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àÁ‚ÂÒÚÌÓ ·ÓÎ¸¯ÓÂ ÁÌ‡˜ÂÌËÂ ËÌÙÓÏ‡ˆËË Ó ÒÓ-
‰ÂÊ‡ÌËË Â‰ÍÓÁÂÏÂÎ¸Ì˚ı ˝ÎÂÏÂÌÚÓ‚ (êáù) Í‡Í
„ÂÓıËÏË˜ÂÒÍËı ËÌ‰ËÍ‡ÚÓ‡ı [1], ‡ Ú‡ÍÊÂ ËÌÙÓ-
Ï‡ˆËË Ó Â‚ÓÔËÂ‚˚ı ‡ÌÓÏ‡ÎËflı Í‡Í „ÂÓıËÏË˜ÂÒÍËı
ÍËÚÂËflı Û‰ÓÓ·‡ÁÛ˛˘Ëı ÒËÒÚÂÏ [2]. ÇÏÂÒÚÂ Ò
ÚÂÏ ÒÛ˘ÌÓÒÚÌ‡fl, ÌÂÙÓÏ‡Î¸Ì‡fl ÔËÓ‰‡ ˝ÚËı ‡ÌÓ-
Ï‡ÎËÈ Ó˜ÂÌ¸ ÒÎÓÊÌ‡fl, ‡ ÔÓÔ˚ÚÍË ÔÓÌflÚ¸ ˝ÚÛ ÔË-
Ó‰Û ÔÓÁ‚ÓÎfl˛Ú ÎË¯¸ Í‡˜ÂÒÚ‚ÂÌÌÓ ‚˚‰ÂÎËÚ¸ Ó·Ó-
ÒÓ·ÎÂÌÌ˚Â ÔÓÎfl ‡ÒÔÂ‰ÂÎÂÌËfl êáù Í‡Í ÙÛÌÍˆË˛
Ëı Â‚ÓÔËÂ‚˚ı ‡ÌÓÏ‡ÎËÈ [2].

Ç Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ ÔÂ‰ÔËÌflÚ‡ ÔÓÔ˚ÚÍ‡, ‚Ó-
ÔÂ‚˚ı, ÔÂ‰ÒÚ‡‚ËÚ¸ ÒÓ‰ÂÊ‡ÌËÂ Â‚ÓÔËfl Í‡Í
ÒÛÏÏÛ ‰‚Ûı ÒÓÒÚ‡‚Îfl˛˘Ëı: ˝Ì‰Ó„ÂÌÌÓÈ (ÍÓÒÏË˜Â-
ÒÍÓÈ) ˜‡ÒÚË Ë ˝ÍÁÓ„ÂÌÌÓÈ (ıËÏË˜ÂÒÍÓÈ) ˜‡ÒÚË, ‡ ‚Ó-
‚ÚÓ˚ı, ‰‡Ú¸ Â„ÛÎflÌ˚È ÏÂÚÓ‰ ‡Ò˜ÂÚ‡ ̋ Ì‰Ó„ÂÌÌÓÈ
ÒÓÒÚ‡‚Îfl˛˘ÂÈ. ìÍ‡Á‡ÌÌ˚Â ÔÓÔ˚ÚÍË ÓÒÌÓ‚‡Ì˚ Ì‡
‰‚Ûı ÔÓÎÓÊÂÌËflı. èÂ‚ÓÂ – ÒÓÒÂ‰ÓÚÓ˜ÂÌËfl êáù ‚
Û‰‡ı Ë ÔÓÓ‰‡ı fl‚Îfl˛ÚÒfl ÎË¯¸ ÂÁÛÎ¸Ú‡ÚÓÏ ÍÓÌ-
ˆÂÌÚËÓ‚‡ÌËfl ˝ÎÂÏÂÌÚÓ‚, ÒÓ‰ÂÊ‡˘ËıÒfl ‚ ËÒıÓ‰-
ÌÓÏ, Ô‡Ï‡ÚÂËÌÒÍÓÏ Ï‡ÚÂË‡ÎÂ – ‚ ÍÓÒÏË˜ÂÒÍÓÈ
Ô˚ÎË ëÓÎÌÂ˜ÌÓÈ ÒËÒÚÂÏ˚. ÇÚÓÓÂ – ËÁ‚ÂÒÚÌ‡fl Í‡-
˜ÂÒÚ‚ÂÌÌ‡fl ÙÓÏÛÎËÓ‚Í‡ Ô‡‚ËÎ‡ É‡ÍËÌÒ‡ ÏÓ-
ÊÂÚ ·˚Ú¸ ÔÂ‰ÒÚ‡‚ÎÂÌ‡ ‚ ‡Î„Â·‡Ë˜ÂÒÍÓÈ ÙÓÏÛ-
ÎËÓ‚ÍÂ.

Ç ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò ÔÂ‚˚Ï ÔÓÎÓÊÂÌËÂÏ ÔËÌflÚÓ
‡‚ÂÌÒÚ‚Ó ÒÓ‰ÂÊ‡ÌËÈ ˝ÎÂÏÂÌÚÓ‚ ‚ ÍÓÒÏË˜ÂÒÍÓÈ
Ô˚ÎË ÒÓ‰ÂÊ‡ÌËflÏ Ëı ‚ ıÓÌ‰ËÚ‡ı [3]. ÇÚÓÓÂ ÔÓ-
ÎÓÊÂÌËÂ ËÒÔÓÎ¸ÁÓ‚‡ÌÓ ÔÂÂıÓ‰ÓÏ ÓÚ ÍÓÓ‰ËÌ‡Ú
‡ÚÓÏÌ˚È ÌÓÏÂ Î‡ÌÚ‡ÌË‰‡ (
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ÌÓ Í ıÓÌ‰ËÚ‡Ï ‰Îfl êáù ÔÓÒÚÓflÌÌÓÈ ‚‡ÎÂÌÚÌÓÒÚË
Ë Ò ÌÂ˜ÂÚÌ˚Ï ÁÌ‡˜ÂÌËÂÏ 
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 ËÒÍÓÏ‡fl ÙÛÌÍˆËfl fl‚Îfl-
ÂÚÒfl ÎËÌÂÈÌÓÈ. 

èÓÒÍÓÎ¸ÍÛ ËÒÍÓÏ‡fl ÙÛÌÍˆËfl ‰Îfl 
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é·a·ÓÚÍ‡ ÔÓ ÏÂÚÓ‰Û Ì‡ËÏÂÌ¸¯Ëı Í‚‡‰‡ÚÓ‚
˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ‰‡ÌÌ˚ı ÔÓ ÒÓ‰ÂÊ‡ÌËflÏ ÛÔÓ-
ÏflÌÛÚ˚ı êáù ‚ ıÓÌ‰ËÚ‡ı [3] ‰‡Î‡ ‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË
Ò (1) ÒÎÂ‰Û˛˘ËÂ ÂÁÛÎ¸Ú‡Ú˚:
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) = 0.0137,

 = 0.0847.

ÄÌ‡ÎÓ„Ë˜Ì‡fl Ó·‡·ÓÚÍ‡ ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı
‰‡ÌÌ˚ı [4–10] ÔÓ ÒÓ‰ÂÊ‡ÌËflÏ êáù ÔÓÒÚÓflÌÌÓÈ ‚‡-
ÎÂÌÚÌÓÒÚË ‚ Û‰‡ı Ë ÔÓÓ‰‡ı ÔÓ‰Ú‚Â‰ËÎ‡ Ó·˘-
ÌÓÒÚ¸ ÙÓÏÛÎ˚ (1) (cÏ. Ú‡·Î. 1). àÁ Ï‡ÎÓÒÚË ÔË‚Â-
‰ÂÌÌ˚ı ‚ Ú‡·Î. 1 ÒÂ‰ÌÂÍ‚‡‰‡ÚË˜Ì˚ı ÓÚÍÎÓÌÂÌËÈ
ÒÎÂ‰ÛÂÚ, ˜ÚÓ ÙÓÏÛÎ‡ (1) ËÏÂÂÚ ¯ËÓÍËÂ ‡ÏÍË
Ó·˘ÌÓÒÚË, Ë, ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, ÔÓÒÚ‡‚ÎÂÌÌ‡fl ˜‡ÒÚ-
Ì‡fl Á‡‰‡˜‡ ÔÂÂıÓ‰‡ ÓÚ Í‡˜ÂÒÚ‚ÂÌÌÓÈ ÙÓÏÛÎË-
Ó‚ÍË Ô‡‚ËÎ‡ É‡ÍËÌÒ‡ Í ÂÂ ‡Î„Â·‡Ë˜ÂÒÍÓÈ
ÙÓÏÛÎËÓ‚ÍÂ Â¯ÂÌ‡ ÌÂ ÚÓÎ¸ÍÓ ‰Îfl ıÓÌ‰ËÚÓ‚,
ÌÓ Ë ‰Îfl Û‰ ÔËÏÂÌËÚÂÎ¸ÌÓ Í êáù ÔÓÒÚÓflÌÌÓÈ ‚‡-
ÎÂÌÚÌÓÒÚË. ìÍ‡Á‡ÌÌ‡fl ÚÓ˜ÌÓÒÚ¸ ÔÂ‰Î‡„‡ÂÏÓ„Ó
ÓÔËÒ‡ÌËfl (1) Ú‡ÍÊÂ ÛÍ‡Á˚‚‡ÂÚ Ì‡ ‰ÓÔÛÒÚËÏÓÒÚ¸
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èÂÚÓ‚

 

í‡·ÎËˆ‡ 1. 

 

 äÓ˝ÙÙËˆËÂÌÚ˚ Û‡‚ÌÂÌËfl (1), ‡Ò˜ÂÚÌ˚Â Ë ̋ ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â ÁÌ‡˜ÂÌËfl ÎÓ„‡ËÙÏ‡ ‡ÒÔÓÒÚ‡ÌÂÌ-
ÌÓÒÚË (
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), ÒÂ‰ÌÂÍ‚‡‰‡ÚË˜Ì‡fl Ó¯Ë·Í‡ 
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ÍÓ˝ÙÙËˆËÂÌÚ˚
Û‡‚ÌÂÌËfl (1)
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Δ
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ÍÓ˝ÙÙËˆËÂÌÚ˚
Û‡‚ÌÂÌËfl (1)
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Δ

 

ÜÂÎÂÁËÒÚ˚Â
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 = 56.4077;
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É‡ÌËÚ˚
àı-ï‡Èı‡ÌÒÍÓ„Ó
‚ÓÎ¸Ù‡ÏÓÛ‰ÌÓ„Ó
‡ÈÓÌ‡ [6];
Ó·. àı-145;

 

a

 

0
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a

 

1
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La

0.071 0.03

Ho Ho

Tm Tm

Lu Lu
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1
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Er Er
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a
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La
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éÍÂ‡ÌÒÍËÂ
ÙÓÒÙ‡Ú˚ [7];
Ó·. 2046/1;
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0
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La
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Ho Ho
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á‡ÁËÌÒÍËÂ
ÎÂÈÍÓ„‡ÌËÚ˚ [5]:
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a

 

1
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Lu

Gd
éÍÂ‡ÌÒÍËÂ
ÙÓÒÙ‡Ú˚ [7];
Ó·. 2046/1;

 

a
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a

 

1
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Dy Gd

Er Dy

èÓÙËÓ‚˚Â
„‡ÌÓ‰ËÓËÚ˚
·‡„ÛÁËÌÒÍÓ„Ó 
ÍÓÏÔÎÂÍÒ‡ [5]:
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0
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a

 

1
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La
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Er

Ho
ÑÊË‰ËÌÒÍËÂ
„‡ÌËÚ˚; Ó·. è-2 
(Ú‡·Î. 3) [8];

 

a

 

0
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a

 

1

 

 = –17.4639

La
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Lu Ho

èÓÙËÓ‚˚Â
„‡ÌÓ‰ËÓËÚ˚
·‡„ÛÁËÌÒÍÓ„Ó
ÍÓÏÔÎÂÍÒ‡ [5]:
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1

 

 = –11.5693
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------------------- 3.6983–
3.577–

-------------------
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------------------- 7.4081–
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8.6361–
8.051–

------------------- 8.2531–
7.911–
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8.1603–
8.810

------------------- 8.3881–
8.681–
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3.9067–
3.928–

------------------- 4.5333–
4.603–

-------------------

5.3863–
5.364–

------------------- 5.9018–
5.667–

-------------------

5.9863–
5.923–

------------------- 5.9346–
6.081–

-------------------

6.3571–
6.417–

------------------- 6.4289–
6.442–

-------------------

0.7893–
0.9020–

------------------- 3.0874–
3.129–

-------------------

5.5513–
5.122–

------------------- 6.2767–
3.311–

-------------------

6.3142–
6.631–

------------------- 7.0956–
6.442–
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1.4031–
1.336–

------------------- 7.2048–
7.451–

-------------------

2.7885–
3.008–

------------------- 3.0255–
3.081–
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3.7491–
3.657–

------------------- 4.5875–
4.408–
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4.2533–
4.232–

------------------- 4.8283–
4.923–

-------------------

1.1892–
1.315–

-------------------
5.3505–
5.374–

-------------------

5.2891–
4.813–

------------------- 0.1255
0.033–

----------------

5.7141–
6.095–

------------------- 5.3932–
5.293–

-------------------

1.2695–
1.214–

------------------- 6.4765–
6.061–
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2.7885–
2.986–

------------------- 6.7741–
7.198–

-------------------

3.8159–
3.674–

-------------------



ÑéäãÄÑõ ÄäÄÑÖåàà çÄìä      ÚÓÏ 395      ‹ 5     2004

êÖÉìãüêçõâ åÖíéÑ êÄëóÖíÄ 669

‰‡Î¸ÌÂÈ¯Â„Ó ËÒÔÓÎ¸ÁÓ‚‡ÌËfl ÔËÌflÚÓ„Ó ‚˚¯Â ÔÓ-
ÎÓÊÂÌËfl Ó ÍÓÌˆÂÌÚËÓ‚‡ÌËË êáù ÓÚ ÒÓ‰ÂÊ‡ÌËÈ
‚ ıÓÌ‰ËÚ‡ı ‰Ó ÒÓ‰ÂÊ‡ÌËÈ Ëı ‚ Û‰‡ı.

èÂÂıÓ‰fl Í Â¯ÂÌË˛ Á‡‰‡˜Ë Ó ÙÓÏ‡ÎËÁÓ‚‡Ì-
ÌÓÏ ÔÂ‰ÒÍ‡Á‡ÌËË ‡ÌÓÏ‡Î¸ÌÓ„Ó ÒÓ‰ÂÊ‡ÌËfl Â‚Ó-
ÔËfl, Ó·‡ÚËÏ ‚ÌËÏ‡ÌËÂ Ì‡ ÚÓ, ˜ÚÓ Â‰ËÌ˚È, Ó·˘ËÈ
‚Ë‰ ÙÓÏÛÎ˚ (1) ÔÓÁ‚ÓÎflÂÚ ÓÒÛ˘ÂÒÚ‚ËÚ¸ Â„ÛÎfl-
Ì˚È ÔÂÂıÓ‰ ÓÚ ÓÔËÒ‡ÌËfl ËÁ‚ÂÒÚÌ˚ı ÒÓ‰ÂÊ‡ÌËÈ
êáù ÔÓÒÚÓflÌÌÓÈ ‚‡ÎÂÌÚÌÓÒÚË ‚ ıÓÌ‰ËÚ‡ı [3] Í
ÓÔËÒ‡ÌË˛ Ëı ÒÓ‰ÂÊ‡ÌËÈ ‚ Û‰‡ı. ç‡ ÔÎÓÒÍÓÒÚË
m1/3 – lnA Ú‡ÍÓÈ ÔÂÂıÓ‰ ÒÓÒÚÓËÚ ‚ ÚÓÏ, ̃ ÚÓ ÔflÏ‡fl
ÎËÌËfl, ÓÚÓ·‡Ê‡˛˘‡fl ÒÓ‰ÂÊ‡ÌËfl ‚ ıÓÌ‰ËÚ‡ı,
ÒÏÂ˘‡ÂÚÒfl ‚‚Âı, ÓÚÓ·‡Ê‡fl ÒÓ‰ÂÊ‡ÌËfl ‚ Û‰Â.
ç‡ÁÓ‚ÂÏ Ú‡ÍÓÈ ÔÂÂıÓ‰ Â„ÛÎflÌ˚Ï Ë ËÒÔÓÎ¸ÁÛÂÏ
Â„Ó Í‡Í ÓÒÌÓ‚Û ÙÓÏ‡ÎËÁÓ‚‡ÌÌÓ„Ó ÔÂ‰ÒÍ‡Á‡ÌËfl
ÒÓ‰ÂÊ‡ÌËfl Â‚ÓÔËfl ‚ Û‰‡ı. 

Ç ‰‡Î¸ÌÂÈ¯ÂÏ ‡Ì‡ÎËÁÂ ÔËÏÂÏ, ˜ÚÓ ÒÓ‰ÂÊ‡-
ÌËÂ Â‚ÓÔËfl ‚ Û‰Â ÂÒÚ¸ ÒÛÏÏ‡ ‰‚Ûı ÒÓÒÚ‡‚Îfl˛-
˘Ëı: ÔÂ‚‡fl, ˝Ì‰Ó„ÂÌÌ‡fl – ˝ÚÓ ÒÓ‰ÂÊ‡ÌËÂ, ÍÓÚÓ-
ÓÂ ÓÔÂ‰ÂÎflÂÚÒfl ÛÍ‡Á‡ÌÌ˚Ï ‚˚¯Â Â„ÛÎflÌ˚Ï

ÔÂÂıÓ‰ÓÏ, Ë ‚ÚÓ‡fl, ˝ÍÁÓ„ÂÌÌ‡fl, – Ó·ÛÒÎÓ‚ÎÂÌ-
Ì‡fl „ÂÓıËÏË˜ÂÒÍÓÈ ÒÔÂˆËÙËÍÓÈ ‰‡ÌÌÓ„Ó ÏÂÒÚÓ-
ÓÊ‰ÂÌËfl (Ó˜Â‚Ë‰ÌÓ, ˜ÚÓ ‚ ıÓÌ‰ËÚ‡ı ˝ÍÁÓ„ÂÌÌ‡fl
ÒÓÒÚ‡‚Îfl˛˘‡fl ‡‚Ì‡ ÌÛÎ˛). é·˘ËÈ ‚Ë‰ ‡Ò˜ÂÚ‡
˝Ì‰Ó„ÂÌÌÓÈ ÒÓÒÚ‡‚Îfl˛˘ÂÈ ÓÒÌÓ‚‡Ì Ì‡ ÚÓÏ, ˜ÚÓ
ÒÓ‰ÂÊ‡ÌËÂ Â‚ÓÔËfl ‚ ıÓÌ‰ËÚ‡ı “‡ÌÓÏ‡Î¸ÌÓ”,

Ú.Â. Ì‡ ÔÎÓÒÍÓÒÚË m1/3 – lnA ÚÓ˜Í‡ Ò ‡·ÒˆËÒÒÓÈ 

Ë Ó‰ËÌ‡ÚÓÈ lnAEu ÎÂÊËÚ ÌËÊÂ „‡ÙËÍ‡ ÙÛÌÍˆËË
(1) ‰Îfl La, Ho, Tm, Lu, ÒÓ‰ÂÊ‡˘ËıÒfl ‚ ıÓÌ‰ËÚ‡ı.
ÑÎfl ÚÓ„Ó ˜ÚÓ·˚ ÔËÏÂÌËÚ¸ Í Â‚ÓÔË˛ Â„ÛÎfl-
Ì˚È ÔÂÂıÓ‰ ÒÓ‰ÂÊ‡ÌËÂ ‚ ıÓÌ‰ËÚ‡ı → ÒÓ‰ÂÊ‡-
ÌËÂ ‚ Û‰Â, ‚‚Â‰ÂÏ ÔÂÂÏÂÌÌÛ˛ μ1/3 Ú‡ÍËÏ Ó·‡-
ÁÓÏ, ˜ÚÓ ‰Îfl Â‚ÓÔËfl ‚ ıÓÌ‰ËÚ‡ı ‚˚ÔÓÎÌflÎ‡Ò¸
Ó·˘‡fl ÙÓÏÛÎ‡ (1) ‚ ‚Ë‰Â

(2)

˜ÚÓ Ò Û˜ÂÚÓÏ ˜ËÒÎÂÌÌ˚ı ÁÌ‡˜ÂÌËÈ ‡ij , ÔË‚Â‰ÂÌ-
Ì˚ı ‚˚¯Â, Ë Ò Û˜ÂÚÓÏ ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ„Ó ÒÓ‰Â-

mEu
1/3

AEu
Chonln a10

Chon a11
ChonμEu

1/3,+=

í‡·ÎËˆ‡ 1.  éÍÓÌ˜‡ÌËÂ

ê‡ÈÓÌ, ÔÓÓ‰‡,
ÍÓ˝ÙÙËˆËÂÌÚ˚
Û‡‚ÌÂÌËfl (1)

Ln σ2 Δ
ê‡ÈÓÌ, ÔÓÓ‰‡,
ÍÓ˝ÙÙËˆËÂÌÚ˚
Û‡‚ÌÂÌËfl (1)

Ln σ2 Δ

ÑÊË‰ËÌÒÍËÂ
„‡ÌËÚ˚; Ó·. è-2 
(Ú‡·Î. 3) [8];
a0 = 61.9275,
a1 = –12.0599

Nd

0.039 0.05

CÛ·˘ÂÎÓ˜Ì‡fl
ÒÂËfl ÔÓ‰‚Ó‰ÌÓÈ 
„Ó˚ ÄÙ‡Ì‡ÒËfl 
çËÍËÚËÌ‡ [9];
Ó·. å1-36/1;
a0 = 66.5089,
a1 = –13.0189

La

0.139 0.06

Gd Ho

Dy Tm

Er Lu

äËÏ·ÂÎËÚ˚
ÄÎ‡ÍËÌÒÍÓ„Ó ÔÓÎfl, 
ÚÛ·Í‡ ÄÈı‡Î [10];
a0 = 82.0165,
a1 = –16.9361

La

0.101 0.01

CÛ·˘ÂÎÓ˜Ì‡fl
ÒÂËfl ÔÓ‰‚Ó‰ÌÓÈ 
„Ó˚ ÄÙ‡Ì‡ÒËfl 
çËÍËÚËÌ‡ [9];
Ó·. å1-36/1;
a0 = 53.9332,
a1 = –10.5115

Nd

0.043 0.05

Ho Gd

Tm Dy

Lu Er

äËÏ·ÂÎËÚ˚
ÄÎ‡ÍËÌÒÍÓ„Ó ÔÓÎfl, 
ÚÛ·Í‡ ÄÈı‡Î [10];
a0 = 70.5371,
a1 = –14.5762

Nd

0.013 0.01

Gd

Dy

Er

Aexpln

Acalcln
----------------

Aexpln

Acalcln
----------------

1.2173–
1.321–

------------------- 0.8376–
0.916–

-------------------

3.4686–
3.166–

------------------- 4.9067–
4.887–

-------------------

3.7558–
3.884–

------------------- 5.9286–
5.461–

-------------------

4.4473–
4.519–

------------------- 5.8986–
6.307–

-------------------

5.6771–
5.696–

-------------------
1.0858–
1.193–

-------------------

10.6606–
10.860–

---------------------- 3.1105–
2.803–

-------------------

12.0614–
11.610–

---------------------- 3.3141–
3.421–

-------------------

12.4734–
12.710–

---------------------- 3.8958–
3.981–

-------------------

5.9713–
5.906–

-------------------

8.0213–
8.135–

-------------------

8.9259–
9.005–

-------------------

9.9041–
9.773–

-------------------
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èÂÚÓ‚

Ê‡ÌËfl Â‚ÓÔËfl [3], ÔÂ‰ÒÚ‡‚ÎflÂÏÓ„Ó ‚ ˝ÚÓÈ ÙÓ-
ÏÛÎÂ ‚ ‡ÁÏÂÌÓÒÚË „-‡Ú/Ú, ÔË‚Ó‰ËÚ Í ‡‚ÂÌÒÚ‚Û

 = –5.4192.

ùÚÓ ‡‚ÂÌÒÚ‚Ó ÒÔ‡‚Â‰ÎË‚Ó Í‡Í ‰Îfl ÍÓÒÏË˜ÂÒÍÓÈ,
Ú‡Í Ë ‰Îfl Î˛·ÓÈ ÁÂÏÌÓÈ ÔÓÓ‰˚.

éÍÓÌ˜‡ÚÂÎ¸Ì˚È ÂÁÛÎ¸Ú‡Ú, Ú.Â. ‡ÔËÓÌÓÂ Ë
ÙÓÏ‡ÎËÁÓ‚‡ÌÌÓÂ ÔÂ‰ÒÍ‡Á‡ÌËÂ ÒÓ‰ÂÊ‡ÌËfl Â‚-
ÓÔËfl ‚ Û‰Â, Á‡ÍÎ˛˜‡ÂÚÒfl ‚ ËÒÔÓÎ¸ÁÓ‚‡ÌËË ˝ÍÒ-
ÔÂËÏÂÌÚ‡Î¸Ì˚ı ‰‡ÌÌ˚ı ÔÓ ÒÓ‰ÂÊ‡ÌËflÏ La, Ho,
Tm, Lu ‚ Û‰Â Ë ‚˚˜ËÒÎÂÌË˛ ÔÓ ˝ÚËÏ ÒÓ‰ÂÊ‡-

ÌËflÏ ÍÓ˝ÙÙËˆËÂÌÚÓ‚ , , ‡ Ú‡ÍÊÂ Í ÔÓÒÎÂ-

‰Û˛˘ÂÏÛ ‚˚˜ËÒÎÂÌË˛ ˝Ì‰Ó„ÂÌÌÓÈ (Â„ÛÎflÌÓÈ)
ÒÓÒÚ‡‚Îfl˛˘ÂÈ ÔÓ ÙÓÏÛÎÂ

(3)

í‡Í, Ì‡ÔËÏÂ, ‚ Ó·‡ÁˆÂ ï-1//1 [4] ‡Ò˜ÂÚÌÓÂ Ë

˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓÂ ÁÌ‡˜ÂÌËfl  ‡‚Ì˚ –6.7861

Ë –7.1438 ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ, ‡ ÌÓÏËÓ‚‡ÌÌÓÂ ÁÌ‡˜Â-
ÌËÂ Â‚ÓÔËÂ‚ÓÈ ‡ÌÓÏ‡ÎËË ‚ ÙÓÏÂ (Aexp – Acalc)/Aexp

ÒÓÒÚ‡‚ÎflÂÚ –0.60. àÌ˚ÏË ÒÎÓ‚‡ÏË, 40% fl‚Îfl˛ÚÒfl

μEu
1/3

a10
Ore a11

Ore

AEu
Oreln a10

Ore a11
OreμEu

1/3.+=

AEu
Oreln

ÙÓÌÓÏ, ÒÍ˚‚‡˛˘ËÏ „ÂÓıËÏË˜ÂÒÍËÂ ÓÒÓ·ÂÌÌÓÒ-
ÚË Û‰ÓÓ·‡ÁÓ‚‡ÌËfl. ÄÌ‡ÎÓ„Ë˜Ì˚È ‡Ò˜ÂÚ ‰Îfl
ÔÓÙËÓ‚˚ı „‡ÌÓ‰ËÓËÚÓ‚ ·‡„ÛÁËÌÒÍÓ„Ó ÍÓÏ-

ÔÎÂÍÒ‡ [5] ‰‡ÂÚ ÁÌ‡˜ÂÌËÂ  = –4.0700, ‡ Ú‡Í

Í‡Í ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓÂ ÁÌ‡˜ÂÌËÂ ‡‚ÌÓ –4.3873,
ÚÓ ÙÓÌ (˝Ì‰Ó„ÂÌÌ‡fl ̃ ‡ÒÚ¸ Ó·˘Â„Ó ÒÓ‰ÂÊ‡ÌËfl) ÒÓ-
ÒÚ‡‚ÎflÂÚ 60%.

èÓ‰˜ÂÍÌÂÏ, ˜ÚÓ ‡ÔËÓÌÓÂ ÙÓÏ‡ÎËÁÓ‚‡Ì-
ÌÓÂ ÔÂ‰ÒÍ‡Á‡ÌËÂ ÒÓ‰ÂÊ‡ÌËÈ ‰Û„Ëı Î‡ÌÚ‡ÌË‰Ó‚
ÔÂÂÏÂÌÌÓÈ ‚‡ÎÂÌÚÌÓÒÚË ÔÓ‚Ó‰ËÚÒfl ÔÓ ÚÓÈ ÊÂ
ÒıÂÏÂ, ˜ÚÓ Ë ÔË‚Â‰ÂÌÌÓÂ ‚˚¯Â ÔÂ‰ÒÍ‡Á‡ÌËÂ ˝Ì-
‰Ó„ÂÌÌÓÈ ÒÓÒÚ‡‚Îfl˛˘ÂÈ ‰Îfl Â‚ÓÔËfl. í‡Í, ‰Îfl Ce,
Pr, Sm, Tb, Yb ÁÌ‡˜ÂÌËfl ÍÓÌÒÚ‡ÌÚ μ1/3 ÒÓÒÚ‡‚Îfl˛Ú
–5.1536, –5.3085, –5.5283, –5.4555, –5.5711 ÒÓÓÚ-
‚ÂÚÒÚ‚ÂÌÌÓ. ùÚË ÍÓÌÒÚ‡ÌÚ˚ ÔÓÁ‚ÓÎfl˛Ú ÔÂ‰ÒÍ‡-
Á‡Ú¸ ÒÓ‰ÂÊ‡ÌËfl Ce, Pr, Sm, Tb, Yb ‚ Û‰‡ı, Ú.Â.‚ÓÒ-
ÒÚ‡ÌÓ‚ËÚ¸ ‚ÂÒ¸ ‡Ò˜ÂÚÌ˚È ÒÔÂÍÚ ÒÓ‰ÂÊ‡ÌËÈ
Î‡ÌÚ‡ÌË‰Ó‚. èËÏÂ˚ Ú‡ÍËı ‡Ò˜ÂÚÓ‚ ‰‡Ì˚ Ì‡
ËÒ. 1 ‚ ‚Ë‰Â ‰Ë‡„‡ÏÏ Á‡fl‰ fl‰‡ (p)–ÎÓ„‡ËÙÏ
‡ÒÔÓÒÚ‡ÌÂÌÌÓÒÚË (A). 

ÑÓÒÚË„ÌÛÚ‡fl ÚÓ˜ÌÓÒÚ¸ ÒÓ‚Ô‡‰ÂÌËfl ‡Ò˜ÂÚÌÓ„Ó
ÒÔÂÍÚ‡ ÒÓ‰ÂÊ‡ÌËÈ Ò ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Ï ÒÔÂÍÚ-
ÓÏ ÔÓÁ‚ÓÎflÂÚ ÛÚ‚ÂÊ‰‡Ú¸, ˜ÚÓ ÔÓÒÚ‡‚ÎÂÌÌ‡fl Á‡-
‰‡˜‡ ÔÓÒÚÓÂÌËfl Â„ÛÎflÌÓ„Ó ÏÂÚÓ‰‡ ‡Ò˜ÂÚ‡ ˝Ì-
‰Ó„ÂÌÌÓÈ ÒÓÒÚ‡‚Îfl˛˘ÂÈ ÒÓ‰ÂÊ‡ÌËfl Â‚ÓÔËfl ‚
Û‰‡ı Ë ÔÓÓ‰‡ı Â¯ÂÌ‡. êÂ¯ÂÌ‡ Ú‡ÍÊÂ ·ÓÎÂÂ Ó·-
˘‡fl Á‡‰‡˜‡ – Á‡‰‡˜‡ ÔÓÒÚÓÂÌËfl Â„ÛÎflÌÓ„Ó ÏÂ-
ÚÓ‰‡ ‡Ò˜ÂÚ‡ ˝Ì‰Ó„ÂÌÌÓÈ ÒÓÒÚ‡‚Îfl˛˘ÂÈ ÒÓ‰ÂÊ‡-
ÌËÈ ‚ÒÂı Î‡ÌÚ‡ÌË‰Ó‚ ÔÂÂÏÂÌÌÓÈ ‚‡ÎÂÌÚÌÓÒÚË. 
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êËÒ. 1. ÑË‡„‡ÏÏ‡ Á‡fl‰ fl‰‡ (p) Î‡ÌÚ‡ÌË‰‡–ÎÓ„‡-
ËÙÏ Â„Ó ÒÓ‰ÂÊ‡ÌËfl (A) ‚ ÊÂÎÂÁËÒÚ˚ı Í‚‡ˆËÚ‡ı
äåÄ, Ó·.ï-1//1 [4] (‡) Ë ‚ ÔÓÙËÓ‚˚ı „‡ÌÓ‰ËÓË-
Ú‡ı „Î‡‚ÌÓ„Ó ˝Ú‡Ô‡ ·‡„ÛÁËÌÒÍÓ„Ó ÍÓÏÔÎÂÍÒ‡ [5] (·).
ê‡ÁÏÂÌÓÒÚ¸ A – „-‡Ú/Ú. 1 – lnAexp, 2 – lnAcalc.


