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C· ¢´¥´¨¥ ÔËË¥±É¨¢´μ¸É¨ ³ É¥·¨ ²μ¢ Ìμ²μ¤´ÒÌ
§ ³¥¤²¨É¥²¥° ´¥°É·μ´μ¢ ¤²Ö ·¥ ±Éμ·  ˆ	�-2Œ

‚ · ¡μÉ¥ ¶·¨¢¥¤¥´μ · ¸Î¥É´μ¥ ¸· ¢´¥´¨¥ ¢ÒÌμ¤  Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢ ¨§
Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ·¥ ±Éμ·  ˆ	�-2Œ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ´¥°É·μ´´ÒÌ ¸¥-
Î¥´¨° ¤²Ö ´¥¸±μ²Ó±¨Ì ³ É¥·¨ ²μ¢ Ìμ²μ¤´ÒÌ § ³¥¤²¨É¥²¥°, ¶·¨£μÉμ¢²¥´´ÒÌ ¢
· §´ÒÌ ² ¡μ· Éμ·¨ÖÌ. ‚ ¡¨¡²¨μÉ¥± Ì ¸¥Î¥´¨° ÊÎ¨ÉÒ¢ ÕÉ¸Ö ³μ²¥±Ê²Ö·´Ò¥ ¸¢Ö§¨
¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ¸ ´¥°É·μ´ ³¨, ¨³¥ÕÐ¨³¨ Ô´¥·£¨Õ < 10 Ô‚. �·¨¢μ¤ÖÉ¸Ö
·¥§Ê²ÓÉ ÉÒ  ´ ²¨§  μ¶É¨³ ²Ó´μ° ¤²Ö ¢ÒÌμ¤  Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢ Éμ²Ð¨´Ò § -
³¥¤²¨É¥²Ö ¤²Ö · §´ÒÌ ³ É¥·¨ ²μ¢. �μ± § ´μ, ÎÉμ ³¥§¨É¨²¥´ Ö¢²Ö¥É¸Ö ´ ¨¡μ²¥¥
¶μ¤Ìμ¤ÖÐ¨³ ³ É¥·¨ ²μ³ ¤²Ö ¨¸¶μ²Ó§μ¢ ´¨Ö ¢ Ìμ²μ¤´ÒÌ § ³¥¤²¨É¥²ÖÌ ·¥ ±Éμ· 
ˆ	�-2Œ. „²Ö · ¸Î¥Éμ¢ ¶·¨³¥´Ö² ¸Ó ¶·μ£· ³³  É· ´¸¶μ·É  Î ¸É¨Í (MCNP).

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ´¥°É·μ´´μ° Ë¨§¨±¨ ¨³. ˆ.Œ. ”· ´± 
�ˆŸˆ.

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

Kulikov S.A., Shabalin E. P. P17-2005-222
Comparison of Cold Neutron Efˇciency of Neutron
Moderator Materials for the IBR-2M Research Reactor

Calculations of neutron yield for the IBR-2M research reactor cold moderator with
utilization of new cross-section libraries for different materials were done. Cross-
section data were recently prepared at different laboratories in the world. Molecular
bounds in the materials at interaction with neutrons with energy less than 10 eV are
considered in libraries. Results of optimization of thicknesses for different materials
and comparison of the most effective thicknesses, concerning cold neutron yield,
were shown. The beneˇt of mesitylene based cold moderators at the IBR-2M reactor
utilization is proved. Monte Carlo N -particle transport code (MCNP) has been used
for all calculations.

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

Communication of the Joint Institute for Nuclear Research. Dubna, 2005
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’¥´¤¥´Í¨¨ · §¢¨É¨Ö ¨¸¸²¥¤μ¢ ´¨° ¢ Ë¨§¨±¥ É¢¥·¤μ£μ É¥²  ¢ ´ ¸ÉμÖÐ¥¥
¢·¥³Ö ¢¥¤ÊÉ ± ¨¸¶μ²Ó§μ¢ ´¨Õ ¢ Ô±¸¶¥·¨³¥´É Ì ´¥°É·μ´μ¢ ¸ ¤²¨´μ° ¢μ²´Ò ¡μ-
²¥¥ 4 
A. ‘´¨¦¥´¨¥ Ô´¥·£¨¨ ¡Ò¸É·ÒÌ ´¥°É·μ´μ¢ ¨¸ÉμÎ´¨±  μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¢
§ ³¥¤²¨É¥²ÖÌ ´¥°É·μ´μ¢, ±μÉμ·Ò¥ Ö¢²ÖÕÉ¸Ö ®¶μ¸·¥¤´¨± ³¨¯ ³¥¦¤Ê ¨¸ÉμÎ´¨-
±μ³ ´¥°É·μ´μ¢ (¡Ê¤Ó Éμ ¨¸¸²¥¤μ¢ É¥²Ó¸±¨¥ Ö¤¥·´Ò¥ ·¥ ±Éμ·Ò, ¨¸ÉμÎ´¨±¨ ´ 
μ¸´μ¢¥ ·¥ ±Í¨° ®spallation¯ ¨²¨ ¤·.) ¨ ¨´¸É·Ê³¥´É ³¨ Ë¨§¨Î¥¸±¨Ì Ô±¸¶¥·¨-
³¥´Éμ¢. ‘μ§¤ ´¨¥ ´Ê¦´μ£μ ¸¶¥±É·  ¢´¥Ï´¨Ì ´¥°É·μ´´ÒÌ ¶ÊÎ±μ¢ ¶·μ¨¸Ìμ¤¨É
± ± ¢ É¥¶²μ¢ÒÌ, É ± ¨ ¢ ±·¨μ£¥´´ÒÌ § ³¥¤²¨É¥²ÖÌ, · ¡μÉ ÕÐ¨Ì ¶·¨ É¥³¶¥-
· ÉÊ·¥ § ³¥¤²ÖÕÐ¥£μ ³ É¥·¨ ²  20Ä100 Š. ˆ¸¶μ²Ó§μ¢ ´¨¥ ±·¨μ£¥´´ÒÌ § -
³¥¤²¨É¥²¥° ´¥°É·μ´μ¢ ¤ ¥É ¶μ¢ÒÏ¥´´Ò° ¢ÒÌμ¤ ®Ìμ²μ¤´ÒÌ¯ ´¥°É·μ´μ¢, ÎÉμ ¢
¸¢μÕ μÎ¥·¥¤Ó ¶μ§¢μ²Ö¥É ¸μ±· É¨ÉÓ ¢·¥³Ö, ´¥μ¡Ìμ¤¨³μ¥ ¤²Ö ¶·μ¢¥¤¥´¨Ö μ¤´μ£μ
Ô±¸¶¥·¨³¥´É ,   É ±¦¥ ¶·μ¢μ¤¨ÉÓ É¥ Ô±¸¶¥·¨³¥´ÉÒ, ±μÉμ·Ò¥ ¡Ò²¨ ¡Ò ´¥¢μ§-
³μ¦´Ò ¡¥§ É ±μ£μ § ³¥¤²¨É¥²Ö ¨§-§  ¨Ì ¶·μ¤μ²¦¨É¥²Ó´μ¸É¨. „·Ê£¨³, ´μ ´¥
³¥´¥¥ ¢ ¦´Ò³  ·£Ê³¥´Éμ³ ¢ ¶μ²Ó§Ê ¨¸¶μ²Ó§μ¢ ´¨Ö ±·¨μ£¥´´ÒÌ § ³¥¤²¨É¥²¥°
Ö¢²Ö¥É¸Ö Ô±μ´μ³¨Î¥¸±¨°, ¶μ¸±μ²Ó±Ê ¨¸¶μ²Ó§μ¢ ´¨e ±·¨μ£¥´´ÒÌ § ³¥¤²¨É¥²¥°
¶μ§¢μ²Ö¥É ¶μ²ÊÎ ÉÓ ¸· ¢´¨³Ò¥ ¨´É¥´¸¨¢´μ¸É¨ ´¥°É·μ´μ¢ ´  ¡μ²¥¥ ¸² ¡ÒÌ ¨¸-
ÉμÎ´¨± Ì ¡¥§ ¸É·μ¨É¥²Ó¸É¢  ´μ¢ÒÌ, É·¥¡ÊÕÐ¨Ì μ£·μ³´ÒÌ § É· É.

�·¨ ¸μ§¤ ´¨¨ ±μ³¶²¥±¸  § ³¥¤²¨É¥²¥° ¤²Ö ¨¸ÉμÎ´¨±  ´¥°É·μ´μ¢ ´¥μ¡-
Ìμ¤¨³μ ¶·μ¢¥¤¥´¨¥ ¶·¥¤¢ ·¨É¥²Ó´μ° ¨¸¸²¥¤μ¢ É¥²Ó¸±μ° · ¡μÉÒ, § ±²ÕÎ Õ-
Ð¥°¸Ö ¢ ¢Ò¡μ·¥ ³ É¥·¨ ² , Éμ²Ð¨´Ò ¸ ³¨Ì Ìμ²μ¤´ÒÌ § ³¥¤²¨É¥²¥° ¨ ¶·¥¤§ -
³¥¤²¨É¥²¥°, μ¶É¨³¨§ Í¨Ö · §³¥Ð¥´¨Ö ¨ É. ¤. ‚¥¸Ó ÔÉμÉ ±μ³¶²¥±¸ ¨¸¸²¥¤μ¢ -
´¨° ¶μ§¢μ²Ö¥É ¡μ²¥¥ ÔËË¥±É¨¢´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¨¸ÉμÎ´¨± ´¥°É·μ´μ¢. Š É ±¨³
¨¸ÉμÎ´¨± ³, ¢ Î ¸É´μ¸É¨, μÉ´μ¸¨É¸Ö ¨¸¸²¥¤μ¢ É¥²Ó¸±¨° ³μ¤¥·´¨§¨·Ê¥³Ò° ·¥-
 ±Éμ· ˆ	�-2Œ.

„²Ö § ³¥¤²¥´¨Ö ´¥°É·μ´μ¢ ¤μ É¥¶²μ¢ÒÌ Ô´¥·£¨°, ± ± ¶· ¢¨²μ, ¨¸¶μ²Ó§Ê-
¥É¸Ö μ¡ÒÎ´ Ö ¢μ¤ , ¨¸¶μ²Ó§μ¢ ´¨¥ ¦¥ ¡μ²ÓÏ¨´¸É¢  ³ É¥·¨ ²μ¢ ¤²Ö Ìμ²μ¤´ÒÌ
§ ³¥¤²¨É¥²¥° § É·Ê¤´¨É¥²Ó´μ ¢ ¸¢Ö§¨ ¸ ¶·μ¡²¥³ ³¨ · ¤¨ Í¨μ´´μ° ¸Éμ°±μ¸É¨.
‚ ´Ò´¥ ¤¥°¸É¢ÊÕÐ¨Ì § ³¥¤²¨É¥²ÖÌ ¢ ± Î¥¸É¢¥ § ³¥¤²ÖÕÐ¥£μ ¢¥Ð¥¸É¢  ¨¸-
¶μ²Ó§ÊÕÉ μ¡ÒÎ´ÊÕ ¢μ¤Ê, ¦¨¤±¨° ¢μ¤μ·μ¤, ¦¨¤±¨¥ Ê£²¥¢μ¤μ·μ¤Ò (³¥É ´, ¶·μ-
¶ ´), É¢¥·¤Ò° ³¥É ´. ‚μ§³μ¦´μ É ±¦¥ ¶·¨³¥´¥´¨¥ ¢μ¤Ö´μ£μ ²Ó¤ , § ³μ·μ¦¥´-
´ÒÌ ¸³¥¸¥° ³¥É ´  ¸ ¨´¥·É´Ò³ £ §μ³ ¨²¨ ´¥´ ¸ÒÐ¥´´Ò³¨ Ê£²¥¢μ¤μ·μ¤ ³¨,
³¥É ´  ¢ Í¥μ²¨É Ì, £¨¤· Éμ¢ ³¥É ´ ,  ³³¨ ± ,  ·μ³ É¨Î¥¸±¨Ì Ê£²¥¢μ¤μ·μ¤μ¢
(¢ Î ¸É´μ¸É¨, É·¨³¥É¨²¡¥´§μ²  (³¥§¨É¨²¥´ )) ¨ ¤·. �μÔÉμ³Ê ¶·¨ ¶·μ¥±É¨·μ-
¢ ´¨¨ ±·¨μ£¥´´ÒÌ § ³¥¤²¨É¥²¥° ´¥°É·μ´μ¢, ¶·¨ ¤μ¸É ÉμÎ´μ ¡μ£ Éμ³ ¢Ò¡μ·¥
³ É¥·¨ ²μ¢, ´¥μ¡Ìμ¤¨³μ μÉ¤ ÉÓ ¶·¥¤¶μÎÉ¥´¨¥ ± ±μ³Ê-Éμ μ¤´μ³Ê, ±μÉμ·Ò° ¡Ò
´ ¨¡μ²¥¥ ¶μ¤Ìμ¤¨² ¤²Ö ¨¸¶μ²Ó§μ¢ ´¨Ö.
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�  ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ´  ¸¥£μ¤´ÖÏ´¨° ¤¥´Ó ¨¸ÉμÎ´¨± Ì ´¥°É·μ´μ¢ Î Ð¥
¢¸¥£μ ¶·¨³¥´Ö¥³Ò³ ¢¥Ð¥¸É¢μ³ ¤²Ö ±·¨μ£¥´´ÒÌ § ³¥¤²¨É¥²¥° Ö¢²Ö¥É¸Ö ¦¨¤-
±¨° ¢μ¤μ·μ¤. ƒ² ¢´μ¥ ¥£μ ¤μ¸Éμ¨´¸É¢μ Å μÉ¸ÊÉ¸É¢¨¥ · ¤¨μ²¨§  ¨ · ¤¨ Í¨μ´-
´ÒÌ ÔËË¥±Éμ¢. �¤´ ±μ É¥·³ ²¨§ Í¨Ö ´¥°É·μ´μ¢ ¢ ¦¨¤±μ¢μ¤μ·μ¤´μ³ § ³¥¤²¨-
É¥²¥ ¶·μ¨¸Ìμ¤¨É ´¥ ¶μ²´μ¸ÉÓÕ. �Éμ μ¡ÑÖ¸´Ö¥É¸Ö μÉ¸ÊÉ¸É¢¨¥³ ´¨§±μ²¥¦ Ð¨Ì
Ê·μ¢´¥° ¢μ§¡Ê¦¤¥´¨Ö Ê ³μ²¥±Ê²Ò ¢μ¤μ·μ¤ . Š Éμ³Ê ¦¥ ¢μ¤μ·μ¤ ¢§·Ò¢μμ¶ ¸¥´,
ÎÉμ μ£· ´¨Î¨¢ ¥É ±·Ê£ ¥£μ ¨¸¶μ²Ó§μ¢ ´¨Ö. �Éμ μ¸μ¡¥´´μ  ±ÉÊ ²Ó´μ ¤²Ö ¨³-
¶Ê²Ó¸´μ£μ ·¥ ±Éμ· , ¶μ¸±μ²Ó±Ê μ´ ¢ ∼ 40 · § ¡μ²¥¥ ÎÊ¢¸É¢¨É¥²¥´ ± ¨§³¥´¥´¨Õ
£¥μ³¥É·¨¨, Î¥³ ·¥ ±Éμ·Ò ¸É Í¨μ´ ·´μ£μ ¤¥°¸É¢¨Ö

Œ¥É ´ μ± §Ò¢ ¥É¸Ö ¡μ²¥¥ ÔËË¥±É¨¢´Ò³ ¤²Ö § ³¥¤²¥´¨Ö ´¥°É·μ´μ¢, ¶μ-
Éμ³Ê ÎÉμ ¥£μ ³μ²¥±Ê²  ¨³¥¥É ´¨§±μ²¥¦ Ð¨¥ ¢· Ð É¥²Ó´Ò¥ (·μÉ Í¨μ´´Ò¥)
Ê·μ¢´¨. �Éμ, ´ ·Ö¤Ê ¸ ¡μ²ÓÏμ° ¶²μÉ´μ¸ÉÓÕ Ö¤¥· ¢μ¤μ·μ¤ , ¤¥² ¥É ³¥É ´ ¶μ
´¥°É·μ´´μ-Ë¨§¨Î¥¸±¨³ ¸¢μ°¸É¢ ³ ´ ¨²ÊÎÏ¨³ ¨§ ¢¸¥Ì ¤μ ¸¨Ì ¶μ· ¨§¢¥¸É´ÒÌ
¢¥Ð¥¸É¢. ‚ÒÌμ¤ Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢ ¨§ É¢¥·¤μ£μ ³¥É ´  ¶·¨ É¥³¶¥· ÉÊ·¥
20 Š ¢ 2Ä3 · §  ¢ÒÏ¥, Î¥³ ¨§ ¢μ¤μ·μ¤ . Œ¥É ´ É ±¦¥ Ê¤μ¡¥´ É¥³, ÎÉμ ³μ¦¥É
¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´ ¢ ¸· ¢´¨É¥²Ó´μ Ï¨·μ±μ³ ¨´É¥·¢ ²¥ É¥³¶¥· ÉÊ·. ƒ² ¢´Ò°
¦¥ ´¥¤μ¸É Éμ± ³¥É ´  Å ´¨§± Ö · ¤¨ Í¨μ´´ Ö ¸Éμ°±μ¸ÉÓ. ‚ ¶·μÍ¥¸¸¥ · -
¡μÉÒ ³¥É ´μ¢μ£μ § ³¥¤²¨É¥²Ö ´  ˆ	�-2 ¶μ 2Ä3 · §  ¢ ¸ÊÉ±¨ ´¥μ¡Ìμ¤¨³μ
³¥´ÖÉÓ É¥³¶¥· ÉÊ·´Ò° ·¥¦¨³ (¤²Ö ®¢Ò£μ´±¨¯ ´ ±μ¶¨¢Ï¥£μ¸Ö ¢μ¤μ·μ¤ ), ÎÉμ
¢Ò§Ò¢ ¥É ´¥¸É ¡¨²Ó´μ¸ÉÓ ´¥°É·μ´´μ£μ ¸¶¥±É· . Š·μ³¥ Éμ£μ, ·¥¸Ê·¸ · ¡μÉÒ
³¥É ´μ¢μ£μ § ³¥¤²¨É¥²Ö ´¥¢¥²¨± ¨§-§  ´ ±μ¶²¥´¨Ö ¢ ± ³¥·¥ ¸³μ² Å É¢¥·¤ÒÌ
¶·μ¤Ê±Éμ¢ · ¤¨μ²¨§ .

�·¨³¥´¥´¨¥  ²ÓÉ¥·´ É¨¢´ÒÌ ³ É¥·¨ ²μ¢ ³μ¦¥É μ± § ÉÓ¸Ö ¡μ²¥¥ Í¥²¥¸μ-
μ¡· §´Ò³, ´¥¦¥²¨ ³¥É ´  ¨²¨ ¢μ¤μ·μ¤ , ´μ ¡μ²ÓÏ¨´¸É¢μ ¨§ ÔÉ¨Ì ³ É¥·¨ ²μ¢
É ± ¦¥, ± ± ¨ ³¥É ´, ¸É· ¤ ÕÉ ´ ²¨Î¨¥³ · ¤¨ Í¨μ´´ÒÌ ÔËË¥±Éμ¢ [1Ä8].

�·¨³¥´¥´¨¥ ´μ¢ÒÌ ¢¥Ð¥¸É¢ ¢ Ìμ²μ¤´ÒÌ § ³¥¤²¨É¥²ÖÌ ´¥°É·μ´μ¢ ¶·¨¢μ-
¤¨É ± ´¥μ¡Ìμ¤¨³μ¸É¨ ¸μ§¤ ´¨Ö ¡¨¡²¨μÉ¥± ¸¥Î¥´¨° ¢§ ¨³μ¤¥°¸É¢¨Ö ÔÉ¨Ì ¢¥-
Ð¥¸É¢ ¸ ´¥°É·μ´ ³¨ ¶·¨ ´¨§±¨Ì É¥³¶¥· ÉÊ· Ì ¤²Ö ¤ ²Ó´¥°Ï¥£μ ¨Ì ¨¸¶μ²Ó-
§μ¢ ´¨Ö ¢ ³μ¤¥²¨·μ¢ ´¨¨ ¨ · ¸Î¥É¥ ¨¸ÉμÎ´¨±μ¢ ´¥°É·μ´μ¢ ¸ ±·¨μ£¥´´Ò³¨
§ ³¥¤²¨É¥²Ö³¨. ‚ ¸¢Ö§¨ ¸μ ¸²μ¦´μ¸ÉÓÕ ¤¨´ ³¨±¨ ¢§ ¨³μ¤¥°¸É¢¨Ö ³¥¤²¥´´ÒÌ
´¥°É·μ´μ¢ ¸ ¢¥Ð¥¸É¢μ³ ¶·¨ ´¨§±¨Ì É¥³¶¥· ÉÊ· Ì ¶·¨£μÉμ¢²¥´¨¥ É ±¨Ì ¡¨-
¡²¨μÉ¥± Ö¢²Ö¥É¸Ö ´¥É·¨¢¨ ²Ó´μ° § ¤ Î¥°, ¤²Ö ·¥Ï¥´¨Ö ±μÉμ·μ° ¸ÊÐ¥¸É¢Ê¥É
´¥¸±μ²Ó±μ ³¥Éμ¤¨±. —Éμ¡Ò ¡ÒÉÓ Ê¢¥·¥´´Ò³, ÎÉμ ¸μ§¤ ´´Ò¥ ¡¨¡²¨μÉ¥±¨  ¤¥-
±¢ É´μ μ¶¨¸Ò¢ ÕÉ ¤¨´ ³¨±Ê ¢§ ¨³μ¤¥°¸É¢¨Ö ³μ²¥±Ê² ¢¥Ð¥¸É¢  ¸ ´¥°É·μ´ ³¨,
´¥μ¡Ìμ¤¨³  ¨Ì ¢¥·¨Ë¨± Í¨Ö ¶ÊÉ¥³ ¸μ¶μ¸É ¢²¥´¨Ö ·¥§Ê²ÓÉ Éμ¢ Ô±¸¶¥·¨³¥´Éμ¢
¸ ·¥§Ê²ÓÉ É ³¨ · ¸Î¥Éμ¢ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ³μ¤¥²¨ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É -
´μ¢±¨ ¨ ¡¨¡²¨μÉ¥± ¢¥·¨Ë¨Í¨·Ê¥³ÒÌ ³ É¥·¨ ²μ¢.

–¥²ÓÕ ¤ ´´μ° · ¡μÉÒ Ö¢²Ö¥É¸Ö μ¶·¥¤¥²¥´¨¥ μ¶É¨³ ²Ó´ÒÌ (É. ¥. ´ ¨¡μ²¥¥
ÔËË¥±É¨¢´ÒÌ) Éμ²Ð¨´ § ³¥¤²¨É¥²¥° ¤²Ö · §´ÒÌ ³ É¥·¨ ²μ¢, ¶¥·¸¶¥±É¨¢´ÒÌ
¤²Ö ¨¸¶μ²Ó§μ¢ ´¨Ö ¶·¨ ´¨§±¨Ì É¥³¶¥· ÉÊ· Ì ¢ ±·¨μ£¥´´ÒÌ § ³¥¤²¨É¥²ÖÌ ·¥-
 ±Éμ·  ˆ	�-2Œ.
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„²Ö ¶·μ¢¥¤¥´¨Ö ¸· ¢´¥´¨Ö ¡Ò²  ¨¸¶μ²Ó§μ¢ ´  3D-£¥μ³¥É·¨Ö ·¥ ±Éμ· 
ˆ	�-2Œ ¨ ¥£μ μ±·Ê¦¥´¨Ö (·¨¸. 1) ¢ Ëμ·³ É¥, É·¥¡Ê¥³μ³ ¶·μ£· ³³μ° · ¸Î¥É 
É· ´¸¶μ·É  ´¥°É·μ´μ¢ MCNP [9].

�¨¸. 1. ƒ¥μ³¥É·¨Ö ˆ	�-2Œ, ¨¸¶μ²Ó§μ¢ ´´ Ö ¢ · ¸Î¥É Ì ¸¶¥±É·μ¢ ´¥°É·μ´μ¢. (–¨Ë·Ò
´  ·¨¸. a μ¡μ§´ Î ÕÉ ´μ³¥·  ¨¸¸²¥¤μ¢ É¥²Ó¸±¨Ì ± ´ ²μ¢)

‚ ¸É ´¤ ·É´μ³ ¶ ±¥É¥ ¡¨¡²¨μÉ¥± ¸¥Î¥´¨° MCNP ´ Ìμ¤ÖÉ¸Ö ¡¨¡²¨μÉ¥±¨
¤²Ö · ¸Î¥É  Ìμ²μ¤´ÒÌ § ³¥¤²¨É¥²¥° ´  μ¸´μ¢¥ ³¥É ´  ¨ ¢μ¤μ·μ¤ . 	² £μ¤ ·Ö
±μ²² ¡μ· Í¨¨ �‘μŒ (Advanced Cold Moderators) ´ ³ ¡Ò²¨ ¶·¥¤μ¸É ¢²¥´Ò
¡¨¡²¨μÉ¥±¨ ¤²Ö ÔÉ¨Ì ¨ ¤·Ê£¨Ì ³ É¥·¨ ²μ¢ Ìμ²μ¤´ÒÌ § ³¥¤²¨É¥²¥°, ±μÉμ·Ò¥
¡Ò²¨ ¸£¥´¥·¨·μ¢ ´Ò · §´Ò³¨ £·Ê¶¶ ³¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ · §´ÒÌ ¶μ¤Ìμ¤μ¢.
	μ²¥¥ ¶μ¤·μ¡´μ μ ³¥Éμ¤¥ ¶·¨£μÉμ¢²¥´¨Ö ÔÉ¨Ì ¡¨¡²¨μÉ¥± ³μ¦´μ ´ °É¨ ¢ [10Ä
15]. „²Ö ¸μ¶μ¸É ¢²¥´¨Ö ¶μ²ÊÎ¥´´ÒÌ ¨ ¨³¥¢Ï¨Ì¸Ö ¢ ´ Ï¥³ · ¸¶μ·Ö¦¥´¨¨
´¥°É·μ´´ÒÌ ¸¥Î¥´¨° ¤²Ö ³ É¥·¨ ²μ¢ ¶·¨ ´¨§±¨Ì É¥³¶¥· ÉÊ· Ì (³¥É ´  ¨ ¢μ-
¤μ·μ¤ ) ¡Ò² ¶·μ¢¥¤¥´ ·Ö¤ · ¸Î¥Éμ¢ ¤²Ö μ¤´μ£μ ¨§ Ìμ²μ¤´ÒÌ § ³¥¤²¨É¥²¥°
·¥ ±Éμ·  ˆ	�-2Œ. �·¨ · ¸Î¥É Ì ¨§³¥´Ö² ¸Ó Éμ²Ó±μ ¢Ìμ¤´ Ö ¨´Ëμ·³ Í¨Ö
μÉ´μ¸¨É¥²Ó´μ ¨¸¶μ²Ó§Ê¥³μ° ¡¨¡²¨μÉ¥±¨, ¡¥§ ¨§³¥´¥´¨Ö ± ±¨Ì-²¨¡μ ¤·Ê£¨Ì
¶ · ³¥É·μ¢ · ¸Î¥É .

‚ · ¸Î¥É Ì ¸ ³¥É ´μ³ ¶·¨ T = 20 Š ¶·¨³¥´Ö²¨¸Ó ¡¨¡²¨μÉ¥±¨ ¸¥Î¥-
´¨°, ¶·¨£μÉμ¢²¥´´ÒÌ É·¥³Ö ´¥§ ¢¨¸¨³Ò³¨ £·Ê¶¶ ³¨ ÊÎ¥´ÒÌ: £·Ê¶¶μ° ¶·μË.
R. E.McFarlane, ‘˜� [12, 13], £·Ê¶¶μ° ¶·μË. W.Bernnat, ƒ¥·³ ´¨Ö [15] ¨
£·Ê¶¶μ° ¶·μË. R.Granada, �·£¥´É¨´  [10, 11, 14]. �¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¶·¨-
¢¥¤¥´Ò ´  ·¨¸. 2.
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�¨¸. 2. ‘¶¥±É·Ò ´¥°É·μ´μ¢ ¨§ ³¥É ´ 
¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ É·¥Ì ¡¨¡²¨μÉ¥± ¸¥Î¥-
´¨°, T = 20 Š: � Å ¡¨¡²¨μÉ¥±  ¸¥-
Î¥´¨° R. Granada, �·£¥´É¨´  [10, 11, 14],
� Å ¡¨¡²¨μÉ¥±  ¸¥Î¥´¨° W.Bernnat,
ƒ¥·³ ´¨Ö [15], � Å ¡¨¡²¨μÉ¥±  ¸¥Î¥´¨°
R. E. McFarlane, ‘˜� [12, 13]

�¨¸. 3. ‘¶¥±É·Ò ´¥°É·μ´μ¢ ¨§ ¢μ¤μ·μ¤ ,
¶μ²ÊÎ¥´´Ò¥ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ É·¥Ì ¡¨-
¡²¨μÉ¥± ¸¥Î¥´¨°, T = 20 Š: � Å ¡¨-
¡²¨μÉ¥±  ¸¥Î¥´¨° R.Granada, �·£¥´É¨´ 
[10, 11, 14], � Å ¡¨¡²¨μÉ¥±  ¸¥Î¥´¨° W.
Bernnat, ƒ¥·³ ´¨Ö [15], � Å ¡¨¡²¨μÉ¥± 
¸¥Î¥´¨° R. E. McFarlane, ‘˜� [12, 13]

�·¨ ¸· ¢´¥´¨¨ ¸¥Î¥´¨° ¢μ¤μ·μ¤  É ±¦¥ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¡¨¡²¨μÉ¥±¨ ¸
¸¥Î¥´¨Ö³¨ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢, ¶·¨£μÉμ¢²¥´´Ò¥ É·¥³Ö £·Ê¶¶ ³¨ · §· ¡μÉ-
Î¨±μ¢ [10Ä15]. �¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 3.

Š ± ¢¨¤´μ ¨§ ¶·¨¢¥¤¥´´ÒÌ ´  ·¨¸. 2 ¨ 3 ·¥§Ê²ÓÉ Éμ¢ ¶·¨ ¨¸¶μ²Ó§μ¢ -
´¨¨ · §´ÒÌ ¡¨¡²¨μÉ¥± ¸¥Î¥´¨° ¢ · ¸Î¥É Ì ¤²Ö μ¤´μ£μ ¨ Éμ£μ ¦¥ ³ É¥·¨ ² ,
¶μ²ÊÎ¥´´Ò¥ ¸¶¥±É·Ò Ìμ·μÏμ ¸μ£² ¸ÊÕÉ¸Ö ¤·Ê£ ¸ ¤·Ê£μ³. � §¡·μ¸ §´ Î¥´¨°
¨´É¥£· ²Ó´ÒÌ ÊÉ¥Î¥± Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢ ¸ ¶μ¢¥·Ì´μ¸É¨ § ³¥¤²¨É¥²Ö ¶·¨
¨¸¶μ²Ó§μ¢ ´¨¨ ´¥°É·μ´´ÒÌ ¸¥Î¥´¨°, ¶·¨£μÉμ¢²¥´´ÒÌ · §´Ò³¨ £·Ê¶¶ ³¨ ¨ ¨§
¢μ¤μ·μ¤´μ£μ § ³¥¤²¨É¥²Ö, ¨ ¨§ ³¥É ´μ¢μ£μ, ¸μ¸É ¢²Ö¥É ³¥´¥¥ 10 %.

2. ��’ˆŒˆ‡�–ˆŸ ’�‹™ˆ�› Œ�’…�ˆ�‹�‚ •�‹�„��ƒ�
‡�Œ…„‹ˆ’…‹Ÿ „‹Ÿ ��‹“—…�ˆŸ Œ�Š‘ˆŒ�‹œ��‰ “’…—Šˆ

•�‹�„�›• �…‰’����‚

�¶É¨³¨§ Í¨Ö Éμ²Ð¨´Ò Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ¶μ ¨´É¥´¸¨¢´μ¸É¨ ÊÉ¥Î±¨
Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢ ¡Ò²  ¢Ò¶μ²´¥´  ¤²Ö ¸²¥¤ÊÕÐ¨Ì ³ É¥·¨ ²μ¢ Ìμ²μ¤´ÒÌ
§ ³¥¤²¨É¥²¥°: ¢μ¤μ·μ¤ (50 % μ·Éμ- ¨ 50 % ¶ · ¢μ¤μ·μ¤  ¶·¨ Éμ²Ð¨´ Ì 2,
4, 5, 6, 8, 10 ¸³), ³¥É ´ (Éμ²Ð¨´Ò: 1,5; 2; 2,5 ¸³), ¢μ¤  (Éμ²Ð¨´Ò: 2, 4,
6, 8 ¸³, ¸¥Î¥´¨Ö W.Bernnat, ƒ¥·³ ´¨Ö [15]) ¨ ±·¨¸É ²²¨Î¥¸±¨° ³¥§¨É¨²¥´
(Éμ²Ð¨´Ò: 1,5; 2; 2,5 ¸³, ¸¥Î¥´¨Ö R.Granada, �·£¥´É¨´  [10, 11, 14]) ¶·¨
T = 20 Š). ‘¶¥±É· ÊÉ¥Î±¨ μÍ¥´¨¢ ²¸Ö ÉμÎ¥Î´Ò³ ¤¥É¥±Éμ·μ³ ´  · ¸¸ÉμÖ´¨¨
4,5 ³ μÉ § ³¥¤²¨É¥²Ö, ¶·¨Î¥³ ¢ ÊÎ¥É ¡· ²¨¸Ó Éμ²Ó±μ ´¥°É·μ´Ò ¨§ Ìμ²μ¤´μ£μ
§ ³¥¤²¨É¥²Ö. �  ·¨¸. 1 ¶·¥¤¸É ¢²¥´Ò:   Å £μ·¨§μ´É ²Ó´μ¥ ¸¥Î¥´¨¥ ·¥ ±Éμ· 
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ˆ	�-2Œ ¨ μ±·Ê¦¥´¨Ö; ¡ Å ¸Ì¥³ É¨Î¥¸±¨° ¢¨¤ ´  ¨¸¶μ²Ó§Ê¥³ÊÕ ¢ · ¸Î¥É Ì
¶μ¢¥·Ì´μ¸ÉÓ § ³¥¤²¨É¥²Ö, ¸μ¸ÉμÖÐÊÕ ¨§ ®Ìμ²μ¤´μ°¯ Î ¸É¨ (· §´Ò¥ ³ É¥·¨-
 ²Ò) ¢ Í¥´É·¥ ¨ ¤¢ÊÌ ®É¥¶²ÒÌ¯ (¢μ¤ ) Î ¸É¥°.

„²Ö ± ¦¤μ£μ ¨§ ¢¥Ð¥¸É¢ ¡Ò²¨ ¶μ¸É·μ¥´Ò £· Ë¨±¨ § ¢¨¸¨³μ¸É¨ ¨´É¥£· ²Ó-
´μ° ÊÉ¥Î±¨ Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢ ¸ Ô´¥·£¨Ö³¨ E < 0,005 Ô‚ μÉ´μ¸¨É¥²Ó´μ ³ ±-
¸¨³ ²Ó´μ° ÊÉ¥Î±¨ ¨§ ¤ ´´μ£μ ¢¥Ð¥¸É¢  ¶·¨ Ë¨±¸¨·μ¢ ´´μ° Éμ²Ð¨´¥ ¶·¥¤§ -
³¥¤²¨É¥²Ö, · ¢´μ° 5 ¸³ (·¨¸. 4Ä7).

�¨¸. 4. �É´μ¸¨É¥²Ó´Ò¥ ¨´É¥£· ²Ó´Ò¥
ÊÉ¥Î±¨ Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢ ¨§ ³¥É ´μ-
¢μ£μ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ¶·¨ ¢ ·Ó¨·μ-
¢ ´¨¨ Éμ²Ð¨´Ò

�¨¸. 5. �É´μ¸¨É¥²Ó´Ò¥ ¨´É¥£· ²Ó´Ò¥
ÊÉ¥Î±¨ Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢ ¨§ § ³¥¤²¨-
É¥²Ö ´  ²Ó¤¥ ¶·¨ ¢ ·Ó¨·μ¢ ´¨¨ Éμ²Ð¨´Ò

�¨¸. 6. �É´μ¸¨É¥²Ó´Ò¥ ¨´É¥£· ²Ó´Ò¥
ÊÉ¥Î±¨ Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢ ¨§ ¢μ¤μ·μ¤-
´μ£μ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ¶·¨ ¢ ·Ó¨·μ-
¢ ´¨¨ Éμ²Ð¨´Ò

�¨¸. 7. �É´μ¸¨É¥²Ó´Ò¥ ¨´É¥£· ²Ó´Ò¥
ÊÉ¥Î±¨ Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢ ¨§ ³¥§¨É¨²¥-
´μ¢μ£μ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ¶·¨ ¢ ·Ó¨-
·μ¢ ´¨¨ Éμ²Ð¨´Ò

‚ ·¥§Ê²ÓÉ É¥  ´ ²¨§  £· Ë¨±μ¢ ·¨¸. 5Ä8 ¶μ²ÊÎ¥´Ò ´ ¨¡μ²¥¥ ÔËË¥±É¨¢-
´Ò¥ ¤²Ö ¶·μ¨§¢μ¤¸É¢  Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢ §´ Î¥´¨Ö Éμ²Ð¨´Ò ¤²Ö · §´ÒÌ
³ É¥·¨ ²μ¢, μ´¨ ¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥.
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�¥§Ê²ÓÉ ÉÒ μ¶É¨³¨§ Í¨¨ Éμ²Ð¨´ ³ É¥·¨ ²μ¢ ¤²Ö Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö
´¥°É·μ´μ¢

Œ É¥·¨ ² CH4 H2 H2O C9H12

� ¨¡μ²¥¥ ÔËË¥±É¨¢´ Ö Éμ²Ð¨´  ³ É¥·¨ ² , ¸³ 2 5 3 2

‘¶¥±É·Ò ´¥°É·μ´μ¢ ¤²Ö ÔËË¥±É¨¢´ÒÌ Éμ²Ð¨´ § ³¥¤²ÖÕÐ¨Ì ³ É¥·¨ ²μ¢
¶·¨¢¥¤¥´Ò ´  ·¨¸. 8.

�¨¸. 8. ‘· ¢´¥´¨¥ ¸¶¥±É·μ¢ ´¥°É·μ´μ¢ ¤²Ö · §´ÒÌ ³ É¥·¨ ²μ¢ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö
¸ μ¶É¨³¨§¨·μ¢ ´´Ò³¨ ¤²Ö ³ ±¸¨³ ²Ó´μ£μ ¢ÒÌμ¤  ´¥°É·μ´μ¢ Éμ²Ð¨´ ³¨, ´μ·³¨·μ¢ ´-
´Ò¥ ´  μ¤¨´ ´¥°É·μ´ ¨¸ÉμÎ´¨±  ´  · ¸cÉμÖ´¨¨ 4,5 ³ μÉ ¶μ¢¥·Ì´μ¸É¨ § ³¥¤²¨É¥²Ö (1 Å
2 ¸³ ³¥É ´ ; 2 Å 2 ¸³ ³¥§¨É¨²¥´ ; 3 Å 5 ¸³ ¢μ¤μ·μ¤ ; 4 Å 3 ¸³ ²Ó¤ )

ˆ¸Ìμ¤Ö ¨§ ¤ ´´ÒÌ ·¨¸. 9, ³μ¦´μ Ê¢¨¤¥ÉÓ, ÎÉμ ´ ¨¡μ²¥¥ ÔËË¥±É¨¢¥´ ¢ ¨¸-
¶μ²Ó§μ¢ ´¨¨ ¤²Ö ¶μ²ÊÎ¥´¨Ö Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢ ³¥É ´, §  ´¨³ Å ³¥§¨É¨²¥´,
¢μ¤μ·μ¤ ¨ ¸ ³Ò° ÌÊ¤Ï¨° ¢ ÔÉμ³ μÉ´μÏ¥´¨¨ ³ É¥·¨ ² Å ²¥¤. �¤´ ±μ ¢μ¤μ·μ¤
´¥ ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´ ´  ˆ	�-2Œ ¢ ¸¢Ö§¨ ¸ ¶·μ¡²¥³ ³¨ ¡¥§μ¶ ¸´μ¸É¨
Ô±¸¶²Ê É Í¨¨ ¨³¶Ê²Ó¸´μ£μ ·¥ ±Éμ· . —Éμ ± ¸ ¥É¸Ö ³¥É ´ , Éμ, ÊÎ¨ÉÒ¢ Ö μ¶¨-
¸ ´´Ò¥ ¢μ ¢¢¥¤¥´¨¨ · ¤¨ Í¨μ´´Ò¥ ÔËË¥±ÉÒ ¨ ¸¢Ö§ ´´Ò¥ ¸ ÔÉ¨³ ¶·μ¡²¥³Ò,
  ¨³¥´´μ: μ¶ ¸´μ¸ÉÓ · §·Ò¢  ± ³¥·Ò § ³¥¤²¨É¥²Ö ´ ±μ¶²¥´´Ò³ ¢ ¶·μÍ¥¸¸¥
μ¡²ÊÎ¥´¨Ö ¢μ¤μ·μ¤μ³, ´ ±μ¶²¥´¨¥ · ¤¨± ²μ¢, ¢Ò§Ò¢ ÕÐ¨Ì ¸ ³μ· §μ£·¥¢Ò § -
³¥¤²¨É¥²Ö [1Ä4, 16Ä19],   É ±¦¥ ´ ±μ¶²¥´¨¥ ¢Ò¸μ±μ±¨¶ÖÐ¨Ì ¶μ²¨³¥·μ¢, ¶·¨
¨¸¶μ²Ó§μ¢ ´¨¨ ¥£μ ¢ ¢Ò¸μ±¨Ì ¶μÉμ± Ì ´¥°É·μ´μ¢ ´¥μ¡Ìμ¤¨³μ Ê¢¥²¨Î¥´¨¥ Éμ²-
Ð¨´Ò ¶·¥¤§ ³¥¤²¨É¥²Ö ¨ É¥³¶¥· ÉÊ·Ò ³¥É ´μ¢μ£μ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö.
�¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¸¶¥±É·μ¢ ´¥°É·μ´μ¢ ¨§ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ¤²Ö ³¥§¨-
É¨²¥´  ¨ ³¥É ´ , ´μ·³¨·μ¢ ´´ÒÌ ´  μ¤¨´ ´¥°É·μ´ ¨¸ÉμÎ´¨± , ¶·¨¢¥¤¥´Ò ´ 
·¨¸. 9.
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�¨¸. 9. ‘· ¢´¥´¨¥ ¸¶¥±É·μ¢ ´¥°É·μ´μ¢ ¨§ § ³¥¤²¨É¥²¥° ¤²Ö ³¥É ´  ¨ ³¥§¨É¨²¥´  ¶·¨
μ¶É¨³ ²Ó´ÒÌ ¤²Ö ¨¸¶μ²Ó§μ¢ ´¨Ö ´  ˆ	�-2Œ ¶ · ³¥É· Ì ´  · ¸cÉμÖ´¨¨ 4,5 ³ μÉ ¶μ-
¢¥·Ì´μ¸É¨ § ³¥¤²¨É¥²Ö (1 Å ³¥§¨É¨²¥´ ¶·¨ T = 20 Š ¨ Éμ²Ð¨´¥ ¶·¥¤§ ³¥¤²¨É¥²Ö
5 ¸³; 2 Å ³¥É ´ ¶·¨ 57 Š ¨ Éμ²Ð¨´¥ ¶·¥¤§ ³¥¤²¨É¥²Ö 9 ¸³)

ˆ§ ¸· ¢´¥´¨Ö ·¥§Ê²ÓÉ Éμ¢ · ¸Î¥Éμ¢ ¶μ μ¶É¨³¨§ Í¨¨ ¸ ÊÎ¥Éμ³ ¢μ§³μ¦´ÒÌ
ÔËË¥±Éμ¢, ´ ±² ¤Ò¢ ÕÐ¨Ì μ£· ´¨Î¥´¨¥ ´  ¨¸¶μ²Ó§μ¢ ´¨¥ ¢μ¤μ·μ¤¸μ¤¥·¦ -
Ð¨Ì ³ É¥·¨ ²μ¢, ¶μ²ÊÎ ¥³, ÎÉμ ¤²Ö ˆ	�-2Œ ¨¸¶μ²Ó§μ¢ ´¨¥ ³¥§¨É¨²¥´  ¢ ± -
Î¥¸É¢¥ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ´¥°É·μ´μ¢ ÔËË¥±É¨¢´¥¥, ¶μ¸±μ²Ó±Ê ¨´É¥£· ²Ó-
´ Ö ÊÉ¥Î±  Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢ ¨§ ´¥£μ ∼ ¢¤¢μ¥ ¢ÒÏ¥, Î¥³ ¨§ ³¥É ´ .
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