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Ç‚Â‰ÂÌËÂ

 

àÒÒÎÂ‰Ó‚‡ÌËfl ÍÓÒÏË˜ÂÒÍÓÈ Ô˚ÎË ‚ ÓÒ‡‰Ó˜Ì˚ı
„ÓÌ˚ı ÔÓÓ‰‡ı ·˚ÎÓ ËÌÒÔËËÓ‚‡ÌÓ ÂÁÛÎ¸Ú‡Ú‡-
ÏË ˝ÍÒÔÂ‰ËˆËË Ì‡ ÒÛ‰ÌÂ “óÂÎÎÂÌ‰ÊÂ”, ÍÓ„‰‡ ·˚ÎË
‚ÔÂ‚˚Â Ó·Ì‡ÛÊÂÌ˚ ÒÎÂ‰˚ ÍÓÒÏË˜ÂÒÍÓ„Ó ‚Â˘Â-
ÒÚ‚‡ ‚ Í‡ÒÌ˚ı „ÎÛ·ÓÍÓ‚Ó‰Ì˚ı „ÎËÌ‡ı [Murray, Re-
nard, 1891]. ç‡ ‰‚Ûı ÒÚ‡ÌˆËflı ‚ ̨ ÊÌÓÈ ̃ ‡ÒÚË íËıÓ„Ó
ÓÍÂ‡Ì‡ ÔË ‰‡„ËÓ‚‡ÌËË Ò „ÎÛ·ËÌ˚ 4300 Ï ·˚ÎË
ÔÓ‰ÌflÚ˚ Ó·‡Áˆ˚ ÊÂÎÂÁÓÏ‡„‡ÌˆÂ‚˚ı ÍÓÌÍÂˆËÈ
Ë Ï‡„ÌËÚÌ˚ı ÏËÍÓÒÙÂ ‰Ë‡ÏÂÚÓÏ ‰Ó 100 ÏÍÏ, ÔÓ-
ÎÛ˜Ë‚¯Ëı ‚ÔÓÒÎÂ‰ÒÚ‚ËË Ì‡Á‚‡ÌËÂ “ÍÓÒÏË˜ÂÒÍËı ̄ ‡-
ËÍÓ‚”. é‰Ì‡ÍÓ ‰ÂÚ‡Î¸ÌÓ ÏËÍÓÒÙÂ˚ ÊÂÎÂÁ‡, ÔÓ‰-
ÌflÚ˚Â ˝ÍÒÔÂ‰ËˆËÂÈ “óÂÎÎÂÌ‰ÊÂ”, ·˚ÎË ËÒÒÎÂ‰Ó-
‚‡Ì˚ ÚÓÎ¸ÍÓ ‚ ÔÓÒÎÂ‰ÌËÂ „Ó‰˚. Ç˚flÒÌËÎÓÒ¸, ˜ÚÓ
‚ÌÛÚÂÌÌflfl ˜‡ÒÚ¸ ¯‡ËÍÓ‚ ÒÓÒÚÓËÚ ËÁ ÏÂÚ‡ÎÎË˜Â-
ÒÍÓ„Ó ÊÂÎÂÁ‡ (90%) Ë ÌËÍÂÎfl (10%), ‡ ÔÓ‚ÂıÌÓÒÚ¸
ÔÓÍ˚Ú‡ ÚÓÌÍÓÈ ÍÓÓ˜ÍÓÈ ÓÍÒË‰‡ ÊÂÎÂÁ‡ [Jed-
wab, http://www.ub.ac.be/sciences/cosmicdust.pdf].

ë Ì‡ıÓ‰ÍÓÈ ÍÓÒÏË˜ÂÒÍËı ¯‡ËÍÓ‚ ‚ „ÎÛ·ÓÍÓ-
‚Ó‰Ì˚ı „ÎËÌ‡ı ÒÓ·ÒÚ‚ÂÌÌÓ Ë Ò‚flÁ‡ÌÓ Ì‡˜‡ÎÓ ËÁÛ˜Â-
ÌËfl ÍÓÒÏË˜ÂÒÍÓ„Ó ‚Â˘ÂÒÚ‚‡. é‰Ì‡ÍÓ ‚Á˚‚ ËÌÚÂ-
ÂÒ‡ ËÒÒÎÂ‰Ó‚‡ÚÂÎÂÈ Í ÚÓÈ ÔÓ·ÎÂÏÂ ÔÓËÁÓ¯ÂÎ
ÔÓÒÎÂ ÔÂ‚˚ı Á‡ÔÛÒÍÓ‚ ÍÓÒÏË˜ÂÒÍËı ‡ÔÔ‡‡ÚÓ‚,
ÔË ÔÓÏÓ˘Ë ÍÓÚÓ˚ı ÒÚ‡ÎÓ ‚ÓÁÏÓÊÌ˚Ï ÓÚ·Ë‡Ú¸
ÎÛÌÌ˚È „ÛÌÚ Ë Ó·‡Áˆ˚ Ô˚ÎÂ‚˚ı ˜‡ÒÚËˆ ËÁ ‡Á-
Ì˚ı Û˜‡ÒÚÍÓ‚ ÒÓÎÌÂ˜ÌÓÈ ÒËÒÚÂÏ˚. Ç‡ÊÌÓÂ ÁÌ‡˜Â-
ÌËÂ Ú‡ÍÊÂ ËÏÂÎË ‡·ÓÚ˚ ä.è. îÎÓÂÌÒÍÓ„Ó ÔÓ ËÁÛ-
˜ÂÌË˛ ÒÎÂ‰Ó‚ íÛÌ„ÛÒÒÍÓÈ Í‡Ú‡ÒÚÓÙ˚ Ë Ö.ã. äË-
ÌÓ‚‡ ÔÓ ËÒÒÎÂ‰Ó‚‡ÌË˛ ÏÂÚÂÓÌÓÈ Ô˚ÎË Ì‡ ÏÂÒÚÂ
Ô‡‰ÂÌËfl ëËıÓÚÂ-ÄÎËÌ¸ÒÍÓ„Ó ÏÂÚÂÓËÚ‡ [îÎÓÂÌ-
ÒÍËÈ 1963; îÎÓÂÌÒÍËÈ Ë ‰., 1968; à‚‡ÌÓ‚, îÎÓ-
ÂÌÒÍËÈ, 1970; äËÌÓ‚, 1971].

àÌÚÂÂÒ Í ÏÂÚ‡ÎÎË˜ÂÒÍËÏ ÏËÍÓÒÙÂ‡Ï ÒÓ
ÒÚÓÓÌ˚ ¯ËÓÍÓ„Ó ÍÛ„‡ ËÒÒÎÂ‰Ó‚‡ÚÂÎÂÈ ÔË‚ÂÎ
Í ÚÓÏÛ, ˜ÚÓ ÏËÍÓÒÙÂ˚ ÒÚ‡ÎË Ó·Ì‡ÛÊË‚‡Ú¸ ‚
ÓÒ‡‰Ó˜Ì˚ı ÔÓÓ‰‡ı ‡ÁÌÓ„Ó ‚ÓÁ‡ÒÚ‡ Ë ÔÓËÒıÓÊ-
‰ÂÌËfl. í‡Í, Ì‡ÔËÏÂ, ÏÂÚ‡ÎÎË˜ÂÒÍËÂ ÏËÍÓÒÙÂ-
˚ Ì‡È‰ÂÌ˚ ‚Ó Î¸‰‡ı ÄÌÚ‡ÍÚËÍË Ë ÉÂÌÎ‡Ì‰ËË
[Maurette et al., 1986; Yada et al., 2004]. àı Ì‡ıÓ‰ÍË
ËÁ‚ÂÒÚÌ˚ ‚ „ÎÛ·ÓÍÓ‚Ó‰Ì˚ı ÓÍÂ‡ÌË˜ÂÒÍËı ÓÒ‡‰Í‡ı
Ë Ï‡„‡ÌˆÂ‚˚ı ÍÓÌÍÂˆËflı [Hunter, Parkin, 1960;
Finkelman, 1970; Parkin et al., 1980; Brownlee et al.,
1984; Brownlee, 1985]. éÌË ·˚ÎË Ú‡ÍÊÂ ‚ÒÚÂ˜ÂÌ˚
‚ ÔÂÒÍ‡ı ÔÛÒÚ˚Ì¸ Ë ÔÎflÊÂÈ [Marvin, Einaudi, 1967].
í˚Òfl˜Ë ¯‡ËÍÓ‚, ÒÓÒÚÓfl˘Ëı ËÁ Fe-Ni, ÒÔÎ‡‚‡ ËÁÛ-
˜ÂÌ˚ ËÁ ÔÎÂÈÒÚÓˆÂÌÓ‚˚ı ÓÚÎÓÊÂÌËÈ ÄÎ¸·ÂÚ˚
(ä‡Ì‡‰‡) [Bi et al., 1993], ‡ Ï‡„ÌÂÚËÚÓ‚˚Â ÏËÍÓ-
ÒÙÂ˚ – ËÁ „ÓÎÓˆÂÌÓ‚˚ı „ÎflˆËÓ-ÙÎ˛‚Ë‡Î¸Ì˚ı
ÓÚÎÓÊÂÌËÈ ä‡Ô‡Ú [Szoor et al., 2001]. åÂÚ‡ÎÎË˜Â-
ÒÍËÂ ˜‡ÒÚËˆ˚ Ë ÏËÍÓÒÙÂ˚ ˜‡ÒÚÓ ‚ÒÚÂ˜‡˛ÚÒfl ‚
ÏÂÚÂÓËÚÌ˚ı Í‡ÚÂ‡ı Ë fl‰ÓÏ Ò ÌËÏË [El Coresy,
1966; îÎÓÂÌÒÍËÈ Ë ‰., 1968; ëÓ·ÓÚÓ‚Ë˜ Ë ‰.,
1978; Raukas, 2000; Stankowski et al., 2006].

åÂÚ‡ÎÎË˜ÂÒÍËÂ ÏËÍÓÒÙÂ˚ ‚ÌÂÁÂÏÌÓ„Ó ÔÓ-
ËÒıÓÊ‰ÂÌËfl ËÁ‚ÂÒÚÌ˚ ‚ ÓÒ‡‰Ó˜Ì˚ı ÔÓÓ‰‡ı ‡Á-
ÌÓ„Ó ‚ÓÁ‡ÒÚ‡: ÌËÊÌÂ„Ó Ë ‚ÂıÌÂ„Ó ÍÂÏ·Ëfl [Rau-
kas, 2000; Korchagin et al., 2007], Ó‰Ó‚ËÍ‡ [Schmitz
et al., 1996], ÔÂÏË-ÚË‡Ò‡ Ë ÚË‡Ò‡-˛˚, [Miono et
al., 1993; Chapman, Lauretta, 2004]. èÓ‚˚¯ÂÌÌ˚Â
ÍÓÌˆÂÌÚ‡ˆËË ÏÂÚ‡ÎÎË˜ÂÒÍËı ÏËÍÓÒÙÂ ‚ÌÂÁÂÏ-
ÌÓ„Ó ÔÓËÒıÓÊ‰ÂÌËfl ÓÚÏÂ˜‡ÂÚÒfl ‚·ÎËÁË „‡ÌËˆ
ÔÂÏË-ÚË‡Ò‡ Ë ÚË‡Ò‡-˛˚ [Miono et al., 1993],
ÏÂÎ‡-Ô‡ÎÂÓ„ÂÌ‡ [Smit, Romein, 1985; Ebihara, Miu-
ra, 1996].
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Ñ‡ÌÌ˚Â ÔÓ ÏËÍÓÒÙÂ‡Ï Ë ˜‡ÒÚËˆ‡Ï ËÁ ‰Â‚-
ÌËı ÓÚÎÓÊÂÌËÈ ÔÓÁ‚ÓÎfl˛Ú ÒÛ‰ËÚ¸ Ó· Ó·˙ÂÏ‡ı ÔÓ-
ÒÚÛÔÎÂÌËfl ÍÓÒÏË˜ÂÒÍÓ„Ó ‚Â˘ÂÒÚ‚‡ Ì‡ áÂÏÎ˛, ‡‚-
ÌÓÏÂÌÓÒÚË ËÎË ÌÂ‡‚ÌÓÏÂÌÓÒÚË ÔÓÒÚÛÔÎÂÌËfl
‚Â˘ÂÒÚ‚‡, Ó· ËÁÏÂÌÂÌËË ÒÓÒÚ‡‚‡ ÔÓÒÚÛÔ‡‚¯Ëı Ì‡
áÂÏÎ˛ ˜‡ÒÚËˆ ËÁ ÍÓÒÏÓÒ‡ Ë Ó ÔÂ‚ÓËÒÚÓ˜ÌËÍ‡ı
˝ÚÓ„Ó ‚Â˘ÂÒÚ‚‡, ‡ Ú‡ÍÊÂ Ó ‚ÎËflÌËË ˝ÚËı ÔÓˆÂÒ-
ÒÓ‚ Ì‡ ‡Á‚ËÚËÂ ÊËÁÌË Ì‡ áÂÏÎÂ. åÌÓ„ËÂ ËÁ ˝ÚËı
‚ÓÔÓÒÓ‚ Â˘Â ‰‡ÎÂÍË ÓÚ ‡ÁÂ¯ÂÌËfl, Ó‰Ì‡ÍÓ Ì‡-
ÍÓÔÎÂÌËÂ ‰‡ÌÌ˚ı ÔÓ ˝ÚÓÈ ÔÓ·ÎÂÏÂ Ë ‚ÒÂÒÚÓÓÌ-
ÌÂÂ ËÁÛ˜ÂÌËÂ ˝ÚÓÈ ÚÂÏ˚, ÌÂÒÓÏÌÂÌÌÓ, ÔÓÁ‚ÓÎËÚ
ÓÚ‚ÂÚËÚ¸ Ì‡ ÏÌÓ„ËÂ ËÁ ÌËı.

í‡Í, ËÁ‚ÂÒÚÌÓ, ˜ÚÓ Ó·˘‡fl Ï‡ÒÒ‡ Ô˚ÎË, Ó·‡˘‡-
˛˘ÂÈÒfl ‚ÌÛÚË ÁÂÏÌÓÈ Ó·ËÚ˚, ÒÓÒÚ‡‚ÎflÂÚ ÔÓ-
fl‰Í‡ 10

 

15

 

 Ú Ë ÂÊÂ„Ó‰ÌÓ Ì‡ ÔÓ‚ÂıÌÓÒÚ¸ áÂÏÎË, ÔÓ
‡ÁÌ˚Ï ÓˆÂÌÍ‡Ï, ‚˚Ô‡‰‡ÂÚ ÓÚ 4 ‰Ó 10 Ú˚Òfl˜ ÚÓÌÌ
ÍÓÒÏË˜ÂÒÍÓ„Ó ‚Â˘ÂÒÚ‚‡ [ëÓ·ÓÚÓ‚Ë˜, 1976; Karner
et al., 2003; Yada et al., 2004] Ë ˜ÚÓ 95% Ô‡‰‡˛˘Â„Ó
Ì‡ ÔÓ‚ÂıÌÓÒÚ¸ áÂÏÎË ‚Â˘ÂÒÚ‚‡ ÒÓÒÚ‡‚Îfl˛Ú ˜‡-
ÒÚËˆ˚ Ò ‡ÁÏÂÓÏ 50–400 

 

µ

 

m [Kurat et al., 1994].
ÇÓÔÓÒ ÊÂ Ó ÚÓÏ, Í‡Í ÏÂÌflÂÚÒfl ‚Ó ‚ÂÏÂÌË ÒÍÓ-
ÓÒÚ¸ ÔÓÒÚÛÔÎÂÌËfl ÍÓÒÏË˜ÂÒÍÓ„Ó ‚Â˘ÂÒÚ‚‡ Ì‡
áÂÏÎ˛, ÓÒÚ‡ÂÚÒfl ÒÔÓÌ˚Ï ‰Ó ÒËı ÔÓ, ÌÂÒÏÓÚfl Ì‡
·ÓÎ¸¯ÓÂ ˜ËÒÎÓ ËÒÒÎÂ‰Ó‚‡ÌËÈ, ÔÓ‚Â‰ÂÌÌ˚ı ‚ ÔÓ-
ÒÎÂ‰ÌËÂ 10 ÎÂÚ.

ëÛ˘ÂÒÚ‚ÛÂÚ ÏÌÂÌËÂ, ̃ ÚÓ ÒÍÓÓÒÚ¸ ÔÓÒÚÛÔÎÂÌËfl
ÍÓÒÏË˜ÂÒÍÓÈ Ô˚ÎË Ò ÔÎ‡ÌÂÚ‡Ì˚Ï ÓÚÌÓ¯ÂÌËÂÏ
ËÁÓÚÓÔÓ‚ „ÂÎËfl 

 

3

 

He/

 

4

 

He (10

 

–4

 

) Ò˜ËÚ‡ÂÚÒfl Ï‡ÎÓ ÏÂ-
Ìfl˛˘ÂÈÒfl ‚Ó ‚ÂÏÂÌË [Karner et., 2003; Winckler,
Fisher, 2006], ÌÓ ‚ ÚÓ ÊÂ ‚ÂÏfl ËÏÂ˛ÚÒfl Ë ÔflÏÓ
ÔÓÚË‚ÓÔÓÎÓÊÌ˚Â ‰‡ÌÌ˚Â [Farley, 1995; Schmitz et
al., 1996]. éÚÏÂÚËÏ, ̃ ÚÓ ‚ÒÂ ËÁ‚ÂÒÚÌ˚Â ÓˆÂÌÍË Ò‰Â-
Î‡Ì˚ ‰Îfl ‡ÁÌ˚ı ‚ÂÏÂÌÌ˚ı ËÌÚÂ‚‡ÎÓ‚ – ÓÚ ÒÓ-
ÚÂÌ Ú˚Òfl˜ ‰Ó ‰ÂÒflÚÍÓ‚ ÏÎÌ. ÎÂÚ, ‡ ÁÌ‡˜ÂÌËÂ ÒÍÓÓ-
ÒÚË, Í‡Í ËÁ‚ÂÒÚÌÓ, ÒËÎ¸ÌÓ Á‡‚ËÒËÚ ÓÚ ËÌÚÂ‚‡Î‡
ÛÒÂ‰ÌÂÌËfl. é· ˝ÚÓÏ Ú‡ÍÊÂ ÍÓÒ‚ÂÌÌÓ Ò‚Ë‰ÂÚÂÎ¸-
ÒÚ‚Û˛Ú Ë ‰‡ÌÌ˚Â ÔÓ ËÁÏÂÌÂÌË˛ ÓÚÌÓ¯ÂÌËÂÏ ËÁÓ-
ÚÓÔÓ‚ „ÂÎËfl 

 

3

 

He/

 

4

 

He ‚ Ì‡ „‡ÌËˆÂ ÏÂÎ‡ Ë Ô‡ÎÂÓ„Â-
Ì‡ ‚ ‡ÁÂÁÂ É‡ÏÂ [Grachev et al., 2007].

àÁÛ˜ÂÌËÂ ÒÓ‚ÂÏÂÌÌÓÈ ÍÓÒÏË˜ÂÒÍÓÈ Ô˚ÎË ÓÒ-
ÌÓ‚‡ÌÓ Ì‡ ËÒÒÎÂ‰Ó‚‡ÌËË „ÎÛ·ÓÍÓ‚Ó‰Ì˚ı ÓÚÎÓÊÂ-
ÌËÈ, ÎÂ‰ÌËÍÓ‚Ó„Ó ÔÓÍÓ‚‡ ‚ ÉÂÌÎ‡Ì‰ËË Ë ÄÌ-
Ú‡ÍÚË‰Â Ë ÓÚ·Ó‡ Ó·‡ÁˆÓ‚ ËÁ ÒÚ‡ÚÓÒÙÂ˚
[Brownlee, 1985]. èÓ ÒÛ˘ÂÒÚ‚Û˛˘ËÏ ÔÂ‰ÒÚ‡‚ÎÂ-
ÌËflÏ, ËÒıÓ‰fl ËÁ ‡ÁÏÂÓ‚ ̃ ‡ÒÚËˆ ÍÓÒÏË˜ÂÒÍÓÈ Ô˚-
ÎË, ‚ Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl ÔËÌflÚÓ ‚˚‰ÂÎflÚ¸ ÒÓ·-
ÒÚ‚ÂÌÌÓ ÏÂÊÔÎ‡ÌÂÚÌÛ˛ ÍÓÒÏË˜ÂÒÍÛ˛ Ô˚Î¸ (IDPs)
Ò ‡ÁÏÂÓÏ ÏÂÌÂÂ 30 

 

µ

 

m Ë ÏËÍÓÏÂÚÂÓËÚ˚ Ò ‡Á-
ÏÂÓÏ ·ÓÎÂÂ 50 

 

µ

 

m [Genge et al., 1997]. Ö˘Â ‡Ì¸-
¯Â Ö.ã. äËÌÓ‚ [äËÌÓ‚, 1971] ÔÂ‰ÎÓÊËÎ Ì‡Á˚-
‚‡Ú¸ ÏËÍÓÏÂÚÂÓËÚ‡ÏË ÏÂÎ¸˜‡È¯ËÂ ÓÔÎ‡‚ÎÂÌ-
Ì˚Â Ò ÔÓ‚ÂıÌÓÒÚË ÓÒÍÓÎÓ˜ÍË ÏÂÚÂÓÌÓ„Ó ÚÂÎ‡.
ÖÒÚÂÒÚ‚ÂÌÌÓ, Ú‡ÍÓÂ ‡Á‰ÂÎÂÌËÂ ‰ÓÒÚ‡ÚÓ˜ÌÓ ÛÒÎÓ‚-
ÌÓ, Ë Í‡Í ·Û‰ÂÚ ÔÓÍ‡Á‡ÌÓ ÌËÊÂ, Ì‡ÏË ‚ ‡ÁÂÁÂ É‡ÏÒ
·˚ÎË Ì‡È‰ÂÌ˚ ÓÔÎ‡‚ÎÂÌÌ˚Â Ù‡„ÏÂÌÚ˚ ˜ËÒÚÓ„Ó
ÊÂÎÂÁ‡ ‡ÁÏÂÓÏ ‚ ÔÂ‚˚Â ÏËÍÓÌ˚, ÍÓÚÓ˚Â Ï˚
ÔÂ‰Î‡„‡ÂÏ Ì‡Á˚‚‡Ú¸ ÌÂ ÏËÍÓ, ‡ Ì‡ÌÓÏÂÚÂÓËÚ‡-
ÏË. äÓÏÂ ÚÓ„Ó, ‚ Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl Ú‡ÍÊÂ ‡ÁÎË˜‡-

˛Ú “ÏÂÚÂÓËÚÌÛ˛ Ô˚Î¸”, “ÏÂÚÂÓËÚÌÓÂ ÊÂÎÂÁÓ” Ë
ËÏÔ‡ÍÚËÚ˚ [Raukas, 2000]. ëÚÓ„ËÂ ÍËÚÂËË ‡Á„‡-
ÌË˜ÂÌËfl ÍÓÒÏË˜ÂÒÍÓÈ Ô˚ÎË Ë ÏÂÚÂÓËÚÌ˚ı ˜‡ÒÚËˆ
ÔÓÍ‡ ÌÂ ‡Á‡·ÓÚ‡Ì˚, Ë ‰‡ÊÂ Ì‡ ÔËÏÂÂ ËÁÛ˜ÂÌÌÓ„Ó
Ì‡ÏË ‡ÁÂÁ‡ É‡ÏÒ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ÏÂÚ‡ÎÎË˜ÂÒÍËÂ ˜‡-
ÒÚËˆ˚ Ë ÏËÍÓÒÙÂ˚ ËÏÂ˛Ú ÁÌ‡˜ËÚÂÎ¸ÌÓÂ ‡ÁÌÓ-
Ó·‡ÁËÂ ÔÓ ÙÓÏÂ Ë ÒÓÒÚ‡‚Û, ˜ÂÏ ÔÂ‰ÛÒÏÓÚÂÌÓ
ËÏÂ˛˘ËÏËÒfl ÍÎ‡ÒÒËÙËÍ‡ˆËflÏË. í‡Í, Ò˜ËÚ‡ÂÚÒfl,
˜ÚÓ Ô‡ÍÚË˜ÂÒÍË Ë‰Â‡Î¸Ì‡fl ÒÙÂË˜ÂÒÍ‡fl ÙÓÏ‡,
ÏÂÚ‡ÎÎË˜ÂÒÍËÈ ·ÎÂÒÍ Ë Ï‡„ÌËÚÌ˚Â Ò‚ÓÈÒÚ‚‡ ˜‡-
ÒÚËˆ ‡ÒÒÏ‡ÚË‚‡ÎËÒ¸ Í‡Í ‰ÓÍ‡Á‡ÚÂÎ¸ÒÚ‚Ó Ëı ÍÓÒ-
ÏË˜ÂÒÍÓ„Ó ÔÓËÒıÓÊ‰ÂÌËfl. èÓ ÏÌÂÌË˛ ù.Ç. ëÓ·Ó-
ÚÓ‚Ë˜‡, “Â‰ËÌÒÚ‚ÂÌÌ˚Ï ÏÓÙÓÎÓ„Ë˜ÂÒÍËÏ ÍËÚÂË-
ÂÏ ÓˆÂÌÍË ÍÓÒÏÓ„ÂÌÌÓÒÚË ËÒÒÎÂ‰ÛÂÏÓ„Ó Ï‡ÚÂË‡Î‡
fl‚ÎflÂÚÒfl Ì‡ÎË˜ËÂ ÓÔÎ‡‚ÎÂÌÌ˚ı ¯‡ËÍÓ‚, ‚ ÚÓÏ
˜ËÒÎÂ Ï‡„ÌËÚÌ˚ı” [ëÓ·ÓÚÓ‚Ë˜, 1976, Ò. 107]. ë˜Ë-
Ú‡ÂÚÒfl Ú‡ÍÊÂ, ˜ÚÓ ÚÂÍÒÚÛÌ‡fl ÔÓ‚ÂıÌÓÒÚ¸ Ì‡
ÏËÍÓÒÙÂ‡ı Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó ÔËÌ‡‰ÎÂÊÌÓÒÚË
Ëı Í Í‡ÚÂ„ÓËË “ÏÂÚÂÓËÚÌ‡fl Ô˚Î¸”. é‰Ì‡ÍÓ ÔÓ-
ÏËÏÓ ÙÓÏ˚, Í‡ÈÌÂ ‡ÁÌÓÓ·‡ÁÌÓÈ, Í‡Í ·Û‰ÂÚ
ÔÓÍ‡Á‡ÌÓ ÌËÊÂ, ÔËÌˆËÔË‡Î¸ÌÓÂ ÁÌ‡˜ÂÌËÂ ËÏÂÂÚ
ÒÓÒÚ‡‚ ‚Â˘ÂÒÚ‚‡ [É‡˜Â‚ Ë ‰., 2006]. èÓ‚˚¯ÂÌ-
ÌÓÂ ‚ÌËÏ‡ÌËÂ ËÒÒÎÂ‰Ó‚‡ÚÂÎÂÈ Í ÏÂÚ‡ÎÎË˜ÂÒÍËÏ
ÏËÍÓÒÙÂ‡Ï (¯‡ËÍ‡Ï) ÔÓÍ‡Á‡ÎÓ, ˜ÚÓ Ì‡fl‰Û Ò
ÏËÍÓÒÙÂ‡ÏË ÍÓÒÏË˜ÂÒÍÓ„Ó ÔÓËÒıÓÊ‰ÂÌËfl ÒÛ-
˘ÂÒÚ‚ÛÂÚ Ó„ÓÏÌÓÂ ÍÓÎË˜ÂÒÚ‚Ó ¯‡ËÍÓ‚ ËÌÓ„Ó
„ÂÌÂÁËÒ‡ – Ò‚flÁ‡ÌÌ˚Â Ò ‚ÛÎÍ‡ÌË˜ÂÒÍÓÈ ‰ÂflÚÂÎ¸ÌÓ-
ÒÚ¸˛, ÊËÁÌÂ‰ÂflÚÂÎ¸ÌÓÒÚ¸˛ ·‡ÍÚÂËÈ ËÎË ÏÂÚ‡-
ÏÓÙËÁÏÓÏ. àÁ‚ÂÒÚÌ˚ ‰‡ÌÌ˚Â Ó ÚÓÏ, ˜ÚÓ ÏËÍÓ-
ÒÙÂ˚ Fe, ËÏÂ˛˘ËÂ ‚ÛÎÍ‡ÌÓ„ÂÌÌÓÂ ÔÓËÒıÓÊ‰Â-
ÌËÂ, ÁÌ‡˜ËÚÂÎ¸ÌÓ ÂÊÂ ËÏÂ˛Ú Ë‰Â‡Î¸ÌÛ˛
ÒÙÂË˜ÂÒÍÛ˛ ÙÓÏÛ Ë Í ÚÓÏÛ ÊÂ Ó·Î‡‰‡˛Ú ÔÓ‚˚-
¯ÂÌÌÓÈ ÔËÏÂÒ¸˛ Ti (·ÓÎÂÂ 10%).

èÓ-ÔÂÊÌÂÏÛ ÔÂ‰ÏÂÚÓÏ ‰ËÒÍÛÒÒËË fl‚ÎflÂÚÒfl ‚Ó-
ÔÓÒ Ó ÔÓËÒıÓÊ‰ÂÌËË ÍÓÒÏË˜ÂÒÍÓÈ Ô˚ÎË. èÓ ÏÌÂ-
ÌË˛ ù.Ç. ëÓ·ÓÚÓ‚Ë˜‡ [ëÓ·ÓÚÓ‚Ë˜, 1976], ÍÓÒÏË˜Â-
ÒÍ‡fl Ô˚Î¸ ÏÓÊÂÚ ÔÂ‰ÒÚ‡‚ÎflÚ¸ ÓÒÚ‡ÚÍË ÔÂ‚ÓÌ‡-
˜‡Î¸ÌÓ„Ó ÔÓÚÓÔÎ‡ÌÂÚÌÓ„Ó Ó·Î‡Í‡, ÔÓÚË‚ ˜Â„Ó ‚
Ò‚ÓÂ ‚ÂÏfl ‚ÓÁ‡Ê‡ÎË Å.û. ãÂ‚ËÌ Ë Ä.ç. ëËÏÓÌÂÌ-
ÍÓ [ãÂ‚ËÌ, ëËÏÓÌÂÌÍÓ, 1973], Ò˜ËÚ‡fl, ˜ÚÓ ÔÂ‚Ó-
Ì‡˜‡Î¸ÌÓÂ ÏÂÎÍÓ‰ËÒÔÂÒÌÓÂ ‚Â˘ÂÒÚ‚Ó ÌÂ ÒÓı‡-
ÌËÎÓÒ¸.

ÑÛ„ÓÂ Ó·˙flÒÌÂÌËÂ Ò‚flÁ˚‚‡ÂÚ Ó·‡ÁÓ‚‡ÌËÂ
ÍÓÒÏË˜ÂÒÍÓÈ Ô˚ÎË Ò ‡ÁÛ¯ÂÌËÂÏ ‡ÒÚÂÓË‰Ó‚ Ë
ÍÓÏÂÚ. ä‡Í ÓÚÏÂ˜‡ÂÚ ù.Ç. ëÓ·ÓÚÓ‚Ë˜ [ëÓ·ÓÚÓ-
‚Ë˜, 1976], ÂÒÎË ÍÓÎË˜ÂÒÚ‚Ó ÍÓÒÏË˜ÂÒÍÓÈ Ô˚ÎË,
ÔÓÒÚÛÔ‡˛˘ÂÈ Ì‡ áÂÏÎ˛, ÌÂ ÏÂÌflÂÚÒfl ‚Ó ‚ÂÏÂÌË
(Ì‡ÔËÏÂ, Ì‡ ÔÓÚflÊÂÌËË Ù‡ÌÂÓÁÓfl), ÚÓ Ô‡‚˚
Å.û. ãÂ‚ËÌ Ë Ä.ç. ëËÏÓÌÂÌÍÓ [ãÂ‚ËÌ, ëËÏÓÌÂÌ-
ÍÓ, 1973].

çÂÒÏÓÚfl Ì‡ ·ÓÎ¸¯ÓÂ ˜ËÒÎÓ ËÒÒÎÂ‰Ó‚‡ÌËÈ, ÓÚ-
‚ÂÚ Ì‡ ˝ÚÓÚ ÔËÌˆËÔË‡Î¸Ì˚È ‚ÓÔÓÒ ‚ Ì‡ÒÚÓfl˘ÂÂ
‚ÂÏfl ÌÂ ÏÓÊÂÚ ·˚Ú¸ ‰‡Ì, Ë·Ó ÍÓÎË˜ÂÒÚ‚ÂÌÌ˚ı
ÓˆÂÌÓÍ Ó˜ÂÌ¸ Ï‡ÎÓ, ‡ Ëı ÚÓ˜ÌÓÒÚ¸ ‰ËÒÍÛÒÒËÓÌÌ‡.
Ç ÔÓÒÎÂ‰ÌÂÂ ‚ÂÏfl ÔÓ ‰‡ÌÌ˚Ï ËÁÓÚÓÔÌ˚ı ËÒÒÎÂ-
‰Ó‚‡ÌËÈ IDPs, ÔÓ‚Â‰ÂÌÌ˚ı ÔÓ ˜‡ÒÚËˆ‡Ï, ÓÚÓ-
·‡ÌÌ˚Ï ‚ ÒÚ‡ÚÓÒÙÂÂ ÔÓ ÔÓ„‡ÏÏÂ çÄëÄ,
ÂÒÚ¸ ÓÒÌÓ‚‡ÌËfl ÔÂ‰ÔÓÎ‡„‡Ú¸ ÒÛ˘ÂÒÚ‚Ó‚‡ÌËÂ ˜‡-
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Ë ‰

 

.

 

ÒÚËˆ ‰ÓÒÓÎÌÂ˜ÌÓ„Ó ÔÓËÒıÓÊ‰ÂÌËfl [Messenger et
al., 2003]. ÅÓÎÂÂ ÚÓ„Ó, ‚ ÒÓÒÚ‡‚Â ˝ÚÓÈ ÊÂ Ô˚ÎË ·˚-
ÎË Ó·Ì‡ÛÊÂÌ˚ Ú‡ÍËÂ ÏËÌÂ‡Î˚ Í‡Í ÍÓÛÌ‰,
ÏÛ‡ÒÒ‡ÌËÚ Ë ‡ÎÏ‡Á, ÍÓÚÓ˚Â ÔÓ ËÁÓÚÓÔËË Û„ÎÂÓ-
‰‡ Ë ‡ÁÓÚ‡ ÔÓÁ‚ÓÎfl˛Ú ÓÚÌÓÒËÚ¸ Ëı Ó·‡ÁÓ‚‡ÌËÂ ÍÓ
‚ÂÏÂÌË ‰Ó Ó·‡ÁÓ‚‡ÌËfl ëÓÎÌÂ˜ÌÓÈ ÒËÒÚÂÏ˚ [Sta-
dermann et al., 2006].

Ç‡ÊÌÓ ÓÚÏÂÚËÚ¸, ˜ÚÓ Ë ‚ ÔÓ„‡ÌË˜ÌÓÏ ÒÎÓÂ Ì‡

 

K

 

/

 

T

 

 – „‡ÌËˆÂ ‚ ‡ÁÂÁÂ É‡ÏÒ ·˚Î‡ Ó·Ì‡ÛÊÂÌ‡
ÒıÓ‰Ì‡fl ‡ÒÒÓˆË‡ˆËfl ÏËÌÂ‡ÎÓ‚ (‡ÎÏ‡Á, ÏÛ‡ÒÒ‡ÌËÚ,
ÍÓÛÌ‰) [Grachev et al., 2005; É‡˜Â‚ Ë ‰., 2006].
àÁ ÔË‚Â‰ÂÌÌÓ„Ó Í‡ÚÍÓ„Ó Ó·ÁÓ‡ Ó˜Â‚Ë‰Ì˚Ï
ÒÚ‡ÌÓ‚ËÚÒfl ‚‡ÊÌÓÒÚ¸ ËÁÛ˜ÂÌËfl ÍÓÒÏË˜ÂÒÍÓÈ Ô˚ÎË
‚ „ÂÓÎÓ„Ë˜ÂÒÍÓÏ ‡ÁÂÁÂ, Ë ‚ ‰‡ÌÌÓÈ ÒÚ‡Ú¸Â ÔË‚Â-
‰ÂÌ˚ ÔÂ‚˚Â ÂÁÛÎ¸Ú‡Ú˚ ËÒÒÎÂ‰Ó‚‡ÌËfl ÍÓÒÏË˜Â-
ÒÍÓ„Ó ‚Â˘ÂÒÚ‚‡ ‚ ÔÂÂıÓ‰ÌÓÏ ÒÎÓÂ „ÎËÌ Ì‡ „‡ÌË-
ˆÂ ÏÂÎ‡ Ë Ô‡ÎÂÓ„ÂÌ‡ ËÁ ‡ÁÂÁ‡ É‡ÏÂ, ÇÓÒÚÓ˜Ì˚Â
ÄÎ¸Ô˚ [Grachev et al., 2005].

 

å‡ÚÂË‡Î Ë Ó·˘‡fl ı‡‡ÍÚÂËÒÚËÍ‡ 
‡ÁÂÁ‡ É‡Ïë

 

Ç ÓÒÌÓ‚Û ÒÚ‡Ú¸Ë ÔÓÎÓÊÂÌ˚ Ï‡ÚÂË‡Î˚, ÔÓÎÛ-
˜ÂÌÌ˚Â ‡‚ÚÓ‡ÏË ‰‡ÌÌÓÈ ‡·ÓÚ˚ ËÁ ÌÂÒÍÓÎ¸ÍËı
‡ÁÂÁÓ‚ ÔÂÂıÓ‰Ì˚ı ÒÎÓÂ‚ ÏÂÊ‰Û ÏÂÎÓÏ Ë Ô‡ÎÂÓ-

„ÂÌÓÏ, ‡ÒÔÓÎÓÊÂÌÌ˚ı ÌÂ‰‡ÎÂÍÓ ÓÚ ‰ÂÂ‚ÌË É‡ÏÒ
‚ òÚËËË, „‰Â ÂÍ‡ É‡ÏÒ ‚ ÌÂÒÍÓÎ¸ÍËı ÏÂÒÚ‡ı
‚ÒÍ˚‚‡ÂÚ „‡ÌËˆÛ 

 

K

 

/

 

T

 

. é·˘ÂÂ „ÂÓÎÓ„Ë˜ÂÒÍÓÂ ÔÓ-
ÎÓÊÂÌËÂ ‡ÁÂÁ‡ ‚ ‡ÈÓÌÂ É‡ÏÒ (Knappengraben)
·˚ÎÓ ‡ÌÂÂ ‰‡ÌÓ X. äÓÎÏ‡ÌÌÓÏ [Kollmann, 1964] Ë
ê. ã‡ıÓ‰ËÌÒÍËÏ [Lahodynsky, 1988], ÛÒÚ‡ÌÓ‚Ë‚¯Ë-
ÏË, ˜ÚÓ ÓÌ ÓÚÌÓÒËÚÒfl Í ÙÓÏ‡ˆËË Nierntal (chron
29R). ó‡ÒÚ¸ ‡ÁÂÁ‡ ÌËÊÂ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl Ì‡
„‡ÌËˆÂ 

 

K

 

/

 

T

 

 ÔÂ‰ÒÚ‡‚ÎÂÌ‡ ˜ÂÂ‰Ó‚‡ÌËÂÏ ËÁ‚ÂÒÚÍÓ-
‚ËÒÚÓ„Ó ÏÂ„ÂÎfl Ë ÏÂ„ÂÎËÒÚÓ„Ó ËÁ‚ÂÒÚÌflÍ‡, ‡ ‚˚-
¯Â ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl „ÎËÌ ‡Á‚ËÚ˚ ÔÂËÏÛ˘Â-
ÒÚ‚ÂÌÌÓ „ÎËÌ˚ Ò ‡ÁÎË˜ÌÓÈ ‰ÓÎÂÈ Í‡·ÓÌ‡Ú‡ Í‡Î¸-
ˆËfl Ë ÓÚ‰ÂÎ¸Ì˚ÏË ÒÎÓflÏË ÔÂÒ˜‡ÌÓ-‡ÎÂ‚ÓÎËÚÓ„Ó
ÒÓÒÚ‡‚‡ [Grachev et al., 2005].

Ç ‡ÁÂÁÂ É‡ÏÒ 1 ËÁ Ó·Ì‡ÊÂÌËfl ·˚Î ‚˚ÂÁ‡Ì
ÏÓÌÓÎËÚ, „‰Â „‡ÌËˆ‡ 

 

K

 

/

 

T

 

 ‚˚‡ÊÂÌ‡ Ó˜ÂÌ¸ ıÓÓ-
¯Ó (ËÒ. 1). åÓÌÓÎËÚ ËÏÂÂÚ ‚˚ÒÓÚÛ 46 ÒÏ Ë ¯ËË-
ÌÛ 30 ÒÏ ‚ ÌËÊÌÂÈ ˜‡ÒÚË Ë 22 ÒÏ ‚ ‚ÂıÌÂÈ; ÚÓÎ˘Ë-
Ì‡ ÏÓÌÓÎËÚ‡ ÒÓÒÚ‡‚ÎflÎ‡ 4 ÒÏ. ÑÎfl Ó·˘Â„Ó ËÁÛ˜Â-
ÌËfl ‡ÁÂÁ‡ ÏÓÌÓÎËÚ ·˚Î ‡Á‰ÂÎÂÌ ˜ÂÂÁ 2 ÒÏ
(ÒÌËÁÛ ‚‚Âı) Ì‡ ÒÎÓË 

 

Ä

 

, 

 

B

 

, 

 

C

 

 … 

 

W

 

), ‡ ‚ ÔÂ‰ÂÎ‡ı
Í‡Ê‰Ó„Ó ÒÎÓfl Ú‡ÍÊÂ ˜ÂÂÁ 2 ÒÏ ·˚Î‡ ÔÓ‚Â‰ÂÌ‡
Ï‡ÍËÓ‚Í‡ (1, 2, 3 Ë Ú.‰.). ÅÓÎÂÂ ‰ÂÚ‡Î¸ÌÓ ËÁÛ˜‡Î-
Òfl ÔÂÂıÓ‰Ì˚È ÒÎÓÈ J Ì‡ „‡ÌËˆÂ 

 

K

 

/

 

T

 

, „‰Â ·˚ÎË
‚˚‰ÂÎÂÌ˚ 6 ÒÛ·ÒÎÓÂ‚ (units) ÏÓ˘ÌÓÒÚ¸˛ ÓÍÓÎÓ
3 ÏÏ (ÒÏ. ÔÓ‰Ó·ÌÂÂ [Grachev Ât al., 2005]). ê‡ÌÂÂ
·˚ÎÓ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ÔÂÂıÓ‰Ì˚È ÒÎÓÈ „ÎËÌ˚ ÏÂÊ-
‰Û ÏÂÎÓÏ Ë Ô‡ÎÂÓ„ÂÌÓÏ ÒÓ‰ÂÊËÚ ˜‡ÒÚËˆ˚ Fe, Au,
Cu. á‰ÂÒ¸ ÊÂ ‚ ÓÒÌÓ‚‡ÌËË ÒÎÓfl Ë Â„Ó ‚ÂıÌÂÈ ̃ ‡ÒÚË
Ì‡È‰ÂÌ˚ ÍËÒÚ‡ÎÎ˚ Ni-¯ÔËÌÂÎË [Grachev et al.,
2007].

çËÊÌËÂ 4 ÒÛ·ÒÎÓfl ÓÚÌÓÒflÚÒfl Í ÁÓÌÂ 

 

Hedbergella
holmdelensis

 

 (‚ÍÎ˛˜‡fl “barren interval”), ‚ÂıÌËÂ
2 ÒÛ·ÒÎÓfl – Í ÁÓÌÂ 

 

Globoconusa daubjergensis

 

 (ÏÂÎ-
ÍËÈ ÏÓÙÓÚËÔ), ‡ ‚˚¯ÂÎÂÊ‡˘ËÂ ‡ÎÂ‚ÓÎËÚ˚ – Í
ÁÓÌ‡Ï 

 

Subbotina fringa

 

 (‚ÌËÁÛ) Ë 

 

Parasubbotina
pseudobulloides

 

 (‚‚ÂıÛ). Å˚ÎÓ Ú‡ÍÊÂ ÔÓÍ‡Á‡ÌÓ,
˜ÚÓ ˝ÚÓÚ ÔÂÂıÓ‰Ì˚È ÒÎÓÈ „ÎËÌ˚ Ó·Ó„‡˘ÂÌ Ir, As,
Pb, Zn, Cr [Grachev et al., 2005]. é‰Ì‡ÍÓ ÌÂÓ·ıÓ‰Ë-
ÏÓ ÔÓ‰˜ÂÍÌÛÚ¸, ˜ÚÓ Ï‡ÍÒËÏ‡Î¸ÌÓ ‚˚ÒÓÍËÂ ÍÓÌ-
ˆÂÌÚ‡ˆËË Ir ÔËÛÓ˜ÂÌ˚ Í ÌËÊÌÂÈ Ë ÒÂ‰ÌÂÈ ˜‡-
ÒÚflÏ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl, ÚÓ„‰‡ Í‡Í ‚ Â„Ó ‚ÂıÌÂÈ
˜‡ÒÚË ÒÓ‰ÂÊ‡ÌËÂ ˝ÚÓ„Ó ˝ÎÂÏÂÌÚ‡ ÌÂ‚ÂÎËÍÓ.

êÂÁÛÎ¸Ú‡Ú˚ ËÒÒÎÂ‰Ó‚‡ÌËÈ, ÔÓÎÛ˜ÂÌÌ˚Â ‚ ‡Á-
ÂÁÂ É‡ÏÒ 1, ‚Ó ÏÌÓ„ÓÏ ·˚ÎË ÔÓ‚ÚÓÂÌ˚ ÔË ËÁÛ-
˜ÂÌËË ‰Û„Ó„Ó ‡ÁÂÁ‡ – É‡ÏÒ 2 (ËÒ. 2). Ç Ì‡ÒÚÓfl-
˘ÂÈ ‡·ÓÚÂ ÔË‚Ó‰flÚÒfl ‰‡ÌÌ˚Â ÔÓ ‰‚ÛÏ ËÁÛ˜ÂÌ-
Ì˚Ï ‡ÁÂÁ‡Ï.

 

èÓ‰„ÓÚÓ‚Í‡ Ó·‡ÁˆÓ‚ Í ‡Ì‡ÎËÁÛ
Ë ÏÂÚÓ‰ËÍ‡ ËÒÒÎÂ‰Ó‚‡ÌËÈ

 

Ç ÍÓÏÔÎÂÍÒ ËÒÒÎÂ‰Ó‚‡ÌËÈ ‚ıÓ‰ËÎË ÒÎÂ‰Û˛˘ËÂ
‚Ë‰˚ ‡Ì‡ÎËÁ‡: ËÁÛ˜ÂÌËÂ ̄ ÎËÙÓ‚ Ë ÏÓÌÓÏËÌÂ‡Î¸-
Ì˚ı Ù‡ÍˆËÈ, “ÏÓÍ‡fl” ıËÏËfl, ÂÌÚ„ÂÌÓ-ÙÎÛÓ-
ÂÒˆÂÌÚÌ˚È, ÌÂÈÚÓÌÌÓ-‡ÍÚË‚Ë‡ˆËÓÌÌ˚È Ë ÂÌÚ-
„ÂÌÓ-ÒÚÛÍÚÛÌ˚È ‡Ì‡ÎËÁ˚, ËÁÓÚÓÔÌ˚È ‡Ì‡ÎËÁ „Â-
ÎËfl, Û„ÎÂÓ‰‡ Ë ÍËÒÎÓÓ‰‡, ÓÔÂ‰ÂÎÂÌËÂ ÒÓÒÚ‡‚‡

 

GAMS,
ALPS
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K

J
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êËÒ. 1.

 

 é·˘ËÈ ‚Ë‰ ÏÓÌÓÎËÚ‡ ËÁ ‡ÁÂÁ‡ É‡ÏÒ 1, ÔÓ‰„Ó-
ÚÓ‚ÎÂÌÌ˚È ‰Îfl ÓÚ·Ó‡ Ó·‡ÁˆÓ‚. èÂÂıÓ‰Ì˚È ÒÎÓÈ
„ÎËÌ˚ ÏÂÊ‰Û ÏÂÎÓÏ Ë Ô‡ÎÂÓ„ÂÌÓÏ ÓÚÏÂ˜ÂÌ ·ÛÍ‚ÓÈ 

 

J

 

.
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ÏËÌÂ‡ÎÓ‚ Ì‡ ÏËÍÓÁÓÌ‰Â, Ï‡„ÌËÚÓÏËÌÂ‡ÎÓ„Ë-
˜ÂÒÍËÈ ‡Ì‡ÎËÁ.

ÑÎfl ‚˚‰ÂÎÂÌËfl ÏËÌÂ‡ÎÓ‚ ÚflÊÂÎÓÈ Ù‡ÍˆËË
Ó·‡ÁÂˆ ‚ÂÒÓÏ 10–15 „ ‰Ó·ËÎÒfl ‚ Ù‡ÙÓÓ‚ÓÈ
ÒÚÛÔÍÂ Ë ÔÓÒÂË‚‡ÎÒfl ˜ÂÂÁ ÒËÚÓ 0.25 ÏÏ. éÚ‰ÂÎÂ-
ÌËÂ ÏËÌÂ‡ÎÓ‚ ÚflÊÂÎÓÈ Ù‡ÍˆËË ÓÚ Í‡·ÓÌ‡ÚÌÓ-
„ÎËÌËÒÚÓÈ Ï‡ÒÒ˚ ÔÓËÁ‚Ó‰ËÎÓÒ¸ Ò ËÒÔÓÎ¸ÁÓ‚‡ÌË-
ÂÏ ÚflÊÂÎÓÈ ÊË‰ÍÓÒÚË (·ÓÏÓÙÓÏ (CHBr

 

3

 

) Ò
Û‰ÂÎ¸Ì˚Ï ‚ÂÒÓÏ 2.89 „/ÒÏ

 

3

 

). íflÊÂÎ‡fl Ë ÎÂ„Í‡fl
Ù‡ÍˆËË ÔÓÏ˚‚‡ÎËÒ¸ ÒÔËÚÓÏ Ë ÔÓÒÚ˚Ï Ï‡„ÌË-
ÚÓÏ ÓÒ‚Ó·ÓÊ‰‡ÎËÒ¸ ÓÚ Ï‡„ÌËÚÌÓÈ Ù‡ÍˆËË. åËÌÂ-
‡Î˚ ÚflÊÂÎÓÈ Ù‡ÍˆËË ‡Á‰ÂÎflÎËÒ¸ Ì‡ ˝ÎÂÍÚÓ-
Ï‡„ÌËÚÌÓÏ ÒÂÔ‡‡ÚÓÂ Ì‡ ÌÂ˝ÎÂÍÚÓÏ‡„ÌËÚÌÛ˛,
ÒÎ‡·Ó ˝ÎÂÍÚÓÏ‡„ÌËÚÌÛ˛ Ë ˝ÎÂÍÚÓÏ‡„ÌËÚÌÛ˛
Ù‡ÍˆËË Ë ÔËÍÎÂË‚‡ÎËÒ¸ ÔÓ‰ ·ËÌÓÍÛÎflÓÏ Ì‡
ÒÚÂÍÎflÌÌ˚Â ÔÂÔ‡‡Ú˚ Ò ÎÛÌÍÓÈ.

ÑÎfl ‡Ì‡ÎËÁ‡ ÒÓÒÚ‡‚‡ Ë ÏËÍÓÒÚÛÍÚÛ˚ Ï‡„-
ÌËÚÌ˚ı ÏËÌÂ‡ÎÓ‚ ‚ ÔÓÓ‰‡ı Ó·‡Áˆ˚ ËÁÛ˜‡ÎËÒ¸
Ì‡ ÏËÍÓ‡Ì‡ÎËÁ‡ÚÓ‡ı “Camebax” Ë ‚˚·ÓÓ˜ÌÓ Ì‡
“Tescan Vega”. é·˚˜ÌÓ Ó·‡Áˆ˚ ÏÓÌÚËÓ‚‡ÎËÒ¸ ‚
¯‡È·Û ‰Ë‡ÏÂÚÓÏ 26 ÏÏ ÔË ÔÓÏÓ˘Ë ÒÔÎ‡‚‡ ÇÛ‰‡,
Ú˘‡ÚÂÎ¸ÌÓ ¯ÎËÙÓ‚‡ÎËÒ¸ Ë ÔÓÎËÓ‚‡ÎËÒ¸ ‡ÎÏ‡Á-
Ì˚ÏË Ô‡ÒÚ‡ÏË, ÔÓÒÎÂ ˜Â„Ó Ì‡Ô˚ÎflÎËÒ¸ Û„ÓÎ¸ÌÓÈ
ÔÎÂÌÍÓÈ. ÄÌ‡ÎËÁ ÔÓ‚Ó‰ËÎÒfl ÔË ÛÒÍÓfl˛˘ÂÏ Ì‡-
ÔflÊÂÌËË 20 Kv Ë ÚÓÍÂ ÔÛ˜Í‡ 10 ÌÄ. ÑË‡Ô‡ÁÓÌ
ÓÔÂ‰ÂÎflÂÏ˚ı ÔÓ ı‡‡ÍÚÂËÒÚË˜ÂÒÍÓÏÛ ÂÌÚ„Â-
ÌÓ‚ÒÍÓÏÛ ËÁÎÛ˜ÂÌË˛ ˝ÎÂÏÂÌÚÓ‚ – ÓÚ Ì‡ÚËfl ‰Ó
Û‡Ì‡. ùÙÙÂÍÚË‚Ì˚È ‰Ë‡ÏÂÚ ÁÓÌ‰‡ ÔË ˝ÚÓÏ ÒÓ-
ÒÚ‡‚ÎflÎ ÓÍÓÎÓ 1–2 ÏÍÏ, ˜ÚÓ Â„ÛÎflÌÓ ÔÓ‚Âfl-
ÎÓÒ¸ Ì‡ ÏÂÎÍËı Ù‡Á‡ı. Ç˚‰ÂÎÂÌÌ˚Â ÏÂÚ‡ÎÎË˜Â-
ÒÍËÂ ÏËÍÓÒÙÂ˚ Ë ˜‡ÒÚËˆ˚ Ó˜Ë˘‡ÎËÒ¸ ÛÎ¸Ú‡-
Á‚ÛÍÓÏ Ë ÔÓÚ‡‚ÎË‚‡ÎËÒ¸ ÍËÒÎÓÚ‡ÏË (HCL) ‰Îfl
Û‰‡ÎÂÌËfl ÓÍÒË‰ÌÓÈ ÔÎÂÌÍË Ò ÔÓ‚ÂıÌÓÒÚË. èÓ‚Ó-
‰ËÎÒfl ÍÓÎË˜ÂÒÚ‚ÂÌÌ˚È ÏËÍÓ‡Ì‡ÎËÁ Û‰Ì˚ı Ù‡Á,
ËÁÏÂflÎÓÒ¸ ÒÓ‰ÂÊ‡ÌËÂ TiO

 

2

 

, FeO, MgO, MnO,

Cr

 

2

 

O

 

3

 

, Al

 

2

 

O

 

3

 

. èÂ‰‚‡ËÚÂÎ¸ÌÓ ‰ÂÎ‡ÎÒfl Í‡˜ÂÒÚ‚ÂÌ-
Ì˚È ‡Ì‡ÎËÁ Ì‡ ‚ÒÂ ˝ÎÂÏÂÌÚ˚ (ÓÚ Ì‡ÚËfl ‰Ó Û‡Ì‡).
ÑÎfl ‡Ò˜ÂÚ‡ ËÒÔÓÎ¸ÁÓ‚‡Î‡Ò¸ ÔÓ„‡ÏÏ‡ “Puma”.
çÂÓ‰ÌÓÓ‰ÌÓÒÚË ‚ ‡ÒÔÂ‰ÂÎÂÌËË ˝ÎÂÏÂÌÚÓ‚ ÔÓ
‚˚·‡ÌÌ˚Ï ÁÓÌ‡Ï ËÁÛ˜‡ÎËÒ¸ Í‡Í ÔË ÔÓÏÓ˘Ë ÒÍ‡-
ÌËÓ‚‡ÌËfl ÔÓ ÎËÌËË, Ú‡Í Ë ÔË ÔÎÓ˘‡‰ÌÓÏ ÒÍ‡ÌË-
Ó‚‡ÌËË. Å¸¯Ë Ò‰ÂÎ‡Ì˚ ÙÓÚÓ„‡ÙËË ÏËÌÂ‡ÎÓ‚
(ËÎË ‚˚·‡ÌÌ˚ı ÁÓÌ) ‚Ó ‚ÚÓË˜Ì˚ı ˝ÎÂÍÚÓÌ‡ı Ë
‚ ı‡‡ÍÚÂËÒÚË˜ÂÒÍËı ÂÌÚ„ÂÌÓ‚ÒÍËı ÎÛ˜‡ı Ti, Fe,
Mg, Mn, Cr, Al, Si, Ca.

ó‡ÒÚËˆ˚ ÌËÍÂÎfl Ë ‡ÎÏ‡Á‡, Ì‡È‰ÂÌÌ˚Â ÔË ÔÓ-
ÏÓ˘Ë ÏËÍÓÁÓÌ‰‡ “Camebax”, ·˚ÎË ‰ÓÔÓÎÌËÚÂÎ¸-
ÌÓ ËÁÛ˜ÂÌ˚ Ä.ç. çÂÍ‡ÒÓ‚˚Ï Ì‡ ÏËÍÓÁÓÌ‰Â
“Tescan Vega” ‚ àÌÒÚËÚÛÚÂ ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓÈ
ÏËÌÂ‡ÎÓ„ËË êÄç. åËÍÓÁÓÌ‰ “Tescan Vega”,
ÓÒÌ‡˘ÂÌÌ˚È ˝ÌÂ„Ó‰ËÒÔÂÒËÓÌÌ˚Ï ÒÔÂÍÚÓÏÂÚ-
ÓÏ, ÔÓÁ‚ÓÎflÎ ÓÔÂ‰ÂÎflÚ¸ Û„ÎÂÓ‰, ˜ÚÓ ‰‡ÎÓ ‚ÓÁ-
ÏÓÊÌÓÒÚ¸ ÌÂÁ‡‚ËÒËÏÓ ÔÓ‰Ú‚Â‰ËÚ¸ Ì‡ıÓ‰ÍË ‡Î-
Ï‡ÁÌ˚ı ÁÂÂÌ, Ò‰ÂÎ‡ÌÌ˚Â ·Î‡„Ó‰‡fl Ëı ËÌÚÂÌÒË‚-
ÌÓÏÛ „ÓÎÛ·ÓÏÛ Ò‚Â˜ÂÌË˛ ÔÓ‰ ˝ÎÂÍÚÓÌÌ˚Ï
ÁÓÌ‰ÓÏ Ì‡ ÏËÍÓ‡Ì‡ÎËÁ‡ÚÓÂ “Camebax”.

éÚ‰ÂÎ¸Ì˚Â ÁÂÌ‡ ËÁÛ˜‡ÂÏ˚ı ÏËÌÂ‡ÎÓ‚ „ÓÚÓ-
‚ËÎËÒ¸ ÔÓ ÒÔÂˆË‡Î¸ÌÓ ‡Á‡·ÓÚ‡ÌÌÓÈ ÏÂÚÓ‰ËÍÂ,
ÍÓÚÓ‡fl Ó·ÂÒÔÂ˜Ë‚‡Î‡ ÛÎ¸Ú‡ÚÓÌÍÛ˛ ÔÓÎËÓ‚ÍÛ
Ó·˙ÂÍÚ‡ ÒÓ Ò˙ÂÏÓÏ ÒÎÓfl ÌÂ ·ÓÎÂÂ 5 ÏÍÏ Á‡ ‚ÂÒ¸
ÔÓˆÂÒÒ ÔÓÎËÓ‚ÍË. èË ˝ÚÓÏ ÒÌËÏ‡ÎÒfl ÒÎÓÈ 5–
10 ÏÍÏ, ˜ÚÓ ÔÓÁ‚ÓÎflÎÓ ‚ÒÍ˚‚‡Ú¸ ÔÓ˚ ‚ ÊÂÎÂÁ-
Ì˚ı ¯‡ËÍ‡ı ‰Ë‡ÏÂÚÓÏ ‚ 10–20 ÏÍÏ. ì‰‡‚‡ÎÓÒ¸
‚ÒÍ˚Ú¸ ÔÓÎËÓ‚ÍÓÈ ÔÓÎ˚Â ÏÂÚ‡ÎÎË˜ÂÒÍËÂ ÍÓÒ-
ÏË˜ÂÒÍËÂ ¯‡ËÍË Ò ÚÓÎ˘ËÌÓÈ ÒÚÂÌÍË 0.5–2 ÏÍÏ.
ÑÎfl ̋ ÚÓ„Ó ‚˚‰ÂÎÂÌÌ˚Â ÏÓ˘Ì˚Ï Û˜Ì˚Ï Nb–B–Fe
Ï‡„ÌËÚÓÏ ÁÂÌ‡ ÔÓÏÂ˘‡ÎËÒ¸ Ì‡ „Î‡‰ÍÛ˛ (ÔÓÎËÓ-
‚‡ÌÌÛ˛) ÔÎ‡ÒÚËÍÓ‚Û˛ ÔÓ‚ÂıÌÓÒÚ¸ Ë Á‡ÎË‚‡ÎËÒ¸
˝ÔÓÍÒË‰ÌÓÈ ÒÏÓÎÓÈ. èÓ‰·Ë‡ÎÒfl Ú‡ÍÓÈ ÔÎ‡ÒÚËÍ,
ÍÓÚÓ˚È Ó·ÂÒÔÂ˜Ë‚‡Î ·˚ ÏËÌËÏ‡Î¸ÌÛ˛ ‡‰„ÂÁË˛

 

êËÒ. 2.

 

 É‡ÌËˆ‡ ÏÂÊ‰Û ÏÂÎÓÏ Ë Ô‡ÎÂÓ„ÂÌÓÏ ‚ Ó·Ì‡ÊÂÌËË É‡ÏÒ 2.
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É‡˜Â‚ 

 

Ë ‰

 

.

 

˝ÔÓÍÒË‰ÌÓÈ ÒÏÓÎ˚ Í ÌÂÏÛ. ùÚÓ ÔÓÁ‚ÓÎflÎÓ ÎÂ„ÍÓ
ÓÚ‰ÂÎËÚ¸ Ó·‡ÁÂˆ Ò ËÁÛ˜‡ÂÏ˚ÏË ˜‡ÒÚËˆ‡ÏË ÔÓÒÎÂ
Á‡Ú‚Â‰Â‚‡ÌËfl ˝ÔÓÍÒË‰ÌÓÈ ÒÏÓÎ˚. ùÔÓÍÒË‰Ì‡fl
ÒÏÓÎ‡ ÔÂÂ‰ Á‡ÎË‚ÍÓÈ ÔÓ‰‚Â„‡Î‡Ò¸ ‚‡ÍÛÛÏÌÓÈ ‰Â-
„‡Á‡ˆËË ‰Îfl ÛÏÂÌ¸¯ÂÌËfl ÍÓÎË˜ÂÒÚ‚‡ ÔÛÁ˚¸ÍÓ‚ ‚
ÒÏÓÎÂ. é·‡ÁÂˆ ÔÓÎËÓ‚‡ÎÒfl ‡ÎÏ‡ÁÌ˚ÏË Ô‡ÒÚ‡ÏË
Äëå 2/1, 1/0, 0.5/0 Ë ÒÛÒÔÂÌÁËÂÈ ËÁ ÛÎ¸Ú‡‰ËÒÔÂÒ-
Ì˚ı ‡ÎÏ‡ÁÓ‚ (ìÑÄ) Ì‡ ÔÓÎËÓ‚‡Î¸Ì˚ı ÒÚ‡ÌÍ‡ı
Montasupal. èÓÎËÓ‚Í‡ ÔÓ‚Ó‰ËÎ‡Ò¸ Ì‡ ÚÓÌÍÓÏ
ÒÛÍÌÂ Ë Ì‡ ÙÂÚÂ. çÂÏ‡„ÌËÚÌ˚Â ÁÂÌ‡ (‡ÎÏ‡Á˚,
ÏÛ‡ÒÒ‡ÌËÚ, ÍÓÛÌ‰ Ë ‰.) ÔÓÒÎÂ ‚˚‰ÂÎÂÌËfl Ëı ËÁ
ÓÒ‡‰Ó˜ÌÓÈ ÔÓÓ‰˚ ÔË ÔÓÏÓ˘Ë ÚflÊÂÎ˚ı ÊË‰ÍÓ-
ÒÚÂÈ ÏÓÌÚËÓ‚‡ÎËÒ¸ Ì‡ ÔÎ‡ÒÚËÍ ÔË ÔÓÏÓ˘Ë Ë„-

Î˚, ÔÓÒÎÂ ˜Â„Ó ÔÓ‰‚Â„‡ÎËÒ¸ ÛÎ¸Ú‡ÚÓÌÍÓÈ ÔÓÎË-
Ó‚ÍÂ.

íÂÏÓÏ‡„ÌËÚÌ˚È ‡Ì‡ÎËÁ Ó·‡ÁˆÓ‚ ËÁ ÒÎÓfl 

 

J

 

‚˚ÔÓÎÌÂÌ Ì‡ Ï‡„ÌËÚÌ˚ı ‚ÂÒ‡ı ÍÓÌÒÚÛÍˆËË ÅÛÓ-
‚‡, ãÂÓÌÓ‚‡ Ë ÇËÌÓ„‡‰Ó‚‡. ÑÎfl ÚÂÏÓÏ‡„ÌËÚÌÓ„Ó
‡Ì‡ÎËÁ‡ ËÒÔÓÎ¸ÁÓ‚‡ÎËÒ¸ ÍÛÒÓ˜ÍË ÓÍÓÎÓ 10 ÏÏ

 

3

 

, ‡
‰Îfl ÏËÍÓÁÓÌ‰Ó‚Ó„Ó ‡Ì‡ÎËÁ‡ Ï‡„ÌËÚÌ˚Â ÏËÌÂ‡-
Î˚ ‚˚‰ÂÎflÎËÒ¸ ËÁ 100–200 ÏÏ

 

3

 

 ‚Â˘ÂÒÚ‚‡. ëÌ‡˜‡Î‡
·˚Î ‚˚ÔÓÎÌÂÌ ÚÂÏÓÏ‡„ÌËÚÌ˚È ‡Ì‡ÎËÁ Ì‡ ÒÂËË
Ó·‡ÁˆÓ‚ ËÁ ‡ÁÌ˚ı ÔÓ Î‡ÚÂ‡ÎË Û˜‡ÒÚÍÓ‚ ÒÎÓfl 

 

J

 

.
á‡ÚÂÏ Ó‰ËÌ ËÁ Ó·‡ÁˆÓ‚ ÒÎÓfl 

 

J

 

 ·˚Î ‡Á‰ÂÎÂÌ Ì‡
6 ÒÎÓÈÍÓ‚ Ë ËÁ Í‡Ê‰Ó„Ó ÒÎÓÈÍ‡ ·˚ÎË ‚˚‰ÂÎÂÌ˚

 

í‡·ÎËˆ‡ 1. 

 

 ïËÏË˜ÂÒÍËÈ ÒÓÒÚ‡‚ ÍÓÒÏË˜ÂÒÍÓ„Ó ‚Â˘ÂÒÚ‚‡ (‚ÂÒ. %) ‚ ÔÂÂıÓ‰ÌÓÏ ÒÎÓÂ „ÎËÌ Ì‡ „‡ÌËˆÂ ÏÂÎ‡ Ë Ô‡ÎÂÓ-
„ÂÌ‡ ‚ ‡ÁÂÁÂ É‡ÏÒ ÔÓ ‰‡ÌÌ˚Ï ÏËÍÓÁÓÌ‰Ó‚Ó„Ó ‡Ì‡ÎËÁ‡

ùÎÂÏÂÌÚ 1 2 3 4 5 6 7 8 9

Fe 18.40 12.24 15.31 15.47 15.17 15.05 19.07 15.94 16.23

Ni 76.31 85.27 78.44 77.37 80.43 84.95 80.24 83.23 82.91

Mn 0.66 – 0.79 0.81 0.89 – 0.89 0.83 0.86

S 4.62 2.49 5.46 6.35 3.51 – – – –

ùÎÂÏÂÌÚ 10 11 12 13 14 15 16 17 18

Fe 15.31 15.47 14.70 14.18 14.94 33.74 15.78 15.38 93.83

Ni 78.44 77.37 78.28 79.32 78.77 51.56 83.23 83.60 3.95

Mn 0.79 0.81 0.97 0.70 0.91 0.80 0.99 1.02 2.20

Cr – – – – – 2.80 – – –

Mg – – – – – 7.92 – – –

Mo 5.46 6.35 6.05 5.80 5.38 3.18 – – –

ùÎÂÏÂÌÚ 19 20 21 22 23 24 25 26 27

Fe 16.70 14.09 14.29 13.91 14.21 15.26 14.81 14.65 81.12

Ni 80.90 79.72 79.70 79.92 81.99 79.14 81.39 80.10 10.61

Mn 1.02 0.87 1.12 0.90 0.70 0.73 0.77 – 2.00

Mo 1.38 5.32 4.89 5.27 3.09 4.86 3.03 5.25 –

ùÎÂÏÂÌÚ 28 29 30 31 32 33 34 35 36

Fe 16.67 14.96 15.39 97.72 71.79 78.04 15.54 76.87 72.98

Ni 81.16 79.24 80.06 2.28 3.75 17.61 80.36 – 2.19

Mn 0.81 0.98 0.77 – – – 0.65 – –

Mg 1.37 – – – 20.42 2.83 – 20.67 –

Cr – – – – 2.04 – – 1.42 24.84

Mo – 4.82 3.77 – – – 3.45 – –

ùÎÂÏÂÌÚ 37 38 39 40 41 42 43

Fe 83.60 79.75 82.33 67.88 3.83 99.19 99.25

Ni 2.19 8.15 2.68 17.04 96.17 – –

Mn – – 1.01 – – 0.81 0.75

Cr 15.26 12.11 12.39 15.09 – – –

Pt – – 1.58 – – – –

 

èËÏÂ˜‡ÌËÂ: 1–27 – ÌËÊÌflfl ˜‡ÒÚ¸ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl; 28–35 – ÒÂ‰Ìflfl ˜‡ÒÚ¸ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl; 36–43 – ‚ÂıÌflfl ˜‡ÒÚ¸ ÔÂÂıÓ‰-
ÌÓ„Ó ÒÎÓfl.
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ÔË ÔÓÏÓ˘Ë ÏÓ˘ÌÓ„Ó ÔÓÒÚÓflÌÌÓ„Ó Ï‡„ÌËÚ‡ Ï‡„-
ÌËÚÌ˚Â ÏËÌÂ‡Î˚ ‰Îfl ˝ÎÂÍÚÓÌÌÓ-ÁÓÌ‰Ó‚˚ı ËÒ-
ÒÎÂ‰Ó‚‡ÌËÈ. ê‡ÁÏÂ ËÁ‚ÎÂÍ‡ÂÏ˚ı ˜‡ÒÚËˆ ÒÓÒÚ‡‚-
ÎflÎ ÓÚ ‰ÓÎÂÈ ÏÍÏ ‰Ó ‰ÂÒflÚÍÓ‚ ÏÍÏ.

 

êÂÁÛÎ¸Ú‡Ú˚ ËÒÒÎÂ‰Ó‚‡ÌËÈ

 

Ç ‡ÁÂÁÂ É‡ÏÒ ‚ ÔÂÂıÓ‰ÌÓÏ ÒÎÓÂ „ÎËÌ˚ ÏÂÊ-
‰Û ÏÂÎÓÏ Ë Ô‡ÎÂÓ„ÂÌÓÏ, ‡ Ú‡ÍÊÂ Ì‡ ‰‚Ûı ÛÓ‚Ìflı ‚
‚˚¯ÂÎÂÊ‡˘Ëı ÓÚÎÓÊÂÌËflı Ô‡ÎÂÓˆÂÌ‡ Ì‡È‰ÂÌÓ
·ÓÎ¸¯ÓÂ ‡ÁÌÓÓ·‡ÁËÂ ÏÂÚ‡ÎÎË˜ÂÒÍËı ˜‡ÒÚËˆ Ë
ÏËÍÓÒÙÂ ÍÓÒÏË˜ÂÒÍÓ„Ó ÔÓËÒıÓÊ‰ÂÌËfl. Ç˚fl‚-
ÎÂÌÌ˚Â ‚ ˝ÚÓÏ ‡ÁÂÁÂ ˜‡ÒÚËˆ˚ Ë ÏËÍÓÒÙÂ˚
ÁÌ‡˜ËÚÂÎ¸ÌÓ ·ÓÎÂÂ ‡ÁÌÓÓ·‡ÁÌ˚ ÔÓ ÙÓÏÂ, ÚÂÍ-
ÒÚÛÂ ÔÓ‚ÂıÌÓÒÚË Ë ıËÏË˜ÂÒÍÓÏÛ ÒÓÒÚ‡‚Û, ˜ÂÏ
‚ÒÂ ËÁ‚ÂÒÚÌ˚Â ‰Ó ÒËı ÔÓ ËÁ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl „ÎË-
Ì˚ ÏÂÊ‰Û ÏÂÎÓÏ Ë Ô‡ÎÂÓ„ÂÌÓÏ ‚ ‰Û„Ëı Â„ËÓÌ‡ı
ÏË‡.

Ç ‡ÁÂÁÂ É‡ÏÒ ÍÓÒÏË˜ÂÒÍÓÂ ‚Â˘ÂÒÚ‚Ó ÔÂ‰-
ÒÚ‡‚ÎÂÌÓ ÏÂÎÍÓ‰ËÒÔÂÒÌ˚ÏË ˜‡ÒÚËˆ‡ÏË ‡ÁÎË˜-
ÌÓÈ ÙÓÏ˚, ÒÂ‰Ë ÍÓÚÓ˚ı Ì‡Ë·ÓÎÂÂ ‡ÒÔÓÒÚ‡-
ÌÂÌÌ˚ÏË fl‚Îfl˛ÚÒfl Ï‡„ÌËÚÌ˚Â ÏËÍÓÒÙÂ˚ ‡Á-
ÏÂÓÏ ÓÚ 0.7 ‰Ó 100 ÏÍÏ, ÒÓÒÚÓfl˘ËÂ Ì‡ 98% ËÁ
˜ËÒÚÓ„Ó ÊÂÎÂÁ‡ [É‡˜Â‚ Ë ‰., 2006]. í‡ÍËÂ ˜‡ÒÚË-
ˆ˚ ‚ ‚Ë‰Â ¯‡ËÍÓ‚ ËÎË ÏËÍÓÒÙÂÛÎ ‚ ·ÓÎ¸¯ÓÏ
ÍÓÎË˜ÂÒÚ‚Â ‚ÒÚÂ˜ÂÌ˚ ‚ ÒÎÓÂ 

 

J

 

, Ó‰Ì‡ÍÓ ÓÌË ·˚ÎË
Ó·Ì‡ÛÊÂÌ˚ Ë ‚˚¯Â ÒÎÓfl 

 

J

 

, ‚ „ÎËÌ‡ı Ô‡ÎÂÓˆÂÌ‡
(ÒÎÓË 

 

ä

 

 Ë 

 

å

 

).
ëÂ‰Ë ‚˚fl‚ÎÂÌÌ˚ı ÏÂÚ‡ÎÎË˜ÂÒÍËı ÏËÍÓ-

ÒÙÂ ÔÓ ÒÓÒÚ‡‚Û ‚˚‰ÂÎfl˛ÚÒfl ÒÎÂ‰Û˛˘ËÂ ÚËÔ˚:

 

í‡·ÎËˆ‡ 2. 

 

 ïËÏË˜ÂÒÍËÈ ÒÓÒÚ‡‚ (‡Ú. %) Ni ÒÙÂÛÎ ‚ Ò‡-
ÏÓÈ ‚ÂıÌÂÈ ˜‡ÒÚË ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl (

 

J

 

6

 

) ÔÓ ‰‡ÌÌ˚Ï
ÏËÍÓÁÓÌ‰Ó‚˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ

ùÎÂÏÂÌÚ ëÙÂ‡ 1 ëÙÂ‡ 2 ëÙÂ‡ 3

O 6.76 8.66 9.31

Na 0.00 – –

Mg 0.25 – 0.16

Al 0.61 – 1.04

Si 1.23 1.19 0.95

P 0.11 – –

S 0.00 – 0.02

Cl 0.11 0.55 0.04

K 0.02 – 0.02

Ca 0.13 0.46 0.09

Ti 0.11 0.43 0.07

Cr 0.01 – 0.00

Mn 0.00 – 0.03

Fe 0.23 – 0.35

Co 0.02 – 0.07

Ni 90.41 88.71 87.85

 

í‡·ÎËˆ‡ 3. 

 

 ïËÏË˜ÂÒÍËÈ ÒÓÒÚ‡‚ ÍÓÒÏË˜ÂÒÍÓÈ Ô˚ÎË (‚ÂÒ. %) ËÁ ‡ÁÌ˚ı ‡ÈÓÌÓ‚ ÏË‡

ùÎÂÏÂÌÚ 1 2 3 4 5 6 7 8 9 10

Fe 89.48 25 44 80 75 70.94 56.01 4.37 1.11 0.38

Ni 9.97 74 57 20 4 27.63 38.36 95.47 98.78 99.94

Co 0.50 1 2 – 0.5 <0.46 0.10 – – –

Mn – – – – – 1.24 0.75 0.07 0.03 0.01

Cr – – – – – 0.19 0.05 0.11 0.01 0.02

ùÎÂÏÂÌÚ 11 12 13 14 15 16 17 18 19 20

Fe 22 72 10 71 68 66 60 44.12 70.08 7.6

Ni 76 2.2 90 2.3 4.4 7.3 3.3 53.96 28.26 92.7

Co 1.4 0.2 1.6 0.4 0.4 0.4 0.3 2.04 1.23 –

Mn – – – – – – – – <0.01 –

Cr – – – – – – – 0.02 – –

 

èËÏÂ˜‡ÌËÂ: 1 – Jedwab (http://www.ub.ac.be/sciences/cosmicdust.pdf), 2–5 – Ï‡„ÌÂÚËÚÓ‚˚Â „ÎÓ·ÛÎË ËÁ Ï‡„‡ÌˆÓ‚ËÒÚ˚ı ÍÓÌÍÂ-
ˆËÈ ÄÚÎ‡ÌÚË˜ÂÒÍÓ„Ó Ë íËıÓ„Ó ÓÍÂ‡Ì‡ [Finkelman, 1970]; 3–10 – Ni–Fe ÒÙÂÛÎ˚ ËÁ ÔÎÂÈÒÚÓˆÂÌÓ‚˚ı ÓÚÎÓÊÂÌËÈ, ä‡Ì‡‰‡ [Bi
et al., 1993]; 11–14 – ¯‡ËÍË ËÁ ‡ÈÓÌ‡ íÛÌ„ÛÒÒÍÓÈ Í‡Ú‡ÒÚÓÙ˚ [îÎÓÂÌÒÍËÈ Ë ‰., 1968]: 11, 13 – fl‰Ó; 12, 14 – Ó·ÓÎÓ˜Í‡; 18,
19 

 

−

 

 ÒÙÂÛÎ˚ ËÁ ˝ÓˆÂÌÓ‚˚ı ËÁ‚ÂÒÚÌflÍÓ‚, íÛ‡ÏÓÚÛ [Kosakevitch, Disnar, 1997]; 20 – ÒÙÂÛÎ‡ ËÁ „ÎÛ·ÓÍÓ‚Ó‰Ì˚ı ÓÚÎÓÊÂÌËÈ [En-
grand et al., 2005].
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ÏËÍÓÒÙÂ˚, ÒÓÒÚÓfl˘ËÂ ËÁ ˜ËÒÚÓ„Ó ÊÂÎÂÁ‡,
Ï‡„ÌÂÚËÚ‡, ‚˛ÒÚËÚ‡, ÏËÍÓÒÙÂ˚ Fe, ËÏÂ˛˘ËÂ
ÔËÏÂÒ¸ Cr, ÏËÍÓÒÙÂ˚ ˜ËÒÚÓ„Ó Ni. í‡ÍÊÂ ·˚-
ÎË Ó·Ì‡ÛÊÂÌ˚ ˜‡ÒÚËˆ˚ ‰Û„ÓÈ ÙÓÏ˚: ÒÔÎ‡‚‡
ÊÂÎÂÁ‡ Ë ÌËÍÂÎfl (‡‚‡ÛËÚ‡) Ë ˜ËÒÚÓ„Ó ÌËÍÂÎfl.
çÂÍÓÚÓ˚Â ˜‡ÒÚËˆ˚ Fe-Ni ÒÓ‰ÂÊ‡Ú ÔËÏÂÒ¸
Mo (Ú‡·Î. 1 Ë Ú‡·Î. 2). ó‡ÒÚËˆ˚ ÒÔÎ‡‚‡ Fe-Ni Ë
˜ËÒÚÓ„Ó ÌËÍÂÎfl ‚ ÔÂÂıÓ‰ÌÓÏ ÒÎÓÂ „ÎËÌ˚ ÏÂÊ‰Û
ÏÂÎÓÏ Ë Ô‡ÎÂÓ„ÂÌÓÏ Ó·Ì‡ÛÊÂÌ˚ ‚ÔÂ‚˚Â.

ä ˜ËÒÎÛ ÌÓ‚˚ı ÂÁÛÎ¸Ú‡ÚÓ‚ ÒÎÂ‰ÛÂÚ ÓÚÌÂÒÚË
Ì‡ıÓ‰ÍË ˜‡ÒÚËˆ Ò ‚˚ÒÓÍËÏ ÒÓ‰ÂÊ‡ÌËÂÏ ÌËÍÂÎfl
Ë ÁÌ‡˜ËÏ˚ÏË ÍÓÎË˜ÂÒÚ‚ÓÏ ÏÓÎË·‰ÂÌ‡, Ì‡ıÓ‰ÍË
ÏËÍÓÒÙÂ Ò ÔËÏÂÒ¸˛ Cr Ë Ì‡ıÓ‰ÍË ÒÔË‡ÎÂ‚Ë‰-
ÌÓ„Ó ÊÂÎÂÁ‡. èËÏÂ˜‡ÚÂÎ¸ÌÓ Ú‡ÍÊÂ ÚÓ, ˜ÚÓ ‡Á-
Ì˚Â ÔÓ ÙÓÏÂ Ë ÒÓÒÚ‡‚Û ÏÂÚ‡ÎÎË˜ÂÒÍËÂ ˜‡ÒÚËˆ˚
ÔËÛÓ˜ÂÌ˚ Í ‡ÁÌ˚Ï ˜‡ÒÚflÏ ËÒÒÎÂ‰ÛÂÏÓ„Ó ÔÂ-
ÂıÓ‰ÌÓ„Ó ÒÎÓfl „ÎËÌ˚. ëÎÂ‰ÛÂÚ Ú‡ÍÊÂ ÓÚÏÂÚËÚ¸,
˜ÚÓ ÍÓÏÂ ÏÂÚ‡ÎÎË˜ÂÒÍËı ÏËÍÓÒÙÂ Ë ˜‡ÒÚËˆ ‚
ÔÂÂıÓ‰ÌÓÏ ÒÎÓÂ „ÎËÌ˚ ‚ É‡ÏÒÂ ‚ÒÚÂ˜ÂÌ˚ Ni-
¯ÔËÌÂÎ¸, ÏËÍÓ‡ÎÏ‡Á˚ Ò ÏËÍÓÒÙÂ‡ÏË ˜ËÒÚÓ-
„Ó Ni, ‡ Ú‡ÍÊÂ ÔÎ‡ÒÚËÌ˚ ‚‡ÌÓ„Ó Au, Cu, ÍÓÚÓ˚Â
ÌÂ ‚ÒÚÂ˜ÂÌ˚ ‚ ÌËÊÂ- Ë ‚˚¯ÂÎÂÊ‡˘Ëı ÓÚÎÓÊÂ-
ÌËflı

çËÊÂ ÔË‚Ó‰ËÚÒfl Í‡ÚÍ‡fl ı‡‡ÍÚÂËÒÚËÍ‡
ÙÓÏ˚, ‡ÁÏÂÓ‚, ÚÂÍÒÚÛ˚ ÔÓ‚ÂıÌÓÒÚË Ë ıË-
ÏË˜ÂÒÍÓ„Ó ÒÓÒÚ‡‚‡ ‚ÒÂ„Ó ‡ÁÌÓÓ·‡ÁËfl Ó·Ì‡Û-
ÊÂÌÌ˚ı ‚ ÔÂÂıÓ‰ÌÓÏ ÒÎÓÂ ÏÂÚ‡ÎÎË˜ÂÒÍËı ˜‡-
ÒÚËˆ Ë ÏËÍÓÒÙÂ. ë‚Â‰ÂÌËfl Ó ıËÏË˜ÂÒÍÓÏ ÒÓ-
ÒÚ‡‚Â Ó·Ì‡ÛÊÂÌÌ˚ı ̃ ‡ÒÚËˆ ÔË‚Â‰ÂÌ˚ ‚ Ú‡·Î. 1 Ë
Ú‡·Î. 2, ‡ ‚ Ú‡·Î. 3 – ‰‡Ì˚ ÒÓÒÚ‡‚˚ ÒÙÂÛÎ, Ì‡È-
‰ÂÌÌ˚ı ‚ ÓÚÎÓÊÂÌËflı ‰Û„Ó„Ó ‚ÓÁ‡ÒÚ‡.

 

åËÍÓÒÙÂ˚ Fe

 

 (ËÒ. 3). Ç ‡ÁÂÁÂ É‡ÏÒ ÏÂ-
Ú‡ÎÎË˜ÂÒÍËÂ ÏËÍÓÒÙÂ˚ Ì‡È‰ÂÌ˚ Ì‡ ÚÂı ÒÚ‡-
ÚË„‡ÙË˜ÂÒÍËı ÛÓ‚Ìflı. é‰ËÌ ÛÓ‚ÂÌ¸ Ì‡ıÓ‰ÓÍ
ÏËÍÓÒÙÂ Ë ˜‡ÒÚËˆ Fe Ò‚flÁ‡Ì Ò ÔÂÂıÓ‰Ì˚Ï ÒÎÓÂÏ
„ÎËÌ˚, „‰Â ÒÓÒÂ‰ÓÚÓ˜ÂÌ˚ ‡ÁÌÓÓ·‡ÁÌ˚Â ÔÓ ÙÓ-
ÏÂ ̃ ‡ÒÚËˆ˚ Fe. ÇÚÓÓÈ ÛÓ‚ÂÌ¸ ÔËÛÓ˜ÂÌ Í ‚˚¯Â-
ÎÂÊ‡˘ËÏ ÏÂÎÍÓÁÂÌËÒÚ˚Ï ÔÂÒ˜‡ÌËÍ‡Ï ÒÎÓfl 

 

ä

 

, ‡
ÚÂÚËÈ Í ‡ÎÂ‚ÓÎËÚ‡Ï ÒÎÓfl 

 

å

 

 (ÁÓÌ‡ 

 

Subbotina

 

 

 

frin-
ga

 

) (ËÒ. 3, ÙË„. 3).

èÓ ÏÓÙÓÎÓ„ËË ÔÓ‚ÂıÌÓÒÚË (ÚÂÍÒÚÛÂ) ‚˚-
‰ÂÎfl˛ÚÒfl ÒÙÂ˚ Ò „Î‡‰ÍÓÈ ÔÓ‚ÂıÌÓÒÚ¸˛ (ËÒ. 3,
ÙË„. 4–6), Ò ÒÂÚ˜‡ÚÓ-·Û„ËÒÚÓÈ ÚÂÍÒÚÛÓÈ ÔÓ-

‚ÂıÌÓÒÚË (ËÒ. 3, ÙË„. 1), ÎË·Ó ÔÓÍ˚Ú˚Â ÒÂÚ-
ÍÓÈ ÏÂÎÍËı ÔÓÎË„ÓÌ‡Î¸Ì˚ı ÚÂ˘ËÌ (ËÒ. 3, ÙË„. 11)
ËÎË ÒËÒÚÂÏÓÈ Ô‡‡ÎÎÂÎ¸Ì˚ı ÚÂ˘ËÌ, ÓÚıÓ‰fl-
˘Ëı ÓÚ Ó‰ÌÓÈ Ï‡„ËÒÚ‡Î¸ÌÓÈ ÚÂ˘ËÌ˚ (ËÒ. 3,
ÙË„. 2).

ä‡Í ÓÚÏÂ˜‡ÎÓÒ¸ ‡ÌÂÂ, ÏËÍÓÒÙÂ˚ ·˚‚‡˛Ú
ÔÓÎ˚ÏË (ËÒ. 4, ÙË„. 1), ÒÍÓÎÛÔÓ‚Ë‰Ì˚ÏË, Á‡ÔÓÎ-
ÌÂÌÌ˚ÏË „ÎËÌËÒÚ˚Ï ÏËÌÂ‡ÎÓÏ (ËÒ. 3, ÙË„. 8–9;
ËÒ. 5, ÙË„. 1)), ÌÓ Ú‡ÍÊÂ ÏÓ„ÛÚ ËÏÂÚ¸ ‚ÌÛÚÂÌÌÂÂ
ÍÓÌˆÂÌÚË˜ÂÒÍÓÂ ÒÚÓÂÌËÂ (ËÒ. 3, ÙË„. 10). ç‡-
ıÓ‰ÍË ÏÂÚ‡ÎÎË˜ÂÒÍËı ˜‡ÒÚËˆ Ë ÏËÍÓÒÙÂ Fe
‚ÒÚÂ˜‡˛ÚÒfl ÔÓ ‚ÒÂÏÛ ÔÂÂıÓ‰ÌÓÏÛ ÒÎÓ˛ „ÎËÌ˚,
ÌÓ ‚ ÓÒÌÓ‚ÌÓÏ ÒÓÒÂ‰ÓÚÓ˜ÂÌ˚ ‚ Â„Ó ÌËÊÌÂÈ Ë
ÒÂ‰ÌÂÈ ˜‡ÒÚflı.

 

åËÍÓÏÂÚÂÓËÚ˚

 

 ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ÓÔÎ‡‚ÎÂÌÌ˚-
ÏË ˜‡ÒÚËˆ‡ÏË, ÒÎÓÊÂÌÌ˚ÏË ËÎË ËÒÍÎ˛˜ËÚÂÎ¸ÌÓ
˜ËÒÚ˚Ï Fe, ËÎË ÒÔÎ‡‚ÓÏ Fe-Ni (‡‚‡ÛËÚ‡), ËÏÂ˛Ú
‡ÁÏÂ˚ 5–20 ÏÍÏ (ËÒ. 6). ç‡ıÓ‰ÍË ÏÌÓ„Ó˜ËÒÎÂÌ-
Ì˚ı ̃ ‡ÒÚËˆ ‡‚‡ÛËÚ‡ ÔËÛÓ˜ÂÌ˚ Í ‚ÂıÌÂÈ ̃ ‡ÒÚË
ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J, ÚÓ„‰‡ Í‡Í ̃ ‡ÒÚËˆ˚ Fe ‚ÒÚÂ˜‡-
˛ÚÒfl Í‡Í ‚ ÌËÊÌÂÈ, Ú‡Í Ë ‚ÂıÌÂÈ ˜‡ÒÚflı ÔÂÂıÓ‰-
ÌÓ„Ó ÒÎÓfl.

 

èÎ‡ÒÚËÌ˚ Fe Ò ÔÓÔÂÂ˜ÌÓ-·Û„ËÒÚÓÈ ÚÂÍÒÚÛ-
ÓÈ 

 

(ËÒ. 8, ÙË„. 1, 2). ó‡ÒÚËˆ˚ ‚ ‚Ë‰Â ÔÎ‡ÒÚËÌ Ò
ÔÓÔÂÂ˜ÌÓ-·Û„ËÒÚÓÈ ÚÂÍÒÚÛÓÈ ÒÓÒÚÓflÚ ÚÓÎ¸ÍÓ
ËÁ Fe, ËÏÂ˛Ú ¯ËËÌÛ 10–20 ÏÍÏ, ‰ÎËÌÛ ‰Ó 150 ÏÍÏ,
ÒÎÂ„Í‡ ‰Û„ÓÓ·‡ÁÌÓ ËÁÓ„ÌÛÚ˚, ‚ÒÚÂ˜‡˛ÚÒfl ‚
ÓÒÌÓ‚‡ÌËË ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl 

 

J

 

. Ç Ò‡ÏÓÈ ÌËÊÌÂÈ
˜‡ÒÚË ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl 

 

J

 

 Ú‡ÍÊÂ ‚ÒÚÂ˜ÂÌ˚ ÔÎ‡-
ÒÚËÌ˚ Fe-Ni Ò ÔËÏÂÒ¸˛ åÓ (ËÒ. 7, ËÒ. 8,
ÙË„. 13).

 

èÎ‡ÒÚËÌ˚ Ni-Fe Ò ÔÓ‰ÓÎ¸Ì˚ÏË ·ÓÓÁ‰Í‡ÏË

 

(ËÒ. 8, ÙË„. 3, 4, 7). èÎ‡ÒÚËÌ˚ ÒÔÎ‡‚‡ Fe-Ni ËÏÂ˛Ú
Û‰ÎËÌÂÌÌÛ˛ ÙÓÏÛ, ÒÎÂ„Í‡ ËÁÓ„ÌÛÚ˚, Ì‡ ÔÓ‚Âı-
ÌÓÒÚË Ò ÔÓ‰ÓÎ¸Ì˚ÏË ·ÓÓÁ‰Í‡ÏË, ‡ÁÏÂ˚ ‚
ÒÂ‰ÌÂÏ ÍÓÎÂ·Î˛ÚÒfl ‚ ‰ÎËÌÛ 70–150 

 

µ

 

m, ÔË ¯Ë-
ËÌÂ ÓÍÓÎÓ 20 

 

µ

 

m. Ñ‡ÌÌ˚Â ÔÎ‡ÒÚËÌ˚ ˜‡˘Â ‚ÒÂ„Ó
‚ÒÚÂ˜‡˛ÚÒfl ‚ ÌËÊÌÂÈ Ë ÒÂ‰ÌÂÈ ˜‡ÒÚË ÔÂÂıÓ‰-
ÌÓ„Ó ÒÎÓfl, ÌÓ ÓÚÏÂ˜‡˛ÚÒfl Ú‡ÍÊÂ Ë ‚ ‚ÂıÌÂÈ Â„Ó
˜‡ÒÚË.

 

èÎ‡ÒÚËÌ˚ Fe Ò ÔÓ‰ÓÎ¸Ì˚ÏË ·ÓÓÁ‰Í‡ÏË

 

(ËÒ. 8, ÙË„. 5, 8, 10). èÓ ÙÓÏÂ Ë ‡ÁÏÂ‡Ï ÔÎ‡-
ÒÚËÌ˚ ÊÂÎÂÁ‡ Ò ÔÓ‰ÓÎ¸Ì˚ÏË ·ÓÓÁ‰Í‡ÏË Ë‰ÂÌ-

 

êËÒ. 3.

 

 åËÍÓÒÙÂ˚ Fe Ë Ni ËÁ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl ÏÂÊ‰Û ÏÂÎÓÏ Ë Ô‡ÎÂÓ„ÂÌÓÏ ‚ ‡ÁÂÁÂ É‡ÏÒ (Á‰ÂÒ¸ Ë ‰‡ÎÂÂ ‚ÒÂ ËÁÓ·‡-
ÊÂÌËfl ‚Ó ‚ÚÓË˜Ì˚ı ˝ÎÂÍÚÓÌ‡ı (SEM images): 1 – ÏËÍÓÒÙÂ‡ Fe Ò „Û·ÓÈ ÒÂÚ˜‡Ú-·Û„ËÒÚÓÈ ÚÂÍÒÚÛÓÈ ÔÓ‚ÂıÌÓÒÚË,
‚ÂıÌflfl ˜‡ÒÚ¸ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl 

 

J

 

; 2 – ÏËÍÓÒÙÂ‡ Fe Ò „Û·ÓÈ ÔÓ‰ÓÎ¸ÌÓ-Ô‡‡ÎÎÂÎ¸ÌÓÈ ÚÂÍÒÚÛÓÈ ÔÓ‚ÂıÌÓÒÚË, ÌËÊ-
Ìflfl ˜‡ÒÚ¸ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl 

 

J

 

; 3 – ÏËÍÓÒÙÂ‡ Fe Ò ˝ÎÂÏÂÌÚ‡ÏË ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍÓÈ Ó„‡ÌÍË Ë „Û·ÓÈ fl˜ÂËÒÚÓ-ÒÂÚ-
˜‡ÚÓÈ ÚÂÍÒÚÛÓÈ ÔÓ‚ÂıÌÓÒÚË, ÒÎÓÈ 

 

å

 

; 4 – ÏËÍÓÒÙÂ‡ Fe Ò ÚÓÌÍÓÈ ÒÂÚ˜‡ÚÓÈ ÚÂÍÒÚÛÓÈ ÔÓ‚ÂıÌÓÒÚË, ‚ÂıÌflfl ˜‡ÒÚ¸ ÔÂ-
ÂıÓ‰ÌÓ„Ó ÒÎÓfl 

 

J

 

; 5 – ÏËÍÓÒÙÂ‡ Fe ÚÓÌÍÓÈ fl˜ÂËÒÚÓ-ÒÂÚ˜‡ÚÓÈ ÚÂÍÒÚÛÓÈ ÔÓ‚ÂıÌÓÒÚË, ‚ÂıÌflfl ˜‡ÒÚ¸ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl 

 

J

 

;
6 – ÏËÍÓÒÙÂ‡ Ò ÚÓÌÍÓÈ fl˜ÂËÒÚÓ-ÒÂÚ˜‡ÚÓÈ ÚÂÍÒÚÛÓÈ ÔÓ‚ÂıÌÓÒÚË, ÒÎÓÈ 

 

ä

 

; 7 – ÏËÍÓÒÙÂ‡ Fe Ò ÚÓÌÍÓÈ fl˜ÂËÒÚÓ-ÒÂÚ-
˜‡ÚÓÈ ÚÂÍÒÚÛÓÈ ÔÓ‚ÂıÌÓÒÚË, ÌËÊÌflfl ˜‡ÒÚ¸ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl 

 

J

 

; 8–9 – ÔÓÎ‡fl ÏËÍÓÒÙÂ‡ Fe, Á‡ÔÓÎÌÂÌÌ‡fl „ÎËÌËÒÚ˚Ï
Ï‡ÚÂË‡ÎÓÏ, ÔÂÂıÓ‰Ì˚È ÒÎÓÈ 

 

J

 

; 10 – ÏÂÚ‡ÎÎË˜ÂÒÍ‡fl ÏËÍÓÒÙÂ‡ Ò ÍÓÌˆÂÌÚË˜ÂÒÍËÏ ‚ÌÛÚÂÌÌËÏ ÒÚÓÂÌËÂÏ, ÒÂ‰Ìflfl
˜‡ÒÚ¸ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J; 11 – ÏËÍÓÒÙÂ‡ Fe Ò „Û·ÓÈ ÒÂÚ˜‡ÚÓ-·Û„ËÒÚÓÈ ÚÂÍÒÚÛÓÈ ÔÓ‚ÂıÌÓÒÚË, ÌËÊÌflfl ˜‡ÒÚ¸ ÔÂÂ-
ıÓ‰ÌÓ„Ó ÒÎÓfl 

 

J

 

; 12 – ÏËÍÓÒÙÂ‡ Fe Ò „Û·ÓÈ ÒÂÚ˜‡ÚÓ-·Û„ËÒÚÓÈ ÚÂÍÒÚÛÓÈ ÔÓ‚ÂıÌÓÒÚË, ÌËÊÌfl-ÒÂ‰Ìflfl ̃ ‡ÒÚ¸ ÔÂÂıÓ‰-
ÌÓ„Ó ÒÎÓfl 

 

J

 

; 13 – ÏËÍÓÒÙÂ‡ Ni Ò ÍËÒÚ‡ÎÎËÚ‡ÏË Ì‡ ÔÓ‚ÂıÌÓÒÚË, ‚ÂıÌflfl ̃ ‡ÒÚ¸ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl 

 

J

 

; 14 – ‡„Â„‡Ú ÒÔÂÍ-
¯ËıÒfl ÏËÍÓÒÙÂ Ni Ò ÍËÒÚ‡ÎÎËÚ‡ÏË Ì‡ ÔÓ‚ÂıÌÓÒÚË, ‚ÂıÌflfl ˜‡ÒÚ¸ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl 

 

J

 

; 15 – ‡„Â„‡Ú ÏËÍÓÒÙÂ Ni Ò
ÏËÍÓ‡ÎÏ‡Á‡ÏË (ë), ‚ÂıÌflfl ˜‡ÒÚ¸ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl 

 

J

 

.
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É‡˜Â‚ Ë ‰.

ÚË˜Ì˚ ÔÎ‡ÒÚËÌ‡Ï ÒÔÎ‡‚‡ Ni-Fe. ç‡ıÓ‰ÍË ÔÎ‡ÒÚËÌ
Fe Ò ÔÓ‰ÓÎ¸Ì˚ÏË ·ÓÓÁ‰Í‡ÏË Ò‚flÁ‡Ì˚ Ò ÌËÊÌÂÈ
Ë ÒÂ‰ÌÂÈ ˜‡ÒÚflÏË ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl.

åÂÚ‡ÎÎË˜ÂÒÍÓÂ ÊÂÎÂÁÓ ÒÔË‡ÎÂ‚Ë‰ÌÓÈ ÙÓÏ˚
(ËÒ. 8, ÙË„. 11–14). éÒÓ·˚È ËÌÚÂÂÒ ÔÂ‰ÒÚ‡‚Îfl-
˛Ú ˜‡ÒÚËˆ˚ ˜ËÒÚÓ„Ó ÊÂÎÂÁ‡, ËÏÂ˛˘ËÂ ÙÓÏÛ
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êËÒ. 4. åËÍÓÒÙÂ˚ Fe Ë Ëı ÒÔÂÍÚ˚ ËÁ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl ÏÂÊ‰Û ÏÂÎÓÏ Ë Ô‡ÎÂÓ„ÂÌÓÏ ‚ ‡ÁÂÁÂ É‡ÏÒ: 1 – ÏËÍÓÒÙÂ‡ Fe
Ò „Û·ÓÈ ÒÂÚ˜‡ÚÓ-·Û„ËÒÚÓÈ ÚÂÍÒÚÛÓÈ ÔÓ‚ÂıÌÓÒÚË ËÁ ÓÒÌÓ‚‡ÌËfl ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J; 2 – ÏËÍÓÒÙÂ‡
Fe Ò ÚÓÌÍÓÈ ÒÂÚ˜‡ÚÓ-fl˜ÂËÒÚÓÈ ÚÂÍÒÚÛÓÈ ÔÓ‚ÂıÌÓÒÚË, ÓÒÌÓ‚‡ÌËÂ) (J0) ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J; 3 – ÏËÍÓÒÙÂ˚ Fe Ò „Û·ÓÈ
ÒÂÚ˜‡ÚÓ-·Û„ËÒÚÓÈ ÚÂÍÒÚÛÓÈ ÔÓ‚ÂıÌÓÒÚË, ÓÒÌÓ‚‡ÌËÂ) (J0) ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J; 4 – ÏËÍÓÒÙÂ‡ Fe Ò ÚÓÌÍÓÈ ÒÂÚ˜‡ÚÓÈ ÚÂÍ-
ÒÚÛÓÈ ÔÓ‚ÂıÌÓÒÚË, ÏÂ„ÂÎ¸ ÒÎÓfl I; 5 – ÏËÍÓÒÙÂ‡ Fe Ò ÚÓÌÍÓÈ ÒÂÚ˜‡ÚÓÈ ÚÂÍÒÚÛÓÈ ÔÓ‚ÂıÌÓÒÚË, ÌËÊÌflfl ̃ ‡ÒÚ¸ ÔÂÂıÓ‰-
ÌÓ„Ó ÒÎÓfl J; 6 – ÏËÍÓÒÙÂ‡ Fe Ò ÚÓÌÍÓÈ ÒÂÚ˜‡ÚÓÈ ÚÂÍÒÚÛÓÈ ÔÓ‚ÂıÌÓÒÚË, ÓÒÌÓ‚‡ÌËÂ (rust) ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J.
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êËÒ. 5. åËÍÓÒÙÂ˚ Fe, Ó·Ó„‡˘ÂÌÌ˚Â Cr Ë Ëı ÒÔÂÍÚ˚ ËÁ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl ÏÂÊ‰Û ÏÂÎÓÏ Ë Ô‡ÎÂÓ„ÂÌÓÏ ‚ ‡ÁÂÁÂ É‡ÏÒ:
1 – ÏËÍÓÒÙÂ‡ Fe-Cr Ò „Û·ÓÈ ÒÂÚ˜‡ÚÓ-·Û„ËÒÚÓÈ ÚÂÍÒÚÛÓÈ ÔÓ‚ÂıÌÓÒÚË, Á‡ÔÓÎÌÂÌÌ‡fl ‚ÌÛÚË „ÎËÌËÒÚ˚Ï Ï‡ÚÂË‡-
ÎÓÏ, ‚ÂıÌflfl ˜‡ÒÚ¸ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J; 2 – ÏËÍÓÒÙÂ‡ Fe-Cr Ò „Û·ÓÈ ÒÂÚ˜‡ÚÓ-·Û„ËÒÚÓÈ ÚÂÍÒÚÛÓÈ ÔÓ‚ÂıÌÓÒÚË,
‚ÂıÌflfl ˜‡ÒÚ¸ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J.
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êËÒ. 6. åËÍÓÏÂÚÂÓËÚ˚ – ÓÔÎ‡‚ÎÂÌÌ˚Â ÏÂÚ‡ÎÎË˜ÂÒÍËÂ ˜‡ÒÚËˆ˚ ËÁ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl ÏÂÊ‰Û ÏÂÎÓÏ Ë Ô‡ÎÂÓ„ÂÌÓÏ
‚ ‡ÁÂÁÂ É‡ÏÒ: 1 – ˜‡ÒÚËˆ‡ Fe, ‚ÂıÌflfl ˜‡ÒÚ¸ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J; 2 – ˜‡ÒÚËˆ‡ Ni, ÌËÊÌflfl-ÒÂ‰Ìflfl ˜‡ÒÚ¸ ÔÂÂıÓ‰-
ÌÓ„Ó ÒÎÓfl J; 3 – ˜‡ÒÚËˆ‡ Fe, ‚ÂıÌflfl ˜‡ÒÚ¸ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J; 4 – ˜‡ÒÚËˆ‡ Fe, ÒÎÓÈ ä; 5 – ˜‡ÒÚËˆ‡ Fe, ‚ÂıÌflfl ˜‡ÒÚ¸
ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J; 6 – ˜‡ÒÚËˆ‡ Fe, ÌËÊÌflfl-ÒÂ‰Ìflfl ˜‡ÒÚ¸ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J; 7 – ˜‡ÒÚËˆ‡ Fe, ÒÂ‰Ìflfl ˜‡ÒÚ¸ ÔÂÂ-
ıÓ‰ÌÓ„Ó ÒÎÓfl J.
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É‡˜Â‚ Ë ‰.

0 1 2 3 4 5 6 7 8 9 10

Fe

Ni

O

C

1

10 µm

2

10 µm

a

b

a

b

Mn

Mo Mo Mn

Fe
Mn

Ni

Ni

Fe FeNi
O

C

Mn

Mo Mn

Fe

Mn

Ni

Ni
Mn

0 1 2 3 4 5 6 7 8 9 10

Fe

Ni

O
Mn

Mo Mo Mn
Fe

Mn

Ni

Ni

1500

1000

500

0

Fe

Ni

O

Mn

Mo Mo
Mn

Fe
Mn

Ni

Ni

1000

800

0

600

400

200

C

Cr

Fe

Mg
Cr Cr

(‡)

(·)

(‡)

(·)

êËÒ. 7. åÂÚ‡ÎÎË˜ÂÒÍËÂ ˜‡ÒÚËˆ˚ Ni-Fe, Ó·Ó„‡˘ÂÌÌ˚Â åÓ: 1 – ˜‡ÒÚËˆ‡ Ni-Fe, ÓÒÌÓ‚‡ÌËÂ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J; 2 – ˜‡ÒÚËˆ‡
Ni-Fe, ÓÒÌÓ‚‡ÌËÂ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J.

êËÒ. 8. åÂÚ‡ÎÎË˜ÂÒÍËÂ ÔÎ‡ÒÚËÌ˚ ‡ÁÌÓÓ·‡ÁÌÓÈ ÙÓÏ˚ ËÁ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl ÏÂÊ‰Û ÏÂÎÓÏ Ë Ô‡ÎÂÓ„ÂÌÓÏ ‚ ‡ÁÂÁÂ
É‡ÏÒ: 1 – ÔÎ‡ÒÚËÌ‡ Fe Ò ÔÓÔÂÂ˜ÌÓ-·Û„ËÒÚÓÈ ÚÂÍÒÚÛÓÈ ÔÓ‚ÂıÌÓÒÚË, ÔÂÂıÓ‰Ì˚È ÒÎÓÈ J; 2‡–b – ÔÎ‡ÒÚËÌ‡ Fe Ò ÔÓÔÂ-
Â˜ÌÓ-·Û„ËÒÚÓÈ ÚÂÍÒÚÛÓÈ ÔÓ‚ÂıÌÓÒÚË:
a – Ó·˘ËÈ ‚Ë‰, b – Ù‡„ÏÂÌÚ, ÓÒÌÓ‚‡ÌËÂ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J; 3 – ̃ ‡ÒÚËˆ‡ Ni-Fe (‡‚‡ÛËÚ‡) Ò ÍÓÌˆÂÌÚË˜ÂÒÍÓÈ ·Û„ËÒÚÓÈ
ÚÂÍÒÚÛÓÈ ÔÓ‚ÂıÌÓÒÚË, ÒÂ‰Ìflfl ˜‡ÒÚ¸ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J; 4 – ÔÎ‡ÒÚËÌ‡ Ni-Fe (‡‚‡ÛËÚ) Ò ÔÓ‰ÓÎ¸Ì˚ÏË ·ÓÓÁ‰Í‡ÏË Ì‡
ÔÓ‚ÂıÌÓÒÚË, ÌËÊÌflfl-ÒÂ‰Ìflfl ˜‡ÒÚ¸ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J; 5 – ÔÎ‡ÒÚËÌ‡ Fe Ò ÔÓ‰ÓÎ¸Ì˚ÏË ·ÓÓÁ‰Í‡ÏË Ì‡ ÔÓ‚ÂıÌÓÒÚË,
ÌËÊÌflfl-ÒÂ‰Ìflfl ˜‡ÒÚ¸ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J; 6 – ÒÔÂÍ¯ËÂÒfl ÔÎ‡ÒÚËÌ˚ Fe Ò ÔÓ‰ÓÎ¸Ì˚ÏË ·ÓÓÁ‰Í‡ÏË, ÌËÊÌflfl-ÒÂ‰Ìflfl
˜‡ÒÚ¸ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J; 7 – ÔÎ‡ÒÚËÌ‡ Ni-Fe (‡‚‡ÛËÚ) Ò ÔÓ‰ÓÎ¸Ì˚ÏË ·ÓÓÁ‰Í‡ÏË Ì‡ ÔÓ‚ÂıÌÓÒÚË, ÌËÊÌflfl-ÒÂ‰Ìflfl
˜‡ÒÚ¸ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J; 8 – ÔÎ‡ÒÚËÌ‡ Fe Ò ÔÓ‰ÓÎ¸Ì˚ÏË ·ÓÓÁ‰Í‡ÏË Ì‡ ÔÓ‚ÂıÌÓÒÚË, ÌËÊÌflfl-ÒÂ‰Ìflfl ˜‡ÒÚ¸ ÔÂÂıÓ‰-
ÌÓ„Ó ÒÎÓfl J; 9 – ÔÎ‡ÒÚËÌ‡ Fe, ÒÂ‰Ìflfl ̃ ‡ÒÚ¸ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J; 10 – ÔÎ‡ÒÚËÌ‡ Fe Ò ÔÓ‰ÓÎ¸Ì˚ÏË ·ÓÓÁ‰Í‡ÏË Ì‡ ÔÓ‚Âı-
ÌÓÒÚË, ÌËÊÌflfl-ÒÂ‰Ìflfl ˜‡ÒÚ¸ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J; 11 – ÒÔË‡ÎÂ‚Ë‰ÌÓÂ Fe, ‚ÂıÌflfl ˜‡ÒÚ¸ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J; 12 – ÚÛ·-
˜‡ÚÓÂ Fe, ÒÎÓÈ ä; 13 – ÒÔË‡ÎÂ‚Ë‰Ì˚È ÒÔÎ‡‚ Ni-Fe-Mo, ÓÒÌÓ‚‡ÌËÂ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J; 14 – ÚÛ·˜‡ÚÓ-Ò‚ÂÌÛÚ‡fl ÔÎ‡ÒÚË-
Ì‡ FÂ, ÒÎÓÈ ä.

Ô‡‚ËÎ¸ÌÓÈ ÒÔË‡ÎË (ËÒ. 8, ÙË„. 11) Ë ËÁÓ„ÌÛÚ˚Â
‚ ‚Ë‰Â “Í˛˜Í‡” (ËÒ. 8, ÙË„. 10). Ç ÓÒÌÓ‚ÌÓÏ ÓÌË
ËÏÂ˛Ú ÒÓÒÚ‡‚ ˜ËÒÚÓ„Ó Fe Ë Â‰ÍÓ Fe-Ni-Mo (ËÒ. 8,
ÙË„. 13). ó‡ÒÚËˆ˚ ÒÔË‡ÎÂ‚Ë‰ÌÓ„Ó Fe ‚ÒÚÂ˜‡˛Ú-
Òfl ‚ ‚ÂıÌÂÈ ˜‡ÒÚË ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J Ë ‚ ‚˚¯Â-
ÎÂÊ‡˘ÂÏ ÔÓÒÎÓÂ ÔÂÒ˜‡ÌËÍ‡ (ÒÎÓÈ ä). ëÔË‡ÎÂ-
‚Ë‰Ì‡fl ˜‡ÒÚËˆ‡ Fe-Ni-Mo ‚ÒÚÂ˜ÂÌ‡ ‚ ÓÒÌÓ‚‡ÌËË
ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J.

åËÍÓ‡ÎÏ‡Á˚ Ë Ni-ÏËÍÓÒÙÂ˚ (ËÒ. 3,
ÙË„. 13–15). Ç ‚ÂıÌÂÈ ˜‡ÒÚË ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J

Ì‡È‰ÂÌÓ ÌÂÒÍÓÎ¸ÍÓ ÁÂÂÌ ÏËÍÓ‡ÎÏ‡ÁÓ‚, ÒÔÂÍ-
¯ËıÒfl Ò Ni-ÏËÍÓÒÙÂ‡ÏË. åËÍÓÁÓÌ‰Ó‚˚Â ËÒ-
ÒÎÂ‰Ó‚‡ÌËfl ÌËÍÂÎÂ‚˚ı ¯‡ËÍÓ‚, ÔÓ‚Â‰ÂÌÌ˚Â Ì‡
‰‚Ûı ÔË·Ó‡ı (Ò ‚ÓÎÌÓ‚˚ÏË Ë ˝ÌÂ„Ó‰ËÒÔÂÒËÓÌ-
Ì˚ÏË ÒÔÂÍÚÓÏÂÚ‡ÏË), ÔÓÍ‡Á‡ÎË, ˜ÚÓ ¯‡ËÍË Ni
ÒÓÒÚÓflÚ ËÁ Ô‡ÍÚË˜ÂÒÍË ̃ ËÒÚÓ„Ó ÌËÍÂÎfl, ÔÓÍ˚ÚÓ-
„Ó ÚÓÌÍÓÈ ÔÎÂÌÍÓÈ ÓÍËÒË ÌËÍÂÎfl [Grachev et al.,
2005]. èÓ‚ÂıÌÓÒÚ¸ ‚ÒÂı ÌËÍÂÎÂ‚˚ı ¯‡ËÍÓ‚ ÔÓ-
Í˚Ú‡ ˜ÂÚÍËÏË ÍËÒÚ‡ÎÎËÚ‡ÏË Ò ‚˚‡ÊÂÌÌ˚ÏË
‰‚ÓÈÌËÍ‡ÏË ‡ÁÏÂÓÏ 1–2 ÏÍÏ. ëÚÓÎ¸ ˜ËÒÚ˚È ÌË-
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É‡˜Â‚ Ë ‰.

ÍÂÎ¸ ‚ ‚Ë‰Â ¯‡ËÍÓ‚ Ò ıÓÓ¯Ó ‡ÒÍËÒÚ‡ÎÎËÁÓ-
‚‡ÌÌÓÈ ÔÓ‚ÂıÌÓÒÚ¸˛ ÌÂ ‚ÒÚÂ˜‡ÂÚÒfl ÌË ‚ Ï‡„Ï‡-
ÚË˜ÂÒÍËı ÔÓÓ‰‡ı, ÌË ‚ ÏÂÚÂÓËÚ‡ı, „‰Â ÌËÍÂÎ¸
Ó·flÁ‡ÚÂÎ¸ÌÓ ÒÓ‰ÂÊËÚ ÁÌ‡˜ËÏÓÂ ÍÓÎË˜ÂÒÚ‚Ó ÔË-
ÏÂÒÂÈ.

èË ËÁÛ˜ÂÌËË ÏÓÌÓÎËÚ‡ ËÁ ‡ÁÂÁ‡ É‡ÏÒ 1 ¯‡-
ËÍË ˜ËÒÚÓ„Ó Ni ‚ÒÚÂ˜ÂÌ˚ ÚÓÎ¸ÍÓ ‚ Ò‡ÏÓÈ ‚Âı-
ÌÂÈ ˜‡ÒÚË ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl J (‚ Ò‡ÏÓÈ ‚ÂıÌÂÈ
Â„Ó ˜‡ÒÚË – Ó˜ÂÌ¸ ÚÓÌÍÓÏ ÓÒ‡‰Ó˜ÌÓÏ ÒÎÓÂ J6,
ÚÓÎ˘ËÌ‡ ÍÓÚÓÓ„Ó ÌÂ ÔÂ‚˚¯‡ÂÚ 200 ÏÍÏ), ‡ ÔÓ
‰‡ÌÌ˚Ï ÚÂÏ‡„ÌËÚÌÓ„Ó ‡Ì‡ÎËÁ‡, ÏÂÚ‡ÎÎË˜ÂÒÍËÈ
ÌËÍÂÎ¸ ÔËÒÛÚÒÚ‚ÛÂÚ ‚ ÔÂÂıÓ‰ÌÓÏ ÒÎÓÂ, Ì‡˜Ë-
Ì‡fl Ò ÒÛ·ÒÎÓfl J4 [Grachev et al., 2005; Pechersky
et al., 2006]. á‰ÂÒ¸ Ì‡fl‰Û Ò ¯‡ËÍ‡ÏË Ni Ó·Ì‡-
ÛÊÂÌ˚ Ë ‡ÎÏ‡Á˚. Ç ÒÎÓÂ, ÒÌflÚÓÏ Ò ÍÛ·ËÍ‡ ÔÎÓ-
˘‡‰¸˛ 1 ÒÏ2, ÍÓÎË˜ÂÒÚ‚Ó Ì‡È‰ÂÌÌ˚ı ÁÂÂÌ ‡Î-
Ï‡Á‡ ËÒ˜ËÒÎflÂÚÒfl ‰ÂÒflÚÍ‡ÏË (Ò ‡ÁÏÂÓÏ ÓÚ ‰Ó-
ÎÂÈ ÏÍÏ ‰Ó ‰ÂÒflÚÍÓ‚ ÏÍÏ), ‡ ÌËÍÂÎÂ‚˚ı
¯‡ËÍÓ‚ Ò ‡ÁÏÂ‡ÏË ÓÚ ‰ÓÎÂÈ ÏÍÏ ‰Ó ‰ÂÒflÚÍÓ‚
ÏÍÏ – ÒÓÚÌflÏË.

èË ËÁÛ˜ÂÌËË Ó·‡ÁˆÓ‚ ÔÂÂıÓ‰ÌÓ„Ó ÒÎÓfl, ‚Áfl-
Ú˚ı ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓ ËÁ Ó·Ì‡ÊÂÌËfl, ‚ ‚ÂıÌÂÈ ˜‡-
ÒÚË ÒÎÓfl ·˚ÎË Ó·Ì‡ÛÊÂÌ˚ ‡ÎÏ‡Á˚ Ò ÏÂÎÍËÏË ˜‡-
ÒÚËˆ‡ÏË ÌËÍÂÎfl Ì‡ ÔÓ‚ÂıÌÓÒÚË ÁÂÌ‡. ëÛ˘Â-
ÒÚ‚ÂÌÌÓ, ̃ ÚÓ ÔË ËÁÛ˜ÂÌËË Ó·‡ÁˆÓ‚ ËÁ ̋ ÚÓÈ ̃ ‡ÒÚË
ÒÎÓfl J ·˚ÎÓ ‚˚fl‚ÎÂÌÓ Ú‡ÍÊÂ ÔËÒÛÚÒÚ‚ËÂ Ë ÏÛ‡Ò-
Ò‡ÌËÚ‡. ê‡ÌÂÂ Ì‡ıÓ‰ÍË ÏËÍÓ‡ÎÏ‡ÁÓ‚ ·˚ÎË Ò‰ÂÎ‡-
Ì˚ ‚ ÔÂÂıÓ‰ÌÓÏ ÒÎÓÂ Ì‡ „‡ÌËˆÂ ÏÂÎ‡ Ë Ô‡ÎÂÓ„Â-
Ì‡ ‚ åÂÍÒËÍÂ [Hough et al., 1997].

é·ÒÛÊ‰ÂÌËÂ ÂÁÛÎ¸Ú‡ÚÓ‚

é·Ì‡ÛÊÂÌÌ˚Â ‚ ‡ÁÂÁÂ É‡ÏÒ ÏËÍÓÒÙÂ˚
ÊÂÎÂÁ‡ Ò ·Û„ËÒÚÓÈ ÒÂÚ˜‡ÚÓÈ ÔÓ‚ÂıÌÓÒÚ¸˛ ·ÎËÁ-
ÍË Í ÏËÍÓÒÙÂ‡Ï ËÁ ÒÔÂÍ¯Â„ÓÒfl ÚÓÌÍÓ‰ËÒÔÂÒ-
ÌÓ„Ó Ï‡„ÌÂÚËÚ‡, ÍÓÚÓ˚Â Ì‡È‰ÂÌ˚ ‚ ÔÎÂÈÒÚÓˆÂÌ-
„ÓÎÓˆÂÌÓ‚˚ı ÓÚÎÓÊÂÌËflı ÏÂÚÂÓËÚÌÓ„Ó Í‡ÚÂ‡
åÓ‡ÒÍ‡ (èÓÎ¸¯‡) [Stankowski et al., 2006], ·ÎËÁ-
ÍË Í Ú‡ÍÓ‚˚Ï Ò ÚÂÍÒÚÛÌÓÈ ÔÓ‚ÂıÌÓÒÚ¸˛, ÔË‚Â-
‰ÂÌÌ˚Â ‚ ‡·ÓÚÂ [Miono et al., 1993], ÚÓÊ‰ÂÒÚ‚ÂÌ-
Ì˚ ‚ÒÚÂ˜ÂÌÌ˚Ï ‚ ‚ÂıÌÂÏ ÍÂÏ·ËË [Korchagin
et al., 2007]. èÓ ÒÛ˘ÂÒÚ‚Û˛˘ËÏ ÔÂ‰ÒÚ‡‚ÎÂÌËflÏ,
ÚÓÎ¸ÍÓ ÏËÍÓÒÙÂ‡Ï Ë ˜‡ÒÚËˆ‡Ï ÊÂÎÂÁ‡, ‚ÓÁÌË-
Í‡˛˘ËÏ ÔË Ô‡‰ÂÌËË ÏÂÚÂÓËÚÓ‚, Ò‚ÓÈÒÚ‚ÂÌÌ‡
ÚÂÍÒÚÛÌ‡fl ÔÓ‚ÂıÌÓÒÚ¸ [Raukas, 2000; Stankowski
et al., 2006; Szoor et al., 2001]. í‡ÍËÏ Ó·‡ÁÓÏ, Ó·-
Ì‡ÛÊÂÌÌ˚Â ÏËÍÓÒÙÂ˚ Ò ÂÎ¸ÂÙÌÓÈ ÚÂÍÒÚÛ-
ÌÓÈ ÔÓ‚ÂıÌÓÒÚ¸˛ ÒÎÂ‰ÛÂÚ ÓÚÌÂÒÚË Í Í‡ÚÂ„ÓËË
“ÏÂÚÂÓËÚÌ‡fl Ô˚Î¸”.

é·Ì‡ÛÊÂÌÌ˚Â ‚ É‡ÏÒÂ ÏËÍÓÒÙÂ˚ Ò ÍÓÌˆÂÌ-
ÚË˜ÂÒÍËÏ ‚ÌÛÚÂÌÌËÏ ÒÚÓÂÌËÂÏ ‡Ì‡ÎÓ„Ë˜Ì˚
ÚÂÏ, ˜ÚÓ ·˚ÎË Ó·Ì‡ÛÊÂÌ˚ ˝ÍÒÔÂ‰ËˆËÂÈ “óÂÎ-
ÎÂÌ‰ÊÂ” ‚ „ÎÛ·ÓÍÓ‚Ó‰Ì˚ı „ÎËÌ‡ı íËıÓ„Ó ÓÍÂ‡Ì‡
[Murray, Renard, 1891]. Ç É‡ÏÒÂ, Í‡Í Ë ‚ ‰Û„Ëı Â-
„ËÓÌ‡ı ÏË‡, ÔÓÎ˚Â ÏËÍÓÒÙÂ˚ ˜‡ÒÚÓ Á‡ÔÓÎÌÂ-
Ì˚ „ÎËÌ‡ÏË.

ó‡ÒÚËˆ˚ ÊÂÎÂÁ‡ ÌÂÔ‡‚ËÎ¸ÌÓÈ ÙÓÏ˚ Ò
ÓÔÎ‡‚ÎÂÌÌ˚ÏË Í‡flÏË, ‡ Ú‡ÍÊÂ ‚ ‚Ë‰Â ÒÔË‡ÎÂÈ Ë

ËÁÓ„ÌÛÚ˚ı Í˛˜ÍÓ‚ Ë ÔÎ‡ÒÚËÌ Ó·Î‡‰‡˛Ú ·ÓÎ¸-
¯ËÏ ÒıÓ‰ÒÚ‚ÓÏ Ò ÔÓ‰ÛÍÚ‡ÏË ‡ÁÛ¯ÂÌËfl Ô‡‰‡˛-
˘Ëı Ì‡ áÂÏÎ˛ ÏÂÚÂÓËÚÓ‚ Ë ÏÓ„ÛÚ ·˚Ú¸ ÓÚÌÂÒÂ-
Ì˚ Í Í‡ÚÂ„ÓËË “ÏÂÚÂÓËÚÌÓ„Ó ÊÂÎÂÁ‡” [Raukas,
2000; Szoor et al., 2001]. ä ˝ÚÓÈ ÊÂ Í‡ÚÂ„ÓËË ÏÓ-
„ÛÚ ·˚Ú¸ ÓÚÌÂÒÂÌ˚ Ë ˜‡ÒÚËˆ˚ ‡‚‡ÛËÚ‡ Ë ˜ËÒÚÓ„Ó
ÌËÍÂÎfl.

é‰Ì‡ÍÓ ÒÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ ÔÓ ÏÓÙÓÎÓ-
„ËË ÔÓ‚ÂıÌÓÒÚË ˜‡ÒÚËˆ˚ ÊÂÎÂÁ‡ Ë ÌËÍÂÎfl ÔÓ-
ıÓÊË Ì‡ ˜‡ÒÚËˆ˚ ÊÂÎÂÁ‡ Ë ‰Û„Ëı ÏÂÚ‡ÎÎÓ‚, ‚˚-
·‡Ò˚‚‡ÂÏ˚ı ‚ ‡ÚÏÓÒÙÂÛ ÔË ‡·ÓÚÂ ÚÂÔÎÓ-
‚˚ı ˝ÎÂÍÚÓÒÚ‡ÌˆËÈ, ‡·ÓÚ‡˛˘Ëı Ì‡ Û„ÎÂ
[Giere et al., 2003].

í‡ÍÊÂ ÒÎÂ‰ÛÂÚ ÛÍ‡Á‡Ú¸ Ì‡ ÚÓ, ˜ÚÓ ËÁÓ„ÌÛÚ˚Â
˜‡ÒÚËˆ˚ Fe ·ÎËÁÍË ‡ÁÌÓÓ·‡ÁÌ˚Ï ÙÓÏ‡Ï ÒÎÂÁ
èÂÎÂ – Í‡ÔÂÎ¸ Î‡‚˚ (Î‡ÔËÎÎÂÈ), ‚˚·Ó¯ÂÌÌ˚ı ‚
ÊË‰ÍÓÏ ÒÓÒÚÓflÌËË ÔË ‚ÛÎÍ‡ÌË˜ÂÒÍËı ËÁ‚ÂÊÂ-
ÌËflı [å‡Í‰ÓÌ‡Î¸‰, 1975].

í‡ÍËÏ Ó·‡ÁÓÏ, Í‡Í ‚Ë‰ÌÓ ËÁ ‚˚¯ÂËÁÎÓÊÂÌ-
ÌÓ„Ó, ÔÂÂıÓ‰Ì˚È ÒÎÓÈ „ÎËÌ˚ ‚ É‡ÏÒÂ ËÏÂÂÚ „Â-
ÚÂÓ„ÂÌÌÓÂ ÒÚÓÂÌËÂ Ë ÓÚ˜ÂÚÎË‚Ó ÔÓ‰‡Á‰ÂÎfl-
ÂÚÒfl Ì‡ ‰‚Â ˜‡ÒÚË – ‚ ÌËÊÌÂÈ Ë ÒÂ‰ÌÂÈ ˜‡ÒÚflı
ÔÂÓ·Î‡‰‡˛Ú ˜‡ÒÚËˆ˚ Ë ÏËÍÓÒÙÂ˚ ÊÂÎÂÁ‡,
ÚÓ„‰‡ Í‡Í ‚ÂıÌflfl ˜‡ÒÚ¸ ÒÎÓfl Ó·Ó„‡˘ÂÌ‡ ÌËÍÂ-
ÎÂÏ: ˜‡ÒÚËˆ‡ÏË ‡‚‡ÛËÚ‡, ÏËÍÓÒÙÂ‡ÏË ÌËÍÂ-
Îfl. ùÚÓ ÔÓ‰Ú‚ÂÊ‰‡ÂÚÒfl ÌÂ ÚÓÎ¸ÍÓ ‡ÒÔÂ‰ÂÎÂ-
ÌËÂÏ ˜‡ÒÚËˆ ÊÂÎÂÁ‡ Ë ÌËÍÂÎfl ‚ „ÎËÌÂ, ÌÓ Ú‡ÍÊÂ
‰‡ÌÌ˚ÏË ıËÏË˜ÂÒÍÓ„Ó Ë ÚÂÏÓÏ‡„ÌËÚÌÓ„Ó ‡Ì‡-
ÎËÁÓ‚.

ë‡‚ÌÂÌËÂ ‰‡ÌÌ˚ı ÚÂÏÓÏ‡„ÌËÚÌÓ„Ó ‡Ì‡ÎËÁ‡ Ë
ÏËÍÓÁÓÌ‰Ó‚Ó„Ó ‡Ì‡ÎËÁ‡ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó ˜ÂÁ-
‚˚˜‡ÈÌÓÈ ÌÂÓ‰ÌÓÓ‰ÌÓÒÚË ‚ ‡ÒÔÂ‰ÂÎÂÌËË ÌËÍÂ-
Îfl, ÊÂÎÂÁ‡ Ë Ëı ÒÔÎ‡‚‡ ‚ ÔÂ‰ÂÎ‡ı ÒÎÓfl J, Ó‰Ì‡ÍÓ
ÔÓ ÂÁÛÎ¸Ú‡Ú‡Ï ÚÂÏÓÏ‡„ÌËÚÌÓ„Ó ‡Ì‡ÎËÁ‡ ̃ ËÒÚ˚È
ÌËÍÂÎ¸ ÙËÍÒËÛÂÚÒfl ÚÓÎ¸ÍÓ, Ì‡˜ËÌ‡fl ÒÓ ÒÎÓfl J4
[Grachev et al., 2005; Pechersky et al., 2006]. í‡ÍÊÂ
Ó·‡˘‡ÂÚ Ì‡ ÒÂ·fl ‚ÌËÏ‡ÌËÂ ÚÓÚ Ù‡ÍÚ, ˜ÚÓ ÒÔË‡-
ÎÂ‚Ë‰ÌÓÂ ÊÂÎÂÁÓ ‚ÒÚÂ˜‡ÂÚÒfl ÔÂËÏÛ˘ÂÒÚ‚ÂÌÌÓ ‚
‚ÂıÌÂÈ ˜‡ÒÚË ÒÎÓfl J Ë ÔÓ‰ÓÎÊ‡ÂÚ ‚ÒÚÂ˜‡Ú¸Òfl ‚
ÔÂÂÍ˚‚‡˛˘ÂÏ Â„Ó ÒÎÓÂ K, „‰Â Ó‰Ì‡ÍÓ Ï‡ÎÓ ˜‡-
ÒÚËˆ Fe, Fe-Ni ËÁÓÏÂÚË˜ÌÓÈ ËÎË ÔÎ‡ÒÚËÌ˜‡ÚÓÈ
ÙÓÏ˚.

èÓ‰˜ÂÍÌÂÏ, ˜ÚÓ ÒÚÓÎ¸ fl‚Ì‡fl ‰ËÙÙÂÂÌˆË‡-
ˆËfl ÔÓ ÊÂÎÂÁÛ, ÌËÍÂÎ˛, ËË‰Ë˛, ÔÓfl‚ÎÂÌÌ‡fl ‚
ÔÂÂıÓ‰ÌÓÏ ÒÎÓÂ „ÎËÌ˚ ‚ É‡ÏÒÂ, ËÏÂÂÚÒfl Ë ‚ ‰Û-
„Ëı ‡ÈÓÌ‡ı. í‡Í, ‚ ç¸˛-ÑÊÂÒË ‚ ÔÂÂıÓ‰ÌÓÏ
(6 ÒÏ) (ÒÙÂÛÎÓ‚ÓÏ) ÒÎÓÂ ËË‰ËÂ‚‡fl ‡ÌÓÏ‡ÎËfl
ÂÁÍÓ ÔÓfl‚ËÎ‡Ò¸ ‚ ÓÒÌÓ‚‡ÌËË ÒÎÓfl, ‡ Û‰‡Ì˚Â ÏË-
ÌÂ‡Î˚ ÒÓÒÂ‰ÓÚÓ˜ÂÌ˚ ÚÓÎ¸ÍÓ ‚ ‚ÂıÌÂÈ (1 ÒÏ)
˜‡ÒÚË ˝ÚÓ„Ó ÊÂ ÒÎÓfl [Olsson et al., 2002]. ç‡ É‡ËÚË
Ì‡ „‡ÌËˆÂ ÏÂÎ‡ Ë Ô‡ÎÂÓ„ÂÌ‡ Ë ‚ Ò‡ÏÓÈ ‚ÂıÌÂÈ ̃ ‡-
ÒÚË ÒÙÂÛÎÓ‚Ó„Ó ÒÎÓfl (unit 1) ÓÚÏÂ˜‡ÂÚÒfl ÂÁÍÓÂ
Ó·Ó„‡˘ÂÌËÂ Ni Ë Û‰‡Ì˚Ï Í‚‡ˆÂÏ [Leroux, Roc-
chia, Froget et al., 1995]. èËÏÂ˜‡ÚÂÎ¸ÌÓ Ú‡ÍÊÂ,
˜ÚÓ ‡ÎÂ‚ÓÎËÚ˚ ÒÎÓfl å, „‰Â ‚ ‡ÁÂÁÂ É‡ÏÒ Ú‡ÍÊÂ
‚ÒÚÂ˜ÂÌ˚ ÏËÍÓÒÙÂ˚ Fe, ÔËÌ‡‰ÎÂÊ‡˘ËÂ ÒÂ‰-
ÌÂÈ ˜‡ÒÚË ÁÓÌ˚ Subbotina fringa, ·ÎËÁÍË ÔÓ ‚ÓÁ‡Ò-
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ÚÛ Í ÒÎÓ˛ Ò ‡ÌÓÏ‡Î¸ÌÓ ‚˚ÒÓÍÓÈ ÍÓÌˆÂÌÚ‡ˆËÂÈ 1 „
‚ ÁÓÌÂ 1ê‡(1) ÌËÊÌÂ„Ó ‰‡ÌËfl Ì‡ É‡ËÚË Ë ÒÙÂÛÎÓ-
‚ÓÏÛ ÒÎÓ˛ 2 (‡ÁÂÁ Coxquihui) ‚ åÂÍÒËÍÂ [Stin-
nesbeck et al., 2002].

ÇõÇéÑõ

1. åÌÓ„ËÂ ÓÒÓ·ÂÌÌÓÒÚË Ì‡È‰ÂÌÌ˚ı ÒÙÂÛÎ Fe Ë
Fe-Ni ‡Ì‡ÎÓ„Ë˜Ì˚ ¯‡ËÍ‡Ï, Ó·Ì‡ÛÊÂÌÌ˚Ï ˝ÍÒ-
ÔÂ‰ËˆËÂÈ “óÂÎÎÂÌ‰ÊÂ” ‚ „ÎÛ·ÓÍÓ‚Ó‰Ì˚ı „ÎËÌ‡ı
íËıÓ„Ó ÓÍÂ‡Ì‡ [Murray, Renard, 1891], ‚ ‡ÈÓÌÂ
íÛÌ„ÛÒÒÍÓÈ Í‡Ú‡ÒÚÓÙ˚ [îÎÓÂÌÒÍËÈ Ë ‰., 1968]
Ë ÏÂÒÚ‡ı Ô‡‰ÂÌËfl ëËıÓÚÂ-ÄÎËÌ¸ÒÍÓ„Ó ÏÂÚÂÓËÚ‡
[äËÌÓ‚, 1971] Ë ÏÂÚÂÓËÚ‡ çËÓ ‚ üÔÓÌËË [Miura,
Uedo, 2001], ‚ ÏËÓˆÂÌÓ‚˚ı ÏÂ„ÂÎflı ëÂ‚. ÄÔÂÌ-
ÌËÌ [Colombetti et al., 1996], ‚ ÒÓ‚ÂÏÂÌÌ˚ı „ÎÛ·Ó-
ÍÓ‚Ó‰Ì˚ı Ó·ÎÓÊÂÌËflı Ë ÏÌÓ„Ëı ‰Û„Ëı ‡ÈÓÌÓ‚
ÏË‡ (ÒÏ. Ú‡·Î. 3). àÒÍÎ˛˜‡fl ‡ÈÓÌ˚ íÛÌ„ÛÒÒÍÓÈ
Í‡Ú‡ÒÚÓÙ˚ Ë ÏÂÒÚÓ Ô‡‰ÂÌËfl ëËıÓÚÂ-ÄÎËÌ¸ÒÍÓ„Ó
ÏÂÚÂÓËÚ‡, ‚Ó ‚ÒÂı ‰Û„Ëı ÒÎÛ˜‡flı Ó·‡ÁÓ‚‡ÌËÂ ÌÂ
ÚÓÎ¸ÍÓ ÒÙÂÛÎ, ÌÓ Ë ˜‡ÒÚËˆ ‡ÁÎË˜ÌÓÈ ÏÓÙÓÎÓ-
„ËË, ÒÓÒÚÓfl˘Ëı ËÁ ˜ËÒÚÓ„Ó ÊÂÎÂÁ‡ (‚ ÌÂÍÓÚÓ˚ı
ÒÎÛ˜‡flı Ò ÒÓ‰ÂÊ‡ÌËÂÏ ıÓÏ‡) Ë ÒÔÎ‡‚‡ ÌËÍÂÎfl Ò
ÊÂÎÂÁÓÏ, ÌËÍ‡ÍÓÈ Ò‚flÁË Ò ËÏÔ‡ÍÚÌ˚Ï ÒÓ·˚ÚËÂÏ
ÌÂ ËÏÂ˛Ú. í‡ÍËÂ Ó·‡ÁÓ‚‡ÌËfl Ï˚ ‡ÒÒÏ‡ÚË‚‡ÂÏ
Í‡Í ÂÁÛÎ¸Ú‡Ú Ô‡‰ÂÌËfl Ì‡ ÔÓ‚ÂıÌÓÒÚ¸ áÂÏÎË ÍÓÒ-
ÏË˜ÂÒÍÓÈ ÏÂÊÔÎ‡ÌÂÚÌÓÈ Ô˚ÎË – ÔÓˆÂÒÒ, ÍÓÚÓ-
˚È ÌÂÔÂ˚‚ÌÓ ÔÓ‰ÓÎÊ‡ÂÚÒfl Ò ÏÓÏÂÌÚ‡ Ó·‡-
ÁÓ‚‡ÌËfl áÂÏÎË Ë fl‚ÎflÂÚÒfl Ò‚ÓÂ„Ó Ó‰‡ ÙÓÌÓ‚˚Ï
fl‚ÎÂÌËÂÏ.

2. åÌÓ„ËÂ ˜‡ÒÚËˆ˚, ËÁÛ˜ÂÌÌ˚Â ‚ ‡ÁÂÁÂ É‡ÏÒ,
·ÎËÁÍË ÔÓ ÒÓÒÚ‡‚Û Í ‚‡ÎÓ‚ÓÏÛ ıËÏË˜ÂÒÍÓÏÛ ÒÓÒÚ‡-
‚Û ÏÂÚÂÓËÚÌÓ„Ó ‚Â˘ÂÒÚ‚‡ ‚ ÏÂÒÚÂ Ô‡‰ÂÌËfl ëË-
ıÓÚÂ-ÄÎËÌ¸ÒÍÓ„Ó ÏÂÚÂÓËÚ‡ (93.29% ÊÂÎÂÁ‡,
5.94% ÌËÍÂÎfl, 0.38% ÍÓ·‡Î¸Ú‡) [äËÌÓ‚, 1971].

èËÒÛÚÒÚ‚ËÂ åÓ ‚ ÌÂÍÓÚÓ˚ı ˜‡ÒÚËˆ‡ı ÌÂ fl‚-
ÎflÂÚÒfl ÌÂÓÊË‰‡ÌÌ˚Ï ‚ Ò‚flÁË Ò ÚÂÏ, ˜ÚÓ åÓ ÔË-
ÒÛÚÒÚ‚ÛÂÚ ‚Ó ÏÌÓ„Ëı ÚËÔ‡ı ÏÂÚÂÓËÚÓ‚. ëÓ‰ÂÊ‡-
ÌËÂ ÏÓÎË·‰ÂÌ‡ ‚ ‡ÁÎË˜Ì˚ı ÚËÔ‡ı ÏÂÚÂÓËÚÓ‚
(ÊÂÎÂÁÌ˚ı, Í‡ÏÂÌÌ˚ı Ë Û„ÎËÒÚ‡ı ıÓÌ‰ËÚ‡ı ÎÂ-
ÊËÚ ‚ ÔÂ‰ÂÎ‡ı ÓÚ 6 ‰Ó 7 „/Ú [Murthy, 1963; Camp-
bell et al., 2003]. ë‡Ï˚Ï ‚‡ÊÌ˚Ï fl‚ËÎ‡Ò¸ Ì‡ıÓ‰Í‡
ÏÓÎË·‰ÂÌËÚ‡ ‚ ÏÂÚÂÓËÚÂ ÄÎÎÂÌ‰Â ‚ ‚Ë‰Â ‚ÍÎ˛-
˜ÂÌËfl ‚ ÒÔÎ‡‚Â ÏÂÚ‡ÎÎ‡, ÒÓÒÚ‡‚ ÍÓÚÓÓ„Ó ÒÎÂ‰Û˛-
˘ËÈ (‚ÂÒ.%): Fe – 31.1, Ni – 64.5, ëÓ – 2.0, ër – 0.3,
V – 0.5, ê – 0.1 [Fuchs, Blander, 1977]. ëÎÂ‰ÛÂÚ ÓÚ-
ÏÂÚËÚ¸, ˜ÚÓ Ò‡ÏÓÓ‰Ì˚È ÏÓÎË·‰ÂÌ Ë ÏÓÎË·‰ÂÌËÚ
·˚ÎË Ó·Ì‡ÛÊÂÌ˚ Ë ‚ ÒÓÒÚ‡‚Â ÎÛÌÌÓÈ Ô˚ÎË, ÓÚÓ-
·‡ÌÌÓÈ ‡‚ÚÓÏ‡ÚË˜ÂÒÍËÏË ÒÚ‡ÌˆËflÏË “ãÛÌ‡-16”,
“ãÛÌ‡-20” Ë “ãÛÌ‡-24” [åÓıÓ‚ Ë ‰., 2007].

3. ÇÔÂ‚˚Â Ì‡È‰ÂÌÌ˚Â ¯‡ËÍË ˜ËÒÚÓ„Ó ÌËÍÂÎfl
Ò ıÓÓ¯Ó ‡ÒÍËÒÚ‡ÎÎËÁÓ‚‡ÌÌÓÈ ÔÓ‚ÂıÌÓÒÚ¸˛
ÌÂ ËÁ‚ÂÒÚÌ˚ ÌË ‚ Ï‡„Ï‡ÚË˜ÂÒÍËı ÔÓÓ‰‡ı, ÌË ‚ ÏÂ-
ÚÂÓËÚ‡ı, „‰Â ÌËÍÂÎ¸ Ó·flÁ‡ÚÂÎ¸ÌÓ ÒÓ‰ÂÊËÚ ÁÌ‡-
˜ËÏÓÂ ÍÓÎË˜ÂÒÚ‚Ó ÔËÏÂÒÂÈ. í‡Í‡fl ÒÚÛÍÚÛ‡ ÔÓ-
‚ÂıÌÓÒÚË Ni ¯‡ËÍÓ‚ ÏÓ„Î‡ ‚ÓÁÌËÍÌÛÚ¸ ‚ ÒÎÛ˜‡Â
Ô‡‰ÂÌËfl ‡ÒÚÂÓË‰‡ (ÏÂÚÂÓËÚ‡), ÍÓÚÓÓÂ ÔË‚ÂÎÓ Í
‚˚‰ÂÎÂÌË˛ ˝ÌÂ„ËË, ÔÓÁ‚ÓÎË‚¯ÂÈ ÌÂ ÚÓÎ¸ÍÓ ‡Ò-

ÔÎ‡‚ËÚ¸ Ï‡ÚÂË‡Î ÛÔ‡‚¯Â„Ó ÚÂÎ‡, ÌÓ Ë ËÒÔ‡ËÚ¸
Â„Ó. è‡˚ ÏÂÚ‡ÎÎ‡ ÏÓ„ÎË ·˚Ú¸ ÔÓ‰ÌflÚ˚ ‚Á˚‚ÓÏ
Ì‡ ·ÓÎ¸¯Û˛ ‚˚ÒÓÚÛ (‚ÂÓflÚÌÓ, Ì‡ ‰ÂÒflÚÍË ÍËÎÓ-
ÏÂÚÓ‚), „‰Â Ë ÔÓËÒıÓ‰ËÎ‡ ÍËÒÚ‡ÎÎËÁ‡ˆËfl.

4. ó‡ÒÚËˆ˚, ÒÓÒÚÓfl˘ËÂ ËÁ ‡‚‡ÛËÚ‡ (Fe3Ni),
Ì‡È‰ÂÌ˚ ‚ÏÂÒÚÂ Ò ÏÂÚ‡ÎÎË˜ÂÒÍËÏË ¯‡ËÍ‡ÏË ÌË-
ÍÂÎfl, ÓÌË fl‚Îfl˛ÚÒfl ÔÓ‰ÛÍÚÓÏ ‡·ÎflˆËË ÏÂÚÂÓË-
Ú‡ Ë ÓÚÌÓÒflÚÒfl Í ÏÂÚÂÓÌÓÈ Ô˚ÎË, ‡ ÓÔÎ‡‚ÎÂÌÌ˚Â
˜‡ÒÚËˆ˚ ÊÂÎÂÁ‡ (ÏËÍÓÏÂÚÂÓËÚ˚) ÒÎÂ‰ÛÂÚ ‡Ò-
ÒÏ‡ÚË‚‡Ú¸ Í‡Í “ÏÂÚÂÓËÚÌÛ˛ Ô˚Î¸” (ÚÂÏËÌÓ-
ÎÓ„Ëfl Ö.ã. äËÌÓ‚‡ [1971]).

5. äËÒÚ‡ÎÎ˚ ‡ÎÏ‡Á‡, ‚ÒÚÂ˜ÂÌÌ˚Â ‚ÏÂÒÚÂ Ò
¯‡ËÍ‡ÏË ÌËÍÂÎfl, ‚ÂÓflÚÌÓ, ‚ÓÁÌËÍÎË ÔË ‡·Îfl-
ˆËË ÏÂÚÂÓËÚ‡ ËÁ ÚÓ„Ó ÊÂ Ó·Î‡Í‡ Ô‡‡ ÔË Â„Ó ÔÓ-
ÒÎÂ‰Û˛˘ÂÏ ÓıÎ‡Ê‰ÂÌËË. àÁ‚ÂÒÚÌÓ, ˜ÚÓ ÒËÌÚÂÚË-
˜ÂÒÍËÂ ‡ÎÏ‡Á˚ ÔÓÎÛ˜‡˛Ú ÏÂÚÓ‰ÓÏ ÒÔÓÌÚ‡ÌÌÓÈ
ÍËÒÚ‡ÎÎËÁ‡ˆËË ËÁ ‡ÒÚ‚Ó‡ Û„ÎÂÓ‰‡ ‚ ‡ÒÔÎ‡‚Â
ÏÂÚ‡ÎÎÓ‚ (Ni, Fe) ‚˚¯Â ÎËÌËË Ù‡ÁÓ‚Ó„Ó ‡‚ÌÓ‚Â-
ÒËfl „‡ÙËÚ – ‡ÎÏ‡Á ‚ ÙÓÏÂ ÏÓÌÓÍËÒÚ‡ÎÎÓ‚, Ëı
ÒÓÒÚÍÓ‚, ‰‚ÓÈÌËÍÓ‚, ÔÓÎËÍËÒÚ‡ÎÎË˜ÂÒÍËı ‡„Â-
„‡ÚÓ‚, Í‡Í‡ÒÌ˚ı ÍËÒÚ‡ÎÎÓ‚, ÍËÒÚ‡ÎÎÓ‚ Ë„ÓÎ¸-
˜‡ÚÓÈ ÙÓÏ˚, ÌÂÔ‡‚ËÎ¸Ì˚ı ÁÂÂÌ Ë Ú.‰. [ÅÓÍËÈ
Ë ‰., 1986]. è‡ÍÚË˜ÂÒÍË ‚ÒÂ ËÁ ÔÂÂ˜ËÒÎÂÌÌ˚ı
ÚËÔÓÏÓÙÌ˚ı ÓÒÓ·ÂÌÌÓÒÚÂÈ ÍËÒÚ‡ÎÎÓ‚ ‡ÎÏ‡Á‡
·˚ÎË Ó·Ì‡ÛÊÂÌ˚ ‚ ËÁÛ˜ÂÌÌÓÏ Ó·‡ÁˆÂ.

ùÚÓ ÔÓÁ‚ÓÎflÂÚ Ò‰ÂÎ‡Ú¸ ‚˚‚Ó‰ Ó ÒıÓÊÂÒÚË ÔÓ-
ˆÂÒÒÓ‚ ÍËÒÚ‡ÎÎËÁ‡ˆËË ‡ÎÏ‡Á‡ ‚ Ó·Î‡ÍÂ ÌËÍÂÎ¸-
Û„ÎÂÓ‰ÌÓ„Ó Ô‡‡ ÔË Â„Ó ÓıÎ‡Ê‰ÂÌËË Ë ÔÓˆÂÒÒÂ
ÒÔÓÌÚ‡ÌÌÓÈ ÍËÒÚ‡ÎÎËÁ‡ˆËË ËÁ ‡ÒÚ‚Ó‡ Û„ÎÂÓ‰‡
‚ ‡ÒÔÎ‡‚Â ÌËÍÂÎfl ‚ ̋ ÍÒÔÂËÏÂÌÚ‡ı. é‰Ì‡ÍÓ ÓÍÓÌ-
˜‡ÚÂÎ¸Ì˚È ‚˚‚Ó‰ Ó ÔËÓ‰Â ‡ÎÏ‡Á‡ ÏÓÊÌÓ ·Û‰ÂÚ
Ò‰ÂÎ‡Ú¸ ÔÓÒÎÂ Â„Ó ‰ÂÚ‡Î¸Ì˚ı ËÁÓÚÓÔÌ˚ı ËÒÒÎÂ‰Ó-
‚‡ÌËÈ, ‰Îfl ˜Â„Ó ÌÂÓ·ıÓ‰ËÏÓ ÔÓÎÛ˜ËÚ¸ ‰ÓÒÚ‡ÚÓ˜ÌÓ
·ÓÎ¸¯ÓÂ ÍÓÎË˜ÂÒÚ‚Ó ‚Â˘ÂÒÚ‚‡.

í‡ÍËÏ Ó·‡ÁÓÏ, ËÁÛ˜ÂÌËÂ ÍÓÒÏË˜ÂÒÍÓ„Ó ‚Â˘Â-
ÒÚ‚‡ ‚ ÔÂÂıÓ‰ÌÓÏ ÒÎÓÂ „ÎËÌ Ì‡ „‡ÌËˆÂ ÏÂÎ‡ Ë Ô‡-
ÎÂÓ„ÂÌ‡ ÔÓÍ‡Á‡ÎÓ Â„Ó ÔËÒÛÚÒÚ‚ËÂ ‚Ó ‚ÒÂı ˜‡ÒÚflı
(ÓÚ ÒÎÓfl J1 ‰Ó ÒÎÓfl J6), Ó‰Ì‡ÍÓ ÔËÁÌ‡ÍË ËÏÔ‡ÍÚÌÓ„Ó
ÒÓ·˚ÚËfl ÙËÍÒËÛ˛ÚÒfl, Ì‡˜ËÌ‡fl ÚÓÎ¸ÍÓ ÒÓ ÒÎÓfl J4.

Ñ‡ÌÌ‡fl ‡·ÓÚ‡ ·˚Î‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ÔÓ‰‰ÂÊ-
ÍÂ ÔÓ„‡ÏÏ˚ ‹ 5 “ÇÁ‡ËÏÓ‰ÂÈÒÚ‚ËÂ ÔÎ˛Ï‡ Ò ÎË-
ÚÓÒÙÂÓÈ” éÚ‰ÂÎÂÌËfl Ì‡ÛÍ Ó áÂÏÎÂ êÄç Ë „‡ÌÚ‡
èÂÁË‰ÂÌÚ‡ êî ‰Îfl ÔÓ‰‰ÂÊÍË Ì‡Û˜Ì˚ı ¯ÍÓÎ
áò-1901.2003.5.

ëèàëéä ãàíÖêÄíìêõ
ÅÓÍËÈ É.Å., ÅÂÁÛÍÓ‚ É.ç., äÎ˛Â‚ û.Ä., çÂÎÂÚÓ‚ A.M.,
çÂÔ¯‡ Ç.à. èËÓ‰Ì˚Â Ë ÒËÌÚÂÚË˜ÂÒÍËÂ ‡ÎÏ‡Á˚. å.:
ç‡ÛÍ‡. 1986. 221 Ò.
É‡˜Â‚ Ä.î., äÓ˜‡„ËÌ é.A., ñÂÎ¸ÏÓ‚Ë˜ Ç.Ä. äÓÒÏË˜Â-
ÒÍÓÂ ‚Â˘ÂÒÚ‚Ó ‚ „ÎËÌÂ Ì‡ „‡ÌËˆÂ ÏÂÎ‡ Ë Ô‡ÎÂÓ„ÂÌ‡
(É‡ÏÒ, ÇÓÒÚÓ˜Ì˚Â ÄÎ¸Ô˚). îËÁËÍÓ-ıËÏË˜ÂÒÍËÂ Ë ÔÂÚ-
ÓÙËÁË˜ÂÒÍËÂ ËÒÒÎÂ‰Ó‚‡ÌËfl ‚ Ì‡ÛÍ‡ı Ó áÂÏÎÂ. å.:
àîá êÄç. 2006. ë. 21–22.
É‡˜Â‚ Ä.î., ä‡ÏÂÌÒÍËÈ à.ã., äÓ˜‡„ËÌ é.Ä., äÓÎÎ-
Ï‡ÌÌ ï. èÂ‚˚Â ‰‡ÌÌ˚Â Ó· ËÁÓÚÓÔËË „ÂÎËfl ‚ ÔÂÂıÓ‰-
ÌÓÏ ÒÎÓÂ „ÎËÌ Ì‡ „‡ÌËˆÂ ÏÂÎ‡ Ë Ô‡ÎÂÓ„ÂÌ‡ (É‡ÏÒ, ÇÓ-
ÒÚÓ˜Ì˚Â ÄÎ¸Ô˚) // îËÁËÍ‡ áÂÏÎË. 2007. ‹ 9. ë. 61–67.



56

îàáàäÄ áÖåãà      ‹ 7     2008

É‡˜Â‚ Ë ‰.

à‚‡ÌÓ‚ Ä.Ç., îÎÓÂÌÒÍËÈ ä.è. àÌÚÂÌÒË‚ÌÓÒÚ¸ ‚˚Ô‡-
‰ÂÌËfl ÏÂÎÍÓ‰ËÒÔÂÒÌÓ„Ó ÍÓÒÏË˜ÂÒÍÓ„Ó ‚Â˘ÂÒÚ‚‡ Ì‡
áÂÏÎ˛ // ÉÂÓıËÏËfl. 1970. ‹ 11. ë. 1365–1372.
äËÌÓ‚ Ö.ã. çÓ‚˚Â ËÒÒÎÂ‰Ó‚‡ÌËfl Ô‡‰ÂÌËfl Ë Ò·Ó ˜‡-
ÒÚÂÈ ëËıÓÚÂ-ÄÎËÌ¸ÒÍÓ„Ó ÏÂÚÂÓËÚÌÓ„Ó ‰ÓÊ‰fl. èÓ-
·ÎÂÏ˚ ÍÓÒÏÓıËÏËË Ë ÏÂÚÂÓËÚËÍË. äËÂ‚: ç‡ÛÍÓ‚‡
‰ÛÏÍ‡. 1971. ë. 117–128.
ãÂ‚ËÌ Å.û., ëËÏÓÌÂÌÍÓ Ä.ç. áÂÏÎfl ÒÂ‰Ë Ô˚ÎË Ë Í‡Ï-
ÌÂÈ // èËÓ‰‡. 1973. ‹ 4. ë. 7–14.
å‡Í‰ÓÌ‡Î¸‰ É. ÇÛÎÍ‡Ì˚. å.: åË. 1975. 431 Ò.
åÓıÓ‚ Ä.Ç., ä‡Ú‡¯Ó‚ è.å., ÅÓ„‡ÚËÍÓ‚ é.Ä. ãÛÌ‡
ÔÓ‰ ÏËÍÓÒÍÓÔÓÏ. å.: ç‡ÛÍ‡. 2007. 127 Ò.
ê˚˜‡„Ó‚ ë.ç., ÉÎ‡‚‡ÚÒÍËı ë.î., ë‡Ì‰ËÏËÓ‚‡ Ö.à.
êÛ‰Ì˚Â Ë ÒËÎËÍ‡ÚÌ˚Â Ï‡„ÌËÚÌ˚Â ¯‡ËÍË Í‡Í ËÌ‰ËÍ‡-
ÚÓ˚ ÒÚÛÍÚÛ˚ Ë ÙÎ˛Ë‰ÌÓ„Ó ÂÊËÏ‡ ÒÓ‚ÂÏÂÌÌÓÈ
„Ë‰ÓÚÂÏ‡Î¸ÌÓÈ ÒËÒÚÂÏ˚ Å‡‡ÌÒÍÓ„Ó (Ó. àÚÛÛÔ) //
ÑÓÍÎ. êÄç. 1997. í. 356. ë. 671–681.
ëËÏÓÌÂÌÍÓ Ä.ç.,  ãÂ‚ËÌ Å.û. èËÚÓÍ ÍÓÒÏË˜ÂÒÍÓ„Ó ‚Â-
˘ÂÒÚ‚‡ Ì‡ áÂÏÎ˛ // åÂÚÂÓËÚËÍ‡. 1972. Ç˚Ô. 31. ë. 45–56.
ëÓ·ÓÚÓ‚Ë˜ ù.Ç., ÅÓÌ‰‡ÂÌÍÓ É.ç., äÓÓÏ˚ÒÎÂ˜ÂÌÍÓ í.à.
äÓÒÏË˜ÂÒÍÓÂ ‚Â˘ÂÒÚ‚Ó ‚ ÓÍÂ‡ÌË˜ÂÒÍËı ÓÒ‡‰Í‡ı Ë ÎÂ‰ÌË-
ÍÓ‚˚ı ÔÓÍÓ‚‡ı. äËÂ‚: ç‡ÛÍÓ‚‡ ‰ÛÏÍ‡. 1978. 118 Ò.
ëÓ·ÓÚÓ‚Ë˜ ù.Ç. äÓÒÏË˜ÂÒÍÓÂ ‚Â˘ÂÒÚ‚Ó ‚ ÁÂÏÌÓÈ ÍÓ-
Â. å.: ÄÚÓÏËÁ‰‡Ú. 1976. 159 Ò.
îÂÒÂÌÍÓ‚ Ç.É. ÑÓÒÚËÊÂÌËfl Ë ‡ÍÚÛ‡Î¸Ì˚Â ÔÓ·ÎÂÏ˚
ÏÂÚÂÓËÚËÍË // åÂÚÂÓËÚËÍ‡. 1972. Ç˚Ô. 31. ë. 3–17.
îÎÓÂÌÒÍËÈ ä.è. èÓ·ÎÂÏ‡ ÍÓÒÏË˜ÂÒÍÓÈ Ô˚ÎË Ë ÒÓ‚Â-
ÏÂÌÌÓÂ ÒÓÒÚÓflÌËÂ ËÁÛ˜ÂÌËfl íÛÌ„ÛÒÒÍÓ„Ó ÏÂÚÂÓËÚ‡ //
ÉÂÓıËÏËfl. 1963. ‹ 3. ë. 284–296.
îÎÓÂÌÒÍËÈ ä.è., à‚‡ÌÓ‚ Ä.Ç., äËÓ‚‡ é.Ä., á‡ÒÎ‡‚-
ÒÍ‡fl ç.à. î‡ÁÓ‚˚È ÒÓÒÚ‡‚ ÏÂÎÍÓ‰ËÒÔÂÒÌÓ„Ó ‚ÌÂÁÂÏ-
ÌÓ„Ó ‚Â˘ÂÒÚ‚‡ íÛÌ„ÛÒÒÍÓÈ Í‡Ú‡ÒÚÓÙ˚ // ÉÂÓıËÏËfl.
1968. ‹ 10. ë. 1174–1182.
Bi D., Morton R.D., Wang K. Cosmic nickel-iron alloy spher-
ules from Pleistocene sediments, Alberta, Canada //
Geochim. Cosmochim. Acta. 1993. V. 57. P. 4129–4136.
Brownlee D.E. Cosmic dust: Collection and research // Ann.
Rev. Earth Planet. Sci. 1985. V. 13. P. 147–173.
Brownlee D.E., Bates B.A., Wheelock M.M. Extraterrestrial
platinum group nuggets in deep-sea sedlments // Nature.
1984. V. 309. P. 603–605.
Campbell A.J., Simon S.B., MUNIR Humayuni M., Gross-
man L. Chemical evolution of metal in refractory inclusions
in CV3 chondrites Geochimica et Cosmochimica Acta. 2003.
V. 67. ‹ 17. P. 3119–3134.
Chapman M.G., Lauretta D. Iron spherules from the Trias-
sic-Jurassic boundary zone of the Lower Moennave, Nevada:
a preliminary report on possible extraterrestrial dust de-
positee // 32nd IGC Florence 2004 – Scientific Sessions: ab-
stracts (part 2). P. 1141.
Colombetti A., Ferrari G., Nicolodi F., Panini F. Some me-
tallic spherules in calcareous-marly sediments of the Roma-
horo Flysch, Sestola-Vidiciatico tectonic unit (Modena dis-
trict, Northern Apennines, Italy) // Planet. Space Sci. 1998.
V. 46. P. 329–340.
Ebihara M., Miura T. Chemical characteristics of the Creta-
ceous-Tertiary boundary layer at Gubbio, Italy, Stevns Klint,
copper, gold, dust, cerium // Geochim. Cosmochim. Acta.
1996. V. 24. P. 5133–5144.

Einaudi M.í., Marvin U.B. Black magnetic spherules from
Pleistocene and recent beach sands // Geochim. Cosmochim.
Acta. 1967. V. 31. P. 1871–1872.
El Coresy A. Metallic spherules in Bosumtwi crater glasses //
Earth Planet. Sci. Lett. 1966. V. 1. P. 23–24.
Engrand C., McKeegan K.D., Laurie A. et al. Isotopic com-
positions of oxygen, iron, chromium, and nickel in cosmic
spherules: Toward a better comprehension of atmospheric
entry heating effects // Geochim. Cosmochim. Acta. 2005.
V. 69. P. 5365–5385.
Farley K.A. Cenozoic variations in the flux of interplanetary
dust recorded by 3He in a deep-sea sediment // Nature. 1995.
V. 376. P. 153–156.
Finkelman R.B. Magnetic particles extracted from manga-
nese nodules: suggested origin from stony and iron meteor-
ites // Science. 1970. V. 167. P. 982–984.
Flolser W.T., Magantc M. Cretaceous/Tertiary and Permian/
Triassic boundary events compared // Geochem. Cosmo-
chem. Acta. 1997. V. 56. P. 3297–3309.
Fuchs L.H., Blander M. Molybdenite in calcium-aluminium-
rich inclusions in the Allende Meteorite // Geochim. Cosmo-
chim. Acta. 1977. V. 41. P. 1170–1175.
Genge M.J., Crady M.M., Hutchinson R. The texture and
compositions of fine-grained Antarctic micrometeorites: Im-
plications for comparisons with meteorites // Geochim. Cos-
mochim. Acta. 1997. V. 61. P. 5149–5162.
Giere R., Carleton L.E., Lumpkin G.R. Micro- and
nanochemistry of fly ash from a coal-fired plant // Am. Min-
er. 2003. V. 88. P. 1853–1863.
Grachev A.F., Korchagin O.A., Kollmann H.A., Pecher-
sky D.M., Tsel’movich V.A. A new look at the nature of the
transitional layer at the K/T boundary near Gams, Eastern
Alps, Austria, and the problem of the mass extinction of the
biota // Russ. J. Earth Sci. 2005. V. 7. P. 1–45.
Grachev A.F., Tsel’movich V.A., Korchagin O.A., Koll-
mann H.A. Two spinel populations from the Cretaceous-Pa-
leogene (K/T) boundary clay layer in the Gains stratigraphic
sequence, Eastern Alps // Russ. J. Earth Sci. 2007. V. 10.
‹ 2. P. 1–11.
Hough R.M., Gilmour I., Pillinger C.T., Langerhorst F.,
Montanari A. Diamonds from the iridium-rich K/T boundary
alyer at Arroyo el Mimbral, Namaulipas, Mexico // Geology.
1997. V. 25. P. 1019–1022.
Hunter W., Parkin D.W. Cosmic Dust in Recent Deep-Sea
Sediments // Proceedings of the Royal Society of London.
Series A, Mathematical and Physical Sciences. 1960. V. 255.
‹ 1282. P. 382–397.
Jedwab J. Cosmic dust in manganese nodules. Pictures from
the Report on “Deep-sea deposits” of the H.M.S. Challenger’s
expedition. http://www,ub.ac.be/sci.erices/cosinicdust.pdf.
Karner D.B., Levine J., Muller R. et al. Extraterrestrial accre-
tion from the GISP2 ice core // Geochim. Cosmochim. Acta.
2003. V. 67. P. 751–763.
Keller G., Adatte T., Stinnesbeck W., Luciani V., Karoui-
Yaakoub N., Zaghbib-Turki D. Paleoecology of the Creta-
ceous-Tertiary mass extinction in planktonic foramrnifera //
Palaeogeogr. Palaeoclimatol. Palaeoecol. 2002. V. 178.
P. 257–292.
Keller G., Stirmesbeck W. Iridium and the K/T boundary at El
Caribe, Guatemala // Int. Journ. Earth Sci. V. 88. P. 840–843.



îàáàäÄ áÖåãà      ‹ 7      2008

äÓÒÏË˜ÂÒÍ‡fl Ô˚Î¸ Ë ÏËÍÓÏÂÚÂÓËÚ˚ ‚ ÔÂÂıÓ‰ÌÓÏ ÒÎÓÂ „ÎËÌ 57

Kollmann H.A. Stratigraphie und Tectonik des Gosaubeck-
ens von Gams (Steirmark, Osterreich) // Jb. Geol. B.A. 1963.
Bd. 107. S. 71–159.
Korchagin O.A., Dubinina S.V., Tsel’movich V.A., Pospel-
ov I.I. Possible impact event in the Late Cambrian // Global
Geology. 2007. V. 10. ‹ l. P. 78–82.
Kosakevitch A., Disnar J.R. Nature and origin of chemical
zoning in the metal nucleus and oxide cortex of cosmic
spheruIes from the Tuamotu Archipelago, French Polynesia //
Geochim. Cosmochim. Acta. 1997. V. 61. P. 1073–1082.
Kring D., Boyton W.V. Altered spherules of impact melt and
associated relic glass from the K/T boundary sediments in
Haiti // Geochim. Cosmochim. Acta. 1991. V. 55. P. 1737–
1742.
Kurat G., Koeberl C., Presper T. et al. Petrology and
geochemistry of Antarctic micrometeorites // Geochim. Cos-
mochim. Acta. 1994. V. 58. P. 3879–3904.
Kyte F.T., Wasson J.T. Accretion rate of extraterrestrial mat-
ter: iridium deposited 33 to 7 million years ago // Science.
1986. V. 232. P. 1225–1229.
Lahodynsky R. Lithostratigraphy and sedimentology across
the Cretaceous/Tertiary boundary in the Flyschgosau (East-
ern Alps, Austria) // Riv. Espanola de Paleontologia. N Ex-
traordinario. 1988. P. 73–82.
Leroux H., Rocchia R., Froget L. et al. The K/T boundary at
Beloc (Haiti): compared stratigraphic distributions of the
boundary markers // Earth Planet. Sci. Lett. 1995. V. 132.
pp. 255–268.
Marcantonio F., Kumar N., Stute M. et al. A comparative
study of accumalation rates derived by He and Th isotope
analysis of marine sediments // Earth Planet. Sci. Lett. 1995.
V. 133. P. 549–555.
Martinez-Ruiz F., Huertas M.O., Palomo I., Acquafredda P.
Quench textures in altered spherules from the Cretaceous-
Tertiary boundary layer at Agost and Caravaca, SE Spain //
Sedimentary Geology. 1997. V. 113. pp. 137–147.
Marvin U.B., Einaudi M.T. Black magnetic spherules from
Pleistocene beach sands // Geochim. Cosmochim. Acta.
1967. V. 3. ê. 1871–1884.
Maurette M., Jehanno C., Robin E., Hammer ë. Characteris-
tics and mass distribution of extraterrestrial dust from the
Greenland ice cap // Nature. 1986. V. 328. P. 699–702.
Messenger S., Stadermann F.J., Floss C. et al. Isotopic sig-
natures of presolar materials in interplanetary dust // Space
Science reviews. 2003. V. 106. P. 155–172.
Miono S., Nakayama Y., Shoji M., Tsuji H., Nakanishi A. Or-
igin of microspherules in Paleozoic-Mesozoic bedded chert
estimated by PIXE analysis // Nuclear Instruments and
Methods in Physics Research. 1993. B75. P. 435–439.
Miura Y., Uedo Y. Iron spherules and melted fragments
found at rice-field of Nio meteorite shower site inYamagua-
chi, Japan // Lunar Planet. Sci. 2001. XXXII.
Murray S., Renard A.F. Report on deep-sea deposits based on
the specimens collected during the voyage of H.M.S. Chal-
lenger in the years 1872 to 1876. V. 3. Neil. Edinburg. 1891.

Murthy V.R. Elemental and isotopic abunfances of molybde-
num in some meteorites // Geochim. Cosmochm. Acta. 1963.
V. 27. P. 1171–1178.
Olsson R.K., Miller K.G., Browning J.V., Wright J.D., Cram-
er B.S. Sequence stratigraphy and sea-level changeacross the
Cretaceous-Tertiary boundary on the New Jersey passive
margin // Geol. Soc. Am. 2002. Sp. Pap. 356. P. 97–108.
Parkin D.W., Sullivan R. A. L., Andrews J.N. Further Studies
on Cosmic Spherules from Deep-Sea Sediments // Phil.
Trans. Roy. SocXondon. Series A. Mathematical and Physi-
cal Sciences. V. 297. 1980. P. 495–518.
Pattan J.N., Pearce N.J.G., Banakar V.K., Parthibian G. Or-
igin of ash in the Central Indian Basin and its implication for
volume estimate of the 74000 year BP Youngest Toba erup-
tion // Current Science. 2002. V. 83. P. 889–892.
Pechersky D.M., Grachev A.F., Nourgaliev D.K., Tselmovish
V.A., Sharonova Z.V. Magnetolithologic and Magnetominer-
alogic Characteristics of Deposits at the Mesozoic/Cenozoic
Boundary: Gams Section (Austria) // Russian J. Earth Sci.
2006. Vol. 8. (3) pp. 1–23.
Raukas A. Investigation of impact spherules – a new promis-
ing method for the correlation of Quaternary deposits // Qua-
ternary Intern. 2000. V. 68–71. P. 214–252.
Schimitz B., Lindsrom M., Asaro F., Tassari M. Geochemis-
try of meteorite-rich marine limestone strata and fossil mete-
orites from the lower Ordovician at Kinnekulle, Sweden //
Earth and Planetary Science Letters. 1996. V. 145. P. 31–48.
Smit J., Romein A.J.T. A sequence of events across the Cre-
taceous-Tertiary boundary // Earth and Planet. Sci. Lett.
1985. V. 74. P. 155–170.
Stadermann F.J., Christine Floss Ch., Brigitte Wopenka B.
Circumstellar aluminum oxide and silicon carbide in inter-
planetary dust particles // GeochimrCosmochim. Acta. 2006.
V. 70. P. 6168–6179.
Stankowski W.T.J., Katrusiak A., Budzianowski A. Crystallo-
graphic variety of magnetic spherules from Pleistocene and
Holocene sediments in the Northern foreland of Morasko-
Meteorite Reserve // Planetary Space Science. 2006. V. 54.
P. 60–70.
Stinnesbeck W., Keller G., Schulte P., Stuben D., Berner Z.,
Kramar U., Guadalupe L.-O. The Cretaceous-Tertiary (K/T)
boundary transition at Coxquinhui, state Veracruz, Mexico:
evidence for an early Danian impact event? // J. South Am.
Earth Sci. 2002. V. 15. P. 497–509.
Szoor Gy., Elekes Z., Rozsa P., Uzonyi I., Simulak J.,
Kiss A.Z. Magnetic spherules: cosmic dust or markers of a
meteoritic impact? // Nuclear Instruments and Methods in
Physics Research. 2001. Ser. B. V. 181. P. 557–562.
Winckler G., Fisher H. 30 000 years of cosmic dust in Ant-
arctic ice // Science. 2006. V. 313. P. 491.
Yada í., Nakamura í., Takaoka N. et al. The global accre-
tion rate of extraterrestrial materials in the last glacial period
estimated from the abundance of micrometeorites in Antarc-
tic glacier ice // Earth Planets Space. 2004. V. 56. P. 67–79.



<<
  /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


