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ÇÇÖÑÖçàÖ

ëÂ‚ÂÓ-‚ÓÒÚÓ˜Ì‡fl ˜‡ÒÚ¸ ÄÁËË fl‚ÎflÂÚÒfl ÍÓÎÎ‡-
ÊÂÏ ‡ÁÌÓ‚ÓÁ‡ÒÚÌ˚ı „ÂÚÂÓ„ÂÌÌ˚ı ÚÂÂÈÌÓ‚,
ÔË˜ÎÂÌË‚¯ËıÒfl Í Ö‚‡ÁËË ‚ ÏÂÁÓÁÓÂ Ë Í‡ÈÌÓÁÓÂ
[1, 2, 4, 16, 17, 19, 20, 25, 47, 51]. é‰ÌËÏ ËÁ ÔÓÒÎÂ‰-
ÌËı ˝ÎÂÏÂÌÚÓ‚, ‚Ó¯Â‰¯Ëı ‚ ÒÚÛÍÚÛÛ ëÂ‚ÂÓ-
ÇÓÒÚÓÍ‡ ÄÁËË, fl‚ÎflÂÚÒfl ÔÓflÒ ËÌÚÂÌÒË‚ÌÓ ‰ÂÙÓÏË-
Ó‚‡ÌÌ˚ı ÓÒ‡‰Ó˜ÌÓ-‚ÛÎÍ‡ÌÓ„ÂÌÌ˚ı ÓÚÎÓÊÂÌËÈ,
ÔÓÚflÌÛ‚¯ËÈÒfl ËÁ ÙÓÌÚ‡Î¸ÌÓÈ ˜‡ÒÚË éÎ˛ÚÓ-
ÒÍÓÈ ÁÓÌ˚ ‚ ÔÂ‰ÂÎ˚ ä‡Ï˜‡ÚÍË (ËÒ. 1). ùÚÓÚ ÔÓflÒ
ÔÂ‰ÒÚ‡‚ÎÂÌ ÏÂÎÓ‚˚ÏË ÓÍ‡ËÌÌÓÏÓÒÍËÏË Ë ÓÒÚ-
Ó‚Ó‰ÛÊÌ˚ÏË ÍÓÏÔÎÂÍÒ‡ÏË [1, 19, 21, 25, 26, 28],
‚ ÒÓ‚ÂÏÂÌÌÓÈ ÒÚÛÍÚÛÂ Á‡ÎÂ„‡˛˘ËÏË Ì‡ „ÂÚÂ-
Ó„ÂÌÌÓÏ ÙÛÌ‰‡ÏÂÌÚÂ [3, 16]. è‡ÎÂÓÏ‡„ÌËÚÌ˚Â
‰‡ÌÌ˚Â ÔÓÍ‡Á˚‚‡˛Ú, ˜ÚÓ ÓÒÚÓ‚Ó‰ÛÊÌ˚Â ÍÓÏ-
ÔÎÂÍÒ˚ Ì‡˜‡ÎË ÙÓÏËÓ‚‡Ú¸Òfl ÔËÏÂÌÓ Ì‡ 20°
˛ÊÌÂÂ ÚÓÈ ˜‡ÒÚË ÍÓÌÚËÌÂÌÚ‡ [11, 13], Í ÍÓÚÓÓÈ
ÓÌË ÒÂÈ˜‡Ò ÔË˜ÎÂÌÂÌ˚. é˜Â‚Ë‰ÂÌ ÒÛ˘ÂÒÚ‚ÂÌÌ˚È
‰ÂÈÙ ‰Û„Ë ‚ ÒÓÒÚ‡‚Â ÓÍÂ‡ÌË˜ÂÒÍÓÈ ÔÎËÚ˚/ÔÎËÚ,
ÍÓÚÓ˚È Á‡ÍÓÌ˜ËÎÒfl ÍÓÎÎËÁËÂÈ ‰Û„Ë Ë ÍÓÌÚËÌÂÌ-
Ú‡ [12, 22, 23, 34], Ëı ÒÓ‚ÏÂÒÚÌÓÈ ‰ÂÙÓÏ‡ˆËÂÈ Ë
ÙÓÏËÓ‚‡ÌËÂÏ ÔÓÚflÊÂÌÌÓ„Ó ÚÂÍÚÓÌË˜ÂÒÍÓ„Ó
¯‚‡ [14, 21, 23, 30, 32]. ÇÏÂÒÚÂ Ò ÚÂÏ ÌÂÚ ÓÍÓÌ˜‡-
ÚÂÎ¸ÌÓ„Ó ÓÚ‚ÂÚ‡ Ì‡ ‚ÓÔÓÒ, ÍÓ„‰‡ Ë Í‡ÍËÏ Ó·‡-
ÁÓÏ ÔÓËÁÓ¯Î‡ ÍÓÎÎËÁËfl. éÚ‚ÂÚ ‚ ÁÌ‡˜ËÚÂÎ¸ÌÓÈ
ÒÚÂÔÂÌË Á‡‚ËÒËÚ ÓÚ ÚÓ˜ÌÓÈ ‰‡ÚËÓ‚ÍË ÍÓÎÎËÁËË.
èÂ‰ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ ÍÓÎÎËÁËfl ÏÂÎÓ‚ÓÈ ‰Û„Ë Ò
ÄÁËÂÈ ÔË‚ÂÎ‡ Í ÒÂ‰ÌÂ˝ÓˆÂÌÓ‚ÓÈ ÔÂÂÒÚÓÈÍÂ
ÍËÌÂÏ‡ÚËÍË ÔÎËÚ ëÂ‚ÂÌÓÈ è‡ˆËÙËÍË, ÓÚÏË‡-
ÌË˛ ıÂ·Ú‡ äÛÎ‡–è‡ˆËÙËÍ Ë ËÁÏÂÌÂÌË˛ Ì‡Ô‡‚-
ÎÂÌËfl ‰ÂÈÙ‡ íËıÓÓÍÂ‡ÌÒÍÓÈ ÔÎËÚ˚ [38]. í‡ÍËÏ
Ó·‡ÁÓÏ, ‰‡ÚËÓ‚Í‡ ÍÓÎÎËÁËË ÔÓÁ‰ÌÂÏÂÎÓ‚ÓÈ ‰Û-
„Ë Ò Ö‚‡ÁËÂÈ ‚‡ÊÌ‡ ‰Îfl ÔÓÌËÏ‡ÌËfl ÔËÓ‰˚ ÚÂÍ-
ÚÓÌË˜ÂÒÍËı ÔÓˆÂÒÒÓ‚, ÔÓËÒıÓ‰Ë‚¯Ëı ÔÓ ÒÂ‚Â-

ÌÓÈ ÔÂËÙÂËË íËıÓ„Ó ÓÍÂ‡Ì‡ ‚ ÔÂ‚ÓÈ ÔÓÎÓ‚ËÌÂ
Í‡ÈÌÓÁÓfl. 
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ãÂÒÌÓ‚ÒÍÓ-Ç‡Ú˚ÌÒÍËÈ Ì‡‰‚Ë„ (ÒÏ. ËÒ. 1) fl‚Îfl-
ÂÚÒfl Ó‰ÌÓÈ ËÁ ÍÛÔÌÂÈ¯Ëı ÒÛÚÛ ëÂ‚ÂÓ-ÇÓÒÚÓ˜-
ÌÓÈ ÄÁËË Ë ÔÓÒÎÂÊË‚‡ÂÚÒfl ‚ ÔÂ‰ÂÎ‡ı ˛ÊÌÓÈ
äÓflÍËË Ë ä‡Ï˜‡ÚÍË [1, 14, 19, 21, 25, 30, 32]. ç‡-
‰‚Ë„ ‡Á‰ÂÎflÂÚ ÏÂÎÓ‚˚Â–˝ÓˆÂÌÓ‚˚Â ÓÚÎÓÊÂÌËfl
Ö‚‡ÁË‡ÚÒÍÓÈ ÍÓÌÚËÌÂÌÚ‡Î¸ÌÓÈ ÓÍ‡ËÌ˚ [1, 10,
20, 22] Ë ÏÂÎÓ‚˚Â ÓÍ‡ËÌÌÓÏÓÒÍËÂ Ë ÓÒÚÓ‚Ó-
‰ÛÊÌ˚Â ÍÓÏÔÎÂÍÒ˚ [1, 28]; ‚ ˛ÊÌÓÈ äÓflÍËË –
˝ÚÓ Ç‡Ú˚ÌÓ-Ç˚‚ÂÌÒÍËÈ Ì‡‰‚Ë„ [14, 21], Ì‡ ÔÂÂ-
¯ÂÈÍÂ ä‡Ï˜‡ÚÍË – ̋ ÚÓ ãÂÒÌÓ‚ÒÍËÈ Ì‡‰‚Ë„ [30, 32].

èÓ Ç‡Ú˚ÌÓ-Ç˚‚ÂÌÒÍÓÏÛ Ì‡‰‚Ë„Û ‚ÂıÌÂÏÂÎÓ-
‚˚Â ÍÂÏÌËÒÚÓ-‚ÛÎÍ‡ÌÓ„ÂÌÌ˚Â Ó·‡ÁÓ‚‡ÌËfl ‚ ‚Ë-
‰Â ÓÚÌÓÒËÚÂÎ¸ÌÓ ÚÓÌÍÓÈ ÔÎ‡ÒÚËÌ˚ Ì‡ÎÂ„‡˛Ú Ì‡
ÏÂÎÓ‚˚Â–Ô‡ÎÂÓ„ÂÌÓ‚˚Â ÙÎË¯ÓË‰Ì˚Â ÚÂË„ÂÌ-
Ì˚Â ÚÓÎ˘Ë ìÍ˝Î‡flÚÒÍÓ„Ó ÔÓ„Ë·‡ [10, 21], ÒÙÓ-
ÏËÓ‚‡ÌÌ˚Â Û ÔÓ‰ÌÓÊËfl ÍÓÌÚËÌÂÌÚ‡Î¸ÌÓ„Ó ÒÍÎÓ-
Ì‡ ÄÁËË. ÇÓÁ‡ÒÚ ¯‡¸ËÓ‚‡ÌËfl ÓˆÂÌË‚‡ÎÒfl Í‡Í:
1) Ï‡‡ÒÚËıÚÒÍËÈ (‰‡ÚËÓ‚Í‡ Ï‡ÚËÍÒ‡ ÔÓ‰Ì‡‰‚Ë-
„Ó‚ÓÈ ÓÎËÒÚÓÒÚÓÏ˚ (?) ÔÓ ·ÂÌÚÓÒÌ˚Ï ÙÓ‡ÏËÌË-
ÙÂ‡Ï [15]); 2) ÒÂ‰ÌÂ˝ÓˆÂÌÓ‚˚È (‚ÓÁ‡ÒÚ Ì‡Ë·Ó-
ÎÂÂ ÏÓÎÓ‰˚ı ÒÎÓÂ‚ ‡‚ÚÓıÚÓÌ‡ ÔÓ ·ÂÌÚÓÒÌ˚Ï ÙÓ-
‡ÏËÌËÙÂ‡Ï [10] Ë ÚÂÍÓ‚˚Ï ‰‡ÚËÓ‚Í‡Ï
Ó·ÎÓÏÓ˜ÌÓ„Ó ˆËÍÓÌ‡ [22, 33, 46]); 3) ÒÂ‰ÌÂÏËÓ-
ˆÂÌÓ‚˚È (‰‡ÚËÓ‚Í‡ Ì‡Ë·ÓÎÂÂ ‰Â‚ÌÂ„Ó Û„ÎÓ‚Ó„Ó
ÌÂÒÓ„Î‡ÒËfl [6], ÙËÍÒËÛÂÏÓ„Ó ‚ ·ÎËÊ‡È¯Ëı ÓÍÂ-
ÒÚÌÓÒÚflı Ì‡‰‚Ë„‡ Ì‡ àÎ¸ÔËÌÒÍÓÏ ÔÓÎÛÓÒÚÓ‚Â
[28]). éÒÌÓ‚Ì‡fl ÚÛ‰ÌÓÒÚ¸ ÓÔÂ‰ÂÎÂÌËfl ‚ÂÏÂÌË
¯‡¸ËÓ‚‡ÌËfl Ó·ÛÒÎÓ‚ÎÂÌ‡ ÓÚÒÛÚÒÚ‚ËÂÏ ‰ÓÔÎËÓ-
ˆÂÌÓ‚˚ı ÌÂÓ‡‚ÚÓıÚÓÌÌ˚ı ÍÓÏÔÎÂÍÒÓ‚.
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ãÂÒÌÓ‚ÒÍËÈ Ì‡‰‚Ë„ (ÒÏ. ËÒ. 1,Å) Ì‡ ÔÂÂ¯ÂÈÍÂ
ä‡Ï˜‡ÚÍË fl‚ÎflÂÚÒfl ˛ÊÌ˚Ï ÔÓ‰ÓÎÊÂÌËÂÏ Ç‡Ú˚-
ÌÓ-Ç˚‚ÂÌÒÍÓ„Ó. á‰ÂÒ¸ ÚÓÊÂ Í‡ÚËÛÂÚÒfl Ï‡ÎÓ-
ÏÓ˘Ì‡fl ÔÎ‡ÒÚËÌ‡, ÒÎÓÊÂÌÌ‡fl ÍÂÏÌËÒÚÓ-‚ÛÎÍ‡ÌÓ-
„ÂÌÌ˚ÏË Ó·‡ÁÓ‚‡ÌËflÏË ‚ÂıÌÂ„Ó ÏÂÎ‡, Á‡ÎÂ„‡˛-
˘ËÏË Ì‡ ËÌÚÂÌÒË‚ÌÓ ‰ËÒÎÓˆËÓ‚‡ÌÌÓÏ ÙÎË¯Â
ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË [30, 32]. Ç‡ÊÌ˚Ï ÓÚÎË˜ËÂÏ ÔÂ-
Â¯ÂÈÍ‡ ä‡Ï˜‡ÚÍË ÓÚ ÙÓÌÚ‡Î¸ÌÓÈ ˜‡ÒÚË éÎ˛-
ÚÓÒÍÓÈ ÁÓÌ˚ fl‚ÎflÂÚÒfl ̄ ËÓÍÓÂ ‡ÒÔÓÒÚ‡ÌÂÌËÂ
Á‰ÂÒ¸ ÌÂÓ‡‚ÚÓıÚÓÌÌ˚ı ÍÓÏÔÎÂÍÒÓ‚, ÔÓÁ‚ÓÎfl˛˘Ëı
ÓÔÂ‰ÂÎËÚ¸ ‚ÂıÌ˛˛ ‚ÓÁ‡ÒÚÌÛ˛ „‡ÌËˆÛ ÓÍÓÌ-
˜‡ÌËfl Ì‡‰‚Ë„ÓÓ·‡ÁÓ‚‡ÌËfl ÔË ÍÓÎÎËÁËË ‰Û„Ë Ò
ÍÓÌÚËÌÂÌÚÓÏ. çËÊÌflfl ‚ÓÁ‡ÒÚÌ‡fl „‡ÌËˆ‡ ˝ÚÓ„Ó
ÔÓˆÂÒÒ‡ ÓÔÂ‰ÂÎflÂÚÒfl ‰‡ÚËÓ‚ÍÓÈ Ì‡Ë·ÓÎÂÂ ÏÓ-
ÎÓ‰˚ı Ó·‡ÁÓ‚‡ÌËÈ ‡‚ÚÓıÚÓÌ‡ ËÎË ‡ÎÎÓıÚÓÌ‡. èÓ-
ÎÛ˜ÂÌÌ˚Â Ì‡ÏË ÌÓ‚˚Â ‰‡ÚËÓ‚ÍË, Í‡Ò‡˛˘ËÂÒfl ‡‚-
ÚÓıÚÓÌÌÓ„Ó Ë ÌÂÓ‡‚ÚÓıÚÓÌÌÓ„Ó ÍÓÏÔÎÂÍÒÓ‚, ÔÓÁ‚Ó-
ÎËÎË ÛÒÚ‡ÌÓ‚ËÚ¸ ‚ÓÁ‡ÒÚ Ì‡‰‚Ë„ÓÓ·‡ÁÓ‚‡ÌËfl.
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ëÚÓÂÌËÂ Ë ‚ÓÁ‡ÒÚ ‡‚ÚÓıÚÓÌ‡ 
ãÂÒÌÓ‚ÒÍÓ„Ó Ì‡‰‚Ë„‡

Ä‚ÚÓıÚÓÌ ãÂÒÌÓ‚ÒÍÓ„Ó Ì‡‰‚Ë„‡ ÒÎÓÊÂÌ ÚÂË-
„ÂÌÌ˚Ï ÙÎË¯ÂÏ [31, 32, 33]. Ç ÌÂÏ ‚˚‰ÂÎfl˛ÚÒfl
Ù‡ˆËË ‰ËÒÚ‡Î¸Ì˚ı ÚÛ·Ë‰ËÚÓ‚ Ë ÍÓÌÚÛËÚÓ‚.
Ö‰ËÌË˜Ì˚Â Ì‡·Î˛‰ÂÌËfl ‰ËÂÍÚË‚Ì˚ı ÚÂÍÒÚÛ
(flÁ˚˜ÍÓ‚˚ı ËÂÓ„ÎËÙÓ‚ Ë ‡ÒËÏÏÂÚË˜Ì˚ı ÏËÍ-
Ó‰˛Ì) ÛÍ‡Á˚‚‡˛Ú Ì‡ Á‡Ô‡‰Ì˚È ËÒÚÓ˜ÌËÍ Ó·ÎÓ-
ÏÓ˜ÌÓ„Ó Ï‡ÚÂË‡Î‡ [23]. îÎË¯ ÒÏflÚ ‚ ÒÍÎ‡‰ÍË Á‡-
Ô‡‰ÌÓÈ ‚Â„ÂÌÚÌÓÒÚË Ë ÌÂÂ‰ÍÓ ÔÂ‚‡˘ÂÌ ‚ ÚÂÍ-
ÚÓÌË˜ÂÒÍËÈ ÏÂÎ‡ÌÊ [23, 32]. èÓ‰Ó¯‚‡ ÒÂËË
ÌË„‰Â ÌÂ ‚ÒÍ˚Ú‡, ÓÚÒÛÚÒÚ‚Û˛Ú ÂÂ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸-
ÌÓ ÓÔËÒ‡ÌÌ˚Â ‡ÁÂÁ˚ Ë ‰ÓÒÚÓ‚ÂÌ˚Â ÓˆÂÌÍË
ÏÓ˘ÌÓÒÚÂÈ. ëÚÛÍÚÛÌÓ ‚˚¯Â Á‡ÎÂ„‡˛Ú ÍÂÏÌË-
ÒÚÓ-‚ÛÎÍ‡ÌÓ„ÂÌÌ˚Â ÍÓÏÔÎÂÍÒ˚ ‡ÎÎÓıÚÓÌ‡, Í‡Í
Ô‡‚ËÎÓ, ÓÚ‰ÂÎÂÌÌ˚Â ÁÓÌÓÈ ÏËÎÓÌËÚÓ‚. çËÊÂ ÏË-
ÎÓÌËÚÓ‚ ÓÚÏÂ˜‡ÂÚÒfl ÁÓÌ‡ ÚÂÍÚÓÌË˜ÂÒÍÓ„Ó ÏÂÎ‡Ì-
Ê‡ (200–400 Ï) Ò Ï‡ÚËÍÒÓÏ ËÁ ÔÓÓ‰ ÎÂÒÌÓ‚ÒÍÓÈ
ÒÂËË Ë „Î˚·‡ÏË ÚÛÙÓ‚, ÍÂÏÌÂÈ, ·‡Á‡Î¸ÚÓ‚ Ë ÔÂ-
Ò˜‡ÌËÍÓ‚. ùÚË „Î˚·˚ ‡ÌÂÂ ‡ÒÒÏ‡ÚË‚‡ÎËÒ¸ ‚
Í‡˜ÂÒÚ‚Â ÎËÌÁ ‚ ‡ÁÂÁÂ ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË, ‡ Ì‡-
ıÓ‰ÍË ËÌÓˆÂ‡ÏÓ‚ Ë ‡‰ËÓÎflËÈ ‚ ÌËı ÔË‚Ó‰Ë-

ÎËÒ¸ Í‡Í Ó·ÓÒÌÓ‚‡ÌËÂ ÂÂ ÏÂÎÓ‚Ó„Ó ‚ÓÁ‡ÒÚ‡ [5].
Ç ‡ÁÂÁÂ ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË Ï‡ÍÓÙ‡ÛÌ‡ ÓÚÒÛÚÒÚ‚Û-
ÂÚ, ‡‰ËÓÎflËË Í‡ÈÌÂ Â‰ÍË, ‡ ÙÓ‡ÏËÌËÙÂ˚
ÔÂ‰ÒÚ‡‚ÎÂÌ˚ Â‰ÍËÏË ‡„„Î˛ÚËÌËÓ‚‡ÌÌ˚ÏË ÙÓ-
Ï‡ÏË ¯ËÓÍÓ„Ó ‚ÓÁ‡ÒÚÌÓ„Ó ‰Ë‡Ô‡ÁÓÌ‡. Ö‰ËÌÒÚ‚ÂÌ-
ÌÓÈ „ÛÔÔÓÈ ÙÓÒÒËÎËÈ, ÍÓÚÓ‡fl ÔÓÁ‚ÓÎflÂÚ ‰ÂÎ‡Ú¸
‰ÓÒÚÓ‚ÂÌ˚Â Á‡ÍÎ˛˜ÂÌËfl Ó ‚ÓÁ‡ÒÚÂ ˝ÚÓÈ ÚÓÎ˘Ë,
fl‚ÎflÂÚÒfl ËÁ‚ÂÒÚÍÓ‚˚È Ì‡ÌÓÔÎ‡ÌÍÚÓÌ. ÇÔÂ‚˚Â ËÁ
Ó·‡Áˆ‡ ‡„ËÎÎËÚÓ‚ ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË, ÓÚÓ·‡Ì-
ÌÓ„Ó ‚ ·‡ÒÒÂÈÌÂ ÂÍË ùÌËÌ„‚‡flÏ, ·˚Î ‚˚‰ÂÎÂÌ Cy-
clicargolithus floridanus (ÓÔÂ‰ÂÎÂÌËÂ Ö.Ä. ôÂ·Ë-
ÌËÌÓÈ), Ó„‡ÌË˜Ë‚‡˛˘ËÈ ‚ÓÁ‡ÒÚ ÔÓ·˚ ÒÂ‰ÌÂ˝-
ÓˆÂÌ-ÓÎË„ÓˆÂÌÓ‚˚Ï ËÌÚÂ‚‡ÎÓÏ; ÍÓÏÂ ÚÓ„Ó, ËÁ
‰Û„Ëı ÔÓ· ˝ÚÓ„Ó ‡ÈÓÌ‡ ·˚ÎË Ò‰ÂÎ‡Ì˚ ÓÔÂ‰Â-
ÎÂÌËfl ‚ÂıÌÂÏÂÎÓ‚Ó„Ó Ì‡ÌÓÔÎ‡ÌÍÚÓÌ‡ [27]. í‡-
ÍËÏ Ó·‡ÁÓÏ, ‰Ó ÔÓÒÎÂ‰ÌÂ„Ó ‚ÂÏÂÌË ‚ÓÁ‡ÒÚ ÎÂÒ-
ÌÓ‚ÒÍÓÈ ÒÂËË ÓÒÚ‡ÂÚÒfl ‰ËÒÍÛÒÒËÓÌÌ˚Ï.

ÑÎfl ÓÔÂ‰ÂÎÂÌËfl ‚ÓÁ‡ÒÚ‡ ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË
Ì‡ÏË ·˚ÎË ËÒÔÓÎ¸ÁÓ‚‡Ì˚ ‰‚‡ ÌÂÁ‡‚ËÒËÏ˚ı ÏÂÚÓ-
‰‡: ‰ÂÚËÚÓ‚‡fl ÚÂÏÓıÓÌÓÎÓ„Ëfl Ë ËÁÛ˜ÂÌËÂ Ì‡-
ÌÓÔÎ‡ÌÍÚÓÌ‡ (ÓÔÂ‰ÂÎÂÌËÂ Ì‡ÌÓÔÎ‡ÌÍÚÓÌ‡ ÔÓ-
‚Ó‰ËÎÓÒ¸ Ö.Ä. ôÂ·ËÌËÌÓÈ (Éàç êÄç)). 

ÑÂÚËÚÓ‚‡fl ÚÂÏÓıÓÌÓÎÓ„Ëfl. åÂÚÓ‰ËÍ‡ ‰ÂÚ-
ËÚÓ‚ÓÈ ÚÂÏÓıÓÌÓÎÓ„ËË ÓÔË‡ÂÚÒfl Ì‡ ÚÂÍÓ‚ÓÂ
‰‡ÚËÓ‚‡ÌËÂ ÓÚ‰ÂÎ¸Ì˚ı ÁÂÂÌ ‰ÂÚËÚÓ‚˚ı ÏËÌÂ-
‡ÎÓ‚ (ˆËÍÓÌ, ‡Ô‡ÚËÚ) ËÁ ÓÒ‡‰Ó˜Ì˚ı ÔÓÓ‰. íÂ-
ÍÓ‚ÓÂ ‰‡ÚËÓ‚‡ÌËÂ ÏËÌÂ‡ÎÓ‚ ·‡ÁËÛÂÚÒfl Ì‡ ÔÓ‰-
Ò˜ÂÚÂ ÔÎÓÚÌÓÒÚË ÚÂÍÓ‚ ÓÒÍÓÎÍÓ‚ ÒÔÓÌÚ‡ÌÌÓ„Ó
‰ÂÎÂÌËfl fl‰Â Û‡Ì‡ (U238), Ì‡Í‡ÔÎË‚‡˛˘ËıÒfl ‚ ÏË-
ÌÂ‡ÎÂ ‚ ıÓ‰Â „ÂÓÎÓ„Ë˜ÂÒÍÓÈ ËÒÚÓËË [39, 48]. ç‡-
ÍÓÔÎÂÌËÂ ÚÂÍÓ‚ ‚ ÏËÌÂ‡ÎÂ Ò ÚÂ˜ÂÌËÂÏ ‚ÂÏÂÌË –
ÔÓˆÂÒÒ, ÔÓ‰Ó·Ì˚È Ì‡ÍÓÔÎÂÌË˛ ‡‰ËÓ„ÂÌÌ˚ı
ËÁÓÚÓÔÓ‚ ‚ ÂÁÛÎ¸Ú‡ÚÂ ‡‰ËÓ‡ÍÚË‚ÌÓ„Ó ‡ÒÔ‡‰‡.
ìÒÚÓÈ˜Ë‚ÓÒÚ¸ ÚÂÍÓ‚ ÓÔÂ‰ÂÎflÂÚÒfl, ÔÂÊ‰Â ‚ÒÂ-
„Ó, ÚÂÏÔÂ‡ÚÛÓÈ, ÚÓ ÂÒÚ¸ ÚÂÍË Ó·‡ÁÛ˛ÚÒfl Ë ÒÓ-
ı‡Ìfl˛ÚÒfl ‚ ÍËÒÚ‡ÎÎ‡ı, ÓÒÚ˚‚¯Ëı ÌËÊÂ “˝ÙÙÂÍ-
ÚË‚ÌÓÈ ÚÂÏÔÂ‡ÚÛ˚ Á‡Í˚ÚËfl”. ëÚ‡ÚËÒÚË˜ÂÒÍË
˝ÙÙÂÍÚË‚Ì‡fl ÚÂÏÔÂ‡ÚÛ‡ Á‡Í˚ÚËfl ÒÓÓÚ‚ÂÚÒÚ‚Û-
ÂÚ ÏÓÏÂÌÚÛ, ÍÓ„‰‡ ÒÚ‡ÌÓ‚ËÚÒfl ÛÒÚÓÈ˜Ë‚˚Ï ·ÓÎÂÂ
˜ÂÏ 50% ÚÂÍÓ‚ [50]. ÖÒÎË ÔËÌflÚ¸, ˜ÚÓ Ó·‡ÁÂˆ
ÏÓÌÓÚÓÌÌÓ ÓÒÚ˚‚‡ÂÚ ‚ ÛÒÎÓ‚Ëflı, ÚËÔË˜Ì˚ı ‰Îfl „Â-
ÓÎÓ„Ë˜ÂÒÍËı ÔÓˆÂÒÒÓ‚ (ÒÍÓÓÒÚ¸ ÓÒÚ˚‚‡ÌËfl ÓÚ 1
‰Ó 30° ë/ÏÎÌ. ÎÂÚ), ÚÓ ˝ÙÙÂÍÚË‚Ì‡fl ÚÂÏÔÂ‡ÚÛ‡

êËÒ. 1. ÉÂÓÎÓ„Ë˜ÂÒÍÓÂ ÒÚÓÂÌËÂ ãÂÒÌÓ‚ÒÍÓ-Ç‡Ú˚ÌÒÍÓ„Ó ÍÓÎÎËÁËÓÌÌÓ„Ó ¯‚‡: Ä – ‡ÒÔÓÎÓÊÂÌËÂ ãÂÒÌÓ‚ÒÍÓ-Ç‡Ú˚ÌÒÍÓ-
„Ó Ì‡‰‚Ë„‡ ‚ ÒÚÛÍÚÛÂ éÎ˛ÚÓÒÍÓÈ ÁÓÌ˚ Ë ÒÂ‚ÂÌÓÈ ä‡Ï˜‡ÚÍË, ÔÓ [1], Ò ËÁÏÂÌÂÌËflÏË ‡‚ÚÓÓ‚; Å – ÒıÂÏ‡ ÒÚÓÂÌËfl
ÔÂÂ¯ÂÈÍ‡ ÔÓÎÛÓÒÚÓ‚‡ ä‡Ï˜‡ÚÍ‡; Ç – ÒıÂÏ‡ÚË˜ÂÒÍËÈ „ÂÓÎÓ„Ë˜ÂÒÍËÈ ÔÓÙËÎ¸ ÔÓ ÎËÌËË I – I
ÑÎfl Ä: 1 – Í‡ÈÌÓÁÓÈÒÍËÂ ÓÚÎÓÊÂÌËfl; 2 – ÏÂÎÓ‚˚Â–Ô‡ÎÂÓ„ÂÌÓ‚˚Â ÓÚÎÓÊÂÌËfl ìÍ˝Î‡flÚÒÍÓ-ãÂÒÌÓ‚ÒÍÓ„Ó ÔÓ„Ë·‡; 3 – ÏÂ-
ÎÓ‚˚Â ÍÂÏÌËÒÚÓ-‚ÛÎÍ‡ÌÓ„ÂÌÌ˚Â ÍÓÏÔÎÂÍÒ˚: ‡ – ÙÓÌÚ‡Î¸ÌÓÈ ˜‡ÒÚË éÎ˛ÚÓÒÍÓÈ ÁÓÌ˚ Ë ÔÂÂ¯ÂÈÍ‡ ä‡Ï˜‡ÚÍË, · –
éÎ˛ÚÓÒÍÓ„Ó ıÂ·Ú‡, ‚ – éÎ˛ÚÓÒÍÓ„Ó ÔÓÎÛÓÒÚÓ‚‡; 4 – ãÂÒÌÓ‚ÒÍÓ-Ç‡Ú˚ÌÒÍËÈ Ì‡‰‚Ë„: ‡ – ÛÒÚ‡ÌÓ‚ÎÂÌÌ˚È, · – ÔÂ‰-
ÔÓÎ‡„‡ÂÏ˚È.
ÑÎfl Å Ë Ç: 1 – ‡‚ÚÓıÚÓÌÌ˚È ÍÓÏÔÎÂÍÒ – ÎÂÒÌÓ‚ÒÍ‡fl ÒÂËfl (‚ÂıÌËÈ ÏÂÎ?–ÒÂ‰ÌËÈ ˝ÓˆÂÌ); 2 – ‡ÎÎÓıÚÓÌÌ˚È ÍÓÏÔÎÂÍÒ –
ËÛÌÂÈÒÍ‡fl Ò‚ËÚ‡ (‚ÂıÌËÈ ÏÂÎ); 3–6 – ÌÂÓ‡‚ÚÓıÚÓÌÌ˚È ÍÓÏÔÎÂÍÒ: 3 – ̋ ÙÙÛÁË‚˚ ÒÂ‰ÌÂ-‚ÂıÌÂ˝ÓˆÂÌÓ‚ÓÈ ÍËÌÍËÎ¸ÒÍÓÈ
Ò‚ËÚ˚ (á‡Ô‡‰ÌÓ-ä‡Ï˜‡ÚÒÍËÈ ‚ÛÎÍ‡ÌË˜ÂÒÍËÈ ÔÓflÒ), 4 – ‚ÂıÌÂ˝ÓˆÂÌ-ÌËÊÌÂÏËÓˆÂÌÓ‚˚Â ÓÒ‡‰Ó˜Ì˚Â ÚÓÎ˘Ë Ë ÏËÓÔÎËÓ-
ˆÂÌÓ‚˚Â ‚ÛÎÍ‡ÌËÚ˚ ñÂÌÚ‡Î¸ÌÓ-ä‡Ï˜‡ÚÒÍÓ„Ó ÔÓflÒ‡, 5 – ˚ıÎ˚Â ˜ÂÚ‚ÂÚË˜Ì˚Â Ó·‡ÁÓ‚‡ÌËfl, 6 – ò‡Ï‡ÌÍËÌÒÍËÈ Ï‡Ò-
ÒË‚ „‡ÌËÚÓË‰Ó‚; 7, 8 – ÚÂË„ÂÌÌ˚Â ÍÓÏÔÎÂÍÒ˚ á‡Ô‡‰ÌÓÈ ä‡Ï˜‡ÚÍË: 7 – Ú‡Î¸ÌË˜ÂÒÍ‡fl Ò‚ËÚ‡ (‚ÂıÌËÈ ÏÂÎ), 8 – „ÂÚÍËÎ-
ÌËÌÒÍ‡fl Ò‚ËÚ‡ (Ô‡ÎÂÓˆÂÌ); 9 – ÚÂÍÚÓÌË˜ÂÒÍËÂ „‡ÌËˆ˚: ‡ – ãÂÒÌÓ‚ÒÍËÈ Ì‡‰‚Ë„ Ë · – ÔÓ˜ËÂ ‡Á˚‚˚; 10 – ÚÓ˜ÍË ÓÚ·Ó‡
ÔÂÒ˜‡ÌËÍÓ‚ ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË ‰Îfl ËÁÛ˜ÂÌËfl ˆËÍÓÌÓ‚ ÚÂÍÓ‚˚Ï ÏÂÚÓ‰ÓÏ (‡), Û˜‡ÒÚÍË ÓÚ·Ó‡ ÔÓ· Ì‡ Ì‡ÌÓÙÓÒÒËÎËË ËÁ
ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË (·); 11 – ÏÂÒÚ‡ ÓÚ·Ó‡ ÔÓ· ‰Îfl ÓÔÂ‰ÂÎÂÌËfl ‚ÓÁ‡ÒÚ‡ ËÁÓÚÓÔÌ˚ÏË ÏÂÚÓ‰‡ÏË 
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Á‡Í˚ÚËfl ‰Îfl ˆËÍÓÌ‡ ·Û‰ÂÚ ÒÓÓÚ‚ÂÚÒÚ‚Ó‚‡Ú¸
215–240°C [37].

ÉÎ‡‚ÌÓÂ ‰ÓÒÚÓËÌÒÚ‚Ó ‰ÂÚËÚÓ‚ÓÈ ÚÂÏÓıÓÌÓ-
ÎÓ„ËË ÒÓÒÚÓËÚ ‚ ÚÓÏ, ˜ÚÓ ÓÌ‡ ÔÓÁ‚ÓÎflÂÚ ÔÓÒÎÂ-
‰ËÚ¸ ‚Ó ‚ÂÏÂÌË Ò‚flÁ¸ ˝Ì‰Ó„ÂÌÌ˚ı (Ï‡„Ï‡ÚËÁÏ,
‚ÛÎÍ‡ÌËÁÏ, ÓÓ„ÂÌÂÁ) Ë ˝ÍÁÓ„ÂÌÌ˚ı (˝ÓÁËfl, ÒÂ‰Ë-
ÏÂÌÚ‡ˆËfl) ÔÓˆÂÒÒÓ‚. èÂ‚‡fl ‡·ÓÚ‡ ‚ ˝ÚÓÈ Ó·Î‡-
ÒÚË ÔÓfl‚ËÎ‡Ò¸ 15 ÎÂÚ Ì‡Á‡‰ [42]. ç‡ ÒÂ„Ó‰Ìfl¯ÌËÈ
‰ÂÌ¸ ‰ÂÚËÚÓ‚‡fl ÚÂÏÓıÓÌÓÎÓ„Ëfl fl‚ÎflÂÚÒfl ÔÓÔÛ-
ÎflÌ˚Ï ËÌÒÚÛÏÂÌÚÓÏ ËÁÛ˜ÂÌËfl ÒÂ‰ËÏÂÌÚ‡ˆËÓÌ-
Ì˚ı Ë ÚÂÍÚÓÌË˜ÂÒÍËı ÔÓˆÂÒÒÓ‚ ‚ ‡ÁÎË˜Ì˚ı Â-
„ËÓÌ‡ı ÏË‡ [22, 24, 33, 37, 41, 44–46].

í‡Í Í‡Í ÚÂÍÓ‚ÓÂ ‰‡ÚËÓ‚‡ÌËÂ ÔÓÁ‚ÓÎflÂÚ ÓÔ-
Â‰ÂÎflÚ¸ ‚ÓÁ‡ÒÚ ÓÚ‰ÂÎ¸Ì˚ı ÏËÌÂ‡Î¸Ì˚ı ÁÂÂÌ,
ÚÓ ÒÚ‡ÌÓ‚ËÚÒfl ‚ÓÁÏÓÊÌ˚Ï ‡Á‰ÂÎËÚ¸ ‡ÁÌÓ‚ÓÁ‡-
ÒÚÌ˚Â ÔÓÔÛÎflˆËË, Ò‚flÁ‡ÌÌ˚Â Ò ‡ÁÎË˜Ì˚ÏË ËÒ-
ÚÓ˜ÌËÍ‡ÏË ÒÌÓÒ‡. éÒÚ˚‚‡ÌËÂ ÔÓÓ‰ ‚ ËÒÚÓ˜ÌËÍ‡ı
ÒÌÓÒ‡ ÏÓÊÂÚ ·˚Ú¸ Ó·ÛÒÎÓ‚ÎÂÌÓ ‡ÁÌ˚ÏË „ÂÓÎÓ„Ë-
˜ÂÒÍËÏË ÔÓˆÂÒÒ‡ÏË. ë Ó‰ÌÓÈ ÒÚÓÓÌ˚, ‚ÛÎÍ‡ÌË-
˜ÂÒÍËÂ ÔÓÓ‰˚ Ë ·ÎËÁÔÓ‚ÂıÌÓÒÚÌ˚Â ËÌÚÛÁËË
ÓÒÚ˚‚‡˛Ú ·˚ÒÚÓ Ë ‡ÁÛ¯‡˛ÚÒfl ˝ÓÁËÂÈ, ‡ ˆË-
ÍÓÌ˚, Ò‚flÁ‡ÌÌ˚Â Ò ÌËÏË, ·˚ÒÚÓ ÔÓÔ‡‰‡˛Ú ‚ ·‡Ò-
ÒÂÈÌ ÒÂ‰ËÏÂÌÚ‡ˆËË. ùÚÓ ÔÓÁ‚ÓÎflÂÚ ËÒÔÓÎ¸ÁÓ‚‡Ú¸
Ëı ‰Îfl ‰‡ÚËÓ‚‡ÌËfl ÌÂÏ˚ı ÚÂË„ÂÌÌ˚ı ÚÓÎ˘
[24, 33, 37, 44–46]. ë ‰Û„ÓÈ ÒÚÓÓÌ˚, ÔË ‚˚‚Â‰Â-
ÌËË ·ÎÓÍÓ‚ Ò „ÎÛ·ËÌÌ˚ı ÛÓ‚ÌÂÈ ‚ ÓÔÂ‰ÂÎÂÌÌ˚È
ÏÓÏÂÌÚ ÔÓËÒıÓ‰ËÚ Ëı “ÓÒÚ˚‚‡ÌËÂ”, ÚÓ ÂÒÚ¸ ÔÓÓ-
‰˚ ÔÓ‰ÌËÏ‡˛ÚÒfl ‚˚¯Â ÛÓ‚Ìfl ÚÂÏÔÂ‡ÚÛ˚ Á‡-
Í˚ÚËfl ÚÂÍÓ‚ÓÈ ÒËÒÚÂÏ˚ [45, 50]. ë ˝ÚÓ„Ó ÏÓ-
ÏÂÌÚ‡ Ì‡˜ËÌ‡ÂÚÒfl ÙÓÏËÓ‚‡ÌËÂ Ë Ì‡ÍÓÔÎÂÌËÂ
ÚÂÍÓ‚ ‚ ÏËÌÂ‡Î¸Ì˚ı ÍËÒÚ‡ÎÎ‡ı, Ë ‚ÓÁ‡ÒÚ, ÓÔ-
Â‰ÂÎÂÌÌ˚È ÔÓ ˝ÚËÏ ÏËÌÂ‡Î‡Ï, ·Û‰ÂÚ ÒÓÓÚ‚ÂÚÒÚ-
‚Ó‚‡Ú¸ ‚ÓÁ‡ÒÚÛ ÓÒÚ˚‚‡ÌËfl ÔÓÓ‰˚.

íËÌ‡‰ˆ‡Ú¸ Ó·‡ÁˆÓ‚ ÔÂÒ˜‡ÌËÍÓ‚ (4–10 Í„ Í‡Ê-
‰˚È) ·˚ÎË ÓÚÓ·‡Ì˚ ‚ ÔÂ‰ÂÎ‡ı Ç‡Ú‡Ô‚‡flÏÒÍÓ„Ó
Ë ò‡Ï‡ÌÍËÌÒÍÓ„Ó ‚˚ÒÚÛÔÓ‚ (ËÒ. 2, ÒÏ. ËÒ. 1)
ãÂÒÌÓ‚ÒÍÓ„Ó ÔÓ‰ÌflÚËfl. ñËÍÓÌ˚ ·˚ÎË ‚˚‰ÂÎÂÌ˚
ËÁ ÔÂÒ˜‡ÌËÍÓ‚ ‚ Î‡·Ó‡ÚÓËË ‡ÍˆÂÒÒÓÌ˚ı ÏËÌÂ-
‡ÎÓ‚ àÌÒÚËÚÛÚ‡ ÎËÚÓÒÙÂ˚ ÓÍ‡ËÌÌ˚ı Ë ‚ÌÛÚ-
ÂÌÌËı ÏÓÂÈ êÄç. éÔÂ‰ÂÎÂÌËÂ ‚ÓÁ‡ÒÚÓ‚ ˆË-
ÍÓÌÓ‚ ÔÓ‚Â‰ÂÌÓ ‚ Î‡·Ó‡ÚÓËË ÚÂÍÓ‚Ó„Ó ‰‡ÚË-
Ó‚‡ÌËfl ûÌËÓÌ äÓÎÎÂ‰Ê‡ (ëÍÂÌÂÍÚ‡‰Ë, ¯Ú‡Ú
ç¸˛-âÓÍ, ëòÄ). éÒÓ·ÂÌÌÓÒÚË ÚÂıÌË˜ÂÒÍÓÈ
ÔÓ‰„ÓÚÓ‚ÍË Ó·‡ÁˆÓ‚ Ë Ëı ‰‡ÚËÓ‚‡ÌËfl ÛÍ‡Á‡Ì˚ ‚
ÔÓ‰ÔËÒflı Í Ú‡·ÎËˆÂ 1. àÁ Í‡Ê‰Ó„Ó Ó·‡Áˆ‡ ·˚ÎÓ
‰‡ÚËÓ‚‡ÌÓ ÓÚ 45 ‰Ó 90 ÁÂÂÌ ˆËÍÓÌ‡ (ÒÏ. Ú‡·Î. 1).
ÑÎfl ‚˚˜ËÒÎÂÌËfl ‚ÓÁ‡ÒÚ‡ ÁÂÂÌ ˆËÍÓÌ‡ ËÒÔÓÎ¸-

ÁÓ‚‡Ì‡ ÔÓ„‡ÏÏ‡ å.í. Å˝Ì‰ÓÌ‡ (âÂÎ¸ÒÍËÈ ÛÌË-
‚ÂÒËÚÂÚ, ëòÄ) – Zetaage 4.7. ÇÓÁ‡ÒÚ ÓÚ‰ÂÎ¸Ì˚ı
ÁÂÂÌ ‚Ó ‚ÒÂı Ó·‡Áˆ‡ı ‡ÒÔÂ‰ÂÎÂÌ ‚ ‰ÓÒÚ‡ÚÓ˜ÌÓ
¯ËÓÍËı ÔÂ‰ÂÎ‡ı, ˝ÚÓ ÔÓÁ‚ÓÎflÂÚ ÔÂ‰ÔÓÎ‡„‡Ú¸,
˜ÚÓ ‚ ÔÂÒ˜‡ÌËÍ‡ı ‚ÒÚÂ˜‡ÂÚÒfl ÌÂÒÍÓÎ¸ÍÓ ‡ÁÌÓ-
‚ÓÁ‡ÒÚÌ˚ı ÔÓÔÛÎflˆËÈ ˆËÍÓÌ‡. ÑÎfl ‡Á‰ÂÎÂÌËfl
‡ÁÌÓ‚ÓÁ‡ÒÚÌ˚ı ÔÓÔÛÎflˆËÈ ËÒÔÓÎ¸ÁÓ‚‡Ì‡ ÔÓ-
„‡ÏÏ‡ Binomfit 1.8, ÒÓÁ‰‡ÌÌ‡fl å.í. Å˝Ì‰ÓÌÓÏ
(âÂÎ¸ÒÍËÈ ÛÌË‚ÂÒËÚÂÚ, ëòÄ) Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ
‡Î„ÓËÚÏ‡ [43]1. 

èË ‡Ì‡ÎËÁÂ ‡ÒÔÂ‰ÂÎÂÌËfl ÚÂÍÓ‚˚ı ‚ÓÁ‡Ò-
ÚÓ‚ ÔÓ 12 Ó·‡Áˆ‡Ï ‚˚‰ÂÎflÂÚÒfl ÚË ‡ÁÌÓ‚ÓÁ‡ÒÚ-
Ì˚Â ÔÓÔÛÎflˆËË ˆËÍÓÌ‡: P1 – 44–58 ÏÎÌ. ÎÂÚ, P2 –
71–106 ÏÎÌ. ÎÂÚ Ë P3 – 104–176 ÏÎÌ. ÎÂÚ (ÒÏ. Ú‡·Î. 1).
àÁÛ˜ÂÌËÂ ‡Ô‡ÚËÚ‡ ËÁ ÚÂı ÊÂ Ó·‡ÁˆÓ‚ ÔÓÍ‡Á‡ÎÓ,
˜ÚÓ ÚÂÍË ‚ ‡Ô‡ÚËÚÂ ÌÂ ËÒÔ˚Ú‡ÎË ÓÚÊË„‡ ËÎË ËÒ-
Ô˚Ú‡ÎË ÎË¯¸ ˜‡ÒÚË˜Ì˚È ÓÚÊË„ [49]. áÌ‡˜ËÚ, ÚÂÏ-
ÔÂ‡ÚÛ‡ Ì‡„Â‚‡ ÓÚÎÓÊÂÌËÈ ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË
ÔÓÒÎÂ ÓÒ‡‰ÍÓÌ‡ÍÓÔÎÂÌËfl ÌÂ ÔÂ‚˚¯‡Î‡ 80–120°ë
(ÚÂÏÔÂ‡ÚÛ‡ Á‡Í˚ÚËfl ÚÂÍÓ‚ÓÈ ÒËÒÚÂÏ˚ ‚ ‡Ô‡-
ÚËÚÂ) [50]. í‡ÍËÏ Ó·‡ÁÓÏ, ÏÓÊÌÓ ÛÚ‚ÂÊ‰‡Ú¸,
˜ÚÓ ÓÚÊË„ ÚÂÍÓ‚ ‚ ˆËÍÓÌÂ ÌÂ ÔÓËÒıÓ‰ËÎ, Ú‡Í
Í‡Í ÚÂÏÔÂ‡ÚÛ‡ Á‡Í˚ÚËfl ÚÂÍÓ‚ÓÈ ÒËÒÚÂÏ˚ ‚
ˆËÍÓÌÂ ÓˆÂÌË‚‡ÂÚÒfl ‚ 215–240°ë [37, 50]. ç‡Ë·Ó-
ÎÂÂ ÏÓÎÓ‰‡fl ÔÓÔÛÎflˆËfl P1 ‡ÒÔÂ‰ÂÎÂÌ‡ ‚ ËÌÚÂ-
‚‡ÎÂ ÓÚ 43.7 ± 3.4 ‰Ó 58.1 ± 4.2 ÏÎÌ. ÎÂÚ (ÒÏ. ËÒ. 5),
ÚÓ ÂÒÚ¸ ˆËÍÓÌ˚ ˝ÚÓÈ ÔÓÔÛÎflˆËË ËÒÔ˚Ú‡ÎË ÔÓ-
ÒÎÂ‰ÌÂÂ ÓıÎ‡Ê‰ÂÌËÂ ‚ ËÌÚÂ‚‡ÎÂ ÓÚ ÍÓÌˆ‡ Ô‡ÎÂÓ-
ˆÂÌ‡ ‰Ó ÒÂÂ‰ËÌ˚ ˝ÓˆÂÌ‡. èÓÒÍÓÎ¸ÍÛ ÓÚÎÓÊÂÌËfl
‚ÒÂ„‰‡ ÏÓÎÓÊÂ ÒÓ‰ÂÊ‡˘ËıÒfl ‚ ÌËı Ó·ÎÓÏÍÓ‚, ÓÔ-
Ó·Ó‚‡ÌÌ‡fl ˜‡ÒÚ¸ ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË ÌÂ ÏÓÊÂÚ
·˚Ú¸ ‰Â‚ÌÂÂ ÍÓÌˆ‡ Ô‡ÎÂÓˆÂÌ‡–Ì‡˜‡Î‡ ˝ÓˆÂÌ‡.

àÁÛ˜ÂÌËÂ Ì‡ÌÓÔÎ‡ÌÍÚÓÌ‡. éÒÌÓ‚ÌÓÈ Û˜‡ÒÚÓÍ
ÓÔÓ·Ó‚‡ÌËfl Ì‡ Ì‡ÌÓÔÎ‡ÌÍÚÓÌ ‡ÒÔÓÎÓÊÂÌ ‚ ËÒ-
ÚÓÍ‡ı ÂÍË è‡‚‡fl ãÂÒÌ‡fl (ÒÏ. ËÒ. 1, 2). ç‡ ˝ÚÓÏ
Û˜‡ÒÚÍÂ ·˚ÎÓ ÓÚÓ·‡ÌÓ 46 ÔÓ· ËÁ Ì‡Ë·ÓÎÂÂ Ïfl„-
ÍËı Ë Ì‡ËÏÂÌÂÂ ÍÎË‚‡ÊËÓ‚‡ÌÌ˚ı ‡„ËÎÎËÚÓ‚.
Ç 12 ËÁ ÌËı ·˚ÎË Ì‡È‰ÂÌ˚ Â‰ÍËÂ ÙÓÏ˚ Ì‡ÌÓ-
ÔÎ‡ÌÍÚÓÌ‡ (ÓÔÂ‰ÂÎÂÌËfl Ö.Ä. ôÂ·ËÌËÌÓÈ, Ú‡·Î. 2)
[34]. Ç ·ÓÎ¸¯ËÌÒÚ‚Â Ó·‡ÁˆÓ‚ ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË
Ì‡ÌÓÔÎ‡ÌÍÚÓÌ ÔÂ‰ÒÚ‡‚ÎÂÌ ‚ Â‰ËÌË˜Ì˚ı ˝ÍÁÂÏÔ-
Îfl‡ı Ë, ‚ ˆÂÎÓÏ, ÔËÌ‡‰ÎÂÊËÚ ‡ÌÌÂÔ‡ÎÂÓ„ÂÌÓ-
‚ÓÏÛ ËÌÚÂ‚‡ÎÛ. é·‡Áˆ˚ 9902-1, 9902-5, 9902-7 Ë
9902-11 ÒÓ‰ÂÊ‡Ú Micula decussata, Sphenolithus
primus/moriformis, Neochiastozygus sp., Watznaueria

1 èÓ„‡ÏÏ˚, ËÒÔÓÎ¸ÁÓ‚‡ÌÌ˚Â ‰Îfl ‡Ò˜ÂÚÓ‚, ‰ÓÒÚÛÔÌ˚ ‰Îfl
Î˛·Ó„Ó ÔÓÎ¸ÁÓ‚‡ÚÂÎfl ÔÓ http:\\love.geology.yale.edu/~brandon.

êËÒ. 2. ëÚÓÂÌËÂ Á‡Ô‡‰ÌÓ„Ó Ë ˛„Ó-Á‡Ô‡‰ÌÓ„Ó Ó·‡ÏÎÂÌËfl ò‡Ï‡ÌÍËÌÒÍÓ„Ó Ï‡ÒÒË‚‡ „‡ÌËÚÓË‰Ó‚, ÔÓ [30, 34], Ò ËÁÏÂÌÂ-
ÌËflÏË: Ä – „ÂÓÎÓ„Ë˜ÂÒÍ‡fl ÒıÂÏ‡, Å – ÒıÂÏ‡ÚË˜ÂÒÍËÈ ÔÓÙËÎ¸ ÔÓ ÎËÌËË I–II
1 – ˜ÂÚ‚ÂÚË˜Ì˚Â Ó·‡ÁÓ‚‡ÌËfl; 2 – ÍËÌÍËÎ¸ÒÍ‡fl Ò‚ËÚ‡ (ÒÂ‰ÌËÈ ˝ÓˆÂÌ); 3 – ÎÂÒÌÓ‚ÒÍ‡fl ÒÂËfl (Ô‡ÎÂÓˆÂÌ – ÒÂ‰ÌËÈ ˝Ó-
ˆÂÌ); 4 – ËÛÌÂÈÒÍ‡fl Ò‚ËÚ‡ (Ò‡ÌÚÓÌ – Ï‡‡ÒÚËıÚ); 5 – ÒÂ‰ÌÂ˝ÓˆÂÌÓ‚˚Â „‡ÌÓ‰ËÓËÚ˚; 6 – Ó„Ó‚ËÍË Ë Ëı ‚ÌÂ¯Ìflfl „‡-
ÌËˆ‡; 7 – Ì‡Ë·ÓÎÂÂ ¯ËÓÍËÂ ÔÓÎfl ÏÂÎ‡ÌÊ‡ ‚ ‡‚ÚÓıÚÓÌÂ ãÂÒÌÓ‚ÒÍÓ„Ó Ì‡‰‚Ë„‡; 8 – ãÂÒÌÓ‚ÒÍËÈ Ì‡‰‚Ë„: ‡ – ÓÚÍ‡ÚËÓ-
‚‡ÌÌ˚È, · – ÔÂ‰ÔÓÎ‡„‡ÂÏ˚È ‚ ÔÓÎÂ Ó„Ó‚ËÍÓ‚; 9 – ÔÓ˜ËÂ ‡Á˚‚˚: ‡ – ÓÚÍ‡ÚËÓ‚‡ÌÌ˚Â, · – ÔÂ‰ÔÓÎ‡„‡ÂÏ˚Â; 10 –
˝ÎÂÏÂÌÚ˚ Á‡ÎÂ„‡ÌËfl; 11 – Ì‡ ÔÓÙËÎÂ – ËÒ. 2 Å: ‡ – ÒÏÂÒÚËÚÂÎ¸ ãÂÒÌÓ‚ÒÍÓ„Ó Ì‡‰‚Ë„‡, · – ÒÍÎ‡‰˜‡Ú˚Â ‰ÂÙÓÏ‡ˆËË ‡‚-
ÚÓıÚÓÌ‡; 12 – ‡ÒÔÓÎÓÊÂÌËÂ Ë ÌÓÏÂ‡ Ó·‡ÁˆÓ‚ Ò Ì‡ÌÓÔÎ‡ÌÍÚÓÌÓÏ ËÁ ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË; 13 – Ó·‡ÁÂˆ Ò Ì‡ÌÓÔÎ‡ÌÍÚÓÌÓÏ ËÁ
„Î˚·˚ ‚ ÔÓ‰Ì‡‰‚Ë„Ó‚ÓÏ ÏÂÎ‡ÌÊÂ; 14 – ÌÓÏÂ‡ Ó·‡ÁˆÓ‚ ‰Îfl ‰‡ÚËÓ‚‡ÌËfl ‡ÁÎË˜Ì˚ÏË „ÂÓıÓÌÓÎÓ„Ë˜ÂÒÍËÏË ÏÂÚÓ‰‡ÏË
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ëÓÎÓ‚¸Â‚ Ë ‰.

barnesae, ÛÍ‡Á˚‚‡˛˘ËÂ Ì‡ Ô‡ÎÂÓˆÂÌÓ‚˚È ‚ÓÁ‡ÒÚ
‚ÏÂ˘‡˛˘Ëı ÔÓÓ‰. éÚÎÓÊÂÌËfl, ËÁ ÍÓÚÓ˚ı ·˚ÎË
ÓÚÓ·‡Ì˚ Ó·‡Áˆ˚ 9902-20, 9903-11 Ë 9903-18, ÌÂ
‰Â‚ÌÂÂ ÒÂ‰ÌÂ„Ó ˝ÓˆÂÌ‡, ÔË˜ÂÏ, ‚ÂÓflÚÌÂÂ ‚ÒÂ-
„Ó, Â„Ó ‚ÂıÌÂÈ ˜‡ÒÚË, ˜ÚÓ ÏÓÊÌÓ ÔÂ‰ÔÓÎÓÊËÚ¸
ÔÓ ÔËÒÛÚÒÚ‚Ë˛ Reticulofenestra umbilicus, Heli-
cosphaera compacta Ë Dictyococcites bisectus, Ë ÌÂ
ÏÓÎÓÊÂ ‡ÌÌÂ„Ó ÓÎË„ÓˆÂÌ‡ (‚ÂıÌËÈ ÔÂ‰ÂÎ ‡Ò-
ÔÓÒÚ‡ÌÂÌËfl Reticulofenestra umbilicus). Ç ÌÂÍÓ-
ÚÓ˚ı Ó·‡Áˆ‡ı ‚ÒÚÂ˜ÂÌ˚ ‚Ë‰˚ ¯ËÓÍÓ„Ó ÒÚ‡-
ÚË„‡ÙË˜ÂÒÍÓ„Ó ‡ÒÔÓÒÚ‡ÌÂÌËfl. ç‡ÔËÏÂ, Cy-
clicargolithus floridanus Ë Helicosphaera compacta,
Ì‡È‰ÂÌÌ˚Â ‚ Ó·. 9902-20, ‰‡˛Ú ËÌÚÂ‚‡Î ÒÂ‰ÌËÈ
˝ÓˆÂÌ–ÓÎË„ÓˆÂÌ, ÒÓ˜ÂÚ‡ÌËÂ Sphenolithus moriform-
is Ë Zygrhablithus bijugatus – ˝ÓˆÂÌ–ÓÎË„ÓˆÂÌ, Coc-
colithus pelagicus Ë Sphenolithus primus/moriformis –
ÍÓÌÂˆ ‰‡ÌËfl – ÒÂ‰ÌËÈ ÏËÓˆÂÌ.

àÚ‡Í, ÔÓ ÒÓ‚ÓÍÛÔÌÓÒÚË ‚Ë‰Ó‚ Ì‡ÌÓÔÎ‡ÌÍÚÓÌ‡,
‚˚‰ÂÎÂÌÌ˚ı ËÁ ‡„ËÎÎËÚÓ‚ ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË,
ÏÓÊÌÓ Ò˜ËÚ‡Ú¸, ˜ÚÓ ÂÂ ÓÚÎÓÊÂÌËfl ÓÚÌÓÒflÚÒfl Í Ô‡-
ÎÂÓˆÂÌ-ÒÂ‰ÌÂ˝ÓˆÂÌÓ‚ÓÏÛ ËÌÚÂ‚‡ÎÛ (ÒÏ. ËÒ. 5).

ÇÓÁ‡ÒÚ „Î˚· ÚÂË„ÂÌÌÓ„Ó ÒÓÒÚ‡‚‡ ‚ ÓÚÎÓÊÂ-
ÌËflı ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË. Ç ‚ÂıÓ‚¸flı Û˜¸fl ó‡ÌÍÓ-
ÎflÔ (ÒÏ. ËÒ. 2) ıÓÓ¯Ó Ó·Ì‡ÊÂÌ ãÂÒÌÓ‚ÒÍËÈ Ì‡-
‰‚Ë„ Ë ÏÓ˘Ì‡fl ÁÓÌ‡ ÔÓ‰Ì‡‰‚Ë„Ó‚Ó„Ó ÏÂÎ‡ÌÊ‡, „‰Â
‚ ÔÂÒ˜‡ÌÓ-‡„ËÎÎËÚÓ‚ÓÏ Ï‡ÚËÍÒÂ ÔÓÓ‰ ÎÂÒÌÓ‚-
ÒÍÓÈ ÒÂËË ÒÓ‰ÂÊËÚÒfl ÏÌÓ„Ó „Î˚· ‡ÁÎË˜ÌÓ„Ó
‡ÁÏÂ‡ (ÓÚ ÔÂ‚˚ı ÏÂÚÓ‚ ‰Ó ÔÂ‚˚ı ÒÓÚÂÌ ÏÂÚ-
Ó‚), ·ÓÎ¸¯‡fl ˜‡ÒÚ¸ ÍÓÚÓ˚ı Ì‡ ˝ÚÓÏ Û˜‡ÒÚÍÂ
ÔÂ‰ÒÚ‡‚ÎÂÌ‡ ÚÂË„ÂÌÌ˚ÏË ÓÚÎÓÊÂÌËflÏË. é‰Ì‡
ËÁ „Î˚· (Ú. 9911, ÒÏ. ËÒ. 2) ÒÎÓÊÂÌ‡ ÔÂÒ˜‡ÌËÍ‡ÏË,
‡ÎÂ‚ÓÎËÚ‡ÏË Ë ‡„ËÎÎËÚ‡ÏË, ÒÓ‰ÂÊ‡˘ËÏË Ï‡-
ÎÓÏÓ˘Ì˚Â ÎËÌÁ˚ ÍÂÏÌÂÈ Ë Ó·ÎÓÏÍË ÔËÁÏ‡ÚË-
˜ÂÒÍËı ÒÎÓÂ‚ ËÌÓˆÂ‡ÏÓ‚ [34]. èÂÒ˜‡ÌËÍË ÔÓ ÒÓ-
ÒÚ‡‚Û ‡Ì‡ÎÓ„Ë˜Ì˚ ÔÂÒ˜‡ÌËÍ‡Ï ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË.
Ç ˜ÂÚ˚Âı Ó·‡Áˆ‡ı ‡„ËÎÎËÚÓ‚ ˝ÚÓÈ „Î˚·˚ Ó·-
Ì‡ÛÊÂÌ˚ ÓÚ‰ÂÎ¸Ì˚Â ÙÓÏ˚ Ì‡ÌÓÔÎ‡ÌÍÚÓÌ‡
(ÒÏ. Ú‡·Î. 2) Ò‡ÌÚÓÌ-Í‡ÏÔ‡ÌÒÍÓ„Ó ‚ÓÁ‡ÒÚ‡. å‡Ú-
ËÍÒ ÏÂÎ‡ÌÊ‡ ‚ ‰‡ÌÌÓÏ ÏÂÒÚÂ ÔÂ‰ÒÚ‡‚ÎÂÌ ·ÓÎÂÂ
ÏÓÎÓ‰˚ÏË ÔÓÓ‰‡ÏË, Ú‡Í Í‡Í ‚ ‡„ËÎÎËÚ‡ı Ó·Ì‡-
ÛÊÂÌ Sphenolithus moriformis – Í‡ÈÌÓÁÓÈÒÍ‡fl
ÙÓÏ‡ ¯ËÓÍÓ„Ó ‚ÓÁ‡ÒÚÌÓ„Ó ‰Ë‡Ô‡ÁÓÌ‡ (ÌËÊÌËÈ
˝ÓˆÂÌ – ÏËÓˆÂÌ).

í‡·ÎËˆ‡ 1.  íÂÍÓ‚˚Â ‚ÓÁ‡ÒÚ˚ ‰ÂÚËÚÓ‚˚ı ˆËÍÓÌÓ‚ ËÁ ÔÂÒ˜‡ÌËÍÓ‚ ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË (ëÂ‚ÂÌ‡fl ä‡Ï˜‡ÚÍ‡)

N Ó·. ëÂËfl, Ò‚ËÚ‡ Nt
ÇÓÁ‡ÒÚ ÔÓÔÛÎflˆËÈ ˆËÍÓÌ‡

P1, ÏÎÌ. ÎÂÚ P2, ÏÎÌ. ÎÂÚ P3, ÏÎÌ. ÎÂÚ

ãÂÒÌÓ‚ÒÍÓÂ ÔÓ‰ÌflÚËÂ (ò‡Ï‡ÌÍËÌÒÍËÈ ÍÛÔÓÎ)

ò3/99 ãÂÒÌÓ‚ÒÍ‡fl 60 51.6 ± 5.0 (27%) 86.7 ± 8.9 (55%) 131.4 ± 29.2 (18%)

ò2/99 ãÂÒÌÓ‚ÒÍ‡fl 75 54.1 ± 8.9 (16%) 73.9 ± 13.9 (26%) 132.6 ± 9.2 (58%)

ò21/99 ãÂÒÌÓ‚ÒÍ‡fl 60 56.1 ± 3.8 (37%) 106.0 ± 11.5 (47%) 150.3 ± 34.2 (16%)

ò15/99 ãÂÒÌÓ‚ÒÍ‡fl („Î˚·‡) 59 86.1 ± 6.1 (44%) 155.3 ± 11.0 (56%) –

ãÂÒÌÓ‚ÒÍÓÂ ÔÓ‰ÌflÚËÂ (Ç‡Ú‡Ô‚‡flÏÒÍËÈ ÍÛÔÓÎ)

L12 ãÂÒÌÓ‚ÒÍ‡fl 67 43.7 ± 3.4 (17%) 70.6 ± 4.4 (67%) 107.0 ± 12.2 (16%)

L1 ãÂÒÌÓ‚ÒÍ‡fl 45 46.0 ± 2.7 (49%) – 107.3 ± 7.0 (51%)

L9 ãÂÒÌÓ‚ÒÍ‡fl 90 47.0 ± 3.8 (19%) 70.8 ± 5.7 (56%) 104.0 ± 11.9 (25%)

L2 ãÂÒÌÓ‚ÒÍ‡fl 90 48.1 ± 5.0 (7%) 78.1 ± 5.8 (53%) 116.0 ± 8.6 (40%)

L11 ãÂÒÌÓ‚ÒÍ‡fl 90 50.4 ± 5.6 (20%) 70.6 ± 6.6 (65%) 109.7 ± 25.0 (15%)

L10 ãÂÒÌÓ‚ÒÍ‡fl 90 53.9 ± 3.4 (40%) 87.5 ± 6.2 (50%) 176.5 ± 23.8 (10%)

L17 ãÂÒÌÓ‚ÒÍ‡fl 90 54.5 ± 10.4 (5%) 84.6 ± 6.5 (65%) 134.6 ± 18.9 (30%)

L13 ãÂÒÌÓ‚ÒÍ‡fl 89 55.5 ± 3.5 (34%) 93.0 ± 4.8 (66%) –

L4 ãÂÒÌÓ‚ÒÍ‡fl 90 58.1 ± 4.2 (36%) 83.3 ± 6.3 (51%) 130.5 ± 14.9 (13%)

èËÏÂ˜‡ÌËÂ. N Ó·. – ÌÓÏÂ Ó·‡Áˆ‡. Nt – ÍÓÎË˜ÂÒÚ‚Ó ‰‡ÚËÓ‚‡ÌÌ˚ı ÁÂÂÌ ̂ ËÍÓÌ‡ ‚ Ó·‡ÁˆÂ. P1, P2, P3 – ÔÓÔÛÎflˆËË ̂ ËÍÓÌ‡,
‡ÒÒ˜ËÚ‡ÌÌ˚Â ÔÓ ÔÓ„‡ÏÏÂ BinomFit v 1.8 [35, 36]. ÇÓÁ‡ÒÚ˚ ÔË‚Â‰ÂÌ˚ ‚ ÏÎÌ. ÎÂÚ, Ó¯Ë·Í‡ ÓÔÂ‰ÂÎÂÌËfl ‚ÓÁ‡ÒÚ‡ ÒÓÓÚ‚ÂÚ-
ÒÚ‚ÛÂÚ ±1σ, ÔÓˆÂÌÚ˚ ‚ ÒÍÓ·Í‡ı ÓÚ‡Ê‡˛Ú ÍÓÎË˜ÂÒÚ‚Ó ÁÂÂÌ ‰‡ÌÌÓÈ ÔÓÔÛÎflˆËË ÓÚ Ó·˘Â„Ó ˜ËÒÎ‡ ‰‡ÚËÓ‚‡ÌÌ˚ı ÁÂÂÌ (Nt).
ñËÍÓÌ˚ ‰‡ÚËÓ‚‡Ì˚ Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂ ÏÂÚÓ‰‡ ‚ÌÂ¯ÌÂ„Ó ‰ÂÚÂÍÚÓ‡ [50]. áÂÌ‡ ˆËÍÓÌ‡ ·˚ÎË ‚ÔÂÒÒÓ‚‡Ì˚ ‚ ÔÎ‡ÒÚËÌÍË FEP
Tefloníå ‡ÁÏÂÓÏ 2 × 2 ÒÏ2. ÑÎfl Í‡Ê‰Ó„Ó Ó·‡Áˆ‡ „ÓÚÓ‚ËÎÓÒ¸ 2 ÔÎ‡ÒÚËÌÍË. èÎ‡ÒÚËÌÍË Ó·‰Ë‡ÎËÒ¸ Ì‡ Ó·‡ÁË‚ÌÓÏ ÍÛ„Â Ë Á‡ÚÂÏ
ÔÓÎËÓ‚‡ÎËÒ¸ Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ‡ÎÏ‡ÁÌ˚ı Ô‡ÒÚ (9 ÏÍÏ Ë 1 ÏÍÏ) Ë Ô‡ÒÚ˚ Al2O3 0.3 ÏÍÏ Ì‡ ÍÓÌÂ˜ÌÓÈ ÒÚ‡‰ËË. ïËÏË˜ÂÒÍÓÂ Ú‡‚ÎÂ-
ÌËÂ ÔÎ‡ÒÚËÌÓÍ ÔÓËÁ‚Ó‰ËÎÓÒ¸ ÒÓÒÚ‡‚ÓÏ NaOH-KOH ÔË ÚÂÏÔÂ‡ÚÛÂ 228°ë ‚ ÚÂ˜ÂÌËÂ 15 ˜‡ÒÓ‚ (ÔÂ‚‡fl ÔÎ‡ÒÚËÌÍ‡) Ë 30 ˜‡ÒÓ‚
(‚ÚÓ‡fl ÔÎ‡ÒÚËÌÍ‡). èÓÒÎÂ Ú‡‚ÎÂÌËfl ÔÎ‡ÒÚËÌÍË ·˚ÎË Ì‡Í˚Ú˚ ‰ÂÚÂÍÚÓÓÏ (ÒÎ˛‰‡ Ò ÌËÁÍËÏ ÒÓ‰ÂÊ‡ÌËÂÏ Û‡Ì‡) Ë Ó·ÎÛ˜ÂÌ˚
‚ ÔÓÚÓÍÂ ÚÂÔÎÓ‚˚ı ÌÂÈÚÓÌÓ‚ ÔÓfl‰Í‡ 2 × 1015 ÌÂÈÚÓÌ/ÒÏ2 (Â‡ÍÚÓ ìÌË‚ÂÒËÚÂÚ‡ ¯Ú‡Ú‡ éÂ„ÓÌ). é‰ÌÓ‚ÂÏÂÌÌÓ Ò Ó·‡Áˆ‡-
ÏË Ó·ÎÛ˜‡ÎËÒ¸ ‚ÓÁ‡ÒÚÌ˚Â ÒÚ‡Ì‰‡Ú˚ ‰Îfl ˆËÍÓÌ‡ (îË¯ ä‡Ì¸ÓÌ íÛÙ (Fish Canyon Tuff – FCT) Ë ÅÛÎ‡Í íÛÙ (Buluk Tuff -BL))
Ë ÒÚÂÍÎÓ-‰ÓÁËÏÂÚ, Ò ËÁ‚ÂÒÚÌ˚Ï ÒÓ‰ÂÊ‡ÌËÂÏ Û‡Ì‡ (CN-5) [40]. èË ÔÓ‰Ò˜ÂÚÂ ÚÂÍÓ‚ ËÒÔÓÎ¸ÁÓ‚‡ÎÒfl ÏËÍÓÒÍÓÔ Olympus BH-P
Ò ‡‚ÚÓÏ‡ÚËÁËÓ‚‡ÌÌÓÈ ÒËÒÚÂÏÓÈ Ë ˆËÙÓ‚ÓÈ ÔÎ‡Ì¯ÂÚÍÓÈ, Ï‡ÍÒËÏ‡Î¸ÌÓÂ Û‚ÂÎË˜ÂÌËÂ 1256×, ÒÛıÓÈ ÏÂÚÓ‰. ζ-Ù‡ÍÚÓ [40], ‚˚-
˜ËÒÎÂÌÌ˚È ÔÓ 10 ‚ÓÁ‡ÒÚÌ˚Ï ÒÚ‡Ì‰‡Ú‡Ï (6 Ó·‡ÁˆÓ‚ – FCT, 4 Ó·‡Áˆ‡ – BL), ‡‚ÌflÎÒfl 305.01 ± 6.91.
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íÂÍÓ‚ÓÂ ‰‡ÚËÓ‚‡ÌËÂ ˆËÍÓÌ‡, ‚˚‰ÂÎÂÌÌÓ„Ó
ËÁ ÔÂÒ˜‡ÌËÍÓ‚ ˝ÚÓÈ ÊÂ „Î˚·˚ (Ú. 9911, Ó·‡ÁÂˆ
ò15/99), ÔÓÍ‡Á‡ÎÓ, ˜ÚÓ ‚ ÔÓ·Â ÔËÒÛÚÒÚ‚Û˛Ú ‰‚Â
ÔÓÔÛÎflˆËË (ÒÏ. Ú‡·Î. 1). åÓÎÓ‰‡fl ÔÓÔÛÎflˆËfl ˆË-
ÍÓÌ‡ ËÏÂÂÚ ‚ÓÁ‡ÒÚ 86.1 ± 6.1 ÏÎÌ. ÎÂÚ, ˜ÚÓ ÒÓÓÚ-
‚ÂÚÒÚ‚ÛÂÚ ÍÓÌ¸flÍÛ–Ò‡ÌÚÓÌÛ. å˚ ÔÂ‰ÔÓÎ‡„‡ÂÏ,
˜ÚÓ ÓÔÓ·Ó‚‡ÌÌ‡fl „Î˚·‡ fl‚ÎflÂÚÒfl ÓÚÚÓÊÂÌˆÂÏ
ÌËÊÌËı „ÓËÁÓÌÚÓ‚ ÙÎË¯‡, ˝ÍÒ„ÛÏËÓ‚‡ÌÌ˚Ï
ÔË ‰ÂÙÓÏ‡ˆËË, ÒÓÔflÊÂÌÌÓÈ Ò ÙÓÏËÓ‚‡ÌËÂÏ
ãÂÒÌÓ‚ÒÍÓ„Ó Ì‡‰‚Ë„‡. Ç Ò‚flÁË Ò ˝ÚËÏ Ó·˘ËÈ ‚ÓÁ-
‡ÒÚÌÓÈ ‰Ë‡Ô‡ÁÓÌ ÒÂËË ÓˆÂÌË‚‡ÂÚÒfl Í‡Í Ò‡ÌÚÓÌ –
ÌËÊÌflfl ˜‡ÒÚ¸ ÒÂ‰ÌÂ„Ó ˝ÓˆÂÌ‡ (ÒÏ. ËÒ. 5).

ëÚÓÂÌËÂ Ë ‚ÓÁ‡ÒÚ ‡ÎÎÓıÚÓÌ‡ 
ãÂÒÌÓ‚ÒÍÓ„Ó Ì‡‰‚Ë„‡

ÄÎÎÓıÚÓÌ ãÂÒÌÓ‚ÒÍÓ„Ó Ì‡‰‚Ë„‡ ËÏÂÂÚ ÒÎÓÊ-
ÌÓÂ ÒÚÓÂÌËÂ Ë ÒÓÒÚÓËÚ ËÁ ÏÌÓ„Ó˜ËÒÎÂÌÌ˚ı ÚÂÍ-
ÚÓÌË˜ÂÒÍËı ˜Â¯ÛÈ, ˜ÚÓ ÔÂÔflÚÒÚ‚ÛÂÚ ÒÓÒÚ‡‚ÎÂ-
ÌË˛ ÓÔÓÌ˚ı ‡ÁÂÁÓ‚ ÍÂÏÌËÒÚÓ-‚ÛÎÍ‡ÌÓ„ÂÌ-
Ì˚ı ÓÚÎÓÊÂÌËÈ [5, 9].

ç‡ Á‡Ô‡‰ÌÓÏ ÒÍÎÓÌÂ ãÂÒÌÓ‚ÒÍÓ„Ó ÔÓ‰ÌflÚËfl
ÍÂÏÌËÒÚÓ-‚ÛÎÍ‡ÌÓ„ÂÌÌ˚Â ÓÚÎÓÊÂÌËfl ËÏÂ˛Ú
‰‚Û˜ÎÂÌÌÓÂ ÒÚÓÂÌËÂ Ò ÔÂÓ·Î‡‰‡ÌËÂÏ ÔÓ‰Û¯Â˜-

Ì˚ı ·‡Á‡Î¸ÚÓ‚ Ë fl¯Ï ‚ ÌËÊÌÂÈ ˜‡ÒÚË Ë ÚÓÌÍÓÓ·-
ÎÓÏÓ˜Ì˚ı ÚÛÙÓ‚ Ë ÍÂÏÌÂÈ – ‚ ‚ÂıÌÂÈ. ÑÎfl ‡Î-
ÎÓıÚÓÌ‡ ÌÂ ı‡‡ÍÚÂÌ˚ ÏÂÎÍËÂ (Ò‡ÌÚËÏÂÚ˚ –
ÔÂ‚˚Â ÏÂÚ˚) ÒÍÎ‡‰ÍË, Ë Ó˜ÂÌ¸ Â‰ÍÓ Ì‡·Î˛‰‡-
˛ÚÒfl ‚ Ó·Ì‡ÊÂÌËflı ÒÍÎ‡‰ÍË Ò ‡ÁÏ‡ıÓÏ Í˚Î¸Â‚
ÓÚ ÔÂ‚˚ı ÏÂÚÓ‚ ‰Ó ÔÂ‚˚ı ‰ÂÒflÚÍÓ‚ ÏÂÚÓ‚.
äÛÔÌ˚Â ÒÍÎ‡‰ÍË ‚ ‡ÎÎÓıÚÓÌÌ˚ı ÍÓÏÔÎÂÍÒ‡ı
ãÂÒÌÓ‚ÒÍÓ„Ó ÔÓ‰ÌflÚËfl ‚ ˆÂÎÓÏ ËÏÂ˛Ú ÒÂ‚ÂÓ-‚ÓÒ-
ÚÓ˜ÌÓÂ ÔÓÒÚË‡ÌËÂ, ÌÓ ‚·ÎËÁË ãÂÒÌÓ‚ÒÍÓ„Ó Ì‡-
‰‚Ë„‡ Á‡ÎÂ„‡ÌËÂ, Í‡Í Ô‡‚ËÎÓ, ·ÎËÁÍÓ Í ÓËÂÌÚË-
Ó‚ÍÂ Â„Ó ÒÏÂÒÚËÚÂÎfl Ò ÍÛÚ˚Ï Á‡Ô‡‰Ì˚Ï Ô‡‰ÂÌË-
ÂÏ Ì‡ Á‡Ô‡‰ÌÓÏ Í˚ÎÂ Ç‡Ú‡Ô‚‡flÏÒÍÓ„Ó ÍÛÔÓÎ‡ Ë
ÔÓÎÓ„ËÏ Ô‡‰ÂÌËÂÏ Ì‡ ˛„Ó-‚ÓÒÚÓÍ Ì‡ ˛„Â ‚ÓÒÚÓ˜-
ÌÓ„Ó Í˚Î‡ [32].

ÑÓ ÔÓÒÎÂ‰ÌÂ„Ó ‚ÂÏÂÌË ‚ÓÁ‡ÒÚ ‚ÛÎÍ‡ÌÓ„ÂÌÌÓ-
ÍÂÏÌËÒÚ˚ı ÓÚÎÓÊÂÌËÈ ãÂÒÌÓ‚ÒÍÓ„Ó ÔÓ‰ÌflÚËfl
ÓÔÂ‰ÂÎflÎÒfl, „Î‡‚Ì˚Ï Ó·‡ÁÓÏ, Ì‡ıÓ‰Í‡ÏË ËÌÓ-
ˆÂ‡ÏÓ‚, ÍÓÚÓ˚Â, ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ÒÓı‡ÌÌÓÒÚË,
ÓÚÌÓÒËÎËÒ¸ Í Ò‡ÌÚÓÌ-Í‡ÏÔ‡ÌÒÍÓÏÛ ËÎË Í‡ÏÔ‡Ì-
ÒÍÓÏÛ ËÌÚÂ‚‡ÎÛ [5]. Ç ÔÓÒÎÂ‰ÌËÂ „Ó‰˚ Í ˝ÚËÏ
‰‡ÌÌ˚Ï ÔË·‡‚ËÎËÒ¸ ÓÔÂ‰ÂÎÂÌËfl ‡‰ËÓÎflËÈ ËÁ
ÍÂÏÌËÒÚ˚ı ÔÓÓ‰, ·ÓÎ¸¯‡fl ˜‡ÒÚ¸ ˝ÚËı Ì‡ıÓ‰ÓÍ
ÛÍ‡Á˚‚‡ÂÚ Ì‡ Í‡ÏÔ‡Ì-Ï‡‡ÒÚËıÚÒÍËÈ ‚ÓÁ‡ÒÚ ‚ÏÂ-
˘‡˛˘Ëı ÔÓÓ‰ (ÌÂÓÔÛ·ÎËÍÓ‚‡ÌÌ˚Â ‰‡ÌÌ˚Â
í.ç. è‡ÎÂ˜ÂÍ).

í‡·ÎËˆ‡ 2.  ç‡ÌÓÔÎ‡ÌÍÚÓÌ ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË ‚ ËÒÚÓÍ‡ı ÂÍË è‡‚‡fl ãÂÒÌ‡fl (ëÂ‚ÂÌ‡fl ä‡Ï˜‡ÚÍ‡)

ÇË‰˚ Ì‡ÌÓÔÎ‡ÌÍÚÓÌ‡
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ëÓÎÓ‚¸Â‚ Ë ‰.

ëÚÓÂÌËÂ Ë ‚ÓÁ‡ÒÚ ÌÂÓ‡‚ÚÓıÚÓÌÌ˚ı 
ÍÓÏÔÎÂÍÒÓ‚ ãÂÒÌÓ‚ÒÍÓ„Ó Ì‡‰‚Ë„‡

ä ÌÂÓ‡‚ÚÓıÚÓÌÌ˚Ï Ó·‡ÁÓ‚‡ÌËflÏ ãÂÒÌÓ‚ÒÍÓ„Ó
Ì‡‰‚Ë„‡ ÓÚÌÓÒflÚÒfl ò‡Ï‡ÌÍËÌÒÍËÈ „‡ÌÓ‰ËÓËÚÓ-
‚˚È Ï‡ÒÒË‚ Ë ‚ÛÎÍ‡ÌËÚ˚ ÍËÌÍËÎ¸ÒÍÓÈ Ò‚ËÚ˚. ç‡

‚Ó‰Ó‡Á‰ÂÎÂ ÂÍ ò‡Ï‡ÌÍ‡ Ë è‡‚‡fl ãÂÒÌ‡fl ò‡-
Ï‡ÌÍËÌÒÍ‡fl ËÌÚÛÁËfl ÔÓ˚‚‡ÂÚ ÁÓÌÛ ãÂÒÌÓ‚ÒÍÓ-
„Ó Ì‡‰‚Ë„‡ Ò Ó·‡ÁÓ‚‡ÌËÂÏ ÏÓ˘Ì˚ı Ó„Ó‚ËÍÓ‚ ÔÓ
ÚÂË„ÂÌÌ˚Ï ÔÓÓ‰‡Ï ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË, ÍÂÏÌË-
ÒÚÓ-‚ÛÎÍ‡ÌÓ„ÂÌÌ˚Ï ÔÓÓ‰‡Ï Ë ‡Á‰ÂÎfl˛˘ÂÈ Ëı
ÏÓ˘ÌÓÈ ÁÓÌÂ ÏËÎÓÌËÚÓ‚ (ÒÏ. ËÒ. 2) [34].

í‡·ÎËˆ‡ 3.  U-Pb ËÁÓÚÓÔÌ˚Â ‰‡ÌÌ˚Â ‰Îfl ˆËÍÓÌÓ‚ ËÁ ÔÓ· ò1/99 Ë ò4/99

ä‡ÊÛ˘ËÂÒfl ‚ÓÁ‡ÒÚ˚, ÏÎÌ. ÎÂÚ

íËÔ ÁÂÂÌ ÇÂÒ
ÁÂÂÌ, ÏÎ„ Pbc, Ô„ U, „/Ú

206Pbm
206Pbc

206Pb* 207Pb* 207Pb*
204Pb 208Pb 238U 235U 206Pb*

ò1/99
5A 31 6 241 571 9.6 45.6 ± 1.3 45.7 ± 1.6 51 ± 49
5A 32 11 216 310 5.9 45.3 ± 1.3 45.3 ± 2.2 46 ± 88
5A 29 8 303 502 7.7 45.3 ± 1.1 44.9 ± 1.5 20 ± 55
1Br 11 9 471 283 5.9 45.2 ± 1.8 45.5 ± 2.6 63 ± 99
5Ar 29 9 386 556 3.6 45.4 ± 0.9 45.5 ± 1.1 52 ± 37

ò4/99
5Ar 31 6 1301 3200 21.9 47.1 ± 0.3 47.6 ± 0.5 71 ± 15
5Ar 32 11 3151 4100 20.3 46.1 ± 0.3 46.4 ± 0.5 61 ± 20
5Ar 36 11 1915 2690 20.3 44.9 ± 0.3 46.1 ± 0.5 105 ± 16
5Ar 66 8 1809 9180 13.1 61.7 ± 0.4 78.9 ± 0.6 637 ± 7
5Ar 70 12 1462 5900 19.9 61.1 ± 0.4 80.1 ± 0.7 692 ± 10

èËÏÂ˜‡ÌËÂ. ÄÌ‡ÎËÁ˚ ‚˚ÔÓÎÌÂÌ˚ ÏÂÚÓ‰ÓÏ ËÁÓÚÓÔÌÓ„Ó ‡Á·‡‚ÎÂÌËfl Ì‡ Ï‡ÒÒ-ÒÔÂÍÚÓÏÂÚÂ ÑÊ. ÑÊÂÂÎ¸ÒÓÏ (ìÌË‚ÂÒËÚÂÚ
¯Ú‡Ú‡ ÄËÁÓÌ‡, ëòÄ). * – ‡‰ËÓ„ÂÌÌ˚È Pb. íËÔ ÁÂÌ‡: A = ~100 ÏÍÌ, B = ~200 ÏÍÌ, r = 5:1 – Û‰ÎËÌÂÌÌ˚Â ÁÂÌ‡; ‰Îfl ‚ÒÂı ÚËÔÓ‚
ÛÍ‡Á‡ÌÓ ÍÓÎË˜ÂÒÚ‚Ó ÁÂÂÌ. 206Pbm/204Pb – ËÁÏÂÂÌÌÓÂ ÌÂÍÓÂÍÚËÓ‚‡ÌÌÓÂ ÓÚÌÓ¯ÂÌËÂ, 206Pbc/

208Pb – ÍÓÂÍÚËÓ‚‡ÌÌÓÂ ÓÚ-
ÌÓ¯ÂÌËÂ. äÓÌˆÂÌÚ‡ˆËË ËÏÂ˛Ú Ó¯Ë·ÍÛ 25%, Ò‚flÁ‡ÌÌÛ˛ Ò Ó¯Ë·ÍÓÈ ÓÔÂ‰ÂÎÂÌËfl ‚ÂÒ‡ ÁÂÌ‡. àÒÔÓÎ¸ÁÓ‚‡Ì˚ ÒÎÂ‰Û˛˘ËÂ ÍÓÌ-
ÒÚ‡ÌÚ˚: 238U/235U = 137.88; ÍÓÌÒÚ‡ÌÚ‡ ‡ÒÔ‡‰‡ 235U = 9.8485 × 10–10, ÍÓÌÒÚ‡ÌÚ‡ ‡ÒÔ‡‰‡ 238U = 1.55125 × 10–10. é¯Ë·ÍË ÒÓÓÚ-
‚ÂÚÒÚ‚Û˛Ú ±2σ (95%). ïÓÎÓÒÚÓÂ Á‡„flÁÌÂÌËÂ Pb ÒÓÒÚ‡‚ÎflÎÓ ÓÚ 2 ‰Ó 10 Ô„, U – <1 Ô„. àÌÚÂÔÂÚËÓ‚‡ÌÌ˚Â ‚ÓÁ‡ÒÚ˚ ‰Îfl ÍÓÌ-
ÍÓÌ‰‡ÚÌ˚ı ÁÂÂÌ – 206Pb*/238U, ÂÒÎË ‚ÓÁ‡ÒÚ <1.0 ÏÎ‰. ÎÂÚ, Ë 207Pb*/206Pb*, ÂÒÎË ‚ÓÁ‡ÒÚ >1.0 ÏÎ‰. ÎÂÚ.
àÌÚÂÔÂÚËÓ‚‡ÌÌ˚Â ‚ÓÁ‡ÒÚ˚ ‰Îfl ‰ËÒÍÓ‰‡ÌÚÌ˚ı ÁÂÂÌ ÒÔÓÂˆËÓ‚‡Ì˚ ÓÚ 100 ÏÎÌ. ÎÂÚ (ÒÏ. ËÒ. 3). 
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êËÒ. 3. àÁÓıÓÌÌ˚Â U/Pb ‰Ë‡„‡ÏÏ˚: Ä – ‰Îfl „‡ÌÓ‰ËÓËÚÓ‚ ò‡Ï‡ÌÍËÌÒÍÓÈ ËÌÚÛÁËË (Ó·. ò1/99); Å – ‰Îfl ËÓÎËÚÓ‚
ËÁ ÓÒÌÓ‚‡ÌËfl ÍËÌÍËÎ¸ÒÍÓÈ Ò‚ËÚ˚ (Ó·. ò4/99)
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ò‡Ï‡ÌÍËÌÒÍËÈ Ï‡ÒÒË‚ ÒÎÓÊÂÌ ÒÂ‰ÌÂ- Ë ÍÛÔ-
ÌÓÁÂÌËÒÚ˚ÏË, ÏÂÒÚ‡ÏË ÔÓÙËÓ‚Ë‰Ì˚ÏË ÔÎ‡„Ë-
Ó„‡ÌËÚ‡ÏË Ë „‡ÌÓ‰ËÓËÚ‡ÏË Ò ÏÌÓ„Ó˜ËÒÎÂÌÌ˚-
ÏË ÍÒÂÌÓÎËÚ‡ÏË ‚ÏÂ˘‡˛˘Ëı ÒÎÓËÒÚ˚ı ÔÓÓ‰ Ë
„‡ÌÓ‰ËÓËÚ- Ë ‰ËÓËÚ-ÔÓÙËÓ‚ Ë ‰Ë‡·‡ÁÓ‚.
å‡ÒÒË‚ ‚˚ÚflÌÛÚ ‚ ÏÂË‰ËÓÌ‡Î¸ÌÓÏ Ì‡Ô‡‚ÎÂÌËË
Ë ËÏÂÂÚ ÔÓÎÓ„ËÈ ÒÂ‚ÂÓ-Á‡Ô‡‰Ì˚È Ë ÒÛ·‚ÂÚË-
Í‡Î¸Ì˚È ‚ÓÒÚÓ˜Ì˚È ÍÓÌÚ‡ÍÚ. ë ÒÂ‚ÂÓ-Á‡Ô‡‰‡ ËÌ-
ÚÛÁËfl ÓÚÓÓ˜ÂÌ‡ ¯ÚÓÍ‚ÂÍÓÏ ‡ÁÌÓÓ·‡ÁÌ˚ı ÔÓ
ÒÓÒÚ‡‚Û ‰‡ÂÍ, ‡ Ì‡ ÌÂÒÍÓÎ¸ÍÓ ·ÓÎ¸¯ÂÏ Û‰‡ÎÂÌËË –
ÒÂËÂÈ ÒÛ·‚ÛÎÍ‡ÌË˜ÂÒÍËı ÚÂÎ ËÓÎËÚÓ‚, ·ÎËÁÍËı
ÔÓ ÒÓÒÚ‡‚Û Í ËÓÎËÚ‡Ï ÍËÌÍËÎ¸ÒÍÓÈ Ò‚ËÚ˚. É‡Î¸-
ÍË Ë ‚‡ÎÛÌ˚ „‡ÌËÚÓË‰Ó‚ Ë Ó„Ó‚ËÍÓ‚ ÔËÒÛÚÒÚ‚Û-
˛Ú ‚ ‚ÂıÌÂ˝ÓˆÂÌÓ‚˚ı ÍÓÌ„ÎÓÏÂ‡Ú‡ı, ‚ÒÚÂ˜‡˛-
˘ËıÒfl Í ‚ÓÒÚÓÍÛ ÓÚ ËÌÚÛÁËË [30].

ÑÎfl ÓÔÂ‰ÂÎÂÌËfl ‚ÓÁ‡ÒÚ‡ ·˚ÎË ÓÚÓ·‡Ì˚
ÒÂ‰ÌÂÁÂÌËÒÚ˚Â „‡ÌÓ‰ËÓËÚ˚, ‚ ÒÓÒÚ‡‚Â ÍÓÚÓ-
˚ı ‰ÓÏËÌËÛ˛Ú ÍËÒÎ˚È ÔÎ‡„ËÓÍÎ‡Á, Í‚‡ˆ Ë ‚
ÌÂ·ÓÎ¸¯ÓÏ ÍÓÎË˜ÂÒÚ‚Â Í‡ÎËÂ‚˚È ÔÓÎÂ‚ÓÈ ¯Ô‡Ú.
ñ‚ÂÚÌ˚Â ÏËÌÂ‡Î˚ ÔÂ‰ÒÚ‡‚ÎÂÌ˚ Ò‚ÂÊËÏ Ò‚ÂÚ-
ÎÓ-·Û˚Ï ·ËÓÚËÚÓÏ Ë ÁÂÎÂÌ˚Ï ‡ÏÙË·ÓÎÓÏ, ËÌÓ-
„‰‡ ˜‡ÒÚË˜ÌÓ Á‡ÏÂ˘ÂÌÌ˚Ï ·ËÓÚËÚÓÏ. áÂÌ‡ ˆË-
ÍÓÌ‡ ‚ÍÎ˛˜ÂÌ˚ ‚ ·ËÓÚËÚ Ë ÓÍÛÊÂÌ˚ ÔÎÂÓıÓË˜-
Ì˚ÏË ‰‚ÓËÍ‡ÏË. 

èÓ·‡ „‡ÌÓ‰ËÓËÚÓ‚ (ò1/99) ·˚Î‡ ÓÚÓ·‡Ì‡
‚ ˛ÊÌÓÈ ˜‡ÒÚË Ï‡ÒÒË‚‡ (ÒÏ. ËÒ. 2). ÇÓÁ‡ÒÚ „‡-
ÌÓ‰ËÓËÚÓ‚ ÓÔÂ‰ÂÎflÎÒfl U/Pb, Rb/Sr Ë K/Ar ÏÂÚÓ-
‰‡ÏË. êÂÁÛÎ¸Ú‡Ú˚ U/Pb ÏÂÚÓ‰‡ ÔÓ ÔflÚË Ì‡‚ÂÒÍ‡Ï
ˆËÍÓÌ‡ (Ú‡·Î. 3) ÎÂÊ‡Ú Ì‡ ÍÓÌÍÓ‰ËË (ËÒ. 3,Ä).
é˜Â‚Ë‰ÌÓ, ̃ ÚÓ ̂ ËÍÓÌ˚ ÌÂ ÒÓ‰ÂÊ‡Ú ÍÒÂÌÓ„ÂÌÌÓ„Ó
ÍÓÏÔÓÌÂÌÚ‡. ÇÓÁ‡ÒÚ ÓÔÂ‰ÂÎÂÌ Í‡Í 45.3 ± 1.0 ÏÎÌ.
ÎÂÚ. Rb/Sr ËÁÓıÓÌ‡ ÔÓÒÚÓÂÌ‡ ÔÓ 3 ÚÓ˜Í‡Ï (·ËÓ-
ÚËÚ, Ó„Ó‚‡fl Ó·Ï‡ÌÍ‡, ÔÎ‡„ËÓÍÎ‡Á) (Ú‡·Î. 4, ËÒ. 4).
è‡‡ÏÂÚ˚ ËÁÓıÓÌ˚: ‚ÓÁ‡ÒÚ 44.4 ± 0.1 ÏÎÌ. ÎÂÚ,
(87Sr/86Sr)0 = 0.70388 ± 0.00003, ëäÇé = 23.3. K/Ar
ÏÂÚÓ‰ÓÏ ËÁ ÚÓÈ ÊÂ ÔÓ·˚ (ò1/99) ‰‡ÚËÓ‚‡Ì˚ ·Ë-
ÓÚËÚ Ë Ó„Ó‚‡fl Ó·Ï‡ÌÍ‡ (Ú‡·Î. 5). ÇÓÁ‡ÒÚ ÔÓ ·ËÓ-
ÚËÚÛ – 47.0 ± 1.3 ÏÎÌ. ÎÂÚ, ÔÓ Ó„Ó‚ÓÈ Ó·Ï‡ÌÍÂ –
44.0 ± 2.5 ÏÎÌ. ÎÂÚ. éÚÏÂÚËÏ, ˜ÚÓ ÂÁÛÎ¸Ú‡Ú˚, ÔÓ-
ÎÛ˜ÂÌÌ˚Â ‡ÁÌ˚ÏË ÏÂÚÓ‰‡ÏË, ËÏÂ˛Ú ıÓÓ¯Û˛
ÒıÓ‰ËÏÓÒÚ¸ (ËÒ. 5). àÒÍÎ˛˜ÂÌËÂ ÒÓÒÚ‡‚ÎflÂÚ

ÎË¯¸ K/Ar ‰‡ÚËÓ‚Í‡ ·ËÓÚËÚ‡, Ó·Ì‡ÛÊË‚‡˛˘‡fl
Û‰Â‚ÌÂÌËÂ ÔËÏÂÌÓ Ì‡ 6% ‚ÂÎË˜ËÌ˚ ‚ÓÁ‡ÒÚ‡,
˜ÚÓ, ‚ÂÓflÚÌÓ, Ò‚flÁ‡ÌÓ Ò ËÁ·˚ÚÓ˜Ì˚Ï ‡‰ËÓ„ÂÌ-
Ì˚Ï ‡„ÓÌÓÏ, ‚ÓÁÏÓÊÌÓ, ÒÓ·ËÓ‚‡ÌÌ˚Ï ÔË
‚ÚÓË˜Ì˚ı ËÁÏÂÌÂÌËflı. ÇÓÁ‡ÒÚ ‡Ô‡ÚËÚ‡, ÓÔÂ‰Â-
ÎÂÌÌ˚È (U-Th)/He ÏÂÚÓ‰ÓÏ – 40.3 ÏÎÌ. ÎÂÚ (ÓÔÂ-
‰ÂÎÂÌËÂ è. ê‡ÈÌÂ‡, ä‡ÎËÙÓÌËÈÒÍËÈ ÚÂıÌÓÎÓ„Ë-
˜ÂÒÍËÈ ËÌÒÚËÚÛÚ, ëòÄ), ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ‚ÂÏÂÌË
‚˚‚Ó‰‡ ËÌÚÛÁËË Ì‡ ÔÓ‚ÂıÌÓÒÚ¸ ‚ Ó·Î‡ÒÚ¸ ˝Ó-
ÁËË. ÑÎfl ‰‡Î¸ÌÂÈ¯Ëı „ÂÓÎÓ„Ë˜ÂÒÍËı ÔÓÒÚÓÂÌËÈ
Ï˚ ÔËÌËÏ‡ÂÏ ‚ÓÁ‡ÒÚ ò‡Ï‡ÌÍËÌÒÍÓÈ ËÌÚÛÁËË
Í‡Í 44.4 ÏÎÌ. ÎÂÚ (ÒÂ‰ÌËÈ ˝ÓˆÂÌ, Î˛ÚÂÚÒÍËÈ ‚ÂÍ).

ÇÛÎÍ‡ÌËÚ˚ ÍËÌÍËÎ¸ÒÍÓÈ Ò‚ËÚ˚ Ò ÂÁÍËÏ
ÒÚÛÍÚÛÌ˚Ï ÌÂÒÓ„Î‡ÒËÂÏ Á‡ÎÂ„‡˛Ú Ì‡ ÙÎË¯Â
ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË, ‡ Ú‡ÍÊÂ, ÔÓ ‰‡ÌÌ˚Ï [5, 30], – Ì‡
ÍÂÏÌËÒÚÓ-‚ÛÎÍ‡ÌÓ„ÂÌÌ˚ı ÓÚÎÓÊÂÌËflı ËÛÌÂÈ-
ÒÍÓÈ Ò‚ËÚ˚. ÇÛÎÍ‡ÌËÚ˚ ˝ÚÓÈ Ò‚ËÚ˚ ¯ËÓÍÓÈ ÔÓ-
ÎÓÒÓÈ ÔÓÚfl„Ë‚‡˛ÚÒfl ‚‰ÓÎ¸ Á‡Ô‡‰ÌÓ„Ó ÔÓ·ÂÂÊ¸fl
ä‡Ï˜‡ÚÍË ÓÚ ÛÒÚ¸fl ÂÍË è‡Î‡Ì˚ Ì‡ ÒÂ‚Â. äËÌ-
ÍËÎ¸ÒÍËÈ ÔÓflÒ ‚ ÓÒÌÓ‚ÌÓÏ ÒÎÓÊÂÌ ÒÛ·‡˝‡Î¸Ì˚ÏË
·‡Á‡Î¸Ú‡ÏË Ë ‡Ì‰ÂÁËÚ‡ÏË, „ÂÓıËÏË˜ÂÒÍË ·ÎËÁÍË-
ÏË Í ‚ÛÎÍ‡ÌËÚ‡Ï ÓÍ‡ËÌÌÓ-ÍÓÌÚËÌÂÌÚ‡Î¸Ì˚ı ÔÓ-
flÒÓ‚ [8, 29]. ç‡ ÓÒÌÓ‚‡ÌËË Ò‡‚ÌËÚÂÎ¸ÌÓ Â‰ÍËı

í‡·ÎËˆ‡ 4.  Ñ‡ÌÌ˚Â Rb/Sr ‰‡ÚËÓ‚‡ÌËfl Ó·‡Áˆ‡ ò1/99 („‡ÌÓ‰ËÓËÚ Ï‡ÒÒË‚‡ ò‡Ï‡ÌÍ‡)

åËÌÂ‡Î Rb, „/Ú Sr, „/Ú 87Rb/87Sr 87Sr/86Sr ÇÓÁ‡ÒÚ,
ÏÎÌ. ÎÂÚ è‡‡ ÏËÌÂ‡ÎÓ‚ ÇÓÁ‡ÒÚ, 

ÏÎÌ. ÎÂÚ (87Sr/86Sr)0

èÎ‡„ËÓÍÎ‡Á 
(Pl)

6.314 759.0 0.02410 ±
± 0.00007

0.70388 ±
± 0.00002

44.4 ± 0.1
(87Sr/86Sr)0 = 
= 0.70389 ±
± 0.00003
ëäÇé = 23.3

èÎ‡„ËÓÍÎ‡Á – Ó-
„Ó‚‡fl Ó·Ï‡ÌÍ‡

47.1 ± 1.1 0.70386 ±
± 0.00002

êÓ„Ó‚‡fl
Ó·Ï‡ÌÍ‡ (Hb)

9.566 15.86 1.7447 ±
± 0.0016

0.70503 ±
± 0.00002

èÎ‡„ËÓ-
ÍÎ‡Á – ·ËÓÚËÚ

44.37 ± 0.04 0.70386 ±
± 0.00002

ÅËÓÚËÚ (Bi) 325.4 3.240 295.72 ±
± 0.25

0.89023 ±
± 0.00003

ÅËÓÚËÚ – Ó„Ó-
‚‡fl Ó·Ï‡ÌÍ‡

44.35 ± 0.04 0.70393 ±
± 0.00002

èËÏÂ˜‡ÌËÂ. éÔÂ‰ÂÎÂÌËÂ ÒÓ‰ÂÊ‡ÌËÈ Rb Ë Sr ÔÓ‚Ó‰ËÎÓÒ¸ ÏÂÚÓ‰ÓÏ ËÁÓÚÓÔÌÓ„Ó ‡Á·‡‚ÎÂÌËfl Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÒÏÂ¯‡ÌÌÓ„Ó
Ú‡ÒÂ‡ 85Rb-84Sr. àÁÓÚÓÔÌ˚Â ÓÚÌÓ¯ÂÌËfl ËÁÏÂflÎËÒ¸ Ì‡ Ï‡ÒÒ-ÒÔÂÍÚÓÏÂÚÂ Sector 54 ÙËÏ˚ Micromass. ê‡·ÓÚ‡ ÔË·Ó‡
ÍÓÌÚÓÎËÓ‚‡Î‡Ò¸ ËÁÏÂÂÌËflÏË ÏÂÊ‰ÛÌ‡Ó‰ÌÓ„Ó ÒÚ‡Ì‰‡Ú‡ ÒÚÓÌˆËfl SRM 987. àÁÓÚÓÔÌ˚È ÒÓÒÚ‡‚ ÒÚÓÌˆËfl ÌÓÏËÓ‚‡Ì
ÔÓ 86Sr/88Sr = 0.1194. Ñ‡ÚËÓ‚ÍË ÔÓÎÛ˜ÂÌ˚ Ç.ç. ÉÓÎÛ·Â‚˚Ï (àÉÖå êÄç).
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87Rb/86Sr

êËÒ. 4. àÁÓıÓÌÌ‡fl Rb-Sr ‰Ë‡„‡ÏÏ‡ ‰Îfl „‡ÌÓ‰ËÓË-
ÚÓ‚ ò‡Ï‡ÌÍËÌÒÍÓÈ ËÌÚÛÁËË (Ó·. ò1/99)
Pl – ÔÎ‡„ËÓÍÎ‡Á; Hb – Ó„Ó‚‡fl Ó·Ï‡ÌÍ‡; Bi – ·ËÓÚËÚ
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ëÓÎÓ‚¸Â‚ Ë ‰.

Ì‡ıÓ‰ÓÍ ÙÎÓ˚ ‚ ÓÒ‡‰Ó˜Ì˚ı ÔÓÒÎÓflı Ë ÒÓÓÚÌÓ-
¯ÂÌËÈ Ò ÎÛ˜¯Â ‰‡ÚËÓ‚‡ÌÌ˚ÏË ÓÒ‡‰Ó˜Ì˚ÏË ÚÓÎ-
˘‡ÏË ÍËÌÍËÎ¸ÒÍ‡fl Ò‚ËÚ‡ ÓÚÌÓÒËÚÒfl Í ˝ÓˆÂÌÛ [7].
ÇÓÁ‡ÒÚ ‚ÛÎÍ‡ÌËÚÓ‚, ÓÔÂ‰ÂÎÂÌÌ˚È K/Ar ÏÂÚÓ-
‰ÓÏ ÔÓ ‚‡ÎÓ‚˚Ï ÔÓ·‡Ï, ÍÓÎÂ·ÎÂÚÒfl ‚ ËÌÚÂ‚‡ÎÂ
37–51 ÏÎÌ. ÎÂÚ [8], ÌÓ ‚ÒÂ ˝ÚË ˆËÙ˚, Ú‡Í ÊÂ, Í‡Í
Ë „ÂÓıËÏË˜ÂÒÍËÂ ‰‡ÌÌ˚Â, ÓÚÌÓÒflÚÒfl Í ÔÓÓ‰‡Ï,

Ó·Ì‡Ê‡˛˘ËÏÒfl Ì‡ ÔÓ·ÂÂÊ¸Â éıÓÚÒÍÓ„Ó ÏÓfl.
Ç ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓÈ ·ÎËÁÓÒÚË ÓÚ ‡ÈÓÌ‡, ËÁÛ˜‡‚-
¯Â„ÓÒfl Ì‡ÏË, ‡ÁÂÁ ÍËÌÍËÎ¸ÒÍÓÈ Ò‚ËÚ˚ ËÏÂÂÚ
‡ÌÚË‰ÓÏÌÓÂ ÒÚÓÂÌËÂ, Ì‡˜ËÌ‡flÒ¸ Ò ËÓÎËÚÓ‚ Ë
‚ÂÌ˜‡flÒ¸ ·‡Á‡Î¸Ú‡ÏË [30].

ÑÎfl ÓÔÂ‰ÂÎÂÌËfl ‚ÓÁ‡ÒÚ‡ ÍËÌÍËÎ¸ÒÍÓÈ Ò‚ËÚ˚
ËÁ ÂÂ ·‡Á‡Î¸Ì˚ı „ÓËÁÓÌÚÓ‚ ·˚Î‡ ÓÚÓ·‡Ì‡ ÔÓ·‡
·ËÓÚËÚÒÓ‰ÂÊ‡˘Ëı ËÓÎËÚÓ‚ (ò4/99), ÒÎ‡„‡˛-
˘Ëı ÌÂ·ÓÎ¸¯ÓÂ ËÁÓÎËÓ‚‡ÌÌÓÂ ÔÓÎÂ, ÓÍÛÊÂÌÌÓÂ
‚˚ıÓ‰‡ÏË ÔÓÓ‰ ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË (ÒÏ. ËÒ. 2). êË-
ÓÎËÚ˚ Á‡ÎÂ„‡˛Ú ÒÛ·„ÓËÁÓÌÚ‡Î¸ÌÓ Ë Ò ÌÂÒÓ„Î‡ÒË-
ÂÏ ÔÂÂÍ˚‚‡˛Ú ËÌÚÂÌÒË‚ÌÓ ‰ÂÙÓÏËÓ‚‡ÌÌ˚Â
ÓÚÎÓÊÂÌËfl ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË. éÚÓ·‡ÌÌ‡fl ÔÓÓ‰‡
ÒÓÒÚÓËÚ ËÁ ÙÂÎ¸ÁËÚÓ‚ÓÈ ÓÒÌÓ‚ÌÓÈ Ï‡ÒÒ˚, ‚ ÍÓÚÓ-
Û˛ ÔÓ„ÛÊÂÌ˚ ÏÂÎÍËÂ ‚Í‡ÔÎÂÌÌËÍË Í‚‡ˆ‡,
ÔÓÎÂ‚Ó„Ó ¯Ô‡Ú‡, ÓÔ‡ˆËÚËÁËÓ‚‡ÌÌÓ„Ó ‡ÏÙË·ÓÎ‡
Ë ÚÂÏÌÓ-·ÛÓ„Ó ·ËÓÚËÚ‡. ÇÓÁ‡ÒÚ ËÓÎËÚÓ‚ ÓÔÂ-
‰ÂÎflÎÒfl U/Pb, K/Ar Ë ÚÂÍÓ‚˚Ï ÏÂÚÓ‰‡ÏË; U/Pb
ÏÂÚÓ‰ÓÏ – ÔÓ ÔflÚË Ì‡‚ÂÒÍ‡Ï ˆËÍÓÌ‡ (ÒÏ. Ú‡·Î. 3
Ë ËÒ. 3). êÂÁÛÎ¸Ú‡Ú˚ ÓÔÂ‰ÂÎÂÌËÈ ÔÓ ÚÂÏ Ì‡‚ÂÒ-
Í‡Ï ÎÂÊ‡Ú ·ÎËÁÍÓ Í ÍÓÌÍÓ‰ËË (ÒÏ. ËÒ. 3,Å); ‰‚Â
Ì‡‚ÂÒÍË ‰‡ÎË ‚ÓÁ‡ÒÚ˚, ÒÏÂ˘ÂÌÌ˚Â ÓÚ ÍÓÌÍÓ-
‰ËË, ˜ÚÓ, ÔÓ-‚Ë‰ËÏÓÏÛ, Ò‚flÁ‡ÌÓ Ò ÍÓÌÚ‡ÏËÌ‡ˆËÂÈ
Ó‰ÓÌ‡˜‡Î¸Ì˚Ï ‡ÒÔÎ‡‚ÓÏ ÍÓÓ‚˚ı ÍÓÏÔÎÂÍÒÓ‚,
ÒÓ‰ÂÊ‡˘Ëı ˆËÍÓÌ˚ ‰Â‚ÌÂ„Ó ‚ÓÁ‡ÒÚ‡. èÓ
ÚÂÏ ÚÓ˜Í‡Ï ‚ÓÁ‡ÒÚ ËÓÎËÚÓ‚ ÓÔÂ‰ÂÎÂÌ Í‡Í
45.5 ± 2.9 ÏÎÌ. ÎÂÚ (ÒÏ. ËÒ. 3,Å). ÇÂıÌÂÂ ÔÂÂÒÂ-

í‡·ÎËˆ‡ 5.  êÂÁÛÎ¸Ú‡Ú˚ ÓÔÂ‰ÂÎÂÌËfl K-Ar ‚ÓÁ‡ÒÚ‡ ·ËÓ-
ÚËÚ‡ Ë Ó„Ó‚ÓÈ Ó·Ï‡ÌÍË ËÁ ÔÓ·˚ ò1/99 („‡ÌÓ‰ËÓËÚ
Ï‡ÒÒË‚‡ ò‡Ï‡ÌÍ‡), ·ËÓÚËÚ‡ ËÁ ÔÓ·˚ ò4/99 (ËÓÎËÚ ÍËÌ-
ÍËÎ¸ÒÍÓÈ Ò‚ËÚ˚)

é·. ‹ åËÌÂ‡Î ä‡ÎËÈ,
% ±1σ

40Arrad,
Ì„/„ ±1σ

ÇÓÁ‡ÒÚ, 
ÏÎÌ. ÎÂÚ 

±1.6σ

ò1/99 ÅËÓÚËÚ 6.67 ± 0.06 22.0 ± 0.3 47.0 ± 1.3

ò1/99 êÓ„Ó‚‡fl 
Ó·Ï‡ÌÍ‡

0.54 ± 0.01 1.65 ± 0.06 44.0 ± 2.5

ò4/99 ÅËÓÚËÚ 6.75 ± 0.06 21.8 ± 0.3 46.0 ± 1.3

èËÏÂ˜‡ÌËÂ. éÔÂ‰ÂÎÂÌËÂ ÒÓ‰ÂÊ‡ÌËfl ‡‰ËÓ„ÂÌÌÓ„Ó ‡„ÓÌ‡
ÔÓ‚Ó‰ËÎÓÒ¸ Ì‡ Ï‡ÒÒ-ÒÔÂÍÚÓÏÂÚÂ åà-1201 àÉ ÏÂÚÓ‰ÓÏ
ËÁÓÚÓÔÌÓ„Ó ‡Á·‡‚ÎÂÌËfl Ò ÔËÏÂÌÂÌËÂÏ ‚ Í‡˜ÂÒÚ‚Â Ú‡ÒÂ‡
38Ar; ÓÔÂ‰ÂÎÂÌËÂ Í‡ÎËfl – ÏÂÚÓ‰ÓÏ ÔÎ‡ÏÂÌÌÓÈ ÒÔÂÍÚÓÙÓÚÓ-
ÏÂÚËË. àÒÔÓÎ¸ÁÓ‚‡Ì˚ ÍÓÌÒÚ‡ÌÚ˚: λk = 0.581 × 10–10 „Ó‰–1,
λβ = 4.962 × 10–10 „Ó‰–1, 40K = 0.01167 (‡Ú. %). éÔÂ‰ÂÎÂÌËfl
ÔÓ‚Â‰ÂÌ˚ å.å. Ä‡ÍÂÎflÌˆ Ë Ç.Ä. ãÂ·Â‰Â‚˚Ï (àÉÖå êÄç).

êËÒ. 5. ïÓÌÓÎÓ„Ëfl „ÂÓÎÓ„Ë˜ÂÒÍËı ÒÓ·˚ÚËÈ ‚ ̂ ÂÌÚ‡Î¸ÌÓÈ ̃ ‡ÒÚË ãÂÒÌÓ‚ÒÍÓ„Ó ÔÓ‰ÌflÚËfl ‚ ËÌÚÂ‚‡ÎÂ ÓÚ Í‡ÏÔ‡Ì‡ ‰Ó ÓÎË-
„ÓˆÂÌ‡ 
1–4 – ËÌÚÂ‚‡Î˚, Ó„‡ÌË˜Ë‚‡˛˘ËÂ ‚ÓÁ‡ÒÚ Ô‡ÎÂÓÌÚÓÎÓ„Ë˜ÂÒÍËı ÍÓÏÔÎÂÍÒÓ‚: 1, 2 – Ì‡ÌÓÔÎ‡ÌÍÚÓÌ: 1 – ËÁ „Î˚·˚ ÚÂ-
Ë„ÂÌÌ˚ı ÔÓÓ‰ ‚ ÔÓ‰Ì‡‰‚Ë„Ó‚ÓÏ ÏÂÎ‡ÌÊÂ ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË [34], 2 – ËÁ ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË [34], 3 – ÙÎÓ‡ ËÁ ÌËÊÌÂÈ
˜‡ÒÚË ̄ ‡Ï‡ÌÍËÌÒÍÓÈ Ò‚ËÚ˚ [30], 4 – Ù‡ÛÌ‡ ÏÓÎÎ˛ÒÍÓ‚ ËÁ ‚ÂıÌÂÈ ̃ ‡ÒÚË ̄ ‡Ï‡ÌÍËÌÒÍÓÈ Ò‚ËÚ˚ [30]; 5 – ‚ÓÁ‡ÒÚ ÏÓÎÓ‰ÓÈ
ÔÓÔÛÎflˆËË ˆËÍÓÌÓ‚ ËÁ ÔÂÒ˜‡ÌËÍÓ‚ ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË, ËÌÚÂ‚‡Î ÛÍ‡Á˚‚‡ÂÚ Ó¯Ë·ÍÛ ÓÔÂ‰ÂÎÂÌËfl; 6 – Ì‡ÍÓÔÎÂÌËÂ ÎÂÒ-
ÌÓ‚ÒÍÓÈ ÒÂËË; 7 – ‰ÂÙÓÏ‡ˆËfl ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË, ÙÓÏËÓ‚‡ÌËÂ ãÂÒÌÓ‚ÒÍÓ„Ó Ì‡‰‚Ë„‡, ÔÓ‰ÌflÚËÂ Ë ‡ÁÏ˚‚; 8 – Ì‡ÍÓÔ-
ÎÂÌËÂ ÍËÌÍËÎ¸ÒÍÓÈ Ò‚ËÚ˚ Ë ‚ÌÂ‰ÂÌËÂ „‡ÌËÚÓ‚; 9 – ÔÓ‰ÌflÚËÂ Ë „ÎÛ·ÓÍËÈ ‡ÁÏ˚‚ Ò ‚˚‚Â‰ÂÌËÂÏ Ì‡ ÔÓ‚ÂıÌÓÒÚ¸ ò‡-
Ï‡ÌÍËÌÒÍÓ„Ó Ï‡ÒÒË‚‡; 10 – Ú‡ÌÒ„ÂÒÒËfl Ë Ì‡ÍÓÔÎÂÌËÂ ¯‡Ï‡ÌÍËÌÒÍÓÈ Ò‚ËÚ

åaaaaaaaaaaaaä‡ÏÔ‡ÌíÛÓÌ-
Ò‡ÌÚÓÌ

å‡‡ÒÚËıÚ Ñ‡-
ÌËÈ

í‡ÌÂÚ àÔ ã˛ÚÂÚ ê˛-Å‡-
ÚÓÌ

èË‡-
·ÓÌ ï‡ÚÚ

90 80 70 60 50 40 30 20
ÏÎÌ. ÎÂÚ

1 2 3 4 5 6 7 8 9 10

Ñ‡ÚËÓ‚ÍË ËÁ ÎÂÒÌÓ‚ÒÍÓÈ
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Ì‡‰‚Ë„‡
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˜ÂÌËÂ ‰ËÒÍÓ‰ËË (1667 ± 280 ÏÎÌ. ÎÂÚ) ÔÓÁ‚ÓÎflÂÚ
ÔÂ‰ÔÓÎ‡„‡Ú¸ ÔËÒÛÚÒÚ‚ËÂ ÍÒÂÌÓ„ÂÌÌÓ„Ó, Á‡ı‚‡-
˜ÂÌÌÓ„Ó ËÁ ‚ÏÂ˘‡˛˘Ëı ÔÓÓ‰, Ï‡ÚÂË‡Î‡. èÓ
K/Ar ÏÂÚÓ‰Û ‚ÓÁ‡ÒÚ ÔÓ ·ËÓÚËÚÛ ËÁ ÚÓÈ ÊÂ ÔÓ·˚
(ò4/99) – 46.0 ± 1.3 ÏÎÌ. ÎÂÚ (ÒÏ. Ú‡·Î. 5), ˜ÚÓ ÒÓ-
ÓÚ‚ÂÚÒÚ‚ÛÂÚ ‚ÓÁ‡ÒÚÛ ˆËÍÓÌ‡ ‚ ÔÂ‰ÂÎ‡ı Ó¯Ë·-
ÍË. ÇÓÁ‡ÒÚ˚ ˆËÍÓÌ‡ – 44.0 ± 2.6 ÏÎÌ. ÎÂÚ Ë ‡Ô‡-
ÚËÚ‡ – 44.3 ± 5.7 ÏÎÌ. ÎÂÚ ÓÔÂ‰ÂÎÂÌ˚ ÏÂÚÓ‰ÓÏ
ÚÂÍÓ‚Ó„Ó ‰‡ÚËÓ‚‡ÌËfl (Ú‡·Î. 6). å˚ ÔËÌËÏ‡ÂÏ
‚ÓÁ‡ÒÚ Á‡ı‚‡˜ÂÌÌÓ„Ó ÍÒÂÌÓ„ÂÌÌÓ„Ó Ï‡ÚÂË‡Î‡
Í‡Í 1700 ÏÎÌ. ÎÂÚ (ÔÓÚÂÓÁÓÈ), ‚ÓÁ‡ÒÚ ËÓÎËÚÓ-
‚Ó„Ó ‡ÒÔÎ‡‚‡ – 45.5 ÏÎÌ. ÎÂÚ, ‡ ‚ÓÁ‡ÒÚ Â„Ó Óı-
Î‡Ê‰ÂÌËfl ÌËÊÂ ÚÂÏÔÂ‡ÚÛ˚ 240°ë – 44.0 ÏÎÌ.
ÎÂÚ (ÒÂ‰ÌËÈ ˝ÓˆÂÌ, Î˛ÚÂÚÒÍËÈ ‚ÂÍ).

åéÑÖãú îéêåàêéÇÄçàü 
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îÓÏËÓ‚‡ÌË˛ ãÂÒÌÓ‚ÒÍÓ„Ó Ì‡‰‚Ë„‡ ÔÂ‰¯Â-
ÒÚ‚Ó‚‡Î ‰ÎËÚÂÎ¸Ì˚È ÔÂËÓ‰ ÌÂÁ‡‚ËÒËÏÓ„Ó ‡Á‚Ë-
ÚËfl ‡‚ÚÓıÚÓÌÌÓ„Ó Ë ‡ÎÎÓıÚÓÌÌÓ„Ó ÍÓÏÔÎÂÍÒÓ‚
(ËÒ. 6, I). ãÂÒÌÓ‚ÒÍ‡fl ÒÂËfl ÒÎÓÊÂÌ‡ ‚ ÓÒÌÓ‚ÌÓÏ
‰ËÒÚ‡Î¸Ì˚ÏË ÚÛ·Ë‰ËÚ‡ÏË Ë ÍÓÌÚÛËÚ‡ÏË, ÍÓÚÓ-
˚Â Ì‡Í‡ÔÎË‚‡ÎËÒ¸ Û ÔÓ‰ÌÓÊËfl ÍÓÌÚËÌÂÌÚ‡Î¸ÌÓ-
„Ó ÒÍÎÓÌ‡ ÒÂ‚ÂÓ-‚ÓÒÚÓ˜ÌÓÈ ÄÁËË [10, 16, 19]. éÒ-
ÌÓ‚ÌÓÈ Ó·˙ÂÏ ËÛÌÂÈÒÍÓÈ Ò‚ËÚ˚ ÒÙÓÏËÓ‚‡Ì ‚
ÔÂ‰ÂÎ‡ı ÓÒÚÓ‚ÌÓÈ ‰Û„Ë Ë ÓÍ‡ËÌÌÓ„Ó ÏÓfl, ÓÚ-
‰ÂÎfl‚¯Â„Ó ‰Û„Û ÓÚ Ö‚‡ÁË‡ÚÒÍÓÈ ÓÍ‡ËÌ˚ [9, 11,
13, 19]. äÓÎÎËÁËfl ‰Û„Ë Ò ÓÍ‡ËÌÓÈ ÄÁËË ÔË‚ÂÎ‡ Í
ÚÓÏÛ, ˜ÚÓ ‚ÂıÌflfl ˜‡ÒÚ¸ ÓÒÚÓ‚Ó‰ÛÊÌÓÈ ÍÓ˚,
ÒÎÓÊÂÌÌ‡fl ÔÂËÏÛ˘ÂÒÚ‚ÂÌÌÓ ‚ÛÎÍ‡ÌËÚ‡ÏË Ë ÒÓ-
ÔÛÚÒÚ‚Û˛˘ËÏË ÓÒ‡‰Í‡ÏË, ·˚Î‡ Ó·‰ÛˆËÓ‚‡Ì‡ Ì‡
ÍÓÌÚËÌÂÌÚ‡Î¸ÌÛ˛ ÓÍ‡ËÌÛ, ÔÂÂÍ˚‚ ÔË ˝ÚÓÏ
ÓÒ‡‰ÍË ÍÓÌÚËÌÂÌÚ‡Î¸ÌÓ„Ó ÒÍÎÓÌ‡ Ë Â„Ó ÔÓ‰ÌÓÊËfl.

é‰ËÌ ËÁ „ËÔÓÚÂÚË˜ÂÒÍËı ‚‡Ë‡ÌÚÓ‚ ÙÓÏËÓ-
‚‡ÌËfl ãÂÒÌÓ‚ÒÍÓ„Ó Ì‡‰‚Ë„‡ Á‡ÍÎ˛˜‡ÂÚÒfl ‚ ÚÓÏ,
˜ÚÓ ÔË Ò·ÎËÊÂÌËË ÎËÚÓÒÙÂÌ˚ı ÔÎËÚ ÚÓÌÍ‡fl
(2–5 ÍÏ), ‡ÒÒÂ˜ÂÌÌ‡fl ÏÌÓ„Ó˜ËÒÎÂÌÌ˚ÏË ‡Á˚-
‚‡ÏË ÔÎ‡ÒÚËÌ‡ ÓÒÚÓ‚Ó‰ÛÊÌÓÈ ÍÓ˚ ÓÚ‰ÂÎflÂÚÒfl
ÓÚ Ò‚ÓÂ„Ó ÙÛÌ‰‡ÏÂÌÚ‡ Ë ÔÂÂÏÂ˘‡ÂÚÒfl ‚‚Âı ÔÓ

ÍÓÌÚËÌÂÌÚ‡Î¸ÌÓÏÛ ÒÍÎÓÌÛ Ì‡ 50–100 ÍÏ, ‰ÂÙÓ-
ÏËÛfl ÔÓ‰ÒÚËÎ‡˛˘ËÂ ÓÒ‡‰ÍË ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË.
é‰Ì‡ÍÓ ‚˚Á˚‚‡ÂÚ ÒÓÏÌÂÌËÂ ‚ÓÁÏÓÊÌÓÒÚ¸ ÓÚ‰ÂÎÂ-
ÌËfl ÚÓÌÍÓÈ ÓÒÚÓ‚Ó‰ÛÊÌÓÈ ÔÎ‡ÒÚËÌ˚ ÓÚ ÂÂ ÙÛÌ-
‰‡ÏÂÌÚ‡ ‚ ÂÁÛÎ¸Ú‡ÚÂ Ó·˘Â„Ó ÒÊ‡ÚËfl ÎËÚÓÒÙÂ˚,
‡ Ú‡ÍÊÂ ‚ÓÁÏÓÊÌÓÒÚ¸ ÂÂ ‰‚ËÊÂÌËfl ‚‚Âı ÔÓ ÒÍÎÓ-
ÌÛ. äÓÏÂ ÚÓ„Ó, Ó·Ì‡ÛÊË‚‡ÂÚÒfl ÌÂÁ‡‚ËÒËÏÓÒÚ¸
ÒÚÛÍÚÛ˚ ‡ÎÎÓıÚÓÌÌÓ„Ó Ë ‡‚ÚÓıÚÓÌÌÓ„Ó ÍÓÏ-
ÔÎÂÍÒÓ‚ [23]. ëÍÎ‡‰˜‡Ú‡fl ÒÚÛÍÚÛ‡ ‡‚ÚÓıÚÓÌ‡
ÒÂÁ‡ÂÚÒfl ÒÏÂÒÚËÚÂÎÂÏ ãÂÒÌÓ‚ÒÍÓ„Ó Ì‡‰‚Ë„‡. ÑÂ-
ÙÓÏ‡ˆËË ‡ÎÎÓıÚÓÌ‡, ÒÓÔflÊÂÌÌ˚Â Ò ÁÂÎÂÌÓÒÎ‡Ì-
ˆÂ‚˚Ï ÏÂÚ‡ÏÓÙËÁÏÓÏ, ÔÂ‰¯ÂÒÚ‚Û˛Ú Ó·‡ÁÓ‚‡-
ÌË˛ ÓÒÌÓ‚ÌÓ„Ó ÒÏÂÒÚËÚÂÎfl Ë Ú‡ÍÊÂ ËÏ ÒÂÁ‡˛ÚÒfl.
Ç Ò‚flÁË Ò ˝ÚËÏ ÔÂ‰Î‡„‡ÂÚÒfl ‰Û„‡fl ÏÓ‰ÂÎ¸ ÙÓ-
ÏËÓ‚‡ÌËfl Ì‡‰‚Ë„‡.

ëÛ·‰ÛÍˆËfl ÓÍÂ‡ÌË˜ÂÒÍÓÈ ÎËÚÓÒÙÂ˚ ÔÓ‰ ÓÒÚ-
Ó‚ÌÛ˛ ‰Û„Û ‰ÓÎÊÌ‡ ·˚Î‡ ÔË‚ÂÒÚË Í ÚÓÏÛ, ˜ÚÓ
‚ÌÂ¯ÌËÈ Í‡È ÔÓÁ‰ÌÂÏÂÎÓ‚Ó„Ó ÚÛ·Ë‰ËÚ-ÍÓÌÚÛ-
ËÚÓ‚Ó„Ó ¯ÎÂÈÙ‡ ÒÂ‚ÂÓ-‚ÓÒÚÓ˜ÌÓÈ ÄÁËË Ì‡˜‡Î
ÔÓ„ÛÊ‡Ú¸Òfl ‚ „ÎÛ·ÓÍÓ‚Ó‰Ì˚È ÊÂÎÓ· (ÒÏ. ËÒ. 6, II).
êÂÁÍÓÂ Û‚ÂÎË˜ÂÌËÂ ÏÓ˘ÌÓÒÚË ÓÒ‡‰ÍÓ‚ Ì‡ ÔÓ„Û-
Ê‡˛˘ÂÈÒfl ÔÎËÚÂ ÔË‚ÂÎÓ Í Ëı ÒÓÒÍ‡·ÎË‚‡ÌË˛ Ë
ÙÓÏËÓ‚‡ÌË˛ ‡ÍÍÂˆËÓÌÌÓÈ ÔËÁÏ˚, ËÒÚÓ˜ÌË-
ÍÓÏ Ï‡ÚÂË‡Î‡ ÍÓÚÓÓÈ ·˚Î‡ ÌÂ ‰Û„‡, ‡ ÍÓÌÚËÌÂÌÚ
(ÒÏ. ËÒ. 6, III). ëÛ·‰ÛÍˆËfl ÔÓ‰ ‰Û„Û ÔÂÍ‡ÚËÎ‡Ò¸
‚ ÂÁÛÎ¸Ú‡ÚÂ ÔË·ÎËÊÂÌËfl Í ÊÂÎÓ·Û ·ÓÎÂÂ ÏÓ˘-
ÌÓÈ Ë ÎÂ„ÍÓÈ ÍÓÌÚËÌÂÌÚ‡Î¸ÌÓÈ ÎËÚÓÒÙÂ˚, ÔÓ‰-
ÒÚËÎ‡‚¯ÂÈ ‚ÂıÌ˛˛ ˜‡ÒÚ¸ ÍÓÌÚËÌÂÌÚ‡Î¸ÌÓ„Ó
ÒÍÎÓÌ‡ [10]. èÓ‰ÓÎÊ‡˛˘ÂÂÒfl Ò·ÎËÊÂÌËÂ ÔÎËÚ
‚˚Á‚‡ÎÓ ËÌÚÂÌÒË‚ÌÓÂ ÒÊ‡ÚËÂ ÓÒÚÓ‚Ó‰ÛÊÌÓÈ ÎË-
ÚÓÒÙÂ˚, ·˚ÒÚ˚È ÔÓ‰˙ÂÏ ÓÒÚÓ‚ÌÓÈ ‰Û„Ë Ë ÔÓ-
ÚÂ˛ „‡‚ËÚ‡ˆËÓÌÌÓÈ ÛÒÚÓÈ˜Ë‚ÓÒÚË ÒÙÓÏËÓ-
‚‡ÌÌÓ„Ó ÔÓ‰ÌflÚËfl. Ö„Ó ‚ÂıÌËÂ ˜‡ÒÚË ‚ ‚Ë‰Â ÔÓ-
ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË ÓÚÌÓÒËÚÂÎ¸ÌÓ ÚÓÌÍËı ÔÎ‡ÒÚËÌ
·˚ÒÚÓ ÒÓÒÍ‡Î¸Á˚‚‡˛Ú ‚ ÒÚÓÓÌÛ ÛÊÂ ÒÙÓÏËÓ-
‚‡ÌÌÓÈ ‡ÍÍÂˆËÓÌÌÓÈ ÔËÁÏ˚, ÙÓÏËÛfl ãÂÒÌÓ‚-
ÒÍËÈ Ì‡‰‚Ë„ (ÒÏ. ËÒ. 6, IV, V). ùÚË ‰‡ÌÌ˚Â ıÓÓ¯Ó
ÒÓ„Î‡ÒÛ˛ÚÒfl Ò ÏÓ‰ÂÎ¸˛ ÍÓÎÎËÁËË ‰Û„‡ – ÍÓÌÚË-
ÌÂÌÚ, ÔÂ‰ÎÓÊÂÌÌÓÈ Ö.Ä. äÓÌÒÚ‡ÌÚËÌÓ‚ÒÍÓÈ [12].

í‡·ÎËˆ‡ 6.  íÂÍÓ‚˚Â ‰‡ÚËÓ‚ÍË ËÓÎËÚ‡ ÍËÌÍËÎ¸ÒÍÓÈ Ò‚ËÚ˚ (Ó·‡ÁÂˆ ò4/99)

åËÌÂ‡Î ρs Ns ρi Ni ρd N χ2 ÇÓÁ‡ÒÚ –1σ +1σ U ± 2se

ñËÍÓÌ 6.39 1071 7.04 1181 2.81 20 100 44.0 –2.5 +2.6 300.5 ± 25.3

ÄÔ‡ÚËÚ 0.47 185 1.57 612 28.4 14 99.7 44.3 –5.0 +5.7 22.1 ± 2.0

èËÏÂ˜‡ÌËÂ. ρs – ÔÎÓÚÌÓÒÚ¸ ÚÂÍÓ‚ ÒÔÓÌÚ‡ÌÌÓ„Ó ‰ÂÎÂÌËfl 238U (ÒÏ–2 × 106), Ns – ÍÓÎË˜ÂÒÚ‚Ó ÔÓ‰Ò˜ËÚ‡ÌÌ˚ı ÚÂÍÓ‚ ÒÔÓÌÚ‡ÌÌÓ„Ó
‰ÂÎÂÌËfl, ρi – ÔÎÓÚÌÓÒÚ¸ ÚÂÍÓ‚ ËÌ‰ÛˆËÓ‚‡ÌÌÓ„Ó ‰ÂÎÂÌËfl 235U (ÒÏ–2 × 106), Ni – ÍÓÎË˜ÂÒÚ‚Ó ÚÂÍÓ‚ ËÌ‰ÛˆËÓ‚‡ÌÌÓ„Ó ‰ÂÎÂÌËfl,
ρd – ÔÎÓÚÌÓÒÚ¸ ÚÂÍÓ‚ ‚Ó ‚ÌÂ¯ÌÂÏ ‰ÂÚÂÍÚÓÂ (ÌËÁÍÓÛ‡ÌÓ‚‡fl ÒÎ˛‰‡) (ÒÏ–2 × 105), N – ÍÓÎË˜ÂÒÚ‚Ó ‰‡ÚËÓ‚‡ÌÌ˚ı ÁÂÂÌ,
χ2 – ÍÒË-Í‚‡‰‡Ú-‚ÂÓflÚÌÓÒÚ¸ ‚ ÔÓˆÂÌÚ‡ı. Z-Ù‡ÍÚÓ [40] ‰Îfl ˆËÍÓÌ‡, ‚˚˜ËÒÎÂÌÌ˚È ÔÓ 10 ‚ÓÁ‡ÒÚÌ˚Ï ÒÚ‡Ì‰‡Ú‡Ï (îË¯ ä‡Ì¸ÓÌ
íÛÙ Ë ÅÛÎ‡Í ÚÛÙ), ‡‚ÌflÎÒfl 305.01 ± 6.91 (±1 se). Z-Ù‡ÍÚÓ [40] ‰Îfl ‡Ô‡ÚËÚ‡, ‚˚˜ËÒÎÂÌÌ˚È ÔÓ 7 ‚ÓÁ‡ÒÚÌ˚Ï ÒÚ‡Ì‰‡Ú‡Ï (îË¯
ä‡Ì¸ÓÌ íÛÙ Ë ÅÛÎ‡Í ÚÛÙ), ‡‚ÌflÎÒfl 104.32 ± 3.35 (±1 se). é·‡Áˆ˚ Ó·ÎÛ˜‡ÎËÒ¸ ‚ ÔÓÚÓÍÂ ÚÂÔÎÓ‚˚ı ÌÂÈÚÓÌÓ‚ ÔÓfl‰Í‡ 2 × 1015

ÌÂÈÚÓÌ/ÒÏ2 ‰Îfl ˆËÍÓÌ‡ Ë 8 × 1015 ÌÂÈÚÓÌ/ÒÏ2 ‰Îfl ‡Ô‡ÚËÚ‡ (Â‡ÍÚÓ ìÌË‚ÂÒËÚÂÚ‡ ¯Ú‡Ú‡ éÂ„ÓÌ). é‰ÌÓ‚ÂÏÂÌÌÓ Ò Ó·‡Áˆ‡ÏË
Ó·ÎÛ˜‡ÎËÒ¸ ‚ÓÁ‡ÒÚÌ˚Â ÒÚ‡Ì‰‡Ú˚ Ë ÒÚÂÍÎÓ-‰ÓÁËÏÂÚ, Ò ËÁ‚ÂÒÚÌ˚Ï ÒÓ‰ÂÊ‡ÌËÂÏ Û‡Ì‡ (CN-5 ‰Îfl ̂ ËÍÓÌ‡, CN-1 ‰Îfl ‡Ô‡ÚËÚ‡).
èË ÔÓ‰Ò˜ÂÚÂ ÚÂÍÓ‚ ËÒÔÓÎ¸ÁÓ‚‡ÎÒfl ÏËÍÓÒÍÓÔ Olympus BH-P Ò ‡‚ÚÓÏ‡ÚËÁËÓ‚‡ÌÌÓÈ ÒËÒÚÂÏÓÈ Ë ˆËÙÓ‚ÓÈ ÔÎ‡Ì¯ÂÚÍÓÈ,
Ï‡ÍÒËÏ‡Î¸ÌÓÂ Û‚ÂÎË˜ÂÌËÂ 1562.5×, ÒÛıÓÈ ÏÂÚÓ‰.
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êËÒ. 6. åÓ‰ÂÎ¸ ÙÓÏËÓ‚‡ÌËfl ãÂÒÌÓ‚ÒÍÓ„Ó Ì‡‰‚Ë„‡ (ëÂ‚ÂÌ‡fl ä‡Ï˜‡ÚÍ‡). èÓ ‚ÂÚËÍ‡ÎÂ ÒÚÛÍÚÛ˚ ÔÓÍ‡Á‡Ì˚ ‚ÌÂ Ï‡Ò¯Ú‡·‡
1 – ÍÓÌÚËÌÂÌÚ‡Î¸Ì‡fl ÍÓ‡ Ö‚‡ÁË‡ÚÒÍÓÈ ÓÍ‡ËÌ˚; 2 – ÓÍÂ‡ÌË˜ÂÒÍ‡fl Ë ÓÍ‡ËÌÌÓÏÓÒÍ‡fl ÍÓ‡; 3 – ÔÓÁ‰ÌÂÏÂÎÓ‚˚Â ÓÒÚÓ‚Ó‰ÛÊÌ˚Â ÍÓÏÔÎÂÍÒ˚ (‡ÎÎÓıÚÓÌ); 4 – ÏÂ-
ÎÓ‚˚Â – ‡ÌÌÂÔ‡ÎÂÓˆÂÌÓ‚˚Â ÚÛ·Ë‰ËÚ˚ ÍÓÌÚËÌÂÌÚ‡Î¸ÌÓÈ ÓÍ‡ËÌ˚ (‡‚ÚÓıÚÓÌ – ÎÂÒÌÓ‚ÒÍ‡fl ÒÂËfl); 5 – ÔÓÁ‰ÌÂÔ‡ÎÂÓˆÂÌ-˝ÓˆÂÌÓ‚˚Â ÚÛ·Ë‰ËÚ˚ ÍÓÌÚËÌÂÌÚ‡Î¸ÌÓÈ
ÓÍ‡ËÌ˚ (‡‚ÚÓıÚÓÌ – ÎÂÒÌÓ‚ÒÍ‡fl ÒÂËfl); 6 – ÒÂ‰ÌÂ˝ÓˆÂÌÓ‚˚Â ‚ÛÎÍ‡ÌËÚ˚ ÍËÌÍËÎ¸ÒÍÓÈ ÒÂËË; 7 – ‡ÁÎÓÏ˚; 8 – ÒÍÎ‡‰˜‡Ú˚Â ‰ÂÙÓÏ‡ˆËË ‡‚ÚÓıÚÓÌ‡; 9 – ÔÓÒÚÍÓÎ-
ÎËÁËÓÌÌ˚Â: ‡ – ‚ÛÎÍ‡ÌËÁÏ, · – ËÌÚÛÁËË
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ëÓ„Î‡ÒÌÓ ÓÔÂ‰ÂÎÂÌËflÏ Ì‡ÌÓÔÎ‡ÌÍÚÓÌ‡ Ë ÚÂ-
ÍÓ‚˚Ï ÓÔÂ‰ÂÎÂÌËflÏ ‚ÓÁ‡ÒÚ‡ Ó·ÎÓÏÓ˜ÌÓ„Ó ˆË-
ÍÓÌ‡, ÚÂË„ÂÌÌ˚Â ÚÓÎ˘Ë ‡‚ÚÓıÚÓÌ‡ ãÂÒÌÓ‚ÒÍÓ„Ó
Ì‡‰‚Ë„‡ Ì‡Í‡ÔÎË‚‡ÎËÒ¸, Ì‡˜ËÌ‡fl Ò Ò‡ÌÚÓÌ‡ – Í‡Ï-
Ô‡Ì‡ Ë ‰Ó Ì‡˜‡Î‡ ÒÂ‰ÌÂ„Ó ˝ÓˆÂÌ‡ ‚ÍÎ˛˜ËÚÂÎ¸ÌÓ.
ç‡Ë·ÓÎÂÂ ÏÓÎÓ‰‡fl ÔÓÔÛÎflˆËfl ˆËÍÓÌÓ‚ ‚ ÓÔÓ-
·Ó‚‡ÌÌ˚ı ÔÂÒ˜‡ÌËÍ‡ı ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË ÓÒÚ˚Î‡ Ë
ÔÓÔ‡Î‡ ‚ ÓÒ‡‰ÓÍ ÌÂ ‡ÌÂÂ 46 ÏÎÌ. ÎÂÚ ÚÓÏÛ Ì‡Á‡‰
(ÒÏ. ËÒ. 5). èÓ ‚ÓÁ‡ÒÚÛ ÏÓÎÓ‰ÓÈ ÔÓÔÛÎflˆËË ˆË-
ÍÓÌÓ‚ ÔÂÒ˜‡ÌËÍË ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË ‡Ì‡ÎÓ„Ë˜Ì˚
ÔÂÒ˜‡ÌËÍ‡Ï ÒÂ‚ÂÌÓÈ ˜‡ÒÚË ìÍ˝Î‡flÚÒÍÓ„Ó ÔÓ„Ë-
·‡ (‡ÈÓÌ ÂÍË å‡Ú˚ÒÍÂÌ) [22, 33, 46].

ò‡Ï‡ÌÍËÌÒÍËÈ Ï‡ÒÒË‚ „‡ÌÓ‰ËÓËÚÓ‚ ËÌÚÛ-
‰ËÓ‚‡Î ‰ÂÙÓÏËÓ‚‡ÌÌ˚Â ÓÚÎÓÊÂÌËfl ‡‚ÚÓıÚÓ-
Ì‡, ÁÓÌÛ ãÂÒÌÓ‚ÒÍÓ„Ó Ì‡‰‚Ë„‡ Ë ÌËÊÌ˛˛ ̃ ‡ÒÚ¸ ‡Î-
ÎÓıÚÓÌÌÓÈ ÔÎ‡ÒÚËÌ˚ ÌÂ ÔÓÁ‰ÌÂÂ 44.4 ÏÎÌ. ÎÂÚ Ì‡-
Á‡‰ (ÍÓÏÔÎÂÍÒ ËÁÓÚÓÔÌ˚ı ÏÂÚÓ‰Ó‚) (ÒÏ. ËÒ. 5).
çËÊÌflfl, ËÓÎËÚÓ‚‡fl, ˜‡ÒÚ¸ ÍËÌÍËÎ¸ÒÍÓÈ Ò‚ËÚ˚
Ì‡˜‡Î‡ Ì‡Í‡ÔÎË‚‡Ú¸Òfl ÌÂ ÔÓÁ‰ÌÂÂ 45.5 ÏÎÌ. ÎÂÚ Ì‡-
Á‡‰ (ÍÓÏÔÎÂÍÒ ËÁÓÚÓÔÌ˚ı ÏÂÚÓ‰Ó‚) (ÒÏ. ËÒ. 5).
Ä·ÒÓÎ˛ÚÌ˚Â ‰‡ÚËÓ‚ÍË ÔÓ‰Ú‚ÂÊ‰‡˛Ú ÍÓÏ‡„Ï‡-
ÚË˜ÌÓÒÚ¸ „‡ÌÓ‰ËÓËÚÓ‚ ò‡Ï‡ÌÍËÌÒÍÓ„Ó Ï‡ÒÒË‚‡
Ë ÌËÊÌÂÈ ˜‡ÒÚË ÍËÌÍËÎ¸ÒÍÓÈ Ò‚ËÚ˚.

éÍÓÌ˜‡ÌËÂ Ì‡ÍÓÔÎÂÌËfl ÚÂË„ÂÌÌ˚ı ÓÒ‡‰ÍÓ‚
ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË ‡‚ÚÓıÚÓÌ‡ Ë Ì‡˜‡ÎÓ ÙÓÏËÓ-
‚‡ÌËfl ÌÂÓ‡‚ÚÓıÚÓÌÌ˚ı ÍÓÏÔÎÂÍÒÓ‚ ‚ ÔÂ‰ÂÎ‡ı
Ó¯Ë·ÍË ‡Ì‡ÎËÚË˜ÂÒÍËı ÏÂÚÓ‰Ó‚ ÒÓ‚Ô‡‰‡˛Ú. ùÚÓ
ÓÁÌ‡˜‡ÂÚ, ˜ÚÓ ‰ÂÙÓÏ‡ˆËfl ÎÂÒÌÓ‚ÒÍÓÈ ÒÂËË,
ÙÓÏËÓ‚‡ÌËÂ ãÂÒÌÓ‚ÒÍÓ„Ó Ì‡‰‚Ë„‡, ÔÓÒÚÌ‡‰‚Ë-
„Ó‚ÓÂ ÔÓ‰ÌflÚËÂ Ë ‡ÁÏ˚‚ ÔÓËÁÓ¯ÎË Ó˜ÂÌ¸ ·˚ÒÚ-
Ó, ‚ ÚÂ˜ÂÌËÂ 1 ÏÎÌ. ÎÂÚ, ‡ ‚ÓÁÏÓÊÌÓ, Ë ·˚ÒÚÂÂ.
ì˜ËÚ˚‚‡fl ÚÓ, ˜ÚÓ ‡ÏÔÎËÚÛ‰‡ ãÂÒÌÓ‚ÒÍÓ„Ó Ì‡‰‚Ë-
„‡ ·ÓÎÂÂ 50 ÍÏ [23, 32], ÒÍÓÓÒÚ¸ ‰‚ËÊÂÌËfl ‡ÎÎÓı-
ÚÓÌ‡ Ì‡‰‚Ë„‡, ÔÓ-‚Ë‰ËÏÓÏÛ, ÔÂ‚˚¯‡Î‡ 5 ÒÏ/„Ó‰.
í‡ÍËÂ ÁÌ‡˜ÂÌËfl ÒÍÓÓÒÚÂÈ ÔÂ‚˚¯‡˛Ú ÒÍÓÓÒÚ¸
ÓÚÌÓÒËÚÂÎ¸ÌÓ„Ó Ò·ÎËÊÂÌËfl íËıÓÓÍÂ‡ÌÒÍÓÈ ÔÎË-
Ú˚ Ò Ö‚‡ÁËÂÈ (ëÂ‚ÂÌÓÈ ÄÏÂËÍÓÈ) ‰Îfl Ì‡˜‡Î‡
ÒÂ‰ÌÂ„Ó ˝ÓˆÂÌ‡ [38]. çÂ ËÒÍÎ˛˜ÂÌÓ, ˜ÚÓ ‰‚ËÊÂ-
ÌËÂ ‡ÎÎÓıÚÓÌ‡ Ì‡ ÒÂ‚ÂÓ-‚ÓÒÚÓÍ ÌÂ fl‚ÎflÂÚÒfl Ôfl-
Ï˚Ï ÓÚ‡ÊÂÌËÂÏ Ò·ÎËÊÂÌËfl ÔÎËÚ, ‡ Ò‚flÁ‡ÌÓ Ò
„‡‚ËÚ‡ˆËÓÌÌ˚Ï ÒÓÒÍ‡Î¸Á˚‚‡ÌËÂÏ ÚÓÌÍËı ÔÎ‡Ò-
ÚËÌ Ò ÔÓ‰ÌflÚËfl, ‚ÓÁÌËÍ¯Â„Ó ÌÂÒÍÓÎ¸ÍÓ ‡ÌÂÂ
(ÒÏ. ËÒ. 6). èÓÎÛ˜ÂÌÌ‡fl ‰‡ÚËÓ‚Í‡ ãÂÒÌÓ‚ÒÍÓ„Ó
Ì‡‰‚Ë„‡ ·ÎËÁÍ‡ Í ‚ÓÁ‡ÒÚÛ Ì‡Ë·ÓÎÂÂ ÓÚ˜ÂÚÎË‚Ó„Ó
Â„ËÓÌ‡Î¸ÌÓ„Ó Û„ÎÓ‚Ó„Ó ÌÂÒÓ„Î‡ÒËfl ‚ Í‡ÈÌÓÁÓÂ
ä‡Ï˜‡ÚÍË, ÙËÍÒËÛÂÏÓ„Ó ‚ ÓÒÌÓ‚‡ÌËË ÒÌ‡ÚÓÎ¸-
ÒÍÓ„Ó „ÓËÁÓÌÚ‡ (ÒÂÂ‰ËÌ‡ Î˛ÚÂÚ‡) [7]. í‡ÍËÏ Ó·-
‡ÁÓÏ, Ì‡‰‚Ë„ÓÓ·‡ÁÓ‚‡ÌËÂ Ì‡ ÔÂÂ¯ÂÈÍÂ ä‡Ï-
˜‡ÚÍË Â‡Î¸ÌÓ ÓÚ‡Ê‡ÂÚ ‚‡ÊÌÓÂ ÍÓÎÎËÁËÓÌÌÓÂ
ÒÓ·˚ÚËÂ.

Ç Á‡ÍÎ˛˜ÂÌËÂ ‡‚ÚÓ˚ ‚˚‰‚Ë„‡˛Ú „ËÔÓÚÂÁÛ. ÖÒ-
ÎË Ò˜ËÚ‡Ú¸ ÙÓÏËÓ‚‡ÌËÂ ãÂÒÌÓ‚ÒÍÓ-Ç‡Ú˚ÌÒÍÓÈ
ÒÛÚÛ˚ (45 ÏÎÌ. ÎÂÚ Ì‡Á‡‰) ËÌ‰ËÍ‡ÚÓÓÏ ÓÍÓÌ˜‡ÌËfl
ÍÓÎÎËÁËË ÔÓÁ‰ÌÂÏÂÎÓ‚ÓÈ ‰Û„Ë Ò ÓÍ‡ËÌÓÈ ÍÓÌÚË-
ÌÂÌÚ‡, ÚÓ ˝ÚÓ ÒÓ·˚ÚËÂ Ì‡ 2 ÏÎÌ. ÎÂÚ ÔÂ‰¯ÂÒÚ‚Ó‚‡-
ÎÓ „Î‡‚ÌÓÈ ÔÂÂÒÚÓÈÍÂ (ÓÍÓÎÓ 43 ÏÎÌ. ÎÂÚ Ì‡Á‡‰)
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Abstract—The Lesnaya-Vatyn nappe (Southern Koryakia, Kamchatka) was formed as a result of collision be-
tween a Cretaceous island arc with the Eurasian continent. The Cretaceous marginal marine and island-arc com-
plexes are obducted along this suture onto the Cretaceous-Paleogene deposits of the Eurasian continental mar-
gin.  The suture is overridden by the neoautochthonous volcanics of the Kinkil’ belt and cut by intrusions.  Fis-
sion-track zircon dating of the autochthonous clastics (Lesnaya Group) along with nannoplankton datings
showed that it was formed before the middle of the Middle Miocene.  The Neoautochthon (Kinkil’ Formation)
of the Lesnaya-Vatyn thrust and the intrusion that cuts it (Shamanka massif) are dated as 45 Ma.  Therefore,
the Lesnaya thrust was emplaced at 45–46 Ma during less than 1 Ma.  A collision model is proposed.


