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

‘¤¥² ´ µ¡§µ· ·¥§Ê²ÓÉ Éµ¢ ¶·¨³¥´¥´¨Ö ¨¤¥° ¸Ê¶¥·¸¨³³¥É·¨¨ ¢ É¥µ·¨¨ ¸É·Ê±ÉÊ·Ò Ö¤¥·. �·¨-
¢¥¤¥´Ò ¶·¨³¥·Ò ¸¶¥±É·µ¢ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° Î¥É´µ-Î¥É´ÒÌ ¨ ¸µ¸¥¤´¨Ì ´¥Î¥É´ÒÌ Ö¤¥·,
¨²²Õ¸É·¨·ÊÕÐ¨¥ ¶·¨¡²¨¦¥´´ÊÕ ¸Ê¶¥·¸¨³³¥É·¨Õ. � ¸¸³µÉ·¥´ ¶·¨³¥· ¸Ê¶¥·¸¨³³¥É·¨Î´µ£µ £ -
³¨²ÓÉµ´¨ ´  Ö¤· , µ¸´µ¢ ´´µ£µ ´  £· ¤Ê¨·µ¢ ´´µ°  ²£¥¡·¥ U(1/2), ¨ ¸¤¥² ´ ¸· ¢´¨É¥²Ó´Ò°
 ´ ²¨§  ²£¥¡· ¨Î¥¸±µ° ¸É·Ê±ÉÊ·Ò ÔÉµ° ³µ¤¥²¨ Ö¤·  ¨ ¸Ê¶¥·¸¨³³¥É·¨Î´µ° ³µ¤¥²¨ ±¢ ´Éµ¢µ°
É¥µ·¨¨ ¶µ²Ö. �·¨¢¥¤¥´ ¶·¨³¥· £ ³¨²ÓÉµ´¨ ´ , Î ¸ÉÓ ¸µ¡¸É¢¥´´ÒÌ ¸µ¸ÉµÖ´¨° ±µÉµ·µ£µ, µÉ´µ¸Ö-
Ð¨Ì¸Ö ± Î¥É´µ-Î¥É´Ò³ ¨ ¸µ¸¥¤´¨³ ´¥Î¥É´Ò³ Ö¤· ³, Ì · ±É¥·¨§Ê¥É¸Ö Éµ¦¤¥¸É¢¥´´Ò³¨ Ô´¥·£¨Ö³¨
£ ³³ -¶¥·¥Ìµ¤µ¢, ÌµÉÖ ÔÉµÉ £ ³¨²ÓÉµ´¨ ´ ´¥ ¶·¨´ ¤²¥¦¨É ´¨ ± µ¤´µ³Ê ¨§ ¨§¢¥¸É´ÒÌ ¶·¥¤¥²µ¢
¤¨´ ³¨Î¥¸±¨Ì ¸¨³³¥É·¨°. �µ± § ´µ, ÎÉµ µ¶¨¸ ´¨¥ ´¥±µÉµ·ÒÌ ·µÉ Í¨µ´´ÒÌ ¶µ²µ¸ ¢ ¸µ¸¥¤´¨Ì
Î¥É´µ-Î¥É´ÒÌ ¨ ´¥Î¥É´ÒÌ Ö¤· Ì ¢ · ³± Ì ³µ¤¥²¨ Î ¸É¨Í Å·µÉµ· ³µ¦¥É ¡ÒÉÓ ¶¥·¥Ëµ·³Ê²¨·µ-
¢ ´µ ± ± ·¥ ²¨§ Í¨Ö Î ¸É¨Î´µ° ¸Ê¶¥·¸¨³³¥É·¨¨.

The results of the applications of the supersymmetry ideas in nuclear structure are reviewed.
The spectra of the excited states of the even-even and odd nuclei, which illustrate an approximate
sypersymmetry, are shown. The example of the supersymmetric nuclear Hamiltonian based on the
U(1/2) graded algebra is considered and a comparison of the algebraic structure of this model and of
one of the quantum ˇeld theory supersymmetric models is made. The Hamiltonian is constructed, a
part of whose eigenstates belonging to the evenÄeven and odd neighboring nuclei has identical gamma-
transition energies, although this Hamiltonian does not have dynamical symmetry. It is shown that
description in the framework of the particleÅrotor model of some rotational bands in the neighboring
even-even and odd nuclei can be reformulated as a realization of the partial supersymmetry.

1. ‚‚…„…�ˆ…

‚ ¶µ¸²¥¤´¨¥ £µ¤Ò ¨¤¥¨ ¸Ê¶¥·¸¨³³¥É·¨¨ ¸É ²¨ ¶·¥¤³¥Éµ³ Ï¨·µ±µ£µ µ¡-
¸Ê¦¤¥´¨Ö ¨ ¶µ¸²¥¤ÊÕÐ¥£µ ¶·¨³¥´¥´¨Ö ¢ · §²¨Î´ÒÌ µ¡² ¸ÉÖÌ Ë¨§¨±¨. ‘Ê¶¥·-
¸¨³³¥É·¨Ö ¨³¥¥É ¤µ²£ÊÕ ¨ ¨´É¥·¥¸´ÊÕ ¨¸Éµ·¨Õ. ‚¶¥·¢Ò¥ µ´  ¡Ò²  ¢¢¥¤¥´ 
¢ · ¸¸³µÉ·¥´¨¥ ¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö [1Ä6], µ¤´ ±µ ¨¤¥¨ ¸Ê¶¥·¸¨³³¥É·¨¨
´ Ï²¨ ¨´É¥´¸¨¢´µ¥ ¶·¨³¥´¥´¨¥ ¢ É¥µ·¨¨ Ö¤¥·´µ° ¸É·Ê±ÉÊ·Ò. �Ò²µ ¶µ± -
§ ´µ, ÎÉµ µ¡Ñ¥¤¨´¥´´Ò¥  ²£¥¡·Ò ¡µ§µ´µ¢ ¨ Ë¥·³¨µ´µ¢ µ¸µ¡¥´´µ ¶µ²¥§´Ò
¶·¨ µ¶¨¸ ´¨¨ ¸¢µ°¸É¢ ´¥Î¥É´ÒÌ Ö¤¥·: ± ± ¸¶¥±É·µ¢ ´¨§±µ²¥¦ Ð¨Ì ¢µ§¡Ê-
¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨°, É ± ¨ ¢¥·µÖÉ´µ¸É¥° Ô²¥±É·µ³ £´¨É´ÒÌ ¶¥·¥Ìµ¤µ¢ ¨ ¸µ-
µÉ´µÏ¥´¨° ³¥¦¤Ê ¸¥Î¥´¨Ö³¨ ·¥ ±Í¨° µ¤´µ´Ê±²µ´´ÒÌ ¶¥·¥¤ Î. Š·µ³¥ Éµ£µ,
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¡Ò²  ¶·¥¤¶·¨´ÖÉ  ¶µ¶ÒÉ±  ±² ¸¸¨Ë¨± Í¨¨, ¢ ±µÉµ·µ° ¸¢µ°¸É¢  ´¥¸±µ²Ó±¨Ì
Ö¤¥·, ¢±²ÕÎ Ö Î¥É´µ-Î¥É´Ò¥ ¨ ´¥Î¥É´Ò¥, µ¶¨¸Ò¢ ²¨¸Ó µ¤´¨³ ¨ É¥³ ¦¥ ÔËË¥±-
É¨¢´Ò³ £ ³¨²ÓÉµ´¨ ´µ³ ¸ É¥³¨ ¦¥ ¸ ³Ò³¨ ¶ · ³¥É· ³¨, ¨ ¡Ò²¨ ¶µ²ÊÎ¥´Ò
¢¥¸Ó³  ¨´É¥·¥¸´Ò¥ ·¥§Ê²ÓÉ ÉÒ [7Ä19].

�¤´ ±µ Ëµ·³ ²Ó´Ò¥ ³¥Éµ¤Ò, ¨¸¶µ²Ó§µ¢ ´´Ò¥ ¤²Ö ¢¢¥¤¥´¨Ö ¸Ê¶¥·¸¨³-
³¥É·¨¨ ¢ É¥µ·¨Õ ¸É·Ê±ÉÊ·Ò Ö¤·  ¨ ¢ Ë¨§¨±Ê Î ¸É¨Í, · §²¨Î´Ò. �Éµ ¤¥-
² ¥É ¸µ¶µ¸É ¢²¥´¨¥ ¶µ¤Ìµ¤µ¢ ¡µ²¥¥ É·Ê¤´Ò³ ¨ µ£· ´¨Î¨¢ ¥É ¨¸¶µ²Ó§µ¢ ´¨¥
¶·¨³¥·µ¢, ´ °¤¥´´ÒÌ ¢ Ö¤¥·´µ° Ë¨§¨±¥. �µÔÉµ³Ê µ¤´  ¨§ Í¥²¥° ¤ ´´µ£µ
µ¡§µ·  Å ¸¤¥² ÉÓ ¸· ¢´¨É¥²Ó´Ò°  ´ ²¨§ ÔÉ¨Ì ¶µ¤Ìµ¤µ¢. ‘ µ¤´µ° ¸Éµ·µ´Ò,
ÔÉµ ³µ¦¥É ¸¶µ¸µ¡¸É¢µ¢ ÉÓ ¶·µ´¨±´µ¢¥´¨Õ ¢ É¥µ·¨Õ ¸É·Ê±ÉÊ·Ò Ö¤·  É¥Ì ³ É¥-
³ É¨Î¥¸±¨Ì · §· ¡µÉµ±, ±µÉµ·Ò¥ ¨³¥ÕÉ¸Ö ¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö. ‘ ¤·Ê£µ°
¸Éµ·µ´Ò, ÔÉµ ¸¤¥² ¥É ¡µ²¥¥ ¨§¢¥¸É´Ò³¨ É¥ ¶·¨³¥·Ò ¸Ê¶¥·¸¨³³¥É·¨¨, ±µÉµ-
·Ò¥ ¥¸ÉÓ ¢ Ö¤¥·´µ° Ë¨§¨±¥. ˆ³¥´´µ ¢ ¸¶¥±É· Ì ¢µ§¡Ê¦¤¥´¨Ö Î¥É´µ-Î¥É´ÒÌ ¨
´¥Î¥É´ÒÌ Ö¤¥· ¡Ò²¨ µ¡´ ·Ê¦¥´Ò £·Ê¶¶Ò ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨°, Ì · ±É¥-
·¨§ÊÕÐ¨¥¸Ö ¡²¨§±¨³¨ ¶µ ¢¥²¨Î¨´¥ Ô´¥·£¥É¨Î¥¸±¨³¨ ¨´É¥·¢ ² ³¨, É.¥. ¡²¨§-
±¨³¨ Ô´¥·£¨Ö³¨ £ ³³ -¶¥·¥Ìµ¤µ¢. ” ±É¨Î¥¸±¨, ÔÉµ ¥¤¨´¸É¢¥´´Ò¥ ¶·¨³¥·Ò
¶·µÖ¢²¥´¨Ö ¸Ê¶¥·¸¨³³¥É·¨¨ ¢ Ë¨§¨±¥ Ö¤·  ¨ Î ¸É¨Í.

‘Ê¶¥·¸¨³³¥É·¨Ö ¶·¥¤¶µ² £ ¥É ¸µ¢¶ ¤¥´¨¥ ³ ¸¸ Î ¸É¨Í, ¡µ§µ´µ¢ ¨ Ë¥·³¨-
µ´µ¢, ¨²¨ ¦¥ ¸¶¥±É·µ¢ ¢µ§¡Ê¦¤¥´¨Ö ¡µ§µ´´µ° ¨ Ë¥·³¨µ´´µ° ¸¨¸É¥³. ‚ Ö¤¥·-
´µ° Ë¨§¨±¥, £µ¢µ·Ö µ ¸Ê¶¥·¸¨³³¥É·¨¨, ´ ¤µ ¨³¥ÉÓ ¢ ¢¨¤Ê, ÎÉµ Î¥É´µ-Î¥É´Ò¥
Ö¤· , ¨³¥ÕÐ¨¥ Í¥²µÎ¨¸²¥´´Ò¥ Ê£²µ¢Ò¥ ³µ³¥´ÉÒ ¸É Í¨µ´ ·´ÒÌ ¸µ¸ÉµÖ´¨°,
Ö¢²ÖÕÉ¸Ö ¡µ§µ´´Ò³¨ ¸¨¸É¥³ ³¨,   ´¥Î¥É´Ò¥ Ö¤· , ¸ ¶µ²ÊÍ¥²Ò³¨ §´ Î¥´¨Ö³¨
Ê£²µ¢ÒÌ ³µ³¥´Éµ¢ ¸µ¡¸É¢¥´´ÒÌ ¸µ¸ÉµÖ´¨° Å Ë¥·³¨µ´´Ò³¨ ¸¨¸É¥³ ³¨. …¸ÉÓ
´¥¸±µ²Ó±µ ¶·¨³¥·µ¢, ±µ£¤  ¸¶¥±É·Ò ´¨§±µ²¥¦ Ð¨Ì ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨°
Î¥É´µ-Î¥É´ÒÌ ¨ ¸µ¸¥¤´¨Ì ´¥Î¥É´ÒÌ Ö¤¥· ¸µ¢¶ ¤ ÕÉ ¸ ¤µ¸É ÉµÎ´µ Ìµ·µÏ¥°
ÉµÎ´µ¸ÉÓÕ, ¨²¨ ¦¥ ¸µ¢¶ ¤ ÕÉ Ô´¥·£¥É¨Î¥¸±¨¥ ¨´É¥·¢ ²Ò ³¥¦¤Ê ± ±¨³¨-Éµ
µ¶·¥¤¥²¥´´Ò³¨ ¸µ¸ÉµÖ´¨Ö³¨: ´ ¶·¨³¥·, Ô´¥·£¨¨ ¶¥·¥Ìµ¤µ¢ ¢ ±¢ §¨·µÉ Í¨-
µ´´ÒÌ ¶µ²µ¸ Ì, ¶µ¸É·µ¥´´ÒÌ ´  ´¥±µÉµ·ÒÌ ¸µ¸ÉµÖ´¨ÖÌ ¢ Î¥É´µ-Î¥É´ÒÌ ¨
¸µ¸¥¤´¨Ì ´¥Î¥É´ÒÌ Ö¤· Ì. �·¨ ÔÉµ³  ´ ²¨§ ¶µ± §Ò¢ ¥É, ÎÉµ ¸²ÊÎ ° ¸² ¡µ°
¸¢Ö§¨ ´¥Î¥É´µ° Î ¸É¨ÍÒ ¸ Î¥É´µ-Î¥É´Ò³ µ¸Éµ¢µ³ ´¥ ·¥ ²¨§Ê¥É¸Ö. �Éµ ¢¨¤´µ
¨§ Éµ£µ, ÎÉµ ´¥ ¢¸¥ ¢µ§³µ¦´Ò¥ ¸ £¥µ³¥É·¨Î¥¸±µ° ÉµÎ±¨ §·¥´¨Ö Î²¥´Ò ³Ê²Ó-
É¨¶²¥É , µ¡· §Ê¥³µ£µ ¢ ·¥§Ê²ÓÉ É¥ ¸¢Ö§¨ ´¥Î¥É´µ° Î ¸É¨ÍÒ, ¨³¥ÕÐ¥° Ê£²µ-
¢µ° ³µ³¥´É j, ¸ Î¥É´µ-Î¥É´Ò³ µ¸Éµ¢µ³ ¢ ¸µ¸ÉµÖ´¨¨ ¸ Ê£²µ¢Ò³ ³µ³¥´Éµ³ I ,
´ ¡²Õ¤ ÕÉ¸Ö ¶·¨ Éµ° ¦¥ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö, ÎÉµ ¨ ¸µ¸ÉµÖ´¨¥ µ¸Éµ¢ , ± ±
ÔÉµ ¤µ²¦´µ ¡ÒÉÓ ¢ ¸²ÊÎ ¥ ¸² ¡µ° ¸¢Ö§¨.

…¸ÉÓ ¨ ¶·¨³¥·Ò ´¥¸±µ²Ó±µ ¨´µ£µ ·µ¤ , ±µ£¤  Ê£²µ¢Ò¥ ³µ³¥´ÉÒ ¸µ¸ÉµÖ´¨°
´¥Î¥É´µ£µ Ö¤·  ³µ¦´µ ¨´É¥·¶·¥É¨·µ¢ ÉÓ ± ± ·¥§Ê²ÓÉ É ¢¥±Éµ·´µ° ¸¢Ö§¨ Ê£²µ-
¢µ£µ ³µ³¥´É  Î¥É´µ-Î¥É´µ£µ µ¸Éµ¢ , ±µÉµ·Ò° ¶·µ¤µ²¦ ¥É µ¸É ¢ ÉÓ¸Ö Ìµ·µÏ¨³
±¢ ´Éµ¢Ò³ Î¨¸²µ³ ¨ ¢ ´¥Î¥É´µ³ Ö¤·¥, ¸µ ¸¶¨´µ³ (¶¸¥¢¤µ¸¶¨´µ³) ´¥Î¥É´µ° Î -
¸É¨ÍÒ, ÌµÉÖ ¸¶¥±É·Ò ¢µ§¡Ê¦¤¥´¨Ö ¸µ¸¥¤´¨Ì Î¥É´µ-Î¥É´ÒÌ ¨ ´¥Î¥É´ÒÌ Ö¤¥· ¨
´¥ ¸µ¢¶ ¤ ÕÉ. ‚ ÔÉµ³ ¸²ÊÎ ¥ £µ¢µ·ÖÉ µ ¤¨´ ³¨Î¥¸±µ° ¸Ê¶¥·¸¨³³¥É·¨¨, ±µ£¤ 
¤µ¶µ²´¨É¥²Ó´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥, ´¥ ¨§³¥´ÖÕÐ¥¥ ¢µ²´µ¢ÒÌ ËÊ´±Í¨°, ¨§³¥-
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´Ö¥É Ô´¥·£¥É¨Î¥¸±¨¥ ¨´É¥·¢ ²Ò ³¥¦¤Ê Ê·µ¢´Ö³¨ ´¥Î¥É´µ£µ Ö¤·  ¶µ ¸· ¢´¥´¨Õ
¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨ ¨´É¥·¢ ² ³¨ ¢ Î¥É´µ-Î¥É´µ³ Ö¤·¥.

‚ µ¸´µ¢´µ³ ¶µ ÔÉµ° ¶·¨Î¨´¥ ¢ É¥µ·¨¨ ¸É·Ê±ÉÊ·Ò Ö¤·  £² ¢´µ¥ ¢´¨³ ´¨¥
Ê¤¥²Ö²µ¸Ó ¶µ¸É·µ¥´¨Õ £ ³¨²ÓÉµ´¨ ´µ¢, ¤¥³µ´¸É·¨·ÊÕÐ¨Ì ¤¨´ ³¨Î¥¸±ÊÕ ¸Ê-
¶¥·¸¨³³¥É·¨Õ. ’ ±¨¥ £ ³¨²ÓÉµ´¨ ´Ò ³µ¦´µ ¶·¥¤¸É ¢²ÖÉÓ ¢ ¢¨¤¥ ¸Ê³³Ò µ¶¥-
· Éµ·µ¢ Š §¨³¨·  ¤²Ö ¸µµÉ¢¥É¸É¢ÊÕÐ¥° Í¥¶µÎ±¨ ¶µ¤£·Ê¶¶ ¡ §¨¸´µ° ¡µ§µ´-
Ë¥·³¨µ´´µ° £·Ê¶¶Ò. �Éµ ¡Ò²¨ Ë¥´µ³¥´µ²µ£¨Î¥¸±¨¥ £ ³¨²ÓÉµ´¨ ´Ò. � · -
³¥É·Ò É ±¨Ì £ ³¨²ÓÉµ´¨ ´µ¢, Î¨¸²µ ±µÉµ·ÒÌ §´ Î¨É¥²Ó´µ ³¥´ÓÏ¥, Î¥³ Ô±¸-
¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, Ë¨±¸¨·µ¢ ²¨¸Ó É ±, ÎÉµ¡Ò µ¤´µ¢·¥³¥´´µ µ¶¨¸Ò¢ ÉÓ
± ± Î¥É´µ-Î¥É´Ò¥, É ± ¨ ´¥Î¥É´Ò¥ Ö¤· .

‘¨³³¥É·¨Ö Ö¢²Ö¥É¸Ö µÎ¥´Ó ¢ ¦´µ° ±µ´Í¥¶Í¨¥° ¢ Ë¨§¨±¥ ¢µµ¡Ð¥ ¨ ¢ Ö¤¥·-
´µ° Ë¨§¨±¥ ¢ Î ¸É´µ¸É¨. ‚ ±µ´¥Î´ÒÌ ³´µ£µÎ ¸É¨Î´ÒÌ ¸¨¸É¥³ Ì µ´  ¶·µÖ¢²Ö-
¥É¸Ö ± ± ¨´¢ ·¨ ´É´µ¸ÉÓ µÉ´µ¸¨É¥²Ó´µ µ¡· Ð¥´¨Ö ¢·¥³¥´¨, µÉ· ¦¥´¨Ö ¶·µ-
¸É· ´¸É¢¥´´ÒÌ ±µµ·¤¨´ É, ¢· Ð¥´¨Ö, ´µ É ±¦¥ ¨ ± ± ¢´ÊÉ·¥´´ÖÖ ¸¨³³¥É·¨Ö,
¸¢Ö§ ´´ Ö ¸µ ¸É·Ê±ÉÊ·µ° ¸¨¸É¥³Ò ¨ Ì · ±É¥·µ³ ¢§ ¨³µ¤¥°¸É¢¨Ö ¥¥ Ô²¥³¥´Éµ¢.
‘·¥¤¨ ³¥§µ¸±µ¶¨Î¥¸±¨Ì ¸¨¸É¥³  Éµ³´Ò¥ Ö¤·  Ëµ·³¨·ÊÕÉ, ¢µ§³µ¦´µ, ´ ¨²ÊÎ-
ÏÊÕ µ¸´µ¢Ê ¤²Ö  ¶·µ¡¨·µ¢ ´¨Ö ±µ´Í¥¶Í¨° ¸¨³³¥É·¨°, ¡² £µ¤ ·Ö ¡µ²ÓÏµ³Ê
µ¡Ñ¥³Ê ¤¥É ²Ó´µ° ¸¶¥±É·µ¸±µ¶¨Î¥¸±µ° ¨´Ëµ·³ Í¨¨, ´ ±µ¶²¥´´µ° ± ´ ¸ÉµÖ-
Ð¥³Ê ¢·¥³¥´¨. Šµ´Í¥¶Í¨Ö ¤¨´ ³¨Î¥¸±¨Ì ¸¨³³¥É·¨° ¨£· ¥É ¢ ¦´ÊÕ ·µ²Ó ¢
¨´É¥·¶·¥É Í¨¨ ¸¢µ°¸É¢  Éµ³´ÒÌ Ö¤¥·. �É  ±µ´Í¥¶Í¨Ö ¡ §¨·Ê¥É¸Ö ´  ¶·¥¤¶µ-
²µ¦¥´¨¨ µ ¸ÊÐ¥¸É¢µ¢ ´¨¨ ± ±µ°-Éµ ¶¥·¢¨Î´µ° ¸¨³³¥É·¨¨ ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¥°
 ¸¸µÍ¨¨·µ¢ ´´µ°  ²£¥¡·µ° µ¶¥· Éµ·µ¢, É ±µ°, ÎÉµ £ ³¨²ÓÉµ´¨ ´ ¸¨¸É¥³Ò ³µ-
¦¥É ¡ÒÉÓ ¢Ò· ¦¥´ ¢ É¥·³¨´ Ì µ¶¥· Éµ·µ¢ ÔÉµ°  ²£¥¡·Ò. �¤´ ±µ ¢ £ ³¨²ÓÉµ-
´¨ ´¥ ÔÉ  ¸¨³³¥É·¨Ö ·¥¤ÊÍ¨·Ê¥É¸Ö ¤µ ¸¨³³¥É·¨¨ ¡µ²¥¥ ´¨§±µ£µ Ê·µ¢´Ö (´ -
¶·¨³¥·, ¸¨³³¥É·¨¨ µÉ´µ¸¨É¥²Ó´µ ¢· Ð¥´¨Ö ¶·µ¸É· ´¸É¢¥´´ÒÌ ±µµ·¤¨´ É).
’ ±¨³ ¸¶µ¸µ¡µ³ £¥´¥·¨·Ê¥É¸Ö Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ-
´¨° ¸¨¸É¥³Ò. �µ ÔÉµ° ¶·¨Î¨´¥ ¤¨´ ³¨Î¥¸±¨¥  ²£¥¡·Ò Î ¸Éµ ´ §Ò¢ ÕÉ  ²£¥-
¡· ³¨, £¥´¥·¨·ÊÕÐ¨³¨ ¸¶¥±É·. �·µ¸É¥°Ï¨³ ¶·¨³¥·µ³ ·¥¤Ê±Í¨¨ ¸¨³³¥É·¨¨
³µ¦¥É ¸²Ê¦¨ÉÓ ¢±²ÕÎ¥´¨¥ ¢ ·µÉ Í¨µ´´µ-¨´¢ ·¨ ´É´Ò° £ ³¨²ÓÉµ´¨ ´ ¢§ ¨-
³µ¤¥°¸É¢¨Ö ¸ ¢´¥Ï´¨³ ³ £´¨É´Ò³ ¶µ²¥³ Ë¨±¸¨·µ¢ ´´µ° µ·¨¥´É Í¨¨. ‚ ·¥-
§Ê²ÓÉ É¥ ·µÉ Í¨µ´´ Ö ¨´¢ ·¨ ´É´µ¸ÉÓ £ ³¨²ÓÉµ´¨ ´  ´ ·ÊÏ ¥É¸Ö, ´µ Ê£²µ¢µ°
³µ³¥´É ¨ ¥£µ ¶·µ¥±Í¨Ö ´  µ¸Ó ¸¨³³¥É·¨¨ ¶·µ¤µ²¦ ÕÉ µ¸É ¢ ÉÓ¸Ö Ìµ·µÏ¨³¨
±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨. ‘µ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö £ ³¨²ÓÉµ´¨ ´  ¸É ´µ¢ÖÉ¸Ö ËÊ´±-
Í¨Ö³¨ ´¥ Éµ²Ó±µ ¶µ²´µ£µ Ê£²µ¢µ£µ ³µ³¥´É , ´µ ¨ ¥£µ ¶·µ¥±Í¨¨. ‚Ò·µ¦¤¥´´Ò°
³Ê²ÓÉ¨¶²¥É ¸µ¸ÉµÖ´¨° ¸ µ¤´¨³ ¨ É¥³ ¦¥ ¶µ²´Ò³ Ê£²µ¢Ò³ ³µ³¥´Éµ³ · ¸Ð¥¶-
²Ö¥É¸Ö, É¥³ ¸ ³Ò³ £¥´¥·¨·Ê¥É¸Ö ¸¶¥±É·.

�Éµ³´Ò¥ Ö¤·  Ì · ±É¥·¨§ÊÕÉ¸Ö ¶·¥¦¤¥ ¢¸¥£µ Î¨¸²µ³ ¶·µÉµ´µ¢ Z ¨ ´¥°-
É·µ´µ¢ N . ‘µµÉ¢¥É¸É¢¥´´µ · §²¨Î ÕÉ Î¥É´µ-Î¥É´Ò¥ Ö¤·  (Z ¨ N Å Î¥É´Ò¥
Î¨¸² ), ´¥Î¥É´Ò¥ Ö¤·  (Z Å Î¥É´µ¥, N Å ´¥Î¥É´µ¥ Î¨¸²µ, ¨²¨ ´ µ¡µ·µÉ) ¨
´¥Î¥É´µ-´¥Î¥É´Ò¥ Ö¤·  (Z ¨ N Å ´¥Î¥É´Ò¥ Î¨¸² ). ‘µ¡¸É¢¥´´Ò¥ ¸µ¸ÉµÖ´¨Ö
¸µ¸¥¤´¨Ì Î¥É´µ-Î¥É´ÒÌ Ö¤¥· Ì · ±É¥·¨§ÊÕÉ¸Ö Í¥²µÎ¨¸²¥´´Ò³¨ §´ Î¥´¨Ö³¨
Ê£²µ¢µ£µ ³µ³¥´É . ‚µ§¡Ê¦¤¥´´Ò¥ ¸µ¸ÉµÖ´¨Ö Å ÔÉµ ¤¢ÊÌ-, Î¥ÉÒ·¥Ì- ¨ É.¤. ±¢ -
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§¨Î ¸É¨Î´Ò¥ ¸µ¸ÉµÖ´¨Ö. � ¨¡µ²¥¥ ¢ ¦´Ò¥ ¨§ ´¨Ì, µ± §Ò¢ ÕÐ¨¥ µ¶·¥¤¥²ÖÕ-
Ð¥¥ ¢²¨Ö´¨¥ ´  ¸É·Ê±ÉÊ·Ê  Éµ³´ÒÌ Ö¤¥·, Å ÔÉµ ±µ²²¥±É¨¢´Ò¥ ¢µ§¡Ê¦¤¥´¨Ö.
�µ¸±µ²Ó±Ê ±µ²²¥±É¨¢´Ò¥ ¢µ§¡Ê¦¤¥´¨Ö Ö¢²ÖÕÉ¸Ö ¸Ê¶¥·¶µ§¨Í¨¥° ¡µ²ÓÏµ£µ Î¨-
¸²  ¤¢ÊÌ±¢ §¨Î ¸É¨Î´ÒÌ ¢µ§¡Ê¦¤¥´¨°, µ´¨ ³µ£ÊÉ ³´µ£µ±· É´µ ¶µ¢Éµ·ÖÉÓ¸Ö
¶µ¤µ¡´µ ¡µ§µ´ ³. �µÔÉµ³Ê ¤²Ö ¨Ì µ¶¨¸ ´¨Ö ¨¸¶µ²Ó§Ê¥É¸Ö  ²£¥¡·  ¡µ§µ´´ÒÌ
µ¶¥· Éµ·µ¢. �·¨³¥·µ³ ³µ¦¥É ¸²Ê¦¨ÉÓ ³µ¤¥²Ó ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ¡µ§µ´µ¢,
£ ³¨²ÓÉµ´¨ ´ ±µÉµ·µ° ¸É·µ¨É¸Ö ¸ ¶µ³µÐÓÕ µ¶¥· Éµ·µ¢ ³µ´µ¶µ²Ó´ÒÌ ¨ ±¢ -
¤·Ê¶µ²Ó´ÒÌ ¡µ§µ´µ¢. …¸²¨ ¢¢¥¸É¨ µ¡Ð¥¥, ´¥ § ¢¨¸ÖÐ¥¥ µÉ ³Ê²ÓÉ¨¶µ²Ó´µ¸É¨
µ¡µ§´ Î¥´¨¥ ¤²Ö ¡µ§µ´´ÒÌ µ¶¥· Éµ·µ¢ b+

α (µ¶¥· Éµ· ·µ¦¤¥´¨Ö ¡µ§µ´ ) ¨ bα

(µ¶¥· Éµ· Ê´¨ÎÉµ¦¥´¨Ö ¡µ§µ´ ), Éµ ¶·¥µ¡· §µ¢ ´¨¥ µ¤´µ£µ ±µ²²¥±É¨¢´µ£µ ¸µ-
¸ÉµÖ´¨Ö Ö¤·  ¢ ¤·Ê£µ¥ µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¶µ³µÐÓÕ £¥´¥· Éµ·µ¢ b+

α bβ . ‡¤¥¸Ó
α, β Å ´ ¡µ·Ò ±¢ ´Éµ¢ÒÌ Î¨¸¥², Ì · ±É¥·¨§ÊÕÐ¨Ì ¡µ§µ´´µ¥ ¸µ¸ÉµÖ´¨¥.

�·¨ · ¸¸³µÉ·¥´¨¨ ´¥Î¥É´ÒÌ Ö¤¥· ´¥µ¡Ìµ¤¨³µ Ö¢´µ ¢¢µ¤¨ÉÓ µ¶¥· Éµ·Ò
·µ¦¤¥´¨Ö a+

s ¨ Ê´¨ÎÉµ¦¥´¨Ö as Ë¥·³¨µ´µ¢, ´¥µ¡Ìµ¤¨³Ò¥ ¤²Ö µ¶¨¸ ´¨Ö ´¥-
Î¥É´µ° Î ¸É¨ÍÒ. ”¥·³¨µ´´Ò¥ µ¶¥· Éµ·Ò ´¥µ¡Ìµ¤¨³Ò É ±¦¥ ¨ ¤²Ö µ¶¨¸ ´¨Ö
´¥±µ²²¥±É¨¢´ÒÌ ¢µ§¡Ê¦¤¥´¨° Î¥É´µ-Î¥É´ÒÌ Ö¤¥·. �¥·¥Ìµ¤Ò ³¥¦¤Ê ¸µ¸ÉµÖ´¨-
Ö³¨ ´¥Î¥É´µ£µ Ö¤·  µ¶¨¸Ò¢ ÕÉ¸Ö, ´ ·Ö¤Ê ¸ µ¶¥· Éµ· ³¨ b+

α bβ, ¥Ð¥ ¨ µ¶¥· Éµ-
· ³¨ a+

s at. Œµ¦´µ ¢¢¥¸É¨ ¢ · ¸¸³µÉ·¥´¨¥ ³ É·¨ÍÊ µ¶¥· Éµ·µ¢, ¸¢Ö§Ò¢ ÕÐ¨Ì
¸µ¸ÉµÖ´¨Ö Î¥É´µ-Î¥É´ÒÌ ¨ ¸µ¸ÉµÖ´¨Ö ´¥Î¥É´ÒÌ Ö¤¥·:(

b+b 0
0 a+a

)
. (1)

�É¨ µ¶¥· Éµ·Ò ¶µ§¢µ²ÖÕÉ · ¸¸³ É·¨¢ ÉÓ µÉ¤¥²Ó´µ Î¥É´µ-Î¥É´Ò¥ ¨ ´¥Î¥É´Ò¥
Ö¤· . �¤´ ±µ, ¡² £µ¤ ·Ö Éµ³Ê, ÎÉµ ¸¥°Î ¸ Ê¦¥ Ô±¸¶¥·¨³¥´É ²Ó´µ ¨¸¸²¥¤µ¢ ´µ
¡µ²ÓÏµ¥ Î¨¸²µ ± ± Î¥É´ÒÌ, É ± ¨ ´¥Î¥É´ÒÌ Ö¤¥·, ¡Ò²µ ¡Ò ¨´É¥·¥¸´µ ´ °É¨
É ±ÊÕ ±² ¸¸¨Ë¨± Í¨Õ ¸µ¸ÉµÖ´¨° Ö¤¥·, ¢ ±µÉµ·µ° Î¥É´µ-Î¥É´Ò¥ ¨ ´¥Î¥É´Ò¥
Ö¤·  · ¸¸³ É·¨¢ ²¨¸Ó ¡Ò µ¤´µ¢·¥³¥´´µ. ’ ± ± ± µ¤´¨ ¨§ ÔÉ¨Ì Ö¤¥· ¸µ¤¥·¦ É
Î¥É´µ¥ Î¨¸²µ ´Ê±²µ´µ¢,   ¤·Ê£¨¥ Å ´¥Î¥É´µ¥ Î¨¸²µ ´Ê±²µ´µ¢, Éµ ³ É¥³ É¨-
Î¥¸±¨¥ ¶µ¸É·µ¥´¨Ö, ´¥µ¡Ìµ¤¨³Ò¥ ¤²Ö µ¶¨¸ ´¨Ö µ¡µ¨Ì É¨¶µ¢ Ö¤¥·, ¤µ²¦´Ò
¢±²ÕÎ ÉÓ µ¶¥· Éµ·Ò, ¨§³¥´ÖÕÐ¨¥ Î¨¸²  ¡µ§µ´µ¢ ¨ Ë¥·³¨µ´µ¢:

a+
s bα, b+

α as. (2)

‘µµÉ¢¥É¸É¢ÊÕÐ¨¥ ³ É¥³ É¨Î¥¸±¨¥ ±µ´¸É·Ê±Í¨¨ ´ §Ò¢ ÕÉ¸Ö £· ¤Ê¨·µ¢ ´´Ò³¨
 ²£¥¡· ³¨. Œ É·¨Í , ¢±²ÕÎ ÕÐ Ö ¢¸¥ ÔÉ¨ µ¶¥· Éµ·Ò, ¨³¥¥É ¢¨¤(

b+b b+a

a+b a+a

)
. (3)

�¶¥· Éµ·Ò b+b ¨ a+a Ëµ·³¨·ÊÕÉ ÉÊ ¨²¨ ¨´ÊÕ ±² ¸¸¨Î¥¸±ÊÕ  ²£¥¡·Ê ‹¨,
§ ³±´ÊÉÊÕ µÉ´µ¸¨É¥²Ó´µ ±µ³³ÊÉ Í¨µ´´ÒÌ ¸µµÉ´µÏ¥´¨°. �¶¥· Éµ·Ò, µ¡· -
§ÊÕÐ¨¥ ³ É·¨ÍÊ (3), Ê¦¥ ´¥ µ¡· §ÊÕÉ ±² ¸¸¨Î¥¸±µ°  ²£¥¡·Ò ‹¨. „²Ö Éµ£µ
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ÎÉµ¡Ò ¶µ¸É·µ¨ÉÓ ¨§ ´¨Ì § ³±´ÊÉÊÕ  ²£¥¡· ¨Î¥¸±ÊÕ ¸É·Ê±ÉÊ·Ê, ´¥µ¡Ìµ¤¨³µ
¢¢¥¸É¨ ¢ · ¸¸³µÉ·¥´¨¥, ´ ·Ö¤Ê ¸ ±µ³³ÊÉ Éµ· ³¨, É ±¦¥ ¨  ´É¨±µ³³ÊÉ Éµ·Ò.
�¥§Ê²ÓÉ¨·ÊÕÐ Ö  ²£¥¡·  ´ §Ò¢ ¥É¸Ö £· ¤Ê¨·µ¢ ´´µ°  ²£¥¡·µ° ¨²¨ ¸Ê¶¥· ²-
£¥¡·µ°. ‘Ì¥³ É¨Î´µ ±µ³³ÊÉ Í¨µ´´Ò¥ ¨  ´É¨±µ³³ÊÉ Í¨µ´´Ò¥ ¸µµÉ´µÏ¥´¨Ö
³¥¦¤Ê µ¶¥· Éµ· ³¨ (3) ¨³¥ÕÉ ¸²¥¤ÊÕÐ¨° ¢¨¤:

[b+b, b+b]− = b+b, (4)

[a+a, a+a]− = a+a, (5)

{a+b, b+a}+ = a+a − b+b, (6)

[a+b, b+b]− = a+b, (7)

[a+b, a+a]− = −a+b. (8)

ƒ ³¨²ÓÉµ´¨ ´ Ö¤·  ¸É·µ¨É¸Ö ¢ ¢¨¤¥ ±µ³¡¨´ Í¨¨ Î²¥´µ¢, ²¨´¥°´ÒÌ ¨ ±¢ -
¤· É¨Î´ÒÌ ¶µ µ¶¥· Éµ· ³ (3). ƒ ³¨²ÓÉµ´¨ ´ ³µ¦¥É ±µ³³ÊÉ¨·µ¢ ÉÓ ¸ ´¥±µ-
Éµ·Ò³¨ ¨§ µ¶¥· Éµ·µ¢ b+b ¨²¨ a+a. ‚ ÔÉµ³ ¸²ÊÎ ¥ £µ¢µ·ÖÉ µ¡ ¨´¢ ·¨ ´É´µ-
¸É¨ £ ³¨²ÓÉµ´¨ ´  µÉ´µ¸¨É¥²Ó´µ É¥Ì ¨²¨ ¨´ÒÌ ¶·¥µ¡· §µ¢ ´¨°. ŒÒ £µ¢µ·¨³
É ±¦¥ µ ¸¨³³¥É·¨¨ µÉ´µ¸¨É¥²Ó´µ Éµ£µ ¨²¨ ¨´µ£µ ¶·¥µ¡· §µ¢ ´¨Ö. ˆ´¢ ·¨-
 ´É´µ¸ÉÓ µ§´ Î ¥É, ÎÉµ ¥¸ÉÓ ´ ¡µ· ¸µ¡¸É¢¥´´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤· , ¨³¥ÕÐ¨Ì
µ¤´Ê ¨ ÉÊ ¦¥ Ô´¥·£¨Õ. � ¶·¨³¥·, ·µÉ Í¨µ´´ Ö ¨´¢ ·¨ ´É´µ¸ÉÓ £ ³¨²ÓÉµ-
´¨ ´  µ§´ Î ¥É, ÎÉµ ¸µ¸ÉµÖ´¨Ö Ö¤·  ¸ µ¤´¨³ ¨ É¥³ ¦¥ Ê£²µ¢Ò³ ³µ³¥´Éµ³,
´µ ¸ · §´Ò³¨ §´ Î¥´¨Ö³¨ ¥£µ ¶·µ¥±Í¨¨, Ì · ±É¥·¨§ÊÕÉ¸Ö µ¤´¨³ ¨ É¥³ ¦¥
§´ Î¥´¨¥³ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö.

Š ± Ê¦¥ µÉ³¥Î ²µ¸Ó ¢ÒÏ¥, µ¶¥· Éµ·Ò É¨¶  a+b ¶·¨´ ¤²¥¦ É ´¥ ±² ¸¸¨-
Î¥¸±µ°  ²£¥¡·¥ ‹¨,   ¸Ê¶¥· ²£¥¡·¥. �µ  ´ ²µ£¨¨ ¢ ¸²ÊÎ ¥, ¥¸²¨ £ ³¨²ÓÉµ´¨ ´
±µ³³ÊÉ¨·Ê¥É ¸ µ¶¥· Éµ·µ³ É¨¶  a+b, £µ¢µ·ÖÉ µ ¸Ê¶¥·¸¨³³¥É·¨¨ £ ³¨²ÓÉµ´¨-
 ´ . ’ ± ± ± µ¶¥· Éµ· a+b ¶¥·¥¢µ¤¨É ¸µ¸ÉµÖ´¨Ö Î¥É´µ-Î¥É´µ£µ Ö¤·  ¢ ¸µ¸ÉµÖ-
´¨Ö ´¥Î¥É´µ£µ Ö¤· , Éµ ¸Ê¶¥·¸¨³³¥É·¨Ö £ ³¨²ÓÉµ´¨ ´  µ§´ Î ¥É, ÎÉµ Ô´¥·£¨¨
¸µ¸ÉµÖ´¨° Î¥É´µ-Î¥É´µ£µ ¨ ´¥Î¥É´µ£µ Ö¤¥· ¸µ¢¶ ¤ ÕÉ. �µ¸±µ²Ó±Ê ¢ É¥µ·¨¨
¸É·Ê±ÉÊ·Ò Ö¤¥· £ ³¨²ÓÉµ´¨ ´ µ¶¨¸Ò¢ ¥É Éµ²Ó±µ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö, Éµ ¢
¸²ÊÎ ¥ ¸Ê¶¥·¸¨³³¥É·¨¨ ·¥ÎÓ ¨¤¥É µ ¸µ¢¶ ¤¥´¨¨ Ô´¥·£¨° ¢µ§¡Ê¦¤¥´¨Ö Î¥É´µ-
Î¥É´ÒÌ ¨ ´¥Î¥É´ÒÌ Ö¤¥·.

‚ ¤ ²Ó´¥°Ï¥³ µ¡§µ· ¶µ¸É·µ¥´ ¸²¥¤ÊÕÐ¨³ µ¡· §µ³. ‚ · §¤. 2 ¶·¨¢¥¤¥´Ò ¨
µ¡¸Ê¦¤ ÕÉ¸Ö ¶·¨³¥·Ò ¸¶¥±É·µ¢ ¸µ¸ÉµÖ´¨° Î¥É´µ-Î¥É´ÒÌ ¨ ´¥Î¥É´ÒÌ Ö¤¥·, ¨²-
²Õ¸É·¨·ÊÕÐ¨Ì ¶·¨¡²¨¦¥´´ÊÕ ¸Ê¶¥·¸¨³³¥É·¨Õ. ‚ · §¤. 3 ±· É±µ ¨§² £ ¥É¸Ö
 ¶¶ · É ³µ¤¥²¨ ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ¡µ§µ´µ¢. ‚ · §¤. 4 ¨§² £ ¥É¸Ö  ¶¶ · É
³µ¤¥²¨ ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ¡µ§µ´µ¢ ¨ Ë¥·³¨µ´µ¢. � §¤. 5 ¶µ¸¢ÖÐ¥´ Ëµ·-
³ ²Ó´µ³Ê ¸· ¢´¥´¨Õ ¸Ì¥³ ·¥ ²¨§ Í¨¨ ¨¤¥° ¸Ê¶¥·¸¨³³¥É·¨¨ ¢ É¥µ·¨¨ ¸É·Ê±-
ÉÊ·Ò Ö¤·  ¨ ¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö. ‚ · §¤. 6 · ¸¸³ É·¨¢ ¥É¸Ö ¶·¨³¥·
U(1/2)-¸Ê¶¥·¸¨³³¥É·¨¨ ¢ Ö¤· Ì. ‚ · §¤. 7  ´ ²¨§¨·Ê¥É¸Ö ¸Ê¶¥·¸¨³³¥É·¨Ö ¢
³µ¤¥²¨ Î ¸É¨Í  Å ·µÉµ·. �¸´µ¢´Ò¥ ·¥§Ê²ÓÉ ÉÒ µ¡§µ·  ¶·µ¸Ê³³¨·µ¢ ´Ò ¢
§ ±²ÕÎ¥´¨¨.
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�·¥¦¤¥ Î¥³ ¶¥·¥°É¨ ± ¨§²µ¦¥´¨Õ É¥µ·¥É¨Î¥¸±¨Ì ·¥§Ê²ÓÉ Éµ¢, ¶µ²ÊÎ¥´-
´ÒÌ ¶·¨ ¨¸¸²¥¤µ¢ ´¨¨ ¶·µÖ¢²¥´¨° ¸Ê¶¥·¸¨³³¥É·¨¨ ¢ ¸¶¥±É· Ì  Éµ³´ÒÌ Ö¤¥·,
· ¸¸³µÉ·¨³ ¨³¥ÕÐ¨¥¸Ö Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥. �¨¦¥ ¶·¨¢¥¤¥´Ò ¶·¨-
³¥·Ò ¸¶¥±É·µ¢ ¸µ¸ÉµÖ´¨° Î¥É´µ-Î¥É´ÒÌ ¨ ´¥Î¥É´ÒÌ Ö¤¥·, µÉ´µ¸ÖÐ¨Ì¸Ö ±
µ¡² ¸ÉÖ³ ¸Ë¥·¨Î¥¸±¨Ì, ¶¥·¥Ìµ¤´ÒÌ, ¤¥Ëµ·³¨·µ¢ ´´ÒÌ ¨ ¸Ê¶¥·¤¥Ëµ·³¨·µ-
¢ ´´ÒÌ Ö¤¥·. —Éµ ³µ¦´µ ¡Ò²µ ¡Ò µ¦¨¤ ÉÓ, ¨¸Ìµ¤Ö ¨§ µ¡Ð¨Ì ¸µµ¡· ¦¥´¨°?
‘¶¥±É· ´¨§±µ²¥¦ Ð¨Ì ¸µ¸ÉµÖ´¨° Ö¤¥·, Ê¤ ²¥´´ÒÌ µÉ ³ £¨Î¥¸±¨Ì, µ¶·¥¤¥²Ö-
¥É¸Ö ±µ²²¥±É¨¢´Ò³¨ ¸µ¸ÉµÖ´¨Ö³¨. �·¨ ¶¥·¥Ìµ¤¥ µÉ Î¥É´µ-Î¥É´µ£µ ± ´¥Î¥É-
´µ³Ê Ö¤·Ê ± ¶¥·¢µ³Ê ¤µ¡ ¢²Ö¥É¸Ö ±¢ §¨Î ¸É¨Í . ‚ ¶·µ¸É¥°Ï¥³ ¸²ÊÎ ¥, ¥¸²¨
µ´  ´¥ ¢§ ¨³µ¤¥°¸É¢Ê¥É ¸ ±µ²²¥±É¨¢´Ò³¨ ¸µ¸ÉµÖ´¨Ö³¨ Î¥É´µ-Î¥É´µ£µ µ¸Éµ¢ ,
³Ò ¶µ²ÊÎ ¥³ ³µ¤¥²Ó ´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ±¢ §¨Î ¸É¨ÍÒ ¨ µ¸Éµ¢ . �´¥·£¨¨
£ ³³ -¶¥·¥Ìµ¤µ¢ ³¥¦¤Ê ¸µ¸ÉµÖ´¨Ö³¨ Î¥É´µ-Î¥É´µ£µ ¨ ´¥Î¥É´µ£µ Ö¤¥· ¡Ê¤ÊÉ
¸µ¢¶ ¤ ÉÓ ¶µ É·¨¢¨ ²Ó´µ° ¶·¨Î¨´¥ Å µÉ¸ÊÉ¸É¢¨¥ ¢§ ¨³µ¤¥°¸É¢¨Ö. �·¨ Éµ°
¦¥ Ô´¥·£¨¨, ÎÉµ ¨ Ê ¸µ¸ÉµÖ´¨Ö Î¥É´µ-Î¥É´µ£µ Ö¤·  ¸ Ê£²µ¢Ò³ ³µ³¥´Éµ³ I ,
³Ò ¡Ê¤¥³ ¨³¥ÉÓ ¢Ò·µ¦¤¥´´Ò° ³Ê²ÓÉ¨¶²¥É ¸µ¸ÉµÖ´¨° ¸ Ê£²µ¢Ò³¨ ³µ³¥´É ³¨
J = |I − j|, |I − j| + 1, ..., I + j, £¤¥ j Å Ê£²µ¢µ° ³µ³¥´É ±¢ §¨Î ¸É¨ÍÒ.
�¤´ ±µ É ± Ö Ê¶·µÐ¥´´ Ö ± ·É¨´  ´¥ ·¥ ²¨§Ê¥É¸Ö ¢ Ö¤· Ì. „ ¦¥ ¥¸²¨ ¢§ ¨-
³µ¤¥°¸É¢¨¥ ±¢ §¨Î ¸É¨ÍÒ ¸ µ¸Éµ¢µ³ ¸² ¡µ¥, ¥¥ ¶·¨¸ÊÉ¸É¢¨¥ ¶·¨¢µ¤¨É ± ¶µ-
²Ö·¨§ Í¨¨ µ¸Éµ¢ , ÎÉµ ¢Ò· ¦ ¥É¸Ö, ´ ¶·¨³¥·, ¢ ®¸¦ É¨¨¯ ¸¶¥±É·  ´¥Î¥É´µ£µ
Ö¤· . ‚ ¸²ÊÎ ¥ ¤¥Ëµ·³¨·µ¢ ´´ÒÌ Ö¤¥· ÔÉµ ¶·µÖ¢²Ö¥É¸Ö ¢ Ê¢¥²¨Î¥´¨¨ ³µ³¥´É 
¨´¥·Í¨¨ ´¥Î¥É´µ£µ Ö¤· . �·¨³¥·µ³ É ±µ° ¸¨ÉÊ Í¨¨ Ö¢²ÖÕÉ¸Ö Ö¤·  102Ru ¨
103Rh. ‘¶¥±É·Ò ´¨§±µ²¥¦ Ð¨Ì ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° ÔÉ¨Ì Ö¤¥· ¶·¨¢¥-
¤¥´Ò ´  ·¨¸. 1 [7]. ‘¶¥±É· 103Rh ¢Ò£²Ö¤¨É ± ± ·¥§Ê²ÓÉ É ¸¢Ö§¨ ´¥Î¥É´µ£µ
¶·µÉµ´  ¢ ¸µ¸ÉµÖ´¨¨ p1/2 ¸ Ö¤·µ³ 102Ru. „·Ê£¨¥ µ¤´µÎ ¸É¨Î´Ò¥ ¸µ¸ÉµÖ´¨Ö
µÉ·¨Í É¥²Ó´µ° Î¥É´µ¸É¨ p3/2 ¨ f5/2 Ê¤ ²¥´Ò µÉ p1/2 ´  1 ŒÔ‚ ¨ ¡µ²¥¥. ‚¨¤´µ,
ÎÉµ ¸¶¥±É· ´¨§±µ²¥¦ Ð¨Ì ¸µ¸ÉµÖ´¨° µÉ·¨Í É¥²Ó´µ° Î¥É´µ¸É¨ ¸µ¸Éµ¨É ¨§ ¤Ê-
¡²¥Éµ¢: 3/2− ¨ 5/2− ¶·¨ Ô´¥·£¨ÖÌ ¢µ§¡Ê¦¤¥´¨Ö 295 ¨ 357 ±Ô‚, 7/2− ¨ 9/2−

¶·¨ Ô´¥·£¨ÖÌ 848 ¨ 920 ±Ô‚. –¥´É· ÉÖ¦¥¸É¨ ¶¥·¢µ£µ ¤Ê¡²¥É  ¡²¨§µ± ± Ô´¥·£¨¨
¢µ§¡Ê¦¤¥´¨Ö ¶¥·¢µ£µ 2+-¸µ¸ÉµÖ´¨Ö 102Ru 475 ±Ô‚,   Í¥´É· ÉÖ¦¥¸É¨ ¢Éµ·µ£µ
¤Ê¡²¥É  ¡²¨§µ± ± Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¶¥·¢µ£µ 4+-¸µ¸ÉµÖ´¨Ö 102Ru 1106 ±Ô‚.
ŠµÔËË¨Í¨¥´É ¸¦ É¨Ö ¸¶¥±É·  103Rh µÉ´µ¸¨É¥²Ó´µ ¸¶¥±É·  102Ru ¸µ¸É ¢²Ö¥É
0,7Ä0,8 ¨ ¶·¨¡²¨¦ ¥É¸Ö ± ¥¤¨´¨Í¥ ¸ ·µ¸Éµ³ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö. ‘µ¸ÉµÖ´¨¥
1/2− ¶·¨ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö 803 ±Ô‚ ¸µµÉ¢¥É¸É¢Ê¥É p1/2 ⊗ 0+

2 (944 ±Ô‚).
‘²¥¤ÊÕÐ¨³ ¶·¨³¥·µ³ ¸¶¥±É·  ´¥Î¥É´µ£µ Ö¤· , ±µÉµ·Ò° ³µ¦´µ ¨´É¥·-

¶·¥É¨·µ¢ ÉÓ ± ± ·¥§Ê²ÓÉ É ¸¢Ö§¨ ´¥Î¥É´µ° Î ¸É¨ÍÒ ¸ jπ = 1/2− ¸ ´¨§±µ-
²¥¦ Ð¨³¨ ¸µ¸ÉµÖ´¨Ö³¨ Î¥É´µ-Î¥É´µ£µ µ¸Éµ¢ , Ö¢²Ö¥É¸Ö 195Pt (·¨¸. 2) [20].
�  ·¨¸. 2 ¶·¨¢¥¤¥´Ò ´¥ ¢¸¥ ´¨§±µ²¥¦ Ð¨¥ ¢µ§¡Ê¦¤¥´´Ò¥ ¸µ¸ÉµÖ´¨Ö 195Pt,  
Éµ²Ó±µ É¥ ¨§ ´¨Ì, ±µÉµ·Ò¥ Ëµ·³¨·ÊÕÉ ¤Ê¡²¥ÉÒ ´  µ¸´µ¢¥ ±µ²²¥±É¨¢´ÒÌ ¸µ-
¸ÉµÖ´¨° 194Pt. � ¸Ð¥¶²¥´¨¥ ¤Ê¡²¥Éµ¢ ¢ 195Pt § ³¥É´µ ³¥´ÓÏ¥, Î¥³ ¢ 103Rh,
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�¨¸. 1. �·¨³¥· U(6/2)-¸Ê¶¥·¸¨³³¥É·¨¨ ¢ Ö¤· Ì. �µ± § ´  Î ¸ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´µ£µ
¸¶¥±É·  ¨§µÉµ¶µ¢ 102Ru, 103Rh ¨ 104Pd, µ¡· §ÊÕÐ¨Ì ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É [7]. �´¥·-
£¨¨ Ê± § ´Ò ¢ ±Ô‚. „¢ÊÌ±¢ §¨Î ¸É¨Î´Ò¥ ¸µ¸ÉµÖ´¨Ö ¢ 104Pd ´¥ ¨¤¥´É¨Ë¨Í¨·µ¢ ´Ò.
‚µ§³µ¦´Ò³ ± ´¤¨¤ Éµ³ ´  ³¥¸Éµ ´¨¦ °Ï¥£µ ¢µ§¡Ê¦¤¥´´µ£µ ¸µ¸ÉµÖ´¨Ö 104Pd, ¶·¨-
´ ¤²¥¦ Ð¥£µ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥ÉÊ, Ö¢²Ö¥É¸Ö 0+(1793 ±Ô‚)-Ê·µ¢¥´Ó, ´ ¡²Õ¤ ¢Ï¨°¸Ö ¶·¨
β−-· ¸¶ ¤¥ 104Rh ¸ log ft = 5, 5

�¨¸. 2. �±¸¶¥·¨³¥´É ²Ó´Ò° ¸¶¥±É· ´¨§±µ²¥¦ Ð¨Ì ¸µ¸ÉµÖ´¨° 194Pt ¨ Ô±¸¶¥·¨³¥´É ²Ó-
´Ò° ¨ É¥µ·¥É¨Î¥¸±¨° ¸¶¥±É·Ò É¥Ì ¸µ¸ÉµÖ´¨° 195Pt, ±µÉµ·Ò¥ µ¡· §ÊÕÉ ¸Ê¶¥·³Ê²ÓÉ¨-
¶²¥É ¢³¥¸É¥ ¸ ¶·¨¢¥¤¥´´Ò³¨ ´  ·¨¸Ê´±¥ ¸µ¸ÉµÖ´¨Ö³¨ 194Pt. �·¥¤¸± § ´¨Ö ³µ¤¥²¨,
µ¸´µ¢ ´´µ° ´  ÉµÎ´µ° ¸Ê¶¥·¸¨³³¥É·¨¨, ¶·¨¢¥¤¥´Ò ¢ ²¥¢µ° ±µ²µ´±¥. � ¸¸Î¨É ´´Ò°
¸¶¥±É· 195Pt ¶µ²ÊÎ¥´ ¢ ¶·¥¤¶µ²µ¦¥´¨¨, ÎÉµ ¸µ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö £ ³¨²ÓÉµ´¨ ´  (116)
¤²Ö Î¥É´µ-Î¥É´µ£µ ¨§µÉµ¶  194Pt ¸µ¢¶ ¤ ÕÉ ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨
Ô´¥·£¨Ö³¨. �¥§Ê²ÓÉ É · ¸Î¥É , ¢Ò¶µ²´¥´´µ£µ ¸ ÊÎ¥Éµ³ ¸¦ É¨Ö ¸¶¥±É·  195Pt µÉ´µ¸¨-
É¥²Ó´µ 194Pt ¨ ¶¸¥¢¤µ¸¶¨´-µ·¡¨É ²Ó´µ£µ · ¸Ð¥¶²¥´¨Ö ¤Ê¡²¥Éµ¢, ¶µ± § ´ ´  ·¨¸Ê´±¥
¸¶· ¢ 
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�¨¸. 3. ‘µ¸ÉµÖ´¨Ö µ¸´µ¢´µ° ¶µ²µ¸Ò 174Hf ¨ É¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨ · ¸¸Î¨É ´´Ò¥
Ê·µ¢´¨ 173Hf, ±µÉµ·Ò¥ Ëµ·³¨·ÊÕÉ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É ¢³¥¸É¥ ¸ Ê·µ¢´Ö³¨ µ¸´µ¢´µ° ¶µ-
²µ¸Ò 174Hf. �´¥·£¨¨ Ê± § ´Ò ¢ ±Ô‚

´µ ±µÔËË¨Í¨¥´É ¸¦ É¨Ö ¸¶¥±É·  µÉ´µ¸¨É¥²Ó´µ ¸µ¸¥¤´¥£µ Î¥É´µ-Î¥É´µ£µ Ö¤· 
É ±µ° ¦¥, ± ± ¨ ¢ ¸²ÊÎ ¥ 103Rh. ‚ Ö¤· Ì µ¡² ¸É¨ Pt µ¤´µÎ ¸É¨Î´Ò¥ Ê·µ¢´¨
µÉ·¨Í É¥²Ó´µ° Î¥É´µ¸É¨ p1/2, p3/2 ¨ f5/2 ¤µ¸É ÉµÎ´µ ¡²¨§±¨ ¶µ Ô´¥·£¨¨. �Éµ
¶µ¤É¢¥·¦¤ ¥É¸Ö ± ± Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¶µ ·¥ ±Í¨Ö³ µ¤´µ´Ê±²µ´-
´ÒÌ ¶¥·¥¤ Î [21], É ± ¨ ¶·¨¸ÊÉ¸É¢¨¥³ ¤·Ê£¨Ì Ê·µ¢´¥° µÉ·¨Í É¥²Ó´µ° Î¥É´µ-
¸É¨ ¶·¨ ´¥¡µ²ÓÏ¨Ì Ô´¥·£¨ÖÌ ¢µ§¡Ê¦¤¥´¨Ö ¢ 195Pt. �µÔÉµ³Ê ¢ ÔÉµ³ ¸²ÊÎ ¥ Ê¦¥
´¥²Ó§Ö £µ¢µ·¨ÉÓ µ ¸² ¡µ° ¸¢Ö§¨ ´¥Î¥É´µ° Î ¸É¨ÍÒ ¨ µ¸Éµ¢ . ‚ ¨§µÉµ¶ Ì Pt
¸Ê¶¥·¸¨³³¥É·¨Ö ¨³¥¥É ¡µ²¥¥ £²Ê¡µ±¨¥ ¶·¨Î¨´Ò.

�  ·¨¸. 3 ¨ 4 [22Ä26] ¶·¨¢¥¤¥´Ò ¸¶¥±É·Ò ·µÉ Í¨µ´´ÒÌ ¶µ²µ¸, µ¸´µ¢ ´-
´ÒÌ ´  ¸µ¸ÉµÖ´¨ÖÌ ¸ µÉ·¨Í É¥²Ó´µ° Î¥É´µ¸ÉÓÕ ¢ ¤¥Ëµ·³¨·µ¢ ´´ÒÌ ¨²¨ ¡²¨§-
±¨Ì ± ¤¥Ëµ·³¨·µ¢ ´´Ò³ Ö¤· Ì. �¸´µ¢ ´¨¥³ ¶µ²µ¸ ¢µ ¢¸¥Ì ¸²ÊÎ ÖÌ Ö¢²Ö¥É¸Ö
¸µ¸ÉµÖ´¨¥ 1/2−. ‚¨¤´µ, ÎÉµ ¶µ²µ¸Ò ¸µ¸ÉµÖÉ ¨§ ¢¥¸Ó³  ¸² ¡µ · ¸Ð¥¶²¥´´ÒÌ
¤Ê¡²¥Éµ¢, Í¥´É· ÉÖ¦¥¸É¨ ±µÉµ·ÒÌ ¡²¨§µ± ¶µ Ô´¥·£¨¨ ± ¸µµÉ¢¥É¸É¢ÊÕÐ¨³ Ê·µ¢-
´Ö³ ¸µ¸¥¤´¨Ì Î¥É´µ-Î¥É´ÒÌ Ö¤¥·. ŠµÔËË¨Í¨¥´É ¸¦ É¨Ö ¸¶¥±É· , ´ ¶·¨³¥·, ¢
173Hf, ¸µ¸É ¢²Ö¥É ¢ ¸·¥¤´¥³ 0,9.
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�¨¸. 4. ’µ ¦¥, ÎÉµ ´  ·¨¸. 3, ´µ ¤²Ö ¨§µÉµ¶µ¢ 181,182Pt

�  ·¨¸. 5 ¨ 6 [27] ¶µ± § ´Ò Ê·µ¢´¨ É ± ´ §Ò¢ ¥³ÒÌ Éµ¦¤¥¸É¢¥´´ÒÌ ¸Ê¶¥·-
¤¥Ëµ·³¨·µ¢ ´´ÒÌ ·µÉ Í¨µ´´ÒÌ ¶µ²µ¸. ‚¨¤´µ, ÎÉµ Ô´¥·£¨¨ £ ³³ -¶¥·¥Ìµ¤µ¢
¢ Î¥É´µ-Î¥É´µ³ ¨ ¸µ¸¥¤´¥³ ´¥Î¥É´µ³ Ö¤· Ì ¸µ¢¶ ¤ ÕÉ ¸ ÉµÎ´µ¸ÉÓÕ ¤µ ´¥-
¸±µ²Ó±¨Ì ±Ô‚. Š ¸µ¦ ²¥´¨Õ, ¢ ¸²ÊÎ ¥ ¸Ê¶¥·¤¥Ëµ·³¨·µ¢ ´´ÒÌ ¶µ²µ¸ Ê£²µ¢Ò¥
³µ³¥´ÉÒ ¸µ¸ÉµÖ´¨°, ± ± ¶· ¢¨²µ, ´¥¨§¢¥¸É´Ò ¨²¨ ¨§¢¥¸É´Ò ²¨ÏÓ µ·¨¥´É¨-
·µ¢µÎ´µ. �¥ Ê¸É ´µ¢²¥´Ò ´ ¤¥¦´µ ¨ Î¥É´µ¸É¨ ¸µ¸ÉµÖ´¨°. Š·µ³¥ Éµ£µ, ´¥
§ Ë¨±¸¨·µ¢ ´Ò ¶ ·É´¥·Ò ¶µ ¸¨£´ ÉÊ·¥, É ± ÎÉµ ´¥²Ó§Ö £µ¢µ·¨ÉÓ µ ¤Ê¡²¥É Ì.

’µ¦¤¥¸É¢¥´´Ò¥ ·µÉ Í¨µ´´Ò¥ ¶µ²µ¸Ò ¸·¥¤¨ ¸Ê¶¥·¤¥Ëµ·³¨·µ¢ ´´ÒÌ ¸µ-
¸ÉµÖ´¨° Å ÔÉµ ¨¸±²ÕÎ¨É¥²Ó´µ ¨´É¥·¥¸´µ¥ Ö¢²¥´¨¥, µ¡´ ·Ê¦¥´´µ¥ ¢ ¶µ¸²¥¤-
´¥¥ ¤¥¸ÖÉ¨²¥É¨¥. �¡´ ·Ê¦¥´¨¥ ¢ · §´ÒÌ Ö¤· Ì ¤²¨´´ÒÌ Í¥¶µÎ¥± £ ³³ -¶¥·¥Ìµ-
¤µ¢ ¸ µ¤¨´ ±µ¢Ò³¨ Ô´¥·£¨Ö³¨ ¡Ò²µ ¸µ¢¥·Ï¥´´µ ´¥µ¦¨¤ ´´µ. � µ¡µ·µÉ, ¢
É¥Î¥´¨¥ ¡µ²¥¥ Î¥³ 50 ²¥É ¶·¥¤¶µ² £ ²µ¸Ó, ÎÉµ Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· µ¤-
´µ§´ Î´µ Ì · ±É¥·¨§Ê¥É Ö¤·µ. ‚¶¥·¢Ò¥ Éµ¦¤¥¸É¢¥´´Ò¥ ·µÉ Í¨µ´´Ò¥ ¶µ²µ¸Ò
¡Ò²¨ µ¡´ ·Ê¦¥´Ò ¢ 151Tb ¨ 152Dy [28]. ‘µ¢¶ ¤¥´¨¥ ¸ ÉµÎ´µ¸ÉÓÕ ¤µ ´¥¸±µ²Ó-
±¨Ì ±Ô‚ Ô´¥·£¨° £ ³³ -¶¥·¥Ìµ¤µ¢ ³¥¦¤Ê Ê·µ¢´Ö³¨ ·µÉ Í¨µ´´ÒÌ ¶µ²µ¸ · §-
´ÒÌ Ö¤¥· µ§´ Î ¥É ¸µ¢¶ ¤¥´¨¥ ¸ ÉµÎ´µ¸ÉÓÕ ¤µ ´¥¸±µ²Ó±¨Ì ¤¥¸ÖÉÒÌ ¶·µÍ¥´É 
³µ³¥´Éµ¢ ¨´¥·Í¨¨ ÔÉ¨Ì ¤¢ÊÌ ¶µ²µ¸. �Éµ § ³¥É´µ ³¥´ÓÏ¥, Î¥³ µ¦¨¤ ¥³µ¥
¨§³¥´¥´¨¥ ¶µ·Ö¤±  1 % É¢¥·¤µÉ¥²Ó´µ£µ ³µ³¥´É  ¨´¥·Í¨¨, µ¡Ê¸²µ¢²¥´´µ¥ ¨§-
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�¨¸. 5. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¸¶¥±É·Ò Éµ¦-
¤¥¸É¢¥´´ÒÌ ¸Ê¶¥·¤¥Ëµ·³¨·µ¢ ´´ÒÌ ¶µ-
²µ¸ 150Gd ¨ 151Tb. �´¥·£¨¨ Ê± § ´Ò
¢ ±Ô‚

�¨¸. 6.�±¸¶¥·¨³¥´É ²Ó´Ò¥ ¸¶¥±É·Ò Éµ¦-
¤¥¸É¢¥´´ÒÌ ¸Ê¶¥·¤¥Ëµ·³¨·µ¢ ´´ÒÌ ¶µ-
²µ¸ 152Dy ¨ 151Tb. �´¥·£¨¨ Ê± § ´Ò
¢ ±Ô‚

³¥´¥´¨¥³ ³ ¸¸Ò Ö¤¥·. �µ§¤´¥¥ ´¥¸±µ²Ó±µ ¤·Ê£¨Ì Éµ¦¤¥¸É¢¥´´ÒÌ ¶µ²µ¸ ¡Ò²¨
´ °¤¥´Ò ¸·¥¤¨ ¸Ê¶¥·¤¥Ëµ·³¨·µ¢ ´´ÒÌ ¶µ²µ¸ ¢ µ¡² ¸É¨ Dy ¨ Hg. �¥¸³µÉ·Ö ´ 
µÉ¸ÊÉ¸É¢¨¥ ¶µ²´µ° Ô±¸¶¥·¨³¥´É ²Ó´µ° ¨´Ëµ·³ Í¨¨ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢¥¸Ó³  § -
³ ´Î¨¢Ò³ · ¸¸³ É·¨¢ ÉÓ Éµ¦¤¥¸É¢¥´´Ò¥ ¸Ê¶¥·¤¥Ëµ·³¨·µ¢ ´´Ò¥ ¶µ²µ¸Ò ± ±
¶·¨³¥· ¶·µÖ¢²¥´¨Ö ¸Ê¶¥·¸¨³³¥É·¨¨ ¢ Ö¤¥·´ÒÌ ¸¶¥±É· Ì. ŒÒ µ¸É ´µ¢¨³¸Ö ´ 
ÔÉµ³ ¢µ¶·µ¸¥ ¶µ¤·µ¡´¥¥ ¢ · §¤. 7.

Š ± ¢¨¤´µ ¨§ ·¨¸. 1Ä4, ¢µ ¢¸¥Ì ¸²ÊÎ ÖÌ, ±µ£¤  Ô´¥·£¨¨ ¶¥·¥Ìµ¤µ¢ ¢ ´¥Î¥É-
´ÒÌ Ö¤· Ì ¡²¨§±¨ ± Ô´¥·£¨Ö³ ¶¥·¥Ìµ¤µ¢ ¢ Î¥É´µ-Î¥É´ÒÌ Ö¤· Ì, µ¸´µ¢ ´¨Ö³¨
¶µ²µ¸ Ö¢²ÖÕÉ¸Ö ¸µ¸ÉµÖ´¨Ö 1/2−,   ¢µ§¡Ê¦¤¥´´Ò¥ Ê·µ¢´¨ ¶µ²µ¸Ò ¶·¥¤¸É ¢²ÖÕÉ
¸µ¡µ° ¸² ¡µ· ¸Ð¥¶²¥´´Ò¥ ¤Ê¡²¥ÉÒ: (3/2−, 5/2−), (7/2−, 9/2−) ¨ É.¤. �ÉµÉ
Ë ±É ¡Ê¤¥É µ¡¸Ê¦¤ ÉÓ¸Ö ¢ ¶µ¸²¥¤ÊÕÐ¨Ì · §¤¥² Ì.
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3. Œ�„…‹œ ‚‡�ˆŒ�„…‰‘’‚“�™ˆ• ��‡���‚

�´ ²¨§ Ö¢²¥´¨Ö ¸Ê¶¥·¸¨³³¥É·¨¨ ¢ Ö¤¥·´µ° Ë¨§¨±¥ ¸¢Ö§ ´ ¸µ ¸· ¢´¥´¨¥³
¸¶¥±É·µ¢ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° ± ± ´¥Î¥É´ÒÌ, É ± ¨ Î¥É´µ-Î¥É´ÒÌ Ö¤¥·.
�·¨ ÔÉµ³ ¨´É¥·¥¸ ¶·¥¤¸É ¢²ÖÕÉ Éµ²Ó±µ ´¨§±µ²¥¦ Ð¨¥ ±µ²²¥±É¨¢´Ò¥ ¢µ§¡Ê-
¦¤¥´¨Ö Î¥É´µ-Î¥É´ÒÌ Ö¤¥·. „²Ö ¨Ì µ¶¨¸ ´¨Ö ¡Ò²  · §· ¡µÉ ´  ³µ¤¥²Ó ¢§ ¨-
³µ¤¥°¸É¢ÊÕÐ¨Ì ¡µ§µ´µ¢. •µÉÖ ÔÉ  ³µ¤¥²Ó ¤µ¸É ÉµÎ´µ ¶µ¤·µ¡´µ · ¸¸³µÉ·¥´ 
¢ ²¨É¥· ÉÊ·¥, ³Ò ¶µ¸¢ÖÉ¨³ ¤ ´´Ò° · §¤¥² ¥¥ ±· É±µ³Ê µ¶¨¸ ´¨Õ, ¸ É¥³ ÎÉµ¡Ò
µ¡§µ· ¸µ¤¥·¦ ² ¢¸Õ ´¥µ¡Ìµ¤¨³ÊÕ ¨¸Ìµ¤´ÊÕ ¨´Ëµ·³ Í¨Õ.

Œµ¤¥²Ó ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ¡µ§µ´µ¢ (Œ‚�) Ö¢²Ö¥É¸Ö ¶·¨¡²¨¦¥´¨¥³ ±
µ¶¨¸ ´¨Õ Î¥É´µ-Î¥É´ÒÌ Ö¤¥· ¢ · ³± Ì µ¡µ²µÎ¥Î´µ° ³µ¤¥²¨ Ö¤· . Šµ´Ë¨£Ê-
· Í¨µ´´µ¥ ¶·µ¸É· ´¸É¢µ ¸µ¸ÉµÖ´¨° Ö¤¥·, ¨¸¶µ²Ó§Ê¥³µ¥ ¢ Œ‚�, ¸µ¸É ¢²Ö¥É
²¨ÏÓ ´¥¡µ²ÓÏÊÕ Î ¸ÉÓ ±µ´Ë¨£Ê· Í¨µ´´µ£µ ¶·µ¸É· ´¸É¢  µ¡µ²µÎ¥Î´µ° ³µ-
¤¥²¨, ÌµÉÖ ¨ ´ ¨¡µ²¥¥ ¢ ¦´ÊÕ Î ¸ÉÓ. �´µ ¸É·µ¨É¸Ö ¶·¨ ¶µ³µÐ¨ ±¢ ¤·Ê-
¶µ²Ó´ÒÌ (d) ¨ ³µ´µ¶µ²Ó´ÒÌ (s) ¡µ§µ´µ¢, ±µÉµ·Ò¥ Ê¤µ¢²¥É¢µ·ÖÕÉ ¸²¥¤ÊÕÐ¨³
±µ³³ÊÉ Í¨µ´´Ò³ ¸µµÉ´µÏ¥´¨Ö³:

[dµ, d+
ν ] = δµν , [dµ, dν ] = 0, (9)

[s, s+] = 1, [s, dµ] = [s, d+
µ ] = 0. (10)

‡¤¥¸Ó ¨´¤¥±¸Ò µ, ν ¶·¨´¨³ ÕÉ §´ Î¥´¨Ö −2, −1, 0, 1, 2. ’ ±¨³ µ¡· §µ³,
¡ §¨¸´Ò¥ ¢¥±Éµ·Ò ¸µ¸ÉµÖ´¨° ³µ£ÊÉ ¡ÒÉÓ µÌ · ±É¥·¨§µ¢ ´Ò ¶µ²´Ò³ Î¨¸²µ³
¡µ§µ´µ¢ N , · ¢´Ò³ ¸Ê³³¥ Î¨¸¥² s- ¨ d-¡µ§µ´µ¢, ¨ Î¨¸²µ³ d-¡µ§µ´µ¢. � ¸-
¸³µÉ·¨³ ´ ¡µ· ¡¨²¨´¥°´ÒÌ ±µ³¡¨´ Í¨° ¡µ§µ´´ÒÌ µ¶¥· Éµ·µ¢

d+
µ dµ, d+

µ s, s+dµ, s+s. (11)

‚¸¥£µ ¢ ÔÉµ³ ´ ¡µ·¥ 36 µ¶¥· Éµ·µ¢. Šµ³³ÊÉ Éµ· ²Õ¡ÒÌ ¤¢ÊÌ µ¶¥· Éµ·µ¢
¨§ ´ ¡µ·  (11) Ö¢²Ö¥É¸Ö µ¶¥· Éµ·µ³ ¨§ Éµ£µ ¦¥ ´ ¡µ· . ’ ±¨³ µ¡· §µ³, 36
µ¶¥· Éµ·µ¢ (11) µ¡· §ÊÕÉ  ²£¥¡·Ê. �Éµ Ê´¨É ·´ Ö  ²£¥¡·  ¢ Ï¥¸É¨³¥·´µ³
¶·µ¸É· ´¸É¢¥ U(6). Šµ²²¥±É¨¢´Ò° £ ³¨²ÓÉµ´¨ ´ Ö¤·  ³µ¦¥É ¡ÒÉÓ ¶µ¸É·µ¥´
± ± ¸Ê³³  Î²¥´µ¢, ²¨´¥°´ÒÌ ¨ ±¢ ¤· É¨Î´ÒÌ µÉ´µ¸¨É¥²Ó´µ µ¶¥· Éµ·µ¢ ¨§
(11), Ö¢²ÖÕÐ¨Ì¸Ö ·µÉ Í¨µ´´Ò³¨ ¨´¢ ·¨ ´É ³¨.

„²Ö ¶µ¸É·µ¥´¨Ö ¡ §¨¸  ¸µ¸ÉµÖ´¨°, ´¥µ¡Ìµ¤¨³µ£µ ¤²Ö ¤¨ £µ´ ²¨§ Í¨¨ £ -
³¨²ÓÉµ´¨ ´  ¨ ±² ¸¸¨Ë¨± Í¨¨ ¸µ¸ÉµÖ´¨°, ´Ê¦´µ ¢ÒÖ¢¨ÉÓ ¢¸¥ ¶µ¤ ²£¥¡·Ò
 ²£¥¡·Ò U(6), É.¥. ¢¸¥ ¶µ¤´ ¡µ·Ò µ¶¥· Éµ·µ¢ ¨§ (11), § ³±´ÊÉÒ¥ µÉ´µ¸¨-
É¥²Ó´µ ±µ³³ÊÉ Í¨µ´´ÒÌ ¸µµÉ´µÏ¥´¨°. �Éµ µ§´ Î ¥É, ÎÉµ ¥¸²¨ µ¶¥· Éµ·Ò X
¨ Y ¶·¨´ ¤²¥¦ É É ±µ³Ê ¶µ¤´ ¡µ·Ê, Éµ ¨Ì ±µ³³ÊÉ Éµ· [X, Y ] É ±¦¥ ¶·¨-
´ ¤²¥¦¨É ÔÉµ³Ê ¶µ¤´ ¡µ·Ê. „²Ö ¨¸¶µ²Ó§µ¢ ´¨Ö ¢ Ö¤¥·´µ° ¸¶¥±É·µ¸±µ¶¨¨
¢ ¦´µ, ÎÉµ¡Ò ÔÉ¨ Í¥¶µÎ±¨ ¶µ¤ ²£¥¡·  ²£¥¡·Ò U(6) ¢±²ÕÎ ²¨ O(3) Å  ²£¥¡·Ê
É·¥Ì³¥·´ÒÌ ¢· Ð¥´¨°, ¶µ¸±µ²Ó±Ê Ê£²µ¢µ° ³µ³¥´É Ö¢²Ö¥É¸Ö Ì · ±É¥·¨¸É¨±µ°
¸µ¸ÉµÖ´¨° Ö¤· .
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�¤´Ê ¨§ ¶µ¤ ²£¥¡· U(6) µ¡· §ÊÕÉ 25 µ¶¥· Éµ·µ¢ d+
µ dν . �Éµ  ²£¥¡·  U(5).

‘·¥¤¨ µ¶¥· Éµ·µ¢ ÔÉµ°  ²£¥¡·Ò 10 µ¶¥· Éµ·µ¢∑
µ,µ′

C2µ′

2µ1νd+
µ dµ′ , ν = −1, 0, 1 (12)

¨ ∑
µ,µ′

C2µ′

2µ3νd+
µ dµ′ , ν = −3,−2,−1, 0, 1, 2, 3 (13)

µ¡· §ÊÕÉ ¶µ¤ ²£¥¡·Ê U(5) Å £·Ê¶¶Ê µ·Éµ£µ´ ²Ó´ÒÌ ¶·¥µ¡· §µ¢ ´¨° ¢ ¶ÖÉ¨-
³¥·´µ³ ¶·µ¸É· ´¸É¢¥ O(5). ’·¨ µ¶¥· Éµ·  (12) µ¡· §ÊÕÉ ¶µ¤ ²£¥¡·Ê O(5).
�Éµ  ²£¥¡·  O(3). ˆ, ´ ±µ´¥Í, µ¶¥· Éµ·∑

µ,µ′

C2µ
2µ10d

+
µ dµ (14)

£¥´¥·¨·Ê¥É  ²£¥¡·Ê O(2) ¢· Ð¥´¨° ¢µ±·Ê£ µ¸¨ z. ’ ±¨³ µ¡· §µ³, ³Ò ¶µ²Ê-
Î¨²¨ ¶¥·¢ÊÕ ¨§ ¢µ§³µ¦´ÒÌ Í¥¶µÎ¥± ¶µ¤ ²£¥¡· U(6):

U(6) ⊃ U(5) ⊃ O(5) ⊃ O(3) ⊃ O(2). (15)

‘²¥¤ÊÕÐÊÕ Í¥¶µÎ±Ê ¶µ¤ ²£¥¡· ¶µ²ÊÎ¨ÉÓ É·Ê¤´¥¥, É ± ± ± µ´  ¢±²ÕÎ ¥É
²¨´¥°´Ò¥ ±µ³¡¨´ Í¨¨ µ¶¥· Éµ·µ¢ ¨§ (11). � ¸¸³µÉ·¨³ µ¶¥· Éµ·Ò

s+s +
∑

µ

d+
µ dµ, (16)

∑
µ,µ′

C2µ′

2µ1νd+
µ dµ′ , (17)

d+
ν s + s+(−1)νd−ν ±

√
7

2

∑
µ,µ′

C2ν
2µ2µ′d+

µ (−1)µ′
d−µ′ . (18)

ˆ¸¶µ²Ó§ÊÖ ±µ³³ÊÉ Í¨µ´´Ò¥ ¸µµÉ´µÏ¥´¨Ö (9), (10), ³µ¦´µ ¶µ± § ÉÓ, ÎÉµ 9
µ¶¥· Éµ·µ¢ (16)Ä(18) Ëµ·³¨·ÊÕÉ ¶µ¤ ²£¥¡·Ê. �Éµ  ²£¥¡·  U(3). �Éµ ÊÉ¢¥·-
¦¤¥´¨¥ ¸¶· ¢¥¤²¨¢µ ¤²Ö µ¡µ¨Ì §´ ±µ¢ ± ¢ (18). �¶¥· Éµ· (18) ¸¢Ö§ ´ ¸
±¢ ¤·Ê¶µ²Ó´µ° ¤¥Ëµ·³ Í¨¥° Ö¤· . �¶¥· Éµ· (17) Ö¢²Ö¥É¸Ö µ¶¥· Éµ·µ³ Ê£²µ-
¢µ£µ ³µ³¥´É ,   µ¶¥· Éµ· (16) Å µ¶¥· Éµ·µ³ ¶µ²´µ£µ Î¨¸²  ¡µ§µ´µ¢ N̂ . ’ ±
± ± ¢ Œ‚� ¶µ²´µ¥ Î¨¸²µ ¡µ§µ´µ¢ ¶µ² £ ¥É¸Ö · ¢´Ò³ ¶µ²µ¢¨´¥ Î¨¸²  ¢ ²¥´É-
´ÒÌ ´Ê±²µ´µ¢, Éµ N ¸µÌ· ´Ö¥É¸Ö. �µ ÔÉµ° ¶·¨Î¨´¥ Ê¤µ¡´¥¥ · ¸¸³ É·¨¢ ÉÓ
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´¥  ²£¥¡·Ê U(3),    ²£¥¡·Ê, ±µÉµ· Ö ´¥ ¸µ¤¥·¦¨É µ¶¥· Éµ· N̂ . �´  ¸µ¸Éµ¨É
¨§ ¢µ¸Ó³¨ µ¶¥· Éµ·µ¢ (17), (18). �Éµ  ²£¥¡·  SU(3) Å  ²£¥¡·  ¸¶¥Í¨ ²Ó´ÒÌ
Ê´¨É ·´ÒÌ ¶·¥µ¡· §µ¢ ´¨° ¢ É·¥Ì ¨§³¥·¥´¨ÖÌ. �µ¤ ²£¥¡· ³¨ SU(3) Ö¢²Ö-
ÕÉ¸Ö O(3) ¨ O(2). ’ ±¨³ µ¡· §µ³, ¢Éµ· Ö ¢µ§³µ¦´ Ö Í¥¶µÎ±  ¶µ¤ ²£¥¡·
¨³¥¥É ¢¨¤

U(6) ⊃ SU(3) ⊃ O(3) ⊃ O(2). (19)

� ¸¸³µÉ·¨³ É¥¶¥·Ó ¸²¥¤ÊÕÐ¨¥ 15 µ¶¥· Éµ·µ¢:∑
µ,µ′

C2µ′

2µ1νd+
µ dµ′ , (20)

∑
µ,µ′

C2µ′

2µ3νd+
µ dµ′ (21)

¨

d+
µ s + s+(−1)µdµ. (22)

�É¨ µ¶¥· Éµ·Ò µ¡· §ÊÕÉ  ²£¥¡·Ê O(6) Å  ²£¥¡·Ê µ·Éo£µ´ ²Ó´ÒÌ ¶·¥µ¡· -
§µ¢ ´¨° ¢ Ï¥¸É¨³¥·´µ³ ¶·µ¸É· ´¸É¢¥. �¥§ µ¶¥· Éµ·µ¢ (22) µ¸É ¢Ï¨¥¸Ö 10
µ¶¥· Éµ·µ¢ µ¡· §ÊÕÉ, ± ± ¨ ¢ÒÏ¥,  ²£¥¡·Ê O(5), ¶µ¤ ²£¥¡· ³¨ ±µÉµ·µ° Ö¢²Ö-
ÕÉ¸Ö O(3) ¨ O(2). ’ ±¨³ µ¡· §µ³, É·¥ÉÓÖ Í¥¶µÎ±  ¶µ¤ ²£¥¡· ¨³¥¥É ¢¨¤

U(6) ⊃ O(6) ⊃ O(5) ⊃ O(3) ⊃ O(2). (23)

Œµ¦´µ ¶µ± § ÉÓ, ÎÉµ Í¥¶µÎ±¨ ¶µ¤ ²£¥¡· (15), (19) ¨ (23) Ö¢²ÖÕÉ¸Ö ¥¤¨´-
¸É¢¥´´µ ¢µ§³µ¦´Ò³¨ Í¥¶µÎ± ³¨ ¶µ¤ ²£¥¡·, ¥¸²¨ ³Ò ÌµÉ¨³, ÎÉµ¡Ò  ²£¥¡· 
É·¥Ì³¥·´ÒÌ ¢· Ð¥´¨° O(3) ¡Ò²  ¢±²ÕÎ¥´  ¢ ÔÉ¨ Í¥¶µÎ±¨ ± ± ¶µ¤ ²£¥¡· .

‚ § ±²ÕÎ¥´¨¥ ¶·¨¢¥¤¥³ ¢¸¥ ¶µ²ÊÎ¥´´Ò¥ Í¥¶µÎ±¨ ¶µ¤ ²£¥¡· [29]:

U(6) ⊃ U(5) ⊃ O(5) ⊃ O(3) ⊃ O(2) (I), (24)

U(6) ⊃ SU(3) ⊃ O(3) ⊃ O(2) (II), (25)

U(6) ⊃ O(6) ⊃ O(5) ⊃ O(3) ⊃ O(2) (III). (26)

�¥·¥°¤¥³ ± · ¸¸³µÉ·¥´¨Õ £ ³¨²ÓÉµ´¨ ´ , ±µÉµ·Ò° ³µ¦¥É ¡ÒÉÓ ¶µ¸É·µ¥´
¢ · ³± Ì ³µ¤¥²¨ ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ¡µ§µ´µ¢. ‚ µ¡Ð¥³ ¸²ÊÎ ¥ £ ³¨²ÓÉµ´¨ ´
³µ¤¥²¨ ³µ¦¥É ¡ÒÉÓ ¤¨ £µ´ ²¨§µ¢ ´ Éµ²Ó±µ Î¨¸²¥´´µ. �¤´ ±µ ¥¸ÉÓ ´¥¸±µ²Ó±µ
¸¶¥Í¨ ²Ó´ÒÌ ¸²ÊÎ ¥¢, ±µ£¤  ·¥Ï¥´¨¥ ³µ¦¥É ¡ÒÉÓ ¶µ²ÊÎ¥´µ  ´ ²¨É¨Î¥¸±¨.
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�¨¸. 7. ’¨¶¨Î´Ò¥ ¸¶¥±É·Ò ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ-
¸ÉµÖ´¨° ¸¨¸É¥³Ò ¸ U(5) ¨ O(6) ¤¨´ ³¨Î¥-
¸±¨³¨ ¸¨³³¥É·¨Ö³¨ (·¥¤Ê±Í¨µ´´Ò¥ Í¥¶µÎ±¨
I ¨ III ¸µµÉ¢¥É¸É¢¥´´µ)

�Éµ ¸²ÊÎ ¨ ¤¨´ ³¨Î¥¸±¨Ì ¸¨³³¥É-
·¨°, ±µÉµ·Ò¥ ¨£· ÕÉ ¢ ¦´ÊÕ ·µ²Ó
¢ Œ‚�. �´¨ ¢µ§´¨± ÕÉ, ±µ£¤  £ -
³¨²ÓÉµ´¨ ´ ³µ¦¥É ¡ÒÉÓ § ¶¨¸ ´ ¢
¢¨¤¥ ²¨´¥°´µ° ±µ³¡¨´ Í¨¨ µ¶¥-
· Éµ·µ¢ Š §¨³¨·  µ¤´µ° ¨§ Í¥-
¶µÎ¥± ¶µ¤ ²£¥¡·, ¶·¨¢¥¤¥´´ÒÌ ¢
(24)Ä(26). ’ ± ± ± µ¶¥· Éµ·Ò Š -
§¨³¨·  ¤¨ £µ´ ²Ó´Ò ¢ § ¤ ´´µ°
Í¥¶µÎ±¥, ¨Ì ¸µ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö
µ¶·¥¤¥²ÖÕÉ ¸µ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö
£ ³¨²ÓÉµ´¨ ´ .

ƒ ³¨²ÓÉµ´¨ ´ ³µ¤¥²¨ ¢§ ¨-
³µ¤¥°¸É¢ÊÕÐ¨Ì ¡µ§µ´µ¢ ´ ¨¡µ-
²¥¥ µ¡Ð¥£µ ¢¨¤ , ¢±²ÕÎ ÕÐ¨°
¨ ¶µ¸ÉµÖ´´Ò¥ ¤²Ö ¤ ´´µ£µ Ö¤· 
Î²¥´Ò, ¢²¨ÖÕÐ¨¥ Éµ²Ó±µ ´  Ô´¥·-
£¨Õ µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö, ´µ ´¥
´  ¸¶¥±É· ¢µ§¡Ê¦¤¥´¨Ö, ³µ¦´µ § -
¶¨¸ ÉÓ ¸²¥¤ÊÕÐ¨³ µ¡· §µ³:

H = e0 + e1C1(U(6)) + e2C2(U(6)) + e3C1(U(5)) +

+e4C2(U(5)) + e5C2(O(5)) + e6C2(O(3)) +

+e7C2(SU(3)) + e8C2(O(6)), (27)

£¤¥ C1(...) ¨ C2(...) Ö¢²ÖÕÉ¸Ö ²¨´¥°´Ò³¨ ¨ ±¢ ¤· É¨Î´Ò³¨, ¸µµÉ¢¥É¸É¢¥´´µ,
µ¶¥· Éµ· ³¨ Š §¨³¨·  £·Ê¶¶, Ê± § ´´ÒÌ ¢ ¸±µ¡± Ì. �ÉµÉ £ ³¨²ÓÉµ´¨ ´
³µ¦´µ ¤¨ £µ´ ²¨§µ¢ ÉÓ Éµ²Ó±µ Î¨¸²¥´´µ, É ± ± ± µ¤´¨ ¨§ µ¶¥· Éµ·µ¢ Š -
§¨³¨·  ¢ (27) ¤¨ £µ´ ²Ó´Ò ¢ µ¤´µ° Í¥¶µÎ±¥ ¶µ¤£·Ê¶¶, ¤·Ê£¨¥ Å ¢ ¤·Ê£µ°.
�·¨¢¥¤¥³ ¢Ò· ¦¥´¨Ö ¤²Ö ¸µ¡¸É¢¥´´ÒÌ §´ Î¥´¨° µ¶¥· Éµ·µ¢ Š §¨³¨· , ¨¸-
¶µ²Ó§ÊÖ ±¢ ´Éµ¢Ò¥ Î¨¸²  Í¥¶µÎ¥± ¶µ¤£·Ê¶¶:

C1(U(6)) = N, (28)

C2(U(6)) = N(N + 5), (29)

C1(U(5)) = nd, (30)

C2(U(5)) = nd(nd + 4), (31)
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�¨¸. 8. ’¨¶¨Î´Ò¥ ¸¶¥±É·Ò ¢µ§¡Ê¦¤¥´-
´ÒÌ ¸µ¸ÉµÖ´¨° ¸¨¸É¥³Ò ¸ SU(3) ¤¨´ -
³¨Î¥¸±µ° ¸¨³³¥É·¨¥° (·¥¤Ê±Í¨µ´´ Ö Í¥-
¶µÎ±  II)

£¤¥ N Å ¶µ²´µ¥ Î¨¸²µ ¡µ§µ´µ¢,  
nd Å Î¨¸²µ ±¢ ¤·Ê¶µ²Ó´ÒÌ (d) ¡µ§µ-
´µ¢. �´¨ ¶·¨´¨³ ÕÉ ¸²¥¤ÊÕÐ¨¥ §´ -
Î¥´¨Ö:

N = 0, 1, 2, 3, ... (32)

nd = 0, 1, 2, ..., N − 1, N, (33)

C2(O(6)) = 2σ(σ + 4), (34)

C2(O(5)) = 2τ(τ + 3), (35)

C2(O(3)) = 2L(L + 1), (36)

C2(SU(3)) =
2
3
(λ2 + µ2 + λµ + 3λ + 3µ), (37)

£¤¥ L Å Ê£²µ¢µ° ³µ³¥´É,

σ = N, N − 2, ...1 ¨²¨ 0. (38)

‚ ·¥¤Ê±Í¨µ´´µ° Í¥¶µÎ±¥ I

τ = nd, nd − 2, ...1 ¨²¨ 0. (39)

‚ ·¥¤Ê±Í¨µ´´µ° Í¥¶µÎ±¥ III

τ = σ, σ − 1, ...1, 0. (40)

Š¢ ´Éµ¢Ò¥ Î¨¸²  λ ¨ µ ¶·¨´¨³ ÕÉ §´ Î¥´¨Ö

(λ, µ) = (2N, 0), (2N − 4, 2), (2N − 8, 4), ...
(2N − 6, 0), (2N − 10, 2), ...

(2N − 12, 0), ... . (41)

’¨¶¨Î´Ò¥ ¸¶¥±É·Ò, Ì · ±É¥·´Ò¥ ¤²Ö ·¥¤Ê±Í¨µ´´ÒÌ Í¥¶µÎ¥± IÄIII, ¶µ± § ´Ò
´  ·¨¸. 7, 8.

4. Œ�„…‹œ ‚‡�ˆŒ�„…‰‘’‚“�™ˆ• ��‡���‚ ˆ ”…�Œˆ���‚

‚ ³µ¤¥²¨ ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ¡µ§µ´µ¢ ¨ Ë¥·³¨µ´µ¢, ¶·¥¤²µ¦¥´´µ° ¤²Ö
µ¶¨¸ ´¨Ö ¸É·Ê±ÉÊ·Ò ´¥Î¥É´ÒÌ Ö¤¥·, ´ ·Ö¤Ê ¸ ¡µ§µ´´Ò³¨ µ¶¥· Éµ· ³¨ ¶·¨ ¶µ-
¸É·µ¥´¨¨ £ ³¨²ÓÉµ´¨ ´  ¨¸¶µ²Ó§ÊÕÉ¸Ö ¨ µ¶¥· Éµ·Ò ·µ¦¤¥´¨Ö ¨ Ê´¨ÎÉµ¦¥´¨Ö
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Ë¥·³¨µ´µ¢: a+
jm ¨ ajm. ‡¤¥¸Ó j Å ÔÉµ ¶µ²´Ò° Ê£²µ¢µ° ³µ³¥´É Ë¥·³¨µ´ ,

m Å ¥£µ ¶·µ¥±Í¨Ö. �¶¥· Éµ· Ê´¨ÎÉµ¦¥´¨Ö Ë¥·³¨µ´  ajm ¶·¨ ¢· Ð¥´¨¨
¸¨¸É¥³Ò ±µµ·¤¨´ É ¶·¥µ¡· §Ê¥É¸Ö ´¥ É ±, ± ± µ¶¥· Éµ· ·µ¦¤¥´¨Ö Ë¥·³¨µ´ 
a+

jm. �µÔÉµ³Ê ¢ · ¸¸³µÉ·¥´¨¥ ¢¢µ¤¨É¸Ö ¨ µ¶¥· Éµ· ãjm:

ãjm = (−1)j−maj−m, (42)

Ê ±µÉµ·µ£µ É· ´¸Ëµ·³ Í¨µ´´Ò¥ ¸¢µ°¸É¢  É¥ ¦¥, ÎÉµ ¨ Ê µ¶¥· Éµ·  a+
jm.

�¶¥· Éµ·Ò a+
jm, ajm Ê¤µ¢²¥É¢µ·ÖÕÉ ¸²¥¤ÊÕÐ¨³ ±µ³³ÊÉ Í¨µ´´Ò³ ¨  ´-

É¨±µ³³ÊÉ Í¨µ´´Ò³ ¸µµÉ´µÏ¥´¨Ö³:

{a+
jm, aj′m′} = δjj′δmm′, {a+

jm, a+
j′m′} = {ajm, aj′m′} = 0, (43)

[dµ, a+
jm] = [dµ, ajm] = [s, a+

jm] = [s, ajm] = 0. (44)

�¸É ¢Ï¨¥¸Ö ¸µµÉ´µÏ¥´¨Ö ³µ¦´µ ¶µ²ÊÎ¨ÉÓ ¸ ¶µ³µÐÓÕ µ¶¥· Í¨¨ Ô·³¨Éµ¢ 
¸µ¶·Ö¦¥´¨Ö.

ƒ ³¨²ÓÉµ´¨ ´ ³µ¤¥²¨ ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ¡µ§µ´µ¢ ¨ Ë¥·³¨µ´µ¢ ´ ¨¡µ-
²¥¥ µ¡Ð¥£µ ¢¨¤  ¸µ¸Éµ¨É ¨§ É·¥Ì ¸² £ ¥³ÒÌ, µ¶¨¸Ò¢ ÕÐ¨Ì ¡µ§µ´Ò (HB),
Ë¥·³¨µ´Ò (HF ) ¨ ¨Ì ¢§ ¨³µ¤¥°¸É¢¨¥ (VBF ):

H = HB + HF + VBF . (45)

�·¥¤¶µ² £ ¥É¸Ö, ÎÉµ £ ³¨²ÓÉµ´¨ ´ ¸µÌ· ´Ö¥É ± ± ¶µ²´µ¥ Î¨¸²µ ¡µ§µ´µ¢, É ± ¨
Î¨¸²µ Ë¥·³¨µ´µ¢. � §²¨Î´Ò¥ Î ¸É¨ £ ³¨²ÓÉµ´¨ ´  ¨³¥ÕÉ ¸²¥¤ÊÕÐÊÕ ¸É·Ê±-
ÉÊ·Ê:

HB = εss
+s + εd

∑
µ

d+
µ dµ +

∑
L,M

CL(d+d+)LM (dd)LM +

+f
(
(d+d+)00ss + s+s+(dd)00

)
+

+g
(
(d+d+)2µdµs + s+d+

µ (dd)2µ

)
, (46)

HF =
∑
jm

Eja
+
jmajm +

∑
(j1j2|VL|j′1j′2)(a+

j1
a+

j2
)LM (aj′1

aj′2
)LM , (47)

VBF =
∑

vjj′ ;J(d+a+
j )JM (daj′ )JM + s+s

∑
jm

λja
+
jmajm +

+
∑

ξjj′

(
(d+a+

j )j′m′aj′m′s + s+a+
j′m′(daj)j′m′

)
. (48)
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� ¸¸³µÉ·¨³ ´ ¡µ· ¡¨²¨´¥°´ÒÌ Ë¥·³¨µ´´ÒÌ µ¶¥· Éµ·µ¢ a+
jmaj′m′ . �É¨ µ¶¥-

· Éµ·Ò Ê¤µ¢²¥É¢µ·ÖÕÉ ¸²¥¤ÊÕÐ¨³ ±µ³³ÊÉ Í¨µ´´Ò³ ¸µµÉ´µÏ¥´¨Ö³:

[a+
jmaj′m′ , a+

inai′n′ ] = δj′iδm′na+
jmai′n′ − δi′jδn′ma+

inaj′m′ (49)

¢³¥¸É¥ ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨ Éµ¦¤¥¸É¢ ³¨ Ÿ±µ¡¨. �´¨ Ö¢²ÖÕÉ¸Ö £¥´¥· Éµ· ³¨
Ê´¨É ·´µ°  ²£¥¡·Ò · §³¥·´µ¸É¨ n: U(n). ‚¥²¨Î¨´  n =

∑
ji

(2ji + 1) ³µ¦¥É
¡ÒÉÓ ¤µ¸É ÉµÎ´µ ¡µ²ÓÏµ°. � ¶·¨³¥·, ¥¸²¨ ´¥Î¥É´ Ö Î ¸É¨Í  § ´¨³ ¥É µ¤¨´
¨§ Ê·µ¢´¥° ´µ·³ ²Ó´µ° Î¥É´µ¸É¨, ¶·¨´ ¤²¥¦ Ð¨° µ¸Í¨²²ÖÉµ·´µ° µ¡µ²µÎ±¥
¸ £² ¢´Ò³ ±¢ ´Éµ¢Ò³ Î¨¸²µ³ N = 4, É.¥. µ¤¨´ ¨§ Ê·µ¢´¥° d5/2, g7/2, s1/2 ¨
d3/2, Éµ n = 20. ‚ ¸²ÊÎ ¥ µ¸Í¨²²ÖÉµ·´µ° µ¡µ²µÎ±¨ ¸ N = 5 ¨³¥¥³ n = 30.
’ ±¨³ µ¡· §µ³, ´ ¡µ· ¡¨²¨´¥°´ÒÌ Ë¥·³¨µ´´ÒÌ µ¶¥· Éµ·µ¢ a+

jmaj′m′ ¨³¥¥É
¤µ¸É ÉµÎ´µ ¸²µ¦´ÊÕ  ²£¥¡· ¨Î¥¸±ÊÕ ¸É·Ê±ÉÊ·Ê. ‚ É¥µ·¨¨ Ö¤¥·´µ° ¸É·Ê±ÉÊ·Ò
¢ · ³± Ì ³µ¤¥²¨ ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ¡µ§µ´µ¢ ¨ Ë¥·³¨µ´µ¢ · ¸¸³ É·¨¢ ÕÉ¸Ö,
¢ µ¸´µ¢´µ³, ¤¢  ±² ¸¸   ²£¥¡· ¨Î¥¸±¨Ì ¸É·Ê±ÉÊ·.

‚ ¶¥·¢µ³ ±² ¸¸¥ · ¸¸³ É·¨¢ ÕÉ¸Ö ·¥¤Ê±Í¨µ´´Ò¥ Í¥¶µÎ±¨ ¨¸Ìµ¤´µ°  ²-
£¥¡·Ò U(n), ¸µ¤¥·¦ Ð¨¥  ²£¥¡·Ê SU(4), ¨§µ³µ·Ë´ÊÕ ¸¶¨´µ·´µ°  ²£¥¡·¥
Spin(6). � ¶·¨³¥·,

U(20) ⊃ Spin(6) ≈ O(6) ≈ SU(4) ⊃ Spin(5)
⊃ Spin(3) ≈ SU(2) ⊃ Spin(2) ≈ O(2). (50)

‚ ÔÉµ³ ¸²ÊÎ ¥ Ë¥·³¨µ´´ Ö  ²£¥¡·  Spin(6) ³µ¦¥É ¡ÒÉÓ µ¡Ñ¥¤¨´¥´  ¸ · ¸-
¸³µÉ·¥´´µ° ¢ ¶·¥¤Ò¤ÊÐ¥³ · §¤¥²¥ ¡µ§µ´´µ°  ²£¥¡·µ° O(6). ‚ ·¥§Ê²ÓÉ É¥
¶µ²ÊÎ ¥É¸Ö µ¡Ñ¥¤¨´¥´´ Ö ¡µ§µ´-Ë¥·³¨µ´´ Ö  ²£¥¡· .

‚Éµ·µ° ±² ¸¸ ¶·¥¤¸É ¢²Ö¥É ´ ¨¡µ²ÓÏ¨° ¨´É¥·¥¸ ¸ ÉµÎ±¨ §·¥´¨Ö ¶µ¸²¥-
¤ÊÕÐ¥£µ · ¸¸³µÉ·¥´¨Ö ¸Ê¶¥·¸¨³³¥É·¨¨. �ÉµÉ ±² ¸¸ ³µ¦´µ ¶µ²ÊÎ¨ÉÓ ¸²¥-
¤ÊÕÐ¨³ µ¡· §µ³. �·¥¤¸É ¢¨³ Ê£²µ¢µ° ³µ³¥´É Ë¥·³¨µ´  j ¢ ¢¨¤¥ ¢¥±Éµ·-
´µ° ¸Ê³³Ò Í¥²µÎ¨¸²¥´´µ£µ ¶¸¥¢¤µµ·¡¨É ²Ó´µ£µ ³µ³¥´É  l̃ ¨ ¶¸¥¢¤µ¸¶¨´ 
s̃ = 1/2 [30,31]. �µÎ¥³Ê ¢ · ¸¸³µÉ·¥´¨¥ ¢¢µ¤¨É¸Ö ¶¸¥¢¤µµ·¡¨É ²Ó´Ò° Ê£²µ¢µ°
³µ³¥´É,   ´¥ µ¡ÒÎ´Ò° Ê£²µ¢µ° ³µ³¥´É ´Ê±²µ´ ? �·¨Î¨´  ¸µ¸Éµ¨É ¢ ¸²¥¤Ê-
ÕÐ¥³. ‘¶¨´-µ·¡¨É ²Ó´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ ´Ê±²µ´µ¢ ¢ Ö¤· Ì ¢¥¸Ó³  ¸¨²Ó´µ¥.
�µÔÉµ³Ê ¢ ÉÖ¦¥²ÒÌ Ö¤· Ì ¸¶¨´-µ·¡¨É ²Ó´Ò¥ ¤Ê¡²¥ÉÒ · ¸Ð¥¶²¥´Ò ´ ¸Éµ²Ó±µ,
ÎÉµ ¶·¨´ ¤²¥¦ É · §´Ò³ Ö¤¥·´Ò³ µ¡µ²µÎ± ³. � ¶·¨³¥·, µ¤´µÎ ¸É¨Î´Ò° Ê·µ-
¢¥´Ó g9/2 ¶·¨´ ¤²¥¦¨É µ¡µ²µÎ±¥ 28Ä50,   g7/2 Å µ¡µ²µÎ±¥ 50Ä82. „·Ê£µ°
¶·¨³¥·: µ¤´µÎ ¸É¨Î´Ò° Ê·µ¢¥´Ó h11/2 ¶·¨´ ¤²¥¦¨É µ¡µ²µÎ±¥ 50Ä82,   h9/2

¢Ìµ¤¨É ¢ ¸µ¸É ¢ µ¡µ²µÎ±¨ 82Ä126. ‚ Éµ ¦¥ ¢·¥³Ö Ê¦¥ ¤ ¢´µ ¡Ò²µ µÉ³¥Î¥´µ,
ÎÉµ Ê·µ¢´¨ ¶·¥µ¡² ¤ ÕÐ¥° Î¥É´µ¸É¨ ¸ l1, j1 ¨ l2 = l1 + 2, j2 = j1 + 1 µÎ¥´Ó
¡²¨§±¨ ¶µ Ô´¥·£¨¨ ¨ ¨Ì ³µ¦´µ · ¸¸³ É·¨¢ ÉÓ ± ± ¶·¨´ ¤²¥¦ Ð¨¥ ¤Ê¡²¥ÉÊ
¸ l̃ = l1 + 1 ¨ j1 = l̃ − 1/2,   j2 = l̃ + 1/2. �·¨³¥· ³¨ Ö¢²ÖÕÉ¸Ö ¸²¥¤ÊÕ-
Ð¨¥ ¤Ê¡²¥ÉÒ. ‚ µ¡µ²µÎ±¥ 50Ä82: d5/2, g7/2(l̃ = 3), s1/2, d3/2(l̃ = 1). ‚

µ¡µ²µÎ±¥ 82Ä126: f7/2, h9/2(l̃ = 4), p3/2, f5/2(l̃ = 2) ¨ ¶¸¥¢¤µµ·¡¨É ²Ó´Ò°
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¸¨´£²¥É p1/2(l̃ = 0). Œ ² Ö ¢¥²¨Î¨´  · ¸Ð¥¶²¥´¨Ö ¶¸¥¢¤µµ·¡¨É ²Ó´ÒÌ ¤Ê-
¡²¥Éµ¢ µ§´ Î ¥É, ÎÉµ ¶¸¥¢¤µ¸¶¨´-µ·¡¨É ²Ó´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ ¢ µÉ²¨Î¨¥ µÉ
µ¡ÒÎ´µ£µ ¸¶¨´-µ·¡¨É ²Ó´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö Ö¢²Ö¥É¸Ö ¸² ¡Ò³.

ˆÉ ±, µ¶¥· Éµ·Ò ·µ¦¤¥´¨Ö (¨, ¸µµÉ¢¥É¸É¢¥´´µ, Ê´¨ÎÉµ¦¥´¨Ö) Ë¥·³¨µ´µ¢
³µ£ÊÉ ¡ÒÉÓ ¶·¥¤¸É ¢²¥´Ò ¸²¥¤ÊÕÐ¨³ µ¡· §µ³:

a+
jm =

∑
µ,σ

Cjm

l̃µ1/2σ
a+

l̃µ,1/2σ
. (51)

‚ ·¥§Ê²ÓÉ É¥  ²£¥¡·  U
(
n =

∑
ji

(2ji + 1)
)

³µ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´  ¢ ¢¨¤¥
¶·Ö³µ£µ ¶·µ¨§¢¥¤¥´¨Ö

U

(
n =

∑
ji

(2ji + 1)
)

⊃ U

(
nl̃ =

∑
l̃i

(2l̃i + 1)
)
⊗ U(2). (52)

� ¶·¨³¥·, ¥¸²¨ ³Ò · ¸¸³ É·¨¢ ¥³ ¸²ÊÎ °, ±µ£¤  j ¶·¨´¨³ ¥É §´ Î¥´¨Ö
1/2 ¨ 3/2, ¤²Ö ¶µ¸É·µ¥´¨Ö ¡ §¨¸  Ë¥·³¨µ´´ÒÌ ¸µ¸ÉµÖ´¨° ³Ò ³µ¦¥³
¨¸¶µ²Ó§µ¢ ÉÓ ±¢ ´Éµ¢Ò¥ Î¨¸²  ¸²¥¤ÊÕÐ¥° ·¥¤Ê±Í¨µ´´µ° Í¥¶µÎ±¨  ²£¥¡·Ò

U
(∑

ji
(2ji + 1)

)
= U(6):

U(6) ⊃ SUl̃(3) ⊗ SUs̃(2) ⊃ Ol̃(3) ⊗ SUs̃(2) ⊃ SUJ(2) ⊃ OJ(2). (53)

ˆ´¤¥±¸Ò l̃, s̃ ¨ J ¢ (53) Ê± §Ò¢ ÕÉ ´  Éµ, ÎÉµ ¸µµÉ¢¥É¸É¢ÊÕÐ Ö £·Ê¶¶  ¶·¥µ¡· -
§µ¢ ´¨° ¸¢Ö§ ´  ¸ ¶¸¥¢¤µµ·¡¨É ²Ó´Ò³ ³µ³¥´Éµ³, ¶¸¥¢¤µ¸¶¨´µ³ ¨²¨ ¶µ²´Ò³
Ê£²µ¢Ò³ ³µ³¥´Éµ³.

‘¥°Î ¸ ³Ò ³µ¦¥³ ¶¥·¥°É¨ ± · ¸¸³µÉ·¥´¨Õ ¸¢Ö§ ´´ÒÌ ¡µ§µ´-Ë¥·³¨µ´´ÒÌ
 ²£¥¡·, ±µÉµ·Ò¥ ¨¸¶µ²Ó§ÊÕÉ¸Ö ¤²Ö ±² ¸¸¨Ë¨± Í¨¨ ¸µ¸ÉµÖ´¨° ¡µ§µ´-Ë¥·³¨µ´-
´ÒÌ ¸¨¸É¥³. � ¶·¨³¥·, ´¥Î¥É´ÒÌ, ´¥Î¥É´µ-´¥Î¥É´ÒÌ Ö¤¥· ¨²¨ ¸µ¸ÉµÖ´¨°
Î¥É´µ-Î¥É´ÒÌ Ö¤¥· ¸ ¤¢Ê³Ö ¨ ¡µ²¥¥ ±¢ §¨Î ¸É¨Í ³¨. ‘µ¸ÉµÖ´¨Ö ¡µ§µ´´µ° ¸¨-
¸É¥³Ò ³µ£ÊÉ ¡ÒÉÓ µÌ · ±É¥·¨§µ¢ ´Ò ±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨ µ¤´µ° ¨§ ·¥¤Ê±Í¨-
µ´´ÒÌ Í¥¶µÎ¥±  ²£¥¡·Ò UB(6). ‘µ¸ÉµÖ´¨Ö ¸¨¸É¥³Ò Ë¥·³¨µ´µ¢ ³µ£ÊÉ ¡ÒÉÓ
±² ¸¸¨Ë¨Í¨·µ¢ ´Ò ¸ ¶µ³µÐÓÕ ±¢ ´Éµ¢ÒÌ Î¨¸¥² µ¤´µ° ¨§ ·¥¤Ê±Í¨µ´´ÒÌ Í¥-
¶µÎ¥±  ²£¥¡·Ò UF (nF ), £¤¥ nF =

∑
ji

(2ji + 1). �²£¥¡· , µ¶¨¸Ò¢ ÕÐ Ö
¸¢Ö§ ´´ÊÕ ¸¨¸É¥³Ê ¡µ§µ´µ¢ ¨ Ë¥·³¨µ´µ¢, Ö¢²Ö¥É¸Ö ¶·Ö³Ò³ ¶·µ¨§¢¥¤¥´¨¥³
¤¢ÊÌ  ²£¥¡· UB(6) ⊗ UF (nF ). …¸²¨ ± ±¨¥-Éµ ¨§  ²£¥¡· ¢ ¤¢ÊÌ ·¥¤Ê±Í¨µ´-
´ÒÌ Í¥¶µÎ± Ì ¸µ¢¶ ¤ ÕÉ ¨²¨ ¨§µ³µ·Ë´Ò, Éµ µ´¨ ³µ£ÊÉ ¡ÒÉÓ µ¡Ñ¥¤¨´¥´Ò ¨
µ¡· §ÊÕÉ µ¡ÐÊÕ ¡µ§µ´-Ë¥·³¨µ´´ÊÕ  ²£¥¡·Ê. …¸²¨ ¢ µ¡Ð¥³ ¸²ÊÎ ¥ ¡µ§µ´Ò
Ì · ±É¥·¨§ÊÕÉ¸Ö ¸ ¶µ³µÐÓÕ Í¥¶µÎ±¨  ²£¥¡·:

UB(6) ⊃ G′B ⊃ G′′B ⊃ ..., (54)

  Ë¥·³¨µ´Ò ¸ ¶µ³µÐÓÕ ¤·Ê£µ° Í¥¶µÎ±¨

UF (nF ) ⊃ G′F ⊃ G′′F ⊃ ..., (55)
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Éµ ¸¢Ö§ ´´ Ö ¸¨¸É¥³  ³µ¦¥É ¡ÒÉÓ µ¶¨¸ ´  ¸ ¶µ³µÐÓÕ ¸²¥¤ÊÕÐ¥° ·¥Ï¥É±¨
 ²£¥¡·:

UB(6) ⊗ UF (nF )
↓ ↘ a a ↙ ↓

G′B GBF G′F

↓ ↘ b b ↙ ↓
... G′BF

...
↓
...

(56)

— ¸Éµ ¸ÊÐ¥¸É¢Ê¥É ´¥¸±µ²Ó±µ ¶ÊÉ¥°, ´  ±µÉµ·ÒÌ ¡µ§µ´´ Ö ¨ Ë¥·³¨µ´´ Ö  ²-
£¥¡·Ò ¸¢Ö§Ò¢ ÕÉ¸Ö ¢ ¥¤¨´ÊÕ ¡µ§µ´-Ë¥·³¨µ´´ÊÕ  ²£¥¡·Ê ¶·¨ Éµ° ¦¥ ¸ ³µ°
·¥Ï¥É±¥  ²£¥¡·. ‚ (56) µ´¨ µ¡µ§´ Î¥´Ò ¨´¤¥±¸ ³¨ a, b,... .

‚ ¸²ÊÎ ¥ ¶¸¥¢¤µ¸¶¨´µ¢µ°  ²£¥¡·Ò ·¥Ï¥É±   ²£¥¡· ¢Ò£²Ö¤¨É ´¥¸±µ²Ó±µ
¨´ Î¥, É ± ± ±  ²£¥¡·  UF (nF ) · ¸Ð¥¶²Ö¥É¸Ö ¸´ Î ²  ´  ¶¸¥¢¤µµ·¡¨É ²Ó´ÊÕ
¨ ¶¸¥¢¤µ¸¶¨´µ¢ÊÕ  ²£¥¡·Ò:

UF (nF ) ⊃ UF (1/2nF ) ⊗ UF (2). (57)

�Éµ ¢¥¤¥É ± ¸²¥¤ÊÕÐ¥° ·¥Ï¥É±¥  ²£¥¡·:

UB(6) ⊗ UF (nF )
| ↓
| UF (1/2nF ) ⊗UF (2)
↓ ↘ a a ↙ ↓

G′B GBF G′F

↓ ↘ b b ↙ ↓
... G′BF

...
↓
...

(58)

ƒ¥´¥· Éµ· ³¨ ¸¢Ö§ ´´ÒÌ ¡µ§µ´-Ë¥·³¨µ´´ÒÌ  ²£¥¡· Ö¢²ÖÕÉ¸Ö ²¨´¥°´Ò¥ ±µ³-
¡¨´ Í¨¨ £¥´¥· Éµ·µ¢ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¡µ§µ´´ÒÌ ¨ Ë¥·³¨µ´´ÒÌ  ²£¥¡·.

�·µÍ¥¤Ê·  µ¡Ñ¥¤¨´¥´¨Ö ¡µ§µ´´µ° ¨ Ë¥·³¨µ´´µ°  ²£¥¡· Ö¢²Ö¥É¸Ö µ¡µ¡Ð¥-
´¨¥³ ¨§¢¥¸É´µ° ¶·µÍ¥¤Ê·Ò ¸¢Ö§¨ Ê£²µ¢ÒÌ ³µ³¥´Éµ¢. � ¶·¨³¥·, ¥¸²¨ ¸´ Î ² 
³Ò ¨³¥¥³ ¡µ§µ´´ÊÕ  ²£¥¡·Ê OB(3), £¥´¥· Éµ· ³¨ ±µÉµ·µ° Ö¢²ÖÕÉ¸Ö ±µ³-
¶µ´¥´ÉÒ µ¶¥· Éµ·  Ê£²µ¢µ£µ ³µ³¥´É  Lµ, ¨ Ë¥·³¨µ´´ÊÕ  ²£¥¡·Ê SUF (2),
£¥´¥· Éµ· ³¨ ±µÉµ·µ° Ö¢²ÖÕÉ¸Ö ±µ³¶µ´¥´ÉÒ µ¶¥· Éµ·  ¸¶¨´µ¢µ£µ ³µ³¥´É 
Sµ, Éµ ³µ¦´µ ¸Ëµ·³¨·µ¢ ÉÓ µ¡Ñ¥¤¨´¥´´ÊÕ  ²£¥¡·Ê SUBF (2), £¥´¥· Éµ· ³¨
±µÉµ·µ° Ö¢²ÖÕÉ¸Ö ±µ³¶µ´¥´ÉÒ µ¶¥· Éµ·  ¶µ²´µ£µ Ê£²µ¢µ£µ ³µ³¥´É  Jµ:

Jµ = Lµ + Sµ. (59)



242 „†�‹�‘ �.‚.

�µ¸²¥ Éµ£µ ± ±  ²£¥¡· ¨Î¥¸± Ö ¸É·Ê±ÉÊ·  (·¥Ï¥É±   ²£¥¡·) µ¶·¥¤¥²¥´ , ³µ¦´µ
¶µ¸É·µ¨ÉÓ ¸µµÉ¢¥É¸É¢ÊÕÐ¨° ¡ §¨¸. �ÉµÉ ¡ §¨¸ ¡Ê¤¥É Ì · ±É¥·¨§µ¢ ÉÓ¸Ö ±¢ ´-
Éµ¢Ò³¨ Î¨¸² ³¨, µ¶¨¸Ò¢ ÕÐ¨³¨ ¶·¥¤¸É ¢²¥´¨Ö  ²£¥¡· ¢ Í¥¶¨. �µ¸É·µ¥´´Ò°
É ±¨³ µ¡· §µ³ ¡ §¨¸ ³µ¦¥É ¡ÒÉÓ ¨¸¶µ²Ó§µ¢ ´ ¤²Ö Î¨¸²¥´´µ° ¤¨ £µ´ ²¨§ Í¨¨
£ ³¨²ÓÉµ´¨ ´ . Š·µ³¥ Éµ£µ, ÔÉµÉ ¡ §¨¸ Ö¢²Ö¥É¸Ö  ´ ²¨É¨Î¥¸±¨³ ·¥Ï¥´¨¥³ ¢
¸²ÊÎ ÖÌ, ´ §Ò¢ ¥³ÒÌ ¤¨´ ³¨Î¥¸±¨³¨ ¸¨³³¥É·¨Ö³¨, ±µ£¤  £ ³¨²ÓÉµ´¨ ´ ³µ-
¦¥É ¡ÒÉÓ § ¶¨¸ ´ ¢ ¢¨¤¥ ²¨´¥°´µ° ±µ³¡¨´ Í¨¨ µ¶¥· Éµ·µ¢ Š §¨³¨·  C É¥Ì
 ²£¥¡·, ±µÉµ·Ò¥ ¸µ¤¥·¦ É¸Ö ¢ ·¥¤Ê±Í¨µ´´µ° Í¥¶µÎ±¥ ¨¸Ìµ¤´µ°  ²£¥¡·Ò. � -
¶·¨³¥·, ¢ ¸²ÊÎ ¥ ·¥¤Ê±Í¨µ´´µ° Í¥¶µÎ±¨ b (56):

H = E0 + αC(UB) + βC(UF ) + α′C(G′B) +

+β′C(G′F ) + γC(C′′BF ) + ... (60)

5. ”��Œ�‹œ��… ‘��‚�…�ˆ… ‘“�…�‘ˆŒŒ…’�ˆˆ ‚ Œ�„…‹ˆ
Ÿ„…���‰ ‘’�“Š’“�›, ��‡ˆ�“�™…‰‘Ÿ �� ƒ�“��… U(6/2),

ˆ ‚ Š‚��’�‚�‰ ’…��ˆˆ ��‹Ÿ

� ¸¸³µÉ·¨³ ¤µ¸É ÉµÎ´µ ¶·µ¸ÉÊÕ ¸¨¸É¥³Ê [32], ¸µ¸ÉµÖÐÊÕ ¨§ ´¥Î¥É´µ£µ
´Ê±²µ´ , ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥£µ ¸ ¡µ§µ´ ³¨. �¥¸³µÉ·Ö ´  ¶·µ¸ÉµÉÊ, É ± Ö ¸¨-
¸É¥³ , ± ± ÔÉµ ¡Ê¤¥É ¢¨¤´µ ¨§ ¶·¨¢¥¤¥´´µ£µ ´¨¦¥ ¶·¨³¥· , µ¶¨¸Ò¢ ¥É ¸¶¥±É·Ò
´¨§±µ²¥¦ Ð¨Ì ¸µ¸ÉµÖ´¨° ´¥±µÉµ·ÒÌ Ö¤¥·. �·¥¤¶µ²µ¦¨³, ÎÉµ ´Ê±²µ´ ³µ¦¥É
´ Ìµ¤¨ÉÓ¸Ö Éµ²Ó±µ ¢ ¸µ¸ÉµÖ´¨¨ ¸ Ê£²µ¢Ò³ ³µ³¥´Éµ³ j = 1/2 (´ ¶·¨³¥·,
p1/2). ‘ ÊÎ¥Éµ³ Éµ£µ, ÎÉµ Î¥É´µ-Î¥É´Ò° µ¸Éµ¢ µ¶¨¸Ò¢ ¥É¸Ö £ ³¨²ÓÉµ´¨ ´µ³,
µ¸´µ¢ ´´Ò³ ´   ²£¥¡·¥ U(6), £ ³¨²ÓÉµ´¨ ´ ¡µ§µ´-Ë¥·³¨µ´´µ° ¸¨¸É¥³Ò ¡Ê-
¤¥É ¡ §¨·µ¢ ÉÓ¸Ö ´   ²£¥¡·¥ U(6/(2j + 1) = 2). „²Ö ´ Î ²  ¶µ± ¦¥³, ± ±
¶·¨³¥·, £ ³¨²ÓÉµ´¨ ´, ¨³¥ÕÐ¨° ¡µ²¥¥ ¶·µ¸ÉÊÕ ¸É·Ê±ÉÊ·Ê, ±µÉµ·Ò° ³µ¦´µ
· ¸¸³ É·¨¢ ÉÓ ± ± ¢¢¥¤¥´¨¥ ¤²Ö ¡µ²¥¥ ¸²µ¦´µ£µ ¸²ÊÎ Ö.

�·µ¸É¥°Ï¨° £ ³¨²ÓÉµ´¨ ´ ¸¨¸É¥³Ò, ¸µ¸ÉµÖÐ¥° ¨§ ´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì
³µ´µ¶µ²Ó´ÒÌ s-¡µ§µ´µ¢ ¨ Ë¥·³¨µ´  ¸µ ¸¶¨´µ³ 1/2 ¨ ¸¶¨· ²Ó´µ¸ÉÓÕ, Ö¢²ÖÕ-
Ð¥°¸Ö Ìµ·µÏ¨³ ±¢ ´Éµ¢Ò³ Î¨¸²µ³, ¨³¥¥É ¢¨¤

H = ε(a+
1
2

1
2
a 1

2
1
2

+ s+s). (61)

�Éµ ¸É ´¤ ·É´Ò° ¶·¨³¥· ¨§ ÊÎ¥¡´¨±  [33], ¸ ¶µ³µÐÓÕ ±µÉµ·µ£µ ³µ¦´µ ¶·µ-
¨²²Õ¸É·¨·µ¢ ÉÓ ³´µ£¨¥ Î¥·ÉÒ ¸Ê¶¥·¸¨³³¥É·¨¨. �¤´ ±µ ÔÉµÉ £ ³¨²ÓÉµ´¨ ´ ´¥
µ¡² ¤ ¥É ¢· Ð É¥²Ó´µ° ¸¨³³¥É·¨¥° ¨ ´¥ ·¥ ²¨§Ê¥É¸Ö ¢ Ö¤¥·´µ° Ë¨§¨±¥. �·µ-
¸É¥°Ï¥¥ · ¸Ï¨·¥´¨¥ É ±µ£µ £ ³¨²ÓÉµ´¨ ´ , µ¡² ¤ ÕÐ¥¥ ·µÉ Í¨µ´´µ° ¸¨³-
³¥É·¨¥°, ¨³¥¥É ¸²¥¤ÊÕÐ¨° ¢¨¤:

H = ε(a+
1
2

1
2
a 1

2
1
2

+ a+
1
2−

1
2
a 1

2−
1
2

+ s+s). (62)
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‘Ê¶¥·µ¶¥· Éµ· ³¨, ±µ³³ÊÉ¨·ÊÕÐ¨³¨ ¸ £ ³¨²ÓÉµ´¨ ´µ³ (62), Ö¢²ÖÕÉ¸Ö µ¶¥-
· Éµ·Ò a+

1
2

1
2
s ¨ a+

1
2−

1
2
s. �´¨ ¶·¥µ¡· §ÊÕÉ µ¤´¨ ¸µ¡¸É¢¥´´Ò¥ ¸µ¸ÉµÖ´¨Ö £ -

³¨²ÓÉµ´¨ ´  (62) ¢ ¤·Ê£¨¥, ±µÉµ·Ò¥ ¨³¥ÕÉ ´  µ¤¨´ Ë¥·³¨µ´ ¡µ²ÓÏ¥, ´µ ÉÊ
¦¥ ¸ ³ÊÕ Ô´¥·£¨Õ ¢µ§¡Ê¦¤¥´¨Ö.

‘¤¥² ¥³ ¥Ð¥ µ¤¨´ Ï £ ¨ ¢¢¥¤¥³ ¢ · ¸¸³µÉ·¥´¨¥ £ ³¨²ÓÉµ´¨ ´, ¨¸¶µ²Ó§Ê-
¥³Ò° ¢ Ö¤¥·´µ° Ë¨§¨±¥. �ÉµÉ £ ³¨²ÓÉµ´¨ ´ ¸µ¤¥·¦¨É ´¥ Éµ²Ó±µ ³µ´µ¶µ²Ó´Ò¥
s-¡µ§µ´Ò, ´µ ¨ ±¢ ¤·Ê¶µ²Ó´Ò¥ d-¡µ§µ´Ò. �Ê¤¥³ · ¸¸³ É·¨¢ ÉÓ ¸¨¸É¥³Ê ¢ ¶·¥-
¤¥²¥ U(5) ¤¨´ ³¨Î¥¸±µ° ¸¨³³¥É·¨¨, ±µ£¤  Î¨¸²  s- ¨ d-¡µ§µ´µ¢ ¸µÌ· ´ÖÕÉ¸Ö
¶µ µÉ¤¥²Ó´µ¸É¨. ‚ ÔÉµ³ ¶·¥¤¥²¥ £ ³¨²ÓÉµ´¨ ´ ¨³¥¥É ¢¨¤

H = ε(NF + Ns) + Hd, (63)

£¤¥ Ns ≡ s+s ¨ NF ≡
∑

m a+
1/2ma1/2m Ö¢²ÖÕÉ¸Ö µ¶¥· Éµ· ³¨ Î¨¸²  s-¡µ§µ´µ¢

¨ Ë¥·³¨µ´µ¢ ¸µµÉ¢¥É¸É¢¥´´µ, ¨

Hd = εd

∑
µ

d+
µ dµ +

∑
L=0,2,4

CL(d+d+)LM (dd)LM . (64)

‘Ê¶¥·µ¶¥· Éµ·Ò, ±µ³³ÊÉ¨·ÊÕÐ¨¥ ¸ £ ³¨²ÓÉµ´¨ ´µ³ (63), ¨³¥ÕÉ ¢¨¤

P1/2m = a+
1/2ms, P+

1/2m = s+a1/2m, (65)

[H, P1/2m] = [H, P+
1/2m] = 0. (66)

� ¸¸³µÉ·¨³ £· ¤Ê¨·µ¢ ´´ÊÕ  ²£¥¡·Ê, ¸µ¤¥·¦ ÐÊÕ µ¶¥· Éµ·Ò P1/2m ¨ P+
1/2m.

�´É¨±µ³³ÊÉ Éµ· ¸Ê¶¥·µ¶¥· Éµ·µ¢ ¨³¥¥É ¢¨¤

{P1/2m, P+
1/2m′} = δmm′(Ns +

1
2
NF ) −

√
2(−1)1/2+m′

C1η
1/2m1/2−m′S1η, (67)

£¤¥ S1η Å µ¶¥· Éµ· ¸¶¨´  Ë¥·³¨µ´µ¢:

S1η =
√

3
2

∑
m,m′

C
1/2m′

1/2m1ηa+
1/2m′a1/2m, (68)

  Caα
bβcγ Å ±µÔËË¨Í¨¥´É Š²¥¡Ï Äƒµ·¤ ´ . �¸É ²Ó´Ò¥  ´É¨±µ³³ÊÉ Éµ·Ò ¨³¥ÕÉ

¢¨¤

{P+
1/2m, P+

1/2m′} = {P1/2m, P1/2m′} = 0. (69)

�¶¥· Éµ·Ò Ns ¨ NF ±µ³³ÊÉ¨·ÊÕÉ ¤·Ê£ ¸ ¤·Ê£µ³ ¨ ¸ S1η. �¶¥· Éµ·
S1η Ê¤µ¢²¥É¢µ·Ö¥É µ¡ÒÎ´Ò³ ±µ³³ÊÉ Í¨µ´´Ò³ ¸µµÉ´µÏ¥´¨Ö³ ¤²Ö ±µ³¶µ´¥´É
µ¶¥· Éµ·  ¸¶¨´ 

[S1η, S1η′ ] =
√

2C1η“
1η′1ηS1η′′ . (70)
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� ±µ´¥Í, · ¸¸³µÉ·¨³ ±µ³³ÊÉ Í¨µ´´Ò¥ ¸µµÉ´µÏ¥´¨Ö µ¶¥· Éµ·µ¢ Ns, NF

¨ S1η ¸ ¸Ê¶¥·µ¶¥· Éµ· ³¨ P1/2m ¨ P+
1/2m:

[
P1/2m, Ns

]
= P1/2m, (71)

[
P1/2m, NF

]
= −P1/2m, (72)

[
P1/2m, S1η

]
=

√
3

2
C

1/2m′

1/2m1ηP1/2m′ . (73)

�¶¥· Éµ·Ò P1/2m, P+
1/2m, Ns, NF ¨ S1η µ¡· §ÊÕÉ £· ¤Ê¨·µ¢ ´´ÊÕ  ²£¥-

¡·Ê U(1/2), ¨ £ ³¨²ÓÉµ´¨ ´ (63) µÉ¢¥Î ¥É ¸²¥¤ÊÕÐ¥° ·¥¤Ê±Í¨µ´´µ° Í¥¶µÎ±¥:

U(6/2) ⊃ U(5) ⊗ U(1/2). (74)

ŒÊ²ÓÉ¨¶²¥ÉÒ ¸µ¡¸É¢¥´´ÒÌ ¸µ¸ÉµÖ´¨° £ ³¨²ÓÉµ´¨ ´  (63) ¸ µ¤¨´ ±µ¢µ° Ô´¥·-
£¨¥° ¢µ§¡Ê¦¤¥´¨Ö ¢±²ÕÎ ÕÉ ¸µ¸ÉµÖ´¨Ö ¸ · §²¨Î´Ò³¨ Î¨¸² ³¨ Ë¥·³¨µ´µ¢.
�µ ÔÉµ° ¶·¨Î¨´¥ µ´¨ ´ §Ò¢ ÕÉ¸Ö ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É ³¨. ‘ ¶µ³µÐÓÕ ¸Ê¶¥·-
µ¶¥· Éµ·µ¢ P1/2m, P+

1/2m ³Ò ³µ¦¥³ É· ´¸Ëµ·³¨·µ¢ ÉÓ µ¤¨´ Î²¥´ ¸Ê¶¥·³Ê²Ó-
É¨¶²¥É  ¢ ¤·Ê£µ° ¸ ¨´Ò³ Î¨¸²µ³ Ë¥·³¨µ´µ¢. ‚¸¥ ¸µ¡¸É¢¥´´Ò¥ ¸µ¸ÉµÖ´¨Ö,
¶·¨´ ¤²¥¦ Ð¨¥ µ¤´µ³Ê ¨ Éµ³Ê ¦¥ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥ÉÊ, ³µ£ÊÉ ¡ÒÉÓ ¶µ²ÊÎ¥´Ò
¶µ¢Éµ·´Ò³ ¶·¨³¥´¥´¨¥³ ¸Ê¶¥·µ¶¥· Éµ·µ¢ P 1

2
1
2

¨ P 1
2−

1
2

± ¡ §¨¸´µ³Ê ¸µ¸Éµ-

Ö´¨Õ |ns, nd〉, £¤¥ ns ¨ nd Å Î¨¸²  s- ¨ d-¡µ§µ´µ¢ ¸µµÉ¢¥É¸É¢¥´´µ. ’ ±¨³
µ¡· §µ³, ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É ¢±²ÕÎ ¥É ¸²¥¤ÊÕÐ¨¥ ¸µ¸ÉµÖ´¨Ö:

|ns, nd〉 ≡ (s+)ns{(d+)nd}IM |0〉,
P 1

2
1
2
|ns, nd〉,

P 1
2−

1
2
|ns, nd〉,

P 1
2

1
2
P 1

2−
1
2
|ns, nd〉. (75)

‚ÒÏ¥ ¸µ¸ÉµÖ´¨¥ |ns, nd〉 Ö¢²Ö¥É¸Ö  ´ ²µ£µ³ ±²¨ËËµ·¤µ¢¸±µ£µ (Ë¥·³¨µ´´µ£µ)
¢ ±ÊÊ³  ¸Ê¶¥·¸¨³³¥É·¨Î´ÒÌ ³µ¤¥²¥° ¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö. �·¨³¥·Ò ¸Ê-
¶¥·³Ê²ÓÉ¨¶²¥Éµ¢ ¶·¨¢¥¤¥´Ò ¢ É ¡². 1. ƒ²Ö¤Ö ´  ÔÉ¨ ¶·¨³¥·Ò, ³µ¦´µ µ¡´ -
·Ê¦¨ÉÓ ¨´É¥·¥¸´µ¥ ¸µµÉ´µÏ¥´¨¥ ³¥¦¤Ê ¶µ²´Ò³ Î¨¸²µ³ ¡µ§µ´´ÒÌ ¸µ¸ÉµÖ´¨°
(±µÉµ·µ¥ ¢±²ÕÎ ¥É ¶µ µ¶·¥¤¥²¥´¨Õ ¸µ¸ÉµÖ´¨¥ ¡¥§ Ë¥·³¨µ´µ¢,   É ±¦¥ ¸µ¸Éµ-
Ö´¨Ö ¸ Î¥É´Ò³ Î¨¸²µ³ Ë¥·³¨µ´µ¢) ¨ ¶µ²´Ò³ Î¨¸²µ³ Ë¥·³¨µ´´ÒÌ ¸µ¸ÉµÖ´¨°
(É.¥. ¸µ¸ÉµÖ´¨° ¸ ´¥Î¥É´Ò³ Î¨¸²µ³ Ë¥·³¨µ´µ¢) ¢ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É¥. ‚ ¸Ê¶¥·-
³Ê²ÓÉ¨¶²¥É Ì, ¢±²ÕÎ ÕÐ¨Ì ¸µ¸ÉµÖ´¨Ö ¸ Î¨¸²µ³ s-¡µ§µ´µ¢, · ¢´Ò³ ¨²¨ ¶·¥-
¢ÒÏ ÕÐ¨³ ¤¢ , ¶µ²´µ¥ Î¨¸²µ Ë¥·³¨µ´´ÒÌ ¸µ¸ÉµÖ´¨° · ¢´µ ¶µ²´µ³Ê Î¨¸²Ê
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¡µ§µ´´ÒÌ ¸µ¸ÉµÖ´¨° (¸ ÊÎ¥Éµ³ ¢¸¥Ì ¢µ§³µ¦´ÒÌ ¶·µ¥±Í¨° ¶µ²´µ£µ Ê£²µ¢µ£µ
³µ³¥´É ). ‚ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É¥, ¢±²ÕÎ ÕÐ¥³ ¸µ¸ÉµÖ´¨Ö ¸ Î¨¸²µ³ s-¡µ§µ´µ¢,
· ¢´Ò³ ¥¤¨´¨Í¥, ¶µ²´µ¥ Î¨¸²µ Ë¥·³¨µ´´ÒÌ ¸µ¸ÉµÖ´¨° · ¢´µ Ê¤¢µ¥´´µ³Ê Î¨-
¸²Ê ¡µ§µ´´ÒÌ ¸µ¸ÉµÖ´¨°. �¨¦¥ ¡Ê¤¥É ¶·¨¢¥¤¥´µ Ëµ·³ ²Ó´µ¥ ¤µ± § É¥²Ó¸É¢µ
ÔÉµ£µ ¸µµÉ´µÏ¥´¨Ö.

•µ·µÏµ ¨§¢¥¸É´Ò° ¶·¨³¥· ¶·¨¡²¨¦¥´´µ° ¸Ê¶¥·¸¨³³¥É·¨¨ ¢ Ö¤¥·´µ°
Ë¨§¨±¥, ¸µµÉ¢¥É¸É¢ÊÕÐ¨° £ ³¨²ÓÉµ´¨ ´Ê (63), ¶·¨¢¥¤¥´ ¢ [7]. �ÉµÉ ¸Ê¶¥·-
³Ê²ÓÉ¨¶²¥É ¢±²ÕÎ ¥É É·¨ Ö¤· : 102

44 Ru58 (Ns + Nd = 7, NF = 0), 103
45 Rh58

(Ns + Nd = 6, NF = 1),   É ±¦¥ ¤¢ÊÌ±¢ §¨Î ¸É¨Î´Ò¥ ¸µ¸ÉµÖ´¨Ö 104
46 Pd58

(Ns + Nd = 5, NF = 2). �¤´ ±µ Ô±¸¶¥·¨³¥´É ²Ó´ Ö ¨´Ëµ·³ Í¨Ö µ ¤¢ÊÌ±¢ -
§¨Î ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨ÖÌ ¢ 104Pd ´¥¤µ¸É ÉµÎ´ . ‚µ§³µ¦´Ò³ ± ´¤¨¤ Éµ³ ´  ³¥-
¸Éµ ´¨¦ °Ï¥£µ ¸µ¸ÉµÖ´¨Ö 104Pd, ¶·¨´ ¤²¥¦ Ð¥£µ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥ÉÊ, Ö¢²Ö¥É¸Ö
¸µ¸ÉµÖ´¨¥ 0+ (1793 ±Ô‚), ¶µ²ÊÎ¥´´µ¥ ¶·¨ ¡¥É -· ¸¶ ¤¥ 104Ru (log ft = 5, 5).
�±¸¶¥·¨³¥´ÉÒ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ·¥ ±Í¨¨ 103Rh(3He,d) ³µ£²¨ ¡Ò ¶·µÖ¸´¨ÉÓ
¸¨ÉÊ Í¨Õ. ‚ ÔÉµ³ ¶·¨³¥·¥ ´¥Î¥É´Ò° ¶·µÉµ´ § ¸¥²Ö¥É µ¤´µÎ ¸É¨Î´µ¥ ¸µ¸ÉµÖ-
´¨¥ p1/2. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¸¶¥±É·Ò ¶µ± § ´Ò ´  ·¨¸.1. �  ÔÉµ³ ·¨¸Ê´±¥
¤¢ÊÌ±¢ §¨Î ¸É¨Î´µ¥ 0+ ¢µ§¡Ê¦¤¥´´µ¥ ¸µ¸ÉµÖ´¨¥ 104Pd ¶µ³¥Ð¥´µ ¶·¨ Éµ° ¦¥
Ô´¥·£¨¨, ÎÉµ ¨ µ¸´µ¢´Ò¥ ¸µ¸ÉµÖ´¨Ö 102Ru ¨ 103Rh, É ± ± ± ¢ É¥µ·¨¨ ¸É·Ê±ÉÊ·Ò
Ö¤·  ¶µ¤Ìµ¤, µ¸´µ¢ ´´Ò° ´  ¸Ê¶¥·¸¨³³¥É·¨¨, ¨³¥¥É ¤¥²µ Éµ²Ó±µ ¸ Ô´¥·£¨Ö³¨,
µÉ¸Î¨É ´´Ò³¨ µÉ´µ¸¨É¥²Ó´µ ´¨¦ °Ï¥£µ ¸µ¸ÉµÖ´¨Ö ¤ ´´µ£µ Ö¤· , ¶·¨´ ¤²¥¦ -
Ð¥£µ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥ÉÊ. �µ Éµ° ¦¥ ¶·¨Î¨´¥ ¢ (63) ¶¥·¥¤ NF ¨ Ns ¸Éµ¨É µ¤¨´
¨ ÉµÉ ¦¥ ±µÔËË¨Í¨¥´É. ‘µµÉ¢¥É¸É¢ÊÕÐ¨° ¶µ²´Ò° £ ³¨²ÓÉµ´¨ ´, ¢±²ÕÎ Õ-
Ð¨° ¶µ²´Ò¥ Ô´¥·£¨¨, ¨³¥¥É ¢¨¤

H̄ = E0 + εF NF + εsNs + Hd, (76)

£¤¥ E0 Å ±µ´¸É ´É . �µ ¥¸²¨ ¨´É¥·¥¸µ¢ ÉÓ¸Ö Éµ²Ó±µ Ô´¥·£¨Ö³¨ ¢µ§¡Ê¦¤¥-
´¨Ö, Éµ H̄ Ô±¢¨¢ ²¥´É¥´ (63). �Éµ ³µ¦´µ Ê¢¨¤¥ÉÓ, ¶¥·¥¶¨¸ ¢ H̄ ¸²¥¤ÊÕÐ¨³
µ¡· §µ³:

H̄ = E0 + (εF − εs)NF + εs(NF + Ns) + Hd. (77)

�¥·¢Ò¥ ¤¢  Î²¥´  ¢ (77) ´¥ ¢²¨ÖÕÉ ´  Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö, ¶µ¸±µ²Ó±Ê NF

¶µ¸ÉµÖ´´µ ¤²Ö § ¤ ´´µ£µ Ö¤· . �µÔÉµ³Ê ÔÉ¨ ¤¢  ¸² £ ¥³ÒÌ µ¶ÊÐ¥´Ò ¢ (63).
ˆ§ ·¨¸.1 ¢¨¤´µ, ÎÉµ ¢ 102Ru ¨ 103Rh ¸Ê¶¥·¸¨³³¥É·¨Ö ¶·¨¡²¨¦¥´´ Ö. „²Ö

²ÊÎÏ¥£µ µ¶¨¸ ´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ´¥µ¡Ìµ¤¨³µ ¢±²ÕÎ¨ÉÓ ¢ £ -
³¨²ÓÉµ´¨ ´ Î²¥´, ´ ·ÊÏ ÕÐ¨° ¸Ê¶¥·¸¨³³¥É·¨Õ. �´ ³µ¦¥É ¨³¥ÉÓ ¸²¥¤ÊÕ-
Ð¨° ¢¨¤:

Hbreak = αNs · NF + βLd · S, (78)

£¤¥ Ld =
√

10(d+d̃)1 Å µ¶¥· Éµ· µ·¡¨É ²Ó´µ£µ ³µ³¥´É  ¡µ§µ´µ¢.
‘· ¢´¨³ É¥¶¥·Ó ±µ³³ÊÉ Í¨µ´´Ò¥ ¨  ´É¨±µ³³ÊÉ Í¨µ´´Ò¥ ¸µµÉ´µÏ¥´¨Ö

µ¶¥· Éµ·µ¢, Ëµ·³¨·ÊÕÐ¨Ì  ²£¥¡·Ê U(1/2), ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨ ¸µµÉ´µÏ¥-
´¨Ö³¨ µ¶¥· Éµ·µ¢ ¢ ¸Ê¶¥·¸¨³³¥É·¨Î´ÒÌ ³µ¤¥²ÖÌ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö. �Éµ
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¸· ¢´¥´¨¥ ¶·µ¤¥³µ´¸É·¨·Ê¥É ¸Ìµ¤¸É¢µ ³¥¦¤Ê ¤¢Ê³Ö ´ ¡µ· ³¨ ¸µµÉ´µÏ¥´¨°,
´µ É ±¦¥ ¨ ´¥±µÉµ·µ¥ · §²¨Î¨¥ ³¥¦¤Ê ´¨³¨. ‘Ìµ¤¸É¢µ ¡Ê¤¥É ¨¸¶µ²Ó§µ¢ ´µ ¢
¤ ²Ó´¥°Ï¥³ ¤²Ö ¶µ²ÊÎ¥´¨Ö Ëµ·³ ²Ó´µ£µ ¸µµÉ´µÏ¥´¨Ö ³¥¦¤Ê Î¨¸² ³¨ ¡µ§µ´-
´ÒÌ ¨ Ë¥·³¨µ´´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É Ì. ‚ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö
¸Ê¶¥·§ ·Ö¤Ò,  ´ ²µ£¨Î´Ò¥ ´ Ï¨³ µ¶¥· Éµ· ³ P1/2m ¨ P+

1/2m, µ¡µ§´ Î ÕÉ¸Ö

± ± QL
α ¨ (QL

α)+, £¤¥ α Ö¢²Ö¥É¸Ö ¸¶¨´µ·´Ò³ ¨´¤¥±¸µ³,   L ¸¢Ö§ ´ ¸ ¢´Ê-
É·¥´´¥° £·Ê¶¶µ° ¸¨³³¥É·¨¨. �É¨ µ¶¥· Éµ·Ò ±µ³³ÊÉ¨·ÊÕÉ ¸ Î¥ÉÒ·¥Ì³¥·´Ò³
²µ·¥´Íe¢¸±¨³ ¨³¶Ê²Ó¸µ³ Pµ:[

QL
α, Pµ

]
=

[
(QL

α)+, Pµ

]
= 0 (79)

¨, ¸²¥¤µ¢ É¥²Ó´µ, ±µ³³ÊÉ¨·ÊÕÉ ¸ £ ³¨²ÓÉµ´¨ ´µ³, Ö¢²ÖÕÐ¨³¸Ö ±µ³¶µ´¥´Éµ°
Pµ ¸ µ = 0.

�´É¨±µ³³ÊÉ Éµ· ¸Ê¶¥·§ ·Ö¤µ¢{
QL

α, (QM
β )+

}
= 2δLM

∑
µ

σµ
αβPµ, (80)

£¤¥ σµ Å ³ É·¨Í  „¨· ± . ‚Éµ·µ°  ´É¨±µ³³ÊÉ Éµ·{
QL

α, QM
β

}
= 0. (81)

‚ ¤µ¶µ²´¥´¨¥ ± ¸Ê¶¥·§ ·Ö¤ ³ QL
α, (QL

α)+ ¨ Î¥ÉÒ·¥Ì³¥·´µ³Ê ²µ·¥´Í¥¢-
¸±µ³Ê ¨³¶Ê²Ó¸Ê Pµ ¸Ê¶¥·¸¨³³¥É·¨Î´Ò¥ ³µ¤¥²¨ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö ¢±²Õ-
Î ÕÉ É ±¦¥ ¡µ§µ´´Ò¥ µ¶¥· Éµ·Ò, Ëµ·³¨·ÊÕÐ¨¥  ²£¥¡·Ê ‹¨ ¢´ÊÉ·¥´´¥° ¸¨³-
³¥É·¨¨. �¡µ§´ Î¨³ ¨Ì Bl. �´¨ Ê¤µ¢²¥É¢µ·ÖÕÉ ¸É ´¤ ·É´Ò³ ±µ³³ÊÉ Í¨µ´´Ò³
¸µµÉ´µÏ¥´¨Ö³

[Bl, Bm] = i
∑

k

flmkBk, (82)

£¤¥ flmk Å ¸É·Ê±ÉÊ·´Ò¥ ±µ´¸É ´ÉÒ. Šµ³³ÊÉ Í¨µ´´Ò¥ ¸µµÉ´µÏ¥´¨Ö µ¶¥· Éµ-
·µ¢ Bl ¨ ¸Ê¶¥·§ ·Ö¤µ¢ ¨³¥ÕÉ ¢¨¤[

QL
α, Bl

]
= i

∑
M

ALM
l QM

α . (83)

ŒÒ ³µ¦¥³ ¸· ¢´¨ÉÓ ÔÉ¨ ¸µµÉ´µÏ¥´¨Ö ¸ É¥³¨, ±µÉµ·Ò¥ ¶µ²ÊÎ¥´Ò ¤²Ö µ¶¥· -
Éµ·µ¢, Ëµ·³¨·ÊÕÐ¨Ì  ²£¥¡·Ê U(1/2) ¢ É¥µ·¨¨ ¸É·Ê±ÉÊ·Ò Ö¤· . �Éµ ¸¤¥² ´µ
´¨¦¥, £¤¥ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¸µµÉ´µÏ¥´¨Ö ¸¢Ö§ ´Ò ¤¢ÊÌ¸Éµ·µ´´¨³¨ ¸É·¥²± ³¨:

P1/2m ⇐⇒ QL
α, H ⇐⇒ Pµ, (84)

Ns − NF , S1η ⇐⇒ Bl, (85)
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P1/2m, H

]
= 0 ⇐⇒

[
QL

α, Pµ

]
= 0, (86)

{
P1/2m′ , P+

1/2m

}
= δmm′

(
Ns +

1
2
NF

)
+
√

3
∑

η

C
1/2m′

1/2m1ηS1η

⇐⇒
{
QL

α, (QM
β )+

}
= 2δLM

∑
µ

σµ
αβPµ, (87)

{
P1/2m, P1/2m′

}
= 0 ⇐⇒

{
QL

α, QM
β

}
= 0, (88)

[S1η, S1η′ ] =
√

2C1η′′

1η′1ηS1η′′ ⇐⇒ [Bl, Bm] = i
∑

k

flmkBk, (89)

[
P1/2m, Ns

]
= P1/2m,

[
P1/2m, NF

]
= −P1/2m,

[
P1/2m, S1η

]
= −

√
3

2
C

1/2m′

1/2m1ηP1/2m′ ⇐⇒
[
QL

α, Bl

]
= i

∑
M

ALM
l QM

α . (90)

‹¥£±µ Ê¢¨¤¥ÉÓ ¸Ìµ¤¸É¢µ ³¥¦¤Ê  ´ ²µ£¨Î´Ò³¨ ¸µµÉ´µÏ¥´¨Ö³¨ ¢ ±¢ ´Éµ¢µ°
É¥µ·¨¨ ¶µ²Ö ¨ ¢ É¥µ·¨¨ ¸É·Ê±ÉÊ·Ò Ö¤· . �Éµ ¸Ìµ¤¸É¢µ µÎ¥¢¨¤´µ ¤²Ö ¸µµÉ´µ-
Ï¥´¨° (86) ¨ (88)Ä(90). �É³¥É¨³, µ¤´ ±µ, ´¥±µÉµ·µ¥ · §²¨Î¨¥ ¢ ¸É·Ê±ÉÊ·¥
¢Ò· ¦¥´¨°  ´É¨±µ³³ÊÉ Éµ·µ¢ ¢ (87). �´µ µ¡Ê¸²µ¢²¥´µ · §´µ° ¸É·Ê±ÉÊ·µ°
¡µ§µ´´ÒÌ  ²£¥¡· ¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö ¨ ¢ Ö¤¥·´µ³ ¸²ÊÎ ¥, ±µÉµ·µ¥ µÉ· -
¦ ¥É¸Ö ¨ ¢ ¸µµÉ´µÏ¥´¨¨ ³¥¦¤Ê Î¨¸² ³¨ ¡µ§µ´´ÒÌ ¨ Ë¥·³¨µ´´ÒÌ ¸µ¸ÉµÖ´¨° ¢
¸Ê¶¥·³Ê²ÓÉ¨¶²¥É Ì. Š ± ¨ ¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö, ÔÉµ ¸µµÉ´µÏ¥´¨¥ ³µ¦¥É
¡ÒÉÓ ¶µ²ÊÎ¥´µ Ê³´µ¦¥´¨¥³ µ¡¥¨Ì Î ¸É¥°  ´É¨±µ³³ÊÉ Éµ·  (67) ´  (−1)NF ¨
¢§ÖÉ¨¥³ Ï¶Ê· . ‘²¥¢  ³Ò ¶µ²ÊÎ ¥³

Tr
(
(−1)NF P1/2mP+

1/2m′ + (−1)NF P+
1/2m′P1/2m

)
=

= Tr
(
(−1)NF P1/2mP+

1/2m′ + P1/2m(−1)NF P+
1/2m′

)
=

= Tr
(
(−1)NF P1/2mP+

1/2m′ − (−1)NF P1/2mP+
1/2m′

)
= 0. (91)

‚ÒÏ¥ ³Ò ¨¸¶µ²Ó§µ¢ ²¨ ¨´¢ ·¨ ´É´µ¸ÉÓ Ï¶Ê·  µÉ´µ¸¨É¥²Ó´µ Í¨±²¨Î¥¸±µ°
¶¥·¥¸É ´µ¢±¨ µ¶¥· Éµ·µ¢ ¨ ±µ³³ÊÉ Í¨µ´´Ò¥ ¸µµÉ´µÏ¥´¨Ö (71), (72). ’ ±
± ± ¸µµÉ´µÏ¥´¨¥ (67) ³µ¦¥É ¡ÒÉÓ § ¶¨¸ ´µ

{P1/2m, P+
1/2m′} = δmm′s+s + a+

1/2ma1/2m′ , (92)

Éµ, ¶µ² £ Ö m = m′ ¨ ¸Ê³³¨·ÊÖ ¶µ m, ¶µ²ÊÎ ¥³

Tr
(
(−1)N̂F (2N̂s + N̂F )

)
= 0. (93)
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“· ¢´¥´¨¥ (93) ¸µ¤¥·¦¨É ¸µµÉ´µÏ¥´¨¥ ³¥¦¤Ê Î¨¸² ³¨ ¡µ§µ´´ÒÌ ¨ Ë¥·³¨µ´-
´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É¥. —Éµ¡Ò ¶µ± § ÉÓ ÔÉµ, ¶¥·¥¶¨Ï¥³ Ï¶Ê· ¢
(93) ¢ Ö¢´µ³ ¢¨¤¥ ± ± ¸Ê³³Ê ¤¨ £µ´ ²Ó´ÒÌ ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ µ¶¥· Éµ· 
¢ ±·Ê£²ÒÌ ¸±µ¡± Ì. ’ ± ± ± ¸Ê¶¥·µ¶¥· Éµ· ¸²¥¢  ¢ (92) ¨³¥¥É ´¥´Ê²¥¢Ò¥
³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ Éµ²Ó±µ ³¥¦¤Ê ¸µ¸ÉµÖ´¨Ö³¨, ¶·¨´ ¤²¥¦ Ð¨³¨ µ¤´µ³Ê ¨
Éµ³Ê ¦¥ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥ÉÊ, ¸Ê³³¨·µ¢ ´¨¥ ¢ (93) µ£· ´¨Î¨¢ ¥É¸Ö Éµ²Ó±µ ÔÉ¨³¨
¸µ¸ÉµÖ´¨Ö³¨ ∑

a∈¸Ê¶¥·³Ê²ÓÉ¨¶²¥É

〈a|(−1)N̂F (2N̂s + N̂F )|a〉 = 0. (94)

‚ (94) ¨´¤¥±¸ a ¢±²ÕÎ ¥É Éµ²Ó±µ ¡µ§µ´´Ò¥ ¸µ¸ÉµÖ´¨Ö, É.¥. ¸µ¸ÉµÖ´¨Ö ¡¥§ Ë¥·-
³¨µ´µ¢ ¨²¨ ¸ ¤¢Ê³Ö Ë¥·³¨µ´ ³¨, ¨ Ë¥·³¨µ´´Ò¥ ¸µ¸ÉµÖ´¨Ö, É.¥. ¸µ¸ÉµÖ´¨Ö ¸
µ¤´¨³ Ë¥·³¨µ´µ³. ’ ± ± ± ¢ ´ Ï¥³ ¸²ÊÎ ¥ ¤¢  Ë¥·³¨µ´  ³µ£ÊÉ ¨³¥ÉÓ Éµ²Ó±µ
´Ê²¥¢µ° ¶µ²´Ò° Ê£²µ¢µ° ³µ³¥´É, Éµ Î¨¸²µ ¸µ¸ÉµÖ´¨° ¡¥§ Ë¥·³¨µ´µ¢ · ¢´µ
Î¨¸²Ê ¸µ¸ÉµÖ´¨° ¸ ¤¢Ê³Ö Ë¥·³¨µ´ ³¨. ‘²¥¤µ¢ É¥²Ó´µ, ± ¦¤µ¥ ¨§ ÔÉ¨Ì Î¨-
¸¥² · ¢´µ ¶µ²µ¢¨´¥ ¶µ²´µ£µ Î¨¸²  ¡µ§µ´´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É¥.
ŒÒ µ¡µ§´ Î¨³ ¶µ²´µ¥ Î¨¸²µ ¡µ§µ´´ÒÌ ¸µ¸ÉµÖ´¨° Î¥·¥§ nB . �Ê¸ÉÓ nF ¡Ê¤¥É
¶µ²´Ò³ Î¨¸²µ³ Ë¥·³¨µ´´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É¥. „²Ö ¸Ê¶¥·³Ê²Ó-
É¨¶²¥É  ¸ Ns + NF ≡ Nmax

s ≥ 2 ³Ò ¶µ²ÊÎ ¥³ ¨§ (94)

1
2
nB · 2Nmax

s − nF (2(Nmax
s − 1) + 1) +

1
2
nB (2(Nmax

s − 2) + 2) =

= (nB − nF )(2Nmax
s − 1) = 0. (95)

’ ±¨³ µ¡· §µ³, ¤²Ö ¸Ê¶¥·³Ê²ÓÉ¨¶²¥Éµ¢ ¸ Nmax
s ≥ 2 nB = nF . ‚ÒÏ¥ Nmax

s

Ö¢²Ö¥É¸Ö ³ ±¸¨³ ²Ó´µ ¢µ§³µ¦´Ò³ Î¨¸²µ³ s-¡µ§µ´µ¢ ¢ ¸µ¸ÉµÖ´¨ÖÌ, ¶·¨´ ¤-
²¥¦ Ð¨Ì ¸Ê¶¥·³Ê²ÓÉ¨¶²¥ÉÊ. „²Ö ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É  ¸ Ns + NF = 1 ¨§ (94)
¸²¥¤Ê¥É

1
2
nB · 1 − nF = 0. (96)

ˆÉ ±, ¡µ§µ´-Ë¥·³¨µ´´µ¥ ¶· ¢¨²µ ³µ¦´µ ¸Ëµ·³Ê²¨·µ¢ ÉÓ ¸²¥¤ÊÕÐ¨³
µ¡· §µ³:
Å ¢ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É Ì, ¢±²ÕÎ ÕÐ¨Ì ¸µ¸ÉµÖ´¨Ö ¸ Ns + NF ≥ 2, Î¨¸²µ ¡µ-
§µ´´ÒÌ ¸µ¸ÉµÖ´¨° · ¢´µ Î¨¸²Ê Ë¥·³¨µ´´ÒÌ ¸µ¸ÉµÖ´¨°;
Å ¢ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É Ì, ¸µ¤¥·¦ Ð¨Ì ¸µ¸ÉµÖ´¨Ö ¸ Ns + NF = 1, Î¨¸²µ Ë¥·-
³¨µ´´ÒÌ ¸µ¸ÉµÖ´¨° · ¢´µ Ê¤¢µ¥´´µ³Ê Î¨¸²Ê ¡µ§µ´´ÒÌ ¸µ¸ÉµÖ´¨°.

’ ±¨³ µ¡· §µ³, ¥¸ÉÓ ´¥±µÉµ·µ¥ · §²¨Î¨¥ ¢ ¸µµÉ´µÏ¥´¨ÖÌ ³¥¦¤Ê Î¨¸² ³¨
¡µ§µ´´ÒÌ ¨ Ë¥·³¨µ´´ÒÌ ¸µ¸ÉµÖ´¨° ¢ Ö¤¥·´µ³ ¸²ÊÎ ¥ ¨ ¢ ±¢ ´Éµ¢µ° É¥µ·¨¨
¶µ²Ö, £¤¥ ¤²Ö ¢¸¥Ì ¸Ê¶¥·³Ê²ÓÉ¨¶²¥Éµ¢, ¨¸±²ÕÎ Ö µ¸´µ¢´µ¥ ¸µ¸ÉµÖ´¨¥, nF =
nB . �Éµ · §²¨Î¨¥ Ö¢²Ö¥É¸Ö ¸²¥¤¸É¢¨¥³ · §²¨Î¨Ö ³¥¦¤Ê  ´É¨±µ³³ÊÉ Éµ· ³¨
(67) ¨ (80).
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’ ± ± ± ¸µµÉ´µÏ¥´¨¥ ³¥¦¤Ê Î¨¸² ³¨ ¡µ§µ´´ÒÌ ¨ Ë¥·³¨µ´´ÒÌ ¸µ¸ÉµÖ´¨°
Ö¢²Ö¥É¸Ö ËÊ´¤ ³¥´É ²Ó´Ò³ ¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö, · ¸¸³µÉ·¨³ ¸ ÔÉµ° ÉµÎ±¨
§·¥´¨Ö ¸µ¡¸É¢¥´´Ò¥ ¸µ¸ÉµÖ´¨Ö £ ³¨²ÓÉµ´¨ ´µ¢ (61), (62). ‘Ê¶¥·³Ê²ÓÉ¨¶²¥ÉÒ
¸µ¡¸É¢¥´´ÒÌ ¸µ¸ÉµÖ´¨° £ ³¨²ÓÉµ´¨ ´  (61) ¸µµÉ¢¥É¸É¢ÊÕÉ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É ³
¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö ¸ ´Ê²¥¢µ° ³ ¸¸µ° ¶µ±µÖ ±²¨ËËµ·¤µ¢¸±µ£µ (Ë¥·³¨-
µ´´µ£µ) ¢ ±ÊÊ³ . ‚ ÔÉµ³ ¸²ÊÎ ¥ ¸¶¨· ²Ó´µ¸ÉÓ Ö¢²Ö¥É¸Ö Ìµ·µÏ¨³ ±¢ ´Éµ¢Ò³
Î¨¸²µ³. �¤´µË¥·³¨µ´´µ¥ ¸µ¸ÉµÖ´¨¥ Ö¢²Ö¥É¸Ö, ´ ¶·¨³¥·,  ´ ²µ£µ³ ´¥°É·¨´µ,
  ¸µ¸ÉµÖ´¨¥ ¸ µ¤´¨³ s-¡µ§µ´µ³ Å  ´ ²µ£µ³ S-´¥°É·¨´µ. ‚ ¸²ÊÎ ¥ £ ³¨²ÓÉµ-
´¨ ´  (62) µ¤´µË¥·³¨µ´´µ¥ ¸µ¸ÉµÖ´¨¥ Ö¢²Ö¥É¸Ö  ´ ²µ£µ³ Ô²¥±É·µ´  ¸ ¤¢Ê³Ö
¢µ§³µ¦´Ò³¨ §´ Î¥´¨Ö³¨ ¸¶¨´ .

‚ · ³± Ì ¸Ê¶¥·¸¨³³¥É·¨Î´µ£µ ¶µ¤Ìµ¤  ¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö ¡Ò²µ
¶µ²ÊÎ¥´µ ¸²¥¤ÊÕÐ¥¥ ¸µµÉ´µÏ¥´¨¥ ¤²Ö £ ³¨²ÓÉµ´¨ ´ . …¸²¨ Ê³´µ¦¨ÉÓ µ¡¥
¸Éµ·µ´Ò ¸µµÉ´µÏ¥´¨Ö (80) ´  σ0

αβ ¨ ¶·µ¸Ê³³¨·µ¢ ÉÓ ¶µ α ¨ β, Éµ ³Ò ¶µ²ÊÎ¨³

H ≡ P0 =
1
4

∑
α,L

{
QL

α, (QL
α)+

}
. (97)

‚ Ö¤¥·´µ³ ¸²ÊÎ ¥ ¸µµÉ´µÏ¥´¨¥, ±µÉµ·µ¥ ³µ¦¥É ¡ÒÉÓ ¶µ²ÊÎ¥´µ  ´ ²µ£¨Î-
´Ò³ µ¡· §µ³, ¨³¥¥É ¨´µ° ¢¨¤ ¨§-§  · §²¨Î¨Ö ¢ ¸É·Ê±ÉÊ·¥  ´É¨±µ³³ÊÉ Éµ·µ¢
(67) ¨ (80):

H =
1
2
NF +

1
2

∑
m

{
P1/2m, P+

1/2m

}
+ Hd, (98)

±µÉµ·µ¥ Ô±¢¨¢ ²¥´É´µ, ¥¸²¨ ¨´É¥·¥¸µ¢ ÉÓ¸Ö Éµ²Ó±µ Ô´¥·£¨Ö³¨ ¢µ§¡Ê¦¤¥´¨Ö,
¸²¥¤ÊÕÐ¥³Ê £ ³¨²ÓÉµ´¨ ´Ê:

H =
1
2

∑
m

{
P1/2m, P+

1/2m

}
+ Hd. (99)

�µ¤¢¥¤¥³ ¨Éµ£¨. ŒÒ · ¸¸³µÉ·¥²¨ ³µ¤¥²Ó ¸É·Ê±ÉÊ·Ò Ö¤· , µ¸´µ¢ ´´ÊÕ ´ 
U(6/2) £· ¤Ê¨·µ¢ ´´µ°  ²£¥¡·¥, ¨ ¶µ± § ²¨, ÎÉµ ÔÉ   ²£¥¡·  ¨³¥¥É £· ¤Ê¨·µ-
¢ ´´ÊÕ ¶µ¤ ²£¥¡·Ê, £¥´¥· Éµ·Ò ±µÉµ·µ° ±µ³³ÊÉ¨·ÊÕÉ ¸ ³µ¤¥²Ó´Ò³ £ ³¨²ÓÉµ-
´¨ ´µ³. ’ ±¨³ µ¡· §µ³, ¶µ± § ´µ, ÎÉµ ¸ÊÐ¥¸É¢ÊÕÉ ¸Ê¶¥·µ¶¥· Éµ·Ò, ¶·¥µ¡· -
§ÊÕÐ¨¥ ¡µ§µ´Ò ¢ Ë¥·³¨µ´Ò ¨ µ¡· É´µ, ¨ ±µ³³ÊÉ¨·ÊÕÐ¨¥ ¸ £ ³¨²ÓÉµ´¨ ´µ³.
ŒÒ ¶µ²ÊÎ¨²¨ É ±¦¥ ¸µµÉ´µÏ¥´¨¥ ³¥¦¤Ê Î¨¸² ³¨ ¡µ§µ´´ÒÌ ¨ Ë¥·³¨µ´´ÒÌ
¸µ¸ÉµÖ´¨° ¢ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É Ì.

6. U(1/2)-‘“�…�‘ˆŒŒ…’�ˆŸ �…‡ „ˆ��Œˆ—…‘Š�‰ ‘ˆŒŒ…’�ˆˆ

ŒÒ Ê¦¥ µÉ³¥Î ²¨ ¢ÒÏ¥, ÎÉµ ¢ É¥µ·¨¨ Ö¤¥·´µ° ¸É·Ê±ÉÊ·Ò µ¸´µ¢´µ¥ ¢´¨³ -
´¨¥ Ê¤¥²Ö²µ¸Ó ¨¸¸²¥¤µ¢ ´¨Õ ³µ¤¥²¥° ¸ £ ³¨²ÓÉµ´¨ ´ ³¨, ±µÉµ·Ò¥ ³µ¦´µ ¶·¥¤-
¸É ¢¨ÉÓ ¢ ¢¨¤¥ ²¨´¥°´µ° ±µ³¡¨´ Í¨¨ µ¶¥· Éµ·µ¢ Š §¨³¨·  ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì



‘“�…�‘ˆŒŒ…’�ˆŸ ‚ ‘’�“Š’“�… Ÿ„…� 251

¶µ¤£·Ê¶¶ ·¥¤Ê±Í¨µ´´µ° Í¥¶µÎ±¨ U(6/Ω), £¤¥ Ω Å ³ ±¸¨³ ²Ó´µ ¢µ§³µ¦´µ¥
Î¨¸²µ Ë¥·³¨µ´µ¢ ¢ ¸¨¸É¥³¥,   6 ¥¸ÉÓ Î¨¸²µ ¡µ§µ´´ÒÌ ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò,
´¥µ¡Ìµ¤¨³ÒÌ ¤²Ö µ¶¨¸ ´¨Ö Î¥É´µ-Î¥É´ÒÌ Ö¤¥· ¢ ³µ¤¥²¨ ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì
¡µ§µ´µ¢. ƒ ³¨²ÓÉµ´¨ ´, ¶µ¸É·µ¥´´Ò° É ±¨³ µ¡· §µ³, ¨¸¶µ²Ó§µ¢ ²¸Ö ¶·¨ Ë¨±-
¸¨·µ¢ ´´ÒÌ ¶ · ³¥É· Ì ¤²Ö µ¶¨¸ ´¨Ö ± ± Î¥É´µ-Î¥É´ÒÌ, É ± ¨ ´¥Î¥É´ÒÌ Ö¤¥·.
�·¨ ÔÉµ³, ÌµÉÖ ¤²Ö µ¶¨¸ ´¨Ö Î¥É´µ-Î¥É´ÒÌ ¨ ´¥Î¥É´ÒÌ Ö¤¥· ¨¸¶µ²Ó§µ¢ ²¨¸Ó ¨
ÉµÉ ¦¥ £ ³¨²ÓÉµ´¨ ´, ¨ ±¢ ´Éµ¢Ò¥ Î¨¸²  É¥Ì ¦¥ ¶µ¤£·Ê¶¶, ¢ µ¡Ð¥³ ¸²ÊÎ ¥ µÉ-
´µ¸¨É¥²Ó´Ò¥ Ô´¥·£¨¨ ¸µ¡¸É¢¥´´ÒÌ ¸µ¸ÉµÖ´¨° Î¥É´µ-Î¥É´ÒÌ ¨ ´¥Î¥É´ÒÌ Ö¤¥·
¡Ò²¨ · §²¨Î´Ò. Š ± ¶· ¢¨²µ, µ¶¥· Éµ·Ò, ¶·¨´ ¤²¥¦ Ð¨¥ Ë¥·³¨-¸¥±Éµ·Ê
£· ¤Ê¨·µ¢ ´´µ°  ²£¥¡·Ò ‹¨ (¸Ê¶¥·µ¶¥· Éµ·Ò), É.¥. µ¶¥· Éµ·Ò, É· ´¸Ëµ·³¨-
·ÊÕÐ¨¥ ¡µ§µ´Ò ¢ Ë¥·³¨µ´Ò ¨ µ¡· É´µ, ´¥ ¶·µÖ¢²Ö²¨¸Ó Ö¢´Ò³ µ¡· §µ³ ¢
·¥¤Ê±Í¨µ´´ÒÌ Í¥¶µÎ± Ì ¶µ¤£·Ê¶¶. –¥²Ó ÔÉµ£µ · §¤¥²  Å ¤ ÉÓ ¶·¨³¥· £ ³¨²Ó-
Éµ´¨ ´ , µ¶¨¸Ò¢ ÕÐ¥£µ ¸¨¸É¥³Ê ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ¡µ§µ´µ¢ ¨ Ë¥·³¨µ´µ¢,
±µÉµ·Ò° ÌµÉÖ ¨ ´¥ µ¡² ¤ ¥É ¨§¢¥¸É´Ò³¨ ¤¨´ ³¨Î¥¸±¨³¨ ¸¨³³¥É·¨Ö³¨, ´µ
Î ¸ÉÓ ¸µ¡¸É¢¥´´ÒÌ ¸µ¸ÉµÖ´¨° £ ³¨²ÓÉµ´¨ ´  Ëµ·³¨·Ê¥É ¡µ§µ´-Ë¥·³¨µ´´Ò¥
³Ê²ÓÉ¨¶²¥ÉÒ, µ¡Ñ¥¤¨´ÖÕÐ¨¥ ¸µ¸ÉµÖ´¨Ö, ¶·¨´ ¤²¥¦ Ð¨¥ · §´Ò³ Ö¤· ³ [34].
‚ ÔÉµ³ µÉ´µÏ¥´¨¨ ¸¨¸É¥³  ¶µ¤µ¡´  É¥³, ±µÉµ·Ò¥ µ¶¨¸Ò¢ ÕÉ¸Ö ´¥¶µ²´Ò³¨
¸¨³³¥É·¨Ö³¨, ¢¢¥¤¥´´Ò³¨ ¢ · ¸¸³µÉ·¥´¨¥ ¨ ¶·µ ´ ²¨§¨·µ¢ ´´Ò³¨ ¢ [35Ä
41]. ƒ ³¨²ÓÉµ´¨ ´, ±µÉµ·Ò° · ¸¸³ É·¨¢ ¥É¸Ö ´¨¦¥, Ö¢²Ö¥É¸Ö ¤µ¸É ÉµÎ´µ µ¡-
Ð¨³ £ ³¨²ÓÉµ´¨ ´µ³ ¤²Ö Î¥É´µ-Î¥É´ÒÌ Ö¤¥·. �´ ¶µ¸É·µ¥´ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³
Ëµ·³ ²¨§³  ®¸µ£² ¸µ¢ ´´ÒÌ ±¢ ¤·Ê¶µ²Ó´ÒÌ µ¶¥· Éµ·µ¢¯ (CQF) ³µ¤¥²¨ ¢§ -
¨³µ¤¥°¸É¢ÊÕÐ¨Ì ¡µ§µ´µ¢ [42, 43]. �¤´ ±µ ¢ µÉ´µÏ¥´¨¨ ´¥Î¥É´ÒÌ Ö¤¥· ÔÉµÉ
£ ³¨²ÓÉµ´¨ ´ ¨³¥¥É ¸¶¥Í¨ ²Ó´Ò° ¢¨¤. ŒÒ ¶µ± ¦¥³ ´¨¦¥, ÎÉµ ¸ÊÐ¥¸É¢Ê¥É
¸Ê¶¥·µ¶¥· Éµ·, ¶·¥µ¡· §ÊÕÐ¨° ¡µ§µ´Ò ¢ Ë¥·³¨µ´Ò, ±µÉµ·Ò° ±µ³³ÊÉ¨·Ê¥É
¸ ÔÉ¨³ £ ³¨²ÓÉµ´¨ ´µ³. �ÉµÉ ¸Ê¶¥·µ¶¥· Éµ· µ¡· §Ê¥É ¢³¥¸É¥ ¸ Ô·³¨Éµ¢µ-
¸µ¶·Ö¦¥´´Ò³ µ¶¥· Éµ·µ³ ¨ ·Ö¤µ³ ¤·Ê£¨Ì µ¶¥· Éµ·µ¢, ¶µ± § ´´ÒÌ ´¨¦¥, ¶µ¤-
£·Ê¶¶Ê U(1/2) £·Ê¶¶Ò U(6/12), Ö¢²ÖÕÐÊÕ¸Ö £·Ê¶¶µ° ¨´¢ ·¨ ´É´µ¸É¨ £ ³¨²Ó-
Éµ´¨ ´ .

‚ ¶·¥¤Ò¤ÊÐ¥³ · §¤¥²¥ ¡Ò²µ ¶·µ¤¥³µ´¸É·¨·µ¢ ´µ É¥¸´µ¥ ¸Ìµ¤¸É¢µ ³¥¦¤Ê
Ëµ·³µ° ±µ³³ÊÉ Í¨µ´´ÒÌ ¨  ´É¨±µ³³ÊÉ Í¨µ´´ÒÌ ¸µµÉ´µÏ¥´¨° µ¶¥· Éµ·µ¢,
Ëµ·³¨·ÊÕÐ¨Ì  ²£¥¡·Ê U(1/2), ¨ µ¶¥· Éµ·µ¢, Ëµ·³¨·ÊÕÐ¨Ì ¸Ê¶¥·¸¨³³¥É-
·¨Î´ÊÕ ³µ¤¥²Ó ¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö. �² £µ¤ ·Ö µÉ³¥Î¥´´µ° ¢ÒÏ¥ ¨´¢ -
·¨ ´É´µ¸É¨ ¸·¥¤¨ ¸µ¡¸É¢¥´´ÒÌ ¸µ¸ÉµÖ´¨°, µÉ´µ¸ÖÐ¨Ì¸Ö ± ´¥Î¥É´Ò³ Ö¤· ³,
¥¸ÉÓ ´ ¡µ·Ò ¸µ¸ÉµÖ´¨°, Ì · ±É¥·¨§ÊÕÐ¨Ì¸Ö É¥³¨ ¦¥ µÉ´µ¸¨É¥²Ó´Ò³¨ Ô´¥·£¨-
Ö³¨, ÎÉµ ¨ ¸µ¸ÉµÖ´¨Ö Î¥É´µ-Î¥É´ÒÌ Ö¤¥·. Šµ´¥Î´µ, ´¥ ¢¸¥ ¸µ¸ÉµÖ´¨Ö ´¥Î¥É´ÒÌ
Ö¤¥· ¨³¥ÕÉ ¶ ·É´¥·µ¢ ¸·¥¤¨ Î¨¸Éµ ¡µ§µ´´ÒÌ ¸µ¸ÉµÖ´¨° Î¥É´µ-Î¥É´ÒÌ Ö¤¥·.
‘ÊÐ¥¸É¢ÊÕÉ É ±¦¥ É ± ´ §Ò¢ ¥³Ò¥ ¸µ¸ÉµÖ´¨Ö ¸³¥Ï ´´µ° ¸¨³³¥É·¨¨, ÎÓ¨³¨
¶ ·É´¥· ³¨ Ö¢²ÖÕÉ¸Ö ¤¢ÊÌ±¢ §¨Î ¸É¨Î´Ò¥ ¢µ§¡Ê¦¤¥´´Ò¥ ¸µ¸ÉµÖ´¨Ö Î¥É´µ-
Î¥É´ÒÌ Ö¤¥· ¸ É¥³ ¦¥ ¸Ê³³ ·´Ò³ Î¨¸²µ³ ¡µ§µ´µ¢ ¨ Ë¥·³¨µ´µ¢. ‚ µ¡Ð¥³
¸²ÊÎ ¥ ÔÉµÉ £ ³¨²ÓÉµ´¨ ´ ´¥ µ¡² ¤ ¥É ¤¨´ ³¨Î¥¸±µ° ¸¨³³¥É·¨¥° ¨ ´¥ ³µ¦¥É
¡ÒÉÓ ¶·¥¤¸É ¢²¥´ ¢ ¢¨¤¥ ¸Ê³³Ò µ¶¥· Éµ·µ¢ Š §¨³¨·  ± ±µ°-²¨¡µ ¨§ Í¥¶µÎ¥±
¶µ¤£·Ê¶¶.
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�¨¦¥ ³Ò · ¸¸³µÉ·¨³ ³µ¤¥²Ó, µ¸´µ¢ ´´ÊÕ ´  £· ¤Ê¨·µ¢ ´´µ°  ²£¥¡·¥
U(6/12). �É  ³µ¤¥²Ó µ¶¨¸Ò¢ ¥É ¸¨¸É¥³Ê ¨§ s- ¨ d-¡µ§µ´µ¢ ¨ Ë¥·³¨µ´µ¢,
§ ¸¥²ÖÕÐ¨Ì µ¤´µÎ ¸É¨Î´Ò¥ ¸µ¸ÉµÖ´¨Ö ¸ Ê£²µ¢Ò³¨ ³µ³¥´É ³¨ j = 1/2, 3/2
¨ 5/2. …¸ÉÓ ´¥¸±µ²Ó±µ ¶·¨³¥·µ¢ ´¥Î¥É´ÒÌ Ö¤¥·, ´¨§±µ²¥¦ Ð¨¥ ¸µ¸ÉµÖ´¨Ö
±µÉµ·ÒÌ ³µ¦´µ ¶·¨¡²¨¦¥´´µ µ¶¨¸ ÉÓ ¢ · ³± Ì ¤ ´´µ£µ ¶µ¤¶·µ¸É· ´¸É¢  µ¤-
´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨°. � ¶·¨³¥·, ¨§µÉµ¶Ò Pt ¨ W. �´¨ ¡Ò²¨ · ¸¸³µÉ·¥´Ò
¢ [15,44].

Š ± Ê¦¥ µÉ³¥Î ²µ¸Ó ¢ÒÏ¥, Ê£²µ¢µ° ³µ³¥´É Ë¥·³¨µ´  j ³µ¦¥É ¡ÒÉÓ · §²µ-
¦¥´ ´  ¶¸¥¢¤µµ·¡¨É ²Ó´ÊÕ Î ¸ÉÓ l̃ ¸ l̃ = 0, 2 ¨ ¶¸¥¢¤µ¸¶¨´µ¢ÊÕ Î ¸ÉÓ s [30,31]
¸ s = 1/2 [7,11,13]. �µÔÉµ³Ê µ¶¥· Éµ· ·µ¦¤¥´¨Ö Ë¥·³¨µ´  ¸ § ¤ ´´Ò³ Ê£²µ-
¢Ò³ ³µ³¥´Éµ³ ³µ¦´µ ¶·¥¤¸É ¢¨ÉÓ ± ±

a+
jm =

∑
µ,σ

Cjm

l̃µ1/2σ
a+

l̃µ,1/2σ
. (100)

ˆ¸¶µ²Ó§ÊÖ µ¶¥· Éµ·Ò a+

l̃µ,1/2σ
¨ al̃µ,1/2σ , ³µ¦´µ ¸±µ´¸É·Ê¨·µ¢ ÉÓ ¤·Ê£¨¥ µ¶¥-

· Éµ·Ò ¶¸¥¢¤µµ·¡¨É ²Ó´µ£µ ¨ ¶¸¥¢¤µ¸¶¨´µ¢µ£µ É¨¶ . „²Ö ¶µ¸²¥¤ÊÕÐ¥£µ · ¸-
¸³µÉ·¥´¨Ö ´ ³ ´Ê¦¥´ µ¶¥· Éµ· ±¢ ¤·Ê¶µ²Ó´µ£µ ³µ³¥´É  Ë¥·³¨µ´µ¢

QF
2µ(χ) =

∑
σ

(
a+
2µ, 1

2σ
a00, 1

2σ + a+
00, 1

2σ
(−1)µa2−µ, 1

2σ +

+χ
∑
η,η′

C2µ
2η2η′a

+
2η, 1

2σ
(−1)η′

a2−η′, 1
2σ

)
, (101)

¸µ¤¥·¦ Ð¨° ¸¢µ¡µ¤´Ò° ¶ · ³¥É· χ,   É ±¦¥ µ¶¥· Éµ·Ò Î¨¸²  Ë¥·³¨µ´µ¢ ¸
¶¸¥¢¤µµ·¡¨É ²Ó´Ò³ ³µ³¥´Éµ³ l̃ = 0:

N̂F (l̃ = 0) =
∑

σ

a+
00, 1

2σ
a00, 1

2σ (102)

¨ l̃ = 2:

N̂F (l̃ = 2) =
∑
µ,σ

a+
2µ, 1

2 σ
a2µ, 1

2 σ. (103)

‘µµÉ¢¥É¸É¢ÊÕÐ¨³¨ ¡µ§µ´´Ò³¨ µ¶¥· Éµ· ³¨ Ö¢²ÖÕÉ¸Ö µ¶¥· Éµ· ±¢ ¤·Ê¶µ²Ó-
´µ£µ ³µ³¥´É  ¡µ§µ´µ¢

QB
2µ(χ) = d+

µ s + s+(−1)µd−µ + χ
∑
η,η′

C2µ
2η2η′d

+
η (−1)η′

d−η′ (104)

¨ µ¶¥· Éµ·Ò Î¨¸¥² s-¡µ§µ´µ¢ N̂B
s = s+s ¨ d-¡µ§µ´µ¢ N̂B

d =
∑

µ d+
µ dµ.
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�¡Ñ¥¤¨´¥´´Ò¥ ¡µ§µ´-Ë¥·³¨µ´´Ò¥ µ¶¥· Éµ·Ò ³µ£ÊÉ ¡ÒÉÓ ¶µ²ÊÎ¥´Ò ¸Ê³-
³¨·µ¢ ´¨¥³ ¡µ§µ´´ÒÌ ¨ ¶¸¥¢¤µµ·¡¨É ²Ó´ÒÌ Ë¥·³¨µ´´ÒÌ µ¶¥· Éµ·µ¢

Q2µ(χ) = QB
2µ(χ) + QF

2µ(χ), (105)

N̂(0) = N̂B
s + N̂F (l̃ = 0), (106)

N̂(2) = N̂B
d + N̂F (l̃ = 2). (107)

”¥·³¨µ´´Ò° ¸¥±Éµ· £· ¤Ê¨·µ¢ ´´µ°  ²£¥¡·Ò U(6/12) ¸µ¤¥·¦¨É µ¶¥· Éµ·Ò,
¶·¥µ¡· §ÊÕÐ¨¥ ¡µ§µ´Ò ¢ Ë¥·³¨µ´Ò ¨ µ¡· É´µ. ‚ µ¡Ð¥³ ¸²ÊÎ ¥ µ´¨ ³µ£ÊÉ
¡ÒÉÓ ¶·¥¤¸É ¢²¥´Ò ¸²¥¤ÊÕÐ¨³ µ¡· §µ³:

Pjm = xja
+
jms +

∑
j′

yjj′ (a+
j′d)jm. (108)

‚ § ¢¨¸¨³µ¸É¨ µÉ §´ Î¥´¨° ±µÔËË¨Í¨¥´Éµ¢ xj ¨ yjj′ ÔÉ¨ µ¶¥· Éµ·Ò ³µ£ÊÉ
¨³¥ÉÓ · §²¨Î´Ò¥ É¥´§µ·´Ò¥ ¸¢µ°¸É¢ . � ¨¡µ²¥¥ ¨´É¥·¥¸¥´ ¤²Ö ´ ¸ µ¶¥· Éµ·
P1/2m:

P1/2m = a+
00,1/2ms +

∑
µ

a+
2µ,1/2mdµ, (109)

±µÉµ·Ò° ¡Ò² ¢¢¥¤¥´ ¢ [13] ¢ ¸¢Ö§¨ ¸ · ¸¸³µÉ·¥´¨¥³ ·¥ ±Í¨° µ¤´µ´Ê±²µ´´ÒÌ
¶¥·¥¤ Î, £¤¥ ¡Ò²µ ¶µ± § ´µ, ÎÉµ ÔÉµÉ µ¶¥· Éµ· ¶·¥µ¡· §Ê¥É¸Ö ± ± ¸± ²Ö· ¶·¨
Ï¥¸É¨³¥·´ÒÌ ¢· Ð¥´¨ÖÌ ¶µ¤ ¤¥°¸É¢¨¥³ £¥´¥· Éµ·µ¢ SOBF (6).

� ¸¸³µÉ·¨³ ±µ³³ÊÉ Í¨µ´´Ò¥ ¸µµÉ´µÏ¥´¨Ö µ¶¥· Éµ·  P1/2m ¸ ¡µ§µ´´Ò³¨
¨ Ë¥·³¨µ´´Ò³¨ µ¶¥· Éµ· ³¨, ¢¢¥¤¥´´Ò³¨ ¢ÒÏ¥. �´¨ ¨³¥ÕÉ ¢¨¤

[
P1/2m, QB

2µ(χ)
]

= a+
2µ,1/2ms + a+

00,1/2md̃µ + χ
∑
η,η′

C2µ
2η2η′a

+
2η,1/2md̃η′ , (110)

[
P1/2m, QF

2µ(χ)
]

= −a+
2µ,1/2ms − a+

00,1/2md̃µ − χ
∑
η,η′

C2µ
2η2η′a

+
2η,1/2md̃η′ , (111)

[
P1/2m, N̂B

s

]
= a+

00,1/2ms, (112)

[
P1/2m, N̂F (l̃ = 0)

]
= −a+

00,1/2ms, (113)
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P1/2m, N̂B

d

]
=

∑
ν

a+
2ν,1/2mdν , (114)

[
P1/2m, N̂F (l̃ = 2)

]
= −

∑
ν

a+
2ν,1/2mdν . (115)

‚¨¤´µ, ÎÉµ µ¶¥· Éµ· P1/2m ±µ³³ÊÉ¨·Ê¥É ¸ ¢¢¥¤¥´´Ò³¨ ¢ÒÏ¥ µ¡Ñ¥¤¨´¥´´Ò³¨

¡µ§µ´-Ë¥·³¨µ´´Ò³¨ µ¶¥· Éµ· ³¨ Q2µ(χ), N̂(0) ¨ N̂(2). �Éµ µ§´ Î ¥É, ÎÉµ
P1/2m ±µ³³ÊÉ¨·Ê¥É ¸ £ ³¨²ÓÉµ´¨ ´µ³, ¨³¥ÕÐ¨³ ¤µ¸É ÉµÎ´µ µ¡Ð¨° ¢¨¤:

H(χ) = ε0N̂(0) + ε2N̂(2) − κQ2(χ) · Q2(χ). (116)

�Éµ ´ ¨¡µ²¥¥ µ¡Ð¨° £ ³¨²ÓÉµ´¨ ´ ³µ¤¥²¨ ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ¡µ§µ´µ¢, ¶µ-
¸É·µ¥´´Ò° ¢ Ëµ·³ ²¨§³¥ ®¸µ£² ¸µ¢ ´´ÒÌ ±¢ ¤·Ê¶µ²Ó´ÒÌ µ¶¥· Éµ·µ¢¯. �µ
µ´ ¨³¥¥É ¤µ¸É ÉµÎ´µ ¸¶¥Í¨ ²Ó´Ò° ¢¨¤ ¤²Ö ´¥Î¥É´ÒÌ Ö¤¥·. �£· ´¨Î¥´¨Ö ± ¸ -
ÕÉ¸Ö Ë¥·³¨µ´´µ° ¶µ¤¸¨¸É¥³Ò. ’µ²Ó±µ É·¨ µ¤´µÎ ¸É¨Î´ÒÌ Ê·µ¢´Ö p1/2, p3/2 ¨
f5/2 ¢¢¥¤¥´Ò ¢ · ¸¸³µÉ·¥´¨¥. Š·µ³¥ Éµ£µ, ¶·¥¤¶µ² £ ¥É¸Ö, ÎÉµ Ep3/2 = Ef5/2

¨ Ep3/2 − Ep1/2 = εd − εs. �¡ÒÎ´µ ¢ ³µ¤¥²¨ ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ¡µ§µ´µ¢
εd − εs ≥ 0. ‚ Ö¤· Ì ¢ µ¡² ¸É¨ Pt Ë¥·³¨µ´Ò Ö¢²ÖÕÉ¸Ö ¤Ò·± ³¨, ¨ ¶µ¸²¥¤´¥¥
´¥· ¢¥´¸É¢µ ±µ··¥±É´µ. ƒ ³¨²ÓÉµ´¨ ´ (116) ´¥ ¢±²ÕÎ ¥É µ¡³¥´´µ¥ ¢§ ¨³µ-
¤¥°¸É¢¨¥. ‚ ±µ´Í¥ · §¤¥²  ³Ò · ¸¸³µÉ·¨³ ÔÉµ µ£· ´¨Î¥´¨¥ ¡µ²¥¥ ¶µ¤·µ¡´µ.

ˆ§ Éµ£µ Ë ±É , ÎÉµ [H(χ), P1/2m] = 0, ¸²¥¤Ê¥É, ÎÉµ, ÌµÉÖ ¶·¨ ¶·µ¨§¢µ²Ó-
´µ³ χ ³Ò ¶µ²ÊÎ ¥³ ¤²Ö Î¥É´µ-Î¥É´ÒÌ Ö¤¥· ¸¶¥±É·, ´¥ ¶·¨´ ¤²¥¦ Ð¨° ´¨
µ¤´µ³Ê ¨§ ¶·¥¤¥²µ¢, µÉ¢¥Î ÕÐ¨Ì ¤¨´ ³¨Î¥¸±¨³ ¸¨³³¥É·¨Ö³, µ¤´ ±µ ¢ ´¥-
Î¥É´ÒÌ Ö¤· Ì ³Ò ¨³¥¥³ ´ ¡µ· ¸µ¡¸É¢¥´´ÒÌ ¸µ¸ÉµÖ´¨°, Ì · ±É¥·¨§ÊÕÐ¨Ì¸Ö
É¥³¨ ¦¥ µÉ´µ¸¨É¥²Ó´Ò³¨ Ô´¥·£¨Ö³¨, ÎÉµ ¨ ±µ²²¥±É¨¢´Ò¥ ¸µ¸ÉµÖ´¨Ö Î¥É´µ-
Î¥É´µ£µ Ö¤· . ‚³¥¸É¥ ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨ ¸µ¸ÉµÖ´¨Ö³¨ Î¥É´µ-Î¥É´µ£µ Ö¤· 
µ´¨ µ¡· §ÊÕÉ ¸Ê¶¥·¸¨³³¥É·¨Î´Ò¥ ³Ê²ÓÉ¨¶²¥ÉÒ. ‘µ¡¸É¢¥´´Ò¥ ¢¥±Éµ·Ò ÔÉ¨Ì
¸µ¸ÉµÖ´¨° ³µ¦´µ ¶µ¸É·µ¨ÉÓ, ¤¥°¸É¢ÊÖ µ¶¥· Éµ·µ³ P1/2m ´  ¸µ¡¸É¢¥´´Ò¥ ¸µ-
¸ÉµÖ´¨Ö Î¥É´µ-Î¥É´µ£µ Ö¤·  ¸ · §´Ò³¨ §´ Î¥´¨Ö³¨ Ê£²µ¢µ£µ ³µ³¥´É  I . ’ ±
± ± µ¶¥· Éµ· P1/2m ¨³¥¥É Ê£²µ¢µ° ³µ³¥´É, · ¢´Ò° 1/2, Éµ ³Ò ¶µ²ÊÎ ¥³ ¢
´¥Î¥É´ÒÌ Ö¤· Ì ¤Ê¡²¥ÉÒ ¸µ¸ÉµÖ´¨° ¸ Ê£²µ¢Ò³¨ ³µ³¥´É ³¨ J = I ± 1

2 . ”µ·-
³ ²Ó´µ ¸¶¥±É· ÔÉ¨Ì ¸µ¸ÉµÖ´¨° ¢Ò£²Ö¤¨É É ±, ± ± ¥¸²¨ ¡Ò ´¥Î¥É´Ò° Ë¥·³¨µ´
§ ¸¥²Ö² µ¤´µÎ ¸É¨Î´µ¥ ¸µ¸ÉµÖ´¨¥ p1/2 ¨ ´¥ ¢§ ¨³µ¤¥°¸É¢µ¢ ² ¸ ¡µ§µ´ ³¨. �¤-
´ ±µ ÔÉ¨³ ´ ¡µ·µ³ ´¥ ¨¸Î¥·¶Ò¢ ÕÉ¸Ö ¸µ¡¸É¢¥´´Ò¥ ¸µ¸ÉµÖ´¨Ö ´¥Î¥É´µ£µ Ö¤· .
…¸ÉÓ ¨ ¤·Ê£¨¥ ¸µ¡¸É¢¥´´Ò¥ ¸µ¸ÉµÖ´¨Ö, ±µÉµ·Ò¥ ¢ ¶·µÉ¨¢µ¶µ²µ¦´µ¸ÉÓ ¸µ¸ÉµÖ-
´¨Ö³, · ¸¸³µÉ·¥´´Ò³ ¢ÒÏ¥, ´¥ ¸¨³³¥É·¨Î´Ò µÉ´µ¸¨É¥²Ó´µ ¶¥·¥¸É ´µ¢±¨ ¡µ-
§µ´´ÒÌ ¨ Ë¥·³¨µ´´ÒÌ µ·¡¨É ²Ó´ÒÌ ³µ³¥´Éµ¢. �´¨ ´ §Ò¢ ÕÉ¸Ö ¸µ¸ÉµÖ´¨Ö³¨
¸µ ¸³¥Ï ´´µ° ¸¨³³¥É·¨¥°. �·¨¸ÊÉ¸É¢¨¥ ÔÉ¨Ì ¸µ¸ÉµÖ´¨° µÉ²¨Î ¥É ¸¨¸É¥³Ê ¸
´¥Î¥É´µ° Î ¸É¨Í¥° ¢ ¸µ¸ÉµÖ´¨¨ p1/2, ´¥ ¢§ ¨³µ¤¥°¸É¢ÊÕÐÊÕ ¸ Î¥É´µ-Î¥É´Ò³
µ¸Éµ¢µ³, µÉ ¸¨¸É¥³Ò ¸ É·¥³Ö µ¤´µÎ ¸É¨Î´Ò³¨ Ê·µ¢´Ö³¨ p1/2, p3/2 ¨ f5/2 ¨
´¥Î¥É´µ° Î ¸É¨Í¥°, ¸¨²Ó´µ ¸¢Ö§ ´´µ° ¸ ¡µ§µ´´Ò³ µ¸Éµ¢µ³.
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‚ ¶·µÉ¨¢µ¶µ²µ¦´µ¸ÉÓ ¶µ²´µ¸ÉÓÕ ¸¨³³¥É·¨Î´Ò³ ¸µ¸ÉµÖ´¨Ö³ ¸µ¸ÉµÖ´¨Ö
¸µ ¸³¥Ï ´´µ° ¸¨³³¥É·¨¥° ´¥ ³µ£ÊÉ ¡ÒÉÓ ¶µ²ÊÎ¥´Ò ¤¥°¸É¢¨¥³ µ¶¥· Éµ· 
P1/2m ´  ¸µ¡¸É¢¥´´Ò¥ ¸µ¸ÉµÖ´¨Ö Î¥É´µ-Î¥É´µ£µ µ¸Éµ¢ . ‚ ¶·¥¤¥²¥ ¤¨´ ³¨-
Î¥¸±µ° ¸¨³³¥É·¨¨ O(6) ¸µ¸ÉµÖ´¨Ö ¸µ ¸³¥Ï ´´µ° ¸¨³³¥É·¨e° ¶µ²ÊÎ ÕÉ¸Ö
¤¥°¸É¢¨¥³ µ¶¥· Éµ·µ¢ É¨¶  (108), ´¥ Ö¢²ÖÕÐ¨Ì¸Ö, µ¤´ ±µ, ¸± ²Ö· ³¨ ¶µ µÉ´µ-
Ï¥´¨Õ ± O(6)- ¨ O(5)-¶·¥µ¡· §µ¢ ´¨Ö³, ´  ¸µ¸ÉµÖ´¨Ö Î¥É´µ-Î¥É´µ£µ µ¸Éµ¢ .
’ ± ± ± É ±¨¥ µ¶¥· Éµ·Ò ´¥ Ö¢²ÖÕÉ¸Ö ¸± ²Ö· ³¨, Éµ µ´¨ ¨§³¥´ÖÕÉ ±¢ ´Éµ-
¢Ò¥ Î¨¸²  ¸µ¸ÉµÖ´¨° µ¸Éµ¢ . � ¶·¨³¥·, ±¢ ´Éµ¢Ò¥ Î¨¸² , Ì · ±É¥·¨§ÊÕÐ¨¥
¶·¥¤¸É ¢²¥´¨Ö £·Ê¶¶Ò O(6) (σ1, σ2, σ3), ¨§³¥´ÖÕÉ¸Ö µÉ (σ, 0, 0) ± (σ±1, 1, 0).
‚³¥¸É¥ ¸ ±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨ ¨§³¥´ÖÕÉ¸Ö ¸µ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö £ ³¨²ÓÉµ-
´¨ ´  ¨ · §´µ¸É¨ ¸µ¡¸É¢¥´´ÒÌ §´ Î¥´¨° (É.¥. Ô´¥·£¨¨ £ ³³ -¶¥·¥Ìµ¤µ¢). …¸²¨
¤¨´ ³¨Î¥¸± Ö ¸¨³³¥É·¨Ö O(6) ´ ·ÊÏ¥´ , Éµ ÔÉ¨ µ¶¥· Éµ·Ò, ¢ ¶·µÉ¨¢µ¶µ²µ¦-
´µ¸ÉÓ P1/2m, ¶¥·¥¸É ÕÉ £¥´¥·¨·µ¢ ÉÓ ¸µ¡¸É¢¥´´Ò¥ ³µ¤Ò £ ³¨²ÓÉµ´¨ ´ .

‘Ê¶¥·µ¶¥· Éµ·Ò P1/2m ¢³¥¸É¥ ¸ Ô·³¨Éµ¢µ-¸µ¶·Ö¦¥´´Ò³¨ ¨³ P+
1/2m ¨

µ¶¥· Éµ· ³¨ N̂B ≡ N̂B
s + N̂B

d , N̂F ≡ N̂F (l̃ = 0) + N̂F (l̃ = 2) ¨ Ŝ1η ≡
≡

√
3

2

∑
m,m′ C

1
2 m
1
2 m′1η

∑
l̃=0,2;µ a+

l̃µ, 1
2m

al̃µ, 1
2m′ µ¡· §ÊÕÉ £· ¤Ê¨·µ¢ ´´ÊÕ  ²£¥-

¡·Ê U(1/2). ‘µµÉ¢¥É¸É¢ÊÕÐ¨¥ ±µ³³ÊÉ Í¨µ´´Ò¥ ¨  ´É¨±µ³³ÊÉ Í¨µ´´Ò¥ ¸µ-
µÉ´µÏ¥´¨Ö  ´ ²µ£¨Î´Ò ¶·¨¢¥¤¥´´Ò³ ¢ ¶·¥¤Ò¤ÊÐ¥³ · §¤¥²¥.

�µ¤Î¥·±´¥³, ÎÉµ ¶µÖ¢²¥´¨¥ ¢ ´¥Î¥É´ÒÌ Ö¤· Ì ¸µ¸ÉµÖ´¨° ¸ É¥³¨ ¦¥ µÉ-
´µ¸¨É¥²Ó´Ò³¨ Ô´¥·£¨Ö³¨, ÎÉµ ¨ ¢ Î¥É´µ-Î¥É´ÒÌ Ö¤· Ì, µ¡Ê¸²µ¢²¥´µ É¥³, ÎÉµ
¶¸¥¢¤µ¸¶¨´ ´¥ ¸¢Ö§ ´ ¤¨´ ³¨Î¥¸±¨ ¸ ¶¸¥¢¤µµ·¡¨É ²Ó´Ò³ ³µ³¥´Éµ³ Ë¥·³¨µ-
´µ¢ ¨ µ·¡¨É ²Ó´Ò³ ³µ³¥´Éµ³ ¡µ§µ´µ¢. ’µ ¦¥ ¸ ³µ¥ µÉ¸ÊÉ¸É¢¨¥ ¤¨´ ³¨Î¥¸±µ°
¸¢Ö§¨ ¶¸¥¢¤µ¸¶¨´  ¸ ¶¸¥¢¤µµ·¡¨É ²Ó´Ò³ ³µ³¥´Éµ³ · ¸¸³ É·¨¢ ²µ¸Ó ¢ [45,46]
± ± µ¤´  ¨§ ¶·¨Î¨´ ¶µÖ¢²¥´¨Ö Éµ¦¤¥¸É¢¥´´ÒÌ ·µÉ Í¨µ´´ÒÌ ¸Ê¶¥·¤¥Ëµ·³¨-
·µ¢ ´´ÒÌ ¶µ²µ¸.

‘Ê¶¥·µ¶¥· Éµ·Ò P1/2m, P+
1/2m,   É ±¦¥ ¤·Ê£¨¥ µ¶¥· Éµ·Ò ÔÉµ£µ É¨¶ ,

Ì · ±É¥·¨§ÊÕÐ¨¥¸Ö ¤·Ê£¨³¨ É· ´¸Ëµ·³ Í¨µ´´Ò³¨ ¸¢µ°¸É¢ ³¨ µÉ´µ¸¨É¥²Ó´µ
SOBF (6)-¶·¥µ¡· §µ¢ ´¨°, Ê¤µ¡´Ò ¤²Ö ±µ´¸É·Ê¨·µ¢ ´¨Ö µ¡³¥´´µ£µ ¢§ ¨³µ-
¤¥°¸É¢¨Ö. �·µ¸É¥°Ï¥¥ µ¡³¥´´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ ¨³¥¥É ¢¨¤

g
∑
m

P1/2mP+
1/2m. (117)

�µ± ¦¥³, ÎÉµ ÔÉµ ¢§ ¨³µ¤¥°¸É¢¨¥ ´¥ ¤¥°¸É¢Ê¥É ´  ¸µ¸ÉµÖ´¨Ö ¸µ c³¥Ï ´´µ°
¸¨³³¥É·¨¥°, µ¤´ ±µ ¸¤¢¨£ ¥É ´  µ¤´Ê ¨ ÉÊ ¦¥ ¢¥²¨Î¨´Ê gN Ô´¥·£¨¨ ¶µ²-
´µ¸ÉÓÕ ¸¨³³¥É·¨Î´ÒÌ ¸µ¸ÉµÖ´¨°, É.¥. ¸Ê¶¥·¶ ·É´¥·µ¢ ±µ²²¥±É¨¢´ÒÌ ¸µ¸Éµ-
Ö´¨° Î¥É´µ-Î¥É´µ£µ µ¸Éµ¢ . �¶¥· Éµ· P1/2m, ¡Ê¤ÊÎ¨ ¸± ²Ö·µ³ µÉ´µ¸¨É¥²Ó´µ
¶·¥µ¡· §µ¢ ´¨° £·Ê¶¶Ò SOBF (6), ±µ³³ÊÉ¨·Ê¥É ¸µ ¢¸¥³¨ £¥´¥· Éµ· ³¨ ÔÉµ°
£·Ê¶¶Ò. �ÉµÉ £¥´¥· Éµ· ´¥ ¨§³¥´Ö¥É ±¢ ´Éµ¢ÒÌ Î¨¸¥² ¸µ¡¸É¢¥´´ÒÌ ¸µ¸ÉµÖ´¨°,
¤¥°¸É¢ÊÖ ´  Î¨¸Éµ ¡µ§µ´´Ò¥ ¸µ¸ÉµÖ´¨Ö µ¸Éµ¢ .
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‘µ¸ÉµÖ´¨Ö ¸µ ¸³¥Ï ´´µ° ¸¨³³¥É·¨¥° µ·Éµ£µ´ ²Ó´Ò ¶µ²´µ¸ÉÓÕ ¸¨³³¥-
É·¨Î´Ò³ ¸µ¸ÉµÖ´¨Ö³:

〈mixed.sym.|P1/2m|NF = 0, NB = N〉 = 0. (118)

� ¸¸³µÉ·¨³ É¥¶¥·Ó ¤¥°¸É¢¨¥ µ¡³¥´´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö (117) ´  ¸µ¸ÉµÖ´¨Ö
¸µ ¸³¥Ï ´´µ° ¸¨³³¥É·¨¥°. ’ ± ± ± µ¶¥· Éµ· P+

1/2m, ¤¥°¸É¢ÊÖ ´  ¸µ¸ÉµÖ´¨Ö
¸µ ¸³¥Ï ´´µ° ¸¨³³¥É·¨¥°, Ê´¨ÎÉµ¦ ¥É ´¥Î¥É´Ò° Ë¥·³¨µ´, Éµ ¢ ·¥§Ê²ÓÉ É¥
¶µ²ÊÎ ¥É¸Ö Î¨¸Éµ ¡µ§µ´´µ¥ ¸µ¸ÉµÖ´¨¥. �¤´ ±µ, ± ± ¸²¥¤Ê¥É ¨§ (118), É ±µ¥
¸µ¸ÉµÖ´¨¥ µ·Éµ£µ´ ²Ó´µ ¢¸¥³ Î¨¸Éµ ¡µ§µ´´Ò³ ¸µ¸ÉµÖ´¨Ö³. ‘²¥¤µ¢ É¥²Ó´µ,

g
∑
m

P1/2mP+
1/2m|mixed.sym.〉 = 0. (119)

„²Ö ¶µ²´µ¸ÉÓÕ ¸¨³³¥É·¨Î´ÒÌ ¸µ¸ÉµÖ´¨° ¨³¥¥³

g
∑
m′

P1/2m′P+
1/2m′P1/2m|NF = 0, NB = N〉 =

= g
∑
m′

P1/2m′{P+
1/2m′ , P1/2m}|NF = 0, NB = N〉 =

= gP1/2m(N̂B +
1
2
N̂F )|NF = 0, NB = N〉 +

+g
∑
m′

P1/2m′
√

2(−1)1/2−m′
C1η

1/2m1/2−m′ Ŝ1η|NF = 0, NB = N〉. (120)

’ ± ± ± µ¶¥· Éµ·Ò N̂F ¨ Ŝ1η ¤ ÕÉ ´Ê²Ó, ¤¥°¸É¢ÊÖ ´  Î¨¸Éµ ¡µ§µ´´Ò¥ ¸µ¸ÉµÖ-
´¨Ö, Éµ

g
∑
m′

P1/2m′P+
1/2m′P1/2m|NF = 0, NB = N〉 = gNP1/2m|NF = 0, NB = N〉.

(121)

’ ±¨³ µ¡· §µ³, ¢§ ¨³µ¤¥°¸É¢¨¥ (117) ³µ¦¥É ¨¸¶µ²Ó§µ¢ ÉÓ¸Ö, ÎÉµ¡Ò ·¥£Ê²¨-
·µ¢ ÉÓ Ô´¥·£¨¨ ¶µ²´µ¸ÉÓÕ ¸¨³³¥É·¨Î´ÒÌ ¸µ¸ÉµÖ´¨° µÉ´µ¸¨É¥²Ó´µ ¸µ¸ÉµÖ´¨°
¸µ ¸³¥Ï ´´µ° ¸¨³³¥É·¨¥°.

‘µ¸ÉµÖ´¨Ö ´¥Î¥É´ÒÌ Ö¤¥·, ¨³¥ÕÐ¨¥ É¥ ¦¥ µÉ´µ¸¨É¥²Ó´Ò¥ Ô´¥·£¨¨, ÎÉµ ¨
Î¥É´µ-Î¥É´Ò¥ Ö¤· , ¸¢Ö§ ´Ò E2-¶¥·¥Ìµ¤ ³¨ ¸ ¶·¨¢¥¤¥´´Ò³¨ ¢¥·µÖÉ´µ¸ÉÖ³¨,
¸µ¢¶ ¤ ÕÐ¨³¨ ¸ ÉµÎ´µ¸ÉÓÕ ¤µ £¥µ³¥É·¨Î¥¸±µ£µ Ë ±Éµ·  ¸ ¢¥·µÖÉ´µ¸ÉÖ³¨
E2-¶¥·¥Ìµ¤µ¢ ³¥¦¤Ê ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨ ¸µ¸ÉµÖ´¨Ö³¨ Î¥É´µ-Î¥É´µ£µ µ¸Éµ¢ .
�·¨Î¨´µ° ÔÉµ£µ Ö¢²Ö¥É¸Ö ¸É·Ê±ÉÊ·  ¸µ¡¸É¢¥´´ÒÌ ¢¥±Éµ·µ¢ ¸µ¸ÉµÖ´¨°, ¶·¨-
´ ¤²¥¦ Ð¨Ì ¸Ê¶¥·¸¨³³¥É·¨Î´Ò³ ³Ê²ÓÉ¨¶²¥É ³.

�Ê¸ÉÓ |JMNF = 1, NB = N − 1, Ln〉 Ö¢²Ö¥É¸Ö ´µ·³¨·µ¢ ´´Ò³ ¸µ¡¸É¢¥´-
´Ò³ ¢¥±Éµ·µ³ ´¥Î¥É´µ£µ Ö¤· , ¶µ¸É·µ¥´´Ò³ ¢ ·¥§Ê²ÓÉ É¥ ¤¥°¸É¢¨Ö µ¶¥· Éµ· 
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P1/2m ´  ´µ·³¨·µ¢ ´´Ò° ¸µ¡¸É¢¥´´Ò° ¢¥±Éµ· |LnµNF = 0, NB = N〉 Î¥É´µ-
Î¥É´µ£µ Ö¤· :

|JMNF = 1, NB = N − 1, Ln〉 =

=
1√
N

∑
m,µ

CJM
1
2 mLµP1/2m|LnµNF = 0, NB = N〉. (122)

‚ µ¡Ð¥³ ¸²ÊÎ ¥ µ¶¥· Éµ· E2-¶¥·¥Ìµ¤  ³µ¦¥É µÉ²¨Î ÉÓ¸Ö µÉ ¡µ§µ´-Ë¥·-
³¨µ´´µ£µ µ¶¥· Éµ·  (105), ±µÉµ·Ò° ¨¸¶µ²Ó§µ¢ ²¸Ö ¢ÒÏ¥ ¶·¨ ¶µ¸É·µ¥´¨¨ £ -
³¨²ÓÉµ´¨ ´  (116). �Éµ ³µ¦¥É ¡ÒÉÓ ¶·µ¨§¢µ²Ó´ Ö ²¨´¥°´ Ö ±µ³¡¨´ Í¨Ö
¡µ§µ´´µ£µ (104) ¨ Ë¥·³¨µ´´µ£µ (101) ±¢ ¤·Ê¶µ²Ó´ÒÌ µ¶¥· Éµ·µ¢. „²Ö ´ Ï¨Ì
Í¥²¥° Ê¤µ¡´µ ¶·¥¤¸É ¢¨ÉÓ µ¶¥· Éµ· E2-¶¥·¥Ìµ¤  ¢ ¢¨¤¥ ²¨´¥°´µ° ±µ³¡¨´ -
Í¨¨ ±¢ ¤·Ê¶µ²Ó´µ£µ µ¶¥· Éµ·  (105) ¨ ±¢ ¤·Ê¶µ²Ó´µ£µ µ¶¥· Éµ·  ¸ ´Ê²¥¢Ò³¨
³ É·¨Î´Ò³¨ Ô²¥³¥´É ³¨ ³¥¦¤Ê ¸µ¸ÉµÖ´¨Ö³¨ (122). �¨¦¥ ¶µ± § ´µ [34], ÎÉµ
É ±µ° µ¶¥· Éµ· ¨³¥¥É ¸²¥¤ÊÕÐÊÕ ¸É·Ê±ÉÊ·Ê:

QB
2µ − (N − 1)QF

2µ. (123)

� ¸¸³µÉ·¨³ µ¶¥· Éµ·

QB
2µ + βQF

2µ. (124)

ˆ¸¶µ²Ó§ÊÖ ¶·¨¢¥¤¥´´Ò¥ ¢ÒÏ¥ ±µ³³ÊÉ Í¨µ´´Ò¥ ¨  ´É¨±µ³³ÊÉ Í¨µ´´Ò¥ ¸µµÉ-
´µÏ¥´¨Ö,   É ±¦¥ ¤¢µ°´µ° ±µ³³ÊÉ Éµ·[

P+
1/2m′ ,

[
QB

2µ − QF
2µ, P1/2m

]]
= −2δmm′QB

2µ + 2a+
2µ,1/2ma00,1/2m′ +

+2a+
00,1/2m(−1)µa2−µ,1/2m′ + 2χ

∑
η,η′

C2µ
2η2η′a

+
2η,1/2m(−1)η′

a2−η′,1/2m′ , (125)

¶µ²ÊÎ ¥³

〈NF = 0, NB = N |P+
1/2m′(QB

2µ + βQF
2µ)P1/2m|NF = 0, NB = N〉 =

= 〈NF = 0, NB = N |P+
1/2m′

[
QB

2µ + βQF
2µ, P1/2m

]
|NF = 0, NB = N〉 +

+〈NF = 0, NB = N |P+
1/2m′P1/2m(QB

2µ + βQF
2µ)|NF = 0, NB = N〉 =

= 〈NF = 0, NB = N |
[
P+

1/2m′ ,
[
QB

2µ + βQF
2µ, P1/2m

]]
|NF = 0, NB = N〉 +

+〈NF = 0, NB = N |
{
P+

1/2m′ , P1/2m

}
(QB

2µ + βQF
2µ)|NF = 0, NB = N〉 =

= 〈NF = 0, NB = N | − (1 − β)δmm′QB
2µ|NF = 0, NB = N〉 +

+δmm′N〈NF = 0, NB = N |QB
2µ + βQF

2µ|NF = 0, NB = N〉 =

= δmm′ ((N − 1) + β) 〈NF = 0, NB = N |QB
2µ|NF = 0, NB = N〉 = 0. (126)
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‘²¥¤µ¢ É¥²Ó´µ, β = −(N − 1). ’ ±¨³ µ¡· §µ³, ±¢ ¤·Ê¶µ²Ó´Ò° µ¶¥· Éµ·
µ¡Ð¥£µ ¢¨¤  ³µ¦´µ ¶·¥¤¸É ¢¨ÉÓ ± ±

Tµ(E2) = eeff

(
(QB

2µ + QF
2µ) + α(QB

2µ − (N − 1)QF
2µ)

)
. (127)

� · ³¥É· α ¢ (127) ´¥¸ÊÐ¥¸É¢¥´ ¤²Ö ¶µ¸²¥¤ÊÕÐ¥£µ · ¸¸³µÉ·¥´¨Ö. �¤´ ±µ
ÔÉµÉ ¶ · ³¥É· µ¶·¥¤¥²Ö¥É ¨´É¥´¸¨¢´µ¸É¨ E2-¶¥·¥Ìµ¤µ¢ ³¥¦¤Ê ¸µ¸ÉµÖ´¨Ö³¨ ¸
¶µ²´µ° ¨ ¸³¥Ï ´´µ° ¸¨³³¥É·¨¥°.

�·¨¢¥¤¥´´Ò¥ ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ µ¶¥· Éµ·  Tµ(E2), ¢§ÖÉÒ¥ ³¥¦¤Ê ¶µ²-
´µ¸ÉÓÕ ¸¨³³¥É·¨Î´Ò³¨ ¸µ¸ÉµÖ´¨Ö³¨ ´¥Î¥É´µ£µ Ö¤· , ³µ£ÊÉ ¡ÒÉÓ ¢Ò· ¦¥´Ò
Î¥·¥§ ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ ±¢ ¤·Ê¶µ²Ó´µ£µ ¡µ§µ´´µ£µ µ¶¥· Éµ·  ³¥¦¤Ê ¸µµÉ-
¢¥É¸É¢ÊÕÐ¨³¨ ¸µ¸ÉµÖ´¨Ö³¨ Î¥É´µ-Î¥É´µ£µ Ö¤· ,   ¨³¥´´µ

〈J ′, NF = 1, NB = N − 1, L′n′||T (E2)||J, NF = 1, NB = N − 1, Ln〉 =

= (−1)L− 1
2−J′√

(2J + 1)(2J ′ + 1)
{

2 L L′

1/2 J ′ J

}
×

×〈L′n′NF = 0, NB = N ||QB
2 ||LnNF = 0, NB = N〉. (128)

ˆ§ (128) ¸²¥¤ÊÕÉ · §²¨Î´Ò¥ ¸µµÉ´µÏ¥´¨Ö ³¥¦¤Ê ¢¥²¨Î¨´ ³¨ B(E2) ¤²Ö ´¥-
Î¥É´ÒÌ ¨ Î¥É´µ-Î¥É´ÒÌ Ö¤¥·. “¤µ¡´µ · ¸¸³ É·¨¢ ÉÓ µÉ´µÏ¥´¨Ö B(E2):

RSUSY(J ′L′n′ → JLn) ≡ B(E2; J ′L′n′ → JLn)
B(E2; L′n′ → Ln)

. (129)

ˆ§ (128) ¸²¥¤Ê¥É, ´ ¶·¨³¥·, ÎÉµ

RSUSY(J ′ = 9/2, L′
n′ = 41 → J = 5/2, Ln = 21) = 1,

RSUSY(J ′ = 7/2, L′
n′ = 41 → J = 3/2, Ln = 21) = 0, 9,

RSUSY(J ′ = 3/2, L′
n′ = 22 → J = 5/2, Ln = 21) = 0, 3,

RSUSY(J ′ = 5/2, L′
n′ = 2n′ → J = 1/2, Ln = 01) = 1,

RSUSY(J ′ = 3/2, L′
n′ = 2n′ → J = 1/2, Ln = 01) = 1. (130)

‚ ¸µµÉ´µÏ¥´¨¨ (130) ¤²Ö ±· É±µ¸É¨ µ¶ÊÐ¥´Ò µ¡µ§´ Î¥´¨Ö Î¨¸¥² ¡µ§µ´µ¢ ¨
Ë¥·³¨µ´µ¢ ¢ Ì · ±É¥·¨¸É¨± Ì ¢¥±Éµ·µ¢ ¸µ¸ÉµÖ´¨°.

�·¨³¥·µ³ ¶·¨¡²¨¦¥´´µ° ¸Ê¶¥·¸¨³³¥É·¨¨, ¸µµÉ¢¥É¸É¢ÊÕÐ¨³ £ ³¨²ÓÉµ-
´¨ ´Ê, · ¸¸³µÉ·¥´´µ³Ê ¢ ÔÉµ³ · §¤¥²¥, Ö¢²ÖÕÉ¸Ö ¨§µÉµ¶Ò 194,195Pt [7, 21]
(·¨¸. 2). Š ± ¢¨¤´µ ¨§ ·¨¸Ê´± , ¸Ê¶¥·¸¨³³¥É·¨Ö Ö¢²Ö¥É¸Ö ¶·¨¡²¨¦¥´´µ°.
‘µ£² ¸¨¥ ³¥¦¤Ê É¥µ·¨¥° ¨ Ô±¸¶¥·¨³¥´Éµ³ ³µ¦´µ Ê²ÊÎÏ¨ÉÓ, ¶·¥µ¡· §µ¢ ¢
£ ³¨²ÓÉµ´¨ ´ ¸²¥¤ÊÕÐ¨³ µ¡· §µ³:

Ĥ → (1 − aN̂BN̂F )Ĥ + 2bL · S. (131)

�Éµ ¶·¥µ¡· §µ¢ ´¨¥  ´ ²µ£¨Î´µ ¨¸¶µ²Ó§µ¢ ´´µ³Ê ¢ · §¤. 5, ¸ Éµ° ²¨ÏÓ · §-
´¨Í¥°, ÎÉµ É ³ Ìµ·µÏ¨³¨ ±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨ Ö¢²Ö²¨¸Ó ± ± ¶µ²´µ¥ Î¨¸²µ
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’ ¡²¨Í  2. � ¸¸Î¨É ´´Ò¥ §´ Î¥´¨Ö B(E2) ¤²Ö ¨§µÉµ¶  195Pt (¢ e2b2). 	±¸¶¥·¨-
³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¤²Ö 195Pt ¢§ÖÉÒ ¨§ [20, 47]. 	±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶µ
B(E2, Lini → Lf nf ) ¤²Ö 194Pt ¢§ÖÉÒ ¨§ [56]. �¥§Ê²ÓÉ ÉÒ, ¶·¨¢¥¤¥´´Ò¥ ¢ É·¥-
ÉÓ¥° ±µ²µ´±¥, ¶µ²ÊÎ¥´Ò ¸ ÊÎ¥Éµ³ ¶¥·¥´µ·³¨·µ¢±¨ ÔËË¥±É¨¢´µ£µ § ·Ö¤  Ê 195Pt:
nren ≡ eeff(195Pt)/eeff (194Pt) = 0, 67

Ji(Lini) → Jf (Lf nf ) B(E2)exp B(E2; Lini → Lf nf ) B(E2; Lini → Lf nf ) RSUSY

¢ 195Pt ×RSUSY × nren ×RSUSY

3/2−(21) → 1/2−(01) 0,190(10) 0,168(7) 0,374(16) 1

5/2−(21) → 1/2−(01) 0,170(10) 0,168(7) 0,374(16) 1

3/2−(22) → 1/2−(01) 0,017(1) 0,0006(1) 0,0014(2) 1

5/2−(22) → 1/2−(01) 0,008(4) 0,0006(1) 0,0014(2) 1

3/2−(22) → 5/2−(21) ≤0,019 0,076(9) 0,17(2) 0,3

7/2−(41) → 3/2−(21) 0,17(7) 0,19(1) 0,42(3) 0,9

9/2−(41) → 5/2−(21) 0,20(4) 0,21(1) 0,47(3) 1

¡µ§µ´µ¢, É ± ¨ Î¨¸²µ s-¡µ§µ´µ¢. ƒ ³¨²ÓÉµ´¨ ´ (131) ¨³¥¥É ÉµÉ ¦¥ ¸¶¥±É·
¢µ§¡Ê¦¤¥´¨° 194Pt, ÎÉµ ¨ £ ³¨²ÓÉµ´¨ ´ (116). �µ ¸¶¥±É· ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ-
¸ÉµÖ´¨° 195Pt ¸¦ É,   ¶¸¥¢¤µ¸¶¨´-µ·¡¨É ²Ó´Ò¥ ¤Ê¡²¥ÉÒ · ¸Ð¥¶²¥´Ò. �Éµ
¶·¥µ¡· §µ¢ ´¨¥ £ ³¨²ÓÉµ´¨ ´  ´¥ ¨§³¥´Ö¥É ¢µ²´µ¢ÒÌ ËÊ´±Í¨°.

…¸²¨ ¸· ¢´¨ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¤²Ö B(E2) ¢ 195Pt [20, 47] ¸
É¥µ·¥É¨Î¥¸±¨³¨ ¶·¥¤¸± § ´¨Ö³¨, ¸²¥¤ÊÕÐ¨³¨ ¨§ (130) (É ¡². 2), Éµ ¢¨¤´µ,
ÎÉµ É¥µ·¥É¨Î¥¸±¨¥ ¶·¥¤¸± § ´¨Ö ¤²Ö ¸¨²Ó´ÒÌ ¶¥·¥Ìµ¤µ¢ ¸¨¸É¥³ É¨Î¥¸±¨ ¶·¥-
¢ÒÏ ÕÉ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥. ‘µ£² ¸¨¥ ³µ¦¥É ¡ÒÉÓ Ê²ÊÎÏ¥´µ, ¥¸²¨
ÔËË¥±É¨¢´Ò° § ·Ö¤ ¤²Ö µ¶¥· Éµ·  E2-¶¥·¥Ìµ¤  ¸¤¥² ÉÓ § ¢¨¸ÖÐ¨³ µÉ Î¨¸² 
Ë¥·³¨µ´µ¢, É.¥. ¶·¥µ¡· §µ¢ ÉÓ µ¶¥· Éµ· E2-¶¥·¥Ìµ¤  É ± ¦¥, ± ± ¨ £ ³¨²Ó-
Éµ´¨ ´ ¢ (131).

�µ¤¢e¤¥³ ¨Éµ£¨ ÔÉµ£µ · §¤¥² . �´ ²¨§¨·ÊÖ £ ³¨²ÓÉµ´¨ ´, ¶µ¸É·µ¥´´Ò°
¸ ¶µ³µÐÓÕ £¥´¥· Éµ·µ¢ £· ¤Ê¨·µ¢ ´´µ°  ²£¥¡·Ò U(6/12), ³Ò ¶µ± § ²¨, ÎÉµ
ÌµÉÖ ÔÉµÉ £ ³¨²ÓÉµ´¨ ´ ¨ ´¥ µ¡² ¤ ¥É ¢ µ¡Ð¥³ ¸²ÊÎ ¥ ¤¨´ ³¨Î¥¸±µ° ¸¨³³¥-
É·¨¥°, É¥³ ´¥ ³¥´¥¥ Î ¸ÉÓ ¸µ¡¸É¢¥´´ÒÌ ¸µ¸ÉµÖ´¨° ÔÉµ£µ £ ³¨²ÓÉµ´¨ ´ , µÉ-
´µ¸ÖÐ¨Ì¸Ö ± ´¥Î¥É´µ³Ê Ö¤·Ê, ¨ ±µ²²¥±É¨¢´Ò¥ ¸µ¸ÉµÖ´¨Ö Î¥É´µ-Î¥É´µ£µ Ö¤· 
µ¡· §ÊÕÉ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥ÉÒ. �Éµ ¸¢Ö§ ´µ ¸ É¥³, ÎÉµ  ²£¥¡·  U(6/12) ¸µ¤¥·-
¦¨É ¶µ¤ ²£¥¡·Ê U(1/2), Ö¢²ÖÕÐÊÕ¸Ö £·Ê¶¶µ° ¸¨³³¥É·¨¨ · ¸¸³ É·¨¢ ¥³µ£µ
£ ³¨²ÓÉµ´¨ ´ .

7. �…��‹��Ÿ ‘“�…�‘ˆŒŒ…’�ˆŸ ‚ Œ�„…‹ˆ —�‘’ˆ–�Ä��’��

‚ÒÏ¥ Ê¦¥ µÉ³¥Î ²µ¸Ó, ÎÉµ ¢ ¶µ¤Ìµ¤¥, ¡ §¨·ÊÕÐ¥³¸Ö ´  ¤¨´ ³¨Î¥¸±¨Ì
¸¨³³¥É·¨ÖÌ, ¢´¨³ ´¨¥ Ê¤¥²Ö²µ¸Ó µ¶¨¸ ´¨Õ ¢¸¥£µ ¸¶¥±É·  ¸µ¸ÉµÖ´¨° Î¥É´µ-
Î¥É´ÒÌ ¨ ´¥Î¥É´ÒÌ Ö¤¥· ¸ ¶µ³µÐÓÕ ¥¤¨´µ£µ £ ³¨²ÓÉµ´¨ ´  ¸ Ë¨±¸¨·µ¢ ´-
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´Ò³¨ ¶ · ³¥É· ³¨ ¢§ ¨³µ¤¥°¸É¢¨Ö. Š ± ¶· ¢¨²µ, É¥³ £·Ê¶¶ ³ ¸µ¸ÉµÖ´¨°, ±µ-
Éµ·Ò¥ Ì · ±É¥·¨§ÊÕÉ¸Ö µ¤¨´ ±µ¢Ò³¨ Ô´¥·£¨Ö³¨ £ ³³ -¶¥·¥Ìµ¤µ¢ ± ± ¢ Î¥É´µ-
Î¥É´ÒÌ, É ± ¨ ¢ ´¥Î¥É´ÒÌ Ö¤· Ì, ¸¶¥Í¨ ²Ó´µ£µ ¢´¨³ ´¨Ö ´¥ Ê¤¥²Ö²µ¸Ó. �¤´ ±µ
¨³¥´´µ ÔÉ¨ ¸²ÊÎ ¨ Ö¢²ÖÕÉ¸Ö ¶·¨³¥· ³¨ ÉµÎ´µ° ¸Ê¶¥·¸¨³³¥É·¨¨, ¨ ¡Ò²µ ¡Ò
¶µ²¥§´µ ¶µ± § ÉÓ, ÎÉµ É ±µ¥ ¶·¥¤¸É ¢²ÖÕÐ¥¥ µ¡Ð¨° ¨´É¥·¥¸ Ö¢²¥´¨¥, ± ± ¸Ê-
¶¥·¸¨³³¥É·¨Ö, ·¥ ²¨§Ê¥É¸Ö ¢ ¸¶¥±É· Ì Ö¤¥· [50]. �±¸¶¥·¨³¥´É ²Ó´µ ¨§¢¥¸É´µ
´¥¸±µ²Ó±µ ¶·¨³¥·µ¢ ·µÉ Í¨µ´´ÒÌ ¶µ²µ¸, µ¸´µ¢ ´¨Ö ±µÉµ·ÒÌ ¨³¥ÕÉ Ê£²µ¢µ°
³µ³¥´É J = 1/2, ¶µÎÉ¨ ¢Ò·µ¦¤¥´´ÒÌ ¶µ ¸¨£´ ÉÊ·¥, ±µÉµ·Ò¥ Ì · ±É¥·¨§ÊÕÉ¸Ö
Ô´¥·£¨Ö³¨ £ ³³ -¶¥·¥Ìµ¤µ¢, µÎ¥´Ó ¡²¨§±¨³¨ ± Ô´¥·£¨Ö³ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¶¥-
·¥Ìµ¤µ¢ ¢ Î¥É´µ-Î¥É´ÒÌ Ö¤· Ì. ‘·¥¤¨ ÔÉ¨Ì ¶·¨³¥·µ¢ ¥¸ÉÓ Ö¤· , ±µÉµ·Ò¥ ²¨¡µ
¡²¨§±¨, ²¨¡µ ¶·¨´ ¤²¥¦ É ± µ¡² ¸É¨ Ö¤¥· ¸µ ¸É É¨Î¥¸±µ° ¤¥Ëµ·³ Í¨¥°. ‚
ÔÉ¨Ì ¸²ÊÎ ÖÌ µ¸´µ¢ ´¨Ö ·µÉ Í¨µ´´ÒÌ ¶µ²µ¸ ¨´É¥·¶·¥É¨·ÊÕÉ¸Ö ± ± ´¨²Ó¸¸µ-
´µ¢¸±¨¥ ¸µ¸ÉµÖ´¨Ö ¸ K = 1/2.

�¡ÒÎ´µ ¶·¥¤¶µ² £ ¥É¸Ö, ÎÉµ ´¥Î¥É´ Ö Î ¸É¨Í  ¶µ²Ö·¨§Ê¥É Î¥É´µ-Î¥É´Ò°
µ¸Éµ¢, ¨§³¥´ÖÖ, ´ ¶·¨³¥·, ³µ³¥´É ¨´¥·Í¨¨. „¥°¸É¢¨É¥²Ó´µ, ¸¶¥±É·Ò ·µÉ Í¨-
µ´´ÒÌ ¨ ±¢ §¨·µÉ Í¨µ´´ÒÌ ¶µ²µ¸ ¢ ´¥Î¥É´ÒÌ Ö¤· Ì ¸ µ¡ÒÎ´µ° ¤¥Ëµ·³ Í¨¥°,
¨³¥ÕÐ¨Ì Ô´¥·£¨¨ £ ³³ -¶¥·¥Ìµ¤µ¢, ¡²¨§±¨¥ ± ¸µµÉ¢¥É¸É¢ÊÕÐ¨³ Ô´¥·£¨Ö³ ¢
¸µ¸¥¤´¨Ì Î¥É´µ-Î¥É´ÒÌ Ö¤· Ì, ¸¦ ÉÒ ¶µ ¸· ¢´¥´¨Õ ¸µ ¸¶¥±É· ³¨ ¸µ¸¥¤´¨Ì
Î¥É´µ-Î¥É´ÒÌ Ö¤¥·. ŠµÔËË¨Í¨¥´É ¸¦ É¨Ö · ¢¥´ 0,8Ä0,9. �¤´ ±µ ¢ ¸²ÊÎ ¥
¸Ê¶¥·¤¥Ëµ·³¨·µ¢ ´´ÒÌ ·µÉ Í¨µ´´ÒÌ ¶µ²µ¸ ¡Ò²¨ µ¡´ ·Ê¦¥´Ò ¶· ±É¨Î¥¸±¨
Éµ¦¤¥¸É¢¥´´Ò¥ Ô´¥·£¨¨ £ ³³ -¶¥·¥Ìµ¤µ¢, ¸µ¢¶ ¤ ÕÐ¨¥ ¸ ÉµÎ´µ¸ÉÓÕ ¤µ ´¥-
¸±µ²Ó±¨Ì ±Ô‚ [28]. —Éµ¡Ò µ¡ÑÖ¸´¨ÉÓ ´ ¡²Õ¤ ¥³µ¥ Ö¢²¥´¨¥ Å Éµ¦¤¥¸É¢¥´´Ò¥
¸Ê¶¥·¤¥Ëµ·³¨·µ¢ ´´Ò¥ ·µÉ Í¨µ´´Ò¥ ¶µ²µ¸Ò, ¡Ò²µ ¶·¥¤²µ¦¥´µ ´¥¸±µ²Ó±µ
¶µ¤Ìµ¤µ¢. �¥·¢µ¥ µ¡ÑÖ¸´¥´¨¥ µ¸´µ¢Ò¢ ²µ¸Ó ´  ³µ¤¥²¨ Î ¸É¨Í  Å ·µÉµ· ¨
´  ±µ´Í¥¶Í¨¨ ¶¸¥¢¤µ¸¶¨´ , ¤¨´ ³¨Î¥¸±¨ ´¥ ¸¢Ö§ ´´µ£µ ¸ ¶¸¥¢¤µµ·¡¨É ²Ó´Ò³
³µ³¥´Éµ³ [46]. ‚ ÔÉµ³ ¶µ¤Ìµ¤¥ µ¤´µÎ ¸É¨Î´Ò° Ê£²µ¢µ° ³µ³¥´É ¢Ò· ¦ ¥É¸Ö
¢ ¢¨¤¥ ¸Ê³³Ò ¶¸¥¢¤µµ·¡¨É ²Ó´µ£µ ³µ³¥´É  ¨ ¶¸¥¢¤µ¸¶¨´ . �·¥¤¶µ² £ ¥É¸Ö,
ÎÉµ ¶¸¥¢¤µµ·¡¨É ²Ó´Ò° ³µ³¥´É Ë¥·³¨µ´  ¸¨²Ó´µ ¸¢Ö§ ´ ¸ Ê£²µ¢Ò³ ³µ³¥´Éµ³
µ¸Éµ¢ , Ëµ·³¨·ÊÖ ¶µ²´Ò° µ·¡¨É ²Ó´Ò° ³µ³¥´É. �¸¥¢¤µ¸¶¨´ ¦¥ ¤µ¡ ¢²Ö¥É¸Ö
± ¶µ²´µ³Ê µ·¡¨É ²Ó´µ³Ê ³µ³¥´ÉÊ. ‚ ¶·µÉ¨¢µ¶µ²µ¦´µ¸ÉÓ µ¡ÒÎ´µ³Ê ±µ·¨µ-
²¨¸µ¢Ê ¢§ ¨³µ¤¥°¸É¢¨Õ ¶¸¥¢¤µ±µ·¨µ²¨¸µ¢µ ¢§ ¨³µ¤¥°¸É¢¨¥ ¢±²ÕÎ ¥É Éµ²Ó±µ
¶¸¥¢¤µ¸¶¨´,   ´¥ ¶µ²´Ò° Ê£²µ¢µ° ³µ³¥´É ´¥Î¥É´µ° Î ¸É¨ÍÒ. � · ³¥É· · §¢Ö-
§Ò¢ ´¨Ö a ¤²Ö ·µÉ Í¨µ´´ÒÌ ¶µ²µ¸ ¸ K = 1/2 ¢ ¶¸¥¢¤µ ¸¨³¶ÉµÉ¨Î¥¸±µ³ ¶·¥-

¤¥²¥ · ¢¥´ a = (−1)ÑδΛ̃0, £¤¥ Ñ Å ¶µ²´µ¥ ¶¸¥¢¤µµ¸Í¨²²ÖÉµ·´µ¥ ±¢ ´Éµ¢µ¥
Î¨¸²µ,   Λ̃ Å ¶·µ¥±Í¨Ö ¶¸¥¢¤µµ·¡¨É ²Ó´µ£µ ³µ³¥´É  Î ¸É¨ÍÒ ´  µ¸Ó ¸¨³³¥-
É·¨¨. ‚ ¸²ÊÎ ¥ ¶¸¥¢¤µµ·¡¨É ²Ó´µ£µ ¸¨´£²¥É  (Λ̃ = 0) ¨ Î¥É´µ£µ Ñ a = +1, ¨
Ô´¥·£¨¨ £ ³³ -¶¥·¥Ìµ¤µ¢ ¢ ´¥Î¥É´ÒÌ Ö¤· Ì ¸É ´µ¢ÖÉ¸Ö Éµ¦¤¥¸É¢¥´´Ò³¨ Ô´¥·-
£¨Ö³ £ ³³ -¶¥·¥Ìµ¤µ¢ ¢ ¸µ¸¥¤´¨Ì Î¥É´µ-Î¥É´ÒÌ Ö¤· Ì.

‚ ¤·Ê£µ³ ¶µ¤Ìµ¤¥, ¶·¥¤²µ¦¥´´µ³ ¢ [45], Éµ¦¤¥¸É¢¥´´Ò¥ ¸Ê¶¥·¤¥Ëµ·³¨-
·µ¢ ´´Ò¥ ¶µ²µ¸Ò  ´ ²¨§¨·µ¢ ²¨¸Ó ¢ · ³± Ì Ëµ·³ ²¨§³ , ¨¸¶µ²Ó§ÊÕÐ¥£µ ¤¨-
´ ³¨Î¥¸±¨¥ ¸Ê¶¥·¸¨³³¥É·¨¨. ‘Ê¶¥· ²£¥¡·Ò, ¢±²ÕÎ ÕÐ¨¥ ± ± ¡µ§µ´Ò, É ± ¨
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Ë¥·³¨µ´Ò, ¶µ§¢µ²ÖÕÉ µ¶¨¸Ò¢ ÉÓ ´  µ¸´µ¢¥ ¥¤¨´µ£µ £ ³¨²ÓÉµ´¨ ´  ± ± Î¥É´µ-
Î¥É´Ò¥, É ± ¨ ´¥Î¥É´Ò¥ Ö¤· . Š ± Ê¦¥ µÉ³¥Î ²µ¸Ó ¢ÒÏ¥, ±µ´Í¥¶Í¨Ö ¶¸¥¢¤µ-
¸¶¨´  ¥¸É¥¸É¢¥´´Ò³ µ¡· §µ³ ¢±²ÕÎ ¥É¸Ö ¢ Ëµ·³ ²¨§³ ¸Ê¶¥·¸¨³³¥É·¨°. �¤-
´ ±µ ¢ [45] ¸Ê¶¥·¸¨³³¥É·¨Ö · ¸¸³ É·¨¢ ² ¸Ó ¢ ±µ´É¥±¸É¥ U(6/12) ¤¨´ ³¨Î¥-
¸±µ° ¸Ê¶¥·¸¨³³¥É·¨¨ ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³ µ£· ´¨Î¥´¨¥³ ±µ´Ë¨£Ê· Í¨µ´´µ£µ
¶·µ¸É· ´¸É¢  µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨° ´¥Î¥É´µ£µ ´Ê±²µ´ . ‚ ÔÉµ³ · §¤¥²¥
³Ò · ¸¸³µÉ·¨³ ¸Ê¶¥·¸¨³³¥É·¨Õ ¢ · ³± Ì ³µ¤¥²¨ Î ¸É¨Í  Å ·µÉµ·, ¨³¥Ö ¢
¢¨¤Ê ± ± Ö¤·  ¸ µ¡ÒÎ´µ° ¤¥Ëµ·³ Í¨¥°, É ± ¨ ¸Ê¶¥·¤¥Ëµ·³¨·µ¢ ´´Ò¥ Ö¤· .
‚ ÔÉµ° ³µ¤¥²¨ ´¥Î¥É´ Ö Î ¸É¨Í  ³µ¦¥É § ¸¥²ÖÉÓ ²Õ¡µ¥ ¸µ¸ÉµÖ´¨¥ µ¸´µ¢´µ°
¤²Ö § ¤ ´´µ° Ö¤¥·´µ° µ¡µ²µÎ±¨ Î¥É´µ¸É¨. –¥²Ó ÔÉµ£µ · §¤¥²  Å ¶µ± § ÉÓ,
ÎÉµ µ¶¨¸ ´¨¥ ¢Ò·µ¦¤¥´´ÒÌ ¶µ ¸¨£´ ÉÊ·¥ ·µÉ Í¨µ´´ÒÌ ¶µ²µ¸ ¸ K = 1/2 ¸
Ô´¥·£¨Ö³¨ £ ³³ -¶¥·¥Ìµ¤µ¢, Éµ¦¤¥¸É¢¥´´Ò³¨ Ô´¥·£¨Ö³ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¶¥-
·¥Ìµ¤µ¢ ¢ ¸µ¸¥¤´¨Ì Î¥É´µ-Î¥É´ÒÌ Ö¤· Ì, ³µ¦¥É ¡ÒÉÓ ¶¥·¥Ëµ·³Ê²¨·µ¢ ´µ ± ±
¶·µÖ¢²¥´¨¥ ¸Ê¶¥·¸¨³³¥É·¨¨.

�¸É ´µ¢¨³¸Ö ÎÊÉÓ ¶µ¤·µ¡´¥¥ ´  ±µ´Í¥¶Í¨¨ ¶¸¥¢¤µ¸¶¨´ . ‚ ÉÖ¦¥²ÒÌ Ö¤· Ì
µ¤´µÎ ¸É¨Î´Ò¥ µ·¡¨ÉÒ, ¶·¨´ ¤²¥¦ Ð¨¥ Ö¤¥·´µ° µ¡µ²µÎ±¥ ¸ £² ¢´Ò³ µ¸Í¨²-
²ÖÉµ·´Ò³ ±¢ ´Éµ¢Ò³ Î¨¸²µ³ N , Ëµ·³¨·ÊÕÉ ¸² ¡µ¢Ò·µ¦¤¥´´Ò¥ ¤Ê¡²¥ÉÒ ¸
±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨ l1, j1 = l1+1/2 ¨ l2 = l1+2, j2 = l2−1/2 = j1+1. ‘µ¸Éµ-
Ö´¨Ö, ¶·¨´ ¤²¥¦ Ð¨¥ ¤Ê¡²¥É ³, Ö¢²ÖÕÉ¸Ö ¶¸¥¢¤µ¸¶¨´-µ·¡¨É ²Ó´Ò³¨ ¶ ·É´¥-
· ³¨. „²Ö ¶· ±É¨Î¥¸±µ£µ ¶·¨³¥´¥´¨Ö ÔÉµ° ±µ´Í¥¶Í¨¨ ¢ ¦´µ, ÎÉµ ¶¸¥¢¤µ¸¶¨´-
µ·¡¨É ²Ó´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ l̃s̃ ¸ÊÐ¥¸É¢¥´´µ ¸² ¡¥¥, Î¥³ µ¡ÒÎ´ Ö ¸¶¨´-µ·¡¨-
É ²Ó´ Ö ¸¢Ö§Ó ls.

Š ± ¨ ¢ ¶·¥¤Ò¤ÊÐ¥³ · §¤¥²¥, · §²µ¦¨³ Ê£²µ¢µ° ³µ³¥´É ´¥Î¥É´µ° Î ¸É¨ÍÒ
´  ¶¸¥¢¤µµ·¡¨É ²Ó´ÊÕ ¨ ¶¸¥¢¤µ¸¶¨´µ¢ÊÕ Î ¸É¨:

a+
jm =

∑
µ,σ

Cjm

l̃µ 1̃
2σ

a+

l̃µ, 1̃
2 σ

. (132)

ˆ¸¶µ²Ó§ÊÖ µ¶¥· Éµ·Ò ·µ¦¤¥´¨Ö ¨ Ê´¨ÎÉµ¦¥´¨Ö Ë¥·³¨µ´  a+

l̃µ, 1̃
2σ

¨ a
l̃µ, 1̃

2σ
¨

¶·¥¤¶µ² £ Ö, ÎÉµ ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ r2 ´¥ § ¢¨¸ÖÉ µÉ l̃ [31], ÎÉµ ¢Ò¶µ²´Ö¥É¸Ö
¶·¨¡²¨¦¥´´µ, ³Ò ¶µ²ÊÎ¨³ ¸²¥¤ÊÕÐ¥¥ ¢Ò· ¦¥´¨¥ ¤²Ö µ¶¥· Éµ·  ±¢ ¤·Ê¶µ²Ó-
´µ£µ ³µ³¥´É  Î ¸É¨ÍÒ:

q2µ = 〈r2〉
∑

l̃,l̃′,ν,ν′,σ

〈l̃′||Y2||l̃〉√
5

C2µ

l̃′ν′ l̃ν
a+

l̃′ν′, 1̃2 σ
ã

l̃ν, 1̃
2σ

, (133)

£¤¥ 〈r2〉 § ¤ ´ ¢ ¥¤¨´¨Í Ì �

mω0
. �Éµ ¶·¥¤¶µ²µ¦¥´¨¥ µ§´ Î ¥É, ´ ¶·¨³¥·, ÎÉµ

¸Î¨É ÕÉ¸Ö · ¢´Ò³¨ ± ± ¤¨ £µ´ ²Ó´Ò¥, É ± ¨ ´¥¤¨ £µ´ ²Ó´Ò¥ ³ É·¨Î´Ò¥ Ô²¥-
³¥´ÉÒ r2, ´¥ ¸¢Ö§ ´´Ò¥ ¸ ¶µ¢µ·µÉµ³ ¶¸¥¢¤µ¸¶¨´ . ‚ ¤ ²Ó´¥°Ï¥³ ¡Ê¤¥³ ¶·¥-
´¥¡·¥£ ÉÓ ¸² ¡Ò³ ¶¸¥¢¤µ¸¶¨´-µ·¡¨É ²Ó´Ò³ ¢§ ¨³µ¤¥°¸É¢¨¥³. ‚ ¶¸¥¢¤µ¸¶¨´-
µ·¡¨É ²Ó´µ³ ¶·¥¤¸É ¢²¥´¨¨ £ ³¨²ÓÉµ´¨ ´ ³µ¤¥²¨ Î ¸É¨Í  Å ·µÉµ· ¢ ² ¡µ-
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· Éµ·´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É ¨³¥¥É ¢¨¤

H =
∑
l̃,ν,σ

El̃a
+

l̃µ, 1̃
2σ

a
l̃µ, 1̃

2 σ
+

�
2

2�L2 −

−�ω0

∑
µ

(−1)µq2µQc
2−µ. (134)

�¥·¢Ò° Î²¥´ ¢ (134) ¶·¥¤¸É ¢²Ö¥É Ô´¥·£¨Õ ´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥° Î ¸É¨ÍÒ
¢ ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´µ³ ¶µÉ¥´Í¨ ²¥. ‚Éµ·µ¥ ¸² £ ¥³µ¥ Å ÔÉµ Ô´¥·£¨Ö
¢· Ð¥´¨Ö. ‚ µÉ²¨Î¨¥ µÉ ¸É ´¤ ·É´µ° ³µ¤¥²¨ Î ¸É¨Í  Å ·µÉµ·, §¤¥¸Ó ¶·¥¤-
¶µ² £ ¥É¸Ö, ÎÉµ ¢· Ð É¥²Ó´Ò° ³µ³¥´É L Ö¢²Ö¥É¸Ö ¢¥±Éµ·´µ° ¸Ê³³µ° ³µ³¥´É 
µ¸Éµ¢  R ¨ µ¤´µÎ ¸É¨Î´µ£µ ¶¸¥¢¤µµ·¡¨É ²Ó´µ£µ ³µ³¥´É  l̃ [36,42Ä44]:

L = R + l̃. (135)

�Éµ µÎ¥´Ó ¢ ¦´µ¥ ¶·¥¤¶µ²µ¦¥´¨¥. �´µ µ¸´µ¢Ò¢ ¥É¸Ö ´  ¸² ¡µ¸É¨ ¶¸¥¢¤µ¸¶¨´-
µ·¡¨É ²Ó´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö, ¡² £µ¤ ·Ö ±µÉµ·µ° ¶¸¥¢¤µµ·¡¨É ²Ó´Ò° ³µ³¥´É
Î ¸É¨ÍÒ µ± §Ò¢ ¥É¸Ö ¸¨²Ó´µ ¸¢Ö§ ´´Ò³ ¸ ¤¥Ëµ·³¨·µ¢ ´´Ò³ ¸·¥¤´¨³ Ö¤¥·´Ò³
¶µÉ¥´Í¨ ²µ³. ‚ ·¥§Ê²ÓÉ É¥ l̃ ¨ R µ± §Ò¢ ÕÉ¸Ö ¸¢Ö§ ´´Ò³¨ ¢ ¶µ²´Ò° Ê£²µ¢µ°
³µ³¥´É L. �É³¥É¨³ É ±¦¥, ÎÉµ ¡² £µ¤ ·Ö ¤µ¸É ÉµÎ´µ ¡µ²ÓÏµ³Ê Ô´¥·£¥É¨-
Î¥¸±µ³Ê · §¤¥²¥´¨Õ µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨° ¸ Λ̃ = 1 ¨ Λ̃ = 0, ±µ·¨µ²¨-
¸µ¢µ ¢§ ¨³µ¤¥°¸É¢¨¥, ¶µÖ¢²ÖÕÐ¥¥¸Ö, ¥¸²¨ § ³¥´¨ÉÓ ¢ (134) L2 ´  R2, µ± ¦¥É
¸² ¡µ¥ ¢µ§¤¥°¸É¢¨¥ ´  ¶¸¥¢¤µµ·¡¨É ²Ó´Ò° ¸¨´£²¥É. ‚ ÔÉµ³ ¸²ÊÎ ¥ ÔËË¥±É
±µ·¨µ²¨¸µ¢  ¢§ ¨³µ¤¥°¸É¢¨Ö ¢ µ¸´µ¢´µ³ ¸¢¥¤¥É¸Ö ± ¶¥·¥´µ·³¨·µ¢±¥ ³µ³¥´É 
¨´¥·Í¨¨ ¨ Ë ±Éµ·  · §¢Ö§Ò¢ ´¨Ö. ’·¥É¨° Î²¥´ ¢ (134), £¤¥ ¡¥§· §³¥·´Ò°
µ¶¥· Éµ· Qc

2µ ¶·µ¶µ·Í¨µ´ ²¥´ ±¢ ¤·Ê¶µ²Ó´µ³Ê ³µ³¥´ÉÊ µ¸Éµ¢ , µ¶¨¸Ò¢ ¥É
¸¢Ö§Ó ´¥Î¥É´µ° Î ¸É¨ÍÒ ¸ ¤¥Ëµ·³¨·µ¢ ´´Ò³ ¸·¥¤´¨³ ¶µ²¥³ Ö¤· . ’ ± ± ± ¢
(134) ¶·¨´ÖÉÒ ¢µ ¢´¨³ ´¨¥ Éµ²Ó±µ ·µÉ Í¨µ´´Ò¥ ¢µ§¡Ê¦¤¥´¨Ö µ¸Éµ¢ , Éµ ¸µ¡-
¸É¢¥´´Ò¥ ¢¥±Éµ·Ò ·µÉ Í¨µ´´µ° ¶µ²µ¸Ò, ¶µ¸É·µ¥´´µ° ´  µ¸´µ¢´µ³ ¸µ¸ÉµÖ´¨¨
µ¸Éµ¢ , ³µ¦´µ ¶·¥¤¸É ¢¨ÉÓ ¸²¥¤ÊÕÐ¨³ µ¡· §µ³:

|Rν〉 =

√
2R + 1

8π2
DR

ν0. (136)

�·µ¥±Í¨Ö Ê£²µ¢µ£µ ³µ³¥´É  R ¤²Ö ÔÉµ° ¶µ²µ¸Ò ¶·¨´ÖÉ  · ¢´µ° ´Ê²Õ, ¢
¸µµÉ¢¥É¸É¢¨¨ ¸ ¶·¥¤¶µ²µ¦¥´¨¥³ µ¡  ±¸¨ ²Ó´µ° ¸¨³³¥É·¨¨ ¸·¥¤´¥£µ ¶µ²Ö.
�µ Éµ° ¦¥ ¶·¨Î¨´¥ µ¶¥· Éµ· Qc

2µ ³µ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´ ± ±

Qc
2µ = βD2

µ0, (137)

£¤¥ β Å ¶ · ³¥É·  ±¸¨ ²Ó´µ° ¤¥Ëµ·³ Í¨¨ µ¸Éµ¢ .
�¶¥· Éµ·Ò

a+

l̃µ, 1̃
2σ

a
l̃′µ′, 1̃

2σ′ , Lν , DL
M0, (138)
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¨¸¶µ²Ó§Ê¥³Ò¥ ¶·¨ ±µ´¸É·Ê¨·µ¢ ´¨¨ £ ³¨²ÓÉµ´¨ ´  (134), Ëµ·³¨·ÊÕÉ ¢³¥¸É¥
¸ µ¶¥· Éµ· ³¨

a+

l̃µ, 1̃
2σ

Dl
m0, a

l̃µ, 1̃
2σ

Dl
m0 (139)

£· ¤Ê¨·µ¢ ´´ÊÕ  ²£¥¡·Ê ‹¨. ‘µµÉ¢¥É¸É¢ÊÕÐ¨¥ ±µ³³ÊÉ Í¨µ´´Ò¥ ¨  ´É¨±µ³-
³ÊÉ Í¨µ´´Ò¥ ¸µµÉ´µÏ¥´¨Ö ¶·¨¢¥¤¥´Ò ´¨¦¥. —Éµ¡Ò Ê¶·µ¸É¨ÉÓ µ¡µ§´ Î¥´¨Ö,
´¨¦¥ µ¶ÊÐ¥´ §´ ± É¨²Ó¤ :

[Lµ, Lν ] =
√

2C1ν′

1ν1µLν′ , (140)

[
Lµ, DL

M0

]
=

√
L(L + 1)CLM ′

LM1µDL
M ′0, (141)

[
Lµ, a+

lν, 1
2σ

al′ν′, 1
2σ′

]
=

√
l(l + 1)Clν1

lν1µa+
lν1, 12 σ

al′ν′, 12σ′ −

−
√

l′(l′ + 1)(−1)µCl′ν1
l′ν′1−µa+

lν, 1
2σ

al′ν1, 1
2σ′ , (142)

[
DL

M0, D
L′

M ′0

]
= 0, (143)

[
DL

M0, a
+
lν, 1

2σ
al′ν′, 1

2σ′

]
= 0, (144)

[
a+

l1µ1, 12σ1
al2µ2, 12σ2

, a+
l′1µ′

1, 1
2σ′

1
al′2µ′

2, 1
2σ′

2

]
= δl′1l2δµ′

1µ2δσ′
1σ2a

+
l1µ1, 12σ1

al′2µ′
2, 1

2σ′
2
−

−δl1l′2
δµ1µ′

2
δσ1σ′

2
a+

l′1µ′
1, 1

2σ′
1
al2µ2, 1

2σ2
, (145)

[
a+

lµ, 1
2σ

al′µ′, 12 σ′ , a+
l1µ1, 12 σ1

DL
M0

]
= δl′l1δµ′µ1δσ′σ1a

+
l1µ1, 1

2σ1
DL

M0, (146)

[
Lµ, a+

lν, 1
2σ

DL
M0

]
=

√
l(l + 1)Clν′

lν1µa+
lν′, 12 σ

DL
M0 +

+
√

L(L + 1)CLM ′

LM1µa+
lν, 1

2σ
DL

M ′0, (147)

[
DL

M0, a
+
lµ, 1

2 σ
DL′

M ′0

]
= 0, (148)
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a+

lµ, 1
2σ

DL
M0, al′µ′, 12 σ′DL′

M ′0

}
= δll′δµµ′δσσ′DL

M0D
L′

M ′0 =

= δll′δµµ′δσσ′

∑
L′′M ′′

CL′′M ′′

LML′M ′CL′′0
L0L′0D

L′′

M ′′0, (149)

{
a+

lµ, 1
2σ

DL
M0, a

+
l′µ′, 1

2σ′D
L′

M ′0

}
= 0. (150)

‚ (138) ¨ (139) l̃ ¶·¨´¨³ ¥É §´ Î¥´¨Ö Ñ , Ñ − 2, ..., 1 ¨²¨ 0, £¤¥ Ñ Å
£² ¢´µ¥ ¶¸¥¢¤µµ¸Í¨²²ÖÉµ·´µ¥ ±¢ ´Éµ¢µ¥ Î¨¸²µ. ŒÒ ³µ¦¥³ µ£· ´¨Î¨ÉÓ ´ ¡µ·
¢µ§³µ¦´ÒÌ §´ Î¥´¨° l ¢ (139) Éµ²Ó±µ Î¥É´Ò³¨ Î¨¸² ³¨, ¡¥·Ö l = 0, 2, ..., Ñ
¨²¨ Ñ −1. ’µ£¤  L ¢ (138) Ö¢²Ö¥É¸Ö Î¥É´Ò³ Î¨¸²µ³, ¶·¨´¨³ ÕÐ¨³ §´ Î¥´¨Ö
L = 0, 2, ..., 2lmax, £¤¥ lmax = Ñ ¨²¨ Ñ − 1. ‚ ÔÉµ° £· ¤Ê¨·µ¢ ´´µ°  ²£¥¡·¥
µ¶¥· Éµ·Ò (138) Ëµ·³¨·ÊÕÉ ¡µ§¥-¸¥±Éµ·,   µ¶¥· Éµ·Ò (139) Å Ë¥·³¨-¸¥±Éµ·.

� Ï  Í¥²Ó Å ´ °É¨ Ê¸²µ¢¨Ö, ¶·¨ ±µÉµ·ÒÌ ¢ ¸¶¥±É·¥ ´¥Î¥É´µ£µ Ö¤·  ¶µ-
Ö¢²ÖÕÉ¸Ö Ê·µ¢´¨, · §¤¥²¥´´Ò¥ É ±¨³¨ ¦¥ Ô´¥·£¥É¨Î¥¸±¨³¨ ¨´É¥·¢ ² ³¨, ÎÉµ
¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ Ê·µ¢´¨ ¢ ¸¶¥±É·¥ ¸µ¸¥¤´¥£µ Î¥É´µ-Î¥É´µ£µ Ö¤· ,   § É¥³
¶µ¸É·µ¨ÉÓ µ¶¥· Éµ·, ¶·¨´ ¤²¥¦ Ð¨° Ë¥·³¨-¸¥±Éµ·Ê · ¸¸³µÉ·¥´´µ° ¢ÒÏ¥
£· ¤Ê¨·µ¢ ´´µ°  ²£¥¡·Ò ‹¨, ±µÉµ·Ò° £¥´¥·¨·Ê¥É ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ Ê·µ¢´¨
´¥Î¥É´µ£µ Ö¤·  ¶·¨ ¤¥°¸É¢¨¨ ´  ¸µ¸ÉµÖ´¨Ö Î¥É´µ-Î¥É´µ£µ ¸µ¸¥¤ . …¸²¨ ¶µ-
¸É·µ¥´¨¥ É ±µ£µ µ¶¥· Éµ·  ¢µ§³µ¦´µ, Éµ ³µ¦´µ £µ¢µ·¨ÉÓ µ ¸Ê¶¥·¸¨³³¥É·¨¨
¢ Ö¤¥·´ÒÌ ¸¶¥±É· Ì ¨²¨, ¡µ²¥¥ ÉµÎ´µ, µ ´¥¶µ²´µ° ¸Ê¶¥·¸¨³³¥É·¨¨, É ± ± ±
´¥ ¢¸¥ ·µÉ Í¨µ´´Ò¥ ¶µ²µ¸Ò ´¥Î¥É´µ£µ Ö¤· , Ö¢²ÖÕÐ¨¥¸Ö ¸µ¡¸É¢¥´´Ò³¨ ¸µ-
¸ÉµÖ´¨Ö³¨ £ ³¨²ÓÉµ´¨ ´  (134), ³µ£ÊÉ ¡ÒÉÓ ¶µ¸É·µ¥´Ò ¸ ¶µ³µÐÓÕ É ±µ£µ
µ¶¥· Éµ· . �ÉµÉ µ¶¥· Éµ· ¤µ²¦¥´ ±µ³³ÊÉ¨·µ¢ ÉÓ ¸ £ ³¨²ÓÉµ´¨ ´µ³ ¨²¨ ¤µ²-
¦¥´ ¡ÒÉÓ µ¶¥· Éµ·µ³, £¥´¥·¨·ÊÕÐ¨³ ¸µ¡¸É¢¥´´Ò¥ ³µ¤Ò, É.¥. ¥£µ ±µ³³ÊÉ Éµ·
¸ £ ³¨²ÓÉµ´¨ ´µ³ ¤µ²¦¥´ ¡ÒÉÓ · ¢¥´ ¥³Ê ¦¥, ¶µ³´µ¦¥´´µ³Ê ´  ´¥±µÉµ·ÊÕ
±µ´¸É ´ÉÊ. ‚ ¶µ¸²¥¤´¥³ ¸²ÊÎ ¥ Ê·µ¢´¨ · ¸¸³ É·¨¢ ¥³µ° ·µÉ Í¨µ´´µ° ¶µ-
²µ¸Ò ´¥Î¥É´µ£µ Ö¤·  ¡Ê¤ÊÉ ¸¤¢¨´ÊÉÒ µÉ´µ¸¨É¥²Ó´µ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì Ê·µ¢´¥°
Î¥É´µ-Î¥É´µ£µ ¸µ¸¥¤  ´  µ¤´Ê ¨ ÉÊ ¦¥ ¢¥²¨Î¨´Ê. �¤´ ±µ Ô´¥·£¥É¨Î¥¸±¨¥
· §´µ¸É¨ (Ô´¥·£¨¨ £ ³³ -¶¥·¥Ìµ¤µ¢) ¡Ê¤ÊÉ É¥³¨ ¦¥ ¸ ³Ò³¨ ¢ µ¡µ¨Ì Ö¤· Ì.
”µ·³ ²Ó´µ, ±µ£¤  µ¶¥· Éµ·, É· ´¸Ëµ·³¨·ÊÕÐ¨° ¡µ§µ´´ÊÕ ¸¨¸É¥³Ê ¢ Ë¥·³¨-
µ´´ÊÕ, ´¥ ±µ³³ÊÉ¨·Ê¥É ¸ £ ³¨²ÓÉµ´¨ ´µ³, ÔÉµ µ§´ Î ¥É, ÎÉµ £ ³¨²ÓÉµ´¨ ´
´¥¨´¢ ·¨ ´É¥´ µÉ´µ¸¨É¥²Ó´µ ¶·¥µ¡· §µ¢ ´¨Ö, £¥´¥· Éµ·µ³ ±µÉµ·µ£µ Ö¢²Ö¥É¸Ö
· ¸¸³ É·¨¢ ¥³Ò° µ¶¥· Éµ·. �¤´ ±µ ¢ Ö¤¥·´µ° ¸¶¥±É·µ¸±µ¶¨¨ ³µ¦´µ £µ¢µ-
·¨ÉÓ µ ¸Ê¶¥·¸¨³³¥É·¨¨ Éµ²Ó±µ ¢ µÉ´µÏ¥´¨¨ ¸¶¥±É·µ¢ ¢µ§¡Ê¦¤¥´¨Ö, É.¥. ¢ÒÎ¨-
É Ö ¶¥·¥¤ · ¸¸³µÉ·¥´¨¥³ ¨§ ¶µ²´ÒÌ Ô´¥·£¨° ³ ¸¸Ò Ö¤¥·. �·¨ ¸· ¢´¥´¨¨ Ô´¥·-
£¥É¨Î¥¸±¨Ì ¨´É¥·¢ ²µ¢ ¢ ·µÉ Í¨µ´´ÒÌ ¶µ²µ¸ Ì ´¥Î¥É´ÒÌ Ö¤¥· ¸ µ¸´µ¢´Ò³¨
·µÉ Í¨µ´´Ò³¨ ¶µ²µ¸ ³¨ ¸µ¸¥¤´¨Ì Î¥É´µ-Î¥É´ÒÌ Ö¤¥· Ô´¥·£¨¨ µ¸´µ¢ ´¨° ·µ-
É Í¨µ´´ÒÌ ¶µ²µ¸ ¤µ²¦´Ò ¡ÒÉÓ ¢ÒÎÉ¥´Ò ¨§ Ô´¥·£¨° ¢µ§¡Ê¦¤¥´¨Ö. ‚ ÔÉµ³
µÉ´µÏ¥´¨¨ ¸¨ÉÊ Í¨Ö  ´ ²µ£¨Î´  Éµ°, ±µÉµ· Ö ¢µ§´¨± ¥É ¶·¨ · ¸¸³µÉ·¥´¨¨
¨§µ¸¶¨´µ¢µ° ¸¨³³¥É·¨¨, ±µ£¤  ¤²Ö ¶·µ¢¥·±¨ ¥¥ ¶·¨³¥´¨³µ¸É¨ ´¥µ¡Ìµ¤¨³µ
¢ÒÎ¨É ÉÓ ±Ê²µ´µ¢¸±¨¥ Ô´¥·£¨¨ ¨§ ³ ¸¸ Ö¤¥·.
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� ¸¸³µÉ·¨³ µ¶¥· Éµ·

P 1
2σ ≡

∑
l̃,m

χl̃C
00
l̃ml̃−m

a+

l̃m, 1̃
2σ

√
2l̃ + 1Dl̃

−m0 (151)

¨ ¢ÒÎ¨¸²¨³ ¥£µ ±µ³³ÊÉ Éµ· ¸ £ ³¨²ÓÉµ´¨ ´µ³ (134). ŠµÔËË¨Í¨¥´ÉÒ χl̃ ¡Ê-
¤ÊÉ µ¶·¥¤¥²¥´Ò ¢ ¤ ²Ó´¥°Ï¥³. ‚¨¤´µ, ÎÉµ ± ¦¤µ¥ ¸² £ ¥³µ¥ ¢ (151) ¨³¥¥É
´Ê²¥¢µ° ¶µ²´Ò° µ·¡¨É ²Ó´Ò° ³µ³¥´É ¨, ¸²¥¤µ¢ É¥²Ó´µ, ±µ³³ÊÉ¨·Ê¥É ¸ ·µÉ -
Í¨µ´´Ò³ Î²¥´µ³ £ ³¨²ÓÉµ´¨ ´  (134). �µ²´Ò° ±µ³³ÊÉ Éµ· µ¶¥· Éµ·  (151)
¸ £ ³¨²ÓÉµ´¨ ´µ³ · ¢¥´

[
H, P 1

2σ

]
=

∑
l̃,l̃′

hl̃,l̃′χl̃′

∑
m

C00
l̃ml̃−m

a+

l̃m, 1̃2σ

√
2l̃ + 1Dl̃

−m0, (152)

£¤¥

hl̃,l̃′ = El̃δl̃l̃′ − �ω0β〈r2〉〈l̃0|Y20|l̃′0〉. (153)

‡¤¥¸Ó hl̃,l̃′ Å ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ µ¤´µÎ ¸É¨Î´µ£µ £ ³¨²ÓÉµ´¨ ´  �¨²Ó¸¸µ´ 
¢ ¶¸¥¢¤µµ¸Í¨²²ÖÉµ·´µ³ ¡ §¨¸¥, ¢ÒÎ¨¸²¥´´Ò¥ ¢ ¶·¥¤¶µ²µ¦¥´¨¨, ÎÉµ ³ É·¨Î-
´Ò¥ Ô²¥³¥´ÉÒ r2 ´¥ § ¢¨¸ÖÉ µÉ l̃, l̃′. �µ²¥¥ ÉµÎ´µ, ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ hl̃,l̃′

Ö¢²ÖÕÉ¸Ö Î ¸ÉÓÕ ³ É·¨ÍÒ £ ³¨²ÓÉµ´¨ ´  �¨²Ó¸¸µ´ , ¸µµÉ¢¥É¸É¢ÊÕÐ¥° µ¤´µ-
Î ¸É¨Î´Ò³ ¸µ¸ÉµÖ´¨Ö³ ¸ ´Ê²¥¢µ° ¶·µ¥±Í¨¥° ¶¸¥¢¤µµ·¡¨É ²Ó´µ£µ ³µ³¥´É  ´ 
µ¸Ó ¸¨³³¥É·¨¨, É.¥. ¸ Λ̃ = 0. ŒÒ µ¶·¥¤¥²¨³ ±µÔËË¨Í¨¥´ÉÒ χl̃ É ±, ÎÉµ¡Ò
µ´¨ Ê¤µ¢²¥É¢µ·Ö²¨ Ê· ¢´¥´¨Õ∑

l̃′

hl̃,l̃′χl̃′ = E0χl̃. (154)

’ ±¨³ µ¡· §µ³, χl̃ Å ÔÉµ ±µÔËË¨Í¨¥´ÉÒ, µ¶¨¸Ò¢ ÕÐ¨¥ · §²µ¦¥´¨¥ ´¨²Ó¸-
¸µ´µ¢¸±¨Ì µ¤´µÎ ¸É¨Î´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ¶¸¥¢¤µµ¸Í¨²²ÖÉµ·´µ³ ¡ §¨¸¥,   E0 Å
Ô´¥·£¨Ö ´¨²Ó¸¸µ´µ¢¸±µ£µ ¸µ¸ÉµÖ´¨Ö ¸ Λ̃ = 0. �±µ´Î É¥²Ó´µ ³Ò ¶µ²ÊÎ ¥³
¸²¥¤ÊÕÐ¨° ·¥§Ê²ÓÉ É: [

H, P 1
2σ

]
= E0P 1

2σ. (155)

ˆ§ (155) ¸²¥¤Ê¥É, ÎÉµ P 1
2σ , ¤¥°¸É¢ÊÖ ´  ¸µ¸ÉµÖ´¨Ö Î¥É´µ-Î¥É´µ£µ Ö¤· , ¶µ·µ-

¦¤ ¥É ¸µ¡¸É¢¥´´Ò¥ ¸µ¸ÉµÖ´¨Ö ¸µ¸¥¤´¥£µ ´¥Î¥É´µ£µ Ö¤·  ¸ Λ̃ = 0. �´¥·£¨¨
ÔÉ¨Ì ¸µ¸ÉµÖ´¨° ¸¤¢¨´ÊÉÒ ´  ¢¥²¨Î¨´Ê E0 µÉ´µ¸¨É¥²Ó´µ Ô´¥·£¨° ¸µµÉ¢¥É¸É¢Ê-
ÕÐ¨Ì ¸µ¸ÉµÖ´¨° Î¥É´µ-Î¥É´µ£µ Ö¤· . �¤´ ±µ Ô´¥·£¨¨ £ ³³ -¶¥·¥Ìµ¤µ¢ ¡Ê¤ÊÉ
É¥³¨ ¦¥ ¸ ³Ò³¨ ± ± ¢ Î¥É´µ-Î¥É´µ³, É ± ¨ ¢ ´¥Î¥É´µ³ Ö¤· Ì. ŒÒ ³µ¦¥³ ¸± -
§ ÉÓ É ±¦¥, ÎÉµ µ¶¥· Éµ· P 1

2σ ¶µ·µ¦¤ ¥É ·µÉ Í¨µ´´Ò¥ ¸µ¸ÉµÖ´¨Ö ´¥Î¥É´µ£µ

Ö¤·  ¸ µ¸´µ¢ ´¨¥³ ¶µ²µ¸Ò, ¨³¥ÕÐ¨³ Λ̃ = 0, ±µ£¤  ¤¥°¸É¢Ê¥É ´  ¸µ¸ÉµÖ´¨Ö
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Î¥É´µ-Î¥É´µ£µ Ö¤· . ‚ÒÏ¥ ÔÉµÉ µ¶¥· Éµ· § ¤ ´ ¢ ² ¡µ· Éµ·´µ° ¸¨¸É¥³¥ ±µµ·-
¤¨´ É.

Š ± ¢¨¤´µ ¨§ ¢Ò· ¦¥´¨Ö ¤²Ö µ¶¥· Éµ·  P 1
2σ , ¥£µ ¶µ²´Ò° µ·¡¨É ²Ó´Ò° ³µ-

³¥´É · ¢¥´ ´Ê²Õ. �µÔÉµ³Ê P 1
2 σ £¥´¥·¨·Ê¥É Éµ²Ó±µ ¸µ¸ÉµÖ´¨Ö ´¥Î¥É´µ£µ Ö¤· 

¸ Î¥É´Ò³ L ¨ Λ̃ = 0, ±µ£¤  ¤¥°¸É¢Ê¥É ´  ·µÉ Í¨µ´´ÊÕ ¶µ²µ¸Ê, ¡ §¨·ÊÕÐÊÕ¸Ö
´  µ¸´µ¢´µ³ ¸µ¸ÉµÖ´¨¨ Î¥É´µ-Î¥É´µ£µ Ö¤· . ˆ§ ¢Ò· ¦¥´¨Ö ¤²Ö ¸µ¡¸É¢¥´´µ£µ
¢¥±Éµ·  £ ³¨²ÓÉµ´¨ ´  (134), ¨³¥ÕÐ¥£µ Λ̃ = 0:

|JM, LΛ̃ = 0〉 =
∑
m,σ

CJM
Lm 1

2σ

∑
R,l

(−1)l̃CR0
L0l̃0

χl̃

∑
η,ν

CLm
l̃ηRν

a+

l̃η, 1̃
2σ
|Rν〉, (156)

¸²¥¤Ê¥É, ÎÉµ ¶µ²´Ò° µ·¡¨É ²Ó´Ò° ³µ³¥´É L ÔÉ¨Ì ¸µ¸ÉµÖ´¨° ¤µ²¦¥´ Ê¤µ¢²¥-
É¢µ·ÖÉÓ Ê¸²µ¢¨Õ

(−1)L+l̃ = +1. (157)

‘²¥¤µ¢ É¥²Ó´µ, µ¶¥· Éµ· P 1
2 σ ¡Ê¤¥É £¥´¥·¨·µ¢ ÉÓ ¸µ¡¸É¢¥´´Ò¥ ¸µ¸ÉµÖ´¨Ö ´¥-

Î¥É´µ£µ Ö¤· , Éµ²Ó±µ ¥¸²¨ l̃ Å Î¥É´µ¥ Î¨¸²µ, É.¥. ¶·¨´ ¤²¥¦¨É µ¸Í¨²²ÖÉµ·´µ°
µ¡µ²µÎ±¥ ¸ Î¥É´Ò³ Ñ . � ¶·¨³¥·, µ¤´µÎ ¸É¨Î´Ò¥ ¸µ¸ÉµÖ´¨Ö p1/2, (p3/2, f5/2)
¨ (f7/2, h9/2) Ì · ±É¥·¨§ÊÕÉ¸Ö Î¥É´Ò³¨ §´ Î¥´¨Ö³¨ ¶¸¥¢¤µµ·¡¨É ²Ó´µ£µ ³µ-
³¥´É . ˆ ¢ Éµ³ ¸²ÊÎ ¥, ¥¸²¨ ¸µµÉ¢¥É¸É¢ÊÕÐ Ö µ¸Í¨²²ÖÉµ·´ Ö µ¡µ²µÎ±  ¢ -
²¥´É´ , Ô´¥·£¥É¨Î¥¸±¨¥ ¨´É¥·¢ ²Ò ¢ ·µÉ Í¨µ´´µ° ¶µ²µ¸¥ ´¥Î¥É´µ£µ Ö¤· , ¶µ-
¸É·µ¥´´µ° ´  ´¨²Ó¸¸µ´µ¢¸±µ³ ¸µ¸ÉµÖ´¨¨ ¸ Λ̃ = 0, ³µ£ÊÉ ¸µ¢¶ ¤ ÉÓ ¸ ¸µµÉ¢¥É-
¸É¢ÊÕÐ¨³¨ Ô´¥·£¥É¨Î¥¸±¨³¨ ¨´É¥·¢ ² ³¨ ¢ µ¸´µ¢´µ° ¶µ²µ¸¥ Î¥É´µ-Î¥É´µ£µ
Ö¤· . ‚ ¶·µÉ¨¢µ¶µ²µ¦´µ¸ÉÓ · ¸¸³µÉ·¥´´µ³Ê ¢ÒÏ¥ ¶·¨³¥·Ê µ¤´µÎ ¸É¨Î´Ò¥
¸µ¸ÉµÖ´¨Ö (s1/2, d3/2) ¨ (d5/2, g7/2) ¨³¥ÕÉ ´¥Î¥É´Ò¥ ¶¸¥¢¤µµ·¡¨É ²Ó´Ò¥ ³µ-
³¥´ÉÒ. ‘²¥¤µ¢ É¥²Ó´µ, ¸µ£² ¸´µ (157) ¢ ÔÉµ³ ¸²ÊÎ ¥ L Å ´¥Î¥É´µ¥ Î¨¸²µ, ¨
¸µ¡¸É¢¥´´Ò¥ ¸µ¸ÉµÖ´¨Ö ´¥Î¥É´µ£µ Ö¤· , ¡ §¨·ÊÕÐ¨¥¸Ö ´  ÔÉ¨Ì µ·¡¨É Ì, ´¥ ³µ-
£ÊÉ ¡ÒÉÓ ¶µ²ÊÎ¥´Ò ¤¥°¸É¢¨¥³ µ¶¥· Éµ·  P 1

2σ ´  ¶µ²µ¸Ê µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö
Î¥É´µ-Î¥É´µ£µ Ö¤· . ‚ ¶·¨´Í¨¶¥ ³µ¦´µ ¸±µ´¸É·Ê¨·µ¢ ÉÓ ¸µµÉ¢¥É¸É¢ÊÕÐ¨°
µ¶¥· Éµ·. �¤´ ±µ É ±µ° µ¶¥· Éµ· ¤µ²¦¥´ µ¡² ¤ ÉÓ ´¥´Ê²¥¢Ò³ µ·¡¨É ²Ó´Ò³
³µ³¥´Éµ³, ¨ ¶µ ÔÉµ° ¶·¨Î¨´¥ µ´ ´¥ ¡Ê¤¥É ±µ³³ÊÉ¨·µ¢ ÉÓ ¸ ·µÉ Í¨µ´´Ò³
Î²¥´µ³ £ ³¨²ÓÉµ´¨ ´  (134). �µÔÉµ³Ê É ±µ° ±µ³³ÊÉ Éµ· ´¥²Ó§Ö ¡Ê¤¥É ¶·¥¤-
¸É ¢¨ÉÓ ± ± (155). ’ ± Ö ¸¨ÉÊ Í¨Ö ¨²²Õ¸É·¨·Ê¥É¸Ö ·µÉ Í¨µ´´Ò³¨ ¶µ²µ¸ ³¨
µ¸´µ¢´ÒÌ ¸µ¸ÉµÖ´¨° 171Tm ¨ 171Yb. 171Tm Å ÔÉµ ´¥Î¥É´µ-¶·µÉµ´´µ¥ Ö¤·µ,
±µÉµ·µ¥ ³µ¦´µ ¶µ²ÊÎ¨ÉÓ Ê¤ ²¥´¨¥³ ¶·µÉµ´  (¤µ¡ ¢²¥´¨¥³ ¶·µÉµ´´µ° ¤Ò·±¨)

¨§ 172Yb. �·µÉµ´´ Ö ¤Ò·±  ¡Ê¤¥É ´ Ìµ¤¨ÉÓ¸Ö ¢ ¸µ¸ÉµÖ´¨¨ [411]12
+

, ±µÉµ·µ¥

Ì · ±É¥·¨§Ê¥É¸Ö Λ̃ = 0 ¨ Ñ = 3. ’ ± ± ± Ñ Å ´¥Î¥É´µ¥ Î¨¸²µ, Éµ ¶µ²´Ò°
µ·¡¨É ²Ó´Ò° ³µ³¥´É ´¥Î¥É´µ£µ Ö¤·  L ¡Ê¤¥É ¶·¨´¨³ ÉÓ Éµ²Ó±µ ´¥Î¥É´Ò¥ §´ -
Î¥´¨Ö. Š ± ¸²¥¤¸É¢¨¥, ¶µ²µ¸ , ¶µ¸É·µ¥´´ Ö ´  µ¸´µ¢´µ³ ¸µ¸ÉµÖ´¨¨ 171Tm,
Ê£²µ¢Ò¥ ³µ³¥´ÉÒ ¸µ¸ÉµÖ´¨° ±µÉµ·µ° Ö¢²ÖÕÉ¸Ö ·¥§Ê²ÓÉ Éµ³ ¢¥±Éµ·´µ£µ ¸²µ-
¦¥´¨Ö ¶µ²´µ£µ µ·¡¨É ²Ó´µ£µ ³µ³¥´É  L ¨ ¶¸¥¢¤µ¸¶¨´ , · ¢´µ£µ 1/2, ¡Ê¤¥É
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¸µ¸ÉµÖÉÓ ¨§ ¶µÎÉ¨ ¢Ò·µ¦¤¥´´ÒÌ ¤Ê¡²¥Éµ¢ (1/2+, 3/2+), (5/2+, 7/2+) ¨ É.¤.
�µ²µ¸  µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö 171Yb ¡ §¨·Ê¥É¸Ö ´  ´¨²Ó¸¸µ´µ¢¸±µ³ ¸µ¸ÉµÖ´¨¨

[521]12
−

, ¨³¥ÕÐ¥³ Λ̃ = 0 ¨ Ñ = 4. ‚ ÔÉµ³ ¸²ÊÎ ¥ ¶µ²´Ò° µ·¡¨É ²Ó´Ò° ³µ-
³¥´É ¸µ¸ÉµÖ´¨° µ¸´µ¢´µ° ·µÉ Í¨µ´´µ° ¶µ²µ¸Ò ´¥Î¥É´µ£µ Ö¤·  Ö¢²Ö¥É¸Ö Î¥É-
´Ò³. Š ± ¸²¥¤¸É¢¨¥, ÔÉ  ¶µ²µ¸  ¡Ê¤¥É ¸µ¸ÉµÖÉÓ ¨§ ¸¨´£²¥É  1/2− ¨ ¤Ê¡²¥Éµ¢
(3/2−, 5/2−), (7/2−, 9/2−) ¨ É.¤. �´¥·£¥É¨Î¥¸±¨¥ ¨´É¥·¢ ²Ò ¢ µ¸´µ¢´µ° ¶µ-
²µ¸¥ 171Yb ¡²¨§±¨ ± ¸µµÉ¢¥É¸É¢ÊÕÐ¨³ ¨´É¥·¢ ² ³ ¢ µ¸´µ¢´µ° ¶µ²µ¸¥ 172Yb,
¤¥³µ´¸É·¨·ÊÖ É¥³ ¸ ³Ò³ ¶·¨³¥· ¶·¨¡²¨¦¥´´µ° ¸Ê¶¥·¸¨³³¥É·¨¨ ¢ Ö¤¥·´µ³
¸¶¥±É·¥. ‚ ¶µ²µ¸¥ µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö 171Tm Ô´¥·£¥É¨Î¥¸±¨¥ ¨´É¥·¢ ²Ò µÉ-
²¨Î ÕÉ¸Ö µÉ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì · §´µ¸É¥° Ô´¥·£¨° ¢ 172Yb. �¤´ ±µ ¸ Ìµ·µÏ¥°
ÉµÎ´µ¸ÉÓÕ µ´¨ ¸²¥¤ÊÕÉ ¶· ¢¨²Ê L(L + 1) (L Å ´¥Î¥É´µ¥ Î¨¸²µ) ¸ É¥³ ¦¥
³µ³¥´Éµ³ ¨´¥·Í¨¨, ÎÉµ ¨ ¢ Î¥É´µ-Î¥É´µ³ Ö¤·¥.

�¡ÒÎ´µ ³µ¤¥²Ó Î ¸É¨Í  Å ·µÉµ· ¢±²ÕÎ ¥É ¶ ·´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥, ÔË-
Ë¥±É ±µÉµ·µ£µ ÊÎ¨ÉÒ¢ ¥É¸Ö ¢ ¶·¨¡²¨¦¥´¨¨ ¸·¥¤´¥£µ ¶µ²Ö. ‘µµÉ¢¥É¸É¢ÊÕ-
Ð¨° Î²¥´ ³µ¦¥É ¡ÒÉÓ ¢±²ÕÎ¥´ ¨ ¢ £ ³¨²ÓÉµ´¨ ´ (134) ¡¥§ ¸ÊÐ¥¸É¢¥´´µ£µ
¨§³¥´¥´¨Ö ¶µ²ÊÎ¥´´ÒÌ ¢ÒÏ¥ ·¥§Ê²ÓÉ Éµ¢. ‚ ÔÉµ³ ¸²ÊÎ ¥ ¸Ê¶¥·µ¶¥· Éµ·µ³

¸É ´µ¢¨É¸Ö ²¨´¥°´ Ö ±µ³¡¨´ Í¨Ö µ¶¥· Éµ·µ¢ P 1
2σ ¨ (−1)l̃+1/2−σP+

1
2−σ

¸ ±µ-

ÔËË¨Í¨¥´É ³¨ u − v ¶·¥µ¡· §µ¢ ´¨Ö �µ£µ²Õ¡µ¢ . �·¨ ÔÉµ³ µ¤´µÎ ¸É¨Î´ Ö
Ô´¥·£¨Ö E0 § ³¥´Ö¥É¸Ö ´  µ¤´µ±¢ §¨Î ¸É¨Î´ÊÕ Ô´¥·£¨Õ.

‚ÒÎ¨¸²¨³ ¤²Ö ¶µ²´µÉÒ ± ·É¨´Ò  ´É¨±µ³³ÊÉ Éµ·{
P 1

2σ, P+
1
2σ′

}
= δσσ′

∑
l̃

|χl̃|
2. (158)

�µ·³¨·ÊÖ ±µÔËË¨Í¨¥´ÉÒ χl̃ ¸²¥¤ÊÕÐ¨³ µ¡· §µ³:
∑

l̃ |χl̃|2 = 1, ¶µ²ÊÎ ¥³{
P 1

2σ, P+
1
2σ′

}
= δσσ′ . (159)

ˆ§ ¶·¥¤Ò¤ÊÐ¥£µ · ¸¸³µÉ·¥´¨Ö ¸²¥¤Ê¥É, ÎÉµ ¸Ê¶¥·¶ ·É´¥·µ³ ·µÉ Í¨µ´-
´µ£µ ¸µ¸ÉµÖ´¨Ö Î¥É´µ-Î¥É´µ£µ Ö¤· ,   ¨³¥´´µ |Rν〉, Ö¢²Ö¥É¸Ö ´µ·³¨·µ¢ ´´Ò°
¢¥±Éµ·

|JM, R〉 =
∑
m,ν

CJ,M
1
2mRν

P 1
2m|Rν〉. (160)

� ¸¸Î¨É ¥³ ¶·¨¢¥¤¥´´Ò¥ ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ µ¶¥· Éµ·  E2-¶¥·¥Ìµ¤  ³¥¦¤Ê
¸µ¸ÉµÖ´¨Ö³¨ ³Ê²ÓÉ¨¶²¥É  (160). ‚ ± Î¥¸É¢¥ µ¶¥· Éµ·  E2-¶¥·¥Ìµ¤  ¢µ§Ó³¥³
±¢ ¤·Ê¶µ²Ó´Ò° µ¶¥· Éµ· µ¸Éµ¢  Qc

2µ. ‚ ·¥§Ê²ÓÉ É¥ ¶µ²ÊÎ ¥³ ¢Ò· ¦¥´¨¥ ¤²Ö
¶·¨¢¥¤¥´´µ£µ ³ É·¨Î´µ£µ Ô²¥³¥´É 

〈J ′R′||Q2||JR〉 = β(−1)J′+1/2
√

(2J + 1)(2J ′ + 1)(2R + 1) ×

×CR′0
R020

{
R 1/2 J
J ′ 2 R′

}
, (161)
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�¨¸. 9. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¸¶¥±É·Ò ¸µ¸ÉµÖ´¨° µ¸´µ¢´ÒÌ ·µÉ Í¨µ´´ÒÌ ¶µ²µ¸ 175,176Hf
¨ 175Lu ¨ ¢µ§¡Ê¦¤¥´´ÒÌ ·µÉ Í¨µ´´ÒÌ ¶µ²µ¸ 174Lu. �´¥·£¨¨ Ê± § ´Ò ¢ ±Ô‚. ‚³¥¸É¥
¸µ §´ Î¥´¨Ö³¨ ¶µ²´µ£µ Ê£²µ¢µ£µ ³µ³¥´É  ¶·¨¢¥¤¥´Ò ¨ §´ Î¥´¨Ö ¶¸¥¢¤µµ·¡¨É ²Ó´µ£µ
³µ³¥´É  L̃

±µÉµ·µ¥ ³µ¦¥É ¡ÒÉÓ ¶¥·¥¶¨¸ ´µ ¸²¥¤ÊÕÐ¨³ µ¡· §µ³:

〈J ′R′||Q2||JR〉 = β
√

2J + 1C
J′1/2
J1/220. (162)

�µ¸²¥¤´¥¥ ¢Ò· ¦¥´¨¥ ¸µ¢¶ ¤ ¥É ¸ ¨§¢¥¸É´Ò³ ·¥§Ê²ÓÉ Éµ³ ³µ¤¥²¨ Î ¸É¨Í  Å
·µÉµ· [51].

…¸ÉÓ ´¥¸±µ²Ó±µ ¶·¨³¥·µ¢ ¶·¨¡²¨¦¥´´µ° ¸Ê¶¥·¸¨³³¥É·¨¨ ¢ ¸¶¥±É· Ì Ö¤¥·,
µ¶¨¸Ò¢ ¥³ÒÌ £ ³¨²ÓÉµ´¨ ´µ³ (134), ´ ¶·¨³¥·, 181,182Pt, 173,174Hf ¨ Ê¦¥ µÉ-
³¥Î¥´´Ò° ¢ÒÏ¥ 171,172Yb. �  ·¨¸. 3 ¨ 4 ¶µ± § ´Ò ´¨§±µ²¥¦ Ð¨¥ ¸µ¸ÉµÖ´¨Ö
Î¥É´µ-Î¥É´ÒÌ Ö¤¥· ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¸µ¸ÉµÖ´¨Ö ¸µ¸¥¤´¨Ì ´¥Î¥É´ÒÌ Ö¤¥·,
Ö¢²ÖÕÐ¨¥¸Ö ¸Ê¶¥·¸¨³³¥É·¨Î´Ò³¨ ¶ ·É´¥· ³¨ ¸µ¸ÉµÖ´¨° µ¸´µ¢´µ° ·µÉ Í¨-
µ´´µ° ¶µ²µ¸Ò Î¥É´µ-Î¥É´µ£µ Ö¤· . ‚¨¤´µ, µ¤´ ±µ, ÎÉµ ¸Ê¶¥·¸¨³³¥É·¨Ö ´¥
Ö¢²Ö¥É¸Ö ÉµÎ´µ°. Š ± ¨ ¢ ¶·¥¤Ò¤ÊÐ¨Ì · §¤¥² Ì, ¸µ£² ¸¨¥ ³¥¦¤Ê É¥µ·¨¥°
¨ Ô±¸¶¥·¨³¥´Éµ³ ³µ¦´µ Ê²ÊÎÏ¨ÉÓ, ¶·¥µ¡· §µ¢ ¢ £ ³¨²ÓÉµ´¨ ´ ¸²¥¤ÊÕÐ¨³
µ¡· §µ³:

Ĥ → (1 − aN̂F )Ĥ + 2bL̂ · Ŝ, (163)

£¤¥ N̂F Å µ¶¥· Éµ· Î¨¸²  Î ¸É¨Í, ¤µ¡ ¢²¥´´ÒÌ ± ±µ²²¥±É¨¢´µ³Ê µ¸Éµ¢Ê.
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�¶¥· Éµ· P1/2m, ·µ¦¤ ÕÐ¨° ´¥°É·µ´´ÊÕ ¤Ò·±Ê, ³µ¦¥É ¡ÒÉÓ ¶·¨³¥´¥´
¨ ± ¸µ¸ÉµÖ´¨Ö³ µ¸´µ¢´µ° ·µÉ Í¨µ´´µ° ¶µ²µ¸Ò ´¥Î¥É´µ-¶·µÉµ´´µ£µ Ö¤· . ‚
·¥§Ê²ÓÉ É¥ ¶µ²ÊÎ¨É¸Ö ·µÉ Í¨µ´´ Ö ¶µ²µ¸  ´¥Î¥É´µ-´¥Î¥É´µ£µ Ö¤·  ¸ É¥³¨ ¦¥
Ô´¥·£¥É¨Î¥¸±¨³¨ ¨´É¥·¢ ² ³¨, ÎÉµ ¨ ¢ ·µ¤¨É¥²Ó¸±µ³ ´¥Î¥É´µ-¶·µÉµ´´µ³ Ö¤·¥.
�ÉµÉ ¸²ÊÎ ° ¨²²Õ¸É·¨·Ê¥É¸Ö ¸¶¥±É· ³¨ 174,175Lu, ¶µ± § ´´Ò³¨ ´  ·¨¸. 9.
„¥°¸É¢ÊÖ µ¶¥· Éµ·µ³ P1/2m ´  ¢µ²´µ¢Ò¥ ¢¥±Éµ·Ò ¸µ¸ÉµÖ´¨° µ¸´µ¢´µ° ·µÉ -
Í¨µ´´µ° ¶µ²µ¸Ò 175Lu, ±µÉµ· Ö ¡ §¨·Ê¥É¸Ö ´  ¸µ¸ÉµÖ´¨¨ 7/2+, ³Ò ¶µ²ÊÎ ¥³
¤¢¥ ·µÉ Í¨µ´´Ò¥ ¶µ²µ¸Ò 174Lu, ¢ µ¸´µ¢ ´¨¨ ±µÉµ·ÒÌ ²¥¦ É ¸µ¸ÉµÖ´¨Ö 4−

¨ 3−. �´¥·£¨¨ £ ³³ -¶¥·¥Ìµ¤µ¢ ¢ ÔÉ¨Ì ¶µ²µ¸ Ì ¡²¨§±¨ ± ¸µµÉ¢¥É¸É¢ÊÕÐ¨³
Ô´¥·£¨Ö³ 175Lu. �Éµ µ¸µ¡¥´´µ ¢¥·´µ ¤²Ö ¶µ²µ¸Ò, µ¸´µ¢ ´´µ° ´  ¸µ¸ÉµÖ´¨¨
4−, £¤¥ ¸µ¢¶ ¤¥´¨¥ ¶µÎÉ¨ ÉµÎ´µ¥.

’ ±¨³ µ¡· §µ³, ¢ ¤ ´´µ³ · §¤¥²¥ ¡Ò²µ ¶µ± § ´µ, ÎÉµ ¸Ê¶¥·¸¨³³¥É·¨Î-
´Ò³¨ ¶ ·É´¥· ³¨ ¸µ¸ÉµÖ´¨° µ¸´µ¢´µ° ·µÉ Í¨µ´´µ° ¶µ²µ¸Ò Î¥É´µ-Î¥É´µ£µ
Ö¤·  Ö¢²ÖÕÉ¸Ö ¸µ¸ÉµÖ´¨Ö ·µÉ Í¨µ´´µ° ¶µ²µ¸Ò ¸µ¸¥¤´¥£µ ´¥Î¥É´µ£µ Ö¤· , ¡ -
§¨·ÊÕÐ¥°¸Ö ´  ¶¸¥¢¤µ¸¨´£²¥É¥, ¶·¨´ ¤²¥¦ Ð¥³ µ¡µ²µÎ±¥ ¸ Î¥É´Ò³ ¶¸¥¢¤µµ¸-
Í¨²²ÖÉµ·´Ò³ £² ¢´Ò³ ±¢ ´Éµ¢Ò³ Î¨¸²µ³ Ñ . Šµ´Í¥¶Í¨Ö ¶¸¥¢¤µ¸¶¨´  ¸Ò£· ² 
±²ÕÎ¥¢ÊÕ ·µ²Ó ¶·¨ ¶µ²ÊÎ¥´¨¨ ÔÉµ£µ ·¥§Ê²ÓÉ É . ’ ±¨³ µ¡· §µ³, ¸ÊÐ¥¸É¢µ-
¢ ´¨¥ ¸Ê¶¥·¸¨³³¥É·¨Î´ÒÌ ³Ê²ÓÉ¨¶²¥Éµ¢ ¢ Ö¤¥·´ÒÌ ¸¶¥±É· Ì µ¸´µ¢Ò¢ ¥É¸Ö,
Î ¸É¨Î´µ, ´  ¶¸¥¢¤µ¸¶¨´µ¢µ° ¸¨³³¥É·¨¨, ±µÉµ· Ö ¨³¥¥É, ± ± ÔÉµ ¶µ± § ´µ ¢
[52Ä55], ±µ·´¨ ¢ ·¥²ÖÉ¨¢¨¸É¸±µ° É¥µ·¨¨ ¸ ³µ¸µ£² ¸µ¢ ´´µ£µ ¶µ²Ö.

8. ‡�Š‹�—…�ˆ…

‚ µ¡§µ·¥ ¶µ± § ´µ, ÎÉµ ¸¶¥±É·Ò ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨°  Éµ³´ÒÌ Ö¤¥·
¶·¥¤µ¸É ¢²ÖÕÉ ¨´É¥·¥¸´Ò° ³ É¥·¨ ² ¤²Ö ¨¸¸²¥¤µ¢ ´¨Ö ¶·µÖ¢²¥´¨° ¸Ê¶¥·¸¨³-
³¥É·¨¨. ‚  Éµ³´ÒÌ Ö¤· Ì ³µ¦´µ ´ °É¨ ± ± ¶·¨³¥·Ò ¢¥¸Ó³  ¡²¨§±¨Ì ¶µ
Ô´¥·£¨¨ £ ³³ -¶¥·¥Ìµ¤µ¢ ¢ ¸µ¸¥¤´¨Ì Î¥É´µ-Î¥É´ÒÌ ¨ ´¥Î¥É´ÒÌ Ö¤· Ì, É ± ¨
¶·¨³¥·Ò ¸¶¥±É·µ¢ ¸ ´ ·ÊÏ¥´´µ° ¸Ê¶¥·¸¨³³¥É·¨¥°, ÌµÉÖ ¶·¨ ÔÉµ³ ± ± Î¥É´µ-
Î¥É´Ò¥, É ± ¨ ´¥Î¥É´Ò¥ Ö¤·  µ¶¨¸Ò¢ ÕÉ¸Ö µ¤´¨³ ¨ É¥³ ¦¥ ÔËË¥±É¨¢´Ò³
£ ³¨²ÓÉµ´¨ ´µ³ ¸ ¥¤¨´Ò³ ´ ¡µ·µ³ ¶ · ³¥É·µ¢. ‘Ê¶¥·¸¨³³¥É·¨Ö ¶µ§¢µ²Ö¥É
¢¢¥¸É¨ ¤²Ö µ¶¨¸ ´¨Ö ´¥Î¥É´ÒÌ ¨ ´¥Î¥É´µ-´¥Î¥É´ÒÌ Ö¤¥· ±¢ ´Éµ¢Ò¥ Î¨¸² , ´¥-
¨§¢¥¸É´Ò¥ ¢ ¶·¥¦´¨Ì ³µ¤¥²ÖÌ, ¨¸¶µ²Ó§µ¢ ¢Ï¨Ì¸Ö ¤²Ö µ¶¨¸ ´¨Ö É ±¨Ì Ö¤¥·.
�µ¢ Ö ¸Ì¥³  ±² ¸¸¨Ë¨± Í¨¨, µ¸´µ¢ ´´ Ö ´  ¸Ê¶¥·¸¨³³¥É·¨¨, ¶µ§¢µ²Ö¥É ¶µ-
´ÖÉÓ ¶·¨·µ¤Ê ´ ¡²Õ¤ ¥³ÒÌ ¸µ¸ÉµÖ´¨° Ö¤¥·, µ¸µ¡¥´´µ ¢ É¥Ì ¸²ÊÎ ÖÌ, ±µ£¤ 
´¥ ·¥ ²¨§Ê¥É¸Ö ¸Ì¥³  ¸² ¡µ° ¸¢Ö§¨, ¨ ¸É¨³Ê²¨·Ê¥É ´µ¢Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥
¨¸¸²¥¤µ¢ ´¨Ö Ö¤¥·´µ° ¸É·Ê±ÉÊ·Ò.

ŒÒ ¶·µ¢¥²¨ Ëµ·³ ²Ó´µ¥ ¸· ¢´¥´¨¥  ²£¥¡· ¨Î¥¸±¨Ì ¸É·Ê±ÉÊ· ¸Ê¶¥·¸¨³-
³¥É·¨Î´ÒÌ ³µ¤¥²¥°, ¨¸¶µ²Ó§Ê¥³ÒÌ ¢ É¥µ·¨¨ Ö¤¥·´µ° ¸É·Ê±ÉÊ·Ò ¨ ¢ ±¢ ´Éµ¢µ°
É¥µ·¨¨ ¶µ²Ö. �Éµ ¸· ¢´¥´¨¥ ¶·µ¤¥³µ´¸É·¨·µ¢ ²µ ¸Ìµ¤¸É¢µ ³¥¦¤Ê ¤¢Ê³Ö ´ ¡µ-
· ³¨ ±µ³³ÊÉ Í¨µ´´ÒÌ ¨  ´É¨±µ³³ÊÉ Í¨µ´´ÒÌ ¸µµÉ´µÏ¥´¨°. •µÉÖ ¨³¥¥É¸Ö ¨
´¥±µÉµ·µ¥ · §²¨Î¨¥ ³¥¦¤Ê ´¨³¨, µ¡Ê¸²µ¢²¥´´µ¥ · §´µ° ¸É·Ê±ÉÊ·µ° ¡µ§µ´´ÒÌ
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 ²£¥¡· ¢ É¥µ·¨¨ Ö¤·  ¨ ¢ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¶µ²Ö. ‘Ìµ¤¸É¢µ ¡Ò²µ ¨¸¶µ²Ó§µ¢ ´µ
§ É¥³ ¤²Ö ¶µ²ÊÎ¥´¨Ö ¸µµÉ´µÏ¥´¨Ö ³¥¦¤Ê Î¨¸² ³¨ ¡µ§µ´´ÒÌ ¨ Ë¥·³¨µ´´ÒÌ
¸µ¸ÉµÖ´¨° ¢ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É Ì.

‚ µ¡§µ·¥ É ±¦¥ ¶µ± § ´µ, ÎÉµ ¸ÊÐ¥¸É¢µ¢ ´¨¥ ¸Ê¶¥·¸¨³³¥É·¨¨ ¸µ¢¸¥³ ´¥
µ¡Ö§ É¥²Ó´µ ¶·¥¤¶µ² £ ¥É ´ ²¨Î¨¥ ± ±µ°-²¨¡µ ¤¨´ ³¨Î¥¸±µ° ¸¨³³¥É·¨¨ ¤²Ö
¡µ§µ´´µ° ¶µ¤¸¨¸É¥³Ò. ƒ ³¨²ÓÉµ´¨ ´, µ¶¨¸Ò¢ ÕÐ¨° ¡µ§µ´´ÊÕ ¶µ¤¸¨¸É¥³Ê
(Î¥É´µ-Î¥É´µ¥ Ö¤·µ), ³µ¦¥É ¨³¥ÉÓ ¤µ¸É ÉµÎ´µ µ¡Ð¨° ¢¨¤, ¨ ¢ Éµ ¦¥ ¢·¥³Ö ¢
¸¶¥±É·¥ Ë¥·³¨µ´´µ° ¶µ¤¸¨¸É¥³Ò (¸µ¸¥¤´¥¥ ´¥Î¥É´µ¥ Ö¤·µ) ³µ£ÊÉ ¡ÒÉÓ £·Ê¶¶Ò
¸µ¸ÉµÖ´¨° ¸ É¥³¨ ¦¥ Ô´¥·£¥É¨Î¥¸±¨³¨ ¨´É¥·¢ ² ³¨, É.¥. ¸ É¥³¨ ¦¥ Ô´¥·£¨Ö³¨
¶¥·¥Ìµ¤µ¢, ÎÉµ ¨ ¢ Î¨¸Éµ ¡µ§µ´´µ° ¶µ¤¸¨¸É¥³¥.

�µ²ÓÏµ¥ ¢´¨³ ´¨¥ ¡Ò²µ Ê¤¥²¥´µ · ¸¸³µÉ·¥´¨Õ É¥Ì ¸²ÊÎ ¥¢, ±µ£¤  ¢ ¸µ-
¸¥¤´¨Ì Î¥É´µ-Î¥É´µ³ ¨ ´¥Î¥É´µ³ Ö¤· Ì ³µ¦´µ ¢Ò¤¥²¨ÉÓ £·Ê¶¶Ò Ê·µ¢´¥°, Ì -
· ±É¥·¨§ÊÕÐ¨Ì¸Ö ¢¥¸Ó³  ¡²¨§±¨³¨ ¶µ ¢¥²¨Î¨´¥ Ô´¥·£¨Ö³¨ £ ³³ -¶¥·¥Ìµ¤µ¢.
’ ±¨¥ ¶·¨³¥·Ò ³µ¦´µ ´ °É¨ ¢ ¸¶¥±É· Ì ·µÉ Í¨µ´´ÒÌ ¶µ²µ¸ ¤¥Ëµ·³¨·µ¢ ´-
´ÒÌ ¨ µ¸µ¡¥´´µ ¸Ê¶¥·¤¥Ëµ·³¨·µ¢ ´´ÒÌ Ö¤¥·. �Éµ ¶·¨³¥·Ò ¸Ê¶¥·¸¨³³¥É·¨¨,
·¥ ²¨§ÊÕÐ¥°¸Ö ¸ ¢¥¸Ó³  ¢Ò¸µ±µ° ÉµÎ´µ¸ÉÓÕ. ‚ µ¡§µ·¥ ¶µ± § ´µ, ÎÉµ µ¶¨-
¸ ´¨¥ É ±¨Ì ·µÉ Í¨µ´´ÒÌ ¶µ²µ¸ ¢ · ³± Ì ³µ¤¥²¨ Î ¸É¨Í  Å ·µÉµ· ³µ¦¥É
¡ÒÉÓ ¶¥·¥Ëµ·³Ê²¨·µ¢ ´µ ± ± ¶·µÖ¢²¥´¨¥ ¸Ê¶¥·¸¨³³¥É·¨¨. �·¨ ÔÉµ³ µ¶¥· -
Éµ·Ò, ¨¸¶µ²Ó§Ê¥³Ò¥ ¶·¨ ¶µ¸É·µ¥´¨¨ £ ³¨²ÓÉµ´¨ ´  ³µ¤¨Ë¨Í¨·µ¢ ´´µ° ³µ-
¤¥²¨ Î ¸É¨Í  Å ·µÉµ·, µ¡· §ÊÕÉ ¢³¥¸É¥ ¸ ·Ö¤µ³ ¤µ¶µ²´¨É¥²Ó´ÒÌ µ¶¥· Éµ·µ¢
£· ¤Ê¨·µ¢ ´´ÊÕ  ²£¥¡·Ê ‹¨.
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