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åÌÓ„Ó˜ËÒÎÂÌÌ˚Â ‡·ÓÚ˚ [1–3], ÔÓÒ‚fl˘ÂÌÌ˚Â
ÒÚÛÍÚÛ‡Ï ˘ÂÎÓ˜Ì˚ı ÔÓÎÂ‚˚ı ¯Ô‡ÚÓ‚, ‡ Ú‡ÍÊÂ
Ëı ÔÓ‚Â‰ÂÌË˛ ‚ ÚÂ˜ÂÌËÂ „ÂÓÎÓ„Ë˜ÂÒÍÓÈ ËÒÚÓËË,
‰ÓÒÚ‡ÚÓ˜ÌÓ ÔÓÎÌÓ ı‡‡ÍÚÂËÁÛ˛Ú ‰ÂÚ‡ÎË ‚ÒÂı ËÁ-
ÏÂÌÂÌËÈ, ÔÓËÒıÓ‰fl˘Ëı ‚ Ëı ÒÓÒÚÓflÌËË Ò ËÁÏÂÌÂ-
ÌËÂÏ ÚÂÏÔÂ‡ÚÛ˚. ä‡Í‡ÒÌ‡fl ÒÚÛÍÚÛ‡ ÏËÌÂ‡-
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 ÒÓ‰ÂÊËÚ ‚ ÔÛÒÚÓÚ‡ı
ÍÛÔÌ˚Â ˘ÂÎÓ˜Ì˚Â Í‡ÚËÓÌ˚ M = K Ë Na. äÂÏ-
ÌËÈ Ë ‡Î˛ÏËÌËÈ ‚ ÚÂÚ‡˝‰‡ı Í‡Í‡Ò‡ ‡ÒÔÂ‰ÂÎÂ-
Ì˚ ÔÓ ‰‚ÛÏ ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍË ÌÂÁ‡‚ËÒËÏ˚Ï
ÔÓÁËˆËflÏ (í
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) ‚ ÏÓÌÓÍÎËÌÌÓÈ ÌÂÛÔÓfl‰Ó˜ÂÌ-
ÌÓÈ ÒÚÛÍÚÛÂ Ò ÒËÏÏÂÚËÂÈ C2/
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. äËÒÎÓÓ‰ ‚
ÏÓÌÓÍÎËÌÌÓÏ ˘ÂÎÓ˜ÌÓÏ ¯Ô‡ÚÂ ‡ÒÔÂ‰ÂÎÂÌ ÔÓ
ÔflÚË ÔÓÁËˆËflÏ, Ó·ÓÁÌ‡˜‡ÂÏ˚Ï Í‡Í O
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, ‚ ÚËÍÎËÌÌÓÏ – ÔÓ ‚ÓÒ¸ÏË ÔÓÁËˆËflÏ. 

Ç ıÓ‰Â „ÂÓÎÓ„Ë˜ÂÒÍËı ÔÓˆÂÒÒÓ‚ ̆ ÂÎÓ˜Ì˚Â ÔÓ-
ÎÂ‚˚Â ¯Ô‡Ú˚ ÔÂÚÂÔÂ‚‡˛Ú ËÁÏÂÌÂÌËfl, ÒÓÔÓ-
‚ÓÊ‰‡ÂÏ˚Â Í‡Í ‡ÒÔ‡‰ÓÏ Ú‚Â‰˚ı ‡ÒÚ‚ÓÓ‚ Ì‡
ä- Ë Na-ÒÓÒÚ‡‚Îfl˛˘ËÂ, Ú‡Í Ë ËÁÏÂÌÂÌËflÏË ‚ Á‡-

C1

 

ÔÓÎÌÂÌËË ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍË ÌÂÁ‡‚ËÒËÏ˚ı ÔÓ-
ÁËˆËÈ ‡ÚÓÏ‡ÏË ‡Î˛ÏËÌËfl Ë ÍÂÏÌËfl, Ú.Â. ÒÚÂÔÂ-
Ì¸˛ Ëı ÛÔÓfl‰Ó˜ÂÌËfl. ç‡Ë·ÓÎÂÂ ÒÛ˘ÂÒÚ‚ÂÌÌ˚È
ÂÁÛÎ¸Ú‡Ú ‡ÁÌÓÒÚÓÓÌÌËı ËÒÒÎÂ‰Ó‚‡ÌËÈ ÔÓÎÂ‚Ó-
¯Ô‡ÚÓ‚ÓÈ ÒÚÛÍÚÛ˚ – ÔÂËÏÛ˘ÂÒÚ‚ÂÌÌÓÂ Á‡ÔÓÎ-
ÌÂÌËÂ ‡Î˛ÏËÌËÂÏ ÔÓÁËˆËË 
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 ‚ ÏÓÌÓÍÎËÌÌÓÏ ÒÎÛ-
˜‡Â Ë 
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 ‚ ÚËÍÎËÌÌÓÏ. ÑÛ„ÓÈ ‚‡ÊÌÓÈ ÓÒÓ·ÂÌÌÓ-
ÒÚ¸˛ ËÁÏÂÌÂÌËÈ ‚ ÒÓÒÚÓflÌËË ˘ÂÎÓ˜Ì˚ı ÔÓÎÂ‚˚ı
¯Ô‡ÚÓ‚ fl‚ÎflÂÚÒfl Ù‡ÁÓ‚ÓÂ ‡Á‰ÂÎÂÌËÂ Ì‡ ä- Ë Na-
ÍÓÏÔÓÌÂÌÚ˚, ÍÓÚÓÓÂ ÏÓÊÂÚ ÓÒÛ˘ÂÒÚ‚ÎflÚ¸Òfl ÔÛ-
ÚÂÏ ‡ÒÔ‡‰‡ ÔÓ ÒÔËÌÓ‰‡Î¸ÌÓÏÛ ËÎË ‡‚ÌÓ‚ÂÒÌÓÏÛ
ÏÂı‡ÌËÁÏÛ. èË ˝ÚÓÏ ‰‡ÊÂ ÔË ÔÓÎÌÓÒÚ¸˛ ‡‚ÌÓ-
‚ÂÒÌÓÏ ÔÓˆÂÒÒÂ ÔÓ‰Ó·ÌÓÂ ‡Á‰ÂÎÂÌËÂ ÍÓÏÔÓÌÂÌ-
ÚÓ‚ ÌËÍÓ„‰‡ ÌÂ ‰ÓıÓ‰ËÚ ‰Ó ÍÓÌˆ‡: Ú.Â. ‚ Í‡ÎËÂ‚ÓÏ
ÍÓÏÔÓÌÂÌÚÂ ‚ÒÂ„‰‡ ÔËÒÛÚÒÚ‚ÛÂÚ Ì‡ÚËÈ, ‚ Ì‡ÚË-
Â‚ÓÏ – Í‡ÎËÈ (‚ ‡‚ÌÓ‚ÂÒÌÓÏ ÒÓÒÚÓflÌËË ÔÓÎÌÓÂ
‡Á‰ÂÎÂÌËÂ ‚ÓÁÏÓÊÌÓ ÚÓÎ¸ÍÓ ÔË 

 

T

 

 = 0 ä).

íÂÏÓ‰ËÌ‡ÏË˜ÂÒÍÓÂ Ë ÍËÒÚ‡ÎÎÓıËÏË˜ÂÒÍÓÂ
Ó·˙flÒÌÂÌËÂ ̋ ÚÓ„Ó ÔÓ‚Â‰ÂÌËfl ÔÓÎÂ‚˚ı ̄ Ô‡ÚÓ‚ ‰‡ÌÓ
‚Ó ÏÌÓ„Ëı ‡·ÓÚ‡ı, ‚ ÚÓÏ ˜ËÒÎÂ ÛÍ‡Á‡ÌÌ˚ı ‚˚¯Â.
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 ‡ÚÓÏ‡ÏË Al ‚ ÒÚÛÍÚÛÂ
‡Î¸·ËÚÓ‚ÓÈ ÒÓÒÚ‡‚Îfl˛˘ÂÈ ‰‚ÛıÙ‡ÁÌÓ„Ó ÔÓÎÂ‚Ó„Ó ¯Ô‡Ú‡ Ò ‚ÛÎÍ‡Ì‡ èÂÍÚÛÒ‡Ì (èËÏÓ¸Â) ËÁÛ˜ÂÌÓ
ÔË ÔÓÏÓ˘Ë ÍÓÏÔ¸˛ÚÂÌÓ„Ó ÏÓ‰ÂÎËÓ‚‡ÌËfl. ê‡Ò˜ÂÚ˚, ‚˚ÔÓÎÌÂÌÌ˚Â ‚ ËÓÌÌÓÏ ÔË·ÎËÊÂÌËË, ÔÓ‰-
Ú‚ÂÊ‰‡˛Ú, ˜ÚÓ ÔË Ó·˚˜Ì˚ı ÛÒÎÓ‚Ëflı Ì‡Ë·ÓÎÂÂ ‚˚„Ó‰Ì˚Ï fl‚ÎflÂÚÒfl ÌÓÏ‡Î¸ÌÓÂ ÛÔÓfl‰Ó˜ÂÌËÂ Ò
Á‡ÒÂÎÂÌËÂÏ Al ÔÓÁËˆËË í

 

1o

 

. é‰Ì‡ÍÓ ÔË ÙËÍÒËÓ‚‡ÌÌ˚ı Ì‡ ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ÁÌ‡˜ÂÌËflı Ô‡‡ÏÂ-
Ú‡ı Â¯ÂÚÍË ‰Îfl ‡Î¸·ËÚ‡ Ò ‚ÛÎÍ‡Ì‡ èÂÍÚÛÒ‡Ì ‡ÌÚËÛÔÓfl‰Ó˜ÂÌÌ‡fl ÒÚÛÍÚÛ‡ ÓÍ‡Á˚‚‡ÂÚÒfl ̋ ÌÂ„ÂÚË-
˜ÂÒÍË ·ÓÎÂÂ ‚˚„Ó‰ÌÓÈ. ç‡ ÓÒÌÓ‚Â ÚÂÓÂÚË˜ÂÒÍËı ‡Ò˜ÂÚÓ‚ Ë ‡Ì‡ÎËÁ‡ ÍËÒÚ‡ÎÎË˜ÂÒÍÓÈ ÒÚÛÍÚÛ˚
Ò‰ÂÎ‡Ì ‚˚‚Ó‰, ˜ÚÓ ‡ÌÚËÛÔÓfl‰Ó˜ÂÌËÂ ÏÓÊÂÚ ‚ÓÁÌËÍ‡Ú¸ Í‡Í ÒÎÂ‰ÒÚ‚ËÂ ÓÒÓ·ÓÈ ‰ÂÙÓÏ‡ˆËË ÒÚÛÍÚÛ-
˚ (ÒÊ‡ÚËÂ ÔÓ ÓÒË 
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 Ë/ËÎË ‡ÒÚflÊÂÌËÂ ÔÓ ÓÒË 
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). àÏÂÌÌÓ Ú‡Í‡fl ‰ÂÙÓÏ‡ˆËfl (‡ÒÚflÊÂÌËÂ ‚‰ÓÎ¸ 

 

b

 

) Ë

ÔÓËÒıÓ‰ËÚ ‚ ‡Î¸·ËÚÂ Ì‡ ÍÓ„ÂÂÌÚÌ˚ı „‡ÌËˆ‡ı ( ) Ò Í‡ÎËÂ‚˚Ï ÔÓÎÂ‚˚Ï ¯Ô‡ÚÓÏ ‚ ÒÚÛÍÚÛ‡ı
ÒÔËÌÓ‰‡Î¸ÌÓ„Ó ‡ÒÔ‡‰‡ Ò ‚ÛÎÍ‡Ì‡ èÂÍÚÛÒ‡Ì. Ç Î‡ÏÂÎflı ÒÓÒÛ˘ÂÒÚ‚Û˛˘Â„Ó Í‡ÎËÂ‚Ó„Ó ÔÓÎÂ‚Ó„Ó ¯Ô‡-
Ú‡ ‚ÓÁÌËÍ‡ÂÚ ÔÓÚË‚ÓÔÓÎÓÊÌ‡fl ‰ÂÙÓÏ‡ˆËfl Ë ÒÏÂÌ˚ ÚËÔ‡ ÛÔÓfl‰Ó˜ÂÌËfl ÌÂ ÔÓËÒıÓ‰ËÚ. ùÚÓÚ ÏÂı‡-
ÌËÁÏ, ÍÓÚÓ˚È Ï˚ ÔÂ‰Î‡„‡ÂÏ ‰Îfl Ó·˙flÒÌÂÌËfl fl‚ÎÂÌËfl ‡ÌÚËÛÔÓfl‰Ó˜ÂÌËfl, ‚ ˆÂÎÓÏ ÏÓÊÌÓ ÓÔËÒ‡Ú¸ Í‡Í
‚˚ÌÛÊ‰ÂÌÌÓÂ ‡‚ÌÓ‚ÂÒËÂ, ‚˚Á‚‡ÌÌÓÂ ÛÔÛ„ËÏË Ì‡ÔflÊÂÌËflÏË Ì‡ „‡ÌËˆ‡ı Ò‡ÒÚ‡ÌËfl. ê‡Ò˜ÂÚ˚ Ú‡ÍÊÂ
ÛÍ‡Á˚‚‡˛Ú, ̃ ÚÓ ‡ÌÚËÛÔÓfl‰Ó˜ÂÌÌ‡fl ÒÚÛÍÚÛ‡ ÏÓÊÂÚ ÓÍ‡Á‡Ú¸Òfl ÚÂÏÓ‰ËÌ‡ÏË˜ÂÒÍË ÒÚ‡·ËÎ¸ÌÓÈ ÔË ‰‡‚-
ÎÂÌËflı ÔÓfl‰Í‡ ‰ÂÒflÚÍÓ‚ ÍËÎÓ·‡, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı „ÎÛ·ËÌÌ˚Ï ˜‡ÒÚflÏ ÎËÚÓÒÙÂ˚. èÂ‰ÒÍ‡Á‡ÌÌ˚È
Ù‡ÁÓ‚˚È ÔÂÂıÓ‰ ËÁ ÌÓÏ‡Î¸ÌÓ-ÛÔÓfl‰Ó˜ÂÌÌÓÈ ‚ ‡ÌÚËÛÔÓfl‰Ó˜ÂÌÌÛ˛ ÒÚÛÍÚÛÛ fl‚ÎflÂÚÒfl ËÁÓÒËÏÏÂÚË-
˜ÂÒÍËÏ. ê‡Ò˜ÂÚ˚, ÓÒÌÓ‚‡ÌÌ˚Â Ì‡ ËÓÌÌÓÈ ÏÓ‰ÂÎË, Ë ÔÂ‰‚‡ËÚÂÎ¸Ì˚Â ‡Ò˜ÂÚ˚ ÔÓ ÏÂÚÓ‰Û ï‡ÚË-îÓÍ‡
ÛÍ‡Á˚‚‡˛Ú Ì‡ Ò‚flÁ¸ ÚËÔ‡ Al-Si-ÛÔÓfl‰Ó˜ÂÌËfl Ò ÔÓÎÓÊÂÌËÂÏ ‡ÚÓÏ‡ Na ‚ ÒÚÛÍÚÛÂ.
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êÖáìãúíÄíõ ëíêìäíìêçéÉé 
àëëãÖÑéÇÄçàü 

 

çÂ‰‡‚ÌÓ ‰ÂÚ‡Î¸ÌÓ ËÁÛ˜ÂÌÌ˚È „ÛÔÔÓÈ ËÒÒÎÂ-
‰Ó‚‡ÚÂÎÂÈ [4] ‰‚ÛıÙ‡ÁÌ˚È Ó·‡ÁÂˆ ËÁ èËÏÓ¸fl
(ÍËÔÚÓÔÂÚËÚ) Ó·Ì‡ÛÊËÎ ÒÚÛÍÚÛÌ˚Â ‡ÌÓÏ‡-
ÎËË, ‰Ó ÒËı ÔÓ ÌÂ ‚ÒÚÂ˜ÂÌÌ˚Â ËÒÒÎÂ‰Ó‚‡ÚÂÎflÏË
ÔÓÎÂ‚˚ı ¯Ô‡ÚÓ‚. çÂÓ·ıÓ‰ËÏÓÒÚ¸ Ëı Ó·˙flÒÌÂÌËfl
ÔË‚ÂÎ‡ ‚ ÔÓfl‚ÎÂÌË˛ Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚ˚.

é·‡ÁÂˆ Ì‡È‰ÂÌ Ç.Ç. ç‡ÒÂ‰ÍËÌ˚Ï ‚·ÎËÁË ‚ÛÎÍ‡-
Ì‡ èÂÍÚÛÒ‡Ì. Ö„Ó ÔÂ‰ÔÓÎ‡„‡ÂÏ‡fl ÚÂÏË˜ÂÒÍ‡fl ËÒ-
ÚÓËfl ‰ÓÒÚ‡ÚÓ˜ÌÓ ÚËÔË˜Ì‡. äËÒÚ‡ÎÎËÁ‡ˆËfl ÔÓËÒ-
ıÓ‰ËÎ‡ Ì‡ „ÎÛ·ËÌÂ 5–6 ÍÏ ÔË ÚÂÏÔÂ‡ÚÛÂ 900–
1000°ë Ë ‰‡‚ÎÂÌËË 3Í·‡ ‚ Ï‡„Ï‡ÚË˜ÂÒÍÓÈ Í‡ÏÂÂ
‚ ÛÒÎÓ‚Ëflı ÌÂ‰ÓÒ˚˘ÂÌÌÓÒÚË ‚Ó‰ÓÈ. á‡ÚÂÏ Ï‡ÚÂ-
Ë‡Î ·˚Î ÔÓ‰ÌflÚ ‚‚Âı, „‰Â Ó·‡ÁÓ‚‡Î Ú‚Â‰Û˛
ÔÓ·ÍÛ ‚ ÊÂÎÂ ‚ÛÎÍ‡Ì‡, ÔÓ„Â‚‡ÂÏÛ˛ ÔË ÚÂÏ-
ÔÂ‡ÚÛÂ 400–500°ë. èÓÒÎÂ‰Û˛˘ËÈ ÏÓ˘Ì˚È
‚Á˚‚ ‚˚ÌÂÒ Â„Ó Ì‡ ÔÓ‚ÂıÌÓÒÚ¸.

ä‡ÚÍÓ ËÁÎÓÊËÏ ÔÓÎÛ˜ÂÌÌ˚Â ÂÁÛÎ¸Ú‡Ú˚. àÒ-
ÒÎÂ‰Ó‚‡ÌËÂ ÔÓ‚Ó‰ËÎÓÒ¸ ÍÓÏÔÎÂÍÒÓÏ ÏÂÚÓ‰Ó‚ : ÏÓ-
ÌÓÍËÒÚ‡Î¸ÌÓÂ ÒÚÛÍÚÛÌÓÂ ÛÚÓ˜ÌÂÌËÂ ÒÚÛÍÚÛ

‡Î¸·ËÚ‡ Ë Ò‡ÌË‰ËÌ‡, ˝ÎÂÍÚÓÌÌÓ-ÁÓÌ‰Ó‚˚È ‡Ì‡-
ÎËÁ, ‚˚ÒÓÍÓ‡ÁÂ¯‡˛˘‡fl ˝ÎÂÍÚÓÌÌ‡fl ÏËÍÓÒÍÓ-
ÔËfl. èÓÒÎÂ‰ÌËÈ ËÁ ÔÂÂ˜ËÒÎÂÌÌ˚ı ÏÂÚÓ‰Ó‚ ÔÓÍ‡-
Á‡Î, ˜ÚÓ ‡ÒÔ‡‚¯ËÈÒfl ÔÓ ÒÔËÌÓ‰‡Î¸ÌÓÏÛ ÏÂı‡ÌËÁ-
ÏÛ Ó·‡ÁÂˆ ÔÂ‰ÒÚ‡‚ÎflÂÚ ËÁ ÒÂ·fl ˜ÂÂ‰Ó‚‡ÌËÂ ä- Ë
Na-ÒÓ‰ÂÊ‡˘Ëı ÔÎÓÒÍËı Ó·‡ÁÓ‚‡ÌËÈ Ò Ù‡ÁÓ‚ÓÈ

„‡ÌËˆÂÈ ÔÓ ÔÎÓÒÍÓÒÚË ( ). ÅÓÎÂÂ ÚÂÏÌ˚Â Ó·Î‡Ò-
ÚË Ó·‡Áˆ‡ ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú ä-Ù‡ÁÂ ÒÓ ÒÂ‰ÌÂÈ ÚÓÎ-
˘ËÌÓÈ 40 

 

Å

 

, Na ÍÓÏÔÓÌÂÌÚ‡ ËÏÂÂÚ ÚÓÎ˘ËÌÛ 120 

 

Å

 

.

ëÚÛÍÚÛÌ˚Â ÛÚÓ˜ÌÂÌËfl ÔÓÍ‡Á‡ÎË ‰‚Â ‡ÌÓÏ‡-
ÎËË: ÔÓÎÌÓÂ Ù‡ÁÓ‚ÓÂ ‡Á‰ÂÎÂÌËÂ Ì‡ ‡Î¸·ËÚ Ë Ò‡-
ÌË‰ËÌ (Ó·Â Ù‡Á˚ Ò ÏÓÌÓÍÎËÌÌÓÈ ÙÓÏÓÈ fl˜ÂÈÍË),
˜ÚÓ ÔÓÚË‚ÓÂ˜ËÚ ‚ÒÂÏ ËÁ‚ÂÒÚÌ˚Ï Ù‡ÁÓ‚˚Ï ‰Ë‡-
„‡ÏÏ‡Ï ˘ÂÎÓ˜Ì˚ı ÔÓÎÂ‚˚ı ¯Ô‡ÚÓ‚, ÒÓ„Î‡ÒÌÓ
ÍÓÚÓ˚Ï ‡ÒÔ‡‚¯ËÂÒfl ˘ÂÎÓ˜Ì˚Â ÔÓÎÂ‚˚Â ¯Ô‡-
Ú˚ ‚ÒÂ„‰‡ ÒÓ‰ÂÊ‡Ú ‚ÚÓÓÈ ÍÓÏÔÓÌÂÌÚ; ‡ Ú‡ÍÊÂ
ÌÂÓ·˚˜ÌÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ Al Ë Si ÔÓ ‡ÁÌ˚Ï ÔÓ-
ÁËˆËflÏ ‚ ‡Î¸·ËÚÂ: ·ÓÎ¸¯‡fl ̃ ‡ÒÚ¸ Al ÍÓÌˆÂÌÚËÛ-
ÂÚÒfl ‚ 

 

T

 

2Ó

 

, ‡ ÌÂ ‚ 

 

T

 

1Ó

 

, Í‡Í ‚Ó ‚ÒÂı ‰Ó ÚÓ„Ó ËÁÛ˜‡‚-
¯ËıÒfl Ó·‡Áˆ‡ı ‡Î¸·ËÚ‡ Ë Ò‡ÌË‰ËÌ‡. êÂÁÛÎ¸Ú‡Ú˚
ËÁÏÂÂÌËÈ ‡ÁÏÂÓ‚ ˝ÎÂÏÂÌÚ‡Ì˚ı fl˜ÂÂÍ Ë ÍÓÓ-
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í‡·ÎËˆ‡ 1.  

 

êÂÁÛÎ¸Ú‡Ú ÛÚÓ˜ÌÂÌËfl ÍÓÓ‰ËÌ‡Ú ‡ÚÓÏÓ‚ ‰‚Ûı ÍÓÏÔÓÌÂÌÚ ÔÓÎÂ‚Ó„Ó ¯Ô‡Ú‡ ËÁ ‚ÛÎÍ‡Ì‡ èÂÍÚÛÒ‡Ì, Á‡ÒÂ-

ÎÂÌÌÓÒÚË ÔÓÁËˆËÈ K Ë Na Ë ‡ÁÏÂÓ‚ ˝ÎÂÏÂÌÚ‡Ì˚ı fl˜ÂÂÍ ‰Îfl ÒËÏÏÂÚËË 

 

C

 

ÄÚÓÏ
ä-ÒÓÒÚ‡‚Îfl˛˘‡fl Na-cÓÒÚ‡‚Îfl˛˘‡fl

 

x y

 

z

 

x y

 

z

 

M1 0.2873(2) 0.0036(2) 0.1336(3) 0.0260(2) 0.023(2) 0.156(4)

å2 0.2801(4) –0.0086(3) 0.1451(5) 0.2760(12 –0.023(2) 0.131(2)

í

 

1o

 

0.0096(2) 0.1834(1) 0.2237(2) 0.1743(8) 0.1743(8) 0.2269(8)

í

 

1m

 

–0.0092(2) 0.1837(1) –0.2234(2) –0.0066(4) 0.1769(7) –0.2248(8)

í

 

2o

 

0.7064(1) 0.1179(1)   0.34339(2) 0.6880(3) 0.1182(6) 0.3412(8)

í

 

2m

 

0.7064(1) –0.1176(1) 0.3436(2) 0.6883(4) –0.1149(8) 0.3412(9)

é

 

Ä1

 

0.0005(5) 0.1440(5) –0.0001(6) 0.0009(11 0.132(2) 0.003(3)

é

 

Ä2

 

0.6310(4) –0.0002(4) 0.2835(6) 0.5944(9) –0.008(2) 0.285(3)

é

 

Ço

 

0.1732(5) –0.1446(4) –0.2255(6) 0.1843(9) –0.138(2) –0.213(2)

é

 

Çm

 

0.1720(5) 0.1448(5) –0.2270(7) 0.1820(10 0.132(2) –0.232(2)

é

 

ëo

 

0.0328(4) 0.3092(4) 0.2567(5) 0.0133(9) 0.300(2) 0.248(2)

é

 

ëm

 

–0.0329(4) 0.3095(4) –0.2565(5) –.0176(8) 0.293(2) –0.245(2)

é

 

Do

 

0.1818(4) 0.1253(4) 0.4049(5) 0.1971(9) 0.1237(5) 0.408(2)

O

 

Dm

 

0.1813(4) –0.1257(4) 0.4043(5) 0.1944(8) –0.118(2) 0.407(2)

è‡‡ÏÂÚ Â¯ÂÚÍË

 

a

 

, 

 

Å

 

8.544(2) 8.126(1)

 

b

 

, 

 

Å

 

12.998(4) 12.996(3)

 

c

 

, 

 

Å

 

7.181(2) 7.164(2)

 

β

 

, „‡‰ 116.16(2) 116.65(2)

 

V

 

, 

 

Å

 

3

 

715.7(7) 676.2(5)

á‡ÒÂÎÂÌÌÓÒÚË ÔÓÁËˆËÈ M

M1 0.490(5) 0.460(6)

M2 0.49(1) 0.52(1)

1
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‰ËÌ‡Ú ‡ÚÓÏÓ‚ ‰Îfl ÚËÍÎËÌÌÓÈ ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓÈ

„ÛÔÔ˚  Í‡Ê‰Ó„Ó ËÁ ÍÓÏÔÓÌÂÌÚÓ‚ ÔË‚Â‰ÂÌ˚ ‚
Ú‡·Î. 1. 

èË˜ËÌ˚ 

 

T

 

1Ó

 

-ÛÔÓfl‰Ó˜ÂÌÌÓÒÚË ‚ ˘ÂÎÓ˜Ì˚ı
ÔÓÎÂ‚˚ı ¯Ô‡Ú‡ı ÌÂÓ‰ÌÓÍ‡ÚÌÓ Ó·ÒÛÊ‰‡ÎËÒ¸ ‚ ÎË-
ÚÂ‡ÚÛÂ. ëÚÛÍÚÛÌÓÂ ÍÓÏÔ¸˛ÚÂÌÓÂ ÏÓ‰ÂÎËÓ-
‚‡ÌËÂ ‚ ÒÓÔÓÒÚ‡‚ÎÂÌËË Ò ÓÒÓ·ÂÌÌÓÒÚflÏË ÒÚÛÍÚÛ-
˚ ÔÓÍ‡Á˚‚‡ÂÚ ˝ÌÂ„ÂÚË˜ÂÒÍËÈ ‚˚Ë„˚¯ ˝ÚÓ„Ó
ÚËÔ‡ ÛÔÓfl‰Ó˜ÂÌËfl [5, 6]. íÂÏ ·ÓÎÂÂ ÌÂÔÓÌflÚÂÌ
Ì‡·Î˛‰‡ÂÏ˚È ÒÎÛ˜‡È í

 

2Ó

 

-ÛÔÓfl‰Ó˜ÂÌËfl (

 

A

 

l-Si-‡Ì-
ÚËÛÔÓfl‰Ó˜ÂÌËfl).

Ç ‡·ÓÚÂ [4] ‚ Í‡˜ÂÒÚ‚Â ‚ÓÁÏÓÊÌÓ„Ó ÙÂÌÓÏÂÌÓ-
ÎÓ„Ë˜ÂÒÍÓ„Ó Ó·˙flÒÌÂÌËfl ‡ÌÓÏ‡ÎËË ÔË‚ÎÂ˜ÂÌ˚
ÔÓÌflÚËfl ÒËÌ˝„ÂÚËÍË [7]. éÒÌÓ‚Ì˚Â ÔÂ‰ÒÚ‡‚ÎÂÌËfl
˝ÚÓÈ ÍÓÌˆÂÔˆËË ÔÂ‰ÔÓÎ‡„‡˛Ú ‚ÓÁÏÓÊÌÓÒÚ¸ ·Ë-
ÙÛÍ‡ˆËË ÔË ÛÒÎÓ‚ËË ‡Á‚ËÚËfl Í‡ÍÓ„Ó-ÎË·Ó ÔÓ-
ˆÂÒÒ‡ ‚‰‡ÎË ÓÚ ÔÓÎÓÊÂÌËfl ‡‚ÌÓ‚ÂÒËfl, Ú.Â. ‰‚‡
‚ÓÁÏÓÊÌ˚ı ÔÛÚË Â„Ó ÔÓÚÂÍ‡ÌËfl: ËÎË ÒÓ·˚ÚËfl
ÔÓÚÂÍ‡˛Ú ÔÓ Ó·˚˜ÌÓÏÛ ÒˆÂÌ‡Ë˛, ËÎË Ó·Ì‡ÛÊË-
‚‡˛Ú ‡ÌÓÏ‡ÎË˛. ó‡ÒÚ¸ ÍËÒÚ‡ÎÎÓ‚ ÍËÔÚÓÔÂÚË-
Ú‡, ËÁ‚ÎÂ˜ÂÌÌ˚ı ËÁ ÔÂÏÁ˚, ‚ ÍÓÚÓÓÈ “Á‡Ô‡ÍÓ‚‡-
Ì˚” ‚ÒÂ ‚˚‰ÂÎÂÌËfl ÔÓÎÂ‚Ó„Ó ¯Ô‡Ú‡ Ë ËÁÛ˜ÂÌÌ˚ı ‚
Í‡ÏÂÂ ÉËÌ¸Â, ËÒÔ˚Ú‡Î‡ Ó·˚˜ÌÓ Ì‡·Î˛‰‡ÂÏ˚Â
ÔÂ‚‡˘ÂÌËfl – ‚ ÂÁÛÎ¸Ú‡ÚÂ ‡ÒÔ‡‰‡ ‚ ÌËı Ó·‡ÁÓ-
‚‡ÎËÒ¸ ‰‚Â ÏÓÌÓÍÎËÌÌ˚Â Ù‡Á˚ Ò ‡ÁÌ˚Ï ÒÓ‰ÂÊ‡-
ÌËÂÏ ˘ÂÎÓ˜ÂÈ Ë ·ÎËÁÍÓÈ Al-Si ÛÔÓfl‰Ó˜ÂÌÌÓÒ-
Ú¸˛. é‰Ì‡ÍÓ ÍËÒÚ‡ÎÎ, ËÒÒÎÂ‰Ó‚‡ÌÌ˚È ÏÓÌÓÍËÒ-
Ú‡Î¸Ì˚Ï ÏÂÚÓ‰ÓÏ Ë ÓÔËÒ‡ÌÌ˚È ‚˚¯Â, Ó·Ì‡ÛÊËÎ
ÛÍ‡Á‡ÌÌÛ˛ ‡ÌÓÏ‡Î¸ÌÓÒÚ¸. èÓ‰Ó·ÌÓÂ ‡ÁÎË˜ËÂ ÏÓÊ-
ÌÓ, ÔÓ-‚Ë‰ËÏÓÏÛ, Ó·˙flÒÌËÚ¸ ‡ÁÌ˚Ï ‡ÒÔÓÎÓÊÂÌË-
ÂÏ Û˜‡ÒÚÍÓ‚ Ï‡ÚÂË‡Î‡ ÓÚÌÓÒËÚÂÎ¸ÌÓ ‚Á˚‚‡, ‚ ÓÒÓ-
·ÂÌÌÓÒÚË Ëı ‡ÁÎË˜ÌÓÈ ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍÓÈ ÓË-
ÂÌÚËÓ‚ÍÓÈ. ÅÓÎ¸¯ËÂ ÁÌ‡˜ÂÌËfl ÚÂÔÎÓ‚˚ı
ÏÌÓÊËÚÂÎÂÈ ‰Îfl ‡ÚÓÏÌ˚ı ÔÓÁËˆËÈ ‡Î¸·ËÚÓ‚ÓÈ Ù‡-
Á˚ (Ú‡·Î. 3, ‚ ÒÚ‡Ú¸Â ç.à. é„‡ÌÓ‚ÓÈ Ë ‰.[4]) ËÁÛ-
˜ÂÌÌÓ„Ó ÏÓÌÓÍËÒÚ‡Î¸Ì˚Ï ÏÂÚÓ‰ÓÏ Ó·‡Áˆ‡ ÏÓ-
„ÛÚ Ó·˙flÒÌflÚ¸Òfl ‚ÓÁÏÓÊÌÓÈ ÏÂÚ‡ÒÚ‡·ËÎ¸ÌÓÒÚ¸˛
Â„Ó ÒÚÛÍÚÛ˚.

ÇÏÂÒÚÂ Ò ÚÂÏ ÔÂ‰ÒÚ‡‚ÎflÎÓ ËÌÚÂÂÒ, ÓÔË‡flÒ¸
Ì‡ ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â ÒÚÛÍÚÛÌ˚Â ‰‡ÌÌ˚Â ‰Îfl
‡ÌÓÏ‡Î¸ÌÓ„Ó ‡Î¸·ËÚ‡ Ë Â„Ó ÒÓÒÚ‡‚, ÚÂÓÂÚË˜ÂÒÍË
ÔÓÌflÚ¸ ÔËÓ‰Û ‡ÌÚËÛÔÓfl‰Ó˜ÂÌËfl Ò ÔÓÏÓ˘¸˛
ÍÓÏÔ¸˛ÚÂÌÓ„Ó ÏÓ‰ÂÎËÓ‚‡ÌËfl.

 

íÖéêÖíàóÖëäéÖ åéÑÖãàêéÇÄçàÖ 
ëíêìäíìêõ à êÄëóÖíõ ùçÖêÉàà 

êÖòÖíéä 

 

àÁ‚ÂÒÚÌÓ [8], ˜ÚÓ ‰Îfl ÒËÎËÍ‡ÚÌ˚ı ÏËÌÂ‡ÎÓ‚
ËÓÌÌ‡fl ÏÓ‰ÂÎ¸ ÔÓÁ‚ÓÎflÂÚ ÓÔËÒ‡Ú¸ ÓÒÌÓ‚Ì˚Â ÒÚÛÍ-
ÚÛÌ˚Â ÓÒÓ·ÂÌÌÓÒÚË ÏËÌÂ‡ÎÓ‚. äÓÏÂ ÚÓ„Ó, ˝Ú‡
ÏÓ‰ÂÎ¸ Ô‡‚ËÎ¸ÌÓ ‚ÓÒÔÓËÁ‚Ó‰ËÚ Í‡Í Ó·˘Û˛ ÊÂ-
ÒÚÍÓÒÚ¸ ÒÚÛÍÚÛ Ú‡ÍËı ÍËÒÚ‡ÎÎÓ‚, Ú‡Í Ë ÊÂÒÚ-
ÍÓÒÚ¸ Ëı ˝ÎÂÏÂÌÚÓ‚ – ÏÂÊ‡ÚÓÏÌ˚ı Ò‚flÁÂÈ Ë ÍÓÓ-
‰ËÌ‡ˆËÓÌÌ˚ı ÔÓÎË˝‰Ó‚, ˜ÚÓ ‚‡ÊÌÓ ‚ ‡ÒÒÏ‡ÚË-
‚‡ÂÏÓÏ ÒÎÛ˜‡Â, ÔÓÒÍÓÎ¸ÍÛ ˝ÎÂÏÂÌÚ‡Ì˚Â fl˜ÂÈÍË
ËÁÛ˜‡ÂÏ˚ı ÔÓÎÂ‚˚ı ¯Ô‡ÚÓ‚ Á‡ÏÂÚÌÓ ‰ÂÙÓÏËÓ-
‚‡Ì˚ (˝ÎÂÏÂÌÚ‡Ì‡fl fl˜ÂÈÍ‡ ‡Î¸·ËÚ‡ ‡Ò¯ËÂÌ‡

C1

 

Ì‡ 1.51%, Í‡ÎË¯Ô‡Ú‡ – ÒÊ‡Ú‡ Ì‡ 0.95%) Á‡ Ò˜ÂÚ
ÚÓÌÍÓ„Ó Ò‡ÒÚ‡ÌËfl ÔÓ ÍÓ„ÂÂÌÚÌ˚Ï „‡ÌËˆ‡Ï ‚
ÒÚÛÍÚÛ‡ı ÒÔËÌÓ‰‡Î¸ÌÓ„Ó ‡ÒÔ‡‰‡. Ç‡ÊÌÓÂ ÔÂ-
ËÏÛ˘ÂÒÚ‚Ó ËÓÌÌÓÈ ÏÓ‰ÂÎË ‚ ÚÓÏ, ˜ÚÓ ÓÌ‡ ‰Ó‚ÓÎ¸-
ÌÓ ÔÓÒÚ‡ Ë ‚ÍÎ˛˜‡ÂÚ ÓÚÌÓÒËÚÂÎ¸ÌÓ ÌÂ·ÓÎ¸¯ÓÂ
˜ËÒÎÓ Ô‡‡ÏÂÚÓ‚. éÔÛ·ÎËÍÓ‚‡Ì˚ ÏÌÓ„Ó˜ËÒÎÂÌ-
Ì˚Â ÔËÏÂ˚ ÛÒÔÂ¯Ì˚ı ‡Ò˜ÂÚÓ‚ ÒÚÛÍÚÛ˚ Ë
ÏÌÓ„Ëı ÙËÁË˜ÂÒÍËı Ò‚ÓÈÒÚ‚ ÒËÎËÍ‡ÚÓ‚ ‚ ‡ÏÍ‡ı
˝ÚÓÈ ÏÓ‰ÂÎË, ‚ÍÎ˛˜‡fl Ì‡¯Û ÌÂ‰‡‚Ì˛˛ ‡·ÓÚÛ [9],
„‰Â ÏÓÊÌÓ Ì‡ÈÚË ÏÌÓ„ËÂ ‰ÂÚ‡ÎË ÏÂÚÓ‰‡. 

èÓÒÚÂÈ¯‡fl ÔÓÒÚ‡ÌÓ‚Í‡ ‚ÓÔÓÒ‡ Ó ÔËÓ‰Â
‡ÌÓÏ‡Î¸ÌÓ„Ó ‡ÌÚËÛÔÓfl‰Ó˜ÂÌËfl ‚ ÔÓÎÂ‚˚ı ¯Ô‡-
Ú‡ı ÔÓÁ‚ÓÎflÂÚ Ó„‡ÌË˜ËÚ¸Òfl ‡ÒÒÏÓÚÂÌËÂÏ ÚÂı
Í‡ÈÌËı ÏÓ‰ÂÎÂÈ : 1) ÔÓÎÌÓÒÚ¸˛ ‡ÁÛÔÓfl‰Ó˜ÂÌ-
ÌÓÈ (‚˚ÒÓÍËÈ ‡Î¸·ËÚ Ë Ò‡ÌË‰ËÌ, M(Al, Si)

 

3

 

O

 

8

 

), 2)
ÔÓÎÌÓÒÚ¸˛ ÛÔÓfl‰Ó˜ÂÌÌÓÈ Ò Al ‚ ÔÓÁËˆËË í

 

1o

 

(MAl

 

T1o

 

Si

 

T1m

 

 (Si

 

T2

 

)

 

2

 

O

 

8

 

) Ë 3) ‡ÌÚËÛÔÓfl‰Ó˜ÂÌÌÓÈ
(MAl

 

T2o

 

Si

 

T2m

 

(Si

 

T1

 

)

 

2

 

O

 

8

 

). í‡ ÙÓÏ‡, ÍÓÚÓ‡fl Ó·Î‡‰‡-
ÂÚ Ì‡ËÏÂÌ¸¯ÂÈ ˝ÌÂ„ËÂÈ Â¯ÂÚÍË, Ë ÓÔÂ‰ÂÎflÂÚ
Ì‡Ô‡‚ÎÂÌËÂ ÔÓˆÂÒÒ‡ ÛÔÓfl‰Ó˜ÂÌËfl. í‡Í‡fl ÙÓ-
ÏÛÎËÓ‚Í‡ Á‡‰‡˜Ë ÔÓÁ‚ÓÎflÂÚ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÛÔÓÒ-
ÚËÚ¸ ÂÂ Â¯ÂÌËÂ, Ò‚Â‰fl Â„Ó Í ‡Ò˜ÂÚÛ ˝ÌÂ„ËÈ Â-
¯ÂÚÓÍ ÚÂı Í‡ÈÌËı ÒÎÛ˜‡Â‚ ÛÔÓfl‰Ó˜ÂÌËfl. 

ÇÓ ‚ÒÂı ‡Ò˜ÂÚ‡ı ËÒÔÓÎ¸ÁÓ‚‡Î‡Ò¸ ÔÓ„‡ÏÏ‡
METAPOCS (Minimisation of Energy Technique Ap-
plied to the Prediction Of Crystal Structures), Ì‡ÔËÒ‡Ì-
Ì‡fl ‚ 1983 „. ë.è‡ÍÂÓÏ [10] Ë Á‡ÚÂÏ [11] ‡‰‡ÔÚË-
Ó‚‡ÌÌ‡fl Í ÔÂÒÓÌ‡Î¸Ì˚Ï ÍÓÏÔ¸˛ÚÂ‡Ï IBM. 

METAPOCS Â¯‡ÂÚ Á‡‰‡˜Û Ó ÏËÌËÏËÁ‡ˆËË ÒÚ‡-
ÚË˜ÂÒÍÓÈ ˝ÌÂ„ËË Â¯ÂÚÍË, „‰Â ÔÓÒÎÂ‰Ìflfl Á‡ÔË-
Ò˚‚‡ÂÚÒfl Í‡Í ÒÛÏÏ‡ ˝ÌÂ„ËÈ ÔÓÎflËÁ‡ˆËË ËÓÌÓ‚ Ë
‚ÍÎ‡‰Ó‚ ÓÚ ‚ÒÂı Ô‡Ì˚ı Ë ÚÂı˜‡ÒÚË˜Ì˚ı ÏÂÊË-
ÓÌÌ˚ı ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÈ : 

(1)

ÑÎfl ÓÔËÒ‡ÌËfl ÔÓÎflËÁ‡ˆËË ËÓÌÓ‚ O

 

2–

 

 ËÒÔÓÎ¸ÁÓ-
‚‡Î‡Ò¸ Ó·ÓÎÓ˜Â˜Ì‡fl ÏÓ‰ÂÎ¸ [12], ‚ ÍÓÚÓÓÈ ÔÓÎfl-
ËÁÛÂÏ˚È ËÓÌ O

 

2–

 

 ÔÂ‰ÒÚ‡‚ÎflÂÚÒfl Í‡Í ÒÓ‚ÓÍÛÔ-
ÌÓÒÚ¸ Á‡flÊÂÌÌ˚ı ÚÓ˜Â˜Ì˚ı ÓÒÚÓ‚‡ Ò Ï‡ÒÒÓÈ, ‡‚-
ÌÓÈ Ï‡ÒÒÂ ‡ÚÓÏ‡, Ë ÌÂ‚ÂÒÓÏÓÈ “Ó·ÓÎÓ˜ÍË”, ÍÓÚÓ‡fl
ÏÓÊÂÚ Ò‰‚Ë„‡Ú¸Òfl ‚ ÒÚÓÓÌÛ ÓÚ ÓÒÚÓ‚‡. Ç·ÎËÁË ÓÒ-
ÚÓ‚‡ Ó·ÓÎÓ˜Í‡ Û‰ÂÊË‚‡ÂÚÒfl ÚÓÎ¸ÍÓ „‡ÏÓÌË˜ÂÒ-
ÍËÏ ÔÓÚÂÌˆË‡ÎÓÏ Ò ÒËÎÓ‚ÓÈ ÍÓÌÒÚ‡ÌÚÓÈ 

 

k

 

s

 

 (Ú.Â. Ëı
ÍÛÎÓÌÓ‚ÒÍÓÂ ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÂ ËÒÍÎ˛˜‡ÂÚÒfl); 

 

∆

 

r

 

ÂÒÚ¸ ‡ÒÒÚÓflÌËÂ ÓÚ ÓÒÚÓ‚‡ ‰Ó Ó·ÓÎÓ˜ÍË. ùÚ‡ ˝ÌÂ-
„Ëfl ÓÔÂ‰ÂÎflÂÚ ÔÂ‚˚È ˜ÎÂÌ ‚ (1).

ÇÚÓÓÈ ˜ÎÂÌ ‚ (1) ÓÔËÒ˚‚‡ÂÚ Ô‡Ì˚Â ÔÓÚÂÌˆË‡-
Î˚ (ËÏÂÌÌÓ ÓÌË ‰‡˛Ú ÔÂ‚‡ÎËÛ˛˘ËÈ ‚ÍÎ‡‰ ‚
˝ÌÂ„Ë˛ Â¯ÂÚÍË ËÓÌÌÓ„Ó ÍËÒÚ‡ÎÎ‡) ‚Á‡ËÏÓ‰ÂÈ-
ÒÚ‚Ëfl ˜‡ÒÚËˆ Ò Á‡fl‰‡ÏË 

 

z
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j

 

, ÍÓÚÓ˚Â Ì‡ıÓ‰flÚÒfl
Ì‡ ‡ÒÒÚÓflÌËË 
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ij

 

 ‰Û„ ÓÚ ‰Û„‡, ‡ Ô‡‡ÏÂÚ˚ 
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b
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,

 

c

 

ij

 

 – ÔÓÒÚÓflÌÌ˚Â ‰Îfl Í‡Ê‰ÓÈ ‰‡ÌÌÓÈ Ô‡˚ ËÓÌÓ‚.
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é„‡ÌÓ‚ Ë ‰.

íÂÚËÈ ˜ÎÂÌ ‚ (1) ÓÔÂ‰ÂÎflÂÚ ÚÂı˜‡ÒÚË˜Ì˚Â
Û„ÎÓ‚˚Â ÔÓÚÂÌˆË‡Î˚, ÍÓÚÓ˚Â ÁÌ‡˜ËÏ˚ ‚ ÒÎÛ˜‡Â
ÚÂÚ‡˝‰Ë˜ÂÒÍÓÈ ËÎË ·ÓÎÂÂ ÌËÁÍÓÈ ÍÓÓ‰ËÌ‡ˆËË;
θ0 Ë θ – Ë‰Â‡Î¸ÌÓÂ Ë Â‡Î¸ÌÓÂ ÁÌ‡˜ÂÌËfl Û„Î‡ ÏÂÊ-
‰Û Ò‚flÁflÏË ij Ë ik ‚ Ô‡‚ËÎ¸ÌÓÏ ÔÓÎË˝‰Â (‰Îfl ÚÂÚ-
‡˝‰‡ θ0 = 109.47°), ‡ ÊÂÒÚÍÓÒÚ¸ ˝ÚÓ„Ó Û„Î‡ ÓÔË-
Ò˚‚‡ÂÚÒfl ÒËÎÓ‚ÓÈ ÔÓÒÚÓflÌÌÓÈ kijk. 

è‡‡ÏÂÚ˚ ÔÓÚÂÌˆË‡Î‡ ks, ρ, b, c, kijk, ÙË„ÛË-
Û˛˘ËÂ ‚ ÙÓÏÛÎÂ (1), ÔÂÂ˜ËÒÎÂÌ˚ ‚ Ú‡·Î. 2.
ÑÎfl ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÈ Si–O, Al–O, O–Si–O, ‡ Ú‡ÍÊÂ

O–O Ë O2– (ÓÒÚÓ‚-Ó·ÓÎÓ˜Í‡) ·˚ÎË ÔËÌflÚ˚ Ô‡‡ÏÂ-
Ú˚, ıÓÓ¯Ó Á‡ÂÍÓÏÂÌ‰Ó‚‡‚¯ËÂ ÒÂ·fl ÔË ‡Ò˜ÂÚ‡ı
ÒÚÛÍÚÛ˚, ÏÌÓ„Ëı ÙËÁË˜ÂÒÍËı Ò‚ÓÈÒÚ‚ (ÛÔÛ„Ëı,
ÚÂÏÓ‰ËÌ‡ÏË˜ÂÒÍËı) Ë ÍÓÎÂ·‡ÚÂÎ¸Ì˚ı ÒÔÂÍÚÓ‚
¯ËÓÍÓ„Ó ÍÛ„‡ ÓÍÒË‰Ó‚ Ë ÒËÎËÍ‡ÚÓ‚. ÑÎfl ‚Á‡ËÏÓ-
‰ÂÈÒÚ‚ËÈ Na–O Ë K–O ÒÚÓÎ¸ Ó·˘ÂÔËÌflÚÓ„Ó Ì‡·Ó‡
Ô‡‡ÏÂÚÓ‚ ÔÓÍ‡ ˜ÚÓ ÌÂÚ, ÔÓ˝ÚÓÏÛ ËÒÔÓÎ¸ÁÓ‚‡ÎËÒ¸
ÚË ÒËÎ¸ÌÓ ‡ÁÎË˜‡˛˘ËÂÒfl Ì‡·Ó‡ – ‡ÒÒ˜ËÚ‡ÌÌ˚È
ÏÓ‰ËÙËˆËÓ‚‡ÌÌ˚Ï ÏÂÚÓ‰ÓÏ ˝ÎÂÍÚÓÌÌÓ„Ó „‡Á‡
(MEG) ‚ ‡·ÓÚÂ [13]; ˝ÏÔËË˜ÂÒÍËÈ (ùè), ÔÓÎÛ-
˜ÂÌÌ˚È Ó‰ÌÓ‚ÂÏÂÌÌÓÈ ÔÓ‰„ÓÌÍÓÈ Í ·ÓÎ¸¯ÓÏÛ

í‡·ÎËˆ‡ 2.  è‡‡ÏÂÚ˚ ÔÓÚÂÌˆË‡Î‡ ‚ ËÓÌÌÓÈ ÏÓ‰ÂÎË. (ZSi = +4.00 |e|; ZAl = +3.00 |e|; ZO = –2.00 |e|, ZK = ZNa = +1.00 |e|).

ÇÁ‡ËÏÓ‰ÂÈÒÚ‚ËÂ è‡‡ÏÂÚ
ÔÓÚÂÌˆË‡Î‡

ÇÂÎË˜ËÌ‡
Ô‡‡ÏÂÚ‡ åÂÚÓ‰ ËÁ‚ÎÂ˜ÂÌËfl àÒÚÓ˜ÌËÍ

SiIV–O ρ, Å 0.3205 ùÏÔËË˜ÂÒÍ‡fl ÔÓ‰„ÓÌÍ‡ ‰Îfl α-Í‚‡ˆ‡ [24]

b, ˝Ç 1283.9 » »

c, ˝Ç Å6 10.66 » »

O–SiIV–O kijk (O–Si–O), ˝Ç/‡‰2 2.09724 » »

θ0, ° 109.47 ì„ÓÎ ‚ Ô‡‚ËÎ¸ÌÓÏ ÚÂÚ‡˝‰Â »

AlIV–O ρ, Å 0.29912 ùÏÔËË˜ÂÒÍ‡fl ÔÓ‰„ÓÌÍ‡ ‰Îfl [25]

b, ˝Ç 1460.3 ÍÓÛÌ‰‡ Al2O3 »

c, ˝Ç Å6 0 » »

O–AlIV–O kijk (O–Al–O), ˝Ç/‡‰2 2.09724 èÂÂÌÂÒÂÌÓ ËÁ ÔÓÚÂÌˆË‡Î‡ O–Si–O »

Na–O ρ, Å 0.2387 åÂÚÓ‰ ˝ÎÂÍÚÓÌÌÓ„Ó „‡Á‡ [13]

0.3000 åÌÓ„ÓÒÚÛÍÚÛÌ‡fl ÔÓ‰„ÓÌÍ‡ [14]

0.3110 ÄÔËÓÌ‡fl ÓˆÂÌÍ‡ ùÚ‡ ‡·ÓÚ‡

b, ˝Ç 5836.814 MEG »

1271.504 ùè »

864.0 Äè »

c, ˝Ç Å6 0 MEG »

0 ùè »

0 Äè »

K–O ρ, Å 0.2134 åÂÚÓ‰ ˝ÎÂÍÚÓÌÌÓ„Ó „‡Á‡ [13]

0.3000 åÌÓ„ÓÒÚÛÍÚÛÌ‡fl ÔÓ‰„ÓÌÍ‡ [14]

0.3200 ÄÔËÓÌ‡fl ÓˆÂÌÍ‡ ùÚ‡ ‡·ÓÚ‡

b, ˝Ç 65269.710 MEG »

3587.500 ùè »

1789.3 Äè »

c, ˝Ç Å6 0 MEG »

0 ùè »

0 Äè »

O–AlIV–O kijk (O–Al–O), ˝Ç/‡‰2 2.09724 èÂÂÌÂÒÂÌÓ ËÁ ÔÓÚÂÌˆË‡Î‡ O–Si–O »

O–O ρ, Å 0.1490 åÂÚÓ‰ ï‡ÚË-îÓÍ‡ ‰Îfl ÒËÒÚÂÏ˚ O––O– [26]

b, ˝Ç 22764.3 » »

c, ˝Ç Å6 27.88 » »

é·ÓÎÓ˜Â˜Ì‡fl 
ÏÓ‰ÂÎ¸ ‰Îfl O2–

ks (O), ˝Ç/Å2 74.9204 ùÏÔËË˜ÂÒÍ‡fl ÔÓ‰„ÓÌÍ‡ ‰Îfl Û‡ÌËÌËÚ‡ UO2 »

z(Ó·ÓÎ.), |e| –2.84819 » »

z(ÓÒÚÓ‚), |e| +0.84819



ÉÖéïàåàü      ‹ 12     2001

èêàêéÑÄ Al-Si-ÄçíàìèéêüÑéóÖçàü 1269

˜ËÒÎÛ ÒÚÛÍÚÛ [14], ‡ Ú‡ÍÊÂ ‡ÔËÓÌ˚È ÔÓÚÂÌˆË-
‡Î (Äè), ‡Á‡·ÓÚ‡ÌÌ˚È ‡‚ÚÓ‡ÏË ˝ÚÓÈ ÒÚ‡Ú¸Ë.
èÓÚÂÌˆË‡Î, Ì‡Á‚‡ÌÌ˚È Ì‡ÏË ‡ÔËÓÌ˚Ï, ËÁ‚ÎÂ-
Í‡ÎÒfl ÌÂ ËÁ ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ ÓÔÂ‰ÂÎÂÌÌ˚ı
ÒÚÛÍÚÛÌ˚ı Ë ÙËÁË˜ÂÒÍËı ı‡‡ÍÚÂËÒÚËÍ ÍËÒ-
Ú‡ÎÎÓ‚, ‡ ËÁ ÛÒÚ‡ÌÓ‚ÎÂÌÌÓÈ ‡ÌÂÂ ÍÓÂÎflˆËË Ô‡-
‡ÏÂÚÓ‚ ÓÚÚ‡ÎÍË‚‡ÌËfl Ò Ú‡·ÎË˜Ì˚ÏË ÔÓÚÂÌˆË‡-
Î‡ÏË ËÓÌËÁ‡ˆËË (ÒÏ. [15,16], ‡ Ú‡ÍÊÂ Ò ËÓÌÌ˚ÏË
‡‰ËÛÒ‡ÏË. è‡‡ÎÎÂÎ¸ÌÓÂ ÔËÏÂÌÂÌËÂ ÚÂı ÒËÎ¸-
ÌÓ ‡ÁÎË˜‡˛˘ËıÒfl Ì‡·ÓÓ‚ Ô‡‡ÏÂÚÓ‚ ÔÓÚÂÌˆË-
‡Î‡ ÔÓÁ‚ÓÎflÂÚ ‚˚fl‚ËÚ¸ ÒÂ‰Ë ÂÁÛÎ¸Ú‡ÚÓ‚ ÏÓ‰Â-
ÎËÓ‚‡ÌËfl ÒÛ˘ÂÒÚ‚ÂÌÌ˚Â – ÚÂ, ÍÓÚÓ˚Â ÔÓ‚ÚÓfl-
˛ÚÒfl ‚Ó ‚ÒÂı ÏÓ‰ÂÎflı Ë ÌÂ Á‡‚ËÒflÚ ÓÚ ‚˚·Ó‡
ÍÓÌÍÂÚÌ˚ı Ô‡‡ÏÂÚÓ‚ ÔÓÚÂÌˆË‡Î‡. ç‡ËÎÛ˜¯ËÂ
ÂÁÛÎ¸Ú‡Ú˚ ‰Îfl ÒÚÛÍÚÛ˚ ·˚ÎË ÔÓÎÛ˜ÂÌ˚ Ò
MEG-ÔÓÚÂÌˆË‡Î‡ÏË, ıÓÚfl Ë ‰Û„ËÂ ÔÓÚÂÌˆË‡Î˚
ÔË‚Ó‰flÚ Í ÌÂÔÎÓıËÏ ÂÁÛÎ¸Ú‡Ú‡Ï. 

ÑÎfl ÏÓ‰ÂÎËÓ‚‡ÌËfl Al-Si-‡ÁÛÔÓfl‰Ó˜ÂÌËfl ËÒ-
ÔÓÎ¸ÁÓ‚‡ÎÓÒ¸ ÔË·ÎËÊÂÌËÂ ‚ËÚÛ‡Î¸ÌÓ„Ó ÍËÒ-
Ú‡ÎÎ‡ ÔÛÚÂÏ ÒÔÂˆË‡Î¸ÌÓ„Ó ÛÒÂ‰ÌÂÌËfl ÔÓÚÂÌˆË‡-
ÎÓ‚ ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl Al–O Ë Si–O ÔÓ ÙÓÏÛÎ‡Ï
ÇËÌÍÎÂ‡ Ë ‰. [17], ÍÓÚÓ˚Â ‚ Ó·˘ÂÏ ‚Ë‰Â Á‡ÔË-
Ò˚‚‡˛ÚÒfl Ú‡Í :

(2)

„‰Â ϕ – ÔÓÚÂÌˆË‡Î ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl “‚ËÚÛ‡Î¸ÌÓ„Ó”
‡ÚÓÏ‡ A Ò Í‡ÍËÏ-ÎË·Ó ‰Û„ËÏ ‡ÚÓÏÓÏ B ‚ ÍËÒÚ‡Î-
ÎÂ, ϕ1 Ë ϕ2 – ‡Ì‡ÎÓ„Ë˜Ì˚Â ÔÓÚÂÌˆË‡Î˚ ‰Îfl ‡ÚÓÏÓ‚
ÒÓÚÓ‚ 1 Ë 2, ÍÓÚÓ˚Â Á‡ÌËÏ‡˛Ú ÔÓÁËˆË˛ ‚ËÚÛ-
‡Î¸ÌÓ„Ó ‡ÚÓÏ‡ Ò Á‡ÒÂÎÂÌÌÓÒÚflÏË x1 Ë x2 (x1 + x2 = 1),
‡ R0 ÂÒÚ¸ ÓÊË‰‡ÂÏ‡fl ÒÂ‰Ìflfl ‰ÎËÌ‡ Ò‚flÁË A–B.
èË·ÎËÊÂÌËÂ ‚ËÚÛ‡Î¸ÌÓ„Ó ÍËÒÚ‡ÎÎ‡ (2) ıÓÓ-
¯Ó ÓÔËÒ˚‚‡ÂÚ ÒÚÛÍÚÛÛ Ë ÛÔÛ„ËÂ Ò‚ÓÈÒÚ‚‡ Ú‚Â-
‰˚ı ‡ÒÚ‚ÓÓ‚ Ë ‡ÁÛÔÓfl‰Ó˜ÂÌÌ˚ı ÍËÒÚ‡ÎÎÓ‚, ÌÓ
‰‡ÂÚ ‰Îfl ÌËı ÒÎË¯ÍÓÏ ‚˚ÒÓÍËÂ ˝ÌÂ„ËË Â¯ÂÚÍË
‚ÒÎÂ‰ÒÚ‚ËÂ ÔÂÌÂ·ÂÊÂÌËfl ÎÓÍ‡Î¸ÌÓÈ ÂÎ‡ÍÒ‡ˆËÂÈ
(ÓÒÓ·ÂÌÌÓ ‚ Ú‚Â‰˚ı ‡ÒÚ‚Ó‡ı) Ë ·ÎËÊÌËÏ ÔÓfl‰-
ÍÓÏ (ÓÒÓ·ÂÌÌÓ ‰Îfl ‡ÁÛÔÓfl‰Ó˜ÂÌÌ˚ı Ù‡Á) ‚ ÒÚÛÍ-
ÚÛÂ. çÂ‰‡‚ÌÓ [18] ˝ÚÓ ÔË·ÎËÊÂÌËÂ ·˚ÎÓ ÛÒÔÂ¯ÌÓ
ËÒÔÓÎ¸ÁÓ‚‡ÌÓ ‰Îfl ËÁÛ˜ÂÌËfl ÒÂ„ÌÂÚÓ˝Î‡ÒÚË˜ÂÒÍËı
Ù‡ÁÓ‚˚ı ÔÂÂıÓ‰Ó‚ ‚ ÔÓÎÂ‚˚ı ̄ Ô‡Ú‡ı. é‰Ì‡ÍÓ Ì‡‰Ó
ËÏÂÚ¸ ‚ ‚Ë‰Û, ˜ÚÓ ÛÒÂ‰ÌÂÌËÂ Á‡fl‰Ó‚ Al Ë Si , ÍÓÚÓ-
ÓÂ ËÒÔÓÎ¸ÁÛÂÚÒfl ‚ Ú‡ÍÓÈ ÏÓ‰ÂÎË, ÌÂËÁ·ÂÊÌÓ ‚ÌÓÒËÚ
·ÓÎ¸¯Û˛ Ó¯Ë·ÍÛ ‚ ÓˆÂÌÍÛ ˝ÌÂ„ËË ÍÛÎÓÌÓ‚ÒÍËı
‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÈ. èÓ˝ÚÓÏÛ Ò‡‚ÌÂÌËÂ ÛÒÚÓÈ˜Ë‚ÓÒÚË
ÛÔÓfl‰Ó˜ÂÌÌ˚ı Ë ‡ÁÛÔÓfl‰Ó˜ÂÌÌ˚ı Ù‡Á ‚ ‡ÏÍ‡ı
Ú‡ÍÓÈ ÏÓ‰ÂÎË ÌÂÍÓÂÍÚÌÓ.

åËÌËÏËÁ‡ˆËfl ˝ÌÂ„ËË Â¯ÂÚÍË ÔÓ‚Ó‰ËÚÒfl ÏÂ-
ÚÓ‰ÓÏ ç¸˛ÚÓÌ‡-ê‡ÙÒÓÌ‡ ‚ ÏÓ‰ËÙËÍ‡ˆËË îÎÂÚ˜Â-
‡. ÑÎfl ÔÓ‚ÂÍË ÍÓÂÍÚÌÓÒÚË ËÚÂ‡ˆËÓÌÌÓ„Ó
ÔÓˆÂÒÒ‡ ˜ÂÂÁ Í‡Ê‰˚Â ‰‚Â ËÚÂ‡ˆËË ‡ÒÒ˜ËÚ˚‚‡Î-
Òfl „ÂÒÒË‡Ì (Ï‡ÚËˆ‡ ‚ÚÓ˚ı ÔÓËÁ‚Ó‰Ì˚ı ˝ÌÂ„ËË
ÔÓ ÍÓÓ‰ËÌ‡Ú‡Ï), ÍÓÚÓ˚È ‰ÓÎÊÂÌ ·˚Ú¸ ÔÓÎÓÊË-
ÚÂÎ¸ÌÓ ÓÔÂ‰ÂÎÂÌÌ˚Ï ‚ ÚÓ˜ÍÂ ÏËÌËÏÛÏ‡. ë‚Â‰ÂÌËÈ
Ó ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓÈ „ÛÔÔÂ ÒÚÛÍÚÛ˚ ÔÓ„‡ÏÏ‡
ÌÂ ËÒÔÓÎ¸ÁÛÂÚ, Ë ‡ÒÒ˜ËÚ‡ÌÌ‡fl ÒÚÛÍÚÛ‡ ‚ÒÂ„‰‡

ϕ ' R0( ) x1ϕ1' R0( ) x2ϕ2' R0( )+=

ϕ '' R0( ) x1ϕ1'' R0( ) x2ϕ2'' R0( )+= ,

ËÏÂÂÚ ÚÛ ÒËÏÏÂÚË˛, ÍÓÚÓ‡fl Ó·ÂÒÔÂ˜Ë‚‡ÂÚ ÎÓ-
Í‡Î¸Ì˚È ÏËÌËÏÛÏ ˝ÌÂ„ËË Â¯ÂÚÍË. ÑÎfl ‚˚ÒÓÍÓ-
ÒËÏÏÂÚË˜Ì˚ı Â¯ÂÌËÈ Ï˚ ‰ÓÔÓÎÌËÚÂÎ¸ÌÓ ÔÓ-
‚ÂflÎË ·ÓÌÓ‚ÒÍËÂ ÛÒÎÓ‚Ëfl ÏÂı‡ÌË˜ÂÒÍÓÈ ÒÚ‡-
·ËÎ¸ÌÓÒÚË [19], ËÒÔÓÎ¸ÁÛfl ‡ÒÒ˜ËÚ‡ÌÌ˚È ÚÂÌÁÓ
ÛÔÛ„Ëı ÔÓÒÚÓflÌÌ˚ı. êÂÁÛÎ¸Ú‡Ú‡ÏË ‡Ò˜ÂÚ‡, ÔÓÏË-
ÏÓ ÒÚÛÍÚÛ˚ Ë ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓÈ „ÛÔÔ˚, fl‚Îfl-
˛ÚÒfl ̋ ÌÂ„Ëfl Â¯ÂÚÍË, ÛÔÛ„ËÂ Ë ‰Ë˝ÎÂÍÚË˜ÂÒÍËÂ
(ÒÚ‡ÚË˜ÂÒÍËÂ Ë ‚˚ÒÓÍÓ˜‡ÒÚÓÚÌ˚Â) ÔÓÒÚÓflÌÌ˚Â.
METAPOCS ËÏÂÂÚ ‰‚‡ ÂÊËÏ‡ ‡·ÓÚ˚ – ÔÓÒÚÓflÌ-
ÌÓ„Ó Ó·˙ÂÏ‡ (‚ ÍÓÚÓÓÏ ÓÔÚËÏËÁËÛ˛ÚÒfl ÍÓÓ‰Ë-
Ì‡Ú˚ ‡ÚÓÏÓ‚ ÔË ÙËÍÒËÓ‚‡ÌÌ˚ı Ô‡‡ÏÂÚ‡ı
fl˜ÂÈÍË) Ë ÔÓÒÚÓflÌÌÓ„Ó ‰‡‚ÎÂÌËfl (‚ ÍÓÚÓÓÏ ÓÔÚË-
ÏËÁËÛ˛ÚÒfl Í‡Í ‡ÚÓÏÌ˚Â ÍÓÓ‰ËÌ‡Ú˚, Ú‡Í Ë Ô‡-
‡ÏÂÚ˚ Â¯ÂÚÍË). 

êÖáìãúíÄíõ êÄëóÖíéÇ

Ç Ú‡·Î. 3 Ë 4 ÔË‚Â‰ÂÌ˚ ‡ÒÒ˜ËÚ‡ÌÌ˚Â ‚ ÂÊË-
ÏÂ ÔÓÒÚÓflÌÌÓ„Ó ‰‡‚ÎÂÌËfl Ô‡‡ÏÂÚ˚ Ë Ó·˙ÂÏ˚
fl˜ÂÈÍË, ‡ Ú‡ÍÊÂ Ë ˝ÌÂ„ËË Â¯ÂÚÍË, ‡ÒÒ˜ËÚ‡Ì-
Ì˚Â ‰Îfl ÚÂı Í‡ÈÌËı ‚‡Ë‡ÌÚÓ‚ Al-Si-ÛÔÓfl‰Ó˜Â-
ÌËfl ‚ ‡Î¸·ËÚÂ; ‚ Ú‡·Î. 4 ÔË‚Â‰ÂÌ˚ Ú‡ÍÊÂ ÍÓÓ‰Ë-
Ì‡Ú˚ ‡ÚÓÏÓ‚, ‡ÒÒ˜ËÚ‡ÌÌ˚Â Ò MEG-ÔÓÚÂÌˆË‡ÎÓÏ
‰Îfl ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÈ Na–O. í‡·Î. 5 Ë 6 ÔË‚Ó‰flÚ
‡Ì‡ÎÓ„Ë˜Ì˚Â ı‡‡ÍÚÂËÒÚËÍË ‰Îfl Í‡ÎËÂ‚Ó„Ó ÔÓ-
ÎÂ‚Ó„Ó ¯Ô‡Ú‡. éÚÏÂÚËÏ, ˜ÚÓ ‡Ò˜ÂÚ˚ Ô‡‚ËÎ¸ÌÓ
‚ÓÒÔÓËÁ‚Ó‰flÚ ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÛ˛ „ÛÔÔÛ ÏËÌÂ‡-

ÎÓ‚ –  ‰Îfl Ó·ÓËı ÛÔÓfl‰Ó˜ÂÌÌ˚ı ÒÚÛÍÚÛÌ˚ı
‚‡Ë‡ÌÚÓ‚ Ë C2/m ‰Îfl Ò‡ÌË‰ËÌ‡. ÑÎfl ‚˚ÒÓÍÓ„Ó
‡Î¸·ËÚ‡, ‚ ÒÓ„Î‡ÒËË Ò ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ÏË ‰‡Ì-
Ì˚ÏË, C2/m-ÒÚÛÍÚÛ‡ ÓÍ‡Á˚‚‡ÂÚÒfl ÏÂı‡ÌË˜ÂÒÍË
ÌÂÛÒÚÓÈ˜Ë‚ÓÈ ‰Îfl MEG- Ë Äè- ÏÓ‰ÂÎÂÈ (Ì‡Û¯‡-
ÂÚÒfl ÛÒÎÓ‚ËÂ c44 > 0), ˜ÚÓ ÔË‚Ó‰ËÚ Í ÔÓÌËÊÂÌË˛

ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓÈ „ÛÔÔ˚ ‰Ó . ùÚÓ ÔÓÌËÊÂÌËÂ
ÒËÏÏÂÚËË ÒÓÔÓ‚ÓÊ‰‡ÂÚÒfl ÍÓÎÎ‡ÔÒÓÏ ‡Î˛ÏÓÒË-
ÎËÍ‡ÚÌÓ„Ó Í‡Í‡Ò‡ ‚ÓÍÛ„ ÌÂ‰ÓÒÚ‡ÚÓ˜ÌÓ ÍÛÔÌÓ-
„Ó ËÓÌ‡ Na+. ùè-ÔÓÚÂÌˆË‡Î, Á‡‚˚¯‡˛˘ËÈ ÓÚÚ‡Î-
ÍË‚‡ÌËÂ Na–O Ë, Í‡Í ÒÎÂ‰ÒÚ‚ËÂ, ˝ÙÙÂÍÚË‚Ì˚È
‡ÁÏÂ ËÓÌ‡ Na+, ÌÂ ‚ÓÒÔÓËÁ‚Ó‰ËÚ ̋ ÚÓ„Ó ÔÓÌËÊÂ-
ÌËfl ÒËÏÏÂÚËË. Ç ÒÎÛ˜‡Â Ò‡ÌË‰ËÌ‡ Ò ·ÓÎÂÂ ÍÛÔ-
Ì˚Ï Í‡ÚËÓÌÓÏ K+ ÏÓÌÓÍÎËÌÌ‡fl ÒÚÛÍÚÛ‡ ÓÍ‡Á˚-
‚‡ÂÚÒfl ÛÒÚÓÈ˜Ë‚ÓÈ, ˜ÚÓ ‚ÓÒÔÓËÁ‚Ó‰ËÚÒfl ‚Ó ‚ÒÂı
ÚÂı ÏÓ‰ÂÎflı ÔÓÚÂÌˆË‡Î‡. 

ê‡ÒÒÏÓÚËÏ ÔÓ‰Ó·ÌÂÂ Ú‡·Î. 3 Ë 4, Ó·ÒÛÊ‰‡fl
ÎË¯¸ ˜ÂÚ˚, Ó·˘ËÂ ‰Îfl ‚ÒÂı ÚÂı ÏÓ‰ÂÎÂÈ ÔÓÚÂÌ-
ˆË‡Î‡. ÇÒÂ ÚË ÏÓ‰ÂÎË ÔÓÚÂÌˆË‡Î‡ ÔÓÍ‡Á˚‚‡˛Ú,
˜ÚÓ T2o-ÛÔÓfl‰Ó˜ÂÌËÂ Ó·ÂÒÔÂ˜Ë‚‡ÂÚ ÒÚÛÍÚÛÂ ‡Î¸-
·ËÚ‡ Ì‡Ë·ÓÎ¸¯Û˛ ÔÎÓÚÌÓÒÚ¸ (ÏÂÌ¸¯ËÈ Ó·˙ÂÏ).
éÚÒ˛‰‡ ÏÓÊÌÓ Ò‰ÂÎ‡Ú¸ ‚˚‚Ó‰, ˜ÚÓ ÔË ‚˚ÒÓÍËı
‰‡‚ÎÂÌËflı T2o-ÛÔÓfl‰Ó˜ÂÌËÂ ÏÓÊÂÚ ÒÚ‡Ú¸ Ì‡Ë·ÓÎÂÂ
‚˚„Ó‰Ì˚Ï. éˆÂÌÍË ‰‡‚ÎÂÌËfl ÔÂÂıÓ‰‡ T1o  T2o
ÔÓ ÙÓÏÛÎÂ p = ∆E/∆V ‡‚Ìfl˛ÚÒfl 3 Í·‡, 50 Í·‡
Ë 110 Í·‡ ‰Îfl MEG-, Äè- Ë ùè-ÔÓÚÂÌˆË‡ÎÓ‚ ÒÓ-
ÓÚ‚ÂÚÒÚ‚ÂÌÌÓ. ÇÎËflÌËÂ ÛÔÓfl‰Ó˜ÂÌËfl Ì‡ Ó·˙ÂÏ
(ÔÎÓÚÌÓÒÚ¸) Ù‡Á ‰Ó‚ÓÎ¸ÌÓ Ï‡ÎÓ. ÇÓ ‚ÒÂı ÚÂı ÏÓ-
‰ÂÎflı ÔÓÚÂÌˆË‡Î‡ Ô‡‡ÏÂÚ a ̋ ÎÂÏÂÌÚ‡ÌÓÈ fl˜ÂÈ-

C1

C1
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í‡·ÎËˆ‡ 3.  êÂÁÛÎ¸Ú‡Ú˚ ÏÓ‰ÂÎËÓ‚‡ÌËfl ÒÚÛÍÚÛÌ˚ı ‚‡Ë‡ÌÚÓ‚ ‡Î¸·ËÚ‡. ùÏÔËË˜ÂÒÍËÈ Ë ‡ÔËÓÌ˚È ÔÓÚÂÌˆË‡Î˚
‰Îfl Na–O 

è‡‡ÏÂÚ

åÓ‰ÂÎ¸ ÔÓÚÂÌˆË‡Î‡ Na–O

ùÏÔËË˜ÂÒÍËÈ ÔÓÚÂÌˆË‡Î [14] ÄÔËÓÌ˚È ÔÓÚÂÌˆË‡Î [˝Ú‡ ‡·ÓÚ‡]

Al(T1o) Al(T2o) Ç˚ÒÓÍËÈ
‡Î¸·ËÚ Al(T1o) Al(T2o) Ç˚ÒÓÍËÈ

‡Î¸·ËÚ

a, Å 8.40 8.36 8.39 8.35 8.30 8.34

b, Å 12.89 13.06 13.01 12.85 13.04 12.97

c, Å 7.17 7.10 7.15 7.15 7.08 7.13

α, ° 92.7 89.0 90 93.5 88.2 88.0

β, ° 116.2 116.3 116.4 116.3 116.4 116.5

γ, ° 87.9 90.1 90 88.0 90.0 89.8

V0, Å3 695.3 694.3 698.3 687.1 685.7 689.9

èÓÒÚ‡ÌÒÚ‚ÂÌÌ‡fl
„ÛÔÔ‡

C C C2/m C C C

Elatt., ˝Ç* –481.726 –481.709 –476.446 –481.771 –481.760 –476.487

Eel-stat., ˝Ç* –610.156 –610.220 –597.283 –610.153 –610.287 –597.361

Öshort., ˝Ç* 128.430 128.511 120.837 128.382 128.527 120.874

* Ç ˝ÚÓÈ Ë ÔÓÒÎÂ‰Û˛˘Ëı Ú‡·ÎËˆ‡ı 4–6 ÔË‚Â‰ÂÌ˚ ˝ÌÂ„Ëfl Â¯ÂÚÍË (ÔÂ‚‡fl ÒÚÓÍ‡) Ë ÂÂ ˝ÎÂÍÚÓÒÚ‡ÚË˜ÂÒÍ‡fl Ë ÍÓÓÚÍÓ‰ÂÈÒÚ‚Û-
˛˘‡fl ÍÓÏÔÓÌÂÌÚ˚ (‚ÚÓ‡fl Ë ÚÂÚ¸fl ÒÚÓÍË ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ).

1 1 1 1 1

í‡·ÎËˆ‡ 4.  äËÒÚ‡ÎÎË˜ÂÒÍ‡fl ÒÚÛÍÚÛ‡ Ë ˝ÌÂ„Ëfl Â¯ÂÚÍË ‡Î¸·ËÚ‡. MEG-ÔÓÚÂÌˆË‡Î ‰Îfl Na–O

Al(T1o) Al(T2o) Ç˚ÒÓÍËÈ ‡Î¸·ËÚ

è‡‡ÏÂÚ˚ Â¯ÂÚÍË (‚ Å Ë °)

a = 8.24
α = 93.1

b = 12.82
β = 117.2

c = 7.11
γ = 92.3

a = 8.16
α = 92.4

b = 12.96
β = 117.2

c = 7.04
γ = 90.3

a = 8.22
α = 85.9

b = 12.95
β = 117.0

c = 7.07
γ = 89.9

V0, Å3 665.6 661.6 661.7

èÓÒÚ‡ÌÒÚ‚ÂÌÌ‡fl „ÛÔÔ‡ C èÓÒÚ‡ÌÒÚ‚ÂÌÌ‡fl „ÛÔÔ‡ C

äÓÓ‰ËÌ‡Ú˚ ·‡ÁËÒÌ˚ı ‡ÚÓÏÓ‚ (Z = 4)

ÄÚÓÏ x y z x y z x y z

Na .277 .030 .100 .268 –.003 .152 .273 –.011 .133
T1o .008 .160 .220 .013 .169 .217 .0003 .183 .226
T1m .000 –.188 .218 .002 –.176 .225 .007 –.162 .212
T2m .688 –.124 .339 .681 –.116 .340 .689 –.110 .313
T2o .690 .109 .322 .687 .115 .319 .684 .122 .349
OA1 .009 .130 .002 .020 .134 –.004 –.006 .129 .018
OA2 .596 –.014 .272 .583 –.009 .270 .590 .008 .275
OBo .197 .154 –.221 .181 .150 –.242 .183 .107 –.188
OBm .181 –.108 –.201 .170 –.109 –.198 .186 –.154 –.238
OCo .024 .286 .282 .025 .293 .266 .020 .311 .206
OCm –.019 .324 –.206 –.014 .308 –.212 –.020 .288 –.277
ODo .185 .112 .403 .200 .120 .400 .182 .134 .433
ODm .190 –.135 .435 .183 –.123 .408 .192 –.109 .389
Elatt., ˝Ç –482.269 –482.267 –477.030
Eel-stat., ˝Ç –611.576 –611.136 –598.029
Öshort., ˝Ç 129.307 128.869 120.999

1 1
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í‡·ÎËˆ‡ 5.  êÂÁÛÎ¸Ú‡Ú˚ ÏÓ‰ÂÎËÓ‚‡ÌËfl ÒÚÛÍÚÛÌ˚ı ‚‡Ë‡ÌÚÓ‚ Í‡ÎËÂ‚Ó„Ó ÔÓÎÂ‚Ó„Ó ¯Ô‡Ú‡. ùÏÔËË˜ÂÒÍËÈ Ë ‡Ô-
ËÓÌ˚È ÔÓÚÂÌˆË‡Î˚ ‰Îfl K–O

è‡‡ÏÂÚ

åÓ‰ÂÎ¸ ÔÓÚÂÌˆË‡Î‡ K–O

ùÏÔËË˜ÂÒÍËÈ ÔÓÚÂÌˆË‡Î [14] ÄÔËÓÌ˚È ÔÓÚÂÌˆË‡Î [˝Ú‡ ‡·ÓÚ‡]

Al(T1o) Al(T2o) Ç˚ÒÓÍËÈ
éÚÓÍÎ‡Á Al(T1o) Al(T2o) Ç˚ÒÓÍËÈ

éÚÓÍÎ‡Á

a, Å 9.00 8.96 8.98 8.94 8.91 8.92

b, Å 12.92 13.11 13.03 12.93 13.12 13.04

c, Å 7.26 7.18 7.23 7.25 7.17 7.22

α, ° 90.6 89.9 90 90.7 89.8 90

β, ° 115.9 115.8 115.8 115.9 115.8 115.8

γ, ° 88.1 90.4 90 88.0 90.3 90

V0, Å3 758.0 759.4 760.7 753.1 754.3 755.7

èÓÒÚ‡ÌÒÚ‚ÂÌÌ‡fl
„ÛÔÔ‡

C C C2/m C C C2/m

Elatt., ˝Ç –480.932 –480.926 –475.675 –480.953 –480.942 –475.691

Eel-stat., ˝Ç –608.895 –608.691 –595.701 –609.015 –608.802 –595.820

Öshort., ˝Ç 127.963 127.765 120.026 128.062 127.860 120.129

1 1 1 1

í‡·ÎËˆ‡ 6.  äËÒÚ‡ÎÎË˜ÂÒÍ‡fl ÒÚÛÍÚÛ‡ Ë ˝ÌÂ„Ëfl Â¯ÂÚÍË Í‡ÎËÂ‚Ó„Ó ÔÓÎÂ‚Ó„Ó ¯Ô‡Ú‡. MEG-ÔÓÚÂÌˆË‡Î ‰Îfl K–O

Al(T1o) Al(T2o) ê‡ÁÛÔÓfl‰Ó˜ÂÌÌ‡fl ÒÚÛÍÚÛ‡

è‡‡ÏÂÚ˚ Â¯ÂÚÍË (‚ Å Ë °)

a = 8.59
α = 90.7

b = 12.93
β = 116.1

c = 7.18
γ = 87.8

a = 8.57
α = 89.8

b = 13.09
β = 116.1

c = 7.11
γ = 90.5

a = 8.58
α = 90

b = 13.03
β = 116.1

c = 7.15
γ = 90

V0, Å3 715.53 716.66 718.35

äÓÓ‰ËÌ‡Ú˚ ·‡ÁËÒÌ˚ı ‡ÚÓÏÓ‚ (Z = 4)

ÄÚÓÏ x y z x y z x y z

K .282 –.008 .142 .283 –.002 .139 .282 0 .140

T1o .008 .186 .215 .013 .181 .224 .008 .183 .222

T1m .007 –.179 .231 .006 –.185 .221 (.008) (–.183) (.222)

T2m .705 –.116 .350 .708 –.118 .340 .709 –.118 .342

T2o .713 .119 .337 .709 .117 .342 (.709) (.118) (.342)

OA1 .002 .142 –.018 .016 .145 .008 0 .143 0

OA2 .636 .005 .284 .632 –.007 .281 .633 0 .283

OBo .172 .145 –.236 .172 .146 –.226 .172 .145 –.223

OBm .179 –.145 –.214 .163 –.145 –.217 (.172) (–.145) (–.223)

OCo .036 .318 .252 .044 .304 .260 .037 .308 .256

OCm –.044 .304 –.269 –.027 .306 –.246 (–.037) (.308) (–.256)

ODo .189 .124 .406 .180 .127 .408 .178 .126 .405

ODm .170 –.124 .414 .171 –.127 .390 (.178) (–.126) (.405)

Elatt., ˝Ç –481.744 –481.714 –476.467

Eel-stat., ˝Ç –610.266 –610.131 –597.140

Öshort., ˝Ç 128.522 128.417 120.673
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ÍË ‚ÓÁ‡ÒÚ‡ÂÚ Ì‡ 0.7% ‚ fl‰Û T2o  ‚˚ÒÓÍËÈ ‡Î¸-
·ËÚ  T1o. è‡‡ÏÂÚ b fl˜ÂÈÍË ‚ÓÁ‡ÒÚ‡ÂÚ ÔËÏÂÌÓ
Ì‡ 1% ‚ Ó·‡ÚÌÓÈ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË T1o  ‚˚ÒÓ-
ÍËÈ ‡Î¸·ËÚ  T2o. è‡‡ÏÂÚ c Û‚ÂÎË˜Ë‚‡ÂÚÒfl
Ì‡ 0.8% ‚ Ì‡Ô‡‚ÎÂÌËË : T2o  ‚˚ÒÓÍËÈ ‡Î¸-
·ËÚ  T1o. 

óÂÚÍ‡fl Á‡‚ËÒËÏÓÒÚ¸ Ô‡‡ÏÂÚÓ‚ b Ë c ˝ÎÂÏÂÌ-
Ú‡ÌÓÈ fl˜ÂÈÍË ÔÓÎÂ‚Ó„Ó ¯Ô‡Ú‡ ÓÚ ÒÚÂÔÂÌË ÛÔÓfl-
‰Ó˜ÂÌÌÓÒÚË ÔË ÓÚÌÓÒËÚÂÎ¸ÌÓÈ ËÌ‰ËÙÙÂÂÌÚÌÓÒ-
ÚË Ô‡‡ÏÂÚ‡ a ıÓÓ¯Ó ËÁ‚ÂÒÚÌ‡ ËÁ ˝ÍÒÔÂËÏÂÌÚ‡
Ë ·˚Î‡ ÔÓÎÓÊÂÌ‡ ëÚ˛‡ÚÓÏ Ë ê‡ÈÚÓÏ [20] ‚ ÓÒÌÓ-
‚Û ÂÌÚ„ÂÌÓ„‡ÙË˜ÂÒÍÓ„Ó ÓÔÂ‰ÂÎÂÌËfl ÒÚÂÔÂÌË
ÛÔÓfl‰Ó˜ÂÌËfl ÔÓÎÂ‚˚ı ¯Ô‡ÚÓ‚. 

ê‡ÒÒÏÓÚÂÌËÂ ˝ÌÂ„ËÈ Â¯ÂÚÓÍ Ë ‚ÍÎ‡‰Ó‚ ‚
ÌËı ÓÚ ˝ÎÂÍÚÓÒÚ‡ÚË˜ÂÒÍËı Ë ÍÓÓÚÍÓ‰ÂÈÒÚ‚Û˛-
˘Ëı ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÈ (Ú‡·Î. 3 Ë 4) ÔÓÍ‡Á˚‚‡ÂÚ, ˜ÚÓ
T2o-‚‡Ë‡ÌÚ ‚ÒÂ„‰‡ ÌÂÒÍÓÎ¸ÍÓ ÏÂÌÂÂ ‚˚„Ó‰ÂÌ, ıÓ-
Úfl ÔË˜ËÌÛ ˝ÚÓ„Ó ‚˚fl‚ËÚ¸ ÚÛ‰ÌÓ: ‚ ‡Ò˜ÂÚ‡ı Ò
MEG-ÔÓÚÂÌˆË‡ÎÓÏ (Ú‡·Î. 4) T1o-‚‡Ë‡ÌÚ ÒÚ‡·ËÎË-
ÁËÛÂÚÒfl Á‡ Ò˜ÂÚ ÍÛÎÓÌÓ‚ÒÍËı ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÈ, ‚
ÚÓ ‚ÂÏfl Í‡Í ‚ ‰Û„Ëı ÏÓ‰ÂÎflı ÍÛÎÓÌÓ‚ÒÍËÂ ‚ÍÎ‡-
‰˚ ÒÚ‡·ËÎËÁËÛ˛Ú ÛÊÂ T2o-ÒÚÛÍÚÛÛ, ÍÓÚÓ‡fl
‚ÌÓ‚¸ ÔÓË„˚‚‡ÂÚ T1o-‚‡Ë‡ÌÚÛ, ÌÓ ÛÊÂ Á‡ Ò˜ÂÚ
ÍÓÓÚÍÓ‰ÂÈÒÚ‚Û˛˘Ëı ˝ÌÂ„ÂÚË˜ÂÒÍËı ‚ÍÎ‡‰Ó‚.
àÁ Ú‡·Î. 3–6 ÏÓÊÌÓ ‚Ë‰ÂÚ¸, ˜ÚÓ ÔÓÎÌÓÒÚ¸˛ ‡ÁÛ-
ÔÓfl‰Ó˜ÂÌÌ˚Â ÒÚÛÍÚÛ˚ ‡Î¸·ËÚ‡ Ë Í‡ÎËÂ‚Ó„Ó
ÔÓÎÂ‚Ó„Ó ¯Ô‡Ú‡ Í‡ÈÌÂ ÌÂ‚˚„Ó‰Ì˚ Ò ÚÓ˜ÍË ÁÂÌËfl
˝ÌÂ„ËË Â¯ÂÚÍË, ıÓÚfl, Í‡Í ÛÊÂ ·˚ÎÓ ÒÍ‡Á‡ÌÓ, ËÒ-
ÔÓÎ¸ÁÓ‚‡ÌÌÓÂ Ì‡ÏË ‰Îfl ‡ÁÛÔÓfl‰Ó˜ÂÌÌ˚ı ÍËÒÚ‡Î-
ÎÓ‚ ÔË·ÎËÊÂÌËÂ ‚ËÚÛ‡Î¸ÌÓ„Ó ÍËÒÚ‡ÎÎ‡, ÔËÌfl-
ÚÓÂ ‰Îfl ‡ÁÛÔÓfl‰Ó˜ÂÌÌ˚ı Ù‡Á, ÒËÎ¸ÌÓ ÌÂ‰ÓÓˆÂÌË-
‚‡ÂÚ Ëı ÚÂÏÓ‰ËÌ‡ÏË˜ÂÒÍÛ˛ ÛÒÚÓÈ˜Ë‚ÓÒÚ¸.

èÓÔÛÚÌÓ ËÌÚÂÂÒÌÓ ÓÚÏÂÚËÚ¸ ‚ Ú‡·Î. 3 ÁÌ‡˜Ë-
ÚÂÎ¸ÌÛ˛ ‡ÁÌËˆÛ ‚ ÍÓÓ‰ËÌ‡Ú‡ı ‡ÚÓÏ‡ Na ‚ T1o- Ë
‚ T2o-ÒÚÛÍÚÛ‡ı (Ì‡ÔËÏÂ, ‡ÁÌËˆ‡ ‚ ÍÓÓ‰ËÌ‡ÚÂ
z ‰ÓÒÚË„‡ÂÚ 0.052 ‰ÓÎÂÈ fl˜ÂÈÍË). ùÚÓ ‚ÔÓÎÌÂ ÒÓÓÚ-
‚ÂÚÒÚ‚ÛÂÚ “‡Ò˘ÂÔÎÂÌË˛” ÔÓÁËˆËË Na, ÙËÍÒËÛÂ-
ÏÓÏÛ ‚ ÂÌÚ„ÂÌÓÒÚÛÍÚÛÌ˚ı ËÒÒÎÂ‰Ó‚‡ÌËflı ˜‡Ò-
ÚË˜ÌÓ ÛÔÓfl‰Ó˜ÂÌÌ˚ı ‡Î¸·ËÚÓ‚. èË ˝ÚÓÏ ‡Ì‡ÎÓ-
„Ë˜Ì‡fl ‡ÁÌËˆ‡ ‚ ÍÓÓ‰ËÌ‡Ú‡ı ‰Û„Ëı ‡ÚÓÏÓ‚
ÒÚÛÍÚÛ˚ ÏÌÓ„Ó ÏÂÌ¸¯Â. 

é·‡ÚËÏÒfl Í ÂÁÛÎ¸Ú‡Ú‡Ï ‰Îfl Í‡ÎËÂ‚Ó„Ó ÔÓÎÂ-
‚Ó„Ó ¯Ô‡Ú‡ (Ú‡·Î. 5 Ë 6). àÌÚÂÂÒÌÓ ÓÚÏÂÚËÚ¸, ˜ÚÓ
‰Îfl Í‡ÎË¯Ô‡Ú‡ ÂÁÛÎ¸Ú‡Ú˚ ‚Ó ÏÌÓ„ÓÏ ÓÚÎË˜Ì˚ ÓÚ
ÂÁÛÎ¸Ú‡ÚÓ‚, ÔÓÎÛ˜ÂÌÌ˚ı ‰Îfl ‡Î¸·ËÚ‡. í‡Í ÊÂ,
Í‡Í Ë ‰Îfl ‡Î¸·ËÚ‡, Ì‡Ë·ÓÎÂÂ ‚˚„Ó‰ÂÌ T1o-‚‡Ë‡ÌÚ
ÛÔÓfl‰Ó˜ÂÌËfl, ÌÓ ÛÊÂ ÏÓÊÌÓ ÔÂ‰ÔÓÎ‡„‡Ú¸, ˜ÚÓ
˝ÚÓÚ ‚‡Ë‡ÌÚ ÒÚ‡·ËÎËÁËÛÂÚÒfl ÍÛÎÓÌÓ‚ÒÍËÏË ‚Á‡-

ËÏÓ‰ÂÈÒÚ‚ËflÏË. Ñ‡ÎÂÂ, ‚ÒÂ ÚË ÏÓ‰ÂÎË ÔÓÚÂÌˆË‡-
Î‡ ÔÓÍ‡Á˚‚‡˛Ú, ˜ÚÓ Ï‡ÍÒËÏ‡Î¸Ì‡fl ÔÎÓÚÌÓÒÚ¸
ÒÚÛÍÚÛ˚ ‰ÓÒÚË„‡ÂÚÒfl Ì‡ ˝ÚÓÚ ‡Á ‚ T1o-‚‡Ë‡ÌÚÂ,
ÔÓ˝ÚÓÏÛ Ë ÔË ‚˚ÒÓÍËı ‰‡‚ÎÂÌËflı Ì‡Ë·ÓÎÂÂ ‚˚„Ó‰-
Ì˚Ï ·Û‰ÂÚ ËÏÂÌÌÓ ̋ ÚÓÚ ‚‡Ë‡ÌÚ ÛÔÓfl‰Ó˜ÂÌËfl. ç‡-
ËÏÂÌÂÂ ÔÎÓÚÌÓÈ ÓÍ‡Á˚‚‡ÂÚÒfl ‡ÁÛÔÓfl‰Ó˜ÂÌÌ‡fl
ÒÚÛÍÚÛ‡. è‡‡ÏÂÚ a ˝ÎÂÏÂÌÚ‡ÌÓÈ fl˜ÂÈÍË ‚ÌÓ‚¸
ÒËÎ¸ÌÓ Á‡‚ËÒËÚ ÓÚ ÏÓ‰ÂÎË ÔÓÚÂÌˆË‡Î‡, ÌÓ Ô‡ÍÚË-
˜ÂÒÍË ÌÂ ÏÂÌflÂÚÒfl ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ÚËÔ‡ ÛÔÓfl‰Ó-
˜ÂÌËfl (˝ÚË ËÁÏÂÌÂÌËfl ÌÂ ÔÂ‚˚¯‡˛Ú 0.03 Å).
ä‡Í Ë ‰Îfl ‡Î¸·ËÚ‡, ‚ÒÂ ÚË ÏÓ‰ÂÎË ÔÓÚÂÌˆË‡Î‡
ÔË‚Ó‰flÚ Í ‚ÓÁ‡ÒÚ‡ÌË˛ Ô‡‡ÏÂÚ‡ b fl˜ÂÈÍË Ì‡
1.4% ‚ fl‰Û T1o  ÓÚÓÍÎ‡Á (ÔÓÎÌÓÒÚ¸˛ ‡ÁÛÔÓ-
fl‰Ó˜ÂÌÌ˚È)  T2o Ë Û·˚‚‡ÌË˛ Ô‡‡ÏÂÚ‡ c Ì‡
1.1% ‚ ÚÓÈ ÊÂ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË. 

Ç ÒÎÛ˜‡Â K-ÔÓÎÂ‚Ó„Ó ¯Ô‡Ú‡ Ï˚ ÛÊÂ ÌÂ Ì‡ıÓ-
‰ËÏ ÒÚÓÎ¸ ·ÓÎ¸¯Ó„Ó ‡Ò˘ÂÔÎÂÌËfl ÔÓÁËˆËË ÍÛÔ-
ÌÓ„Ó Í‡ÚËÓÌ‡ (K), Í‡Í ÚÓ Ì‡·Î˛‰‡ÎÓÒ¸ Ì‡ÏË ‰Îfl
‡Î¸·ËÚ‡. éÚÍÎÓÌÂÌËfl Û„ÎÓ‚ α Ë β ÓÚ 90° Ú‡ÍÊÂ „Ó-
‡Á‰Ó ÏÂÌ¸¯Â, ˜ÂÏ ‚ ‡Î¸·ËÚ‡ı. ÇÒÂ ˝ÚÓ ÔÂ‚ÓÒıÓ‰-
ÌÓ ÒÓ„Î‡ÒÛÂÚÒfl Ò ËÁ‚ÂÒÚÌ˚ÏË ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚-
ÏË ‰‡ÌÌ˚ÏË.

èêàóàçõ ÄçíàìèéêüÑéóÖçàü

êÂÁÛÎ¸Ú‡Ú˚ ‡Ò˜ÂÚÓ‚ ‚ ÂÊËÏÂ ÔÓÒÚÓflÌÌÓ„Ó
‰‡‚ÎÂÌËfl, ÓÔËÒ‡ÌÌ˚Â ‚˚¯Â, ÔÓÍ‡Á˚‚‡˛Ú, ˜ÚÓ ‰Îfl
Ó·ÓËı ÔÓÎÂ‚˚ı ¯Ô‡ÚÓ‚ Ó·˚˜ÌÓÂ T1Ó-ÛÔÓfl‰Ó˜Â-
ÌËÂ fl‚ÎflÂÚÒfl Ì‡Ë·ÓÎÂÂ ‚˚„Ó‰Ì˚Ï Ò ÚÓ˜ÍË ÁÂÌËfl
˝ÌÂ„ËË Â¯ÂÚÍË. ä Ú‡ÍÓÏÛ ÊÂ ‚˚‚Ó‰Û ÔË¯ÎË
‡‚ÚÓ˚ ‡·ÓÚ˚ [13]. Ç ˝ÚÓÈ Ò‚flÁË ·˚ÎË ÔÓ‚Â‰ÂÌ˚
‡Ò˜ÂÚ˚ ‚ ÂÊËÏÂ ÔÓÒÚÓflÌÌÓ„Ó Ó·˙ÂÏ‡ ÔË Ô‡‡ÏÂ-
Ú‡ı Â¯ÂÚÍË, ÙËÍÒËÓ‚‡ÌÌ˚ı Ì‡ ˝ÍÒÔÂËÏÂÌÚ‡Î¸-
Ì˚ı ÁÌ‡˜ÂÌËflı ‰Îfl Ó·‡Áˆ‡ ËÁ ‚ÛÎÍ‡Ì‡ èÂÍÚÛÒ‡Ì.
óËÒÎÂÌÌ˚Â ÁÌ‡˜ÂÌËfl ˝ÌÂ„ËË ÔÂ‰ÔÓ˜ÚÂÌËfl T1Ó-
ÛÔÓfl‰Ó˜ÂÌËfl, ÔÓÎÛ˜ÂÌÌ˚Â ‚ ‡Ò˜ÂÚ‡ı Ó·ÓËı ÚËÔÓ‚,
ÔË‚Â‰ÂÌ˚ ‚ Ú‡·Î. 7. Ç ˝ÚËı ‡Ò˜ÂÚ‡ı ÒËÚÛ‡ˆËfl ÒÓ-
‚Â¯ÂÌÌÓ ÏÂÌflÂÚÒfl: ‰Îfl ‡Î¸·ËÚ‡ Ò‡Ï˚Ï ‚˚„Ó‰Ì˚Ï
ÒÚ‡ÌÓ‚ËÚÒfl ‡ÌÚËÛÔÓfl‰Ó˜ÂÌÌ˚È ‚‡Ë‡ÌÚ ÒÚÛÍÚÛ˚
(T2Ó-ÛÔÓfl‰Ó˜ÂÌËÂ); Ì‡ ˜ÚÓ ÛÍ‡Á˚‚‡ÂÚ ÓÚËˆ‡ÚÂÎ¸-
Ì˚È ÁÌ‡Í ˝ÌÂ„ËË ÔÂ‰ÔÓ˜ÚÂÌËfl. ÑÎfl ÏËÍÓÍÎËÌ‡
ÊÂ ˝ÚÓ„Ó ÌÂ ÔÓËÒıÓ‰ËÚ: ÁÌ‡Í ˝ÌÂ„ËË ‰Îfl ÌÂ„Ó ÌÂ
ÏÂÌflÂÚÒfl. ùÚÓÚ ÂÁÛÎ¸Ú‡Ú, ‚ÓÒÔÓËÁ‚Â‰ÂÌÌ˚È ‚Ó
‚ÒÂı ÚÂı ÏÓ‰ÂÎflı ÔÓÚÂÌˆË‡Î‡, ÔÓÎÌÓÒÚ¸˛ ÒÓÓÚ‚ÂÚ-
ÒÚ‚ÛÂÚ ˝ÍÒÔÂËÏÂÌÚÛ. éÌ ÌÂ ÚÓÎ¸ÍÓ ÔÓ‰Ú‚ÂÊ‰‡ÂÚ
‰‡ÌÌ˚Â ÓÔ˚Ú‡, ÌÓ Ë ÔÓÍ‡Á˚‚‡ÂÚ, ˜ÚÓ ‡ÌÚËÛÔÓfl‰Ó-
˜ÂÌËÂ ‚ ‡Î¸·ËÚÂ fl‚ÎflÂÚÒfl ‡‚ÌÓ‚ÂÒÌ˚Ï ˝ÙÙÂÍÚÓÏ,
Ò‚flÁ‡ÌÌ˚Ï Ò ‰ÂÙÓÏ‡ˆËÂÈ ÒÚÛÍÚÛ˚. 

ä‡Í ·˚ÎÓ ÔÓÍ‡Á‡ÌÓ ‚˚¯Â, ‰Îfl ‚ÓÁÌËÍÌÓ‚ÂÌËfl
‡ÌÚËÛÔÓfl‰Ó˜ÂÌËfl ‰ÓÒÚ‡ÚÓ˜ÌÓ Ò‡‚ÌËÚÂÎ¸ÌÓ ÌÂ-
·ÓÎ¸¯ÓÈ ‰ÂÙÓÏ‡ˆËË ̋ ÎÂÏÂÌÚ‡ÌÓÈ fl˜ÂÈÍË. Ç ÒÎÛ-
˜‡Â ‡Î¸·ËÚ‡ ˝ÚÓ ÏÓÊÂÚ ·˚Ú¸ Ò‚flÁ‡ÌÓ Ò „Ë‰ÓÒÚ‡-
ÚË˜ÂÒÍËÏ ‰‡‚ÎÂÌËÂÏ (‚ÂÓflÚÌÓ, ÔÓfl‰Í‡ ‰ÂÒflÚÍÓ‚
Í·‡), ÔÓÒÍÓÎ¸ÍÛ ÔÎÓÚÌÓÒÚ¸ ‡ÌÚËÛÔÓfl‰Ó˜ÂÌÌÓÈ
ÒÚÛÍÚÛ˚ ÒÎÂ„Í‡ ‚˚¯Â, ˜ÂÏ ÔÎÓÚÌÓÒÚ¸ ÌÓÏ‡Î¸-
ÌÓ-ÛÔÓfl‰Ó˜ÂÌÌÓÈ. Ç Ì‡¯ÂÏ ÒÎÛ˜‡Â ·ÓÎÂÂ ‚ÂÓfl-
ÚÂÌ ‰Û„ÓÈ ÏÂı‡ÌËÁÏ ‰ÂÙÓÏ‡ˆËË. 

ÇÓÁ‚‡˘‡flÒ¸ Í ÒÚÛÍÚÛÂ ˘ÂÎÓ˜ÌÓ„Ó ÔÓÎÂ‚Ó„Ó
¯Ô‡Ú‡ (ËÒÛÌÓÍ), ÏÓÊÌÓ ‚ÒÔÓÏÌËÚ¸ Ó· ‡ÌËÁÓÚÓÔËË

í‡·ÎËˆ‡ 7.  ùÌÂ„Ëfl ÔÂ‰ÔÓ˜ÚÂÌËfl T1o-ÔÓÁËˆËË (‚ ÔÂ-
ÂÒ˜ÂÚÂ Ì‡ 1 ‡ÚÓÏ Al), ‚ ÍÑÊ/ÏÓÎ¸

èÓÚÂÌ-
ˆË‡Î

ÄÎ¸·ËÚ åËÍÓÍÎËÌ

(p = const) (V = const) (p = const) (V = const)

MEG 0.2 –3.0 2.9 0.6
ùè 1.7 –0.8 0.7 1.8
Äè 1.1 –1.8 1.1 1.2
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KËÒÚ‡ÎÎË˜ÂÒÍ‡fl ÒÚÛÍÚÛ‡ ˘ÂÎÓ˜Ì˚ı ÔÓÎÂ‚˚ı ¯Ô‡ÚÓ‚. ‡) ‚ ÔÓÎË˝‰Ë˜ÂÒÍÓÏ ËÁÓ·‡ÊÂÌËË. ëÙÂ˚ – ‡ÚÓÏ˚ ˘ÂÎÓ˜-
Ì˚ı ÏÂÚ‡ÎÎÓ‚ ‚ ÍÛÔÌ˚ı ÔÛÒÚÓÚ‡ı Í‡Í‡Ò‡. ·)ÒıÂÏ‡ ÒÚÓÂÌËfl ‡Î˛ÏÓÒËÎËÍ‡ÚÌÓ„Ó Í‡Í‡Ò‡. ëÙÂ˚ Ó·ÓÁÌ‡˜‡˛Ú ˆÂÌÚ˚
‡Î˛ÏÓÍÂÏÌÂÍËÒÎÓÓ‰Ì˚ı ÚÂÚ‡˝‰Ó‚. äÛÔÌ˚Â Ë ÏÂÎÍËÂ ÒÙÂ˚ ÒÚÓflÚ Ì‡ ÏÂÒÚÂ í1- Ë í2-ÔÓÁËˆËÈ ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ.
ñÂÔÓ˜ÍË ÚÂÚ‡˝‰Ó‚, ÚflÌÛ˘ËÂÒfl ‚‰ÓÎ¸ ÓÒÂÈ b (1 ÔÂËÓ‰ = 4T2 + 2T1) Ë c (1 ÔÂËÓ‰ = 2T1 + 1T2), ‚˚‰ÂÎÂÌ˚ ÊËÌ˚ÏË
ÎËÌËflÏË.

(a)

(·)

y

z

z

y

x

x
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é„‡ÌÓ‚ Ë ‰.

Í‡Í‡Ò‡ ÒÚÛÍÚÛ˚. ÇÂÎË˜ËÌ‡ Ô‡‡ÏÂÚ‡ b fl˜ÂÈ-
ÍË ÓÔÂ‰ÂÎflÂÚÒfl ‚ Ì‡Ë·ÓÎ¸¯ÂÈ ÒÚÂÔÂÌË ‡ÁÏÂÓÏ
T2-ÚÂÚ‡˝‰Ó‚ (Ì‡ Ó‰ËÌ ÔÂËÓ‰ b ÔËıÓ‰ËÚÒfl 4T2- Ë
2T1- ÚÂÚ‡˝‰‡); Ó·‡ÚÌÓÂ ÒÔ‡‚Â‰ÎË‚Ó ‰Îfl ÔÂËÓ-
‰‡ c (Ì‡ Ó‰ËÌ c-ÔÂËÓ‰ 2T1- Ë 1T2- ÚÂÚ‡˝‰). ãÂ„ÍÓ
ÔÓÌflÚ¸, ˜ÚÓ ÒÊ‡ÚËÂ fl˜ÂÈÍË ‚‰ÓÎ¸ ÓÒË c ÔË‚Â‰ÂÚ Í
ÍÓÌˆÂÌÚËÓ‚‡ÌË˛ ·ÓÎÂÂ ÍÓÏÔ‡ÍÚÌ˚ı ‡ÚÓÏÓ‚ Si
‚ ÔÓÁËˆËË T1 Ë ÓÚÚÓÍÛ Al ‚ ÔÓÁËˆË˛ T2, ˜ÚÓ Ë ‰‡ÒÚ
˝ÙÙÂÍÚ ‡ÌÚËÛÔÓfl‰Ó˜ÂÌËfl. ä ÚÓÏÛ ÊÂ ˝ÙÙÂÍÚÛ
ÔË‚Â‰ÂÚ ‡ÒÚflÊÂÌËÂ fl˜ÂÈÍË ‚‰ÓÎ¸ ÓÒË b. èÓÚË‚Ó-
ÔÓÎÓÊÌ˚È ÂÁÛÎ¸Ú‡Ú (ÛÒËÎÂÌËÂ ÚÂÌ‰ÂÌˆËË Í ÌÓ-
Ï‡Î¸ÌÓÏÛ ÛÔÓfl‰Ó˜ÂÌË˛) ÔÓÎÛ˜ËÚÒfl ÔË ÒÊ‡ÚËË
‚‰ÓÎ¸ b Ë (ËÎË) ‡ÒÚflÊÂÌËË ‚‰ÓÎ¸ ÓÒË c. ç‡ ÍÓ„Â-
ÂÌÚÌÓÈ „‡ÌËˆÂ Ò‡ÒÚ‡ÌËfl Ù‡Á ÔÓËÒıÓ‰ËÚ ̃ ‡ÒÚË˜-
ÌÓÂ ‚˚‡‚ÌË‚‡ÌËÂ Ô‡‡ÏÂÚÓ‚ Â¯ÂÚÍË Ò‡ÒÚ‡˛-
˘ËıÒfl Ù‡Á. èÓ˝ÚÓÏÛ ÒÚÛÍÚÛ‡ ‡Î¸·ËÚ‡ ÓÍ‡Á˚‚‡-
ÂÚÒfl ‡Ò¯ËÂÌÌÓÈ, ‡ ÒÚÛÍÚÛ‡ ÏËÍÓÍÎËÌ‡ –
ÒÊ‡ÚÓÈ ‚ Ò‡‚ÌÂÌËË Ò ÌÂÌ‡ÔflÊÂÌÌ˚ÏË Ó·‡Áˆ‡ÏË.
ä‡Í ‚Ë‰ÌÓ ËÁ Ú‡·Î.1, Ì‡Ë·ÓÎ¸¯ÂÂ ‡ÒÚflÊÂÌËÂ
ÒÚÛÍÚÛ‡ ‡Î¸·ËÚ‡ ËÒÔ˚Ú˚‚‡ÂÚ ‚‰ÓÎ¸ ÓÒË b Ë ÁÌ‡-
˜ËÚÂÎ¸ÌÓ ÏÂÌ¸¯ÂÂ – ‚‰ÓÎ¸ c. ùÚÓ ÎÂ„ÍÓ ÔÓÌflÚ¸,
ÂÒÎË ‚ÒÔÓÏÌËÚ¸, ˜ÚÓ ËÒÒÎÂ‰ÛÂÏ˚È Ó·‡ÁÂˆ ÔÂ‰-
ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ ÒÚÛÍÚÛÛ ÒÔËÌÓ‰‡Î¸ÌÓ„Ó ‡ÒÔ‡‰‡

Ò ÚÓÌÍËÏ Ò‡ÒÚ‡ÌËÂÏ Ù‡Á ÔÓ ÔÎÓÒÍÓÒÚË ( ); ˝ÚÓ
ÒÓÁ‰‡ÂÚ ‡ÒÚfl„Ë‚‡˛˘ËÂ ‰ÂÙÓÏ‡ˆËË ‚ ÒÚÛÍÚÛÂ
‡Î¸·ËÚ‡ Ë ÒÊ‡ÚËÂ ‚ ÒÚÛÍÚÛÂ K-ÔÓÎÂ‚Ó„Ó ¯Ô‡Ú‡,
ÔË˜ÂÏ Ï‡ÍÒËÏ‡Î¸ÌÓÈ ‰ÓÎÊÌ‡ ·˚Ú¸ ‰ÂÙÓÏ‡ˆËfl
ËÏÂÌÌÓ ‚‰ÓÎ¸ ÓÒË b, ÔÓÚÓÏÛ ̃ ÚÓ ÚÓÎ¸ÍÓ ̋ Ú‡ ÓÒ¸ ÎÂ-

ÊËÚ ‚ ÔÎÓÒÍÓÒÚË ( ). ê‡ÒÚflÊÂÌËÂ ‚‰ÓÎ¸ b (·Ó-

601

601

ÎÂÂ ÁÌ‡˜ËÚÂÎ¸ÌÓÂ, ˜ÂÏ ‡ÒÚflÊÂÌËÂ ‚‰ÓÎ¸ c), Í‡Í
Ï˚ ‚Ë‰ÂÎË, ÔË‚Ó‰ËÚ Í ‡ÌÚËÛÔÓfl‰Ó˜ÂÌË˛, ˜ÚÓ Ë
Ì‡·Î˛‰‡ÂÚÒfl ‰Îfl ‡Î¸·ËÚ‡. Ç K-ÔÓÎÂ‚ÓÏ ̄ Ô‡ÚÂ ‰ÓÎ-
ÊÂÌ Ì‡·Î˛‰‡Ú¸Òfl ÔflÏÓ ÔÓÚË‚ÓÔÓÎÓÊÌ˚È ˝Ù-
ÙÂÍÚ, Ë ÒÏÂÌ˚ ÚËÔ‡ ÛÔÓfl‰Ó˜ÂÌËfl ÌÂ ÔÓËÒıÓ‰ËÚ. 

ëÇüáú èéãéÜÖçàü ÄíéåéÇ NA
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Ç ÄãúÅàíÖ (èêÖÑÇÄêàíÖãúçõÖ 
äÇÄçíéÇéïàåàóÖëäàÖ êÄëóÖíõ) 

àÁ ÒÛ˘ÂÒÚ‚Û˛˘Ëı ‚ Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl ÏÂÚÓ‰Ó‚
ÚÂÓÂÚË˜ÂÒÍÓ„Ó ÏÓ‰ÂÎËÓ‚‡ÌËfl ÒÚÛÍÚÛ˚ Ë
Ò‚ÓÈÒÚ‚ ÍËÒÚ‡ÎÎÓ‚ Ì‡Ë·ÓÎÂÂ Ì‡‰ÂÊÌ˚ÏË fl‚Îfl˛ÚÒfl
ÏÂÚÓ‰˚ ab initio – Í‚‡ÌÚÓ‚ÓıËÏË˜ÂÒÍËÂ ÏÂÚÓ‰˚,
ÓÒÌÓ‚‡ÌÌ˚Â ÎË·Ó Ì‡ ÏÂÚÓ‰Â ï‡ÚË-îÓÍ‡, ÎË·Ó
Ì‡ ÚÂÓËË ÙÛÌÍˆËÓÌ‡Î‡ ÔÎÓÚÌÓÒÚË. ä ÒÓÊ‡ÎÂÌË˛,
ÔËÏÂÌËÏÓÒÚ¸ ˝ÚËı ÏÂÚÓ‰Ó‚ ‚ÒÂ Â˘Â ÒËÎ¸ÌÓ ÎËÏË-
ÚËÓ‚‡Ì‡ ‚˚˜ËÒÎËÚÂÎ¸Ì˚ÏË ÚÛ‰ÌÓÒÚflÏË. ÑÎfl ‡Ò-
˜ÂÚ‡ Ú‡ÍËı ÒÎÓÊÌ˚ı ÒËÒÚÂÏ, Í‡Í ÔÓÎÂ‚˚Â ¯Ô‡Ú˚,
ÚÂ·Û˛ÚÒfl ÒÛÔÂÍÓÏÔ¸˛ÚÂ ËÎË ÏÓ˘Ì‡fl ‡·Ó˜‡fl
ÒÚ‡ÌˆËfl; ‚ ÔÓÚË‚ÌÓÏ ÒÎÛ˜‡Â ÔËıÓ‰ËÚÒfl Ó„‡ÌË-
˜Ë‚‡Ú¸Òfl ‚ ÚÂ·Ó‚‡ÌËflı Í ÚÓ˜ÌÓÒÚË ‡Ò˜ÂÚÓ‚.

Ç Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ Ï˚ ËÒÔÓÎ¸ÁÓ‚‡ÎË ÏÂÚÓ‰
ï‡ÚË-îÓÍ‡ ‰Îfl ÔÂËÓ‰Ë˜ÂÒÍËı ÒÚÛÍÚÛ (ÍËÒ-
Ú‡ÎÎÓ‚, ÒÎÓÂ‚, ÔÓÎËÏÂÓ‚), ÔÓÎÓÊÂÌÌ˚È ‚ ÓÒÌÓ‚Û
ÔÓ„‡ÏÏ˚ CRYSTAL95 [21]. ÑÎfl ‡Ò˜ÂÚÓ‚ ÔË-
¯ÎÓÒ¸ Ó„‡ÌË˜ËÚ¸Òfl ÏËÌËÏ‡Î¸Ì˚Ï ·‡ÁËÒÓÏ STO-
3G Ë ÓÚÍ‡Á‡Ú¸Òfl ÓÚ ÓÔÚËÏËÁ‡ˆËË ÒÚÛÍÚÛÌ˚ı Ô‡-
‡ÏÂÚÓ‚ (‰‡ÊÂ ‚ ÏËÌËÏ‡Î¸ÌÓÏ ·‡ÁËÒÂ ‚˚˜ËÒÎË-
ÚÂÎ¸Ì˚Â Á‡Ú‡Ú˚ ÓÍ‡Á‡ÎËÒ¸ ÁÌ‡˜ËÚÂÎ¸Ì˚ÏË: Ì‡
‡Ò˜ÂÚ ‚ÒÂ„Ó Ó‰ÌÓÈ ÚÓ˜ÍË Ì‡ ÔÓÚÂÌˆË‡Î¸ÌÓÈ ÔÓ-
‚ÂıÌÓÒÚË ÚÂ·Ó‚‡ÎÓÒ¸ ·ÓÎÂÂ 1 ˜. ‡·ÓÚ˚ ÔÓˆÂÒ-
ÒÓ‡ ÚËÔ‡ Pentium II ÒÓ 128 å·‡ÈÚ ÓÔÂ‡ÚË‚ÌÓÈ
Ô‡ÏflÚË Ë ̃ ‡ÒÚÓÚÓÈ 233 åÉˆ; ‰Îfl ı‡ÌÂÌËfl ‚ÂÏÂÌ-
Ì˚ı Ù‡ÈÎÓ‚ ÔÓÚÂ·Ó‚‡ÎÓÒ¸ 1,5 É·‡ÈÚ ‰ËÒÍÓ‚Ó„Ó
ÔÓÒÚ‡ÌÒÚ‚‡). ÑÎfl ÔÓ‚Â‰ÂÌËfl Í‚‡ÌÚÓ‚ÓıËÏË˜ÂÒ-
ÍËı ‡Ò˜ÂÚÓ‚ ÓÚ C-ˆÂÌÚËÓ‚‡ÌÌÓÈ ˝ÎÂÏÂÌÚ‡ÌÓÈ
fl˜ÂÈÍË Ò Z = 4 Ï˚ ÔÂÂ¯ÎË Í ÔËÏËÚË‚ÌÓÈ P-fl˜ÂÈ-
ÍÂ Ò Z = 2. ÑÎfl ËÌÚÂ„ËÓ‚‡ÌËfl ÔÓ ÁÓÌÂ ÅËÎÎ˛˝-
Ì‡ ËÒÔÓÎ¸ÁÓ‚‡Î‡Ò¸ 2*2*2-ÒÂÚÍ‡ [22], ‰‡˛˘‡fl 4
ÒÔÂˆË‡Î¸Ì˚Â ÚÓ˜ÍË. äËÚÂËÂÏ Û˜ÂÚ‡ ‰‚Ûı˝ÎÂÍ-
ÚÓÌÌ˚ı ËÌÚÂ„‡ÎÓ‚ ‚ ‡Ò˜ÂÚÂ fl‚ÎflÎËÒ¸ ÔÓÓ„Ó‚˚Â
‚ÂÎË˜ËÌ˚ ITOL1, ITOL2, ITOL3, ITOL4 Ë ITOL5
[21], ÔË‡‚ÌÂÌÌ˚Â 10–6, 10–6, 10–6, 10–6 Ë 10–12 ÒÓÓÚ-
‚ÂÚÒÚ‚ÂÌÌÓ. Ç ‡Ò˜ÂÚ‡ı ËÒÔÓÎ¸ÁÓ‚‡Î‡Ò¸ ˝ÍÒÔÂË-
ÏÂÌÚ‡Î¸Ì‡fl „ÂÓÏÂÚËfl ÒÚÛÍÚÛ˚ [4] Ò ÔÓÎÌ˚Ï
Á‡ÒÂÎÂÌËÂÏ ‡ÚÓÏ‡ÏË Al ÔÓÁËˆËÈ T2Ó; ‡ÚÓÏ˚ Na ÔÓ-
ÏÂ˘‡ÎËÒ¸ ÎË·Ó ‚ ÔÓÁËˆË˛ Na1 (ÍÓÎÓÌÍ‡ “Na1“ ‚
Ú‡·Î. 8), ÎË·Ó ‚ ÔÓÁËˆË˛ Na2 (ÍÓÎÓÌÍ‡ “Na2”). 

Ç Ú‡·Î. 8 Ò‚Â‰ÂÌ˚ ‡ÒÒ˜ËÚ‡ÌÌ˚Â ‡ÚÓÏÌ˚Â Á‡fl-
‰˚ (ÔÓ å‡ÎÎËÍÂÌÛ) Ë ÔÓÎÌ˚Â ˝ÌÂ„ËË. ÇË‰ÌÓ ÒÎÂ-
‰Û˛˘ÂÂ. ÇÓ-ÔÂ‚˚ı, ÔË T2Ó – ÛÔÓfl‰Ó˜ÂÌËË ‡ÚÓ-
Ï˚ Na ÔÓfl‚Îfl˛Ú ÂÁÍÓÂ ÔÂ‰ÔÓ˜ÚÂÌËÂ ÔÓÁËˆËË
Na2 (0.202 ˝Ç/‡ÚÓÏ Na ËÎË 19.4 ÍÑÊ/ÏÓÎ¸). ùÚÓ
ÔÂÍ‡ÒÌÓ ÒÓ„Î‡ÒÛÂÚÒfl Ò ÂÁÛÎ¸Ú‡Ú‡ÏË ËÓÌÌÓÈ ÏÓ-
‰ÂÎË (Ú‡·Î. 4), ÍÓÚÓ‡fl, ‚ Ò‡‚ÌÂÌËË Ò Ú‡·Î. 7 ÔÓ-
Í‡Á˚‚‡ÂÚ, ˜ÚÓ ÔË T1Ó–ÛÔÓfl‰Ó˜ÂÌËË ‡ÚÓÏ Na
Á‡ÒÂÎflÂÚ ÔÓÁËˆË˛ Na1, ‡ ÔË T2Ó–ÛÔÓfl‰Ó˜ÂÌËË –

í‡·ÎËˆ‡ 8.  å‡ÎÎËÍÂÌÓ‚ÒÍËÂ Á‡fl‰˚ Ì‡ ‡ÚÓÏ‡ı Ë ÔÓÎÌ‡fl
˝ÌÂ„Ëfl ‡Î¸·ËÚ‡, ÔÓÎÛ˜ÂÌÌ˚Â ÏÂÚÓ‰ÓÏ ï‡ÚË-îÓÍ‡
(·‡ÁËÒ STO-3G)

èÓÁËˆËfl Na1 Na2

Na +0.75 +0.74

T1o (Si) +1.28 +1.29

T1m (Si) +1.28 +1.28

T2m (Si) +1.17 +1.18

T2o (Al) +1.34 +1.34

OA1 –0.70 –0.70

OA2 –0.74 –0.74

OBo –0.74 –0.74

OBm –0.74 –0.75

OCo –0.67 –0.69

OCm –0.77 –0.76

ODo –0.72 –0.72

ODm –0.74 –0.74

Etotal., ˝Ç* –50266.3717 –50266.5733

* èÓÎÌ‡fl ˝ÌÂ„Ëfl ÂÒÚ¸ ˝ÌÂ„Ëfl ˝ÎÂÍÚÓÌÌÓ-fl‰ÂÌÓÈ ÒËÒÚÂ-
Ï˚; ÓÌ‡ ÓÚÎË˜‡ÂÚÒfl ÓÚ ˝ÌÂ„ËË Â¯ÂÚÍË. ä‡Í Ë ‚ ÔÂ‰˚‰Û-
˘Ëı Ú‡·ÎËˆ‡ı, ˝ÌÂ„Ëfl ÔË‚Ó‰ËÚÒfl ‚ ÔÂÂÒ˜ÂÚÂ Ì‡ 1 ÙÓ-
ÏÛÎ¸ÌÛ˛ Â‰ËÌËˆÛ.
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ÔÓÁËˆË˛ Na2. í‡ÍËÏ Ó·‡ÁÓÏ, ÓÚÌÓ¯ÂÌËÂ Á‡ÒÂ-
ÎÂÌÌÓÒÚÂÈ ÔÓÁËˆËÈ Na2/Na1 ‚ ‡Î¸·ËÚÂ „Ó‚ÓËÚ Ó
ÚÓÏ, Í‡ÍÓÈ ÚËÔ ÛÔÓfl‰Ó˜ÂÌËfl Â‡ÎËÁÛÂÚÒfl Ë ‚ Í‡-
ÍÓÈ ÒÚÂÔÂÌË. ÑÂÈÒÚ‚ËÚÂÎ¸ÌÓ, ÒÓ„Î‡ÒÌÓ ÔÓ‚Â‰ÂÌ-
ÌÓÏÛ ËÁÏÂÂÌË˛, Na Á‡ÒÂÎflÎ ‚ ·ÓÎ¸¯ÂÈ ÒÚÂÔÂÌË
ÔÓÁËˆË˛ Na2 ‚ Ó·‡ÁˆÂ Ò ‡ÌÚËÛÔÓfl‰Ó˜ÂÌËÂÏ [4]. 

ÇÓ-‚ÚÓ˚ı, ËÁÏÂÌÂÌËÂ ÔÓÎÓÊÂÌËfl ‡ÚÓÏ‡ Na ‚
ÒÚÛÍÚÛÂ Ô‡ÍÚË˜ÂÒÍË ÌÂ ‚ÎËflÂÚ Ì‡ Â Á‡fl‰˚ ‚ÒÂı
‡ÚÓÏÓ‚, ‚ÍÎ˛˜‡fl Na. ùÚÓ ‚˚fl‚ÎflÂÚ ‚Â‰Û˘Û˛ ÓÎ¸
‚ÌÛÚËÍ‡Í‡ÒÌ˚ı ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÈ Si-O Ë Al-O,
ÔË˜ÂÏ ‚ÎËflÌËÂ ËÓÌ‡ Na+ Ì‡ Í‡Í‡Ò {AlSi3O8}–1

ÏÓÊÌÓ Ò‚ÂÒÚË Í ÒËÎ¸ÌÓÏÛ ÍÛÎÓÌÓ‚ÒÍÓÏÛ ‚Á‡ËÏÓ-
‰ÂÈÒÚ‚Ë˛ Ë Ò‡‚ÌËÚÂÎ¸ÌÓ ÌÂ·ÓÎ¸¯ÓÏÛ ‚ÓÁÏÛ˘Â-
ÌË˛ Á‡ Ò˜ÂÚ ÔÂÂÍ˚‚‡ÌËfl ˝ÎÂÍÚÓÌÌ˚ı Ó·ÓÎÓ-
˜ÂÍ. Ñ‡ÎÂÂ, Ì‡È‰ÂÌÌ˚Â ‡ÚÓÏÌ˚Â Á‡fl‰˚ ‰Ó‚ÓÎ¸ÌÓ
‚ÂÎËÍË, ıÓÚfl ÓÌË Ë „Ó‡Á‰Ó ÏÂÌ¸¯Â ÙÓÏ‡Î¸Ì˚ı
ËÓÌÌ˚ı Á‡fl‰Ó‚. ì˜ËÚ˚‚‡fl, ˜ÚÓ ‚ ÏËÌËÏ‡Î¸ÌÓÏ ·‡-
ÁËÒÂ ‚ÒÂ„‰‡ ÔÓËÒıÓ‰ËÚ ÒËÎ¸ÌÓÂ Á‡ÌËÊÂÌËÂ ‡ÚÓÏ-
Ì˚ı Á‡fl‰Ó‚ (Ì‡ÔËÏÂ, ‰Îfl ÍÓÛÌ‰‡ Ë Í‚‡ˆ‡ ·‡-
ÁËÒ STO-3G ‰‡ÂÚ Á‡fl‰˚ ÔËÏÂÌÓ ‚ ÔÓÎÚÓ‡ ‡Á‡
ÏÂÌ¸¯Â ÚÂı, ˜ÚÓ ÔÓÎÛ˜‡˛ÚÒfl ‚ ‡Ò¯ËÂÌÌ˚ı ·‡-
ÁËÒ‡ı ÚËÔ‡ 6-21 G* Ë ·ÓÎÂÂ ÔÓÎÌ˚ı), ÏÓÊÌÓ ÒÛ‰ËÚ¸
Ó ÁÌ‡˜ËÚÂÎ¸ÌÓÈ ËÓÌÌÓÒÚË ıËÏË˜ÂÒÍËı Ò‚flÁÂÈ. ç‡-
¯Ë ÔÂ‰‚‡ËÚÂÎ¸Ì˚Â ‡Ò˜ÂÚ˚ ‚ ·‡ÁËÒÂ STO-3G
‰Îfl ÏÓ‰ËÙËÍ‡ˆËÈ Al2SiO5 (ÍË‡ÌËÚ‡, ‡Ì‰‡ÎÛÁËÚ‡ Ë
ÒËÎÎËÏ‡ÌËÚ‡) ‰‡ÎË ÒÎÂ„Í‡ ÏÂÌ¸¯ËÂ Á‡fl‰˚ Ì‡
‡ÚÓÏ‡ı Al, Si Ë O. èÓÒÍÓÎ¸ÍÛ ‰Îfl Ù‡Á Al2SiO5, Í‡Í
·˚ÎÓ Ì‡ÏË ÔÓÍ‡Á‡ÌÓ ‡ÌÂÂ [9], ËÓÌÌ‡fl ÏÓ‰ÂÎ¸
ÓÔËÒ˚‚‡ÂÚ ÒÚÛÍÚÛÌ˚Â ı‡‡ÍÚÂËÒÚËÍË Ë Ò‚ÓÈ-
ÒÚ‚‡ ıÓÓ¯Ó, ÚÓ Ë ‚ ‡ÒÒÏ‡ÚË‚‡ÂÏÓÏ ÒÎÛ˜‡Â ÔÓ-
ÎÂ‚˚ı ¯Ô‡ÚÓ‚ ÂÂ ÔËÏÂÌÂÌËÂ ÏÓÊÌÓ Ò˜ËÚ‡Ú¸
Ó·ÓÒÌÓ‚‡ÌÌ˚Ï. 

áÄäãûóÖçàÖ

é·Ì‡ÛÊÂÌÌ˚È ‡ÌÂÂ [4] ÒÓ‚Â¯ÂÌÌÓ ÌÂÓ·˚˜-
Ì˚È ÒÎÛ˜‡È ‡ÒÔ‡‰‡ ‚ÛÎÍ‡ÌË˜ÂÒÍÓ„Ó K-Na-ÔÓÎÂ‚Ó-
„Ó ¯Ô‡Ú‡ Ì‡ ˜ËÒÚ˚Â ‡Î¸·ËÚÓ‚Û˛ Ë ÓÚÓÍÎ‡ÁÓ‚Û˛
ÍÓÏÔÓÌÂÌÚÛ Ò ‡ÌÚËÛÔÓfl‰Ó˜ÂÌËÂÏ ‚ ‡Î¸·ËÚÓ‚ÓÈ
Ù‡ÁÂ Ì‡ÒÚÓflÚÂÎ¸ÌÓ ÚÂ·Ó‚‡Î Ò‚ÓÂ„Ó Ó·˙flÒÌÂÌËfl.
ë ˝ÚÓÈ ˆÂÎ¸˛ Ë ·˚Î‡ ÔÂ‰ÔËÌflÚ‡ ÔÓÔ˚ÚÍ‡ ÍÓÏ-
Ô¸˛ÚÂÌÓ„Ó ÏÓ‰ÂÎËÓ‚‡ÌËfl, ÂÁÛÎ¸Ú‡Ú˚ ÍÓÚÓÓ-
„Ó ËÁÎÓÊÂÌ˚ ‚ ˝ÚÓÈ ‡·ÓÚÂ.

éÒÌÓ‚Ì‡fl ˜‡ÒÚ¸ Ì‡¯Ëı ‡Ò˜ÂÚÓ‚ ·˚Î‡ ‚˚ÔÓÎ-
ÌÂÌ‡ ÔË ÔÓÏÓ˘Ë ËÓÌÌÓÈ Ó·ÓÎÓ˜Â˜ÌÓÈ ÏÓ‰ÂÎË,
ÍÓÚÓ‡fl ıÓÓ¯Ó Á‡ÂÍÓÏÂÌ‰Ó‚‡Î‡ ÒÂ·fl ‚ ÏÌÓ„Ó-
˜ËÒÎÂÌÌ˚ı ‡Ò˜ÂÚ‡ı ÒÚÛÍÚÛ˚ Ë Ò‚ÓÈÒÚ‚ ÒËÎË-
Í‡ÚÌ˚ı ÏËÌÂ‡ÎÓ‚. åÂÊ‡ÚÓÏÌ˚Â ÔÓÚÂÌˆË‡Î˚,
ËÒÔÓÎ¸ÁÓ‚‡ÌÌ˚Â ‚ ˝ÚÓÈ ‡·ÓÚÂ, ıÓÓ¯Ó ÔÂÂ‰‡˛Ú
ÓÒÓ·ÂÌÌÓÒÚË ÒÚÛÍÚÛ˚ ˘ÂÎÓ˜Ì˚ı ÔÓÎÂ‚˚ı ¯Ô‡-
ÚÓ‚, ‚ÍÎ˛˜‡fl ‡ÁÎË˜ËÂ ‚ ÒËÏÏÂÚËË ‡ÁÛÔÓfl‰Ó-
˜ÂÌÌ˚ı K- Ë Na-Ù‡Á.

ëÓ„Î‡ÒÌÓ Ì‡¯ËÏ ‡Ò˜ÂÚ‡Ï, ÔË Ó·˚˜Ì˚ı ÛÒÎÓ-
‚Ëflı Ì‡Ë·ÓÎÂÂ ‚˚„Ó‰Ì˚Ï fl‚ÎflÂÚÒfl ÔÂËÏÛ˘ÂÒÚ-
‚ÂÌÌÓÂ Á‡ÒÂÎÂÌËÂ ÔÓÁËˆËË í1Ó ‡ÚÓÏ‡ÏË Al. ëÏÂÌ‡
ÚËÔ‡ ÛÔÓfl‰Ó˜ÂÌËfl Ò ÓÚÚÓÍÓÏ Al ‚ ÔÓÁËˆË˛ T2o
(“‡ÌÚËÛÔÓfl‰Ó˜ÂÌËÂ”) ÔÂ‰ÒÍ‡Á‡Ì˚ ‰Îfl ‡Î¸·ËÚ‡
(NaAlSi3O8) ÔË „Ë‰ÓÒÚ‡ÚË˜ÂÒÍÓÏ ‰‡‚ÎÂÌËË ÔÓ-

fl‰Í‡ ‰ÂÒflÚÍÓ‚ Í·‡. ÅÓÎÂÂ ÚÓ˜Ì˚Â ÓˆÂÌÍË ÔÂ‰-
ÒÚ‡‚Îfl˛Ú ÁÌ‡˜ËÚÂÎ¸Ì˚È ËÌÚÂÂÒ, Ú.Í. ÏÓÊÂÚ ÓÍ‡-
Á‡Ú¸Òfl, ˜ÚÓ ‰‡‚ÎÂÌËÂ, ÔË ÍÓÚÓÓÏ ÔÓËÒıÓ‰ËÚ
ÒÏÂÌ‡ ÚËÔ‡ ÛÔÓfl‰Ó˜ÂÌËfl ‚ Na-ÔÓÎÂ‚˚ı ¯Ô‡Ú‡ı,
ÔËıÓ‰ËÚÒfl Ì‡ „ÎÛ·ËÌÌ˚Â ÁÓÌ˚ ÁÂÏÌÓÈ ÍÓ˚, „‰Â
Na-ÔÓÎÂ‚˚Â ¯Ô‡Ú˚ ‡ÒÔÓÒÚ‡ÌÂÌ˚.

é·˙flÒÌÂÌËÂ Al-Si-‡ÌÚËÛÔÓfl‰Ó˜ÂÌËfl ‚ ‡Î¸·Ë-
ÚÂ, ÍÓÚÓÓÂ Ï˚ ÔÂ‰Î‡„‡ÂÏ, ÓÔË‡ÂÚÒfl Ì‡ ˝ÍÒÔÂË-
ÏÂÌÚ‡Î¸ÌÓ ÓÚÏÂ˜ÂÌÌ˚È Ù‡ÍÚ ÁÌ‡˜ËÚÂÎ¸Ì˚ı ÛÔÛ-
„Ëı ‰ÂÙÓÏ‡ˆËÈ ˝ÎÂÏÂÌÚ‡Ì˚ı fl˜ÂÂÍ Ì‡ ÍÓ„ÂÂÌÚ-

Ì˚ı „‡ÌËˆ‡ı Ò‡ÒÚ‡ÌËÈ ( ) ˜ËÒÚ˚ı K Ë Na-Ù‡Á
‚ ‰‚ÛıÙ‡ÁÌ˚ı ÒÚÛÍÚÛ‡ı ‡ÒÔ‡‰‡. ùÚÓ ÏÓÊÂÚ
·˚Ú¸ ÓÔËÒ‡ÌÓ Í‡Í “‚˚ÌÛÊ‰ÂÌÌÓÂ” ‡‚ÌÓ‚ÂÒËÂ,
Ú.Â. ‡‚ÌÓ‚ÂÒËÂ ‚ ÔËÒÛÚÒÚ‚ËË ‰ÓÔÓÎÌËÚÂÎ¸Ì˚ı
Ù‡ÍÚÓÓ‚ ‡‚ÌÓ‚ÂÒËfl, ‚ Í‡˜ÂÒÚ‚Â ÍÓÚÓ˚ı ‚˚ÒÚÛ-
Ô‡˛Ú ÛÔÛ„ËÂ Ì‡ÔflÊÂÌËfl Ì‡ ÏÂÊÙ‡ÁÓ‚˚ı „‡ÌË-
ˆ‡ı. çÂ‰‡‚ÌÓ ·˚Î‡ ‡Á‡·ÓÚ‡Ì‡ [23] ÍÓÌˆÂÔˆËfl
‚˚ÌÛÊ‰ÂÌÌ˚ı ‡‚ÌÓ‚ÂÒËÈ. ê‡Ò˜ÂÚ˚, ÔÓ‚Â‰ÂÌÌ˚Â
ÔË ̋ ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı Ô‡‡ÏÂÚ‡ı Â¯ÂÚÍË, ‚ÓÒ-
ÔÓËÁ‚Ó‰flÚ ˝ÙÙÂÍÚ ‡ÌÚËÛÔÓfl‰Ó˜ÂÌËfl ‚ ‡Î¸·ËÚÂ.
ÄÌ‡ÎËÁ ÒÚÛÍÚÛ˚ ÔÓÎÂ‚˚ı ¯Ô‡ÚÓ‚ ÔÓÁ‚ÓÎËÎ ‚˚-
fl‚ËÚ¸ ÏÂı‡ÌËÁÏ ÒÚ‡·ËÎËÁ‡ˆËËÌÂÛÔÓfl‰Ó˜ÂÌÌÓ„Ó
‚‡Ë‡ÌÚ‡ ÔË ‡ÌËÁÓÚÓÔÌÓÈ ‰ÂÙÓÏ‡ˆËË Ó·‡Áˆ‡.
ê‡Ò˜ÂÚ˚, ‚˚ÔÓÎÌÂÌÌ˚Â ‚ ËÓÌÌÓÈ ÏÓ‰ÂÎË Ë ‚ ÔË-
·ÎËÊÂÌËË ï‡Ú‡-îÓÍ‡, ÛÍ‡Á˚‚‡˛Ú Ì‡ Ò‚flÁ¸ ÔÓ-
ÁËˆËË ‡ÚÓÏ‡ Na (Ë ÂÂ ‡Ò˘ÂÔÎÂÌËfl) Ò ÚËÔÓÏ Al-Si-
ÛÔÓfl‰Ó˜ÂÌËfl.

èÓÍ‡ ÌÂÚ ÓÚ‚ÂÚ‡ Ì‡ ‚ÓÔÓÒ Ó ÔË˜ËÌ‡ı ÔÓÎÌÓ„Ó
‡Á‰ÂÎÂÌËfl K- Ë Na-ÍÓÏÔÓÌÂÌÚ. ÇÓÔÓÒ ˝ÚÓÚ ‚ÂÒ¸-
Ï‡ ÌÂÔÓÒÚÓÈ, Ë ÔÓÍ‡ ˜ÚÓ ÒÓ‚Â¯ÂÌÌÓ ÌÂflÒÌÓ, Í‡Í
˝ÚÓ fl‚ÎÂÌËÂ ÏÓÊÂÚ ·˚Ú¸ Ó·˙flÒÌÂÌÓ ‚ ‡ÏÍ‡ı ‡‚-
ÌÓ‚ÂÒÌÓÈ ÚÂÏÓ‰ËÌ‡ÏËÍË. ÇÁ˚‚ÌÓÂ ÔÓËÒıÓÊ‰Â-
ÌËÂ Ë ·˚ÒÚ˚È ‚˚ÌÓÒ Ì‡ ÔÓ‚ÂıÌÓÒÚ¸ Ò‚Ë‰ÂÚÂÎ¸-
ÒÚ‚Û˛Ú Ó Â„Ó ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÌÂ‡‚ÌÓ‚ÂÒÌÓÈ ËÒÚÓ-
ËË. ì‰Ë‚ËÚÂÎ¸Ì˚Ï Ù‡ÍÚÓÏ fl‚ÎflÂÚÒfl ÚÓ, ˜ÚÓ ËÁ
ÒÂËË ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı Ó·‡ÁˆÓ‚ Ò ‚ÛÎÍ‡Ì‡ èÂÍÚÛÒ‡Ì
ÎË¯¸ Ó‰ËÌ Ó·‡ÁÂˆ ÓÍ‡Á‡ÎÒfl ÌÂÓ·˚˜Ì˚Ï, ‰ÂÏÓÌÒÚ-
ËÛfl ÔÓÎÌÓÂ Ù‡ÁÓ‚ÓÂ ‡Á‰ÂÎÂÌËÂ Ë ‡ÌÚËÛÔÓfl‰Ó˜Â-
ÌËÂ ‚ ‡Î¸·ËÚÓ‚ÓÈ Ù‡ÁÂ. ùÚÓ Â˘Â Ó‰ÌÓ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Ó
ÌÂ‡‚ÌÓ‚ÂÒÌ˚ı ÛÒÎÓ‚ËÈ ÙÓÏËÓ‚‡ÌËfl ÛÌËÍ‡Î¸ÌÓ-
„Ó ÔÓÎÂ‚Ó¯Ô‡ÚÓ‚Ó„Ó Ó·‡Áˆ‡. èÓÎÌ˚È ‡ÒÔ‡‰ ÒÓ-
Á‰‡ÂÚ Ï‡ÍÒËÏ‡Î¸Ì˚Â Ì‡ÔflÊÂÌËfl Ì‡ „‡ÌËˆ‡ı
Ò‡ÒÚ‡ÌËfl Ù‡Á Ë ÓÔÂ‰ÂÎflÂÚ Ú‡ÍËÏ Ó·‡ÁÓÏ ÚÂÌ-
‰ÂÌˆË˛ Í ‡ÌÚËÛÔÓfl‰Ó˜ÂÌË˛.

Ç ÌÂ‰‡‚ÌÂÈ ÒÚ‡Ú¸Â (Alavi A., Lozovoi A., and Fin-
nis M.W. Pressure-induced isostructural phase transition
in Al-rich NiAl. Phys. Rev. Lett., 1999, 83, 979–982)
·˚Î‡ ÔÂ‰ÒÍ‡Á‡Ì‡ ‚ÓÁÏÓÊÌÓÒÚ¸ ËÁÓÒËÏÏÂÚË˜ÂÒ-
ÍËı Ù‡ÁÓ‚˚ı ÔÂÂıÓ‰Ó‚ ÔÓ‰ ‰‡‚ÎÂÌËÂÏ, Ò‚flÁ‡Ì-
Ì˚ı ÒÓ ÒÏÂÌÓÈ ÚËÔ‡ ÛÔÓfl‰Ó˜ÂÌËfl ‡ÚÓÏÓ‚ ËÎË ‰Â-
ÙÂÍÚÓ‚. ç‡ ÓÒÌÓ‚Â Ì‡¯Ëı ‡Ò˜ÂÚÓ‚ Ï˚ ÓÊË‰‡ÂÏ
ÔÓ‰Ó·ÌÓ„Ó Ù‡ÁÓ‚Ó„Ó ÔÂÂıÓ‰‡ ‚ ‡Î¸·ËÚÂ. ùÚÓÚ ÔÂ-
ÂıÓ‰ ‰ÓÎÊÂÌ ·˚Ú¸ ËÁÓÒËÏÏÂÚË˜ÂÒÍËÏ, Ú.Í. ÌÓ-
Ï‡Î¸ÌÓ- Ë ‡ÌÚËÛÔÓfl‰Ó˜ÂÌÌ˚Â ‡Î¸·ËÚ˚ ı‡‡ÍÚÂ-
ËÁÛ˛ÚÒfl Ó‰ÌÓÈ Ë ÚÓÈ ÊÂ ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓÈ „ÛÔ-
ÔÓÈ ÒËÏÏÂÚËË. ä‡Í Ë ‚ÒflÍËÈ ËÁÓÒËÏÏÂÚË˜ÂÒÍËÈ
Ù‡ÁÓ‚˚È ÔÂÂıÓ‰ (Christy A.G. Isosymmetric struc-
tural phase transitions: phenomenology and examples.
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é„‡ÌÓ‚ Ë ‰.

Acta Crystallographica, 1995, B51, 753–757), ˝ÚÓ ‰ÓÎ-
ÊÂÌ ·˚Ú¸ ÔÂÂıÓ‰ ÔÂ‚Ó„Ó Ó‰‡, ËÒ˜ÂÁ‡˛˘ËÈ ÔË
ÚÂÏÔÂ‡ÚÛ‡ı ‚˚¯Â ÍËÚË˜ÂÒÍÓÈ ÚÓ˜ÍË Ò Ì‡ÒÚÛÔ-
ÎÂÌËÂÏ ÔÓÎÌÓ„Ó Al-Si ‡ÁÛÔÓfl‰Ó˜ÂÌËfl ‚ Ó·ÂËı
Ù‡Á‡ı. 

ÇÓ ‚ÂÏfl ÂˆÂÌÁËÓ‚‡ÌËfl ̋ ÚÓÈ ÒÚ‡Ú¸Ë ‚˚¯Î‡ ‚
Ò‚ÂÚ ‡·ÓÚ‡ (Kenny S.D., McConnell J.D.C., Refson K.
The ab initio study of the stability of low temperature
Al/Si ordered albite, NaAlSi3O8. Amer. Miner.,
2000, 84, 1681–1685), ÔÓÒ‚fl˘ÂÌÌ‡fl Í‚‡ÌÚÓ‚ÓÏÂı‡-
ÌË˜ÂÒÍËÏ ‡Ò˜ÂÚ‡Ï ÒÚÛÍÚÛ˚ Ë ˝ÌÂ„ÂÚËÍË Ù‡Á
‡Î¸·ËÚ‡ Ò ‡ÁÎË˜Ì˚Ï ı‡‡ÍÚÂÓÏ Al-Si ÛÔÓfl‰Ó-
˜ÂÌËfl. ùÚË ‡Ò˜ÂÚ˚, ‚˚ÔÓÎÌÂÌÌ˚Â ‚ ÔË·ÎËÊÂÌËË
ÎÓÍ‡Î¸ÌÓÈ ÔÎÓÚÌÓÒÚË ÚÂÓËË ÙÛÌÍˆËÓÌ‡Î‡ ÔÎÓÚ-
ÌÓÒÚË, ÔÓÍ‡Á‡ÎË, ̃ ÚÓ ‡ÁÌËˆ‡ ÒÚÛÍÚÛÌ˚ı ̋ ÌÂ„ËÈ
ÌÓÏ‡Î¸ÌÓ- Ë ‡ÌÚËÛÔÓfl‰Ó˜ÂÌÌÓ„Ó ‡Î¸·ËÚÓ‚ ËÒ-
ÍÎ˛˜ËÚÂÎ¸ÌÓ Ï‡Î‡, ÓÍÓÎÓ 3 ÍÑÊ/ÏÓÎ¸. ùÚÓÚ ‚˚-
‚Ó‰ Ì‡ıÓ‰ËÚÒfl ‚ ÒÓ„Î‡ÒËË Ò Ì‡¯ËÏË ÂÁÛÎ¸Ú‡Ú‡ÏË.

Ä.ê. é„‡ÌÓ‚ ·Î‡„Ó‰‡ÂÌ îÓÌ‰Û ëÓÓÒ‡ Á‡ ÙË-
Ì‡ÌÒËÓ‚‡ÌËÂ ‡·ÓÚ˚ ÔÓ „‡ÌÚÛ a99-44. Ä‚ÚÓ˚
·Î‡„Ó‰‡flÚ îÂ‰Â‡Î¸ÌÛ˛ ÔÓ„‡ÏÏÛ “àÌÚÂ„‡-
ˆËfl”, ÍÓÚÓ‡fl ÒÚËÏÛÎËÓ‚‡Î‡ ÒÓÚÛ‰ÌË˜ÂÒÚ‚Ó
åÓÒÍÓ‚ÒÍÓ„Ó ÛÌË‚ÂÒËÚÂÚ‡ Ë ‡Í‡‰ÂÏË˜ÂÒÍÓ„Ó
ËÌÒÚËÚÛÚ‡ (àÉÖå êÄç).
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