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êÂ‰ÍÓÁÂÏÂÎ¸Ì˚ÏË ˝ÎÂÏÂÌÚ‡ÏË ÔËÌflÚÓ Ì‡Á˚-
‚‡Ú¸ „ÛÔÔÛ ËÁ 15 ˝ÎÂÏÂÌÚÓ‚ – ÓÚ Î‡ÌÚ‡Ì‡ ‰Ó Î˛-
ÚÂˆËfl Ò Á‡fl‰ÓÏ fl‰‡ 57–71. ìÌËÍ‡Î¸Ì‡fl ·ÎËÁÓÒÚ¸
ıËÏË˜ÂÒÍËı Ò‚ÓÈÒÚ‚ ˝ÚËı ˝ÎÂÏÂÌÚÓ‚ Ò‚flÁ‡Ì‡ Ò ‰Ó-
ÒÚÓÈÍÓÈ ‚ÌÛÚÂÌÌÂÈ 4f ˝ÎÂÍÚÓÌÌÓÈ Ó·ÓÎÓ˜ÍË,
˜ÚÓ ‚ fl‰Û Â‰ÍÓÁÂÏÂÎ¸Ì˚ı ̋ ÎÂÏÂÌÚÓ‚ ÔË‚Ó‰ËÚ Í
ÛÏÂÌ¸¯ÂÌË˛ ‡ÚÓÏÌÓ„Ó ‡‰ËÛÒ‡ (Î‡ÌÚ‡ÌÓË‰ÌÓÂ
ÒÊ‡ÚËÂ). Ç ıËÏË˜ÂÒÍËı ÒÓÂ‰ËÌÂÌËflı ‚ ÔËÓ‰Â
Â‰ÍÓÁÂÏÂÎ¸Ì˚Â ˝ÎÂÏÂÌÚ˚ ÓÚ‰‡˛Ú ÔÂËÏÛ˘ÂÒÚ-
‚ÂÌÌÓ ÚË ˝ÎÂÍÚÓÌ‡ (ÍÓÏÂ ˆÂËfl Ë Â‚ÓÔËfl, ÍÓ-
ÚÓ˚Â ‚ÒÎÂ‰ÒÚ‚ËÂ Â‡ÍˆËÈ ÓÍËÒÎÂÌËfl-‚ÓÒÒÚ‡ÌÓ‚-
ÎÂÌËfl ÏÂÌfl˛Ú ÒÚÂÔÂÌ¸ ÓÍËÒÎÂÌËfl Ì‡ 4 + Ë 2 + ÒÓ-
ÓÚ‚ÂÚÒÚ‚ÂÌÌÓ). ìÏÂÌ¸¯ÂÌËÂ ‡ÁÏÂ‡ ‡ÚÓÏÓ‚ Ë
ÚÂıÁ‡fl‰Ì˚ı ËÓÌÓ‚ Ò ÓÒÚÓÏ Á‡fl‰‡ fl‰‡ ÔË‚Ó-
‰ËÚ Í ÏÂ‰ÎÂÌÌÓÏÛ ËÁÏÂÌÂÌË˛ Ò‚ÓÈÒÚ‚ Î‡ÌÚ‡ÌÓË-
‰Ó‚, ÍÓÚÓÓÂ ÌÂ ÓÚÏÂ˜‡ÂÚÒfl ÌË ‚ Ó‰ÌÓÈ ‰Û„ÓÈ
„ÛÔÔÂ ˝ÎÂÏÂÌÚÓ‚ (ÍÓÏÂ ‡ÍÚËÌÓË‰Ó‚). çÓ ·ÓÎ¸-
¯‡fl ˜‡ÒÚ¸ „ÛÔÔ˚ ‡ÍÚËÌÓË‰Ó‚ fl‚ÎflÂÚÒfl ËÒÍÛÒÒÚ-
‚ÂÌÌÓ ÔÓÎÛ˜ÂÌÌ˚ÏË ̋ ÎÂÏÂÌÚ‡ÏË Ë ÌÂ ËÏÂÂÚ Ú‡ÍÓ„Ó
ÁÌ‡˜ÂÌËfl ‚ „ÂÓıËÏËË, Í‡Í Â‰ÍÓÁÂÏÂÎ¸Ì˚Â ̋ ÎÂÏÂÌ-
Ú˚. ÇÒÎÂ‰ÒÚ‚ËÂ Î‡ÌÚ‡ÌÓË‰ÌÓ„Ó ÒÊ‡ÚËfl ÔÓÒÎÂ‰ÌËÂ
˝ÎÂÏÂÌÚ˚ fl‰‡ ÔË·ÎËÊ‡˛ÚÒfl ÔÓ ‡ÁÏÂÛ ‡ÚÓÏÓ‚
Ë ÚÂıÁ‡fl‰Ì˚ı ËÓÌÓ‚ Í ËÚÚË˛, ÍÓÚÓ˚È ‡ÒÒÏ‡-
ÚË‚‡ÂÚÒfl Í‡Í ·ÎËÊ‡È¯ËÈ ‡Ì‡ÎÓ„ Â‰ÍÓÁÂÏÂÎ¸-
Ì˚ı ˝ÎÂÏÂÌÚÓ‚. ä‡Í ·ÓÎÂÂ ‡ÒÔÓÒÚ‡ÌÂÌÌ˚È ‚
ÔËÓ‰Â, ËÚÚËÈ ˜‡ÒÚÓ Á‡ÏÂ˘‡ÂÚÒfl ÚflÊÂÎ˚ÏË
êáù (ÓÚ „‡‰ÓÎËÌËfl ‰Ó Î˛ÚÂˆËfl), ÍÓÚÓ˚Â ÔÓÎÛ˜Ë-
ÎË Ì‡Á‚‡ÌËÂ “ËÚÚËÂ‚˚Â ÁÂÏÎË”. Ç ÔÓÚË‚ÓÔÓ-
ÎÓÊÌÓÒÚ¸ ËÏ ÎÂ„ÍËÂ êáù (ÓÚ Î‡ÌÚ‡Ì‡ ‰Ó Â‚ÓÔËfl)
ÔÓÎÛ˜ËÎË Ì‡Á‚‡ÌËÂ “ˆÂËÂ‚˚Â ÁÂÏÎË”. Ç Ì‡ÒÚÓfl-
˘ÂÂ ‚ÂÏfl Ó·‡ ˝ÚË Ì‡Á‚‡ÌËfl ÛÒÚ‡ÂÎË, “ˆÂËÂ‚˚Â
ÁÂÏÎË” Ì‡Á˚‚‡˛Ú ÎÂ„ÍËÏË êáù, ‡ “ËÚÚËÂ‚˚Â” –
ÚflÊÂÎ˚ÏË êáù. Ç ÓÚ‰ÂÎ¸Ì˚ı ÒÎÛ˜‡flı ‚˚‰ÂÎfl˛Ú
ÒÂ‰ÌËÂ êáù, ‚ ‡Ì„ÎËÈÒÍÓÏ ‚‡Ë‡ÌÚÂ – middle rare

earth elements, ÔÓ‰ ÍÓÚÓ˚ÏË Ó·˚˜ÌÓ ‡ÒÒÏ‡ÚË-
‚‡˛Ú êáù ÓÚ Ò‡Ï‡Ëfl ‰Ó „ÓÎ¸ÏËfl ‚ÍÎ˛˜ËÚÂÎ¸ÌÓ.

ê‡ÒÔÓÒÚ‡ÌÂÌÌÓÒÚ¸ Â‰ÍÓÁÂÏÂÎ¸Ì˚ı ˝ÎÂÏÂÌ-
ÚÓ‚ ‚ ÔËÓ‰Â – ÔÂÍ‡ÒÌÓÂ ÔÓ‰Ú‚ÂÊ‰ÂÌËÂ Ô‡-
‚ËÎ‡ é‰‰Ó-É‡ÍËÌÒ‡: ˜ÂÚÌ˚Â ˝ÎÂÏÂÌÚ˚ ËÏÂ˛Ú
·ÓÎÂÂ ‚˚ÒÓÍËÂ ÍÎ‡ÍÓ‚˚Â ÒÓ‰ÂÊ‡ÌËfl, ˜ÂÏ ÌÂ-
˜ÂÚÌ˚Â. äÓÏÂ ÚÓ„Ó, ˜ÂÚÌ˚Â ˝ÎÂÏÂÌÚ˚ ÒÓÒÚÓflÚ ËÁ
·ÓÎ¸¯Â„Ó ÍÓÎË˜ÂÒÚ‚‡ ËÁÓÚÓÔÓ‚ (Ce – 4, Nd – 7,
Sm – 7, Gd – 7, Dy – 7, Er – 6, Yb – 7), ÌÂ˜ÂÚÌ˚Â, ËÒ-
ÍÎ˛˜‡fl La, Eu, Lu, Û ÍÓÚÓ˚ı ÔÓ ‰‚‡ ÒÚ‡·ËÎ¸Ì˚ı
ËÁÓÚÓÔ‡, ËÏÂ˛Ú ÔÓ Ó‰ÌÓÏÛ ËÁÓÚÓÔÛ, ‡ ÔÓÏÂÚËÈ ‚
ÔËÓ‰Â ÌÂ ËÏÂÂÚ ÌË Ó‰ÌÓ„Ó ÒÚ‡·ËÎ¸ÌÓ„Ó ËÁÓÚÓÔ‡.
óÚÓ·˚ ÛÎÓ‚ËÚ¸ ÚÓÌÍËÂ Ì˛‡ÌÒ˚ ‚ ËÁÏÂÌÂÌËË ÒÓ-
ÒÚ‡‚‡ êáù ‚ ÔËÓ‰Ì˚ı ÔÓˆÂÒÒ‡ı, ÌÂÓ·ıÓ‰ËÏÓ
ËÒÍÎ˛˜ËÚ¸ ‚ÎËflÌËÂ Ëı ‡ÁÌÓÈ ‡ÒÔÓÒÚ‡ÌÂÌÌÓÒ-
ÚË. ùÚÓ ‰ÓÒÚË„‡ÂÚÒfl ÌÓÏ‡ÎËÁ‡ˆËÂÈ ËÁÛ˜‡ÂÏ˚ı
ÒÓÒÚ‡‚Ó‚ êáù Ì‡ ÒÓÒÚ‡‚ êáù ‚ ıÓÌ‰ËÚ‡ı ËÎË ‚
ÒÎ‡ÌˆÂ. Ç ÔÂ‚ÓÏ ÒÎÛ˜‡Â ‚‡Ë‡ˆËË ÒÓÒÚ‡‚Ó‚ êáù
ÔËÌflÚÓ ‡ÒÒÏ‡ÚË‚‡Ú¸ ‚ „ËÔÓ„ÂÌÌ˚ı ÔÓˆÂÒÒ‡ı,
Ú‡Í Í‡Í ÒÓÒÚ‡‚ êáù ‚ ıÓÌ‰ËÚ‡ı, Í‡Í Ò˜ËÚ‡ÂÚÒfl,
ÓÚ‡Ê‡ÂÚ Ëı ÒÓÒÚ‡‚ ‚ ÔÓÚÓÔÎ‡ÌÂÚÌÓÏ ‚Â˘ÂÒÚ‚Â.
ÇÓ ‚ÚÓÓÏ ÒÎÛ˜‡Â ‚‡Ë‡ˆËË ÒÓÒÚ‡‚Ó‚ êáù ‡ÒÒÏ‡-
ÚË‚‡˛ÚÒfl ‚ „ËÔÂ„ÂÌÌ˚ı ÔÓˆÂÒÒ‡ı ÓÚÌÓÒËÚÂÎ¸-
ÌÓ ÒÂ‰ÌÂ„Ó ÒÓÒÚ‡‚‡ Ï‡„Ï‡ÚË˜ÂÒÍËı, ÏÂÚ‡ÏÓÙË-
˜ÂÒÍËı Ë ÓÒ‡‰Ó˜Ì˚ı ÔÓÓ‰, ÍÓÚÓ˚È, Í‡Í ÔÂ‰ÔÓ-
Î‡„‡˛Ú, Ì‡Ë·ÓÎÂÂ ÔÓÎÌÓ ÓÚ‡Ê‡ÂÚÒfl ‚ ÒÓÒÚ‡‚Â
ÒÎ‡ÌˆÂ‚ ËÎË „ÎËÌ‡ı ‰ÓÍÂÏ·ËÈÒÍËı ÔÎ‡ÚÙÓÏ.
ç‡Ë·ÓÎÂÂ ˜‡ÒÚÓ ‰Îfl ÌÓÏ‡ÎËÁ‡ˆËË ËÒÔÓÎ¸ÁÛ˛Ú
Ä‚ÒÚ‡ÎËÈÒÍËÈ ÔÓÒÚ‡ıÂÈÒÍËÈ ÒÎ‡ÌÂˆ (PAAS) ËÎË
ëÂ‚ÂÓ-ÄÏÂËÍ‡ÌÒÍËÈ ÒÎ‡ÌÂˆ (NASC), ıÓÚfl Ì‡ ÒÂ-
„Ó‰Ìfl¯ÌËÈ ‰ÂÌ¸ ÔÂ‰ÔÓ˜ÚËÚÂÎ¸Ì˚ÏË fl‚Îfl˛ÚÒfl
‰‡ÌÌ˚Â ÔÓ „ÎËÌ‡Ï êÛÒÒÍÓÈ ÔÎ‡ÚÙÓÏ˚ (Ú‡·Î. 1).

êáù ÓÚÌÓÒflÚ Í ˝ÎÂÏÂÌÚ‡Ï-„Ë‰ÓÎËÁ‡Ú‡Ï, ÔÓ-
ÒÍÓÎ¸ÍÛ Ëı ËÓÌ˚ ÎÂ„ÍÓ „Ë‰ÓÎËÁÛ˛ÚÒfl ‚ ‚Ó‰Ì˚ı
‡ÒÚ‚Ó‡ı. Ç fl‰Û Î‡ÌÚ‡ÌÓË‰Ó‚ pH „Ë‰ÓÎËÁ‡ ÏÂ-
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(êáù) ‚ ÓÍÂ‡ÌÂ, ‚ÍÎ˛˜‡fl ıËÏË˜ÂÒÍËÂ Ò‚ÓÈÒÚ‚‡ êáù, ÍÓÚÓ˚Â ÓÔÂ‰ÂÎfl˛Ú Ëı ÏË„‡ˆËÓÌÌÛ˛ ÒÔÓÒÓ·-
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‡ÎË fl‚ÎflÂÚÒfl ÓÚ‡ÊÂÌËÂÏ Ëı Ù‡ÍˆËÓÌËÓ‚‡ÌËfl ‚ ÓÍÂ‡ÌÒÍÓÈ ‚Ó‰Â, Í‡Í ÒÎÂ‰ÒÚ‚ËÂ ÓÍÂ‡ÌÒÍÓÈ ‰ËÙÙÂ-
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Í‡Î¸ˆËfl, ‰Ë‡ÚÓÏÂflı Ë ÙÓ‡ÏËÌËÙÂ‡ı.
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ÌflÂÚÒfl ÓÚ 8 Û Î‡ÌÚ‡Ì‡ ‰Ó 6.2 Û Î˛ÚÂˆËfl. ä‡Í ÏÓÊÌÓ
‚Ë‰ÂÚ¸, êáù, ÔÓ‰‚Â„‡flÒ¸ „Ë‰ÓÎËÁÛ, ÏÓ„ÎË ·˚
‡Á‰ÂÎflÚ¸Òfl ‚ ÔËÓ‰Ì˚ı ‡ÒÚ‚Ó‡ı, pH ÍÓÚÓ˚ı
‚‡¸ËÛÂÚ ¯ËÂ. çÓ, Û˜ËÚ˚‚‡fl ÌËÁÍËÂ ÒÓ‰ÂÊ‡-
ÌËfl êáù ‚ ÔÓÓ‰‡ı Ë ÔËÓ‰Ì˚ı ‚Ó‰‡ı, ÔÓ‰‚ËÊ-
ÌÓÒÚ¸ Î‡ÌÚ‡ÌÓË‰Ó‚ ‚ ÔËÓ‰Ì˚ı ÔÓˆÂÒÒ‡ı ÍÓÌ-
ÚÓÎËÛÂÚÒfl ÌÂ ‡ÒÚ‚ÓËÏÓÒÚ¸˛ Ëı ÒÓÂ‰ËÌÂÌËÈ, ‡
ÒÔÓÒÓ·ÌÓÒÚ¸˛ Í ÍÓÔÎÂÍÒÓÓ·‡ÁÓ‚‡ÌË˛ Ò ÌÂÓ„‡-
ÌË˜ÂÒÍËÏË Ë Ó„‡ÌË˜ÂÒÍËÏË ÎË„‡Ì‰‡ÏË. ÑÎfl ÚÂı-
‚‡ÎÂÌÚÌ˚ı êáù ˝Ú‡ ÒÔÓÒÓ·ÌÓÒÚ¸ ‚ÓÁ‡ÒÚ‡ÂÚ Ò
ÛÏÂÌ¸¯ÂÌËÂÏ ËÓÌÌÓ„Ó ‡‰ËÛÒ‡ ÓÚ ÎÂ„ÍËı Í ÚflÊÂ-
Î˚Ï êáù, ˜ÚÓ ÓÚ‡Ê‡ÂÚÒfl ‚ ÓÒÚÂ ÒÓ‰ÂÊ‡ÌËfl Úfl-
ÊÂÎ˚ı êáù ÓÚÌÓÒËÚÂÎ¸ÌÓ ÎÂ„ÍËı ‚ fl‰Â ÔËÓ‰-
Ì˚ı ‚Ó‰ Ë ‡ÒÚ‚ÓÓ‚ ÌÂÈÚ‡Î¸ÌÓ„Ó Ë ˘ÂÎÓ˜ÌÓ„Ó
ÚËÔ‡ (Â˜Ì‡fl Ë ÓÍÂ‡ÌÒÍ‡fl ‚Ó‰‡). é„‡ÌË˜ÂÌËÂ ÔÓ-
‰‚ËÊÌÓÒÚË êáù Ò‚flÁ‡ÌÓ Ò Ëı ÒÓ·ˆËÂÈ Ì‡ Ú‚Â‰˚ı
˜‡ÒÚËˆ‡ı ‚ ÂÁÛÎ¸Ú‡ÚÂ ÙÓÏËÓ‚‡ÌËfl ËÓÌÌ˚ı Ô‡
Ì‡ ÔÓ‚ÂıÌÓÒÚË ˜‡ÒÚËˆ ËÎË Ò ÒÓÓÒ‡Ê‰ÂÌËÂÏ ÔË
Ó·‡ÁÓ‚‡ÌËË Ú‚Â‰˚ı Ù‡Á Á‡ Ò˜ÂÚ ‚ÒÂ ÚÓÈ ÊÂ ÒÓ·-
ˆËË Ì‡ ÙÓÏËÛ˛˘ÂÈÒfl Ú‚Â‰ÓÈ Ù‡ÁÂ Ë ÔÓÒÎÂ‰Û-
˛˘Â„Ó ËÁÓÏÓÙÌÓ„Ó Á‡ÏÂ˘ÂÌËfl. àÁ ÌÂÓ„‡ÌË˜Â-
ÒÍËı ÍÓÏÔÎÂÍÒÓ‚ ‰Îfl êáù Ì‡Ë·ÓÎÂÂ ÁÌ‡˜ËÏ˚ Í‡-
·ÓÌ‡ÚÌ˚Â Ë ÙÓÒÙ‡ÚÌ˚Â ‚ ÏÓÒÍËı, Â˜Ì˚ı Ë
ÓÁÂÌ˚ı ‚Ó‰‡ı; ıÎÓË‰Ì˚Â Ë ÙÚÓË‰Ì˚Â – ‚ „Ë‰-
ÓÚÂÏ‡Î¸Ì˚ı ‡ÒÚ‚Ó‡ı. èÂËÓ‰Ë˜ÌÓÒÚ¸ ËÁÏÂ-
ÌÂÌËfl ‚ÂÎË˜ËÌ ÍÓÌÒÚ‡ÌÚ ÛÒÚÓÈ˜Ë‚ÓÒÚË ÍÓÏÔÎÂÍÒ-
Ì˚ı ÒÓÂ‰ËÌÂÌËÈ êáù ÔË Á‡ÔÓÎÌÂÌËfl ˝ÎÂÍÚÓÌ‡-

ÏË Ì‡ ˜ÂÚ‚ÂÚ¸ 4f ÒÎÓfl ÔÓÎÛ˜ËÎÓ Ì‡Á‚‡ÌËÂ
“˝ÙÙÂÍÚ ÚÂÚ‡‰” [Masuda, Ikeuchi, 1979; McLen-
nan, 1994; Kawabe et al., 1999; Ohta, Kawabe, 2001].

ñÂËÈ Ë Â‚ÓÔËÈ ÏÓ„ÛÚ ÏÂÌflÚ¸ ÒÚÂÔÂÌ¸ ÓÍËÒÎÂ-
ÌËfl ‚ ÔËÓ‰Ì˚ı ÔÓˆÂÒÒ‡ı, ‚ ÂÁÛÎ¸Ú‡ÚÂ ˜Â„Ó ÓÚ-
‰ÂÎflÚ¸Òfl ÓÚ ÓÒÚ‡Î¸Ì˚ı êáù. ñÂËÈ ÎÂ„ÍÓ ÓÍËÒÎfl-
ÂÚÒfl ‰Ó ÒÚÂÔÂÌË 4 + ‚ ‡ÒÚ‚Ó‡ı Â˜Ì˚ı Ë ÏÓÒÍËı
‚Ó‰, ËÏÂfl ËÁÓ·‡ÌÓ-ËÁÓÚÂÏË˜ÂÒÍËÈ ÔÓÚÂÌˆË‡Î
Â‡ÍˆËË ÓÍËÒÎÂÌËfl ·ÎËÁÍËÈ ÔÓ ‚ÂÎË˜ËÌÂ Í Ú‡ÍÓ-
‚ÓÏÛ ‰Îfl Ï‡„‡Ìˆ‡ (Mn

 

2+

 

  Mn

 

4+

 

) Ë ‚ÓÒÒÚ‡Ì‡‚ÎË-
‚‡ÂÚÒfl, Í‡Í Ë Ï‡„‡ÌÂˆ, ‚ ‡Ì‡˝Ó·Ì˚ı ÛÒÎÓ‚Ëflı
[Moffett, 1990; Bau, 1999; Ohta, Kawabe, 2001]. èÓ-
‚Â‰ÂÌËÂ ˆÂËfl ÔË Â„Ó ÒÓ·ˆËË Ì‡ ÓÍÒË„Ë‰ÓÍÒË‰-
Ì˚ı ÔÓ‚ÂıÌÓÒÚflı ‚ ÓÍÂ‡ÌÂ ÒÓ‚Ô‡‰‡ÂÚ Ò ÔÓ‚Â‰ÂÌË-
ÂÏ ÚÓËfl, ÒÚÂÔÂÌ¸ ÓÍËÒÎÂÌËfl ÍÓÚÓÓ„Ó 4 + Ë ÌÂ ÏÂ-
ÌflÂÚÒfl ‚ ÔËÓ‰Ì˚ı ÔÓˆÂÒÒ‡ı (ËÒ. 1). ÇÂÎË˜ËÌÛ
Ù‡ÍˆËÓÌËÓ‚‡ÌËfl ˆÂËfl ÓÚÌÓÒËÚÂÎ¸ÌÓ ÚÂı‚‡-
ÎÂÌÚÌ˚ı êáù Ó·˚˜ÌÓ Ì‡Á˚‚‡˛Ú ‡ÌÓÏ‡ÎËÂÈ ̂ ÂËfl
Ë ‡ÒÒ˜ËÚ˚‚‡˛Ú Í‡Í

Ce an = 2

 

 × 

 

Ce/Ce

 

NASC

 

/(La/La

 

NASC

 

 + Pr/Pr

 

NASC

 

),

„‰Â NASC – ëÂ‚ÂÓ-ÄÏÂËÍ‡ÌÒÍËÈ ÒÎ‡ÌÂˆ (ÒÏ.
Ú‡·Î. 1). èÂ‰ÒÚ‡‚ÎÂÌÌ˚È ‚‡Ë‡ÌÚ ‡Ò˜ÂÚ‡ ‚ÂÎË-
˜ËÌ˚ ‡ÌÓÏ‡ÎËË ˆÂËfl ÌÂ Â‰ËÌÒÚ‚ÂÌÌ˚È. ÇÏÂÒÚÓ
Ô‡ÁÂÓ‰ËÏ‡ (ËÎË ÔË ÓÚÒÛÚÒÚ‚ËË ‰‡ÌÌ˚ı Ó Â„Ó ÍÓ-
ÎË˜ÂÒÚ‚Â) ËÒÔÓÎ¸ÁÛ˛Ú ÌÂÓ‰ËÏ, ÔË ˝ÚÓÏ ËÌÓ„‰‡

 

ëÓ‰ÂÊ‡ÌËfl Â‰ÍÓÁÂÏÂÎ¸Ì˚ı ˝ÎÂÏÂÌÚÓ‚ („/Ú) ‚ ÒÎ‡Ìˆ‡ı, „ÎËÌ‡ı, ‚ÂıÌÂÈ ÍÓÌÚËÌÂÌÚ‡Î¸ÌÓÈ ÍÓÂ Ë ıÓÌ‰ËÚ‡ı

La Ce Pr Nd Sm Eu Gd Tb

ëÂ‚ÂÓ-ÄÏÂËÍ‡ÌÒÍËÈ 
ÒÎ‡ÌÂˆ (NASC)

32 73 7.9 33 5.7 1.24 5.2 0.85

Ä‚ÒÚ‡ÎËÈÒÍËÈ ÔÓÒÚ‡-
ıÂÈÒÍËÈ ÒÎ‡ÌÂˆ (PAAS)

38.2 79.6 8.83 33.9 5.55 1.08 4.66 0.774

ÉÎËÌ˚ êÛÒÒÍÓÈ
ÔÎ‡ÚÙÓÏ˚

37.5 74.8 8.6 32.2 6.2 1.30 5.21 0.79

åËÓ‚ÓÈ ÒÎ‡ÌÂˆ 41 83 10.1 38 7.5 1.61 6.35 1.23

ÇÂıÌflfl ÍÓÌÚËÌÂÌÚ‡Î¸-
Ì‡fl ÍÓ‡

30 64 7.1 26 4.5 0.88 3.8 0.64

ïÓÌ‰ËÚ 0.31 0.808 0.122 0.60 0.195 0.0735 0.259 0.0474

Dy Ho Er Tm Yb Lu
àÒÚÓ˜ÌËÍ

‰‡ÌÌ˚ı

ëÂ‚ÂÓ-ÄÏÂËÍ‡ÌÒÍËÈ 
ÒÎ‡ÌÂˆ (NASC)

5.2 1.04 3.4 0.5 3.1 0.48 Gromet et al., 1984

Ä‚ÒÚ‡ÎËÈÒÍËÈ ÔÓÒÚ‡-
ıÂÈÒÍËÈ ÒÎ‡ÌÂˆ (PAAS)

4.68 0.991 2.85 0.405 2.82 0.433 McLennan, 1989

ÉÎËÌ˚ êÛÒÒÍÓÈ
ÔÎ‡ÚÙÓÏ˚

4.88 0.96 2.78 0.41 2.73 0.41 åË„‰ËÒÓ‚ Ë ‰., 1994

åËÓ‚ÓÈ ÒÎ‡ÌÂˆ 5.5 1.34 3.75 0.63 3.53 0.61 Piper, 1974

ÇÂıÌflfl ÍÓÌÚËÌÂÌÚ‡Î¸-
Ì‡fl ÍÓ‡

3.5 0.80 2.3 0.33 2.2 0.32 íÂÈÎÓ, å‡Í-ãÂÌÌ‡Ì, 
1988

ïÓÌ‰ËÚ 0.322 0.0718 0.210 0.0324 0.209 0.0322 Boynton, 1984

 

èËÏÂ˜‡ÌËÂ. ëÓ‰ÂÊ‡ÌËÂ ‰Îfl ‰ËÒÔÓÁËfl ‚ ëÂ‚ÂÓ-ÄÏÂËÍ‡ÌÒÍÓÏ ÒÎ‡ÌˆÂ (NASC) ÔÓÎÛ˜ÂÌÓ, ËÒıÓ‰fl ËÁ ÒÓ‰ÂÊ‡ÌËÈ ÚÂ·Ëfl Ë
„ÓÎ¸ÏËfl ‚ ÒÎ‡ÌˆÂ Ë ÚÂ·Ëfl, ‰ËÒÔÓÁËfl Ë „ÓÎ¸ÏËfl ‚ ıÓÌ‰ËÚ‡ı.
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Û‚ÂÎË˜Ë‚‡fl ÁÌ‡˜ËÏÓÒÚ¸ ‰‡ÌÌ˚ı ÔÓ Î‡ÌÚ‡ÌÛ, ‡Ò-
Ò˜ËÚ˚‚‡fl ÔÓ ÙÓÏÛÎÂ:

Ç Î˛·ÓÏ ÒÎÛ˜‡Â, ËÒıÓ‰fl ËÁ ÙÓÏÛÎ, ‰Îfl ëÂ‚Â-
Ó-ÄÏÂËÍ‡ÌÒÍÓ„Ó ÒÎ‡Ìˆ‡ ‚ÂÎË˜ËÌ‡ ‡ÌÓÏ‡ÎËË ̂ Â-
Ëfl ·Û‰ÂÚ ‡‚Ì‡ 1.

èË Ó·˚˜Ì˚ı ‰Îfl „ËÔÂ„ÂÌÌ˚ı ÔÓˆÂÒÒÓ‚ ÚÂÏ-
ÔÂ‡ÚÛ‡ı Â‚ÓÔËÈ ÌÂ ‚ÓÒÒÚ‡Ì‡‚ÎË‚‡ÂÚÒfl. èÓ ‡Ò-
˜ÂÚ‡Ï [Sverjensky, 1984] ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËÂ Â‚ÓÔËfl
ÏÓÊÂÚ ÔÓËÒıÓ‰ËÚ¸ ‚ ËÎÓ‚ÓÈ ‚Ó‰Â ÏÓÒÍËı ÓÒ‡‰-
ÍÓ‚ ‚ ‡Ì‡˝Ó·Ì˚ı ÛÒÎÓ‚Ëflı Ë ÔË ÔÓ‚˚¯ÂÌÌ˚ı
ÚÂÏÔÂ‡ÚÛ‡ı, Ì‡ÔËÏÂ, ‚ „Ë‰ÓÚÂÏ‡Î¸ÌÓÏ ÔÓ-
ˆÂÒÒÂ. Ç ‡Ì‡˝Ó·Ì˚ı ÛÒÎÓ‚Ëflı, ÔÓ-‚Ë‰ËÏÓÏÛ, ÒÛ-
˘ÂÒÚ‚ÛÂÚ Â‰ËÌÒÚ‚ÂÌÌÓÂ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Ó Ó· ‡ÌÓ-
Ï‡Î¸ÌÓÏ ÔÓ‚Â‰ÂÌËË Â‚ÓÔËfl. èÓÎÓÊËÚÂÎ¸Ì‡fl
‡ÌÓÏ‡ÎËfl Â‚ÓÔËfl Ó·Ì‡ÛÊÂÌ‡ ‚Ó ÙÎ˛Ë‰Â ‚ ÒËÒ-
ÚÂÏÂ ·‡Á‡Î¸Ú–ÏÓÒÍ‡fl ‚Ó‰‡ ‡ÚÓÎÎ‡ åÛÛÓ‡ ‚ ÛÒ-
ÎÓ‚Ëflı, ÍÓ„‰‡ ÓÚÌÓ¯ÂÌËÂ ÔÓÓ‰‡/‚Ó‰‡ ‚ÂÎËÍÓ, ‡
‚Ó‰‡ ÔÓÒ‡˜Ë‚‡ÂÚÒfl ˜ÂÂÁ ·‡Á‡Î¸Ú˚ Ë ÒÓ·Ë‡ÂÚÒfl
‰Îfl ‡Ì‡ÎËÁ‡ ËÁ ÔÓ·ÛÂÌÌ˚ı ÒÍ‚‡ÊËÌ [Guy et al.,
1999]. Ç Ï‡„Ï‡ÚË˜ÂÒÍËı, ÏÂÚ‡ÏÓÙË˜ÂÒÍËı Ë „Ë‰-
ÓÚÂÏ‡Î¸Ì˚ı ÔÓˆÂÒÒ‡ı ‰Îfl Â‚ÓÔËfl ÒÚÂÔÂÌ¸
ÓÍËÒÎÂÌËfl 2+ – Ó·˚˜ÌÓÂ ÒÓÒÚÓflÌËÂ. ÇÂÎË˜ËÌ‡
Ù‡ÍˆËÓÌËÓ‚‡ÌËfl Â‚ÓÔËfl ÓˆÂÌË‚‡ÂÚÒfl Í‡Í ‰Îfl
ˆÂËfl, ÚÓÎ¸ÍÓ ‚ÏÂÒÚÓ Î‡ÌÚ‡Ì‡, Ô‡ÁÂÓ‰ËÏ‡ Ë ÌÂÓ-
‰ËÏ‡ ‚ ‡Ò˜ÂÚ‡ı ÙË„ÛËÛ˛Ú ÒÓÒÂ‰Ë Â‚ÓÔËfl Ò‡-
Ï‡ËÈ Ë „‡‰ÓÎËÌËÈ, ÔË ÓÚÒÛÚÒÚ‚ËË ‰‡ÌÌ˚ı Ó ÔÓ-
ÒÎÂ‰ÌÂÏ Ó·˚˜ÌÓ ‡ÒÒÏ‡ÚË‚‡ÂÚÒfl ‚ÂÎË˜ËÌ‡ ÓÚÌÓ-
¯ÂÌËfl Eu/Sm. 

 

àÒÚÓ˜ÌËÍË Â‰ÍÓÁÂÏÂÎ¸Ì˚ı 
˝ÎÂÏÂÌÚÓ‚ ‚ ÓÍÂ‡ÌÂ

 

Ç Í‡˜ÂÒÚ‚Â ‰ÓÏËÌËÛ˛˘Â„Ó ËÒÚÓ˜ÌËÍ‡ Â‰ÍÓ-
ÁÂÏÂÎ¸Ì˚ı ˝ÎÂÏÂÌÚÓ‚ ‚ ÓÍÂ‡ÌÂ Ò˜ËÚ‡ÂÚÒfl ‚Á‚Â-
¯ÂÌÌ˚È Ë ‡ÒÚ‚ÓÂÌÌ˚È Â˜ÌÓÈ ÒÚÓÍ. èÓ‰˜ËÌÂÌ-
ÌÓÂ ÁÌ‡˜ÂÌËÂ ÏÓ„ÛÚ ËÏÂÚ¸ ˝ÓÎÓ‚˚È ËÒÚÓ˜ÌËÍ,
„‡Î¸ÏËÓÎËÁ Ï‡„Ï‡ÚË˜ÂÒÍËı ÔÓÓ‰, „Ë‰ÓÚÂ-
Ï‡Î¸Ì˚È ËÒÚÓ˜ÌËÍ Ë ÎÂ‰ÌËÍÓ‚˚È ÒÚÓÍ [Å‡Î‡¯Ó‚,
ãËÒËˆ˚Ì, 1968; ÉÛ‚Ë˜ Ë ‰., 1980].

 

ÇÁ‚Â¯ÂÌÌ˚È Â˜ÌÓÈ ÒÚÓÍ

 

 ÔÓ ÒÓÒÚ‡‚Û êáù ÏÓ-
ÊÂÚ ÓÚ‡Ê‡Ú¸ ÒÓÒÚ‡‚ ÔÓÓ‰ ‚Ó‰ÓÒ·ÓÌÓ„Ó ·‡ÒÒÂÈ-
Ì‡ ÂÍË, ÌÓ ˜ÂÏ ·ÓÎ¸¯Â ·‡ÒÒÂÈÌ Ë ‡ÁÌÓÓ·‡ÁËÂ
ÔÓÓ‰ Â„Ó ÔÂ‰ÒÚ‡‚Îfl˛˘Ëı, ÚÂÏ ·ÓÎ¸¯Â ÒÓÒÚ‡‚
‚Á‚Â¯ÂÌÌÓ„Ó ‚Â˘ÂÒÚ‚‡ Ì‡ÔÓÏËÌ‡ÂÚ ÒÓÒÚ‡‚ ÒÎ‡Ìˆ‡
ËÎË „ÎËÌ ÔÎ‡ÚÙÓÏ [Martin et al., 1976; Keasler,
Loveland, 1982; Sholkovitz, 1995; Dupre et al., 1996;
Rachold et al., 1996]. ê‡ÒÚ‚ÓÂÌÌ˚È ÒÚÓÍ êáù
(Ù‡ÍˆËfl Ó·˚˜ÌÓ ÏÂÌ¸¯Â 0.45 ÏÍÏ) ÔÂ‰ÒÚ‡‚ÎÂÌ
ËÒÚËÌÌÓ ‡ÒÚ‚ÓÂÌÌÓÈ ÙÓÏÓÈ Ë ÍÓÎÎÓË‰ÌÓÈ ÒÓ-
ÒÚ‡‚Îfl˛˘ÂÈ, ÍÓÚÓ‡fl ‚ ÓÒÌÓ‚ÌÓÏ ÒÓÒÚÓËÚ ËÁ ÍÓÎ-
ÎÓË‰Ó‚ ÊÂÎÂÁ‡ (Ó„‡ÌË˜ÂÒÍËı Ë ÌÂÓ„‡ÌË˜ÂÒÍËı).
óÂÏ ·ÓÎ¸¯Â pH Â˜Ì˚ı ‚Ó‰, ÚÂÏ ÏÂÌ¸¯Â ÒÓ‰ÂÊ‡-
ÌËÂ ‡ÒÚ‚ÓÂÌÌ˚ı êáù Ë ‚ ·ÓÎ¸¯ÂÈ ÒÚÂÔÂÌË ÒÓ-
ÒÚ‡‚ êáù ÓÚÎË˜‡ÂÚÒfl ÓÚ ÒÓÒÚ‡‚‡ ÒÎ‡Ìˆ‡. ì‚ÂÎË˜Â-
ÌËÂ pH ÔË‚Ó‰ËÚ Í ÒÓ·ˆËË ÎÂ„ÍËı êáù Ì‡ ˜‡ÒÚË-

Ce an  =

=  Ce/CeNASC/ 2/3 La/LaNASC× 1/3 Nd/NdNASC×+( ).

 

ˆ‡ı ‚Á‚ÂÒË ‚ ·ÓÎ¸¯ÂÈ ÒÚÂÔÂÌË, ˜ÂÏ ÚflÊÂÎ˚ı êáù,
ËÁÏÂÌflfl ÒÓÒÚ‡‚ êáù ‡ÒÚ‚ÓÂÌÌÓ„Ó ÒÚÓÍ‡. àÏÂÌ-
ÌÓ ıËÏË˜ÂÒÍËÂ Ò‚ÓÈÒÚ‚‡ êáù ‚ ‡ÒÚ‚Ó‡ı ÓÔÂ‰Â-
Îfl˛Ú ÒÓÒÚ‡‚ ‡ÒÚ‚ÓÂÌÌ˚ı êáù ‚ Â˜ÌÓÈ ‚Ó‰Â, ‡
ÌÂ ÒÓÒÚ‡‚ ÔÓÓ‰ ‰ÂÌËÛÂÏ˚ı Ó·Î‡ÒÚÂÈ [Goldstein,
Jacobsen, 1988; Elderfield et al., 1990; Sholkovitz,
1993, 1995].

Ç ˝ÒÚÛ‡Ëflı, ‚ ÁÓÌ‡ı ÒÏÂ¯ÂÌËfl ÏÓÒÍËı Ë Â˜-
Ì˚ı ‚Ó‰ ÛÊÂ ÔË ÌÂ·ÓÎ¸¯ÓÏ Û‚ÂÎË˜ÂÌËË ÒÓÎÂÌÓÒ-
ÚË (‰Ó 6

 

‰

 

) ÔÓËÒıÓ‰ËÚ ÁÌ‡˜ËÚÂÎ¸ÌÓÂ ÛÏÂÌ¸¯ÂÌËÂ
ÒÓ‰ÂÊ‡ÌËÈ êáù ‚ ‡ÒÚ‚ÓÂÌÌÓÈ ˜‡ÒÚË, ÔË˜ÂÏ
ÎÂ„ÍËÂ êáù Û‰‡Îfl˛ÚÒfl ËÁ ‡ÒÚ‚Ó‡ ‚ ·ÓÎ¸¯ÂÈ ÒÚÂ-
ÔÂÌË, ˜ÂÏ ÒÂ‰ÌËÂ Ë ÚflÊÂÎ˚Â [Hoyle et al., 1984;
Sholkovitz, 1993, 1995]. ùÚÓ Ò‚flÁ‡ÌÓ Ò ÒÓ·ˆËÂÈ
êáù Ì‡ Ó·‡ÁÛ˛˘ËıÒfl ‚ ÂÁÛÎ¸Ú‡ÚÂ ÒÏÂ¯ÂÌËfl Ò
ÏÓÒÍËÏË ‚Ó‰‡ÏË ÍÓÎÎÓË‰‡ı ÒÓÎÂÈ Ó„‡ÌË˜ÂÒÍËı
ÍËÒÎÓÚ Ë ÓÍÒË„Ë‰ÓÍÒË‰Ó‚ ÊÂÎÂÁ‡. Ç ÚÓ ÊÂ ‚ÂÏfl
ÔÓËÒıÓ‰ËÚ ÓÍËÒÎÂÌËÂ ˆÂËfl, Ó·‡ÁÛ˛˘‡flÒfl ‡ÌÓ-
Ï‡ÎËfl ˆÂËfl ÌÂ ÔÓ‰˜ËÌflÂÚÒfl Á‡ÍÓÌ‡Ï ÍÓÌÒÂ‚‡-
ÚË‚ÌÓ„Ó ÒÏÂ¯Ë‚‡ÌËfl.

èÓÎÌ˚È ÒÓÒÚ‡‚ êáù ‚ ˝ÓÎÓ‚ÓÈ ‚Á‚ÂÒË ÒÚ‡Î ËÁ-
‚ÂÒÚÂÌ ÓÚÌÓÒËÚÂÎ¸ÌÓ ÌÂ‰‡‚ÌÓ [Sholkovitz et al.,
1993; Greaves et al., 1994, 1999]. ê‡ÌÂÂ ‚ ˝ÓÎÓ‚ÓÈ
‚Á‚ÂÒË ËÁÛ˜‡ÎËÒ¸ ÒÓ‰ÂÊ‡ÌËfl ÓÚ‰ÂÎ¸Ì˚ı Â‰ÍÓÁÂ-
ÏÂÎ¸Ì˚ı ˝ÎÂÏÂÌÚÓ‚ [Å‡Î‡¯Ó‚, ãËÒËˆ˚Ì, 1968;
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 á‡‚ËÒËÏÓÒÚ¸ ÒÓ‰ÂÊ‡ÌËÈ ÙÓÒÙÓ‡, ˆÂËfl, ÌÂ-
Ó‰ËÏ‡ Ë ÚÓËfl ÓÚ ÒÓ‰ÂÊ‡ÌËÈ ÊÂÎÂÁ‡ ‚ ÓÒ‡‰Í‡ı Ú‡ÌÒ-
‡ÚÎ‡ÌÚË˜ÂÒÍÓ„Ó ÔÓÙËÎfl [ÑÛ·ËÌËÌ, êÓÁ‡ÌÓ‚, 2001].
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ÉÛ‚Ë˜ Ë ‰., 1980]. éÚÏÂ˜‡ÎÓÒ¸ ‚ÎËflÌËÂ Ô˚ÎË
ë‡ı‡˚ Ì‡ ÒÓÒÚ‡‚ ‡ÒÚ‚ÓÂÌÌ˚ı êáù ‚ ÔÓ‚ÂıÌÓ-
ÒÚÌÓÏ ÒÎÓÂ ‚Ó‰ ÄÚÎ‡ÌÚË˜ÂÒÍÓ„Ó ÓÍÂ‡Ì‡ [Elder-
field, Greaves, 1982]. éÚ 1 ‰Ó 3% ÓÚ Ó·˘Â„Ó ÒÓ‰Â-
Ê‡ÌËfl êáù ÔÂÂıÓ‰ËÚ ËÁ ˝ÓÎÓ‚˚ı ˜‡ÒÚËˆ ‚ ÓÍÂ‡Ì-
ÒÍÛ˛ ‚Ó‰Û, ÔË˜ÂÏ ÒÂ‰ÌËÂ êáù ÔÂÂıÓ‰flÚ ‚
·ÓÎ¸¯ÂÈ ÒÚÂÔÂÌË. ÄÌ‡ÎËÁ ÔÓ‚ÂıÌÓÒÚÌ˚ı ‚Ó‰ íË-
ıÓ„Ó ÓÍÂ‡Ì‡ Ì‡ ‡ÁÂÁÂ ÓÚ ÄÁËË ‰Ó ä‡ÎËÙÓÌËË
(24°–32° Ò.¯.) ÔÓÍ‡Á‡Î ‚ÎËflÌËÂ ˝ÓÎÓ‚ÓÈ ‚Á‚ÂÒË,
ÒÓÒÚÓfl˘ÂÈ ËÁ ÎÂÒÒÓ‚ÓÈ Ô˚ÎË, Ì‡ ÒÓÒÚ‡‚ ‡ÒÚ‚Ó-
ÂÌÌ˚ı Ë ‚Á‚Â¯ÂÌÌ˚ı êáù ‚ÔÎÓÚ¸ ‰Ó 180° (ÎËÌËË
ÔÂÂÏÂÌ˚ ‰‡Ú). ë‡‚ÌË‚‡fl ÔÓÚÓÍË êáù ‚ ÓÍÂ‡Ì Ò

Â˜Ì˚Ï ÒÚÓÍÓÏ Ë ˝ÓÎÓ‚ÓÈ Ô˚Î¸˛, ‡‚ÚÓ˚ ÒÚ‡Ú¸Ë
[Greaves et al., 1994] Ò˜ËÚ‡˛Ú, ˜ÚÓ ÓÌ ÏÓÊÂÚ ÒÓ-
ÒÚ‡‚ÎflÚ¸ ÓÚ 30 ‰Ó 130% ÓÚ Â˜ÌÓ„Ó.

ãÂ‰ÌËÍÓ‚˚È ÒÚÓÍ ÔÂ‰ÒÚ‡‚ÎÂÌ Ó·ÎÓÏÓ˜Ì˚Ï
ÚÂË„ÂÌÌ˚Ï Ï‡ÚÂË‡ÎÓÏ, ‡ÁÌÓÒËÏ˚Ï Ú‡˛˘ËÏË
Î¸‰‡ÏË. Ö„Ó ‚ÎËflÌËÂ Ì‡ ÒÓÒÚ‡‚ ‡ÒÚ‚ÓÂÌÌ˚ı Ë
‚Á‚Â¯ÂÌÌ˚ı êáù ÓÍÂ‡ÌÒÍËı ‚Ó‰ ÌÂ ËÁÛ˜ÂÌÓ.

çÂÚ ‰‡ÌÌ˚ı Ë Ó Ï‡Ò¯Ú‡·‡ı ÔÓÒÚÛÔÎÂÌËfl êáù ‚
ÓÍÂ‡Ì Ò ‚ÛÎÍ‡ÌÓÍÎ‡ÒÚËÍÓÈ. ÇÛÎÍ‡ÌÓ„ÂÌÌ˚È Ï‡ÚÂ-
Ë‡Î ÔÓÔ‡‰‡ÂÚ ‚ ÓÍÂ‡Ì ËÁ ‡ÚÏÓÒÙÂ˚ ‚ ‚Ë‰Â ÔÂÔ-
ÎÓ‚ ÔË ËÁ‚ÂÊÂÌËË ‚ÛÎÍ‡ÌÓ‚, ‡ Ú‡ÍÊÂ ÔË ÔÓ‰-
‚Ó‰ÌÓÏ ËÁ‚ÂÊÂÌËË. ä‡Í ÔÓÍ‡Á‡ÎË ËÒÒÎÂ‰Ó‚‡ÌËfl
[ÑÛ·ËÌËÌ, 2000], ÔË ÔÓÎÌÓÈ ˆÂÓÎËÚËÁ‡ˆËË ‚ÛÎÍ‡-
ÌÓÍÎ‡ÒÚËÍË ‚ ÓÍËÒÎÂÌÌ˚ı ÓÒ‡‰Í‡ı ÓÍÂ‡Ì‡ ÂÂ ÒÓ-
ÒÚ‡‚ Ë ÒÓ‰ÂÊ‡ÌËfl êáù ÌÂ Ì‡ÒÎÂ‰Û˛ÚÒfl ‚ ÙËÎÎËÔ-
ÒËÚ‡ı. çÂ Ì‡ÒÎÂ‰Û˛Ú ÙËÎÎËÔÒËÚ˚ êáù ËÁ „ÎÛ·ËÌ-
Ì˚ı ÓÍÂ‡ÌÒÍËı ‚Ó‰. ëÓÒÚ‡‚ êáù ÙËÎÎËÔÒËÚÓ‚
ÔÓ‰Ó·ÂÌ ÒÎ‡ÌˆÛ (ËÒ. 2) Ë, ‚ÓÁÏÓÊÌÓ, ÒÙÓÏËÓ-
‚‡Ì ÔÓ‰ ÒÛÏÏ‡Ì˚Ï ‚ÎËflÌËÂÏ Ó·ÏÂÌÌÓ„Ó ÍÓÏ-
ÔÎÂÍÒ‡ Ú‚Â‰˚ı Ù‡Á ÓÒ‡‰Í‡ – „ÎËÌËÒÚÓ„Ó ‚Â˘ÂÒÚ-
‚‡ Ë ÓÍÒË„Ë‰ÓÍÒË‰Ó‚ ÊÂÎÂÁ‡.

ëÓ‰ÂÊ‡ÌËfl Â‰ÍÓÁÂÏÂÎ¸Ì˚ı ˝ÎÂÏÂÌÚÓ‚ ‚ „Ë‰-
ÓÚÂÏ‡Î¸Ì˚ı ÙÎ˛Ë‰‡ı ÒÓ‚ÂÏÂÌÌ˚ı ÔÓ‰‚Ó‰Ì˚ı
„Ë‰ÓÚÂÏ‡Î¸Ì˚ı ÒËÒÚÂÏ ‰ÓÒÚË„‡˛Ú ˆÂÎ˚ı ÏËÍ-
Ó„‡ÏÏÓ‚ Ì‡ ÍËÎÓ„‡ÏÏ ‡ÒÚ‚Ó‡. àı ÒÓÒÚ‡‚ ı‡-
‡ÍÚÂËÁÛÂÚÒfl Ó·Ó„‡˘ÂÌËÂÏ ÎÂ„ÍËÏË êáù Ë ÓÒÓ-
·ÂÌÌÓ Â‚ÓÔËÂÏ (ËÒ. 3). Ö‚ÓÔËÈ ‚ „Ë‰ÓÚÂÏ‡Î¸-
ÌÓÏ ÙÎ˛Ë‰Â ÔË ÚÂÏÔÂ‡ÚÛÂ 300°–400°C Ë pH ~ 3
Ì‡ıÓ‰ËÚÒfl ‚ ÒÚÂÔÂÌË ÓÍËÒÎÂÌËfl 2+. ë˜ËÚ‡ÂÚÒfl, ̃ ÚÓ
ÒÓÒÚ‡‚ êáù „Ë‰ÓÚÂÏ‡Î¸ÌÓ„Ó ÙÎ˛Ë‰‡ ÙÓÏËÛ-
ÂÚÒfl ÔË ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËË Ï‡„Ï‡ÚË˜ÂÒÍËı ÔÓÓ‰
ÓÍÂ‡ÌÒÍÓ„Ó ‰Ì‡ Ò ÏÓÒÍÓÈ ‚Ó‰ÓÈ ÔË ÔÓ‚˚¯ÂÌÌÓÈ
ÚÂÏÔÂ‡ÚÛÂ. Ç ÔÓˆÂÒÒÂ „Ë‰ÓÚÂÏ‡Î¸ÌÓ„Ó ‚ÓÁ-
‰ÂÈÒÚ‚Ëfl ÛÒÚÓÈ˜Ë‚ÓÒÚ¸ ÔÓÓ‰ÓÓ·‡ÁÛ˘Ëı ÏËÌÂ‡-
ÎÓ‚ ËÁÏÂÌflÂÏ˚ı ÔÓÓ‰ (‡ ËÏÂÌÌÓ ÓÌË ‚ ·ÓÎ¸¯ÂÈ
ÒÚÂÔÂÌË, ÓÒÓ·ÂÌÌÓ ‚ ÓÒÌÓ‚Ì˚ı ÔÓÓ‰‡ı, ÓÔÂ‰ÂÎfl-
˛Ú ÒÓÒÚ‡‚ êáù) ÛÏÂÌ¸¯‡ÂÚÒfl ‚ Ì‡Ô‡‚ÎÂÌËË ÍËÒ-
Î˚È ÔÎ‡„ËÓÍÎ‡Á  ÓÒÌÓ‚ÌÓÈ ÔÎ‡„ËÓÍÎ‡Á Ë ‰Îfl
ÚÂÏÌÓˆ‚ÂÚÌ˚ı ÔÓÓ‰ÓÓ·‡ÁÛ˛˘Ëı ÏËÌÂ‡ÎÓ‚:
·ËÓÚËÚ  ‡ÏÙË·ÓÎ  ÔËÓÍÒÂÌ  ÓÎË‚ËÌ.
ç‡ÍÓÔÎÂÌËÂ ÎÂ„ÍËı êáù ÓÚÌÓÒËÚÂÎ¸ÌÓ ÚflÊÂÎ˚ı
êáù ‚ „Ë‰ÓÚÂÏ‡Î¸Ì˚ı ÙÎ˛Ë‰‡ı ÔÓ‰‚Ó‰Ì˚ı „Ë-
‰ÓÚÂÏ ÏÓÊÂÚ ·˚Ú¸ Ó·ÛÒÎÓ‚ÎÂÌÓ ÌÂ ÚÓÎ¸ÍÓ ËÒ-
ÚÓ˜ÌËÍÓÏ êáù, ‡ Ë ·ÓÎÂÂ ‚˚ÒÓÍÓÈ ÛÒÚÓÈ˜Ë‚ÓÒÚ¸˛
ıÎÓË‰Ì˚ı Ë ÙÚÓË‰Ì˚ı ÍÓÏÔÎÂÍÒÌ˚ı ÒÓÂ‰ËÌÂ-
ÌËÈ ÎÂ„ÍËı êáù ÓÚÌÓÒËÚÂÎ¸ÌÓ ÚflÊÂÎ˚ı, ‡ Ú‡ÍÊÂ,
‚ÓÁÏÓÊÌÓ, ·ÎËÁÓÒÚ¸˛ ËÓÌÌ˚ı ‡‰ËÛÒÓ‚ ÔÓÒÎÂ‰-
ÌËı Í „Î‡‚Ì˚Ï ÏËÌÂ‡ÎÓÓ·‡ÁÛ˛˘ËÏ ˝ÎÂÏÂÌÚ‡Ï
ÓÒ‡Ê‰‡˛˘ËıÒfl „Ë‰ÓÚÂÏ‡Î¸Ì˚ı ÒÛÎ¸ÙË‰Ó‚. ëÓ-
‰ÂÊ‡ÌËfl êáù ‚Ó ÙÎ˛Ë‰‡ı ‚ÓÁ‡ÒÚ‡˛Ú Ò Û‚ÂÎË˜Â-
ÌËÂÏ ÚÂÏÔÂ‡ÚÛ˚ ‡ÒÚ‚Ó‡ Ë ÛÏÂÌ¸¯ÂÌËÂÏ pH
[Michard et al., 1983; Michard, 1989; Mitra et al.,
1994; James et al., 1995; Bau, Dulski, 1999; Douville
et al., 2002; êËÏÒÍ‡fl-äÓÒ‡ÍÓ‚‡, ÑÛ·ËÌËÌ, 2003].

 

10

 

0

 

10

 

–1

 

La Ce Sm Tb Er Lu

 

10

 

0

 

Pr Nd Eu Gd Dy Ho TmYb

 

10

 

1

 

10

 

2

 

10

 

–1

 

10

 

–2

 

10

 

–3

 

15

14

13

12

11

9

10
7

8
10

 

–1

 

10

 

1

 

10

 

0

 

6

3

2

1

5

4

C/C

 

NASC

 

êËÒ. 2.

 

 çÓÏ‡ÎËÁÓ‚‡ÌÌ˚Â Ì‡ ÒÎ‡ÌÂˆ ÒÓÒÚ‡‚˚ êáù.

1 – Ù‡ÍˆËfl ÓÒ‡‰ÍÓ‚, Ó·Ó„‡˘ÂÌÌ‡fl ·‡ËÚÓÏ (Ba = 14%)
[Fagel et al., 1997]; 2 – Á‡ıÓÓÌÂÌÌ˚È ‚ ÓÒ‡‰Í‡ı ·‡ËÚ
[Guichard et al., 1979]; 3 – ÒÏÂÍÚËÚ; 4 – ËÎËÚ; 5 – Í‡ÓÎË-
ÌËÚ; 6 – ıÎÓËÚ [Fagel et al., 1997]; 7–9 – ÙËÎÎËÔÒËÚ,
ûÊÌ‡fl ÍÓÚÎÓ‚ËÌ‡ [ÑÛ·ËÌËÌ, 2000]; 10 – ‡ÍÓ‚ËÌ˚ ‰Ë-
‡ÚÓÏÂÈ [Elderfield et al., 1981a]; 11 – Í‡·ÓÌ‡ÚÌ‡fl Ï‡Ú-
Ëˆ‡ ÙÓ‡ÏËÌËÙÂ ÄÚÎ‡ÌÚË˜ÂÒÍÓ„Ó ÓÍÂ‡Ì‡ [Palmer,
1985]; 12 – ÍÓÒÚÌ˚È ‰ÂÚËÚ, ûÊÌ‡fl ÍÓÚÎÓ‚ËÌ‡ íËıÓ„Ó
ÓÍÂ‡Ì‡ [ÑÛ·ËÌËÌ, ë‚‡Î¸ÌÓ‚, 2001]; 13 – „Ë‰ÓÍÒÓÙÓÒ-
Ù‡Ú˚ ÊÂÎÂÁ‡-Í‡Î¸ˆËfl [ÑÛ·ËÌËÌ, 2001]; 14 – ÙÓÒÙÓ-
ËÚ „‡ÈÓÚ‡ Wodejebato, íËıËÈ ÓÍÂ‡Ì; 15 – Fe-Mn ÍÓÍ‡
„‡ÈÓÚ‡ Wodejebato [ÅÓ„‰‡ÌÓ‚ Ë ‰., 1998].
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êÂ‰ÍÓÁÂÏÂÎ¸Ì˚Â ˝ÎÂÏÂÌÚ˚
‚ ÓÍÂ‡ÌÒÍÓÈ ‚Ó‰Â

 

ç‡ ÍÓÌÚËÌÂÌÚ‡Î¸Ì˚ı ¯ÂÎ¸Ù‡ı ÓÒ‡Ê‰‡ÂÚÒfl ÔÓ-
fl‰Í‡ 93% ÚÂË„ÂÌÌÓ„Ó Ï‡ÚÂË‡Î‡, ÔÓÒÚ‡‚ÎflÂ-
ÏÓ„Ó ÂÍ‡ÏË [ãËÒËˆ˚Ì, 1978]. èÓÚÂfl ÓÒÌÓ‚ÌÓÈ
˜‡ÒÚË ‚Á‚Â¯ÂÌÌÓ„Ó ÚÂË„ÂÌÌÓ„Ó Ï‡ÚÂË‡Î‡ ÔË-
‚Ó‰ËÚ Í ÓÒ‡Ê‰ÂÌË˛ ·ÓÎ¸¯ÂÈ ˜‡ÒÚË êáù ‚ ‚Ë‰Â
‚Á‚ÂÒË. à ıÓÚfl ‚ ÂÁÛÎ¸Ú‡ÚÂ ÒÓ·ˆËË Ë ÒÓÓÒ‡Ê‰Â-
ÌËfl Ì‡ ÓÍÒË„Ë‰ÓÍÒË‰‡ı Ë ÒÓÎflı Ó„‡ÌË˜ÂÒÍËı
ÍËÒÎÓÚ ÊÂÎÂÁ‡ ÔÓËÒıÓ‰ËÚ ËÁ‚ÎÂ˜ÂÌËÂ ‡ÒÚ‚ÓÂÌ-
Ì˚ı êáù ÔË ÒÏÂ¯ÂÌËË ÔÂÒÌ˚ı Â˜Ì˚ı Ë ÒÓÎÂ-
Ì˚ı ÏÓÒÍËı ‚Ó‰, ‰ÓÎfl ‡ÒÚ‚ÓÂÌÌ˚ı êáù ÌÂËÁ-
ÏÂÌÌÓ ‚ÓÁ‡ÒÚ‡ÂÚ ÔÓ Ì‡Ô‡‚ÎÂÌË˛ Í ÔÂÎ‡„Ë‡ÎË Ë
‰ÓÒÚË„‡ÂÚ Ú‡Ï ÔÓfl‰Í‡ 95% ÓÚ Ó·˘Â„Ó ÒÓ‰ÂÊ‡-
ÌËfl êáù ‚ ÓÍÂ‡ÌÒÍÓÈ ‚Ó‰Â [Å‡Î‡¯Ó‚, ãËÒËˆ˚Ì,
1968; ÉÛ‚Ë˜ Ë ‰., 1980; Bertram, Elderfield, 1993;
Sholkovitz et al., 1993]. ëÓ‰ÂÊ‡ÌËfl êáù ‚ ÓÍÂ‡Ì-
ÒÍÓÈ ‚Ó‰Â ÒÓÒÚ‡‚Îfl˛Ú ÓÚ ÌÂÒÍÓÎ¸ÍËı ‰ÓÎÂÈ Â‰Ë-
ÌËˆ ‰Ó ‰ÂÒflÚÍ‡ Ì‡ÌÌÓ„‡ÏÏÓ‚ ‚ ÎËÚÂ, Ëı ËÁÏÂÌÂ-
ÌËfl ÔÓ‰˜ËÌfl˛ÚÒfl ˆËÍÛÏÍÓÌÚËÌÂÌÚ‡Î¸ÌÓÈ ÁÓ-
Ì‡Î¸ÌÓÒÚË [Tachikawa et al., 1999; ÑÛ·ËÌËÌ,
êÓÁ‡ÌÓ‚, 2001]. ùÚÓ Ò‚flÁ‡ÌÓ Ò ÚÂÏ, ˜ÚÓ ‚ ÏÓÒÍÓÈ
‚Ó‰Â ÔÓËÒıÓ‰ËÚ Ó·ÏÂÌ ÏÂÊ‰Û ‡ÒÚ‚ÓÂÌÌ˚ÏË
êáù Ë ÒÓ·ËÓ‚‡ÌÌ˚Ï ÍÓÏÔÎÂÍÒÓÏ ÚÂË„ÂÌÌÓÈ
(Ë ˝ÓÎÓ‚ÓÈ) ‚Á‚ÂÒË. ìÏÂÌ¸¯ÂÌËÂ ÍÓÎË˜ÂÒÚ‚‡ ÚÂ-
Ë„ÂÌÌÓÈ ‚Á‚ÂÒË ÔË Û‰‡ÎÂÌËË ‚ ÔÂÎ‡„Ë‡Î¸ ÔË‚Ó-
‰ËÚ Í ÔÂÓ·Î‡‰‡ÌË˛ ‡ÒÚ‚ÓÂÌÌ˚ı ÙÓÏ êáù, ÒÓ-
ÒÚ‡‚ ÍÓÚÓ˚ı ÍÓÌÚÓÎËÛÂÚÒfl ÒÔÓÒÓ·ÌÓÒÚ¸˛ êáù
Í ÍÓÏÔÎÂÍÒÓÓ·‡ÁÓ‚‡ÌË˛. ëÓ‰ÂÊ‡ÌËÂ ‡ÒÚ‚Ó-
ÂÌÌ˚ı êáù Ò „ÎÛ·ËÌÓÈ ‚ÓÁ‡ÒÚ‡ÂÚ ËÌÓ„‰‡ ‚ ÌÂ-
ÒÍÓÎ¸ÍÓ ‡Á Ë ÍÓÂÎËÛÂÚ Ò ÒÓ‰ÂÊ‡ÌËÂÏ ‡ÒÚ‚Ó-
ÂÌÌÓ„Ó ÍÂÏÌÂÁÂÏ‡. éÚËˆ‡ÚÂÎ¸Ì‡fl ‡ÌÓÏ‡ÎËfl
ˆÂËfl ÙÓÏËÛÂÚÒfl ‚ ÔÓ‚ÂıÌÓÒÚÌ˚ı ‚Ó‰‡ı ÓÍÂ‡-
Ì‡ Í‡Í ÂÁÛÎ¸Ú‡Ú ÓÍËÒÎÂÌËfl ˆÂËfl (ËÒ. 4, 5).
éÍËÒÎÂÌËÂ ˆÂËfl ÔÓËÒıÓ‰ËÚ Ó‰ÌÓ‚ÂÏÂÌÌÓ Ò
ÓÍËÒÎÂÌËÂÏ Ï‡„‡Ìˆ‡ ‚ ‚ÂıÌÂÈ ÚÓÎ˘Â ÓÍÂ‡ÌÒÍËı
‚Ó‰, ÔË˜ÂÏ ‚ÓÁÌËÍ‡˛˘ËÈ ‰ÂÙËˆËÚ ̂ ÂËfl ‚ ÒÓÒÚ‡-
‚Â ‡ÒÚ‚ÓÂÌÌ˚ı êáù ÍÓÏÔÂÌÒËÛÂÚÒfl Ì‡ÎË˜ËÂÏ
ÔÓÎÓÊËÚÂÎ¸ÌÓÈ ‡ÌÓÏ‡ÎËË ‚ ÒÓÒÚ‡‚Â ‚Á‚Â¯ÂÌÌ˚ı
êáù [Masuzawa, Koyama, 1989; Bertram, Elderfield,
1993; Sholkovitz et al., 1993; Lerche, Nozaki, 1998;
Tachikawa et al., 1999]. Ç ÒÎÛ˜‡Â, ÂÒÎË ÔÓËÒıÓ‰ËÚ
‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËÂ Ï‡„‡Ìˆ‡ ‚ ÁÓÌÂ ÍËÒÎÓÓ‰ÌÓ„Ó
ÏËÌËÏÛÏ‡ ÔË ÔÂÂıÓ‰Â ÓÚ ‡˝Ó·Ì˚ı ÛÒÎÓ‚ËÈ Í
‡Ì‡˝Ó·Ì˚Ï – ‚ óÂÌÓÏ ÏÓÂ, ‚Ó ‚Ô‡‰ËÌ‡ı Ò ÔÓ-
‚˚¯ÂÌÌÓÈ ÒÓÎÂÌÓÒÚ¸˛ ‚ ëÂ‰ËÁÂÏÌÓÏ ÏÓÂ, ‚Ó
‚Ô‡‰ËÌÂ ä‡Ë‡ÍÓ Ë Á‡ÎË‚Â ë‡‡ÌË˜ (Saanich Inlet)
‚ÓÒÒÚ‡Ì‡‚ÎË‚‡ÂÚÒfl Ë ˆÂËÈ [De Baar et al., 1988;
German, Elderfield, 1989, 1990; Schijf et al., 1991;
Bau et al., 1997]. éÍËÒÎÂÌËÂ ˆÂËfl ‚ ‡˝Ó·ÌÓÈ ÁÓÌÂ
ÔË‚Ó‰ËÚ Í ÔÂËÏÛ˘ÂÒÚ‚ÂÌÌÓÏÛ Â„Ó ËÁ‚ÎÂ˜ÂÌË˛
‚Á‚ÂÒ¸˛ (ËÒ. 6). Ç ÁÓÌÂ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl Ï‡„‡Ìˆ‡
ÔÓËÒıÓ‰ËÚ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËÂ ˆÂËfl Ë ÔÂÂıÓ‰ Â„Ó
Ó·‡ÚÌÓ ‚ ‡ÒÚ‚ÓÂÌÌÓÂ ÒÓÒÚÓflÌËÂ, ˜ÚÓ ÔË‚Ó‰ËÚ
Í ÔÓfl‚ÎÂÌË˛ ‚ ‡Ì‡˝Ó·ÌÓÈ ÁÓÌÂ ÔÓÎÓÊËÚÂÎ¸ÌÓÈ
‡ÌÓÏ‡ÎËË ˆÂËfl.

èÓfl‚ÎÂÌËÂ ÔÓ‚˚¯ÂÌÌ˚ı ‰Îfl ÓÍÂ‡ÌÒÍÓÈ ‚Ó‰˚
ÒÓ‰ÂÊ‡ÌËÈ ‚Á‚Â¯ÂÌÌÓ„Ó ‚Â˘ÂÒÚ‚‡, ÒÙÓÏËÓ-

‚‡ÌÌÓ„Ó ‚ ÓÒÌÓ‚ÌÓÏ ÔË ÓÍËÒÎÂÌËË ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌ-
ÌÓ„Ó ÊÂÎÂÁ‡ „Ë‰ÓÚÂÏ‡Î¸ÌÓ„Ó ÙÎ˛Ë‰‡ ‚ ÁÓÌ‡ı
‡Á„ÛÁÍË „Ë‰ÓÚÂÏ, ÔË‚Ó‰ËÚ Í ËÁ‚ÎÂ˜ÂÌË˛
‡ÒÚ‚ÓÂÌÌ˚ı êáù, Í‡Í ËÁ ÙÎ˛Ë‰‡ ÔÓ ÏÂÂ Â„Ó
‡Á·‡‚ÎÂÌËfl ÓÍÂ‡ÌÒÍÓÈ ‚Ó‰ÓÈ, Ú‡Í Ë ËÁ ÓÍÛÊ‡˛-
˘Ëı ‚Ó‰ [Murphy, Dymond, 1984; German et al.,
1990; Rudnicki, Elderfield, 1993; Sherrell et al., 1999].
ÑÎfl êáù ‚Á‚ÂÒË ı‡‡ÍÚÂÌ‡ ÓÚËˆ‡ÚÂÎ¸Ì‡fl ‡ÌÓ-
Ï‡ÎËfl ˆÂËfl, ÍÓÚÓ‡fl Á‡ÚÂÏ Ì‡ÒÎÂ‰ÛÂÚÒfl ‚ Ú‡ÍËı
„Ë‰ÓÚÂÏ‡Î¸ÌÓ-ÓÒ‡‰Ó˜Ì˚ı ‰ÓÌÌ˚ı ÓÚÎÓÊÂÌËflı
ÓÍÂ‡Ì‡, Í‡Í ÏÂÚ‡ÎÎÓÌÓÒÌ˚Â ÓÒ‡‰ÍË (ËÒ. 7). Ç·ÎË-
ÁË ‚˚ıÓ‰‡ „Ë‰ÓÚÂÏ ‚ ÒÓÒÚ‡‚Â ‚Á‚ÂÒË ÙËÍÒËÛÂÚ-
Òfl ÔÓÎÓÊËÚÂÎ¸Ì‡fl ‡ÌÓÏ‡ÎËfl Â‚ÓÔËfl, ÍÓÚÓ‡fl
Ú‡ÍÊÂ ËÌÓ„‰‡ Ì‡ÒÎÂ‰ÛÂÚÒfl ÏÂÚ‡ÎÎÓÌÓÒÌ˚ÏË ÓÒ‡‰-
Í‡ÏË ‚ ÓÒÂ‚ÓÈ ˜‡ÒÚË ÒÔÂ‰ËÌ„Ó‚˚ı ÁÓÌ.

 

êÂ‰ÍÓÁÂÏÂÎ¸Ì˚Â ˝ÎÂÏÂÌÚ˚ 
‚ ‰ÓÌÌ˚ı ÓÚÎÓÊÂÌËflı ÓÍÂ‡Ì‡

 

í‡ÌÒÙÓÏ‡ˆËË ÒÓÒÚ‡‚‡ êáù ‚ ‡ÒÚ‚ÓÂÌÌÓÏ
ÒÓÒÚÓflÌËË Ë ‚Ó ‚Á‚ÂÒË Ì‡ıÓ‰flÚ Ò‚ÓÂ ÓÚ‡ÊÂÌËÂ ‚
ÓÍÂ‡ÌÒÍËı ÓÒ‡‰Í‡ı. ç‡ËÏÂÌÂÂ ËÁÏÂÌÂÌ˚ ÒÓÒÚ‡‚˚
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 ëÓÒÚ‡‚˚ êáù ‚ „Ë‰ÓÚÂÏ‡Î¸ÌÓÏ ÙÎ˛Ë‰Â Ë
ÒÛÎ¸ÙË‰Ì˚ı ÏËÌÂ‡Î‡ı, ÌÓÏ‡ÎËÁÓ‚‡ÌÌ˚Â Ì‡ ÒÓÒÚ‡‚
êáù ‚ ıÓÌ‰ËÚ‡ı. 

‡ – ÔÓÎfl íÄÉ Ë ÅÓÍÂÌ ëÔÛ; · – ÔÓÎÂ êÂÈÌ·ÓÛ. 1–4 –
„Ë‰ÓÚÂÏ‡Î¸Ì˚Â ÙÎ˛Ë‰˚: 1 – íÄÉ [Mitra et al.,
1994]; 2,3 – ÅÓÍÂÌ ëÔÛ [James et al., 1995; Bau, Dulski,
1999]; 4 – êÂÈÌ·ÓÛ [Douville et al., 2002]; 5–14 – ÒÛÎ¸-
ÙË‰Ì˚Â ÏËÌÂ‡Î˚ (ÌÓÏÂ‡ Ó·‡ÁˆÓ‚) (5 – 3348-3-4;
6 – 3384-1-2; 7 – 3393-2; 8 – 3393-7-2; 9 – 3840-2-8; 10 –
3840-3-3; 11 – 3840-4-6; 12 – 3844-2-10; 13 – 3848-1–9·;
14 – 3848-6-13 [êËÏÒÍ‡fl-äÓÒ‡ÍÓ‚‡, ÑÛ·ËÌËÌ, 2003]).
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ÑÛ·ËÌËÌ

 

êáù ÓÚÌÓÒËÚÂÎ¸ÌÓ ÒÎ‡Ìˆ‡ ÔÓ ÔÂËÙÂËË ÓÍÂ‡Ì‡ ‚
Ó·Î‡ÒÚË ‡Á‚ËÚËfl ÚÂË„ÂÌÌ˚ı ÓÚÎÓÊÂÌËÈ. çÂÍÓ-
ÚÓÛ˛ ÒÔÂˆËÙËÍÛ ‚ ÒÓÒÚ‡‚ êáù ÏÓ„ÛÚ ‚ÌÓÒËÚ¸
ÎË¯¸ ÎÓÍ‡Î¸Ì˚Â ËÒÚÓ˜ÌËÍË ‚ÛÎÍ‡ÌÓ„ÂÌÌÓ„Ó Ï‡-
ÚÂË‡Î‡. óÂÏ ·ÎËÊÂ Í ·ÂÂ„Û Ë ˜ÂÏ ·ÓÎÂÂ „Û·Ó-
Ó·ÎÓÏÓ˜Ì˚È Ï‡ÚÂË‡Î ÔÂ‰ÒÚ‡‚ÎÂÌ ‚ ÓÒ‡‰Í‡ı,
ÚÂÏ ·ÓÎ¸¯Â ‚ÂÓflÚÌÓÒÚ¸ ÒÓı‡ÌÂÌËfl ÒÓÒÚ‡‚‡ êáù
ËÒıÓ‰Ì˚ı ÔÓÓ‰ ËÒÚÓ˜ÌËÍ‡ ÒÌÓÒ‡ [ëÚÂÍÓÔ˚ÚÓ‚,
ÑÛ·ËÌËÌ, 1996]. Ç ÒÎÛ˜‡Â ÔÓÒÚÛÔÎÂÌËfl ‚ÛÎÍ‡ÌÓ-
„ÂÌÌÓ„Ó Ï‡ÚÂË‡Î‡ ËÎË ÔÓ‰ÛÍÚÓ‚ Â„Ó ‚˚‚ÂÚË‚‡-
ÌËfl ‚ ÛÒÎÓ‚Ëflı ÔÂÎ‡„Ë˜ÂÒÍÓ„Ó ÓÒ‡‰ÍÓÌ‡ÍÓÔÎÂÌËfl
ÒÓÒÚ‡‚ êáù ÓÒ‡‰ÍÓ‚ Ô‡ÍÚË˜ÂÒÍË ÔÓÎÌÓÒÚ¸˛ Ì‡-
ÒÎÂ‰ÛÂÚ ÒÓÒÚ‡‚ ËÒıÓ‰Ì˚ı ÔÓÓ‰. Ç ˜‡ÒÚÌÓÒÚË, ˝ÚÓ
ÓÚÏÂ˜ÂÌÓ ‚ ÓÒ‡‰Í‡ı ÔË„‡‚‡ÈÒÍÓ„Ó ‡ÈÓÌ‡ ‚ íË-
ıÓÏ ÓÍÂ‡ÌÂ (ËÒ. 8). ÅÎËÊ‡È¯ËÂ Í ÓÒÚÓ‚‡Ï ÓÒ‡‰-
ÍË ÒÚ‡ÌˆËÈ 685, 686 Ë 641 Ô‡ÍÚË˜ÂÒÍË ÔÓÎÌÓÒÚ¸˛
ÔÓ‚ÚÓfl˛Ú ÒÓÒÚ‡‚ êáù ·‡Á‡Î¸ÚÓ‚ Ò ı‡‡ÍÚÂÌÓÈ
‰Îfl ÌËı ÔÓÎÓÊËÚÂÎ¸ÌÓÈ Â‚ÓÔËÂ‚ÓÈ ‡ÌÓÏ‡ÎËÂÈ.
èË Û‰‡ÎÂÌËË ÓÚ ËÒÚÓ˜ÌËÍ‡ ‚ÛÎÍ‡ÌÓ„ÂÌÌÓ„Ó Ï‡-
ÚÂË‡Î‡ (ÒÚ‡ÌˆËË 677 Ë 678) ËÎË ‡Á·‡‚ÎÂÌËË Â„Ó
·ËÓ„ÂÌÌ˚Ï Í‡·ÓÌ‡ÚÓÏ (ÒÚ‡ÌˆËfl 629, 64% CaCO

 

3

 

)
ÓÒÓ·ÂÌÌÓÒÚË ÒÓÒÚ‡‚‡ ·‡Á‡Î¸ÚÓ‚ ÔÓÒÚÂÔÂÌÌÓ Ò„Î‡-
ÊË‚‡˛ÚÒfl.

ëÓ‰ÂÊ‡ÌËÂ êáù ‚ ÚÂË„ÂÌÌ˚ı ÓÒ‡‰Í‡ı ‚ÓÁ-
‡ÒÚ‡ÂÚ ‚ fl‰Û ÔÂÒÍË – ‡ÎÂ‚ËÚ˚ – „ÎËÌ˚. ë‚flÁ‡ÌÓ
˝ÚÓ, ÔÂÊ‰Â ‚ÒÂ„Ó, Ò ‡ÒÚÛ˘ÂÈ ÒÓ·ˆËÓÌÌÓÈ ÔÓ-
‚ÂıÌÓÒÚ¸˛ ̃ ‡ÒÚËˆ ÓÚÎÓÊÂÌËÈ ‚ ̋ ÚÓÏ fl‰Û. ë Û‚Â-
ÎË˜ÂÌËÂÏ ‰ÓÎË ÚÓÌÍËı Ù‡ÍˆËÈ ‚ ÓÒ‡‰Í‡ı ÔÂÎ‡„Ë-
‡ÎË ÓÍÂ‡ÌÓ‚ ‡ÒÚÂÚ Ó·˘ÂÂ ÒÓ‰ÂÊ‡ÌËÂ êáù. èÓ-
‚Â‰ÂÌËÂ êáù ‚ ÓÍÂ‡ÌÒÍÓÏ ÎËÚÓ„ÂÌÂÁÂ ‰ÓÒÚ‡ÚÓ˜ÌÓ
ÔÓ‰Ó·ÌÓ ‡ÒÒÏÓÚÂÌÓ Ì‡ ÔÓÙËÎflı ̃ ÂÂÁ ÒÂ‚ÂÓ-
Á‡Ô‡‰ÌÛ˛ Ë ÒÂ‚ÂÓ-‚ÓÒÚÓ˜ÌÛ˛ ÍÓÚÎÓ‚ËÌ˚ íËıÓ„Ó

ÓÍÂ‡Ì‡ [ëÚÂÍÓÔ˚ÚÓ‚ Ë ‰., 1995, 1999], ˜ÂÂÁ ÒÂ-
‚ÂÌÛ˛ ÔË˝Í‚‡ÚÓË‡Î¸ÌÛ˛ ˜‡ÒÚ¸ íËıÓ„Ó ÓÍÂ‡Ì‡
[ÑÛ·ËÌËÌ Ë ‰., 1997], ˜ÂÂÁ ÁÓÌÛ ‡Á‚ËÚËfl ÏÂÚ‡Î-
ÎÓÌÓÒÌ˚ı ÓÒ‡‰ÍÓ‚ ÇÓÒÚÓ˜ÌÓ-íËıÓÓÍÂ‡ÌÒÍÓ„Ó
ÔÓ‰ÌflÚËfl [ÑÛ·ËÌËÌ, ÇÓÎÍÓ‚, 1986, 1988], ‚ ÄÚÎ‡Ì-
ÚË˜ÂÒÍÓÏ ÓÍÂ‡ÌÂ Ì‡ ÒÛ·¯ËÓÚÌÓÏ ÔÓÙËÎÂ ÔÓ 22°
Ò.¯. [ÑÛ·ËÌËÌ, êÓÁ‡ÌÓ‚, 2001]. Ç ÂÁÛÎ¸Ú‡ÚÂ ˝ÚËı
ËÒÒÎÂ‰Ó‚‡ÌËÈ ·˚ÎÓ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ‡ÒÔÂ‰ÂÎÂÌËÂ
êáù ÔÓ‰˜ËÌflÂÚÒfl ˆËÍÛÏÍÓÌÚËÌÂÌÚ‡Î¸ÌÓÈ ÁÓ-
Ì‡Î¸ÌÓÒÚË. èË ÔÂÂıÓ‰Â ÓÚ ÁÓÌ˚ ÚÂË„ÂÌÌ˚ı
ÓÚÎÓÊÂÌËÈ ‚ ÔÂÎ‡„Ë‡Î¸ Ò ‚ÓÁ‡ÒÚ‡ÌËÂÏ ‰ÓÎË ‡Ò-
Ú‚ÓÂÌÌ˚ı êáù ‚ ÓÍÂ‡ÌÒÍÓÈ ‚Ó‰Â ‚ ÓÒ‡‰Í‡ı ‚ÏÂÒ-
ÚÂ Ò Ó·˘ËÏ ÓÒÚÓÏ ÒÓ‰ÂÊ‡ÌËÈ êáù Û‚ÂÎË˜Ë‚‡ÂÚ-
Òfl ‰ÓÎfl ÎÂ„ÍËı êáù. Ç‡Ë‡ˆËË ‰ÓÎË ÎÂ„ÍËı êáù
(ãêáù) ÓÚÌÓÒËÚÂÎ¸ÌÓ ÚflÊÂÎ˚ı (íêáù) ‚ ÌÓÏ‡-
ÎËÁÓ‚‡ÌÌÓÏ Ì‡ ÒÎ‡ÌÂˆ (NASC) ‚Ë‰Â ÏÓÊÌÓ ÔÂ‰-
ÒÚ‡‚ËÚ¸ Í‡Í:

ÇÒÎÂ‰ÒÚ‚ËÂ ÓÍËÒÎÂÌËfl ˆÂËfl Ì‡ ‚Á‚ÂÒË Â„Ó ÒÓ-
‰ÂÊ‡ÌËÂ ‚ ÓÒ‡‰Í‡ı ‡ÒÚÂÚ, ÓÔÂÂÊ‡fl ÎÂ„ÍËÂ êáù.
ÑÎfl Í‡ÒÌ˚ı ÔÂÎ‡„Ë˜ÂÒÍËı „ÎËÌ ÓÍÂ‡Ì‡ Ó·˚˜ÌÓ
ı‡‡ÍÚÂÌ˚ ÔÓÎÓÊËÚÂÎ¸Ì‡fl ‡ÌÓÏ‡ÎËfl ̂ ÂËfl Ë ÔÓ-
‚˚¯ÂÌÌ˚Â ÒÓ‰ÂÊ‡ÌËfl ÒÂ‰ÌËı êáù, ˜ÚÓ fl‚ÎflÂÚ-
Òfl ÒÎÂ‰ÒÚ‚ËÂÏ Ì‡ÍÓÔÎÂÌËfl Î‡ÌÚ‡ÌÓË‰Ó‚ ËÁ ÓÍÂ‡Ì-
ÒÍËı ‚Ó‰ „Ë‰Ó„ÂÌÌ˚ÏË ÓÍÒË„Ë‰ÓÍÒË‰‡ÏË ÊÂÎÂ-
Á‡, ‡ ‰Îfl ˆÂËfl Â˘Â Ë ÓÍÒË„Ë‰ÓÍÒË‰‡ÏË Ï‡„‡Ìˆ‡
(ÒÏ. ËÒ. 7, 9). Ç ÄÚÎ‡ÌÚË˜ÂÒÍÓÏ ÓÍÂ‡ÌÂ ‚ ÌÓ-

ãêáù/íêáù( )NASC La/LaNASC +(=
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 àÁÏÂÌÂÌËÂ ÙÓÏ Ï‡„‡Ìˆ‡, ˆÂËfl Ë ‚ÂÎË˜ËÌ˚ ˆÂËÂ‚ÓÈ ‡ÌÓÏ‡ÎËË ‚ ë‡„‡ÒÒÓ‚ÓÏ ÏÓÂ [Sholkovitz et al., 1994].

‡ – ËÁÏÂÌÂÌËÂ ‰ÓÎË Î‡·ËÎ¸ÌÓÈ ˜‡ÒÚË ‚Á‚ÂÒË ÓÚÌÓÒËÚÂÎ¸ÌÓ ÒÛÏÏ˚ ÒÓ‰ÂÊ‡ÌËÈ ˝ÎÂÏÂÌÚÓ‚ ‚ ‡ÒÚ‚ÓÂÌÌÓÈ ÙÓÏÂ Ë Î‡-
·ËÎ¸ÌÓÈ ÙÓÏÂ ‚Á‚ÂÒË: 1 – Mn, 2 – Ce; · – ‚ÂÎË˜ËÌ‡ ‡ÌÓÏ‡ÎËË ̂ ÂËfl: 1 – ‡ÒÚ‚ÓÂÌÌ‡fl ÙÓÏ‡, 2

 

 

 

– Î‡·ËÎ¸Ì‡fl ‚Á‚Â¯ÂÌÌ‡fl
ÙÓÏ‡.
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Ï‡Î¸ÌÓÏ ÔÂÎ‡„Ë˜ÂÒÍÓÏ ÔÓˆÂÒÒÂ ÓÒ‡‰ÍÓÌ‡ÍÓÔÎÂ-
ÌËfl Ï‡ÍÒËÏ‡Î¸ÌÓ ‚ÓÁÏÓÊÌÓÂ Ì‡ÍÓÔÎÂÌËÂ ˆÂËfl Ë
ÒÂ‰ÌËı êáù ÓÚÌÓÒËÚÂÎ¸ÌÓ ÒÎ‡Ìˆ‡ Á‡‚Â¯‡ÂÚÒfl ‚
ÁÓÌÂ ä‡Ì‡ÒÍÓÈ Ë ëÂ‚ÂÓ-ÄÏÂËÍ‡ÌÒÍÓÈ ÍÓÚÎÓ-
‚ËÌ ‚ Í‡ÒÌ˚ı ÔÂÎ‡„Ë˜ÂÒÍËı „ÎËÌ‡ı. èË ‰‡Î¸ÌÂÈ-
¯ÂÏ ÒÌËÊÂÌËË ÒÍÓÓÒÚË ÓÒ‡‰ÍÓÌ‡ÍÓÔÎÂÌËfl ‚ ÓÒ-
ÌÓ‚ÌÓÏ Á‡ Ò˜ÂÚ Û‰‡ÎÂÌÌÓÒÚË ÓÚ ÍÓÌÚËÌÂÌÚÓ‚ ‚
ÓÒ‡‰Í‡ı ÔÓËÒıÓ‰ËÚ ËÌ‚ÂÒËfl ‚ ÒÓÒÚ‡‚‡ı êáù ÔË
‰‡Î¸ÌÂÈ¯ÂÏ ÓÒÚÂ Ëı ÒÓ‰ÂÊ‡ÌËÈ. Ç ÒÓÒÚ‡‚Â êáù
ÛÏÂÌ¸¯‡ÂÚÒfl ‰ÓÎfl ÎÂ„ÍËı êáù, ÔÓfl‚ÎflÂÚÒfl ÁÌ‡˜Ë-
ÚÂÎ¸Ì‡fl ÓÚËˆ‡ÚÂÎ¸Ì‡fl ‡ÌÓÏ‡ÎËfl ˆÂËfl. ä‡Í ÔÓ-
Í‡Á‡ÎË ËÒÒÎÂ‰Ó‚‡ÌËfl [ÇÓÎÍÓ‚, ü„Ó‰ËÌÒÍ‡fl, 1979;
Toyoda et al., 1990; ëÚÂÍÓÔ˚ÚÓ‚ Ë ‰., 1999], ˝ÚË
Ú‡ÌÒÙÓÏ‡ˆËË ÒÓÒÚ‡‚‡ Ò‚flÁ‡Ì˚ Ò Ì‡ÍÓÔÎÂÌËÂÏ
ÙÓÒÙÓ‡ ‚ ÓÒ‡‰Í‡ı ‚ ÓÒÌÓ‚ÌÓÏ ‚ ‚Ë‰Â ÍÓÒÚÌÓ„Ó ‰Â-
ÚËÚ‡. äÓÒÚÌ˚È ‰ÂÚËÚ, ‚ ÓÒÌÓ‚ÌÓÏ Ì‡ıÓ‰flÒ¸ Ì‡
„‡ÌËˆÂ ‚Ó‰‡–‰ÌÓ, Ì‡Í‡ÔÎË‚‡ÂÚ êáù ‡ÒÚ‚ÓÂÌ-
Ì˚ı („ÎÛ·ËÌÌ˚ı) ÓÍÂ‡ÌÒÍËı ‚Ó‰ ‚ ‚ÂÒ¸Ï‡ ÁÌ‡˜Ë-
ÚÂÎ¸Ì˚ı ÍÓÎË˜ÂÒÚ‚‡ı Á‡ Ò˜ÂÚ ÒÓ·ˆËË (ÒÏ. ËÒ. 2)
[Elderfield, Paggett, 1986; Å‡ÚÛËÌ Ë ‰., 1986; ÑÛ-
·ËÌËÌ, ë‚‡Î¸ÌÓ‚, 2001]. èËÏÂÓÏ Ú‡ÍËı ÓÒ‡‰ÍÓ‚
ÏÓ„ÛÚ ÒÎÛÊËÚ¸ ÓÚÎÓÊÂÌËfl ÔÓ‰ÌflÚËfl å‡ÍÛÒ-çÂÍ-
ÍÂ ‚ íËıÓÏ ÓÍÂ‡ÌÂ (ÒÏ. ËÒ. 9). óÂÚ˚ ÒÓÒÚ‡‚Ó‚
‡ÒÚ‚ÓÂÌÌ˚ı êáù ÓÍÂ‡ÌÒÍËı ‚Ó‰ ËÏÂ˛Ú Ë ‰Û„ËÂ
ÓÒ‡‰ÍË ÓÍÂ‡Ì‡ ·ËÓ„ÂÌÌÓ„Ó ÔÓËÒıÓÊ‰ÂÌËfl – Í‡-
·ÓÌ‡ÚÌ˚Â Ë ÍÂÏÌËÒÚ˚Â ËÎ˚ (ÒÏ. ËÒ. 2). éÌË ÓÚ-
ÎË˜‡˛ÚÒfl Ó˜ÂÌ¸ ÌËÁÍËÏË ÒÓ‰ÂÊ‡ÌËflÏË êáù, ÔÓ-

ÒÍÓÎ¸ÍÛ ÔËÒÛÚÒÚ‚ËÂ ·ËÓ„ÂÌÌÓ„Ó Í‡·ÓÌ‡Ú‡ Ë
ÍÂÏÌÂÁÂÏ‡ ‚ ÓÒ‡‰Í‡ı ÔË‚Ó‰ËÚ Í ÒÛ˘ÂÒÚ‚ÂÌÌÓÏÛ
Ëı ÒÌËÊÂÌË˛ [Elderfield et al., 1981‡; Palmer, 1985;
ÑÛ·ËÌËÌ, êÓÁ‡ÌÓ‚, 2001].

ç‡ ÌÓÏ‡Î¸Ì˚Â ÔÓˆÂÒÒ˚ ÒÂ‰ËÏÂÌÚ‡ˆËË ‚ ÓÍÂ-
‡Ì‡ı (ˆËÍÛÏÍÓÌÚËÌÂÌÚ‡Î¸Ì‡fl, ÍÎËÏ‡ÚË˜ÂÒÍ‡fl Ë
‚ÂÚËÍ‡Î¸Ì‡fl ÁÓÌ‡Î¸ÌÓÒÚË) Ì‡ÍÎ‡‰˚‚‡ÂÚÒfl ÔÓ-
ÒÚÛÔÎÂÌËÂ ‚Â˘ÂÒÚ‚‡ ‚ ÂÁÛÎ¸Ú‡ÚÂ Á‡ÓÊ‰ÂÌËfl ÌÓ-
‚ÓÈ ÍÓ˚ ‚ ÁÓÌ‡ı ÒÂ‰ËÌÌÓ-ÓÍÂ‡ÌÒÍËı ıÂ·ÚÓ‚,
‚ÌÛÚËÔÎËÚÌÓ„Ó Ï‡„Ï‡ÚËÁÏ‡ Ë ÒÛ·‰ÛÍˆËË. èÓÏË-
ÏÓ ‚˚ÌÓÒ‡ ‚ÛÎÍ‡ÌÓÍÎ‡ÒÚË˜ÂÒÍÓ„Ó Ï‡ÚÂË‡Î‡,
‚ÎËflÌËÂ ÍÓÚÓÓ„Ó ÛÊÂ ·˚ÎÓ ‡ÒÒÏÓÚÂÌÓ Ì‡ ÔË-
ÏÂÂ ‡ÈÓÌ‡ É‡‚‡ÈÒÍËı ÓÒÚÓ‚Ó‚, ·ÓÎ¸¯Û˛ ÓÎ¸ ‚
„ÂÓıËÏËË êáù ‚ ÓÒ‡‰Í‡ı ÓÍÂ‡ÌÓ‚ Ë„‡ÂÚ ÔÓÒÚ‡‚Í‡
‚Â˘ÂÒÚ‚‡ ‚ „Ë‰ÓÚÂÏ‡Î¸ÌÓÏ ÔÓˆÂÒÒÂ, ÌÂÔÓÒÂ‰-
ÒÚ‚ÂÌÌÓ Ò‚flÁ‡ÌÌÓÏ Ò ‚ÛÎÍ‡ÌË˜ÂÒÍÓÈ ‰ÂflÚÂÎ¸ÌÓÒ-
Ú¸˛. Ç ÁÓÌ‡ı ‚˚ıÓ‰‡ „Ë‰ÓÚÂÏ‡Î¸ÌÓ„Ó ÙÎ˛Ë‰‡
Ì‡ ÔÓ‚ÂıÌÓÒÚ¸ ‰Ì‡ ÙÓÏËÛ˛ÚÒfl Á‡ÎÂÊË ÒÛÎ¸-
ÙË‰Ì˚ı Û‰ – ÔÂËÏÛ˘ÂÒÚ‚ÂÌÌÓ ÔËËÚ‡, ı‡Î¸ÍÓ-
ÔËËÚ‡, ÒÙ‡ÎÂËÚ‡ Ë ÔËÓÚËÌ‡. ëÛÎ¸ÙË‰˚, ÌÂ-
ÒÏÓÚfl Ì‡ ÁÌ‡˜ËÚÂÎ¸Ì˚Â ÍÓÎË˜ÂÒÚ‚‡ êáù ‚ ÍËÒ-
Î˚ı (pH ~ 3) „Ófl˜Ëı (

 

t

 

 ~ 300°–360°C) ÙÎ˛Ë‰‡ı, ÌÂ
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êËÒ. 5.

 

 ëÓÒÚ‡‚˚ êáù, ÌÓÏ‡ÎËÁÓ‚‡ÌÌ˚Â Ì‡ ÒÎ‡ÌÂˆ, ‚
‚Ó‰Â ë‡„‡ÒÒÓ‚‡ ÏÓfl [Sholkovitz et al., 1994].

1–3 – êáù ‚Ó ‚Á‚ÂÒË: 1– ËÁ‚ÎÂÍ‡ÂÏ˚Â 25% ÛÍÒÛÒÌÓÈ
ÍËÒÎÓÚÓÈ, 2 – ÒÏÂÒ¸˛ 2M HCl Ë 1M HNO

 

3

 

, 3 – ÒÏÂÒ¸˛
ÍÓÌˆÂÌÚËÓ‚‡ÌÌ˚ı HCl, HNO

 

3

 

 Ë HF ÔË 100°ë; 4 –
êáù, ‡ÒÚ‚ÓÂÌÌ˚Â ‚ ÏÓÒÍÓÈ ‚Ó‰Â.
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êËÒ. 6.

 

 àÁÏÂÌÂÌËÂ ‡ÌÓÏ‡ÎËË ˆÂËfl ‚ ÒÓÒÚ‡‚Â ‡ÒÚ‚Ó-
ÂÌÌ˚ı êáù ‚ ·‡ÒÒÂÈÌ‡ı Ò ‡Ì‡˝Ó·Ì˚ÏË ÛÒÎÓ‚ËflÏË:

 

1 

 

– ‚Ô‡‰ËÌ‡ ä‡Ë‡ÍÓ, 

 

2

 

 – óÂÌÓÂ ÏÓÂ [De Baar
et  al.,  1988;  Schijf  et al., 1991].  (Ce/Nd)

 

NASC

 

 =
= (Ce/Ce

 

NASC

 

)/(Nd/Nd

 

NASC

 

). ÉÓËÁÓÌÚ‡Î¸Ì˚Â ÎËÌËË
ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú „ÎÛ·ËÌÂ „‡ÌËˆ˚ ÏÂÊ‰Û ‡˝Ó·ÌÓÈ Ë
‡Ì‡˝Ó·ÌÓÈ ÁÓÌ‡ÏË ‚Ó ‚Ô‡‰ËÌÂ ä‡Ë‡ÍÓ (‡) Ë óÂÌÓÏ
ÏÓÂ (·).
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Ì‡Í‡ÔÎË‚‡˛Ú êáù (ÒÏ. ËÒ. 3) Ë, ‚Ë‰ËÏÓ, ÌÂ Ë„‡-
˛Ú ·ÓÎ¸¯ÓÈ ÓÎË ‚ ‡ÍÍÛÏÛÎflˆËË êáù ‚ ÓÚÎÓÊÂ-
ÌËflı ÓÍÂ‡ÌÓ‚. ÉÓ‡Á‰Ó ·ÓÎ¸¯ÂÂ ‚ÎËflÌËÂ Ì‡ „ÂÓıË-
ÏË˛ êáù ‚ ÓÍÂ‡ÌÂ ËÏÂ˛Ú ‚Á‚Â¯ÂÌÌ˚Â ÓÍÒË„Ë‰ÓÍ-
ÒË‰˚ ÊÂÎÂÁ‡, ÍÓÚÓ˚Â Ó·‡ÁÛ˛ÚÒfl ‚ ÂÁÛÎ¸Ú‡ÚÂ
ÓÍËÒÎÂÌËfl ÊÂÎÂÁ‡, ÔÓÒÚÛÔ‡˛˘Â„Ó ‚ ÒÓÒÚ‡‚Â „Ë‰-
ÓÚÂÏ‡Î¸ÌÓ„Ó ÙÎ˛Ë‰‡. Ç˚Ô‡‰ÂÌËÂ ËÁ ‡ÒÚ‚ÓÓ‚
‚Á‚ÂÒË ÓÍÒË„Ë‰ÓÍÒË‰Ó‚ ÊÂÎÂÁ‡ ÒÓÔÓ‚ÓÊ‰‡ÂÚÒfl
ÔÓˆÂÒÒ‡ÏË ÒÓ·ˆËË êáù ËÁ ÓÍÂ‡ÌÒÍËı „ÎÛ·ËÌ-
Ì˚ı ‚Ó‰. ëÓÒÚ‡‚ êáù ‚Ó ‚Á‚ÂÒË ı‡‡ÍÚÂËÁÛÂÚÒfl
ÓÚËˆ‡ÚÂÎ¸ÌÓÈ ‡ÌÓÏ‡ÎËÂÈ ˆÂËfl Ë ‰ÂÙËˆËÚÓÏ
ÎÂ„ÍËı êáù [Murphy, Dymond, 1984; German et al.,
1990; Rudnicki, Elderfield, 1993; Sherrell et al., 1999].
éÒ‡Ê‰ÂÌËÂ Ú‡ÍÓÈ ‚Á‚ÂÒË Ì‡ ÓÍÂ‡ÌÒÍÓÂ ‰ÌÓ Ì‡ ÙÓ-
ÌÂ ÓÍÂ‡ÌÒÍÓÈ ÔÂÎ‡„Ë˜ÂÒÍÓÈ ÒÂ‰ËÏÂÌÚ‡ˆËË ÔË‚Ó-
‰ËÚ Í Ó·‡ÁÓ‚‡ÌË˛ ÏÂÚ‡ÎÎÓÌÓÒÌ˚ı ÓÒ‡‰ÍÓ‚. àı
ÓÔÂ‰ÂÎfl˛Ú Í‡Í ÓÒ‡‰ÍË Ò ÒÓ‰ÂÊ‡ÌËÂÏ ÊÂÎÂÁ‡ ‚
‚Ë‰Â ÂÌÚ„ÂÌÓ‡ÏÓÙÌ˚ı ÓÍËÒÎÓ‚ Ë „ÂÚËÚ‡ ·ÓÎÂÂ
10% Ì‡ ·ÂÒÍ‡·ÓÌ‡ÚÌÓÂ ‚Â˘ÂÒÚ‚Ó, Ë ÓÚÎË˜‡˛˘Ëı-
Òfl ÔÓ‚˚¯ÂÌÌ˚Ï ÒÓ‰ÂÊ‡ÌËÂÏ Ï‡„‡Ìˆ‡ Ë ‰Û„Ëı
ÔÂÂıÓ‰Ì˚ı ÏÂÚ‡ÎÎÓ‚ Ë ÔÓÌËÊÂÌÌ˚Ï – ‡Î˛ÏË-
ÌËfl, ÚËÚ‡Ì‡, ÚÓËfl, „‡ÎÎËfl Ë ‰Û„Ëı. ÄÂ‡Î˚ ‡Ò-

ÔÓÒÚ‡ÌÂÌËfl ÏÂÚ‡ÎÎÓÌÓÒÌ˚ı ÓÒ‡‰ÍÓ‚ ÓÒÓ·ÂÌÌÓ
‚ÂÎËÍË ‚ íËıÓÏ ÓÍÂ‡ÌÂ ‚ ‡ÈÓÌÂ ÇÓÒÚÓ˜ÌÓ-íËıÓ-
ÓÍÂ‡ÌÒÍÓ„Ó ÔÓ‰ÌflÚËfl [åË„‰ËÒÓ‚ Ë ‰., 1979; ÉÛ-
‚Ë˜, 1998]. Ç àÌ‰ËÈÒÍÓÏ ÓÍÂ‡ÌÂ ÏÂÚ‡ÎÎÓÌÓÒÌ˚Â
ÓÒ‡‰ÍË ËÁ‚ÂÒÚÌ˚ ‚ ‡ÈÓÌÂ ÚÓÈÌÓ„Ó ÒÓ˜ÎÂÌÂÌËfl, ‚
ÄÚÎ‡ÌÚË˜ÂÒÍÓÏ ÓÍÂ‡ÌÂ ÓÌË ‡Á‚ËÚ˚ ÚÓÎ¸ÍÓ ‚ ÛÁ-
ÍÓÈ ‰ÓÎËÌÂ ëÂ‰ËÌÌÓ-ÄÚÎ‡ÌÚË˜ÂÒÍÓ„Ó ıÂ·Ú‡,
ıÓÚfl ‚ÎËflÌËÂ „Ë‰ÓÚÂÏ‡Î¸ÌÓ„Ó ÔË‚ÌÓÒ‡ ‚Â˘Â-
ÒÚ‚‡ Ó˘Û˘‡ÂÚÒfl ‚Ó ‚ÒÂÈ ÔËÓÒÂ‚ÓÈ ÁÓÌÂ [äÓÌÂÌ,
1982; ÑÛ·ËÌËÌ, êÓÁ‡ÌÓ‚, 2001].

èÓÒÍÓÎ¸ÍÛ ÍÓÎË˜ÂÒÚ‚Ó ÒÓ·ËÓ‚‡ÌÌ˚ı êáù
ÓÍÂ‡ÌÒÍËı ‚Ó‰ Ì‡ ÓÍÒË„Ë‰ÓÍÒË‰‡ı ÊÂÎÂÁ‡ Á‡‚Ë-
ÒËÚ ÓÚ ‚ÂÏÂÌË ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl, ‡ ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ,
ÓÚ ‡ÒÒÚÓflÌËfl ‰Ó ËÒÚÓ˜ÌËÍ‡ „Ë‰ÓÚÂÏ, ÒÓ‰ÂÊ‡-
ÌËÂ êáù ‚ ÏÂÚ‡ÎÎÓÌÓÒÌ˚ı ÓÒ‡‰Í‡ı – ‚ÂÎË˜ËÌ‡ ÔÂ-
ÂÏÂÌÌ‡fl [ÑÛ·ËÌËÌ, ÇÓÎÍÓ‚, 1986, 1988]. óÂÏ
·ÎËÊÂ Í ËÒÚÓ˜ÌËÍÛ, ÚÂÏ ÏÂÌ¸¯Â ÒÓ‰ÂÊ‡ÌËÂ êáù,
ÚÂÏ ·ÓÎ¸¯Â ‚ÂÓflÚÌÓÒÚ¸ ÔÓfl‚ÎÂÌËfl ‚ ÒÓÒÚ‡‚Â êáù
ÏÂÚ‡ÎÎÓÌÓÒÌ˚ı ÓÒ‡‰ÍÓ‚ ÔÓÎÓÊËÚÂÎ¸ÌÓÈ ‡ÌÓÏ‡-
ÎËË Â‚ÓÔËfl (ÒÏ. ËÒ. 7).

ÅÓÎÂÂ „ÎÛ·ÓÍÓÂ ÔÓÌËÏ‡ÌËÂ ÔÓ‚Â‰ÂÌËfl êáù ‚
ÓÒ‡‰Í‡ı ÓÍÂ‡Ì‡ ‰‡ÂÚ ÔÂ‰ÒÚ‡‚ÎÂÌËÂ Ó ‡ÒÔÂ‰ÂÎÂ-
ÌËË êáù ÏÂÊ‰Û ÓÚ‰ÂÎ¸Ì˚ÏË Ù‡Á‡ÏË ‚ ÔÂÎ‡„Ë˜ÂÒ-
ÍËı ÓÒ‡‰Í‡ı. éÍÂ‡ÌÒÍËÂ ÔÂÎ‡„Ë˜ÂÒÍËÂ ÓÒ‡‰ÍË –
Ó·‡ÁÓ‚‡ÌËfl ÔÓÎË„ÂÌÌ˚Â, ‚ Ëı ÒÓÒÚ‡‚Â ÔËÒÛÚÒÚ-
‚Û˛Ú ÚÂË„ÂÌÌ‡fl, ·ËÓ„ÂÌÌ‡fl, „Ë‰Ó„ÂÌÌ‡fl, ‚ÛÎ-
Í‡ÌÓ„ÂÌÌ‡fl Ë „Ë‰ÓÚÂÏ‡Î¸Ì‡fl ÒÓÒÚ‡‚Îfl˛˘ËÂ,
ÍÓÚÓ˚Â ı‡‡ÍÚÂËÁÛ˛ÚÒfl Ò‚ÓËÏ ÒÓÒÚ‡‚ÓÏ êáù
(ÒÏ. ËÒ. 2). äÓÏÂ ÚÓ„Ó, ÔÓˆÂÒÒ˚ ‰Ë‡„ÂÌÂÁ‡ ÔË-
‚Ó‰flÚ Í ÔÓfl‚ÎÂÌË˛ ÌÓ‚˚ı ÏËÌÂ‡Î¸Ì˚ı Ó·‡ÁÓ-
‚‡ÌËÈ. ä ÌËÏ ÏÓÊÌÓ ÓÚÌÂÒÚË ·‡ËÚ, ˆÂÓÎËÚ˚, ÊÂ-
ÎÂÁÓÏ‡„‡ÌˆÂ‚˚Â ÏËÍÓÍÓÌÍÂˆËË, ‡Ô‡ÚËÚ. é·-
˘ËÂ Á‡ÍÓÌÓÏÂÌÓÒÚË, ÛÒÚ‡ÌÓ‚ÎÂÌÌ˚Â Ì‡ ÓÒÌÓ‚Â
ÍÓÂÎflˆËÓÌÌÓ„Ó ‡Ì‡ÎËÁ‡ ‰Îfl ÓÒ‡‰ÍÓ‚ íËıÓ„Ó
[ëÚÂÍÓÔ˚ÚÓ‚ Ë ‰., 1999] Ë ÄÚÎ‡ÌÚË˜ÂÒÍÓ„Ó ÓÍÂ-
‡ÌÓ‚ [ÑÛ·ËÌËÌ, êÓÁ‡ÌÓ‚, 2001] (ÒÏ. ËÒ. 1), ÔÓÍ‡-
Á˚‚‡˛Ú, ̃ ÚÓ êáù Ò‚flÁ‡Ì˚ ‚ ÓÒÌÓ‚ÌÓÏ Ò ÙÓÒÙÓÓÏ
Ë ÊÂÎÂÁÓÏ. çÓ ÂÒÎË ÊÂÎÂÁÓ ‚ ÓÒ‡‰Í‡ı ÔËÒÛÚÒÚ‚Û-
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êËÒ. 7.

 

 ëÓÒÚ‡‚˚ êáù ‚ ÓÒ‡‰Í‡ı ÓÍÂ‡Ì‡.

1 – Í‡·ÓÌ‡ÚÌÓ-ÚÂË„ÂÌÌ˚È ËÎ, ÒÚ‡ÌˆËfl 3840, „Ó. 0–
2 ÒÏ, ÄÚÎ‡ÌÚË˜ÂÒÍËÈ ÓÍÂ‡Ì; 2 – Í‡ÒÌ‡fl ÔÂÎ‡„Ë˜ÂÒÍ‡fl
„ÎËÌ‡ ÒÂ‚ÂÓ-‚ÓÒÚÓ˜ÌÓÈ ˜‡ÒÚË íËıÓ„Ó ÓÍÂ‡Ì‡, ÒÚ‡Ì-
ˆËfl 6175, „Ó. 0–1 ÒÏ; 3 – Í‡ÒÌ‡fl ÔÂÎ‡„Ë˜ÂÒÍ‡fl „ÎËÌ‡
ûÊÌÓÈ ÍÓÚÎÓ‚ËÌ˚ íËıÓ„Ó ÓÍÂ‡Ì‡, ÒÚ‡ÌˆËfl 34, „Ó. 0–
2 ÒÏ; 4 – ÔÂÎ‡„Ë˜ÂÒÍ‡fl „ÎËÌ‡ Ò ÔÓ‚˚¯ÂÌÌ˚Ï ÒÓ‰ÂÊ‡-
ÌËÂÏ ÍÓÒÚÌÓ„Ó ‰ÂÚËÚ‡, íËıËÈ ÓÍÂ‡Ì, ÒÚ‡ÌˆËfl 6177,
„Ó. 0–2 ÒÏ; 5, 6 – ÏÂÚ‡ÎÎÓÌÓÒÌ˚Â ÓÒ‡‰ÍË Çíè, ÒÚ‡Ì-
ˆËfl 45: 5 – „Ó. 0–10 ÒÏ, 6 – 365 ÒÏ; 7 – „ÎËÌËÒÚ˚È ËÎ Ò
ÔËÏÂÒ¸˛ „Ë‰ÓÚÂÏ‡Î¸ÌÓ„Ó Ï‡ÚÂË‡Î‡, ûÊÌ‡fl ÍÓÚ-
ÎÓ‚ËÌ‡ íËıÓ„Ó ÓÍÂ‡Ì‡, ÒÚ‡ÌˆËfl 35. Ñ‡ÌÌ˚Â ‚ÁflÚ˚ ËÁ ‡-
·ÓÚ [ëÚÂÍÓÔ˚ÚÓ‚ Ë ‰., 1999; ÑÛ·ËÌËÌ, êÓÁ‡ÌÓ‚, 2001;
ÑÛ·ËÌËÌ, ë‚‡Î¸ÌÓ‚, 2001], Ú‡ÍÊÂ ËÒÔÓÎ¸ÁÓ‚‡Ì˚ Ì‡¯Ë
ÌÂÓÔÛ·ÎËÍÓ‚‡ÌÌ˚Â Ï‡ÚÂË‡Î˚.
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êËÒ. 8.

 

 ëÓÒÚ‡‚˚ êáù ÓÒ‡‰ÍÓ‚ ÓÍÓÎÓ É‡‚‡ÈÒÍËı ÓÒÚÓ-
‚Ó‚ [ëÚÂÍÓÔ˚ÚÓ‚, ÑÛ·ËÌËÌ, 1996].
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ÂÚ ‚ ‚Ë‰Â ÓÍÒË„Ë‰ÓÍÒË‰Ó‚ Ë ‚ ÒÓÒÚ‡‚Â ‡Î˛ÏÓÒË-
ÎËÍ‡ÚÓ‚ ÚÂË„ÂÌÌÓ„Ó Ë ‚ÛÎÍ‡ÌÓ„ÂÌÌÓ„Ó ÔÓËÒ-
ıÓÊ‰ÂÌËfl, ÚÓ ÙÓÒÙÓ ÏÓÊÂÚ ·˚Ú¸ ÔÂ‰ÒÚ‡‚ÎÂÌ
·ËÓ„ÂÌÌ˚Ï ‡Ô‡ÚËÚÓÏ, ‚ıÓ‰ËÚ¸ ‚ ÒÓÒÚ‡‚ Ó„‡ÌË˜Â-
ÒÍÓ„Ó Ë ÚÂË„ÂÌÌÓ„Ó ‚Â˘ÂÒÚ‚‡, ·˚Ú¸ ÒÓ·ËÓ-
‚‡ÌÌ˚Ï Ì‡ ÓÍÒË„Ë‰ÓÍÒË‰‡ı ÊÂÎÂÁ‡, ‡ Ú‡ÍÊÂ Ì‡-
ıÓ‰ËÚ¸Òfl ‚ ‚Ë‰Â „Ë‰ÓÍÒÓÙÓÒÙ‡ÚÓ‚ ÊÂÎÂÁ‡-Í‡Î¸-
ˆËfl. èÓ‰‚ËÊÌÓÒÚ¸ êáù ‚ ÔÓÒÚÒÂ‰ËÏÂÌÚ‡ˆËÓÌÌ˚ı
ÛÒÎÓ‚Ëflı Á‡‚ËÒËÚ ÓÚ ÒÚ‡·ËÎ¸ÌÓÒÚË Ù‡Á ÓÒ‡‰ÍÓ‚, ‚
ÒÓÒÚ‡‚ ÍÓÚÓ˚ı ÓÌË ‚ıÓ‰flÚ.

àÒÒÎÂ‰Ó‚‡Ú¸ ‡ÒÔÂ‰ÂÎÂÌËÂ êáù ÏÂÊ‰Û ÏËÌÂ-
‡Î¸Ì˚ÏË Ù‡Á‡ÏË ‚ ÓÒ‡‰Í‡ı Ô˚Ú‡ÎËÒ¸ Ò ÔÓÏÓ˘¸˛
„‡ÌÛÎÓÏÂÚË˜ÂÒÍÓ„Ó ‡Ì‡ÎËÁ‡ [ÇÓÎÍÓ‚, ü„Ó‰ËÌ-
ÒÍ‡fl, 1979; Tlig, 1982; Tlig, Steinberg, 1982; Toyoda
et al., 1990]. Ç ÂÁÛÎ¸Ú‡ÚÂ ‡Á‰ÂÎÂÌËfl ÓÒ‡‰ÍÓ‚ àÌ-
‰ËÈÒÍÓ„Ó ÓÍÂ‡Ì‡ Ì‡ 8 Ù‡ÍˆËÈ ·˚ÎÓ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ
·ÓÎÂÂ ÍÛÔÌ˚Â Ù‡ÍˆËË (>35, 35–20 Ë 20–5 ÏÍÏ)
ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ‚ ÓÒÌÓ‚ÌÓÏ ÓÔ‡ÎÓÏ Ë Í‡Î¸ˆËÚÓÏ
·ËÓ„ÂÌÌÓ„Ó ÔÓËÒıÓÊ‰ÂÌËfl Ë ËÏÂ˛Ú ‚ Ò‚ÓÂÏ ÒÓÒÚ‡-
‚Â ÓÚËˆ‡ÚÂÎ¸ÌÛ˛ ‡ÌÓÏ‡ÎË˛ ˆÂËfl, ÍÓÚÓ‡fl ‚ ÚÓÌ-
ÍËı Ù‡ÍˆËflı (2–5, 1–2, 0.5–1, 0.2–0.5 Ë <0.2 ÏÍÏ),
ÒÓ‰ÂÊ‡˘Ëı „ÎËÌËÒÚ˚Â ÏËÌÂ‡Î˚ Ë ÓÍÒË„Ë‰ÓÍ-
ÒË‰˚, ÔÂÂıÓ‰ËÚ ‚ ÔÓÎÓÊËÚÂÎ¸ÌÛ˛. Ç ÓÒ‡‰Í‡ı Ò
„Ë‰ÓÚÂÏ‡Î¸ÌÓÈ ÍÓÏÔÓÌÂÌÚÓÈ ‚ ÚÓÌÍËı Ù‡ÍˆË-
flı ËÏÂÂÚÒfl ÓÚËˆ‡ÚÂÎ¸Ì‡fl ‡ÌÓÏ‡ÎËfl ˆÂËfl, Ë ÒÓ-
ÒÚ‡‚ êáù ÔÓ‰Ó·ÂÌ ÏÂÚ‡ÎÎÓÌÓÒÌ˚Ï ÓÒ‡‰Í‡Ï [Tlig,
1982; Tlig, Steinberg, 1982]. ÄÌ‡ÎËÁ Ù‡ÍˆËÈ ÔÂÎ‡-
„Ë˜ÂÒÍËı ÓÒ‡‰ÍÓ‚ íËıÓ„Ó ÓÍÂ‡Ì‡ (<10 Ë >10 ÏÍÏ)
ÔÓÁ‚ÓÎËÎ ‚˚flÒÌËÚ¸, ˜ÚÓ êáù Ì‡Í‡ÔÎË‚‡˛ÚÒfl ‚Ó
Ù‡ÍˆËË Ò ·ËÓ„ÂÌÌ˚Ï ‡Ô‡ÚËÚÓÏ [ÇÓÎÍÓ‚, ü„Ó‰ËÌ-
ÒÍ‡fl, 1979]. ê‡Á‰ÂÎÂÌËÂ Ì‡ ̄ ÂÒÚ¸ Ù‡ÍˆËÈ ÔÂÎ‡„Ë-
˜ÂÒÍÓÈ Í‡ÒÌÓÈ „ÎËÌ˚ ÔÓÍ‡Á‡ÎÓ, ˜ÚÓ Ï‡ÍÒËÏ‡Î¸-
ÌÓÂ Ì‡ÍÓÔÎÂÌËÂ êáù ÒÓ‚Ô‡‰‡ÂÚ Ò Ì‡ÍÓÔÎÂÌËÂÏ ·Ë-
Ó„ÂÌÌÓ„Ó ÙÓÒÙÓ‡ (Ù‡ÍˆËfl 38–100 ÏÍÏ) [Toyoda
et al., 1990].

ÇÚÓÓÈ ÏÂÚÓ‰, ˜‡ÒÚÓ ÔËÏÂÌflÂÏ˚È ‰Îfl ËÁÛ˜Â-
ÌËfl ‡ÒÔÂ‰ÂÎÂÌËfl êáù ÏÂÊ‰Û ÏËÌÂ‡Î¸Ì˚ÏË
Ù‡Á‡ÏË ‚ ÓÒ‡‰Í‡ı, – ÒÂÎÂÍÚË‚ÌÓÂ Ëı ‚˚˘ÂÎ‡˜Ë‚‡-
ÌËÂ. íÛ‰ÌÓÒÚ¸ ËÌÚÂÔÂÚ‡ˆËË ‰‡ÌÌ˚ı, ÔÓÎÛ˜ÂÌ-
Ì˚ı Ò ÔÓÏÓ˘¸˛ ÏÂÚÓ‰‡ ‚˚ÚflÊÂÍ ıËÏË˜ÂÒÍËÏË Â-
‡„ÂÌÚ‡ÏË, Ò‚flÁ‡Ì‡ Ò ÌËÁÍÓÈ ÒÂÎÂÍÚË‚ÌÓÒÚ¸˛ ‚˚-
ÚflÊÂÍ ÔÓ ÓÚÌÓ¯ÂÌË˛ Í ÎÂ„ÍÓ ‡ÒÚ‚ÓËÏ˚Ï
‡ÛÚË„ÂÌÌ˚Ï ÏËÌÂ‡Î‡Ï ÓÒ‡‰ÍÓ‚. êÂÁÛÎ¸Ú‡Ú˚ ËÁÛ-
˜ÂÌËfl ıËÏË˜ÂÒÍÓ„Ó ÒÓÒÚ‡‚‡ Â‡ÍˆËÓÌÌÓÒÔÓÒÓ·ÌÓÈ
(‡ÒÚ‚ÓËÏÓÈ) ˜‡ÒÚË ÓÒ‡‰Í‡ Á‡‚ËÒflÚ ÓÚ ÍÓÌˆÂÌÚ‡-
ˆËË ÍËÒÎÓÚ˚ (ÒÓÎË) ‚ ÔËÏÂÌflÂÏÓÈ ‚˚ÚflÊÍÂ, ÓÍËÒ-
ÎËÚÂÎ¸ÌÓ-‚ÓÒÒÚ‡ÌÓ‚ËÚÂÎ¸Ì˚ı Ò‚ÓÈÒÚ‚ Â‡ÍÚË‚‡, ÒÓ-
ÓÚÌÓ¯ÂÌËfl ÊË‰ÍÓÈ Ë Ú‚Â‰ÓÈ Ù‡Á, ‰ÎËÚÂÎ¸ÌÓÒÚË Ó·-
‡·ÓÚÍË Ë ÍÛÔÌÓÒÚË ÁÂÂÌ ÓÒ‡‰Ó˜ÌÓ„Ó Ï‡ÚÂË‡Î‡
[ÑÛ·ËÌËÌ, ëÚÂÍÓÔ˚ÚÓ‚, 2001]. çÂÒÏÓÚfl Ì‡ ˝ÚË
Ó„‡ÌË˜ÂÌËfl, Ò ÔÓÏÓ˘¸˛ ‚˚ÚflÊÂÍ ÏÓÊÌÓ ÓÔÂ‰Â-
ÎËÚ¸ ÛÒÎÓ‚ÌÓ Â‡ÍˆËÓÌÌÓÒÔÓÒÓ·Ì˚Â (Î‡·ËÎ¸Ì˚Â)
êáù, ÍÓÚÓ˚Â ÔÓÚÂÌˆË‡Î¸ÌÓ ÏÓ„ÛÚ Û˜‡ÒÚ‚Ó‚‡Ú¸ ‚
‰Ë‡„ÂÌÂÚË˜ÂÒÍËı ÔÓˆÂÒÒ‡ı. èËÏÂÓÏ ÏÓÊÂÚ
ÒÎÛÊËÚ¸ ËÁÛ˜ÂÌËÂ ÒÓÒÚ‡‚‡ ÊÂÎÂÁÓÏ‡„‡ÌˆÂ‚˚ı
ÍÓÌÍÂˆËÈ Ë ÏËÍÓÍÓÌÍÂˆËÈ ‚ÏÂÒÚÂ Ò ÒÓÒÚ‡‚ÓÏ
Â‡ÍˆËÓÌÌÓÒÔÓÒÓ·ÌÓÈ ˜‡ÒÚË ‚ÏÂ˘‡˛˘Ëı ÓÒ‡‰ÍÓ‚
[Elderfield et al., 1981‡; ÑÛ·ËÌËÌ, ëÚÂÍÓÔ˚ÚÓ‚,
1994; ÑÛ·ËÌËÌ, 1996; ÑÛ·ËÌËÌ, ë‚‡Î¸ÌÓ‚, 1996;

ÑÛ·ËÌËÌ Ë ‰., 1997 Ë ‰.]. ÑÛ„ËÏ ÔËÏÂÓÏ ÏÓ-
ÊÂÚ ÒÎÛÊËÚ¸ ËÒÒÎÂ‰Ó‚‡ÌËÂ ÔÓ‚Â‰ÂÌËfl ̂ ÂËfl ‚ „ÎË-
ÌËÒÚ˚ı ËÎ‡ı Ò ÔËÏÂÒ¸˛ „Ë‰ÓÚÂÏ‡Î¸ÌÓ„Ó Ï‡ÚÂ-
Ë‡Î‡, ÒÓ‰ÂÊ‡ÌËÂ ÍÓÚÓÓ„Ó ÔÓÒÚÂÔÂÌÌÓ Û‚ÂÎË˜Ë-
‚‡ÂÚÒfl ‚ÌËÁ ÔÓ ÍÓÎÓÌÍÂ (ËÒ.10). ÇÌÂ Á‡‚ËÒËÏÓÒÚË
ÓÚ ÚËÔ‡ ‚˚ÚflÊÍË ÚÂı‚‡ÎÂÌÚÌ˚Â êáù Ì‡ 88–98%
ÔÂÂıÓ‰flÚ ‚ ‡ÒÚ‚Ó. Ç˚ÒÓÍËÈ ‚˚ıÓ‰ êáù ‚ ‚˚-
ÚflÊÍË Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó ÔÂÓ·Î‡‰‡ÌËË ÒÓ·ËÓ-
‚‡ÌÌÓÈ ÙÓÏ˚ ‚ Ëı ÒÓÒÚ‡‚Â. èÓÎÌÓÂ Û‰‡ÎÂÌËÂ ‚˚-
ÚflÊÍÓÈ óÂÒÚÂ‡ ÓÍÒË„Ë‰ÓÍÒË‰Ó‚ Ï‡„‡Ìˆ‡ Ë ÒÎ‡-
·ÓÓÍËÒÚ‡ÎÎËÁÓ‚‡ÌÌ˚ı ÓÍÒË„Ë‰ÓÍÒË‰Ó‚ ÊÂÎÂÁ‡
ÔË‚Ó‰ËÚ Í ÚÓÏÛ, ˜ÚÓ ‚ ÓÒ‡‰ÍÂ ÓÒÚ‡˛ÚÒfl, ÔÓÏËÏÓ
‡Î˛ÏÓÒËÎËÍ‡ÚÌÓ„Ó Ï‡ÚÂË‡Î‡, Ú‡ÍÊÂ Ë ÓÍÒË„Ë‰-
ÓÍÒË‰˚ ÊÂÎÂÁ‡. èË˜ÂÏ ÂÒÎË ‚ ‚‡ÎÓ‚ÓÏ ÓÒ‡‰ÍÂ
Ì‡ „ÓËÁÓÌÚ‡ı 12–15 Ë 20–25 ÒÏ ËÏÂÂÚÒfl ÓÚËˆ‡-
ÚÂÎ¸Ì‡fl ‡ÌÓÏ‡ÎËfl ˆÂËfl, ‚ ÓÒÚ‡ÚÍ‡ı ÓÚ ‚˚ÚflÊÂÍ
ÓÌ‡ ÛÊÂ ÔÓÎÓÊËÚÂÎ¸Ì‡fl, ‡ Í ÌËÊÌËÏ ˜‡ÒÚflÏ ÍÓ-
ÎÓÌÍË ÓÌ‡ ÔÓÒÚÂÔÂÌÌÓ ‚ÏÂÒÚÂ Ò Û‚ÂÎË˜ÂÌËÂÏ ÔË-
ÏÂÒË „Ë‰ÓÚÂÏ‡Î¸ÌÓ„Ó Ï‡ÚÂË‡Î‡ ÒÚ‡ÌÓ‚ËÚÒfl ÓÚ-
Ëˆ‡ÚÂÎ¸ÌÓÈ, Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Ûfl Ó ÔÂÓ·Î‡‰‡ÌËË ‚
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 Ç‡Ë‡ˆËË ÒÓÒÚ‡‚‡ êáù ‚ ÓÒ‡‰Í‡ı ÔÓÙËÎfl ÓÚ
üÔÓÌÒÍËı ÓÒÚÓ‚Ó‚ ‰Ó ä‡ÎËÙÓÌËÈÒÍÓ„Ó Á‡ÎË‚‡
[ëÚÂÍÓÔ˚ÚÓ‚ Ë ‰., 1999]. 

‡ – ÓÚÌÓ¯ÂÌËÂ ÎÂ„ÍËı êáù Í ÚflÊÂÎ˚Ï
(ãêáù/íêáù)

 

NASC

 

; · – ÒÛÏÏ‡ êáù (‚ ÔÂÂÒ˜ÂÚÂ Ì‡
·ÂÒÍ‡·ÓÌ‡ÚÌÓÂ ‚Â˘ÂÒÚ‚Ó); ‚ – ‚ÂÎË˜ËÌ‡ ‡ÌÓÏ‡ÎËË
ˆÂËfl. èÛÌÍÚËÌÓÈ ÎËÌËÂÈ ÔÓÍ‡Á‡Ì˚ ÁÌ‡˜ÂÌËfl ‰Îfl
ÒÎ‡Ìˆ‡ NASC.
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ÑÛ·ËÌËÌ

ÓÒ‡‰Í‡ı ‡ÒÍËÒÚ‡ÎÎËÁÓ‚‡ÌÌ˚ı „Ë‰ÓÚÂÏ‡Î¸-
Ì˚ı ÓÍÒË„Ë‰ÓÍÒË‰Ó‚ ÊÂÎÂÁ‡.

èÓÎÓÊËÚÂÎ¸Ì‡fl ‡ÌÓÏ‡ÎËfl ˆÂËfl ÔÓfl‚ÎflÂÚÒfl ‚
ÓÒÚ‡ÚÍ‡ı ÔÓÒÎÂ ‚˚ÚflÊÍË 3.5 N H2SO4 [ÇÓÎÍÓ‚ Ë ‰.,
1980]. ÖÂ ‚ÓÁÌËÍÌÓ‚ÂÌËÂ Ò‚flÁ‡ÌÓ Ò ÓÍÒË„Ë‰ÓÍÒË-
‰‡ÏË Mn(IV), ÍÓÚÓ˚Â ÌÂ‡ÒÚ‚ÓËÏ˚ ‚ ‰‡ÌÌÓÈ
‚˚ÚflÊÍÂ ‚ ÓÚÎË˜ËÂ ÓÚ ÓÍÒË„Ë‰ÓÍÒË‰Ó‚ ÊÂÎÂÁ‡.
éÚÒ˛‰‡ ÒÎÂ‰ÛÂÚ, ˜ÚÓ ˜‡ÒÚ¸ ˆÂËfl Ò‚flÁ‡Ì‡ Ò ÓÍÒË-
„Ë‰ÓÍÒË‰‡ÏË Ï‡„‡Ìˆ‡, ÔÓ-‚Ë‰ËÏÓÏÛ, ·Î‡„Ó‰‡fl
ÒÓÔflÊÂÌÌ˚Ï ÔÓˆÂÒÒ‡Ï ÓÍËÒÎÂÌËfl Mn2+  Mn4+

Ë Ce3+  Ce4+ ‚ ÔÓ‚ÂıÌÓÒÚÌ˚ı ÓÍÂ‡ÌÒÍËı ‚Ó‰‡ı
[ÑÛ·ËÌËÌ, ë‚‡Î¸ÌÓ‚, 2001].

ÑÛ„ËÏ ÔËÏÂÓÏ ÔËÏÂÌÂÌËfl ‚˚ÚflÊÂÍ ÏÓ-
ÊÂÚ ÒÎÛÊËÚ¸ ËÒÒÎÂ‰Ó‚‡ÌËÂ ÔÓ‚Â‰ÂÌËfl êáù ‚ ÔÓ-
ˆÂÒÒ‡ı ‚ÓÒÒÚ‡ÌÓ‚ËÚÂÎ¸ÌÓ„Ó ‰Ë‡„ÂÌÂÁ‡ ‚ ÓÒ‡‰Í‡ı
ÓÍÂ‡Ì‡ [ÑÛ·ËÌËÌ, 1998]. èÓ‚Â‰ÂÌËÂ Â‰ÍÓÁÂÏÂÎ¸-

Ì˚ı ˝ÎÂÏÂÌÚÓ‚ ‡ÌÂÂ ·˚ÎÓ ËÁÛ˜ÂÌÓ ‚ ËÎÓ‚˚ı ‚Ó-
‰‡ı ÓÒ‡‰ÍÓ‚ ÔË·ÂÊÌ˚ı ‡ÈÓÌÓ‚ Á‡ÎË‚Ó‚ Å‡-
Á‡‰Ò Ë óÂÒ‡ÔËÍ Ë ÔÓÎË‚‡ ë‡‡ÌË˜ [Elderfield,
Sholkovitz, 1987; German, Elderfield, 1989; Sholko-
vitz et al., 1989, 1992]. äÓÌˆÂÌÚ‡ˆËË êáù ‚ ËÎÓ‚ÓÈ
‚Ó‰Â ·˚ÎË ‚ 10–50 ‡Á ‚˚¯Â, ˜ÂÏ ‚ ÔË‰ÓÌÌÓÈ, Ë
Á‡‚ËÒÂÎË ÓÚ ÓÍËÒÎËÚÂÎ¸ÌÓ-‚ÓÒÒÚ‡ÌÓ‚ËÚÂÎ¸Ì˚ı ÛÒ-
ÎÓ‚ËÈ ÒÂ‰˚. àÁÏÂÌÂÌËÂ ÍÓÌˆÂÌÚ‡ˆËÈ êáù ‚
ËÎÓ‚˚ı (Ë ÔË‰ÓÌÌ˚ı) ‚Ó‰‡ı ÌÓÒËÎÓ ÒÂÁÓÌÌ˚È ı‡-
‡ÍÚÂ Ë ÒÓ‚Ô‡‰‡ÎÓ Ò ÔÂËÓ‰‡ÏË ‡Á‚ËÚËfl ÓÍËÒÎË-
ÚÂÎ¸Ì˚ı Ë ‚ÓÒÒÚ‡ÌÓ‚ËÚÂÎ¸Ì˚ı ÛÒÎÓ‚ËÈ ‚ ÓÒ‡‰Í‡ı
(ËÒ. 11) [Sholkovitz et al., 1992]. äÓÎÂ·‡ÌËfl ÒÓ‰Â-
Ê‡ÌËÈ êáù Ò‚flÁ‡Ì˚ Ò ÍÓÎÂ·‡ÌËflÏË ÒÓ‰ÂÊ‡ÌËÈ
ÊÂÎÂÁ‡ ‚ ËÎÓ‚ÓÈ ‚Ó‰Â. ë ‡Á‚ËÚËÂÏ ‚ ÓÒ‡‰Í‡ı ‚ÓÒ-
ÒÚ‡ÌÓ‚ËÚÂÎ¸Ì˚ı ÛÒÎÓ‚ËÈ ‚ Ì‡Ë·ÓÎ¸¯ÂÈ ÒÚÂÔÂÌË
‚ÓÁ‡ÒÚ‡˛Ú ÒÓ‰ÂÊ‡ÌËfl ˆÂËfl Ë ÎÂ„ÍËı êáù. èË
ÒÏÂÌÂ ‚ÓÒÒÚ‡ÌÓ‚ËÚÂÎ¸Ì˚ı ÛÒÎÓ‚ËÈ Ì‡ ÓÍËÒÎË-
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ÉÓ. 160–165 ÒÏ

ÉÓ. 180–190 ÒÏ

êËÒ. 10. ëÓÒÚ‡‚˚ êáù, ÌÓÏ‡ÎËÁÓ‚‡ÌÌ˚Â Ì‡ ÒÎ‡ÌÂˆ, ‚ ÓÒÚ‡ÚÍ‡ı ËÁ ÓÒ‡‰ÍÓ‚ ÔÓÒÎÂ ‚˚ÚflÊÂÍ.

‡ – 3.5N H2SO4, · – 1M NH2OH × HCl + 25% CH3COOH. ëÚ‡ÌˆËfl 35, ûÊÌ‡fl ÍÓÚÎÓ‚ËÌ‡ íËıÓ„Ó ÓÍÂ‡Ì‡ [ÑÛ·ËÌËÌ, ë‚‡Î¸-
ÌÓ‚, 2000·].
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ÚÂÎ¸Ì˚Â ÍÓÌˆÂÌÚ‡ˆËË ˆÂËfl Ë ÎÂ„ÍËı êáù
ÛÏÂÌ¸¯‡˛ÚÒfl ‚ ·ÓÎ¸¯ÂÈ ÒÚÂÔÂÌË, ˜ÂÏ ÚflÊÂÎ˚ı.
èÂËÏÛ˘ÂÒÚ‚ÂÌÌÓÂ ‚ÓÁ‡ÒÚ‡ÌËÂ ÒÓ‰ÂÊ‡ÌËÈ ˆÂ-
Ëfl Ó·ÛÒÎÓ‚ÎÂÌÓ Â„Ó ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËÂÏ Ë ÔÂÂıÓ-
‰ÓÏ ‚ ËÎÓ‚Û˛ ‚Ó‰Û ËÁ Ú‚Â‰˚ı Ù‡Á ÓÒ‡‰ÍÓ‚.

èÓÔ˚ÚÍ‡ ÓˆÂÌËÚ¸ ‚ÓÁÏÓÊÌÓÂ ‚ÎËflÌËÂ ÒÂÁÓÌÌÓ-
„Ó ËÁÏÂÌÂÌËfl ÒÓ‰ÂÊ‡ÌËÈ êáù ‚ ËÎÓ‚˚ı ‚Ó‰‡ı Ì‡
ÒÓÒÚ‡‚ ÓÒ‡‰Í‡ ÔÓÍ‡Á‡Î‡, ˜ÚÓ ÔË ÍÓ˝ÙÙËˆËÂÌÚÂ
‡ÒÔÂ‰ÂÎÂÌËfl êáù ‚ ÒËÒÚÂÏÂ ÓÒ‡‰ÍË–ËÎÓ‚˚Â ‚Ó‰˚
ÓÍÓÎÓ 106 ÍÓÎÂ·‡ÌËÂ ÒÓÒÚ‡‚‡ êáù ËÎÓ‚˚ı ‚Ó‰ ÌÂ
ËÁÏÂÌËÚ Â‡ÍˆËÓÌÌÓÒÔÓÒÓ·ÌÓÈ ˜‡ÒÚË ÓÒ‡‰Í‡ [El-
derfield, Sholkovitz, 1987; Sholkovitz et al., 1989].

ê‡Á‚ËÚËÂ ‚ÓÒÒÚ‡ÌÓ‚ËÚÂÎ¸Ì˚ı ÛÒÎÓ‚ËÈ ‚ ÓÒ‡‰-
Í‡ı Ò‚flÁ‡ÌÓ Ò ÓÍËÒÎÂÌËÂÏ Ó„‡ÌË˜ÂÒÍÓ„Ó ‚Â˘ÂÒÚ-
‚‡, „‰Â ‚ Í‡˜ÂÒÚ‚Â ÓÍËÒÎËÚÂÎfl ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ
ËÒÔÓÎ¸ÁÛ˛ÚÒfl ‡ÒÚ‚ÓÂÌÌ˚È ÍËÒÎÓÓ‰, ÌËÚ‡Ú˚
ËÎÓ‚˚ı ‚Ó‰, ÓÍÒË„Ë‰ÓÍÒË‰˚ Ï‡„‡Ìˆ‡ (IV), ÓÍÒË-
„Ë‰ÓÍÒË‰˚ ÊÂÎÂÁ‡ (III), ÒÛÎ¸Ù‡Ú˚ ËÎÓ‚˚ı ‚Ó‰
[Stumm, Morgan, 1981]. Ç Ì‡Ô‡‚ÎÂÌËË ÔÂÎ‡„Ë‡ÎË
ÓÍÂ‡Ì‡ ÓÒÚ ‚ ÓÒ‡‰Í‡ı ÒÓ‰ÂÊ‡ÌËfl ÓÍÒË„Ë‰ÓÍÒË-
‰Ó‚ Fe Ë Mn ÒÓÔÓ‚ÓÊ‰‡ÂÚÒfl Ó‰ÌÓ‚ÂÏÂÌÌ˚Ï
ÛÏÂÌ¸¯ÂÌËÂÏ ÍÓÎË˜ÂÒÚ‚‡ Ó„‡ÌË˜ÂÒÍÓ„Ó ‚Â˘ÂÒÚ-
‚‡, ˜ÚÓ ÔË‚Ó‰ËÚ ‚ ÍÓÌÂ˜ÌÓÏ Ò˜ÂÚÂ Í ÌÂ‚ÓÁÏÓÊÌÓ-
ÒÚË ‡Á‚ËÚËfl ‚ÓÒÒÚ‡ÌÓ‚ËÚÂÎ¸ÌÓ„Ó ‰Ë‡„ÂÌÂÁ‡. ÇÏÂ-
ÒÚÂ Ò ÚÂÏ, ËÁ‚ÎÂ˜ÂÌËÂ ÏËÍÓ˝ÎÂÏÂÌÚÓ‚ ËÁ ÓÍÂ‡Ì-
ÒÍÓÈ ‚Ó‰˚ ÓÍÒË„Ë‰ÓÍÒË‰‡ÏË Fe Ë Mn ‚ ıÓ‰Â
ÔÂÎ‡„Ë˜ÂÒÍÓÈ ÒÂ‰ËÏÂÌÚ‡ˆËË ÔË‚Ó‰ËÚ Í ÓÒÚÛ Ëı
ÒÓ‰ÂÊ‡ÌËÈ ‚ ÔÂÎ‡„Ë˜ÂÒÍËı ÓÒ‡‰Í‡ı. Ç ıÓ‰Â ‚ÓÒ-
ÒÚ‡ÌÓ‚ËÚÂÎ¸ÌÓ„Ó ‰Ë‡„ÂÌÂÁ‡ ÓÍÒË„Ë‰ÓÍÒË‰Ì˚Â
ÒÓÂ‰ËÌÂÌËfl ÊÂÎÂÁ‡ Ë Ï‡„‡Ìˆ‡ ÏÓ„ÛÚ ˜‡ÒÚË˜ÌÓ
‡ÒÚ‚ÓflÚ¸Òfl, ˜ÚÓ ‰ÓÎÊÌÓ ÔË‚Ó‰ËÚ¸ Í ÔÂÂ‡Ò-
ÔÂ‰ÂÎÂÌË˛ Ò‚flÁ‡ÌÌ˚ı Ò ÌËÏË ÏËÍÓ˝ÎÂÏÂÌÚÓ‚ Ë,
‚ ˜‡ÒÚÌÓÒÚË, êáù. ç‡Ë·ÓÎÂÂ ÒËÎ¸ÌÓ ˝ÚË ÔÓˆÂÒÒ˚
ÏÓ„ÛÚ ÔÓfl‚ÎflÚ¸Òfl ‚ „ÂÏËÔÂÎ‡„Ë˜ÂÒÍËı ÓÒ‡‰Í‡ı,
„‰Â, Ì‡fl‰Û Ò ‰ÓÒÚ‡ÚÓ˜Ì˚Ï ÍÓÎË˜ÂÒÚ‚ÓÏ ‰Îfl ‡Á-
‚ËÚËfl ‚ÓÒÒÚ‡ÌÓ‚ËÚÂÎ¸ÌÓ„Ó ‰Ë‡„ÂÌÂÁ‡ Á‡ıÓÓÌÂÌÌÓ-
„Ó Ó„‡ÌË˜ÂÒÍÓ„Ó ‚Â˘ÂÒÚ‚‡, ÔËÒÛÚÒÚ‚Û˛Ú ÁÌ‡˜Ë-
ÚÂÎ¸Ì˚Â ÍÓÎË˜ÂÒÚ‚‡ „Ë‰Ó„ÂÌÌ˚ı ÓÍÒË„Ë‰ÓÍÒË-
‰Ó‚ ÊÂÎÂÁ‡ Ë Ï‡„‡Ìˆ‡. èÓ‚Â‰ÂÌËÂ ‡ÒÚ‚ÓÂÌÌ˚ı
êáù Ì‡ „‡ÌËˆÂ ÓÍËÒÎÂÌÌ˚ı Ë ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌÌ˚ı
‚Ó‰ ‚Ó ‚Ô‡‰ËÌÂ ä‡Ë‡ÍÓ, Á‡ÎË‚Â ë‡‡ÌË˜ Ë óÂÌÓÏ
ÏÓÂ ÍÓÌÚÓÎËÛÂÚÒfl ÔÓˆÂÒÒ‡ÏË ÓÍËÒÎÂÌËfl-‚ÓÒ-
ÒÚ‡ÌÓ‚ÎÂÌËfl ÊÂÎÂÁ‡ Ë Ï‡„‡Ìˆ‡. Ç ÓÍËÒÎËÚÂÎ¸-
Ì˚ı ÛÒÎÓ‚Ëflı ÔÓËÒıÓ‰ËÚ ÒÓ·ˆËfl êáù Ì‡ ‚Á‚ÂÒË
ÓÍÒË„Ë‰ÓÍÒË‰Ó‚ Fe Ë Mn, ‡ ‚ ‚ÓÒÒÚ‡ÌÓ‚ËÚÂÎ¸Ì˚ı –
ÔÂÂıÓ‰ Ëı ‚ ‚Ó‰Û ‚ ÂÁÛÎ¸Ú‡ÚÂ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl Fe
Ë Mn [De Baar et al., 1988; German, Elderfield, 1989;
Schijf et al., 1991]. í‡ÍËÂ ÊÂ ÔÓˆÂÒÒ˚ ÏÓ„ÛÚ Ë‰ÚË
‚ ÓÒ‡‰Í‡ı. 

èÂÂ‡ÒÔÂ‰ÂÎÂÌËÂ êáù ‚ ÔÓˆÂÒÒ‡ı ‡ÌÌÂ„Ó
‰Ë‡„ÂÌÂÁ‡ ·˚ÎÓ ‡ÒÒÏÓÚÂÌÓ ‚ „ÂÏËÔÂÎ‡„Ë˜ÂÒÍËı
ÓÒ‡‰Í‡ı ÒÚ‡ÌˆËË 6171, ‡ÒÔÓÎÓÊÂÌÌÓÈ ‚ ëÂ‚ÂÓ-
á‡Ô‡‰ÌÓÈ ÍÓÚÎÓ‚ËÌÂ íËıÓ„Ó ÓÍÂ‡Ì‡ [ÑÛ·ËÌËÌ,
1998]. ÇÂıÌflfl ̃ ‡ÒÚ¸ „ÎËÌËÒÚÓ„Ó ËÎ‡ ‰Ó „ÓËÁÓÌÚ‡
40 ÒÏ ÓÍËÒÎÂÌ‡. çËÊÂ ˝ÚÓ„Ó „ÓËÁÓÌÚ‡ ‚ ÓÒ‡‰Í‡ı
ÓÚÏÂ˜ÂÌÓ ‰Ë‡„ÂÌÂÚË˜ÂÒÍÓÂ ÔÂÂ‡ÒÔÂ‰ÂÎÂÌËÂ
Mn Ë Fe, ÍÓÚÓÓÂ ÔÓfl‚ÎÂÌÓ ‚ ÙÓÏÂ Ì‡ÍÓÔÎÂÌËfl Ëı
ÓÍÒË„Ë‰ÓÍÒË‰Ó‚ Ì‡ „ÓËÁÓÌÚ‡ı 40–57 (‰Ó 13% Mn) Ë

57–67 ÒÏ (‰Ó 6.4% Fe). çËÊÂ „ÓËÁÓÌÚ‡ 67 ÒÏ ÓÒ‡‰-
ÍË ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌ˚. ç‡ÎË˜ËÂ 40 ÒÏ ÓÍËÒÎÂÌÌÓ„Ó
ÓÒ‡‰Í‡ ÌÂ ÔÓÁ‚ÓÎËÎÓ ÔÂÂÈÚË ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌÌ˚Ï
ÙÓÏ‡Ï Fe Ë Mn (‡ ‚ÏÂÒÚÂ Ò ÌËÏË Ë ÏËÍÓ˝ÎÂÏÂÌ-
Ú‡Ï) ‚ ÔË‰ÓÌÌÛ˛ ‚Ó‰Û. ÑÎfl ‚˚‰ÂÎÂÌËfl Ë ËÁÛ˜ÂÌËfl
Â‡ÍˆËÓÌÌÓÒÔÓÒÓ·ÌÓÈ ˜‡ÒÚË ÓÒ‡‰Í‡ ·˚Î ËÒÔÓÎ¸-
ÁÓ‚‡Ì Â‡ÍÚË‚ óÂÒÚÂ‡, ÍÓÚÓ˚È Ô‡ÍÚË˜ÂÒÍË
ÔÓÎÌÓÒÚ¸˛ ‚ÓÒÒÚ‡Ì‡‚ÎË‚‡ÂÚ ÓÍÒË„Ë‰ÓÍÒË‰ Ï‡-
„‡Ìˆ‡ (IV) Ë ˜‡ÒÚË˜ÌÓ ‡ÒÚ‚ÓflÂÚ ÒÎ‡·ÓÓÍËÒÚ‡Î-
ÎËÁÓ‚‡ÌÌ˚Â ÓÍÒË„Ë‰ÓÍÒË‰˚ ÊÂÎÂÁ‡ (III). éÍÓÎÓ
ÔÓÎÓ‚ËÌ˚ ‚ÒÂ„Ó ÒÓ‰ÂÊ‡ÌËfl ÒÂ‰ÌËı êáù ÔÂÂıÓ-
‰ËÎË ‚ ‚˚ÚflÊÍÛ, ‚ Ì‡ËÏÂÌ¸¯ÂÈ ÒÚÂÔÂÌË ÔÂÂıÓ-
‰ËÎ ‚ ÌÂÂ Î‡ÌÚ‡Ì, ÌÓ Ë Â„Ó ‰ÓÎfl ‚ ‚˚ÚflÊÍÂ ÒÓÒÚ‡‚-
ÎflÎ‡ ÔÓfl‰Í‡ 25%. ÄÎ˛ÏËÌËÈ – Ì‡ËÏÂÌÂÂ ÔÓ-
‰‚ËÊÌ˚È ˝ÎÂÏÂÌÚ ‚ ÔÓˆÂÒÒ‡ı ‡ÌÌÂ„Ó
‚ÓÒÒÚ‡ÌÓ‚ËÚÂÎ¸ÌÓ„Ó ‰Ë‡„ÂÌÂÁ‡. éÚÌÓÒËÚÂÎ¸ÌÓ
‡Î˛ÏËÌËfl êáù, Á‡ ËÒÍÎ˛˜ÂÌËÂÏ Î‡ÌÚ‡Ì‡ Ë Ô‡ÁÂ-
Ó‰ËÏ‡, Ì‡Í‡ÔÎË‚‡˛ÚÒfl ‚ ÔÓÒÎÓflı ÓÒ‡‰ÍÓ‚, Ó·Ó„‡-
˘ÂÌÌ˚ı ÊÂÎÂÁÓÏ Ë Ï‡„‡ÌˆÂÏ. ãÂ„ÍËÂ êáù Ì‡Ë-
ÏÂÌÂÂ ÔÓ‰‚ËÊÌ˚ ‚ ‰Ë‡„ÂÌÂÁÂ. ìÒÚ‡ÌÓ‚ÎÂÌÓ Ì‡ÍÓÔ-
ÎÂÌËÂ ˆÂËfl ‚ ÒÎÓflı ÓÒ‡‰ÍÓ‚, Ó·Ó„‡˘ÂÌÌ˚ı
Ï‡„‡ÌˆÂÏ Ë ÊÂÎÂÁÓÏ, ‚ÂÎË˜ËÌ‡ ‡ÌÓÏ‡ÎËË ˆÂËfl
‰ÓÒÚË„‡Î‡ 1.50 ÔË ÙÓÌÓ‚˚ı ÁÌ‡˜ÂÌËflı 1.34–1.41
(ËÒ. 12). ç‡ÍÓÔÎÂÌËÂ ÙÓÒÙ‡ÚÓ‚ ËÎÓ‚˚ı ‚Ó‰ Ì‡
‰Ë‡„ÂÌÂÚË˜ÂÒÍÓÏ ÓÍÒË„Ë‰ÓÍÒË‰Â ÊÂÎÂÁ‡ ÔË‚ÂÎÓ
Í ‰ÓÔÓÎÌËÚÂÎ¸ÌÓÏÛ ËÁ‚ÎÂ˜ÂÌË˛ ÚflÊÂÎ˚ı êáù.
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êËÒ. 11. àÁÏÂÌÂÌËÂ ÒÓ‰ÂÊ‡ÌËÈ ‡ÒÚ‚ÓÂÌÌÓ„Ó ÍËÒ-
ÎÓÓ‰‡, ÊÂÎÂÁ‡, Ï‡„‡Ìˆ‡, ˆÂËfl Ë ÌÂÓ‰ËÏ‡ ‚ ÔË‰ÓÌ-
ÌÓÈ ‚Ó‰Â Á‡ÎË‚‡ óÂÒ‡ÔËÍ [Sholkovitz et al., 1992].
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ç‡Ë·ÓÎÂÂ ÔÓÎÌÓ Óı‡‡ÍÚÂËÁÓ‚‡Ú¸ ÔÓ‚Â‰ÂÌËÂ
êáù ‚ ÔÓÎË„ÂÌÌ˚ı ÓÍÂ‡ÌÒÍËı ÓÒ‡‰Í‡ı ÏÓÊÌÓ
ÎË¯¸ ËÁÛ˜Ë‚ ‡ÒÔÂ‰ÂÎÂÌËÂ êáù ÏÂÊ‰Û ÓÚ‰ÂÎ¸-
Ì˚ÏË Ëı Ù‡Á‡ÏË. ÖÒÎË Û˜ÂÒÚ¸, ˜ÚÓ ÏÌÓ„ËÂ ‡ÛÚË-
„ÂÌÌ˚Â ÏËÌÂ‡Î˚ ÔÎÓıÓ ÓÍËÒÚ‡ÎÎËÁÓ‚‡Ì˚ Ë ÒÓ-
‰ÂÊ‡Ú ÏÌÓ„Ó ÔËÏÂÒÂÈ, ÚÓ ÔÓ·ÎÂÏ‡ Ëı ‚˚‰ÂÎÂ-
ÌËfl ÒÚ‡ÌÓ‚ËÚÒfl ÚÛ‰ÌÓ ‡ÁÂ¯ËÏÓÈ. ç‡ÔËÏÂ,
Ì‡ ÒÓ‰ÂÊ‡ÌËÂ êáù ‚ ÙËÎÎËÔÒËÚ‡ı [Piper, 1974;
ÑÛ·ËÌËÌ, 2000] ÒËÎ¸ÌÓ ‚ÎËfl˛Ú ÔËÏÂÒË ÓÍÒË„Ë‰-
ÓÍÒË‰Ó‚ ÊÂÎÂÁ‡ Ë ÍÓÒÚÌÓ„Ó ‰ÂÚËÚ‡, Á‡ı‚‡˜ÂÌ-
Ì˚Â ‚Ó ‚ÂÏfl ÓÒÚ‡ ÙËÎÎËÔÒËÚÓ‚ Ë ÍÓÚÓ˚Â ÌÂ-
‚ÓÁÏÓÊÌÓ ÓÚ‰ÂÎËÚ¸ ÏÂı‡ÌË˜ÂÒÍË Ë ıËÏË˜ÂÒÍË.

ÄÛÚË„ÂÌÌ˚Â ÏËÌÂ‡Î˚ – ıÂÏÓ„ÂÌÌ˚Â („Ë‰Ó-
„ÂÌÌ˚Â) Ë ÓÚ˜‡ÒÚË ·ËÓ„ÂÌÌ˚Â ÌÓ‚ÓÓ·‡ÁÓ‚‡ÌËfl,
ÔÓfl‚Ë‚¯ËÂÒfl ‚ ‰Ë‡„ÂÌÂÁÂ Í‡Í ÂÁÛÎ¸Ú‡Ú ÔË‚Â‰Â-
ÌËfl ‚ ‡‚ÌÓ‚ÂÒËÂ ÒËÒÚÂÏ˚ ‰ÓÌÌ˚È ÓÒ‡‰ÓÍ – ÔË-
‰ÓÌÌ‡fl ÏÓÒÍ‡fl ‚Ó‰‡ – ÔÓÓ‚˚Â ‚Ó‰˚. Ç˚‰ÂÎfl˛Ú-
Òfl ‰‚Â Ô‡‡„ÂÌÂÚË˜ÂÒÍËÂ ‡ÒÒÓˆË‡ˆËË ‡ÛÚË„ÂÌÌ˚ı
ÏËÌÂ‡ÎÓ‚: 1 – Ò‚flÁ‡ÌÌ˚Â Ò ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌÌÓÈ ÁÓ-
ÌÓÈ ‚ ÔËÍÓÌÚËÌÂÌÚ‡Î¸Ì˚ı Ó·Î‡ÒÚflı ÓÍÂ‡ÌÓ‚ Ë
‚ÌÛÚÂÌÌËı ÏÓflı; 2 – Ò‚flÁ‡ÌÌ˚Â Ò ÓÍËÒÎÂÌÌ˚ÏË
ÓÒ‡‰Í‡ÏË ÔÂÎ‡„Ë˜ÂÒÍËı Ó·Î‡ÒÚÂÈ ÓÍÂ‡ÌÓ‚. èÂ-
‚˚Â ÙÓÏËÛ˛ÚÒfl ‚ ÚÂË„ÂÌÌ˚ı Ë ÚÂË„ÂÌÌÓ-
Í‡·ÓÌ‡ÚÌ˚ı ÓÒ‡‰Í‡ı, „‰Â ÒÓÒÚ‡‚ êáù ·ÎËÁÓÍ Í
ÒÎ‡ÌˆÂ‚ÓÏÛ. èÓ ˝ÚÓÈ ÔË˜ËÌÂ ÒÓÒÚ‡‚ êáù ‚ ÙÓÒ-
ÙÓËÚ‡ı ¯ÂÎ¸ÙÓ‚˚ı Ó·Î‡ÒÚÂÈ ÌÂ ÓÚÎË˜‡ÂÚÒfl ÓÚ
ÒÓÒÚ‡‚‡ ÒÎ‡Ìˆ‡ [McArthur, Walsh, 1984]. 

ëÓÒÚ‡‚ êáù ‚ ÓÒ‡‰Í‡ı ÔÂÎ‡„Ë˜ÂÒÍËı Ó·Î‡ÒÚÂÈ
ÙÓÏËÛÂÚÒfl ‚ ÂÁÛÎ¸Ú‡ÚÂ ÒÓ‚ÓÍÛÔÌÓ„Ó ‚ÍÎ‡‰‡
‡ÁÎË˜Ì˚ı ÔÓ „ÂÌÂÁËÒÛ ÒÓÒÚ‡‚Îfl˛˘Ëı ÓÒ‡‰Í‡. ëÓ-
ÒÚ‡‚˚ „ÎËÌËÒÚ˚ı ÏËÌÂ‡ÎÓ‚ ÔÂÎ‡„Ë˜ÂÒÍËı ÓÒ‡‰-
ÍÓ‚ àÌ‰ËÈÒÍÓ„Ó ÓÍÂ‡Ì‡ ÔÓÍ‡Á‡Ì˚ Ì‡ ËÒ. 2. îÓÒ-
Ù‡ÚÌ˚Â Ù‡Á˚ ‚ ÔÂÎ‡„Ë‡ÎË ÓÍÂ‡Ì‡ ÔÂ‰ÒÚ‡‚ÎÂÌ˚

ÍÓÒÚÌ˚Ï ‰ÂÚËÚÓÏ, ÙÓÒÙÓËÚ‡ÏË ÔÓ‰‚Ó‰Ì˚ı „Ó
Ë „Ë‰ÓÍÒÓÙÓÒÙ‡Ú‡ÏË ÊÂÎÂÁ‡-Í‡Î¸ˆËfl [McArthur,
Walsh, 1984; Elderfield, Paggett, 1986; Å‡ÚÛËÌ Ë ‰.,
1986; ÑÛ·ËÌËÌ, 2001; ÑÛ·ËÌËÌ, ë‚‡Î¸ÌÓ‚, 2001].
ëÓÒÚ‡‚˚ Ëı êáù Ó·‡ÁÛ˛ÚÒfl Ò ÌÂ·ÓÎ¸¯ËÏ Ù‡Í-
ˆËÓÌËÓ‚‡ÌËÂÏ ÔÓ‰ ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌ˚Ï ‚ÎËflÌËÂÏ
‡ÒÚ‚ÓÂÌÌ˚ı êáù ÓÍÂ‡ÌÒÍËı ‚Ó‰, Ú‡Í Í‡Í ‚ÒÂ„‰‡
ı‡‡ÍÚÂËÁÛ˛ÚÒfl ‰ÂÙËˆËÚÓÏ ˆÂËfl Ë ÎÂ„ÍËı êáù
(ÒÏ. ËÒ. 2). äÓÏÂ ÍÓÒÚÌÓ„Ó ‰ÂÚËÚ‡, ÍÓÚÓ˚È Ì‡-
Í‡ÔÎË‚‡ÂÚ êáù ‚ ÔÓÒÚÒÂ‰ËÏÂÌÚ‡ˆËÓÌÌ˚ı ÛÒÎÓ‚Ë-
flı, ‰ÂÙËˆËÚ ˆÂËfl Ë ÒÓÒÚ‡‚ ÚÂı‚‡ÎÂÌÚÌ˚ı êáù
ÚËÔ‡ ÓÍÂ‡ÌÒÍËı ‚Ó‰ ËÏÂ˛Ú ‰Û„ËÂ ·ËÓ„ÂÌÌ˚Â Ù‡-
Á˚ ‚ ÓÒ‡‰Í‡ı – ÒÍÂÎÂÚ˚ ÙÓ‡ÏËÌËÙÂ Ë ‰Ë‡ÚÓÏÂÈ
(ÒÏ. ËÒ. 2). ëÓÒÚ‡‚ ·‡ËÚÓ‚ ÓÚÎË˜‡ÂÚÒfl ‰ÂÙËˆË-
ÚÓÏ ÒÂ‰ÌËı êáù (ÒÏ. ËÒ. 2). í‡ÍÓÈ ÒÓÒÚ‡‚, ÔÓ
ÏÌÂÌË˛ [Guichard et al., 1979], fl‚ÎflÂÚÒfl ÒÎÂ‰ÒÚ‚Ë-
ÂÏ ·ÎËÁÓÒÚË ‡‰ËÛÒÓ‚ ËÓÌÓ‚ ÎÂ„ÍËı êáù Í ·‡Ë˛
Ë ÔÓ‚˚¯ÂÌÌ˚Ï ÒÓ‰ÂÊ‡ÌËÂÏ ÚflÊÂÎ˚ı êáù ‚ ÓÍÂ-
‡ÌÒÍÓÈ ‚Ó‰Â.

ÜÂÎÂÁÓÏ‡„‡ÌˆÂ‚˚Â ÓÍÒË„Ë‰ÓÍÒË‰˚ „Ë‰Ó-
„ÂÌÌÓ„Ó Ë „Ë‰ÓÚÂÏ‡Î¸ÌÓ„Ó „ÂÌÂÁËÒ‡ ÙÓÏËÛ-
˛Ú Ò‚ÓÈ ÒÓÒÚ‡‚ êáù Â˘Â ‚Ó ‚Á‚Â¯ÂÌÌÓÏ ÒÓÒÚÓfl-
ÌËË (ÒÏ. ËÒ. 5). ÉË‰Ó„ÂÌÌ˚Â ÓÍÒË„Ë‰ÓÍÒË‰˚ ÊÂ-
ÎÂÁ‡ Ë Ï‡„‡Ìˆ‡ Ë„‡˛Ú, ‚Ë‰ËÏÓ, ÓÒÌÓ‚ÌÛ˛ ÓÎ¸
ÔË ÙÓÏËÓ‚‡ÌËË ÒÓÒÚ‡‚‡ ‡ÒÚ‚ÓÂÌÌ˚ı êáù ‚
ÓÍÂ‡ÌÂ, ‚ÍÎ˛˜‡fl ‚ÓÁÌËÍÌÓ‚ÂÌËÂ ÓÚËˆ‡ÚÂÎ¸ÌÓÈ
‡ÌÓÏ‡ÎËË ̂ ÂËfl. ëÓÒÚ‡‚ êáù ‰ËÒÔÂ„ËÓ‚‡ÌÌ˚ı ‚
ÓÒ‡‰ÍÂ „Ë‰Ó„ÂÌÌ˚ı ÓÍÒË„Ë‰ÓÍÒË‰Ó‚ ÊÂÎÂÁ‡ Ë
Ï‡„‡Ìˆ‡ Ò ÔÓÎÓÊËÚÂÎ¸ÌÓÈ ‡ÌÓÏ‡ÎËÂÈ ÙËÍÒËÛ-
ÂÚÒfl ‚ ÒÛ·ÍÓÎÎÓË‰Ì˚ı Ù‡ÍˆËflı ÔÂÎ‡„Ë˜ÂÒÍËı
ÓÒ‡‰ÍÓ‚, ‡ Á‡ÚÂÏ Ë ‚ ÊÂÎÂÁÓÏ‡„‡ÌˆÂ‚˚ı ÍÓÍ‡ı,
ÏËÍÓÍÓÌÍÂˆËflı Ë ÍÓÌÍÂˆËflı (ËÒ.13). ÜÂÎÂÁÓ-
Ï‡„‡ÌˆÂ‚˚Â ÏËÍÓÍÓÌÍÂˆËË Ó·˚˜Ì˚Â ‡ÛÚË„ÂÌ-

0.8 1.0 1.2 1.4 1.6

(·)

É
Î

Û
·

Ë
Ì

‡
, 
ÒÏ

0

20

40

60

80

100

120

140

4 8 12 16 20

(a)

1

2 3

4

êËÒ. 12. àÁÏÂÌÂÌËÂ ‚ÂÎË˜ËÌ (‡) (ãêáù/íêáù)NASC (×10) Ë (·) Ce an Ò „ÎÛ·ËÌÓÈ ‚ ÓÒ‡‰Í‡ı ÒÚ. 6171 [ÑÛ·ËÌËÌ, 1998]. 

1 – ‚‡ÎÓ‚‡fl ÔÓ·‡, 2 – ‚˚ÚflÊÍ‡, 3 – ÓÒÚ‡ÚÓÍ, 4 – (Fe/P)/10. é·Î‡ÒÚ¸, ‚˚‰ÂÎÂÌÌ‡fl ¯ÚËıÓ‚ÍÓÈ, ÓÚ‡Ê‡ÂÚ ‡ÁÎË˜ËÂ ‚ ÁÌ‡-
˜ÂÌËflı (ãêáù/íêáù)NASC Ë Ce an ‰Îfl ‚˚ÚflÊÍË Ë ÓÒÚ‡ÚÍ‡.
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Ì˚Â Ó·‡ÁÓ‚‡ÌËfl ÔÂÎ‡„Ë˜ÂÒÍËı ÓÒ‡‰ÍÓ‚. éÌË – Â-
ÁÛÎ¸Ú‡Ú ÔÓÒÚÒÂ‰ËÏÂÌÚ‡ˆËÓÌÌ˚ı ‰Ë‡„ÂÌÂÚË˜ÂÒÍËı
ÔÂÓ·‡ÁÓ‚‡ÌËÈ Ë ÔÓ ÏÓÙÓÎÓ„ËË, ıËÏË˜ÂÒÍÓÏÛ Ë
ÏËÌÂ‡Î¸ÌÓÏÛ ÒÓÒÚ‡‚Û ·ÎËÁÍË Í ÍÓÌÍÂˆËflÏ
[Addy, 1979; Kunzendorf et al., 1989; ë‚‡Î¸ÌÓ‚ Ë ‰.,
1991‡, ·; Pattan, 1993; Pattan et al., 1994; ÑÛ·ËÌËÌ,
ë‚‡Î¸ÌÓ‚, 1995, 1996, 2000‡, ·, 2003]. ëÓÒÚ‡‚ êáù
ÏËÍÓÍÓÌÍÂˆËÈ 4-ı ‡ÁÏÂÌ˚ı Ù‡ÍˆËÈ ÓÒ‡‰ÍÓ‚
ûÊÌÓÈ ÍÓÚÎÓ‚ËÌ˚ Ë ÒÂ‚ÂÌÓÈ ÔË˝Í‚‡ÚÓË‡Î¸-
ÌÓÈ ˜‡ÒÚË íËıÓ„Ó ÓÍÂ‡Ì‡ ÔÓÍ‡Á‡Ì Ì‡ ËÒ. 13, ÓÚÍÛ-
‰‡ ‚Ë‰ÌÓ, ˜ÚÓ Ò Û‚ÂÎË˜ÂÌËÂÏ ‡ÁÏÂ‡ ÏËÍÓÍÓÌ-
ÍÂˆËÈ ÒÓÒÚ‡‚˚ êáù ÔÓÒÚÂÔÂÌÌÓ ÏÂÌfl˛ÚÒfl ‚ Ó·Ó-
Ëı ÒÎÛ˜‡flı. èË ˝ÚÓÏ ÔÓËÒıÓ‰ËÚ ÒÌËÊÂÌËÂ
ÒÓ‰ÂÊ‡ÌËÈ ÚÂı‚‡ÎÂÌÚÌ˚ı êáù Ò Û‚ÂÎË˜ÂÌËÂÏ
‡ÁÏÂ‡ ÏËÍÓÍÓÌÍÂˆËÈ. èÓ‚Â‰ÂÌËÂ ˆÂËfl ÒËÎ¸-
ÌÓ ‡ÁÎË˜‡ÂÚÒfl (ÒÏ. ËÒ. 13). Ç ÔÂ‚ÓÏ ÒÎÛ˜‡Â, ı‡-
‡ÍÚÂÌÓÏ ‰Îfl ÌÂÔÓ‰ÛÍÚË‚Ì˚ı Ó·Î‡ÒÚÂÈ ÓÍÂ‡Ì‡,
ÒÓ‰ÂÊ‡ÌËÂ ˆÂËfl, ‡ ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, Ë ‚ÂÎË˜ËÌ‡
ÔÓÎÓÊËÚÂÎ¸ÌÓÈ ‡ÌÓÏ‡ÎËË ‡ÒÚÂÚ, ‚Ó ‚ÚÓÓÏ – ı‡-
‡ÍÚÂÌÓÏ ‰Îfl ·ËÓÔÓ‰ÛÍÚË‚Ì˚ı Ó·Î‡ÒÚÂÈ – ‚Â-
ÎË˜ËÌ‡ ˆÂËÂ‚ÓÈ ‡ÌÓÏ‡ÎËË, Í‡Í Ë ÒÓ‰ÂÊ‡ÌËÂ Ò‡-
ÏÓ„Ó ˆÂËfl, Û·˚‚‡ÂÚ, ÔË˜ÂÏ ·˚ÒÚÂÂ, ˜ÂÏ ÚÂı-
‚‡ÎÂÌÚÌ˚Â êáù. èÓ‰Ó·ÌÓ ˆÂË˛ ‚ ÔÓˆÂÒÒ‡ı
ÊÂÎÂÁÓÏ‡„‡ÌˆÂ‚Ó„Ó Û‰ÓÓ·‡ÁÓ‚‡ÌËfl ‚Â‰ÂÚ ÒÂ·fl
ÚÓËÈ Ë ÍÓ·‡Î¸Ú [ÑÛ·ËÌËÌ, ë‚‡Î¸ÌÓ‚, 2000‡, 2003].
èÓ‚Â‰ÂÌËÂ ÚÓËfl ÒıÓ‰ÌÓ Ò ÔÓ‚Â‰ÂÌËÂÏ ˆÂËfl ‚
ÒÚÂÔÂÌË ÓÍËÒÎÂÌËfl 4 + ‚ ÒÓ·ˆËÓÌÌ˚ı ÔÓˆÂÒÒ‡ı ‚
‚Ó‰ÌÓÈ ÚÓÎ˘Â. äÓ·‡Î¸Ú ÓÍËÒÎflÂÚÒfl ‚ ‚ÂıÌÂÈ ˜‡-
ÒÚË ‚Ó‰ÌÓÈ ÚÓÎ˘Ë ÓÍÂ‡Ì‡ ‚ÏÂÒÚÂ Ò Ï‡„‡ÌˆÂÏ Ë
ˆÂËÂÏ [Moffett, 1990; Moffett, Ho, 1996].

Ç ÒıÓ‰Ì˚ı ÛÒÎÓ‚Ëflı ÓÒ‡‰ÍÓÌ‡ÍÓÔÎÂÌËfl (Ì‡ÔË-
ÏÂ, ‚ ÔÂ‰ÂÎ‡ı Ó‰ÌÓÈ ÒÚ‡ÌˆËË) ÒÓÒÚ‡‚ ÊÂÎÂÁÓ-
Ï‡„‡ÌˆÂ‚˚ı ÍÓÌÍÂˆËÈ Ë ÏËÍÓÍÓÌÍÂˆËÈ ‰Ó-
‚ÓÎ¸ÌÓ ÒËÎ¸ÌÓ ‡ÁÎË˜‡ÂÚÒfl. Ç ·ËÓÔÓ‰ÛÍÚË‚Ì˚ı
‡ÈÓÌ‡ı ÓÍÂ‡Ì‡ ÒÓÒÚ‡‚ ÏËÍÓÍÓÌÍÂˆËÈ ÔÓ ÏÂÂ
Ëı ÓÒÚ‡ ÔË·ÎËÊ‡ÂÚÒfl Í ÒÓÒÚ‡‚Û Ï‡ÍÓÍÓÌÍÂ-
ˆËÈ Ë Â‡ÍˆËÓÌÌÓÒÔÓÒÓ·ÌÓÈ ˜‡ÒÚË ‚ÏÂ˘‡˛˘Â„Ó
ÓÒ‡‰Í‡, ÓÚ‡Ê‡fl ‚ÒÂ ·ÓÎÂÂ ÛÒËÎË‚‡˛˘ÂÂÒfl ‚ÎËfl-
ÌËÂ ÔÓˆÂÒÒÓ‚ ‡ÌÌÂ„Ó ‰Ë‡„ÂÌÂÁ‡ (ËÒ. 14). Ç ÌÂÔÓ-
‰ÛÍÚË‚Ì˚ı ‡ÈÓÌ‡ı Ì‡Ë·ÓÎ¸¯ÂÂ ‚ÎËflÌËÂ ‰Ë‡„ÂÌÂÁ‡
ÔÓfl‚ÎflÂÚÒfl ‚ ÒÓÒÚ‡‚Â Ò‡Ï˚ı ÏÂÎÍËı Ù‡ÍˆËÈ ÏËÍ-
ÓÍÓÌÍÂˆËÈ. ë ÓÒÚÓÏ ‡ÁÏÂ‡ ÏËÍÓÍÓÌÍÂˆËÈ
Ëı ÒÓÒÚ‡‚ ÔË·ÎËÊ‡ÂÚÒfl Í ÒÓÒÚ‡‚Û Ï‡ÍÓÍÓÌÍÂ-
ˆËÈ ÒÂ‰ËÏÂÌÚ‡ˆËÓÌÌÓ„Ó ÚËÔ‡ [ÑÛ·ËÌËÌ, ë‚‡Î¸-
ÌÓ‚, 2000‡, ·, 2003].

ë Û‚ÂÎË˜ÂÌËÂÏ ‡ÁÏÂ‡ ÏËÍÓÍÓÌÍÂˆËÈ ÔÓ-
ËÒıÓ‰ËÚ ËÁÏÂÌÂÌËÂ ÒÓÒÚ‡‚‡ ÓÍÒË„Ë‰ÓÍÒË‰Ì˚ı
ÊÂÎÂÁÓÏ‡„‡ÌˆÂ‚˚ı Ó·‡ÁÓ‚‡ÌËÈ ÔÓÒÎÂ Ëı Ó·Ó-
ÒÓ·ÎÂÌËfl ÓÚ ÓÒ‡‰Í‡ ‚ Ò‚flÁË Ò ÛÒËÎÂÌËÂÏ ÓÎË ‰Ë‡-
„ÂÌÂÁ‡ ËÎË ÔÓÚÓÍ‡ „Ë‰Ó„ÂÌÌÓ„Ó ‚Á‚Â¯ÂÌÌÓ„Ó ‚Â-
˘ÂÒÚ‚‡ (ËÁ-Á‡ Û‚ÂÎË˜ÂÌËfl ÔÎÓ˘‡‰Ë ÔÓ‚ÂıÌÓÒÚË ÏË-
ÍÓÍÓÌÍÂˆËÈ ‚ Ò‚flÁË Ò Û‚ÂÎË˜ÂÌËÂÏ Ëı ‡ÁÏÂ‡).
ç‡Ô‡‚ÎÂÌËÂ ˝‚ÓÎ˛ˆËË ÒÓÒÚ‡‚‡ ÏËÍÓÍÓÌÍÂˆËÈ
Ë ÚËÔ ÍÓÌÍÂˆËÈ Á‡‚ËÒËÚ ÓÚ ÔÓ‰ÛÍÚË‚ÌÓÒÚË ÔÓ-
‚ÂıÌÓÒÚÌ˚ı ‚Ó‰ ÓÍÂ‡Ì‡, ÚÓ ÂÒÚ¸ ÓÚ ÍÓÎË˜ÂÒÚ‚‡
Ó„‡ÌË˜ÂÒÍÓ„Ó ‚Â˘ÂÒÚ‚‡, ÔÓÔ‡‰‡˛˘Â„Ó ‚ ÓÒ‡‰ÍË Ò
Û˜ÂÚÓÏ Â„Ó ÓÍËÒÎÂÌËfl ‚ ÚÓÎ˘Â ‚Ó‰. ÑÎfl ÒÂ‚ÂÌÓÈ
ÔË˝Í‚‡ÚÓË‡Î¸ÌÓÈ ÁÓÌ˚ íËıÓ„Ó ÓÍÂ‡Ì‡ ËÁÏÂÌ-
˜Ë‚ÓÒÚ¸ ÒÓÒÚ‡‚‡ ÍÓÌÍÂˆËÈ Ò‚flÁ‡Ì‡ Ò ÔË‰ÓÌÌ˚ÏË

ÚÂ˜ÂÌËflÏË Ë ıÓÎÏËÒÚ˚Ï ÂÎ¸ÂÙÓÏ ‰Ì‡ [ÑÛ·ËÌËÌ
Ë ‰., 1997].

ì˜ËÚ˚‚‡fl, ˜ÚÓ ‡ÍÍÛÏÛÎflˆËfl ˆÂËfl Ì‡ „Ë‰Ó-
„ÂÌÌ˚ı ÓÍÒË„Ë‰ÓÍÒË‰‡ı ÊÂÎÂÁ‡ Ë Ï‡„‡Ìˆ‡ ÔÓ-
ËÒıÓ‰ËÚ Ì‡ ‚Á‚ÂÒË (ÒÏ. ËÒ. 5), ÏÓÊÌÓ ÓÊË‰‡Ú¸, ̃ ÚÓ
ÓÍÂ‡ÌÒÍËÂ ÊÂÎÂÁÓÏ‡„‡ÌˆÂ‚˚Â ÍÓÌÍÂˆËË ·Û‰ÛÚ
ËÏÂÚ¸ ÔÓÎÓÊËÚÂÎ¸ÌÛ˛ ‡ÌÓÏ‡ÎË˛ ˆÂËfl. Ç ‰ÂÈ-
ÒÚ‚ËÚÂÎ¸ÌÓÒÚË, ˝Ú‡ ‡ÌÓÏ‡ÎËfl, ÍÓÏÂ „Ë‰Ó„ÂÌ-
Ì˚ı ÍÓÓÍ, ÓÚÏÂ˜ÂÌ‡ ÚÓÎ¸ÍÓ ‚ Ú‡Í Ì‡Á˚‚‡ÂÏ˚ı
ÒÂ‰ËÏÂÌÚ‡ˆËÓÌÌ˚ı ÍÓÌÍÂˆËflı Ò ÒÓÓÚÌÓ¯ÂÌËÂÏ
Mn/Fe < 2.5 [ìÒÔÂÌÒÍ‡fl, ëÍÓÌflÍÓ‚‡, 1991].

Ç ÁÓÌ‡ı ‡Á‚ËÚËfl „Ë‰ÓÚÂÏ‡Î¸ÌÓ-ÓÒ‡‰Ó˜Ì˚ı
ÓÚÎÓÊÂÌËÈ (‰ÂÔÂÒÒËfl Å‡ÛÂ, É‚‡ÚÂÏ‡Î¸ÒÍ‡fl ÍÓÚ-
ÎÓ‚ËÌ‡) ‚ ÒÓÒÚ‡‚ ÍÓÌÍÂˆËÈ ‚ıÓ‰flÚ ÓÍÒË„Ë‰ÓÍÒË-
‰˚ ÊÂÎÂÁ‡ Ë Ï‡„‡Ìˆ‡ „Ë‰ÓÚÂÏ‡Î¸ÌÓ„Ó ÔÓËÒ-
ıÓÊ‰ÂÌËfl [Elderfield, Greaves, 1981; Murphy, Dy-
mond, 1984; ÑÛ·ËÌËÌ, 1996]. ëÓÒÚ‡‚ êáù ˝ÚËı
ÓÚÎÓÊÂÌËÈ ÙÓÏËÛÂÚÒfl ‚ ÔÓˆÂÒÒÂ ÒÓ·ˆËË ‡Ò-
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êËÒ. 13. çÓÏ‡ÎËÁÓ‚‡ÌÌ˚Â Ì‡ ÒÎ‡ÌÂˆ ÒÓÒÚ‡‚˚ êáù. 

‡ – ÊÂÎÂÁÓÏ‡„‡ÌˆÂ‚˚Â ÏËÍÓÍÓÌÍÂˆËË ûÊÌÓÈ
ÍÓÚÎÓ‚ËÌ˚ íËıÓ„Ó ÓÍÂ‡Ì‡ (ÌÂÔÓ‰ÛÍÚË‚Ì‡fl Ó·Î‡ÒÚ¸);
· – ÊÂÎÂÁÓÏ‡„‡ÌˆÂ‚˚Â ÍÓÌÍÂˆËË Ë ÏËÍÓÍÓÌÍÂ-
ˆËË ÒÂ‚ÂÌÓÈ ÔË˝Í‚‡ÚÓË‡Î¸ÌÓÈ ÁÓÌ˚ íËıÓ„Ó ÓÍÂ‡-
Ì‡ (·ËÓÔÓ‰ÛÍÚË‚Ì‡fl Ó·Î‡ÒÚ¸) [ÑÛ·ËÌËÌ, ë‚‡Î¸ÌÓ‚,
2000·; 2003]; 1 – ÍÓÌÍÂˆËË, 2 – ÏËÍÓÍÓÌÍÂˆËË. ÑÎfl
ÏËÍÓÍÓÌÍÂˆËÈ Û‚ÂÎË˜ÂÌËÂ ‚ÂÎË˜ËÌ˚ ÒËÏ‚ÓÎ‡ ÒÓ-
ÓÚ‚ÂÚÒÚ‚ÛÂÚ Û‚ÂÎË˜ÂÌË˛ ‡ÁÏÂ‡ Ù‡ÍˆËË: 50–100,
100–250, 250–500 Ë >500 ÏÍÏ.
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ÑÛ·ËÌËÌ

Ú‚ÓÂÌÌ˚ı êáù „ÎÛ·ËÌÌ˚ı ‚Ó‰ Ò ÓÚËˆ‡ÚÂÎ¸ÌÓÈ
‡ÌÓÏ‡ÎËÂÈ ˆÂËfl Ë ‰ÂÙËˆËÚÓÏ ÎÂ„ÍËı êáù [Mur-
phy, Dymond, 1984; German et al., 1990; Rudnicki, El-
derfield, 1993; Sherrell et al., 1999]. à ıÓÚfl ‚ ˝ÚËı
ÔÓˆÂÒÒ‡ı ÔÓËÒıÓ‰ËÚ ÔÂËÏÛ˘ÂÒÚ‚ÂÌÌÓÂ Ì‡ÍÓÔ-
ÎÂÌËÂ ̂ ÂËfl Ë ÎÂ„ÍËı êáù, Ù‡ÍÚÓ Ù‡ÍˆËÓÌËÓ‚‡-
ÌËfl ÌÂ Ì‡ÒÚÓÎ¸ÍÓ ‚ÂÎËÍ, ˜ÚÓ·˚ ÔË ÌÓÏ‡ÎËÁ‡ˆËË
ÒÓÒÚ‡‚‡ „Ë‰ÓÚÂÏ‡Î¸ÌÓ-ÓÒ‡‰Ó˜Ì˚ı ÓÚÎÓÊÂÌËÈ Ì‡
ÒÓÒÚ‡‚ êáù ‚ ÒÎ‡ÌˆÂ ÔÓÎÛ˜ËÚ¸ ÔÓÎÓÊËÚÂÎ¸ÌÛ˛
‡ÌÓÏ‡ÎË˛ ˆÂËfl. äÓÒÚÌ˚È ‰ÂÚËÚ ‚ ÔÂÎ‡„Ë˜ÂÒÍËı
ÓÒ‡‰Í‡ı ÔË‚Ó‰ËÚ Í ËÌ‚ÂÒËË ‡ÌÓÏ‡ÎËË ˆÂËfl, ÌÓ
ÔÂ‰ÔÓÎÓÊÂÌËÂ, ˜ÚÓ ÓÌ fl‚ÎflÂÚÒfl ÔË˜ËÌÓÈ Ì‡-
·Î˛‰‡ÂÏÓÈ ÓÚËˆ‡ÚÂÎ¸ÌÓÈ ‡ÌÓÏ‡ÎËË ˆÂËfl ‚ Fe-
Mn ÍÓÌÍÂˆËflı, fl‚ÎflÂÚÒfl Ï‡ÎÓ‚ÂÓflÚÌ˚Ï, Ú‡Í
Í‡Í ÍÓÒÚÌ˚È ‰ÂÚËÚ ÎË¯¸ ÒÎÛ˜‡ÈÌÓ ÔÓÔ‡‰‡ÂÚ ‚ ÒÓ-
ÒÚ‡‚ ÍÓÌÍÂˆËÈ.

é·˙flÒÌËÚ¸ ‡ÁÎË˜Ëfl ‚ ÒÓÒÚ‡‚‡ı êáù Ë, ÓÒÓ·ÂÌ-
ÌÓ, ‚ÂÎË˜ËÌÛ ‡ÌÓÏ‡ÎËË ˆÂËfl, ‚ ÍÓÌÍÂˆËflı, ÏËÍ-
ÓÍÓÌÍÂˆËflı Ë ÍÓÍ‡ı ÏÓÊÌÓ ·˚ÎÓ ·˚ ÔÓˆÂÒÒ‡-
ÏË ÒÓ·ˆËË êáù Ì‡ „Ë‰Ó„ÂÌÌ˚ı Ë „Ë‰ÓÚÂÏ‡Î¸-
Ì˚ı ÓÍÒË„Ë‰ÓÍÒË‰‡ı ÊÂÎÂÁ‡ ÓÚ ‡ÁÌ˚ı ËÒıÓ‰Ì˚ı
ÒÓÒÚ‡‚Ó‚ ‡ÒÚ‚ÓÂÌÌ˚ı êáù (ÔÓ‚ÂıÌÓÒÚÌ˚ı Ë
„ÎÛ·ËÌÌ˚ı) [ÑÛ·ËÌËÌ, ÇÓÎÍÓ‚, 1988]. é‰Ì‡ÍÓ ÁÌ‡-
˜ËÚÂÎ¸Ì˚Â ‚‡Ë‡ˆËË ÒÓÒÚ‡‚‡ êáù ‚ ÊÂÎÂÁÓÏ‡-
„‡ÌˆÂ‚˚ı Ó·‡ÁÓ‚‡ÌËflı ÓÍÂ‡Ì‡ ËÁ‚ÂÒÚÌ˚ Ë ‚ÌÂ
ÁÓÌ „Ë‰ÓÚÂÏ‡Î¸ÌÓ„Ó ‚ÎËflÌËfl. ê‡ÁÎË˜Ëfl ‚ ÒÓÒÚ‡-
‚Â êáù ‚ ÊÂÎÂÁÓÏ‡„‡ÌˆÂ‚˚ı ÍÓÌÍÂˆËflı Ë ÏËÍ-
ÓÍÓÌÍÂˆËflı ‚ÒÚÂ˜ÂÌ˚ ‚ ÔÂ‰ÂÎ‡ı Ó‰ÌÓÈ ÒÚ‡Ì-
ˆËË ‚ Ó‰ËÌ‡ÍÓ‚˚ı ÛÒÎÓ‚Ëflı ÔÓÚÓÍ‡ ‚Á‚Â¯ÂÌÌÓ„Ó

‚Â˘ÂÒÚ‚‡ Ì‡ ‰ÌÓ [ÑÛ·ËÌËÌ, ë‚‡Î¸ÌÓ‚, 1996, 2000,
2003].

ã‡ÌÚ‡ÌÓË‰˚ ‚ıÓ‰flÚ ‚ ÒÓÒÚ‡‚ ÒÓ·ˆËÓÌÌÓ„Ó
ÍÓÏÔÎÂÍÒ‡ ÓÍÒË„Ë‰ÓÍÒË‰Ó‚ ÊÂÎÂÁ‡ ‚ ÊÂÎÂÁÓÏ‡-
„‡ÌˆÂ‚˚ı ‡ÛÚË„ÂÌÌ˚ı Ó·‡ÁÓ‚‡ÌËflı ‚ ÓÍÂ‡ÌÂ. àÁ-
ÏÂÌÂÌËÂ ÒÓÒÚ‡‚‡ ÒÓ·ˆËÓÌÌÓ„Ó ÍÓÏÔÎÂÍÒ‡ ‚ ‰Ë‡-
„ÂÌÂÁÂ ‚ÓÁÏÓÊÌÓ ÎË·Ó ‚ ıÓ‰Â Ó·ÏÂÌÌ˚ı Â‡ÍˆËÈ
(Ì‡ÔËÏÂ, Ò ÔÓÚÓÌÓÏ ÔË ÔÓ‰ÍËÒÎÂÌËË), ÎË·Ó
ÔË ‡ÒÚ‚ÓÂÌËË Ù‡Á˚, Ì‡ ÍÓÚÓÓÈ ÒÙÓÏËÓ‚‡Î-
Òfl ÒÓ·ˆËÓÌÌ˚È ÍÓÏÔÎÂÍÒ. Ç ÔÂÎ‡„Ë˜ÂÒÍËı ÛÒÎÓ‚Ë-
flı ‚ ÓÒ‡‰Í‡ı ÔË Ì‡ÎË˜ËË ÓÍÒË„Ë‰ÓÍÒË‰Ó‚ Mn(IV)
‡ÒÚ‚ÓÂÌËÂ Á‡ Ò˜ÂÚ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl Fe(III) Ó„‡ÌË-
˜ÂÒÍËÏ ‚Â˘ÂÒÚ‚ÓÏ ÌÂ ÔÓËÒıÓ‰ËÚ. Ç ÔÓÓ‚˚ı Ë
ÔË‰ÓÌÌ˚ı ‚Ó‰‡ı ‚ÂÎË˜ËÌ‡ pH ÌÂÁÌ‡˜ËÚÂÎ¸ÌÓ ÓÚ-
ÎË˜‡ÂÚÒfl ÓÚ ÚÓÈ, ÔË ÍÓÚÓÓÈ ÔÓËÒıÓ‰ËÎÓ Ó·‡-
ÁÓ‚‡ÌËÂ ÒÓ·ËÓ‚‡ÌÌÓ„Ó ÍÓÏÔÎÂÍÒ‡ „Ë‰Ó„ÂÌÌÓÈ
‚Á‚Â¯ÂÌÌÓÈ ˜‡ÒÚËˆ˚ ÓÍÒË„Ë‰ÓÍÒË‰Ó‚ ÊÂÎÂÁ‡ Ë
Ï‡„‡Ìˆ‡ ‚ ÔÓ‚ÂıÌÓÒÚÌ˚ı ÓÍÂ‡ÌÒÍËı ‚Ó‰‡ı. ëÎÂ-
‰Ó‚‡ÚÂÎ¸ÌÓ, ÔË˜ËÌ‡ ‚ ‡ÁÌÓÓ·‡ÁËË ÒÓÒÚ‡‚Ó‚ ÊÂ-
ÎÂÁÓÏ‡„‡ÌˆÂ‚˚ı ‡ÛÚË„ÂÌÌ˚ı ÓÚÎÓÊÂÌËÈ ‚ ÓÒ‡‰-
Í‡ı ÌÂ Ò‚flÁ‡Ì‡ Ò ÔÓˆÂÒÒ‡ÏË ‰ÂÒÓ·ˆËË êáù. éÌ‡
Ò‚flÁ‡Ì‡ Ò ÔÓˆÂÒÒ‡ÏË ‡ÌÌÂ„Ó ‰Ë‡„ÂÌÂÁ‡, ÍÓÚÓ˚Â
ÔË‚Ó‰flÚ Í ‡ÒÚ‚ÓÂÌË˛ ÓÍÒË„Ë‰ÓÍÒË‰Ó‚ Ï‡-
„‡Ìˆ‡ (IV) Á‡ Ò˜ÂÚ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl Ó„‡ÌË˜ÂÒÍËÏ
‚Â˘ÂÒÚ‚ÓÏ. é· ˝ÚÓÏ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ ‰Ë‡„ÂÌÂÚË-
˜ÂÒÍÓÂ Ó·Ó„‡˘ÂÌËÂ Í‡Í ‚ÂıÌÂ„Ó ÒÎÓfl ÓÒ‡‰ÍÓ‚,
Ú‡Í Ë ÏËÍÓÍÓÌÍÂˆËÈ Ë ÍÓÌÍÂˆËÈ (‚ÓÁ‡ÒÚ‡ÌËÂ
‚ÂÎË˜ËÌ˚ Mn/Fe).

ê‡ÁÌÓÓ·‡ÁËÂ ÒÓÒÚ‡‚Ó‚ êáù ‚ ÓÍÒË„Ë‰ÓÍÒË‰Ì˚ı
ÓÚÎÓÊÂÌËflı, ÒÙÓÏËÓ‚‡ÌÌ˚ı ‚ Ó‰ËÌ‡ÍÓ‚˚ı ÛÒÎÓ-
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êËÒ. 14. àÁÏÂÌÂÌËÂ ‚ÂÎË˜ËÌ˚ Ce an (ÌÓÏ‡ÎËÁÓ‚‡ÌÌÓÈ Ì‡ Ce an ‚ Ò‡ÏÓÈ ÚÓÌÍÓÈ Ù‡ÍˆËË Fe-Mn ÏËÍÓÍÓÌÍÂˆËÈ (50–
100 ÏÍÏ)) Ò Û‚ÂÎË˜ÂÌËÂÏ ‡ÁÏÂ‡ ÏËÍÓÍÓÌÍÂˆËÈ, ‚ ÊÂÎÂÁÓÏ‡„‡ÌˆÂ‚˚ı ÍÓÌÍÂˆËflı Ë Â‡ÍˆËÓÌÌÓÒÔÓÒÓ·ÌÓÈ ˜‡ÒÚË
‚ÏÂ˘‡˛˘Ëı ÓÒ‡‰ÍÓ‚.

‡ – ·ËÓÔÓ‰ÛÍÚË‚Ì˚Â Ó·Î‡ÒÚË, · – ÌÂÔÓ‰ÛÍÚË‚Ì˚Â Ó·Î‡ÒÚË ÓÍÂ‡Ì‡ [ÑÛ·ËÌËÌ, ë‚‡Î¸ÌÓ‚, 2000‡, ·, 2003 Ë ÌÂÓÔÛ·ÎËÍÓ-
‚‡ÌÌ˚Â ‰‡ÌÌ˚Â]. 

1–8 – ÌÓÏÂ‡ ÒÚ‡ÌˆËÈ: 1 – 3874; 2 – 56; 3 –3834; 4 – 3911; 5 –3915; 6 – 35 („Ó. 37–40 ÒÏ); 7 – 35 („Ó. 105–110 ÒÏ); 8 – 2492. 

MN – ÏËÍÓÍÓÌÍÂˆËË, Üåä – ÍÓÌÍÂˆËË, ÓÒ‡‰ÍË – Â‡ÍˆËÓÌÌÓÒÔÓÒÓ·Ì‡fl ˜‡ÒÚ¸ ‚ÏÂ˘‡˛˘Ëı ÓÒ‡‰ÍÓ‚.
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‚Ëflı, Á‡‚ËÒËÚ ÓÚ ‚ÂÎË˜ËÌ˚ P/Fe, ÍÓÚÓ‡fl ‡ÒÚÂÚ ‚
ÔÓˆÂÒÒÂ ‰Ë‡„ÂÌÂÁ‡ (ËÒ. 15). èË ‰Ë‡„ÂÌÂÚË˜ÂÒÍÓÈ
ÔÂÂ‡·ÓÚÍÂ „Ë‰Ó„ÂÌÌ˚ı ÒÓÒÚÍÓ‚ ÓÍÒË„Ë‰ÓÍÒË-
‰Ó‚ ÊÂÎÂÁ‡ Ë Ï‡„‡Ìˆ‡ ÔÓÒÎÂ‰ÌËÈ ÔÂÂıÓ‰ËÚ ‚ ÔÓÓ-
‚˚Â ‡ÒÚ‚Ó˚. èÓˆÂÒÒ˚ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl Ï‡„‡Ì-
ˆ‡ Ó„‡ÌË˜ÂÒÍËÏ ‚Â˘ÂÒÚ‚ÓÏ Ë‰ÛÚ ÛÊÂ ‚Ó ‚Á‚ÂÒË
(ÒÏ. ËÒ. 4, ÛÏÂÌ¸¯ÂÌËÂ ÓÚÌÓÒËÚÂÎ¸ÌÓ„Ó ÒÓ‰ÂÊ‡-
ÌËfl Ï‡„‡Ìˆ‡ Ì‡ ‚Á‚ÂÒË Ò „ÎÛ·ËÌÓÈ) Ë, ‚ ÒÛ˘ÌÓÒÚË,
ÒÓ‚Ô‡‰‡˛Ú Ò Ú‡ÍÓ‚˚ÏË ÔË ‡ÌÌÂÏ ‰Ë‡„ÂÌÂÁÂ ‚
ÓÒ‡‰Í‡ı:

„‰Â ≡Fe-OH ÓÚ‡Ê‡ÂÚ ÒÓÒÚ‡‚ ÔÓ‚ÂıÌÓÒÚË ˜‡ÒÚËˆ
ÓÍÒË„Ë‰ÓÍÒË‰Ó‚ ÊÂÎÂÁ‡.

ÇÌÓ‚¸ Ó·‡ÁÓ‚‡ÌÌ˚Â ÔÓ‚ÂıÌÓÒÚË ÓÍÒË„Ë‰ÓÍ-
ÒË‰Ó‚ ÊÂÎÂÁ‡ (ËÁ-Á‡ Û‰‡ÎÂÌËfl ÓÍÒË„Ë‰ÓÍÒË‰Ó‚
Ï‡„‡Ìˆ‡) ÒÓ·ËÛ˛Ú ‡ÌËÓÌ˚ Ë Í‡ÚËÓÌ˚, ÙÓÏË-
Ûfl Ò‚ÓÈ ÒÓ·ˆËÓÌÌ˚È ÍÓÏÔÎÂÍÒ. éÍÒË„Ë‰ÓÍÒË-
‰˚ ÊÂÎÂÁ‡ ÌÂÓ·‡ÚËÏÓ ÒÓ·ËÛ˛Ú ÙÓÒÙ‡Ú-ËÓÌ ËÁ
ÓÍÂ‡ÌÒÍËı Ë ÔÓÓ‚˚ı ‚Ó‰, ÚÂÏ Ò‡Ï˚Ï ÔÓ‚˚¯‡fl ‚Â-
ÎË˜ËÌÛ P/Fe ÔÓ Â‡ÍˆËË:

≡Fe-OH + HP   ≡Fe-P  + H2O.

èÓ‰Ó·Ì˚Â ÔÓˆÂÒÒ˚ ÔÓËÒıÓ‰flÚ ÌÂ ÚÓÎ¸ÍÓ ‚
ıÓ‰Â ‚ÓÒÒÚ‡ÌÓ‚ËÚÂÎ¸ÌÓ„Ó ‰Ë‡„ÂÌÂÁ‡, ÌÓ Ë Ì‡ „Ë‰-
ÓÚÂÏ‡Î¸Ì˚ı ÓÍÒË„Ë‰ÓÍÒË‰‡ı ÊÂÎÂÁ‡. í‡ ÊÂ
Â‡ÍˆËfl Ë‰ÂÚ Ì‡ ÓÍÒË„Ë‰ÓÍÒË‰‡ı ÊÂÎÂÁ‡, Ó·‡ÁÓ-
‚‡ÌÌ˚ı ‚ ıÓ‰Â ÔÓ‰‚Ó‰ÌÓ„Ó ‚˚‚ÂÚË‚‡ÌËfl Ï‡„Ï‡-
ÚË˜ÂÒÍËı ÔÓÓ‰. ä‡Î¸ˆËÈ ÒÓ·ËÛÂÚÒfl ‰Îfl ÍÓÏ-
ÔÂÌÒ‡ˆËË Á‡fl‰‡ Ë ˜‡ÒÚË˜ÌÓ Á‡ÏÂ˘‡ÂÚÒfl ÚÂı‚‡-
ÎÂÌÚÌ˚ÏË êáù, ˜ÚÓ ÔË‚Ó‰ËÚ Í ÁÌ‡˜ËÏÓÈ Ò‚flÁË
ÏÂÊ‰Û êáù Ë ÙÓÒÙÓÓÏ [ÑÛ·ËÌËÌ, ë‚‡Î¸ÌÓ‚,
2003]:

≡Fe-P  +   ≡Fe-PO4Ca,

≡Fe-PO4Ca +   ≡Fe-PO4Ln+ + .

ÑÓÔÓÎÌËÚÂÎ¸Ì‡fl ÒÓ·ˆËfl ÙÓÒÙ‡Ú-ËÓÌ‡ ‚ÎÂ˜ÂÚ
‰ÓÔÓÎÌËÚÂÎ¸Ì˚È ÔÂÂıÓ‰ ‚ Ú‚Â‰Û˛ Ù‡ÁÛ ÚÂı‚‡-
ÎÂÌÚÌ˚ı êáù, ÍÓÚÓ˚Â, ‚ Ò‚Ó˛ Ó˜ÂÂ‰¸, ÒÌËÊ‡˛Ú
ÔÓÎÓÊËÚÂÎ¸ÌÛ˛ ËÎË Û‚ÂÎË˜Ë‚‡˛Ú ÓÚËˆ‡ÚÂÎ¸-
ÌÛ˛ ‡ÌÓÏ‡ÎË˛ ˆÂËfl. àÏÂÌÌÓ ˝ÚËÏË ıËÏË˜ÂÒÍË-
ÏË Â‡ÍˆËflÏË ÏÓÊÌÓ Ó·˙flÒÌËÚ¸ Ì‡·Î˛‰‡ÂÏÛ˛
ÎÓÍ‡Î¸ÌÛ˛ ËÁÏÂÌ˜Ë‚ÓÒÚ¸ ÒÓÒÚ‡‚Ó‚ êáù ‚ ÊÂÎÂÁÓ-
Ï‡„‡ÌˆÂ‚˚ı ÍÓÌÍÂˆËflı ‚ ÒÂ‚ÂÌÓÈ ÔË˝Í‚‡ÚÓ-
Ë‡Î¸ÌÓÈ ˜‡ÒÚË íËıÓ„Ó ÓÍÂ‡Ì‡ [Elderfield et al.,
1981a, ·; ÑÛ·ËÌËÌ Ë ‰., 1997]. êÓÒÚ ‚ÎËflÌËfl ‰Ë‡„Â-
ÌÂÚË˜ÂÒÍÓ„Ó ËÒÚÓ˜ÌËÍ‡ ÔË‚Ó‰ËÚ Í ÚÓÏÛ, ̃ ÚÓ ‚ ÒÓ-
ÒÚ‡‚Â ÏËÍÓÍÓÌÍÂˆËÈ ‡ÒÚÂÚ ‚ÂÎË˜ËÌ‡ P/Fe Ë
ÛÏÂÌ¸¯‡ÂÚÒfl ÔÓÎÓÊËÚÂÎ¸Ì‡fl ‡ÌÓÏ‡ÎËfl ̂ ÂËfl (ÒÏ.
ËÒ. 15).

ç‡ÍÓÔÎÂÌËÂ ÙÓÒÙÓ‡ ÓÚÌÓÒËÚÂÎ¸ÌÓ ÊÂÎÂÁ‡ ‚
‰Ë‡„ÂÌÂÚË˜ÂÒÍËı, „Ë‰ÓÚÂÏ‡Î¸Ì˚ı Ë, ÔÓÎÛ˜ÂÌ-
Ì˚ı ‚ ıÓ‰Â „‡Î¸ÏËÓÎËÁ‡ ‚ÛÎÍ‡ÌË˜ÂÒÍËı ÔÓÓ‰,
ÓÍÒË„Ë‰ÓÍÒË‰‡ı ÊÂÎÂÁ‡ ÔË‚Ó‰ËÚ Í ‰ÓÔÓÎÌË-
ÚÂÎ¸ÌÓÏÛ Ì‡ÍÓÔÎÂÌË˛ Í‡Î¸ˆËfl Ë ÚÂı‚‡ÎÂÌÚÌ˚ı

≡Fe-O-Mn- OH( )3 C H2O( ) ≡Fe-OH ++

+ Mnp-p
2+ CO2 2H2O,+ +

O4
2– O4

2–

O4
2– Cap-p

2+

Lnp-p
3+ Cap-p

2+

Î‡ÌÚ‡ÌÓË‰Ó‚, ÍÓÚÓ˚Â Ò‚flÁ‡Ì˚ ‚ ·ÓÎ¸¯ÂÈ ÒÚÂÔÂ-
ÌË Ò ÙÓÒÙÓÓÏ, ̃ ÂÏ Ò ÊÂÎÂÁÓÏ. ë‚flÁ¸ ÏÂÊ‰Û ÚÂı-
‚‡ÎÂÌÚÌ˚ÏË êáù Ë Ù‡ÁÓÈ, ÒÓÒÚÓfl˘ÂÈ ËÁ ÓÒÌÓ‚-
Ì˚ı ÙÓÒÙ‡ÚÓ‚ ÊÂÎÂÁ‡ Ë Í‡Î¸ˆËfl ÌÂÓ‰ÌÓÍ‡ÚÌÓ
Ì‡·Î˛‰‡Î‡Ò¸ ‚ ÓÒ‡‰Í‡ı, ÍÓÌÍÂˆËflı Ë ÏËÍÓÍÓÌ-
ÍÂˆËflı [Elderfield et al., 1981a; ÑÛ·ËÌËÌ, ëÚÂÍÓ-
Ô˚ÚÓ‚, 1994; ÑÛ·ËÌËÌ Ë ‰., 1997]. ÉË‰ÓÍÒÓÙÓÒ-
Ù‡Ú˚ ÊÂÎÂÁ‡-Í‡Î¸ˆËfl ·˚ÎË Ó·Ì‡ÛÊÂÌ˚ ‚Ó
Ù‡ÍˆËË >50 ÏÍÏ ÔÂÎ‡„Ë˜ÂÒÍËı „ÎËÌ ûÊÌÓÈ ÍÓÚ-
ÎÓ‚ËÌ˚ Ò ‡ÌÓÏ‡Î¸ÌÓ ‚˚ÒÓÍËÏ ÒÓ‰ÂÊ‡ÌËÂÏ êáù
Ë ÓÚËˆ‡ÚÂÎ¸ÌÓÈ ‡ÌÓÏ‡ÎËÂÈ ˆÂËfl [ÑÛ·ËÌËÌ,
2001]. ç‡ ËÒ. 16 ÔÓÍ‡Á‡Ì˚ ÒÓÒÚ‡‚˚ „Ë‰ÓÍÒÓÙÓÒ-
Ù‡ÚÓ‚ Fe-Ca Ì‡ ÚÓÈÌÓÈ ‰Ë‡„‡ÏÏÂ ‚ ÍÓÓ‰ËÌ‡Ú‡ı
Fe–Ca–P. ä‡Í ÏÓÊÌÓ ‚Ë‰ÂÚ¸, ÓÚÌÓ¯ÂÌËÂ P/Ca ‚ „Ë-
‰ÓÍÒÓÙÓÒÙ‡Ú‡ı ·ÎËÁÍÓ Í 0.6. í‡ÍÓÂ ÒÓÓÚÌÓ¯Â-
ÌËÂ ÙÓÒÙÓ‡ Ë Í‡Î¸ˆËfl ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÏÓÎflÌÓÏÛ
(‡ÚÓÏÌÓÏÛ) ÓÚÌÓ¯ÂÌË˛ ˝ÚËı ˝ÎÂÏÂÌÚÓ‚ ‚ ‡Ô‡ÚËÚÂ
Ca10(PO4)6(OH)2. ç‡ ÚÓÈ ÊÂ ‰Ë‡„‡ÏÏÂ ÔÓÍ‡Á‡Ì ÒÓ-
ÒÚ‡‚ „Ë‰ÓÚÂÏ‡Î¸ÌÓÈ ‚Á‚ÂÒË, ÓÚÓ·‡ÌÌÓÈ Ì‡
19° ˛.¯. ÇÓÒÚÓ˜ÌÓ-íËıÓÓÍÂ‡ÌÒÍÓ„Ó ÔÓ‰ÌflÚËfl [Feely
et al., 1996]. àÁÏÂÌÂÌËÂ ÒÓÒÚ‡‚Ó‚ ‚Á‚ÂÒË ÔÓËÒıÓ-
‰ËÚ ‚‰ÓÎ¸ ÎËÌËË, ÍÓÚÓ‡fl ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÏÓÎflÌÓ-
ÏÛ ÓÚÌÓ¯ÂÌË˛ P/Fe = 0.25. ùÚ‡ Ï‡ÍÒËÏ‡Î¸ÌÓ ‚ÓÁ-
ÏÓÊÌ‡fl ‚ÂÎË˜ËÌ‡ P/Fe ÔÓÎÛ˜ÂÌ‡ ‚ ˝ÍÒÔÂËÏÂÌÚ‡ı
ÔÓ Ì‡ÍÓÔÎÂÌË˛ ÙÓÒÙÓ‡ ÔË ÒÓÓÒ‡Ê‰ÂÌËË Ì‡ „Ë-
‰ÓÍÒË‰Â ÊÂÎÂÁ‡ ‚ ÏÓÒÍÓÈ ‚Ó‰Â [ë‡‚ÂÌÍÓ, 1995].
ÇÁ‚ÂÒ¸ Ò Ì‡Ë·ÓÎ¸¯ËÏ „Ë‰ÓÚÂÏ‡Î¸Ì˚Ï ‚ÍÎ‡‰ÓÏ
ÒÓ‰ÂÊËÚ Ï‡ÍÒËÏ‡Î¸ÌÓÂ ÍÓÎË˜ÂÒÚ‚Ó ÊÂÎÂÁ‡. èÓ-
ÎÂ ÒÓÒÚ‡‚Ó‚ „Ë‰ÓÚÂÏ‡Î¸ÌÓÈ ‚Á‚ÂÒË Ì‡ıÓ‰ËÚÒfl Ì‡
ÎËÌËË P/Ca = 0.6, Ë ËÏÂÌÌÓ ˝Ú‡ ‚Á‚ÂÒ¸ ÏÓÊÂÚ ·˚Ú¸
ËÒÚÓ˜ÌËÍÓÏ „Ë‰ÓÍÒÓÙÓÒÙ‡ÚÓ‚ Fe-Ca ‚ ÓÒ‡‰Í‡ı.

åÓÎflÌÓÂ ÓÚÌÓ¯ÂÌËÂ Fe/Ca/P ‚ „Ë‰ÓÚÂÏ‡Î¸-
ÌÓÈ ‚Á‚ÂÒË ‡‚ÌÓ 5.8/0.7/1, ‡ ‚ ÓÒ‡‰Í‡ı ‚ ÒÂ‰ÌÂÏ
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êËÒ. 15. ëÓÓÚÌÓ¯ÂÌËÂ ‚ÂÎË˜ËÌ ‡ÌÓÏ‡ÎËË ˆÂËfl (Ce
an) Ë ÓÚÌÓ¯ÂÌËfl P/Fe ‚ ÏËÍÓÍÓÌÍÂˆËflı Ë ÍÓÌÍÂˆË-
flı ÒÚ‡ÌˆËÈ 3911/76, 3915 Ë 3913-3 [ÑÛ·ËÌËÌ, ë‚‡Î¸ÌÓ‚,
2003]. 

1 – ÏËÍÓÍÓÌÍÂˆËË; 2 – ÍÓÌÍÂˆËË; 3 – fl‰Ó ·ÓÎ¸¯ÓÈ
ÍÓÌÍÂˆËË ÒÚ‡ÌˆËË 3915.

2
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ÑÛ·ËÌËÌ

ÓÌÓ ‡‚ÌflÂÚÒfl 2.7/1.7/1. Ç ıÓ‰Â ÒÂ‰ËÏÂÌÚ‡ˆËË ÔÓ-
ËÒıÓ‰ËÚ ÒÓ·ˆËfl Í‡Î¸ˆËfl ËÁ ÏÓÒÍÓÈ ‚Ó‰˚ Ë, ‚ÓÁ-
ÏÓÊÌÓ, ‚ ‰‡Î¸ÌÂÈ¯ÂÏ Á‡ÏÂ˘ÂÌËÂ ˜‡ÒÚË Í‡Î¸ˆËfl
ÚÂı‚‡ÎÂÌÚÌ˚ÏË êáù:

Ñ‡ÌÌ˚Â ‡Ì‡ÎËÁ‡ ÒÓÒÚ‡‚‡ „Ë‰ÓÍÒÓÙÓÒÙ‡ÚÓ‚ ‚
ÓÒ‡‰Í‡ı ÔÓÍ‡Á˚‚‡˛Ú, ˜ÚÓ ˝Ú‡ Ù‡Á‡ ÌÂ ÛÒÚÓÈ˜Ë‚‡
(ÒÏ. ËÒ. 16). Ç ÔÓˆÂÒÒ‡ı ‰Ë‡„ÂÌÂÁ‡ ÔÓËÒıÓ‰ËÚ
‡ÒÔ‡‰ „Ë‰ÓÍÒÓÙÓÒÙ‡ÚÓ‚ Fe-Ca Ì‡ „Ë‰ÓÍÒË‰ ÊÂ-
ÎÂÁ‡ Ë ‡Ô‡ÚËÚ ÔÓ Â‡ÍˆËË:

á‡ÍÎ˛˜ÂÌËÂ

ê‡ÒÒÏÓÚÂÌ˚ ÓÒÌÓ‚Ì˚Â ıËÏË˜ÂÒÍËÂ Ò‚ÓÈÒÚ‚‡,
ËÒÚÓ˜ÌËÍË Ë ÔÓ‚Â‰ÂÌËÂ êáù ‚ ÓÍÂ‡ÌÒÍÓÈ ‚Ó‰Â Ë ‚

Fe5.8Ca0.7PO4 OH( )15.9 Cap-p
2+ 1.9 OH( )–+ +

 

Fe2.7Ca1.7PO4 OH( )8.5 3.1Fe OH( )3+

‚Á‚ÂÒ¸

ÓÒ‡‰ÓÍ

6Fe2.7Ca1.7PO4 OH( )8.5

 

16.2Fe OH( )3 Ca10 PO4( )6 OH( )2+

‚Á‚ÂÒ¸

ÓÒ‡‰ÓÍ

‰ÓÌÌ˚ı ÓÚÎÓÊÂÌËflı. èÂ‰ÔÓ˜ÚÂÌËÂ ÓÚ‰‡‚‡ÎÓÒ¸
‰‡ÌÌ˚Ï, ÔÓÎÛ˜ÂÌÌ˚Ï ÔËÏÂÌÓ Ò 1980 „., ÍÓ„‰‡ ‚
Ô‡ÍÚËÍÛ ‡Ì‡ÎËÚË˜ÂÒÍÓÈ ıËÏËË êáù ‡ÍÚË‚ÌÓ ‚ÌÂ-
‰flÎËÒ¸ ÏÂÚÓ‰˚ ÚÂÏÓ-ËÓÌËÁ‡ˆËÓÌÌÓÈ Ï‡ÒÒ-ÒÔÂÍ-
ÚÓÏÂÚËË, ‡ ÔÓÁÊÂ Ò 1987 „. – Ï‡ÒÒ-ÒÔÂÍÚÓÏÂÚËË
Ò ËÌ‰ÛÍÚË‚ÌÓ Ò‚flÁ‡ÌÌÓÈ ÔÎ‡ÁÏÓÈ. èÓÒÎÂ‰ÌËÈ ÏÂ-
ÚÓ‰ ‰‡Î ‚ÓÁÏÓÊÌÓÒÚ¸ ÔÓÎÛ˜‡Ú¸ ÔÓÎÌ˚Â ÒÔÂÍÚ˚
êáù, ‚ÍÎ˛˜‡fl ˝ÎÂÏÂÌÚ˚-ÏÓÌÓËÁÓÚÓÔ˚ – Pr, Tb,
Ho, Tm. ëÓ‚Â¯ÂÌÒÚ‚Ó‚‡ÌËÂ ÏÂÚÓ‰ËÍ ÔÓÁ‚ÓÎËÎÓ
ÓÔÂ‰ÂÎflÚ¸ ‚ÂÒ¸Ï‡ ÌËÁÍËÂ ÒÓ‰ÂÊ‡ÌËfl êáù ‚ ÏÓ-
ÒÍÓÈ ‚Ó‰Â, ‚Á‚ÂÒË, „Ë‰ÓÚÂÏ‡Î¸ÌÓÏ ÙÎ˛Ë‰Â,
ÒÛÎ¸ÙË‰Ì˚ı ÏËÌÂ‡Î‡ı Ò ‚˚ÒÓÍËÏ ÛÓ‚ÌÂÏ ‰ÓÒÚÓ-
‚ÂÌÓÒÚË ÂÁÛÎ¸Ú‡ÚÓ‚.

é‰Ì‡ÍÓ ÒÎÂ‰ÛÂÚ Á‡ÏÂÚËÚ¸, ˜ÚÓ ÒÓ‚Â¯ÂÌÒÚ‚Ó‚‡-
ÌËÂ ÏÂÚÓ‰Ó‚ ‡Ì‡ÎËÁ‡ ÎË¯¸ ‡Ò¯ËËÎÓ ÒÂ„Ó‰Ìfl¯-
ÌËÂ ÁÌ‡ÌËfl Ó „ÂÓıËÏËË êáù ‚ ÓÍÂ‡ÌÂ. Ç ÂÁÛÎ¸Ú‡ÚÂ
ËÒÒÎÂ‰Ó‚‡ÌËÈ, ÔÓ‚Ó‰Ë‚¯ËıÒfl ‚ 50–70 „Ó‰‡ı, ·˚ÎË
‚ÔÂ‚˚Â ÓÔÂ‰ÂÎÂÌ˚ ÒÓÒÚ‡‚˚ Ë ÒÓ‰ÂÊ‡ÌËfl êáù
‚ ÓÒ‡‰Í‡ı, ÓÍÂ‡ÌÒÍÓÈ Ë Â˜ÌÓÈ ‚Ó‰Â, ‚ ÊÂÎÂÁÓÏ‡-
„‡ÌˆÂ‚˚ı ÍÓÌÍÂˆËflı, ÏÂÚ‡ÎÎÓÌÓÒÌ˚ı ÓÒ‡‰Í‡ı,
ÙÓÒÙÓËÚ‡ı [éÒÚÓÛÏÓ‚, 1953; Goldberg et al.,
1963; Wildeman, Haskin, 1965; Høgdahl et al., 1968;
Piper, Graef, 1974; Martin et al., 1976]. èÓÎÛ˜ÂÌÌ˚Â
‰‡ÌÌ˚Â ÔÓÁ‚ÓÎËÎË Ò‰ÂÎ‡Ú¸ ÔÂ‚˚Â ‚˚‚Ó‰˚ Ó ÔÓ-
‚Â‰ÂÌËË êáù ‚ ÓÍÂ‡ÌÂ [Å‡Î‡¯Ó‚, ãËÒËˆ˚Ì, 1968;
Piper, 1974; Å‡Î‡¯Ó‚, 1976; ÉÛ‚Ë˜ Ë ‰., 1980].
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êËÒ. 16. ëÓÒÚ‡‚˚ „Ë‰ÓÍÒÓÙÓÒÙ‡ÚÓ‚ Fe-Ca Ì‡ ÚÓÈÌÓÈ ‰Ë‡„‡ÏÏÂ ‚ ÍÓÓ‰ËÌ‡Ú‡ı P–Ca–Fe. 

1, 2 – ÓÒ‡‰ÍË ûÊÌÓÈ ÍÓÚÎÓ‚ËÌ˚ íËıÓ„Ó ÓÍÂ‡Ì‡, ÒÚ‡ÌˆËfl 35: 1 – „Ó. 37–40 ÒÏ, 2 – „Ó. 105–110 ÒÏ; 3 – „Ë‰ÓÚÂÏ‡Î¸Ì‡fl
‚Á‚ÂÒ¸ 19° ˛.¯. ÇÓÒÚÓ˜ÌÓ-íËıÓÓÍÂ‡ÌÒÍÓ„Ó ÔÓ‰ÌflÚËfl [Feely et al., 1996]. ãËÌËflÏË ÔÓÍ‡Á‡Ì˚ ÏÓÎflÌ˚Â ÓÚÌÓ¯ÂÌËfl
P/Ca = 0.6 (‡Ô‡ÚËÚ) Ë P/Fe = 0.25 – Ï‡ÍÒËÏ‡Î¸ÌÓÂ ÓÚÌÓ¯ÂÌËÂ ‚ ̋ ÍÒÔÂËÏÂÌÚ‡ı ÔÓ ÒÓÓÒ‡Ê‰ÂÌË˛ ÙÓÒÙ‡Ú-ËÓÌ‡ ËÁ ÏÓÒÍÓÈ
‚Ó‰˚ ÓÍÒË„Ë‰ÓÍÒË‰ÓÏ ÊÂÎÂÁ‡ [ë‡‚ÂÌÍÓ, 1995]. á‡¯ÚËıÓ‚‡ÌÓ ÔÓÎÂ ÒÓÒÚ‡‚Ó‚ ‚Á‚ÂÒË Ò Ï‡ÍÒËÏ‡Î¸Ì˚Ï ÒÓ‰ÂÊ‡ÌËÂÏ
ÊÂÎÂÁ‡.
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èÓ‰ÓÎÊÂÌËÂ ËÒÒÎÂ‰Ó‚‡ÌËÈ „ÂÓıËÏËË êáù
ÔÓ‰Ú‚Â‰ËÎÓ, ˜ÚÓ ÓÒÌÓ‚Ì‡fl ÔÓÒÚ‡‚Í‡ êáù ‚ ÓÍÂ‡Ì
ÓÒÛ˘ÂÒÚ‚ÎflÂÚÒfl ÂÍ‡ÏË Ë ‚ ÂÁÛÎ¸Ú‡ÚÂ ˝ÓÎÓ‚Ó„Ó
ÔÂÂÌÓÒ‡. ëÓÒÚ‡‚˚ ‚Á‚Â¯ÂÌÌ˚ı êáù ‚ ÂÍ‡ı ÓÚ-
‡Ê‡˛Ú ÒÓÒÚ‡‚ ‰ÂÌËÛÂÏ˚ı ÔÓÓ‰ ‚Ó‰ÓÒ·ÓÌ˚ı
·‡ÒÒÂÈÌÓ‚, ‡ ÒÓÒÚ‡‚˚ ‡ÒÚ‚ÓÂÌÌ˚ı êáù ÓÔÂ‰Â-
Îfl˛ÚÒfl ÛÒÚÓÈ˜Ë‚ÓÒÚ¸˛ Ëı ÍÓÏÔÎÂÍÒÌ˚ı ÒÓÂ‰ËÌÂ-
ÌËÈ. ëÓ‰ÂÊ‡ÌËfl ‡ÒÚ‚ÓÂÌÌ˚ı êáù Ì‡ıÓ‰flÚÒfl ‚
Ó·‡ÚÌÓÈ Á‡‚ËÒËÏÓÒÚË ÓÚ ‚ÂÎË˜ËÌ˚ pH. ê‡ÒÔÓÎÓ-
ÊÂÌÌ˚Â Ì‡ ÔÂËÙÂËË ÓÍÂ‡Ì‡ ÚÂË„ÂÌÌ˚Â ÓÒ‡‰-
ÍË ÌÂ ÓÚÎË˜‡˛ÚÒfl ÔÓ ÒÓÒÚ‡‚Û Ë ÒÓ‰ÂÊ‡ÌË˛ êáù
ÓÚ ÒÎ‡Ìˆ‡ ËÎË ÓÚ ‰ÓÏËÌËÛ˛˘Ëı ÔÓÓ‰ ÔÎÓ˘‡‰ÂÈ
‰ÂÌÛ‰‡ˆËË ÒÛ¯Ë. î‡ÍˆËÓÌËÓ‚‡ÌËÂ ‡ÒÚ‚ÓÂÌ-
Ì˚ı êáù ‚ ÓÍÂ‡ÌÂ Ì‡˜ËÌ‡ÂÚÒfl ‚ ÁÓÌÂ ÒÏÂ¯ÂÌËfl Â-
Í‡–ÏÓÂ Ë ÔÓÒÎÂ ÓÒ‡Ê‰ÂÌËfl ÓÒÌÓ‚ÌÓÈ ˜‡ÒÚË ÚÂ-
Ë„ÂÌÌÓÈ ‚Á‚ÂÒË. ëÓÒÚ‡‚ ‡ÒÚ‚ÓÂÌÌ˚ı êáù ÔË-
Ó·ÂÚ‡ÂÚ ‰ÂÙËˆËÚ ˆÂËfl Ë ÎÂ„ÍËı êáù, ÒÓÒÚ‡‚
‚Á‚ÂÒË Ò Û‚ÂÎË˜ÂÌËÂÏ „Ë‰Ó„ÂÌÌ˚ı ÍÓÏÔÓÌÂÌÚÓ‚
Ó·Ó„‡˘‡ÂÚÒfl ˆÂËÂÏ ÔÂËÏÛ˘ÂÒÚ‚ÂÌÌÓ Á‡ Ò˜ÂÚ
ÓÍËÒÎÂÌËfl Ë ÎÂ„ÍËÏË êáù Á‡ Ò˜ÂÚ ÔÓˆÂÒÒÓ‚ ÒÓ·-
ˆËË. ë „ÎÛ·ËÌÓÈ ‚ ÓÍÂ‡ÌÂ ÒÓ‰ÂÊ‡ÌËfl ‡ÒÚ‚ÓÂÌ-
Ì˚ı êáù ‚ÓÁ‡ÒÚ‡˛Ú, ‚ ÚÓÏ ˜ËÒÎÂ Á‡ Ò˜ÂÚ ÔÓˆÂÒ-
ÒÓ‚ ‰ÂÒÓ·ˆËË ‚Á‚Â¯ÂÌÌ˚ı êáù.

î‡ÍˆËÓÌËÓ‚‡ÌËÂ êáù ‚ ÓÍÂ‡ÌÒÍÓÈ ‚Ó‰Â ÓÚ-
‡Ê‡ÂÚÒfl ‚ ‰ÓÌÌ˚ı ÓÚÎÓÊÂÌËflı. Ç ÔÓˆÂÒÒ‡ı ÒÂ-
‰ËÏÂÌÚ‡ˆËË Ò Û‚ÂÎË˜ÂÌËÂÏ ‰ÓÎË Â‡ÍˆËÓÌÌÓÒÔÓ-
ÒÓ·Ì˚ı ÊÂÎÂÁ‡ Ë Ï‡„‡Ìˆ‡ ‡ÒÚÂÚ ÒÓ‰ÂÊ‡ÌËÂ
êáù Ë Û‚ÂÎË˜Ë‚‡ÂÚÒfl ÔÓÎÓÊËÚÂÎ¸Ì‡fl ‡ÌÓÏ‡ÎËfl
ˆÂËfl. ì‚ÂÎË˜ÂÌËÂ ‚ ÓÒ‡‰Í‡ı ÍÓÎË˜ÂÒÚ‚‡ ÍÓÒÚÌÓ-
„Ó ‰ÂÚËÚ‡, Í‡Í ÒÎÂ‰ÒÚ‚ËÂ ÛÏÂÌ¸¯ÂÌËfl ÒÍÓÓÒÚÂÈ
Ì‡ÍÓÔÎÂÌËfl ÓÒ‡‰ÍÓ‚ ‚ ÔÂÎ‡„Ë‡ÎË, ÔË‚Ó‰ËÚ Í ËÌ-
‚ÂÒËË ÒÓÒÚ‡‚‡ êáù. ì‚ÂÎË˜Ë‚‡ÂÚÒfl ‰ÂÙËˆËÚ ˆÂ-
Ëfl Ë ÎÂ„ÍËı êáù, Ú‡Í Í‡Í ÍÓÒÚÌ˚È ‰ÂÚËÚ Ì‡Í‡Ô-
ÎË‚‡ÂÚ ÁÌ‡˜ËÚÂÎ¸Ì˚Â ÍÓÎË˜ÂÒÚ‚‡ êáù, ‡ÒÚ‚Ó-
ÂÌÌ˚ı ‚ ÓÍÂ‡ÌÒÍËı ‚Ó‰‡ı, ‚Ë‰ËÏÓ, ·ÂÁ Á‡ÏÂÚÌÓ„Ó
Ù‡ÍˆËÓÌËÓ‚‡ÌËfl. í‡ÍËÂ ÓÒ‡‰ÍË fl‚Îfl˛ÚÒfl Í‡È-
ÌËÏ ˜ÎÂÌÓÏ fl‰‡ ÓÚÎÓÊÂÌËÈ ‚ ÔÓˆÂÒÒ‡ı ÓÍÂ‡Ì-
ÒÍÓÈ ‰ËÙÙÂÂÌˆË‡ˆËË ‚Â˘ÂÒÚ‚‡, Ó·Ì‡ÛÊÂÌ˚
ÔÓ‰ ˆËÍÎÓÌË˜ÂÒÍËÏË ‚ËıflÏË ‚ íËıÓÏ ÓÍÂ‡ÌÂ, Ë
ÌÂ Ó·Ì‡ÛÊÂÌ˚ ‚ ÄÚÎ‡ÌÚË˜ÂÒÍÓÏ ÓÍÂ‡ÌÂ. ÅËÓ„ÂÌ-
Ì˚Â ÓÚÎÓÊÂÌËfl (Í‡·ÓÌ‡ÚÌ˚Â, ÍÂÏÌËÒÚ˚Â ËÎ˚)
ÌÂ Ì‡Í‡ÔÎË‚‡˛Ú êáù Ë ‰ÂÈÒÚ‚Û˛Ú Í‡Í ‡Á·‡‚Ë-
ÚÂÎ¸, Ì‡ÒÎÂ‰Ûfl ˜ÂÚ˚ ‡ÒÚ‚ÓÂÌÌ˚ı êáù ‚ ÓÍÂ‡-
ÌÂ. èÓÒÚ‡‚Í‡ „Ë‰ÓÚÂÏ‡Î¸ÌÓ-ÓÒ‡‰Ó˜ÌÓ„Ó ‚Â˘Â-
ÒÚ‚‡ ‚ ‰ÓÌÌ˚Â ÓÚÎÓÊÂÌËfl ‚Â‰ÂÚ Í Ì‡ÒÎÂ‰Ó‚‡ÌË˛
êáù, ‡ÒÚ‚ÓÂÌÌ˚ı ‚ ÓÍÂ‡ÌÒÍËı ‚Ó‰‡ı, Á‡ Ò˜ÂÚ
ÔÓˆÂÒÒÓ‚ ÒÓ·ˆËË ‚Á‚Â¯ÂÌÌ˚ÏË ÓÍÒË„Ë‰ÓÍÒË-
‰‡ÏË ÊÂÎÂÁ‡.

éÒÚ‡˛ÚÒfl ÌÂ ÔÓÎÌÓÒÚ¸˛ ËÒÒÎÂ‰Ó‚‡ÌÌ˚ÏË ÔÓ-
·ÎÂÏ˚ ËÁÛ˜ÂÌËfl ‡ÒÔÂ‰ÂÎÂÌËfl êáù ÏÂÊ‰Û ÏËÌÂ-
‡Î¸Ì˚ÏË Ù‡Á‡ÏË ‚ ÓÒ‡‰Í‡ı. ë‚flÁ‡ÌÓ ˝ÚÓ, ÔÂÊ‰Â
‚ÒÂ„Ó, Ò ÔÎÓıÓÈ ÓÍËÒÚ‡ÎÎËÁÓ‚‡ÌÌÓÒÚ¸˛ ÏËÌÂ‡-
ÎÓ‚, Ëı ‚Á‡ËÏÌ˚Ï ÔÓ‡ÒÚ‡ÌËÂÏ Ë Á‡ı‚‡ÚÓÏ ‚ ıÓ‰Â
ÔÂÂÍËÒÚ‡ÎÎËÁ‡ˆËË ‰Û„Ëı ÏËÌÂ‡Î¸Ì˚ı Ù‡Á.
èÓÎÛ˜ÂÌ˚ ‰ÓÒÚÓ‚ÂÌ˚Â ‰‡ÌÌ˚Â ÔÓ ÒÓÒÚ‡‚Û êáù
‰Îfl ˆÂÓÎËÚÓ‚, ·‡ËÚÓ‚, „ÎËÌËÒÚ˚ı ÏËÌÂ‡ÎÓ‚,
‚ÔÂ‚˚Â Ì‡È‰ÂÌ˚ „Ë‰ÓÍÒÓÙÓÒÙ‡Ú˚ ÊÂÎÂÁ‡-
Í‡Î¸ˆËfl Ë ÓÔÂ‰ÂÎÂÌ ‚ ÌËı ÒÓÒÚ‡‚ êáù. ùÚ‡ ÏËÌÂ-
‡Î¸Ì‡fl Ù‡Á‡ ÌÂÛÒÚÓÈ˜Ë‚‡ ‚ ÓÒ‡‰Í‡ı ÓÍÂ‡Ì‡, ÌÓ

ÔÓÒÚÓflÌÌÓ Ó·‡ÁÛÂÚÒfl ‚ ÔÓˆÂÒÒ‡ı „‡Î¸ÏËÓÎËÁ‡
‚ÛÎÍ‡ÌÓÍÎ‡ÒÚËÍË, Ì‡ „Ë‰ÓÚÂÏ‡Î¸Ì˚ı ÓÍÒË„Ë‰-
ÓÍÒË‰‡ı ÊÂÎÂÁ‡ Ë ‚ ÔÓˆÂÒÒ‡ı ‰Ë‡„ÂÌÂÁ‡ ‚ ÓÒ‡‰-
Í‡ı. ÖÂ ÔÓÔ‡‰‡ÌËÂ ‚ ÊÂÎÂÁÓÏ‡„‡ÌˆÂ‚˚Â ÍÓÌÍÂ-
ˆËË Ë ÏËÍÓÍÓÌÍÂˆËË ‚Â‰ÂÚ Í ÔÓfl‚ÎÂÌË˛ ÓÚË-
ˆ‡ÚÂÎ¸ÌÓÈ ‡ÌÓÏ‡ÎËË ˆÂËfl Ë ÓÒÚÛ ÒÓ‰ÂÊ‡ÌËÈ
ÚÂı‚‡ÎÂÌÚÌ˚ı êáù.

ëèàëéä ãàíÖêÄíìêõ

Å‡Î‡¯Ó‚ û.Ä. ÉÂÓıËÏËfl Â‰ÍÓÁÂÏÂÎ¸Ì˚ı ˝ÎÂÏÂÌÚÓ‚.
å.: ç‡ÛÍ‡, 1976. 267 Ò.

Å‡Î‡¯Ó‚ û.Ä., ãËÒËˆ˚Ì Ä.è. åË„‡ˆËfl Â‰ÍÓÁÂÏÂÎ¸-
Ì˚ı ˝ÎÂÏÂÌÚÓ‚ ‚ ÓÍÂ‡ÌÂ // éÍÂ‡ÌÓÎÓ„Ë˜ÂÒÍËÂ ËÒÒÎÂ‰Ó-
‚‡ÌËfl. ‹ 18. å.: ç‡ÛÍ‡, 1968. ë. 213–282.

Å‡ÚÛËÌ É.ç., í‡Ï·ËÂ‚ ë.Å., ãflÔÛÌÓ‚ ë.å. êÂ‰ÍÓÁÂ-
ÏÂÎ¸Ì˚Â ˝ÎÂÏÂÌÚ˚ ‚ ·ËÓ„ÂÌÌ˚ı ÙÓÒÙ‡Ú‡ı ÒÓ ‰Ì‡ ÓÍÂ-
‡Ì‡ // ÉÂÓıËÏËfl. 1986. ‹ 11. ë. 1636–1643.

ÅÓ„‰‡ÌÓ‚ û.Ä., ÉÓ¯ÍÓ‚ Ä.à., ÉÛ‚Ë˜ Ö.É., ÅÓ„‰‡ÌÓ-
‚‡ é.û., ÑÛ·ËÌËÌ Ä.Ç., üÌÒ‡ ã.î. ÜÂÎÂÁÓÏ‡„‡ÌˆÂ‚˚Â
ÍÓÍË Ë ÍÓÌÍÂˆËË „‡ÈÓÚÓ‚ ÒÂ‚ÂÓ-Á‡Ô‡‰ÌÓÈ ˜‡ÒÚË íË-
ıÓ„Ó ÓÍÂ‡Ì‡ // ÉÂÓıËÏËfl. 1998. ‹ 5. ë. 518–531.

ÇÓÎÍÓ‚ à.à., ëÓÍÓÎÓ‚ Ç.ë., îÓÏËÌ‡ ã.ë. êÂ‡ÍˆËÓÌÌÓ-
ÒÔÓÒÓ·Ì˚Â ÙÓÏ˚ ˝ÎÂÏÂÌÚÓ‚ ‚ ÓÒ‡‰Í‡ı Ú‡ÌÒÓÍÂ‡Ì-
ÒÍÓ„Ó ÔÓÙËÎfl // ÉÂÓıËÏËfl ‰Ë‡„ÂÌÂÁ‡ ÓÒ‡‰ÍÓ‚ íËıÓ„Ó
ÓÍÂ‡Ì‡ (Ú‡ÌÒÓÍÂ‡ÌÒÍËÈ ÔÓÙËÎ¸) / èÓ‰ Â‰. éÒÚÓ-
ÛÏÓ‚‡ ù.Ä. å.: ç‡ÛÍ‡, 1980. ë. 6–21.

ÇÓÎÍÓ‚ à.à., ü„Ó‰ËÌÒÍ‡fl í.Ä. èÂÂıÓ‰Ì‡fl „ÛÔÔ‡ ̋ ÎÂ-
ÏÂÌÚÓ‚. îÓÒÙÓ, Â‰ÍÓÁÂÏÂÎ¸Ì˚Â ˝ÎÂÏÂÌÚ˚ Ë ËÚÚËÈ //
ãËÚÓÎÓ„Ëfl Ë „ÂÓıËÏËfl ÓÒ‡‰ÍÓ‚ íËıÓ„Ó ÓÍÂ‡Ì‡ (Ú‡ÌÒÓ-
ÍÂ‡ÌÒÍËÈ ÔÓÙËÎ¸) / èÓ‰ Â‰. ïÓÎÓ‰Ó‚‡ Ç.ç. å.: ç‡-
ÛÍ‡, 1979. ë. 203–224.

ÉÛ‚Ë˜ Ö.É. åÂÚ‡ÎÎÓÌÓÒÌ˚Â ÓÒ‡‰ÍË åËÓ‚Ó„Ó ÓÍÂ‡Ì‡.
å.: ç‡Û˜Ì˚È ÏË, 1998. 340 Ò.

ÉÛ‚Ë˜ Ö.É., ãÛÍ‡¯ËÌ Ç.ç., ãËÒËˆ˚Ì Ä.è., äÛË-
ÌÓ‚ Ä.Ñ. êÂ‰ÍÓÁÂÏÂÎ¸Ì˚Â ˝ÎÂÏÂÌÚ˚ Ë ËÚÚËÈ // ÉÂÓıË-
ÏËfl ˝ÎÂÏÂÌÚÓ‚-„Ë‰ÓÎËÁ‡ÚÓ‚ / èÓ‰ Â‰. êÓÌÓ‚‡ Ä.Å.
å.: ç‡ÛÍ‡, 1980. ë. 71–116. 

ÑÛ·ËÌËÌ Ä.Ç. é ÙÓÏËÓ‚‡ÌËË ÍÓÌÍÂˆËÈ ‚ É‚‡ÚÂ-
Ï‡Î¸ÒÍÓÈ ÍÓÚÎÓ‚ËÌÂ ÔÓ ‰‡ÌÌ˚Ï „ÂÓıËÏËË Â‰ÍÓÁÂ-
ÏÂÎ¸Ì˚ı ˝ÎÂÏÂÌÚÓ‚ // ÉÂÓıËÏËfl. 1996. ‹ 12. ë. 1210–
1219.

ÑÛ·ËÌËÌ Ä.Ç. Fe-Mn ÍÓÍ‡ Ì‡ ÔÂÎ‡„Ë˜ÂÒÍËı ÓÒ‡‰Í‡ı:
„ÂÓıËÏËfl Ë ÛÒÎÓ‚Ëfl Ó·‡ÁÓ‚‡ÌËfl // ÉÂÓıËÏËfl. 1998. ‹ 11.
ë. 1152–1163.

ÑÛ·ËÌËÌ Ä.Ç. ÉÂÓıËÏËfl Â‰ÍÓÁÂÏÂÎ¸Ì˚ı ˝ÎÂÏÂÌÚÓ‚ ‚
ÓÍÂ‡ÌÒÍËı ÙËÎÎËÔÒËÚ‡ı // ãËÚÓÎÓ„Ëfl Ë ÔÓÎÂÁ. ËÒÍÓÔ‡Â-
Ï˚Â. 2000. ‹ 2. ë. 124–131.

ÑÛ·ËÌËÌ Ä.Ç. ÉÂÓıËÏËfl „Ë‰ÓÍÒÓÙÓÒÙ‡ÚÓ‚ Fe-Ca ‚ ÔÂ-
Î‡„Ë˜ÂÒÍËı ÓÒ‡‰Í‡ı: „ÂÌÂÁËÒ Ë ˝‚ÓÎ˛ˆËfl ÒÓÒÚ‡‚‡ ‚ ‰Ë‡-
„‡ÌÂÁÂ // ÉÂÓıËÏËfl. 2001. ‹ 6. ë. 645–657.

ÑÛ·ËÌËÌ Ä.Ç., ÇÓÎÍÓ‚ à.à. êÂ‰ÍÓÁÂÏÂÎ¸Ì˚Â ˝ÎÂÏÂÌ-
Ú˚ ‚ ÏÂÚ‡ÎÎÓÌÓÒÌ˚ı ÓÒ‡‰Í‡ı ÇÓÒÚÓ˜ÌÓ-íËıÓÓÍÂÌÒÍÓ-
„Ó ÔÓ‰ÌflÚËfl // ÉÂÓıËÏËfl. 1986. ‹ 5. ë. 645–662.

ÑÛ·ËÌËÌ Ä.Ç., ÇÓÎÍÓ‚ à.à. åÂı‡ÌËÁÏ Ì‡ÍÓÔÎÂÌËfl Â‰-
ÍÓÁÂÏÂÎ¸Ì˚ı ˝ÎÂÏÂÌÚÓ‚ ‚ ÏÂÚ‡ÎÎÓÌÓÒÌ˚ı ÓÒ‡‰Í‡ı
ÇÓÒÚÓ˜ÌÓ-íËıÓÓÍÂ‡ÌÒÍÓ„Ó ÔÓ‰ÌflÚËfl // ÉÂÓıËÏËfl. 1988.
‹ 4. ë. 557–566.

ÑÛ·ËÌËÌ Ä.Ç., ë‚‡Î¸ÌÓ‚ Ç.ç. åËÍÓÍÓÌÍÂˆËË É‚‡ÚÂ-
Ï‡Î¸ÒÍÓÈ ÍÓÚÎÓ‚ËÌ˚: „ÂÓıËÏËfl Â‰ÍÓÁÂÏÂÎ¸Ì˚ı ˝ÎÂ-
ÏÂÌÚÓ‚ // ãËÚÓÎÓ„Ëfl Ë ÔÓÎÂÁ. ËÒÍÓÔ‡ÂÏ˚Â. 1995. ‹ 5.
ë. 473–479.

2*



356

ãàíéãéÉàü à èéãÖáçõÖ àëäéèÄÖåõÖ      ‹ 4      2004

ÑÛ·ËÌËÌ

ÑÛ·ËÌËÌ Ä.Ç., ë‚‡Î¸ÌÓ‚ Ç.ç. ÑËÙÙÂÂÌˆË‡Î¸Ì‡fl ÔÓ-
‰‚ËÊÌÓÒÚ¸ ÓÍÒË„Ë‰ÓÍÒË‰Ó‚ ÊÂÎÂÁ‡ ‚ ÔÓˆÂÒÒ‡ı Ó·‡-
ÁÓ‚‡ÌËfl ÏËÍÓ- Ë Ï‡ÍÓÍÓÌÍÂˆËÈ (Ì‡ ÔËÏÂÂ É‚‡ÚÂ-
Ï‡Î¸ÒÍÓÈ ÍÓÚÎÓ‚ËÌ˚ íËıÓ„Ó ÓÍÂ‡Ì‡) // ÑÓÍÎ. êÄç.
1996. í. 348. ‹ 1. ë. 100–103.

ÑÛ·ËÌËÌ Ä.Ç., ë‚‡Î¸ÌÓ‚ Ç.ç. ÉÂÓıËÏËfl Â‰ÍÓÁÂÏÂÎ¸-
Ì˚ı ˝ÎÂÏÂÌÚÓ‚ ‚ ÏËÍÓ- Ë Ï‡ÍÓÍÓÌÍÂˆËflı ·ËÓÔÓ-
‰ÛÍÚË‚ÌÓÈ ÁÓÌ˚ íËıÓ„Ó ÓÍÂ‡Ì‡ // ãËÚÓÎÓ„Ëfl Ë ÔÓÎÂÁ.
ËÒÍÓÔ‡ÂÏ˚Â. 2000‡. ‹ 1. ë. 25–39.

ÑÛ·ËÌËÌ Ä.Ç., ë‚‡Î¸ÌÓ‚ Ç.ç. ÉÂÓıËÏËfl Â‰ÍÓÁÂÏÂÎ¸-
Ì˚ı ˝ÎÂÏÂÌÚÓ‚ ‚ Fe-Mn ÏËÍÓ- Ë Ï‡ÍÓÍÓÌÍÂˆËflı ÌÂ-
ÔÓ‰ÛÍÚË‚ÌÓÈ ÁÓÌ˚ íËıÓ„Ó ÓÍÂ‡Ì‡ // ãËÚÓÎÓ„Ëfl Ë ÔÓ-
ÎÂÁ. ËÒÍÓÔ‡ÂÏ˚Â. 2000·. ‹ 6. ë. 586–604.

ÑÛ·ËÌËÌ Ä.Ç., ë‚‡Î¸ÌÓ‚ Ç.ç. ù‚ÓÎ˛ˆËfl ÓÒ‡‰ÍÓÌ‡ÍÓÔ-
ÎÂÌËfl ÔÓ ‰‡ÌÌ˚Ï ËÁÛ˜ÂÌËfl ‡ÛÚË„ÂÌÌ˚ı Ë ·ËÓ„ÂÌÌ˚ı
Ù‡Á ‚ ÔÂÎ‡„Ë˜ÂÒÍËı ÓÒ‡‰Í‡ı ûÊÌÓÈ ÍÓÚÎÓ‚ËÌ˚ íËıÓ„Ó
ÓÍÂ‡Ì‡ // ÉÂÓıËÏËfl. 2001. ‹ 4. ë. 404–421.

ÑÛ·ËÌËÌ Ä.Ç., ë‚‡Î¸ÌÓ‚ Ç.ç. ÉÂÓıËÏËfl Ï‡„‡ÌˆÂ‚Ó-
Û‰ÌÓ„Ó ÔÓˆÂÒÒ‡ ‚ ÓÍÂ‡ÌÂ ÔÓ ‰‡ÌÌ˚Ï ËÁÛ˜ÂÌËfl Â‰ÍÓ-
ÁÂÏÂÎ¸Ì˚ı ˝ÎÂÏÂÌÚÓ‚ // ãËÚÓÎÓ„Ëfl Ë ÔÓÎÂÁ. ËÒÍÓÔ‡Â-
Ï˚Â. 2003. ‹ 2. ë. 115–125.

ÑÛ·ËÌËÌ Ä.Ç., ëÍÓÌflÍÓ‚‡ ç.ë., ëÚÂÍÓÔ˚ÚÓ‚ ë.Ç.,
ÇÓÎÍÓ‚ à.à. ÉÂÓıËÏËfl Â‰ÍÓÁÂÏÂÎ¸Ì˚ı ˝ÎÂÏÂÌÚÓ‚ ‚
ÍÓÌÍÂˆËflı Ë ‚ÏÂ˘‡˛˘Ëı ÓÒ‡‰Í‡ı ÒÂ‚ÂÌÓÈ ÔË˝Í‚‡-
ÚÓË‡Î¸ÌÓÈ ˜‡ÒÚË íËıÓ„Ó ÓÍÂ‡Ì‡ // ãËÚÓÎÓ„Ëfl Ë ÔÓÎÂÁ.
ËÒÍÓÔ‡ÂÏ˚Â. 1997. ‹ 2. ë. 199–211.

ÑÛ·ËÌËÌ Ä.Ç., ëÚÂÍÓÔ˚ÚÓ‚ ë.Ç. ÉÂÓıËÏËfl Â‰ÍÓÁÂ-
ÏÂÎ¸Ì˚ı ˝ÎÂÏÂÌÚÓ‚ ‚ ÔÓˆÂÒÒ‡ı Ó·‡ÁÓ‚‡ÌËfl ÊÂÎÂÁÓ-
Ï‡„‡ÌˆÂ‚˚ı ÍÓÌÍÂˆËÈ ‚ èÂÛ‡ÌÒÍÓÈ ÍÓÚÎÓ‚ËÌÂ íË-
ıÓ„Ó ÓÍÂ‡Ì‡ // ãËÚÓÎÓ„Ëfl Ë ÔÓÎÂÁ. ËÒÍÓÔ‡ÂÏ˚Â. 1994. ‹ 4.
ë. 17–32.

ÑÛ·ËÌËÌ Ä.Ç., ëÚÂÍÓÔ˚ÚÓ‚ ë.Ç. àÒÒÎÂ‰Ó‚‡ÌËÂ ÔÓ‚Â-
‰ÂÌËfl Â‰ÍÓÁÂÏÂÎ¸Ì˚ı ̋ ÎÂÏÂÌÚÓ‚ ÔË ‚˚˘ÂÎ‡˜Ë‚‡ÌËË
ÓÍÂ‡ÌÒÍËı ÓÒ‡‰ÍÓ‚ // ÉÂÓıËÏËfl. 2001. ‹ 7. ë. 762–772.

ÑÛ·ËÌËÌ Ä.Ç., êÓÁ‡ÌÓ‚ Ä.É. ÉÂÓıËÏËfl Â‰ÍÓÁÂÏÂÎ¸Ì˚ı
˝ÎÂÏÂÌÚÓ‚ Ë ÚÓËfl ‚ ÓÒ‡‰Í‡ı Ë ÊÂÎÂÁÓÏ‡„‡ÌˆÂ‚˚ı
ÍÓÌÍÂˆËflı ÄÚÎ‡ÌÚË˜ÂÒÍÓ„Ó ÓÍÂ‡Ì‡ // ãËÚÓÎÓ„Ëfl Ë ÔÓ-
ÎÂÁ. ËÒÍÓÔ‡ÂÏ˚Â. 2001. ‹ 3. ë. 311–323.

äÓÌÂÌ Ñ. èÓ‰‚Ó‰Ì˚Â ÏËÌÂ‡Î¸Ì˚Â ÏÂÒÚÓÓÊ‰ÂÌËfl.
å.: åË, 1982. 392 Ò.

ãËÒËˆ˚Ì Ä.è. èÓˆÂÒÒ˚ ÓÍÂ‡ÌÒÍÓÈ ÒÂ‰ËÏÂÌÚ‡ˆËË. å.:
ç‡ÛÍ‡, 1978. 392 Ò.

åË„‰ËÒÓ‚ Ä.Ä., Å‡Î‡¯Ó‚ û.Ä., ò‡ÍÓ‚ à.Ç., òÂ-
ÒÚÂÌÌËÍÓ‚ é.É., êÓÌÓ‚ Ä.Å. ê‡ÒÔÓÒÚ‡ÌÂÌÌÓÒÚ¸ Â‰-
ÍÓÁÂÏÂÎ¸Ì˚ı ̋ ÎÂÏÂÌÚÓ‚ ‚ „Î‡‚Ì˚ı ÎËÚÓÎÓ„Ë˜ÂÒÍËı ÚË-
Ô‡ı ÔÓÓ‰ ÓÒ‡‰Ó˜ÌÓ„Ó ˜ÂıÎ‡ êÛÒÒÍÓÈ ÔÎ‡ÚÙÓÏ˚ // ÉÂ-
ÓıËÏËfl. 1994. ‹ 6. ë. 789–803.

åË„‰ËÒÓ‚ Ä.Ä., ÅÓ„‰‡ÌÓ‚ û.Ä., ãËÒËˆ˚Ì Ä.è., ÉÛ-
‚Ë˜ Ö.É., ãÂ·Â‰Â‚ Ä.à., ãÛÍ‡¯ËÌ Ç.ç., ÉÓ‰ÂÂ‚ Ç.Ç.,
ÉËËÌ û.è., ëÓÍÓÎÓ‚‡ Ö.É. ÉÂÓıËÏËfl ÏÂÚ‡ÎÎÓÌÓÒÌ˚ı
ÓÒ‡‰ÍÓ‚ // åÂÚ‡ÎÎÓÌÓÒÌ˚Â ÓÒ‡‰ÍË ˛„Ó-‚ÓÒÚÓ˜ÌÓÈ ˜‡Ò-
ÚË íËıÓ„Ó ÓÍÂ‡Ì‡ / èÓ‰ Â‰. ëÏËÌÓ‚‡ Ç.à. å.: ç‡ÛÍ‡,
1979. ë. 122–201.

éÒÚÓÛÏÓ‚ ù.Ä. êÂ‰ÍËÂ ÁÂÏÎË ‚ „ÎÛ·ÓÍÓ‚Ó‰Ì˚ı ÓÚÎÓ-
ÊÂÌËflı óÂÌÓ„Ó ÏÓfl // ÑÓÍÎ. Äç ëëëê. 1953. í. 91.
‹ 5. ë. 1175–1178.

êËÏÒÍ‡fl-äÓÒ‡ÍÓ‚‡ å.ç., ÑÛ·ËÌËÌ Ä.Ç. êÂ‰ÍÓÁÂÏÂÎ¸-
Ì˚Â ˝ÎÂÏÂÌÚ˚ ‚ ÒÛÎ¸ÙË‰‡ı ÔÓ‰‚Ó‰Ì˚ı „Ë‰ÓÚÂÏ‡Î¸-
Ì˚ı ËÒÚÓ˜ÌËÍÓ‚ ÄÚÎ‡ÌÚË˜ÂÒÍÓ„Ó ÓÍÂ‡Ì‡ // ÑÓÍÎ. êÄç.
2003. í. 389. ‹ 5. ë. 672–676.

ë‡‚ÂÌÍÓ Ä.Ç. ëÓÓÒ‡Ê‰ÂÌËÂ ÙÓÒÙÓ‡ Ò „Ë‰ÓÍÒË‰ÓÏ
ÊÂÎÂÁ‡, Ó·‡ÁÛ˛˘ËÏÒfl ÔË ÒÏÂ¯ÂÌËË ÔÓ‰‚Ó‰Ì˚ı „Ë‰-
ÓÚÂÏ‡Î¸Ì˚ı ‡ÒÚ‚ÓÓ‚ Ò ÏÓÒÍÓÈ ‚Ó‰ÓÈ (ÔÓ ̋ ÍÒÔÂË-

ÏÂÌÚ‡Î¸Ì˚Ï ‰‡ÌÌ˚Ï) // ÉÂÓıËÏËfl. 1995. ‹ 9. ë. 1383–
1389.

ë‚‡Î¸ÌÓ‚ Ç.ç., ãflÔËÌ Ä.Å., çÓ‚ËÍÓ‚‡ á.í. å‡„‡ÌˆÂ-
‚˚Â ÏËÍÓÍÓÌÍÂˆËË. ëÓÓ·˘ÂÌËÂ 1. é·˘‡fl ı‡‡ÍÚÂ-
ËÒÚËÍ‡ Ë ‡ÒÔÂ‰ÂÎÂÌËÂ ‚ ÔÂÎ‡„Ë˜ÂÒÍËı ÓÒ‡‰Í‡ı // ãË-
ÚÓÎÓ„Ëfl Ë ÔÓÎÂÁ. ËÒÍÓÔ‡ÂÏ˚Â. 1991‡. ‹ 3. ë. 3–20.

ë‚‡Î¸ÌÓ‚ Ç.ç., ãflÔËÌ Ä.Å., çÓ‚ËÍÓ‚‡ á.í. å‡„‡ÌˆÂ-
‚˚Â ÏËÍÓÍÓÌÍÂˆËË. ëÓÓ·˘ÂÌËÂ 2. ëÓÒÚ‡‚ Ë ÔÓËÒ-
ıÓÊ‰ÂÌËÂ // ãËÚÓÎÓ„Ëfl Ë ÔÓÎÂÁ. ËÒÍÓÔ‡ÂÏ˚Â. 1991·. ‹ 4.
ë. 32–50.

ëÚÂÍÓÔ˚ÚÓ‚ ë.Ç., ÑÛ·ËÌËÌ Ä.Ç. êÂ‰ÍÓÁÂÏÂÎ¸Ì˚Â
˝ÎÂÏÂÌÚ˚ Í‡Í ËÌ‰ËÍ‡ÚÓ˚ ÒÓÒÚ‡‚‡ ÔËÚ‡˛˘Ëı ÔÓ‚ËÌ-
ˆËÈ ÓÍÂ‡Ì‡ (Ì‡ ÔËÏÂÂ Ú‡ÌÒÚËıÓÓÍÂ‡ÌÒÍÓ„Ó ÔÓÙË-
Îfl) // ãËÚÓÎÓ„Ëfl Ë ÔÓÎÂÁ. ËÒÍÓÔ‡ÂÏ˚Â. 1996. ‹ 4.
ë. 438–444.

ëÚÂÍÓÔ˚ÚÓ‚ ë.Ç., ÑÛ·ËÌËÌ Ä.Ç., ÇÓÎÍÓ‚ à.à. èÓ‚Â-
‰ÂÌËÂ êáù, ˆËÍÓÌËfl Ë „‡ÙÌËfl ‚ ÓÒ‡‰Í‡ı Ë ÍÓÌÍÂˆËflı
Ú‡ÌÒÚËıÓÓÍÂ‡ÌÒÍÓ„Ó ÔÓÙËÎfl // ÉÂÓıËÏËfl. 1995. ‹ 7.
ë. 985–997.

ëÚÂÍÓÔ˚ÚÓ‚ ë.Ç., ÑÛ·ËÌËÌ Ä.Ç., ÇÓÎÍÓ‚ à.à. é·-
˘ËÂ Á‡ÍÓÌÓÏÂÌÓÒÚË ÔÓ‚Â‰ÂÌËfl Â‰ÍÓÁÂÏÂÎ¸Ì˚ı ˝ÎÂ-
ÏÂÌÚÓ‚ ‚ ÔÂÎ‡„Ë˜ÂÒÍËı ÓÒ‡‰Í‡ı íËıÓ„Ó ÓÍÂ‡Ì‡ // ãËÚÓ-
ÎÓ„Ëfl Ë ÔÓÎÂÁ. ËÒÍÓÔ‡ÂÏ˚Â. 1999. ‹ 2. ë. 133–145.

íÂÈÎÓ ë.ê., å‡Í-ãÂÌÌ‡Ì ë.å. äÓÌÚËÌÂÌÚ‡Î¸Ì‡fl ÍÓ‡,
ÂÂ ÒÓÒÚ‡‚ Ë ˝‚ÓÎ˛ˆËfl. å.: åË, 1988. 384 Ò.

ìÒÔÂÌÒÍ‡fl í.û., ëÍÓÌflÍÓ‚‡ ç.ë. íÂÍÒÚÛ˚ Ë ÒÚÛÍÚÛ-
˚ ÓÍÂ‡ÌÒÍËı ÊÂÎÂÁÓÏ‡„‡ÌˆÂ‚˚ı ÍÓÌÍÂˆËÈ Ë ÍÓÓÍ.
å.: ç‡ÛÍ‡, 1991. 240 Ò.

Addy S.K. Rare earth element patterns in manganese nodules
and micronodules from northwest Atlantic // Geochim. et
Cosmochim. Acta. 1979. V. 43. ‹ 7. P. 1105–1115.

Bau M. Scavenging of dissolved yttrium and rare earths by pre-
cipitating iron oxyhydroxide: Experimental evidence for Ce ox-
idation, Y-Ho fractionation and lanthanide tetrad effect //
Geochim. et Cosmochim. Acta. 1999. V. 63. ‹ 1. P. 67–77.

Bau M., Dulski P. Comparing yttrium and rare earths in hy-
drothermal fluids from the Mid-Atlantic Ridge: implications
for Y and REE behaviuor during near-vent mixing and for
the Y/Ho ratio of Proterozoic seawater // Chem. Geol. 1999.
V. 155. P. 77–90.

Bau M., Moller P., Dulski P. Yttrium and lanthanides in east-
ern Mediterranean seawater and their fractionation during re-
dox- cycling // Marine Chemistry. 1997. V. 56. ‹ 1–2.
P. 123–131.

Bertram C.J., Elderfield H. The geochemical balance of rare
earth elements and neodymium isotopes in the oceans //
Geochim. et Cosmochim. Acta. 1993. V. 57. P. 1957–1986.

Boynton W.V. Cosmochemistry of the rare earth elements:
meteorite studies // In: Rare earth element geochemistry. De-
velopments in Geochemistry, 2 / Ed. P. Henderson. Amster-
dam: Elsevier Science Publishers, 1984. P. 63–114.

De Baar H.J.W., German C.R., Elderfield H., van Gaans P.
Rare earth element distributions in anoxic waters of the Car-
iaco Trench // Geochim. et Cosmochim. Acta. 1988. V. 52.
P. 1203–1219.

Douville E., Charlou J.L., Oelkers E.H., Bienvenu P., Jove
Colon C.F., Donval J.P., Fouquet Y., Prieur D., Appriou P.
The Rainbou vent fluids (36°14�N, MAR): the influence of
ultramafic rocks and phase separation on trace metal content
in Mid-Atlantic Ridge hydrothermal fluids // Chem. Geol.
2002. V. 184. P. 37–48.

Dupre B., Gaillardet J., Rousseau D., Allegre C. Major and
trace elements of river-born material: The Congo Basin //



ãàíéãéÉàü à èéãÖáçõÖ àëäéèÄÖåõÖ      ‹ 4      2004

ÉÂÓıËÏËfl Â‰ÍÓÁÂÏÂÎ¸Ì˚ı ˝ÎÂÏÂÌÚÓ‚ ‚ ÓÍÂ‡ÌÂ 357

Geochim. et Cosmochim. Acta. 1996. V. 60. ‹ 8. P. 1301–
1321.

Elderfield H., Greaves M.J. Negative cerium anomalies in
the rare earth element patterns of oceanic ferromanganese
nodules // Earth Planet. Sci. Lett. 1981. V. 55. ‹ 1. P. 163–
170.

Elderfield H., Greaves M.J. The rare earth elements in sea-
water // Nature. 1982. V. 296. ‹ 5854. P. 214–218.

Elderfield H., Hawkesworth C.J., Greaves M.J., Calvert S.E.
Rare earth element geochemistry of oceanic ferromanganese
nodules and associated sediments // Geochim. et Cosmo-
chim. Acta. 1981a. V. 45. P. 513–528.

Elderfield H., Hawkesworth C.J., Greaves M.J., Calvert S.E.
Rare earth element zonation in Pacific ferromanganese nod-
ules // Geochim. et Cosmochim. Acta. 1981·. V. 45. ‹ 7.
P.1231–1234.

Elderfield H., Pagett R. Rare earth elements in ichthyoliths:
Variations with redox conditions and depositional environ-
ment // Sci. Total Environment. 1986. V. 49. Spec. Issue.
P. 175–197.

Elderfield H., Sholkovitz E.R. Rare earth elements in the pore
waters of reducing nearshore sediments // Earth. Planet. Sci.
Lett. 1987. V. 82. P.280–288.

Elderfield H., Upstill-Goddard R., Sholkovitz E.R. The rare
earth elements in rivers, estuaries, and coastal seas and their
significance to the composition of ocean water // Geochim.
et Cosmochim. Acta. 1990. V. 54. P. 971–991.

Fagel N., Andre L., Debrabant P. Multiple seawater-derived
geochemical signatures in Indian oceanic pelagic clays //
Geochim. et Cosmochim. Acta. 1997. V. 61. ‹ 5. P. 989–
1008.

Feely R.A., Baker E.T., Marumo K., Urabe T., Ishibashi J.,
Gendron J., Lebon G.T., Okamura K. Hydrothermal plume
particles and dissolved phosphate over the superfast-spread-
ing southern East Pacific Rise // Geochim. et Cosmochim.
Acta. 1996. V. 60. ‹ 13. P. 2297–2323.

German C.R., Elderfield H. Rare earth elements in Saanich
Inlet, British Columbia, a seasonally anoxic basin //
Geochim. et Cosmochim. Acta. 1989. V. 53. P. 2561–2571.

German C.R., Elderfield H. Rare earth elements in the NW
Indian Ocean // Geochim. et Cosmochim. Acta. 1990. V. 54.
P. 1929–1940.

German C.R., Klinkhammer G.P., Edmond J.M., Mitra A.,
Elderfield H. Hydrothermal scavenging of rare-earth ele-
ments in the ocean // Nature. 1990. V. 345. P. 516–518.

Goldberg D.E., Koide M., Schmitt R.A., Smith R.H. Rare-
earth distributions in the marine environment // J. Geophys.
Res. 1963. V. 68. ‹ 14. P. 4209–4217.

Goldstein S., Jacobsen S.B. Rare earth elements in river wa-
ters // Earth Planet. Sci. Lett. 1988. V. 89. ‹ 1. P. 35–47.

Greaves M.J., Statham P.J., Elderfield H. Rare earth element
mobilization from marine atmospheric dust into seawater //
Marine Chemistry. 1994. V. 46. P. 255–260.

Greaves M.J., Elderfield H., Sholkovitz E.R. Aeolian sources
of rare earth elements to the Western Pacific Ocean // Marine
Chemistry. 1999. V. 68. P. 31–37.

Gromet L.P., Dymek R.F., Haskin L.A., Korotev R.L. The
“North American shale composite”: Its compilation, major
and trace element characteristics // Geochim. et Cosmochim.
Acta. 1984. V. 48. ‹ 12. P. 2469–2482.

Guichard F., Church T.M., Treuil M., Jaffrezic H. Rare earth
in barites: distribution and effects on aqueous partitioning //

Geochim. et Cosmochim. Acta. 1979. V. 43. ‹ 7. P. 983–
997.

Guy C., Daux V., Schott J. Behaviour of rare earth elements
during seawater/basalt interactions in the Mururoa Massif //
Chemical Geology. 1999. V. 158. P. 21–35.

Høgdahl O.T., Melsom S., Bowen V.T. Neutron activation
analysis of lanthanide elements in sea water // Advances in
Chemistry Series. 1968. ‹ 73. P. 308–325.

Hoyle J., Elderfield H., Gledhill A., Greaves M. The behav-
iour of the rare earth elements during mixing of river and sea
waters // Geochim. et Cosmochim. Acta. 1984. V. 48. ‹ 1.
P.143–149.

James R.H., Elderfield H., Palmer M.R. The chemistry of hy-
drothermal fluids from the Broken Spur site, 29°N Mid-At-
lantic Ridge // Geochim. et Cosmochim. Acta. 1995. V. 59.
‹ 4. P. 651–659.

Kawabe I., Ohta A., Ishii S., Tokumura M., Miyauchi K. REE
partitioning between Fe-Mn oxyhydroxide precipitates and
weekly acid NaCl solutions: Convex tetrad effect and frac-
tionation of Y and Sc from heavy lanthanides // Geochem.
Journ. 1999. V. 33. P.167–179.

Keasler K.M., Loveland W.D. Rare earth elemental concen-
trations in some Pacific Northwest rivers // Earth Planet. Sci.
Lett. 1982. V. 61. P. 68–72.

Kunzendorf H., Gwozdz R., Glasby G.P., Stoffers P., Ran-
ner R.M. The distribution of rare earth elements in manga-
nese micronodules and sediments from the equatorial and
southwest Pacific // Applied geochemistry. 1989. ‹ 4.
P. 183–193.

Lerche D., Nozaki Y. Rare earth elements of sinking particu-
late matter in the Japan Trench // Earth Planet. Sci. Lett.
1998. V. 159. P. 71–86.

Martin J.-M., Hogdahl O., Phillippot J.C. Rare earth element
supply to the ocean // Journal Geophys. Research. 1976. V. 81.
‹ 18. P. 3119–3124.

Masuda A., Ikeuchi Y. Lanthanide tetrad effect observed in
marine environment // Geochem. Journ. 1979. V. 13. ‹ 1.
P. 19–22.

Masuzawa T., Koyama M. Settling particles with positive Ce
anomalies from the Japan Sea // Geophys. Res. Lett. 1989.
V. 16. ‹ 6. P. 503–506.

McArthur J.M., Walsh J.N. Rare-earth geochemistry of phos-
phorites // Chem. Geol. 1984. V. 47. ‹ 3/4. P. 191–220.

McLennan S.M. Rare earth elements in sedimentary rocks:
influence of provenance and sedimentary processes //
Geochemistry and mineralogy of rare earth elements. Re-
views in mineralogy. 1989. V. 21. P. 169–200.

McLennan S.M. Rare earth element geochemistry and the
“tetrad effect” // Geochim. et Cosmochim. Acta. 1994. V. 58.
P. 2025–2033.

Michard A. Rare earth elements systematics in hydrothermal
fluids // Geochim. et Cosmochim. Acta. 1989. V. 53. ‹ 3.
P. 745–750.

Michard A., Albarede F., Michard G., Minster J.F., Char-
lou J.L. Rare-earth elements and uranium in high-tempera-
ture solutions from East Pacific Rise hydrothermal vent field
(13°N) // Nature. 1983. V. 303. P. 795–797.

Mitra A., Elderfield H., Greaves M.J. Rare earth elements in
submarine hydrothermal fluids and plumes from the Mid-At-
lantic Ridge // Marine Chemistry. 1994. V. 46. P. 217–235.

Moffett J.W. Microbially mediated cerium oxidation in sea
water // Nature. 1990. V. 345. ‹ 6274. P. 421–423.



358

ãàíéãéÉàü à èéãÖáçõÖ àëäéèÄÖåõÖ      ‹ 4      2004

ÑÛ·ËÌËÌ

Moffett J.W., Ho J. Oxidation of cobalt and manganese in sea
water via a common microbially catalyzed pathway //
Geochim. et Cosmochim. Acta. 1996. V. 60. ‹ 18. P. 3415–
3424.

Murphy K., Dymond J. Rare earth element fluxes and
geochemical budget in the eastern equatorial Pacific // Na-
ture. 1984. V. 307. ‹ 5950. P. 444–447.

Ohta A., Kawabe I. REE(III) adsorption onto Mn dioxide (δ-
MnO2) and Fe oxyhydroxide: Ce(III) oxidation by δ-MnO2 //
Geochim. et Cosmochim. Acta. 2001. V. 65. ‹ 5. P. 695–
703.

Palmer M.R. Rare earth elements in foraminifera tests //
Earth. Planet. Sci. Lett. 1985. V. 73. P. 285–298.

Pattan J.N. Manganese micronodules: A possible indicator
of sedimentary environments // Marine Geology. 1993. V. 113.
P. 331–344.

Pattan J.N., Colley S., Higgs N.C. Behavior of rare earth el-
ements in coexisting manganese macronodules, micronod-
ules and sediments from the Central Indian Basin // Marine
Georesources and Geotechnology. 1994. V. 12. P. 283–295.

Piper D.Z. Rare earth elements in the sedimentary cycle: a
summary // Chemical Geology. 1974. V. 14. ‹ 4. P. 285–
304.

Piper D.Z., Graef P. Gold and rare earth elements in sedi-
ments from the East Pacific Rise // Marine Geology. 1974.
V. 17. P. 287–297.

Rachold V., Alabyan A., Hubberten H.-W., Korotaev V.N.,
Zaitsev A.A. Sediment transport to the Laptev Sea – hydrol-
ogy and geochemistry of the Lena river // Polar Research.
1996. V. 15. ‹ 2. P. 183–196.

Rudnicki M.D., Elderfield H. A chemical model of the buoy-
ant plume above the TAG vent field, 26 degrees N, Mid-At-
lantic Ridge // Geochim. et Cosmochim. Acta. 1993. V. 57.
P. 2939–2957.

Schijf J., De Baar H.J.W., Wijbrans J.R., Landing W.M. Dis-
solved rare earth elements in the Black Sea // Deep-Sea Re-
search. 1991. V. 38. Supl. 2. P. S805-S823.

Sherrell R.M., Field M.P., Ravizza G. Uptake and fraction-
ation of rare earth elements on hydrothermal plume particles

at 9°45'N, East Pacific Rise // Geochim. et Cosmochim. Ac-
ta. 1999. V. 63. ‹ 11/12. P. 2561–2571.

Sholkovitz E.R. The geochemistry of rare earth elements in
the Amazon river estuary // Geochim. et Cosmochim. Acta.
1993. V. 57. P. 2181–2190.

Sholkovitz E.R. The aquatic chemistry of rare earth elements
in rivers and estuaries // Aquatic Geochemistry. 1995. V. 1.
P. 1–34.

Sholkovitz E.R., Church T.M., Arimoto R. Rare earth element
composition of pricipitation, pricipitation particles, and
aerosols // Journal Geophys. Research. 1993. V. 98. ‹ 11. P.
20587–20599.

Sholkovitz E.R., Piepgras D.J., Jacobsen S.B. The pore water
chemistry of rare earth elements in Buzzards Bay sediments //
Geochim. et Cosmochim. Acta. 1989. V. 53. P. 2847–2856.

Sholkovitz E.R., Shaw T.J., Schneider D.L. The geochemistry
of rare earth element in the seasonally anoxic water column
and porewaters of Chesapeake Bay // Geochim. et Cosmo-
chim. Acta. 1992. V. 56. P. 3389–3402.

Stumm W., Morgan J.J. Aquatic chemistry. N.Y.: John Wiley
and Sons, 1981. 780 p.

Sverjensky D.A. Europium redox equilibria in aqueous solu-
tion // Earth Planet. Sci. Lett. 1984. V. 67. P. 70–78.

Tachikawa K., Jeandel C., Vangriesheim A., Dupre B. Distri-
bution of rare earth elements and neodymium isotopes in sus-
pended particles of the tropical Atlantic Ocean (EUMELI
site) // Deep Sea Research, Part I. 1999. V. 46. P. 733–755.

Tlig S. Distribition des terres rares dans les fractions de sed-
iments et nodules de Fe et Mn associes en l’ocean Indien //
Marine Geology. 1982. V. 50. P. 257–274.

Tlig S., Steinberg M. Distribution of rare-earth elements
(REE) in size fractions of recent sediments of the Indian
ocean // Chemical Geology. 1982. V. 37. P. 317–333.

Toyoda K., Nakamura Y., Masuda A. Rare earth elements of
Pacific pelagic sediments // Geochim. et Cosmochim. Acta.
1990. V. 54. ‹ 4. P. 1093–1103.

Wildeman T.R., Haskin L. Rare-earth elements in ocean sed-
iments // Journal of Geophysical Research. 1965. V. 70. ‹ 12.
P. 2905–2910.


