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Ä‰‡ÍËÚ˚ – ÔÓÓ‰˚ ‡Ì‰ÂÁË‰‡ˆËÚÓ-ËÓÎËÚÓ‚Ó„Ó
fl‰‡ – ËÏÂ˛Ú ÚÓÌ‰¸ÂÏËÚÓ‚˚Â „ÂÓıËÏË˜ÂÒÍËÂ ı‡-
‡ÍÚÂËÒÚËÍË: ÔÓ‚˚¯ÂÌÌ˚Â ÍÓÌˆÂÌÚ‡ˆËË 

 

Na

 

2

 

O

 

,

 

Al

 

2

 

O

 

3

 

, 

 

Ba

 

, 

 

Sr

 

 Ë ‚˚ÒÓÍËÂ 

 

Sr

 

/

 

Y

 

 Ë (

 

La

 

/

 

Yb

 

)

 

n

 

 ÓÚÌÓ¯ÂÌËfl
[1, 2]. ìÌËÍ‡Î¸ÌÓÒÚ¸ ‰‡ÌÌÓ„Ó ÍÎ‡ÒÒ‡ ÔÓÓ‰ ÒÓÒÚÓ-
ËÚ ‚ ÚÓÏ, ˜ÚÓ ÙÓÏËÓ‚‡ÌËÂ Ëı ‚ÓÁÏÓÊÌÓ ÚÓÎ¸ÍÓ
ÔË ÒÛ·‰ÛÍˆËÓÌÌÓÏ ÂÊËÏÂ [3]. Ä‰‡ÍËÚ˚ fl‚Îfl˛Ú-
Òfl ı‡‡ÍÚÂÌ˚ÏË ÒÓÒÚ‡‚Îfl˛˘ËÏË Ù‡ÌÂÓÁÓÈÒÍËı
ÔÓÓ‰Ì˚ı ÍÓÏÔÎÂÍÒÓ‚ ‡ÍÚË‚Ì˚ı ÍÓÌÚËÌÂÌÚ‡Î¸-
Ì˚ı ÓÍ‡ËÌ Ë ÓÒÚÓ‚Ì˚ı ‰Û„. ÑÎfl ‡ıÂfl Ì‡ıÓ‰ÍË
‡‰‡ÍËÚÓ‚ Â‰ËÌË˜Ì˚ Ë ÔÓ ‚ÂÏÂÌË ÙÓÏËÓ‚‡ÌËfl
ÓÚÌÓÒflÚÒfl Í ÛÓ‚Ì˛ 2.7–2.8 ÏÎ‰. ÎÂÚ. 

Ç ‰‡ÌÌÓÈ ‡·ÓÚÂ ÔË‚Â‰ÂÌ˚ ÂÁÛÎ¸Ú‡Ú˚ „ÂÓıË-
ÏË˜ÂÒÍÓ„Ó Ë ËÁÓÚÓÔÌÓ„Ó (

 

Sm–Nd

 

) ËÁÛ˜ÂÌËfl ‡‰‡ÍË-
ÚÓ‚, Ó·Ì‡ÛÊÂÌÌ˚ı ‚ ÒÓÒÚ‡‚Â ‰Â‚ÌÂÈ¯ÂÈ (3.05–
2.95 ÏÎ‰. ÎÂÚ) Ì‡ îÂÌÌÓÒÍ‡Ì‰ËÌ‡‚ÒÍÓÏ ˘ËÚÂ ·‡-
Á‡Î¸Ú-‡Ì‰ÂÁËÚ-‰‡ˆËÚ-ËÓÎËÚÓ‚ÓÈ (ÅÄÑê) ÓÒÚÓ‚Ó-
‰ÛÊÌÓÈ ‡ÒÒÓˆË‡ˆËË ‚ÂıÌÂ‡ıÂÈÒÍÓ„Ó ÇÂ‰ÎÓÁÂ-
ÒÍÓ-ëÂ„ÓÁÂÒÍÓ„Ó ÁÂÎÂÌÓÍ‡ÏÂÌÌÓ„Ó ÔÓflÒ‡.

ÇÂ‰ÎÓÁÂÒÍÓ-ëÂ„ÓÁÂÒÍËÈ ÁÂÎÂÌÓÍ‡ÏÂÌÌ˚È ÔÓ-
flÒ, ‚ÍÎ˛˜‡˛˘ËÈ fl‰ ÎÓÍ‡Î¸Ì˚ı ÒÚÛÍÚÛ – ï‡ÛÚ‡-
‚‡‡ÒÍÛ˛, äÓÈÍ‡ÒÍÛ˛, è‡Î‡ÒÂÎ¸„ËÌÒÍÛ˛, ëÂÏ˜ÂÌ-
ÒÍÛ˛, ëÓ‚‰ÓÁÂÒÍÛ˛, éÒÚÂÒÍÛ˛ Ë ‰Û„ËÂ, ‡ÒÔÓÎÓ-
ÊÂÌ ‚ ˛„Ó-‚ÓÒÚÓ˜ÌÓÈ ˜‡ÒÚË ä‡ÂÎ¸ÒÍÓ„Ó Í‡ÚÓÌ‡
Ì‡ Á‡Ô‡‰ÌÓÏ Ó·‡ÏÎÂÌËË ÇÓ‰ÎÓÁÂÒÍÓ„Ó „ÂÓ·ÎÓ-
Í‡. àÏÂÂÚ ÔÓÚflÊÂÌÌÓÒÚ¸ ‚ ÒÛ·ÏÂË‰ËÓÌ‡Î¸ÌÓÏ
Ì‡Ô‡‚ÎÂÌËË ÓÍÓÎÓ 300 ÍÏ ÔË ¯ËËÌÂ 50–60 ÍÏ.

ï‡‡ÍÚÂÌÓÈ ÓÒÓ·ÂÌÌÓÒÚ¸˛ ÔÓflÒ‡ fl‚ÎflÂÚÒfl ‡Á-
‚ËÚËÂ ÍÓÏ‡ÚËËÚ-·‡Á‡Î¸ÚÓ‚˚ı ‡ÒÒÓˆË‡ˆËÈ ‚ ËÌÚÂ‚‡-
ÎÂ 3.05–2.95 ÏÎ‰. ÎÂÚ, ‰ÂÚ‡Î¸ÌÓ ÓÔËÒ‡ÌÌ˚ı ‚ ‡·Ó-
Ú‡ı [4], Ë ‡Ì‰ÂÁËÚÓ‚˚ı Ë ‰‡ˆËÚÓ‚˚ı ‚ÛÎÍ‡ÌËÚÓ‚ ‰‚Ûı
ÛÓ‚ÌÂÈ – 3.05–2.95 [5] Ë 2.90–2.85 ÏÎ‰. ÎÂÚ [6].

ÑÎfl ‰Â‚ÌÂÈ ‡Ì‰ÂÁËÚÓ‚ÓÈ ‡ÒÒÓˆË‡ˆËË ÏÂÚÓ‰‡ÏË
Ù‡ˆË‡Î¸ÌÓ-ÙÓÏ‡ˆËÓÌÌÓ„Ó ‡Ì‡ÎËÁ‡ ‚ ÔÂ‰ÂÎ‡ı ÁÂ-
ÎÂÌÓÍ‡ÏÂÌÌÓ„Ó ÔÓflÒ‡ ÂÍÓÌÒÚÛËÓ‚‡Ì‡ ˆÂÔ¸
Ô‡ÎÂÓ‚ÛÎÍ‡ÌË˜ÂÒÍËı ÔÓÒÚÓÂÍ ˆÂÌÚ‡Î¸ÌÓ„Ó ÚËÔ‡
(çflÎ¸ÏÓÁÂÓ–à„ÌÓÈÎ‡–ï‡ÛÚ‡‚‡‡‡–ó‡ÎÍ‡–è‡-
Î‡ÒÂÎ¸„‡–éÒÚÂ) [5], ÒÙÓÏËÓ‚‡‚¯ËıÒfl ‚ ÏÂÎÍÓ-
‚Ó‰Ì˚ı ÏÓÒÍËı Ó·ÒÚ‡ÌÓ‚Í‡ı.
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-‰‡ÚËÓ‚‡ÌËÂ (ÔÓ ˆËÍÓÌÛ) à„ÌÓÈÎ¸ÒÍÓ„Ó
ÒÛ·‚ÛÎÍ‡ÌË˜ÂÒÍÓ„Ó ÌÂÍÍ‡ ‡Ì‰ÂÁË‰‡ˆËÚÓ‚ ÔÓÁ‚ÓÎËÎÓ

ÔÓÎÛ˜ËÚ¸ ‚ÓÁ‡ÒÚ 2995 

 

±

 

 20 ÏÎÌ. ÎÂÚ [7], ‚ÓÁ‡ÒÚ Î‡‚
‡Ì‰ÂÁËÚÓ‚ ÒÓÒÚ‡‚ÎflÂÚ 2945 

 

±

 

 19 ÏÎÌ. ÎÂÚ [8], ÒÛ·‚ÛÎ-
Í‡ÌË˜ÂÒÍËı ‰‡ÂÍ ‡Ì‰ÂÁËÚÓ‚ è‡Î‡ÒÂÎ¸„ËÌÒÍÓÈ ÒÚÛÍ-
ÚÛ˚ – 3000 

 

±

 

 40 ÏÎÌ. ÎÂÚ Ë 3020 

 

±

 

 10 ÏÎÌ. ÎÂÚ ‰Îfl
ÒÛ·‚ÛÎÍ‡ÌË˜ÂÒÍÓ„Ó ¯ÚÓÍ‡ éÒÚÂÒÍÓÈ ÒÚÛÍÚÛ-
˚ [9].

ç‡Ë·ÓÎÂÂ ÔÓÎÌÓ ‰Â‚Ìflfl ÅÄÑê-‡ÒÒÓˆË‡ˆËfl ÒÓ-
ı‡ÌËÎ‡Ò¸ ‚ ó‡ÎÍËÌÒÍÓÈ Ô‡ÎÂÓ‚ÛÎÍ‡ÌË˜ÂÒÍÓÈ ÁÓÌÂ
(ÒÂ‚ÂÌ‡fl ˜‡ÒÚ¸ ï‡ÛÚ‡‚‡‡ÒÍÓÈ ÒÚÛÍÚÛ˚). Ç ÂÂ
ÔÂ‰ÂÎ‡ı ÂÍÓÌÒÚÛËÓ‚‡Ì‡ ÔËÊÂÎÓ‚‡fl ÁÓÌ‡ ó‡Î-
ÍËÌÒÍÓ„Ó Ô‡ÎÂÓ‚ÛÎÍ‡Ì‡. éÌ‡ ÔÂ‰ÒÚ‡‚ÎÂÌ‡ ÌÂÒÍÓÎ¸-
ÍËÏË ÌÂÍÍ‡ÏË, ÍÓÚÓ˚Â ÓÍ‡ÈÏÎÂÌ˚ „Î˚·Ó‚˚ÏË ‡„-
ÎÓÏÂ‡ÚÓ‚˚ÏË ÚÛÙ‡ÏË, ÔËÌ‡‰ÎÂÊ‡˘ËÏË Í Ù‡ˆËË
˝ÍÒÔÎÓÁË‚Ì˚ı ‚˚·ÓÒÓ‚ Ë ‡„ÎÓÏÂ‡ÚÓ‚˚ı ÔÓÚÓÍÓ‚.
ä ÌËÏ Ú‡ÍÊÂ ÔËÛÓ˜ÂÌ˚ ÎËÌÁÓ‚Ë‰Ì˚Â Ô‡˜ÍË ÔÂÂ-
ÒÎ‡Ë‚‡ÌËfl ÔÓÚÓÍÓ‚ ÍÛÔÌÓÔÓ‰Û¯Â˜Ì˚ı Î‡‚, ÍÎ‡ÒÚÓ-
Î‡‚, ÍÓÏÍÓ‚‡Ú˚ı, Ï‡ÒÒË‚Ì˚ı, ÏËÌ‰‡ÎÂÍ‡ÏÂÌÌ˚ı Î‡‚
Ò ÔÓ‰Û¯Â˜Ì˚ÏË ·ÂÍ˜ËflÏË, „Î˚·Ó‚˚ÏË, ‡„ÎÓÏÂ‡-
ÚÓ‚˚ÏË Ë Î‡ÔËÎÎËÂ‚˚ÏË ÚÛÙ‡ÏË Ë ÏÌÓ„Ó˜ËÒÎÂÌ-
Ì˚Â ‰‡ÈÍË ‡Ì‰ÂÁËÚÓ‚Ó„Ó Ë ‰‡ˆËÚÓ‚Ó„Ó ÒÓÒÚ‡‚Ó‚. é·-
˘‡fl ÏÓ˘ÌÓÒÚ¸ ÂÍÓÌÒÚÛËÓ‚‡ÌÌÓ„Ó ‡ÁÂÁ‡ ó‡Î-
ÍËÌÒÍÓ„Ó Ô‡ÎÂÓ‚ÛÎÍ‡Ì‡ ÒÓÒÚ‡‚ÎflÂÚ 2.5 ÍÏ. 

èÓÓ‰˚ ÒÚÛÍÚÛ˚ ÏÂÚ‡ÏÓÙËÁÓ‚‡Ì˚ ‚ ÛÒÎÓ‚Ë-
flı ˝ÔË‰ÓÚ-‡ÏÙË·ÓÎËÚÓ‚ÓÈ Ù‡ˆËË ÏÂÚ‡ÏÓÙËÁÏ‡
‡Ì‰‡ÎÛÁËÚ-ÒËÎÎËÏ‡ÌËÚÓ‚Ó„Ó ÚËÔ‡, ˜ÚÓ ÔÓÁ‚ÓÎËÎÓ
ÒÓı‡ÌËÚ¸Òfl ÔÂ‚Ë˜Ì˚Ï Ï‡„Ï‡ÚË˜ÂÒÍËÏ ÚÂÍÒÚÛ‡Ï.

Ç ÔÓ˜Ëı ÒÚÛÍÚÛ‡ı ÁÂÎÂÌÓÍ‡ÏÂÌÌÓ„Ó ÔÓflÒ‡
‡ÁÂÁ˚ ‰Â‚ÌÂÈ¯ÂÈ ‡Ì‰ÂÁËÚÓ‚ÓÈ ‡ÒÒÓˆË‡ˆËË Â-
ÎËÍÚÌÓ ÒÓı‡ÌËÎËÒ¸ ‚ ï‡ÛÚ‡‚‡‡ÒÍÓÈ, à„ÌÓÈÎ¸-
ÒÍÓÈ, éÒÚÂÒÍÓÈ, çflÎ¸ÏÓÁÂÒÍÓÈ ‚ÛÎÍ‡ÌË˜ÂÒÍËı
ÒÚÛÍÚÛ‡ı, „‰Â ‚˚fl‚ÎÂÌ˚ ‡ÁÎË˜Ì˚Â ÏÓÙÓÎÓ„Ë-
˜ÂÒÍËÂ ‡ÁÌÓ‚Ë‰ÌÓÒÚË Î‡‚, ÔËÓÍÎ‡ÒÚËÚÓ‚ Ë ÒÛ·‚ÛÎ-
Í‡ÌËÚÓ‚. Ç è‡Î‡ÒÂÎ¸„ËÌÒÍÓÈ ÒÚÛÍÚÛÂ ÔÓfl‚ÎÂ-
ÌËÂ ‡Ì‰ÂÁËÚÓ‚Ó„Ó ‚ÛÎÍ‡ÌËÁÏ‡ Ï‡ÍËÛÂÚÒfl ÔË-
ÒÛÚÒÚ‚ËÂÏ ÏÌÓ„Ó˜ËÒÎÂÌÌ˚ı ‰‡ÈÍÓ‚˚ı ÚÂÎ.

çÓ‚˚È ˝Ú‡Ô „ÂÓıËÏË˜ÂÒÍËı ËÒÒÎÂ‰Ó‚‡ÌËÈ ÔÓÁ‚Ó-
ÎËÎ ‚˚‰ÂÎËÚ¸ ÒÂ‰Ë ÔÓÓ‰ ÓÒÚÓ‚Ó‰ÛÊÌÓÈ ÅÄÑê-
ÒÂËË ÌÓÏ‡Î¸ÌÓ„Ó ËÁ‚ÂÒÚÍÓ‚Ó-˘ÂÎÓ˜ÌÓ„Ó fl‰‡
ÒÛ·‚ÛÎÍ‡ÌË˜ÂÒÍÛ˛ Ë ‚ÛÎÍ‡ÌË˜ÂÒÍÛ˛ Ù‡Á˚ Ò ‡‰‡-
ÍËÚÓ‚˚ÏË ı‡‡ÍÚÂËÒÚËÍ‡ÏË.

ÉÂÓıËÏË˜ÂÒÍËÈ ‡Ì‡ÎËÁ ÔÓÓ‰Ì˚ı ÎËÚÓÚËÔÓ‚ –
ÓÔÂ‰ÂÎÂÌËÂ ÔÂÚÓ„ÂÌÌ˚ı ˝ÎÂÏÂÌÚÓ‚ ‚˚ÔÓÎÌÂÌ ‚
àÌÒÚËÚÛÚÂ „ÂÓÎÓ„ËË ä‡ÂÎ¸ÒÍÓ„Ó Ì‡Û˜ÌÓ„Ó ˆÂÌÚ-
‡ êÄç („. èÂÚÓÁ‡‚Ó‰ÒÍ). êÂ‰ÍËÂ Ë Â‰ÍÓÁÂÏÂÎ¸-
Ì˚Â ˝ÎÂÏÂÌÚ˚ ÓÔÂ‰ÂÎÂÌ˚ ÏÂÚÓ‰ÓÏ 
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„ÂÓıËÏËË ì‡Î¸ÒÍÓ„Ó ÓÚ‰ÂÎÂÌËfl êÄç („. ÖÍ‡ÚÂ-
ËÌ·Û„), ÔÓ„Â¯ÌÓÒÚ¸ ÓÔÂ‰ÂÎÂÌËfl ˝ÎÂÏÂÌÚÓ‚
<2%. ïËÏË˜ÂÒÍ‡fl ÔÓ‰„ÓÚÓ‚Í‡ ÔÓ· ‰Îfl 

 

Sm–Nd

 

-
ËÁÓÚÓÔÌÓ„Ó ‡Ì‡ÎËÁ‡ ÔÓ‚Ó‰ËÎ‡Ò¸ ÔÓ ÏÂÚÓ‰ËÍÂ
èÂÎÚÓÌÂÌ Ë ‰. [10]. àÁÏÂÂÌËfl ÔÓ‚Ó‰ËÎËÒ¸ Ì‡
Ï‡ÒÒ-ÒÔÂÍÚÓÏÂÚÂ 

 

VG

 

 

 

sector

 

 54 ‚ ËÁÓÚÓÔÌÓÈ Î‡·Ó-
‡ÚÓËË ÉÂÓÎÓ„Ë˜ÂÒÍÓÈ ÒÎÛÊ·˚ îËÌÎflÌ‰ËË („. ÖÒ-
ÔÓÓ). íÓ˜ÌÓÒÚ¸ ËÁÏÂÂÌËÈ 

 

147

 

Sm

 

/

 

144

 

Nd

 

 ÒÓÒÚ‡‚ÎflÂÚ
0.4%. éÚÌÓ¯ÂÌËÂ 

 

143

 

Nd

 

/

 

144

 

Nd

 

 ÌÓÏ‡ÎËÁÓ‚‡ÌÓ ÔÓ

 

146

 

Nd

 

/

 

144

 

Nd

 

 = 0.7219. àÁÏÂÂÌÌÓÂ ÁÌ‡˜ÂÌËÂ ÒÚ‡Ì-
‰‡Ú‡ 

 

La

 

 

 

Jolla

 

 

 

143

 

Nd

 

/

 

144

 

Nd

 

 = 0.511851

 

 ± 

 

6 (

 

n

 

 = 8).

Ä‰‡ÍËÚ˚ (ÒÛ·‚ÛÎÍ‡ÌËÚ˚ Ò ‚ÓÁ‡ÒÚÓÏ 2995 ÏÎ‰.
ÎÂÚ Ë ÂÊÂ ‚ÛÎÍ‡ÌËÚ˚ Ò ‚ÓÁ‡ÒÚÓÏ 2940 ÏÎ‰. ÎÂÚ),
‚˚fl‚ÎÂÌÌ˚Â ‚ à„ÌÓÈÎ¸ÒÍÓÈ, ó‡ÎÍËÌÒÍÓÈ Ë ‰Û„Ëı
ÒÚÛÍÚÛ‡ı ÇÂ‰ÎÓÁÂÒÍÓ-ëÂ„ÓÁÂÒÍÓ„Ó ÁÂÎÂÌÓÍ‡-
ÏÂÌÌÓ„Ó ÔÓflÒ‡, ÓÚÌÓÒflÚÒfl ÔÓ ÒÓ‰ÂÊ‡ÌË˛ 

 

SiO

 

2

 

(56–69 Ï‡Ò. %) Í ‡Ì‰ÂÁËÚ‡Ï–‰‡ˆËÚ‡Ï (Ú‡·Î. 1). èÓ ÒÓ-
‰ÂÊ‡ÌË˛ ÔÂÚÓ„ÂÌÌ˚ı ˝ÎÂÏÂÌÚÓ‚ ‡‰‡ÍËÚ˚ ÓÚÎË-
˜‡˛ÚÒfl ÓÚ ËÁ‚ÂÒÚÍÓ‚Ó-˘ÂÎÓ˜Ì˚ı ÔÓÓ‰ ÔÓ‚˚¯ÂÌ-
Ì˚ÏË ÍÓÌˆÂÌÚ‡ˆËflÏË 
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O

 

3

 

 (Ú‡·Î. 2),
ÔË ÁÌ‡˜ÂÌËflı 

 

Mg

 

#

 

 > 0.4.

å‡ÍÒËÏ‡Î¸Ì˚Â ‡ÁÎË˜Ëfl ÔÓfl‚Îfl˛ÚÒfl ‚ ÍÓÌˆÂÌ-
Ú‡ˆËË Â‰ÍËı Ë Â‰ÍÓÁÂÏÂÎ¸Ì˚ı ˝ÎÂÏÂÌÚÓ‚. Ä‰‡-
ÍËÚ˚ ÇÂ‰ÎÓÁÂÒÍÓ-ëÂ„ÓÁÂÒÍÓ„Ó ÁÂÎÂÌÓÍ‡ÏÂÌÌÓ„Ó
ÔÓflÒ‡ ı‡‡ÍÚÂËÁÛ˛ÚÒfl ‚˚ÒÓÍËÏ ÒÓ‰ÂÊ‡ÌËÂÏ 

 

Sr

 

 >
>

 

 

 

400 

 

ppm

 

, 

 

Ba

 

 > 400 

 

ppm

 

, 

 

Zr

 

 >140 

 

ppm

 

, ÒËÎ¸ÌÓ Ù‡Í-
ˆËÓÌËÓ‚‡ÌÌ˚Ï ‡ÒÔÂ‰ÂÎÂÌËÂÏ êáù (

 

La

 

/

 

Yb

 

)

 

n 

 

>
>

 

 

 

15 (Ú‡·Î. 1, 2) Ò ‡ÌÓÏ‡Î¸ÌÓ ÌËÁÍËÏ ÛÓ‚ÌÂÏ íêáù.
èÓÓ‰˚ Ë‰ÂÌÚË˜Ì˚ ÔÓ ÒÔÂÍÚ‡Ï ‡ÒÔÂ‰ÂÎÂÌËfl
êáù ÚËÔÓ‚˚Ï ‡‰‡ÍËÚ‡Ï ÓÒÚÓ‚Ó‚ äÛÍ‡, ÒÂ‚ÂÌÓÈ
‚ÛÎÍ‡ÌË˜ÂÒÍÓÈ ÁÓÌ˚ ‚ ùÍ‚‡‰ÓÂ, ˛„Ó-‚ÓÒÚÓ˜ÌÓÈ
üÔÓÌËË Ë ÍÓÌÚ‡ÒÚËÛ˛Ú Î‡‚‡Ï Ë ÚÛÙ‡Ï ËÁ‚ÂÒÚÍÓ-
‚Ó-˘ÂÎÓ˜ÌÓ„Ó fl‰‡ (ÅÄÑê-ÒÂËfl) ÇÂ‰ÎÓÁÂÒÍÓ-
ëÂ„ÓÁÂÒÍÓ„Ó ÁÂÎÂÌÓÍ‡ÏÂÌÌÓ„Ó ÔÓflÒ‡, ˜ÚÓ Ì‡„Îfl‰-
ÌÓ ËÎÎ˛ÒÚËÛÂÚ ËÒ. 1. ëÛ˘ÂÒÚ‚ÂÌÌÓÂ ÓÚÎË˜ËÂ
‡ıÂÈÒÍËı ‡‰‡ÍËÚÓ‚ ÇÂ‰ÎÓÁÂÒÍÓ-ëÂ„ÓÁÂÒÍÓ„Ó ÁÂ-
ÎÂÌÓÍ‡ÏÂÌÌÓ„Ó ÔÓflÒ‡ ÓÚ ÒÓ‚ÂÏÂÌÌ˚ı ‡Ì‡ÎÓ„Ó‚ ÒÓ-
ÒÚÓËÚ ‚ ·ÓÎÂÂ ‚˚ÒÓÍËı ÍÓÌˆÂÌÚ‡ˆËflı 

 

Cr

 

 Ë 

 

Ni

 

.

èÂ‚Ë˜Ì˚Â ÓÚÌÓ¯ÂÌËfl 

 

ε

 

Nd

 

(2995)

 

 ‰Îfl ÅÄÑê-‡‰‡-
ÍËÚÓ‚ÓÈ ‡ÒÒÓˆË‡ˆËË ó‡ÎÍËÌÒÍÓÈ ÒÚÛÍÚÛ˚ ËÁ-
ÏÂÌfl˛ÚÒfl ÓÚ +1.3 ‰Ó +2.6 (Ú‡·Î. 3). Å

 

ó

 

Î¸¯‡fl ˜‡ÒÚ¸
ÔÓ· ÎÓÊËÚÒfl Ì‡ 

 

Sm–Nd

 

-ËÁÓıÓÌÛ 2925 

 

±

 

 150 ÏÎÌ.
ÎÂÚ (

 

ε

 

Nd

 

 = +1.5, ëäÇé = 57, 

 

n

 

 = 19), ÔÓÎÛ˜ÂÌÌÛ˛
‡ÌÂÂ ‰Îfl ·ÎËÁÍÓ‚ÓÁ‡ÒÚÌ˚ı ÍÓÏ‡ÚËËÚ-·‡Á‡Î¸ÚÓ-
‚˚ı ‚ÛÎÍ‡ÌËÚÓ‚ ÔÓflÒ‡ (ËÒ. 2). çÂÒÍÓÎ¸ÍÓ ÔÓ·
ÔÓÍ‡Á˚‚‡˛Ú ‡ÌÓÏ‡Î¸ÌÓ ÌËÁÍËÂ ÁÌ‡˜ÂÌËfl 

 

ε

 

Nd

 

(2995)

 

‰Ó –10.6 Ë ‚˚ÒÓÍËÂ ÁÌ‡˜ÂÌËfl 

 

147

 

Sm

 

/

 

144

 

Nd

 

, Ó·ÛÒÎÓ‚-
ÎÂÌÌ˚Â ÒÛ˘ÂÒÚ‚ÂÌÌÓÈ ÔÓÚÂÂÈ 

 

Nd

 

, ˜ÚÓ ÏÓÊÂÚ
·˚Ú¸ Ò‚flÁ‡ÌÓ Ò ÏÂÚ‡ÏÓÙË˜ÂÒÍËÏË ÔÂÓ·‡ÁÓ‚‡-
ÌËflÏË ‚ ËÌÚÂ‚‡ÎÂ 1.8–1.9 ÏÎ‰. ÎÂÚ. 

åÓ‰ÂÎ¸Ì˚È ‚ÓÁ‡ÒÚ ‡‰‡ÍËÚÓ‚ ó‡ÎÍËÌÒÍÓÈ
ÒÚÛÍÚÛ˚ (ÔÓ ÏÓ‰ÂÎË De Paolo [12]) ‚‡¸ËÛÂÚ ‚
ÔÂ‰ÂÎ‡ı 2959–3036 ÏÎÌ. ÎÂÚ, ˜ÚÓ „Ó‚ÓËÚ Ó· ÓÚ-
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êËÒ. 1.

 

 çÓÏËÓ‚‡ÌÌ‡fl ÔÓ ÔËÏËÚË‚ÌÓÈ Ï‡ÌÚËË (èå)
[11] ÒÔ‡È‰Â„‡ÏÏ‡ ÅÄÑê-‡‰‡ÍËÚÓ‚ÓÈ ‡ÒÒÓˆË‡ˆËË
ÇÂ‰ÎÓÁÂÒÍÓ-ëÂ„ÓÁÂÒÍÓ„Ó ÁÂÎÂÌÓÍ‡ÏÂÌÌÓ„Ó ÔÓflÒ‡.

 

a

 

 – ‡‰‡ÍËÚ˚ ó‡ÎÍËÌÒÍÓÈ ÒÚÛÍÚÛ˚, · – ‡‰‡ÍËÚ˚ à„-
ÌÓÈÎ¸ÒÍÓÈ ÒÚÛÍÚÛ˚, Ò‚ÂÚÎÓÂ ÔÓÎÂ – ÚËÔÓ‚˚Â ÒÓÒÚ‡-
‚˚ ÅÄÑê-ÒÂËË ÇÂ‰ÎÓÁÂÒÍÓ-ëÂ„ÓÁÂÒÍÓ„Ó ÁÂÎÂÌÓ-
Í‡ÏÂÌÌÓ„Ó ÔÓflÒ‡, ¯ÚËıÓ‚‡fl ÎËÌËfl – ÚËÔÓ‚ÓÈ ÒÓÒÚ‡‚
‡‰‡ÍËÚ‡ Ó. äÛÍ‡ [1]. 
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ÇÓÁ‡ÒÚ – 2925 ± 150 ÏÎÌ. ÎÂÚ
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= +1.5, ëäÇé = 57(19 ÔÓ·)

101-1
103-2

103-5105-1

104-5
105-7

111-3
104-1

 

1
2
3

 

êËÒ. 2.

 

 

 

Sm

 

–

 

Nd

 

-˝‚ÓÎ˛ˆËÓÌÌ‡fl ‰Ë‡„‡ÏÏ‡ ‰Îfl ÍÓÏ‡ÚË-
ËÚ-·‡Á‡Î¸ÚÓ‚ÓÈ Ë ÅÄÑê-‡‰‡ÍËÚÓ‚ÓÈ ‡ÒÒÓˆË‡ˆËÈ ÇÂ‰-
ÎÓÁÂÒÍÓ-ëÂ„ÓÁÂÒÍÓ„Ó ÁÂÎÂÌÓÍ‡ÏÂÌÌÓ„Ó ÔÓflÒ‡. 

 

1

 

 –
ÍÓÏ‡ÚËËÚ˚, ·‡Á‡Î¸Ú˚, 

 

2

 

 – ‡Ì‰ÂÁËÚ˚, ‰‡ˆËÚ˚, 

 

3

 

 – ‡‰‡-
ÍËÚ˚.
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ë‚ÂÚÓ‚ 

 

Ë ‰

 

.

 

í‡·ÎËˆ‡ 1. 

 

 ÉÂÓıËÏË˜ÂÒÍËÈ ÒÓÒÚ‡‚ ‡‰‡ÍËÚÓ‚ ÇÂ‰ÎÓÁÂÒÍÓ-ëÂ„ÓÁÂÒÍÓ„Ó ÁÂÎÂÌÓÍ‡ÏÂÌÌÓ„Ó ÔÓflÒ‡ (Ï‡Ò.%; ppm)

äÓÏ-
ÔÓÌÂÌÚ

103-2 104-5 105-7 103-2b 103-25 105-70 u-2 u-5 u-10 u-20 u-21 u-22

Ñ ãÄí Ñ Ñ Ñ Ñ ñÄí ã ãÄí ëò ëò ëò

ó‡ÎÍËÌÒÍ‡fl ÒÚÛÍÚÛ‡ à„ÌÓÈÎ¸ÒÍ‡fl ÒÚÛÍÚÛ‡

SiO

 

2

 

65.66 54.14 65.78 66.84 56.28 66.25 60.22 60.03 57.24 65.24 65.74 66.00

TiO

 

2

 

0.74 1.82 0.63 0.65 0.88 0.62 0.65 0.63 0.63 0.49 0.54 0.50

Al

 

2

 

O

 

3

 

14.26 15.10 16.37 16.79 15.52 16.34 16.35 14.53 14.78 15.66 16.16 15.41

Fe

 

2

 

O

 

3

 

2.07 3.52 2.52 1.31 1.94 2.12 2.01 2.09 1.11 1.26 1.68 1.00

FeO 3.88 4.74 1.87 2.51 7.26 1.98 3.81 3.74 3.59 2.80 2.51 2.23

MnO 0.07 0.32 0.053 0.10 0.20 0.061 0.073 0.088 0.093 0.062 0.039 0.060

MgO 1.76 3.61 1.9 0.55 4.80 2.9 4.57 6.52 4.73 3.06 2.58 3.21

CaO 4.76 11.20 4.14 4.06 7.29 4.11 2.41 3.21 5.40 1.97 1.97 2.34

Na

 

2

 

O 3.86 2.56 4.48 3.87 2.85 3.32 5.47 5.07 5.39 5.41 5.67 5.14

K

 

2

 

O 1.72 1.30 1.3 2.20 1.05 1.55 2.31 1.89 1.77 1.61 1.04 1.96

H

 

2

 

O 0.11 0.10 0.11 0.08 0.10 0.13 0.12 0.20 0.10 0.13 0.14 0.12

è.Ô.Ô. 0.72 1.24 0.66 1.02 1.30 0.59 1.72 1.67 4.70 2.34 1.60 2.09

ëÛÏÏ‡ 99.61 99.65 99.81 99.98 99.47 99.97 99.71 99.67 99.53 100.03 99.67 100.06

Cr 202 180 201 142 297 78 394 493 649 289 268 254

Ni 35 86 24 49 123 26 183 197 239 148 115 93

Co 10 24 10 12 32 8 21 23 22 20 13 11

V 66 129 63 113 148 109 153 181 179 163 132 117

Pb 8.55 7.89 24.60 10.09 10.37 12.13 6.63 4.96 3.34 7.62 7.48 7.91

Rb 61.57 45.52 43.38 56.16 52.95 46.79 63.55 44.05 43.58 49.35 38.86 59.15

Ba 476.91 280.60 447.77 553.68 438.75 617.46 736.95 694.37 617.89 734.56 417.36 853.79

Sr 472.21 463.83 486.92 495.58 406.40 595.41 292.68 237.90 246.82 445.91 601.65 304.54

Nb 5.20 6.37 4.77 6.09 6.83 5.48 5.03 5.54 5.42 7.52 5.97 5.58

Zr 218.35 180.50 161.96 220.10 221.07 158.91 143.52 146.78 141.92 178.42 134.48 153.32

Y 8.965 16.684 11.695 10.533 16.265 12.774 10.144 15.637 13.357 16.126 10.518 9.630

Th 7.840 6.092 4.258 8.662 8.720 5.227 5.871 10.553 6.429 9.433 6.454 6.117

La 16.894 26.221 21.329 15.183 32.014 10.350 15.967 47.123 30.241 38.023 20.225 25.211

Ce 35.648 59.220 42.373 32.806 71.348 24.294 33.463 95.477 64.832 85.046 42.308 51.737

Pr 3.600 6.107 4.702 3.497 7.362 3.204 3.757 10.940 7.868 9.070 4.743 5.585

Nd 15.442 29.686 21.942 13.369 27.227 13.626 15.814 46.377 32.161 34.658 18.425 22.559

Sm 2.807 5.399 4.326 2.574 4.320 3.746 3.460 7.793 5.725 6.059 3.459 4.210

Eu 0.821 1.358 0.975 1.044 1.587 1.201 1.019 1.911 1.581 1.696 1.016 1.137

Gd 1.768 3.577 2.922 2.187 3.946 3.091 2.988 6.394 4.885 5.400 3.138 3.440

Tb 0.302 0.548 0.438 0.311 0.448 0.437 0.374 0.672 0.547 0.621 0.377 0.372

Dy 1.521 2.884 2.117 1.777 2.487 2.266 1.858 2.927 2.519 2.934 1.911 1.801

Ho 0.349 0.650 0.433 0.361 0.513 0.442 0.355 0.525 0.473 0.531 0.368 0.337

Er 0.841 1.406 1.013 0.912 1.281 1.101 0.943 1.388 1.211 1.375 0.902 0.872

Tm 0.095 0.186 0.122 0.121 0.156 0.154 0.132 0.187 0.165 0.183 0.119 0.115

Yb 0.713 1.381 0.868 0.735 0.983 0.915 0.810 1.074 0.969 1.079 0.737 0.743

Lu 0.090 0.170 0.112 0.106 0.132 0.128 0.118 0.160 0.129 0.131 0.099 0.112

U 1.207 1.465 1.093 3.256 1.668 1.494 1.386 1.843 1.478 2.298 2.650 1.683

Sc 6.583 14.416 5.188 7.117 9.191 5.564 12.309 13.833 13.334 12.068 8.079 8.890

Hf 4.476 3.991 3.809 5.065 5.676 4.056 3.466 3.362 3.465 4.538 3.307 3.618

Ta 0.283 0.395 0.340 0.305 0.255 0.344 0.297 0.283 0.239 0.309 0.264 0.316

 

èËÏÂ˜‡ÌËÂ. Ñ – ‰‡ÈÍ‡, ãÄí – ÎËÚÓÍÎ‡ÒÚ ËÁ ‡„ÎÓÏÂ‡ÚÓ‚Ó„Ó ÚÛÙ‡, ñÄí – ˆÂÏÂÌÚ ‡„ÎÓÏÂ‡ÚÓ‚Ó„Ó ÚÛÙ‡, ã – Î‡‚Ó·ÂÍ˜Ëfl,
ëò – ÒÛ·‚ÛÎÍ‡ÌË˜ÂÒÍËÈ ¯ÚÓÍ.
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ÒÛÚÒÚ‚ËË ‚ ÒÓÒÚ‡‚Â Ï‡„Ï‡ÚË˜ÂÒÍËı ËÒÚÓ˜ÌËÍÓ‚
‰Â‚ÌÂ„Ó ÍÓÓ‚Ó„Ó Ï‡ÚÂË‡Î‡.

ÑÎfl ‡‰‡ÍËÚÓ‚ ÒÛ·‚ÛÎÍ‡ÌË˜ÂÒÍÓ„Ó ¯ÚÓÍ‡ à„-
ÌÓÈÎ¸ÒÍÓÈ ÒÚÛÍÚÛ˚ Ò 

 

ε

 

Nd

 

(2995)

 

 = +1.0…+2.1 ˝ÚË
ÁÌ‡˜ÂÌËfl Ú‡ÍÊÂ ·ÎËÁÍË Ë ÒÓÒÚ‡‚Îfl˛Ú 2973–
3083 ÏÎÌ. ÎÂÚ.

ÉÂÓıËÏË˜ÂÒÍ‡fl Ë ËÁÓÚÓÔÌ‡fl ı‡‡ÍÚÂËÒÚËÍ‡
‡‰‡ÍËÚÓ‚ ÓÚ‡Ê‡ÂÚ ÓÒÓ·˚Â ÛÒÎÓ‚Ëfl Ëı „ÂÌÂÁËÒ‡.
åÓ‰ÂÎ¸Ì˚Â ‡Ò˜ÂÚ˚ ÔÓÁ‚ÓÎËÎË ÓˆÂÌËÚ¸ ÚÂÏÔÂ‡-
ÚÛ˚ ÎËÍ‚Ë‰ÛÒ‡ ‡‰‡ÍËÚÓ‚˚ı Ï‡„Ï ÇÂ‰ÎÓÁÂÒÍÓ-

ëÂ„ÓÁÂÒÍÓ„Ó ÁÂÎÂÌÓÍ‡ÏÂÌÌÓ„Ó ÔÓflÒ‡, ÍÓÚÓ˚Â ÒÓ-
ÒÚ‡‚Îfl˛Ú 1020–1090°ë, Ë ÔÓÍ‡Á‡ÎË, ˜ÚÓ ËÒıÓ‰Ì˚Â
‰Îfl ‡‰‡ÍËÚÓ‚ ó‡ÎÍËÌÒÍÓÈ Ë à„ÌÓÈÎ¸ÒÍÓÈ ÒÚÛÍÚÛ
Ï‡„Ï˚ ÏÓ„ÛÚ ·˚Ú¸ ÔÓÎÛ˜ÂÌ˚ ÔË 10–15% ÔÎ‡‚ÎÂ-
ÌËË „‡Ì‡ÚÓ‚Ó„Ó ‡ÏÙË·ÓÎËÚ‡ (ÒÛ·‰ÛˆËÓ‚‡ÌÌ˚Â
ÓÍÂ‡ÌË˜ÂÒÍËÂ ·‡Á‡Î¸Ú˚) Ò Ó·‡ÁÓ‚‡ÌËÂÏ 

 

Cpx

 

(59%) + 

 

Gar

 

 (10%) + 

 

Pl 

 

(25%) + 

 

Hbl (6%) ÂÒÚËÚ‡ Ò
ÔÓÒÎÂ‰Û˛˘ËÏ Ù‡ÍˆËÓÌËÓ‚‡ÌËÂÏ Pl ± Cpx. 

ä Ì‡ÒÚÓfl˘ÂÏÛ ‚ÂÏÂÌË ·ÎËÁÍËÂ ÔÓ ‚ÓÁ‡ÒÚÛ
‡ıÂÈÒÍËÂ ‡‰‡ÍËÚ˚ ‚˚‰ÂÎÂÌ˚ ‚ ÁÂÎÂÌÓÍ‡ÏÂÌÌ˚ı

í‡·ÎËˆ‡ 2.  Ç‡Ë‡ˆËË ÒÂ‰ÌÂ„Ó „ÂÓıËÏË˜ÂÒÍÓ„Ó ÒÓÒÚ‡‚‡ ÚËÔË˜Ì˚ı ÒÛ·‚ÛÎÍ‡ÌËÚÓ‚ ËÁ‚ÂÒÚÍÓ‚Ó-˘ÂÎÓ˜ÌÓ„Ó (ÅÄÑê-ÒÂËfl)
Ë ‡‰‡ÍËÚÓ‚Ó„Ó fl‰‡ ‚ ÒÚÛÍÚÛ‡ı ÇÂ‰ÎÓÁÂÒÍÓ-ëÂ„ÓÁÂÒÍÓ„Ó ÁÂÎÂÌÓÍ‡ÏÂÌÌÓ„Ó ÔÓflÒ‡ (Ï‡Ò. %; ppm)

ëÚÛÍÚÛ‡ ó‡ÎÍ‡ à„ÌÓÈÎ‡ ó‡ÎÍ‡ à„ÌÓÈÎ‡ éÒÚÂ è‡Î‡ÒÂÎ¸„‡ çflÎ¸ÏÓÁÂÓ
Ä‰‡ÍËÚ*

èÓÓ‰‡ ë (Ë˘) ë (‡‰‡ÍËÚ˚)

N 6 19 10 9 4 3 3 81* 

SiO2 61.30 ± 4.0 62.61 ± 4.1 65.72 ± 4.2 64.63 ± 4.3 64.39 ± 3.8 58.91 ± 3.4 62.11 ± 5.13 64.66 ± 3.2

TiO2 0.94 ± 0.31 0.57 ± 0.19 0.68 ± 0.21 0.56 ± 0.22 0.76 ± 0.14 0.61 ± 0.21 0.69 ± 0.2 0.51 ± 0.2

MgO 3.35 ± 1.81 3.57 ± 1.23 1.83 ± 1.94 2.89 ± 1.18 1.94 ± 0.62 2.14 ± 0.83 2.01 ± 0.45 2.20 ± 1.0

CaO 5.65 ± 1.22 4.02 ± 2.11 4.45 ± 1.43 3.52 ± 1.89 4.12 ± 0.73 4.28 ± 0.81 3.45 ± 0.14 5.00 ± 1.3

Na2O 3.52 ± 0.81 4.36 ± 0.93 3.57 ± 1.42 5.11 ± 1.12 3.86 ± 0.22 3.91 ± 0.74 3.98 ± 0.14 4.09 ± 0.4

K2O 1.21 ± 0.66 1.58 ± 0.60 1.21 ± 0.69 1.71 ± 0.21 1.51 ± 0.47 1.23 ± 0.35 1.81 ± 0.34 1.72 ± 0.6

Cr 209 ± 64 210 ± 79 201 ± 14 302 ± 52 104 ± 25 117 ± 35 85 ± 11 30–50

Ni 82 ± 41 81 ± 40 39 ± 17 141 ± 16 78 ± 12 71 ± 14 60 ± 7 20–40

Co 26 ± 4 21 ± 5 15 ± 4 18 ± 4 19 ± 3 21 ± 4 20 ± 4 <20

Ba 212 ± 89 320 ± 66 461 ± 28 518 ± 32 425 ± 58 315 ± 64 495 ± 18 >400

Sr 286 ± 112 250 ± 34 454 ± 21 304 ± 77 379 ± 91 320 ± 38 509 ± 54 >450

Nb 6 ± 0.2 5 ± 0.8 4 ± 0.9 5 ± 0.9 9 ± 2.4 5 ± 0.5 6 ± 0.7 <10

Zr 160 ± 25 130 ± 13 190 ± 39 148 ± 10 225 ± 34 139 ± 24 180 ± 16 130–165

Th 6.1 ± 1.7 8.4 ± 2.2 5.1 ± 2.3 6 ± 3.4 2.4 ± 0.8 3.1 ± 0.4 3.9 ± 0.9 3–7

(La/Yb)n 3.11 ± 1.21 5.18 ± 1.24 19.59 ± 2.42 21.60 ± 1.18 19.24 ± 1.21 18.49 ± 3.67 20.98 ± 2.04 21.98 ± 5.07

èËÏÂ˜‡ÌËÂ. ë (Ë˘) – ÒÛ·‚ÛÎÍ‡ÌËÚ˚ ÌÓÏ‡Î¸ÌÓ„Ó ËÁ‚ÂÒÚÍÓ‚Ó-˘ÂÎÓ˜ÌÓ„Ó fl‰‡, ë (‡‰‡ÍËÚ˚) – ÒÛ·‚ÛÎÍ‡ÌËÚ˚ ‡‰‡ÍËÚÓ‚Ó„Ó fl-
‰‡, N – ˜ËÒÎÓ Ó·‡ÁˆÓ‚. *ëÓÒÚ‡‚ ÚËÔË˜ÌÓ„Ó ‡‰‡ÍËÚ‡ (‚˚·ÓÍ‡ ËÁ 81 ‡Ì‡ÎËÁ‡) ÔË‚Â‰ÂÌ‡ ÔÓ ‡·ÓÚÂ [1].

í‡·ÎËˆ‡ 3.  Sm–Nd-‰‡ÌÌ˚Â ‰Îfl ÅÄÑê-‡‰‡ÍËÚÓ‚ÓÈ ‡ÒÒÓˆË‡ˆËË ó‡ÎÍËÌÒÍÓÈ ÒÚÛÍÚÛ˚, ÇÂ‰ÎÓÁÂÒÍÓ-ëÂ„ÓÁÂÒÍËÈ
ÁÂÎÂÌÓÍ‡ÏÂÌÌ˚È ÔÓflÒ

‹ 
Ó·.

èÓÓ‰‡ Sm, ppm Nd, ppm 147Sm/ 144Nd 143Nd/ 144Nd εNd(T) TDM 

105-7 Ä‰‡ÍËÚ (‰‡ÈÍ‡) 3.96 18.59 0.1286 0.511358 1.3 3036

104-5 Ä‰‡ÍËÚ (ÎËÚÓÍÎ‡ÒÚ ‚ ÚÛÙÂ) 5.03 23.20 0.1311 0.511447 2.1 2959

111-3 ÄÌ‰ÂÁËÚ (Ï‡ÒÒË‚Ì‡fl, ÔÓÙËÓ‚‡fl Î‡‚‡) 3.91 20.36 0.1161 0.511122 1.5 3012

104-1 ÄÌ‰ÂÁËÚ (ÔÒ‡ÏÏËÚÓ‚˚È ÚÛÙ) 5.21 27.98 0.1125 0.511084 2.1 2959

105-1 ÄÌ‰ÂÁËÚ (ÔÒ‡ÏÏËÚÓ‚˚È ÚÛÙ) 3.31 14.53 0.1379 0.511612 2.6 2891

103-5 ÄÌ‰ÂÁËÚ (Ï‡ÒÒË‚Ì‡fl Î‡‚‡) 3.36 13.21 0.1538 0.511670 –2.3 3584

101-1 ÄÌ‰ÂÁËÚ (Ï‡ÒÒË‚Ì‡fl Î‡‚‡) 2.88 8.50 0.2051 0.512267 –10.5

103-2 Ä‰‡ÍËÚ (‰‡ÈÍ‡) 2.33 7.45 0.1887 0.512038 –8.6

èËÏÂ˜‡ÌËÂ. εNd(T) ‡ÒÒ˜ËÚ‡Ì Ì‡ 2995 ÏÎ‰. ÎÂÚ, TDM – ÏÓ‰ÂÎ¸ ÔÓ De Paolo [12].
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ë‚ÂÚÓ‚ Ë ‰.

ÔÓflÒ‡ı Í‡ÚÓÌ‡ ë¸˛ÔËËÓ (ä‡Ì‡‰‡), Ú‡ÍËı, Í‡Í
ÅË˜-ì˜Ë Ò ‚ÓÁ‡ÒÚÓÏ 2739 ± 2 ÏÎÌ. ÎÂÚ [13], Ç‡‚‡
Ò ‚ÓÁ‡ÒÚÓÏ 2670 ± 66 ÏÎÌ. ÎÂÚ [2], ‡ Ú‡ÍÊÂ Ì‡ ä‡-
ÂÎ¸ÒÍÓÏ Í‡ÚÓÌÂ ‚ ä‡ÏÂÌÌÓÓÁÂÒÍÓÈ ÒÚÛÍÚÛÂ
Ò ‚ÓÁ‡ÒÚÓÏ 2875 ± 2 ÏÎÌ. ÎÂÚ [14].

í‡ÍËÏ Ó·‡ÁÓÏ, Í‡Í ÔÓÍ‡Á‡ÎË ‰‡ÌÌ˚Â ËÒÒÎÂ‰Ó-
‚‡ÌËfl, ÙÓÏËÓ‚‡ÌËÂ ÓÒÚÓ‚Ó‰ÛÊÌ˚ı ÅÄÑê-‡‰‡-
ÍËÚÓ‚˚ı ‡ÒÒÓˆË‡ˆËÈ ÔÓËÒıÓ‰ËÎÓ ‚ ‡ıÂÂ ÛÊÂ Ì‡
Û·ÂÊÂ 3.05 ÏÎ‰. ÎÂÚ ‚ ÔÂ‰ÂÎ‡ı îÂÌÌÓÒÍ‡Ì‰ËÌ‡‚-
ÒÍÓ„Ó Ë ÔÓ˜Ëı Í‡ÚÓÌÓ‚ ÏË‡ ‚ ·ÎËÁÍËı „ÂÓ‰ËÌ‡ÏË-
˜ÂÒÍËı Ó·ÒÚ‡ÌÓ‚Í‡ı, ÁÌ‡˜ËÏÛ˛ ÓÎ¸ ‚ ÍÓÚÓ˚ı Ë„-
‡ÎÓ Á‡ÎÓÊÂÌËÂ ÍÓÌ‚Â„ÂÌÚÌ˚ı ÏÂÊÔÎËÚÌ˚ı ÁÓÌ
ÔÂÂıÓ‰‡ ÓÍÂ‡Ì–ÍÓÌÚËÌÂÌÚ, Ë ËÏÂÌÌÓ ÔËÒÛÚÒÚ‚ËÂ
‡‰‡ÍËÚÓ‚˚ı ‡ÒÔÎ‡‚Ó‚ fl‚ÎflÂÚÒfl ÔËÁÌ‡ÍÓÏ Ì‡˜‡Î¸-
ÌÓÈ ÒÚ‡‰ËË Á‡ÓÊ‰ÂÌËfl ÒÛ·‰ÛÍˆËË ‚ ˝ÚËı ÒËÒÚÂÏ‡ı.

Ä‚ÚÓ˚ ‚˚‡Ê‡˛Ú ·Î‡„Ó‰‡ÌÓÒÚ¸ û.Ä. êÓÌ-
ÍËÌÛ Á‡ ÔÓ‚Â‰ÂÌËÂ ‡Ì‡ÎËÚË˜ÂÒÍËı ‡·ÓÚ. 

àÒÒÎÂ‰Ó‚‡ÌËfl ‚˚ÔÓÎÌfl˛ÚÒfl ÔË ÔÓ‰‰ÂÊÍÂ
êîîà, „‡ÌÚ 02–05–97507, Ë èÓ„‡ÏÏ˚ éçá
êÄç “ÉÎÛ·ËÌÌÓÂ ÒÚÓÂÌËÂ Ë „ÂÓ‰ËÌ‡ÏËÍ‡ ä‡-
ÂÎ¸ÒÍÓÈ ˜‡ÒÚË îÂÌÌÓÒÍ‡Ì‰ËÌ‡‚ÒÍÓ„Ó ˘ËÚ‡”.
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