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éÒÌÓ‚Ì˚Â ˜ÂÚ˚ „ÂÓÎÓ„Ë˜ÂÒÍÓ„Ó ÒÚÓÂÌËfl Á‡-
Ô‡‰ÌÓÈ ˜‡ÒÚË ÄÎ‰‡ÌÒÍÓ„Ó ˘ËÚ‡ ‚Ó ÏÌÓ„ÓÏ ÓÔÂ-
‰ÂÎfl˛ÚÒfl ÒÛ·ÏÂË‰ËÓÌ‡Î¸Ì˚ÏË Ë ÒÂ‚ÂÓ-‚ÓÒÚÓ˜-
Ì˚ÏË ÁÓÌ‡ÏË ‡Á˚‚Ì˚ı Ì‡Û¯ÂÌËÈ, ‚ ÔÂ‰ÂÎ‡ı
ÍÓÚÓ˚ı ÒÓÒÂ‰ÓÚÓ˜ÂÌ˚ ÏÌÓ„Ó˜ËÒÎÂÌÌ˚Â ÚÂÍÚÓ-
ÌË˜ÂÒÍËÂ Ù‡„ÏÂÌÚ˚, ÒÎÓÊÂÌÌ˚Â ÓÚÌÓÒËÚÂÎ¸ÌÓ
ÒÎ‡·Ó ÏÂÚ‡ÏÓÙËÁÓ‚‡ÌÌ˚ÏË ÓÒ‡‰Ó˜Ì˚ÏË Ë ‚ÛÎ-
Í‡ÌË˜ÂÒÍËÏË ÔÓÓ‰‡ÏË (ÒÛÏ„‡ÌÒÍËÈ ÍÓÏÔÎÂÍÒ)
ë‡ÈÏ‡„‡ÌÒÍÓ„Ó, í‡˚Ì‡ıÒÍÓ„Ó, íÓÍÍÓ-ï‡ÌËÌÒÍÓ„Ó,
àÚ˜ËÎflÍÒÍÓ„Ó, ù‚ÓÌÓÍËÚÒÍÓ„Ó, íÂÏÛÎflÍËÚÒÍÓ„Ó,
íÛÌ„Û˜ËÌÒÍÓ„Ó, üÂÎ‡ıÒÍÓ„Ó, ëÛ·„‡ÌÒÍÓ„Ó, ÅÛÎ„Û-
ÌflıÚ‡ıÒÍÓ„Ó Ë Å‡Î‡„‡Ì‡ıÒÍÓ„Ó ÁÂÎÂÌÓÍ‡ÏÂÌÌ˚ı ÔÓ-
flÒÓ‚ (ËÒ. 1). Ç Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl ·ÓÎ¸¯ËÌÒÚ‚Ó ËÒ-
ÒÎÂ‰Ó‚‡ÚÂÎÂÈ ÔÓÎ‡„‡˛Ú, ˜ÚÓ Ëı ÙÓÏËÓ‚‡ÌËÂ
Ò‚flÁ‡ÌÓ Ò ÔÓÁ‰ÌÂ‡ıÂÈÒÍËÏ ˝Ú‡ÔÓÏ „ÂÓÎÓ„Ë˜ÂÒÍÓ-
„Ó ‡Á‚ËÚËfl ÄÎ‰‡ÌÒÍÓ„Ó ̆ ËÚ‡ [1]. é‰Ì‡ÍÓ Ì‡ ÒÂ„Ó-
‰Ìfl¯ÌËÈ ‰ÂÌ¸ „ÂÓıÓÌÓÎÓ„Ë˜ÂÒÍËÂ Ë ËÁÓÚÓÔÌÓ-
„ÂÓıËÏË˜ÂÒÍËÂ ‰‡ÌÌ˚Â, ÔÓÁ‚ÓÎfl˛˘ËÂ Ì‡‰ÂÊÌÓ
ÓˆÂÌËÚ¸ Ëı ‚ÓÁ‡ÒÚ, ÔÓÎÛ˜ÂÌ˚ ÚÓÎ¸ÍÓ ‰Îfl íÓÍÍÓ-
ï‡ÌËÌÒÍÓ„Ó ÁÂÎÂÌÓÍ‡ÏÂÌÌÓ„Ó ÔÓflÒ‡ [2, 3]. ÑÎfl ÚÓ-
„Ó ̃ ÚÓ·˚ ‚ÓÒÔÓÎÌËÚ¸ ̋ ÚÓÚ ÔÓ·ÂÎ, ·˚ÎË ‚˚ÔÓÎÌÂ-
Ì˚ Sm–Nd-ËÁÓÚÓÔÌ˚Â ËÒÒÎÂ‰Ó‚‡ÌËfl ÍÎ‡ÒÚË˜ÂÒ-
ÍËı ÏÂÚ‡ÓÒ‡‰Ó˜Ì˚ı Ë ÏÂÚ‡‚ÛÎÍ‡ÌË˜ÂÒÍËı ÔÓÓ‰
ÁÂÎÂÌÓÍ‡ÏÂÌÌ˚ı ÔÓflÒÓ‚ Á‡Ô‡‰ÌÓÈ ˜‡ÒÚË ÄÎ‰‡Ì-
ÒÍÓ„Ó ˘ËÚ‡, ÂÁÛÎ¸Ú‡Ú˚ ÍÓÚÓ˚ı ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ‚
Ú‡·Î. 1. ÇÒÎÂ‰ÒÚ‚ËÂ ÓÚÌÓÒËÚÂÎ¸ÌÓ„Ó ÔÓÒÚÓflÌÒÚ‚‡
ÓÚÌÓ¯ÂÌËfl 

 

147

 

Sm/

 

144

 

Nd ‚ ÍÎ‡ÒÚË˜ÂÒÍËı ÓÒ‡‰Ó˜Ì˚ı
ÔÓÓ‰‡ı (

 

≈

 

0.11

 

 ± 

 

0.02), ÁÌ‡˜ËÚÂÎ¸ÌÓ„Ó Â„Ó ÓÚÎË˜Ëfl
ÓÚ Ï‡ÌÚËÈÌ˚ı ËÒÚÓ˜ÌËÍÓ‚, ‡ Ú‡ÍÊÂ Ï‡ÎÓÈ ËÁÏÂÌ-
˜Ë‚ÓÒÚË ‚ ÔÓˆÂÒÒ‡ı ‚˚‚ÂÚË‚‡ÌËfl, ÔÂÂÌÓÒ‡, ‰Ë-
‡„ÂÌÂÁ‡ Ë ÏÂÚ‡ÏÓÙËÁÏ‡ [4] ‰‡ÌÌ˚Â Ó· ËÁÓÚÓÔÌÓÏ
ÒÓÒÚ‡‚Â Nd ÍÎ‡ÒÚË˜ÂÒÍËı ÓÒ‡‰Ó˜Ì˚ı ÔÓÓ‰ ‰‡˛Ú
‚ÓÁÏÓÊÌÓÒÚ¸ ÓÔÂ‰ÂÎËÚ¸ ÒÂ‰ÌËÈ ÏÓ‰ÂÎ¸Ì˚È ‚ÓÁ-
‡ÒÚ ËÒÚÓ˜ÌËÍÓ‚ Ëı ÒÌÓÒ‡ [5] Ë, ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ,
ÓˆÂÌËÚ¸ ÌËÊÌ˛˛ ‚ÓÁ‡ÒÚÌÛ˛ „‡ÌËˆÛ Ì‡ÍÓÔÎÂÌËfl
ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı ÒÛÔ‡ÍÛÒÚ‡Î¸Ì˚ı ÚÓÎ˘. ÑÛ-
„ËÏ ËÒÚÓ˜ÌËÍÓÏ ÔÓ‰Ó·ÌÓÈ ËÌÙÓÏ‡ˆËË fl‚Îfl˛ÚÒfl
ÂÁÛÎ¸Ú‡Ú˚ Sm–Nd-ËÁÓÚÓÔÌ˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ ‡ÒÒÓ-

ˆËËÛ˛˘Ëı Ò ÏÂÚ‡ÓÒ‡‰Ó˜Ì˚ÏË ÔÓÓ‰‡ÏË ÏÂÚ‡‚ÛÎ-
Í‡ÌË˜ÂÒÍËı ÔÓÓ‰ ËÁ‚ÂÒÚÍÓ‚Ó-˘ÂÎÓ˜ÌÓÈ Ë ˘ÂÎÓ˜-
ÌÓÈ ÒÂËÈ, ÔÓÁ‚ÓÎfl˛˘ËÂ ‚ ÔÂ‚ÓÏ ÔË·ÎËÊÂÌËË
ÓÔÂ‰ÂÎËÚ¸ ‚ÓÁ‡ÒÚ ÓÚ‰ÂÎÂÌËfl Ó‰ÓÌ‡˜‡Î¸Ì˚ı
‰Îfl ÌËı ‡ÒÔÎ‡‚Ó‚ ÓÚ Ï‡ÌÚËÈÌÓ„Ó ËÒÚÓ˜ÌËÍ‡ [4]. é
‚ÂıÌÂÈ ‚ÓÁ‡ÒÚÌÓÈ „‡ÌËˆÂ ÙÓÏËÓ‚‡ÌËfl ÓÒ‡-
‰Ó˜Ì˚ı Ë ÓÒ‡‰Ó˜ÌÓ-‚ÛÎÍ‡ÌÓ„ÂÌÌ˚ı ÚÓÎ˘ ‡ÌÌÂ„Ó
‰ÓÍÂÏ·Ëfl ÏÓÊÌÓ ÒÛ‰ËÚ¸, ËÒıÓ‰fl ËÁ Ëı ÒÓÓÚÌÓ¯Â-
ÌËÈ Ò ËÌÚÛÁË‚Ì˚ÏË Ï‡„Ï‡ÚË˜ÂÒÍËÏË ÍÓÏÔÎÂÍÒ‡-
ÏË Ë ÒÚÛÍÚÛÌ˚ÏË ̋ ÎÂÏÂÌÚ‡ÏË, ‚ÓÁ‡ÒÚ ÍÓÚÓ˚ı
ÓÔÂ‰ÂÎÂÌ ÌÂÁ‡‚ËÒËÏ˚ÏË ÏÂÚÓ‰‡ÏË.

Ç ÂÁÛÎ¸Ú‡ÚÂ ÒËÌÚÂÁ‡ Sm–Nd-ËÁÓÚÓÔÌ˚ı ‰‡Ì-
Ì˚ı (Ú‡·Î. 1), ÂÁÛÎ¸Ú‡ÚÓ‚ ‚˚ÔÓÎÌÂÌÌ˚ı ‡ÌÂÂ
„ÂÓıÓÌÓÎÓ„Ë˜ÂÒÍËı ËÒÒÎÂ‰Ó‚‡ÌËÈ [2, 3, 6–8] Ë
‰‡ÌÌ˚ı Ó ‚ÓÁ‡ÒÚÂ „Î‡‚Ì˚ı Í‡ÚËÛÂÏ˚ı ÒÚÛÍ-
ÚÛÌ˚ı ˝ÎÂÏÂÌÚÓ‚ [9] ÛÒÚ‡ÌÓ‚ÎÂÌÓ, ˜ÚÓ ÒÎ‡·Ó
ÏÂÚ‡ÏÓÙËÁÓ‚‡ÌÌ˚Â ‚ÛÎÍ‡ÌÓ„ÂÌÌÓ-ÓÒ‡‰Ó˜Ì˚Â
ÚÓÎ˘Ë ÁÂÎÂÌÓÍ‡ÏÂÌÌ˚ı ÔÓflÒÓ‚ Á‡Ô‡‰ÌÓÈ ̃ ‡ÒÚË ÄÎ-
‰‡ÌÒÍÓ„Ó ˘ËÚ‡ ÔËÌ‡‰ÎÂÊ‡Ú ÔÓ Í‡ÈÌÂÈ ÏÂÂ Í ˜Â-
Ú˚ÂÏ ‚ÓÁ‡ÒÚÌ˚Ï „ÛÔÔ‡Ï – 2.0–2.4, 2.5–2.6, 2.6–
3.0 Ë 3.0–3.2 ÏÎ‰. ÎÂÚ. 

èÂ‚‡fl ‚ÓÁ‡ÒÚÌ‡fl „ÛÔÔ‡ (3.0–3.2 ÏÎ‰. ÎÂÚ)
‚ÍÎ˛˜‡ÂÚ ÓÒ‡‰Ó˜ÌÓ-‚ÛÎÍ‡ÌÓ„ÂÌÌ˚Â ÚÓÎ˘Ë éÎÓÌ-
‰ËÌÒÍÓ„Ó ÚÂÍÚÓÌË˜ÂÒÍÓ„Ó Ù‡„ÏÂÌÚ‡ íÓÍÍÓ-ï‡ÌËÌ-
ÒÍÓ„Ó Ë ë˚˚Î˚ÒÍÓÈ „ÛÔÔ˚ ÚÂÍÚÓÌË˜ÂÒÍËı
Ù‡„ÏÂÌÚÓ‚ íÂÏÛÎflÍËÚÒÍÓ„Ó ÁÂÎÂÌÓÍ‡ÏÂÌÌ˚ı ÔÓ-
flÒÓ‚. áÌ‡˜ÂÌËfl Nd-ÏÓ‰ÂÎ¸ÌÓ„Ó ‚ÓÁ‡ÒÚ‡ ÏÂÚ‡‡Ì‰Â-
ÁËÚÓ‚ éÎÓÌ‰ËÌÒÍÓ„Ó Ù‡„ÏÂÌÚ‡ ·ÎËÁÍË Í 3.0 ÏÎ‰.
ÎÂÚ Ë ÒÓ‚Ô‡‰‡˛Ú Ò ÓˆÂÌÍ‡ÏË ‚ÓÁ‡ÒÚ‡ Ëı ÍËÒÚ‡Î-
ÎËÁ‡ˆËË (2960

 

 ± 

 

70 ÏÎÌ. ÎÂÚ [2]; 2998

 

 ± 

 

9–3006

 

 ± 

 

9
ÏÎÌ. ÎÂÚ [3]), ‡ Ú‡ÍÊÂ Ò ÓˆÂÌÍ‡ÏË ‚ÓÁ‡ÒÚ‡ ÔÓ˚-
‚‡˛˘Ëı Ëı ÏÌÓ„ÓÙ‡ÁÌ˚ı „‡··Ó-‰ËÓËÚ-ÚÓÌ‡ÎË-
ÚÓ‚˚ı Ï‡ÒÒË‚Ó‚ (3018

 

 ± 

 

10 ÏÎÌ. ÎÂÚ [3]). ùÚÓ Ò‚Ë-
‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó ÚÓÏ, ˜ÚÓ ÓÒ‡‰Ó˜ÌÓ-‚ÛÎÍ‡ÌÓ„ÂÌÌ˚Â
ÚÓÎ˘Ë éÎÓÌ‰ËÌÒÍÓ„Ó Ù‡„ÏÂÌÚ‡ ËÏÂ˛Ú ‚ÓÁ‡ÒÚ
ÓÍÓÎÓ 3.0 ÏÎ‰. ÎÂÚ, ‡ Ëı ÙÓÏËÓ‚‡ÌËÂ, ‚ÍÎ˛˜‡fl
Ì‡ÎÓÊÂÌÌ˚Â ÒÚÛÍÚÛÌÓ-ÏÂÚ‡ÏÓÙË˜ÂÒÍËÂ ÔÂ-
Ó·‡ÁÓ‚‡ÌËfl, ÔÓËÁÓ¯ÎÓ ‚ ÚÂ˜ÂÌËÂ ‚ÂÒ¸Ï‡ ÍÓÓÚ-
ÍÓ„Ó ÔÓÏÂÊÛÚÍ‡ ‚ÂÏÂÌË (ÌÂ ·ÓÎÂÂ 10 ÏÎÌ. ÎÂÚ). 

åÂÚ‡ÓÒ‡‰Ó˜Ì˚Â ÔÓÓ‰˚ ë˚˚Î˚ÒÍÓÈ „ÛÔ-
Ô˚ ÚÂÍÚÓÌË˜ÂÒÍËı Ù‡„ÏÂÌÚÓ‚ ı‡‡ÍÚÂËÁÛ˛ÚÒfl

 

T

 

Nd

 

(DM) = 3.2–3.8 ÏÎ‰. ÎÂÚ. ç‡Ë·ÓÎÂÂ ‚ÂÓflÚÌ˚-
ÏË ËÒÚÓ˜ÌËÍ‡ÏË ÒÌÓÒ‡ ˝ÚËı ÔÓÓ‰ fl‚Îfl˛ÚÒfl ÓÚÓ-
„ÌÂÈÒ˚ ÓÎÂÍÏËÌÒÍÓ„Ó ÍÓÏÔÎÂÍÒ‡ Ò ‚ÓÁ‡ÒÚÓÏ 3221

 

 ±
±

 

 

 

3 ÏÎÌ. ÎÂÚ [3] Ë 

 

T

 

Nd

 

(DM) = 3.2–3.5 ÏÎ‰. ÎÂÚ [10].
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äÓÚÓ‚ 

 

Ë ‰

 

.

 

í‡·ÎËˆ‡ 1.

 

  Sm–Nd-ËÁÓÚÓÔÌ˚Â ‰‡ÌÌ˚Â ‰Îfl ÒÎ‡·Ó ÏÂÚ‡ÏÓÙËÁÓ‚‡ÌÌ˚ı ÒÛÔ‡ÍÛÒÚ‡Î¸Ì˚ı ÚÓÎ˘ ÁÂÎÂÌÓÍ‡ÏÂÌÌ˚ı
ÔÓflÒÓ‚ Á‡Ô‡‰ÌÓÈ ˜‡ÒÚË ÄÎ‰‡ÌÒÍÓ„Ó ˘ËÚ‡

‹ Ô.Ô. ‹ Ó·. Sm, ppm Nd, ppm

 

147

 

Sm/

 

144

 

Nd

 

143

 

Nd/

 

144

 

Nd
(

 

±

 

2

 

σ

 

ËÁÏ

 

)

 

ε

 

Nd

 

(0)

 

T

 

Nd

 

(DM), 
ÏÎÌ. ÎÂÚ

 

í ‡  ˚ Ì ‡ ı Ò Í Ë È  á ä è

 

 (í Ó  „ Ë Ì Ò Í ‡ fl  „  Û Ô Ô ‡  Ù  ‡ „ Ï Â Ì Ú Ó ‚)

1 5056/1‡ 1.06 6.57 0.0977 0.510668

 

 ± 

 

12 –38.4 3241

2 5056/6 3.57 20.5 0.1051 0.510981

 

 ± 

 

5 –32.3 3028

3 5056/11 2.65 19.5 0.0823 0.510362

 

 ± 

 

8 –44.4 3214

4 5181/5 2.00 11.3 0.1070 0.510888

 

 ± 

 

9 –34.1 3212

 

í Ó Í Í Ó - ï ‡ Ì Ë Ì Ò Í Ë È  á ä è

 

 (é Î Ó Ì ‰ Ë Ì Ò Í Ë È  Ù  ‡ „ Ï Â Ì Ú)

5 85147 3.38 20.6 0.0994 0.510888

 

 ±

 

 15 –34.1 3000

6 86221/9 4.40 24.9 0.1070 0.511031

 

 ± 

 

20 –31.3 3010

 

í Â Ï Û Î fl Í Ë Ú Ò Í Ë È  á ä è

 

í ‡ Ò Ï Ë Â Î Ë Ì Ò Í Ë È  Ù  ‡ „ Ï Â Ì Ú

7 Å-2552/2 4.53 23.6 0.1163 0.511128 

 

± 

 

8 –29.5 3147

8 Å-2557/1 0.50 2.52 0.1190 0.511073

 

 ± 

 

13 –30.5 3323

9 Å-2557/5 5.92 34.0 0.1052 0.510858

 

 ± 

 

10 –34.7 3199

10 Å-2561/1 0.51 2.40 0.1286 0.511111

 

 ± 

 

10 –29.8 3626

11 Å-2567 4.17 20.4 0.1239 0.511182 

 

± 

 

8 –28.4 3318

12 Å-2571/1 2.25 12.6 0.1087 0.511077 

 

± 

 

11 –30.5 2994

13 Å-2616 2.81 14.5 0.1174 0.511254

 

 ± 

 

10 –27.0 2985

14 Å-2618 4.36 21.7 0.1211 0.511241 

 

± 

 

14 –27.3 3126

15 Å-2721 4.71 23.6 0.1208 0.511365

 

 ± 

 

5 –24.8 2915

16 ë-5115/2 3.00 13.8 0.1313 0.511449

 

 ± 

 

10 –23.2 3130

ë ˚  ˚ Î ˚  Ò Í ‡ fl  „  Û Ô Ô ‡  Ù  ‡ „ Ï Â Ì Ú Ó ‚

17 Å-2356 2.48 13.6 0.1106 0.510950

 

 ± 

 

10 –32.9 3233

18 Å-2453/1 2.98 14.5 0.1241 0.511260

 

 ± 

 

11 –26.9 3196

19 Å-2565/1 9.72 42.6 0.1383 0.511244 

 

± 

 

15 –27.2 3826

20 Å-2459/3 1.19 5.50 0.1308 0.511278

 

 ± 

 

18 –26.5 3421

 

í Û Ì „ Û  ˜ Ë Ì Ò Í Ë È  á ä è

 

 (í Û Ì „ Û  ˜ ‡ Í ‡ Ì Ò Í Ë È  Ù  ‡ „ Ï Â Ì Ú)

21 Å-2493/2 3.67 20.0 0.1108 0.511020

 

 ± 

 

12 –31.6 3136

22 Å-2511/9 3.15 16.9 0.1128 0.511279

 

 ± 

 

9 –26.5 2813

 

ë Û · „ ‡ Ì Ò Í Ë È  áäè

 

23 Å-3048 7.97 42.5 0.1136 0.511161

 

 ± 

 

5 –28.8 3013

 

Å Û Î „ Û Ì fl ı Ú ‡ ı Ò Í Ë È  á ä è

 

ç Â Ï Ì Â È Ò Í ‡ fl  „  Û Ô Ô ‡  Ù  ‡ „ Ï Â Ì Ú Ó ‚

24 Å-3295/1 5.78 30.8 0.1133 0.511445 

 

± 

 

8 –23.3 2578

25 Å-3295/3 4.51 24.2 0.1129 0.511091

 

 ± 

 

9 –30.2 3097

26 Å-3296 12.4 63.6 0.1177 0.511061

 

 ± 

 

6 –30.8 3298

27 4592-1 16.6 88.7 0.1128 0.511141 

 

± 

 

9 –29.2 3019

28 4598 17.3 90.1 0.1163 0.511195

 

 ± 

 

6 –28.1 3043

29 4604 5.35 25.4 0.1272 0.511290 

 

± 

 

11 –26.3 3259

Å ‡  ˚ Î ‡ ı - é Î Ó Ì „  Ë Ì Ò Í Ë È  Ù  ‡ „ Ï Â Ì Ú

30 Å-3290 5.92 32.1 0.1118 0.511078

 

 ± 

 

7 –30.4 3082

31 Ñ-16/5 6.07 31.8 0.1159 0.511147

 

 ± 

 

8 –29.1 3103

32 4571-1 5.76 29.3 0.1186 0.511164

 

 ± 

 

7 –28.8 3165

33 4571-2 4.35 23.5 0.1117 0.511044

 

 ± 

 

5 –31.1 3129
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éÚÒ˛‰‡ ÒÎÂ‰ÛÂÚ, ̃ ÚÓ ÌËÊÌflfl ‚ÓÁ‡ÒÚÌ‡fl „‡ÌËˆ‡ ÒÛ-
Ô‡ÍÛÒÚ‡Î¸Ì˚ı ÚÓÎ˘ ë˚˚Î˚ÒÍÓÈ „ÛÔÔ˚ Ù‡„-
ÏÂÌÚÓ‚ ÒÓÒÚ‡‚ÎflÂÚ ÓÍÓÎÓ 3.2 ÏÎ‰. ÎÂÚ. ÇÏÂÒÚÂ Ò
ÚÂÏ Ì‡ÍÓÔÎÂÌËÂ ˝ÚËı ÚÓÎ˘ ÔÂ‰¯ÂÒÚ‚Ó‚‡ÎÓ ÒÚ‡-
ÌÓ‚ÎÂÌË˛ ËÌÚÛÁËÈ ÚÓÌ‡ÎËÚÓ‚ Ò ‚ÓÁ‡ÒÚÓÏ 3016

 

 ±
±

 

 

 

8 ÏÎÌ. ÎÂÚ [3]. ùÚÓ ‰‡ÂÚ ‚ÒÂ ÓÒÌÓ‚‡ÌËfl ÔÓÎ‡„‡Ú¸,
˜ÚÓ ÙÓÏËÓ‚‡ÌËÂ ÓÒ‡‰Ó˜ÌÓ-‚ÛÎÍ‡ÌÓ„ÂÌÌ˚ı ÚÓÎ˘
ë˚˚Î˚ÒÍÓÈ „ÛÔÔ˚ Ù‡„ÏÂÌÚÓ‚ íÂÏÛÎflÍËÚÒÍÓ-
„Ó ÁÂÎÂÌÓÍ‡ÏÂÌÌÓ„Ó ÔÓflÒ‡ Ú‡ÍÊÂ ÓÚÌÓÒËÚÒfl Í ÔÓÁ‰-
ÌÂ‡ıÂÈÒÍÓÏÛ ̋ Ú‡ÔÛ „ÂÓÎÓ„Ë˜ÂÒÍÓ„Ó ‡Á‚ËÚËfl ÄÎ-
‰‡ÌÒÍÓ„Ó ˘ËÚ‡. 

ç‡Ë·ÓÎÂÂ ÚËÔË˜Ì˚ÏË ÔËÏÂ‡ÏË ÒÎ‡·Ó ÏÂÚ‡-
ÏÓÙËÁÓ‚‡ÌÌ˚ı ÒÛÔ‡ÍÛÒÚ‡Î¸Ì˚ı Ó·‡ÁÓ‚‡ÌËÈ
‚ÚÓÓÈ ‚ÓÁ‡ÒÚÌÓÈ „ÛÔÔ˚ (2.6–3.0 ÏÎ‰. ÎÂÚ) fl‚Îfl-
˛ÚÒfl ‚ÛÎÍ‡ÌÓ„ÂÌÌÓ-ÚÂË„ÂÌÌ˚Â ÓÚÎÓÊÂÌËfl í‡Ò-
ÏËÂÎËÌÒÍÓ„Ó ÚÂÍÚÓÌË˜ÂÒÍÓ„Ó Ù‡„ÏÂÌÚ‡ íÂÏÛÎfl-
ÍËÚÒÍÓ„Ó Ë Í‡·ÓÌ‡ÚÌÓ-ÚÂË„ÂÌÌ˚Â ÓÚÎÓÊÂÌËfl
íÛÌ„Û˜‡Í‡ÌÒÍÓ„Ó ÚÂÍÚÓÌË˜ÂÒÍÓ„Ó Ù‡„ÏÂÌÚ‡ íÛÌ-
„Û˜ËÌÒÍÓ„Ó ÁÂÎÂÌÓÍ‡ÏÂÌÌ˚ı ÔÓflÒÓ‚. ÑÎfl ÏÂÚ‡-
ÓÒ‡‰Ó˜Ì˚ı ÔÓÓ‰ í‡ÒÏËÂÎËÌÒÍÓ„Ó Ù‡„ÏÂÌÚ‡ ÔÓ-
ÎÛ˜ÂÌ˚ ÓˆÂÌÍË 

 

T

 

Nd

 

(DM) = 2.9–3.6 ÏÎ‰. ÎÂÚ, ‡ ‰Îfl

ÏÂÚ‡‚ÛÎÍ‡ÌË˜ÂÒÍËı – 

 

T

 

Nd

 

(DM) = 3.0–3.1 ÏÎ‰. ÎÂÚ.
åËÌËÏ‡Î¸Ì˚È ‚ÓÁ‡ÒÚ ‰ÂÚËÚÓ‚˚ı ˆËÍÓÌÓ‚ ËÁ
Í‚‡ˆËÚÓ-ÒÎ‡ÌˆÂ‚ í‡ÒÏËÂÎËÌÒÍÓ„Ó Ù‡„ÏÂÌÚ‡ ÒÓ-
ÒÚ‡‚ÎflÂÚ 2963

 

 ± 

 

5 ÏÎÌ. ÎÂÚ [8]. Ç ÒÓ‚ÓÍÛÔÌÓÒÚË Ò
ÂÁÛÎ¸Ú‡Ú‡ÏË Sm–Nd-ËÁÓÚÓÔÌ˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ
˝ÚÓ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó ÚÓÏ, ˜ÚÓ ÏÂÚ‡ÓÒ‡‰Ó˜Ì˚Â Ë
ÏÂÚ‡‚ÛÎÍ‡ÌË˜ÂÒÍËÂ ÔÓÓ‰˚ ‡ÒÒÏ‡ÚË‚‡ÂÏÓ„Ó
Ù‡„ÏÂÌÚ‡ ËÏÂ˛Ú ‚ÓÁ‡ÒÚ ÌÂ ‰Â‚ÌÂÂ 2.9 ÏÎ‰.
ÎÂÚ. èË ˝ÚÓÏ Ì‡Ë·ÓÎÂÂ ‡ÌÌËÂ ÒÚÛÍÚÛÌÓ-ÏÂÚ‡-
ÏÓÙË˜ÂÒÍËÂ ÔÂÓ·‡ÁÓ‚‡ÌËfl, ÔÓfl‚ÎÂÌÌ˚Â ‚ ÔÓ-
Ó‰‡ı í‡ÒÏËÂÎËÌÒÍÓ„Ó Ù‡„ÏÂÌÚ‡, Ò‚flÁ‡Ì˚ Ò ÙÓ-
ÏËÓ‚‡ÌËÂÏ íÂÏÛÎflÍËÚÒÍÓÈ ÒËÒÚÂÏ˚ Ì‡‰‚Ë„Ó‚,
‚ÂıÌflfl ‚ÓÁ‡ÒÚÌ‡fl „‡ÌËˆ‡ ÍÓÚÓ˚ı ÓˆÂÌË‚‡ÂÚÒfl
‚ 2.73 ÏÎ‰. ÎÂÚ [9]. ÑÛ„ËÏË ÒÎÓ‚‡ÏË, ‚ÓÁ‡ÒÚ ÏÂ-
Ú‡ÓÒ‡‰Ó˜Ì˚ı Ë ÏÂÚ‡‚ÛÎÍ‡ÌË˜ÂÒÍËı ÔÓÓ‰ ‡ÒÒÏ‡-
ÚË‚‡ÂÏÓ„Ó Ù‡„ÏÂÌÚ‡ Ì‡ıÓ‰ËÚÒfl ‚ ËÌÚÂ‚‡ÎÂ
2.73–2.9 ÏÎ‰. ÎÂÚ. 

íÛÌ„Û˜‡Í‡ÌÒÍËÈ Ù‡„ÏÂÌÚ ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ-
·ÓÈ ÚÂÍÚÓÌË˜ÂÒÍÛ˛ ÔÎ‡ÒÚËÌÛ, ÍÓÚÓ‡fl Ó„‡ÌË˜Â-
Ì‡ ÁÓÌ‡ÏË ‡ÒÒÎ‡ÌˆÂ‚‡ÌËfl, Ú‡ÒÒËÛ˛˘ËÏË íÛÌ„Û-
˜ËÌÒÍÛ˛ ÒËÒÚÂÏÛ Ì‡‰‚Ë„Ó‚ Ò ‚ÓÁ‡ÒÚÓÏ ÌÂ ÏÓÎÓÊÂ

 

í‡·ÎËˆ‡ 1.  

 

éÍÓÌ˜‡ÌËÂ

‹ Ô.Ô. ‹ Ó·. Sm, ppm Nd, ppm

 

147

 

Sm/

 

144

 

Nd

 

143

 

Nd/

 

144

 

Nd
(

 

±

 

2

 

σ

 

ËÁÏ

 

)

 

ε

 

Nd

 

(0)

 

T

 

Nd

 

(DM), 
ÏÎÌ. ÎÂÚ

è Ó ‰ „ Ó  Ì ˚ È  Ù  ‡ „ Ï Â Ì Ú

34 ê-08/3 9.21 45.3 0.1229 0.511180

 

 ± 

 

9 –28.4 3285

 

Å ‡ Î ‡ „ ‡ Ì ‡ ı Ò Í Ë È  á ä è

 

Å ‡ Î ‡ „ ‡ Ì ‡ ı Ò Í Ë È  Ù  ‡ „ Ï Â Ì Ú

35 Å-3253/6 5.75 30.7 0.1137 0.511595

 

 ± 

 

8 –20.3 2364

36 Å-3253/7 4.60 24.6 0.1128 0.511107

 

 ± 

 

9 –29.9 3070

37 K-613-5 5.06 28.5 0.1073 0.511494 

 

± 

 

7 –22.3 2362

à Ï Â Ì Í ‡ ı Ò Í Ë È  Ù  ‡ „ Ï Â Ì Ú

38 ê-0289/3 5.03 27.4 0.1114 0.511260 

 

± 

 

7 –26.9 2803

 

èËÏÂ˜‡ÌËÂ. åÂÚÓ‰ËÍ‡ Sm–Nd-ËÁÓÚÓÔÌ˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ ÓÔËÒ‡Ì‡ ‚ [13]. ìÓ‚ÂÌ¸ ıÓÎÓÒÚÓ„Ó ÓÔ˚Ú‡ Á‡ ‚ÂÏfl ËÁÏÂÂÌËÈ ÒÓÒÚ‡‚ËÎ

0.03–0.2 Ì„ ‰Îfl Sm Ë 0.1–0.5 Ì„ ‰Îfl Nd. àÁÏÂÂÌÌ˚Â ÓÚÌÓ¯ÂÌËfl 

 

143

 

Nd/

 

144

 

Nd ÌÓÏ‡ÎËÁÓ‚‡Ì˚ Í ÓÚÌÓ¯ÂÌË˛  

 

146

 

Nd/

 

144

 

Nd = 0.7219

Ë ÔË‚Â‰ÂÌ˚ Í ÓÚÌÓ¯ÂÌË˛ 

 

143

 

Nd/

 

144

 

Nd = 0.511860 ‚ Nd-ÒÚ‡Ì‰‡ÚÂ La Jolla. íÓ˜ÌÓÒÚ¸ ÓÔÂ‰ÂÎÂÌËfl ÍÓÌˆÂÌÚ‡ˆËÈ Sm Ë Nd ÒÓÒÚ‡-

‚ËÎ‡ 

 

±

 

0.5% (2

 

σ

 

), ËÁÓÚÓÔÌ˚ı ÓÚÌÓ¯ÂÌËÈ 

 

147

 

Sm/

 

144

 

Nd – 

 

±

 

0.5%, 

 

143

 

Nd/

 

144

 

Nd – 0.005%. ëÂ‰ÌÂ‚Á‚Â¯ÂÌÌÓÂ ÁÌ‡˜ÂÌËÂ 

 

143

 

Nd/

 

144

 

Nd
‚ Nd-ÒÚ‡Ì‰‡ÚÂ La Jolla ÔÓ ÂÁÛÎ¸Ú‡Ú‡Ï 11 ËÁÏÂÂÌËÈ ÒÓÒÚ‡‚ÎflÂÚ 0.511894 

 

± 

 

8 (2

 

σ

 

).
1 – ·ËÓÚËÚÓ‚˚È ÔÎ‡„ËÓ„ÌÂÈÒ (‡ÎÂ‚ÓÔÂÎËÚÓ‚˚È ‡„ËÎÎËÚ); 2 – „‡Ì‡Ú-·ËÓÚËÚÓ‚˚È „ÌÂÈÒ (ÓÎË„ÓÏËÍÚÓ‚˚È ÔÒ‡ÏÏËÚÓÎËÚ);
3 – ÒËÎÎËÏ‡ÌËÚ-„‡Ì‡Ú-·ËÓÚËÚÓ‚˚È ÒÎ‡ÌÂˆ (‡ÎÂ‚ÓÔÂÎËÚÓ‚˚È ‡„ËÎÎËÚ); 4 – „‡Ì‡Ú-‰‚ÛÒÎ˛‰flÌÓÈ ÒÎ‡ÌÂˆ („‡Û‚‡ÍÍÓ‚˚È ‡ÎÂ-
‚ÓÎËÚ); 5 – ‡ÏÙË·ÓÎÓ‚˚È ÒÎ‡ÌÂˆ (‡Ì‰ÂÁËÚ); 6 – ‡ÏÙË·ÓÎÓ‚˚È ÒÎ‡ÌÂˆ (‡Ì‰ÂÁËÚ); 7 – ıÎÓËÚ-ÒÎ˛‰flÌÓÈ ÒÎ‡ÌÂˆ (ÒÛ·ÒË‡ÎÎËÚ);
8 – ·ËÓÚËÚÓ‚˚È Í‚‡ˆËÚÓ-ÒÎ‡ÌÂˆ (ÓÎË„ÓÏËÍÚÓ‚˚È ÔÒ‡ÏÏËÚÓÎËÚ); 9 – „‡Ì‡Ú-ÒÚ‡‚ÓÎËÚ-·ËÓÚËÚ-ÏÛÒÍÓ‚ËÚÓ‚˚È ÒÎ‡ÌÂˆ (ÒÛ·ÒË-
‡ÎÎËÚ); 10 – ‰‚ÛÒÎ˛‰flÌÓÈ ÏËÍÓ„ÌÂÈÒ (ÔÓÎËÏËÍÚÓ‚˚È ÔÒ‡ÏÏËÚÓÎËÚ); 11 – „‡Ì‡Ú-·ËÓÚËÚÓ‚˚È ÔÎ‡„ËÓ„ÌÂÈÒ (‡ÎÂ‚ÓÔÂÎËÚÓ‚˚È
‡„ËÎÎËÚ); 12 – „‡Ì‡Ú-ıÎÓËÚ-ÏÛÒÍÓ‚ËÚÓ‚˚È ÒÎ‡ÌÂˆ (ÔÓÎËÏËÍÚÓ‚˚È ÔÒ‡ÏÏËÚÓÎËÚ); 13 – ·ËÓÚËÚ-‡ÏÙË·ÓÎÓ‚˚È ÒÎ‡ÌÂˆ (‡Ì‰ÂÁËÚÓ-
·‡Á‡Î¸Ú); 14 – ‡ÏÙË·ÓÎÓ‚˚È ÒÎ‡ÌÂˆ (‡Ì‰ÂÁËÚ); 15 – ·ËÓÚËÚ-ıÎÓËÚ-‡ÍÚËÌÓÎËÚÓ‚˚È ÒÎ‡ÌÂˆ (ÒÛ·ÒË‡ÎÎËÚ); 16 – ˝ÔË‰ÓÚ-ıÎÓËÚ-
‡ÍÚËÌÓÎËÚÓ‚˚È ÒÎ‡ÌÂˆ (ÔÂÎËÚÓ‚˚È ‡„ËÎÎËÚ); 17 – „‡Ì‡Ú-ÒÚ‡‚ÓÎËÚ-‰‚ÛÒÎ˛‰flÌÓÈ ÒÎ‡ÌÂˆ (ÔÓÎËÏËÍÚÓ‚˚È ÔÒ‡ÏÏËÚÓÎËÚ);
18 – ÒÚ‡‚ÓÎËÚ-‰‚ÛÒÎ˛‰flÌÓÈ Í‚‡ˆËÚÓ-ÒÎ‡ÌÂˆ (ÓÎË„ÓÏËÍÚÓ‚˚È ÔÒ‡ÏÏËÚÓÎËÚ); 19 – „‡Ì‡Ú-ÒËÎÎËÏ‡ÌËÚ ÒÎ˛‰flÌÓÈ ÒÎ‡ÌÂˆ (ÔÓ-
ÎËÏËÍÚÓ‚˚È ÔÒ‡ÏÏËÚÓÎËÚ); 20 – „‡Ì‡Ú-ÒÚ‡‚ÓÎËÚ-·ËÓÚËÚÓ‚˚È ÒÎ‡ÌÂˆ (ÔÂÎËÚÓ‚˚È ‡„ËÎÎËÚ); 21 – „‡Ì‡Ú-ÒÚ‡‚ÓÎËÚ-‰‚ÛÒÎ˛-
‰flÌÓÈ ÒÎ‡ÌÂˆ (ÔÂÎËÚÓ‚˚È ‡„ËÎÎËÚ); 22 – ·ËÓÚËÚÓ‚˚È ÏËÍÓ„ÌÂÈÒ (ÔÓÎËÏËÍÚÓ‚˚È ÔÒ‡ÏÏËÚÓÎËÚ); 23 – ‡Ì‰‡ÎÛÁËÚ-‰‚ÛÒÎ˛‰flÌÓÈ
ÒÎ‡ÌÂˆ (ÔÓÎËÏËÍÚÓ‚˚È ÔÒ‡ÏÏËÚÓÎËÚ); 24 – ‡ÏÙË·ÓÎ-·ËÓÚËÚÓ‚˚È ÏËÍÓ„ÌÂÈÒ (‰‡ˆËÚ); 25 – ·ËÓÚËÚÓ‚˚È ÒÎ‡ÌÂˆ (‡ÎÂ‚ÓÎËÚ);
26 – ·ËÓÚËÚÓ‚˚È Í‚‡ˆËÚÓ-„ÌÂÈÒ (ÔÓÎËÏËÍÚÓ‚˚È ÔÒ‡ÏÏËÚÓÎËÚ); 27 – ·ËÓÚËÚÓ‚˚È „ÌÂÈÒ (ÔÓÎËÏËÍÚÓ‚˚È ÔÒ‡ÏÏËÚÓÎËÚ),
28 – ·ËÓÚËÚÓ‚˚È „ÌÂÈÒ (ÔÓÎËÏËÍÚÓ‚˚È ÔÒ‡ÏÏËÚÓÎËÚ); 29 – „‡Ì‡Ú-·ËÓÚËÚÓ‚˚È „ÌÂÈÒ (‡ÎÂ‚ÓÔÂÎËÚÓ‚˚È ‡„ËÎÎËÚ); 30 – „‡Ì‡Ú-
ÙË·ÓÎËÚ-‰‚ÛÒÎ˛‰flÌÓÈ ÒÎ‡ÌÂˆ (ÔÂÎËÚÓ‚˚È ‡„ËÎÎËÚ); 31 – „‡Ì‡Ú-ÙË·ÓÎËÚ-·ËÓÚËÚÓ‚˚È ÒÎ‡ÌÂˆ (‡ÎÂ‚ÓÎËÚ); 32 – „‡Ì‡Ú-·ËÓÚË-
ÚÓ‚˚È „ÌÂÈÒ (ÔÂÎËÚÓ‚˚È ‡„ËÎÎËÚ); 33 – „‡Ì‡Ú-·ËÓÚËÚÓ‚˚È „ÌÂÈÒ (ÔÓÎËÏËÍÚÓ‚˚È ÔÒ‡ÏÏËÚÓÎËÚ); 34 – ‡Ì‰‡ÎÛÁËÚ-ÒÎ˛‰flÌÓÈ ÒÎ‡-
ÌÂˆ (‡ÎÂ‚ÓÎËÚ); 35 – „‡ÙËÚ-·ËÓÚËÚÓ‚˚È ÒÎ‡ÌÂˆ (ÔÂÎËÚÓ‚˚È ‡„ËÎÎËÚ); 36 – „‡ÙËÚ-·ËÓÚËÚÓ‚˚È ÒÎ‡ÌÂˆ (ÔÂÎËÚÓ‚˚È ‡-
„ËÎÎËÚ); 37 – ·ËÓÚËÚÓ‚˚È ÏËÍÓ„ÌÂÈÒ (‰‡ˆËÚ); 38 – ·ËÓÚËÚÓ‚˚È ÏËÍÓ„ÌÂÈÒ (‰‡ˆËÚ). êÂÍÓÌÒÚÛÍˆËfl ÔÂ‚Ë˜ÌÓ„Ó ÒÓÒÚ‡‚‡ ÏÂ-
Ú‡ÏÓÙË˜ÂÒÍËı „ÓÌ˚ı ÔÓÓ‰ ‚˚ÔÓÎÌÂÌ‡ Ò ÔÓÏÓ˘¸˛ ÔÂÚÓıËÏË˜ÂÒÍËı ÍÎ‡ÒÒËÙËÍ‡ˆËÓÌÌ˚ı ‰Ë‡„‡ÏÏ Ä.ç. çÂÂÎÓ‚‡ [14].
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Ë
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Ë
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Ì
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‰
Ó

˜
Ì

˚
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Í
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Ì

Ë
˜

Â
ÒÍ

Ë
Â
 Ô

Ó


Ó
‰
˚

 ˜
Û
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Ì
ÒÍ

Ó
È

, 
‡
Ï

Â
‰
Ë

˜
Ë

Ì
ÒÍ

Ó
È

 Ë
 Í

Û


Û
Ï

Í
‡
Ì

ÒÍ
Ó

È
 Ú

Ó
Î

˘
 ‡

Î
‰
‡
Ì

ÒÍ
Ó

„Ó
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‡
Ì
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Ó
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Ì
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È
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‚
Ó

„Ó
 Ï

Â
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Ï
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Î
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; 

1
0
 –

 Á
Ó

Ì
‡
 Ò

Ó
˜

Î
Â
-

Ì
Â
Ì

Ë
fl
 Ä

Î
‰
‡
Ì

ÒÍ
Ó

„Ó
 ˘

Ë
Ú
‡
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Ê

Û
„‰

Ê
Û


Ó
-ë
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Ì

Ó
‚
Ó

È
 Ò

Í
Î

‡
‰
˜

‡
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Ó

È
 Ó

·
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‡
ÒÚ

Ë
; 

1
1
 –
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Á

˚
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Ì

˚
Â
 Ì

‡


Û
¯

Â
Ì
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fl
; 

1
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 –
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Â
ÒÚ

‡
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Ú
·

Ó


‡
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Ó

·
 ‰

Î
fl
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d
-Ë

ÁÓ
Ú
Ó

Ô
Ì

˚
ı
 Ë

ÒÒ
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Ó

‚
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Ì

Ë
È

(Ì
Ó
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Ó
Ó

Ú
‚
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Ú
ÒÚ

‚
Û
˛

Ú
 Ô

Ó


fl
‰
Í

Ó
‚
˚

Ï
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Ó
Ï
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‡
Ï

 ‚
 Ú

‡
·

Î
. 1

).
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Ë
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Ì
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Ó
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È

Ï
‡
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Ì
ÒÍ

Ë
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, 2
 –
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˚
Ì

‡
ı
ÒÍ

Ë
È
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 –
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Ó

Í
Í

Ó
-

ï
‡
Ì

Ë
Ì

ÒÍ
Ë

È
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 –
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Ú
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Ë
Î
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Í

ÒÍ
Ë

È
, 5

 –
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‚
Ó

Ì
Ó

Í
Ë

Ú
ÒÍ

Ë
È

, 6
 –
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Â
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Û
Î

fl
Í

Ë
Ú
ÒÍ

Ë
È

, 7
 –
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Û
Ì

„Û


˜
Ë

Ì
ÒÍ

Ë
È

, 8
 –
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Â
Î

‡
ı
ÒÍ

Ë
È

, 9
 –
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Û
·

„‡
Ì

ÒÍ
Ë

È
, 1

0
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Û
Î

„Û
Ì

fl
ı
Ú
‡
ı
ÒÍ

Ë
È

, 1
1
 –
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‡
Î

‡
„‡

Ì
‡
ı
ÒÍ

Ë
È

. 
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2.6 ÏÎ‰. ÎÂÚ [9, 11]. áÌ‡˜ÂÌËfl TNd(DM) ÏÂÚ‡ÓÒ‡‰Ó˜-
Ì˚ı ÔÓÓ‰ ˝ÚÓ„Ó Ù‡„ÏÂÌÚ‡ ËÁÏÂÌfl˛ÚÒfl ÓÚ 2.8 ‰Ó
3.1 ÏÎ‰. ÎÂÚ. C y˜ÂÚÓÏ ‰‡ÌÌ˚ı Ó ‚ÓÁ‡ÒÚÂ Ì‡‰‚Ë„Ó‚
íÛÌ„Û˜ËÌÒÍÓÈ ÒËÒÚÂÏ˚ ÏÓÊÌÓ ÔÓÎ‡„‡Ú¸, ˜ÚÓ Ì‡Ë-
·ÓÎÂÂ ‚ÂÓflÚÌ˚Â ‚ÓÁ‡ÒÚÌ˚Â „‡ÌËˆ˚ Ó·‡ÁÓ‚‡ÌËfl
Í‡·ÓÌ‡ÚÌÓ-ÚÂË„ÂÌÌÓÈ ÚÓÎ˘Ë íÛÌ„Û˜‡Í‡ÌÒÍÓ„Ó
Ù‡„ÏÂÌÚ‡ ÒÓÒÚ‡‚Îfl˛Ú 2.6–2.8 ÏÎ‰. ÎÂÚ. 

ä ‚ÚÓÓÈ ‚ÓÁ‡ÒÚÌÓÈ „ÛÔÔÂ ÔËÌ‡‰ÎÂÊ‡Ú Ë
ÓÒ‡‰Ó˜ÌÓ-‚ÛÎÍ‡ÌÓ„ÂÌÌ˚Â ÓÚÎÓÊÂÌËfl ëÛ·„‡ÌÒÍÓ-
„Ó ÁÂÎÂÌÓÍ‡ÏÂÌÌÓ„Ó ÔÓflÒ‡. éˆÂÌÍ‡ TNd(DM), ÔÓ-
ÎÛ˜ÂÌÌ‡fl ‰Îfl ÏÂÚ‡ÔÂÒ˜‡ÌËÍ‡ ˝ÚÓ„Ó ÔÓflÒ‡, ·ÎËÁÍ‡
Í 3.0 ÏÎ‰. ÎÂÚ. Ç ÚÓ ÊÂ ‚ÂÏfl ‚ÓÁ‡ÒÚ ËÌÚÛÁËÈ
„‡··Ó, ÔÓ˚‚‡˛˘Ëı ëÛ·„‡ÌÒÍËÈ ÔÓflÒ, ÒÓÒÚ‡‚-
ÎflÂÚ 2910 ± 50 ÏÎÌ. ÎÂÚ [7]. àÌ‡˜Â „Ó‚Ófl, ‚ÓÁ‡ÒÚ
ÏÂÚ‡ÓÒ‡‰Ó˜Ì˚ı Ë ÏÂÚ‡‚ÛÎÍ‡ÌË˜ÂÒÍËı ÔÓÓ‰ ̋ ÚÓ„Ó
ÔÓflÒ‡ Ì‡ıÓ‰ËÚÒfl ‚ ËÌÚÂ‚‡ÎÂ 2.86–3.0 ÏÎ‰. ÎÂÚ.
ä ‡ÒÒÏ‡ÚË‚‡ÂÏÓÈ „ÛÔÔÂ ÏÓÊÌÓ ÓÚÌÂÒÚË Ë ÓÒ‡-
‰Ó˜ÌÓ-‚ÛÎÍ‡ÌÓ„ÂÌÌ˚Â ÚÓÎ˘Ë í‡˚Ì‡ıÒÍÓ„Ó ÁÂÎÂ-
ÌÓÍ‡ÏÂÌÌÓ„Ó ÔÓflÒ‡. êÂÁÛÎ¸Ú‡Ú˚ Sm–Nd-ËÁÓÚÓÔ-
Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ ÏÂÚ‡ÓÒ‡‰Ó˜Ì˚ı ÔÓÓ‰ íÓ„ËÌ-
ÒÍÓÈ „ÛÔÔ˚ ÚÂÍÚÓÌË˜ÂÒÍËı Ù‡„ÏÂÌÚÓ‚ ˝ÚÓ„Ó
ÔÓflÒ‡ (TNd(DM) = 3.0–3.2 ÏÎ‰. ÎÂÚ) ÔÓÍ‡Á˚‚‡˛Ú,
˜ÚÓ ÓÌË ÌÂ ÏÓ„ÛÚ ·˚Ú¸ ‰Â‚ÌÂÂ 3.0 ÏÎ‰. ÎÂÚ. èÓ
‰‡ÌÌ˚Ï [6] ‚ÂıÌflfl ‚ÓÁ‡ÒÚÌ‡fl „‡ÌËˆ‡ ÙÓÏËÓ-
‚‡ÌËfl ÏÂÚ‡ÓÒ‡‰Ó˜Ì˚ı Ë ÏÂÚ‡‚ÛÎÍ‡ÌË˜ÂÒÍËı ÔÓÓ‰
ó‡ÒÍÓÈ „ÛÔÔ˚ ÚÂÍÚÓÌË˜ÂÒÍËı Ù‡„ÏÂÌÚÓ‚ í‡-
˚Ì‡ıÒÍÓ„Ó ÔÓflÒ‡ ÒÓÒÚ‡‚ÎflÂÚ ÓÍÓÎÓ 2650 ÏÎÌ. ÎÂÚ. 

íÂÚ¸fl ‚ÓÁ‡ÒÚÌ‡fl „ÛÔÔ‡ (2.5–2.6 ÏÎ‰. ÎÂÚ)
ÁÂÎÂÌÓÍ‡ÏÂÌÌ˚ı ÔÓflÒÓ‚ ÄÎ‰‡ÌÒÍÓ„Ó ˘ËÚ‡ ÔÂ‰-
ÒÚ‡‚ÎÂÌ‡ ÅÛÎ„ÛÌflıÚ‡ıÒÍËÏ ÁÂÎÂÌÓÍ‡ÏÂÌÌ˚Ï ÔÓ-
flÒÓÏ. áÌ‡˜ÂÌËfl TNd(DM) ÏÂÚ‡‚ÛÎÍ‡ÌË˜ÂÒÍËı Ë ÏÂÚ‡-
ÓÒ‡‰Ó˜Ì˚ı ÔÓÓ‰ ˝ÚÓ„Ó ÔÓflÒ‡ ËÁÏÂÌfl˛ÚÒfl ‚ ËÌÚÂ-
‚‡ÎÂ 2.6–3.3 ÏÎ‰. ÎÂÚ, ˜ÚÓ ÓÔÂ‰ÂÎflÂÚ ÌËÊÌ˛˛
‚ÓÁ‡ÒÚÌÛ˛ „‡ÌËˆÛ ÓÒ‡‰ÍÓÌ‡ÍÓÔÎÂÌËfl (2.6 ÏÎ‰.
ÎÂÚ). èË ˝ÚÓÏ Â„Ó ÙÓÏËÓ‚‡ÌËÂ ÔÂ‰¯ÂÒÚ‚Ó‚‡ÎÓ
ÒÚ‡ÌÓ‚ÎÂÌË˛ ËÌÚÛÁËÈ „‡ÌËÚÓ‚ Ò ‚ÓÁ‡ÒÚÓÏ
2522 ± 2 ÏÎÌ. ÎÂÚ [12]. ùÚÓ ÔÓÁ‚ÓÎflÂÚ Ò˜ËÚ‡Ú¸, ˜ÚÓ
‚ÓÁ‡ÒÚ ÅÛÎ„ÛÌflıÚ‡ıÒÍÓ„Ó ÔÓflÒ‡ ÒÓÒÚ‡‚ÎflÂÚ ÓÍÓ-
ÎÓ 2.52–2.6 ÏÎ‰. ÎÂÚ. 

ä ˜ÂÚ‚ÂÚÓÈ ‚ÓÁ‡ÒÚÌÓÈ „ÛÔÔÂ (2.0–2.4 ÏÎ‰.
ÎÂÚ) ÓÚÌÂÒÂÌ˚ ‚ÛÎÍ‡ÌÓ„ÂÌÌÓ-ÓÒ‡‰Ó˜Ì˚Â ÚÓÎ˘Ë
Å‡Î‡„‡Ì‡ıÒÍÓ„Ó ÁÂÎÂÌÓÍ‡ÏÂÌÌÓ„Ó ÔÓflÒ‡. ÇÂÎË˜Ë-
Ì˚ Nd-ÏÓ‰ÂÎ¸Ì˚ı ‚ÓÁ‡ÒÚÓ‚ ÏÂÚ‡ÓÒ‡‰Ó˜Ì˚ı Ë ÏÂ-
Ú‡‚ÛÎÍ‡ÌË˜ÂÒÍËı ÔÓÓ‰ ˝ÚÓ„Ó ÔÓflÒ‡ Ì‡ıÓ‰flÚÒfl ‚
ËÌÚÂ‚‡ÎÂ 2.3–3.1 ÏÎ‰. ÎÂÚ, ˜ÚÓ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ
Ó· Ëı ÙÓÏËÓ‚‡ÌËË ‚ ÚÂ˜ÂÌËÂ ‡ÌÌÂÔÓÚÂÓÁÓÈ-

ÒÍÓ„Ó ˝Ú‡Ô‡ „ÂÓÎÓ„Ë˜ÂÒÍÓ„Ó ‡Á‚ËÚËfl ÄÎ‰‡ÌÒÍÓ„Ó
˘ËÚ‡. ÇÂıÌflfl ‚ÓÁ‡ÒÚÌ‡fl „‡ÌËˆ‡ Ì‡ÍÓÔÎÂÌËfl ÓÒ‡-
‰Ó˜ÌÓ-‚ÛÎÍ‡ÌÓ„ÂÌÌ˚ı ÚÓÎ˘ Å‡Î‡„‡Ì‡ıÒÍÓ„Ó ÔÓflÒ‡
ÓÔÂ‰ÂÎflÂÚÒfl ÚÂÏ, ̃ ÚÓ ÓÌË ‚Ó‚ÎÂÍ‡˛ÚÒfl ‚ ÙÓÏËÓ-
‚‡ÌËÂ Ì‡‰‚Ë„Ó‚ óÛ„ËÌÒÍÓÈ Ë îÂ‰ÓÓ‚ÒÍÓÈ ÒËÒÚÂÏ Ò
‚ÓÁ‡ÒÚÓÏ ÓÍÓÎÓ 2.0 ÏÎ‰. ÎÂÚ [9]. 

àÒÒÎÂ‰Ó‚‡ÌËfl ‚˚ÔÓÎÌÂÌ˚ ÔË ÔÓ‰‰ÂÊÍÂ
êîîà (ÔÓÂÍÚ˚ 00–05–72011, 02–05–64209, 02–
05–65086, 03–05–64893, 04–05–64810), ç‡Û˜ÌÓÈ
¯ÍÓÎ˚ çò-615.2003.05, èÓ„‡ÏÏ ÙÛÌ‰‡ÏÂÌ-
Ú‡Î¸Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ éçá êÄç ‹ 7, 8 Ë îÓÌ‰‡
ÒÓ‰ÂÈÒÚ‚Ëfl ÓÚÂ˜ÂÒÚ‚ÂÌÌÓÈ Ì‡ÛÍÂ. 
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