04

24 C4H9O = CH3CHO + C2H5 0.627E+15 0.975E+04

25 C4H9O = C2H5CHO + CH3 0.126E+15 0.991E+04

26 C4H9O = C4H8O + H 0.108E+13 0.834E+04

27 C4H9O2 + H = C4H9O + OH 0.105E+10 –0.830E+03

28 C4H9O2 + CH3 = C4H9O + CH3O 0.162E+08 0.614E+03

29 C4H9O2 + C2H5 = C4H9O + C2H5O 0.369E+08 0.131E+03

30 C4H9O2 + C3H7 = C4H9O + C3H7O 0.281E+08 0.780E+03

31 C4H9O2 + C4H9 = C4H9O + C4H9O 0.214E+08 0.140E+04

32 C4H9O2 + H2CO = C4H10O2 + HCO 0.111E+08 0.353E+04

33 C4H9O2 + CH3CHO = C4H10O2 + CH3CO 0.109E+08 0.364E+04

34 C4H9O2 + C2H5CHO = C4H10O2 + C2H5CO 0.109E+08 0.382E+04

35 C4H9O2 + C4H8O = C4H10O2 + C4H7O 0.109E+08 0.401E+04

36 C4H9 + HO2 = C4H9O + OH 0.229E+11 0.622E+03

37 C4H9 + O2 = C4H8O + OH 0.479E+10 0.893E+04

38 C4H9 + C2H5 = C4H10 + C2H4 0.963E+09 0.355E+03

39 C4H9 + C3H7 = C4H10 + C3H6 0.293E+10 0.201E+02

40 C4H9 + C4H9 = C4H10 + C4H8 0.392E+10 –0.317E+03

41 C4H9 + O2 = H2CO + C3H7O 0.400E+09 0.500E+04

42 C4H9 + O2 = CH3CHO + C2H5O 0.400E+09 0.500E+04

43 C4H9 + O2 = C2H5CHO + CH3O 0.400E+09 0.500E+04

44 C4H9 + OH = CH3 + C3H7O 0.229E+11 –0.194E+04

45 C4H9 + OH = C2H5 + C2H5O 0.179E+12 –0.228E+03
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Å‡ÒÂ‚Ë˜ Ë ‰.

í‡·ÎËˆ‡ 2.  éÍÓÌ˜‡ÌËÂ

‹ êÂ‡ÍˆËfl Ä, Î, ÏÓÎ¸, Ò E/R, K

46 C4H9 + OH = C3H7 + CH3O 0.132E+11 0.481E+03

47 C4H9 + H = CH3 + C3H7 0.480E+11 0.547E+03

48 C4H9 + H = C2H5 + C2H5 0.287E+12 0.322E+03

49 C4H9 + H = CH2 + C3H8 0.845E+10 0.302E+04

50 C4H9 + H = C2H4 + C2H6 0.127E+10 –0.643E+04

51 C4H9 + H = C3H6 + CH4 0.232E+10 –0.711E+04

52 C4H9 + O = H + C4H8O 0.842E+09 0.494E+03

53 C4H9 + O = CH3 + C2H5CHO 0.979E+11 –0.951E+03

54 C4H9 + O = C2H5 + CH3CHO 0.487E+12 –0.111E+04

55 C4H9 + O = C3H7 + H2CO 0.200E+12 –0.252E+01

56 C4H7O + HO2 = C4H8O + O2 0.530E+08 0.629E+02

57 C4H8O + OH = C4H7O + H20 0.100E+11 –0.629E+02

58 C4H8O + H = C4H7O + H2 0.140E+11 0.159E+04

59 C4H8O + O = C4H7O + OH 0.568E+10 0.717E+03

60 C4H8O + HO2 = C4H7O + H2O2 0.600E+09 0.494E+04

61 C3H7 + HCO = C4H8O 0.216E+11 –0.679E+02

62 C3H7 + CO = C4H7O 0.181E+09 0.229E+04

63 C4H7O + H = C3H7 + HCO 0.501E+10 0.253E+04

64 C4H7O + O = C3H7O + CO 0.381E+10 0.780E+03

65 C4H8 + OH = C4H7 + H20 0.241E+11 0.392E+04

66 C4H7 + H2 = C4H8 + H 0.319E+12 0.735E+04

67 C4H7 + O2 = C2H5O2 + C2H2 0.608E+11 0.547E+04

68 C4H8 + HCO = C4H7 + H2CO 0.161E+11 0.698E+04

69 C4H8 + CH3 = C4H7 + CH4 0.286E+08 0.336E+04

70 C4H8 + C2H5 = C4H7 + C2H6 0.797E+07 –0.105E+04

71 C4H8 + C3H7 = C4H7 + C3H8 0.112E+08 –0.112E+04

72 C2H5 + C2H2 = C4H7 0.330E+09 0.176E+04

73 C4H8 = C2H3 + C2H5 0.446E+14 0.369E+05

74 C4H8 = C3H5 + CH3 0.268E+13 0.429E+05

75 C4H8 + O2 = C4H7 + HO2 0.161E+11 0.215E+05

76 C4H8 + O = C3H7 + HCO 0.373E+10 0.565E+03

77 C4H7 + OH = C3H7 + HCO 0.168E+11 –0.339E+03

78 C4H7 + H = C2H6 + C2H2 0.278E+11 0.679E+01

79 C4H7 + O = C3H7 + CO 0.168E+11 –0.339E+03

80 C4H7 + O = C2H5O + C2H2 0.227E+12 –0.105E+04

81 CH3 + C3H7 = C4H8 + H2 0.268E+10 0.188E+03

82 C2H5 + C2H5 = C4H8 + H2 0.449E+09 0.190E+03

83 C4H8 + H + H = CH3 + C3H7 0.134E+07 –0.467E+04

84* C4H8 + H + H = C2H5 + C2H5 0.802E+07 –0.489E+04

* Ñ‡ÎÂÂ – ÏÂı‡ÌËÁÏ ÓÍËÒÎÂÌËfl ë1–ë3 (ÒÏ. [4]).
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ÒÛ˘ÂÒÚ‚Û˛Ú ÔË ÓÔÂ‰ÂÎÂÌÌÓÏ ÒÓÓÚÌÓ¯ÂÌËË ÒÍÓ-
ÓÒÚÂÈ ˝ÎÂÏÂÌÚ‡Ì˚ı Â‡ÍˆËÈ. èÓ˝ÚÓÏÛ ‰Îfl ÏÓ-
‰ÂÎËÓ‚‡ÌËfl Ì‡·Î˛‰‡ÂÏ˚ı fl‚ÎÂÌËÈ ÌÂÓ·ıÓ‰ËÏÓ
ÌÂÍÓÚÓÓÂ ÒÓ„Î‡ÒÓ‚‡ÌËÂ ÔË·ÎËÊÂÌÌ˚ı ÁÌ‡˜ÂÌËÈ
ÓÔÂ‰ÂÎfl˛˘Ëı ÍËÌÂÚË˜ÂÒÍËı Ô‡‡ÏÂÚÓ‚. ÑÛ„Ë-
ÏË ÒÎÓ‚‡ÏË, ÚÂ·Û˛ÚÒfl ‰ÓÔÓÎÌËÚÂÎ¸Ì˚È ‡Ì‡ÎËÁ Ë
ÔÓ‰·Ó ÍÓÌÒÚ‡ÌÚ ÒÍÓÓÒÚÂÈ Â‡ÍˆËÈ ‚ ‰ÓÔÛÒÚË-
ÏÓÏ ÚÂÓËÂÈ ‰Ë‡Ô‡ÁÓÌÂ ÁÌ‡˜ÂÌËÈ, ÍÓÚÓ˚È Û˜Ë-
Ú˚‚‡ÂÚ ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â ÔÓ„Â¯ÌÓÒÚË ÔË ËÁ-
ÏÂÂÌËË ˝ÚËı ÍÓÌÒÚ‡ÌÚ. ÑÎfl ÌÓ‚Ó„Ó ÍÓÏÔ‡ÍÚÌÓ„Ó
ÏÂı‡ÌËÁÏ‡ ÓÍËÒÎÂÌËfl Ì-·ÛÚ‡Ì‡ Ú‡Í‡fl ÍÓÂÍÚË-
Ó‚Í‡ ÍÓÌÒÚ‡ÌÚ ÔÓÚÂ·Ó‚‡Î‡Ò¸ ÔËÏÂÌËÚÂÎ¸ÌÓ Í
‚ÓÒ¸ÏË ˝ÎÂÏÂÌÚ‡Ì˚Ï Â‡ÍˆËflÏ: Â‡ÍˆËflÏ Ì-·Û-
Ú‡Ì‡ Ò „Ë‰ÓÔÂÂÍËÒÌ˚ÏË ‡‰ËÍ‡Î‡ÏË Ë Â‡ÍˆËË
·ÛÚËÎ¸ÌÓ„Ó ‡‰ËÍ‡Î‡ Ò ÏÓÎÂÍÛÎflÌ˚Ï ÍËÒÎÓÓ‰ÓÏ.

èêéÇÖêäÄ åÖïÄçàáåÄ

èÓ„ÌÓÁËÛ˛˘Û˛ ÒÔÓÒÓ·ÌÓÒÚ¸ ÌÓ‚Ó„Ó ÏÂı‡-
ÌËÁÏ‡ ÔÓ‚ÂËÎË, ÔËÏÂÌË‚ Â„Ó Í ÓÔËÒ‡ÌË˛ ÔÓ-
ˆÂÒÒÓ‚ ÓÍËÒÎÂÌËfl Ë Ò‡ÏÓ‚ÓÒÔÎ‡ÏÂÌÂÌËfl Ì-·ÛÚ‡Ì‡,
ÓÔËÒ‡ÌÌ˚ı ‚ ÎËÚÂ‡ÚÛÂ [10].

éÍËÒÎÂÌËÂ Ë Ò‡ÏÓ‚ÓÒÔÎ‡ÏÂÌÂÌËÂ „ÓÏÓ„ÂÌÌÓÈ
ÒÏÂÒË Ì-·ÛÚ‡Ì‡ Ò ÓÍËÒÎËÚÂÎÂÏ ÓÔËÒ˚‚‡ÎË Û‡‚ÌÂ-
ÌËflÏË Ï‡ÚÂË‡Î¸ÌÓ„Ó Ë ÚÂÔÎÓ‚Ó„Ó ·‡Î‡ÌÒ‡ ‚ ÛÒÎÓ-
‚Ëflı ÔÓÒÚÓflÌÌÓ„Ó Ó·˙ÂÏ‡ [11]:

(1)
dn j

dt
-------- wij,

i

∑=

(2)

„‰Â nj – ÍÓÌˆÂÌÚ‡ˆËfl j-„Ó ÍÓÏÔÓÌÂÌÚ‡, t – ‚ÂÏfl,
ρ – ÔÎÓÚÌÓÒÚ¸, cv – ÚÂÔÎÓÂÏÍÓÒÚ¸ ÔË ÔÓÒÚÓflÌÌÓÏ
Ó·˙ÂÏÂ, wij Ë ∆Hij – ÒÍÓÓÒÚ¸ Ë ÚÂÔÎÓÚ‡ i-È Â‡ÍˆËË
Ò Û˜‡ÒÚËÂÏ j-„Ó ÍÓÏÔÓÌÂÌÚ‡, � – ÍÓ˝ÙËˆËÂÌÚ ÚÂÔ-
ÎÓÓÚ‰‡˜Ë ‚ ÒÚÂÌÍÛ, F Ë V – ÔÎÓ˘‡‰¸ ÔÓ‚ÂıÌÓÒÚË Ë
Ó·˙ÂÏ Â‡ÍˆËÓÌÌÓ„Ó ÒÓÒÛ‰‡ ËÎË Í‡ÏÂ˚ Ò„Ó‡-
ÌËfl, Tw – ÚÂÏÔÂ‡ÚÛ‡ ÒÚÂÌÍË. èÂ‚˚È ˜ÎÂÌ ‚ Ô‡-
‚ÓÈ ˜‡ÒÚË (2) ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÚÂÔÎÓ‚˚‰ÂÎÂÌË˛ ÓÚ
Â‡ÍˆËË, ‚ÚÓÓÈ – ÚÂÔÎÓÓ·ÏÂÌÛ ÒÓ ÒÚÂÌÍÓÈ. èÎÓÚ-
ÌÓÒÚ¸ ÓÔÂ‰ÂÎflÎË ËÁ Û‡‚ÌÂÌËfl ÒÓÒÚÓflÌËfl Ë‰Â‡Î¸-
ÌÓ„Ó „‡Á‡: ρ = P/RT, „‰Â P – ‰‡‚ÎÂÌËÂ. ëËÒÚÂÏÛ Û‡‚-
ÌÂÌËÈ (1), (2) ‰ÓÔÓÎÌflÎË Ì‡˜‡Î¸Ì˚ÏË ÛÒÎÓ‚ËflÏË: 

ÔË t = 0 n = nj0, T = T0.

éÔ˚Ú˚ MËÌÂÚÚË [12]
èË ÓÚÌÓÒËÚÂÎ¸ÌÓ ‚˚ÒÓÍËı ‰‡‚ÎÂÌËflı Ë ÌËÁ-

ÍËı ÚÂÏÔÂ‡ÚÛ‡ı ÏÓÊÌÓ ÌÂ Û˜ËÚ˚‚‡Ú¸ Â‡ÍˆËË
Ì‡ ÒÚÂÌÍ‡ı Â‡ÍÚÓ‡ Ë ÚÂÔÎÓÓÚ‰‡˜Û ‚ ÓÍÛÊ‡˛-
˘Û˛ ÒÂ‰Û [11]. ç‡ ËÒ. 1 ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ÚËÔË˜Ì˚Â
‡Ò˜ÂÚÌ˚Â Á‡‚ËÒËÏÓÒÚË ÚÂÏÔÂ‡ÚÛ˚ ÓÚ ‚ÂÏÂÌË
ÔË Ò‡ÏÓ‚ÓÒÔÎ‡ÏÂÌÂÌËË Ì-·ÛÚ‡ÌÓ‚ÓÁ‰Û¯ÓÈ ÒÏÂÒË.
ÇË‰ÌÓ, ˜ÚÓ ÔË ÌËÁÍËı ÚÂÏÔÂ‡ÚÛ‡ı Ò‡ÏÓ‚ÓÒÔÎ‡-
ÏÂÌÂÌËÂ ÒÏÂÒË ÔÓËÒıÓ‰ËÚ ‚ ‰‚Â ÒÚ‡‰ËË: ÒÌ‡˜‡Î‡
ÔÓfl‚ÎflÂÚÒfl ıÓÎÓ‰ÌÓÂ ÔÎ‡Ïfl, ‡ Á‡ÚÂÏ ÔÓËÒıÓ‰ËÚ
„Ófl˜ËÈ ‚Á˚‚. Ñ‚ÛıÒÚ‡‰ËÈÌÓÒÚ¸ Ò‡ÏÓ‚ÓÒÔÎ‡ÏÂ-
ÌÂÌËfl ÔË‚Ó‰ËÚ Í ÓÚËˆ‡ÚÂÎ¸ÌÓÏÛ ÍÓ˝ÙÙËˆËÂÌÚÛ

ρcv
dT
dt
------ ∆Hijwij

i j,
∑ ˚F T Tw–( )/V ,+=
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êËÒ. 1. ê‡Ò˜ÂÚÌ˚Â Á‡‚ËÒËÏÓÒÚË ÚÂÏÔÂ‡ÚÛ˚ ÓÚ ‚Â-
ÏÂÌË ÔË Ò‡ÏÓ‚ÓÒÔÎ‡ÏÂÌÂÌËË Ì-·ÛÚ‡ÌÓ‚ÓÁ‰Û¯ÌÓÈ
ÒÏÂÒË ÔË ‡ÁÌ˚ı Ì‡˜‡Î¸Ì˚ı ÚÂÏÔÂ‡ÚÛ‡ı. ëÓÒÚ‡‚
ÒÏÂÒË: 3.11% Ì-ë4H10 + ‚ÓÁ‰Ûı, Ì‡˜‡Î¸ÌÓÂ ‰‡‚ÎÂÌËÂ
P0 = 10.22 ‡Ú‡.

0
700

t, c

T, K

0.06

900

0.04

0.02

850800750

êËÒ. 2. á‡‰ÂÊÍË Ò‡ÏÓ‚ÓÒÔÎ‡ÏÂÌÂÌËfl ÒÏÂÒË 3.11% Ì-
ë4H10 – 20.25% é2–N2–Ar ÔË ‡ÁÌ˚ı Ì‡˜‡Î¸Ì˚ı ÚÂÏ-
ÔÂ‡ÚÛ‡ı Ë ‰‡‚ÎÂÌËË P0 = 9.39–11.85 ‡Ú‡. íÓ˜ÍË – ̋ ÍÒ-
ÔÂËÏÂÌÚ [12], ÍË‚‡fl – ‡Ò˜ÂÚ.
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Å‡ÒÂ‚Ë˜ Ë ‰.

ÒÍÓÓÒÚË Â‡ÍˆËË (éíä) Ë ‚ ‡Ò˜ÂÚ‡ı, Ë ‚ ˝ÍÒÔÂ-
ËÏÂÌÚÂ [12]: Á‡‰ÂÊÍË Ò‡ÏÓ‚ÓÒÔÎ‡ÏÂÌÂÌËfl ÓÍ‡-
Á˚‚‡˛ÚÒfl ·ÓÎ¸¯Â ÔË ·ÓÎÂÂ ‚˚ÒÓÍÓÈ Ì‡˜‡Î¸ÌÓÈ
ÚÂÏÔÂ‡ÚÛÂ (ËÒ. 2).

èË ÓÔÂ‰ÂÎÂÌÌ˚ı ÛÒÎÓ‚Ëflı ÔÓfl‚ÎflÂÚÒfl ÏÌÓ-
„ÓÒÚ‡‰ËÈÌÓÒÚ¸ Ò‡ÏÓ‚ÓÒÔÎ‡ÏÂÌÂÌËfl, ı‡‡ÍÚÂÌ‡fl
‰Îfl ÓÍËÒÎÂÌËfl Û„ÎÂ‚Ó‰ÓÓ‰Ó‚ [4]. ÑÎfl ÔËÏÂ‡ Ì‡
ËÒ. 3a–„ ÔË‚Â‰ÂÌ˚ ÂÁÛÎ¸Ú‡Ú˚ ‡Ò˜ÂÚÓ‚ Ò‡ÏÓ-
‚ÓÒÔÎ‡ÏÂÌÂÌËfl ÒÏÂÒË 10% Ì-ë4H10 – ‚ÓÁ‰Ûı ÔË
Ì‡˜‡Î¸ÌÓÈ ÚÂÏÔÂ‡ÚÛÂ T0 = 712 ä Ë Ì‡˜‡Î¸ÌÓÏ
‰‡‚ÎÂÌËË P0 = 9.4 ‡Ú‡. ç‡ ÚÂÏÔÂ‡ÚÛÌÓÈ ÍË‚ÓÈ Ë
ÍÓÌˆÂÌÚ‡ˆËÓÌÌ˚ı ÍË‚˚ı ‰Îfl ÒÚ‡·ËÎ¸Ì˚ı Ë
ÔÓÏÂÊÛÚÓ˜Ì˚ı ÔÓ‰ÛÍÚÓ‚ („Ë‰ÓÍÒËÎ‡) Ó·Ì‡Û-
ÊË‚‡˛ÚÒfl ı‡‡ÍÚÂÌ˚Â “‚ÓÎÌ˚”, ÒÓÓÚ‚ÂÚÒÚ‚Û˛-
˘ËÂ ÏÌÓ„ÓÒÚ‡‰ËÈÌÓÏÛ Ò‡ÏÓ‚ÓÒÔÎ‡ÏÂÌÂÌË˛ Ò ÔÓ-
ÒÎÂ‰Ó‚‡ÚÂÎ¸Ì˚Ï ÔÓfl‚ÎÂÌËÂÏ ıÓÎÓ‰ÌÓ„Ó Ë „ÓÎÛ·Ó-
„Ó ÔÎ‡ÏÂÌË, ‡ Á‡ÚÂÏ Ë „Ófl˜Â„Ó ‚Á˚‚‡. ïÓÎÓ‰Ì˚Â
ÔÎ‡ÏÂÌ‡ ‚ÓÁÌËÍ‡˛Ú ÔË ‡ÒÔ‡‰Â ‡ÎÍËÎ„Ë‰ÓÔÂÂ-
ÍËÒÂÈ, ‚ ‰‡ÌÌÓÏ ÒÎÛ˜‡Â – ·ÛÚËÎ„Ë‰ÓÔÂÂÍËÒË
ë4H10é2H. èË ÂÂ ‡ÒÔ‡‰Â ‚ÓÁÌËÍ‡ÂÚ ‡Á‚ÂÚ‚ÎÂ-
ÌËÂ ˆÂÔÂÈ, ÂÁÍÓ Û‚ÂÎË˜Ë‚‡ÂÚÒfl ÍÓÌˆÂÌÚ‡ˆËfl
„Ë‰ÓÍÒËÎ‡ Ë ‚ÓÁ‡ÒÚ‡ÂÚ ÒÍÓÓÒÚ¸ ÓÍËÒÎÂÌËfl Ì-
ë4H10. èÓÒÎÂ ËÁ‡ÒıÓ‰Ó‚‡ÌËfl Ì‡ÍÓÔÎÂÌÌÓÈ ‡ÎÍËÎ-
„Ë‰ÓÔÂÂÍËÒË ÒÍÓÓÒÚ¸ Â‡ÍˆËË ÛÏÂÌ¸¯‡ÂÚÒfl Ë
Ì‡˜ËÌ‡ÂÚ Ì‡Í‡ÔÎË‚‡Ú¸Òfl ÔÂÂÍËÒ¸ ‚Ó‰ÓÓ‰‡ H2é2.
èÓÒÎÂ‰Û˛˘ËÈ ÂÂ ‡ÒÔ‡‰, ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ
‡Á‚ÂÚ‚ÎÂÌËÂ, ÔÓfl‚ÎflÂÚÒfl ‚ ‚ÓÁÌËÍÌÓ‚ÂÌËË ‚ÚÓ-
Ó„Ó Ï‡ÍÒËÏÛÏ‡ ÍÓÌˆÂÌÚ‡ˆËË „Ë‰ÓÍÒËÎ‡, ÒÓÓÚ-
‚ÂÚÒÚ‚Û˛˘Â„Ó ‚ÓÁÌËÍÌÓ‚ÂÌË˛ „ÓÎÛ·Ó„Ó ÔÎ‡ÏÂ-
ÌË. ÇÓÁ‡ÒÚ‡˛˘‡fl ‚ÔÓÒÎÂ‰ÒÚ‚ËË ÒÍÓÓÒÚ¸ ‡Á-
‚ÂÚ‚ÎÂÌËfl ‚ Â‡ÍˆËË ‡ÚÓÏ‡ÌÓ„Ó ‚Ó‰ÓÓ‰‡ H Ò
ÏÓÎÂÍÛÎflÌ˚Ï ÍËÒÎÓÓ‰ÓÏ é2 ÔË‚Ó‰ËÚ Í ÚÂ-
Ú¸ÂÏÛ Ï‡ÍÒËÏÛÏÛ ÍÓÌˆÂÌÚ‡ˆËË „Ë‰ÓÍÒËÎ‡ Ë „Ó-
fl˜ÂÏÛ ‚Á˚‚Û.

éÔ˚Ú˚ ÑÂ¯Ó [13]

èË ÌËÁÍËı ‰‡‚ÎÂÌËflı Ë ÚÂÏÔÂ‡ÚÛ‡ı ÌÂÓ·-
ıÓ‰ËÏÓ Û˜ËÚ˚‚‡Ú¸ Â‡ÍˆËË Ì‡ ÒÚÂÌÍ‡ı, ‡ Ú‡ÍÊÂ
ÚÂÔÎÓÓÚ‰‡˜Û ‚ ÓÍÛÊ‡˛˘Û˛ ÒÂ‰Û ˜ÂÂÁ ÒÚÂÌÍÛ
Â‡ÍÚÓ‡ [11]. êÂ‡ÍˆËË Ì‡ ÒÚÂÌÍ‡ı ÔË ÓÍËÒÎÂ-
ÌËË ËÁÛ˜ÂÌ˚ ÌÂ‰ÓÒÚ‡ÚÓ˜ÌÓ Ë Á‰ÂÒ¸ Û˜ËÚ˚‚‡Ú¸Òfl
ÌÂ ·Û‰ÛÚ, Á‡ ËÒÍÎ˛˜ÂÌËÂÏ ˝ÙÙÂÍÚË‚Ì˚ı ‰ËÙ-
ÙÛÁËÓÌÌ˚ı Â‡ÍˆËÈ ‡ÒÔ‡‰‡ ‡ÎÍËÎ„Ë‰ÓÔÂÂ-
ÍËÒË 

C4H9O2H  ë4H10 + O2

Ë ÔÂÂÍËÒË ‚Ó‰ÓÓ‰‡ 

H2O2  H2O + 0.5O2
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êËÒ. 3. ê‡Ò˜ÂÚ Ò‡ÏÓ‚ÓÒÔÎ‡ÏÂÌÂÌËfl ÒÏÂÒË 10% Ì-ë4H10–
‚ÓÁ‰Ûı ÔË T0 = 712 ä, P0 = 9.4 ‡Ú‡: ‡ – ÚÂÏÔÂ‡ÚÛ‡,
· – ÍÓÌˆÂÌÚ‡ˆËË ÒÚ‡·ËÎ¸Ì˚ı ÔÓ‰ÛÍÚÓ‚, ‚ – ÍÓÌˆÂÌ-
Ú‡ˆËfl „Ë‰ÓÍÒËÎ‡, „ – ÍÓÌˆÂÌÚ‡ˆËË ÔÂÂÍËÒÂÈ
ë4H9é2H Ë H2é2. 
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Ò Ó·‡ÁÓ‚‡ÌËÂÏ ÒÚ‡·ËÎ¸Ì˚ı ÔÓ‰ÛÍÚÓ‚. ÑËÙÙÛÁË-
ÓÌÌ‡fl ÍÓÌÒÚ‡ÌÚ‡ ÒÍÓÓÒÚË ˝ÚËı Â‡ÍˆËÈ [11] ‡‚Ì‡

„‰Â D – ÍÓ˝ÙÙËˆËÂÌÚ ‰ËÙÙÛÁËË Ë d – ‰Ë‡ÏÂÚ Â-
‡ÍÚÓ‡. óÚÓ Í‡Ò‡ÂÚÒfl ÚÂÔÎÓÓÚ‰‡˜Ë ‚ ÒÚÂÌÍË Â‡Í-
ÚÓ‡, ÚÓ ‚ ÛÒÎÓ‚Ëflı ˝ÍÒÔÂËÏÂÌÚÓ‚ [13] ÍÓ˝ÙÙË-
ˆËÂÌÚ ÚÂÔÎÓÓÚ‰‡˜Ë ËÁÏÂÌflÎÒfl ‚ ‰Ë‡Ô‡ÁÓÌÂ �F/V ≈
≈ 13.7–35.2 Í‡Î/Î · Ò. 

ç‡ ËÒ. 4 ÔÓÍ‡Á‡ÌÓ Ò‡‚ÌÂÌËÂ ‡Ò˜ÂÚÌÓÈ Ë ËÁ-
ÏÂÂÌÌÓÈ Á‡‚ËÒËÏÓÒÚÂÈ Á‡‰ÂÊÂÍ Ì‡˜‡Î‡ Â‡ÍˆËË
ÔË ‡ÁÌ˚ı Ì‡˜‡Î¸Ì˚ı ÚÂÏÔÂ‡ÚÛ‡ı, ÌÓ Ó‰ËÌ‡-
ÍÓ‚ÓÏ ‰‡‚ÎÂÌËË (P0 = 52 íÓ). à ‚ ˝ÍÒÔÂËÏÂÌ-
Ú‡ı, Ë ‚ ‡Ò˜ÂÚ‡ı ÓÚ˜ÂÚÎË‚Ó ‚Ë‰Ì˚ Ó·Î‡ÒÚË éíä:
‚ ÓÔ˚ÚÂ – ÔË T0 = 625–660 ä, ‚ ‡Ò˜ÂÚ‡ı – ÔË T0 =
= 700–730 ä. ëÎÂ‚‡ ÓÚ Ó·Î‡ÒÚË éíä (ÔË ÌËÁÍËı
ÚÂÏÔÂ‡ÚÛ‡ı) ÔÓfl‚ÎflÂÚÒfl ıÓÎÓ‰ÌÓÂ ÔÎ‡Ïfl, ‡
ÒÔ‡‚‡ – ‚ Ó·Î‡ÒÚË, „‰Â ıÓÎÓ‰ÌÓ„Ó ÔÎ‡ÏÂÌË ÌÂÚ,
Â‡ÍˆËË ÓÍËÒÎÂÌËfl ÔÓÚÂÍ‡˛Ú ÏÂ‰ÎÂÌÌÓ Ò ‡ÁÏ˚-
ÚÓÈ Á‡‰ÂÊÍÓÈ. ç‡ ËÒ. 5 ÔÂ‰ÒÚ‡‚ÎÂÌ‡ ‡Ò˜ÂÚÌ‡fl
Á‡‚ËÒËÏÓÒÚ¸ ÚÂÏÔÂ‡ÚÛ˚ ÓÚ ‚ÂÏÂÌË ÔË T0 = 600 ä
Ë P0 = 52 íÓ. ÇË‰Ì˚ ÚË ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸Ì˚ı ÔËÍ‡
ÚÂÏÔÂ‡ÚÛ˚, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı ÚÂÏ ıÓÎÓ‰Ì˚Ï
ÔÎ‡ÏÂÌ‡Ï. èË ·ÓÎÂÂ ‚˚ÒÓÍËı ÚÂÏÔÂ‡ÚÛ‡ı ıÓ-
ÎÓ‰Ì˚Â ÔÎ‡ÏÂÌ‡ ÔÓÔ‡‰‡˛Ú. ëÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸
Û‰Ó‚ÎÂÚ‚ÓËÚÂÎ¸ÌÓÂ ÙÂÌÓÏÂÌÓÎÓ„Ë˜ÂÒÍÓÂ Ë Í‡-
˜ÂÒÚ‚ÂÌÌÓÂ ÒÓ„Î‡ÒËÂ ‡Ò˜ÂÚÌ˚ı Ë ÓÔ˚ÚÌ˚ı Â-
ÁÛÎ¸Ú‡ÚÓ‚, ‡ Ú‡ÍÊÂ ÁÌ‡˜ËÚÂÎ¸ÌÓÂ ÍÓÎË˜ÂÒÚ‚ÂÌÌÓÂ
‡ÒıÓÊ‰ÂÌËÂ ÏÂÊ‰Û ÌËÏË. èÓÒÎÂ‰ÌÂÂ, ÔÓ-‚Ë‰ËÏÓ-
ÏÛ, Ò‚flÁ‡ÌÓ Ò ËÒÍÎ˛˜ÂÌËÂÏ ËÁ ‡ÒÒÏÓÚÂÌËfl Â‡Í-
ˆËÈ Ì‡ ÒÚÂÌÍ‡ı.

K 23.2
D

d2
-----,=

éÔ˚Ú˚ ÅÛÍ‡Ú‡ [14]

ç‡ ËÒ. 6 ÔË‚Â‰ÂÌÓ Ò‡‚ÌÂÌËÂ ‡Ò˜ÂÚÓ‚ Ò
ÓÔ˚ÚÌ˚ÏË ‰‡ÌÌ˚ÏË [14] ÔÓ Á‡‰ÂÊÍ‡Ï Ò‡ÏÓ‚ÓÒ-
ÔÎ‡ÏÂÌÂÌËfl ÒÏÂÒË 2.5% Ì-ë4H10 – 20% é2–Ar ÔË
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êËÒ. 4. á‡‰ÂÊÍË Ò‡ÏÓ‚ÓÒÔÎ‡ÏÂÌÂÌËfl ÒÏÂÒË 20% Ì-
ë4H10–80% é2 ÔË ‡ÁÌ˚ı Ì‡˜‡Î¸Ì˚ı ÚÂÏÔÂ‡ÚÛ‡ı Ë
‰‡‚ÎÂÌËË P0 = 52 íÓ. íÓ˜ÍË – ̋ ÍÒÔÂËÏÂÌÚ [13], ÍË-
‚‡fl – ‡Ò˜ÂÚ. 
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êËÒ. 5. ê‡Ò˜ÂÚÌ‡fl Á‡‚ËÒËÏÓÒÚ¸ ÚÂÏÔÂ‡ÚÛ˚ ÓÚ ‚ÂÏÂ-
ÌË ‚ ÒÏÂÒË 20% Ì-ë4H10–80% é2 ÔË T0 = 600 ä, P0 =
= 52 íÓ.
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êËÒ. 6. á‡‰ÂÊÍË Ò‡ÏÓ‚ÓÒÔÎ‡ÏÂÌÂÌËfl ÒÏÂÒË 2.5% Ì-
ë4H10–20% é2–Ar ÔË ‡ÁÌ˚ı Ì‡˜‡Î¸Ì˚ı ÚÂÏÔÂ‡ÚÛ-
‡ı Ë P0 = 9.39–10.58 ‡Ú‡. íÓ˜ÍË – ˝ÍÒÔÂËÏÂÌÚ [14],
ÎËÌËfl – ‡Ò˜ÂÚ.
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Å‡ÒÂ‚Ë˜ Ë ‰.

‚˚ÒÓÍËı Ì‡˜‡Î¸Ì˚ı ÚÂÏÔÂ‡ÚÛ‡ı Ë ‰‡‚ÎÂÌËË P0 =
= 9.19–10.58 ‡Ú‡. Ç ‡Ò˜ÂÚ‡ı Á‡‰ÂÊÍÛ ‚ÓÒÔÎ‡ÏÂ-
ÌÂÌËfl ÓÔÂ‰ÂÎflÎË ÔÓ ‰ÓÒÚËÊÂÌËË ÒÍÓÓÒÚË Ì‡‡Ò-
Ú‡ÌËfl ÚÂÏÔÂ‡ÚÛ˚, ‡‚ÌÓÈ 107 ä/Ò. èË ËÒÔÓÎ¸ÁÓ-
‚‡ÌËË Ú‡ÍÓ„Ó ÓÔÂ‰ÂÎÂÌËfl Á‡‰ÂÊÍË ‚ÓÒÔÎ‡ÏÂÌÂ-
ÌËfl ÔÓÎÛ˜‡ÎË ÂÁÛÎ¸Ú‡Ú˚, ·ÎËÁÍËÂ Í ÔÓÎÛ˜ÂÌÌ˚Ï
Ì‡ ÓÒÌÓ‚Â ‰Û„Ëı Ó·˘ÂÔËÌflÚ˚ı ÓÔÂ‰ÂÎÂÌËÈ (ÔÓ
ÔÂÂÒÂ˜ÂÌË˛ Í‡Ò‡ÚÂÎ¸Ì˚ı Í ÚÂÏÔÂ‡ÚÛÌÓÈ ÍË-
‚ÓÈ Ë Ú.‰.). åÓÊÌÓ ÓÚÏÂÚËÚ¸ ıÓÓ¯ÂÂ ÍÓÎË˜Â-
ÒÚ‚ÂÌÌÓÂ Ë Í‡˜ÂÒÚ‚ÂÌÌÓÂ ÒÓ„Î‡ÒËÂ ÂÁÛÎ¸Ú‡ÚÓ‚.

éÔ˚Ú˚ ÔÓ ‡ÒÔÓÒÚ‡ÌÂÌË˛ ÔÎ‡ÏÂÌË [15–19]
ÑÎfl ÔÓ‚ÂÍË ÌÓ‚Ó„Ó ÍËÌÂÚË˜ÂÒÍÓ„Ó ÏÂı‡ÌËÁ-

Ï‡ ÔÓ‚ÂÎË ‡Ò˜ÂÚ˚ ÒÍÓÓÒÚË Î‡ÏËÌ‡ÌÓ„Ó ÔÎ‡-
ÏÂÌË, un, ‚ Ì-·ÛÚ‡ÌÓ‚ÓÁ‰Û¯ÌÓÈ ÒÏÂÒË ÔË ÌÓÏ‡Î¸-
Ì˚ı ÛÒÎÓ‚Ëflı (‡ÚÏÓÒÙÂÌÓÂ ‰‡‚ÎÂÌËÂ, Ì‡˜‡Î¸Ì‡fl
ÚÂÏÔÂ‡ÚÛ‡ T0 = 293 ä). Ç ‡Ò˜ÂÚ‡ı ËÒÔÓÎ¸ÁÓ‚‡ÎË
ÏÂÚÓ‰ËÍÛ ËÁ ‡·ÓÚ˚ [20]. ÑÎfl ÒÚÂıËÓÏÂÚË˜ÂÒÍÓÈ
ÒÏÂÒË ÔÓÎÛ˜ËÎË ÁÌ‡˜ÂÌËÂ un = 34.8 ÒÏ/Ò. Ç ÓÔ˚Ú‡ı
[15–19] ËÁÏÂÂÌÌ‡fl ÒÍÓÓÒÚ¸ Î‡ÏËÌ‡ÌÓ„Ó ÔÎ‡ÏÂ-
ÌË ÒÓÒÚ‡‚ËÎ‡ un = 33.1–44.5 ÒÏ/Ò.

áÄäãûóÖçàÖ
ç‡ ÓÒÌÓ‚Â ‡Î„ÓËÚÏ‡ ËÁ ‡·ÓÚ˚ [4] ÔÂ‰ÎÓÊÂÌ

ÌÓ‚˚È ÍÓÏÔ‡ÍÚÌ˚È ÏÂı‡ÌËÁÏ ÓÍËÒÎÂÌËfl Ì-·ÛÚ‡Ì‡,
ÒÓ‰ÂÊ‡˘ËÈ 54 ÍÓÏÔÓÌÂÌÚ‡ Ë 288 Ó·‡ÚËÏ˚ı Â‡Í-
ˆËÈ. ÑÎfl ÔÓ‚ÂÍË ÏÂı‡ÌËÁÏ‡ ÔÓ‚Â‰ÂÌÓ Ò‡‚ÌÂ-
ÌËÂ ‡Ò˜ÂÚÓ‚ Ò ËÁ‚ÂÒÚÌ˚ÏË ÓÔ˚ÚÌ˚ÏË ‰‡ÌÌ˚ÏË ‚
¯ËÓÍÓÏ ‰Ë‡Ô‡ÁÓÌÂ Ì‡˜‡Î¸Ì˚ı ÚÂÏÔÂ‡ÚÛ, ‰‡‚-
ÎÂÌËÈ Ë ÒÓÒÚ‡‚Ó‚ ÒÏÂÒÂÈ Ì-·ÛÚ‡Ì‡ Ò ‚ÓÁ‰ÛıÓÏ Ë ÍËÒ-
ÎÓÓ‰ÓÏ. àÁ Ò‡‚ÌÂÌËfl ‡Ò˜ÂÚÓ‚ Ë ÓÔ˚ÚÓ‚ ÏÓÊÌÓ
Ò‰ÂÎ‡Ú¸ ‚˚‚Ó‰ Ó· Ó·˘ÂÏ Û‰Ó‚ÎÂÚ‚ÓËÚÂÎ¸ÌÓÏ Í‡-
˜ÂÒÚ‚ÂÌÌÓÏ ÒÓ„Î‡ÒËË ÂÁÛÎ¸Ú‡ÚÓ‚. èÂ‰ÎÓÊÂÌÌ˚È
‚ [4] ÔËÌˆËÔ ÔÓÒÚÓÂÌËfl ÍÓÏÔ‡ÍÚÌ˚ı ÏÂı‡ÌËÁ-
ÏÓ‚ ÓÍËÒÎÂÌËfl ÌÓÏ‡Î¸Ì˚ı ‡ÎÍ‡ÌÓ‚˚ı Û„ÎÂ‚Ó‰Ó-
Ó‰Ó‚, ÔÓ‚ÂÂÌÌ˚È Ì‡ ÔËÏÂ‡ı ÔÓÔ‡Ì‡ Ë Ì-·Û-
Ú‡Ì‡, ÏÓÊÌÓ, ÔÓ-‚Ë‰ËÏÓÏÛ, ÔËÏÂÌËÚ¸ Ë ‰Îfl ‚˚Ò-
¯Ëı Ì-‡ÎÍ‡ÌÓ‚. 

ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ÔÓ‰‰ÂÊÍÂ êÓÒÒËÈÒÍËÏ
ÙÓÌ‰ÓÏ ÙÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ („‡ÌÚ
‹ 05-08-18200), åÂÊ‰ÛÌ‡Ó‰Ì˚Ï Ì‡Û˜ÌÓ-ÚÂıÌË-
˜ÂÒÍËÏ ˆÂÌÚÓÏ (ÔÓÂÍÚ ‹ 2740) Ë êÓÒÒËÈÒÍÓ-
ÉÓÎÎ‡Ì‰ÒÍËÏ Ì‡Û˜Ì˚Ï ÙÓÌ‰ÓÏ (ÔÓÂÍÚ NWO
046.016.012).
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