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îËÁËÍÓ-ıËÏË˜ÂÒÍÓÂ ÏÓ‰ÂÎËÓ‚‡ÌËÂ ÏËÌÂ‡Î¸-
Ì˚ı ‡ÒÒÓˆË‡ˆËÈ Ì‡ ÓÒÌÓ‚Â ÏÂÚÓ‰‡ ÏËÌËÏËÁ‡ˆËË
ÚÂÏÓ‰ËÌ‡ÏË˜ÂÒÍËı ÔÓÚÂÌˆË‡ÎÓ‚ Ò Û˜ÂÚÓÏ Ú‚Â-
‰˚ı ‡ÒÚ‚ÓÓ‚, Í‡Í ÔÓÍ‡Á‡ÌÓ ‚ ‡·ÓÚÂ [1], ‰‡ÂÚ ÔÂÚ-
ÓÎÓ„‡Ï ÌÓ‚˚Â ‚ÓÁÏÓÊÌÓÒÚË, Ò‡‚ÌËÚÂÎ¸ÌÓ Ò ÏÂ-
ÚÓ‰ÓÏ Ù‡ÁÓ‚Ó„Ó ÒÓÓÚ‚ÂÚÒÚ‚Ëfl. à ıÓÚfl ÚÂÏÓ‰ËÌ‡-
ÏË˜ÂÒÍËÂ ·‡Á˚ ÍÓÌÂ˜Ì˚ı ÏËÌ‡ÎÓ‚ Ë ÏÓ‰ÂÎË
ÏËÌÂ‡Î¸Ì˚ı Ú‚Â‰˚ı ‡ÒÚ‚ÓÓ‚ Â˘Â ÌÂ ÒÓ‚ÒÂÏ
ÚÓ˜Ì˚, ‚˚ÒÓÍ‡fl ÒÔÓÒÓ·ÌÓÒÚ¸ ÔÓ‰ıÓ‰‡ Ò ÔÓÁËˆËÈ
ÏËÌËÏËÁ‡ˆËË ‚ Â¯ÂÌËË fl‰‡ ÔÂÚÓÎÓ„Ë˜ÂÒÍËı
ÔÓ·ÎÂÏ Ó˜Â‚Ë‰Ì‡. çËÊÂ ÔÓÍ‡Á‡ÌÓ ÔËÏÂÌÂÌËÂ
˝ÚÓ„Ó ÏÂÚÓ‰‡ ‚ ÚÂÏÓ‰ËÌ‡ÏË˜ÂÒÍÓÏ ‡Ì‡ÎËÁÂ Â‡Í-
ˆËÓÌÌÓÈ ÒÚÛÍÚÛ˚ „‡Ì‡Ú‡, ‰Îfl ÍÓÚÓÓÈ ÌÂ Û‰‡ÂÚ-
Òfl ÔÓÎÛ˜ËÚ¸ ÓˆÂÌÍÛ ‰‡‚ÎÂÌËfl Ë ÙÛ„ËÚË‚ÌÓÒÚË ÍËÒ-
ÎÓÓ‰‡ Ì‡ ÓÒÌÓ‚Â ËÁ‚ÂÒÚÌ˚ı ÚÂÏÓ·‡ÓÏÂÚÓ‚.

ÇÓ ‚ÍÎ˛˜ÂÌËflı ˘ÂÎÓ˜Ì˚ı ·‡Á‡Î¸ÚÓ‚ èËÏÓ-
¸fl ËÁ Ô‡ÎÂÓ‚ÛÎÍ‡Ì‡ äÓÌÙÂÚÍ‡ [2] ·˚ÎË Ó·Ì‡Û-
ÊÂÌ˚ Ù‡„ÏÂÌÚ˚ ÚÂ˘ËÌÓ‚‡Ú˚ı ÍËÒÚ‡ÎÎÓ‚ „‡-
Ì‡ÚÓ‚, ÍÓÚÓ˚Â ÔÓ ÚÂ˘ËÌ‡Ï Ë ÔÂËÙÂËË Á‡ÏÂ-
˘‡˛ÚÒfl ÓÚÓÔËÓÍÒÂÌ-¯ÔËÌÂÎ¸-ÔÎ‡„ËÓÍÎ‡ÁÓ‚˚Ï
ÒËÏÔÎÂÍÚËÚÓÏ (ËÒ. 1). åÂÒÚ‡ÏË ‚ Â‡ÍˆËÓÌÌÓÈ
Í‡ÈÏÂ Ó·Ì‡ÛÊË‚‡ÂÚÒfl flÍÓÓ‡ÌÊÂ‚˚È ÒÚËÎ¸ÔÌÓ-
ÏÂÎ‡Ì. ëÓÒÚ‡‚ ÏËÌÂ‡ÎÓ‚ ‚ ÒËÏÔÎÂÍÚËÚÂ ‰Ó‚ÓÎ¸ÌÓ
ÒÔÂˆËÙË˜ÂÌ (Ú‡·Î. 1). éÚÓÔËÓÍÒÂÌ Ó·Ì‡ÛÊË‚‡-
ÂÚ ÁÌ‡˜ËÚÂÎ¸Ì˚Â ‚‡Ë‡ˆËË „ÎËÌÓÁÂÏËÒÚÓÒÚË, ÔË-
˜ÂÏ ‚ ÍÓÌÚ‡ÍÚÂ Ò „‡Ì‡ÚÓÏ ÓÚÓÔËÓÍÒÂÌ ÏÂÌÂÂ
„ÎËÌÓÁÂÏËÒÚ (2.9–3.4 Ï‡Ò.% Al
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), ˜ÂÏ ‚ ÍÓÌÚ‡ÍÚÂ
ÒÓ ¯ÔËÌÂÎ¸˛ Ë ÔÎ‡„ËÓÍÎ‡ÁÓÏ (9.5–10.3. Ï‡Ò.%
Al
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). èÎ‡„ËÓÍÎ‡Á ÔÓ Ò‚ÓÂÏÛ ÒÓÒÚ‡‚Û Ú‡ÍÊÂ ÌÂÓ‰-
ÌÓÓ‰ÂÌ. Ö„Ó ÒÓÒÚ‡‚ ÏÂÌflÂÚÒfl ÓÚ An
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. Ç ÚÓ
ÊÂ ‚ÂÏfl ÊÂÎÂÁËÒÚÓÒÚ¸ ÓÚÓÔËÓÍÒÂÌ‡ Ë ¯ÔËÌÂ-
ÎË ÔÓ˜ÚË ÔÓÒÚÓflÌÌ‡, ÌÓ ÒÓÒÚ‡‚ ̄ ÔËÌÂÎË ÓÚÎË˜‡ÂÚ-
Òfl ÔÓÌËÊÂÌÌÓÈ ÒÚÂÔÂÌ¸˛ ÓÍËÒÎÂÌÌÓÒÚË (Fe
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Fe =
=

 

 

 

8.1–11.8 ‡Ú. %, Ú‡·Î. 1). çÂÓ‰ÌÓÓ‰ÌÓÒÚ¸ ÒÓÒÚ‡‚‡

ÏËÌÂ‡ÎÓ‚ ÔÓ‰˜ÂÍË‚‡ÂÚ ÌÂ‡‚ÌÓ‚ÂÒÌÓÒÚ¸ ÒËÏ-
ÔÎÂÍÚËÚÓ‚ÓÈ Í‡ÈÏ˚, ÔÓ Í‡ÈÌÂÈ ÏÂÂ ÔÓ ÔÓÚÂÌˆË-
‡ÎÛ Al
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. 
ÇÓÁÌËÍ‡ÂÚ ‚ÓÔÓÒ Ó 

 

PT

 

-ÛÒÎÓ‚Ëflı Á‡ÏÂ˘ÂÌËfl
„‡Ì‡Ú‡ ÓÚÓÔËÓÍÒÂÌ-¯ÔËÌÂÎ¸-ÔÎ‡„ËÓÍÎ‡ÁÓ‚˚Ï
ÒËÏÔÎÂÍÚËÚÓÏ, ̃ ÚÓ ÏÓ„ÎÓ ·˚ ÔÓÎËÚ¸ Ò‚ÂÚ Ì‡ „ÂÌÂ-
ÁËÒ „‡Ì‡ÚÓ‚˚ı ‚ÍÎ˛˜ÂÌËÈ. íÂÏÔÂ‡ÚÛÛ ‡‚ÌÓ‚Â-
ÒËfl ÓÚÓÔËÓÍÒÂÌ-¯ÔËÌÂÎ¸ ÏÓÊÌÓ ÔË·ÎËÊÂÌÌÓ
ÓˆÂÌËÚ¸ ÔÓ Û‡‚ÌÂÌË˛ ãÂÏ‡ÌÌ‡ Ë ÑÊ‡Ì‰ÊÛÎË [3]: 

„‰Â 

 

K

 

D

 

 = ,  – ıÓÏËÒÚÓÒÚ¸ ̄  ÔËÌÂÎË.

ùÚÓ Û‡‚ÌÂÌËÂ ÔË‚Ó‰ËÚÒfl ‰Îfl ÒËÒÚÂÏ, Ó·Ó„‡-
˘ÂÌÌ˚ı ıÓÏÓÏ. ÇÂÓflÚÌÓ ÔÓ˝ÚÓÏÛ ‡ÒÒ˜ËÚ‡ÌÌ‡fl
‰Îfl Ì‡¯Â„Ó ÒÎÛ˜‡fl ÓˆÂÌÍ‡ ÚÂÏÔÂ‡ÚÛ˚ ‡‚ÌÓ‚Â-
ÒËfl ÓÚÓÔËÓÍÒÂÌ‡ Ë ÌËÁÍÓıÓÏËÒÚÓÈ ¯ÔËÌÂÎË ‚
Â‡ÍˆËÓÌÌÓÈ Í‡ÈÏÂ, ‡‚Ì‡fl 1100–1150°ë, ÏÓÊÂÚ
·˚Ú¸ ÌÂÒÍÓÎ¸ÍÓ Á‡‚˚¯ÂÌ‡. ÅÓÎÂÂ ËÎË ÏÂÌÂÂ ÚÓ˜-
ÌÛ˛ ÓˆÂÌÍÛ ‰‡‚ÎÂÌËfl, ÔË ÍÓÚÓÓÏ ÔÓËÒıÓ‰ËÎ
‡ÒÔ‡‰ „‡Ì‡Ú‡, ÔÓÎÛ˜ËÚ¸ ÌÂ‚ÓÁÏÓÊÌÓ ËÁ-Á‡ ÓÚ-
ÒÛÚÒÚ‚Ëfl ‰Îfl ‡ÒÒÓˆË‡ˆËË Opx–Pl–Sp Ì‡‰ÂÊÌ˚ı
„ÂÓ·‡ÓÏÂÚÓ‚ Ë ıËÏË˜ÂÒÍÓÈ ÌÂ‡‚ÌÓ‚ÂÒÌÓÒÚË
ÒÓÒÛ˘ÂÒÚ‚Û˛˘Ëı ÏËÌÂ‡ÎÓ‚ ÔÓ ÔÓÚÂÌˆË‡ÎÛ „ÎË-
ÌÓÁÂÏ‡. 

èÓÔ˚Ú‡ÂÏÒfl ÔÓ‰ÓÈÚË Í ÛÒÎÓ‚ËflÏ Ó·‡ÁÓ‚‡ÌËfl
ÒËÏÔÎÂÍÚËÚÓ‚ÓÈ ÒÚÛÍÚÛ˚ Ì‡ ÓÒÌÓ‚Â ÏÂÚÓ‰‡ ÏË-
ÌËÏËÁ‡ˆËË Ò ÔÓÏÓ˘¸˛ ÔÓ„‡ÏÏÌÓ„Ó ÍÓÏÔÎÂÍÒ‡
“ëÂÎÂÍÚÓ-ë”. éÒÌÓ‚˚ ̋ ÚÓ„Ó ÏÂÚÓ‰‡ ÔË‚Ó‰flÚÒfl ‚
‡·ÓÚ‡ı [4, 5], ÔÓ‰˜ÂÍÌÂÏ ÚÓÎ¸ÍÓ, ˜ÚÓ ÏÓ‰ÂÎËÓ-
‚‡ÌËÂ ÔÓ‚Ó‰ËÎÓÒ¸ Ì‡ÏË Ì‡ ÓÒÌÓ‚Â ‚ÌÛÚÂÌÌÂÒÓ-
„Î‡ÒÓ‚‡ÌÌÓÈ ÚÂÏÓ‰ËÌ‡ÏË˜ÂÒÍÓÈ ·‡Á˚ [6] Ò Û˜Â-
ÚÓÏ ÏÓ‰ÂÎÂÈ Ú‚Â‰˚ı ‡ÒÚ‚ÓÓ‚ ‰Îfl ÏËÌÂ‡ÎÓ‚
„‡Ì‡Ú‡, ÔÎ‡„ËÓÍÎ‡Á‡, ÓÚÓ- Ë ÍÎËÌÓÔËÓÍÒÂÌ‡,
ÍÓ‰ËÂËÚ‡, ‡ÏÙË·ÓÎ‡, ÓÎË‚ËÌ‡, ¯ÔËÌÂÎË, ÒÚ‡‚-
ÓÎËÚ‡ Ë ËÎ¸ÏÂÌËÚ‡. íÂÏÓ‰ËÌ‡ÏË˜ÂÒÍËÂ Ò‚ÓÈ-
ÒÚ‚‡ ÏËÌÂ‡Î¸Ì˚ı Ú‚Â‰˚ı ‡ÒÚ‚ÓÓ‚ Û˜ËÚ˚‚‡-

T K( )  =

=  
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ÎËÒ¸ ÔÂËÏÛ˘ÂÒÚ‚ÂÌÌÓ ÔÓ ÏÓ‰ÂÎflÏ ïÓÎÎ‡Ì‰‡ Ë
è‡Û˝Î‡ [7, 8]. ëËÒÚÂÏ‡ SiO
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O–CO
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, ‡ÒÒ˜Ë-
Ú˚‚‡ÂÏ‡fl “ëÂÎÂÍÚÓÓÏ-ë”, ÒÓÒÚÓflÎ‡ ËÁ 50 ÍÓÏÔÓ-

ÌÂÌÚÓ‚, ÒÎ‡„‡˛˘Ëı „Î‡‚Ì˚Â Ì‡·Î˛‰‡ÂÏ˚Â ËÎË
‚ÓÁÏÓÊÌ˚Â ÏËÌÂ‡Î˚ „‡ÌÛÎËÚÓ‚ÓÈ Ù‡ˆËË:
Í‚‡ˆ, ÔÎ‡„ËÓÍÎ‡Á, ÓÚÓ- Ë ÍÎËÌÓÔËÓÍÒÂÌ, „‡-
Ì‡Ú, ÍÓ‰ËÂËÚ, ‡ÏÙË·ÓÎ, ÓÎË‚ËÌ, Ï‡„ÌÂÚËÚ, „ÂÏ‡-
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êËÒ. 1.

 

 ëÚÓÂÌËÂ Â‡ÍˆËÓÌÌ˚ı ÔÓÊËÎÍÓ‚ ‚ „‡Ì‡ÚÂ. åËÍÓ‡Ì‡ÎËÁ‡ÚÓ JXA -8100. Gr – „‡Ì‡Ú, Opx – ÓÚÓÔËÓÍÒÂÌ,
Sp – ¯ÔËÌÂÎ¸, Pl – ÔÎ‡„ËÓÍÎ‡Á.

 

í‡·ÎËˆ‡ 1. 

 

 ïËÏË˜ÂÒÍËÂ ÒÓÒÚ‡‚˚ (Ï‡Ò. %) Ë ÍËÒÚ‡ÎÎÓıËÏË˜ÂÒÍËÂ ÙÓÏÛÎ˚ „‡Ì‡Ú‡ Ë ÏËÌÂ‡ÎÓ‚ Â‡ÍˆËÓÌÌÓÈ
ÒÚÛÍÚÛ˚

äÓÏÔÓ-
ÌÂÌÚ

 

Gr Sp Pl Opx

 

1 2 3 4 5 6 7 8 9 10 11 12

 

SiO

 

2

 

39.19 39.24 – – – 47.69 50.23 51.38 50.02 47.09 45.78 46.36

 

Al

 

2

 

O

 

3

 

21.60 21.31 58.91 59.73 59.18 33.01 32.33 31.36 2.93 9.75 10.34 10.32

 

Cr

 

2

 

O

 

3

 

– – 0.12 0.35 0.25 – – – – – – –

 

Fe

 

2

 

O

 

3

 

– – 3.90 3.29 3.55 – – – – – – –

 

FeO

 

22.62 22.54 26.13 26.41 26.97 0.94 1.25 0.77 28.29 28.16 27.06 26.84

 

MnO

 

0.92 0.88 0.52 0.45 0.49 – – – 1.14 1.14 1.10 0.97

 

MgO

 

9.65 9.37 9.17 9.39 8.89 – – – 16.35 14.54 15.04 15.04

 

CaO

 

5.96 5.79 – – – 16.22 14.92 12.26 0.87 0.69 0.62 0.76

 

Na

 

2

 

O

 

– – – – – 1.43 1.44 4.07 – – – –

 

K

 

2

 

O

 

– – – – – 0.35 0.60 0.33 – – – –

ëÛÏÏ‡ 99.94 99.13 98.75 99.62 99.33 99.63 100.77 100.77 99.59 101.36 99.93 100.28

 

Si

 

2.996 3.021 – – – 2.209 2.306 2.334 1.936 1.786 1.752 1.767

 

Al

 

1.945 1.993 1.918 1.932 1.926 1.801 1.749 1.678 0.134 0.436 0.466 0.463

 

Fe

 

2+

 

1.443 1.449 0.610 0.606 0.623 0.036 0.048 0.029 0.914 0.892 0.864 0.854

 

Fe

 

3+

 

- - 0.082 0.068 0.074 – – – – – – –

 

Mn

 

0.059 0.057 0.012 0.01 0.011 – – – 0.037 0.036 0.036 0.031

 

Mg

 

1.099 1.075 0.378 0.384 0.366 – – – 0.943 0.822 0.857 0.854

 

Ca

 

0.488 0.478 – – – 0.805 0.733 0.596 0.036 0.028 0.025 0.031

 

Na

 

– – – – – 0.128 0.128 0.358 – – – –

 

K

 

– – – – – 0.021 0.035 0.019 – – – –

 

f

 

, 

 

X

 

An

 

56.77 57.42 61.7 61.2 63 0.84 0.82 0.60 49.23 52.04 50.20 50.00

 

èËÏÂ˜‡ÌËÂ. á‰ÂÒ¸ Ë ‚ Ú‡·Î. 2 Ë 4: é·ÓÁÌ‡˜ÂÌËÂ ÏËÌÂ‡ÎÓ‚: 
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 – ÓÚÓÔËÓÍÒÂÌ,

 

Ol 

 

−

 

 

 

ÓÎË‚ËÌ. 
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/( 
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) ‡Ú. %, 
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An

 

 – ÒÓ‰ÂÊ‡ÌËÂ ‡ÌÓÚËÚ‡ ‚ 

 

Pl
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 ‚ ¯ÔËÌÂÎflı ‡ÒÒ˜ËÚ‡ÌÓ ÔÓ ÒÚÂıËÓÏÂÚËË. èÓ-
˜ÂÍ

 

 

 

−

 

 

 

ÌËÊÂ ÔÂ‰ÂÎ‡ Ó·Ì‡ÛÊÂÌËfl. ÄÌ‡ÎËÁ˚ ÏËÌÂ‡ÎÓ‚ ‚˚ÔÓÎÌÂÌ˚ ‚ ÑÇÉà Ì‡ ÂÌÚ„ÂÌÓ‚ÒÍÓÏ ÏËÍÓ‡Ì‡ÎËÁ‡ÚÓÂ 

 

JXA

 

-8100,
‡Ì‡ÎËÚËÍ Ä.Ä. ä‡‡·ˆÓ‚.
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ÚËÚ, ¯ÔËÌÂÎ¸, Ò‡ÏÓÓ‰ÌÓÂ ÊÂÎÂÁÓ, „‡ÙËÚ, ÍÓ-
ÛÌ‰, ÒËÎÎËÏ‡ÌËÚ, ÍË‡ÌËÚ, ‡Ì‰‡ÎÛÁËÚ. ÑÎfl Ó„‡ÌË-
˜ÂÌËfl Â¯ÂÌËÈ ‚ÍÎ˛˜‡ÎËÒ¸ Ú‡ÍÊÂ ÏËÌÂ‡Î˚
‡ÏÙË·ÓÎËÚÓ‚ÓÈ Ù‡ˆËË – ˝ÔË‰ÓÚ, ˆÓËÁËÚ, ÒÚ‡‚Ó-
ÎËÚ. îÎ˛Ë‰ ÏÓ‰ÂÎËÓ‚‡ÎÒfl ÔÓÒÚÓÈ „‡ÁÓ‚ÓÈ ÒË-
ÒÚÂÏÓÈ, ‚ÍÎ˛˜‡˛˘ÂÈ ¯ÂÒÚ¸ ÍÓÏÔÓÌÂÌÚÓ‚ – H

 

2

 

O,
CO

 

2

 

, CH

 

4

 

, CO, H

 

2

 

, O

 

2

 

. èË ÔÂ‚ÓÏ Â¯ÂÌËË ‚ Á‡‰‡-
˜Û Á‡‚Ó‰ËÎÒfl “ÒÚ‡Ì‰‡ÚÌ˚È” ÙÎ˛Ë‰, ÒÓÒÚÓfl˘ËÈ
ËÁ CO

 

2

 

, C Ë H

 

2

 

O ‚ ÏÓÎ¸Ì˚ı ÍÓÎË˜ÂÒÚ‚‡ı ÒÓÓÚ‚ÂÚ-
ÒÚ‚ÂÌÌÓ 0.001, 0.01, 0.004 Ì‡ 100 ÔÓÓ‰˚. ùÚÓ ÔÓÁ-
‚ÓÎflÎÓ ‚ ÏÓ‰ÂÎË ÔÓÎÛ˜‡Ú¸ Ï‡ÒÒÓ‚ÓÂ ÓÚÌÓ¯ÂÌËÂ
ÙÎ˛Ë‰/ÔÓÓ‰‡ ÔËÏÂÌÓ 1:30, ˜ÚÓ ÓÚ‚Â˜‡ÎÓ ÛÒÎÓ-
‚ËflÏ ·ÛÙÂËÓ‚‡ÌËfl ÙÎ˛Ë‰‡ ÔÓÓ‰ÓÈ. Ç ÔÓÒÎÂ-
‰Û˛˘Ëı Â¯ÂÌËflı ÍÓÎË˜ÂÒÚ‚‡ Û„ÎÂÓ‰‡ Ë ÍËÒÎÓ-
Ó‰‡ ÌÂÒÍÓÎ¸ÍÓ ËÁÏÂÌflÎËÒ¸, ˜ÚÓ·˚ ÔÓÎÛ˜ËÚ¸ Ì‡
‚˚ıÓ‰Â ÏËÌÂ‡Î¸ÌÛ˛ ‡ÒÒÓˆË‡ˆË˛, Ï‡ÍÒËÏ‡Î¸ÌÓ
·ÎËÁÍÛ˛ Í Â‡Î¸ÌÓ Ì‡·Î˛‰‡ÂÏÓÈ.

èÓÒÍÓÎ¸ÍÛ Ï˚ ÔÓÎ‡„‡ÎË, ˜ÚÓ Â‡ÍˆËÓÌÌ˚È Ô‡-
‡„ÂÌÂÁËÒ Opx–Pl–Sp ÔÓfl‚ÎflÂÚÒfl Á‡ Ò˜ÂÚ ‡ÒÔ‡‰‡
„Î‡‚Ì˚Ï Ó·‡ÁÓÏ „‡Ì‡Ú‡, ÚÓ ‚ Í‡˜ÂÒÚ‚Â ËÒıÓ‰ÌÓ-
„Ó ıËÏË˜ÂÒÍÓ„Ó ÒÓÒÚ‡‚‡ ÔÓÓ‰˚ (‚ÂÍÚÓ‡ Ç) Ï˚
·‡ÎË ÒÓÒÚ‡‚ „‡Ì‡Ú‡ (‹ 1, Ú‡·Î. 1), ‰ÓÔÓÎÌË‚ Â„Ó
ÌÂ·ÓÎ¸¯ËÏ ÍÓÎË˜ÂÒÚ‚ÓÏ ÓÍËÒË Ì‡ÚËfl (0.59 Ï‡Ò. %),
Ú‡Í Í‡Í ‚ Â‡ÍˆËÓÌÌÓÈ Í‡ÈÏÂ Ì‡·Î˛‰‡ÎÒfl ÔÎ‡„ËÓ-
ÍÎ‡Á. éÍËÒ¸ Ì‡ÚËfl ‚ ÌÂ·ÓÎ¸¯Ëı ÍÓÎË˜ÂÒÚ‚‡ı ÏÓ-
ÊÂÚ ‚ıÓ‰ËÚ¸ ‚ ÒÓÒÚ‡‚ ‚˚ÒÓÍÓ·‡Ì˚ı „‡Ì‡ÚÓ‚, Ë,
ÍÓÏÂ ÚÓ„Ó, ÔÂ‚Ë˜Ì˚È (‰ÓÂ‡ÍˆËÓÌÌ˚È) Ô‡‡„Â-
ÌÂÁËÒ ÏÓ„ ÒÓ‰ÂÊ‡Ú¸ ÌÂ·ÓÎ¸¯ÓÂ ÍÓÎË˜ÂÒÚ‚Ó ÍÎË-
ÌÓÔËÓÍÒÂÌ‡, Ó·Ó„‡˘ÂÌÌÓ„Ó Ê‡‰ÂËÚÓÏ, Ë ÔÎ‡„ËÓ-
ÍÎ‡Á‡.

á‡‰‡˜‡ Â¯‡Î‡Ò¸ Ì‡ ÓÒÌÓ‚Â ‰‚Ûı ÔÓ‰ıÓ‰Ó‚ (ÒÔÓ-
ÒÓ·Ó‚). Ç ÔÂ‚ÓÏ ÔÓ‰ıÓ‰Â ÚÂÏÔÂ‡ÚÛ‡ Ó·‡ÁÓ‚‡ÌËfl
Â‡ÍˆËÓÌÌÓÈ Í‡ÈÏ˚ ÔÂ‰ÔÓÎ‡„‡Î‡Ò¸ ËÁ‚ÂÒÚÌÓÈ,
‡‚ÌÓÈ 1000°ë, Ú.Â. ‰ÓÒÚ‡ÚÓ˜ÌÓ ·ÎËÁÍÓÈ Í Í‡ÎË·Ó‚-
ÍÂ ÔÓ ÓÚÓÔËÓÍÒÂÌ-¯ÔËÌÂÎÂ‚ÓÏÛ „ÂÓÚÂÏÓÏÂÚÛ
[3]. èË Á‡‰‡ÌÌÓÈ ÚÂÏÔÂ‡ÚÛÂ ÔÓËÁ‚Ó‰ËÎÒfl ÔÓËÒÍ
‰‡‚ÎÂÌËfl, ÌÂÓ·ıÓ‰ËÏÓ„Ó ‰Îfl Ó·‡ÁÓ‚‡ÌËfl Ô‡‡„Â-

ÌÂÁËÒ‡ Opx–Pl–Sp Á‡ Ò˜ÂÚ ‚ÂÍÚÓ‡ Ç. ÇÓ ‚ÚÓÓÏ
ÔÓ‰ıÓ‰Â ÓÔÂ‰ÂÎflÎÒfl ‰‚Ûı˝ÎÂÏÂÌÚÌ˚È ‚ÂÍÚÓ
ÚÂÏÔÂ‡ÚÛ˚ Ë ‰‡‚ÎÂÌËfl 

 

θ

 

T

 

 = (

 

T

 

, 

 

P

 

) ‚ ÓÔÂ‰ÂÎÂÌÌÓÏ,
Á‡‡ÌÂÂ Á‡‰‡ÌÌÓÏ ÔÓÎÂ 

 

T

 

, 

 

P

 

. èË ˝ÚÓÏ Â¯‡Î‡Ò¸ Ó·-
‡ÚÌ‡fl Á‡‰‡˜‡ ‚˚ÔÛÍÎÓ„Ó ÔÓ„‡ÏÏËÓ‚‡ÌËfl, Ú.Â.
Ì‡ıÓ‰ËÎÓÒ¸ ÓÔÚËÏ‡Î¸ÌÓÂ ÁÌ‡˜ÂÌËÂ ‚ÂÍÚÓ‡ 

 

θ

 

, ÍÓÚÓ-
˚È ÏËÌËÏËÁËÓ‚‡Î ÓÒÓ·Û˛ ÍËÚÂË‡Î¸ÌÛ˛ ÙÛÌÍ-
ˆË˛ – ÒÛÏÏÛ Í‚‡‰‡ÚÓ‚ ÓÚÍÎÓÌÂÌËÈ ËÁ‚ÂÒÚÌ˚ı
(Á‡‰‡ÌÌ˚ı) Ë ‡ÒÒ˜ËÚ˚‚‡ÂÏ˚ı ÔË ‡ÁÎË˜Ì˚ı
ÁÌ‡˜ÂÌËflı ÚÂÏÔÂ‡ÚÛ˚ Ë ‰‡‚ÎÂÌËfl ÏÓÎ¸Ì˚ı ÍÓ-
ÎË˜ÂÒÚ‚ Ù‡Á ÒËÒÚÂÏ˚. ÑÛ„ËÏË ÒÎÓ‚‡ÏË, ÒÚ‡‚Ë-
Î‡Ò¸ Á‡‰‡˜‡ Ì‡ÈÚË Ó‰ÌÓ‚ÂÏÂÌÌÓ Ú‡ÍËÂ ‚ÂÎË˜ËÌ˚
ÚÂÏÔÂ‡ÚÛ˚ Ë ‰‡‚ÎÂÌËfl, ÔË ÍÓÚÓ˚ı ·˚ÎÓ ·˚
‚ÓÁÏÓÊÌ˚Ï Ó·‡ÁÓ‚‡ÌËÂ Á‡ Ò˜ÂÚ ‚ÂÍÚÓ‡ Ç Ô‡‡-
„ÂÌÂÁËÒ‡ Opx–Pl–Sp ÔÓ ÏÓÎ¸Ì˚Ï ÍÓÎË˜ÂÒÚ‚‡Ï
Ù‡Á, Ï‡ÍÒËÏ‡Î¸ÌÓ ·ÎËÁÍËÏ Í Ì‡·Î˛‰‡ÂÏÓÈ ‡ÒÒÓ-
ˆË‡ˆËË. èÓÎÂ 

 

T

 

, 

 

P

 

 Á‡‰‡‚‡ÎÓÒ¸ ‰ÓÒÚ‡ÚÓ˜ÌÓ ¯ËÓ-
ÍËÏ: ËÌÚÂ‚‡Î ÔÓ ÚÂÏÔÂ‡ÚÛÂ ÒÓÒÚ‡‚ÎflÎ 800–
1100°ë, ‡ ÔÓ ‰‡‚ÎÂÌË˛ – 3–8 Í·‡.

ëÓÒÚ‡‚˚ ÏËÌÂ‡ÎÓ‚ Ë ÙÎ˛Ë‰‡, ÔÓÎÛ˜ÂÌÌ˚Â ÔÓ
ÔÂ‚ÓÏÛ ÒÔÓÒÓ·Û ÏÓ‰ÂÎËÓ‚‡ÌËfl, ÔË‚Ó‰flÚÒfl ‚
Ú‡·Î. 2, 3. àÁ ÌËı ‚Ë‰ÌÓ, ˜ÚÓ ‡ÒÒÓˆË‡ˆËfl Opx–Pl–
Sp Ó·‡ÁÛÂÚÒfl Á‡ Ò˜ÂÚ „‡Ì‡Ú‡ ÔË ‚ÂÎË˜ËÌÂ ‰‡‚-
ÎÂÌËfl 4 Í·‡, ÔË˜ÂÏ ÔË ‚ÂÎË˜ËÌÂ ÎÓ„‡ËÙÏ‡
ÙÛ„ËÚË‚ÌÓÒÚË ÍËÒÎÓÓ‰‡ ‡‚ÌÓÈ –9.14, Ó·‡ÁÛÂÚ-
Òfl ÚÓÎ¸ÍÓ ̋ Ú‡ ÚÓÈÌ‡fl ‡ÒÒÓˆË‡ˆËfl (ÏÓ‰ÂÎ¸ 1, Ú‡·Î. 2)
, ‡ ÔË ·ÓÎÂÂ ‚˚ÒÓÍÓÈ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌÌÓÒÚË ÙÎ˛Ë‰‡

 

í‡·ÎËˆ‡ 2. 

 

 ïËÏË˜ÂÒÍËÂ ÒÓÒÚ‡‚˚ (Ï‡Ò. %), Ó·˙ÂÏÌ˚Â ÒÓÓÚÌÓ¯ÂÌËfl ÏËÌÂ‡ÎÓ‚ Ë ‚ÂÎË˜ËÌ‡ 

 

lg

 

 ‚ ÏÓ‰ÂÎflı 1, 2
ÔË 

 

P

 

 = 4 Í·‡ Ë 

 

T

 

 = 1000°

 

C

 

äÓÏÔÓÌÂÌÚ
åÓ‰ÂÎ¸ 1 åÓ‰ÂÎ¸ 2

 

Sp Opx Pl Sp Opx Ol Pl

SiO

 

2

 

– 49.93 46.83 – 49.85 33.59 46.83

 

Al2O3 53.89 4.36 34.19 58.80 3.98 – 34.19

Fe2O3 10.73 – – 4.18 – – –

FeO 25.93 27.81 – 29.05 29.17 48.61 –

MgO 9.45 17.89 – 7.97 17.00 17.80 –

CaO – – 17.28 – – 17.28

Na2O – – 1.68 – – 1.68

ëÛÏÏ‡ 100 99.99 99.98 100 100 100 99.98

f, XAn 61 47 0.85 67 49 60.5 0.85

é·˙ÂÏÌ. % 15 43 42 12.7 36.4 8.7 42.1

lg –9.14 –10.27

f O2

f O2

í‡·ÎËˆ‡ 3.  ïËÏË˜ÂÒÍËÈ ÒÓÒÚ‡‚ Ë ÎÓ„‡ËÙÏ ÙÛ„ËÚË‚-
ÌÓÒÚË ÍËÒÎÓÓ‰‡ ÏÓ‰ÂÎ¸ÌÓ„Ó ÙÎ˛Ë‰‡ ÔË P = 4 Í·‡
Ë T = 1000°C ‚ ÏÓ‰ÂÎflı 1 Ë 2

åÓ‰ÂÎ¸ CO2 CO H2 H2O lg

1 30.5 0.06 0.01 69.43 –9.14

2 32.38 0.23 0.03 67.36 –10.27

f O2
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Ä‚˜ÂÌÍÓ Ë ‰.

(  = –10.3) Í ‡ÒÒÓˆË‡ˆËË Opx–Pl–Sp ‰Ó·‡‚Îfl-
ÂÚÒfl ÌÂ·ÓÎ¸¯ÓÂ ÍÓÎË˜ÂÒÚ‚Ó ÓÎË‚ËÌ‡ (ÏÓ‰ÂÎ¸ 2,
Ú‡·Î. 2). ä‡Í ‚Ë‰ÌÓ ËÁ Ò‡‚ÌÂÌËfl Ú‡·Î. 1 Ë 2, ÊÂÎÂ-
ÁËÒÚÓÒÚ¸ ¯ÔËÌÂÎË, ÓÚÓÔËÓÍÒÂÌ‡, ÓÒÌÓ‚ÌÓÒÚ¸
ÔÎ‡„ËÓÍÎ‡Á‡ ‚ ÏÓ‰ÂÎflı 1 Ë 2 Ô‡ÍÚË˜ÂÒÍË ÒÓ‚Ô‡‰‡-
˛Ú Ò Â‡Î¸ÌÓ Ì‡·Î˛‰‡ÂÏ˚ÏË ÒÓÒÚ‡‚‡ÏË ˝ÚËı ÏË-
ÌÂ‡ÎÓ‚. é‰Ì‡ÍÓ ‚ ÏÓ‰ÂÎË 1 ¯ÔËÌÂÎ¸ ÔÓÎÛ˜‡ÂÚÒfl
ÁÌ‡˜ËÚÂÎ¸ÌÓ ·ÓÎÂÂ ÓÍËÒÎÂÌÌÓÈ, ̃ ÂÏ ‚ Â‡Î¸ÌÓÒÚË.
Ç ÏÓ‰ÂÎË 2 ̄ ÔËÌÂÎ¸ ÔÓ ÒÚÂÔÂÌË ÓÍËÒÎÂÌÌÓÒÚË ·ÎËÁ-
Í‡ Í Â‡Î¸ÌÓÈ (Ú‡·Î. 2, 3), Ë, ÂÒÎË ÔÂÌÂ·Â˜¸ ÌÂ-
·ÓÎ¸¯ËÏ ÍÓÎË˜ÂÒÚ‚ÓÏ ÓÎË‚ËÌ‡, ÚÓ Ï˚ ËÏÂÂÏ ÔÓÎ-
ÌÛ˛ ‡Ì‡ÎÓ„Ë˛ ‚˚˜ËÒÎÂÌÌÓ„Ó Ô‡‡„ÂÌÂÁËÒ‡ Ò Â‡Î¸-
ÌÓ Ì‡·Î˛‰‡ÂÏ˚Ï. ù‚ÓÎ˛ˆË˛ ÒÏÂÌ˚ „‡Ì‡ÚÓ‚Ó„Ó
Ô‡‡„ÂÌÂÁËÒ‡ ÓÚÓÔËÓÍÒÂÌ-¯ÔËÌÂÎ¸-ÔÎ‡„ËÓÍÎ‡-
ÁÓ‚ÓÈ ‡ÒÒÓˆË‡ˆËÂÈ Ò ÔÓÌËÊÂÌËÂÏ ‰‡‚ÎÂÌËfl ‚‰ÓÎ¸
ËÁÓÚÂÏ˚ 1000°ë ÏÓÊÌÓ ÔÓÒÎÂ‰ËÚ¸ ‚ Ú‡·Î. 4. 

èË ÏÓ‰ÂÎËÓ‚‡ÌËË ÔÓ ‚ÚÓÓÏÛ ÒÔÓÒÓ·Û Ô‡‡-
„ÂÌÂÁËÒ Opx–Pl–Sp Ò ÌÂ·ÓÎ¸¯ËÏ ÍÓÎË˜ÂÒÚ‚ÓÏ
ÓÎË‚ËÌ‡ ‚ÓÁÌËÍ‡Î ÔË ‰‡‚ÎÂÌËflı ÓÚ 4 ‰Ó 4.5 Í·‡
Ë ËÁÏÂÌÂÌËË ÚÂÏÔÂ‡ÚÛ˚ ÓÚ 800 ‰Ó 950°ë. PT Ç‡Ë-
‡ˆËË ·˚ÎË Ò‚flÁ‡Ì˚ Ò ‡ÁÌÓÈ ÒÚÂÔÂÌ¸˛ Á‡‰‡‚‡ÂÏÓÈ
ÓÍËÒÎÂÌÌÓÒÚË ÒËÒÚÂÏ˚. ç‡ËÎÛ˜¯ÂÂ ÔË·ÎËÊÂÌËÂ Í
Â‡Î¸Ì˚Ï ÒÓÒÚ‡‚‡Ï ‰ÓÒÚË„‡ÎÓÒ¸ ÔË T = 845°C Ë P =
= 4.5 Í·‡ ÔË ‚ÂÎË˜ËÌÂ  = –12.4. èÓfl‚ÎÂÌËÂ
ÌÂ·ÓÎ¸¯Ó„Ó ÍÓÎË˜ÂÒÚ‚‡ ÓÎË‚ËÌ‡ ‚ ‡ÒÒ˜ËÚ‡ÌÌ˚ı
ÏÓ‰ÂÎflı ÏÓÊÌÓ Ó·˙flÒÌflÚ¸ Ò ‡ÁÌ˚ı ÚÓ˜ÂÍ ÁÂÌËfl.
çÂÎ¸Áfl, Í ÔËÏÂÛ, ËÒÍÎ˛˜ËÚ¸ ÚÓ„Ó, ˜ÚÓ ÌÂ·ÓÎ¸-
¯ÓÂ ÍÓÎË˜ÂÒÚ‚Ó ÒÚËÎ¸ÔÌÓÏÂÎ‡Ì‡ ‚ Í‡ÈÏÂ Ó·‡ÁÓ-
‚‡ÎÓÒ¸ Ì‡ Ò‡ÏÓÏ ‰ÂÎÂ Á‡ Ò˜ÂÚ Á‡ÏÂ˘ÂÌËfl ÓÎË‚ËÌ‡.
ÑÛ„ÓÂ Ó·˙flÒÌÂÌËÂ ÒÓÒÚÓËÚ ‚ ÚÓÏ, ̃ ÚÓ ‚ÔÓÎÌÂ ‚ÓÁ-

f O2
lg

f O2
lg

ÏÓÊÌ˚ ÌÂÍÓÚÓ˚Â ÌÂÚÓ˜ÌÓÒÚË ‚ ÚÂÏÓ‰ËÌ‡ÏË˜Â-
ÒÍÓÈ ÏÓ‰ÂÎË ¯ÔËÌÂÎÂ‚Ó„Ó Ú‚Â‰Ó„Ó ‡ÒÚ‚Ó‡ ËÎË
‚ ËÒıÓ‰ÌÓÏ ÒÓÒÚ‡‚Â ‚ÂÍÚÓ‡ Ç. äÓÏÂ ÚÓ„Ó, Ë Ò‡Ï‡
ÒÚÛÍÚÛ‡ ÌÂÒÂÚ ÓÚ˜ÂÚÎË‚˚Â ÔËÁÌ‡ÍË ÌÂ‡‚ÌÓ-
‚ÂÒÌÓÒÚË, Ú‡Í ˜ÚÓ ÔÓÎÌÓ„Ó ÒÓ‚Ô‡‰ÂÌËfl ‚˚˜ËÒÎÂÌ-
ÌÓÈ ‡ÒÒÓˆË‡ˆËË Ò Â‡Î¸ÌÓ Ì‡·Î˛‰‡ÂÏÓÈ Ë ÌÂ
‰ÓÎÊÌÓ ·˚ÎÓ ·˚Ú¸. çÓ, ÔÓ-‚Ë‰ËÏÓÏÛ, ÔÓ‚Â‰ÂÌ-
ÌÓÂ ÏÓ‰ÂÎËÓ‚‡ÌËÂ ÌÂ ÓÒÚ‡‚ÎflÂÚ ÒÓÏÌÂÌËfl ‚ ÚÓÏ,
˜ÚÓ ‰ÂÈÒÚ‚ËÚÂÎ¸ÌÓ ÚÓÈÌ‡fl ‡ÒÒÓˆË‡ˆËfl Opx–Pl–Sp
Ó·‡ÁÛÂÚÒfl Á‡ Ò˜ÂÚ „‡Ì‡Ú‡, ÔË˜ÂÏ ÔÓ ÒÓÒÚ‡‚Û,
·ÎËÁÍÓ„Ó Í ÔË‚Â‰ÂÌÌÓÏÛ ‚ Ú‡·Î. 1 (‡Ì. 1) Ë ÔË ÓÚ-
ÌÓÒËÚÂÎ¸ÌÓ ÌËÁÍËı ‰‡‚ÎÂÌËflı <6 Í·‡. çÓ Ú‡ÍËÂ
„‡Ì‡Ú˚ – Ò ÔÓ‚˚¯ÂÌÌÓÈ Ï‡„ÌÂÁË‡Î¸ÌÓÒÚ¸˛ Ë ÓÒ-
ÌÓ‚ÌÓÒÚ¸˛, fl‚Îfl˛ÚÒfl ÓÚÌÓÒËÚÂÎ¸ÌÓ ‚˚ÒÓÍÓ·‡-
Ì˚ÏË, ‡ ÔË ‚ÂÎË˜ËÌÂ ‰‡‚ÎÂÌËfl ·ÓÎÂÂ 10–12 Í·‡
ÓÌË ÏÓ„ÛÚ ‚ıÓ‰ËÚ¸ ‚ ˝ÍÎÓ„ËÚÓ‚˚È Ô‡‡„ÂÌÂÁËÒ
(Ú‡·Î. 4). èÓ˝ÚÓÏÛ ÒÎÂ‰ÛÂÚ ÔÓÎ‡„‡Ú¸, ̃ ÚÓ ̋ ÚË „‡Ì‡-
ÚÓ‚˚Â ÍÒÂÌÓÎËÚ˚ ÔÓÔ‡ÎË ‚ Ï‡„ÏÛ ÔË ÔÓ‚˚¯ÂÌ-
Ì˚ı ‰‡‚ÎÂÌËflı, ‡ Á‡ÚÂÏ ÔÂÚÂÔÂÎË ÓÚÌÓÒËÚÂÎ¸ÌÓ
·˚ÒÚÛ˛ Ú‡ÌÒÔÓÚËÓ‚ÍÛ ‰Ó ÔÓÏÂÊÛÚÓ˜ÌÓ„Ó
Ó˜‡„‡, Ó·‡ÁÓ‚‡‚¯Â„ÓÒfl Ì‡ ÛÓ‚ÌÂ 4–5 Í·‡. èÓÒÎÂ
Í‡ÚÍÓ‚ÂÏÂÌÌÓ„Ó ÔÂ·˚‚‡ÌËfl Ï‡„Ï˚ Ì‡ ˝ÚÓÏ
ÛÓ‚ÌÂ ÔÓËÁÓ¯ÎÓ ÂÂ ÔÓÒÎÂ‰Û˛˘ÂÂ ËÁÎËflÌËÂ Ì‡
‰ÌÂ‚ÌÛ˛ ÔÓ‚ÂıÌÓÒÚ¸.

ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ÙËÌ‡ÌÒÓ‚ÓÈ ÔÓ‰‰ÂÊÍÂ
êîîà Ë ÑÇé êÄç („‡ÌÚ˚ 06-III-Ä–08–483, 06–
05–96057–_‚ÓÒÚÓÍ_‡)
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í‡·ÎËˆ‡ 4.  äÓÎË˜ÂÒÚ‚ÂÌÌ˚Â ÒÓÓÚÌÓ¯ÂÌËfl ÏËÌÂ‡Î¸-
Ì˚ı Ù‡Á (Ó·. %) Ë ‚ÂÎË˜ËÌ‡ lg  ÔË ËÁÏÂÌÂÌËË ‰‡‚ÎÂ-
ÌËfl ÓÚ 4 ‰Ó 14 Í·‡ ÔË ÚÂÏÔÂ‡ÚÛÂ 1000°C ‚ ÏÓ‰ÂÎË 2

P, 
Í·‡ Sp Opx Pl Gr Cpx Ol lg

4 12.7 36.4 42.1 – – 8.7 –10.2

6 10.5 29.4 39.4 11.2 – 9.5 –10.1

8 3.3 – 16 73.2 – 7.5 –10.2

10 5 – 2 81 12 – –10.3

12 3.9 – 0.1 85.2 10.8 – –9.6

14 3.9 – – 85.6 10.5 – –9.7

f O2

f O2


