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�  µ¡Ð¥³ Ëµ´¥ ¶·¥¤¸É ¢²¥´¨° µ ¶·¨·µ¤¥ £¨£ ´É¸±¨Ì ·¥§µ´ ´¸µ¢ (ƒ
) ¢  Éµ³´ÒÌ Ö¤· Ì
¤ ¥É¸Ö µ¡§µ· ¸µ¢·¥³¥´´µ£µ ¸µ¸ÉµÖ´¨Ö ³¥Ì ´¨§³µ¢ Ëµ·³¨·µ¢ ´¨Ö ƒ
 ¨ ¨Ì ¸¢µ°¸É¢ ¢ ²¥£±¨Ì Ö¤· Ì
(Z < 28). ‘¢µ¥µ¡· §¨¥ Ë¨§¨±¨ ƒ
 ¢ ÔÉ¨Ì Ö¤· Ì ¶µ§¢µ²Ö¥É ¸Î¨É ÉÓ, ÎÉµ ¢ ´¨Ì ·¥ ²¨§Ê¥É¸Ö ´µ¢ Ö
Ëµ·³  ƒ
, ¸ÊÐ¥¸É¢¥´´µ µÉ²¨Î´ Ö µÉ ƒ
 ¢ ¸·¥¤´¨Ì ¨ ÉÖ¦¥²ÒÌ Ö¤· Ì.

In close relation with understanding of nature of Giant Resonances (GR) in atomic nuclei it's
given the review of modern state of formation mechanisms of GR and their properties in light nuclei
(Z < 28). The peculiarities of physics of GR in these nuclei give us the rights to consider that new
form of GR different strongly from GR in medium and heavy nuclei is realised in them.

1. ‚‚…„…�ˆ…

‚ É¥Î¥´¨¥ ¶µ¸²¥¤´¨Ì ¤¥¸ÖÉ¨²¥É¨° ³ ¸ÏÉ ¡´ Ö ¨ ³´µ£µ£· ´´ Ö É¥³  £¨-
£ ´É¸±¨Ì ·¥§µ´ ´¸µ¢ (ƒ
) ¡Ò²  µ¤´µ° ¨§ Í¥´É· ²Ó´ÒÌ ¢ · §¢¨É¨¨ Ë¨§¨-
±¨  Éµ³´µ£µ Ö¤· . …° ¶µ¸¢ÖÐ¥´µ ¡µ²ÓÏµ¥ ±µ²¨Î¥¸É¢µ µ¡§µ·µ¢ (¸³., ´ ¶·¨-
³¥·, [1]).

� ÊÎ´Ò¥ ¨´É¥·¥¸Ò  ¢Éµ·µ¢ ¸ ´ Î ²  60-Ì £µ¤µ¢ ¸¢Ö§ ´Ò ¸ ¨¸¸²¥¤µ¢ ´¨¥³
ƒ
 ¢ ²¥£±¨Ì Ö¤· Ì, ±µ£¤  ¨³¨ ¡Ò²  ¢Ò¤¢¨´ÊÉ  µ·¨£¨´ ²Ó´ Ö ±µ´Í¥¶Í¨Ö µÎ¥´Ó
¡µ²ÓÏµ£µ ±µ´Ë¨£Ê· Í¨µ´´µ£µ · ¸Ð¥¶²¥´¨Ö Ô²¥±É·¨Î¥¸±µ£µ ¤¨¶µ²Ó´µ£µ £¨-
£ ´É¸±µ£µ ·¥§µ´ ´¸  („ƒ
). �´  µÉ· ¦ ¥É Ö·±ÊÕ ¸¶¥Í¨Ë¨±Ê ¨³¥´´µ ²¥£±¨Ì
(Z < 30) ´¥³ £¨Î¥¸±¨Ì Ö¤¥·, ¤²Ö ±µÉµ·ÒÌ ¶¥·¥Ìµ¤Ò ¨§ ¢´ÊÉ·¥´´¥° § ¶µ²-
´¥´´µ° µ¡µ²µÎ±¨ ¢ ´ ·Ê¦´ÊÕ, Î ¸É¨Î´µ § ¶µ²´¥´´ÊÕ µ¡µ²µÎ±Ê ¸¨²Ó´µ ¸¤¢¨-
´ÊÉÒ ¢¢¥·Ì µÉ´µ¸¨É¥²Ó´µ ¶¥·¥Ìµ¤µ¢ ¨§ Î ¸É¨Î´µ § ¶µ²´¥´´µ° µ¡µ²µÎ±¨ ¢
¸²¥¤ÊÕÐÊÕ, ¡µ²¥¥ ¢Ò¸µ±ÊÕ, ´¥§ ¶µ²´¥´´ÊÕ. �¤´µ¢·¥³¥´´µ ‚.‚.^ ² Ïµ¢,
ƒ.Ÿ.Šµ·¥´³ ´ ¨ 
.�.�· ³¦Ö´ ¸ ¸µÉ·Ê¤´¨± ³¨ ¶·¥¤²µ¦¨²¨ ¨ · §· ¡µÉ ²¨ ¸µ-
¢¥·Ï¥´´µ ´µ¢Ò° ³¥Ì ´¨§³ ¶µ£²µÐ¥´¨Ö ³Õµ´µ¢  Éµ³´Ò³¨ Ö¤· ³¨ Î¥·¥§ ¢µ§-
¡Ê¦¤¥´¨¥ ¸¶¨´-¤¨¶µ²Ó´µ£µ ƒ
 ¸  ±Í¥´Éµ³ ´  ²¥£±¨¥ Ö¤· .

�É¨³ ¸Éµ·µ´ ³ Ë¨§¨±¨ £¨£ ´É¸±¨Ì ·¥§µ´ ´¸µ¢ ¡Ò² ¶µ¸¢ÖÐ¥´ Í¥²Ò° ·Ö¤
µ¡§µ·µ¢, ´ ¶¨¸ ´´ÒÌ, ¢ Î ¸É´µ¸É¨, ¨  ¢Éµ· ³¨ [2-4] ¶µ ¨Éµ£ ³ ³´µ£µÎ¨¸²¥´-
´ÒÌ · ¡µÉ, ¢Ò¶µ²´¥´´ÒÌ ¢ 70Ä80-¥ £µ¤Ò. ‚ ¶µ¸²¥¤´¥¥ ¢·¥³Ö µ¡¥ Ê± § ´-
´Ò¥ ±µ´Í¥¶Í¨¨ ¶·µ¤µ²¦ ÕÉ ¸²Ê¦¨ÉÓ µ¸´µ¢µ° · §¢¥É¢²¥´´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢
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¨ É¥µ·¥É¨Î¥¸±¨Ì ¨¸¸²¥¤µ¢ ´¨°. �·µ¨§µÏ²µ ¨Ì Î ¸É¨Î´µ¥ µ¡Ñ¥¤¨´¥´¨¥ ¢ µ¤¨´
¡µ²¥¥ µ¡Ð¨° ¢µ¶·µ¸ µ ±µ´Ë¨£Ê· Í¨µ´´µ³ · ¸Ð¥¶²¥´¨¨ ¢ · §´ÒÌ É¨¶ Ì £¨-
£ ´É¸±¨Ì ·¥§µ´ ´¸µ¢.

‚ ¤ ´´µ³ µ¡§µ·¥ ³Ò ¸Ê³³¨·Ê¥³ ÔÉ¨ ´¥¤ ¢´¨¥ ·¥§Ê²ÓÉ ÉÒ, ±µÉµ·Ò¥ ¶·¥¤-
¸É ¢²ÖÕÉ¸Ö ¢¥¸Ó³  ¸ÊÐ¥¸É¢¥´´Ò³¨. �µ, ÎÉµ¡Ò ¡Ò²µ Ö¸´µ ¨Ì ³¥¸Éµ ¢ µ¡Ð¥°
¶·µ¡²¥³ É¨±¥ £¨£ ´É¸±¨Ì ·¥§µ´ ´¸µ¢ · §´µ° ³Ê²ÓÉ¨¶µ²Ó´µ¸É¨, ¢´ Î ²¥ ¸¤¥-
² ¥³ Ô±¸±Ê·¸ ¢ Ë¨§¨±Ê „ƒ
, ±µÉµ· Ö ¡Ê¤¥É ¸¢µ¥µ¡· §´µ° ÉµÎ±µ° µÉ¸Î¥É  ¶·¨
 ´ ²¨§¥ ·µ¤¸É¢¥´´ÒÌ, ´µ ¢¸¥ ¦¥ ¨´ÒÌ Ë¨§¨Î¥¸±¨Ì Ö¢²¥´¨°.

ƒ¨£ ´É¸±¨° ¤¨¶µ²Ó´Ò° ·¥§µ´ ´¸ Å Ö·±¨° Ï¨·µ±¨° ³ ±¸¨³Ê³ ¢ § ¢¨¸¨-
³µ¸É¨ ¸¥Î¥´¨Ö σt ¶µ£²µÐ¥´¨Ö Ö¤·µ³ £ ³³ -±¢ ´Éµ¢ µÉ ¨Ì Ô´¥·£¨¨ Eγ Å ¡Ò²
µÉ±·ÒÉ Ô±¸¶¥·¨³¥´É ²Ó´µ ¢ 1947 £. ^µ²¤Ê¨´µ³ ¨ Š² °¡¥·µ³ [5]. 
 §Ê³¥-
¥É¸Ö, Ë¨§¨± ³ Éµ£µ ¢·¥³¥´¨ ¡Ò²µ Ö¸´µ, ÎÉµ „ƒ
, ¢ ¸µ¢·¥³¥´´ÒÌ É¥·³¨´ Ì,
¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° µÉ±²¨± Ö¤·  ´  § ¢¨¸ÖÐ¥¥ µÉ ¢·¥³¥´¨ µ¤´µ·µ¤´µ¥ Ô²¥±-
É·¨Î¥¸±µ¥ ¶µ²¥. �ÉµÉ µÉ±²¨± ¢ ¸¨³³¥É·¨Î´µ° Ö¤¥·´µ° ³ É¥·¨¨ µ¶·¥¤¥²Ö¥É¸Ö
³ É·¨Î´Ò³¨ Ô²¥³¥´É ³¨ µÉ µ¶¥· Éµ·  ¤¨¶µ²Ó´µ£µ ³µ³¥´É  d:

d̂ =
A∑

i=1

zit3(i), (1)

£¤¥ zi Å z-±µµ·¤¨´ É  i-£µ ´Ê±²µ´ , t3 Å É·¥ÉÓÖ ¶·µ¥±Í¨Ö ¥£µ ¨§µÉµ¶¨Î¥¸±µ£µ
¸¶¨´ , A Å ³ ¸¸µ¢µ¥ Î¨¸²µ Ö¤· .

‚´¥Ï´¥¥ µ¤´µ·µ¤´µ¥ ¶µ²¥ ¤µ²¦´µ ®· ¸± Î¨¢ ÉÓ¯ ¸¨¸É¥³Ê, ¸µ¸ÉµÖÐÊÕ ¨§
· §´µ¨³¥´´ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, ¶·¨¢µ¤Ö, ¢ Î ¸É´µ¸É¨, ¢ ¸²ÊÎ ¥ ¶² §³Ò,
± ¸µ¡¸É¢¥´´Ò³ ¶² §³¥´´Ò³ ±µ²¥¡ ´¨Ö³. �µ ¸ÊÐ¥¸É¢Ê, µ¶¨· Ö¸Ó ´  ÔÉ¨ ¸µ-
µ¡· ¦¥´¨Ö (¸ ±µ´±·¥É¨§ Í¨¥° Ö¤¥·´µ° ®¢µ§¢· Ð ÕÐ¥°¯ ¸¨²Ò), �.^.Œ¨£¤ ²
¢ ¸¢µ¥° §´ ³¥´¨Éµ° · ¡µÉ¥ ¢ 1945 £. [6] Ë ±É¨Î¥¸±¨ ¶·¥¤¸± § ² Ö¢²¥´¨¥
„ƒ
, Ê± § ¢, ÎÉµ § ³¥É´Ò¥ ¤¨¶µ²Ó´Ò¥ ¶¥·¥Ìµ¤Ò ¤µ²¦´Ò ±µ´Í¥´É·¨·µ¢ ÉÓ¸Ö
¢ Ö¤·¥ ¢ µ¡² ¸É¨ Ô´¥·£¨° Eγ ≥ 16 ŒÔ‚. �¤´ ±µ ¢¶¥·¢Ò¥ É¥·³¨´ ®·¥§µ-
´ ´¸¯ ¡Ò² ¢¢¥¤¥´ ƒµ²Ó¤Ì ¡¥·µ³ ¨ ’¥²²¥·µ³ ¢ 1948 £. [7], ¸¶Ê¸ÉÖ £µ¤ ¶µ-
¸²¥ µÉ±·ÒÉ¨Ö „ƒ
. ˆ³¥´´µ µ´¨ ¶¥·¢Ò³¨ µ¸µ§´ ²¨, ÎÉµ „ƒ
 ¥¸ÉÓ ¶·µÖ¢²¥-
´¨¥ ¸µ¡¸É¢¥´´ÒÌ ¶·µÉµ´-´¥°É·µ´´ÒÌ ±µ²¥¡ ´¨°. � · ³¥É·Ò ·¥§µ´ ´¸  ¡Ò²¨
µ¶·¥¤¥²¥´Ò ƒµ²Ó¤Ì ¡¥·µ³ ¨ ’¥²²¥·µ³ ¢ · ³± Ì ³µ¤¥²¨ ¤¢ÊÌ ¢§ ¨³µ¶·µ´¨± -
ÕÐ¨Ì ¦¨¤±µ¸É¥° (¶·µÉµ´´µ° ¨ ´¥°É·µ´´µ°), ÎÉµ ¡Ò²µ ¨¸Éµ·¨Î¥¸±¨ ¢¶µ²´¥
µ¶· ¢¤ ´´Ò³.

ŒÒ ¢¨¤¨³, É ±¨³ µ¡· §µ³, ÎÉµ ±µ´Í¥¶Í¨Ö ±µ²²¥±É¨¢´µ£µ µÉ±²¨±  Ö¤·  ´ 
¢µ§¤¥°¸É¢¨¥ µ¤´µ·µ¤´µ£µ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö Ö¢²Ö¥É¸Ö ¢¶µ²´¥ ¥¸É¥¸É¢¥´´µ°.
�µÔÉµ³Ê ¨³¥´´µ ¢ · ³± Ì ÔÉµ° ±µ´Í¥¶Í¨¨ ¡Ò²¨ ¤ ´Ò ¶¥·¢Ò¥ ¨´É¥·¶·¥É Í¨¨
„ƒ
. �¤´ ±µ ·¥ ²Ó´ Ö ¸¨ÉÊ Í¨Ö ¢ Ö¤·¥ µ± §Ò¢ ¥É¸Ö ´ ³´µ£µ ¡µ²¥¥ ¸²µ¦´µ°.
„¥²µ ¢ Éµ³, ÎÉµ ¤²¨´  ¸¢µ¡µ¤´µ£µ ¶·µ¡¥£  ´Ê±²µ´  ¢ µ¸´µ¢´µ³ ¸µ¸ÉµÖ´¨¨ Ö¤· 
§´ Î¨É¥²Ó´µ ¶·¥¢ÒÏ ¥É · §³¥·Ò Ö¤· , ¨ ¶µÔÉµ³Ê ¢ ¶¥·¢µ³ ¶·¨¡²¨¦¥´¨¨  Éµ³-
´µ¥ Ö¤·µ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ´¥ ¦¨¤±µ¸ÉÓ,   ¶µÎÉ¨ ¨¤¥ ²Ó´Ò° ®£ §¯ ´Ê±²µ-
´µ¢, ¤¢¨¦ÊÐ¨Ì¸Ö ¢ ¸ ³µ¸µ£² ¸µ¢ ´´µ³ ¢´¥Ï´¥³ ¶µ²¥. ƒ² ¢´µ° µ¸µ¡¥´´µ¸ÉÓÕ
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¤¢¨¦¥´¨Ö ´Ê±²µ´µ¢ ¢ ¸·¥¤´¥³ ¶µ²¥ Ö¢²Ö¥É¸Ö £·Ê¶¶¨·µ¢ ´¨¥ µ¤´µ´Ê±²µ´´ÒÌ
Ê·µ¢´¥° ¢ Ö¤¥·´Ò¥ µ¡µ²µÎ±¨. �¡µ²µÎ±¨ ´ ±² ¤Ò¢ ÕÉ ¸¨²Ó´Ò¥ µ£· ´¨Î¥´¨Ö
´  ËÊ´±Í¨Õ µÉ±²¨±  Ö¤· , ¨ ¡¥§ ¨Ì ÊÎ¥É  ¢µµ¡Ð¥ ´¥²Ó§Ö ¶µ´ÖÉÓ Ö¢²¥´¨¥ „ƒ
.

‘ ´¥±µÉµ·µ° µ¡Ð¥° ÉµÎ±¨ §·¥´¨Ö, ¢Ò¡µ· ¸É ·Éµ¢ÒÌ ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò Å
±µ²²¥±É¨¢´ÒÌ ¨²¨ µ¡µ²µÎ¥Î´ÒÌ Å Ö¢²Ö¥É¸Ö ¢Éµ·µ¸É¥¶¥´´Ò³ ³µ³¥´Éµ³ [4].
^µ²¥¥ Éµ£µ, ¥¸²¨ ³Ò ¶· ¢¨²Ó´µ Ê£ ¤ ²¨ ´ ¡µ· ´µ·³ ²Ó´ÒÌ ¨²¨ ¶µÎÉ¨ ´µ·-
³ ²Ó´ÒÌ ±µ²²¥±É¨¢´ÒÌ ±µµ·¤¨´ É, Éµ µ¶¨¸ ´¨¥ µ£· ´¨Î¥´´µ£µ ±·Ê£  µÉ´µ-
¸ÖÐ¨Ì¸Ö ± ´¨³ Ö¢²¥´¨° µ± §Ò¢ ¥É¸Ö ´ ¨¡µ²¥¥ Ê¤µ¡´Ò³ ¨ ¶·µ¸ÉÒ³. ‚ ÔÉµ³
µÉ´µÏ¥´¨¨ É· ±Éµ¢±  ƒ
 ¸ ¶µ§¨Í¨° ±µ²²¥±É¨¢´ÒÌ ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò (¶·µÉµ´-
´¥°É·µ´´ÒÌ ±µ²¥¡ ´¨°, ¸¢Ö§ ´´ÒÌ ¸ ¶µ¢¥·Ì´µ¸É´Ò³¨ ³µ¤ ³¨ ¨ É.¤.) Ö¢²Ö¥É¸Ö
¢¶µ²´¥ · §Ê³´µ°, ¨ ¥° ¶µ¸¢ÖÐ¥´µ ¡µ²ÓÏµ¥ Î¨¸²µ · ¡µÉ [8].

‚³¥¸É¥ ¸ É¥³, ´¥¸³µÉ·Ö ´  Ê¸¶¥Ì¨ ±µ²²¥±É¨¢´µ£µ ³¥Éµ¤ , ´¥²Ó§Ö ¡Ò²µ µÉ-
¤¥² ÉÓ¸Ö µÉ µÐÊÐ¥´¨Ö, ÎÉµ ¢ ±µ²²¥±É¨¢´ÒÌ ³µ¤¥²ÖÌ ÎÉµ-Éµ ®´¥ Éµ¯, ¢µ ¢¸Ö±µ³
¸²ÊÎ ¥, ´¥ ¢¸¥ ¶·µ¸Éµ, ¶µ¸±µ²Ó±Ê § · ´¥¥ ´¥ Ö¸´µ, ± ± ¢ Ê¸²µ¢¨ÖÌ ¶µÎÉ¨ ´¥§ -
¢¨¸¨³µ£µ ¤¢¨¦¥´¨Ö ´Ê±²µ´µ¢ ³µ£ÊÉ Ëµ·³¨·µ¢ ÉÓ¸Ö ±µ²²¥±É¨¢´Ò¥, É.¥. ¸¢Ö§ ´-
´Ò¥ ¸ ¸¨´Ì·µ´´Ò³ ¤¢¨¦¥´¨¥³ ¡µ²ÓÏµ£µ Î¨¸²  ´Ê±²µ´µ¢, ¸É¥¶¥´¨ ¸¢µ¡µ¤Ò.
�µÔÉµ³Ê ¢¶µ²´¥ ¥¸É¥¸É¢¥´´µ ¢Ò£²Ö¤ÖÉ ¶µ¤Ìµ¤Ò, µ¸´µ¢ ´´Ò¥ ´  ¨¸¶µ²Ó§µ¢ -
´¨¨, ¢ ± Î¥¸É¢¥ ¸É ·Éµ¢ÒÌ, µ¤´µÎ ¸É¨Î´ÒÌ ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò, ¸ÊÐ¥¸É¢µ¢ ´¨¥
±µÉµ·ÒÌ ¢ Ö¤·¥ (µ¡µ²µÎ¥Î´ Ö ³µ¤¥²Ó) ¤µ± §Ò¢ ¥É¸Ö µ£·µ³´µ° ¸µ¢µ±Ê¶´µ¸ÉÓÕ
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ Ë ±Éµ¢. ‚ÒÖ¢²¥´¨¥ ¨Ì ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ±µ²µ¸¸ ²Ó´µ¥
¤µ¸É¨¦¥´¨¥ Ö¤¥·´µ° Ë¨§¨±¨ [9].

Ÿ¢²¥´¨¥ „ƒ
 ¨³¥¥É ³¥¸Éµ Ê¦¥ ¢ ¶·¥¤¥²Ó´µ³ ¸²ÊÎ ¥ µ¡µ²µÎ¥Î´µ° ³µ-
¤¥²¨ Å µ¤´µÎ ¸É¨Î´µ° µ¡µ²µÎ¥Î´µ° ³µ¤¥²¨, ¢ · ³± Ì ±µÉµ·µ° ´Ê±²µ´Ò ¤¢¨-
¦ÊÉ¸Ö  ¡¸µ²ÕÉ´µ ´¥§ ¢¨¸¨³µ. „¥²µ ¢ Éµ³, ÎÉµ ¤¨¶µ²Ó´Ò° µ¶¥· Éµ· (1) ¨³¥¥É
µÉ²¨Î´Ò¥ µÉ ´Ê²Ö ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ Éµ²Ó±µ ¤²Ö ¸µ¸ÉµÖ´¨°, ¢µ§´¨± ÕÐ¨Ì
¶·¨ ¶¥·¥Ìµ¤¥ ´Ê±²µ´  ¨§ § ¶µ²´¥´´µ° µ¡µ²µÎ±¨ ¢ ¸µ¸¥¤´ÕÕ ¸¢µ¡µ¤´ÊÕ. �µ-
ÔÉµ³Ê, ¥¸²¨ · ¸¸ÉµÖ´¨¥ E0 ³¥¦¤Ê µ¡µ²µÎ± ³¨ §´ Î¨É¥²Ó´µ ¡µ²ÓÏ¥ Ô´¥·£¥-
É¨Î¥¸±µ° Ï¨·¨´Ò µ¡µ²µÎ¥± ∆E, Éµ ¨³¥¥É ³¥¸Éµ ±µ´Í¥´É· Í¨Ö ¶¥·¥Ìµ¤µ¢ ¢
µ¡² ¸É¨ E0 ¸ ´¥±µÉµ·µ° Ï¨·¨´µ° ∼ ∆E, É.¥. Ëµ·³¨·Ê¥É¸Ö ·¥§µ´ ´¸ ¸ Ô´¥·-
£¨¥° E0 ¨ Ï¨·¨´µ° ∆E. „ ²¥¥, ¡µ²ÓÏ¨´¸É¢µ ¸µ¸ÉµÖ´¨° ¸¢µ¡µ¤´µ° µ¡µ²µÎ±¨
Ö¢²ÖÕÉ¸Ö ¸¢Ö§ ´´Ò³¨. �µÔÉµ³Ê ¢Ò²¥É ´Ê±²µ´µ¢ ¨§ Ö¤·  µ± §Ò¢ ¥É¸Ö § É·Ê¤-
´¥´´Ò³, ¨ ´ ¨¡µ²¥¥ ¢¥·µÖÉ´Ò³ Ö¢²Ö¥É¸Ö ¶¥·¥Ìµ¤ ¶·µ¸Éµ£µ µ¡µ²µÎ¥Î´µ£µ ¤¢¨-
¦¥´¨Ö ´Ê±²µ´µ¢ ¢ ¸É ¤¨Õ ¸µ¸É ¢´µ£µ Ö¤·  ¸ ¶µ¸²¥¤ÊÕÐ¨³ ¨Ì ®¨¸¶ ·¥´¨¥³¯.
�¤´ ±µ ´¥±µÉµ· Ö Î ¸ÉÓ ´Ê±²µ´µ¢ ¨³¥¥É Ï ´¸ ¢Ò²¥É¥ÉÓ ¤µ µ¡· §µ¢ ´¨Ö ¸µ-
¸É ¢´µ£µ Ö¤· . ’ ±¨¥ ´Ê±²µ´Ò ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ´ §Ò¢ ÕÉ¸Ö ¶µ²Ê¶·Ö³Ò³¨
(¶·Ö³Ò³¨, ®·¥§µ´ ´¸´Ò³¨¯ Å ¢ É¥·³¨´ Ì ‚¨²±¨´¸µ´  [10]) ´Ê±²µ´ ³¨.

�É¨ ¸µµ¡· ¦¥´¨Ö µ „ƒ
 ¢ µ¤´µÎ ¸É¨Î´µ° µ¡µ²µÎ¥Î´µ° ³µ¤¥²¨ ¡Ò²¨
¢¶¥·¢Ò¥ ¨§²µ¦¥´Ò ‚¨²±¨´¸µ´µ³ [10], ÌµÉÖ µ´ Ê£ ¤ ² ´¥ ¢¸¥: Ô´¥·£¨Ö E„ƒ


µ¶·¥¤¥²Ö¥É¸Ö ´¥ Éµ²Ó±µ ³ £µ¢Ò³ ¶·µ¸¢¥Éµ³, Ï¨·¨´  Γ„ƒ
 ¨³¥¥É £µ· §¤µ ¡µ-
²¥¥ ¸²µ¦´ÊÕ ¶·¨·µ¤Ê, Î¥³ · §¡·µ¸ Ê·µ¢´¥° ¢ µ¡µ²µÎ± Ì. P ¡µÉ  ‚¨²±¨´¸µ´ 
¶·¨¢²¥±²  ¢¸¥µ¡Ð¥¥ ¢´¨³ ´¨¥ ¨ Ö¢¨² ¸Ó ¡ §¨¸µ³ ¤²Ö · §¢¨É¨Ö ¸µ¢·¥³¥´´ÒÌ
¶µ¤Ìµ¤µ¢ ± „ƒ
.
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‘µ¢·¥³¥´´Ò° Ê·µ¢¥´Ó É· ±Éµ¢±¨ „ƒ
 µ¸´µ¢Ò¢ ¥É¸Ö ´  ¶µ´¨³ ´¨¨ Éµ£µ,
ÎÉµ µ¸É ÉµÎ´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥, É.¥. É  Î ¸ÉÓ ¢§ ¨³µ¤¥°¸É¢¨Ö ³¥¦¤Ê ´Ê±²µ-
´ ³¨, ±µÉµ· Ö ´¥ ¸¢µ¤¨É¸Ö ± ¸·¥¤´¥³Ê ¶µ²Õ, ³µ¦¥É µ± §Ò¢ ÉÓ ¸ÊÐ¥¸É¢¥´´µ¥
¢²¨Ö´¨¥ ´  ¸¶¥±É· ¢µ§¡Ê¦¤¥´¨Ö Ö¤·  ¨, ¸²¥¤µ¢ É¥²Ó´µ, ´  Ëµ·³¨·µ¢ ´¨¥ „ƒ
.
‘ µ¡Ð¥° ÉµÎ±¨ §·¥´¨Ö, µ¸É ÉµÎ´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ ¤ ¥É ´¥§´ Î¨É¥²Ó´Ò° ¢±² ¤
¢ ¶µ²´ÊÕ Ô´¥·£¨Õ Ö¤·  Å ¶µ·Ö¤±  5÷ 10 ŒÔ‚. �¤´ ±µ ¨³¥´´µ µ É ±¨Ì ³ ¸-
ÏÉ ¡ Ì Ô´¥·£¨¨ ¨¤¥É ·¥ÎÓ ¢ ¶·µ¡²¥³¥ „ƒ
. Š·µ³¥ Éµ£µ, ¢ Ê¸²µ¢¨ÖÌ ¢Ò¸µ±µ°
¶²µÉ´µ¸É¨ Ê·µ¢´¥° µ¸É ÉµÎ´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ ¶¥·¥³¥Ï¨¢ ¥É · §²¨Î´Ò¥ µ¡µ-
²µÎ¥Î´Ò¥ ¸µ¸ÉµÖ´¨Ö, ÎÉµ, ¢ Î ¸É´µ¸É¨, ¶·¨¢µ¤¨É ± µÉ±·ÒÉ¨Õ ³´µ£¨Ì ´µ¢ÒÌ
± ´ ²µ¢ ¨ ¸¨²Ó´µ³Ê ¨§³¥´¥´¨Õ ¨¸Ìµ¤´µ° ¢µ²´µ¢µ° ËÊ´±Í¨¨.

�¤´¨³¨ ¨§ ¶¥·¢ÒÌ ´  ¢ ¦´ÊÕ ·µ²Ó µ¸É ÉµÎ´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ¢ Ëµ·³¨-
·µ¢ ´¨¨ „ƒ
 ¢ ²¥£±¨Ì Ö¤· Ì Ê± § ²¨  ¢Éµ·Ò [11]. ‚ Î ¸É´µ¸É¨, ÊÎ¥É ¤¨ £µ´ ²Ó-
´µ° Î ¸É¨ µ¸É ÉµÎ´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ¨ ¥£µ ¶·¨¡²¨¦¥´´µ° SU4-¸¨³³¥É·¨¨
¶µ§¢µ²Ö¥É ¶µÎÉ¨ Ê¸É· ´¨ÉÓ ¸¥·Ó¥§´Ò¥ ¶·µÉ¨¢µ·¥Î¨Ö ¸ Î ¸ÉµÉµ° „ƒ
 ¢ · ³± Ì
µ¡µ²µÎ¥Î´µ° ³µ¤¥²¨.


¨¸. 1. ‘Ì¥³ É¨Î¥¸±µ¥ ¨§µ¡· ¦¥´¨¥ ¤¥°¸É¢¨Ö ³¥Ì ´¨§³  ^· Ê´ Ä^µ²Ó¸É¥·²¨: 1 Å
¢¨²±¨´¸µ´µ¢¸±¨° „ƒ
, 2 Å ¶µ²µ¦¥´¨¥ „ƒ
 ¤µ ¢±²ÕÎ¥´¨Ö ph-¢§ ¨³µ¤¥°¸É¢¨Ö, 3 Å
„ƒ
 ¸ µ¡· §µ¢ ´¨¥³ ±µ£¥·¥´É´µ£µ ¤¨¶µ²Ó´µ£µ ¸µ¸ÉµÖ´¨Ö

^µ²¥¥ ¶·Ö³Ò¥ ³¥Éµ¤Ò · ¸Î¥É  ¸¢µ°¸É¢ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ Ê·µ¢´¥° ¢
· ³± Ì ³´µ£µÎ ¸É¨Î´µ° µ¡µ²µÎ¥Î´µ° ³µ¤¥²¨, ¨¸¶µ²Ó§µ¢ ´´Ò¥ �²²¨µÉÉµ³ ¨
”² ÊÔ·¸µ³ [12], ¶·¨¢¥²¨ ± ¶·¥±· ¸´µ³Ê ¸µ£² ¸¨Õ · ¸Î¥Éµ¢ ¸ Ô±¸¶¥·¨³¥´Éµ³.
”¨§¨Î¥¸± Ö ¸Éµ·µ´  ·¥§Ê²ÓÉ Éµ¢ �²²¨µÉÉ  ¨ ”² ÊÔ·¸  ¡Ò²  ¢ÒÖ¢²¥´  ¢ §´ -
³¥´¨Éµ° · ¡µÉ¥ ^· Ê´  ¨ ^µ²Ó¸É¥·²¨ [13]. �É¨  ¢Éµ·Ò Ê± § ²¨ ³¥Ì ´¨§³
´ ±µ¶²¥´¨Ö ÔËË¥±Éµ¢ µÉ´µ¸¨É¥²Ó´µ ³ ²µ£µ µ¸É ÉµÎ´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö, ·¥-
§Ê²ÓÉ Éµ³ ±µÉµ·µ£µ Ö¢²Ö¥É¸Ö Ëµ·³¨·µ¢ ´¨¥ ±µ£¥·¥´É´ÒÌ ¸µ¸ÉµÖ´¨°, É.¥. ¸µ-
¸ÉµÖ´¨° ¸ ¸µ£² ¸µ¢ ´´Ò³ ¤¢¨¦¥´¨¥³ ¡µ²ÓÏµ£µ Î¨¸²  ´Ê±²µ´µ¢. �Éµ ¸µ£² -
¸µ¢ ´¨¥ µ¸ÊÐ¥¸É¢²Ö¥É¸Ö µ¸É ÉµÎ´Ò³ ¢§ ¨³µ¤¥°¸É¢¨¥³ 〈p′h′|V |ph〉, ¤¥°¸É¢ÊÕ-
Ð¨³ ´  ¡ §¨¸e ±µ´Ë¨£Ê· Í¨° |ph〉, £¤¥ ¨´¤¥±¸µ³ p µ¡µ§´ Î¥´  Î ¸É¨Í , É.¥.
µ¡Ñ¥±É, ¶µÖ¢²ÖÕÐ¨°¸Ö ¶·¨ ¤¥°¸É¢¨¨ ´  µ¸´µ¢´µ¥ ¸µ¸ÉµÖ´¨¥ |0〉 § ¶µ²´¥´´ÒÌ
µ¡µ²µÎ¥± (¢ ±ÊÊ³) µ¶¥· Éµ·  ·µ¦¤¥´¨Ö a+ ´Ê±²µ´ ,   ¨´¤¥±¸µ³ h Å ¤Ò·± ,
¢µ§´¨± ÕÐ Ö ¶·¨ ¤¥°¸É¢¨¨ ´  ¢ ±ÊÊ³ µ¶¥· Éµ·  ¶µ£²µÐ¥´¨Ö a. �¥µ¡Ìµ¤¨³Ò³
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Ê¸²µ¢¨¥³ ¤¥°¸É¢¨Ö ÔÉµ£µ ³¥Ì ´¨§³  Ö¢²Ö¥É¸Ö µ¶·¥¤¥²¥´´ Ö ±µ··¥²ÖÍ¨Ö §´ -
±µ¢ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ Î ¸É¨Î´µ-¤Ò·µÎ´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö 〈p′h′|V |ph〉.
•µÉÖ ¢ ÔÉµ³ ¸²ÊÎ ¥ ³¥Ì ´¨§³ ´ ±µ¶²¥´¨Ö · ¡µÉ ¥É ¢¸¥£¤ , ´ ¨¡µ²¥¥ Ö·±µ µ´
¶·µÖ¢²Ö¥É¸Ö ¶·¨ |Vph| > ∆E, £¤¥ ∆E Å Ï¨·¨´  ¢¨²±¨´¸µ´µ¢¸±µ£µ „ƒ
. „²Ö
„ƒ
 ¢ ÔÉµ³ ¸²ÊÎ ¥ ¢µ§´¨± ¥É ± ·É¨´ , ¸Ì¥³ É¨Î¥¸±¨ ¨§µ¡· ¦¥´´ Ö ´  ·¨¸. 1.

 §Ê³¥¥É¸Ö, ·¥ ²Ó´ Ö ¸¨ÉÊ Í¨Ö Ö¢²Ö¥É¸Ö £µ· §¤µ ¡µ²¥¥ ¸²µ¦´µ° Å ¢ µ¡² -
¸É¨ Ô´¥·£¨¨ ¤¨¶µ²Ó´µ£µ ¸µ¸ÉµÖ´¨Ö ³µ£ÊÉ ´ Ìµ¤¨ÉÓ¸Ö ph-±µ´Ë¨£Ê· Í¨¨, ®¸² -
¡Ò¥¯ ¶µ ¨´É¥´¸¨¢´µ¸É¨ ¤¨¶µ²Ó´ÒÌ ¶¥·¥Ìµ¤µ¢. �É¨ ±µ´Ë¨£Ê· Í¨¨,   É ±¦¥
2p2h-±µ´Ë¨£Ê· Í¨¨ ¸³¥Ï¨¢ ÕÉ¸Ö ¸ ¤¨¶µ²Ó´Ò³ ¸µ¸ÉµÖ´¨¥³, ÎÉµ ¶·¨¢µ¤¨É ±
¸¨²Ó´µ³Ê · ¸Ð¥¶²¥´¨Õ „ƒ
. �¤´ ±µ ÔÉµÉ ³¥Ì ´¨§³ ´ ±µ¶²¥´¨Ö ·¥Ï ¥É £² ¢-
´ÊÕ ¶·µ¡²¥³Ê Å ¸³¥Ð ¥É ¢¨²±¨´¸µ´µ¢¸±¨° ·¥§µ´ ´¸ ¢ ´Ê¦´ÊÕ ¶µ Ô´¥·£¨¨
µ¡² ¸ÉÓ.

‘É ·Éµ¢Ò³ ¶·¨¡²¨¦¥´¨¥³ ¤²Ö ¸µ¢·¥³¥´´µ° É· ±Éµ¢±¨ „ƒ
 Ö¢²Ö¥É¸Ö �•”
(¶·¨¡²¨¦¥´¨¥ Ì µÉ¨Î¥¸±¨Ì Ë §, ¨²¨ RPA) ¤²Ö Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸É¥¶¥´¥°
¸¢µ¡µ¤Ò [14, 15]. � ¨¡µ²¥¥ ¶·µ¸Éµ° ¢¨¤ �•” ¶·¨´¨³ ¥É ¢ ³ £¨Î¥¸±¨Ì Ö¤· Ì,
¶µÔÉµ³Ê ³Ò µ£· ´¨Î¨³¸Ö · ¸¸³µÉ·¥´¨¥³ ÔÉ¨Ì Ö¤¥·. „²Ö ³ £¨Î¥¸±¨Ì Ö¤¥·
�•”-Ê· ¢´¥´¨¥ ¤²Ö ®¢µ²´µ¢µ° ËÊ´±Í¨¨¯ χs(1, 1′) = 〈a+

1 a1 0|s〉, £¤¥ 1, 1′ =
= h, p, ¨³¥¥É ¢¨¤

[ωs − (ε1 − ε1′)]χs(1, 1′) = (n1′ − n1)
∑
22′

〈11′ |V | 22′〉χs(22′). (2)

‡¤¥¸Ó ωs Å Ô´¥·£¨Ö (Î ¸ÉµÉ ) Ê·µ¢´Ö s, ε1,1′ Å Ô´¥·£¨¨ Î ¸É¨Í ¨ ¤Ò·µ± (¤²Ö
µ¶·¥¤¥²¥´´µ¸É¨ µÉ¸Î¨ÉÒ¢ ¥³Ò¥ µÉ ¶µ¢¥·Ì´µ¸É¨ ”¥·³¨ ³ £¨Î¥¸±µ£µ Ö¤· ),
n1,1′ Å Î¨¸²  § ¶µ²´¥´¨Ö µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨° 1, 1′, n = 1, 0 ¤²Ö ¸µ-
¸ÉµÖ´¨°, ¸µµÉ¢¥É¸É¢¥´´µ, ´¨¦¥ ¨ ¢ÒÏ¥ ¶µ¢¥·Ì´µ¸É¨ ”¥·³¨. �Î¥´Ó ¢ ¦´Ò³¨
¢¥²¨Î¨´ ³¨ ¢ (2) Ö¢²ÖÕÉ¸Ö Î ¸É¨Î´µ-¤Ò·µÎ´Ò¥  ³¶²¨ÉÊ¤Ò 〈11′|V |22′〉. „²Ö
µ·¨¥´É¨·µ¢±¨ ³Ò ¡Ê¤¥³ ¨³¥ÉÓ ¢ ¢¨¤Ê ¶ · ³¥É·¨§ Í¨Õ Î ¸É¨Î´µ-¤Ò·µÎ´µ£µ
¢§ ³µ¤¥°¸É¢¨Ö ¢ É¥µ·¨¨ Ë¥·³¨-¦¨¤±µ¸É¨ [14], ±µÉµ· Ö ¢ ±µµ·¤¨´ É´µ³ ¶·¥¤-
¸É ¢²¥´¨¨ ¨³¥¥É ¢¨¤

Vph(r1, r2) = δ(r1 − r2)C−1 [f + f ′τ1τ2 + (g + g′σ1σ2)τ1τ2] , (3)

£¤¥ σ, τ Å ¸¶¨´µ¢Ò¥ ¨ ¨§µÉµ¶¨Î¥¸±¨¥ ³ É·¨ÍÒ � Ê²¨, f, f ′, g, g′ Å Ë¨-
§¨Î¥¸±¨¥ ±µ´¸É ´ÉÒ, µ¶·¥¤¥²ÖÕÐ¨¥ ¨´É¥´¸¨¢´µ¸ÉÓ ph-¢§ ¨³µ¤¥°¸É¢¨Ö ¢ Éµ³
¨²¨ ¨´µ³ Î ¸É¨Î´µ-¤Ò·µÎ´µ³ ± ´ ²¥ (¨§µ¸± ²Ö·´µ³, ¨§µ¢¥±Éµ·´µ³ ¨ É.¤.) ¨
C−1 Å ´µ·³¨·µ¢µÎ´ Ö ±µ´¸É ´É , ¨³¥ÕÐ Ö ¸³Ò¸² ¶²µÉ´µ¸É¨ µ¤´µ´Ê±²µ´´ÒÌ
¸µ¸ÉµÖ´¨° ´  ¶µ¢¥·Ì´µ¸É¨ ”¥·³¨:

C−1 =
dN

dEF
=
4m∗kF

2π2
, (4)

£¤¥ m∗ Å ÔËË¥±É¨¢´ Ö ³ ¸¸  ´Ê±²µ´ , kF Å ¨³¶Ê²Ó¸ ”¥·³¨.
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“· ¢´¥´¨¥ (2) ¸¶· ¢¥¤²¨¢µ ¤²Ö ¸²ÊÎ Ö ± ± ¤¨¸±·¥É´µ£µ ¸¶¥±É· , É ± ¨
´¥¶·¥·Ò¢´µ£µ. ‚ ¶µ¸²¥¤´¥³ ¸²ÊÎ ¥  ¸¨³¶ÉµÉ¨±  ·¥Ï¥´¨° ¤µ²¦´  ¸µ¤¥·¦ ÉÓ
¶²µ¸±¨¥ ¢µ²´Ò ¶²Õ¸ ¸Ìµ¤ÖÐ¨¥¸Ö ¢µ²´Ò [16].

„²Ö ¨²²Õ¸É· Í¨¨ ¢µ§³µ¦´µ¸É¥° ¶µ¤Ìµ¤µ¢, µ¸´µ¢ ´´ÒÌ ´  ·¥Ï¥´¨¨ Ê· ¢-
´¥´¨Ö (2), ´  ·¨¸. 2 ¶·¥¤¸É ¢²¥´Ò ¸¥Î¥´¨Ö ¶µ£²µÐ¥´¨Ö ËµÉµ´µ¢ ¢ Ö¤·¥ 208Pb,
· ¸¸Î¨É ´´Ò¥ ¢ ¶·¨¡²¨¦¥´¨¨ ¤¨¸±·¥É´µ£µ (¸Éµ²¡¨±¨) ¨ ´¥¶·¥·Ò¢´µ£µ ¸¶¥±-
É·µ¢. ‘· ¢´¨¢ ÔÉµ ¸ Ô±¸¶¥·¨³¥´Éµ³, ¶·¥¤¸É ¢²¥´´Ò³ ´  ·¨¸. 3, ³µ¦´µ ¢¨¤¥ÉÓ,
ÎÉµ Î ¸É¨Î´µ-¤Ò·µÎ´ Ö É¥µ·¨Ö „ƒ
 ¸¶µ¸µ¡´  ²¥£±µ µ¡ÑÖ¸´¨ÉÓ ¶µ²µ¦¥´¨¥ „ƒ
,
´µ ¸É ²±¨¢ ¥É¸Ö ¸ ¸¥·Ó¥§´Ò³¨ É·Ê¤´µ¸ÉÖ³¨ ¶·¨ ¨´É¥·¶·¥É Í¨¨ ¥£µ Ï¨·¨´Ò.


¨¸. 2. 
 ¸¶·¥¤¥²¥´¨¥ ¶µ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥-
´¨Ö E∗ ±¢ ¤· É  ¶¥·¥Ìµ¤´µ£µ ³ É·¨Î´µ£µ Ô²¥-
³¥´É  µÉ ¤¨¶µ²Ó´µ£µ µ¶¥· Éµ·  ( ) ¢ ¶·¨¡²¨-
¦¥´¨¨ �•” ¨ § ¢¨¸¨³µ¸ÉÓ µÉ Eγ ¸¥Î¥´¨Ö ¶µ-
£²µÐ¥´¨Ö γ-±¢ ´Éµ¢ ¢ ¶·¨¡²¨¦¥´¨¨ �•” ¸
±µ´É¨´ÊÊ³µ³ (¡)

—Éµ¡Ò ·¥Ï¨ÉÓ ¶·µ¡²¥³Ê Ï¨-
·¨´Ò „ƒ
, ƒµ²Ó¤Ì ¡¥· ¨ ’¥²-
²¥· ¢Ò´Ê¦¤¥´Ò ¡Ò²¨ ¢ ¨Ì ³µ-
¤¥²¨ ¶·µÉµ´-´¥°É·µ´´ÒÌ ±µ²²¥±-
É¨¢´ÒÌ ±µ²¥¡ ´¨° ¶·µ¸Éµ ¢¢¥¸É¨
´¥±µÉµ·µ¥ Ö¤¥·´µ¥ É·¥´¨¥ (§ ÉÊÌ -
´¨¥). �·¨·µ¤  ÔÉµ£µ É·¥´¨Ö, É.¥. É¥
¸É¥¶¥´¨ ¸¢µ¡µ¤Ò, ¢ ±µÉµ·Ò¥ ¶¥·¥-
± Î¨¢ ¥É¸Ö ph-Ô´¥·£¨Ö, ¡Ò² , µ¤-
´ ±µ, ´¥ Ö¸´ . �Î¥¢¨¤´µ, ÎÉµ ¢
· ³± Ì µ¡µ²µÎ¥Î´µ£µ ¶µ¤Ìµ¤  É ±
Ê¦¥ ¶µ¸ÉÊ¶ ÉÓ ´¥²Ó§Ö, ¶µ¸±µ²Ó±Ê ¢
´ Ï¥³ · ¸¶µ·Ö¦¥´¨¨ ¨³¥ÕÉ¸Ö ¢¸¥
´Ê±²µ´´Ò¥ ¸É¥¶¥´¨ ¸¢µ¡µ¤Ò Ö¤· .

‚¶¥·¢Ò¥ ¶·µ¡²¥³  Ï¨·¨´Ò
„ƒ
 ¢ · ³± Ì µ¡µ²µÎ¥Î´µ£µ ¶µ¤-
Ìµ¤  µ¡¸Ê¦¤ ² ¸Ó ¢ · ¡µÉ Ì [17,
18]. �µ¸²¥¤ÊÕÐ¨¥ ¨¸¸²¥¤µ¢ -
´¨Ö [19Ä21] µ±µ´Î É¥²Ó´µ ·¥Ï¨²¨
ÔÉµÉ ¢µ¶·µ¸.

‚ ±µ´Í¥¶ÉÊ ²Ó´µ³ ¶² ´¥ ¶·µ-
¡²¥³  Ï¨·¨´Ò „ƒ
 ·¥Ï ¥É¸Ö ¸²¥-
¤ÊÕÐ¨³ µ¡· §µ³. ‚ µ¸´µ¢¥ „ƒ

²¥¦ É ph-¸µ¸ÉµÖ´¨Ö. �¤´ ±µ ¶·¨
E„ƒ
 (≈ 15 ŒÔ‚ ¢ ÉÖ¦¥²ÒÌ Ö¤· Ì)
µ¡µ²µÎ¥Î´ Ö ³µ¤¥²Ó ¶·¥¤¸± §Ò-

¢ ¥É ¡µ²ÓÏµ¥ Î¨¸²µ ±µ´Ë¨£Ê· Í¨° É¨¶  2p2h, ±µÉµ·Ò¥ µ¸É ÉµÎ´Ò³ ¢§ ¨-
³µ¤¥°¸É¢¨¥³ ¸¢Ö§Ò¢ ÕÉ¸Ö ¸ Î ¸É¨Î´µ-¤Ò·µÎ´Ò³ „ƒ
. �µ §µ²µÉµ³Ê ¶· ¢¨²Ê
”¥·³¨ [17] ³µ¦´µ ¶µ²ÊÎ¨ÉÓ µÍ¥´±Ê Ï¨·¨´Ò § ÉÊÌ ´¨Ö Γ, µ¡Ê¸²µ¢²¥´´ÊÕ
¶¥·¥¤ Î¥° Î ¸É¨Î´µ-¤Ò·µÎ´µ° Ô´¥·£¨¨ ¢ Ô´¥·£¨Õ 2p2h-¸É¥¶¥´¥° ¸¢µ¡µ¤Ò:

Γ = 2π|〈2p2h |V |D〉|2ρ, (5)
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£¤¥ |〈2p2h |V |D〉|2 Å ¸·¥¤´¥±¢ ¤· É¨Î´Ò° ³ É·¨Î´Ò° Ô²¥³¥´É ¢§ ¨³µ¤¥°-
¸É¢¨Ö ±µ£¥·¥´É´µ£µ ¤¨¶µ²Ó´µ£µ ¸µ¸ÉµÖ´¨Ö ¸ 2p2h-±µ´Ë¨£Ê· Í¨Ö³¨, ρÅ ¶²µÉ-
´µ¸ÉÓ 2p2h-±µ´Ë¨£Ê· Í¨°.

Šµ²¨Î¥¸É¢¥´´µ ¨ ¡µ²¥¥ ¶µ¸²¥¤µ¢ É¥²Ó´µ ¢µ¶·µ¸ µ Ï¨·¨´¥ „ƒ
 ·¥Ï ¥É¸Ö
¢ ‚�•” (¢Éµ·µ³ �•”), µÉ²¨Î ÕÐ¥³¸Ö µÉ �•” Ö¢´Ò³ ÊÎ¥Éµ³ ±µ´Ë¨£Ê· Í¨°
2p2h [19Ä21]. �¥ ¢¤ ¢ Ö¸Ó ¢ ¤¥É ²¨, ±µÉµ·Ò¥ ³µ£ÊÉ ¡ÒÉÓ ´ °¤¥´Ò ¢ · ¡µÉ Ì
[19Ä21], Ê± ¦¥³, ÎÉµ ¢ ‚�•” ¤²Ö �•”-Ê·µ¢´Ö s ¶µ²ÊÎ ¥É¸Ö ¡µ²¥¥ ¤¥É ²¨§µ-
¢ ´´µ¥ · ¸¶·¥¤¥²¥´¨e ¨´É¥´¸¨¢´µ¸É¨ ¶¥·¥Ìµ¤µ¢, ±µÉµ·µ¥ § ¤ ¥É¸Ö Ï¨·¨´µ°
Γs, § ¢¨¸ÖÐ¥° µÉ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ω Ö¤· :

Γs = 2π
∑
2p2h

|〈2p2h |V | s〉|2

(ω − ε2p2h)
2 + (I/2)2

, (6)

£¤¥ I Å Ô´¥·£¥É¨Î¥¸±¨° ¨´É¥·¢ ² Ê¸·¥¤´¥´¨Ö ¶µ 2p2h-¸µ¸ÉµÖ´¨Ö³, ε2p2h Å
Ô´¥·£¨¨ ÔÉ¨Ì ¸µ¸ÉµÖ´¨°. �  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ É ±µ£µ É¨¶  · ¸-


¨¸. 3. �±¸¶¥·¨³¥´É ²Ó´Ò¥ (ÉµÎ±¨) ¨ · ¸¸Î¨É ´-
´Ò¥ ¢ · §´ÒÌ ¶·¨¡²¨¦¥´¨ÖÌ ¸¥Î¥´¨Ö σγ (¢ ³¡)
¶µ£²µÐ¥´¨Ö γ-±¢ ´Éµ¢ Ö¤·µ³ 208Pb ¢ § ¢¨¸¨³µ-
¸É¨ µÉ ¨Ì Ô´¥·£¨¨ Eγ . ˜É·¨Ì¶Ê´±É¨·´ Ö ±·¨-
¢ Ö Å �•” ¸ ±µ´É¨´ÊÊ³µ³, ¸¶²µÏ´ Ö Å · ¸Î¥É
¸ ÊÎ¥Éµ³ 2p2h-¸µ¸ÉµÖ´¨° ¨ ±µ´É¨´ÊÊ³  ¢ ´ ¨¡µ-
²¥¥ ¶µ²´µ° ³µ¤¥²¨ [23, 25]

Î¥Éµ¢ ¤²Ö Ö¤·  208Pb ¢ ¸· ¢-
´¥´¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨
¤ ´´Ò³¨, ¨§ ±µÉµ·ÒÌ ¸²¥¤Ê¥É,
ÎÉµ ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ³¥-
Ì ´¨§³ É·¥´¨Ö „ƒ
 ¶µ´¨³ -
¥É¸Ö, ¶µ-¢¨¤¨³µ³Ê, ¶· ¢¨²Ó´µ.
‚ ¸¢Ö§¨ ¸ ·¨¸. 3 ¨´É¥·¥¸´µ
µÉ³¥É¨ÉÓ Ö¢²¥´¨¥ ¸¤¢¨£  „ƒ

¢ µ¡² ¸ÉÓ ¡µ²¥¥ ¢Ò¸µ±¨Ì Î -
¸ÉµÉ ¶·¨ ¢±²ÕÎ¥´¨¨ ¢§ ¨³µ-
¤¥°¸É¢¨Ö ph-±µ´Ë¨£Ê· Í¨° ¸
¡µ²¥¥ ¸²µ¦´Ò³¨ ¸É¥¶¥´Ö³¨
¸¢µ¡µ¤Ò. �Éµ µ¡Ê¸²µ¢²¥´µ É¥³,
ÎÉµ ¶²µÉ´µ¸ÉÓ 2p2h-¸µ¸ÉµÖ´¨°
Ê¢¥²¨Î¨¢ ¥É¸Ö ¸ ·µ¸Éµ³ Ô´¥·-
£¨¨ ¢µ§¡Ê¦¤¥´¨Ö Ö¤· . �¤´ ±µ
¥¸ÉÓ Í¥²Ò° ·Ö¤ · ¡µÉ [22, 23],
´ Î¨´ Ö ¸ ¨§¢¥¸É´µ° · ¡µÉÒ
^ ² Ïµ¢  ¨ —¥·´µ¢  [22], £¤¥
Ê± § ´´Ò° ¸¤¢¨£ µÉ¸ÊÉ¸É¢Ê¥É.
�Ê¦´  ¤ ²Ó´¥°Ï Ö · ¡µÉ  ´ ¤
ÔÉ¨³ ¢µ¶·µ¸µ³.

„ ²Ó´¥°Ï¥¥ · §¢¨É¨¥ ‚�•” ³µ¦´µ ´ °É¨ ¢ · ¡µÉ Ì [24, 25].
‚ ¦´µ° ¶·µ¡²¥³µ° „ƒ
 Ö¢²Ö¥É¸Ö ¨´É¥·¶·¥É Í¨Ö ´Ê±²µ´´ÒÌ Ô´¥·£¥É¨Î¥-

¸±¨Ì ¸¶¥±É·µ¢. • · ±É¥·´ Ö ¤²Ö ±µ²²¥±É¨¢´ÒÌ ³µ¤¥²¥° ±µ´Í¥¶Í¨Ö ¸É É¨-
¸É¨Î´µ¸É¨ ¸¶¥±É·µ¢ ¢ ¶·¨¡²¨¦¥´¨ÖÌ, ¸É ·ÉÊÕÐ¨Ì ¸ ±µ²²¥±É¨¢´ÒÌ ¸É¥¶¥´¥°
¸¢µ¡µ¤Ò, ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö § ³¥´¨² ¸Ó ¡µ²¥¥ ¸²µ¦´µ° ± ·É¨´µ° · ¸¶ ¤  ¸µ-
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¸ÉµÖ´¨° „ƒ
. ƒ² ¢´ Ö µ¸µ¡¥´´µ¸ÉÓ ´µ¢µ° ®µ¡µ²µÎ¥Î´µ°¯ ±µ´Í¥¶Í¨¨ ¸µ¸Éµ¨É
¢ Éµ³, ÎÉµ · ¸¶ ¤ ¸µ¸ÉµÖ´¨° „ƒ
 ³µ¦¥É ¸ § ³¥É´µ° ¢¥·µÖÉ´µ¸ÉÓÕ µ¸ÊÐ¥-
¸É¢²ÖÉÓ¸Ö ´  ´¥· ¢´µ¢¥¸´ÒÌ ¸É ¤¨ÖÌ ¶·µÉ¥± ´¨Ö ·¥ ±Í¨¨ ËµÉµ· ¸Ð¥¶²¥´¨Ö
[26]. � ¨¡µ²¥¥ Î¥É±µ ¨¤¥´É¨Ë¨Í¨·Ê¥³ Ö ¸É ¤¨Ö Å ÔÉµ ¸É ¤¨Ö Ê¶µ³¨´ ¢-
Ï¥£µ¸Ö · ´¥¥ ¶µ²Ê¶·Ö³µ£µ · ¸¶ ¤ . �µ²Ê¶·Ö³Ò¥ ËµÉµ´Ê±²µ´Ò Å ÔÉµ É ±¨¥
ËµÉµ´Ê±²µ´Ò, ±µÉµ·Ò¥ ¶µ±¨¤ ÕÉ Ö¤·µ ¨§ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ±µ´Ë¨£Ê· Í¨°,
´¥¶µ¸·¥¤¸É¢¥´´µ ¢µ§¡Ê¦¤ ¥³ÒÌ γ-±¢ ´É ³¨. ‚ · ¡µÉ Ì [27, 28] ¤²Ö ÉÖ¦¥²ÒÌ
Ö¤¥· ¡Ò²¨ · §¢¨ÉÒ ¸µ¢·¥³¥´´Ò¥ ³¥Éµ¤Ò É¥µ·¥É¨Î¥¸±µ£µ · ¸Î¥É  ÔÉµ£µ ÔË-
Ë¥±É , Ë¨§¨±  ±µÉµ·µ£µ ¡Ò²  ¶µ´ÖÉ´  Ê¦¥ ´  ¶·µÉÖ¦¥´¨¨ ³´µ£¨Ì ²¥É.

„µ ¸¨Ì ¶µ· ´ Ï¥ µ¡¸Ê¦¤¥´¨¥ µÉ´µ¸¨²µ¸Ó ± Ö¤· ³ ¸ § ¶µ²´¥´´Ò³¨ µ¡µ-
²µÎ± ³¨. Œ¥¦¤Ê É¥³ ¶µ¤ ¢²ÖÕÐ¥¥ ¡µ²ÓÏ¨´¸É¢µ Ö¤¥· ¸ÊÉÓ Ö¤·  ¸ ´¥§ ¶µ²´¥´-
´Ò³¨ µ¡µ²µÎ± ³¨, ¨ ¢µ§´¨± ¥É ¢µ¶·µ¸ µ ¸µµÉ´µÏ¥´¨¨ ¸µ¢·¥³¥´´µ° É¥µ·¨¨,
· ¸¸³µÉ·¥´´µ° ´ ³¨ ´  ±µ´Í¥¶ÉÊ ²Ó´µ³ Ê·µ¢´¥ ¤²Ö ³ £¨Î¥¸±¨Ì Ö¤¥·, c ·¥ ²Ó-
´µ¸ÉÓÕ. �¡Ð¥¥ ÊÉ¢¥·¦¤¥´¨¥ ¸µ¸Éµ¨É ¢ ¸²¥¤ÊÕÐ¥³: ¢ ¸Ë¥·¨Î¥¸±¨Ì ¸·¥¤´¨Ì
¨ ÉÖ¦¥²ÒÌ Ö¤· Ì ´¥§ ¶µ²´¥´´µ¸ÉÓ µ¡µ²µÎ¥± ¸± §Ò¢ ¥É¸Ö ´  ¸¢µ°¸É¢ Ì „ƒ

µÉ´µ¸¨É¥²Ó´µ ¸² ¡µ. ‚ ´¥¸Ë¥·¨Î¥¸±¨Ì Ö¤· Ì (±µÉµ·Ò¥ É ±¦¥ µÉ´µ¸ÖÉ¸Ö ±
É¨¶Ê Ö¤¥· ¸ ´¥§ ¶µ²´¥´´Ò³¨ µ¡µ²µÎ± ³¨) ¨§³¥´Ö¥É¸Ö Ì · ±É¥· ¸·¥¤´¥£µ ¶µ²Ö
¨ �•”-·¥§µ´ ´¸ ¶·¨µ¡·¥É ¥É ´µ¢Ò¥ ± Î¥¸É¢¥´´Ò¥ µ¸µ¡¥´´µ¸É¨. ˆ§³¥´Ö¥É¸Ö


¨¸. 4. ‘¥Î¥´¨Ö ¶µ£²µÐ¥´¨Ö γ-±¢ ´Éµ¢
Ö¤·µ³ 238U. ’µÎ±¨ Å Ô±¸¶¥·¨³¥´É, ¸¶²µÏ-
´ Ö ±·¨¢ Ö Å · ¸Î¥É ¢ ¶·¨¡²¨¦¥´¨¨ �•”,
ÏÉ·¨Ì¶Ê´±É¨·´Ò¥ ±·¨¢Ò¥ ¸µµÉ¢¥É¸É¢ÊÕÉ
¶µ£²µÐ¥´¨Õ ¸ ¢µ§¡Ê¦¤¥´¨¥³ ¸µ¸ÉµÖ´¨° ¸
K = 0 ¨ 1 [29]

É ±¦¥ ¶·¨·µ¤  § ÉÊÌ ´¨Ö „ƒ
. � -
±µ´¥Í, ¢ ²¥£±¨Ì Ö¤· Ì (³Ò µÉ-
´µ¸¨³ ± ´¨³ Ö¤·  ¸ Z ≤ 30)
¢µ§´¨± ¥É ± Î¥¸É¢¥´´µ ´µ¢ Ö ¸¨ÉÊ-
 Í¨Ö, ¨ Ë ±É¨Î¥¸±¨ ´Ê¦´µ £µ¢µ-
·¨ÉÓ µ ´µ¢µ° Ëµ·³¥ £¨£ ´É¸±µ£µ
¤¨¶µ²Ó´µ£µ ·¥§µ´ ´¸  Å „ƒ
 ¸
±µ´Ë¨£Ê· Í¨µ´´Ò³ · ¸Ð¥¶²¥´¨¥³.
‡ ³¥Î É¥²Ó´µ° µ¸µ¡¥´´µ¸ÉÓÕ „ƒ

¸¨²Ó´µ ¤¥Ëµ·³¨·µ¢ ´´ÒÌ Ö¤¥· Ö¢²Ö-
¥É¸Ö Éµ, ÎÉµ Ï¨·¨´  „ƒ
 ¶µÎÉ¨ Í¥²¨-
±µ³ µ¡Ê¸²µ¢²¥´  § ÉÊÌ ´¨¥³ ‹ ´¤ Ê,
É.¥. ¢§ ¨³µ¤¥°¸É¢¨¥³ ph-¸µ¸ÉµÖ´¨° ¸
¡µ²ÓÏ¨³¨ ¤¨¶µ²Ó´Ò³¨  ³¶²¨ÉÊ¤ ³¨
¸ ph-¸µ¸ÉµÖ´¨Ö³¨, ´¥¶µ¸·¥¤¸É¢¥´´µ
´¥ ¢µ§¡Ê¦¤ ÕÐ¨³¨¸Ö ¶µ¤ ¤¥°¸É¢¨¥³
¤¨¶µ²Ó´µ£µ µ¶¥· Éµ· . „²Ö ¨²²Õ-

¸É· Í¨¨ ÔÉµ£µ ÊÉ¢¥·¦¤¥´¨Ö ´  ·¨¸. 4 ¶µ± § ´  § ¢¨¸¨³µ¸ÉÓ µÉ Ô´¥·£¨¨ Eγ

¸¥Î¥´¨Ö ¶µ£²µÐ¥´¨Ö γ-±¢ ´Éµ¢ ¢ Ö¤·¥ 238U, · ¸¸Î¨É ´´ Ö ¢ �•” [29] ¢ ¸· ¢-
´¥´¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨.

‚ § ±²ÕÎ¥´¨¥ ´ Ï¥£µ ±· É±µ£µ Ô±¸±Ê·¸  ¢ ¶·µ¡²¥³ É¨±Ê „ƒ
 · ¸¸³µÉ·¨³
±µ·µÉ±µ ´¥±µÉµ·Ò¥ ±µ´Í¥¶ÉÊ ²Ó´Ò¥ ¢µ¶·µ¸Ò Î ¸É¨Î´µ-¤Ò·µÎ´µ£µ ¢§ ¨³µ¤¥°-
¸É¢¨Ö Vph. � Ï¥ ¸É ·Éµ¢µ¥ ¶·¨¡²¨¦¥´¨¥ Å Vph É¥µ·¨¨ Ë¥·³¨-¦¨¤±µ¸É¨
[14]. ‚ ÔÉµ° É¥µ·¨¨ Vph ¶·¨  ´ ²¨§¥ ¶·µÍ¥¸¸µ¢ ¢¡²¨§¨ ¶µ¢¥·Ì´µ¸É¨ ”¥·³¨
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´¥ § ¢¨¸¨É µÉ ¨³¶Ê²Ó¸  ¨, ¸²¥¤µ¢ É¥²Ó´µ, ¸ ÉµÎ´µ¸ÉÓÕ ¤µ · ¸¸ÉµÖ´¨° ¶µ·Ö¤± 
1/kF ¢ ±µµ·¤¨´ É´µ³ ¶·¥¤¸É ¢²¥´¨¨ ³µ¦¥É ¸Î¨É ÉÓ¸Ö δ-ËÊ´±Í¨¥° (kF Å
¨³¶Ê²Ó¸ ´Ê±²µ´  ´  ¶µ¢¥·Ì´µ¸É¨ ”¥·³¨). �É  ¶¥·¢µ´ Î ²Ó´ Ö ±µ´Í¥¶Í¨Ö
δ-µ¡· §´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ¢ ¶µ¸²¥¤ÊÕÐ¨¥ £µ¤Ò ¨¸¶ÒÉ ²  ·Ö¤ ³µ¤¨Ë¨± Í¨°.
‚µ-¶¥·¢ÒÌ, �.^.Œ¨£¤ ²µ³ ¢ ±µ´¸É ´ÉÒ f, f ′... ¡Ò²  ¢¢¥¤¥´  § ¢¨¸¨³µ¸ÉÓ µÉ
¶²µÉ´µ¸É¨ ´Ê±²µ´µ¢. ‚ ·¥§Ê²ÓÉ É¥ ¢µ§´¨±²  ´¥µ¡Ìµ¤¨³µ¸ÉÓ · §²¨Î ÉÓ ¢´¥Ï-
´¨¥ ¨ ¢´ÊÉ·¥´´¨¥ ±µ´¸É ´ÉÒ, ´ ¶·¨³¥· f in, fout. ‚µ-¢Éµ·ÒÌ, ¤²Ö ¨´É¥·¶·¥-
É Í¨¨ § ·Ö¤µ¢µ-µ¡³¥´´ÒÌ ¶·µÍ¥¸¸µ¢ (p, n) ¨ ¸¢µ°¸É¢ ³ £´¨É´ÒÌ ¶¥·¥Ìµ¤µ¢
[30, 31] ¶·¨ ¡µ²ÓÏ¨Ì ¶¥·¥¤ ´´ÒÌ ¨³¶Ê²Ó¸ Ì µ± § ²µ¸Ó ´¥µ¡Ìµ¤¨³Ò³ Ö¢´µ
¢Ò¤¥²¨ÉÓ ¨§ ±µ´¸É ´É Ë¥·³¨-¦¨¤±µ¸É¨ ¢±² ¤Ò ¶¨µ´µ¢ ¨ ρ-³¥§µ´µ¢. ‡ ³¥Î -
É¥²Ó´µ ¶·¨ ÔÉµ³, ÎÉµ ´¥ É·¥¡µ¢ ²µ¸Ó ´¨± ±¨Ì ¸¶¥Í¨Ë¨Î¥¸±¨ ³´µ£µÉ¥²Ó´ÒÌ
ÔËË¥±Éµ¢ ¶·¨ ¶¥·¥Ìµ¤¥ ¨§ Î ¸É¨Î´µ£µ ± ´ ²  ¢ Î ¸É¨Î´µ-¤Ò·µÎ´Ò°. ‚ ·¥-
§Ê²ÓÉ É¥, ´ ¶·¨³¥·, Î ¸É¨Î´µ-¤Ò·µÎ´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ ¢ ¸¶¨´-¨§µ¸¶¨´µ¢µ³
± ´ ²¥ σ1σ2τ1τ2 ¨³¥¥É ¢¨¤

Vστ ∝ g′σ1σ2τ1τ2 + Vπ + Vρ, (7)

£¤¥

Vπ = Jπ
(σ1q)(σ2q)

ω2 − q2 −m2
π

τ1τ2, Vρ = Jρ
(σ1 × q)(σ2 × q)
ω2 − q2 −m2

ρ

τ1τ2, (8)

Jπ,ρ Å ¨´É¥´¸¨¢´µ¸É¨ ¢§ ¨³µ¤¥°¸É¢¨Ö ¢ ¥¤¨´¨Í Ì C−1 (¸³. (3)), ω,q Å
¶¥·¥¤ ¢ ¥³Ò¥ Ô´¥·£¨Ö ¨ ¨³¶Ê²Ó¸.

“Î¥É ±µ·µÉ±µ¤¥°¸É¢ÊÕÐ¥£µ µÉÉ ²±¨¢ ´¨Ö, ¢µ§´¨± ÕÐ¥£µ §  ¸Î¥É µ¡³¥´ 
ω-³¥§µ´µ³, ¨¸±²ÕÎ ¥É δ-µ¡· §´Ò¥ (¢ ±µµ·¤¨´ É´µ³ ¶·¥¤¸É ¢²¥´¨¨) Î ¸É¨ ¨§
Vπ,ρ ¨ ³µ¤¨Ë¨Í¨·Ê¥É ÔÉ¨ ËÊ´±Í¨¨ ´  ¸·¥¤´¨Ì · ¸¸ÉµÖ´¨ÖÌ. ‚ ·¥§Ê²ÓÉ É¥
µ± §Ò¢ ¥É¸Ö, ÎÉµ §  ¸Î¥É Éµ²Ó±µ ÔÉµ£µ ¢µ§´¨± ¥É ÔËË¥±É¨¢´ Ö ±µ´¸É ´É  g′,
¸µ¸É ¢²ÖÕÐ Ö ¶·¨³¥·´µ 70% µÉ µ¶·¥¤¥²Ö¥³µ° ¨§ Ô±¸¶¥·¨³¥´É . �¸É ¢Ï¨¥¸Ö
30%, ¢¨¤¨³µ, ¸²¥¤Ê¥É µÉ´¥¸É¨ ´  ¸Î¥É ³¨£¤ ²µ¢¸±¨Ì ³´µ£µÉ¥²Ó´ÒÌ ÔËË¥±-
Éµ¢. Šµ´Í¥¶Í¨Ö µ¤´µ³¥§µ´´µ° ¶·¨·µ¤Ò Î ¸É¨Î´µ-¤Ò·µÎ´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö
¡Ò²  É ±¦¥ ¨¸¶µ²Ó§µ¢ ´  ¤²Ö ¨´É¥·¶·¥É Í¨¨ ®¨§ ¶¥·¢ÒÌ ¶·¨´Í¨¶µ¢¯ ¢¥²¨-
Î¨´ ±µ´¸É ´É f, f ′. ‚ · ³± Ì ¶µ¤· §Ê³¥¢ ¥³µ° ´ ³¨ G-³ É·¨Î´µ° É¥µ·¨¨
µ¸É ÉµÎ´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö [30, 31] ¸¥·Ó¥§´Ò¥ ¸²µ¦´µ¸É¨ ¢µ§´¨± ÕÉ Éµ²Ó±µ
¶·¨ ¨´É¥·¶·¥É Í¨¨ ±µ´¸É ´ÉÒ f . ‚ ÔÉµ³ ¸²ÊÎ ¥ G-³ É·¨Î´Ò° ¶µ¤Ìµ¤ ´ 
µ¸´µ¢¥ µ¤´µ¡µ§µ´´µ£µ NN -¶µÉ¥´Í¨ ²  ¤ ¥É §´ Î¥´¨¥ f ≈ −1, 17, ±µÉµ·µ¥
¶·µÉ¨¢µ·¥Î¨É Ê¸²µ¢¨Õ ¸É ¡¨²Ó´µ¸É¨ Ö¤·  ¨ Ô³¶¨·¨Î¥¸±µ³Ê §´ Î¥´¨Õ f ≈ 0.
…¸É¥¸É¢¥´´µ µÉ´¥¸É¨ ¸Éµ²Ó ¸¨²Ó´µ¥ · ¸Ìµ¦¤¥´¨¥ ± ¶·¥´¥¡·¥¦¥´¨Õ ¢ ¦´Ò³¨
³´µ£µÉ¥²Ó´Ò³¨ ÔËË¥±É ³¨. ’ ±¨¥ ³´µ£µÉ¥²Ó´Ò¥ ÔËË¥±ÉÒ ¡Ò²¨ ´ °¤¥´Ò ¶·¨
 ´ ²¨§¥ µ¡³¥´´µ° (¢ G-³ É·¨Î´µ° É¥µ·¨¨) Î ¸É¨ ph-¢§ ¨³µ¤¥°¸É¢¨Ö. ‚ µÉ¸ÊÉ-
¸É¢¨¥ ³´µ£µÉ¥²Ó´ÒÌ ÔËË¥±Éµ¢ ¶·¨ ¶¥·¥Ìµ¤¥ ¨§ NN - ¢ ph-± ´ ² Vph ¤µ²¦´µ
· ¢´ÖÉÓ¸Ö ¸Ê³³¥ ¤¢ÊÌ ¶¥·¢ÒÌ ¤¨ £· ³³ ´  ·¨¸. 5. �¤´ ±µ ¡¥§ ´ ·ÊÏ¥´¨Ö
´¥¶·¨¢µ¤¨³µ¸É¨ µ¡³¥´´ Ö ¤¨ £· ³³  ¤µ¶Ê¸± ¥É ¢±² ¤ ¤¨ £· ³³ ¶µ²Ö·¨§ -
Í¨¨ Ö¤¥·´µ° ³ É¥·¨¨. �µÔÉµ³Ê Vph ¤µ²¦´µ · ¢´ÖÉÓ¸Ö ¢¸¥° ¸µ¢µ±Ê¶´µ¸É¨
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¤¨ £· ³³, ¨§µ¡· ¦¥´´ÒÌ ´  ·¨¸. 5. “Î¥É ÔÉ¨Ì ¶µ²Ö·¨§ Í¨µ´´ÒÌ ¶µ¶· ¢µ±
Ê³¥´ÓÏ¨² ±µ´¸É ´ÉÊ f ¤µ §´ Î¥´¨Ö −0, 28, ÎÉµ Ê¦¥ ´¥ É ± ·¥§±µ, ± ± · -
´¥¥, ¶·µÉ¨¢µ·¥Î¨É ´ ¡²Õ¤ ¥³µ° ¢¥²¨Î¨´¥ f ≈ (0 ± 0, 2). ’ ±¨³ µ¡· §µ³,
³µ¦´µ, ¢¨¤¨³µ, ÊÉ¢¥·¦¤ ÉÓ, ÎÉµ ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ³¨£¤ ²µ¢¸±¨¥ ±µ´¸É ´ÉÒ ¢
µ¸´µ¢´µ³ ¨´É¥·¶·¥É¨·µ¢ ´Ò ¢ É¥·³¨´ Ì ËÊ´¤ ³¥´É ²Ó´µ£µ ¶Ê¸ÉµÉ´µ£µ NN -
¢§ ¨³µ¤¥°¸É¢¨Ö. �·¨ ÔÉµ³ ¨´É¥·¥¸´µ µÉ³¥É¨ÉÓ, ÎÉµ ´¥É·¨¢¨ ²Ó´Ò¥ ³´µ£µ-
É¥²Ó´Ò¥ ÔËË¥±ÉÒ, ´  ±µÉµ·ÒÌ ´ ¸É ¨¢ ² Œ¨£¤ ², Ö¢²ÖÕÉ¸Ö ¸ÊÐ¥¸É¢¥´´Ò³¨
Éµ²Ó±µ ¶·¨ ´ Ìµ¦¤¥´¨¨ ±µ´¸É ´ÉÒ f .


¨¸. 5. — ¸É¨Î´µ-¤Ò·µÎ´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ Vph, · ¸¸Î¨É ´´µ¥ ¢ É¥·³¨´ Ì ´Ê±²µ´-
´Ê±²µ´´µ° G-³ É·¨ÍÒ [31]. �¥·¢Ò¥ ¤¢¥ ¤¨ £· ³³Ò ¸¶· ¢  ¸µµÉ¢¥É¸É¢ÊÕÉ É·¨¢¨ ²Ó-
´µ³Ê ¶¥·¥Ìµ¤Ê ¨§ NN-± ´ ²  ¢ ph-± ´ ². ‘ É·¥ÉÓ¥° ¤¨ £· ³³Ò ´ Î¨´ ¥É¸Ö ÊÎ¥É ´¥-
É·¨¢¨ ²Ó´ÒÌ ¶µ²Ö·¨§ Í¨µ´´ÒÌ ³´µ£µÉ¥²Ó´ÒÌ ÔËË¥±Éµ¢

‚ ¶· ±É¨Î¥¸±¨Ì · ¸Î¥É Ì Î ¸Éµ ¢¸É·¥Î ¥É¸Ö ÔËË¥±É¨¢´µ¥ ph-¢§ ¨³µ-
¤¥°¸É¢¨¥ ¤·Ê£¨Ì É¨¶µ¢. ˜¨·µ±µ ¨¸¶µ²Ó§ÊÕÉ¸Ö ³Ê²ÓÉ¨¶µ²Ó-³Ê²ÓÉ¨¶µ²Ó´Ò¥ ¸¨-
²Ò [15, 23] ¨ ¸±¨·³µ¢¸±µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ [32]. ‘±¨·³µ¢¸±µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥
³µ¦´µ · ¸¸³ É·¨¢ ÉÓ ± ± Ê¶·µÐ¥´´Ò° ¢ ·¨ ´É G-³ É·¨ÍÒ.

’¥µ·¨Ö „ƒ
 Ö¢²Ö¥É¸Ö ¸¢µ¥µ¡· §´µ° ¸É ·Éµ¢µ° ³µ¤¥²ÓÕ ¶·¨  ´ ²¨§¥ ¶·µ-
¡²¥³ É¨±¨ ¤·Ê£¨Ì ·¥§µ´ ´¸µ¢, µÉ²¨Î´ÒÌ µÉ Ô²¥±É·¨Î¥¸±µ£µ ¤¨¶µ²Ó´µ£µ. � 
± Î¥¸É¢¥´´µ³ Ê·µ¢´¥ Ëµ·³¨·µ¢ ´¨¥ „ƒ
 µ¡Ê¸²µ¢²¥´µ ¤¨¶µ²Ó-¤¨¶µ²Ó´µ° Î -
¸ÉÓÕ Î ¸É¨Î´µ-¤Ò·µÎ´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö. �¤´ ±µ ¢§ ¨³µ¤¥°¸É¢¨¥ (3) ¸µ-
¤¥·¦¨É ³´µ£µ ³Ê²ÓÉ¨¶µ²¥°. �µÔÉµ³Ê ¸²¥¤Ê¥É µ¦¨¤ ÉÓ Ëµ·³¨·µ¢ ´¨Ö ¢ Ö¤· Ì
³´µ¦¥¸É¢  ¤·Ê£¨Ì £¨£ ´É¸±¨Ì ·¥§µ´ ´¸µ¢. �É¨ É¥µ·¥É¨Î¥¸±¨¥ µ¦¨¤ ´¨Ö, · §Ê-
³¥¥É¸Ö, ´¥µ¡Ìµ¤¨³µ ¡Ò²µ ¶µ¤É¢¥·¤¨ÉÓ ¢ Ô±¸¶¥·¨³¥´É Ì, ÎÉµ µ± § ²µ¸Ó ¸µ¢¸¥³
´¥ ¶·µ¸ÉÒ³ ¤¥²µ³. ˆ Éµ²Ó±µ É¥¶¥·Ó, ¸¶Ê¸ÉÖ ¶ ·Ê ¤¥¸ÖÉ¨²¥É¨° ¶µ¸²¥ ´ Î ² 
Ô±¸¶¥·¨³¥´É ²Ó´µ° · ¡µÉÒ ¶µ ¨¤¥´É¨Ë¨± Í¨¨ ƒ
, ³Ò ¨³¥¥³ µ¶·¥¤¥²¥´´ÊÕ
Ö¸´µ¸ÉÓ ¢ ÔÉ¨Ì ¢µ¶·µ¸ Ì.

‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö Ô±¸¶¥·¨³¥´É ²Ó´µ Î¥É±µ ¨¤¥´É¨Ë¨Í¨·µ¢ ´Ò ¨ É¥µ-
·¥É¨Î¥¸±¨ ¢ µ¸´µ¢´ÒÌ Î¥·É Ì ¶µ´ÖÉÒ ³µ´µ¶µ²Ó´Ò°, ±¢ ¤·Ê¶µ²Ó´Ò° ¨ µ±-
ÉÊ¶µ²Ó´Ò° Ô²¥±É·¨Î¥¸±¨¥ ·¥§µ´ ´¸Ò, ³ £´¨É´Ò° ·¥§µ´ ´¸ ¨ ·Ö¤ ¸¶¨´µ¢ÒÌ
·¥§µ´ ´¸µ¢ Å £ ³µ¢-É¥²²¥·µ¢¸±¨°, ¸¶¨´-¤¨¶µ²Ó´Ò° ¨ ¸¶¨´-±¢ ¤·Ê¶µ²Ó´Ò°
·¥§µ´ ´¸Ò. �µ¤·µ¡´ÊÕ ¨´Ëµ·³ Í¨Õ µ ´¨Ì ³µ¦´µ ´ °É¨ ¢ ·Ö¤¥ µ¡§µ·µ¢
(¸³., ´ ¶·¨³¥·, [33] ¨ Í¨É¨·µ¢ ´´ÊÕ É ³ ²¨É¥· ÉÊ·Ê). ‡¤¥¸Ó ¦¥, ¢µ-¶¥·¢ÒÌ,
³Ò Éµ²Ó±µ µÉ³¥É¨³, ÎÉµ § ·Ö¦¥´´Ò¥ ¸¶¨´µ¢Ò¥ ·¥§µ´ ´¸Ò ¡Ò²¨ É¥µ·¥É¨Î¥¸±¨
¶·¥¤¸± § ´Ò [34, 35] ¶·¨  ´ ²¨§¥ µ-§ Ì¢ É  ¢ Ö¤· Ì. �µ§¤´¥¥ Ô±¸¶¥·¨³¥´É
¶µ²´µ¸ÉÓÕ ¶µ¤É¢¥·¤¨² ÔÉµ ¶·¥¤¸± § ´¨¥ [36]. ‚µ-¢Éµ·ÒÌ, ±µ·µÉ±µ µ¡¸Ê¤¨³
µ¤´Ê µ¸µ¡¥´´µ¸ÉÓ ±¢ ¤·Ê¶µ²Ó´ÒÌ ¨ µ±ÉÊ¶µ²Ó´ÒÌ ·¥§µ´ ´¸µ¢, ·µ¤¸É¢¥´´ÊÕ
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 ´ ²¨§¨·Ê¥³µ³Ê ¤ ²¥¥ ±µ´Ë¨£Ê· Í¨µ´´µ³Ê · ¸Ð¥¶²¥´¨Õ „ƒ
. „²Ö µ¶·¥¤¥-
²¥´´µ¸É¨ ¡Ê¤¥³ ¨³¥ÉÓ ¢ ¢¨¤Ê ®ÔÉ ²µ´´µ¥¯ Ö¤·µ 208Pb.

�¸´µ¢´Ò¥ ±¢ ¤·Ê¶µ²Ó´Ò¥ ¶¥·¥Ìµ¤Ò ¢ ÔÉµ³ Ö¤·¥ ¢µ§´¨± ÕÉ §  ¸Î¥É ¶¥·¥-
³¥Ð¥´¨Ö ´Ê±²µ´µ¢ ¨§ § ¶µ²´¥´´ÒÌ µ¡µ²µÎ¥± 5�ω0 ¨ 6�ω0 ¢ ¸¢µ¡µ¤´Ò¥ µ¡µ-
²µÎ±¨ 7�ω0 ¨ 8�ω0. �¡µ§´ Î¥´¨¥ 5�ω0... ¨³¥¥É Î¨¸Éµ ±² ¸¸¨Ë¨± Í¨µ´´Ò°
¸³Ò¸² Å ÔÉµ ¶ÖÉ Ö µ¸Í¨²²ÖÉµ·´ Ö µ¡µ²µÎ±  ¸·¥¤´¥£µ ¶µ²Ö. � ·Ö¤Ê ¸ ¶¥·¥-
Ìµ¤ ³¨ Î¥·¥§ ¤¢¥ µ¡µ²µÎ±¨ ¨³¥ÕÉ¸Ö ´¥¸±µ²Ó±µ ¸² ¡ÒÌ ¶¥·¥Ìµ¤µ¢ É¨¶  0�ω,
É.¥. ¶¥·¥Ìµ¤µ¢ 1h11/2 → 1h9/2, 1i3/2 → 1i11/2, 1f11/2 → 2f7/2 ³¥¦¤Ê ¸µ¸Éµ-
Ö´¨Ö³¨ µ¤´µ° ¨ Éµ° ¦¥ µ¸Í¨²²ÖÉµ·´µ° µ¡µ²µÎ±¨. ’ ±¨³ µ¡· §µ³, ¢ ´Ê²¥¢µ³
¶·¨¡²¨¦¥´¨¨ ¨³¥¥É¸Ö ¤¢¥ £·Ê¶¶Ò ¶¥·¥Ìµ¤µ¢ Å ¸² ¡ Ö ¢ µ¡² ¸É¨ 4Ä5 ŒÔB ¨
¸¨²Ó´ Ö (£¨£ ´É¸±¨° ±¢ ¤·Ê¶µ²Ó´Ò° ·¥§µ´ ´¸) Å ¢ µ¡² ¸É¨ 15 ŒÔB.

^Ê¤¥³, ¤ ²¥¥, ¨³¥ÉÓ ¢ ¢¨¤Ê ¨§µ¸± ²Ö·´ÊÕ ¢¥É¢Ó ¶¥·¥Ìµ¤µ¢. �¸É ÉµÎ´µ¥ ¢§ -
¨³µ¤¥°¸É¢¨¥ ¶¥·¥± Î¨¢ ¥É Î ¸ÉÓ ±¢ ¤·Ê¶µ²Ó´ÒÌ ¶¥·¥Ìµ¤µ¢ ¢ µ¡² ¸ÉÓ
4Ä5 ŒÔB, §´ Î¨É¥²Ó´µ Ê¸¨²¨¢ Ö ¥¥. �¤´ ±µ ¥¤¨´µ¥ ±µ£¥·¥´É´µ¥ ¸µ¸ÉµÖ´¨¥
´¥ Ëµ·³¨·Ê¥É¸Ö. ‡¤¥¸Ó ³Ò ¢¨¤¨³ Î¥É±µ¥ ¶·µÖ¢²¥´¨¥ ÔËË¥±Éµ¢ µ¡µ²µÎ¥Î´µ°
¸É·Ê±ÉÊ·Ò Ö¤· . �´ ²µ£¨Î´ Ö ¸¨ÉÊ Í¨Ö ¨³¥¥É ³¥¸Éµ ¢ µ±ÉÊ¶µ²Ó´ÒÌ ¶¥·¥Ìµ-
¤ Ì. �±ÉÊ¶µ²Ó´Ò¥ ¶¥·¥Ìµ¤Ò ¢µ§´¨± ÕÉ §  ¸Î¥É ¶¥·¥³¥Ð¥´¨Ö ´Ê±²µ´µ¢ ¨§
§ ¶µ²´¥´´µ° ¢ ¸²¥¤ÊÕÐÊÕ (É¨¶ 1�ω0) ¨ µ¡µ²µÎ±Ê, · ¸¶µ²µ¦¥´´ÊÕ Î¥·¥§ É·¨
³ £µ¢ÒÌ ¶·µ¸¢¥É  (É¨¶ 3�ω0). �¸É ÉµÎ´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ ´¥ ³µ¦¥É µ¡· §µ-
¢ ÉÓ ¨§ ÔÉ¨Ì ¶¥·¥Ìµ¤µ¢ ¥¤¨´µ£µ ±µ²²¥±É¨¢´µ£µ µ±ÉÊ¶µ²Ó´µ£µ ¸µ¸ÉµÖ´¨Ö. ‚
·¥§Ê²ÓÉ É¥ ¨§µ¸± ²Ö·´Ò° µ±ÉÊ¶µ²Ó´Ò° ·¥§µ´ ´¸ ¢ Ö¤·¥ 208Pb ¤µ²¦¥´ ·¥ ²¨-
§µ¢ ÉÓ¸Ö ¢ ¢¨¤¥ ¤¢ÊÌ ®·¥§µ´ ´¸µ¢¯. �¤¨´ ¨§ ´¨Ì (1�ω0) ¢Ò·µ¦¤ ¥É¸Ö ¢ ¸¢Ö-
§ ´´µ¥ ±µ²²¥±É¨¢´µ¥ ¸µ¸ÉµÖ´¨¥ 3− ¸ Ô´¥·£¨¥° 2,6 ŒÔB, ±µÉµ·µ¥ µ± §Ò¢ ¥É¸Ö
¶¥·¢Ò³ ¢µ§¡Ê¦¤¥´´Ò³ ¸µ¸ÉµÖ´¨¥³ Ö¤·  208Pb ¨ ¸µ£² ¸´µ µ¡ÒÎ´µ° É¥·³¨´µ-
²µ£¨¨ ´¥ Ö¢²Ö¥É¸Ö ·¥§µ´ ´¸µ³. ‚Éµ· Ö ¢¥É¢Ó (3�ω) ¤µ²¦´  · ¸¶µ² £ ÉÓ¸Ö ¶·¨
§´ Î¨É¥²Ó´µ ¡µ²¥¥ ¢Ò¸µ±µ° Ô´¥·£¨¨.

ˆ§²µ¦¨¢ ®± ´µ´¨Î¥¸±¨¥¯ ¢§£²Ö¤Ò ´  Ëµ·³¨·µ¢ ´¨¥ ƒ
 ¢ Ö¤· Ì, ¶¥·¥°-
¤¥³ ± · ¸¸³µÉ·¥´¨Õ µ¸µ¡¥´´µ¸É¥° Ëµ·³¨·µ¢ ´¨Ö ƒ
 ¢ ²¥£±¨Ì Ö¤· Ì (Z < 30).
ƒ² ¢´µ° Î¥·Éµ° ƒ
 ¢ ²¥£±¨Ì Ö¤· Ì Ö¢²Ö¥É¸Ö Ë ±Éµ· ±µ´Ë¨£Ê· Í¨µ´´µ£µ · ¸-
Ð¥¶²¥´¨Ö, É.¥. ¸¨²Ó´µ¥ · ¸Ð¥¶²¥´¨¥ ¶µ Ô´¥·£¨¨ µ¸´µ¢´ÒÌ ph-±µ´Ë¨£Ê· Í¨°,
´¥¸ÊÐ¨Ì µ¸´µ¢´Ò¥ ¤¨¶µ²Ó´Ò¥ ¶¥·¥Ìµ¤Ò. �Éµ · ¸Ð¥¶²¥´¨¥ Ö¢²Ö¥É¸Ö µÎ¥´Ó
¡µ²ÓÏ¨³ (20÷30 ŒÔ‚) ¢ Ö¤· Ì 1p-µ¡µ²µÎ±¨, ¡µ²ÓÏ¨³ (10÷15 ŒÔ‚) ¢ Ö¤· Ì
2s2d-µ¡µ²µÎ±¨ ¨ §´ Î¨É¥²Ó´Ò³ (∼ 6 ŒÔ‚) ¢ Ö¤· Ì ¸¥·¥¤¨´Ò 3p3f -µ¡µ²µÎ±¨.

2. ‘“�…�Œ“‹œ’ˆ�‹…’��Ÿ ‘ˆŒŒ…’�ˆŸ ˆ ‘’�“Š’“�� „ƒ�
“ Ÿ„…� 1p-���‹�—Šˆ

“ Ö¤¥· p-µ¡µ²µÎ±¨ µ¡³¥´´µ¥ NN -¢§ ¨³µ¤¥°¸É¢¨¥ Œ °µ· ´ 

V12 = −V (r)P̂12, (9)
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£¤¥ P̂12 Å µ¶¥· Éµ· µ¡³¥´  ¶·µ¸É· ´¸É¢¥´´ÒÌ ±µµ·¤¨´ É, µÎ¥´Ó ¸¨²Ó´µ ¢²¨-
Ö¥É ´  Ì · ±É¥· A-§ ¢¨¸¨³µ¸É¨ Ô´¥·£¨¨ ¸¢Ö§¨ ¨ ¢¨¤ ¸¶¥±É·µ¢ ¢µ§¡Ê¦¤¥´¨Ö.
�´µ ¢Ò§Ò¢ ¥É, ´ ¶·¨³¥·, É ±¨¥ Ö·±¨¥ µ¸µ¡¥´´µ¸É¨: Ê Ö¤¥· 8‚¥ ¨ 12‘ ´¨§Ï¨¥
Ê·µ¢´¨ ¸ T = 1 ²¥¦ É µÎ¥´Ó ¢Ò¸µ±µ ¶·¨ Ô´¥·£¨ÖÌ ¢µ§¡Ê¦¤¥´¨Ö E∗ > 12 ŒÔ‚,
É ± ÎÉµ Ö¤·µ 8‚¥ ´¥ ¸¢Ö§ ´µ ¢ ± ´ ²¥ α + α ¨ É.¤. Œ É¥³ É¨Î¥¸±¨ ¡µ²ÓÏ Ö
·µ²Ó ¢§ ¨³µ¤¥°¸É¢¨Ö (9) ¢Ò· ¦ ¥É¸Ö ¢ Éµ³ [37], ÎÉµ ¢¢µ¤¨É¸Ö ¸¶¥Í¨Ë¨Î¥¸±µ¥
±¢ ´Éµ¢µ¥ Î¨¸²µ {f} = {f1f2...f4}, f1 ≥ f2 ≥ f3 ≥ f4,

∑
i

fi = A Å ¸Ì¥³ 

p´£  ¤²Ö ¶·µ¸É· ´¸É¢¥´´µ° Î ¸É¨ ¢µ²´µ¢µ° ËÊ´±Í¨¨ Ö¤·  A, ±µÉµ·µ¥ Ì · ±-
É¥·¨§Ê¥É, ¸±µ²Ó±µ ¢ ¤ ´´µ³ ¸µ¸ÉµÖ´¨¨ Ö¤·  ¸¨³³¥É·¨Î´ÒÌ ¨ ¸±µ²Ó±µ  ´É¨-
¸¨³³¥É·¨Î´ÒÌ ¶µ µÉ´µÏ¥´¨Õ ± ¶¥·¥¸É ´µ¢± ³ ¶·µ¸É· ´¸É¢¥´´ÒÌ ±µµ·¤¨´ É
¶ · ´Ê±²µ´µ¢. �Éµ ±¢ ´Éµ¢µ¥ Î¨¸²µ Ì · ±É¥·¨§Ê¥É ´¥¶·¨¢µ¤¨³µ¥ ¶·¥¤¸É ¢²¥-
´¨¥ £·Ê¶¶Ò ¶¥·¥¸É ´µ¢µ± Sn. ŒµÐ´Ò¥ ¸¨²Ò Œ °µ· ´ , ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥
¶·¨ÉÖ¦¥´¨Õ ¢ ¸¨³³¥É·¨Î´ÒÌ ¶ · Ì ¨ µÉÉ ²±¨¢ ´¨Õ ¢  ´É¨¸¨³³¥É·¨Î´ÒÌ,
¶·¨¢µ¤ÖÉ ± ¸¨²Ó´µ³Ê · ¸Ð¥¶²¥´¨Õ Ê·µ¢´¥° ¶µ ¸Ì¥³ ³ p´£ , ±µÉµ·µ¥ µÉ¢¥-
Î ¥É, ¢ Î ¸É´µ¸É¨, ¨ §  Ê± § ´´µ¥ ¢Ò¸µ±µ¥ ¶µ²µ¦¥´¨¥ Ê·µ¢´¥° ¸ T = 1 Ê Ö¤¥·
8‚¥ ¨ 12‘. ‘É·Ê±ÉÊ·Ê ²¥£±¨Ì Ö¤¥·, µ¶¨¸Ò¢ ¥³ÊÕ µ¡µ²µÎ¥Î´Ò³¨ ±µ´Ë¨£Ê· -
Í¨Ö³¨ ¸ ±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨ {f}LSTJ , ´ §Ò¢ ÕÉ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É´µ°, ¨³¥Ö
¢ ¢¨¤Ê, ÎÉµ ¶µ ¸· ¢´¥´¨Õ ¸ ³Ê²ÓÉ¨¶²¥É ³¨ LSJ Ê ³´µ£µÔ²¥±É·µ´´ÒÌ  Éµ³µ¢
¤µ¡ ¢²ÖÕÉ¸Ö ´µ¢Ò¥ ±¢ ´Éµ¢Ò¥ Î¨¸²  {f} ¨ T . ‚ ¦´µ° ¶·¥¤¶µ¸Ò²±µ° ¸ÊÐ¥-
¸É¢µ¢ ´¨Ö ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É´µ° ¸É·Ê±ÉÊ·Ò Ê ³´µ£¨Ì Ö¤¥· p-µ¡µ²µÎ±¨ Ö¢²Ö¥É¸Ö
Éµ, ÎÉµ ¸¶¨´-µ·¡¨É ²Ó´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ ´Ê±²µ´µ¢ ¨£· ¥É §¤¥¸Ó ¶µ¤Î¨´¥´´ÊÕ
·µ²Ó.

ˆ³¥Ö ¢ ¢¨¤Ê, ÎÉµ ¶µ²´ Ö ¢µ²´µ¢ Ö ËÊ´±Í¨Ö Ö¤·  A Ö¢²Ö¥É¸Ö  ´É¨¸¨³³¥-
É·¨Î´µ°, ³Ò ¢¢µ¤¨³ [37] ¤²Ö ¸¶¨´-¨§µ¸¶¨´µ¢µ° Î ¸É¨ ÔÉµ° ¢µ²´µ¢µ° ËÊ´±Í¨¨
¶¥·¥¸É ´µ¢µÎ´ÊÕ ¸¨³³¥É·¨Õ {f̃}, ¸µ¶·Ö¦¥´´ÊÕ ¸Ì¥³¥ p´£  {f}, É.¥. ¸¶¨´-
¨§µ¸¶¨´µ¢ Ö Î ¸ÉÓ Ö¤·  A Ì · ±É¥·¨§Ê¥É¸Ö ±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨ {f̃}ST . ‚
ÔÉµ³ ¶·µ¸É· ´¸É¢¥ £·Ê¶¶  ¶¥·¥¸É ´µ¢µ± ¨§µ³µ·Ë´  £·Ê¶¶¥ SU4, ¨ ¶µÔÉµ³Ê ¸Ê-
¶¥·³Ê²ÓÉ¨¶²¥É´ÊÕ ¸¨³³¥É·¨Õ ²¥£±¨Ì Ö¤¥· ´ §Ò¢ ÕÉ É ±¦¥ SU4-¸¨³³¥É·¨¥°
¸ ±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨ {f̃}ST .

^Ê¤¥³ ¸Î¨É ÉÓ ¸´ Î ² , ÎÉµ Ô´¥·£¨¨ Ê·µ¢´¥° ³µ¦´µ µÍ¥´¨¢ ÉÓ ¢ ®¤¨ -
£µ´ ²Ó´µ³¯ ¶µ ±µ´Ë¨£Ê· Í¨¨ ¶·¨¡²¨¦¥´¨¨, É.¥. ± ± ¸·¥¤´¨¥ §´ Î¥´¨Ö µ¡µ-
²µÎ¥Î´µ£µ £ ³¨²ÓÉµ´¨ ´  ¶µ Ë¨±¸¨·µ¢ ´´Ò³ µ¡µ²µÎ¥Î´Ò³ ±µ´Ë¨£Ê· Í¨Ö³.
�¡µ§´ Î¨¢ Î¥·¥§ V̄ ¸·¥¤´ÕÕ ¨´É¥´¸¨¢´µ¸ÉÓ ¶ ·´µ£µ ³ °µ· ´µ¢¸±µ£µ ¢§ ¨³µ-
¤¥°¸É¢¨Ö, ¶µ²ÊÎ¨³ ¤²Ö µ¶¥· Éµ·  ¶µ²´µ£µ ³ °µ· ´µ¢¸±µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö

M̂ = −V̂
∑
i<j

P̂ij . (10)

�¶¥· Éµ·
∑
i<j

P̂ij Ö¢²Ö¥É¸Ö ¨´¢ ·¨ ´Éµ³ £·Ê¶¶Ò ¶¥·¥¸É ´µ¢µ± ¶·µ¸É· ´-

¸É¢¥´´ÒÌ ±µµ·¤¨´ É ´Ê±²µ´µ¢ (É.¥. µ¶¥· Éµ·µ³ Š §¨³¨·  ÔÉµ° £·Ê¶¶Ò). ‘µ¡-
¸É¢¥´´Ò¥ §´ Î¥´¨Ö ÔÉµ£µ µ¶¥· Éµ·  ¤²Ö ¶·¥¤¸É ¢²¥´¨Ö {f} ¤ ÕÉ¸Ö Ëµ·³Ê²µ°
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〈{f}|
∑
i<j

P̂ij |{f}〉 =
1
2
[f1(f1 − 1) + f2(f2 − 3) + . . . ]. (11)

Cµ¸ÉµÖ´¨Ö, ¶·¨´ ¤²¥¦ Ð¨¥ · §²¨Î´Ò³ ¸Ì¥³ ³ p´£ , · §¤¥²ÖÕÉ¸Ö ¡µ²Ó-
Ï¨³ Ô´¥·£¥É¨Î¥¸±¨³ ¨´É¥·¢ ²µ³. �·µ¨²²Õ¸É·¨·Ê¥³ ÔÉµ ´  ¶·¨³¥·¥ Ö¤¥· 6Li,
7Li. ‚ 6Li Ê·µ¢´¨ ¸µ ¸Ì¥³µ° p´£  {42} ¨ ±µ´Ë¨£Ê· Í¨¥° 0s41p2,   ¢ 7Li Å
¸µ ¸Ì¥³µ° {43} ¨ ±µ´Ë¨£Ê· Í¨¥° 0s41p3 ´ Ìµ¤ÖÉ¸Ö, ± ± ¶µ± §Ò¢ ÕÉ µ¡µ²µ-
Î¥Î´Ò¥ · ¸Î¥ÉÒ [38], ¢ Ô´¥·£¥É¨Î¥¸±µ³ ¨´É¥·¢ ²¥ 0÷ 6 ŒÔ‚ (Ô´¥·£¨Ö µÉ¸Î¨-
ÉÒ¢ ¥É¸Ö µÉ µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö). “·µ¢´¨ ¦¥ 6Li ¨ 7Li ¸µ ¸Ì¥³ ³¨ p´£ 
{411} ¨ {421} ´ Ìµ¤ÖÉ¸Ö ¢ µ¡² ¸É¨ 10÷20ŒÔ‚! �´ ²µ£¨Î´ Ö ¸¨ÉÊ Í¨Ö ¨³¥¥É
³¥¸Éµ ¨ ¢ ¤·Ê£¨Ì Ö¤· Ì 1p-µ¡µ²µÎ±¨.

� ¨¡µ²¥¥ ¸¨²Ó´Ò¥ ¨ Ê¸Éµ°Î¨¢Ò¥ ÔËË¥±ÉÒ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É´µ£µ · ¸Ð¥¶-
²¥´¨Ö ¢µ§´¨± ÕÉ ¶·¨ É ±¨Ì ¨§³¥´¥´¨ÖÌ ¸Ì¥³ p´£ , ±µ£¤  ¢ ´¨Ì Ê³¥´ÓÏ -
¥É¸Ö Î¨¸²µ ®Î¥É¢¥·µ±¯. Ÿ¢²¥´¨Ö, ¸¢Ö§ ´´Ò¥ ¸ ¨§³¥´¥´¨¥³ Î¨¸²  ®Î¥É¢¥·µ±¯
¢ ¸Ì¥³¥ p´£ , ¶µ²ÊÎ¨²¨ ´ §¢ ´¨¥ ÔËË¥±Éµ¢ ®¸Î¥É¢¥·¥´¨Ö¯ [39]. �·µ¨²²Õ-
¸É·¨·Ê¥³ ¸ÊÐ¥¸É¢µ¢ ´¨¥ ÔÉµ£µ ÔËË¥±É  ´  ¶·¨³¥·¥ Ö¤¥· 8‚¥ ¨ 12‘. �¸´µ¢´Ò¥
¸µ¸ÉµÖ´¨Ö ÔÉ¨Ì Ö¤¥· ¶·¨´ ¤²¥¦ É ¸Ì¥³ ³ p´£  {44} ¨ {444}. ˆ§µ¸¶¨´ ÔÉ¨Ì
¸µ¸ÉµÖ´¨° ¤µ²¦¥´ · ¢´ÖÉÓ¸Ö ´Ê²Õ (¢¸¥ ´Ê±²µ´Ò ¸Î¥É¢¥·¥´Ò). ‘µ¸ÉµÖ´¨Ö, ¢µ§-
´¨± ÕÐ¨¥ ¶·¨ · §·ÊÏ¥´¨¨ Î¥É¢¥·µ±, É.¥. ¸µ¸ÉµÖ´¨Ö ¸µ ¸Ì¥³ ³¨ p´£  {431}
¨ {4431}, ³µ£ÊÉ ¨³¥ÉÓ ¨§µ¸¶¨´ T = 1 ¨, ± ± ¶µ± §Ò¢ ¥É ¸¶¥±É·µ¸±µ¶¨Ö, ´ -
Ìµ¤ÖÉ¸Ö ¶·¨ Ô´¥·£¨ÖÌ E∗ ≥ 15−16 ŒÔ‚. �É  ¢¥²¨Î¨´  Ö¢²Ö¥É¸Ö Ì · ±É¥·´µ°
Ô´¥·£¨¥° ¸Î¥É¢¥·¥´¨Ö ¤²Ö ¢¸¥Ì Ö¤¥· 1p-µ¡µ²µÎ±¨.

�·µ¸²¥¤¨³ É¥¶¥·Ó ´  ± Î¥¸É¢¥´´µ³ Ê·µ¢´¥, ± ± ¶·µÖ¢²ÖÕÉ¸Ö ÔËË¥±ÉÒ
¸Ê¶¥·³Ê²ÓÉ¨¶²¥É´µ£µ · ¸Ð¥¶²¥´¨Ö ¢ „ƒ
. ‡ ³¥É¨³ ¶·¥¤¢ ·¨É¥²Ó´µ, ÎÉµ µ¤-
´µÎ ¸É¨Î´Ò¥ µ¶¥· Éµ·Ò ³µ£ÊÉ ¢Ò§Ò¢ ÉÓ ¶¥·¥Ìµ¤Ò ± ± ¸ ¨§³¥´¥´¨¥³ ¸Ì¥³Ò
p´£ , É ± ¨ ¡¥§ ¨§³¥´¥´¨Ö. ŠµÔËË¨Í¨¥´ÉÒ Š²¥¡Ï  Å ƒµ·¤ ´  £·Ê¶¶Ò ¶¥·¥-
¸É ´µ¢µ± É ±µ¢Ò, ÎÉµ ¶¥·¥Ìµ¤Ò ¸ ¨§³¥´¥´¨¥³ ¸Ì¥³Ò p´£  µ± §Ò¢ ÕÉ¸Ö §´ Î¨-
É¥²Ó´µ ¡µ²¥¥ ¨´É¥´¸¨¢´Ò³¨. � Î´¥³ ¸´µ¢  ¸ ²¥£Î °Ï¨Ì Ö¤¥· 1p-µ¡µ²µÎ±¨ Å
6Li ¨ 7Li. ‚ ÔÉ¨Ì Ö¤· Ì „ƒ
 Ëµ·³¨·Ê¥É¸Ö ¸²¥¤ÊÕÐ¨³¨ ±µ´Ë¨£Ê· Í¨Ö³¨:

6Li



0s41p(2s2d){411}
0s31p3{33}
0s31p3{321}

7Li



0s41p(2s2d){43}{421}
0s31p4{43}
0s31p4{331}.

(12)

‘µ£² ¸´µ ¸± § ´´µ³Ê · ´¥¥, Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ±µ´Ë¨£Ê· Í¨°
0s31p3{33} ¢ 6Li ¨ 0s31p4{331} ¢ 7Li ¤µ²¦´Ò ¡ÒÉÓ §´ Î¨É¥²Ó´µ (¶·¨³¥·´µ ´ 
10 ŒÔ‚) ¡µ²ÓÏ¥ Ô´¥·£¨° ±µ´Ë¨£Ê· Í¨° 0s41p2(2s2d){411} 0s41p2(2s2d){43},
{421}, 0s31p4{43}. �¥±µÉµ·Ò° ¤µ¶µ²´¨É¥²Ó´Ò° · §¡·µ¸ ¢ Ô´¥·£¨ÖÌ ±µ´Ë¨-
£Ê· Í¨° ¤²Ö 6Li ¸¢Ö§ ´ ¸ É¥³, ÎÉµ · ¡µÉ ÕÉ ¤¢¥ ¸Ì¥³Ò p´£  Å {321} ¨ {33}.
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‚ ·¥§Ê²ÓÉ É¥ ¸²¥¤Ê¥É µ¦¨¤ ÉÓ, ÎÉµ ¢ ¨§µÉµ¶ Ì Li ¶µ£²µÐ¥´¨¥ γ-±¢ ´Éµ¢, ¸¢Ö-
§ ´´µ¥ ¸ · §²¨Î´Ò³¨ ±µ´Ë¨£Ê· Í¨Ö³¨, ¤µ²¦´µ ¡ÒÉÓ ¸±µ´Í¥´É·¨·µ¢ ´µ ¢ · §-
²¨Î´ÒÌ µ¡² ¸ÉÖÌ Ô´¥·£¨°, ¶·¥¤¸É ¢²¥´´ÒÌ ¢ É ¡². 1. �Éµ ¤ ¢´¥¥ ¶·¥¤¸± § ´¨¥

’ ¡²¨Í  1. �´¥·£¨¨ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤¥· 6,7Li ¸ · §´Ò³¨ ¸Ì¥³ ³¨ 2´£ 

�¡² ¸ÉÓ Ô´¥·£¨°, ŒÔ‚ ‘Ì¥³Ò p´£  ¢µ§¡Ê¦¤¥´´ÒÌ ±µ´Ë¨£Ê· Í¨°

10÷ 15 {411}, {43}
15÷ 20 {33}, {421}
25÷ 35 {321}, {331}

[39, 40] µ£·µ³´µ£µ · ¸Ð¥¶²¥´¨Ö „ƒ
 ¶µ ¢µ§¡Ê¦¤¥´´Ò³ ±µ´Ë¨£Ê· Í¨Ö³ É¨¶ 
s4p1(2s2d){411} ¨ s3p3 {321} Ê Ö¤·  6Li, s4p2(2s2d){43} ¨ s3p3{331} Ê Ö¤· 


¨¸. 6. �µ²´Ò¥ ¸¥Î¥´¨Ö ¶µ£²µÐ¥´¨Ö
γ-±¢ ´Éµ¢ ´  Ö¤· Ì 7Li, 9Be [41]

7Li, s4p4(2s2d){441} ¨ s3p6{4311} Ê
Ö¤·  9‚¥ ¡Ò²µ § É¥³ ¢ ¶µ²´µ° ³¥·¥
¶µ¤É¢¥·¦¤¥´µ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´-
´Ò³¨ [41] ¶µ ¶µ²´µ³Ê ËµÉµ¶µ£²µÐ¥´¨Õ
´  Ö¤· Ì 7Li ¨ 9‚¥ (·¨¸. 6), £¤¥  ´µ³ ²Ó´µ
Ï¨·µ± Ö µ¡² ¸ÉÓ ¶µ£²µÐ¥´¨Ö ¶µ± §Ò-
¢ ¥É, ÎÉµ ±µ´Ë¨£Ê· Í¨µ´´µ¥ · ¸Ð¥¶²¥-
´¨¥ (Š
) ¸µ¸É ¢²Ö¥É ´¥ 15÷ 20 ŒÔ‚, ± ±
· ´¥¥ µÍ¥´¨¢ ²µ¸Ó [39, 40],   30 ŒÔ‚,
¢¸²¥¤¸É¢¨¥ ¡µ²ÓÏµ° ¢´ÊÉ·¥´´¥° Ï¨·¨´Ò
0s-¤Ò·µ±. �´µ µÎ¥´Ó §´ Î¨É¥²Ó´µ ¨ ¤²Ö
¡µ²¥¥ ÉÖ¦¥²ÒÌ Ö¤¥· p-µ¡µ²µÎ±¨ [2], ¸Ê-
Ð¥¸É¢¥´´µ ¤²Ö Ö¤¥· 2s2d-µ¡µ²µÎ±¨ [2, 3],
µ¡´ ·Ê¦¨¢ ¥É¸Ö Ê Ö¤¥· 3p3f -µ¡µ²µÎ±¨
(¸³. ´¨¦¥), µ¤´ ±µ ´¥ ¢ É ±µ³ ¡µ²ÓÏµ³
³ ¸ÏÉ ¡¥, ± ± ´  ·¨¸. 6.

ŒÒ ¶·¨Ï²¨ ± ±µ´Í¥¶Í¨¨ Š
 [39, 40]
´  µ¸´µ¢¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ µ
·¥ ±Í¨ÖÌ ±¢ §¨Ê¶·Ê£µ£µ ¢Ò¡¨¢ ´¨Ö ¶·µ-
Éµ´µ¢ ¢ ·¥ ±Í¨ÖÌ (p, 2p) ¨ (e, e′p) ¨§ · §-
´ÒÌ µ¡µ²µÎ¥± Ö¤· . �´¨ ¶µÖ¢¨²¨¸Ó ¢ ´ -
Î ²¥ 60-Ì £µ¤µ¢, ¨ ¸µ¢·¥³¥´´µ¥ ¸µ¸ÉµÖ-
´¨¥ ¢µ¶·µ¸  µÉ· ¦¥´µ ¢ · ¡µÉ Ì [42, 44].
�É¨ ¤ ´´Ò¥ µ¡´ ·Ê¦¨²¨  ´µ³ ²Ó´µ ¡µ²Ó-

Ï¨¥ ¸¤¢¨£¨ Ô´¥·£¨¨ ¸¢Ö§¨ ´Ê±²µ´µ¢ ¢µ ¢´ÊÉ·¥´´¨Ì µ¡µ²µÎ± Ì. �É   ´µ³ ²¨Ö
É¥¶¥·Ó ¨´É¥·¶·¥É¨·Ê¥É¸Ö ± ± ¶·µÖ¢²¥´¨¥ ¸ÊÐ¥¸É¢¥´´µ° ´¥²µ± ²Ó´µ¸É¨ ¶µÉ¥´-
Í¨ ²  ´Ê±²µ´ÄÖ¤·µ [43].



”�
Œˆ
�‚��ˆ… ƒˆƒ��’‘Šˆ• 
…‡����‘�‚ ‚ ‹…ƒŠˆ• Ÿ„
�• 1357

�µ¸±µ²Ó±Ê · ¸¶ ¤´Ò¥ ¸¢µ°¸É¢  „ƒ
 ¢ ²¥£±¨Ì Ö¤· Ì µ¶·¥¤¥²ÖÕÉ¸Ö ¢ §´ -
Î¨É¥²Ó´µ° ¸É¥¶¥´¨ ´¥¶µ¸·¥¤¸É¢¥´´µ ¢µ§¡Ê¦¤ ¥³Ò³¨ γ-±¢ ´É ³¨ ±µ´Ë¨£Ê· -
Í¨Ö³¨, Éµ ¶· ¢¨²  ¶¥·¥³´µ¦¥´¨Ö ¸Ì¥³ p´£  [37] ¤¨±ÉÊÕÉ ¶·¥¤¶µÎÉ¨É¥²Ó´Ò¥
É¨¶Ò · ¸¶ ¤µ¢ „ƒ
 ¢ ¨§µÉµ¶ Ì ²¨É¨Ö 6,7Li:

6Li : 0s41p(2s2d)[411]→ α+ n+ p

0s31p3{33} → t+3 He

0s31p3{321} → t+ d+ p, t+ n+ 2p, 3He + d+ n, 3He + p+ 2n.

(13)

7Li : 0s31p4, 0s41p2(2s2d){43} → α+ t

0s41p2(2s2d){421} →




5He + d → α+ d+ n

6Li∗{42}+ n →




6Li + n+ γ

α+ d+ n

αp + 2n
0s31p4{331} → t+ t+ p, t+3 He + n.

(14)


¨¸. 7. ‘Ì¥³ É¨Î´ Ö ± ·É¨´  ¢µ§¡Ê¦¤¥-
´¨Ö Ö¤·  6Li ¶µ¤ ¤¥°¸É¢¨¥³ γ-±¢ ´Éµ¢ ¨
¥£µ ¶µ¸²¥¤ÊÕÐ¥£µ · ¸¶ ¤ , · ¸¸Î¨É ´´ Ö
¢ ¤¨ £µ´ ²Ó´µ³ ¶·¨¡²¨¦¥´¨¨

„²Ö ¡µ²ÓÏ¥° ´ £²Ö¤´µ¸É¨ µ¸´µ¢-
´Ò¥ É¨¶Ò · ¸¶ ¤µ¢ Ö¤·  6Li , ± ± µ´¨
· ´¥¥ ¶·¥¤¸É ¢²Ö²¨¸Ó [2, 3], ¢ ¸Ì¥-
³ É¨Î´µ³ ¢¨¤¥ ¨§µ¡· ¦¥´Ò ´  ·¨¸. 7.
� ¨¡µ²¥¥ Ö·±¨³ ¸¢µ°¸É¢µ³ „ƒ
 Ê Ö¤¥·
6,7Li ¤µ²¦´  ¡ÒÉÓ ¡µ²ÓÏ Ö ¢¥·µÖÉ-
´µ¸ÉÓ · ¸¶ ¤  ¶µ ± ´ ² ³ α+ t, 3He+
+ t ¨ ®§¢¥§¤´Ò³¯, É.¥. ³´µ£µÎ ¸É¨Î-
´Ò³ ± ´ ² ³, ¸µµÉ¢¥É¸É¢ÊÕÐ¨³ · §-
´Ò³ Î ¸ÉÖ³ ¶µ²µ¸Ò ¤¨¶µ²Ó´µ£µ ¶µ£²µ-
Ð¥´¨Ö ¸ · §´Ò³¨ ¸Ì¥³ ³¨ p´£ .

�´ ²¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´-
´ÒÌ [45, 46] ± Î¥¸É¢¥´´µ ¶µ¤É¢¥·-
¦¤ ¥É ¸ÊÐ¥¸É¢µ¢ ´¨¥ Ï¨·µ±µ° ¶µ-
²µ¸Ò ¤¨¶µ²Ó´µ£µ ¶µ£²µÐ¥´¨Ö ¶·¨
Ô´¥·£¨ÖÌ Eγ ≥ 25 ŒÔ‚ ¸ ³´µ£µ-
Î ¸É¨Î´Ò³ · ¸¶ ¤µ³, µ¤´ ±µ ¤²Ö ±µ-
²¨Î¥¸É¢¥´´µ£µ É¥µ·¥É¨Î¥¸±µ£µ µ¶¨¸ -
´¨Ö ´Ê¦´µ ÊÎ¥¸ÉÓ ¶·¨ · ¸¶ ¤¥, ´ ¶·¨-
³¥·, 6Li∗{321} → t + d + p ¸¨²Ó´Ò¥
¶ ·´Ò¥ ¢§ ¨³µ¤¥°¸É¢¨Ö ¶µ¤¸¨¸É¥³ ¢
±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨. �  ·¨¸. 8 ¶·¥¤¸É ¢²¥´  µÍ¥´¥´´ Ö ¶µ ·¥§Ê²ÓÉ É ³ ´¥-
¸±µ²Ó±¨Ì Ô±¸¶¥·¨³¥´Éµ¢ ¸ ´¥¶µ²´µ° ±¨´¥³ É¨±µ° Eγ-§ ¢¨¸¨³µ¸ÉÓ ¸¥Î¥´¨Ö
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¶·µÍ¥¸¸  6Li + γ → t + d + p [46]. ‹¥¢Ò° Ö·±¨° ³ ±¸¨³Ê³ Eγ ∼ 25 ŒÔ‚
¢¡²¨§¨ ¶µ·µ£ , ± ± ¶µ± §Ò¢ ¥É ±¨´¥³ É¨Î¥¸±¨°  ´ ²¨§ [45, 46], ¸¢Ö§ ´ ¸ ¸¨²Ó-
´Ò³ ¢§ ¨³µ¤¥°¸É¢¨¥³ t+d ¨ d+p ¢ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨, É.¥. ¢ µ¸´µ¢´µ³ ¸¢µ-
¤¨É¸Ö ± ¶µ£²µÐ¥´¨Õ ´  ¶µ¤¸¨¸É¥³¥ 5�¥ (¶·µÉµ´-´ ¡²Õ¤ É¥²Ó) ¨ 3�¥ (É·¨Éµ´-
´ ¡²Õ¤ É¥²Ó). �· ¢¥¥, ¢ µ¡² ¸É¨ Ô´¥·£¨° ËµÉµ´µ¢ 27 ÷ 45 ŒÔ‚, ³Ò ¨³¥¥³
¤¥²µ Ê¦¥ ¸ ±¢ §¨ ²ÓË -Î ¸É¨Î´Ò³ ³¥Ì ´¨§³µ³ ·¥ ±Í¨¨ 6Li + γ → t+ d+ p,
É.¥. ¸ ËµÉµ¶µ£²µÐ¥´¨¥³ ´  ¶µ¤¸¨¸É¥³¥ t+ p ¸ ¤¥°É·µ´µ³-´ ¡²Õ¤ É¥²¥³.


¨¸. 8. ‘¥Î¥´¨¥ ·¥ ±Í¨¨ γ+6 Li→
→ t+d+p ¢ § ¢¨¸¨³µ¸É¨ µÉ Ô´¥·-
£¨¨ Eγ γ-±¢ ´Éµ¢ [46]

’ ±¨³ µ¡· §µ³, ¶µ¤£·Ê¶¶  ¶¥·¥Ìµ¤µ¢
6Li+γ → t+d+p · ¸±·Ò¢ ¥É ¡µ£ Éµ¥ Ë¨§¨-
Î¥¸±µ¥ ¸µ¤¥·¦ ´¨¥ É·¥Ì±² ¸É¥·´ÒÌ ¸¨¸É¥³,
µ¡· §ÊÕÐ¨Ì¸Ö ¢ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨. ’¥-
µ·¥É¨Î¥¸±¨ µ´µ ³µ¦¥É ¡ÒÉÓ µÉ· ¦¥´µ, ´ -
¶·¨³¥·, ·¥Ï¥´¨¥³ Ê· ¢´¥´¨° ” ¤¤¥¥¢  ¤²Ö
´ Î ²Ó´µ£µ ¨ ±µ´¥Î´µ£µ ¸µ¸ÉµÖ´¨°. � Î ²Ó-
´µ¥ ¸µ¸ÉµÖ´¨¥ Å ÔÉµ Ö¤·µ 6Li ± ± ¸¢Ö§ ´´ Ö
¸¨¸É¥³  α + d, µ¶¨¸Ò¢ ¥³ Ö £²Ê¡µ±¨³ αd-
¶µÉ¥´Í¨ ²µ³ [37], c α-Î ¸É¨Í¥° ± ± ¶µ¤¸¨-
¸É¥³µ° t + p, ¸µµÉ¢¥É¸É¢ÊÕÐ¥° ¸¨³³¥É·¨¨
{f} = {4} ¨ tp-¶µÉ¥´Í¨ ²Ê ¸ ÔÉµ° ¸¨³³¥-
É·¨¥° (¸³. ´¨¦¥). Šµ´¥Î´µ¥ ¸µ¸ÉµÖ´¨¥ Å
ÔÉµ ¸¨¸É¥³  t+ d + p ¸ ¸¨³³¥É·¨Ö³¨ {32},
{31} ¨ {21} ¤²Ö ¶ · td, tp ¨ dp ¸µµÉ¢¥É-
¸É¢¥´´µ, ÎÉµ µ¡Ê¸² ¢²¨¢ ¥É ¨ ¢Ò¡µ· ¶µÉ¥´-
Í¨ ²µ¢. �µ¸±µ²Ó±Ê ·¥ÎÓ ¨¤¥É µ ³ ²ÒÌ Ô´¥·-
£¨ÖÌ ¢§ ¨³´µ£µ ¤¢¨¦¥´¨Ö, Éµ ¶·¨ ·¥Ï¥´¨¨

É·¥ÌÉ¥²Ó´ÒÌ § ¤ Î ³µ¦´µ ¨¸¶µ²Ó§µ¢ ÉÓ ¶·¨¡²¨¦¥´¨¥ ¸¥¶ · ¡¥²Ó´ÒÌ µ¸Í¨²-
²¨·ÊÕÐ¨Ì ¶ ·´ÒÌ ¶µÉ¥´Í¨ ²µ¢ [47], ¨ Éµ£¤  ¢ÒÎ¨¸²¥´¨¥ ³ É·¨Î´µ£µ Ô²¥-
³¥´É  Ô²¥±É·µ³ £´¨É´µ£µ ¶¥·¥Ìµ¤  ³¥¦¤Ê ´ Î ²Ó´Ò³ ¨ ±µ´¥Î´Ò³ ¸µ¸ÉµÖ´¨-
Ö³¨ ¶·¥¤¸É ¢¨É Ê¦¥ µ¡µ§·¨³ÊÕ § ¤ ÎÊ. Š ¸µ¦ ²¥´¨Õ, ¤²Ö Ö¤·  7Li ± ´ ²Ò
7Li+γ → t+ t+p ¨ h+ t+n ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨ ¶µ¤¸¨¸É¥³ ³¨ h+ t, t+p ¨
É.¤. ´¥ ¢Ò¤¥²¥´Ò, Éµ£¤  ± ± ± ´ ² 7Li+γ → α+t ¤¥É ²Ó´µ ¨¸¸²¥¤µ¢ ´ ¤µ Ô´¥·-
£¨° Eγ = 70 ŒÔ‚ [48] (¸³. ´¨¦¥). ’¥³ ´¥ ³¥´¥¥, ¤ ´´Ò¥ µ Eγ-§ ¢¨¸¨³µ¸É¨
¶µ²´µ£µ ¸¥Î¥´¨Ö [41] (·¨¸. 6) ± Î¥¸É¢¥´´µ ¶µ± §Ò¢ ÕÉ, ÎÉµ Ê± § ´´Ò¥ ¶¥·¥-
Ìµ¤Ò É¨¶  |s4p3{43}22P3/2〉 → |s3p4{331}24(S + P + D)1/2,3/2,5/2〉 ¨£· ÕÉ
µÎ¥´Ó ¸ÊÐ¥¸É¢¥´´ÊÕ ·µ²Ó ¨, ± ± ¨ ¤²Ö 6Li, ¡² £µ¤ ·Ö ¨³ „ƒ
 ¶·µ¸É¨· ¥É¸Ö
¤µ Ô´¥·£¨° Eγ ∼ 45 ŒÔ‚.

•µ·µÏ¨³ É¥¸Éµ³ · ¸¸³ É·¨¢ ¥³µ° É¥µ·¨¨ ³µ¦¥É ¸²Ê¦¨ÉÓ É ±¦¥ ËµÉµ-
· ¸Ð¥¶²¥´¨¥ Ö¤·  9‚¥. �¸´µ¢´µ¥ ¸µ¸ÉµÖ´¨¥ ÔÉµ£µ Ö¤·  ¨³¥¥É ±µ´Ë¨£Ê· Í¨Õ
0s41p5{441}. ‚ ¶¥·¥Ìµ¤ Ì ¨§ ¢ ²¥´É´µ° µ¡µ²µÎ±¨ 1p ¢ ´¥§ ¶µ²´¥´´ÊÕ 2s2d
(£·Ê¶¶  �) ¢µ§¡Ê¦¤ ÕÉ¸Ö ±µ´Ë¨£Ê· Í¨¨ 0s41p4(2s2d) ¸µ ¸Ì¥³ ³¨ p´£  {441}
¨ {432}, {4311}. ‘µ£² ¸´µ ¸± § ´´µ³Ê ¢ÒÏ¥, ¸µ¸ÉµÖ´¨Ö £·Ê¶¶Ò � ¸µ ¸Ì¥³ ³¨
p´£  {441} ¨ {432}, {4311} · §¤¥²¥´Ò Ô´¥·£¥É¨Î¥¸±¨³ ¨´É¥·¢ ²µ³, · ¢´Ò³
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∼ 15 ÷ 16 ŒÔ‚ (ÔËË¥±É ¸Î¥É¢¥·¥´¨Ö). ‘µ¸ÉµÖ´¨Ö £·Ê¶¶Ò ^ (¶¥·¥Ìµ¤Ò ¨§
´ ·Ê¦´µ° § ³±´ÊÉµ° µ¡µ²µÎ±¨ 0s ¢ ¢ ²¥´É´ÊÕ 1p) s3p5{432} ¨ s3p5{4311}
²¥¦ É ´  ∼ 10 ŒÔ‚ ¶· ¢¥¥, Î¥³ s4p4(2s2d){432}s4p4(2s2d){4311} (ÔËË¥±É
£²Ê¡µ±µ° ¤Ò·±¨). ‚ Í¥²µ³, ´ ¡µ· ¸µ¸ÉµÖ´¨° ¸µ ¸Ì¥³ ³¨ p´£  {432}, {4311}
Ëµ·³¨·Ê¥É £² ¢´Ò° ³ ±¸¨³Ê³ „ƒ
 ¢ 9‚¥, · ¸¶µ²µ¦¥´´Ò°, ± ± ³Ò ¢¨¤¨³ ´ 
·¨¸. 6, ¢ µ¡² ¸É¨ 20 ÷ 45 ŒÔ‚,   ¸µ¸ÉµÖ´¨Ö ¸µ ¸Ì¥³ ³¨ p´£  {441} ¤ ÕÉ
¶¨£³¨-·¥§µ´ ´¸, Ìµ·µÏµ ¢¨¤´Ò° ¢ ± ´ ²¥ (γ, n) [41] (¸³. ·¨¸. 9). �¨£³¨-·¥-
§µ´ ´¸, ¥¸É¥¸É¢¥´´µ, ¤µ²¦¥´ ²¥¦ ÉÓ ¶·¨ §´ Î¨É¥²Ó´µ ¡µ²¥¥ ´¨§±¨Ì Ô´¥·£¨ÖÌ.


¨¸. 9. ‘¥Î¥´¨¥ ·¥ ±Í¨¨ 9Be(γ, n) ¢ § ¢¨-
¸¨³µ¸É¨ µÉ Ô´¥·£¨¨ Eγ γ-±¢ ´É  [41]

�µ± § É¥²Ó´Ò³¨ Ö¢²ÖÕÉ¸Ö É ±¦¥
· ¸¶ ¤´Ò¥ ¸¢µ°¸É¢  „ƒ
 Ê Ö¤·  9‚¥.
‚ ±µ´¥Î´µ³ Ö¤·¥ 8‚¥ ¸µ¸ÉµÖ´¨Ö ¸µ
¸Ì¥³µ° p´£  {44} § ´¨³ ÕÉ ¨´É¥·-
¢ ² 0 ÷ 15 ŒÔ‚ (Ê ¢¸¥Ì É ±¨Ì Ê·µ¢-
´¥° ¨§µ¸¶¨´ · ¢´Ö¥É¸Ö ´Ê²Õ). �¥·-
¢Ò° Ê·µ¢¥´Ó ¸ ¨§µ¸¶¨´µ³ T = 1 ¨,
¸µµÉ¢¥É¸É¢¥´´µ, ¸Ì¥³µ° p´£  {431}
¶µÖ¢²Ö¥É¸Ö ¶·¨ Ô´¥·£¨¨ 15 ŒÔ‚. �É-
¸Õ¤  ¸²¥¤Ê¥É ¢ ¦´Ò° ¢Ò¢µ¤ o Éµ³,
ÎÉµ · ¸¶ ¤Ò £² ¢´µ£µ ³ ±¸¨³Ê³  „ƒ

Ê Ö¤·  9‚¥ (Eγ = 20 ÷ 45 ŒÔ‚) ´ 
´¨§±µ²¥¦ Ð¨¥ ¸µ¸ÉµÖ´¨Ö 8‚¥ § ¶·¥-
Ð¥´Ò ¶· ¢¨² ³¨ µÉ¡µ·  ¶µ ¸Ì¥³ ³
p´£ : ¨§ ¸Ì¥³ p´£  {432} ¨ {4311} ´¥²Ó§Ö ¶µ²ÊÎ¨ÉÓ, µÉ´¨³ Ö µ¤¨´ ´Ê±²µ´,
¸Ì¥³Ê {44}. ŒÒ ¢¸É·¥Î ¥³¸Ö §¤¥¸Ó ¸ µ¡Ð¨³ ¸¢µ°¸É¢µ³ „ƒ
 ¢ Ö¤· Ì 1p-
µ¡µ²µÎ±¨ Å · ¸¶ ¤ ¢Ò¸µ±µÔ´¥·£¥É¨Î´µ° Î ¸É¨ „ƒ
 ¶·µ¨¸Ìµ¤¨É ¢ ´¨Ì ¶·¥-
¨³ÊÐ¥¸É¢¥´´µ ¢ ¢Ò¸µ±µ¢µ§¡Ê¦¤¥´´Ò¥ ¸µ¸ÉµÖ´¨Ö ±µ´¥Î´ÒÌ Ö¤¥·. � ¶·µÉ¨¢,
¶¨£³¨-·¥§µ´ ´¸, ±µÉµ·Ò° Ì · ±É¥·¨§Ê¥É¸Ö ¸Ì¥³µ° p´£  {441}, ³µ¦¥É · ¸¶ -
¤ ÉÓ¸Ö ´  ´¨§±µ²¥¦ Ð¨¥ (¢ Î ¸É´µ¸É¨, µ¸´µ¢´µ¥) ¸µ¸ÉµÖ´¨Ö ±µ´¥Î´µ£µ Ö¤· .
ˆ³¥´´µ ¶µÔÉµ³Ê µ´ ¢¨¤¥´ ¢ ´¥°É·µ´´µ³ ± ´ ²¥.

�Î¥´Ó ¡²¨§±¨³ ¶µ ¸¢µ¨³ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É´Ò³ ¸¢µ°¸É¢ ³ ± · ¸¸³µÉ·¥´-
´µ³Ê Ö¤·Ê 9‚¥ Ö¢²Ö¥É¸Ö Ö¤·µ 13‘. ‚¸¥, ÎÉµ ¡Ò²µ ¸± § ´µ µÉ´µ¸¨É¥²Ó´µ 9‚¥,
¸¶· ¢¥¤²¨¢µ ¨ µÉ´µ¸¨É¥²Ó´µ ÔÉµ£µ Ö¤· . …¤¨´¸É¢¥´´µ¥, ÎÉµ ´Ê¦´µ ¨§³¥´¨ÉÓ
Ëµ·³ ²Ó´µ, Å ÔÉµ ¶·µ¨§¢¥¸É¨ § ³¥´Ê ¢ ¸Ì¥³ Ì p´£ : {441} → {4441} ¨ É.¤.
�µÔÉµ³Ê ¢ Ö¤·¥ 13‘, É ± ¦¥, ± ± ¨ ¢ 9‚¥, ¤µ²¦¥´ ¸ÊÐ¥¸É¢µ¢ ÉÓ ¶¨£³¨-·¥§µ´ ´¸.
�´ Ìµ·µÏµ ¢¨¤¥´ ´  µ¶ÒÉ¥ (µ¶ÖÉÓ-É ±¨ ¢ ± ´ ²¥ (γ, n)). �¨£³¨-·¥§µ´ ´¸ ¨³¥-
¥É¸Ö É ±¦¥ ¢ Ö¤· Ì 11‚, 14‘, 15N, ¢ ±µÉµ·ÒÌ ¥¸ÉÓ ´¥¸Î¥É¢¥·¥´´Ò¥ ´Ê±²µ´Ò
(¶µ¤·µ¡´µ¸É¨ ¸³. ¢ [2]). ‚ 14N É ±¦¥ ³µ£ ¡Ò ¸ÊÐ¥¸É¢µ¢ ÉÓ ¶¨£³¨-·¥§µ´ ´¸,
µ¤´ ±µ ¨§-§  Éµ£µ, ÎÉµ ¢ ÔÉµ³ Ö¤·¥ ¸¶¨´-µ·¡¨É ²Ó´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ ¨£· ¥É
¡µ²ÓÏÊÕ ·µ²Ó, ÔËË¥±É ¸Î¥É¢¥·¥´¨Ö §´ Î¨É¥²Ó´µ ³¥´¥¥ ¢Ò· ¦¥´, Î¥³ ¢ ¸µ¸¥¤-
´¨Ì ´¥Î¥É´ÒÌ Ö¤· Ì. �Éµ ¢Ò· ¦ ¥É¸Ö ¢ Éµ³, ÎÉµ µ¸É ÉµÎ´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥
¸¨²Ó´µ ¶¥·¥³¥Ï¨¢ ¥É ¸µ¸ÉµÖ´¨Ö ¸ · §´Ò³¨ ¸Ì¥³ ³¨ p´£  ¨ ¢ ¨Éµ£¥ µ¡· §Ê-
¥É¸Ö ¥¤¨´Ò° Ï¨·µ±¨° ³ ±¸¨³Ê³ ¶µ£²µÐ¥´¨Ö.
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„µ ¸¨Ì ¶µ· ³Ò ¶·¥´¥¡·¥£ ²¨ µ¸É ÉµÎ´Ò³ ¢§ ¨³µ¤¥°¸É¢¨¥³ ¨ · ¸¸³ É·¨-
¢ ²¨ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É´Ò¥ ¸¢µ°¸É¢  „ƒ
 ¢ ¤¨ £µ´ ²Ó´µ³ ¶·¨¡²¨¦¥´¨¨. �¸É -
ÉµÎ´µ¥, ¶µ µÉ´µÏ¥´¨Õ ± ÔÉµ³Ê ¤¨ £µ´ ²Ó´µ³Ê ¶·¨¡²¨¦¥´¨Õ, ¢§ ¨³µ¤¥°-
¸É¢¨¥, ¥¸É¥¸É¢¥´´µ, ¢ µ¶·¥¤¥²¥´´µ° ¸É¥¶¥´¨ · §·ÊÏ¨É ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É´ÊÕ
¸É·Ê±ÉÊ·Ê Ö¤¥·´ÒÌ ¸µ¸ÉµÖ´¨°. �¤´ ±µ ³´µ£µÎ¨¸²¥´´Ò¥ · ¸Î¥ÉÒ „ƒ
 ¢ Ö¤· Ì
1p-µ¡µ²µÎ±¨ ¢ 1�ω-¶·¨¡²¨¦¥´¨¨ [2, 3] ¶µ± § ²¨, ÎÉµ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É´ Ö
£·µ¸¸-¸É·Ê±ÉÊ·  „ƒ
 É¥³ ´¥ ³¥´¥¥ ¸µÌ· ´Ö¥É¸Ö. ‚ É ¡². 2, ¢§ÖÉµ° ¨§ · ¡µÉÒ
[3], ¶·¨¢¥¤¥´Ò ¢¥¸  ¤µ³¨´¨·ÊÕÐ¨Ì ±µ³¶µ´¥´É ¢µ²´µ¢ÒÌ ËÊ´±Í¨° µ¸´µ¢´ÒÌ
¸µ¸ÉµÖ´¨° Ö¤¥· 1p-µ¡µ²µÎ±¨. Š ± ¢¨¤´µ ¨§ ÔÉµ° É ¡²¨ÍÒ, ¤²Ö µ¸´µ¢´ÒÌ ¸µ¸Éµ-
Ö´¨° Ö¤¥· 1p-µ¡µ²µÎ±¨ ¸ · §Ê³´µ° ÉµÎ´µ¸ÉÓÕ ³µ¦´µ £µ¢µ·¨ÉÓ µ ¶·µÖ¢²¥´¨¨
¸Ê¶¥·³Ê²ÓÉ¨¶²¥É´µ° ¸É·Ê±ÉÊ·Ò. ‘Ê¶¥·³Ê²ÓÉ¨¶²¥É´Ò° ¸µ¸É ¢ ¢µ§¡Ê¦¤¥´´ÒÌ
¸µ¸ÉµÖ´¨°, Ëµ·³¨·ÊÕÐ¨Ì „ƒ
, ¸¶¥Í¨ ²Ó´µ ´¥ ¨§ÊÎ ²¸Ö. �¤´ ±µ ¨³¥ÕÉ¸Ö
±µ¸¢¥´´Ò¥ ¤ ´´Ò¥, ´¥ µ¸É ¢²ÖÕÐ¨¥ ¸µ³´¥´¨° ¢ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É´µ° £·µ¸¸-
¸É·Ê±ÉÊ·¥ „ƒ
 ¢ Ö¤· Ì 1p-µ¡µ²µÎ±¨. ŒÒ µ£· ´¨Î¨³¸Ö §¤¥¸Ó Éµ²Ó±µ µ¤´¨³  ·-
£Ê³¥´Éµ³, µ¸´µ¢ ´´Ò³ ´  ¸· ¢´¥´¨¨ „ƒ
 ¢ Ö¤· Ì 7Li ¨ 9‚¥. ‚ Ö¤·¥ 7Li ³ ±-
¸¨³Ê³, · ¸¶µ²µ¦¥´´Ò° ¢ µ¡² ¸É¨ 15 ŒÔ‚, µ¡Ê¸²µ¢²¥´ ¶¥·¥Ìµ¤ ³¨ 1p → 2d.
‚ Ö¤·¥ 9‚¥, µ¤´ ±µ, ³ ±¸¨³Ê³, ¸¢Ö§ ´´Ò° ¸ ¶¥·¥Ìµ¤ ³¨ 1p → 2d, µ± §Ò¢ ¥É¸Ö
· ¸¶µ²µ¦¥´´Ò³ ¢ µ¡² ¸É¨ 25 ŒÔ‚. …¸É¥¸É¢¥´´µ¥ µ¡ÑÖ¸´¥´¨¥ ÔÉµ£µ Ë¥´µ³¥´ 
¸¢µ¤¨É¸Ö ± ¸²¥¤ÊÕÐ¥³Ê. ‚ Ö¤·¥ 9‚¥ ¢ 1p-µ¡µ²µÎ±¥ ¨³¥ÕÉ¸Ö (¢ µÉ²¨Î¨¥ µÉ
7Li) ¸Î¥É¢¥·¥´´Ò¥ ´Ê±²µ´Ò. ƒ² ¢´Ò° ³ ±¸¨³Ê³ ¶¥·¥Ìµ¤µ¢ 1p → 2d ¸¢Ö§ ´
¸ · §·ÊÏ¥´¨¥³ ®Î¥É¢¥·±¨¯ ¨, ¸²¥¤µ¢ É¥²Ó´µ, µ± §Ò¢ ¥É¸Ö ¸¨²Ó´µ ¸³¥Ð¥´´Ò³
¢¢¥·Ì ¶µ Ô´¥·£¨¨.

’ ¡²¨Í  2. ‚¥¸  ¤µ³¨´¨·ÊÕÐ¨Ì ±µ³¶µ´¥´É ¢ ¢µ²´µ¢µ° ËÊ´±Í¨¨ µ¸´µ¢´µ£µ
¸µ¸ÉµÖ´¨Ö Ö¤¥· 1p-µ¡µ²µÎ±¨ ¢ LS-¶·¥¤¸É ¢²¥´¨¨ (¢ ·¨ ´É £ ³¨²ÓÉµ´¨ ´  ¸ ¸¨² ³¨
�µ§¥´Ë¥²Ó¤ ) [3]

Ÿ¤·µ O¸´µ¢´ Ö ±µ³¶µ´¥´É  [f ]2T+1 2S+1LJ ‚¥¸, %

7Li [3]22P3/2 97
8Be [4]11S0 97
9Be [41]22P3/2 81
10B [42]13D3 64
11B [43]22P3/2 41

[43]22D3/2 32
12C [44]11S0 71
13C [441]22P1/2 64
14N [442]13D1 90
14C [442]31S0 56

[443]33P0 44
15N [443]22P1/2 100
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‚ µÉ²¨Î¨¥ µÉ ¨¸¸²¥¤µ¢ ´¨° 2s2d-µ¡µ²µÎ±¨ (¸³. · §¤. 3), ¤²Ö Ö¤¥· 1p-
µ¡µ²µÎ±¨ ¤µ ¸¨Ì ¶µ· ´¥ ¶µ²ÊÎ¥´Ò ¸¶¥±É·Ò ´Ê±²µ´´ÒÌ · ¸¶ ¤µ¢ „ƒ
, É ±
ÎÉµ Ô±¸¶¥·¨³¥´É ²Ó´µ¥ · §¤¥²¥´¨¥ ¶¥·¥Ìµ¤µ¢ £·Ê¶¶Ò � (0s → 1p) ¨ £·Ê¶¶Ò
^ (1p → 2s2d) ´¥ ¶·µ¢¥¤¥´µ. �µÔÉµ³Ê ³Ò ¶·µ¤¥³µ´¸É·¨·Ê¥³ ²¨ÏÓ ¸µµÉ-
¢¥É¸É¢ÊÕÐ¨° É¥µ·¥É¨Î¥¸±¨° · ¸Î¥É ´ Ï¥£µ ±µ²²¥±É¨¢  [2, 3], µ¸´µ¢ ´´Ò°
´  ¤¨ £µ´ ²¨§ Í¨¨ £ ³¨²ÓÉµ´¨ ´  ³´µ£µÎ ¸É¨Î´µ° ³µ¤¥²¨ µ¡µ²µÎ¥± ¸ 1�ω-
¢µ§¡Ê¦¤¥´¨¥³ (·¨¸. 10). ‡¤¥¸Ó ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¤²Ö ¡µ²ÓÏ¨´¸É¢ 


¨¸. 10. 
 ¸¸Î¨É ´´Ò¥ ¸¥Î¥´¨Ö ¶µ£²µÐ¥´¨Ö γ-±¢ ´Éµ¢ Ö¤· ³¨ 1p-µ¡µ²µÎ±¨ [2]. �µ-
²ÊÎ¥´´Ò¥ ¢ · ¸Î¥É¥ ®¸Éµ²¡¨±¨¯ ÊÏ¨·¥´Ò ¶µ Ëµ·³Ê²¥ ^·¥°É Ä‚¨£´¥·  ¸ Ï¨·¨´µ°
Γ = 2 ŒÔ‚. ‘¶²µÏ´ Ö ¸¥±ÊÐ Ö ²¨´¨Ö · §¤¥²Ö¥É ¶¥·¥Ìµ¤Ò � (¸²¥¢ ) ¨ ^ (¸¶· ¢ )

Ö¤¥· p-µ¡µ²µÎ±¨, ¨ ²¨´¨Ö, ¶¥·¥¸¥± ÕÐ Ö ·¨¸Ê´µ±, · §¤¥²Ö¥É ¶¥·¥Ìµ¤Ò � ¨
^. ‚ ¦´µ µÉ³¥É¨ÉÓ, ÎÉµ ÔÉ¨ ¤ ²¥±µ · §´¥¸¥´´Ò¥ ¤·Ê£ µÉ ¤·Ê£  ¶µ Ô´¥·£¨¨
£·Ê¶¶Ò, ¶µ ¨Éµ£ ³ ´ Ï¨Ì ¨¸¸²¥¤µ¢ ´¨°, ¸³¥Ï¨¢ ÕÉ¸Ö ´¥§´ Î¨É¥²Ó´µ, ¥¤¨-
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´µ¥ ¤¨¶µ²Ó´µ¥ ¸µ¸ÉµÖ´¨¥ ´¥ µ¡· §Ê¥É¸Ö, ¨ Ë ±É¨Î¥¸±¨ §¤¥¸Ó ´Ê¦´µ £µ¢µ·¨ÉÓ
´¥ µ ¤¨¶µ²Ó´µ³ £¨£ ´É¸±µ³ ·¥§µ´ ´¸¥,   µ ¶µ²µ¸¥ E1-¶µ£²µÐ¥´¨Ö Ï¨·¨´µ°
20 ÷ 30 ŒÔ‚. ˆ§ ¸· ¢´¥´¨Ö ¸ Ô±¸¶¥·¨³¥´Éµ³ ´  ·¨¸. 6 ¢¨¤´µ, ÎÉµ ¶·¥¤¸É -
¢²¥´´ Ö ´  ·¨¸. 10 É¥µ·¨Ö, ´¥ ÊÎ¨ÉÒ¢ ÕÐ Ö ¢´ÊÉ·¥´´¥° Ï¨·¨´Ò 0s-¤Ò·±¨,
Ë ±É¨Î¥¸±¨ ¤ ¦¥ ´¥¤µµÍ¥´¨¢ ¥É µ£·µ³´ÊÕ Ï¨·¨´Ê ÔÉµ° ¶µ²µ¸Ò, ÌµÉÖ, ±µ-
´¥Î´µ, ¶· ¢¨²Ó´µ ¸Ì¢ ÉÒ¢ ¥É £² ¢´Ò¥ ¥¥ Î¥·ÉÒ (¢¥¤Ó ¥¥ µ¸´µ¢Ò ¡Ò²¨ ¸µ§¤ ´Ò
¤µ ¢¸¥Ì µ¡¸Ê¦¤ ¥³ÒÌ §¤¥¸Ó Ô±¸¶¥·¨³¥´Éµ¢). �²µÐ ¤Ó £·Ê¶¶Ò ^, ¥¸É¥¸É¢¥´´µ,
Ê³¥´ÓÏ ¥É¸Ö Ê Ö¤¥· ¢Éµ·µ° ¶µ²µ¢¨´Ò p-µ¡µ²µÎ±¨, É.±. Ê³¥´ÓÏ ¥É¸Ö ®Î¨¸²µ
¸¢µ¡µ¤´ÒÌ ³¥¸É¯ ¢ ´¥°.

’ ±¨³ µ¡· §µ³, ¨§ ·¨¸. 10 µÉÎ¥É²¨¢µ ¢¨¤´µ, ± ±µ¥ µ£·µ³´µ¥ ¢²¨Ö´¨¥ ´ 
¸É·Ê±ÉÊ·Ê ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨°, Ëµ·³¨·ÊÕÐ¨Ì „ƒ
, µ± §Ò¢ ¥É µ¡µ²µÎ¥Î-
´µ¥ ¸É·µ¥´¨¥ Ö¤· . ”µ·³  £¨£ ´É¸±µ£µ ·¥§µ´ ´¸  Ê Ö¤¥· 1p-µ¡µ²µÎ±¨ ¸ÊÐ¥-
¸É¢¥´´µ § ¢¨¸¨É µÉ § ¶µ²´¥´´µ¸É¨ ÔÉµ° µ¡µ²µÎ±¨. “± § ´´µ¥ Ö·±µ¥ Ö¢²¥´¨¥
¨ ²¥¦¨É ¢ µ¸´µ¢¥ ±µ´Ë¨£Ê· Í¨µ´´µ£µ · ¸Ð¥¶²¥´¨Ö „ƒ
.

�·¥¤Ò¤ÊÐ¥¥ · ¸¸³µÉ·¥´¨¥ ÔËË¥±Éµ¢ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É´µ° ¸É·Ê±ÉÊ·Ò Ê
Ö¤¥· 1p-µ¡µ²µÎ±¨ ¸µµÉ¢¥É¸É¢µ¢ ²µ £² ¢´µ° É¥³¥ µ¡§µ·  Å  ´ ²¨§Ê µÎ¥´Ó ¡µ²Ó-
Ïµ£µ ±µ´Ë¨£Ê· Í¨µ´´µ£µ · ¸Ð¥¶²¥´¨Ö £¨£ ´É¸±¨Ì ·¥§µ´ ´¸µ¢ Ê ²¥£±¨Ì Ö¤¥· ¨
µ¸µ¡¥´´µ¸É¥° · ¸¶ ¤  µÉ¤¥²Ó´ÒÌ £·Ê¶¶ ¶¥·¥Ìµ¤µ¢, ´  ±µÉµ·Ò¥ · ¸Ð¥¶²Ö¥É¸Ö
·¥§µ´ ´¸. Œ¥¦¤Ê É¥³ ¤¥É ²Ó´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö ¶ ·Í¨ ²Ó´ÒÌ ± ´ ²µ¢ · ¸¶ ¤ 
¸µ¸ÉµÖ´¨° „ƒ
 ¢ ¡µ²¥¥ Ï¨·µ±µ³ Ô´¥·£¥É¨Î¥¸±µ³ ¤¨ ¶ §µ´¥ ¶µ§¢µ²ÖÕÉ ¶·µ-
Ö¸´¨ÉÓ ´¥±µÉµ·Ò¥ Î·¥§¢ÒÎ °´µ ¨´É¥·¥¸´Ò¥ ¶·µ¡²¥³Ò ´Ê±²µ´-´Ê±²µ´´µ£µ ¨
±² ¸É¥·-±² ¸É¥·´µ£µ ¶µÉ¥´Í¨ ²µ¢.

BÒÏ¥ Ê¶µ³¨´ ²µ¸Ó, ÎÉµ ¢ ´¨§±µÔ´¥·£¥É¨Î¥¸±µ° Î ¸É¨ „ƒ
 Ê Ö¤·  7Li ¶·¨
§´ Î¥´¨ÖÌ Eγ ≈ 10 ŒÔ‚ ¥¸ÉÓ £·Ê¶¶  ¶¥·¥Ìµ¤µ¢ s4p3{43} → s4p2(2s2d){43}
(µ ¶·µ¡²¥³ Ì ¨¸±²ÕÎ¥´¨Ö ¢µ§¡Ê¦¤¥´¨Ö Í¥´É·  ³ ¸¸ ¸³. ¢ ³µ´µ£· Ë¨ÖÌ [37])
¸ ¤¢ÊÌ±² ¸É¥·´Ò³ · ¸¶ ¤µ³ 7Li∗ → α+ t ¶µ ¸É·µ± ³ ¸Ì¥³Ò p´£  [f ] = {43},
Ì · ±É¥·¨§Ê¥³ Ö ¤µ¸É ÉµÎ´µ § ³¥É´Ò³ ¸¥Î¥´¨¥³ ∼ 5 ³¡·ŒÔ‚. �± § ²µ¸Ó,
ÎÉµ µÎ¥´Ó ¶·µ¤Ê±É¨¢´Ò³ Ö¢²Ö¥É¸Ö ¨¸¸²¥¤µ¢ ´¨¥ ·¥ ±Í¨¨ 7Li∗ → α + t ´¥
Éµ²Ó±µ ¢ µ¡² ¸É¨ „ƒ
, ´µ ¨ ¸ ¤ ²¥±¨³ ¢ÒÌµ¤µ³ §  ¥£µ ¶·¥¤¥²Ò ¢¶²µÉÓ ¤µ
Ô´¥·£¨° ËµÉµ´µ¢ Eγ ≈ 60 ÷ 70 ŒÔ‚ [48]. (�µÌµ¦¨° Ô±¸¶¥·¨³¥´É ¡Ò² ¢Ò-
¶µ²´¥´ ¤²Ö ·¥ ±Í¨¨ 4He + γ → t + p. ^Ò²¨ ¨¸¸²¥¤µ¢ ´Ò É ±¦¥ ·¥ ±Í¨¨
d + t(h) →5 He(5Li) + γ, 3H(3He) + γ → d + n(p), ´µ, ± ¸µ¦ ²¥´¨Õ, ¢ £µ-
· §¤µ ¡µ²¥¥ Ê§±¨Ì ¤¨ ¶ §µ´ Ì Ô´¥·£¨¨ Å ¸³. ´¨¦¥.) ’ ±µ£µ ·µ¤  ¤ ´´Ò¥,
¢±²ÕÎ ÕÐ¨¥ ¨ ¢¥¸Ó³  ¦¥¸É±¨¥ ËµÉµ´Ò, µ¡² ¤ ÕÉ (± ± ¡Ò²µ Ê¸É ´µ¢²¥´µ ¢
¤·Ê£µ³ ³ ¸ÏÉ ¡¥ Ô´¥·£¨° ¨ ¤²Ö NN -§ ¤ Î¨ [49]) ¢Ò¸µ±µ° ÎÊ¢¸É¢¨É¥²Ó´µ-
¸ÉÓÕ ± ¸¢µ°¸É¢ ³ ±² ¸É¥·-±² ¸É¥·´µ£µ ¶µÉ¥´Í¨ ²  ¢´¥ Ô´¥·£¥É¨Î¥¸±µ° ¶µ-
¢¥·Ì´µ¸É¨ ¨ ¶µ§¢µ²ÖÕÉ ´ ¤¥¦´µ · §²¨Î¨ÉÓ £²Ê¡µ±¨¥ ¶·¨ÉÖ£¨¢ ÕÐ¨¥ ¶µÉ¥´-
Í¨ ²Ò ¸ § ¶·¥Ð¥´´Ò³¨ ¸µ¸ÉµÖ´¨Ö³¨ [50] ¨ ¶µÉ¥´Í¨ ²Ò ¸ µÉÉ ²±¨¢ ÕÐ¥°
¸¥·¤Í¥¢¨´µ°.

ŒÒ ¶µÖ¸´¨³ ±µ´Í¥¶Í¨Õ ¶·¨ÉÖ£¨¢ ÕÐ¥£µ ¶µÉ¥´Í¨ ²  ¸ § ¶·¥Ð¥´´Ò³¨
¸µ¸ÉµÖ´¨Ö³¨ (�‡‘) ´  ¶·¨³¥·¥ Ö¤·  8‚¥. �¸´µ¢´µ¥ ¸µ¸ÉµÖ´¨¥ ÔÉµ£µ Ö¤· 
µ¶¨¸Ò¢ ¥É¸Ö ±µ´Ë¨£Ê· Í¨¥° s4p4 ¸µ ¸Ì¥³µ° p´£  [f ] = {44}. �± §Ò¢ ¥É¸Ö,
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ÎÉµ ¢ µ¸Í¨²²ÖÉµ·´µ³ ¶·¨¡²¨¦¥´¨¨ ¢µ²´µ¢ Ö ËÊ´±Í¨Ö s4p4{44} · ¢´Ö¥É¸Ö
 ´É¨¸¨³³¥É·¨§µ¢ ´´µ³Ê ¶µ ´Ê±²µ´ ³ ¶·µ¨§¢¥¤¥´¨Õ ¢µ²´µ¢ÒÌ ËÊ´±Í¨° ¤¢ÊÌ
α-Î ¸É¨Î´ÒÌ ±² ¸É¥·µ¢ ¨ 4s-¢µ²´µ¢µ° ËÊ´±Í¨¨ Φ4s(r) ¨Ì µÉ´µ¸¨É¥²Ó´µ£µ
¤¢¨¦¥´¨Ö [37]:

Ψs4p4[44](1, 2, ...8) = A {Ψα(1234)Ψα(5678)Φ4s(r)} . (15)

‡¤¥¸Ó Ψα(1234)Å ¢´ÊÉ·¥´´ÖÖ µ¸Í¨²²ÖÉµ·´ Ö ¢µ²´µ¢ Ö ËÊ´±Í¨Ö ±² ¸É¥· , ¸µ-
µÉ¢¥É¸É¢ÊÕÐ Ö ±µ´Ë¨£Ê· Í¨¨ 0s4, r Å µÉ´µ¸¨É¥²Ó´ Ö ±µµ·¤¨´ É  ±² ¸É¥·µ¢,
Â Å µ¶¥· Éµ·  ´É¨¸¨³³¥É·¨§ Í¨¨.

‡ ³¥É¨³, ÎÉµ α-±² ¸É¥·Ò ¢ ¤ ´´µ³ ¸²ÊÎ ¥ Å ÔÉµ µ¸Í¨²²ÖÉµ·´Ò¥ (É.¥.
¶µ¸É·µ¥´´Ò¥ ¨§ µ¸Í¨²²ÖÉµ·´ÒÌ ËÊ´±Í¨°) ¸É·Ê±ÉÊ·Ò ¸ ±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨
α-Î ¸É¨ÍÒ ¨ ÎÉµ ËÊ´±Í¨Ö Φ4s(r) ¨³¥¥É ¤¢  · ¤¨ ²Ó´ÒÌ Ê§² .

‚ ±µ´Í¥¶ÉÊ ²Ó´µ³ ¶² ´¥ ÊÉ¢¥·¦¤¥´¨¥ (15) Ö¢²Ö¥É¸Ö µÎ¥´Ó ¢ ¦´Ò³. �´µ
µ§´ Î ¥É, ÎÉµ ¤¢¥ α-Î ¸É¨ÍÒ ¶·µ´¨± ÕÉ ¤·Ê£ ¢ ¤·Ê£ , ¨ ¶·¨´Í¨¶ � Ê²¨ ´¥
¶·µÉ¨¢µ·¥Î¨É ÔÉµ³Ê (¢ µÉ²¨Î¨¥ µÉ ¢Ò¢µ¤µ¢ · ´´¨Ì · ¡µÉ, µ¸´µ¢ ´´ÒÌ ´ 
 ¤¨ ¡ É¨Î¥¸±µ° É· ±Éµ¢±¥, ±µÉµ·Ò¥ ¶·¨¢µ¤¨²¨ ± µÉÉ ²±¨¢ ÕÐ¥° ¸¥·¤Í¥¢¨´¥
´  ³¥¸É¥ ´ ·Ê¦´µ£µ Ê§²  ËÊ´±Í¨¨ Φ4s(r)). 
 ¤¨ ²Ó´Ò¥ µ¸Í¨²²ÖÍ¨¨ ÔÉµ°
ËÊ´±Í¨¨ ¢ µ¡² ¸É¨ ¶¥·¥±·Ò¢ ´¨Ö ±² ¸É¥·µ¢ µ§´ Î ÕÉ, ÎÉµ ¢§ ¨³µ¤¥°¸É¢¨¥
±² ¸É¥·µ¢ ¤µ²¦´µ µ¶¨¸Ò¢ ÉÓ¸Ö £²Ê¡µ±¨³ α-α-¶µÉ¥´Í¨ ²µ³ ¸ ¤µ¶µ²´¨É¥²Ó´Ò³
§ ¶·¥Éµ³ ¸µ¸ÉµÖ´¨° 0s ¨ 2s2d [50]. �¸´µ¢´µ¥ ¸µ¸ÉµÖ´¨¥ |s4p4[44]L = 0,
S = 0, T = 0〉 Ö¤·  8‚¥ Ö¢²Ö¥É¸Ö ·¥§µ´ ´¸´Ò³ ¢¡²¨§¨¶µ·µ£µ¢Ò³ α-α-¸µ¸ÉµÖ-
´¨¥³ 4s ¢ ÔÉµ³ ¶µÉ¥´Í¨ ²¥, ¨ ¶µÉ¥´Í¨ ² ¤µ²¦¥´ µ¶¨¸Ò¢ ÉÓ, ¥¸É¥¸É¢¥´´µ, ¢¸¥
Ë §Ò α-α-· ¸¸¥Ö´¨Ö, ¨Ì § ¢¨¸¨³µ¸ÉÓ µÉ Ô´¥·£¨¨. �´ ¡Ò² ¶·¥¤²µ¦¥´ ¢ ¸¢µ¥
¢·¥³Ö ¢ �ˆˆŸ” Œƒ“ ¢ ¢¨¤¥ [50]:

V (r) =
V0

1 + exp
(

r−R
a

) , (16)

£¤¥ V0 = −125 ŒÔ‚, R = 1, 78 Ë³, a = 0, 66 Ë³, ´µ ´¥¸±µ²Ó±µ ²ÊÎÏ¥
µ¶¨¸Ò¢ ¥É ¤ ´´Ò¥ ¶µ α-α-· ¸¸¥Ö´¨Õ ¸µµÉ¢¥É¸É¢ÊÕÐ Ö £ Ê¸¸µ¨¤  [50].

“± § ´´ Ö ±µ´Í¥¶Í¨Ö ²¥£±µ µ¡µ¡Ð ¥É¸Ö ´  É ±¨¥ ¶ ·Ò ±² ¸É¥·µ¢, ± ±
α− t, α− d ¨ t− t(h), ¢¢¥¤¥´¨¥³ § ¢¨¸¨³µ¸É¨ £²Ê¡¨´Ò ¶µÉ¥´Í¨ ²  µÉ Î¥É´µ-
¸É¨ µ·¡¨É ²Ó´µ£µ ³µ³¥´É  L ¢§ ¨³´µ£µ ¤¢¨¦¥´¨Ö ±² ¸É¥·µ¢ (Ê ¸¨¸É¥³Ò α-α
§´ Î¥´¨Ö L Î¥É´Ò¥).

‚µ§¢· Ð Ö¸Ó ± ·¥ ±Í¨¨ ËµÉµ· ¸Ð¥¶²¥´¨Ö 7Li∗ → α + t, ¶·¨¢¥¤¥³ ´ 
·¨¸. 11, 12 Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ (¸³. [48] ¨ ¡µ²¥¥ ¶µ¤·µ¡´Ò¥ ¸¸Ò²±¨
É ³) ¨ É¥µ·¥É¨Î¥¸±¨¥ [51] ·¥§Ê²ÓÉ ÉÒ ¸ ¶µÉ¥´Í¨ ² ³¨ ¤¢ÊÌ Ê± § ´´ÒÌ ¢ÒÏ¥
É¨¶µ¢: αt-¶µÉ¥´Í¨ ² ¶·¨ÉÖ¦¥´¨Ö �‡‘ [50] ¡Ò² ¢µ¸¸É ´µ¢²¥´ ¶µ Ë § ³ · ¸-
¸¥Ö´¨Ö ¨ ¶µ Ô´¥·£¨¨ ¸¢Ö§ ´´µ£µ ¸µ¸ÉµÖ´¨Ö,   µÉÉ ²±¨¢ ÕÐ¨° ¶µÉ¥´Í¨ ² [51]
Ö¢²Ö¥É¸Ö ¸Ê¶¥·¸¨³³¥É·¨Î´Ò³ ¶ ·É´¥·µ³ ¶·¨ÉÖ£¨¢ ÕÐ¥£µ (¸³. · §ÑÖ¸´¥´¨Ö ¢
[51]). �  ·¨¸. 11 ¶·¨¢¥¤¥´  E-§ ¢¨¸¨³µ¸ÉÓ ¸¥Î¥´¨Ö,   ´  ·¨¸. 12 Å  ¸¨³³¥-
É·¨Ö Σ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ 7Li(γ, α)t ¸ ¶µ²Ö·¨§µ¢ ´´Ò³¨ ËµÉµ´ ³¨ [48]:
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¨¸. 11. „¨ËË¥·¥´Í¨ ²Ó´µ¥ ¸¥Î¥´¨¥ dσ/dΩt ·¥ ±Í¨¨ 7Li(γ, t)α ¤²Ö Ê£²  ¢Ò²¥É 
θ = 90 ◦ [48]. ’¥µ·¥É¨Î¥¸±¨¥ ±·¨¢Ò¥ 1 ¨ 2 ¨§ · ¡µÉÒ [51] Å £²Ê¡µ±¨° αt-¶µÉ¥´Í¨ ²
¶·¨ÉÖ¦¥´¨Ö ¸ § ¶·¥Ð¥´´Ò³¨ ¸µ¸ÉµÖ´¨Ö³¨ ¢ Ëµ·³¥ ‚Ê¤¸ Ä‘ ±¸µ´  [50] ¨ ¢ Ëµ·³¥
£ Ê¸¸µ¨¤Ò [50] ¸µµÉ¢¥É¸É¢¥´´µ. Š·¨¢Ò¥ 3 ¨ 4 ¨§ Éµ° ¦¥ · ¡µÉÒ Å ¶µÉ¥´Í¨ ²Ò ¸ µÉ-
É ²±¨¢ ÕÐ¨³ ±µ·µ³ ± ± ¸Ê¶¥·¸¨³³¥É·¨Î´Ò¥ ¶ ·É´¥·Ò Ê± § ´´ÒÌ ¢ÒÏ¥ ¶µÉ¥´Í¨ ²µ¢
¶·¨ÉÖ¦¥´¨Ö


¨¸. 12. �¸¨³³¥É·¨Ö Σ (µ¶·¥¤¥²¥´¨¥ Å
Ëµ·³Ê²  (17)) ·¥ ±Í¨¨ 6Li(γ, t)α ¶·¨ θt =
90 ◦ ¢ § ¢¨¸¨³µ¸É¨ µÉ Ô´¥·£¨¨ Eγ γ-
±¢ ´Éµ¢ [48]. ’¥µ·¥É¨Î¥¸±¨¥ ±·¨¢Ò¥ 1Ä4
¨§ · ¡µÉÒ [51] ¸µµÉ¢¥É¸É¢ÊÕÉ É¥³ ¦¥ ¶µ-
É¥´Í¨ ² ³, ÎÉµ ¨ ´  ·¨¸. 11

Σ =
1
Pγ

NL −NT

NL +NT
, (17)

£¤¥ Pγ Å ¶µ²Ö·¨§ Í¨Ö ¶ÊÎ± , µÉ-
¸Î¥ÉÒ NL ¸µµÉ¢¥É¸É¢ÊÕÉ µ·¨¥´É -
Í¨¨ ¶µ²Ö·¨§ Í¨¨ ËµÉµ´µ¢ ¶ · ²-
²¥²Ó´µ ¶²µ¸±µ¸É¨ ·¥ ±Í¨¨,   NT

Å ¶¥·¶¥´¤¨±Ê²Ö·´µ. Œµ¦´µ ¸¤¥-
² ÉÓ ¢Ò¢µ¤, ÎÉµ µÉÉ ²±¨¢ ÕÐ¨° αt-
¶µÉ¥´Í¨ ² ¸µ¢¥·Ï¥´´µ ´¥ ¸µµÉ¢¥É-
¸É¢Ê¥É Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³,
  ´ Ï αt-¶µÉ¥´Í¨ ² [50] Ìµ·µÏµ
µ¶¨¸Ò¢ ¥É ± ± ¤¨ËË¥·¥´Í¨ ²Ó´µ¥
¸¥Î¥´¨¥ dσ/dΩ ¶·¨ Ê£²¥ θ = 90 ◦ ¢
µ¡² ¸É¨ £¨£ ´É¸±µ£µ ·¥§µ´ ´¸ , É ±
¨ ¤²¨´´Ò° ®Ì¢µ¸É¯ ¸¥Î¥´¨Ö ¤µ Ô´¥·-
£¨° Eγ ∼ 60 ŒÔ‚. Š·µ³¥ Éµ£µ, ¶· -
¢¨²Ó´µ ¶¥·¥¤ ¥É¸Ö [51] ¨ Ô´¥·£¥É¨Î¥-
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¸± Ö § ¢¨¸¨³µ¸ÉÓ  ¸¨³³¥É·¨¨ Σ. �Éµ µ§´ Î ¥É, ÎÉµ αt-¶µÉ¥´Í¨ ² [50] ¨³¥¥É
®¶· ¢¨²Ó´Ò°¯ Ìµ¤ £· ¤¨¥´É  ¢ § ¢¨¸¨³µ¸É¨ µÉ §´ Î¥´¨Ö r, É.¥. ¶· ¢¨²Ó´µ
µ¶¨¸Ò¢ ¥É ¸¶¨´-µ·¡¨É ²Ó´µ¥ αt-¢§ ¨³µ¤¥°¸É¢¨¥. ’¥µ·¥É¨Î¥¸±¨¥ ·¥§Ê²ÓÉ ÉÒ,
¶·¨¢¥¤¥´´Ò¥ ´  ·¨¸.11 ¨ 12, ¶µ²ÊÎ¥´Ò ¸ ÊÎ¥Éµ³ αt-¢§ ¨³µ¤¥°¸É¢¨Ö ¢ ±µ´¥Î-
´µ³ ¸µ¸ÉµÖ´¨¨ Î¥·¥§ ¸µµÉ¢¥É¸É¢ÊÕÐ¨° ¶µÉ¥´Í¨ ².


¨¸. 13. „¨ËË¥·¥´Í¨ ²Ó´µ¥ ¸¥Î¥´¨¥
dσ/dΩ ·¥ ±Í¨¨ γ + 3He → p + d ¶µ¤
Ê£²µ³ ¢Ò²¥É  ¶·µÉµ´  θ = 90 ◦ [54Ä57].
’¥µ·¥É¨Î¥¸± Ö ±·¨¢ Ö §¤¥¸Ó ¨ ´  ¸²¥¤Ê-
ÕÐ¨Ì ·¨¸Ê´± Ì Å ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É´ Ö
¶µÉ¥´Í¨ ²Ó´ Ö ³µ¤¥²Ó [52]. �µÉ¥´Í¨ ²Ò
µ¶·¥¤¥²¥´Ò Í¥²¨±µ³ ¶µ ¤ ´´Ò³ · ¸¸¥Ö-
´¨Ö

�¥·¥Ìµ¤Ö ± ¶ · ³ ¸ ÊÎ ¸É¨¥³ ¡µ-
²¥¥ ²¥£±¨Ì ±² ¸É¥·µ¢, É ±¨³, ± ± d+p,
d+ d, t(h) + p, t(h) + d, ´Ê¦´µ ÊÎ¥¸ÉÓ
¨´É¥·¥¸´µ¥ µ¸²µ¦´¥´¨¥, ¢¶¥·¢Ò¥ µÉ-
³¥Î¥´´µ¥ ¢ ´ Ï¨Ì · ¡µÉ Ì [52]. ‚
¤¨¶µ²Ó´µ³ ¶µ£²µÐ¥´¨¨ 4He + γ →
→ t + p ¨ ¶·¨ · ¤¨ Í¨µ´´µ³ § Ì¢ É¥
d + t(h) → 5He(5Li) + γ, ± ± ¨§-
¢¥¸É´µ, £² ¢´ÊÕ ·µ²Ó ¨£· ÕÉ ´¥¤¨ -
£µ´ ²Ó´Ò¥ ¶µ ¸Ì¥³ ³ p´£  ¶¥·¥Ìµ¤Ò
({4} → {31} ¨ {32} → {41}). �Éµ
¶·¨¢µ¤¨É ± ´¥µ¡Ìµ¤¨³µ¸É¨ ¢¢¥¸É¨ § -
¢¨¸¨³µ¸ÉÓ ¶µÉ¥´Í¨ ²µ¢ µÉ ¸Ì¥³Ò p´£ 
(ÔÉ¨ ¶µÉ¥´Í¨ ²Ò ¡Ò²¨ ¢¢¥¤¥´Ò ¢ · ¡µ-
É Ì [52]). � ¶·¨³¥·, ¢ ¸¨¸É¥³¥ d + t
¢ ± ´ ² Ì · ¸¸¥Ö´¨Ö ¸ ¶µ²´Ò³ ¸¶¨´µ³
S = 1/2 ¨´É¥·Ë¥·¨·ÊÕÉ  ³¶²¨ÉÊ¤Ò ¸µ
¸Ì¥³ ³¨ p´£  {f} = {32} ¨ {41}, ¨,
µ¶¨· Ö¸Ó ´  Ë §µ¢Ò°  ´ ²¨§, ¸ ÊÎ¥Éµ³
ÔÉµ£µ ¢ ¦´µ£µ µ¡¸ÉµÖÉ¥²Ó¸É¢  ³µ¦´µ
´ ¤¥¦´µ ¢µ¸¸É ´µ¢¨ÉÓ ÔÉ¨ § ¢¨¸ÖÐ¨¥
µÉ {f} ¶µÉ¥´Í¨ ²Ò [52]. �± § ²µ¸Ó,
ÎÉµ µ´¨ ¸¨²Ó´µ § ¢¨¸ÖÉ µÉ ¢¨¤  {f}.
�µÔÉµ³Ê, ´ ¶·¨³¥·, ³µ¦´µ Ìµ·µÏµ
µ¶¨¸ ÉÓ ¨ ¸ ³ £¨£ ´É¸±¨° ·¥§µ´ ´¸
4He + γ → t + p, ¨ ¥£µ ¢Ò¸µ±µÔ´¥·£¥-
É¨Î´ÊÕ Î ¸ÉÓ ¶µÉ¥´Í¨ ²Ó´µ° ³µ¤¥²ÓÕ
t+ p, ´µ Éµ²Ó±µ ¶·¨ ÊÎ¥É¥ Éµ£µ µ¡¸Éµ-
ÖÉ¥²Ó¸É¢ , ÎÉµ tp-¶µÉ¥´Í¨ ²Ò V {4}(r)
¢ ´ Î ²Ó´µ³ ¸µ¸ÉµÖ´¨¨ ¨ V {31}(r) ¢
±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨ ¸ÊÐ¥¸É¢¥´´µ · §²¨Î ÕÉ¸Ö! �·¥¦¤¥ Î¥³ ³Ò ¶·¨¢¥¤¥³
¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ Ô±¸¶¥·¨³¥´ÉÒ ¨ ¨Ì  ´ ²¨§, ¶µ²¥§´µ µÉ³¥É¨ÉÓ, ÎÉµ §¤¥¸Ó
¨³¥¥É¸Ö Ìµ·µÏ¨° ¶·¨³¥· Éµ£µ, ± ±  ±É¨¢´µ¥ ¨¸¶µ²Ó§µ¢ ´¨¥ ¸¢µ°¸É¢ ¸¨³-
³¥É·¨¨ ²¥£Î °Ï¨Ì Ö¤¥· · ¸±·Ò¢ ¥É ´µ¢Ò¥ ¢µ§³µ¦´µ¸É¨ É ±µ° ¶·µ¸Éµ° ¢
¶² ´¥ Î¨¸²¥´´µ° ·¥ ²¨§ Í¨¨ ³µ¤¥²¨, ± ± ¶µÉ¥´Í¨ ²Ó´ Ö (µ¶É¨Î¥¸± Ö) ³µ¤¥²Ó
¶·¨ ¤µ²¦´µ³ ¥¥ µ¡µ¡Ð¥´¨¨. ‚ ¨Éµ£¥ µ± §Ò¢ ¥É¸Ö, ÎÉµ, ´ ¶·¨³¥·, Ê· ¢´¥´¨Ö
” ¤¤¥¥¢ ÄŸ±Ê¡µ¢¸±µ£µ ¤²Ö ¸¨¸É¥³Ò Î¥ÉÒ·¥Ì ´Ê±²µ´µ¢ Í¥²¥¸µµ¡· §´µ ¨¸¶µ²Ó-
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§µ¢ ÉÓ ´¥ ¤²Ö Éµ£µ, ÎÉµ¡Ò µÎ¥´Ó £·µ³µ§¤±µ · ¸¸Î¨ÉÒ¢ ÉÓ ËµÉµ· ¸Ð¥¶²¥´¨¥
4He + γ → t + p (¸³. [53]),   ¤²Ö Éµ£µ, ÎÉµ¡Ò ¶µ²ÊÎ¨ÉÓ ³¨±·µ¸±µ¶¨Î¥¸±¨°
tp-¶µÉ¥´Í¨ ² ¤²Ö · §´ÒÌ §´ Î¥´¨° {f}, ´  µ¸´µ¢¥ ±µÉµ·µ£µ µÎ¥´Ó ¶·µ¸ÉÒ³


¨¸. 14. „¨ËË¥·¥´Í¨ ²Ó´µ¥ ¸¥Î¥´¨¥
·¥ ±Í¨¨ γ + α → p + t ¶·¨ Ô´¥·-
£¨¨ γ-±¢ ´Éµ¢ Eγ = 27 ¨ 29 ŒÔ‚.
θÍ.³. Å Ê£µ² · §²¥É  ±µ´¥Î´ÒÌ Î -
¸É¨Í ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸. ’¥µ-
·¨Ö Å ³µ¤¥²Ó [52]


¨¸. 15. „¨ËË¥·¥´Í¨ ²Ó´µ¥ ¸¥Î¥´¨¥
·¥ ±Í¨¨ d+3He→ 5Li+γ. �±¸¶¥·¨-
³¥´É ²Ó´Ò¥ ÉµÎ±¨ (·¨¸.  , ¡, ¢) ¸µµÉ-
¢¥É¸É¢ÊÕÉ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö Ö¤· 
5Li E = 19, 9; 20,7 ¨ 23,2 ŒÔ‚ [58].
’¥µ·¨Ö Å ³µ¤¥²Ó [52]

¶ÊÉ¥³ Ê¦¥ · ¸¸Î¨ÉÒ¢ ÕÉ¸Ö Ê¶·Ê£µ¥ · ¸¸¥Ö´¨¥ t+p, ¶¥·¥§ ·Ö¤±  t+p→ h+n
[52], µ¡¸Ê¦¤ ¥³Ò¥ §¤¥¸Ó ËµÉµÖ¤¥·´Ò¥ ·¥ ±Í¨¨ 4He + γ → t(h) + p(n) ¨ É.¤.
ˆ´ Î¥ £µ¢µ·Ö, ¢¢µ¤Ö {f}-§ ¢¨¸ÖÐ¨¥ ¶µÉ¥´Í¨ ²Ò ¢§ ¨³µ¤¥°¸É¢¨Ö ²¥£Î °Ï¨Ì
±² ¸É¥·µ¢, ³µ¦´µ ¨§¡¥¦ ÉÓ ®¨§¡ÒÉµÎ´µ£µ¯ ¨¸¶µ²Ó§µ¢ ´¨Ö µÎ¥´Ó £·µ³µ§¤±¨Ì
¢ ·¥ ²¨§ Í¨¨ µ¡Ð¨Ì Ê· ¢´¥´¨° ¸¨¸É¥³Ò n Î ¸É¨Í, £¤¥, ´ ¶·¨³¥·, ¡¥§ ´¥µ¡Ìµ-
¤¨³µ¸É¨ ¤²Ö · ¸¸³ É·¨¢ ¥³ÒÌ ´ ³¨ ¢µ¶·µ¸µ¢ ÊÎ¨ÉÒ¢ ÕÉ¸Ö ¢µ ¢¸¥Ì ¶µ·Ö¤± Ì
±µ·µÉ±µ¤¥°¸É¢ÊÕÐ¨¥ NN -±µ··¥²ÖÍ¨¨. �  ·¨¸. 13Ä17 ¶·¥¤¸É ¢²¥´Ò Ô±¸¶¥·¨-
³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ µ ·¥ ±Í¨ÖÌ ËµÉµ· ¸Ð¥¶²¥´¨Ö (· ¤¨ Í¨µ´´µ£µ § Ì¢ É )
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h+γ → d+p [54Ä57], d+h →5 Li+γ [58], α+γ → d+d [59] ¨ α+γ → t+p [60,
61] ¢³¥¸É¥ ¸ ·¥§Ê²ÓÉ É ³¨ ´ Ï¥° ³µ¤¥²¨ [52] {f}-§ ¢¨¸ÖÐ¨Ì ¶·¨ÉÖ£¨¢ ÕÐ¨Ì
±² ¸É¥·-±² ¸É¥·´ÒÌ ¶µÉ¥´Í¨ ²µ¢. ‡¤¥¸Ó ´ £²Ö¤´µ ¨²²Õ¸É·¨·Ê¥É¸Ö ÔËË¥±É¨¢-
´µ¸ÉÓ ÔÉµ° ³µ¤¥²¨. ‚ Î ¸É´µ¸É¨, µÉ³¥Î ¥É¸Ö É ±µ° ´Õ ´¸, ± ± ®¨§³¥´¥´¨¥
§´ ±  ±·¨¢¨§´Ò¯ Ê£²µ¢ÒÌ · ¸¶·¥¤¥²¥´¨° ËµÉµ´µ¢ ¢ ·¥ ±Í¨¨ t+ d → 5He+ γ
¶·¨ ¶µ¢ÒÏ¥´¨¨ Ô´¥·£¨¨ Ed ¤¥°É·µ´µ¢ ¢ ¶ÊÎ±¥ (±µÉµ· Ö ¸µ¸É ¢²Ö¥É §¤¥¸Ó
5÷ 10 ŒÔ‚). �Éµ ¶·µ¨¸Ìµ¤¨É ¶µÉµ³Ê, ÎÉµ µ¶·¥¤¥²ÖÕÐ¨° ¢±² ¤ S-¢µ²´Ò ¢§ -
¨³´µ£µ ¤¢¨¦¥´¨Ö dt ¢  ³¶²¨ÉÊ¤Ê ·¥ ±Í¨¨ ¸³¥´Ö¥É¸Ö µ¶·¥¤¥²ÖÕÐ¨³ ¢±² ¤µ³
D-¢µ²´Ò.


¨¸. 16. „¨ËË¥·¥´Í¨ ²Ó´µ¥ ¸¥-
Î¥´¨¥ dσ/dΩ ËµÉµ¤¥§¨´É¥£· Í¨¨
Ö¤·  4�¥ ¢ ± ´ ² d+ d ¶µ¤ Ê£² ³¨
θ = 137 ◦ ¨ 156 ◦ ¢ ¸.Í.³. [59]


¨¸. 17. „¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¸¥-
Î¥´¨Ö dσ/dΩ ·¥ ±Í¨¨ p + d →
→ 3He + γ c Ô´¥·£¨Ö³¨ ¢Ò²¥-
É ÕÐ¨Ì γ-±¢ ´Éµ¢ Eγ = 12,1 ¨
15,3 ŒÔ‚ [57]. ’¥µ·¨Ö Å ³µ¤¥²Ó
[52]

�¥É·¨¢¨ ²Ó´Ò³  ¸¶¥±Éµ³ · ¸Î¥Éµ¢, ¶·¥¤¸É ¢²¥´´ÒÌ ´  ·¨¸. 13Ä17, Ö¢²Ö-
¥É¸Ö  ´É¨¸¨³³¥É·¨§ Í¨Ö ¢µ²´µ¢ÒÌ ËÊ´±Í¨° ± ± ¸µ¸É ¢´µ° ¸¨¸É¥³Ò, É ± ¨
¤¢Ê±² ¸É¥·´µ£µ ±µ´É¨´ÊÊ³  d+ t, t+ p, d+ p ¸ ¶·µ¥±É¨·µ¢ ´¨¥³ ´  § ¤ ´´ÊÕ
¸¨³³¥É·¨Õ {f}. �É  É¥µ·¥É¨Î¥¸± Ö É¥Ì´¨±  [62] ¸¢Ö§ ´  ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³
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¨§¡ÒÉµÎ´µ£µ ´¥µ·Éµ£µ´ ²Ó´µ£µ £ Ê¸¸µ¨¤´µ£µ ¡ §¨¸ . �´  ¶·¨³¥´¥´  ± ¨¸¸²¥-
¤µ¢ ´¨Õ ËµÉµÖ¤¥·´ÒÌ ·¥ ±Í¨° ¢ · ¡µÉ¥ [52].

‚ § ±²ÕÎ¥´¨¥, ¨³¥Ö ¢ ¢¨¤Ê, ÎÉµ ¸²¥¤ÊÕÐ¨° · §¤¥² ¶µ¸¢ÖÐ¥´ Ö¤· ³
sd-µ¡µ²µÎ±¨, µ¡¸Ê¤¨³, ¢ Î¥³ · §²¨Î´Ò ¨ ¢ Î¥³ ¸Ìµ¦¨ µ¸´µ¢´Ò¥ Î¥·ÉÒ „ƒ
 Ê
Ö¤¥· p-µ¡µ²µÎ±¨ ¨ sd-µ¡µ²µÎ±¨.

‚ Ö¤· Ì 2s2d-µ¡µ²µÎ±¨ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É´Ò¥ ÔËË¥±ÉÒ ¸ÊÐ¥¸É¢¥´´µ Ê³¥´Ó-
Ï ÕÉ¸Ö ¨ ¨Ì ´¥²Ó§Ö Ê¦¥ Î¥É±µ ¢Ò¤¥²¨ÉÓ ¢ ¤¨ £µ´ ²Ó´µ³ ¶·¨¡²¨¦¥´¨¨, É.¥.
´¥§ ¢¨¸¨³µ µÉ ¤¨ £µ´ ²¨§ Í¨¨ £ ³¨²ÓÉµ´¨ ´ . �Éµ ¸¢Ö§ ´µ ± ± ¸ Ê¢¥²¨Î¥-
´¨¥³ ·µ²¨ ¸¶¨´-µ·¡¨É ²Ó´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö, É ± ¨ ¸ Ê³¥´ÓÏ¥´¨¥³ ·µ²¨
³µ´µ¶µ²Ó´µ° Î ¸É¨ ¸¨² Œ °µ· ´ . �¤´ ±µ ¢¸¥ ¥Ð¥ ¡µ²ÓÏ Ö ¢¥²¨Î¨´  ³ -
£µ¢µ£µ ¶·µ¸¢¥É , ±µÉµ· Ö, ± ± ¨ Ê Ö¤¥· p-µ¡µ²µÎ±¨, Ê¢¥²¨Î¨¢ ¥É¸Ö ¸ ·µ¸Éµ³
Î¨¸²  ´Ê±²µ´µ¢ ¢ ¢ ²¥´É´µ° µ¡²µÎ±¥, ¶·¨¢µ¤¨É ± Éµ³Ê, ÎÉµ ±µ´Ë¨£Ê· Í¨µ´´µ¥
· ¸Ð¥¶²¥´¨¥ „ƒ
 Ö·±µ ¶·µÖ¢²Ö¥É¸Ö ¨ Ê Ö¤¥· 2s2d-µ¡µ²µÎ±¨.

‚¥²¨Î¨´  ³ £µ¢µ£µ ¶·µ¸¢¥É , ¥¸É¥¸É¢¥´´µ, § ¢¨¸¨É µÉ Ô´¥·£¨¨ ¸¢Ö§¨ ´Ê-
±²µ´  ¢ ¶µ¸²¥¤´¥° § ¶µ²´¥´´µ° µ¡µ²µÎ±¥. �·¨ ¤¨¶µ²Ó´µ³ ¶¥·¥Ìµ¤¥ ¢ ´¥°
¢µ§´¨± ¥É ¢ ± ´¸¨Ö (®£²Ê¡µ± Ö ¤Ò·± ¯). �·µ¡²¥³  £²Ê¡µ±¨Ì ¤Ò·µ± ¢µ§´¨±² 
¨ ¶·¨¢²¥±²  ± ¸¥¡¥ ¢´¨³ ´¨¥ 25Ä30 ²¥É Éµ³Ê ´ § ¤, ¶µ¸²¥ Éµ£µ, ± ± ¢ Ô±¸¶¥-
·¨³¥´É Ì (e, e′p) ¨ (p, 2p) ¡Ò²¨ ¨¤¥´É¨Ë¨Í¨·µ¢ ´Ò 0s−1, 1p−1-Ê·µ¢´¨ Ö¤¥·
1p- ¨ 2s2d-µ¡µ²µÎ¥±. �± § ²µ¸Ó, ÎÉµ ÔÉ¨ Ê·µ¢´¨ µ¡² ¤ ÕÉ §´ Î¨É¥²Ó´µ ¡µ²Ó-
Ï¥° Ô´¥·£¨¥° ¸¢Ö§¨, Î¥³ ÔÉµ ¶·¥¤¸± §Ò¢ ¥É¸Ö µ¡Ð¥¶·¨´ÖÉÒ³ ¸É É¨Î¥¸±¨³
µ¡µ²µÎ¥Î´Ò³ ¶µÉ¥´Í¨ ²µ³ £²Ê¡¨´µ° 45Ä50 ŒÔ‚. � ³ ¸ÏÉ ¡ Ì ¶·µÉ¨¢µ·¥Î¨Ö
³µ¦´µ ¸Ê¤¨ÉÓ, ´ ¶·¨³¥·, ¶µ Éµ³Ê, ÎÉµ, ¶µ ¸µ¢·¥³¥´´Ò³ ¤ ´´Ò³ (·¨¸. 18),
Ô´¥·£¨Ö ¸¢Ö§¨ 0s-Ê·µ¢´Ö ¨³¥¥É É¥´¤¥´Í¨Õ ± ¢ÒÌµ¤Ê ´   ¸¨³¶ÉµÉ¨Î¥¸±µ¥ §´ -
Î¥´¨¥ E(0s) ≈ 60 ŒÔ‚ (¶·¨ A > 40),   Ô´¥·£¨Ö ¸¢Ö§¨ 1p-Ê·µ¢´Ö Å ´ 
§´ Î¥´¨¥ E(1p) ≈ 40 ŒÔ‚.

�´¥·£¨Ö ¸¢Ö§¨ £²Ê¡µ±¨Ì Ê·µ¢´¥° § ¢¨¸¨É ¶·¨³¥·´µ ²¨´¥°´µ µÉ Î¨¸² 
¢ ²¥´É´ÒÌ ´Ê±²µ´µ¢. � ¶·¨³¥·, ¶·¨ § ¶µ²´¥´¨¨ ´¥°É·µ´´µ° µ¡µ²µÎ±¨ £²Ê-
¡µ±¨¥ Ê·µ¢´¨ ¶·µÉµ´´µ° µ¡µ²µÎ±¨ ¸³¥Ð ÕÉ¸Ö ¢´¨§ ´  ¢¥²¨Î¨´Ê

∆E ≈ εN, (18)

£¤¥ N Å Î¨¸²µ ´¥°É·µ´µ¢ ¢ ¢ ²¥´É´µ° µ¡µ²µÎ±¥,  

ε0s ≈ 4 ŒÔ‚, ε1p ≈ 2 ŒÔ‚, ε2s2d ≈ 0, 6 ŒÔ‚, (19)

¸µµÉ¢¥É¸É¢¥´´µ, ¤²Ö Ö¤¥· 1p-, 2s2d- ¨ 3p3f -µ¡µ²µÎ¥±.
‚ ¦´µ° ¤µ¶µ²´¨É¥²Ó´µ° µ¸µ¡¥´´µ¸ÉÓÕ £²Ê¡µ±¨Ì ¤Ò·µ± Ö¢²Ö¥É¸Ö ¨Ì ¢¥¸Ó³ 

¸¨²Ó´ Ö Ë· £³¥´É Í¨Ö, µ¡Ê¸²µ¢²¥´´ Ö ²¨¡µ ¨Ì ¸¢Ö§ÓÕ ¸ p2h- ¨ ¡µ²¥¥ ¸²µ¦-
´Ò³¨ ¸µ¸ÉµÖ´¨Ö³¨, ²¨¡µ ¤¥Ëµ·³ Í¨¥° Ö¤·  [42]. � ¶·¨³¥·, ÔËË¥±É¨¢´ Ö
Ï¨·¨´  ¤Ò·µÎ´µ£µ Ê·µ¢´Ö 0s−1 ¢ Ö¤· Ì 12C ¨ 16O ¤µ¸É¨£ ¥É 25 ŒÔ‚,  
Ê·µ¢´Ö 1p−1 ¢ Ö¤· Ì 2s2d-µ¡µ²µÎ±¨ Å 15Ä20 ŒÔ‚.

„µ¸É ÉµÎ´µ ¶µ²´µ¥ ±µ²¨Î¥¸É¢¥´´µ¥ ¶µ´¨³ ´¨¥ Ô´¥·£¥É¨Î¥¸±µ£µ ¶µ²µ¦¥-
´¨Ö £²Ê¡µ±¨Ì ¤Ò·µ± ¨ ³¥Ì ´¨§³µ¢ ¨Ì Ë· £³¥´É Í¨¨ ¶µ±  ¥Ð¥ µÉ¸ÊÉ¸É¢Ê¥É.
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�¥¸µ³´¥´´µ, µ¤´ ±µ, ÎÉµ Ë¥´µ³¥´ £²Ê¡µ±µ° ¤Ò·±¨ ¢ ¸Ë¥·¨Î¥¸±¨Ì Ö¤· Ì ¸¢Ö-
§ ´ ¸ ´¥²µ± ²Ó´µ¸ÉÓÕ ¶µÉ¥´Í¨ ²  ¨²¨, ÎÉµ Ô±¢¨¢ ²¥´É´µ, ¸ ¥£µ Ô´¥·£¥É¨Î¥-
¸±µ° § ¢¨¸¨³µ¸ÉÓÕ. ’ ±¨¥ ¸¢µ°¸É¢  ¸·¥¤´¥£µ ¶µ²Ö ¢µ§´¨± ÕÉ, ´ ¶·¨³¥·, ¶·¨
Ì ·É·¨-Ëµ±µ¢¸±¨Ì · ¸Î¥É Ì ¸µ ¸±¨·³µ¢¸±¨³ ¢§ ¨³µ¤¥°¸É¢¨¥³. „¥É ²Ó´µ¥ µ¡-
¸Ê¦¤¥´¨¥ ¢µ¶·µ¸µ¢, ¸¢Ö§ ´´ÒÌ ¸ ´¥²µ± ²Ó´µ¸ÉÓÕ, ³µ¦´µ ´ °É¨ ¢ [43].


¨¸. 18. �´¥·£¨Ö ¸¢Ö§¨ ¶·µÉµ´µ¢ ¢ µ¡µ²µÎ± Ì 0s, 1p, 2s, 2d ¤²Ö · §´ÒÌ Ö¤¥· [2]

”¥´µ³¥´ £²Ê¡µ±¨Ì ¤Ò·µ± ¸±µ·¥¥ ¢¸¥£µ [42] ¨³¥¥É ³¥¸Éµ ¢µ ¢¸¥Ì Ö¤· Ì.
�¤´ ±µ Éµ²Ó±µ ¢ ²¥£±¨Ì Ö¤· Ì ¶·¨ ¤¨¶µ²Ó´µ³ ¶µ£²µÐ¥´¨¨ § É· £¨¢ ÕÉ¸Ö ¢
Î¨¸Éµ³ ¢¨¤¥ ¤¢¥ ¸µ¸¥¤´¨¥ ¢¥·Ì´¨¥ µ¸Í¨²²ÖÉµ·´Ò¥ µ¡µ²µÎ±¨ Å § ¶µ²´¥´´ Ö
¨ ¢ ²¥´É´ Ö Å ¨ ÔÉµ ± ·¤¨´ ²Ó´µ ¸± §Ò¢ ¥É¸Ö ´  ¸É·Ê±ÉÊ·¥ „ƒ
. ˆ³¥´´µ ¢
¸¨²Ê ÔÉµ£µ µ¡¸ÉµÖÉ¥²Ó¸É¢  ¢ ²¥£±¨Ì Ö¤· Ì ¤¨¶µ²Ó´Ò¥ ¶¥·¥Ìµ¤Ò ¨§ § ¶µ²´¥´-
´µ° µ¡µ²µÎ±¨ ¢ ¢ ²¥´É´ÊÕ (¢ ¸µ£² ¸¨¨ c ¶¨µ´¥·¸±µ° · ¡µÉµ° [40] ¨Ì ´ §Ò-
¢ ÕÉ ¶¥·¥Ìµ¤ ³¨ É¨¶  ^) ¨ ¨§ ¢ ²¥´É´µ° Å ¢ ¸¢µ¡µ¤´ÊÕ (¶¥·¥Ìµ¤Ò É¨¶  A)
µ± §Ò¢ ÕÉ¸Ö ¸¨²Ó´µ · §´¥¸¥´´Ò³¨ ¶µ Ô´¥·£¨¨, ¥¤¨´ Ö ±µ²²¥±É¨¢´ Ö ¸É¥¶¥´Ó
¸¢µ¡µ¤Ò ´¥ Ëµ·³¨·Ê¥É¸Ö ¨ É·¥¡Ê¥É¸Ö ´µ¢Ò°  ´ ²¨§ ³¥Ì ´¨§³  Ëµ·³¨·µ¢ -
´¨Ö „ƒ
.
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‚¶¥·¢Ò¥ ´  ÔÉµ µ¡¸ÉµÖÉ¥²Ó¸É¢µ ¡Ò²µ µ¡· Ð¥´µ ¢´¨³ ´¨¥ ¢ · ¡µÉ Ì [39,
40]. �µ¤Î¥·±´¥³, ÎÉµ ¢ Éµ ¢·¥³Ö ÔÉµ ¡Ò² ´µ¢Ò° ¢§£²Ö¤ ´  ¶·µ¡²¥³Ê „ƒ

¢ ²¥£±¨Ì Ö¤· Ì, ¶µ¸±µ²Ó±Ê ¡µ²ÓÏ¨´¸É¢µ ¸¶¥Í¨ ²¨¸Éµ¢ ¸Î¨É ²µ, ÎÉµ ¨ ¢ ²¥£-
±¨Ì Ö¤· Ì ³¥Ì ´¨§³ Ëµ·³¨·µ¢ ´¨Ö „ƒ
 ¤µ²¦¥´ ¡ÒÉÓ É¥³ ¦¥, ÎÉµ ¨ ¢ ¸·¥¤-
´¨Ì ¨ ÉÖ¦¥²ÒÌ Ö¤· Ì. ‡¤¥¸Ó ¸± § ²µ¸Ó ®¤¨¸Í¨¶²¨´¨·ÊÕÐ¥¥¯ ¢²¨Ö´¨¥ ³µ¤¥²¨
Ë¥·³¨-£ §  ¸µ ¸¶ ·¨¢ ´¨¥³, ¢ ±µÉµ·µ° „ƒ
 § ¢¨¸¨É Éµ²Ó±µ µÉ ¶²µÉ´µ¸É¨ Ö¤¥·-
´µ° ³ É¥·¨¨ ¨ ¨´É¥´¸¨¢´µ¸É¨ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°, ´µ ´¥ µÉ
¸É·Ê±ÉÊ·Ò Ö¤· .

3. Š��”ˆƒ“��–ˆ����… ��‘™…�‹…�ˆ… „ƒ� Ÿ„…�
2s2d-���‹�—Šˆ


 ¸¸³µÉ·¨³ ¸´ Î ² , ± ±µ° ¢¨¤ ³µ£ ¨³¥ÉÓ „ƒ
 Ê ÔÉ¨Ì Ö¤¥·, ¥¸²¨ ¡Ò
£²Ê¡µ±¨¥ ¤Ò·±¨ ´¥ Ë· £³¥´É¨·µ¢ ²¨ ¨ µ¸É ÉµÎ´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥, Î ¸É¨Î´µ
¶¥·¥³¥Ï¨¢ ÕÐ¥¥ ¶¥·¥Ìµ¤Ò É¨¶µ¢ � ¨ ^, µÉ¸ÊÉ¸É¢µ¢ ²µ.

‚ ´ Î ²¥ µ¡µ²µÎ±¨, É.¥. ¢ Ö¤· Ì 17O, 18O, 19F „ƒ
 ¢Ò£²Ö¤¥² ¡Ò ¸²¥¤ÊÕÐ¨³
µ¡· §µ³. �¸´µ¢´µ° ³ ±¸¨³Ê³ „ƒ
 (£·Ê¶¶  ^) ¤µ²¦¥´ ´ ¶µ³¨´ ÉÓ ³ ±¸¨³Ê³
¢ Ö¤·¥ 16O ¨ ´ Ìµ¤¨ÉÓ¸Ö ¢ µ¡² ¸É¨ Ô´¥·£¨° 22Ä25 ŒÔ‚. „¨¶µ²Ó´Ò¥ ¶¥·¥Ìµ¤Ò
2d5/2 → 3f7/2 ¢ ²¥´É´ÒÌ ´Ê±²µ´µ¢ (£·Ê¶¶  �) µ¡· §ÊÕÉ ¶¨£³¨-·¥§µ´ ´¸,
· ¸¶µ²µ¦¥´´Ò° ¶·¨ Ô´¥·£¨ÖÌ 5Ä7 ŒÔ‚.


¨¸. 19. Š Î¥¸É¢¥´´ Ö ± ·É¨´  ¸É·Ê±ÉÊ·Ò „ƒ

¢ Ö¤· Ì 2s2d-µ¡µ²µÎ±¨ ¢ ¶·¥¤¶µ²µ¦¥´¨¨ ´¥-
Ë· £³¥´É¨·µ¢ ´´ÒÌ ¤Ò·µÎ´ÒÌ Ê·µ¢´¥°

�µ ³¥·¥ § ¶µ²´¥´¨Ö µ¡µ²µÎ±¨
¸µµÉ´µÏ¥´¨¥ ¶¥·¥Ìµ¤µ¢ É¨¶  �
¨ ^ ¨§³¥´Ö¥É¸Ö ¢ ¶µ²Ó§Ê £·Ê¶¶Ò
� (¨§-§  Ê³¥´ÓÏ¥´¨Ö ¸¢µ¡µ¤´ÒÌ
³¥¸É ¢ ¢ ²¥´É´µ° µ¡µ²µÎ±¥), ´µ
µ¤´µ¢·¥³¥´´µ · ¸É¥É Ô´¥·£¨Ö £²Ê-
¡µ±¨Ì ¤Ò·µ± [2, 3] ¨ £·Ê¶¶  ^
¸¤¢¨£ ¥É¸Ö ¶µ Ô´¥·£¨¨ ¢¢¥·Ì. ‚
·¥§Ê²ÓÉ É¥ Ê Ö¤¥· ¸ ¶·¨³¥·´µ ´ -
¶µ²µ¢¨´Ê § ¶µ²´¥´´µ° µ¡µ²µÎ±µ°
„ƒ
 ¡Ê¤¥É ¸µ¸ÉµÖÉÓ ¢ µ¡Ð¥³ ¨§
¤¢ÊÌ ¸· ¢´¨³ÒÌ ¶µ ¨´É¥´¸¨¢´µ-
¸É¨, ´µ §´ Î¨É¥²Ó´µ · §´¥¸¥´´ÒÌ

¶µ Ô´¥·£¨¨ £·Ê¶¶ ¶¥·¥Ìµ¤µ¢ Å ¶·¨³¥·´µ É ±, ± ± ÔÉµ ¸Ì¥³ É¨Î¥¸±¨ ¨§µ¡· -
¦¥´µ ´  ·¨¸. 19.

’ ±¨³ µ¡· §µ³, ¥¸²¨ ¶·¥´¥¡·¥ÎÓ ¢§ ¨³µ¤¥°¸É¢¨¥³, ¸³¥Ï¨¢ ÕÐ¨³ ¶¥·¥-
Ìµ¤Ò � ¨ ^, Éµ ¢ ²¥£±¨Ì Ö¤· Ì ¨³¥²µ¸Ó ¡Ò Ë ±É¨Î¥¸±¨ ¤¢  „ƒ
, µ¤¨´ ¨§
±µÉµ·ÒÌ ¸µµÉ¢¥É¸É¢Ê¥É ±µ²²¥±É¨¢´Ò³ ±µ²¥¡ ´¨Ö³ ´Ê±²µ´µ¢ ¢ § ¶µ²´¥´´µ°
µ¡µ²µÎ±¥ (É¨¶ ^), ¢Éµ·µ° Å ¢ ¢ ²¥´É´µ° (É¨¶ �). �µ¤Î¥·±´¥³, ÎÉµ ±µ²¥¡ -
´¨Ö É¨¶  ^ ·¥ ²¨§ÊÕÉ¸Ö ¢ Éµ° ³¥·¥, ¢ ±µÉµ·µ° ¨³ ¶µ§¢µ²Ö¥É ¶·¨´Í¨¶ � Ê²¨,
É.¥. ¸µµÉ¢¥É¸É¢ÊÕÐ¥¥ ¸¥Î¥´¨¥ Ê³¥´ÓÏ ¥É¸Ö ¶µ ³¥·¥ § ¶µ²´¥´¨Ö ¢ ²¥´É´µ°
µ¡µ²µÎ±¨.
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�¥·¥°¤¥³ É¥¶¥·Ó ± ¡µ²¥¥ ·¥ ²¨¸É¨Î¥¸±µ³Ê · ¸¸³µÉ·¥´¨Õ µ¡Ð¨Ì ¢µ¶·µ¸µ¢
Ëµ·³¨·µ¢ ´¨Ö „ƒ
 ¢ Ö¤· Ì 2s2d-µ¡µ²µÎ±¨. �·¥¦¤¥ ¢¸¥£µ ´¥µ¡Ìµ¤¨³µ ÊÎ¥¸ÉÓ
¸¨²Ó´µ¥ ¸¶¨´-µ·¡¨É ²Ó´µ¥ · ¸Ð¥¶²¥´¨¥ 1p-¤Ò·±¨: Ê·µ¢¥´Ó 1p3/2 ²¥¦¨É ´ -
³´µ£µ ¢ÒÏ¥ ¶µ Ô´¥·£¨¨, Î¥³ Ê·µ¢¥´Ó 1p1/2. �Éµ µ¡¸ÉµÖÉ¥²Ó¸É¢µ, ¢µµ¡Ð¥
£µ¢µ·Ö, ¤µ²¦´µ · ¸Ð¥¶¨ÉÓ ¶¥·¥Ìµ¤Ò É¨¶  ^ ´  ¤¢¥ £·Ê¶¶Ò:

1p1/2 → 2s2d, p3/2 → 2s2d, (20)

· §¤¥²¥´´ÒÌ µ¶·¥¤¥²¥´´Ò³ Ô´¥·£¥É¨Î¥¸±¨³ ¨´É¥·¢ ²µ³. �·¨ ÔÉµ³ ³ ±¸¨³Ê³
¶¥·¥Ìµ¤µ¢ 1p1/2 → 2s2d ³µ¦¥É ¢ ´¥±µÉµ·ÒÌ ¸²ÊÎ ÖÌ µ± § ÉÓ¸Ö ¡²¨§±¨³ ±
³ ±¸¨³Ê³Ê ¶¥·¥Ìµ¤µ¢ A. „ ²¥¥, ¸ÊÐ¥¸É¢¥´´Ò³ Ö¢²Ö¥É¸Ö ¢µ¶·µ¸ µ Ë· £³¥´-
É Í¨¨ 1p3/2 ¨ 1p1/2-¤Ò·µ±. “·µ¢¥´Ó (1p1/2)−1 µ± §Ò¢ ¥É¸Ö, ± ± ¶· ¢¨²µ,
¸² ¡µ Ë· £³¥´É¨·µ¢ ´´Ò³. � ¶·¨³¥·, ¢ Ö¤·¥ 28Si ¶· ±É¨Î¥¸±¨ ¢¸Ö ¸¶¥±É-
·µ¸±µ¶¨Î¥¸± Ö ¸¨²  ¶·µÉµ´´µ° ¤Ò·±¨ (1p1/2)−1 ¸µ¸·¥¤µÉµÎ¥´  ´  µ¤´µ³
Ê·µ¢´¥ Ö¤·  27Al ¸ Ô´¥·£¨¥° ¢µ§¡Ê¦¤¥´¨Ö 4,05 ŒÔ‚. � ¶·µÉ¨¢, ¤Ò·µÎ´Ò°


¨¸. 20. 
 ¸¸Î¨É ´´Ò¥ ¸¥Î¥´¨Ö ¶µ£²µÐ¥-
´¨Ö γ-±¢ ´Éµ¢ ´  Ö¤·¥ 32S [79] ¢ ph-
¶·¨¡²¨¦¥´¨¨ ( ) ¨ ¸ ÊÎ¥Éµ³ ¡µ²¥¥ ¸²µ¦-
´ÒÌ ±µ´Ë¨£Ê· Í¨° (¡)

Ê·µ¢¥´Ó (1p3/2)−1 Ö¢²Ö¥É¸Ö, ± ± ¶· -
¢¨²µ, ¸¨²Ó´µ Ë· £³¥´É¨·µ¢ ´´Ò³. ‘µ-
µÉ¢¥É¸É¢¥´´µ, ³µ¦´µ µ¦¨¤ ÉÓ ¸²¥¤Ê-
ÕÐ¥£µ. ‚ ¸²ÊÎ ¥ ¶·¥¤¥²Ó´µ ¸¨²Ó´µ°
Ë· £³¥´É Í¨¨ 20Ä30 ŒÔ‚ ¶¥·¥Ìµ¤Ò
1p3/2 → 2s2d ¸±µ·¥¥ ¸Ëµ·³¨·ÊÕÉ
Ëµ´, Î¥³ ³ ±¸¨³Ê³ ¤¨¶µ²Ó´µ£µ ¶µ£²µ-
Ð¥´¨Ö, ¶·µ¸É¨· ÕÐ¨°¸Ö ¤µ Ô´¥·£¨°
45Ä50 ŒÔ‚. �·¨ Ê³¥·¥´´µ° Ë· £³¥´-
É Í¨¨ 1p3/2-¤Ò·±¨ ¶¥·¥Ìµ¤Ò 1p3/2 →
2s2d ¤µ²¦´Ò ¸Ëµ·³¨·µ¢ ÉÓ  ´µ³ ²Ó´µ
Ï¨·µ±ÊÕ §µ´Ê ¶µ£²µÐ¥´¨Ö ¤¨¶µ²Ó´ÒÌ
γ-±¢ ´Éµ¢.

�¸É ÉµÎ´µ¥ ph-¢§ ¨³µ¤¥°¸É¢¨¥, ¢µ-
µ¡Ð¥ £µ¢µ·Ö, ¸¶µ¸µ¡´µ ¸¨²Ó´µ ¶¥·¥³¥-
Ï ÉÓ ¶¥·¥Ìµ¤Ò � ¨ ^, Ëµ·³¨·ÊÖ ¥¤¨-
´ÊÕ ±µ²²¥±É¨¢´ÊÕ ¸É¥¶¥´Ó ¸¢µ¡µ¤Ò.
�¤´ ±µ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ µ
¸¥Î¥´¨ÖÌ ¨ ´Ê±²µ´´ÒÌ · ¸¶ ¤ Ì „ƒ

¨ É¥µ·¥É¨Î¥¸±¨¥ · ¸Î¥ÉÒ ¶µ± §Ò¢ ÕÉ,
ÎÉµ µ´µ ´¥ ³¥´Ö¥É ± ·¤¨´ ²Ó´µ ± ·-
É¨´Ò „ƒ
, ¶µ²ÊÎ¥´´µ° ¢ ¶·¨¡²¨¦¥-
´¨¨ ¤¢ÊÌ É¨¶µ¢ ±µ²²¥±É¨¢´ÒÌ ±µ²¥¡ -
´¨°, ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¶¥·¥Ìµ¤ ³ � ¨
^. „²Ö ¨²²Õ¸É· Í¨¨ ´  ·¨¸. 20 ¶µ± § ´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ „ƒ
 ¢ Ö¤·¥ 32S
¢ Î ¸É¨Î´µ-¤Ò·µÎ´µ³ ¨ ¡µ²¥¥ ¸²µ¦´µ³ ¶·¨¡²¨¦¥´¨ÖÌ (´µ ¸ ´¥Ë· £³¥´É¨·µ-
¢ ´´µ° 1p3/2-¤Ò·±µ°). Š ± ¢¨¤´µ ¨§ ·¨¸Ê´± , ¶¥·¥Ìµ¤Ò � ¨ ^ ¸³¥Ï¨¢ ÕÉ¸Ö
´¥§´ Î¨É¥²Ó´µ.
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Š ± Ê± § ´µ ¢ · §¤. 1, ¢ ¸·¥¤´¨Ì ¨ ÉÖ¦¥²ÒÌ Ö¤· Ì Ô´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò
´Ê±²µ´µ¢ ¨§ „ƒ
 Ëµ·³¨·ÊÕÉ¸Ö ³¥Ì ´¨§³ ³¨, ¡²¨§±¨³¨ ± ¸É É¨¸É¨Î¥¸±¨³.
�µ²Ê¶·Ö³µ° ³¥Ì ´¨§³ ¤ ¥É ´¥ ¡µ²¥¥ 10Ä20% ´Ê±²µ´µ¢. ‘¨ÉÊ Í¨Ö ¢ ²¥£±¨Ì
Ö¤· Ì ± ·¤¨´ ²Ó´µ ¨´ Ö: ¤µ²Ö ¶µ²Ê¶·Ö³ÒÌ ËµÉµ´Ê±²µ´µ¢ ¸µ¸É ¢²Ö¥É ¡µ²¥¥
50%,   Î ¸Éµ ¨ ¡µ²¥¥ 80% [2].

�ÉµÉ Ë ±É Å · ¸¶ ¤ „ƒ
 ¶µ ± ´ ² ³ ¥£µ Î ¸É¨Î´µ-¤Ò·µÎ´µ£µ Ëµ·³¨-
·µ¢ ´¨Ö Å ¸µ§¤ ¥É ¢µ§³µ¦´µ¸ÉÓ ¶µ¸·¥¤¸É¢µ³ Ô±¸¶¥·¨³¥´É ²Ó´µ£µ  ´ ²¨§ 
¶ ·Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° ¶·µ¨§¢¥¸É¨ ¶·Ö³ÊÕ ¨¤¥´É¨Ë¨± Í¨Õ ¶¥·¥Ìµ¤µ¢ � ¨ ^
¢ · §²¨Î´ÒÌ µ¡² ¸ÉÖÌ Ô´¥·£¨° „ƒ
, É.¥. ¤¥É ²Ó´Ò³ µ¡· §µ³ ¶·µ¢¥·¨ÉÓ ¨§²µ-
¦¥´´Ò¥ ¢ÒÏ¥ ¸µµ¡· ¦¥´¨Ö.

ˆ¤¥´É¨Ë¨± Í¨Ö ¶¥·¥Ìµ¤µ¢ ¢ Ö¤· Ì 2s2d-µ¡µ²µÎ¥± ¡Ò²  ¶·µ¢¥¤¥´  ¨ µÉ-
· ¦¥´  ¢ ·Ö¤¥ µ¡§µ·µ¢ (¸³., ´ ¶·¨³¥·, [63]) ¨ ¡µ²ÓÏµ³ Î¨¸²¥ µ·¨£¨´ ²Ó´ÒÌ
· ¡µÉ. �·¥¦¤¥ Î¥³ ¶·¨¢¥¸É¨ ·¥§Ê²ÓÉ ÉÒ ÔÉ¨Ì · ¡µÉ, µ¶¨Ï¥³ ³¥Éµ¤¨±Ê ¨Ì
¶µ²ÊÎ¥´¨Ö.

„²Ö ¶·Ö³µ£µ ¤µ± § É¥²Ó¸É¢  ¸ÊÐ¥¸É¢µ¢ ´¨Ö ±µ´Ë¨£Ê· Í¨µ´´µ£µ · ¸Ð¥¶-
²¥´¨Ö ¤¨¶µ²Ó´µ£µ £¨£ ´É¸±µ£µ ·¥§µ´ ´¸  ¡Ò² ´¥µ¡Ìµ¤¨³ ¶·¨´Í¨¶¨ ²Ó´µ ´µ-
¢Ò° ±² ¸¸ Ô±¸¶¥·¨³¥´Éµ¢, ¶µ§¢µ²ÖÕÐ¨Ì ´ ¡²Õ¤ ÉÓ ÔÉµ Ö¢²¥´¨¥ ´¥¶µ¸·¥¤-
¸É¢¥´´µ. �ÉÊ ¢µ§³µ¦´µ¸ÉÓ ¤ ÕÉ Ô±¸±²Õ§¨¢´Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ¶µ ¨§³¥·¥´¨Õ
ÔËË¥±É¨¢´ÒÌ ¸¥Î¥´¨° ËµÉµ´Ê±²µ´´ÒÌ ·¥ ±Í¨° (γ, pi) ¨ (γ, ni), ±µ£¤  Ë¨±¸¨-
·ÊÕÉ¸Ö µÉ¤¥²Ó´Ò¥ Ê·µ¢´¨ ±µ´¥Î´µ£µ Ö¤·  AÅ1 (i Å ´µ³¥· ±µ´¥Î´µ£µ ¸µ¸Éµ-
Ö´¨Ö, µ¡· §ÊÕÐ¥£µ¸Ö ¶µ¸²¥ · ¸¶ ¤  „ƒ
). ˆ§³¥·¥´¨¥ É ±¨Ì ¸¥Î¥´¨° (¢ ¤ ²Ó-
´¥°Ï¥³ ´ §Ò¢ ¥³ÒÌ ¶ ·Í¨ ²Ó´Ò³¨), ¢Ò¶µ²´¥´´µ¥ ¶·¨ · §²¨Î´ÒÌ Ô´¥·£¨ÖÌ
¢µ§¡Ê¦¤¥´¨Ö ´ Î ²Ó´µ£µ Ö¤·  A (¤²Ö µ¶·¥¤¥²¥´´µ¸É¨ · ¸¸³ É·¨¢ ¥É¸Ö Ö¤·µ ¸
´¥§ ¶µ²´¥´´µ° ¢´¥Ï´¥° µ¡µ²µÎ±µ° 2s2d) ¨ ¢ Ï¨·µ±µ° µ¡² ¸É¨ Ô´¥·£¨° ±µ-
´¥Î´µ£µ Ö¤·  AÄ1, É.¥. ¸ µÌ¢ Éµ³ ±µ´¥Î´ÒÌ ¸µ¸ÉµÖ´¨°, ± ± ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì
¤Ò·±¥ (2s2d)−1 ¢ ¢ ²¥´É´µ° (Î ¸É¨Î´µ-§ ¶µ²´¥´´µ° µ¡µ²µÎ±¥), É ± ¨ ¸µµÉ-
¢¥É¸É¢ÊÕÐ¨Ì ¤Ò·±¥ 1p−1 ¢ § ¶µ²´¥´´µ° £²Ê¡µ±µ° µ¡µ²µÎ±¥, ¶µ§¢µ²Ö¥É ´¥-
¶µ¸·¥¤¸É¢¥´´µ ´ ¡²Õ¤ ÉÓ · ¸Ð¥¶²¥´¨¥ ¶µ Ô´¥·£¨¨ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ 1p1h-
±µ´Ë¨£Ê· Í¨°, Ëµ·³¨·ÊÕÐ¨Ì¸Ö ¨§ ¤¨¶µ²Ó´ÒÌ ¶¥·¥Ìµ¤µ¢ É¨¶  � (2s2d →
→ 3p3f) ¨ ^ (1p → 2s2d). ” ±É § ¸¥²¥´¨Ö ¤Ò·µÎ´µ£µ ¸µ¸ÉµÖ´¨Ö ¶·Ö³µ
¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ · ¸¶ ¤¥ 1p1h-±µ´Ë¨£Ê· Í¨¨ ¸ ¢Ò²¥Éµ³ ´Ê±²µ´  ¢ ´¥¶·¥-
·Ò¢´Ò° ¸¶¥±É·,   É¨¶ § ¸¥²Ö¥³µ° ®¤Ò·±¨¯ ¶µ§¢µ²Ö¥É ¢µ¸¸É ´µ¢¨ÉÓ Î ¸É¨Î´µ-
¤Ò·µÎ´ÊÕ ±µ´Ë¨£Ê· Í¨Õ · ¸¶ ¢Ï¥£µ¸Ö (¢Ìµ¤´µ£µ) ¸µ¸ÉµÖ´¨Ö.

�·µ£· ³³  É ±¨Ì Ô±¸¶¥·¨³¥´Éµ¢ ¡Ò²  · §· ¡µÉ ´  ¨ ¢Ò¶µ²´¥´  ¤²Ö Ö¤¥·
2s2d-,   § É¥³ ¨ 3p3f -µ¡µ²µÎ±¨. �É¨ Ô±¸¶¥·¨³¥´ÉÒ ¶µ§¢µ²¨²¨ · §¤¥²¨ÉÓ £¨-
£ ´É¸±¨° ¤¨¶µ²Ó´Ò° ·¥§µ´ ´¸ Ö¤¥· 2s2d-µ¡µ²µÎ±¨ ´  ±µ³¶µ´¥´ÉÒ, µ¡Ê¸²µ-
¢²¥´´Ò¥ ¶¥·¥Ìµ¤ ³¨ 2s2d → 3p3f (£·Ê¶¶  �) ¨ 1p → 2s2d (£·Ê¶¶  ^) ¨
¸¤¥² ÉÓ µ±µ´Î É¥²Ó´Ò¥ § ±²ÕÎ¥´¨Ö µ ¸ÊÐ¥¸É¢µ¢ ´¨¨ ±µ´Ë¨£Ê· Í¨µ´´µ£µ · ¸-
Ð¥¶²¥´¨Ö „ƒ
 ¨ ¥£µ ³ ¸ÏÉ ¡ Ì. ^Ò²¨ ¶·µ¢¥¤¥´Ò ¤¢¥ £·Ê¶¶Ò Ô±¸¶¥·¨³¥´Éµ¢
(µ¶¨¸ ´¨¥ Ô±¸¶¥·¨³¥´Éµ¢ ¤ ´µ ¢ [63, 64]):

1. ˆ§³¥·¥´¨¥ Ô´¥·£¥É¨Î¥¸±¨Ì ¸¶¥±É·µ¢ ËµÉµ¶·µÉµ´µ¢ ¢ µ¡² ¸É¨ ƒ„
 ¸
³ ²Ò³ Ï £µ³ ¶µ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö Ö¤· -³¨Ï¥´¨.
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2. ˆ§³¥·¥´¨¥ Ô´¥·£¥É¨Î¥¸±¨Ì ¸¶¥±É·µ¢ γ-±¢ ´Éµ¢, ¸´¨³ ÕÐ¨Ì ¢µ§¡Ê-
¦¤¥´¨¥ ±µ´¥Î´µ£µ Ö¤·  (É ± ´ §Ò¢ ¥³ÒÌ γ-±¢ ´Éµ¢ ¤¥¢µ§¡Ê¦¤¥´¨Ö) ¤²Ö ¢¸¥°
µ¡² ¸É¨ £¨£ ´É¸±µ£µ ·¥§µ´ ´¸ .

ˆ§ Ô±¸¶¥·¨³¥´Éµ¢ µ¡µ¥£µ É¨¶  ¡Ò²¨ ¨§¢²¥Î¥´Ò ¶ ·Í¨ ²Ó´Ò¥ ËµÉµ´Ê±²µ´-
´Ò¥ ¸¥Î¥´¨Ö ¤²Ö 13 Ö¤¥· (23Na, 24,26Mg, 27Al, 28Si, 31P, 32S, 35,37Cl, 39K, 40Ca,
45Sc ¨ 58Ni). �µ²´µ¥ Î¨¸²µ ¶µ²ÊÎ¥´´ÒÌ ¶ ·Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° ¸µ¸É ¢¨²µ
µ±µ²µ 350.


¨¸. 21. Œ¥Éµ¤¨±  Ô±¸¶¥·¨³¥´É  ¶µ µ¶·¥-
¤¥²¥´¨Õ Ô´¥·£¥É¨Î¥¸±¨Ì § ¢¨¸¨³µ¸É¥° ¶ ·-
Í¨ ²Ó´ÒÌ ËµÉµ´Ê±²µ´´ÒÌ ¸¥Î¥´¨° ´  ¶ÊÎ±¥
Éµ·³µ§´µ£µ ¨§²ÊÎ¥´¨Ö

^µ²ÓÏÊÕ ·µ²Ó ¢ ¶µ²ÊÎ¥´¨¨
ÔÉ¨Ì ¶·¨´Í¨¶¨ ²Ó´µ ´µ¢ÒÌ ·¥§Ê²Ó-
É Éµ¢ ¸Ò£· ²µ ¸ÊÐ¥¸É¢¥´´µ¥ Ê²ÊÎ-
Ï¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´µ£µ ³¥Éµ¤ 
¨¸¸²¥¤µ¢ ´¨°. ‘ÊÉÓ ³¥Éµ¤  ¶µÖ¸´Ö-
¥É¸Ö ´  ·¨¸. 21.

�  ¶ÊÎ±¥ Éµ·³µ§´µ£µ γ-¨§-
²ÊÎ¥´¨Ö ¶·¨ · §²¨Î´ÒÌ §´ Î¥-
´¨ÖÌ ¢¥·Ì´¥° £· ´¨ÍÒ Emax

γ ¥£µ
Ô´¥·£¥É¨Î¥¸±µ£µ · ¸¶·¥¤¥²¥´¨Ö
W (Eγ , E

max
γ ) ¨§³¥·ÖÕÉ¸Ö ¸¶¥±-

É·Ò ËµÉµ´Ê±²µ´µ¢. Š ¦¤Ò° É ±µ°
¸¶¥±É· Ëµ·³¨·Ê¥É¸Ö §  ¸Î¥É · ¸-
¶ ¤µ¢ ³´µ£¨Ì ¸µ¸ÉµÖ´¨° Ö¤·  A ¢
µ¡² ¸É¨ £¨£ ´É¸±µ£µ ·¥§µ´ ´¸  ´ 
· §²¨Î´Ò¥ Ê·µ¢´¨ ±µ´¥Î´µ£µ Ö¤· 
AÄ1 ¨ ¸µ¤¥·¦¨É ¨´Ëµ·³ Í¨Õ µ ¶¥-
·¥Ìµ¤ Ì ¢µ ¢¸¥ § ¸¥²Ö¥³Ò¥ ¸µ¸Éµ-
Ö´¨Ö. …¸²¨ ¸¶¥±É·Ò ËµÉµ´Ê±²µ-
´µ¢ (¢ ¤ ´´µ³ ¸²ÊÎ ¥ ËµÉµ¶·µÉµ-
´µ¢) ¨§³¥·¥´Ò ¸ ¤µ¸É ÉµÎ´µ ³ ²Ò³
Ï £µ³ ¶µ Emax (´¥µ¡Ìµ¤¨³ Ï £
µ±µ²µ 1 ŒÔ‚), Éµ ¶¥·¥Ìµ¤Ò ¢ ¸µ-
¸ÉµÖ´¨Ö Ö¤·  A − 1, ¨³¥ÕÐ¨¥ · §²¨Î´ÊÕ ¤Ò·µÎ´ÊÕ ¶·¨·µ¤Ê, · §¤¥²ÖÕÉ¸Ö.
ƒ² ¢´µ¥ ¤µ¸Éµ¨´¸É¢µ ³¥Éµ¤  ¨§¢²¥Î¥´¨Ö ¶ ·Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° ¨§ ËµÉµ´Ê-
±²µ´´ÒÌ ¸¶¥±É·µ¢ ¸µ¸Éµ¨É ¢ ¢µ§³µ¦´µ¸É¨ ¶µ²ÊÎ¥´¨Ö ¤¥É ²Ó´µ° Ô´¥·£¥É¨Î¥-
¸±µ° § ¢¨¸¨³µ¸É¨ ¶ ·Í¨ ²Ó´ÒÌ ¸¥Î¥´¨°, ÎÉµ Ö¢²Ö¥É¸Ö ·¥Ï ÕÐ¨³ µ¡¸ÉµÖÉ¥²Ó-
¸É¢µ³ ¤²Ö µ¡´ ·Ê¦¥´¨Ö ¨ ¨§ÊÎ¥´¨Ö Ö¢²¥´¨Ö ±µ´Ë¨£Ê· Í¨µ´´µ£µ · ¸Ð¥¶²¥´¨Ö
¤¨¶µ²Ó´µ£µ £¨£ ´É¸±µ£µ ·¥§µ´ ´¸ .

‘ ¶µ³µÐÓÕ £ ³³ -¸¶¥±É·µ³¥É·  ¢Ò¸µ±µ£µ Ô´¥·£¥É¨Î¥¸±µ£µ · §·¥Ï¥´¨Ö
¨§³¥·Ö²¨¸Ó É ±¦¥ ¸¶¥±É·Ò γ-±¢ ´Éµ¢, ¸´¨³ ÕÐ¨Ì ¢µ§¡Ê¦¤¥´¨¥ ±µ´¥Î´ÒÌ
Ö¤¥· AÄ1. ‘¶¥±É·Ò ÔÉ¨Ì γ-±¢ ´Éµ¢ ¤¥¢µ§¡Ê¦¤¥´¨Ö ¶µ§¢µ²Ö²¨, ¢ É¥Ì ¸²ÊÎ ÖÌ,
±µ£¤  ¶µ¸²¥ ¢Ò²¥É  ËµÉµ´Ê±²µ´  ¨§ Ö¤·  A § ¸¥²Ö²¨¸Ó ¡²¨§±µ· ¸¶µ²µ¦¥´´Ò¥
¨ ´¥· §·¥Ï¥´´Ò¥ ³¥Éµ¤ ³¨ ¸¶¥±É·µ³¥É·¨¨ ´Ê±²µ´µ¢ Ê·µ¢´¨ Ö¤·  AÄ1, µ¤´µ-
§´ Î´µ µ¶·¥¤¥²¨ÉÓ, ± ±¨¥ ¨³¥´´µ Ê·µ¢´¨ § ¸¥²ÖÕÉ¸Ö ¨ ¸ ± ±µ° ¢¥·µÖÉ´µ¸ÉÓÕ.
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’ ±¨³ µ¡· §µ³, ¸µ¢³¥¸É´µ¥ ¨¸¶µ²Ó§µ¢ ´¨¥ ¤ ´´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢ ¶µ ¸¶¥±É·µ-
³¥É·¨·µ¢ ´¨Õ ËµÉµ´Ê±²µ´µ¢ ¨ γ-±¢ ´Éµ¢ ¤¥¢µ§¡Ê¦¤¥´¨Ö ¶µ§¢µ²Ö¥É ¶µ²ÊÎ¨ÉÓ
¨¸Î¥·¶Ò¢ ÕÐÊÕ ¨´Ëµ·³ Í¨Õ µ § ¸¥²¥´¨¨ µÉ¤¥²Ó´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤·  AÄ1
¶·¨ · ¸¶ ¤¥ ¤¨¶µ²Ó´µ£µ £¨£ ´É¸±µ£µ ·¥§µ´ ´¸  Ö¤·  A.


¨¸. 22. Šµ··¥²ÖÍ¨Ö ³¥¦¤Ê ¶ ·Í¨ ²Ó´Ò³¨ ËµÉµ¶·µÉµ´´Ò³¨ ¸¥Î¥´¨Ö³¨ ¨ ¸¶¥±É·µ-
¸±µ¶¨Î¥¸±¨³¨ Ë ±Éµ· ³¨ µ¤´µ¶·µÉµ´´µ£µ ¶µ¤Ì¢ É  C2S−

p (¢¥·É¨± ²Ó´Ò¥ ²¨´¨¨) ¤²Ö
Ö¤¥· 24Mg ¨ 27Al. � ·Í¨ ²Ó´Ò¥ ËµÉµ¶·µÉµ´´Ò¥ ¸¥Î¥´¨Ö ¶µ²ÊÎ¥´Ò ¨§ Ô±¸¶¥·¨³¥´-
Éµ¢ ¶µ ¸¶¥±É·µ³¥É·¨·µ¢ ´¨Õ ¶·µÉµ´µ¢ (¸¶²µÏ´Ò¥ ²¨´¨¨) ¨ γ-±¢ ´Éµ¢ ¤¥¢µ§¡Ê¦¤¥´¨Ö
(§ ÏÉ·¨Ìµ¢ ´´Ò¥ ¸Éµ²¡¨±¨)

�´ ²¨§ ¢¸¥Ì ¶µ²ÊÎ¥´´ÒÌ ¶ ·Í¨ ²Ó´ÒÌ ËµÉµ´Ê±²µ´´ÒÌ ¸¥Î¥´¨° ¡Ò² ¢Ò-
¶µ²´¥´ ´  µ¸´µ¢¥ ¸¶¥±É·µ¸±µ¶¨Î¥¸±µ° ¨´Ëµ·³ Í¨¨ µ ¤Ò·µÎ´µ° ¶·¨·µ¤¥ § -
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¸¥²Ö¥³ÒÌ (¶µ¸²¥ ¢Ò²¥É  ËµÉµ´Ê±²µ´ ) ¸µ¸ÉµÖ´¨° ¨§ ´¥§ ¢¨¸¨³ÒÌ ¤ ´´ÒÌ ·¥-
 ±Í¨° µ¤´µ´Ê±²µ´´µ° ¶¥·¥¤ Î¨ É¨¶  (p, d), (n, d), (d,3 He) ¨ ¤·. �·¨³¥·
¸µ¢³¥¸É´µ£µ  ´ ²¨§  ¤ ´´ÒÌ Ô±¸±²Õ§¨¢´µ£µ ËµÉµ¶·µÉµ´´µ£µ Ô±¸¶¥·¨³¥´É  ¨
¤ ´´ÒÌ ·¥ ±Í¨° ¶µ¤Ì¢ É  ¶·µÉµ´  ¤²Ö Ö¤¥· 24Mg ¨ 27Al ¶·¨¢¥¤¥´ ´  ·¨¸. 22.
�  ÔÉµ³ ·¨¸Ê´±¥ ¢¥·É¨± ²Ó´Ò³¨ ²¨´¨Ö³¨ ¶µ± § ´µ · ¸¶·¥¤¥²¥´¨¥ ¸¶¥±É·µ-
¸±µ¶¨Î¥¸±µ° ¸¨²Ò ¶·µÉµ´´ÒÌ ¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨° ¨¸¸²¥¤Ê¥³ÒÌ Ö¤¥· (A,Z)
¶µ Ê·µ¢´Ö³ ±µ´¥Î´ÒÌ Ö¤¥· (A− 1, Z− 1). ‘¶²µÏ´Ò¥ ±·¨¢Ò¥ ¨ § ÏÉ·¨Ìµ¢ ´-
´Ò¥ ¸Éµ²¡¨±¨ Å ¶µ²ÊÎ¥´´Ò¥  ¢Éµ· ³¨ · ¡µÉÒ ¸ ¶µ³µÐÓÕ ³¥Éµ¤µ¢ ¸¶¥±É·µ-
³¥É·¨·µ¢ ´¨Ö ¶·µÉµ´µ¢ ¨ γ-±¢ ´Éµ¢ ¤¥¢µ§¡Ê¦¤¥´¨Ö · ¸¶·¥¤¥²¥´¨Ö ¢¥·µÖÉ´µ-
¸É¨ § ¸¥²¥´¨Ö · §²¨Î´ÒÌ Ê·µ¢´¥° ±µ´¥Î´ÒÌ Ö¤¥· ¢ ·¥ ±Í¨¨ (γ, p). �ÉÎ¥É²¨¢ Ö
±µ··¥²ÖÍ¨Ö ³¥¦¤Ê ¤ ´´Ò³¨ ËµÉµ´Ê±²µ´´µ£µ Ô±¸¶¥·¨³¥´É  ¨ Ô±¸¶¥·¨³¥´É  ¶µ
µ¤´µ´Ê±²µ´´µ³Ê ¶µ¤Ì¢ ÉÊ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ Éµ³, ÎÉµ Ê · ¸¸³ É·¨¢ ¥³ÒÌ Ö¤¥·
· ¸¶ ¤ £¨£ ´É¸±µ£µ ·¥§µ´ ´¸  ¶·µ¨¸Ìµ¤¨É £² ¢´Ò³ µ¡· §µ³ Î¥·¥§ É¥ ¦¥ ±µ´-
Ë¨£Ê· Í¨¨, ±µÉµ·Ò¥ ´¥¶µ¸·¥¤¸É¢¥´´µ ¢µ§¡Ê¦¤ ÕÉ¸Ö ËµÉµ´ ³¨. ˆ´Ò³¨ ¸²µ-
¢ ³¨, ¶µ²Ê¶·Ö³µ° ³¥Ì ´¨§³ · ¸¶ ¤  Ê É ±¨Ì Ö¤¥· Ö¢²Ö¥É¸Ö µ¸´µ¢´Ò³. �ÊÉ¥³
 ´ ²¨§  ¶ ·Í¨ ²Ó´ÒÌ ËµÉµ´Ê±²µ´´ÒÌ ¸¥Î¥´¨°  ¢Éµ· ³¨ ¡Ò²µ ¶µ± § ´µ, ÎÉµ
¤²Ö Ö¤¥· 2s2d-µ¡µ²µÎ±¨ §  ¸Î¥É ¶µ²Ê¶·Ö³µ£µ ³¥Ì ´¨§³  · ¸¶ ¤  £¨£ ´É¸±µ£µ
¤¨¶µ²Ó´µ£µ ·¥§µ´ ´¸  Ëµ·³¨·Ê¥É¸Ö � 50% ¸¥Î¥´¨Ö ËµÉµ¶µ£²µÐ¥´¨Ö.

�·µÍ¥¤Ê·   ´ ²¨§  ¶ ·Í¨ ²Ó´ÒÌ ËµÉµ´Ê±²µ´´ÒÌ ¸¥Î¥´¨° ¸ Í¥²ÓÕ ¨§¢²¥-
Î¥´¨Ö ¨§ ´¨Ì ¤ ´´ÒÌ µ ³¥Ì ´¨§³¥ ËµÉµÖ¤¥·´µ° ·¥ ±Í¨¨ ¨ ±µ´Ë¨£Ê· Í¨µ´´µ°
¸É·Ê±ÉÊ·¥ £¨£ ´É¸±µ£µ ¤¨¶µ²Ó´µ£µ ·¥§µ´ ´¸  ¡Ò²  ¤¥É ²Ó´µ · §· ¡µÉ ´   ¢-
Éµ· ³¨. …¥ ¨¸Î¥·¶Ò¢ ÕÐ¥¥ µ¶¨¸ ´¨¥ ¤ ´µ ¢ · ¡µÉ Ì [2, 63, 64]. ‚ ·¥§Ê²ÓÉ É¥
¶·¨³¥´¥´¨Ö ÔÉµ° ¶·µÍ¥¤Ê·Ò ¶µ ±µ´Ë¨£Ê· Í¨Ö³, ¶·µÖ¢²ÖÕÐ¨³¸Ö ¢ · ¸¶ ¤¥,
Ê¤ ²µ¸Ó ·¥±µ´¸É·Ê¨·µ¢ ÉÓ µ¡µ²µÎ¥Î´ÊÕ ¸É·Ê±ÉÊ·Ê £¨£ ´É¸±µ£µ ¤¨¶µ²Ó´µ£µ ·¥-
§µ´ ´¸  Ê Ö¤¥· 2s2d-µ¡µ²µÎ±¨ ¨ ¢¶¥·¢Ò¥ ¶µ²ÊÎ¨ÉÓ ¶·Ö³µ¥ ¤µ± § É¥²Ó¸É¢µ ¥£µ
±µ´Ë¨£Ê· Í¨µ´´µ£µ · ¸Ð¥¶²¥´¨Ö. ^Ò²µ Ê¸É ´µ¢²¥´µ ¸²¥¤ÊÕÐ¥¥ [2, 65].

1. �¸´µ¢´Ò¥ ¶¥·¥Ìµ¤Ò £·Ê¶¶Ò � (2s2d → 3p3f) · ¸¶µ² £ ÕÉ¸Ö ¢ µ¡² ¸É¨
Ô´¥·£¨° 16Ä23 ŒÔ‚. ˆÌ Í¥´É· ÉÖ¦¥¸É¨ · ¸¶µ²µ¦¥´ ¶·¨ 20Ä21 ŒÔ‚. �É¨ ¶¥-
·¥Ìµ¤Ò µ¡· §ÊÕÉ Ìµ·µÏµ ²µ± ²¨§µ¢ ´´Ò° £¨£ ´É¸±¨° ·¥§µ´ ´¸ ¸ ³ ±¸¨³Ê³µ³
¢ · °µ´¥ 20 ŒÔ‚ ¨ ¶µ²ÊÏ¨·¨´µ° 4Ä5 ŒÔ‚. �¥·¥Ìµ¤Ò £·Ê¶¶Ò � ¶· ±É¨Î¥¸±¨
¨¸Î¥§ ÕÉ (¢Ò·µ¦¤ ÕÉ¸Ö) ¶·¨ Ô´¥·£¨¨ 30 ŒÔ‚.

2. �¥·¥Ìµ¤Ò £·Ê¶¶Ò ^ (1p → 2s2d) ´¥ Ëµ·³¨·ÊÕÉ µÉÎ¥É²¨¢µ ¢Ò· -
¦¥´´µ£µ ·¥§µ´ ´¸ . �¸´µ¢´ Ö ¨Ì Î ¸ÉÓ · ¸¶µ² £ ¥É¸Ö ¢ µ¡² ¸É¨ Ô´¥·£¨° § 
³ ±¸¨³Ê³µ³ £¨£ ´É¸±µ£µ ·¥§µ´ ´¸  (É.¥. ¢ÒÏ¥ 20 ŒÔ‚) ¨ ¢ ÔÉµ° µ¡² ¸É¨ ¶¥-
·¥Ìµ¤Ò 1p → 2s2d ¸¨²Ó´µ · §¡·µ¸ ´Ò ¶µ Ï± ²¥ Ô´¥·£¨°. ‚ · °µ´¥ 25Ä30 ŒÔ‚
¶¥·¥Ìµ¤Ò £·Ê¶¶Ò ^ ¸É ´µ¢ÖÉ¸Ö ¤µ³¨´¨·ÊÕÐ¨³¨.

‚¸¥ ÔÉ¨ ÔËË¥±ÉÒ ¨²²Õ¸É·¨·ÊÕÉ¸Ö ´  ·¨¸. 23, 24. �  ·¨¸. 23 ¶µ± § ´Ò
±µ³¶µ´¥´ÉÒ � (¸¶²µÏ´ Ö ±·¨¢ Ö) ¨ ^ (¶Ê´±É¨·) ¶µ²´µ£µ ËµÉµ¶·µÉµ´´µ£µ
¸¥Î¥´¨Ö ¤²Ö Ö¤¥· 23Na ¨ 32S, ¶µ²ÊÎ¥´´Ò¥ ¢ ·¥§Ê²ÓÉ É¥ ¢ÒÏ¥µ¶¨¸ ´´µ£µ  ´ -
²¨§  ¶ ·Í¨ ²Ó´ÒÌ ËµÉµ¶·µÉµ´´ÒÌ ¸¥Î¥´¨°. �  ·¨¸. 24 ¢ ± Î¥¸É¢¥ ¶·¨³¥· 
¶µ± § ´Ò ·¥§Ê²ÓÉ ÉÒ ¤¥²¥´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¸¥Î¥´¨° ËµÉµ¶µ£²µÐ¥´¨Ö
¤²Ö Ö¤¥· µ¡µ²µÎ±¨ 1d2s Å 23Na, 24Mg, 27Al ¨ 28Si ´  ¶¥·¥Ìµ¤Ò £·Ê¶¶ � ¨ ^.
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¨¸. 23. Šµ³¶µ´¥´ÉÒ ¢¥É¢¥° � (¸¶²µÏ-
´Ò¥ ²¨´¨¨) ¨ ^ (¶Ê´±É¨·) Ô±¸¶¥·¨³¥´-
É ²Ó´ÒÌ ËµÉµ¶·µÉµ´´ÒÌ ¸¥Î¥´¨° Ö¤¥·
23Na ¨ 32S


¨¸. 24. Šµ³¶µ´¥´ÉÒ ¢¥É¢¥° � (¸¶²µÏ-
´ Ö ²¨´¨Ö) ¨ ^ (¶Ê´±É¨·) ¶µ²´ÒÌ Ëµ-
Éµ¶·µÉµ´´ÒÌ ¸¥Î¥´¨° ¤²Ö Ö¤¥· 23Na,
24Mg, 27Al ¨ 28Si. ‘É·¥²± ³¨ Ê± § ´Ò
Í¥´É·Ò ÉÖ¦¥¸É¨ ±µ³¶µ´¥´É

ˆ§ ·¨¸. 24 ¢¨¤´µ, ÎÉµ µ¸´µ¢´Ò¥ ¶¥·¥Ìµ¤Ò £·Ê¶¶Ò ^ ¸¨²Ó´µ ¸³¥Ð¥´Ò ¢¢¥·Ì
¶µ Ô´¥·£¨¨ µÉ´µ¸¨É¥²Ó´µ µ¸´µ¢´ÒÌ ¶¥·¥Ìµ¤µ¢ £·Ê¶¶Ò �, É.¥. ¨³¥¥É ³¥¸Éµ
¡µ²ÓÏµ¥ ±µ´Ë¨£Ê· Í¨µ´´µ¥ · ¸Ð¥¶²¥´¨¥ £¨£ ´É¸±µ£µ ¤¨¶µ²Ó´µ£µ ·¥§µ´ ´¸ .
…£µ ¢¥²¨Î¨´  (· §´µ¸ÉÓ Ê± § ´´ÒÌ ¸É·¥²± ³¨ Í¥´É·µ¢ ÉÖ¦¥¸É¨ ¸µµÉ¢¥É¸É¢ÊÕ-
Ð¨Ì ±µ³¶µ´¥´É ¸¥Î¥´¨°) ¸µ¸É ¢²Ö¥É ∼ 10 ŒÔ‚ ¨ ¶·¥¢µ¸Ìµ¤¨É ¤·Ê£¨¥ É¨¶Ò
· ¸Ð¥¶²¥´¨Ö (¶µ ¨§µÉµ¶¨Î¥¸±µ³Ê ¸¶¨´Ê ¨ §  ¸Î¥É ¤¥Ëµ·³ Í¨¨), ¸µ¸É ¢²ÖÕÐ¨¥
´¥¸±µ²Ó±µ ŒÔ‚. ‡  ¸Î¥É ±µ´Ë¨£Ê· Í¨µ´´µ£µ · ¸Ð¥¶²¥´¨Ö Ï¨·¨´  ¶µ²µ¸Ò
¤¨¶µ²Ó´µ£µ ¶µ£²µÐ¥´¨Ö γ-±¢ ´Éµ¢ Ê Ö¤¥· 2s2d-µ¡µ²µÎ±¨ ¤µ¸É¨£ ¥É 30 ŒÔ‚.

�·¥¤²µ¦¥´´Ò° ¨ ·¥ ²¨§µ¢ ´´Ò°  ¢Éµ· ³¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò° ³¥Éµ¤ ¨¸-
¸²¥¤µ¢ ´¨Ö ±µ´Ë¨£Ê· Í¨µ´´µ° ¸É·Ê±ÉÊ·Ò £¨£ ´É¸±µ£µ ¤¨¶µ²Ó´µ£µ ·¥§µ´ ´¸ 
¡Ò² ¢ ¤ ²Ó´¥°Ï¥³ ¨¸¶µ²Ó§µ¢ ´ ¢ Ô±¸¶¥·¨³¥´É Ì ¡¥²Ó£¨°¸±¨Ì,  ¢¸É· ²¨°¸±¨Ì,
Ö¶µ´¸±¨Ì ¨  ³¥·¨± ´¸±¨Ì Ë¨§¨±µ¢ [66Ä73], ¶µ¤É¢¥·¤¨¢Ï¨Ì ¸ÊÐ¥¸É¢µ¢ ´¨¥
±µ´Ë¨£Ê· Í¨µ´´µ£µ · ¸Ð¥¶²¥´¨Ö £¨£ ´É¸±µ£µ ¤¨¶µ²Ó´µ£µ ·¥§µ´ ´¸  Ê Ö¤¥·
2s2d-µ¡µ²µÎ±¨.
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„²Ö ¨§ÊÎ¥´¨Ö ¶ ·Í¨ ²Ó´ÒÌ ± ´ ²µ¢ · ¸¶ ¤  £¨£ ´É¸±¨Ì ·¥§µ´ ´¸µ¢ ¢ ¶µ-
¸²¥¤´¨¥ £µ¤Ò ¸É ²¨ ¨¸¶µ²Ó§µ¢ ÉÓ¸Ö Ê¸±µ·¨É¥²¨ Ô²¥±É·µ´µ¢ ´µ¢µ£µ ¶µ±µ²¥-
´¨Ö Å ¸ ´¥¶·¥·Ò¢´Ò³ ¶ÊÎ±µ³. ’ ±, ´  ´¥¶·¥·Ò¢´µ³ ¶ÊÎ±¥ Ê¸±µ·¨É¥²Ö ˆ´-
¸É¨ÉÊÉ  Ö¤¥·´µ° Ë¨§¨±¨ ¢ Œ °´Í¥ (ƒ¥·³ ´¨Ö) ¨§³¥·Ö²¨¸Ó ¶ ·Í¨ ²Ó´Ò¥ ¸¥Î¥-
´¨Ö ·¥ ±Í¨¨ 58Ni(e, e′pi)57Co [74]. �´ ²¨§ ·¥§Ê²ÓÉ Éµ¢ ÔÉµ£µ Ô±¸¶¥·¨³¥´É ,
¢Ò¶µ²´¥´´Ò° ´  µ¸´µ¢¥ ¶µ²ÊÎ¥´´ÒÌ ´ ³¨ ¸¶¥±É·µ¢ γ-±¢ ´Éµ¢ ¤¥¢µ§¡Ê¦¤¥´¨Ö
´  Ö¤·¥ 58Ni [75], ¶·µ¢µ¤¨É¸Ö ¢ ¸²¥¤ÊÕÐ¥³ · §¤¥²¥.


¨¸. 25. � ·Í¨ ²Ó´Ò¥ ¸¥Î¥´¨Ö ·¥ ±Í¨°
(γ, pi) ´  Ö¤·¥ 19F [69]. ‘¶²µÏ´Ò¥ ²¨´¨¨
¶·¨¢¥¤¥´Ò ¤²Ö Ê¤µ¡¸É¢  ¢¨§Ê ²Ó´µ£µ ¢µ¸-
¶·¨ÖÉ¨Ö ¨´Ëµ·³ Í¨¨


 ¸¸³µÉ·¨³ É¥¶¥·Ó, µ¶¨· Ö¸Ó ´ 
¨§²µ¦¥´´Ò¥ ¸µµ¡· ¦¥´¨Ö, µ¸´µ¢´Ò¥
Î¥·ÉÒ ¨§³¥·¥´´ÒÌ ¸¥Î¥´¨° ¶µ£²µ-
Ð¥´¨Ö γ-±¢ ´Éµ¢ Ö¤· ³¨ 2s2d- µ¡µ-
²µÎ±¨. ‚ ± Î¥¸É¢¥ É¨¶¨Î´µ£µ Ö¤· 
´ Î ²  µ¡µ²µÎ±¨ ¢µ§Ó³¥³ Ìµ·µÏµ
¨§ÊÎ¥´´µ¥ Ö¤·µ 19F [72]. � 
·¨¸. 25, 26 ¶·¥¤¸É ¢²¥´Ò ¶ ·Í¨ ²Ó-
´Ò¥ ¸¥Î¥´¨Ö (γ, pi) ´  Ö¤·¥ 19F
¨ ¶µ²´µ¥ ¸¥Î¥´¨¥ ¶µ£²µÐ¥´¨Ö γ-
±¢ ´Éµ¢ ¸ Ê± § ´¨¥³ µ¡² ¸É¥° ±µ´-
Í¥´É· Í¨¨ ¶¥·¥Ìµ¤µ¢ � ¨ ^. ‚
É ¡². 3 Ê± § ´Ò Ê·µ¢´¨ i Ö¤·  18O,
Ë¨£Ê·¨·ÊÕÐ¨¥ ¢ ¶ ·Í¨ ²Ó´ÒÌ ¸¥Î¥-
´¨ÖÌ (γ, pi) ¨ ¨Ì Ì · ±É¥·¨¸É¨±¨.
Š ± ¢¨¤´µ ¨§ ·¨¸. 25 ¨ É ¡². 3, Ö¤·µ
19F Ö¢²Ö¥É¸Ö, ¡¥§ ¶·¥Ê¢¥²¨Î¥´¨Ö,
±² ¸¸¨Î¥¸±µ° ¨²²Õ¸É· Í¨¥° µ¸´µ¢-
´ÒÌ ¨¤¥°, § ²µ¦¥´´ÒÌ ¢ ±µ´Í¥¶-
Í¨Õ ±µ´Ë¨£Ê· Í¨µ´´µ£µ · ¸Ð¥¶²¥-
´¨Ö „ƒ
. „¥°¸É¢¨É¥²Ó´µ, ³Ò ¢¨¤¨³
¸¢µ¥µ¡· §´Ò° ¶¨£³¨-·¥§µ´ ´¸, µ¡Ê-
¸²µ¢²¥´´Ò° ¶¥·¥Ìµ¤ ³¨ É¨¶  �, É.¥.
¶¥·¥Ìµ¤ ³¨ ¨§ § ¶µ²´ÖÕÐ¥°¸Ö µ¡µ-
²µÎ±¨, ¨ £² ¢´Ò° ³ ±¸¨³Ê³, ¸¢Ö§ ´-
´Ò° ¸ ¢µ§¡Ê¦¤¥´¨¥³ µ¸Éµ¢  16O, É.¥.
c ¶¥·¥Ìµ¤ ³¨ 1p → 2s2d, ¸µ¸É ¢²Ö-
ÕÐ¨³¨ É¨¶ ^. ‘µ¢³¥¸É´Ò¥ ¤ ´´Ò¥
·¨¸. 25 ¨ É ¡². 3 ´¥ µ¸É ¢²ÖÕÉ ¸µ³´¥-
´¨Ö ¢ ¶µ²Ê¶·Ö³µ³ Ì · ±É¥·¥ · ¸¶ ¤ 
„ƒ
 ¢ ÔÉµ³ Ö¤·¥.

‚ ± Î¥¸É¢¥ ¸²¥¤ÊÕÐ¥£µ ¶·¥¤¸É ¢¨É¥²Ó´µ£µ Ö¤· , ¡²¨§±µ£µ ± ¸¥·¥¤¨´¥ ¢ -
²¥´É´µ° µ¡µ²µÎ±¨, ¢µ§Ó³¥³ Ö¤·µ 23Na. ‡ ¢¨¸¨³µ¸ÉÓ µÉ Ô´¥·£¨¨ ËµÉµ´  Ëµ-
Éµ¶·µÉµ´´µ£µ ¸¥Î¥´¨Ö ¨ ¸¥Î¥´¨Ö ËµÉµ¶µ£²µÐ¥´¨Ö, · §¤¥²¥´´µ£µ ´  £·Ê¶¶Ò �
¨ ^, ¶µ± § ´  ´  ·¨¸. 23,  ¨ 24. Š ± ¢¨¤´µ ¨§ ·¨¸Ê´±µ¢, ¢´¥ · ³µ± ±µ´Í¥¶-
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Í¨¨ ±µ´Ë¨£Ê· Í¨µ´´µ£µ · ¸Ð¥¶²¥´¨Ö Ìµ¤ § ¢¨¸¨³µ¸É¨ ¸¥Î¥´¨Ö ¶µ£²µÐ¥´¨Ö
γ-±¢ ´Éµ¢ µÉ Î ¸ÉµÉÒ ËµÉµ´  ¢µµ¡Ð¥ ´¥²Ó§Ö ¶µ´ÖÉÓ. „²Ö Éµ£µ ÎÉµ¡Ò Ê¡¥-
¤¨ÉÓ¸Ö ¢ ÔÉµ³, ¤µ¸É ÉµÎ´µ ¸· ¢´¨ÉÓ ±·¨¢ÊÕ ¶µ£²µÐ¥´¨Ö ¤²Ö Ö¤¥· 16O ¨ 23N .
‚ Ö¤·¥ 16O ¨³¥¥É¸Ö Î¥É±¨° ³ ±¸¨³Ê³ ¢ µ¡² ¸É¨ 22 ÷ 25 ŒÔ‚. ‚ Ö¤·¥ 23N 
³ ±¸¨³Ê³ Ë ±É¨Î¥¸±¨ µÉ¸ÊÉ¸É¢Ê¥É,   ¨³¥¥É¸Ö ¶µ²µ¸  ¶µ£²µÐ¥´¨Ö ¢ µ¡² ¸É¨
15 ÷ 33 ŒÔ‚. ’ ± Ö ± ·É¨´  ¢ ¶·¨´Í¨¶¥ ³µ£²  ¡Ò ¢µ§´¨±´ÊÉÓ §  ¸Î¥É  ´µ-
³ ²Ó´µ ¡µ²ÓÏµ£µ § ÉÊÌ ´¨Ö „ƒ
. �¤´ ±µ ¢ · ¸¸³ É·¨¢ ¥³ÒÌ Ö¤· Ì ·µ²Ó ¡µ²¥¥
¸²µ¦´ÒÌ ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò, ± ± ³Ò Ê¦¥ £µ¢µ·¨²¨, µ± §Ò¢ ¥É¸Ö ´¥¡µ²ÓÏµ°.
‘²¥¤µ¢ É¥²Ó´µ, ¶·¥¢· Ð¥´¨¥ ³ ±¸¨³Ê³  ¢ ¶µ²µ¸Ê ¶µ£²µÐ¥´¨Ö ¤µ²¦´µ ¶·µ-
¨§µ°É¨ ´  Ê·µ¢´¥ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò. ‚ · ³± Ì · §¢¨Éµ°
±µ´Í¥¶Í¨¨ ±µ´Ë¨£Ê· Í¨µ´´µ£µ · ¸Ð¥¶²¥´¨Ö  ´µ³ ²Ó´ Ö Ï¨·¨´  „ƒ
 ¸¢Ö§Ò-
¢ ¥É¸Ö ¸ ¡µ²ÓÏµ° ¨´É¥´¸¨¢´µ¸ÉÓÕ ^-¶¥·¥Ìµ¤µ¢ ¨ ¡µ²ÓÏµ° Ï¨·¨´µ° · ¸¶ ¤ 
¤Ò·±¨ 1p3/2.


¨¸. 26. �µ²´µ¥ ËµÉµ¶·µÉµ´´µ¥ ¸¥Î¥-
´¨¥ ´  Ö¤·¥ 19F [69]. ‘¶²µÏ´ Ö ²¨-
´¨Ö Å ¸Ê³³  ²µ·¥´Í¨ ´µ¢, µÉ¢¥Î Õ-
Ð¨Ì ¶¥·¥Ìµ¤ ³ � ¨ ^

‚ ± Î¥¸É¢¥ ¶µ¸²¥¤´¥° ¨²²Õ¸É· Í¨¨
¢µ§Ó³¥³ Ö¤·µ 32S. �  ·¨¸. 23,¡ ¶·¥¤¸É -
¢²¥´µ ¶µ²´µ¥ ËµÉµ¶·µÉµ´´µ¥ ¸¥Î¥´¨¥,
· §¤¥²¥´´µ¥ ´  £·Ê¶¶Ò � ¨ ^, ¶·¨Î¥³,
± ± ¶µ± §Ò¢ ¥É ·¨¸. 25, ¸²¥¤Ê¥É µ¦¨¤ ÉÓ
¸¨²Ó´µ° ¶·µÉÖ¦¥´´µ¸É¨ „ƒ
 ¢ µ¡² ¸ÉÓ
¢Ò¸µ±¨Ì Ô´¥·£¨°. �¶ÖÉÓ-É ±¨, ÔÉµ ³µ¦´µ
µ¡ÑÖ¸´¨ÉÓ Éµ²Ó±µ Ë¥´µ³¥´µ³ £²Ê¡µ±µ°
¤Ò·±¨, ¢ ¤ ´´µ³ ¸²ÊÎ ¥ 1p3/2-¤Ò·±¨. �É-
³¥É¨³, ÎÉµ ¢ µÉ²¨Î¨¥ µÉ Ö¤·  23Na, £¤¥
³Ò ¢¸É·¥Î ¥³¸Ö ¸ ¶µ²µ¸µ° ¶µ£²µÐ¥´¨Ö, ¢
Ö¤·¥ 32S ³Ò Ê¦¥ ¨³¥¥³ ³ ±¸¨³Ê³ ¶¥·¥Ìµ-
¤µ¢ £·Ê¶Ò �, · ¸¶µ²µ¦¥´´Ò° ¢ µ¡² ¸É¨
18Ä20 ŒÔ‚. �µ¤Î¥·±´¥³, µ¤´ ±µ, ÎÉµ ÔÉµ
´¥ „ƒ
 ¢ µ¡ÒÎ´µ ¨¸¶µ²Ó§Ê¥³µ³ ¸³Ò¸²¥
¸²µ¢ ,   Éµ²Ó±µ µ¤´  ¥£µ ¢¥É¢Ó Å ¶¥·¥-
Ìµ¤Ò £·Ê¶¶Ò �.

Š ± ³Ò Ê¦¥ Ê± §Ò¢ ²¨, ¸µµÉ´µÏ¥´¨¥ ¢¥É¢¥° � ¨ ^ ³¥´Ö¥É¸Ö ¶µ ³¥·¥
§ ¶µ²´¥´¨Ö µ¡µ²µÎ±¨. �  ·¨¸. 27 ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³µ¸ÉÓ σA/σt ¢±² ¤  σA

¢¥É¢¨ � ¢ ¶µ²´µ¥ ¸¥Î¥´¨¥ σt ¶µ£²µÐ¥´¨Ö γ-±¢ ´Éµ¢ µÉ ¸É¥¶¥´¨ § ¶µ²´¥´¨Ö
µ¡µ²µÎ¥±. �É  ±·¨¢ Ö ¡Ò²  ¶µ¸É·µ¥´  ´  µ¸´µ¢ ´¨¨ ¤ ´´ÒÌ ¶µ ¶ ·Í¨ ²Ó´Ò³
· ¸¶ ¤ ³ Ö¤¥· 2s2d-µ¡µ²µÎ±¨. Š ± ¢¨¤´µ ¨§ ·¨¸Ê´± , ¢±² ¤ ¢¥É¢¨ � Ê¢¥²¨-
Î¨¢ ¥É¸Ö ¸ ·µ¸Éµ³ § ¶µ²´¥´´µ¸É¨ µ¡µ²µÎ¥±, ¶·¨¡²¨¦ Ö¸Ó ± ¥¤¨´¨Í¥ (± ± ¨
¤µ²¦´µ ¡ÒÉÓ) ¢ Ö¤·¥ 40‘ .

‚ § ±²ÕÎ¥´¨¥ µ¡¸Ê¤¨³ ±µ·µÉ±µ ¢µ¶·µ¸ µ Ë· £³¥´É Í¨¨ £²Ê¡µ±¨Ì ¤Ò·µ±.
�´µ³ ²Ó´µ ¡µ²ÓÏ Ö Ë· £³¥´É Í¨Ö (¤µ 30 ŒÔ‚) ¤Ò·±¨ 1p3/2 É·¥¡Ê¥É µ¶·¥-
¤¥²¥´´µ£µ ¢´¨³ ´¨Ö. �·¥¤¸É ¢²Ö¥É¸Ö ³ ²µ¢¥·µÖÉ´Ò³, ÎÉµ¡Ò É ± Ö Ï¨·¨´ 
¡Ò²  ¸¢Ö§ ´a ¸ · ¸¶ ¤µ³ ¢ ±µ´É¨´ÊÊ³.
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’ ¡²¨Í  3. ˆ´É¥£· ²Ó´Ò¥ ¸¥Î¥´¨Ö ·¥ ±Í¨° 19F(γ, pi)
18O ¨ Ì · ±É¥·¨¸É¨±¨ § ¸¥²Ö-

¥³ÒÌ ¸µ¸ÉµÖ´¨° ±µ´¥Î´µ£µ Ö¤· 

ˆ´¤¥±¸ i „Ò·µÎ´ Ö ‘¶¥±É·µ¸±µ¶¨- ˆ´É¥£· ²Ó´µ¥
¶ ·Í¨ ²Ó´µ£µ Ei, ŒÔ‚ ±µ´Ë¨£Ê· Í¨Ö Î¥¸±¨° ¸¥Î¥´¨¥,

¸¥Î¥´¨Ö nlj Ë ±Éµ· C2S ŒÔ‚·³¡
0 0 2s1/2 0,38 8,7
1 1,98 2d5/2 0,53 9,5

4g9/2 0,04
2 3,63 2s1/2 0,05 2,3

2d5/2 0,02
3 4,45 1p1/2 1,31 13,4
4 5,28 2d5/2 0,32 5,7

2s1/2 0,15
5 6,27 1p3/2 0,70 7,6
6 6,88 1p1/2 1,03 2,5
7 7,67 1p3/2 0,42 13,6

�·¨³¥Î ´¨¥. „²Ö i = 2, 4, 5, 6, 7 ¶ ·Í¨ ²Ó´Ò¥ ¸¥Î¥´¨Ö Ö¢²ÖÕÉ¸Ö ¸¥Î¥´¨Ö³¨ § ¸¥²¥´¨Ö £·Ê¶¶

¸µ¸ÉµÖ´¨° ±µ´¥Î´µ£µ Ö¤· .


¨¸. 27. ‡ ¢¨¸¨³µ¸ÉÓ µÉ´µ¸¨É¥²Ó´µ° ¢¥·µÖÉ´µ-
¸É¨ ¢µ§¡Ê¦¤¥´¨Ö (σA/σt) ¤¨¶µ²Ó´ÒÌ ¶¥·¥Ìµ¤µ¢
£·Ê¶¶Ò � µÉ Î¨¸²  ¶·µÉµ´µ¢ ¢µ ¢´¥Ï´¥° 2s2d-
µ¡µ²µÎ±¥

‘ ¤·Ê£µ° ¸Éµ·µ´Ò, É·Ê¤´µ
¶µ¢¥·¨ÉÓ É ±¦¥ ¢ Éµ, ÎÉµ ÔÉ 
Ï¨·¨´  µ¡Ê¸²µ¢²¥´  · ¸¶ ¤µ³
É¨¶  h → p2h, É.±. ¢ ÔÉµ³ ¸²Ê-
Î ¥ · ¸¶ ¤ „ƒ
 ¤µ²¦¥´ ¡Ò² ¡Ò
¶·µ¨¸Ìµ¤¨ÉÓ ¶µ¸·¥¤¸É¢µ³ ¸É -
É¨¸É¨Î¥¸±µ£µ ³¥Ì ´¨§³ ,   ´¥
¶µ²Ê¶·Ö³µ£µ, ± ± ÔÉµ ´ ¡²Õ¤ -
¥É¸Ö ´  µ¶ÒÉ¥.

‚µ§³µ¦´µ, ÎÉµ Ë· £³¥´-
É Í¨Ö £²Ê¡µ±µ° ¤Ò·±¨ ¢µ§-
´¨± ¥É Ê¦¥ ´  ®Î ¸É¨Î´µ-
¤Ò·µÎ´µ³ Ê·µ¢´¥¯ §  ¸Î¥É
·¥ ²Ó´µ° ´¥¸Ë¥·¨Î´µ¸É¨ Ö¤¥·
2s2d-µ¡µ²µÎ±¨. �  ÔÉµ Ê± §Ò¢ ÕÉ ·¥§Ê²ÓÉ ÉÒ  ´ ²¨§  ·¥ ±Í¨° (p, 2p) ¨ (p, np),
¶·µ¢¥¤¥´´µ£µ ¢ · ¡µÉ¥ [42].

�¡¸Ê¤¨³ É¥¶¥·Ó ´¥¸±µ²Ó±µ ¢µ¶·µ¸µ¢, ¶·¥¤¸É ¢²ÖÕÐ¨Ì, £² ¢´Ò³ µ¡· §µ³,
¨¸Éµ·¨Î¥¸±¨° ¨´É¥·¥¸. Šµ´Í¥¶Í¨Ö ±µ´Ë¨£Ê· Í¨µ´´µ£µ · ¸Ð¥¶²¥´¨Ö „ƒ
 ¢
Ö¤· Ì 2s2d-µ¡µ²µÎ±¨ ¡Ò²  ¢Ò¤¢¨´ÊÉ  ¥Ð¥ ¢ 1964 £. [40]. ‘ É¥Ì ¶µ· ¶µ¸Éµ-
Ö´´µ ´ ± ¶²¨¢ ²¨¸Ó ±µ¸¢¥´´Ò¥ ¤ ´´Ò¥ µ ±µ´Ë¨£Ê· Í¨µ´´µ³ · ¸Ð¥¶²¥´¨¨
¤¨¶µ²Ó´µ£µ £¨£ ´É¸±µ£µ ·¥§µ´ ´¸ :
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 ) ‡ ³¥É´µ ¡µ²ÓÏ Ö Ï¨·¨´  µ¡² ¸É¨ ¶µ£²µÐ¥´¨Ö γ-±¢ ´Éµ¢ ¢ Ö¤·¥ 24Mg
[76], ¶µ ¸· ¢´¥´¨Õ ¸ É¥µ·¥É¨Î¥¸±¨³¨ · ¸Î¥É ³¨, µ¸´µ¢ ´´Ò³¨ ´  µ¡µ¡Ð¥´-
´µ° ³µ¤¥²¨ [77].

¡) „¢Ê£µ·¡Ò° Ì · ±É¥· ±·¨¢µ° ¸¥Î¥´¨Ö Ê¶·Ê£µ£µ · ¸¸¥Ö´¨Ö γ-±¢ ´Éµ¢ ´ 
Ö¤· Ì 24Mg, 27Al, 28Si, 32S [78]. „²Ö ¶·¨³¥·  ´  ·¨¸. 28 ¶·¨¢¥¤¥´  Ô±¸¶¥-
·¨³¥´É ²Ó´ Ö ±·¨¢ Ö Ê¶·Ê£µ£µ · ¸¸¥Ö´¨Ö γ-±¢ ´Éµ¢ ´  Ö¤·¥ 32S ¸µ¢³¥¸É´µ ¸
·¥§Ê²ÓÉ É ³¨ · ¸Î¥Éµ¢ [79]. ‘ÊÐ¥¸É¢¥´´ Ö ¶µ¤ ¢²¥´´µ¸ÉÓ ´Ê±²µ´´µ£µ ± ´ ² 
¢ ^-¶¥·¥Ìµ¤ Ì (¨§-§  Ê³¥´ÓÏ¥´¨Ö Ô´¥·£¨¨ ´Ê±²µ´µ¢) ¶·¨¢µ¤¨É ±µ ¢Éµ·µ³Ê
³ ±¸¨³Ê³Ê Ê¶·Ê£µ£µ ± ´ ²  ¢ µ¡² ¸É¨ ¨Ì ¸µ¸·¥¤µÉµÎ¥´¨Ö.


¨¸. 28. 
 ¸¸Î¨É ´´µ¥ (¸Éµ²-
¡¨±¨) ¨ ¨§³¥·¥´´µ¥ (¸¶²µÏ´ Ö
²¨´¨Ö) ¸¥Î¥´¨Ö ·¥ ±Í¨¨ Ê¶·Ê-
£µ£µ · ¸¸¥Ö´¨Ö γ-±¢ ´Éµ¢ ´ 
Ö¤·¥ 32S [79]

¢) �¡´ ·Ê¦¥´¨¥ ¢ ·¥ ±Í¨ÖÌ (γ, n) [78]
´  Ö¤· Ì 19F, 20Ne, 23Na ¤¢ÊÌ §µ´ ¶µ£²µÐ¥-
´¨Ö, µ¤´  ¨§ ±µÉµ·ÒÌ (22Ä26 ŒÔ‚) Ö¢²Ö¥É¸Ö
 ´ ²µ£µ³ „ƒ
 ¢ Ö¤·¥ 16O. �·¨ ÔÉµ³ ¢¥²¨-
Î¨´  ¸¥Î¥´¨Ö ¶µ£²µÐ¥´¨Ö ¢ ¢Ò¸µ±µÔ´¥·£¥É¨Î-
´µ° §µ´¥ Ê³¥´ÓÏ ¥É¸Ö ¸ ·µ¸Éµ³  Éµ³´µ£µ ´µ-
³¥·  A,   ¢ ´¨§±µÔ´¥·£¥É¨Î´µ° (18Ä22 ŒÔ‚)
Å · ¸É¥É. �¢Éµ·Ò ÔÉ¨Ì · ¡µÉ ¢Ò¸± § ²¨ £¨-
¶µÉ¥§Ê µ Éµ³, ÎÉµ ²¥¢Ò° ³ ±¸¨³Ê³ ¢µ§´¨± ¥É
§  ¸Î¥É �-¶¥·¥Ìµ¤µ¢, ¶· ¢Ò° Å §  ¸Î¥É ^-
¶¥·¥Ìµ¤µ¢. �µÊÎ¨É¥²Ó´µ µÉ³¥É¨ÉÓ, ÎÉµ ¢ ¤µ³¨-
´¨·ÊÕÐ¨Ì ¢ É¥Î¥´¨¥ ³´µ£¨Ì ²¥É Ô±¸¶¥·¨³¥´-
É Ì É¨¶  (γ, p0 + p1) ¶· ¢ Ö Î ¸ÉÓ „ƒ
 ¢ ²¥£-
±¨Ì Ö¤· Ì, ¶µÖ¢²ÖÕÐ Ö¸Ö §  ¸Î¥É ^-¶¥·¥Ìµ¤µ¢,
¢µµ¡Ð¥ µ± §Ò¢ ² ¸Ó ´¥¢¨¤¨³µ°. �Éµ ¸¢Ö§ ´µ
¸ µ¤´¨³ ¨§ ¢ ¦´¥°Ï¨Ì  ¸¶¥±Éµ¢ ±µ´Ë¨£Ê· -
Í¨µ´´µ£µ · ¸Ð¥¶²¥´¨Ö Å µÉ¸ÊÉ¸É¢¨¥³ ¶µ²´µ°

±µ²²¥±É¨¢¨§ Í¨¨ ph-±µ´Ë¨£Ê· Í¨° [39]. ˆ Éµ²Ó±µ ¢ · ¡µÉ Ì [65, 80, 81]
±µ´Í  70-Ì Å ´ Î ²  80-Ì £µ¤µ¢ (¸³. É ±¦¥ [69]) ¡Ò²  µ¸µ§´ ´  ´¥µ¡Ìµ¤¨-
³µ¸ÉÓ ¨§³¥·¥´¨Ö ¸¥Î¥´¨° ± ´ ²µ¢ (γ, pi) ¸ ¤µ¸É ÉµÎ´µ ¢Ò¸µ±¨³ ¢µ§¡Ê¦¤¥´¨¥³
±µ´¥Î´ÒÌ Ö¤¥· (± ± ÔÉµ ¶·¥¤² £ ²µ¸Ó ¢ · ¡µÉ¥ [39]) ¨ ¡Ò²µ µ¤´µ§´ Î´µ ¤µ± -
§ ´µ ¸ÊÐ¥¸É¢µ¢ ´¨¥ ±µ´Ë¨£Ê· Í¨µ´´µ£µ · ¸Ð¥¶²¥´¨Ö.

4. �‘��…���‘’ˆ „ˆ��‹œ��ƒ� ”�’���ƒ‹�™…�ˆŸ “ Ÿ„…�
���‹�—Šˆ 3p3f

‚µ ¢¢¥¤¥´¨¨ µÉ³¥Î¥´µ, ÎÉµ ¶µ ¤ ´´Ò³ ·¥ ±Í¨° ±¢ §¨Ê¶·Ê£µ£µ ¢Ò¡¨¢ -
´¨Ö Ô´¥·£¨Ö ¸¢Ö§¨ ´Ê±²µ´  ¢ ¢¥·Ì´¥° § ¶µ²´¥´´µ° µ¡µ²µÎ±¥ Ö¤·  Ê¢¥²¨Î¨-
¢ ¥É¸Ö ¸ ·µ¸Éµ³ Î¨¸²  ®¢ ²¥´É´ÒÌ¯ ´Ê±²µ´µ¢. „²Ö Ö¤¥· pf -µ¡µ²µÎ±¨ ÔÉµ
Ê¢¥²¨Î¥´¨¥ ¶¥·¥¤ ¥É¸Ö ¤²Ö ¶·µÉµ´µ¢ Ëµ·³Ê²µ° ∆EA(2s2d) ≈ ε2s2dN¢ ², £¤¥
ε2s2d ≈ 0, 7 ŒÔ‚ (¶µ¸²¥¤µ¢ É¥²Ó´µ¥ Ê³¥´ÓÏ¥´¨¥ ε0s, ε1p, ε2s2d ¸¢Ö§ ´µ ¸
Ê³¥´ÓÏ¥´¨¥³ ·µ²¨ ¸¨² Œ °µ· ´  ¶·¨ ¶¥·¥Ìµ¤¥ ±µ ¢¸¥ ¡µ²¥¥ ¢Ò¸µ±¨³ µ¡µ-
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²µÎ± ³). ‚ ¨Éµ£¥ ¸¤¢¨£ Ô´¥·£¨¨ ∆EA(2s2d) ¡Ê¤¥É ¤µ¸É¨£ ÉÓ ¸ÊÐ¥¸É¢¥´´µ° ¢¥-
²¨Î¨´Ò ∆EA(2s2d) ∼ 5−10 ŒÔ‚ Ê Ö¤¥·, ¡²¨§±¨Ì ± ¸¥·¥¤¨´¥ 3p3f -µ¡µ²µÎ±¨,
±µ£¤  Î¨¸²µ ¢´¥Ï´¨Ì ´Ê±²µ´µ¢ ¤µ¸É ÉµÎ´µ ¢¥²¨±µ.

’ ±¨³ µ¡· §µ³, Ö¤·  3p3f -µ¡µ²µÎ±¨ ¸ N−20 ≈ 10÷15 ¨ Z−20 ≈ 5÷10
¶·¥¤¸É ¢²ÖÕÉ¸Ö µ¸µ¡¥´´µ ¶¥·¸¶¥±É¨¢´Ò³¨ ¤²Ö ¶µ¨¸±µ¢ ±µ´Ë¨£Ê· Í¨µ´´µ£µ
· ¸Ð¥¶²¥´¨Ö ¤¨¶µ²Ó´µ£µ £¨£ ´É¸±µ£µ ·¥§µ´ ´¸ . ‚µ-¶¥·¢ÒÌ, £·Ê¶¶  ^ ¡Ê¤¥É
¢ ¤¨ £µ´ ²Ó´µ³ ¶·¨¡²¨¦¥´¨¨ ¸¤¢¨´ÊÉ  ¢¢¥·Ì ¶µ Ô´¥·£¨¨ ¶µ µÉ´µÏ¥´¨Õ ±
£·Ê¶¶¥ � ´  ¢¥²¨Î¨´Ê ∆E ≈ 5 ÷ 10 ŒÔ‚, ¨ µ¸É ÉµÎ´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ Ê¦¥
´¥ ¸³µ¦¥É ¶·¨ É ±µ³ ¡µ²ÓÏµ³ §´ Î¥´¨¨ ∆E µ¡Ñ¥¤¨´¨ÉÓ ÔÉ¨ ¤¢¥ £·Ê¶¶Ò ¢
¥¤¨´µ¥ ¤¨¶µ²Ó´µ¥ ¸µ¸ÉµÖ´¨¥ Å ¶·¨ ¶¥·¥Ìµ¤¥ ± ¤¨ £µ´ ²¨§ Í¨¨ ³ É·¨ÍÒ ph-
¢§ ¨³µ¤¥°¸É¢¨Ö µ´¨ µ¸É ´ÊÉ¸Ö · §¤¥²¥´´Ò³¨. ‚µ-¢Éµ·ÒÌ, Î¨¸²µ ¢ ± ´É´ÒÌ
³¥¸É ¢ pf -µ¡µ²µÎ±¥ ¥Ð¥ ¢¥²¨±µ ¨ ¸¥Î¥´¨¥ ¤²Ö £·Ê¶¶Ò ^ ¡Ê¤¥É ¡µ²ÓÏ¨³. �É-
·¨Í É¥²Ó´Ò³ ³µ³¥´Éµ³ §¤¥¸Ó Ö¢²Ö¥É¸Ö Éµ, ÎÉµ Ê¢¥²¨Î¨¢ ¥É¸Ö ¤¨¸¸¨¶ Í¨Ö „ƒ

¨ ®¨¸¶ ·¨É¥²Ó´ Ö¯ Î ¸ÉÓ ¢ ¸¶¥±É·¥ ËµÉµ´Ê±²µ´µ¢, ¶µ¸±µ²Ó±Ê ¶·¨ ¶¥·¥Ìµ¤¥
µÉ ²¥£±¨Ì Ö¤¥· ±µ ¢¸¥ ¡µ²¥¥ ÉÖ¦¥²Ò³ ´ · ¸É ¥É ¶²µÉ´µ¸ÉÓ Ëµ´µ¢ÒÌ 2p2h-
¸µ¸ÉµÖ´¨°.

�µ¸²¥ ÔÉ¨Ì ¢¢µ¤´ÒÌ § ³¥Î ´¨° ¶¥·¥Ìµ¤¨³ ±  ´ ²¨§Ê ±µ´±·¥É´µ£µ ³ É¥-
·¨ ² . �¸´µ¢µ° §¤¥¸Ó ¸²Ê¦ É Ô´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò γ′-±¢ ´Éµ¢ ¨§ ·¥ ±Í¨¨
(γ, xγ′), ¨§³¥·¥´´Ò¥  ¢Éµ· ³¨ ¤²Ö Ö¤¥· 35,37Cl, 39K, 40Ca, 45Sc ¨ 58Ni ´ 
¶ÊÎ±¥ Éµ·³µ§´µ£µ γ-¨§²ÊÎ¥´¨Ö ¸ ¢¥·Ì´¥° £· ´¨Í¥° Emax

γ ≈ 32 ŒÔ‚ [63, 64,
75]. ˆ§ ´¨Ì ¡Ò²¨ ¶µ²ÊÎ¥´Ò ¶·µ¨´É¥£·¨·µ¢ ´´Ò¥ ¶µ µ¡² ¸É¨ £¨£ ´É¸±µ£µ
·¥§µ´ ´¸  ¶ ·Í¨ ²Ó´Ò¥ ËµÉµÖ¤¥·´Ò¥ ¸¥Î¥´¨Ö σint(i), µÉ¢¥Î ÕÐ¨¥ § ¸¥²¥´¨Õ
µÉ¤¥²Ó´ÒÌ ¸µ¸ÉµÖ´¨° ±µ´¥Î´ÒÌ Ö¤¥·. �  µ¸´µ¢¥ ÔÉ¨Ì ¤ ´´ÒÌ µ¶·¥¤¥²¥´Ò
¶µ²Ê¶·Ö³Ò¥ ±µ³¶µ´¥´ÉÒ σint

ph (i) ¶ ·Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° ¨ ¢¥·µÖÉ´µ¸É¨ ¶µ²Ê-
¶·Ö³µ£µ · ¸¶ ¤  £¨£ ´É¸±µ£µ ·¥§µ´ ´¸  ¢ Í¥²µ³. Š·µ³¥ Éµ£µ, ´ °¤¥´Ò ¢¥-
·µÖÉ´µ¸É¨ E1-¢µ§¡Ê¦¤¥´¨Ö ¢¥É¢¨ 3p3f → 4g4d4s ¢ £¨£ ´É¸±µ³ ·¥§µ´ ´¸¥
¢¸¥Ì ¨¸¸²¥¤µ¢ ´´ÒÌ Ö¤¥· (¤¥²µ ¢ Éµ³, ÎÉµ, ´ ¶·¨³¥·, Ö¤·µ 40‘  Ö¢²Ö¥É¸Ö
®¶²µÌ¨³¯ ³ £¨Î¥¸±¨³ Ö¤·µ³, Ê ´¥£µ ¨³¥¥É¸Ö § ³¥É´ Ö ¶·¨³¥¸Ó ±µ´Ë¨£Ê· -
Í¨¨ (2s2d)−2(3p3f)+2 ¨ É.¤.). �·µÍ¥¤Ê·  ¶µ²ÊÎ¥´¨Ö ¨  ´ ²¨§  É ±µ£µ ·µ¤ 
¤ ´´ÒÌ Ê¦¥ ¡Ò²  µ¶¨¸ ´  ¶·¨ µ¡¸Ê¦¤¥´¨¨ Ö¤¥· 2s2d-µ¡µ²µÎ±¨.

�¥·¥Ìµ¤Ò 3p3f → 4s4d4g ¶·¨¢µ¤ÖÉ ± § ¸¥²¥´¨Õ ¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨°
¸ Ô´¥·£¨¥° ¢µ§¡Ê¦¤¥´¨Ö < 10 ŒÔ‚, ¨ ¶·µ¢¥¤¥´´Ò¥ (γ, xγ′)-Ô±¸¶¥·¨³¥´ÉÒ
¶µ§¢µ²ÖÕÉ ¢Ò¤¥²¨ÉÓ µ¸´µ¢´ÊÕ Î ¸ÉÓ ÔÉ¨Ì ¶¥·¥Ìµ¤µ¢ ¨ É¥³ ¸ ³Ò³ ´ °É¨ ¨Ì
¤µ²Õ ¢ ¶µ²´µ³ ¸¥Î¥´¨¨ ËµÉµ¶µ£²µÐ¥´¨Ö. ‚¸¥ ¨³¥ÕÐ¨¥¸Ö ¤ ´´Ò¥ µ ¸¥Î¥´¨ÖÌ
¶¥·¥Ìµ¤µ¢ 3p3f → 4s4d4g ¨ ¨Ì ¢¥·µÖÉ´µ¸ÉÖÌ ¢ ËµÉµ´Ê±²µ´´ÒÌ ·¥ ±Í¨ÖÌ
¶·¨¢¥¤¥´Ò ¢ É ¡². 4. „²Ö ¡µ²¥¥ ²¥£±¨Ì Ö¤¥· ¸ A ≤ 32 µ¡¸Ê¦¤ ¥³Ò¥ ¶¥·¥Ìµ¤Ò
¶· ±É¨Î¥¸±¨ µÉ¸ÊÉ¸É¢ÊÕÉ.

ˆ§ É ¡². 4 ¢¨¤´µ, ÎÉµ ¤²Ö Ö¤¥· ¢ · °µ´¥ A = 40 ¢¥·µÖÉ´µ¸ÉÓ ´Ê±²µ´-
´ÒÌ ¶¥·¥Ìµ¤µ¢ ¨§ 3p3f -µ¡µ²µÎ±¨ ¸µ¸É ¢²Ö¥É ¢ ¸·¥¤´¥³ 10%. ‘ Ê¢¥²¨Î¥´¨¥³
Î¨¸²  ´Ê±²µ´µ¢ ¤µ 58 ¢¥·µÖÉ´µ¸ÉÓ ¶¥·¥Ìµ¤µ¢ ¨§ 3p3f -µ¡µ²µÎ±¨ ¢µ§· ¸É ¥É
¶µ ±· °´¥° ³¥·¥ ¢ É·¨ · § , ÎÉµ Ö¢²Ö¥É¸Ö ¥¸É¥¸É¢¥´´Ò³ ¸²¥¤¸É¢¨¥³ § ¶µ²-
´¥´¨Ö ÔÉµ° µ¡µ²µÎ±¨. �¸É ¢Ï Ö¸Ö ¤µ²Ö E1-¶¥·¥Ìµ¤µ¢ µ¡Ê¸²µ¢²¥´  ¢¥É¢ÓÕ
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2s2d → 3p3f , ±µÉµ· Ö ¤µ³¨´¨·Ê¥É ¤²Ö · ¸¸³ É·¨¢ ¥³µ° £·Ê¶¶Ò Ö¤¥·. ^µ²¥¥
ÉµÎ´µ µ¶·¥¤¥²¨ÉÓ ¢¥·µÖÉ´µ¸ÉÓ ¶¥·¥Ìµ¤µ¢ ¨§ pf -µ¡µ²µÎ±¨ ¤²Ö 58Ni ´¥ Ê¤ -
¥É¸Ö ¨§-§  µ£· ´¨Î¥´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö
±µ´¥Î´µ£µ Ö¤· .

’ ¡²¨Í  4. ‘¥Î¥´¨Ö ¶¥·¥Ìµ¤µ¢ 3p3f → 4s4d4g ¨ ¨Ì ¤µ²¨ (¢ ¸±µ¡± Ì) ¢ · §²¨Î´ÒÌ
ËµÉµ´Ê±²µ´´ÒÌ ·¥ ±Í¨ÖÌ

Ÿ¤·µ σint, ŒÔ‚·³¡ (σph
int)fp, ŒÔ‚·³¡

(γp) (γn) (γp)+(γn) (γp) (γn) (γp)+(γn)

35Cl 330Ä350 180Ä190 510Ä540 <15,5(<0,04) 43(0,23Ä0,24) 43Ä58,5
(0,08Ä0,11)

37Cl 160Ä170 380Ä390 540Ä560 0(0) 40Ä169 40Ä169
(0,10Ä0,44) (0,07Ä0,31)

39K 260 160 420 37,3±4,9 (0,14) 9,2±2,5 (0,06) 46,5±5,5 (0,11)
40Ca 460 90 550 40,5Ä47,0 8,5Ä8,8 (0,10) 49Ä56

(0,09Ä0,10) (0,09Ä0,10)
45Sc 290Ä300 370Ä390 660Ä680 25(0,08Ä0,09) 30Ä67 (0,08Ä0,18) 55Ä92

(0,08Ä0,14)
58Ni 570 250Ä380 840Ä920 > 140 (0,25) > 120 (0,32) > 260 (0,28)


¨¸. 29. ‚¥·µÖÉ´µ¸ÉÓ E1-¶¥·¥-
Ìµ¤µ¢ ¨§ ¢´¥Ï´¨Ì µ¡µ²µÎ¥± ¢
„ƒ
  Éµ³´ÒÌ Ö¤¥·

„ ´´Ò¥ É ¡². 4 ¶·¨¢¥¤¥´Ò É ±¦¥ ´ 
·¨¸. 29 ¢³¥¸É¥ ¸ µ¡¸Ê¦¤ ¢Ï¨³¨¸Ö ¢ · §¤. 2
¤ ´´Ò³¨ µ ¢¥·µÖÉ´µ¸É¨ ´Ê±²µ´´ÒÌ ¶¥·¥Ìµ-
¤µ¢ 2s2d → 3p3f ¤²Ö Ö¤¥· 2s2d-µ¡µ²µÎ±¨.
ˆ§ ÔÉµ£µ ·¨¸Ê´±  Ìµ·µÏµ ¢¨¤´µ, ÎÉµ ¢¥·µ-
ÖÉ´µ¸ÉÓ ¶¥·¥Ìµ¤µ¢ 2s2d → 3p3f Ê¢¥²¨Î¨¢ -
¥É¸Ö ¸ ·µ¸Éµ³ Î¨¸²  ´Ê±²µ´µ¢, ¤µ¸É¨£ Ö ¶·¨-
³¥·´µ 100% ¤²Ö A ≈ 30. �·¨ ¤ ²Ó´¥°-
Ï¥³ Ê¢¥²¨Î¥´¨¨ A §  ¸Î¥É ¶µÖ¢²¥´¨Ö ¶¥·¥-
Ìµ¤µ¢ 3p3f → 4s4d4g ¢¥·µÖÉ´µ¸ÉÓ ¶¥·¥Ìµ-
¤µ¢ 2s2d → 3p3f Ê³¥´ÓÏ ¥É¸Ö ¶·¨³¥·´µ
¤µ 90% ¤²Ö Ö¤¥· ¢ · °µ´¥ 40‘ . �Î¥¢¨¤´µ,
ÎÉµ ¤ ²Ó´¥°Ï¥¥ Ê¢¥²¨Î¥´¨¥ Î¨¸²  A ¶·¨¢µ-
¤¨É ± ¥Ð¥ ¡µ²ÓÏ¥³Ê Ê³¥´ÓÏ¥´¨Õ ·µ²¨ ¶¥·¥-
Ìµ¤µ¢ 2s2d → 3p3f §  ¸Î¥É Ê³¥´ÓÏ¥´¨Ö Î¨-

¸²  ¸¢µ¡µ¤´ÒÌ ³¥¸É ¢ 3p3f -µ¡µ²µÎ±¥, É.¥. ¢µ§· ¸É ´¨Ö ¢¥·µÖÉ´µ¸É¨ ¶¥·¥Ìµ¤µ¢
3p3f → 4s4d4g.

‚ ¸µµÉ¢¥É¸É¢¨¨ ¸ ±µ´Í¥¶Í¨¥° ±µ´Ë¨£Ê· Í¨µ´´µ£µ · ¸Ð¥¶²¥´¨Ö, Í¥´É·
ÉÖ¦¥¸É¨ ¶¥·¥Ìµ¤µ¢ 3p3f → 4s4d4g ¤µ²¦¥´ ¡ÒÉÓ ¸¤¢¨´ÊÉ ± ³¥´ÓÏ¨³ Ô´¥·-
£¨Ö³ µÉ´µ¸¨É¥²Ó´µ Í¥´É·  ÉÖ¦¥¸É¨ ¶¥·¥Ìµ¤µ¢ 2s2d → 3p3f . �¡¸Ê¦¤ ¥³Ò¥
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·¥§Ê²ÓÉ ÉÒ ¶µ 58Ni Ê± §Ò¢ ÕÉ ´  ´ ²¨Î¨¥ ÔÉµ£µ ¸¤¢¨£  ¤²Ö Ö¤¥· pf -µ¡µ²µÎ±¨
(·¨¸. 30). �ÉµÉ ·¨¸Ê´µ± Ö¢²Ö¥É¸Ö ·¥§Ê²ÓÉ Éµ³ ¸µ¢³¥¸É´µ£µ  ´ ²¨§  ¤ ´´ÒÌ
¤¢ÊÌ Ô±¸¶¥·¨³¥´Éµ¢ [74, 75]. ‚ ¶µ¸²¥¤´¥³ ¨§ ´¨Ì ´  Ê¸±µ·¨É¥²¥ Ô²¥±É·µ´µ¢ ¸
´¥¶·¥·Ò¢´Ò³ ¶ÊÎ±µ³ ¨§ÊÎ ² ¸Ó ·¥ ±Í¨Ö 58Ni(e, e′p)57Co ¤²Ö Ô´¥·£¨¨ ¢µ§¡Ê-
¦¤¥´¨Ö Ö¤· , ¸µµÉ¢¥É¸É¢ÊÕÐ¥° „ƒ
. ^Ò²¨ µ¶·¥¤¥²¥´Ò ¶ ·Í¨ ²Ó´Ò¥ ¸¥Î¥´¨Ö ¸
§ ¸¥²¥´¨¥³ µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö ¨ £·Ê¶¶ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° ±µ´¥Î´µ£µ
Ö¤· . ‘Ê³³ ·´µ¥ ¸¥Î¥´¨¥ ¶µ ¢¸¥³ ± ´ ² ³ ¶µ± § ´µ ´  ·¨¸. 30 µ¤´µ±· É´µ°


¨¸. 30. Šµ´Ë¨£Ê· Í¨µ´´µ¥
· ¸Ð¥¶²¥´¨¥ „ƒ
 ¢ ËµÉµ¶·µ-
Éµ´´µ³ ¸¥Î¥´¨¨ Ö¤·  58Ni.
�¤´µ±· É´ Ö ÏÉ·¨Ìµ¢±  Å
¶µ²´µ¥ ¸¥Î¥´¨¥ E1-¶¥·¥Ìµ¤µ¢.
„¢µ°´ Ö ÏÉ·¨Ìµ¢±  Å ¸¥Î¥´¨¥
E1-¶¥·¥Ìµ¤µ¢ ¨§ ¢´¥Ï´¥° µ¡µ-
²µÎ±¨ 3p3f

ÏÉ·¨Ìµ¢±µ° (¢¥·Ì´ÖÖ £¨¸Éµ£· ³³ ). „ ´´Ò¥
(γ, xγ′)- Ô±¸¶¥·¨³¥´É  [75] Ê± §Ò¢ ÕÉ ´  Éµ,
ÎÉµ É·¨ ´¨¦´¨Ì ¶ ·Í¨ ²Ó´ÒÌ (e, e′pi)-¸¥Î¥´¨Ö
¸²¥¤Ê¥É ¶·¨¶¨¸ ÉÓ ¢¥É¢¨ 3p3f → 4s4d4g.
‘Ê³³  ÔÉ¨Ì ¸¥Î¥´¨° ¶µ± § ´  ¤¢µ°´µ° ÏÉ·¨-
Ìµ¢±µ° ´  ·¨¸. 30. Š ± µÉ³¥Î¥´µ ¢ÒÏ¥, µ¤´µ-
±· É´ Ö ÏÉ·¨Ìµ¢±  ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¸Ê³³Ê
¢¸¥Ì (e, e′pi)-¸¥Î¥´¨°, ±Ê¤  ¤ ÕÉ ¢±² ¤ µ¡¥ ¢¥-
É¢¨ „ƒ
 (3p3f → 4s4d4g ¨ 2s2d → 3p3f ).

¨¸Ê´µ± ¤¥³µ´¸É·¨·Ê¥É ¸³¥Ð¥´¨¥ ¨¤¥´É¨Ë¨Í¨-
·µ¢ ´´µ° Î ¸É¨ 3p3f → 4s4d4g-¢¥É¢¨ „ƒ
 ±
¡µ²¥¥ ´¨§±¨³ Ô´¥·£¨Ö³ ¶µ ¸· ¢´¥´¨Õ ¸ µ¸É ¢-
Ï¥°¸Ö Î ¸ÉÓÕ ¸¥Î¥´¨Ö, ±Ê¤  Í¥²¨±µ³ ¢Ìµ¤¨É
¢¥É¢Ó 2s2d→ 3p3f . �Éµ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ ±µ´-
Ë¨£Ê· Í¨µ´´µ³ · ¸Ð¥¶²¥´¨¨ „ƒ
. ’ ±¨³ µ¡· -
§µ³, ¢¶¥·¢Ò¥ ¤²Ö Ö¤·  pf -µ¡µ²µÎ±¨ ¶·µ¤¥³µ´-
¸É·¨·µ¢ ´µ ¸ÊÐ¥¸É¢µ¢ ´¨¥ ±µ´Ë¨£Ê· Í¨µ´´µ£µ
· ¸Ð¥¶²¥´¨Ö „ƒ
. Œ ¸ÏÉ ¡ ÔÉµ£µ · ¸Ð¥¶²¥´¨Ö
¤²Ö Ö¤·  58Ni ¸µ¸É ¢²Ö¥É 5Ä10 ŒÔ‚.

�¡¸Ê¦¤ ¥³Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥
¶µ§¢µ²¨²¨ µ¶·¥¤¥²¨ÉÓ ¢¥·µÖÉ´µ¸ÉÓ ¶µ²Ê¶·Ö³µ£µ ³¥Ì ´¨§³  „ƒ
 ¤²Ö ¢¥É¢¨
3p3f → 4s4d4g,   É ±¦¥ ¤²Ö „ƒ
 ¢ Í¥²µ³. „²Ö ¶¥·¥Ìµ¤µ¢ 3p3f → 4s4d4g
¸¥Î¥´¨Ö ¶µ²Ê¶·Ö³ÒÌ · ¸¶ ¤µ¢ ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¢¥·µÖÉ´µ¸É¨ ¶·¨¢¥¤¥´Ò ¢
É ¡². 5. � ¨¡µ²¥¥ ¶µ²´Ò¥ ¸¢¥¤¥´¨Ö ¨³¥ÕÉ¸Ö ¤²Ö Ö¤¥· 40Ca, 45S¸ ¨ 58Ni.

Š ± ¢¨¤´µ ¨§ ¶µ¸²¥¤´¥° ±µ²µ´±¨ É ¡². 5, ¤²Ö Ö¤¥· pf -µ¡µ²µÎ±¨ ¢¥·µÖÉ-
´µ¸ÉÓ ¶µ²Ê¶·Ö³µ£µ ³¥Ì ´¨§³  Ê ¤¨¶µ²Ó´ÒÌ ¶¥·¥Ìµ¤µ¢ ¨§ ¢´¥Ï´¥° µ¡µ²µÎ±¨
3p3f → 4s4d4g ¢¥²¨±  ¨ ²¥¦¨É ¢ ¶·¥¤¥² Ì µÉ 0,35 ¤µ 0,80. �Éµ ¶·¨-
³¥·´µ Éµ ¦¥ §´ Î¥´¨¥, ÎÉµ ¨ ¤²Ö ¤¨¶µ²Ó´ÒÌ ¶¥·¥Ìµ¤µ¢ ¨§ ¢´¥Ï´¥° µ¡µ²µÎ±¨
2s2d→ 3p3f Ê Ö¤¥· ¸ A = 16÷ 40.

‚ É ¡². 6 ¤ ´Ò ¢¥·µÖÉ´µ¸É¨ ¶µ²Ê¶·Ö³ÒÌ ¶·µÍ¥¸¸µ¢ ¤²Ö ËµÉµ´Ê±²µ´´ÒÌ
¶¥·¥Ìµ¤µ¢, Ëµ·³¨·ÊÕÐ¨Ì „ƒ
. ˆ§ ÔÉµ° É ¡²¨ÍÒ ¢¨¤´µ, ÎÉµ, ´ Î¨´ Ö ¸ 40‘ , ¸
Ê¢¥²¨Î¥´¨¥³ A ¶·µ¨¸Ìµ¤¨É Ê³¥´ÓÏ¥´¨¥ ¢¥·µÖÉ´µ¸É¨ ¶µ²Ê¶·Ö³ÒÌ ¶·µÍ¥¸¸µ¢.
Š·µ³¥ Éµ£µ, ¤²Ö Ö¤¥· 39K, 40Ca ¨ 58Ni, ¤²Ö ±µÉµ·ÒÌ ¢¥·µÖÉ´µ¸ÉÓ ¶µ²Ê¶·Ö³ÒÌ
¶·µÍ¥¸¸µ¢ µ¶·¥¤¥²¥´  ¸ ´ ¨¡µ²ÓÏ¥° ÉµÎ´µ¸ÉÓÕ, ¤µ²Ö ¶µ²Ê¶·Ö³ÒÌ · ¸¶ ¤µ¢ ¢
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’ ¡²¨Í  5. ‘¥Î¥´¨Ö ¶µ²Ê¶·Ö³ÒÌ ¶·µÍ¥¸¸µ¢ ¤²Ö ¢¥É¢¨ 3p3f → 4s4d4g „ƒ� (¢ ¸±µ¡-
± Ì Å ¤µ²¨ ¢ ¸µµÉ¢¥É¸É¢ÊÕÐ¥³ ¸¥Î¥´¨¨)

Ÿ¤·µ (σph
int)fp, ŒÔ‚·³¡

(γp) (γn) (γp) + (γn)

35Cl 0(0) < 4, 5(< 0, 1) < 4, 5(< 0, 1)
37Cl 0(0) < 12, 2(< 0, 31) < 12, 2(< 0, 31)
39K 0(0) 0(0) 0(0)
40Ca 17,0(0,36Ä0,42) 3(0,34Ä0,35) 20(0,34Ä0,35)
45Sc 12Ä14(0,48Ä0,56) 30Ä61(0,45Ä1,00) 42Ä75(0,46Ä0,80)
58Ni 16Ä49(0,12Ä0,35) 84Ä102(0,70Ä0,85) 100Ä151(0,38Ä0,58)

’ ¡²¨Í  6. ‚¥·µÖÉ´µ¸É¨ ¶µ²Ê¶·Ö³ÒÌ ¶·µÍ¥¸¸µ¢ ¢ ËµÉµ¶·µÉµ´´µ³, ËµÉµ´¥°É·µ´´µ³
¸¥Î¥´¨ÖÌ ¨ ¶µ²´µ³ ¸¥Î¥´¨¨ ËµÉµ¶µ£²µÐ¥´¨Ö „ƒ�

Ÿ¤·µ (γp) (γn) (γp) + (γn)

35Cl < 0, 30 < 0, 50 < 0, 36
37Cl < 0, 50 < 0, 39 < 0, 42
39K 0, 56 0, 95 0, 75
40Ca 0, 59−0, 66 0, 82−0, 88 0, 63−0, 69
45Sc 0, 08−0, 38 0, 08−0, 50 0, 08−0, 45
58Ni 0, 07−0, 17 0, 28−0, 62 0, 16−0, 29

ËµÉµ´¥°É·µ´´µ³ ± ´ ²¥ ¸ÊÐ¥¸É¢¥´´µ ¢ÒÏ¥, Î¥³ ¢ ËµÉµ¶·µÉµ´´µ³. ‚µ ¢Éµ-
·µ° · ¡µÉ¥ [63], £¤¥  ´ ²¨§¨·Ê¥É¸Ö ÔÉµ µ¡¸ÉµÖÉ¥²Ó¸É¢µ ¤²Ö Ö¤¥· sd-µ¡µ²µÎ±¨,
¶µ± § ´µ, ÎÉµ µ´µ µ¡Ê¸²µ¢²¥´µ, £² ¢´Ò³ µ¡· §µ³, ¢²¨Ö´¨¥³ ´Ê±²µ´´µ£µ ¶µ-
·µ£ . “ ¢¸¥Ì É·¥Ì ¶¥·¥Î¨¸²¥´´ÒÌ ¢ÒÏ¥ Ö¤¥· ´¥°É·µ´´Ò° ¶µ·µ£ §´ Î¨É¥²Ó´µ
¡µ²ÓÏ¥ ¶·µÉµ´´µ£µ, ÎÉµ, ± ± ¶µ± § ´µ ¢ · ¡µÉ¥ [63], ¨ ¤µ²¦´µ ¶·¨¢µ¤¨ÉÓ
± ´ ¡²Õ¤ ¥³µ³Ê ¶·¥¢ÒÏ¥´¨Õ ¶µ²Ê¶·Ö³µ£µ ³¥Ì ´¨§³  ¢ ·¥ ±Í¨¨ (γ, n) ¶µ
¸· ¢´¥´¨Õ ¸ (γ, p).

�  ·¨¸. 31 ¢¥·µÖÉ´µ¸ÉÓ ¶µ²Ê¶·Ö³ÒÌ ¶·µÍ¥¸¸µ¢ ¤²Ö ¸¥Î¥´¨Ö ËµÉµ¶µ£²µÐ¥-
´¨Ö ¶·¨¢µ¤¨É¸Ö ± ± ËÊ´±Í¨Ö 1/A. �ÉµÉ ·¨¸Ê´µ± ¸µ¤¥·¦¨É ¢¸Õ ¶µ²ÊÎ¥´´ÊÕ
¨§ ¶ ·Í¨ ²Ó´ÒÌ ËµÉµÖ¤¥·´ÒÌ ± ´ ²µ¢ ¨´Ëµ·³ Í¨Õ ¤²Ö Ö¤¥· ¸ A = 12 ÷ 58.
‚¨¤´µ, ÎÉµ ¸ Ê¢¥²¨Î¥´¨¥³ A ¢¥·µÖÉ´µ¸ÉÓ ¶µ²Ê¶·Ö³µ£µ · ¸¶ ¤  „ƒ
 Ê³¥´ÓÏ -
¥É¸Ö µÉ ∼ 100% ¤²Ö A = 12 ¤µ 10÷30% ¤²Ö A = 58. …¸²¨ Ô±¸É· ¶µ²¨·µ¢ ÉÓ
ÔÉÊ É¥´¤¥´Í¨Õ ¢ µ¡² ¸ÉÓ ¥Ð¥ ¡µ²¥¥ ÉÖ¦¥²ÒÌ Ö¤¥·, Éµ ³Ò ¶·¨Ìµ¤¨³ ± ¢Ò¢µ¤Ê,
ÎÉµ ¤²Ö É ±¨Ì Ö¤¥· ¸É É¨¸É¨Î¥¸±¨° · ¸¶ ¤ „ƒ
 Ö¢²Ö¥É¸Ö ¤µ³¨´¨·ÊÕÐ¨³.
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¨¸. 31. ‚¥·µÖÉ´µ¸ÉÓ ¶µ²Ê¶·Ö³µ£µ
· ¸¶ ¤  „ƒ
 ¢ ¸¥Î¥´¨¨ ËµÉµ¶µ£²µ-
Ð¥´¨Ö

�¡Ð¥¥ Ê³¥´ÓÏ¥´¨¥ ¢¥·µÖÉ´µ¸É¨ ¶µ²Ê-
¶·Ö³µ£µ · ¸¶ ¤  ¸ ·µ¸Éµ³ A ¶·µ¨¸Ìµ¤¨É ´ 
Ëµ´¥ Ê¢¥²¨Î¥´¨Ö ÔÉµ° ¢¥·µÖÉ´µ¸É¨ ¢ · °µ´¥
A = 16, 28, 40, É.¥. ¤²Ö ³ £¨Î¥¸±¨Ì Ö¤¥·
¸ § ¶µ²´¥´´Ò³¨ ¢´¥Ï´¨³¨ µ¡µ²µÎ± ³¨ 1p,
1d5/2 ¨ 2s2d ¸µµÉ¢¥É¸É¢¥´´µ.

�Éµ Ìµ·µÏµ ¢¨¤´µ ´  ·¨¸. 32, £¤¥ ¨´-
Ëµ·³ Í¨Ö, · ´¥¥ ¶·¨¢¥¤¥´´ Ö ´  ·¨¸. 31, ¤ -
¥É¸Ö ¢ µ¡ÒÎ´µ³ ³ ¸ÏÉ ¡¥. �  ·¨¸. 32 ¢¶¥·-
¢Ò¥ ¶·µ¤¥³µ´¸É·¨·µ¢ ´ µ¡µ²µÎ¥Î´Ò° ÔË-
Ë¥±É ¢ A-§ ¢¨¸¨³µ¸É¨ ¢¥·µÖÉ´µ¸É¨ ¶µ²Ê¶·Ö-
³µ£µ · ¸¶ ¤  „ƒ
. �ÉµÉ ÔËË¥±É µ¸µ¡¥´´µ
Ö·±µ ¶·µÖ¢²Ö¥É¸Ö ¢ · °µ´¥ ¤¢ ¦¤Ò ³ £¨Î¥-
¸±µ£µ Ö¤·  40‘ .

’µÉ Ë ±É, ÎÉµ ¶·¨ ´ ²¨Î¨¨ ¸ÊÐ¥¸É¢¥´-
´µ£µ ±µ´Ë¨£Ê· Í¨µ´´µ£µ · ¸Ð¥¶²¥´¨Ö „ƒ

Ê Ö¤·  58Ni ¤µ³¨´¨·ÊÕÉ ¸É É¨¸É¨Î¥¸±¨¥ ³µ¤Ò · ¸¶ ¤ , µ§´ Î ¥É, ÎÉµ ¶µ µ¡µ²µ-
Î¥Î´µ³Ê ±µ´Ë¨£Ê· Í¨µ´´µ³Ê ¸µ¸É ¢Ê £·Ê¶¶Ò � ¨ ^ Ê¦¥ § ³¥É´µ ¶¥·¥³¥Ï ´Ò.
ˆ§ ÔÉµ£µ ¶· ±É¨Î¥¸±¨ Ö¸´µ, ÎÉµ Ê Ö¤¥· ¸²¥¤ÊÕÐ¥° 4s4d4g-µ¡µ²µÎ±¨ ¨ ¸ ³µ
±µ´Ë¨£Ê· Í¨µ´´µ¥ · ¸Ð¥¶²¥´¨¥ „ƒ
 ¨¸Î¥§´¥É, É¥³ ¡µ²¥¥, ÎÉµ ¢ ÔÉ¨Ì Ö¤· Ì
¸¨²Ó´µ¥ ¸¶¨´-µ·¡¨É ²Ó´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ Ê ´Ê±²µ´µ¢ ¸ ¡µ²ÓÏ¨³¨ µ·¡¨É ²Ó-
´Ò³¨ ³µ³¥´É ³¨ Ê¦¥ ®¶¥·¥¶ÊÉÒ¢ ¥É¯ µ¸Í¨²²ÖÉµ·´Ò¥ µ¡µ²µÎ±¨.


¨¸. 32. �¡µ²µÎ¥Î´Ò¥ ÔËË¥±ÉÒ ¢ § ¢¨¸¨³µ¸É¨ ¢¥·µÖÉ´µ¸É¨ ¶µ²Ê¶·Ö³µ£µ · ¸¶ ¤  „ƒ

µÉ ³ ¸¸µ¢µ£µ Î¨¸² 
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5. Š��”ˆƒ“��–ˆ����… ��‘™…�‹…�ˆ… ƒˆƒ��’‘Š�ƒ�
‘�ˆ�-„ˆ��‹œ��ƒ� �…‡����‘�

Š ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ Ìµ·µÏµ ¨¸¸²¥¤µ¢ ´ Ô±¸¶¥·¨³¥´É ²Ó´µ ¸¶¨´-¤¨-
¶µ²Ó´Ò° £¨£ ´É¸±¨° ·¥§µ´ ´¸ (‘„ƒ
), Ì · ±É¥·¨§Ê¥³Ò° Ê¦¥ ´¥ ¤¨¶µ²Ó´Ò³
µ¶¥· Éµ·µ³ ¢§ ¨³µ¤¥°¸É¢¨Ö ËµÉµ´  ¸ ´Ê±²µ´µ³ ¸ É¥´§µ·´Ò³¨ ¸¢µ°¸É¢ ³¨
Y1m(θφ)τ3,   ¸¶¨´-¤¨¶µ²Ó´Ò³ µ¶¥· Éµ·µ³ (Y1 × σ)JMτ−, J = 0−, 1−, 2−,
¥¸²¨ ·¥ÎÓ ¨¤¥É µ ®§ ·Ö¦¥´´ÒÌ¯ ·¥§µ´ ´¸ Ì (µ-§ Ì¢ É [82], ¶·µÍ¥¸¸Ò (γ, π) ¨
(π, γ) [83], (n, p)- ¨ (p, n)-¶¥·¥§ ·Ö¤±  [84, 85]) ¨²¨ (Y1 × σ)JMτ3, ¥¸²¨ ·¥ÎÓ
¨¤¥É µ ®´¥°É· ²Ó´ÒÌ¯ ·¥§µ´ ´¸ Ì (´¥Ê¶·Ê£µ¥ · ¸¸¥Ö´¨¥ Ô²¥±É·µ´µ¢ (e, e′) ¸
Ô´¥·£¨¥° ¶µ·Ö¤±  100 ŒÔ‚).

“ ²¥£Î °Ï¨Ì Ö¤¥· p-µ¡µ²µÎ±¨ 6Li, 7Li, 9Be ¸¶¨´-¤¨¶µ²Ó´Ò° ·¥§µ´ ´¸ Ì -
· ±É¥·¨§Ê¥É¸Ö ±µ´Ë¨£Ê· Í¨µ´´Ò³ · ¸Ð¥¶²¥´¨¥³ ¨ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É´µ° ¸É·Ê±-
ÉÊ·µ° ¶µ¤µ¡´µ E1-·¥§µ´ ´¸Ê. �Éµ ¨²²Õ¸É·¨·Ê¥É ·¨¸. 33, ,¡, £¤¥ ¶·¨¢µ¤ÖÉ¸Ö
£¨£ ´É¸±¨¥ ·¥§µ´ ´¸Ò, ¢µ§¡Ê¦¤ ¥³Ò¥ Ê Ö¤·  6Li ¢ ·¥ ±Í¨ÖÌ (π−, γ) ¨ (p, n).
‘¶¥Í¨Ë¨±  ÔÉ¨Ì ·¥ ±Í¨° ¢ Éµ³, ÎÉµ § ¸¥²ÖÕÉ¸Ö ¨ ¸ ³Ò¥ ´¨§Ï¨¥ ¸µ¸ÉµÖ´¨Ö
±µ´¥Î´µ£µ Ö¤·  6�¥, É.±., ´ ¶·¨³¥·, ¢§ ¨³µ¤¥°¸É¢¨¥ ®ÔËË¥±É¨¢´µ£µ ¢´¥Ï-
´¥£µ ¶µ²Ö¯ [86] ¸ ´Ê±²µ´µ³ ¢ ¶·µÍ¥¸¸¥ (π−, γ) ¸µ¤¥·¦¨É ´¥ Éµ²Ó±µ ¸¶¨´-
¤¨¶µ²Ó´ÊÕ  ³¶²¨ÉÊ¤Ê (¶·¨¸ÊÉ¸É¢ÊÕÉ, ´ ¶·¨³¥·, É ±¦¥ £ ³µ¢-É¥²²¥·µ¢¸±¨¥
¶¥·¥Ìµ¤Ò ∆L = 0, ∆S = ∆T = 1, ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ µ¶¥· Éµ·Ê Q = στ±),
µ¤´ ±µ ´ ¸ §¤¥¸Ó ¨´É¥·¥¸Ê¥É ¢ µ¸´µ¢´µ³ £¨£ ´É¸±¨° ·¥§µ´ ´¸,  ¸¸µÍ¨¨·Ê¥-
³Ò° ±µ´±·¥É´µ ¸µ ¸¶¨´-¤¨¶µ²Ó´Ò³ ¢§ ¨³µ¤¥°¸É¢¨¥³. 
¥£¨¸É· Í¨Ö ¸ ¢Ò¸µ±¨³
· §·¥Ï¥´¨¥³ Ô´¥·£¨¨ ËµÉµ´µ¢ ¢ Ô±¸¶¥·¨³¥´É¥ (π−, γ) ¶µ§¢µ²¨²  (¢ µÉ²¨-
Î¨¥ µÉ ¶µ£²µÐ¥´¨Ö µ-³¥§µ´µ¢, £¤¥ ´¥°É·¨´µ ´¥ ·¥£¨¸É·¨·Ê¥É¸Ö) ¶µ²ÊÎ¨ÉÓ ¢
¤¥É ²ÖÌ E-§ ¢¨¸¨³µ¸ÉÓ ¸¥Î¥´¨Ö ¶µ ¢¸¥° Ï¨·µ±µ° ¶µ²µ¸¥ ¸¶¨´-¤¨¶µ²Ó´µ£µ
¶µ£²µÐ¥´¨Ö [83, 87] (·¨¸. 33, ). ’¥µ·¥É¨Î¥¸±¨¥ ·¥§Ê²ÓÉ ÉÒ [83,88] · ¸±·Ò-
¢ ÕÉ Ë¨§¨Î¥¸±µ¥ ¸µ¤¥·¦ ´¨¥ ÔÉµ° ± ·É¨´Ò, ·µ²Ó µ¡µ¨Ì ±·Ê¶´µ³ ¸ÏÉ ¡´ÒÌ
Ë ±Éµ·µ¢ Å ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É´µ° ¸¨³³¥É·¨¨ ¨ ±µ´Ë¨£Ê· Í¨µ´´µ£µ · ¸Ð¥¶²¥-
´¨Ö. ˆ§ É·¥Ì ¡µ²ÓÏ¨Ì ¶¥·¥±·Ò¢ ÕÐ¨Ì¸Ö ³ ±¸¨³Ê³µ¢ ¸¥Î¥´¨Ö ¸ ³Ò° ¶· ¢Ò°
(´¨§±µÔ´¥·£¥É¨Î¥¸±¨°) ¸µµÉ¢¥É¸É¢Ê¥É ¶¥·¥Ìµ¤ ³ ¢´ÊÉ·¨ ¢ ²¥´É´µ° µ¡µ²µÎ±¨,
±µÉµ·Ò¥ ¶·¨¢µ¤ÖÉ ± ¸µ¸ÉµÖ´¨Ö³ ¸µ ¸Ì¥³µ° p´£  {42}. ‘·¥¤´¨° ³ ±¸¨³Ê³
¸µµÉ¢¥É¸É¢Ê¥É ¸¶¨´-¤¨¶µ²Ó´µ³Ê ·¥§µ´ ´¸Ê, ¤¢Ê³ ¡²¨§±¨³ ¶µ Ô´¥·£¨Ö³ £·Ê¶-
¶ ³ ¶¥·¥Ìµ¤µ¢: s4p2{42} → s4p(2s2d) c {f} = {42}, {411} (ÔÉµ £·Ê¶¶  �)
¨ s4p2 → s3p3{33} (ÔÉµ £·Ê¶¶  ^). � ±µ´¥Í, ²¥¢Ò° (¢Ò¸µ±µÔ´¥·£¥É¨Î´Ò°)
³ ±¸¨³Ê³ Å ÔÉµ £² ¢´Ò¥ ¶¥·¥Ìµ¤Ò £·Ê¶¶Ò ^ (¸µ§¤ ÕÐ¨¥ ¡µ²ÓÏÊÕ Ï¨·¨´Ê
¶µ²µ¸Ò ¶µ£²µÐ¥´¨Ö) s4p2 → s3p3{321}. ‘± §Ò¢ ¥É¸Ö, ÎÉµ ¢ É¥µ·¥É¨Î¥¸±µ³
· ¸Î¥É¥ ´¥ ÊÎÉ¥´  ¡µ²ÓÏ Ö Ï¨·¨´  0s-¤Ò·±¨.


¥ ±Í¨Ö ¶¥·¥§ ·Ö¤±¨ 6Li(n, p)6He ¶·¨ ¤µ¸É ÉµÎ´µ ¡µ²ÓÏµ° ±¨´¥É¨Î¥-
¸±µ° Ô´¥·£¨¨ ´ ²¥É ÕÐ¥£µ ´¥°É·µ´  60 ŒÔ‚ (ÎÉµ ¶µ§¢µ²Ö¥É ¤ ÉÓ ¸· ¢´¨-
É¥²Ó´µ ¶·µ¸ÉÊÕ ¨´É¥·¶·¥É Í¨Õ ´  µ¸´µ¢¥ ¨³¶Ê²Ó¸´µ£µ ¶·¨¡²¨¦¥´¨Ö ¸ ¨¸± -
¦¥´´Ò³¨ ¢µ²´ ³¨) ¤ ¥É  ´ ²µ£¨Î´ÊÕ ± ·É¨´Ê [84] (·¨¸. 33,¡), ´µ ¸ ¡µ²ÓÏ¨³
¸¥Î¥´¨¥³ ¢ µ¡² ¸É¨ ¢Ò¸µ±µÔ´¥·£¥É¨Î´µ£µ ³ ±¸¨³Ê³ . �Éµ ¸¢Ö§ ´µ ¸ É¥³, ÎÉµ
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§¤¥¸Ó ¢µ§¡Ê¦¤ ¥É¸Ö ´¥ Éµ²Ó±µ ¸¶¨´-¤¨¶µ²Ó´Ò° ·¥§µ´ ´¸, ´µ ¨ Ô²¥±É·¨Î¥¸±¨°
¤¨¶µ²Ó´Ò°.


¨¸. 33.  ) ‘¶¥±É· ¢µ§¡Ê¦¤¥´¨Ö Ö¤·  6�¥, ¢µ§´¨± ÕÐ¥£µ ¢ ·¥ ±Í¨¨ (π−, γ) · ¤¨ -
Í¨µ´´µ£µ § Ì¢ É  ¶¨µ´µ¢ ´  Ö¤·¥ 6Li. ‚¥·É¨± ²Ó´Ò¥ ²¨´¨¨ Å ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É 
´  ¤¨¸±·¥É´µ³ ¡ §¨¸¥, ¶Ê´±É¨·´ Ö ±·¨¢ Ö Å ·¥§Ê²ÓÉ É · §³ÒÉ¨Ö ²¨´¨° ¢ ¨´É¥·¢ ²¥
∆E = 2 ŒÔ‚, £¨¸Éµ£· ³³  Å Ô±¸¶¥·¨³¥´É [83]. ‘É·¥²± ³¨ µÉ³¥Î¥´µ ¶µ²µ¦¥´¨¥
¶µ Ô´¥·£¨¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ±µ´Ë¨£Ê· Í¨°. ¡) ƒ¨¸Éµ£· ³³  ¢µ§¡Ê¦¤¥´¨Ö Ö¤·  6�¥ ¢
·¥ ±Í¨¨ 6Li(n, p)6He [84]

�µ¸±µ²Ó±Ê · ¸¶ ¤Ò ±µ´¥Î´µ£µ ¢µ§¡Ê¦¤¥´´µ£µ Ö¤·  6�¥ ¢ Ê± § ´´ÒÌ ·¥-
 ±Í¨ÖÌ ´¥ ¨¸¸²¥¤µ¢ ²¨¸Ó, Éµ §¤¥¸Ó ´¥É ¶·Ö³µ° ¶·µ¢¥·±¨ ¸µ¸É ¢  Î ¸É¨Î´µ-
¤Ò·µÎ´ÒÌ ±µ´Ë¨£Ê· Í¨° Å ± ± ÔÉµ ¡Ò²µ ¶·¨ ¨¸¸²¥¤µ¢ ´¨¨ E1-·¥§µ´ ´¸ 
Ê Ö¤¥· 2s2d-µ¡µ²µÎ±¨. �¤´ ±µ ¨³¥¥É¸Ö ´¥§ ¢¨¸¨³ Ö ¶·µ¢¥·±  Î¥·¥§ Ê£²µ¢Ò¥
· ¸¶·¥¤¥²¥´¨Ö ËµÉµ¶¨µ´µ¢ ¢ ·¥ ±Í¨¨ 6Li(γ, π+)6He∗, ±µÉµ·Ò¥ Éµ¦¥ µ¶·¥¤¥-
²ÖÕÉ¸Ö ±µ´Ë¨£Ê· Í¨µ´´Ò³ ¸µ¸É ¢µ³ ph-¢µ§¡Ê¦¤¥´¨°, ´µ ¢ ¡µ²¥¥ ¨´É¥£· ²Ó-
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´µ° Ëµ·³¥. �±¸¶¥·¨³¥´É [89] ¨ É¥µ·¨Ö [90], µ¸´µ¢ ´´ Ö ´  ³¨±·µ¸±µ¶¨Î¥¸±µ°
± ·É¨´¥ ·¨¸. 33, , ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 34. ‚¨¤´µ ¨Ì Ìµ·µÏ¥¥ ¸µ£² ¸¨¥ (´ 
·¨¸. 34,  ¨ 34,¡ ÔÉµ ¶¥·¥Ìµ¤Ò p → d,   ´  ·¨¸. 34,¢ ¨ £ Å ¶¥·¥Ìµ¤Ò s → p).


¨¸. 34. „¨ËË¥·¥´Í¨ ²Ó´µ¥ ¸¥Î¥´¨¥ ËµÉµ¶¨µ´µ¢ ¢ ·¥ ±Í¨¨ ËµÉµ·µ¦¤¥´¨Ö ¶¨µ´µ¢ ´ 
Ö¤·¥ 6Li ¶·¨ Î¥ÉÒ·¥Ì Ô´¥·£¨ÖÌ E∗ ¢µ§¡Ê¦¤¥´¨Ö ±µ´¥Î´µ£µ Ö¤·  6�¥:  ) E∗ = 12 ŒÔ‚,
¡) E∗ = 13, 6 ŒÔ‚, ¢) E∗ = 17, 7 ŒÔ‚, £) E∗ = 24 ŒÔ‚. ‘¶²µÏ´Ò¥ ±·¨¢Ò¥ Å · ¸Î¥É
¢ 1�ω µ¡µ²µÎ¥Î´µ° ³µ¤¥²¨ [90], µ¸É ²Ó´Ò¥ ±·¨¢Ò¥ Å · ¸Î¥É ¢ µ¤´µÎ ¸É¨Î´µ° ³µ¤¥²¨
[84], Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ Å ¨§ [89]

Ha ·¨¸. 35 ¤ ´µ ¸¨¸É¥³ É¨Î¥¸±µ¥ ¸· ¢´¥´¨¥ „ƒ
 ¸ ¸Ê¶¥·¶µ§¨Í¨¥° „ƒ
 ¨
‘„ƒ
, ¢µ§¡Ê¦¤ ¥³µ° ¢ ·¥ ±Í¨¨ ¶¥·¥§ ·Ö¤±¨ (p, n) ´  Ö¤· Ì p-µ¡µ²µÎ±¨ [85].
�·¨ ³ ²ÒÌ Ô´¥·£¨ÖÌ ¢µ§¡Ê¦¤¥´¨Ö Ìµ·µÏµ ¢¨¤´Ò ¶¥·¥Ìµ¤Ò ƒ ³µ¢ Ä’¥²²¥· .
ŒÒ µ¶ÖÉÓ ´ ¡²Õ¤ ¥³ §¤¥¸Ó Ö·±ÊÕ ¤¥³µ´¸É· Í¨Õ µ£·µ³´µ£µ ±µ´Ë¨£Ê· Í¨µ´-
´µ£µ · ¸Ð¥¶²¥´¨Ö (Š
) Ê µ¡µ¨Ì ·¥§µ´ ´¸µ¢, ¶·¨Î¥³ (p, n)-·¥ ±Í¨Ö ¨§³¥·¥´ 
¢ ¡µ²¥¥ Ï¨·µ±µ³ ¤¨ ¶ §µ´¥ Ô´¥·£¨° ¢µ§¡Ê¦¤¥´¨Ö ±µ´¥Î´µ£µ Ö¤· .
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¨¸. 35. „¨ËË¥·¥´Í¨ ²Ó´µ¥ ¸¥Î¥´¨¥ d2σ/dΩ dEÍ.³. ·¥ ±Í¨¨ (p, n) ´  ·Ö¤¥ Ö¤¥·
1p-µ¡µ²µÎ±¨ ¢ § ¢¨¸¨³µ¸É¨ µÉ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö Ex ±µ´¥Î´ÒÌ Ö¤¥·. “£µ² ¢Ò²¥É 
´¥°É·µ´µ¢ θ = 10 ◦, Ô´¥·£¨Ö ´ ²¥É ÕÐ¨Ì ¶·µÉµ´µ¢ Ep = 186 ŒÔ‚ [85]. ‡ ÏÉ·¨-
Ìµ¢ ´´Ò¥ £¨¸Éµ£· ³³Ò Å ¸¥Î¥´¨Ö ·¥ ±Í¨¨ (γ, n) ´  Ö¤· Ì-³¨Ï¥´ÖÌ, ¸¤¢¨´ÊÉÒ¥ ¶µ
Ô´¥·£¨¨ ± ¶µ·µ£Ê (p, n)-·¥ ±Í¨¨

�¥·¥Ìµ¤Ö ± Ö¤· ³ µ¡µ²µÎ±¨ 2s2d, ¸¤¥² ¥³ ¢´ Î ²¥ ´¥µ¡Ìµ¤¨³Ò¥ · §ÑÖ¸-
´¥´¨Ö. ‡ ³¥É´µ¥ µÉ²¨Î¨¥ ‘„ƒ
 ¸ ÉµÎ±¨ §·¥´¨Ö ®Éµ´±µ° ¸É·Ê±ÉÊ·Ò¯ µÉ Ô²¥±-
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É·¨Î¥¸±µ£µ ¤¨¶µ²Ó´µ£µ ·¥§µ´ ´¸  ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ ¸µ¢¸¥³ ´¥ ¶µ¤ ¢²¥´Ò
¶¥·¥Ìµ¤Ò ¸ ¶¥·¥¢µ· Î¨¢ ´¨¥³ ¸¶¨´  µÉ´µ¸¨É¥²Ó´µ µ·¡¨É ²Ó´µ£µ ³µ³¥´É .
�·¨ ÔÉµ³ ¢ ¤¨ £µ´ ²Ó´µ³ ¶·¨¡²¨¦¥´¨¨ É ±µ£µ ·µ¤  ¶¥·¥Ìµ¤Ò 1p3/2 → 2d3/2

¨²¨ 2d5/2 → 3f5/2 ÊÌµ¤ÖÉ ¢¢¥·Ì ¶µ Ô´¥·£¨¨ ¸· ¢´¨É¥²Ó´µ ¸ Ô²¥±É·¨Î¥¸±¨³¨
¤¨¶µ²Ó´Ò³¨ ¶¥·¥Ìµ¤ ³¨ 1p3/2 → 2d5/2 ¨²¨ 2d5/2 → 3f7/2 ´  ¢¥²¨Î¨´Ê ¸¶¨´-
µ·¡¨É ²Ó´µ£µ · ¸Ð¥¶²¥´¨Ö Ê d- ¨²¨, ¸µµÉ¢¥É¸É¢¥´´µ, f -´Ê±²µ´µ¢. �¥·¥Ìµ¤Ò
1p1/2 → 2d5/2 ¨²¨ 2d3/2 → 3f7/2 µ¶Ê¸± ÕÉ¸Ö, ´ µ¡µ·µÉ, ¢´¨§ ´  É ±ÊÕ ¦¥
¢¥²¨Î¨´Ê, ¨, ¥¸²¨ ¸µ£² ¸´µ ¥Ð¥ ¸É ·µ³Ê § ±²ÕÎ¥´¨Õ ‚¨²±¨´¸µ´  [10] o E1-
·¥§µ´ ´¸¥ („ƒ
) Ö¤¥· 1p-µ¡µ²µÎ±¨ ¸¶¨´-µ·¡¨É ²Ó´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ ¶µÎÉ¨ ´¥
¶·µÖ¢²Ö¥É¸Ö, Éµ Ê ¸¶¨´-¤¨¶µ²Ó´µ£µ ·¥§µ´ ´¸  Ê¦¥ ¢ ¤¨ £µ´ ²Ó´µ³ ¶·¨¡²¨¦¥-
´¨¨ ¢ ¸· ¢´¥´¨¨ ¸ E1-·¥§µ´ ´¸µ³ ¢µ§´¨± ¥É ¤µ¶µ²´¨É¥²Ó´Ò° ¶µ µÉ´µÏ¥´¨Õ
± ÔËË¥±ÉÊ £²Ê¡µ±¨Ì ¤Ò·µ± ¸ÊÐ¥¸É¢¥´´Ò° · §¡·µ¸ ∆E Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ


¨¸. 36. ‘¶¥±É· ¢µ§¡Ê¦¤¥´¨Ö Ö¤·  32
, ¢µ§´¨± -
ÕÐ¥£µ ¢ ·¥ ±Í¨¨ 32S(µ−, ν) [91]. �µ £µ·¨§µ´-
É ²Ó´µ° µ¸¨ µÉ²µ¦¥´  Ô´¥·£¨Ö ¢µ§¡Ê¦¤¥´¨Ö 32S,
µÉ²¨Î ÕÐ Ö¸Ö µÉ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö 32
 ´ 
¶µ¸ÉµÖ´´ÊÕ ¢¥²¨Î¨´Ê (ÔÉµ Ô´¥·£¨Ö ¢µ§¡Ê¦¤¥´¨Ö
´¨§Ï¥£µ Ê·µ¢´Ö ¸ T = 1 ¢ Ö¤·¥ 32S)

(ph) ¢µ§¡Ê¦¤¥´¨°, ¶·¨³¥·´µ
· ¢´Ò° Ê¤¢µ¥´´µ³Ê ¸¶¨´-µ·¡¨-
É ²Ó´µ³Ê · ¸Ð¥¶²¥´¨Õ (¤²Ö
Ö¤¥· sd-µ¡µ²µÎ±¨ ∆E ≈ 8÷
÷ 10 ŒÔ‚). ‚ ¨Éµ£¥ ¸¶¨´-
¤¨¶µ²Ó´ Ö ¶µ²µ¸  ¶µ£²µÐ¥´¨Ö
¡Ê¤¥É § ³¥É´µ Ï¨·¥, Î¥³ ¤¨-
¶µ²Ó´ Ö! �  ·¨¸. 36 ¶·¨¢¥¤¥´
·¥§Ê²ÓÉ É ¤¨ £µ´ ²¨§ Í¨¨ ³ -
É·¨ÍÒ ph-¢§ ¨³µ¤¥°¸É¢¨° [91]
¤²Ö ¸¶¨´-¤¨¶µ²Ó´ÒÌ ¢µ§¡Ê¦¤¥-
´¨° 0−, 1− ¨ 2− Ö¤·  32S
¢ ¶·µÍ¥¸¸¥ µ-§ Ì¢ É  ¸ ÊÎ¥Éµ³
µÉ³¥Î¥´´µ£µ · §¡·µ¸  ¶µ Ô´¥·-
£¨Ö³ ¨¸Ìµ¤´ÒÌ ph-¸µ¸ÉµÖ´¨°.
ŒÒ ¢¨¤¨³, ÎÉµ Éµ´± Ö ¸É·Ê±-
ÉÊ·  ¸¶¨´-¤¨¶µ²Ó´µ° ¶µ²µ¸Ò,
±µ´Ë¨£Ê· Í¨µ´´Ò° ¸µ¸É ¢ ph-
¸µ¸ÉµÖ´¨° ¢ · §´ÒÌ ¥¥ Î ¸ÉÖÌ
¸ÊÐ¥¸É¢¥´´µ µÉ²¨Î ÕÉ¸Ö µÉ É -

±µ¢ÒÌ ¤²Ö „ƒ
 [77, 92]. ‘µÌ· ´Ö¥É¸Ö Ê± § ´´Ò° ¡µ²ÓÏµ° ÔËË¥±É ¸¶¨´-
µ·¡¨É ²Ó´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö, ¨ ¡µ²ÓÏµ¥ ±µ´Ë¨£Ê· Í¨µ´´µ¥ · ¸Ð¥¶²¥´¨¥
¶·¨´¨³ ¥É ¤·Ê£µ° µ¡²¨±. �µÌµ¦ Ö ± ·É¨´  ¤µ²¦´  ´ ¡²Õ¤ ÉÓ¸Ö ¨ ¶·¨ ´¥-
Ê¶·Ê£µ³ · ¸¸¥Ö´¨¨ Ô²¥±É·µ´µ¢ ´  Ö¤·¥ 32S, £¤¥ ¢µ§¡Ê¦¤ ¥É¸Ö ¨ „ƒ
, ¨ ‘„ƒ

[92]. �Éµ ¡Ò²µ ¡Ò ¨´É¥·¥¸´µ ¶·µ¢¥·¨ÉÓ ´  ´Ê±²µ´´ÒÌ · ¸¶ ¤´ÒÌ ¸¶¥±É· Ì.
�  ·¨¸. 37 ¶·¨¢¥¤¥´Ò ¢ ¸· ¢´¥´¨¨ ¸ · ¸Î¥Éµ³ 
.�.�· ³¦Ö´  ¸ ¸µÉ·Ê¤´¨± ³¨
[93] Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ [83] µ ·¥ ±Í¨¨ (π−, γ) ´  Ö¤·¥ 32S, Ì · ±É¥-
·¨§Ê¥³Ò¥, ¶· ¢¤ , ¡|µ²ÓÏ¨³¨ §´ Î¥´¨Ö³¨ ¶¥·¥¤ ´´ÒÌ ¨³¶Ê²Ó¸µ¢, Î¥³ ¢ ¸²ÊÎ ¥
„ƒ
, É ± ÎÉµ ¶·µÖ¢²ÖÕÉ¸Ö ¨ ¡µ²¥¥ ¢Ò¸µ±¨¥ ³Ê²ÓÉ¨¶µ²Ó´µ¸É¨, Î¥³ ‘„ƒ
. � 
·¨¸Ê´±¥ ‘„ƒ
 Å ÔÉµ Ï¨·µ± Ö µ¡² ¸ÉÓ Ô´¥·£¨° ¢µ§¡Ê¦¤¥´¨Ö Ö¤·  32S c T = 1
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µÉ 10 ¤µ 35 ŒÔ‚. �´  µ¡µ§´ Î¥´  ¸¨³¢µ²µ³ 1�ω. �ÉµÉ ·¨¸Ê´µ± Ìµ·µÏµ
¨²²Õ¸É·¨·Ê¥É ¸± § ´´µ¥ ¢ÒÏ¥.


¨¸. 37. ‘¶¥±É·Ò ¢µ§¡Ê¦¤¥´¨Ö Ö¤·  32
 ¢ ·¥ ±Í¨¨ (π−, γ) · ¤¨ Í¨µ´´µ£µ § Ì¢ É 
¶¨µ´µ¢ ´  Ö¤·¥ 32S. � ·Ö¤Ê ¸µ Ï± ²µ° Ô´¥·£¨° Ö¤·  32
 ¶·¨¢¥¤¥´  Ï± ²  ¤²Ö Ö¤· 
32S. ƒ¨¸Éµ£· ³³  Å ·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´É  [83], ¢¥·É¨± ²Ó´Ò¥ ²¨´¨¨ ¨ ¶·Ö³µÊ£µ²Ó-
´¨±¨ Å ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  [83] ¸µ¸ÉµÖ´¨°, § ´¨³ ÕÐ¨Ì ¨´É¥·¢ ² ∆E = 10−15 ŒÔ‚

„²Ö Ö¤¥· µ¡µ²µÎ±¨ 3p3f ¤ ´´ÒÌ µ ‘„ƒ
 ´¥É. ‚µ¶·µ¸  µ ·¥§µ´ ´¸ Ì ¡µ²¥¥
¢Ò¸µ±µ° ³Ê²ÓÉ¨¶µ²Ó´µ¸É¨ ³Ò ±µ·µÉ±µ ±µ¸´¥³¸Ö ¢ § ±²ÕÎ¥´¨¨.

6. ‡�Š‹2—…�ˆ…

�µ¤¢¥¤¥³ ´¥±µÉµ·Ò¥ µ¡Ð¨¥ ¨Éµ£¨ ´ Ï¨Ì ³´µ£µ²¥É´¨Ì ¨¸¸²¥¤µ¢ ´¨° ´ 
µ¸´µ¢¥ ³ É¥·¨ ² , ¨§²µ¦¥´´µ£µ ¢ ¤ ´´µ³ µ¡§µ·¥.

1. ‚ 50Ä60-¥ £µ¤Ò ¸ ³µ ¡ §¨¸´µ¥ ¶·¥¤¸É ¢²¥´¨¥ µ „ƒ
 ± ± µ ¥¤¨´µ³
¤¨¶µ²Ó´µ³ ¸µ¸ÉµÖ´¨¨ ¢ ± Î¥¸É¢¥ ´¥±µe£µ ¸É¥·¥µÉ¨¶  ¸Ëµ·³¨·µ¢ ²µ¸Ó ´  ¶·¨-
³¥·¥ ³ £¨Î¥¸±µ£µ ÉÖ¦¥²µ£µ Ö¤·  208Pb, ¸Ì¥³ É¨Î¥¸±¨ · ¸¸³µÉ·¥´´µ£µ ^· -
Ê´µ³ ¨ ^µ²Ó¸É¥·²¨ [13]. ®„¨¸Í¨¶²¨´¨·ÊÕÐ¥¥ ¢²¨Ö´¨¥¯ ÔÉµ£µ ¸É¥·¥µÉ¨¶ 
¡Ò²µ ¸Éµ²Ó ¢¥²¨±µ, ÎÉµ ¶µÖ¢¨¢Ï¨¥¸Ö ¢ ±µ´Í¥ 50-Ì Å ´ Î ²¥ 60-Ì £µ¤µ¢ ¶¥·-
¢Ò¥ ¤ ´´Ò¥ ·¥ ±Í¨° (p, 2p) ¨ (e, e′p) ¶·¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ, Î¥É±µ Ê± §Ò¢ ¢-
Ï¨¥ ´  £µ· §¤µ ¡µ²ÓÏÊÕ Ô´¥·£¨Õ ¸¢Ö§¨ ´Ê±²µ´µ¢ ¢µ ¢´ÊÉ·¥´´¨Ì µ¡µ²µÎ± Ì,
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Î¥³ ÔÉµ ¸²¥¤Ê¥É ¨§ µ¸Í¨²²ÖÉµ·´µ° ³µ¤¥²¨ µ¡µ²µÎ¥±, ¡Ò²¨ ¨¸¶µ²Ó§µ¢ ´Ò Éµ-
£¤  Éµ²Ó±µ ´ Ï¥° ËµÉµÖ¤¥·´µ° £·Ê¶¶µ° (´µ ¨£´µ·¨·µ¢ ²¨¸Ó ¢¸¥³¨ µ¸É ²Ó-
´Ò³¨), ¨ ÔÉµ ¶·¨¢¥²µ ´ ¸ ± ±µ´Í¥¶Í¨¨ µÎ¥´Ó ¡µ²ÓÏµ£µ ±µ´Ë¨£Ê· Í¨µ´´µ£µ
· ¸Ð¥¶²¥´¨Ö „ƒ
 Ê ´¥³ £¨Î¥¸±¨Ì Ö¤¥· 1p- ¨ 2s2d-µ¡µ²µÎ¥± [39, 40]. �Éµ ¶µ-
³µ£²µ ¥¸É¥¸É¢¥´´Ò³ µ¡· §µ³ µ¡ÑÖ¸´¨ÉÓ [2,3] ¶µÖ¢¨¢Ï¨¥¸Ö ´¥¸±µ²Ó±µ ¶µ§¦¥
®¸É· ´´Ò¥¯ ¤ ´´Ò¥ µ ¶µ²´ÒÌ ¸¥Î¥´¨ÖÌ σ(γ, total) ¨ σ(γ, Tn) ¤²Ö Ö¤¥· 1p- ¨
2s2d-µ¡µ²µÎ¥±, ¨§³¥·¥´´ÒÌ ¢ Ï¨·µ±µ³ ¤¨ ¶ §µ´¥ Ô´¥·£¨°. “ ²¥£Î °Ï¨Ì Ö¤¥·
p-µ¡µ²µÎ±¨ Š
 Ê¢¥²¨Î¨¢ ¥É¸Ö ¡² £µ¤ ·Ö ¥£µ ¸µÎ¥É ´¨Õ ¸ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É-
´µ° ¸É·Ê±ÉÊ·µ°, ¨ ¢µ§´¨± ¥É ±· ¸¨¢µ¥ Ö¢²¥´¨¥ §¢¥§¤´µ£µ ±² ¸É¥·´µ£µ · ¸¶ ¤ 
£·Ê¶¶Ò ^, ¥Ð¥ ³ ²µ ¨¸¸²¥¤µ¢ ´´µ¥. ”µÉµ· ¸Ð¥¶²¥´¨¥ 7Li + γ → α+ t Ê¦¥ ¢
Ï¨·µ±µ³ ¤¨ ¶ §µ´¥ Ô´¥·£¨° 0 < Eγ < 70 ŒÔ‚ ¸µ§¤ ¥É ¡ §Ê ¤²Ö µ¶·¥¤¥²¥´¨Ö
±² ¸É¥·-±² ¸É¥·´ÒÌ ¶µÉ¥´Í¨ ²µ¢ ( ´ ²µ£¨Î´µ ¨ ¤²Ö ¤·Ê£¨Ì ¶ · ±² ¸É¥·µ¢,
´ ¶·¨³¥·, d+ h →5 Li + γ).

2. ‚ ¸¨²Ê  ¡¸µ²ÕÉ´µ£µ £µ¸¶µ¤¸É¢  Ê± § ´´µ£µ ¸É¥·¥µÉ¨¶  ´¨±µ³Ê ´¥ ¶·¨-
Ìµ¤¨²µ ¢ £µ²µ¢Ê ¶·µ¢µ¤¨ÉÓ ¨§³¥·¥´¨Ö ¸¶¥±É·  ËµÉµ´Ê±²µ´µ¢ (γ, pi), (γ, ni) ´ 
Ö¤· Ì ¸ ´¥§ ³±´ÊÉÒ³¨ µ¡µ²µÎ± ³¨ ¢ Ï¨·µ±µ³ ¤¨ ¶ §µ´¥ Ô´¥·£¨° ±µ´¥Î´ÒÌ
¸µ¸ÉµÖ´¨° i Ö¤·  A − 1, ±µÉµ·Ò° ¢±²ÕÎ ² ¡Ò ¨ ¢µ§¡Ê¦¤¥´¨Ö ´Ê±²µ´  ¢Ò¸-
Ï¥° § ¶µ²´¥´´µ° µ¡µ²µÎ±¨ (É.¥. ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ®¤Ò·µÎ´Ò¥¯ ¸µ¸ÉµÖ´¨Ö).

¥±µ³¥´¤ Í¨Ö ¶·µ¢¥¸É¨ ¨³¥´´µ É ±¨¥ ¨§³¥·¥´¨Ö [39, 40] ¡Ò²  ¸ Ê¸¶¥Ìµ³ ·¥-
 ²¨§µ¢ ´  [65, 80] ¨ ¤ ²  Ê¡¥¤¨É¥²Ó´µ¥ ¶·Ö³µ¥ ¶µ¤É¢¥·¦¤¥´¨¥ ±µ´Í¥¶Í¨¨ Š

Ö¤¥· 2s2d-µ¡µ²µÎ±¨ (¤²Ö Ö¤¥· p-µ¡µ²µÎ±¨ É ±¨¥ ¨§³¥·¥´¨Ö ´¥ ¶·µ¢¥¤¥´Ò ¨
ÔÉµ ¸²¥¤Ê¥É ¸¤¥² ÉÓ). ‚¥¤Ó £·Ê¶¶  ^ ´¥ ¢µ§¡Ê¦¤ ¥É¸Ö ¢ ¸É ´¤ ·É´ÒÌ Ô±¸¶¥·¨-
³¥´É Ì (γ, p0 + p1), ¸¢Ö§ ´´ÒÌ ¥Ð¥ ¸ µ¤´¨³ ¸É¥·¥µÉ¨¶µ³ Å ¢ ÉÖ¦¥²ÒÌ Ö¤· Ì
¸ ¢§ ¨³µ¤¥°¸É¢¨¥³ ¸¶ ·¨¢ ´¨Ö ¶·¨ Ê¤ ²¥´¨¨ ´Ê±²µ´  ¨§ ¢ ²¥´É´µ° µ¡µ²µÎ±¨
´¥³ £¨Î¥¸±µ£µ Ö¤·  ¸ Î¥É´Ò³ Î¨¸²µ³ Î ¸É¨Í ¢µ§¡Ê¦¤ ¥É¸Ö ²¨ÏÓ µ¤´µ ¸µ¸Éµ-
Ö´¨¥ (¢¸¥ ¸µÌ· ´¨¢Ï¨¥¸Ö ¶ ·Ò ¶²Õ¸ ´Ê±²µ´ ¨§ · §µ·¢ ´´µ° ¶ ·Ò). ‚ ²¥£±¨Ì
¦¥ Ö¤· Ì ®¢ ²¥´É´ Ö ¤Ò·± ¯ ³µ¦¥É ¸µµÉ¢¥É¸É¢µ¢ ÉÓ ¤¥¸ÖÉ± ³ ¸µ¸ÉµÖ´¨°, § -
´¨³ ÕÐ¨Ì ¨´É¥·¢ ² ∆E = 10÷ 15 ŒÔ‚.

3. ‚ ¨Éµ£¥ ¢¸¥Ì µ¶¨¸ ´´ÒÌ Ê¸¨²¨° ¡Ò²µ ¢ÒÖ¸´¥´µ, ÎÉµ Ê ¡µ²ÓÏ¨´¸É¢ 
´¥³ £¨Î¥¸±¨Ì Ö¤¥· 1p- ¨ 2s2d-µ¡µ²µÎ±¨ Ë ±É¨Î¥¸±¨ Ëµ·³¨·Ê¥É¸Ö ´¥ „ƒ
,  
µÎ¥´Ó Ï¨·µ± Ö (∼ 30 ŒÔ‚ ¢ p-µ¡µ²µÎ±¥ ¨ ∼ 20 ŒÔ‚ ¢ sd-µ¡µ²µÎ±¥) ¶µ²µ¸ 
¤¨¶µ²Ó´µ£µ ¶µ£²µÐ¥´¨Ö γ-±¢ ´Éµ¢ ¸ · §´Ò³ ±µ´Ë¨£Ê· Í¨µ´´Ò³ ¸µ¸É ¢µ³ ph-
¢µ§¡Ê¦¤¥´¨° ¢ · §´ÒÌ Î ¸ÉÖÌ ÔÉµ° ¶µ²µ¸Ò Å £·Ê¶¶  � ¨ £·Ê¶¶  ^. �·¨
¢µ§· ¸É ´¨¨  Éµ³´µ£µ ´µ³¥· , ´ ¶·¨³¥·, µÉ Ö¤·  19F ¢ sd-µ¡µ²µÎ±¥ ± Ö¤·Ê
39Š, £·Ê¶¶  ^ ¸¤¢¨£ ¥É¸Ö ´ ¶· ¢µ ¨ ¸É ´µ¢¨É¸Ö ¢¸¥ ¡µ²¥¥ Ï¨·µ±µ° (Ê¢¥²¨Î¨-
¢ ¥É¸Ö Ë· £³¥´É Í¨Ö p-¤Ò·±¨), ´µ ¥¥ ¶²µÐ ¤Ó Ê³¥´ÓÏ ¥É¸Ö, É.±. Ê³¥´ÓÏ ¥É¸Ö
Î¨¸²µ ¸¢µ¡µ¤´ÒÌ ³¥¸É ¢ sd-µ¡µ²µÎ±¥. ‚ ± Î¥¸É¢¥ ¸¢µ¥£µ ·µ¤  ´ ÊÎ´µ£µ ±Ê-
·Ó¥§  ³µ¦´µ µÉ³¥É¨ÉÓ, ÎÉµ Š
 µ¡´ ·Ê¦¨¢ ¥É¸Ö ¤ ¦¥ Ê E1-·¥§µ´ ´¸  ´  Ö¤·¥
40‘  [64, 75], ¶µ¸±µ²Ó±Ê ÔÉµ ®¶²µÌµ¥¯ ³ £¨Î¥¸±µ¥ Ö¤·µ ¨³¥¥É ¢¥¸Ó³  § -
³¥É´Ò¥ ¶·¨³¥¸¨ 2p2h-±µ´Ë¨£Ê· Í¨° (2s2d)−2(3p3f)2 ¨ É.¤. ‚ ¨Éµ£¥ ²¥¢¥¥
£² ¢´µ£µ ³ ±¸¨³Ê³  „ƒ
 (¶¥·¥Ìµ¤Ò 2s2d → 3p3f ) §¤¥¸Ó ¨³¥¥É¸Ö µÉÎ¥É²¨¢µ
¢¨¤¨³ Ö £·Ê¶¶  ¶¥·¥Ìµ¤µ¢ 3p3f → 4s4d4g,   ¶· ¢¥¥ ¥£µ Å £·Ê¶¶  ¶¥·¥Ìµ¤µ¢
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1p → 2s2d, É.¥. ³Ò ¨³¥¥³ §¤¥¸Ó Ê´¨± ²Ó´Ò° ¸²ÊÎ ° ¸ · §´¥¸¥´´Ò³¨ ¶µ Ô´¥·-
£¨¨ É·¥³Ö £·Ê¶¶ ³¨ ¶¥·¥Ìµ¤µ¢ Ê „ƒ
 · §´µ£µ ±µ´Ë¨£Ê· Í¨µ´´µ£µ ¸µ¸É ¢  Å
�, ^ ¨ ‚!

4. ‚ ¶µ¸²¥¤´¨¥ £µ¤Ò  ´ ²¨§ ´¥¸±µ²Ó±¨Ì ËµÉµÖ¤¥·´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢
´  Ö¤· Ì 3p3f -µ¡µ²µÎ±¨ [64, 75] Ê¡¥¤¨É¥²Ó´µ ¶µ± § ² ´  ¶·¨³¥·¥ ®¸·¥¤´¥-
²¥£±µ£µ¯ Ö¤·  58Ni, ÎÉµ ¸ÊÐ¥¸É¢¥´´µ¥ Š
 ¥¸ÉÓ Ê ¤¨¶µ²Ó´µ£µ ·¥§µ´ ´¸  ¨ §¤¥¸Ó.
‘ÊÐ¥¸É¢¥´´µ° Î¥·Éµ°, µ¤´ ±µ, Ö¢²Ö¥É¸Ö, ± ± ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ ¸¶¥±É·Ò Ëµ-
Éµ´Ê±²µ´µ¢, Ê¦¥ § ³¥É´µ¥ ¶¥·¥³¥Ï¨¢ ´¨¥ ±µ´Ë¨£Ê· Í¨°, ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì
£·Ê¶¶ ³ � ¨ ^. �Éµ ¶·¨§´ ± Éµ£µ, ÎÉµ Ê Ö¤¥· ¸²¥¤ÊÕÐ¥° µ¡µ²µÎ±¨ 4s4d4g
±µ´Ë¨£Ê· Í¨µ´´µ¥ · ¸Ð¥¶²¥´¨¥, ¶µ-¢¨¤¨³µ³Ê, µÉ¸ÊÉ¸É¢Ê¥É. ˆ¸¸²¥¤µ¢ ´¨¥
ÔÉµ£µ ¨´É¥·¥¸´µ£µ ±·Ê£  ¢µ¶·µ¸µ¢ ´Ê¦´µ ¶·µ¤µ²¦¨ÉÓ.

5. “£²Ê¡²¥´¨¥ Ê·µ¢´¥° ¢´ÊÉ·¥´´¨Ì µ¡µ²µÎ¥± Ö¤· , ¶µ ¸· ¢´¥´¨Õ ¸ µ¸Í¨²-
²ÖÉµ·´µ° Ö³µ°, Ê¶µ³Ö´ÊÉµ¥ ¢ÒÏ¥, µ¶¨¸Ò¢ ¥É¸Ö § ¢¨¸ÖÐ¨³ µÉ ¶²µÉ´µ¸É¨ ÔË-
Ë¥±É¨¢´Ò³ NN -¢§ ¨³µ¤¥°¸É¢¨¥³ ‘±¨·³  [32], ¨ Ô´¥·£¨Õ ®Í¥´É·  ÉÖ¦¥¸É¨¯
¢µ§¡Ê¦¤¥´¨Ö £·Ê¶¶Ò ^ ³µ¦´µ ¶·¨´ÖÉÓ ± ± µÍ¥´±Ê µ¸Í¨²²ÖÉµ·´µ° Î ¸ÉµÉÒ
�ω ¢µ§¡Ê¦¤¥´¨Ö ¤¨¶µ²Ó´ÒÌ ±µ²¥¡ ´¨° ¢´ÊÉ·¥´´¨Ì ¶²µÉ´ÒÌ ¸²µ¥¢ Ö¤· . Š
¸µ¦ ²¥´¨Õ, ÔÉ  ¨´Ëµ·³ Í¨Ö ´¥ · ¸¶·µ¸É· ´Ö¥É¸Ö ´  ÉÖ¦¥²Ò¥ Ö¤· .

6. Šµ´Ë¨£Ê· Í¨µ´´µ¥ · ¸Ð¥¶²¥´¨¥ µ¡´ ·Ê¦¥´µ ¤²Ö Ö¤¥· p- ¨ sd-µ¡µ²µÎ¥±
¨ Ê ®¡²¨¦ °Ï¥£µ ·µ¤¸É¢¥´´¨±  „ƒ
¯ Å ¸¶¨´-¤¨¶µ²Ó´µ£µ £¨£ ´É¸±µ£µ ·¥§µ-
´ ´¸  ‘„ƒ
, ¢¢¥¤¥´´µ£µ ¢ ¸¢µ¥ ¢·¥³Ö ‚.‚.^ ² Ïµ¢Ò³ ¸ ¸µÉ·Ê¤´¨± ³¨ [82]
¢ ± Î¥¸É¢¥ ±µ²²¥±É¨¢´µ£µ ³¥Ì ´¨§³  µ-§ Ì¢ É  Ö¤· ³¨. �µ ³ ¸ÏÉ ¡Ê µ´µ
¡²¨§±µ ± É ±µ¢µ³Ê ¤²Ö „ƒ
, ÌµÉÖ ®³¨±·µ¸±µ¶¨Î¥¸± Ö ± ·É¨´ ¯ § ³¥É´µ µÉ²¨-
Î ¥É¸Ö.

7. ‚µ¶·µ¸ µ ¢Ò¸Ï¨Ì £¨£ ´É¸±¨Ì ·¥§µ´ ´¸ Ì · ¸¸³µÉ·¨³ ´  ¶·¨³¥·¥ ±¢ -
¤·Ê¶µ²Ó´µ£µ £¨£ ´É¸±µ£µ ·¥§µ´ ´¸  (Šƒ
). ‡¤¥¸Ó, ¢ ¶·¨´Í¨¶¥, ¸ÊÐ¥¸É¢Ê¥É
µÎ¥´Ó ¡µ²ÓÏµ¥ ±µ´Ë¨£Ê· Í¨µ´´µ¥ · ¸Ð¥¶²¥´¨¥ Ê ´¥³ £¨Î¥¸±¨Ì Ö¤¥·, ±µ-
£¤  £·Ê¶¶  � ¸µµÉ¢¥É¸É¢Ê¥É 0�ω-¶¥·¥Ìµ¤ ³ ¸ ¢µ§¡Ê¦¤¥´¨¥³ Ê·µ¢´¥° ¢´ÊÉ·¨
¢ ²¥´É´µ° µ¡µ²µÎ±¨ (µ´  Ìµ·µÏµ ¨§ÊÎ¥´ ), £·Ê¶¶  ^ Å 2�ω-¶¥·¥Ìµ¤ ³ ¨§
´ ·Ê¦´µ° § ¶µ²´¥´´µ° µ¡µ²µÎ±¨ ¢ ¡²¨¦ °ÏÊÕ ´¥§ ¶µ²´¥´´ÊÕ (¸²¥¤ÊÕÐÊÕ
¶µ¸²¥ ¢ ²¥´É´µ°) ¨ £·Ê¶¶  ‚ Å 2�ω-¶¥·¥Ìµ¤ ³ ¨§ ¶·¥¤¶µ¸²¥¤´¥° § ¶µ²´¥´-
´µ° ¢ ¢ ²¥´É´ÊÕ µ¡µ²µÎ±Ê. �µ Šƒ
 Å ÔÉµ Ê¦¥ ¸² ¡Ò° ·¥§µ´ ´¸, ¨ ¶µÔÉµ³Ê,
´ ¶·¨³¥·, ¤²Ö Ö¤¥· sd-µ¡µ²µÎ±¨ ¡µ²ÓÏ Ö Ë· £³¥´É Í¨Ö 1p-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ-
´¨° ¤¥² ¥É ¶¥·¥Ìµ¤Ò £·Ê¶¶Ò ^ 1p → 3p3f ¶·¨ Ô´¥·£¨ÖÌ Eγ ∼ 30 ŒÔ‚ ¢Ö²Ò³
Ï¨·µ±µ¶µ²µ¸´Ò³ Ëµ´µ³. …Ð¥ ¡µ²¥¥ ÔÉµ ¸¶· ¢¥¤²¨¢µ ¤²Ö ²¥¦ Ð¨Ì ¥Ð¥ ¢ÒÏ¥
¶¥·¥Ìµ¤µ¢ £·Ê¶¶Ò ‚ 0s→ 2s2d ¨§-§  ¢µ§· ¸É ÕÐ¥° Ë· £³¥´É Í¨¨ ¤Ò·±¨ ¶·¨
¶¥·¥Ìµ¤¥ µÉ 1p−1- ± 0s−1-±µ´Ë¨£Ê· Í¨¨.

8. ˆ´É¥·¥¸¥´ ¢µ¶·µ¸ µ ³¥Ì ´¨§³¥ ¡µ²ÓÏµ£µ ÊÏ¨·¥´¨Ö £²Ê¡µ±¨Ì ¤Ò·µÎ-
´ÒÌ ¸µ¸ÉµÖ´¨° [42]. �Éµ É·¥¡Ê¥É ¨¸¸²¥¤µ¢ ´¨Ö ¸¶¥±É·µ¢ · ¸¶ ¤  ÔÉ¨Ì ¸µ¸Éµ-
Ö´¨° ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¢ Ô±¸¶¥·¨³¥´É Ì É¨¶  A(p, 2p)(A− 1)∗ → (A− 2)+n
Ê¦¥ É·µ°´ÒÌ ¸µ¢¶ ¤¥´¨°.
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