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�·¥¤¸É ¢²¥´  ³¥Éµ¤¨±  ¨ µ¸´µ¢´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨°, ¶·µ¢¥¤¥´´ÒÌ ´  ¨³¶Ê²Ó¸´ÒÌ
·¥ ±Éµ· Ì ˆ��-30 ¨ ˆ��-2. ‘ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¸Í¨´É¨²²ÖÍ¨µ´´ÒÌ ¤¥É¥±Éµ·µ¢ ¶·µ¢¥¤¥´Ò ¨§³¥-
·¥´¨Ö ¸¶¥±É·µ¢ ³´µ¦¥¸É¢¥´´µ¸É¨ £ ³³ -±¢ ´Éµ¢ ¨§ ·¥ ±Í¨¨ · ¤¨ Í¨µ´´µ£µ § Ì¢ É  ´  ¨§µÉµ¶ Ì
48Ti, 113,115In, 117Sn, 127J, 149Sm, 165Ho, 175Lu, 177Hf, 178Hf, 185Re, 187Re ¨ 232Th. ˆ¸-
¸²¥¤µ¢ ´´Ò¥ ¸¶¥±É·Ò ³´µ¦¥¸É¢¥´´µ¸É¨ µÉ ¶¥·¢µ° ¤µ ¤¢¥´ ¤Í Éµ° ±· É´µ¸É¨ ¨¸¶µ²Ó§µ¢ ²¨¸Ó
¤²Ö µ¶·¥¤¥²¥´¨Ö ¸¥Î¥´¨Ö · ¤¨ Í¨µ´´µ£µ § Ì¢ É  ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ·¥§µ´ ´¸´ÒÌ ¶ · ³¥É·µ¢,
  É ±¦¥ ¤²Ö ¶µ²ÊÎ¥´¨Ö ¢¥²¨Î¨´Ò α ¨ ¨§ÊÎ¥´¨Ö ¥¥ ÔËË¥±É  ¡²µ±¨·µ¢±¨ ¢ ·¥ ±Í¨ÖÌ ¤¥²¥´¨Ö ´ 
Ö¤· Ì 235U, 239Pu ¤²Ö ·¥§µ´ ´¸´µ° µ¡² ¸É¨ Ô´¥·£¨° ´¥°É·µ´µ¢. ‘ ¶µ³µÐÓÕ HP-Ge-¤¥É¥±Éµ· 
µ¡Ñ¥³µ³ 80 ¸³3 ¶·µ¢¥¤¥´Ò ¨§³¥·¥´¨Ö ¸¶¨´µ¢ ·¥§µ´ ´¸µ¢ ¨§µÉµ¶µ¢ 113,115In, 117Sn, 185,187Re
¨ 235U ¶µ ³¥Éµ¤Ê § ¸¥²¥´´µ¸É¨ £ ³³ -±¢ ´É ³¨ ´¨§±µ²¥¦ Ð¨Ì Ê·µ¢´¥°,   É ±¦¥ µ¶·¥¤¥²¥´Ò
¢¥²¨Î¨´Ò α 235U ¢ µ¡² ¸É¨ É¥¶²µ¢ÒÌ Ô´¥·£¨° ´¥°É·µ´µ¢. ‘ ¶µ³µÐÓÕ ´¥°É·µ´´ÒÌ ¤¥É¥±Éµ-
·µ¢ ¨ (n, γ)-¤¥É¥±Éµ·  ¨§³¥·¥´Ò ËÊ´±Í¨¨ ¶·µ¶Ê¸± ´¨Ö ¨ ¸ ³µ¨´¤¨± Í¨¨ ´  µ¡· §Í Ì-Ë¨²ÓÉ· Ì
232Th, 237Np ¨ 238U ¶·¨ · §´ÒÌ É¥³¶¥· ÉÊ· Ì ¤²Ö µ¶·¥¤¥²¥´¨Ö ´¥°É·µ´´ÒÌ ¸¥Î¥´¨°, Ë ±Éµ·µ¢
·¥§µ´ ´¸´µ° ¡²µ±¨·µ¢±¨ ¨ ¤µ¶²¥·-ÔËË¥±É  ¢ ¤¨ ¶ §µ´¥ Ô´¥·£¨° ´¥°É·µ´µ¢ 1 Ô‚÷100 ±Ô‚.

‚ Ô±¸¶¥·¨³¥´É Ì ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¨µ´¨§ Í¨µ´´ÒÌ ± ³¥· ¨§³¥·¥´Ò ¸¥Î¥´¨Ö ¤¥²¥´¨Ö ³¨-
´µ·´ÒÌ  ±É¨´¨¤µ¢ 234U, 237Np ¨ 243Am ´¥°É·µ´ ³¨ ¸ Ô´¥·£¨Ö³¨ ´¨¦¥ ¡ ·Ó¥·  ¤¥²¥´¨Ö.

�  27-³¥É·µ¢µ° ¶·µ²¥É´µ° ¡ §¥ ¸ §¥·± ²Ó´Ò³ ´¥°É·µ´µ¢µ¤µ³ ¨ ³¥Ì ´¨Î¥¸±¨³ ¶·¥·Ò¢ -
É¥²¥³ ´¥°É·µ´µ¢ ´  ·¥ ±Éµ·¥ ˆ��-2 ¶·µ¢¥¤¥´Ò ¨§³¥·¥´¨Ö ¶µ²´µ£µ ¢ÒÌµ¤  ¨ ±·¨¢ÒÌ · ¸¶ ¤ 
§ ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢ ¶·¨ ¤¥²¥´¨¨ 233,235U, 237Np É¥¶²µ¢Ò³¨ ¨ Ìµ²µ¤´Ò³¨ ´¥°É·µ´ ³¨.

∗�µ¸ÉµÖ´´µ¥ ³¥¸Éµ · ¡µÉÒ: ˆ´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨° ¨ Ö¤¥·´µ° Ô´¥·£¥É¨±¨, ‘µË¨Ö,
�µ²£ ·¨Ö.
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Methodical aspects and results of the main measurements, conducted on pulsed reactors IBR-
30 and IBR-2 are presented. Measurements of the multiplicity spectra of gamma-quanta from the
neutron capture reaction on the isotopes 48Ti, 113,115In, 117Sn, 127J, 149Sm, 165Ho, 175Lu, 177Hf,
178Hf, 185Re, 187Re, and 232Th had been done with scintillation detectors. These spectra with
multiplicity from one to twelve were used for determination of the capture cross-section and according
resonance parameters and for obtaining the alpha-value and study of its blocking effect in the ˇssion
of 235U, 239Pu in the resonance neutron energy area. With the aid of HP-Ge-detector, that has
the volume 80 cm3, the measurements were performed of resonance spins of isotopes 113,115In,
117Sn, 185,187Re, and 235U by the low-lying level population method in the thermal neutron energy
area. The transmission and self-indication functions of ˇlter samples 232Th, 237Np, and 238U were
measured with neutron and (n, γ) detectors with different temperatures for determination the neutron
cross-sections, resonance blocking factors and Doppler effect in the neutron energy range from 1 eV
to 100 keV. The ionization chambers were used as detector of ˇssion in the ˇssion cross-section
measurements of the minor actinides 234U, 237Np, and 243Am by the neutrons with energy below
the ˇssion barrier.

On the IBR-2 reactor on the channel with mirror neutron guide and neutron chopper the mea-
surements of total yields and decay curve of the delayed neutrons from ˇssion of 233,235U, 237Np
by thermal and cold neutrons were performed.

‚‚…„…�ˆ…

� §· ¡µÉ±  ´µ¢ÒÌ  Éµ³´ÒÌ ·¥ ±Éµ·µ¢ É¨¶  ��-800, ��…‘’ ¨ ¤·. É·¥-
¡Ê¥É ¶µ¢ÒÏ¥´¨Ö ÉµÎ´µ¸É¨ ´¥°É·µ´´ÒÌ ¸¥Î¥´¨° ¨ ¤·Ê£¨Ì Ö¤¥·´ÒÌ ±µ´¸É ´É
·¥ ±Éµ·´ÒÌ ³ É¥·¨ ²µ¢ ´  Ê·µ¢´¥ ¶µ£·¥Ï´µ¸É¨ 1Ä5 % ¤²Ö ¤¥²ÖÐ¨Ì¸Ö Ö¤¥·,
3Ä7 % ¤²Ö ±µ´¸É·Ê±Í¨µ´´ÒÌ ³ É¥·¨ ²µ¢ ¨ 5Ä15 % ¤²Ö ¶·µ¤Ê±Éµ¢ ¤¥²¥´¨Ö.
�µ¢ Ö ¨´Ëµ·³ Í¨Ö µ Ö¤¥·´ÒÌ ¤ ´´ÒÌ ´¥µ¡Ìµ¤¨³  É ±¦¥ ¤²Ö ¸µ¢¥·Ï¥´¸É¢µ-
¢ ´¨Ö É¥µ·¥É¨Î¥¸±¨Ì ³µ¤¥²¥° Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨ ¸É·Ê±ÉÊ·Ò Ö¤¥·. Š·µ³¥
Éµ£µ, ÊÉµÎ´¥´¨¥ Ö¤¥·´ÒÌ ¤ ´´ÒÌ ¢ ¦´µ ¤²Ö ·¥ ²¨§ Í¨¨ · §²¨Î´ÒÌ ¶·µ¥±Éµ¢
É· ´¸³ÊÉ Í¨¨ · ¤¨µ ±É¨¢´ÒÌ µÉÌµ¤µ¢ ¨ ¶µ¢ÒÏ¥´¨Ö Ö¤¥·´µ° ¡¥§µ¶ ¸´µ¸É¨
Ô´¥·£¥É¨Î¥¸±¨Ì  Éµ³´ÒÌ ·¥ ±Éµ·µ¢. �É¨ § ¤ Î¨ ¸É¨³Ê²¨·µ¢ ²¨ ¢ ¶µ¸²¥¤´¨¥
£µ¤Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö ¶µ ÊÉµÎ´¥´¨Õ Ö¤¥·´ÒÌ ¤ ´´ÒÌ ´  ´¥°-
É·µ´´ÒÌ ¶ÊÎ± Ì ˆ��-30 ¨ ˆ��-2 ¢ ‹ ¡µ· Éµ·¨¨ ´¥°É·µ´´µ° Ë¨§¨±¨ �¡Ñ¥¤¨-
´¥´´µ£µ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°.

�±¸¶¥·¨³¥´É ²Ó´Ò¥ · ¡µÉÒ ¢¥²¨¸Ó ¶µ ´¥¸±µ²Ó±¨³ ´ ¶· ¢²¥´¨Ö³ ¶·¨ · -
¡µÉ¥ ˆ��-30 ¢ ¡Ê¸É¥·´µ³ ·¥¦¨³¥ (¤²¨É¥²Ó´µ¸ÉÓ ´¥°É·µ´´µ° ¢¸¶ÒÏ±¨ ´ 
¶µ²Ê¢Ò¸µÉ¥ 4 ³±¸, Î ¸ÉµÉ  ¸²¥¤µ¢ ´¨Ö ´¥°É·µ´´ÒÌ ¢¸¶ÒÏ¥± 100 ƒÍ, ¸·¥¤´ÖÖ
É¥¶²µ¢ Ö ³µÐ´µ¸ÉÓ 10 ±‚É).

�  500- ¨ 121-³¥É·µ¢ÒÌ ¶·µ²¥É´ÒÌ ¡ § Ì ˆ��-30 ´  ¸¶¥±É·µ³¥É· Ì ®�µ-
³ Ï± ¯ ¸ 16 ±·¨¸É ²² ³¨ NaI(Tl) µ¡Ñ¥³µ³ 36 ² [1] ¨ ®� ·Ê¸¯ ¸ 16-¸¥±-
Í¨µ´´Ò³ ¦¨¤±µ¸É´Ò³ (n, γ)-¤¥É¥±Éµ·µ³ µ¡Ñ¥³µ³ 80 ² [8] ¶·µ¢µ¤¨²¨¸Ó ¨§³¥-
·¥´¨Ö ¸¶¥±É·µ¢ ³´µ¦¥¸É¢¥´´µ¸É¨ £ ³³ -±¢ ´Éµ¢ ¨§ ·¥ ±Í¨¨ · ¤¨ Í¨µ´´µ£µ
§ Ì¢ É  ´  ¨§µÉµ¶ Ì 48Ti, 113,115In, 117Sn, 127J, 149Sm, 165Ho, 175Lu, 177Hf,
178Hf, 185Re, 187Re ¨ 232Th. ˆ¸¸²¥¤µ¢ ´´Ò¥ ¸¶¥±É·Ò ³´µ¦¥¸É¢¥´´µ¸É¨ µÉ
¶¥·¢µ° ¤µ ¤¢¥´ ¤Í Éµ° ±· É´µ¸É¨ ¨¸¶µ²Ó§µ¢ ²¨¸Ó ¤²Ö µ¶·¥¤¥²¥´¨Ö ¸¥Î¥´¨Ö
· ¤¨ Í¨µ´´µ£µ § Ì¢ É  ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ·¥§µ´ ´¸´ÒÌ ¶ · ³¥É·µ¢,   É ±¦¥
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¤²Ö ¶µ²ÊÎ¥´¨Ö ¢¥²¨Î¨´Ò α ¨ ¨§ÊÎ¥´¨Ö ¥¥ ÔËË¥±É  ¡²µ±¨·µ¢±¨ ¢ ·¥ ±Í¨¨
¤¥²¥´¨Ö ´  Ö¤· Ì 235U, 239Pu ¤²Ö ·¥§µ´ ´¸´µ° µ¡² ¸É¨ Ô´¥·£¨° ´¥°É·µ´µ¢.

‘ ¶µ³µÐÓÕ HP-Ge-¤¥É¥±Éµ·  µ¡Ñ¥³µ³ 80 ¸³3 [5] ¡Ò²¨ ¶·µ¢¥¤¥´Ò ¤¢ÊÌ-
³¥·´Ò¥ ¨§³¥·¥´¨Ö  ³¶²¨ÉÊ¤´ÒÌ ¨ ¢·¥³¥´´ÒÌ ¸¶¥±É·µ¢ ¤²Ö ¨§µÉµ¶µ¢ 113,115In,
117Sn, 185,187Re ¨ 235U ´  ¶·µ²¥É´ÒÌ ¡ § Ì 60, 123 ¨ 500 ³ ˆ��-30 ¨ ´ 
29-³¥É·µ¢µ° ¶·µ²¥É´µ° ¡ §¥ ˆ��-2 ¸ Í¥²ÓÕ µ¶·¥¤¥²¥´¨Ö ¸¶¨´µ¢ ·¥§µ´ ´-
¸µ¢ ¶µ ³¥Éµ¤Ê § ¸¥²¥´´µ¸É¨ γ-±¢ ´É ³¨ ´¨§±µ²¥¦ Ð¨Ì Ê·µ¢´¥°,   É ±¦¥ ¤²Ö
µ¶·¥¤¥²¥´¨Ö ¢¥²¨Î¨´Ò α 235U ¢ µ¡² ¸É¨ É¥¶²µ¢ÒÌ Ô´¥·£¨° ´¥°É·µ´µ¢.

‘ ¶µ³µÐÓÕ ´¥°É·µ´´ÒÌ ¤¥É¥±Éµ·µ¢ ¢ ¢¨¤¥ ¡ É ·¥° ¨§ 10B-,
3He-¸Î¥ÉÎ¨±µ¢ ¨ ¦¨¤±µ¸É´µ£µ 16-¸¥±Í¨µ´´µ£µ (n, γ)-¤¥É¥±Éµ·  ¨§³¥·¥´Ò
ËÊ´±Í¨¨ ¶·µ¶Ê¸± ´¨Ö ¨ ¸ ³µ¨´¤¨± Í¨¨ ´  µ¡· §Í Ì-Ë¨²ÓÉ· Ì 232Th, 237Np
¨ 238U ¶·¨ · §´ÒÌ É¥³¶¥· ÉÊ· Ì ¤²Ö µ¶·¥¤¥²¥´¨Ö ´¥°É·µ´´ÒÌ ¸¥Î¥´¨°, Ë ±-
Éµ·µ¢ ·¥§µ´ ´¸´µ° ¡²µ±¨·µ¢±¨ ¨ ¤µ¶²¥·-ÔËË¥±É  ¢ ¤¨ ¶ §µ´¥ Ô´¥·£¨° ´¥°-
É·µ´µ¢ 1 Ô‚÷100 ±Ô‚.

�  15- ¨ 60-³¥É·µ¢ÒÌ ¶·µ²¥É´ÒÌ ¡ § Ì ˆ��-30 ¨§³¥·¥´Ò ¸¥Î¥´¨Ö ¤¥²¥´¨Ö
³¨´µ·´ÒÌ  ±É¨´¨¤µ¢ 234U, 237Np ¨ 243Am ´¥°É·µ´ ³¨ ¸ Ô´¥·£¨Ö³¨ ´¨¦¥
¡ ·Ó¥·  ¤¥²¥´¨Ö ¸ ¶µ³µÐÓÕ ¨µ´¨§ Í¨µ´´ÒÌ ± ³¥·.

�  27-³¥É·µ¢µ° ¶·µ²¥É´µ° ¡ §¥ ¸ §¥·± ²Ó´Ò³ ´¥°É·µ´µ¢µ¤µ³ ¨ ³¥Ì ´¨-
Î¥¸±¨³ ¶·¥·Ò¢ É¥²¥³ ´¥°É·µ´µ¢ ¶·¨ · ¡µÉ¥ ˆ��-2 ´  ³µÐ´µ¸É¨ 1,5 Œ‚É,
Î ¸ÉµÉ¥ ´¥°É·µ´´ÒÌ ¢¸¶ÒÏ¥± 5 ƒÍ ¨ ¨Ì ¤²¨É¥²Ó´µ¸É¨ 240 ³±¸ ¶·µ¢¥¤¥´Ò
¨¸¸²¥¤µ¢ ´¨Ö ¶µ²´µ£µ ¢ÒÌµ¤  ¨ ±·¨¢ÒÌ · ¸¶ ¤  § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢
¶·¨ ¤¥²¥´¨¨ 233,235U, 237Np É¥¶²µ¢Ò³¨ ¨ Ìµ²µ¤´Ò³¨ ´¥°É·µ´ ³¨. ‚ ± Î¥¸É¢¥
¤¥É¥±Éµ·  § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢ ¨¸¶µ²Ó§µ¢ ² ¸Ó ¡ É ·¥Ö 3He-¸Î¥ÉÎ¨±µ¢
¢ § ³¥¤²¨É¥²¥.

�…‡“‹œ’�’› �Š‘�…�ˆŒ…�’�‚

�¶·¥¤¥²¥´¨¥ ¸¶¨´µ¢. ‘¶¨´Ò ·¥§µ´ ´¸´ÒÌ ¸µ¸ÉµÖ´¨° ¡Ò²¨ ¶µ²ÊÎ¥´Ò ¢
µ¸´µ¢´µ³ ³¥Éµ¤µ³ ³´µ¦¥¸É¢¥´´µ¸É¨ £ ³³ -±¢ ´Éµ¢. ‚ ¶µ²ÊÎ¥´´ÒÌ ¸¶¥±É· Ì
· §´ÒÌ ±· É´µ¸É¥° k, £¤¥ k ³¥´Ö²µ¸Ó µÉ 1 ¤µ 8, µ¶·¥¤¥²¥´  ¶²µÐ ¤Ó ¶µ¤ ·¥§µ-
´ ´¸´Ò³¨ ¶¨± ³¨ ¨ ¶µ²ÊÎ¥´  ¤µ²Ö  ±Éµ¢ § Ì¢ É  pk = Sk/ΣkSk, ¸µµÉ¢¥É¸É¢Ê-
ÕÐ Ö µ¤´µ¢·¥³¥´´µ° ·¥£¨¸É· Í¨¨ ¤¥É¥±Éµ·µ³ k £ ³³ -±¢ ´Éµ¢, ¨ ¸·¥¤´¨¥
§´ Î¥´¨Ö ±· É´µ¸É¥° 〈k〉 = Σkkpk ¤²Ö ± ¦¤µ£µ ·¥§µ´ ´¸ . ’ ±¨³ µ¡· §µ³
µ¶·¥¤¥²¥´Ò ¸¶¨´Ò ¸µÉ¥´ ¢µ§¡Ê¦¤¥´´ÒÌ Ê·µ¢´¥° ¤²Ö Ö¤¥·, µÉ³¥Î¥´´ÒÌ ¢ÒÏ¥
[2Ä4]. �  ·¨¸. 1 ¶·¨¢µ¤ÖÉ¸Ö ·¥§Ê²ÓÉ ÉÒ ¤²Ö Ö¤·  149Sm.

„²Ö µ¶·¥¤¥²¥´¨Ö ¸¶¨´µ¢ ¶µ ³¥Éµ¤Ê § ¸¥²¥´´µ¸É¨ ´¨§±µ²¥¦ Ð¨Ì ¸µ¸ÉµÖ-
´¨° Ö¤·  ± ¸± ¤µ³ £ ³³ -±¢ ´Éµ¢ ¶·µ¢¥¤¥´Ò ¤¢ÊÌ³¥·´Ò¥ ¨§³¥·¥´¨Ö  ³¶²¨-
ÉÊ¤´ÒÌ ¨ ¢·¥³¥´´ÒÌ ¸¶¥±É·µ¢ ¸ ¶µ³µÐÓÕ HP £¥·³ ´¨¥¢µ£µ ¤¥É¥±Éµ·  ¤²Ö
µ¡µ£ Ð¥´´ÒÌ ¨§µÉµ¶µ¢ In (115In ¤µ 99,9 %, a 113In ¤µ 87,2 %) ¨ ¤²Ö ¥¸É¥¸É¢¥´-
´ÒÌ µ¡· §Íµ¢ In ¨ Re.
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�¨¸. 1. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¸·¥¤´¨¥ ±· É´µ¸É¨ 〈k〉 ¤²Ö ·¥§µ´ ´¸µ¢ 149Sm:  ) ¢ ¤¨ ¶ -
§µ´¥ Ô´¥·£¨° 20÷ 160 Ô‚; ¡) ¢ § ¢¨¸¨³µ¸É¨ µÉ Î¨¸²  ·¥§µ´ ´¸µ¢

’ ¡²¨Í  1. �É´µÏ¥´¨Ö ¨´É¥´¸¨¢´µ¸É¥° £ ³³ -²¨´¨° ¨ ¸¶¨´Ò ¤²Ö ·¥§µ´ ´¸µ¢ 115In

E, Ô‚ J R1 = I(273)/I(186,2) R2 = I(171/5)/I(186,2)

1,457 5 0,82 ± 0,01 0,40 ± 0,01
3,85 4 1,37 ± 0,05 0,75 ± 0,03
9,07 5 0,79 ± 0,03 0,42 ± 0,02
12,04 4 1,12 ± 0,10 0,91 ± 0,08
22,73 5 0,88 ± 0,08 0,61 ± 0,05
39,6 5 0,87 ± 0,06 0,55 ± 0,04

‚ ¸²ÊÎ ¥ 115In ¨§ÊÎ ²¨¸Ó µÉ´µÏ¥´¨Ö ¨´É¥´¸¨¢´µ¸É¥° £ ³³ -¶¥·¥Ìµ¤µ¢ ¤²Ö
Ô´¥·£¨° 186,2 ¨ 273,0 ±Ô‚ ¨ É·¨¶²¥É  171÷ 175 ±Ô‚, ¤²Ö ¨§µÉµ¶  113In ¡· -
²¨¸Ó µÉ´µÏ¥´¨Ö ¨´É¥´¸¨¢´µ¸É¥° £ ³³ -¶¥·¥Ìµ¤µ¢ ¸ Ô´¥·£¨Ö³¨ 287,4; 341;
307 ±Ô‚. �É´µÏ¥´¨Ö ¨´É¥´¸¨¢´µ¸É¥° ÔÉ¨Ì ²¨´¨° · §¤¥²ÖÕÉ¸Ö ´  ¤¢¥ £·Ê¶¶Ò
¢ § ¢¨¸¨³µ¸É¨ µÉ ¸¶¨´  ·¥§µ´ ´¸ , ÎÉµ ¢¨¤´µ ¨§ É ¡². 1 ¨ 2. ‚¶¥·¢Ò¥ µ¶·¥-
¤¥²¥´Ò ¸¶¨´Ò ¤²Ö ¨§µÉµ¶  113In [5].

�¶·¥¤¥²¥´¨¥ · ¤¨ Í¨µ´´ÒÌ Ï¨·¨´ ¨ ¤·Ê£¨Ì Ì · ±É¥·¨¸É¨±. �¤´µ¢·¥-
³¥´´Ò¥ ¨§³¥·¥´¨Ö ¸¶¥±É·µ¢ ¢·¥³¥´¨ ¶·µ²¥É  ¤²Ö · ¤¨ Í¨µ´´µ£µ § Ì¢ É  ¨
· ¸¸¥Ö´¨Ö ´¥°É·µ´µ¢ ¸ ¶µ³µÐÓÕ ¸¶¥±É·µ³¥É·  ®�µ³ Ï± ¯ ¤ ²¨ ¢µ§³µ¦´µ¸ÉÓ
µÍ¥´¨ÉÓ · ¤¨ Í¨µ´´Ò¥ Ï¨·¨´Ò ¤²Ö ³´µ£¨Ì ·¥§µ´ ´¸µ¢. Š ± ¨§¢¥¸É´µ, ¶²µ-
Ð ¤¨ ¶µ¤ ·¥§µ´ ´¸ ³¨ ¢ ¸¶¥±É· Ì · ¤¨ Í¨µ´´µ£µ § Ì¢ É  ¨ · ¸¸¥Ö´¨Ö ´¥°-
É·µ´µ¢ µ¶¨¸Ò¢ ÕÉ¸Ö Ëµ·³Ê² ³¨

Sγ = Π(E)εγAΓγ/Γ, (1)

Sn = Π(E)εnAΓn/Γ, (2)
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’ ¡²¨Í  2. �É´µÏ¥´¨Ö ¨´É¥´¸¨¢´µ¸É¥° £ ³³ -²¨´¨° ¨ ¸¶¨´Ò ¤²Ö ·¥§µ´ ´¸µ¢ 113In

E, Ô‚ J R1 = I(287,4)/I(307) R2 = I(341)/I(307)

1,80 4 2,52 ± 0,13 1,22 ± 0,08
4,70 5 1,2 ± 0,08 0,84 ± 0,05
14,6 5 1,88 ± 0,08 0,97 ± 0,05
21,55 4 2,31 ± 0,16 1,26 ± 0,08
24, 99 5 1,87 ± 0,11 0,82 ± 0,05
32,24 5 1,76 ± 0,11 1,04 ± 0,06
44, 71 Å Å Å
45,30 Å Å Å
70,29 4 2,69 ± 0,42 1,58 ± 0,15
91,59 5 1,78 ± 0,25 0,65 ± 0,04

£¤¥ Π(E) Å ¶µÉµ± ´¥°É·µ´µ¢ ¸ ·¥§µ´ ´¸´µ° Ô´¥·£¨¥° E ´  ¥¤¨´¨Î´Ò° ¨´-
É¥·¢ ² Ô´¥·£¨¨ §  ¢·¥³Ö ¨§³¥·¥´¨° ´  ¢¸Õ ¶²µÐ ¤Ó µ¡· §Í ; A Å ¶²µÐ ¤Ó,
¸µµÉ¢¥É¸É¢ÊÕÐ Ö ·¥§µ´ ´¸´µ³Ê ¶·µ¢ ²Ê ´  ±·¨¢µ° ¶·µ¶Ê¸± ´¨Ö; εγ , εn Å
ÔËË¥±É¨¢´µ¸ÉÓ ·¥£¨¸É· Í¨¨  ±Éµ¢ · ¸¸¥Ö´¨Ö ¨ § Ì¢ É  ´¥°É·µ´µ¢.

‡´ Ö §´ Î¥´¨Ö Sn/Sγ , εγ , εn ¨ Γn, ³µ¦´µ ¶µ²ÊÎ¨ÉÓ · ¤¨ Í¨µ´´Ò¥ Ï¨-
·¨´Ò. �ÉÊ ´µ¢ÊÕ ³¥Éµ¤¨±Ê µ¶·¥¤¥²¥´¨Ö Ï¨·¨´ ³µ¦´µ · ¸¸³µÉ·¥ÉÓ ´  ¶·¨-
³¥·¥ ¨§µÉµ¶  149Sm. �É´µÏ¥´¨¥ ÔËË¥±É¨¢´µ¸É¥° εγ/εn ¢ ¸²ÊÎ ¥ 149Sm · ¢-
´Ö²µ¸Ó 0,58 ± 0,08 ¨ ´ Ìµ¤¨²µ¸Ó ¨§ Ô±¸¶¥·¨³¥´É  ¶ÊÉ¥³ ¶·µ¢¥¤¥´¨Ö ´µ·³¨-
·µ¢±¨ ¶µ ¶ÖÉ¨ ´¨§±µ²¥¦ Ð¨³, Ìµ·µÏµ · §·¥Ï¥´´Ò³ ¨ ¸¨²Ó´Ò³ ·¥§µ´ ´¸ ³,
¤²Ö ±µÉµ·ÒÌ ¤µ¢µ²Ó´µ ÉµÎ´µ ¨§¢¥¸É´Ò Γn ¨ Γγ (¨Ì §´ Î¥´¨Ö µ¶·¥¤¥²Ö²¨¸Ó
¶µ ¤·Ê£µ° ³¥Éµ¤¨±¥ ¤²Ö ¡µ²ÓÏ¥° ÉµÎ´µ¸É¨). �·¨ ÔÉµ³ ¸Î¨É ²µ¸Ó, ÎÉµ ÔËË¥±-
É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨ £ ³³ -±¢ ´Éµ¢ εγ ¨ εn ¶· ±É¨Î¥¸±¨ ´¥ ³¥´ÖÕÉ¸Ö µÉ
·¥§µ´ ´¸  ± ·¥§µ´ ´¸Ê.

�·¨ µ¶·¥¤¥²¥´¨¨ ¶ · ³¥É·µ¢ ·¥§µ´ ´¸µ¢ ¢ §´ Î¥´¨Ö Sn ¨ Sγ ¢¢µ¤¨²¨¸Ó
¶µ¶· ¢±¨, ÊÎ¨ÉÒ¢ ÕÐ¨¥ ¢±² ¤Ò ·¥£¨¸É· Í¨¨  ±Éµ¢ § Ì¢ É  ¢ ± ´ ²¥ · ¸¸¥Ö´¨Ö
(4 %) ¨  ±Éµ¢ · ¸¸¥Ö´¨Ö ¢ ± ´ ²¥ § Ì¢ É  (µÉ 5 ¤µ 15 % ¢ § ¢¨¸¨³µ¸É¨ µÉ
Ô´¥·£¨¨ ´¥°É·µ´µ¢).

‡´ Î¥´¨Ö Ô´¥·£¨° ·¥§µ´ ´¸µ¢ ¨ · ¤¨ Í¨µ´´ÒÌ Ï¨·¨´ ¶µ²ÊÎ¥´Ò ¢ µ¡² ¸É¨
Ô´¥·£¨¨ ¤µ 270 Ô‚ [4]. “¤ ²µ¸Ó µ¶·¥¤¥²¨ÉÓ µ±µ²µ 40 · ´¥¥ ´¥¨§¢¥¸É´ÒÌ Ï¨-
·¨´. � ¡²Õ¤ ÕÉ¸Ö §´ Î¨É¥²Ó´µ ³¥´ÓÏ¨¥ Ë²Ê±ÉÊ Í¨¨ Ï¨·¨´ ¶µ ¸· ¢´¥´¨Õ
¸ ¤ ´´Ò³¨ ¨§ BNL-325, ¨ ´¥É ¸¨¸É¥³ É¨Î¥¸±µ° É¥´¤¥´Í¨¨ ·µ¸É  §´ Î¥´¨°
Ï¨·¨´ ¸ Ê¢¥²¨Î¥´¨¥³ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨°. Š·µ³¥ ¸¶¨´µ¢ ¨ · -
¤¨ Í¨µ´´ÒÌ Ï¨·¨´, µ¶·¥¤¥²Ö²¨¸Ó ¶µ ´¥µ¡Ìµ¤¨³µ¸É¨ ´¥°É·µ´´Ò¥ Ï¨·¨´Ò ¨
¸·¥¤´¨¥ Ì · ±É¥·¨¸É¨±¨ ·¥§µ´ ´¸´ÒÌ Ê·µ¢´¥°, É. ¥. · ¸¸ÉµÖ´¨Ö ³¥¦¤Ê Ê·µ¢-
´Ö³¨ ¨ ¸¨²µ¢Ò¥ ËÊ´±Í¨¨.

�¥§µ´ ´¸´Ò¥ ¶ · ³¥É·Ò µÉ³¥Î¥´´ÒÌ ¢ÒÏ¥ ¨§µÉµ¶µ¢ ¢±²ÕÎ¥´Ò ¢ ¸¶· -
¢µÎ´¨± Ö¤¥·´ÒÌ ¤ ´´ÒÌ [13].
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�¶·¥¤¥²¥´¨¥ ¢¥²¨Î¨´Ò α = σγ/σf . ‘¶¥±É·µ³¥É·¨Ö ³´µ¦¥¸É¢¥´´µ¸É¨ ¨§-
²ÊÎ¥´¨° ¶µ§¢µ²Ö¥É µ¤´µ¢·¥³¥´´µ ·¥£¨¸É·¨·µ¢ ÉÓ ´¥¸±µ²Ó±µ ¶·µÍ¥¸¸µ¢ ¢§ ¨-
³µ¤¥°¸É¢¨Ö ´¥°É·µ´µ¢ ¸ Ö¤· ³¨ (¤¥²¥´¨¥, · ¤¨ Í¨µ´´Ò° § Ì¢ É ¨ · ¸¸¥Ö´¨¥
´¥°É·µ´µ¢) ¨ ¢ ·Ö¤¥ ¸²ÊÎ ¥¢ · §¤¥²ÖÉÓ ¨Ì. ‚ ¶µ¸²¥¤´¨¥ £µ¤Ò ÔÉ  ³¥Éµ¤¨±  ¨¸-
¶µ²Ó§µ¢ ² ¸Ó ¤²Ö ¨§ÊÎ¥´¨Ö Ëµ·³Ò ¸¶¥±É·µ¢ ³´µ¦¥¸É¢¥´´µ¸É¨ £ ³³ -²ÊÎ¥° ¢
µÉ¤¥²Ó´ÒÌ · §·¥Ï¥´´ÒÌ ·¥§µ´ ´¸ Ì 239Pu ¨ 235U ¨ ¢ Ô´¥·£¥É¨Î¥¸±¨Ì £·Ê¶¶ Ì
¶·¨ ¨¸¸²¥¤µ¢ ´¨¨ ¶·µÍ¥¸¸µ¢ ¤¥²¥´¨Ö ¨ · ¤¨ Í¨µ´´µ£µ § Ì¢ É ,   É ±¦¥ ¤²Ö
µ¶·¥¤¥²¥´¨Ö ¨ ÊÉµÎ´¥´¨Ö ¢¥²¨Î¨´Ò α ´  ¸¶¥±É·µ³¥É· Ì ®�µ³ Ï± ¯ ¨ ®� -
·Ê¸¯. ˆ§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¢·¥³¥´´ÒÌ ¸¶¥±É·µ¢ ¶µ¸²¥ ¢ÒÎ¨É ´¨Ö Ëµ´µ¢ÒÌ
¸µ¸É ¢²ÖÕÐ¨Ì ¶µ²ÊÎ ²¨¸Ó ¨¸Ìµ¤´Ò¥ ¸¶¥±É·Ò ±· É´µ¸É¨ ¸µ¢¶ ¤¥´¨° µÉ 1 ¤µ
12 ±· É´µ¸É¥° ¤²Ö Ô´¥·£¥É¨Î¥¸±¨Ì £·Ê¶¶ ¢ ¤¨ ¶ §µ´¥ Ô´¥·£¨° 2,15÷ 2150 Ô‚,
¤²Ö 80 ·¥§µ´ ´¸µ¢ 239Pu ¢ µ¡² ¸É¨ Ô´¥·£¨° 7÷313 Ô‚ ¨ 165 ·¥§µ´ ´¸µ¢ 235U ¤µ
150 Ô‚ [1, 6Ä8]. „²Ö · §¤¥²¥´¨Ö ¨¸Ìµ¤´ÒÌ ¸¶¥±É·µ¢ ±· É´µ¸É¨ ´  § Ì¢ É´ÊÕ
¨ ¤¥²¨É¥²Ó´ÊÕ Î ¸É¨ ¨¸¶µ²Ó§µ¢ ²¨¸Ó ¸¶¥±É·Ò ±· É´µ¸É¨ · §·¥Ï¥´´ÒÌ ·¥§µ-
´ ´¸µ¢ ¸ ³ ²Ò³¨ ¨ ¡µ²ÓÏ¨³¨ ¤¥²¨É¥²Ó´Ò³¨ Ï¨·¨´ ³¨ ¸µµÉ¢¥É¸É¢¥´´µ. ˆ§
ÔÉ¨Ì ¸¶¥±É·µ¢ ±· É´µ¸É¨ Ëµ·³¨·µ¢ ²¨¸Ó ¸É ´¤ ·É´Ò¥ ¸¶¥±É·Ò § Ì¢ É  ¨ ¤¥-
²¥´¨Ö, ±µÉµ·Ò¥ ¶·¨³¥´Ö²¨¸Ó ¶·¨ · §¤¥²¥´¨¨ ¨¸Ìµ¤´ÒÌ ¸¶¥±É·µ¢ ±· É´µ¸É¥°.
� §¤¥²¥´¨¥ ¸Ê³³ ·´ÒÌ ¸¶¥±É·µ¢ ±· É´µ¸É¨ ´  ¤¢¥ Î ¸É¨ ¶µ§¢µ²Ö¥É µ¶·¥¤¥²¨ÉÓ
¢¥²¨Î¨´Ê α ¶µ Ëµ·³Ê²¥

α = σγ/σf = Nγεf/Nfεγ = ΣKiγεf/ΣKifεγ , (3)

£¤¥ σγ , σf Å ¸¥Î¥´¨Ö · ¤¨ Í¨µ´´µ£µ § Ì¢ É  ¨ ¤¥²¥´¨Ö; Nγ , Nf Å ¸Ê³³ ·-
´µ¥ Î¨¸²µ µÉcÎ¥Éµ¢ £ ³³ -±¢ ´Éµ¢ § Ì¢ É  ¨ ¤¥²¥´¨Ö; εf , εγ Å ÔËË¥±É¨¢´µ¸ÉÓ
·¥£¨¸É· Í¨¨ § Ì¢ É´ÒÌ ¨ ¤¥²¨É¥²Ó´ÒÌ £ ³³ -±¢ ´Éµ¢; Kiγ , Kif Å i-Ö ±· É-
´µ¸ÉÓ · ¤¨ Í¨µ´´µ£µ § Ì¢ É  ¨ ¤¥²¥´¨Ö. �µ£·¥Ï´µ¸É¨ ¢ ¢¥²¨Î¨´¥ α µ¶·¥¤¥-
²Ö²¨¸Ó ¢ µ¸´µ¢´µ³ µÏ¨¡± ³¨ ¶·¨ · §²µ¦¥´¨¨ ¨¸Ìµ¤´ÒÌ ¸¶¥±É·µ¢ ±· É´µ¸É¨
´  ¸µ¸É ¢²ÖÕÐ¨¥ Î ¸É¨ µÉ ¤¥²¥´¨Ö ¨ · ¤¨ Í¨µ´´µ£µ § Ì¢ É . �µ£·¥Ï´µ¸É¨
¨§-§  ´¥µ¶·¥¤¥²¥´´µ¸É¥° ¢ ÔËË¥±É¨¢´µ¸ÉÖÌ ·¥£¨¸É· Í¨¨ £ ³³ -²ÊÎ¥° ¸ÊÐ¥-
¸É¢¥´´µ ³¥´ÓÏ¥, ¶µ¸±µ²Ó±Ê µÉ´µÏ¥´¨¥ Q = εf/εγ ¡²¨§±µ ± ¥¤¨´¨Í¥. � 
·¨¸. 2 ¶·¨¢¥¤¥´Ò ¤²Ö ¶·¨³¥·  Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö ¢¥²¨Î¨´Ò α 239Pu,
£¤¥ ¤²Ö ¸· ¢´¥´¨Ö ¶·¨¢µ¤ÖÉ¸Ö É ±¦¥ · ¸Î¥É´Ò¥ ¤ ´´Ò¥, ¶µ²ÊÎ¥´´Ò¥ ¶µ ¶·µ-
£· ³³¥ ƒ�“Š�� ´  µ¸´µ¢¥ ¶µ¸²¥¤´¨Ì µÍ¥´µ± ±µ´¸É ´É 239Pu ¢ ¡¨¡²¨µÉ¥± Ì
BROND-2, ENDF/B-6, JENDL-3. � ¸Î¥É ¢¥²¨Î¨´Ò α ¡Ò² ¸¤¥² ´ É ±¦¥ ¨ ¢
³¥¦·¥§µ´ ´¸´ÒÌ Ô´¥·£¥É¨Î¥¸±¨Ì ¨´É¥·¢ ² Ì. Š ± ¢¨¤´µ ¨§ ·¨¸. 2, · ¸Î¥É´Ò¥
§´ Î¥´¨Ö α ¢ · §´ÒÌ ¡¨¡²¨µÉ¥± Ì µÉ²¨Î ÕÉ¸Ö ¤·Ê£ µÉ ¤·Ê£  ´  5 ÷ 30%,  
¢ µÉ¤¥²Ó´ÒÌ ·¥§µ´ ´¸ Ì Å ´  50 ÷ 100 %. �±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö α
µÉ²¨Î ÕÉ¸Ö µÉ · ¸Î¥É´ÒÌ ¶·¨ ³ ²ÒÌ ¨ ¡µ²ÓÏ¨Ì §´ Î¥´¨ÖÌ, ±µ£¤  ¢±² ¤ · -
¤¨ Í¨µ´´µ£µ § Ì¢ É  ¨²¨ ¤¥²¥´¨Ö ¢ ¸Ê³³ ·´µ³ ¸¶¥±É·¥ ±· É´µ¸É¨ ³ ²,   ´¥-
µ¶·¥¤¥²¥´´µ¸ÉÓ ¸¨²Ó´µ ¢µ§· ¸É ¥É ¶·¨ · §²µ¦¥´¨¨ ¸¶¥±É·  ´  ¸µ¸É ¢²ÖÕÐ¨¥
Î ¸É¨ ¶µ ¶·¨´ÖÉÒ³ ¸É ´¤ ·É´Ò³ ¸¶¥±É· ³. �É¨ ´¥µ¶·¥¤¥²¥´´µ¸É¨ Ê³¥´ÓÏ -
ÕÉ¸Ö ¶·¨ µ¶·¥¤¥²¥´¨¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ · ¸Î¥É´ÒÌ §´ Î¥´¨° α ¢ Ï¨·µ-
±¨Ì Ô´¥·£¥É¨Î¥¸±¨Ì £·Ê¶¶ Ì (É ¡². 3) ¡² £µ¤ ·Ö ´ ²¨Î¨Õ ¡µ²ÓÏµ£µ ±µ²¨Î¥¸É¢ 
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�¨¸. 2. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨ · ¸Î¥É´Ò¥ §´ Î¥´¨Ö α. ‘¢¥É²Ò¥ ±¢ ¤· ÉÒ Å Ô±¸¶¥·¨-
³¥´É; ¸¶²µÏ´ Ö ±·¨¢ Ö Å ENDF/B-6; ÏÉ·¨Ìµ¢ Ö Å JENDL-3; ÉµÎ¥Î´ Ö Å BROND-2

’ ¡²¨Í  3. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨ · ¸Î¥É´Ò¥ §´ Î¥´¨Ö α ¤²Ö Ô´¥·£¥É¨Î¥¸±¨Ì £·Ê¶¶
239Pu

Elim, Ô‚ αbl α BNAB BROND-2 ENDF/B-6 JENDL-3
(Ë¨²ÓÉ· 1 ³³) (¡¥§ Ë¨²ÓÉ· )

4,65−10 Å 0,88 ± 0,04 0,85 0,30 0,48 0,47
10−21,5 0,57 0,60 ± 0,03 0,68 0,57 0,84 0,80

21,5−46,5 1,07 1,45 ± 0,04 1,07 1,04 1,54 1,48
46,5−100 0,35 0,52 ± 0,02 0,57 0,44 0,50 0,48
100−215 0,53 0,80 ± 0,03 0,87 0,61 0,71 0,68
215−465 0,56 Å 0,93 0,84 0,82 0,79
465−1000 0,59 0,80 ± 0,04 0,83 0,97 0,88 0,87
1000−2150 0,69 0,72 ± 0,03 0,89 0,93 1,00 1,10

·¥§µ´ ´¸µ¢. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¶µ£·¥Ï´µ¸É¨ ¢¥²¨Î¨´Ò α ¢ µÉ¤¥²Ó´ÒÌ ·¥§µ-
´ ´¸ Ì ¸µ¸É ¢²ÖÕÉ 2 ÷ 12 %. ‚ Ô´¥·£¥É¨Î¥¸±¨Ì £·Ê¶¶ Ì ¶µ£·¥Ï´µ¸É¨ · ¢´Ò
3 ÷ 6 %.

ˆ¸¶µ²Ó§µ¢ ´¨¥ ¦¨¤±µ¸É´µ£µ ¤¥É¥±Éµ·  Ê¸É ´µ¢±¨ ®� ·Ê¸¯ ¤²Ö ¨§³¥·¥´¨Ö
¸¶¥±É·µ¢ ±· É´µ¸É¨ ¶µ§¢µ²¨²µ ¨¸¸²¥¤µ¢ ÉÓ ÔËË¥±É ·¥§µ´ ´¸´µ° ¡²µ±¨·µ¢±¨
¨ ¤µ¶²¥·-ÔËË¥±É ¢ ¢¥²¨Î¨´¥ α ¤¥²ÖÐ¨Ì¸Ö ¨§µÉµ¶µ¢. „²Ö ÔÉµ£µ ¶·µ¢¥¤¥´Ò ¨§-
³¥·¥´¨Ö ¢·¥³Ö¶·µ²¥É´ÒÌ ¸¶¥±É·µ¢ µÉ 1-° ¤µ 15-° ±· É´µ¸É¨ ¶·¨ ´ ²¨Î¨¨ ´ 
´¥°É·µ´´µ³ ¶ÊÎ±¥ µ¡· §Íµ¢-Ë¨²ÓÉ·µ¢ · §²¨Î´µ° Éµ²Ð¨´Ò. ŠµÔËË¨Í¨¥´É ·¥-
§µ´ ´¸´µ° ¡²µ±¨·µ¢±¨ α ¨ ¥£µ É¥³¶¥· ÉÊ·´ÊÕ § ¢¨¸¨³µ¸ÉÓ ³µ¦´µ µ¶·¥¤¥²¨ÉÓ
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¶µ Ëµ·³Ê²¥

αbl =
αfγ(θ)
ff (θ)

=
α

∞∫

0

Tγ(x)dx

∞∫

0

Tf (x)dx

=

∞∫

∆E

∫

0

σγe−σxdEdx

∞∫

∆E

∫

0

σf e−σxdEdx

, (4)

£¤¥ fγ , ff Å ±µÔËË¨Í¨¥´ÉÒ ·¥§µ´ ´¸´µ° ¡²µ±¨·µ¢±¨ ¢ ¸¥Î¥´¨ÖÌ § Ì¢ É 
¨ ¤¥²¥´¨Ö ¢¥²¨Î¨´Ò α; x Å Éµ²Ð¨´  µ¡· §Í -Ë¨²ÓÉ· ; Tγ , Tf Å ËÊ´±-
Í¨¨ ¸ ³µ¨´¤¨± Í¨¨ ¢ · ¤¨ Í¨µ´´µ³ § Ì¢ É¥ ¨ ¤¥²¥´¨¨; α Å ¢¥²¨Î¨´  ¶·¨
µÉ¸ÊÉ¸É¢¨¨ µ¡· §Í -Ë¨²ÓÉ·  ´  ´¥°É·µ´´µ³ ¶ÊÎ±¥; θ Å É¥³¶¥· ÉÊ·  µ¡· §Í -
Ë¨²ÓÉ· .

‚²¨Ö´¨¥ ·¥§µ´ ´¸´µ° ¡²µ±¨·µ¢±¨ ¤µ ¸¨Ì ¶µ· ¸² ¡µ ¨¸¸²¥¤µ¢ ´µ. ˆ§³¥-
·¥´¨Ö ¡²µ±¨·µ¢±¨ ¡Ò²¨ ¶·µ¢¥¤¥´Ò ¤²Ö ¤¢ÊÌ Éµ´±¨Ì ³¥É ²²¨Î¥¸±¨Ì ¤¨¸±µ¢
239Pu, µ¡µ£ Ð¥´´µ£µ ¤µ 99,9 %. �¡· §ÍÒ-Ë¨²ÓÉ·Ò Éµ²Ð¨´µ° 0,3, 0,5, 1 ¨
2,3 ³³ ¶µ µÎ¥·¥¤¨ ¶µ³¥Ð ²¨¸Ó ¢ ¶ÊÎµ± ´¥°É·µ´µ¢ ¶¥·¥¤ (n, γ)-¤¥É¥±Éµ·µ³.

‚ É ¡². 3 ¶·¨¢¥¤¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö ¢¥²¨Î¨´Ò α ¢ £·Ê¶¶ Ì
¤²Ö µÉ±·ÒÉµ£µ ¶ÊÎ±  ¨ ¶·¨ ´ ²¨Î¨¨ ¢ ¶ÊÎ±¥ µ¡· §Í -Ë¨²ÓÉ·  Éµ²Ð¨´µ° 1 ³³,
  É ±¦¥ · ¸Î¥É´Ò¥ §´ Î¥´¨Ö ¤²Ö µÉ±·ÒÉµ£µ ¶ÊÎ± , ¶µ²ÊÎ¥´´Ò¥ ´  µ¸´µ¢¥
µÍ¥´¥´´ÒÌ ¤ ´´ÒÌ · §´ÒÌ ¡¨¡²¨µÉ¥±.

Š ± ¢¨¤´µ ¨§ É ¡². 3, · ¸Î¥É´Ò¥ §´ Î¥´¨Ö α ¤²Ö · §´ÒÌ ¡¨¡²¨µÉ¥± µÉ-
²¨Î ÕÉ¸Ö ¤·Ê£ µÉ ¤·Ê£  ´  5 ÷ 60 %, ÎÉµ, ¶µ-¢¨¤¨³µ³Ê, µÉ· ¦ ¥É · §²¨Î¨Ö
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¢ · §´ÒÌ · ¡µÉ Ì. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¶µ£·¥Ï-
´µ¸É¨ ¢¥²¨Î¨´Ò α ¸µ¸É ¢²ÖÕÉ 5 ÷ 10 %. � ¡²Õ¤ ¥É¸Ö ÔËË¥±É Ê³¥´ÓÏ¥´¨Ö
α ´  5 ÷ 40 % §  ¸Î¥É ·¥§µ´ ´¸´µ° ¡²µ±¨·µ¢±¨, ÎÉµ ³µ¦´µ µ¡ÑÖ¸´¨ÉÓ ¡µ²¥¥
¸¨²Ó´µ° ·¥§µ´ ´¸´µ° ¡²µ±¨·µ¢±µ° ´  Ê§±¨Ì, ¸µ ¸¶¨´µ³ J = 1 ·¥§µ´ ´¸ Ì
¸ ¡µ²ÓÏ¨³ §´ Î¥´¨¥³ α ¶µ ¸· ¢´¥´¨Õ ¸ Ï¨·µ±¨³¨ ¤¥²¨É¥²Ó´Ò³¨ ·¥§µ´ ´-
¸ ³¨ ¸µ ¸¶¨´µ³ J = 0 ¨ ¸ ³ ²Ò³¨ §´ Î¥´¨Ö³¨ α. „¥É ²¨ Ô±¸¶¥·¨³¥´É  ¨
·¥§Ê²ÓÉ ÉÒ ¶·¨¢µ¤ÖÉ¸Ö ¢ [8].

ˆ§ÊÎ¥´¨¥ ¸¥Î¥´¨° ¤¥²¥´¨Ö ³¨´µ·´ÒÌ  ±É¨´¨¤µ¢. ˆ§³¥·¥´¨Ö ¢·¥³Ö¶·µ-
²¥É´ÒÌ ¸¶¥±É·µ¢ ¶·µ¢µ¤¨²¨¸Ó ´  ¨³¶Ê²Ó¸´µ³ ¡Ê¸É¥·¥ ˆ��-30. ‚ ± Î¥¸É¢¥
¤¥É¥±Éµ·  µ¸±µ²±µ¢ ¤¥²¥´¨Ö ¨¸¶µ²Ó§µ¢ ²¨¸Ó ¨µ´¨§ Í¨µ´´Ò¥ ± ³¥·Ò · §²¨Î-
´µ° ±µ´¸É·Ê±Í¨¨, ¸µ¤¥·¦ Ð¨¥ µÉ 2,2 ³£ (243Am) ¤µ 1,5 £ (237Np) ¨¸¸²¥¤Ê¥-
³µ£µ ¨§µÉµ¶  ¨ µ¤´Ê ³¨Ï¥´Ó ¨§ 235U ¤²Ö ¨§³¥·¥´¨Ö ¶µÉµ±  ¨ ± ²¨¡·µ¢±¨ ¶µ
Ô´¥·£¨¨.

�µ²ÊÎ¥´´Ò¥ ¢ ¨§³¥·¥´¨ÖÌ ¢·¥³Ö¶·µ²¥É´Ò¥ ¸¶¥±É·Ò ¤¥²¥´¨Ö ¶·¥µ¡· §µ-
¢Ò¢ ²¨¸Ó ¢ § ¢¨¸¨³µ¸ÉÓ ¸¥Î¥´¨Ö ¤¥²¥´¨Ö µÉ Ô´¥·£¨¨ ´¥°É·µ´µ¢. Š·µ³¥ Éµ£µ,
¢ µ¡² ¸É¨ Ô´¥·£¨° ´¥°É·µ´µ¢, £¤¥ ¢·¥³Ö¶·µ²¥É´µ¥ · §·¥Ï¥´¨¥ ¡Ò²µ ¤µ¸É -
ÉµÎ´Ò³ ¤²Ö · §·¥Ï¥´¨Ö µÉ¤¥²Ó´ÒÌ ·¥§µ´ ´¸µ¢, µ¶·¥¤¥²¥´Ò ¶²µÐ ¤¨ σ0Γf ¨
¤¥²¨É¥²Ó´Ò¥ Ï¨·¨´Ò Γf ÔÉ¨Ì ·¥§µ´ ´¸µ¢. „²Ö 234U ÔÉ¨ ¶ · ³¥É·Ò µ¶·¥¤¥²Ö-
²¨¸Ó ³¥Éµ¤µ³ ¶²µÐ ¤¥°,   ¤²Ö 237Np ¨ 243Am Å ³¥Éµ¤µ³ Ëµ·³Ò. �µ¤·µ¡´µ
¶·µÍ¥¤Ê·  µ¡· ¡µÉ±¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ µ¶¨¸ ´  ¢ · ¡µÉ¥ [9].



ˆ‘‘‹…„�‚��ˆ… Ÿ„…��›• „���›• 223

�¨¸. 3. ‘¥Î¥´¨¥ ¤¥²¥´¨Ö 237Np: ±·Ê¦±¨ Å · §·¥Ï¥´¨¥ 40 ´¸/³; É·¥Ê£µ²Ó´¨±¨ Å
· §·¥Ï¥´¨¥ 70 ´¸/³; ¸¶²µÏ´ Ö ²¨´¨Ö Å · ¸Î¥É

�¨¸. 4. ‘¥Î¥´¨¥ ¤¥²¥´¨Ö 243�m: ÉµÎ±¨ Å Ô±¸¶¥·¨³¥´É; ¸¶²µÏ´ Ö ²¨´¨Ö Å · ¸Î¥É

‘¥Î¥´¨Ö ¤¥²¥´¨Ö 234U µ¶·¥¤¥²¥´Ò ¢ ¤¨ ¶ §µ´¥ Ô´¥·£¨° 1÷ 1000 Ô‚ [10],
¤²Ö 237Np ¢ µ¡² ¸É¨ Ô´¥·£¨° 1 ÷ 60 Ô‚ (¸³. ·¨¸. 3). �µ£·¥Ï´µ¸É¨ µ¶·¥¤¥-
²¥´¨Ö ¸¥Î¥´¨Ö ¢ ·¥§µ´ ´¸ Ì ´¥ ¶·¥¢ÒÏ ÕÉ 4 % ¨ µ¡Ê¸²µ¢²¥´Ò ¢ µ¸´µ¢´µ³
¸É É¨¸É¨Î¥¸±µ° ÉµÎ´µ¸ÉÓÕ ± ²¨¡·µ¢µÎ´ÒÌ ¨§³¥·¥´¨°.

�  ·¨¸. 4 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¸¥Î¥´¨Ö ¤¥²¥´¨Ö 243Am
[11]. ’µÎ± ³¨ µ¡µ§´ Î¥´Ò ¸¥Î¥´¨Ö, ¶µ²ÊÎ¥´´Ò¥ ´¥¶µ¸·¥¤¸É¢¥´´µ ¨§ ¢·¥-
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³Ö¶·µ²¥É´µ£µ ¸¶¥±É· ,   ²¨´¨¥° Å ¢µ¸¸É ´µ¢²¥´´Ò¥ ¢ µ¤´µÊ·µ¢´¥¢µ³
¶·¨¡²¨¦¥´¨¨.

ˆ¸¸²¥¤µ¢ ´¨Ö § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢. �  ¨³¶Ê²Ó¸´µ³ ·¥ ±Éµ·¥
ˆ��-2 ¶·µ¢¥¤¥´Ò ¨¸¸²¥¤µ¢ ´¨Ö Ì · ±É¥·¨¸É¨± § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢
(‡�) [12]. ‚ ¨Ì Î¨¸²¥ ¨§³¥·¥´¨Ö µÉ´µ¸¨É¥²Ó´ÒÌ ¢ÒÌµ¤µ¢ ‡�, µ¡· §µ¢ ¢Ï¨Ì¸Ö
¢ ·¥§Ê²ÓÉ É¥ ¤¥²¥´¨Ö 233U, 239Pu ¨ 237Np É¥¶²µ¢Ò³¨ ´¥°É·µ´ ³¨,   É ±¦¥ ¶µ-
¸²¥ ¤¥²¥´¨Ö 233U, 235U ¨ 239Pu Ìµ²µ¤´Ò³¨ ´¥°É·µ´ ³¨. �·¨ ÔÉµ³ ¢ÒÌµ¤ ‡�
¢ ¤¥²¥´¨¨ 235U É¥¶²µ¢Ò³¨ ´¥°É·µ´ ³¨ ¨¸¶µ²Ó§µ¢ ²¸Ö ¢ ± Î¥¸É¢¥ ¸É ´¤ ·É .
�¸µ¡µ¥ ¢´¨³ ´¨¥ ¡Ò²µ Ê¤¥²¥´µ ¨§³¥·¥´¨Ö³ ¸ 237Np, ±µÉµ·Ò¥ ¶·µ¢¥¤¥´Ò ¢¶¥·-
¢Ò¥. �ÉµÉ ¨§µÉµ¶ ¶·¥¤¶µ² £ ¥É¸Ö ¨¸¶µ²Ó§µ¢ ÉÓ ¢ Ô´¥·£¥É¨Î¥¸±¨Ì Ê¸É ´µ¢± Ì
´µ¢µ£µ ¶µ±µ²¥´¨Ö. �·¨ ÔÉµ³ ¶·¨Ï²µ¸Ó ¶·¥µ¤µ²¥¢ ÉÓ §´ Î¨É¥²Ó´Ò¥ Ô±¸¶¥·¨-
³¥´É ²Ó´Ò¥ ¶·µ¡²¥³Ò, ¶µ¸±µ²Ó±Ê 237Np ¸µ§¤ ¥É ¢Ò¸µ±¨° ´¥°É·µ´´Ò° Ëµ´ ¢
·¥§Ê²ÓÉ É¥ (α, n)-·¥ ±Í¨¨,   ¸¥Î¥´¨¥ ¤¥²¥´¨Ö É¥¶²µ¢Ò³¨ ´¥°É·µ´ ³¨ ¸µ¸É -
¢²Ö¥É ¢¸¥£µ 20 ³¡ (¶µ¤¡ ·Ó¥·´µ¥ ¤¥²¥´¨¥).

ˆ§³¥·¥´¨Ö ¶·µ¢¥¤¥´Ò ³¥Éµ¤µ³ ¶¥·¨µ¤¨Î¥¸±µ£µ µ¡²ÊÎ¥´¨Ö µ¡· §Í  ¡¥§
¥£µ ¶¥·¥³¥Ð¥´¨Ö. �·¨ ÔÉµ³ µ¤´¨³ ¨ É¥³ ¦¥ ¤¥É¥±Éµ·µ³ ·¥£¨¸É·¨·ÊÕÉ¸Ö
³£´µ¢¥´´Ò¥ ¨ § ¶ §¤Ò¢ ÕÐ¨¥ ´¥°É·µ´Ò ¤¥²¥´¨Ö. �¸´µ¢´Ò³ ¶·¥¨³ÊÐ¥¸É¢µ³
ÔÉµ£µ ³¥Éµ¤  Ö¢²Ö¥É¸Ö Éµ, ÎÉµ ´¥µ¶·¥¤¥²¥´´µ¸É¨ ¢ ¨§³¥·¥´¨¨  ¡¸µ²ÕÉ´µ°
ÔËË¥±É¨¢´µ¸É¨ ¤¥É¥±Éµ· , ´¥°É·µ´´µ£µ ¶µÉµ± , ³ ¸¸Ò µ¡· §Í  ´¥ ¢²¨ÖÕÉ ´ 
ÉµÎ´µ¸ÉÓ µ¶·¥¤¥²¥´¨Ö ¢ÒÌµ¤  ‡�. �µ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶·¥¤¸É ¢²¥´Ò ¢
É ¡². 4.

’ ¡²¨Í  4. ‡´ Î¥´¨Ö β0 = νd/ν (¢ ¶·µÍ¥´É Ì) ¤²Ö · §²¨Î´ÒÌ Ô´¥·£¨° ´ ²¥É ÕÐ¨Ì
´¥°É·µ´µ¢ ¨ ¨Ì µÉ´µÏ¥´¨Ö (¢ ¸±µ¡± Ì) ± ¢¥²¨Î¨´¥ ¸É ´¤ ·É  β0[

235U(nth, f)] ¤²Ö
235U, 233U, 239Pu ¨ 237Np

ˆ§µÉµ¶ En = 0,003 Ô‚ En = 0,023 Ô‚

235U 0,683 ± 0,021 (1,004 ± 0,009) 0,680 ± 0,021 (1,000)
233U 0,274 ± 0,009 (0,403 ± 0,006) 0,267 ± 0,009 (0,393 ± 0,006)
239Pu 0,227 ± 0,011 (0,334 ± 0,013) 0,234 ± 0,008 (0,344 ± 0,004)
237Np Å 0,506 ± 0,030

‚¶¥·¢Ò¥ ¶·µ¢¥¤¥´Ò ¸ ·¥±µ·¤´µ° ÉµÎ´µ¸ÉÓÕ ¶·¥Í¨§¨µ´´Ò¥ ¨§³¥·¥´¨Ö ¨
 ´ ²¨§ ±·¨¢ÒÌ · ¸¶ ¤  ‡� ¤²Ö 235U ¨ 239Pu ¢ ¨´É¥·¢ ²¥ ¢·¥³¥´¨ ¶µ¸²¥ µ¡²Ê-
Î¥´¨Ö 5÷730 ³¸. ˆ§³¥·¥´¨Ö Ì · ±É¥·¨¸É¨± ‡� ¤·Ê£¨³¨ ³¥Éµ¤ ³¨ ¢ Ê± § ´´µ³
¨´É¥·¢ ²¥ ¶·¨¢µ¤ÖÉ ± ¡µ²ÓÏ¨³ ´¥µ¶·¥¤¥²¥´´µ¸ÉÖ³.
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