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Š· É±µ ¨§² £ ¥É¸Ö ´µ¢Ò° ¶µ¤Ìµ¤ ± µ¶¨¸ ´¨Õ ¤¥²¥´¨Ö, ¶µ¤µ¡´Ò° µ¡ÒÎ´µ° É¥µ·¨¨ ·¥ ±Í¨°
¨ ¨¸¶µ²Ó§ÊÕÐ¨° ¶·¥¤¸É ¢²¥´¨¥ ¸¶¨· ²Ó´µ¸É¨ ¤²Ö ¢ÒÌµ¤´ÒÌ ¤¥²¨É¥²Ó´ÒÌ ± ´ ²µ¢. �ÉµÉ ¶µ¤Ìµ¤
¶µ§¢µ²¨² µ¡Ñ¥¤¨´¨ÉÓ ³´µ£µ³µ¤ ²Ó´ÊÕ ¸É·Ê±ÉÊ·Ê ¤¥²¥´¨Ö ¸ ±µ´Í¥¶Í¨¥° ¶¥·¥Ìµ¤´ÒÌ ¸µ¸ÉµÖ´¨°
�. �µ·  ¨ ¶µ²ÊÎ¨ÉÓ Ëµ·³Ê²Ò ¤²Ö ¶ ·Í¨ ²Ó´ÒÌ ¨ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° ¤¥²¥´¨Ö, ±µÉµ·Ò¥
¡Ò²¨ ¨¸¶µ²Ó§µ¢ ´Ò ¤²Ö  ´ ²¨§  Ê£²µ¢µ°  ´¨§µÉ·µ¶¨¨ µ¸±µ²±µ¢ ¶·¨ ¤¥²¥´¨¨ ¢Ò¸É·µ¥´´ÒÌ Ö¤¥·
235U ·¥§µ´ ´¸´Ò³¨ ´¥°É·µ´ ³¨ ¨ P -Î¥É´ÒÌ Ê£²µ¢ÒÌ ±µ··¥²ÖÍ¨° µ¸±µ²±µ¢ ®¢¶¥·¥¤Ä´ § ¤¯ ¨
®¶· ¢µÄ²¥¢µ¯ ¨²¨ P -´¥Î¥É´ÒÌ ±µ··¥²ÖÍ¨°, µ¡Ê¸²µ¢²¥´´ÒÌ ¨´É¥·Ë¥·¥´Í¨¥° s- ¨ p-¢µ²´µ¢ÒÌ
´¥°É·µ´´ÒÌ ·¥§µ´ ´¸µ¢.

A new approach to the description of the ˇssion, similar to the well-known reaction theory
and based on the helicity representation for the exit ˇssion channels, was brie	y summarized. This
approach allowed one to connect the multimodal ˇssion representation with A. Bohr's concept of the
ˇssion transition states and to obtain formulas for the partial and differential ˇssion cross sections.
The formulas were used for analysis of the angular anisotropy of fragments in the neutron resonance
induced ˇssion of aligned 235U nuclei and of the P-even angular ®forward-backward¯ and ®right-
left¯ correlations of fragments or the P -odd correlations caused by the interference of s- and p-wave
neutron resonances.

��‚›… ’…��…’ˆ—…‘Šˆ… ��„X�„› ‚ ��ˆ‘��ˆˆ „…‹…�ˆŸ

�µ²¥¥ Î¥³ ¶ÖÉ¨¤¥¸ÖÉ¨²¥É´¨¥ ¨´É¥´¸¨¢´Ò¥ É¥µ·¥É¨Î¥¸±¨¥ ¨ Ô±¸¶¥·¨³¥´-
É ²Ó´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö ¶·µÍ¥¸¸  ¤¥²¥´¨Ö (± ± ¸¶µ´É ´´µ£µ, É ± ¨ ¢Ò´Ê¦¤¥´-
´µ£µ) ´¥ ¶·¨¢¥²¨ ¤µ ¸¨Ì ¶µ· ± ¤µ¸É ÉµÎ´µ ¶µ²´µ³Ê ¶µ´¨³ ´¨Õ ¤¨´ ³¨±¨
¨ ³¥Ì ´¨§³  ¤¥²¥´¨Ö,   É ±¦¥ ± ¸É·µ£µ³Ê ¨ µ¤´µ§´ Î´µ³Ê ³ É¥³ É¨Î¥¸±µ³Ê
µ¶¨¸ ´¨Õ · §´ÒÌ ¥£µ ÔÉ ¶µ¢. �·¨Î¨´µ° ÔÉµ£µ Ö¢²Ö¥ÉcÖ ¶·¥¦¤¥ ¢¸¥£µ Éµ, ÎÉµ
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Ö¤¥·´µ¥ ¤¥²¥´¨¥ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° µ¤´µ ¨§ ¸ ³ÒÌ ¸²µ¦´ÒÌ Ö¤¥·´ÒÌ ¶·¥-
¢· Ð¥´¨° ³´µ£µÎ ¸É¨Î´µ° ¸¨¸É¥³Ò, ¸¢Ö§ ´´µ¥ ¸ £²Ê¡µ±¨³ ¶¥·¥· ¸¶·¥¤¥²¥-
´¨¥³ ³ ¸¸Ò ¨ § ·Ö¤  ¨¸Ìµ¤´µ£µ Ö¤· , µ¡· §µ¢ ´¨¥³ ¸¨²Ó´µ¤¥Ëµ·³¨·µ¢ ´´ÒÌ
µ¸±µ²±µ¢, µ¡² ¤ ÕÐ¨Ì ¢Ò¸µ±¨³¨ ¸¶¨´ ³¨ ¨ Ô´¥·£¨Ö³¨ ¢µ§¡Ê¦¤¥´¨Ö. „·Ê£µ¥
¸ÊÐ¥¸É¢¥´´µ¥ µ¡¸ÉµÖÉ¥²Ó¸É¢µ ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ ¢ ¡µ²ÓÏ¨´¸É¢¥ Ô±¸¶¥·¨³¥´-
Éµ¢ Ö¤¥·´µ¥ ¤¥²¥´¨¥ ¨§ÊÎ ¥É¸Ö ¢ Ê¸²µ¢¨ÖÌ, ±µ£¤  ´¥¢µ§³µ¦´µ ¶µ²ÊÎ¨ÉÓ ¨´-
Ëµ·³ Í¨Õ µ ¡ §¨¸´ÒÌ  ³¶²¨ÉÊ¤ Ì ¶·µÍ¥¸¸ , Ì · ±É¥·¨§ÊÕÐ¨Ì¸Ö Î¥É´µ¸ÉÓÕ
π, ¶µ²´Ò³ ¸¶¨´µ³ ¤¥²ÖÐ¥°¸Ö ¸¨¸É¥³Ò J ¨ ¥£µ ¶·µ¥±Í¨¥° ´  µ¸Ó ¤¥²¥´¨Ö K .

“¦¥ ¢ · ´´¨Ì ¶µ¤Ìµ¤ Ì ± µ¶¨¸ ´¨Õ ¤¥²¥´¨Ö É¥µ·¨Ö ¸É·µ¨² ¸Ó ´  ¶·¥¤¶µ-
²µ¦¥´¨ÖÌ µ ¸µÌ· ´¥´¨¨ ¸¶¨´  ¨  ±¸¨ ²Ó´µ° ¸¨³³¥É·¨¨ ¤¥²ÖÐ¥°¸Ö ¸¨¸É¥³Ò,
ÎÉµ ¨ ¤ ¢ ²µ ¢µ§³µ¦´µ¸ÉÓ µ¶¨¸Ò¢ ÉÓ ¶¥·¥Ìµ¤´Ò¥ ¸µ¸ÉµÖ´¨Ö É ±µ° ¸¨¸É¥³Ò
¢ É¥·³¨´ Ì ±¢ ´Éµ¢ÒÌ Î¨¸¥² JπK . ‚ ÉµÎ±¥ · §·Ò¢  Ö¤·µ ¶·¨ ¶¥·¥Ìµ¤¥ ¢
µ¸±µ²±¨ ¨³¥¥É ³´µ¦¥¸É¢µ ± ´ ²µ¢, µ¶¨¸Ò¢ ¥³ÒÌ ±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨ cf ¨
Ì · ±É¥·¨§Ê¥³ÒÌ ¶µ²´µ° ±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¥° TKE, µÉ´µ¸¨É¥²Ó´Ò³ µ·¡¨-
É ²Ó´Ò³ ³µ³¥´Éµ³ L ¨ ¸¶¨´µ³ ± ´ ²  F . � · ¤µ±¸ ¤¥²¥´¨Ö ¸µ¸Éµ¨É ¢ Éµ³,
ÎÉµ, ´¥¸³µÉ·Ö ´  ³´µ¦¥¸É¢µ ± ´ ²µ¢ cf , ´ ¡²Õ¤ ÕÉ¸Ö ¸¨²Ó´Ò¥ ¨´É¥·Ë¥·¥´Í¨-
µ´´Ò¥ ÔËË¥±ÉÒ ¢ ·¥§µ´ ´¸´µ° ¸É·Ê±ÉÊ·¥ ¨´¤ÊÍ¨·µ¢ ´´µ£µ ´¥°É·µ´ ³¨ ¸¥Î¥-
´¨Ö ¤¥²¥´¨Ö,   É ±¦¥ ¡µ²ÓÏ¨¥ Ë²Ê±ÉÊ Í¨¨ ¶ ·Í¨ ²Ó´ÒÌ ¨ ¶µ²´ÒÌ ¤¥²¨É¥²Ó-
´ÒÌ Ï¨·¨´ ´¥°É·µ´´ÒÌ ·¥§µ´ ´¸µ¢. �µ²ÓÏ¨¥ ¢ ·¨ Í¨¨ ¸ Ô´¥·£¨¥° ´¥°É·µ´µ¢
´ ¡²Õ¤ ÕÉ¸Ö ¢ Ê£²µ¢µ°  ´¨§µÉ·µ¶¨¨ µ¸±µ²±µ¢ ¶·¨ ¤¥²¥´¨¨ s-´¥°É·µ´ ³¨ ¢Ò-
¸É·µ¥´´ÒÌ Ö¤¥·,   É ±¦¥ ¢ Ê£²µ¢ÒÌ ±µ··¥²ÖÍ¨ÖÌ µ¸±µ²±µ¢, µ¡Ê¸²µ¢²¥´´ÒÌ
¨´É¥·Ë¥·¥´Í¨¥° s- ¨ p-¢µ²´µ¢ÒÌ  ³¶²¨ÉÊ¤ (n, f)-·¥ ±Í¨¨.

Š Î¥¸É¢¥´´µ¥ µ¡ÑÖ¸´¥´¨¥ Ë²Ê±ÉÊ Í¨° ¤¥²¨É¥²Ó´ÒÌ Ï¨·¨´ ¨ Ê£²µ¢µ°  ´¨-
§µÉ·µ¶¨¨ µ¸±µ²±µ¢ ¶·¨ ¤¥²¥´¨¨ ¢Ò¸É·µ¥´´ÒÌ Ö¤¥· ¡Ò²µ ¤ ´µ �. �µ·µ³. �´
¶·¥¤¶µ²µ¦¨², ÎÉµ ´ ¡²Õ¤ ¥³Ò¥ ¤¥²¨É¥²Ó´Ò¥ ± ´ ²Ò ¸¢Ö§ ´Ò ¸ ¶¥·¥Ìµ¤´Ò³¨
¸µ¸ÉµÖ´¨Ö³¨ Ìµ²µ¤´µ£µ ¸¨²Ó´µ¤¥Ëµ·³¨·µ¢ ´´µ£µ ¤¥²ÖÐ¥£µ¸Ö Ö¤·  ´  ¢¥·-
Ï¨´¥ ¡ ·Ó¥·  ¤¥²¥´¨Ö, ±µÉµ·Ò¥ Ì · ±É¥·¨§ÊÕÉ¸Ö ±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨ JπK .
�·¥¤¶µ² £ Ö, ÎÉµ ¸µÌ· ´Ö¥É¸Ö  ±¸¨ ²Ó´ Ö ¸¨³³¥É·¨Ö Ö¤·  ¢ ¶¥·¥Ìµ¤¥ µÉ ¸¥¤-
²µ¢µ° ÉµÎ±¨ ± · §·Ò¢Ê ¨ ÎÉµ µ¸Ó ¤¥²¥´¨Ö ¢ ¶·µ¸É· ´¸É¢¥ ¸µ¢¶ ¤ ¥É ¸ µ¸ÓÕ ¤¥-
Ëµ·³ Í¨¨, �. �µ· Ê± § ² ¢µ§³µ¦´Ò° ¶ÊÉÓ ¤²Ö µ¶¨¸ ´¨Ö Ê£²µ¢ÒÌ · ¸¶·¥¤¥²¥-
´¨° µ¸±µ²±µ¢. �ÉµÉ ¶µ¤Ìµ¤ ¶µ§¢µ²¨² µ¶¨¸ ÉÓ ± Î¥¸É¢¥´´µ ¨¥· ·Ì¨Õ
¡ ·Ó¥·µ¢ ¤¥²¥´¨Ö ¸ · §´Ò³¨ JπK ¨ ¡µ²ÓÏ¨¥ Ë²Ê±ÉÊ Í¨¨ ¤¥²¨É¥²Ó´ÒÌ Ï¨·¨´
¢ ·¥§µ´ ´¸ Ì.

�·µ¡²¥³  ¸É ²  ¡µ²¥¥ ¤· ³ É¨Î´µ° ¶µ¸²¥ µÉ±·ÒÉ¨Ö ±² ¸É¥·¨§ Í¨¨ ¤¥²¨-
É¥²Ó´ÒÌ ± ´ ²µ¢, ´ §¢ ´´ÒÌ ³µ¤ ³¨ ¤¥²¥´¨Ö. ‘¨ÉÊ Í¨Ö ¢Ò£²Ö¤¨É É ±, ¡Ê¤Éµ
¤¥²ÖÐ¥¥¸Ö Ö¤·µ, ¶·¨¡²¨¦ Ö¸Ó ± ÉµÎ±¥ · §·Ò¢ , ³µ¦¥É ¤µ¸É¨ÎÓ Éµ²Ó±µ ¢¥¸Ó³ 
µ£· ´¨Î¥´´µ£µ ´ ¡µ·  ¶·¥¤· §·Ò¢´ÒÌ ±µ´Ë¨£Ê· Í¨°, ±µÉµ·Ò¥ Ëµ·³¨·ÊÕÉ, ¢
¸¢µÕ µÎ¥·¥¤Ó, ¶·µ¤Ê±ÉÒ ¤¥²¥´¨Ö, µÉ´µ¸ÖÐ¨¥¸Ö ± · §´Ò³ ³µ¤ ³ ¤¥²¥´¨Ö. ‘µ-
µÉ´µÏ¥´¨Ö ³¥¦¤Ê ¡µ·µ¢¸±¨³¨ ± ´ ² ³¨ ¨ ³µ¤ ³¨ ¤¥²¥´¨Ö ¸É ²¨ ¶·¥¤³¥Éµ³
´µ¢ÒÌ É¥µ·¥É¨Î¥¸±¨Ì ¨¸¸²¥¤µ¢ ´¨°. Šµ··¥²ÖÍ¨¨ ³¥¦¤Ê Ë²Ê±ÉÊ Í¨Ö³¨ ³ ¸¸µ-
¢ÒÌ TKE-· ¸¶·¥¤¥²¥´¨° ¨ Ê£²µ¢µ°  ´¨§µÉ·µ¶¨¥° µ¸±µ²±µ¢ ¡Ò²¨ · ¸¸³µÉ·¥´Ò
¢ [1]. �Ò²µ ¶µ± § ´µ, ÎÉµ ÔÉ¨ ±µ··¥²ÖÍ¨¨ ³µ¦´µ µ¡ÑÖ¸´¨ÉÓ, ¥¸²¨ ¶·¨´ÖÉÓ,
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ÎÉµ ¢µ²´µ¢ Ö ËÊ´±Í¨Ö ¶¥·¥Ìµ¤´µ£µ ¸µ¸ÉµÖ´¨Ö JπK Ö¢²Ö¥É¸Ö · §²µ¦¥´¨¥³
¶µ ¢µ²´µ¢Ò³ ËÊ´±Í¨Ö³ ¤¥²¨É¥²Ó´ÒÌ ³µ¤ ¸ ±µÔËË¨Í¨¥´É ³¨, § ¢¨¸ÖÐ¨³¨ µÉ
¤¥Ëµ·³ Í¨¨ ¤¥²ÖÐ¥°¸Ö ¸¨¸É¥³Ò.

�µ¸²¥¤´¥¥ ¢·¥³Ö · §¢¨¢ ¥É¸Ö ´µ¢Ò° ¶µ¸²¥¤µ¢ É¥²Ó´Ò° ¶µ¤Ìµ¤ ¤²Ö µ¶¨-
¸ ´¨Ö ¤¥²¥´¨Ö, ¢Ò§¢ ´´µ£µ ´¨§±µÔ´¥·£¥É¨Î¥¸±¨³¨ ´¥°É·µ´ ³¨ [2], ±µÉµ·Ò°
¶µ¤µ¡¥´ µ¡ÒÎ´µ° É¥µ·¨¨ ·¥ ±Í¨°. ‚ ¶·¨´Í¨¶¥ ÔÉµ ¶·¨¡²¨¦¥´¨¥ ¸µµÉ¢¥É-
¸É¢Ê¥É µ¶¨¸ ´¨Õ ¨´É¥·Ë¥·¥´Í¨µ´´ÒÌ ÔËË¥±Éµ¢ ¢ ¤¥²¥´¨¨ ´¥°É·µ´ ³¨ Ìµ-
·µÏµ · §¢¨ÉÒ³¨ ³¥Éµ¤ ³¨ É¥µ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨°. �¤´ ±µ ÔÉ¨ ³¥Éµ¤Ò ´¥
³µ£ÊÉ ´¥¶µ¸·¥¤¸É¢¥´´µ ¨¸¶µ²Ó§µ¢ ÉÓ¸Ö ¤²Ö µ¶¨¸ ´¨Ö ´ ¡²Õ¤ ¥³ÒÌ ¤¥²¨É¥²Ó-
´ÒÌ ¸¥Î¥´¨°. ‘É ´¤ ·É´µ¥ ¤²Ö É¥µ·¨¨ ·¥ ±Í¨° ¶·¥¤¸É ¢²¥´¨¥ ¸¶¨´  ± ´ ² 
{cf , F, L} ¶·¨¢µ¤¨É ± ¢Ò· ¦¥´¨Õ ¤²Ö ¸¥Î¥´¨Ö (n, f)-·¥ ±Í¨¨, ´¥¤¨a£µ´ ²Ó-
´µ³Ê ¶µ µ·¡¨É ²Ó´µ³Ê ³µ³¥´ÉÊ L. � ¡²Õ¤ ¥³µ¥ ¸¥Î¥´¨¥ (n, f)-¶·µÍ¥¸¸ 
Ö¢²Ö¥É¸Ö ¸Ê³³µ° ¶µ µ£·µ³´µ³Ê Î¨¸²Ê {cf , F, L}-± ´ ²µ¢. �µ¸±µ²Ó±Ê ´¨Î¥£µ
´¥ ¨§¢¥¸É´µ µ · ¸¶·¥¤¥²¥´¨ÖÌ ¢¥²¨Î¨´ F ¨ L ¢ ± ´ ² Ì cf , É¥³ ¡µ²¥¥ µ Ë -
§ Ì ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¤¥²¨É¥²Ó´ÒÌ  ³¶²¨ÉÊ¤, Éµ ¶·µ¢¥¸É¨ ¸Ê³³¨·µ¢ ´¨¥ ¶µ
´ ¡µ·Ê ±¢ ´Éµ¢ÒÌ Î¨¸¥² {cf , F, L} ¨, É ±¨³ µ¡· §µ³, ¶µ²ÊÎ¨ÉÓ Ö¢´µ¥ ¢Ò· ¦¥-
´¨¥ ¤²Ö ´ ¡²Õ¤ ¥³µ£µ (n, f)-¸¥Î¥´¨Ö µ± §Ò¢ ¥É¸Ö ´¥¢µ§³µ¦´Ò³. �É¨ É·Ê¤´µ-
¸É¨ Ê¤ ²µ¸Ó ¶·¥µ¤µ²¥ÉÓ, ¨¸¶µ²Ó§ÊÖ ¶·¥¤¸É ¢²¥´¨¥ ¸¶¨· ²Ó´µ¸É¨ ¤²Ö ¢ÒÌµ¤´ÒÌ
¤¥²¨É¥²Ó´ÒÌ ± ´ ²µ¢, ¢¢e¤¥´´µ¥ ¢¶¥·¢Ò¥ ‚. Œ. ‘É·ÊÉ¨´¸±¨³ [3]. ‚ ·¥§Ê²Ó-
É É¥ ¸É ²µ ¢µ§³µ¦´µ ¶·µ¢¥¤¥´¨¥ ¸Ê³³¨·µ¢ ´¨Ö ¶µ ´¥´ ¡²Õ¤ ¥³Ò³ ± ´ ² ³
¤¥²¥´¨Ö ¢ · ³± Ì ¸É ´¤ ·É´µ° R-³ É·¨Î´µ° ³µ¤¥²¨ Ö¤¥·´ÒÌ ·¥ ±Í¨°. �ÉµÉ
¶µ¤Ìµ¤ ¶µ§¢µ²Ö¥É µ¡Ñ¥¤¨´¨ÉÓ ¥¸É¥¸É¢¥´´Ò³ µ¡· §µ³ ³´µ£µ³µ¤ ²Ó´ÊÕ ¸É·Ê±-
ÉÊ·Ê ¤¥²¥´¨Ö ¸ ±µ´Í¥¶Í¨¥° ¶¥·¥Ìµ¤´ÒÌ ¸µ¸ÉµÖ´¨° �. �µ· .

�¨¦¥ ¶·¨¢µ¤ÖÉ¸Ö Ëµ·³Ê²Ò ¨§ ¸¥·¨¨ · ¡µÉ [2Ä4], ±µÉµ·Ò¥ ¡Ò²¨ ¨¸¶µ²Ó-
§µ¢ ´Ò ¤²Ö  ´ ²¨§  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, ¶µ²ÊÎ¥´´ÒÌ ¢ ‹ ¡µ· Éµ·¨¨
´¥°É·µ´´µ° Ë¨§¨±¨ ¢ ¨¸¸²¥¤µ¢ ´¨ÖÌ Ê£²µ¢µ°  ´¨§µÉ·µ¶¨¨ µ¸±µ²±µ¢ ¶·¨ ¤¥²¥-
´¨¨ ¢Ò¸É·µ¥´´ÒÌ Ö¤¥· 235U ·¥§µ´ ´¸´Ò³¨ ´¥°É·µ´ ³¨ [5] ¨ P -Î¥É´ÒÌ Ê£²µ-
¢ÒÌ ±µ··¥²ÖÍ¨° µ¸±µ²±µ¢ ®¢¶¥·¥¤Ä´ § ¤¯ (´  ´¥¶µ²Ö·¨§µ¢ ´´ÒÌ ´¥°É·µ´ Ì)
¨ ®¶· ¢µÄ²¥¢µ¯ ¨²¨ P -´¥Î¥É´ÒÌ ±µ··¥²ÖÍ¨° (´  ¶µ²Ö·¨§µ¢ ´´µ³ ¶ÊÎ±¥) ¤²Ö
¤¥²ÖÐ¨Ì¸Ö Ö¤¥· 235U ¨ 233U [6,7]:

dσnf (E)
dΩf

=
1
4π

[
σ

(0)
nf (E) + σ

(1)FB
nf (E)(nfnk) + σ

(1)RL
nf (E)pn(nf [nkns]) +

+ σ
(2)
nf (E)f2P2(nfnI)

]
, (1)

£¤¥

σ
(0)
nf (E) = πλ̄2

∑
Jπ

gJ

∑
lj

∑
K

|SJ(ljE → Kπf)|2 =
∑
Jπ

σ
(0)Jπ

nf (E) (2)

¥¸ÉÓ ¶µ²´µ¥ ¸¥Î¥´¨¥ ¤¥²¥´¨Ö, ¢Ò· ¦¥´´µ¥ ¸Ê³³µ° ¸¶¨´-· §¤¥²¥´´ÒÌ ±µ³¶µ-
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´¥´É. „·Ê£¨¥ Î²¥´Ò (1) ¨³¥ÕÉ ¸²¥¤ÊÕÐ¨° ¢¨¤:

σ
(1)FB
nf = πλ̄2

∑
Jπ

∑
J′j

∑
K

√
gJgJ′(−1)

3
2−j

√
6(2j + 1) ×

× U

(
IjJ1, J ′ 1

2

)
CJ′K

JK10 Re
[
S∗

J′(1jE → K(−π)f)SJ

(
0
1
2
E → Kπf

)]
,

(3)

σ
(1)RL
nf (E) = πλ̄2

∑
Jπ

∑
J′j

∑
K

√
gJgJ′(−1)

3
2−j

√
6(2j + 1) ×

×U

(
IjJ1, J ′ 1

2

)
CJ′K

JK10 Im
[
S∗

J′(1jE → K(−π)f)SJ

(
0
1
2
E → Kπf

)]
βj

(4)

¨

σ
(2)
nf = πλ̄2G

∑
Jπ

∑
J′j

∑
K

√
gjgJ′U

(
1
2
IJ ′2, JI

)
×

× CJ′K
JK20S

∗
J′

(
0
1
2
E → Kπf

)
SJ

(
0
1
2
E → Kπf

)
, (5)

±µÉµ·Ò¥ µ¶¨¸Ò¢ ÕÉ Ê£²µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö µ¸±µ²±µ¢. ‡¤¥¸Ó ±µÔËË¨Í¨¥´ÉÒ
βj = 1 ¤²Ö j = 1/2 ¨ βj = −0, 5 ¤²Ö j = 3/2, ¢¥²¨Î¨´Ò pn ¨ f2 Å
¶µ²Ö·¨§ Í¨Ö ´¥°É·µ´´µ£µ ¶ÊÎ±  ¨ ±µÔËË¨Í¨¥´É ¢Ò¸É·µ¥´´µ¸É¨ Ö¤¥· ³¨Ï¥´¨
¸µµÉ¢¥É¸É¢¥´´µ,

G =
15I2√

(2I − 1)I(I + 1)(2I + 3)
.

‚ · ³± Ì µ¶¨¸Ò¢ ¥³µ£µ ¶·¨¡²¨¦¥´¨Ö Î ¸ÉÓ ¤¨ËË¥·¥´Í¨ ²Ó´µ£µ ¸¥Î¥´¨Ö
¤¥²¥´¨Ö, µÉ¢¥É¸É¢¥´´ Ö §  ¢§ ¨³µ¤¥°¸É¢¨¥ ¸ ´ ·ÊÏ¥´¨¥³ ¶·µ¸É· ´¸É¢¥´´µ°
Î¥É´µ¸É¨, ¢Ò· ¦ ¥É¸Ö ¸²¥¤ÊÕÐ¨³ µ¡· §µ³:

dσPV
nf (E)
dΩf

=
1
4π

σ(1)PV nf (E)pn(nfns) , (6)

£¤¥

σ
(1)PV
nf (E) = πλ̄2

∑
J

gJU

(
IjJ1, J ′ 1

2

)
×

×
∑
K

CJ′K
JK10S

∗
J

(
0
1
2
E → K(−π)f

)
SJ

(
0
1
2
E → Kπf

)
. (7)
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�±¸¶¥·¨³¥´É ¶·µ¢µ¤¨²¸Ö ´  30-³¥É·µ¢µ° ¶·µ²¥É´µ° ¡ §¥ ¡Ê¸É¥· 
ˆ��-30 + ‹“�-40 [5]. ‚Ò¸É· ¨¢ ´¨¥ ¸¶¨´µ¢ ³¨Ï¥´¨ ¤µ¸É¨£ ²µ¸Ó µÌ² ¦¤¥-
´¨¥³ ³µ§ ¨±¨ ¨§ ³µ´µ±·¨¸É ²²µ¢ Ê· ´¨²-·Ê¡¨¤¨¥¢µ£µ ´¨É· É  ¤µ É¥³¶¥· -
ÉÊ·Ò ∼ 0, 2 K ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ·¥Ë·¨¦¥· Éµ·  ¸ · ¸É¢µ·¥´¨¥³ 3He − 4He.
�¥Ë·¨¦e· Éµ· µ¡¥¸¶¥Î¨¢ ² µ·¨¥´É Í¨Õ Ö¤¥· ¢ É¥Î¥´¨¥ ¤²¨É¥²Ó´µ£µ ¢·¥³¥´¨
(¡µ²¥¥ ¤¢ÊÌ ´¥¤¥²Ó) ¸ ¤µ¸É¨¦¥´¨¥³ ¢Ò¸É·µ¥´´µ¸É¨ f2 � 0, 15−0, 20. ˆ¸¶µ²Ó-
§µ¢ ²¨¸Ó µ¤´µ¢·¥³¥´´µ ¤¢¥ ³¨Ï¥´¨, ¨§ ±µÉµ·ÒÌ µ¸±µ²±¨ ·¥£¨¸É·¨·µ¢ ²¨¸Ó
±·¥³´¨¥¢Ò³¨ ¤¥É¥±Éµ· ³¨ ¶µ¤ Ê£² ³¨ 0◦, 45◦ ¨ 90◦ µÉ´µ¸¨É¥²Ó´µ µ¸¨ C
± ¦¤µ° ³µ´µ±·¨¸É ²²¨Î¥¸±µ° ³µ§ ¨±¨. ˆ§³¥·¥´¨Ö ¶·µ¢µ¤¨²¨¸Ó ¢ ¨´É¥·¢ ²¥
Ô´¥·£¨° ´¥°É·µ´µ¢ 0, 05 ÷ 100 Ô‚. � ¡²Õ¤ ¥³ Ö  ´¨§µÉ·µ¶¨Ö µ¸±µ²±µ¢ ¢
¸µµÉ¢¥É¸É¢¨¨ ¸ (1)Ä(5) µ¶¨¸Ò¢ ² ¸Ó Ëµ·³Ê²µ°

dσnf (E)
dΩ

=
σ

(0)
nf

4π
[1 + f2A2(E)P2(cos θ)],

  S-³ É·¨Í  ·¥ ±Í¨¨ ¡· ² ¸Ó ¢ ¢¨¤¥

SJ
nf = 2 e−ika

(
(I − K)−1

)
nf

,

£¤¥ ¤²Ö ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ Kij ¨¸¶µ²Ó§µ¢ ²µ¸Ó ¢Ò· ¦¥´¨¥

Kij = −1
4

∑
λ

Γγλ

√
ΓiλΓjλ

dλ
+

i

2

∑
λ

(Eλ − E)
√

ΓiλΓjλ

dλ
,

dλ = (Eλ − E)2 + Γ2
γλ/4.

“¤µ¡´µ ¢¢¥¸É¨ W -³ É·¨ÍÊ:

W J
nf =

(
(I − K)−1

)
nf

. (8)

‚  ´ ²¨§¥ [8] ¨¸¶µ²Ó§µ¢ ²¨¸Ó ¤ ´´Ò¥ µ ¶µ²´µ³ ´¥°É·µ´´µ³ ¸¥Î¥´¨¨ ¨ µ
¶µ²´µ³ ¨ ¸¶¨´-· §¤¥²¥´´ÒÌ ¸¥Î¥´¨ÖÌ ¤¥²¥´¨Ö ¤²Ö 235U ¨§ ¡ ´±  NNDC [9].
‚ ·¥§Ê²ÓÉ É¥ Ë¨É¨·µ¢ ´¨Ö A2(E) ¸µ¢³¥¸É´µ ¸ ¤ ´´Ò³¨ µ ¸¥Î¥´¨ÖÌ, ±µÉµ-
·µ¥ ¶·µ¢µ¤¨²µ¸Ó ¸ ¶µ³µÐÓÕ ³µ¤¨Ë¨Í¨·µ¢ ´´µ° ¶·µ£· ³³Ò SAMMY [10]
¨²¨ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¸µ¡¸É¢¥´´µ° ¶·µ£· ³³Ò A2FIT, ¡Ò² ¶µ²ÊÎ¥´ (¶·¨ Ê¤µ-
¢²¥É¢µ·¨É¥²Ó´µ³ µ¶¨¸ ´¨¨ ¢¸¥° ¸µ¢µ±Ê¶´µ¸É¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ)
´µ¢Ò° ´ ¡µ· ·¥§µ´ ´¸´ÒÌ ¶ · ³¥É·µ¢, ¢±²ÕÎ ÕÐ¨° ¢ ¸¥¡Ö ¶ ·Í¨ ²Ó´Ò¥ ¤¥-
²¨É¥²Ó´Ò¥ Ï¨·¨´Ò ΓfJK . �·¨ Ë¨É¨·µ¢ ´¨¨ ± ¦¤Ò° ·¥§µ´ ´¸ λ µ¶¨¸Ò¢ ²¸Ö
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Ï¥¸ÉÓÕ ¶ · ³¥É· ³¨: Eλ, Γλ
γ , γλ

n , γλ
f , φλ ¨ θλ. ’ ± Ö ¶ · ³¥É·¨§ Í¨Ö ¶µ§¢µ-

²Ö¥É ¢±²ÕÎ¨ÉÓ ¢ ¶µ¤£µ´±Ê ¤µ É·¥Ì ¤¥²¨É¥²Ó´ÒÌ ± ´ ²µ¢ ¤²Ö ± ¦¤µ£µ ·¥§µ-
´ ´¸ . � ·Í¨ ²Ó´Ò¥ ¤¥²¨É¥²Ó´Ò¥  ³¶²¨ÉÊ¤Ò ¢Ò· ¦ ²¨¸Ó Î¥·¥§ ³µ¤Ê²Ó ¶µ²-

´µ° ¤¥²¨É¥²Ó´µ°  ³¶²¨ÉÊ¤Ò γλ
f =

√
Γλ

f ¨ ¤¢  Ê£² , φλ ¨ θλ, ¢ ¸Ë¥·¨Î¥¸±µ°
¸¨¸É¥³¥ ±µµ·¤¨´ É:

γλ
f1 = γλ

f cos φλ sin θλ, γλ
f2 = γλ

f sin φλ sin θλ, γλ
f0 = γλ

f cos θλ.

� ¤¨ Í¨µ´´ Ö Ï¨·¨´  Γλ
γ Ë¨±¸¨·µ¢ ² ¸Ó · ¢´µ° 0, 039 Ô‚ ¤²Ö ¢¸¥Ì ·¥-

§µ´ ´¸µ¢, µ¸É ²Ó´Ò¥ ¶ · ³¥É·Ò ¢ ·Ó¨·µ¢ ²¨¸Ó. ‚  ´ ²¨§¥ ¸´ Î ²  ¶·¥¤¶µ² -
£ ²µ¸Ó, ÎÉµ ¤²Ö ·¥§µ´ ´¸µ¢ ¸µ ¸¶¨´µ³ J = 3 µÉ±·ÒÉÒ É·¨ ± ´ ²  (K = 0,
K = 1, K = 2),   ¤²Ö ·¥§µ´ ´¸µ¢ ¸ J = 4 µÉ±·ÒÉÒ ¤¢  ± ´ ²  (K = 1,
K = 2). ˆ§ µ¡Ð¨Ì ¸µµ¡· ¦¥´¨° ¸µ¸ÉµÖ´¨Ö JπK = 4−0 § ¶·¥Ð¥´Ò ¨
³µ¦´µ µ¦¨¤ ÉÓ µÉ¸ÊÉ¸É¢¨Ö ¨²¨ µÎ¥´Ó ³ ²µ£µ ¢±² ¤  ¸µ¸ÉµÖ´¨° ¸ ¢Ò¸µ±¨³¨ K
(JπK = 3−3, 4−3, 4−4), É. ±. £¥µ³¥É·¨Î¥¸±¨¥ Ë ±Éµ·Ò, µ¶·¥¤¥²ÖÕÐ¨¥ ±µÔË-
Ë¨Í¨¥´É  ´¨§µÉ·µ¶¨¨ ¤²Ö ÔÉ¨Ì ¸µ¸ÉµÖ´¨°, ¨³¥ÕÉ ¶µ²µ¦¨É¥²Ó´Ò° §´ ±, ¢ Éµ
¢·¥³Ö ± ± ´ ¡²Õ¤ ¥³Ò° ±µÔËË¨Í¨¥´É A2 µÉ·¨Í É¥²¥´ ¢µ ¢¸¥° ¨¸¸²¥¤µ¢ ´-
´µ° Ô´¥·£¥É¨Î¥¸±µ° µ¡² ¸É¨. � ·Ó¥·Ò ¤¥²¥´¨Ö ¤²Ö ÔÉ¨Ì ¸µ¸ÉµÖ´¨° ¤µ²¦´Ò
¡ÒÉÓ ¡µ²¥¥ ¢Ò¸µ±¨³¨, ¶µÔÉµ³Ê ¶·¥¤¶µ² £ ²µ¸Ó, ÎÉµ ¢±² ¤ ÔÉ¨Ì ± ´ ²µ¢ µÉ-
¸ÊÉ¸É¢Ê¥É. ˆ´É¥£· ²Ó´µ¥ · ¸¶·¥¤¥²¥´¨¥ ¶ ·Í¨ ²Ó´ÒÌ ¤¥²¨É¥²Ó´ÒÌ Ï¨·¨´ ¤²Ö
·¥§µ´ ´¸µ¢ ¸ J = 4, ¶µ²ÊÎ¥´´µ¥ ¶·¨ Ë¨É¨·µ¢ ´¨¨, ¢ É ±µ°  ¶¶·µ±¸¨³ Í¨¨ ´¥
¸µ£² ¸Ê¥É¸Ö ¸ ¶µ·É¥·-Éµ³ ¸µ¢¸±¨³ · ¸¶·¥¤¥²¥´¨¥³. �Éµ ¤ ¥É µ¸´µ¢ ´¨¥ ¤²Ö
¢±²ÕÎ¥´¨Ö ¤²Ö ·¥§µ´ ´¸µ¢ J = 4 É ±¦¥ ± ´ ²  JπK = 4−0. ‡ ³¥É¨³, ÎÉµ
§ ±²ÕÎ¥´¨¥ µ¡  ¡¸µ²ÕÉ´µ³ § ¶·¥É¥ ± ´ ²  4−0 µ¸´µ¢ ´µ ´  £¨¶µÉ¥§¥ �. �µ· 
¢ ¥¥ ¶·µ¸É¥°Ï¥³ ¢ ·¨ ´É¥. �µ²¥¥ ÉÐ É¥²Ó´µ¥ ¨§ÊÎ¥´¨¥ ¶·µ¡²¥³Ò [4] ¶µ± §Ò-
¢ ¥É, ÎÉµ ± ´ ² 4−0 ¨³¥¥É ¡µ²¥¥ ¢Ò¸µ±¨° ¶¥·¢Ò° ¡ ·Ó¥· ¤¥²¥´¨Ö ¨ µÉ´µ¸¨-
É¥²Ó´µ ´¨§±¨° ¢Éµ·µ° ¡ ·Ó¥· ¤²Ö  ¸¨³³¥É·¨Î´ÒÌ ³µ¤. ‘²¥¤µ¢ É¥²Ó´µ, ³µ¦´µ
µ¦¨¤ ÉÓ ¢ ´ Ï¥³ ¸²ÊÎ ¥, ÎÉµ ± ´ ² 4−0 ¡Ê¤¥É ÌµÉÖ ¡Ò Î ¸É¨Î´µ µÉ±·ÒÉÒ³.
�µÔÉµ³Ê ¡Ò² ¶·µ¢¥¤¥´ ¶µ¢Éµ·´Ò°  ´ ²¨§ ¢¸¥° ¸µ¢µ±Ê¶´µ¸É¨ Ô±¸¶¥·¨³¥´É ²Ó-
´ÒÌ ¤ ´´ÒÌ ¢ ¶·¥¤¶µ²µ¦¥´¨¨ µÉ±·ÒÉµ¸É¨ ¢¸¥Ì É·¥Ì ± ´ ²µ¢ ¤²Ö µ¡¥¨Ì £·Ê¶¶
·¥§µ´ ´¸µ¢ ¸ J = 3 ¨ J = 4.

�¥§Ê²ÓÉ ÉÒ µ±µ´Î É¥²Ó´µ£µ Ë¨É¨·µ¢ ´¨Ö A2(E) ¶µ± § ´Ò ´  ·¨¸. 1. (‚¸¥
¤·Ê£¨¥ ¤ ´´Ò¥ µ ¸¥Î¥´¨ÖÌ É ±¦¥ Ìµ·µÏµ ¢µ¸¶·µ¨§¢µ¤ÖÉ¸Ö.) ˜É·¨Ìµ¢ Ö ±·¨-
¢ Ö ¸µµÉ¢¥É¸É¢Ê¥É ´ ¡µ·Ê ·¥§µ´ ´¸´ÒÌ ¶ · ³¥É·µ¢ ¨§ ENDF/B-VI [9], ±µÉµ·Ò¥
¢¥¸Ó³  Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ µ¶¨¸Ò¢ ÕÉ ¢¸¥ ¸¥Î¥´¨Ö, ´µ, ± ± ¢¨¤´µ ¨§ ·¨¸Ê´± ,
´¥ ¢µ¸¶·µ¨§¢µ¤ÖÉ Ô´¥·£¥É¨Î¥¸±ÊÕ § ¢¨¸¨³µ¸ÉÓ A2.

�  ·¨¸. 2 ¶µ± § ´Ò µÉ´µ¸¨É¥²Ó´Ò¥ ¢±² ¤Ò · §´ÒÌ K-±µ³¶µ´¥´É ¢ ¶µ²´µ¥
¨ ¸¶¨´-· §¤¥²¥´´Ò¥ ¸¥Î¥´¨Ö ¤¥²¥´¨Ö. Š ± ¨ µ¦¨¤ ²µ¸Ó, ´ ¡²Õ¤ ÕÉ¸Ö ¡µ²Ó-
Ï¨¥ Ë²Ê±ÉÊ Í¨¨ ¢¥¸µ¢ K-± ´ ²µ¢ ¤²Ö · §´ÒÌ ±µ³¶ Ê´¤-¸µ¸ÉµÖ´¨°, ±µÉµ·Ò¥
¶·¨¢µ¤ÖÉ ± ¸¨²Ó´Ò³ Ë²Ê±ÉÊ Í¨Ö³ ¢±² ¤µ¢ K-± ´ ²µ¢. ‘²¥¤Ê¥É µÉ³¥É¨ÉÓ §´ -
Î¨É¥²Ó´Ò° ¢±² ¤ ±µ³¶µ´¥´ÉÒ K = 0 ¢ ¸¶¨´-· §¤¥²¥´´Ò¥ ¨ ¶µ²´µ¥ ¸¥Î¥´¨Ö
¤¥²¥´¨Ö.
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�¨¸. 1. �¥§Ê²ÓÉ ÉÒ Ë¨É¨·µ¢ ´¨Ö A2(E). ˜É·¨Ìµ¢ Ö ±·¨¢ Ö ¢ÒÎ¨¸²¥´  ¸ ¨¸¶µ²Ó§µ¢ -
´¨¥³ ·¥§µ´ ´¸´ÒÌ ¶ · ³¥É·µ¢ ¨§ [9]

ˆ´É¥£· ²Ó´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¶ ·Í¨ ²Ó´ÒÌ ¤¥²¨É¥²Ó´ÒÌ Ï¨·¨´ ·¥§µ´ ´-
¸µ¢ ¢ ¨´É¥·¢ ²¥ 0 ÷ 30 Ô‚ ¤²Ö ± ¦¤µ£µ JπK-± ´ ²  Ìµ·µÏµ ¸µ£² ¸ÊÕÉ¸Ö ¸
· ¸¶·¥¤¥²¥´¨¥³ �µ·É¥· Ä’µ³ ¸  ¸ µ¤´µ° ¸É¥¶¥´ÓÕ ¸¢µ¡µ¤Ò. � ¸¶·¥¤¥²¥´¨Ö
¶µ²´ÒÌ ¤¥²¨É¥²Ó´ÒÌ Ï¨·¨´ ¤²Ö µ¡µ¨Ì ¸¶¨´µ¢ É ±¦¥ ´ Ìµ¤ÖÉ¸Ö ¢ ¸µ£² ¸¨¨ ¸
· ¸¶·¥¤¥²¥´¨¥³ �µ·É¥· Ä’µ³ ¸  ¸ Î¨¸²µ³ ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò ³¥¦¤Ê 2 ¨ 3.

‘·¥¤´¨¥ ¢±² ¤Ò · §´ÒÌ ¤¥²¨É¥²Ó´ÒÌ ± ´ ²µ¢, µ¶·¥¤¥²¥´´Ò¥ ± ±

WK =
1

Nλ

∑
λ

Γλ
f,K

Γλ
f

, (9)

±µÉµ·Ò¥ ³µ£ÊÉ ¸²Ê¦¨ÉÓ ³¥·µ° ¸É¥¶¥´¨ µÉ±·ÒÉµ¸É¨ ¤ ´´µ£µ ± ´ ² , ¶·¨¢¥¤¥´Ò
¢ É ¡²¨Í¥.

‘É¥¶¥´Ó µÉ±·ÒÉµ¸É¨ · §´ÒÌ ± ´ ²µ¢ (%)

‘¶¨´ K = 0 K = 1 K = 2

J = 3 25 39 35

J = 4 26 40 34

J = 3 + 4 26 40 34
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�¨¸. 2. � §²µ¦¥´¨¥ ¶µ²´µ£µ ¨ ¸¶¨´-· §¤¥²¥´´ÒÌ ¸¥Î¥´¨° ¤¥²¥´¨Ö ´  K-±µ³¶µ´¥´ÉÒ:
K = 0 Å ÉµÎ¥Î´ Ö ±·¨¢ Ö; K = 1 Å ¸¶²µÏ´ Ö; K = 2 Å ÏÉ·¨Ìµ¢ Ö. �  £· Ë¨±¥ £
¶µ± § ´µ ¶µ²´µ¥ ¸¥Î¥´¨¥ ¤¥²¥´¨Ö

‡ ³¥É¨³, ÎÉµ ¶µ²ÊÎ¥´´Ò° ´ ¡µ· ·¥§µ´ ´¸´ÒÌ ¶ · ³¥É·µ¢ ´¥ Ö¢²Ö¥É¸Ö µ¤-
´µ§´ Î´Ò³, É. ±. ·¥§Ê²ÓÉ ÉÒ Ë¨É¨·µ¢ ´¨Ö ¸µ¢µ±Ê¶´µ¸É¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
¤ ´´ÒÌ § ¢¨¸ÖÉ µÉ ¢Ò¡µ·  µÉ·¨Í É¥²Ó´ÒÌ ·¥§µ´ ´¸µ¢,   É ±¦¥ µÉ ¢±²ÕÎ¥´¨Ö
·¥§µ´ ´¸µ¢ ¸ ³ ²Ò³¨ ´¥°É·µ´´Ò³¨ ¨ ¡µ²ÓÏ¨³¨ ¤¥²¨É¥²Ó´Ò³¨ Ï¨·¨´ ³¨
(´¥ ¢²¨ÖÕÐ¨³¨ ´  µ¶¨¸ ´¨¥ ¸¥Î¥´¨°). �¤´ ±µ, ± ± ¶µ± § ²¨ · ¸Î¥ÉÒ, ¸·¥¤-
´¨¥ µÉ´µ¸¨É¥²Ó´Ò¥ ¢±² ¤Ò JπK-± ´ ²µ¢ ¸µÌ· ´ÖÕÉ¸Ö ¢ · §´ÒÌ ¢ ·¨ ´É Ì
¶µ¤£µ´±¨, ¨ ¶µ¸±µ²Ó±Ê ¶µ²ÊÎ¥´´Ò° ´ ¡µ· ¶ · ³¥É·µ¢ ¢±²ÕÎ ¥É ¢¸¥ ¢µ§³µ¦-
´Ò¥ K-± ´ ²Ò, µ´ ³µ¦¥É ¸²Ê¦¨ÉÓ ´ ¤¥¦´Ò³ ¡ §¨¸µ³ ¤²Ö ±µ²¨Î¥¸É¢¥´´µ£µ
 ´ ²¨§  ¨´É¥·Ë¥·¥´Í¨¨ s- ¨ p-·¥§µ´ ´¸µ¢. ‘µ¢³¥¸É´µ¥ ¨§ÊÎ¥´¨¥ ³ ¸¸µ¢ÒÌ ¨
TKE-· ¸¶·¥¤¥²¥´¨° µ¸±µ²±µ¢ ¢ § ¢¨¸¨³µ¸É¨ µÉ Ô´¥·£¨¨ ´¥°É·µ´  ¨ ±µÔËË¨-
Í¨¥´É  Ê£²µ¢µ°  ´¨§µÉ·µ¶¨¨ ¶µ§¢µ²¨É ¶µ²ÊÎ¨ÉÓ ´µ¢ÊÕ ¨´Ëµ·³ Í¨Õ µ ¸¢Ö§¨
¡µ·µ¢¸±¨Ì ± ´ ²µ¢ ¤¥²¥´¨Ö ¸ ³µ¤ ³¨ ¤¥²¥´¨Ö.
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‚¥¸Ó³  ¢ ¦´µ ¶µ²ÊÎ¨ÉÓ ¶·Ö³ÊÕ ¨´Ëµ·³ Í¨Õ µ § ¢¨¸¨³µ¸É¨ µÉ Î¥É´µ-
¸É¨ ¡ ·Ó¥·  ¤¥²¥´¨Ö ¤²Ö JπK-± ´ ²µ¢. “´¨± ²Ó´Ò¥ ¢µ§³µ¦´µ¸É¨ ¤²Ö ÔÉµ°
Í¥²¨ ¤ ¥É ¨§ÊÎ¥´¨¥ P -Î¥É´ÒÌ Ê£²µ¢ÒÌ ±µ··¥²ÖÍ¨° µ¸±µ²±µ¢ ¤¥²¥´¨Ö, ¢Ò-
§¢ ´´Òx ¨´É¥·Ë¥·¥´Í¨¥° s- ¨ p-·¥§µ´ ´¸´ÒÌ ¤¥²¨É¥²Ó´ÒÌ  ³¶²¨ÉÊ¤. ’ ±¨¥
Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö ¢Ò¶µ²´¥´Ò ±µ²² ¡µ· Í¨¥° �ˆŸˆÄ�ˆŸ”
´  ¡Ê¸É¥·¥ ˆ��-30 + ‹“�-40 ¤²Ö 235U ¨ 233U [6,7] ¨ ¶·µ¢µ¤ÖÉ¸Ö ¸ 239Pu.

�µ²ÊÎ¥´Ò ·¥§Ê²ÓÉ ÉÒ ¤²Ö ¤¢ÊÌ É¨¶µ¢ Ô±¸¶¥·¨³¥´Éµ¢. ‚ ¶¥·¢µ³ (®¢¶¥·¥¤Ä
´ § ¤¯) ¨§³¥·¥´  Ô´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³µ¸ÉÓ Ô³¨¸¸¨¨ µ¸±µ²±µ¢ ¢¤µ²Ó ¨ ¶·µ-
É¨¢ ¨³¶Ê²Ó¸  ´¥¶µ²Ö·¨§µ¢ ´´ÒÌ ´¥°É·µ´µ¢:

αFB =
NF − NB

NF + NB
. (10)

‚µ ¢Éµ·µ³ (®¶· ¢µÄ²¥¢µ¯) ¨¸¸²¥¤µ¢ ´   ¸¨³³¥É·¨Ö Ô³¨¸¸¨¨ µ¸±µ²±µ¢ ¤¥²¥´¨Ö
¢ ¶²µ¸±µ¸É¨, µ¡· §µ¢ ´´µ° ¸¶¨´µ³ ¶µ²Ö·¨§µ¢ ´´µ£µ ´¥°É·µ´  ¨ ¥£µ ¨³¶Ê²Ó-
¸µ³:

αRL =
NR − NL

NR + NL
. (11)

ˆ¸¶µ²Ó§ÊÖ Ëµ·³Ê²Ò (1)Ä(5), ³µ¦´µ ¶µ²ÊÎ¨ÉÓ ¢Ò· ¦¥´¨Ö ¤²Ö ±µÔËË¨Í¨-
¥´Éµ¢ ±µ··¥²ÖÍ¨¨ αFB ¨ αRL, ±µÉµ·Ò¥ ¡Ò²¨ ¶·¨³¥´¥´Ò ¢  ´ ²¨§¥ Ô±¸¶¥·¨-
³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¤²Ö 235U:

αFB =
A

B
, (12)

£¤¥

A =
∑

J

√
gJgJ′

∑
K

∑
J′j

Z(JJ ′Kj)[cos ∆φ(Re W1 Re W0 +ImW1 Im W0)+

+ sin ∆φ(Im W1 Re W0 − Re W1 Im W0)]; (13)

B =
∑

J

gJ

∑
K

|W0(JK)|2, (14)

¨

αRL =
C

B
, (15)
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£¤¥

C = pn

∑
J

√
gJgJ′

∑
K

∑
J′j

Z(JJ ′Kj) ×

× βj [sin ∆φ(Re W1 Re W0 + Im W1 Im W0) +
+ cos ∆φ(Re W1 Im W0 − Im W1 Re W0)]. (16)

‡¤¥¸Ó Z(JJ ′Kj) Å ±µ³¡¨´ Í¨Ö £¥µ³¥É·¨Î¥¸±¨Ì ±µÔËË¨Í¨¥´Éµ¢; ∆φ =
φ1 − φ0, £¤¥ φ0 = ka ¨ φ1 = ka − arctg (ka); a Å · ¤¨Ê¸ ¶µÉ¥´Í¨ ²Ó´µ£µ
· ¸¸¥Ö´¨Ö ¢µ ¢Ìµ¤´µ³ ´¥°É·µ´´µ³ ± ´ ²¥; k = kn.

�¨¸. 3. �·µ¡´µ¥ Ë¨É¨·µ¢ ´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
§ ¢¨¸¨³µ¸É¥° αF B(E) (a) ¨ αRL(E) (¡) ¤²Ö 235U
¸ ¢±²ÕÎ¥´¨¥³ ¸¥³¨ p-·¥§µ´ ´¸µ¢. ’µÎ±¨ Å Ô±¸-
¶¥·¨³¥´É; ±·¨¢Ò¥ Å ·¥§Ê²ÓÉ É Ë¨É¨·µ¢ ´¨Ö

�·¨  ´ ²¨§¥ Ô±¸¶¥·¨³¥´-
É ²Ó´ÒÌ ¤ ´´ÒÌ ´¥µ¡Ìµ¤¨³µ
ÊÎ¨ÉÒ¢ ÉÓ ³ ²ÊÕ ¢¥²¨Î¨´Ê
p-¢µ²´µ¢µ£µ ¸¥Î¥´¨Ö ¤¥²¥´¨Ö:

σf1(E) =
4π

k2

∑
J

gJ ×

×
∑
Kj

|W1(JKj)|2 ≤ 0, 5 ¡.

(17)

S-³ É·¨Î´Ò¥ ¶ · ³¥É·Ò
¤²Ö s-¢µ²´µ¢µ£µ ¤¥²¥´¨Ö ¶·¨-
´¨³ ²¨¸Ó ± ± ·¥§Ê²ÓÉ É µ¶¨-
¸ ´´µ£µ ¢ÒÏ¥  ´ ²¨§  ¨ Ë¨±-
¸¨·µ¢ ²¨¸Ó. �´¥·£¥É¨Î¥¸± Ö
§ ¢¨¸¨³µ¸ÉÓ ±µÔËË¨Í¨¥´Éµ¢
αBF (E) ¨ αRL(E) ¨¸¶µ²Ó§µ-
¢ ² ¸Ó ¤²Ö ¨§¢²¥Î¥´¨Ö ¨´Ëµ·-
³ Í¨¨ µ ¶µ²µ¦¥´¨¨ ¨ ¶ · ³¥-
É· Ì p-·¥§µ´ ´¸µ¢. Š ± ¢¨¤´µ
¨§ ¢Ò· ¦¥´¨° (3), (4), · §-
³¥·´µ¸É¨ S-³ É·¨Í ¤²Ö s- ¨
p-¢µ²´µ¢µ£µ ¤¥²¥´¨Ö · §´Ò¥.
‚µ ¢Ìµ¤´ÒÌ ± ´ ² Ì · §³¥·-
´µ¸ÉÓ µÍ¥´¨¢ ¥É¸Ö ¸µ ¢¸¥°
µÎ¥¢¨¤´µ¸ÉÓÕ, ´µ ¤²Ö ¢ÒÌµ¤-
´ÒÌ ± ´ ²µ¢ ¸¨ÉÊ Í¨Ö ¸µ¢¸¥³
´¥ É·¨¢¨ ²Ó´ . ˆ´É¥·Ë¥·¥´-
Í¨µ´´Ò¥ Î²¥´Ò ¢ Ëµ·³Ê² Ì ¤²Ö αFB ¨ αRL ¨³¥ÕÉ É¥ ¦¥ ¸ ³Ò¥ ¶·µ¥±Í¨¨
K ¤²Ö s- ¨ p-¢µ²´µ¢µ£µ ¤¥²¥´¨Ö, ´µ ¶µ²´µ¥ p-¢µ²´µ¢µ¥ ¸¥Î¥´¨¥ ¤¥²¥´¨Ö ³µ-
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¦¥É ¢±²ÕÎ ÉÓ ¤µ¶µ²´¨É¥²Ó´Ò¥ JK-± ´ ²Ò, § ¶·¥Ð¥´´Ò¥ ¶µ § ±µ´Ê ¸µÌ· -
´¥´¨Ö Î¥É´µ¸É¨ ¤²Ö s-¢µ²´µ¢µ£µ ¤¥²¥´¨Ö. �µÔÉµ³Ê ¢ ¸²ÊÎ ¥ p-·¥§µ´ ´¸µ¢
¸µ ¸¶¨´ ³¨ J = 4 ¨ 5 · §³¥·´µ¸ÉÓ ¸¢Ö§ ´´ÒÌ S-³ É·¨Í ³µ¦¥É ¡ÒÉÓ ¢ÒÏ¥,
Î¥³ ¢ ¸²ÊÎ ¥ ¨´É¥·Ë¥·¨·ÊÕÐ¨Ì s-¢µ²´µ¢ÒÌ ±µ³¶ Ê´¤-¸µ¸ÉµÖ´¨°. �É¨ ¤µ¶µ²-
´¨É¥²Ó´Ò¥ ·¥§µ´ ´¸´Ò¥ ¶ · ³¥É·Ò ¸²¥¤µ¢ ²µ ¡Ò ¢±²ÕÎ ÉÓ ¢ Ë¨É¨·µ¢ ´¨¥
¤²Ö ¸µÌ· ´¥´¨Ö Ê´¨É ·´µ¸É¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¥° S-³ É·¨ÍÒ. „²Ö ¶µ´¨³ ´¨Ö
¢²¨Ö´¨Ö ¢¢µ¤¨³ÒÌ ¶ · ³¥É·µ¢ p-Ê·µ¢´¥° ´  ¢¥²¨Î¨´Ê ¨ Ô´¥·£¥É¨Î¥c±µ¥ ¶µ-
¢¥¤¥´¨¥ ±µÔËË¨Í¥´Éµ¢ ±µ··¥²ÖÍ¨¨ ¢Ò¶µ²´¥´Ò ³¥Éµ¤¨Î¥¸±¨¥ · ¸Î¥ÉÒ [11],
±µÉµ·Ò¥ ¶·¨¢¥²¨ ± ¢ ¦´Ò³ ¨ ¨´É¥·¥¸´Ò³ ·¥§Ê²ÓÉ É ³. �Ò²µ Ê¸É ´µ¢²¥´µ,
ÎÉµ ´  Ô´¥·£¥É¨Î¥¸±µ¥ ¶µ¢¥¤¥´¨¥ αFB ¨ αRL ¸¨²Ó´µ ¢²¨Ö¥É ¶·¨¶¨¸Ò¢ ¥³µ¥
p-·¥§µ´ ´¸Ê §´ Î¥´¨¥ ¸¶¨´  ¨ ÎÉµ ÔÉµ ¢²¨Ö´¨¥ ¶·µ¸É¨· ¥É¸Ö ´  ¡µ²ÓÏµ¥ Ê¤ -
²¥´¨¥ µÉ ¶µ²µ¦¥´¨Ö p-·¥§µ´ ´¸ . ‡ ¤ Î  µ¶¨¸ ´¨Ö §´ Î¥´¨° ¨ Ô´¥·£¥É¨Î¥¸±µ°
§ ¢¨¸¨³µ¸É¨ ´ ¡²Õ¤¥´´ÒÌ ±µÔËË¨Í¨¥´Éµ¢ ±µ··¥²ÖÍ¨¨ µ± § ² ¸Ó É·Ê¤´µ° ¤²Ö
¶µ¨¸±  µ¶É¨³ ²Ó´µ£µ ´ ¡µ·  p-·¥§µ´ ´¸µ¢ ¤ ¦¥ ¤²Ö ´ ¤¥¦´µ£µ ¡ §¨¸  ¶ · -
³¥É·µ¢ s-·¥§µ´ ´¸µ¢ ¨³¥´´µ ¢ ¸¨²Ê ³´µ£µ¶µ²Õ¸´µ£µ ¶·µÖ¢²¥´¨Ö ¢ αFB(E) ¨
αRL(E) ± ¦¤µ£µ ¢¢µ¤¨³µ£µ ¢ ¶µ¤£µ´±Ê p-·¥§µ´ ´¸ , ÎÉµ ¨ Ê¸²µ¦´Ö¥É ¤µ¸É¨-
¦¥´¨¥ µ¤´µ§´ Î´µ¸É¨ Ë¨É¨·µ¢ ´¨Ö. �  ·¨¸. 3 ¶·¨¢¥¤¥´ µ¤¨´ ¨§ ¢ ·¨ ´Éµ¢
Ë¨É¨·µ¢ ´¨Ö ¤²Ö ´ ¡µ·  ¨§ 7 p-·¥§µ´ ´¸µ¢, ¨³¥ÕÐ¨Ì ¸¶¨´Ò µÉ J = 2 ¤µ
J = 5. �´ ²¨§ ÔËË¥±Éµ¢ s-p-¨´É¥·Ë¥·¥´Í¨¨ ´  235U ¨ 239Pu ¶·µ¤µ²¦ ¥É¸Ö.

— ¸ÉÓ · ¡µÉÒ ¢Ò¶µ²´¥´  ¶·¨ ¶µ¤¤¥·¦±¥ £· ´É  INTAS 99-00229.
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