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ÄÏÙË·ÓÎ fl‚ÎflÂÚÒfl Ì‡Ë·ÓÎÂÂ Ó·˚˜Ì˚Ï ‚Ó‰Ì˚Ï
ÏËÌÂ‡ÎÓÏ-‚Í‡ÔÎÂÌÌËÍÓÏ ‚ÛÎÍ‡ÌË˜ÂÒÍËı ÔÓÓ‰.
ÖÏÛ ÓÚ‚Ó‰ËÚÒfl ‚‡ÊÌ‡fl ÓÎ¸ ‚ fl‰Â ÏÓ‰ÂÎÂÈ „ÂÌÂÁË-
Ò‡ ‡Ì‰ÂÁËÚÓ‚ Ë ·ÓÎÂÂ ÍËÒÎ˚ı ÔÂ‰ÒÚ‡‚ËÚÂÎÂÈ ËÁ-
‚ÂÒÚÍÓ‚Ó-˘ÂÎÓ˜ÌÓÈ ÒÂËË ÓÒÚÓ‚Ó‰ÛÊÌ˚ı ‚ÛÎÍ‡-
ÌËÚÓ‚ [2]. éÒÓ·˚È ËÌÚÂÂÒ ‡ÏÙË·ÓÎ ÔÂ‰ÒÚ‡‚ÎflÂÚ
Í‡Í ÍËÚË˜ÂÒÍËÈ ËÌ‰ËÍ‡ÚÓ ÙËÁËÍÓ-ıËÏË˜ÂÒÍËı
ÛÒÎÓ‚ËÈ ÍËÒÚ‡ÎÎËÁ‡ˆËË ‡ÒÔÎ‡‚Ó‚, Ú‡ÍËı, Í‡Í Ó·-
˘ÂÂ ‰‡‚ÎÂÌËÂ, ‰‡‚ÎÂÌËÂ ‚Ó‰˚, ÚÂÏÔÂ‡ÚÛ‡ Ë ÍÓÌ-
ˆÂÌÚ‡ˆËfl ‚Ó‰˚. Ç Ò‚flÁË Ò ˝ÚËÏ ‰Îfl ÔÂÚÓÎÓ„Ó‚
‚ÂÒ¸Ï‡ ‡ÍÚÛ‡Î¸Ì˚Ï fl‚ÎflÂÚÒfl ÔÓÌËÏ‡ÌËÂ ı‡‡ÍÚÂ‡
‚ÎËflÌËfl ÚÂÏÓ‰ËÌ‡ÏË˜ÂÒÍËı Ô‡‡ÏÂÚÓ‚ Ì‡ ÒÚ‡-
·ËÎ¸ÌÓÒÚ¸ ‡ÏÙË·ÓÎ‡ Ë ÍÓÎË˜ÂÒÚ‚ÂÌÌ‡fl ı‡‡ÍÚÂË-
ÒÚËÍ‡ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı Á‡‚ËÒËÏÓÒÚÂÈ. é‰Ì‡ÍÓ, ‚Ó
ÏÌÓ„ÓÏ ËÁ-Á‡ ÒÎÓÊÌÓÒÚË ÒÓÒÚ‡‚‡ Ë ÒÚÛÍÚÛ˚ ‡Ï-
ÙË·ÓÎÓ‚, ÒÛ˘ÂÒÚ‚ÛÂÚ ÔÓ·ÎÂÏ‡ ‡‰ÂÍ‚‡ÚÌÓ„Ó ÚÂ-
ÏÓ‰ËÌ‡ÏË˜ÂÒÍÓ„Ó ÓÔËÒ‡ÌËfl Ëı ÔÓ‚Â‰ÂÌËfl ‚ ‡ÒÔÎ‡-
‚‡ı Ë ÔËÎÓÊÂÌËfl ˝ÚËı ÂÁÛÎ¸Ú‡ÚÓ‚ Í ÔËÓ‰Ì˚Ï
Ï‡„Ï‡Ï. èÓ˝ÚÓÏÛ ‚ Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl ÔË ÏÓ‰ÂÎË-
Ó‚‡ÌËË ‡‚ÌÓ‚ÂÒËÈ Ò Û˜‡ÒÚËÂÏ ‡ÏÙË·ÓÎÓ‚ ÔËıÓ-
‰ËÚÒfl ‰ÂÎ‡Ú¸ ˆÂÎ˚È fl‰ ‡ÁÎË˜Ì˚ı ‰ÓÔÛ˘ÂÌËÈ.

èÓ‚Â‰ÂÌÌÓÂ Ì‡ÏË ‡ÌÂÂ ËÒÒÎÂ‰Ó‚‡ÌËÂ ÔÓÍ‡Á‡-
ÎÓ, ˜ÚÓ Á‡ÍÓÌÓÏÂÌÓÒÚË ÔÓ‚Â‰ÂÌËfl ÍË‚˚ı ÔÎ‡‚ÎÂ-
ÌËfl ·ÂÁ‚Ó‰Ì˚ı ÒËÎËÍ‡ÚÓ‚ ‚ ‚Ó‰Ì˚ı ‡ÒÔÎ‡‚‡ı ÏÓ„ÛÚ
·˚Ú¸ ÓÔËÒ‡Ì˚ Ë‰Â‡Î¸ÌÓÈ ÏÓ‰ÂÎ¸˛ ‡ÒÚ‚ÓÂÌËfl ˜‡-
ÒÚËˆ ‚Ó‰˚ ‚ ‡ÒÔÎ‡‚Â [3, 21]. èËÂÏÎÂÏÓÒÚ¸ ‰‡ÌÌÓ„Ó
ÔÓ‰ıÓ‰‡ Á‡ÚÂÏ ·˚Î‡ ÔÓ‰ÂÏÓÌÒÚËÓ‚‡Ì‡ ÔËÏÂÌË-
ÚÂÎ¸ÌÓ Í ÍËÒÚ‡ÎÎËÁ‡ˆËË ‚Ó‰ÌÓÈ Ù‡Á˚ Ì‡ ÔËÏÂÂ
‡ÏÙË·ÓÎ‡ [22]. 

ê‡ÌÂÂ, ËÒÔÓÎ¸ÁÛfl ËÌÓÈ ÔÓ‰ıÓ‰, Ó·˘ËÂ ÔËÌˆËÔ˚
‚ÎËflÌËfl ‚Ó‰˚ Ì‡ ÒÚ‡·ËÎ¸ÌÓÒÚ¸ ‚Ó‰Ì˚ı Ù‡Á ‚ ‡ÒÔÎ‡-
‚‡ı ÛÊÂ ‡Ì‡ÎËÁËÓ‚‡ÎËÒ¸ ‚ [12]. Å˚ÎÓ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ
Ë‰Â‡Î¸Ì‡fl ÏÓ‰ÂÎ¸ ‚ ÒÓÒÚÓflÌËË ÓÔËÒ‡Ú¸ ÓÒÌÓ‚Ì˚Â ̋ Ù-
ÙÂÍÚ˚ ÔÓ‚Â‰ÂÌËfl ‚Ó‰Ì˚ı Ù‡Á, Ú.Â. ÓÔÂ‰ÂÎfl˛˘ÂÂ
ÁÌ‡˜ÂÌËÂ Á‰ÂÒ¸ ËÏÂ˛Ú ÍÓÌˆÂÌÚ‡ˆËË ÍÓÏÔÓÌÂÌÚÓ‚,
ÚÓ„‰‡ Í‡Í ÓÎ¸˛ ÍÓ˝ÙÙËˆËÂÌÚÓ‚ ‡ÍÚË‚ÌÓÒÚË ‚ ÔÂ-

‚ÓÏ ÔË·ÎËÊÂÌËË ÏÓÊÌÓ ÔÂÌÂ·Â˜¸. êÂÁÛÎ¸Ú‡Ú˚
Ì‡¯Â„Ó ËÒÒÎÂ‰Ó‚‡ÌËfl ·˚ÎË ÔÓÎÛ˜ÂÌ˚ ÌÂÁ‡‚ËÒËÏÓ Ë
ÒÓ„Î‡ÒÛ˛ÚÒfl Ò ‰‡ÌÌ˚ÏË ÛÍ‡Á‡ÌÌÓÈ ‡·ÓÚ˚. é‰Ì‡ÍÓ
‰ÂÚ‡Î¸ÌÓ ˝ÚË ÂÁÛÎ¸Ú‡Ú˚ ÓÔÛ·ÎËÍÓ‚‡Ì˚ ÌÂ ·˚ÎË.
éÌË ÓÚÎË˜‡˛ÚÒfl ÓÚ [12] ÔÓ‰ıÓ‰ÓÏ Ë ÔËÎÓÊÂÌËÂÏ Í
˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Ï ‰‡ÌÌ˚Ï. Ç Ò‚flÁË Ò ˝ÚËÏ ÔÂ‰-
ÒÚ‡‚ÎflÂÚÒfl ˆÂÎÂÒÓÓ·‡ÁÌ˚Ï ËÁÎÓÊËÚ¸ Ëı ·ÓÎÂÂ ÔÓ-
‰Ó·ÌÓ.
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èÓ‚Â‰ÂÌËÂ ‡ÏÙË·ÓÎ‡ ‚ ‡ÒÔÎ‡‚‡ı, Í‡Í Ë ‰Û„Ëı
‚Ó‰Ì˚ı Ù‡Á, ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÓÚÎË˜‡ÂÚÒfl ÓÚ ÔÓ‚Â‰ÂÌËfl
·ÂÁ‚Ó‰Ì˚ı ÒËÎËÍ‡ÚÓ‚. ó‡ÒÚÓ Ì‡ÎË˜ËÂ ‚ ÔÓÓ‰‡ı ‡Ï-
ÙË·ÓÎ‡ Ò‚flÁ˚‚‡˛Ú Ò ‚Ó‰Ì˚Ï ı‡‡ÍÚÂÓÏ ÒÓÓÚ‚ÂÚ-
ÒÚ‚Û˛˘Ëı Ï‡„Ï, ‡ Â„Ó ÓÚÒÛÚÒÚ‚ËÂ ÔËÔËÒ˚‚‡˛Ú
ÌËÁÍËÏ ÍÓÌˆÂÌÚ‡ˆËflÏ ‚ ÌËı ‚Ó‰˚. Ç Ó·˘ÂÏ ÒÎÛ˜‡Â
˝ÚÓ ÌÂ‚ÂÌÓ, Ú‡Í Í‡Í ÛÒÚÓÈ˜Ë‚ÓÒÚ¸ ‡ÏÙË·ÓÎ‡ Á‡‚Ë-
ÒËÚ ÌÂ ÚÓÎ¸ÍÓ ÓÚ Ì‡ÎË˜Ëfl ‚ Ï‡„Ï‡ÚË˜ÂÒÍÓÈ ÒËÒÚÂÏÂ
‰ÓÒÚ‡ÚÓ˜ÌÓ„Ó ÍÓÎË˜ÂÒÚ‚‡ ‚Ó‰˚, ÌÓ Ë ÓÚ ̂ ÂÎÓ„Ó fl‰‡
‰Û„Ëı Ô‡‡ÏÂÚÓ‚ [2, 4–6, 11, 14, 25]. èÂÊ‰Â ‚ÒÂ„Ó,
˝ÚÓ – Ó·˘ÂÂ ‰‡‚ÎÂÌËÂ, ÒÓÒÚ‡‚ ÙÎ˛Ë‰ÌÓÈ Ù‡Á˚ Ë
ÚÂÏÔÂ‡ÚÛ‡. ÅÓÎ¸¯ÓÂ ÁÌ‡˜ÂÌËÂ ËÏÂ˛Ú Ú‡ÍÊÂ ÒÓ-
ÒÚ‡‚ ‡ÒÔÎ‡‚‡ Ë ÓÍËÒÎËÚÂÎ¸ÌÓ-‚ÓÒÒÚ‡ÌÓ‚ËÚÂÎ¸Ì˚È
ÂÊËÏ ‚ Ï‡„ÏÂ. ÑÎfl ÒÚ‡·ËÎ¸ÌÓÒÚË ‡ÏÙË·ÓÎ‡ ‚ ˝‚Ó-
Î˛ˆËÓÌËÓ‚‡ÌÌ˚ı ˜ÎÂÌ‡ı ÓÒÚÓ‚Ó‰ÛÊÌ˚ı ÒÂËÈ
(‡Ì‰ÂÁËÚ‡ı – ËÓÎËÚ‡ı) ÓÔÂ‰ÂÎfl˛˘ÂÂ ÁÌ‡˜ÂÌËÂ
ËÏÂÂÚ Ó·˘ÂÂ ‰‡‚ÎÂÌËÂ, ÔË ÍÓÚÓÓÏ ÔÓËÒıÓ‰ËÚ
ÍËÒÚ‡ÎÎËÁ‡ˆËfl ‚Í‡ÔÎÂÌÌËÍÓ‚, Ú‡Í Í‡Í ‚ ıÓ‰Â ˝‚Ó-
Î˛ˆËË ‚ Ú‡ÍËı Ï‡„Ï‡ı Ì‡Í‡ÔÎË‚‡˛ÚÒfl ‰ÓÒÚ‡ÚÓ˜Ì˚Â
ÍÓÎË˜ÂÒÚ‚‡ ‚Ó‰˚. ÑÛ„ËÏË ÒÎÓ‚‡ÏË, ‚ÓÁÏÓÊÌÓÒÚ¸
ÔÓfl‚ÎÂÌËfl ÔÓÓ‰ Ò ‡ÏÙË·ÓÎÓÏ Ì‡ ÍÓÌÍÂÚÌÓÏ ‚ÛÎ-
Í‡ÌÂ Á‡‚ËÒËÚ, ÔÂÊ‰Â ‚ÒÂ„Ó, ÓÚ „ÎÛ·ËÌ˚ ÔËÚ‡˛˘Â„Ó
Â„Ó Ï‡„Ï‡ÚË˜ÂÒÍÓ„Ó Ó˜‡„‡. óÚÓ·˚ ·ÓÎÂÂ Û·Â‰ËÚÂÎ¸-
ÌÓ ÔÓÍ‡Á‡Ú¸ ˝ÚÓ, ‡ÒÒÏÓÚËÏ ÓÒÌÓ‚Ì˚Â ÓÒÓ·ÂÌÌÓÒÚË
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‚ÎËflÌËfl ‰‡‚ÎÂÌËfl, ÚÂÏÔÂ‡ÚÛ˚ Ë ÂÊËÏ‡ ‚Ó‰˚ Ì‡
ÒÚ‡·ËÎ¸ÌÓÒÚ¸ ‡ÏÙË·ÓÎ‡.
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 [2, 11, 14, 25, 26] Ë ‰‡‚ÎÂÌËflı, ÔÂ‚˚¯‡-
˛˘Ëı ~18–20 Í·‡ [5]. äÓÏÂ ÚÓ„Ó, ÒÛ˘ÂÒÚ‚ÛÂÚ ÏË-
ÌËÏ‡Î¸ÌÓÂ ÔÂ‰ÂÎ¸ÌÓÂ ‰‡‚ÎÂÌËÂ ÍËÒÚ‡ÎÎËÁ‡ˆËË
‡ÏÙË·ÓÎ‡ ËÁ ‡ÒÔÎ‡‚‡, ÍÓÚÓÓÂ ÓÔÂ‰ÂÎflÂÚÒfl ÔÂÂ-
ÒÂ˜ÂÌËÂÏ ÍË‚ÓÈ ÒÚ‡·ËÎ¸ÌÓÒÚË ‡ÏÙË·ÓÎ‡ Ò ÒÓÎË‰ÛÒ-
ÌÓÈ ÍË‚ÓÈ. ÑÎfl ‡Ì‰ÂÁËÚÓ‚˚ı Ë ·ÓÎÂÂ ÍËÒÎ˚ı ‡Ò-
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ê

 

Ó·˘

 

) ˝ÚÓ ‰‡‚ÎÂÌËÂ Ì‡ıÓ‰ËÚÒfl ÔÓ ‡ÁÌ˚Ï ‰‡ÌÌ˚Ï ‚
ËÌÚÂ‚‡ÎÂ 0.5–1.5

 

 

 

Í·‡, Ú.Â. Ì‡ „ÎÛ·ËÌ‡ı >2–4.5 ÍÏ
[2, 25–27]. èË ·ÓÎÂÂ ÌËÁÍËı ‰‡‚ÎÂÌËflı ‡ÏÙË·ÓÎ ÌÂ-
ÒÚ‡·ËÎÂÌ ‚ Ï‡„Ï‡ı, ÌÂÁ‡‚ËÒËÏÓ ÓÚ ÍÓÎË˜ÂÒÚ‚‡ ‚Ó‰˚
‚ ÒËÒÚÂÏÂ, Ë ÏÓÊÂÚ ËÏÂÚ¸ ÎË¯¸ ‚ÚÓË˜ÌÓÂ, ÔÓÒÚÏ‡„-
Ï‡ÚË˜ÂÒÍÓÂ, ËÎË ÏÂÚ‡ÏÓÙË˜ÂÒÍÓÂ ÔÓËÒıÓÊ‰ÂÌËÂ.
Ç ÔËÓ‰Ì˚ı Ï‡„Ï‡ı ÍËÒÚ‡ÎÎËÁ‡ˆËfl Ó„Ó‚ÓÈ Ó·-
Ï‡ÌÍË ÔÓÚÂÍ‡ÂÚ ÔË ÚÂÏÔÂ‡ÚÛ‡ı ÒÛ˘ÂÒÚ‚ÂÌÌÓ
‚˚¯Â ÒÓÎË‰ÛÒ‡, Ú‡Í Í‡Í ‰ÓÎfl ‚Í‡ÔÎÂÌÌËÍÓ‚ ‚ ‚ÛÎ-
Í‡ÌË˜ÂÒÍËı ÔÓÓ‰‡ı Ò ‡ÏÙË·ÓÎÓÏ, Í‡Í Ô‡‚ËÎÓ, ÒÓ-
ÒÚ‡‚ÎflÂÚ ÌÂ ·ÓÎÂÂ 30–40%. äËÒÚ‡ÎÎËÁ‡ˆËfl ‡ÏÙË-
·ÓÎ‡ ‚ Ú‡ÍËı Ï‡„Ï‡ı ÏÓ„Î‡ ÔÓËÒıÓ‰ËÚ¸ ÔË ·ÓÎÂÂ
‚˚ÒÓÍËı ‰‡‚ÎÂÌËflı, ˜ÂÏ ÒÎÂ‰ÛÂÚ ËÁ ÔÂÂÒÂ˜ÂÌËfl Â„Ó
ÍË‚ÓÈ ÛÒÚÓÈ˜Ë‚ÓÒÚË Ò ÒÓÎË‰ÛÒÓÏ. åËÌËÏ‡Î¸ÌÓÂ

PH2O

 

‰‡‚ÎÂÌËÂ, ÔË ÍÓÚÓÓÏ ÏÓ„Î‡ ÔÓËÒıÓ‰ËÚ¸ ÍËÒÚ‡Î-
ÎËÁ‡ˆËfl ÔÓÓ‰ Ò ‡ÏÙË·ÓÎÓÏ, Û‚ÂÎË˜Ë‚‡ÂÚÒfl ‰Ó 2–
3 Í·‡ (˜ÚÓ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ „ÎÛ·ËÌ‡Ï ~6–9 ÍÏ). ÖÒÎË
ÔÓÏËÏÓ ‚Ó‰˚ ‚ Ï‡„ÏÂ ÔËÒÛÚÒÚ‚ÛÂÚ 

 

CO

 

2

 

, ÚÓ ÎËÌËfl
ÒÓÎË‰ÛÒ‡ ·Û‰ÂÚ ‡ÒÔÓÎ‡„‡Ú¸Òfl ‚˚¯Â ÔÓ ÚÂÏÔÂ‡ÚÛ-
Â, ˜ÂÏ ‰Îfl ˜ËÒÚÓ ‚Ó‰Ì˚ı (‚Ó‰ÓÌ‡Ò˚˘ÂÌÌ˚ı) ÛÒÎÓ-
‚ËÈ. ëÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ Ë ‰‡‚ÎÂÌËÂ, ÔË ÍÓÚÓÓÏ ÒÓÎË-
‰ÛÒ ÔÂÂÒÂÍ‡ÂÚÒfl Ò ÍË‚ÓÈ ÒÚ‡·ËÎ¸ÌÓÒÚË ‡ÏÙË·ÓÎ‡,
·Û‰ÂÚ ‚˚¯Â.

èË ÔÓÒÚÓflÌÌÓÏ ‰‡‚ÎÂÌËË Ò ÓÒÚÓÏ ÍÓÌˆÂÌÚ‡-
ˆËË ‚Ó‰˚ ‚ ‡ÒÔÎ‡‚Â ÚÂÏÔÂ‡ÚÛ‡ ÛÒÚÓÈ˜Ë‚ÓÒÚË 

 

Am-
ph

 

 ÒÌ‡˜‡Î‡ ÍÛÚÓ ‚ÓÁ‡ÒÚ‡ÂÚ, ‰ÓÒÚË„‡ÂÚ Ï‡ÍÒËÏÛÏ‡,
‡ Á‡ÚÂÏ ÏÓÊÂÚ Ì‡·Î˛‰‡Ú¸Òfl ÔÓÌËÊÂÌËÂ ÚÂÏÔÂ‡ÚÛ-
˚, ‚ ÓÚÎË˜ËÂ ÓÚ ÌÂÔÂ˚‚ÌÓ„Ó Ô‡‰ÂÌËfl ÚÂÏÔÂ‡ÚÛ
ÎËÍ‚Ë‰ÛÒ‡ ·ÂÁ‚Ó‰Ì˚ı Ù‡Á [11, 14] (ËÒ. 1

 

‡

 

). éÒÓ·ÂÌ-
ÌÓÒÚË ̋ ÚÓ„Ó fl‚ÎÂÌËfl ·˚ÎË ‰ÂÚ‡Î¸ÌÓ ÔÓÍ‡Á‡Ì˚ ‚ ̋ ÍÒ-
ÔÂËÏÂÌÚ‡ı Ì‡ ÒËÒÚÂÏÂ Ô‡„‡ÒËÚ–‚Ó‰‡ 

 

CO

 

2

 

 [18]. ê‡-
ÌÂÂ ˝ÚÓÚ ˝ÙÙÂÍÚ Ó·˙flÒÌflÎÒfl ÔÓ-‡ÁÌÓÏÛ. é‰Ì‡ ËÁ
‚ÂÒËÈ Á‡ÍÎ˛˜‡Î‡Ò¸ ‚ ‚ÓÁÏÓÊÌÓÈ ÒÏÂÌÂ Â‡ÍˆËË,
ÍÓÌÚÓÎËÛ˛˘ÂÈ ÛÒÚÓÈ˜Ë‚ÓÒÚ¸ ‡ÏÙË·ÓÎ‡, Ò Â‡Í-
ˆËË „Ë‰‡Ú‡ˆËË Ì‡ Â‡ÍˆË˛ ÔÎ‡‚ÎÂÌËfl ÔÓ ÏÂÂ Û‚Â-
ÎË˜ÂÌËfl ‡ÍÚË‚ÌÓÒÚË ‚Ó‰˚, Ú‡Í Í‡Í ‚Ó‰‡ ÔÓËÁ‚Ó‰ËÚ
Ì‡ ˝ÚË Â‡ÍˆËË ÔÓÚË‚ÓÔÓÎÓÊÌ˚È ˝ÙÙÂÍÚ [11]. ëÓ-
„Î‡ÒÌÓ ‰Û„ÓÏÛ ‚Á„Îfl‰Û, ‚ ÚÓ˜ÍÂ Ï‡ÍÒËÏÛÏ‡ ÒÓ‰Â-
Ê‡ÌËÂ ‚Ó‰˚ ‚ ‡ÏÙË·ÓÎÂ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÂÂ ‡ÒÚ‚ÓË-
ÏÓÒÚË ‚ ‡ÒÔÎ‡‚Â ÔË ‰‡ÌÌ˚ı 

 

ê

 

–

 

í

 

 ÛÒÎÓ‚Ëflı [18].
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ÑÎfl ÓÔËÒ‡ÌËfl ÔÓ‚Â‰ÂÌËfl ‚Ó‰ÌÓÈ Ù‡Á˚ ‚ ‡ÒÔÎ‡‚Â
Ì‡ÏË ËÒÔÓÎ¸ÁÓ‚‡ÎÒfl ÔÓ‰ıÓ‰ Í ‡ÒÔÎ‡‚Û Í‡Í Í Ë‰Â‡Î¸-
ÌÓÏÛ ‡ÒÚ‚ÓÛ, ËÒÔÓÎ¸ÁÓ‚‡ÌÌ˚È ‡ÌÂÂ ‰Îfl ÓÔËÒ‡ÌËfl

 

T

T

 

max

 

P

 

 = const

 

L

 

L + V

Amph
Amph + L + V

ëÓÎË‰ÛÒ

C

 

max

 

H

 

2

 

O ‚ ÒËÒÚÂÏÂ, ‚ÂÒ. %

 

T

 

max

 

P

 

H

 

2

 

O 

 

= 

 

P

 

A
m

ph

Amph + L 

ëÓÎË‰ÛÒ

 

P

 

max

 

P

T

 

êËÒ. 1.

 

 ëıÂÏ‡ÚË˜ÂÒÍËÂ ÍË‚˚Â ÛÒÚÓÈ˜Ë‚ÓÒÚË ‡ÏÙË·ÓÎ‡ (

 

Amph

 

): 

 

‡

 

 – ÍË‚‡fl ÒÚ‡·ËÎ¸ÌÓÒÚË ‡ÏÙË·ÓÎ‡ ‚ ‡ÒÔÎ‡‚Â ÔË ÔÓ-
ÒÚÓflÌÌÓÏ Ó·˘ÂÏ ‰‡‚ÎÂÌËË (

 

P

 

); 

 

·

 

 – 

 

P

 

–

 

T

 

 ÍË‚‡fl ÒÚ‡·ËÎ¸ÌÓÒÚË 

 

Amph

 

 ‚ ‚Ó‰ÓÌ‡Ò˚˘ÂÌÌ˚ı ÛÒÎÓ‚Ëflı (  = 

 

P

 

).

 

 

 

L

 

 – ‡ÒÔÎ‡‚,

 

V

 

 – Ô‡,  – ‰‡‚ÎÂÌËÂ ‚Ó‰˚, 

 

T

 

 

 

– Ï‡ÍÒËÏ‡Î¸Ì‡fl ÚÂÏÔÂ‡ÚÛ‡ ÛÒÚÓÈ˜Ë‚ÓÒÚË ‡ÏÙË·ÓÎ‡ ‚ ‡ÒÔÎ‡‚Â ‚ ËÁÓ·‡Ë˜ÂÒÍËı (

 

‡

 

)
Ë ‚Ó‰ÓÌ‡Ò˚˘ÂÌÌ˚ı (

 

·

 

) ÛÒÎÓ‚Ëflı, 

 

C

 

max

 

 – ÍÓÌˆÂÌÚ‡ˆËfl ‚Ó‰˚ ‚ ÚÓ˜ÍÂ ËÁÓ·‡Ë˜ÂÒÍÓ„Ó Ï‡ÍÒËÏÛÏ‡ ÒÚ‡·ËÎ¸ÌÓÒÚË ‡ÏÙË-
·ÓÎ‡, 

 

P

 

min

 

 Ë 

 

P

 

max

 

 – ÏËÌËÏÛÏ Ë Ï‡ÍÒËÏÛÏ ÒÚ‡·ËÎ¸ÌÓÒÚË ‡ÏÙË·ÓÎ‡ ‚ ‡ÒÔÎ‡‚Â ÔÓ ‰‡‚ÎÂÌË˛.

PH2O
PH2O
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3

 

ÛÒÚÓÈ˜Ë‚ÓÒÚË ·ÂÁ‚Ó‰Ì˚ı Ù‡Á ‚ ‚Ó‰Ì˚ı ‡ÒÔÎ‡‚‡ı. Ç
Ó·˘ÂÏ ‚Ë‰Â Û‡‚ÌÂÌËÂ ÍËÒÚ‡ÎÎËÁ‡ˆËË ÏËÌ‡Î‡ 

 

M

 

,
‚ıÓ‰fl˘Â„Ó ‚ ÒÓÒÚ‡‚ ‡ÏÙË·ÓÎ‡ 

 

Amph

 

, ÏÓÊÌÓ ÔÂ‰-
ÒÚ‡‚ËÚ¸ Í‡Í:

(1)

„‰Â 

 

A

 

L

 

, 

 

B

 

L

 

, …, 

 

K

 

L

 

 – ÓÍËÒÎ˚ ‚ ‡ÒÔÎ‡‚Â (

 

L

 

) Ì‡ Ó‰ÌÓÍ‡-
ÚËÓÌÌÓÈ ÓÒÌÓ‚Â; 

 

W

 

 – ‚Ó‰‡; 

 

a

 

, 

 

b

 

, …, 

 

k

 

, – ÒÚÂıËÓÏÂÚË-
˜ÂÒÍËÂ ÍÓ˝ÙÙËˆËÂÌÚ˚; 

 

w

 

 – ˜ËÒÎÓ ˜‡ÒÚËˆ, ÍÓÚÓ˚Â
Ó·‡ÁÛ˛ÚÒfl ÔË ‡ÒÚ‚ÓÂÌËË ‚Ó‰˚ (ÓÚ 1 ‰Ó 2). ÑÎfl
ÍÓÏÔÓÌÂÌÚ‡ 

 

i

 

 ‚ Ë‰Â‡Î¸ÌÓÏ ‡ÒÚ‚ÓÂ (‡ÒÔÎ‡‚Â) ‡Í-
ÚË‚ÌÓÒÚ¸ ‡‚Ì‡ ÏÓÎ¸ÌÓÈ ‰ÓÎÂ (

 

X

 

i

 

). íÓ„‰‡ ÍÓÌÒÚ‡ÌÚ‡
‡‚ÌÓ‚ÂÒËfl Â‡ÍˆËË (1) ‚˚‡ÁËÚÒfl Í‡Í:

(2)

ëÓ„Î‡ÒÌÓ Ó·˘ÂÔËÌflÚÓÏÛ ÔÓ‰ıÓ‰Û, Á‡‚ËÒË-
ÏÓÒÚ¸ ÍÓÌÒÚ‡ÌÚ˚ ‡‚ÌÓ‚ÂÒËfl Â‡ÍˆËË ÓÚ ÚÂÏÔÂ‡-
ÚÛ˚ (

 

T

 

, °

 

K

 

) Ë ‰‡‚ÎÂÌËfl (

 

P

 

, ·‡) ‰Îfl ÍÓÌ‰ÂÌÒËÓ‚‡Ì-
Ì˚ı Ù‡Á (ÍËÒÚ‡ÎÎÓ‚ Ë ‡ÒÔÎ‡‚‡) ÏÓÊÌÓ ÔÂ‰ÒÚ‡-
‚ËÚ¸ ‚ ‚Ë‰Â:

(3)

„‰Â 

 

A

 

, 

 

B

 

 Ë 

 

C

 

 – ÍÓÌÒÚ‡ÌÚ˚

 

1

 

. ÑÎfl ‡Ì‡ÎËÁ‡ ÛÒÚÓÈ˜Ë-
‚ÓÒÚË ‡ÏÙË·ÓÎ‡ ÔË ÔÓÒÚÓflÌÌÓÏ ‰‡‚ÎÂÌËË ˝ÚÓ
Û‡‚ÌÂÌËÂ ÏÓÊÌÓ ÛÔÓÒÚËÚ¸:

(4)

„‰Â 

 

A

 

P

 

 = 

 

A

 

 + 

 

C

 

(

 

P 

 

– 1).
ç‡ ÓÒÌÓ‚Â Û‡‚ÌÂÌËÈ (2) Ë (4), Á‡‰‡‚¯ËÒ¸ ÌÂÍÓÚÓ-
˚Ï ËÒıÓ‰Ì˚Ï ‡ÒÔÎ‡‚ÓÏ ‚ Í‡˜ÂÒÚ‚Â ÚÓ˜ÍË ÓÚÒ˜ÂÚ‡,
ÏÓÊÌÓ ÔÓ‡Ì‡ÎËÁËÓ‚‡Ú¸ ‚ÎËflÌËÂ Û‚ÂÎË˜ÂÌËfl ÍÓÌ-
ˆÂÌÚ‡ˆËË ‚Ó‰˚ Ì‡ ÚÂÏÔÂ‡ÚÛÛ ÒÚ‡·ËÎ¸ÌÓÒÚË ‡Ï-
ÙË·ÓÎ‡. èËÏÂÏ ‡ÒÔÎ‡‚ Ò ÓÔÂ‰ÂÎÂÌÌ˚Ï ÍÓÎË˜Â-
ÒÚ‚ÓÏ ̃ ‡ÒÚËˆ ‚Ó‰˚ 

 

h

 

o

 

 Á‡ ÒÚ‡Ì‰‡ÚÌ˚È. åÓÎ¸Ì‡fl ‰ÓÎfl
ÍÓÏÔÓÌÂÌÚ‡ 

 

i

 

 ‚ ‚Ó‰ÌÓÏ ‡ÒÔÎ‡‚Â 

 

X

 

i

 

 ‚˚‡Ê‡ÂÚÒfl Í‡Í 

(5)

„‰Â 

 

n

 

i

 

 – ˜ËÒÎÓ ÏÓÎÂÈ (Í‡ÚËÓÌÓ‚) ÍÓÏÔÓÌÂÌÚ‡ 

 

i

 

 ‚ ‡Ò-
ÔÎ‡‚Â, 

 

n

 

s

 

 – Ó·˘ÂÂ ̃ ËÒÎÓ ÒËÎËÍ‡ÚÌ˚ı Í‡ÚËÓÌÓ‚ ‚ ‡Ò-
ÔÎ‡‚Â, 

 

n

 

w

 

 – ˜ËÒÎÓ ˜‡ÒÚËˆ ‚Ó‰˚ ‚ ‡ÒÔÎ‡‚Â. ÖÒÎË Í
ÒÚ‡Ì‰‡ÚÌÓÏÛ ‡ÒÔÎ‡‚Û ‰Ó·‡‚ÎÂÌÓ 

 

h

 

 ̃ ‡ÒÚËˆ ‚Ó‰˚, ÚÓ

(6)

(7)

„‰Â 

 

n

 

0

 

 = 

 

n

 

s

 

 + 

 

h

 

0

 

.
èÛÒÚ¸ 

 

K

 

0

 

 – ÍÓÌÒÚ‡ÌÚ‡ ‡‚ÌÓ‚ÂÒËfl Â‡ÍˆËË (1) ‰Îfl
ÒÚ‡Ì‰‡ÚÌÓ„Ó ‡ÒÔÎ‡‚‡. ÑÎfl ÛÔÓ˘ÂÌËfl ÔÓÒÎÂ‰Û˛-

 

1

 

Ñ‡ÌÌ‡fl Á‡‚ËÒËÏÓÒÚ¸ ÔÓ‰‡ÁÛÏÂ‚‡ÂÚ, ˜ÚÓ (1) ÚÂÔÎÓÂÏÍÓÒÚ¸
Â‡ÍˆËË 

 

∆

 

C

 

p

 

 = 0, Ú‡Í ˜ÚÓ ˝ÌÚ‡Î¸ÔËfl (

 

∆

 

H

 

0

 

) Ë ˝ÌÚÓÔËfl (

 

∆

 

S

 

0

 

)
Â‡ÍˆËË ÌÂ Á‡‚ËÒflÚ ÓÚ ÚÂÏÔÂ‡ÚÛ˚ Ë (2) Ó·˙ÂÏÌ˚È
˝ÙÙÂÍÚ Â‡ÍˆËË 

 

∆

 

V

 

o

 

 ÌÂ Á‡‚ËÒËÚ ÓÚ ÚÂÏÔÂ‡ÚÛ˚ Ë
‰‡‚ÎÂÌËfl, Ú.Â.

 

 A = –∆H0/R, B = ∆So/R, C = –∆Vo/R.

aAL bBL … kKL wWL+ + + + MAmph,=

Kln
XM

Amph

XA( )a XB( )b … XK( )k XW( )w⋅ ⋅
------------------------------------------------------------------------.ln=

Kln A
T
--- B C

P 1–
T

------------,+ +=

Kln A C P 1–( )+
T

-------------------------------- B+
AP

T
------ B,+= =

Xi ni/ ns nw+( ),=

Xi ni/ ns ho h+ +( ) ni/ n0 h+( ),= =

Xw h0 h+( )/ ns h0 h+ +( ) h0 h+( )/ n0 h+( ),= =

˘Â„Ó ‡Ì‡ÎËÁ‡ ÔËÏÂÏ ‰ÓÔÛ˘ÂÌËÂ, ˜ÚÓ ÒÓÒÚ‡‚ ‡ÏÙË-
·ÓÎ‡ Ë ÒËÎËÍ‡ÚÌÓÈ ̃ ‡ÒÚË ‡ÒÔÎ‡‚‡ ÌÂ ÏÂÌfl˛ÚÒfl Ò ËÁ-
ÏÂÌÂÌËÂÏ ÍÓÌˆÂÌÚ‡ˆËË ‚Ó‰˚ ‚ ‡ÒÔÎ‡‚Â. íÓ„‰‡ ËÁ
Û‡‚ÌÂÌËÈ (2) Ë (6 Ë 7) ÔÓÎÛ˜ËÏ ‚˚‡ÊÂÌËÂ ÍÓÌÒÚ‡Ì-
Ú˚ ‡‚ÌÓ‚ÂÒËfl ‰Îfl ‡ÒÔÎ‡‚‡ Ò ‰Û„ËÏ ÒÓ‰ÂÊ‡ÌËÂÏ
‚Ó‰˚:

(8)

èÓÒÎÂ ÔÓ‰ÒÚ‡ÌÓ‚ÍË ˝ÚÓ„Ó ‚˚‡ÊÂÌËfl ‚ Û‡‚ÌÂÌËÂ
(4) Ë ÔÂÓ·‡ÁÓ‚‡ÌËfl ÔÓÎÛ˜‡ÂÏ:

(9)

„‰Â m = a + b + … + k + w.

èÓÎÛ˜ÂÌÌÓÂ Û‡‚ÌÂÌËÂ ÔÂ‰ÒÍ‡Á˚‚‡ÂÚ Ì‡ÎË˜ËÂ
Ï‡ÍÒËÏÛÏ‡ Ë ÔÓÁ‚ÓÎflÂÚ ÓˆÂÌËÚ¸ Â„Ó ÔÓÎÓÊÂÌËÂ.
é·ÓÁÌ‡˜ËÏ

èÓ‰ËÙÙÂÂÌˆËÛÂÏ Û‡‚ÌÂÌËÂ (9) ÔÓ h ÔË ÔÓÒÚÓ-
flÌÌÓÏ ‰‡‚ÎÂÌËË:

(10)

Ç ÚÓ˜ÍÂ ÚÂÏÔÂ‡ÚÛÌÓ„Ó Ï‡ÍÒËÏÛÏ‡ Ì‡ ËÁÓ·‡Ë˜Â-
ÒÍÓÈ ÍË‚ÓÈ ÒÚ‡·ËÎ¸ÌÓÒÚË ‡ÏÙË·ÓÎ‡ ˝Ú‡ ÔÓËÁ‚Ó‰-
Ì‡fl ‰ÓÎÊÌ‡ ‡‚ÌflÚ¸Òfl ÌÛÎ˛. éÚÒ˛‰‡, Ò‡‚ÌË‚‡fl
Û‡‚ÌÂÌËfl (9) Ë (10), ËÏÂÂÏ:

(11)

„‰Â hmax = h0 + h – ˜ËÒÎÓ ˜‡ÒÚËˆ ‚Ó‰˚ ‚ ÚÓ˜ÍÂ Ï‡Í-
ÒËÏÛÏ‡:

(12)

ëÓÓÚÌÓ¯ÂÌËÂ (12) – ˝ÚÓ ÛÒÎÓ‚ËÂ ÚÂÏÔÂ‡ÚÛÌÓ„Ó
˝ÍÒÚÂÏÛÏ‡ Ì‡ ËÁÓ·‡Ë˜ÂÒÍÓÈ ÍË‚ÓÈ ÔÎ‡‚ÎÂÌËfl
‡ÏÙË·ÓÎ‡. í‡Í Í‡Í ‚ Û‡‚ÌÂÌËË (10) ‚˚‡ÊÂÌËÂ

AP = A + C(P – 1) ‚ÒÂ„‰‡ >0, ÚÓ  > 0 ÔË h < hmax

Ë  < 0 ÔË h > hmax. ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, ‚ ÚÓ˜ÍÂ

hmax ÍË‚‡fl ÛÒÚÓÈ˜Ë‚ÓÒÚË ‡ÏÙË·ÓÎ‡ ‚ ‡ÒÔÎ‡‚Â
ÔÓıÓ‰ËÚ ˜ÂÂÁ ÚÂÏÔÂ‡ÚÛÌ˚È Ï‡ÍÒËÏÛÏ Ì‡ „‡-
ÙËÍÂ T – H2O ÔË ÔÓÒÚÓflÌÌÓÏ ‰‡‚ÎÂÌËË. åÓÊÌÓ ÔÓ-
Í‡Á‡Ú¸, ˜ÚÓ ÍÓÌˆÂÌÚ‡ˆËfl ‚Ó‰˚ Cw ‚ ÚÓ˜ÍÂ Ï‡ÍÒË-
ÏÛÏ‡ Cmax ÌÂ Á‡‚ËÒËÚ ÓÚ ÙÓÏ˚ ÂÂ Ì‡ıÓÊ‰ÂÌËfl ‚
‡ÒÔÎ‡‚Â. í‡Í, ÂÒÎË ‚ Û‡‚ÌÂÌËË (1) ‚Ó‰‡ ÔÂ‰ÒÚ‡‚-
ÎÂÌ‡ ‚ ÏÓÎÂÍÛÎflÌÓÈ ÙÓÏÂ, Ú.Â. w = 1, ÚÓ ‚ 100 „
‡ÒÔÎ‡‚‡ ÒÓ‰ÂÊËÚÒfl h = Cw/18 ˜‡ÒÚËˆ ‚Ó‰˚ Ë

Kln K0ln m 1 h/n0+( )ln w 1 h/h0+( ).ln–+=

T
AP

K0ln m 1 h/n0+( )ln w 1 h/h0+( )ln– B–+
-------------------------------------------------------------------------------------------------------,=

D m 1 h/n0+( )ln w 1 h/h0+( )ln .–=

∂T
∂h
------ 

 
P

AP

K0ln B– D+( )2
---------------------------------------dD

dh
-------.–=

dD
dh
------- m

n0 h+
-------------- w

h0 h+
--------------– m

ns hmax+
-------------------- w

hmax
---------– 0,= = =

hmax wns

m w–
--------------.=

∂T
∂h
------ 

 
P

∂T
∂h
------ 

 
P
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å‡ÍÒËÏÓ‚

(13)

„‰Â a, b, …, k – ÒÚÂıËÓÏÂÚË˜ÂÒÍËÂ ÍÓ˝ÙÙËˆËÂÌÚ˚
Û‡‚ÌÂÌËfl (1). ÖÒÎË ‚Ó‰‡ ‚ ‡ÒÔÎ‡‚Â Ì‡ıÓ‰ËÚÒfl ‚ „Ë‰-
ÓÍÒËÎ¸ÌÓÈ ÙÓÏÂ, Ú.Â. w = 2 Ë h = Cw/9, ÚÓ ÔËıÓ‰ËÏ
Í ÚÓÏÛ ÊÂ ‚˚‡ÊÂÌË˛ ‰Îfl Cmax:

àÁ ÒÓÓÚÌÓ¯ÂÌËfl (13) ÏÓÊÌÓ ÔËÏÂÌÓ ÓˆÂÌËÚ¸
ÍÓÌˆÂÌÚ‡ˆË˛ ‚Ó‰˚ ‚ ÚÓ˜ÍÂ Tmax. í‡Í, ‰Îfl ‡ÒÔÎ‡‚‡
ÚÂÏÓÎËÚ‡ Ca2Mg5Si8O22(OH)2, ‚ ÒÎÛ˜‡Â Â„Ó ÔÎ‡‚ÎÂ-
ÌËfl ÔÓ Â‡ÍˆËË ÚËÔ‡ (1), ÓÌ‡ ÒÓÒÚ‡‚ËÚ ~2.2 ‚ÂÒ. %.

ç‡ÎË˜ËÂ ËÁÓ·‡Ë˜ÂÒÍÓ„Ó ÚÂÏÔÂ‡ÚÛÌÓ„Ó Ï‡Í-
ÒËÏÛÏ‡ ÛÒÚÓÈ˜Ë‚ÓÒÚË ‡ÏÙË·ÓÎ‡ Ó·˙flÒÌflÂÚÒfl ‰‚Ófl-
ÍËÏ ‚ÎËflÌËÂÏ ‚Ó‰˚ Ì‡ Â„Ó ‡‚ÌÓ‚ÂÒËÂ Ò ‡ÒÔÎ‡‚ÓÏ:
Ò Ó‰ÌÓÈ ÒÚÓÓÌ˚, ‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò Â‡ÍˆËÂÈ ÍË-
ÒÚ‡ÎÎËÁ‡ˆËË, ‚Ó‰‡ ÔÓ‚˚¯‡ÂÚ ÒÚ‡·ËÎ¸ÌÓÒÚ¸ ‡ÏÙË·Ó-
Î‡, Ò ‰Û„ÓÈ, ‡ÒÚ‚ÓflflÒ¸ ‚ ‡ÒÔÎ‡‚Â, ÓÌ‡ ÔÓÌËÊ‡ÂÚ
ÏÓÎ¸Ì˚Â ‰ÓÎË ‰Û„Ëı ÍÓÏÔÓÌÂÌÚÓ‚ ‡ÒÔÎ‡‚‡, Û˜‡ÒÚ-
‚Û˛˘Ëı ‚ Â‡ÍˆËË ÔÎ‡‚ÎÂÌËfl-ÍËÒÚ‡ÎÎËÁ‡ˆËË ‡Ï-
ÙË·ÓÎ‡, ÚÂÏ Ò‡Ï˚Ï ÔÓÌËÊ‡fl Â„Ó ÛÒÚÓÈ˜Ë‚ÓÒÚ¸.

äéãàóÖëíÇÖççÄü éñÖçäÄ 
ìêÄÇçÖçàü çÄ èêàåÖêÖ ëàëíÖåõ 

èÄêÉÄëàí–H2O–CO2

ÑÎfl ÍÓÎË˜ÂÒÚ‚ÂÌÌÓÈ ÓˆÂÌÍË ÔËÂÏÎÂÏÓÒÚË ‰‡Ì-
ÌÓ„Ó ÔÓ‰ıÓ‰‡ ËÒÔÓÎ¸ÁÓ‚‡Ì˚ ÂÁÛÎ¸Ú‡Ú˚ ˝ÍÒÔÂË-
ÏÂÌÚÓ‚ ‚ ÒËÒÚÂÏÂ Ô‡„‡ÒËÚ–‚Ó‰‡–CO2 [18]. èÂËÏÛ-
˘ÂÒÚ‚ÓÏ ˝ÚËı ‰‡ÌÌ˚ı fl‚ÎflÂÚÒfl ÚÓ, ˜ÚÓ ÓÌË ÔÓÁ‚ÓÎfl-
˛Ú ÓÚ‚ÎÂ˜¸Òfl ÓÚ ‡Ò˜ÂÚ‡ ‡ÍÚË‚ÌÓÒÚË Ú‚Â‰˚ı
ÍÓÏÔÓÌÂÌÚÓ‚ Â‡ÍˆËË, ÔÓÒÍÓÎ¸ÍÛ ‚ ÌÂÈ Û˜‡ÒÚ‚Û˛Ú
˜ËÒÚ˚Â ÏËÌÂ‡Î¸Ì˚Â Ù‡Á˚, Ë ÌÂÚ ÌÂÓ·ıÓ‰ËÏÓÒÚË
Û˜ËÚ˚‚‡Ú¸ ÙÛ„ËÚË‚ÌÓÒÚ¸ ÍËÒÎÓÓ‰‡, Ú‡Í Í‡Í ÒËÒÚÂ-
Ï‡ ·ÂÁÊÂÎÂÁËÒÚ‡fl.

èÂÌÂ·Â„‡fl ‡ÒÚ‚ÓËÏÓÒÚ¸˛ Al2O3 ‚ ‰ËÓÔÒË‰Â
(Di), Â‡ÍˆË˛ ËÌÍÓÌ„Û˝ÌÚÌÓ„Ó ÔÎ‡‚ÎÂÌËfl Ô‡„‡ÒË-
Ú‡ (Parg) ÏÓÊÌÓ ÔÂ‰ÒÚ‡‚ËÚ¸ ‚ ‚Ë‰Â [18]:

(14)

„‰Â Fo – ÙÓÒÚÂËÚ, Sp – ¯ÔËÌÂÎ¸, L – ‡ÒÔÎ‡‚. ê‡Ò-
ÔÎ‡‚ ·ÂÁ Û˜ÂÚ‡ ‡ÒÚ‚ÓÂÌÌÓÈ ‚Ó‰˚ ÔÓ ÒÓÒÚ‡‚Û ÒÓÓÚ-
‚ÂÚÒÚ‚ÛÂÚ ÒÏÂÒË Ne (ÌÂÙÂÎËÌ) + 0.5An (‡ÌÓÚËÚ) ËÎË
NaCa0.5Al2Si2O8. éÚÒ˛‰‡, Û˜ËÚ˚‚‡fl, ˜ÚÓ ‡ÍÚË‚ÌÓÒÚË
˜ËÒÚ˚ı ÏËÌÂ‡Î¸Ì˚ı Ù‡Á ‡‚Ì˚ 1, Ë ‚˚‡Ê‡fl ÍÓÏ-
ÔÓÌÂÌÚ˚ ‡ÒÔÎ‡‚‡ Ì‡ Ó‰ÌÓÍ‡ÚËÓÌÌÓÈ ÓÒÌÓ‚Â, ‰Îfl
ÍÓÌÒÚ‡ÌÚ˚ Â‡ÍˆËË (14) ÏÓÊÌÓ Ì‡ÔËÒ‡Ú¸:

(15)

hmax wns

m w–
--------------

ns

m 1–
-------------

ns

a b … k+ + +
---------------------------------,= = =

Cmax 18ns

a b … k+ + +
---------------------------------,=

hmax 2ns

m 2–
-------------

2ns

a b … k+ + +
---------------------------------,= =

Cmax 18ns

a b … k+ + +
---------------------------------.=

Parg 1.5Di Fo 0.5Sp L H2O,+ + + +=

Kln XNaln 0.5 XCa +ln+=

+ 2 XAlln 2 XSiln 2 XHln ,+ +

„‰Â Xi – ‰ÓÎË Í‡ÚËÓÌÓ‚ ‚ ‡ÒÔÎ‡‚Â. í‡Í Í‡Í ‰Îfl ‰‡Ì-
ÌÓ„Ó ‡ÒÔÎ‡‚‡ XCa = 2XNa = 4XSi = 4XAl, ÚÓ ‚ ËÚÓ„Â ÔÓ-
ÎÛ˜ËÏ:

(16)

„‰Â Z = (100 – C)C, C – ÍÓÌˆÂÌÚ‡ˆËfl ‚Ó‰˚ ‚ ‡ÒÔÎ‡-
‚Â, ‚ÂÒ.%. á‡‚ËÒËÏÓÒÚ¸ ÍÓÌÒÚ‡ÌÚ˚ ‡‚ÌÓ‚ÂÒËfl ÓÚ
ÚÂÏÔÂ‡ÚÛ˚ Ë ‰‡‚ÎÂÌËfl ‚˚˜ËÒÎflÎ‡Ò¸ Ò Û˜ÂÚÓÏ ËÁ-
ÏÂÌÂÌËfl ÏÓÎ¸ÌÓ„Ó Ó·˙ÂÏ‡ ‚Ó‰˚ ‚ ‡ÒÔÎ‡‚Â (Vw) ÔÓ
Û‡‚ÌÂÌË˛:

(17)

á‡ ÓÒÌÓ‚Û ‰Îfl ‚˚˜ËÒÎÂÌËfl ÍÓ˝ÙÙËˆËÂÌÚÓ‚ Á‡‚Ë-
ÒËÏÓÒÚË ÍÓÌÒÚ‡ÌÚ˚ ‡‚ÌÓ‚ÂÒËfl ÓÚ í Ë ê ‚ÁflÚ˚ ̋ ÍÒÔÂ-
ËÏÂÌÚ‡Î¸Ì˚Â ‰‡ÌÌ˚Â ÔË 5 Ë 8 Í·‡ ËÁ [18]. äÓÌ-
ˆÂÌÚ‡ˆËË ‚Ó‰˚ ‚ ‡ÒÔÎ‡‚Â ‡ÒÒ˜ËÚ˚‚‡ÎËÒ¸ ÔÓ ÏÓ-
‰ÂÎË [8]. Ç Í‡˜ÂÒÚ‚Â ÏÓÎ¸Ì˚ı Ó·˙ÂÏÓ‚ ‚Ó‰˚ ‚
‡ÒÔÎ‡‚Â ËÒÔÓÎ¸ÁÓ‚‡ÎËÒ¸ ‰‡ÌÌ˚Â ‰Îfl ÒËÒÚÂÏ˚ ‡Î¸-
·ËÚ–‚Ó‰‡ [9]. ê‡Ò˜ÂÚ ÍÓ˝ÙÙËˆËÂÌÚÓ‚ Û‡‚ÌÂÌËfl ÔÓ-
‚Ó‰ËÎÒfl ‚ ‰‚‡ ̋ Ú‡Ô‡. ëÌ‡˜‡Î‡ ÔË ‰‡‚ÎÂÌËË 5 Í·‡ ÔÓ
Û‡‚ÌÂÌË˛ (4) ÏÂÚÓ‰ÓÏ Ì‡ËÏÂÌ¸¯Ëı Í‚‡‰‡ÚÓ‚ ·˚-
ÎË Ì‡È‰ÂÌ˚ ÍÓ˝ÙÙËˆËÂÌÚ˚ AP Ë B. á‡ÚÂÏ, ËÒÔÓÎ¸ÁÛfl
Ì‡È‰ÂÌÌ˚Â ÁÌ‡˜ÂÌËfl Ë ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â ‰‡ÌÌ˚Â
‰Îfl ‰‡‚ÎÂÌËfl 8 Í·‡, ÔÓ Û‡‚ÌÂÌË˛ (17) ÔË P0 =
= 5 Í·‡ Ú‡ÍËÏ ÊÂ Ó·‡ÁÓÏ ‚˚˜ËÒÎflÎËÒ¸ ÍÓ˝ÙÙËˆË-
ÂÌÚ˚ A Ë C.

èÓÎÛ˜ÂÌÌ˚Â ÍÓ˝ÙÙËˆËÂÌÚ˚ Û‡‚ÌÂÌËfl (17) ÔÓÁ-
‚ÓÎËÎË ‡ÒÒ˜ËÚ‡Ú¸ ÔÓÎÓÊÂÌËÂ ÍË‚˚ı ÔÎ‡‚ÎÂÌËfl
Ô‡„‡ÒËÚ‡ ‚ ÍÓÓ‰ËÌ‡Ú‡ı P–T ‰Îfl ‡ÁÌ˚ı ÏÓÎ¸Ì˚ı
‰ÓÎÂÈ ‚Ó‰˚ ‚Ó ÙÎ˛Ë‰Â XH2O (ËÒ. 2‡) Ë T–  ‰Îfl
‡ÁÌ˚ı ‰‡‚ÎÂÌËÈ (ËÒ. 3‡). êÂÁÛÎ¸Ú‡Ú˚ ‡Ò˜ÂÚÓ‚
ÔÂ‰ÒÚ‡‚ÎÂÌ˚ Ì‡ „‡ÙËÍ‡ı Ô‡‡ÎÎÂÎ¸ÌÓ Ò ˝ÍÒÔÂË-
ÏÂÌÚ‡Î¸Ì˚ÏË „‡ÙËÍ‡ÏË ËÁ [18] (ËÒ. 2· Ë 3·). ê‡Ò-
Ò˜ËÚ‡ÌÌ˚Â „‡ÙËÍË ÔÓÎÌÓÒÚ¸˛ ‚ÓÒÔÓËÁ‚Ó‰flÚ ‚ÒÂ
ÓÒÓ·ÂÌÌÓÒÚË ÔÓ‚Â‰ÂÌËfl ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ÍË-
‚˚ı Ë ıÓÓ¯Ó ÒÓ„Î‡ÒÛ˛ÚÒfl Ò ÌËÏË Ò ÚÓ˜ÍË ÁÂÌËfl
‡·ÒÓÎ˛ÚÌÓ„Ó ÔÓÎÓÊÂÌËfl. éÚÏÂÚËÏ, ˜ÚÓ Û˜ÂÚ ËÁÏÂ-
ÌÂÌËfl ÏÓÎ¸ÌÓ„Ó Ó·˙ÂÏ‡ ‚Ó‰˚ ‚ ‡ÒÔÎ‡‚Â ÌÂ ÔÓ‚ÎËflÎ
Á‡ÏÂÚÌÓ Ì‡ ÂÁÛÎ¸Ú‡Ú˚. 

ìêÄÇçÖçàü äêàëíÄããàáÄñàà 
íêÖåéãàíÄ à èÄêÉÄëàíÄ 

èé ùäëèÖêàåÖçíÄãúçõå ÑÄççõå

ëÓÓÚ‚ÂÚÒÚ‚ËÂ ‡Ò˜ÂÚÌ˚ı Ë ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı
‰‡ÌÌ˚ı ÔÓ‰Ú‚ÂÊ‰‡ÂÚ ÔËÂÏÎÂÏÓÒÚ¸ ÔÂ‰ÎÓÊÂÌÌÓ-
„Ó ÔÓ‰ıÓ‰‡ Ë ÔÓÁ‚ÓÎflÂÚ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ Â„Ó ‰Îfl ÔÓÎÛ-
˜ÂÌËfl Û‡‚ÌÂÌËÈ, ÓÔËÒ˚‚‡˛˘Ëı ÔÓ‚Â‰ÂÌËÂ Â‡Î¸-
Ì˚ı ‡ÏÙË·ÓÎÓ‚ ‚ ÔËÓ‰Ì˚ı ‡ÒÔÎ‡‚‡ı. Ç Í‡˜ÂÒÚ‚Â
ÔÂ‚Ó„Ó ¯‡„‡ Ï˚ ÔËÏÂÌËÎË ÓÔËÒ‡ÌÌ˚È ÔÓ‰ıÓ‰ ‰Îfl
‚˚‚Ó‰‡ Û‡‚ÌÂÌËÈ ÍËÒÚ‡ÎÎËÁ‡ˆËË ÚÂÏÓÎËÚ‡ Ë
Ô‡„‡ÒËÚ‡, ËÒÔÓÎ¸ÁÛfl ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÛ˛ ËÌÙÓ-
Ï‡ˆË˛ ËÁ ·‡Á˚ àçîéêùäë [1]. Ç ÔÂ‚ÓÏ ‚‡Ë‡ÌÚÂ
‡Ò˜ÂÚÓ‚ ÔËÌËÏ‡Î‡Ò¸ „Ë‰ÓÍÒËÎ¸Ì‡fl ÙÓÏ‡ ‡Ò-

Kln 5.5 11 62.41/Z+[ ] –ln–=

– 2 62.41 11Z+[ ]ln 2 62.41,ln+

Kln A
T
--- B C

P 1–
T

------------ 1
RT
------- Vw Pd

P0

P

∫ .–+ +=

XH2O
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Ú‚ÓÂÌËfl ‚Ó‰˚ ‚ ‡ÒÔÎ‡‚Â Ë ‡Ì‡ÎËÁËÓ‚‡ÎËÒ¸ ‡‚ÌÓ-
‚ÂÒËfl ÚÂÏÓÎËÚ–‡ÒÔÎ‡‚: (18)

2CaOL 5MgOL 8SiO2
L 2HO0.5

L  =+ + +

=  Ca2Mg5Si8O22 OH( )2
Amph

8

6

4

2

0
950 1000 1050 1100

P, Kb

Parg

XH2O = 0.3

T, °C

0.5 1.0

a ·

8

6

4

2

0
950 1000 1050 1100

P, Kb

Parg

Di + Fo + 
Sp + Ne + L

Di + Fo + Sp + Ne + An

XH2O = 0.3

XH2O = 0.5

XH2O = 1.0

êËÒ. 2. P–T ÍË‚˚Â ÒÚ‡·ËÎ¸ÌÓÒÚË Ô‡„‡ÒËÚ‡ ÔË ‡ÁÌ˚ı ÏÓÎ¸Ì˚ı ‰ÓÎflı ‚Ó‰˚ ‚Ó ÙÎ˛Ë‰Â ( ): ‡ – ‡Ò˜ÂÚ; · – ˝ÍÒÔÂ-

ËÏÂÌÚ‡Î¸Ì˚Â ‰‡ÌÌ˚Â [18].

XH2O

1100

1060

1020

980
0.3 0.5 0.7 0.9

10Kb

8

6

4

2Kb

XH2O 

T, °C

0.3 0.5 0.7 0.9

Di + Fo + 

Parg

10Kb

8

6

4

2Kb

Sp + Ne + L

3

a ·

êËÒ. 3. ÇÂıÌËÈ ÔÂ‰ÂÎ ÒÚ‡·ËÎ¸ÌÓÒÚË Ô‡„‡ÒËÚ‡ ÔÓ ÚÂÏÔÂ‡ÚÛÂ ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ÏÓÎ¸ÌÓÈ ‰ÓÎË ‚Ó‰˚ ‚Ó ÙÎ˛Ë‰Â ÔË
‡ÁÌ˚ı ‰‡‚ÎÂÌËflı: ‡ – ‡Ò˜ÂÚ; · – ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â ‰‡ÌÌ˚Â [18].
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å‡ÍÒËÏÓ‚

Ë Ô‡„‡ÒËÚ–‡ÒÔÎ‡‚:

(19)

éÒÌÓ‚Ì‡fl ÚÛ‰ÌÓÒÚ¸ ÔË ‡Ì‡ÎËÁÂ ‡‚ÌÓ‚ÂÒËÈ Ò
‡ÏÙË·ÓÎÓÏ Á‡ÍÎ˛˜ÂÌ‡ ‚ ÒÎÓÊÌÓÒÚË ÓˆÂÌÍË ÏÓÎ¸-
Ì˚ı ‰ÓÎÂÈ Ë ‡ÍÚË‚ÌÓÒÚÂÈ Â„Ó ÏËÌ‡ÎÓ‚. Ç‚Ë‰Û ÓÚÒÛÚ-
ÒÚ‚Ëfl Ó‰ÌÓÁÌ‡˜ÌÓÒÚË ‚ ˝ÚÓÏ ÔËıÓ‰ËÚÒfl ÔËÌËÏ‡Ú¸
fl‰ ‰ÓÔÛ˘ÂÌËÈ Ë ÔÂ‰ÔÓÎ‡„‡Ú¸, ˜ÚÓ Â‰ËÌ‡fl ÒıÂÏ‡
‡Ò˜ÂÚ‡ ÔË ‚˚‚Ó‰Â Û‡‚ÌÂÌËfl Ë Â„Ó ÔÓÒÎÂ‰Û˛˘ÂÏ
ËÒÔÓÎ¸ÁÓ‚‡ÌËË ÒÌË‚ÂÎËÛÂÚ ÔÓ„Â¯ÌÓÒÚË. ÄÍÚË‚-
ÌÓÒÚË ÚÂÏÓÎËÚ‡ Ë Ô‡„‡ÒËÚ‡ ‚ ‡ÏÙË·ÓÎÂ ÔËÌËÏ‡-
ÎËÒ¸ ‡‚Ì˚ÏË Ëı ÏÓÎ¸Ì˚Ï ‰ÓÎflÏ. ëÚÛÍÚÛÌ‡fl
ÙÓÏÛÎ‡ ‡ÏÙË·ÓÎ‡ ‡ÒÒ˜ËÚ˚‚‡Î‡Ò¸ Ì‡ 23 ÍËÒÎÓÓ-
‰‡. ê‡Ò˜ÂÚ ‰ÓÎË Fe3+ Ë ‡ÒÔÂ‰ÂÎÂÌËÂ Í‡ÚËÓÌÓ‚ ÔÓ
ÔÓÁËˆËflÏ ‚ ÙÓÏÛÎÂ ‡ÏÙË·ÓÎ‡ ÔÓËÁ‚Ó‰ËÎÒfl ÔÓ
ÒıÂÏÂ, ÔÂ‰ÎÓÊÂÌÌÓÈ ‚ [10, 17]. ê‡ÒÔÂ‰ÂÎÂÌËÂ Fe–
Mg ÔÓ ÔÓÁËˆËflÏ ÔËÌËÏ‡ÎÓÒ¸ ÒÓ„Î‡ÒÌÓ ‡·ÓÚÂ [23].
çÂÓ·ıÓ‰ËÏ‡fl ‰Îfl ‡Ò˜ÂÚ‡ ˝ÚÓ„Ó ‡ÒÔÂ‰ÂÎÂÌËfl
ÚÂÏÔÂ‡ÚÛ‡ ÔËÌËÏ‡Î‡Ò¸ ‡‚ÌÓÈ ˝ÍÒÔÂËÏÂÌÚ‡Î¸-
ÌÓÈ. åÓÎ¸Ì˚Â ‰ÓÎË ÚÂÏÓÎËÚ‡ Ë Ô‡„‡ÒËÚ‡ ‚ ‡ÏÙË-
·ÓÎÂ ‚˚‡Ê‡ÎËÒ¸ Í‡Í:

(20)

(21)

„‰Â  – ‰ÓÎË Í‡ÚËÓÌÓ‚ (I) Ì‡ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı ÔÓ-
ÁËˆËflı (P) ‚ ÒÚÛÍÚÛÂ ‡ÏÙË·ÓÎ‡, V – ‚‡Í‡ÌÒËË. ÑÎfl
ÍÓÌÒÚ‡ÌÚ ‡‚ÌÓ‚ÂÒËÈ Â‡ÍˆËÈ (16) Ë (17) ËÏÂÂÏ:

(22)

(23)

ë ÔÓÏÓ˘¸˛ ÔÓ„‡ÏÏ˚ INFOREX ‰Îfl ‡Ò˜ÂÚÓ‚
·˚ÎË ‚˚·‡Ì˚ Ô‡˚ ÒÓÒÚ‡‚Ó‚ ‡ÏÙË·ÓÎ-‡ÒÔÎ‡‚ ËÁ
ÓÔ˚ÚÓ‚ ÔË ‰‡‚ÎÂÌËflı ÏÂÌ¸¯Â 10 Í·‡, ‰Îfl ÍÓÚÓ˚ı
·˚ÎË ËÁ‚ÂÒÚÌ˚ ÏÓÎ¸Ì˚Â ‰ÓÎË ‚Ó‰˚ ‚Ó ÙÎ˛Ë‰ÌÓÈ
Ù‡ÁÂ. àÁ ˝ÚÓ„Ó Ì‡·Ó‡ ËÒÍÎ˛˜ÂÌ˚ ÓÔ˚Ú˚ Ò ÌËÁÍË-
ÏË ÒÓ‰ÂÊ‡ÌËflÏË MgO ‚ ‡ÒÔÎ‡‚Â (<0.5 ‚ÂÒ. %) ËÁ-Á‡
·ÓÎ¸¯ÓÈ ÔÓ„Â¯ÌÓÒÚË, ‚ÌÓÒËÏÓÈ ‰‡ÌÌ˚Ï Ô‡‡ÏÂÚ-
ÓÏ ‚ ˝ÚËı ÒÎÛ˜‡flı. Ç ËÚÓ„Â ·˚ÎÓ ÓÚÓ·‡ÌÓ 44 Ô‡˚
ÒÓÒÚ‡‚Ó‚ ËÁ [7, 13, 15, 16, 19, 20, 24, 28]. àÁ ÌËı ÔÓ
Û‡‚ÌÂÌËflÏ (22) Ë (23) ‚˚˜ËÒÎflÎËÒ¸ ÎÓ„‡ËÙÏ˚
ÍÓÌÒÚ‡ÌÚ Â‡ÍˆËÈ ÍËÒÚ‡ÎÎËÁ‡ˆËË ÚÂÏÓÎËÚ‡ Ë Ô‡-
„‡ÒËÚ‡. í‡Í Í‡Í ËÒÔÓÎ¸ÁÓ‚‡ÌËÂ Û‡‚ÌÂÌËfl ‚Ë‰‡ (17)
ÌÂ ÔË‚Ó‰ËÎÓ Í ÒÛ˘ÂÒÚ‚ÂÌÌÓÏÛ ÛÎÛ˜¯ÂÌË˛ ÂÁÛÎ¸-
Ú‡ÚÓ‚, ÌÓ ËÁÎË¯ÌÂ ÛÒÎÓÊÌflÂÚ ‡Ò˜ÂÚ˚, ·˚ÎÓ Â¯Â-
ÌÓ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ Û‡‚ÌÂÌËÂ ‚Ë‰‡ (3), ‰Îfl ÍÓÚÓÓ„Ó

NaO0.5
L 2CaOL 4MgOL ++ +

+ 3AlO1.5
L 6SiO2

L 2HO0.5
L  =+ +

=  NaCa2Mg4Al Al2Si6[ ]O22 OH( )2
Amph.

Xtrent XV
A XMg

M2( )2
XMg

M2( )5
XSi

T1( )4
XOH( )2,⋅ ⋅ ⋅ ⋅=

Xparg XNa
A XCa

M4( )2
XMg

M13( )3⋅ ⋅=

XMg
M2 XAl

M2 XAl
T1( )2

XSi
T1( )2

XOH( )2.⋅ ⋅ ⋅ ⋅

XI
P

Ktrentln Xtrentln 2 XCa
L –ln–=

– 5 XMg
Lln 8 XSi

Lln– 2XH
L ,–

Kpargln Xpargln XNa
Lln– 2 XCa

L –ln–=

– 4 XMg
Lln 3 XAl

Lln– 6 XSi
Lln– 2 XH

Lln .–

ÏÂÚÓ‰ÓÏ Ì‡ËÏÂÌ¸¯Ëı Í‚‡‰‡ÚÓ‚ ·˚ÎË Ì‡È‰ÂÌ˚
ÍÓÌÒÚ‡ÌÚ˚ A, B Ë C:

ëÂ‰ÌËÂ ÓÚÍÎÓÌÂÌËfl ‡Ò˜ÂÚÌ˚ı ÚÂÏÔÂ‡ÚÛ ÓÚ
˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ÒÓÒÚ‡‚Îfl˛Ú ‰Îfl Ó·ÓËı ‡‚ÌÓ‚Â-
ÒËÈ ÓÍÓÎÓ 35°. ì˜ËÚ˚‚‡fl Ò‰ÂÎ‡ÌÌ˚Â ‰ÓÔÛ˘ÂÌËfl Ë
ÔÓ„Â¯ÌÓÒÚË ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ‰‡ÌÌ˚ı, ÂÁÛÎ¸-
Ú‡Ú ÏÓÊÌÓ Ò˜ËÚ‡Ú¸ ÔËÂÏÎÂÏ˚Ï ‰Îfl ÓˆÂÌÓ˜Ì˚ı
‡Ò˜ÂÚÓ‚. é‰Ì‡ÍÓ ÓÚ‰ÂÎ¸Ì˚Â ‡ÒıÓÊ‰ÂÌËfl ‡Ò˜ÂÚ-
Ì˚ı Ë ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ÚÂÏÔÂ‡ÚÛ ‚ 2–3 ‡Á‡
ÔÂ‚˚¯‡˛Ú ˝ÚÓ ÁÌ‡˜ÂÌËÂ, ˜ÚÓ, ‚ÂÓflÚÌÓ, „Ó‚ÓËÚ Ó
‰ÓÒÚ‡ÚÓ˜ÌÓ „Û·ÓÏ ÔË·ÎËÊÂÌËË ËÒÔÓÎ¸ÁÛÂÏÓ„Ó
ÔÓ‰ıÓ‰‡. ê‡ÁÌËˆ‡ ÏÂÊ‰Û ÚÂÏÔÂ‡ÚÛ‡ÏË, ‡ÒÒ˜ËÚ‡Ì-
Ì˚ÏË ÔÓ ‰‡ÌÌ˚Ï ‰Îfl ÚÂÏÓÎËÚ‡ Ë Ô‡„‡ÒËÚ‡, Ó·˚˜-
ÌÓ ÌÂ ÔÂ‚˚¯‡ÂÚ 25°C, Ó‰Ì‡ÍÓ ‚ ÌÂÍÓÚÓ˚ı ÒÎÛ˜‡flı
‰ÓÒÚË„‡ÂÚ 45°C.

Ñ‡ÎÂÂ ÔÓ‰Ó·Ì˚Â ‡Ò˜ÂÚ˚ ·˚ÎË ÔÓ‰ÂÎ‡Ì˚ ‰Îfl
‰Û„Ëı ‚‡Ë‡ÌÚÓ‚ Û‡‚ÌÂÌËÈ ‡‚ÌÓ‚ÂÒËÈ. ê‡Ò˜ÂÚ˚
ÔÓ Û‡‚ÌÂÌËflÏ, ‡Ì‡ÎÓ„Ë˜Ì˚Ï (18) Ë (19), ÌÓ ‰Îfl ÏÓ-
ÎÂÍÛÎflÌÓÈ ÙÓÏ˚ Ì‡ıÓÊ‰ÂÌËfl ‚Ó‰˚ ‚ ‡ÒÔÎ‡‚Â ‰‡-
ÎË Ô‡ÍÚË˜ÂÒÍË Ë‰ÂÌÚË˜Ì˚Â ÂÁÛÎ¸Ú‡Ú˚ Ò ÚÓ˜ÍË
ÁÂÌËfl ‡ÒÒ˜ËÚ‡ÌÌ˚ı ÚÂÏÔÂ‡ÚÛ Ë Ëı ÒÓÓÚ‚ÂÚÒÚ‚Ëfl
˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Ï. í‡ÍÊÂ ÌÂ ÔË‚ÂÎÓ Í ÛÎÛ˜¯Â-
ÌË˛ ÂÁÛÎ¸Ú‡ÚÓ‚ Ë ËÁÏÂÌÂÌËÂ ÔÂ‰ÔÓÎ‡„‡ÂÏÓ„Ó
˜ËÒÎ‡ ˜‡ÒÚËˆ ÒËÎËÍ‡Ú‡ ‚ ‡ÒÔÎ‡‚Â ‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò
Û‡‚ÌÂÌËÂÏ:

(24)

Ç ÔÓÒÎÂ‰ÌÂÏ Û‡‚ÌÂÌËË ˜ËÒÎÓ ÒËÎËÍ‡ÚÌ˚ı ˜‡-
ÒÚËˆ ‚ ‡ÒÔÎ‡‚Â ‡‚ÌÓ 8, ‡ ‚ Û‡‚ÌÂÌËË (18) ÓÌÓ ‡‚ÌÓ
15. Ç ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò Û‡‚ÌÂÌËÂÏ (9) ‚ÎËflÌËÂ ‚Ó‰˚ Ì‡
‡‚ÌÓ‚ÂÒËfl (18) Ë (24) ‰ÓÎÊÌÓ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ‡ÁÎË-
˜‡Ú¸Òfl ËÁ-Á‡ ‡ÁÎË˜ÌÓ„Ó ˝ÙÙÂÍÚ‡ ÒÌËÊÂÌËfl ÏÓÎ¸-
ÌÓÈ ‰ÓÎË ÍÓÏÔÓÌÂÌÚÓ‚ ‡ÒÔÎ‡‚‡ ÔË ‡ÒÚ‚ÓÂÌËË
‚Ó‰˚. Ñ‡ÌÌ˚È ÂÁÛÎ¸Ú‡Ú ÚÂ·ÛÂÚ ‰‡Î¸ÌÂÈ¯Â„Ó ‡Ì‡-
ÎËÁ‡.

ÇõÇéÑõ

êÂÁÛÎ¸Ú‡Ú˚ ÔÓ‚Â‰ÂÌÌÓ„Ó ‡Ì‡ÎËÁ‡ ÔÓÍ‡Á˚‚‡˛Ú,
˜ÚÓ ÓÒÓ·ÂÌÌÓÒÚË ÔÓ‚Â‰ÂÌËfl ‡ÏÙË·ÓÎ‡ ‚ ‡ÒÔÎ‡‚Â
ÏÓÊÌÓ Ó·˙flÒÌËÚ¸ ‚ ‡ÏÍ‡ı Ë‰Â‡Î¸ÌÓÈ ÏÓ‰ÂÎË ‡Ò-
Ú‚ÓÂÌËfl ‚Ó‰˚. ÇÎËflÌËÂÏ ÍÓ˝ÙÙËˆËÂÌÚÓ‚ ‡ÍÚË‚-
ÌÓÒÚË ÍÓÏÔÓÌÂÌÚÓ‚ ‡ÒÔÎ‡‚‡ ‚ ÔÂ‚ÓÏ ÔË·ÎËÊÂ-
ÌËË ÏÓÊÌÓ ÔÂÌÂ·Â˜¸. çÂ‰ÓÒÚ‡ÚÓ˜Ì‡fl ÚÓ˜ÌÓÒÚ¸
ÂÁÛÎ¸Ú‡ÚÓ‚ ‰Îfl ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ÒÓÒÚ‡‚Ó‚ ÏÓ-
ÊÂÚ ÓÁÌ‡˜‡Ú¸ ‚ÎËflÌËÂ Í‡Í ÒÎÓÊÌÓÒÚË ‡Ò˜ÂÚ‡
ÒÚÛÍÚÛÌÓÈ ÙÓÏÛÎ˚ ‡ÏÙË·ÓÎ‡, Ú‡Í Ë ˝ÍÒÔÂË-
ÏÂÌÚ‡Î¸Ì˚ı ÔÓ„Â¯ÌÓÒÚÂÈ. çÂÒÓÏÌÂÌÌÓ, ÏÓ‰ÂÎ¸
ÚÂ·ÛÂÚ ‰‡Î¸ÌÂÈ¯Â„Ó ‡Á‚ËÚËfl. éÒÌÓ‚ÌÛ˛ ÒÎÓÊ-
ÌÓÒÚ¸ ÔÂ‰ÒÚ‡‚ÎflÂÚ ÔÓ·ÎÂÏ‡ ÓÚÒÛÚÒÚ‚Ëfl ÌÂÓ·ıÓ‰Ë-
ÏÓÈ ËÌÙÓÏ‡ˆËË Ó Â‡Î¸Ì˚ı ÍÓÏÔÓÌÂÌÚ‡ı ‡ÒÔÎ‡‚‡

A B C

ÚÂÏÓÎËÚ 64888.5 –28.16 1.828

Ô‡„‡ÒËÚ 43885.1 –8.383 1.652

2CaOL 5MgOL Si8O16
L 2HO0.5

L  =+ + +

=  Ca2Mg5Si8O22 OH( )2
Amph.
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Ë Ëı ÒÓÓÚÌÓ¯ÂÌËflı. í‡ÍÊÂ ÌÂÓ·ıÓ‰ËÏÓ Ó·˙flÒÌËÚ¸
Ì‡ÎË˜ËÂ Ï‡ÍÒËÏÛÏÓ‚ ÒÚ‡·ËÎ¸ÌÓÒÚË ‡ÏÙË·ÓÎ‡ ÔÓ
‰‡‚ÎÂÌË˛ Ë ÚÂÏÔÂ‡ÚÛÂ ‚ ê–í ÍÓÓ‰ËÌ‡Ú‡ı.
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å‡ÍÒËÏÓ‚

The Influence of Water on the Temperature of Sta-
bility of Amphibole in Melts

A. P. Maksimov
Insttitute of Volcanogy and Seismology, Far East

Division, Russian Academy of Sciences, Petropav-
lovsk-Kamchatskii, Russia

The influence of water concentration on the crystal-
lization temperature of amphibole in a melt was ana-
lyzed theoretically using the model of an ideal melt. A
general-type equation has been derived which can ex-
plain the presence of the isobaric temperature maxi-
mum at the amphibole stability curve invoking a double
influence of water on the equilibrium between amphib-

ole and the melt: in accordance with the reaction, water
increases the stability of amphibole, but at the same
time it decreases the mole fractions of the other melt
components that are taking part in the amphibole crys-
tallization reaction, thereby decreasing the stability of
amphibole. The pargasite–water–carbon dioxide sys-
tem was used as an example to show that the model is
a good fit to experimental data. Experimental data were
used to obtain the coefficients in the equations that con-
nect the constants of pargasite-melt and tremolite-melt
equilibria to temperature and pressure.


