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ïÓÓ¯Ó ËÁ‚ÂÒÚÌÓ, ˜ÚÓ ËÁÓÚÓÔÌ˚È ÒÓÒÚ‡‚ ÍËÒ-
ÎÓÓ‰‡ „ÂÌÂÚË˜ÂÒÍË Ò‚flÁ‡ÌÌ˚ı ÏËÌÂ‡ÎÓ‚ Ó·‡-
ÁÛÂÚ ÍÓÏÔ‡ÍÚÌÓÂ Ó·˘ÂÂ ÔÓÎÂ ÁÌ‡˜ÂÌËÈ, Ó·Î‡ÒÚ¸
ÍÓÚÓÓ„Ó Á‡‚ËÒËÚ ÚÓÎ¸ÍÓ ÓÚ ÍÓÎÂ·‡ÌËfl ÙËÁËÍÓ-
ıËÏË˜ÂÒÍËı Ô‡‡ÏÂÚÓ‚ ÏËÌÂ‡ÎÓÓ·‡ÁÛ˛˘ÂÈ
ÒÂ‰˚. àÁÓÚÓÔÌ˚È ÒÓÒÚ‡‚ ÍËÒÎÓÓ‰‡ Ô‡ÍÚË˜ÂÒÍË
ÌÂ ÏÂÌflÂÚÒfl ÔÓÒÎÂ Ó·‡ÁÓ‚‡ÌËfl ÏËÌÂ‡Î‡, ÂÒÎË
ÚÓÎ¸ÍÓ ÔÓÒÎÂ‰ÌËÈ ÌÂ ·˚Î ÔÓÎÌÓÒÚ¸˛ Ú‡ÌÒÙÓ-
ÏËÓ‚‡Ì ‚ ÂÁÛÎ¸Ú‡ÚÂ ‡ÒÔÎ‡‚ÎÂÌËfl, ıËÏË˜ÂÒÍÓ„Ó
Á‡ÏÂ˘ÂÌËfl ËÎË ‰Û„Ëı ÔÓ‰Ó·Ì˚ı Â‡ÍˆËÈ, ËÁÏÂ-
Ìfl˛˘Ëı ÔÂ‚Ë˜ÌÛ˛ ÒÚÛÍÚÛÛ. èÓ˝ÚÓÏÛ ËÁÓÚÓÔ-
Ì˚È ÒÓÒÚ‡‚ ÍËÒÎÓÓ‰‡ ‰‡‚ÌÓ ÒÎÛÊËÚ ËÌ‰ËÍ‡ÚÓÓÏ
ÒÔÂˆËÙËÍË ÛÒÎÓ‚ËÈ Ó·‡ÁÓ‚‡ÌËfl Í‡Í ÏËÌÂ‡ÎÓ‚,
Ú‡Í Ë „ÓÌ˚ı ÔÓÓ‰ ‚ ˆÂÎÓÏ.

Ä‚ÚÓ‡ÏË ËÒÒÎÂ‰Ó‚‡Ì˚ Ó·‡Áˆ˚ ÍÓÛÌ‰ÓÌÓÒ-
Ì˚ı „‡Ì‡Ú-‡ÏÙË·ÓÎ-ÙÎÓ„ÓÔËÚÓ‚˚ı ÔÎ‡„ËÓ„ÌÂÈ-
ÒÓ‚ ÔÓÚÂÓÁÓÈÒÍÓ„Ó ‚ÓÁ‡ÒÚ‡ ËÁ ˜ÛÔËÌÒÍÓÈ ÚÓÎ-
˘Ë ·ÂÎÓÏÓÒÍÓ„Ó ÍÓÏÔÎÂÍÒ‡ ÏÂÒÚÓÓÊ‰ÂÌËfl ïË-
ÚÓÒÚÓ‚‡ (ËÒ. 1).

àÁÓÚÓÔÌ˚È ‡Ì‡ÎËÁ ÍËÒÎÓÓ‰‡ ÔÓ‚Ó‰ËÎÒfl ‚
ÑÇÉà ÑÇé êÄç. äËÒÎÓÓ‰ ·˚Î ‚˚‰ÂÎÂÌ ÔË Ì‡-
„Â‚‡ÌËË Ó·‡Áˆ‡ Ò ÔÓÏÓ˘¸˛ ËÌÙ‡Í‡ÒÌÓ„Ó Î‡-
ÁÂ‡ (10.6 ÏÍÏ) ‚ ÔËÒÛÚÒÚ‚ËË BrF

 

5

 

 (~210 íÓ).
èÓÒÎÂ ÙÚÓËÓ‚‡ÌËfl ‚˚‰ÂÎÂÌÌ˚È ÍËÒÎÓÓ‰ ·˚Î
Ó˜Ë˘ÂÌ Ì‡ ‰‚Ûı ÍËÓ„ÂÌÌ˚ı ÎÓ‚Û¯Í‡ı Ò ÊË‰ÍËÏ
‡ÁÓÚÓÏ Ë Ì‡ ÔÓ„ÎÓÚËÚÂÎÂ Ò KBr, Á‡ÚÂÏ ÔÓ‡Ì‡ÎËÁË-
Ó‚‡Ì Ì‡ Ï‡ÒÒ-ÒÔÂÍÚÓÏÂÚÂ Ò ‰‚ÓÈÌÓÈ ÒËÒÚÂÏÓÈ
Ì‡ÔÛÒÍ‡ MAT-252. åÂÚÓ‰ËÍ‡ ÔÓÚÂÒÚËÓ‚‡Ì‡ Ì‡
ÏÂÊ‰ÛÌ‡Ó‰ÌÓÏ (NBS-28) Ë ‚ÌÛÚÂÌÌÂÏ ÒÚ‡Ì‰‡-
Ú‡ı. íÓ˜ÌÓÒÚ¸ ËÁÏÂÂÌËfl ‰Îfl 

 

δ

 

18

 

O ÌÂ ÏÂÌÂÂ

 

±

 

0.2

 

‰

 

. 

Ç ÔÂ‰ÂÎ‡ı ̃ ÛÔËÌÒÍÓÈ ÚÓÎ˘Ë ·ÂÎÓÏÓÒÍÓ„Ó ÍÓÏ-
ÔÎÂÍÒ‡ ËÁ‚ÂÒÚÂÌ fl‰ ÔÓfl‚ÎÂÌËÈ ÍÓÛÌ‰‡ [1–3].
ó‡ÒÚ¸ ËÁ ÌËı (ïËÚÓÒÚÓ‚, Ç‡‡ˆÍÓÂ, Ç˚ÒÓÚ‡ 128 Ë
‰.) ÔËÛÓ˜ÂÌ˚ Í ÍË‡ÌËÚ-„‡Ì‡Ú-·ËÓÚËÚÓ‚˚Ï
ÔÎ‡„ËÓ„ÌÂÈÒ‡Ï, ‰Û„ËÂ – Í ‡ÏÙË·ÓÎËÚ‡Ï Ë ‡ÏÙË-
·ÓÎÓ‚˚Ï ÒÎ‡Ìˆ‡Ï (Ñfl‰ËÌ‡ ÉÓ‡, äÛÎÂÊÏ‡ Ë ‰.).

èÓÎ‡„‡˛Ú [1, 4], ˜ÚÓ ‚ÒÂ ÍÓÛÌ‰Ó‚˚Â ÔÓfl‚ÎÂÌËfl
ÒÚÛÍÚÛÌÓ Ò‚flÁ‡Ì˚ Ò Ì‡‰‚Ë„‡ÏË, ‡ Ëı ÒÓÒÚ‡‚ Á‡‚Ë-
ÒËÚ ÓÚ ÏÂÒÚ‡ ÍÓÛÌ‰ÓÌÓÒÌ˚ı ÔÓfl‚ÎÂÌËÈ ‚ Ì‡‰‚Ë-
„Ó‚˚ı ÔÓÍÓ‚‡ı.

ëÛ˘ÂÒÚ‚Û˛Ú ‰‚Â ÚÓ˜ÍË ÁÂÌËfl Ì‡ „ÂÌÂÁËÒ ÍÓ-
ÛÌ‰ÓÌÓÒÌ˚ı ÔÓÓ‰ ëÂ‚ÂÌÓÈ ä‡ÂÎËË. ëÓ„Î‡ÒÌÓ
ÔÂ‚ÓÈ, ÍÓÛÌ‰Ó‚‡fl ÏËÌÂ‡ÎËÁ‡ˆËfl Ò˜ËÚ‡ÂÚÒfl
ÔÓ‰ÛÍÚÓÏ Â„ËÓÌ‡Î¸ÌÓ„Ó ÏÂÚ‡ÏÓÙËÁÏ‡ [3, 5].
ëÓ„Î‡ÒÌÓ ‚ÚÓÓÈ, ‰ÓÏËÌËÛ˛˘ÂÈ ‚ Ì‡ÒÚÓfl˘ÂÂ
‚ÂÏfl, ÍÓÛÌ‰ÒÓ‰ÂÊ‡˘ËÂ ÔÓÓ‰˚ Ó·‡ÁÓ‚‡ÎËÒ¸
‚ ÂÁÛÎ¸Ú‡ÚÂ ÏÂÚ‡ÒÓÏ‡ÚÓÁ‡ ÔÓ‰ ‚ÎËflÌËÂÏ ËÌÙËÎ¸-
Ú‡ˆËË ÙÎ˛Ë‰‡. é‰Ì‡ÍÓ ˝ÚÓÚ ÔÓˆÂÒÒ ÏÓ„ ÔÓÚÂ-
Í‡Ú¸ Í‡Í ‚Ó ‚ÂÏfl ÓÒÌÓ‚ÌÓ„Ó ̋ Ú‡Ô‡ Â„ËÓÌ‡Î¸ÌÓ„Ó
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êËÒ. 1.

 

 ëıÂÏ‡ ‡ÒÔÓÎÓÊÂÌËfl ÏÂÒÚÓÓÊ‰ÂÌËfl ïËÚÓÓÒÚ-
Ó‚.
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Ç˚ÒÓˆÍËÈ 

 

Ë ‰

 

.

 

ÏÂÚ‡ÏÓÙËÁÏ‡ [1], Ú‡Í Ë ÔÓÒÎÂ, ÓÚ‰ÂÎ¸Ì˚Ï, Ì‡ÎÓ-
ÊÂÌÌ˚Ï ˝Ú‡ÔÓÏ [2].

àÁÛ˜ÂÌÌ˚Â „‡Ì‡Ú-‡ÏÙË·ÓÎ-ÙÎÓ„ÓÔËÚÓ‚˚Â
ÔÎ‡„ËÓ„ÌÂÈÒ˚ ÒÓ‰ÂÊ‡ÎË ıÓÓ¯Ó Ó„‡ÌÂÌÌ˚Â

ÍËÒÚ‡ÎÎ˚ Ï‡ÎËÌÓ‚Ó-ÓÁÓ‚Ó„Ó ÍÓÛÌ‰‡ (‰Ó 1.5 ÒÏ
‚ ‰ÎËÌÛ, ËÒ. 2). ëÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ ÌÂÒÏÓÚfl
Ì‡ ‰Ó‚ÓÎ¸ÌÓ ËÌÚÂÌÒË‚ÌÛ˛ ÓÍ‡ÒÍÛ ÍÓÛÌ‰‡, ÒÓ-
‰ÂÊ‡ÌËfl ıÓÏ‡ ‚ ÌÂÏ ÌËÊÂ ˜Û‚ÒÚ‚ËÚÂÎ¸ÌÓÒÚË
‡Ì‡ÎËÁ‡ (0.02 Ï‡Ò. %). àÁ ˝ÎÂÏÂÌÚÓ‚-ÔËÏÂÒÂÈ
Û‰‡ÎÓÒ¸ Ó·Ì‡ÛÊËÚ¸ ÎË¯¸ ÌÂÁÌ‡˜ËÚÂÎ¸Ì˚Â ÒÓ‰Â-
Ê‡ÌËfl ÊÂÎÂÁ‡ Ë ÒÎÂ‰˚ ÚËÚ‡Ì‡ (Ú‡·Î. 1). éÒÌÓ‚Ì‡fl
Ï‡ÒÒ‡ ÔÓÓ‰˚ ÒÎÓÊÂÌ‡ ÍËÒÚ‡ÎÎ‡ÏË ÍËÒÎÓ„Ó
(Än

 

24–25

 

) ÔÎ‡„ËÓÍÎ‡Á‡, Ó„Ó‚ÓÈ Ó·Ï‡ÌÍË (

 

f

 

 = 39–
41) Ë ÙÎÓ„ÓÔËÚ‡ (

 

f

 

 = 27–28) (ÒÏ.

 

 

 

Ú‡·Î. 1). éÍÛ„-
Î˚Â ÍËÒÚ‡ÎÎ˚ ‡Î¸Ï‡Ì‰ËÌ‡ (

 

f

 

 

 

= 62–65) ÌÂ‡‚ÌÓ-
ÏÂÌÓ ‡ÒÒÂflÌ˚ ‚ ÔÓÓ‰Â, ËÌÓ„‰‡ ÍÓÌˆÂÌÚËÛ˛Ú-
Òfl ‚ÓÁÎÂ ÍÓÛÌ‰‡ Ë ÒÓ‰ÂÊ‡Ú ‚ÍÎ˛˜ÂÌËfl ÍËÒÎÓ„Ó
(Än

 

28–32

 

) ÔÎ‡„ËÓÍÎ‡Á‡, ‡Ô‡ÚËÚ‡ Ë ÙÎÓ„ÓÔËÚ‡
(ËÒ. 3‡). Ç Í‡˜ÂÒÚ‚Â ‡ÍˆÂÒÒÓÌ˚ı ÏËÌÂ‡ÎÓ‚ Ó·-
Ì‡ÛÊÂÌ˚ ËÎ¸ÏÂÌËÚ, ‡Ô‡ÚËÚ, ÓÚËÚ Ë ̂ ËÍÓÌ. ÇÚÓ-
Ë˜Ì˚Â ËÁÏÂÌÂÌËfl ÔÂ‰ÒÚ‡‚ÎÂÌ˚ „Ë‰ÓÒÎ˛‰‡ÏË Ë
ıÎÓËÚÓÏ, Á‡ÏÂ˘‡˛˘ËÏË ‡ÏÙË·ÓÎ (ËÒ. 3·). 

éˆÂÌÍ‡ 

 

êí

 

-ÛÒÎÓ‚ËÈ ÍËÒÚ‡ÎÎËÁ‡ˆËË ËÁÛ˜ÂÌ-
Ì˚ı ÔÓÓ‰ ÏÓÊÂÚ ·˚Ú¸ ‚˚ÔÓÎÌÂÌ‡ Ò ·ÓÎ¸¯ËÏË
ÔË·ÎËÊÂÌËflÏË. íÂÏÔÂ‡ÚÛ‡ Ó·‡ÁÓ‚‡ÌËfl ÔÓ
„‡Ì‡Ú-‡ÏÙË·ÓÎÓ‚˚Ï „ÂÓÚÂÏÓÏÂÚ‡Ï [6] ÍÓÎÂ·-
ÎÂÚÒfl ‚ ËÌÚÂ‚‡ÎÂ 670–740°ë, ˜ÚÓ ÌÂÒÍÓÎ¸ÍÓ ‚˚-
¯Â ËÌÚÂ‚‡Î‡ ÚÂÏÔÂ‡ÚÛ (650–700°ë), ÓÔÂ‰Â-
ÎÂÌÌÓ„Ó ç.ë. ëÂÂ·flÍÓ‚˚Ï Ë ÇÒ.Ä. ÄËÒÚÓ‚˚Ï
[2] ‰Îfl ‡Ì‡ÎÓ„Ë˜Ì˚ı ÔÓÓ‰. èÂ‰‚‡ËÚÂÎ¸Ì˚Â
‡Ò˜ÂÚ˚ ÛÒÎÓ‚ËÈ Ó·‡ÁÓ‚‡ÌËfl ÍÓÛÌ‰ÓÌÓÒÌ˚ı ÔÓ-
Ó‰ Ì‡ ÓÒÌÓ‚Â ÏÂÚÓ‰‡ ÏËÌËÏËÁ‡ˆËË ÚÂÏÓ‰ËÌ‡ÏË-
˜ÂÒÍÓ„Ó ÔÓÚÂÌˆË‡Î‡ Ò ÔÓÏÓ˘¸˛ ÔÓ„‡ÏÏÌÓ„Ó
ÍÓÏÔÎÂÍÒ‡ “ëÂÎÂÍÚÓ-ë” [7] ÔÓÍ‡Á‡ÎË, ̃ ÚÓ ÚÂÏÔÂ-
‡ÚÛ‡ ‰ÓÎÊÌ‡ ·˚Ú¸ ÌÂ ÏÂÌÂÂ 720°ë, ‡ ‰‡‚ÎÂÌËÂ
ÌÂ ÌËÊÂ 10 Í·‡. íÓÎ¸ÍÓ ÔË Ú‡ÍËı ÛÒÎÓ‚Ëflı Ì‡-
·Ó Ë ÒÓÒÚ‡‚˚ ‡Ò˜ÂÚÌ˚ı ÏËÌÂ‡ÎÓ‚ ÒÓÓÚ‚ÂÚÒÚ‚Û-
˛Ú ÔËÓ‰Ì˚Ï.

êÂÁÛÎ¸Ú‡Ú˚ ËÁÏÂÂÌËÈ ËÁÓÚÓÔÌ˚ı ÓÚÌÓ¯ÂÌËÈ
ÍËÒÎÓÓ‰‡ ÔË‚Â‰ÂÌ˚ ‚ Ú‡·Î. 2. ÇÒÂ ÔÓ‡Ì‡ÎËÁË-
Ó‚‡ÌÌ˚Â ÏËÌÂ‡Î˚ ËÏÂ˛Ú ‡ÌÓÏ‡Î¸ÌÓ ÌËÁÍËÂ
(

 

−

 

15.5…–26

 

‰

 

) ÁÌ‡˜ÂÌËfl 

 

δ

 

18

 

O, ˜ÚÓ Ì‡ 10–15

 

‰

 

 ÌË-
ÊÂ ÁÌ‡˜ÂÌËÈ, ÔË‚Ó‰ËÏ˚ı ‡ÌÂÂ ‰Îfl ÍÓÛÌ‰Ó‚ ËÁ

 

Phl

Amf

PI

Gr

Cor

 

êËÒ. 2

 

 äÓÛÌ‰ÓÌÓÒÌ˚È „‡Ì‡Ú-‡ÏÙË·ÓÎ-ÙÎÓ„ÓÔËÚÓ-
‚˚È ÔÎ‡„ËÓ„ÌÂÈÒ. ê‡ÁÏÂ Ó·‡Áˆ‡ 25

 

 × 

 

15 ÏÏ. ê‡ÁÏÂ
ÍÓÛÌ‰‡ 15

 

 × 

 

6 ÏÏ. Cor – ÍÓÛÌ‰, Gr – „‡Ì‡Ú, Pl – ÔÎ‡-
„ËÓÍÎ‡Á, Amf – ‡ÏÙË·ÓÎ, Phl – ÙÎÓ„ÓÔËÚ. êÂÔÓ‰. 4/5.

 

Gr

Pl

Pl
Ap

Cor

Gr

Pl

Cor

Phl

Amf
Pl

Amf

Hmc

Amf

Ort

100 ÏÍÏ 10 ÏÍÏ(‡) (·)

 

êËÒ. 3.

 

 ÇÁ‡ËÏÓÓÚÌÓ¯ÂÌËfl ÓÒÌÓ‚Ì˚ı ÏËÌÂ‡ÎÓ‚ ÍÓÛÌ‰ÓÌÓÒÌÓ„Ó ÔÎ‡„ËÓ„ÌÂÈÒ‡. îÓÚÓ ‚ ÓÚ‡ÊÂÌÌ˚ı ˝ÎÂÍÚÓÌ‡ı, ÏËÍ-
Ó‡Ì‡ÎËÁ‡ÚÓ JXA-8100. éÚÒÛÚÒÚ‚ËÂ Â‡ÍˆËÓÌÌ˚ı ‚Á‡ËÏÓÓÚÌÓ¯ÂÌËÈ ÏÂÊ‰Û ÒÓÒÛ˘ÂÒÚ‚Û˛˘ËÏË ÏËÌÂ‡Î‡ÏË ÛÍ‡Á˚‚‡-
ÂÚ Ì‡ ÚÓ, ˜ÚÓ ‚ ÏÓÏÂÌÚ Ó·‡ÁÓ‚‡ÌËfl ÓÌË Ì‡ıÓ‰ËÎËÒ¸ ‚ ‡‚ÌÓ‚ÂÒÌÓÏ ÒÓÒÚÓflÌËË. ÉË‰ÓÒÎ˛‰˚ (Hmc), ˜‡ÒÚË˜ÌÓ Á‡ÏÂ˘‡˛-
˘ËÂ Ó„Ó‚Û˛ Ó·Ï‡ÌÍÛ (Amf), ÙËÍÒËÛ˛Ú ·ÓÎÂÂ ÔÓÁ‰ÌËÈ ˝Ú‡Ô ÌËÁÍÓÚÂÏÔÂ‡ÚÛÌÓ„Ó ÏÂÚ‡ÏÓÙËÁÏ‡. 
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˝ÚÓ„Ó ÏÂÒÚÓÓÊ‰ÂÌËfl [10]. ê‡ÁÌËˆ‡ ËÁÓÚÓÔÌÓ„Ó
ÒÓÒÚ‡‚‡ ÏÂÊ‰Û ÏËÌÂ‡Î‡ÏË ‡ÒÒÓˆË‡ˆËË ‚‡¸ËÛÂÚ
ÓÚ 3 ‰Ó 10

 

‰

 

, ˜ÚÓ ÛÍ‡Á˚‚‡ÂÚ Ì‡ ÓÚÒÛÚÒÚ‚ËÂ ËÁÓÚÓÔ-
ÌÓ„Ó ‡‚ÌÓ‚ÂÒËfl. Ç ÚÓ ÊÂ ‚ÂÏfl ÏËÌÂ‡Î˚ ÚÂÏÓ-
‰ËÌ‡ÏË˜ÂÒÍË ‡‚ÌÓ‚ÂÒÌ˚, Ó ˜ÂÏ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ
ÓÚÒÛÚÒÚ‚ËÂ Â‡ÍˆËÓÌÌ˚ı ‚Á‡ËÏÓÓÚÌÓ¯ÂÌËÈ ÏÂÊ-
‰Û ÌËÏË (ÒÏ. ËÒ. 3).

èÓ‰Ó·Ì˚Â, ËÎË ‰‡ÊÂ ·ÓÎÂÂ ÌËÁÍËÂ, ÁÌ‡˜ÂÌËfl

 

δ

 

18

 

O ËÁ‚ÂÒÚÌ˚ ÚÓÎ¸ÍÓ ‰Îfl Î¸‰‡ Ë Ú‡Î˚ı ÎÂ‰ÌËÍÓ-
‚˚ı ‚Ó‰ ÉÂÌÎ‡Ì‰ËË Ë ÄÌÚ‡ÍÚË‰˚. ëÎÂ‰ÛÂÚ ÓÚ-
ÏÂÚËÚ¸, ˜ÚÓ ÔÓÌËÊÂÌÌ˚Â, ÌÓ ÌÂ ÓÚËˆ‡ÚÂÎ¸Ì˚Â,
ÁÌ‡˜ÂÌËfl 

 

δ

 

18

 

O ‰Îfl ÍÓÛÌ‰ÓÌÓÒÌ˚ı ÔÓÓ‰ Ë ÏËÌÂ-
‡ÎÓ‚ ÅÂÎÓÏÓ¸fl ÓÚÏÂ˜‡ÎËÒ¸ Ë ‡ÌÂÂ [8, 9] Ë Ò‚fl-
Á˚‚‡ÎÓÒ¸ ˝ÚÓ Ò ‚ÎËflÌËÂÏ ‚Ó‰ ÏÂÚÂÓÌÓ„Ó ÔÓËÒ-
ıÓÊ‰ÂÌËfl. í‡ÍËÏ Ó·‡ÁÓÏ, ÌÂ ‚˚Á˚‚‡ÂÚ ÒÓÏÌÂ-
ÌËfl, ˜ÚÓ ÍÓÛÌ‰ÓÌÓÒÌ˚Â ÔÓÓ‰˚ ïËÚÓÒÚÓ‚‡
Ó·Î‡‰‡˛Ú ‡ÌÓÏ‡Î¸ÌÓ ÎÂ„ÍËÏ ËÁÓÚÓÔÌ˚Ï ÒÓÒÚ‡-
‚ÓÏ ÍËÒÎÓÓ‰‡, ˜ÚÓ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó ‚ÂÒ¸Ï‡ ÒÔÂ-
ˆËÙË˜Ì˚ı ÛÒÎÓ‚Ëflı Ëı Ó·‡ÁÓ‚‡ÌËfl.

ÄÌ‡ÎËÁ ËÏÂ˛˘ËıÒfl Ï‡ÚÂË‡ÎÓ‚ ÛÍ‡Á˚‚‡ÂÚ, ˜ÚÓ
Â‰ËÌÒÚ‚ÂÌÌÓ Â‡Î¸Ì˚ÏË ÔÓˆÂÒÒ‡ÏË, ‚ ÂÁÛÎ¸Ú‡ÚÂ
ÍÓÚÓ˚ı ÏÓ„ÎË ÒÙÓÏËÓ‚‡Ú¸Òfl ÔÓ‰Ó·Ì˚Â ËÁÓÚÓÔ-
Ì˚Â ÓÚÌÓ¯ÂÌËfl ÍËÒÎÓÓ‰‡ ‚ ÏËÌÂ‡Î‡ı, fl‚Îfl˛ÚÒfl
Ó·ÏÂÌÌ˚Â ÔÓˆÂÒÒ˚ ÏÂÊ‰Û Ú‡ÌÒÙÓÏËÛÂÏÓÈ ÔÓ-
Ó‰ÓÈ Ë ‚Ó‰Ì˚Ï ÙÎ˛Ë‰ÓÏ. Ä Â‰ËÌÒÚ‚ÂÌÌ˚ÏË ‚Ó‰‡-
ÏË, Ó·Î‡‰‡˛˘ËÏË ÔÓÚÂÌˆË‡ÎÓÏ ‰Îfl ÙÓÏËÓ‚‡-
ÌËfl ÔÓ‰Ó·ÌÓ„Ó ÙÎ˛Ë‰‡, fl‚Îfl˛ÚÒfl Ú‡Î˚Â ÎÂ‰ÌËÍÓ-
‚˚Â ‚Ó‰˚. å˚ ÔÓÎ‡„‡ÂÏ, ˜ÚÓ ‚ÓÁÏÓÊÌ˚ ‰‚‡
ÒˆÂÌ‡Ëfl Ó·‡ÁÓ‚‡ÌËfl ÔÓ‰Ó·ÌÓÈ ‡ÌÓÏ‡ÎËË.

1. ÖÒÎË ÍÓÛÌ‰ÒÓ‰ÂÊ‡˘ËÂ ÔÓÓ‰˚ fl‚Îfl˛ÚÒfl
ÂÁÛÎ¸Ú‡ÚÓÏ Â„ËÓÌ‡Î¸ÌÓ„Ó ÏÂÚ‡ÏÓÙËÁÏ‡, ÚÓ
˝ÍÒÚÂÏ‡Î¸ÌÓ ÌËÁÍËÂ ÁÌ‡˜ÂÌËfl 

 

δ

 

18

 

O ‚ ÏËÌÂ‡Î‡ı

ÏÓ„ÛÚ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Ó‚‡Ú¸ Ó ÒÓı‡ÌÂÌËË ‚ ÌËı ËÁÓ-
ÚÓÔÌ˚ı ÓÚÌÓ¯ÂÌËÈ ÍËÒÎÓÓ‰‡ ÔÓÚÓÎËÚ‡ Ë Ó ‰Ó-
ÏÂÚ‡ÏÓÙË˜ÂÒÍÓÏ Ó·ÏÂÌÂ Ò ÏÂÚÂÓÌ˚ÏË, Ú‡Î˚ÏË
ÎÂ‰ÌËÍÓ‚˚ÏË ‚Ó‰‡ÏË. ë Û˜ÂÚÓÏ ‰‡ÌÌ˚ı ÔÓ ËÁÓÚÓ-
ÔËË ÍËÒÎÓÓ‰‡ ‚Ó Î¸‰‡ı ÄÌÚ‡ÍÚË‰˚ Ë ÉÂÌÎ‡Ì-
‰ËË, „‰Â Á‡ÙËÍÒËÓ‚‡Ì˚ Â˘Â ·ÓÎÂÂ ÌËÁÍËÂ ÒÓÓÚ-
ÌÓ¯ÂÌËfl, Ú‡ÍÓÈ ÔÓˆÂÒÒ ‚ÔÓÎÌÂ ‚ÓÁÏÓÊÂÌ. ç‡-
ÔËÏÂ, Í‡Í ÔÓÍ‡Á‡Î è. ÄÓÌ [11], ˜ÂÚ‚ÂÚË˜Ì˚Â
Í‡·ÓÌ‡ÚÌ˚Â ÓÒ‡‰ÍË ÄÌÚ‡ÍÚË‰˚, ÓÚÎ‡„‡˛˘ËÂÒfl
ËÁ Ú‡Î˚ı ÎÂ‰ÌËÍÓ‚˚ı ‚Ó‰, ËÏÂ˛Ú ÁÌ‡˜ÂÌËfl 

 

δ

 

18

 

O ‚
ËÌÚÂ‚‡ÎÂ –14.1…–17.3

 

‰

 

 ÓÚÌÓÒËÚÂÎ¸ÌÓ SMOW.
ê‡Ò˜ÂÚÌÓÂ ËÁÓÚÓÔÌÓÂ ÒÓÓÚÌÓ¯ÂÌËÂ ÍËÒÎÓÓ‰‡
(

 

δ

 

18

 

O) ‚ Ú‡ÎÓÈ ÎÂ‰ÌËÍÓ‚ÓÈ ‚Ó‰Â ‚ ˝ÚÓÏ ÒÎÛ˜‡Â ÍÓ-
ÎÂ·ÎÂÚÒfl ‚ ËÌÚÂ‚‡ÎÂ –47.2…–50.3

 

‰

 

. 

 

í‡·ÎËˆ‡ 1.  

 

ïËÏË˜ÂÒÍËÈ ÒÓÒÚ‡‚ ÏËÌÂ‡ÎÓ‚ ÍÓÛÌ‰ÓÌÓÒÌÓ„Ó „‡Ì‡Ú-‡ÏÙË·ÓÎ-ÙÎÓ„ÓÔËÚÓ‚Ó„Ó ÔÎ‡„ËÓ„ÌÂÈÒ‡

äÓÏÔÓ-
ÌÂÌÚ äÓÛÌ‰

É‡Ì‡Ú èÎ‡„ËÓÍÎ‡Á
îÎÓ„ÓÔËÚ êÓ„Ó‚‡fl Ó·Ï‡ÌÍ‡

ˆÂÌÚ Í‡È Í‡È ˆÂÌÚ Í‡È

SiO

 

2

 

– – 39.11 39.20 62.62 62.19 62.03 36.74 36.80 41.05 41.17 41.09 40.73

TiO

 

2

 

0.02 0.02 – – – – – 1.69 1.90 1.21 1.37 1.03 1.00

Al

 

2

 

O

 

3

 

98.98 99.37 21.97 21.98 23.87 23.77 23.83 17.87 18.52 17.83 18.08 17.92 18.21

FeO 0.15 0.34 26.61 27.95 – – – 12.26 10.90 12.88 13.29 13.35 12.30

MgO 0.08 0.06 8.99 8.44 – – – 18.12 15.63 10.47 10.88 10.70 10.66

CaO – – 3.57 3.40 5.07 4.95 5.25 – – 9.87 9.06 9.28 9.20

Na

 

2

 

O – – – – 8.74 8.72 8.65 0.87 1.61 2.70 2.86 2.91 2.80

K

 

2

 

O – – – – – – – 4.66 7.37 0.19 0.18 0.21 0.28

F – – – – – – – – – 0.71 – – 0.82

Cl – – – – – – – – – 0.05 0.01 0.07 0.03

Cr

 

2

 

O

 

3

 

– – – – – – – – – 0.32 0.26 – –

V – – – – – – – – – – – 0.33 0.36

ëÛÏÏ‡ 99.23 99.8 100.25 100.97 100.30 99.63 99.76 92.21 92.73 97.28 97.16 96.89 96.39

 

f

 

, (An) 62.39 64.99 (24) (24) (25) 27.49 28.10 40.81 40.64 41.15 39.27

 

èËÏÂ˜‡ÌËÂ. ÄÌ‡ÎËÁ˚ ÏËÌÂ‡ÎÓ‚ ‚˚ÔÓÎÌÂÌ˚ ‚ ÑÇÉà ÑÇé êÄç Ì‡ ÂÌÚ„ÂÌÓ‚ÒÍÓÏ ÏËÍÓ‡Ì‡ÎËÁ‡ÚÓÂ JXA-8100. èÓ˜ÂÍ –
ÌËÊÂ ÔÂ‰ÂÎ‡ Ó·Ì‡ÛÊÂÌËfl, 

 

f

 

 = Fe

 

Ó·˘

 

/(Fe

 

Ó·˘

 

 + Mg

 

Ó·˘

 

), ‡Ú. %.

 

í‡·ÎËˆ‡ 2.  

 

àÁÓÚÓÔÌ˚È ÒÓÒÚ‡‚ ÍËÒÎÓÓ‰‡ ÏËÌÂ‡ÎÓ‚
ÍÓÛÌ‰ÓÌÓÒÌ˚ı ÔÓÓ‰ ä‡ÂÎËË, ÏÂÒÚÓÓÊ‰ÂÌËÂ ïË-
ÚÓÒÚÓ‚

‹ Ó·. åËÌÂ‡Î

 

δ

 

18

 

O (SMOW), 

 

‰

 

äè-1 

É‡Ì‡Ú

–26.0

–26.4

–25.7

èÎ‡„ËÓÍÎ‡Á –19.9

îÎÓ„ÓÔËÚ –15.5

äè-2 

É‡Ì‡Ú –25.7

äÓÛÌ‰ –22.5

èÎ‡„ËÓÍÎ‡Á –21.4
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Ç˚ÒÓˆÍËÈ 

 

Ë ‰

 

.

 

ÇÔÓÎÌÂ ‚ÂÓflÚÌÓ, ˜ÚÓ ˜‡ÒÚ¸ „ÎËÌÓÁÂÏËÒÚ˚ı
„ÌÂÈÒÓ‚, ‚ÓÁ‡ÒÚ Ó·‡ÁÓ‚‡ÌËfl ÍÓÚÓ˚ı ÓÔÂ‰ÂÎfl-
ÂÚÒfl ‚ 2.8–2.65 ÏÎ‰. ÎÂÚ [12], ÏÓ„Î‡ ·˚Ú¸ Ó·‡ÁÓ-
‚‡Ì‡ ËÁ ÓÒ‡‰Ó˜Ì˚ı ÔÓÓ‰, ÒÙÓÏËÓ‚‡‚¯ËıÒfl ‚
Ó‰ÌÛ ËÁ ‡ÌÌËı ˝ÔÓı ÓÎÂ‰ÂÌÂÌËfl. èË˜ÂÏ ˝Ú‡ ˝ÔÓ-
ı‡ ÓÎÂ‰ÂÌÂÌËfl ÔÂ‰¯ÂÒÚ‚Ó‚‡Î‡ „ÛÓÌÒÍÓÏÛ ÓÎÂ-
‰ÂÌÂÌË˛, ÔËÍ ÍÓÚÓÓ„Ó ÔËıÓ‰ËÚÒfl Ì‡ 2.3 ÏÎ‰.
ÎÂÚ Ë ÔÓ‰ÓÎÊ‡ÎÒfl ÌÂÒÍÓÎ¸ÍËı ÒÓÚÂÌ ÏÎÌ. ÎÂÚ
[13]. ëÍÓÂÂ ‚ÒÂ„Ó, ˝ÚÓ ·˚ÎË ‰ÓÒÚ‡ÚÓ˜ÌÓ ÎÓÍ‡Î¸-
Ì˚Â Ó·‡ÁÓ‚‡ÌËfl, ÔÓÒÍÓÎ¸ÍÛ ‡ÌÓÏ‡Î¸ÌÓ ÎÂ„ÍËÈ
ËÁÓÚÓÔÌ˚È ÒÓÒÚ‡‚ ÍËÒÎÓÓ‰‡ Ó·Ì‡ÛÊÂÌ ÔÓÍ‡
ÚÓÎ¸ÍÓ Ì‡ Ó‰ÌÓÏ ÏÂÒÚÓÓÊ‰ÂÌËË.

2. ëÓ„Î‡ÒÌÓ ÏÂÚ‡ÒÓÏ‡ÚË˜ÂÒÍÓÈ ÍÓÌˆÂÔˆËË Ó·-
‡ÁÓ‚‡ÌËfl ÍÓÛÌ‰ÓÌÓÒÌ˚ı ÔÓÓ‰, ‡ÌÓÏ‡ÎËfl fl‚Îfl-
ÂÚÒfl ÂÁÛÎ¸Ú‡ÚÓÏ ËÁÓÚÓÔÌÓ„Ó Ó·ÏÂÌ‡ ‚ ÔÓˆÂÒÒÂ
ËÌÙËÎ¸Ú‡ˆËË ÙÎ˛Ë‰‡, ÍÓÚÓ˚È Ó·Î‡‰‡Î ‡ÌÓ-
Ï‡Î¸ÌÓ ÎÂ„ÍËÏ ËÁÓÚÓÔÌ˚Ï ÒÓÒÚ‡‚ÓÏ ÍËÒÎÓÓ‰‡.
à

 

 

 

‚ ˝ÚÓÏ ÒÎÛ˜‡Â Ï˚ ‰ÓÎÊÌ˚ ‰ÓÔÛÒÍ‡Ú¸ ÔËÒÛÚ-
ÒÚ‚ËÂ ‚Ó ÙÎ˛Ë‰Â ÁÌ‡˜ËÚÂÎ¸ÌÓ„Ó ÍÓÎË˜ÂÒÚ‚‡ Ú‡-
ÎÓÈ ÎÂ‰ÌËÍÓ‚ÓÈ ‚Ó‰˚. ùÚÓ ‚ÔÓÎÌÂ ‚ÂÓflÚÌÓ, Û˜Ë-
Ú˚‚‡fl ÚÓÚ Ù‡ÍÚ, ˜ÚÓ ÍÓÛÌ‰ÓÌÓÒÌ˚Â ÔÓÓ‰˚
ÒÚÛÍÚÛÌÓ Ò‚flÁ‡Ì˚ Ò ÔÓÎÓ„ËÏË ÚÂÍÚÓÌË˜ÂÒÍËÏË
ÁÓÌ‡ÏË (Ì‡‰‚Ë„‡ÏË), ÍÓÚÓ˚Â ÔÓÌËˆ‡ÂÏ˚ ‰Îfl
„ÛÌÚÓ‚˚ı ‚Ó‰ Ë ÒÎÛÊ‡Ú ÍÓÎÎÂÍÚÓ‡ÏË ‰Îfl ÔÓ-
‰‚ËÊÂÌËfl ÏËÌÂ‡ÎËÁÓ‚‡ÌÌ˚ı ‚Ó‰ ‚ ÁÂÏÌÓÈ ÍÓÂ
Ì‡ ÁÌ‡˜ËÚÂÎ¸Ì˚ı „ÎÛ·ËÌ‡ı. äÓÎ¸ÒÍÓÈ Ò‚Âı„ÎÛ·Ó-
ÍÓÈ ÒÍ‚‡ÊËÌÓÈ Ú‡ÍËÂ Ó·‚Ó‰ÌÂÌÌ˚Â „ÓËÁÓÌÚ˚
·˚ÎË ÔÓ‰ÒÂ˜ÂÌ˚ Ì‡ „ÎÛ·ËÌ‡ı ‰Ó 9 ÍÏ, ‡ ÔÓ „ÂÓÙË-
ÁË˜ÂÒÍËÏ ‰‡ÌÌ˚Ï ÓÌË ÙËÍÒËÛ˛ÚÒfl Ë „Ó‡Á‰Ó
„ÎÛ·ÊÂ [14]. èË˜ÂÏ, ÌÂÒÏÓÚfl Ì‡ ‚˚ÒÓÍÛ˛ ÏËÌÂ-
‡ÎËÁ‡ˆË˛, ÒÓ‚ÂÏÂÌÌ˚Â „ÛÌÚÓ‚˚Â ‚Ó‰˚ ëÍ‡Ì-
‰ËÌ‡‚ËË ‰‡ÊÂ Ì‡ „ÎÛ·ËÌ‡ı ·ÓÎÂÂ 1 ÍÏ ËÏÂ˛Ú Ó·-
ÎÂ„˜ÂÌÌ˚È (

 

δ

 

18

 

O = –13

 

‰

 

) ËÁÓÚÓÔÌ˚È ÒÓÒÚ‡‚ ÍËÒ-
ÎÓÓ‰‡ [15].

èÓÒÍÓÎ¸ÍÛ ÚÂÏÔÂ‡ÚÛ‡ Ó·‡ÁÓ‚‡ÌËfl ÍÓÛÌ‰Ó-
ÌÓÒÌ˚ı ÔÓÓ‰ ‰ÓÒÚ‡ÚÓ˜ÌÓ ‚˚ÒÓÍ‡ (720–740°ë),
Ó·ÏÂÌÌ˚Â ÔÓˆÂÒÒ˚ ‰ÓÎÊÌ˚ ·˚ÎË ÔÓÚÂÍ‡Ú¸ ‰Ó-
ÒÚ‡ÚÓ˜ÌÓ ·˚ÒÚÓ, ˜ÚÓ ÔÂ‰ÓÔÂ‰ÂÎËÎÓ ‚˚ÒÓÍÛ˛
ÒÍÓÓÒÚ¸ ËÁÏÂÌÂÌËfl ËÁÓÚÓÔÌÓ„Ó ÒÓÒÚ‡‚‡ ÍËÒÎÓÓ-
‰‡ ÙÎ˛Ë‰‡. Ç ÒÎÛ˜‡Â ÏÂÚ‡ÒÓÏ‡ÚË˜ÂÒÍÓ„Ó „ÂÌÂÁËÒ‡
ÍÓÛÌ‰ÓÌÓÒÌ˚ı ÔÓÓ‰ Ï˚ ‰ÓÎÊÌ˚ Ì‡·Î˛‰‡Ú¸ ÌÂ-
ÔÂ˚‚ÌÓÂ ËÁÏÂÌÂÌËÂ ÁÌ‡˜ÂÌËÈ ËÁÓÚÓÔÓ‚ ÍËÒÎÓ-
Ó‰‡ ‚ ÔÓÓ‰‡ı Ë ÏËÌÂ‡Î‡ı ÔÓ ÏÂÚ‡ÒÓÏ‡ÚË˜ÂÒÍÓÈ
ÍÓÎÓÌÌÂ ‚ Ì‡Ô‡‚ÎÂÌËË ‰‚ËÊÂÌËfl ÙÎ˛Ë‰‡. ÖÒÎË
ÊÂ Ï˚ ËÏÂÂÏ ‰ÂÎÓ Ò ÂÁÛÎ¸Ú‡ÚÓÏ Â„ËÓÌ‡Î¸ÌÓ„Ó
ÏÂÚ‡ÏÓÙËÁÏ‡ Ë Ò ‰ÓÏÂÚ‡ÏÓÙË˜ÂÒÍËÏ Ó·ÏÂÌÓÏ Ò
Ú‡Î˚ÏË ÎÂ‰ÌËÍÓ‚˚ÏË ‚Ó‰‡ÏË, ÚÓ Á‰ÂÒ¸ ‰ÓÎÊÂÌ ÔÓ-
fl‚ËÚ¸Òfl ÂÁÍËÈ „‡‰ËÂÌÚ ÁÌ‡˜ÂÌËÈ ËÁÓÚÓÔÓ‚ ÍËÒÎÓ-
Ó‰‡ Ì‡ „‡ÌËˆÂ ÔÓÚÓÎËÚÓ‚ ‡ÁÌÓ„Ó „ÂÌÂÁËÒ‡. 

ëÛ‰fl ÔÓ ËÏÂ˛˘ËÏÒfl ÓÚ˚‚Ó˜Ì˚Ï ‰‡ÌÌ˚Ï, ‚‡-
Ë‡ˆËË ËÁÓÚÓÔÌÓ„Ó ÒÓÒÚ‡‚‡ ÍËÒÎÓÓ‰‡ ‚ ÏËÌÂ‡-
Î‡ı ïËÚÓÒÚÓ‚ÒÍÓ„Ó ÏÂÒÚÓÓÊ‰ÂÌËfl ÙËÍÒËÛ˛Ú-
Òfl ‰ÓÒÚ‡ÚÓ˜ÌÓ Û‚ÂÂÌÌÓ. é‰Ì‡ÍÓ Í‡ÍÓÈ ÔÓˆÂÒÒ
ÓÌË Ï‡ÍËÛ˛Ú, ÒÂÈ˜‡Ò ÒÍ‡Á‡Ú¸ ÒÎÓÊÌÓ. Ç Î˛·ÓÏ
ÒÎÛ˜‡Â Ï˚ ËÏÂÂÏ ‰ÂÎÓ Ò ÛÌËÍ‡Î¸Ì˚Ï Ë ÔÓÍ‡ Â‰ËÌ-
ÒÚ‚ÂÌÌ˚Ï ‚ ÏËÂ ‡ÈÓÌÓÏ, „‰Â Ó·Ì‡ÛÊÂÌ‡ ÔÓ‰Ó·-
Ì‡fl ËÁÓÚÓÔÌ‡fl ‡ÌÓÏ‡ÎËfl.

Ä‚ÚÓ˚ „ÎÛ·ÓÍÓ ÔËÁÌ‡ÚÂÎ¸Ì˚ Ç.Ä. èÓÎflÌ-
ÒÍÓÏÛ Ë Ä.Ä. äÓÌÂ‚Û Á‡ ÔÂ‰ÓÒÚ‡‚ÎÂÌÌ˚Â ‰Îfl ËÒ-
ÒÎÂ‰Ó‚‡ÌËfl Ó·‡Áˆ˚. 

ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ÙËÌ‡ÌÒÓ‚ÓÈ ÔÓ‰‰ÂÊÍÂ
êîîà Ë ÑÇé êÄç („‡ÌÚ 06–05–96057–_‚Ó-
ÒÚÓÍ_‡).

 

ëèàëéä ãàíÖêÄíìêõ

 

1.

 

íÂÂıÓ‚ Ö.ç., ãÂ‚ËˆÍËÈ Ç.à.

 

 // àÁ‚. ‚ÛÁÓ‚. ÉÂÓÎÓ-
„Ëfl Ë ‡Á‚Â‰Í‡. 1991. ‹ 6. ë. 3–13. 

2.

 

ëÂÂ·flÍÓ‚ ç.ë., ÄËÒÚÓ‚ ÇÒ.Ç.

 

 // àÁ‚. ‚ÛÁÓ‚. ÉÂÓ-
ÎÓ„Ëfl Ë ‡Á‚Â‰Í‡. 2004. ‹ 4. ë. 36–42. 

3.

 

ãÂ·Â‰Â‚ Ç.à., ä‡ÎÏ˚ÍÓ‚‡ à.Ä., ç‡„‡ÈˆÂ‚ û.Ç.

 

 //
ëÓ‚. „ÂÓÎÓ„Ëfl. 1974. ‹ 9. ë. 78–89.

4.

 

ãÂ‚ËˆÍËÈ Ç.à.

 

 èÂÚÓÎÓ„Ëfl Ë „ÂÓıËÏËfl ÏÂÚ‡ÒÓÏ‡-
ÚÓÁ‡ ÔË ÙÓÏËÓ‚‡ÌËË ÍÓÌÚËÌÂÌÚ‡Î¸ÌÓÈ ÍÓ˚.
çÓ‚ÓÒË·ËÒÍ: ÉÂÓ, 2005. 342 Ò.

5.

 

äËÂ‚ÎÂÌÍÓ Ö.ü., óÛÔÓ‚‡ Ç.à., Ñ‡Ï‡¯Â‚‡ Ö.Ö.

 

ÑÂÍÓ‡ÚË‚Ì˚Â ÍÓÎÎÂÍˆËÓÌÌ˚Â ÏËÌÂ‡Î˚. å.:
çÂ‰‡, 1987. 223 Ò.

6.

 

Graham C.M., Powell R.

 

 // J. Metam. Geol. 1984. V. 2.
P. 13–31. 

7.

 

Ä‚˜ÂÌÍÓ é.Ç., Ç˚ÒÓˆÍËÈ ë.Ç., óÛ‰ÌÂÌÍÓ ä.Ç.

 

 //
ÑÄç. 2007. í. 415. ‹ 1. ë. 87–90.

8.

 

Garnier V., Ohnenstetter D., Giuliani G. et al.

 

 // Miner.
Mag. 2005. V. 69. ‹ 1. P. 21–38. 

9.

 

ä˚ÎÓ‚ Ñ.è., ÉÎÂ·Ó‚ËˆÍËÈ Ç.Ä.

 

 // ÑÄç. 2007.
í. 412. ‹ 5. ë. 679–681.

10.

 

Å‡Í¯ÂÂ‚ à.Ä., ìÒÚËÌÓ‚ Ç.à., ÑÓÎ„Ó‚‡ é.ë. Ë ‰.

 

 //
ùÎÂÍÚÓÌ. Ì‡Û˜.-ËÌÙÓÏ. ÊÛÌ. “ÇÂÒÚÌ. éÚ‰-ÌËfl
Ì‡ÛÍ Ó áÂÏÎÂ êÄç”. 2006. ‹ 1 (24). 

11.

 

Aharon P.

 

 // Geochim. et cosmochim. acta. 1988. V. 52.
P. 2321–2331. 

12.

 

ÅË·ËÍÓ‚‡ Ö.Ç., ëÎ‡·ÛÌÓ‚‡ Ä.Ä., ÅÓ„‰‡ÌÓ‚‡ ë.Ç.
Ë ‰.

 

 // èÂÚÓÎÓ„Ëfl. 1999. í. 7. ‹ 2. ë. 115–140
13.

 

Tarling D.H.

 

 Climatic Change. Cambridge: Cambridge
Univ. Press, 1978.

14. äÓÎ¸ÒÍ‡fl Ò‚Âı„ÎÛ·ÓÍ‡fl/èÓ‰ Â‰. Ö.Ä. äÓÁÎÓ‚ÒÍÓ-
„Ó. å.: çÂ‰‡, 1984. 490 Ò.

15.

 

Nurmi P.A., Kukkonen I.T., Lahermo P.W.

 

 // Appl.
Geochem. 1988. V. 3 P. 185–203.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


