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�·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ É¥μ·¥É¨Î¥¸±¨Ì · ¸Î¥Éμ¢, ´ ¶· ¢²¥´´ÒÌ ´  μ¶É¨³¨§ Í¨Õ £μ²μ¢´μ°
Î ¸É¨ ±μ³¡¨´¨·μ¢ ´´μ£μ § ³¥¤²¨É¥²Ö ´¥°É·μ´μ¢ ¢ ´ ¶· ¢²¥´¨¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¶ÊÎ±μ¢ 1,
4Ä6 ¨ 9 ·¥ ±Éμ·  ˆ	�-2. �·¨¢¥¤¥´Ò ¤ ´´Ò¥ ±μ³¶ÓÕÉ¥·´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö · §²¨Î´ÒÌ ¢ ·¨ ´Éμ¢
±μ´¸É·Ê±Í¨¨ £μ²μ¢´μ° Î ¸É¨ § ³¥¤²¨É¥²Ö ¸ · ¸Î¥Éμ³ Ë ±Éμ·  ¢Ò¨£·ÒÏ  ¶μ ¸· ¢´¥´¨Õ ¸ £·¥¡¥´-
Î ÉÒ³ ¢μ¤Ö´Ò³ § ³¥¤²¨É¥²¥³. �  μ¸´μ¢¥ · ¸Î¥É´ÒÌ ¤ ´´ÒÌ ¢Ò¡· ´  μ¶É¨³ ²Ó´ Ö ±μ´Ë¨£Ê· Í¨Ö
£μ²μ¢´μ° Î ¸É¨ § ³¥¤²¨É¥²Ö ¸ ÊÎ¥Éμ³ ´¥°É·μ´´μ-Ë¨§¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± ¢Ò¡· ´´μ° ³μ¤¥²¨ ¨
É¥Ì´μ²μ£¨Î¥¸±μ° ¢μ§³μ¦´μ¸É¨ ¨§£μÉμ¢²¥´¨Ö ±μ³¡¨´¨·μ¢ ´´μ£μ § ³¥¤²¨É¥²Ö.

Herein theoretical calculations are presented in order to optimize the head part of combined neutron
moderator in the direction of experimental beams 1, 4Ä6 and 9 at IBR-2 reactor. The data on computer
simulations for the different options of design of the moderator head part, including the calculations of
advantageous factor in comparison to comb-like water moderator are given. According to calculated
data, the optimized conˇguration of the moderator head part is chosen with regard to the neutronic
characteristics of selected model and technological options for designing the combined moderator.

PACS: 07.05.Kf; 07.77.Gx; 28.20.Cz; 28.20.Fc; 28.20.Gd; 28.41.Ak; 28.41.Pa
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‚‚…„…�ˆ…

�±¸¶¥·¨³¥´ÉÒ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ®Ìμ²μ¤´ÒÌ¯ ´¥°É·μ´μ¢, ¤²¨´Ò ¢μ²´ ±μÉμ·ÒÌ ¶·¥-
¢ÒÏ ÕÉ 4 
A, ¶·μ¢μ¤ÖÉ¸Ö ´  ¢Ò¸μ±μ¶μÉμÎ´ÒÌ ¨¸¸²¥¤μ¢ É¥²Ó¸±¨Ì ´¥°É·μ´´ÒÌ ¨¸ÉμÎ´¨± Ì
´ Î¨´ Ö ¸ 1980-Ì ££. „²Ö Ê¢¥²¨Î¥´¨Ö ¶μÉμ±  Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢ ¶·¨³¥´ÖÕÉ¸Ö Ìμ²μ¤´Ò¥
§ ³¥¤²¨É¥²¨, · ¡μÉ ÕÐ¨¥ ¶·¨ ±·¨μ£¥´´ÒÌ É¥³¶¥· ÉÊ· Ì. ‚ ± Î¥¸É¢¥ ¢¥Ð¥¸É¢ , ¢ ±μÉμ·μ³
¶·μ¨¸Ìμ¤¨É ¶·μÍ¥¸¸ § ³¥¤²¥´¨Ö ´¥°É·μ´μ¢, ¨¸¶μ²Ó§ÊÕÉ¸Ö ¸ ³Ò¥ · §²¨Î´Ò¥ ³ É¥·¨ ²Ò:
¢μ¤ , ÉÖ¦¥² Ö ¢μ¤ , ²¥¤, ¶ · Ë¨´, ¡¥·¨²²¨°, ¦¨¤±¨° ¢μ¤μ·μ¤, ¦¨¤±¨° ¨ É¢¥·¤Ò° ³¥É ´,
  É ±¦¥ · §²¨Î´Ò¥ Ê£²¥¢μ¤μ·μ¤Ò. ‚ ¶·μÍ¥¸¸¥ § ³¥¤²¥´¨Ö ´¥°É·μ´ ¢§ ¨³μ¤¥°¸É¢Ê¥É ¸
Ö¤· ³¨ ¢¥Ð¥¸É¢ -§ ³¥¤²¨É¥²Ö ¨, ¸É ²±¨¢ Ö¸Ó ¸ ´¨³¨, ¶μ¸É¥¶¥´´μ É¥·Ö¥É ¸¢μÕ Ô´¥·£¨Õ.
Šμ²¨Î¥¸É¢μ ¶μÉ¥·Ö´´μ° ´¥°É·μ´μ³ Ô´¥·£¨¨ ¶·¨ ¸Éμ²±´μ¢¥´¨¨ μ¶·¥¤¥²Ö¥É¸Ö Ëμ·³Ê²μ°
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2A/(A+1)2, £¤¥ A Å ³ ¸¸μ¢μ¥ Î¨¸²μ Ö¤· . ˆ§ Ëμ·³Ê²Ò ¢¨¤´μ, ÎÉμ ¶·¨ Ê¶·Ê£μ³ ¢§ ¨³μ-
¤¥°¸É¢¨¨ ¸  Éμ³μ³ ¢μ¤μ·μ¤  ´¥°É·μ´ ¶μÉ¥·Ö¥É ¶μ²μ¢¨´Ê ¸¢μ¥° Ô´¥·£¨¨ ¶·¨ ¸μÊ¤ ·¥´¨¨.
‚¥²¨Î¨´  ¶μÉ¥·¨ Ô´¥·£¨¨ ´¥°É·μ´μ³ ¡Ê¤¥É É¥³ ³¥´ÓÏ¥, Î¥³ ¡μ²ÓÏ¥  Éμ³ ·´μ¥ Î¨¸²μ
¢¥Ð¥¸É¢ -§ ³¥¤²¨É¥²Ö. �É¨³ ¨ μ¡ÑÖ¸´Ö¥É¸Ö ¨¸¶μ²Ó§μ¢ ´¨¥ ¢ ± Î¥¸É¢¥ § ³¥¤²¨É¥²¥° ´¥°-
É·μ´μ¢ ¢¥Ð¥¸É¢, ¢ ³μ²¥±Ê²Ö·´Ò° ¸μ¸É ¢ ±μÉμ·ÒÌ ¢Ìμ¤¨É ¢μ¤μ·μ¤.

�  ¨³¶Ê²Ó¸´μ³ ·¥ ±Éμ·¥ ˆ	�-2 ¢ „Ê¡´¥ ¢ ± Î¥¸É¢¥ § ³¥¤²ÖÕÐ¥£μ ¢¥Ð¥¸É¢  ¨¸¶μ²Ó§Ê-
¥É¸Ö ³¥§¨É¨²¥´ ¢ ¸³¥¸¨ ¸ ³-±¸¨²μ²μ³ ¢ ¶·μ¶μ·Í¨¨ 3/1, ¶·¨£μÉμ¢²¥´´Ò° ¢ Ëμ·³¥ Ï ·¨±μ¢
¤¨ ³¥É·μ³ 3,5 ³³ ¢ É¢¥·¤μ³  £·¥£ É´μ³ ¸μ¸ÉμÖ´¨¨ ¶·¨ É¥³¶¥· ÉÊ·¥ ¢ ± ³¥·¥ § ³¥¤²¨É¥²Ö
32 Š. ˜ ·¨±¨ ¸³¥¸¨ ¤μ¸É ¢²ÖÕÉ¸Ö ¢ ± ³¥·Ê § ³¥¤²¨É¥²Ö ¶μÉμ±μ³ £ §μμ¡· §´μ£μ £¥²¨Ö
¶μ É·Ê¡μ¶·μ¢μ¤Ê ¸μ ¸²μ¦´μ° ±μ´Ë¨£Ê· Í¨¥° ³¥Éμ¤μ³ ¶´¥¢³μÉ· ´¸¶μ·É¨·μ¢±¨. ‚ 2006 £.
·¥ ±Éμ· ˆ	�-2 ¡Ò² μ¸É ´μ¢²¥´ ´  ³μ¤¥·´¨§ Í¨Õ, μ¤´¨³ ¨§ ÔÉ ¶μ¢ ±μÉμ·μ° ¡Ò²μ ¸μ§¤ -
´¨¥ ¨¸ÉμÎ´¨±  Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢. ƒ¥μ³¥É·¨Ö  ±É¨¢´μ° §μ´Ò ·¥ ±Éμ·  ¨ ¢Ò¢¥¤¥´´ÒÌ
¨¸¸²¥¤μ¢ É¥²Ó¸±¨Ì ´¥°É·μ´´ÒÌ ¶ÊÎ±μ¢ ¶·¥¤¶μ² £ ¥É · §³¥Ð¥´¨¥ 3 ±μ³¡¨´¨·μ¢ ´´ÒÌ § -
³¥¤²¨É¥²¥°, μ±·Ê¦ ÕÐ¨Ì  ±É¨¢´ÊÕ §μ´Ê ·¥ ±Éμ·  [1]. �¥·¢Ò³ ¡Ò² ¨§£μÉμ¢²¥´ ¨ Ê¸É -
´μ¢²¥´ ´  ÏÉ É´μ¥ ³¥¸Éμ § ³¥¤²¨É¥²Ó Š‡ 202 ¢ ´ ¶· ¢²¥´¨¨ 7, 8, 10, 11 ´¥°É·μ´´ÒÌ
¶ÊÎ±μ¢. ‚ ·¥§Ê²ÓÉ É¥ ¡Ò²¨ ¶μ²ÊÎ¥´Ò μ¶É¨³ ²Ó´Ò¥ Ì · ±É¥·¨¸É¨±¨ · ¡μÉÒ ¸¨¸É¥³ § -
³¥¤²¨É¥²Ö ¶·¨ · §²¨Î´ÒÌ ·¥¦¨³ Ì, μ¶·¥¤¥²¥´Ò ´¥°É·μ´´μ-Ë¨§¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨
§ ³¥¤²¨É¥²Ö, ´ °¤¥´μ μ¶É¨³ ²Ó´μ¥ ¢·¥³Ö · ¡μÉÒ, Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¶ÊÉ¥³ ¨§³¥·¥´ 
¤¥£· ¤ Í¨Ö ´¥°É·μ´´μ£μ ¶μÉμ±  ¢ § ¢¨¸¨³μ¸É¨ μÉ ¤μ§Ò μ¡²ÊÎ¥´¨Ö [2]. �μ²ÊÎ¥´´Ò¥ ¤ ´-
´Ò¥,   É ±¦¥ ´ ¤¥¦´μ¸ÉÓ Ô±¸¶²Ê É Í¨¨ ¶μ§¢μ²¨²¨ ¶·μ¤μ²¦¨ÉÓ · ¡μÉÊ ¨ ¶·¨¸ÉÊ¶¨ÉÓ ±
¸μ§¤ ´¨Õ § ³¥¤²¨É¥²Ö Š‡ 201 ¤²Ö Í¥´É· ²Ó´μ£μ ´ ¶· ¢²¥´¨Ö (¶ÊÎ±¨ 1, 4Ä6, 9). ‚ ¤ ´´μ°
· ¡μÉ¥ ¶·¥¤¸É ¢²¥´ ÔÉ ¶ ¢Ò¡μ·  μ¶É¨³ ²Ó´μ° ±μ´Ë¨£Ê· Í¨¨ £μ²μ¢´μ° Î ¸É¨ § ³¥¤²¨É¥²Ö
Š‡ 201 ¶μ ¥£μ ´¥°É·μ´´μ-Ë¨§¨Î¥¸±¨³ Ì · ±É¥·¨¸É¨± ³.

1. �…�Š’�� ˆ��-2 ˆ �Š‘�…�ˆŒ…�’�‹œ�›… “‘’���‚Šˆ
‚ �����‚‹…�ˆˆ Š‡ 201

�  ·¥ ±Éμ·¥ ˆ	�-2 ¸ÊÐ¥¸É¢ÊÕÉ 14 ± ´ ²μ¢, ¶·¥¤´ §´ Î¥´´ÒÌ ¤²Ö ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥-
·¨³¥´Éμ¢ ´  ¢Ò¢¥¤¥´´ÒÌ ¶ÊÎ± Ì ´¥°É·μ´μ¢. ƒ¥μ³¥É·¨Ö  ±É¨¢´μ° §μ´Ò ·¥ ±Éμ·  É ±μ¢ ,
ÎÉμ ¸ ¶μ¢¥·Ì´μ¸É¨ μ¤´μ£μ § ³¥¤²¨É¥²Ö ¢Ò¢μ¤ÖÉ¸Ö ¸· §Ê ´¥¸±μ²Ó±μ ¶ÊÎ±μ¢ (·¨¸. 1). �¥°-
É·μ´Ò, ·μ¦¤¥´´Ò¥ ¢  ±É¨¢´μ° §μ´¥, ¶·μÌμ¤ÖÉ Î¥·¥§ ÔÉ¨ § ³¥¤²¨É¥²¨, É¥·ÖÖ É ³ Ô´¥·£¨Õ
¤μ ´¥μ¡Ìμ¤¨³ÒÌ ¢¥²¨Î¨´, ¶μ¶ ¤ ÕÉ ¢ ¢Ò¢¥¤¥´´Ò¥ ¶ÊÎ±¨ ¨ ¤ ²¥¥ Å ´  Ô±¸¶¥·¨³¥´É ²Ó´Ò¥
Ê¸É ´μ¢±¨. �· ±É¨Î¥¸±¨ ¢¸¥ ¸¶¥±É·μ³¥É·Ò ´  ·¥ ±Éμ·¥ ˆ	�-2 Ö¢²ÖÕÉ¸Ö ¸¶¥Í¨ ²¨§¨·μ¢ ´-
´Ò³¨, É. ¥. ¶·¥¤´ §´ Î¥´´Ò³¨ ¤²Ö ¢Ò¶μ²´¥´¨Ö μ¶·¥¤¥²¥´´μ£μ ±·Ê£  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
§ ¤ Î, ÎÉμ ¶·¥¤¶μ² £ ¥É μ¶É¨³¨§ Í¨Õ ¨¸¶μ²Ó§Ê¥³μ£μ ´¥°É·μ´´μ£μ ¸¶¥±É· .

‚ ´ ¶· ¢²¥´¨¨ Š‡ 201 (μ¡μ§´ Î¨³ ¥£μ ± ± Í¥´É· ²Ó´μ¥) · ¸¶μ²μ¦¥´Ò ¶ÊÎ±¨ 1, 4Ä6,
9 Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ Ê¸É ´μ¢μ±: 1 Å ®Šμ²Ì¨¤ ¯ (¸¶¥±É·μ³¥É· ¶μ²Ö·¨§μ¢ ´´ÒÌ ´¥°É·μ-
´μ¢); 4 Å �Œ� (¸¶¥±É·μ³¥É· ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö); 5 Å ”„‚� (ËÊ·Ó¥-¤¨Ë· ±Éμ³¥É·
¢Ò¸μ±μ£μ · §·¥Ï¥´¨Ö); 6 Å „�-6 (¸¶¥±É·μ³¥É· ¤²Ö μ¶·¥¤¥²¥´¨Ö ±·¨¸É ²²¨Î¥¸±μ° ¨ ³ £-
´¨É´μ° ¸É·Ê±ÉÊ·Ò ³ É¥·¨ ²  ¶·¨ ¡μ²ÓÏμ³ ¤ ¢²¥´¨¨); 9 Å ®�¥Ë²¥±¸¯ (·¥Ë²¥±Éμ³¥É·
¶μ²Ö·¨§μ¢ ´´ÒÌ ´¥°É·μ´μ¢ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¸É·Ê±ÉÊ·´ÒÌ Ì · ±É¥·¨¸É¨± Éμ´±¨Ì ¶²¥´μ±
¨ ³´μ£μ¸²μ°´ÒÌ £¥É¥·μ¸¨¸É¥³).

ˆ§ ·¨¸. 2 ¢¨¤´μ, ÎÉμ § ³¥¤²¨É¥²Ó Š‡ 201 ¤μ²¦¥´ μ¡¥¸¶¥Î¨¢ ÉÓ ¸³¥Ï ´´Ò° ´¥°É·μ´-
´Ò° ¸¶¥±É· ¢ ¤¨ ¶ §μ´¥ 0,4Ä4 
A. „²Ö ¶μ²ÊÎ¥´¨Ö ¢Ò¸μ±μ¨´É¥´¸¨¢´μ£μ ¶μÉμ±  ´¥°É·μ´μ¢
¸ · §²¨Î´Ò³¨ ¸¶¥±É· ³¨ ¸ ¶μ¢¥·Ì´μ¸É¨ § ³¥¤²¨É¥²Ö ¢ É·¥¡Ê¥³ÒÌ ´ ¶· ¢²¥´¨ÖÌ ¡Ò²¨
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�¨¸. 1. ‘Ì¥³ É¨Î¥¸±μ¥ · ¸¶μ²μ¦¥´¨¥ ±·¨μ£¥´´ÒÌ § ³¥¤²¨É¥²¥° ¢μ±·Ê£  ±É¨¢´μ° §μ´Ò ·¥ ±Éμ· 

ˆ	�-2. I Å Ìμ²μ¤´Ò¥ § ³¥¤²¨É¥²¨; II Å  ±É¨¢´ Ö §μ´  ·¥±Éμ· ; 1Ä11 Å ± ´ ²Ò ¢Ò¢μ¤  ´¥°É·μ´μ¢

¢ ¡¨μ²μ£¨Î¥¸±μ° § Ð¨É¥ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ´ ¶· ¢²¥´¨° Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¶ÊÎ±μ¢

�¨¸. 2. � ¸¶·¥¤¥²¥´¨¥ ´¥μ¡Ìμ¤¨³μ£μ ¸¶¥±É·  ´¥°É·μ´μ¢ ´  ¨´¸É·Ê³¥´É Ì ¢ ´ ¶· ¢²¥´¨¨ ¢Ò¢¥¤¥´-
´ÒÌ ¶ÊÎ±μ¢ 1, 4Ä6, 9. Cold Å ®Ìμ²μ¤´Ò¥¯ ´¥°É·μ´Ò, λ � 4 
A; thermal Å ®É¥¶²μ¢Ò¥¯ ´¥°É·μ´Ò,

λ ∼ 0,4−4 
A, £¤¥ λ Å ¤²¨´  ¢μ²´Ò ´¥°É·μ´ 
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’ ¡²¨Í  1. �·μ¥±É´Ò¥ ¶ · ³¥É·Ò ¸¶¥±É·  ´¥°É·μ´μ¢ ¢ ´ ¶· ¢²¥´¨¨ ¶ÊÎ±μ¢ 1, 4Ä6, 9

º ¶ÊÎ±  E, Ô‚ λ, 
A

1 5 · 10−3−0,5 0,4Ä4
4 5 · 10−3−0,1 1Ä6
5 10−3−0,3 0,7Ä16
6 10−4−10−2 1,2Ä26
9 5 · 10−4−2,5 · 10−2 2Ä10

· §· ¡μÉ ´Ò ±μ´Í¥¶Í¨¨ £μ²μ¢´μ° Î ¸É¨ § ³¥¤²¨É¥²Ö. �·μ¥±É´Ò¥ ¶ · ³¥É·Ò ¸¶¥±É· 
´¥°É·μ´μ¢ § ³¥¤²¨É¥²Ö Í¥´É· ²Ó´μ£μ ´ ¶· ¢²¥´¨Ö Š‡ 201 ¤²Ö ± ¦¤μ£μ ¨§ Ô±¸¶¥·¨³¥´-
É ²Ó´ÒÌ ¶ÊÎ±μ¢ ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1 [3].

2. ‚��ˆ��’› ƒ�‹�‚��‰ —�‘’ˆ ‡�Œ…„‹ˆ’…‹Ÿ Š‡ 201

�·¨ · §· ¡μÉ±¥ μ¶É¨³ ²Ó´μ° ±μ´Ë¨£Ê· Í¨¨ £μ²μ¢´μ° Î ¸É¨ § ³¥¤²¨É¥²Ö Š‡ 201 ¡Ò²¨
¶·¥¤²μ¦¥´Ò ± · ¸¸³μÉ·¥´¨Õ · §²¨Î´Ò¥ ¢ ·¨ ´ÉÒ ±μ³¶μ´μ¢±¨ ¸μ¸É ¢´ÒÌ Î ¸É¥° ¨ · §-
²¨Î´Ò¥ § ³¥¤²ÖÕÐ¨¥ ³ É¥·¨ ²Ò, ¶·¥¤¸É ¢²¥´´Ò¥ ´  ·¨¸. 3.

• ‚ ·¨ ´É º1 ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° μ¶μ·´ÊÕ ³μ¤¥²Ó ¸ Ìμ²μ¤´Ò³ § ³¥¤²¨É¥²¥³ ¢ Í¥´-
É·¥, ¢μ¤Ö´Ò³¨ · ³± ³¨ ¶μ ¡μ± ³ ¨ ¢μ¤Ö´μ° · ³±μ° ¸μ ¸Éμ·μ´Ò ¶¥·¢μ£μ ± ´ ²  (¶μ§¢μ²Ö-
ÕÐ¥° ¶μ²ÊÎ¨ÉÓ ¸³¥Ï¥´´Ò° ¸¶¥±É· ¨ ¸³¥Ð¥´¨¥ ¶¨±  ³ ±¸¢¥²²μ¢¸±μ£μ ¸¶¥±É·  ¢ ¸Éμ·μ´Ê
±μ·μÉ±¨Ì ¤²¨´ ¢μ²´).

�¨¸. 3. ‚ ·¨ ´ÉÒ £μ²μ¢´μ° Î ¸É¨ § ³¥¤²¨É¥²Ö Š‡ 201
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• ‚ ·¨ ´É º2 ¨³¥¥É ±μ³¡¨´ Í¨Õ, ±μÉμ· Ö ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ±·¨μ£¥´´ÊÕ ± ³¥·Ê ¢
¶μ²μ¢¨´Ê Ëμ±Ê¸¨·ÊÕÐ¥£μ μ±´  ¨ ¢μ¤Ö´ÊÕ ± ³¥·Ê Ê¢¥²¨Î¥´´μ° Éμ²Ð¨´Ò ¤²Ö ¶μ²ÊÎ¥´¨Ö
¶¨±  ¸¶¥±É·  ¢ μ¡² ¸É¨ 3Ä6 
A. Šμ´Ë¨£Ê· Í¨Ö ¶·¥¤Ê¸³ É·¨¢ ¥É Ëμ±Ê¸¨·ÊÕÐ¨¥ ¢μ¤Ö´Ò¥
· ³±¨ ¨ ¢μ¤Ö´ÊÕ · ³±Ê ¸μ ¸Éμ·μ´Ò ¶ÊÎ±  º1 ¤²Ö ¶μ²ÊÎ¥´¨Ö É¥¶²μ¢μ£μ ¸¶¥±É· .

• ‚ ·¨ ´É º 3 ¶·¥¤Ê¸³ É·¨¢ ¥É μÉ¸ÊÉ¸É¢¨¥ ± ³¥·Ò Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö, Î ¸ÉÓ
¶·¥¤§ ³¥¤²¨É¥²Ö ¢Ò¶μ²´¥´  ¨§ ¡¥·¨²²¨Ö, É ± ¦¥ ± ± ¨ · ³±¨ £·¥¡¥´Î Éμ£μ § ³¥¤²¨É¥²Ö,
  ¢ Í¥´É·¥ ´ Ìμ¤¨É¸Ö ¢μ¤Ö´μ° £·¥¡¥´Î ÉÒ° § ³¥¤²¨É¥²Ó.

• ‚ ·¨ ´É º4 ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ³μ¤¨Ë¨± Í¨Õ ¢ ·¨ ´É  º1 ¸ Í¥´É· ²Ó´Ò³ μÉ¢¥·-
¸É¨¥³ ¢ ± ³¥·¥ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö, μ¡¥¸¶¥Î¨¢ ÕÐ¨³ ¶μ¢ÒÏ¥´´Ò° ¢ÒÌμ¤ É¥¶²μ¢ÒÌ
´¥°É·μ´μ¢ ¸ ¶μ¢¥·Ì´μ¸É¨ ¶·¥¤§ ³¥¤²¨É¥²Ö.

‚¸¥ ¢ÒÏ¥¶¥·¥Î¨¸²¥´´Ò¥ ¢ ·¨ ´ÉÒ ¡Ò²¨ ¸· ¢´¥´Ò ¸μ ÏÉ É´Ò³ (· ¡μÉ ÕÐ¨³ ¸¥°-
Î ¸) £·¥¡¥´Î ÉÒ³ § ³¥¤²¨É¥²¥³. �  ·¨¸. 4 ¸Ì¥³ É¨Î´μ ¶·¥¤¸É ¢²¥´ £·¥¡¥´Î ÉÒ° ¢μ¤Ö´μ°
§ ³¥¤²¨É¥²Ó ®Í¥´É· ²Ó´μ£μ ´ ¶· ¢²¥´¨Ö¯ μÉ´μ¸¨É¥²Ó´μ  ±É¨¢´μ° §μ´Ò ·¥ ±Éμ· . ” ±-

�¨¸. 4. ƒ·¥¡¥´Î ÉÒ° ¢μ¤Ö´μ° § ³¥¤²¨É¥²Ó ·¥ ±Éμ·  ˆ	�-2 Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¶ÊÎ±μ¢ 1, 4Ä6, 9

�¨¸. 5. ‘· ¢´¨É¥²Ó´Ò¥ · ¸Î¥ÉÒ ¶μÉμ±  ´¥°É·μ´μ¢ ¸ ¶μ¢¥·Ì´μ¸É¨ ¶²μ¸±μ£μ ¢μ¤Ö´μ£μ § ³¥¤²¨É¥²Ö

(Éμ²Ð¨´  5 ¸³) (±·Ê¦±¨) ¨ £·¥¡¥´Î Éμ£μ ¢μ¤Ö´μ£μ § ³¥¤²¨É¥²Ö (±¢ ¤· ÉÒ)
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Éμ· ¢Ò¨£·ÒÏ  (gain-Ë ±Éμ·) £·¥¡¥´Î Éμ£μ § ³¥¤²¨É¥²Ö ¶μ ¸· ¢´¥´¨Õ ¸ ¶²μ¸±¨³ ¶μ± § ´
´  ·¨¸. 5.

ˆ§ ·¨¸. 5 ¢¨¤´μ, ÎÉμ ¶·¨ Ô´¥·£¨¨ ´¥°É·μ´  ´¨¦¥ Î¥³ 2 · 10−7 ŒÔ‚ (¤²¨´  ¢μ²´Ò
λ > 0,6 
A) £·¥¡¥´Î ÉÒ° ¢μ¤Ö´μ° § ³¥¤²¨É¥²Ó ¤ ¥É Ë ±Éμ· ¢Ò¨£·ÒÏ  1,64 ¢ ¸·¥¤´¥³ ¢
μ¡² ¸É¨ ¤²¨´ ¢μ²´ μÉ 0,6 ¤μ 8 
A. � ¨¡μ²ÓÏ¨° ¢Ò¨£·ÒÏ (2,6) ´ ¡²Õ¤ ¥É¸Ö ¢ μ¡² ¸É¨
¡μ²ÓÏ¨Ì ¤²¨´ ¢μ²´ Å μÉ 4 ¤μ 8 
A, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É μ¡² ¸É¨ ®Ìμ²μ¤´ÒÌ¯ ´¥°É·μ´μ¢.
�·¨Î¨´  Ê¢¥²¨Î¥´¨Ö ¢ÒÌμ¤  ´¥°É·μ´μ¢ ¸ ¶μ¢¥·Ì´μ¸É¨ £·¥¡¥´Î ÉÒÌ § ³¥¤²¨É¥²¥° (¤Ò-
·μÎ´ÒÌ) ¶μ ¸· ¢´¥´¨Õ ¸ ¶²μ¸±¨³¨ μ¶¨¸ ´  ¢ · ¡μÉ¥ [4]. �·¨ ¤ ²Ó´¥°Ï¨Ì · ¸Î¥É Ì ¢¸¥
¢ ·¨ ´ÉÒ ¡Ê¤ÊÉ ¸· ¢´¨¢ ÉÓ¸Ö ¸ £·¥¡¥´Î ÉÒ³ ¢μ¤Ö´Ò³ § ³¥¤²¨É¥²¥³ ¨ ³¥¦¤Ê ¸μ¡μ°.

ˆ§ ¢¸¥Ì ¶·¥¤¸É ¢²¥´´ÒÌ ¢ ·¨ ´Éμ¢ £μ²μ¢´μ° Î ¸É¨ § ³¥¤²¨É¥²Ö (¸³. ·¨¸. 3) ¡Ò²¨ ¢Ò-
¡· ´Ò ¨ ¤¥É ²Ó´μ μ¡¸Î¨É ´Ò ¶¥·¢Ò¥ ¤¢ . � ¸Î¥ÉÒ ¶·μ¢μ¤¨²¨¸Ó ³¥Éμ¤μ³ Œμ´É¥-
Š ·²μ (¶·μ£· ³³  MCNP) ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¤¨¸±·¥É´ÒÌ ±μ´¸É ´É ¨§ ¡¨¡²¨μÉ¥±¨
ENDF/B-VII [5].

ˆ§ ·¨¸. 6Ä9 ¢¨¤´μ, ÎÉμ μ¡  ¢ ·¨ ´É  § ³¥¤²¨É¥²Ö Š‡ 201 ¤ ÕÉ ¸ÊÐ¥¸É¢¥´´Ò° ¢Ò-
¨£·ÒÏ ¢ μ¡² ¸É¨ ´¥°É·μ´μ¢ ¸ ¤²¨´μ° ¢μ²´Ò ¡μ²ÓÏ¥ 4 
A ¶μ ¸· ¢´¥´¨Õ ¸ £·¥¡¥´Î ÉÒ³
¢μ¤Ö´Ò³ § ³¥¤²¨É¥²¥³ ¢ ´ ¶· ¢²¥´¨¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¶ÊÎ±μ¢ 4Ä6, 9. ‚Ò¨£·ÒÏ ¢
É¥¶²μ¢μ° μ¡² ¸É¨ 0,4Ä4 
A ¢ ´ ¶· ¢²¥´¨¨ ¶ÊÎ±  º1 ¶μ± § ´ ´  ·¨¸. 10. �´ μ¡¥¸¶¥Î¨¢ -
¥É¸Ö ¢μ¤Ö´μ° · ³±μ°, · ¸¶μ²μ¦¥´´μ° ´  Éμ·Í¥¢μ° Î ¸É¨ ±·¨μ£¥´´μ° ± ³¥·Ò § ³¥¤²¨É¥²Ö.
‚ É ¡². 2 ¶·¨¢¥¤¥´Ò ¤ ´´Ò¥ ¶μ · ¸Î¥ÉÊ Ë ±Éμ·  ¢Ò¨£·ÒÏ  ¤²Ö ¢ ·¨ ´É  º1 ±μ´Ë¨£Ê· -
Í¨¨ £μ²μ¢´μ° Î ¸É¨ ¶μ £·Ê¶¶ ³ ´¥°É·μ´μ¢ ¸ ¤²¨´μ° ¢μ²´Ò 0,6−∞ 
A. „ ´´Ò¥ ¢ É ¡²¨Í¥
¶·¨¢¥¤¥´Ò ¤²Ö μ¸¨ ¶ÊÎ±  º 5, ¶μÔÉμ³Ê ¢Ò¨£·ÒÏ  ¢ É¥¶²μ¢μ° μ¡² ¸É¨ ¤²Ö ¶ÊÎ±  º1
¶μ É ¡². 2 ´¥ ´ ¡²Õ¤ ¥É¸Ö. ‚ μ¡² ¸É¨ ®Ìμ²μ¤´ÒÌ¯ ´¥°É·μ´μ¢ ¡μ²¥¥ 4 
A ¢¨¤´μ Ê¢¥²¨Î¥-
´¨¥ ¶μÉμ±  ¤μ μ¤´μ£μ ¶μ·Ö¤± . ‚μ¤Ö´ Ö · ³± , μ±·Ê¦ ÕÐ Ö § ³¥¤²¨É¥²Ó, μ¡¥¸¶¥Î¨¢ ¥É

�¨¸. 6. ” ±Éμ· ¢Ò¨£·ÒÏ  ¤²Ö ¢ ·¨ ´É  § ³¥¤²¨É¥²Ö º1 (XZ (±¢ ¤· ÉÒ) Å ± ³¥·  § ¶μ²´¥´ 

³¥§¨É¨²¥´μ³ ¶·¨ T = 20 Š, XZ0 (±·Ê¦±¨) Å ± ³¥·  ¶Ê¸É Ö ¶·¨ T = 300 Š) ¨ ¤²Ö ¢ ·¨ ´É 
§ ³¥¤²¨É¥²Ö º2 (XG (É·¥Ê£μ²Ó´¨±¨) Å ± ³¥·  § ¶μ²´¥´  ³¥§¨É¨²¥´μ³ ¶·¨ T = 20 Š, XG0

(¶¥·¥¢¥·´ÊÉÒ¥ É·¥Ê£μ²Ó´¨±¨) Å ± ³¥·  ¶Ê¸É Ö ¶·¨ T = 300 Š) ¢ ´ ¶· ¢²¥´¨¨ ¶ÊÎ±  º 4
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�¨¸. 7. ” ±Éμ· ¢Ò¨£·ÒÏ  ¤²Ö ¢ ·¨ ´É  § ³¥¤²¨É¥²Ö º1 (XZ (±¢ ¤· ÉÒ) Å ± ³¥·  § ¶μ²´¥´ 

³¥§¨É¨²¥´μ³ ¶·¨ T = 20 Š, XZ0 (±·Ê¦±¨) Å ± ³¥·  ¶Ê¸É Ö ¶·¨ T = 300 Š) ¨ ¤²Ö ¢ ·¨ ´É 
§ ³¥¤²¨É¥²Ö º2 (XG (É·¥Ê£μ²Ó´¨±¨) Å ± ³¥·  § ¶μ²´¥´  ³¥§¨É¨²¥´μ³ ¶·¨ T = 20 Š, XG0

(¶¥·¥¢¥·´ÊÉÒ¥ É·¥Ê£μ²Ó´¨±¨) Å ± ³¥·  ¶Ê¸É Ö ¶·¨ T = 300 Š) ¢ ´ ¶· ¢²¥´¨¨ ¶ÊÎ±  º 5

�¨¸. 8. ” ±Éμ· ¢Ò¨£·ÒÏ  ¤²Ö ¢ ·¨ ´É  § ³¥¤²¨É¥²Ö º1 (XZ (±¢ ¤· ÉÒ) Å ± ³¥·  § ¶μ²´¥´ 

³¥§¨É¨²¥´μ³ ¶·¨ T = 20 Š, XZ0 (±·Ê¦±¨) Å ± ³¥·  ¶Ê¸É Ö ¶·¨ T = 300 Š) ¨ ¤²Ö ¢ ·¨ ´É 
§ ³¥¤²¨É¥²Ö º2 (XG (É·¥Ê£μ²Ó´¨±¨) Å ± ³¥·  § ¶μ²´¥´  ³¥§¨É¨²¥´μ³ ¶·¨ T = 20 Š, XG0

(¶¥·¥¢¥·´ÊÉÒ¥ É·¥Ê£μ²Ó´¨±¨) Å ± ³¥·  ¶Ê¸É Ö ¶·¨ T = 300 Š) ¢ ´ ¶· ¢²¥´¨¨ ¶ÊÎ±  º 6
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�¨¸. 9. ” ±Éμ· ¢Ò¨£·ÒÏ  ¤²Ö ¢ ·¨ ´É  § ³¥¤²¨É¥²Ö º1 (XZ (±¢ ¤· ÉÒ) Å ± ³¥·  § ¶μ²´¥´ 

³¥§¨É¨²¥´μ³ ¶·¨ T = 20 Š, XZ0 (±·Ê¦±¨) Å ± ³¥·  ¶Ê¸É Ö ¶·¨ T = 300 Š) ¨ ¤²Ö ¢ ·¨ ´É 
§ ³¥¤²¨É¥²Ö º2 (XG (É·¥Ê£μ²Ó´¨±¨) Å ± ³¥·  § ¶μ²´¥´  ³¥§¨É¨²¥´μ³ ¶·¨ T = 20 Š, XG0

(¶¥·¥¢¥·´ÊÉÒ¥ É·¥Ê£μ²Ó´¨±¨) Å ± ³¥·  ¶Ê¸É Ö ¶·¨ T = 300 Š) ¢ ´ ¶· ¢²¥´¨¨ ¶ÊÎ±  º 9

�¨¸. 10. ” ±Éμ· ¢Ò¨£·ÒÏ  ¤²Ö ¢ ·¨ ´É  § ³¥¤²¨É¥²Ö º1 (XZ (±¢ ¤· ÉÒ) Å ± ³¥·  § ¶μ²´¥´ 

³¥§¨É¨²¥´μ³ ¶·¨ T = 20 Š, XZ0 (±·Ê¦±¨) Å ± ³¥·  ¶Ê¸É Ö ¶·¨ T = 300 Š) ¨ ¤²Ö ¢ ·¨ ´É 
§ ³¥¤²¨É¥²Ö º2 (XG (É·¥Ê£μ²Ó´¨±¨) Å ± ³¥·  § ¶μ²´¥´  ³¥§¨É¨²¥´μ³ ¶·¨ T = 20 Š, XG0

(¶¥·¥¢¥·´ÊÉÒ¥ É·¥Ê£μ²Ó´¨±¨) Å ± ³¥·  ¶Ê¸É Ö ¶·¨ T = 300 Š) ¢ ´ ¶· ¢²¥´¨¨ ¶ÊÎ±  º 1
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’ ¡²¨Í  2. ” ±Éμ· ¢Ò¨£·ÒÏ  ±μ³¡¨´¨·μ¢ ´´μ£μ § ³¥¤²¨É¥²Ö Š‡ 201 (¢ ·¨ ´É º 1) ¢ ¸· ¢´¥´¨¨
¸ £·¥¡¥´Î ÉÒ³ ¢μ¤Ö´Ò³ § ³¥¤²¨É¥²¥³

„²¨´  ¢μ²´Ò, 
A �´¥·£¨Ö, ŒÔ‚ G1 G2 G3 G4

∞−8 0−1,30 · 10−9 5,67 7,50 8,90 9,57
8Ä4 1,30 · 10−9−5,25 · 10−9 3,21 4,71 5,32 5,73
4Ä2 5,25 · 10−9−2,10 · 10−8 0,78 1,14 1,33 1,43
2Ä1 2,10 · 10−8−8,40 · 10−8 0,14 0,19 0,22 0,24

1Ä0,6 8,40 · 10−8−2,30 · 10−7 0,24 0,26 0,26 0,26

�·¨³¥Î ´¨¥. ‘¨³¢μ² ³¨ G1ÄG4 μ¡μ§´ Î¥´Ò · §²¨Î´Ò¥ Ê¸²μ¢¨Ö · ¡μÉÒ
±μ³¡¨´¨·μ¢ ´´μ£μ § ³¥¤²¨É¥²Ö, £¤¥ G1 Å ³¥§¨É¨²¥´ ¶·¨ É¥³¶¥· ÉÊ·¥
20 Š, ¢μ¤Ö´ Ö Ëμ±Ê¸¨·ÊÕÐ Ö · ³±  μÉ¸ÊÉ¸É¢Ê¥É; G2 Å ³¥§¨É¨²¥´ ¶·¨
É¥³¶¥· ÉÊ·¥ 20 Š, ¢μ¤Ö´ Ö Ëμ±Ê¸¨·ÊÕÐ Ö · ³±  Éμ²Ð¨´μ° 5 ¸³ ¶·¨
É¥³¶¥· ÉÊ·¥ 300 Š; G3 Å ³¥§¨É¨²¥´ ¶·¨ É¥³¶¥· ÉÊ·¥ 20 Š, ¢μ¤Ö´ Ö
Ëμ±Ê¸¨·ÊÕÐ Ö · ³±  Éμ²Ð¨´μ° 10 ¸³ ¶·¨ É¥³¶¥· ÉÊ·¥ 300 Š; G4 Å ³¥-
§¨É¨²¥´ ¶·¨ É¥³¶¥· ÉÊ·¥ 20 Š, ¢μ¤Ö´ Ö Ëμ±Ê¸¨·ÊÕÐ Ö · ³±  Éμ²Ð¨´μ°
15 ¸³ ¶·¨ É¥³¶¥· ÉÊ·¥ 300 Š.

Ëμ±Ê¸¨·μ¢±Ê ¶ÊÎ±  ¨ ¶·¥¤μÉ¢· Ð ¥É · §²¥É ´¥°É·μ´μ¢ É¥¶²μ¢μ° ¨ Ìμ²μ¤´μ° μ¡² ¸É¨ ¶μ-
¸²¥ ¢ÒÌμ¤  ¸ ¶μ¢¥·Ì´μ¸É¨ § ³¥¤²¨É¥²Ö. ’ ± Ö ±μ³¶μ´μ¢±  μ¡¥¸¶¥Î¨¢ ¥É μ¶É¨³ ²Ó´Ò¥
´¥°É·μ´´μ-Ë¨§¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ § ³¥¤²¨É¥²Ö, ¸μ£² ¸ÊÕÐ¨¥¸Ö ¸ É¥Ì´μ²μ£¨Î¥¸±μ°
¢μ§³μ¦´μ¸ÉÓÕ ¨§£μÉμ¢²¥´¨Ö £μ²μ¢´μ° Î ¸É¨ μ¶¨¸ ´´μ° ±μ´Ë¨£Ê· Í¨¨.

ˆ§ É ¡². 2 ¨ ·¨¸. 6Ä10 ¢¨¤´μ, ÎÉμ μ¶É¨³ ²Ó´Ò³¨ ´¥°É·μ´´μ-Ë¨§¨Î¥¸±¨³¨ ¸¢μ°¸É¢ ³¨
μ¡² ¤ ¥É ¢ ·¨ ´É £μ²μ¢´μ° Î ¸É¨ º1 ¸ Éμ²Ð¨´μ° Ëμ±Ê¸¨·ÊÕÐ¥° · ³±¨ 15 ¸³. ’ ± Ö
±μ´Ë¨£Ê· Í¨Ö ´ ¨¡μ²¥¥ μ¶É¨³ ²Ó´  ± ± ¸ ÉμÎ±¨ §·¥´¨Ö ´¥°É·μ´´μ-Ë¨§¨Î¥¸±¨Ì Ì · ±-
É¥·¨¸É¨±, É ± ¨ É¥Ì´μ²μ£¨Î¥¸±μ° ¢μ§³μ¦´μ¸É¨ ¨§£μÉμ¢²¥´¨Ö ¨ Ô±¸¶²Ê É Í¨¨. �  ·¨¸. 11
¶·¥¤¸É ¢²¥´  · ¡μÎ Ö ³μ¤¥²Ó £μ²μ¢´μ° Î ¸É¨ § ³¥¤²¨É¥²Ö Š‡ 201 ¢ ¶·μ¤μ²Ó´μ³ · §·¥§¥.

�¨¸. 11. � ¡μÎ Ö ³μ¤¥²Ó £μ²μ¢´μ° Î ¸É¨ ±μ³¡¨´¨·μ¢ ´´μ£μ § ³¥¤²¨É¥²Ö Š‡ 201
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�·¥¤¸É ¢²¥´´Ò¥ ¢ ·¨ ´ÉÒ £μ²μ¢´μ° Î ¸É¨ ±μ³¡¨´¨·μ¢ ´´μ£μ § ³¥¤²¨É¥²Ö Š‡ 201
(¸³. ·¨¸. 3) ¡Ò²¨ ¤¥É ²Ó´μ · ¸¸Î¨É ´Ò ¨ ¸· ¢´¥´Ò ¸ ¤¥°¸É¢ÊÕÐ¨³ § ³¥¤²¨É¥²¥³ £·¥-
¡¥´Î Éμ° Ëμ·³Ò ¸ ¶μ¸ÉμÖ´´μ Í¨·±Ê²¨·ÊÕÐ¥° ¢μ¤μ° ¢ ± ³¥·¥ § ³¥¤²¨É¥²Ö ¢ ± Î¥¸É¢¥
§ ³¥¤²ÖÕÐ¥£μ ¢¥Ð¥¸É¢ . ‚ ±·¨μ£¥´´μ° ± ³¥·¥ ±μ³¡¨´¨·μ¢ ´´μ£μ § ³¥¤²¨É¥²Ö Š‡ 201
(¸³. ·¨¸. 8) ¢ ± Î¥¸É¢¥ § ³¥¤²ÖÕÐ¥£μ ¢¥Ð¥¸É¢  ¢Ò¡· ´ ³¥§¨É¨²¥´ ¢ ¸³¥¸¨ ¸ ³-±¸¨²μ²μ³
¢ ¶·μ¶μ·Í¨¨ 3/1. ‚ ± Î¥¸É¢¥ ¶·¥¤§ ³¥¤²¨É¥²Ö ¢Ò¸ÉÊ¶ ¥É ¶μ²μ¸ÉÓ, § ¶μ²´¥´´ Ö ± ·¡¨-
¤μ³ ¡μ· , §  ´¥° ¥Ð¥ μ¤´  ¶μ²μ¸ÉÓ ¸ ¶μ¸ÉμÖ´´μ Í¨·±Ê²¨·ÊÕÐ¥° ¢μ¤μ°. ‚μ¤Ö´ Ö · ³± 
Éμ²Ð¨´μ° 11 ¸³, Ï¨·¨´μ° 43 ¸³, ¨³¥ÕÐ Ö Í¥´É· ²Ó´μ¥ μÉ¢¥·¸É¨¥ ±¢ ¤· É´μ° Ëμ·³Ò
(¶μ Ëμ·³¥ ±·¨μ£¥´´μ° ± ³¥·Ò) ¨ · ¸¶μ²μ¦¥´´ Ö ¸μ ¸Éμ·μ´Ò Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¶ÊÎ±μ¢,
μ¡¥¸¶¥Î¨¢ ¥É Ëμ±Ê¸¨·μ¢±Ê ¶ÊÎ±  ®Ìμ²μ¤´ÒÌ¯ ´¥°É·μ´μ¢, ¶μ¢ÒÏ Ö ¶μÉμ± ¸ ¶μ¢¥·Ì´μ¸É¨
§ ³¥¤²¨É¥²Ö (¸³. É ¡². 1). ‚μ¤Ö´ Ö · ³±  ¸μ ¸Éμ·μ´Ò 1-£μ ± ´ ²  Ï¨·¨´μ° 6,5 ¸³, Éμ²-
Ð¨´μ° 3,7 ¸³, ¢Ò¸μÉμ° 20,7 ¸³ ¶μ§¢μ²Ö¥É ¸³¥¸É¨ÉÓ ¶¨± ´¥°É·μ´´μ£μ ¸¶¥±É·  ¢ μ¡² ¸ÉÓ
®É¥¶²μ¢ÒÌ¯ ´¥°É·μ´μ¢ (¸³. ·¨¸. 6). ‚ ·¥§Ê²ÓÉ É¥ · ¸Î¥Éμ¢ ´¥°É·μ´´μ-Ë¨§¨Î¥¸±¨Ì Ì · ±-
É¥·¨¸É¨±, ±μÉμ·Ò¥ ¶·μ¢μ¤¨²¨¸Ó ³¥Éμ¤μ³ Œμ´É¥-Š ·²μ (¶·μ£· ³³  MCNP) ¸ ¨¸¶μ²Ó§μ¢ -
´¨¥³ ¤¨¸±·¥É´ÒÌ ±μ´¸É ´É ¨§ ¡¨¡²¨μÉ¥±¨ ENDF/B-VII, ¨ ¸ ÊÎ¥Éμ³ É¥Ì´μ²μ£¨Î¥¸±μ° ¢μ§-
³μ¦´μ¸É¨ ¨§£μÉμ¢²¥´¨Ö ±μ³¡¨´¨·μ¢ ´´μ£μ § ³¥¤²¨É¥²Ö ¡Ò² ¢Ò¡· ´ ¢ ·¨ ´É º1. Šμ³-
¶ÓÕÉ¥·´μ¥ ³μ¤¥²¨·μ¢ ´¨¥ ¶μ± § ²μ, ÎÉμ ¢Ò¨£·ÒÏ ¢ μ¡² ¸É¨ ´¥°É·μ´μ¢ ¸ ¤²¨´μ° ¢μ²´Ò
4−∞ 
A ¤²Ö ¢Ò¡· ´´μ£μ ¢ ·¨ ´É  ¤μ¸É¨£ ¥É 12 · §.
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