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� ¸Î¥É ËÊ´±Í¨° ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ³´µ£µ¸Ë¥·´µ£µ ¸¶¥±É·µ³¥É· 
´¥°É·µ´µ¢ ¢ µ¡² ¸É¨ Ô´¥·£¨° ¤µ 20 ŒÔ‚

Œ´µ£µ¸Ë¥·´Ò° ¸¶¥±É·µ³¥É· ´¥°É·µ´µ¢ Ö¢²Ö¥É¸Ö ¡ §µ¢Ò³ ¨´¸É·Ê³¥´Éµ³ ¢ Ë¨-
§¨±¥ § Ð¨ÉÒ ¨ ¤µ§¨³¥É·¨¨ ¢ ¶µ²ÖÌ · ¸¸¥Ö´´µ£µ ¨§²ÊÎ¥´¨Ö ´  Ê¸±µ·¨É¥²ÖÌ § ·Ö-
¦¥´´ÒÌ Î ¸É¨Í. ’µÎ´Ò° · ¸Î¥É ËÊ´±Í¨° ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ¸¶¥±É·µ³¥É·  ¢µ ¢¸¥³
Ô´¥·£¥É¨Î¥¸±µ³ ¤¨ ¶ §µ´¥ Ö¢²Ö¥É¸Ö ´¥µ¡Ìµ¤¨³Ò³ Ê¸²µ¢¨¥³ ¶· ¢¨²Ó´µ£µ ¢µ¸¸É -
´µ¢²¥´¨Ö ¸¶¥±É·  ´¥°É·µ´µ¢. ‚ · ¡µÉ¥ ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ËÊ´±Í¨°
ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ¸¶¥±É·µ³¥É·  �ˆŸˆ c ¤¥É¥±Éµ·µ³ LiI(Eu) (´ ¡µ· ¨§ Ï¥¸É¨
£µ³µ£¥´´ÒÌ § ³¥¤²¨É¥²¥°, µ¤¨´ £¥É¥·µ£¥´´Ò° § ³¥¤²¨É¥²Ó, ®£µ²Ò°¯ ¤¥É¥±Éµ· ¢
± ¤³¨¥¢µ³ Ô±· ´¥ ¨ ¡¥§ ´¥£µ) ¤²Ö ¤¢ÊÌ £¥µ³¥É·¨° ¨¸ÉµÎ´¨±Ä¸¶¥±É·µ³¥É·: ¢ ¶²µ¸-
±µ³ ³µ´µ´ ¶· ¢²¥´´µ³ ¨ ¢ µ¤´µ·µ¤´µ³ ¨§µÉ·µ¶´µ³ ¶µ²ÖÌ ´¥°É·µ´µ¢. � ¸Î¥ÉÒ
¢Ò¶µ²´¥´Ò ¶µ ¶·µ£· ³³¥ MCNP ¢ ¤¨ ¶ §µ´¥ Ô´¥·£¨° ´¥°É·µ´µ¢ 10−8Ä20 ŒÔ‚.

� ¡µÉ  ¢Ò¶µ²´¥´  ¢ �É¤¥²¥´¨¨ · ¤¨ Í¨µ´´ÒÌ ¨ · ¤¨µ¡¨µ²µ£¨Î¥¸±¨Ì ¨¸¸²¥-
¤µ¢ ´¨° �ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´µ£µ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°. „Ê¡´ , 2005

Martinkovic J., Timoshenko G. N. P16-2005-105
Calculation of Multisphere Neutron Spectrometer Response
Functions in Energy Range up to 20 MeV

Multisphere neutron spectrometer is a basic instrument of neutron measurements
in the scattered radiation ˇeld at charged-particles accelerators for radiation protec-
tion and dosimetry purposes. The precise calculation of the spectrometer response
functions is a necessary condition of the propriety of neutron spectra unfolding. The
results of the response functions calculation for the JINR spectrometer with LiI(Eu)
detector (a set of 6 homogeneous and 1 heterogeneous moderators, ®bare¯ detector
within cadmium cover and without it) at two geometries of the spectrometer irra-
diation Å in uniform monodirectional and uniform isotropic neutron ˇelds Å are
given. The calculation was carried out by the code MCNP in the neutron energy
range 10−8Ä20 MeV.

The investigation has been performed at the Division of Radiation and Radiobi-
ological Research, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2005



ƒ² ¢´µ¥ µÉ²¨Î¨¥ ¨§³¥·¥´¨° Ì · ±É¥·¨¸É¨± · ¸¸¥Ö´´ÒÌ ¶µ²¥° ¨§²ÊÎ¥´¨Ö
§  § Ð¨É ³¨ Ö¤¥·´µ-Ë¨§¨Î¥¸±¨Ì Ê¸É ´µ¢µ± ¨ ¢ µ±·Ê¦ ÕÐ¥° ¨Ì ¸·¥¤¥ µÉ ¨§-
³¥·¥´¨° Ì · ±É¥·¨¸É¨± ¶µ²¥° ¢Éµ·¨Î´µ£µ ¨§²ÊÎ¥´¨Ö ¨§ Ë¨§¨Î¥¸±¨Ì ³¨Ï¥-
´¥° ¸µ¸Éµ¨É ¢ µÉ¸ÊÉ¸É¢¨¨ ¢Ò¤¥²¥´´µ£µ ¢ ¶·µ¸É· ´¸É¢¥ ´ ¶· ¢²¥´¨Ö ¤¢¨¦¥´¨Ö
¨¸¸²¥¤Ê¥³ÒÌ Î ¸É¨Í. ‚¸²¥¤¸É¢¨¥ ÔÉµ£µ ¸¨²Ó´µ µ£· ´¨Î¥´µ (¨²¨ ¢µµ¡Ð¥ ´¥-
¢µ§³µ¦´µ) ¶·¨³¥´¥´¨¥ ¤²Ö ¨¸¸²¥¤µ¢ ´¨Ö ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ì · ±É¥·¨¸É¨±
· ¸¸¥Ö´´µ£µ ¶µ²Ö ¨§²ÊÎ¥´¨Ö ·Ö¤  ±² ¸¸¨Î¥¸±¨Ì ³¥Éµ¤µ¢ Ô±¸¶¥·¨³¥´É ²Ó´µ°
Ö¤¥·´µ° Ë¨§¨±¨, µ¸´µ¢ ´´ÒÌ ´  ¸ÊÐ¥¸É¢µ¢ ´¨¨ ´¥±µÉµ·µ£µ ¨¸ÉµÎ´¨±  ¨§-
²ÊÎ¥´¨Ö, ²µ± ²¨§µ¢ ´´µ£µ ¢ ¶·µ¸É· ´¸É¢¥ ¨ ¢·¥³¥´¨. ‚ ¸É Í¨µ´ ·´µ³ · ¸-
¸¥Ö´´µ³ ¶µ²¥ ¨§²ÊÎ¥´¨Ö Î ¸É¨ÍÒ ¤¢¨¦ÊÉ¸Ö ¢µ ¢¸¥¢µ§³µ¦´ÒÌ ´ ¶· ¢²¥´¨ÖÌ
¨ ¢§ ¨³µ¤¥°¸É¢ÊÕÉ ¸ ¤¥É¥±Éµ·µ³ ¢ ¶·µ¨§¢µ²Ó´Ò° ³µ³¥´É ¢·¥³¥´¨. � ¨¡µ²Ó-
Ï¨¥ É·Ê¤´µ¸É¨ ¢µ§´¨± ÕÉ ¶·¨ ¨¸¸²¥¤µ¢ ´¨¨ Ì · ±É¥·¨¸É¨± · ¸¸¥Ö´´ÒÌ ¶µ²¥°
´¥°É·µ´µ¢. …Ð¥ µ¤´  µ¸µ¡¥´´µ¸ÉÓ ´¥°É·µ´´ÒÌ ¶µ²¥° §  § Ð¨É ³¨ ¸¢Ö§ ´  ¸
¨Ì ´¥µ¡ÒÎ °´µ Ï¨·µ±¨³ Ô´¥·£¥É¨Î¥¸±¨³ ¤¨ ¶ §µ´µ³, ¶·µ¸É¨· ÕÐ¨³¸Ö ´ 
¤¥¸ÖÉÓ ¨ ¡µ²¥¥ ¶µ·Ö¤±µ¢ ¶µ Ô´¥·£¨¨. ˆ¸¸²¥¤µ¢ ´¨Ö ¤¢µ°´ÒÌ ¤¨ËË¥·¥´Í¨-
 ²Ó´ÒÌ (¶µ Ê£²Ê ¨ Ô´¥·£¨¨) Ì · ±É¥·¨¸É¨± É ±¨Ì ¶µ²¥° µÎ¥´Ó ¸²µ¦´Ò ¢ ³¥-
Éµ¤¨Î¥¸±µ³ ¶² ´¥. �µ²¥¥ ¶·µ¸Éµ ·¥ ²¨§Ê¥É¸Ö ¨§³¥·¥´¨¥ ¨´É¥£· ²Ó´µ£µ ¶µ
Ê£²Ê Ô´¥·£¥É¨Î¥¸±µ£µ Ë²Õ¥´¸  ´¥°É·µ´µ¢. ‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ Ë¨§¨±  ¶·µ-
Í¥¸¸µ¢ ¢§ ¨³µ¤¥°¸É¢¨Ö ´¥°É·µ´µ¢ · §´ÒÌ Ô´¥·£¨° ¸ ¢¥Ð¥¸É¢µ³ · §²¨Î ¥É¸Ö
µÎ¥´Ó ¸¨²Ó´µ,   ¢¥·µÖÉ´µ¸ÉÓ ¨Ì ¢§ ¨³µ¤¥°¸É¢¨Ö ¸ ¢¥Ð¥¸É¢µ³ ·¥§±µ ¶ ¤ ¥É ¸
Ê¢¥²¨Î¥´¨¥³ Ô´¥·£¨¨. �µÔÉµ³Ê ¢ ¨¸¸²¥¤µ¢ ´¨ÖÌ ¶µ Ë¨§¨±¥ § Ð¨ÉÒ µ¸´µ¢´µ¥
¶·¨³¥´¥´¨¥ ¶µ²ÊÎ¨² ³¥Éµ¤ ±µ¸¢¥´´ÒÌ ¨§³¥·¥´¨° Ì · ±É¥·¨¸É¨± ´¥°É·µ´´ÒÌ
¶µ²¥°, µ¸´µ¢ ´´Ò° ´  ¢Ò¸µ±µÔËË¥±É¨¢´µ° ·¥£¨¸É· Í¨¨ § ³¥¤²¥´´ÒÌ ¢ ¢¥-
Ð¥¸É¢¥ ´¥°É·µ´µ¢. ˆ§³¥·¥´¨Ö Ô´¥·£¥É¨Î¥¸±µ£µ Ë²Õ¥´¸  ´¥°É·µ´µ¢ Ï¨·µ±µ£µ
¸¶¥±É·  ´ Î ²¨¸Ó ¸ 1960 £., ±µ£¤  ¡Ò² ¸µ§¤ ´ ¸¶¥±É·µ³¥É· �µ´´¥·  [1]. ‚
µ¸´µ¢Ê ³¥Éµ¤  ¡Ò²  § ²µ¦¥´  § ¢¨¸¨³µ¸ÉÓ ¤²¨´Ò § ³¥¤²¥´¨Ö ´¥°É·µ´µ¢ ¢
¢µ¤µ·µ¤¸µ¤¥·¦ Ð¥³ ¢¥Ð¥¸É¢¥ µÉ ¨Ì Ô´¥·£¨¨. ‘ É¥Ì ¶µ· ¶µÖ¢¨²µ¸Ó ³´µ£µ ³µ-
¤¨Ë¨± Í¨° ³´µ£µ¸Ë¥·´µ£µ ¸¶¥±É·µ³¥É· , · §²¨Î ÕÐ¨Ì¸Ö É¨¶µ³ ¤¥É¥±Éµ· 
³¥¤²¥´´ÒÌ ´¥°É·µ´µ¢, · §´Ò³¨ ±µ´¸É·Ê±Í¨Ö³¨ £µ³µ£¥´´ÒÌ § ³¥¤²¨É¥²¥°,
¶·¨³¥´¥´¨¥³ £¥É¥·µ£¥´´ÒÌ § ³¥¤²¨É¥²¥° ¤²Ö ±µ··¥±Í¨¨ ËÊ´±Í¨° ÎÊ¢¸É¢¨-
É¥²Ó´µ¸É¨ ¨ É. ¤. �¸´µ¢´µ¥ ¦¥ · §¢¨É¨¥ ¤ ´´µ° ³¥Éµ¤¨±¨ ¡Ò²µ ´ ¶· ¢²¥´µ
´  ÊÉµÎ´¥´¨¥ ËÊ´±Í¨° ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ¸¶¥±É·µ³¥É·  ¨ ¸µ¢¥·Ï¥´¸É¢µ¢ ´¨¥
³¥Éµ¤µ¢ ¢µ¸¸É ´µ¢²¥´¨Ö ¸¶¥±É·µ¢ ´¥°É·µ´µ¢ ¶µ ¥£µ ¶µ± § ´¨Ö³.

”Ê´±Í¨Ö µÉ±²¨±  ³´µ£µ¸Ë¥·´µ£µ ¸¶¥±É·µ³¥É·  ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ ´¥°-
É·µ´µ¢ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¶¨± ¸Ê³³ ·´µ£µ Ô´¥·£µ¢Ò¤¥²¥´¨Ö ¢ ¤¥É¥±Éµ·¥ ¶·µ-
¤Ê±Éµ¢ ·¥ ±Í¨° n + 6Li ¨²¨ n + 3He ¢ § ¢¨¸¨³µ¸É¨ µÉ É¨¶  ¤¥É¥±Éµ· . �µ-
¸±µ²Ó±Ê ¸¥Î¥´¨¥ ÔÉ¨Ì ·¥ ±Í¨° ³ ±¸¨³ ²Ó´µ ¶·¨ É¥¶²µ¢ÒÌ Ô´¥·£¨ÖÌ, Éµ Ëµ·³ 
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¨ ¶µ²µ¦¥´¨¥ ¶¨±  µ¸É ÕÉ¸Ö Ë ±É¨Î¥¸±¨ ¶µ¸ÉµÖ´´Ò³¨ ¶·¨ ¨§³¥´¥´¨¨ Ô´¥·£¨¨
´¥°É·µ´µ¢, ¶ ¤ ÕÐ¨Ì ´  § ³¥¤²¨É¥²Ó ¸¶¥±É·µ³¥É· . ’ ±¨³ µ¡· §µ³, ËÊ´±-
Í¨Ö µÉ±²¨±  ³´µ£µ¸Ë¥·´µ£µ ¸¶¥±É·µ³¥É·  ¸ ³  ¶µ ¸¥¡¥ ´¥ ¨´Ëµ·³ É¨¢´ . ‘
¨§³¥´¥´¨¥³ Ô´¥·£¨¨ ´¥°É·µ´µ¢ ³¥´Ö¥É¸Ö ²¨ÏÓ ±µ²¨Î¥¸É¢µ ·¥£¨¸É·¨·Ê¥³ÒÌ
¸µ¡ÒÉ¨°, É. ¥. ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ ¸¶¥±É·µ³¥É· . „²Ö § ³¥¤²¨É¥²¥° · §´µ£µ ¤¨ -
³¥É·  Ô´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³µ¸ÉÓ ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ¸¶¥±É·µ³¥É·  (ËÊ´±Í¨Ö
ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨) ¨³¥¥É · §´ÊÕ Ëµ·³Ê. �µ± § ´¨Ö ¸¶¥±É·µ³¥É·  Ni (¸±µ-
·µ¸ÉÓ ¸Î¥É , ¨³¶·¸−1) ¸ § ³¥¤²¨É¥²¥³ i-£µ ¤¨ ³¥É·  ¸¢Ö§ ´Ò ¸ ³µÐ´µ¸ÉÓÕ
Ô´¥·£¥É¨Î¥¸±µ£µ Ë²Õ¥´¸  ´¥°É·µ´µ¢ ”(E) (´¥°É·µ´·¸³−2·¸−1·ŒÔ‚−1) ¨´É¥-
£· ²Ó´Ò³ Ê· ¢´¥´¨¥³ ”·¥¤£µ²Ó³  ¶¥·¢µ£µ ·µ¤ :

Ni =

Emax∫

Emin

Φ(E)Ri(E)dE, i = 1, . . . , m, (1)

£¤¥ Emax, Emin Å £· ´¨ÍÒ Ô´¥·£¥É¨Î¥¸±µ£µ ¸¶¥±É· , Ri(E) Å ËÊ´±Í¨Ö
ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ (”—) ¸¶¥±É·µ³¥É·  ¸ § ³¥¤²¨É¥²¥³ i-£µ ¤¨ ³¥É· , m Å ±µ-
²¨Î¥¸É¢µ § ³¥¤²¨É¥²¥° ¨ ¤·Ê£¨Ì ¤¥É¥±Éµ·µ¢, ¨¸¶µ²Ó§Ê¥³ÒÌ ¢ ¨§³¥·¥´¨ÖÌ. –¥-
²ÓÕ ·¥Ï¥´¨Ö µ¡· É´µ° § ¤ Î¨ Ö¢²Ö¥É¸Ö µ¶·¥¤¥²¥´¨¥ ¶²µÉ´µ¸É¨ ¢¥·µÖÉ´µ¸É¨
· ¸¶·¥¤¥²¥´¨Ö ”(E), Ê¤µ¢²¥É¢µ·ÖÕÐ¥° § ¤ ´´Ò³ Ni ¶·¨ ¨§¢¥¸É´ÒÌ Ri(E).
‚ µ¡Ð¥³ ¸²ÊÎ ¥ ¸¨¸É¥³  m Ê· ¢´¥´¨° (1) ´¥ ¨³¥¥É ¥¤¨´¸É¢¥´´µ£µ ·¥Ï¥´¨Ö,
¶µ¸±µ²Ó±Ê ±µ´¥Î´µ¥ Î¨¸²µ ¨§³¥·¥´¨° m ´¥ ³µ¦¥É µ¶·¥¤¥²¨ÉÓ ´¥¶·¥·Ò¢´ÊÕ
ËÊ´±Í¨Õ ”(E). �µÔÉµ³Ê ¸¶¥±É· ´¥°É·µ´µ¢ Î ¸Éµ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢ ¢¨¤¥ ·Ö¤ ,
£¤¥ Φj ¥¸ÉÓ ¸·¥¤´¨° Ë²Õ¥´¸ ´¥°É·µ´µ¢ Ô´¥·£¥É¨Î¥¸±µ° £·Ê¶¶Ò j (µÉ Ej ¤µ
Ej+1),   ¸¢Ö§Ó ³¥¦¤Ê ¶µ± § ´¨Ö³¨ ¸¶¥±É·µ³¥É·  Ni ¨ Φjµ¶·¥¤¥²Ö¥É¸Ö ± ±

Ni =
n∑

j=1

Ri,jΦj, j = 1, . . . , n, (2)

£¤¥ n Å Î¨¸²µ · §¡¨¥´¨° Ô´¥·£¥É¨Î¥¸±µ£µ ¨´É¥·¢ ² ,   Ri,j¶·¥¤¸É ¢²Ö¥É ¸µ-
¡µ° Ri(E), Ê¸·¥¤´¥´´ÊÕ ¶µ Ô´¥·£¥É¨Î¥¸±µ° £·Ê¶¶¥ j. “· ¢´¥´¨¥ (2) Ö¢²Ö¥É¸Ö
¶·¨¡²¨¦¥´¨¥³ Ê· ¢´¥´¨Ö (1), ¶·¨Î¥³ ¸É¥¶¥´Ó ¶·¨¡²¨¦¥´¨Ö µ¶·¥¤¥²Ö¥É¸Ö Î¨-
¸²µ³ n. …¸²¨ n � m, Éµ ¥¤¨´¸É¢¥´´µ¥ ·¥Ï¥´¨¥ µÉ´µ¸¨É¥²Ó´µ Φj ¸ÊÐ¥¸É¢Ê¥É
¨ ³µ¦¥É ¡ÒÉÓ ´ °¤¥´µ ³¥Éµ¤µ³ ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éµ¢. �  ¶· ±É¨±¥ Î¨¸²µ m
´¥¢¥²¨±µ (´¥ ¶·¥¢ÒÏ ¥É 10Ä15), ¶µÔÉµ³Ê ¶µ²ÊÎ¥´´Ò° É ±¨³ µ¡· §µ³ ¸¶¥±É·
´¥°É·µ´µ¢ Ö¢²Ö¥É¸Ö ²¨ÏÓ £·Ê¡µ° µÍ¥´±µ° ¢ Éµ³ ¸²ÊÎ ¥, ¥¸²¨ Ô´¥·£¥É¨Î¥¸±¨°
¤¨ ¶ §µ´ ´¥°É·µ´µ¢ µÎ¥´Ó Ï¨·µ± (´ ¶·¨³¥·, §  § Ð¨Éµ° Ê¸±µ·¨É¥²¥°). „²Ö
´ Ìµ¦¤¥´¨Ö ¸¶¥±É·  ¶·¨ n > m ¶·¨³¥´ÖÕÉ¸Ö ¸¶¥Í¨ ²Ó´Ò¥ ³ É¥³ É¨Î¥¸±¨¥
³¥Éµ¤Ò.

Šµ´¸É·Ê±Í¨Ö ³´µ£µ¸Ë¥·´µ£µ ¸¶¥±É·µ³¥É·  µÎ¥´Ó ¶·µ¸É  (·¨¸. 1). ‚ ´ -
Ï¥³ ¢ ·¨ ´É¥ ¸¶¥±É·µ³¥É·  ¤¥É¥±Éµ·µ³ ³¥¤²¥´´ÒÌ ´¥°É·µ´µ¢ Ö¢²Ö¥É¸Ö ±·¨-
¸É ²² LiI(Eu) ¤¨ ³¥É·µ³ 4,3 ³³ ¨ ¢Ò¸µÉµ° 4,0 ³³ ¢ Ê¶ ±µ¢±¥ ¨§ Al ¸ Éµ´±¨³
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�¨¸. 1. �²µÎ´ Ö ¸Ì¥³  ³´µ£µ¸Ë¥·´µ£µ ¸¶¥±É·µ³¥É·  ´¥°É·µ´µ¢. ‹“ Å ²¨´¥°´Ò° Ê¸¨-
²¨É¥²Ó ¨³¶Ê²Ó¸µ¢

¸²µ¥³ MgO ¢ ± Î¥¸É¢¥ µÉ· ¦ É¥²Ö∗. �¡µ£ Ð¥´¨¥ Li ¨§µÉµ¶µ³ 6Li ¸µ¸É ¢²Ö¥É
¸µ£² ¸´µ ¶ ¸¶µ·ÉÊ 90 %. ‘¢¥Éµ¢µ¤ ¨§£µÉµ¢²¥´ ¨§ ¶µ²¨·µ¢ ´´µ£µ µ·£¸É¥±² 
(∅ = 15 ³³, ¤²¨´  160 ³³) ¸ µÉ· ¦ É¥²¥³ ¨§  ²Õ³¨´¨§¨·µ¢ ´´µ° Ëµ²Ó£¨ ¨
¸µ¥¤¨´¥´ ¸ ËµÉµ± Éµ¤µ³ ”�“-85. ‘¢¥Éµ¢µ¤ ¨ ¤¥É¥±Éµ· ¶µ³¥Ð¥´Ò ¢´ÊÉ·Ó Í¨-
²¨´¤·¨Î¥¸±µ° µ¡µ²µÎ±¨ ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨ Éµ²Ð¨´µ° 1,0 ³³. ˆ³¶Ê²Ó¸Ò
¸  ´µ¤  ËµÉµÊ³´µ¦¨É¥²Ö ¨´É¥£·¨·ÊÕÉ¸Ö ¨ ¶µ¤ ÕÉ¸Ö ´  ±µ¤¨·µ¢Ð¨±  ³¶²¨-
ÉÊ¤´µ£µ  ´ ²¨§ Éµ· .

‘¥Î¥´¨¥ µ¸´µ¢´µ° ·¥ ±Í¨¨ 6Li(n, 3H)4H¥ ¢ Ï¨·µ±µ³ ¨´É¥·¢ ²¥ Ô´¥·£¨°
¶·µ¶µ·Í¨µ´ ²Ó´µ 1/

√
E. ‚  ¶¶ · ÉÊ·´µ³ ¸¶¥±É·¥ ¨³¶Ê²Ó¸µ¢ (·¨¸. 2) ¸²¥¢  µÉ

¶¨±  ¸Ê³³ ·´µ£µ Ô´¥·£µ¢Ò¤¥²¥´¨Ö 4�¥ ¨ 3� (4,78 ŒÔ‚) ¸ÊÐ¥¸É¢Ê¥É ¶µ¤²µ¦± 
µÉ ¸µ¡ÒÉ¨°, µ¡Ê¸²µ¢²¥´´ÒÌ ±· ¥¢Ò³ ÔËË¥±Éµ³. �´¥·£¨¨ 4�¥ ¨ 3� ¸µ¸É ¢²ÖÕÉ
¸µµÉ¢¥É¸É¢¥´´µ 2,05 ¨ 2,73 ŒÔ‚,   ¨Ì ¶·µ¡¥£¨ ¢ LiI Å 9,9 ¨ 45,8 ³±³. �Éµ
¤ ¥É ¢µ§³µ¦´µ¸ÉÓ µÍ¥´¨ÉÓ ¤µ²Õ ¸µ¡ÒÉ¨°, ¨¸± ¦¥´´ÒÌ §  ¸Î¥É ±· ¥¢µ£µ ÔË-
Ë¥±É  ¢ ¤¥É¥±Éµ·¥. „²Ö É¥¶²µ¢ÒÌ ´¥°É·µ´µ¢ µ´  ¸µ¸É ¢²Ö¥É 1,45 % µÉ µ¡Ð¥£µ
Î¨¸²  ¸µ¡ÒÉ¨°, ¸¢Ö§ ´´ÒÌ ¸ µ¸´µ¢´µ° ·¥ ±Í¨¥°, ¨ £· ´¨Í  ±· ¥¢µ£µ ÔËË¥±É 

∗‚ ¶µ¸²¥¤´¨¥ £µ¤Ò ¢ ± Î¥¸É¢¥ ¤¥É¥±Éµ·  ³¥¤²¥´´ÒÌ ´¥°É·µ´µ¢ ¸É ²¨ Î ¸Éµ ¨¸¶µ²Ó§µ¢ ÉÓ
¸Ë¥·¨Î¥¸±¨° ¶·µ¶µ·Í¨µ´ ²Ó´Ò° 3�e-¸Î¥ÉÎ¨± S�90 Ë¨·³Ò ®Centronics¯ ¤¨ ³¥É·µ³ 32 ³³.
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�¨¸. 2. �¶¶ · ÉÊ·´Ò° ¸¶¥±É· ¨³¶Ê²Ó¸µ¢ ¸¶¥±É·µ³¥É·  µÉ ´¥°É·µ´µ¢ PuÄBe-¨¸ÉµÎ´¨± 
¸ § ³¥¤²¨É¥²¥³ 10′′. �µ± § ´µ É ±¦¥ · ¸¶·¥¤¥²¥´¨¥ ¨³¶Ê²Ó¸µ¢ µÉ ¨¸ÉµÎ´¨±  £ ³³ -
±¢ ´Éµ¢ 60Co (¡¥§ § ³¥¤²¨É¥²Ö)

¸µµÉ¢¥É¸É¢Ê¥É ¶·¨³¥·´µ 0,75 ŒÔ‚ Ô.Ô.Ô. (¸²ÊÎ °, ±µ£¤  3� ¶µ²´µ¸ÉÓÕ Ê´µ¸¨É
¸¢µÕ Ô´¥·£¨Õ ¨§ ±·¨¸É ²² ). „ ´´Ò¥ µ¡ Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ ¸¢¥Éµ¢Ò-
Ìµ¤  Î ¸É¨Í ¢ ¸Í¨´É¨²²ÖÉµ·¥ LiI(Eu) µÎ¥´Ó ¸±Ê¤´Ò. �¥§Ê²ÓÉ ÉÒ ¥¤¨´¸É¢¥´´µ°
· ¡µÉÒ [2], ¶·¨¢¥¤¥´´Ò¥ ´  ·¨¸. 3, ¶µ§¢µ²ÖÕÉ ¸Ê¤¨ÉÓ, ÎÉµ ¨§-§  ´¥²¨´¥°´µ°

�¨¸. 3. ‡ ¢¨¸¨³µ¸ÉÓ ¸¢¥Éµ¢ÒÌµ¤  Î ¸É¨Í ¢ ±·¨¸É ²²¥ LiI(Eu) µÉ ¨Ì Ô´¥·£¨¨

§ ¢¨¸¨³µ¸É¨ ¸¢¥Éµ¢ÒÌµ¤  ±·¨¸É ²²  µÉ Ê¤¥²Ó´µ° ¨µ´¨§ Í¨¨ µ±µ²µ 80 % ¸¢¥-
Éµ¢ÒÌµ¤  ( ³¶²¨ÉÊ¤Ò ¨³¶Ê²Ó¸µ¢) µ¡Ê¸²µ¢²¥´µ É·¨Éµ´ ³¨.
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‘ ·µ¸Éµ³ Ô´¥·£¨¨ ´¥°É·µ´µ¢ · ¸¶·¥¤¥²¥´¨¥ Ô´¥·£¨° ³¥¦¤Ê 4�¥ ¨ 3� ³¥-
´Ö¥É¸Ö (·¨¸. 4), ¶¨± µÉ µ¸´µ¢´µ° ·¥ ±Í¨¨ ¸³¥Ð ¥É¸Ö ¢¶· ¢µ ¨ · ¸Ï¨·Ö¥É¸Ö,
Ê¢¥²¨Î¨¢ ¥É¸Ö ¤µ²Ö ¸µ¡ÒÉ¨° ¸ ±· ¥¢Ò³ ÔËË¥±Éµ³. �·¨ ÔÉµ³ £· ´¨Í  ±· ¥¢µ£µ

�¨¸. 4. � ¸¶·¥¤¥²¥´¨¥ ±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¨ ´¥°É·µ´  ³¥¦¤Ê ¶·µ¤Ê±É ³¨ µ¸´µ¢´µ°
·¥ ±Í¨¨

ÔËË¥±É  ¸É·¥³¨É¸Ö ± ´Ê²Õ (É. ¥. · ¸¶·¥¤¥²¥´¨¥ ¨³¶Ê²Ó¸µ¢ µÉ ´¥°É·µ´µ¢ ´ Î¨-
´ ¥É¸Ö ¸ ´Ê²¥¢µ£µ ± ´ ²   ´ ²¨§ Éµ· ),   ³ ±¸¨³ ²Ó´µ ¢µ§³µ¦´ Ö  ³¶²¨ÉÊ¤ 
¨³¶Ê²Ó¸µ¢ ·¥§±µ ¢µ§· ¸É ¥É. „²Ö Ô´¥·£¨¨ ´¥°É·µ´µ¢ 20 ŒÔ‚ ¤µ²Ö ¸µ¡ÒÉ¨° ¸
±· ¥¢Ò³ ÔËË¥±Éµ³ ¸µ¸É ¢²Ö¥É 22,61 % (·¨¸. 5).

�¨¸. 5. ˆ¸± ¦¥´¨¥  ¶¶ · ÉÊ·´µ£µ ¸¶¥±É·  ¸µ¡ÒÉ¨° §  ¸Î¥É ±· ¥¢µ£µ ÔËË¥±É  ¢ ±·¨-
¸É ²²¥

�·¨ Ô´¥·£¨¨ ´¥°É·µ´µ¢ ¡µ²¥¥ ∼ 1 ŒÔ‚ µÉ±·Ò¢ ÕÉ¸Ö ± ´ ²Ò ´¥Ê¶·Ê£¨Ì
·¥ ±Í¨° ´  Li ¨ I, ¶·¨¢µ¤ÖÐ¨Ì ± µ¡· §µ¢ ´¨Õ ·¥£¨¸É·¨·Ê¥³ÒÌ ¸Í¨´É¨²²Ö-
Éµ·µ³ § ·Ö¦¥´´ÒÌ Î ¸É¨Í. ‘Ê³³ ·´µ¥ ¸¥Î¥´¨¥ ÔÉ¨Ì ± ´ ²µ¢ ¸ÊÐ¥¸É¢¥´´µ
¡µ²ÓÏ¥ ¸¥Î¥´¨Ö µ¸´µ¢´µ° ·¥ ±Í¨¨. �  ·¨¸. 6 ¶µ± § ´Ò ¸¥Î¥´¨Ö ·¥ ±Í¨° ´ 
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�¨¸. 6. ‘¥Î¥´¨Ö ¢§ ³µ¤¥°¸É¢¨Ö ´¥°É·µ´µ¢ ¸ 6Li ¨ 7Li ¨§ ¡¨¡²¨µÉ¥±¨ JEFF 3.0/3/0A

6Li ¨ 7Li,   ´  ·¨¸. 7 Å ¸¥Î¥´¨Ö ·¥ ±Í¨° ´  127I ¢ ¨´É¥·¢ ²¥ Ô´¥·£¨° ´¥°É·µ-
´µ¢ ¤µ 20 ŒÔ‚. ˆ³¶Ê²Ó¸Ò µÉ ÔÉ¨Ì ·¥ ±Í¨° ¸µ§¤ ÕÉ ¶·µÉÖ¦¥´´ÊÕ ¶µ¤²µ¦±Ê

�¨¸. 7. ‘¥Î¥´¨Ö ¢§ ¨³µ¤¥°¸É¢¨Ö ´¥°É·µ´µ¢ ¸ 127I ¨§ ¡¨¡²¨µÉ¥±¨ JENDL 3.3
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¢  ¶¶ · ÉÊ·´µ³ ¸¶¥±É·¥ ¸²¥¢  ¨ ¸¶· ¢  µÉ ¶¨±  ¸Ê³³ ·´µ£µ Ô´¥·£µ¢Ò¤¥²¥´¨Ö
µ¸´µ¢´µ° ·¥ ±Í¨¨.

�·¨ ¥Ð¥ ¡µ²ÓÏ¨Ì Ô´¥·£¨ÖÌ ´¥°É·µ´µ¢ ¢ ¸Í¨´É¨²²ÖÉµ·¥ ´ Î¨´ ÕÉ ·¥-
£¨¸É·¨·µ¢ ÉÓ¸Ö ¢´¥Ï´¨¥ § ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ, µ¡· §µ¢ ´´Ò¥ ´¥°É·µ´ ³¨ ¢
µ±·Ê¦ ÕÐ¨Ì ¥£µ ³ É¥·¨ ² Ì (¢ Ê¶ ±µ¢±¥ ±·¨¸É ²²  ¨ ¶µ²¨ÔÉ¨²¥´¥ § ³¥¤²¨-
É¥²Ö).

’ ±¨³ µ¡· §µ³,  ¶¶ · ÉÊ·´Ò¥ ¸¶¥±É·Ò ¨³¶Ê²Ó¸µ¢ µÉ ±¢ §¨É¥¶²µ¢ÒÌ ´¥°-
É·µ´µ¢ ¨ ´¥°É·µ´µ¢ ¢Ò¸µ±¨Ì Ô´¥·£¨° ¸ÊÐ¥¸É¢¥´´µ · §²¨Î ÕÉ¸Ö. „µ Ô´¥·£¨¨
´¥°É·µ´µ¢ ∼ 1 ŒÔ‚ ¡µ²ÓÏ Ö Î ¸ÉÓ ¨³¶Ê²Ó¸µ¢ ¸µ¸·¥¤µÉµÎ¥´  ¢ µÉ´µ¸¨É¥²Ó´µ
Ê§±µ³ ¶¨±¥ ¨ µ¶·¥¤¥²Ö¥É¸Ö µ¸´µ¢´µ° ·¥ ±Í¨¥°. ‘ ¤ ²Ó´¥°Ï¨³ ·µ¸Éµ³ Ô´¥·£¨¨
´¥°É·µ´µ¢ ¨³¶Ê²Ó¸Ò ¤¥É¥±Éµ·  · ¸¶·¥¤¥²ÖÕÉ¸Ö ¢ Ï¨·µ±µ³ ¤¨ ¶ §µ´¥  ³¶²¨-
ÉÊ¤ (± ´ ²µ¢  ´ ²¨§ Éµ· ) ¨ ¡µ²ÓÏ Ö Î ¸ÉÓ ¨Ì ´¥ ¸¢Ö§ ´  ¸ µ¸´µ¢´µ° ·¥ ±Í¨¥°.

‘¶µ¸µ¡ µ¡· ¡µÉ±¨  ¶¶ · ÉÊ·´µ£µ ¸¶¥±É·  ¨³¶Ê²Ó¸µ¢, É. ¥. µ¶·¥¤¥²¥´¨¥
Ni, µ¶·¥¤¥²Ö¥É ¨¸¶µ²Ó§µ¢ ´¨¥ ËÊ´±Í¨° ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨. …¸²¨ ¢Ò¤¥²Ö¥É¸Ö
¶¨± ¸µ¡ÒÉ¨° µÉ µ¸´µ¢´µ° ·¥ ±Í¨¨ 6Li(n, 3H)4H¥ ¶ÊÉ¥³ Ë¨É¨·µ¢ ´¨Ö  ¶¶ -
· ÉÊ·´µ£µ ¸¶¥±É·  ¨³¶Ê²Ó¸µ¢ ¸Ê³³µ° ¤¢ÊÌ ËÊ´±Í¨°: ´µ·³ ²Ó´Ò³ · ¸¶·¥¤¥-
²¥´¨¥³ ¨ ËÊ´±Í¨¥°,  ¶¶·µ±¸¨³¨·ÊÕÐ¥° ¶µ¤²µ¦±Ê (²¨´¥°´µ°, £¨¶¥·¡µ²¨Î¥-
¸±µ°, Ô±¸¶µ´¥´Í¨ ²Ó´µ° ¨²¨ ¨´µ°), Éµ ´ ¤µ ¶µ²Ó§µ¢ ÉÓ¸Ö ËÊ´±Í¨Ö³¨ ÎÊ¢-
¸É¢¨É¥²Ó´µ¸É¨, · ¸¸Î¨É ´´Ò³¨ Éµ²Ó±µ ¶µ µ¸´µ¢´µ° ·¥ ±Í¨¨. �¤´ ±µ ¶·¨ ¨§-
³¥·¥´¨¨ ®¦¥¸É±¨Ì¯ ¸¶¥±É·µ¢ ´¥°É·µ´µ¢ ÔÉµÉ ¶µ¤Ìµ¤ ¸µ§¤ ¥É ¤µ¶µ²´¨É¥²Ó´Ò¥
¶µ£·¥Ï´µ¸É¨ ¢ µ¶·¥¤¥²¥´¨¨ Î¨¸²  ¸µ¡ÒÉ¨°, ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ·¥ ±Í¨¨ 6Li(n,
3H)4H¥, ¨§-§  ±· ¥¢µ£µ ÔËË¥±É  ¨ ·¥£¨¸É· Í¨¨ ¢Éµ·¨Î´ÒÌ § ·Ö¦¥´´ÒÌ Î -
¸É¨Í (¢ ¶¥·¢ÊÕ µÎ¥·¥¤Ó ¤²Ö ®£µ²µ£µ¯ ¤¥É¥±Éµ·  ¨ ¤¥É¥±Éµ·  ¢ § ³¥¤²¨É¥²¥
¤¨ ³¥É·µ³ 2 ¤Õ°³ ). „·Ê£µ° ¶ÊÉÓ § ±²ÕÎ ¥É¸Ö ¢ · ¸Î¥É¥ ”— ¸¶¥±É·µ³¥É·  ¸
ÊÎ¥Éµ³ ¢¸¥Ì § ·Ö¦¥´´ÒÌ Î ¸É¨Í, µ¡· §ÊÕÐ¨Ì¸Ö ¢ ±·¨¸É ²²¥ ¶µ ¢¸¥³ ± ´ ² ³
·¥ ±Í¨° ´¥°É·µ´µ¢ ¸ ²¨É¨¥³ ¨ °µ¤µ³ ¨²¨ ¢Ìµ¤ÖÐ¨Ì ¢ ±·¨¸É ²² ¨§¢´¥. ‚ ÔÉµ³
¸²ÊÎ ¥ ¶µ¤ Ni ¤µ²¦¥´ ¶µ¤· §Ê³¥¢ ÉÓ¸Ö ¨´É¥£· ²Ó´Ò° ¸Î¥É ¢¸¥Ì ¸µ¡ÒÉ¨° ¢ÒÏ¥
¤ ´´µ£µ ¶µ·µ£ .

„²Ö ¸Í¨´É¨²²ÖÉµ·  6LiI(Eu) ¸Ê³³ ·´µ¥ Ô´¥·£µ¢Ò¤¥²¥´¨¥ ¢ 4,78 ŒÔ‚ µÉ
3H ¨ 4He (É¥¶²µ¢Ò¥ ´¥°É·µ´Ò) ¸µµÉ¢¥É¸É¢Ê¥É ∼ 3,5 ŒÔ‚ Ô±¢¨¢ ²¥´É´µ° Ô´¥·-
£¨¨ Ô²¥±É·µ´µ¢. �Éµ µ§´ Î ¥É, ÎÉµ ¢ · °µ´¥ ¶¨±  ¸Ê³³ ·´µ£µ Ô´¥·£µ¢Ò¤¥²¥´¨Ö
³µ£ÊÉ ·¥£¨¸É·¨·µ¢ ÉÓ¸Ö ±µ³¶Éµ´µ¢¸±¨¥ Ô²¥±É·µ´Ò µÉ ¢§ ¨³µ¤¥°¸É¢¨Ö ¸ ±·¨-
¸É ²²µ³ £ ³³ -±¢ ´Éµ¢ ¸ Ô´¥·£¨¥° ∼ 3,75 ŒÔ‚. �  ·¨¸. 2 ¶µ± § ´ É ±¦¥  ¶-
¶ · ÉÊ·´Ò° ¸¶¥±É· ¨³¶Ê²Ó¸µ¢ ±µ³¶Éµ´µ¢¸±¨Ì Ô²¥±É·µ´µ¢, µ¡· §ÊÕÐ¨Ì¸Ö µÉ
£ ³³ -±¢ ´Éµ¢ 60‘µ. ‚¨¤´µ, ÎÉµ ¶·¨ ¤ ´´ÒÌ · §³¥· Ì ±·¨¸É ²²  LiI(Eu) µ¡¥¸-
¶¥Î¨¢ ¥É¸Ö Ìµ·µÏ¥¥ · §¤¥²¥´¨¥ ¨³¶Ê²Ó¸µ¢ µÉ É¥¶²µ¢ÒÌ ´¥°É·µ´µ¢ ¨ £ ³³ -
±¢ ´Éµ¢ ¸ Ô´¥·£¨Ö³¨ ¶µ ±· °´¥° ³¥·¥ ¤µ 1,5 ŒÔ‚, É. ¥. µÉ £ ³³ -±¢ ´Éµ¢
¶·¨·µ¤´µ£µ Ëµ´ . ‘µ¡ÒÉ¨Ö µÉ £ ³³ -±¢ ´Éµ¢ ¸ ¡µ²ÓÏ¨³¨ Ô´¥·£¨Ö³¨, ¢ÒÌµ-
¤ÖÐ¨Ì ¨§ § Ð¨ÉÒ, ³µ£ÊÉ Î ¸É¨Î´µ ´ ±² ¤Ò¢ ÉÓ¸Ö ´   ¶¶ · ÉÊ·´Ò° ¸¶¥±É·, ´µ
¤µ²Ö É ±¨Ì ¸µ¡ÒÉ¨° ³ ² .

‚ ¸¶¥±É·µ³¥É·¥ �ˆŸˆ ¨¸¶µ²Ó§Ê¥É¸Ö ´ ¡µ· £µ³µ£¥´´ÒÌ ¶µ²¨ÔÉ¨²¥´µ¢ÒÌ
¸Ë¥· ¤¨ ³¥É·µ³ 50,9; 76,3; 127,2; 178,4; 204,3; 254,1 ¨ 305,5 ³³ (¶·¨³¥·´µ
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2; 3; 5; 7; 8; 10 ¨ 12 ¤Õ°³µ¢). „²Ö ´µ·³¨·µ¢ ´¨Ö ¸¶¥±É·µ¢ ´¥°É·µ´µ¢ ¢ É¥-
¶²µ¢µ° µ¡² ¸É¨ Ô´¥·£¨° ¶·µ¨§¢µ¤ÖÉ¸Ö É ±¦¥ ¨§³¥·¥´¨Ö ¸ ®£µ²Ò³¯ ¤¥É¥±Éµ·µ³
¢ ± ¤³¨¥¢µ³ Î¥Ì²¥ ¨ ¡¥§ Î¥Ì² . ‚ ´¥±µÉµ·ÒÌ ´ ÊÎ´ÒÌ Í¥´É· Ì ¨¸¶µ²Ó§Ê¥É¸Ö
· ¸Ï¨·¥´´Ò° ´ ¡µ· § ³¥¤²¨É¥²¥°, ¢±²ÕÎ ÕÐ¨° ¢ ¸¥¡Ö ¸Ë¥·Ò ¤¨ ³¥É·µ³ 15 ¨
18 ¤Õ°³µ¢ ¤²Ö Ê²ÊÎÏ¥´¨Ö ¨´Ëµ·³ É¨¢´µ¸É¨ ¸¶¥±É·µ³¥É·  ¢ µ¡² ¸É¨ ¢Ò¸µ±¨Ì
Ô´¥·£¨° ´¥°É·µ´µ¢. �¤´ ±µ · ¡µÉ  ¸ É ±¨³ ¶·¨¡µ·µ³ É·Ê¤´ , ¤  ¨ ´ ²¨Î¨¥
¡µ²ÓÏµ° ¢µ¤µ·µ¤¸µ¤¥·¦ Ð¥° ³ ¸¸Ò ´ Î¨´ ¥É § ³¥É´µ ¢µ§³ÊÐ ÉÓ ´¥°É·µ´-
´µ¥ ¶µ²¥. �µÔÉµ³Ê ¢ ´ ¡µ·¥ �ˆŸˆ ¤²Ö · ¸Ï¨·¥´¨Ö Ô´¥·£¥É¨Î¥¸±µ£µ ¤¨ ¶ -
§µ´  ¸¶¥±É·µ³¥É·  ¨¸¶µ²Ó§Ê¥É¸Ö £¥É¥·µ£¥´´Ò° § ³¥¤²¨É¥²Ó Å ¶µ²¨ÔÉ¨²¥´µ¢ Ö
¸Ë¥·  ¤¨ ³¥É·µ³ 10 ¤Õ°³µ¢ ¸µ ¸¢¨´Íµ¢µ° ¸Ë¥·¨Î¥¸±µ° ¢¸É ¢±µ° ¢´ÊÉ·¨ ¤¨ -
³¥É·µ³ 8 ¸³. ˆ¤¥Ö ¨¸¶µ²Ó§µ¢ ´¨Ö ÉÖ¦¥²ÒÌ ³ É¥·¨ ²µ¢ § ±²ÕÎ ¥É¸Ö ¢ Éµ³, ÎÉµ
¶·¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ ¸¥Î¥´¨¥ ´¥Ê¶·Ê£¨Ì ¢§ ¨³µ¤¥°¸É¢¨° ´¥°É·µ´µ¢ ¸ ÉÖ¦¥-
²Ò³¨ Ö¤· ³¨ §´ Î¨É¥²Ó´µ ¶·¥¢ÒÏ ¥É ¸¥Î¥´¨¥ Ê¶·Ê£µ£µ · ¸¸¥Ö´¨Ö ´¥°É·µ´µ¢
´  ¢µ¤µ·µ¤¥, ¨ §´ Î¥´¨¥ ”— § ³¥¤²¨É¥²Ö ¸ Éµ²¸ÉÒ³ ¸²µ¥³ ±µ´¢¥·Éµ·  ¢µ§-
· ¸É ¥É §  ¸Î¥É ·¥£¨¸É· Í¨¨ ¤¥É¥±Éµ·µ³ ± ¸± ¤´ÒÌ ´¥°É·µ´µ¢ ¨§ ±µ´¢¥·Éµ· .
‘²µ° ³¥É ²²  (³¥¤¨, ¸É ²¨ ¨²¨ ¸¢¨´Í ) ³µ¦¥É · ¸¶µ² £ ÉÓ¸Ö ± ± ¸´ ·Ê¦¨ § -
³¥¤²¨É¥²Ö, É ± ¨ ¢´ÊÉ·¨ ´¥£µ, ¢µ±·Ê£ ¤¥É¥±Éµ·  É¥¶²µ¢ÒÌ ´¥°É·µ´µ¢. ‚Éµ·µ°
¢ ·¨ ´É ±µ´¸É·Ê±Í¨¨ £¥É¥·µ£¥´´µ£µ § ³¥¤²¨É¥²Ö ¡Ò² ¢Ò¡· ´ ¢ ¸¶¥±É·µ³¥É·¥
�ˆŸˆ ¨§-§  ¡µ²¥¥ ¢Ò¸µ±µ° ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ¢ Ï¨·µ±µ³ ¤¨ ¶ §µ´¥ Ô´¥·£¨°,
ÎÉµ µ¡ÑÖ¸´Ö¥É¸Ö ¸´¨¦¥´¨¥³ ¤µ²¨ ¢Éµ·¨Î´ÒÌ ´¥°É·µ´µ¢, ¢ÒÌµ¤ÖÐ¨Ì ¨§ µ¡Ñ¥³ 
§ ³¥¤²¨É¥²Ö [3].

„²Ö ±µ··¥±É´µ£µ ¢µ¸¸É ´µ¢²¥´¨Ö ¸¶¥±É·µ¢ ´¥°É·µ´µ¢, ¶·µ¸É¨· ÕÐ¨Ì¸Ö
¶µ Ô´¥·£¨¨ ´  11 ¶µ·Ö¤±µ¢, É·¥¡Ê¥É¸Ö ÉµÎ´µ¥ §´ ´¨¥ ”— ¸¶¥±É·µ³¥É· . �·Ö-
³Ò¥ ¨§³¥·¥´¨Ö ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ´  ¶ÊÎ± Ì ³µ´µÔ´¥·£¥É¨Î¥¸±¨Ì ´¥°É·µ´µ¢
¸²µ¦´Ò ¨ µ£· ´¨Î¥´Ò ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö Ô´¥·£¨¥° ∼ 15 ŒÔ‚. �·¨ · ¸Î¥É Ì
¦¥ ”— ´¥µ¡Ìµ¤¨³ ÊÎ¥É ¤¥É ²Ó´µ° £¥µ³¥É·¨¨ ¸¶¥±É·µ³¥É· , ¢¸¥£µ ³´µ£µµ¡· -
§¨Ö Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ¨ ¨¸Éµ·¨° ¢¸¥Ì Î ¸É¨Í, ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ¸
¤¥É¥±Éµ·µ³. ‘µ¢·¥³¥´´Ò¥ ŒŠ-¶·µ£· ³³Ò, ³µ¤¥²¨·ÊÕÐ¨¥ É· ´¸¶µ·É ¨§²ÊÎ¥-
´¨° ¢ ¢¥Ð¥¸É¢¥ (MCNP, MORSE ¨ É. ¤.) ¨ µ¸´µ¢Ò¢ ÕÐ¨¥¸Ö ´  ¡ § Ì Ö¤¥·´ÒÌ
±µ´¸É ´É ENDF/B-VI, JEF 2.2, ¶µ§¢µ²ÖÕÉ ¢Ò¶µ²´¨ÉÓ ´ ¤¥¦´Ò° · ¸Î¥É ”—
¢ µ¡² ¸É¨ Ô´¥·£¨° ´¥°É·µ´µ¢ ¤µ 20 ŒÔ‚. ‚¥·¸¨Ö 4C MCNP ¨¸¶µ²Ó§Ê¥É
´¥°É·µ´´ÊÕ ¡ §Ê ¤ ´´ÒÌ LA150N ¸ ¸¥Î¥´¨Ö³¨ ¢§ ¨³µ¤¥°¸É¢¨Ö ´¥°É·µ´µ¢ ¸
Ê£²¥·µ¤µ³ ¨ ¢µ¤µ·µ¤µ³ ¤µ 150 ŒÔ‚, µ¤´ ±µ ¤ ´´Ò¥ µ ¸¥Î¥´¨ÖÌ ·¥ ±Í¨° ´¥°-
É·µ´µ¢ ¸ ²¨É¨¥³ µ£· ´¨Î¥´Ò Ô´¥·£¨¥° 20 ŒÔ‚.

„²Ö ¸¶¥±É·µ³¥É·µ¢ ¸µ ¸Ë¥·¨Î¥¸±¨³ 3�¥-¸Î¥ÉÎ¨±µ³ · ¸Î¥ÉÒ ”— ¡Ò²¨
¢Ò¶µ²´¥´Ò ¤µ 100 ƒÔ‚ ¶µ ¶·µ£· ³³ ³ MCNP4B ¨ MCNPX (¢¥·¸¨Ö 2.1.5)
¤²Ö Ô´¥·£¨° ´¨¦¥ ¨ ¢ÒÏ¥ 150 ŒÔ‚ ¸µµÉ¢¥É¸É¢¥´´µ [4]. „²Ö ¸¶¥±É·µ³¥É· 
¸ ¤¥É¥±Éµ·µ³ LiI(Eu) · ¸Î¥ÉÒ ”— ¡Ò²¨ ¢Ò¶µ²´¥´Ò ¸ ¶µ³µÐÓÕ MCNP ¢¥·-
¸¨¨ 4‚ Éµ²Ó±µ ¤µ Ô´¥·£¨¨ 100 ŒÔ‚ [5]. ‚ µ¡² ¸É¨ ¡µ²¥¥ ¢Ò¸µ±¨Ì Ô´¥·£¨°
´¥°É·µ´µ¢ (¤µ 1,5 ƒÔ‚) ¤²Ö ¸¶¥±É·µ³¥É·  ¸ ¤¥É¥±Éµ·µ³ LiI(Eu) ¨³¥ÕÉ¸Ö ¢
´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¥¤¨´¸É¢¥´´Ò¥ · ¸Î¥ÉÒ ”— ¸ ÊÎ¥Éµ³ ¢±² ¤  ¢ ¸Î¥É ¤¥É¥±-
Éµ·  ¨³¶Ê²Ó¸µ¢ µÉ ¢Éµ·¨Î´ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, ·µ¦¤ ¥³ÒÌ ´¥°É·µ´ ³¨ ¢

8



§ ³¥¤²¨É¥²¥, ¢Ò¶µ²´¥´´Ò¥ ¶µ ¶·µ£· ³³ ³ MCNP4B + HADRON [6]. �µ¢¥¤¥-
´¨¥ ”— ¢ µ¡² ¸É¨ ¶¥·¥±·ÒÉ¨Ö ¶·µ£· ³³ MCNP4B ¨ HADRON (10Ä100 ŒÔ‚)
· §²¨Î ¥É¸Ö, ¶µÔÉµ³Ê · ¸Î¥ÉÒ ¡Ò²¨ ¸Ï¨ÉÒ É ±¨³ µ¡· §µ³, ÎÉµ ³ ±¸¨³ ²Ó-
´µ¥ · ¸Ìµ¦¤¥´¨¥ ¢ ¶·¥¤¥² Ì Ê± § ´´µ£µ ¤¨ ¶ §µ´  ´¥ ¶·¥¢ÒÏ ²µ 15 %. �É¨
· ¸Î¥ÉÒ ¶µ± § ²¨ §´ Î¨É¥²Ó´Ò° ¶µ¤Ñ¥³ ÎÊ¢¸É¢¨É¥²Ó´µ¸É¥° ¸Ë¥· ³ ²µ£µ ¤¨ -
³¥É·  ¢ µ¡² ¸É¨ ¢Ò¸µ±¨Ì Ô´¥·£¨°. �Ò²µ ¶µ± § ´µ É ±¦¥, ÎÉµ ¢±² ¤ ¸µ¡ÒÉ¨°
 ¶¶ · ÉÊ·´µ£µ ¸¶¥±É· , ²¥¦ Ð¨Ì ¤ ²¥±µ §  ¶¨±µ³ µ¸´µ¢´µ° ·¥ ±Í¨¨ (®Ì¢µ-
¸É ¯ ¸µ¡ÒÉ¨°), Ö¢²Ö¥É¸Ö ¢¥¸Ó³  ¸ÊÐ¥¸É¢¥´´Ò³ ¶·¨ ·¥£¨¸É· Í¨¨ ´¥°É·µ´µ¢
¢Ò¸µ±¨Ì Ô´¥·£¨°, µ¸µ¡¥´´µ ¤²Ö ¸Ë¥· ³ ²µ£µ ¤¨ ³¥É· . �É  ³ É·¨Í  ÎÊ¢¸É¢¨-
É¥²Ó´µ¸É¨ ¨¸¶µ²Ó§µ¢ ² ¸Ó ¢ �ˆŸˆ ¸ 1998 £. ¤²Ö ¢µ¸¸É ´µ¢²¥´¨Ö ¸¶¥±É·µ¢
´¥°É·µ´µ¢.

‚ ´ ¸ÉµÖÐ¥° · ¡µÉ¥ ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ”— ¸¶¥±É·µ³¥É· 
�ˆŸˆ ¢ ¤¨ ¶ §µ´¥ Ô´¥·£¨° 10−8Ä 20 ŒÔ‚ ¶µ ¶·µ£· ³³¥ MCNP4‘ µÉ¤¥²Ó´µ
¤²Ö µ¸´µ¢´µ° ·¥ ±Í¨¨ 6Li(n, 3H)4H¥ ¨ µÉ¤¥²Ó´µ ¤²Ö ¢¸¥Ì ± ´ ²µ¢ ·¥ ±Í¨¨
¸ µ¡· §µ¢ ´¨¥³ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¸ ¸¥Î¥´¨Ö³¨ ¡µ²¥¥ 10−5 ¡. ‘¥Î¥´¨Ö ÔÉ¨Ì
·¥ ±Í¨° ¡· ²¨¸Ó ¨§ ¸¢¥¦¥° ¡¨¡²¨µÉ¥±¨ JEFF 3.0 ¤²Ö Li ¨ JENDL 3.3 ¤²Ö 127I
(·¨¸. 6, 7). “¶·Ê£µ¥ · ¸¸¥Ö´¨¥ ´¥°É·µ´µ¢ ´  Ö¤· Ì ¤¥É¥±Éµ·  ¨ ·¥ ±Í¨¨ (n, γ)
´¥ ÊÎ¨ÉÒ¢ ²¨¸Ó. MCNP · ¸¸³ É·¨¢ ¥É Éµ²Ó±µ É· ´¸¶µ·É ´¥°É·µ´µ¢, £ ³³ -
±¢ ´Éµ¢ ¨ Ô²¥±É·µ´µ¢, ¶µÔÉµ³Ê · ¸¸Î¨É ÉÓ  ¶¶ · ÉÊ·´Ò¥ ¸¶¥±É·Ò ¨³¶Ê²Ó¸µ¢
´¥¢µ§³µ¦´µ, ¨ ËÊ´±Í¨¨ ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ¢ÒÎ¨¸²Ö²¨¸Ó ± ± ¸Ê³³ ·´µ¥ ±µ²¨-
Î¥¸É¢µ ¢§ ¨³µ¤¥°¸É¢¨° ¶µ ¢¸¥³ ·¥ ±Í¨Ö³. ‚ · ¸Î¥É Ì ¡Ò²  § ²µ¦¥´  ¤¥É ²Ó-
´ Ö ±µ´¸É·Ê±Í¨Ö ¸¶¥±É·µ³¥É·  ¨ § ¤ ¢ ² ¸Ó Ô±¸¶¥·¨³¥´É ²Ó´µ µ¶·¥¤¥²¥´´ Ö
¶²µÉ´µ¸ÉÓ ¶µ²¨ÔÉ¨²¥´  § ³¥¤²¨É¥²¥° (0,9232 £·¸³−3).

� ¸Î¥ÉÒ ”— ¡Ò²¨ ¢Ò¶µ²´¥´Ò ¤²Ö ¤¢ÊÌ £¥µ³¥É·¨° ¨¸ÉµÎ´¨± ´¥°É·µ´µ¢ Ä
§ ³¥¤²¨É¥²Ó, ±µÉµ·Ò¥ Ö¢²ÖÕÉ¸Ö ¶·¨¡²¨¦¥´¨Ö³¨ ·¥ ²Ó´ÒÌ ¸¨ÉÊ Í¨° µ¡²ÊÎ¥-
´¨Ö ¸¶¥±É·µ³¥É·  ¢ ¶· ±É¨±¥ ¨§³¥·¥´¨° ¸¶¥±É·µ¢ ´¥°É·µ´µ¢. �·¨ ¨§³¥·¥-
´¨ÖÌ ¸¶¥±É·µ¢ ´¥°É·µ´µ¢ ¢¡²¨§¨ ¸¶²µÏ´ÒÌ § Ð¨É Ê¸±µ·¨É¥²¥° ¶µ¤ ¢²ÖÕÐ Ö
Î ¸ÉÓ ´¥°É·µ´µ¢ ¨³¥¥É ¶·¨³¥·´µ µ¤¨´ ±µ¢µ¥ ´ ¶· ¢²¥´¨¥ ´  ¸¶¥±É·µ³¥É·,
¨, ¢ ¨¤¥ ²¥, É ±µ¥ µ¡²ÊÎ¥´¨¥ § ³¥¤²¨É¥²¥°  ¤¥±¢ É´µ µ¡²ÊÎ¥´¨Õ ¢ ¶²µ¸±µ³
³µ´µ´ ¶· ¢²¥´´µ³ ¶µ²¥. „·Ê£µ° ¢ ·¨ ´É µ¡²ÊÎ¥´¨Ö ´ ¡²Õ¤ ¥É¸Ö ¶·¨ ¨§³¥·¥-
´¨ÖÌ ¸¶¥±É·µ¢ ´¥°É·µ´µ¢ ´  ³¥¸É´µ¸É¨, ±µ£¤  ¨¸ÉµÎ´¨±µ³ ´¥°É·µ´µ¢ Ö¢²Ö¥É¸Ö
¸ ³  Ö¤¥·´ Ö Ê¸É ´µ¢± . ‚ ÔÉµ³ ¸²ÊÎ ¥ ´¥°É·µ´Ò, ¢ÒÌµ¤ÖÐ¨¥ ¨§ § Ð¨ÉÒ Ê¸±µ-
·¨É¥²Ö, ¶·¥É¥·¶¥¢ ÕÉ ³´µ£µ±· É´µ¥ · ¸¸¥Ö´¨¥ ¢ ¢µ§¤ÊÌ¥ ¨ £·Ê´É¥ (ÔËË¥±É
skyshine) ¨ ¶µ¶ ¤ ÕÉ ¢ § ³¥¤²¨É¥²Ó ¨§ µ±·Ê¦ ÕÐ¥£µ ¶·µ¸É· ´¸É¢  ¶µ · §-
²¨Î´Ò³ ´ ¶· ¢²¥´¨Ö³ (¢ ¨¤¥ ²¥ ÔÉµ ¸µµÉ¢¥É¸É¢Ê¥É µ¤´µ·µ¤´µ³Ê ¨§µÉ·µ¶´µ³Ê
¶µ²Õ). ˆ§-§  ¶·¨¡²¨¦¥´´µ¸É¨ ¸Ë¥·¨Î¥¸±µ° ¸¨³³¥É·¨¨ ¶·¨¡µ·  ¥£µ ÎÊ¢¸É¢¨-
É¥²Ó´µ¸ÉÓ § ¢¨¸¨É µÉ Ê¸²µ¢¨° µ¡²ÊÎ¥´¨Ö. „²Ö ¶·µ¢¥·±¨ ¸É¥¶¥´¨ ÔÉµ° § ¢¨-
¸¨³µ¸É¨ ”— · ¸¸Î¨ÉÒ¢ ²¨¸Ó ¤²Ö ¤¢ÊÌ ¢¨¤µ¢ ´¥°É·µ´´ÒÌ ¶µ²¥°, ¸µµÉ¢¥É¸É¢Ê-
ÕÐ¨Ì ±· °´¨³ ¸¨ÉÊ Í¨Ö³: ¶²µ¸±µ£µ ³µ´µ´ ¶· ¢²¥´´µ£µ ¶µ²Ö ¨ µ¤´µ·µ¤´µ£µ
¨§µÉ·µ¶´µ£µ ¶µ²Ö, µ±·Ê¦ ÕÐ¥£µ § ³¥¤²¨É¥²Ó. ‚Éµ·µ° ¸²ÊÎ ° ¡µ²¥¥ ¸²µ¦¥´
¤²Ö ³µ¤¥²¨·µ¢ ´¨Ö. ’µÎ¥Î´Ò¥ ¨§µÉ·µ¶´Ò¥ ¨¸ÉµÎ´¨±¨ § ¤ ¢ ²¨¸Ó · ¢´µ³¥·´µ
¢ µ¡Ñ¥³¥ ³¥¦¤Ê ¤¢Ê³Ö ¸Ë¥· ³¨ · ¤¨Ê¸ ³¨ r1 ¨ r2. „²Ö ±µ··¥±É´µ¸É¨ · ¸Î¥É 
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”— ´¥µ¡Ìµ¤¨³µ, ÎÉµ¡Ò Ë²Õ¥´¸ ´¥°É·µ´µ¢ ¢´ÊÉ·¨ ¸Ë¥·Ò · ¤¨Ê¸µ³ r1 ¡Ò²
¶µ¸ÉµÖ´´Ò³. �·¨ ±µ´¥Î´µ³ ¨§²ÊÎ ÕÐ¥³ µ¡Ñ¥³¥ ÔÉµ Ê¸²µ¢¨¥ ´¥ ¸µ¡²Õ¤ ¥É¸Ö,
É. ¥. ´¥µ¡Ìµ¤¨³ ¢Ò¡µ· £¥µ³¥É·¨Î¥¸±µ° ³µ¤¥²¨ · ¸Î¥É , ¶·¨ ±µÉµ·µ° ´¥µ¤´µ-
·µ¤´µ¸ÉÓ ¶µ²Ö ¢´ÊÉ·¨ ¸Ë¥·Ò ¶· ±É¨Î¥¸±¨ ´¥ ¢²¨Ö¥É ´  ÉµÎ´µ¸ÉÓ · ¸Î¥É  ”—.
� ¸Î¥ÉÒ ¶µ± § ²¨, ÎÉµ ¶·¨ r1 = 20 ¸³ ¨ r2 = 120 ¸³ ¶·µ¸É· ´¸É¢¥´´µ¥ · ¸¶·¥-
¤¥²¥´¨¥ Ë²Õ¥´¸  ´¥°É·µ´µ¢ ¢ ¶·¥¤¥² Ì § ³¥¤²¨É¥²Ö ³ ±¸¨³ ²Ó´µ£µ · §³¥· 
(12 ¤Õ°³µ¢) ¨§³¥´Ö¥É¸Ö ´  2,8 %. „²Ö § ³¥¤²¨É¥²¥° ³¥´ÓÏ¥£µ ¤¨ ³¥É·  µ¤-
´µ·µ¤´µ¸ÉÓ ¶µ²Ö ´¥°É·µ´µ¢ ¸ÊÐ¥¸É¢¥´´µ ²ÊÎÏ¥. „ ´´ Ö £¥µ³¥É·¨Ö µ¡²ÊÎ¥´¨Ö
¸¶¥±É·µ³¥É·  ¨¸¶µ²Ó§µ¢ ² ¸Ó ¤²Ö · ¸Î¥Éµ¢ ”— ¢ ¨§µÉ·µ¶´µ³ ¶µ²¥ (·¨¸. 8).

�¨¸. 8. ƒ¥µ³¥É·¨Ö ¨¸ÉµÎ´¨±Ä¸¶¥±É·µ³¥É· ¶·¨ · ¸Î¥É¥ ”— ¢ ¨§µÉ·µ¶´µ³ ¶µ²¥ ¨§²ÊÎ¥-
´¨Ö

�¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ ”— ¸¶¥±É·µ³¥É·  �ˆŸˆ ¤²Ö µ¡¥¨Ì £¥µ³¥É·¨° µ¡²Ê-
Î¥´¨Ö ¨ µ¡µ¨Ì ³¥Éµ¤µ¢ · ¸Î¥É  ¶·¨¢¥¤¥´Ò ´  ·¨¸. 9Ä15. ’¨¶¨Î´ Ö ¸É É¨¸É¨-
Î¥¸± Ö ¶µ£·¥Ï´µ¸ÉÓ · ¸Î¥Éµ¢ ”— ¸µ¸É ¢²Ö²  ∼ 1 %.

‘¶²µÏ´µ° ²¨´¨¥° ´  ·¨¸. 9Ä15 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ”—
¸¶¥±É·µ³¥É·  �ˆŸˆ ¤²Ö µ¸´µ¢´µ° ·¥ ±Í¨¨ ¨ ¤²Ö £¥µ³¥É·¨¨ ¶²µ¸±µ£µ ³µ-
´µ´ ¶· ¢²¥´´µ£µ ¶µ²Ö ¨§²ÊÎ¥´¨Ö. Š¢ ¤· É ³¨ ¶µ± § ´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É 
”— ¤²Ö µ¸´µ¢´µ° ·¥ ±Í¨¨ ¢ £¥µ³¥É·¨¨ ¨§µÉ·µ¶´µ£µ µ¡²ÊÎ¥´¨Ö. ‚¨¤´µ, ÎÉµ
· §²¨Î¨Ö ³¥¦¤Ê Ê¸²µ¢¨Ö³¨ µ¡²ÊÎ¥´¨Ö ¸¶¥±É·µ³¥É·  § ³¥É´Ò ²¨ÏÓ Ê ®£µ²µ£µ¯
¤¥É¥±Éµ·  ¢ µ¡² ¸É¨ Ô´¥·£¨° ´¥°É·µ´µ¢ ¤µ 1 ŒÔ‚. ‘·¥¤´¥¥ · §²¨Î¨¥ ”— ¢
µ¡¥¨Ì £¥µ³¥É·¨ÖÌ µ¡²ÊÎ¥´¨Ö ¤²Ö ®£µ²µ£µ¯ ¤¥É¥±Éµ·  ¢ ÔÉµ° µ¡² ¸É¨ Ô´¥·£¨°
¸µ¸É ¢²Ö¥É ∼ 16 %,   ¤²Ö ¤¥É¥±Éµ·  ¢ § ³¥¤²¨É¥²¥ ¤¨ ³¥É·µ³ 2 ¤Õ°³  Å ³¥-
´¥¥ 3 %. „²Ö § ³¥¤²¨É¥²¥° ¡µ²ÓÏ¥£µ ¤¨ ³¥É·  ¢µ ¢¸¥³ ¤¨ ¶ §µ´¥ Ô´¥·£¨° ´ -
¡²Õ¤ ¥É¸Ö ¶· ±É¨Î¥¸±¨ ¶µ²´µ¥ ¸µ¢¶ ¤¥´¨¥ · ¸Î¥Éµ¢ ¢ µ¡¥¨Ì £¥µ³¥É·¨ÖÌ. � 
ÔÉ¨Ì ¦¥ ·¨¸Ê´± Ì ¶·¨¢¥¤¥´Ò, ¤²Ö ¶·¨³¥· , ËÊ´±Í¨¨ ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ¸¶¥±-
É·µ³¥É·  ¸ ¤¥É¥±Éµ·µ³ LiI(Eu) · §³¥·µ³ ∅ 4×4 ³³, · ¸¸Î¨É ´´Ò¥ ¢ · ¡µÉ¥
[6] ¶µ ¶·µ£· ³³ ³ MCNP4B+HADRON (ÏÉ·¨Ìµ¢Ò¥ ²¨´¨¨). ”— ¸¶¥±É·µ³¥-
É·  �ˆŸˆ ¨ ¸¶¥±É·µ³¥É·  [6] ± Î¥¸É¢¥´´µ ¸µ¢¶ ¤ ÕÉ. �¥¡µ²ÓÏµ¥ · ¸Ìµ¦¤¥-

10



�¨¸. 9. �¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ”— ¸¶¥±É·µ³¥É·  ¤²Ö ®£µ²µ£µ¯ ¤¥É¥±Éµ· : ¸¶²µÏ´ Ö ±·¨-
¢ Ö Å ¡¥§ ± ¤³¨¥¢µ£µ Î¥Ì² ; ¶Ê´±É¨·´ Ö ±·¨¢ Ö Å ¢ ± ¤³¨¥¢µ³ Î¥Ì²¥

�¨¸. 10. �¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ”— ¸¶¥±É·µ³¥É·  ¤²Ö ¤¥É¥±Éµ·  ¢ § ³¥¤²¨É¥²¥ ¸ ¤¨ ³¥É·µ³
¸Ë¥·Ò 2 ¤Õ°³ 

´¨¥ ”— µ¡Ê¸²µ¢²¥´µ ´¥±µÉµ·Ò³¨ · §²¨Î¨Ö³¨ ¢ ±µ´¸É·Ê±Í¨ÖÌ ¶·¨¡µ·µ¢ ¨,
£² ¢´Ò³ µ¡· §µ³, · §´µ° ¶²µÉ´µ¸ÉÓÕ ¶µ²¨ÔÉ¨²¥´  § ³¥¤²¨É¥²¥°. �²µÉ´µ¸ÉÓ
¶µ²¨ÔÉ¨²¥´  ¢ [6] ¢ÒÏ¥ (0,95 £·¸³−3), ÎÉµ ¶·¨¢µ¤¨É ± ¸´¨¦¥´¨Õ §´ Î¥´¨°
”— ¢ µ¡² ¸É¨ Ô¶¨É¥¶²µ¢ÒÌ ¨ ¶·µ³¥¦ÊÉµÎ´ÒÌ ´¥°É·µ´µ¢ ¨ ¶µ¢ÒÏ¥´¨Õ §´ -
Î¥´¨° ”— ¢ µ¡² ¸É¨ ¡Ò¸É·ÒÌ ´¥°É·µ´µ¢ [7]. ‚²¨Ö´¨¥ ÔËË¥±É  ¶²µÉ´µ¸É¨
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�¨¸. 11. �¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ”— ¸¶¥±É·µ³¥É·  ¤²Ö ¤¥É¥±Éµ·  ¢ § ³¥¤²¨É¥²¥ ¸ ¤¨ ³¥É·µ³
¸Ë¥·Ò 3 ¤Õ°³ 

�¨¸. 12. �¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ”— ¸¶¥±É·µ³¥É·  ¤²Ö ¤¥É¥±Éµ·  ¢ § ³¥¤²¨É¥²¥ ¸ ¤¨ ³¥É·µ³
¸Ë¥·Ò 5 ¤Õ°³µ¢

· ¸É¥É ¸ Ê¢¥²¨Î¥´¨¥³ ¤¨ ³¥É·  § ³¥¤²¨É¥²Ö, ÎÉµ ¶µ¤É¢¥·¦¤ ¥É¸Ö ¶µ¢¥¤¥´¨¥³
”— ´  ·¨¸. 9Ä15. ‘µ£² ¸´µ · ¸Î¥É ³ [6] ®£µ²Ò°¯ ¤¥É¥±Éµ· ¶· ±É¨Î¥¸±¨ ´¥ÎÊ¢-
¸É¢¨É¥²¥´ ± ´¥°É·µ´ ³ ¢Ò¸µ±¨Ì Ô´¥·£¨°. �·¨ ÊÎ¥É¥ ¦¥ ·¥ ²Ó´µ£µ µ±·Ê¦¥´¨Ö
¤¥É¥±Éµ·  §´ Î¥´¨¥ ¥£µ ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ¢ ÔÉµ° µ¡² ¸É¨ Ô´¥·£¨° ¢ÒÏ¥. �µ²¥¥
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�¨¸. 13. �¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ”— ¸¶¥±É·µ³¥É·  ¤²Ö ¤¥É¥±Éµ·  ¢ § ³¥¤²¨É¥²¥ ¸ ¤¨ ³¥É·µ³
¸Ë¥·Ò 8 ¤Õ°³µ¢

�¨¸. 14. �¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ”— ¸¶¥±É·µ³¥É·  ¤²Ö ¤¥É¥±Éµ·  ¢ § ³¥¤²¨É¥²¥ ¸ ¤¨ ³¥É·µ³
¸Ë¥·Ò: ¸¶²µÏ´ Ö ±·¨¢ Ö Å 10 ¤Õ°³µ¢; ÏÉ·¨Ì¶Ê´±É¨·´ Ö ±·¨¢ Ö Å 10 ¤Õ°³µ¢ + Pb

Éµ£µ, Ê¦¥ µ¤´µ ´ ²¨Î¨¥ Î¥Ì²  ¨§ Éµ´±µ£µ ¸²µÖ ± ¤³¨Ö ¶µ¢ÒÏ ¥É ÎÊ¢¸É¢¨É¥²Ó-
´µ¸ÉÓ ®£µ²µ£µ¯ ¤¥É¥±Éµ·  ¶·¨³¥·´µ ¢É·µ¥ (¸³. ·¨¸. 9).

�Ê´±É¨·´µ° ²¨´¨¥° ´  ·¨¸. 9Ä11 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ”—
¸¶¥±É·µ³¥É·  �ˆŸˆ ¸ ÊÎ¥Éµ³ ¢¸¥Ì ·¥ ±Í¨° ¸ µ¡· §µ¢ ´¨¥³ § ·Ö¦¥´´ÒÌ Î -
¸É¨Í ´  6Li, 7Li ¨ 127I ¤²Ö £¥µ³¥É·¨¨ ¶²µ¸±µ£µ ³µ´µ´ ¶· ¢²¥´´µ£µ ¶µ²Ö ¨§²Ê-
Î¥´¨Ö. �É¨ · ¸Î¥ÉÒ ¶µ± § ²¨ ¶µ¤Ñ¥³ ”— ¤²Ö ¸Ë¥· ³ ²µ£µ ¤¨ ³¥É·  (®£µ²Ò°¯,
2 ¨ 3 ¤Õ°³ ), µ¸µ¡¥´´µ ¤²Ö ®£µ²µ£µ¯. � Î¨´ Ö ¸ ¤¨ ³¥É·  ¸Ë¥·Ò 5 ¤Õ°³µ¢ ¨
¡µ²¥¥ ´ ¡²Õ¤ ¥É¸Ö ¶µ²´µ¥ ¸µ£² ¸¨¥ ¸ · ¸Î¥É ³¨ ¶µ µ¸´µ¢´µ° ·¥ ±Í¨¨. �µ¤µ¡-
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�¨¸. 15. �¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ”— ¸¶¥±É·µ³¥É·  ¤²Ö ¤¥É¥±Éµ·  ¢ § ³¥¤²¨É¥²¥ ¸ ¤¨ ³¥É·µ³
¸Ë¥·Ò 12 ¤Õ°³µ¢

´Ò¥ · ¸Î¥ÉÒ ”—, ¢Ò¶µ²´¥´´Ò¥ ¸ Ô´¥·£¨¥° ´¥°É·µ´µ¢ 10 ŒÔ‚ [6], ¶·¨¢¥¤¥´Ò
ÏÉ·¨Ì¶Ê´±É¨·´µ° ²¨´¨¥°. �´¨ § ³¥É´µ µÉ²¨Î ÕÉ¸Ö ¤²Ö ®£µ²µ£µ¯ ¤¥É¥±Éµ· 
¨ 2-¤Õ°³µ¢µ° ¸Ë¥·Ò, ´µ Ê¦¥ ¤²Ö ¸Ë¥·Ò ¤¨ ³¥É·µ³ 3 ¤Õ°³  ¡²¨§±¨ ± ´ Ï¨³
· ¸Î¥É ³.

‚ µ¶¨¸ ´´ÒÌ ¢ÒÏ¥ · ¸Î¥É Ì ”— ¸¶¥±É·µ³¥É·  �ˆŸˆ ´¥ · ¸¸³ É·¨¢ -
² ¸Ó ·¥£¨¸É· Í¨Ö ¤¥É¥±Éµ·µ³ LiI(Eu) § ·Ö¦¥´´ÒÌ Î ¸É¨Í, ¢µ§´¨± ÕÐ¨Ì ¨§-§ 
¢§ ¨³µ¤¥°¸É¢¨Ö ´¥°É·µ´µ¢ ¸ Ê¶ ±µ¢±µ° ±·¨¸É ²² , ¸¢¥Éµ¢µ¤µ³, µ¡µ²µÎ±µ° ¨
§ ³¥¤²¨É¥²¥³, ±µÉµ·Ò¥ ³µ£ÊÉ ¶¥·¥¸¥± ÉÓ µ¡Ñ¥³ ¤¥É¥±Éµ· . —¨¸²µ ÔÉ¨Ì Î -
¸É¨Í ´¥§´ Î¨É¥²Ó´µ ¨§-§  ¨Ì ´¥¡µ²ÓÏµ° Ô´¥·£¨¨ ¨, ± ± ¸²¥¤¸É¢¨¥, ±µ·µÉ±µ£µ
¶·µ¡¥£  ¢ ¢¥Ð¥¸É¢¥.

‚ Í¥²µ³, ¤²Ö ±µ··¥±É´µ£µ · ¸Î¥É  ”— ³´µ£µ¸Ë¥·´µ£µ ¸¶¥±É·µ³¥É·  ¢
µ¡² ¸É¨ Ô´¥·£¨° ´¥°É·µ´µ¢ ¢ÒÏ¥ 1 ŒÔ‚, ´¥µ¡Ìµ¤¨³ ¶·¥¤¢ ·¨É¥²Ó´Ò° · ¸Î¥É
¥£µ ËÊ´±Í¨° µÉ±²¨±  ( ¶¶ · ÉÊ·´µ£µ ¸¶¥±É· ) ± ± µÉ § ·Ö¦¥´´ÒÌ ¶·µ¤Ê±Éµ¢
¢¸¥Ì ·¥ ±Í¨° ´¥°É·µ´µ¢ ¸ ²¨É¨¥³ ¨ °µ¤µ³, É ± ¨ µÉ ¢¸¥Ì ¢Éµ·¨Î´ÒÌ § ·Ö-
¦¥´´ÒÌ Î ¸É¨Í, ¶·µ´¨± ÕÐ¨Ì ¢ ¤¥É¥±Éµ· ¨§¢´¥, ¸ ÊÎ¥Éµ³ § ¢¨¸¨³µ¸É¨ ¸¢¥Éµ-
¢ÒÌµ¤  ¸Í¨´É¨²²ÖÉµ·  LiI(Eu) µÉ ¶²µÉ´µ¸É¨ ¨µ´¨§ Í¨µ´´ÒÌ ¶µÉ¥·Ó Ô´¥·£¨¨
¤²Ö · §²¨Î´ÒÌ Î ¸É¨Í. ‚ ÔÉ¨Ì · ¸Î¥É Ì É ±¦¥ ´ ¤µ µÍ¥´¨ÉÓ ¢±² ¤ ¢Éµ·¨Î´ÒÌ
£ ³³ -±¢ ´Éµ¢ ¢ ËÊ´±Í¨¨ µÉ±²¨±  ¸ ÊÎ¥Éµ³ ¶µ·µ£  ·¥£¨¸É· Í¨¨ ¸µ¡ÒÉ¨°.

�¢Éµ·Ò ¡² £µ¤ ·ÖÉ �. �. Š·Ò²µ¢  ¨ �. ‚. ”²µ·±µ §  ¶µ²¥§´Ò¥ µ¡¸Ê¦¤¥´¨Ö
¨ ¶µ³µÐÓ ¢ · ¡µÉ¥.

‹ˆ’…��’“��

1. Bramblett R. L., Ewing R. E., Bonner T. W. A New Type of Neutron Spectrometer //
Nucl. Instr. Meth. 1960. V. 9. P. 1.

14



2. Ophel T. R. Response Curves of Alkali Halide Scintillators With Special Reference to
The 6Li(n, a) Reaction in Lithium Iodide // Nucl. Instr. Meth. 1958. V. 3. P. 45.

3. Vylet V. Response matrix of an extended Bonner sphere system // Nucl. Instr. Meth.
A. 2002. V. 476. P. 26Ä30.

4. Goldhagen P. et. al. Measurement of the energy spectrum of cosmic-ray induced
neutrons aboard an ER-2 high-altitude airplane // Nucl. Instr. Meth. A. 2002. V. 476.
P. 42Ä51.

5. Mares V., Schraube H. Evaluation of the response matrix of a Bonner sphere spec-
trometer with LiI detector from thermal energy to 100 MeV // Nucl. Instr. Meth. A.
1994. V. 337. P. 461Ä473.

6. Sannikov A. V., Mares V., Schraube H. High energy response function of Bonner
spectrometer // Radiat. Protect. Dosim. 1997. V. 70, No. 1Ä4. P. 291Ä294.

7. Mares V., Schraube G., Scraube H. Calculated neutron response of a Bonner sphere
spectrometer with 3He counter // Nucl. Instr. Meth. A. 1991. V. 307. P. 398Ä412.

�µ²ÊÎ¥´µ 12 ¨Õ²Ö 2005 £.



Šµ··¥±Éµ· …. ‚. ‘ ¡ ¥¢ 

�µ¤¶¨¸ ´µ ¢ ¶¥Î ÉÓ 28.09.2005.
”µ·³ É 60× 90/16. �Ê³ £  µË¸¥É´ Ö. �¥Î ÉÓ µË¸¥É´ Ö.

“¸². ¶¥Î. ². 1,06. “Î.-¨§¤. ². 1,3. ’¨· ¦ 230 Ô±§. ‡ ± § º 55033.

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@pds.jinr.ru
www.jinr.ru/publish/


