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‚Ò¶µ²´¥´ ±µ³¶²¥±¸´Ò°  ´ ²¨§ ± ± ¸¶¥±É·µ¸±µ¶¨Î¥¸±µ° ¨´Ëµ·³ Í¨¨, É ± ¨ Ê¸·¥¤´¥´-
´ÒÌ ¨´É¥´¸¨¢´µ¸É¥° ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢ ¶·¨ § Ì¢ É¥ ´¥°É·µ´µ¢ Ö¤· ³¨ ¨§ µ¡² ¸É¨ ³ ¸¸
114 ≤ A ≤ 200. �´ ¶µ± §Ò¢ ¥É, ÎÉµ ¶ · ³¥É·Ò ¶·µÍ¥¸¸  ± ¸± ¤´µ£µ γ-· ¸¶ ¤  ±µ³¶ Ê´¤-
¸µ¸ÉµÖ´¨Ö ¢ ¤¨ ¶ §µ´¥ Ô´¥·£¨¨ ¸¢Ö§¨ ´¥°É·µ´  ´¥¢µ§³µ¦´µ · ¸cÎ¨É ÉÓ ¸ ÉµÎ´µ¸ÉÓÕ ¸µ¢·¥³¥´´µ£µ
Ô±¸¶¥·¨³¥´É  ¡¥§ ÊÎ¥É  ¸É·Ê±ÉÊ·Ò ¢µ§¡Ê¦¤ ¥³ÒÌ ¶·¨ ÔÉµ³ Ê·µ¢´¥° ¶· ±É¨Î¥¸±¨ ¤²Ö ¢¸¥£µ ¨´É¥·-
¢ ²  ¤µ¸ÉÊ¶´ÒÌ ¤²Ö ´¥£µ ¢µ§¡Ê¦¤¥´¨°. ‚¸Ö ¸µ¢µ±Ê¶´µ¸ÉÓ ¨³¥ÕÐ¥°¸Ö ¨´Ëµ·³ Í¨¨ µ ¶ · ³¥É· Ì
É ±¨Ì ± ¸± ¤µ¢ ³µ¦¥É ¡ÒÉÓ µ¡ÑÖ¸´¥´  ± Î¥¸É¢¥´´µ ¶·µ¸É¥°Ï¨³ µ¡· §µ³ ¤µ³¨´¨·ÊÕÐ¨³ ¢²¨Ö-
´¨¥³ ±µ²¥¡ ´¨° Ö¤·  (Ëµ´µ´Ò ¸ Ô´¥·£¨¥° ¢ ¸µÉ´¨ ±Ô‚) ¢ ¸É·Ê±ÉÊ·¥ ¢µ²´µ¢ÒÌ ËÊ´±Í¨° Ê·µ¢´¥°
¢ ¨´É¥·¢ ²¥ µÉ 1Ä2 ¤µ 3Ä4 ŒÔ‚.

Complex analysis of the spectroscopic information and averaged intensities of the two-step
γ-cascades following thermal neutron capture in nuclei from the mass region 114 ≤ A ≤ 200 has
been performed. It was shown that parameters of cascade γ-decay of compound nucleus in all energy
interval below Bn cannot be calculated with an acceptable precision, which is achieved in experiment,
without accounting for the structures of the states involved. All the totality of available information
on these cascades can be qualitatively explained as a dominant in�uence of nuclear vibrations (energy
of phonons equals several hundreds keV) on structures of wave functions of levels in the excitation
energy interval 1Ä2 MeV to 3Ä4 MeV.

1. ‚‚…„…�ˆ…

„¨ ¶ §µ´ Ö¤¥·´ÒÌ ¢µ§¡Ê¦¤¥´¨° µÉ µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö ¤µ ´¥°É·µ´´µ£µ
·¥§µ´ ´¸  ¶·¥¤µ¸É ¢²Ö¥É Ê´¨± ²Ó´ÊÕ ¢µ§³µ¦´µ¸ÉÓ ¨§ÊÎ¥´¨Ö ¸¢µ°¸É¢ Ö¤·  ¢
µ¡² ¸É¨ ¨Ì ´ ¨¡µ²¥¥ ¸¨²Ó´µ£µ ¨§³¥´¥´¨Ö. ˆ³¥´´µ §¤¥¸Ó ´¨§±µ²¥¦ Ð¨¥
Ê·µ¢´¨, ¢µ²´µ¢ Ö ËÊ´±Í¨Ö ±µÉµ·ÒÌ ¸µ¤¥·¦¨É Éµ²Ó±µ ´¥¸±µ²Ó±µ ¶·µ¸ÉÒÌ ¨
µ¡ÒÎ´µ Ìµ·µÏµ ¨§¢¥¸É´ÒÌ ±µ³¶µ´¥´É, É· ´¸Ëµ·³¨·ÊÕÉ¸Ö ¢ ±µ³¶ Ê´¤-¸µ¸ÉµÖ-
´¨Ö. ˆÌ ¢µ²´µ¢ Ö ËÊ´±Í¨Ö ¸µ¤¥·¦¨É, ¸µ£² ¸´µ µÍ¥´±¥ ‚.ƒ.‘µ²µ¢Ó¥¢  [1],
∼ 106 − 109 ¸² £ ¥³ÒÌ. �ÉµÉ ¤¨ ¶ §µ´ ¨§³¥´¥´¨Ö ¸¢µ°¸É¢ Ö¤·   ¸¸µÍ¨¨·Ê-
¥É¸Ö ¸ ¨§¢¥¸É´Ò³¨ ¶¥·¥Ìµ¤ ³¨ ±² ¸¸¨Î¥¸±¨Ì ¸¨¸É¥³ µÉ ¸µ¸ÉµÖ´¨Ö ®¶µ·Ö¤± ¯
± ¸µ¸ÉµÖ´¨Õ ®Ì µ¸ ¯.
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Ÿ¸´µ, ÎÉµ Ô±¸¶¥·¨³¥´É ²Ó´µ¥ ¨§ÊÎ¥´¨¥ ¸¢µ°¸É¢ Ö¤·  ¨³¥´´µ ¢ ÔÉµ° µ¡² -
¸É¨ ¥£µ ¢µ§¡Ê¦¤¥´¨° µ¡¥Ð ¥É ¤ ÉÓ ¢¥¸Ó³  ¸ÊÐ¥¸É¢¥´´ÊÕ ¨´Ëµ·³ Í¨Õ µ ¸¢µ°-
¸É¢ Ì Ö¤¥·´µ° ³ É¥·¨¨. �¥¸³µÉ·Ö ´  µÉ´µ¸¨É¥²Ó´ÊÕ ³ ²µ¸ÉÓ ÔÉµ£µ ¨´É¥·-
¢ ²  Ô´¥·£¨° ¢µ§¡Ê¦¤¥´¨Ö ¨ ¨¸±²ÕÎ¨É¥²Ó´ÊÕ ¶·µ¸ÉµÉÊ ¶·µÍ¥¸¸  ¢µ§¡Ê¦¤¥-
´¨Ö ¸µ¸ÉµÖ´¨° Ö¤·  ¢ ´¥³ (± ± § Ì¢ É ³¥¤²¥´´µ£µ ´¥°É·µ´  ¸ ¶µ¸²¥¤ÊÕÐ¨³
γ-· ¸¶ ¤µ³, É ± ¨ ¤·Ê£¨¥ Ö¤¥·´Ò¥ ·¥ ±Í¨¨), ¤µ ¸¥·¥¤¨´Ò 80-Ì £µ¤µ¢ ´¥ ¸Ê-
Ð¥¸É¢µ¢ ²µ ³¥Éµ¤¨±¨ ¸¨¸É¥³ É¨Î¥¸±µ£µ ¨§¢²¥Î¥´¨Ö ¤¥É ²Ó´µ° ¨ ´ ¤¥¦´µ°
¨´Ëµ·³ Í¨¨ µ ¸¢µ°¸É¢ Ì Ö¤·  ¸ ¢Ò¸µ±µ° ¶²µÉ´µ¸ÉÓÕ Ê·µ¢´¥° ¢ ¤¨ ¶ §µ´¥ ¢µ§-
¡Ê¦¤¥´¨° µÉ ∼1Ä2 ŒÔ‚ ¤µ Ô´¥·£¨¨ ¸¢Ö§¨ ´¥°É·µ´  Bn. �Éµ ¶·µ¨¸Ìµ¤¨²µ ¶µ
µÎ¥´Ó ¶·µ¸Éµ° ¶·¨Î¨´¥ Å · ¸¸ÉµÖ´¨¥ ³¥¦¤Ê ¸µ¸ÉµÖ´¨Ö³¨ ¶·¨ É ±¨Ì Ô´¥·£¨ÖÌ
¢µ§¡Ê¦¤¥´¨Ö ¸· ¢´¨³µ ¨ § Î ¸ÉÊÕ ³´µ£µ ³¥´ÓÏ¥ Ô´¥·£¥É¨Î¥¸±µ£µ · §·¥Ï¥´¨Ö
¸µ¢·¥³¥´´ÒÌ ¸¶¥±É·µ³¥É·µ¢ γ-¨§²ÊÎ¥´¨Ö. Š Éµ³Ê ¦¥ ¢µ§³µ¦´µ¸É¨ ¶µ²´µ£µ ¨
µ¤´µ§´ Î´µ£µ ¢µ¸¸É ´µ¢²¥´¨Ö ¸Ì¥³Ò · ¸¶ ¤  ¢Ò¸µ±µ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨°
Ö¤·  ¶µ ¸¶¥±É·Ê ¨§²ÊÎ ¥³ÒÌ γ-±¢ ´Éµ¢ ·¥ ²Ó´µ ´¥ ¸ÊÐ¥¸É¢Ê¥É ¨§-§  ¨¸±²ÕÎ¨-
É¥²Ó´µ° ¸²µ¦´µ¸É¨ ¨ ´¥µ¤´µ§´ Î´µ¸É¨ ·¥Ï¥´¨Ö É ±µ° µ¡· É´µ° § ¤ Î¨ ¶·¨
Éµ³ ±µ²¨Î¥¸É¢¥ ¢µ§³µ¦´ÒÌ ¶¥·¥Ìµ¤µ¢, ±µÉµ·µ¥ ¸µ¶·µ¢µ¦¤ ¥É γ-· ¸¶ ¤ ¤µ¸É -
ÉµÎ´µ ÉÖ¦¥²µ£µ ´¥³ £¨Î¥¸±µ£µ Ö¤· . ‚ Éµ ¦¥ ¢·¥³Ö ¨¸±²ÕÎ¨É¥²Ó´ Ö ¢ ¦´µ¸ÉÓ
¨§ÊÎ¥´¨Ö ¸¢µ°¸É¢ ¸µ¸ÉµÖ´¨°, ²¥¦ Ð¨Ì ´  ´¥¸±µ²Ó±µ ŒÔ‚ ´¨¦¥ Ô´¥·£¨¨ ¸¢Ö§¨
´¥°É·µ´ , ¤²Ö · §¢¨É¨Ö É¥µ·¨¨ Ö¤·  ¢ Í¥²µ³ ¨ ±¢ §¨Î ¸É¨Î´µ-Ëµ´µ´´µ° ³µ-
¤¥²¨ Ö¤·  ¢ Î ¸É´µ¸É¨, ³´µ£µ±· É´µ ¶µ¤Î¥·±¨¢ ² ¸Ó ‚.ƒ.‘µ²µ¢Ó¥¢Ò³.

�Î¥´Ó ÔËË¥±É¨¢´Ò° ¶µ¤Ìµ¤ ± ·¥Ï¥´¨Õ ÔÉµ° ¶·µ¡²¥³Ò ¶µÖ¢¨²¸Ö, ±µ£¤ 
¢ „Ê¡´¥ ¡Ò²µ ¶·µ¤¥³µ´¸É·¨·µ¢ ´µ [2], ÎÉµ Ìµ·µÏµ ¨§¢¥¸É´Ò° ³¥Éµ¤ ¸Ê³³¨-
·µ¢ ´¨Ö  ³¶²¨ÉÊ¤ ¸µ¢¶ ¤ ÕÐ¨Ì ¨³¶Ê²Ó¸µ¢ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¢¥¸Ó³  µ·¤¨-
´ ·´ÒÌ Ge(Li)-¤¥É¥±Éµ·µ¢ ¸ µÉ´µ¸¨É¥²Ó´µ° ÔËË¥±É¨¢´µ¸ÉÓÕ ¤ ¦¥ ´  Ê·µ¢´¥
� 10% ¶µ§¢µ²Ö¥É ´ ±µ¶¨ÉÓ §  ¶·¨¥³²¥³µ¥ ¢·¥³Ö Ô±¸¶¥·¨³¥´É  (´¥¸±µ²Ó±µ
¸µÉ¥´ Î ¸µ¢) 5000 ÷ 15000 ¨ ¡µ²¥¥ ¸²ÊÎ ¥¢ ·¥£¨¸É· Í¨¨ ± ¸± ¤µ¢ ¸ § ¤ ´-
´Ò³ §´ Î¥´¨¥³ E1 + E2 = Bn − Eg =const ¢ ¶¨± Ì ¶µ²´µ£µ ¶µ£²µÐ¥´¨Ö
µ¡µ¨Ì ¶¥·¥Ìµ¤µ¢ ¨§ ³¨Ï¥´¨, µ¡²ÊÎ ¥³µ° É¥¶²µ¢Ò³¨ ´¥°É·µ´ ³¨. —Éµ ¢¥¸Ó³ 
¸ÊÐ¥¸É¢¥´´µ, ¤ ¦¥ ¡¥§ ¨¸¶µ²Ó§µ¢ ´¨Ö É¥Ì´¨±¨  ´É¨±µ³¶Éµ´µ¢¸±µ° § Ð¨ÉÒ
±µ²¨Î¥¸É¢µ Ëµ´µ¢ÒÌ ¸µ¢¶ ¤¥´¨° Éµ° ¦¥ ¸ ³µ° ¸Ê³³ ·´µ° Ô´¥·£¨¨ ´¥ ´ -
³´µ£µ ¶·¥¢ÒÏ ¥É ±µ²¨Î¥¸É¢µ ¶µ²¥§´ÒÌ ¸µ¡ÒÉ¨°. �Éµ ¸¶· ¢¥¤²¨¢µ ¤²Ö ± ¸± -
¤µ¢, Ô´¥·£¨Ö ±µ´¥Î´µ£µ Ê·µ¢´Ö Eg ±µÉµ·ÒÌ ´¥ ¶·¥¢ÒÏ ¥É 500÷ 1000 ±Ô‚. ˆ
ÔÉµÉ Ëµ´ ³µ¦¥É ¡ÒÉÓ ¸É É¨¸É¨Î¥¸±¨ ÉµÎ´µ ¢ÒÎÉ¥´ ¨§ ¶µ²ÊÎ ¥³ÒÌ ¢ ·¥¦¨³¥
®of-line¯ ¸¶¥±É·µ¢ Å · ¸¶·¥¤¥²¥´¨° ¨´É¥´¸¨¢´µ¸É¨ ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢,
¸¢Ö§Ò¢ ÕÐ¨Ì ±µ³¶ Ê´¤-¸µ¸ÉµÖ´¨¥ ¸ § ¤ ´´Ò³ ´¨§±µ²¥¦ Ð¨³ Ê·µ¢´¥³ ¡¥§
¢Ò¶µ²´¥´¨Ö ¤µ¶µ²´¨É¥²Ó´µ£µ Ô±¸¶¥·¨³¥´É .

‚µ§³µ¦´µ¸ÉÓ ·¥§±µ£µ Ê¢¥²¨Î¥´¨Ö ÔËË¥±É¨¢´µ¸É¨ ¨§¢²¥Î¥´¨Ö ¨´Ëµ·³ -
Í¨¨ ¨§ γγ-¸µ¢¶ ¤¥´¨°, ´ ± ¶²¨¢ ¥³ÒÌ ¢ É ±µ³ É¥Ì´¨Î¥¸±¨ É· ¤¨Í¨µ´´µ³
Ô±¸¶¥·¨³¥´É¥, µ¶·¥¤¥²Ö¥É¸Ö ´¥¸±µ²Ó±¨³¨ Ë ±Éµ· ³¨:

 ) ¶µ²ÊÎ ¥³Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¨´É¥´¸¨¢´µ¸É¥° ¸µ¤¥·¦ É ¨´Ëµ·³ Í¨Õ µ
³ ±¸¨³ ²Ó´µ ¢µ§³µ¦´µ³ ±µ²¨Î¥¸É¢¥ ± ¸± ¤µ¢ (¢±²ÕÎ Ö ±µ´É¨´ÊÊ³ ¸² ¡ÒÌ,
´¥ · §·¥Ï¥´´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´µ ¢ Ëµ·³¥ ¨§µ²¨·µ¢ ´´ÒÌ ¶¨±µ¢) ¢ ³¨´¨-
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³ ²Ó´µ³ ±µ²¨Î¥¸É¢¥ ¸¶¥±É·µ¢ ¶·¨ µ¤´µ§´ Î´µ° Ë¨±¸ Í¨¨ ± ± ´ Î ²Ó´µ£µ, É ±
¨ ±µ´¥Î´µ£µ Ê·µ¢´¥°, ¸¢Ö§ ´´ÒÌ ¨³¨;

¡) ±µ²¨Î¥¸É¢¥´´ Ö ¨´Ëµ·³ Í¨Ö ¨§¢²¥± ¥É¸Ö ¨§ µ¡² ¸É¨ É·¥Ì³¥·´µ£µ ¶·µ-
¸É· ´¸É¢  ®Ô´¥·£¨ÖÅÔ´¥·£¨ÖÅ±µ²¨Î¥¸É¢µ ¸µ¡ÒÉ¨°¯, Ì · ±É¥·¨§Ê¥³µ° ³¨´¨-
³ ²Ó´µ ¢µ§³µ¦´Ò³ Ëµ´µ³;

¢) ¨³¥¥É¸Ö ¢µ§³µ¦´µ¸ÉÓ ¨¸¶µ²Ó§µ¢ ÉÓ Î¨¸²¥´´Ò° ³¥Éµ¤ Ê²ÊÎÏ¥´¨Ö · §·¥-
Ï¥´¨Ö [3], ´¥ Ê³¥´ÓÏ ÕÐ¨° ÔËË¥±É¨¢´µ¸ÉÓ Ô±¸¶¥·¨³¥´É ;

£) ¸ ¶µ³µÐÓÕ  ²£µ·¨É³  [4], ¨¸¶µ²Ó§ÊÕÐ¥£µ ³¥Éµ¤ ³ ±¸¨³ ²Ó´µ£µ ¶· ¢-
¤µ¶µ¤µ¡¨Ö, ± ¸± ¤Ò c ´ ¨¡µ²ÓÏ¥° ¨´É¥´¸¨¢´µ¸ÉÓÕ, ´ ¡²Õ¤ ¥³Ò¥ ¢ ¸¶¥±É· Ì
¢ ¢¨¤¥ ¶ · · §·¥Ï¥´´ÒÌ ¶¨±µ¢, ³µ¦´µ ¶· ±É¨Î¥¸±¨ µ¤´µ§´ Î´µ ¸ ¢Ò¸µ±µ°
¤µ¸Éµ¢¥·´µ¸ÉÓÕ [5] · §³¥¸É¨ÉÓ ¢ ¸Ì¥³¥ · ¸¶ ¤  ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° ¨§Ê-
Î ¥³µ£µ Ö¤·  ¤ ¦¥ ¡¥§ ¶·¨¢²¥Î¥´¨Ö ¨´Ëµ·³ Í¨¨ ¨§ ¤·Ê£¨Ì Ô±¸¶¥·¨³¥´Éµ¢;

¤) ± ± ·¥§Ê²ÓÉ É ¶·¨³¥´¥´¨Ö ³¥Éµ¤¨±¨ [4], ¢¥¸Ó³  ¸ÊÐ¥¸É¢¥´´ Ö Î ¸ÉÓ
§ ·¥£¨¸É·¨·µ¢ ´´µ° ¨´É¥´¸¨¢´µ¸É¨ ± ¸± ¤µ¢ ³µ¦¥É ¡ÒÉÓ µ¤´µ§´ Î´µ ¸µµÉ´¥-
¸¥´  [6] ¸ Ô´¥·£¨° ¢µ§¡Ê¦¤¥´¨Ö ¶·µ³¥¦ÊÉµÎ´µ£µ Ê·µ¢´Ö ± ¸± ¤  ¡¥§ ¨¸¶µ²Ó-
§µ¢ ´¨Ö É¥Ì´¨±¨ ¨§³¥·¥´¨Ö ¢·¥³¥´¨ ¥£µ ¦¨§´¨ (·¥ ²Ó´µ µÉ¸ÊÉ¸É¢ÊÕÐ¥° ¤²Ö
¨§ÊÎ ¥³µ£µ ¶·µÍ¥¸¸  ¸ ¥£µ Ì · ±É¥·´Ò³¨ ¢·¥³¥´ ³¨ ¶µ·Ö¤±  10−12−10−15 ¸);

¥) ¢ µÉ²¨Î¨¥ µÉ É· ¤¨Í¨µ´´ÒÌ ³¥Éµ¤µ¢  ´ ²¨§  ¸µ¢¶ ¤¥´¨°, ¶µ²ÊÎ¥´-
´Ò¥ ¨§ Ô±¸¶¥·¨³¥´É  · ¸¶·¥¤¥²¥´¨Ö ¨´É¥´¸¨¢´µ¸É¥° ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢
³µ£ÊÉ ¡ÒÉÓ ¶·Ö³µ ¨¸¶µ²Ó§µ¢ ´Ò ¤²Ö ¶·µ¢¥·±¨ ³µ¤¥²Ó´ÒÌ ¶·¥¤¸É ¢²¥´¨° µ
¡ §µ¢ÒÌ ¶ · ³¥É· Ì ± ¸± ¤´µ£µ γ-· ¸¶ ¤  Å ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¸ § ¤ ´´Ò³¨
±¢ ´Éµ¢Ò³¨ Î¨¸² ³¨ ¨ Ï¨·¨´ Ì ± ¸± ¤´ÒÌ ¶¥·¥Ìµ¤µ¢.

Š ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ ´¥µ¡Ìµ¤¨³Ò¥ ¤²Ö ¶·µ¢¥¤¥´¨Ö ¸µµÉ¢¥É¸É¢ÊÕÐ¥£µ
 ´ ²¨§  Ô±¸¶¥·¨³¥´ÉÒ ¢Ò¶µ²´¥´Ò ¢ „Ê¡´¥, �¨£¥ (‹ É¢¨Ö) ¨ �¦¥¦¥ (—¥Ì¨Ö),
  ¶µ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ ¶·µ ´ ²¨§¨·µ¢ ´Ò ¢ „Ê¡´¥ ¤²Ö 42 Ö¤¥· ¨§ µ¡² ¸É¨
114 ≤ A ≤ 200, Éµ ¥¸ÉÓ ¢ µ¡² ¸É¨ Ö¤¥·, ¶·¥¤¸É ¢²ÖÕÐ¨Ì ³ ±¸¨³ ²Ó´Ò¥ É·Ê¤-
´µ¸É¨ ¤²Ö ¨Ì ¨§ÊÎ¥´¨Ö, ¶µ²ÊÎ¥´  µ¡¨²Ó´ Ö ¨ ¤¥É ²Ó´ Ö ¨´Ëµ·³ Í¨Ö. 	µ²ÓÏµ°
¥¥ µ¡Ñ¥³ ¶µ§¢µ²Ö¥É ´ ¤¥ÖÉÓ¸Ö ´  ¶µ²ÊÎ¥´¨¥ ¢¥¸Ó³  Í¥´´ÒÌ ¤ ´´ÒÌ µ ¸¢µ°-
¸É¢ Ì Ö¤· .

‘ ÉµÎ±¨ §·¥´¨Ö É¥µ·¥É¨±µ¢ [1], ´¥É ´¨± ±µ° ´¥µ¡Ìµ¤¨³µ¸É¨ ¢ ¤¥É ²Ó-
´µ³ ¨§ÊÎ¥´¨¨ ¸É·Ê±ÉÊ·Ò ¢µ²´µ¢µ° ËÊ´±Í¨¨ µÉ¤¥²Ó´µ ¢§ÖÉµ£µ ¸µ¸ÉµÖ´¨Ö Ö¤· 
¤²Ö Ô´¥·£¨° ¢µ§¡Ê¦¤¥´¨Ö ¢ÒÏ¥ 1Ä3 ŒÔ‚. ˆ´É¥·¥¸ ¶·¥¤¸É ¢²ÖÕÉ Éµ²Ó±µ ´¥-
±µÉµ·Ò¥ ¨Ì ¶ · ³¥É·Ò, Ê¸·¥¤´¥´´Ò¥ ¶µ ¡µ²ÓÏ¥³Ê ¨²¨ ³¥´ÓÏ¥³Ê ¨´É¥·¢ ²Ê
Ô´¥·£¨° ¢µ§¡Ê¦¤¥´¨Ö Ö¤· . �Éµ, ¢ ¶¥·¢ÊÕ µÎ¥·¥¤Ó, ¶²µÉ´µ¸ÉÓ ρ = D−1 ¸µ-
¸ÉµÖ´¨°, ¶ · ³¥É·Ò ±µÉµ·ÒÌ (´ ¶·¨³¥·, ¸¶¨´Ò, Î¥É´µ¸ÉÓ ¨ É.¤.) ´ Ìµ¤ÖÉ¸Ö ¢
§ ¤ ´´ÒÌ ¨´É¥·¢ ² Ì §´ Î¥´¨°, ¨ ¸·¥¤´ÖÖ ¶·¨¢¥¤¥´´ Ö ¢¥·µÖÉ´µ¸ÉÓ (· ¤¨ Í¨-
µ´´ Ö ¸¨²µ¢ Ö ËÊ´±Í¨Ö)

f = Γλi/(E3
γA2/3Dλ) (1)

¶µÖ¢²¥´¨Ö ¶·¨ ¨Ì · ¸¶ ¤¥ E1- ¨²¨ M1-¶¥·¥Ìµ¤  ¸µ ¸·¥¤´¥° Ï¨·¨´µ° Γλi

¨ Ô´¥·£¨¥° Eγ , ¸¢Ö§Ò¢ ÕÐ¥£µ ¸µ¸ÉµÖ´¨Ö λ ¨ i. �·¥¤¸É ¢²ÖÕÉ ¨´É¥·¥¸ ¨
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¢ ·¨ Í¨¨ ÔÉ¨Ì ¶ · ³¥É·µ¢ µÉ´µ¸¨É¥²Ó´µ ¸·¥¤´¥£µ §´ Î¥´¨Ö. Š ± ¶ · ³¥-
É·Ò ρ ¨ f , É ± ¨ ¨Ì ¢ ·¨ Í¨¨ ³µ£ÊÉ ¡ÒÉÓ µ¶·¥¤¥²¥´Ò ¢ · ³± Ì ³µ¤¥²Ó´ÒÌ
¶·¥¤¸É ¢²¥´¨° µ ¸¢µ°¸É¢ Ì Ö¤¥·´µ° ³ É¥·¨¨. Œµ¤¥²¨, ¶·¥¤¸± §Ò¢ ÕÐ¨¥ É -
±¨¥ ¶ · ³¥É·Ò ¸ ³ ±¸¨³ ²Ó´µ° ÉµÎ´µ¸ÉÓÕ, ¸²¥¤Ê¥É · ¸¸³ É·¨¢ ÉÓ ± ± ³ ±-
¸¨³ ²Ó´µ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ·¥ ²Ó´µ¸É¨. Šµ´±·¥É´Ò¥ Ë ±Éµ·Ò, ÊÎ¨ÉÒ¢ ¥³Ò¥
³µ¤¥²ÓÕ, µÉ· ¦ ÕÉ ¸É¥¶¥´Ó ¢²¨Ö´¨Ö ¸É·Ê±ÉÊ·Ò ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° ´ 
¨¸¸²¥¤Ê¥³Ò° ¶·µÍ¥¸¸.

’¥ ¦¥ ¢¥²¨Î¨´Ò µ¶·¥¤¥²ÖÕÉ É ±¨¥ ¢ ¦´Ò¥ ¤²Ö ¶· ±É¨±¨ ¶ · ³¥É·Ò Ö¤· ,
± ± ¶µ²´ Ö · ¤¨ Í¨µ´´ Ö Ï¨·¨´  Γλ ±µ³¶ Ê´¤-¸µ¸ÉµÖ´¨Ö ¨ ¸¶¥±É· ¶·µ¤Ê±Éµ¢
·¥ ±Í¨¨. ‚ µ¡¸Ê¦¤ ¥³µ³ §¤¥¸Ó Ô±¸¶¥·¨³¥´É¥ ÔÉµ ¨´É¥´¸¨¢´µ¸ÉÓ Iγγ ± ¸± ¤µ¢
¨§ ¤¢ÊÌ ¶µ¸²¥¤µ¢ É¥²Ó´µ ¨¸¶ÊÐ¥´´ÒÌ ¶¥·¥Ìµ¤µ¢ ¢ ¶·µ¨§¢µ²Ó´µ³, ´µ ¤µ¸É -
ÉµÎ´µ ³ ²µ³ ¶µ ¸· ¢´¥´¨Õ ¸ Ô´¥·£¨¥° ¸¢Ö§¨ ´¥°É·µ´  Bn ¨´É¥·¢ ²¥ Ô´¥·-
£¨° ¨Ì ¶·µ³¥¦ÊÉµÎ´µ£µ Ê·µ¢´Ö ¨ ¸¶¥±É· ¶¥·¢¨Î´ÒÌ γ-¶¥·¥Ìµ¤µ¢ ± ± ¶µ²´ Ö
¸Ê³³  ¨Ì ¨´É¥´¸¨¢´µ¸É¨ ¶µ ¢¸¥³ ¢µ§³µ¦´Ò³ ±µ´¥Î´Ò³ Ê·µ¢´Ö³ ¤¢ÊÌ±¢ ´Éµ-
¢ÒÌ ± ¸± ¤µ¢.

2. ��š…Š’ˆ‚�›… �‘��‚��ˆŸ �…��•�„ˆŒ�‘’ˆ ��‡‚ˆ’ˆŸ
��‚›• ��…„‘’�‚‹…�ˆ‰ � ‘‚�‰‘’‚�• Ÿ„��,

���Ÿ‚‹Ÿ�™ˆ•‘Ÿ ��ˆ ��‘��„… Š�Œ��“�„-‘�‘’�Ÿ�ˆŸ

� §´µµ¡· §´ Ö ¨ ¸ÊÐ¥¸É¢¥´´ Ö ¨´Ëµ·³ Í¨Ö µ ¸¢µ°¸É¢ Ì Ö¤·  ¡Ò²  ¶µ²Ê-
Î¥´  ± ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ ¨§ ¡µ²ÓÏµ£µ Î¨¸²  Ô±¸¶¥·¨³¥´Éµ¢ ¶µ ¨§ÊÎ¥´¨Õ
·¥ ±Í¨¨ (n, γ) ¶· ±É¨Î¥¸±¨ ¤²Ö ¢¸¥Ì ¢µ§³µ¦´ÒÌ Ö¤¥·-³¨Ï¥´¥°. �¸´µ¢´µ°
¶·µ¡²¥³µ° ¨Ì  ´ ²¨§  Ö¢²Ö¥É¸Ö ¶· ±É¨Î¥¸± Ö ´¥¢µ§³µ¦´µ¸ÉÓ ·¥Ï¥´¨Ö µ¡· É-
´µ° § ¤ Î¨ Å µ¶·¥¤¥²¥´¨Ö ¢¥²¨Î¨´ Γλi ¨ ρ ¨§ ¤ ´´ÒÌ Ô±¸¶¥·¨³¥´É . ’¨¶¨Î-
´Ò³ ¶·¨³¥·µ³ §¤¥¸Ó Ö¢²ÖÕÉ¸Ö ¶µ²´Ò¥ · ¤¨ Í¨µ´´Ò¥ Ï¨·¨´Ò [7] ¨ ¶µ²´Ò¥
¸¶¥±É·Ò γ-¨§²ÊÎ¥´¨Ö, ¨§³¥·¥´´Ò¥ [8] ¶·¨ § Ì¢ É¥ É¥¶²µ¢ÒÌ ´¥°É·µ´µ¢. �·¨-
³¥·Ò ¨¸¶µ²Ó§µ¢ ´¨Ö ÔÉµ° ¨´Ëµ·³ Í¨¨ ¤²Ö É¥¸É¨·µ¢ ´¨Ö ¸ÊÐ¥¸É¢ÊÕÐ¨Ì Ö¤¥·-
´ÒÌ ³µ¤¥²¥° ³µ¦´µ ´ °É¨ ¢ [9]. •µÉÖ ÔÉ¨ ¶ · ³¥É·Ò ¶·µÍ¥¸¸  ¶µ²´µ¸ÉÓÕ
¤¥É¥·³¨´¨·ÊÕÉ¸Ö Î¨¸²µ³ ¤µ¸ÉÊ¶´ÒÌ ¤²Ö ¢µ§¡Ê¦¤¥´¨Ö ¸µ¸ÉµÖ´¨° Ö¤·  ¨ ¢¥-
·µÖÉ´µ¸ÉÓÕ ¶µÖ¢²¥´¨Ö γ-¶¥·¥Ìµ¤ , µ¶·¥¤¥²¨ÉÓ ¶²µÉ´µ¸ÉÓ Ê·µ¢´¥° ¨ Ï¨·¨´Ò
¨§ ¤ ´´ÒÌ [7, 8] ¸ ÉµÎ´µ¸ÉÓÕ Ô±¸¶¥·¨³¥´É  ·¥ ²Ó´µ ´¥¢µ§³µ¦´µ. ’¥³ ´¥ ³¥-
´¥¥ ¢ ±µ³¡¨´ Í¨¨ ¸ É¥µ·¥É¨Î¥¸±¨³¨ ¶·¥¤¸É ¢²¥´¨Ö³¨ µ ¶·µ¨¸Ìµ¤ÖÐ¨Ì ¢ Ö¤·¥
¶·µÍ¥¸¸ Ì (£ § ´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì Ë¥·³¨-Î ¸É¨Í [10] ¨²¨ ¸¢¥·ÌÉ¥±ÊÎ¥¸ÉÓ
Ö¤¥·´µ° ³ É¥·¨¨ [11]) ÔÉ¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶µ§¢µ²¨²¨ ¸µ§¤ ÉÓ ¨
¶ · ³¥É·¨§µ¢ ÉÓ ¤µ¸É ÉµÎ´µ ±µ··¥±É´Ò¥ ³µ¤¥²¨ ¶²µÉ´µ¸É¨ Ê·µ¢´¥°. � ¨¸-
¶µ²Ó§µ¢ ´¨¥ ¶·¥¤¸É ¢²¥´¨° µ ¤¨´ ³¨±¥ Ö¤¥·´ÒÌ ¢µ§¡Ê¦¤¥´¨° ¤ ²µ ³µ¤¥²¨,
¶·¨£µ¤´Ò¥ ¤²Ö · ¸Î¥É  ¶ ·Í¨ ²Ó´ÒÌ Ï¨·¨´ E1- ¨ M1-¶¥·¥Ìµ¤µ¢ É¨¶  [12Ä
14]. �¸´µ¢´µ° ¶µ¸ÉÊ² É, ¨¸¶µ²Ó§Ê¥³Ò° ¢ ¶µ¤µ¡´µ³  ´ ²¨§¥ Å ¶·¥¤¸É ¢²¥´¨¥
µ ´¥¸¥²¥±É¨¢´µ¸É¨ ·¥ ±Í¨¨ (n, γ), Éµ ¥¸ÉÓ ¶·¥¤¸É ¢²¥´¨¥ µ Éµ³, ÎÉµ µ¸´µ¢-
´Ò¥ ¶ · ³¥É·Ò ¶·µÍ¥¸¸  γ-· ¸¶ ¤  ¤²Ö É·¥¡Ê¥³µ° ÉµÎ´µ¸É¨ · ¸Î¥É  ³µ£ÊÉ
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¡ÒÉÓ ¶µ²ÊÎ¥´Ò ¡¥§ ÊÎ¥É  ¢²¨Ö´¨Ö ¤¥É ²¥° ¸É·Ê±ÉÊ·Ò ¢µ²´µ¢µ° ËÊ´±Í¨¨ ´ 
¶²µÉ´µ¸ÉÓ Ê·µ¢´¥° ¨ Ï¨·¨´Ò ¶¥·¥Ìµ¤µ¢, ¶µ ±· °´¥° ³¥·¥, ¤²Ö ¤µ¸É ÉµÎ´µ
¢Ò¸µ±µ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨°.

Š ± ·¥§Ê²ÓÉ É, ³µ¤¥²Ó´Ò¥ ¶·¥¤¸É ¢²¥´¨Ö [10Ä14] µ¡¥¸¶¥Î¨¢ ÕÉ ¢µ§³µ¦-
´µ¸ÉÓ · ¸Î¥É  ¸¶¥±É·  ¨¸¶Ê¸± ¥³µ£µ γ-¨§²ÊÎ¥´¨Ö ¸ ³ ±¸¨³ ²Ó´Ò³ µÉ±²µ-
´¥´¨¥³ ¢ ´¥¸±µ²Ó±µ · §. ‚ µÉ¤¥²Ó´ÒÌ ¦¥ ¸²ÊÎ ÖÌ ¶ · ³¥É·Ò ± ¸± ¤´µ£µ
γ-· ¸¶ ¤  ³µ£ÊÉ ¡ÒÉÓ ¢µ¸¶·µ¨§¢¥¤¥´Ò ¸ ¶µ³µÐÓÕ ¶¥·¥Î¨¸²¥´´ÒÌ ³µ¤¥²¥° ¸
ÉµÎ´µ¸ÉÓÕ ¢ ´¥¸±µ²Ó±µ ¤¥¸ÖÉ±µ¢ ¶·µÍ¥´Éµ¢. �µ, ± ± ¢¨¤´µ ¨§ ¢Ò· ¦¥´¨Ö ¤²Ö
¶µ²´µ° · ¤¨ Í¨µ´´µ° Ï¨·¨´Ò, µ¶·¥¤¥²Ö¥³µ° Î¥·¥§ ¸·¥¤´¨¥ (¶µ ¤µ¸É ÉµÎ´µ
³ ²µ³Ê ¨´É¥·¢ ²Ê) §´ Î¥´¨Ö ¶ ·Í¨ ²Ó´ÒÌ Ï¨·¨´ Γλi ¨ ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ρi

¢ ´¥±µÉµ·µ³ ¨´É¥·¢ ²¥ Ô´¥·£¨° ∆E ¢µ§¡Ê¦¤¥´¨Ö i:

Γλ =
∑

i

Γλi(ρi∆E), (2)

¸µµÉ¢¥É¸É¢¨¥ Ô±¸¶¥·¨³¥´É ²Ó´µ° ¨ ¶µ²´µ° · ¸Î¥É´µ° Ï¨·¨´Ò ³µ¦¥É ¡ÒÉÓ
¤µ¸É¨£´ÊÉµ §  ¸Î¥É ±µ³¶¥´¸ Í¨¨ ¶·¥¢ÒÏ¥´¨Ö, ´ ¶·¨³¥·, ³µ¤¥²Ó´µ° ¶²µÉ´µ-
¸É¨ Ê·µ¢´¥° ¢ ´¥±µÉµ·µ³ ¨´É¥·¢ ²¥ Ô´¥·£¨° ¢µ§¡Ê¦¤¥´¨Ö, § ´¨¦¥´¨¥³ Ï¨·¨´
¶¥·¢¨Î´ÒÌ ¶¥·¥Ìµ¤µ¢ ²¨¡µ ¢ ÔÉµ³, ²¨¡µ ¢ ²Õ¡µ³ ¤·Ê£µ³ ¨´É¥·¢ ²¥.

Œ ±¸¨³ ²Ó´Ò¥ ´  ¸¥£µ¤´ÖÏ´¨° ¤¥´Ó ¢µ§³µ¦´µ¸É¨ ¤²Ö ¶µ²ÊÎ¥´¨Ö ¨´Ëµ·-
³ Í¨¨ µ ¸¢µ°¸É¢ Ì ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤·  ´¨¦¥ Bn µ¡¥¸¶¥Î¨¢ ÕÉ
Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ µ ¢¥·µÖÉ´µ¸É¨ ¶µÖ¢²¥´¨Ö ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢
Iγγ , ¸¢Ö§Ò¢ ÕÐ¨Ì ±µ³¶ Ê´¤-¸µ¸ÉµÖ´¨¥ λ ¸ § ¤ ´´Ò³¨ ±µ´¥Î´Ò³¨ Ê·µ¢´Ö³¨
Ö¤·  g ¨ ¢µ§¡Ê¦¤ ÕÐ¨Ì ¶·¨ ÔÉµ³ nλi = ρi∆E ¶·µ³¥¦ÊÉµÎ´ÒÌ ¸µ¸ÉµÖ´¨°
¨§ ¨´É¥·¢ ²  i. �±¸¶¥·¨³¥´É ²Ó´µ ¨§³¥·Ö¥³ Ö ¨´É¥´¸¨¢´µ¸ÉÓ µ¶·¥¤¥²Ö¥É¸Ö
± ± ´¥¨§¢¥¸É´Ò³¨ §´ Î¥´¨Ö³¨ ¶ ·Í¨ ²Ó´ÒÌ Ï¨·¨´ ¶¥·¢¨Î´ÒÌ ¨ ¢Éµ·¨Î´ÒÌ
¶¥·¥Ìµ¤µ¢, É ± ¨ ´¥¨§¢¥¸É´µ° ¶²µÉ´µ¸ÉÓÕ Ê·µ¢´¥° ¸²¥¤ÊÕÐ¨³ µ¡· §µ³:

Iγγ =
∑

J,π

(Γλi/ < Γλi > mλi)nλi(Γig/ < Γig > mig). (3)

‚ ÔÉµ³ ¢Ò· ¦¥´¨¨ ¶µ²´Ò¥ · ¤¨ Í¨µ´´Ò¥ Ï¨·¨´Ò · ¸¶ ¤ ÕÐ¨Ì¸Ö ¸µ-
¸ÉµÖ´¨° λ ¨ i ¶·¥¤¸É ¢²¥´Ò ¢ ¢¨¤¥ ¶·µ¨§¢¥¤¥´¨Ö ¸·¥¤´¥° ¶µ ¸¶¥±É·Ê ¶ ·Í¨-
 ²Ó´µ° Ï¨·¨´Ò ´  Î¨¸²µ m ¢µ§¡Ê¦¤ ¥³ÒÌ ¶·¨ ¨Ì · ¸¶ ¤¥ Ê·µ¢´¥°. ‚ É ±µ³
¶·¥¤¸É ¢²¥´¨¨ ¢¨¤´µ, ÎÉµ ¨´É¥´¸¨¢´µ¸ÉÓ ± ¸± ¤µ¢ µ¶·¥¤¥²Ö¥É¸Ö µÉ´µÏ¥´¨Ö³¨
¶ ·Í¨ ²Ó´ÒÌ Ï¨·¨´ ¨ ±µ³¡¨´ Í¨¥° Î¨¸²  ¸µ¸ÉµÖ´¨° ¢ · §²¨Î´ÒÌ ¨´É¥·¢ ² Ì
Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö Ö¤· . ‘ ÊÎ¥Éµ³ ¸¢Ö§¨ ³¥¦¤Ê Ô±¸¶¥·¨³¥´É ²Ó´Ò³ §´ Î¥-
´¨¥³ ¶µ²´µ° · ¤¨ Í¨µ´´µ° Ï¨·¨´Ò ¨ ÔÉ¨³¨ ¦¥ ¶ · ³¥É· ³¨ ¨§ ¢Ò· ¦¥´¨Ö
(2) ¨´É¥´¸¨¢´µ¸ÉÓ ± ¸± ¤µ¢ ³µ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´  ¢ Ëµ·³¥

ΓγIγγ =
∑

J,π

Γλinλi(Γig/ < Γig > mig). (4)
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‘Ê³³¨·µ¢ ´¨¥ ¢ (3) ¨ (4) ¤²Ö µ¡¥¸¶¥Î¥´¨Ö ¸µµÉ¢¥É¸É¢¨Ö · ¸Î¥É´ÒÌ ¨ Ô±¸-
¶¥·¨³¥´É ²Ó´ÒÌ ¢¥²¨Î¨´ ¤µ²¦´µ ¡ÒÉÓ ¢Ò¶µ²´¥´µ ¶µ ¢¸¥³ ¢µ§³µ¦´Ò³ §´ -
Î¥´¨Ö³ Jπ ¶·µ³¥¦ÊÉµÎ´ÒÌ, ±µ´¥Î´ÒÌ Ê·µ¢´¥° ± ¸± ¤µ¢ ¨, ¶·¨ ´¥µ¡Ìµ¤¨³µ-
¸É¨, ¶µ µ¡µ¨³ §´ Î¥´¨Ö³ ¸¶¨´  ±µ³¶ Ê´¤-¸µ¸ÉµÖ´¨Ö, ¢µ§¡Ê¦¤ ¥³µ£µ É¥¶²µ¢Ò³
´¥°É·µ´µ³. ‘¨³¢µ²Ò <> §¤¥¸Ó ¨¸¶µ²Ó§µ¢ ´Ò ¤²Ö µ¶·¥¤¥²¥´¨Ö Ê¸·¥¤´¥´-
´ÒÌ ¶µ ¸¶¥±É·Ê ¢¸¥Ì ¢µ§³µ¦´ÒÌ §´ Î¥´¨° ¶ ·Í¨ ²Ó´ÒÌ Ï¨·¨´ ¶¥·¢¨Î´ÒÌ
¨ ¢Éµ·¨Î´ÒÌ ¶¥·¥Ìµ¤µ¢ ± ¸± ¤µ¢, ¢µ§¡Ê¦¤ ÕÐ¨Ì mλi ¨ mig Ê·µ¢´¥° ¸µµÉ¢¥É-
¸É¢¥´´µ. �· ¢¨²  µÉ¡µ·  ¶µ ³Ê²ÓÉ¨¶µ²Ó´µ¸É¨ µ¤´µ§´ Î´µ µ¶·¥¤¥²ÖÕÉ ¨´É¥·-
¢ ² ¸¶¨´µ¢ ¨ Î¥É´µ¸ÉÓ Ê·µ¢´¥°, ±µÉµ·Ò¥ ¸²¥¤Ê¥É ÊÎ¥¸ÉÓ ¢ · ¸Î¥É¥.

ƒ² ¢´µ¥ § ±²ÕÎ¥´¨¥, ¸²¥¤ÊÕÐ¥¥ ¨§  ´ ²¨§  ¤ ´´ÒÌ ¶µ ¨´É¥´¸¨¢´µ¸ÉÖ³
± ¸± ¤µ¢, ¸µ¸Éµ¨É ¢ ¢¥¸Ó³  ¸ÊÐ¥¸É¢¥´´µ° ´¥¸µ¢³¥¸É¨³µ¸É¨ ·¥§Ê²ÓÉ Éµ¢ Ô±¸¶¥-
·¨³¥´É  ¨ · ¸Î¥Éµ¢ ¢ · ³± Ì ¶·¥¤¸É ¢²¥´¨° ¸É É¨¸É¨Î¥¸±µ° É¥µ·¨¨ γ-· ¸¶ ¤ 
±µ³¶ Ê´¤-¸µ¸ÉµÖ´¨Ö ÉÖ¦¥²µ£µ Ö¤· , ¢ ¶¥·¢ÊÕ µÎ¥·¥¤Ó, ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ³µ-
¤¥²Ó´ÒÌ ¶·¥¤¸É ¢²¥´¨° µ Ö¤·¥ ± ± µ ¸¨¸É¥³¥ ´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì Ë¥·³¨-
Î ¸É¨Í. �¸´µ¢´µ° Ë ±Éµ·, µ¶·¥¤¥²ÖÕÐ¨° ÔÉµ · ¸Ìµ¦¤¥´¨¥, Å ¶·¥¢ÒÏ¥´¨¥
³µ¤¥²Ó´µ § ¤ ´´µ° ¶²µÉ´µ¸É¨ Ê·µ¢´¥° [10] ´ ¤ ·¥ ²Ó´µ ¢µ§¡Ê¦¤ ¥³µ° ¢ ·¥ ±-
Í¨¨ (n, γ) ¢ ¤µ¸É ÉµÎ´µ Ï¨·µ±µ³ ¨´É¥·¢ ²¥ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö Ö¤· . �Éµ
§ ±²ÕÎ¥´¨¥ ¶·Ö³µ ¸²¥¤Ê¥É ¨§:

 ) ¶·¥¢ÒÏ¥´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´µ° ¨´É¥´¸¨¢´µ¸É¨ ± ¸± ¤µ¢ ´ ¤ ·¥§Ê²Ó-
É É ³¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì · ¸Î¥Éµ¢ ¶µ ¢Ò· ¦¥´¨Õ (3),

¡) ± Î¥¸É¢¥´´µ µ¡· É´µ ¶·µ¶µ·Í¨µ´ ²Ó´µ° § ¢¨¸¨³µ¸É¨ Iγγ µÉ ¶²µÉ´µ¸É¨
Ê·µ¢´¥° ¶·¨ ¥¥ ´¥§ ¢¨¸¨³µ¸É¨ µÉ  ¡¸µ²ÕÉ´µ£µ §´ Î¥´¨Ö ¶ ·Í¨ ²Ó´ÒÌ Ï¨·¨´
± ¸± ¤´ÒÌ ¶¥·¥Ìµ¤µ¢.

�µ¸²¥¤´¨° ¢Ò¢µ¤ µ¤´µ§´ Î´µ ¸²¥¤Ê¥É ¨§ Ëµ·³Ò ¸¢Ö§¨ ³¥¦¤Ê Î¨¸²µ³ Ê·µ¢-
´¥° mλi, nλi ¨ mig , ¢µ§¡Ê¦¤ ¥³ÒÌ ¤¨¶µ²Ó´Ò³¨ ¶¥·¥Ìµ¤ ³¨ ¢ · §²¨Î´ÒÌ ¨´-
É¥·¢ ² Ì Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö Ö¤· , ¢Ìµ¤ÖÐ¨Ì ¢ ¢Ò· ¦¥´¨¥ (3). � ·Í¨ ²Ó´Ò¥
¦¥ Ï¨·¨´Ò ¶¥·¢¨Î´ÒÌ ¨ ¢Éµ·¨Î´ÒÌ ¶¥·¥Ìµ¤µ¢ µ¶·¥¤¥²ÖÕÉ ¨´É¥´¸¨¢´µ¸ÉÓ
± ¸± ¤µ¢ Iγγ Éµ²Ó±µ Î¥·¥§ µÉ´µÏ¥´¨¥ ± ¨Ì ¸·¥¤´¥° ¶µ ¢¸¥³Ê ¢µ§³µ¦´µ³Ê
¸¶¥±É·Ê ¢¥²¨Î¨´¥. �· ±É¨Î¥¸±¨ µ¡· É´ÊÕ ¶·µ¶µ·Í¨µ´ ²Ó´µ¸ÉÓ ¨´É¥´¸¨¢´µ-
¸É¨ ± ¸± ¤µ¢ ¶²µÉ´µ¸É¨ Ê·µ¢´¥° µ¡¥¸¶¥Î¨¢ ¥É ¢Éµ·¨Î´Ò° ¶¥·¥Ìµ¤ ± ¸± ¤  § 
¸Î¥É Éµ£µ, ÎÉµ ¢¥·µÖÉ´µ¸ÉÓ ¥£µ ¶µÖ¢²¥´¨Ö ¶·¨ · ¸¶ ¤¥ ¶·µ³¥¦ÊÉµÎ´µ£µ Ê·µ¢´Ö
µ¡· É´µ ¶·µ¶µ·Í¨µ´ ²Ó´a Î¨¸²Ê mig ¢¸¥Ì ¸µ¸ÉµÖ´¨°, ²¥¦ Ð¨Ì ´¨¦¥ (Éµ ¥¸ÉÓ
¨´É¥£· ²Ê µÉ ¨Ì ¶²µÉ´µ¸É¨).

Š ¸µ¦ ²¥´¨Õ, ¤ ¦¥ ¶·¥¤¸É ¢²¥´¨Ö ´ ¨¡µ²¥¥ ¸µ¢·¥³¥´´µ° ³µ¤¥²¨ ¶²µÉ-
´µ¸É¨ Ê·µ¢´¥° Å µ¡µ¡Ð¥´´µ° ³µ¤¥²¨ ¸¢¥·ÌÉ¥±ÊÎ¥£µ Ö¤·  (�Œ‘Ÿ) ´¥ ³µ£ÊÉ
µ¡¥¸¶¥Î¨ÉÓ ¸µµÉ¢¥É¸É¢¨Ö · ¸Î¥É´ÒÌ ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ §´ Î¥´¨° Iγγ . ‚
¸¢µ¥³ · ´´¥³ ¢ ·¨ ´É¥ [11] �Œ‘Ÿ ¶·¨ ¢µ§¡Ê¦¤¥´¨ÖÌ ´¨¦¥ ´¥¸±µ²Ó±¨Ì ŒÔ‚
¶·¥¤¸± §Ò¢ ¥É ¶²µÉ´µ¸ÉÓ Ê·µ¢´¥° ³´µ£µ ³¥´ÓÏÊÕ, Î¥³ É , ±µÉµ· Ö ¸µµÉ¢¥É-
¸É¢Ê¥É ´ ¡²Õ¤ ¥³µ³Ê ¢ Ô±¸¶¥·¨³¥´É¥ Î¨¸²Ê ¶·µ³¥¦ÊÉµÎ´ÒÌ Ê·µ¢´¥° ± ¸± -
¤µ¢. � ¥¥ ¸µ¢·¥³¥´´Ò° ¢ ·¨ ´É [15] ¸±µ·¥¥ ¢¸¥£µ ¡ §¨·Ê¥É¸Ö ´  ¸ÊÐ¥¸É¢¥´´µ
µÉ²¨Î ÕÐ¨Ì¸Ö µÉ ·¥ ²Ó´µ¸É¨ ¶·¥¤¸É ¢²¥´¨ÖÌ µ ¶¥·¥Ìµ¤¥ Ö¤·  ¨§ ¸¢¥·ÌÉ¥±Ê-
Î¥£µ ¸µ¸ÉµÖ´¨Ö ¢ µ¡ÒÎ´µ¥ (¸³. · §¤. 4). ’ ±µ¥ § ±²ÕÎ¥´¨¥ ¶·Ö³µ ¸²¥¤Ê¥É
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¨§  ´ ²¨§  ¶·¨¢¥¤¥´´µ° ´¨¦¥ Ëµ·³Ò Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ ¶²µÉ´µ¸É¨
Ê·µ¢´¥°, ¡¥§ ±µÉµ·µ° ´¥¢µ§³µ¦´µ ¢µ¸¶·µ¨§¢¥¸É¨ Ô±¸¶¥·¨³¥´É ²Ó´µ ´ ¡²Õ¤ -
¥³ÊÕ ¨´É¥´¸¨¢´µ¸ÉÓ ± ¸± ¤µ¢. …¥ ´¥¢µ§³µ¦´µ ¶µ²ÊÎ¨ÉÓ ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨
¶ · ³¥É·µ¢ Ë §µ¢µ£µ ¶¥·¥Ìµ¤  ¸¢¥·ÌÉ¥±ÊÎ¥£µ ¸µ¸ÉµÖ´¨Ö ¢ µ¡ÒÎ´µ¥, ±µÉµ·Ò¥
¶·¨³¥´ÖÕÉ¸Ö  ¢Éµ· ³¨ �Œ‘Ÿ ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö [15]. �É  ¸¨ÉÊ Í¨Ö µ¡Ñ¥±-
É¨¢´µ µ¡Ê¸²µ¢²¥´  ± ± ¢¥¸Ó³  ¸ÊÐ¥¸É¢¥´´Ò³¨ ¶·µ¡²¥³ ³¨ µ¶¨¸ ´¨Ö ¸¢µ°¸É¢
Ö¤·  ¢ µ¡² ¸É¨ ³ ±¸¨³ ²Ó´µ£µ ¨§³¥´¥´¨Ö ¥£µ ¸¢µ°¸É¢, É ± ¨ Ö¢´µ° ´¥¤µ¸É -
ÉµÎ´µ¸ÉÓÕ ¡ §¨¸  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, ¶·¨£µ¤´ÒÌ, ¶µ¤Î¥·±´¥³ §¤¥¸Ó,
¤²Ö · §· ¡µÉ±¨ ¥£µ ¡µ²¥¥ ¸µ¢·¥³¥´´ÒÌ ³µ¤¥²¥°.

…¸²¨ ÊÎ¥¸ÉÓ, ÎÉµ ¶·¥¤¸É ¢²¥´¨Ö ³µ¤¥²¨ ´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥£µ Ë¥·³¨-
£ §  ·¥ ²Ó´µ ´¥¢µ§³µ¦´µ ¨§³¥´¨ÉÓ É ±, ÎÉµ¡Ò ³µ¤¨Ë¨Í¨·µ¢ ´´ Ö ³µ¤¥²Ó
³µ£²  ¡Ò µ¡¥¸¶¥Î¨ÉÓ Ê¢¥²¨Î¥´¨¥ · ¸Î¥É´µ° ¨´É¥´¸¨¢´µ¸É¨ ± ¸± ¤µ¢ ¢ ´¥-
¸±µ²Ó±µ · §, Éµ ¶· ±É¨Î¥¸±¨ ¥¤¨´¸É¢¥´´µ ¢µ§³µ¦´Ò³ µ¸É ¥É¸Ö ³µ¤¨Ë¨± Í¨Ö
¶·¥¤¸É ¢²¥´¨° �Œ‘Ÿ. …¥ Í¥²Ó Å µ¶·¥¤¥²¨ÉÓ ± ± µ¡² ¸É¨ ´¥¸µµÉ¢¥É¸É¢¨Ö ³µ-
¤¥²Ó´µ° ¨ ·¥ ²Ó´µ° ¶²µÉ´µ¸É¨ ¢µ§¡Ê¦¤ ¥³ÒÌ Ê·µ¢´¥°, É ± ¨ ¢ÒÖ¢¨ÉÓ µ¸´µ¢-
´Ò¥ Ë ±Éµ·Ò, ÊÎ¥É ±µÉµ·ÒÌ ³µ£ ¡Ò Ê³¥´ÓÏ¨ÉÓ ÔÉµ · ¸Ìµ¦¤¥´¨¥. „ ´´Ò¥ ¶µ
Ô±¸¶¥·¨³¥´É ²Ó´µ ¨§³¥·¥´´Ò³ ¨´É¥´¸¨¢´µ¸ÉÖ³ ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢ ¶µ-
§¢µ²ÖÕÉ ¢ ± ±µ°-Éµ ³¥·¥ ¤µ¸É¨ÎÓ ¦¥² ¥³µ£µ ¤¢Ê³Ö ¸¶µ¸µ¡ ³¨. ‹Õ¡µ° ± ¸± ¤
¢ Ô±¸¶¥·¨³¥´É¥ ´ ¡²Õ¤ ¥É¸Ö ²¨¡µ ¢ ®¸¶²µÏ´µ³¯ · ¸¶·¥¤¥²¥´¨¨ ¸Ê¶¥·¶µ§¨-
Í¨¨ ¨Ì ¡µ²ÓÏµ£µ Î¨¸² , ²¨¡µ ¢ Ëµ·³¥ ¤µ¸É ÉµÎ´µ ¨§µ²¨·µ¢ ´´ÒÌ ¨ · §·¥-
Ï¥´´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´µ ¶ · ¶¨±µ¢. �µÔÉµ³Ê  ´ ²¨§ ³µ¦¥É ¡ÒÉÓ ¢Ò¶µ²´¥´
± ± ¤²Ö ¤¨¸±·¥É´µ£µ ´ ¡µ·  µ¶·¥¤¥²¥´´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´µ ¨´É¥´¸¨¢´µ¸É¥°
¨´¤¨¢¨¤Ê ²Ó´ÒÌ ± ¸± ¤µ¢, É ± ¨ ¤²Ö Ê¸·¥¤´¥´´µ° ¶µ ´¥±µÉµ·µ³Ê ¨´É¥·¢ ²Ê
¢µ§¡Ê¦¤¥´¨° ¢¸¥° ¨Ì ¸Ê³³¥.

�µ¸±µ²Ó±Ê ´ ¨¡µ²¥¥ ¢ ¦´Ò³ ¶ · ³¥É·µ³ ¢ É¥µ·¥É¨Î¥¸±¨Ì ¶·¥¤¸É ¢²¥-
´¨ÖÌ µ Ö¤·¥ Ö¢²Ö¥É¸Ö ¶²µÉ´µ¸ÉÓ ¸µ¸ÉµÖ´¨°, Éµ ´ ¨¡µ²ÓÏ¥¥ ±µ²¨Î¥¸É¢µ ¶µ-
²ÊÎ¥´´µ° ´ ³¨ Ô±¸¶¥·¨³¥´É ²Ó´µ° ¨´Ëµ·³ Í¨¨ µ¡Ê¸²µ¢²¥´µ ¨§ÊÎ¥´¨¥³ ¨
¢ÒÖ¢²¥´¨¥³ Ë ±Éµ·µ¢, µ¶·¥¤¥²ÖÕÐ¨Ì · ¸Ìµ¦¤¥´¨¥ ¥¥ ·¥ ²Ó´ÒÌ §´ Î¥´¨° ¸
¸ÊÐ¥¸É¢ÊÕÐ¨³¨ É¥µ·¥É¨Î¥¸±¨³¨ ¶·¥¤¸É ¢²¥´¨Ö³¨. ‚µ§³µ¦´µ¸É¨ ¤²Ö ÔÉµ£µ
¶·¥¤µ¸É ¢²Ö¥É  ´ ²¨§ ¸¶¥±É·µ¸±µ¶¨Î¥¸±µ° ¨´Ëµ·³ Í¨¨ ¨ Ê¸·¥¤´¥´´ÒÌ ¶µ
´¥¡µ²ÓÏµ³Ê ¨´É¥·¢ ²Ê Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¨´É¥´¸¨¢´µ¸É¥° ¢¸¥Ì ± ¸± ¤µ¢.

2.1. � ¡²Õ¤ ¥³ Ö ·¥£Ê²Ö·´µcÉÓ ¸¶¥±É·  ´ ¨¡µ²¥¥ ¨´É¥´¸¨¢´µ ¢µ§¡Ê¦-
¤ ¥³ÒÌ ¸µ¸ÉµÖ´¨°. �²µÉ´µ¸ÉÓ Ê·µ¢´¥° ¢ ¶·¥¤¸É ¢²¥´¨ÖÌ �Œ‘Ÿ ¶µ²ÊÎ¥´  ¢
· ³± Ì  ¤¨ ¡ É¨Î¥¸±µ£µ ¶µ¤Ìµ¤ , Éµ ¥¸ÉÓ ¢ ¶·¥¤¸É ¢²¥´¨¨ µ Éµ³, ÎÉµ ¸Ê³-
³ ·´ Ö Ô´¥·£¨Ö ¢´ÊÉ·¥´´¨Ì (Ë¥·³¨µ´´ÒÌ) ¢µ§¡Ê¦¤¥´¨° Ö¤·  ³´µ£µ ¡µ²ÓÏ¥
Ô´¥·£¨¨ ¥£µ ±µ²¥¡ É¥²Ó´ÒÌ (¡µ§µ´´ÒÌ) ¢µ§¡Ê¦¤¥´¨°. Ÿ¸´µ, ¨  ¢Éµ·Ò �Œ‘Ÿ
ÔÉµ ³´µ£µ±· É´µ ¶µ¤Î¥·±¨¢ ²¨, ÎÉµ É ±µ° ¶µ¤Ìµ¤ £ · ´É¨·Ê¥É · ¸Ìµ¦¤¥´¨¥
³µ¤¥²Ó´ÒÌ ¶·¥¤¸É ¢²¥´¨° ¨ ·¥ ²Ó´µ¸É¨ ¶·¨ ´¥¡µ²ÓÏ¨Ì ¢µ§¡Ê¦¤¥´¨ÖÌ Ö¤· .
„²Ö ¨Ì Ê¸É· ´¥´¨Ö ´¥µ¡Ìµ¤¨³µ Ê¸É ´µ¢¨ÉÓ, ± ±¨³ µ¡· §µ³ ¨§¢¥¸É´Ò¥ Ëµ´µ´-
´Ò¥ ¢µ§¡Ê¦¤¥´¨Ö (É¨¶  µ¤´µ-, ¤¢ÊÌËµ´µ´´ÒÌ ¸µ¸ÉµÖ´¨° ¸Ë¥·¨Î¥¸±¨Ì ¨²¨
β, γ-¶µ²µ¸ ¤¥Ëµ·³¨·µ¢ ´´ÒÌ Ö¤¥·) ¸ Ì · ±É¥·´µ° Ô´¥·£¨¥° 0, 5 ÷ 1 ŒÔ‚
É· ´¸Ëµ·³¨·ÊÕÉ¸Ö ¢ ¢¨¡· Í¨µ´´Ò¥ ¢µ§¡Ê¦¤¥´¨Ö ¸ ±¢ ´É ³¨ ³´µ£µ ³¥´ÓÏ¥°
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Ô´¥·£¨¨. „²Ö ÔÉµ£µ ¶·¥¦¤¥ ¢¸¥£µ ´¥µ¡Ìµ¤¨³µ µÍ¥´¨ÉÓ ¸Ê³³ ·´ÊÕ Ô´¥·£¨Õ
¢¨¡· Í¨µ´´ÒÌ ¢µ§¡Ê¦¤¥´¨° Ö¤·  ¨ Ô´¥·£¨¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ±¢ ´Éµ¢ ¶· ±-
É¨Î¥¸±¨ ¤²Ö ¢¸¥£µ ¨´É¥·¢ ²  ¸µ¸ÉµÖ´¨°, ¢µ§¡Ê¦¤ ¥³ÒÌ ¶·¨ § Ì¢ É¥ ³¥¤²¥´-
´µ£µ ´¥°É·µ´ , Éµ ¥¸ÉÓ É·¥¡Ê¥É¸Ö Ô±¸¶¥·¨³¥´É ²Ó´ Ö ¨´Ëµ·³ Í¨Ö µ Éµ³, ± ±
¨§³¥´ÖÕÉ¸Ö ¶ · ³¥É·Ò Ö¤· , µ¡Ê¸²µ¢²¥´´Ò¥ ¥£µ ±µ²¥¡ ´¨Ö³¨, ¨§-§  ¢§ ¨³µ-
¤¥°¸É¢¨Ö Ëµ´µ´µ¢ ¸ ±¢ §¨Î ¸É¨Í ³¨ ¶·¨ Ê¢¥²¨Î¥´¨¨ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¨
¸µµÉ¢¥É¸É¢ÊÕÐ¥³ Ê¸²µ¦´¥´¨¨ ¸É·Ê±ÉÊ·Ò ¢µ²´µ¢µ° ËÊ´±Í¨¨ ¢µ§¡Ê¦¤¥´´µ£µ
¸µ¸ÉµÖ´¨Ö ÉÖ¦¥²µ£µ Ö¤· . �Éµ ³µ£²µ ¡Ò ¸µ§¤ ÉÓ ¡ §¨¸ ¤²Ö ¤ ²Ó´¥°Ï¥£µ · §-
¢¨É¨Ö ³µ¤¥²Ó´ÒÌ ¶·¥¤¸É ¢²¥´¨° É¨¶  �Œ‘Ÿ ´¨¦¥ Bn.

�¶·¥¤¥²¨ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´µ ÌµÉÖ ¡Ò µ¸´µ¢´Ò¥ ±µ³¶µ´¥´ÉÒ ¢µ²´µ¢µ°
ËÊ´±Í¨¨ ¤²Ö ¶·µ¨§¢µ²Ó´µ£µ (§  ´¥¡µ²ÓÏ¨³¨ ¨¸±²ÕÎ¥´¨Ö³¨) ¸µ¸ÉµÖ´¨Ö ¸
Ô´¥·£¨¥° ¢µ§¡Ê¦¤¥´¨Ö ¢ÒÏ¥, ´ ¶·¨³¥·, ∼ 1 ŒÔ‚ ¢ ´¥Î¥É´µ³ ¶µ N ¨/¨²¨ Z ¨
¢ÒÏ¥ ∼ 2 ŒÔ‚ ¢ Î¥É´µ-Î¥É´µ³ Ö¤· Ì ¸¥°Î ¸ ´¥¢µ§³µ¦´µ. �µÔÉµ³Ê ¢µ§´¨± ¥É
¶·µ¡²¥³  ¢ÒÖ¢²¥´¨Ö ÌµÉÖ ¡Ò µÉ´µ¸¨É¥²Ó´µ° ·µ²¨ ¢¨¡· Í¨µ´´ÒÌ ¢µ§¡Ê¦¤¥´¨°
¶·¨ Ô´¥·£¨ÖÌ ´¨¦¥ ´¥¸±µ²Ó±¨Ì ŒÔ‚ ¢ ²Õ¡µ³ Ö¤·¥. ‚ ¶¥·¢ÊÕ µÎ¥·¥¤Ó, ´¥µ¡-
Ìµ¤¨³  Ô±¸¶¥·¨³¥´É ²Ó´ Ö µÍ¥´±  ·¥ ²Ó´µ° Ô´¥·£¨¨ Ëµ´µ´µ¢ ¢ ÔÉµ° µ¡² ¸É¨
Ô´¥·£¨° ¢µ§¡Ê¦¤¥´¨Ö. ’¥µ·¥É¨Î¥¸±¨¥ · §· ¡µÉ±¨ ¢ ÔÉµ³ ´ ¶· ¢²¥´¨¨ µ¸Ê-
Ð¥¸É¢²¥´Ò £·Ê¶¶µ° ‚.ƒ.‘µ²µ¢Ó¥¢  ¢ · ³± Ì ¶·¥¤¸É ¢²¥´¨° ±¢ §¨Î ¸É¨Î´µ-
Ëµ´µ´´µ° ³µ¤¥²¨ Ö¤·  ´  ¡ §¨¸¥ ¶ · ³¥É·µ¢ ³µ¤¥²Ó´µ£µ Ö¤¥·´µ£µ £ ³¨²ÓÉµ-
´¨ ´ , Ê¸É ´µ¢²¥´´ÒÌ ¶·¨ ¨§ÊÎ¥´¨¨ ´¨§±µ²¥¦ Ð¨Ì ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨°
Ö¤· . Ÿ¸´µ, ÎÉµ ¶µ²ÊÎ¥´´Ò¥ ± ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ ¢Ò¢µ¤Ò É¥µ·¥É¨Î¥¸±µ£µ
¨¸¸²¥¤µ¢ ´¨Ö ¶·µ¡²¥³Ò ¢§ ¨³µ¤¥°¸É¢¨Ö ±¢ §¨Î ¸É¨Í ¸ Ëµ´µ´ ³¨ ³µ£ÊÉ ¡ÒÉÓ
¸¶· ¢¥¤²¨¢Ò³¨ Éµ²Ó±µ ¢ ¸²ÊÎ ¥ ¸µÌ· ´¥´¨Ö ¸µµÉ´µÏ¥´¨Ö ·µ²¨ · §²¨Î´ÒÌ
É¨¶µ¢ Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ¶·¨ ¶µ¢ÒÏ¥´¨¨ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö Ö¤· .
�µ¸±µ²Ó±Ê ¢ ¶·¨´Í¨¶¥ ÔÉµ ³µ¦¥É ¡ÒÉÓ ´¥ É ±, Éµ ¤²Ö Ê¸É ´µ¢²¥´¨Ö ·¥ ²Ó´µ°
¸¨ÉÊ Í¨¨ ³Ò µ¡Ö§ ´Ò ÊÎ¨ÉÒ¢ ÉÓ ¢µ§³µ¦´µ¸ÉÓ Éµ£µ, ÎÉµ ¶ · ³¥É·Ò ³µ¤¥²Ó-
´µ£µ £ ³¨²ÓÉµ´¨ ´  ¶·¨ Ê¢¥²¨Î¥´¨¨ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¨§³¥´ÖÕÉ¸Ö. ˆ
¨³¥´´µ ¸É¥¶¥´Ó ÔÉµ£µ ¨§³¥´¥´¨Ö ¤µ²¦¥´ µ¶·¥¤¥²¨ÉÓ ¨²¨ ÌµÉÖ ¡Ò µÍ¥´¨ÉÓ
Ô±¸¶¥·¨³¥´É.

�¥±µÉµ·Ò¥ ¢µ§³µ¦´µ¸É¨ ¤²Ö ¨§ÊÎ¥´¨Ö µ¡¸Ê¦¤ ¥³µ° ¶·µ¡²¥³Ò ¶·¥¤µ¸É -
¢²ÖÕÉ ¤¢  µ¡¸ÉµÖÉ¥²Ó¸É¢ , ¸µ¶ÊÉ¸É¢ÊÕÐ¨e ¢¨¡· Í¨µ´´µ³Ê É¨¶Ê ¢µ§¡Ê¦¤¥´¨°,
  ¨³¥´´µ:

 ) ¥£µ £ ·³µ´¨Î´µ¸ÉÓ ¤²Ö Î¨¸Éµ ±µ²¥¡ É¥²Ó´ÒÌ ¸µ¸ÉµÖ´¨°;
¡) Ê¸¨²¥´¨¥ ¢¥·µÖÉ´µ¸É¨ ¶¥·¥Ìµ¤  ¶·¨ · ¸¶ ¤¥ ¸µ¸ÉµÖ´¨°, ¢µ²´µ¢ Ö ËÊ´±-

Í¨Ö ±µÉµ·ÒÌ ¸µ¤¥·¦¨É § ³¥É´Ò¥ ±µ³¶µ´¥´ÉÒ ¢¨¡· Í¨µ´´µ£µ É¨¶ .
…Ð¥ ¶·¨  ´ ²¨§¥ ¶¥·¢ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ ¨´É¥´¸¨¢´µ¸ÉÖ³

¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢ ¡Ò²µ Ê¸É ´µ¢²¥´µ [16], ÎÉµ ¢ ¨Ì ¸¶¥±É·¥ ´ ¡²Õ¤ -
ÕÉ¸Ö É ±¨¥ ± ¸± ¤Ò, ¨´É¥´¸¨¢´µ¸ÉÓ ±µÉµ·ÒÌ ´¥ ³µ¦¥É ¡ÒÉÓ µ¡ÑÖ¸´¥´  ¸²Ê-
Î °´Ò³¨ ¶µ·É¥·-Éµ³ ¸µ¢¸±¨³¨ Ë²Ê±ÉÊ Í¨Ö³¨ Ï¨·¨´ ± ¸± ¤´ÒÌ ¶¥·¥Ìµ¤µ¢
(¤²Ö ³µ¤¥²Ó´µ Ë¨±¸¨·µ¢ ´´ÒÌ ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¨ ¸¨²µ¢ÒÌ ËÊ´±Í¨° ± ¸-
± ¤´ÒÌ ¶¥·¥Ìµ¤µ¢). �·¨ ÔÉµ³ ¢ ¨§³¥·¥´´ÒÌ · ¸¶·¥¤¥²¥´¨ÖÌ ¨´É¥´¸¨¢´µ¸É¥°
¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢ § Î ¸ÉÊÕ ³µ¦´µ ¢¨§Ê ²Ó´µ ´ ¡²Õ¤ ÉÓ ¶· ±É¨Î¥¸±ÊÕ
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Ô±¢¨¤¨¸É ´É´µ¸ÉÓ ¶µ²µ¦¥´¨° ¶¨±µ¢, ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ·¥£¨¸É· Í¨¨ ¶¥·¥Ìµ-
¤µ¢ ´ ¨¡µ²¥¥ ¸¨²Ó´ÒÌ ± ¸± ¤µ¢. �¥¸±µ²Ó±µ ¶µ§¤´¥¥ [17] ¡Ò² ¢Ò¶µ²´¥´  ´ -
²¨§ · ¸¶·¥¤¥²¥´¨° · ¸¸ÉµÖ´¨° ³¥¦¤Ê ¶·µ³¥¦ÊÉµÎ´Ò³¨ Ê·µ¢´Ö³¨ ´ ¨¡µ²¥¥
¨´É¥´¸¨¢´ÒÌ ± ¸± ¤µ¢ ¸ Í¥²ÓÕ µÍ¥´±¨ §´ Î¥´¨° ¢µ§³µ¦´ÒÌ ¶¥·¨µ¤µ¢ Ô±¢¨-
¤¨¸É ´É´µ¸É¨ ¢ ¶µ²µ¦¥´¨ÖÌ É·µ¥± ´ ¨¡µ²¥¥ ¨´É¥´¸¨¢´ÒÌ ± ¸± ¤µ¢. •µÉÖ µ´
´¥ ¢ ¸µ¸ÉµÖ´¨¨ ¤ ¦¥ ¢ ¶·¨´Í¨¶¥ ¤ ÉÓ µ¤´µ§´ Î´Ò° µÉ¢¥É ´  ÔÉµÉ ¢µ¶·µ¸ ¢
¸¨²Ê ¸¶¥Í¨Ë¨±¨ ·¥Ï ¥³µ° § ¤ Î¨, ¡Ò²µ ¶µ± § ´µ, ÎÉµ ¨³¥ÕÉ¸Ö µ¸´µ¢ ´¨Ö
¸Î¨É ÉÓ ´ ¡²Õ¤ ¥³ÊÕ ·¥£Ê²Ö·´µ¸ÉÓ ¢ ¸¶¥±É· Ì ´¥ ¸²ÊÎ °´µ°.

�¨¸. 1. ‘£² ¦¥´´µ¥ · ¸¶·¥¤¥²¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨´É¥´¸¨¢´µ¸É¥° Iγγ (´µ·³¨-
·µ¢ ´µ ´  104 · ¸¶ ¤µ¢ ±µ³¶ Ê´¤-¸µ¸ÉµÖ´¨Ö) ´ ¨¡µ²¥¥ ¸¨²Ó´ÒÌ ± ¸± ¤µ¢ ¢ 174,175Yb
¢ § ¢¨¸¨³µ¸É¨ µÉ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö E¢µ§¡ ¨Ì ¶·µ³¥¦ÊÉµÎ´µ£µ Ê·µ¢´Ö. �µ·µ£ µÉ-
¡µ·  Å 5 ´  104 · ¸¶ ¤µ¢ ±µ³¶ Ê´¤-¸µ¸ÉµÖ´¨Ö. �µ³¥Î¥´Ò ®¶µ²µ¸Ò¯ ¶· ±É¨Î¥¸±¨
Ô±¢¨¤¨¸É ´É´ÒÌ ¸µ¸ÉµÖ´¨° ¸ ´ °¤¥´´Ò³ ´ ¨¡µ²¥¥ ¢¥·µÖÉ´Ò³ ¶¥·¨µ¤µ³ Ô±¢¨¤¨¸É ´É-
´µ¸É¨ T

	µ²¥¥ ¸µ¢·¥³¥´´µ¥ ·¥Ï¥´¨¥ ¶·µ¡²¥³Ò ¡Ò²µ ¶·¥¤²µ¦¥´µ ¢ [18]. Œ¥Éµ-
¤¨±   ´ ²¨§  ¶·µ¸É : ¨´É¥´¸¨¢´µ¸É¨ ± ¸± ¤µ¢, ¶·¥¢ÒÏ ÕÐ¨¥ §´ Î¥´¨¥ ´¥-
±µÉµ·µ£µ ¢ ·Ó¨·Ê¥³µ£µ ¶µ·µ£ , ®· §³ §Ò¢ ²¨¸Ó¯ ¶µ ´¥¡µ²ÓÏµ³Ê ¨´É¥·¢ ²Ê
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Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö. �¡ÒÎ´µ ÔÉµ ¤¥² ²µ¸Ó ¤²Ö ¢¸¥Ì Ö¤¥· ¶ÊÉ¥³ ¨¸¶µ²Ó§µ-
¢ ´¨Ö ËÊ´±Í¨¨ ƒ Ê¸¸  ¸ ¶ · ³¥É·µ³ σ = 25 ±Ô‚ ± ± Ëµ·³Ò ²¨´¨¨ ± ¸± ¤ 
¥¤¨´¨Î´µ° ¨´É¥´¸¨¢´µ¸É¨. �·¨³¥· ¸Ê¶¥·¶µ§¨Í¨¨ ¢¸¥Ì ± ¸± ¤µ¢ ¢ § ¢¨¸¨³µ-
¸É¨ µÉ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¤²Ö ¶ ·Ò ¸µ¸¥¤´¨Ì ¶µ A Ö¤¥· ¶·¨¢¥¤¥´ ´  ·¨¸. 1.

�É³¥É¨³ ¤¢  µ¡¸ÉµÖÉ¥²Ó¸É¢ :
 ) ¢ ¸µ¸¥¤´¨Ì ¶µ A Ö¤· Ì §´ Î¥´¨Ö ´ °¤¥´´µ£µ ¶¥·¨µ¤  Ô±¢¨¤¨¸É ´É´µ¸É¨

¤µ²¦´Ò ¡ÒÉÓ ¤µ¸É ÉµÎ´µ ¡²¨§±¨, ± ± ÔÉµ ´ ¡²Õ¤ ¥É¸Ö ¤²Ö ¶·¨¢¥¤¥´´ÒÌ §¤¥¸Ó
¢ ± Î¥¸É¢¥ ¶·¨³¥·  ¨§µÉµ¶ Ì Yb;

¡) ¸Éµ²Ó Î¥É±µ¥ ¶·µÖ¢²¥´¨¥ ¶· ±É¨Î¥¸±µ° Ô±¢¨¤¨¸É ´É´µ¸É¨ ´¥ ³µ¦¥É
´ ¡²Õ¤ ÉÓ¸Ö ¢µ ¢¸¥Ì Ö¤· Ì ¨§-§  ´ ²µ¦¥´¨° Ô±¢¨¤¨¸É ´É´ÒÌ ®¶µ²µ¸¯ ¤·Ê£ ´ 
¤·Ê£  ¤ ¦¥ ¢ É¥Ì ¸²ÊÎ ÖÌ, ±µ£¤  ¢¥¸Ó ¸¶¥±É· Ö¤¥·´ÒÌ ¢µ§¡Ê¦¤¥´¨° µ¶·¥¤¥²ÖÕÉ
Éµ²Ó±µ É ±¨¥ ¸É·Ê±ÉÊ·Ò (¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ É¥¸ÉÒ ¢Ò¶µ²´¥´Ò ¢ [17]).

—¨¸²¥´´Ò°  ´ ²¨§ µÍ¥´±¨ ¢¥·µÖÉ´µ¸É¨ ¶µÖ¢²¥´¨Ö Ô±¢¨¤¨¸É ´É´µ¸É¨ ¢
 ´ ²µ£¨Î´ÒÌ · ¸¶·¥¤¥²¥´¨ÖÌ ¤²Ö ¢¸¥Ì ¨§ÊÎ¥´´ÒÌ Ö¤¥· ¨ · §²¨Î´ÒÌ ¶µ·µ£µ¢
·¥£¨¸É· Í¨¨ ¢Ò¶µ²´Ö²¸Ö ¸ ¶µ³µÐÓÕ  ¢Éµ±µ··¥²ÖÍ¨µ´´µ° ËÊ´±Í¨¨ ¢¨¤ 

A(T ) =
∑

E

f(E)f(E + T )f(E + 2T ), (5)

¸Ê³³¨·ÊÕÐ¥° §´ Î¥´¨Ö · ¸¶·¥¤¥²¥´¨° f(E), É¨¶  ¶·¨¢¥¤¥´´ÒÌ ´  ·¨¸. 1, ¢
§ ¤ ´´ÒÌ ± ´ ² Ì ¸¶¥±É·  E. �´ ¶µ§¢µ²Ö¥É µ¶·¥¤¥²¨ÉÓ µÉ´µ¸¨É¥²Ó´ÊÕ ¢¥-
·µÖÉ´µ¸ÉÓ (·¨¸. 2) Éµ£µ, ÎÉµ ´ ¨¡µ²¥¥ ¨´É¥´¸¨¢´Ò¥ ± ¸± ¤Ò ¨ ¨Ì ¡²¨§±¨¥
³Ê²ÓÉ¨¶²¥ÉÒ ¸¢Ö§ ´Ò ¸ ¢µ§¡Ê¦¤¥´¨¥³ ± ± ³¨´¨³Ê³ É·¥Ì ¸µ¸ÉµÖ´¨° ¢¨¡· Í¨-
µ´´ÒÌ ®¶µ²µ¸¯, µÉ¸ÉµÖÐ¨Ì ¤·Ê£ µÉ ¤·Ê£  ¶· ±É¨Î¥¸±¨ ´  µ¤´µ³ ¨ Éµ³ ¦¥
· ¸¸ÉµÖ´¨¨.

�¥ ¢Ò§Ò¢ ¥É ¶·µ¡²¥³ (¶·¨ ´¥µ¡Ìµ¤¨³µ¸É¨) ¨ ¶·¨¡²¨§¨É¥²Ó´ Ö ±µ··¥±-
Í¨Ö Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ ¨´É¥´¸¨¢´µ¸É¨ ± ¸± ¤µ¢. ‚ ¸µµÉ¢¥É¸É¢¨¨ ¸
¶·¥¤²µ¦¥´¨Ö³¨ [18] µ´  ³µ¦¥É ¡ÒÉÓ ¸¤¥² ´  ¡¥§ ¶·¨¢²¥Î¥´¨Ö ± ±¨Ì-²¨¡µ ³µ-
¤¥²Ó´ÒÌ ¶·¥¤¸É ¢²¥´¨° ¶ÊÉ¥³ ¤¥²¥´¨Ö · ¸¶·¥¤¥²¥´¨Ö f(E) ´   ´ ²µ£¨Î´µ¥,
´µ ¶µ²ÊÎ¥´´µ¥, ´ ¶·¨³¥·, ¤²Ö σ = 250 ±Ô‚.

Š ± ¶· ¢¨²µ, ¢ ¶·µ¨§¢µ²Ó´µ³ Ö¤·¥ ³µ¦´µ ¢Ò¤¥²¨ÉÓ ¤¢¥ ¨²¨ ¡µ²¥¥ ®¶µ-
²µ¸Ò¯ ¶· ±É¨Î¥¸±¨ Ô±¢¨¤¨¸É ´É´ÒÌ ¸µ¸ÉµÖ´¨° ¸ µ¤´¨³ ¨ É¥³ ¦¥ ¶¥·¨µ¤µ³
T ¨ ¨´µ£¤  ¸ ¡µ²ÓÏ¨³ Î¨¸²µ³ ¸µ¸ÉµÖ´¨° ¢ ´¨Ì. H ¨¡µ²¥¥ ¢ ¦´µ, ÎÉµ ¶¥-
·¨µ¤ ¢µ§³µ¦´µ° Ô±¢¨¤¨¸É ´É´µ¸É¨ ¤µ¢µ²Ó´µ ¶² ¢´µ ¢ ·Ó¨·Ê¥É¸Ö ¶·¨ ¨§³¥-
´¥´¨¨ Î¨¸²  ¡µ§µ´´ÒÌ ¶ · ´¥§ ¶µ²´¥´´ÒÌ ´Ê±²µ´´ÒÌ µ¡µ²µÎ¥± (¸ ÊÎ¥Éµ³
³ £¨Î¥¸±µ£µ Î¨¸²  N = 100 ¤¥Ëµ·³¨·µ¢ ´´µ£µ ¶µÉ¥´Í¨ ²  [19]). „ ´´Ò¥
¶µ ´ ¨¡µ²¥¥ ¢¥·µÖÉ´Ò³ ¶¥·¨µ¤ ³ Ô±¢¨¤¨¸É ´É´µ¸É¨ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 3 ¤²Ö
Î¥É´µ-Î¥É´ÒÌ ¨ ´¥Î¥É´ÒÌ ¶µ N ¨/¨²¨ Z Ö¤¥· · §¤¥²Ó´µ, ¶µ¸±µ²Ó±Ê ´ ±²µ´
¶·Ö³µ°, µÉ´µ¸¨É¥²Ó´µ ±µÉµ·µ°, ¢µ§³µ¦´µ, · ¸¶·¥¤¥²¥´Ò ¢ÒÖ¢²¥´´Ò¥ ¶¥·¨-
µ¤Ò Ô±¢¨¤¨¸É ´É´µ¸É¨, ¤²Ö Ö¤¥· ÔÉ¨Ì É¨¶µ¢ ´¥¸±µ²Ó±µ µÉ²¨Î ¥É¸Ö.

„µ¸É ÉµÎ´µ § ±µ´µ³¥·´Ò° Ì · ±É¥· ¨§³¥´¥´¨Ö ´ ¨¡µ²¥¥ ¢¥·µÖÉ´µ£µ ¶¥-
·¨µ¤  ·¥£Ê²Ö·´µ¸É¨ T ¶·¨ ¨§³¥´¥´¨¨ A ¶µ§¢µ²Ö¥É ¶·¥¤¶µ²µ¦¨ÉÓ, ÎÉµ ¸²Ê-
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�¨¸. 2. �¢Éµ±µ··¥²ÖÍ¨µ´´Ò¥ ËÊ´±Í¨¨ A(T ) ¤²Ö É·µ¥± ´ ¨¡µ²¥¥ ¨´É¥´¸¨¢´ÒÌ ± ¸± ¤µ¢
¤²Ö · §²¨Î´ÒÌ §´ Î¥´¨° ¶¥·¨µ¤µ¢ Ô±¢¨¤¨¸É ´É´µ¸É¨ T . �µ·µ£¨ µÉ¡µ·  5 (¶Ê´±É¨·´ Ö)
¨ 25 (¸¶²µÏ´ Ö ²¨´¨Ö) ¸²ÊÎ ¥¢ ´  104 · ¸¶ ¤µ¢

Î °´µ¥ ¶µÖ¢²¥´¨¥ ¢Ò¤¥²¥´´µ° Ê¶µ·Ö¤µÎ¥´´µ¸É¨ ¢ ¸¶¥±É·¥ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ-
¸ÉµÖ´¨° ³ ²µ¢¥·µÖÉ´µ, ÌµÉÖ ¶·¨ ¸µ¢·¥³¥´´µ³ ¸µ¸ÉµÖ´¨¨ Ô±¸¶¥·¨³¥´É  ´¥
¨¸±²ÕÎ¥´µ. ˆ ¶µÔÉµ³Ê ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¢ · ³± Ì ¶·µ¸É¥°Ï¥° £¨¶µÉ¥§Ò ¶·µ-
³¥¦ÊÉµÎ´Ò¥ Ê·µ¢´¨ ´ ¨¡µ²¥¥ ¨´É¥´¸¨¢´ÒÌ ± ¸± ¤µ¢ ³µ£ÊÉ · ¸¸³ É·¨¢ ÉÓ¸Ö
± ± ®¶µ²µ¸Ò¯ ¸µ¸ÉµÖ´¨°, ¸É·Ê±ÉÊ·  ¢µ²´µ¢ÒÌ ËÊ´±Í¨° ±µÉµ·ÒÌ µÉ²¨Î ¥É¸Ö
´  Í¥²µ¥ Î¨¸²µ ¢¨¡· Í¨µ´´ÒÌ ±¢ ´Éµ¢. Š Éµ³Ê ¦¥ ¤²Ö ´ ¨¡µ²¥¥ ¨´É¥´¸¨¢-
´ÒÌ ± ¸± ¤µ¢ Ô´¥·£¨¨ ÔÉ¨Ì ±¢ ´Éµ¢ ¶· ±É¨Î¥¸±¨ µ¤¨´ ±µ¢Ò (´¥¢µ§³ÊÐ¥´´Ò¥,
²¨¡µ ¨¸± ¦¥´´Ò¥ ¢ µ¤¨´ ±µ¢µ° ¸É¥¶¥´¨ ±µ²¥¡ ´¨Ö Ö¤· ), Éµ ¥¸ÉÓ, ¶µ ± ±µ°-Éµ
¶·¨Î¨´¥ ¢ ¨´É¥·¢ ²¥ ¢µ§¡Ê¦¤¥´¨° µÉ 1Ä2 ¤µ 3Ä4 ŒÔ‚ ¨²¨ ´¥¸±µ²Ó±µ ¡µ²Ó-
Ï¥³ § ³¥É´ Ö Î ¸ÉÓ Ô´¥·£¨¨ Ö¤·  ±µ´Í¥´É·¨·Ê¥É¸Ö ´  ¢µ§¡Ê¦¤¥´¨¨ ¥£µ ±µ²¥-
¡ ´¨°, ¢±²ÕÎ Ö ¶µÎÉ¨ £ ·³µ´¨Î¥¸±¨¥. ’ ±µ¥ § ±²ÕÎ¥´¨¥, ¡¥§Ê¸²µ¢´µ, ´µ¸¨É
¢ §´ Î¨É¥²Ó´µ° ³¥·¥ ± Î¥¸É¢¥´´Ò° Ì · ±É¥· ¨ ´¥ ¨¸±²ÕÎ ¥É ¢µ§³µ¦´µ¸É¨
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 ²ÓÉ¥·´ É¨¢´µ£µ µ¡ÑÖ¸´¥´¨Ö ÔËË¥±É . �µ µ´µ ¤ ¥É ¶·µ¸É¥°Ï¥¥ µ¡ÑÖ¸´¥´¨¥
¶·¨Î¨´Ò ¢ÒÖ¢²¥´´µ£µ ´¥¸µµÉ¢¥É¸É¢¨Ö ³¥¦¤Ê É¥µ·¥É¨Î¥¸±¨³¨ ¶·¥¤¸É ¢²¥´¨-
Ö³¨ ¨ ´ ¡²Õ¤ ¥³Ò³¨ ¢ Ô±¸¶¥·¨³¥´É¥ ¶ · ³¥É· ³¨ ¨§ÊÎ ¥³µ£µ ¶·µÍ¥¸¸ . ˆ
¨³¥´´µ ¶µÔÉµ³Ê ¥£µ ³µ¦´µ ¶·¨´ÖÉÓ ´  Ê·µ¢´¥ · ¡µÎ¥° £¨¶µÉ¥§Ò, ¨ ¤ ¦¥ ¢
± ±µ°-Éµ ¸É¥¶¥´¨ · ¡µÎ¥° ³µ¤¥²¨, É·¥¡ÊÕÐ¥° ¤ ²Ó´¥°Ï¥£µ Ô±¸¶¥·¨³¥´É ²Ó-

�¨¸. 3. ‡ ¢¨¸¨³µ¸ÉÓ ¢Ò¤¥²¥´´µ£µ ¶¥·¨µ¤  Ô±¢¨¤¨¸É ´É´µ¸É¨ T ¢ ¨§ÊÎ¥´´ÒÌ ± ´ ¸Éµ-
ÖÐ¥³Ê ¢·¥³¥´¨ Î¥É´µ-Î¥É´ÒÌ (a), Î¥É´µ-´¥Î¥É´ÒÌ ¨ ´¥Î¥É´µ-´¥Î¥É´ÒÌ Ö¤· Ì (¡) µÉ
Î¨¸²  ¡µ§µ´´ÒÌ ¶ · Nb ´¥§ ¶µ²´¥´´ÒÌ ´Ê±²µ´´ÒÌ µ¡µ²µÎ¥±:  ) ±·Ê¦±¨ Å Ô´¥·-
£¨Ö d-¡µ§µ´µ¢, ¢µ¸¶·µ¨§¢µ¤ÖÐ¨Ì ¢ · ¸Î¥É Ì ¶µ IBM ¸Ì¥³Ê ´¨§±µ²¥¦ Ð¨Ì Ê·µ¢´¥°
112,114Cd; §¢¥§¤µÎ±  Å ´¥Î¥É´µ-Î¥É´µ¥ ¸µ¸É ¢´µ¥ Ö¤·µ 177Lu; ¡) ±·Ê¦±¨ Å ´¥Î¥É´µ-
´¥Î¥É´Ò¥, É·¥Ê£µ²Ó´¨±¨ Å Î¥É´µ-´¥Î¥É´Ò¥ ¸µ¸É ¢´Ò¥ Ö¤· 

´µ£µ ¨ É¥µ·¥É¨Î¥¸±µ£µ µ¡µ¸´µ¢ ´¨Ö ¨ · §¢¨É¨Ö. …¸É¥¸É¢¥´´µ,  ´ ²¨§ [18] ´¥
¨¸±²ÕÎ ¥É ¢µ§³µ¦´µ¸É¨ ¸ÊÐ¥¸É¢¥´´µ£µ · §²¨Î¨Ö Ô´¥·£¨° Ëµ´µ´µ¢ ¢ µ¤´µ³ ¨
Éµ³ ¦¥ Ö¤·¥ ¤ ¦¥ ¢ ¸²ÊÎ ¥, ¥¸²¨ µ´¨ ¤¥°¸É¢¨É¥²Ó´µ µ¶·¥¤¥²ÖÕÉ ¢¥¸Ó ¸¶¥±É·
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¸µ¸ÉµÖ´¨°, ´ ¡²Õ¤ ¥³ÒÌ ¢ Ô±¸¶¥·¨³¥´É¥, ¨²¨ ¥£µ Î ¸ÉÓ (´ ¨¡µ²¥¥ ¸¨²Ó´µ
¶·µÖ¢²ÖÕÐÊÕ¸Ö ¢ Ô±¸¶¥·¨³¥´É¥).

�¸´µ¢´µ° ´¥¤µ¸É Éµ± ¶µ²ÊÎ¥´´µ£µ § ±²ÕÎ¥´¨Ö µ ¢µ§³µ¦´µ³ ¸ÊÐ¥¸É¢µ¢ -
´¨¨ ¢ Ö¤·¥ ¢¨¡· Í¨µ´´ÒÌ ®¶µ²µ¸¯, £µ²µ¢´Ò³ ¸µ¸ÉµÖ´¨¥³ ±µÉµ·ÒÌ Ö¢²Ö¥É¸Ö
¢µ§¡Ê¦¤¥´´Ò° Ê·µ¢¥´Ó Ö¤·  ¸ ¤µ¸É ÉµÎ´µ ¸²µ¦´µ° (E¢µ§¡ �= 0) ¸É·Ê±ÉÊ·µ°
¥£µ ¢µ²´µ¢µ° ËÊ´±Í¨¨ (´ ¶·¨³¥·, ³´µ£µ±¢ §¨Î ¸É¨Î´µ°), ÔÉµ ´¥¢µ§³µ¦´µ¸ÉÓ
µ¶·¥¤¥²¥´¨Ö  ¡¸µ²ÕÉ´µ° ¢¥·µÖÉ´µ¸É¨ ¸²ÊÎ °´µ£µ ¶µÖ¢²¥´¨Ö Ê¶µ·Ö¤µÎ¥´´µ-
¸É¨ ¸¶¥±É· . ‚Ò· ¦¥´¨¥ (5) ¤ ¥É Éµ²Ó±µ µÉ´µ¸¨É¥²Ó´µ¥ §´ Î¥´¨¥ ¢¥·µÖÉ´µ¸É¨
¸ÊÐ¥¸É¢µ¢ ´¨Ö ´ °¤¥´´µ£µ ¶¥·¨µ¤  Ô±¢¨¤¨¸É ´É´µ¸É¨. Š Éµ³Ê ¦¥ ¢ ± ¦¤µ³
Ö¤·¥ ¢ ¸¨²Ê µ¸µ¡¥´´µ¸É¥°  ´ ²¨§  [18] ¢Ò¤¥²Ö¥É¸Ö Éµ²Ó±µ ¥¤¨´¸É¢¥´´µ¥ §´ -
Î¥´¨¥ T . Œ É¥³ É¨Î¥¸±µ¥ ³µ¤¥²¨·µ¢ ´¨¥ ¸¨ÉÊ Í¨¨, ¸ ´ Ï¥° ÉµÎ±¨ §·¥´¨Ö,
´¥ ³µ¦¥É ¡ÒÉÓ ¢Ò¶µ²´¥´µ, É ± ± ± ´¥ ¨³¥¥É¸Ö ¢Ò¸µ±µ¤µ¸Éµ¢¥·´ÒÌ ¤ ´´ÒÌ µ
¶²µÉ´µ¸É¨ ¸µ¸ÉµÖ´¨° ¸ § ¤ ´´Ò³ Jπ ¤µ 3Ä4 ŒÔ‚ ¢ ¤¥Ëµ·³¨·µ¢ ´´µ³ Ö¤·¥;
´¥É É ±¨Ì ¦¥ ¤ ´´ÒÌ µ ¸¨²µ¢ÒÌ ËÊ´±Í¨ÖÌ ¤¨¶µ²Ó´ÒÌ ¶¥·¥Ìµ¤µ¢ ¨ Ëµ·³¥
· ¸¶·¥¤¥²¥´¨Ö ¨Ì µÉ±²µ´¥´¨Ö µÉ ¸·¥¤´¥£µ §´ Î¥´¨Ö. �µÔÉµ³Ê ´¥É ¢µ§³µ¦-
´µ¸É¨ ¸³µ¤¥²¨·µ¢ ÉÓ ¸¶¥±É·, ¨¤¥´É¨Î´Ò° ¶·¥¤¸É ¢²¥´´µ³Ê ´  ·¨¸. 1, ´µ ¸
£ · ´É¨·µ¢ ´´Ò³ µÉ¸ÊÉ¸É¢¨¥³ Ô±¢¨¤¨¸É ´É´µ¸É¨. �µÉ¥´Í¨ ²Ó´Ò¥ ¢µ§³µ¦´µ-
¸É¨ ·¥Ï¥´¨Ö ÔÉµ° ¨ ·Ö¤  ¤·Ê£¨Ì ¶·µ¡²¥³ µ¡¸Ê¦¤ ÕÉ¸Ö ¢ · §¤. 5.

2.2. � ¨¡µ²¥¥ ¢¥·µÖÉ´Ò¥ §´ Î¥´¨Ö ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¨ ¸¨²µ¢ÒÌ ËÊ´±-
Í¨° ¤¨¶µ²Ó´ÒÌ ¶¥·¥Ìµ¤µ¢, ¶·µÖ¢²ÖÕÐ¨¥¸Ö ¢ ± ¸± ¤´µ³ γ-· ¸¶ ¤¥ ±µ³-
¶ Ê´¤-¸µ¸ÉµÖ´¨Ö. ˆ§ Ô±¸¶¥·¨³¥´É  ¨§¢²¥± ÕÉ¸Ö ¸¶¥±É·Ò, ¤ ÕÐ¨¥ µÉ´µ¸¨-
É¥²Ó´ÊÕ ¢¥·µÖÉ´µ¸ÉÓ ¶µÖ¢²¥´¨Ö § ¤ ´´µ° ¶ ·Ò ¶¥·¥Ìµ¤µ¢ ¸ Ô´¥·£¨Ö³¨ E1 ¨
E2. �µ·Ö¤µ± ¨Ì ¸²¥¤µ¢ ´¨Ö ¤²Ö ²Õ¡µ° ¶ ·Ò ±¢ ´Éµ¢ Ô±¸¶¥·¨³¥´É µ¶·¥¤¥²¨ÉÓ
´¥ ³µ¦¥É, ¨ ¶µÔÉµ³Ê ¶·¨ µ¤¨´ ±µ¢µ³ · §·¥Ï¥´¨¨ ¢¸¥ ¶µ²ÊÎ¥´´Ò¥ ¸¶¥±É·Ò
Ö¢²ÖÕÉ¸Ö ¸Ê³³µ° ¤¢ÊÌ §¥·± ²Ó´µ-¸¨³³¥É·¨Î´ÒÌ Î ¸É¥°. �µ ¸µµÉ´µÏ¥´¨Ö (3)
¨ (4) § ¶¨¸ ´Ò ¤²Ö ¨´É¥´¸¨¢´µ¸É¨ ± ¸± ¤µ¢ ¢ ËÊ´±Í¨¨ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥-
´¨Ö E¢µ§¡ = Bn − E1 ¨Ì ¶·µ³¥¦ÊÉµÎ´µ£µ Ê·µ¢´Ö. ’µ ¥¸ÉÓ ¤²Ö µ¶·¥¤¥²¥´¨Ö
¶²µÉ´µ¸É¨ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° ¨ ¶ ·Í¨ ²Ó´ÒÌ Ï¨·¨´ ± ¸± ¤´ÒÌ ¶¥·¥-
Ìµ¤µ¢ ¨§ ÔÉ¨Ì Ê· ¢´¥´¨° É·¥¡Ê¥É¸Ö µ¶·¥¤¥²¨ÉÓ ¤µ²Õ ¨´É¥´¸¨¢´µ¸É¨, ¸µµÉ¢¥É-
¸É¢ÊÕÐÊÕ ± ¸± ¤ ³ ¸ § ¤ ´´Ò³¨ ¶¥·¢¨Î´Ò³¨ ¶¥·¥Ìµ¤ ³¨ ¸ Ô´¥·£¨¥° E1 ¢
¨´É¥·¢ ²¥ ∆E. Œ¥Éµ¤¨±  · §²µ¦¥´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¸¶¥±É·µ¢ ´  ¤¢¥
Î ¸É¨, ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ·¥£¨¸É· Í¨¨ Éµ²Ó±µ ¶¥·¢¨Î´µ£µ ¨²¨ Éµ²Ó±µ ¢Éµ·¨Î-
´µ£µ ¶¥·¥Ìµ¤ , ¨§²µ¦¥´  ¢ [6]. �´  ³µ¦¥É ¡ÒÉÓ ¶·¨³¥´¥´  ± Ö¤· ³ ¸ ²Õ¡µ°
¶²µÉ´µ¸ÉÓÕ Ê·µ¢´¥°. …¤¨´¸É¢¥´´µ¥ Ê¸²µ¢¨¥ ¥¥ ¶·¨³¥´¨³µ¸É¨ Å ¸É É¨¸É¨± 
´ ±µ¶²¥´´ÒÌ ¸µ¢¶ ¤¥´¨° ¤µ²¦´  ¶µ§¢µ²ÖÉÓ ¢Ò¤¥²¨ÉÓ ¢ Ëµ·³¥ · §·¥Ï¥´´ÒÌ
¶¨±µ¢ µ¸´µ¢´ÊÕ Î ¸ÉÓ ± ¸± ¤µ¢ ¸ ¶·µ³¥¦ÊÉµÎ´Ò³¨ Ê·µ¢´Ö³¨ ¸ Ô´¥·£¨¥° ¤µ
3Ä4 ŒÔ‚. Œ¥Éµ¤ ¨¸¶µ²Ó§Ê¥É ÉµÉ ¡¥§Ê¸²µ¢´Ò° Ë ±É, ÎÉµ ¨§-§  ´ ²¨Î¨Ö Ô´¥·-
£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¨ Ï¨·¨´ ± ¸± ¤´ÒÌ ¶¥·¥Ìµ¤µ¢
µ¸´µ¢´ Ö Î ¸ÉÓ ¨´É¥´¸¨¢´µ¸É¨ ± ¸± ¤µ¢ ¸ ¤µ¸É ÉµÎ´µ ¢Ò¸µ±µ²¥¦ Ð¨³¨ ¶·µ-
³¥¦ÊÉµÎ´Ò³¨ Ê·µ¢´Ö³¨ Ëµ·³¨·Ê¥É ¢ Ô±¸¶¥·¨³¥´É ²Ó´µ³ ¸¶¥±É·¥ ¸¶²µÏ´µ¥
· ¸¶·¥¤¥²¥´¨¥, a ¸ ´¨§±µ²¥¦ Ð¨³¨ Å ´¥¡µ²ÓÏµ¥ ±µ²¨Î¥¸É¢µ ¤µ¸É ÉµÎ´µ ¨´-
É¥´¸¨¢´ÒÌ ¨ ¶µÔÉµ³Ê · §·¥Ï¥´´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´µ ¶¨±µ¢. �·¨ Ê¢¥²¨Î¥-
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´¨¨ ¸É É¨¸É¨±¨ ¶µ²¥§´ÒÌ ¸µ¡ÒÉ¨° ¸¨¸É¥³ É¨Î¥¸± Ö ¶µ£·¥Ï´µ¸ÉÓ µ¶·¥¤¥²¥´¨Ö
Ëµ·³Ò § ¢¨¸¨³µ¸É¨ ¨´É¥´¸¨¢´µ¸É¨ ± ¸± ¤µ¢ µÉ Ô´¥·£¨¨ ¨Ì ¶·µ³¥¦ÊÉµÎ´µ£µ
Ê·µ¢´Ö Ê³¥´ÓÏ ¥É¸Ö.

�· ±É¨Î¥¸±¨ ¶·¨³¥´¥´¨¥ ³¥Éµ¤¨±¨ [6] ± Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³,
¶µ²ÊÎ¥´´Ò³ ¸ Ge-¤¥É¥±Éµ· ³¨ ¤ ¦¥ Ê³¥·¥´´µ° ÔËË¥±É¨¢´µ¸É¨, µ¡¥¸¶¥Î¨¢ ¥É
¶µ²ÊÎ¥´¨¥ ¢¶µ²´¥ ¤µ¸Éµ¢¥·´µ° ¨´Ëµ·³ Í¨¨ ± ± µ ρ, É ± ¨ µ Γλi. ‚ ·µ²¨
¶µ£·¥Ï´µ¸É¨ ·¥§Ê²ÓÉ Éµ¢, ¶µ²ÊÎ¥´´ÒÌ ¸ ¶µ³µÐÓÕ ³¥Éµ¤¨±¨ [6], ¢Ò¸ÉÊ¶ ¥É
¸Ê³³  ¨´É¥´¸¨¢´µ¸É¨ ± ¸± ¤µ¢, ¶·µ³¥¦ÊÉµÎ´Ò¥ Ê·µ¢´¨ ±µÉµ·ÒÌ ²¥¦ É ´¨¦¥
0, 5Bn,   ± ¦¤Ò° ¨§ ´¨Ì ¨³¥¥É ¨´É¥´¸¨¢´µ¸ÉÓ, ³¥´ÓÏÊÕ ¶µ·µ£  ·¥£¨¸É· Í¨¨
¨´¤¨¢¨¤Ê ²Ó´µ£µ ± ¸± ¤ . Œ¥Éµ¤¨±  ¥¥ µÍ¥´±¨ ¶µ Ëµ·³¥ · ¸¶·¥¤¥²¥´¨Ö ¸²Ê-
Î °´ÒÌ ¨´É¥´¸¨¢´µ¸É¥° ± ¸± ¤µ¢ ¢ § ¤ ´´µ³ ¨´É¥·¢ ²¥ Ô´¥·£¨° ¨Ì ¶·µ³¥¦Ê-
ÉµÎ´ÒÌ Ê·µ¢´¥° ¤¥É ²Ó´µ µ¶¨¸ ´  ¢ [20]. ’ ³ ¦¥ ¶·¨¢¥¤¥´Ò ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥
§´ Î¥´¨Ö ¤²Ö ¡µ²ÓÏ¥° Î ¸É¨ ¨§ÊÎ¥´´ÒÌ ´ ³¨ Ö¤¥·.

‚Ò· ¦¥´¨Ö (2), (3) ¨²¨ (3), (4) Ëµ·³ ²Ó´µ ¸µ¤¥·¦ É 2N ´¥¨§¢¥¸É´ÒÌ
¢¥²¨Î¨´, ¥¸²¨ µ¶·¥¤¥²ÖÉÓ ¨§ ´¨Ì ¸Ê³³Ê ¶²µÉ´µ¸É¥° Ê·µ¢´¥° µ¡¥¨Ì Î¥É´µ¸É¥°
¨ ¸Ê³³Ê ¸¨²µ¢ÒÌ ËÊ´±Í¨° E1- ¨ M1-¶¥·¥Ìµ¤µ¢. ‚±² ¤ ¶¥·¥Ìµ¤µ¢ ¢Ò¸Ï¨Ì
³Ê²ÓÉ¨¶µ²Ó´µ¸É¥° ¢ ¨´É¥´¸¨¢´µ¸É¨ ± ¸± ¤µ¢ ³´µ£µ ³¥´ÓÏ¥ µÏ¨¡±¨ Ô±¸¶¥-
·¨³¥´É . �µ¸±µ²Ó±Ê ¨´É¥´¸¨¢´µ¸É¨ ± ¸± ¤µ¢ µ¶·¥¤¥²¥´Ò ¢ N ¨´É¥·¢ ² Ì,  
¶µ²´ Ö Ï¨·¨´  Å ¸Ê³³  ¶µ ´¨³, Éµ, ± § ²µ¸Ó ¡Ò, ÎÉµ ¸¨¸É¥³Ò Ê· ¢´¥´¨° (2)Ä
(4) ¨³¥ÕÉ ·¥Ï¥´¨Ö ¢ ¡¥¸±µ´¥Î´µ³ ¨´É¥·¢ ²¥ §´ Î¥´¨°. �µ ·¥ ²Ó´ Ö ¸¨ÉÊ Í¨Ö
§´ Î¨É¥²Ó´µ ¡µ²¥¥ ¡² £µ¶·¨ÖÉ´ : ¢¥²¨Î¨´Ò ρ ¨ Γλi ´¥ Ö¢²ÖÕÉ¸Ö ¶µ²´µ¸ÉÓÕ
´¥§ ¢¨¸¨³Ò³¨,   ¨´É¥·¢ ² §´ Î¥´¨° ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¨ ¶ ·Í¨ ²Ó´ÒÌ Ï¨-
·¨´ ·¥§±µ µ£· ´¨Î¨¢ ¥É¸Ö Ë¨§¨±µ° ¨§ÊÎ ¥³µ£µ ¶·µÍ¥¸¸ . ‚ ·¥§Ê²ÓÉ É¥ ²Õ¡µ¥
¢µ§³µ¦´µ¥ Ê¢¥²¨Î¥´¨¥ ¶²µÉ´µ¸É¨ Ê·µ¢´¥°, ´ ¶·¨³¥·, ¤µ²¦´µ ¡ÒÉÓ ¸±µ³¶¥´-
¸¨·µ¢ ´µ Ê³¥´ÓÏ¥´¨¥³ Ï¨·¨´ ¤²Ö Éµ£µ, ÎÉµ¡Ò · ¸Î¥É ¶µ ¢Ò· ¦¥´¨Ö³ (2)Ä(4)
¤ ¢ ² ¡Ò §´ Î¥´¨Ö ¶µ²´µ° Ï¨·¨´Ò ¨ ¨´É¥´¸¨¢´µ¸É¨ ± ¸± ¤µ¢, ¸µµÉ¢¥É¸É¢ÊÕ-
Ð¨¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò³.

”µ·³ ²Ó´µ¥  ²£¥¡· ¨Î¥¸±µ¥ Ê¸²µ¢¨¥, µ£· ´¨Î¨¢ ÕÐ¥¥ ¤¨ ¶ §µ´ §´ Î¥´¨°
µ¶·¥¤¥²Ö¥³ÒÌ ¶ · ³¥É·µ¢ ¤²Ö ²Õ¡µ£µ ¨´É¥·¢ ²  Ô´¥·£¨° ¢µ§¡Ê¦¤¥´¨Ö ¶·µ³¥-
¦ÊÉµÎ´ÒÌ Ê·µ¢´¥°, ÔÉµ ¸¨¸É¥³  ¨§ 2N ´¥· ¢¥´¸É¢:  ) ρ > 0 ¨ ¡) Γλi > 0.

Š ± Ê¸É ´µ¢²¥´µ ´ ³¨ [21], ¢¸¥ ÔÉµ ¶·¨¢µ¤¨É ± ¢¥¸Ó³  ¸ÊÐ¥¸É¢¥´´µ³Ê
¸Ê¦¥´¨Õ ¨´É¥·¢ ²  ¢µ§³µ¦´ÒÌ ¢ ·¨ Í¨° ρ ¨ Γλi. ‚ ·¥§Ê²ÓÉ É¥ ¶²µÉ´µ¸ÉÓ
Ê·µ¢´¥° ¨ ¸Ê³³  ¶ ·Í¨ ²Ó´ÒÌ Ï¨·¨´ ± ¸± ¤´ÒÌ ¶¥·¥Ìµ¤µ¢ ³µ¦¥É ¡ÒÉÓ µ¶·¥-
¤¥²¥´  ¸ ¤µ¸É ÉµÎ´µ ³ ²µ° ´¥µ¤´µ§´ Î´µ¸ÉÓÕ, µ¡Ê¸²µ¢²¥´´µ° Éµ²Ó±µ ´¥¤µ-
¸É ÉµÎ´Ò³ µ¡Ñ¥³µ³ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ. �µ ¸É¥¶¥´¨ · ¸Ìµ¦¤¥´¨Ö
³¥¦¤Ê ´ °¤¥´´Ò³¨ §´ Î¥´¨Ö³¨ ¶²µÉ´µ¸É¨ Ê·µ¢´¥°, ¶ ·Í¨ ²Ó´ÒÌ Ï¨·¨´ ¨
³µ¤¥²Ó´Ò³¨ ¶·¥¤¸É ¢²¥´¨Ö³¨ ´  ÔÉµÉ ¸Î¥É ³µ£ÊÉ ¡ÒÉÓ ¢ÒÖ¢²¥´Ò, ÌµÉÖ ¡Ò
± Î¥¸É¢¥´´µ, É¥ µ¸µ¡¥´´µ¸É¨ Ö¤· , ±µÉµ·Ò¥ µ¡Ê¸² ¢²¨¢ ÕÉ ´ ²¨Î¨¥ ´¥¨§¡¥¦-
´ÒÌ · ¸Ìµ¦¤¥´¨°. ˆ ÔÉµ£µ µ± § ²µ¸Ó ¤µ¸É ÉµÎ´µ ¤²Ö µ¸ÊÐ¥¸É¢²¥´¨Ö ¸¥²¥±Í¨¨
³µ¤¥²Ó´ÒÌ ¶·¥¤¸É ¢²¥´¨° µ ¢ ¦´¥°Ï¨Ì ¶ · ³¥É· Ì Ö¤· .

‡´ Î¥´¨Ö ρ ¨ Γλi ¢ ¶·¨´Í¨¶¥ ³µ£ÊÉ ¡ÒÉÓ µ¶·¥¤¥²¥´Ò ¤¢Ê³Ö ¸²¥¤ÊÕÐ¨³¨
¸¶µ¸µ¡ ³¨.
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1. �µ¨¸± [22] ´ ¨¡µ²¥¥ ¢¥·µÖÉ´µ° ¶²µÉ´µ¸É¨ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨°,
µ¡¥¸¶¥Î¨¢ ÕÐ¥° ´ ¨²ÊÎÏ¥¥ ¢µ¸¶·µ¨§¢¥¤¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨´É¥´¸¨¢-
´µ¸É¥° ± ¸± ¤µ¢, ¶·¨ § ¤ ´´ÒÌ ³µ¤¥²Ó´ÒÌ ¶·¥¤¶µ²µ¦¥´¨ÖÌ µ · ¤¨ Í¨µ´-
´ÒÌ ¸¨²µ¢ÒÌ ËÊ´±Í¨ÖÌ, ²¨¡µ µ¶·¥¤¥²¥´¨¥ ´ ¨¡µ²¥¥ ¢¥·µÖÉ´ÒÌ §´ Î¥´¨°
¸¨²µ¢ÒÌ ËÊ´±Í¨° (ÉµÎ´¥¥, ¸Ê³³Ò · ¤¨ Í¨µ´´ÒÌ ¸¨²µ¢ÒÌ ËÊ´±Í¨° E1- ¨
M1-¶¥·¥Ìµ¤µ¢) Å ¤²Ö · §²¨Î´ÒÌ ³µ¤¥²Ó´ÒÌ ¶·¥¤¸É ¢²¥´¨° µ ¶²µÉ´µ¸É¨
Ê·µ¢´¥° ¨§ (3) ¨²¨ (4), ¸µµÉ¢¥É¸É¢¥´´µ, · §¤¥²Ó´µ. �É´µ¸¨É¥²Ó´ Ö · §´µ¸ÉÓ
´ °¤¥´´ÒÌ ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¨²¨ ¸Ê³³Ò ¸¨²µ¢ÒÌ ËÊ´±Í¨° ¢ É ±µ³ ¶µ¤Ìµ¤¥
¢¸¥£¤  ³¥´ÓÏ¥ · ¸Ìµ¦¤¥´¨Ö ³¥¦¤Ê ¨¸¶µ²Ó§Ê¥³Ò³¨ ³µ¤¥²Ó´Ò³¨ §´ Î¥´¨Ö³¨
¢¥²¨Î¨´Ò ¤·Ê£µ£µ ¶ · ³¥É·  Ö¤· . ’ ± Ö ·¥¤Ê±Í¨Ö µÏ¨¡µ± ¨¸±µ³µ° ¢¥²¨Î¨´Ò
¶µ ¸· ¢´¥´¨Õ ¸ ¢ ·¨ Í¨Ö³¨ ³µ¤¥²Ó´µ° ¢µ§´¨± ¥É ¨§-§  ¶µ²µ¦¨É¥²Ó´µ° ±µ··¥-
²ÖÍ¨¨ Î¨¸²¨É¥²Ö ¨ §´ ³¥´ É¥²Ö µÉ´µÏ¥´¨Ö §´ Î¥´¨° ± ¦¤µ£µ ¨§ § ¤ ¢ ¥³ÒÌ
³µ¤¥²Ó´µ ¢ ¢Ò· ¦¥´¨ÖÌ (3) ¨²¨ (4) ¶ · ³¥É·µ¢ · ¸Î¥É .

‚ ¦´¥°Ï¨° ·¥§Ê²ÓÉ É É ±µ£µ ·µ¤   ´ ²¨§  § ±²ÕÎ ¥É¸Ö ¢ ¶µ²´µ° ´¥-
¢µ§³µ¦´µ¸É¨ µ¤´µ¢·¥³¥´´µ ¢µ¸¶·µ¨§¢¥¸É¨ Γλ ¨ Iγγ ¶·¨ Ë¨±¸¨·µ¢ ´¨¨ ¢
(1) ¨ (2) ³µ¤¥²Ó´µ° ¶²µÉ´µ¸É¨ [10] ²Õ¡Ò³¨ ¢ ·¨ Í¨Ö³¨ ¸¨²µ¢ÒÌ ËÊ´±Í¨°
¤²Ö µ¸´µ¢´µ° ³ ¸¸Ò ¨¸¸²¥¤µ¢ ´´ÒÌ Ö¤¥·. ‚ ÔÉµ³ ¸²ÊÎ ¥ ¤²Ö ²Õ¡ÒÌ ¢µ§-
³µ¦´ÒÌ §´ Î¥´¨° ¸¨²µ¢ÒÌ ËÊ´±Í¨° · ¸Î¥É´ Ö ¨´É¥´¸¨¢´µ¸ÉÓ ± ¸± ¤µ¢ ¸
¶¥·¢¨Î´Ò³¨ ¶¥·¥Ìµ¤ ³¨ ¸ E1 < 2 − 3 ŒÔ‚ ¢¸¥£¤  ´ ³´µ£µ ³¥´ÓÏ¥ Ô±¸¶¥-
·¨³¥´É ²Ó´µ ´ ¡²Õ¤ ¥³µ°. �Éµ Ö¢²Ö¥É¸Ö ¸¥·Ó¥§´¥°Ï¨³ Ô±¸¶¥·¨³¥´É ²Ó´Ò³
 ·£Ê³¥´Éµ³ ± ± ¤²Ö ¨¸±²ÕÎ¥´¨Ö ¶·¥¤¸É ¢²¥´¨° µ Ö¤·¥ ± ± µ ¸¨¸É¥³¥ Î -
¸É¨Í ´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥£µ Ë¥·³¨-£ § , É ± ¨ ¤²Ö µ¡µ¸´µ¢ ´¨Ö ´¥µ¡Ìµ¤¨³µ-
¸É¨ ¤ ²Ó´¥°Ï¥£µ Ô±¸¶¥·¨³¥´É ²Ó´µ£µ ¨ É¥µ·¥É¨Î¥¸±µ£µ ¨§ÊÎ¥´¨Ö ¸¢µ°¸É¢ Ö¤· 
´¨¦¥ Bn.

2. �¤´µ¢·¥³¥´´ Ö ¸²ÊÎ °´ Ö ¢ ·¨ Í¨Ö ´¥±µÉµ·ÒÌ ¨¸Ìµ¤´ÒÌ ¶ · ³¥É·µ¢
ρ ¨ Γλi (¢ ´¥±µÉµ·µ³ ¤µ¸É ÉµÎ´µ ³ ²µ³ ¨´É¥·¢ ²¥ ¨Ì ¨§³¥´¥´¨Ö) ¢¶²µÉÓ ¤µ
¤µ¸É¨¦¥´¨Ö ¶µ²´µ£µ ¸µµÉ¢¥É¸É¢¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ · ¸Î¥É´ÒÌ ¢¥²¨Î¨´
Γλ ¨ Iγγ . �¥ ²¨§ Í¨Ö ÔÉµ° ¨¤¥¨ Å ¨É¥· Í¨µ´´Ò° ¶·µÍ¥¸¸, ´  ± ¦¤µ³ Ï £¥
±µÉµ·µ£µ ¶·µ¨§¢µ¤¨É¸Ö ´¥¡µ²ÓÏµ¥ ¸²ÊÎ °´µ¥ ¨§³¥´¥´¨¥ ¨¸±µ³ÒÌ ËÊ´±Í¨µ-
´ ²Ó´ÒÌ § ¢¨¸¨³µ¸É¥° ¨ ´ ±µ¶²¥´¨¥ ¢¸¥Ì É ±¨Ì ¨§³¥´¥´¨°, ±µÉµ·Ò¥ Ê¢¥²¨-
Î¨¢ ÕÉ ¸µµÉ¢¥É¸É¢¨¥ ³µ¤¥²Ó´ÒÌ ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ. ‚ ·Ó¨·µ¢ -
´¨¥ ´ Î ²Ó´ÒÌ §´ Î¥´¨° ¨¸±µ³ÒÌ ¶ · ³¥É·µ¢ ¢ Ï¨·µ±µ³ ¨´É¥·¢ ²¥ ¨¸Ìµ¤-
´ÒÌ ¢µ§³µ¦´ÒÌ (¨ ¤ ¦¥ ¶·¨´Í¨¶¨ ²Ó´µ ´¥¢µ§³µ¦´ÒÌ) §´ Î¥´¨° ¢ ¸µ¢µ±Ê¶-
´µ¸É¨ ¸µ ¸²ÊÎ °´Ò³ Ì · ±É¥·µ³ ¶·µÍ¥¸¸  ¶·¨¡²¨¦¥´¨Ö · ¸Î¥É´ÒÌ ¢¥²¨Î¨´
± Ô±¸¶¥·¨³¥´É ²Ó´Ò³ §´ Î¥´¨Ö³ ¤ ¥É ´¥±µÉµ·Ò° ¸¶¥±É· ¸²ÊÎ °´ÒÌ §´ Î¥-
´¨° ρ ¨ Γλi, Ê¤µ¢²¥É¢µ·ÖÕÐ¨Ì (2) ¨ (3) µ¤´µ¢·¥³¥´´µ. �·¨ ³´µ£µ±· É´µ³
¶µ¢Éµ·¥´¨¨ ¶·µÍ¥¸¸  ³µ¦¥É ¡ÒÉÓ µ¶·¥¤¥²¥´µ ¸·¥¤´¥¥ ¨ ¤¨¸¶¥·¸¨Ö ÔÉ¨Ì ¢¥-
²¨Î¨´ ¢µ ¢¸¥Ì N ¨´É¥·¢ ² Ì Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö Ö¤· . ’ ± ± ± ´¥É ´¨± ±¨Ì
µ¸´µ¢ ´¨° µ¦¨¤ ÉÓ, ÎÉµ ¸²ÊÎ °´Ò¥ §´ Î¥´¨Ö ¨¸±µ³ÒÌ ¶ · ³¥É·µ¢ ·¥£Ê²Ö·´µ
¸³¥Ð¥´Ò µÉ´µ¸¨É¥²Ó´µ ¨¸É¨´´µ£µ ¨Ì §´ Î¥´¨Ö ¢ ± ±ÊÕ-Éµ ¸Éµ·µ´Ê,   µÉ-
±²µ´¥´¨Ö ¨³¥ÕÉ Éµ²Ó±µ ³ ±¸¨³ ²Ó´Ò¥/³¨´¨³ ²Ó´Ò¥ §´ Î¥´¨Ö, ³µ¦´µ ¸Î¨-
É ÉÓ, ÎÉµ ¨¸É¨´´µ¥ §´ Î¥´¨¥ ¨¸±µ³µ£µ ¶ · ³¥É·  ²¥¦¨É ¢ ¶·µ³¥¦ÊÉ±¥ ³¥¦¤Ê
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´ °¤¥´´Ò³¨ ¥£µ ³¨´¨³ ²Ó´Ò³¨ ¨ ³ ±¸¨³ ²Ó´Ò³¨ ¢Ò¡µ·µÎ´Ò³¨ ¸²ÊÎ °´Ò³¨
§´ Î¥´¨Ö³¨.

�µ¸ÉÊ²¨·ÊÖ, ÎÉµ ¸·¥¤´¥¥ ¸µµÉ¢¥É¸É¢Ê¥É ´ ¨¡µ²¥¥ ¢¥·µÖÉ´µ³Ê ¨Ì §´ Î¥´¨Õ,
  ¤¨¸¶¥·¸¨Ö ´ ¡µ·  ´ °¤¥´´ÒÌ ¨§ ³´µ£µ±· É´µ ¶µ¢Éµ·¥´´µ£µ ¨É¥· Í¨µ´´µ£µ
¶·µÍ¥¸¸  ¶ · ³¥É·µ¢ Ô±¢¨¢ ²¥´É´  ¨Ì ¶µ£·¥Ï´µ¸É¨, ³Ò ¸³µ£²¨ ¶µ²ÊÎ¨ÉÓ ¤ ´-
´Ò¥ µ ´ ¨¡µ²¥¥ ¢¥·µÖÉ´ÒÌ ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¨ ¸Ê³³¥ ¸¨²µ¢ÒÌ ËÊ´±Í¨°
¶µÎÉ¨ ¤²Ö 30 Ö¤¥· ¨§ µ¡² ¸É¨ ¢µ§¡Ê¦¤¥´¨°, £¤¥ µ´¨ ²¨¡µ µÉ¸ÊÉ¸É¢µ¢ ²¨, ²¨¡µ
(¢ ¸²ÊÎ ¥ ρ) ¡Ò²¨ µ¶·¥¤¥²¥´Ò ¢ Ô±¸¶¥·¨³¥´É Ì ¤·Ê£µ£µ É¨¶ , ´µ ¸ ¡µ²ÓÏ¨³¨
¨²¨ ³¥´ÓÏ¨³¨ ³¥Éµ¤¨Î¥¸±¨³¨ ´¥µ¶·¥¤¥²¥´´µ¸ÉÖ³¨ ¨Ì ¨§¢²¥Î¥´¨Ö ¨§ Ô±¸¶¥-
·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ.

‘²¥¤Ê¥É ¤µ¡ ¢¨ÉÓ, ÎÉµ, ¢ µÉ²¨Î¨¥ µÉ µ¡Ð¥¶·¨´ÖÉÒÌ ¸¶µ¸µ¡µ¢ µ¶·¥¤¥²¥-
´¨Ö ¢¥²¨Î¨´Ò ρ ¨§ ¸¶¥±É·µ¢ Å ¶·µ¤Ê±Éµ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨°, ¶·¥¤² £ ¥³ Ö
³¥Éµ¤¨±  ¨³¥¥É ³ ±¸¨³ ²Ó´ÊÕ ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ ¤²Ö ³¨´¨³ ²Ó´ÒÌ §´ Î¥´¨°
¶²µÉ´µ¸É¨ Ê·µ¢´¥°. �Éµ ¸²¥¤¸É¢¨¥ Éµ£µ, ÎÉµ ´ ¡²Õ¤ ¥³ Ö ¨´É¥´¸¨¢´µ¸ÉÓ ± ¸-
± ¤µ¢ (¢Ò· ¦¥´¨¥ (3)) ¢µ§· ¸É ¥É ¶·¨ Ê³¥´ÓÏ¥´¨¨ ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¨§ÊÎ ¥-
³µ£µ Ö¤· , Éµ ¥¸ÉÓ, ± ± ³¨´¨³Ê³,  ´ ²¨§ ¨´É¥´¸¨¢´µ¸É¨ ± ¸± ¤µ¢ ¤µ¶µ²´Ö¥É ¨
ÊÉµÎ´Ö¥É ¸ÊÐ¥¸É¢ÊÕÐ¨¥ ³¥Éµ¤Ò µ¶·¥¤¥²¥´¨Ö ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¢ µ¡² ¸É¨ ¥¥
³¨´¨³ ²Ó´ÒÌ §´ Î¥´¨°, £¤¥ ¨ ¸²¥¤Ê¥É µ¦¨¤ ÉÓ ³ ±¸¨³ ²Ó´µ£µ ´¥¸µµÉ¢¥É¸É¢¨Ö
³¥¦¤Ê ³µ¤¥²Ó´Ò³¨ ¶·¥¤¸É ¢²¥´¨Ö³¨ ¨ ·¥ ²Ó´µ¸ÉÓÕ.

�  ·¨¸. 4 ¶·¨¢¥¤¥´  § ¢¨¸¨³µ¸ÉÓ Î¨¸²  Ê·µ¢´¥°, ¢µ§¡Ê¦¤ ¥³ÒÌ ¤¨¶µ²Ó-
´Ò³¨ ¶¥·¥Ìµ¤ ³¨ ¢ ¨´É¥·¢ ²¥ 100 ±Ô‚ ¢ ¸µ¸É ¢´ÒÌ Ö¤· Ì, µÉ Ô´¥·£¨¨ ¢µ§-
¡Ê¦¤¥´¨Ö ¶·µ³¥¦ÊÉµÎ´µ£µ Ê·µ¢´Ö. ’·¥Ê£µ²Ó´¨±¨ Å Ô±¸¶¥·¨³¥´É, Î¨¸²µ
´ ¡²Õ¤ ¥³ÒÌ ¶·µ³¥¦ÊÉµÎ´ÒÌ Ê·µ¢´¥° ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢, £¨¸Éµ£· ³-
³  Å ´ ¨¡µ²¥¥ ¢¥·µÖÉ´Ò¥ µ¦¨¤ ¥³Ò¥ ¨Ì §´ Î¥´¨Ö ¤²Ö ´Ê²¥¢µ£µ ¶µ·µ£  ·¥£¨-
¸É· Í¨¨ ± ¸± ¤  [20]. ’µÎ±¨ ¸ ¶µ£·¥Ï´µ¸ÉÖ³¨ Å ´ ¨¡µ²¥¥ ¢¥·µÖÉ´Ò¥ §´ Î¥-
´¨Ö, Ê¤µ¢²¥É¢µ·ÖÕÐ¨¥ ¸µµÉ´µÏ¥´¨Ö³ (3), (4). �Ê´±É¨·´ Ö ¨ ¸¶²µÏ´ Ö ²¨´¨¨
¸µµÉ¢¥É¸É¢ÊÕÉ ³µ¤¥²Ö³ [10, 11] (¶ · ³¥É·Ò [11] ¶µ¤µ¡· ´Ò ¨´¤¨¢¨¤Ê ²Ó´µ
¤²Ö ¢µ¸¶·µ¨§¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´µ£µ · ¸¸ÉµÖ´¨Ö ³¥¦¤Ê ´¥°É·µ´´Ò³¨
·¥§µ´ ´¸ ³¨).

� ¨¡µ²¥¥ ¢¥·µÖÉ´ Ö ¶²µÉ´µ¸ÉÓ ¢µ§¡Ê¦¤ ¥³ÒÌ ¶·¨ § Ì¢ É¥ É¥¶²µ¢µ£µ ´¥°-
É·µ´  ¸µ¸ÉµÖ´¨° ¢Ò£²Ö¤¨É ¸²¥¤ÊÕÐ¨³ µ¡· §µ³ (·¨¸. 4): ¤µ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥-
´¨Ö 1Ä2 ŒÔ‚ (¢ § ¢¨¸¨³µ¸É¨ µÉ Î¥É´µ¸É¨ Î¨¸²  ´Ê±²µ´µ¢ ¢ Ö¤·¥) ¨³¥ÕÐ¨¥¸Ö
¤ ´´Ò¥ ´¥ ¶·µÉ¨¢µ·¥Î É ¶·¥¤¸É ¢²¥´¨Ö³ ³µ¤¥²¨ Ë¥·³¨-£ §  ¸ ¶ · ³¥É· ³¨ ¨§
[10]. �É 1Ä2 ŒÔ‚ ¤µ ´¥±µÉµ·µ£µ ¶µ·µ£µ¢µ£µ §´ Î¥´¨Ö Eb ¶²µÉ´µ¸ÉÓ Ê·µ¢´¥°
¨§³¥´Ö¥É¸Ö ¸ Ô´¥·£¨¥° ¢µ§¡Ê¦¤¥´¨Ö Ö¤·  §´ Î¨É¥²Ó´µ ¸² ¡¥¥, Î¥³ ¶·¥¤¶µ² -
£ ÕÉ ²Õ¡Ò¥ ¸ÊÐ¥¸É¢ÊÕÐ¨¥ É¥µ·¥É¨Î¥¸±¨¥ ¶·¥¤¸É ¢²¥´¨Ö ´  ÔÉµÉ ¸Î¥É. ‚ÒÏ¥
§´ Î¥´¨Ö Eb ≈ 3 ¤²Ö ´¥Î¥É´ÒÌ ¨ ≈ 4 ŒÔ‚ ¤²Ö Î¥É´ÒÌ ¶µ N Ö¤¥· ¶²µÉ´µ¸ÉÓ
Ê·µ¢´¥°, ¸±µ·¥¥ ¢¸¥£µ, ²ÊÎÏ¥ ¸µµÉ¢¥É¸É¢Ê¥É ¶·¥¤¸± § ´¨Ö³ µ¡µ¡Ð¥´´µ° ³µ-
¤¥²¨ ¸¢¥·ÌÉ¥±ÊÎ¥£µ Ö¤·  (�Œ‘Ÿ) ¢ ¥¥ ¶·µ¸É¥°Ï¥° ¶¥·¢µ´ Î ²Ó´µ° Ëµ·³¥ [11]
¸ ´¥±µÉµ·Ò³¨ ´¥¶·¨´Í¨¶¨ ²Ó´Ò³¨ ¢ ·¨ Í¨Ö³¨ ¥¥ ¶ · ³¥É·µ¢, µ¡¥¸¶¥Î¨¢ Õ-
Ð¨³¨ ¸µ¢¶ ¤¥´¨¥ · ¸Î¥É´µ° ¶²µÉ´µ¸É¨ ¨ · ¸¸ÉµÖ´¨Ö ³¥¦¤Ê ´¥°É·µ´´Ò³¨
·¥§µ´ ´¸ ³¨, µ¶·¥¤¥²¥´´µ£µ ¢ Ô±¸¶¥·¨³¥´É¥.
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�¨¸. 4. �´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³µ¸ÉÓ Î¨¸²  Ê·µ¢´¥°, ¢µ§¡Ê¦¤ ¥³ÒÌ ¶¥·¢¨Î´Ò³¨ ¤¨-
¶µ²Ó´Ò³¨ ¶¥·¥Ìµ¤ ³¨ ¢ ´¥±µÉµ·ÒÌ Ö¤· Ì
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’ ±µ¥ ¶µ¢¥¤¥´¨¥ ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¢ · °µ´¥ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö Eb

³µ¦¥É µ§´ Î ÉÓ ± Î¥¸É¢¥´´µ¥ ¨§³¥´¥´¨¥ ¸¢µ°¸É¢ Ö¤· . � ¡²Õ¤ ¥³ Ö Ê¶µ·Ö-
¤µÎ¥´´µ¸ÉÓ ¸¶¥±É·  [18] ¶·µ³¥¦ÊÉµÎ´ÒÌ ¸µ¸ÉµÖ´¨° ´ ¨¡µ²¥¥ ¨´É¥´¸¨¢´ÒÌ
± ¸± ¤µ¢ ¶µ§¢µ²Ö¥É ¶·¥¤¶µ²µ¦¨ÉÓ ¢ · ³± Ì ¢¢¥¤¥´´µ° ¢ÒÏ¥ · ¡µÎ¥° £¨¶µ-
É¥§Ò, ÎÉµ ¶·¨ Ô´¥·£¨ÖÌ ¢µ§¡Ê¦¤¥´¨Ö µÉ 1Ä2 ¤µ 3Ä4 ŒÔ‚ (¨²¨ ´¥¸±µ²Ó±µ
¡µ²¥¥) ¤µ³¨´¨·ÊÕÐ¥¥ ¢²¨Ö´¨¥ ´  ¸¢µ°¸É¢  Ö¤·  µ± §Ò¢ ÕÉ ¢µ§¡Ê¦¤¥´¨Ö ¢¨-
¡· Í¨µ´´µ£µ É¨¶  (´¥¡µ²ÓÏµ¥ Î¨¸²µ Ëµ´µ´µ¢ ¡µ²ÓÏµ° Ô´¥·£¨¨, ± ± ³µ¦´µ
¶·¥¤¶µ² £ ÉÓ). � µÎ¥´Ó ¡Ò¸É·µ¥ Ô±¸¶µ´¥´Í¨ ²Ó´µ¥ (¨²¨ ¡²¨§±µ¥ ± ´¥³Ê) ¢µ§-
· ¸É ´¨¥ ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¢ÒÏ¥ Eb µ¶·¥¤¥²Ö¥É É¨¶ ¨Ì ´ ¨¡µ²¥¥ ¢¥·µÖÉ´µ°
¸É·Ê±ÉÊ·Ò ± ± ¤µ³¨´¨·ÊÕÐ¥¥ ¢²¨Ö´¨¥ ¢´ÊÉ·¥´´¨Ì ¢µ§¡Ê¦¤¥´¨° ¸ ÊÎ ¸É¨¥³
¤µ¢µ²Ó´µ ¡µ²ÓÏµ£µ Î¨¸²  ±¢ §¨Î ¸É¨Í. …¸²¨ ¶¥·¢Ò° ¢Ò¢µ¤ ¸²¥¤Ê¥É ¨§ ¸µ¶µ-
¸É ¢²¥´¨Ö Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö Ö¤·  ¸ ´ °¤¥´´Ò³¨ ¶¥·¨µ¤ ³¨ Ô±¢¨¤¨¸É ´É´µ-
¸É¨, Éµ ¢Éµ·µ° ¤¥É¥·³¨´¨·Ê¥É¸Ö §´ Î¥´¨Ö³¨ ¶ · ³¥É·  a ³µ¤¥²¨ Ë¥·³¨-£ § ,
´¥µ¡Ìµ¤¨³Ò³¨ ¤²Ö ¢µ¸¶·µ¨§¢¥¤¥´¨Ö ¤µ¸É ÉµÎ´µ ¢Ò¸µ±µ° ¶²µÉ´µ¸É¨ Ê·µ¢´¥°.
Š ¸µ¦ ²¥´¨Õ, ¤·Ê£¨Ì  ·£Ê³¥´Éµ¢ ¶µ ¶µ¢µ¤Ê É¨¶  ¤µ³¨´¨·ÊÕÐ¨Ì ±µ³¶µ´¥´É
¢µ²´µ¢µ° ËÊ´±Í¨¨ ¸µ¸ÉµÖ´¨° ¢ÒÏ¥ 1Ä2 ŒÔ‚ (´¥Î¥É´Ò¥ ¨²¨ Î¥É´Ò¥ Ö¤·  ¸µµÉ-
¢¥É¸É¢¥´´µ) Ê ´ ¸ ´¥É. �µÔÉµ³Ê ¸¤¥² ´´Ò¥ ¢Ò¢µ¤Ò ¸²¥¤Ê¥É · ¸¸³ É·¨¢ ÉÓ ± ±
¶·¥¤¢ ·¨É¥²Ó´Ò¥, ´Ê¦¤ ÕÐ¨¥¸Ö ¢ ¤µ¶µ²´¨É¥²Ó´µ³ É¥µ·¥É¨Î¥¸±µ³  ´ ²¨§¥ ¨
¤ ²Ó´¥°Ï¥° Ô±¸¶¥·¨³¥´É ²Ó´µ° · §· ¡µÉ±¥.

�  ·¨¸. 5 ¶·¨¢¥¤¥´  § ¢¨¸¨³µ¸ÉÓ ´ ¨¡µ²¥¥ ¢¥·µÖÉ´µ° ¸Ê³³Ò ¸¨²µ¢ÒÌ
ËÊ´±Í¨° ¤¨¶µ²Ó´ÒÌ E1- ¨ M1-¶¥·¥Ìµ¤µ¢ · ¤¨ Í¨µ´´µ£µ § Ì¢ É  É¥¶²µ¢ÒÌ
´¥°É·µ´µ¢ ¢ Ö¤· Ì-³¨Ï¥´ÖÌ µÉ Ô´¥·£¨¨ E1. ‘¶²µÏ´Ò¥ ²¨´¨¨ Å ¤ ´´Ò¥ ³µ-
¤¥²Ó´ÒÌ ¶·¥¤¸É ¢²¥´¨° [12, 13] ¢ ¸Ê³³¥ ¸ µÉ´µ·³¨·µ¢ ´´Ò³ ´  Ô±¸¶¥·¨³¥´É
§´ Î¥´¨¥³ [14] f(M1) =const.

‘· ¢´¥´¨¥ (·¨¸. 5) Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ·¥§Ê²ÓÉ Éµ¢ ¶µ ´ °¤¥´´Ò³ ¸Ê³³ ³
¸¨²µ¢ÒÌ ËÊ´±Í¨° ¸ ¶·¥¤¸± § ´¨Ö³¨ ´ ¨¡µ²¥¥ Î ¸Éµ ¨¸¶µ²Ó§Ê¥³ÒÌ Ô±¸¶¥·¨-
³¥´É Éµ· ³¨ ³µ¤¥²¥° [12Ä14] ¶µ± §Ò¢ ¥É ¸²¥¤ÊÕÐ¥¥.

 ) � °¤¥´´Ò¥ §´ Î¥´¨Ö ¸Ê³³ ¸¨²µ¢ÒÌ ËÊ´±Í¨° E1- ¨ M1-¶¥·¥Ìµ¤µ¢, ¸±µ-
·¥¥ ¢¸¥£µ, µÉ· ¦ ÕÉ ´ ¨¡µ²¥¥ µ¡Ð¨¥ ¸¢µ°¸É¢  ¸É·Ê±ÉÊ·Ò ¸µ¸ÉµÖ´¨°, ¸¢Ö§ ´-
´ÒÌ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³ ¶¥·¥Ìµ¤µ³ (¢±²ÕÎ Ö, ¢¥·µÖÉ´µ, ±µ³¶ Ê´¤-¸µ¸ÉµÖ´¨¥).
�Éµ ³µ¦´µ ¢¨¤¥ÉÓ, ´ ¶·¨³¥·, ¨§ ¸µ¶µ¸É ¢²¥´¨Ö ¶µ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éµ¢ ¢
156,158Gd, £¤¥ ¶· ±É¨Î¥¸±¨ µ¤¨´ ±µ¢Ò¥ Ê¸²µ¢¨Ö Ô±¸¶¥·¨³¥´É  (§´ Î¥´¨Ö Jπ

Ê·µ¢´¥°, ¸¢Ö§ ´´ÒÌ ± ¸± ¤ ³¨, ¨ ¶µ²´Ò¥ · ¤¨ Í¨µ´´Ò¥ Ï¨·¨´Ò ±µ³¶ Ê´¤-
¸µ¸ÉµÖ´¨°) É ±µ¢Ò, ÎÉµ · ¸Ìµ¦¤¥´¨¥ ¶µ²ÊÎ¥´´ÒÌ ¸Ê³³ ¸¨²µ¢ÒÌ ËÊ´±Í¨° ¤²Ö
¶ ·Ò ¨§µÉµ¶µ¢ £ ¤µ²¨´¨Ö µ¡Ö§ ´µ ¡ÒÉÓ ³¥´ÓÏ¨³, Î¥³ ¢ ²Õ¡ÒÌ ¤·Ê£¨Ì ±µ³-
¡¨´ Í¨ÖÌ ¸µ¶µ¸É ¢²¥´¨Ö É ±¨Ì ¤ ´´ÒÌ. �·¨ ¶·¨´Í¨¶¨ ²Ó´µ µ¤´µ° ¨ Éµ° ¦¥
Ëµ·³¥ § ¢¨¸¨³µ¸É¨ ¶²µÉ´µ¸É¨ Ê·µ¢´¥° µÉ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ´ ¨¡µ²¥¥ ¢¥-
·µÖÉ´Ò¥ §´ Î¥´¨Ö ¸Ê³³ ¸¨²µ¢ÒÌ ËÊ´±Í¨° µÉ²¨Î ÕÉ¸Ö ¢ ÔÉµ³ ¸²ÊÎ ¥ ± ± ¶µ
 ¡¸µ²ÕÉ´µ° ¢¥²¨Î¨´¥, É ± ¨ ¶µ ¸É¥¶¥´¨ ¨Ì § ¢¨¸¨³µ¸É¨ µÉ Ô´¥·£¨¨ ¶¥·¢¨Î-
´µ£µ ¶¥·¥Ìµ¤ . �É²¨Î¨¥ · ¸¸³ É·¨¢ ¥³µ° ¶ ·Ò ¨§µÉµ¶µ¢ Å ÔÉµ · §²¨Î´µ¥
µÉ´µÏ¥´¨¥ Γ0

n/Dλ ¤²Ö ·¥§µ´ ´¸µ¢, µ¶·¥¤¥²ÖÕÐ¨Ì ¸¥Î¥´¨¥ § Ì¢ É  É¥¶²µ¢ÒÌ
´¥°É·µ´µ¢. ‚ 157Gd µ´µ ¶·¨³¥·´µ ¢ 1,5 · §a ¶·¥¢ÒÏ ¥É  ´ ²µ£¨Î´µ¥ §´ Î¥-
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´¨¥ ¤²Ö 155Gd. �µ §´ ±Ê ÔÉµ£µ µÉ´µÏ¥´¨Ö ¨ ¶µ Ëµ·³¥ ´ ¡²Õ¤ ¥³µ£µ µÉ±²µ-
´¥´¨Ö ´ °¤¥´´ÒÌ ¸¨²µ¢ÒÌ ËÊ´±Í¨° ¸¨ÉÊ Í¨Ö ¢ ¨§µÉµ¶ Ì Gd ¸µµÉ¢¥É¸É¢Ê¥É
· ¸¸³ É·¨¢ ¥³µ° ´¨¦¥ ¤²Ö 181Hf ¨ 183W.

¡) CÉ¥¶¥´Ó § ¢¨¸¨³µ¸É¨ f(E1) + f(M1) µÉ Ô´¥·£¨¨ ¸ÊÐ¥¸É¢¥´´µ µÉ²¨Î -
¥É¸Ö µÉ ¶·¥¤¸± § ´¨° ³µ¤¥²¥° [12Ä14]. �Éµ ¸¶· ¢¥¤²¨¢µ, ¶µ ±· °´¥° ³¥·¥,
¤²Ö Î¥É´µ-Î¥É´ÒÌ ¸µ¸É ¢´ÒÌ Ö¤¥· ¢ µ¡² ¸É¨ 4s-³ ±¸¨³Ê³  ´¥°É·µ´´µ° ¸¨-
²µ¢µ° ËÊ´±Í¨¨. ‚¥²¨Î¨´  ¨ Ëµ·³  Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ ´ °¤¥´´ÒÌ
¸Ê³³ ¸¨²µ¢ÒÌ ËÊ´±Í¨° ¨¸±²ÕÎ ÕÉ ¶·¨ ÔÉµ³ ¸ ¡µ²ÓÏµ° ¢¥·µÖÉ´µ¸ÉÓÕ ¢µ§-
³µ¦´µ¸ÉÓ ¨Ì µ¶¨¸ ´¨Ö ¸Ê¶¥·¶µ§¨Í¨¥° ¤¢ÊÌ ±·¨¢ÒÌ ‹µ·¥´Í , ¸µµÉ¢¥É¸É¢Ê-
ÕÐ¨Ì £¨£ ´É¸±¨³ ¤¨¶µ²Ó´Ò³ (Ô²¥±É·¨Î¥¸±µ³Ê ¨ ³ £´¨É´µ³Ê) ·¥§µ´ ´¸ ³ ¸
¶µ¸ÉµÖ´´µ° Ï¨·¨´µ°.

¢) ‡´ Î¥´¨Ö ¸Ê³³Ò ¸¨²µ¢ÒÌ ËÊ´±Í¨° ¢µ§· ¸É ÕÉ ¶·¨ ¶¥·¥Ìµ¤¥ µÉ µ±µ²µ-
³ £¨Î¥¸±¨Ì (|∆N | ´¥ ¶·¥¢ÒÏ ¥É ∼ 5) Ö¤¥· ± ¤ ²¥±¨³ µÉ ³ £¨Î¥¸±¨Ì ¨ ¶·¨
¶¥·¥Ìµ¤¥ µÉ ¢Ò¸µ±µ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° ± ¶·µ¸ÉÒ³ ¶µ ¸É·Ê±ÉÊ·¥ ´¨§-
±µ²¥¦ Ð¨³ Ê·µ¢´Ö³, ±µÉµ·Ò¥ ¢µ§¡Ê¦¤ ÕÉ¸Ö · ¸¸³ É·¨¢ ¥³Ò³ γ-¶¥·¥Ìµ¤µ³
(É.¥. ¶·¨ Ê¢¥²¨Î¥´¨¨ Eγ).

£) �¥ ¨¸±²ÕÎ¥´µ, ÎÉµ ¶²µÉ´µ¸ÉÓ Ê·µ¢´¥° ¢ · °µ´¥ Ô´¥·£¨¨ ¸¢Ö§¨ ´¥°É·µ´ 
(ÌµÉÖ ¡Ò ¢ ´¥±µÉµ·ÒÌ Ö¤· Ì) ²µ± ²Ó´µ, ´µ § ³¥É´µ µÉ±²µ´Ö¥É¸Ö µÉ µÉ´µ¸¨-
É¥²Ó´µ ³µ´µÉµ´´µ° § ¢¨¸¨³µ¸É¨, ¶·¨¢¥¤¥´´µ° ¢ [18, 21] ¨ ´  ·¨¸. 4. �ÉÊ ¢µ§-
³µ¦´µ¸ÉÓ ´¥µ¡Ìµ¤¨³µ ¢¢¥¸É¨ ¤²Ö Éµ£µ, ÎÉµ¡Ò µ¡ÑÖ¸´¨ÉÓ ¶·¨Î¨´Ê · ¸Ìµ¦¤¥-
´¨° ³¥¦¤Ê ´ °¤¥´´Ò³¨  ¡¸µ²ÕÉ´Ò³¨ §´ Î¥´¨Ö³¨ ¸Ê³³ ¸¨²µ¢ÒÌ ËÊ´±Í¨° ¨
¨Ì ³µ¤¥²Ó´µ ¶·¥¤¸± § ´´Ò³¨ §´ Î¥´¨Ö³¨ ¢ ·Ö¤¥ ¸µ¸¥¤´¨Ì ¶µ A Ö¤¥·. ‚ ¸µµÉ-
¢¥É¸É¢¨¨ ¸ (1) ¥¤¨´¸É¢¥´´Ò³¨ Ë ±Éµ· ³¨, µ¶·¥¤¥²ÖÕÐ¨³¨ §´ Î¥´¨¥ ¸¨²µ¢ÒÌ
ËÊ´±Í¨°, Ö¢²ÖÕÉ¸Ö ¶ ·Í¨ ²Ó´ Ö Ï¨·¨´  ¨ · ¸¸ÉµÖ´¨¥ Dλ ³¥¦¤Ê ±µ³¶ Ê´¤-
¸µ¸ÉµÖ´¨Ö³¨ λ, Éµ ¥¸ÉÓ ÔËË¥±É ®¨§²µ³ ¯ (¨, ¸µµÉ¢¥É¸É¢¥´´µ, ¨§³¥´¥´¨¥ Dλ)
¢ Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¶·¨ E¢µ§¡ = Eb, Ö·±µ ¶·µ-
Ö¢²ÖÕÐ¨°¸Ö (¸³. [18, 21],   É ±¦¥ ·¨¸. 4) ¶·¨ ´¥¡µ²ÓÏ¨Ì Ô´¥·£¨ÖÌ ¢µ§¡Ê¦¤¥-
´¨Ö, ¢µ§³µ¦´µ, ¸ÊÐ¥¸É¢Ê¥É ¨ ¢ · °µ´¥ Bn. •µÉÖ ¢µ§³µ¦´Ò¥ µÉ±²µ´¥´¨Ö ¶²µÉ-
´µ¸É¨ Ê·µ¢´¥° µÉ ³µ´µÉµ´´µ° § ¢¨¸¨³µ¸É¨, ¥¸²¨ ¤ ¦¥ µ´¨ ¨³¥ÕÉ¸Ö ¶·¨ ¡µ²¥¥
¢Ò¸µ±¨Ì ¢µ§¡Ê¦¤¥´¨ÖÌ, ³µ£ÊÉ ¶·µÖ¢²ÖÉÓ¸Ö É ³ ¢ ³¥´ÓÏ¥° ¸É¥¶¥´¨ (·¨¸. 4).

…¸É¥¸É¢¥´´µ, ÎÉµ ¢ µ¡µ¨Ì ¸¶µ¸µ¡ Ì µ¶·¥¤¥²¥´¨Ö §´ Î¥´¨° ¶²µÉ´µ¸É¨
Ê·µ¢´¥° ¨ · ¤¨ Í¨µ´´ÒÌ ¸¨²µ¢ÒÌ ËÊ´±Í¨° ¢ ³ ±¸¨³ ²Ó´µ° ¸É¥¶¥´¨ ¨¸¶µ²Ó-
§µ¢ ² ¸Ó ¨³¥ÕÐ Ö¸Ö Ô±¸¶¥·¨³¥´É ²Ó´ Ö ¨´Ëµ·³ Í¨Ö µ Ö¤·¥ Å ÔÉµ ¶²µÉ´µ¸ÉÓ
Ê·µ¢´¥° ¶·¨ Ô´¥·£¨¨ ¸¢Ö§¨ ´¥°É·µ´ , Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¨ ±¢ ´Éµ¢Ò¥ Î¨¸² 
Ìµ·µÏµ Ê¸É ´µ¢²¥´´ÒÌ ´¨§±µ²¥¦ Ð¨Ì Ê·µ¢´¥° ¨ ³µ¤ ¨Ì · ¸¶ ¤  ¤µ Ô´¥·-
£¨¨ ¢µ§¡Ê¦¤¥´¨Ö � 1 − 2 ŒÔ‚ ¤²Ö ´¥Î¥É´ÒÌ ¨ Î¥É´ÒÌ Ö¤¥· ¸µµÉ¢¥É¸É¢¥´´µ.
‘¶¥±É·µ¸±µ¶¨Î¥¸±¨¥ ¤ ´´Ò¥ ¡· ²¨¸Ó ¨§ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ±µ³¶¨²ÖÍ¨° (Ô´¥·-
£¨¨ ´¨§±µ²¥¦ Ð¨Ì Ê·µ¢´¥° ¨ ³µ¤Ò ¨Ì · ¸¶ ¤ , ¥¸É¥¸É¢¥´´µ, ¸ ³ ±¸¨³ ²Ó´Ò³
ÊÎ¥Éµ³ ¨´Ëµ·³ Í¨¨, ¶µ²ÊÎ¥´´µ° ´ ³¨ · ´¥¥ ¶·¨  ´ ²¨§¥ ¶ · ³¥É·µ¢ ´ ¨-
¡µ²¥¥ ¨´É¥´¸¨¢´ÒÌ ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢). „µ¶µ²´¨É¥²Ó´µ Ë¨±¸¨·µ¢ ²µ¸Ó
(´  µ¸´µ¢ ´¨¨ [23]) µÉ´µÏ¥´¨¥ Ï¨·¨´ M1- ¨ E1-¶¥·¥Ìµ¤µ¢ ¤²Ö ¨Ì Ô´¥·£¨¨,
´¥¸±µ²Ó±µ ³¥´ÓÏ¥°, Î¥³ Ô´¥·£¨Ö ¸¢Ö§¨ ´¥°É·µ´  Bn. �µÔÉµ³Ê ¢¸¥ · ¸Ìµ¦¤¥-
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�¨¸. 5. ‡ ¢¨¸¨³µ¸ÉÓ ¸Ê³³Ò ¸¨²µ¢ÒÌ ËÊ´±Í¨° ¤¨¶µ²Ó´ÒÌ E1- ¨ M1-¶¥·¥Ìµ¤µ¢ µÉ
Ô´¥·£¨¨ ¶¥·¢¨Î´µ£µ ¶¥·¥Ìµ¤  ± ¸± ¤  E1
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´¨Ö ³¥¦¤Ê ¸ÊÐ¥¸É¢ÊÕÐ¨³¨ ¶·¥¤¸É ¢²¥´¨Ö³¨ µ Ö¤·¥ ¨ ´ ¡²Õ¤ ¥³Ò³¨ ¶ · ³¥-
É· ³¨ ¶·µÍ¥¸¸  ± ¸± ¤´µ£µ γ-· ¸¶ ¤  ¸²¥¤Ê¥É µÉ´¥¸É¨ ± µ¡² ¸É¨ ¢µ§¡Ê¦¤¥´¨°
µÉ ∼ 1 − 3 ŒÔ‚ ¤µ Bn, ¤µ ´ ¸ ´¨±¥³ ¤¥É ²Ó´µ ´¥ ¨§ÊÎ ¢Ï¥°¸Ö.

� ´¥ ¤¥±¢ É´µ¸É¨ ³µ¤¥²Ó´ÒÌ · ¸Î¥Éµ¢ ¨ Ô±¸¶¥·¨³¥´É .ˆ´Ëµ·³ Í¨Ö µ
§´ Î¥´¨ÖÌ ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¨ ¸¨²µ¢ÒÌ ËÊ´±Í¨ÖÌ ¤¨¶µ²Ó´ÒÌ ¶¥·¥Ìµ¤µ¢ ± ¸-
± ¤µ¢, Ê¤µ¢²¥É¢µ·ÖÕÐ¨Ì ¸µµÉ´µÏ¥´¨Ö³ (3) ¨ (4), ¶µ²ÊÎ¥´  ¢ · ³± Ì ¤¢ÊÌ
¶·¥¤¶µ²µ¦¥´¨°:

 ) ¶²µÉ´µ¸ÉÓ Ê·µ¢´¥° ´¥ § ¢¨¸¨É µÉ ¨Ì Î¥É´µ¸É¨;
¡) ¸¨²µ¢Ò¥ ËÊ´±Í¨¨ ¤²Ö ¶¥·¥Ìµ¤µ¢ µ¤´µ° ¨ Éµ° ¦¥ ³Ê²ÓÉ¨¶µ²Ó´µ¸É¨ ¨

Ô´¥·£¨¨ ´¥ § ¢¨¸ÖÉ µÉ Ô´¥·£¨¨ · ¸¶ ¤ ÕÐ¥£µ¸Ö Ê·µ¢´Ö.
�Î¥¢¨¤´µ, ÎÉµ ¸É¥¶¥´Ó ¸µµÉ¢¥É¸É¢¨Ö ÔÉ¨Ì ¶·¥¤¶µ²µ¦¥´¨° ·¥ ²Ó´µ¸É¨ ´¥-

¨§¢¥¸É´  ¨ ³µ¦¥É ¡ÒÉÓ Ê¸É ´µ¢²¥´  Éµ²Ó±µ ¢ ¤ ²Ó´¥°Ï¨Ì Ô±¸¶¥·¨³¥´É Ì.
�¥µ¡Ìµ¤¨³µ¸ÉÓ Ê¶·µÐ¥´¨Ö ·¥Ï ¥³µ° § ¤ Î¨ µ¡Ê¸²µ¢²¥´  ± ± É¥³, ÎÉµ ¢µ§-
³µ¦´µ¸É¥° ¸µ¢·¥³¥´´ÒÌ �‚Œ Ö¢´µ ´¥¤µ¸É ÉµÎ´µ ¤²Ö ·¥ ²¨§ Í¨¨ ¨É¥· Í¨-
µ´´µ£µ ¶·µÍ¥¸¸ ,  ´ ²µ£¨Î´µ£µ µ¶¨¸ ´´µ³Ê ¢ [22] (´µ ¸ µ¶·¥¤¥²¥´¨¥³ ¢¸¥Ì
¡¥§ ¨¸±²ÕÎ¥´¨Ö ¶ · ³¥É·µ¢ ¢Ò· ¦¥´¨° (3) ¨ (4)), É ± ¨ É¥³, ÎÉµ ¨´É¥·¢ ²
¨Ì ¢µ§³µ¦´ÒÌ §´ Î¥´¨° ¶·¨ ÔÉµ³ ´¥¨§¡¥¦´µ · ¸Ï¨·¨É¸Ö, Éµ ¥¸ÉÓ ¢µ§³µ¦´µ-
¸É¨ ¸¥²¥±Í¨¨ ³µ¤¥²¥° ¶µ ¸É¥¶¥´¨ ¨Ì ¸µµÉ¢¥É¸É¢¨Ö ¶µ²ÊÎ¥´´Ò³ ¤ ´´Ò³ ¶·¨
¤¥É ²¨§ Í¨¨ · ¸Î¥É  Ö¢´µ ¸µ±· ÉÖÉ¸Ö.

�¥µ¡Ìµ¤¨³µ § ³¥É¨ÉÓ, ÎÉµ ¤µ ´ ¸ÉµÖÐ¥£µ ¢·¥³¥´¨ ´¥ ¨³¥¥É¸Ö ³¥Éµ¤¨±,
¶µ§¢µ²ÖÕÐ¨Ì µ¶·¥¤¥²¨ÉÓ ¶²µÉ´µ¸ÉÓ Ê·µ¢´¥° ¤²Ö ¸µ¸ÉµÖ´¨° ¸ · §²¨Î´µ° Î¥É-
´µ¸ÉÓÕ ¢ ¶·µ¨§¢µ²Ó´µ³ ¨´É¥·¢ ²¥ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö · §¤¥²Ó´µ (§  ¨¸-
±²ÕÎ¥´¨¥³ µ¡² ¸É¥° ´¥°É·µ´´ÒÌ ·¥§µ´ ´¸µ¢ ¨ ´¨§±µ²¥¦ Ð¨Ì Ê·µ¢´¥°). ’µ
¦¥ µÉ´µ¸¨É¸Ö ¨ ± ¶·µ¡²¥³¥ µ¶·¥¤¥²¥´¨Ö ¸¨²µ¢ÒÌ ËÊ´±Í¨° γ-¶¥·¥Ìµ¤µ¢ ¤²Ö
· ¸¶ ¤  ¸µ¸ÉµÖ´¨Ö ¸ ¶·µ¨§¢µ²Ó´µ° Ô´¥·£¨¥° ¢µ§¡Ê¦¤¥´¨Ö.

„²Ö ³¨´¨³¨§ Í¨¨ ¢²¨Ö´¨Ö ¶·¥¤¶µ²µ¦¥´¨Ö ( ) ¤ ´´Ò¥ µ ¶²µÉ´µ¸É¨ Ê·µ¢-
´¥°, µ¡¥¸¶¥Î¨¢ ÕÐ¥° ¢µ¸¶·µ¨§¢¥¤¥´¨¥ ¨´É¥´¸¨¢´µ¸É¨ ± ¸± ¤µ¢ ¨ ¶µ²´µ° · -
¤¨ Í¨µ´´µ° Ï¨·¨´Ò ±µ³¶ Ê´¤-¸µ¸ÉµÖ´¨Ö, ¶·¨¢¥¤¥´Ò ¤²Ö ¸Ê³³Ò ρ(π = −)+
+ρ(π = +). �µ ¨³¥ÕÐ¥¥¸Ö ¨Ì ´¥¸µµÉ¢¥É¸É¢¨¥ ¸ Ô±¸¶¥·¨³¥´Éµ³ ¶·¨ ´¥-
¡µ²ÓÏ¨Ì Ô´¥·£¨ÖÌ ¢µ§¡Ê¦¤¥´¨Ö, ¢ ¶¥·¢ÊÕ µÎ¥·¥¤Ó, ¢ µ±µ²µ³ £¨Î¥¸±¨Ì Ö¤· Ì,
É·¥¡Ê¥É · §· ¡µÉ±¨ ´¥ Éµ²Ó±µ ´µ¢ÒÌ ³¥Éµ¤¨± Ô±¸¶¥·¨³¥´É , ´µ ¨  ²£µ·¨É³µ¢
¥£µ  ´ ²¨§ .

�·µ¢¥·±  ¸É¥¶¥´¨ ¶·¨³¥´¨³µ¸É¨ ¶¥·¢µ£µ ¶·¨¡²¨¦¥´¨Ö ¢Ò¶µ²´¥´  ¢ · ³-
± Ì  ´ ²¨§ , µ¶¨¸ ´´µ£µ ¢ [22]. �²µÉ´µ¸ÉÓ Ê·µ¢´¥° ¤²Ö ´¥Î¥É´µ-´¥Î¥É´ÒÌ
Ö¤¥· µ¶·¥¤¥²¥´  · §¤¥²Ó´µ ¨§ ¨´É¥´¸¨¢´µ¸É¥° ± ¸± ¤µ¢, § ± ´Î¨¢ ÕÐ¨Ì¸Ö
Ê·µ¢´Ö³¨ ¸ · §²¨Î´µ° ¨Ì Î¥É´µ¸ÉÓÕ. H °¤¥´´µ¥ É ±¨³ µ¡· §µ³ §´ Î¥´¨¥
µ± § ²o¸Ó ¶· ±É¨Î¥¸±¨ µ¤¨´ ±µ¢Ò³ ¢ ¤¥Ëµ·³¨·µ¢ ´´ÒÌ Ö¤· Ì ¨ ¸ÊÐ¥¸É¢¥´´µ
µÉ²¨Î ÕÐ¨³¸Ö Å ¢ µ±µ²µ³ £¨Î¥¸±¨Ì. �µÔÉµ³Ê ³µ¦´µ ¶·¥¤¶µ²µ¦¨ÉÓ, ÎÉµ
¶·¨¡²¨¦¥´¨¥ ( ) ´¥ µÎ¥´Ó ¸ÊÐ¥¸É¢¥´´µ ¨¸± ¦ ¥É ¶µ²ÊÎ¥´´Ò¥ ¤²Ö ¤¥Ëµ·³¨-
·µ¢ ´´ÒÌ Ö¤¥· ·¥§Ê²ÓÉ ÉÒ. Š ¸µ¦ ²¥´¨Õ, µ¤¨´ ±µ¢ Ö Î¥É´µ¸ÉÓ ±µ´¥Î´ÒÌ
Ê·µ¢´¥° ± ¸± ¤µ¢ ´¥ ¶µ§¢µ²¨²  ¶·µ¢¥·¨ÉÓ ¸¶· ¢¥¤²¨¢µ¸ÉÓ ÔÉµ£µ § ±²ÕÎ¥´¨Ö
¤²Ö Î¥É´µ-Î¥É´ÒÌ ¨ Î¥É´µ-´¥Î¥É´ÒÌ Ö¤¥·.
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�·¥¤¶µ²µ¦¥´¨¥ (¡) ¢¢¥¤¥´µ ¤²Ö Éµ£µ, ÎÉµ¡Ò ³¨´¨³¨§¨·µ¢ ÉÓ ±µ²¨Î¥¸É¢µ
¶ · ³¥É·µ¢, µÉ ±µÉµ·ÒÌ § ¢¨¸ÖÉ ¢Ò· ¦¥´¨Ö (3) ¨ (4). �´µ, ¢µ§³µ¦´µ, ¢²¨Ö¥É
´  ¶µ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¢ ³¥´ÓÏ¥° ¸É¥¶¥´¨, Î¥³ ¶¥·¢µ¥ ¶·¥¤¶µ²µ¦¥´¨¥,
¶µ¸±µ²Ó±Ê ±µ··¥²ÖÍ¨Ö µÉ´µÏ¥´¨° ¶ ·Í¨ ²Ó´ÒÌ Ï¨·¨´ ¢Éµ·¨Î´ÒÌ ¶¥·¥Ìµ¤µ¢
± ¶µ²´Ò³ Ï¨·¨´ ³ · ¸¶ ¤ ÕÐ¨Ì¸Ö Ê·µ¢´¥° i ¸ÊÐ¥¸É¢¥´´µ ¸´¨¦ ¥É ¢²¨Ö´¨¥
· §²¨Î¨Ö Ëµ·³Ò Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ ¸¨²µ¢ÒÌ ËÊ´±Í¨° ¶¥·¢¨Î´ÒÌ ¨
¢Éµ·¨Î´ÒÌ ¶¥·¥Ìµ¤µ¢ ´  µ¶·¥¤¥²Ö¥³Ò¥ §´ Î¥´¨Ö ¶²µÉ´µ¸É¨ ¨ ¶ ·Í¨ ²Ó´ÒÌ
Ï¨·¨´ (·¨¸. 4, 5) ¨ ¶µ²´µ¸ÉÓÕ Ê¸É· ´Ö¥É ¢µ§³µ¦´µ¥ ´¥¸µµÉ¢¥É¸É¢¨¥  ¡¸µ²ÕÉ-
´ÒÌ §´ Î¥´¨° ¸¨²µ¢ÒÌ ËÊ´±Í¨° ¶¥·¢¨Î´ÒÌ ¨ ¢Éµ·¨Î´ÒÌ ¶¥·¥Ìµ¤µ¢.

�¥µ¡Ìµ¤¨³µ ¤µ¡ ¢¨ÉÓ, ÎÉµ µ¶¨¸Ò¢ ¥³ Ö ¶·µÍ¥¤Ê·  µ¶·¥¤¥²¥´¨Ö ¶ · ³¥-
É·µ¢ ¶·µÍ¥¸¸  ± ¸± ¤´µ£µ γ-· ¸¶ ¤  ¡Ò²  ¢Ò¶µ²´¥´  ¢ ¶·¥¤¶µ²µ¦¥´¨¨, ÎÉµ
¸·¥¤´ÖÖ ¨´É¥´¸¨¢´µ¸ÉÓ ± ¸± ¤ , ¢µ§¡Ê¦¤ ÕÐ¥£µ ¸µ¸ÉµÖ´¨Ö ¸ µ¤´¨³ ¨ É¥³ ¦¥
§´ Î¥´¨¥³ Jπ ¢ Ê§±µ³ ¨´É¥·¢ ²¥ Ô´¥·£¨°, ´¥ § ¢¨¸¨É µÉ ¸É·Ê±ÉÊ·Ò ¨Ì ¢µ²-
´µ¢ÒÌ ËÊ´±Í¨°. …¸²¨ ÔÉµ ´¥ É ±, Éµ, ± ± ¶·¨¢¥¤¥´µ ´¨¦¥, ³µ¦´µ ¶µ²ÊÎ¨ÉÓ
¶·¨¡²¨§¨É¥²Ó´ÊÕ µÍ¥´±Ê · §²¨Î¨Ö ¸·¥¤´¥° ¨´É¥´¸¨¢´µ¸É¨ ± ¸± ¤µ¢, ¢µ§¡Ê-
¦¤ ÕÐ¨Ì ¸µ¸ÉµÖ´¨Ö ¸ µ¤¨´ ±µ¢Ò³ Jπ, ´µ ¸ · §´µ° ¸É·Ê±ÉÊ·µ°. …¸É¥¸É¢¥´´µ,
ÎÉµ µ±µ´Î É¥²Ó´Ò° µÉ¢¥É ´  ¢µ¶·µ¸ µ ·¥ ²Ó´µ³ ¸µµÉ´µÏ¥´¨¨ ¸·¥¤´¨Ì ¨´É¥´-
¸¨¢´µ¸É¥° ± ¸± ¤µ¢, ¢µ§¡Ê¦¤ ÕÐ¨Ì ¶·µ³¥¦ÊÉµÎ´Ò¥ Ê·µ¢´¨ ¶·¨´Í¨¶¨ ²Ó´µ
· §²¨Î´µ° ¸É·Ê±ÉÊ·Ò, ³µ¦¥É ¤ ÉÓ Éµ²Ó±µ Ô±¸¶¥·¨³¥´É, ¢Ò¶µ²´¥´´Ò° ´  ´¥-
µ¡Ìµ¤¨³µ³ ¤²Ö ÔÉµ£µ Ê·µ¢´¥.

3. �–…�Š� �‹�’��‘’ˆ “��‚�…‰
ˆ‡ ‘�…Š’��‘Š��ˆ—…‘Šˆ• „���›•

�…�Š–ˆˆ (n, 2γ)

� °¤¥´´ Ö ¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ ¨´É¥´¸¨¢´µ¸ÉÖ³ ± ¸± ¤µ¢ ¨
¶µ²´Ò³ · ¤¨ Í¨µ´´Ò³ Ï¨·¨´ ³ ¶²µÉ´µ¸ÉÓ Ê·µ¢´¥° ¨ ¸Ê³³  ¸¨²µ¢ÒÌ ËÊ´±-
Í¨° ¢¥¸Ó³  § ³¥É´µ µÉ²¨Î ÕÉ¸Ö µÉ ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ³µ¤¥²Ó´ÒÌ ¶·¥¤¸É ¢²¥´¨°
´  ÔÉµÉ ¸Î¥É. …¸²¨ ¦¥ ÊÎ¥¸ÉÓ, ÎÉµ ± ¦¤µ³Ê Ô±¸¶¥·¨³¥´É ²Ó´µ³Ê §´ Î¥´¨Õ Iγγ

¸µµÉ¢¥É¸É¢Ê¥É ´¥±µÉµ·Ò° ¨´É¥·¢ ² ¢µ§³µ¦´ÒÌ §´ Î¥´¨° ¶²µÉ´µ¸É¨ ¨ ¶ ·Í¨-
 ²Ó´ÒÌ Ï¨·¨´, Éµ ¸É ´µ¢¨É¸Ö µÎ¥¢¨¤´µ° ´¥µ¡Ìµ¤¨³µ¸ÉÓ ¶µ¨¸±  ¤µ¶µ²´¨É¥²Ó-
´ÒÌ  ·£Ê³¥´Éµ¢ ¸¶· ¢¥¤²¨¢µ¸É¨ ¸¤¥² ´´ÒÌ ¢ÒÏ¥ § ±²ÕÎ¥´¨° µ ¸É¥¶¥´¨ ´¥¸µ-
µÉ¢¥É¸É¢¨Ö ·¥ ²Ó´µ° ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¨ ³µ¤¥²Ó´ÒÌ ¶·¥¤¸É ¢²¥´¨° ´  ÔÉµÉ
¸Î¥É. „µ¶µ²´¨É¥²Ó´ÊÕ ¢µ§³µ¦´µ¸ÉÓ ¶·µ¢¥·±¨ ¶µ²ÊÎ¥´´ÒÌ §´ Î¥´¨° ´ ¨¡µ²¥¥
¢¥·µÖÉ´µ° ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¶·¥¤µ¸É ¢²Ö¥É  ´ ²¨§ Ëµ·³Ò · ¸¶·¥¤¥²¥´¨Ö µÉ-
±²µ´¥´¨Ö ¨´É¥´¸¨¢´µ¸É¥° ± ¸± ¤µ¢ µÉ ¨Ì ¸·¥¤´¥£µ §´ Î¥´¨Ö. Š ´ ¸ÉµÖÐ¥³Ê
¢·¥³¥´¨ ¢ ± ¦¤µ³ ¨§ ¤¥Ëµ·³¨·µ¢ ´´ÒÌ Ö¤¥·, ¤²Ö ±µÉµ·ÒÌ ¢Ò¶µ²´¥´ Ô±¸-
¶¥·¨³¥´É ¶µ ¨§ÊÎ¥´¨Õ ± ¸± ¤´µ£µ γ-· ¸¶ ¤ , µ¶·¥¤¥²¥´Ò Ô´¥·£¨¨ ¨ ¨´É¥´-
¸¨¢´µ¸É¨ ´¥¸±µ²Ó±¨Ì ¸µÉ¥´ ± ¸± ¤µ¢ ´ ¨¡µ²ÓÏ¥° ¨´É¥´¸¨¢´µ¸É¨. ‚µ ³´µ£¨Ì
¸²ÊÎ ÖÌ ¤µ¸É ÉµÎ´µ µ¤´µ§´ Î´µ Ê¸É ´µ¢²¥´  ¨ Ô´¥·£¨Ö ¨Ì ¶·µ³¥¦ÊÉµÎ´µ£µ
Ê·µ¢´Ö.
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�µ ¸ ³µ° ¸ÊÉ¨ ¨§ÊÎ ¥³µ£µ Ö¢²¥´¨Ö ¨´É¥´¸¨¢´µ¸ÉÓ ²Õ¡µ£µ ± ¸± ¤  Ö¢²Ö-
¥É¸Ö ¸²ÊÎ °´µ° ¢¥²¨Î¨´µ°, ÌµÉÖ ¡Ò ¨§-§  ´¥¨§¡¥¦´ÒÌ [24] ¢ ·¨ Í¨° Ï¨·¨´ ¨Ì
¶¥·¢¨Î´µ£µ ¶¥·¥Ìµ¤ . ‚ ¸¨ÉÊ Í¨¨, ±µ£¤  ¢ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¸¶¥±É· Ì ¢¸¥
¶¨±¨ ´ ¡²Õ¤ ÕÉ¸Ö ´  Ëµ´¥ Ë²Ê±ÉÊ¨·ÊÕÐ¥°, ´µ ¸² ¡µ ³¥´ÖÕÐ¥°¸Ö ¢ ¸·¥¤´¥³
¶µ¤²µ¦±¨, ³µ£ÊÉ ¡ÒÉÓ µ¶·¥¤¥²¥´Ò ¶ · ³¥É·Ò Éµ²Ó±µ É¥Ì ± ¸± ¤µ¢, ¨´É¥´¸¨¢-
´µ¸ÉÓ ±µÉµ·ÒÌ ¶·¥¢ÒÏ ¥É ´¥±µÉµ·µ¥ ¶µ·µ£µ¢µ¥ §´ Î¥´¨¥ Lc. �µÔÉµ³Ê ¸Ê³³ 
Î¨¸²  ´ ¡²Õ¤ ¥³ÒÌ ¶·µ³¥¦ÊÉµÎ´ÒÌ Ê·µ¢´¥° ¢ § ¤ ´´µ³ ¨´É¥·¢ ²¥ Ô´¥·£¨°
¢µ§¡Ê¦¤¥´¨Ö ¢¸¥£¤  ¡Ê¤¥É ³¥´ÓÏ¥ ·¥ ²Ó´µ£µ §´ Î¥´¨Ö ρ∆E. �µ ÔÉ  ¸Ê³³  ¤²Ö
Lc = 0 µ¡¥¸¶¥Î¨¢ ²  ¡Ò ¢µ§³µ¦´µ¸ÉÓ ¶·Ö³µ£µ ¡¥§³µ¤¥²Ó´µ£µ µ¶·¥¤¥²¥´¨Ö
¢ ¦´¥°Ï¥° ¤²Ö É¥µ·¨¨ ¢¥²¨Î¨´Ò ¢ ¤µ¸É ÉµÎ´µ Ï¨·µ±µ° µ¡² ¸É¨ ¢µ§¡Ê¦¤¥-
´¨°, ¶·¨Î¥³ É ³, £¤¥, ¶µ ´ Ï¨³ ¤ ´´Ò³, ¶·µ¨¸Ìµ¤¨É ´ ¨¡µ²¥¥ ¸ÊÐ¥¸É¢¥´´µ¥
¨§³¥´¥´¨¥ ¸¢µ°¸É¢ Ö¤· .

‚ ± ±µ°-Éµ ¸É¥¶¥´¨ ÔÉ  ¶·µ¡²¥³  ¡Ò²  ·¥Ï¥´  ¢ ¶·¥¤²µ¦¥´´µ° ¢ [20]
³¥Éµ¤¨±¥ ¸É É¨¸É¨Î¥¸±µ£µ  ´ ²¨§  ¶ · ³¥É·µ¢ · ¸¶·¥¤¥²¥´¨Ö, µ¶¨¸Ò¢ ÕÐ¥£µ
· §¡·µ¸ ´ ¡²Õ¤ ¥³ÒÌ ¨´É¥´¸¨¢´µ¸É¥° ± ¸± ¤µ¢:

iγγ = i1i2/
∑

g

i2. (6)

‡¤¥¸Ó i1 ¨ i2 Å ¨´É¥´¸¨¢´µ¸É¨ ¶¥·¢¨Î´µ£µ ¨ ¢Éµ·¨Î´µ£µ ¶¥·¥Ìµ¤µ¢ ± ¸-
± ¤µ¢, ´µ·³¨·µ¢ ´´Ò¥ ´  µ¤¨´ · ¸¶ ¤,   g Å ¢¸¥ ¢µ§¡Ê¦¤ ¥³Ò¥ ¢Éµ·¨Î´Ò³¨
¶¥·¥Ìµ¤ ³¨ Ê·µ¢´¨. Ÿ¸´µ, ÎÉµ ¥¸²¨  ¶¶·µ±¸¨³¨·µ¢ ÉÓ Ëµ·³Ê ÔÉµ£µ · ¸¶·¥¤¥-
²¥´¨Ö ¢ µ¡² ¸É¨ iγγ > Lc, Éµ ¥£µ Ô±¸É· ¶µ²ÖÍ¨¥° ± ´Ê²¥¢µ³Ê ¶µ·µ£Ê ÎÊ¢¸É¢¨-
É¥²Ó´µ¸É¨ ³µ¦´µ µ¶·¥¤¥²¨ÉÓ ¢¸¥ ¶ · ³¥É·Ò · ¸¶·¥¤¥²¥´¨Ö, ¢ ¤ ´´µ³ ¸²Ê-
Î ¥ Å ´ ¨¡µ²¥¥ ¢¥·µÖÉ´µ¥ Î¨¸²µ ¶·µ³¥¦ÊÉµÎ´ÒÌ Ê·µ¢´¥°, ¸·¥¤´ÕÕ ¨´É¥´-
¸¨¢´µ¸ÉÓ ± ¸± ¤µ¢ § ¤ ´´µ£µ É¨¶  ¨ ¤µ²Õ ¨´É¥´¸¨¢´µ¸É¨, ¸µµÉ¢¥É¸É¢ÊÕÐÊÕ
µ¡² ¸É¨ iγγ < Lc. �´ ²¨§, ¢Ò¶µ²´¥´´Ò° ¢ [20], ¶µ± § ², ÎÉµ ¶µ²ÊÎ¥´´Ò¥
É ±¨³ µ¡· §µ³ §´ Î¥´¨Ö ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¢ ¤µ¸É ÉµÎ´µ° ¸É¥¶¥´¨ ¸µµÉ¢¥É-
¸É¢ÊÕÉ ¶·¨¢¥¤¥´´Ò³ ¢ ¶. 2.2 ¤ ´´Ò³ µ ¶²µÉ´µ¸É¨ Ê·µ¢´¥°. (�¥§Ê²ÓÉ ÉÒ  ´ -
²¨§  [20] ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 4 ¢ ¢¨¤¥ £¨¸Éµ£· ³³Ò.)

�µ¨¸± ¶ · ³¥É·µ¢ · ¸¶·¥¤¥²¥´¨Ö ¸²ÊÎ °´ÒÌ ¢¥²¨Î¨´, ¥¸É¥¸É¢¥´´µ, ¢µ§-
³µ¦¥´ Éµ²Ó±µ ¢ ¸²ÊÎ ¥, ±µ£¤  Ëµ·³  ÔÉµ£µ · ¸¶·¥¤¥²¥´¨Ö ¨§¢¥¸É´ . �µ¸±µ²Ó±Ê
¢ ¢Ò· ¦¥´¨¨ (6) ¸²ÊÎ °´Ò³¨ Ö¢²ÖÕÉ¸Ö µ¡¥ ¢¥²¨Î¨´Ò, ¥£µ µ¶·¥¤¥²ÖÕÐ¨¥, Éµ
¨´É¥´¸¨¢´µ¸É¨ ± ¸± ¤µ¢ ¤µ²¦´Ò ¸µµÉ¢¥É¸É¢µ¢ ÉÓ · ¸¶·¥¤¥²¥´¨Õ ¡µ²¥¥ Ï¨-
·µ±µ³Ê, Î¥³ ± ¦¤µ¥ ¨§ ´¨Ì. ‘¨ÉÊ Í¨Ö ¸ÊÐ¥¸É¢¥´´µ Ê¸²µ¦´Ö¥É¸Ö É¥³, ÎÉµ
´¨± ±¨Ì ¤ ´´ÒÌ µ ¶ · ³¥É· Ì · ¸¶·¥¤¥²¥´¨Ö ¸²ÊÎ °´ÒÌ ¨´É¥´¸¨¢´µ¸É¥° ¢Éµ-
·¨Î´ÒÌ ¶¥·¥Ìµ¤µ¢ ± ¸± ¤µ¢ ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ´¥ ¨³¥¥É¸Ö. �¤´ ±µ ²¥É ¤¢ -
¤Í ÉÓ Éµ³Ê ´ § ¤ ¡Ò² ¢Ò¶µ²´¥´ ·Ö¤ Ô±¸¶¥·¨³¥´Éµ¢ ¶µ ¸µ¶µ¸É ¢²¥´¨Õ Ë²Ê±-
ÉÊ Í¨° ¨´É¥´¸¨¢´µ¸É¥° γ-¶¥·¥Ìµ¤µ¢ ¶·¨ § Ì¢ É¥ ·¥§µ´ ´¸´ÒÌ ´¥°É·µ´µ¢ ¸
É¥µ·¥É¨Î¥¸±¨³ · ¸¶·¥¤¥²¥´¨¥³ �µ·É¥· Å’µ³ ¸ . �£· ´¨Î¥´´Ò° µ¡Ñ¥³ ¶·µ-
 ´ ²¨§¨·µ¢ ´´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ´¥ ¶µ§¢µ²Ö¥É ¸¤¥² ÉÓ § ±²ÕÎ¥-
´¨¥ µ ¶µ²´µ° ¶·¨³¥´¨³µ¸É¨ ¶·¥¤¸É ¢²¥´¨Ö [24] µ £ Ê¸¸µ¢¸±µ° Ëµ·³¥ · ¸-
¶·¥¤¥²¥´¨Ö  ³¶²¨ÉÊ¤ ¶ ·Í¨ ²Ó´ÒÌ ¶¥·¥Ìµ¤µ¢ ¸ ´Ê²¥¢Ò³ ¸·¥¤´¨³ ¤²Ö ¢¸¥Ì
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· ¸¸³ É·¨¢ ¥³ÒÌ ´ ³¨ Ö¤¥· ¨ §´ Î¥´¨° Ô´¥·£¨° ¶¥·¥Ìµ¤µ¢. ’¥³ ´¥ ³¥´¥¥ ¢
± Î¥¸É¢¥ ¶¥·¢µ£µ ¶·¨¡²¨¦¥´¨Ö · ¸¶·¥¤¥²¥´¨¥ �µ·É¥· Å’µ³ ¸  ³µ¦¥É ¡ÒÉÓ
¨¸¶µ²Ó§µ¢ ´µ ¤²Ö µ¶¨¸ ´¨Ö ¸¶¥±É·  §´ Î¥´¨° ¢¥²¨Î¨´Ò i1. �¥±µÉµ·Ò³ µ¡µ-
¸´µ¢ ´¨¥³ ¤²Ö ÔÉµ£µ Ö¢²Ö¥É¸Ö Éµ, ÎÉµ ±µ²¨Î¥¸É¢µ ±µ³¶µ´¥´É ¢µ²´µ¢ÒÌ ËÊ´±-
Í¨° ±µ³¶ Ê´¤-¸µ¸ÉµÖ´¨Ö, µ¶·¥¤¥²ÖÕÐ¨Ì  ³¶²¨ÉÊ¤Ê γ-¶¥·¥Ìµ¤ , ¢¥¸Ó³  ¢¥-
²¨±µ [1], ¨ Î¨¸²µ ¶µ²µ¦¨É¥²Ó´ÒÌ ¨ µÉ·¨Í É¥²Ó´ÒÌ ¸² £ ¥³ÒÌ ¢ ³ É·¨Î´µ³
Ô²¥³¥´É¥ ¶¥·¢¨Î´µ£µ ¶¥·¥Ìµ¤  ± ¸± ¤  ¤µ²¦´µ ¡ÒÉÓ ¶·¨¡²¨§¨É¥²Ó´µ µ¤¨´ -
±µ¢Ò³. ‚ ¶·µÉ¨¢´µ³ ¸²ÊÎ ¥ · ¸¶·¥¤¥²¥´¨¥ [24] ´¥ ¸µµÉ¢¥É¸É¢µ¢ ²µ ¡Ò Ô±¸¶¥-
·¨³¥´ÉÊ ´¨ ¢ ± ±µ° µ¡² ¸É¨ Ô´¥·£¨° ¶¥·¥Ìµ¤µ¢.

�·µ¡²¥³  ¢²¨Ö´¨Ö Ë²Ê±ÉÊ Í¨° Ï¨·¨´ ¢Éµ·¨Î´ÒÌ ¶¥·¥Ìµ¤µ¢ ´  ¨´É¥´¸¨¢-
´µ¸É¨ ± ¸± ¤µ¢ ´¥ Ö¢²Ö¥É¸Ö ¸ÊÐ¥¸É¢¥´´µ°. ‘Ê³³¨·µ¢ ´¨¥³ ¨´É¥´¸¨¢´µ¸É¥°
± ¸± ¤µ¢, ¢µ§¡Ê¦¤ ÕÐ¨Ì µ¤¨´ ¨ ÉµÉ ¦¥ ¶·µ³¥¦ÊÉµÎ´Ò° Ê·µ¢¥´Ó ¨ § ± ´Î¨-
¢ ÕÐ¨Ì¸Ö · §²¨Î´Ò³¨ ¢Éµ·¨Î´Ò³¨ ¶¥·¥Ìµ¤ ³¨ i2, ³µ¦´µ ¤µ¸É¨ÎÓ [20] Éµ£µ,
ÎÉµ ¤¨¸¶¥·¸¨Ö ¢¥²¨Î¨´Ò iγγ ¡Ê¤¥É ¡µ²¥¥ Î¥³ ´  90% µ¶·¥¤¥²ÖÉÓ¸Ö Ë²Ê±-
ÉÊ Í¨Ö³¨ ¨´É¥´¸¨¢´µ¸É¥° ¶¥·¢¨Î´ÒÌ ¶¥·¥Ìµ¤µ¢ i1. ‘¶· ¢¥¤²¨¢µ¸ÉÓ É ±µ£µ
ÊÉ¢¥·¦¤¥´¨Ö ´¥¸²µ¦´µ ¶·µ¢¥·¨ÉÓ, µ¶·¥¤¥²¨¢ Ô±¸¶¥·¨³¥´É ²Ó´µ ¤¨¸¶¥·¸¨Õ
µÉ´µÏ¥´¨Ö

r =
∑

f

iγγ/i1 (7)

¤²Ö ¨³¥ÕÐ¨Ì¸Ö ¤ ´´ÒÌ ¶µ ¨´É¥´¸¨¢´µ¸ÉÖ³ ± ¸± ¤µ¢ ¨ ¨Ì ¶¥·¢¨Î´ÒÌ ¶¥·¥-
Ìµ¤µ¢. �µ¸²¥¤´¨¥ ¨§ÊÎ¥´Ò ¶· ±É¨Î¥¸±¨ ¤²Ö ¢¸¥Ì ¸É ¡¨²Ó´ÒÌ Ö¤¥·-³¨Ï¥´¥°
(ÌµÉÖ ¢µ ³´µ£¨Ì ¸²ÊÎ ÖÌ ¢ ´¥¤µ¸É ÉµÎ´µ³ µ¡Ñ¥³¥ ¨ ¸µ ¸²¨Ï±µ³ ¡µ²ÓÏµ° ¶µ-
£·¥Ï´µ¸ÉÓÕ). �Î¥¢¨¤´µ, ÎÉµ ¨§-§  µ£· ´¨Î¥´´µ£µ ±µ²¨Î¥¸É¢  ´ ¡²Õ¤ ¥³ÒÌ ¢
Ô±¸¶¥·¨³¥´É¥ ±µ´¥Î´ÒÌ Ê·µ¢´¥° ± ¸± ¤µ¢ f µÉ´µÏ¥´¨¥ r ³¥´ÓÏ¥ ¥¤¨´¨ÍÒ ¨
Ö¢²Ö¥É¸Ö ¸²ÊÎ °´µ° ¢¥²¨Î¨´µ°. �µ ¥¥ ¤¨¸¶¥·¸¨Ö ¸É·¥³¨É¸Ö ± ´Ê²Õ, ±µ£¤  Î¨-
¸²µ f → g, Éµ ¥¸ÉÓ · §²¨Î¨¥ ¢ Ëµ·³ Ì · ¸¶·¥¤¥²¥´¨° ± ¸± ¤µ¢ ¨ ¶¥·¢¨Î´ÒÌ
¶¥·¥Ìµ¤µ¢ ¨¸Î¥§ ¥É ¢ ¸²ÊÎ ¥ £¨¶µÉ¥É¨Î¥¸±µ£µ Ô±¸¶¥·¨³¥´É , ¢ ±µÉµ·µ³ ¨´É¥´-
¸¨¢´µ¸É¨ ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢ µ¶·¥¤¥²¥´Ò ¤²Ö ¢¸¥Ì ¢µ§³µ¦´ÒÌ ±µ´¥Î´ÒÌ
Ê·µ¢´¥°.

�Î¥´Ó ¸¥·Ó¥§´ÊÕ ¶·µ¡²¥³Ê ¢  ´ ²¨§¥ [20] ¶·¥¤¸É ¢²Ö¥É ÊÎ¥É Ô´¥·£¥É¨Î¥-
¸±µ° § ¢¨¸¨³µ¸É¨ ¨´É¥´¸¨¢´µ¸É¨ ± ¸± ¤µ¢. ˆ§ ¶·¨¢¥¤¥´´ÒÌ ´ ³¨ ·¥§Ê²ÓÉ -
Éµ¢ ¶µ µ¶·¥¤¥²¥´¨Õ Ëµ·³Ò Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ ¸¨²µ¢ÒÌ ËÊ´±Í¨°
¸ ¢Ò¸µ±µ° ¢¥·µÖÉ´µ¸ÉÓÕ ¸²¥¤Ê¥É ¢Ò¢µ¤ µ Éµ³, ÎÉµ ¸µµÉ¢¥É¸É¢¨Ö § ¢¨¸¨³µ¸É¨
f(E1) ¨ f(M1) µÉ Ô´¥·£¨¨ ¶¥·¥Ìµ¤  ³µ¤¥²Ö³ [12Ä14] ¢ ²Õ¡µ³ Ö¤·¥ ´¥ ¸Ê-
Ð¥¸É¢Ê¥É. �¥²Ó§Ö ¤ ¦¥ ¨¸±²ÕÎ¨ÉÓ ¨ É ±µ° ¸¨ÉÊ Í¨¨, ±µ£¤  Ô´¥·£¥É¨Î¥¸± Ö
§ ¢¨¸¨³µ¸ÉÓ f(E1) ¨ f(M1) ¢ ± ±µ°-Éµ ¸É¥¶¥´¨ · §²¨Î´  ¢ ´¥°É·µ´´ÒÌ ·¥-
§µ´ ´¸ Ì ¸ · §²¨Î´µ° Γ0

n. �  É ±ÊÕ ¢µ§³µ¦´µ¸ÉÓ Ê± §Ò¢ ¥É ´ ²¨Î¨¥ [25]
¸¨²Ó´µ° ±µ··¥²ÖÍ¨¨ ¨´É¥´¸¨¢´µ¸É¥° ´ ¡²Õ¤ ¥³ÒÌ ± ¸± ¤µ¢ ¨ ¶·¨¢¥¤¥´´µ°
´¥°É·µ´´µ° Ï¨·¨´Ò ¢ Î¥É´µ-´¥Î¥É´ÒÌ ¸µ¸É ¢´ÒÌ Ö¤· Ì. …¸É¥¸É¢¥´´µ, ¶µ-
¸²¥¤´ÖÖ £¨¶µÉ¥§  ¶µ¤²¥¦¨É Ô±¸¶¥·¨³¥´É ²Ó´µ° ¶·µ¢¥·±¥, ÌµÉÖ µ´  ²µ£¨Î¥¸±¨
¢ÒÉ¥± ¥É ´¥ Éµ²Ó±µ ¨§ ¤ ´´ÒÌ [25], ´µ ¨ ¶µ§¢µ²Ö¥É ¤ ÉÓ ÌµÉÖ ¡Ò ¶·¥¤¢ ·¨-
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É¥²Ó´µ¥ ± Î¥¸É¢¥´´µ¥ µ¡ÑÖ¸´¥´¨¥ ´ ¡²Õ¤ ¥³Ò³ ¢ · §²¨Î´ÒÌ Ö¤· Ì ¢ ·¨ Í¨Ö³
¸Ê³³ ¸¨²µ¢ÒÌ ËÊ´±Í¨° (·¨¸. 5).

�¨¸. 6. ‘µ¶µ¸É ¢²¥´¨¥ ´ ¨¡µ²¥¥ ¢¥·µÖÉ´ÒÌ §´ Î¥´¨° ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¨ ¸Ê³³ ¸¨²µ-
¢ÒÌ ËÊ´±Í¨° ¢ ¸µ¸É ¢´ÒÌ Ö¤· Ì 181Hf ¨ 183W. �¡µ§´ Î¥´¨Ö  ´ ²µ£¨Î´Ò ·¨¸. 4 ¨ 5

„µ¸É ÉµÎ´µ Ö·±¨³ ¶·¨³¥·µ³, ¨²²Õ¸É·¨·ÊÕÐ¨³ ÔÉµ ÊÉ¢¥·¦¤¥´¨¥, Ö¢²Ö-
¥É¸Ö ¶ ·  Ö¤¥· Å 181Hf ¨ 183W. �µ ¸¢µ¨³ µ¸´µ¢´Ò³ ¶ · ³¥É· ³ µ´¨ ²¨¡µ
¨¤¥´É¨Î´Ò, ²¨¡µ ¤µ¸É ÉµÎ´µ ¡²¨§±¨: Î¥É´µ¸ÉÓ Î¨¸²  ´Ê±²µ´µ¢, ¶²µÉ´µ¸ÉÓ
Ê·µ¢´¥°, ¶µ²´ Ö · ¤¨ Í¨µ´´ Ö Ï¨·¨´ , ¸É·Ê±ÉÊ·  ±µ´¥Î´ÒÌ Ê·µ¢´¥° ± ¸± -
¤µ¢ ¨ É.¤. �¸´µ¢´µ¥ · §²¨Î¨¥ Å ¢ 183W µÉ´µ¸¨É¥²Ó´µ¥ §´ Î¥´¨¥ ¶·¨¢¥¤¥´-
´µ° ´¥°É·µ´´µ° Ï¨·¨´Ò ³¥´ÓÏ¥, Î¥³ ¤²Ö ±µ³¶ Ê´¤-¸µ¸ÉµÖ´¨Ö 181Hf, Éµ ¥¸ÉÓ
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¢±² ¤ µ¤´µÎ ¸É¨Î´ÒÌ ±µ³¶µ´¥´É ¢µ²´µ¢µ° ËÊ´±Í¨¨ ¢ ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ
¶¥·¢¨Î´ÒÌ ¶¥·¥Ìµ¤µ¢ ¨, ¥¸É¥¸É¢¥´´µ, ¨Ì ¸µµÉ´µÏ¥´¨¥ ¸ ³´µ£µÎ ¸É¨Î´Ò³¨
±µ³¶µ´¥´É ³¨ ¸ÊÐ¥¸É¢¥´´µ · §²¨Î ÕÉ¸Ö. �Î¥´Ó · §²¨Î ÕÉ¸Ö ¢ ÔÉ¨Ì Ö¤· Ì
¸¨²µ¢Ò¥ ËÊ´±Í¨¨ ¶¥·¢¨Î´ÒÌ ¶¥·¥Ìµ¤µ¢, ´¥µ¡Ìµ¤¨³Ò¥ ¤²Ö ¢µ¸¶·µ¨§¢¥¤¥´¨Ö
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨´É¥´¸¨¢´µ¸É¥° ± ¸± ¤µ¢ (·¨¸. 6). ’ ±µ° ®¸¨²Ó´Ò°¯ ¢Ò-
¢µ¤, · §Ê³¥¥É¸Ö, ³µ¦¥É ¡ÒÉÓ ¶·¨´ÖÉ Éµ²Ó±µ ¢ Éµ³ ¸²ÊÎ ¥, ±µ£¤  ¶·¨¢¥¤¥´´Ò°
·¥§Ê²ÓÉ É ¡Ê¤¥É ¢µ¸¶·µ¨§¢¥¤¥´ ¸ ¶µ³µÐÓÕ ¤µ¸É ÉµÎ´µ ÉµÎ´µ° ³µ¤¥²¨. …¤¨´-
¸É¢¥´´Ò°  ·£Ê³¥´É ¢ ¶µ²Ó§Ê ¸µµÉ¢¥É¸É¢¨Ö ¤ ´´ÒÌ ·¨¸. 6 ·¥ ²Ó´µ¸É¨ ¸µ¸Éµ¨É
¢ Éµ³, ÎÉµ ¸¨²µ¢Ò¥ ËÊ´±Í¨¨ ¶¥·¥Ìµ¤µ¢ ¢µ§· ¸É ÕÉ ¢³¥¸É¥ ¸ µ¤´µ¢·¥³¥´-
´Ò³ µÉ´µ¸¨É¥²Ó´Ò³ Ê¢¥²¨Î¥´¨¥³ ¤µ²¨ ³´µ£µ±¢ §¨Î ¸É¨Î´ÒÌ ¨ ¢¨¡· Í¨µ´´ÒÌ
±µ³¶µ´¥´É ¢ ¢µ²´µ¢µ° ËÊ´±Í¨¨ ±µ³¶ Ê´¤-¸µ¸ÉµÖ´¨Ö (§  ¸Î¥É µÉ´µ¸¨É¥²Ó´µ£µ
Ê³¥´ÓÏ¥´¨Ö Γ0

n). �É¸Õ¤  ¸²¥¤Ê¥É § ±²ÕÎ¥´¨¥ Î¨¸Éµ ± Î¥¸É¢¥´´µ£µ Ì · ±É¥· 
µ¡ Ê¢¥²¨Î¥´¨¨ §´ Î¥´¨° ¸¨²µ¢ÒÌ ËÊ´±Í¨° §  ¸Î¥É ¢²¨Ö´¨Ö ±µ²²¥±É¨¢´ÒÌ
ÔËË¥±Éµ¢ ´  ³ É·¨Î´Ò° Ô²¥³¥´É γ-¶¥·¥Ìµ¤ .

Š ¸µ¦ ²¥´¨Õ, ÔÉµ Éµ²Ó±µ ±µ¸¢¥´´Ò°  ·£Ê³¥´É ¢ ¶µ¤¤¥·¦±Ê ¶·¥¤¶µ²µ¦¥-
´¨Ö, ÎÉµ ¸É·Ê±ÉÊ·  ¢µ²´µ¢µ° ËÊ´±Í¨¨ ±µ³¶ Ê´¤-¸µ¸ÉµÖ´¨Ö ¸ÊÐ¥¸É¢¥´´µ ¢²¨-
Ö¥É ´  ¸¨²µ¢Ò¥ ËÊ´±Í¨¨ γ-¶¥·¥Ìµ¤µ¢. �µ ¶·Ö³µ° Ô±¸¶¥·¨³¥´É ¶µ ¶·µ¢¥·±¥
É ±µ£µ ¶·¥¤¶µ²µ¦¥´¨Ö ¢µ§³µ¦¥´ ´  ²Õ¡µ³ ¨¸ÉµÎ´¨±¥ ·¥§µ´ ´¸´ÒÌ ´¥°É·µ´µ¢
¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ¸µ¢·¥³¥´´ÒÌ ¢Ò¸µ±µ± Î¥¸É¢¥´´ÒÌ HPGe-¤¥É¥±Éµ·µ¢.

‡ ³¥É¨³, ÎÉµ ¢ ·Ö¤¥ Ö¤¥· ²µ£ ·¨Ë³¨Î¥¸± Ö ¶·µ¨§¢µ¤´ Ö S = f(E1)+
+f(M1) ³¥´Ö¥É §´ ± ¶·¨ ¨§³¥´¥´¨¨ Ô´¥·£¨¨ γ-¶¥·¥Ìµ¤  ÌµÉÖ ¡Ò µ¤¨´ · §.
�É¸Õ¤  ¶·Ö³µ ¸²¥¤Ê¥É, ÎÉµ ± ±µ°-Éµ Ê´¨¢¥·¸ ²Ó´µ° Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨-
³µ¸É¨ ¸·¥¤´¥£µ §´ Î¥´¨Ö ¨´É¥´¸¨¢´µ¸É¨ ± ¸± ¤µ¢ µÉ Ô´¥·£¨¨ ¨Ì ¶¥·¢¨Î´µ£µ
¶¥·¥Ìµ¤  ¦¤ ÉÓ ´¥ ¸²¥¤Ê¥É. …¤¨´¸É¢¥´´ Ö ¢µ§³µ¦´µ¸ÉÓ ¨¸±²ÕÎ¥´¨Ö ´¥¨§¢¥¸É-
´µ£µ ¶ · ³¥É·  ¢ É ±µ³ ¸²ÊÎ ¥ ¸µ¸Éµ¨É ¢ ¨§ÊÎ¥´¨¨ Ëµ·³Ò · ¸¶·¥¤¥²¥´¨Ö ¨´-
É¥´¸¨¢´µ¸É¥° ± ¸± ¤µ¢, Ô´¥·£¨Ö ¶·µ³¥¦ÊÉµÎ´µ£µ Ê·µ¢´Ö ±µÉµ·ÒÌ ´ Ìµ¤¨É¸Ö
¢ ¤µ¸É ÉµÎ´µ ³ ²µ³ ¨´É¥·¢ ²¥ Ô´¥·£¨¨. �¢Éµ·Ò [20] ¨¸¶µ²Ó§µ¢ ²¨ ¤²Ö  ´ -
²¨§  4 ¨ ¡µ²¥¥ ¨´É¥·¢ ²  Ô´¥·£¨° ¶·µ³¥¦ÊÉµÎ´ÒÌ Ê·µ¢´¥° Ï¨·¨´µ° 0,5 ŒÔ‚
± ¦¤Ò°. ’¥¸Éµ¢Ò¥ ¢ ·¨ ´ÉÒ · ¸Î¥Éµ¢ ¶µ± § ²¨, ÎÉµ ¢ Í¥²µ³ ¤²Ö ¢¸¥£µ ´ ¡µ· 
¶·µ ´ ²¨§¨·µ¢ ´´ÒÌ Ö¤¥· ¸³¥Ð¥´¨¥ ¨¸±µ³µ£µ ¶ · ³¥É·  Å Î¨¸²  ¸µ¸ÉµÖ´¨°
¢ § ¤ ´´µ³ ¨´É¥·¢ ²¥ ¨Ì Ô´¥·£¨° Å ´¥ ´ ¡²Õ¤ ¥É¸Ö, ÌµÉÖ ¸·¥¤´¥±¢ ¤· É¨Î´µ¥
¥£µ · ¸Ìµ¦¤¥´¨¥ ¤²Ö · ¸Î¥Éµ¢ ¡¥§ ÊÎ¥É  Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ ¨ ¸ ±µ·-
·¥±Í¨¥° ¨´É¥´¸¨¢´µ¸É¨ ± ¸± ¤µ¢ ´  E3

γ ¢ ¸·¥¤´¥³ ¤µ¸É¨£ ¥É µ¤´µ° ¤¥¸ÖÉµ° µÉ
¨¸±µ³µ° ¢¥²¨Î¨´Ò. �·¨³¥·Ò ·¥§Ê²ÓÉ Éµ¢ ¶·µ¤¥² ´´µ£µ  ´ ²¨§  ¶·¨¢¥¤¥´Ò ´ 
·¨¸. 7. „µ¡ ¢¨³, ÎÉµ ¤²Ö ¸µ¶µ¸É ¢²¥´¨Ö ¸  ¶¶·µ±¸¨³¨·ÊÕÐ¥° § ¢¨¸¨³µ¸ÉÓÕ
´¥É·Ê¤´µ · ¸cÎ¨É ÉÓ · ¸¶·¥¤¥²¥´¨¥ ±Ê³Ê²ÖÉ¨¢´ÒÌ ¸Ê³³ ¤²Ö ¸²ÊÎ Ö, ±µ£¤ 
¶²µÉ´µ¸ÉÓ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° ¸µµÉ¢¥É¸É¢Ê¥É ³µ¤¥²¨ [10],   ¸Ê³³ ·´ Ö
¨Ì ¨´É¥´¸¨¢´µ¸ÉÓ · ¢´  Ô±¸¶¥·¨³¥´É ²Ó´µ°. �µ, ± ± ¶· ¢¨²µ, Ô±¸¶¥·¨³¥´-
É ²Ó´ Ö ¨´É¥´¸¨¢´µ¸ÉÓ ¢ ´¥¸±µ²Ó±µ · § ¶·¥¢ÒÏ ¥É §´ Î¥´¨¥, ¶µ²ÊÎ¥´´µ¥ ¢
· ¸Î¥É¥ ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ³µ¤¥²¨ ´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥£µ Ë¥·³¨-£ § . “Î¥É
ÔÉµ£µ · ¸Ìµ¦¤¥´¨Ö ¢  ´ ²¨§¥, É¨¶  ¶·¨¢¥¤¥´´µ£µ ¢ [20], ¢¥¸Ó³  ¸ÊÐ¥¸É¢¥´´µ
Ê¢¥²¨Î¨¢ ¥É ¸É¥¶¥´Ó · ¸Ìµ¦¤¥´¨Ö ³¥¦¤Ê Ô±¸¶¥·¨³¥´É ²Ó´µ ´ ¡²Õ¤ ¥³µ° ¨
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µ¦¨¤ ¥³Ò³¨ ±Ê³Ê²ÖÉ¨¢´Ò³¨ ¸Ê³³ ³¨ ¨´É¥´¸¨¢´µ¸É¥° ± ¸± ¤µ¢, É¥³ ¸ ³Ò³
¤ ¢ Ö ¤µ¶µ²´¨É¥²Ó´Ò°  ·£Ê³¥´É ¢ ¶µ²Ó§Ê ²ÊÎÏ¥£µ ¸µµÉ¢¥É¸É¢¨Ö ·¥ ²Ó´µ¸É¨
´ °¤¥´´ÒÌ ¢ [20, 21] ¨ ¶·¨¢¥¤¥´´ÒÌ ´  ·¨¸. 4 §´ Î¥´¨° ´ ¨¡µ²¥¥ ¢¥·µÖÉ´µ°
¶²µÉ´µ¸É¨ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° ¤¥Ëµ·³¨·µ¢ ´´µ£µ Ö¤·  ¶µ ¸· ¢´¥´¨Õ ¸
³µ¤¥²ÓÕ [10].

� ¸Ìµ¦¤¥´¨¥ ¶·¥¤¸± § ´¨° ³µ¤¥²¨ [10] ¨ ´ °¤¥´´ÒÌ §´ Î¥´¨° ρ ´¨¦¥
£· ´¨Î´µ° Ô´¥·£¨¨ Eb, ¶µ ±· °´¥° ³¥·¥ ± Î¥¸É¢¥´´µ, ³µ¦¥É ¡ÒÉÓ µ¡ÑÖ¸´¥´µ
É ±¦¥ ¨ ¢µ§³µ¦´µ° ¢¥¸Ó³  ¸ÊÐ¥¸É¢¥´´µ° ¸¥²¥±É¨¢´µ¸ÉÓÕ ·¥ ±Í¨¨ (n, γ) ¤²Ö
³¥¤²¥´´ÒÌ ´¥°É·µ´µ¢, Éµ ¥¸ÉÓ ± ¸± ¤Ò ¸ ¶·µ³¥¦ÊÉµÎ´Ò³¨ Ê·µ¢´Ö³¨ ´¨¦¥ Eb

³µ¦´µ · §¤¥²¨ÉÓ ´  ¤¢¥ ¨²¨ ¡µ²ÓÏ¥ £·Ê¶¶. �¥¡µ²ÓÏµ¥ Î¨¸²µ ± ¸± ¤µ¢ ¨³¥ÕÉ
¸·¥¤´¨¥ ¨´É¥´¸¨¢´µ¸É¨, ¸ÊÐ¥¸É¢¥´´µ ¶·¥¢ÒÏ ÕÐ¨¥ ¸·¥¤´¨¥ ¨´É¥´¸¨¢´µ¸É¨
¡µ²ÓÏµ£µ Î¨¸²  ± ¸± ¤µ¢ ¨§ ¤·Ê£¨Ì £·Ê¶¶.

„ ´´Ò¥ [20] ¶µ§¢µ²ÖÕÉ µÍ¥´¨ÉÓ ¸µµÉ´µÏ¥´¨¥ ¸·¥¤´¨Ì ¨´É¥´¸¨¢´µ¸É¥°
± ¸± ¤µ¢ ¢ ¸²ÊÎ ¥ ¸¶· ¢¥¤²¨¢µ¸É¨ É ±µ° £¨¶µÉ¥§Ò. � ¸Ìµ¦¤¥´¨¥ ³¥¦¤Ê Î¨¸-
²µ³ Ê·µ¢´¥°, ±µÉµ·µ¥ ¤ ¥É  ´ ²¨§ [20], ¨ ¶·¥¤¸± § ´¨Ö³¨ ³µ¤¥²¨ Ë¥·³¨-£ § 
[10] ¢ · °µ´¥ 3Ä4 ŒÔ‚ ¸µ¸É ¢²Ö¥É ± ± ³¨´¨³Ê³ ¶µ·Ö¤µ±. �¥µ¶·¥¤¥²¥´´µ°
Ö¢²Ö¥É¸Ö ¸Ê³³ ·´ Ö ¨´É¥´¸¨¢´µ¸ÉÓ £·Ê¶¶Ò ®¸² ¡ÒÌ¯ ± ¸± ¤µ¢. ‹µ£¨Î´µ ¶·¥¤-
¶µ²µ¦¨ÉÓ, ´ ¶·¨³¥·, ÎÉµ ¨Ì ¸Ê³³  ¸· ¢´¨³  ¸ ´¥´ ¡²Õ¤ ¥³µ° (´ Ìµ¤ÖÐ¥°¸Ö
´¨¦¥ ¶µ·µ£  ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨) ¤µ²¥° ¨´É¥´¸¨¢´µ¸É¨ ± ¸± ¤µ¢ ¤·Ê£µ° £·Ê¶¶Ò.
‘µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¤ ´´Ò¥ ¶µ± §Ò¢ ÕÉ, ÎÉµ µ¡ÒÎ´µ (·¨¸. 7) ´  ¤µ²Õ ± ¸± ¤µ¢
¸ iγγ < Lc ¶·¨Ìµ¤¨É¸Ö ´¥ ¡µ²¥¥ 1/5 ´ ¡²Õ¤ ¥³µ° ¨´É¥´¸¨¢´µ¸É¨. “Î¨ÉÒ-
¢ Ö, ÎÉµ ´ °¤¥´´µ¥ ¢ÒÏ¥ Î¨¸²µ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ∼ 10 · § ³¥´ÓÏ¥
¶·¥¤¸± § ´¨° [10], ³µ¦´µ µÍ¥´¨ÉÓ, ÎÉµ ¸·¥¤´ÖÖ ¨´É¥´¸¨¢´µ¸ÉÓ ± ¸± ¤µ¢ ¸
· §²¨Î´Ò³ É¨¶µ³ ¸É·Ê±ÉÊ·Ò ¢µ²´µ¢µ° ËÊ´±Í¨¨ (´µ µ¤¨´ ±µ¢Ò³ Jπ) ¨Ì ¶·µ-
³¥¦ÊÉµÎ´ÒÌ Ê·µ¢´¥° ³µ¦¥É · §²¨Î ÉÓ¸Ö ¡µ²¥¥ Î¥³ ¢ 50 · §. ’µ²Ó±µ ¢ É -
±µ³ £¨¶µÉ¥É¨Î¥¸±µ³ ¸²ÊÎ ¥ ³µ£ÊÉ ¡ÒÉÓ ¸¶· ¢¥¤²¨¢Ò³¨ ¶·¥¤¸É ¢²¥´¨Ö ³µ¤¥²¨
´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥£µ Ë¥·³¨-£ §  ¨ ¶·¥¤¸± §Ò¢ ¥³ Ö ¶²µÉ´µ¸ÉÓ Ê·µ¢´¥° ¨
´¥¸¶· ¢¥¤²¨¢Ò ·¥§Ê²ÓÉ ÉÒ, ¶·¨¢¥¤¥´´Ò¥ ´  ·¨¸. 4. �É³¥É¨³, ÎÉµ ¶·¨ ³¥´Ó-
Ï¥³ · §²¨Î¨¨ ¸·¥¤´¨Ì ¨´É¥´¸¨¢´µ¸É¥° ± ¸± ¤µ¢ Ë ±É ¸¥²¥±É¨¢´µ¸É¨ ·¥ ±Í¨¨
³µ¦´µ ¡Ò²µ ¡Ò ¶·Ö³µ Ê¸É ´µ¢¨ÉÓ ¶µ · ¸Ìµ¦¤¥´¨Õ Ëµ·³Ò  ¶¶·µ±¸¨³¨·µ¢ ´-
´µ° ¨ ´ ¡²Õ¤ ¥³ÒÌ ±Ê³Ê²ÖÉ¨¢´ÒÌ ¸Ê³³ ¤²Ö ¨´É¥´¸¨¢´µ¸É¥° ± ¸± ¤µ¢, ´¥-
¸±µ²Ó±µ ¶·¥¢ÒÏ ÕÐ¨Ì Lc.

�É¸ÊÉ¸É¢¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ´Ê¦´µ£µ ± Î¥¸É¢  ´¥ ¶µ§¢µ²Ö¥É
¸¤¥² ÉÓ µ±µ´Î É¥²Ó´µ¥ § ±²ÕÎ¥´¨¥ µ Éµ³, ± ± Ö ¨§ ¤¢ÊÌ ¢µ§³µ¦´ÒÌ ¸¨ÉÊ Í¨°
¡µ²¥¥ ¸µµÉ¢¥É¸É¢Ê¥É ·¥ ²Ó´µ¸É¨. �µ ¨ ¢ ¸²ÊÎ ¥ ¸¨²Ó´µ£µ µÉ±²µ´¥´¨Ö ·¥ ²Ó-
´µ° ¶²µÉ´µ¸É¨ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° µÉ ¶·¥¤¸± § ´¨° ³µ¤¥²¨ ´¥¢§ ¨³µ-
¤¥°¸É¢ÊÕÐ¥£µ Ë¥·³¨-£ § , ¨ ¢ ¸²ÊÎ ¥ ¸¨²Ó´µ° ¸¥²¥±É¨¢´µ¸É¨ ·¥ ±Í¨¨ (n, γ)
´ ¡²Õ¤ ¥É¸Ö ¶·¨´Í¨¶¨ ²Ó´µ¥ · ¸Ìµ¦¤¥´¨¥ ³¥¦¤Ê ¸ÊÐ¥¸É¢ÊÕÐ¨³¨ ¶·¥¤¸É ¢-
²¥´¨Ö³¨ µ Ö¤·¥ ¨ ¶·µ¨¸Ìµ¤ÖÐ¨³¨ ¢ ´¥³ ¶·µÍ¥¸¸ ³¨. …£µ ¶·¨Î¨´  ³µ¦¥É ¡ÒÉÓ
¸¢Ö§ ´  Éµ²Ó±µ ¸ ¸¨²Ó´Ò³ ¢²¨Ö´¨¥³ ¸É·Ê±ÉÊ·Ò ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤· 
´  · §¢¨É¨¥ ¶·µÍ¥¸¸  γ-· ¸¶ ¤  ¶· ±É¨Î¥¸±¨ ¤²Ö ¢¸¥£µ ¨´É¥·¢ ²  Bn. � -
¡²Õ¤ ¥³Ò° ÔËË¥±É ¤²Ö µ±µ´Î É¥²Ó´µ£µ µ¡ÑÖ¸´¥´¨Ö É·¥¡Ê¥É ¸µµÉ¢¥É¸É¢ÊÕÐ¥°
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�¨¸. 7. ŠÊ³Ê²ÖÉ¨¢´Ò¥ ¸Ê³³Ò
∑

I ¨´É¥´¸¨¢´µ¸É¨ ´ ¡²Õ¤ ¥³ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´µ ¢
168Er ± ¸± ¤µ¢ (£¨¸Éµ£· ³³ ) (¶·µÍ¥´É · ¸¶ ¤µ¢ ±µ³¶ Ê´¤-¸µ¸ÉµÖ´¨Ö),  ¶¶·µ±¸¨³¨·µ-
¢ ´´ Ö § ¢¨¸¨³µ¸ÉÓ (¸¶²µÏ´ Ö ²¨´¨Ö) ¨ µ¦¨¤ ¥³ Ö ¤²Ö Î¨¸²  Ê·µ¢´¥°, ¶·¥¤¸± §Ò¢ ¥-
³ÒÌ [10] (¶Ê´±É¨·), ¤²Ö · §²¨Î´ÒÌ ¨´É¥·¢ ²µ¢ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¢ § ¢¨¸¨³µ¸É¨ µÉ
¨´É¥´¸¨¢´µ¸É¨ ¨´¤¨¢¨¤Ê ²Ó´ÒÌ ± ¸± ¤µ¢. „²Ö ¸µ¶µ¸É ¢²¥´¨Ö ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ
 ´ ²µ£¨Î´µ£µ  ´ ²¨§  ¨´É¥´¸¨¢´µ¸É¥° ¶¥·¢¨Î´ÒÌ γ-¶¥·¥Ìµ¤µ¢ (n, γ) ¤²Ö ¨´É¥·¢ ² 
Ô´¥·£¨° ¢µ§¡Ê¦¤ ¥³ÒÌ ¨³¨ Ê·µ¢´¥° 2, 5 ÷ 3 ŒÔ‚

É¥µ·¥É¨Î¥¸±µ° ¨´É¥·¶·¥É Í¨¨ ¨, · §Ê³¥¥É¸Ö, ¢Ò¶µ²´¥´¨Ö ¡µ²¥¥ ¨´Ëµ·³ É¨¢-
´µ£µ Ô±¸¶¥·¨³¥´É .
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4. ‚�‡Œ�†��Ÿ Š��’ˆ�� ���–…‘‘�‚,
��‡‚ˆ‚��™ˆ•‘Ÿ ‚ ’Ÿ†…‹�Œ Ÿ„�…

��‘‹… ‡�•‚�’� Œ…„‹…���ƒ� �…‰’����

	¥§Ê¸²µ¢´µ, µ¡µ¸´µ¢ ´´ Ö ·¥ ²¨¸É¨Î´ Ö ± ·É¨´  ¶·µÍ¥¸¸µ¢, ¶·µ¨¸Ìµ¤Ö-
Ð¨Ì ¢ Ö¤·¥ ¶·¨ Ô´¥·£¨¨ ¥£µ ¢µ§¡Ê¦¤¥´¨Ö ¢ÒÏ¥ 2Ä3 ŒÔ‚, ³µ¦¥É ¡ÒÉÓ ¶µ²ÊÎ¥´ 
Éµ²Ó±µ ¶µ¸²¥ · §· ¡µÉ±¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì É¥µ·¥É¨Î¥¸±¨Ì ³µ¤¥²¥° ¶²µÉ´µ¸É¨
Ê·µ¢´¥° ¨ ¶ ·Í¨ ²Ó´ÒÌ Ï¨·¨´ ± ¸± ¤´ÒÌ ¶¥·¥Ìµ¤µ¢. ’¥³ ´¥ ³¥´¥¥, ± ± ¨§-§ 
¨Ì µÉ¸ÊÉ¸É¢¨Ö, É ± ¨ ¨§-§  ´¥¢µ§³µ¦´µ¸É¨ ¶² ´¨·µ¢ ´¨Ö ÔËË¥±É¨¢´µ£µ Ô±¸-
¶¥·¨³¥´É  ¡¥§ ´ ²¨Î¨Ö ± ±¨Ì-²¨¡µ ¶·¥¤¸É ¢²¥´¨° µ¡ ¨§ÊÎ ¥³µ³ ¶·µÍ¥¸¸¥,
³Ò ¢Ò´Ê¦¤¥´Ò · §¢¨¢ ÉÓ ¶·¥¤¥²Ó´µ ¶·µ¸ÉÊÕ (¨ ¢ ± ±µ°-Éµ ¸É¥¶¥´¨ µÉ²¨-
Î ÕÐÊÕ¸Ö µÉ ¸ÊÐ¥¸É¢ÊÕÐ¥°) ± ·É¨´Ê ¶·µÍ¥¸¸µ¢, ¶·µ¨¸Ìµ¤ÖÐ¨Ì ¢ ÉÖ¦¥²µ³
Ö¤·¥ ¢ Ô´¥·£¥É¨Î¥¸±µ° µ¡² ¸É¨, · ´¥¥ ¤¥É ²Ó´µ ´¥ ¨§ÊÎ¥´´µ°, Éµ ¥¸ÉÓ ¢¢µ¤¨ÉÓ
· ¡µÎÊÕ £¨¶µÉ¥§Ê.

�£· ´¨Î¥´´Ò¥ ¢µ§³µ¦´µ¸É¨ ¨¸¶µ²Ó§µ¢ ´´ÒÌ ¢ ´ Ï¥³ Ô±¸¶¥·¨³¥´É¥ ¸¶¥±-
É·µ³¥É·µ¢ ¤¥² ÕÉ ´ Ï¨ ¶·¥¤¸É ¢²¥´¨Ö, ± ¸µ¦ ²¥´¨Õ, ± Î¥¸É¢¥´´Ò³¨ ¨ ¶·¥¤-
¢ ·¨É¥²Ó´Ò³¨. ’¥³ ´¥ ³¥´¥¥ ³µ¦´µ £µ¢µ·¨ÉÓ, ± ± µ ³ ±¸¨³ ²Ó´µ ¢¥·µÖÉ´ÒÌ,
µ ´ ¨¡µ²¥¥ ¸ÊÐ¥¸É¢¥´´ÒÌ ¨ ´ ¨¡µ²¥¥ µ¡Ð¨Ì Î¥·É Ì Ö¤¥·´ÒÌ ¶·µÍ¥¸¸µ¢ ¤²Ö
¨´É¥·¢ ²  ¢µ§¡Ê¦¤¥´¨° µÉ 1Ä2 ŒÔ‚ ¤µ Bn. ‘ ÊÎ¥Éµ³ ÔÉµ£µ § ³¥Î ´¨Ö ¢ ¶¥·-
¢µ³ ¶·¨¡²¨¦¥´¨¨ µ¡Ð Ö ± ·É¨´  ¸¢µ°¸É¢ Ö¤· , ¶·µÖ¢²ÖÕÐ¨Ì¸Ö ¶·¨ § Ì¢ É¥
³¥¤²¥´´µ£µ ´¥°É·µ´ , § ±²ÕÎ ¥É¸Ö ¢ ¸²¥¤ÊÕÐ¥³.

1) � ¨¡µ²¥¥ ¨´É¥´¸¨¢´Ò¥ ± ¸± ¤Ò ¢µ§¡Ê¦¤ ÕÉ ¸¶¥Í¨Ë¨Î¥¸±¨° ´ ¡µ·
¶·µ³¥¦ÊÉµÎ´ÒÌ Ê·µ¢´¥° Ö¤· . • · ±É¥·´µ° ¨Ì µ¸µ¡¥´´µ¸ÉÓÕ Ö¢²Ö¥É¸Ö Éµ,
ÎÉµ µ´¨ ¨³¥ÕÉ ¶· ±É¨Î¥¸±¨ ¶µ¸ÉµÖ´´Ò¥ (¸ ÉµÎ´µ¸ÉÓÕ ∼ 5− 10%) · ¸¸ÉµÖ´¨Ö
³¥¦¤Ê, ± ± ³¨´¨³Ê³, É·µ°± ³¨ ¶·µ³¥¦ÊÉµÎ´ÒÌ Ê·µ¢´¥° ´ ¨¡µ²¥¥ ¨´É¥´¸¨¢-
´ÒÌ ± ¸± ¤µ¢ ¨/¨²¨ ¨Ì ³Ê²ÓÉ¨¶²¥Éµ¢. Š ± ¶· ¢¨²µ, ¢ Ö¤·¥ ´ ¡²Õ¤ ÕÉ¸Ö [18]
¤¢¥ (¨ ¡µ²¥¥) É ±¨¥ ®¶µ²µ¸Ò¯. ƒ ·³µ´¨Î¥¸±¨° Ì · ±É¥· ¸¶¥±É·  ¶·µ³¥¦Ê-
ÉµÎ´ÒÌ Ê·µ¢´¥° ³ ±¸¨³ ²Ó´µ ¨´É¥´¸¨¢´ÒÌ ¶µ ¸· ¢´¥´¨Õ ¸µ ¢¸¥° µ¸É ²Ó´µ°
³ ¸¸µ° ± ¸± ¤µ¢ ¤ ÕÉ ´ ¨¡µ²¥¥ ¢¥·µÖÉ´µ¥ (´µ ´¥ ¥¤¨´¸É¢¥´´µ¥) µ¡ÑÖ¸´¥´¨¥
¨Ì ¶·¨·µ¤Ò ± ± ´ ²¨Î¨¥ ¢ ¸É·Ê±ÉÊ·¥ ¢µ²´µ¢ÒÌ ËÊ´±Í¨° µ¤´µ£µ, ¤¢ÊÌ ¨ ¡µ²¥¥
Ëµ´µ´µ¢. ƒµ²µ¢´Ò³¨ ¸µ¸ÉµÖ´¨Ö³¨ ÔÉ¨Ì ¶µ²µ¸ ¤µ²¦´Ò ¡ÒÉÓ ¢µ§¡Ê¦¤¥´´Ò¥
Ê·µ¢´¨ ¡µ²¥¥-³¥´¥¥ ¸²µ¦´µ° (´µ ´¥¨§¢¥¸É´µ°) ¸É·Ê±ÉÊ·Ò. �µ¸²¥¤´¥¥ ± Î¥-
¸É¢¥´´µ ¸²¥¤Ê¥É ¨§ ¤µ¸É ÉµÎ´µ ¡µ²ÓÏµ° Ô´¥·£¨¨ £µ²µ¢´µ£µ Ê·µ¢´Ö ®¶µ²µ¸Ò¯
¨ É¥µ·¥É¨Î¥¸±¨Ì ¶·¥¤¸É ¢²¥´¨° ¶µ ¶µ¢µ¤Ê Ê¸²µ¦´¥´¨Ö ¸É·Ê±ÉÊ·Ò Ö¤¥·´ÒÌ
¸µ¸ÉµÖ´¨° ¶·¨ ¶µ¢ÒÏ¥´¨¨ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö Ö¤· . ‚µ§³µ¦´µ¸ÉÓ ¸ÊÐ¥-
¸É¢µ¢ ´¨Ö ¸µ¸ÉµÖ´¨° ¸ ´¥¸±µ²Ó±¨³¨ Ëµ´µ´ ³¨ ¸ É¥µ·¥É¨Î¥¸±µ° ÉµÎ±¨ §·¥´¨Ö
µ·¤¨´ ·´ . ‘É¥¶¥´Ó ¨Ì Ë· £³¥´É Í¨¨ ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ ¢Ò¢µ¤ ³¨ [26] ¤µ²¦´ 
¡ÒÉÓ ³ ²µ°. �µ ±· °´¥ ´¥µ¦¨¤ ´´Ò³ Ö¢²Ö¥É¸Ö Éµ, ÎÉµ ¶·¥¤¶µ²µ¦¨É¥²Ó´µ É -
±¨¥ ¸µ¸ÉµÖ´¨Ö ¸Éµ²Ó ¸¨²Ó´µ ¶·µÖ¢²ÖÕÉ¸Ö ¢ Ô±¸¶¥·¨³¥´É¥ ± ± ¶µ ¢¥²¨Î¨´¥
¨´É¥´¸¨¢´µ¸É¨ ± ¸± ¤µ¢, ±µÉµ·Ò¥ ¨Ì ¢µ§¡Ê¦¤ ÕÉ, É ± ¨ ¶µ ¶· ±É¨Î¥¸±µ° £ ·-
³µ´¨Î´µ¸É¨ ¸¶¥±É· . �µ¸²¥¤´¥¥ µ§´ Î ¥É, ÎÉµ ¶·¨ ¶µ¢ÒÏ¥´¨¨ Ô´¥·£¨¨ ¢µ§-
¡Ê¦¤¥´¨Ö Ö¤·  µÉ 1Ä2 ¤µ 3Ä4 ŒÔ‚ ´ ¨¡µ²¥¥ ¢¥·µÖÉ´µ, ÎÉµ ¢µ§¡Ê¦¤¥´¨¥ ±µ-
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²¥¡ ´¨° ¥£µ ¶µ¢¥·Ì´µ¸É¨ ¸É ´µ¢¨É¸Ö §´ Î¨É¥²Ó´µ ¡µ²¥¥ ¶·¥¤¶µÎÉ¨É¥²Ó´Ò³,
Î¥³ ¢´ÊÉ·¥´´¨¥ ¢µ§¡Ê¦¤¥´¨Ö ±¢ §¨Î ¸É¨Î´µ£µ É¨¶ . ˆ´É¥·¢ ², £¤¥ Ö·±µ ¶·µ-
Ö¢²Ö¥É¸Ö ÔÉ  ¸¨ÉÊ Í¨Ö, ´¥¢¥²¨±: ¶µ·Ö¤±  2 ŒÔ‚ ¢ Ö¤· Ì ¸ ²Õ¡µ° Î¥É´µ¸ÉÓÕ
´Ê±²µ´µ¢. �µ¤Î¥·±´¥³ ¥Ð¥ · §, ÎÉµ ÔÉ  ± Î¥¸É¢¥´´ Ö ± ·É¨´  É·¥¡Ê¥É ³¨´¨-
³ ²Ó´µ£µ ¨§³¥´¥´¨Ö ¸ÊÐ¥¸É¢ÊÕÐ¨Ì É¥µ·¥É¨Î¥¸±¨Ì ¶·¥¤¸É ¢²¥´¨° µ Ö¤·¥.

2) …¸²¨ ¤¥°¸É¢¨É¥²Ó´µ ¢ Ô±¸¶¥·¨³¥´É¥ ¶·µÖ¢²ÖÕÉ¸Ö Ëµ´µ´´Ò¥ (¢¨¡· -
Í¨µ´´Ò¥) ¢µ§¡Ê¦¤¥´¨Ö ¸ Ô´¥·£¨Ö³¨ ¢ ¸µÉ´¨ ±Ô‚, Éµ, ¢µ-¶¥·¢ÒÌ, µ´¨ µ¶¨-
¸Ò¢ ÕÉ¸Ö ¸É É¨¸É¨±µ° 	µ§¥,   ¢µ-¢Éµ·ÒÌ, Ö¢²ÖÕÉ¸Ö Ëµ·³µ° ¢¥¸Ó³  Ê¶µ·Ö¤µ-
Î¥´´µ£µ ¤¢¨¦¥´¨Ö Ö¤¥·´µ° ³ É¥·¨¨. Š¢ §¨Î ¸É¨Î´Ò¥ (Ë¥·³¨µ´´Ò¥) ¨ ¡µ§µ´-
´Ò¥ ¢µ§¡Ê¦¤¥´¨Ö ¶·¨ ¡µ²ÓÏ¥³ ¨Ì ±µ²¨Î¥¸É¢¥ µ¡ÒÎ´µ · ¸¸³ É·¨¢ ÕÉ [27]
± ± ¸É É¨¸É¨Î¥¸±¨°  ´¸ ³¡²Ó, Ì · ±É¥·¨§ÊÕÐ¨°¸Ö µ¶·¥¤¥²¥´´Ò³ §´ Î¥´¨¥³
Ô´É·µ¶¨¨ S, É¥³¶¥· ÉÊ·Ò T ¨ ¨Ì ¶²µÉ´µ¸É¨ ρ. ‘¢Ö§Ó ³¥¦¤Ê Ô´¥·£¨¥° ¢µ§-
¡Ê¦¤¥´¨Ö ¨ ÔÉ¨³¨ ¶ · ³¥É· ³¨ ¢ ¸¨¸É¥³¥ ¨§ µ¤´µ£µ ¸µ·É  Î ¸É¨Í ¢ ´ ¸ÉµÖ-
Ð¥¥ ¢·¥³Ö Ìµ·µÏµ Ê¸É ´µ¢²¥´  É¥µ·¥É¨Î¥¸±¨. �µ ´ ²¨Î¨¥ ³ ²µ£µ ±µ²¨Î¥¸É¢ 
¡µ§µ´´ÒÌ ¢µ§¡Ê¦¤¥´¨° ¸ ¤µ¸É ÉµÎ´µ ¡µ²ÓÏµ° Ô´¥·£¨¥° Ëµ´µ´µ¢ ¢ ¸¨¸É¥³¥
¸ ¡µ²ÓÏ¨³ ±µ²¨Î¥¸É¢µ³ ±¢ §¨Î ¸É¨Í ¤µ²¦´µ ³¥´ÖÉÓ ¶ · ³¥É·Ò ¸É É¨¸É¨Î¥-
¸±µ£µ  ´¸ ³¡²Ö. ‚ ¶¥·¢ÊÕ µÎ¥·¥¤Ó Ê± § ´´µ¥ µ¡¸ÉµÖÉ¥²Ó¸É¢µ ¤µ²¦´µ Ê³¥´Ó-
Ï ÉÓ Ô´¥·£¨Õ, ¶·¨Ìµ¤ÖÐÊÕ¸Ö ´  ¤µ²Õ ¢µ§¡Ê¦¤¥´¨° Ë¥·³¨µ´´µ£µ É¨¶ . �¤-
´µ§´ Î´ Ö ¸¢Ö§Ó ³¥¦¤Ê Ô´¥·£¨¥° Ë¥·³¨µ´´µ° ¸¨¸É¥³Ò, ¥¥ É¥³¶¥· ÉÊ·µ° ¨
Ô´É·µ¶¨¥° ¶·¨ ÔÉµ³ ¤µ²¦´  µ¡Ê¸² ¢²¨¢ ÉÓ Ê³¥´ÓÏ¥´¨¥ ¨ É¥³¶¥· ÉÊ·Ò Ö¤· 
(¶µ ¸· ¢´¥´¨Õ ¸ ¥¥ §´ Î¥´¨¥³ T �

√
U/a ¤²Ö Î¨¸Éµ Ë¥·³¨µ´´µ° ¸¨¸É¥³Ò),

¨ ¶²µÉ´µ¸É¨ Ê·µ¢´¥°. ‘µ¸ÊÐ¥¸É¢µ¢ ´¨¥ ¤¢ÊÌ ¸¨¸É¥³ ¢µ§¡Ê¦¤¥´¨° · §²¨Î´µ£µ
É¨¶  ¨§ÊÎ¥´µ ¢ ¡µ²ÓÏ¥° ¨²¨ ³¥´ÓÏ¥° ¸É¥¶¥´¨ ± ± ¢ ±¢§¨Î ¸É¨Î´µ-Ëµ´µ´´µ°
³µ¤¥²¨ Ö¤· , É ± ¨ ¢ ³µ¤¥²¨ ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ¡µ§µ´µ¢. � ¶µ³´¨³, ÎÉµ
µ¶·¥¤¥²¥´¨¥ ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¤²Ö É ±µ° ¸¨¸É¥³Ò Ê¦¥ ¸¤¥² ´µ É¥µ·¥É¨Î¥¸±¨
¢ µ¡µ¡Ð¥´´µ° ³µ¤¥²¨ ¸¢¥·ÌÉ¥±ÊÎ¥£µ Ö¤·  [11, 15]. “Î¥É ¸¢¥·ÌÉ¥±ÊÎ¨Ì ¸¢µ°¸É¢
Ö¤·  ¶·¨ Ô´¥·£¨ÖÌ ¢µ§¡Ê¦¤¥´¨Ö ¢ÒÏ¥ Ô´¥·£¨¨ ¸¢Ö§¨ ´¥°É·µ´  ´¥¸±µ²Ó±µ ¨§-
³¥´Ö¥É Ëµ·³Ê ¶·¥¤¸± §Ò¢ ¥³µ° ÔÉµ° ³µ¤¥²ÓÕ Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨
¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¶µ ¸· ¢´¥´¨Õ ¸ ±² ¸¸¨Î¥¸±¨³¨ ³µ¤¥²Ö³¨ Ë¥·³¨-£ § . �µ
É¥³ ¡µ²¥¥ ÔÉµ ´¥µ¡Ìµ¤¨³µ ¶·µ¤¥² ÉÓ ¤²Ö Ô´¥·£¨° ¢µ§¡Ê¦¤¥´¨Ö ´¨¦¥ Bn, Éµ
¥¸ÉÓ É·¥¡Ê¥É¸Ö · §· ¡µÉ±  ±¢ ´Éµ¢µ-³¥Ì ´¨Î¥¸±µ° ³µ¤¥²¨ ¶²µÉ´µ¸É¨ Ê·µ¢´¥°,
³ ±¸¨³ ²Ó´µ ±µ··¥±É´µ ÊÎ¨ÉÒ¢ ÕÐ¥° ¸¢¥·ÌÉ¥±ÊÎ¨¥ ¸¢µ°¸É¢  Ö¤·  ¨ ¶·¥¤¸± -
§Ò¢ ÕÐ¥° ¶²µÉ´µ¸ÉÓ Ê·µ¢´¥° ¢ ¨´É¥·¢ ²¥ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö µÉ 1Ä2 ¤µ
3Ä5 ŒÔ‚ ¸ ÉµÎ´µ¸ÉÓÕ ¢ ´¥¸±µ²Ó±µ ¤¥¸ÖÉ±µ¢ ¶·µÍ¥´Éµ¢.

‚ Éµ ¦¥ ¢·¥³Ö, ¶µ ´ Ï¥³Ê ³´¥´¨Õ, ¶· ±É¨Î¥¸±¨¥ ¶µÉ·¥¡´µ¸É¨ ± ± µ¶¨-
¸Ò¢ ¥³µ£µ §¤¥¸Ó Ô±¸¶¥·¨³¥´É , É ± ¨, ´ ¶·¨³¥·,  ¸É·µË¨§¨±¨ ¨ É¥Ì´¨±¨ ·¥-
 ±Éµ·µ¢ É·¥¡ÊÕÉ · §· ¡µÉ±¨ ¤µ¸É ÉµÎ´µ ¶·µ¸Éµ° ³µ¤¥²¨ ¶²µÉ´µ¸É¨ Ê·µ¢´¥°,
ÊÎ¨ÉÒ¢ ÕÐ¥° ÔËË¥±ÉÒ ¸¢¥·ÌÉ¥±ÊÎ¥¸É¨ Ö¤·  ¨ ¶·¥¤¸± §Ò¢ ÕÐ¥° ± ± §´ Î¥´¨Ö
¶²µÉ´µ¸É¨ ¸µ¸ÉµÖ´¨° ¸ § ¤ ´´Ò³¨ Jπ, É ± ¨ ¸¨²µ¢ÒÌ ËÊ´±Í¨° ¸ ÉµÎ´µ¸ÉÓÕ
¢ ´¥¸±µ²Ó±µ ¤¥¸ÖÉ±µ¢ ¶·µÍ¥´Éµ¢ ¨ ´¨¦¥ Ô´¥·£¨¨ ¸¢Ö§¨ ´¥°É·µ´ . ‚ Î ¸É-
´µ¸É¨, ³ ±¸¨³ ²Ó´µ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ·¥ ²Ó´µ¸É¨ ¶·¥¤¸É ¢²¥´¨Ö µ ¶²µÉ´µ¸É¨
Ê·µ¢´¥° É·¥¡ÊÕÉ¸Ö ¶·¨ µÍ¥´±¥ [28] Ö¤¥·´ÒÌ ±µ´¸É ´É. �¥µ¡Ìµ¤¨³µ¸ÉÓ ÊÎ¥É 
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¨³¥´´µ ¸¢¥·ÌÉ¥±ÊÎ¥¸É¨ ¸²¥¤Ê¥É ¨§ ¶·¨¢¥¤¥´´ÒÌ ¢ÒÏ¥ ·¥§Ê²ÓÉ Éµ¢. ‚ ± ±µ°
¸É¥¶¥´¨ ÔÉµ ¢µ§³µ¦´µ ÌµÉÖ ¡Ò ¶·¨ ¤ ²Ó´¥°Ï¥³ · §¢¨É¨¨ �Œ‘Ÿ ¢ µ¡² ¸É¨
¢µ§¡Ê¦¤¥´¨° ´¨¦¥ Bn? ‚ ¸¢µ¥³ ¸µ¢·¥³¥´´µ³ ¢ ·¨ ´É¥ [15] ÔÉ  ³µ¤¥²Ó ¶·Ö³µ
¨¸¶µ²Ó§Ê¥É ¨¤¥Õ Ö¤¥·´µ£µ Ë §µ¢µ£µ ¶¥·¥Ìµ¤ . �µ ¥¸²¨ ¶µ²ÊÎ¥´´Ò¥ ´ ³¨ ± ´ -
¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ ¤ ´´Ò¥ ¶µ · ¤¨ Í¨µ´´Ò³ ¸¨²µ¢Ò³ ËÊ´±Í¨Ö³ ¨ µ¸µ¡¥´´µ
¶µ ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¤µ¸É ÉµÎ´µ ÉµÎ´µ µÉ· ¦ ÕÉ µ¸´µ¢´Ò¥ µ¸µ¡¥´´µ¸É¨
Ö¤·  (  ´¥ ± ±µ°-Éµ ¸¶¥Í¨Ë¨Î¥¸±µ° Î ¸É¨ ¥£µ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨°), Éµ
¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ · §· ¡µÉ±¨ �Œ‘Ÿ ´Ê¦¤ ÕÉ¸Ö ¢ ¢¥¸Ó³  ¸¥·Ó¥§´µ° ±µ··¥±-
Í¨¨. �·¥¦¤¥ ¢¸¥£µ ÔÉµ § ±²ÕÎ¥´¨¥ ¸²¥¤Ê¥É µÉ´¥¸É¨ ± Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö
Ö¤·  ¢ ÉµÎ±¥ Ë §µ¢µ£µ ¶¥·¥Ìµ¤ , ±µÉµ· Ö ¸²¥¤Ê¥É ¨§ ¨§¢¥¸É´µ£µ ¸µµÉ´µÏ¥-
´¨Ö 	Š˜-É¥µ·¨¨ [29], ¸¢Ö§Ò¢ ÕÐ¥£µ ±µ··¥²ÖÍ¨µ´´ÊÕ ËÊ´±Í¨Õ ´Ê±²µ´µ¢ δ
¸ É¥³¶¥· ÉÊ·µ° Ë §µ¢µ£µ ¶¥·¥Ìµ¤  Tk:

Tk = δ/1, 76 (8)

¨ µ¶·¥¤¥²ÖÕÐ¥£µ ¸µµÉ¢¥É¸É¢ÊÕÐÊÕ Ô´¥·£¨Õ ¢µ§¡Ê¦¤¥´¨Ö Ö¤·  U Î¥·¥§ ¶ · -
³¥É· ¶²µÉ´µ¸É¨ Ê·µ¢´¥° a ¶µ ¢Ò· ¦¥´¨Õ

U = aT 2
k (9)

¨²¨ ¥£µ ¡µ²¥¥ ÉµÎ´Ò³ ¢ ·¨ ´É ³.
„²Ö É¨¶¨Î´ÒÌ ¢ ¸²ÊÎ ¥ ¤¥Ëµ·³¨·µ¢ ´´µ£µ Ö¤·  §´ Î¥´¨° δ ∼ 1 ŒÔ‚ ¨

a ∼ 20 ŒÔ‚−1 µ¶·¥¤¥²¥´´ Ö ¨§ (9) Ô´¥·£¨Ö ¢µ§¡Ê¦¤¥´¨Ö Ö¤·  ¢ ÉµÎ±¥ Ë -
§µ¢µ£µ ¶¥·¥Ìµ¤  ¶·¥¢ÒÏ ¥É ´¥ Éµ²Ó±µ ¶µ²ÊÎ¥´´µ¥ ´ ³¨ ¢ÒÏ¥ §´ Î¥´¨¥ Eb,
´µ ¨ Ô´¥·£¨Õ ¸¢Ö§¨ ´¥°É·µ´  Bn. Š Éµ³Ê ¦¥ ËÊ´±Í¨µ´ ²Ó´Ò¥ § ¢¨¸¨³µ¸É¨
�Œ‘Ÿ ¤²Ö Ô´É·µ¶¨¨ ¨ ¤·Ê£¨Ì ¶ · ³¥É·µ¢ ÔÉµ° ³µ¤¥²¨ ¨¸±²ÕÎ ÕÉ ¢µ§³µ¦-
´µ¸ÉÓ ´ ²¨Î¨Ö ®¨§²µ³ ¯, É¨¶  ¶·¨¢¥¤¥´´µ£µ ´  ·¨¸. 4, 5, ´¨¦¥ ¶·¨´ÖÉµ° ¢
[15] Ô´¥·£¨¨ Ë §µ¢µ£µ ¶¥·¥Ìµ¤ . �Éµ · ¸Ìµ¦¤¥´¨¥ ³µ¦¥É µ§´ Î ÉÓ, ÎÉµ ²¨¡µ
¶·µÍ¥¸¸ Ë §µ¢µ£µ ¶¥·¥Ìµ¤  ¢ Ö¤·¥ ¸ÊÐ¥¸É¢¥´´µ µÉ²¨Î ¥É¸Ö µÉ  ´ ²µ£¨Î´µ£µ
Ö¢²¥´¨Ö ¢ ±µ´¤¥´¸¨·µ¢ ´´ÒÌ ¸·¥¤ Ì, ²¨¡µ  ¢Éµ·Ò [15] ÊÎ²¨ ´¥ ¢¸¥ Ë ±Éµ·Ò,
µ¶·¥¤¥²ÖÕÐ¨¥ · §¢¨É¨¥ É ±µ£µ ¶·µÍ¥¸¸ , ²¨¡µ ´ ¡²Õ¤ ¥³ Ö ´ ³¨ ¢ µ¡² ¸É¨
Eb ± ·É¨´  µ¡Ê¸²µ¢²¥´  ± ±¨³¨-Éµ Ë ±Éµ· ³¨, ´¥ ¨³¥ÕÐ¨³¨ µÉ´µÏ¥´¨Ö ±
Ë §µ¢µ³Ê ¶¥·¥Ìµ¤Ê ¸¢¥·ÌÉ¥±ÊÎ¥¥ Å µ¡ÒÎ´µ¥ ¸µ¸ÉµÖ´¨Ö.

�¥±µÉµ·Ò¥ ¢Ò¢µ¤Ò ¤ ²µ ¸µ¶µ¸É ¢²¥´¨¥ [18, 30] Ö¤·  ¸ ¸¨¸É¥³µ° ¨§ ¤¢ÊÌ
¦¨¤±¨Ì ¨§µÉµ¶µ¢ £¥²¨Ö ¢ ÉµÎ±¥ ¥¥ Ë §µ¢µ£µ ¶¥·¥Ìµ¤ . �±¸É· ¶µ²ÖÍ¨Ö ´  Ö¤·µ
¨§ÊÎ¥´´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´µ É¥·³µ¤¨´ ³¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± ¸³¥¸¨ ¦¨¤-
±¨Ì ¨§µÉµ¶µ¢ £¥²¨Ö ¢ ÉµÎ±¥ Ë §µ¢µ£µ ¶¥·¥Ìµ¤  ¸¢¥·ÌÉ¥±ÊÎ¥¥ Å µ¡ÒÎ´µ¥ ¸µ-
¸ÉµÖ´¨Ö ¶µ§¢µ²Ö¥É ¶·µÖ¸´¨ÉÓ ¥£µ ¸¢µ°¸É¢  ¢ µ¡² ¸É¨ ¶µÉ¥´Í¨ ²Ó´µ ¢µ§³µ¦-
´µ£µ ¶¥·¥Ìµ¤  µÉ ¶·¥¨³ÊÐ¥¸É¢¥´´µ ¡µ§µ´´ÒÌ ¢µ§¡Ê¦¤¥´¨° ± Ë¥·³¨µ´´Ò³.
� ¨¡µ²¥¥ ¸ÊÐ¥¸É¢¥´´Ò° Ë ±É, ±µÉµ·Ò° ¸²¥¤Ê¥É ÊÎ¥¸ÉÓ ¶·¨ · §¢¨É¨¨ ³µ¤¥²¥°
¶²µÉ´µ¸É¨ Ê·µ¢´¥° c ¨¸¶µ²Ó§µ¢ ´¨¥³ ¨¤¥¨ Ë §µ¢µ£µ ¶¥·¥Ìµ¤  ¸µ¸Éµ¨É ¢ Éµ³,
ÎÉµ É¥³¶¥· ÉÊ·  É ±µ£µ ¶¥·¥Ìµ¤  ¢ ¸³¥¸¨ Ë¥·³¨µ´µ¢ ¨ ¡µ§µ´µ¢ Ê³¥´ÓÏ -
¥É¸Ö ¶µ ¸· ¢´¥´¨Õ ¸ Î¨¸Éµ ¡µ§µ´´µ° (Ë¥·³¨µ´´µ°) ¸¨¸É¥³µ°. �ËË¥±É ¨§ÊÎ¥´
±µ²¨Î¥¸É¢¥´´µ ´  ¸³¥¸¨ ¦¨¤±¨Ì ¨§µÉµ¶µ¢ £¥²¨Ö [31].
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‚Éµ·µ° Ë ±Éµ·, ±µÉµ·Ò°, ¢¨¤¨³µ, ¸²¥¤Ê¥É ÊÎ¨ÉÒ¢ ÉÓ ¢ ´µ¢ÒÌ ¨²¨ ³µ-
¤¨Ë¨Í¨·µ¢ ´´ÒÌ ³µ¤¥²ÖÌ, ÔÉµ ±µ´Í¥´É· Í¨Ö Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¶·¥¨³Ê-
Ð¥¸É¢¥´´µ ¡µ§µ´´µ° Î ¸ÉÓÕ Ö¤¥·´µ° ¸¨¸É¥³Ò. ˆ³¥´´µ ¸ ÊÎ¥Éµ³ Ê¢¥²¨Î¥´¨Ö
Ö¤¥·´µ° É¥¶²µ¥³±µ¸É¨ [32]  ¢Éµ·Ò [18, 30] ¸³µ£²¨ ¶µ²ÊÎ¨ÉÓ ´¥µ¡Ìµ¤¨³ÊÕ ¤²Ö
µ¶¨¸ ´¨Ö ´ ¡²Õ¤ ¥³ÒÌ ¨´É¥´¸¨¢´µ¸É¥° ± ¸± ¤µ¢ ¶· ±É¨Î¥¸±¨ ¶µ¸ÉµÖ´´ÊÕ
¶²µÉ´µ¸ÉÓ Ê·µ¢´¥°. �ÉµÉ ÔËË¥±É, ¥¸É¥¸É¢¥´´µ, É·¥¡Ê¥É ¶µ¤É¢¥·¦¤¥´¨Ö ¨²¨
µ¶·µ¢¥·¦¥´¨Ö ¢ · ³± Ì ¤µ¸É ÉµÎ´µ ¸É·µ£¨Ì ±¢ ´Éµ¢µ-³¥Ì ´¨Î¥¸±¨Ì · ¸Î¥Éµ¢.

�µ¤Ìµ¤ [18, 30] ¶µ§¢µ²¨² ¤ ÉÓ ÌµÉÖ ¡Ò ± Î¥¸É¢¥´´µ¥ ¨ £·Ê¡µ¥ µ¡ÑÖ¸´¥´¨¥
´ ¨¡µ²¥¥ ¸¥·Ó¥§´µ³Ê · §´µ£² ¸¨Õ ³¥¦¤Ê Ô±¸¶¥·¨³¥´É ²Ó´µ ´ ¡²Õ¤ ¥³Ò³¨
¨´É¥´¸¨¢´µ¸ÉÖ³¨ ± ¸± ¤µ¢ ¨ · ¸Î¥Éµ³, ¨¸¶µ²Ó§ÊÕÐ¨³ Ë¥·³¨-£ §µ¢Ò¥ ¶·¥¤-
¸É ¢²¥´¨Ö µ Ö¤·¥: Ê¸¨²¥´¨¥ ¨´É¥´¸¨¢´µ¸É¨ ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢ ¢ ¤¥Ëµ·-
³¨·µ¢ ´´ÒÌ Ö¤· Ì ¸ ²Õ¡µ° Î¥É´µ¸ÉÓÕ ´¥°É·µ´µ¢ ¶·¨ Ô´¥·£¨ÖÌ ¨Ì ¢µ§¡Ê¦¤¥-
´¨Ö ´  2Ä3 ŒÔ‚ ´¨¦¥ Bn µ¡Ê¸²µ¢²¥´µ ¸ÊÐ¥¸É¢¥´´Ò³ Ê³¥´ÓÏ¥´¨¥³ ¶²µÉ-
´µ¸É¨ Ê·µ¢´¥° ¢ ´¨¦´¥° ¶µ²µ¢¨´¥ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° ¶µ ¸· ¢´¥´¨Õ ¸
Ë¥·³¨-£ §µ¢Ò³¨ ¶·¥¤¸É ¢²¥´¨Ö³¨. Š ± ·¥§Ê²ÓÉ É, ¢¥·µÖÉ´µ¸ÉÓ ¢µ§¡Ê¦¤¥´¨Ö
µ¤´µ£µ ¨§ ¢ÒÏ¥²¥¦ Ð¨Ì Ê·µ¢´¥° ¶·¨ ÔÉµ³ ´¥¨§¡¥¦´µ ¢µ§· ¸É ¥É. �·¨ ÔÉµ³
¶·µ¸É¥°Ï Ö ³µ¤¥²Ó [18, 30] ¤ ¥É ¶· ±É¨Î¥¸±¨ ¶µ¸ÉµÖ´´ÊÕ ¶²µÉ´µ¸ÉÓ Ê·µ¢´¥°
(¡¥§ Î¥£µ ¢µ¸¶·µ¨§¢¥¸É¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨´É¥´¸¨¢´µ¸É¨ ± ¸± ¤µ¢ ·¥ ²Ó´µ
´¥ Ê¤ ¥É¸Ö) ¢ · ³± Ì ÊÎ¥É  ËÊ´¤ ³¥´É ²Ó´ÒÌ µ¸µ¡¥´´µ¸É¥° ¨§³¥´¥´¨Ö ¢´Ê-
É·¥´´¨Ì ¶ · ³¥É·µ¢ ¸¨¸É¥³Ò ¢ ÉµÎ±¥ ¥¥ Ë §µ¢µ£µ ¶¥·¥Ìµ¤  ¢Éµ·µ£µ ·µ¤ .

�¥µ¡Ìµ¤¨³µ µÉ³¥É¨ÉÓ, ÎÉµ ®¸ÉÊ¶¥´Î ÉÒ°¯ Ì · ±É¥· ¶²µÉ´µ¸É¨ Ê·µ¢´¥°
¶·¨ ´¥¡µ²ÓÏ¨Ì ¢µ§¡Ê¦¤¥´¨ÖÌ ¡Ò² ¶·¥¤¸± § ´ É¥µ·¥É¨Î¥¸±¨ ¢ [27]. �µ, ±
¸µ¦ ²¥´¨Õ, ¶µ²ÊÎ¥´´Ò¥ ´ ³¨ ·¥§Ê²ÓÉ ÉÒ ´¥ ¸µ£² ¸ÊÕÉ¸Ö ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨
¶·¥¤¸± § ´¨Ö³¨:

 ) Ï¨·¨´  ¶µ²ÊÎ¥´´µ° ¸É·Ê±ÉÊ·Ò ¶·¨¡²¨§¨É¥²Ó´µ ¢ ¤¢  · §  ¶·¥¢ÒÏ ¥É
¶·¥¤¸± §Ò¢ ¥³ÊÕ ¢ [27];

¡) ´ ¡²Õ¤ ¥É¸Ö Éµ²Ó±µ µ¤´  ¸ÉÊ¶¥´Ó± .
…¸²¨ ¢Éµ·µ¥ · ¸Ìµ¦¤¥´¨¥ ¸ ¶·¥¤¸± § ´¨Ö³¨ [27] ¢¶µ²´¥ µ¡ÑÖ¸´¨³µ ´¥¤µ-

¸É ÉµÎ´µ° ÉµÎ´µ¸ÉÓÕ µ¶·¥¤¥²¥´¨Ö ¨´É¥´¸¨¢´µ¸É¨ ± ¸± ¤µ¢ ¨ ¸²¨Ï±µ³ ¡µ²Ó-
Ïµ° Ï¨·¨´µ° ¨´É¥·¢ ²  ¨Ì Ê¸·¥¤´¥´¨Ö, Éµ ¶¥·¢µ¥ · ¸Ìµ¦¤¥´¨¥ ´µ¸¨É ¶·¨´-
Í¨¶¨ ²Ó´Ò° Ì · ±É¥·. ˆ ¥£µ ¸²¥¤Ê¥É ¨´É¥·¶·¥É¨·µ¢ ÉÓ ± ± ´¥¤µ¸É ÉµÎ´ÊÕ
¸É¥¶¥´Ó ¸µµÉ¢¥É¸É¢¨Ö ·¥ ²Ó´µ¸É¨ ³µ¤¥²Ó´ÒÌ ¶·¥¤¸É ¢²¥´¨° µ Ö¤·¥.

5. �…�‘�…Š’ˆ‚› Œ…’�„ˆŠˆ. •���Š’…� ˆ�”��Œ�–ˆˆ,
Š�’��“� ’�…�“…’‘Ÿ ��‹“—ˆ’œ ˆ‡ 	Š‘�…�ˆŒ…�’�

�·¨¢¥¤¥´´Ò¥ §¤¥¸Ó § ±²ÕÎ¥´¨Ö ¸¤¥² ´Ò ´  µ¸´µ¢¥  ´ ²¨§  ¨´É¥´¸¨¢-
´µ¸É¥° ± ¸± ¤µ¢, µ¶·¥¤¥²¥´´ÒÌ Éµ²Ó±µ ¶·¨ § Ì¢ É¥ É¥¶²µ¢ÒÌ ´¥°É·µ´µ¢ ¨
Éµ²Ó±µ ¤²Ö µ£· ´¨Î¥´´µ° £·Ê¶¶Ò ´¨§±µ²¥¦ Ð¨Ì ¸µ¸ÉµÖ´¨° Ö¤·  Å ±µ´¥Î-
´ÒÌ Ê·µ¢´¥° ± ¸± ¤µ¢. …¤¨´¸É¢¥´´ Ö ¶·¨Î¨´  Éµ³Ê Å ´¥¤µ¸É ÉµÎ´ Ö ÔËË¥±-
É¨¢´µ¸ÉÓ ¨¸¶µ²Ó§µ¢ ´´ÒÌ ¢ Ô±¸¶¥·¨³¥´É¥ Ge-¤¥É¥±Éµ·µ¢. �µ Ô±¸¶¥·¨³¥´É,
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 ´ ²¨§ ±µÉµ·µ£µ ¤ ² ¢ÒÏ¥¶·¨¢¥¤¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ, ³µ¦¥É ¡ÒÉÓ ¢Ò¶µ²´¥´
¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ¸µ¢·¥³¥´´ÒÌ ¸¶¥±É·µ³¥É·µ¢ ¢ ¨´¤¨¢¨¤Ê ²Ó´ÒÌ ·¥§µ´ ´-
¸ Ì ²Õ¡ÒÌ Ö¤¥·, ¶·¨Î¥³ ¸ ´ ¡µ·µ³ ´¥µ¡Ìµ¤¨³µ° ¸É É¨¸É¨±¨ ¸µ¢¶ ¤¥´¨° ¤²Ö
± ¦¤µ£µ ¨§ ´¨§±µ²¥¦ Ð¨Ì ·¥§µ´ ´¸µ¢. � ¨´Ëµ·³ Í¨Ö ³µ¦¥É ¡ÒÉÓ ¶µ²ÊÎ¥´ 
¶· ±É¨Î¥¸±¨ ¤²Ö 100% ¨´É¥´¸¨¢´µ¸É¨ ¶¥·¢¨Î´ÒÌ ¶¥·¥Ìµ¤µ¢ ¢³¥¸Éµ ¤µ¸É¨£-
´ÊÉµ° ± ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ ¢¥²¨Î¨´Ò 20 − 50%.

�·¨ ÔÉµ³ ¶µÉ¥·¨ ¸É É¨¸É¨±¨ ¢ ´ ± ¶²¨¢ ¥³ÒÌ ¸µ¢¶ ¤¥´¨ÖÌ ¨§-§  ¨Ì µÉ-
¡µ·  ¢ ¤µ¢µ²Ó´µ Ê§±¨Ì µ±´ Ì ¸¶¥±É·  ¢·¥³¥´¨ ¶·µ²¥É , ´ ¶·¨³¥·, ¤²Ö
ˆ	�-30, ²¥£±µ ±µ³¶¥´¸¨·ÊÕÉ¸Ö ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ¸¥·¨°´µ ¶·µ¨§¢µ¤¨³ÒÌ
HPGe-¤¥É¥±Éµ·µ¢ ¸ µÉ´µ¸¨É¥²Ó´µ° ÔËË¥±É¨¢´µ¸ÉÓÕ ¤ ¦¥ ¢ 30 − 40%, ¢³¥¸Éµ
¨¸¶µ²Ó§µ¢ ´´ÒÌ ´ ³¨ ¶·¨ ¨§ÊÎ¥´¨¨ ± ¸± ¤µ¢ ¶·¨ § Ì¢ É¥ É¥¶²µ¢ÒÌ ´¥°É·µ´µ¢
10% ¤¥É¥±Éµ·µ¢.

‚ ·¥§Ê²ÓÉ É¥ ³µ£ÊÉ ¡ÒÉÓ ¶µ²ÊÎ¥´Ò ¤¥É ²Ó´Ò¥ ¨ µ±µ´Î É¥²Ó´Ò¥ µÉ¢¥ÉÒ ´ 
¸²¥¤ÊÕÐ¨¥ ¢µ¶·µ¸Ò.

1. ‘ÊÐ¥¸É¢ÊÕÉ ²¨ ·¥ ²Ó´µ ´¥¢µ§³ÊÐ¥´´Ò¥ ¨²¨ ¸² ¡µ ¨¸± ¦¥´´Ò¥ ¢§ ¨-
³µ¤¥°¸É¢¨¥³ ¸ ±¢ §¨Î ¸É¨Í ³¨ ±µ²¥¡ ´¨Ö Ö¤·  ¸ Ô´¥·£¨¥° ±¢ ´É  ¢ ´¥¸±µ²Ó±µ
¸µÉ ±Ô‚ ¶·¨ Ô´¥·£¨ÖÌ ¢µ§¡Ê¦¤¥´¨Ö ¤µ 3Ä4 ŒÔ‚ ¨ ´¥¸±µ²Ó±µ ¢ÒÏ¥?

2. Š ±µ¢  ·¥ ²Ó´ Ö § ¢¨¸¨³µ¸ÉÓ µÉ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¶²µÉ´µ¸É¨ Ê·µ¢-
´¥° Ö¤·  ¸ § ¤ ´´Ò³¨ Jπ ¨ ± ±¨³¨ Ë ±Éµ· ³¨ µ´  µ¶·¥¤¥²Ö¥É¸Ö? „¥°¸É¢¨-
É¥²Ó´µ ²¨ ¨³¥¥É¸Ö ·¥ ²Ó´µ ®¨§²µ³¯ ¢ ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¤²Ö Eb ∼ 3Ä4 ŒÔ‚?
ˆ ¥¸²¨ ¨³¥¥É¸Ö, Éµ ¢ ± ±µ° ¸É¥¶¥´¨ µ´ ¸µµÉ¢¥É¸É¢Ê¥É ¨§³¥´¥´¨Õ ¶ · ³¥É· 
ρ, ¶µ²ÊÎ¥´´µ£µ ¢ · ³± Ì ÌµÉÖ ¨ ¶·µ¸É¥°Ï¥° ³µ¤¥²¨ [18, 30], ´µ ÊÎ¨ÉÒ¢ Õ-
Ð¥° ´ ¨¡µ²¥¥ ËÊ´¤ ³¥´É ²Ó´Ò¥ ¸¢µ°¸É¢  ³ É¥·¨¨? �¥ ¸²¥¤Ê¥É ²¨ µ¡ÑÖ¸´¨ÉÓ
´ ¡²Õ¤ ¥³Ò¥ ÔËË¥±ÉÒ · ¸Ìµ¦¤¥´¨Ö ´ °¤¥´´µ° ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¸ ³µ¤¥²Ó-
´Ò³¨ ¶·¥¤¸± § ´¨Ö³¨ Éµ²Ó±µ ¸¥²¥±É¨¢´µ¸ÉÓÕ ¨§ÊÎ ¥³µ£µ ¶·µÍ¥¸¸ ?

3. ‚ ± ±µ° ³¥·¥ ¸É·Ê±ÉÊ·  ¸µ¸ÉµÖ´¨°, ¸¢Ö§Ò¢ ¥³ÒÌ γ-¶¥·¥Ìµ¤µ³, ¢²¨Ö¥É
´  ¥£µ ¶ ·Í¨ ²Ó´ÊÕ γ-Ï¨·¨´Ê ¢µ ¢¸¥³ ¤¨ ¶ §µ´¥ Ô´¥·£¨° ¢µ§¡Ê¦¤¥´¨Ö ´¨¦¥
Bn? Š ±¨³¨ ¶ · ³¥É· ³¨ µ¶·¥¤¥²Ö¥É¸Ö ´ ¡²Õ¤ ¥³µ¥ ´¥¸µµÉ¢¥É¸É¢¨¥ Ô±¸¶¥-
·¨³¥´É  ¨ ¶·µ¸ÉÒÌ ³µ¤¥²Ó´ÒÌ ¶·¥¤¸É ¢²¥´¨° µ ¸¨²µ¢ÒÌ ËÊ´±Í¨Öx ± ¸± ¤´ÒÌ
γ-¶¥·¥Ìµ¤µ¢?

4. �·¨ ± ±¨Ì Ô´¥·£¨ÖÌ ¢µ§¡Ê¦¤¥´¨Ö ¶·¨³¥´¥´¨¥ ¶·¥¤¸É ¢²¥´¨° ¸É É¨¸É¨-
Î¥¸±µ° É¥µ·¨¨ γ-· ¸¶ ¤  ±µ³¶ Ê´¤-¸µ¸ÉµÖ´¨Ö ³µ¦¥É µ¡¥¸¶¥Î¨ÉÓ É·¥¡Ê¥³ÊÕ
ÉµÎ´µ¸ÉÓ · ¸Î¥É  ¥£µ ¶ · ³¥É·µ¢?

6. ‡�Š‹�—…�ˆ…

„ ´´Ò¥ Ô±¸¶¥·¨³¥´É  ¨ ¨Ì ¨´É¥·¶·¥É Í¨Ö ¶µ± §Ò¢ ÕÉ, ÎÉµ ¸ÊÐ¥¸É¢Ê¥É
´ ¸ÉµÖÉ¥²Ó´ Ö ¶µÉ·¥¡´µ¸ÉÓ ¢ · §¢¨É¨¨ É¥µ·¥É¨Î¥¸±µ£µ µ¶¨¸ ´¨Ö ¸¢µ°¸É¢ Ö¤· 
¢ µ¡² ¸É¨ ¶¥·¥Ìµ¤  µÉ ®¶·µ¸ÉÒÌ¯ ¸µ¸ÉµÖ´¨° ¶·¨ E¢µ§¡ ≤ 1Ä2 ŒÔ‚ ± ¸µ¸ÉµÖ-
´¨Ö³ ³ ±¸¨³ ²Ó´µ° ¸²µ¦´µ¸É¨ (´ ¶·¨³¥·, ´¥°É·µ´´Ò³ ·¥§µ´ ´¸ ³). �  ¤µ-
¸É¨£´ÊÉµ³ ± ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ Ê·µ¢´¥ ¨¸¸²¥¤µ¢ ´¨Ö ÔÉµ° ¶·µ¡²¥³Ò ¡µ²¥¥-
³¥´¥¥ µ¤´µ§´ Î´Ò³ ¶·¥¤¸É ¢²Ö¥É¸Ö Éµ²Ó±µ ´¥¸µ¸ÉµÖÉ¥²Ó´µ¸ÉÓ ¶·¥¤¸É ¢²¥´¨°
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µ ®¶² ¢´µ³¯ ¨§³¥´¥´¨¨ ¸¢µ°¸É¢ Ö¤·  ¶·¨ ¥£µ ¶¥·¥Ìµ¤¥ µÉ ¸µ¸ÉµÖ´¨Ö ®¶µ-
·Ö¤± ¯ ± ¸µ¸ÉµÖ´¨Õ ®Ì µ¸ ¯, Ö¢²ÖÕÐ¨Ì¸Ö, ´ ¶·¨³¥·, ¡ §¨¸µ³ Ë¥·³¨-£ §µ¢ÒÌ
³µ¤¥²¥° ¶²µÉ´µ¸É¨ Ê·µ¢´¥°.

�µ²ÊÎ¥´´Ò¥ ± ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ µ ¶·µ-
Í¥¸¸¥ ± ¸± ¤´µ£µ γ-· ¸¶ ¤  ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° ¨§ µ¡² ¸É¨ Ô´¥·£¨° ¢µ§-
¡Ê¦¤¥´¨Ö Eex ∼ Bn ¢¶µ²´¥ µ¤´µ§´ Î´µ ¶µ± §Ò¢ ÕÉ, ± ± ³¨´¨³Ê³, ÎÉµ ¡µ²¥¥-
³¥´¥¥ µ¡Ð¥¶·¨´ÖÉÒ¥ ¶·¨  ´ ²¨§¥ Ô±¸¶¥·¨³¥´É  ¶·¥¤¸É ¢²¥´¨Ö µ ¸¢µ°¸É¢ Ì
Ö¤·  ´Ê¦¤ ÕÉ¸Ö ¢ ¤µ¸É ÉµÎ´µ ¸¥·Ó¥§´µ° ±µ··¥±Í¨¨ ¨ ¤ ²Ó´¥°Ï¥³ · §¢¨É¨¨.

�¸´µ¢´µ° Ë¨§¨Î¥¸±¨° ¢Ò¢µ¤, ±µÉµ·Ò° ¸²¥¤Ê¥É ¨§ ·¥§Ê²ÓÉ Éµ¢ ¢Ò¶µ²´¥´-
´ÒÌ ¤µ ¸¨Ì ¶µ· Ô±¸¶¥·¨³¥´Éµ¢ ¨ ¨Ì  ´ ²¨§ , ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ ´¨¦¥ Ô´¥·£¨¨
3Ä4 ŒÔ‚ ¸¢µ°¸É¢  ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤· , ¶·µÖ¢²ÖÕÐ¨¥¸Ö ¶·¨ § -
Ì¢ É¥ É¥¶²µ¢ÒÌ ´¥°É·µ´µ¢, µ¶·¥¤¥²ÖÕÉ¸Ö ¢ ¶¥·¢ÊÕ µÎ¥·¥¤Ó ¥£µ ±µ²¥¡ ´¨Ö³¨.
Œµ¦´µ É ±¦¥ ¸¤¥² ÉÓ ± Î¥¸É¢¥´´µ¥ § ±²ÕÎ¥´¨¥ µ Éµ³, ÎÉµ ¶·¨ ¡µ²ÓÏ¨Ì Ô´¥·-
£¨ÖÌ ¢µ§¡Ê¦¤¥´¨Ö ¸É·Ê±ÉÊ·  Ê·µ¢´¥° µ¶·¥¤¥²Ö¥É¸Ö ¶·¥¨³ÊÐ¥¸É¢¥´´µ ±¢ §¨Î -
¸É¨Î´Ò³¨ ±µ³¶µ´¥´É ³¨ ¨Ì ¢µ²´µ¢µ° ËÊ´±Í¨¨. 	µ²¥¥ ¶·µ¸Éµ£µ µ¡ÑÖ¸´¥´¨Ö
´ ¡²Õ¤ ¥³µ£µ · ¸Ìµ¦¤¥´¨Ö Ô±¸¶¥·¨³¥´É  ¸ ·¥§Ê²ÓÉ É ³¨ · ¸Î¥Éµ¢ ´  ¡ §¨¸¥
¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¶·¥¤¸É ¢²¥´¨° µ Ö¤·¥ ³Ò ´ °É¨ ´¥ ¸³µ£²¨. „·Ê£¨¥ ¢µ§³µ¦´Ò¥
£¨¶µÉ¥§Ò É·¥¡ÊÕÉ ¡µ²¥¥ · ¤¨± ²Ó´ÒÌ ¨§³¥´¥´¨° ¶·¥¤¸É ¢²¥´¨° µ ¶µ¢¥¤¥´¨¨
Ö¤¥·´µ° ³ É¥·¨¨.

�¢Éµ·Ò ¢Ò· ¦ ÕÉ ¸¢µÕ ¨¸±·¥´´ÕÕ £²Ê¡µÎ °ÏÊÕ ¶·¨§´ É¥²Ó´µ¸ÉÓ ¶·µ-
Ë¥¸¸µ·Ê 
.�.�µ¶µ¢Ê, ¶·¥¤²µ¦¨¢Ï¥³Ê ´ Î ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸¸²¥¤µ-
¢ ´¨Ö ¢ · ¸¸³ É·¨¢ ¥³µ° §¤¥¸Ó µ¡² ¸É¨ Ö¤¥·´ÒÌ ¢µ§¡Ê¦¤¥´¨° ¨ ¢Ò¸± § ¢-
Ï¥³Ê ¨¤¥¨, ²µ£¨Î¥¸±µ¥ · §¢¨É¨¥ ±µÉµ·ÒÌ µ¶·¥¤¥²¨²µ ¢Ò¸µ±ÊÕ ·¥§Ê²ÓÉ É¨¢-
´µ¸ÉÓ ¨¸¸²¥¤µ¢ ´¨°. �¥ ³¥´ÓÏÊÕ ¡² £µ¤ ·´µ¸ÉÓ Ê ´ ¸ ¢Ò§Ò¢ ¥É ¥£µ ¶µ¸Éµ-
Ö´´Ò° ¨´É¥·¥¸ ¨ ¶µ¤¤¥·¦±  ´ Ï¨Ì Ê¸¨²¨° ¶µ ¨§ÊÎ¥´¨Õ ´¨±¥³ ´¥ ¨¸¸²¥-
¤µ¢ ´´µ° ¤¥É ²Ó´µ µ¡² ¸É¨ ¢µ§¡Ê¦¤¥´¨° ¢ ´ ¨¡µ²¥¥ É·Ê¤´µ¤µ¸ÉÊ¶´ÒÌ ¤²Ö
Ô±¸¶¥·¨³¥´É  Ö¤· Ì.

ŒÒ É ±¦¥ ¡² £µ¤ ·´Ò ‚.�.	µ´¤ ·¥´±µ, Ÿ.ƒµ´§ É±µ, �.’.�·µ±µËÓ¥¢Ê,
ƒ.‹.�¥§¢µ°, ‹.ˆ.‘¨³µ´µ¢µ°, ˆ.’µ³ ´¤²Ê §  ¢¥²¨±µ²¥¶´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥
¤ ´´Ò¥, ¶µ²ÊÎ¥´´Ò¥ ¢ �¨£¥ ¨ �¦¥¦¥, ±µÉµ·Ò¥ ¢ ¸µ¢µ±Ê¶´µ¸É¨ ¸ ´ Ï¨³¨
¤ ´´Ò³¨ ¶µ§¢µ²¨²¨ ¤ ÉÓ ³ ±¸¨³ ²Ó´µ µ¡µ¸´µ¢ ´´ÊÕ ´  ¸¥£µ¤´ÖÏ´¨° ¤¥´Ó
± ·É¨´Ê ¶·µ¨¸Ìµ¤ÖÐ¨Ì ¢ ÉÖ¦¥²µ³ Ö¤·¥ ¶·µÍ¥¸¸µ¢.

� ¡µÉ  ¢Ò¶µ²´¥´  ¶·¨ ¶µ¤¤¥·¦±¥ �””ˆ, £· ´É º 99-02-17863.
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