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�¡· §μ¢ ´¨¥ ¢Ò¸μ±μ¸¶¨´μ¢μ£μ ¨§μ³¥·  135‘s (I = 19/2)
¢ ËμÉμÖ¤¥·´ÒÌ ·¥ ±Í¨ÖÌ

ˆ§³¥·¥´Ò ¢ÒÌμ¤Ò ·¥ ±Í¨° μ¡· §μ¢ ´¨Ö Ö¤·  135Cs ¢ ¨§μ³¥·´μ³ (¸ ¢Ò¸μ±¨³
§´ Î¥´¨¥³ ¸¶¨´  Å 19/2) ¸μ¸ÉμÖ´¨¨,   É ±¦¥ ¸μ¸¥¤´¨Ì ¸ ´¨³ Ö¤¥· ¢ ËμÉμÖ¤¥·´ÒÌ
·¥ ±Í¨ÖÌ É¨¶  (γ, f ) ¨ (γ, α). 
±¸¶¥·¨³¥´ÉÒ ¶·μ¢μ¤¨²¨¸Ó ´  ¶ÊÎ±¥ Éμ·³μ§´μ£μ
¨§²ÊÎ¥´¨Ö ³¨±·μÉ·μ´  ¶·¨ £· ´¨Î´μ° Ô´¥·£¨¨ Ô²¥±É·μ´μ¢ 25 ŒÔ‚. ˆ¤¥´É¨Ë¨-
± Í¨Ö μ¡· §ÊÕÐ¨Ì¸Ö Ö¤¥· ¶·μ¢μ¤¨² ¸Ó ¶μ ¶¥·¨μ¤ ³ ¶μ²Ê· ¸¶ ¤  ¨ ²¨´¨Ö³ γ-
¨§²ÊÎ¥´¨Ö, ¨¸¶Ê¸± ¥³μ£μ ¶·¨ ¨Ì · ¸¶ ¤¥,   μ¶·¥¤¥²¥´¨¥ ¢ÒÌμ¤μ¢ ·¥ ±Í¨° Å ¶μ
¨´É¥´¸¨¢´μ¸ÉÖ³ ÔÉ¨Ì ²¨´¨°, μÉ´¥¸¥´´ÒÌ ± ¶μÉμ±Ê Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö. ‚Ò-
¶μ²´¥´Ò · ¸Î¥ÉÒ ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö ¨§μ³¥·μ¢, ±μÉμ·Ò¥ ¶μ§¢μ²¨²¨ ¸Ê¤¨ÉÓ μ
§´ Î¥´¨ÖÌ Ê£²μ¢ÒÌ ³μ³¥´Éμ¢ μ¡· §ÊÕÐ¨Ì¸Ö Ö¤¥· ´¥¶μ¸·¥¤¸É¢¥´´μ ¶¥·¥¤ ± ¸± -
¤μ³ γ-±¢ ´Éμ¢, § ¸¥²ÖÕÐ¨Ì μ¸´μ¢´μ¥ ¨²¨ ¨§μ³¥·´μ¥ ¸μ¸ÉμÖ´¨¥ Ö¤· . �¡´ ·Ê¦¥´
¶μ¢ÒÏ¥´´Ò° ¢ÒÌμ¤ ¢Ò¸μ±μ¸¶¨´μ¢μ£μ ¨§μ³¥·  135Cs ¢ ·¥ ±Í¨¨ ¤¥²¥´¨Ö ¶μ ¸· ¢-
´¥´¨Õ ¸ ·¥ ±Í¨¥° (γ, α) ¨ ¸ · ¸Î¥Éμ³.
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High-Spin Isomer of 135Cs (I = 19/2) Formation
in Photonuclear Reactions

The yields of 135Cs in ground and isomeric (with a high spin value of 19/2) state
and those of its neighboring nuclei were measured in the photonuclear reactions of
(γ, f ) and (γ, α) types. The experiments were performed at the bremsstrahlung beam
of a microtron within the electron energy range 8Ä25 MeV. The generated nuclei
were identiˇed by half-life and emitted γ-radiation, the reaction yields Å by the
intensity of this radiation, related to the beam intensity. The isomer formation cross-
sections were derived, which allow one to judge about the magnitude of angular
momenta of the formed nuclei immediately before the γ-quantum cascade, following
to the ground or isomeric state of the nuclide. It was found that the experimental
photoˇssion yield of the high-spin isomer 135Cs exceeds much the calculated one
and the one in (γ, α)-reaction.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.
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‘¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö Ö¤¥· ¢ ¨§μ³¥·´ÒÌ ¸μ¸ÉμÖ´¨ÖÌ ( ¡¸μ²ÕÉ´Ò¥ §´ Î¥´¨Ö
¨²¨ μÉ´¥¸¥´´Ò¥ ±  ´ ²μ£¨Î´Ò³ §´ Î¥´¨Ö³ ¤²Ö μ¸´μ¢´ÒÌ ¸μ¸ÉμÖ´¨°) Ö¢²ÖÕÉ¸Ö
¢ ¦´Ò³ ¨¸ÉμÎ´¨±μ³ ¸¢¥¤¥´¨° μ ³¥Ì ´¨§³¥ ·¥ ±Í¨¨ ¨ μ ¸¶¨´μ¢μ° § ¢¨¸¨³μ¸É¨
¶²μÉ´μ¸É¨ Ê·μ¢´¥° μ¡· §ÊÕÐ¨Ì¸Ö Ö¤¥·. �·¨ ÔÉμ³ ¨´É¥·¶·¥É Í¨Ö ¶μ²ÊÎ¥´´ÒÌ
·¥§Ê²ÓÉ Éμ¢ ¡Ê¤¥É É¥³ μ¶·¥¤¥²¥´´¥¥, Î¥³ ¸¨²Ó´¥¥ ³¥´Ö¥É¸Ö Ê£²μ¢μ° ³μ³¥´É
Ö¤·  ´  ¢¸¥Ì ¸ÉÊ¶¥´ÖÌ ·¥ ±Í¨¨. ‚ ÔÉμ³ μÉ´μÏ¥´¨¨ ´ ¨¡μ²¥¥ ¶¥·¸¶¥±É¨¢´Ò³¨
¶·¥¤¸É ¢²ÖÕÉ¸Ö ·¥ ±Í¨¨, ¢ ±μÉμ·ÒÌ ±μ´¥Î´μ¥ Ö¤·μ ¨³¥¥É ¢Ò¸μ±μ¥ §´ Î¥´¨¥
¸¶¨´ ,   μ¡· §ÊÕÐ¥¥¸Ö ¸μ¸É ¢´μ¥ Å §´ Î¨É¥²Ó´μ ¡μ²¥¥ ´¨§±μ¥. Š É ±¨³ ¸²Ê-
Î Ö³ μÉ´μ¸ÖÉ¸Ö ·¥ ±Í¨¨ μ¡· §μ¢ ´¨Ö ¢Ò¸μ±μ¸¶¨´μ¢ÒÌ ¨§μ³¥·μ¢, ¢Ò§Ò¢ ¥³Ò¥
Î ¸É¨Í ³¨ ¸ ³ ²Ò³ Ê£²μ¢Ò³ ³μ³¥´Éμ³, ´ ¶·¨³¥·, γ-±¢ ´É ³¨.

‚ ¤ ´´μ° · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò ¨§³¥·¥´¨Ö ¢ÒÌμ¤μ¢ Ö¤·  135Cs ¢ ¨§μ³¥·-
´μ³ ¸μ¸ÉμÖ´¨¨ ¸ ¢Ò¸μ±¨³ §´ Î¥´¨¥³ ¸¶¨´  Å 19/2− [1] ¢ ·¥ ±Í¨¨
237Np (γ, f ). 
ÉμÉ ¨§μ³¥· ´¥ § ¸¥²Ö¥É¸Ö ¢ Í¥¶μÎ±¥ β-· ¸¶ ¤μ¢ Ö¤¥· ¸ A = 135,
  ¶·μÖ¢²Ö¥É¸Ö Éμ²Ó±μ ¢ μ¡· §ÊÕÐ¥³¸Ö ¶·¨ ¤¥²¥´¨¨ ¶¥·¢¨Î´μ³ μ¸±μ²±¥ ¶μ¸²¥
Ô³¨¸¸¨¨ ´¥°É·μ´μ¢ ¨ ± ¸±a¤  γ-±¢ ´Éμ¢ (·¨¸. 1). „²Ö ¸· ¢´¥´¨Ö ¨§³¥·¥´Ò
¢ÒÌμ¤Ò ÔÉμ£μ ¦¥ ¨§μ³¥·  ¢ ¡μ²¥¥ ¶·μ¸Éμ° ·¥ ±Í¨¨ 139La (γ, α) ¶·¨ É¥Ì ¦¥
Ô´¥·£¨ÖÌ Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö.

�¨¸. 1. ‘Ì¥³  § ¸¥²¥´¨Ö Ê·μ¢´¥° Ö¤·  135Cs ¢ ·¥ ±Í¨ÖÌ (γ, f ) ¨ (γ, α)
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�·μ¢¥¤¥´Ò É ±¦¥ · ¸Î¥ÉÒ ÔÉ¨Ì ¸¥Î¥´¨° ´  μ¸´μ¢¥ ¸É É¨¸É¨Î¥¸±μ° ³μ¤¥²¨
Ö¤· . ‘· ¢´¥´¨¥ ¨Ì ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¤ ¥É ¨´Ëμ·³ Í¨Õ μ Éμ³,
± ± ³¥´Ö¥É¸Ö Ê£²μ¢μ° ³μ³¥´É Ö¤·  ´  · §²¨Î´ÒÌ ¸ÉÊ¶¥´ÖÌ ·¥ ±Í¨¨. ‚Ò¡μ·
¸μ¢¥·Ï¥´´μ · §´ÒÌ ¶μ ¸¢μ¥³Ê Ì · ±É¥·Ê ·¥ ±Í¨° ¶μ§¢μ²Ö¥É ¡μ²¥¥ ¤¥É ²Ó´μ
¸Ê¤¨ÉÓ μ ³¥Ì ´¨§³¥ § ¸¥²¥´¨Ö ¢Ò¸μ±μ¸¶¨´μ¢μ£μ ¨§μ³¥·´μ£μ ¸μ¸ÉμÖ´¨Ö.

�¡ÒÎ´μ ¢ · ¡μÉ Ì ¶μ¤μ¡´μ£μ É¨¶  ¨§³¥·ÖÕÉ¸Ö ¨ ¸· ¢´¨¢ ÕÉ¸Ö ¸ · ¸-
Î¥Éμ³ μÉ´μÏ¥´¨Ö ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö Ö¤·  ¢ ¨§μ³¥·´μ³ ¨ μ¸´μ¢´μ³ ¸μ-
¸ÉμÖ´¨ÖÌ (¨§μ³¥·´Ò¥ μÉ´μÏ¥´¨Ö) ¸ É¥³, ÎÉμ¡Ò ¨¸±²ÕÎ¨ÉÓ ´¥μ¶·¥¤¥²¥´´μ¸É¨,
¸¢Ö§ ´´Ò¥ ¸ ¸¥Î¥´¨¥³ ¢§ ¨³μ¤¥°¸É¢¨Ö ¡μ³¡ ·¤¨·ÊÕÐ¥° Î ¸É¨ÍÒ ¸ Ö¤·μ³. �¤-
´ ±μ ¢ ¤ ´´μ³ ¸²ÊÎ ¥ É ±μ° ¶μ¤Ìμ¤ ´¥ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢μ§³μ¦´Ò³ ¨§-§  μÎ¥´Ó
¡μ²ÓÏμ£μ ¢·¥³¥´¨ ¦¨§´¨ Ö¤·  ¢ μ¸´μ¢´μ³ ¸μ¸ÉμÖ´¨¨ (2,3 · 106 ²¥É) ¨ ¸μμÉ-
¢¥É¸É¢¥´´μ μÎ¥´Ó ´¨§±μ£μ §´ Î¥´¨Ö Ê¤¥²Ó´μ°  ±É¨¢´μ¸É¨ ¥£μ · ¤¨μ ±É¨¢´μ£μ
¨§²ÊÎ¥´¨Ö. �μÔÉμ³Ê μ¶·¥¤¥²Ö²¨¸Ó ¢ÒÌμ¤Ò ¨§μ³¥·  ¶μ μÉ´μÏ¥´¨Õ ± ¢ÒÌμ¤ ³
μ¸´μ¢´ÒÌ ¸μ¸ÉμÖ´¨° ¸μ¸¥¤´¨Ì ¨§μÉμ¶μ¢ 136Cs ¨ 139Ce ¸ ¡²¨§±¨³¨ §´ Î¥´¨Ö³¨
¸¶¨´μ¢, ËÊ´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö ±μÉμ·ÒÌ ²¥¦ É ¢ É¥Ì ¦¥ ÊÎ ¸É± Ì Éμ·³μ§´μ£μ
¸¶¥±É· . ‚ÒÌμ¤Ò ¨ ¸¥Î¥´¨Ö ÔÉ¨Ì ·¥ ±Í¨° ¡Ò²¨ ¨§³¥·¥´Ò ¢ É¥Ì ¦¥ Ê¸²μ¢¨ÖÌ,
ÎÉμ ¨ ¢ ´ Ï¨Ì ¶·¥¤Ò¤ÊÐ¨Ì · ¡μÉ Ì: 136Cs Å ¢ ·¥ ±Í¨¨ 237Np (γ, f ) [2]
¨ 139Ce Å ¢ ·¥ ±Í¨¨ 143Nd (γ, α) [3]. Š ± ¶μ± § ²¨ ¶·μ¢¥¤¥´´Ò¥ · ¸Î¥ÉÒ
(μ´¨ ¶·¨¢μ¤ÖÉ¸Ö ´¨¦¥) ¨ ¸¨¸É¥³ É¨±  ¸¥Î¥´¨° ¶μ¤μ¡´ÒÌ ·¥ ±Í¨° ¸ Ö¤· ³¨
¢ μ¡² ¸É¨ μ¸±μ²±μ¢ ¤¥²¥´¨Ö [4], μ´¨ ³ ²μ μÉ²¨Î ÕÉ¸Ö μÉ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì
§´ Î¥´¨° ¤²Ö ¨¸¸²¥¤Ê¥³μ£μ ¨§μÉμ¶  135Cs.

�Ê±²μ´´ Ö ±μ´Ë¨£Ê· Í¨Ö ¨ ¸¢μ°¸É¢  · ¸¶ ¤  ¶μ²ÊÎ ¥³μ£μ ¨§μ³¥·  ¤μ-
¸É ÉμÎ´μ Ìμ·μÏμ ¨§¢¥¸É´Ò [1]. �´ Ëμ·³¨·Ê¥É¸Ö ¨§ · §μ·¢ ´´μ° ¶ ·Ò ¶·μ-
Éμ´μ¢ ¢ ¸μ¸ÉμÖ´¨ÖÌ g7/2 ¨ ´¥Î¥É´μ£μ ¶·μÉμ´  d5/2 (¶μ¸²¥¤´¨° μ¶·¥¤¥²Ö¥É ¨
±μ´Ë¨£Ê· Í¨Õ μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨Ö). � §·Ö¤±  ¨§μ³¥·  (¥£μ ¶¥·¨μ¤ ¶μ²Ê· ¸-
¶ ¤  ¸μ¸É ¢²Ö¥É 53 ³¨´) ¶·μ¨¸Ìμ¤¨É ¶ÊÉ¥³ ¶μ¸²¥¤μ¢ É¥²Ó´μ° Ô³¨¸¸¨¨ ¤¢ÊÌ
γ-±¢ ´Éμ¢ ¸ Ô´¥·£¨Ö³¨ 846,1 ±Ô‚ (M4) ¨ 786,8 ±Ô‚ (E2).

�Š‘�…�ˆŒ…�’�‹œ��Ÿ Œ…’�„ˆŠ�

‚¸¥ Ô±¸¶¥·¨³¥´ÉÒ ¡Ò²¨ ¶·μ¢¥¤¥´Ò ´  ¶ÊÎ±¥ Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö ³¨-
±·μÉ·μ´  Œ’-25 ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �. ”²¥·μ¢  �ˆŸˆ.
�¶¨¸ ´¨¥ ÔÉμ£μ Ê¸±μ·¨É¥²Ö ¨ ¥£μ μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò ¶·¨¢¥¤¥´Ò ¢ [5]. �Ê-
Îμ± Ê¸±μ·¥´´ÒÌ Ô²¥±É·μ´μ¢ ¸ Ô´¥·£¨¥° 25 ŒÔ‚ ´ ¶· ¢²Ö²¸Ö ´  Éμ·³μ§´ÊÕ
³¨Ï¥´Ó (¢μ²ÓË· ³μ¢Ò° ¤¨¸± Éμ²Ð¨´μ° 2 ³³, μÌ² ¦¤ ¥³Ò° ¶·μÉμÎ´μ° ¢μ-
¤μ°, ¨ ¸· §Ê ¦¥ §  ´¨³ Å  ²Õ³¨´¨¥¢Ò° ¶μ£²μÉ¨É¥²Ó Ô²¥±É·μ´μ¢ Éμ²Ð¨´μ°
30 ³³). �¥¶μ¸·¥¤¸É¢¥´´μ §  ÔÉ¨³ ¶μ£²μÉ¨É¥²¥³ · ¸¶μ² £ ²¨¸Ó μ¡²ÊÎ ¥³Ò¥
³¨Ï¥´¨ Å ¸²μ¨ ¨§ μ±¨¸²μ¢ La ¨ Np (cμμÉ¢¥É¸É¢¥´´μ La2O3 ¨ Np2O3) Éμ²-
Ð¨´μ° 5 ³£/¸³, ´ ´¥¸¥´´Ò¥ ´  ¶μ¤²μ¦±Ê ¨§  ²Õ³¨´¨Ö Éμ²Ð¨´μ° 20 ³±³.
‚¶²μÉ´ÊÕ §  ³¨Ï¥´ÓÕ ¨§ Np · ¸¶μ² £ ² ¸Ó Î¨¸É Ö  ²Õ³¨´¨¥¢ Ö Ëμ²Ó£  Éμ²-
Ð¨´μ° 15 ³±³, ±μÉμ· Ö ¸²Ê¦¨²  ¸¡μ·´¨±μ³ μ¸±μ²±μ¢ ¤¥²¥´¨Ö, ¢Ò²¥É¥¢Ï¨Ì
¨§ ³¨Ï¥´¨. 
Éμ ¶μ§¢μ²Ö²μ ³´μ£μ±· É´μ ¨¸¶μ²Ó§μ¢ ÉÓ ´¥¶ÉÊ´¨¥¢ÊÕ ³¨Ï¥´Ó
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¢ Ô±¸¶¥·¨³¥´É Ì, É·¥¡ÊÕÐ¨Ì Ì¨³¨Î¥¸±μ£μ ¢Ò¤¥²¥´¨Ö ¨¸¸²¥¤Ê¥³μ£μ Ô²¥³¥´É 
¨§ ¶μ¢Éμ·´μ μ¡²ÊÎ¥´´μ° ³¨Ï¥´¨.

�·¨ ¨¸¶μ²Ó§Ê¥³μ° ¢ Ô±¸¶¥·¨³¥´É Ì Ô´¥·£¨¨ Ô²¥±É·μ´μ¢ 25 ŒÔ‚ Éμ±
¶ÊÎ± , ¶ ¤ ÕÐ¥£μ ´  Éμ·³μ§´ÊÕ ³¨Ï¥´Ó, ¸μ¸É ¢²Ö² 20 ³±	. �μ¸²¥ Ëμ±Ê-
¸¨·μ¢±¨ ¶ÊÎμ± ¨³¥² Ëμ·³Ê ±·Ê£  ¤¨ ³¥É·μ³ 5 ³³. �·¨ ÔÉμ³ ¨´É¥´¸¨¢´μ¸ÉÓ
Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö ¸ Ô´¥·£¨¥° ¢ÒÏ¥ 7 ŒÔ‚, ¶μ¶ ¤ ¢Ï¥£μ ´  μ¡²ÊÎ ¥³ÊÕ
³¨Ï¥´Ó, ¤μ¸É¨£ ²  1013 ¸−1. ‘¶¥±É· Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö ¨³¥² É¨¶¨Î´Ò°
¢¨¤, ¥£μ · ¸Î¥ÉÒ ¤²Ö ¤ ´´ÒÌ Ê¸²μ¢¨° Ô±¸¶¥·¨³¥´É  (Éμ²Ð¨´  ¢μ²ÓË· ³μ¢μ£μ
¤¨¸± , É¥²¥¸´Ò° Ê£μ², § ´¨³ ¥³Ò° μ¡²ÊÎ ¥³μ° ³¨Ï¥´ÓÕ) ¶·¨¢¥¤¥´Ò ¢ · -
¡μÉ¥ [6].

‚·¥³Ö μ¡²ÊÎ¥´¨Ö ³¨Ï¥´¥° ¶·¨ Ê± § ´´ÒÌ Ê¸²μ¢¨ÖÌ ¸μ¸É ¢²Ö²μ μ±μ²μ 1 Î.
�μ¸²¥ ÔÉμ£μ ³¨Ï¥´Ó ¨§ La ¸· §Ê ¦¥ ¶¥·¥´μ¸¨² ¸Ó ± ¤¥É¥±Éμ·Ê γ-¨§²ÊÎ¥´¨Ö ¤²Ö
¨§³¥·¥´¨° ¢ÒÌμ¤μ¢ ·¥ ±Í¨°,    ²Õ³¨´¨¥¢Ò° ¸¡μ·´¨± μ¸±μ²±μ¢, ¢Ò²¥É¥¢Ï¨Ì
¨§ Np, Å ´  Ì¨³¨Î¥¸±ÊÕ ¶¥·¥· ¡μÉ±Ê. ‚¸¥ ÔÉ¨ μ¶¥· Í¨¨ ¶μ ¶¥·¥´μ¸Ê ´¥
¶·¥¢ÒÏ ²¨ 5 ³¨´.

•¨³¨Î¥¸± Ö ¶¥·¥· ¡μÉ±  ¸¡μ·´¨±  μ¸±μ²±μ¢ ´ Î¨´ ² ¸Ó ¸ ¥£μ · ¸É¢μ-
·¥´¨Ö ¢ 6-³μ²Ö·´μ° ¸μ²Ö´μ° ±¨¸²μÉ¥ ¨ ¢´¥¸¥´¨Ö ¢ μ¡· §ÊÕÐ¨°¸Ö · ¸É¢μ·
§ · ´¥¥ ¶μ¤£μÉμ¢²¥´´μ° ¸³μ²Ò ³ ·±¨ DOWEX 1 × 8 100Ä200 ³¥Ï ¢ HCl-
Ëμ·³¥, ±μÉμ· Ö ¸μ·¡¨·μ¢ ²  Al ¨ É¥ μ¸±μ²±¨, ÎÓ¨ γ-²¨´¨¨ ¶¥·¥±·Ò¢ ²¨cÓ
¸ γ-²¨´¨Ö³¨ 135mCs (± ´¨³ μÉ´μ¸¨²¨¸Ó Nb, Mo, Tc, Sb, Te, J ¨ Ba). ‚¸¥
ÔÉ¨ Ô²¥³¥´ÉÒ Ê¡¨· ²¨¸Ó ¨§ · ¸É¢μ·  Í¥´É·¨ËÊ£¨·μ¢ ´¨¥³ ¢ É¥Î¥´¨¥ 5 ³¨´. ‚
μ¸É ¢Ï¨°¸Ö · ¸É¢μ· ¸´μ¢  ¤μ¡ ¢²Ö²¸Ö 1 £ ± É¨μ´´μ° ¸³μ²Ò ³ ·±¨ DOWEX
50 × 8 100Ä200 ³¥Ï ¢ HCl-Ëμ·³¥, ±μÉμ· Ö ¸μ·¡¨·μ¢ ²  ·¥¤±μ§¥³¥²Ó´Ò¥ Ô²¥-
³¥´ÉÒ. �μ¸²¥ ¢Éμ·μ£μ Í¥´É·¨ËÊ£¨·μ¢ ´¨Ö (5 ³¨´) ± μ¸É ¢Ï¥³Ê¸Ö · ¸É¢μ·Ê
¤μ¡ ¢²Ö²¨¸Ó KCl ¨ HClO4. �¡· §ÊÕÐ¨°¸Ö ¶·¨ ÔÉμ³ μ¸ ¤μ± ¸μ¤¥·¦ ² ‘s ¢
¢¨¤¥ KClO4(Cs). ˆ, ´ ±μ´¥Í, É·¥ÉÓ¥ Í¥´É·¨ËÊ£¨·μ¢ ´¨¥ ¢ É¥Î¥´¨¥ 5 ³¨´
μÉ¤¥²Ö²μ μ¸ ¤μ± ¸ ‘s μÉ · ¸É¢μ· . ‚ ·¥§Ê²ÓÉ É¥ ÔÉ¨Ì μ¶¥· Í¨° ¸μ¤¥·¦ ´¨¥
¢¸¥Ì ³¥Ï ÕÐ¨Ì ¨§³¥·¥´¨Ö³ Ô²¥³¥´Éμ¢ Ê³¥´ÓÏ ²μ¸Ó ¢ ¸μÉ´¨ · §,   ¶μÉ¥·¨ Cs
¸μ¸É ¢²Ö²¨ ´¥ ¡μ²¥¥ 30 %.

„²Ö ¨§³¥·¥´¨Ö γ-¸¶¥±É·μ¢ ¨¸¶μ²Ó§μ¢ ²¸Ö ¤¥É¥±Éμ· ¨§ ¸¢¥·ÌÎ¨¸Éμ£μ £¥·-
³ ´¨Ö μ¡Ñ¥³μ³ 200 ¸³3 ¨ Ô´¥·£¥É¨Î¥¸±¨³ · §·¥Ï¥´¨¥³ ¶μ γ-²¨´¨¨ 60Cμ
(1332 ±Ô‚) 1,8 ±Ô‚. �¡· ¡μÉ±  γ-¸¶¥±É·μ¢ ¶·μ¢μ¤¨² ¸Ó ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
¶·μ£· ³³Ò ACTIV [7], ¶μ§¢μ²ÖÕÐ¥° · §¤¥²ÖÉÓ ¢ ¸²μ¦´μ³ ¸¶¥±É·¥ ¡²¨§±¨¥
¶μ Ô´¥·£¨¨ γ-²¨´¨¨ ¨ μ¶·¥¤¥²ÖÉÓ ¨Ì ¶²μÐ ¤¨. 	¡¸μ²ÕÉ´Ò¥ ¨´É¥´¸¨¢´μ¸É¨
ÔÉ¨Ì γ-²¨´¨°, ¨¸¶· ¢²¥´´Ò¥ ´  ÔËË¥±É¨¢´μ¸ÉÓ ¨Ì ·¥£¨¸É· Í¨¨, ±μÔËË¨Í¨¥´É
¢´ÊÉ·¥´´¥° ±μ´¢¥·¸¨¨ ¨ ¤μ²Õ ¨Ì ¢ ¸¶¥±É·¥,   É ±¦¥ ¶μ¶· ¢±¨ ´  ´ ±μ¶²¥´¨¥
¨ · ¸¶ ¤ ¶μ§¢μ²Ö²¨ μ¶·¥¤¥²¨ÉÓ ´¥ Éμ²Ó±μ Î¨¸²μ Ö¤¥· 135Cs, μ¡· §ÊÕÐ¨Ì¸Ö ¢
¨§μ³¥·´μ³ ¸μ¸ÉμÖ´¨¨, ´μ ¨ Ö¤¥·, ±μÉμ·Ò¥ ¸²Ê¦¨²¨ ¤²Ö μÍ¥´±¨ ¢ÒÌμ¤  135Cs
¢ μ¸´μ¢´μ³ ¸μ¸ÉμÖ´¨¨. • · ±É¥·¨¸É¨±¨ · ¤¨μ ±É¨¢´μ£μ · ¸¶ ¤  ÔÉ¨Ì Ö¤¥·
¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1.

„²Ö μ¶·¥¤¥²¥´¨Ö ¶μÉμ±  Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö, ¢Ò§Ò¢ ÕÐ¥£μ Ê± § ´´Ò¥
·¥ ±Í¨¨, ¨§³¥·Ö²¸Ö ¢ É¥Ì ¦¥ Ê¸²μ¢¨ÖÌ ¢ÒÌμ¤ Ö¤¥· ¢ ·¥ ±Í¨ÖÌ, ¤²Ö ±μÉμ-
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’ ¡²¨Í  1. • · ±É¥·¨¸É¨±¨ · ¤¨μ ±É¨¢´μ£μ · ¸¶ ¤  ¨¸¸²¥¤Ê¥³ÒÌ Ö¤¥·

Ÿ¤·μ T1/2
Eγ ,
±Ô‚

Iγ
�¥ ±Í¨Ö

¶μ²ÊÎ¥´¨Ö
135mCs 53,0 ³¨´ 846 0,96 237Np (γ, f )
136gCs 13,0 ¸ÊÉ 818 0,99 237Np (γ, f )
139gCe 137,0 ¸ÊÉ 165 0,25 143Nd (γ, α)

·ÒÌ ¨´É¥£· ²Ó´Ò¥ ¸¥Î¥´¨Ö ¨§¢¥¸É´Ò. „²Ö ÔÉμ£μ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ·¥ ±Í¨¨
238U(γ, f )140La ¨ 65Cu(γ, n)64Cu, ¢ ±μÉμ·ÒÌ μ¸´μ¢´μ° ¢±² ¤ ¢ ´ ¡²Õ¤ ¥³Ò¥
¢ÒÌμ¤Ò ¢´μ¸¨²¨ É¥ ¦¥ ÊÎ ¸É±¨ Éμ·³μ§´μ£μ ¸¶¥±É· .

�…‡“‹œ’�’› �Š‘�…�ˆŒ…�’�

�μ²ÊÎ¥´´Ò¥ É ±¨³ ¸¶μ¸μ¡μ³ μÉ´μÏ¥´¨Ö ¢ÒÌμ¤μ¢ ·¥ ±Í¨° μ¡· §μ¢ ´¨Ö
¨§μ³¥·  135Cs ¨ ¢Ò¡· ´´ÒÌ ¤²Ö ¸· ¢´¥´¨Ö ¨§μÉμ¶μ¢ 136Cs ¨ 139Ce ¢ μ¸´μ¢-
´ÒÌ ¸μ¸ÉμÖ´¨ÖÌ (·¥¶¥·´Ò¥ ·¥ ±Í¨¨), Ê¸·¥¤´¥´´Ò¥ ¶μ Ê± § ´´Ò³ ¨´É¥·¢ ² ³
Ô´¥·£¨° γ-¨§²ÊÎ¥´¨Ö, ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 2. �¨¦´ÖÖ £· ´¨Í  ÔÉ¨Ì ¨´É¥·¢ -
²μ¢ ¸μμÉ¢¥É¸É¢Ê¥É ¡ ·Ó¥·Ê ¤¥²¥´¨Ö Ö¤·  237Np ¨²¨ ±Ê²μ´μ¢¸±¨³ ¡ ·Ó¥· ³ ¤²Ö
α-Î ¸É¨Í,   ¢¥·Ì´ÖÖ Å £· ´¨Î´μ° Ô´¥·£¨¨ Éμ·³μ§´μ£μ ¸¶¥±É· .

‚μ ¢¸¥Ì ·¥ ±Í¨ÖÌ μÉ´μÏ¥´¨Ö ¨´É¥£· ²Ó´ÒÌ ¸¥Î¥´¨° μÎ¥´Ó ³ ²Ò, μ´¨
§ ³¥É´μ ³¥´ÓÏ¥ μÉ´μÏ¥´¨°  ´ ²μ£¨Î´ÒÌ ¸¥Î¥´¨° ·¥ ±Í¨°, ¶·¨¢μ¤ÖÐ¨Ì ±
μ¸´μ¢´Ò³ ¸μ¸ÉμÖ´¨Ö³ ¢Ò¡· ´´ÒÌ ´ ³¨ ¤²Ö ¸· ¢´¥´¨Ö ¸μ¸¥¤´¨Ì Ö¤¥·,   É ±¦¥
¤²Ö ¨§³¥·¥´´ÒÌ ´ ³¨ · ´¥¥ μÉ´μÏ¥´¨° ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö ¨§μ³¥·μ¢ ¸ I =
11/2 ¢ Éμ° ¦¥ μ¡² ¸É¨ Ö¤¥· [8]. ’ ±¨¥ ´¨§±¨¥ §´ Î¥´¨Ö μÉ´μÏ¥´¨°, μÎ¥¢¨¤´μ,
¸¢Ö§ ´Ò ¸ ³ ²μ° ¢¥·μÖÉ´μ¸ÉÓÕ § ¸¥²¥´¨Ö ¨§μ³¥·  135Cs ¶·¨ ¤¥¢μ§¡Ê¦¤¥-
´¨¨ Ö¤¥·.

•μÉÖ ¢¸¥ ¨¸¸²¥¤μ¢ ´´Ò¥ ·¥ ±Í¨¨ ¨ ¢Ò§Ò¢ ÕÉ¸Ö ´¥¶·¥·Ò¢´Ò³ ¸¶¥±É·μ³
γ-¨§²ÊÎ¥´¨Ö (μÉ ¶μ·μ£  ·¥ ±Í¨¨ ¤μ 25 ŒÔ‚), μ¸´μ¢´μ° ¢±² ¤ ¢ ´ ¡²Õ¤ ¥³Ò°
¢ÒÌμ¤ ¢´μ¸¨É μ¡² ¸ÉÓ £¨£ ´É¸±μ£μ ¤¨¶μ²Ó´μ£μ ·¥§μ´ ´¸ , ¨ ¸·¥¤´ÖÖ Ô´¥·£¨Ö
¢μ§¡Ê¦¤¥´¨Ö μ¡· §ÊÕÐ¥£μ¸Ö ¸μ¸É ¢´μ£μ Ö¤·  ¸μ¸É ¢²Ö¥É ∼ 18,5 ŒÔ‚. ‘·¥¤-

’ ¡²¨Í  2. �É´μÏ¥´¨Ö ¢ÒÌμ¤μ¢ ·¥ ±Í¨° (γ, f ) ¨ (γ, α) ¸ μ¡· §μ¢ ´¨¥³ Ö¤·  135Cs
¢ μ¸´μ¢´μ³ ¨ ¨§μ³¥·´μ³ ¸μ¸ÉμÖ´¨ÖÌ

�¥ ±Í¨Ö
E1ÄE2, MÔ‚

Y¨§/Y·¥¶,
μÉ´. ¥¤.

ˆ¸¸²¥¤Ê¥³ Ö �¥¶¥·´ Ö

237Np (γ, f ) 135mCs 237Np (γ, f ) 136gCs 6Ä25 1,3 · 10−2

139La (γ, α) 135mCs 143Nd (γ, α ) 139gCe 10Ä25 1,1 · 10−3
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´ÖÖ Ô´¥·£¨Ö ¨¸¶Ê¸± ¥³ÒÌ ¨§ ¸μ¸É ¢´μ£μ Ö¤·  α-Î ¸É¨Í · ¢´  ¶μ·Ö¤±Ê ¢Ò¸μÉÒ
±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥·  ¤μÎ¥·´¥£μ Ö¤·  (μ±μ²μ 8 ŒÔ‚), ¶μÔÉμ³Ê ¶μ¸²¥ ¨Ì Ô³¨¸-
¸¨¨ Ö¤·μ μ¸É ¥É¸Ö ¸μ ¸·¥¤´¥° Ô´¥·£¨¥° ¢μ§¡Ê¦¤¥´¨Ö, ¡²¨§±μ° ± Ô´¥·£¨¨ ¸¢Ö§¨
´¥°É·μ´ , ¨ · §·Ö¦ ¥É¸Ö ¶ÊÉ¥³ Ô³¨¸¸¨¨ ± ¸± ¤  γ-±¢ ´Éμ¢, ¶·¨¢μ¤ÖÐ¥° ±
μ¸´μ¢´μ³Ê ¨²¨ ¨§μ³¥·´μ³Ê ¸μ¸ÉμÖ´¨Õ.

��‘—…’› ‘…—…�ˆ‰ �…�Š–ˆ‰ �	��‡�‚��ˆŸ ˆ‡�Œ…�� 135Cs

� ¸Î¥ÉÒ ¢¥·μÖÉ´μ¸É¥° μ¡· §μ¢ ´¨Ö ¢Ò¸μ±μ¸¶¨´μ¢μ£μ ¨§μ³¥·  ¨ ¸μ¸¥¤-
´¨Ì ¸ ´¨³ Ö¤¥· ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¸¶μ¸μ¡μ³,  ´ ²μ£¨Î´Ò³ ¨¸¶μ²Ó§μ¢ ´´μ³Ê
´ ³¨ · ´¥¥ [9]. �´¨ ¢±²ÕÎ ÕÉ ¨¸¶μ²Ó§μ¢ ´¨¥ ¨§¢¥¸É´ÒÌ ¸¥Î¥´¨° ¶μ£²μÐ¥-
´¨Ö γ-±¢ ´Éμ¢ ¢ ¨¸¸²¥¤Ê¥³μ³ ¤¨ ¶ §μ´¥ Ô´¥·£¨° ¨ ¢ÒÎ¨¸²¥´¨¥ ¢¥·μÖÉ´μ¸É¥°
§ ¸¥²¥´¨Ö ¨§μ³¥·  ¶·¨ ¤¥¢μ§¡Ê¦¤¥´¨¨ μ¡· §ÊÕÐ¥£μ¸Ö ¸μ¸É ¢´μ£μ Ö¤· . 
É¨
¢ÒÎ¨¸²¥´¨Ö ¸μ¤¥·¦ É 3 ÔÉ ¶  ·¥ ±Í¨¨: 1) μ¡· §μ¢ ´¨¥ ¸μ¸É ¢´μ£μ Ö¤·  ¶μ¸²¥
§ Ì¢ É  γ-±¢ ´É , 2) ¤¥²¥´¨¥ Ö¤·  ¨²¨ Ô³¨¸¸¨Ö ¨§ ´¥£μ α-Î ¸É¨ÍÒ ¨²¨ ¶·μÉμ´ ,
3) ± ¸± ¤ γ-±¢ ´Éμ¢, ¶·¨¢μ¤ÖÐ¨° ± ¨§μ³¥·´μ³Ê ¨²¨ μ¸´μ¢´μ³Ê ¸μ¸ÉμÖ´¨Õ ±μ-
´¥Î´μ£μ Ö¤· . �  ± ¦¤μ³ ¨§ ÔÉ¨Ì ÔÉ ¶μ¢ · ¸¸Î¨ÉÒ¢ ²¨¸Ó · ¸¶·¥¤¥²¥´¨Ö Ö¤¥·
¶μ Ô´¥·£¨¨ ¢μ§¡Ê¦¤¥´¨Ö ¨ Ê£²μ¢μ³Ê ³μ³¥´ÉÊ. �  ¶¥·¢μ³ ÔÉ ¶¥ ·¥ ±Í¨¨ Ô´¥·-
£¨Ö ¢μ§¡Ê¦¤¥´¨Ö Ö¤·  ¸μμÉ¢¥É¸É¢Ê¥É Ô´¥·£¨¨ ¶μ£²μÐ¥´´μ£μ γ-±¢ ´É ,   ¥£μ
Ê£²μ¢μ° ³μ³¥´É ¨§³¥´Ö¥É¸Ö ´  1h. � ¸¶·¥¤¥²¥´¨¥ μ¡· §ÊÕÐ¨Ì¸Ö Ö¤¥· ¶μ
Ô´¥·£¨¨ ¢μ§¡Ê¦¤¥´¨Ö μ¶·¥¤¥²Ö¥É¸Ö ¶·μ¨§¢¥¤¥´¨¥³ Î¨¸²  ËμÉμ´μ¢ ¸ ¤ ´´μ°
Ô´¥·£¨¥° ¢ Éμ·³μ§´μ³ ¸¶¥±É·¥ ´  ¨Ì ¸¥Î¥´¨¥ ¶μ£²μÐ¥´¨Ö. �·¨³¥· μ¤´μ£μ ¨§
É ±¨Ì · ¸¶·¥¤¥²¥´¨° (¤²Ö Ö¤·  139La ¨ £· ´¨Î´μ° Ô´¥·£¨¨ Éμ·³μ§´μ£μ ¸¶¥±-
É·  25 ŒÔ‚) ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 2. ‚ ¸²ÊÎ ¥ ¤·Ê£μ£μ ¨§ ¨¸¸²¥¤μ¢ ´´ÒÌ Ö¤¥·,
237Np, ÔÉμ · ¸¶·¥¤¥²¥´¨¥ ¨³¥¥É ¸Ìμ¦¨° ¢¨¤. �´μ ¢ §´ Î¨É¥²Ó´μ° ¸É¥¶¥´¨
μ¶·¥¤¥²Ö¥É¸Ö Ëμ·³μ° £¨£ ´É¸±μ£μ ¤¨¶μ²Ó´μ£μ ·¥§μ´ ´¸  ¢ ¸¥Î¥´¨¨ ËμÉμ¶μ-
£²μÐ¥´¨Ö (Ï¨·μ±¨° ³ ±¸¨³Ê³ ¶·¨ Ô´¥·£¨¨ 18Ä23 ŒÔ‚).

�¨¸. 2. � ¸¶·¥¤¥²¥´¨¥ Ô´¥·£¨¨ ¢μ§¡Ê¦¤¥´¨Ö Ö¤¥· ¢ ·¥ ±Í¨¨ 139La (γ, α)135Cs ´  ÔÉ ¶¥
¸μ¸É ¢´μ£μ Ö¤·  (1) ¨ ¢ ±μ´¥Î´μ³ Ö¤·¥ ¶¥·¥¤ ´ Î ²μ³ ¨¸¶Ê¸± ´¨Ö ËμÉμ´μ¢ (2)
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�·¨ Ô³¨¸¸¨¨ α-Î ¸É¨ÍÒ Ô´¥·£¨Ö ¢μ§¡Ê¦¤¥´¨Ö Ö¤·  Ê³¥´ÓÏ ¥É¸Ö ´  ¢¥²¨-
Î¨´Ê, Ê´μ¸¨³ÊÕ α-Î ¸É¨Í¥° (¢ ¸·¥¤´¥³ ÔÉ  Ô´¥·£¨Ö ¡²¨§±  ± ¸Ê³³¥ Ô´¥·£¨¨
¸¢Ö§¨ ¨ ¢Ò¸μÉÒ ±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥·  ¤²Ö α-Î ¸É¨Í ¨ ¸μ¸É ¢²Ö¥É ∼ 10 ŒÔ‚).
‚ ·¥§Ê²ÓÉ É¥ ÔÉμ£μ ±μ´¥Î´μ¥ Ö¤·μ μ¸É ¥É¸Ö ¸μ ¸·¥¤´¥° Ô´¥·£¨¥° ¢μ§¡Ê¦¤¥´¨Ö
∼ 8 ŒÔ‚, ÎÉμ ¡²¨§±μ ± Ô´¥·£¨¨ ¸¢Ö§¨ ´¥°É·μ´ . �·¨ ¡μ²ÓÏ¥° Ô´¥·£¨¨ ¢μ§-
¡Ê¦¤¥´¨Ö ¶·μ¨¸Ìμ¤¨É Ô³¨¸¸¨Ö ¥Ð¥ μ¤´μ£μ ´¥°É·μ´  ¨ μ¡· §μ¢ ´¨¥ ¸μ¸¥¤´¥£μ
¨§μÉμ¶ ,   ³¥´ÓÏ Ö Ô´¥·£¨Ö ¢μ§¡Ê¦¤¥´¨Ö É·¥¡Ê¥É ¨¸¶Ê¸± ´¨Ö α-Î ¸É¨ÍÒ ¸
¡μ²ÓÏ¥° Ô´¥·£¨¥°, ÎÉμ ³ ²μ¢¥·μÖÉ´μ. � ¸¶·¥¤¥²¥´¨¥ É ±¨Ì Ö¤¥· ¶μ Ô´¥·£¨¨
¢μ§¡Ê¦¤¥´¨Ö ¶·¥¤¸É ¢²¥´μ ´  ·¨¸. 2.


³¨¸¸¨Ö γ-±¢ ´Éμ¢ ¨§ Ö¤·  ¸ É ±μ° Ô´¥·£¨¥° ¢μ§¡Ê¦¤¥´¨Ö ¨ ¶·¨¢μ¤¨É ±
μ¡· §μ¢ ´¨Õ Ö¤·  ¢ ¨§μ³¥·´μ³ ¨²¨ μ¸´μ¢´μ³ ¸μ¸ÉμÖ´¨ÖÌ. � ¸Î¥É ÔÉμ° ¸ÉÊ-
¶¥´¨ ·¥ ±Í¨¨ ¸¢μ¤¨É¸Ö ± ¶μ²ÊÎ¥´¨Õ · ¸¶·¥¤¥²¥´¨° ¶μ Ô´¥·£¨¨ ¨ Ê£²μ¢μ³Ê
³μ³¥´ÉÊ ¶μ¸²¥ Ô³¨¸¸¨¨ ± ¦¤μ£μ γ-±¢ ´É  ¨§ ± ¸± ¤ . �·¨ ÔÉμ³ ± ¦¤Ò° · §
· ¸¸Î¨ÉÒ¢ ² ¸Ó ¢¥·μÖÉ´μ¸ÉÓ ¶¥·¥Ìμ¤  ´  μ¸´μ¢´μ¥ ¨²¨ ¨§μ³¥·´μ¥ ¸μ¸ÉμÖ´¨Ö
¨²¨ ´  ± ±μ°-²¨¡μ ¶·μ³¥¦ÊÉμÎ´Ò° Ê·μ¢¥´Ó, ¸ ±μÉμ·μ£μ ¶·μ¤μ²¦ ¥É¸Ö ± ¸± ¤
γ-±¢ ´Éμ¢. 
É  ¸ÉÊ¶¥´Ó ·¥ ±Í¨¨ ´ ¨¡μ²¥¥ ÎÊ¢¸É¢¨É¥²Ó´  ± §´ Î¥´¨Ö³ ¶ · ³¥-
É·μ¢ ¸É É¨¸É¨Î¥¸±μ° ³μ¤¥²¨, μ¶·¥¤¥²ÖÕÐ¨Ì § ¢¨¸¨³μ¸ÉÓ ¶²μÉ´μ¸É¨ Ê·μ¢´¥°
μÉ Ô´¥·£¨¨ ¨ Ê£²μ¢μ£μ ³μ³¥´É . ’ ±μ° ¸¶μ¸μ¡ · ¸Î¥É  Ö¢²Ö¥É¸Ö μ¡Ð¥¶·¨-
´ÖÉÒ³, μ´ ´¥μ¤´μ±· É´μ ¨¸¶μ²Ó§μ¢ ²¸Ö ¢ ´ Ï¨Ì ¶·¥¤Ò¤ÊÐ¨Ì · ¡μÉ Ì [10].
‚Ò¶μ²´¥´´Ò¥ ¶μ É ±μ° ¸Ì¥³¥ · ¸Î¥ÉÒ ¨§μ³¥·´ÒÌ μÉ´μÏ¥´¨° ¶μ± § ²¨, ÎÉμ
¶μ²ÊÎ¥´´Ò¥ ¨§ μ¶ÒÉ  ¢¥²¨Î¨´Ò (É ¡². 2) ¢μ¸¶·μ¨§¢μ¤ÖÉ¸Ö ¶·¨ §´ Î¥´¨ÖÌ ¶ -
· ³¥É·μ¢, μ¶·¥¤¥²ÖÕÐ¨Ì § ¢¨¸¨³μ¸ÉÓ ¶²μÉ´μ¸É¨ Ê·μ¢´¥° μÉ Ô´¥·£¨¨ ¢μ§¡Ê-
¦¤¥´¨Ö (a = 25) ¨ Ê£²μ¢μ£μ ³μ³¥´Éa (σ = 4,5) ¨ ¨¸¶μ²Ó§Ê¥³ÒÌ ¢ μ¶É¨Î¥¸±μ°
³μ¤¥²¨ μ ¸·¥¤´¨Ì ³μ³¥´É Ì, Ê´μ¸¨³ÒÌ ¨§ Ö¤·  α-Î ¸É¨Í ³¨ (l = 2). �·¨ ÔÉμ³
¸·¥¤´¨° Ê£²μ¢μ° ³μ³¥´É Ö¤·  135Cs ¶¥·¥¤ ¨¸¶Ê¸± ´¨¥³ ± ¸± ¤  γ-±¢ ´Éμ¢ ¸μ-
¸É ¢²Ö² ¶μ · ¸Î¥ÉÊ 4,8.

�·¨ ËμÉμ¤¥²¥´¨¨ Ö¤¥·  ±É¨´¨¤´ÒÌ Ô²¥³¥´Éμ¢ ¢ ¤¨ ¶ §μ´¥ Ô´¥·£¨°, ¸μμÉ-
¢¥É¸É¢ÊÕÐ¨Ì £¨£ ´É¸±μ³Ê ¤¨¶μ²Ó´μ³Ê ·¥§μ´ ´¸Ê, ¸·¥¤´¥¥ Î¨¸²μ ´¥°É·μ´μ¢,
¨¸¶ ·¨¢Ï¨Ì¸Ö ¨§ ÉÖ¦¥²μ£μ μ¸±μ²±  c A = 130Ä140 ¸μ¸É ¢²Ö¥É 2,2 [4]. �μ-
ÔÉμ³Ê 135Cs ¢ μ¸´μ¢´μ³ ¨²¨ ¨§μ³¥·´μ³ ¸μ¸ÉμÖ´¨ÖÌ μ¡· §Ê¥É¸Ö ¶μ¸²¥ Ô³¨¸¸¨¨
¤¢ÊÌ ´¥°É·μ´μ¢ ¨§ ¶¥·¢¨Î´μ£μ μ¸±μ²±  137Cs ¨ ± ¸± ¤  γ-±¢ ´Éμ¢, ±μÉμ·Ò°,
± ± ¨ ¢ ·¥ ±Í¨¨ (γ, α), ´ Î¨´ ¥É¸Ö ¸ ¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨° ¢¡²¨§¨ Ô´¥·£¨¨
¸¢Ö§¨ ´¥°É·μ´ . �μÔÉμ³Ê ¨ ¶·μÍ¥¤Ê·  · ¸Î¥É  ÔÉμ£μ ± ¸± ¤ , ¨ ¨¸¶μ²Ó§Ê¥³Ò¥
¶ · ³¥É·Ò a ¨ σ ¡Ò²¨ É ±¨³¨ ¦¥, ± ± ¨ ¢ ¸²ÊÎ ¥ · ¸¸³μÉ·¥´´μ° ¢ÒÏ¥ ·¥ ±-
Í¨¨ (γ, α). � ¸Î¥ÉÒ ¶μ± § ²¨, ÎÉμ ¢ μ¡¥¨Ì ·¥ ±Í¨ÖÌ ¨§μ³¥·´Ò¥ μÉ´μÏ¥´¨Ö
¤μ²¦´Ò ¡ÒÉÓ ¡²¨§±¨³¨, ´μ ¢ ·¥ ±Í¨¨ (γ, f ) Ô±¸¶¥·¨³¥´É ²Ó´μ¥ §´ Î¥´¨¥ § -
³¥É´μ ¢ÒÏ¥ · ¸Î¥É´μ£μ. ’ ±μ¥ · §²¨Î¨¥ ¨§μ³¥·´ÒÌ μÉ´μÏ¥´¨° ¤μ²¦´μ ¡ÒÉÓ
¢Ò§¢ ´μ · §´Ò³¨ · ¸¶·¥¤¥²¥´¨Ö³¨ ¶μ Ê£²μ¢μ³Ê ³μ³¥´ÉÊ ¶μ¸²¥ ¢Éμ·μ° ¸ÉÊ-
¶¥´¨ ·¥ ±Í¨¨ (¤¥²¥´¨¥ ¨²¨ Ô³¨¸¸¨Ö α-Î ¸É¨ÍÒ). „²Ö Éμ£μ ÎÉμ¡Ò ¶μ²ÊÎ¨ÉÓ
¢ · ¸Î¥É Ì Ô±¸¶¥·¨³¥´É ²Ó´μ¥ §´ Î¥´¨¥ ¨§μ³¥·´μ£μ μÉ´μÏ¥´¨Ö, ´Ê¦´μ ¶μ²μ-
¦¨ÉÓ §´ Î¥´¨¥ Ê£²μ¢μ£μ ³μ³¥´É  μ¸±μ²±  ¶¥·¥¤ ± ¸± ¤μ³ γ-±¢ ´Éμ¢, § ¸¥²Ö-
ÕÐ¨Ì ¨§μ³¥·, ´¥ ³¥´¥¥ 6.
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�¸´μ¢´μ° μ¸μ¡¥´´μ¸ÉÓÕ ¶·¥¤¸É ¢²¥´´ÒÌ ¢ É ¡². 2 Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
¨§μ³¥·´ÒÌ μÉ´μÏ¥´¨° Ö¢²Ö¥É¸Ö ¨Ì ¸ÊÐ¥¸É¢¥´´μ¥ · §²¨Î¨¥ ¤²Ö μ¡μ¨Ì É¨¶μ¢
·¥ ±Í¨° (ËμÉμ¤¥²¥´¨¥ ¨ Ô³¨¸¸¨Ö § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¨§ ¸μ¸É ¢´μ£μ Ö¤· ).
‚ ¶¥·¢μ³ ¸²ÊÎ ¥ μ´μ ¡μ²¥¥ Î¥³ ´  ¶μ·Ö¤μ± ¢ÒÏ¥ ¨ ´¥ ¸μμÉ¢¥É¸É¢Ê¥É · ¸Î¥-
É ³ ¶μ ¸É É¨¸É¨Î¥¸±μ° ³μ¤¥²¨. ’ ±μ¥ ¶μ¢ÒÏ¥´¨¥ ¨§μ³¥·´ÒÌ μÉ´μÏ¥´¨° ¶·¨
¤¥²¥´¨¨ Ö¤¥· Ê¦¥ ´¥μ¤´μ±· É´μ μÉ³¥Î ²μ¸Ó · ´¥¥. � ¶·¨³¥·, ¢ ´ Ï¥° ¶·¥-
¤Ò¤ÊÐ¥° · ¡μÉ¥ [11] ¡Ò²μ ¶μ± § ´μ ´  ¶·¨³¥·¥ ¨§μ³¥·  135Xe (I = 12), ÎÉμ
¨§μ³¥·´μ¥ μÉ´μÏ¥´¨¥ ¢ ·¥ ±Í¨¨ ËμÉμ¤¥²¥´¨Ö Í¥²μ£μ ±·Ê£  Ö¤¥· (μÉ 232Th ¤μ
248Cm) ¢ÒÏ¥, Î¥³ ¢ ·¥ ±Í¨¨ (γ, n). �¤´ ±μ ¢ ¤ ´´μ³ ¸²ÊÎ ¥ ¸ ¢Ò¸μ±μ¸¶¨´μ-
¢Ò³ ¨§μ³¥·μ³ 135Xe ÔÉμ · §²¨Î¨¥ ¶·μÖ¢²Ö¥É¸Ö ¡μ²¥¥ ·¥§±μ.

� ¸Î¥É ¨§μ³¥·´ÒÌ μÉ´μÏ¥´¨° ¶μ μ¶¨¸ ´´μ° ¢ÒÏ¥ ¸Ì¥³¥ ¶·¨¢μ¤¨É ± ¸μ-
£² ¸¨Õ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¢ ¸²ÊÎ ¥ ·¥ ±Í¨° ¸ Ô³¨¸¸¨¥° § ·Ö-
¦¥´´ÒÌ Î ¸É¨Í, ¨ ¢ Éμ ¦¥ ¢·¥³Ö Å ± §´ Î¨É¥²Ó´μ ¡μ²¥¥ ´¨§±¨³ §´ Î¥´¨Ö³
¶·¨ ¶¥·¥Ìμ¤¥ ± ·¥ ±Í¨¨ ¤¥²¥´¨Ö. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¤²Ö ¸μ£² ¸μ¢ ´¨Ö Ô±¸¶¥·¨-
³¥´É ²Ó´ÒÌ ¨ · ¸Î¥É´ÒÌ ¨§μ³¥·´ÒÌ μÉ´μÏ¥´¨° ´¥μ¡Ìμ¤¨³μ ¶·¥¤¶μ²μ¦¨ÉÓ,
ÎÉμ ¢ ¶·μÍ¥¸¸¥ ¶¥·¥Ìμ¤  Ö¤·  μÉ ´ Î ²Ó´μ£μ ¸μ¸ÉμÖ´¨Ö ± ÉμÎ±¥ · §·Ò¢  ¶·μ¨¸-
Ìμ¤¨É § ³¥É´μ¥ Ê¢¥²¨Î¥´¨¥ Ê£²μ¢μ£μ ³μ³¥´É  Ö¤· . 
Éμ Ê¢¥²¨Î¥´¨¥ Ê£²μ¢μ£μ
³μ³¥´É  ³μ¦¥É ¡ÒÉÓ ¸¢Ö§ ´μ ¸ · §²¨Î´Ò³¨, ¡μ²¥¥ ·¥¤±¨³¨ É¨¶ ³¨ ±μ²²¥±É¨¢-
´μ£μ ¤¢¨¦¥´¨Ö ¢ Ö¤·¥ ¶¥·¥¤ ¥£μ · §·Ò¢μ³ ´  ¤¢  μ¸±μ²± , ´ ¶·¨³¥·, É ±¨³¨,
± ± ±·ÊÎ¥´¨¥ ¨²¨ ¨§£¨¡, ±μÉμ·Ò¥ ¶· ±É¨Î¥¸±¨ ´¥ ¶·μÖ¢²ÖÕÉ¸Ö ¢ μ¡ÒÎ´ÒÌ
·¥ ±Í¨ÖÌ. ˆ§ÊÎ¥´¨¥ ¨§μ³¥·´ÒÌ μÉ´μÏ¥´¨° ¢ · §²¨Î´ÒÌ Ê¸²μ¢¨ÖÌ ¶μ§¢μ²¨É
¶μ²ÊÎ¨ÉÓ ¡μ²¥¥ ¤¥É ²Ó´ÊÕ ¨´Ëμ·³ Í¨Õ μ¡ ÔÉ¨Ì É¨¶ Ì ±μ²²¥±É¨¢´μ£μ ¤¢¨¦¥-
´¨Ö ¨ μ¡ ¨Ì ¢²¨Ö´¨¨ ´  § ¸¥²¥´¨¥ ¨§μ³¥·´ÒÌ ¸μ¸ÉμÖ´¨° ¸ ¢Ò¸μ±¨³ ¸¶¨´μ³.

Éμ ¶μÉ·¥¡Ê¥É, μ¤´ ±μ, ¡μ²¥¥ ¤¥É ²Ó´μ£μ ¨¸¸²¥¤μ¢ ´¨Ö ¶·μÍ¥¸¸  μ¡· §μ¢ -
´¨Ö ¢Ò¸μ±μ¸¶¨´μ¢ÒÌ ¨§μ³¥·μ¢ ¢ μ¸±μ²± Ì ¤¥²¥´¨Ö, ¢Ò§Ò¢ ¥³μ£μ Î ¸É¨Í ³¨ ¸
³ ²Ò³ §´ Î¥´¨¥³ ¢´μ¸¨³μ£μ ¢ Ö¤·μ Ê£²μ¢μ£μ ³μ³¥´É .

‚ § ±²ÕÎ¥´¨¥  ¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ �.–.�£ ´¥¸Ö´Ê,
‘.�. „³¨É·¨¥¢Ê ¨ �. 
.�¥´¨μ´¦±¥¢¨ÎÊ §  ¶μ¸ÉμÖ´´Ò° ¨´É¥·¥¸ ± · ¡μÉ¥ ¨
¶μ²¥§´Ò¥ μ¡¸Ê¦¤¥´¨Ö,   É ±¦¥ 	. ƒ. �¥²μ¢Ê Å §  ¶·μ¢¥¤¥´¨¥ μ¡²ÊÎ¥´¨° ´ 
³¨±·μÉ·μ´¥. � ¡μÉ  ¶μ¤¤¥·¦ ´  �μ¸¸¨°¸±¨³ Ëμ´¤μ³ ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨¸-
¸²¥¤μ¢ ´¨° (£· ´É �””ˆ º08-02-90114 Œμ²- ).
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�¥¤ ±Éμ· �. ˆ. �¥É·μ¢¸± Ö

�μ¤¶¨¸ ´μ ¢ ¶¥Î ÉÓ 05.03.2010.
”μ·³ É 60× 90/16. �Ê³ £  μË¸¥É´ Ö. �¥Î ÉÓ μË¸¥É´ Ö.

“¸². ¶¥Î. ². 0,69. “Î.-¨§¤. ². 0,84. ’¨· ¦ 280 Ô±§. ‡ ± § º 56913.

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.
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