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ˆ§³¥·¥´¨¥ ¢ÒÌμ¤  § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ ¶·¨ ¤¥²¥´¨¨ 245Cm
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‚ · ¡μÉ¥ ¸μμ¡Ð ¥É¸Ö μ¡ ¨§³¥·¥´¨¨ ¢ÒÌμ¤  § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ νd ¶·¨ ¤¥²¥-
´¨¨ Ö¤·  245Cm É¥¶²μ¢Ò³¨ ´¥°É·μ´ ³¨. 
±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö Ì · ±É¥·¨-
¸É¨± § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ ¤¥²¥´¨Ö ·Ö¤  ·¥ ±Éμ·´ÒÌ ¨§μÉμ¶μ¢, ´ Î ÉÒ¥ ¢ 1997 £.,
¡Ò²¨ ¶·μ¤μ²¦¥´Ò ´  ³μ¤¥·´¨§¨·μ¢ ´´μ° Ê¸É ´μ¢±¥ ®ˆ§μ³¥·-Œ¯ ³¥Éμ¤μ³, μ¸´μ¢ ´´Ò³
´  ¶¥·¨μ¤¨Î¥¸±μ³ μ¡²ÊÎ¥´¨¨ μ¡· §Í  ¨³¶Ê²Ó¸´Ò³ ´¥°É·μ´´Ò³ ¶ÊÎ±μ³ ·¥ ±Éμ·  ˆ��-2
¸ ¶μ¸²¥¤ÊÕÐ¥° ·¥£¨¸É· Í¨¥° ¨¸¶ÊÐ¥´´ÒÌ ¶μ¸²¥ ¤¥²¥´¨Ö ´¥°É·μ´μ¢ ¢ ¨´É¥·¢ ² Ì ³¥¦¤Ê
¨³¶Ê²Ó¸ ³¨. �μ²ÊÎ¥´´μ¥ ¢ ¤ ´´μ° · ¡μÉ¥ §´ Î¥´¨¥ ¶μ²´μ£μ ¢ÒÌμ¤  § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°-
É·μ´μ¢ νd = (0,64 ± 0,02) % ¨³¥¥É ¢¤¢μ¥ ²ÊÎÏÊÕ ÉμÎ´μ¸ÉÓ ¶μ ¸· ¢´¥´¨Õ ¸ ¨§³¥·¥´´Ò³
· ´¥¥.
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Andrianov V.R. et al. P3-2007-123
Measurement of Delayed Neutron Yields from Thermal Neutron Induced
Fission of 245Cm

The paper reports on the measurement of the absolute overall delayed neutron yield
from thermal neutron induced ˇssion of 245Cm nucleus. The experimental researches of the
characteristics of delayed neutrons of ˇssion of series of reactor isotopes started in 1997,
were continued on the modernized ®Isomer-M¯ installation by a method based on periodic
irradiation of sample in pulsed neutron beam IBR-2 reactor with the subsequent registration
of neutrons emitted after ˇssion in intervals between pulses. The value of the absolute overall
delayed neutron yield from thermal neutron induced ˇssion of 245Cm obtained in the present
experiment νd = (0.64± 0.02)% has twice best accuracy in comparison with value measured
earlier.

The investigation has been performed at the Frank Laboratory of Neutron Physics, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2007



‚‚…„…�ˆ…


³¨¸¸¨Ö § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ (‡�) ¶·¨ ¤¥²¥´¨¨  ±É¨´¨¤μ¢, ¨´¤Ê-
Í¨·μ¢ ´´μ³ ´¥°É·μ´ ³¨, ¨³¥¥É ËÊ´¤ ³¥´É ²Ó´μ¥ §´ Î¥´¨¥ ¤²Ö ·¥ ²¨§ Í¨¨
±μ´É·μ²¨·Ê¥³μ° Í¥¶´μ° Ö¤¥·´μ° ·¥ ±Í¨¨ ¤¥²¥´¨Ö. ‚ÒÌμ¤Ò ¨ ¢·¥³¥´´Ò¥
Ì · ±É¥·¨¸É¨±¨ ‡� ¨§ ´¥°É·μ´´μ-¨´¤ÊÍ¨·μ¢ ´´μ£μ ¤¥²¥´¨Ö £² ¢´ÒÌ ¨ ³¨-
´μ·´ÒÌ ·¥ ±Éμ·´ÒÌ ¨§μÉμ¶μ¢ Ö¢²ÖÕÉ¸Ö ¢ ¦´Ò³¨ Ö¤¥·´Ò³¨ ±μ´¸É ´É ³¨, ¨¸-
¶μ²Ó§Ê¥³Ò³¨ ¢ · ¸Î¥É Ì ±¨´¥É¨±¨ Ö¤¥·´ÒÌ ·¥ ±Éμ·μ¢. ‡´ ´¨¥ ÔÉ¨Ì ±μ´¸É ´É
¤²Ö ³´μ£¨Ì É· ´¸Ê· ´μ¢ÒÌ Ô²¥³¥´Éμ¢ ¸¶μ¸μ¡¸É¢Ê¥É ²ÊÎÏ¥³Ê ¶μ´¨³ ´¨Õ ¶·μ-
Í¥¸¸  ¤¥²¥´¨Ö, ¶μ§¢μ²Ö¥É ¢ÒÖ¢²ÖÉÓ ¥£μ § ±μ´μ³¥·´μ¸É¨, ¸É·μ¨ÉÓ ³μ¤¥²¨ ¨
¶·¥¤¸± §Ò¢ ÉÓ ¸¢μ°¸É¢  ‡� ¤²Ö ´¥¨§ÊÎ¥´´ÒÌ Ö¤¥·. �¤´ ±μ ÉμÎ´μ¸ÉÓ Ô±¸¶¥·¨-
³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶μ ‡� ¤²Ö £² ¢´ÒÌ ¨ ¡μ²ÓÏ¨´¸É¢  ³¨´μ·´ÒÌ  ±É¨´¨¤μ¢
´¥ ¶μ§¢μ²Ö¥É ¸ ´¥μ¡Ìμ¤¨³μ° ´ ¤¥¦´μ¸ÉÓÕ, ¢ ¦´μ° ¤²Ö Ö¤¥·´μ° ¡¥§μ¶ ¸´μ¸É¨,
· ¸¸Î¨ÉÒ¢ ÉÓ ±¨´¥É¨±Ê Ö¤¥·´ÒÌ ·¥ ±Éμ·μ¢, μ¸μ¡¥´´μ ¶·¨ ¡μ²ÓÏ¨Ì ¢Ò£μ· -
´¨ÖÌ. �μÔÉμ³Ê ¨§³¥·¥´¨¥ Ì · ±É¥·¨¸É¨± ‡� ¸ ¡μ²¥¥ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ
¨²¨ ¶μ¢Éμ·¥´¨¥ ¨§³¥·¥´¨° ¸ ¶μ³μÐÓÕ ´¥§ ¢¨¸¨³ÒÌ ³¥Éμ¤¨± Ö¢²Ö¥É¸Ö  ±-
ÉÊ ²Ó´Ò³. Š·μ³¥ Éμ£μ, É ±¨¥ ¨§³¥·¥´¨Ö ¶μ§¢μ²ÖÕÉ É¥¸É¨·μ¢ ÉÓ ¨ Ê²ÊÎÏ ÉÓ
· ¸Î¥É´Ò¥ ³¥Éμ¤¨±¨ ¨ Ë¥´μ³¥´μ²μ£¨Î¥¸±¨¥ ¸¨¸É¥³ É¨±¨, ¢ ¦´Ò¥ ¤²Ö Ô±¸É· -
¶μ²ÖÍ¨¨ Ì · ±É¥·¨¸É¨± ‡� ¤²Ö ¥Ð¥ ´¥ ¨§³¥·¥´´ÒÌ ¨§μÉμ¶μ¢,   É ±¦¥ ¤²Ö
μÍ¥´±¨ ´ ¤¥¦´μ¸É¨ ¨³¥ÕÐ¨Ì¸Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, ±μÉμ·Ò¥ ¤μ¸É -
ÉμÎ´μ Î ¸Éμ § ³¥É´μ · ¸Ìμ¤ÖÉ¸Ö ¸ · ¸Î¥É´Ò³¨.

‚ ¤ ´´μ° · ¡μÉ¥ ³Ò ¶·μ¤μ²¦¨²¨ ¨¸¸²¥¤μ¢ ´¨¥ ‡�, ¨¸¶Ê¸± ¥³ÒÌ ¶·¨ ¤¥-
²¥´¨¨ Ö¤¥· É¥¶²μ¢Ò³¨ ´¥°É·μ´ ³¨ ´  ³μ¤¥·´¨§¨·μ¢ ´´μ° Ê¸É ´μ¢±¥ ®ˆ§μ³¥·-
Œ¯ [1] ³¥Éμ¤μ³ [2], μ¸´μ¢ ´´Ò³ ´  ¶¥·¨μ¤¨Î¥¸±μ³ μ¡²ÊÎ¥´¨¨ μ¡· §Í  ¨³-
¶Ê²Ó¸´Ò³ ´¥°É·μ´´Ò³ ¶ÊÎ±μ³ ¸ ¶μ¸²¥¤ÊÕÐ¥° ·¥£¨¸É· Í¨¥° ¨¸¶ÊÐ¥´´ÒÌ ´¥°-
É·μ´μ¢ ¢ ¨´É¥·¢ ² Ì ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨. �¸´μ¢´μ° Í¥²ÓÕ · ¡μÉÒ ¡Ò²μ ¨§³¥-
·¥´¨¥  ¡¸μ²ÕÉ´μ£μ ¢ÒÌμ¤  ‡� ¶·¨ ¤¥²¥´¨¨ Ö¤·  245Cm É¥¶²μ¢Ò³¨ ´¥°É·μ-
´ ³¨. ‚ · ¡μÉ¥ [3] ¡Ò²¨ ¢¶¥·¢Ò¥ ¨§³¥·¥´Ò Ì · ±É¥·¨¸É¨±¨ ‡� ¤¥²¥´¨Ö Ö¤· 
245Cm É¥¶²μ¢Ò³¨ ´¥°É·μ´ ³¨ ·¥ ±Éμ·´μ£μ ¸¶¥±É· . �¤´ ±μ ¨³¥´´μ ¤²Ö ÔÉμ£μ
¨§μÉμ¶  · ¸Î¥É´μ¥ §´ Î¥´¨¥  ¡¸μ²ÕÉ´μ£μ ¶μ²´μ£μ ¢ÒÌμ¤  ‡� νd = 0,75%, ¶μ-
²ÊÎ¥´´μ¥  ¢Éμ· ³¨ [3] ¢ · ³± Ì ³μ¤¥²¨ ¸Ê³³¨·μ¢ ´¨Ö ¶μ ¶·¥¤Ï¥¸É¢¥´´¨± ³,
μ± § ²μ¸Ó ¢ ´ ¨ÌÊ¤Ï¥³ ¸μ£² ¸¨¨ ¸ ¢¥²¨Î¨´μ° νd(0,59 ± 0,04)%, ¨§¢²¥Î¥´´μ°
¨³¨ ¨§ ¨§³¥·¥´´ÒÌ ¸¶¥±É·μ¢ ‡�. ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ · ¸Î¥É´Ò¥ §´ Î¥´¨Ö νd,
¶μ²ÊÎ¥´´Ò¥ ¢ ¶μ¸²¥¤ÊÕÐ¨Ì · ¡μÉ Ì [4, 5], μ± § ²¨¸Ó §´ Î¨É¥²Ó´μ ´¨¦¥ ¨ ¢
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¶·¥¤¥² Ì ¶μ£·¥Ï´μ¸É¥° · ¸Î¥É  ´¥ ¶·μÉ¨¢μ·¥Î¨²¨ Ô±¸¶¥·¨³¥´É ²Ó´μ³Ê §´ -
Î¥´¨Õ [3]. ’¥³ ´¥ ³¥´¥¥ ´¥§ ¢¨¸¨³μ¥ ¨§³¥·¥´¨¥ ¢¥²¨Î¨´Ò νd ¸ Ê²ÊÎÏ¥´´μ°
¶μ ¸· ¢´¥´¨Õ ¸ [3] ÉμÎ´μ¸ÉÓÕ ¶·¥¤¸É ¢²Ö²μ ¨´É¥·¥¸.

1. �Š‘�…�ˆŒ…�’�‹œ��Ÿ “‘’���‚Š� ®ˆ‡�Œ…�-Œ¯


±¸¶¥·¨³¥´ÉÒ ¶μ ¨§³¥·¥´¨Õ ¢ÒÌμ¤  ‡� ¶·¨ ¤¥²¥´¨¨ Ö¤·  245Cm É¥¶²μ-
¢Ò³¨ ´¥°É·μ´ ³¨ ¶·μ¢μ¤¨²¨¸Ó ´  Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¥ ®ˆ§μ³¥·-Œ¯,
· ¸¶μ²μ¦¥´´μ° ´  11-³ ± ´ ²¥ ·¥ ±Éμ·  ˆ��-2, μ¸´ Ð¥´´μ³ ¢ ±ÊÊ³¨·μ¢ ´-
´Ò³ ¨§μ£´ÊÉÒ³ §¥·± ²Ó´Ò³ ´¥°É·μ´μ¢μ¤μ³ ¤²Ö ¶μ¤ ¢²¥´¨Ö ¢±² ¤  ´ ¤É¥¶²μ-
¢ÒÌ ´¥°É·μ´μ¢. �¥ ±Éμ· · ¡μÉ ² ¸ Î ¸ÉμÉμ° ¶μ¢Éμ·¥´¨Ö 5 ƒÍ ¨ ¶¨±μ¢μ° ³μÐ-
´μ¸ÉÓÕ μ±μ²μ 1300 Œ‚É. �  ·¨¸. 1 ¨§μ¡· ¦¥´  ¸Ì¥³  Ê¸É ´μ¢±¨.

�¨¸. 1. ‘Ì¥³  Ê¸É ´μ¢±¨ ®ˆ§μ³¥·-Œ¯ ´  ± ´ ²¥ 11-� ·¥ ±Éμ·  ˆ��-2: 1 Å  ±É¨¢´ Ö
§μ´  ·¥ ±Éμ· , μ±·Ê¦¥´´ Ö § ³¥¤²¨É¥²¥³; 2, 3 Å ±μ²²¨³ Éμ·Ò; 4 Å ¨§μ£´ÊÉÒ° §¥·-
± ²Ó´Ò° ´¥°É·μ´μ¢μ¤; 5 Å Cd-¶¨´£-¶μ´£; 6 Å ¶·¥·Ò¢ É¥²Ó; 7 Å ¤¥É¥±Éμ· ´¥°É·μ´μ¢
¸ ±μ³¡¨´¨·μ¢ ´´μ° § Ð¨Éμ°; 8 Å 3He-¸Î¥ÉÎ¨±¨; 9 Å Cd-Ô±· ´; 10 Å ± ³¥·  ¤¥²¥´¨Ö
¸ ¨¸¸²¥¤Ê¥³Ò³ μ¡· §Íμ³ 11

‘ ³  Ê¸É ´μ¢±  ®ˆ§μ³¥·-Œ¯ ¨ ³¥Éμ¤, ·¥ ²¨§Ê¥³Ò° ´  ´¥° ¤²Ö ¨¸¸²¥¤μ¢ -
´¨Ö ‡�, ¶μ¤·μ¡´μ μ¶¨¸ ´Ò ¢ · ¡μÉ¥ [1]. ‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¶μ ¸· ¢´¥´¨Õ
¸ [1] ¨§-§  μ¸μ¡¥´´μ¸É¥° ¨¸¶μ²Ó§Ê¥³μ£μ μ¡· §Í  245Cm ¡Ò²  ³μ¤¥·´¨§¨·μ-
¢ ´  ¸¨¸É¥³  ¸¡μ·  ¨ ¶¥·¢¨Î´μ° μ¡· ¡μÉ±¨ ¤ ´´ÒÌ, ¶μ¢ÒÏ¥´  ¸É ¡¨²Ó´μ¸ÉÓ
· ¡μÉÒ ¨§³¥·¨É¥²Ó´μ£μ ³μ¤Ê²Ö ¨ Ê¸μ¢¥·Ï¥´¸É¢μ¢ ´  ¶ ¸¸¨¢´ Ö § Ð¨É  ¤¥É¥±-
Éμ· . • · ±É¥·¨¸É¨±¨ ¨¸¶μ²Ó§Ê¥³μ£μ μ¡· §Í  ±Õ·¨Ö ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1.

Š ± ¢¨¤´μ ¨§ É ¡². 1, ´¥¸³μÉ·Ö ´  ¤μ¢μ²Ó´μ ¢Ò¸μ±μ¥ μ¡μ£ Ð¥´¨¥ μ¡· §Í 
¨§μÉμ¶μ³ 245Cm ¨ ¥£μ ¡μ²ÓÏμ¥ ¸¥Î¥´¨¥ ¤¥²¥´¨Ö É¥¶²μ¢Ò³¨ ´¥°É·μ´ ³¨
(≈ 2145 ¡), ¶·¨³¥¸´Ò¥ ¨§μÉμ¶Ò 244Cm ¨ 246Cm ¸μ§¤ ÕÉ ¶μ¸ÉμÖ´´Ò° Ëμ´
³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢ ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö, ¶·¥¢ÒÏ ÕÐ¨° μ¦¨¤ ¥³Ò° ¸Î¥É
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’ ¡²¨Í  1. • · ±É¥·¨¸É¨±¨ μ¡· §Í  ±Õ·¨Ö

‘μ¤¥·¦ ´¨¥ —¨¸²μ —¨¸²μ ³£´μ¢¥´´ÒÌ —¨¸²μ
ˆ§μÉμ¶ T1/2 (α), £ % ³£ ¸¶μ´É ´´ÒÌ ´¥°É·μ´μ¢ ´   ±É ³£´μ¢¥´´ÒÌ

¤¥²¥´¨°, ¸−1 ¤¥²¥´¨Ö ´¥°É·μ´μ¢, ¸−1

244Cm 18,1 3,78 0,076 319 2,72 868
245Cm 8500 95,46 1,91 7,8 10−2 ≈ 3 ≈ 0, 3
246Cm 4700 0,71 0,014 43 2,95 127

‡� ¤²Ö ¨§ÊÎ ¥³μ£μ ¨§μÉμ¶  245Cm ¡μ²¥¥ Î¥³ ´  ¶μ·Ö¤μ±. ‘ Í¥²ÓÕ ¶μ¤ ¢²¥´¨Ö
ÔÉμ£μ Ëμ´  ¨¸¸²¥¤Ê¥³Ò° μ¡· §¥Í · §³¥Ð ²¸Ö ¢´ÊÉ·¨ ¨μ´¨§ Í¨μ´´μ° ± ³¥·Ò
¤¥²¥´¨Ö, ÎÉμ ¶μ§¢μ²Ö²μ ·¥£¨¸É·¨·μ¢ ÉÓ ´¥°É·μ´Ò ¢ ·¥¦¨³¥  ´É¨¸μ¢¶ ¤¥´¨°
¸ ¸¨£´ ² ³¨ μÉ ± ³¥·Ò, ·¥£¨¸É·¨·ÊÕÐ¥° μ¸±μ²±¨ ¤¥²¥´¨Ö. ‘Ì¥³  ¨¸¶μ²Ó§μ-
¢ ´´μ° ¤²Ö ÔÉμ£μ ¨μ´¨§ Í¨μ´´μ° ¤¥²¨É¥²Ó´μ° ± ³¥·Ò ¶μ± § ´  ´  ·¨¸. 2.

�¨¸. 2. ‘Ì¥³  ¨μ´¨§ Í¨μ´´μ° ¤¥²¨É¥²Ó´μ° ± ³¥·Ò: 1 Å  ´μ¤Ò (Ëμ²Ó£¨ ¨§ Ni ¸
μ¡· §Íμ³ ±Õ·¨Ö); 2 Å ± Éμ¤Ò (¶Ê¸ÉÒ¥ Ëμ²Ó£¨ ¨§ Ni); 3 Å ± ·± ¸ ± ³¥·Ò; 4 Å
±μ·¶Ê¸; 5 Å ±μ´É·μ²Ó´Ò° ³ ´μ³¥É·

„²Ö μ¡¥¸¶¥Î¥´¨Ö ÔËË¥±É¨¢´μ° ¤¨¸±·¨³¨´ Í¨¨ ¸¨£´ ²μ¢ Ë· £³¥´Éμ¢ ¤¥-
²¥´¨Ö μÉ ´ ²μ¦¥´¨° ¸¨£´ ²μ¢ α-Î ¸É¨Í ¢ ¸¢Ö§¨ ¸ μÎ¥´Ó ¢Ò¸μ±¨³ α-Ëμ´μ³
(2, 5 × 108 α-Î ¸É./¸) ¡Ò²¨ ¶·¥¤¶·¨´ÖÉÒ ¸¶¥Í¨ ²Ó´Ò¥ ³¥·Ò ¤²Ö ¤μ¸É¨¦¥´¨Ö
³ ±¸¨³ ²Ó´μ£μ ¡Ò¸É·μ¤¥°¸É¢¨Ö ± ³¥·Ò. „²Ö ÔÉμ£μ μ´  ¡Ò²  · §¤¥²¥´  ´  Î¥-
ÉÒ·¥ ¸¥±Í¨¨, ¨ ³¨´¨³¨§¨·μ¢ ´  Ô²¥±É·¨Î¥¸± Ö ¥³±μ¸ÉÓ ± ¦¤μ° ¸¥±Í¨¨ ¡² £μ-
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¤ ·Ö μÉ± §Ê μÉ ¤¨¸É ´Í¨μ´¨·ÊÕÐ¨Ì ±μ²¥Í ¨ ¨¸¶μ²Ó§μ¢ ´¨Õ ¸¥É±¨ ¨§ Éμ´±μ°
± ¶·μ´μ¢μ° ´¨É¨ ¤²Ö Ë¨±¸ Í¨¨  ´μ¤´ÒÌ ¨ ± Éμ¤´ÒÌ ¶² ¸É¨´. Š ¦¤ Ö ¸¥±Í¨Ö
¸μ¤¥·¦ ²  μ¡· §¥Í ±Õ·¨Ö ¢ ¢¨¤¥ ¤¢Ê¸Éμ·μ´´¥° ³¨Ï¥´¨ ´  ´¨±¥²¥¢μ° ¶μ¤-
²μ¦±¥ Éμ²Ð¨´μ° 0,1 ³³. ’μ²Ð¨´  · ¡μÎ¥£μ ¸²μÖ ¸μ¸É ¢²Ö²  ≈ 300 ³±£/¸³2,
¤¨ ³¥É·  ±É¨¢´μ£μ ¶ÖÉ´  Å 10 ³³, μ¡Ð Ö ³ ¸¸  μ¡· §Í  Å 2,5 ³£. ‚ ± Î¥¸É¢¥
· ¡μÎ¥£μ £ §  ¶·¨³¥´Ö²¸Ö ³¥É ´ (CH4) ¶·¨ ¤ ¢²¥´¨¨ 1,3  É³. Š ³¥·  ¡Ò² 
¸´ ¡¦¥´  ³ ´μ³¥É·μ³ ¤²Ö ±μ´É·μ²Ö §  ¤ ¢²¥´¨¥³ · ¡μÎ¥£μ £ §  ¨ Ê±μ³¶²¥±-
Éμ¢ ´  ¡Ò¸É·Ò³¨ ¶·¥¤Ê¸¨²¨É¥²Ö³¨.

Œμ¤¥·´¨§¨·μ¢ ´´ Ö ¸¨¸É¥³  ¸¡μ·  ¨ ´ ±μ¶²¥´¨Ö ¤ ´´ÒÌ ¶μ§¢μ²Ö²  · -
¡μÉ ÉÓ ± ± ¢ ·¥¦¨³¥ ¶·Ö³μ£μ ´ ±μ¶²¥´¨Ö ¢·¥³¥´´ÒÌ ¸¶¥±É·μ¢ (®¶ ¸¸¨¢´ Ö
³¨Ï¥´Ó¯), É ± ¨ ¢ ·¥¦¨³¥  ´É¨¸μ¢¶ ¤¥´¨° (® ±É¨¢´ Ö ³¨Ï¥´Ó¯). ˆ¸¶μ²Ó§μ-
¢ ´¨¥ ¶μ¸²¥¤´¥£μ ¶·¨ ¤²¨É¥²Ó´μ¸É¨ ¢·¥³¥´´μ£μ μ±´  120 ³±¸ ¶·¨¢μ¤¨²μ ±
¸´¨¦¥´¨Õ Ëμ´  μÉ ³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢ ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö ´  60 % ¨
Ê¢¥²¨Î¥´¨Õ μÉ´μÏ¥´¨Ö ÔËË¥±É/Ëμ´ ¡μ²¥¥ Î¥³ ¢¤¢μ¥. �·¨ ¨§³¥·¥´¨ÖÌ Ëμ´ 
¶·¨³¥´Ö² ¸Ó ± ¤³¨¥¢ Ö § ¤¢¨¦±  (Cd-¶¨´£-¶μ´£), ¶μ§¢μ²ÖÕÐ Ö ¶·μ¢μ¤¨ÉÓ ¨§-
³¥·¥´¨¥ ¶·¨ μÉ±·ÒÉμ³ ¶ÊÎ±¥ ´¥°É·μ´μ¢ ¨²¨ ¶¥·¥±·Ò¢ ÉÓ ¶ÊÎμ± ± ¤³¨¥³.
‘³¥´  Ê¸²μ¢¨° ¶·μ¨§¢μ¤¨² ¸Ó  ¢Éμ³ É¨Î¥¸±¨ ¶μ ±μ³ ´¤¥ μÉ ±μ³¶ÓÕÉ¥· . „²Ö
±μ··¥±É´μ£μ ¸Ï¨¢ ´¨Ö ¸¥·¨° ¨§³¥·¥´¨°, ¶·μ¢¥¤¥´´ÒÌ ¢ · §²¨Î´ÒÌ Ê¸²μ¢¨ÖÌ
Ô±¸¶¥·¨³¥´É , ¢ ¸μ¸É ¢ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨ ¡Ò² ¢¢¥¤¥´ ³μ´¨Éμ·
´¥°É·μ´´μ£μ ¶μÉμ± . Œ¥·É¢μ¥ ¢·¥³Ö ¨§³¥·¨É¥²Ó´μ° ¸¨¸É¥³Ò ¢ ·¥¦¨³¥ ®¶ ¸-
¸¨¢´μ° ³¨Ï¥´¨¯ ¸μ¸É ¢²Ö²μ 6,5 ³±¸.

2. Œ…’�„ˆŠ� �Š‘�…�ˆŒ…�’�

Š ± ¡Ò²μ μÉ³¥Î¥´μ ¢ · ¡μÉ¥ [1], ¶·¨ ³ ²μ³ ¨´É¥·¢ ²¥ ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨
ˆ��-2 (τ = 200 ³¸) ¨ μÉ´μ¸¨É¥²Ó´μ ¡μ²ÓÏ¨Ì ¶¥·¨μ¤ Ì β-· ¸¶ ¤  μ¸±μ²±μ¢,
¨¸¶Ê¸± ÕÐ¨Ì § ¶ §¤Ò¢ ÕÐ¨¥ ´¥°É·μ´Ò (μÉ ¤¥¸ÖÉÒÌ ¤μ²¥° ¸¥±Ê´¤Ò ¤μ ¤¥-
¸ÖÉ±μ¢ ¸¥±Ê´¤), ´  ± ¦¤Ò° § ¶Ê¸± ¢·¥³¥´´μ£μ  ´ ²¨§  ·¥£¨¸É·¨·ÊÕÉ¸Ö ‡�
´¥ Éμ²Ó±μ ¨§ ¶·¥¤Ï¥¸É¢¥´´¨±μ¢, ·μ¤¨¢Ï¨Ì¸Ö ¶·¨ ¤¥²¥´¨¨ Ö¤¥· μÉ ¤ ´´μ£μ
¨³¶Ê²Ó¸  ·¥ ±Éμ· , ´μ ¨ ´  ³´μ£μ ¨´É¥·¢ ²μ¢ τ · ´ÓÏ¥.

�μÔÉμ³Ê ±μ²¨Î¥¸É¢μ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢, ¨¸¶ÊÐ¥´´ÒÌ l-³ μ¸±μ²-
±μ³ ¨ § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ´  ÊÎ ¸É±¥ ¢·¥³¥´´μ£μ ¸¶¥±É·  μÉ ± ´ ²  i ¤μ
j, ¡Ê¤¥É ¶·μ¶μ·Í¨μ´ ²Ó´μ Ê³¥´ÓÏ¥´¨Õ §  ÔÉμ ¢·¥³Ö Î¨¸²  ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì
Ö¤¥· ¸ ÊÎ¥Éμ³ ³´μ£¨Ì ¶·¥¤Ò¤ÊÐ¨Ì ¨³¶Ê²Ó¸μ¢ ·¥ ±Éμ· :

Nl(ti, tj) =
Cl

λl
(1 − e−λlT )

n∑
k=0

[e−λl(ti+kτ) − e−λl(tj+kτ)] =

=
Cl

λl
(1 − e−λlT )(e−λlti − e−λltj )/(1 − e−λlτ ).

(1)

‡¤¥¸Ó Cl = YlC ≡ Yl

∫
φ(E)nσf (E)dE, Yl Å ¢ÒÌμ¤ l-£μ μ¸±μ²±  ¤¥²¥-

´¨Ö Å Ê³´μ¦ ¥É¸Ö ´  ¶μ²´μ¥ Î¨¸²μ ¤¥²¥´¨° ¢ μ¡· §Í¥ Éμ²Ð¨´μ° n Ö¤./¸³2
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¶·¨ ¶μÉμ±¥ ´¥°É·μ´μ¢ φ(E) ¸−1 ¨ ¸¥Î¥´¨¨ ¤¥²¥´¨Ö σf (E); λl Å ±μ´¸É ´É 
· ¸¶ ¤  c ¢Ò²¥Éμ³ § ¶ §¤Ò¢ ÕÐ¥£μ ´¥°É·μ´  ¤²Ö ¤ ´´μ£μ μ¸±μ²±  l; T Å
¢·¥³Ö μ¡²ÊÎ¥´¨Ö μ¡· §Í  ´¥°É·μ´´Ò³ ¶ÊÎ±μ³.

‘Ê³³¨·μ¢ ´¨¥ ¢ (1) ¶μ ´μ³¥·Ê ¨³¶Ê²Ó¸  k μÉ 0 ¤μ ¶μ²´μ£μ Î¨¸²  ¨³-
¶Ê²Ó¸μ¢ n � 1 (n → ∞) ÊÎ¨ÉÒ¢ ¥É ¢±² ¤ ¢¸¥Ì, ¢ Éμ³ Î¨¸²¥ ¨ ´ ¨¡μ²¥¥
¤μ²£μ¦¨¢ÊÐ¨Ì, ¶·¥¤Ï¥¸É¢¥´´¨±μ¢. �·¨ ³ ±¸¨³ ²Ó´μ³ ¶¥·¨μ¤¥ ¶μ²Ê· ¸¶ ¤ 
³¥´¥¥ 1 ³¨´ ¨ ¢±²ÕÎ¥´¨¨ ¢·¥³¥´´μ£μ  ´ ²¨§  ´¥ · ´¥¥ 7Ä8 ³¨´ ¶μ¸²¥ ´ -
Î ²  μ¡²ÊÎ¥´¨Ö É ±μ¥ ¢Ò· ¦¥´¨¥ Ö¢²Ö¥É¸Ö ¸É·μ£¨³. ‘ ³μ ¨§³¥·¥´¨¥ ¤²¨É¸Ö
Í¨±² ³¨ ¶·μ¤μ²¦¨É¥²Ó´μ¸ÉÓÕ ´¥¸±μ²Ó±μ Î ¸μ¢.

‚ μ±μ´Î É¥²Ó´μ³ ¢Ò· ¦¥´¨¨ ¤²Ö Î¨¸²  § ·¥£¨¸É·¨·μ¢ ´´ÒÌ § ¶ §¤Ò¢ Õ-
Ð¨Ì ´¥°É·μ´μ¢ ´¥μ¡Ìμ¤¨³μ ÊÎ¥¸ÉÓ ¢±² ¤ μÉ ¢¸¥Ì μ¸±μ²±μ¢, ¨¸¶Ê¸± ÕÐ¨Ì ‡�,
¨ ÔËË¥±É¨¢´μ¸ÉÓ ¨Ì ·¥£¨¸É· Í¨¨ ¤¥É¥±Éμ·μ³. ‘Ê³³¨·μ¢ ´¨¥ ¶μ l ¸¢μ¤¨É¸Ö ±

¸Ê³³¨·μ¢ ´¨Õ ¶μ Ï¥¸É¨ ¸É ´¤ ·É´Ò³ £·Ê¶¶ ³ s:
∑
l

Nl ≡
6∑

s=1
asC, £¤¥ as ¥¸ÉÓ

¢¥¸ ¤ ´´μ° £·Ê¶¶Ò, ¶·¨Î¥³
6∑

s=1
as = νd ¸μμÉ¢¥É¸É¢Ê¥É ¸Ê³³ ·´μ³Ê ¢ÒÌμ¤Ê ‡�

´   ±É ¤¥²¥´¨Ö. �±μ´Î É¥²Ó´μ

Nd(ti, tj) = Cεd

6∑
s=1

as

λs
(1 − e−λsT )(e−λsti − e−λstj )/(1 − e−λsτ ). (2)

‡¤¥¸Ó εd Å ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ‡� ¤¥É¥±Éμ·μ³. ‚Ò· ¦¥´¨¥ (2)
Ê¤μ¡´μ ´μ·³¨·μ¢ ÉÓ ´  Î¨¸²μ ¤¥²¥´¨° §  μ¤¨´ ¨³¶Ê²Ó¸ ·¥ ±Éμ· , É. ¥. C =
Nf (¤¥²./¨³¶.).

‚ Ô±¸¶¥·¨³¥´É¥ ¨§³¥·Ö¥É¸Ö Î¨¸²μ ‡� ¶μ Î ¸É¨ ¢·¥³¥´´μ£μ ¸¶¥±É·  ¤²Ö
¨´É¥·¢ ²  μÉ ti ¤μ tj . �μ²´μ¥ Î¨¸²μ ‡� Nd, ¨¸¶ÊÐ¥´´ÒÌ §  ¢·¥³Ö τ , ³μ¦´μ
¶μ²ÊÎ¨ÉÓ ¸ ¶μ³μÐÓÕ Ëμ·³Ê²Ò (2). ‚ · ¡μÉ¥ [1] ¶μ± § ´μ, ÎÉμ ¤²Ö μ¡² -
¸É¨ ¢·¥³¥´´μ£μ ¸¶¥±É·  μÉ ti ¤μ tj ¢´ÊÉ·¨ ¨´É¥·¢ ²  τ μÉ´μÏ¥´¨¥ Î¨¸² 
§ ·¥£¨¸É·¨·μ¢ ´´ÒÌ ‡� ± ¨Ì ¶μ²´μ³Ê Î¨¸²Ê Nd ¶·μ¶μ·Í¨μ´ ²Ó´μ ¢¥²¨Î¨´¥
(tj − ti)/τ ¸ ÉμÎ´μ¸ÉÓÕ ²ÊÎÏ¥ 1 %

’μ£¤  ¨§ Ëμ·³Ê²Ò (2) ¸²¥¤Ê¥É, ÎÉμ ¶μ²´μ¥ ¨§³¥·¥´´μ¥ Î¨¸²μ § ¶ §¤Ò¢ -
ÕÐ¨Ì ´¥°É·μ´μ¢, ¶·¨¢¥¤¥´´μ¥ ´  μ¤¨´ ¨³¶Ê²Ó¸ ·¥ ±Éμ· , ³μ¦´μ ¢Ò· §¨ÉÓ
± ±

Nd = νdεd

∫
φ(E)nσf (E)dE. (3)

‡¤¥¸Ó, ±·μ³¥ ¨¸±μ³μ° ¢¥²¨Î¨´Ò νd, ´¥¨§¢¥¸É´Ò ÔËË¥±É¨¢´μ¸ÉÓ εd ¨ ¨´-
É¥£· ², ¸μ¤¥·¦ Ð¨° ¶μÉμ± ´¥°É·μ´μ¢. �·¥¨³ÊÐ¥¸É¢μ³ ´ Ï¥£μ ³¥Éμ¤  ¶¥·¨μ-
¤¨Î¥¸±μ£μ μ¡²ÊÎ¥´¨Ö Ö¢²Ö¥É¸Ö Éμ, ÎÉμ ¶μ ¢·¥³¥´¨ ¶·μ²¥É  ·¥£¨¸É·¨·ÊÕÉ¸Ö ± ±
§ ¶ §¤Ò¢ ÕÐ¨¥, É ± ¨ ³£´μ¢¥´´Ò¥ ´¥°É·μ´Ò ¤¥²¥´¨Ö Np. ‘μμÉ¢¥É¸É¢ÊÕÐ¥¥
¢Ò· ¦¥´¨¥ ¤²Ö Np ¨³¥¥É ¢¨¤

Np = νpεp

∫
φ(E)nσf (E)dE. (4)
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‡¤¥¸Ó νp Å Î¨¸²μ ³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢ ´   ±É ¤¥²¥´¨Ö,   εp Å ÔËË¥±-
É¨¢´μ¸ÉÓ ¨Ì ·¥£¨¸É· Í¨¨. ’μ£¤  ¨§ ¨§³¥·¥´´μ£μ μÉ´μÏ¥´¨Ö

Nd

Np
=

νdεd

νpεp
(5)

³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¢¥²¨Î¨´Ê νd, ¥¸²¨ ¤²Ö ¨¸¸²¥¤Ê¥³μ£μ Ö¤·  ¨§¢¥¸É´μ §´ Î¥´¨¥
νp ¨ μÉ´μÏ¥´¨¥ ÔËË¥±É¨¢´μ¸É¥° ·¥£¨¸É· Í¨¨ ³£´μ¢¥´´ÒÌ ¨ § ¶ §¤Ò¢ ÕÐ¨Ì
´¥°É·μ´μ¢. 
Éμ μÉ´μÏ¥´¨¥, § ¢¨¸ÖÐ¥¥ μÉ μ¸μ¡¥´´μ¸É¥° ¨¸¶μ²Ó§Ê¥³μ£μ ¤¥É¥±-
Éμ·  ´¥°É·μ´μ¢, ¨§³¥·Ö²μ¸Ó ´ ³¨ ¤²Ö ³´μ£¨Ì ¸¥·¨° μ¸´μ¢´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢
¸ ¶μ³μÐÓÕ ÔÉ ²μ´´μ£μ μ¡· §Í  235U, ¤²Ö ±μÉμ·μ£μ §´ Î¥´¨Ö νp ¨ νd ¨§¢¥¸É´Ò
¸ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ (¶μ¤·μ¡´¥¥ ¸³. [1]). �μ²ÊÎ¥´´μ¥ ¸·¥¤´¥¥ §´ Î¥´¨¥ (6)

εp/εd = (0, 680 ± 0, 016) (6)

¨¸¶μ²Ó§μ¢ ²μ¸Ó ¤²Ö ¢ÒÎ¨¸²¥´¨Ö ¢¥²¨Î¨´Ò νd.

3. ���‚…„…�ˆ… ˆ‡Œ…�…�ˆ‰ ˆ �Š‘�…�ˆŒ…�’�‹œ�›…
�…‡“‹œ’�’›

‘ Í¥²ÓÕ μ¡¥¸¶¥Î¥´¨Ö ±μ··¥±É´μ£μ ÊÎ¥É  Ëμ´  ¨ Ê¢¥²¨Î¥´¨Ö ´ ¤¥¦´μ¸É¨
¶μ²ÊÎ ¥³ÒÌ ¤ ´´ÒÌ ¢ Ìμ¤¥ Ô±¸¶¥·¨³¥´Éμ¢ ¶·μ¢μ¤¨²μ¸Ó ´¥¸±μ²Ó±μ ¸¥·¨° ¨§-
³¥·¥´¨° ¢ · §²¨Î´ÒÌ ·¥¦¨³ Ì ¨ ¸ · §´Ò³¨ ±μ²²¨³ Éμ· ³¨ ¶ÊÎ±  ´¥°É·μ´μ¢.
�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò ¢·¥³¥´´Ò¥ ¸¶¥±É·Ò, ¶μ²ÊÎ¥´´Ò¥ ¢ μ¤´μ° ¨§ ¸¥·¨° ¢
·¥¦¨³¥ ®¶ ¸¸¨¢´μ° ³¨Ï¥´¨¯.

Š ± ¢¨¤´μ ¨§ ·¨¸. 3, Ëμ´ ¢ μ¡² ¸É¨ É¥¶²μ¢μ£μ ¶¨±  (210Ä730-° ± ´ ²Ò,
¨§³¥·¥´¨¥ ¸ ± ¤³¨¥¢μ° § ¸²μ´±μ°) ¸μ¸É ¢²Ö¥É ´¥³´μ£¨³ ¡μ²¥¥ 1 %, Éμ£¤  ± ±
¢ ¨´É¥·¢ ²¥ ± ´ ²μ¢ 1000Ä4096, ¸μ¤¥·¦ Ð¥³ μÉ¸Î¥ÉÒ ¤¥É¥±Éμ·  μÉ ‡�, Ëμ´
§´ Î¨É¥²Ó´μ ¶·¥¢ÒÏ ¥É ÔËË¥±É. ‚ ÔÉμ° μ¡² ¸É¨ ¢·¥³¥´´μ£μ ¸¶¥±É·  98 % μÉ-
¸Î¥Éμ¢ Å Ëμ´μ¢Ò¥, μ¡Ê¸²μ¢²¥´´Ò¥ ¢ μ¸´μ¢´μ³ ´¥°É·μ´ ³¨ ¸¶μ´É ´´μ£μ ¤¥-
²¥´¨Ö ¨§μÉμ¶μ¢ 244Cm, 246Cm,   É ±¦¥ · ¸¸¥Ö´´Ò³¨ ´¥°É·μ´ ³¨ ´  μ¡· §Í¥ ¨
Ëμ´μ³ ¢ ¨§³¥·¨É¥²Ó´μ³ ¶ ¢¨²Óμ´¥. Œ ²¥´Ó± Ö, μ±μ²μ 2 %, ¢¥²¨Î¨´  ÔËË¥±É 
¤¨±ÉÊ¥É ´¥μ¡Ìμ¤¨³μ¸ÉÓ ¤¥É ²Ó´μ£μ  ´ ²¨§  ¢¸¥Ì ±μ³¶μ´¥´Éμ¢ Ëμ´ .

� ¸¸³μÉ·¨³ ¶μ¤·μ¡´¥¥ ³¥Éμ¤¨±Ê ¨§³¥·¥´¨°. „²Ö μ¡² ¸É¨ ¢·¥³¥´´μ£μ
¸¶¥±É· , ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ³£´μ¢¥´´Ò³ ´¥°É·μ´ ³ ¤¥²¥´¨Ö, ¶·¨ ¨§³¥·¥´¨¨
®ÔËË¥±É + Ëμ´¯ ³´μ£μ±μ³¶μ´¥´É´Ò° ¸Î¥É ¤¥É¥±Éμ·  ¨³¥¥É ¢¨¤

Np
exp = Np + Np

bgr + Np
sf . (7)

‡¤¥¸Ó Np
bgr μ§´ Î ¥É ¶μ²´Ò° Ëμ´, ´¥ ¸¢Ö§ ´´Ò° ¸μ ¸¶μ´É ´´Ò³ ¤¥²¥´¨¥³

¶·¨³¥¸¥° (Np
sf). 
ÉμÉ Ëμ´ μ¶·¥¤¥²Ö¥É¸Ö · ¸¸¥Ö´¨¥³ ´  ³ É¥·¨ ² Ì ± ³¥·Ò

¤¥²¥´¨Ö ¨ ¶μ¤²μ¦±¥ ³¨Ï¥´¨,   É ±¦¥ Ëμ´μ³ ¢ μÉ¸ÊÉ¸É¢¨¥ μ¡· §Í .
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�¨¸. 3. �¶¶ · ÉÊ·´Ò¥ ¢·¥³¥´´Ò¥ ¸¶¥±É·Ò, ¶μ²ÊÎ¥´´Ò¥ ¢ ¨§³¥·¥´¨ÖÌ ¸ ±Õ·¨¥³, ¶·¨¢¥-
¤¥´´Ò¥ ± μ¤´μ° ¢¸¶ÒÏ±¥ ·¥ ±Éμ· :   Å ÔËË¥±É + Ëμ´ (245Cm), ¡ Å Ëμ´ (245Cm+Cd-
Ë¨²ÓÉ·)

„²Ö ¨§³¥·¥´¨Ö ¸ ± ¤³¨¥¢Ò³ Ë¨²ÓÉ·μ³ ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¥³ ¢Ò· ¦¥´¨¨
¸Î¥É  ¤¥É¥±Éμ·  μ¸É ÕÉ¸Ö Éμ²Ó±μ ±μ³¶μ´¥´ÉÒ Ëμ´ :

Np
exp(Cd) = Np

bgr(Cd) + Np
sf . (8)

�´ ²μ£¨Î´Ò³ μ¡· §μ³ ¶·¥¤¸É ¢²Ö¥É¸Ö ¸Î¥É ¤¥É¥±Éμ·  ¤²Ö μ¡² ¸É¨ ¢·¥-
³¥´´μ£μ ¸¶¥±É· , ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ‡�:

Nd
exp = Nd + Nd

bgr + Nd
sf (9)

¨
Nd

exp(Cd) = Nd
bgr(Cd) + Nd

sf . (10)

„²Ö μ¶·¥¤¥²¥´¨Ö §´ Î¥´¨° N
p(d)
bgr ¨ N

p(d)
bgr (Cd) ¶·μ¢μ¤¨²¨¸Ó ¸¶¥Í¨ ²Ó´Ò¥

¤μ¶μ²´¨É¥²Ó´Ò¥ ¨§³¥·¥´¨Ö ¸ ÉμÎ´Ò³ ³Ê²Ö¦μ³ ± ³¥·Ò ¤¥²¥´¨Ö ¡¥§ μ¡· §Í 
±Õ·¨Ö. Šμ³¡¨´ Í¨Ö Î¥ÉÒ·¥Ì É¨¶μ¢ ¨§³¥·¥´¨°, ¶·μ¢¥¤¥´´ÒÌ ¸ ´¥μ¡Ìμ¤¨³μ°
ÉμÎ´μ¸ÉÓÕ, ¶μ§¢μ²Ö¥É ¨§¢²¥ÎÓ §´ Î¥´¨Ö Np ¨ Nd.
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‚ É ¡². 2 ¨ 3 ¢ ¨²²Õ¸É· É¨¢´ÒÌ Í¥²ÖÌ ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ μ¶¨¸ ´´ÒÌ
¢ÒÏ¥ ¨§³¥·¥´¨° ¢ ·¥¦¨³ Ì ®¶ ¸¸¨¢´μ°¯ ¨ ® ±É¨¢´μ°¯ ³¨Ï¥´¨ ¤²Ö Î ¸É¨
´ ¡· ´´μ° ¸É É¨¸É¨±¨,   É ±¦¥ ¶μ²ÊÎ¥´´Ò¥ ¨§ ´¨Ì §´ Î¥´¨Ö Np ¨ Nd. Š·μ³¥
Éμ£μ, É ³ ¤ ´Ò ·¥§Ê²ÓÉ ÉÒ off-line ¨§³¥·¥´¨° Ëμ´  μÉ ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö
¶·¨³¥¸´ÒÌ ¨§μÉμ¶μ¢ ±Õ·¨Ö Np

sf exp ¨ Nd
sf exp, ¶·¨¢¥¤¥´´Ò¥ ± ¸μμÉ¢¥É¸É¢Ê-

ÕÐ¨³ ¢·¥³¥´´Ò³ μ±´ ³. �¥μ¡Ìμ¤¨³μ μÉ³¥É¨ÉÓ, ÎÉμ ¢ ·¥¦¨³¥ ® ±É¨¢´μ°
³¨Ï¥´¨¯ ´¥¢μ§³μ¦´μ ´ ¤¥¦´μ ¨§³¥·¨ÉÓ ¢¥²¨Î¨´Ê Np

exp. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¤²Ö
¶μ²ÊÎ¥´¨Ö μÉ´μÏ¥´¨Ö Np/Nd, ´¥μ¡Ìμ¤¨³μ£μ ¤²Ö ¨§¢²¥Î¥´¨Ö §´ Î¥´¨Ö νd, ¨¸-
¶μ²Ó§μ¢ ² ¸Ó ¢¥²¨Î¨´  Np, ¨§³¥·¥´´ Ö ¢ ·¥¦¨³¥ ®¶ ¸¸¨¢´μ° ³¨Ï¥´¨¯.

’ ¡²¨Í  2

�¡² ¸ÉÓ ¢·¥³¥´´μ£μ ¸¶¥±É·  ®� ¸¸¨¢´ Ö ³¨Ï¥´Ó¯ ®�±É¨¢´ Ö ³¨Ï¥´Ó¯
¤²Ö ³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢ (μÉ¸Î¥ÉÒ/¨³¶. ·-· ) (μÉ¸Î¥ÉÒ/¨³¶. ·-· )
¤¥²¥´¨Ö (± ´. 210Ä730 )

Np
exp = Np + Np

bgr + Np
sf 280,44 ± 0,08 4,482 ± 0,004

Np
exp(Cd) = Np

bgr(Cd) + Np
sf 3,54 ± 0,01 1,623 ± 0,002

Np
bgr 8,192 ± 0,007 8,192 ± 0,007

Np
bgr(Cd) 0,0394 ± 0,0006 0,0394 ± 0,0006

Np
exp(Cd) − Np

bgr(Cd) = Np
sf 3,50 ± 0,01 1,584 ± 0,002

Np
sf exp 3,49 ± 0,002 1,578 ± 0,001

Np 268,74 ± 0,08 Å

Np/(Np
bgr + Np

sf) 22,97 ± 0,02 Å

Š ± ¢¨¤´μ ¨§ É ¡². 2, ¤²Ö μ¡² ¸É¨ ³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢ ¢¸¥ ¢¨¤Ò Ëμ´ 
´¥¸ÊÐ¥¸É¢¥´´Ò.

�´ ²¨§ É ¡². 3 ¶μ± §Ò¢ ¥É, ÎÉμ ¤²Ö ¶μ²ÊÎ¥´¨Ö ¢¥²¨Î¨´Ò Nd ¸ Ìμ·μÏ¥°
ÉμÎ´μ¸ÉÓÕ ´¥μ¡Ìμ¤¨³μ ¨§³¥·ÖÉÓ §´ Î¥´¨Ö Nd

exp ¨ Nd
exp(Cd) ¸ ¶μ£·¥Ï´μ¸ÉÓÕ

´  Ê·μ¢´¥ 0,1 %,   §´ Î¥´¨Ö Nd
bgr ¨ Nd

bgr(Cd) ¸ ÉμÎ´μ¸ÉÓÕ ´¥ ÌÊ¦¥ 0,5 %.
�·μ£· ³³  ¨§³¥·¥´¨° ¡Ò²  ¸¶² ´¨·μ¢ ´  É ±, ÎÉμ¡Ò μ¡¥¸¶¥Î¨ÉÓ ÉμÎ´μ¸ÉÓ

¨§¢²¥± ¥³μ£μ μÉ´μÏ¥´¨Ö Np/Nd ²ÊÎÏ¥ 3%, ¶μ¸±μ²Ó±Ê μÉ´μÏ¥´¨¥ εp/εd ÔË-
Ë¥±É¨¢´μ¸É¥° ·¥£¨¸É· Í¨¨ ³£´μ¢¥´´ÒÌ ¨ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ ´¥ ³μ-
¦¥É ¡ÒÉÓ μ¶·¥¤¥²¥´μ ¸ ²ÊÎÏ¥° ÉμÎ´μ¸ÉÓÕ ¨§-§  ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¶μ£·¥Ï´μ¸É¥°
§´ Î¥´¨° νp ¨ νd ¤²Ö 235U.

ˆ§³¥·¥´¨Ö ¸ ®¶ ¸¸¨¢´μ° ³¨Ï¥´ÓÕ¯ ¶·μ¢μ¤¨²¨¸Ó ¢ É¥Î¥´¨¥ 100 Î, ¢ ·¥-
¦¨³¥ ® ±É¨¢´μ° ³¨Ï¥´¨¯ Å 235 Î, Ëμ´μ¢Ò¥ ¨ ± ²¨¡·μ¢μÎ´Ò¥ ¨§³¥·¥´¨Ö
¸Ê³³ ·´μ § ´Ö²¨ 260 Î. �·¨ ÔÉμ³ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¤¢  ±μ²²¨³ Éμ·  ´¥°É·μ´-
´μ£μ ¶ÊÎ±  Å 20 ¨ 60 ³³, ±μÉμ·Ò¥ ¶μ§¢μ²¨²¨ ¶·μ¢¥¸É¨ ¤μ¶μ²´¨É¥²Ó´ÊÕ
¶·μ¢¥·±Ê ¶· ¢¨²Ó´μ¸É¨ μ¶·¥¤¥²¥´¨Ö ¨§³¥·Ö¥³ÒÌ ¢¥²¨Î¨´.
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’ ¡²¨Í  3

�¡² ¸ÉÓ ¢·¥³¥´´μ£μ ¸¶¥±É·  ®� ¸¸¨¢´ Ö ³¨Ï¥´Ó¯ ®�±É¨¢´ Ö ³¨Ï¥´Ó¯
¤²Ö ‡� (± ´. 1500Ä4096) (μÉ¸Î¥ÉÒ/¨³¶. ·-· ) (μÉ¸Î¥ÉÒ/¨³¶. ·-· )

Nd
exp = Nd + Nd

bgr + Nd
sf 25,65 ± 0,02 11,894 ± 0,006

Nd
exp(Cd) = Nd

bgr(Cd) + Nd
sf 25,23 ± 0,03 11,530 ± 0,006

Nd
bgr 0,175 ± 0,001 0,175 ± 0,001

Nd
bgr(Cd) 0,171 ± 0,001 0,171 ± 0,001

Nd
exp(Cd) − Nd

bgr(Cd) = Nd
sf 25,06 ± 0,03 11,359 ± 0,006

Nd
sf exp 24,93 ± 0,01 11,31 ± 0,006

Nd 0,42 ± 0,04 0,38 ± 0,01

Nd/(Nd
bgr + Nd

sf) 0,017 ± 0,002 0,0330 ± 0,0009

�  μ¸´μ¢¥ μ¶¨¸ ´´μ° ¢ÒÏ¥ ¶·μÍ¥¤Ê·Ò ¢ ± ¦¤μ° ¢§ ¨³´μ Ê¢Ö§ ´´μ° ¸¥·¨¨
¨§³¥·¥´¨° ¡Ò²μ ¶μ²ÊÎ¥´μ μÉ´μÏ¥´¨¥ Np/Nd. �¥§Ê²ÓÉ ÉÒ ¶μ± § ´Ò ´  ·¨¸. 4.

�¨¸. 4. ‡´ Î¥´¨Ö μÉ´μÏ¥´¨Ö Np/Nd ¤²Ö · §´ÒÌ ¸¥·¨° ¨§³¥·¥´¨°

� §²¨Î¨¥ ¢ ¶μ£·¥Ï´μ¸ÉÖÌ ¢¥²¨Î¨´Ò Np/Nd ¸¢Ö§ ´μ ¸ · §²¨Î´μ° ¶·μ¤μ²-
¦¨É¥²Ó´μ¸ÉÓÕ ¨§³¥·¥´¨° ¢ ¸¥·¨ÖÌ. ‡ ³¥É¨³, ÎÉμ Î¥ÉÒ·¥ ¸¥·¨¨ ¨§³¥·¥´¨° ¸
´ ¨³¥´ÓÏ¨³¨ ¶μ£·¥Ï´μ¸ÉÖ³¨ ¤ ÕÉ §´ Î¥´¨Ö Np/Nd, μÎ¥´Ó ¡²¨§±¨¥ ± ¸·¥¤-
´¥³Ê §´ Î¥´¨Õ ¶μ ¢¸¥³ ¸¥·¨Ö³.
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�μ¤¸É ¢²ÖÖ ¶μ²ÊÎ¥´´μ¥ ¸·¥¤´¥¥ §´ Î¥´¨¥ μÉ´μÏ¥´¨Ö Np/Nd ¢ Ëμ·³Ê²Ê
(5) ¨ ¨¸¶μ²Ó§ÊÖ ¤²Ö ¢¥²¨Î¨´Ò εp/εd ·¥§Ê²ÓÉ É (6), ¢ÒÎ¨¸²¨³ ¶μ²´Ò° ¢ÒÌμ¤
‡� ¤²Ö ¤¥²¥´¨Ö Ö¤·  245Cm É¥¶²μ¢Ò³¨ ´¥°É·μ´ ³¨ ¸ ÊÎ¥Éμ³ ¨§¢¥¸É´μ£μ [6]
¤²Ö ÔÉμ£μ ¨§μÉμ¶  §´ Î¥´¨Ö νp = 3,82 ± 0,03:

νd = (0, 64 ± 0, 02)%. (11)

4. �	‘“†„…�ˆ… �…‡“‹œ’�’�‚

‚ · ¡μÉ¥ [7] ¡Ò²  ¶·¥¤²μ¦¥´  £²μ¡ ²Ó´ Ö ¸¨¸É¥³ É¨±  Ì · ±É¥·¨¸É¨±
§ ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ ¤²Ö Ï¨·μ±μ£μ ±·Ê£   ±É¨´¨¤μ¢. �´  μ¸´μ¢ ´  ´ 
£¨¶μÉ¥§¥ Ô±¸¶μ´¥´Í¨ ²Ó´μ° § ¢¨¸¨³μ¸É¨ ¸·¥¤´¥£μ ¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤  ¤²Ö
Ô³¨¸¸¨¨ ‡� ¨ ¨Ì ¶μ²´μ£μ ¢ÒÌμ¤  νd μÉ ¶ · ³¥É·  P = −(Ac − 3Z)(Ac/Z),
±μÉμ·Ò° ÔËË¥±É¨¢´μ ÊÎ¨ÉÒ¢ ¥É ¨§μÉμ¶¨Î¥¸±ÊÕ § ¢¨¸¨³μ¸ÉÓ Ê± § ´´ÒÌ ¢¥²¨-
Î¨´. �¥·¢μ´ Î ²Ó´μ ¶ · ³¥É· P ¡Ò² ¢¢¥¤¥´ ¢ · ¡μÉ¥ [8] ¤²Ö μ¶¨¸ ´¨Ö ¶μ²´ÒÌ
¢ÒÌμ¤μ¢ ‡�, £¤¥ Ac ¨ Z Å ³ ¸¸μ¢μ¥ Î¨¸²μ ¨  Éμ³´Ò° ´μ³¥· ±μ³¶ Ê´¤-
Ö¤· . �  ·¨¸. 5 ¶μ± § ´  § ¢¨¸¨³μ¸ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ §´ Î¥´¨° ¶μ²´μ£μ

�¨¸. 5. ‘¨¸É¥³ É¨±  ¶μ²´μ£μ ¢ÒÌμ¤  ‡� ¨§ · ¡μÉÒ [7]
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¢ÒÌμ¤  ‡� νd μÉ ¶ · ³¥É·  P ¤²Ö ¨§μÉμ¶μ¢ Éμ·¨Ö, Ê· ´ , ´¥¶ÉÊ´¨Ö, ¶²ÊÉμ-
´¨Ö ¨  ³¥·¨Í¨Ö, ¶μ²ÊÎ¥´´ Ö ¢ · ¡μÉ¥ [7] ´  μ¸´μ¢¥ ¸É¥¶¥´´μ° § ¢¨¸¨³μ¸É¨
¶μ²´μ£μ ¢ÒÌμ¤  § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ μÉ ¸·¥¤´¥£μ ¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤ 
Ö¤¥·-¶·¥¤Ï¥¸É¢¥´´¨±μ¢ ‡� ¤²Ö ¨§μÉμ¶μ¢ μ¤´μ£μ Ô²¥³¥´É .

ˆ§ ·¨¸. 5 ¢¨¤´μ, ÎÉμ ¸ÊÐ¥¸É¢ÊÕÐ¨¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥, ¶·¥¤¸É -
¢²¥´´Ò¥ ¢ ¶μ²Ê²μ£ ·¨Ë³¨Î¥¸±μ³ ³ ¸ÏÉ ¡¥, μ¶¨¸Ò¢ ÕÉ¸Ö ²¨´¥°´μ° § ¢¨¸¨-
³μ¸ÉÓÕ, ´ ±²μ´ ±μÉμ·μ° ¤²Ö ¨§μÉμ¶μ¢ ± ¦¤μ£μ ¨§ Ê± § ´´ÒÌ Ô²¥³¥´Éμ¢ μÉ-
²¨Î ¥É¸Ö ¤·Ê£ μÉ ¤·Ê£ . �μ¸±μ²Ó±Ê ¤²Ö ±Õ·¨Ö ¨³¥ÕÉ¸Ö ¨§³¥·¥´¨Ö Éμ²Ó±μ ¤²Ö
¨§μÉμ¶  245Cm, Éμ ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¸· ¢´¥´¨¥ ¸ ¸¨¸É¥³ É¨±μ° [7] ¶·μ¢μ¤¨-
²μ¸Ó ¢ ¶·¥¤¶μ²μ¦¥´¨¨, ÎÉμ ¢¸¥ ¤ ´´Ò¥ ¶μ ¶μ²´μ³Ê ¢ÒÌμ¤Ê, ¢±²ÕÎ Ö ¨ ¨§μÉμ¶Ò
±Õ·¨Ö, μ¶¨¸Ò¢ ÕÉ¸Ö Ô±¸¶μ´¥´Í¨ ²Ó´μ° § ¢¨¸¨³μ¸ÉÓÕ ¢¨¤  νd = exp(a+b·P ).
�¥§Ê²ÓÉ ÉÒ É ±μ£μ ¸· ¢´¥´¨Ö ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 6.

�¨¸. 6. ‘¨¸É¥³ É¨±  [7], ¤μ¶μ²´¥´´ Ö §´ Î¥´¨¥³ ¶μ ±Õ·¨Õ ¨§ ´ ¸ÉμÖÐ¥° · ¡μÉÒ

�  ÔÉμ³ ¦¥ ·¨¸Ê´±¥ ´ ·Ö¤Ê ¸ ¤ ´´Ò³¨ ¤²Ö 245Cm ¶·¨¢¥¤¥´Ò Ô±¸¶¥-
·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¤²Ö ÔÉμ£μ ´Ê±²¨¤  ¨§ · ¡μÉÒ [3],   É ±¦¥ ¤ ´´Ò¥
¶μ ¶μ²´μ³Ê ¢ÒÌμ¤Ê ‡�, ¢ÒÎ¨¸²¥´´Ò¥ ¢ · ³± Ì ³¨±·μ¸±μ¶¨Î¥¸±μ£μ ¶μ¤Ìμ¤ 
¢ · ¡μÉ Ì [4, 5, 9], μ¸´μ¢ ´´Ò¥ ´  ¨³¥ÕÐ¥°¸Ö ¨´Ëμ·³ Í¨¨ μ ¢¥·μÖÉ´μ¸É¨ ¨¸-
¶Ê¸± ´¨Ö ‡� μÉ¤¥²Ó´Ò³¨ Ö¤· ³¨-¶·¥¤Ï¥¸É¢¥´´¨± ³¨ ¨ ¨Ì ±Ê³Ê²ÖÉ¨¢´Ò³¨
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¢ÒÌμ¤ ³¨. �μ²ÊÎ¥´´μ¥ ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ §´ Î¥´¨¥ ¶μ²´μ£μ ¢ÒÌμ¤  ‡� ¤²Ö
245Cm Å νd = (0, 64 ± 0, 02)% ¸μ£² ¸Ê¥É¸Ö ¸μ §´ Î¥´¨¥³, ¶·¥¤¸± § ´´Ò³ ¢
· ³± Ì Ê± § ´´μ° ¢ÒÏ¥ ¸¨¸É¥³ É¨±¨ Å (0, 621± 0, 005)%.

‚ Éμ ¦¥ ¢·¥³Ö μÍ¥´±¨ §´ Î¥´¨° νd, ¶μ²ÊÎ¥´´Ò¥ ¸Ê³³¨·μ¢ ´¨¥³ ¶μ ¢±² -
¤ ³ ¶·¥¤Ï¥¸É¢¥´´¨±μ¢ [3Ä5, 9], ´¥ ¶μ²´μ¸ÉÓÕ ¸μ£² ¸ÊÕÉ¸Ö ± ± ¸ Ô±¸¶¥·¨-
³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ [3] ¨ ´ ¸ÉμÖÐ¥° · ¡μÉÒ, É ± ¨ ³¥¦¤Ê ¸μ¡μ°. �μ´ÖÉÓ
¶·¨Î¨´Ê É ±μ£μ · ¸Ìμ¦¤¥´¨Ö ´  ¶·¨³¥·¥ 245Cm μÎ¥´Ó ¢ ¦´μ, ¶μ¸±μ²Ó±Ê ³¥-
Éμ¤ ¸Ê³³¨·μ¢ ´¨Ö ²¥¦¨É ¢ μ¸´μ¢¥ μÍ¥´μ± Ì · ±É¥·¨¸É¨± ‡� ¤²Ö ´Ê±²¨¤μ¢,
´  ±μÉμ·ÒÌ ¥Ð¥ ´¥ ¡Ò²μ ¨§³¥·¥´¨°. ’ ± ± ±, ¢¥·μÖÉ´¥¥ ¢¸¥£μ, μ¸´μ¢´ Ö ¶·¨-
Î¨´  · ¸Ìμ¦¤¥´¨Ö ·¥§Ê²ÓÉ Éμ¢, ¶μ²ÊÎ¥´´ÒÌ ³¥Éμ¤μ³ ¸Ê³³¨·μ¢ ´¨Ö, ¸¢Ö§ ´  ¸
· §´Ò³¨ ¶·¥¤¶μ²μ¦¥´¨Ö³¨ μ ¶ · ³¥É· Ì § ·Ö¤μ¢μ£μ · ¸¶·¥¤¥²¥´¨Ö μ¸±μ²±μ¢
¤¥²¥´¨Ö ¨ ¢¥²¨Î¨´¥ Î¥É´μ-´¥Î¥É´μ£μ ÔËË¥±É , Éμ ¶μ²ÊÎ¥´´μ¥ ¢ ´ ¸ÉμÖÐ¥°
· ¡μÉ¥ §´ Î¥´¨¥ ¶μ²´μ£μ ¢ÒÌμ¤  ‡� ¶·¨ ¤¥²¥´¨¨ 245Cm ¶μ§¢μ²¨É ¶·μ¢¥¸É¨
μÍ¥´±Ê ÔÉμ° ¢¥²¨Î¨´Ò, ¢ ·Ó¨·ÊÖ ¶ · ³¥É·Ò § ·Ö¤μ¢μ£μ · ¸¶·¥¤¥²¥´¨Ö ¨ ¢¥²¨-
Î¨´Ê Î¥É´μ-´¥Î¥É´μ£μ ÔËË¥±É  ¢ § ·Ö¤μ¢μ³ · ¸¶·¥¤¥²¥´¨¨ μ¸±μ²±μ¢ ¤¥²¥´¨Ö.
�Í¥´±  ÔÉ¨Ì ¶ · ³¥É·μ¢, ¢ ¸¢μÕ μÎ¥·¥¤Ó, ¶μ§¢μ²¨É ¶μ²ÊÎ¨ÉÓ ¨´Ëμ·³ Í¨Õ
μ ¸¢μ°¸É¢ Ì § ·Ö¤μ¢μ£μ · ¸¶·¥¤¥²¥´¨Ö μ¸±μ²±μ¢ ¤¥²¥´¨Ö ¨ ¢¥²¨Î¨´¥ Î¥É´μ-
´¥Î¥É´μ£μ ÔËË¥±É  ¤²Ö ´Ê±²¨¤μ¢, ²¥¦ Ð¨Ì ¢ ¥Ð¥ ´¥ ¢¶μ²´¥ ¨§ÊÎ¥´´μ° μ¡² -
¸É¨ ³ ¸¸ ¨ § ·Ö¤μ¢.

‡�Š‹
—…�ˆ…

‚ · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ´  Ê¸É ´μ¢±¥ ®ˆ§μ³¥·-
Œ¯ ¢ Ô±¸¶¥·¨³¥´É¥ ¶μ μ¶·¥¤¥²¥´¨Õ ¶μ²´μ£μ ¢ÒÌμ¤  ‡� ¶·¨ ¤¥²¥´¨¨ 245Cm
É¥¶²μ¢Ò³¨ ´¥°É·μ´ ³¨. �μ²ÊÎ¥´´μ¥ §´ Î¥´¨¥ νd ¸μ£² ¸Ê¥É¸Ö ¸μ §´ Î¥´¨¥³
νd = 0, 0059 ± 0, 0004 · ¡μÉÒ [1] ¨ ¨§³¥·¥´μ ¸ ¡μ²¥¥ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ.
�·μ¢¥¤¥´μ ¸· ¢´¥´¨¥ ¸ £²μ¡ ²Ó´μ° ¸¨¸É¥³ É¨±μ° ¢ÒÌμ¤μ¢ ‡� [7]. �μ± § ´μ,
ÎÉμ ¶μ²ÊÎ¥´´μ¥ §´ Î¥´¨¥ ¶μ²´μ£μ ¢ÒÌμ¤  ‡� ¤²Ö 245Cm ¸μ¢¶ ¤ ¥É ¸μ §´ Î¥-
´¨¥³, ¶μ²ÊÎ¥´´Ò³ ¢ · ³± Ì Ê¶·μÐ¥´´μ£μ ¢ ·¨ ´É  ÔÉμ° ¸¨¸É¥³ É¨±¨.

�¢Éμ·Ò ¡² £μ¤ ·´Ò ‚. Œ. �¨±¸ °±¨´Ê §  ¶μ²¥§´Ò¥ μ¡¸Ê¦¤¥´¨Ö ·¥§Ê²ÓÉ -
Éμ¢ ¨§³¥·¥´¨Ö ¸ 245Cm,   É ±¦¥ ¶·¨§´ É¥²Ó´Ò ‚.ˆ. ‘³¨·´μ¢Ê ¨ �.�. �μ£¤§¥²Õ
§  ÊÎ ¸É¨¥ ¢ ´ ² ¤±¥ ¨§³¥·¨É¥²Ó´μ°  ¶¶ · ÉÊ·Ò.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ £· ´É  Œ�’– º2253.2.
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