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á‡Í‡‚Í‡ÁÒÍËÈ Ï‡ÒÒË‚ ‡ÒÔÓÎÓÊÂÌ ÏÂÊ‰Û ÅÓÎ¸-
¯ËÏ Ë å‡Î˚Ï ä‡‚Í‡ÁÓÏ Ë, ‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò ÒÓ‚Â-
ÏÂÌÌ˚Ï ÚÂÍÚÓÌË˜ÂÒÍËÏ ‡ÈÓÌËÓ‚‡ÌËÂÏ, ‡ÒÒÏ‡Ú-
Ë‚‡ÂÚÒfl Í‡Í óÂÌÓÏÓÒÍÓ-á‡Í‡‚Í‡ÁÒÍËÈ ÚÂÂÈÌ
[1]. Ö„Ó ÑÁËÛÎ¸ÒÍËÈ ‚˚ÒÚÛÔ Á‡ÌËÏ‡ÂÚ ÓÍÓÎÓ
1200 ÍÏ

 

2

 

 Ë fl‚ÎflÂÚÒfl Ò‡Ï˚Ï ·ÓÎ¸¯ËÏ, ÒÎÓÊÌ˚Ï Ë
ËÌÚÂÂÒÌ˚Ï Ó·Ì‡ÊÂÌËÂÏ. Ç Â„Ó ÒÚÓÂÌËË ÔËÌË-
Ï‡˛Ú Û˜‡ÒÚËÂ „ÌÂÈÒÓ‚Ó-ÏË„Ï‡ÚËÚÓ‚˚È ÍÓÏÔÎÂÍÒ,
‚ÓÁ‡ÒÚ Ë „ÂÌÂÁËÒ ÍÓÚÓÓ„Ó ‰ËÒÍÛÒÒËÓÌÌ˚È Ë ÍÓ-
ÚÓ˚È Ó·˙Â‰ËÌflÂÚ Ó„ÌÂÈÒÓ‚‡ÌÌ˚Â Í‚‡ˆÂ‚˚Â ‰Ë-
ÓËÚ˚, ÏË„Ï‡ÚËÚ˚, ÍËÒÚ‡ÎÎË˜ÂÒÍËÂ ÒÎ‡Ìˆ˚, ÚÓ-
Ì‡ÎËÚ˚, ÙËÎÎËÚ˚ Ë Ù‡„ÏÂÌÚ˚ ÓÙËÓÎËÚÓ‚. éÚ-
ÏÂ˜ÂÌÌ˚Â ÔÓÓ‰˚ ‚ ÔÓÁ‰ÌÂÏ Ô‡ÎÂÓÁÓÂ ÒÂÍÛÚÒfl
ÏÌÓ„Ó˜ËÒÎÂÌÌ˚ÏË ÚÂÎ‡ÏË ÏËÍÓÍÎËÌÓ‚˚ı „‡ÌË-
ÚÓË‰Ó‚ ‡ÁÌ˚ı ÏÓ˘ÌÓÒÚÂÈ, ‡ ‚ ÏÂÁÓÁÓÂ ÑÁËÛÎ¸-
ÒÍËÈ ‚˚ÒÚÛÔ ËÌÚÛ‰ËÛÂÚÒfl „Ë·Ë‰Ì˚ÏË „‡··ÓË-
‰‡ÏË Ë „‡ÌËÚÓË‰‡ÏË.

Ç Ì‡˜‡ÎÂ 80-ı „Ó‰Ó‚ ÛÒÚ‡ÌÓ‚ÎÂÌÓ, ˜ÚÓ ‚ ÔÂ‰Â-
Î‡ı ÒÂ‚ÂÓ-‚ÓÒÚÓ˜ÌÓÈ ˜‡ÒÚË ÑÁËÛÎ¸ÒÍÓ„Ó ‚˚ÒÚÛ-
Ô‡ ÙËÍÒËÛ˛ÚÒfl ‡ÎÎÓıÚÓÌÌ˚Â ÔÎ‡ÒÚËÌ˚ ÓÙËÓÎË-
ÚÓ‚, Ú‡Í Ì‡Á˚‚‡ÂÏ‡fl óÓ˜‡ÌÓ-ìˆÎÂ‚ÒÍ‡fl ÁÓÌ‡ [2].
Ç ÍÓÌˆÂ 90-ı „Ó‰Ó‚ ‚ ÂÁÛÎ¸Ú‡ÚÂ ËÁÛ˜ÂÌËfl ÔÂÚÓ-
„ÂÌÂÁËÒ‡ „‡ÌËÚÓË‰Ó‚ ‚˚ÒÍ‡Á‡ÌÓ ÔÂ‰ÔÓÎÓÊÂÌËÂ,
˜ÚÓ ‚ ÔÂ‰ÂÎ‡ı ÑÁËÛÎ¸ÒÍÓ„Ó ‚˚ÒÚÛÔ‡ ‡ÎÎÓıÚÓÌ-
ÌÓÈ fl‚ÎflÂÚÒfl ÌÂ ÚÓÎ¸ÍÓ óÓ˜‡ÌÓ-ìˆÎÂ‚ÒÍ‡fl ÁÓÌ‡,
ÌÓ Ë ‚ÂÒ¸ „ÌÂÈÒÓ‚Ó-ÏË„Ï‡ÚËÚÓ‚˚È ÍÓÏÔÎÂÍÒ. Å˚-
ÎÓ ‰ÓÔÛ˘ÂÌÓ, ˜ÚÓ ‚ „ÂˆËÌÒÍÓÏ ÚÂÍÚÓÌÓ-Ï‡„Ï‡ÚË-
˜ÂÒÍÓÏ ˆËÍÎÂ ‚ ÚÛÌÂ–‡ÌÌÂÏ ‚ËÁÂ ËÏÂÎ‡ ÏÂÒÚÓ
ÏÓ˘Ì‡fl Ó·‰ÛÍˆËfl ÍÓ˚ ÒÛ·ÓÍÂ‡ÌË˜ÂÒÍÓ„Ó ÚËÔ‡
Ì‡ ÍÓÌÚËÌÂÌÚ‡Î¸ÌÛ˛ ÍÓÛ, ˜ÚÓ ‚˚Á˚‚‡ÎÓ ‚ÂÚË-
Í‡Î¸ÌÛ˛ ‡ÍÍÂˆË˛ Ë „ÂÌÂ‡ˆË˛ „‡ÌËÚÓË‰ÌÓ„Ó
‡ÒÔÎ‡‚‡ ‚ ÂÂ ÌËÊÌËı „ÓËÁÓÌÚ‡ı [3–5].

çÓ‚‡fl ÏÓ‰ÂÎ¸ ÒÚÓÂÌËfl ÑÁËÛÎ¸ÒÍÓ„Ó ‚˚ÒÚÛÔ‡
ÔÓÓ‰ËÎ‡ ÌÂÓ·ıÓ‰ËÏÓÒÚ¸ ‰ÂÚ‡Î¸ÌÓ„Ó ËÁÓÚÓÔÌÓ„Ó
ËÁÛ˜ÂÌËfl Â„Ó Ï‡„Ï‡ÚË˜ÂÒÍËı ÔÓÓ‰. Ç ÂÁÛÎ¸Ú‡ÚÂ
ÔÓ‚Â‰ÂÌÌ˚ı Ì‡ÏË ÔÓÎÂ‚˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ ÓÚÓ·-
‡Ì˚ 70 Ó·‡ÁˆÓ‚. ÇÓ ‚ÒÂı ‚ÁflÚ˚ı Ó·‡Áˆ‡ı ·˚Î

ÓÔÂ‰ÂÎÂÌ ıËÏË˜ÂÒÍËÈ ÒÓÒÚ‡‚, ‡ Ú‡ÍÊÂ Â‰ÍËÂ Ë
Â‰ÍÓÁÂÏÂÎ¸Ì˚Â ̋ ÎÂÏÂÌÚ˚. Ç ÂÁÛÎ¸Ú‡ÚÂ ıËÏË˜Â-
ÒÍÓ„Ó Ë ÔÂÚÓ„‡ÙË˜ÂÒÍÓ„Ó ÓÚ·Ó‡ ‚ 24 Ó·‡Áˆ‡ı
ËÁÛ˜ÂÌ˚ 

 

Sm

 

–

 

Nd

 

-, 

 

Rb

 

–

 

Sr

 

- Ë 

 

40

 

Ar

 

–

 

39

 

Ar

 

-ËÁÓÚÓÔÌ˚Â
ÒËÒÚÂÏ˚. ÄÌ‡ÎËÚË˜ÂÒÍËÂ ‡·ÓÚ˚ ÔÓ ËÁÛ˜ÂÌË˛
ËÁÓÚÓÔÌ˚ı ÒËÒÚÂÏ 

 

Sm

 

–

 

Nd

 

 Ë 

 

Rb

 

–

 

Sr

 

 ÔÓ‚Ó‰ËÎËÒ¸ ‚
ñÂÌÚÂ ËÁÓÚÓÔÌ˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ ÛÌË‚ÂÒËÚÂÚ‡
ÅÂÍÎË (ëòÄ) (

 

Berkeley

 

 

 

University

 

, 

 

USA

 

). àÒÒÎÂ-
‰Ó‚‡ÌËÂ 

 

40

 

Ar

 

–

 

39

 

Ar

 

-ËÁÓÚÓÔÌÓÈ ÒËÒÚÂÏ˚ Ë ‰Û„ËÂ
‡Ì‡ÎËÁ˚ ÔÓ‚Ó‰ËÎËÒ¸ ‚ ‡ÁÎË˜Ì˚ı Î‡·Ó‡ÚÓËflı
Ñ‡Îı‡ÛÁÒÍÓ„Ó ÛÌË‚ÂÒËÚÂÚ‡ (ä‡Ì‡‰‡) (

 

Dalhausie
University

 

, 

 

Canada

 

). ç‡ÏË ËÒÒÎÂ‰Ó‚‡Ì˚ Ó·‡Áˆ˚ ËÁ
ÓÚÓÍÎ‡ÁÓ‚˚ı „‡··Ó (ËÍÓÚËÚ˚) Ë ËÁ Ó„ÌÂÈÒÓ-
‚‡ÌÌ˚ı Í‚‡ˆÂ‚˚ı ‰ËÓËÚÓ‚ (Ó·‡Áˆ˚ ‚ÁflÚ˚
‚‰ÓÎ¸ ‡‚ÚÓÒÚ‡‰˚ í·ËÎËÒË–äÛÚ‡ËÒË), ËÁ ÚÓÌ‡ÎË-
ÚÓ‚ (Û˘ÂÎ¸Â . å‡˜‡ÛÎ‡) Ë ËÁ ÏËÍÓÍÎËÌÓ‚˚ı
„‡ÌËÚÓ‚ (êÍ‚ËÈÒÍËÈ ËÌÚÛÁË‚, Û˘ÂÎ¸Â ÂÍ ä‚Ë-
ËÎ‡ Ë ÅÛ‰Ê‡).

çÂÓ‰ÌÓÓ‰Ì˚Â ‰‡ÌÌ˚Â ‰‡˛Ú Ì‡Ï 

 

Nd

 

- Ë 

 

Sr

 

-ËÁÓ-
ÚÓÔÌ˚Â Ô‡‡ÏÂÚ˚ ‰Îfl Ó„ÌÂÈÒÓ‚‡ÌÌ˚ı Í‚‡ˆÂ-
‚˚ı ‰ËÓËÚÓ‚ ÑÁËÛÎ¸ÒÍÓ„Ó ‚˚ÒÚÛÔ‡ (Ú‡·Î. 1).
ÑÓ‚ÓÎ¸ÌÓ ÒÚ‡·ËÎ¸Ì˚È ÔÓÍ‡Á‡ÚÂÎ¸ 

 

I

 

Sr

 

 ÍÓÎÂ·ÎÂÚÒfl
‚ ÔÂ‰ÂÎ‡ı ÓÚ 0.70440 ‰Ó 0.70442, ˜ÚÓ ÛÍ‡Á˚‚‡ÂÚ
Ì‡ ÚÓ, ˜ÚÓ ‚ Â„Ó Ó·‡ÁÓ‚‡ÌËË ÔËÌËÏ‡ÎË Û˜‡ÒÚËÂ
ËÎË Ï‡ÌÚËÈÌ˚Â Ï‡ÚÂË‡Î˚ ËÎË ÔÓ‰ÛÍÚ˚ Ô‡ˆË-
‡Î¸ÌÓ„Ó ÔÎ‡‚ÎÂÌËfl ÓÍÂ‡ÌË˜ÂÒÍÓÈ ÍÓ˚ [6]. è‡‡-
ÏÂÚ 

 

ε

 

Nd

 

 ‚‡¸ËÛÂÚ ‚ ÔÂ‰ÂÎ‡ı ÓÚ –1.768034 ‰Ó

 

−

 

2.195080, ˜ÚÓ ÛÍ‡Á˚‚‡ÂÚ Ì‡ ÚÓ, ˜ÚÓ ˝ÚË ÔÓÓ‰˚ Ó·-
‡ÁÓ‚‡ÎËÒ¸ ËÁ ÚÓ„Ó Ï‡ÚÂË‡Î‡, ÍÓÚÓ˚È ËÏÂÎ ·ÓÎÂÂ
ÌËÁÍËÈ 

 

Sm

 

/

 

Nd

 

-ÔÓÍ‡Á‡ÚÂÎ¸ ÔÓ Ò‡‚ÌÂÌË˛ Ò ıÓÌ‰Ë-
ÚÓÏ [7]. ùÚÓÚ Ù‡ÍÚ, ‚ Ò‚Ó˛ Ó˜ÂÂ‰¸, Ì‡‚Ó‰ËÚ Ì‡
Ï˚ÒÎ¸, ˜ÚÓ ËÒÒÎÂ‰ÛÂÏ˚Â ÔÓÓ‰˚, ‚ÓÁÏÓÊÌÓ, Ó·‡-
ÁÓ‚‡ÎËÒ¸ ‚ ÂÁÛÎ¸Ú‡ÚÂ ÒÏÂ˘ÂÌËfl Ï‡ÌÚËÈÌ˚ı Ë ÍÓÓ-
‚˚ı ÔÓÓ‰, ̃ ÚÓ ÔÓ‰Ú‚ÂÊ‰‡ÂÚÒfl Ô‡‡ÏÂÚ‡ÏË 

 

I

 

Sr

 

 (ÓÚ
0.70440 ‰Ó 0.70442) Ë „ÂÓÎÓ„Ë˜ÂÒÍËÏË ‰‡ÌÌ˚ÏË.
è‡‡ÏÂÚ˚ 

 

Sm

 

–

 

Nd

 

- Ë 

 

Rb

 

–

 

Sr

 

-ËÁÓÚÓÔÌ˚ı ÒËÒÚÂÏ ‚
ÚÓÌ‡ÎËÚ‡ı ÔÓÍ‡Á˚‚‡˛Ú Ë‰ÂÌÚË˜Ì˚Â ‰‡ÌÌ˚Â
(Ú‡·Î. 1). è‡‡ÏÂÚ 

 

I

 

Sr

 

 ÏÂÌflÂÚÒfl ÓÚ 0.7081 ‰Ó
0.7082, ˜ÚÓ fl‚ÌÓ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ‚ÂıÌÂÍÓÓ‚˚Ï
‰‡ÌÌ˚Ï. é ÍÓÓ‚ÓÏ „ÂÌÂÁËÒÂ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ë
Ô‡‡ÏÂÚ 

 

147

 

Nd

 

/

 

143

 

Nd

 

, ÒÂ‰ÌËÈ ÔÓÍ‡Á‡ÚÂÎ¸ ÍÓÚÓÓ-
„Ó ‡‚ÌflÂÚÒfl 0.118, ‡ ÒÂ‰ÌÂÍÓÓ‚˚Â ‰‡ÌÌ˚Â ˝ÚÓ-
„Ó Ô‡‡ÏÂÚ‡ ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú 0.12 [7]. àÁÏÂÌÂÌËfl
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95

 

Ô‡‡ÏÂÚ‡ 

 

ε

 

Nd

 

 ÓÚ –2.8792 ‰Ó –6.8906 Ò‚Ë‰ÂÚÂÎ¸ÒÚ-
‚Û˛Ú Ó ÚÓÏ, ˜ÚÓ ÔÓÚÓÎËÚÓÏ ÚÓÌ‡ÎËÚÓ‚ fl‚Îfl˛ÚÒfl
ÔÓÓ‰˚ ÚËÔ‡ ÍÓÌÚËÌÂÌÚ‡Î¸ÌÓÈ ÍÓ˚.

àÁÓÚÓÔÌ˚Â Ô‡‡ÏÂÚ˚ 

 

ε

 

Nd

 

 Ë 

 

I

 

Sr

 

 ıÓÓ¯Ó ÒÓÔÓÒÚ‡‚-
Îfl˛ÚÒfl Ë ‚ ÏËÍÓÍÎËÌÓ‚˚ı „‡ÌËÚÓË‰‡ı (Ú‡·Î. 1). 

 

I

 

Sr

 

ÍÓÎÂ·ÎÂÚÒfl ‚ ÔÂ‰ÂÎ‡ı ÓÚ 0.70667 ‰Ó 0.71460, ‡
ÒÂ‰ÌËÈ ÔÓÍ‡Á‡ÚÂÎ¸ ‡‚ÌflÂÚÒfl 0.70860 

 

±

 

 0.00048,
˜ÚÓ ÛÍ‡Á˚‚‡ÂÚ Ì‡ ÚÓ, ̃ ÚÓ ÔÓÚÓÎËÚÓÏ ‡ÒÒÏÓÚÂÌ-
Ì˚ı „‡ÌËÚÓË‰Ó‚ ‚ ÓÒÌÓ‚ÌÓÏ ÒÎÛÊËÎË ÔÓÓ‰˚
ÍÓÌÚËÌÂÌÚ‡Î¸ÌÓ„Ó ÚËÔ‡. áÌ‡˜ÂÌËÂ Ô‡‡ÏÂÚ‡ 

 

ε

 

Nd

 

‚ ËÌÚÂ‚‡ÎÂ ÓÚ –2.19589 ‰Ó –9.36967 ‰ÓÍ‡Á˚‚‡ÂÚ,
˜ÚÓ ÓÌË ËÒÔ˚Ú‡ÎË „ÂÌÂ‡ˆË˛ ‚ ÂÁÛÎ¸Ú‡ÚÂ ‡Ì‡-
ÚÂÍÒËÒ‡ ‰Â‚ÌËı ÍÓÓ‚˚ı ÔÓÓ‰. ëÓÔÓÒÚ‡‚Îflfl
‰‡ÌÌ˚Â ‡ÒÒÏÓÚÂÌÌ˚ı ËÁÓÚÓÔÌ˚ı Ô‡‡ÏÂÚÓ‚,
Ï˚ ‰ÓÔÛÒÍ‡ÂÏ, ˜ÚÓ ÏËÍÓÍÎËÌÓ‚˚Â „‡ÌËÚÓË‰˚
ÑÁËÛÎ¸ÒÍÓ„Ó ‚˚ÒÚÛÔ‡ fl‚Îfl˛ÚÒfl ‚ÂıÌÂÍÓÓ‚˚-
ÏË ‡Ì‡ÚÂÍÚË˜ÂÒÍËÏË Ó·‡ÁÓ‚‡ÌËflÏË.

ç‡ ‰Ë‡„‡ÏÏÂ 

 

ε

 

Nd

 

–

 

I

 

Sr

 

 ÙË„Û‡ÚË‚Ì˚Â ÚÓ˜ÍË ÏË-
ÍÓÍÎËÌÓ‚˚ı „‡ÌËÚÓË‰Ó‚ Ë ÚÓÌ‡ÎËÚÓ‚ ‡ÒÔÓÎ‡-
„‡˛ÚÒfl ‚‰ÓÎ¸ ‚ÂıÌÂÍÓÓ‚Ó„Ó ÚÂÌ‰‡. Ç ÓÚÎË˜ËÂ
ÓÚ ÌËı ÙË„Û‡ÚË‚Ì˚Â ÚÓ˜ÍË Ó„ÌÂÈÒÓ‚‡ÌÌ˚ı Í‚‡-
ˆÂ‚˚ı ‰ËÓËÚÓ‚ ÌÂ ÔÓÔ‡‰‡˛Ú ‚ ÔÓÎÂ ˜ËÒÚÓ ÍÓÓ-
‚˚ı „‡ÌËÚÓË‰Ó‚ Ë Ì‡ıÓ‰flÚÒfl Ì‡ „‡ÌËˆÂ Ï‡ÌÚËÈ-
Ì˚ı Ë ÍÓÓ‚˚ı Ó·‡ÁÓ‚‡ÌËÈ. íÓ˜ÍË ËÍÓÚËÚÓ‚ ‚
ÓÒÌÓ‚ÌÓÏ ‡ÒÔÓÎ‡„‡˛ÚÒfl ‚ ÔÓÎÂ Ó‰ÌÓÓ‰ÌÓ„Ó ıÓÌ-
‰ËÚÌÓ„Ó ÂÁÂ‚Û‡‡.

àÌÚÂÂÒÌ˚Â ÂÁÛÎ¸Ú‡Ú˚ ‰Îfl ËÒÒÎÂ‰ÛÂÏ˚ı „‡-
ÌËÚÓË‰Ó‚ ÔÓÎÛ˜ÂÌ˚ ÔË ÓˆÂÌÍÂ ÔÓÔÓˆËÈ Ï‡Ì-
ÚËÈÌÓ„Ó Ë ÍÓÓ‚Ó„Ó ÍÓÏÔÓÌÂÌÚÓ‚ Ò ÔÓÏÓ˘¸˛ Ô‡-
‡ÏÂÚ‡ 

 

ε

 

Nd

 

 [8]. Ç˚˜ËÒÎÂÌÌ˚Â ÔÓ ˝ÚÓÈ ÏÂÚÓ‰ËÍÂ
Ô‡‡ÏÂÚ˚ ÔÓÍ‡Á˚‚‡˛Ú, ˜ÚÓ Ò‡Ï‡fl ·ÓÎ¸¯‡fl ‰ÓÎfl
Ï‡ÌÚËÈÌÓ„Ó Ï‡ÚÂË‡Î‡ ÔËıÓ‰ËÚÒfl Ì‡ ËÍÓÚËÚ˚
(ÓÚ 80 ‰Ó 95%). ëÂ‰Ë „‡ÌËÚÓË‰Ó‚ Ò‡Ï‡fl ·ÓÎ¸¯‡fl
˜‡ÒÚ¸ Ï‡ÌÚËÈÌÓ„Ó Ï‡ÚÂË‡Î‡ ÓÚÏÂ˜‡ÂÚÒfl ‚ Ó„ÌÂÈ-
ÒÓ‚‡ÌÌ˚ı Í‚‡ˆÂ‚˚ı ‰ËÓËÚ‡ı (ÓÚ 50 ‰Ó 60%), ‚
ÚÓÌ‡ÎËÚ‡ı ÒÓ‰ÂÊ‡ÌËÂ Ï‡ÌÚËÈÌÓ„Ó ÍÓÏÔÓÌÂÌÚ‡
ÍÓÎÂ·ÎÂÚÒfl ÓÚ 20 ‰Ó 40%, ‡ ‚ ÏËÍÓÍÎËÌÓ‚˚ı „‡-
ÌËÚÓË‰‡ı ÓÚ 5 ‰Ó 25%. èÓ Ì‡¯ÂÏÛ ÏÌÂÌË˛, ˝ÚË
‰‡ÌÌ˚Â ‰ÓÎÊÌ˚ ·˚Ú¸ ‰ÓÒÚÓ‚ÂÌ˚, ÔÓÒÍÓÎ¸ÍÛ, Í‡Í
·˚ÎÓ ÔÓÍ‡Á‡ÌÓ ‚˚¯Â, ÔË·ÎËÁËÚÂÎ¸ÌÓ Ú‡ÍÛ˛ ÊÂ
Í‡ÚËÌÛ ‰‡ÂÚ 

 

ε

 

Nd

 

–

 

I

 

Sr

 

 ËÁÓÚÓÔÌ‡fl ‰Ë‡„‡ÏÏ‡. ëÎÂ‰Û-
ÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ ‚ ÚÂı „‡ÌËÚÓË‰‡ı, „‰Â 

 

ε

 

Nd

 

 ËÏÂÂÚ
ÔÓÎÓÊËÚÂÎ¸Ì˚Â ÁÌ‡˜ÂÌËfl, ÒÓ‰ÂÊ‡ÌËÂ Ï‡ÌÚËÈÌÓ-
„Ó ÍÓÏÔÓÌÂÌÚ‡ ÔÂ‚˚¯‡ÂÚ 60–70% [8].

ÇÓÔÓÒ ‚ÓÁ‡ÒÚ‡ ÙÓÏËÓ‚‡ÌËfl „‡ÌËÚÓË‰Ó‚
ÑÁËÛÎ¸ÒÍÓ„Ó ‚˚ÒÚÛÔ‡ ‰ËÒÍÛÒÒËÓÌÌ˚È [9]. ç‡ÏË

 

Rb

 

–

 

Sr

 

-ÏÂÚÓ‰ÓÏ ÔÓÎÛ˜ÂÌ ËÁÓÚÓÔÌ˚È ‚ÓÁ‡ÒÚ ÚÂı Ó·-
‡ÁˆÓ‚ Ó„ÌÂÈÒÓ‚‡ÌÌ˚ı Í‚‡ˆÂ‚˚ı ‰ËÓËÚÓ‚, ÒÓÓÚ-
‚ÂÚÒÚ‚Û˛˘ËÈ 686 

 

±

 

 74 ÏÎÌ. ÎÂÚ (ëäÇé = 0.07). ëÎÂ-
‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ ˝ÚÓÚ ÂÁÛÎ¸Ú‡Ú, ‚ ÔÂ‰ÂÎ‡ı
Ó¯Ë·ÍË, ÒÓÔÓÒÚ‡‚ÎflÂÚÒfl Ò ‚ÓÁ‡ÒÚÓÏ, ÓÔÂ‰ÂÎÂÌ-
Ì˚Ï ÔÂ‰˚‰Û˘ËÏË ËÒÒÎÂ‰Ó‚‡ÚÂÎflÏË Í‡Í 726 

 

±
±

 

 222 ÏÎÌ. ÎÂÚ (

 

U

 

–

 

Pb

 

-ÏÂÚÓ‰ ÔÓ ˆËÍÓÌ‡Ï) [9]. 

 

Rb

 

–

 

Sr

 

-ËÁÓıÓ‡ ÚÓÌ‡ÎËÚÓ‚ ÔÓÒÚÓÂÌ‡ ‰Îfl ˜ÂÚ˚Âı Ó·-

 

í‡·ÎËˆ‡ 1. 

 

 ëÓ‰ÂÊ‡ÌËÂ Rb, Sr, Sm Ë Nd (ppm) Ë ÌÂÍÓÚÓ˚Â ËÁÓÚÓÔÌ˚Â ‰‡ÌÌ˚Â ‚ Ï‡„Ï‡ÚË˜ÂÒÍËı ÔÓÓ‰‡ı ÑÁËÛÎ¸-
ÒÍÓ„Ó ‚˚ÒÚÛÔ‡

‹ Ó·. Rb Sr

 

87

 

Rb/

 

86

 

Sr

 

87

 

Sr/

 

86

 

Sr

 

I

 

Sr

 

Sm Nd

 

143

 

Sm/

 

144

 

Nd

 

147

 

Sm/

 

144

 

Nd

 

ε

 

Nd

 

Dz10 89.27 387.51 0.4576 0.70872 0.70400 3.24 22.47 0.512362 0.1199 –0.1768034

Dz12 97.64 402.23 0.5934 0.71023 0.70441 3.96 20.38 0.512379 0.1178 –0.967034

Dz13 110.22 416.89 0.7476 0.71172 0.70442 4.17 18.87 0.512071 0.1214 –2.195008

Dz31 116.23 213.75 1.53879 0.720506 0.7092 6.48 38.45 0.512062 0.10410 –6.28938

Dz32 118.87 294.18 1.14318 0.717573 0.7089 3.98 17.08 0.512346 0.14394 –2.87918

Dz44 110.20 248.46 1.25292 0.718272 0.7087 7.10 39.63 0.512044 0.11064 –6.99145

Dz45 89.67 290.02 1.383323 0.716065 0.7081 9.30 48.56 0.512070 0.11823 –6.8908

Dz2 114.99 249.60 1.30301 0.71519 0.7072 5.86 33.29 0.51216 0.10863 –4.50135

Dz4 153.83 74.93 5.82932 0.75006 0.7146 8.08 45.59 0.51191 0.10947 –9.36967

Dz9 177.68 36.08 14.03432 0.79204 0.7066 1.20 4.17 0.51223 0.17722 –6.92835

Dz15 130.40 203.49 1.81301 0.71774 0.7067 5.08 23.20 0.51214 0.13525 –6.43603

Dz16 155.39 250.46 0.71734 0.75526 0.7066 3.92 23.31 0.51227 0.10387 –2.19580

R20 442.21 54.42 0.35032 0.706022 0.7049 7.06 33.62 0.51257 0.12967 +0.4485

R21 50.99 215.24 0.66948 0.707148 0.7051 3.69 13.88 0.51258 0.16417 –0.2602

R23 227.81 123.59 0.29257 0.706139 0.7052 6.19 26.67 0.51258 0.14327 +0.2834

R26 836.14 119.42 0.40361 0.706538 0.7053 6.88 37.1 0.51254 0.11421 +0.1533

R28 164.31 255.52 1.81807 0.710644 0.7052 3.57 20.87 0.51250 0.10549 –0.3696

R29 834.03 149.32 0.87557 0.707900 0.7053 5.56 34.03 0.51252 0.10085 +0.0980

 

èËÏÂ˜‡ÌËÂ. é·. Dz10, Dz12, Dz13 – ËÁ Ó„ÌÂÈÒÓ‚‡ÌÌ˚ı Í‚‡ˆÂ‚˚ı ‰ËÓËÚÓ‚: Ó·. Dz31, Dz32, Dz44, Dz45 – ËÁ ÚÓÌ‡ÎËÚÓ‚;
Ó·. Dz2, Dz4, Dz9, Dz15, Dz16 – ËÁ ÏËÍÓÍÎËÌÓ‚˚ı „‡ÌËÚÓ‚; Ó·. R20, R21, R23, R26, R28, R29 – ËÁ ËÍÓÚËÚÓ‚.
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éÍÓÒˆ‚‡Ë‰ÁÂ, äÎ‡Í

 

‡ÁˆÓ‚, ‡ ‚ÓÁ‡ÒÚ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ 538 

 

±

 

 53 ÏÎÌ. ÎÂÚ
(ëäÇé = 0.19). àÁÓÚÓÔÌ˚È ‚ÓÁ‡ÒÚ ·ËÓÚËÚÓ‚ ˝ÚËı
ÔÓÓ‰ ·˚Î Ú‡ÍÊÂ ÓÔÂ‰ÂÎÂÌ 

 

40

 

Ar

 

–

 

39

 

Ar

 

-ÏÂÚÓ‰ÓÏ,
˜ÚÓ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ 306 

 

±

 

 2 ÏÎÌ. ÎÂÚ. àÁÓÚÓÔÌ˚È ‚ÓÁ-
‡ÒÚ ÏËÍÓÍÎËÌÓ‚˚ı „‡ÌËÚÓË‰Ó‚ (êÍ‚ËÈÒÍËÈ ËÌ-
ÚÛÁË‚) Ú‡ÍÊÂ ·˚Î ËÒÒÎÂ‰Ó‚‡Ì ÍÓÏÔÎÂÍÒÌÓ. Ç ÏËÍ-
ÓÍÎËÌÓ‚˚ı „‡ÌËÚÓË‰‡ı Û·Â‰ËÚÂÎ¸Ì˚È ‚ÓÁ‡ÒÚ ÔÓ-
Í‡Á‡ÎÓ 

 

Rb

 

–

 

Sr

 

-ËÁÓÚÓÔÌÓÂ ‰‡ÚËÓ‚‡ÌËÂ. àÁÓıÓ‡
ÔÓÒÚÓÂÌ‡ ‰Îfl 5 Ó·‡ÁˆÓ‚, ‡ ËÁÓÚÓÔÌ˚È ‚ÓÁ‡ÒÚ ÓÚ-
‚Â˜‡ÂÚ 352 

 

±

 

 21 ÏÎÌ. ÎÂÚ. àÁ ÏËÍÓÍÎËÌÓ‚˚ı „‡-
ÌËÚÓË‰Ó‚ (

 

Dz

 

2, 

 

Dz

 

9, 

 

Dz

 

16) 

 

40

 

Ar

 

–

 

39

 

Ar

 

-ÏÂÚÓ‰ÓÏ ÓÔ-
Â‰ÂÎÂÌ ËÁÓÚÓÔÌ˚È ‚ÓÁ‡ÒÚ ÏÛÒÍÓ‚ËÚÓ‚, ÍÓÚÓ˚È
ÔÓ˜ÚË Ë‰ÂÌÚË˜ÂÌ ‚Ó ‚ÒÂı Ó·‡Áˆ‡ı Ë ÏÂÌflÂÚÒfl ‚
ÔÂ‰ÂÎ‡ı ÓÚ 302 

 

±

 

 4 ‰Ó 304 

 

±

 

 4 ÏÎÌ. ÎÂÚ. àÁÓÚÓÔ-
Ì˚È ‚ÓÁ‡ÒÚ ËÍÓÚËÚÓ‚ Ú‡ÍÊÂ ·˚Î ËÒÒÎÂ‰Ó‚‡Ì
ÍÓÏÔÎÂÍÒÌÓ. 

 

Sm

 

–

 

Nd

 

-ËÁÓÚÓÔÌ˚Â ‰‡ÌÌ˚Â Ë ‚ ̋ ÚÓÏ
ËÌÚÛÁË‚Â ‰ËÒÍÛÒÒËÓÌÌ˚Â. ç‡‰ÂÊÌ˚Â ÂÁÛÎ¸Ú‡-
Ú˚ ÔÓÍ‡Á‡Î ÏÂÚÓ‰ 

 

Rb

 

–

 

Sr

 

-‰‡ÚËÓ‚‡ÌËfl. àÁÓıÓ‡
ÔÓÒÚÓÂÌ‡ ‰Îfl 6 Ó·‡ÁˆÓ‚, ‡ ËÁÓÚÓÔÌ˚È ‚ÓÁ‡ÒÚ
ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ 211 

 

±

 

 11 ÏÎÌ. ÎÂÚ. èË·ÎËÁËÚÂÎ¸-
ÌÓ Ú‡ÍÓÈ ÊÂ ‚ÓÁ‡ÒÚ, ‚ ÔÂ‰ÂÎ‡ı ÔÓ„Â¯ÌÓÒÚË, ÔÓ-
Í‡Á‡ÎÓ 

 

40

 

Ar

 

–

 

39

 

Ar

 

-‰‡ÚËÓ‚‡ÌËÂ ËÍÓÚËÚÓ‚. éÔÂ‰Â-
ÎÂÌÌ˚È ˝ÚËÏ ÏÂÚÓ‰ÓÏ ‚ÓÁ‡ÒÚ Ó„Ó‚ÓÈ Ó·Ï‡ÌÍË
(Ó·. 

 

R

 

29) ÒÓÒÚ‡‚ÎflÂÚ 219 

 

±

 

 4 ÏÎÌ. ÎÂÚ, ‡ ·ËÓÚËÚ‡
(Ó·. 

 

R

 

26) – 217 

 

±

 

 3 ÏÎÌ. ÎÂÚ.

í‡ÍËÏ Ó·‡ÁÓÏ, ÔÓ‰˚ÚÓÊË‚‡fl ‰‡ÌÌ˚Â ÍÓÏÔÎÂÍÒ-
ÌÓ„Ó ËÁÓÚÓÔÌÓ„Ó ËÒÒÎÂ‰Ó‚‡ÌËfl Ï‡„Ï‡ÚË˜ÂÒÍËı ÔÓ-
Ó‰ ÑÁËÛÎ¸ÒÍÓ„Ó ‚˚ÒÚÛÔ‡, ÏÓÊÌÓ Ò‰ÂÎ‡Ú¸ ÒÎÂ‰Û-
˛˘ËÂ ÔÂ‰‚‡ËÚÂÎ¸Ì˚Â ‚˚‚Ó‰˚. é„ÌÂÈÒÓ‚‡ÌÌ˚Â
Í‚‡ˆÂ‚˚Â ‰ËÓËÚ˚ fl‚Îfl˛ÚÒfl Ï‡ÌÚËÈÌÓ-ÍÓÓ‚˚ÏË
„Ë·Ë‰Ì˚ÏË Ó·‡ÁÓ‚‡ÌËflÏË (

 

ε

 

Nd

 

 = –1.976692; 

 

I

 

Sr

 

 =
= 0.7044), ‚ ÒÓÒÚ‡‚Â ÍÓÚÓ˚ı Ï‡ÌÚËÈÌ˚È Ï‡ÚÂË‡Î
‚‡¸ËÛÂÚ ÓÚ 50 ‰Ó 60%, ‚ÂÏfl ÍËÒÚ‡ÎÎËÁ‡ˆËË
„Ë·Ë‰ÌÓÈ Ï‡„Ï˚, ÓÔÂ‰ÂÎÂÌÌÓÂ 

 

Rb

 

–

 

Sr-ÏÂÚÓ‰ÓÏ,
ÓÚ‚Â˜‡ÂÚ 686 ± 74 ÏÎÌ. ÎÂÚ, ˜ÚÓ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÔÓÁ‰-
ÌÂÏÛ ÔÓÚÂÓÁÓ˛. íÓÌ‡ÎËÚ˚ fl‚Îfl˛ÚÒfl ‚ÂıÌÂÍÓÓ-
‚˚ÏË ÔÓÎËÌ„ÂÌÌ˚ÏË ÔÓÓ‰‡ÏË (εNd = –5.962702;
ISr = 0.7087), ‚ ÒÓÒÚ‡‚Â ÍÓÚÓ˚ı Ï‡ÌÚËÈÌ˚È Ï‡ÚÂ-
Ë‡Î ‚‡¸ËÛÂÚ ‚ ËÌÚÂ‚‡ÎÂ ÓÚ 25 ‰Ó 40%, ‚ÂÏfl
Ëı ÍËÒÚ‡ÎÎËÁ‡ˆËË, ÓÔÂ‰ÂÎÂÌÌÓÂ Rb–Sr-ÏÂÚÓ-
‰ÓÏ, ÓÚ‚Â˜‡ÂÚ 538 ± 53 ÏÎÌ. ÎÂÚ, ̃ ÚÓ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ
‡ÌÌÂÏÛ ÍÂÏ·Ë˛. Ñ‡ÚËÓ‚‡ÌËÂ ·ËÓÚËÚ‡ ˝ÚËı ÔÓ-
Ó‰ 40Ar–39Ar-ÏÂÚÓ‰ÓÏ ‰‡ÂÚ 306 ± 2 ÏÎÌ. ÎÂÚ, ˜ÚÓ
ÓÚ‡Ê‡ÂÚ „ÂˆËÌÒÍËÂ ÚÂÏË˜ÂÒÍËÂ fl‚ÎÂÌËfl. åËÍ-

ÓÍÎËÌÓ‚˚Â „‡ÌËÚ˚ (êÍ‚ËÈÒÍËÈ ËÌÚÛÁË‚) fl‚Îfl-
˛ÚÒfl ‚ÂıÌÂÍÓÓ‚˚ÏË ‡Ì‡ÚÂÍÚË˜ÂÒÍËÏË Ó·‡ÁÓ-
‚‡ÌËflÏË (εNd = –5.88624; ISr = 0.7086), ‚ ÒÓÒÚ‡‚Â ÍÓ-
ÚÓ˚ı ‰ÓÎfl Ï‡ÌÚËÈÌÓ„Ó Ï‡ÚÂË‡Î‡ ‚‡¸ËÛÂÚ ÓÚ 5
‰Ó 25%. ÇÂÏfl Ëı ‚ÌÂ‰ÂÌËfl, ÓÔÂ‰ÂÎÂÌÌÓÂ Rb–Sr-
ÏÂÚÓ‰ÓÏ, ÓÚ‚Â˜‡ÂÚ 351 ± 21 ÏÎÌ. ÎÂÚ, ˜ÚÓ ÒÓÓÚ‚ÂÚ-
ÒÚ‚ÛÂÚ ‡ÌÌÂÏÛ Í‡·ÓÌÛ. Ñ‡ÚËÓ‚‡ÌËÂ ·ËÓÚËÚÓ‚
˝ÚËı ÔÓÓ‰ 40Ar–39Ar-ÏÂÚÓ‰ÓÏ ‚ ÒÂ‰ÌÂÏ ÓÚ‚Â˜‡ÂÚ
303 ± 4 ÏÎÌ. ÎÂÚ. å‡„Ï‡ÚË˜ÂÒÍËÏ Ó˜‡„ÓÏ ËÍÓÚËÚ‡
(ÓÚÓÍÎ‡ÁÓ‚˚Â „‡··Ó) ÒÎÛÊËÎ ÌÂËÒÚÓ˘ÂÌÌ˚È Ï‡Ì-
ÚËÈÌ˚È ÂÁÂ‚Û‡ (εNd = +0.05870; ISr = 0.70520), Ë
‚ÂÏfl Â„Ó ËÌÚÛ‰ËÓ‚‡ÌËfl, ÓÔÂ‰ÂÎÂÌÌÓÂ Rb–Sr-
ÏÂÚÓ‰ÓÏ, ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ 211 ± 11 ÏÎÌ. ÎÂÚ. Ñ‡ÚË-
Ó‚‡ÌËÂ 40Ar–39Ar-ÏÂÚÓ‰ÓÏ ÔÓ Ó„Ó‚ÓÈ Ó·Ï‡ÌÍÂ
˝ÚÓ„Ó ËÌÚÛÁË‚‡ ÓÚ‚Â˜‡ÂÚ 219 ± 4 ÏÎÌ. ÎÂÚ, ‡ ÔÓ
·ËÓÚËÚÛ – 217 ± 3 ÏÎÌ. ÎÂÚ. èÓÎÛ˜ÂÌÌ˚Â ËÁÓÚÓÔ-
Ì˚Â ‰‡ÌÌ˚Â ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú ÔÓÁ‰ÌÂÏÛ ÚË‡ÒÛ. ÑÓ-
Îfl ÍÓÓ‚Ó„Ó Ï‡ÚÂË‡Î‡, ÍÓÚÓ˚È ËÌÚÛÁË‚ Á‡ı‚‡-
ÚËÎ ÔË ‚ÌÂ‰ÂÌËË ‚ Ó„ÌÂÈÒÓ‚‡ÌÌ˚Â Í‚‡ˆÂ‚˚Â
‰ËÓËÚ˚, ÒÓÒÚ‡‚ÎflÂÚ ÓÚ 5 ‰Ó 20%.

ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ÙËÌ‡ÌÒÓ‚ÓÈ ÔÓ‰‰ÂÊÍÂ
Ñ‡Îı‡ÛÁÒÍÓ„Ó ÛÌË‚ÂÒËÚÂÚ‡ (ä‡Ì‡‰‡) (Dalhausie
University, Canada).
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