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= 10 ‡ÚÏ) ·˚ÎÓ Ì‡È‰ÂÌÓ, ˜ÚÓ ÒÍÓÓÒÚ¸ ÔÓ‰˙ÂÏ‡ ÚÂÏ-
ÔÂ‡ÚÛ˚ ‰Ó 160°ë (ÓÚ 10 ‰Ó 70°ë/˜) ‚ÎËflÂÚ Ì‡ ‚˚-
ıÓ‰ Ò‡ÎËˆËÎÓ‚ÓÈ ÍËÒÎÓÚ˚; ÔË ̋ ÚÓÏ Ì‡Ë·ÓÎÂÂ ÓÔÚË-
Ï‡Î¸Ì‡fl ÒÍÓÓÒÚ¸ ÔÓ‰˙ÂÏ‡ ÚÂÏÔÂ‡ÚÛ˚ Â‡ÍÚÓ‡
ÒÓÒÚ‡‚ÎflÂÚ 35–40°ë/˜ [30].

á‡ÏÂÚÌÓÂ ‚ÎËflÌËÂ Ì‡ ‚˚ıÓ‰ Ò‡ÎËˆËÎÓ‚ÓÈ ÍËÒÎÓ-
Ú˚ ÓÍ‡Á˚‚‡ÂÚ ÒÓÓÚÌÓ¯ÂÌËÂ ËÒıÓ‰Ì˚ı Â‡„ÂÌÚÓ‚ –
[ÙÂÌÓÎ] : [EtOC(O)ONa]. ç‡È‰ÂÌÓ, ˜ÚÓ ÓÔÚËÏ‡Î¸-
Ì˚Ï fl‚ÎflÂÚÒfl ÒÓÓÚÌÓ¯ÂÌËÂ 3 : 1, ÔË ÍÓÚÓÓÏ ‚˚ıÓ‰
ÔÓ‰ÛÍÚ‡ ÒÓÒÚ‡‚ÎflÂÚ 86% (í = 160°ë;   = 10 ‡ÚÏ;
τ = 5 ˜) [31].

Ñ‡‚ÎÂÌËÂ „‡ÁÓ‚ÓÈ ÒÂ‰˚ ÔÓ‚Â‰ÂÌËfl ÔÓˆÂÒÒ‡
(ëé2, ‡„ÓÌ) ‚ ÔÂ‰ÂÎ‡ı 1.2–10 ‡ÚÏ (í = 160°ë, τ =
= 5 ˜) Ï‡ÎÓ ‚ÎËflÂÚ Ì‡ ‚˚ıÓ‰ Ò‡ÎËˆËÎÓ‚ÓÈ ÍËÒÎÓÚ˚;
‰‡Î¸ÌÂÈ¯ÂÂ Û‚ÂÎË˜ÂÌËÂ ‰Ó 15–20 ‡ÚÏ ÂÁÍÓ ÒÌËÊ‡-
ÂÚ ÂÂ ‚˚ıÓ‰. éÔÚËÏ‡Î¸ÌÓÂ ‰‡‚ÎÂÌËÂ CO2 Ë Ar –
10 ‡ÚÏ [30].

èÓ‚Â‰ÂÌÓ Ò‡‚ÌÂÌËÂ ‡ÍÚË‚ÌÓÒÚË Ì‡ÚËÈÏÂÚËÎ-
Í‡·ÓÌ‡Ú‡, Ì‡ÚËÈ˝ÚËÎÍ‡·ÓÌ‡Ú‡ Ë Ì‡ÚËÈÔÓÔËÎ-
Í‡·ÓÌ‡Ú‡ ‚ Â‡ÍˆËË Í‡·ÓÍÒËÎËÓ‚‡ÌËfl ÙÂÌÓÎ‡.
êÂ‡ÍˆË˛ Í‡·ÓÍÒËÎËÓ‚‡ÌËfl ÙÂÌÓÎ‡ ‚˚¯ÂÛÍ‡Á‡Ì-
Ì˚ÏË Ì‡ÚËÂ‚˚ÏË ÒÓÎflÏË ‡ÎÍËÎÛ„ÓÎ¸Ì˚ı ÍËÒÎÓÚ
ÔÓ‚Ó‰ËÎ‡Ò¸ ‚ ÛÒÎÓ‚Ëflı ÓÚÓ-Í‡·ÓÍÒËÎËÓ‚‡ÌËfl
([ÙÂÌÓÎ]: [Ötéë(é)éNa] = 1 : 1,2;  = 10 ‡ÚÏ; í =
= 160°ë; τ = 5 ˜). Ç˚ıÓ‰˚ Ò‡ÎËˆËÎÓ‚ÓÈ ÍËÒÎÓÚ˚ ‚
ÒÎÛ˜‡Â Ì‡ÚËÂ‚˚ı ÒÓÎÂÈ ÏÂÚËÎ- Ë ˝ÚËÎÛ„ÓÎ¸Ì˚ı
ÍËÒÎÓÚ Ô‡ÍÚË˜ÂÒÍË Ó‰ËÌ‡ÍÓ‚˚ Ë ÒÓÒÚ‡‚Îfl˛Ú 63.8–
65.7%, ‡ ‚ ÒÎÛ˜‡Â Ì‡ÚËÈÔÓÔËÎÍ‡·ÓÌ‡Ú‡ ‚˚ıÓ‰
ÂÁÍÓ Ô‡‰‡ÂÚ ‰Ó 13%.

Ç ‡·ÓÚÂ [30] ËÒÒÎÂ‰Ó‚‡ÌÓ Ú‡ÍÊÂ ‚ÎËflÌËÂ ÛÒÎÓ-
‚ËÈ ÔÓ‚Â‰ÂÌËfl Í‡·ÓÍÒËÎËÓ‚‡ÌËfl ÙÂÌÓÎ‡ Í‡-
ÎËÈ˝ÚËÎÍ‡·ÓÌ‡ÚÓÏ Ì‡ ıÓ‰ ÔÓÚÂÍ‡ÌËfl Â‡ÍˆËË Ë
‚˚ıÓ‰ ÔÓ‰ÛÍÚÓ‚. Ñ‡‚ÎÂÌËÂ „‡ÁÓ‚ÓÈ ÒÂ‰˚ (ëé2)
ÓÍ‡Á˚‚‡ÂÚ ÒÛ˘ÂÒÚ‚ÂÌÌÓÂ ‚ÎËflÌËÂ Ì‡ ‚˚ıÓ‰ n-„Ë‰-
ÓÍÒË·ÂÌÁÓÈÌÓÈ ÍËÒÎÓÚ˚ ÔË ÔÓ‚Â‰ÂÌËË Â‡ÍˆËË
‚ ÒÎÂ‰Û˛˘Ëı ÛÒÎÓ‚Ëflı: τ = 7 ˜ (6 ˜ ÔÓ‰˙ÂÏ‡ ‰Ó
215°ë + 1 ˜ ‚˚‰ÂÊÍË ÔË ˝ÚÓÈ ÚÂÏÔÂ‡ÚÛÂ); [ÙÂ-
ÌÓÎ] : [Í‡ÎËÈ˝ÚËÎÍ‡·ÓÌ‡Ú] = 1 : 1.1. éÔÚËÏ‡Î¸ÌÓÂ
‰‡‚ÎÂÌËÂ „‡ÁÓ‚ÓÈ ÒÂ‰˚ 25 ‡ÚÏ [30]: 

Ç ÚÂı ÊÂ ÛÒÎÓ‚Ëflı ËÁÛ˜ÂÌÓ ‚ÎËflÌËÂ ÚÂÏÔÂ‡ÚÛ˚
(ÓÚ 130 ‰Ó 220°ë) Ì‡ ıÓ‰ ÔÓÚÂÍ‡ÌËfl Â‡ÍˆËË
Í‡·ÓÍÒËÎËÓ‚‡ÌËfl ÙÂÌÓÎ‡ Í‡ÎËÈ˝ÚËÎÍ‡·ÓÌ‡ÚÓÏ
ÔË ‰‡‚ÎÂÌËË ëé2 25 ‡ÚÏ (ËÒ. 2). ä‡·ÓÍÒËÎËÓ‚‡-
ÌËÂ ÔË ÚÂÏÔÂ‡ÚÛ‡ı ÌËÊÂ 200°ë ÔÓÚÂÍ‡ÂÚ Ò Ó·‡-
ÁÓ‚‡ÌËÂÏ Ò‡ÎËˆËÎÓ‚ÓÈ ÍËÒÎÓÚ˚. ç‡Ë·ÓÎ¸¯ËÈ ‚˚-
ıÓ‰ Ò‡ÎËˆËÎÓ‚ÓÈ ÍËÒÎÓÚ˚ (78%) Ì‡·Î˛‰‡ÂÚÒfl ÔË
180°ë. èË Û‚ÂÎË˜ÂÌËË ÚÂÏÔÂ‡ÚÛ˚ ‰Ó 195°ë ‚˚-
ıÓ‰ Ò‡ÎËˆËÎÓ‚ÓÈ ÍËÒÎÓÚ˚ ÒÌËÊ‡ÂÚÒfl ‰Ó 45%; ÔË
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˝ÚÓÏ Ó‰ÌÓ‚ÂÏÂÌÌÓ ÔÎ‡‚ÌÓ Û‚ÂÎË˜Ë‚‡ÂÚÒfl ‚˚ıÓ‰
n-„Ë‰ÓÍÒË·ÂÌÁÓÈÌÓÈ ÍËÒÎÓÚ˚ ‰Ó 20%. èÓÒÎÂ‰Û˛-
˘ÂÂ Û‚ÂÎË˜ÂÌËÂ ÚÂÏÔÂ‡ÚÛ˚ ÔË‚Ó‰ËÚ Í Ó·‡ÁÓ‚‡-
ÌË˛ ÎË¯¸ n-„Ë‰ÓÍÒË·ÂÌÁÓÈÌÓÈ ÍËÒÎÓÚ˚, Ï‡ÍÒË-
Ï‡Î¸Ì˚È ‚˚ıÓ‰ ÍÓÚÓÓÈ (92%) Ì‡·Î˛‰‡ÂÚÒfl ÔË
ÚÂÏÔÂ‡ÚÛÂ 215°ë; ‰‡Î¸ÌÂÈ¯ËÈ ÓÒÚ ÚÂÏÔÂ‡ÚÛ˚
ÒÌËÊ‡ÂÚ ‚˚ıÓ‰ n-„Ë‰ÓÍÒË·ÂÌÁÓÈÌÓÈ ÍËÒÎÓÚ˚, ÔÓ-
‚Ë‰ËÏÓÏÛ, ËÁ-Á‡ ‚ÓÁÏÓÊÌÓÈ Â‡ÍˆËË ‰ÂÍ‡·ÓÍÒËÎË-
Ó‚‡ÌËfl. 

çÂÓ·ıÓ‰ËÏÓ ÓÚÏÂÚËÚ¸, ˜ÚÓ ÚÂÏÔÂ‡ÚÛÌ‡fl Á‡‚Ë-
ÒËÏÓÒÚ¸ ‚˚ıÓ‰‡ ÔÓ‰ÛÍÚÓ‚ Â‡ÍˆËË Í‡·ÓÍÒËÎËÓ-
‚‡ÌËfl ÙÂÌÓÎ‡ Í‡ÎËÈ˝ÚËÎÍ‡·ÓÌ‡ÚÓÏ ÓÚÎË˜‡ÂÚÒfl ÓÚ
Ú‡ÍÓ‚ÓÈ ‰Îfl Â‡ÍˆËË Í‡·ÓÍÒËÎËÓ‚‡ÌËfl ÙÂÌÓÎ‡
Ì‡ÚËÈ˝ÚËÎÍ‡·ÓÌ‡ÚÓÏ (ÒÏ. ËÒ. 1). èÂ‰ÔÓÎÓÊÂÌÓ,
˜ÚÓ Ú‡ÍÓÂ ÒËÎ¸ÌÓÂ ‡ÁÎË˜ËÂ ÌÂ ÏÓÊÂÚ ·˚Ú¸ Ó·Û-
ÒÎÓ‚ÎÂÌÓ ÚÓÎ¸ÍÓ ÎË¯¸ ‡ÌÂÂ ÓÔËÒ‡ÌÌÓÈ [22, 33] ÚÂ-
ÏË˜ÂÒÍÓÈ ÔÂÂ„ÛÔÔËÓ‚ÍÓÈ ÔÂ‚ÓÌ‡˜‡Î¸ÌÓ Ó·‡-
ÁÛ˛˘ÂÈÒfl ˘ÂÎÓ˜ÌÓÈ ÒÓÎË Ò‡ÎËˆËÎÓ‚ÓÈ ÍËÒÎÓÚ˚ ‚
ÒÓÎ¸ n-ÓÍÒË·ÂÌÁÓÈÌÓÈ ÍËÒÎÓÚ˚ ÔË ‚˚ÒÓÍÓÈ ÚÂÏÔÂ-
‡ÚÛÂ. èÓ-‚Ë‰ËÏÓÏÛ, Á‰ÂÒ¸ ÓÔÂ‰ÂÎÂÌÌÛ˛ ÓÎ¸ Ë„-
‡˛Ú Í‡Í ÔËÓ‰‡ ˘ÂÎÓ˜ÌÓ„Ó ÏÂÚ‡ÎÎ‡ (Ì‡ÚËÈ, Í‡-
ÎËÈ) ‚ ËÒıÓ‰Ì˚ı ÒÓÎflı ˝ÚËÎÛ„ÓÎ¸ÌÓÈ ÍËÒÎÓÚ˚, Ú‡Í Ë
ÏÂı‡ÌËÁÏ ÔÓÚÂÍ‡ÌËfl ‰‡ÌÌÓÈ Â‡ÍˆËË.

Ä‚ÚÓ‡ÏË ‡·ÓÚ˚ [34] ÔÂ‰ÔÓÎÓÊÂÌ ÒÎÂ‰Û˛˘ËÈ
ÏÂı‡ÌËÁÏ ÔÓÚÂÍ‡ÌËfl Â‡ÍˆËË Í‡·ÓÍÒËÎËÓ‚‡ÌËfl
ÙÂÌÓÎ‡ Ì‡ÚËÈ- Ë Í‡ÎËÈ˝ÚËÎÍ‡·ÓÌ‡Ú‡ÏË. èÓ-‚Ë‰Ë-
ÏÓÏÛ, Â‡ÍˆËfl Ë‰ÂÚ ̃ ÂÂÁ ÔÂ‚ÓÌ‡˜‡Î¸ÌÛ˛ ‡ÒÒÓˆË‡-
ˆË˛ ÏÂÚ‡ÎÎ‡ÎÍËÎÍ‡·ÓÌ‡ÚÓ‚ ÔÓÒÂ‰ÒÚ‚ÓÏ ÍËÒÎÓ-
Ó‰‡ Í‡·ÓÌËÎ¸ÌÓÈ „ÛÔÔ˚ Ò ÙÂÌÓÎ¸Ì˚Ï „Ë‰ÓÍÒË-
ÎÓÏ. á‡ÚÂÏ ‡ÍÚË‚ËÓ‚‡ÌÌ‡fl Ú‡ÍËÏ Ó·‡ÁÓÏ
ÏÓÎÂÍÛÎ‡ ÏÂÚ‡ÎÎ‡ÎÍËÎÍ‡·ÓÌ‡Ú‡ ˝ÎÂÍÚÓÙËÎ¸ÌÓ
‡Ú‡ÍÛÂÚ ÓÚÓ-ÔÓÎÓÊÂÌËÂ ËÒıÓ‰ÌÓ„Ó ÙÂÌÓÎ‡ ÒÓ ÒÚ‡-
·ËÎËÁ‡ˆËÂÈ ÔÂÂıÓ‰ÌÓ„Ó ÒÓÒÚÓflÌËfl Ò ÔÓÏÓ˘¸˛ Ó·-
‡ÁÓ‚‡ÌËfl ¯ÂÒÚË˜ÎÂÌÌÓ„Ó ÍÓÎ¸ˆ‡: 
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êËÒ. 2. á‡‚ËÒËÏÓÒÚ¸ ‚˚ıÓ‰‡ ÔÓ‰ÛÍÚÓ‚ ÓÚ ÚÂÏÔÂ‡ÚÛ-
˚ ÔÓ‚Â‰ÂÌËfl ÔÓˆÂÒÒ‡ (Í‡ÎËÈ˝ÚËÎÍ‡·ÓÌ‡Ú;  =

= 2.5 åè‡; τ = 7˜); 1 – Ò‡ÎËˆËÎÓ‚‡fl ÍËÒÎÓÚ‡; 2 – n-„Ë‰-
ÓÍÒË·ÂÌÁÓÈÌ‡fl ÍËÒÎÓÚ‡.
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