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� Ì¨³μ¢ �.‚. ¨ ¤·. P6-2012-48
�Î¨¸É±  ¸¥²¥´  μÉ ¶·¨³¥¸¥° Éμ·¨Ö, Ê· ´ , · ¤¨Ö,  ±É¨´¨Ö ¨ ± ²¨Ö
¤²Ö ´¨§±μËμ´μ¢ÒÌ ¨§³¥·¥´¨°

�·μ¢¥¤¥´ ¨´¸É·Ê³¥´É ²Ó´Ò° ´¥°É·μ´´μ- ±É¨¢ Í¨μ´´Ò°  ´ ²¨§ ¡¨¤¨¸É¨²-
²¨·μ¢ ´´μ°, ¤¥¨μ´¨§¨·μ¢ ´´μ° ¢μ¤Ò ¨  §μÉ´μ° ±¨¸²μÉÒ, ¨¸¶μ²Ó§Ê¥³ÒÌ ¶·¨
μÎ¨¸É±¥ ¸¥²¥´  μÉ ¶·¨³¥¸¥° Th, U, Ra, Ac ¨ K. �¶·¥¤¥²¥´Ò ±μÔËË¨Í¨¥´ÉÒ
· ¸¶·¥¤¥²¥´¨Ö 234Th, 230U, 223Ra, 225Ac ´  ± É¨μ´μμ¡³¥´´μ° ¸³μ²¥ DOWEX
50W-X8 ¶·¨ · §²¨Î´ÒÌ ±μ´Í¥´É· Í¨ÖÌ ¸¥²¥´  ¨  §μÉ´μ° ±¨¸²μÉÒ ¢ · ¸É¢μ· Ì.
�  μ¸´μ¢ ´¨¨ ¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ · §· ¡μÉ ´  ³¥Éμ¤¨±  μÎ¨¸É±¨ ¸¥²¥´  μÉ · -
¤¨μ ±É¨¢´ÒÌ ¶·¨³¥¸¥° Th, U, Ra, Ac ¨ Š c ¢Ò³Ò¢ ´¨¥³ ¶·¨³¥¸¥° ·¥¢¥·¸´Ò³
³¥Éμ¤μ³. ‚ ´¥° ¨¸¶μ²Ó§Ê¥É¸Ö ¶·μ¸É Ö É¥Ì´μ²μ£¨Ö ¸ ¶·¨³¥´¥´¨¥³ ³¨´¨³ ²Ó´μ£μ
Î¨¸²  ·¥ £¥´Éμ¢ (¢μ¤ ,  §μÉ´ Ö ±¨¸²μÉ ), ±μÉμ·Ò¥ μ¡² ¤ ÕÉ ¢Ò¸μ±μ° ¸É¥¶¥´ÓÕ
Î¨¸ÉμÉÒ. �·¨³¥´Ö¥³Ò¥ ¢ ¶·μÍ¥¸¸¥ μÎ¨¸É±¨ μ¶¥· Í¨¨ (Ô²Õ¨·μ¢ ´¨¥, Ê¶ ·¨-
¢ ´¨¥) ¶· ±É¨Î¥¸±¨ ¨¸±²ÕÎ ÕÉ ¶μÉ¥·¨ Í¥²¥¢μ£μ ¶·μ¤Ê±É  (Ì¨³¨Î¥¸±¨° ¢ÒÌμ¤
Se > 99 %). �μ ¤ ´´μ° ³¥Éμ¤¨±¥ ¶·μ¢¥¤¥´  ¶·μ¡´ Ö μÎ¨¸É±  100 £ ¸¥²¥´ .
‘¶¥±É·μ³¥É·¨Î¥¸±¨¥ ¨§³¥·¥´¨Ö μÎ¨Ð¥´´μ£μ ¸¥²¥´  ¢ ´¨§±μËμ´μ¢ÒÌ Ê¸²μ¢¨ÖÌ
¶μ¤É¢¥·¤¨²¨ ÔËË¥±É¨¢´μ¸ÉÓ ¶·¥¤²μ¦¥´´μ° ³¥Éμ¤¨±¨.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ¶·μ¡²¥³ ¨³.‚. �. „¦¥²¥¶μ¢  �ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2012

Rakhimov A.V. et al. P6-2012-48
Puriˇcation of Selenium from Thorium, Uranium, Radium, Actinium
and Potassium Impurities for the Low Background Measurements

The new generation of rare event searches experiments requires a new level of
very high radiopurity. Main impurities come from the natural long-lived radionu-
clides Th, U, Ra, Ac and K. In the frame of this ˇeld puriˇcation of Se polluted
with those radioimpurities was carried out taking special care of radiopurity of any
reagent used. �n instrumental neutron activation analysis of bidistillated water,
deionized water and nitric acid was performed. These reagents were used during
the process of selenium puriˇcation from impurities of Th, U, Ra, Ac and K using
the reverse method. Distribution coefˇcients of 234Th, 230U, 223Ra, 225Ac on the
cation-exchange resin DOWEX 50W-X8 in different concentrations of selenium and
nitric acid were experimentally measured. The technique of selenium puriˇcation
from Th, U, Ra, Ac and K was developed. The developed technique of selenium
puriˇcation has a simple technology of execution and minimal number of reagents
(water, nitric acid) which possess a high degree of cleanliness. Operations applied
during puriˇcation (elution, evaporation) practically exclude losses of a target prod-
uct (chemical yields of Se > 99%). Based on this technique test puriˇcation of 100
g selenium was carried out. The efˇciency of this technique was conˇrmed by low
background spectrometry of puriˇed selenium sample.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear Prob-
lems, JINR.
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‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¤μ¸É ÉμÎ´μ ¨´É¥´¸¨¢´μ · §¢¨¢ ÕÉ¸Ö ´ ¶· ¢²¥´¨Ö Ë¨-
§¨Î¥¸±¨Ì ¨¸¸²¥¤μ¢ ´¨° ¢ ´¨§±μËμ´μ¢ÒÌ Ê¸²μ¢¨ÖÌ: ¶μ¨¸± Î ¸É¨Í É¥³´μ° ³ É¥-
·¨¨, ¨§ÊÎ¥´¨¥ ¤¢μ°´μ£μ ¡¥§´¥°É·¨´´μ£μ ¡¥É -· ¸¶ ¤ , ·¥£¨¸É· Í¨Ö ´¥°É·¨´μ
¨ ¤·. ‚ ÔÉμ³ ¸²ÊÎ ¥ μ¤´μ° ¨§ ¢ ¦´¥°Ï¨Ì ¸μ¸É ¢²ÖÕÐ¨Ì Ê¸¶¥Ï´μ£μ ¶·μ-
¢¥¤¥´¨Ö ¨¸¸²¥¤μ¢ ´¨° Ö¢²Ö¥É¸Ö ¨¸¶μ²Ó§μ¢ ´¨¥ ³ É¥·¨ ²μ¢ ¨ μ¡· §Íμ¢, μÎ¥´Ó
Î¨¸ÉÒÌ ¶μ μÉ´μÏ¥´¨Õ ± ¢μ§³μ¦´Ò³ · ¤¨μ ±É¨¢´Ò³ ¶·¨³¥¸Ö³.

‚ ·Ö¤¥ ´ ÊÎ´ÒÌ ² ¡μ· Éμ·¨° · §´ÒÌ ¸É· ´ ¢¥¤ÊÉ¸Ö Ô±¸¶¥·¨³¥´ÉÒ (¨²¨
¨¤¥É ¶μ¤£μÉμ¢± ) ¶μ ¶μ¨¸±Ê ¡¥§´¥°É·¨´´μ° ³μ¤Ò ¤¢μ°´μ£μ ¡¥É -· ¸¶ ¤  ¢ 82Se,
  É ±¦¥ ¶μ ·¥£¨¸É· Í¨¨ ¤¢μ°´μ£μ ¡¥É -· ¸¶ ¤  82Se ´  0+-¢μ§¡Ê¦¤¥´´μ¥ ¸μ-
¸ÉμÖ´¨¥ ¤μÎ¥·´¨Ì Ö¤¥· 82Kr (·¨¸. 1) [1Ä3].

�¨¸. 1. ‘Ì¥³  ¤¢μ°´μ£μ β-· ¸¶ ¤  82Se −82Br −82Kr [3]

�·¨´Í¨¶¨ ²Ó´μ, ÎÉμ Éμ²Ó±μ ¸¢¥·ÌÎ¨¸ÉÒ¥ μ¡· §ÍÒ ¶·¨£μ¤´Ò ¤²Ö ¶·μ¢¥-
¤¥´¨Ö ´¨§±μËμ´μ¢ÒÌ ¨§³¥·¥´¨°. ‘ÊÐ¥¸É¢¥´´μ° ¶·μ¡²¥³μ° Ö¢²Ö¥É¸Ö ´ ²¨Î¨¥
¢ ¨¸¸²¥¤Ê¥³ÒÌ μ¡· §Í Ì ¶·¨³¥¸¥° Ô²¥³¥´Éμ¢, ¨³¥ÕÐ¨Ì ¶·¨·μ¤´Ò¥ · ¤¨μ-
´Ê±²¨¤Ò, ¢ Î ¸É´μ¸É¨ Th, U, Ra, Ac ¨ Š. ’·¥¡μ¢ ´¨Ö ± · ¤¨μÌ¨³¨Î¥¸±μ°
Î¨¸ÉμÉ¥ ¸¥²¥´  ¶·¥¤¶μ² £ ÕÉ · §¢¨É¨¥ ¤μ¸É ÉμÎ´μ ¸μ¢¥·Ï¥´´ÒÌ ³¥Éμ¤μ¢ ¥£μ
μÎ¨¸É±¨.

‘²¥¤Ê¥É § ³¥É¨ÉÓ, ÎÉμ ÔËË¥±É¨¢´μ¥ ¢Ò¤¥²¥´¨¥ ³¨±·μ±μ²¨Î¥¸É¢ · ¤¨μÔ²¥-
³¥´Éμ¢ ¨§ ± ±μ£μ-²¨¡μ ¢¥Ð¥¸É¢  Ê¦¥ Ö¢²Ö¥É¸Ö ¸²μ¦´μ° Ì¨³¨Î¥¸±μ° § ¤ Î¥°.
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� ¥¸²¨ ¢ ¶·μÍ¥¸¸¥ μÎ¨¸É±¨ ¨¸¶μ²Ó§Ê¥É¸Ö ³´μ£μ Ì¨³¨Î¥¸±¨Ì μ¶¥· Í¨° ¨ ¡μ²Ó-
Ï¨¥ μ¡Ñ¥³Ò ·¥ £¥´Éμ¢, Éμ ¢μ§´¨± ¥É ¢μ§³μ¦´μ¸ÉÓ ¢´¥¸¥´¨Ö ´¥¦¥² É¥²Ó´ÒÌ
§ £·Ö§´¥´¨° ¨§ ·¥ ±É¨¢μ¢. �μÔÉμ³Ê ³¥Éμ¤¨±  μÎ¨¸É±¨ ¤μ²¦´  μ¸´μ¢Ò¢ ÉÓ¸Ö
´  ¶·¨´Í¨¶ Ì ³¨´¨³¨§ Í¨¨ μÉ³¥Î¥´´ÒÌ Ë ±Éμ·μ¢ ¨ ÔËË¥±É¨¢´μ£μ ¶μ·Ö¤± 
¶·μ¢¥¤¥´¨Ö μ¶¥· Í¨°.

‚¥¸Ó³  ¢ ¦´Ò³ Ë ±Éμ·μ³ Ö¢²Ö¥É¸Ö ´¥· §·Ò¢´μ¸ÉÓ ³¥Éμ¤μ¢ μÎ¨¸É±¨ ¨
±μ´É·μ²Ö Î¨¸ÉμÉÒ ¨¸¸²¥¤Ê¥³ÒÌ μ¡· §Íμ¢. �·¨ ÔÉμ³ μ±μ´Î É¥²Ó´Ò° μÉ¢¥É
´  ¢μ¶·μ¸ μ ± Î¥¸É¢¥ μÎ¨Ð¥´´μ£μ ³ É¥·¨ ²  ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ²¨ÏÓ ¶μ¸²¥
¢¥¸Ó³  ¤²¨É¥²Ó´ÒÌ (¨´μ£¤  ³´μ£μ²¥É´¨Ì) ¨§³¥·¥´¨° ´  Ê´¨± ²Ó´μ° Ë¨§¨Î¥-
¸±μ° Ê¸É ´μ¢±¥, ¶·¨ ±μÉμ·ÒÌ ´ ¡²Õ¤¥´¨¥ ¸μ¡ÒÉ¨°, ¸¢Ö§ ´´ÒÌ ¸ ¢²¨Ö´¨¥³
ÔÉ¨Ì ¶·¨³¥¸¥°, Ö¢²Ö¥É¸Ö ´¥¦¥² É¥²Ó´Ò³ Ëμ´μ³. 	Éμ μ¡Ê¸²μ¢²¥´μ É¥³, ÎÉμ
ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ μ¶·¥¤¥²¥´¨Ö ±μ´Í¥´É· Í¨¨ ¶·¨³¥¸¥° ¤·Ê£¨³¨ ¤μ¸ÉÊ¶´Ò³¨
³¥Éμ¤ ³¨ Î ¸Éμ ²¥¦¨É ´¨¦¥ ¶·¥¤¥²μ¢ ¨Ì μ¡´ ·Ê¦¥´¨Ö.

‚ ÔÉμ³ μÉ´μÏ¥´¨¨ ´ ¨¡μ²¥¥ ¶μ¤Ìμ¤ÖÐ¨³ Ö¢²Ö¥É¸Ö ³¥Éμ¤ ´¥°É·μ´´μ-
 ±É¨¢ Í¨μ´´μ£μ  ´ ²¨§  (���) [4, 5], ±μÉμ·Ò° μ¡² ¤ ¥É ¢Ò¸μ±μ° ÎÊ¢¸É¢¨É¥²Ó-
´μ¸ÉÓÕ ± μ¶·¥¤¥²¥´¨Õ ´¨§±¨Ì ±μ´Í¥´É· Í¨° Ô²¥³¥´Éμ¢, ¢ Éμ³ Î¨¸²¥ Éμ·¨Ö ¨
Ê· ´ .

„²Ö ¶μ²ÊÎ¥´¨Ö ¸¥²¥´  ¢Ò¸μ±μ° Î¨¸ÉμÉÒ Ï¨·μ±μ ¶·¨³¥´ÖÕÉ ³¥Éμ¤
¨μ´μμ¡³¥´´μ° Ì·μ³ Éμ£· Ë¨¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸³μ² DOWEX-50 ¨
DOWEX-2 [6], Š“-2 ¨ ��-1 [7]. ‚ ¸² ¡μ±¨¸²ÒÌ · ¸É¢μ· Ì ´   ´¨μ´¨É Ì
DOWEX-3 ¨ �³¡¥·²¨É IR-4B ³μ¦´μ ÔËË¥±É¨¢´μ μÎ¨¸É¨ÉÓ ¸¥²¥´ μÉ ¶·¨³¥-
¸¥° Na, Cu, Te, S. ‘μ·¡¨·μ¢ ´´Ò° ´  ±μ²μ´±¥ ¸¥²¥´ Ô²Õ¨·ÊÕÉ 10 ³μ²Ó/²
HCl ¨ § É¥³ ¶μ²ÊÎ ÕÉ Î¨¸ÉÒ° ¶·¥¶ · É ¢ ¢¨¤¥ SeO2 [8]. �Î¨¸É±  ¸¥²¥´ 
¨μ´μμ¡³¥´´Ò³ ³¥Éμ¤μ³ μ¶¨¸ ´  É ±¦¥ ¢ · ¡μÉ¥ ˜Ê³ ´  [9].

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¡μ²ÓÏ¨´¸É¢μ ³¥Éμ¤¨± Ì·μ³ Éμ£· Ë¨Î¥¸±μ£μ · §¤¥-
²¥´¨Ö μ¸´μ¢ ´Ò ´  Éμ³, ÎÉμ Se(IV) ¨ Se(VI) ´¥ ¸μ·¡¨·ÊÕÉ¸Ö ± É¨μ´μμ¡³¥´´¨-
± ³¨ ¨§ · §¡ ¢²¥´´ÒÌ · ¸É¢μ·μ¢ ³¨´¥· ²Ó´ÒÌ ±¨¸²μÉ (KD(Se) ∼ 1) [10Ä15].
‚ [16Ä21] ¶·¥¤¸É ¢²¥´Ò ¤ ´´Ò¥ μ ±μÔËË¨Í¨¥´É Ì · ¸¶·¥¤¥²¥´¨Ö ¶·¨³¥¸´ÒÌ
Ô²¥³¥´Éμ¢ (Th, U, Ra, Ac ¨ Š) ¢ · §²¨Î´ÒÌ ¸¨¸É¥³ Ì, μ¤´ ±μ ¶·¨ ¡μ²Ó-
Ï¨Ì ±μ´Í¥´É· Í¨ÖÌ ¸¥²¥´  ±μÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö ÔÉ¨Ì Ô²¥³¥´Éμ¢ ´¥
μ¶·¥¤¥²¥´Ò.

‚ [22, 23] ¶·¥¤¸É ¢²¥´ μ¡§μ· ³¥Éμ¤μ¢ £²Ê¡μ±μ° μÎ¨¸É±¨ ¸¥²¥´ , μ¸´μ¢ ´-
´ÒÌ ´  ¨¸¶μ²Ó§μ¢ ´¨¨ ¶·μÍ¥¸¸μ¢ ±·¨¸É ²²¨§ Í¨¨ ¨ ¤¨¸É¨²²ÖÍ¨¨, ¢±²ÕÎ Ö
¢ ±ÊÊ³´ÊÕ,   É ±¦¥ ¨¸¶μ²Ó§ÊÕÐ¨Ì ¨§³¥´¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ëμ·³ ¶·¨³¥¸´ÒÌ
Ô²¥³¥´Éμ¢. ’¥Ì´μ²μ£¨Ö μÎ¨¸É±¨ ¸¥²¥´  μÉ ·Ö¤  Ô²¥³¥´Éμ¢ μ¶¨¸ ´  ¢ [24, 25].
� ¡μÉ  [26] ¶μ¸¢ÖÐ¥´  μÎ¨¸É±¥ ¸¥²¥´  μÉ ¶·¨³¥¸¥° ¡ ·¨Ö ³¥Éμ¤μ³ ¢ ±ÊÊ³´μ°
¤¨¸É¨²²ÖÍ¨¨. ˆ§ ¤ ´´ÒÌ Ê± § ´´ÒÌ · ¡μÉ ¢¨¤´μ, ÎÉμ ±μÔËË¨Í¨¥´ÉÒ μÎ¨¸É±¨
¸¥²¥´  μÉ ·Ö¤  Ô²¥³¥´Éμ¢ μÉ´μ¸¨É¥²Ó´μ ´¨§±¨¥,   ¤ ´´Ò¥ ¶μ Éμ·¨Õ ¨ Ê· ´Ê
μÉ¸ÊÉ¸É¢ÊÕÉ.

� Ï  · ¡μÉ  ¶μ¸¢ÖÐ¥´  Ê¸μ¢¥·Ï¥´¸É¢μ¢ ´¨Õ Ì·μ³ Éμ£· Ë¨Î¥¸±μ£μ ³¥-
Éμ¤  · §¤¥²¥´¨Ö ³ ±·μ±μ²¨Î¥¸É¢ ¸¥²¥´  ¨ Ê²ÓÉ· ³ ²ÒÌ ±μ²¨Î¥¸É¢ Ô²¥³¥´Éμ¢,
¢ ¶¥·¢ÊÕ μÎ¥·¥¤Ó ¸μ¤¥·¦ Ð¨Ì ¥¸É¥¸É¢¥´´Ò¥ · ¤¨μ´Ê±²¨¤Ò. ‘ÊÐ¥¸É¢¥´´Ò³
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μÉ²¨Î¨¥³ Ö¢²Ö¥É¸Ö Éμ, ÎÉμ Ô²Õ¨·μ¢ ´¨¥ Ô²¥³¥´Éμ¢ ¶·μ¨§¢μ¤¨É¸Ö ®·¥¢¥·¸´Ò³¯
³¥Éμ¤μ³, É. ¥. ¶¥·¨μ¤¨Î¥¸±¨³ ¨§³¥´¥´¨¥³ ´ ¶· ¢²¥´¨Ö ¶μÉμ±  Ô²Õ¥´É , ¶·¨
±μÉμ·μ³ ¤μ¸É¨£ ¥É¸Ö ¡μ²¥¥ ¶μ²´μ¥ ¢Ò³Ò¢ ´¨¥ ¶·¨³¥¸´ÒÌ Ô²¥³¥´Éμ¢ ¡¥§ ¶μ-
É¥·¨ μÎ¨Ð ¥³μ£μ Ô²¥³¥´É  [27].

�Š‘�…�ˆŒ…�’�‹œ��Ÿ —�‘’œ

�¡²ÊÎ¥´¨¥ μ¡· §Íμ¢ ¤²Ö ¨´¸É·Ê³¥´É ²Ó´μ£μ ´¥°É·μ´´μ- ±É¨¢ Í¨μ´´μ£μ
 ´ ²¨§  (ˆ���) ¶·μ¢μ¤¨²¨ ´  ¢¥·É¨± ²Ó´μ³ ± ´ ²¥ Ö¤¥·´μ£μ ·¥ ±Éμ· 
‚‚�-‘Œ (ˆ´¸É¨ÉÊÉ Ö¤¥·´μ° Ë¨§¨±¨ �� �“§).

•¨³¨Î¥¸±¨¥ ·¥ ±É¨¢Ò, ³ É¥·¨ ²Ò ¨ μ¡μ·Ê¤μ¢ ´¨¥. ‚ ÔÉμ° · ¡μÉ¥ ¨¸¶μ²Ó-
§μ¢ ²¨¸Ó

Å ¡¨¤¨¸É¨²²¨·μ¢ ´´ Ö ¢μ¤ , ¤¥¨μ´¨§¨·μ¢ ´´ Ö ¢μ¤ ,
Å  ³μ·Ë´Ò° ¸¥²¥´ (®Î.¯, ’“-609- 473-70),
Å ¸¥²¥´ CT-1 (ƒ�‘’ 10298-79),
Å  §μÉ´ Ö ±¨¸²μÉ  (®�‘— 18-4¯, ƒ�‘’ 11125-84),
Å ¸μ²Ö´ Ö ±¨¸²μÉ  (®�‘— 20-4¯, ƒ�‘’ 14261-77),
Å ± É¨μ´μμ¡³¥´´ Ö ¸³μ²  DOWEX 50W-X8 (200Ä400 ³¥Ï., Fluka/Sigma-

Aldrich, ƒ¥·³ ´¨Ö),
Å Ì¨³¨Î¥¸± Ö ¶μ¸Ê¤  ¨§ ¶μ²¨ÔÉ¨²¥´  ¨ ¶μ²¨¶·μ¶¨²¥´ ,
Å Ì·μ³ Éμ£· Ë¨Î¥¸± Ö ±μ²μ´±  ¨§ ³ É¥·¨ ²  �ˆˆŠ ¤²¨´μ° 50 ¸³ ¨

¤¨ ³¥É·μ³ 1 ¸³,
Å ¶¥·¨¸É ²ÓÉ¨Î¥¸±¨¥ ´ ¸μ¸Ò.
�¡· §ÍÒ ¸· ¢´¥´¨Ö (ÔÉ ²μ´Ò), ¨¸¶μ²Ó§μ¢ ´´Ò¥ ¶·¨ ˆ���. �¡· §ÍÒ ¸· ¢-

´¥´¨Ö £μÉμ¢¨²¨ É ±, ± ± ¢ · ¡μÉ¥ ˆ.ˆ. ‘ ¤Ò±μ¢  ¨ ¤·. [28].
�·¨£μÉμ¢²¥´¨¥ · ¸É¢μ·  ¸¥²¥´ . � ¢¥¸±Ê ¸¥²¥´  (100 £) ¶μ³¥Ð ²¨ ¢ ¸É¥-

±²Ö´´Ò° ¸É ± ´ (2,5 ²) ¨ ¤μ¡ ¢²Ö²¨ ¢ ´¥£μ 400 ³² ¤¨¸É¨²²¨·μ¢ ´´μ° ¢μ¤Ò ¨
±μ´Í¥´É·¨·μ¢ ´´ÊÕ  §μÉ´ÊÕ ±¨¸²μÉÊ ¶μ·Í¨Ö³¨ ´¥ ¡μ²¥¥ 50 ³² (¢μ ¨§¡¥¦ ´¨¥
¡Ê·´μ° ·¥ ±Í¨¨) ¤μ ¶μ²´μ£μ · ¸É¢μ·¥´¨Ö. �μ¸²¥ ÔÉμ£μ · ¸É¢μ· ¢Ò¶ ·¨¢ ²¨
¤μ¸ÊÌ  ¨ · ¸É¢μ·Ö²¨ ¢ ¢μ¤¥. „²Ö ¶μ²ÊÎ¥´¨Ö ±μ´Í¥´É· Í¨¨ ¸¥²¥´¨¸Éμ° ±¨¸²μÉÒ
0,5 ³μ²Ó/² · ¸É¢μ· ¤μ¢μ¤¨²¨ ¤μ 2,5 ².

�·¨£μÉμ¢²¥´¨¥ μ¡· §Íμ¢ ¤²Ö ˆ��� ¡¨¤¨¸É¨²²¨·μ¢ ´´μ°, ¤¥¨μ´¨§¨·μ-
¢ ´´μ° ¢μ¤Ò ¨  §μÉ´μ° ±¨¸²μÉÒ. �¡· §ÍÒ ¢μ¤Ò ¨  §μÉ´μ° ±¨¸²μÉÒ £μÉμ¢¨²¨
¢ ®Î¨¸Éμ°¯ ±μ³´ É¥ ¢ · ¤¨μÌ¨³¨Î¥¸±μ³ ¸¥±Éμ·¥ � ÊÎ´μ-Ô±¸¶¥·¨³¥´É ²Ó´μ£μ
μÉ¤¥²  Ö¤¥·´μ° ¸¶¥±É·μ¸±μ¶¨¨ ¨ · ¤¨μÌ¨³¨¨ (�	�Ÿ‘¨�• ‹Ÿ� �ˆŸˆ). �¨-
¤¨¸É¨²²¨·μ¢ ´´ÊÕ ¨ ¤¥¨μ´¨§¨·μ¢ ´´ÊÕ ¢μ¤Ê (20 ²),  §μÉ´ÊÕ ±¨¸²μÉÊ (0,5 ²)
¢Ò¶ ·¨¢ ²¨ ¢ ¶² ¸É³ ¸¸μ¢ÒÌ ¸É ± ´ Ì ¤μ μ¡Ñ¥³  3Ä5 ³². ‡ É¥³ ¦¨¤±μ¸ÉÓ
¶¥·¥²¨¢ ²¨ ¢ ¶μ²¨ÔÉ¨²¥´μ¢Ò° ¶ ±¥É¨± (¸¶¥Í¨ ²Ó´μ ¶·¨£μÉ ¢²¨¢ ²¨ ¤²Ö  ´ -
²¨§ ) ¨ ¢Ò¶ ·¨¢ ²¨ ¤μ ¸ÊÌμ£μ μ¸É É±  ¶μ¤ ˆŠ-² ³¶μ°. ‡ É¥³ Ê¶ ±μ¢±¨ ¸
 ´ ²¨§¨·Ê¥³Ò³¨ μ¡· §Í ³¨ ¨ ÔÉ ²μ´ ³¨ ¶μ³¥Ð ²¨ ¢ ±¢ ·Í¥¢ÊÕ  ³¶Ê²Ê, ±μ-

3



Éμ·ÊÕ ¢ § ¶ Ö´´μ³ ¢¨¤¥ § £·Ê¦ ²¨ ¢ ¸É ´¤ ·É´Ò° ³¥É ²²¨Î¥¸±¨° ±μ´É¥°´¥·
¤²Ö μ¡²ÊÎ¥´¨Ö ´  ·¥ ±Éμ·¥.

�μ¤£μÉμ¢±  ± É¨μ´μμ¡³¥´´μ° ¸³μ²Ò DOWEX 50W-X8 (200Ä400 ³¥Ï.).
�¥·¥¤ ¨¸¶μ²Ó§μ¢ ´¨¥³ ± É¨μ´¨É ¶¥·¥¢μ¤¨²¨ ¢ �+-Ëμ·³Ê: ´ ¢¥¸±Ê ¸³μ²Ò
μ¸É ¢²Ö²¨ ¢ ¢μ¤¥ ¤μ ¶μ²´μ£μ ´ ¡ÊÌ ´¨Ö, ¶·μ³Ò¢ ²¨ 4 ³μ²Ó/²  §μÉ´μ° ±¨¸²μ-
Éμ°, ¢μ¤μ° ¨ ¢Ò¸ÊÏ¨¢ ²¨ ´  ¢μ§¤ÊÌ¥. ‡ £·Ê¦¥´´ÊÕ ¢ ±μ²μ´±Ê ¸³μ²Ê ¶·μ³Ò-
¢ ²¨ ¢ μ¡· É´μ³ ´ ¶· ¢²¥´¨¨ ¤¢Ê³Ö ²¨É· ³¨ 5 ³μ²Ó/² HNO3 ¨ 0,5 ² ¢μ¤Ò.

�μ¤£μÉμ¢±  · ¤¨μ ±É¨¢´ÒÌ ¨´¤¨± Éμ·μ¢. „²Ö μ¶·¥¤¥²¥´¨Ö ±μÔË-
Ë¨Í¨¥´Éμ¢ · ¸¶·¥¤¥²¥´¨Ö ¨¸¸²¥¤Ê¥³ÒÌ Ô²¥³¥´Éμ¢ ¨¸¶μ²Ó§μ¢ ²¨ 234Th(T1/2 =
24, 1 ¸ÊÉ, Eγ = 92, 4 + 92, 8 ±Ô‚), 230U (T1/2 = 20, 8 ¸ÊÉ, Eγ = 111, 1 ±Ô‚),
223Ra (T1/2 = 11, 4 ¸ÊÉ, Eγ = 269, 4 + 271, 2 ±Ô‚), 225A¸ (T1/2 = 10, 0 ¸ÊÉ,
Eγ = 440, 4 ±Ô‚) [29]. „ ´´Ò¥ · ¤¨μ´Ê±²¨¤Ò ¶μ²ÊÎ ²¨ ´  Ë §μÉ·μ´¥ ‹Ÿ�
�ˆŸˆ ¶μ ·¥ ±Í¨Ö³ £²Ê¡μ±μ£μ · ¸Ð¥¶²¥´¨Ö μ¡²ÊÎ¥´¨¥³ Éμ·¨¥¢μ° ³¨Ï¥´¨
¶·μÉμ´ ³¨ ¸ Ô´¥·£¨¥° 650 ŒÔ‚. ‡ É¥³ ¶·μ¢μ¤¨²μ¸Ó · ¤¨μÌ¨³¨Î¥¸±μ¥ μÉ¤¥-
²¥´¨¥ ÔÉ¨Ì ¨ ¤·Ê£¨Ì · ¤¨μ´Ê±²¨¤μ¢ μÉ ³ É¥·¨ ²  ³¨Ï¥´¨.

�¨§±μËμ´μ¢ Ö £ ³³ -¸¶¥±É·μ³¥É·¨Ö. ˆ¸¶μ²Ó§μ¢ ´ ¤¥É¥±Éμ· ¶² ´ ·´μ£μ
É¨¶  μ¡Ñ¥³μ³ 150 ¸³3. �·¨ · §· ¡μÉ±¥ ¤¥É¥±Éμ·  μ¸μ¡μ¥ ¢´¨³ ´¨¥ ¡Ò²μ
´ ¶· ¢²¥´μ ´  ¶μ´¨¦¥´¨¥ ¥£μ ¸μ¡¸É¢¥´´μ£μ Ëμ´  [30]. 	ËË¥±É¨¢´μ¸ÉÓ ·¥-
£¨¸É· Í¨¨ ¡Ò²  Ê¸É ´μ¢²¥´  ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¥Éμ¤  Œμ´É¥-Š ·²μ, ·¥ ²¨-
§μ¢ ´´μ£μ ¢ ¶ ±¥É¥ GEANT3.21. ˆ´Ëμ·³ Í¨Ö μ ¸Ì¥³ Ì · ¸¶ ¤  ¡μ²¥¥ Î¥³
2200 ¨§μÉμ¶μ¢ ¡Ò²  ¢§ÖÉ  ¨§ NNDC's Evaluated Nuclear Structure Data File
(ENSDF) [31], ¤μ¶μ²´¥´  ¤ ´´Ò³¨ É ¡²¨ÍÒ ¨§μÉμ¶μ¢ [32] ¨ ¤ ´´Ò³¨ ¨§ De-
cay Data Evaluation Project [33].

ˆ§³¥·¥´¨¥  ±É¨¢´μ¸É¨ ¶·¨³¥¸¥° · ¤¨μ´Ê±²¨¤μ¢ ¢ μÎ¨Ð ¥³μ³ ¸¥²¥´¥ ¡Ò²μ
¢Ò¶μ²´¥´μ ´  ´¨§±μËμ´μ¢μ³ ¸¶¥±É·μ³¥É·¥ ¢ Œμ¤ ´¸±μ° ¶μ¤§¥³´μ° ² ¡μ· -
Éμ·¨¨ (LSM, Œμ¤ ´, ”· ´Í¨Ö). �¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ´¥μÎ¨Ð¥´´μ£μ ¸¥²¥´ 
¶·¨¢¥¤¥´Ò ¢ É ¡². 1.

’ ¡²¨Í  1. �±É¨¢´μ¸É¨ ¶·¨³¥¸¥° · ¤¨μ´Ê±²¨¤μ¢ ¢ ´¥μÎ¨Ð¥´´μ³ ¸¥²¥´¥, ¨§³¥·¥´-
´Ò¥ ¢ LSM

�·¨³¥¸¨ · ¤¨μ´Ê±²¨¤μ¢ 40K 232Th 238U 226Ra 228Ra

�±É¨¢´μ¸ÉÓ, ³�±/±£ 59 ± 11 6,2 ± 1,3 < 48 10 ± 1 12 ± 2

ƒ ³³ -¸¶¥±É·μ³¥É·¨Ö. ƒ ³³ - ±É¨¢´μ¸ÉÓ ¨§³¥·Ö²¨ ¸ ¶μ³μÐÓÕ γ-¸¶¥±É-
·μ³¥É· , ¸μ¸ÉμÖÐ¥£μ ¨§ c¢¥·ÌÎ¨¸Éμ£μ £¥·³ ´¨¥¢μ£μ (HPGe) ¤¥É¥±Éμ·  GC1518
(ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ 15%, Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ 1,7 ±Ô‚ ¶μ
²¨´¨¨ 1332,5 ±Ô‚ · ¤¨μ´Ê±²¨¤  60Co) ¨ ³´μ£μ± ´ ²Ó´μ£μ  ´ ²¨§ Éμ·  DSA-
1000 (®Š ´¡¥·· ¯, ‘˜�). ‘¶¥±É·Ò μ¡· ¡ ÉÒ¢ ²¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μ-
£· ³³´μ£μ ¶ ±¥É  Genie-2000 (ˆ´¸É¨ÉÊÉ Ö¤¥·´μ° Ë¨§¨±¨ �� �“§) [28].

�·¨ · §· ¡μÉ±¥ ³¥Éμ¤¨±¨ μÎ¨¸É±¨ ¸¥²¥´  ¤²Ö ¨§³¥·¥´¨Ö  ±É¨¢´μ¸É¨ ¨¸-
¸²¥¤Ê¥³ÒÌ · ¤¨μ´Ê±²¨¤μ¢ ¨¸¶μ²Ó§μ¢ ²¨ γ-¸¶¥±É·μ³¥É· (· ¤¨μÌ¨³¨Î¥¸± Ö ² -
¡μ· Éμ·¨Ö �	�Ÿ‘¨�• �ˆŸˆ) ¸ ��„, ¨§£μÉμ¢²¥´´Ò³ ¨§ HPGe. �¡· §ÍÒ
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§ ±·¥¶²Ö²¨¸Ó ¢ ¤¥·¦ É¥²Ó, ±μÉμ·Ò° ¶μ§¢μ²Ö¥É ¨§³¥´ÖÉÓ · ¸¸ÉμÖ´¨¥ μÉ ¨¸ÉμÎ-
´¨±  ¤μ ��„ ¢ Ï¨·μ±¨Ì ¶·¥¤¥² Ì (0,5Ä370 ¸³). ‘¡μ· ¨ μ¡· ¡μÉ±  ¶μ¸ÉÊ¶ Õ-
Ð¥° ¨´Ëμ·³ Í¨¨ μ¸ÊÐ¥¸É¢²Ö² ¸Ó ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò SAMAR.

Œ¥Éμ¤¨±  ˆ��� ¢μ¤Ò. �μ¤£μÉμ¢²¥´´Ò¥ μ¡· §ÍÒ ¢μ¤Ò ¨ ÔÉ ²μ´Ò μ¶·¥¤¥-
²Ö¥³ÒÌ Ô²¥³¥´Éμ¢ μ¡²ÊÎ ²¨ ¢ É¥Î¥´¨¥ 10 Î ¢ ¶μÉμ±¥ ´¥°É·μ´μ¢
1 · 1014 ¸³−2 · c−1. —¥·¥§ ¤¥´Ó ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö ±μ´É¥°´¥· · ¸¶ ±μ¢Ò¢ ²¨,
§ ±²ÕÎ¥´´Ò¥ ¢ ¶μ²¨ÔÉ¨²¥´ μ¡· §ÍÒ ¨ ÔÉ ²μ´Ò ¶μ³¥Ð ²¨ ¢ Î¨¸ÉÊÕ Ê¶ ±μ¢±Ê.
„²Ö μ¶·¥¤¥²¥´¨Ö ¸μ¤¥·¦ ´¨Ö ±μ·μÉ±μ¦¨¢ÊÐ¨Ì · ¤¨μ´Ê±²¨¤μ¢ ¢ ¨¸¸²¥¤Ê¥³ÒÌ
μ¡· §Í Ì ¢·¥³Ö ¨§³¥·¥´¨Ö ¸μ¸É ¢²Ö²μ 1200 ¸ ¨ ¤²Ö ÔÉ ²μ´μ¢ 100Ä600 ¸. „²Ö
μ¶·¥¤¥²¥´¨Ö ¸μ¤¥·¦ ´¨Ö ¤μ²£μ¦¨¢ÊÐ¨Ì · ¤¨μ´Ê±²¨¤μ¢ ¨§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨
Î¥·¥§ É·¨ ¤´Ö.

Œ¥Éμ¤¨±  ˆ���  §μÉ´μ° ±¨¸²μÉÒ. �μ¤£μÉμ¢²¥´´Ò° μ¡· §¥Í  §μÉ´μ°
±¨¸²μÉÒ ¨ ÔÉ ²μ´Ò μ¶·¥¤¥²Ö¥³ÒÌ Ô²¥³¥´Éμ¢ μ¡²ÊÎ ²¨ ¢ É¥Î¥´¨¥ 72 Î ¢ ¶μÉμ±¥
´¥°É·μ´μ¢ 3 · 1010 ¸³−2 · c−1. —¥·¥§ ¤¢  ¤´Ö ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö ±μ´É¥°´¥·
· ¸¶ ±μ¢Ò¢ ²¨, § ±²ÕÎ¥´´Ò¥ ¢ ¶μ²¨ÔÉ¨²¥´ μ¡· §ÍÒ ¨ ÔÉ ²μ´Ò ¶μ³¥Ð ²¨ ¢
Î¨¸ÉÊÕ Ê¶ ±μ¢±Ê. ‚·¥³Ö ¨§³¥·¥´¨Ö μ¡· §Í  ¸μ¸É ¢²Ö²μ 600 ¸ ¨ ¤²Ö ÔÉ ²μ´μ¢
100Ä300 ¸.

Œ¥Éμ¤¨±  ˆ��� ·¥¢¥·¸´μ° Î ¸É¨ Ô²Õ É . ‘ÊÌμ° μ¸É Éμ± Ô²Õ É  ¨ ÔÉ -
²μ´Ò μ¶·¥¤¥²Ö¥³ÒÌ Ô²¥³¥´Éμ¢ μ¡²ÊÎ ²¨ ¢ É¥Î¥´¨¥ 72 Î ¢ ¶μÉμ±¥ ´¥°É·μ´μ¢
3 · 1010 ¸³−2 · c−1. —¥·¥§ Î¥ÉÒ·¥ ¤´Ö ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö ±μ´É¥°´¥· · ¸¶ ±μ¢Ò-
¢ ²¨, § ±²ÕÎ¥´´Ò¥ ¢ ¶μ²¨ÔÉ¨²¥´ μ¡· §ÍÒ ¨ ÔÉ ²μ´Ò ¶μ³¥Ð ²¨ ¢ Î¨¸ÉÊÕ Ê¶ -
±μ¢±Ê. ‚·¥³Ö ¨§³¥·¥´¨Ö μ¡· §Í  ¸μ¸É ¢²Ö²μ 300 ¸ ¨ ¤²Ö ÔÉ ²μ´μ¢ 100Ä300 ¸.

�¶·¥¤¥²¥´¨¥ ±μÔËË¨Í¨¥´Éμ¢ · ¸¶·¥¤¥²¥´¨Ö. „²Ö μ¶·¥¤¥²¥´¨Ö ±μÔËË¨-
Í¨¥´Éμ¢ · ¸¶·¥¤¥²¥´¨Ö · ¤¨μ´Ê±²¨¤μ¢ 234Th, 230U, 223Ra ¨ 225A¸ ¡Ò² ¨¸-
¶μ²Ó§μ¢ ´ ³¥Éμ¤ ¸É É¨Î¥¸±μ°  ¤¸μ·¡Í¨¨. Š ´ ¢¥¸±¥ ¶μ¤£μÉμ¢²¥´´μ° ¸³μ²Ò
³ ¸¸μ° 50 ³£, ¶μ³¥Ð¥´´μ° ¢ ¶μ²¨ÔÉ¨²¥´μ¢ÊÕ ¶·μ¡¨·±Ê ¤²Ö Í¥´É·¨ËÊ£¨·μ¢ -
´¨Ö μ¡Ñ¥³μ³ 1,5 ³² (®Eppendorf¯, ƒ¥·³ ´¨Ö) ¤μ¡ ¢²Ö²¨ μ¶·¥¤¥²¥´´Ò¥ μ¡Ñ¥³Ò
· ¸É¢μ·μ¢ ¸¥²¥´ , 10 ³μ²Ó/² HNO3, H2O ¨ 10 ³±² ¶·¨£μÉμ¢²¥´´μ£μ · ¸É¢μ· 
· ¤¨μ´Ê±²¨¤μ¢, ÎÉμ¡Ò μ¡Ñ¥³ ± ¦¤μ£μ μ¡· §Í  ¸μ¸É ¢²Ö² 1 ³². ‡ É¥³ μ¡· §ÍÒ
ÉÐ É¥²Ó´μ ¶¥·¥³¥Ï¨¢ ²¨ ¨ ¢Ò¤¥·¦¨¢ ²¨ ¢ É¥Î¥´¨¥ ¸ÊÉμ± ¤²Ö ¤μ¸É¨¦¥´¨Ö
· ¢´μ¢¥¸¨Ö, ¶μ¸²¥ Î¥£μ ¶·μ¨§¢μ¤¨²¨ Í¥´É·¨ËÊ£¨·μ¢ ´¨¥ ¨ μÉ¡μ· · ¸É¢μ· 
¤²Ö ¨§³¥·¥´¨Ö ¥£μ  ±É¨¢´μ¸É¨. ŠμÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö ´ Ìμ¤¨²¨ ¶μ
Ê· ¢´¥´¨Õ

KD =
A1£(¸³μ² )

A1³²(· ¸É¢μ·)
=

A50³£(¸³μ² )
A50³±²(· ¸É¢μ·)

,

£¤¥ A50³£(¸³μ² ) Å  ±É¨¢´μ¸ÉÓ ¢ 50 ³£ ¸³μ²Ò, �±; A50³±²(· ¸É¢μ·) Å  ±É¨¢-
´μ¸ÉÓ ¢ 50 ³±² · ¸É¢μ· , �±.

—Éμ¡Ò ¸´¨§¨ÉÓ ¶μ£·¥Ï´μ¸ÉÓ μ¶·¥¤¥²¥´¨Ö ÔÉ¨Ì ¢¥²¨Î¨´, ¶·μ¨§¢μ¤¨²¨ ¢§¢¥-
Ï¨¢ ´¨¥ μ¡· §Íμ¢ ¸· §Ê ¶μ¸²¥ ¶·¨£μÉμ¢²¥´¨Ö ¨ ¶μ¸²¥ μÉ¡μ·  ¦¨¤±μ¸É¨.

Œ¥Éμ¤¨±  μÎ¨¸É±¨ ¸¥²¥´  μÉ ¶·¨³¥¸¥° Th, U, Ra, Ac ¨ Š. �Î¨¸É±Ê
¶·μ¨§¢μ¤¨²¨ ´  μ¶¨¸ ´´μ° ¢ÒÏ¥ Ì·μ³ Éμ£· Ë¨Î¥¸±μ° ±μ²μ´±¥, § ¶μ²´¥´´μ°
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¸³μ²μ° DOWEX 50W-X8 (200Ä400 ³¥Ï.) ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥, ¶μ
¸Ì¥³¥, ¶μ± § ´´μ° ´  ·¨¸. 2. „²Ö ÔÉμ£μ ¶μ·Í¨Õ · ¸É¢μ·  ¸¥²¥´  (0,5 ³μ²Ó/²,
500 ³², · ¸É¢μ· �) ¶·μ¶Ê¸± ²¨ Î¥·¥§ ±μ²μ´±Ê ¸μ ¸±μ·μ¸ÉÓÕ ∼ 5 ³²/³¨´ ¨
¶·μ³Ò¢ ²¨  §μÉ´μ° ±¨¸²μÉμ° (0,1 ³μ²Ó/², 100 ³², · ¸É¢μ· �). 	²Õ É ¸μ¡¨· ²¨
¢ ¶² ¸É³ ¸¸μ¢ÊÕ ¥³±μ¸ÉÓ ¤²Ö μÎ¨Ð¥´´μ£μ ¸¥²¥´  (· ¸É¢μ· 2). �·¨ ÔÉμ³ ¸¥²¥´
¶· ±É¨Î¥¸±¨ ¶μ²´μ¸ÉÓÕ ¢Ò³Ò¢ ¥É¸Ö,   ¶·¨³¥¸¨ μ¸É ÕÉ¸Ö ¢ ±μ²μ´±¥.

�¨¸. 2. ‘Ì¥³  μÎ¨¸É±¨ ¸¥²¥´  ¸ ¢Ò³Ò¢ ´¨¥³ ¶·¨³¥¸¥° ·¥¢¥·¸´Ò³ ³¥Éμ¤μ³: � Å
· ¸É¢μ· ¸¥²¥´  (0,5 ³μ²Ó/²), �, ƒ Å · ¸É¢μ· HNO3 (0,1 ³μ²Ó/²), ‚ Å · ¸É¢μ· HNO3

(5 ³μ²Ó/²)

„ ²¥¥ ±μ²μ´±Ê ¶·μ³Ò¢ ²¨ ¢ μ¡· É´μ³ ´ ¶· ¢²¥´¨¨ · ¸É¢μ·μ³ HNO3

(5 ³μ²Ó/², 600 ³², · ¸É¢μ· ‚) ¨ · ¸É¢μ·μ³  §μÉ´μ° ±¨¸²μÉÒ (0,1 ³μ²Ó/²,
100 ³², · ¸É¢μ· ƒ). 	ÉμÉ Ô²Õ É, ¸μ¤¥·¦ Ð¨° ¶·¨³¥¸¨, ¸μ¡¨· ²¨ ¢ μÉ¤¥²Ó´ÊÕ
¥³±μ¸ÉÓ (· ¸É¢μ· 1 Å ·¥¢¥·¸´ Ö Î ¸ÉÓ Ô²Õ É ).

�·μÍ¥¤Ê·Ò ¶·Ö³μ£μ ¨ μ¡· É´μ£μ Ô²Õ¨·μ¢ ´¨Ö ¶μ¢Éμ·Ö²¨ ¤μ ¶μ²´μ£μ · ¸-
Ìμ¤  · ¸É¢μ·  �.

�μ μ±μ´Î ´¨¨ ¶·μÍ¥¸¸  · §¤¥²¥´¨Ö · ¸É¢μ· 2 ¢Ò¶ ·¨¢ ²¨ ¤μ¸ÊÌ  ¨ ¢§¢¥-
Ï¨¢ ²¨ (±μ´¥Î´Ò° μÎ¨Ð¥´´Ò° ¶·μ¤Ê±É Å SeO2). � ¸É¢μ· 1 ¢Ò¶ ·¨¢ ²¨ ¤μ
μ¡Ñ¥³  3Ä5 ³², ¶¥·¥´μ¸¨²¨ ¢ ¶μ²¨ÔÉ¨²¥´μ¢Ò° ¶ ±¥É, ¢Ò¶ ·¨¢ ²¨ ¢ ´¥³ ¤μ¸ÊÌ 
¨ ¶·μ¢μ¤¨²¨ ˆ��� ¸ Í¥²ÓÕ μ¶·¥¤¥²¥´¨Ö ¸μ¤¥·¦ ´¨Ö Se.

�…‡“‹œ’�’› ˆ ˆ• �	‘“†„…�ˆ…

�¥§Ê²ÓÉ ÉÒ ˆ��� ¢μ¤Ò ¨  §μÉ´μ° ±¨¸²μÉÒ ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 2Ä4.
‚¨¤´μ, ÎÉμ ¢ μ¡· §Í Ì ¡¨¤¨¸É¨²²¨·μ¢ ´´μ°, ¤¥¨μ´¨§¨·μ¢ ´´μ° ¢μ¤Ò ¨

 §μÉ´μ° ±¨¸²μÉÒ ¨§ Ô²¥³¥´Éμ¢, ¨³¥ÕÐ¨Ì ¶·¨·μ¤´Ò¥ · ¤¨μ´Ê±²¨¤Ò, ¢ § ³¥É-
´μ³ ±μ²¨Î¥¸É¢¥ ¸μ¤¥·¦ É¸Ö K ¨ La. �±É¨¢´μ¸É¨, · ¸¸Î¨É ´´Ò¥ ¶μ ¨Ì ³ ¸¸ ³,
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’ ¡²¨Í  2. ‘μ¤¥·¦ ´¨¥ Ô²¥³¥´Éμ¢ ¢ ¡¨¤¨¸É¨²²¨·μ¢ ´´μ° ¢μ¤¥

	²¥³¥´É ‘μ¤¥·¦ ´¨¥, £/£ 	²¥³¥´É ‘μ¤¥·¦ ´¨¥, £/£

Na (1,35 ± 0,02) · 10−9 Sb (2,35 ± 0,05) · 10−11

K (4,45 ± 0,17) · 10−9 Sn (3,50 ± 0,03) · 10−11

Ag (7,02 ± 0,04) · 10−11 Sc (5,70 ± 0,06) · 10−11

As (4,00 ± 0,01) · 10−12 W (1,60 ± 0,02) · 10−12

Au (3,50 ± 0,06) · 10−13 Zn (1,24 ± 0,04) · 10−9

Br (8,34 ± 0,07) · 10−10 Th* < 4, 60 · 10−13

Ce (1,80 ± 0,02) · 10−10 U* < 1, 75 · 10−13

La (4,40 ± 0,05) · 10−12

∗„²Ö Éμ·¨Ö ¨ Ê· ´  Ê± § ´Ò ¶·¥¤¥²Ò μ¡´ ·Ê¦¥´¨Ö.

’ ¡²¨Í  3. ‘μ¤¥·¦ ´¨¥ Ô²¥³¥´Éμ¢ ¢ ¤¥¨μ´¨§¨·μ¢ ´´μ° ¢μ¤¥

	²¥³¥´É ‘μ¤¥·¦ ´¨¥, £/£ 	²¥³¥´É ‘μ¤¥·¦ ´¨¥, £/£

Na (7,97 ± 0,01) · 10−11 Sb (8,48 ± 0,05) · 10−12

K (8,06 ± 0,20) · 10−9 Sc (3,28 ± 0,04) · 10−12

As (1,01 ± 0,002) · 10−12 Se (3,28 ± 0,05) · 10−11

Au (1,72 ± 0,09) · 10−13 Sn (1,16 ± 0,08) · 10−12

Ag (1,13 ± 0,06) · 10−12 W (2,57 ± 0,81) · 10−13

Br (2,77 ± 0,005) · 10−10 Ta (5,19 ± 1,08) · 10−13

Ce (5,79 ± 0,03) · 10−11 Zn (2,11 ± 0,06) · 10−10

Co (9,96 ± 0,39) · 10−12 Th* < 3, 15 · 10−13

La (4,16 ± 0,05) · 10−11 U* < 1, 80 · 10−13

∗„²Ö Éμ·¨Ö ¨ Ê· ´  Ê± § ´Ò ¶·¥¤¥²Ò μ¡´ ·Ê¦¥´¨Ö.

¸μ¸É ¢²ÖÕÉ 1,4 · 10−7 �±/£, 2,5 · 10−7 �±/£, 2,2 · 10−6 �±/£ ¨ 3,6 · 10−12 �±/£,
3,4 · 10−11 �±/£, 6,6 · 10−11 �±/£ ¸μμÉ¢¥É¸É¢¥´´μ. �·¨ ÔÉμ³ Th ¨ U ´¥ μ¡´ -
·Ê¦¥´Ò. �±É¨¢´μ¸É¨ 40Š, 232Th ¨ 234,235,238U, · ¸¸Î¨É ´´Ò¥ ¶μ ¨Ì ³ ¸¸¥,
¶·¨¢¥¤¥´Ò ¢ É ¡². 5.

ˆ§ ÔÉ¨Ì ¤ ´´ÒÌ ³μ¦´μ § ±²ÕÎ¨ÉÓ, ÎÉμ ¨¸¸²¥¤μ¢ ´´Ò¥ ·¥ ±É¨¢Ò ¤μ¸É -
ÉμÎ´μ Î¨¸ÉÒ¥ ¨ ³μ£ÊÉ ¶·¨³¥´ÖÉÓ¸Ö ¢ ¶·μÍ¥¸¸ Ì μÎ¨¸É±¨ ¸¥²¥´ . Š·μ³¥ ÔÉμ£μ
¨§ É ¡². 2 ¨ 3 ¢¨¤´μ, ÎÉμ ¡¨¤¨¸É¨²²¨·μ¢ ´´ Ö ¢μ¤  ´¥ Ê¸ÉÊ¶ ¥É ¶μ Ê·μ¢´Õ
§ £·Ö§´¥´¨° ¤¥¨μ´¨§¨·μ¢ ´´μ°. �μÔÉμ³Ê ¢ ¤ ²Ó´¥°Ï¥³ ³Ò ¨¸¶μ²Ó§μ¢ ²¨ ¡¨-
¤¨¸É¨²²¨·μ¢ ´´ÊÕ ¢μ¤Ê.
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’ ¡²¨Í  4. ‘μ¤¥·¦ ´¨¥ ²¥³¥´Éμ¢ ¢  §μÉ´μ° ±¨¸²μÉ¥

	²¥³¥´É ‘μ¤¥·¦ ´¨¥, £/£ 	²¥³¥´É ‘μ¤¥·¦ ´¨¥, £/£

Na (4,2 ± 0,2) · 10−7 La (8,1 ± 0,9) · 10−11

K* < 7, 1 · 10−8 Sc (3,0 ± 0,3) · 10−11

Ba (1,4 ± 0,2) · 10−7 Se (4,8 ± 0,4) · 10−9

Br (3,5 ± 0,2) · 10−10 Sm (1,2 ± 1,0) · 10−11

Ce (7,3 ± 0,5) · 10−9 Zn (2,0 ± 0,2) · 10−8

Cd (2,1 ± 0,2) · 10−9 Th* < 7, 0 · 10−11

Cr (3,0 ± 0,3) · 10−9 U* < 2, 5 · 10−11

Fe (1,8 ± 0,1) · 10−6

∗„²Ö ± ²¨Ö, Éμ·¨Ö ¨ Ê· ´  Ê± § ´Ò ¶·¥¤¥²Ò μ¡´ ·Ê¦¥´¨Ö

’ ¡²¨Í  5. “¤¥²Ó´ Ö  ±É¨¢´μ¸ÉÓ · ¤¨μ´Ê±²¨¤μ¢ 40Š, 232Th ¨ 234,235,238U ¢ μ¡· §Í Ì
 §μÉ´μ° ±¨¸²μÉÒ, ¡¨¤¨¸É¨²²¨·μ¢ ´´μ° ¨ ¤¥¨μ´¨§¨·μ¢ ´´μ° ¢μ¤Ò

� ¤¨μ´Ê±²¨¤
�¨¤¨¸É¨²²¨·μ-

¢ ´´ Ö ¢μ¤ , �±/£
„¥¨μ´¨§¨·μ-

¢ ´´ Ö ¢μ¤ , �±/£
�§μÉ´ Ö

±¨¸²μÉ , �±/£
40K 1,4 · 10−7 2,5 · 10−7 *2,2 · 10−6

232Th *1,9 · 10−9 *1,3 · 10−9 *2,8 · 10−7

234U *2,2 · 10−9 *2,3 · 10−9 *3,1 · 10−7

235U *1,0 · 10−10 *1,0 · 10−10 *1,4 · 10−8

238U *2,1 · 10−9 *2,2 · 10−9 *3,1 · 10−7

∗“± § ´Ò §´ Î¥´¨Ö ¶·¥¤¥²μ¢ μ¡´ ·Ê¦¥´¨Ö.

�·¨ ¢Ò¡μ·¥ ³¥Éμ¤¨±¨ μÎ¨¸É±¨ ¸¥²¥´  ÊÎ¨ÉÒ¢ ²μ¸Ó Éμ, ÎÉμ ¸¥²¥´ Ìμ·μÏμ
· ¸É¢μ·¨³ ¢ HNO3. ‘μ²Ö´ Ö ¨ · §¡ ¢²¥´´ Ö ¸¥·´ Ö ±¨¸²μÉ  ¸ ¸¥²¥´μ³ ´¥
¢§ ¨³μ¤¥°¸É¢ÊÕÉ. �·¨ · ¸É¢μ·¥´¨¨ ¸¥²¥´  ¢ ±μ´Í¥´É·¨·μ¢ ´´μ°  §μÉ´μ°
±¨¸²μÉ¥ ¶·μ¨¸Ìμ¤¨É ·¥ ±Í¨Ö

Se + 4HNO3 → H2SeO3 + 4NO2 ↑ +H2O.

’ ± ± ± μ¡· §μ¢ ¢Ï Ö¸Ö ¸¥²¥´¨¸É Ö ±¨¸²μÉ  (H2SeO3) Ö¢²Ö¥É¸Ö ¸² ¡μ°, ¢
· ¸É¢μ·¥ ¸¥²¥´ ´ Ìμ¤¨É¸Ö ¢ μ¸´μ¢´μ³ ¢ ¢¨¤¥ ´¥°É· ²Ó´ÒÌ ³μ²¥±Ê² ¨ Î ¸É¨Î´μ
¢ ¢¨¤¥  ´¨μ´μ¢ (�Se�−

3 ):

H2SeO3 � H+ + HSeO−
3 (K1 = 1, 8 · 10−3),

HSeO−
3 � H+ + SeO2−

3 (K2 = 3, 2 · 10−9).
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‘²¥¤μ¢ É¥²Ó´μ, ¶·¨ ¶·μ¶Ê¸± ´¨¨ É ±μ£μ · ¸É¢μ·  Î¥·¥§ ± É¨μ´¨É´ÊÕ ±μ²μ´±Ê
¸¥²¥´ ´¥ ¤μ²¦¥´  ¤¸μ·¡¨·μ¢ ÉÓ¸Ö. …¸²¨ KD ¶·¨³¥¸´ÒÌ Ô²¥³¥´Éμ¢ §´ Î¨-
É¥²Ó´μ ¡μ²ÓÏ¥ ¥¤¨´¨ÍÒ, Éμ μ´¨ ¤μ²¦´Ò  ¤¸μ·¡¨·μ¢ ÉÓ¸Ö ´  ¸³μ²¥ ¨ ÔËË¥±-
É¨¢´μ μÉ¤¥²ÖÉÓ¸Ö μÉ ¸¥²¥´ .

„²Ö ¢Ò¡μ·  μ¶É¨³ ²Ó´ÒÌ Ê¸²μ¢¨° · §¤¥²¥´¨Ö ¡Ò²μ ¶·μ¢¥¤¥´μ μ¶·¥¤¥-
²¥´¨¥ ±μÔËË¨Í¨¥´Éμ¢ · ¸¶·¥¤¥²¥´¨Ö 234Th, 230U, 223Ra ¨ 225A¸ ¢ ¸¨¸É¥³¥
DOWEX 50W-X8-HNO3-Se ¶·¨ · §²¨Î´ÒÌ ±μ´Í¥´É· Í¨ÖÌ ¸¥²¥´  ¨  §μÉ-
´μ° ±¨¸²μÉÒ ¢ · ¸É¢μ· Ì. �¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´É  ¶·¨¢¥¤¥´Ò ¢ É ¡². 6.
‚¨¤´μ, ÎÉμ ³ ±¸¨³ ²Ó´Ò° ±μÔËË¨Í¨¥´É · ¸¶·¥¤¥²¥´¨Ö Ê· ´  (KD(U) = 130)
´¥ μÎ¥´Ó ¢Ò¸μ±.

’ ¡²¨Í  6. ŠμÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö (KD) 234Th, 230U, 223Ra ¨ 225Ac ´  ± É¨-
μ´μμ¡³¥´´μ° ¸³μ²¥ DOWEX 50W-X8 ¶·¨ · §²¨Î´ÒÌ ±μ´Í¥´É· Í¨ÖÌ (C) ¸¥²¥´  ¨
 §μÉ´μ° ±¨¸²μÉÒ ¢ · ¸É¢μ· Ì. �·μÎ¥·± μ§´ Î ¥É, ÎÉμ §´ Î¥´¨¥ KD ´¥ μ¶·¥¤¥²Ö²μ¸Ó

C(H2SeO3),
³μ²Ó/²

Šμ´Í¥´É· Í¨Ö  §μÉ´μ° ±¨¸²μÉÒ, Šμ´Í¥´É· Í¨Ö  §μÉ´μ° ±¨¸²μÉÒ,
³μ²Ó/² ³μ²Ó/²

0,01 0,05 0,5 0,01 0,05 0,5

KD(234Th) KD(230U)

4 10 Å Å < 1 < 1 < 1

3 150 Å Å 3 6 4
1 420 Å Å 32 31 21

0,5 350 Å Å 130 Å Å

KD(223Ra) KD(225Ac)

4 1250 1580 220 16350 24700 2480
3 6810 2930 380 90500 22900 3910
1 38700 13920 690 100850 83430 8790

0,5 12800 Å Å 383900 Å Å

	Éμ μ§´ Î ¥É, ÎÉμ ¶·¨ ¶·μ¶Ê¸± ´¨¨ ¡μ²ÓÏμ£μ μ¡Ñ¥³  ¨¸Ìμ¤´μ£μ · ¸É¢μ· 
¸¥²¥´  (>35Ä40 ¸¢μ¡μ¤´ÒÌ μ¡Ñ¥³μ¢ ±μ²μ´±¨ (V0)) ´ Î´¥É ¢Ò³Ò¢ ÉÓ¸Ö Ê· ´,
¢¸²¥¤¸É¢¨¥ Î¥£μ ¸´¨§¨É¸Ö ¸É¥¶¥´Ó μÎ¨¸É±¨. �μÔÉμ³Ê ¶·¨ § ¤ ´´μ³ · §³¥·¥
¨¸¶μ²Ó§Ê¥³μ° ±μ²μ´±¨ (V0 = 16−20 ³²) ¨ ¸ ÊÎ¥Éμ³ ±μÔËË¨Í¨¥´É  · ¸¶·¥¤¥-
²¥´¨Ö Ê· ´  ¢ μ¤´μ³ Í¨±²¥ · §¤¥²¥´¨Ö ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ´¥ ¡μ²¥¥ 500 ³²
0,5 ³μ²Ó/² · ¸É¢μ·  ¸¥²¥´  (VÍ¨±² ). ’ ± ± ± ¤·Ê£¨¥ ¶·¨³¥¸´Ò¥ Ô²¥³¥´ÉÒ
¨³¥ÕÉ ¡μ²¥¥ ¢Ò¸μ±¨¥ ±μÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö, ¨Ì ¢Ò³Ò¢ ´¨¥ ¨§ ±μ-
²μ´±¨ ¶·¨ ÔÉ¨Ì Ê¸²μ¢¨ÖÌ ¶·μ¨¸Ìμ¤¨ÉÓ ´¥ ¡Ê¤¥É. ˆ¸¶μ²Ó§Ê¥³Ò° ¤²Ö ¢Ò³Ò-
¢ ´¨Ö μ¸É É±μ¢ ¸¥²¥´  · ¸É¢μ· HNO3 (0,1 ³μ²Ó/²) É ±¦¥ ´¥ ¶·¨¢μ¤¨É ± ¢Ò-
³Ò¢ ´¨Õ ¶·¨³¥¸¥°. „²Ö ¨Ì Ê¤ ²¥´¨Ö ¶·μ¨§¢μ¤¨É¸Ö Ô²Õ¨·μ¢ ´¨¥ ¢ μ¡· É´μ³
´ ¶· ¢²¥´¨¨ · ¸É¢μ·μ³ HNO3 (5 ³μ²Ó/²), ¢ ±μÉμ·μ³ ±μÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥-
²¥´¨Ö ¶·¨³¥¸´ÒÌ Ô²¥³¥´Éμ¢ ¨³¥ÕÉ ´¨§±¨¥ §´ Î¥´¨Ö. �μ¸²¥ ¶·μ³Ò¢±¨ ¢μ¤μ°
±μ²μ´±  £μÉμ¢  ± ¶·μ¢¥¤¥´¨Õ ¸²¥¤ÊÕÐ¥£μ Í¨±²  μÎ¨¸É±¨ ¸¥²¥´  (¸³. ·¨¸. 2).
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’ ± ± ± ¢ ´ Ï¥³ Ô±¸¶¥·¨³¥´É¥ ¤²Ö μÎ¨¸É±¨ 100 £ ¸¥²¥´  ¶μÉ·¥¡μ¢ -
²μ¸Ó ¶ÖÉÓ Í¨±²μ¢, μ¡Ð¨° μ¡Ñ¥³ Ô²Õ É , ¸μ¤¥·¦ Ð¥£μ μÎ¨Ð¥´´Ò° ¸¥²¥´ (· ¸-
É¢μ· 2), ¸μ¸É ¢¨² 3 ². �¡Ñ¥³ · ¸É¢μ· , ¨¸¶μ²Ó§Ê¥³μ£μ ¤²Ö Ê¤ ²¥´¨Ö ¨§ ±μ-
²μ´±¨ ¶·¨³¥¸¥°, ¸μ¸É ¢¨² 3,5 ². �·¨ ¸±μ·μ¸É¨ ¶μÉμ±  · ¸É¢μ·μ¢ ∼5 ³²/³¨´
¶·μ¤μ²¦¨É¥²Ó´μ¸ÉÓ ¶·μÍ¥¸¸  Ô²Õ¨·μ¢ ´¨Ö ¸μ¸É ¢¨²  ¶μ·Ö¤±  20 Î. �¡Ð Ö
¶·μ¤μ²¦¨É¥²Ó´μ¸ÉÓ μÎ¨¸É±¨ ¸¥²¥´  ¨ ¶μ¤£μÉμ¢±¨ ¥£μ ± Ë¨§¨Î¥¸±¨³ ¨¸¸²¥¤μ-
¢ ´¨Ö³ ¸μ¸É ¢¨²  μ±μ²μ 4 ¸ÊÉ.

�μ²ÓÏ Ö Î ¸ÉÓ ¢·¥³¥´¨ ¡Ò²  § É· Î¥´  ´  ¢Ò¶ ·¨¢ ´¨¥ · ¸É¢μ·μ¢, ±μÉμ-
·μ¥ ¶·μ¨§¢μ¤¨²μ¸Ó ¢ ¶μ²¨ÔÉ¨²¥´μ¢ÒÌ ¸É ± ´ Ì ¶·¨ É¥³¶¥· ÉÊ·¥ ´ £·¥¢ ¥³μ°
¶μ¢¥·Ì´μ¸É¨ ¤μ 120 ◦‘. �Î¥¢¨¤´μ, ÔÉμÉ ¶·μÍ¥¸¸ ³μ¦´μ ¸ÊÐ¥¸É¢¥´´μ Ê¸±μ·¨ÉÓ,
¥¸²¨ · ¸É¢μ· ¢Ò¶ ·¨¢ ÉÓ ¢ É¥Ë²μ´μ¢μ³ ¸É ± ´¥.

‚ ·¥§Ê²ÓÉ É¥ ˆ��� (É ¡². 7) Ê¸É ´μ¢²¥´μ, ÎÉμ ¸μ¤¥·¦ ´¨¥ ¸¥²¥´  ¢ ·¥-
¢¥·¸´μ° Î ¸É¨ Ô²Õ É  ¸μ¸É ¢²Ö²μ (2,19±0,06) ·10−2 £. ˆ§²ÊÎ¥´¨Ö 75Se ¨ 24Na
³ ¸±¨·ÊÕÉ ¨§²ÊÎ¥´¨¨Ö Th ¨ U. �μÔÉμ³Ê, ¤²Ö Éμ£μ ÎÉμ¡Ò μ¶·¥¤¥²¨ÉÓ ¨Ì ±μ´-
Í¥´É· Í¨¨, ´¥μ¡Ìμ¤¨³μ ¶·μ¢μ¤¨ÉÓ ¤μ¶μ²´¨É¥²Ó´μ¥ Ì·μ³ Éμ£· Ë¨Î¥¸±μ¥ · §-
¤¥²¥´¨¥ ¶μ  ´ ²μ£¨Î´μ° ¸Ì¥³¥ ´  ±μ²μ´±¥ ³¥´ÓÏ¥£μ · §³¥·  (�0,2−0,3 c³,
h = 10−15 c³).

�μ²ÊÎ¥´´Ò° μ±¸¨¤ ¸¥²¥´  (±μ´¥Î´Ò° ¶·μ¤Ê±É) ¨§³¥·¥´ ´  ¸μ¤¥·¦ ´¨¥
¶·¨³¥¸¥° · ¤¨μ´Ê±²¨¤μ¢ ´  ´¨§±μËμ´μ¢μ³ ¸¶¥±É·μ³¥É·¥ ¢ Œμ¤ ´¸±μ° ¶μ¤-
§¥³´μ° ² ¡μ· Éμ·¨¨. �¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¶·¨¢¥¤¥´Ò ¢ É ¡². 8.

’ ¡²¨Í  7. ‘μ¤¥·¦ ´¨¥ Ô²¥³¥´Éμ¢ ¢ ·¥¢¥·¸´μ° Î ¸É¨ Ô²Õ É 

	²¥³¥´É ‘μ¤¥·¦ ´¨¥, £/£ 	²¥³¥´É ‘μ¤¥·¦ ´¨¥, £/£

Na (2,8 ± 0,1) · 10−7 Co (4,8 ± 0,3).10−10

K (6,8 ± 0,4) · 10−8 Fe (9,8 ± 0,4) · 10−7

Ag (6,5 ± 0,3) · 10−8 La (1,3 ± 0,7) · 10−10

As (1,9 ± 0,9) · 10−10 Sb (6,6 ± 0,3) · 10−11

Ba (2,2 ± 1,0) · 10−7 Sc (4,3 ± 0,2) · 10−11

Br (1,5 ± 0,7) · 10−9 Zn (4,3 ± 0,2) · 10−8

Cd (4,5 ± 0,2) · 10−9 Th* < 7, 6 · 10−11

Cr (1,8 ± 0,9) · 10−9 U* < 1, 3 · 10−10

∗„²Ö Éμ·¨Ö ¨ Ê· ´  Ê± § ´Ò ¶·¥¤¥²Ò μ¡´ ·Ê¦¥´¨Ö.

’ ¡²¨Í  8. �±É¨¢´μ¸É¨ ¶·¨³¥¸¥° · ¤¨μ´Ê±²¨¤μ¢ ¢ μÎ¨Ð¥´´μ³ ¸¥²¥´¥, ¨§³¥·¥´´Ò¥
¢ LSM

�·¨³¥¸¨ · ¤¨μ´Ê±²¨¤μ¢ 40K 232Th 238U 228Ra 226Ra
�±É¨¢´μ¸ÉÓ, ³�±/±£ < 38 < 2,6 < 22 < 5,8 < 3
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Š ± ¢¨¤´μ ¨§ É ¡²¨ÍÒ, ¸μ¤¥·¦ ´¨¥ Th, U, Ra,   É ±¦¥ K ¢ μ¡· §Í Ì
¸´¨§¨²μ¸Ó. �¥¡μ²ÓÏμ¥ ±μ²¨Î¥¸É¢μ μÎ¨Ð¥´´μ£μ ¸¥²¥´  ¶μ§¢μ²¨²μ ¨§³¥·¨ÉÓ
¸μ¤¥·¦ ´¨¥ · ¤¨μ´Ê±²¨¤μ¢ ´  Ê·μ¢´¥ ¶·¥¤¥²μ¢ μ¡´ ·Ê¦¥´¨Ö. ‚ ¡Ê¤ÊÐ¥³
¶² ´¨·Ê¥É¸Ö ¶μ ¤ ´´μ° ³¥Éμ¤¨±¥ μÎ¨¸É¨ÉÓ 1 ±£ ¸¥²¥´ , ÎÉμ ¶μ§¢μ²¨É ¡μ²¥¥
¶μ²´μ μÌ · ±É¥·¨§μ¢ ÉÓ ³¥Éμ¤¨±Ê μÎ¨¸É±¨.

‘ ÊÎ¥Éμ³ ¢¸¥£μ ¢ÒÏ¥¨§²μ¦¥´´μ£μ ¶·¥¤² £ ¥É¸Ö ¸²¥¤ÊÕÐ Ö ¸Ì¥³  ¶·μ-
Í¥¸¸  μÎ¨¸É±¨ ¡μ²ÓÏ¨Ì ±μ²¨Î¥¸É¢ ¸¥²¥´ .

1. � ¸É¢μ·¥´¨¥ μÎ¨Ð ¥³μ£μ ¢¥Ð¥¸É¢  ¢ ±μ´Í¥´É·¨·μ¢ ´´μ°  §μÉ´μ° ±¨-
¸²μÉ¥. �¥·¥¢¥¤¥´¨¥ ¸¥²¥´  ¢ Ëμ·³Ê H2SeO3 Ê¶ ·¨¢ ´¨¥³ · ¸É¢μ·  ¸¥²¥´ 
¤μ¸ÊÌ  ¨ · ¸É¢μ·¥´¨¥³ ¢ ¢μ¤¥ ¤μ ±μ´Í¥´É· Í¨¨ ¸¥²¥´  0,5 ³μ²Ó/².

2. �·μ¶Ê¸± ´¨¥ § ¤ ´´μ£μ ±μ²¨Î¥¸É¢  · ¸É¢μ·  ¸¥²¥´¨¸Éμ° ±¨¸²μÉÒ, · ¸-
¸Î¨É ´´μ£μ ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ · §³¥· ³¨ Ì·μ³ Éμ£· Ë¨Î¥¸±μ° ±μ²μ´±¨ (VÍ¨±² ),
¶·μ³Ò¢±  · ¸É¢μ·μ³  §μÉ´μ° ±¨¸²μÉÒ (0,1 ³μ²Ó/²) ¢ ±μ²¨Î¥¸É¢¥ 20 % μÉ ¢´μ-
¸¨³μ£μ μ¡Ñ¥³  H2SeO3 ¨ ¸¡μ· Ô²Õ É , ¸μ¤¥·¦ Ð¥£μ ±μ´¥Î´Ò° ¶·μ¤Ê±É, ¢ μ¤´Ê
¥³±μ¸ÉÓ (· ¸É¢μ· 2, ·¨¸. 2).

3. “¤ ²¥´¨¥  ¤¸μ·¡¨·μ¢ ´´ÒÌ ´  ± É¨μ´¨É¥ ¶·¨³¥¸¥° ¶·μ¶Ê¸± ´¨¥³ Î¥-
·¥§ ±μ²μ´±Ê ¢ μ¡· É´μ³ ´ ¶· ¢²¥´¨¨ · ¸É¢μ·   §μÉ´μ° ±¨¸²μÉÒ (5 ³μ²Ó/²,
1,2VÍ¨±² ) ¨ · ¸É¢μ·   §μÉ´μ° ±¨¸²μÉÒ (0,1 ³μ²Ó/², 0,2VÍ¨±² ). ‘¡μ· Ô²Õ É 
¶·μ¨§¢μ¤¨É¸Ö ¢ μ¤¨´ ¸μ¸Ê¤ (· ¸É¢μ· 1, ·¨¸. 2).

4. �·μÍ¥¸¸Ò ¶μ ¶Ê´±É ³ 2 ¨ 3 ¶μ¢Éμ·ÖÕÉ¸Ö ¤μ ¶μ²´μ£μ · ¸Ìμ¤  · ¸É¢μ· 
μÎ¨Ð ¥³μ£μ ¢¥Ð¥¸É¢ ,   Ô²Õ ÉÒ, ¸μμÉ¢¥É¸É¢¥´´μ, μ¡Ñ¥¤¨´ÖÕÉ¸Ö.

5. ‚Ò¶ ·¨¢ ´¨¥ μ¡Ñ¥¤¨´¥´´μ£μ · ¸É¢μ·  2 ¤μ¸ÊÌ  (μ¡· §Ê¥É¸Ö μ±¸¨¤ ¸¥-
²¥´ ), ¢§¢¥Ï¨¢ ´¨¥ ¨ Ê¶ ±μ¢±  ¢ ¥³±μ¸ÉÓ ¤²Ö ¶·μ¢¥¤¥´¨Ö ¸¶¥±É·μ³¥É·¨Î¥¸±¨Ì
¨¸¸²¥¤μ¢ ´¨°.

6. ‚Ò¶ ·¨¢ ´¨¥ μ¡Ñ¥¤¨´¥´´μ£μ · ¸É¢μ·  1 ¤μ μ¡Ñ¥³  3Ä5 ³², ¶¥·¥´μ¸
¢ ¶μ²¨ÔÉ¨²¥´μ¢Ò° ¶ ±¥É, ¢Ò¶ ·¨¢ ´¨¥ · ¸É¢μ·  ¢ ´¥³ ¤μ¸ÊÌ  ¨ ¶·μ¢¥¤¥´¨¥
ˆ��� ¸ Í¥²ÓÕ μ¶·¥¤¥²¥´¨Ö ¸μ¤¥·¦ ´¨Ö Se.

‡�Š‹
—…�ˆ…

�·μ¢¥¤¥´ ¨´¸É·Ê³¥´É ²Ó´Ò° ´¥°É·μ´´μ- ±É¨¢ Í¨μ´´Ò°  ´ ²¨§ ¡¨¤¨¸É¨²-
²¨·μ¢ ´´μ°, ¤¥¨μ´¨§¨·μ¢ ´´μ° ¢μ¤Ò ¨  §μÉ´μ° ±¨¸²μÉÒ, ¨¸¶μ²Ó§Ê¥³ÒÌ ¶·¨
μÎ¨¸É±¥ ¸¥²¥´  μÉ ¶·¨³¥¸¥° Th, U, Ra, Ac ¨ K. �μ ¸μ¤¥·¦ ´¨Õ K, Th, U
¢μ¤  ¨  §μÉ´ Ö ±¨¸²μÉ  ¤μ¸É ÉμÎ´μ Î¨¸ÉÒ¥ ¨ ¶·¨£μ¤´Ò ¤²Ö ¨¸¶μ²Ó§μ¢ ´¨Ö ¢
¶·μÍ¥¸¸¥ μÎ¨¸É±¨ ¸¥²¥´ .

�¶·¥¤¥²¥´Ò ±μÔËË¨Í¨¥´ÉÒ · ¸¶·¥¤¥²¥´¨Ö 234Th, 230U, 223Ra, 225Ac ´ 
± É¨μ´μμ¡³¥´´μ° ¸³μ²¥ DOWEX 50W-X8 ¶·¨ · §²¨Î´ÒÌ ±μ´Í¥´É· Í¨ÖÌ ¸¥-
²¥´  ¨  §μÉ´μ° ±¨¸²μÉÒ ¢ · ¸É¢μ· Ì.

� §· ¡μÉ ´  ³¥Éμ¤¨±  μÎ¨¸É±¨ ¸¥²¥´  μÉ ¶·¨³¥¸¥° Th, U, Ra ¨ Ac ¨ K
¸ ¢Ò³Ò¢ ´¨¥³ ¶·¨³¥¸¥° ·¥¢¥·¸´Ò³ ³¥Éμ¤μ³. �´  ¨³¥¥É ¶·μ¸ÉÊÕ É¥Ì´μ²μ-
£¨Õ ¨¸¶μ²´¥´¨Ö ¸ ¶·¨³¥´¥´¨¥³ ³¨´¨³ ²Ó´μ£μ Î¨¸²  ·¥ £¥´Éμ¢ (¢μ¤ ,  §μÉ´ Ö
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±¨¸²μÉ ), ±μÉμ·Ò¥ μ¡² ¤ ÕÉ ¢Ò¸μ±μ° ¸É¥¶¥´ÓÕ Î¨¸ÉμÉÒ. �·¨³¥´Ö¥³Ò¥ ¢ ¶·μ-
Í¥¸¸¥ μÎ¨¸É±¨ μ¶¥· Í¨¨ (Ô²Õ¨·μ¢ ´¨¥, Ê¶ ·¨¢ ´¨¥) ¶· ±É¨Î¥¸±¨ ¨¸±²ÕÎ ÕÉ
¶μÉ¥·¨ Í¥²¥¢μ£μ ¶·μ¤Ê±É  (Ì¨³¨Î¥¸±¨° ¢ÒÌμ¤ Se >99 %). �·μ¢¥¤¥´  ¶·μ¡-
´ Ö μÎ¨¸É±  100 £ ¸¥²¥´ . ‘¶¥±É·μ³¥É·¨Î¥¸±¨¥ ¨§³¥·¥´¨Ö μÎ¨Ð¥´´μ£μ ¸¥-
²¥´  ¢ ´¨§±μËμ´μ¢ÒÌ Ê¸²μ¢¨ÖÌ ¶μ¤É¢¥·¤¨²¨ ÔËË¥±É¨¢´μ¸ÉÓ ¶·¥¤²μ¦¥´´μ°
³¥Éμ¤¨±¨.

„ ´´ Ö · ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ ¶·μ¥±É  �””ˆ, £· ´É º10-03-
93107 �–�ˆ‹  .

‹ˆ’…��’“��

1. Freshville A. Calorimeter R&D for the SuperNEMO Double Beta Decay Experi-
ment // J. Phys. 2011. V. 293. Conf. Ser. 012037; http://iopscience.iop.org/1742-
6596/293/1/012037.

2. Arnold R. et al. // Nucl. Phys. A. 2006. V. 765. P. 483.

3. Suhonen J. et al. // Z. Phys. A. 1997. V. 358. P. 297.

4. Leonard D. S. et al. // Nucl. Instr. Meth. A. 2008. V. 591. P. 490.

5. ‘ ¤Ò±μ¢ ˆ.ˆ. � ¤¨μÌ¨³¨Î¥¸±¨° ´¥°É·μ´´μ- ±É¨¢ Í¨μ´´Ò°  ´ ²¨§ ´¥±μÉμ·ÒÌ
μ¸μ¡μ Î¨¸ÉÒÌ ¢¥Ð¥¸É¢ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢Ò¸μ±μ¶μÉμÎ´μ£μ Ö¤¥·´μ£μ ·¥ ±Éμ· .
„¨¸. ... ± ´¤. Ì¨³. ´ Ê±. Œ., 1992. 97 ¸.

6. Almassy G., Kotsis E., Kotsis T. // Acta Chim. Acad. Sci. Hung. 1962. V. 33. P. 187.

7. ‘²¥§´μ¢  �. �. � ¶μ²ÊÎ¥´¨¨ ¸¥²¥´  ¢Ò¸μ±μ° Î¨¸ÉμÉÒ ³¥Éμ¤μ³ ¨μ´μμ¡³¥´  // ˆ§¢.
�� Š §. ‘‘�. ‘¥·. Ì¨³. 1966. º4. C. 31Ä34.

8. –Ê¤§¨ �±¨μ. Ÿ¶μ´¸±¨° ¶ É¥´É. 14754. 06.10.1960. �†•¨³., 14 ‹69 �, 1963.

9. Schumann H. Verfahren zur reinigung von Selen durch Adsorption von anorganisschen
oder organischen Schwermetallkomplexen an Ionenausttauschern. � É¥´É ƒ„�. Š‹.
12i, 19/00, C01b, º32681¡ μ¶Ê¡². 05.12.64.

10. Œ ·Ìμ² Œ. ˆμ´μμ¡³¥´´¨±¨ ¢  ´ ²¨É¨Î¥¸±μ° Ì¨³¨¨. ‚ 2-Ì Î ¸ÉÖÌ. —. 2. �¥·. ¸
 ´£². Œ.: Œ¨·, 1985. 280 ¸.

11. Nelson F., Murase T., Kraus K. A. // J. Chromatogr. 1964. V. 13. P. 503.

12. Nelson F., Michelson D.C. // J. Chromatogr. 1966. V. 25. P. 414.

13. Nelson F., Kraus K. A. // Symposium on ion exchange and Chromatography in analyt-
ical chemistry, Special Technical Publication. No. 195. American Society for Testing
Materials. Philadelphia, 1956. P. 27.

14. Hirsch R. F., Portock J. D. // Anal. chim. Acta. 1970. V. 49 P. 473.

15. Polkowska-Motrenko H., Dybczynski R. // J. Chromatogr. 1974. V. 88. P. 387.

16. Marhol M. // Fresenius J. Anal. Chem. 1967. V. 231. P. 265.

17. Urubay S., Janauer J. E., Korkisch J. // Fresenius J. Anal. Chem. 1963. V. 193. P. 165.

18. Walter S.W., Korkisch J. // Mikrochim. Acta. 1971. V. 1. P. 81.

19. Korkisch J., Tera F. // J. Chromatogr. 1962. V. 8. P. 516.

12



20. Qureshi M., Husain W. // Talanta. 1971. V. 18. P. 399.

21. Gilbert E. et al. // Ibid. P. 767.

22. —Ê·¡ ´μ¢ Œ. ”., ‘±·¨¶ Îμ¢ ˆ. ‚. // ‚Ò¸μ±μÎ¨¸ÉÒ¥ ¢¥Ð¥¸É¢ . 1988. º5. C. 2Ä31.

23. „¥¢ÖÉÒÌ ƒ. ƒ., —Ê·¡ ´μ¢ Œ. ”. ‚Ò¸μ±μÎ¨¸ÉÒ¥  ²Ó±μ£¥´Ò. �¨¦´¨° �μ¢£μ·μ¤: ˆ§¤-
¢μ �¨¦¥£μ·μ¤¸±μ£μ Ê´-É , 1997. 244 ¸.

24. ˜±Ê·μ¶ É¥´±μ ‚. �. ¨ ¤·. // ‚μ¶·.  É. ´ Ê±¨ ¨ É¥Ì´. ‘¥·.: ‚ ±ÊÊ³, Î¨¸ÉÒ¥ ³ É¥-
·¨ ²Ò, ¸¢¥·Ì¶·μ¢μ¤´¨±¨. 2003. ’. 13, º5. C. 19Ä23.

25. �¦ ¦  ‚. Œ. ¨ ¤·. // ’ ³ ¦¥. 2004. ’. 14, º6. C. 21Ä23.

26. Shiryaev V. S. et al. // Inorganic Materials. 2010. V. 46, No. 3. P. 314.

27. Filosofov D. V., Loktionova N. S., Rosch F. // Radiochim. Acta. 2010. V. 98. P. 149.

28. Sadykov I. I., Zinov'ev V.G., Sadykova Z.O. // J. Anal. Chem. 2005. V. 60, No. 10.
P. 946.

29. Reus U., Westmeier W. // At. Data and Nucl. Data Tables. 1983. V. 29, No. 2. P. 193Ä
406.

30. Loaiza P. et al. Low background planar germanium planar detector for gamma-ray
spectrometry // Nucl. Instr. Meth. A. 2011. V. 634. P. 64Ä70.

31. Available [online] http://www.nndc.bnl.gov/ensdf.

32. Firestone R. B. et al. Table of Isotopes 8th Edition. N. Y.: Wiley, 1996.

33. Decay Data Evaluation Project [Online] Available http://www.bnm.fr/bnm-
lnhb/DDEP.htm, 2003, October 15, Bureau National de Mtrologie, Laboratoire Na-

tional Henri Becquerel, France.

�μ²ÊÎ¥´μ 25  ¶·¥²Ö 2012 £.



�¥¤ ±Éμ· …. ‚. ‘ ¡ ¥¢ 

�μ¤¶¨¸ ´μ ¢ ¶¥Î ÉÓ 06.06.2012.
”μ·³ É 60× 90/16. �Ê³ £  μË¸¥É´ Ö. �¥Î ÉÓ μË¸¥É´ Ö.

“¸². ¶¥Î. ². 1,0. “Î.-¨§¤. ². 1,24. ’¨· ¦ 260 Ô±§. ‡ ± § º 57663.

ˆ§¤ É¥²Ó¸±¨° μÉ¤¥² �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°
141980, £. „Ê¡´ , Œμ¸±μ¢¸± Ö μ¡²., Ê².†μ²¨μ-ŠÕ·¨, 6.

E-mail: publish@jinr.ru
www.jinr.ru/publish/


