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ˆ§¢²¥Î¥´¨¥ Ê· ´  ¨§ §μ²Ó´ÒÌ μÉ¢ ²μ¢
μÉ ¸¦¨£ ´¨Ö Ê£²¥° Œμ´£μ²¨¨

‚ · ¡μÉ¥ ¨¸¸²¥¤μ¢ ²¨ ¸μ¤¥·¦ ´¨¥ ¥¸É¥¸É¢¥´´ÒÌ · ¤¨μ´Ê±²¨¤μ¢,   É ±¦¥ ¢μ§-
³μ¦´μ¸ÉÓ ¢Ò¤¥²¥´¨Ö Ê· ´  ¨§ §μ²Ò ¡Ê·μ£μ Ê£²Ö ¸ É¥¶²μÔ²¥±É·μ¸É ´Í¨¨ ¢ Œμ´-
£μ²¨¨. ‘μ¤¥·¦ ´¨¥ Ô²¥³¥´Éμ¢ μ¶·¥¤¥²Ö²¨ ¸ ¶μ³μÐÓÕ ¨´¸É·Ê³¥´É ²Ó´μ£μ £ ³³ -
 ±É¨¢ Í¨μ´´μ£μ (ˆƒ��) ¨ ·¥´É£¥´μË²Õμ·¥¸Í¥´É´μ£μ (�”�)  ´ ²¨§μ¢. “· ´ ¨§
§μ²Ò ¡Ê·μ£μ Ê£²Ö ¢ÒÐ¥² Î¨¢ ²¨ ¸³¥¸ÓÕ 8 Œ HNO3+ HF (10 %). ˆ§¢²¥Î¥´¨¥
Ê· ´  ¨§ · ¸É¢μ·  ¨ μÎ¨¸É±Ê ¥£μ μÉ ¸μ¶ÊÉ¸É¢ÊÕÐ¨Ì Ô²¥³¥´Éμ¢ ¶·μ¢μ¤¨²¨ ´   ´¨-
μ´¨É¥. ‚ μ¡· §Í¥ §μ²Ò ¶μ¸²¥ ¢ÒÐ¥² Î¨¢ ´¨Ö μÉ¸ÊÉ¸É¢ÊÕÉ ¥¸É¥¸É¢¥´´Ò¥ · ¤¨μ ±-
É¨¢´Ò¥ Ô²¥³¥´ÉÒ 238U, 232Th ¨ ¶·μ¤Ê±ÉÒ ¨Ì · ¸¶ ¤ , ÎÉμ ¶μ§¢μ²Ö¥É ¶·¨³¥´ÖÉÓ
§μ²Ê ¢ ± Î¥¸É¢¥ ¸É·μ¨É¥²Ó´μ£μ ³ É¥·¨ ² .

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �. ”²¥·μ¢  �ˆŸˆ.

	·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2010

Maslov O.D. et al. P12-2010-27
Uranium Extraction from the Waste Ash
after Burning the Mongolian Coal

The content of natural radionuclides, as well as possibility of uranium leaching
from the brown coal ash of the Mongolian Thermal Power Plant, was determined.
Instrumental Gamma Activation Analysis (IGAA) and X-Ray Fluorescence Analysis
(RFA) for determination of the element contents were used. Leaching of uranium
from the brown coal ash was carried out by the 8 Œ HNO3+ HF (10%) mixture.
Extraction of uranium from solution and separation from contiguous elements were
carried out by ion-exchange resin. The natural radioelements 238U, 232Th and prod-
ucts of their decay were absent in the ash sample after leaching, which allows using
the brown coal ash as building material.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.
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‚‚…„…�ˆ…

�μ²ÓÏμ° ¢±² ¤ ¢ § £·Ö§´¥´¨¥ μ±·Ê¦ ÕÐ¥° ¸·¥¤Ò ¢´μ¸ÖÉ ±·Ê¶´Ò¥ Ô´¥·-
£¥É¨Î¥¸±¨¥ Ê¸É ´μ¢±¨, · ¡μÉ ÕÐ¨¥ ´  ¨¸±μ¶ ¥³μ³ ¸Ò·Ó¥ Å Ê£²¥. ’¥¶²μÔ²¥±-
É·μ¸É ´Í¨¨, · ¡μÉ ÕÐ¨¥ ´  Ê£²¥, ¤μ¢μ²Ó´μ Î ¸Éμ · ¸¶μ²μ¦¥´Ò ¢¡²¨§¨ ´ -
¸¥²¥´´ÒÌ ¶Ê´±Éμ¢ ¨ £μ·μ¤μ¢. ‘£μ· ´¨¥ Ê£²Ö ¶·¨¢μ¤¨É ± · ¸¶·μ¸É· ´¥´¨Õ
²¥ÉÊÎ¨Ì Ô²¥³¥´Éμ¢ ´  ¡μ²ÓÏμ° É¥··¨Éμ·¨¨ ¨ ± ±μ´Í¥´É·¨·μ¢ ´¨Õ ÉÖ¦¥²ÒÌ
Ô²¥³¥´Éμ¢ ¢ §μ²¥, ÎÉμ ³μ¦¥É ¸É ÉÓ ¶·¨Î¨´μ° § £·Ö§´¥´¨Ö ¶μÎ¢Ò ¨ ¢μ¤Ò. Šμ-
²¨Î¥¸É¢μ Ê£μ²Ó´μ° §μ²Ò, ´ ±μ¶²¥´´μ° ´  Ô²¥±É·μ¸É ´Í¨ÖÌ ¢ Œμ´£μ²¨¨, ¶μ-
¸ÉμÖ´´μ Ê¢¥²¨Î¨¢ ¥É¸Ö ¨ ¶·¥¤¸É ¢²Ö¥É ¸ÊÐ¥¸É¢¥´´ÊÕ μ¶ ¸´μ¸ÉÓ ¤²Ö μ±·Ê¦ Õ-
Ð¥° ¸·¥¤Ò.

Š·μ³¥ Éμ£μ, ¢ ·Ö¤¥ Ê£μ²Ó´ÒÌ ³¥¸Éμ·μ¦¤¥´¨° Œμ´£μ²¨¨ ´ ¡²Õ¤ ¥É¸Ö ¶μ-
¢ÒÏ¥´´μ¥ ¸μ¤¥·¦ ´¨¥ Ê· ´  (¢ 10, 100 ¨ ¡μ²¥¥ · § ¢ÒÏ¥ ±² ·± ), ÎÉμ ¶·¨-
¢μ¤¨É ¶·¨ ¸¦¨£ ´¨¨ Ê£²¥° ± ±μ´Í¥´É·¨·μ¢ ´¨Õ Ê· ´ , Éμ·¨Ö ¨ ¶·μ¤Ê±Éμ¢ ¨Ì
· ¸¶ ¤  ¢ §μ²Ó´ÒÌ μÉ¢ ² Ì.

‚ ·¥§Ê²ÓÉ É¥ ¢μ§¤¥°¸É¢¨Ö ¢´¥Ï´¥° ¸·¥¤Ò (¢μ¤Ò) ´  §μ²Ó´Ò¥ μÉ¢ ²Ò ¶·μ-
¨¸Ìμ¤¨É · ¸¶·¥¤¥²¥´¨¥ Ê· ´ , Éμ·¨Ö ¨ ¶·μ¤Ê±Éμ¢ ¨Ì · ¸¶ ¤  ¢ μ±·Ê¦ ÕÐ¥°
¸·¥¤¥. ˆ§-§  ¶μ¢ÒÏ¥´´μ£μ ¸μ¤¥·¦ ´¨Ö ¥¸É¥¸É¢¥´´μ° · ¤¨μ ±É¨¢´μ¸É¨ ¢ §μ²Ó-
´ÒÌ μÉ¢ ² Ì ¨Ì ´¥²Ó§Ö ¶·¨³¥´ÖÉÓ ¢ ± Î¥¸É¢¥ ¸É·μ¨É¥²Ó´μ£μ ³ É¥·¨ ²  [1, 2]
¡¥§ ¶·¥¤¢ ·¨É¥²Ó´μ° μÎ¨¸É±¨.

‚ ¤ ´´μ° · ¡μÉ¥ ¨¸¸²¥¤μ¢ ²¨ ¸μ¤¥·¦ ´¨¥ · ¤¨μ´Ê±²¨¤μ¢ ¢ §μ²¥,   É ±¦¥
¢μ§³μ¦´μ¸ÉÓ ¢Ò¤¥²¥´¨Ö Ê· ´  ¨§ §μ²Ò ¡Ê·μ£μ Ê£²Ö ¸ É¥¶²μÔ²¥±É·μ¸É ´Í¨¨ º4
£. “² ´-� Éμ·  ¢ Œμ´£μ²¨¨.

�Š‘�…�ˆŒ…�’�‹œ��Ÿ —�‘’œ

�¶·¥¤¥²¥´¨¥ ¸μ¤¥·¦ ´¨Ö Ô²¥³¥´Éμ¢ ¶·μ¢μ¤¨²¨ ¸ ¶μ³μÐÓÕ ¨´¸É·Ê³¥´-
É ²Ó´μ£μ £ ³³ - ±É¨¢ Í¨μ´´μ£μ (ˆƒ��) [3] ¨ ·¥´É£¥´μË²Õμ·¥¸Í¥´É´μ£μ
(�”�)  ´ ²¨§μ¢ [4].

ˆ´¸É·Ê³¥´É ²Ó´Ò° £ ³³ - ±É¨¢ Í¨μ´´Ò°  ´ ²¨§ (ˆƒ��) [3]. �¡· §ÍÒ
§μ²Ò ¨ ¸É ´¤ ·Éμ¢ ¢ ¢¨¤¥ ¶μ·μÏ±  ¸ · §³¥·μ³ Î ¸É¨Í 200 ³¥Ï ¶μ³¥Ð ²¨ ¢
¶μ²¨ÔÉ¨²¥´μ¢Ò¥ Í¨²¨´¤·¨Î¥¸±¨¥ ± ¸¸¥ÉÒ ¤¨ ³¥É·μ³ 35 ³³ ¨ ¢Ò¸μÉμ° 5 ³³,
§ ±·ÒÉÒ¥ ¸ Éμ·Íμ¢ ² ¢¸ ´μ¢μ° ¶²¥´±μ° Éμ²Ð¨´μ° 6Ä10 ³±³.
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‚ ± Î¥¸É¢¥ ÔÉ ²μ´μ¢ ¨¸¶μ²Ó§μ¢ ²¨ ¸É ´¤ ·É´Ò¥ μ¡· §ÍÒ ¶μÎ¢ ‘‘‘�:
‘	-1 (º901-76 ƒ�‘’), ‘	-2 (º902-76 ƒ�‘’); Œ�ƒ�’�: Soil-5, Soil-7;
¸É ´¤ ·É´Ò¥ μ¡· §ÍÒ Œμ´£μ²¨¨ Å ³¥¤´μ-³μ²¨¡¤¥´μ¢Ò¥ ·Ê¤Ò ¨ μÉÌμ¤Ò Ë²μ-
É Í¨¨ “‘‡ 3(85) ¨ “‘‡ 4(85).

Šμ²¨Î¥¸É¢μ μ¡· §Íμ¢ ¶·¨ μ¤´μ³ μ¡²ÊÎ¥´¨¨ ¸μ¸É ¢²Ö²μ ´¥ ¡μ²¥¥ 12 ÏÉÊ±.
�¡· §ÍÒ ¨ ¸É ´¤ ·ÉÒ μ¡²ÊÎ ²¨ μ¤´μ¢·¥³¥´´μ £ ³³ -±¢ ´É ³¨ ¸ Ô´¥·£¨¥°

Eγ = 24 ŒÔ‚ ¨ Éμ±μ³ Ô²¥±É·μ´μ¢, · ¢´Ò³ 15 ³±�, ¢ É¥Î¥´¨¥ 2Ä5 Î ´ 
³¨±·μÉ·μ´¥ Œ’-25 ‹Ÿ� �ˆŸˆ. � ¸¶·¥¤¥²¥´¨¥ £ ³³ -±¢ ´Éμ¢ ¶μ ¸¡μ·±¥
μ¶·¥¤¥²Ö²¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³μ´¨Éμ·μ¢, ¨§£μÉμ¢²¥´´ÒÌ ¨§ ³¥¤´μ° Ëμ²Ó£¨.

ƒ ³³ -¸¶¥±É·μ³¥É·¨Î¥¸±¨¥ ¨§³¥·¥´¨Ö. ƒ ³³ -¸¶¥±É·μ³¥É·¨Î¥¸±¨¥ ¨§-
³¥·¥´¨Ö ¥¸É¥¸É¢¥´´μ°  ±É¨¢´μ¸É¨ §μ²Ò ¨ μ¡²ÊÎ¥´´ÒÌ μ¡· §Íμ¢ ¶·μ¢μ¤¨²¨
¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¤¥É¥±Éμ·  ¨§ ¸¢¥·ÌÎ¨¸Éμ£μ Ge ¸ · §·¥Ï¥´¨¥³ 1,5 ±Ô‚ ´ 
²¨´¨¨ 1,33 ŒÔ‚ (60‘μ). 	μ£·¥Ï´μ¸ÉÓ ¨§³¥·¥´¨° ¢ § ¢¨¸¨³μ¸É¨ μÉ ¨´É¥´¸¨¢-
´μ¸É¨ £ ³³ -²¨´¨° μ¶·¥¤¥²Ö¥³ÒÌ · ¤¨μ´Ê±²¨¤μ¢ ¸μ¸É ¢¨²  3Ä5%.

‘μ¤¥·¦ ´¨¥ 238U μ¶·¥¤¥²Ö²¨ ¶·¨ ¨§³¥·¥´¨¨ ¥¸É¥¸É¢¥´´μ° · ¤¨μ-
 ±É¨¢´μ¸É¨ μ¡· §Íμ¢ ¶μ ¶·μ¤Ê±É ³ · ¸¶ ¤  226Ra (186,3 ±Ô‚), 214Pb
(351,9 ±Ô‚) ¨ 214Bi (609,3 ±Ô‚), 232Th Å ¶μ ²¨´¨Ö³ 228Ac (911,0 ±Ô‚) ¨
208Tl (583,3 ±Ô‚) [5].

Š·μ³¥ Éμ£μ, ¸μ¤¥·¦ ´¨¥ Ê· ´  μ¶·¥¤¥²Ö²¨ ¶μ ·¥ ±Í¨¨ 238U (γ, n) 237U
(T1/2 = 6,75 ¸ÊÉ, Eγ = 208,00 ±Ô‚ (21,2 %)) [6].

‘μ¤¥·¦ ´¨¥ Éμ·¨Ö ¢ μ¡· §Í Ì μ¶·¥¤¥²Ö²¨, ·¥£¨¸É·¨·ÊÖ ·¥´É£¥´μ¢¸±μ¥ ¨§-
²ÊÎ¥´¨¥ ¨§μÉμ¶  231Th ¶μ ²¨´¨¨ ¸ Eγ = 25,65 ±Ô‚, ¶μ²ÊÎ ¥³μ£μ ¶μ ·¥ ±Í¨¨
232Th (γ, n) 231Th (β, T1/2 = 25,5 Î) ¶·¨ μ¡²ÊÎ¥´¨¨ £ ³³ -±¢ ´É ³¨ ¢ É¥Î¥´¨¥
4 Î ´  ³¨±·μÉ·μ´¥ Œ’-25 [7]. �¥£¨¸É· Í¨Õ ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö 231Th
¶·μ¢μ¤¨²¨ ´  ¶μ²Ê¶·μ¢μ¤´¨±μ¢μ³ Si(Li)-¤¥É¥±Éμ·¥ Ê¸É ´μ¢±¨ ·¥´É£¥´μË²Õμ-
·¥¸Í¥´É´μ£μ  ´ ²¨§  (�”�).

�¥´É£¥´μË²Õμ·¥¸Í¥´É´Ò°  ´ ²¨§. Œ´μ£μÔ²¥³¥´É´Ò°  ´ ²¨§ μ¡· §Íμ¢
¶·μ¢μ¤¨²¨ ´  Ê¸É ´μ¢±¥ ·¥´É£¥´μË²Õμ·¥¸Í¥´É´μ£μ  ´ ²¨§  ‹Ÿ� �ˆŸˆ [4].
„²Ö ¢μ§¡Ê¦¤¥´¨Ö ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö ¨¸¶μ²Ó§μ¢ ²¨ ¸É ´¤ ·É´Ò¥ · -
¤¨μ¨§μÉμ¶´Ò¥ ¨¸ÉμÎ´¨±¨ 109Cd (E = 22,16 ±Ô‚, T1/2 = 453 ¸ÊÉ) ¨ 241Am
(E = 59,6 ±Ô‚, T1/2 = 458 ²¥É). • · ±É¥·¨¸É¨Î¥¸±μ¥ ·¥´É£¥´μ¢¸±μ¥ ¨§²Ê-
Î¥´¨¥ ·¥£¨¸É·¨·μ¢ ²¨ ¶μ²Ê¶·μ¢μ¤´¨±μ¢Ò³ Si(Li)-¤¥É¥±Éμ·μ³ ¸ · §·¥Ï¥´¨¥³
250 Ô‚ ´  ²¨´¨¨ Fe (6,4 ±Ô‚). „²Ö ¨§³¥·¥´¨Ö ¡Ò²  ¨¸¶μ²Ó§μ¢ ´  ³¥Éμ¤¨± 
μ¤´μ¢·¥³¥´´μ£μ μ¶·¥¤¥²¥´¨Ö ¢ ´ ¸ÒÐ¥´´ÒÌ ¸²μÖÌ ¢¥Ð¥¸É¢  ¢¸¥Ì Ô²¥³¥´-
Éμ¢, ¢μ§¡Ê¦¤ ¥³ÒÌ · ¤¨μ¨§μÉμ¶´Ò³ ¨¸ÉμÎ´¨±μ³, ¶μ ¥¤¨´μ° ± ²¨¡·μ¢μÎ´μ°
±·¨¢μ°.

‚ÒÐ¥² Î¨¢ ´¨¥ Ê· ´ . �¡· §ÍÒ §μ²Ò μ¡²ÊÎ ²¨ ´  Ô²¥±É·μ´´μ³ Ê¸±μ-
·¨É¥²¥ ³¨±·μÉ·μ´¥ Œ’-25 ¢ É¥Î¥´¨¥ 2 Î ¨ μÌ² ¦¤ ²¨ ¢ É¥Î¥´¨¥ 1 Î. ‡ É¥³
¶·μ¨§¢μ¤¨²¨ μ¡· ¡μÉ±Ê · §²¨Î´Ò³¨ · ¸É¢μ·¨É¥²Ö³¨ 1 £ μ¡²ÊÎ¥´´μ° §μ²Ò ¶·¨
¸μμÉ´μÏ¥´¨¨ Ë § 1 : 20 ¢ ¶² ¸É¨±μ¢ÒÌ ¶·μ¡¨·± Ì μ¡Ñ¥³μ³ 50 ³². 	¥·¥³¥-
Ï¨¢ ´¨¥ ¸³¥¸¨ ¶·μ¨§¢μ¤¨²¨ ¢ É¥Î¥´¨¥ 5Ä24 Î,   É¢¥·¤ÊÕ ¨ ¦¨¤±ÊÕ Ë §Ò
· §¤¥²Ö²¨ ¶ÊÉ¥³ Ë¨²ÓÉ· Í¨¨ ¸³¥¸¨ Î¥·¥§ Ö¤¥·´Ò° Ë¨²ÓÉ·.
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‚ÒÐ¥² Î¨¢ ´¨¥ · ¤¨Ö ¶·μ¨§¢μ¤¨²¨ ¨§ ¨¸Ìμ¤´μ£μ μ¡· §Í  §μ²Ò.
ˆ§³¥·¥´¨Ö μ¡· §Íμ¢ ¶·μ¢μ¤¨²¨ ¤μ ¨ ¶μ¸²¥ μ¡· ¡μÉ±¨ · ¸É¢μ· ³¨. � ¸-

¶·¥¤¥²¥´¨¥ Ê· ´  ³¥¦¤Ê Ë § ³¨ · ¸¸Î¨ÉÒ¢ ²¨ ¶μ Ê· ¢´¥´¨Õ:

‚ÒÐ¥² Î¨¢ ´¨¥ (%) =
A − B

A
100,

£¤¥: A Å  ±É¨¢´μ¸ÉÓ Ê· ´ -237 ¢ μ¡· §Í¥ ¤μ μ¡· ¡μÉ±¨ §μ²Ò · ¸É¢μ·¨É¥²¥³;
B Å  ±É¨¢´μ¸ÉÓ Ê· ´ -237 ¢ μ¡· §Í¥ ¶μ¸²¥ μ¡· ¡μÉ±¨ §μ²Ò · ¸É¢μ·¨É¥²¥³.

� §¤¥²¥´¨¥ Ê· ´  μÉ ¶·¨³¥¸´ÒÌ Ô²¥³¥´Éμ¢. „²Ö · ¤¨μÌ¨³¨Î¥¸±μ£μ · §-
¤¥²¥´¨Ö ¨ ¢Ò¤¥²¥´¨Ö Ê· ´  ¨§ · ¸É¢μ· , ¶μ²ÊÎ¥´´μ£μ ¶μ¸²¥ ¢ÒÐ¥² Î¨¢ ´¨Ö,
¶·¨³¥´Ö²¨  ´¨μ´μμ¡³¥´´ÊÕ ³¥Éμ¤¨±Ê. ‚ · ¡μÉ¥ ¨¸¶μ²Ó§μ¢ ²¨ ¶² ¸É³ ¸¸μ¢Ò¥
±μ²μ´±¨ ¤¨ ³¥É·μ³ 10 ³³, § ¶μ²´¥´´Ò¥ ¨μ´μμ¡³¥´´μ° ¸³μ²μ° Dowex 2 × 8
(200Ä400 ³¥Ï). � ¸É¢μ· Ê· ´  ¢ 8 Œ HNO3+HF (10%) ¶·μ¶Ê¸± ²¨ Î¥·¥§
±μ²μ´±Ê. “· ´ (VI) ¢ ÔÉ¨Ì Ê¸²μ¢¨ÖÌ ¸μ·¡¨·Ê¥É¸Ö ´  ¸³μ²¥ [8, 9]. 	·¨ ÔÉμ³
É ±¦¥ Î ¸É¨Î´μ ¸μ·¡¨·ÊÕÉ¸Ö Sn, Rb, Ce, Zr, As ¨ Mn. �²Õ¨·μ¢ ´¨¥ ¶·¨³¥¸-
´ÒÌ Ô²¥³¥´Éμ¢ ¶·μ¨§¢μ¤¨²¨ 2 Œ HCl. 	¥·¢Ò° Ô²Õ É · ¢´Ö²¸Ö μ¤´μ³Ê μ¡Ñ¥³Ê
±μ²μ´±¨ ¨ ¸μ¤¥·¦ ² 139Ce, 47Ca, 74As, 54Mn, 89Zr, 117Sn, ¢Éμ·μ° Ô²Õ É Å
¤¢Ê³ μ¡Ñ¥³ ³ ¨ ¸μ¤¥·¦ ² 117Sn, 139Ce ¨ É·¥É¨° Ô²Õ É Å É·¥³ μ¡Ñ¥³ ³ ¨
¸μ¤¥·¦ ² 237U, ¢ÒÌμ¤ ±μÉμ·μ£μ ¶·¥¢ÒÏ ² 90 %.

�…‡“‹œ’�’› ˆ �	‘“†„…�ˆ…

�¥§Ê²ÓÉ ÉÒ μ¶·¥¤¥²¥´¨Ö ¸μ¤¥·¦ ´¨Ö Ô²¥³¥´Éμ¢ ¢ μ¡· §Í¥ Ï² ± , É¨¶¨Î-
´μ£μ ¶μ ¸¢μ¥³Ê ¸μ¸É ¢Ê, ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ �”� ¨ ˆƒ�� ¤ ´Ò ¢ É ¡². 1.
�Ï¨¡±  μ¶·¥¤¥²¥´¨Ö ²Õ¡μ£μ Ô²¥³¥´É , ¶·¥¤¸É ¢²¥´´μ£μ ¢ É ¡²¨Í¥, ´¥ ¶·¥¢Ò-
Ï ¥É 10 %. �  ·¨¸. 1 ¶μ± § ´ �”�-¸¶¥±É· ¤ ´´μ£μ μ¡· §Í  §μ²Ò, ´  ·¨¸. 2 Å
£ ³³ -¸¶¥±É· μ¡²ÊÎ¥´´μ£μ μ¡· §Í  §μ²Ò.

’ ¡²¨Í  1. ‘μ¤¥·¦ ´¨¥ Ô²¥³¥´Éμ¢ ¢ μ¡· §Í¥ §μ²Ò, μ¶·¥¤¥²¥´´μ¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
�”� ¨ ˆƒ�� (%)

�²¥³¥´É ‘μ¤¥·¦ ´¨¥ �²¥³¥´É ‘μ¤¥·¦ ´¨¥
K 2,4 Zn 0,02
Ca 10,46 Zr 0,16 · 10−1

Fe 4,45 Y 0,58 · 10−2

Mg 0,56 Nb 0,24 · 10−2

Na 0,32 Mo 0,69 · 10−2

Ba 0,05 Pb 0,30 · 10−2

Mn 0,04 Ce 0,06 · 10−3

Sr 0,04 U 6,36 · 10−3

Rb 0,02 Th 3,7 · 10−4
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�¨¸. 1. �”�-¸¶¥±É· μ¡· §Í  §μ²Ò

�¨¸. 2. ƒ ³³ -¸¶¥±É· μ¡²ÊÎ¥´´μ£μ μ¡· §Í  §μ²Ò

’ ¡²¨Í  2. ‘μ¤¥·¦ ´¨¥ 238U, 226Ra, 232Th ¢ §μ²¥ (£/É)

�Ê±²¨¤ —¨¸²μ μ¡· §Íμ¢ „¨ ¶ §μ´ ¸μ¤¥·¦ ´¨Ö ‘·¥¤´¥¥ ¸μ¤¥·¦ ´¨¥
226Ra 144 3,5 · 10−6Ä5,1 · 10−5 1,8 · 10−5

232Th 144 1,8Ä21,9 12,4
238U 144 10,6Ä154,0 54,3

‚ É ¡². 2 ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ μ¶·¥¤¥²¥´¨Ö 238U, 226Ra, 232Th ¢ ¨¸¸²¥-
¤μ¢ ´´ÒÌ μ¡· §Í Ì §μ²Ò, ´  ·¨¸. 3 Å £ ³³ -¸¶¥±É· ¥¸É¥¸É¢¥´´μ°  ±É¨¢´μ¸É¨
¢ μ¡· §Í¥ §μ²Ò.

	·¨ · ¢´μ¢¥¸´μ³ ¸μ¤¥·¦ ´¨¨ 238U ¨ 226Ra ´  1 £ U ¶·¨Ìμ¤¨É¸Ö
3,53 · 10−7 £ Ra [10]. ‚ §μ²Ó´ÒÌ μÉ¢ ² Ì, ¶μ²ÊÎ¥´´ÒÌ ¶μ¸²¥ ¸¦¨£ ´¨Ö Ê£²¥°,
¸·¥¤´¥³Ê ¸μ¤¥·¦ ´¨Õ Ê· ´  54,3 £/É ¤μ²¦´μ ¸μμÉ¢¥É¸É¢μ¢ ÉÓ 1,92 · 10−5 £/É
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�¨¸. 3. ‘¶¥±É· ¨§³¥·¥´¨Ö ¥¸É¥¸É¢¥´´μ°  ±É¨¢´μ¸É¨ ¢ μ¡· §Í¥ §μ²Ò

· ¤¨Ö,   μ¶·¥¤¥²¥´´μ¥ ´ ³¨ ¸·¥¤´¥¥ ¸μ¤¥·¦ ´¨¥ 226Ra · ¢´μ 663 �±/±£ ¨²¨
1,79 · 10−5 £/É. � ¸Ìμ¦¤¥´¨¥ ·¥§Ê²ÓÉ Éμ¢ · ¢´μ¢¥¸´μ£μ ¸μ¤¥·¦ ´¨Ö 226Ra ¨
¨§³¥·¥´´μ£μ ´ Ìμ¤¨É¸Ö ¢ ¶·¥¤¥² Ì μÏ¨¡±¨ ¨§³¥·¥´¨Ö. �Éμ Ê± §Ò¢ ¥É ´  Éμ,
ÎÉμ ¢ ¶·μÍ¥¸¸¥ ¸¦¨£ ´¨Ö Ê£²¥° ¶·μ¨¸Ìμ¤¨É ±μ´Í¥´É·¨·μ¢ ´¨¥ Ê· ´  ¨ · ¤¨Ö
¢ §μ²Ó´ÒÌ μÉ¢ ² Ì ¸ ¸μÌ· ´¥´¨¥³ · ¢´μ¢¥¸´μ£μ ¨Ì ¸μ¤¥·¦ ´¨Ö ¢ ·¥§Ê²ÓÉ É¥
¶μ¤μ¡´μ£μ Ì¨³¨Î¥¸±μ£μ ¶μ¢¥¤¥´¨Ö. � ¢´μ¢¥¸´μ¥ ¸μ¤¥·¦ ´¨¥ 232Th ¨ 228Ra
(228Ac), ¸μμÉ¢¥É¸É¢ÊÕÐ¥¥ 1 £ 232Th ¨ 4,81 ·10−10 £ 228Ra (5,05 ·10−14 £ 229�¸),
É ±¦¥ ¸μÌ· ´Ö¥É¸Ö ¢ §μ²Ó´ÒÌ μÉ¢ ² Ì. 	μÔÉμ³Ê ¶·¨  ´ ²¨É¨Î¥¸±¨Ì μ¶·¥¤¥²¥-
´¨ÖÌ ¥¸É¥¸É¢¥´´ÒÌ · ¤¨μ ±É¨¢´ÒÌ Ô²¥³¥´Éμ¢ ¤μ¸É ÉμÎ´μ ¶·μ¨§¢¥¸É¨  ´ ²¨§
μ¤´μ£μ Ô²¥³¥´É ,   ¤·Ê£¨¥ ¡Ê¤ÊÉ μ¶·¥¤¥²ÖÉÓ¸Ö ¶μ ¨Ì · ¢´μ¢¥¸´μ³Ê ¸μ¤¥·-
¦ ´¨Õ.

ˆ§ É ¡². 2 É ±¦¥ ¢¨¤´μ, ÎÉμ ¸μ¤¥·¦ ´¨¥ Ê· ´  ¢ §μ²¥ ¢ÒÏ¥, Î¥³ Éμ·¨Ö.
�¡ÒÎ´μ ¢ ¶·¨·μ¤´ÒÌ μ¡· §Í Ì ¸μ¤¥·¦ ´¨¥ Éμ·¨Ö ¶·¥¢ÒÏ ¥É ¸μ¤¥·¦ ´¨¥
Ê· ´ .

‚ ³¨·μ¢μ° ¶· ±É¨±¥ μÎ¥´Ó Î ¸Éμ Ê· ´ ¢ ± Î¥¸É¢¥ ¶μ¡μÎ´μ£μ ¶·μ¤Ê±É  ¨§-
¢²¥± ¥É¸Ö ¨§ ·Ê¤, ¸μ¤¥·¦ Ð¨Ì 100Ä200 £/É Ê· ´ , ´ ¶·¨³¥· ¨§ §μ²μÉμ´μ¸´ÒÌ
±μ´£²μ³¥· Éμ¢ ‚¨É¢ É¥·¸· ´¤  (
��) ¨²¨ Ëμ¸Ëμ·¨Éμ¢ ”²μ·¨¤Ò (‘˜�) [11].
‘ ÔÉμ° ÉμÎ±¨ §·¥´¨Ö ¨§¢²¥Î¥´¨¥ Ê· ´  ¨§ §μ²Ó´ÒÌ μÉ¢ ²μ¢ Œμ´£μ²¨¨, ¸μ¤¥·-
¦ Ð¨Ì ¤μ 150 £/É Ê· ´ , ¶·¥¤¸É ¢²Ö¥É¸Ö ¤μ¸É ÉμÎ´μ ¶¥·¸¶¥±É¨¢´μ° § ¤ Î¥°.

�¥§Ê²ÓÉ ÉÒ ¶μ ¢ÒÐ¥² Î¨¢ ´¨Õ Ê· ´  ¨§ §μ²Ò · §²¨Î´Ò³¨ · ¸É¢μ·¨É¥²Ö³¨
¤ ´Ò ¢ É ¡². 3.

ˆ§ É ¡². 3 ¢¨¤´μ, ÎÉμ ¶·¨ μ¡· ¡μÉ±¥ §μ²Ò ¸³¥¸ÓÕ 8 Œ HNO3+ HF (10 %)
¢ÒÐ¥² Î¨¢ ´¨¥ Ê· ´  ¤μ¸É¨£ ¥É 99 %. ’ ±μ° ¢ÒÌμ¤ Ê· ´  μ¡ÑÖ¸´Ö¥É¸Ö É¥³,
ÎÉμ ¢ ¶·¨¸ÊÉ¸É¢¨¨ ¶² ¢¨±μ¢μ° ±¨¸²μÉÒ · §·ÊÏ ¥É¸Ö μ¸É¥±²μ¢ ´´ Ö Î ¸ÉÓ
§μ²Ò, ¸μ¤¥·¦ Ð Ö ´¥ ³¥´¥¥ 50 % Ê· ´ , ±μÉμ· Ö μ¡· §Ê¥É¸Ö ¢ ·¥§Ê²ÓÉ É¥
¸¶² ¢²¥´¨Ö μ±¨¸²μ¢ Si, Al, Na, Š. ˆ§ ¤ ´´ÒÌ É ¡²¨ÍÒ ¸²¥¤Ê¥É, ÎÉμ ¢ ¥¸É¥-
¸É¢¥´´ÒÌ Ê¸²μ¢¨ÖÌ ¨§ §μ²Ó´ÒÌ Ê´μ¸μ¢ ³μ¦¥É ¢Ò³Ò¢ ÉÓ¸Ö ¢μ¤μ° ´¥ ¡μ²¥¥ 1 %
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’ ¡²¨Í  3. �¥§Ê²ÓÉ ÉÒ · §²¨Î´ÒÌ ¢ ·¨ ´Éμ¢ ¢ÒÐ¥² Î¨¢ ´¨Ö Ê· ´ 

� ¸É¢μ·¨É¥²¨
’¥³¶¥· ÉÊ· ,

◦‘
‚·¥³Ö

μ¡· ¡μÉ±¨, Î
•¨³¨Î¥¸±¨°

¢ÒÌμ¤, %
H2O 20 24 1,1
Na2CO3 (10%) 90 2 9,2
H2SO4 (45 %) 90 2 45,4
8 Œ �NO3+H2O2 (10 %) 90 2 53,5
8 Œ HNO3+HF (10%) 20 24 99

�¨¸. 4. ‘¶¥±É· ¨§³¥·¥´¨Ö ¥¸É¥¸É¢¥´´μ°  ±É¨¢´μ¸É¨ ¢ μ¡· §Í¥ §μ²Ò ¶μ¸²¥ ¢ÒÐ¥² Î¨-
¢ ´¨Ö

Ê· ´ . ‚ÒÐ¥² Î¨¢ ´¨¥ Ê· ´  ± ·¡μ´ É´Ò³ · ¸É¢μ·μ³ (∼ 10%) Ê± §Ò¢ ¥É ´ 
¶·¨¸ÊÉ¸É¢¨¥ ¢ §μ²¥ Ê· ´  ¢ ¢ ²¥´É´μ³ ¸μ¸ÉμÖ´¨¨ +6.

‚ÒÐ¥² Î¨¢ ´¨¥ · ¤¨Ö ¶·μ¨§¢μ¤¨²¨ ¨§ ¨¸Ìμ¤´μ£μ μ¡· §Í  §μ²Ò 8 M HNO3

+ HF (10 %) ¢ É¥Î¥´¨¥ 5 Î. � ¤¨° ¢ ÔÉ¨Ì Ê¸²μ¢¨ÖÌ ¨§¢²¥± ²¸Ö ´  97 %.
�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´ £ ³³ -¸¶¥±É· ¥¸É¥¸É¢¥´´μ°  ±É¨¢´μ¸É¨ ¢ μ¡· §Í¥ §μ²Ò,
  ´  ·¨¸. 4 Å £ ³³ -¸¶¥±É· Éμ£μ ¦¥ μ¡· §Í  §μ²Ò ¶μ¸²¥ ¢ÒÐ¥² Î¨¢ ´¨Ö.

Š ± ¢¨¤´μ ¨§ ·¨¸. 4, ¢ μ¡· §Í¥ §μ²Ò ¶μ¸²¥ ¢ÒÐ¥² Î¨¢ ´¨Ö μÉ¸ÊÉ¸É¢ÊÕÉ
¥¸É¥¸É¢¥´´Ò¥ · ¤¨μ ±É¨¢´Ò¥ Ô²¥³¥´ÉÒ 238U, 232Th ¨ ¶·μ¤Ê±ÉÒ ¨Ì · ¸¶ ¤ ,
ÎÉμ ¶μ§¢μ²Ö¥É ¶·¨³¥´ÖÉÓ §μ²Ê ¢ ± Î¥¸É¢¥ ¸É·μ¨É¥²Ó´μ£μ ³ É¥·¨ ² .

�  ·¨¸. 5 ¤ ´  ¸Ì¥³  · ¤¨μÌ¨³¨Î¥¸±μ£μ · §¤¥²¥´¨Ö ¨ ¢Ò¤¥²¥´¨Ö Ê· ´  ¨§
· ¸É¢μ·  ¢ÒÐ¥² Î¨¢ ´¨Ö.

’ ±¨¥ Ô²¥³¥´ÉÒ, ± ± Ag, Al, Ba, Ca, Cr, Cs, K, Mg, Mn, Na, Ni, Rb,
Sc, Th, Ti, Y ¨ ·¥¤±μ§¥³¥²Ó´Ò¥ Ô²¥³¥´ÉÒ ¢Ò¤¥²ÖÕÉ¸Ö ¸μ ¸³μ²Ò · ¸É¢μ·μ³
2 Œ HCl ¢ ¶¥·¢ÒÌ ¤¢ÊÌ ¶μ·Í¨ÖÌ Ô²Õ É . ‚ É·¥ÉÓ¥° ¶μ·Í¨¨ Ô²Õ¨·μ¢ ´¨Ö
¢Ò¤¥²Ö¥É¸Ö ¡μ²¥¥ 90% Ê· ´ .
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�¨¸. 5. ‘Ì¥³  · ¤¨μÌ¨³¨Î¥¸±μ£μ · §¤¥²¥´¨Ö ¨ ¢Ò¤¥²¥´¨Ö Ê· ´  ¨§ · ¸É¢μ·  ¢ÒÐ¥² -
Î¨¢ ´¨Ö

‡�Š‹
—…�ˆ…

1. ‘μ¤¥·¦ ´¨¥ Ê· ´  ¢ μ¡· §Í Ì §μ²Ò É¥¶²μÔ²¥±É·μ¸É ´Í¨¨ º4 £. “² ´-
� Éμ·  ¸μ¸É ¢²Ö¥É 10,6Ä154 £/É, Éμ·¨Ö Å 1,8Ä21,9 £/É, · ¤¨Ö Å 232Ä2005 �±/±£.

2. 	·¨ μ¡· ¡μÉ±¥ §μ²Ò ¸³¥¸ÓÕ 8 Œ HNO3 +HF (10 %) ¢ÒÐ¥² Î¨¢ ´¨¥
Ê· ´  ¤μ¸É¨£ ¥É 99 %, · ¤¨Ö Å 97%.

3. ˆ§¢²¥Î¥´¨¥ Ê· ´  ¨§ · ¸É¢μ·  ¨ μÎ¨¸É±Ê ¥£μ μÉ ¸μ¶ÊÉ¸É¢ÊÕÐ¨Ì Ô²¥-
³¥´Éμ¢ ³μ¦´μ μ¸ÊÐ¥¸É¢²ÖÉÓ ´   ´¨μ´¨É¥ Dowex 2 × 8, ¨¸¶μ²Ó§ÊÖ ¢ ± Î¥¸É¢¥
Ô²Õ É  · ¸É¢μ· 2 Œ HCl.

4. ‚ μ¡· §Í¥ §μ²Ò ¶μ¸²¥ ¢ÒÐ¥² Î¨¢ ´¨Ö μÉ¸ÊÉ¸É¢ÊÕÉ ¥¸É¥¸É¢¥´´Ò¥ · -
¤¨μ ±É¨¢´Ò¥ Ô²¥³¥´ÉÒ 238U, 232Th ¨ ¶·μ¤Ê±ÉÒ ¨Ì · ¸¶ ¤ , ÎÉμ ¶μ§¢μ²Ö¥É
¶·¨³¥´ÖÉÓ §μ²Ê ¢ ± Î¥¸É¢¥ ¸É·μ¨É¥²Ó´μ£μ ³ É¥·¨ ² .
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