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ˆ´¸É¨ÉÊÉ Ö¤¥·´µ° Ë¨§¨±¨ � Í¨µ´ ²Ó´µ£µ Ö¤¥·´µ£µ Í¥´É·  Š § Ì¸É ´ , �²³ -�É 

� ¸¸³ É·¨¢ ÕÉ¸Ö · §²¨Î´Ò¥  ¸¶¥±ÉÒ ³¥Ì ´¨§³  Ëµ·³¨·µ¢ ´¨Ö ³ ¸¸µ¢µ-Ô´¥·-
£¥É¨Î¥¸±¨Ì · ¸¶·¥¤¥²¥´¨° (Œ��) µ¸±µ²±µ¢ ¤¥²¥´¨Ö ¢µ§¡Ê¦¤¥´´ÒÌ Ö¤¥· ¢ ¤¨ ¶ §µ´¥
Z 26 A = 20 ÷ 43 ¢ ·¥ ±Í¨ÖÌ ¸ ÉÖ¦¥²Ò³¨ ¨µ´ ³¨,     ¨³¥´´µ:  ·¥ ²Ó´ Ö É¥³¶¥· ÉÊ· 
¤¥²ÖÐ¨Ì¸Ö Ö¤¥· ¶µ¸²¥ ̈ ¸¶Ê¸± ´¨Ö ¶·¥¤¤¥²¨É¥²Ó´ÒÌ Î ¸É¨Í; ¢²¨Ö´¨¥ Ê£²µ¢µ£µ ³µ³¥´É ,
¢´µ¸¨³µ£µ ¢ Ö¤·µ ´ ²¥É ÕÐ¨³ ¨µ´µ³, ´  Œ�� µ¸±µ²±µ¢ ¤²Ö · §´ÒÌ µ¡² ¸É¥° Ö¤¥·;
¸É É¨Î¥¸±¨¥ ¸¢µ°¸É¢  Ëµ·³¨·µ¢ ´¨Ö · ¸¶·¥¤¥²¥´¨° µ¸±µ²±µ¢ ²¥£Î °Ï¨Ì Ö¤¥·; ·µ²Ó ¨
Ì · ±É¥· ¤¨´ ³¨Î¥¸±¨Ì ÔËË¥±Éµ¢ ¢ ¶·µÍ¥¸¸¥ ̧ ¶Ê¸±  Ö¤·  µÉ ̧ ¥¤²µ¢µ° ÉµÎ±¨ ± · §·Ò¢Ê
¤²Ö ÉÖ¦¥²ÒÌ Ö¤¥·; ¸¢µ°¸É¢  ±¢ §¨¤¥²¥´¨Ö. „µ¸É ÉµÎ´µ ¶µ²´µ µ¸¢¥Ð ¥É¸Ö ± ± Ô±¸¶¥·¨-
³¥´É ²Ó´Ò° ³ É¥·¨ ² ¶µ ¢¸¥³ ¶¥·¥Î¨¸²¥´´Ò³ ¢µ¶·µ¸ ³, É ± ¨ É¥µ·¥É¨Î¥¸±¨¥  ¸¶¥±ÉÒ
´  µ¸´µ¢¥ ¸µ¢·¥³¥´´ÒÌ ¶·¥¤¸É ¢²¥´¨° µ ¶·µÍ¥¸¸¥ ¤¥²¥´¨Ö.

The review deals with various factors affecting the mass-energy distributions (MED) of
the fission fragments of ex¸ited nuclei with Z 26 A = 20 ÷ 43 in reactions with heavy ions.
The discussed topics are: the actual temperature of fissioning nuclei following the emission
of pre-fission particles; the influence of the angular moment brought in the nucleus by an
incident ion; the static factors involved in the fragment formation of the lightest nuclei; the
role and character of dynamical effects in the nucleus descending from the saddle point to
the scission point in the case of heavy nuclei; the properties of quasi-fission. The
experimental data on all the above mentioned problems as well as the up-to-date theoretical
views associated with them are adequately covered.

�µ¸¢ÖÐ ¥É¸Ö ¶ ³ÖÉ¨
ƒ¥µ·£¨Ö �¨±µ² ¥¢¨Î  ‘³¨·¥´±¨´ 

‚‚…„…�ˆ…

“¦¥ ¤µ²£¨¥ £µ¤Ò ¢µ ³´µ£¨Ì ² ¡µ· Éµ·¨ÖÌ ³¨·  ̈ ´É¥´¸¨¢´µ ̈ ¸¸²¥¤ÊÕÉ¸Ö
¸ ³Ò¥ · §²¨Î´Ò¥  ¸¶¥±ÉÒ ¶·µÍ¥¸¸  ¤¥²¥´¨Ö Ö¤¥·, ±µÉµ·Ò° ¸ ³ ¶µ ¸¥¡¥ ´ -
¸Éµ²Ó±µ ¸²µ¦¥´ ¨ ³´µ£µµ¡· §¥´, ÎÉµ ´  ¸¥£µ¤´ÖÏ´¨° ¤¥´Ó ´¥ ¸ÊÐ¥¸É¢Ê¥É

®”ˆ‡ˆŠ� �‹…Œ…�’���›• —�‘’ˆ– ˆ �’�Œ��ƒ� Ÿ„��¯
1998, ’�Œ 29, ‚›�.2



Ö¸´µ° ¨ Í¥²µ¸É´µ° ± ·É¨´Ò ÔÉµ£µ Ö¤¥·´µ£µ ¶·¥¢· Ð¥´¨Ö. �·¨ ¤µ¸É ÉµÎ´µ

¸¨²Ó´µ³ ¢µ§¡Ê¦¤¥´¨¨ Ö¤·  E ∗ ≥ 40−50 ŒÔ‚, ±µ£¤  µ¡µ²µÎ¥Î´Ò¥ ÔËË¥±ÉÒ ́ ¥
¨£· ÕÉ ¸ÊÐ¥¸É¢¥´´µ° ·µ²¨ ¨ Ö¤·µ É¥·Ö¥É ¸¢µÕ ¸É·Ê±ÉÊ·´ÊÕ ¨´¤¨¢¨¤Ê ²Ó-
´µ¸ÉÓ, ¸¢µ°¸É¢  ¶·µÍ¥¸¸  ¤¥²¥´¨Ö ¸É ´µ¢ÖÉ¸Ö ´ ¨¡µ²¥¥ ¶·µ¸ÉÒ³¨ Å ¨Ì
É¥µ·¥É¨Î¥¸±µ¥ µ¶¨¸ ´¨¥ [1] ¶µ± §Ò¢ ¥É, ÎÉµ ¢ ÔÉµ³ ¸²ÊÎ ¥ ¤¥²ÖÐ¥¥¸Ö Ö¤·µ
³µ¦´µ · ¸¸³ É·¨¢ ÉÓ ± ± ± ¶²Õ § ·Ö¦¥´´µ° ´¥¸¦¨³ ¥³µ° Ö¤¥·´µ° ¦¨¤-
±µ¸É¨. Œµ¤¥²Ó ¦¨¤±µ° ± ¶²¨ (Œ†Š) ¶·¥¤¸± §Ò¢ ¥É ¸¨³³¥É·¨Î´µ¥, µ¤´µ-
£µ·¡µ¥,  ¢ ¶¥·¢µ³ ¶·¨¡²¨¦¥´¨¨ £ Ê¸¸µ¢¸±µ¥ · ¸¶·¥¤¥²¥´¨¥ µ¸±µ²±µ¢ ¶µ
³ ¸¸ ³ ¨ Ô´¥·£¨Ö³. Œ´µ£µÎ¨¸²¥´´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö ¡¥§-
Ê¸²µ¢´µ ¶µ¤É¢¥·¦¤ ÕÉ ÔÉµ ̧ ¢µ°¸É¢µ ´ £·¥ÉÒÌ Ö¤¥· Å ¤¥²¨ÉÓ¸Ö ¶·¥¨³ÊÐ¥¸É-
¢¥´´µ ¸¨³³¥É·¨Î´Ò³ µ¡· §µ³, ¢ µÉ²¨Î¨¥ µÉ ¸¶µ´É ´´µ£µ ¨ ´¨§±µÔ´¥·£¥É¨-
Î¥¸±µ£µ ¤¥²¥´¨Ö Ö¤¥·- ±É¨´µ¨¤µ¢, ±µÉµ·Ò¥ · ¸¶ ¤ ÕÉ¸Ö ¢ ¶µ¤ ¢²ÖÕÐ¥³
Î¨¸²¥ ¸²ÊÎ ¥¢ ´  ´¥· ¢´Ò¥ Î ¸É¨, ¨ ±µ£¤  Ö·±µ ¶·µÖ¢²ÖÕÉ¸Ö ¨´¤¨¢¨¤Ê ²Ó-
´Ò¥ µ¡µ²µÎ¥Î´Ò¥ ¸¢µ°¸É¢  ¤¥²ÖÐ¨Ì¸Ö Ö¤¥· ¨ µ¸±µ²±µ¢. � ¡²Õ¤ ¥³ Ö Ê´¨-
¢¥·¸ ²Ó´µ¸ÉÓ ¸¨³³¥É·¨Î´µ£µ ¤¥²¥´¨Ö ¶·¨ §´ Î¨É¥²Ó´ÒÌ ¢µ§¡Ê¦¤¥´¨ÖÌ ³µ-
¦¥É ¸²Ê¦¨ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ µ¡µ¸´µ¢ ´¨¥³ ± ¶¥²Ó´µ° ³µ¤¥²¨ ± ± ËÊ´-
¤ ³¥´É  É¥µ·¨¨ ¤¥²¥´¨Ö Ö¤¥·. ‚ ¸¢µÕ µÎ¥·¥¤Ó, ¸ ³µ ¨§ÊÎ¥´¨¥
¸¨³³¥É·¨Î´µ£µ ¤¥²¥´¨Ö,   ¨³¥´´µ É ±¨Ì Ì · ±É¥·¨¸É¨±, ± ± ¸·¥¤´ÖÖ ±¨´¥-

É¨Î¥¸± Ö Ô´¥·£¨Ö µ¸±µ²±µ¢ E
__

k ¨ ¥¥ ¤¨¸¶¥·¸¨Ö σE
 2 , ®¦¥¸É±µ¸ÉÓ¯ (Ê¸Éµ°Î¨-

¢µ¸ÉÓ) Ö¤¥· d 2V6 dη2 ¶µ µÉ´µÏ¥´¨Õ ± ³ ¸¸- ¸¨³³¥É·¨Î´Ò³ ¤¥Ëµ·³ Í¨Ö³
η (ÔÉµÉ ¶ · ³¥É· ´¥¶µ¸·¥¤¸É¢¥´´µ ¸¢Ö§ ´ ¸ ´ ¡²Õ¤ ¥³µ° ´  µ¶ÒÉ¥

¤¨¸¶¥·¸¨¥° ³ ¸¸µ¢µ£µ · ¸¶·¥¤¥²¥´¨Ö σM
 2), ¡ ·Ó¥·Ò ¤¥²¥´¨Ö Ef ¨ ÔË-

Ë¥±É¨¢´Ò¥ ³µ³¥´ÉÒ ¨´¥·Í¨¨ JÔËË, Ö¢²Ö¥É¸Ö ¶·Ö³Ò³ ¸¶µ¸µ¡µ³ ¶·µ¢¥·±¨ ¥¥

¶·¥¤¸± § ´¨°.
‚ ́  Ï¥³ µ¡§µ·¥ [2] Î ¸É¨Î´µ § É· £¨¢ ²¨¸Ó ́ ¥±µÉµ·Ò¥ ¢µ¶·µ¸Ò ¤¥²¥´¨Ö

´ £·¥ÉÒÌ Ö¤¥·, É ±¨¥ ± ± ³¥Ì ´¨§³ Ëµ·³¨·µ¢ ´¨Ö Œ�� µ¸±µ²±µ¢ ¨ ·µ²Ó
¸¥¤²µ¢µ° ÉµÎ±¨ ¢ ÔÉµ³ ¶·µÍ¥¸¸¥, µ¤´ ±µ ¢ [2] £² ¢´µ¥ ¢´¨³ ´¨¥ ¡Ò²µ Ê¤¥-
²¥´µ ̈ ¸¸²¥¤µ¢ ´¨Õ Ö¤¥· ¢ ¡²¨¦ °Ï¥° µ±·¥¸É´µ¸É¨ ̧ ¢¨´Í  ¢ ̧ ¢Ö§¨ ¸ µ¡´ ·Ê-
¦¥´¨¥³ Ö¢²¥´¨Ö ³Ê²ÓÉ¨³µ¤ ²Ó´µ£µ ¤¥²¥´¨Ö ¤µ ±É¨´µ¨¤´ÒÌ Ö¤¥·. ‚ ´ ¸ÉµÖ-
Ð¥° · ¡µÉ¥ ³Ò · ¸¸³ É·¨¢ ¥³ ¤¥²¥´¨¥ ´ £·¥ÉÒÌ Ö¤¥· ¢ £µ· §¤µ ¡µ²¥¥
Ï¨·µ±µ³ ¤¨ ¶ §µ´¥ ³ ¸¸µ¢ÒÌ Î¨¸¥² ¸µ¸É ¢´ÒÌ Ö¤¥· ACN ~ 100 ÷ 270 ¨, ¸µ-

µÉ¢¥É¸É¢¥´´µ, ZCN ~ 47 ÷ 108.

‚¸Ö Ê± § ´´ Ö µ¡² ¸ÉÓ ¤¥²ÖÐ¨Ì¸Ö Ö¤¥· ³µ¦¥É ¡ÒÉÓ Ê¸²µ¢´µ ±² ¸¸¨Ë¨-
Í¨·µ¢ ´  ¶µ ¶·µ¸Éµ³Ê ¶·¨§´ ±Ê Å ´ ²¨Î¨¥ ¨²¨ µÉ¸ÊÉ¸É¢¨¥ ¸É ¤¨¨ ¸¶Ê¸±  ¸
¢¥·Ï¨´Ò ¡ ·Ó¥·  ± ÉµÎ±¥ · §·Ò¢ .

„²Ö Ö¤¥· ¸ ¶ · ³¥É·µ³ ¤¥²¨³µ¸É¨ Z 2 6 A ≥ 32 Ì · ±É¥·´µ ´ ²¨Î¨¥ É ±µ°
¸É ¤¨¨, ¶·µÉÖ¦¥´´µ¸ÉÓ ±µÉµ·µ° Ê¢¥²¨Î¨¢ ¥É¸Ö ¶·¨ ÊÉÖ¦¥²¥´¨¨ Ö¤¥·, ¨ ¸
ÔÉ¨³ ¸¢Ö§ ´µ ´ · ¸É ´¨¥ ¤¨´ ³¨Î¥¸±¨Ì ÔËË¥±Éµ¢ ¢ ¶·µÍ¥¸¸¥ ¤¥²¥´¨Ö [3].
…Ð¥ ¸µ¢¸¥³ ´¥¤ ¢´µ ¶·¨¢²¥± ²¨¸Ó  ²ÓÉ¥·´ É¨¢´Ò¥ ¶·¥¤¶µ²µ¦¥´¨Ö µ ·µ²¨
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¸¥¤²µ¢µ° ÉµÎ±¨ ¨²¨ ÉµÎ±¨ · §·Ò¢  ¢ Ëµ·³¨·µ¢ ´¨¨ ³ ¸¸ µ¸±µ²±µ¢ ¤¥²¥´¨Ö
ÉÖ¦¥²ÒÌ Ö¤¥·, ´µ Ê¦¥ ¶¥·¢Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ¸ ÉÖ¦¥²Ò³¨ ¨µ´ ³¨, £¤¥ ¨¸¸²¥-

¤µ¢ ²¨¸Ó ³ ¸¸µ¢Ò¥ ¨ § ·Ö¤µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö µ¸±µ²±µ¢ Ö¤¥· ¸ Z 2 6 A > 33

[4,5], ¶µ± § ²¨ ·¥§±µ¥ ¢µ§· ¸É ´¨¥ σM
 2 (Ê³¥´ÓÏ¥´¨¥ ¦¥¸É±µ¸É¨) ¸ Ê¢¥²¨-

Î¥´¨¥³ Z 2 6 A, ±µÉµ·µ¥ ´¨ ±µ²¨Î¥¸É¢¥´´µ, ´¨ ¤ ¦¥ ± Î¥¸É¢¥´´µ ´¥ µ¶¨¸Ò¢ -
²µ¸Ó ´¨ ¸É É¨¸É¨Î¥¸±µ° [6], ´¨ ¤¨´ ³¨Î¥¸±µ° ¸ ́ Ê²¥¢µ° ¢Ö§±µ¸ÉÓÕ [7] ³µ¤¥-
²Ö³¨. ’µ£¤  ¦¥ ¡Ò² ¸¤¥² ´ ¢Ò¢µ¤ µ Éµ³, ÎÉµ ¤²Ö ¸µ£² ¸µ¢ ´¨Ö Ô±¸¶¥·¨³¥´-
É ²Ó´ÒÌ ·¥§Ê²ÓÉ Éµ¢ ¸ · ¸Î¥É ³¨ ®´¥µ¡Ìµ¤¨³µ ¡· ÉÓ ´¥±µÉµ·Ò¥ ÔËË¥±É¨¢´Ò¥
¦¥¸É±µ¸É¨, Ê¸·¥¤´¥´´Ò¥ ¶µ ¢¸¥³Ê ¶ÊÉ¨ µÉ ¸¥¤²  ¤µ ÉµÎ±¨ · §·Ò¢  ¸µµÉ¢¥É-
¸É¢¥´´µ ¢·¥³¥´´µ³Ê Ì · ±É¥·Ê ¶·µÍ¥¸¸ ¯ [5].

�µ²ÓÏµ° ¶·µ£·¥¸¸ ¢ É¥µ·¥É¨Î¥¸±µ³ µ¶¨¸ ´¨¨ Œ�� ¡Ò² ¤µ¸É¨£´ÊÉ ¢
· ¡µÉ Ì �¤¥¥¢  ¸ ¸µ ¢Éµ· ³¨ (¸³.µ¡§µ· [3] ¨ ¸¸Ò²±¨ ¢ ´¥³), £¤¥ ¢ · ³± Ì
¤¨´ ³¨Î¥¸±µ° ¤¨ËËÊ§¨µ´´µ° ³µ¤¥²¨ ¸ ¢±²ÕÎ¥´¨¥³ ³¥Ì ´¨§³  ¤¢ÊÌÉ¥²Ó´µ°
¢Ö§±µ¸É¨ ¡Ò²¨ µ¡ÑÖ¸´¥´Ò ́  ¡²Õ¤ ¥³Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ É¥´¤¥´Í¨¨ ¢ ¶µ-

¢¥¤¥´¨¨ σM
 2 ¨ σE

 2 µÉ ´Ê±²µ´´µ£µ ¸µ¸É ¢  Ö¤¥·.

�¥¸±µ²Ó±µ ¸ ¤·Ê£¨Ì ¶µ§¨Í¨° ± ¨¸¸²¥¤µ¢ ´¨Õ ¤¨´ ³¨±¨ ¶·µÍ¥¸¸  ¤¥-
²¥´¨Ö ¶µ¤µÏ²¨  ¢Éµ·Ò É¥µ·¥É¨Î¥¸±µ° [8] ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¡µÉ
[9,10], £¤¥ ¡Ò²¨ ¨§ÊÎ¥´Ò ¢Ò¸Ï¨¥ ³µ³¥´ÉÒ (É·¥É¨° ¨ Î¥É¢¥·ÉÒ°) Ô´¥·£¥-
É¨Î¥¸±¨Ì · ¸¶·¥¤¥²¥´¨° (��) µ¸±µ²±µ¢, ±µÉµ·Ò¥ µ± § ²¨¸Ó ÎÊ¢¸É¢¨É¥²Ó-
´Ò³¨ ± µ¶·¥¤¥²¥´¨Õ ÉµÎ±¨ · §·Ò¢  Ö¤·  Å ¡Ò² ·¥Ï¥´ µ¤¨´ ¨§ ¤ ¢´¨Ì ¨
¶·¨´Í¨¶¨ ²Ó´ÒÌ ¢µ¶·µ¸µ¢ Ë¨§¨±¨ ¤¥²¥´¨Ö: ¶·¨ ± ±µ° Éµ²Ð¨´¥ Ï¥°±¨ Å
´Ê²¥¢µ° ¨²¨ ±µ´¥Î´µ° Å ¶·µ¨¸Ìµ¤¨É ÔÉµÉ · §·Ò¢.

�±¸¶¥·¨³¥´É ²Ó´µ³Ê ¨¸¸²¥¤µ¢ ´¨Õ ¤¨´ ³¨Î¥¸±¨Ì  ¸¶¥±Éµ¢ Ëµ·³¨·µ-
¢ ´¨Ö Œ�� ¶µ¸¢ÖÐ¥´ Î¥É¢¥·ÉÒ° · §¤¥² µ¡§µ· .

‘µ¢¸¥³ ¨´ Ö ¸¨ÉÊ Í¨Ö ̧ ±² ¤Ò¢ ¥É¸Ö ¤²Ö ²¥£±¨Ì Ö¤¥· ¸ Z 2 6 A ≤ 31. “ ´¨Ì
¸¥¤²µ¢ Ö ÉµÎ±  ¨ ÉµÎ±  · §·Ò¢  ¡²¨§±¨ ¨ ¶µ ¤¥Ëµ·³ Í¨¨, ¨ ¶µ ¶µÉ¥´Í¨ ²Ó-
´µ° Ô´¥·£¨¨, ¨, ¸µµÉ¢¥É¸É¢¥´´µ, ¤¨´ ³¨±  ¤¢¨¦¥´¨Ö Ö¤·  ± · §·Ò¢Ê ¶· ±É¨-
Î¥¸±¨ ´¥ ¨£· ¥É ´¨± ±µ° ·µ²¨. ‚ ÔÉµ³ ¸²ÊÎ ¥ ³µ¦´µ · ¸¸³ É·¨¢ ÉÓ ¤¥²¥´¨¥
ÔÉ¨Ì Ö¤¥· ¢ ¸É É¨Î¥¸±µ³ ¶µ¤Ìµ¤¥ ¨ ¶·¨ ÔÉµ³ µ¦¨¤ ÉÓ, ÎÉµ Ô±¸¶¥·¨³¥´É ²Ó-
´Ò¥ ¤ ´´Ò¥ ³µ£ÊÉ ¸²Ê¦¨ÉÓ É¥¸Éµ³ ¤²Ö ¶·µ¢¥·±¨ · §²¨Î´ÒÌ ±² ¸¸¨Î¥¸±¨Ì
(´¥ ¤¨´ ³¨Î¥¸±¨Ì) ¢ ·¨ ´Éµ¢ Œ†Š [11Å16], ¶·¥¤¸± §Ò¢ ÕÐ¨Ì ¸ÊÐ¥¸É¢µ-
¢ ´¨¥ (¤²Ö ´Ê²¥¢µ£µ Ê£²µ¢µ£µ ³µ³¥´É ) ÉµÎ±¨ �Ê¸¨´ ·µ Å ƒ ²²µ´¥ (�ƒ)
[17], £¤¥ Ö¤·µ ¶µ²´µ¸ÉÓÕ É¥·Ö¥É Ê¸Éµ°Î¨¢µ¸ÉÓ ¶µ µÉ´µÏ¥´¨Õ ± ³ ¸¸- ¸¨³-
³¥É·¨Î´µ° ¤¥Ëµ·³ Í¨¨ η. � ¸¶·¥¤¥²¥´¨¥ ³ ¸¸ µ¸±µ²±µ¢ ¶·¨ ¤¥²¥´¨¨ Ö¤¥·

¢ÒÏ¥ ÔÉµ° ÉµÎ±¨ ¶µ Z 2 6 A ¢ É¥µ·¨¨ ¤µ²¦´µ ¡ÒÉÓ ¡²¨§±µ ± £ Ê¸¸µ¢¸±µ³Ê,
¶·¨ ¶·¨¡²¨¦¥´¨¨ ± ´¥° Å ·¥§±µ ÊÏ¨·ÖÉÓ¸Ö, ¸É ´µ¢Ö¸Ó ¶²µ¸±¨³ ¢ Ï¨·µ±µ°
µ±·¥¸É´µ¸É¨ A6 2 ¢ ÉµÎ±¥ �ƒ ¨, ¤²Ö ¥Ð¥ ¡µ²¥¥ ²¥£±¨Ì Ö¤¥·, ¸É ´µ¢¨ÉÓ¸Ö
U-µ¡· §´Ò³ [18Å20]. ‘± § ´´µ¥ ¨²²Õ¸É·¨·Ê¥É ·¨¸.1 [18,20], £¤¥ ¶µ± § ´Ò:
 ) É¥µ·¥É¨Î¥¸±¨¥ · ¸Î¥ÉÒ ¶µÉ¥´Í¨ ²Ó´µ° Ô´¥·£¨¨ Ö¤·  V ¢ § ¢¨¸¨³µ¸É¨ µÉ
³ ¸¸µ¢µ°  ¸¨³³¥É·¨¨ α3 ¤²Ö Ê± § ´´ÒÌ Ö¤¥· [18], ¡) · ¸¸Î¨É ´´Ò¥ ¢
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¸É É¨¸É¨Î¥¸±µ³ ¶µ¤Ìµ¤¥ ¨§ V(α3) ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ³ ¸¸µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö

µ¸±µ²±µ¢ [18] ¨ ¢) Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ · ¡µÉÒ [19] µ · ¸¶·¥¤¥²¥´¨¨

§ ·Ö¤µ¢ µ¸±µ²±µ¢ ¤¥²¥´¨Ö ±µ³¶ Ê´¤-Ö¤¥· 83Kr, 102Rb ¨ 148Pm.

‡´ Î¥´¨Ö ÉµÎ±¨ �ƒ ´  µ¸¨ ³ ¸¸µ¢ÒÌ Î¨¸¥² ¸¨²Ó´µ µÉ²¨Î ÕÉ¸Ö ¤²Ö · §-
´ÒÌ ¢ ·¨ ´Éµ¢ Œ†Š. � ¶·¨³¥·, ¢ ¶·µ¸Éµ° ³µ¤¥²¨ Œ °¥·¸  Å ‘¢ÖÉ¥Í±µ£µ
[13] ¸ ·¥§±¨³ ±· ¥³ Ö¤·  µ´  ¶·¨Ìµ¤¨É¸Ö ¤²Ö ¤µ²¨´Ò β-¸É ¡¨²Ó´µ¸É¨ ´ 

¢¥²¨Î¨´Ê Z 2 6 A ~ 19,   ¢ ³µ¤¥²¨ Š· ¶¶¥ Å �¨±¸  Å ‘¨·±  [15] ¨²¨ ‘¨·± 
[16], ÊÎ¨ÉÒ¢ ÕÐ¥° ±µ·µÉ±µ¤¥°¸É¢¨¥ Ö¤¥·´ÒÌ ¸¨² ¨ ¤¨ËËÊ§´Ò° ±· ° Ö¤· ,

µ´  ¸µµÉ¢¥É¸É¢Ê¥É §´ Î¥´¨Õ Z 2 6 A ~ 22−23 (¢ § ¢¨¸¨³µ¸É¨ µÉ ¶ · ³¥É·µ¢)
[3,21,22]. �É¸Õ¤  ¸²¥¤Ê¥É, ÎÉµ ¥¥ ·¥ ²Ó´µ¥ ¶µ²µ¦¥´¨¥ ´  µ¸¨ ³ ¸¸µ¢ÒÌ
Î¨¸¥² Ö¤¥· ¨³¥¥É ¶·¨´Í¨¶¨ ²Ó´µ¥ §´ Î¥´¨¥ ¤²Ö ¢Ò¡µ·  ³µ¤¥²¨,  ¤¥±¢ É´µ°
µ¶ÒÉÊ.

�¨¸.1.  ) ’¥µ·¥É¨Î¥¸±¨¥ · ¸Î¥ÉÒ [18] ¶µÉ¥´Í¨ ²Ó´µ° Ô´¥·£¨¨ Ö¤·  V ¤²Ö Ö¤¥· Ga,
Xe ¨ Po ¢ § ¢¨¸¨³µ¸É¨ µÉ ±µÔËË¨Í¨¥´É  ³ ¸¸µ¢µ°  ¸¨³³¥É·¨¨ α3. ¡) � ¸cÎ¨É ´-

´Ò¥ ¢ ¸É É¨¸É¨Î¥¸±µ³ ¶µ¤Ìµ¤¥ ¢ [18] ¨§ § ¢¨¸¨³µ¸É¥° V(α3) ¤²Ö É¥Ì ¦¥ Ö¤¥·

³ ¸¸µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö µ¸±µ²±µ¢. ¢) �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ [19] µ · ¸¶·¥-
¤¥²¥´¨¨ § ·Ö¤µ¢ µ¸±µ²±µ¢, ¶µ²ÊÎ¥´´ÒÌ ¢ ·¥ ±Í¨ÖÌ 74Ge, 93Nb, 139La + 9Be
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• · ±É¥·¨§ÊÖ ²¥£±¨¥ Ö¤·  ¢ µ¡² ¸É¨ ÉµÎ±¨ �ƒ ± ± µ¡Ñ¥±É ¨¸¸²¥¤µ¢ ´¨°,
¸²¥¤Ê¥É µÉ³¥É¨ÉÓ ¨Ì ´¨§±ÊÕ ¢¥·µÖÉ´µ¸ÉÓ ¤¥²¥´¨Ö, ±µÉµ· Ö Ô±¸¶µ´¥´Í¨ ²Ó´µ

Ê¡Ò¢ ¥É ¸ Ê³¥´ÓÏ¥´¨¥³ Z 2 6 A, ¢ ¸¢Ö§¨ ¸ Î¥³ ¨§ÊÎ¥´¨¥ Œ�� µ¸±µ²±µ¢ ¢
·¥ ±Í¨ÖÌ  ¸  ²¥£±¨³¨  § ·Ö¦¥´´Ò³¨ Î ¸É¨Í ³¨ ¸ Ô´¥·£¨¥° ³¥´ÓÏ¥
80 ÷ 100 ŒÔ‚ (´¨§±¨¥ l) § É·Ê¤´¥´µ [23Å26]. �µÔÉµ³Ê ¨¸¶µ²Ó§µ¢ ´¨¥ ´¥
¸²¨Ï±µ³ ÉÖ¦¥²ÒÌ ¨µ´µ¢ (A ≤ 30), ¢ ·¥ ±Í¨ÖÌ ¸ ±µÉµ·Ò³¨ ¸ Ê¢¥²¨Î¥´¨¥³ l
§´ Î¨É¥²Ó´µ ¢µ§· ¸É ¥É ¢¥·µÖÉ´µ¸ÉÓ ¤¥²¥´¨Ö [27Å34], ´ ¨¡µ²¥¥ Í¥²¥¸µµ¡-
· §´µ. �±¸¶¥·¨³¥´É ²Ó´Ò³ ¨¸¸²¥¤µ¢ ´¨Ö³ Œ�� µ¸±µ²±µ¢ ¢ µ±·¥¸É´µ¸É¨
ÉµÎ±¨ �ƒ, ±µÉµ·Ò¥ § ¢¥·Ï¨²¨¸Ó ¥¥ µ¶·¥¤¥²¥´¨¥³ ¢ · ¡µÉ Ì  ¢Éµ·µ¢ ´ ¸ÉµÖ-
Ð¥£µ µ¡§µ·  [22,35], ¶µ¸¢ÖÐ¥´ É·¥É¨° · §¤¥².

‚ ·¥ ±Í¨ÖÌ ¸ ÉÖ¦¥²Ò³¨ ¨µ´ ³¨ ²¥£±µ ¤µ¸É¨£ ÕÉ¸Ö Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥-
´¨Ö, ±µ£¤  Ö¤·µ ´ £·¥Éµ ´ ¸Éµ²Ó±µ, ÎÉµ ¥£µ µ¡µ²µÎ¥Î´Ò³¨ ¸¢µ°¸É¢ ³¨ ³µ¦-
´µ ¶·¥´¥¡·¥ÎÓ. �¤´ ±µ ¶·¨ ÔÉµ³ Ö¤·µ ¶·¨µ¡·¥É ¥É §´ Î¨É¥²Ó´Ò° Ê£²µ¢µ°
³µ³¥´É l, ±µÉµ·Ò° ¸ ³ ´ Î¨´ ¥É ¸¨²Ó´µ ¢²¨ÖÉÓ ´  ¸¢µ°¸É¢  ¶·µÍ¥¸¸  ¤¥-
²¥´¨Ö, ·¥§±µ ¨§³¥´ÖÖ Ëµ·³Ê ¤¥²ÖÐ¥£µ¸Ö Ö¤· , ¸´¨¦ Ö ¡ ·Ó¥·Ò ¤¥²¥´¨Ö
[16,36], ÎÉµ, ¢ ±µ´¥Î´µ³ ¨Éµ£¥, ¶·¨¢µ¤¨É ± µÉ²¨Î¨Õ ´ ¡²Õ¤ ¥³ÒÌ ´  µ¶ÒÉ¥
Ì · ±É¥·¨¸É¨± Œ�� µ¸±µ²±µ¢ µÉ ¨Ì ¸¢µ°¸É¢ ¤²Ö ´¥¢· Ð ÕÐ¥£µ¸Ö Ö¤· , ¨,
¸²¥¤µ¢ É¥²Ó´µ, ¤²Ö ¸· ¢´¥´¨Ö ¸ É¥µ·¥É¨Î¥¸±¨³¨ ¶·¥¤¸± § ´¨Ö³¨ Œ†Š
[11Å16] ´¥µ¡Ìµ¤¨³µ ÉµÎ´µ¥ §´ ´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´µ° § ¢¨¸¨³µ¸É¨ Œ��
µÉ l. ˆ³¥´´µ ÔÉµ³Ê ¢µ¶·µ¸Ê ¶µ¸¢ÖÐ¥´ ¢Éµ·µ° · §¤¥² µ¡§µ· .

‚ ¶µ¸²¥¤´¨¥ £µ¤Ò ¨´É¥´¸¨¢´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö ³´µ¦¥¸É¢¥´´µ¸É¨ ¶·¥¤-
¤¥²¨É¥²Ó´ÒÌ ´¥°É·µ´µ¢ ν

__
pre, ±µÉµ·ÒÌ µ± § ²µ¸Ó ¤²Ö ¢Ò¸µ±µ¢µ§¡Ê¦¤¥´´ÒÌ

Ö¤¥· §´ Î¨É¥²Ó´µ ¡µ²ÓÏ¥, Î¥³ ¶·¥¤¸± §Ò¢ ¥É ¸É ´¤ ·É´ Ö ¸É É¨¸É¨Î¥¸± Ö
³µ¤¥²Ó, ¶·¨¢¥²¨ ± ¶µ´¨³ ´¨Õ ¤¥²¥´¨Ö ± ± ¤µ¸É ÉµÎ´µ ³¥¤²¥´´µ£µ, ¶·µ-
¨¸Ìµ¤ÖÐ¥£µ ¸ ¡µ²ÓÏ¨³ É·¥´¨¥³ ¶·µÍ¥¸¸  ¢ ¸¨²Ê ¶·µÖ¢²¥´¨Ö ¢Ö§±¨Ì ¸¢µ°¸É¢
Ö¤¥·´µ£µ ¢¥Ð¥¸É¢  [37]. �·¨ ÔÉµ³ ¤¥²ÖÐ¥¥¸Ö Ö¤·µ ¶µ¸²¥ ¨¸¶Ê¸± ´¨Ö νpre

µ¡² ¤ ¥É £µ· §¤µ ³¥´ÓÏ¥° Ô´¥·£¨¥° ¢µ§¡Ê¦¤¥´¨Ö (¨²¨ É¥³¶¥· ÉÊ·µ°), Î¥³
´ Î ²Ó´µ¥.

�·¨ ¸É É¨¸É¨Î¥¸±µ³  ´ ²¨§¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶·µ¸Éµ ´¥µ¡-
Ìµ¤¨³µ §´ ´¨¥ É¥³¶¥· ÉÊ·Ò, ¶·¨ ±µÉµ·µ° ·¥ ²Ó´µ ¤¥²¨É¸Ö Ö¤·µ,   ¤²Ö ÔÉµ£µ,
¸µµÉ¢¥É¸É¢¥´´µ, ´Ê¦´µ ÉµÎ´µ¥ §´ ´¨¥ Î¨¸²  ¶·¥¤¤¥²¨É¥²Ó´ÒÌ ´¥°É·µ´µ¢.
�±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ µ ν

__
pre ¢ ²¨É¥· ÉÊ·¥ ¤µ¸É ÉµÎ´µ ³´µ£µ, ´µ µ´¨,

¥¸É¥¸É¢¥´´µ, ´¥ µÌ¢ ÉÒ¢ ÕÉ ¢¸¥ Ö¤·  ¨ Ô´¥·£¨¨, ´¥µ¡Ìµ¤¨³Ò¥ ¤²Ö  ´ ²¨§ 
Œ��. ‚ · ¡µÉ Ì [22,38] ¡Ò²  ¸µ§¤ ´  Ô³¶¨·¨Î¥¸± Ö ¸¨¸É¥³ É¨±  Î¨¸² 
ν
__
pre, ¶µ§¢µ²ÖÕÐ Ö µ¶·¥¤¥²ÖÉÓ ÔËË¥±É¨¢´ÊÕ É¥³¶¥· ÉÊ·Ê ¤¥²ÖÐ¥£µ¸Ö Ö¤· 

¶µ¸²¥ ¢Ò²¥É  ν
__
pre. �¡¸Ê¦¤¥´¨Õ ÔÉµ£µ ¢µ¶·µ¸  ¶µ¸¢ÖÐ¥´ ¶¥·¢Ò° · §¤¥² ´ -

¸ÉµÖÐ¥° · ¡µÉÒ.
ˆÉ ±, ´ Î ²Ó´Ò¥ ¤¢  · §¤¥²  µ¡§µ·  Ö¢²ÖÕÉ¸Ö ± ± ¡Ò ¶·¥²Õ¤¨¥° ± ¶µ-

¸²¥¤ÊÕÐ¨³ ¤¢Ê³ Å  ´ ²¨§Ê Œ��, ´µ ¢³¥¸É¥ ¸ É¥³ ¶·¥¤¸É ¢²ÖÕÉ §´ Î¨É¥²Ó-
´Ò° ¸ ³µ¸ÉµÖÉ¥²Ó´Ò° ¨´É¥·¥¸. �¸´µ¢Ê · ¡µÉÒ ¸µ¸É ¢²ÖÕÉ Ô±¸¶¥·¨³¥´ÉÒ,
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¢Ò¶µ²´¥´´Ò¥ ¸ ÊÎ ¸É¨¥³  ¢Éµ·µ¢ µ¡§µ·  ´   ²³ - É¨´¸±µ³ ¨§µÌ·µ´´µ³
Í¨±²µÉ·µ´¥, ¶µ ¨§ÊÎ¥´¨Õ ·¥ ±Í¨° ¸ ²¥£±¨³¨ § ·Ö¦¥´´Ò³¨ Î ¸É¨Í ³¨ ¨ ¢
‹ ¡µ· Éµ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° �¡Ñ¥¤¨´¥´´µ£µ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤µ-
¢ ´¨° ¢ „Ê¡´¥, ¸ ¶ÊÎ± ³¨ ÉÖ¦¥²ÒÌ ¨µ´µ¢. � ¸ÉµÖÐ Ö · ¡µÉ  Ö¢²Ö¥É¸Ö ¶·µ-
¤µ²¦¥´¨¥³ Í¨±²  ¨¸¸²¥¤µ¢ ´¨° Ì · ±É¥·¨¸É¨± ¶·µÍ¥¸¸  ¤¥²¥´¨Ö Ö¤¥·, ÔÉ -
¶Ò ±µÉµ·ÒÌ ¡Ò²¨ µ¶Ê¡²¨±µ¢ ´Ò ¢ µ¡§µ· Ì [2,39].

1. �Œˆ‘‘ˆŸ ��…„- ˆ ��‘’„…‹ˆ’…‹œ�›• �…‰’����‚
ˆ �””…Š’ˆ‚��Ÿ ’…Œ�…��’“��

��ƒ�…’›• „…‹Ÿ™ˆ•‘Ÿ Ÿ„…�

1.1. �¡Ð¨¥ ¶·¥¤¸É ¢²¥´¨Ö. ‚ ¶µ¸²¥¤´¨¥ ¤¥¸ÖÉ¨²¥É¨Ö ¡Ê·´µ · §¢¨¢ ²¨¸Ó
Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö ¢ÒÌµ¤µ¢ ´¥°É·µ´µ¢, ¸µ¶·µ¢µ¦¤ ÕÐ¨Ì ¤¥-
²¥´¨¥, ¢ µ¸´µ¢´µ³, ¢ ·¥ ±Í¨ÖÌ ¸ ÉÖ¦¥²Ò³¨ ¨µ´ ³¨ [40Å56] (¸³. É ±¦¥
µ¡§µ·Ò [37,57,58]). �¡Ñ¥±Éµ³ ÔÉ¨Ì ¨¸¸²¥¤µ¢ ´¨° Ö¢²ÖÕÉ¸Ö § ±µ´µ³¥·´µ¸É¨
³´µ¦¥¸É¢¥´´µ£µ ¨¸¶Ê¸± ´¨Ö ´¥°É·µ´µ¢  ν

__
 ¶·¨ É ±¨Ì Ô´¥·£¨ÖÌ ¢µ§¡Ê¦¤¥´¨Ö

E ∗, ±µ£¤  ¶·µÍ¥¸¸ ¤¥²¥´¨Ö ¸É ´µ¢¨É¸Ö Ô³¨¸¸¨µ´´Ò³. ‚ ÔÉµ³ ¸²ÊÎ ¥ ¢ ´ -
¡²Õ¤ ¥³ÒÌ ¢ÒÌµ¤ Ì ν

__
 §´ Î¨É¥²¥´ ¢±² ¤ ¶·¥¤¤¥²¨É¥²Ó´ÒÌ ´¥°É·µ´µ¢ ν

__
pre,

¨¸¶Ê¸± ¥³ÒÌ ´¥ ¨§ µ¸±µ²±µ¢ (ν
__
post),   ¨§ ¤¥²ÖÐ¥£µ¸Ö Ö¤· , ¤µ Éµ£µ, ± ± µ´µ

ÊÉ· Î¨¢ ¥É ¸¢µÕ Í¥²µ¸É´µ¸ÉÓ.
�´ ²¨§ ·¥§Ê²ÓÉ Éµ¢ Ô±¸¶¥·¨³¥´Éµ¢ ¶µ± § ², ÎÉµ ¢¥²¨Î¨´  ¨ Ô´¥·£¥É¨Î¥-

¸± Ö § ¢¨¸¨³µ¸ÉÓ µ¡¥¨Ì ¸µ¸É ¢²ÖÕÐ¨Ì ¶µ²´µ° ³´µ¦¥¸É¢¥´´µ¸É¨ ´¥°É·µ´µ¢

ν
__
t (E

 ∗) = ν
__
pre

(E ∗) + ν
__
post

(E ∗) (1)

´¥µ¡ÑÖ¸´¨³Ò ¢ · ³± Ì É· ¤¨Í¨µ´´ÒÌ ¸É É¨¸É¨Î¥¸±¨Ì ¶·¥¤¸É ¢²¥´¨°, É.±.

Î¨¸²µ ν
__
pre

 ¶·¨ ¸·¥¤´¨Ì Ô´¥·£¨ÖÌ ¢µ§¡Ê¦¤¥´¨Ö E ∗ ~ 50 ÷ 100 ŒÔ‚ µ± § -

²µ¸Ó ³´µ£µ ¡µ²ÓÏ¥ (¤²Ö Ö¤¥·- ±É¨´µ¨¤µ¢ Å ¶µÎÉ¨ ´  ¶µ·Ö¤µ±), Î¥³ ¶·¥¤-
¸± §Ò¢ ÕÉ ¸É É¨¸É¨Î¥¸±¨¥ ³µ¤¥²¨. ’¥µ·¥É¨Î¥¸±µ¥ µ¶¨¸ ´¨¥ § ¢¨¸¨³µ¸É¨

ν
__
pre

(E ∗) ¶µÉ·¥¡µ¢ ²µ ÊÎ¥É  ¤¨´ ³¨±¨ ¶·µÍ¥¸¸  ¤¥²¥´¨Ö ¸ µ¡Ö§ É¥²Ó´Ò³

¢±²ÕÎ¥´¨¥³ ¢ ´¥£µ É ±µ° Ì · ±É¥·¨¸É¨±¨, ± ± ¢Ö§±µ¸ÉÓ Ö¤¥·´µ£µ ¢¥Ð¥¸É¢ 
(¸³., ´ ¶·¨³¥·, µ¡§µ·Ò [37,59]).

‘µ£² ¸´µ ¸ÊÐ¥¸É¢ÊÕÐ¨³ ¶·¥¤¸É ¢²¥´¨Ö³, ¨³¥ÕÐ¨³ µ¡Ï¨·´µ¥ Ô±¸¶¥-
·¨³¥´É ²Ó´µ¥ µ¡µ¸´µ¢ ´¨¥, ´¥°É·µ´Ò, ¢¶²µÉÓ ¤µ ¶µ·µ£  Ô³¨¸¸¨µ´´µ£µ ¤¥-
²¥´¨Ö, ¨¸¶Ê¸± ÕÉ¸Ö ¶·¥¨³ÊÐ¥¸É¢¥´´µ ¨§ ¢µ§¡Ê¦¤¥´´ÒÌ µ¸±µ²±µ¢, Ê¸±µ·¥´-
´ÒÌ ¶·¨ ¢§ ¨³´µ³ ±Ê²µ´µ¢¸±µ³ µÉÉ ²±¨¢ ´¨¨, É.¥. ν

__
t ≅ ν

__
post . ‘ ³µ ¨¸¶Ê¸-

± ´¨¥ ¶µ¸É¤¥²¨É¥²Ó´ÒÌ ´¥°É·µ´µ¢ ¸²¥¤Ê¥É ¨§ ³µ¤¥²¨ ¨¸¶ ·¥´¨Ö,
¨§µÉ·µ¶´µ° ¢ ¸¨¸É¥³¥ µ¸±µ²± , ´µ ¸¨²Ó´µ  ´¨§µÉ·µ¶´µ° ¢ ² ¡µ· Éµ·´µ°
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¸¨¸É¥³¥, £¤¥ ¨Ì Ê£²µ¢µ¥ · ¸¶·¥¤¥²¥´¨¥ ¨³¥¥É Ëµ·³Ê ¤µ¸É ÉµÎ´µ Ê§±¨Ì ·µ§¥-
Éµ± ¶µ ¤¢¨¦¥´¨Õ µ¸±µ²±µ¢. �Éµ ¸¢µ°¸É¢µ ¨¸¶µ²Ó§Ê¥É¸Ö ¤²Ö ¸¥¶ · Í¨¨ ¨Ì µÉ
¶·¥¤¤¥²¨É¥²Ó´ÒÌ ´¥°É·µ´µ¢, ³¥Ì ´¨§³ Ô³¨¸¸¨¨ ¡µ²ÓÏ¨´¸É¢  ±µÉµ·ÒÌ, ± ±
¨ ¢ ¶·¥¤Ò¤ÊÐ¥³ ̧ ²ÊÎ ¥, Ö¢²Ö¥É¸Ö ̈ ¸¶ ·¨É¥²Ó´Ò³ (· ¢´µ¢¥¸´Ò³, ̈ §µÉ·µ¶´Ò³
¢ ¸.Í.³.). �¥±µÉµ· Ö Î ¸ÉÓ ¶·¥¤¤¥²¨É¥²Ó´ÒÌ ́ ¥°É·µ´µ¢, µÉ´µ¸ÖÐ Ö¸Ö ± ́  Î -
²Ê Ô³¨¸¸¨µ´´µ° Í¥¶µÎ±¨, ¨¸¶Ê¸± ¥É¸Ö ´¥¶µ¸·¥¤¸É¢¥´´µ ¢ ·¥§Ê²ÓÉ É¥ ´¥· ¢-
´µ¢¥¸´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ¡µ³¡ ·¤¨·ÊÕÐ¥° Î ¸É¨ÍÒ ¸ Ö¤·µ³. ’ ±¨¥ ´¥°É-
·µ´Ò ³µ¦´µ ¢Ò¤¥²¨ÉÓ ¶µ ¢¨¤Ê Ê£²µ¢µ£µ ¨ Ô´¥·£¥É¨Î¥¸±µ£µ · ¸¶·¥¤¥²¥´¨°
(¸³., ´ ¶·¨³¥·, [40Å43,55]).

�  ´ ¡²Õ¤ ¥³Ò¥ Ì · ±É¥·¨¸É¨±¨ ¶·µÍ¥¸¸  ¤¥²¥´¨Ö ¨¸¶Ê¸± ´¨¥ ¶µ¸É-
¤¥²¨É¥²Ó´ÒÌ ´¥°É·µ´µ¢ µ± §Ò¢ ¥É ´¥¡µ²ÓÏµ¥ ¢²¨Ö´¨¥, ´ ¶·¨³¥·, ´  ³ ¸¸µ-
¢µ-Ô´¥·£¥É¨Î¥¸±¨¥ · ¸¶·¥¤¥²¥´¨Ö µ¸±µ²±µ¢, ¶·¨Î¥³ ¢¥²¨Î¨´  ÔËË¥±É  ̈  ̧ µ-
µÉ¢¥É¸É¢ÊÕÐ¨Ì ¶µ¶· ¢µ± § ¢¨¸¨É µÉ ³¥Éµ¤  ¨§³¥·¥´¨° [60Å62]. ˆ¸¶Ê¸-
± ´¨¥ ¶·¥¤¤¥²¨É¥²Ó´ÒÌ ´¥°É·µ´µ¢ ¢¥¤¥É ± ¡µ²¥¥ ¸¥·Ó¥§´Ò³ ¸²¥¤¸É¢¨Ö³,
µ± §Ò¢ Ö £²µ¡ ²Ó´µ¥ ¢µ§¤¥°¸É¢¨¥ ´  ¢¥¸Ó ¶·µÍ¥¸¸ ¤¥²¥´¨Ö. �´µ Ëµ·³¨·Ê¥É
´µ¢Ò¥ ¢µ§³µ¦´µ¸É¨ ¤²Ö ¤¥²¥´¨Ö ¨²¨, ± ± Î ¸Éµ £µ¢µ·ÖÉ, ®Ï ´¸Ò¯, ¢±²ÕÎ Ö,
É¥³ ¸ ³Ò³, ¢ ¨£·Ê ·¥ ±Í¨¨, ¢ ±µÉµ·ÒÌ ¤¥²ÖÉ¸Ö Ö¤·  ¸ ³¥´ÓÏ¥° ³ ¸¸µ° ¨
Ô´¥·£¨¥° ¢µ§¡Ê¦¤¥´¨Ö. �µ¸²¥¤´¥¥ µ¡¸ÉµÖÉ¥²Ó¸É¢µ ¸µ§¤ ¥É §´ Î¨É¥²Ó´Ò¥
É·Ê¤´µ¸É¨ ¤²Ö ̈ §ÊÎ¥´¨Ö Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ Ì · ±É¥·¨¸É¨± ¶·µÍ¥¸-
¸  ¤¥²¥´¨Ö. ˆ³¥´´µ ¶·µ ÔÉÊ ¸¨ÉÊ Í¨Õ £µ¢µ·ÖÉ, ÎÉµ ¤¥²¥´¨¥ ¶·¨µ¡·¥É ¥É
Ô³¨¸¸¨µ´´Ò° Ì · ±É¥·. ˆ¸± ¦¥´¨Ö, ¢´µ¸¨³Ò¥ ¤ ´´Ò³ ¸¢µ°¸É¢µ³, µ¶·¥¤¥²Ö-
ÕÉ¸Ö ¢¥²¨Î¨´µ° ν

__
pre. �´¨, ± ± ¶· ¢¨²µ, §´ Î¨É¥²Ó´µ ¡µ²ÓÏ¥ ÔËË¥±Éµ¢, ¸¢Ö-

§ ´´ÒÌ ¸ Ô³¨¸¸¨¥° ´¥°É·µ´µ¢ ¨§ µ¸±µ²±µ¢, ¨ ¨Ì ´¥²Ó§Ö Ê¸É· ´¨ÉÓ ¨²¨
Ê³¥´ÓÏ¨ÉÓ ¨§³¥´¥´¨¥³ ³¥Éµ¤¨±¨ ¨§³¥·¥´¨°, ± ± ¢ ¶·¥¤Ò¤ÊÐ¥³ ¸²ÊÎ ¥
(ν
__
post). �µ ÔÉµ° ¶·¨Î¨´¥ ´ Ï¥ ¢´¨³ ´¨¥ ¡Ê¤¥É ¢ µ¸´µ¢´µ³ ¸µ¸·¥¤µÉµÎ¥´µ ´ 

¸µ¸É ¢²ÖÕÐ¥° ¢ÒÌµ¤  ν
__
pre. �·¨ Ô³¨¸¸¨µ´´µ³ ¤¥²¥´¨¨ Ö¤·µ ¸ ´ Î ²Ó´µ°

Ô´¥·£¨¥° ¢µ§¡Ê¦¤¥´¨Ö E ∗ ³µ¦¥É · §¤¥²¨ÉÓ¸Ö ¢ µ¤´µ° ¨§ (Ai , xnf )-·¥ ±Í¨°,

£¤¥ Ai Å ¸¨³¢µ² ¡µ³¡ ·¤¨·ÊÕÐ¥° Î ¸É¨ÍÒ,   x = 0, 1,..., xmax(E ∗) Å Î¨¸²µ

´¥°É·µ´µ¢, ±µÉµ·µ¥ ³µ¦¥É ¡ÒÉÓ ¨¸¶ÊÐ¥´µ ¤µ ¤¥²¥´¨Ö. Š ¦¤ Ö ¨§ É ±¨Ì

·¥ ±Í¨° ¢´µ¸¨É ¸¢µ° ¢±² ¤ σfx(E
 ∗) ¢ ¶µ²´µ¥ ¸¥Î¥´¨¥ ¤¥²¥´¨Ö:

σf (E
 ∗) =     ∑ 

x = 0

x
max

(E ∗)

   σfx(E
 ∗) (2)

¨ ¸·¥¤´¨° ¢ÒÌµ¤ ¶·¥¤¤¥²¨É¥²Ó´ÒÌ ´¥°É·µ´µ¢:

ν
__
pre

(E ∗) =     ∑ 
x = 0

x
max

(E ∗)

   x 
σfx(E

 ∗)

σf (E
 ∗)

 .
(3)
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‹Õ¡ Ö Ì · ±É¥·¨¸É¨±  Ô³¨¸¸¨µ´´µ£µ ¤¥²¥´¨Ö ¥¸ÉÓ ̧ Ê¶¥·¶µ§¨Í¨Ö (¸·¥¤´¥¥)

F
__

(E ∗, A) =     ∑ 
x = 0

x
max

(E ∗)

   FA − x(E
 ∗ − E

__
ν x) 

σfx(E
 ∗)

σf (E
 ∗)

 ≅

≅ F
A − x̂

 (E ∗) − E
__

νν
__
pre

(E ∗) 
dE

A − x̂
 (E ∗)

dE ∗  + Á ≅ F
A − x̂

 (E ∗ − E
__

νν
__
pre

), (4)

£¤¥ F
A − x̂

 (Ux) Å É  ¦¥ Ì · ±É¥·¨¸É¨±  ¤²Ö µ¸É ÉµÎ´µ£µ Ö¤·  A − x̂ ¸ Ô´¥·-

£¨¥° ¢µ§¡Ê¦¤¥´¨Ö Ux = E ∗ − E
__

νx, E
__

ν Å ¸·¥¤´ÖÖ ¤²Ö Í¥¶µÎ±¨ ´¥°É·µ´´µ£µ

± ¸± ¤  Ô´¥·£¨Ö µÉ¤¥²¥´¨Ö ´¥°É·µ´ , ¢±²ÕÎ ÕÐ Ö ¢ ¸¥¡Ö Ô´¥·£¨Õ ¸¢Ö§¨ ¨
±¨´¥É¨Î¥¸±ÊÕ Ô´¥·£¨Õ ε, É.¥.

E
__

ν = B
__

n + ε
_
, (5)

x̂ Å ¡²¨¦ °Ï¥¥ ± ν
__
pre

 Í¥²µ¥ Î¨¸²µ. �·¨¡²¨¦¥´´ Ö Î ¸ÉÓ (4) ¤¥³µ´¸É·¨-

·Ê¥É § ¢¨¸¨³µ¸ÉÓ ´ ¡²Õ¤ ¥³ÒÌ ¢¥²¨Î¨´ µÉ Î¨¸²  ¨¸¶ÊÐ¥´´ÒÌ ¤µ ¤¥²¥´¨Ö
´¥°É·µ´µ¢ ¨ ¸¶µ¸µ¡ ¢¢¥¤¥´¨Ö ¶µ¶· ¢±¨ ´  ÔÉµÉ ÔËË¥±É. �·¨ ÔÉµ³ ¤¥² ¥É-
¸Ö µÎ¥¢¨¤´µ¥ ¤²Ö ¡µ²ÓÏ¨´¸É¢  Ì · ±É¥·¨¸É¨± ¤µ¶ÊÐ¥´¨¥, ÎÉµ ¨§³¥´¥´¨¥
³ ¸¸µ¢µ£µ Î¨¸²  A → A − x̂ ¸± §Ò¢ ¥É¸Ö §´ Î¨É¥²Ó´µ ̧ ² ¡¥¥, Î¥³ ̈ §³¥´¥´¨¥

Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö E ∗ → E ∗Å E
__

νν
__
pre

, ¨ ³Ò ¨³ ¡Ê¤¥³ ¶·¥´¥¡·¥£ ÉÓ.

1.2. �³¶¨·¨Î¥¸± Ö ¸¨¸É¥³ É¨±  ν
__

pre ¨ ν
__

post. •µÉÖ Î¨¸²µ Ô±¸¶¥·¨³¥´-

É ²Ó´ÒÌ ¤ ´´ÒÌ µ ν
__
pre ¨ ν

__
post ¤µ¸É ÉµÎ´µ ¢¥²¨±µ, µ´µ, ¥¸É¥¸É¢¥´´µ, ´¥ µÌ¢ -

ÉÒ¢ ¥É ¢¸¥ Ö¤·  ¨ Ô´¥·£¨¨, ´¥µ¡Ìµ¤¨³Ò¥ ¤²Ö  ´ ²¨§  Ì · ±É¥·¨¸É¨±, ¢ Éµ³
Î¨¸²¥ ¨ Œ�� µ¸±µ²±µ¢. ’¥µ·¨Ö ¢ ÔÉµ³ ¢µ¶·µ¸¥ ´¥ ´ ¸Éµ²Ó±µ ¶·µ¤¢¨´Ê² ¸Ó
¢¶¥·¥¤, ÎÉµ¡Ò ¶·¥¤¸± §Ò¢ ÉÓ ¢¸¥ ´ ¡²Õ¤ ¥³Ò¥ ´  µ¶ÒÉ¥ § ±µ´µ³¥·´µ¸É¨
¢ÒÌµ¤  ¶·¥¤- ¨ ¶µ¸É¤¥²¨É¥²Ó´ÒÌ ´¥°É·µ´µ¢. �µÔÉµ³Ê ¢ · ¡µÉ Ì [38,22] ´ 
µ¸´µ¢¥ ¢ÒÏ¥¶¥·¥Î¨¸²¥´´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¡µÉ ¡Ò²  ¸µ§¤ ´  ¨ § É¥³
Ê¸µ¢¥·Ï¥´¸É¢µ¢ ´  Ô³¶¨·¨Î¥¸± Ö ¸¨¸É¥³ É¨±  ³´µ¦¥¸É¢¥´´µ¸É¨ ν

__
pre ¨

ν
__
post ¢ § ¢¨¸¨³µ¸É¨ µÉ A ¨ E ∗ ¤¥²ÖÐ¨Ì¸Ö Ö¤¥·.

�  ·¨¸.2 ¢ ± Î¥¸É¢¥ ¶·¨³¥·  ¶·¨¢¥¤¥´  ¢Ò¡µ·±  ¨¸Ìµ¤´ÒÌ Ô±¸¶¥·¨³¥´-
É ²Ó´ÒÌ ¤ ´´ÒÌ µ¡ Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ ¤²Ö ´ ¨¡µ²¥¥ ¶µ¤·µ¡´µ
¨§ÊÎ¥´´ÒÌ Ö¤¥· [46,47,49,51]. ˆ§ ´¥£µ ¸²¥¤Ê¥É, ÎÉµ ¤²Ö µ¡µ¨Ì ¸² £ ¥³ÒÌ
¶µ²´µ£µ ¢ÒÌµ¤  ´¥°É·µ´µ¢ Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ ¢Ò¶µ²´Ö¥É¸Ö ²¨´¥°´ Ö ¸¢Ö§Ó

¸ Ô´¥·£¨¥° ¢µ§¡Ê¦¤¥´¨Ö ´ Î ²Ó´µ£µ ¸µ¸É ¢´µ£µ Ö¤·  E ∗,   É ±¦¥ ¢¨¤´µ, ÎÉµ

µ´¨ ̈  ̈ Ì ¶·µ¨§¢µ¤´Ò¥ ¶µ E ∗ ³µ´µÉµ´´µ ̈  ¤µ¸É ÉµÎ´µ ³¥¤²¥´´µ ̈ §³¥´ÖÕÉ¸Ö
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¸ ³ ¸¸µ¢Ò³ Î¨¸²µ³ A. �Éµ ¶µ§¢µ²Ö¥É ¸µ§¤ ÉÓ ¤µ¸É ÉµÎ´µ ¶·µ¸ÉÊÕ  ¶-
¶·µ±¸¨³ Í¨Õ ¤²Ö § ¢¨¸¨³µ¸É¨ µ¡e¨Ì ±µ³¶µ´¥´É ¢ÒÌµ¤  ´¥°É·µ´µ¢ ¤¥²¥´¨Ö
µÉ ¤¢ÊÌ Ê± § ´´ÒÌ ¶ · ³¥É·µ¢ ¤¥²ÖÐ¨Ì¸Ö Ö¤¥·.

�  ·¨¸.3 ¶µ± § ´Ò A- ¨ E ∗-§ ¢¨¸¨³µ¸É¨ ν
__
pre ¨ ν

__
post. ®�±¸¶¥·¨³¥´É ²Ó-

´Ò¥¯ ÉµÎ±¨ ¶µ²ÊÎ¥´Ò ²¨´¥°´µ° ¨´É¥·¶µ²ÖÍ¨¥° ¨²¨ Ô±¸É· ¶µ²ÖÍ¨¥° Ô´¥·-

�¨¸.2. �·¨³¥·Ò Ô´¥·£¥É¨Î¥¸±¨Ì § ¢¨¸¨³µ¸É¥° ¢ÒÌµ¤  ³´µ¦¥¸É-
¢¥´´µ¸É¨ ´¥°É·µ´µ¢ ν

__
pre ¨ ν

__
post [38] ¤²Ö · §²¨Î´ÒÌ Ö¤¥· ¨ ¨Ì ²¨-

´¥°´µ¥ µ¶¨¸ ´¨¥: ¸¶²µÏ´Ò¥ ²¨´¨¨ Å ³¥Éµ¤µ³ ´ ¨³¥´ÓÏ¨Ì ±¢ ¤-
· Éµ¢; ÏÉ·¨Ìµ¢Ò¥ Å ¸µ£² ¸´µ ¸¨¸É¥³ É¨± ³ (6) ¨ (7). �±¸¶¥·¨-
³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¢§ÖÉÒ ¨§ · ¡µÉ [46,47,49,51]
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£¥É¨Î¥¸±¨Ì § ¢¨¸¨³µ¸É¥°, ¶·¨³¥·Ò ±µÉµ·ÒÌ ¤ ´Ò ´  ·¨¸.2 (¸¶²µÏ´Ò¥

²¨´¨¨). Š ± ¶· ¢¨²µ, µ´¨ ¶·¥¤¸É ¢²ÖÕÉ ±µ´±·¥É´Ò¥ ´ Î ²Ó´Ò¥ ¸µ¸É ¢´Ò¥

Ö¤· , ¨¸±²ÕÎ¥´¨¥ ¸¤¥² ´µ ¤²Ö £·Ê¶¶Ò Ö¤¥· UÅCm, ¢ ¸¢Ö§¨ ¸ Î¥³ ¤²Ö ´¨Ì ́  

·¨¸.3 Ê± § ´ ̈ ´É¥·¢ ² ³ ¸¸µ¢ÒÌ Î¨¸¥². „²Ö ν
__
pre Ìµ·µÏµ ¢Ò¶µ²´Ö¥É¸Ö ²¨´¥°-

´ Ö § ¢¨¸¨³µ¸ÉÓ µÉ A. ‘¥³¥°¸É¢µ ν
__
pre(A, E ∗) ¢ Í¥²µ³ ¨³¥¥É ¢¨¤ ¶ÊÎ±  ¶·Ö-

�¨¸.3. ‡ ¢¨¸¨³µ¸ÉÓ ν
__
pre ¨ ν

__
post µÉ ³ ¸¸µ¢µ£µ Î¨¸²  ¤¥²Ö-

Ð¥£µ¸Ö Ö¤·  A ¨ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö E ∗. ‹¨´¨¨ ¢µ¸-
¶·µ¨§¢µ¤ÖÉ µ¶¨¸ ´¨¥ ÉµÎ¥±, ¸µ£² ¸´µ (6) ¨ (7), ¶µ²ÊÎ¥´-
´ÒÌ ¨´É¥·¶µ²ÖÍ¨¥° ¨ Ô±¸É· ¶µ²ÖÍ¨¥° ²¨´¥°´ÒÌ § ¢¨¸¨-

³µ¸É¥° ν
__
pre(E

 ∗) ¨ ν
__
post(E

 ∗), ¶·¨³¥·Ò ±µÉµ·ÒÌ ¶µ± § ´Ò

´  ·¨¸.2 ¸¶²µÏ´Ò³¨ ²¨´¨Ö³¨. �·Ö³ Ö ²¨´¨Ö ¢´¨§Ê
µ¶¨¸Ò¢ ¥É § ¢¨¸¨³µ¸ÉÓ ν

__
post(A, 0) ¤²Ö ¸¶µ´É ´´µ£µ ¤¥-

²¥´¨Ö
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³ÒÌ  ²¨´¨° E ∗ = const,  · ¸Ìµ¤ÖÐ¨Ì¸Ö  ¸  Ê¢¥²¨Î¥´¨¥³  A,  ¨  µ¶¨¸Ò¢ ¥É¸Ö
¢Ò· ¦¥´¨¥³

ν
__
pre

(A, E ∗) = 1,98 − 0,0133A − 0,0376E ∗ + 0,00042AE ∗. (6)

�´ ²µ£¨Î´µ¥ ¸¥³¥°¸É¢µ ν
__
post(A, E ∗), ´ ¶·µÉ¨¢, Ö¢²Ö¥É¸Ö ¸Ìµ¤ÖÐ¨³¸Ö

¶ÊÎ±µ³ ²¨´¨°, ¨³¥ÕÐ¨Ì ±·¨¢¨§´Ê,   ¨³¥´´µ:

ν
__
post

(A, E ∗) = − 4,52 − 0,0017A + 0,0705E ∗ + 0,000155A 2 − 0,000216AE ∗.     (7)

�·Ö³ Ö ²¨´¨Ö ́   ·¨¸.3 ¶·¨¡²¨§¨É¥²Ó´µ ¢µ¸¶·µ¨§¢µ¤¨É ´ ¡²Õ¤ ¥³ÊÕ § -
¢¨¸¨³µ¸ÉÓ ν

__
post(A, 0) ¤²Ö ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö Ö¤¥·. �µ¤Î¥·±´¥³, ÎÉµ ±¢ ¤-

· É¨Î´Ò° Î²¥´ ~ A 2 ¢ (7) ®§ £¨¡ ¥É¯ ¸¥³¥°¸É¢µ ²¨´¨° ´  ·¨¸.3 ¢ ± Î¥¸É¢¥´-
´µ³ ¸µµÉ¢¥É¸É¢¨¨ ¸ ¶µ¢¥¤¥´¨¥³ ν

__
post(A, 0).

’µÎ´µ¸ÉÓ µ¶¨¸ ´¨Ö ν
__
pre ¨ ν

__
post, ¸µ£² ¸´µ (6), (7), ¢ · ¡µÉ¥ [38] µÍ¥´¨¢ -

¥É¸Ö ± ± 6Å7% ¤²Ö Ô´¥·£¨° ¢µ§¡Ê¦¤¥´¨Ö E ∗ ≤ 110 ŒÔ‚.
�·¨ ¡µ²¥¥ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ ¢µ§¡Ê¦¤¥´¨Ö (≥ 120 ÷ 250 ŒÔ‚), ¶·µÍ¥¸¸

¤¥¢µ§¡Ê¦¤¥´¨Ö Ö¤·  Ê¸²µ¦´Ö¥É¸Ö Å ¶µÖ¢²Ö¥É¸Ö §´ Î¨É¥²Ó´µ¥ Î¨¸²µ ¶·¥¤-
· ¢´µ¢¥¸´ÒÌ ´¥°É·µ´µ¢ νpe ¨ ¶·µÉµ´µ¢ (¢¥·µÖÉ´µ, § ¢¨¸ÖÐ¥¥ µÉ ¢¨¤  ´ ²¥-

É ÕÐ¥£µ ¨µ´  [40,43]), Ê´µ¸ÖÐ¨Ì §´ Î¨É¥²Ó´ÊÕ Ô´¥·£¨Õ ¢µ§¡Ê¦¤¥´¨Ö ∆Epe ,

±µÉµ·ÊÕ ¢ µ¡Ð¥³ ¸²ÊÎ ¥ É·Ê¤´µ ÉµÎ´µ ÊÎ¥¸ÉÓ. ‚ · ¡µÉ Ì [40Å43,55] ´ 
µ¸´µ¢¥ ¨§³¥·¥´¨Ö ¸¶¥±É·µ¢ ´¥°É·µ´µ¢ ¤¥²¥´¨Ö ¡Ò²¨ ¨§¢²¥Î¥´Ò §´ Î¥´¨Ö

ν
__
pe ¨ ∆E

__
pe ¤²Ö · §²¨Î´ÒÌ ·¥ ±Í¨° ¨ µÍ¥´¥´Ò Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö Ö¤¥·

E ∗∗ ¶µ¸²¥ ¢Ò²¥É  ν
__
pe . �  ·¨¸.4 ¶·¥¤¸É ¢²¥´Ò ¸¨¸É¥³ É¨§¨·µ¢ ´´Ò¥ [22]

¤ ´´Ò¥ ¤²Ö · §´ÒÌ ¤¨ ¶ §µ´µ¢ Ö¤¥· µ ´ °¤¥´´ÒÌ ¨§ Ô±¸¶¥·¨³¥´É  §´ -

Î¥´¨ÖÌ ν
__
pe ¨ ∆E

__
pe , ´  µ¸´µ¢¥ ±µÉµ·ÒÌ ³µ¦´µ µÍ¥´¨ÉÓ E ∗∗.

Š ± ¶µ± § ²  ´ ²¨§ ¢ · ¡µÉ¥ [22], Ô³¶¨·¨Î¥¸± Ö Ëµ·³Ê²  (6) ³µ¦¥É

¶·¥É¥´¤µ¢ ÉÓ ´  ¤µ¸É ÉµÎ´µ Ìµ·µÏ¥¥ µ¶¨¸ ´¨¥ ν
__
pre ¶·¨ § ¤ ´´ÒÌ Z ¨ E ∗

Éµ²Ó±µ ¢ µ¡² ¸É¨ §´ Î¥´¨° A = (Aβ − 5) ± 3, £¤¥ Aβ Å ³ ¸¸µ¢µ¥ Î¨¸²µ ¤¥²Ö-

Ð¥£µ¸Ö Ö¤·  ¸ ¤ ´´Ò³¨ Z ¤²Ö ¤µ²¨´Ò β-¸É ¡¨²Ó´µ¸É¨: 

Aβ − 2Z = 0,4Aβ
2 6 (Aβ + 200), (8)

(Aβ − 5) ¥¸ÉÓ ¸·¥¤´¥¥ §´ Î¥´¨¥ ³ ¸¸µ¢µ£µ Î¨¸²  ¤¥²ÖÐ¥£µ¸Ö ´¥°É·µ´µ¤¥Ë¨-

Í¨É´µ£µ Ö¤· , µ¡ÒÎ´µ ¶µ²ÊÎ ÕÐ¥£µ¸Ö ¢ ·¥ ±Í¨ÖÌ ¸ ÉÖ¦¥²Ò³¨ ¨µ´ ³¨.
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ˆ³¥´´µ ¢¡²¨§¨ ´¥£µ ¤²Ö · §´ÒÌ
Z ¨ ¶µ²ÊÎ¥´µ ¡µ²ÓÏ¨´¸É¢µ Ô±¸-
¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ µ ³´µ-
¦¥¸É¢¥´´µ¸É¨ ν

__
pre

, ±µÉµ·µ¥  ´ -

²¨§¨·µ¢ ²µ¸Ó ¢ [38]. ˆ§µÉµ¶¨-
Î¥¸±ÊÕ § ¢¨¸¨³µ¸ÉÓ ¢ ¡µ²¥¥
Ï¨·µ±µ³, Î¥³ Ê± § ´µ, ¤¨ ¶ §µ-
´¥ A ¸¨¸É¥³ É¨±  (6) ´¥ ¢µ¸-
¶·µ¨§¢µ¤¨É. ’ ± ± ± ¢ ¶·¨¢²¥± -
¥³ÒÌ ¢ ¤ ²Ó´¥°Ï¥³ ¤²Ö  ´ ²¨§ 
Œ�� ¤ ´´ÒÌ ¤²¨´  ¨§µÉµ¶¨Î¥¸-
±¨Ì Í¥¶µÎ¥± ³µ¦¥É ¤µ¸É¨£ ÉÓ
§´ Î¥´¨Ö ∆N ~ 12, Éµ ¢ · ¡µÉ¥
[22] ÔÉ  ¸¨¸É¥³ É¨±  Ê¸µ¢¥·-
Ï¥´¸É¢µ¢ ´  ¶ÊÉ¥³ ¢¢µ¤  ¢ ´¥¥
¸µµÉ¢¥É¸É¢ÊÕÐ¥£µ ¶ · ³¥É· .

‘²¥¤Ê¥É ¸· §Ê µÉ³¥É¨ÉÓ, ÎÉµ
Ô±¸¶¥·¨³¥´É ²Ó´µ° ¨´Ëµ·³ Í¨¨
µ¡ ¨§µÉµ¶¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨

ν
__
pre ¤²Ö · §²¨Î´ÒÌ Ö¤¥· ¢ ²¨É¥· ÉÊ·¥ ³ ²µ, ¨ ¢ [22] ¶·¨¢²¥± ²¨¸Ó · §´µ·µ¤-

´Ò¥ ¤ ´´Ò¥, ¶µ²ÊÎ¥´´Ò¥ ¢ ·¥ ±Í¨ÖÌ ¸ ÉÖ¦¥²Ò³¨ ¨µ´ ³¨ µÉ 12C ¤µ 40Ar. � 
·¨¸.5,  ¶·¨¢¥¤¥´Ò Ô´¥·£¥É¨Î¥¸±¨¥ § ¢¨¸¨³µ¸É¨ ν

__
pre ¤²Ö É·¥Ì Í¥¶µÎ¥± ̈ §µÉµ-

¶µ¢ Ö¤¥· Fr, Pb ¨ Yb (§¤¥¸Ó ¨¸¶µ²Ó§µ¢ ´Ò ·¥§Ê²ÓÉ ÉÒ · ¡µÉ [40,43,47Å

50,55,57,58]), ¶·¨Î¥³ ¤²Ö ¤ ´´ÒÌ c E ∗ > 115 ŒÔ‚ ¨§ [40,49,55] Ô´¥·£¨Ö ¢µ§-

¡Ê¦¤¥´¨Ö ¶µ¶· ¢²¥´  ´  ν
__
pe ¨ ∆E

__
pe ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ ·¨¸.4. „²Ö ¸µ¶µ¸É ¢-

²¥´¨Ö ¢ÒÌµ¤µ¢ ν
__
pre ¶·¨ E ∗ = const (ÏÉ·¨Ì¶Ê´±É¨·´Ò¥ ¶·Ö³Ò¥), ¨§-§ 

´¥Ì¢ É±¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶·¨Ï²µ¸Ó ¢ ´¥¡µ²ÓÏ¨Ì ¶·¥¤¥² Ì Ô±¸-
É· ¶µ²¨·µ¢ ÉÓ ¥¥ ¤²Ö ´¥±µÉµ·ÒÌ ¨§µÉµ¶µ¢, ¨¸¶µ²Ó§ÊÖ ²¨´¥°´µ¸ÉÓ

§ ¢¨¸¨³µ¸É¨ ν
__
pre µÉ E ∗ (¸¶²µÏ´Ò¥ ¶·Ö³Ò¥). �·¥¤¸É ¢²¥´´Ò¥ ´  ·¨¸.5,  ¢

É ±µ³ ¢¨¤¥ ¤ ´´Ò¥ c¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ ´ ²¨Î¨¨ ¤µ¸É ÉµÎ´µ ¸¨²Ó´µ° ¨§µ-

�¨¸.4. ‘¨¸É¥³ É¨±  [22] § ¢¨¸¨³µ¸É¨
¸·¥¤´¥£µ Î¨¸²  ¶·¥¤· ¢´µ¢¥¸´ÒÌ
´¥°É·µ´µ¢ ν

__
pe ¨ Ê´µ¸¨³µ° Ô´¥·£¨¨

∆E
__

pe ¤²Ö Ê± § ´´ÒÌ ¤¨ ¶ §µ´µ¢ Ö¤¥·

µÉ ´ Î ²Ó´µ° Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö

E ∗ ¢ · §²¨Î´ÒÌ ·¥ ±Í¨ÖÌ. „ ´´Ò¥
¢§ÖÉÒ ¨§ [43,55]
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Éµ¶¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ ν
__
pre, ¨ ·¨¸.5,¡ ¤¥³µ´¸É·¨·Ê¥É ¥¥ ¤²Ö É¥Ì ¦¥ Í¥¶µ-

Î¥± Ö¤¥· ¶·¨ Ë¨±¸¨·µ¢ ´´ÒÌ Z ¨ E ∗. ˜É·¨Ìµ¢Ò¥ ¶·Ö³Ò¥ ¸µµÉ¢¥É¸É¢ÊÕÉ

· ¸Î¥É ³ ¶µ Ëµ·³Ê²¥ (6) ¸ Ë¨±¸¨·µ¢ ´´µ° Ô´¥·£¨¥° ¢µ§¡Ê¦¤¥´¨Ö. � £²Ö¤´µ

¢¨¤´µ, ÎÉµ Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ µ¶¨¸Ò¢ ÕÉ¸Ö §´ Î¥´¨Ö ν
__
pre ²¨ÏÓ ¢ ¤µ¸É ÉµÎ´µ

Ê§±µ³ ¤¨ ¶ §µ´¥ A. ‘¶²µÏ´Ò³¨ ±·¨¢Ò³¨ ¶µ± § ´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ ¶µ

Ê¸µ¢¥·Ï¥´¸É¢µ¢ ´´µ° ¢ [22] ¸¨¸É¥³ É¨±¥

ν
__
pre
 A  = ν

pre

A
β  − 0,0055δ2 + 0,071δ + 0,30, (9)

�¨¸.5.  ) �´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³µ¸ÉÓ ³´µ¦¥¸É¢¥´´µ¸É¨ ν
__
pre

¤²Ö Í¥¶µÎ¥± ¨§µÉµ¶µ¢ Yb, Pb, Fr [22]. �±¸¶¥·¨³¥´É ²Ó´Ò¥
¤ ´´Ò¥ ¢§ÖÉÒ ¨§ [43,49,50,55,57,58]; ¡) ‡ ¢¨¸¨³µ¸ÉÓ ν

__
pre µÉ

ACN ¶·¨ Ë¨±¸¨·µ¢ ´´ÒÌ E ∗, ¶µ± § ´´ÒÌ ÏÉ·¨Ì¶Ê´±É¨·´Ò-

³¨ ²¨´¨Ö³¨ ´  ·¨¸.5, . Aβ Å §´ Î¥´¨¥ ACN ¤²Ö ¤µ²¨´Ò β-

¸É ¡¨²Ó´µ¸É¨ (8). ˜É·¨Ìµ¢Ò¥ ²¨´¨¨ Å · ¸Î¥É ¶µ ¸¨¸É¥³ -
É¨±¥ (6), ¸¶²µÏ´Ò¥ ±·¨¢Ò¥ Å · ¸Î¥É ¶µ (6) ¨ (9)
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£¤¥ δ = (A − Aβ), Aβ Å ¶µ-¶·¥¦´¥³Ê §´ Î¥´¨¥ A ¤²Ö ¤µ²¨´Ò β-¸É ¡¨²Ó´µ¸É¨

(8) ¶·¨ Ë¨±¸¨·µ¢ ´´µ³ Z,   ν
__
pre

 A
β Å ¥¸ÉÓ §´ Î¥´¨¥ ν

__
pre

, ¢ÒÎ¨¸²¥´´µ¥ ¸µ-

£² ¸´µ (6) ¤²Ö A = Aβ. ŠµÔËË¨Í¨¥´ÉÒ ¢ (9) ¶µ¤µ£´ ´Ò ¤²Ö ´ ¨²ÊÎÏ¥£µ

µ¶¨¸ ´¨Ö ν
__
pre

 (A) ´  ·¨¸.5,¡. ’ ±¨³ µ¡· §µ³, · ¸Î¥ÉÒ ¶µ ¸µ¢µ±Ê¶´µ¸É¨

Ëµ·³Ê² (6) ¨ (9) ¤µ²¦´Ò ¤ ¢ ÉÓ ´ ¨¡µ²¥¥ ¡²¨§±¨¥ ± Ô±¸¶¥·¨³¥´ÉÊ §´ -

Î¥´¨Ö ν
__
pre
 A .  ‚ [22] ¡Ò²µ ¶·µ¤¥³µ´¸É·¨·µ¢ ´µ Ìµ·µÏ¥¥ ¸µ£² ¸¨¥ Ê¸µ¢¥·-

Ï¥´¸É¢µ¢ ´´µ° ¸¨¸É¥³ É¨±¨ ¸ · ´¥¥ ´¥ · ¸¸³ É·¨¢ ¢Ï¨³¨¸Ö ¤ ´´Ò³¨
[55,63,64].

’¥¶¥·Ó ¸ ¨§¢¥¸É´Ò³ Î¨¸²µ³ ν
__
pre ¤²Ö ±µ´±·¥É´µ° ·¥ ±Í¨¨ ³µ¦´µ ¢Ò-

Î¨¸²¨ÉÓ ÔËË¥±É¨¢´ÊÕ É¥³¶¥· ÉÊ·Ê ¢ ¸¥¤²µ¢µ° ÉµÎ±¥ ¢· Ð ÕÐ¥£µ¸Ö Ö¤· 

¶µ¸²¥ ¢Ò²¥É  ν
__
pre,  ¶·¨ ÔÉµ³, ¥¸É¥¸É¢¥´´µ, §´ Ö ´ Î ²Ó´µ¥ ¢µ§¡Ê¦¤¥´¨¥ E ∗,

E
~ ∗, E ∗(l) ¨ É¥³¶¥· ÉÊ·Ê θsp

0  : 

E ∗ = ECM + (∆Mi + ∆Mt − ∆MCN), (10)

E
~ ∗ = ECN + (∆Mi + ∆Mt − ∆M

~
CN), (11)

E ∗(l ) = E
~ ∗ − E

rot
 gs(l ), (12)

θsp
0  = {[E ∗(l )]6 a}1 6 2, (13)

θsp
ef  = {[E ∗(l ) − ν

__
pre

E
__

ν − E
~

f (l )]6 a}1 6 2. (14)

‚ ¸µµÉ´µÏ¥´¨ÖÌ (10)Å(14) E ∗ ¢ÒÎ¨¸²Ö¥É¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ §´ -
Î¥´¨Ö³¨ ¤¥Ë¥±É  ³ ¸¸ ¨µ´  ∆Mi , ³¨Ï¥´¨ ∆Mt ¨ ¸µ¸É ¢´µ£µ Ö¤·  ∆MCN ¨§

[65], E
~ ∗ Å ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¦¨¤±µ± ¶¥²Ó´ÒÌ §´ Î¥´¨° ¤¥Ë¥±É  ³ ¸¸ ¤²Ö

∆M
~

CN ¨§ · ¡µÉÒ [66], E ∗(l ) Å ¸ ÊÎ¥Éµ³ Ô´¥·£¨¨ ¢· Ð¥´¨Ö Ö¤·  ¢ µ¸´µ¢´µ³

¸µ¸ÉµÖ´¨¨ Erot
 gs(l ), ¸µ£² ¸´µ Œ†Š ‘¨·±  [16] ¨²¨ Œ†Š ¤²Ö ¢· Ð ÕÐ¨Ì¸Ö

Ö¤¥· ŠµÔ´  Å �²Ô§¨²  Å ‘¢ÖÉ¥Í±µ£µ [36], Ef (l ) Å ¡ ·Ó¥· ¤¥²¥´¨Ö, a Å

¶ · ³¥É· ¶²µÉ´µ¸É¨ Ê·µ¢´¥°, Î Ð¥ ¢¸¥£µ ¢Ò¡¨· ¥É¸Ö a = A6 8 ¨²¨
a = 0,093A. Š·µ³¥ Éµ£µ, ¢ [22,35,67] ¶µ² £ ²µ¸Ó, ÎÉµ ± ¦¤Ò° ¨¸¶ÊÐ¥´´Ò°
´¥°É·µ´ Ê³¥´ÓÏ ¥É Ê£²µ¢µ° ³µ³¥´É Ö¤·  ´  2h.

1.3. ’¥µ·¥É¨Î¥¸±¨¥  ¸¶¥±ÉÒ ¤¨´ ³¨±¨ ¨¸¶Ê¸± ´¨Ö ´¥°É·µ´µ¢ νpre. ‚

· ¡µÉ Ì [21,22,35,67,68] ¤²Ö ´ Ìµ¦¤¥´¨Ö É¥³¶¥· ÉÊ·Ò θsp
ef  (14) ´¥Ö¢´µ ¶·¥¤-

¶µ² £ ²µ¸Ó, ÎÉµ ¢¸¥ ´¥°É·µ´Ò ν
__
pre ¨¸¶Ê¸± ÕÉ¸Ö ¤µ ¸¥¤²µ¢µ° ÉµÎ±¨. „²Ö
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²¥£±¨Ì Ö¤¥· ¸ Z 2 6 A ≤ 30−32, £¤¥ ¶· ±É¨Î¥¸±¨ ´¥É ¸É ¤¨¨ ¸¶Ê¸± , ÔÉµ ¤µ¶Ê-
Ð¥´¨¥ ¢¶µ²´¥ µ¶· ¢¤ ´´µ, ´µ, ´ ¶·¨³¥·, ¤²Ö ÉÖ¦¥²ÒÌ Ö¤¥·- ±É¨´µ¨¤µ¢,
µ´µ, ¢¥·µÖÉ´¥¥ ¢¸¥£µ, ´¥¸¶· ¢¥¤²¨¢µ, É.±. ¤²Ö ´¨Ì ¸¥¤²µ¢ Ö ¨ · §·Ò¢´ Ö
±µ´Ë¨£Ê· Í¨¨ · §¤¥²¥´Ò ¤µ¸É ÉµÎ´µ ¶·µÉÖ¦¥´´Ò³ ¸¶Ê¸±µ³, ¨ ¥¸²¨ ¤¥²¥´¨¥
Å ¶·µÍ¥¸¸ ³¥¤²¥´´Ò°, ÎÉµ ¸¥°Î ¸ µ¡Ð¥¶·¨§´ ´µ [37], Éµ ´  ¸¶Ê¸±¥ ¢¶µ²´¥
Ê¸¶¥¢ ¥É ¨¸¶Ê¸É¨ÉÓ¸Ö ´¥±µÉµ· Ö Î ¸ÉÓ ´¥°É·µ´µ¢ µÉ µ¡Ð¥£µ ±µ²¨Î¥¸É¢  ν

__
pre.

�·¨³¥´¨É¥²Ó´µ ± ̧ ²ÊÎ Õ, ±µ£¤  ̈ ¸¸²¥¤ÊÕÉ¸Ö · ¸¶·¥¤¥²¥´¨Ö ³ ¸¸ µ¸±µ²-
±µ¢, ¦¥² É¥²Ó´µ ¡Ò²µ ¡Ò §´ ÉÓ, ± ± Ö Î ¸ÉÓ ν

__
pre ¨§²ÊÎ ¥É¸Ö ¤µ µ¡² ¸É¨ ¨Ì

Ëµ·³¨·µ¢ ´¨Ö ̈  ± ± Ö ¶µ¸²¥, Éµ£¤  ¢Éµ· Ö Î ¸ÉÓ ν
__
pre ¤²Ö µ¶·¥¤¥²¥´¨Ö ·¥ ²Ó-

´µ° É¥³¶¥· ÉÊ·Ò ´¥ ¨£· ²  ¡Ò ¸ÊÐ¥¸É¢¥´´µ° ·µ²¨. …Ð¥ ¤¥¸ÖÉ¨²¥É¨¥ ´ § ¤
¶·¨¢²¥± ²¨¸Ó  ²ÓÉ¥·´ É¨¢´Ò¥ ¶·¥¤¶µ²µ¦¥´¨Ö µ ·µ²¨ ¸¥¤²µ¢µ° ÉµÎ±¨, ¨²¨
ÉµÎ±¨ · §·Ò¢  ¢ Ëµ·³¨·µ¢ ´¨¨ ³ ¸¸ µ¸±µ²±µ¢. Š ´ ¸ÉµÖÐ¥³Ê ³µ³¥´ÉÊ ´ 
µ¸´µ¢¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ [2,4,5,21,22,26,35,67Å70] ¨ É¥µ·¥É¨Î¥¸±¨Ì [3]
(¢ · ³± Ì ¤¨ËËÊ§¨µ´´µ° ³µ¤¥²¨) ¨¸¸²¥¤µ¢ ´¨° ³µ¦´µ ÊÉ¢¥·¦¤ ÉÓ ¸²¥¤ÊÕ-

Ð¥¥: ¤²Ö Ö¤¥· ̧  Z 2 6 A ≤ 33 µ¶·¥¤¥²ÖÕÐÊÕ ·µ²Ó ̈ £· ¥É ¢¥·Ï¨´  ¡ ·Ó¥· ; ¤²Ö
¡µ²¥¥ ÉÖ¦¥²ÒÌ Ö¤¥· Å ̧ É ¤¨Ö ¸¶Ê¸± : Î¥³ ÉÖ¦¥²¥¥ Ö¤·µ, É¥³ ¸¨²Ó´¥¥ ®§ ¡Ò-
¢ ¥É¸Ö¯ ¸¥¤²µ¢ Ö ÉµÎ± . �µ²¥¥ ¶µ¤·µ¡´µ ÔÉµÉ ¢µ¶·µ¸ ³Ò µ¡¸Ê¤¨³ ´¨¦¥,  
¶µ±  ¢¥·´¥³¸Ö ± ν

__
pre. Š ¸µ¦ ²¥´¨Õ, ¶·Ö³µ° Ô±¸¶¥·¨³¥´É ²Ó´µ° ¨´Ëµ·³ -

Í¨¨ µ ±µ²¨Î¥¸É¢¥ ν
__
pre, ̈ ¸¶Ê¸± ¥³ÒÌ ́   · §´ÒÌ ̧ É ¤¨ÖÌ ¶·µÍ¥¸¸  ¤¥²¥´¨Ö, ́ ¥

¸ÊÐ¥¸É¢Ê¥É.

‚ ¶µ¸²¥¤´¨¥ £µ¤Ò É¥µ·¥É¨Î¥¸±¨¥ ¶µ¤Ìµ¤Ò ± µ¶¨¸ ´¨Õ ν
__
pre ¡Ò²¨ · §-

¢¨ÉÒ ¢ · ¡µÉ Ì [59,71Å80] ´  µ¸´µ¢¥ ² ´¦¥¢¥´µ¢¸±µ° ¤¨´ ³¨±¨ [59,71Å
75,78], ¤¨ËËÊ§¨µ´´µ° [76,77] ¨ ¸É É¨¸É¨Î¥¸±µ° ¸ § ¤¥·¦±µ° ¢·¥³¥´¨ ¤¥-
²¥´¨Ö [79,80] ³µ¤¥²¥°. �¤´µ° ¨§ µ¸´µ¢´ÒÌ ¢¥²¨Î¨´ ³µ¤¥²¥° [59,71Å78]
Ö¢²Ö¥É¸Ö ¡¥§· §³¥·´Ò° ¶ · ³¥É· § ÉÊÌ ´¨Ö ±µ²²¥±É¨¢´µ£µ ¤¢¨¦¥´¨Ö ¤²Ö
¤¥²¨É¥²Ó´µ° ³µ¤Ò [81,82] γ = β6 2ω0, £¤¥ β Å ±µÔËË¨Í¨¥´É § ÉÊÌ ´¨Ö, Ì -

· ±É¥·¨§ÊÕÐ¨° ¢¥²¨Î¨´Ê ¢Ö§±µ¸É¨ Ö¤¥·´µ£µ ¢¥Ð¥¸É¢ ,   ω0 ~ 1 ⋅ 1021 c−1 Å

Î ¸ÉµÉ  µ¸Í¨²²ÖÉµ· , µ¶¨¸Ò¢ ÕÐ¥£µ ¶µÉ¥´Í¨ ²Ó´ÊÕ Ô´¥·£¨Õ V ´  ¢¥·Ï¨´¥
¡ ·Ó¥· .

‚ ¸¥·¨¨ · ¡µÉ [59,72Å75] ±µÔËË¨Í¨¥´É β ´¥ Ö¢²Ö¥É¸Ö § ¤ ´´µ° ±µ´-
¸É ´Éµ°,   § ¢¨¸¨É µÉ µ¸´µ¢´µ° ¤¥²¨É¥²Ó´µ° ¤¥Ëµ·³ Í¨¨: µÉ µ¸´µ¢´µ£µ ¸µ-

¸ÉµÖ´¨Ö ¤µ ³µ³¥´É  ¶µÖ¢²¥´¨Ö Ï¥°±¨ β = const = 2 ⋅ 1021 ¸−1, ¤ ²¥¥ ¤µ ÉµÎ±¨

· §·Ò¢  β ²¨´¥°´µ ¢µ§· ¸É ¥É ¤µ 30 ⋅ 1021 ¸−1. ’ ±µ¥ ¶µ¢¥¤¥´¨¥ β ¸É·µ£µ ´¥
µ¡µ¸´µ¢ ´µ, ´µ ¢ [72] ³µÉ¨¢¨·Ê¥É¸Ö É¥³ µ¡¸ÉµÖÉ¥²Ó¸É¢µ³, ÎÉµ ¸ β = const
´¥¢µ§³µ¦´µ µ¤´µ¢·¥³¥´´µ µ¶¨¸ ÉÓ, ¸ µ¤´µ° ¸Éµ·µ´Ò, ¢¥·µÖÉ´µ¸ÉÓ ¤¥²¥´¨Ö,

É·¥¡ÊÕÐÊÕ ³ ²µ° ¢Ö§±µ¸É¨ β = 2 − 3 ⋅ 1021 ¸−1, ¸ ¤·Ê£µ° Å ν
__
pre, É·¥¡ÊÕÐ¥°,

¢ ¸·¥¤´¥³, β = 20 ⋅ 1021 ¸−1. Š Î¥¸É¢¥´´µ ¶µ¤µ¡´µ¥ ¶µ¢¥¤¥´¨¥ β ¢ [59,72Å
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75] ³µ¦´µ ¶µ´ÖÉÓ, ̈ ¸Ìµ¤Ö ̈ § ¶·¥¤¶µ²µ¦¥´¨Ö, ÎÉµ ¢ ¤¥²ÖÐ¥³¸Ö Ö¤·¥, ¶µ±  ́ ¥
¸Ëµ·³¨·µ¢ ² ¸Ó Ï¥°± , ± ± ¡Ò ¶·¥µ¡² ¤ ¥É ¤¢ÊÌÉ¥²Ó´Ò° ³¥Ì ´¨§³ ¢Ö§-
±µ¸É¨ (¶µ ¶µ·Ö¤±Ê ¢¥²¨Î¨´Ò) ¨, ¸µµÉ¢¥É¸É¢¥´´µ, Ì · ±É¥·´Ò¥ ÔÉµ³Ê ¸²ÊÎ Õ
³ ²Ò¥ §´ Î¥´¨Ö β, ¶µ¸²¥ µ¡· §µ¢ ´¨Ö Ï¥°±¨ ¨ ¥¥ ÊÉµ´Î¥´¨Ö ´ Î¨´ ¥É (µ¶-
ÖÉÓ ± ± ¡Ò) ¶·¥¢ ²¨·µ¢ ÉÓ ³¥Ì ´¨§³, ¶µ¤µ¡´Ò° ¶µ¢¥·Ì´µ¸É´µ³Ê É·¥´¨Õ
(surface friction) ¸ ¡µ²ÓÏ¨³ ´  ¶µ·Ö¤µ± β, ± ± ÔÉµ É·¥¡Ê¥É¸Ö ¤²Ö µ¶¨¸ ´¨Ö
¶·µÍ¥¸¸  ¸²¨Ö´¨Ö Å ¶·µÍ¥¸¸ , ¤µ ´¥±µÉµ·µ° ¸É¥¶¥´¨ µ¡· É´µ£µ ¤¥²¥´¨Õ
[83]. ‘ ¢ÒÏ¥Ê¶µ³Ö´ÊÉÒ³, ´µ Ê´¨¢¥·¸ ²Ó´Ò³ ¤²Ö ¢¸¥Ì Ö¤¥· ¶µ¢¥¤¥´¨¥³ β ¢
[59,72Å75] Ê¤ ²µ¸Ó Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ µ¤´µ¢·¥³¥´´µ ¢µ¸¶·µ¨§¢¥¸É¨ ¢¥·µ-

ÖÉ´µ¸ÉÓ ¤¥²¥´¨Ö ¨ ν
__
pre ¤²Ö Ï¨·µ±µ£µ ±·Ê£  Ö¤¥· µÉ 178W ¤µ 251Es .

�¤´ ±µ ̧ ²¥¤Ê¥É µ¡· É¨ÉÓ ¢´¨³ ´¨¥ ́   Éµ µ¡¸ÉµÖÉ¥²Ó¸É¢µ, ÎÉµ É ±µ¥ ®Ô±-
§µÉ¨Î¥¸±µ¥¯ ¶µ¢¥¤¥´¨¥ β ¢ § ¢¨¸¨³µ¸É¨ µÉ ¤¥Ëµ·³ Í¨¨, ± ± ¢ [59,72Å75],
³µ¦¥É ¨ ´¥ ¶µÉ·¥¡µ¢ ÉÓ¸Ö ¤²Ö µ¤´µ¢·¥³¥´´µ£µ µ¶¨¸ ´¨Ö Ì · ±É¥·¨¸É¨±
¶·µÍ¥¸¸  ¤¥²¥´¨Ö. ’ ±, ¢ · ¡µÉ¥ [78]  ¢Éµ·Ò ¢ · ³± Ì ¸É ´¤ ·É´µ£µ µ¤´µ-
É¥²Ó´µ£µ ³¥Ì ´¨§³  É·¥´¨Ö ®¸É¥´Ò ¸ µ±´µ³¯ (wall-and-window one-body
dissipation), ¢±²ÕÎ¨¢ ¢ ³µ¤¥²Ó § ¢¨¸¨³µ¸ÉÓ ¶µ¢¥·Ì´µ¸É´µ° Ô´¥·£¨¨ µÉ É¥³-
¶¥· ÉÊ·Ò, ÎÉµ ¶·¨¢µ¤¨É ± ¶µ´¨¦¥´¨Õ ¡ ·Ó¥·  ¤¥²¥´¨Ö, ¸Ê³¥²¨ µ¤´µ¢·¥³¥´-

´µ ¢µ¸¶·µ¨§¢¥¸É¨ ¸¥Î¥´¨Ö ¸²¨Ö´¨Ö, ¤¥²¥´¨Ö, µ¸É É±µ¢ ¨¸¶ ·¥´¨Ö, ν
__
pre ¨ E

__
k

Å ¸·¥¤´ÕÕ ¶µ²´ÊÕ ±¨´¥É¨Î¥¸±ÊÕ Ô´¥·£¨Õ µ¸±µ²±µ¢, ¶· ¢¤ , ¢¸¥£µ ¤²Ö

µ¤´µ£µ Ö¤·  200Pb ¶·¨ ¤¢ÊÌ Ô´¥·£¨ÖÌ ¢µ§¡Ê¦¤¥´¨Ö. ˆ´É¥·¥¸´µ µÉ³¥É¨ÉÓ, ÎÉµ
¢ [78] ¡Ò²  ¸¤¥² ´  ¶µ¶ÒÉ±  µ¶¨¸ ´¨Ö ¢¸¥Ì ÔÉ¨Ì Ì · ±É¥·¨¸É¨± ¨ ¢ · ³± Ì

¤¢ÊÌÉ¥²Ó´µ£µ ³¥Ì ´¨§³  ¢Ö§±µ¸É¨ Å Ê¤ ²µ¸Ó ¢µ¸¶·µ¨§¢¥¸É¨ ¢¸¥, ±·µ³¥ E
__

k ,

µ´  µ± § ² ¸Ó ´ ³´µ£µ ³¥´ÓÏ¥, Î¥³ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö. �.� ±
É ±¦¥ Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ µ¶¨¸ ² [76] Ô´¥·£¥É¨Î¥¸±ÊÕ § ¢¨¸¨³µ¸ÉÓ ν

__
pre ¤²Ö

Ö¤¥· 213Fr, 224Th, 251Es, ´¥ ¶·¨¡¥£ Ö ± β, § ¢¨¸ÖÐ¥° µÉ ¤¥Ëµ·³ Í¨¨, ¸µ §´ -

Î¥´¨¥³ γ = 5 ( β = const ~ 10 ⋅ 1021 ¸−1), ´µ ¶·¨ ÔÉµ³ ´¥ ÊÎ¨ÉÒ¢ ² ¸Ó ¨ ´¥
µ¶¨¸Ò¢ ² ¸Ó ¢¥·µÖÉ´µ¸ÉÓ ¤¥²¥´¨Ö.

‚µ§¢· Ð Ö¸Ó ± ³µ¤¥²¨ [72Å75], ·¥§Ê²ÓÉ ÉÒ ±µÉµ·µ° ¸Ê³³¨·µ¢ ´Ò ¢ µ¡-
§µ·¥ [59], ¸²¥¤Ê¥É ¶µ¤Î¥·±´ÊÉÓ, ÎÉµ ¶·¨³¥´¨É¥²Ó´µ ± É¥µ·¥É¨Î¥¸±µ³Ê
 ´ ²¨§Ê ν

__
pre µ´  ´ ¨¡µ²¥¥ · §· ¡µÉ ´ , ¨, ±·µ³¥ Éµ£µ, ¶·¨ µ¶¨¸ ´¨¨ § ¢¨-

¸¨³µ¸É¨ ν
__
pre(E

~ ∗) ¢ ´¥° · ¸¸³ É·¨¢ ¥É¸Ö ´Ê¦´µ¥ ¤²Ö  ´ ²¨§  Œ�� · §¡¨¥´¨¥

¶µ²´µ£µ Î¨¸²  ν
__
pre ´  ¤¢¥ ¸µ¸É ¢²ÖÕÐ¨¥: ν

__
pre
 gs Å Î¨¸²µ ´¥°É·µ´µ¢ ¨§

µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö (¤µ ¡ ·Ó¥· ) ¨ ν
__
pre
 ss Å ´  ¸¶Ê¸±¥ µÉ ¸¥¤²  ¤µ ÉµÎ±¨

· §·Ò¢ :
ν
__
pre

 = ν
__
pre
 gs + ν

__
pre
 ss  . (15)
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Š ¸µ¦ ²¥´¨Õ, ÔÉ  ³µ¤¥²Ó ´¥ ¡Ò²  ¶·¨³¥´¥´  ± µ¶¨¸ ´¨Õ Œ�� µ¸±µ²-
±µ¢, ¨ ´¥¨§¢¥¸É´µ, ¡Ê¤ÊÉ ²¨ ¢µµ¡Ð¥ ¢µ¸¶·µ¨§¢µ¤¨ÉÓ¸Ö ¸ ¶¥·¥³¥´´Ò³ §´ -
Î¥´¨¥³ β ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö µ¸±µ²±µ¢ ¨ ¤¨¸¶¥·¸¨¨ ³ ¸¸ ¨ Ô´¥·£¨°, É¥³
¡µ²¥¥ ´¥¨§¢¥¸É´µ ±µ²¨Î¥¸É¢µ ν

__
pre, ¨§²ÊÎ ¥³µ£µ ¤µ µ¡² ¸É¨ Ëµ·³¨·µ¢ ´¨Ö

³ ¸¸, µ¤´ ±µ ¥¥ ³µ¦´µ · ¸¸³ É·¨¢ ÉÓ ± ± ¶¥·¢µ¥ ¶·¨¡²¨¦¥´¨¥ ¨ ¢ÒÎ¨¸²ÖÉÓ

É¥³¶¥· ÉÊ·Ê θsp
ef  ¸ Î¨¸²µ³ ν

__
pre
 gs , ÎÉµ ¤²Ö ÉÖ¦¥²ÒÌ Ö¤¥· ¸ ¡µ²ÓÏµ° ¶·µÉÖ¦¥´-

´µ¸ÉÓÕ ¸¶Ê¸±  ¡µ²¥¥ ¸µµÉ¢¥É¸É¢Ê¥É ¤¥°¸É¢¨É¥²Ó´µ¸É¨, Î¥³ ¶·¨ ¢ÒÎ¨¸²¥´¨¨
¸ ¶µ²´Ò³ Î¨¸²µ³ ν

__
pre.

‘²¥¤Ê¥É µ¸É ´µ¢¨ÉÓ¸Ö ¥Ð¥ ´  µ¤´µ³ ¢ ¦´µ³  ¸¶¥±É¥ µ¡¸Ê¦¤ ¥³µ° ¶·µ¡-
²¥³Ò Å ¢²¨Ö´¨¨ Ê£²µ¢µ£µ ³µ³¥´É  l ´  ν

__
pre. ‚ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¡µÉ Ì

[21,22,35,38,67,70] ¸Î¨É ²µ¸Ó, ÎÉµ ÔÉ  § ¢¨¸¨³µ¸ÉÓ µÉ¸ÊÉ¸É¢Ê¥É ¤µ Ô´¥·£¨°

¢µ§¡Ê¦¤¥´¨Ö E
~ ∗ ~ 100 − 110 ŒÔ‚, ÎÉµ ¶µ¤É¢¥·¦¤ ¥É¸Ö ¶·Ö³Ò³¨ Ô±¸¶¥·¨-

³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¤²Ö Ö¤¥· 160Yb [64] ¨ 200Pb [45,47], µ¤´ ±µ ¶·¨ ¡µ-
²¥¥ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ ~ 160 ŒÔ‚ ¢ Ô±¸¶¥·¨³¥´É¥ [43] ¨ ¢ É¥µ·¥É¨Î¥¸±µ³
· ¸¸³µÉ·¥´¨¨ [71,72,84,85] µ´  ¸ÊÐ¥¸É¢Ê¥É. �Éµ ¶µ± § ´µ ´  ·¨¸.6, , £¤¥

¶·¨¢¥¤¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´ Ö ¨ É¥µ·¥É¨Î¥¸± Ö § ¢¨¸¨³µ¸É¨ ν
__
pre µÉ E

~ ∗ ¤²Ö

Ö¤¥· 198,200Pb. ‘¢¥É²Ò³¨ §´ Î± ³¨ ¶µ± § ´Ò ¤ ´´Ò¥, ¶µ²ÊÎ¥´´Ò¥ ¢ ·¥ ±Í¨¨
19F + 181Ta, É¥³´Ò³¨ ±·Ê¦±µ³ ¨ É·¥Ê£µ²Ó´¨±µ³ Å ¢ ·¥ ±Í¨ÖÌ 30Si + 170Er ¨
28Si + 170Er ¸µµÉ¢¥É¸É¢¥´´µ [45,47]. ‘¶²µÏ´Ò¥ ²¨´¨¨ Å É¥µ·¥É¨Î¥¸±¨¥ · ¸-

Î¥ÉÒ ν
__
pre ¨§ [59,72,75] ¤²Ö ·¥ ±Í¨° ¸ 19F ¨ 30Si, ÏÉ·¨Ìµ¢Ò³¨ ²¨´¨Ö³¨ ¤ ´Ò

¸µ¸É ¢²ÖÕÐ¨¥ ν
__
pre
 ss ¤²Ö ÔÉ¨Ì ¦¥ ·¥ ±Í¨°. Š ± Ìµ·µÏµ ¢¨¤´µ ´  ÔÉµ³ ·¨¸Ê´-

±¥, Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ÉµÎ±¨ ¤²Ö ¢¸¥Ì É·¥Ì ·¥ ±Í¨° ¢ ¶·¥¤¥² Ì µÏ¨¡µ±
¸µ¢¶ ¤ ÕÉ ¤·Ê£ ¸ ¤·Ê£µ³,   É¥µ·¥É¨Î¥¸±¨¥ ±·¨¢Ò¥ · ¸Ìµ¤ÖÉ¸Ö Å ¤²Ö

·¥ ±Í¨¨ ¸ 30Si · ¸Î¥ÉÒ ¤ ÕÉ Ö¢´µ § ´¨¦¥´´Ò° ·¥§Ê²ÓÉ É. �  ·¨¸.6,¡ ¶·¨¢¥-

¤¥´Ò É¥µ·¥É¨Î¥¸±¨¥ § ¢¨¸¨³µ¸É¨ ̧ µ¸É ¢²ÖÕÐ¨Ì  ν
__
pre
 gs ¢ ¶·µÍ¥´É Ì µÉ µ¡Ð¥-

£µ Î¨¸²  ν
__
pre, ¶µ²ÊÎ¥´´Ò¥ ¨§ · ¸Î¥Éµ¢ ´  ·¨¸.6,  ¤²Ö É¥Ì ¦¥ ·¥ ±Í¨°. Š·¨-

¢Ò¥ ¤µ¸É ÉµÎ´µ ¸¨²Ó´µ · ¸Ìµ¤ÖÉ¸Ö ¶·¨ ¢Ò¸µ±¨Ì ¢µ§¡Ê¦¤¥´¨ÖÌ. ‚ ¸¢Ö§¨ ¸
ÔÉ¨³ ¢ · ¡µÉ¥ [70] ¶·¨  ´ ²¨§¥ Œ�� ´¥ ÊÎ¨ÉÒ¢ ² ¸Ó É¥µ·¥É¨Î¥¸± Ö § ¢¨-

¸¨³µ¸ÉÓ ν
__
pre
 gs ¨ ν

__
pre
 ss µÉ l ¨ ¡Ò²¨ ¨¸¶µ²Ó§µ¢ ´Ò · ¸Î¥É´Ò¥ §´ Î¥´¨Ö

ν
__
pre
 gs ¤²Ö ·¥ ±Í¨° É¨¶  16O + X ¨ 19F + X, É.±. ¢  ´ ²¨§¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ

¤ ´´ÒÌ µ Œ� ¢ [70] ¨³¥´´µ ·¥ ±Í¨¨, ¡²¨§±¨¥ ± ÔÉ¨³, § ´¨³ ÕÉ §´ Î¨-
É¥²Ó´µ¥ ³¥¸Éµ.

�  ·¨¸.6,¢ ¶µ± § ´µ, ± ± ³µ£ÊÉ µÉ²¨Î ÉÓ¸Ö §´ Î¥´¨Ö  ν
__
pre
 gs ¶·¨ · §´ÒÌ

É¥µ·¥É¨Î¥¸±¨Ì ¶µ¤Ìµ¤ Ì Å · ¸¸Î¨É ´´Ò¥ ¢ · ¡µÉ Ì [59,72Å75] (¸¶²µÏ´ Ö
±·¨¢ Ö) ¨ · ¡µÉ¥ � ±  [76] (ÏÉ·¨Ì¶Ê´±É¨·´ Ö ²¨´¨Ö) ¤²Ö µ¤´µ£µ ¨ Éµ£µ ¦¥
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�¨¸.6.  ) ‡ ¢¨¸¨³µ¸ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´µ£µ (ÉµÎ±¨)
[45,47] ¨ É¥µ·¥É¨Î¥¸±¨ · ¸¸Î¨É ´´µ£µ ¢ [59,72,75]
(¸¶²µÏ´Ò¥ ±·¨¢Ò¥) Î¨¸²  ν

__
pre ¤²Ö ¸µ¸É ¢´ÒÌ Ö¤¥·

198,200Pb µÉ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö E
~ ∗ ¢ ·¥ ±Í¨ÖÌ

19F + 181Ta, 30Si + 170Er ¨ 28Si + 170Er. ’¥µ·¥É¨Î¥¸±¨¥
· ¸Î¥ÉÒ [59,72,75] ¢Ò¶µ²´¥´Ò ¤²Ö ¶¥·¢ÒÌ ¤¢ÊÌ ·¥ ±-
Í¨°. ˜É·¨Ìµ¢Ò¥ ²¨´¨¨ Å É¥µ·¥É¨Î¥¸±¨° · ¸Î¥É Éµ°
Î ¸É¨ ¶µ²´µ£µ ν

__
pre, ±µÉµ· Ö ¨§²ÊÎ ¥É¸Ö ´  ¸¶Ê¸±¥

ν
__

pre
 ss ¤²Ö ÔÉ¨Ì ¦¥ ·¥ ±Í¨°. ¡) � ¸Î¥É´ Ö § ¢¨¸¨³µ¸ÉÓ

[59,72,75]  Î¨¸²   ´¥°É·µ´µ¢  (¢ ¶·µÍ¥´É Ì µÉ ¶µ²´µ£µ
ν
__

pre),  ¨¸¶Ê¸± ¥³ÒÌ  ¤µ  ¡ ·Ó¥·   ¤¥²¥´¨Ö  ν
__
pre
 gs , µÉ E

~ ∗

¤²Ö  200Pb  ¢  É¥Ì  ¦¥  ·¥ ±Í¨ÖÌ,  ÎÉµ  ¨  ´   ·¨¸.6, .
¢) ’¥µ·¥É¨Î¥¸±¨¥ § ¢¨¸¨³µ¸É¨ ν

__
pre
 gs µÉ E

~ ∗ ¤²Ö ¸µ¸É ¢-

´µ£µ Ö¤·  224Th, µ¡· §µ¢ ´´µ£µ ¢ ·¥ ±Í¨¨ 16O + 208Pb,
· ¸¸Î¨É ´´Ò¥ ¢ [59,72,75] Å ¸¶²µÏ´ Ö ±·¨¢ Ö, ¢ [76]
Å ÏÉ·¨Ì¶Ê´±É¨·´ Ö, ¢ ¶·µÍ¥´É Ì µÉ ¶µ²´µ£µ Î¨¸²  ν

__
pre
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Ö¤·  224Th. �É  · §´¨Í  Ö¢²Ö¥É¸Ö ¸²¥¤¸É¢¨¥³ ¶µ¢¥¤¥´¨Ö β ¢¡²¨§¨ µ¸´µ¢´µ£µ

¸µ¸ÉµÖ´¨Ö Å ¢ [59,72Å75] §´ Î¥´¨Ö β ³ ²Ò (2 ⋅ 1021 ̧ −1), ¨ ¤µ²Ö ´¥°É·µ´µ¢ 

ν
__
pre
 gs ´¥¡µ²ÓÏ Ö, ¢ [76] ±µÔËË¨Í¨¥´É β ´¥ § ¢¨¸¨É µÉ ¤¥Ëµ·³ Í¨¨ ¨ ¢¥²¨±

(10 ⋅ 1021 c−1), ¨ ¤µ²Ö  ν
__
pre
 gs §´ Î¨É¥²Ó´ .

�¥¤ ¢´µ ¢ · ³± Ì ³µ¤¥²¨ [59] ¡Ò²¨ ¢Ò¶µ²´¥´Ò · ¸Î¥ÉÒ ν
__
pre ¨ ¥¥ ¸µ-

¸É ¢²ÖÕÐ¨Ì ¤²Ö 250Cf [86], ±µÉµ·Ò¥ ¶µ± § ²¨, ÎÉµ ¶·¨ Ê¢¥²¨Î¥´¨¨ l µÉ 0 ¤µ

30h ν
__
pre Ë ±É¨Î¥¸±¨ ´¥¨§³¥´´µ, ´µ ¶·¨ ÔÉµ³  ν

__
pre
 gs Ê³¥´ÓÏ ¥É¸Ö ¢ ~ 1,5 · § .

‘ÊÐ¥¸É¢ÊÕÉ ¶·Ö³Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ µ  ν
__
pre ¶·¨ ¤¥²¥´¨¨ 248Cf,

µ¡· §µ¢ ´´µ£µ ¢ ¤¢ÊÌ ·¥ ±Í¨ÖÌ: 11B + 237Np ¨ 16O + 232Th [56], ±µÉµ·Ò¥

¤¥³µ´¸É·¨·ÊÕÉ ¶·¨ µ¤´µ° ¨ Éµ° ¦¥ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö E ∗ ~ 60 ŒÔ‚ ÌµÉÓ
¨ ¸² ¡µ¥, ´µ Ê¢¥²¨Î¥´¨¥ ν

__
pre ¤²Ö ¢Éµ·µ° ·¥ ±Í¨¨, ÎÉµ ¶·¨´Í¨¶¨ ²Ó´µ ¶·µ-

É¨¢µ·¥Î¨É ³µ¤¥²¨ [59,72Å75],   ¢ ¸ ³µ° · ¡µÉ¥ [56] µ¡ÑÖ¸´Ö¥É¸Ö ¡µ²ÓÏ¥°
¤¨´ ³¨Î¥¸±µ° § ¤¥·¦±µ° ¢·¥³¥´¨ ¤²Ö ¡µ²¥¥ ÉÖ¦¥²µ£µ ¨µ´  ¢ ¶·µÍ¥¸¸¥
¸²¨Ö´¨Ö ¨µ´ -³¨Ï¥´¨ ¨ Ëµ·³¨·µ¢ ´¨Ö ¸µ¸É ¢´µ£µ Ö¤· .

Š ± ³Ò ¢¨¤¨³, ³µ¤¥²Ó [59,72Å75] ´¥ ²¨Ï¥´  ´¥¤µ¸É É±µ¢ ¨ ´¥ ¸µ¢¸¥³
µ¡µ¸´µ¢ ´´ÒÌ ¤µ¶ÊÐ¥´¨°, ´µ ´  ¸¥£µ¤´ÖÏ´¨° ¤¥´Ó µ´ , ± ± Ê¶µ³¨´ ²µ¸Ó,
´ ¨¡µ²¥¥ · §· ¡µÉ ´  ¨  ¶·µ¡¨·µ¢ ´  ¶·¨ µ¶¨¸ ´¨¨ ν

__
pre ¤µ¸É ÉµÎ´µ Ï¨·µ-

±µ£µ ±·Ê£  Ö¤¥·. ‘ÊÐ¥¸É¢Ê¥É ¥Ð¥ µ¤¨´ Ë ±É ¢ ¥¥ ¶µ²Ó§Ê Å ¶µ-¢¨¤¨³µ³Ê,

· §¡¨¥´¨¥ ¶µ²´µ£µ ν
__
pre ´   ν

__
pre
 gs ¨  ν

__
pre
 ss ´ Ìµ¤¨É ¶µ¤É¢¥·¦¤¥´¨¥ ¢ · ¡µÉ¥

[87] ¶·¨ µ¶¨¸ ´¨¨ É ±µ° Ì · ±É¥·¨¸É¨±¨, ± ± Ô´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³µ¸ÉÓ

 ´¨§µÉ·µ¶¨¨ µ¸±µ²±µ¢ ¤¥²¥´¨Ö Ö¤·  224Th ¢ ·¥ ±Í¨¨ 16O + 208Pb, £¤¥ ¢Ò¶µ-
² ¦¨¢ ´¨¥ Ìµ¤   ´¨§µÉ·µ¶¨¨ ¶·¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ ¢µ§¡Ê¦¤¥´¨Ö Ê¤ ¥É¸Ö

Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ µ¶¨¸ ÉÓ ¸  ν
__
pre
 gs ¨§ [72Å75] ¨ ´¥ Ê¤ ¥É¸Ö ¸ β = const =

= 20 ⋅ 1021 ¸−1, ´µ, µ¶ÖÉÓ ¦¥, ÔÉµ ¸¢µ°¸É¢µ  ´¨§µÉ·µ¶¨¨ ³µ¦´µ µ¡ÑÖ¸´¨ÉÓ, ¨

´¥ ¶·¨¡¥£ Ö ± ¶µ´ÖÉ¨Õ  ν
__
pre
 gs ,  ± ± ÔÉµ ¶·µ¤¥³µ´¸É·¨·µ¢ ´µ · ´¥¥ ¢ · ¡µÉ¥

[88] ¤²Ö ¡µ²¥¥ ²¥£±¨Ì Ö¤¥·.

�Í¥´¨¢ ¸² ¡Ò¥ ¨ ¸¨²Ó´Ò¥ ¸Éµ·µ´Ò ³µ¤¥²¨ [59,72Å75],  ¢Éµ·Ò [70]

¢§Ö²¨ §  µ¸´µ¢Ê ¥¥ · ¸Î¥ÉÒ µ  ν
__
pre
 gs ¨ ¶µ¸É·µ¨²¨ ¶·µ¸ÉÊÕ ¸¨¸É¥³ É¨±Ê 

ν
__
pre
 gs µÉ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¨ ¶ · ³¥É·  ¤¥²¨³µ¸É¨ x [13]:

x = 
Z 2 6 A

50,883(1 − 1,7826 [(N − Z)6 A2])
 . (16)
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�´  ¶µ± § ´  ´  ·¨¸.7 ¤²Ö E
~ ∗ = 50, 75 ¨ 100 ŒÔ‚ ¢ ¶·µÍ¥´É Ì µÉ ¶µ²´µ£µ

Î¨¸²  ν
__
pre

. �  ÔÉµ³ ·¨¸Ê´±¥ Ìµ·µÏµ ¢¨¤´µ, ÎÉµ ¢ ²µ£ ·¨Ë³¨Î¥¸±µ³ ³ ¸Ï-

É ¡¥ ν
__
pre
 gs  ²¨´¥°´  ¶µ x ¢ ¤¢ÊÌ µ¡² ¸ÉÖÌ ¥£µ ¨§³¥´¥´¨Ö, ¨ ¶·¨ x = 0,745

¨³¥¥É ¨§²µ³. ‘¶²µÏ´Ò¥ ²¨´¨¨ Å Ô³¶¨·¨Î¥¸±µ¥ µ¶¨¸ ´¨¥:

lg ν
__
pre
 gs (%) = 0,0056E

~ ∗ − 0,1115x − 0,0116E
~ ∗x + 2,16   ¤²Ö   x ≤ 0,745,

lg ν
__
pre
 gs (%) = 0,0188E

~ ∗ − 6,734x + 0,0198E
~ ∗x + 7,17   ¤²Ö   x > 0,745. (17)

Š ± ¢¨¤¨³, ¤²Ö E
~ ∗ ≤ 100 ŒÔ‚  ν

__
pre
 gs oÉ²¨Î ÕÉ¸Ö µÉ ¶µ²´µ£µ ν

__
pre (100 %),

´ Î¨´ Ö ¸ x ~ 0,6 Å ¤µ ÔÉµ£µ §´ Î¥´¨Ö x ¶· ±É¨Î¥¸±¨ ¢¸¥ ´¥°É·µ´Ò ¨§²ÊÎ -
ÕÉ¸Ö ¤µ ¸¥¤² . �¡· É´ Ö ± ·É¨´  ¸±² ¤Ò¢ ¥É¸Ö ¤²Ö µÎ¥´Ó ÉÖ¦¥²ÒÌ Ö¤¥·,
´ ¶·¨³¥·, ¶·¨ x ~ 0,9 ¢¸¥£µ 10Å12% ´¥°É·µ´µ¢ ¨¸¶Ê¸± ¥É¸Ö ¤µ ¡ ·Ó¥· ,   ~
90% ´  ¸¶Ê¸±¥, ¨ ÔÉµ, ¢ µ¡Ð¥³, ²µ£¨Î´µ, É.±. Ö¤·  ¢ ÔÉµ° µ¡² ¸É¨ x ¨³¥ÕÉ

¡ ·Ó¥·Ò ¤¥²¥´¨Ö E
~

f
 ∗ ≤ 1 ŒÔ‚ (¤²Ö l = 0) ¨ ¶µ ¤¥Ëµ·³ Í¨¨ ¡²¨§±¨ ± µ¸´µ¢-

´µ³Ê ¸µ¸ÉµÖ´¨Õ, ¨, ¸µ¡¸É¢¥´´µ, ¢¥¸Ó ¶·µÍ¥¸¸ ¤¥¢µ§¡Ê¦¤¥´¨Ö Ö¤·  ¶·µ¨¸-
Ìµ¤¨É ´  ¸É ¤¨¨ ¸¶Ê¸± .

� ¸¸³µÉ·¨³ ¢ ·¨ ´ÉÒ ¢µ§³µ¦´ÒÌ ¸É ¤¨° Ô³¨¸¸¨¨ ´¥°É·µ´µ¢ ¨ ¢²¨Ö´¨¥
ÔÉµ£µ Ë ±Éµ·  ´  µ¶·¥¤¥²¥´¨¥ É¥³¶¥· ÉÊ·Ò ¤¥²ÖÐ¥£µ¸Ö Ö¤· .

1. �¥°É·µ´Ò ´¥ ¨¸¶Ê¸± ÕÉ¸Ö ¤µ ¸¥¤²µ¢µ° ÉµÎ±¨, ¨ É¥³¶¥· ÉÊ·  ´  ¡ ·Ó-

¥·¥ ¢ÒÎ¨¸²Ö¥É¸Ö ¸µ£² ¸´µ (13), É.¥. ± ± ´ Î ²Ó´µ¥ §´ Î¥´¨¥ θsp
0  .

2. ‚¸¥ ´¥°É·µ´Ò ν
__
pre ¤²Ö ²Õ¡ÒÌ Ö¤¥·

¨¸¶Ê¸± ÕÉ¸Ö ¤µ ¡ ·Ó¥· . ’µ£¤  ´ Ìµ¤¨³

É¥³¶¥· ÉÊ·Ê ¢ ¸¥¤²¥ ¸µ£² ¸´µ ¢Ò· ¦¥-

´¨Õ (14) ¨ µ¡µ§´ Î¨³ ¥¥ ± ± θsp
ef 1 .

3. „µ ¡ ·Ó¥·  ¨¸¶Ê¸± ¥É¸Ö Î¨¸²µ

´¥°É·µ´µ¢  ν
__
pre
 gs  ,  ¸µ£² ¸´µ (17). ’¥³-

�¨¸.7. ’¥µ·¥É¨Î¥¸±¨¥ · ¸Î¥ÉÒ [59,72,75]

(¢¸¥ ÉµÎ±¨) § ¢¨¸¨³µ¸É¨ Î¨¸²   ν
__
pre
 gs (¢

¶·µÍ¥´É Ì µÉ ¶µ²´µ£µ ν
__

pre) µÉ ¶ · ³¥É· 

¤¥²¨³µ¸É¨ x ¶·¨ É·¥Ì §´ Î¥´¨ÖÌ Ô´¥·£¨°

¢µ§¡Ê¦¤¥´¨Ö E
~ ∗ = 50, 75 ¨ 100 ŒÔ‚.

‘¶²µÏ´Ò¥ ²¨´¨¨ Å µ¶¨¸ ´¨¥ ν
__
pre
 gs (x, E

~ ∗)

¸µ£² ¸´µ ¢Ò· ¦¥´¨Ö³ (17) [70]
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¶¥· ÉÊ·Ê µ¶·¥¤¥²Ö¥³ ± ± ¨ ¢ ¶·¥¤Ò¤ÊÐ¥³ ¸²ÊÎ ¥, ´µ ¢³¥¸Éµ ¶µ²´µ£µ ν
__
pre

¡¥·¥³, ¸µµÉ¢¥É¸É¢¥´´µ,  ν
__
pre
 gs ¨ µ¡µ§´ Î ¥³ ± ± θsp

 ef 2.

�É¨ É·¨ ¶Ê´±É  µ¶·¥¤¥²¥´¨Ö É¥³¶¥· ÉÊ·Ò ¶·¨³¥´¨É¥²Ó´µ ±  ´ ²¨§Ê
Œ�� ¢ ´¥Ö¢´µ³ ¢¨¤¥ ¸µ¤¥·¦ É ¢ ¸¥¡¥ ¶·¥¤¶µ²µ¦¥´¨¥ µ Ëµ·³¨·µ¢ ´¨¨ Œ�
¢ ¸¥¤²µ¢µ° ÉµÎ±¥. � ¸¸³µÉ·¨³  ²ÓÉ¥·´ É¨¢´µ¥ ¶·¥¤¶µ²µ¦¥´¨¥ Å µ Ëµ·³¨-
·µ¢ ´¨¨ Œ� ¢ ÉµÎ±¥ · §·Ò¢ , ± ± ÔÉµ ¸¤¥² ´µ ¤²Ö Ö¤¥·- ±É¨´µ¨¤µ¢ ¢ · ¡µ-
É Ì [89Å92].

’µ£¤  É¥¶²µ¢ÊÕ Ô´¥·£¨Õ ¢µ§¡Ê¦¤¥´¨Ö Ö¤·  ¢ ÉµÎ±¥ · §·Ò¢  ̈  ¸µµÉ¢¥É¸É-

¢ÊÕÐÊÕ ¥° É¥³¶¥· ÉÊ·Ê µ¡µ§´ Î¨³ ± ± Esc
 ef 3 ¨ θsc

 ef 3, ¨ ¡Ê¤¥³ µ¶·¥¤¥²ÖÉÓ

¶µ¤µ¡´µ [90Å92] ¶µ Ëµ·³Ê²¥:

E
~

sc
 ef 3 = E

~ ∗ + Qff − E
__

k − ν
__
preE

__
ν − Erot

 sc − Edef ,

θsc
ef 3 = (Esc

 ef 36 a)1 6 2, (18)

£¤¥ Qff Å Ô´¥·£¨Ö ·¥ ±Í¨¨ ¤²Ö ¸¨³³¥É·¨Î´µ£µ · §¤¥²¥´¨Ö Ö¤·  ´  µ¸±µ²-

±¨, E
__

k Å ¸·¥¤´ÖÖ ¶µ²´ Ö ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö µ¸±µ²±µ¢, ν
__
pre

 ⋅ E
__

ν Å ¸·¥¤-

´ÖÖ Ô´¥·£¨Ö, Ê´µ¸¨³ Ö ¢¸¥³¨ ´¥°É·µ´ ³¨, E
rot
 sc Å Ô´¥·£¨Ö ¢· Ð¥´¨Ö Ö¤·  ¢

ÉµÎ±¥ · §·Ò¢ , E
def

 Å Ô´¥·£¨Ö, ÊÏ¥¤Ï Ö ´  ¤¥Ëµ·³ Í¨Õ µ¸±µ²±µ¢.

�¥±µÉµ·Ò¥ ¨§ ¸µ¸É ¢²ÖÕÐ¨Ì (18) É·¥¡ÊÕÉ µÉ¤¥²Ó´µ£µ ¶µÖ¸´¥´¨Ö, ± ¸ -

ÕÐ¥£µ¸Ö ±µ´±·¥É´µ£µ ¸¶µ¸µ¡  ¨Ì µ¶·¥¤¥²¥´¨Ö. �´¥·£¨Ö E
__

k Å ± § ²µ¸Ó ¡Ò,

¸ ÔÉµ° ¢¥²¨Î¨´µ° ´¥ ¤µ²¦´µ ¢µ§´¨± ÉÓ ´¨± ±¨Ì ¶·µ¡²¥³, ¢¥¤Ó ¸ÊÐ¥¸É¢Ê-

ÕÐ¨¥ ¸¨¸É¥³ É¨±¨ [93,94] £µ¢µ·ÖÉ µ ¶·µ¸Éµ° ²¨´¥°´µ° § ¢¨¸¨³µ¸É¨ E
__

k µÉ

±Ê²µ´µ¢¸±µ£µ ¶ · ³¥É·  Z 2 6 A1 6 3. �¤´ ±µ, ± ± ¨§¢¥¸É´µ, ¢ ¸¨¸É¥³ É¨± Ì

[93,94] ¸µ¡· ´Ò ¢¸¥ ¤ ´´Ò¥ µ E
__

k , ¢±²ÕÎ Ö ¨ ¸¶µ´É ´´µ¥, ¨ ´¨§±µÔ´¥·£¥É¨-

Î¥¸±µ¥ ¤¥²¥´¨¥, ¢ ±µÉµ·µ³ ¶·¥µ¡² ¤ ÕÉ µ¡µ²µÎ¥Î´Ò¥ ÔËË¥±ÉÒ, ¨ ¤¥²¥´¨¥
¢Ò¸µ±µ¢µ§¡Ê¦¤¥´´ÒÌ Ö¤¥· ¢ ·¥ ±Í¨ÖÌ ¸ ÉÖ¦¥²Ò³¨ ¨µ´ ³¨. ‚ ´ Ï¨Ì · ¡µ-

É Ì [2,21,95] ¡Ò²µ ¶µ± § ´µ, ÎÉµ ¶·¨ µÉ¡µ·¥ ¨´Ëµ·³ Í¨¨ µ E
__

k Éµ²Ó±µ ¤²Ö

¤µ¸É ÉµÎ´µ ¸¨²Ó´µ ´ £·¥ÉÒÌ Ö¤¥· Ì · ±É¥· § ¢¨¸¨³µ¸É¨ E
__

k (Z
 26 A1 6 3) ³¥´Ö-

¥É¸Ö Å ´ Î¨´ Ö ¸ Z 2 6 A1 6 3 = 900 ÷ 1000 ¨ ¡µ²¥¥ ¤ ´´Ò¥ µÉ±²µ´ÖÕÉ¸Ö ¢ ¸Éµ-
·µ´Ê Ê³¥´ÓÏ¥´¨Ö µÉ ²¨´¥°´µ° § ¢¨¸¨³µ¸É¨ [2,21,95] (¸³.¤ ²¥¥ ·¨¸.24):

E
__

k = 0,131Z 26 A1 6 3, (19)
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±µÉµ· Ö ¢ ¤¨ ¶ §µ´¥ Z 2 6 A1 6 3 = 0 ÷ 900 Ìµ·µÏµ µ¶¨¸Ò¢ ¥É Ô±¸¶¥·¨³¥´É,
¶·¨Î¥³ µÉ±²µ´¥´¨¥ ¶·¨¡²¨§¨É¥²Ó´µ ²¨´¥°´µ ´ · ¸É ¥É ¸ Ê¢¥²¨Î¥´¨¥³

Z 2 6 A16 3, ¨ ¢ [70] ³Ò  ¶¶·µ±¸¨³¨·µ¢ ²¨ E
__

k ËÊ´±Í¨¥°

E
__

k = 0,104Z 2 6 A1 6 3 + 24,3 (20)

¢ ¤¨ ¶ §µ´¥ Z 2 6 A1 6 3 = 900 ÷ 1800. ‘²¥¤Ê¥É § ³¥É¨ÉÓ, ÎÉµ ¢ ¨´Ëµ·³ Í¨Õ

´¥ ¢±²ÕÎ ²¨¸Ó ¤ ´´Ò¥ µ E
__

k ¢ ±¢ §¨¤¥²¨É¥²Ó´ÒÌ ·¥ ±Í¨ÖÌ ¨§ · ¡µÉ [89,96]

¸ ¨µ´ ³¨ Ai > 30. ˆ³¥´´µ ¸ ¶µ³µÐÓÕ ¢Ò· ¦¥´¨° (19), (20) ´ Ìµ¤¨²¨¸Ó

§´ Î¥´¨Ö E
__

k ¤²Ö µ¶·¥¤¥²¥´¨Ö Esc
 ef 3 (18).

�¥·¥°¤¥³ É¥¶¥·Ó ± · ¸¸³µÉ·¥´¨Õ Erot
 sc Å Ô´¥·£¨¨ ¢· Ð¥´¨Ö ¢ ÉµÎ±¥ · §-

·Ò¢ . �´  µ¶·¥¤¥²Ö¥É¸Ö ± ± [2,22,70,97]

E
rot
 sc = l 2h2 6 2J⊥

 sc + θsc
ef 36 2, (21)

£¤¥ J⊥
 sc Å ³µ³¥´É ¨´¥·Í¨¨ Ö¤·  µÉ´µ¸¨É¥²Ó´µ µ¸¨, ¶¥·¶¥´¤¨±Ê²Ö·´µ° ±

µ¸¨ ¤¥²¥´¨Ö.  ‚  ±µ´¥Î´µ³  ¨Éµ£¥,  ¢µ¶·µ¸  ¸¢µ¤¨É¸Ö  ±  ´ Ìµ¦¤¥´¨Õ J⊥
 sc.

‚ Œ†Š ‘É·ÊÉ¨´¸±µ£µ ¸ ¸µ ¢Éµ· ³¨ [11] ³¥¸Éµ · §·Ò¢  µ¶·¥¤¥²¥´µ ± ±
±·¨É¨Î¥¸± Ö ÉµÎ± , ¸µµÉ¢¥É¸É¢ÊÕÐ Ö ¶µÉ¥·¥ Ö¤·µ³ Ê¸Éµ°Î¨¢µ¸É¨ ¶µ
µÉ´µÏ¥´¨Õ ± · §¢ ²Ê ´  ¤¢  µ¸±µ²±  ¨ ¶·¨¢¥¤¥´  ¢ ¥¤¨´¨Í Ì J

0
 Å É¢¥·-

¤µÉ¥²Ó´µ£µ ³µ³¥´É  ¨´¥·Í¨¨ ¸Ë¥·¨Î¥¸±µ£µ Ö¤· . „²Ö µ¡² ¸É¨ Ö¤¥·, · ¸¸-

³ É·¨¢ ¥³ÒÌ ¢ ´ ¸ÉµÖÐ¥° · ¡µÉ¥, J⊥
 sc ~ 4,2J

0
, µÉ¸Õ¤  ¸²¥¤Ê¥É, ÎÉµ

E
rot
 sc ~ E

rot
 0 6 4,2 + θsc

ef 3 6 2. (22)

ˆ§ ±² ¸¸¨Î¥¸±µ° ³µ¤¥²¨ ¢· Ð ÕÐ¥°¸Ö ¦¨¤±µ° ± ¶²¨ [36] ̈ §¢¥¸É´µ, ÎÉµ

E
rot
 0  = 34,540(l 2 6 A5 6 3) MÔ‚. (23)

�·¨ ¢ÒÎ¨¸²¥´¨¨ Erot
 0  ¡· ²µ¸Ó ÉµÎ´µ¥ §´ Î¥´¨¥ J⊥

 sc ¨§ [11], ±µÉµ·µ¥ ¸ ³µ

³¥´Ö¥É¸Ö ¸² ¡µ µÉ 4,1 ¶·¨ x = 0,6 ¤µ 4,3 ¤²Ö x = 0,95.
‘²¥¤Ê¥É ¸· §Ê ¶µÖ¸´¨ÉÓ, ÎÉµ ¢ · ³± Ì Œ†Š [11] ÉµÎ±  · §·Ò¢  Ì · ±-

É¥·¨§Ê¥É¸Ö µÉ´Õ¤Ó ´¥ ´Ê²¥¢µ° Éµ²Ð¨´µ° Ï¥°±¨ Å · §·Ò¢ ¶·µ¨¸Ìµ¤¨É ¶·¨
¤µ¸É ÉµÎ´µ° ¥¥ Éµ²Ð¨´¥ ¡¥§ ̈ §³¥´¥´¨Ö µ¡Ð¥£µ Ê¤²¨´¥´¨Ö Ö¤· , ́ µ ́ ¨± ± ́ ¥
¶ÊÉ¥³ ¶µ¸É¥¶¥´´µ£µ ¥¥ ÊÉµ´Î¥´¨Ö ¶·¨ Ê¢¥²¨Î¥´¨¨ ¤¥Ëµ·³ Í¨¨ ¤¥²ÖÐ¥£µ¸Ö
Ö¤· , ± ± ÔÉµ Î ¸Éµ ¶·¨´¨³ ¥É¸Ö ¢µ ³´µ£¨Ì · ¡µÉ Ì.
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‚µ¶·µ¸ µ¡ Ê¸²µ¢¨¨ ¨ ³¥¸É¥ · §·Ò¢  Ö¤·  ´  µ¸±µ²±¨ ¨³¥¥É ¶·¨´Í¨-
¶¨ ²Ó´µ¥ §´ Î¥´¨¥ ¤²Ö ¶µ´¨³ ´¨Ö ¶·µÍ¥¸¸  ¤¥²¥´¨Ö ¨ ¡Ê¤¥É µÉ¤¥²Ó´µ · ¸-
¸³µÉ·¥´ ¢ Î¥É¢¥·Éµ³ · §¤¥²¥.

‚ ¢Ò· ¦¥´¨¨ (18) ´ ³ µ¸É ²µ¸Ó · ¸¸³µÉ·¥ÉÓ Éµ²Ó±µ Ô´¥·£¨Õ ¤¥Ëµ·³ -
Í¨¨ Edef . � ́ ¥°, ± ̧ µ¦ ²¥´¨Õ, ³ ²µ ÎÉµ ³µ¦´µ ̧ ± § ÉÓ ¡¥§ ̧ ¥·Ó¥§´µ° É¥µ·¥-

É¨Î¥¸±µ° ¶·µ· ¡µÉ±¨. �ÉµÉ ¶ · ³¥É· ̧ ¨²Ó´µ § ¢¨¸¨É µÉ ±µ´±·¥É´µ° ³µ¤¥²¨,
¥£µ µ¶·¥¤¥²ÖÕÐ¥°, µÉ ¶ · ³¥É·¨§ Í¨¨ Ëµ·³Ò ¤¥²ÖÐ¥£µ¸Ö Ö¤· , µÉ ±µÔË-
Ë¨Í¨¥´É  ¢Ö§±µ¸É¨ β, µÉ Ê¸²µ¢¨° · §·Ò¢  Ö¤·  ´  µ¸±µ²±¨. ŒÒ É ±¦¥ ´¥
§´ ¥³ ¥£µ ¶µ¢¥¤¥´¨Ö ¢ § ¢¨¸¨³µ¸É¨ µÉ ´Ê±²µ´´µ£µ ¸µ¸É ¢  Ö¤¥·. �µÔÉµ³Ê,
¸²¥¤ÊÖ · ¡µÉ¥ [37], ¡Ê¤¥³ ¶µ² £ ÉÓ, ÎÉµ Edef = 0, ¨ ¸Î¨É ÉÓ, ÎÉµ ¢ÒÎ¨¸²¥´´Ò¥

Esc
 ef 3 ¨ θsc

ef 3, ¸µ£² ¸´µ (18), ¥¸ÉÓ ³ ±¸¨³ ²Ó´Ò¥ §´ Î¥´¨Ö ÔÉ¨Ì ¢¥²¨Î¨´.

’¥¶¥·Ó ¸¤¥² ¥³ ´¥¸±µ²Ó±µ § ³¥Î ´¨° µÉ´µ¸¨É¥²Ó´µ ¢¸¥£µ ¢ÒÏ¥¸± § ´-
´µ£µ ¢ ÔÉµ³ · §¤¥²¥.

‚ · ¡µÉ Ì [21,22,35,38,67,68,70] , ± ± Ê¦¥ £µ¢µ·¨²µ¸Ó, ÊÎ¨ÉÒ¢ ²µ¸Ó
Ê³¥´ÓÏ¥´¨¥ É¥³¶¥· ÉÊ·Ò Ö¤·  Éµ²Ó±µ §  ¸Î¥É ¨§²ÊÎ¥´¨Ö ´¥°É·µ´µ¢ ν

__
pre ¨

ν
__
pe , µ¤´ ±o ± ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ ´ ±µ¶²¥´ ¤µ¸É ÉµÎ´µ ¡µ²ÓÏµ° Ô±¸¶¥·¨-

³¥´É ²Ó´Ò° ³ É¥·¨ ² µ ¶·¥¤¤¥²¨É¥²Ó´ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í Ì - ¶·µÉµ´ Ì
p
_
pre ¨  ²ÓË -Î ¸É¨Í Ì α

__
pre, ±µÉµ·Ò¥ É ±¦¥ Ê³¥´ÓÏ ÕÉ Ô´¥·£¨Õ ¢µ§¡Ê¦¤¥´¨Ö

Ö¤·  [98,99]. �µ ¤²Ö · ¸¸³ É·¨¢ ¥³ÒÌ Ô´¥·£¨° (E ∗ ≤ 100 ÷ 120 ŒÔ‚) ¨Ì
¨¸¶Ê¸± ¥É¸Ö ¢ ¸·¥¤´¥³ µÎ¥´Ó ´¥¡µ²ÓÏµ¥ ±µ²¨Î¥¸É¢µ, ¢ Í¥²µ³ ¸² ¡µ
§ ¢¨¸ÖÐ¥¥ µÉ ´Ê±²µ´´µ£µ ¸µ¸É ¢  (¢ ¸Ê³³¥ ³¥´¥¥ 0,1 ´   ±É ¤¥²¥´¨Ö.) ‚ [70]
¡Ò²¨ ¸¤¥² ´Ò µÍ¥´±¨ ¸Ê³³ ·´µ°, Ê´µ¸¨³µ° p

_
pre ¨ α

__
pre Ô´¥·£¨¨. �´  µ± § -

² ¸Ó ¢ ¶·¥¤¥² Ì 1 ÷ 2 ŒÔ‚ ¨, ¢ ¶·¨´Í¨¶¥, ÔÉµ ´ ¤µ ÊÎ¨ÉÒ¢ ÉÓ. �¤´ ±µ ¸ÊÐ¥-
¸É¢Ê¥É µ¡¸ÉµÖÉ¥²Ó¸É¢µ, ¶µ§¢µ²ÖÕÐ¥¥ ´¥ ¤¥² ÉÓ ÔÉµ£µ, ¶µ ±· °´¥° ³¥·¥, ¤²Ö

µ¶·¥¤¥²¥´¨Ö θsp
ef  ´  ¡ ·Ó¥·¥, ¨¸Ìµ¤Ö ¨§ ¸²¥¤ÊÕÐ¨Ì ¸µµ¡· ¦¥´¨°.

‚µ-¶¥·¢ÒÌ, ¢ É¥µ·¥É¨Î¥¸±¨Ì · ¸Î¥É Ì ¶·¨ E ∗ ~ 60 ŒÔ‚ [86] ¶µ± § ´µ,
ÎÉµ ¶·¥¤¤¥²¨É¥²Ó´ Ö § ·Ö¦¥´´ Ö Î ¸É¨Í  (¥¸²¨ µ´  ¢µµ¡Ð¥ ¨§²ÊÎ ¥É¸Ö ¢
¶·µÍ¥¸¸¥ ¤¥²¥´¨Ö) ¶·¨ ¤¥¢µ§¡Ê¦¤¥´¨¨ Ö¤·  µ¡ÒÎ´µ ¨¸¶Ê¸± ¥É¸Ö ¶¥·¢µ°,  
§ É¥³ ´¥°É·µ´Ò. ˆ§ ÔÉµ£µ ¸²¥¤Ê¥É, ÎÉµ ¥¥ ¨§²ÊÎ¥´¨¥ ¶· ±É¨Î¥¸±¨ ¢¸¥£¤ 
¶·µ¨¸Ìµ¤¨É ¤µ ¡ ·Ó¥· .

‚µ-¢Éµ·ÒÌ, ¢ ¶µ¸²¥¤´¨¥ £µ¤Ò ¶µÖ¢¨²µ¸Ó §´ Î¨É¥²Ó´µ¥ Î¨¸²µ É¥µ·¥É¨-
Î¥¸±¨Ì · ¡µÉ (´ ¶·¨³¥·, [100Å105]), £¤¥ ¢ ¶·¨¡²¨¦¥´¨¨ ’µ³ ¸  Å ”¥·³¨
¨²¨ • ·É·¨ Å ”µ±  ¨¸¸²¥¤µ¢ ²µ¸Ó ¢²¨Ö´¨¥ É¥³¶¥· ÉÊ·Ò ́   ¶µ¢¥·Ì´µ¸É´ÊÕ
¨ ±Ê²µ´µ¢¸±ÊÕ Ô´¥·£¨¨ Ö¤· , ÎÉµ, ¢ ±µ´¥Î´µ³ ¨Éµ£¥, ¶·¨¢¥²µ ± ¶µ´¨³ ´¨Õ
Éµ£µ, ÎÉµ ¤¥°¸É¢¨¥ É¥³¶¥· ÉÊ·Ò ´  Ö¤·µ ¢ ± ±µ°-Éµ ³¥·¥ ¶µ¤µ¡´µ ¤¥°¸É¢¨Õ
Ê£²µ¢µ£µ ³µ³¥´É  l Å ¶·¨ ¥¥ Ê¢¥²¨Î¥´¨¨ ¶·µ¨¸Ìµ¤¨É ¶µ´¨¦¥´¨¥ ¡ ·Ó¥· 
¤¥²¥´¨Ö, ¨ ¶·¨ ´¥±µÉµ·µ° ¤µ¸É ÉµÎ´µ ¢Ò¸µ±µ° É¥³¶¥· ÉÊ·¥ µ´ ³µ¦¥É ¢µµ¡-
Ð¥ ¨¸Î¥§´ÊÉÓ ¤ ¦¥ ¶·¨ l = 0. ‘É·µ£µ £µ¢µ·Ö, ÔÉµ Ê³¥´ÓÏ¥´¨¥ ¡ ·Ó¥·  ¤¥-
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²¥´¨Ö ´ ¤µ ÊÎ¨ÉÒ¢ ÉÓ ¢  ´ ²¨§¥, ¨ ¶¥·¢Ò¥ ¶·Ö³Ò¥ ¶µ¶ÒÉ±¨ ¶·¨ µ¶¨¸ ´¨¨
¸¥Î¥´¨° ¤¥²¥´¨Ö [78,102,106],   É ±¦¥ ν

__
pre [78] Ê¦¥ ¸¤¥² ´Ò.

‚ ±µ´¥Î´µ³ ¨Éµ£¥ ´ ³ ¢ ¦´µ, ÎÉµ ¤²Ö ¤¨ ¶ §µ´  É¥³¶¥· ÉÊ·, · ¸¸³ É-

·¨¢ ¥³µ£µ ¢ ´ ¸ÉµÖÐ¥° · ¡µÉ¥ θsp
ef 1,2 = 1 ÷ 2 ŒÔ‚, Ê³¥´ÓÏ¥´¨¥ ÔËË¥±É¨¢´µ°

¢¥²¨Î¨´Ò ¡ ·Ó¥·  ¶µ · §´Ò³ É¥µ·¥É¨Î¥¸±¨³ µÍ¥´± ³ ¢ ¸·¥¤´¥³ ¸µ¸É ¢²Ö¥É

¶·¨³¥·´µ 1Å2 ŒÔ‚. �µ¸±µ²Ó±Ê ¸ ·µ¸Éµ³ E ∗, ¸ µ¤´µ° ¸Éµ·µ´Ò, Ê¢¥²¨Î¨¢ -
¥É¸Ö Î¨¸²µ p

_
pre ¨ α

__
pre,   ¸ ¤·Ê£µ° Å Ê³¥´ÓÏ ¥É¸Ö ÔËË¥±É¨¢´ Ö ¢¥²¨Î¨´ 

¡ ·Ó¥· , Éµ ¢ Í¥²µ³ ÔÉµ ¢¥¤¥É ± ¢§ ¨³´µ° ±µ³¶¥´¸ Í¨¨ ¤¢ÊÌ ÔËË¥±Éµ¢ (±µ-
´¥Î´µ, ¤µ ´¥±µÉµ·ÒÌ ¶·¥¤¥²µ¢, ¨ ´¥ Ê ¢¸¥Ì Ö¤¥·), É.¥. É¥³¶¥· ÉÊ·  ¢ ¸¥¤²µ-
¢µ° ÉµÎ±¥ Ë ±É¨Î¥¸±¨ ´¥ ¨§³¥´¨É¸Ö.

�µÔÉµ³Ê ¦¥² É¥²Ó´µ ÊÎ¨ÉÒ¢ ÉÓ p
_
pre ¨ α

__
pre Éµ²Ó±µ ¶·¨ µ¶·¥¤¥²¥´¨¨

θsc
ef 3Å É¥³¶¥· ÉÊ·Ò ¢ ÉµÎ±¥ · §·Ò¢ , ´µ, ± ¸µ¦ ²¥´¨Õ, ¤ ´´ÒÌ µ ´¨Ì ´¥

´ ¸Éµ²Ó±µ ³´µ£µ, ÎÉµ¡Ò ±µ··¥±É´µ ¸¤¥² ÉÓ ÔÉµ ¤²Ö ²Õ¡ÒÌ Ö¤¥· ¨ ·¥ ±Í¨°,
¨ ³Ò ¡Ê¤¥³ ¶·¥´¥¡·¥£ ÉÓ ÔÉ¨³ ÔËË¥±Éµ³.

ˆÉ ±, § ± ´Î¨¢ Ö ÔÉµÉ · §¤¥², ¶µ¤¢¥¤¥³ ´¥±µÉµ·Ò¥ ¨Éµ£¨. ‘¨¸É¥³ É¨-
§¨·µ¢ ´´ Ö ̈ ´Ëµ·³ Í¨Ö µ ¶·¥¤- ̈  ¶µ¸É¤¥²¨É¥²Ó´ÒÌ ́ ¥°É·µ´ Ì, ¸ µ¤´µ° ̧ Éµ-
·µ´Ò, ¨³¥¥É ¸ ³µ¸ÉµÖÉ¥²Ó´µ¥ §´ Î¥´¨¥ ¤²Ö ¶µ´¨³ ´¨Ö ¤¨´ ³¨±¨ ¶·µÍ¥¸¸ 
¤¥²¥´¨Ö (¸³.µ¡§µ·Ò [37,59]), ¸ ¤·Ê£µ° ¸Éµ·µ´Ò, ± ± ¢ ´ Ï¥³ ¸²ÊÎ ¥, ¨³¥¥É

¶· £³ É¨Î¥¸±¨° ̈ ´É¥·¥¸ Å ¡¥§ §´ ´¨Ö ν
__
pre ¨ ¥¥ ±µ³¶µ´¥´ÉÒ  ν

__
pre
 gs ¢ · ³± Ì

¸¥£µ¤´ÖÏ´¨Ì ¶·¥¤¸É ¢²¥´¨° µ É¥³¶¥· ÉÊ·¥ ¤¥²ÖÐ¨Ì¸Ö Ö¤¥· ´¥¢µ§³µ¦´µ ¶µ-
´ÖÉÓ ¨ ±µ²¨Î¥¸É¢¥´´µ ¶·µ ´ ²¨§¨·µ¢ ÉÓ ³´µ£¨¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²Ó-
É ÉÒ µ Ì · ±É¥·¨¸É¨± Ì Œ�� µ¸±µ²±µ¢ ¤¥²¥´¨Ö Ö¤¥·.

2. “ƒ‹�‚�‰ Œ�Œ…�’ ˆ Œ�� �‘Š�‹Š�‚

�  ¸¥£µ¤´ÖÏ´¨° ¤¥´Ó ´ ±µ¶²¥´ µ£·µ³´Ò° ³ É¥·¨ ² µ · ¸¶·¥¤¥²¥´¨ÖÌ
³ ¸¸ ¨ Ô´¥·£¨° µ¸±µ²±µ¢ ¤¥²¥´¨Ö ´ £·¥ÉÒÌ Ö¤¥·, µ¤´ ±µ ¢¸¥ ÔÉ¨ ¤ ´´Ò¥
Î ¸Éµ µÎ¥´Ó · §´µ·µ¤´Ò, ´¥·¥¤±µ ¶·µÉ¨¢µ·¥Î¨¢Ò, ¶µ²ÊÎ¥´Ò ¶·¨ · §²¨Î´ÒÌ
¢µ§¡Ê¦¤¥´¨ÖÌ ¨ ¢ ¸ ³ÒÌ · §´µµ¡· §´ÒÌ ·¥ ±Í¨ÖÌ, ´ Î¨´ Ö µÉ Ô²¥±É·µ´µ¢,
²¥£±¨Ì § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¨ ±µ´Î Ö ¨µ´ ³¨ Ê· ´  ¢ ¨´¢¥·¸´µ° ±¨´¥³ É¨±¥.
‚ ´¥¸±µ²Ó±¨Ì Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¡µÉ Ì (´ ¶·¨³¥·, [22,35,67,70,97,
107,108]) ¡Ò²µ Ê¸É ´µ¢²¥´µ, ÎÉµ Ì · ±É¥·¨¸É¨±¨ Œ��, ¢ Î ¸É´µ¸É¨, ¤¨¸¶¥·-

¸¨Ö ³ ¸¸µ¢µ£µ · ¸¶·¥¤¥²¥´¨Ö (Œ�) σM
 2 , ¸¨²Ó´µ § ¢¨¸¨É µÉ Ê£²µ¢µ£µ ³µ³¥´É 

l, ¢´µ¸¨³µ£µ ¢ Ö¤·µ ´ ²¥É ÕÐ¨³ ¨µ´µ³, ¨, ±·µ³¥ Éµ£µ, ±µÔËË¨Í¨¥´É

ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ dσM
 2 6 dl

_
 2 Ö¢²Ö¥É¸Ö ËÊ´±Í¨¥° É¥³¶¥· ÉÊ·Ò. —Éµ¡Ò ± ±-Éµ

¸¨¸É¥³ É¨§¨·µ¢ ÉÓ ¢¸¥ ¤ ´´Ò¥ µ Œ�� µ¸±µ²±µ¢, ´¥µ¡Ìµ¤¨³µ ÉµÎ´µ §´ ÉÓ
Ì · ±É¥· ¨ ¸É¥¶¥´Ó ¢µ§¤¥°¸É¢¨Ö l ´  ¤¥²ÖÐ¥¥¸Ö Ö¤·µ ¨ ¸¢µ°¸É¢  µ¸±µ²±µ¢.
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2.1. ’¥µ·¥É¨Î¥¸±¨¥ ¶·¥¤¸É ¢²¥´¨Ö. � §²¨Î´Ò³  ¸¶¥±É ³ É¥µ·¥É¨Î¥¸±µ-
£µ · ¸¸³µÉ·¥´¨Ö ¢µ¶·µ¸  µ ¢²¨Ö´¨¨ l ´  Œ�� µ¸±µ²±µ¢ ¤²Ö · §²¨Î´ÒÌ Ö¤¥·
¶µ¸¢ÖÐ¥´µ ¤µ¸É ÉµÎ´µ ¡µ²ÓÏµ¥ Î¨¸²µ · ¡µÉ [3,107Å131]. ˆ¸Éµ·¨Î¥¸±¨
¶¥·¢Ò³¨ ¡Ò²¨ · ¡µÉÒ Œµ·¥ÉÉµ ¸ ¸µ ¢Éµ· ³¨ (´ ¶·¨³¥·, [109]), £¤¥ ´ 
µ¸´µ¢¥ ¤µ¢µ²Ó´µ ¶·µ¸Éµ° ®ridge line¯-³µ¤¥²¨ (³µ¤¥²Ó ®²¨´¨Ö £·¥¡´Ö¯ Å
Ê¸²µ¢´ÒÌ ¸¥¤²µ¢ÒÌ ÉµÎ¥± ¢ ¶·µ¸É· ´¸É¢¥ ³ ¸¸- ¸¨³³¥É·¨Î´µ° ¤¥Ëµ·³ Í¨¨
[18], ̧ ³. É ±¦¥ [114]),  ´ ²µ£¨Î´µ° Œ†Š, ¡Ò²¨ · ¸¸Î¨É ´Ò ¶µÉ¥´Í¨ ²Ó´Ò¥
Ô´¥·£¨¨ ²¥£±¨Ì Ö¤¥· ¸ A = 120 ÷ 150 ¢ § ¢¨¸¨³µ¸É¨ µÉ ³ ¸¸- ¸¨³³¥É·¨¨ ¶·¨

· §´ÒÌ l. �É¨ · ¸Î¥ÉÒ ¶·¥¤¸± §Ò¢ ÕÉ ¤²Ö Ö¤¥· ¢ÒÏ¥ ÉµÎ±¨ �ƒ ¶µ Z 2 6 A
¸Ê¦¥´¨¥ ¶ · ¡µ²¨Î¥¸±µ° ¶µÉ¥´Í¨ ²Ó´µ° ±·¨¢µ° (Ê¢¥²¨Î¥´¨¥ ¦¥¸É±µ¸É¨)
¶·¨ Ê¢¥²¨Î¥´¨¨ l ¤²Ö µ¡² ¸É¨ ³ ¸¸ µ¸±µ²±µ¢ ¢ µ±·¥¸É´µ¸É¨ A6 2. �·¨ ¤¥-
²¥´¨¨ µÎ¥´Ó ²¥£±¨Ì Ö¤¥·, ²¥¦ Ð¨Ì §  ÉµÎ±µ° �ƒ, Å ¶¥·¥Ìµ¤ µÉ ±·¨¢µ°,
¡²¨§±µ° ± ¶¥·¥¢¥·´ÊÉµ° ¶ · ¡µ²¥, Î¥·¥§ ¶²µ¸±µ¥ · ¸¶·¥¤¥²¥´¨¥, ± ¸É ´¤ ·É-
´µ° ¶ · ¡µ²¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨. …¸²¨ ¸µ£² ¸¨ÉÓ¸Ö ¸ É¥³, ÎÉµ Ëµ·³ 
±·¨¢µ° ¶µÉ¥´Í¨ ²Ó´µ° Ô´¥·£¨¨ ¢ ¸É É¨¸É¨Î¥¸±µ³ ¶·¥¤¥²¥ µ¡Ê¸² ¢²¨¢ ¥É
Ëµ·³Ê · ¸¶·¥¤¥²¥´¨Ö ³ ¸¸ µ¸±µ²±µ¢, Éµ, ¢ µ¡Ð¥³ ¸²ÊÎ ¥, Ê¢¥²¨Î¥´¨¥ l, ¸µ-

£² ¸´µ [18,109], ¡Ê¤¥É ¶·¨¢µ¤¨ÉÓ ± Ê³¥´ÓÏ¥´¨Õ ¤¨¸¶¥·¸¨¨ σM
 2 ³ ¸¸µ¢µ£µ

· ¸¶·¥¤¥²¥´¨Ö.
‘± § ´´µ¥ ¨²²Õ¸É·¨·Ê¥É ·¨¸.8, , £¤¥ ¶µ± § ´ É¨¶¨Î´Ò° ¶·¨³¥· · ¸Î¥-

Éµ¢ ¶µÉ¥´Í¨ ²Ó´µ° Ô´¥·£¨¨ Ö¤·  105Ag ¢ § ¢¨¸¨³µ¸É¨ µÉ Z µ¸±µ²±µ¢ (Ê¸²µ¢-
´Ò¥ ¡ ·Ó¥·Ò) ¨ Ê£²µ¢µ£µ ³µ³¥´É  l, ¸¤¥² ´´ÒÌ ¢ · ¡µÉ¥ [112] ¶µ ³µ¤¥²¨
[18,109].

�µ¤µ¡´Ò¥ · ¸Î¥ÉÒ, µ¸´µ¢ ´´Ò¥ ´  ®ridge line¯-¶µÉ¥´Í¨ ²¥ ¶·µ¢µ¤¨²¨¸Ó
¤²Ö · §´ÒÌ Ö¤¥· ¢µ ³´µ£¨Ì · ¡µÉ Ì [109Å113]. �É  ³µ¤¥²Ó, ± ± Ê± §Ò¢ ²µ¸Ó
¢ [18,109], ¡Ê¤¥É ¤ ¢ ÉÓ  ¤¥±¢ É´Ò¥ Ô±¸¶¥·¨³¥´ÉÊ ·¥§Ê²ÓÉ ÉÒ Éµ²Ó±µ ¢ Éµ³
¸²ÊÎ ¥, ¥¸²¨ ̧ ¥¤²µ¢ Ö ±µ´Ë¨£Ê· Í¨Ö ¤¥²ÖÐ¥£µ¸Ö Ö¤·  ¡Ê¤¥É ̧ µ¢¶ ¤ ÉÓ ̧  ±µ´-
Ë¨£Ê· Í¨¥° ÉµÎ±¨ · §·Ò¢ , ¨²¨, ¶µ ±· °´¥° ³¥·¥, µ´  ¡²¨§±  ± ´¥° (¤¥Ëµ·-
³ Í¨¨ αsp ¨ αsc ¨ ¶µÉ¥´Í¨ ²Ò Vsp(M) ¨ Vsc(M) ¸µµÉ¢¥É¸É¢¥´´µ), É.¥. ±µ£¤ 

´¥É ¸É ¤¨¨ ¸¶Ê¸±  ¸ ¢¥·Ï¨´Ò ¡ ·Ó¥· . ’ ± Ö ¢µ§³µ¦´µ¸ÉÓ ·¥ ²¨§Ê¥É¸Ö ¶·¨

¤¥²¥´¨¨ ²¥£±¨Ì Ö¤¥· ¸ Z 2A < 32 (¸µµÉ¢¥É¸É¢¥´´o x < 0,6 − 0,7) [2,3], ¨ Î¥³
²¥£Î¥ Ö¤·µ, É¥³ αsp ¡²¨¦¥ ± αsc .

‘¨·± ¢ [115] ¨ Š ·ÓÖ´ ¨ Š ¶² ´ ¢ [116] · ¸¸Î¨É ²¨, ¸µµÉ¢¥É¸É¢¥´´µ,

¤²Ö 110Sn ̈  149Tb ¶µÉ¥´Í¨ ²Ó´Ò¥ Ô´¥·£¨¨ ¢ § ¢¨¸¨³µ¸É¨ µÉ § ·Ö¤µ¢µ° (³ ¸¸)
 ¸¨³³¥É·¨¨ ¨ l ¢ · ³± Ì ³µ¤¥²¨ ¢· Ð ÕÐ¥°¸Ö ¦¨¤±µ° ± ¶²¨ ¸ ÊÎ¥Éµ³ ±µ-
´¥Î´µ£µ · ¤¨Ê¸  ¤¥°¸É¢¨Ö Ö¤¥·´ÒÌ ¸¨² [16]. �¥§Ê²ÓÉ ÉÒ ÔÉ¨Ì · ¸Î¥Éµ¢
¶·¨¢¥¤¥´Ò ´  ·¨¸.8,¡ ¨ 8,¢ ¨  ´ ²µ£¨Î´Ò [109] ¨ ¨³ ¶µ¤µ¡´Ò³.

„²Ö Ö¤¥· ¸ Z 2 6 A > 32, ± ± Ê¦¥ Ê¶µ³¨´ ²µ¸Ó, ¸É ¤¨Ö ¸¶Ê¸±  Ê¦¥ ´ Î¨´ -
¥É ̈ £· ÉÓ ̧ ÊÐ¥¸É¢¥´´ÊÕ ·µ²Ó, ̈  ± ·É¨´  Ëµ·³¨·µ¢ ´¨Ö Œ� Ê¸²µ¦´Ö¥É¸Ö [3].
Œµ·¥ÉÉµ ¨ ˜³¨¤É [118] ¶µ¶·µ¡µ¢ ²¨ ¶·¨³¥´ÖÉÓ ¸É É¨¸É¨Î¥¸±¨° Ëµ·-
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³ ²¨§³ ³µ¤¥²¨ [18,109] ¤²Ö · ¸Î¥É  ¢ÒÌµ¤µ¢ ³ ¸¸ µ¸±µ²±µ¢ ¤¥²¥´¨Ö ÉÖ¦¥-

²µ£µ Ö¤·  237Bk, ¶µ²ÊÎ¥´´µ£µ ¢ ·¥ ±Í¨¨ 197Au (40Ar, f ), ´µ ´¥ ¤²Ö ¸¥¤²µ¢µ°

±µ´Ë¨£Ê· Í¨¨, ±µÉµ· Ö ¤²Ö ÔÉµ£µ Ö¤·  ¨³¥¥É Í¨²¨´¤·¨Î¥¸±ÊÕ Ëµ·³Ê,   ¤²Ö

�¨¸.8.  ) � ¸Î¥ÉÒ [112] ¶µÉ¥´Í¨ ²Ó´µ° Ô´¥·£¨¨ BZ Ö¤·  
105Ag (Ê¸²µ¢´Ò¥ ¡ ·Ó¥·Ò)

¢ § ¢¨¸¨³µ¸É¨ µÉ § ·Ö¤  Z µ¸±µ²±µ¢ ¨ Ê£²µ¢µ£µ ³µ³¥´É  l. ¡,¢) ’µ ¦¥, ÎÉµ ´  ·¨¸.8, ,
´µ · ¸Î¥É ¸¤¥² ´ ¶µ ³µ¤¥²¨ ‘¨·±  [16] ¢ · ¡µÉ Ì [115] ¨ [116] ¤²Ö 110Sn ¨ 149Tb
¸µµÉ¢¥É¸É¢¥´´µ. £) � ¸Î¥ÉÒ ¢ÒÌµ¤µ¢ ³ ¸¸ µ¸±µ²±µ¢ [118] ¢ § ¢¨¸¨³µ¸É¨ µÉ l
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· §·Ò¢´µ° Å ¤¢ÊÌ ± ¸ ÕÐ¨Ì¸Ö ¦¨¤±µ± ¶¥²Ó´ÒÌ ¸Ë¥·-µ¸±µ²±µ¢. �¥§Ê²ÓÉ É
¶µ²ÊÎ¨²¸Ö ¶·¥¦´¨° Å Ï¨·¨´  Œ� Ê³¥´ÓÏ ² ¸Ó ¸ Ê¢¥²¨Î¥´¨¥³ l, ÎÉµ ¨
¤¥³µ´¸É·¨·Ê¥É ·¨¸.8,£ ¨§ · ¡µÉÒ [118]. �Éµ ¢µÏ²µ ¢ ¶·µÉ¨¢µ·¥Î¨¥ ¸ Ô±¸-
¶¥·¨³¥´Éµ³ [108], £¤¥ ¨§ÊÎ ²µ¸Ó ¤¥²¥´¨¥ ´¥¸±µ²Ó±µ ¡µ²¥¥ ²¥£±µ£µ Ö¤· 
205At ¢ ¤¢ÊÌ ·¥ ±Í¨ÖÌ natRe(20Ne, f ) ¨ 165Ho(40Ar, f ), ¨ ¡Ò²  ´ °¤¥´  µ¡· É-
´ Ö § ¢¨¸¨³µ¸ÉÓ Å ¸ Ê¢¥²¨Î¥´¨¥³ l ·¥§±µ ¢µ§· ¸É ²  Ï¨·¨´  Œ�. �· ¢¤ ,
 ¢Éµ·Ò [108] ¶ÒÉ ²¨¸Ó µ¡ÑÖ¸´¨ÉÓ ÔÉµÉ Ë ±É ´  µ¸´µ¢¥ ´µ¢µ£µ ³¥Ì ´¨§³ 
®¡Ò¸É·µ£µ ¤¥²¥´¨Ö¯, ±µ£¤  ±·¨É¨Î¥¸±¨° Ê£²µ¢µ° ³µ³¥´É lc > lE

f
 = 0, É.¥. ±µ£¤ 

¡ ·Ó¥· ¤¥²¥´¨Ö E
~

f ¶·¨ ¡µ²ÓÏ¨Ì l ¸É ´µ¢¨É¸Ö · ¢´Ò³ ´Ê²Õ ¨ ´¥ ¶·µ¨¸Ìµ¤¨É

Ëµ·³¨·µ¢ ´¨Ö ±² ¸¸¨Î¥¸±µ£µ ¸µ¸É ¢´µ£µ Ö¤·  [125]. �¤´ ±µ, ± ± ¶µ± § ²¨
¤ ²Ó´¥°Ï¨¥ ¨¸¸²¥¤µ¢ ´¨Ö ¤¥²¥´¨Ö Ö¤¥· Pt, Po, Ku [67,97,107], É ±µ° ¦¥
ÔËË¥±É ¨³¥¥É ³¥¸Éµ ¨ ¶·¨ £µ· §¤µ ¡µ²¥¥ ´¨§±¨Ì l, ¨ ¶µÔÉµ³Ê ¥£µ ¨´É¥·¶·¥-
É Í¨Ö ´  µ¸´µ¢¥ ³¥Ì ´¨§³  ®¡Ò¸É·µ£µ ¤¥²¥´¨Ö¯ ´¥Ê¡¥¤¨É¥²Ó´ , ÎÉµ ¡Ê¤¥É
¶µ± § ´µ ´¨¦¥.

‚ · ¡µÉ¥ [119] ƒ·¥£Ê · ¨ ˜ÊÉ¥· µ¤´¨ ¨§ ¶¥·¢ÒÌ ¶·¨³¥´¨²¨ ¤¨ËËÊ-

§¨µ´´ÊÕ ³µ¤¥²Ó ¤²Ö µ¶¨¸ ´¨Ö Œ� Éµ£µ ¦¥ Ö¤·  205At. �¢Éµ·Ò [119] · ¸-
¸Î¨É ²¨ ¢ÒÌµ¤Ò ³ ¸¸, ¡¥·Ö §  µ¸´µ¢Ê ±µ´Ë¨£Ê· Í¨Õ ÉµÎ±¨ · §·Ò¢ , ±µ£¤ 
Éµ²Ð¨´  Ï¥°±¨ ³¥¦¤Ê ¤¢Ê³Ö µ¸±µ²± ³¨ rn ~ 0. �·¨ ¨§³¥´¥´¨¨ l µÉ 0 ¤µ 70h

Ï¨·¨´  Œ� ¢ · ¸Î¥É Ì [119] ¶· ±É¨Î¥¸±¨ ´¥ ¨§³¥´Ö² ¸Ó ¶·¨ ¢ ·Ó¨·µ¢ ´¨¨
±µÔËË¨Í¨¥´É  É·¥´¨Ö ¢ 20 · §. �ÉµÉ ·¥§Ê²ÓÉ É É ±¦¥ ´¥ ¸µ£² ¸Ê¥É¸Ö ¸ Ô±¸-
¶¥·¨³¥´Éµ³ [108].

�Éµ ¶·µÉ¨¢µ·¥Î¨¥ ¤µ ´¥±µÉµ·µ° ¸É¥¶¥´¨ ¡Ò²µ ¸´ÖÉµ ” ¡¥·µ³ ¢
[120,121]. ‚ [121] ¨³ ¶·¥¤¸É ¢²¥´Ò ± ·ÉÒ ¶µÉ¥´Í¨ ²Ó´µ° (¸¢µ¡µ¤´µ°)

Ô´¥·£¨¨ Éµ£µ ¦¥ 205At ¢ § ¢¨¸¨³µ¸É¨ µÉ ³ ¸¸- ¸¨³³¥É·¨¨, Ê£²µ¢µ£µ ³µ³¥´É 
l ¨ ¶ · ³¥É·  Ï¥°±¨ rn ¶·¨ É¥³¶¥· ÉÊ·¥ Ö¤·  θ = 1,6 ŒÔ‚. �É¨ ± ·ÉÒ -

¤¢Ê³¥·´Ò¥ ² ´¤Ï ËÉÒ ¸¢µ¡µ¤´µ° Ô´¥·£¨¨ Å ¶µ± § ´Ò ´  ·¨¸.9, . ˆ§ · ¸-
Î¥Éµ¢ [121] ´  ·¨¸.9,  ¸²¥¤Ê¥É, ÎÉµ Ì · ±É¥· § ¢¨¸¨³µ¸É¨ ³ ¸¸- ¸¨³³¥É·¨¨
µÉ l ³¥´Ö¥É¸Ö ´  ¶·µÉ¨¢µ¶µ²µ¦´Ò°, ¶·¨ ¢ ·Ó¨·µ¢ ´¨¨ Éµ²Ð¨´Ò Ï¥°±¨: ¤²Ö
¤¥Ëµ·³ Í¨° ¢ µ±·¥¸É´µ¸É¨ ¸¥¤²  (Éµ²¸É Ö Ï¥°± ) ¶·¨ Ê¢¥²¨Î¥´¨¨ l ¶·µ¨¸-
Ìµ¤¨É ÊÏ¨·¥´¨¥ ¶ · ¡µ²¨Î¥¸±µ° ±·¨¢µ° V(M) ¶µÉ¥´Í¨ ²Ó´µ° Ô´¥·£¨¨
(Ê³¥´ÓÏ¥´¨¥ ¦¥¸É±µ¸É¨); ¶·¨ ¶·¨¡²¨¦¥´¨¨ ± ÉµÎ±¥ · §·Ò¢  (Éµ´± Ö Ï¥°± )
l-§ ¢¨¸¨³µ¸ÉÓ V(M) ¢µµ¡Ð¥ ¨¸Î¥§ ¥É,   ¶·¨ rn = 0 (± ¸ ÕÐ¨¥¸Ö µ¸±µ²±¨) ¸

Ê¢¥²¨Î¥´¨¥³ l ¶·µ¨¸Ìµ¤¨É ¸Ê¦¥´¨¥ ¶ · ¡µ²Ò V(M) (Ê¢¥²¨Î¥´¨¥ ¦¥¸É±µ¸É¨)
± ± ¢ [118]. �µ²¥¥ µÉÎ¥É²¨¢µ ÔÉµ ¢¨¤´µ ´  ·¨¸. 9,¡, ±µÉµ·Ò° ¶µ²ÊÎ¥´ ¨§
·¨¸.9, . �  ´¥³ ¶·¨¢¥¤¥´Ò § ¢¨¸¨³µ¸É¨ ¸¢µ¡µ¤´µ° Ô´¥·£¨¨ µÉ ³ ¸¸- ¸¨³-
³¥É·¨¨ (¶µ± § ´  ¢¥É¢Ó Éµ²Ó±µ ¤²Ö ÉÖ¦¥²ÒÌ µ¸±µ²±µ¢) ¨ l ¶·¨ Ë¨±¸¨·µ¢ ´-
´µ³ ¶ · ³¥É·¥ Ï¥°±¨ rn , ¶·¨Î¥³ ¤²Ö ´ £²Ö¤´µ¸É¨ ±·¨¢Ò¥ ¤²Ö · §´ÒÌ l ≠ 0

¸µ¢³¥Ð¥´Ò ¶·¨ A 6 2 (§¤¥¸Ó ³ ¸¸- ¸¨³³¥É·¨Ö · ¢´  1) ¸ ±·¨¢µ° ¶·¨ l = 0.
‘²¥¤µ¢ É¥²Ó´µ, ÎÉµ¡Ò ¶µ´ÖÉÓ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ Ë ±ÉÒ ¤²Ö ¤¥²¥´¨Ö ÉÖ¦¥-
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²ÒÌ Ö¤¥· [67,97,107,108] ´  µ¸´µ¢¥ [121] ´Ê¦´µ ¶·¥¤¶µ²µ¦¨ÉÓ, ÎÉµ §  Ëµ·-
³¨·µ¢ ´¨¥ Œ� µ¸±µ²±µ¢ µÉ¢¥É¸É¢¥´´  µ¡² ¸ÉÓ ¤¥Ëµ·³ Í¨° ¢¡²¨§¨ ¸¥¤² ,
¢µ§³µ¦´µ, ´  ¸¶Ê¸±¥, ´µ ´¨± ± ´¥ ¢ ÉµÎ±¥ · §·Ò¢  ¶·¨ rn = 0. �¤¥¥¢Ò³ ¸

¸µ ¢Éµ· ³¨ [3,117] ¢ · ³± Ì ¤¨´ ³¨Î¥¸±µ° ¤¨ËËÊ§¨µ´´µ° ³µ¤¥²¨ ¸ ¢±²Õ-
Î¥´¨¥³ ¤¢ÊÌÉ¥²Ó´µ£µ ³¥Ì ´¨§³  É·¥´¨Ö (¢Ö§±µ¸É¨) ¡Ò²¨ ¢Ò¶µ²´¥´Ò · ¸Î¥ÉÒ

Œ�� µ¸±µ²±µ¢ Ï¨·µ±µ£µ ±·Ê£  Ö¤¥· µÉ 172Yb ¤µ 248Fm ¢ § ¢¨¸¨³µ¸É¨ µÉ

E ∗ ¨ l. ˆ³¨ ¡Ò²µ ¶µ± § ´µ, ÎÉµ §´ Î¨É¥²Ó´ÊÕ ·µ²Ó ¢ Ëµ·³¨·µ¢ ´¨¨ Œ��
¨£· ¥É ®¶ ³ÖÉÓ¯ ¤¥²ÖÐ¥°¸Ö ¸¨¸É¥³Ò µ ¸¢µ¥° ¶·¥¤Ò¸Éµ·¨¨ ¶·¨ ¤¢¨¦¥´¨¨ ±
ÉµÎ±¥ · §·Ò¢ , ±µÉµ· Ö, ¢ ¸¢µÕ µÎ¥·¥¤Ó, § ¢¨¸¨É µÉ ¶·µÉÖ¦¥´´µ¸É¨ ¨ ¢·¥-
³¥´¨ ¸¶Ê¸± ,   ¨³¥´´µ: ±µ·µÉ±¨° ¸¶Ê¸± (²¥£±µ¥ Ö¤·µ) Å Ëµ·³¨·µ¢ ´¨¥ Œ�
¶·µ¨¸Ìµ¤¨É Ë ±É¨Î¥¸±¨ ´  ¡ ·Ó¥·¥, ¤²¨´´Ò° ¸¶Ê¸± (ÉÖ¦¥²µ¥ Ö¤·µ) Å ¶·¨
´¥±µÉµ·µ° ¶·µ³¥¦ÊÉµÎ´µ° ¤¥Ëµ·³ Í¨¨ ³¥¦¤Ê ¸¥¤²µ³ ¨ · §·Ò¢µ³. ‘ ÔÉ¨Ì
¶µ§¨Í¨° ¢ [3,117] ´ °¤¥´µ, ÎÉµ ¤²Ö ²¥£±¨Ì Ö¤¥· ¶·¨³¥·´µ ¤µ x ~ 0,65

dσM
 2 6 dl < 0, ¤²Ö ÉÖ¦¥²ÒÌ dσM

 2 6 dl > 0, ÎÉµ, ± ± ¡Ê¤¥É ¶µ± § ´µ ´¨¦¥, ± Î¥¸É-

�¨¸.9.  ) Š ·ÉÒ ¸¢µ¡µ¤´µ° Ô´¥·£¨¨ Ö¤·  205At, · ¸¸Î¨É ´´Ò¥ ¢ · ¡µÉ¥ [121], ¢ § ¢¨-
¸¨³µ¸É¨ µÉ ³ ¸¸µ¢µ°  ¸¨³³¥É·¨¨, ¶ · ³¥É·  Ï¥°±¨ rn ¨ Ê£²µ¢µ£µ ³µ³¥´É . ¡) ‡ ¢¨-

¸¨³µ¸ÉÓ ¸¢µ¡µ¤´µ° Ô´¥·£¨¨ 205At µÉ ³ ¸¸µ¢µ°  ¸¨³³¥É·¨¨ ¨ Ê£²µ¢µ£µ ³µ³¥´É  ¶·¨
Ë¨±¸¨·µ¢ ´´µ³ rn (¸³. Ée±¸É)
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¢¥´´µ ¸µ£² ¸Ê¥É¸Ö ¸ Ô±¸¶¥·¨³¥´-
Éµ³. ‡ ¢¨¸¨³µ¸ÉÓ · ¸¸Î¨É ´´ÒÌ ¢
· ¡µÉ Ì [3,117] ¤¨¸¶¥·¸¨° Œ� Å

σM
 2 ¨ �� Å σE

 2 ¤²Ö · §´ÒÌ Ö¤¥·

¶µ± § ´  ´  ·¨¸.10 ¨ ¶µ¤É¢¥·¦¤ -
¥É ¸± § ´´µ¥: ¤²Ö ÉÖ¦¥²ÒÌ Ö¤¥· Å
Po, U, Cf Å µ¡¥ ¤¨¸¶¥·¸¨¨ · ¸ÉÊÉ
¸ Ê¢¥²¨Î¥´¨¥³ l, ¤²Ö ¡µ²¥¥ ²¥£±µ£µ

Ö¤·   172Yb Å σM
 2 Ê³¥´ÓÏ ¥É¸Ö,

¤²Ö 194Pt ·¥ ²¨§Ê¥É¸Ö ¶·µ³¥¦ÊÉµÎ-
´Ò° ¸²ÊÎ °.

‚¸¥ ¢ÒÏ¥¸± § ´´µ¥ ± ¸ ²µ¸Ó,

¢ µ¸´µ¢´µ³, ³ ¸¸µ¢ÒÌ · ¸¶·¥¤¥²¥´¨° µ¸±µ²±µ¢. ‘¢¥¤¥´¨° É¥µ·¥É¨Î¥¸±µ£µ

Ì · ±É¥·  µÉ´µ¸¨É¥²Ó´µ Ô´¥·£¥É¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± Å ¸·¥¤´¥° ¶µ²´µ°

±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¨ E
__

k ¨ ¥¥ ¤¨¸¶¥·¸¨¨ σE
 2 Å §´ Î¨É¥²Ó´µ ³¥´ÓÏ¥. ‚µ

³´µ£¨Ì · ¡µÉ Ì [2,3,97,116,126Å130]  ¢Éµ·Ò ¶·¥¤¶µ² £ ²¨, ÎÉµ ¸¢Ö§Ó ¢· -

Ð É¥²Ó´ÒÌ ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò ¸ ¢´ÊÉ·¥´´¨³¨ ³ ² . ‚ ÔÉµ³ ¸²ÊÎ ¥ ¤µ²¦¥´

¡Ò² ¡Ò ´ ¡²Õ¤ ÉÓ¸Ö ·µ¸É E
__

k ´  ¢¥²¨Î¨´Ê Ô´¥·£¨¨ ¢· Ð¥´¨Ö Ö¤·  (21),

¶·¨Î¥³ ¢ (21) ³µ³¥´É ¨´¥·Í¨¨ Ö¤·  J⊥ ¨ É¥³¶¥· ÉÊ·  θ ³µ£ÊÉ µ¶·¥¤¥²ÖÉÓ¸Ö

± ± ¢ ¸¥¤²µ¢µ° ÉµÎ±¥ (θsp), É ± ¨ ¢ ÉµÎ±¥ · §·Ò¢  (θsc) ¢ § ¢¨¸¨³µ¸É¨ µÉ

±µ´±·¥É´µ£µ · ¸¸³µÉ·¥´¨Ö ÔÉµ£µ ¢µ¶·µ¸  · §´Ò³¨ £·Ê¶¶ ³¨  ¢Éµ·µ¢.

‚ · ¡µÉ Ì [115,107] ¡Ò²µ ¶·¥¤¶µ²µ¦¥´µ, ÎÉµ ´¥ ¢¸Ö Ô´¥·£¨Ö Erot (21)

¨¤¥É ´  Ê¢¥²¨Î¥´¨¥ E
__

k ,   Î ¸ÉÓ ¥¥ ¶¥·¥Ìµ¤¨É ¢µ ¢· Ð¥´¨¥ µ¸±µ²±µ¢, ±·µ³¥

ÔÉµ£µ, ¥Ð¥ ´¥±µÉµ· Ö ¥¥ Î ¸ÉÓ ³µ¦¥É ¤¨¸¸¨¶¨·µ¢ ÉÓ ¢µ ¢´ÊÉ·¥´´¨¥ ¢µ§¡Ê¦-

¤¥´¨Ö ¤¥²ÖÐ¥£µ¸Ö Ö¤·  ¨²¨ µ¸±µ²±µ¢ [115] . ‘µ¡¸É¢¥´´µ, µÉ ¶¥·¥· ¸¶·¥¤¥-

²¥´¨Ö Erot ¢ ÉÊ ¨²¨ ¨´ÊÕ ¸É¥¶¥´Ó ¸¢µ¡µ¤Ò ¨ ¡Ê¤¥É § ¢¨¸¥ÉÓ ±µ´¥Î´µ¥ §´ -

Î¥´¨¥ E
__

k . Š ¸µ¦ ²¥´¨Õ, ´  ¸¥£µ¤´ÖÏ´¨° ¤¥´Ó É¥µ·¨Ö ¢ ÔÉµ³ ¢µ¶·µ¸¥ ¤¥² ¥É

Éµ²Ó±µ ¶¥·¢Ò¥ Ï £¨ (´ ¶·¨³¥·, [3,116,131]), ± Éµ³Ê ¦¥ ¶·Ö³ Ö Ô±¸¶¥·¨³¥´-

É ²Ó´ Ö ¨´Ëµ·³ Í¨Ö ´¥³´µ£µÎ¨¸²¥´´  ¨ Î ¸Éµ ¶·µÉ¨¢µ·¥Î¨¢  [129,130], ¨,

¢ ¸¢Ö§¨ ¸ ÔÉ¨³, ¶·¥¤¸É ¢²Ö¥É¸Ö ´¥µ¡Ìµ¤¨³Ò³ ¥¥ ¤ ²Ó´¥°Ï¥¥ ´ ±µ¶²¥´¨¥ ¤²Ö

· §´ÒÌ µ¡² ¸É¥° ¤¥²ÖÐ¨Ì¸Ö Ö¤¥·, Ô´¥·£¨° ¨ ´ ²¥É ÕÐ¨Ì ¨µ´µ¢.

�¨¸.10. ’¥µ·¥É¨Î¥¸± Ö § ¢¨¸¨³µ¸ÉÓ

¤¨¸¶¥·¸¨° σM
 2 ¨ σE

 2 Œ� ¨ �� µÉ Ê£²µ¢µ-

£µ ³µ³¥´É  l ¤²Ö Ê± § ´´ÒÌ Ö¤¥· [3,117]

„…‹…�ˆ… ��ƒ�…’›• Ÿ„…�  417



—Éµ ± ¸ ¥É¸Ö ¤¨¸¶¥·¸¨¨ σE
 2 , Éµ ¥¥ l-§ ¢¨¸¨³µ¸ÉÓ É¥µ·¥É¨Î¥¸±¨ ¨¸¸²¥¤µ-

¢ ²¨ Éµ²Ó±µ ¢ ¤¢ÊÌ · ¡µÉ Ì Å ¢ [107] ´  µ¸´µ¢¥ ¨§¢¥¸É´µ° ¸É É¨¸É¨Î¥¸±µ°
³µ¤¥²¨ ÉµÎ±¨ · §·Ò¢  “¨²±¨´¸  [132] ¸ ¢±²ÕÎ¥´¨¥³ ¢ ´¥¥ ¢· Ð¥´¨Ö ¨ ¢ [3]
Å ¢ · ³± Ì ¤¨ËËÊ§¨µ´´µ° ³µ¤¥²¨. ‚ ¶¥·¢µ³ ¸²ÊÎ ¥ ¤²Ö ¨§µÉµ¶µ¢ Pt · ¸-

¸Î¨É ´´Ò¥ §´ Î¥´¨Ö σE
 2 µ± § ²¨¸Ó §´ Î¨É¥²Ó´µ ³¥´ÓÏ¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ

¸µ ¸² ¡µ° ¶µ²µ¦¨É¥²Ó´µ° § ¢¨¸¨³µ¸ÉÓÕ µÉ l. ‚µ ¢Éµ·µ³ Å l-§ ¢¨¸¨³µ¸ÉÓ

σE
 2 É ±¦¥ ¤µ¸É ÉµÎ´µ ¸² ¡ Ö, ¶·¨ ÔÉµ³ ±µÔËË¨Í¨¥´É dσE

 26 dl 2 § ¢¨¸¨É µÉ

´Ê±²µ´´µ£µ ¸µ¸É ¢ , Ê¢¥²¨Î¨¢ Ö¸Ó µÉ 0,003 ¤µ 0,01 ŒÔ‚2 6 h2 ¢ ¤¨ ¶ §µ´¥
Ö¤¥· µÉ Pt ¤µ Cf, ÎÉµ ¨ ¤¥³µ´¸É·¨·Ê¥É ·¨¸.10.

‘Éµ¨É Ê¶µ³¨´ ´¨Ö ¨ · ¡µÉ  [131], £¤¥ ¢ · ³± Ì ¤¨ËËÊ§¨µ´´µ° ³µ¤¥²¨

[3] ¸ ¤¢ÊÌÉ¥²Ó´Ò³ ³¥Ì ´¨§³µ³ ¢Ö§±µ¸É¨ ¡Ò²¨ · ¸¸Î¨É ´Ò E
__

k , σE
 2 , σM

 2 ¤²Ö

µÎ¥´Ó ÉÖ¦¥²µ£µ, ¨³¥ÕÐ¥£µ ¡ ·Ó¥· ¤¥²¥´¨Ö ≈ 0 Ö¤·  272108 ¶·¨ θsp ~ 2 ŒÔ‚.

�± § ²µ¸Ó, ÎÉµ ¶·¨ Ê¢¥²¨Î¥´¨¨ l µÉ 0 ¤µ 30h · ¸¸Î¨É ´´µ¥ E
__

k ´¥ · ¸É¥É,  

Ê³¥´ÓÏ ¥É¸Ö ´  2 ŒÔ‚. �ÉµÉ ·¥§Ê²ÓÉ É ¢ [131] ´¥ ±µ³³¥´É¨·Ê¥É¸Ö ¨ ¥£µ,
¢¥·µÖÉ´µ, ³µ¦´µ ¨´É¥·¶·¥É¨·µ¢ ÉÓ É ±, ÎÉµ ¤²Ö ¸Éµ²Ó ÉÖ¦¥²µ£µ Ö¤·  ¶·¨
Ê¢¥²¨Î¥´¨¨ l ¢¡²¨§¨ ÉµÎ±¨ · §·Ò¢  ¶·µ¨¸Ìµ¤¨É ¤µ¶µ²´¨É¥²Ó´µ¥ Ê¤²¨´¥´¨¥
Ëµ·³Ò Ö¤·  ¨§-§  Í¥´É·µ¡¥¦´ÒÌ ¸¨², ¢¸²¥¤¸É¢¨¥ ÔÉµ£µ Ô´¥·£¨Ö ±Ê²µ´µ¢¸±µ-

£µ µÉÉ ²±¨¢ ´¨Ö Ê³¥´ÓÏ ¥É¸Ö ¡Ò¸É·¥¥, Î¥³ ¶·µ¨¸Ìµ¤¨É ´ · ¸É ´¨¥ E
__

k § 

¸Î¥É Erot . �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¦¥ ¤ ´´Ò¥ ¤²Ö ÉÖ¦¥²ÒÌ ¸¨¸É¥³ £µ¢µ·ÖÉ µ

´¥§ ¢¨¸¨³µ¸É¨ E
__

k µÉ l ¨ µÉ E ∗ [67,89]. „¨¸¶¥·¸¨Ö σE
 2 ¢ · ¸Î¥É Ì [131]

¶· ±É¨Î¥¸±¨ ´¥ § ¢¨¸¨É µÉ l,   σM
 2 Å · ¸É¥É ´  ~ 12 %.

2.2. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ. ˆ¸Éµ·¨¨ Ô±¸¶¥·¨³¥´É ²Ó´µ£µ
¨§ÊÎ¥´¨Ö ¢²¨Ö´¨Ö l ´  Œ�� Ê¦¥ ¶µÎÉ¨ 30 ²¥É*, ´ Î¨´ Ö ¸µ ¸É ¢Ï¥° Ê¦¥
±² ¸¸¨Î¥¸±µ° · ¡µÉÒ �²Ô§¨²  ¸ ¸µ ¢Éµ· ³¨ [62]. ‚ ¶µ¸²¥¤ÊÕÐ¥³ ¢ Éµ° ¨²¨
¨´µ° ¸É¥¶¥´¨ ± ÔÉµ° ¶·µ¡²¥³¥ ¢µ§¢· Ð ²¨¸Ó ´¥µ¤´µ±· É´µ ¢ · ¡µÉ Ì
[2,21,22,35,67,89,97,107Å109,111,113Å115,127,129,130,133Å135]. �´¨± ¸

¸µ ¢Éµ· ³¨ [129] ¨¸¸²¥¤µ¢ ²¨ ¤¥²¥´¨¥ 210Po ¢ ·¥ ±Í¨ÖÌ ¸ p, α ¨ 12C ¸ ¶µ-
³µÐÓÕ ¶µ²Ê¶·µ¢µ¤´¨±µ¢µ£µ ¸¶¥±É·µ³¥É·  E1 − E2-³¥Éµ¤¨±µ°. ˆ³¨ ¡Ò² 

¶µ²ÊÎ¥´  ¸¨²Ó´ Ö § ¢¨¸¨³µ¸ÉÓ E
__

k ± ± µÉ E ∗ (dE
__

k 6 dE ∗ ~ 0,06 ŒÔ‚/ŒÔ‚), É ±

¨ µÉ l (dE
__

k6 dl
_
 2 ~ 3 ±Ô‚/h2), ÎÉµ ¡µ²¥¥ Î¥³ ¢¤¢µ¥ ¶·¥¢ÒÏ ¥É µ¦¨¤ ¥³µ¥ ¨§

*ŒÒ ´¥ ¶·¨´¨³ ¥³ ¢µ ¢´¨³ ´¨¥ ¨¸¸²¥¤µ¢ ´¨Ö ¶µ ÔÉµ³Ê ¢µ¶·µ¸Ê ´¨§±µÔ´¥·£¥É¨Î¥¸±µ£µ
 ¸¨³³¥É·¨Î´µ£µ ¤¥²¥´¨Ö  ±É¨´µ¨¤µ¢.
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(21). „²Ö l-§ ¢¨¸¨³µ¸É¨ ¤¨¸¶¥·¸¨° σM
 2 ̈  σE

 2 ¸É É¨¸É¨Î¥¸±¨ §´ Î¨³ÒÌ ÔËË¥±-

Éµ¢ ¶µ²ÊÎ¥´µ ´¥ ¡Ò²µ. ‚ · ¡µÉ¥ [130] ŠÊ´¨´£Ì ³ ¸ ¸µ ¢Éµ· ³¨ ·¥§Ê²ÓÉ ÉÒ

[129] ´¥ ¶µ¤É¢¥·¤¨²¨ Å §´ Î¥´¨Ö E
__

k µ¸±µ²±µ¢ 208Po, µ¡· §µ¢ ´´µ£µ ¢

·¥ ±Í¨ÖÌ ¸ α-Î ¸É¨Í ³¨, ¨µ´ ³¨ 12C ¨ 16O, µ± § ²¨¸Ó ¡²¨§±¨³¨ ¨ ´¥

§ ¢¨¸ÖÐ¨³¨ µÉ l. „¨¸¶¥·¸¨¨ σM
 2 ¨ σE

 2 , É ± ¦¥, ± ± ¢ [129], ´¥ ¶·µÖ¢¨²¨

Ö¢´µ° l-§ ¢¨¸¨³µ¸É¨. ‚ [97] É ±¦¥ ¸ ¶µ³µÐÓÕ E1 − E2-¸¶¥±É·µ³¥É·  ¢ ·¥ ±-

Í¨ÖÌ ¸ ¨µ´ ³¨ 3He, 4He, 12C ¨ 16O ¡Ò²¨ ¨§³¥·¥´Ò Œ�� µ¸±µ²±µ¢ ¤¥²¥´¨Ö

É¥Ì, ÎÉµ ¨ ¢ [129,130], Ö¤¥· 208−210Po. �·¨  ´ ²¨§¥ ¶µ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éµ¢

¡Ò²  ̈ ¸¶µ²Ó§µ¢ ´  ¶·µ¸É Ö £¨¶µÉ¥§  µ ²¨´¥°´µ° § ¢¨¸¨³µ¸É¨ E
__

k , σE
 2 , σM

 2 µÉ

θsp ¨ l
_
 2:

X(θsp , l
 2) = X

0
 + 

∂X
∂θsp

 θsp + 
∂X

∂l 2
 l
_
 2, (24)

£¤¥ X(θ, l
_
 2) Å ¸·¥¤´¨¥ ³µ³¥´ÉÒ Œ��,   X

0
 = X(0,0). ‚Ò· ¦¥´¨¥ (24) Ê¤µ¢-

²¥É¢µ·¨É¥²Ó´µ µ¶¨¸Ò¢ ²µ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥, ¨ ¢ [97] ¡Ò²¨ ¶µ²Ê-

Î¥´Ò §´ Î¥´¨Ö dE
__

k6 dl
_
 2 = (2,9 ± 0,7) ±Ô‚/h2, ¡²¨§±µ¥ ± µÍ¥´±¥ (21),

dσM
 2 6 dl

_
 2 ~ 0,02 ( .¥.³.)26 h2, ¨ ¶µ-¶·¥¦´¥³Ê ´¥ ´ °¤¥´µ ¢²¨Ö´¨¥ l

_
 2 ´  σE

 2 .

‚ · ¡µÉ¥ [133] �£µ ¸ ¸µÉ·Ê¤´¨± ³¨, ¨§ÊÎ Ö ¤¥²¥´¨¥ ¢ Éµ° ¦¥ µ¡² ¸É¨
Ö¤¥· PoÅAt ¢·¥³Ö¶·µ²¥É´Ò³ ³¥Éµ¤µ³, ´ Ï²¨, ¢ µÉ²¨Î¨¨ µÉ [97,129], ´µ

± ± ¨ ¢ [130], µÎ¥´Ó ¸² ¡ÊÕ l-§ ¢¨¸¨³µ¸ÉÓ E
__

k : dE
__

k 6 dl
_
 2 < 1 ±Ô‚ 6 h2. �ÉµÉ

·¥§Ê²ÓÉ É ¢¶µ¸²¥¤¸É¢¨¨ ¡Ò² ¶µ¤É¢¥·¦¤¥´ ¢ [134]. ‚ Éµ ¦¥ ¢·¥³Ö ¢ [108,133],

  É ±¦¥ ¢ [134], ¤²Ö Ö¤·  205At, µ¡· §µ¢ ´´µ£µ ¢ ·¥ ±Í¨ÖÌ ¸ 20Ne ¨ 40Ar, ± ±

Ê¦¥ Ê¶µ³¨´ ²µ¸Ó, ´ °¤¥´  ¸¨²Ó´ Ö § ¢¨¸¨³µ¸ÉÓ σM
 2 µÉ l,   ¢ [134] ¢ÒÖ¢²¥´ 

¨ l-§ ¢¨¸¨³µ¸ÉÓ σE
 2 Å µ¡¥ ¤¨¸¶¥·¸¨¨ · ¸ÉÊÉ ¸ Ê¢¥²¨Î¥´¨¥³ l.

Œ�� µ¸±µ²±µ¢ ¤¥²¥´¨Ö ¡µ²¥¥ ²¥£±¨Ì Ö¤¥· 176−186Pt ¡Ò²¨ Ô±¸¶¥·¨³¥´-

É ²Ó´µ ¨§ÊÎ¥´Ò ¢ ·¥ ±Í¨¨ ¸ ¨µ´ ³¨ 32S ¨ 16O [107]. �µ²ÊÎ¥´´Ò¥ ¢ [107]

·¥§Ê²ÓÉ ÉÒ  ¸µ£² ¸ÊÕÉ¸Ö  ¸  [108,134]  µÉ´µ¸¨É¥²Ó´µ  ¤¨¸¶¥·¸¨°  σM
 2 ¨ σE

 2 .

� ¡²Õ¤ ¥³Ò° ¦¥ ¢ [107] ·µ¸É E
__

k µ± § ²¸Ö ¸¢Ö§ ´´Ò³ ´¥ ¸ ¨§³¥´¥´¨¥³ l,   ¸

Ê¢¥²¨Î¥´¨¥³ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö E ∗. �Í¥´¥´´Ò¥ §´ Î¥´¨Ö ¶·µ¨§¢µ¤´ÒÌ

µ± § ²¨¸Ó · ¢´Ò³¨, ± ± ¨ ¢ [129],  dE
__

k 6 dE ∗ ~ 0,06,  ´µ  ¶·¨  dE
__

k 6 dl
_
 2 ~ 0.

‚ ¤ ²Ó´¥°Ï¥³ ¢ · ¡µÉ¥ [67] ¶·¨  ´ ²¨§¥ ¤ ´´ÒÌ [107] ¡Ò²µ ¶µ± § ´µ, ÎÉµ
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§´ Î¥´¨¥ dE
__

k 6 dE ∗ Ê³¥´ÓÏ ¥É¸Ö ¢É·µ¥, ¥¸²¨ ¡µ²¥¥ ¶· ¢¨²Ó´µ ¢¢¥¸É¨ ¶µ¶· ¢-

±Ê ¢ E
__

k ´  ¨¸¶Ê¸± ´¨¥ ·¥ ²Ó´µ£µ Î¨¸²  ´¥°É·µ´µ¢ νpost ¨§ [38]. �¡ ÔÉµ³ ¦¥

ÔËË¥±É¥ Ê¶µ³¨´ ¥É¸Ö ¨ ¢ · ¡µÉ Ì [37,136].
’¥¶¥·Ó µ¸É ´µ¢¨³¸Ö ¡µ²¥¥ ¶µ¤·µ¡´µ ´  É¥Ì ·¥§Ê²ÓÉ É Ì, £¤¥ ́ ¥¶µ¸·¥¤¸É-

¢¥´´µ° Í¥²ÓÕ Ô±¸¶¥·¨³¥´Éµ¢ ¨ ¶µ¸²¥¤ÊÕÐ¥£µ  ´ ²¨§  ¡Ò²  ±µ²¨Î¥¸É¢¥´´ Ö
µÍ¥´±  ¢²¨Ö´¨Ö l ´  Œ��.

„²Ö Ê¤µ¡¸É¢  ¢µ¸¶·¨ÖÉ¨Ö, ¨ ¶·¨¤¥·¦¨¢ Ö¸Ó ´ Ï¥° ±² ¸¸¨Ë¨± Í¨¨,
µ¶¨¸ ´´µ° ¢µ ¢¢¥¤¥´¨¨, · ¸¸³µÉ·¨³ ¢´ Î ²¥ É· ¤¨Í¨µ´´ÊÕ µ¡² ¸ÉÓ ÉÖ¦¥-
²ÒÌ Ö¤¥·.

2.2.1. �¡² ¸ÉÓ Z 26 A ≥ 31. ‚ [67] ¨¸¸²¥¤µ¢ ²µ¸Ó ¨  ´ ²¨§¨·µ¢ ²µ¸Ó ¤¥-

²¥´¨¥ Ö¤¥· 206,204Po ¨ 260,256104 ¢ ·¥ ±Í¨ÖÌ:

3He + 204Pb →   207Po → f   [69]
12C + 194Pt  ↘
16O + 190Os ↘
20Ne + 186W  →   206,204Po → f
24Mg + 180Hf ↗
28Si + 176Yb ↗
40Ar + 164Dy ↗

          

16O + 244Cm ↘
20Ne + 240Pu ↘
24Mg + 236U →   260104 → f
28Si + 232Th ↗
48Ti + 208Pb →    256104 → f

¶·¨ ¤¢ÊÌ Ô´¥·£¨ÖÌ ¤²Ö ± ¦¤µ£µ ¨µ´ ,   É ±¦¥  ´ ²¨§¨·µ¢ ²¨¸Ó ¤ ´´Ò¥

[107] µ ¤¥²¥´¨¨ ¸µ¸É ¢´µ£µ Ö¤·  186Pt, µ¡· §µ¢ ´´µ£µ ¢ ·¥ ±Í¨ÖÌ

16O + 170Yb ↘

32S + 154Sm ↗
     186Pt → f.

‚ [22] ¡Ò² ¶·µ¢¥¤¥´  ´ ²¨§ Œ�� µ¸±µ²±µ¢,  ´ ²µ£¨Î´Ò° [67], ¤¥²¥´¨Ö
186Os [62]:

4He + 182W ↘
12C + 174Yb →   186Os → f.
16O + 170Er ↗

ˆ, ´ ±µ´¥Í, ¢ [70] ¡Ò²¨ ¶µ¤¢¥·£´ÊÉÒ ¶¥·¥¸³µÉ·Ê ¢¸¥ ¢ÒÏ¥¶¥·¥Î¨¸²¥´-

´Ò¥ ¤ ´´Ò¥ ¸ ÊÎ¥Éµ³ ¨§µÉµ¶¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ ν
__
pre ¨§ [38,22] ¨ ν

__
pre
 gs  ,
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ÎÉµ, ¥¸É¥¸É¢¥´´µ, µÉ· ¦ ¥É¸Ö ´  É¥³¶¥· ÉÊ·´µ° § ¢¨¸¨³µ¸É¨ Œ��. ‚ [70]
É ±¦¥  ´ ²¨§¨·µ¢ ²¨¸Ó ¤ ´´Ò¥ ¨§ · ¡µÉÒ [108] ¤²Ö ·¥ ±Í¨°

20Ne + natRe ↘
                           205,206At → f.
40Ar + 165Ho ↗

�  ·¨¸.11 ¶·¥¤¸É ¢²¥´Ò ³ ¸¸µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö µ¸±µ²±µ¢ Y(M),   ´ 

·¨¸.12 Ô´¥·£¥É¨Î¥¸±¨¥ · ¸¶·¥¤¥²¥´¨Ö Å Ek(M) ¨ ¤¨¸¶¥·¸¨Ö σE
 2(M) ¤²Ö ´ -

£·¥ÉÒÌ ¤¥²ÖÐ¨Ì¸Ö Ö¤¥· 206,204Po ¨ 256,260104, µ¡· §µ¢ ´´ÒÌ ¢ ·¥ ±Í¨ÖÌ ¸
20Ne, 28Si, 40Ar, 48Ti. ƒ Ê¸¸µ¢¸± Ö Ëµ·³  Y(M), ¶ · ¡µ²¨Î¥¸± Ö § ¢¨¸¨³µ¸ÉÓ

Ek(M) ¨ ¸² ¡µ § ¢¨¸ÖÐ Ö µÉ Œ ¤¨¸¶¥·¸¨Ö σE
 2(M) Å Ì · ±É¥·´Ò¥ ¶·¨§´ ±¨

�¨¸.11. � ¸¶·¥¤¥²¥´¨Ö ³ ¸¸ µ¸±µ²±µ¢ Ö¤¥· 204,206Po ¨ 256,260104 ¢ ´¥¸±µ²Ó±¨Ì
·¥ ±Í¨ÖÌ [67]
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�¨¸.12. �´¥·£¥É¨Î¥¸±¨¥ · ¸¶·¥¤¥²¥´¨Ö Ek ¨ σE
2 ¢ § ¢¨¸¨³µ¸É¨ µÉ ³ ¸¸Ò µ¸±µ²±µ¢ ¤²Ö É¥Ì ¦¥ Ö¤¥· ¨ ·¥ ±Í¨°, ÎÉµ ¨ ´ 

·¨¸.11 [67]
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¦¨¤±µ± ¶¥²Ó´ÒÌ ¸¢µ°¸É¢ Œ�� µ¸±µ²±µ¢ [2,3,6,12,18,137]. „²Ö ¨µ´µ¢ 28Si ¨
¡µ²¥¥ ÉÖ¦¥²ÒÌ ´  ±· ÖÌ Y(M) ¢Ò¤¥²ÖÕÉ¸Ö µ¡² ¸É¨ Ê¶·Ê£¨Ì, ±¢ §¨Ê¶·Ê£¨Ì ¨

£²Ê¡µ±µ´¥Ê¶·Ê£¨Ì ¶·µÍ¥¸¸µ¢. „²Ö ·¥ ±Í¨¨ ¸ ¨µ´ ³¨ 48Ti Ëµ·³  Y(M) Ö¢´µ
´¥ £ Ê¸¸µ¢¸± Ö, ÎÉµ ¤²Ö ¶µ¤µ¡´ÒÌ ¨µ´µ¢ ¨ ÉÖ¦¥²ÒÌ Ö¤¥·, ¸µ£² ¸´µ
[68,70,89,91,96,138], £µ¢µ·¨É µ ¢±² ¤¥ ±¢ §¨¤¥²¥´¨Ö [139] ¢ ´ ¡²Õ¤ ¥³µ¥
Œ�.  �ÉµÉ  ¢µ¶·µ¸  ¡Ê¤¥É  ¶µ¤·µ¡´µ  µ¡¸Ê¦¤ ÉÓ¸Ö  ¢ É·¥ÉÓ¥³  ¨  Î¥É¢¥·-
Éµ³ · §¤¥² Ì.

�  ·¨¸.13 ¶µ± § ´Ò § ¢¨¸¨³µ¸É¨ E
__

k µ¸±µ²±µ¢ µÉ ´ Î ²Ó´µ° Ô´¥·£¨¨ ¢µ§-

¡Ê¦¤¥´¨Ö E ∗(l ) (12) ¨ ¸·¥¤´¥£µ ±¢ ¤· É  Ê£²µ¢µ£µ ³µ³¥´É  l
_
 2 ¤²Ö Î¥ÉÒ·¥Ì

£·Ê¶¶ Ö¤¥·: 260,256104, 204,206,207Po, 186Pt ¨ 186Os, µ¡· §µ¢ ´´ÒÌ ¢

¶¥·¥Î¨¸²¥´´ÒÌ ¢ÒÏ¥ ·¥ ±Í¨ÖÌ. ˆ§ ·¨¸Ê´±  ¢¨¤´µ, ÎÉµ E
__

k ¶· ±É¨Î¥¸±¨ ´¥

§ ¢¨¸¨É µÉ l ¨ E ∗. ‘µ¢µ±Ê¶´µ¸ÉÓ ¢¸¥Ì ·¥§Ê²ÓÉ Éµ¢ ¶µ§¢µ²Ö¥É ¶µ²ÊÎ¨ÉÓ ¢¥·Ì-

´ÕÕ µÍ¥´±Ê dE
__

k 6 dl
_
 2 ≤ 0,3 ±Ô‚ 6 h2. �µ¸±µ²Ó±Ê (dE

__
k 6 dl

_
 2)Ô±¸¶ << dE

__
rot6 dl

_
 2,

³µ¦´µ ÊÉ¢¥·¦¤ ÉÓ, ÎÉµ ¡µ²ÓÏ Ö Î ¸ÉÓ Ô´¥·£¨¨ ¢· Ð¥´¨Ö ¶¥·¥Ìµ¤¨É ´¥ ¢
±¨´¥É¨Î¥¸±ÊÕ Ô´¥·£¨Õ µ¸±µ²±µ¢,   ¢ ¨´Ò¥ ¸É¥¶¥´¨ ¸¢µ¡µ¤Ò.

�¨¸.13. ‡ ¢¨¸¨³µ¸ÉÓ ¸·¥¤´¥° ¶µ²´µ° ±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¨ µ¸±µ²±µ¢ E
__

k ¤²Ö Ê± § ´-

´ÒÌ Ö¤¥· ¢ · §²¨Î´ÒÌ ·¥ ±Í¨ÖÌ (¸³. É¥±¸É) µÉ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö E ∗(l ) (12) (¸²¥-
¢ ) ¨ ¸·¥¤´¥£µ ±¢ ¤· É  Ê£²µ¢µ£µ ³µ³¥´É  l

_
 2 [22,62,67,69,107]
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�É¸ÊÉ¸É¢¨¥ ¢²¨Ö´¨Ö l ´  E
__

k ³µ¦´µ µ¡ÑÖ¸´¨ÉÓ ´  µ¸´µ¢¥ ·¥§Ê²ÓÉ Éµ¢

¨§³¥·¥´¨Ö ¸·¥¤´¥° ³´µ¦¥¸É¢¥´´µ¸É¨ γ-±¢ ´Éµ¢ M
__

γ ¨§ µ¸±µ²±µ¢ ¢ ·¥ ±Í¨ÖÌ

¸ ²¥£±¨³¨ § ·Ö¦¥´´Ò³¨ Î ¸É¨Í ³¨ (p ¨ α) [140,143] ¨ ÉÖ¦¥²Ò³¨ ¨µ´ ³¨

[134,138,141,142,144Å147], ±µÉµ·Ò¥ ¶µ± § ²¨, ÎÉµ M
__

γ · ¸É¥É ̧  Ê¢¥²¨Î¥´¨¥³

E ∗ ¨ l. ‚ [67] ¶µ± § ´µ, ÎÉµ ¨§³¥´¥´¨¥ c l M
__

γ ¨ Ô´¥·£¨¨, Ê´µ¸¨³µ° γ-±¢ ´-

É ³¨ ¨§ µ¸±µ²±µ¢ E
__

γ , ¶· ±É¨Î¥¸±¨ ¢ ÉµÎ´µ¸É¨ ¸µµÉ¢¥É¸É¢Ê¥É ¨§³¥´¥´¨Õ

E
__

rot ¤²Ö ²¥£±¨Ì Ö¤¥· ¢ ¸¥¤²µ¢µ°,   ¤²Ö ÉÖ¦¥²ÒÌ Ö¤¥· Å ¢ ÉµÎ±¥ · §·Ò¢ .

’ ±¨³ µ¡· §µ³, Ô´¥·£¨Ö ¢· Ð¥´¨Ö ¤¥²ÖÐ¥£µ¸Ö Ö¤· , ¶µ-¢¨¤¨³µ³Ê, ¢ ¡µ²Ó-
Ï¥° ¸É¥¶¥´¨ ·¥² ±¸¨·Ê¥É ¢ Ê£²µ¢µ° ³µ³¥´É (¸¶¨´) µ¸±µ²±µ¢ ¨ ¢Ò¸¢µ¡µ¦¤ -
¥É¸Ö ´  ¶µ§¤´¨Ì ¸É ¤¨ÖÌ ¶ÊÉ¥³ Ô³¨¸¸¨¨ γ-±¢ ´Éµ¢ ¨§ ´¨Ì.

�¥·¥°¤¥³ É¥¶¥·Ó ±µ ¢Éµ·Ò³ ³µ³¥´É ³ Œ�� µ¸±µ²±µ¢ Å σM
 2 ¨ σE

 2 . �·¨

 ´ ²¨§¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ µ ¤¨¸¶¥·¸¨ÖÌ Ê¤µ¡´µ · ¸¸³ É·¨¢ ÉÓ
É¥³¶¥· ÉÊ·´ÊÕ § ¢¨¸¨³µ¸ÉÓ ÔÉ¨Ì ¢¥²¨Î¨´, ¢ÒÉ¥± ÕÐÊÕ ¨§ ¤µ¸É ÉµÎ´µ
µ¡Ð¨Ì ·¥§Ê²ÓÉ Éµ¢ ¸É É¨¸É¨Î¥¸±µ° ³¥Ì ´¨±¨ [148]. ˆ§ ´¥¥, ¢ Î ¸É´µ¸É¨,
¸²¥¤Ê¥É, ÎÉµ ¥¸²¨ V(α, S) Å § ¢¨¸¨³µ¸ÉÓ ¶µÉ¥´Í¨ ²Ó´µ° Ô´¥·£¨¨ ¤¥Ëµ·³ -
Í¨¨ µÉ ¶¥·¥³¥´´µ° S, Éµ ¥¥ · ¸¶·¥¤¥²¥´¨¥ µÉ´µ¸¨É¥²Ó´µ ¸·¥¤´¥£µ §´ Î¥´¨Ö

S
_
 ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ ¤¥Ëµ·³ Í¨¥° α0 ³µ¦´µ ¶·¥¤¸É ¢¨ÉÓ ± ±

Pα
0

(S) ≈ exp 









 − 

(S − S)2

2σS, α
0

 2
 









 ,     σS, α

0

 2  = 

θα
0

KS, α
0

 ,     KS, α
0

 = 






 
d 2Y

dS 2
 






 





 S = S

α = α
0

   , (25)

£¤¥ θα
0

 Å É¥³¶¥· ÉÊ· , KS, α
0

 Å ¦¥¸É±µ¸ÉÓ ¶µ µÉ´µÏ¥´¨Õ ± ¢ ·¨ Í¨Ö³ S

(µ¡¥ ¢ ÉµÎ±¥ α = α
0
). �µ²¥¥ µ¡Ð¥¥ ¢Ò· ¦¥´¨¥ ¤²Ö É¥³¶¥· ÉÊ·´µ°

§ ¢¨¸¨³µ¸É¨ ¢¥²¨Î¨´Ò ¤¨¸¶¥·¸¨¨ σS
 2 ³µ¦´µ ¶µ²ÊÎ¨ÉÓ, ¥¸²¨ ÊÎ¥¸ÉÓ

Ô´¥·£¨Õ ´Ê²¥¢ÒÌ ±µ²¥¡ ´¨°. �¶Ê¸± Ö ¨´¤¥±¸ α
0
, ¶µ²ÊÎ ¥³

σS
 2 = 

hωS

2KS
 cth 

hωS

2θ  = 









 
θ 6 KS         ¤²Ö   θ >> hωS

hωS 6 2KS   ¤²Ö   θ < hωS ,
 (26)

£¤¥ ωS = (KS 6 µS )
16 2 Å Î ¸ÉµÉ  ±µ²¥¡ ´¨°, µS Å ¶·¨¢¥¤¥´´ Ö ³ ¸¸  ¤²Ö

±µ²¥¡ ´¨° ³µ¤Ò S.
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�±¸¶¥·¨³¥´É ¸µ£² ¸Ê¥É¸Ö ¸ ÔÉ¨³ ¶·¥¤¸± § ´¨¥³,   ¨³¥´´µ:
 ) Œ� ¨ �� ¸²¥¤ÊÕÉ £ Ê¸¸µ¢c±µ³Ê § ±µ´Ê (25);
¡) ± ± ¢ÒÉ¥± ¥É ¨§ ¨¸¸²¥¤µ¢ ´¨° ¤¥²¥´¨Ö ¤µ ±É¨´¨¤´ÒÌ Ö¤¥· ¶·¨

´¨§±¨Ì É¥³¶¥· ÉÊ· Ì, ¢Ò¶µ²´¥´´ÒÌ ¸ ¶µ³µÐÓÕ ²¥£±¨Ì § ·Ö¦¥´´ÒÌ Î ¸É¨Í

[2], § ¢¨¸¨³µ¸É¨ σM
 2 ¨ σE

 2 µÉ θsp ¸²¥¤ÊÕÉ (26), ¶·¨Î¥³ σE
 2(θsp) ¸±µ·¥¥ ¸µµÉ-

¢¥É¸É¢Ê¥É ¸²ÊÎ Õ θsp < hωE ,   σM
 2(θsp) Å ²¨´¥°´µ³Ê ¶·¨¡²¨¦¥´¨Õ

θsp >> hωM , ¢¢¨¤Ê Éµ£µ, ÎÉµ hωE6 hωM ~ 5 ÷ 10, hωM ~ 0,5 ŒÔ‚ [2].

‘ ¶µ¸²¥¤´¨³ ·¥§Ê²ÓÉ Éµ³ É ±¦¥ ´ Ìµ¤ÖÉ¸Ö ¢ ¸µ£² ¸¨¨  ´ ²¨§¨·Ê¥³Ò¥

¤ ´´Ò¥ · ¡µÉ [67,107]: σM
 2 ¸²¥¤Ê¥É ²¨´¥°´µ° § ¢¨¸¨³µ¸É¨ µÉ θsp

0  , Éµ£¤  ± ±

§ ¢¨¸¨³µ¸ÉÓ  σE
 2(θsp

0 )  ¨³¥¥É  ¢µ£´ÊÉµ¸ÉÓ ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ (26) ¨ ´¥¶²µÌµ

 ¶¶·µ±¸¨³¨·Ê¥É¸Ö ±¢ ¤· É¨Î´µ° ¶ · ¡µ²µ°. �  ÔÉ¨Ì Ë ±É Ì µ¸´µ¢Ò¢ ²¨¸Ó
¢ [67] ¶·¨  ´ ²¨§¥ ·¥§Ê²ÓÉ Éµ¢ ¨§³¥·¥´¨°: ´  ·¨¸.14 ¢ § ¢¨¸¨³µ¸É¨ µÉ ´ -

Î ²Ó´µ° É¥³¶¥· ÉÊ·Ò θsp
0  ¶·¨¢¥¤¥´Ò ¢¥²¨Î¨´Ò l

_
 2, σM

 2 ¨ σE . �±¸¶¥·¨³¥´-

É ²Ó´Ò¥ §´ Î¥´¨Ö ¤¢ÊÌ ¶µ¸²¥¤´¨Ì Ì · ±É¥·¨¸É¨± Å ³ ¸¸µ¢µ° ¤¨¸¶¥·¸¨¨ ¨
±¢ ¤· É´µ£µ ±µ·´Ö ¨§ ¤¨¸¶¥·¸¨¨ Ô´¥·£¨¨ Å Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ µ¶¨¸Ò¢ ÕÉ-
¸Ö ¶·Ö³Ò³¨ ²¨´¨Ö³¨.

Œ¥¦¤Ê É¥³¶¥· ÉÊ·´Ò³¨ § ¢¨¸¨³µ¸ÉÖ³¨ Ê± § ´´ÒÌ Ì · ±É¥·¨¸É¨± ¤²Ö
· §´ÒÌ ¡µ³¡ ·¤¨·ÊÕÐ¨Ì ¨µ´µ¢ (·¨¸.14) ¨³¥¥É¸Ö µÉÎ¥É²¨¢ Ö ±µ··¥²ÖÍ¨Ö:

¢¸¥ µ´¨ ¨³¥ÕÉ Ëµ·³Ê ¢¥¥·  ¸ ÉµÎ±µ° ¶¥·¥¸¥Î¥´¨Ö ¶·¨ θsp
0  ~ 1,2 − 1,4 ŒÔ‚,

±µ£¤  ¶·¨¡²¨§¨É¥²Ó´µ ¸· ¢´¨¢ ÕÉ¸Ö Ê£²µ¢Ò¥ ³µ³¥´ÉÒ ¤²Ö ¢¸¥Ì ·¥ ±Í¨°. ‚
ÔÉ¨ ¸¥³¥°¸É¢  ±·¨¢ÒÌ ¤²Ö Ö¤¥· Po · §Ê³´µ ¢¶¨¸Ò¢ ÕÉ¸Ö Ô±¸¶¥·¨³¥´É ²Ó´Ò¥

¤ ´´Ò¥, ¶µ²ÊÎ¥´´Ò¥ ¢ ·¥ ±Í¨¨ 204Pb(3He, f ) [69]. �¥·¥¤ ¢ ¥³Ò¥ ¢ ´¥° Ê£²µ-
¢Ò¥ ³µ³¥´ÉÒ ´ ³´µ£µ ³¥´ÓÏ¥, Î¥³ ¢ ·¥ ±Í¨ÖÌ ̧  ÉÖ¦¥²Ò³¨ ̈ µ´ ³¨, ¶µÔÉµ³Ê
¶µ²µ¦¥´¨¥ µÉ±·ÒÉÒÌ ±¢ ¤· É¨±µ¢ ´  ·¨¸.14 ¡²¨§±µ ± £· ´¨Í¥ ¸¥³¥°¸É¢ ¶·¨

l
_
 2 ~ 0. �¨¸Ê´µ± 14 ¸µµÉ¢¥É¸É¢Ê¥É ¸²ÊÎ Õ 1 ¨§ ¶·¥¤Ò¤ÊÐ¥£µ · §¤¥²  (¸³. ¸.408),
É.¥. ¶µ¸É·µ¥´ ¢ ¶·¥¤¶µ²µ¦¥´¨¨, ÎÉµ ´¥°É·µ´Ò ´¥ ¨§²ÊÎ ÕÉ¸Ö ¤µ ¸¥¤² , ¨
´µ¸¨É, ¸±µ·¥¥, ¨²²Õ¸É· É¨¢´Ò° Ì · ±É¥·, É ± ± ± ¢ ·¥ ²Ó´µ³ ¸²ÊÎ ¥ ¶·¥¤-
¤¥²¨É¥²Ó´Ò¥ ´¥°É·µ´Ò Ê´µ¸ÖÉ §´ Î¨É¥²Ó´ÊÕ Î ¸ÉÓ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö.

’¥¶¥·Ó · ¸¸³µÉ·¨³ µÉ¤¥²Ó´µ ¤¥²¥´¨¥ Ö¤¥· 205,206At [108] ¢ ·¥ ±Í¨ÖÌ:
20Ne + natRe ¸ Ô´¥·£¨Ö³¨ ¨µ´µ¢ Ne 124 ¨ 204 ŒÔ‚ ¨ 40Ar + 165Ho ¶·¨

Ô´¥·£¨ÖÌ ¨µ´µ¢ Ar µÉ 180 ¤µ 390 ŒÔ‚. ‚µ ¢Éµ·µ° ·¥ ±Í¨¨ ¸ ¨µ´ ³¨ 40Ar
¤²Ö  ´ ²¨§  ¢ [70] ¡Ò²¨ ¢§ÖÉÒ ´¨¦ °Ï¨¥ Ï¥¸ÉÓ Ô´¥·£¨° ¢ ¤¨ ¶ §µ´¥
EAr = 180 ÷ 280 ŒÔ‚. ’ ±µ° ¢Ò¡µ· µ¡Ê¸²µ¢²¥´ É¥³ µ¡¸ÉµÖÉ¥²Ó¸É¢µ³, ÎÉµ ¸

Ê¢¥²¨Î¥´¨¥³ Ô´¥·£¨¨ ¨µ´µ¢ Ar ¶µ¸²¥ ±·ÊÉµ£µ, ¶·¨¡²¨§¨É¥²Ó´µ ²¨´¥°´µ£µ
·µ¸É  ¶µ²´µ° Ï¨·¨´Ò ´  ¶µ²µ¢¨´¥ ¢Ò¸µÉÒ FWHM Œ�, ´ Î¨´ Ö ¸
EAr = 300 ŒÔ‚ ´ ¸ÉÊ¶ ¥É ¶· ±É¨Î¥¸±¨ ¶µ²´µ¥ ¢Ò¶µ² ¦¨¢ ´¨¥ § ¢¨¸¨³µ¸É¨
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FWHM µÉ E ∗. ‚ [108] ¨ ¤ ²¥¥ ¢ É¥µ·¥É¨Î¥¸±¨Ì · ¡µÉ Ì [125] ÔÉµÉ ·¥§±¨°
·µ¸É ¨ ¶µ¸²¥¤ÊÕÐ¥¥ ¢Ò¶µ² ¦¨¢ ´¨¥ Ï¨·¨´Ò Œ� µ¡ÑÖ¸´Ö²µ¸Ó ¸ ¶µ³µÐÓÕ
´µ¢µ£µ ³¥Ì ´¨§³  ®¡Ò¸É·µ£µ ¤¥²¥´¨Ö¯, ±µÉµ·Ò° ´ Î¨´ ¥É ®· ¡µÉ ÉÓ¯, ±µ£¤ 
¸ Ê¢¥²¨Î¥´¨¥³ Ô´¥·£¨¨ ¨µ´µ¢ ±·¨É¨Î¥¸±¨° Ê£²µ¢µ° ³µ³¥´É lc ¸É ´µ¢¨É¸Ö

¡µ²ÓÏ¥ §´ Î¥´¨Ö lE
f
 = 0, ¶·¨ ±µÉµ·µ³ ¡ ·Ó¥· ¤¥²¥´¨Ö ¨¸Î¥§ ¥É. ‚ ÔÉµ³ ¸²Ê-

Î ¥, ¶µ ³´¥´¨Õ  ¢Éµ·µ¢ [125], ´¥ ¶·µ¨¸Ìµ¤¨É µ¡· §µ¢ ´¨Ö ±² ¸¸¨Î¥¸±µ£µ
¸µ¸É ¢´µ£µ Ö¤·  Å ¸¨¸É¥³  ¸· §Ê ¨¤¥É ¢ ± ´ ² ¤¥²¥´¨Ö. �¤´ ±µ ¢ ¶µ¸²¥¤´¨¥

£µ¤Ò ¶µ¸²¥ É¥µ·¥É¨Î¥¸±¨Ì [149] ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥¤µ¢ ´¨°
[37,43,136] ¶µ± § ´µ, ÎÉµ ¤ ¦¥ ¶·¨ Ef = 0 ¤¥²¥´¨¥ Å ³¥¤²¥´´Ò° ¶·µÍ¥¸¸,

·µ²Ó ¡ ·Ó¥·  ¢ ÔÉµ³ ¸²ÊÎ ¥ ÔËË¥±É¨¢´µ ¢Ò¶µ²´Ö¥É ¢Ö§±µ¸ÉÓ [149], ¨ É¥·³¨´
®¡Ò¸É·µ¥ ¤¥²¥´¨¥¯ ´¥ ¸µ¢¸¥³ ±µ··¥±É¥´ [136]. �¶¨· Ö¸Ó ´  ÔÉµÉ ¢Ò¢µ¤, ¢

�¨¸.14, ,¡
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[70] ·µ¸É Ï¨·¨´Ò (¤¨¸¶¥·¸¨¨) Œ� At
¸¢Ö§Ò¢ ²¸Ö ¸ µ¡ÒÎ´Ò³ ¢²¨Ö´¨¥³ l, É ± ± ±
¢¨¤´µ ´  ·¨¸.14 ¶·¨ µ¡· §µ¢ ´¨¨ ¡²¨§-

±¨Ì ± 205,206At Ö¤¥· 204,206Po ¢¸¥ ·¥§Ê²Ó-

É ÉÒ, ¢±²ÕÎ Ö ¨ ¨µ´Ò 40Ar, Ê±² ¤Ò¢ ÕÉ-
¸Ö ¢ ¥¤¨´ÊÕ ± ·É¨´Ê, ¢ ±µÉµ·µ° ·¥§±¨°

·µ¸É σM
 2 ´ ¡²Õ¤ ¥É¸Ö ¨ ¶·¨ §´ Î¥´¨ÖÌ l

§´ Î¨É¥²Ó´µ  ³¥´ÓÏ¨Ì,  Î¥³ lE
f
 = 0. Š

Éµ³Ê ¦¥ ¢Ò¶µ² ¦¨¢ ´¨¥ Ï¨·¨´Ò Œ�
¶·¨ ¢Ò¸µ±¨Ì ¢µ§¡Ê¦¤¥´¨ÖÌ ³µ¦´µ, ¶µ-
¢¨¤¨³µ³Ê, ± Î¥¸É¢¥´´µ µ¡ÑÖ¸´¨ÉÓ É¥³
µ¡¸ÉµÖÉ¥²Ó¸É¢µ³, ÎÉµ É¥³¶¥· ÉÊ·  Ö¤·  ¢
¶·µÍ¥¸¸¥ ¤¥²¥´¨Ö ·¥§±µ ¸´¨¦ ¥É¸Ö § 
¸Î¥É ¨¸¶Ê¸± ´¨Ö ¡µ²ÓÏµ£µ Î¨¸²  ¶·¥¤-
¤¥²¨É¥²Ó´ÒÌ Î ¸É¨Í, ¨ ÔÉµÉ ¶·µÍ¥¸¸ ± ±
· § ´ Î¨´ ¥É ¸¨²Ó´µ ¸± §Ò¢ ÉÓ¸Ö ¶·¨

E ∗ ≥ 180 ÷ 200 ŒÔ‚, ¨ ± ± ¡Ò ¢¥²¨±µ ´¥
¡Ò²µ ´ Î ²Ó´µ¥ ¢µ§¡Ê¦¤¥´¨¥, Ö¤·µ ¢ ÉµÎ±¥ · §·Ò¢  ¨³¥¥É ¢µ§¡Ê¦¤¥´¨¥ ´¥
¡µ²¥¥ 50Å70 ŒÔ‚ [37,150]. •µÉÖ ¨ ́ ¥ ̈ ¸±²ÕÎ¥´µ, ÎÉµ ¶µ¸ÉµÖ´¸É¢µ Ï¨·¨´Ò
Œ� ± ± · § ¨ £µ¢µ·¨É µ ¢±²ÕÎ¥´¨¨ ³¥Ì ´¨§³  ±¢ §¨¤¥²¥´¨Ö, ± ± ¢ [89].

�  ·¨¸.15 ¢ ± Î¥¸É¢¥ ¶·¨³¥·  ¶·¨¢¥¤¥´Ò § ¢¨¸¨³µ¸É¨ σM
 2 , ´µ Ê¦¥ µÉ

ÔËË¥±É¨¢´ÒÌ É¥³¶¥· ÉÊ· ¢ ¸¥¤²¥ ̈  ¢ ÉµÎ±¥ · §·Ò¢  ¤²Ö Ö¤¥· 205,206At ̈  Éµ£µ

¦¥, ÎÉµ ¨ ´  ·¨¸.14, 260104. •µ·µÏµ ¢¨¤´µ, ± ± ¸Ê¦ ¥É¸Ö ¤¨ ¶ §µ´ É¥³¶¥· -

ÉÊ· µÉ ±µ²¨Î¥¸É¢  ́ ¥°É·µ´µ¢ ν
__
pre ¨²¨  ν

__
pre
 gs  ,  ̈ ¸¶µ²Ó§Ê¥³ÒÌ ¤²Ö  ´ ²¨§ . �·¨

ÔÉµ³, ¥¸É¥¸É¢¥´´µ, ³¥´Ö¥É¸Ö ¨ Ìµ¤ É¥³¶¥· ÉÊ·´µ° § ¢¨¸¨³µ¸É¨ σM
 2 . „²Ö ÉÖ-

¦¥²µ£µ Ö¤·  Ô´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³µ¸ÉÓ Î¨¸²  ν
__
pre É ±µ¢ , ÎÉµ ¶·µ¨¸Ìµ¤¨É

¶µÎÉ¨ ¶µ²´µ¥ ¢Ò· ¢´¨¢ ´¨¥ É¥³¶¥· ÉÊ·, ¸² ¡µ § ¢¨¸ÖÐ¥¥ µÉ ´ Î ²Ó´µ° E ∗.

�´ ²¨§ ¶µ¤µ¡´ÒÌ Ì · ±É¥·¨¸É¨±, ± ± ́   ·¨¸.14 ̈  15, ¢ [67] ¶µ± § ², ÎÉµ

¢ µ¡Ð¥³ ¸²ÊÎ ¥ § ¢¨¸¨³µ¸É¨ σE
 2 , σM

 2 µÉ θsp ¨ l
_
 2 ´¥²¨´¥°´Ò, ¨ ¸µµÉ´µÏ¥´¨¥

�¨¸.14. ‡ ¢¨¸¨³µ¸ÉÓ σM
 2 , σE ¨ l 2 µÉ θsp

0  (13)

¤²Ö Ö¤¥· 184,186Pt, 204,206,207Po ¨ 260104, µ¡· -
§µ¢ ´´ÒÌ ¢ ·¥ ±Í¨ÖÌ ¸ · §²¨Î´Ò³¨ ¨µ´ ³¨
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(24) Å · §²µ¦¥´¨¥ X(θsp , l
_
 2) ¢ ·Ö¤ ’¥°²µ· , ¢ ±µÉµ·µ³ µ¸É ¢²¥´Ò Éµ²Ó±µ

²¨´¥°´Ò¥ Î²¥´Ò, Å ¤µ¶µ²´Ö¥É¸Ö ±¢ ¤· É¨Î´Ò³¨ ¨ ¶¥·¥±·¥¸É´Ò³ Î²¥´ ³¨

X(θsp , l
_
 2) = X

0
 + 

∂X
∂θsp

 θsp + 
1∂2X

2∂θsp
2

 θsp
2  + 

∂X

∂l
_
 2
 +

+ 
1∂X 2

2∂( l
_
 2)2

 ( l
_
 2)2 + 

∂2X

∂θsp ∂l
_
 2
 θsp l

_
 2. (27)

� ¶µ³´¨³, ÎÉµ X Å ÔÉµ ¨²¨ σM
 2 , ¨²¨ σE

 2 . ‚ [67] ¡Ò²µ ¶µ± § ´µ, ÎÉµ

±¢ ¤· É¨Î´Ò³¨ Î²¥´ ³¨ ¢ (27) ³µ¦´µ ¶·¥´¥¡·¥ÎÓ ¡¥§ § ³¥É´µ£µ ÊÌÊ¤Ï¥´¨Ö
µ¶¨¸ ´¨Ö, µ¸É ¢¨¢ Éµ²Ó±µ ²¨´¥°´Ò¥ ¨ ¶¥·¥±·¥¸É´Ò¥ ¸² £ ¥³Ò¥, ¨, ±·µ³¥

Éµ£µ, ¶µ²µ¦¨²¨, ÎÉµ (σM
 2)0 = σM

 2(0,0) = 0. „²Ö ´ Ï¥£µ ¸²ÊÎ Ö ÔÉµ ¢¸¥£¤  µ§´ -

Î ¥É ¶·¥¤¶µ²µ¦¥´¨¥ µ Ëµ·³¨·µ¢ ´¨¨ Œ�� µ¸±µ²±µ¢ ¢ ÉµÎ±¥ c θi
 j = 0, É.¥. ́  

¡ ·Ó¥·¥ ̈ ²¨ ¢ ÉµÎ±¥ · §·Ò¢  (i = sp ¨²¨ sc,   j = ef 1, ef 2 ̈ ²¨ ef 3). �  ·¨¸.15

�¨¸.15. ‡ ¢¨¸¨³µ¸ÉÓ σM
 2 ¤²Ö Ö¤¥· 205,206At ¨ 260104 µÉ ÔËË¥±É¨¢´µ° É¥³¶¥· ÉÊ-

·Ò ¢ ¸¥¤²µ¢µ° ÉµÎ±¥ θsp
ef 1, θsp

ef 2 ¨ ¢ ÉµÎ±¥ · §·Ò¢  θsc
ef 3. ‘¶²µÏ´Ò¥ ²¨´¨¨ Å

Ô³¶¨·¨Î¥¸±µ¥ µ¶¨¸ ´¨¥ [70] ¸µ£² ¸´µ (27) (¸³. É¥±¸É), ÏÉ·¨Ìµ¢Ò¥ Å § ¢¨-

¸¨³µ¸ÉÓ σN
 2 µÉ θi

 j ¶·¨ l = 0
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¸¶²µÏ´Ò³¨ ²¨´¨Ö³¨ ¶µ± § ´µ µ¶¨¸ ´¨¥
¶µ ³¥Éµ¤Ê ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éµ¢ Ô±¸¶¥·¨-

³¥´É ²Ó´µ° ¨´Ëµ·³ Í¨¨ µ σM
 2(θi

 j , l
_
 2) ¸µ-

£² ¸´µ ¢Ò· ¦¥´¨Õ (27) ¡¥§ ±¢ ¤· É¨Î´ÒÌ

Î²¥´µ¢ ¨ ¸ Ê¸²µ¢¨¥³ (σM
 2)0 = 0. ‚µ ¢¸¥Ì

Ï¥¸É¨ ¸²ÊÎ ÖÌ ¤µ¸É¨£´ÊÉµ Ê¤µ¢²¥É¢µ·¨-
É¥²Ó´µ¥ µ¶¨¸ ´¨¥ Ô±¸¶¥·¨³¥´É , ±·µ³¥

·¥ ±Í¨¨ 28Si + 232Th, ¤²Ö ±µÉµ·µ°, ¶µ-
¢¨¤¨³µ³Ê, Ê¦¥ ¨³¥¥É ³¥¸Éµ ±¢ §¨¤¥²¨É¥²Ó-
´Ò° ¶·µÍ¥¸¸,  ´ ²µ£¨Î´Ò° ¨§ÊÎ¥´´µ³Ê ¢

[89,96] ¤²Ö ·¥ ±Í¨¨ 238U + 27Al, £¤¥ ´ ¡²Õ-
¤ ²¨¸Ó ¤²Ö · §´ÒÌ ¤¨ ¶ §µ´µ¢ ³ ¸¸ µ¸±µ²-
±µ¢ ¢ Ê£²µ¢ÒÌ · ¸¶·¥¤¥²¥´¨ÖÌ  ¸¨³³¥É·¨Ö
¨Ì · §²¥É  ¢¶¥·¥¤-´ § ¤ ¨ ÊÏ¨·¥´¨¥ Œ�.

˜É·¨Ìµ¢Ò³¨ ²¨´¨Ö³¨ ´  ·¨¸.15 ¶µ± § ´Ò § ¢¨¸¨³µ¸É¨ σM
 2(θi

 j) ¶·¨ l = 0.

„²Ö Ö¤·  260104, ¥¸²¨ · ¸¸³ É·¨¢ ÉÓ ¸²ÊÎ ¨ ¸ θsp
ef 1 ¨ θsc

ef 3, ¸²¥¤Ê¥É ¶·¨§´ ÉÓ,

ÎÉµ ¶· ±É¨Î¥¸±¨ ¢¸¥ ¢µ§· ¸É ´¨¥ σM
 2 ¶·µ¨¸Ìµ¤¨É §  ¸Î¥É Ê¢¥²¨Î¥´¨Ö l, É.±.

É¥³¶¥· ÉÊ·  ¢ ÔÉ¨Ì ¸²ÊÎ ÖÌ ¨§³¥´Ö¥É¸Ö ¸² ¡µ. �·¨¸ÊÉ¸É¢¨¥ ¢ ¢Ò· ¦¥´¨¨
(27) ¶¥·¥±·¥¸É´µ£µ Î²¥´  ¶·¨¢µ¤¨É ± Éµ³Ê, ÎÉµ §´ Î¥´¨¥ ¶µ²´µ° ¶·µ¨§¢µ¤-

´µ° dσM
 2 6 dl

_
 2, ±µÉµ·ÊÕ ³µ¦´µ ´ §¢ ÉÓ ±µÔËË¨Í¨¥´Éµ³ ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨

σM
 2 ± l 2, ´ Î¨´ ¥É § ¢¨¸¥ÉÓ µÉ θi

 j Å ¶·¨ ³¥´ÓÏ¥° É¥³¶¥· ÉÊ·¥ µ´  ¡µ²ÓÏ¥.

’µÎ´µ É ± ¦¥, ± ± ¶µ± § ´µ ´  ·¨¸.15, ¢ · ¡µÉ¥ [70] ¡Ò²¨ ¶·µ ´ ²¨-

§¨·µ¢ ´Ò ¤ ´´Ò¥ ¤²Ö 186Os [62,22], 186Pt [107,67] ¨ 204,206,207Po [67], ¤²Ö
¤¢ÊÌ ¶µ¸²¥¤´¨Ì Ö¤¥· µ´¨ ¡Ò²¨ ¶µ± § ´Ò ´  ·¨¸.14.

‚¸Ö ¨´Ëµ·³ Í¨Ö µ ¶µ²´µ° ¶·µ¨§¢µ¤´µ° dσM
 2 6 dl

_
 2 ¶·¥¤¸É ¢²¥´  ´ 

·¨¸.16 ¢ § ¢¨¸¨³µ¸É¨ µÉ Z 2 6 A ¶·¨ ´¥±µÉµ·ÒÌ Ê± § ´´ÒÌ §´ Î¥´¨ÖÌ É¥³¶¥-

· ÉÊ· θi
 j : ´  ·¨¸.16,  Å µÉ θsp

ef 1, ´  ·¨¸.16,¡ Å θsp
ef 2, ´  ·¨¸.16,¢ Å θsc

ef 3.

�¨¸.16. ‡ ¢¨¸¨³µ¸ÉÓ ±µÔËË¨Í¨¥´É  ÎÊ¢¸É¢¨É¥²Ó-

´µ¸É¨ dσM
 2 6 dl

_
 2 µÉ Z 2 6 A ¶·¨ Ê± § ´´ÒÌ §´ Î¥-

´¨ÖÌ É¥³¶¥· ÉÊ·Ò:  ) θsp
ef 1,  ¡) θsp

ef 2, ¢) θsc
ef 3 ¤²Ö

Ö¤¥· 186Os − 260104 (ÉµÎ±¨). ‘¶²µÏ´Ò¥ ²¨´¨¨ Å
 ´ ²¨É¨Î¥¸±µ¥ µ¶¨¸ ´¨¥ ÔÉ¨Ì § ¢¨¸¨³µ¸É¥° [70]
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�¸µ¡µ µÉ³¥É¨³, ÎÉµ ¤ ´´Ò¥ ¤²Ö 205,206At Ìµ·µÏµ Ê±² ¤Ò¢ ÕÉ¸Ö ¢ ¥¤¨´ÊÕ ¸
¤·Ê£¨³¨  Ö¤· ³¨  § ¢¨¸¨³µ¸ÉÓ  µÉ  ´Ê±²µ´´µ£µ  ¸µ¸É ¢ ,  É ±  ÎÉµ  ³¥Ì ´¨§³
®¡Ò¸É·µ£µ ¤¥²¥´¨Ö¯ ¢ ¤ ´´µ³ ¸²ÊÎ ¥ ´¥ ¶µ´ ¤µ¡¨²¸Ö ¤²Ö µ¡ÑÖ¸´¥´¨Ö ·µ¸É 

σM
 2 µÉ l ¤ ¦¥ ¶·¨ lc > lE

f
 = 0.

ˆ§ ·¥§Ê²ÓÉ Éµ¢, ¶·¨¢¥¤¥´´ÒÌ ´  ·¨¸.16, ¸É ´µ¢¨É¸Ö ¶µ´ÖÉ´µ, ÎÉµ

dσM
 2 6 dl

_
 2 ¶µ-· §´µ³Ê § ¢¨¸ÖÉ µÉ Z 26 A ¶·¨ · §²¨Î´ÒÌ µ¶·¥¤¥²¥´¨ÖÌ É¥³¶¥-

· ÉÊ·Ò θi
 j.

‘¶²µÏ´Ò³¨ ²¨´¨Ö³¨ ´  ·¨¸.16 ¶µ± § ´µ Ô³¶¨·¨Î¥¸±µ¥ µ¶¨¸ ´¨¥ [70].

�¥§±¨° ·µ¸É dσM
 2 6 dl

_
 2 ¤²Ö ÉÖ¦¥²ÒÌ Ö¤¥· ´  ·¨¸.16,  ¨ ·¨¸.16,¢ µ¡Ê¸²µ¢²¥´,

¢ µ¸´µ¢´µ³, ¢²¨Ö´¨¥³ l,   ´¥ θi
 j. „²Ö ¸²ÊÎ Ö, ±µ£¤  É¥³¶¥· ÉÊ·  ¢ ¸¥¤²µ¢µ°

ÉµÎ±¥ Å ËÊ´±Í¨Ö Î¨¸²  ´¥°É·µ´µ¢ νpre
 gs , ·µ¸É ÔÉµ£µ ±µÔËË¨Í¨¥´É  ¶·¨ Ê¢¥-

²¨Î¥´¨¨ Z 26 A £µ· §¤µ Ê³¥·¥´´¥¥.
�µÎÉ¨ ¢¸¥ ¢ÒÏ¥¸± § ´´µ¥ µÉ´µ¸¨²µ¸Ó ± · ¸¶·¥¤¥²¥´¨Ö³ ³ ¸¸ µ¸±µ²±µ¢.

„²Ö ¤¨¸¶¥·¸¨° �� σE
 2 ·¥ ²¨§Ê¥É¸Ö ¶· ±É¨Î¥¸±¨ É  ¦¥ ¸¨ÉÊ Í¨Ö, ÎÉµ ¨ ¤²Ö

Œ�, ¶µÔÉµ³Ê ̧ ¥°Î ¸ ³Ò ́   ́ ¥° µ¸É ´ ¢²¨¢ ÉÓ¸Ö ́ ¥ ¡Ê¤¥³,   ́ ¥¸±µ²Ó±µ ¶µ§¦¥
¶·¨¢¥¤¥³ ±µ´¥Î´Ò¥ ·¥§Ê²ÓÉ ÉÒ.

ˆÉ ±, ³Ò ¢¨¤¨³, ÎÉµ ¤²Ö Ö¤¥· ¸ Z 26 A ≥ 31 Ê¢¥²¨Î¥´¨¥ l ¢¸¥£¤  ¶·¨¢µ¤¨É

± ¢µ§· ¸É ´¨Õ σM
 2 ¨ σE

 2, ¨ Î¥³ ÉÖ¦¥²¥¥ ¨ ³¥´¥¥ ¢µ§¡Ê¦¤¥´µ Ö¤·µ, É¥³ ¸¨²Ó-

´¥¥ ¢²¨Ö´¨¥ l. „²Ö ¤µ¸É ÉµÎ´µ ²¥£±µ£µ Ö¤·  186Os ±µÔËË¨Í¨¥´É dσM
 2 6 dl

_
 2

¡²¨§µ± ± ´Ê²Õ.
‚ ¨Éµ£¥ ¨§ ¸± § ´´µ£µ ¸²¥¤Ê¥É, ÎÉµ Î¥³ ¤²¨´´¥¥ ¸¶Ê¸± ¸ ¢¥·Ï¨´Ò ¡ ·Ó-

¥·  ¨ ¢¸¥ ¡µ²¥¥ ·¥Ï ÕÐÊÕ ·µ²Ó ´ Î¨´ ÕÉ ¨£· ÉÓ ¤¨´ ³¨Î¥¸±¨¥ ÔËË¥±ÉÒ,
É¥³ ¸¨²Ó´¥¥ Ê£²µ¢µ° ³µ³¥´É, ¢´¥¸¥´´Ò° ´ ²¥É ÕÐ¨³ ¨µ´µ³, ¢µ§¤¥°¸É¢Ê¥É
´  ¤¥²ÖÐ¥¥¸Ö Ö¤·µ.

2.2.2. Ÿ¤·  ¸ Z 2 6 A = 20 − 30. „²Ö ²¥£±¨Ì Ö¤¥· Ô±¸¶¥·¨³¥´É ²Ó´ Ö ¨´-
Ëµ·³ Í¨Ö µ¡ l-§ ¢¨¸¨³µ¸É¨ Œ�� µ¸±µ²±µ¢ £µ· §¤µ ¡¥¤´¥¥, Î¥³ Éµ²Ó±µ ÎÉµ
· ¸¸³µÉ·¥´´ Ö ´ ³¨. ‚ µ¸´µ¢´µ³ µ´  ¶·¥¤¸É ¢²¥´  ¢ · ¡µÉ Ì [22,35,
111,115,127]. Š ± ¶µ± § ²¨ ÔÉ¨ ¨¸¸²¥¤µ¢ ´¨Ö, ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ É ±¨Ì
¨µ´µ¢, ± ± Œg, Al, Cl ¨ É.¤., ¢ µÉ²¨Î¨¥ µÉ ¤¥²¥´¨Ö ÉÖ¦¥²ÒÌ Ö¤¥·, ±·µ³¥
Ê£²µ¢µ£µ ³µ³¥´É , ¢µ§´¨± ¥É ¶·µ¡²¥³  ¸¥¶ · Í¨¨ ¸µ¡ÒÉ¨° ®¨¸É¨´´µ£µ¯
(±² ¸¸¨Î¥¸±µ£µ) ¤¥²¥´¨Ö µÉ ¸µ¡ÒÉ¨° £²Ê¡µ±µ´¥Ê¶·Ê£¨Ì ¶¥·¥¤ Î ¨ ±¢ §¨¤¥-
²¥´¨Ö [151], ·¥§±µ ¨§³¥´ÖÕÐ¨Ì Ëµ·³Ê Œ� ¢ § ¢¨¸¨³µ¸É¨ µÉ Ô´¥·£¨¨ ¨µ´ 
¨, ±·µ³¥ ¢¸¥£µ ¶·µÎ¥£µ, µÉ Ê£²  ¢Ò²¥É  µ¸±µ²µÎ´µ¶µ¤µ¡´ÒÌ ¶·µ¤Ê±Éµ¢
·¥ ±Í¨° [22,111Å113,126,127,152]. „²Ö ¡µ²¥¥ ²¥£±¨Ì ¨µ´µ¢ ¶·¨ Ô´¥·£¨ÖÌ
³¥´ÓÏ¥ 10 ŒÔ‚/´Ê±²µ´ ¶µ¤µ¡´ÒÌ ¶·µ¡²¥³ ¶· ±É¨Î¥¸±¨ ´¥ ¢µ§´¨± ¥É
[19,22Å25,109Å111,113,128,153Å156]. ‘± § ´´µ¥ ¨²²Õ¸É·¨·Ê¥É ·¨¸.17
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[22]. ‚ ¢¥·Ì´¥° ¥£µ Î ¸É¨ ¶µ± § ´Ò ¤¢Ê³¥·´Ò¥ ³ É·¨ÍÒ N(M, Ek) ¤²Ö ¤¢ÊÌ ¨§

¨§ÊÎ¥´´ÒÌ ·¥ ±Í¨° 20Ne (140 ŒÔ‚) + 124Sn ¨ 25Mg (164 ŒÔ‚ + 99Ru). �¥-

§Ê²ÓÉ ÉÒ ¤²Ö ·¥ ±Í¨¨ ¸ 20Ne ¶·¥¤¸É ¢²ÖÕÉ ¸µ¡µ° ¸É ´¤ ·É´µ¥ · ¸¶·¥¤¥²¥´¨¥,
¡²¨§±µ¥ ± É·¥Ê£µ²Ó´µ³Ê, ÎÉµ ¤²Ö Œ� ¢Ò· ¦ ¥É¸Ö ¢ ¥£µ £ Êc¸µ¢¸±µ° Ëµ·³¥, ¢

Éµ ¢·¥³Ö ± ± ¤²Ö ·¥ ±Í¨¨ ¸ 25Mg ± ·É¨´  §´ Î¨É¥²Ó´µ ¸²µ¦´¥¥ Å ¤²Ö ³ ¸¸
¢¡²¨§¨ A6 2 µÉÎ¥É²¨¢µ ¢Ò¤¥²Ö¥É¸Ö µ¡² ¸ÉÓ ¸¨³³¥É·¨Î´µ£µ ¶¨± , ¶µ ±· Ö³
· ¸¶·¥¤¥²¥´¨° ¢¨¤´Ò, ¢µ-¶¥·¢ÒÌ, ¸µ¡ÒÉ¨Ö µÉ Ê¶·Ê£µ£µ-±¢ §¨Ê¶·Ê£µ£µ ¶¨± 
¨, ¢µ-¢Éµ·ÒÌ, µ¡² ¸ÉÓ ³ ¸¸ ¨ Ô´¥·£¨°, £¤¥ µ¶·¥¤¥²¥´´µ ¶·µÖ¢²Ö¥É¸Ö ¢±² ¤ µÉ
·¥ ±Í¨° £²Ê¡µ±µ´¥Ê¶·Ê£¨Ì ¶¥·¥¤ Î. ‚ ́ ¨¦´¥° Î ¸É¨ ·¨¸.17 ¶·¨¢¥¤¥´Ò Œ��

µ¸±µ²±µ¢ ¤¥²¥´¨Ö 124Ba, µ¡· §µ¢ ´´µ£µ ¢ ·¥ ±Í¨ÖÌ ¸ ¶µ³µÐÓÕ 12C ¨ 25Mg.

„ ´´Ò¥ ¤²Ö ·¥ ±Í¨¨ ¸ 12C ¸Ìµ¦¨ ¸ 20Ne,   ¢µÉ ·¥ ±Í¨Ö ¸ 25Mg § ¸²Ê¦¨¢ ¥É
µÉ¤¥²Ó´µ£µ µ¡¸Ê¦¤¥´¨Ö. � ¸¶·¥¤¥²¥´¨¥ ³ ¸¸ ¨³¥¥É ¸²µ¦´ÊÕ ¸É·Ê±ÉÊ·Ê, ´ -

�¨¸.17. ‚¢¥·ÌÊ Å ¤¢Ê³¥·´Ò¥ ³ É·¨ÍÒ N(M, Ek ) ¤²Ö Ê± § ´´ÒÌ

·¥ ±Í¨°; ¢´¨§Ê Å ¢ÒÌµ¤Ò ³ ¸¸ Y, Ek ¨ σE
 2  ¢ § ¢¨¸¨³µ¸É¨ µÉ

³ ¸¸Ò µ¸±µ²±µ¢ M ¤²Ö Ê± § ´´ÒÌ ·¥ ±Í¨°
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¶µ³¨´ ÕÐÊÕ · ¸¶·¥¤¥²¥´¨¥ ¤²Ö 111In ̈ § [151] ¢ ·¥ ±Í¨¨ 84Kr + 27Al ̈  ¶µ± -
§ ´´µ¥ ¤ ²¥¥ ´  ·¨¸.20. ‚ [151] ÔÉ  ¸É·Ê±ÉÊ·  ¡Ò²  · §£· ´¨Î¥´  ´  É·¨
µ¡² ¸É¨ ¨ µ¡µ¸´µ¢ ´´µ ¨´É¥·¶·¥É¨·µ¢ ´ . ‘¨³³¥É·¨Î´Ò° ¶¨± ¢¡²¨§¨ M =
= A6 2 Ö¢²Ö¥É¸Ö ®¨¸É¨´´Ò³¯ ¤¥²¥´¨¥³ Î¥·¥§ ¸µ¸É ¢´µ¥ Ö¤·µ, ¨ ¢ [22] ¥£µ
µ¶¨¸ ²¨ £ Ê¸¸¨ ´µ³. Š· Ö · ¸¶·¥¤¥²¥´¨Ö ¢¡²¨§¨ M = Ai ¨ At ¶·¥¤¸É ¢²ÖÕÉ

¸µ¡µ° ·¥§Ê²ÓÉ É ·¥ ±Í¨° ±¢ §¨Ê¶·Ê£¨Ì ¨ £²Ê¡µ±µ´¥Ê¶·Ê£¨Ì ¶¥·¥¤ Î ¨ ´ 

·¨¸.20 ¤²Ö 111In ¶µ± § ´Ò ÏÉ·¨Ìµ¢Ò³¨ ²¨´¨Ö³¨, ÎÉµ ¨ ¢Ò· ¦ ¥É¸Ö ¢

Ê¢¥²¨Î¥´¨¨ Ek ¨ σE
 2 ¤²Ö ÔÉ¨Ì ³ ¸¸. �·µ³¥¦ÊÉµÎ´Ò¥ ®¶²¥Î¨¯ ³¥¦¤Ê ÔÉ¨³¨

¤¢Ê³Ö ¤¨ ¶ §µ´ ³¨ ³ ¸¸ ¨´É¥·¶·¥É¨·ÊÕÉ¸Ö ¢ [151] ± ± ·¥§Ê²ÓÉ É · ¸¶ ¤ 
¤µ²£µ¦¨¢ÊÐ¥° Ö¤¥·´µ° ¸¨¸É¥³Ò, ´¥ ¶·µÌµ¤ÖÐ¥° Î¥·¥§ ¸É ¤¨Õ ¸µ¸É ¢´µ£µ
Ö¤· , É.¥. ±¢ §¨¤¥²¨É¥²Ó´Ò° ¶·µÍ¥¸¸ (¸¢¥É²Ò¥ ÉµÎ±¨ ´  ·¨¸.20). ‚ ´ ¸ÉµÖ-
Ð¥° · ¡µÉ¥ ´ ¸ ¨´É¥·¥¸Ê¥É Éµ²Ó±µ ®¨¸É¨´´µ¥¯ ¤¥²¥´¨¥ ¨ ¶µ ³´¥´¨Õ  ¢Éµ-
·µ¢ [22] ¥£µ ¤µ¸É ÉµÎ´µ Ìµ·µÏµ ³µ¦´µ µÉ¤¥²¨ÉÓ µÉ ¤·Ê£¨Ì ¶·µÍ¥¸¸µ¢.

�£ ·¢ ²µ³ ¸ ¸µ ¢Éµ· ³¨ [111] ¡Ò²¨ ¨§ÊÎ¥´Ò ·¥ ±Í¨¨ 16O + 92Mo ¨
52Cr + 56Fe, ¶·¨¢µ¤ÖÐ¨¥ ± ¸µ¸É ¢´µ° ¸¨¸É¥³¥ 108Sn.  „²Ö ¶¥·¢µ° ·¥ ±Í¨¨
´ ¡²Õ¤ ²µ¸Ó Ï¨·µ±µ¥ £ Ê¸¸µ¶µ¤µ¡´µ¥, ¶· ±É¨Î¥¸±¨ ´¥ § ¢¨¸ÖÐ¥¥ µÉ Ê£² 
· ¸¶·¥¤¥²¥´¨¥ § ·Ö¤µ¢ (³ ¸¸) ¶·µ¤Ê±Éµ¢ ·¥ ±Í¨¨ ¢¡²¨§¨ ZCN6 2 ± 10, ±µÉµ-

·Ò¥ ³µ¦´µ ¨¤¥´É¨Ë¨Í¨·µ¢ ÉÓ ± ± ®¨¸É¨´´µ¥¯ ¤¥²¥´¨¥. ‚ Éµ ¦¥ ¢·¥³Ö ¤²Ö
¢Éµ·µ° ·¥ ±Í¨¨ ´ ¡²Õ¤ ²¨¸Ó § ¢¨¸ÖÐ¨¥ µÉ Ê£²  Ê§±¨¥ · ¸¶·¥¤¥²¥´¨Ö § ·Ö-
¤µ¢. ˆÌ  ¢Éµ·Ò [111] µ¶·¥¤¥²¨²¨ ¤ ¦¥ ¤²Ö Ê£²  θCM ~ 90Æ ± ± ¶·µ¤Ê±ÉÒ

· ¸¶ ¤  ¤µ²£µ¦¨¢ÊÐ¥°, ´µ ´¥ ¤µ¸É¨£Ï¥° ¶µ²´µ£µ ¸É É¨¸É¨Î¥¸±µ£µ · ¢´µ-
¢¥¸¨Ö ¸¨¸É¥³Ò, É.¥., ¶µ²Ó§ÊÖ¸Ó ¸µ¢·¥³¥´´µ° É¥·³¨´µ²µ£¨¥°, ± ±
±¢ §¨¤¥²¨É¥²Ó´Ò° ¶·µÍ¥¸¸. �µ ÔÉµ° ¶·¨Î¨´¥ ¡¥¸¸³Ò¸²¥´´µ ¸· ¢´¨¢ ÉÓ Ì -
· ±É¥·¨¸É¨±¨ Œ� µ¸±µ²±µ¢ ¨²¨ µ¸±µ²µÎ´µ¶µ¤µ¡´ÒÌ ¶·µ¤Ê±Éµ¢ µ¡¸Ê¦¤ ¥-
³ÒÌ ·¥ ±Í¨°, É ± ± ± µ´¨ Ì · ±É¥·¨§ÊÕÉ · §´Ò¥ ¶·µÍ¥¸¸Ò.

�µ¤µ¡´ Ö ¸¨ÉÊ Í¨Ö ´ ¡²Õ¤ ² ¸Ó ¨ ¢ · ¡µÉ¥ �µ± ÎÎµ ¸ ¸µ ¢Éµ· ³¨ [127]
¤²Ö ¡µ²ÓÏ¥£µ Î¨¸²  ¨§ÊÎ¥´´ÒÌ ·¥ ±Í¨°,   É ±¦¥ ¢ · ¡µÉ¥ £·Ê¶¶Ò �µ£ ³Ô

[113], £¤¥ ¡Ò²¨ ¨¸¸²¥¤µ¢ ´Ò ·¥ ±Í¨¨ 16O + 89Y ¨ 37Cl + 68Zn, ¶·¨¢µ¤ÖÐ¨¥ ±

µ¡· §µ¢ ´¨Õ Ö¤·  105Ag. „ ´´Ò¥ µ Ì · ±É¥·¨¸É¨± Ì Œ� ¢Éµ·µ° ·¥ ±Í¨¨, ¢
¸¢Ö§¨ ¸ ¢ÒÏ¥¸± § ´´Ò³, ¢ [22] ¢ ÊÎ¥É ´¥ ¶·¨´¨³ ²¨¸Ó. —Éµ ± ¸ ¥É¸Ö ��, Éµ

¸µ£² ¸´µ [113] E
__

k ¨ σE
 2 ´¥ § ¢¨¸ÖÉ ´¨ µÉ l, ´¨, ¢ µÉ²¨Î¨¥ µÉ Œ�, µÉ Ê£² 

·¥£¨¸É· Í¨¨ θCM .

�¥¸µ³´¥´´Ò° ¨´É¥·¥¸ ¶·¥¤¸É ¢²Ö¥É · ¡µÉ  [115], £¤¥ ̈ §ÊÎ ²µ¸Ó ¤¥²¥´¨¥

Ö¤·  110Sn ¢ ·¥ ±Í¨¨ 45Sc + 65Cu. •µÉÖ µ´  (·¥ ±Í¨Ö) ¡²¨§±  ± ¨§ÊÎ¥´´µ° ¢

[111] (52Cr + 56Fe),  ¢Éµ·Ò [115], ¨§³¥·¨¢ · ¸¶·¥¤¥²¥´¨Ö § ·Ö¤µ¢ ²¥£±¨Ì
µ¸±µ²±µ¢ ¶·¨ θCM ~ 90Æ, ¢¨¤ ±µÉµ·µ£µ µ± § ²¸Ö ¡²¨§µ± ± £ Ê¸¸µ¢¸±µ³Ê,  

É ±¦¥ ³´µ¦¥¸É¢¥´´µ¸ÉÓ γ-±¢ ´Éµ¢ M
__

γ ¨§ µ¸±µ²±µ¢ ¢ § ¢¨¸¨³µ¸É¨ µÉ § ·Ö¤µ-
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¢µ° (³ ¸¸µ¢µ°)  ¸¨³³¥É·¨¨, ÊÉ¢¥·¦¤ ÕÉ, ÎÉµ ¢ ÔÉµ³ ¸²ÊÎ ¥ µ¡· §Ê¥É¸Ö ±² ¸-
¸¨Î¥¸±µ¥ ¸µ¸É ¢´µ¥ Ö¤·µ, ¨ § ·Ö¤µ¢µ¥ · ¸¶·¥¤¥²¥´¨¥ ¤µ¸É ÉµÎ´µ Ìµ·µÏµ
µ¶¨¸Ò¢ ¥É¸Ö ¸É É¨¸É¨Î¥¸±µ° ³µ¤¥²ÓÕ, §  µ¸´µ¢Ê ±µÉµ·µ° ¢§ÖÉ  Œ†Š ¸ ÊÎ¥-

Éµ³ ¢· Ð¥´¨Ö. �·¨ ¸· ¢´¥´¨¨ · ¸¶·¥¤¥²¥´¨° § ·Ö¤µ¢ µ¸±µ²±µ¢ 110Sn, ¶µ²Ê-

Î¥´´µ£µ ¶·¨ ¡µ²ÓÏµ³ Ê£²µ¢µ³ ³µ³¥´É¥ (lc = 70h), ¨ ¡²¨§±µ£µ Ö¤·  102Rh ¨§

·¥ ±Í¨¨ 93Nd + 9Be [19] ¶·¨ ³ ²µ³ ³µ³¥´É¥ (lc = 34h),  ¢Éµ·Ò [115] ¤¥² ÕÉ

¢Ò¢µ¤, ÎÉµ ¢ Ô±¸¶¥·¨³¥´É¥ ¤¥°¸É¢¨É¥²Ó´µ ´ ¡²Õ¤ ²µ¸Ó ¸Ê¦¥´¨¥ Œ� ¸ Ê¢¥-
²¨Î¥´¨¥³ l, ± ± ÔÉµ ¨ ¶·¥¤¸± §Ò¢ ÕÉ É¥µ·¥É¨Î¥¸±¨¥ · ¸Î¥ÉÒ ¤²Ö ÔÉ¨Ì Ö¤¥·
(¸³. ¶.2.1.).

‚ É ¡²¨Í¥ ¶·¨¢¥¤¥´  Ô±¸¶¥·¨³¥´É ²Ó´ Ö ¨´Ëµ·³ Í¨Ö, ±µÉµ· Ö ¢ [22]
¡Ò²  ¢Ò¡· ´  ¤²Ö Ê¸É ´µ¢²¥´¨Ö ±µ²¨Î¥¸É¢¥´´µ° § ¢¨¸¨³µ¸É¨ Ì · ±É¥·¨¸É¨±
Œ�� µÉ l. Š ¸µ¦ ²¥´¨Õ, ±·µ³¥ ¨§ÊÎ¥´´µ£µ ´ ³¨ ¢ · ¡µÉ¥ [22] ¢ ¤¢ÊÌ ·¥ ±-

Í¨ÖÌ Ö¤·  124Ba, ´¥ Ê¤ ¥É¸Ö ¶µ¤µ¡· ÉÓ ¶µ¤µ¡´Ò¥ ¤ ´´Ò¥ ¤²Ö ¤·Ê£¨Ì Ö¤¥·,
Ê¤µ¢²¥É¢µ·ÖÕÐ¨¥ · ´¥¥ µ¶¨¸ ´´Ò³ É·¥¡µ¢ ´¨Ö³. �µ ÔÉµ° ¶·¨Î¨´¥ ¢ É ¡-

²¨Í¥ ¶·¨¢¥¤¥´Ò ¶ ·Ò ¨²¨ É·µ°±¨ ¡²¨§±¨Ì ¶µ Z 2 6 A Ö¤¥·, ¶·¨ µ¤¨´ ±µ¢ÒÌ

¨²¨ ¡²¨§±¨Ì É¥³¶¥· ÉÊ· Ì θsp
ef 1 ¨ ¶µ²ÊÎ¥´´ÒÌ ¢ · §²¨Î´ÒÌ ±µ³¡¨´ Í¨ÖÌ

¨µ´-³¨Ï¥´Ó ¸ · §´Ò³¨ ±·¨É¨Î¥¸±¨³¨ Ê£²µ¢Ò³¨ ³µ³¥´É ³¨ lc . ‘²¥¤Ê¥É ¸· -

§Ê µÉ³¥É¨ÉÓ, ÎÉµ ¢ · ¸¸³ É·¨¢ ¥³µ° µ¡² ¸É¨ Ö¤¥· ¢¥·µÖÉ´µ¸ÉÓ ¤¥²¥´¨Ö µÎ¥´Ó
¸¨²Ó´µ § ¢¨¸¨É µÉ l Å ·¥§±µ ¢µ§· ¸É ¥É ¶·¨ Ê¢¥²¨Î¥´¨¨ l, ¶µÔÉµ³Ê µ¡ÒÎ´µ
¶·¥¤¶µ² £ ÕÉ, ÎÉµ ¢ ¸·¥¤´¥³ ¢ ¤¥²¥´¨¨ ·¥ ²¨§ÊÕÉ¸Ö ³µ³¥´ÉÒ, ¡²¨§±¨¥ lc
¤²Ö ¸²¨Ö´¨Ö, ¨ ¢ [22], ¢¸²¥¤ §  · ¡µÉ ³¨ [113,115], ¶·¨´Ö²¨, ÎÉµ lc = l ¤²Ö

¤¥²¥´¨Ö.

‘µ¶µ¸É ¢²ÖÖ ¢ É ¡²¨Í¥ Ö¤·  ¶µ £·Ê¶¶ ³ ¶·¨ µ¤¨´ ±µ¢ÒÌ ¨²¨ ¡²¨§±¨Ì

É¥³¶¥· ÉÊ· Ì θsp
ef 1, ¸· §Ê ³µ¦´µ Ê¢¨¤¥ÉÓ, ÎÉµ ¶·¨ ¡µ²ÓÏ¥³ lc ¤¨¸¶¥·¸¨Ö σM

 2

³¥´ÓÏ¥, µ¸µ¡¥´´µ Ìµ·µÏµ ÔÉµ § ³¥É´µ ¤²Ö ¸ ³ÒÌ ²¥£±¨Ì ¨§  ´ ²¨§¨·Ê¥³ÒÌ

Ö¤¥· 111In [151] ¨ 105Ag [113] (·¥ ±Í¨¨ 16O + 89Y), £¤¥ σM
 2 µÉ²¨Î ¥É¸Ö ¢¤¢µ¥,

  ¤²Ö ·¥ ±Í¨¨ 93Nb + 12C [154] Œ� ¢µµ¡Ð¥ ¶²µ¸±µ¥ ¢ Ï¨·µ±µ° µ¡² ¸É¨
¢µ±·Ê£ ACN6 2 ¤ ¦¥ ¶·¨ lc ~ 50h (¸³.¤ ²¥¥ ·¨¸.20). �Éµ µ§´ Î ¥É, ÎÉµ § ¢¨-

¸¨³µ¸ÉÓ σM
 2 µÉ l ¤µ¸É ÉµÎ´µ ¸¨²Ó´ Ö, ¶·¨Î¥³ ±µÔËË¨Í¨¥´É ÎÊ¢¸É¢¨É¥²Ó-

´µ¸É¨ dσM
 2 6 dl

_
 2 < 0,   ¢ Í¥²µ³ Ì · ±É¥· Œ� µ¸±µ²±µ¢ 105Ag ¸µµÉ¢¥É¸É¢Ê¥É

µ¡² ¸É¨ Ö¤¥· ´¨¦¥ ¶µ Z 26 A ÉµÎ±¨ �ƒ ¶·¨ l = 0. ˆ§ ¸µ¶µ¸É ¢²¥´¨Ö ¤ ´´ÒÌ

¢ É ¡²¨Í¥ µ¡´ ·Ê¦¨¢ ¥É¸Ö, ÎÉµ ¢¥²¨Î¨´  ±µÔËË¨Í¨¥´É  dσM
 2 6 dl

_
 2 ´¥µ¤¨´ -

±µ¢  ¤²Ö · §´ÒÌ µ¡² ¸É¥° Z 2 6 A. ‚ [22] ¡Ò² ¶·µ¢¥¤¥´ ±µ²¨Î¥¸É¢¥´´Ò°  ´ -

²¨§ ÔÉµ° Ô±¸¶¥·¨³¥´É ²Ó´µ° ¨´Ëµ·³ Í¨¨ µÉ´µ¸¨É¥²Ó´µ § ¢¨¸¨³µ¸É¥° σM
 2 ¨
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σE
 2 µÉ l, ¸µ£² ¸´µ ²¨´¥°´µ³Ê ¶·¨¡²¨-

¦¥´¨Õ (24), É ± ± ± ¤²Ö ¥¥ · ¸¸³µÉ-
·¥´¨Ö ¶µ ¡µ²¥¥ ¶µ²´µ° ¨ ÉµÎ´µ° Ëµ·-
³Ê²¥ (27) Ö¢´µ ´¥ Ì¢ É ¥É ¤ ´´ÒÌ,
¶·¨Î¥³ ¶·¥¤¶µ² £ ²µ¸Ó, ± ± ¨ ¢ [70],
ÎÉµ ¢ (24) X(0,0) = 0. �¥§Ê²ÓÉ ÉÒ  ´ -

²¨§  ¢ ¢¨¤¥ ±µÔËË¨Í¨¥´É  ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ dσM
 2 6 dl

_
 2 ¶·¥¤¸É ¢²¥´Ò ´ 

·¨¸.18 (¢¢¥·ÌÊ) ¢µ ¢¸¥° ¨§ÊÎ¥´´µ° µ¡² ¸É¨ Z 2 6 A: ¤²Ö ÉÖ¦¥²ÒÌ Ö¤¥· Å ¶·¨

θi
 j = = 1,5 ŒÔ‚, ¤²Ö Ö¤¥· ¢ ¤¨ ¶ §µ´¥ Z 26 A = 20 ÷ 30 Å ¤²Ö ¢¸¥Ì Ê± § ´´ÒÌ

¢ É ¡²¨Í¥ É¥³¶¥· ÉÊ· θsp
ef 1 ¶·¨ ¸·¥¤´¥³ ¥¥ §´ Î¥´¨¨ 1,5Å1,6 ŒÔ‚. „²Ö

²¥£±¨Ì Ö¤¥· Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ÉµÎ±¨ Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ µ¶¨¸Ò¢ ÕÉ¸Ö ¶·Ö-
³µ° ¸µ£² ¸´µ ¢Ò· ¦¥´¨Õ

dσM
 2 6 dl

_
 2 = 0,0111Z 2 6 A − 0,334     ¤²Ö     Z 2 6 A = 20 − 31. (28)

�µ ¢¸¥° Ï± ²¥ Z 2 6 A § ¢¨¸¨³µ¸ÉÓ µÉ θsp
ef 1 ¶µ± § ´  ¸¶²µÏ´µ° ²¨´¨¥°.

� Î¨´ Ö ¸ Z 2 6 A = 31, ÏÉ·¨Ìµ¢µ° ¨ ÏÉ·¨Ì¶Ê´±É¨·´µ° ²¨´¨Ö³¨ ¶·¨¢¥¤¥´Ò

§´ Î¥´¨Ö dσM
 2 6 dl

_
 2 ¤²Ö θsp

ef 2 ¨ θsp
ef 3 ¸µµÉ¢¥É¸É¢¥´´µ.

ˆ§ ¤ ´´ÒÌ ´  ·¨¸.18 ¸±² ¤Ò¢ ¥É¸Ö ²Õ¡µ¶ÒÉ´ Ö ± ·É¨´ : ¤²Ö Ö¤¥· ¸

Z 2 6 A > 30 dσM
 2 6 dl

_
 2 > 0, ¤²Ö ¡µ²¥¥ ²¥£±¨Ì Ö¤¥· ÔÉµÉ ±µÔËË¨Í¨¥´É ³¥´ÓÏ¥

´Ê²Ö, Î¥³ ²¥£Î¥ Ö¤·µ (¢ ¨¸¸²¥¤Ê¥³µ³ ¤¨ ¶ §µ´¥), É¥³ µ´ ¡µ²¥¥ µÉ·¨Í É¥²¥´.
‘¢¥É²Ò¥ §´ Î±¨ Å É¥µ·¥É¨Î¥¸±¨¥ · ¸Î¥ÉÒ �¤¥¥¢  ¸ ¸µ ¢Éµ· ³¨ [3,117] (¸³.
·¨¸.10). �¥¤µµÍ¥´¨¢ Ö ³ ¸ÏÉ ¡ ÔËË¥±É ,  ¢Éµ·Ò · ¸Î¥Éµ¢ [3,117] ¶·¥¤¸± -

�¨¸.18. ‚¢¥·ÌÊ Å § ¢¨¸¨³µ¸É¨ dσM
 2 6 dl

_
 2 µÉ

Z 26 A ¶·¨ θi
 j = 1,5 ŒÔ‚, · ¸¸Î¨É ´´Ò¥ ¤²Ö

Z 26 A > 31 ¢ [70]. ’µÎ±¨ ¤²Ö Z 26 A ≤ 31 Å
¤ ´´Ò¥ · ¡µÉÒ [70], ¸¶²µÏ´ Ö ²¨´¨Ö ¤²Ö

Z 26 A ≤ 31 ̧ µµÉ¢¥É¸É¢Ê¥É ¢Ò· ¦¥´¨Õ (28) ̈

θsp
ef 1, ÏÉ·¨Ìµ¢ Ö ²¨´¨Ö Å θsp

ef 2,

ÏÉ·¨Ì¶Ê´±É¨·´ Ö ²¨´¨Ö Å θsc
ef 3. ‚´¨§Ê Å

§ ¢¨¸¨³µ¸ÉÓ dσE
 26 dl

_
 2 µÉ Z 2 6 A ¤²Ö

θsp
ef 1 ≅ 1,5 ŒÔ‚ [22,67]. ‘¢¥É²Ò¥ §´ Î±¨ Å

É¥µ·¥É¨Î¥¸±¨° · ¸Î¥É [3,117]
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§Ò¢ ÕÉ ¶¥·¥Ìµ¤ dσM
 2 6 dl

_
 2 Î¥·¥§ ´Ê²Ó ¶·¨¡²¨§¨É¥²Ó´µ ¶·¨ É¥Ì ¦¥ §´ Î¥´¨ÖÌ

Z 2 6 A. ‚ ÔÉµ° ¸¢Ö§¨ Ê³¥¸É´µ ¢¸¶µ³´¨ÉÓ, ÎÉµ ± ± · § ¤²Ö Ö¤¥· ¸ Z 2 6 A >
> 30 − 32 ¶µÖ¢²Ö¥É¸Ö ¸¶Ê¸± ¸ ¢¥·Ï¨´Ò ¡ ·Ó¥· , ¨ Œ�� µ¸±µ²±µ¢ ¸É ´µ¢¨É¸Ö
´¥¢µ§³µ¦´µ µ¶¨¸ ÉÓ ¸ ¶µ³µÐÓÕ É· ¤¨Í¨µ´´µ° ¸É É¨¸É¨Î¥¸±µ° ³µ¤¥²¨ ¡¥§
ÊÎ¥É  ¤¨´ ³¨Î¥¸±¨Ì ̧ ¢µ°¸É¢ Ö¤¥·´µ£µ ¢¥Ð¥¸É¢  [2Å5,21,70]. � ¸Î¥ÉÒ [3,117] ¨
¡Ò²¨ ¶·µ¤¥² ´Ò ¸ ÊÎ¥Éµ³ ÔÉ¨Ì Ë ±Éµ·µ¢ ¢ · ³± Ì ¤¨ËËÊ§¨µ´´µ° ³µ¤¥²¨,
¨, ± ± ¢¨¤´µ ´  ·¨¸.18, µ´¨ ± Î¥¸É¢¥´´µ ¶¥·¥¤ ÕÉ Ìµ¤ Ô±¸¶¥·¨³¥´É ²Ó´µ°

¸¶²µÏ´µ° ±·¨¢µ° ¢ § ¢¨¸¨³µ¸É¨ µÉ Z 2 6 A. „²Ö Ö¤¥· Z 26 A < 30 − 32 ¸¶Ê¸± 
¸ ̧ ¥¤²  ¶· ±É¨Î¥¸±¨ ́ ¥É, ¤¨´ ³¨±  ̈  ¢Ö§±µ¸ÉÓ ̧ É ´µ¢ÖÉ¸Ö ́ ¥ ̧ ÊÐ¥¸É¢¥´´Ò³¨
¨ ¸É ´¤ ·É´Ò¥ ¸É É¨¸É¨Î¥¸±¨¥ · ¸Î¥ÉÒ, ¢ µ¸´µ¢¥ ±µÉµ·ÒÌ ²¥¦¨É Œ†Š,
´ Î¨´ ÕÉ ¤µ¸É ÉµÎ´µ Ìµ·µÏµ ®· ¡µÉ ÉÓ¯.

�¸É ´µ¢¨³¸Ö ´  Ë¨§¨Î¥¸±µ° ¸ÊÐ´µ¸É¨ ÔÉµ£µ ¶·µÍ¥¸¸ , ´µ ¸ ÊÎ¥Éµ³
¨§³¥´¥´¨°, ±µÉµ·Ò¥ ¢´µ¸ÖÉ ¢ ´¥£µ ¢· Ð É¥²Ó´Ò¥ ¸É¥¶¥´¨ ¸¢µ¡µ¤Ò. Š ±
¨§¢¥¸É´µ ¨§ ±² ¸¸¨Î¥¸±µ° ³µ¤¥²¨ ¢· Ð ÕÐ¥°¸Ö ¦¨¤±µ° ± ¶²¨ [36], Ê£²µ¢µ°
³µ³¥´É ¨ ¸¢Ö§ ´´ Ö ¸ ´¨³ Ô´¥·£¨Ö ¢· Ð¥´¨Ö ¤¥°¸É¢ÊÕÉ ´  Ö¤·µ ¶µ¤µ¡´µ (´µ
´¥ Éµ¦¤¥¸É¢¥´´µ) ±Ê²µ´µ¢¸±¨³ ¸¨² ³ µÉÉ ²±¨¢ ´¨Ö, ̧ É·¥³ÖÐ¨³¸Ö · §µ·¢ ÉÓ
Ö¤·µ. �Éµ ¶·¨¢µ¤¨É ± Éµ³Ê, ÎÉµ µ¸´µ¢´µ¥ · ¢´µ¢¥¸´µ¥ ¸µ¸ÉµÖ´¨¥ ¸É ´µ¢¨É¸Ö
¤¥Ëµ·³¨·µ¢ ´´Ò³, ¸¥¤²µ¢ Ö ÉµÎ± , ¢ µ¡Ð¥³ ¸²ÊÎ ¥, ¸³¥Ð ¥É¸Ö ¢ µ¡² ¸ÉÓ
³¥´ÓÏ¨Ì ¤¥Ëµ·³ Í¨°, ¶·¨¡²¨¦ Ö¸Ó ¶µ ÔÉµ° ±µµ·¤¨´ É¥ ± µ¸´µ¢´µ³Ê ¸µ¸Éµ-
Ö´¨Õ, ¡ ·Ó¥· ¤¥²¥´¨Ö Ê³¥´ÓÏ ¥É¸Ö, µ¤´ ±µ ¸¢µ°¸É¢  ¢· Ð ÕÐ¥£µ¸Ö Ö¤· 
¶·µÖ¢²ÖÕÉ ¸¥¡Ö ´¥ µ¤¨´ ±µ¢Ò³ µ¡· §µ³ ¤²Ö · §´ÒÌ ¤¨ ¶ §µ´µ¢ Ö¤¥· (· §-
´ÒÌ x). „²Ö ²¥£±¨Ì Ö¤¥· (³ ²ÒÌ §´ Î¥´¨° x) ¢¡²¨§¨ ÉµÎ±¨ �ƒ ¸¥¤²µ¢ Ö ÉµÎ± 
¶·¨ Ê¢¥²¨Î¥´¨¨ l ¶· ±É¨Î¥¸±¨ ´¥ ¸³¥Ð ¥É¸Ö ¢ ¸Éµ·µ´Ê ³¥´ÓÏ¥° ¤¥Ëµ·-
³ Í¨¨ ¨ Ö¤·µ µ¸É ¥É¸Ö ¸¨¸É¥³µ° ¸ Éµ´±µ°, ¶µÎÉ¨ ´¥¨§³¥´´µ° Ï¥°±µ°. ‚
¶·µÉ¨¢µ¶µ²µ¦´µ¸ÉÓ ÔÉµ³Ê · ¢´µ¢¥¸´µ¥ ¸µ¸ÉµÖ´¨¥ ¸É ´µ¢¨É¸Ö ¸¨²Ó´µ ¤¥-
Ëµ·³¨·µ¢ ´´Ò³, ¶·¨¡²¨¦ Ö¸Ó ± ±µ´Ë¨£Ê· Í¨¨ ¸¥¤²µ¢µ° ÉµÎ±¨. ‚ ¤ ´´µ³
¸²ÊÎ ¥, ± ± ¶µ± §Ò¢ ÕÉ ³´µ£µÎ¨¸²¥´´Ò¥ · ¸Î¥ÉÒ ¶µÉ¥´Í¨ ²Ó´µ° Ô´¥·£¨¨
(¸³. ¶.1.1), ¦¥¸É±µ¸ÉÓ ¤¥²ÖÐ¥°¸Ö ¸¨¸É¥³Ò ¶µ µÉ´µÏ¥´¨Õ ± ³ ¸¸- ¸¨³³¥É-

·¨Î´µ° ¤¥Ëµ·³ Í¨¨ ¢ ¸¥¤²µ¢µ° ÉµÎ±¥ d 2V6 dη2 ¢µ§· ¸É ¥É ¸ Ê¢¥²¨Î¥´¨¥³ l,
¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¥¥ ¥° Œ�, ¥¸É¥¸É¢¥´´µ, ¸Ê¦ ¥É¸Ö.

„²Ö ÉÖ¦¥²ÒÌ Ö¤¥· ¸ x > 0,7 ± ·É¨´  ³¥´Ö¥É¸Ö ´  µ¡· É´ÊÕ: ¶·¨ Ê¢¥-
²¨Î¥´¨¨ l É¥¶¥·Ó Ê¦¥ ±µ´Ë¨£Ê· Í¨Ö ¢ ¸¥¤²µ¢µ° ÉµÎ±¥ ¶·¨¡²¨¦ ¥É¸Ö ± · ¢-
´µ¢¥¸´µ°, ±µÉµ· Ö ¸ ³  ³¥´Ö¥É¸Ö ¸² ¡µ, Ï¥°±  ¶·¨ ¡µ²ÓÏ¨Ì l ¨¸Î¥§ ¥É ¢µ-
µ¡Ð¥ ¨, ± ± ¤¥³µ´¸É·¨·ÊÕÉ ¸É É¨Î¥¸±¨¥ · ¸Î¥ÉÒ ¶µÉ¥´Í¨ ²Ó´µ° Ô´¥·£¨¨

¤¥Ëµ·³ Í¨¨ ” ¡¥·  [121] ¤²Ö 205At ¨ �¤¥¥¢  ¸ ±µ²²¥£ ³¨ [3,117] ¤²Ö Ö¤¥·

µÉ 210Po ¤µ 248Fm, ¦¥¸É±µ¸ÉÓ ¢ ¸¥¤²¥ d 2V 6 dη2 ¨²¨ ¢¡²¨§¨ ´¥£µ ´¥ ¢µ§· ¸É -
¥É, ± ± ¤²Ö ²¥£±¨Ì Ö¤¥·,   ¶ ¤ ¥É ¸ Ê¢¥²¨Î¥´¨¥³ l. …¸²¨ ¤¥²ÖÐ¥¥¸Ö ÉÖ¦¥²µ¥
Ö¤·µ ®¶µ³´¨É¯ µ ¸¢µ¥° ¶·¥¤Ò¸Éµ·¨¨ ¶·¨ ¸¶Ê¸±¥ Ö¤·  ± · §·Ò¢Ê, ± ± ÔÉµ
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¨³¥¥É ³¥¸Éµ ¢ ¤¨ËËÊ§¨µ´´µ° ³µ¤¥²¨ [3,117], Éµ σM
 2 ¡Ê¤¥É · ¸É¨ ¶·¨ Ê¢¥-

²¨Î¥´¨¨ l, ÎÉµ ¨ § Ë¨±¸¨·µ¢ ´µ ¢ Ô±¸¶¥·¨³¥´É¥.

„²Ö ¶·µ³¥¦ÊÉµÎ´µ° µ¡² ¸É¨ Ö¤¥· ³¥¦¤Ê ¤¢Ê³Ö · ¸¸³µÉ·¥´´Ò³¨ ¸²ÊÎ -

Ö³¨, £¤¥ ¶µÎÉ¨ ´¥É ¸É ¤¨¨ ¸¶Ê¸± , σM
 2 µ¶·¥¤¥²Ö¥É¸Ö ¸¥¤²µ¢Ò³¨ §´ Î¥´¨Ö³¨

¦¥¸É±µ¸É¨ [117]. �·¨ ¢µ§· ¸É ´¨¨ l ¶·¨¡²¨§¨É¥²Ó´µ ¢ · ¢´µ° ¸É¥¶¥´¨ ¶·µ-
¨¸Ìµ¤¨É ¸³¥Ð¥´¨¥ · ¢´µ¢¥¸´µ° ¨ ¸¥¤²µ¢µ° ¤¥Ëµ·³ Í¨¨ ´ ¢¸É·¥ÎÊ ¤·Ê£ ¤·Ê£Ê,

¨, ± ± ¸²¥¤Ê¥É µ¶ÖÉÓ ¦¥ ¨§ [3,117], d 2V6 dη2 ¶· ±É¨Î¥¸±¨ ´¥ § ¢¨¸¨É µÉ l ¨,

¸µµÉ¢¥É¸É¢¥´´µ, dσM
 2 6 dl 2 ~ 0.

‚ ´¨¦´¥° Î ¸É¨ ·¨¸.18 ¶µ± § ´  § ¢¨¸¨³µ¸ÉÓ dσE
 2 6 dl

_
 2 µÉ Z 26 A. „²Ö

²¥£±¨Ì Ö¤¥· ¤ ´´ÒÌ ´¥³´µ£µ, ´µ Ìµ·µÏµ ¢¨¤´µ, ÎÉµ ¢ ¶·¥¤¥² Ì µÏ¨¡µ± ´¥É

§ ¢¨¸¨³µ¸É¨ σE
 2 µÉ l. „²Ö ¡µ²¥¥ ÉÖ¦¥²ÒÌ Ö¤¥· ¤ ´´Ò¥ ¶·¨ θsp

ef 1 = 1,5 ŒÔ‚

¢¥¤ÊÉ ¸¥¡Ö ¶·¨¡²¨§¨É¥²Ó´µ É ± ¦¥, ± ± ¨ ¤¨¸¶¥·¸¨¨ ³ ¸¸, Å · ¸ÉÊÉ ¸ Ê¢¥²¨-

Î¥´¨¥³ Z 26 A.

’ ±¨³ µ¡· §µ³, Ô±¸¶¥·¨³¥´É ²Ó´ Ö l-§ ¢¨¸¨³µ¸ÉÓ Ì · ±É¥·¨¸É¨± Œ��
µ¸±µ²±µ¢ ¢ Ï¨·µ±µ° µ¡² ¸É¨ Ö¤¥· ¸ A ~ 100 ÷ 260 ¶µ§¢µ²Ö¥É µ¶·¥¤¥²¨ÉÓ

σM
 2 ¨ σE

 2 ¶·¨ ²Õ¡ÒÌ §´ Î¥´¨ÖÌ l ¨ θi
 j .

3. ‘’�’ˆ—…‘Šˆ… ‘‚�‰‘’‚� ��‘��…„…‹…�ˆ‰
�‘Š�‹Š�‚ ˆ ’�—Š� �“‘ˆ���� Å ƒ�‹‹��…

�·¨ ¤¥²¥´¨¨ Ö¤¥· ¸ Z 26 A ≤ 32, ± ± Ê¦¥ µÉ³¥Î ²µ¸Ó, µÉ¸ÊÉ¸É¢Ê¥É ¸É ¤¨Ö
¸¶Ê¸±  (¤²Ö ³ ²ÒÌ l), ¨ ¤¨´ ³¨±  ®¤¢¨¦¥´¨Ö¯ Ö¤·  µÉ ¸¥¤²  ± · §·Ò¢Ê ´¥
¨£· ¥É ¸ÊÐ¥¸É¢¥´´µ° ·µ²¨. ‚ ÔÉµ³ ¸²ÊÎ ¥ ¶·¨ É¥µ·¥É¨Î¥¸±µ³ · ¸¸³µÉ·¥´¨¨
¶·µÍ¥¸¸  ¤¥²¥´¨Ö ´  ¶¥·¢Ò° ¶² ´ ¢ÒÌµ¤ÖÉ ¸É É¨Î¥¸±¨¥ ¸¢µ°¸É¢  ¶µ¢¥·Ì-
´µ¸É¨ ¶µÉ¥´Í¨ ²Ó´µ° Ô´¥·£¨¨ ¤¥Ëµ·³ Í¨¨. „²Ö ¢Ò¸µ±µ¢µ§¡Ê¦¤¥´´ÒÌ Ö¤¥·
µ´¨ µ¶¨¸Ò¢ ÕÉ¸Ö ¢ · ³± Ì Œ†Š, £¤¥ µ¤´¨³ ¨§ µ¸´µ¢´ÒÌ ¶ · ³¥É·µ¢ Ö¢²Ö-
¥É¸Ö ¦¥¸É±µ¸ÉÓ (Ê¸Éµ°Î¨¢µ¸ÉÓ) Ö¤¥· ¶µ µÉ´µÏ¥´¨Õ ± ³ ¸¸- ¸¨³³¥É·¨Î´Ò³

¤¥Ëµ·³ Í¨Ö³ (¢ ·¨ Í¨Ö³ Ëµ·³Ò) d 2V6 dη2, ¢µ¶·µ¸ µ ±µÉµ·µ° ´  ± Î¥¸É¢¥´-
´µ³  Ê·µ¢´¥  µÉÎ ¸É¨ Ê¦¥ § É· £¨¢ ²¸Ö ¢ ¶·¥¤Ò¤ÊÐ¥³ · §¤¥²¥ ´  ¶·¨³¥·¥
205At. ’¥¶¥·Ó ¡µ²¥¥ ¶µ¤·µ¡´µ µ¸É ´µ¢¨³¸Ö ´  ÔÉµ° Ì · ±É¥·¨¸É¨±¥.

‚ ±² ¸¸¨Î¥¸±¨Ì · ¡µÉ Ì [12] ‘É·ÊÉ¨´¸±¨³ ¢ ± Î¥¸É¢¥ ³ ¸¸- ¸¨³³¥É·¨Î-
´µ° ¤¥Ëµ·³ Í¨¨ η ¡Ò²  ¶·¨´ÖÉ  ¢¥²¨Î¨´ 

η = 2(V‹ − V�) 6 (V‹ + V�), (29)
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£¤¥ V‹ ¨ V� Å µ¡Ñ¥³Ò Î ¸É¥°  ¸¨³³¥É·¨Î´µ° Ë¨£Ê·Ò, µ¶¨¸Ò¢ ÕÐ¥° ¤¥-

²ÖÐ¥¥¸Ö Ö¤·µ, · ¸¶µ²µ¦¥´´ÒÌ ¸²¥¢  ¨ ¸¶· ¢  µÉ ¸¥·¥¤¨´Ò Ï¥°±¨. � · -
³¥É· ¤¥Ëµ·³ Í¨¨ η ´ ¨¡µ²¥¥ ¥¸É¥¸É¢¥´´Ò³ µ¡· §µ³ Ì · ±É¥·¨§Ê¥É  ¸¨³-
³¥É·¨Î´ÊÕ ±µ´Ë¨£Ê· Í¨Õ Ö¤· , ¨ ¥£µ ³µ¦´µ ¸¢Ö§ ÉÓ ¸  ¸¨³³¥É·¨¥° ³ ¸¸
¡Ê¤ÊÐ¨Ì µ¸±µ²±µ¢, ¥¸²¨ ¶·¥¤¶µ²µ¦¨ÉÓ, ÎÉµ · §·Ò¢ ¶·µ¨¸Ìµ¤¨É ¢ ®¸ ³µ³
Éµ´±µ³ ³¥¸É¥¯, É.¥. ¶µ¸·¥¤¨´¥ Ï¥°±¨. ’µ£¤ 

η = (46 A)(M − A6 2). (30)

�·¨ ¸É É¨¸É¨Î¥¸±µ³ ¶µ¤Ìµ¤¥ [12] ¢¥·µÖÉ´µ¸ÉÓ ¤ ´´µ° ³µ¤Ò ¤¥²¥´¨Ö ¨²¨
µÉ´µÏ¥´¨Ö ³ ¸¸ µ¸±µ²±µ¢ M6 (A − M) µ¶¨¸Ò¢ ¥É¸Ö ± ±

Y(M) ~ exp {2(a[E ∗ − V(M)]1 6 2}, (31)

£¤¥ a Å ¶ · ³¥É· ¶²µÉ´µ¸É¨ Ê·µ¢´¥°, V(M) Å ¶µÉ¥´Í¨ ²Ó´ Ö Ô´¥·£¨Ö ¸¨-
¸É¥³Ò, ±µÉµ·ÊÕ ³µ¦´µ ¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥:

V(η) = V(0) + 
1
2
 
d 2V

dη2
 
η = 0

 η2 + Á (32)

�£· ´¨Î¨¢ Ö¸Ó ¢ (32) ÔÉ¨³¨ ¤¢Ê³Ö Î²¥´ ³¨, ¸Î¨É Ö ¢Éµ·µ° Î²¥´ ³ ²Ò³ ¢
¸· ¢´¥´¨¨ ¸ ¶µÉ¥´Í¨ ²Ó´µ° Ô´¥·£¨¥° V(0) ¨ ¨¸¶µ²Ó§ÊÖ (31), ¶µ²ÊÎ¨³ ¤²Ö
Y(M) ´ ¡²Õ¤ ¥³µ¥ ¢ Ô±¸¶¥·¨³¥´É¥ £ Ê¸¸µ¢¸±µ¥ · ¸¶·¥¤¥²¥´¨¥ ¸ ¤¨¸¶¥·-
¸¨¥°

σM
 2 = 

A2

16
 









 






 
d 2V

dη2
 






 
η = 0

 










 − 1

 θ, (33)

£¤¥ θ Å É¥³¶¥· ÉÊ·  Ö¤· .

’ ±¨³ µ¡· §µ³, Ëµ·³  · ¸¶·¥¤¥²¥´¨Ö Y(M) µ¶·¥¤¥²Ö¥É¸Ö § ¢¨¸¨³µ¸ÉÓÕ
¶µÉ¥´Í¨ ²Ó´µ° Ô´¥·£¨¨ V(η) µÉ ³ ¸¸- ¸¨³³¥É·¨Î´µ° ¤¥Ëµ·³ Í¨¨. ‚ ¶·µ-
¸É¥°Ï¥³, ´µ ¡²¨§±µ³ ± ·¥ ²Ó´µ³Ê ¸²ÊÎ Õ Å ÔÉµ ¶µÉ¥´Í¨ ² £ ·³µ´¨Î¥¸±µ£µ
µ¸Í¨²²ÖÉµ· , ¦¥¸É±µ¸ÉÓ ±µÉµ·µ£µ ±  ¸¨³³¥É·¨Î´Ò³ ±µ²¥¡ ´¨Ö³ Ëµ·³Ò

Ö¤·  d 2V6 dη2 µ¶·¥¤¥²Ö¥É ¤¨¸¶¥·¸¨Õ σM
 2 . ˆ ´ µ¡µ·µÉ, ¨§ Ô±¸¶¥·¨³¥´É ²Ó-

´ÒÌ ¤ ´´ÒÌ µ σM
 2 ²¥£±µ ´ °É¨ ÔÉµÉ ¢ ¦´¥°Ï¨° ¸É É¨Î¥¸±¨° ¶ · ³¥É· Œ†Š

d 2V6 dη2 = A2θ6 16σM
 2 . (34)
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‚ ¶·¨´Í¨¶¥ ¢ ²Õ¡µ° ³µ¤¨Ë¨± Í¨¨ Œ†Š

d 2V 6 dη2 ³µ¦´µ µ¶·¥¤¥²¨ÉÓ ¢ ± ¦¤µ° ÉµÎ±¥
¤¥Ëµ·³ Í¨µ´´µ° É· ¥±Éµ·¨¨ Ö¤·  µÉ µ¸´µ¢-
´µ£µ ¸µ¸ÉµÖ´¨Ö ¤µ · §·Ò¢ , ± ± ÔÉµ ¡Ò²µ ¶·µ-

¤¥³µ´¸É·¨·µ¢ ´µ ´  ¶·¨³¥·¥ 205At [121] ¢µ ¢Éµ·µ³ · §¤¥²¥. �¤´ ±µ, ± ±
¨§¢¥¸É´µ, µ¸µ¡Ò¥ ·µ²¨ µÉ¢µ¤ÖÉ¸Ö ¸¥¤²µ¢µ° ÉµÎ±¥ [2,18,22,137,158], ¸É ¤¨¨

¸¶Ê¸±  [3] ¨ ÉµÎ±¥ · §·Ò¢  [6,132,159,160].
� ¨¡µ²¥¥ ¶·µ¸ÉÒ³¨ Ö¢²ÖÕÉ¸Ö ¶·¥¤¶µ²µ¦¥´¨Ö ¸É É¨¸É¨Î¥¸±µ° ³µ¤¥²¨,

±µÉµ·Ò¥ ¨¸Ìµ¤ÖÉ ¨§ ¤µ¶ÊÐ¥´¨Ö, ÎÉµ ¢ · ¸¸³ É·¨¢ ¥³µ³ ¢Ò¤¥²¥´´µ³ ¸µ¸Éµ-
Ö´¨¨ Ö¤· , ´ ¶·¨³¥·, ¢ ¸¥¤²µ¢µ° ÉµÎ±¥ ¨²¨ ÉµÎ±¥ · §·Ò¢ , µ¡¥¸¶¥Î¨¢ ÕÉ¸Ö
Ê¸²µ¢¨Ö ¸É É¨¸É¨Î¥¸±µ£µ · ¢´µ¢¥¸É¨Ö ¶µ ¢¸¥³ ¸É¥¶¥´Ö³ ¸¢µ¡µ¤Ò Ö¤· . ‚

ÔÉµ³ ¸²ÊÎ ¥ ¢ ¢Ò· ¦¥´¨ÖÌ (31)Å(34) ¤µ²¦´Ò Ë¨£Ê·¨·µ¢ ÉÓ ¢¥²¨Î¨´Ò, µÉ¢¥-
Î ÕÐ¨¥ ¢Ò¡· ´´µ³Ê ¸µ¸ÉµÖ´¨Õ Ö¤·  Å ¸¥¤²Ê ¨²¨ · §·Ò¢Ê Vi (M), θi ,

(d 2V6 dη2)i , £¤¥ i = sp ¨²¨ sc. ‘ ¤·Ê£µ° ¸Éµ·µ´Ò, ¤²Ö Ô±¸¶¥·¨³¥´É ²Ó´µ£µ

µ¶·¥¤¥²¥´¨Ö ¦¥¸É±µ¸É¨ d 2V6 dη2, ¸µ£² ¸´µ (34), ´¥µ¡Ìµ¤¨³µ Éµ²Ó±µ §´ ´¨¥

·¥ ²Ó´µ° É¥³¶¥· ÉÊ·Ò θi
ef 1 ¨ ¨§³¥·Ö¥³µ° ´  µ¶ÒÉ¥ ¤¨¸¶¥·¸¨¨ σM

 2 . ‘· ¢-

´¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´µ° ¦¥¸É±µ¸É¨ ¸ · §²¨Î´Ò³¨ ¢ ·¨ ´É ³¨ É¥µ·¥É¨Î¥¸-

±¨Ì · ¸Î¥Éµ¢ ¶µ Œ†Š ¶µ± ¦¥É  ¤¥±¢ É´µ¸ÉÓ Éµ° ¨²¨ ¨´µ° ³µ¤¥²¨ µ¶ÒÉÊ.
�¤´ ±µ ¶· ±É¨Î¥¸±¨ ¢¸¥ ¸ÊÐ¥¸É¢ÊÕÐ¨¥ · ¸Î¥ÉÒ ¸¤¥² ´Ò ¤²Ö ¸²ÊÎ Ö ´¥¢· -

Ð ÕÐ¥£µ¸Ö Ö¤·  (l = 0) ¨, ¸²¥¤µ¢ É¥²Ó´µ, ¤²Ö ±µ··¥±É´µ£µ ̧ · ¢´¥´¨Ö ¸ ´¨³¨
´¥µ¡Ìµ¤¨³µ ¨¸¶µ²Ó§µ¢ ÉÓ ¶µ¶· ¢²¥´´Ò¥ ´  ¢²¨Ö´¨Ö l, ± ± µ¶¨¸ ´µ ¢ · §¤¥-

²¥ ¤¢ , ¢¥²¨Î¨´Ò ¤¨¸¶¥·¸¨° σM
 2 .

’¥µ·¥É¨Î¥¸±µ¥ ¶µ¢¥¤¥´¨¥ d 2V 6 dη2 [3,12] ¢ § ¢¨¸¨³µ¸É¨ µÉ Z 2 6 A ¤²Ö
Ö¤¥· ¢ ¤µ²¨´¥ β-¸É ¡¨²Ó´µ¸É¨ ¤¥³µ´¸É·¨·Ê¥É ·¨¸.19, £¤¥ ¸¶²µÏ´µ° ±·¨¢µ°

¶µ± § ´  ¦¥¸É±µ¸ÉÓ, ¢ÒÎ¨¸²¥´´ Ö ¤²Ö ¸¥¤²µ¢µ° ÉµÎ±¨, ÏÉ·¨Ìµ¢µ° ²¨´¨¥°
Å ¤²Ö ÉµÎ±¨ · §·Ò¢ . �  ·¨¸.19 µÉÎ¥É²¨¢µ ¢¨¤´µ, ÎÉµ, ´ Î¨´ Ö ¸

Z 2 6 A ~ 32,  ¦¥¸É±µ¸ÉÓ  ¤²Ö ÉµÎ±¨ · §·Ò¢  ´ Î¨´ ¥É ·¥§±µ µÉ²¨Î ÉÓ¸Ö µÉ

¦¥¸É±µ¸É¨ ¤²Ö ̧ ¥¤² , É.¥. ̈ ³¥´´µ ̧  ÔÉµ£µ ³µ³¥´É  ¶µÖ¢²Ö¥É¸Ö ̧ ¶Ê¸± ̧  ¢¥·Ï¨-
´Ò ¡ ·Ó¥· , ¨ Î¥³ ÉÖ¦¥²¥¥ Ö¤·µ, É¥³ ¶·µÉÖ¦¥´´¥¥ ÔÉ  ¸É ¤¨Ö, ¨ É¥³ ¸¨²Ó´¥¥

¢²¨Ö´¨¥ ¤¨´ ³¨±¨ ¨ ¢Ö§±µ¸É¨ ´  ¶·µÍ¥¸¸ Ëµ·³¨·µ¢ ´¨Ö Œ�� µ¸±µ²±µ¢.

�¨¸.19. ‡ ¢¨¸¨³µ¸ÉÓ ¦¥¸É±µ¸É¨ Ö¤¥· ± ³ ¸¸- ¸¨³-

³¥É·¨Î´Ò³ ¤¥Ëµ·³ Í¨Ö³ d 2V 6 dη2 µÉ ¶ · ³¥É·  ¤¥-

²¨³µ¸É¨ Z 2 6 A. ‘¶²µÏ´ Ö ±·¨¢ Ö Å ¤²Ö ¸¥¤²µ¢µ°
ÉµÎ±¨, ÏÉ·¨Ìµ¢ Ö Å ¤²Ö ÉµÎ±¨ · §·Ò¢  [12,3]
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‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ¢¨¤ § ¢¨¸¨³µ¸É¨ d 2V6 dη2 µÉ Z 2 6 A, µÉ²¨Î Ö¸Ó
±µ²¨Î¥¸É¢¥´´µ ¶µ²µ¦¥´¨¥³ ±·¨É¨Î¥¸±¨Ì ÉµÎ¥± ¶µ µ¡¥¨³ µ¸Ö³,  ´ ²µ£¨Î¥´
¶·¨¢¥¤¥´´µ³Ê ´  ·¨¸.19 ¤²Ö ²Õ¡µ° ³µ¤¨Ë¨± Í¨¨ Œ†Š [12Å16].

�¥·¢µ° Ì · ±É¥·´µ° µ¸µ¡¥´´µ¸ÉÓÕ ¶µ¢¥¤¥´¨Ö É¥µ·¥É¨Î¥¸±µ° ±·¨¢µ°

d 2V 6 dη2 ¤²Ö ¸¥¤²µ¢µ° ÉµÎ±¨ ¢ § ¢¨¸¨³µ¸É¨ µÉ Z 26 A Ö¢²Ö¥É¸Ö ´ ²¨Î¨¥ ³ ±-

¸¨³Ê³ , ±µÉµ·Ò° ´ Ìµ¤¨É¸Ö ¢ ¤¨ ¶ §µ´¥ Z 2 6 A = 30 ÷ 33 ¨ ¶µ²µ¦¥´¨¥ ±µÉµ-
·µ£µ § ¢¨¸¨É µÉ ±µ´±·¥É´µ° ³µ¤¨Ë¨± Í¨¨ Œ†Š.  �µ¤µ¡´Ò° ¢¨¤ ±·¨¢µ°
¦¥¸É±µ¸É¨ ¸ ³ ±¸¨³Ê³µ³ ¶µ¤É¢¥·¦¤¥´ Ô±¸¶¥·¨³¥´É ²Ó´µ [2,21,26,69,70] ¨
ÔÉµÉ Ë ±É ¡Ê¤¥É · ¸¸³µÉ·¥´ ¶µ§¤´¥¥. ‚Éµ·µ° µ¸µ¡¥´´µ¸ÉÓÕ, ´ ¨¡µ²¥¥ ¢ ¦-
´µ° ¤²Ö ´ ¸ ¢ ÔÉµ³ · §¤¥²¥, Ö¢²Ö¥É¸Ö ´ ²¨Î¨¥ ¶·¨ ³ ²ÒÌ x ÉµÎ±¨ �ƒ, ¢

±µÉµ·µ° ¦¥¸É±µ¸ÉÓ Ö¤·  d 2V6 dη2 = 0, É.¥. ¢ ´¥° Ö¤·µ  ¡¸µ²ÕÉ´µ ´¥Ê¸Éµ°-
Î¨¢µ ± ³ ¸¸- ¸¨³³¥É·¨Î´Ò³ ¤¥Ëµ·³ Í¨Ö³. ’¥µ·¥É¨Î¥¸±µ¥ §´ Î¥´¨¥ ÉµÎ±¨

�ƒ É ±¦¥ ³µ¤¥²Ó´µ-§ ¢¨¸¨³µ ¨ ²¥¦¨É ¢ ¶·¥¤¥² Ì Z 2 6 A ~ 19 ÷ 26. ‚ ÔÉµ°
ÉµÎ±¥ ¶·¨ ¤¥²¥´¨¨ Ö¤·  ´  ¶·¨¡²¨§¨É¥²Ó´µ · ¢´Ò¥ Î ¸É¨ ¢ µ±·¥¸É´µ¸É¨
A6 2 ¶µ  É¥µ·¨¨  ¤µ²¦´µ  ´ ¡²Õ¤ ÉÓ¸Ö  ¶²µ¸±µ¥,  ´¥  § ¢¨¸ÖÐ¥¥  µÉ  ³ ¸¸Ò
· ¸¶·¥¤¥²¥´¨¥ µ¸±µ²±µ¢, Ì · ±É¥·¨§ÊÕÐ¥¥¸Ö ¢ ¶·¥¤¥²¥ ¡¥¸±µ´¥Î´µ°
¤¨¸¶¥·¸¨¥°.

�¥µ¤´µ±· É´µ ¶·¥¤¶·¨´¨³ ²¨¸Ó ¶µ¶ÒÉ±¨ Ô±¸¶¥·¨³¥´É ²Ó´µ£µ µ¶·¥¤¥-
²¥´¨Ö ÉµÎ±¨ �ƒ ¢ ·¥ ±Í¨ÖÌ ¸ ¶·µÉµ´ ³¨ ¢Ò¸µ±¨Ì Ô´¥·£¨° (0,6 ÷ 1,0 ƒÔ‚)
[20,161Å163]. �´¨ ¶µ± § ²¨, ¸±µ·¥¥ ± Î¥¸É¢¥´´µ, Î¥³ ±µ²¨Î¥¸É¢¥´´µ, ÎÉµ,
¤¥°¸É¢¨É¥²Ó´µ, ¶·µ¨¸Ìµ¤¨É µÉ´µ¸¨É¥²Ó´µ¥ ÊÏ¨·¥´¨¥ ³ ¸¸µ¢µ£µ · ¸¶·¥¤¥²¥-
´¨Ö µ¸±µ²±µ¢ ¸ Ê³¥´ÓÏ¥´¨¥³ ³ ¸¸µ¢µ£µ Î¨¸²  ¤¥²ÖÐ¥£µ¸Ö Ö¤· . �µ, ± ¸µ¦ -
²¥´¨Õ, ±µ²¨Î¥¸É¢¥´´ Ö ¨´É¥·¶·¥É Í¨Ö ÔÉ¨Ì ¤ ´´ÒÌ ´¥ ³µ¦¥É ¡ÒÉÓ ´ ¤¥¦-
´µ° ¢ ¸¢Ö§¨ ¸ Ï¨·µ±¨³ ´ ¡µ·µ³ Ô´¥·£¨° ¢µ§¡Ê¦¤¥´¨Ö ¨ ¤¥²ÖÐ¨Ì¸Ö Ö¤¥·,
¢µ§´¨± ÕÐ¨Ì ¶µ¸²¥ ± ¸± ¤  ¢Ò²¥É¥¢Ï¨Ì Î ¸É¨Í, Î¨¸²µ ±µÉµ·ÒÌ ³µ¦¥É
¤µ¸É¨£ ÉÓ ´¥¸±µ²Ó±¨Ì ¤¥¸ÖÉ±µ¢. �¡§µ· ¶µ¤µ¡´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥-
¤µ¢ ´¨° ¤ ´ ¢ [20], ¨ ³Ò ´¥ ¡Ê¤¥³ µ¸É ´ ¢²¨¢ ÉÓ¸Ö ´  ´¨Ì.

„·Ê£µ° ±² ¸¸ Ô±¸¶¥·¨³¥´Éµ¢, ¢ ±µÉµ·ÒÌ ¨§ÊÎ ²µ¸Ó Œ�� µ¸±µ²±µ¢ ¤¥-
²¥´¨Ö ²¥£±¨Ì Ö¤¥·, ̧ ¢Ö§ ´ ̧  ·¥ ±Í¨Ö³¨ ́   ÉÖ¦¥²ÒÌ ̈ µ´ Ì [19,22,35,55,109Å
115,122,123,126Å128,151Å156,164Å168]. �´¨ É ±¦¥ ¨³¥ÕÉ ¸¢µÕ ¸¶¥Í¨-
Ë¨±Ê, µ¡Ê¸²µ¢²¥´´ÊÕ, ¢ ¶¥·¢ÊÕ µÎ¥·¥¤Ó, ± ± ¡Ò²µ ¶µ± § ´µ ¢ ¶·¥¤Ò¤ÊÐ¥³
· §¤¥²¥, §´ Î¨É¥²Ó´Ò³ Ê£²µ¢Ò³ ³µ³¥´Éµ³ l, ¢´µ¸¨³Ò³ ¢ Ö¤·µ ´ ²¥É ÕÐ¨³
¨µ´µ³. …¸²¨ ¨¸¶µ²Ó§µ¢ ÉÓ ´¥ ¸²¨Ï±µ³ ÉÖ¦¥²Ò¥ ¨µ´Ò (¨²¨ ³¨Ï¥´¨, ¢

·¥ ±Í¨ÖÌ  ¸  ¨´¢¥·¸´µ°  ±¨´¥³ É¨±µ°),  É ±¨¥,  ± ±  9Be,  12C ̧  Ô´¥·£¨¥° ¤µ
10 ŒÔ‚/´Ê±²µ´, ³µ¦´µ ¢ ± ±µ°-Éµ ¸É¥¶¥´¨ ¶·¥´¥¡·¥ÎÓ ¢²¨Ö´¨¥³ l. ’ ±¨¥
Ô±¸¶¥·¨³¥´ÉÒ ¡Ò²¨ ¶·µ¢¥¤¥´Ò £·Ê¶¶µ° Œµ·¥ÉÉµ (´ ¶·¨³¥·, [19]), ¨ ¨Ì
·¥§Ê²ÓÉ ÉÒ ¸Ê³³¨·µ¢ ´Ò ¢ µ¡§µ· Ì [114],   É ±¦¥ ¢ [167]. �´¨ ¶µ± § ²¨,
ÎÉµ, ± ± ¨ ¶·¥¤¸± §Ò¢ ¥É Œ†Š, ¸ Ê³¥´ÓÏ¥´¨¥³ ³ ¸¸Ò ¤¥²ÖÐ¨Ì¸Ö Ö¤¥· µÉ
150 ¤µ 80 ¶·µ¨¸Ìµ¤¨É ¶¥·¥Ìµ¤ µÉ £ Ê¸¸µ¢¸±µ£µ · ¸¶·¥¤¥²¥´¨Ö § ·Ö¤µ¢ (³ ¸¸)
µ¸±µ²±µ¢ ± U-µ¡· §´µ³Ê (¸³.·¨¸.1).
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Š ± Ê¦¥ Ê¶µ³¨´ ²µ¸Ó, ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ¨µ´µ¢ ÉÖ¦¥²¥¥ Mg ¢µ§´¨± ¥É
¶·µ¡²¥³  ¸¥¶ · Í¨° ¸µ¡ÒÉ¨° ®¨¸É¨´´µ£µ¯ ¤¥²¥´¨Ö µÉ ¸µ¡ÒÉ¨° £²Ê¡µ±µ-
´¥Ê¶·Ê£¨Ì ¶¥·¥¤ Î ¨ ±¢ §¨¤¥²¥´¨Ö [151].

’ ±¨³ µ¡· §µ³, ´¥¶µ¸·¥¤¸É¢¥´´µ ¨§ ¢¨¤  Œ� ¨ §´ Î¥´¨° Ô±¸¶¥·¨³¥´-
É ²Ó´ÒÌ ¤¨¸¶¥·¸¨° ²¥£±¨Ì Ö¤¥· ¢ ·¥ ±Í¨ÖÌ ¸ ÉÖ¦¥²Ò³¨ ¨µ´ ³¨ ´¥¢µ§³µ¦´µ
¶µ²ÊÎ¨ÉÓ ±µ²¨Î¥¸É¢¥´´ÊÕ Ì · ±É¥·¨¸É¨±Ê ÉµÎ±¨ �ƒ ¨, ¸µµÉ¢¥É¸É¢¥´´µ, ´¥É
¢µ§³µ¦´µ¸É¨ µÍ¥´¨ÉÓ  ¤¥±¢ É´µ¸ÉÓ ± ±µ£µ-²¨¡µ ¢ ·¨ ´É  Œ†Š µ¶ÒÉÊ.
�ÉµÉ ¢µ¶·µ¸ ¤µ ¨¸¸²¥¤µ¢ ´¨°, ¶·µ¢¥¤¥´´ÒÌ  ¢Éµ· ³¨ µ¡§µ·  ¢ · ¡µÉ Ì
[22,35], µ¸É ¢ ²¸Ö µÉ±·ÒÉÒ³, ÌµÉÖ ´  ± Î¥¸É¢¥´´µ³ Ê·µ¢´¥ ¢ · ¡µÉ¥ [168]
¡Ò²µ ¶·µ¤¥³µ´¸É·¨·µ¢ ´µ ²ÊÎÏ¥¥ ¸µµÉ¢¥É¸É¢¨¥ µ¶ÒÉÊ ³µ¤¥²¨ ¢· Ð ÕÐ¥°-
¸Ö ¦¨¤±µ° ± ¶²¨ ‘¨·±  [16], Î¥³ ±² ¸¸¨Î¥¸±µ° ³µ¤¥²¨ ŠµÔ´  Å �²Ô§¨² 
Å ‘¢ÖÉ¥Í±µ£µ [36].

� ¶µ³´¨³, ÎÉµ É ± Ö ¦¥ ¸¨ÉÊ Í¨Ö ¨³¥¥É ³¥¸Éµ ¨ ¶µ µÉ´µÏ¥´¨Õ ± ¤·Ê-
£µ°, ́ ¥ ̈ ¸¸²¥¤Ê¥³µ° ¢ ́  ¸ÉµÖÐ¥° · ¡µÉ¥ Ì · ±É¥·¨¸É¨±¥ Å ¡ ·Ó¥·Ê ¤¥²¥´¨Ö
Ef . �·¨¢¥¤¥³ ´¥¸±µ²Ó±µ Ì · ±É¥·´ÒÌ ¶·¨³¥·µ¢.

‚ · ¡µÉ¥ [23] ¨¸¸²¥¤µ¢ ²¨¸Ó ¸¨²Ó´µ  ¸¨³³¥É·¨Î´Ò¥ ³µ¤Ò ¤¥²¥´¨Ö Ö¤· 
111In ¢ ·¥ ±Í¨¨ natAg(3He, f ), ¶·¨ ¸É É¨¸É¨Î¥¸±µ³ µ¶¨¸ ´¨¨ ËÊ´±Í¨° ¢µ§-
¡Ê¦¤¥´¨Ö ±µÉµ·ÒÌ ¡Ò²¨ ¶µ²ÊÎ¥´Ò Ê¸²µ¢´Ò¥ ¡ ·Ó¥·Ò ¤¥²¥´¨Ö (¡ ·Ó¥· ¶·¨
§ ¤ ´´µ° ³ ¸¸µ¢µ° (§ ·Ö¤µ¢µ°)  ¸¨³³¥É·¨¨) ¤²Ö ̈ ¸¸²¥¤µ¢ ´´ÒÌ Z µ¸±µ²±µ¢.
‘¨·± ¢ [169] ¶µ± § ², ÎÉµ ÔÉ¨ ¤ ´´Ò¥ Ìµ·µÏµ µ¶¨¸Ò¢ ÕÉ¸Ö Œ†Š ¸ ÊÎ¥Éµ³
±µ´¥Î´µ£µ · ¤¨Ê¸  ¤¥°¸É¢¨Ö Ö¤¥·´ÒÌ ¸¨² [15,16], ¡ ·Ó¥·Ò ¤¥²¥´¨Ö ¢ ±µÉµ-

·ÒÌ ¸ÊÐ¥¸É¢¥´´µ ´¨¦¥ ¶·¥¤¸± § ´¨° [13] (¤²Ö 111In ´  10Å11 ŒÔ‚). Š § -
²µ¸Ó ¡Ò, ÔÉµ ¢¥¸±¨°  ·£Ê³¥´É ¢ ¶µ²Ó§Ê ³µ¤¥²¨ [15,16], µ¤´ ±µ ¢ · ¡µÉ¥ [170]

¡Ò²¨ ¶·µ ´ ²¨§¨·µ¢ ´Ò É¥ ¦¥ ¤ ´´Ò¥ ¶µ ËÊ´±Í¨Ö³ ¢µ§¡Ê¦¤¥´¨Ö 111In, ´µ ¸
ÊÎ¥Éµ³ ·µÉ Í¨µ´´µ£µ Ê¸¨²¥´¨Ö ¶²µÉ´µ¸É¨ Ê·µ¢´¥°. �µ²ÊÎ¥´´Ò¥ ¡ ·Ó¥·Ò ¸
É ±µ° ¦¥ Ìµ·µÏ¥° ÉµÎ´µ¸ÉÓÕ, ± ± ¢ [169], ¸µµÉ¢¥É¸É¢µ¢ ²¨ ¶·¥¤¸± § ´¨Õ
Œ†Š, ´µ... ¸µ£² ¸´µ [13].

‚ ´¥¤ ¢´¥° · ¡µÉ¥ [171] ¢ ·¥ ±Í¨¨ 86Kr + 63Cu É ± ¦¥, ± ± ¨ ¢ [23],

¨¸¸²¥¤µ¢ ²¨¸Ó ¸¨²Ó´µ  ¸¨³³¥É·¨Î´Ò¥ ¡ ·Ó¥·Ò 149Tb. �±¸¶¥·¨³¥´É ²Ó´µ
´ °¤¥´´Ò¥ §´ Î¥´¨Ö ¡ ·Ó¥·µ¢ ²¥£²¨ ³¥¦¤Ê ¶·¥¤¸± § ´¨Ö³¨ [13] ¨ [15,16].

‘Éµ¨É Ê¶µ³¨´ ´¨Ö ¨ · ¡µÉ  [167]. ‚ ´¥°, ± ± ¨ ¢ [23], ¨¸¸²¥¤µ¢ ²¨¸Ó
ËÊ´±Í¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¤²Ö ¨´¤¨¢¨¤Ê ²Ó´ÒÌ Z µ¸±µ²±µ¢ ¤¥²ÖÐ¥£µ¸Ö ¥Ð¥ ¡µ-

²¥¥ ²¥£±µ£µ Ö¤·  75Br ¢ ¨´¢¥·¸´µ° ·¥ ±Í¨¨ 63Cu + 12C. � ¸¶·¥¤¥²¥´¨¥ § ·Ö-
¤µ¢ (³ ¸¸) µ¸±µ²±µ¢ ¤²Ö ¢¸¥Ì ¨§ÊÎ¥´´ÒÌ Ô´¥·£¨° ¢µ§¡Ê¦¤¥´¨Ö ¨³¥¥É U-µ¡-
· §´ÊÕ Ëµ·³Ê, ÎÉµ ´ Ìµ¤¨É¸Ö ¢ ¸µ£² ¸¨¨ ¸ ¶·¥¤¸± § ´¨Ö³¨ ²Õ¡µ£µ ¢ ·¨ ´É 
Œ†Š ¤²Ö ̧ Éµ²Ó ²¥£±µ£µ Ö¤· . ̂ §  ´ ²¨§  ̧ ¥Î¥´¨° σZ ¡Ò²¨ ̈ §¢²¥Î¥´Ò Ê¸²µ¢-

´Ò¥ ¡ ·Ó¥·Ò ¤²Ö ± ¦¤µ£µ Z µ¸±µ²±  ¨ µ´¨ ¸ Ìµ·µÏ¥° ÉµÎ´µ¸ÉÓÕ ¸µ¢¶ ²¨ ¸
· ¸Î¥É ³¨ ‘¨·±  [16]. � ¶· Ï¨¢ ¥É¸Ö ¢Ò¢µ¤, ÎÉµ ·¥§Ê²ÓÉ ÉÒ  ´ ²¨§  ¶µ¤µ¡-
´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢ ¤µ¸É ÉµÎ´µ ´¥µ¤´µ§´ Î´Ò ¨ ¤¥² ÉÓ § ±²ÕÎ¥´¨¥ µ¡ ¨Ì
¸µµÉ¢¥É¸É¢¨¨ Éµ° ¨²¨ ¨´µ° ³µ¤¥²¨, ¶µ-¢¨¤¨³µ³Ê, ¶·¥¦¤¥¢·¥³¥´´µ, ÌµÉÖ
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Œ†Š [15,16] ¡µ²¥¥ ·¥ ²¨¸É¨Î´ , Î¥³ [13], ¨ ¸ ³¨ É¥µ·¥É¨±¨ Ê¢¥·¥´Ò ¢ ¥¥
Ë¨§¨Î¥¸±µ°  ¤¥±¢ É´µ¸É¨ ´ £·¥Éµ³Ê ·¥ ²Ó´µ³Ê ¤¥²ÖÐ¥³Ê¸Ö Ö¤·Ê [172].

’¥¶¥·Ó µ¸É ´µ¢¨³¸Ö ´  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¡µÉ Ì [22,35,70], £¤¥ ´ ¨-
¡µ²¥¥ ¶µ¤·µ¡´µ ¨¸¸²¥¤µ¢ ´Ò ¢µ¶·µ¸Ò µ ÉµÎ±¥ �ƒ ̈  ̧ µµÉ¢¥É¸É¢¨¨ µ¶ÒÉÊ É¥µ-
·¥É¨Î¥¸±¨Ì ¶·¥¤¸É ¢²¥´¨° Œ†Š µ Ö¤·¥. ‚ ÔÉ¨Ì · ¡µÉ Ì, ¶µ³¨³µ Ô±¸¶¥-
·¨³¥´É ²Ó´µ£µ ¨§ÊÎ¥´¨Ö Œ�� µ¸±µ²±µ¢ ¤¥²¥´¨Ö ²¥£±¨Ì Ö¤¥· ¢ ·¥ ±Í¨ÖÌ, ¢

µ¸´µ¢´µ³ ¸ ¨µ´ ³¨ 20Ne, ¡Ò²µ ¶·µ ´ ²¨§¨·µ¢ ´µ ¡µ²ÓÏµ¥ Î¨¸²µ ·¥§Ê²ÓÉ -
Éµ¢ ¤·Ê£¨Ì · ¡µÉ [19,26,55,62,69,107,111Å114,127,128,151,152,154,164Å
166,173]. ‚µ ³´µ£¨Ì ¶¥·¥Î¨¸²¥´´ÒÌ · ¡µÉ Ì [19,111,114,128,151,154,164Å
166] ¨§³¥·Ö²¨¸Ó ´¥ ³ ¸¸µ¢Ò¥,   § ·Ö¤µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö µ¸±µ²±µ¢. ’ ±¨¥
· ¸¶·¥¤¥²¥´¨Ö ¡Ò²¨ ¢ [22,35,70] ¶¥·¥¸Î¨É ´Ò ¢ · ¸¶·¥¤¥²¥´¨Ö ³ ¸¸, ¨¸Ìµ¤Ö
¨§ Ê¸²µ¢¨Ö ¶·µ¶µ·Í¨µ´ ²Ó´µ¸É¨ § ·Ö¤  ³ ¸¸¥. �µ²ÊÎ¥´´Ò¥ Œ� µ¶¨¸Ò¢ ²¨¸Ó
£ Ê¸¸¨ ´µ³ ¶µ ³¥Éµ¤Ê ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éµ¢. ’¨¶¨Î´Ò¥ · ¸¶·¥¤¥²¥´¨Ö § -
·Ö¤µ¢ µ¸±µ²±µ¢ ¨²¨ µ¸±µ²µÎ´µ¶µ¤µ¡´ÒÌ ¶·µ¤Ê±Éµ¢ ·¥ ±Í¨° ¨ ¶¥·¥¸Î¨É ´-
´Ò¥ ¨§ ´¨Ì · ¸¶·¥¤¥²¥´¨Ö ³ ¸¸ ¤²Ö ´¥±µÉµ·ÒÌ Ö¤¥·,   É ±¦¥ µ¶¨¸ ´¨¥ ¨Ì
£ Ê¸¸¨ ´µ³, ¢ ± Î¥¸É¢¥ ¶·¨³¥·  ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸.20.

‚ · ¡µÉ Ì [22,35,70]  ´ ²¨§¨·µ¢ ²¨¸Ó Éµ²Ó±µ É¥ ·¥§Ê²ÓÉ ÉÒ, £¤¥, ¢µ-¶¥·-
¢ÒÌ, ¤²Ö ³ ¸¸ µ¸±µ²±µ¢ M = ACN6 2 (ZCN6 2) ´ ¡²Õ¤ ²¸Ö Î¥É±¨° ¶¨± ¸¨³-

³¥É·¨Î´µ£µ ¤¥²¥´¨Ö, ¨, ¢µ-¢Éµ·ÒÌ, ±µ£¤  ±· Ö ÔÉµ£µ ¸¨³³¥É·¨Î´µ£µ · ¸¶·¥-
¤¥²¥´¨Ö Ìµ·µÏµ µÉ¤¥²Ö²¨¸Ó µÉ ¶¨±  £²Ê¡µ±µ´¥Ê¶·Ê£¨Ì ¶¥·¥¤ Î ¨ ¢±² ¤ 

±¢ §¨¤¥²¨É¥²Ó´ÒÌ ·¥ ±Í¨°, ± ±, ´ ¶·¨³¥·, ¢ · ¡µÉ¥ [151] ¤²Ö 111In (¸³.

·¨¸.20). �Ò²¨ ¨¸±²ÕÎ¥´Ò ¨§  ´ ²¨§  É ±¨¥ ·¥ ±Í¨¨, ± ± 37Cl + 68Zn ¨§

[112,113], ¨²¨ 32S + 76Ge ¨§ [126], ¨²¨ 28Si + 74Ge ¨§ [127] ¨ ¨³ ¶µ¤µ¡´Ò¥,
±µ£¤  · ¸¶·¥¤¥²¥´¨¥ § ·Ö¤µ¢ (³ ¸¸) § ¢¨¸ÖÉ µÉ Ê£²  ¨Ì ·¥£¨¸É· Í¨¨ ¨ ´¥É
¢µ§³µ¦´µ¸É¨ µÉ¤¥²¨ÉÓ ®¨¸É¨´´µ¥¯ ¤¥²¥´¨¥ µÉ ¤¥²¨É¥²Ó´µ¶µ¤µ¡´µ°, ±¢ §¨-
¤¥²¨É¥²Ó´µ° ±µ³¶µ´¥´ÉÒ, ¨¸± ¦ ÕÐ¥° Œ� [113,151,152].

ˆ§ ¤ ´´ÒÌ µ Œ�, ¶·¨¢²¥Î¥´´ÒÌ ¤²Ö  ´ ²¨§  ¢ [22,35,70] ¨§¢²¥± ²µ¸Ó

§´ Î¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´µ° ¤¨¸¶¥·¸¨¨ σM
 2  , ´ °¤¥´´µ¥ ¨§ µ¶¨¸ ´¨Ö Œ�

£ Ê¸¸¨ ´µ³ (·¨¸.17 ¨ ·¨¸.20), ±µÉµ·µ¥ § É¥³ ¶µ¶· ¢²Ö²µ¸Ó ´  ÔËË¥±É Ê£²µ-
¢µ£µ ³µ³¥´É , ± ± µ¶¨¸ ´µ ¢µ ¢Éµ·µ³ · §¤¥²¥, ̈  ¤ ²¥¥ ¢ÒÎ¨¸²Ö² ¸Ó ̧ µ£² ¸´µ

¢Ò· ¦¥´¨Õ (34) ¦¥¸É±µ¸ÉÓ ¤¥²ÖÐ¥£µ¸Ö Ö¤·  d 2V 6 dη2. ‚ ¢Ò· ¦¥´¨¥ (34)
É ±¦¥ ¢Ìµ¤¨É É¥³¶¥· ÉÊ·  Ö¤·  θsp , §´ Î¥´¨¥ ±µÉµ·µ° § ¢¨¸¨É µÉ ¢Ò¸µÉÒ

¡ ·Ó¥·  ¤¥²¥´¨Ö Ef (l ) ¨ ¶ · ³¥É·  ¶²µÉ´µ¸É¨ Ê·µ¢´¥°  . „²Ö ¶µ²´µÉÒ  ´ -

²¨§  ¶·¨ ¢ÒÎ¨¸²¥´¨¨ θsp
0  ¨ θsp

ef  ¢ µ¡¸Ê¦¤ ¥³ÒÌ · ¡µÉ Ì ¡Ò²¨ ¨¸¶µ²Ó§µ¢ ´Ò

¡ ·Ó¥·Ò ¤¥²¥´¨Ö ¨§ ³µ¤¥²¥° ¢· Ð ÕÐ¥°¸Ö ¦¨¤±µ° ± ¶²¨ ŠµÔ´  Å �²Ô§¨² 
Å ‘¢ÖÉ¥Í±µ£µ (Š�‘) [36] ¨ ‘¨·±  (‘) [16],   É ±¦¥ Î ¸Éµ Ê¶µÉ·¥¡²Ö¥³Ò¥
a = A ⋅ 0,093 ¨ a = A6 8.
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�  ·¨¸.21 ¶µ± § ´  ·µ²Ó ¶µ¶· ¢µ± ´  ¨¸¶Ê¸± ´¨¥ ν
__
pre ¢ θsp ¨ ÔËË¥±É

Ê£²µ¢µ£µ ³µ³¥´É  ¢ σM
 2 , ¶·¨Î¥³ ¤²Ö ± ¦¤µ° Ô±¸¶¥·¨³¥´É ²Ó´µ° ÉµÎ±¨ ¶·¨-

¢¥¤¥´Ò ¤¢  §´ Î¥´¨Ö ¦¥¸É±µ¸É¨: ¢¥·Ì´¨¥ ¶µ²ÊÎ¥´Ò ¸ ¡ ·Ó¥· ³¨ ‘¨·±  [16],

´¨¦´¨¥ Å ¸ ¡ ·Ó¥· ³¨ ¨§ [36]. �  ·¨¸.21,  ¶µ± § ´Ò §´ Î¥´¨Ö d 2V6 dη2

¢µµ¡Ð¥ ¡¥§ ¢ÒÏ¥´ §¢ ´´ÒÌ ¶µ¶· ¢µ±. „ ´´Ò¥ ¶µ± §Ò¢ ÕÉ ¶·¨¡²¨§¨É¥²Ó´µ¥

¶µ¸ÉµÖ´¸É¢µ ¦¥¸É±µ¸É¨ ¢ ¤¨ ¶ §o´¥ Z 2 6 A = 24 ÷ 33 ¨, ± Éµ³Ê ¦¥, · §¡·µ¸
ÉµÎ¥± ´ ¸Éµ²Ó±µ ¢¥²¨±, ÎÉµ ´¥¢µ§³µ¦´  ¨Ì · §Ê³´ Ö Ô±¸É· ¶µ²ÖÍ¨Ö ± §´ -

�¨¸.20. ‡ ·Ö¤µ¢Ò¥ (¸²¥¢ ) ̈  ¶¥·¥¸Î¨É ´´Ò¥ ̈ § ́ ¨Ì ¢ · ¡µ-
É¥ [22] ³ ¸¸µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö µ¸±µ²±µ¢ ¨²¨ µ¸±µ²µÎ´µ-
¶µ¤µ¡´ÒÌ Ë· £³¥´Éµ¢ (¸¶· ¢ ) ¤²Ö Ê± § ´´ÒÌ Ö¤¥· ¨ ¨Ì
µ¶¨¸ ´¨¥ £ Ê¸¸¨ ´µ³ (¸¶²µÏ´Ò¥ ±·¨¢Òe):  ) ·¥ ±Í¨Ö
93Nb + 12C [154], ¡) 84Kr + 27Al [151], ¢) 139La + 9Be [19],

£) 35Cl + 141Pr [165]
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Î¥´¨Õ d 2V6 dη2 = 0,   É¥³ ¡µ²¥¥ É¥¸É¨·µ¢ ´¨¥ · §²¨Î´ÒÌ ³µ¤¥²¥°. �µ³¨³µ

ÔÉµ£µ ¨´É¥·¥¸´µ µ¡· É¨ÉÓ ¢´¨³ ´¨¥ ´  É ±ÊÕ ¤¥É ²Ó: ·¥§Ê²ÓÉ ÉÒ · ¡µÉ [62]

¨ [107], £¤¥ ¨¸¸²¥¤µ¢ ²µ¸Ó, ¸µµÉ¢¥É¸É¢¥´´µ, ¤¥²¥´¨¥ Ö¤¥· 186Os ¨ 186Pt ¢

·¥ ±Í¨ÖÌ ¸ · §´Ò³¨ ¨µ´ ³¨, ´¥ ¸µ£² ¸ÊÕÉ¸Ö ¸ ¥¤¨´µ° ¦¥¸É±µ¸ÉÓÕ ¤²Ö ± ¦-

¤µ£µ ¨§ ÔÉ¨Ì Ö¤¥·, ± ± ÔÉµ ¤µ²¦´µ ¸²¥¤µ¢ ÉÓ ¨§ ²Õ¡µ° Œ†Š.

�  ·¨¸.21,¡ ¶·¨¢¥¤¥´Ò É¥ ¦¥ ¤ ´´Ò¥, ´µ ¸ ¢¢¥¤¥´´µ° ¶µ¶· ¢±µ° ´ 

ν
__
pre, É.¥. ¢³¥¸Éµ θsp

0  , ± ± ´  ·¨¸.21, , §¤¥¸Ó ¢§ÖÉ  É¥³¶¥· ÉÊ·  θsp
ef 1.

�·¨´Í¨¶¨ ²Ó´µ ¶µ¢¥¤¥´¨¥ ¤ ´´ÒÌ §¤¥¸Ó ´¨Î¥³ ´¥ µÉ²¨Î ¥É¸Ö µÉ ·¨¸.21, ,
±·µ³¥ ± ± µ¡Ð¨³ ¶µ´¨¦¥´¨¥³ ¢¥²¨Î¨´Ò ¦¥¸É±µ¸É¨.

�  ·¨¸.21,¢ ¶µ± § ´µ ¢²¨Ö´¨¥ l-ÔËË¥±É  ´  d 2V6 dη2 ¶·¨ θsp
0  , ±µÉµ·µ¥

µ± §Ò¢ ¥É¸Ö ¡µ²¥¥ ¸¨²Ó´Ò³ ¶µ ¸· ¢´¥´¨Õ ¸ É¥³¶¥· ÉÊ·´Ò³. ˆ§ ·¨¸.21,¢
¸²¥¤Ê¥É, ÎÉµ ¢ ÔÉµ³ ¸²ÊÎ ¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ Ê¦¥ ¨³¥ÕÉ µ¶·¥¤¥-

²¥´´ÊÕ É¥´¤¥´Í¨Õ, É.¥. d 2V6 dη2 Ê³¥´ÓÏ ¥É¸Ö ¶µ ³¥·¥ ¶·µ¤¢¨¦¥´¨Ö ¢

µ¡² ¸ÉÓ ²¥£±¨Ì Ö¤¥·, ÌµÉÖ · §¡·µ¸ ÉµÎ¥± ¢¸¥ ¥Ð¥ ¢¥²¨± ¤²Ö ±µ··¥±É´µ£µ

µ¶·¥¤¥²¥´¨Ö ÉµÎ±¨ �ƒ.

�¨¸.21. „¥³µ´¸É· Í¨Ö ·µ²¨ ¶µ¶· ¢µ± ´  ¢²¨Ö´¨¥ l ¨ ¨¸¶ ·¥´¨Ö ν
__
pre ¢ §´ Î¥´¨ÖÌ

¦¥¸É±µ¸É¨ d 2V6 dη2 ¢ § ¢¨¸¨³µ¸É¨ µÉ Z 26 A [22]. Š ¦¤µ° Ô±¸¶¥·¨³¥´É ²Ó´µ° ÉµÎ±¥
¸µµÉ¢¥É¸É¢ÊÕÉ ¤¢  §´ Î¥´¨Ö ¦¥¸É±µ¸É¨: ¢¥·Ì´¨¥ ¶µ²ÊÎ¥´Ò ¸ ¡ ·Ó¥· ³¨ ‘¨·±  (‘)
[16], ́ ¨¦´¨¥ Å ̧  ¡ ·Ó¥· ³¨ ŠµÔ´  Å �²Ô§¨²  Å ‘¢ÖÉ¥Í±µ£µ (Š�‘) [36]:  ) ¢µµ¡Ð¥

¡¥§ ¶µ¶· ¢µ±, ¡) Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ σM
 2 , ´µ θsp

ef 1, ¢) σM
 2 , ¶µ¶· ¢²¥´´Ò¥ ´  ¢²¨Ö´¨¥

l, ¨ θsp
0  Å ´ Î ²Ó´ Ö É¥³¶¥· ÉÊ· . �¡µ§´ Î¥´¨Ö ÉµÎ¥± ¤ ´Ò ¢ [22]
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�  ·¨¸.22 ¶·¨¢¥¤¥´Ò Ô±¸¶¥·¨³¥´-

É ²Ó´Ò¥ §´ Î¥´¨Ö d 2V6 dη2 ¸ ÊÎ¥Éµ³

µ¡¥¨Ì ¶µ¶· ¢µ±, É.¥. ¸ θsp
ef 1 ¨ σM

 2 (l = 0).

�·¥¦¤¥ ¢¸¥£µ ¸²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ · §-
¡·µ¸ ÉµÎ¥± ·¥§±µ Ê³¥´ÓÏ ¥É¸Ö ¶µ ¸· ¢-

´¥´¨Õ ¸ ·¨¸.21,¢,   d 2V6 dη2 ¤²Ö 186Os

¨ 186Pt ¢³¥¸Éµ Í¥²µ£µ ´ ¡µ·  §´ Î¥´¨° ´   ·¨¸.21,   ¨  21,¡  É· ´¸-
Ëµ·³¨·ÊÕÉ¸Ö  ¢  ¥¤¨´Ò¥  ¤²Ö  ÔÉ¨Ì  Ö¤¥·  §´ Î¥´¨Ö ¦¥¸É±µ¸É¨.

�É¨ ¤ ´´Ò¥ É ±¦¥ ¸· ¢´¨¢ ÕÉ¸Ö ¸ É¥µ·¥É¨Î¥¸±¨³¨ · ¸Î¥É ³¨ ¦¥¸É-
±µ¸É¨, ¢Ò¶µ²´¥´´Ò³¨ ¤²Ö ¤µ²¨´Ò β-¸É ¡¨²Ó´µ¸É¨ ¤²Ö · §²¨Î´ÒÌ ¢ ·¨ ´Éµ¢
Œ†Š: ¶·µ¸Éµ° Œ†Š ¸ ·¥§±¨³ ±· ¥³ Ö¤·  Œ °¥·¸  Å ‘¢ÖÉ¥Í±µ£µ (Œ‘)
[13]; Œ†Š ‘É·ÊÉ¨´¸±µ£µ (‘É·.) ¸ ÊÎ¥Éµ³ § ¢¨¸¨³µ¸É¨ ¶µ¢¥·Ì´µ¸É´µ£µ ´ -
ÉÖ¦¥´¨Ö µÉ ±·¨¢¨§´Ò ¶µ¢¥·Ì´µ¸É¨ σ = σ0(1 − Γ) ¶·¨ Γ = − 0,1 ¨

(Z 2 6 A)±·¨É = 45 [12]; ± ¶¥²Ó´µ° ³µ¤¥²¨ Œ °¥·¸  (Œ) [14]; Œ†Š ¸ ±µ´¥Î-

´Ò³ · ¤¨Ê¸µ³ ¤¥°¸É¢¨Ö Ö¤¥·´ÒÌ ¸¨² Š· ¶¶¥ Å �¨±¸  Å ‘¨·±  [15] ̧  ¶ · -
³¥É· ³¨ ± ¶²¨ ‘¨·±  (‘) ¨§ [16]. ‚ ·¨ ´É Œ†Š ¸ ÊÎ¥Éµ³ ±µ´¥Î´µ£µ · -
¤¨Ê¸  ¤¥°¸É¢¨Ö Ö¤¥·´ÒÌ ¸¨² [15], · ¸Î¥ÉÒ ¶µ ±µÉµ·µ³Ê ¸¤¥² ´Ò ¢ · ¡µÉ¥
[22], µÉ²¨Î ¥É¸Ö µÉ ¸¤¥² ´´ÒÌ £·Ê¶¶µ° �¤¥¥¢  ¨ ¶·¨¢¥¤¥´´ÒÌ ¢ [21] É¥³,
ÎÉµ ¡ ·Ó¥· ¤¥²¥´¨Ö ¢ÒÎ¨¸²Ö¥É¸Ö ¶·¨ Ë¨±¸¨·µ¢ ´´µ°  ¸¨³³¥É·¨¨ ¤¥²¥´¨Ö
η ¸ ÊÎ¥Éµ³ ¨§³¥´¥´¨Ö Ê¤²¨´¥´¨Ö Ö¤·  α (µ¸´µ¢´µ° ¤¥²¨É¥²Ó´µ° ¤¥Ëµ·³ -
Í¨¨) ¶·¨ · §´ÒÌ η, É.¥. ¢¤µ²Ó · ´¥¥ Ê¶µ³Ö´ÊÉµ° ®²¨´¨¨ £·¥¡´Ö¯, ±µÉµ· Ö

¤²Ö Ö¤¥· ¸ Z 26 A > 29 ¶·¨ Ê¢¥²¨Î¥´¨¨ η ¸É·¥³¨É¸Ö ± ¡µ²ÓÏ¨³ §´ Î¥´¨Ö³ α
(¡µ²ÓÏ¨³ Ê¤²¨´¥´¨Ö³ Ö¤· ). �µ²ÊÎ¥´´ Ö § ¢¨¸¨³µ¸ÉÓ V(η)  ¶¶·µ±¸¨³¨·µ-
¢ ² ¸Ó ¶ · ¡µ²µ° ¢ ¤¨ ¶ §µ´¥ ¨§³¥´¥´¨° η µÉ 0 ¤µ η ~ 0,2 − 0,3, ¤¨ËË¥-

·¥´Í¨·ÊÖ ±µÉµ·ÊÕ, µ¶·¥¤¥²Ö²¨ ÔËË¥±É¨¢´µ¥ §´ Î¥´¨¥ d 2V6 dη2. �·¨ ÔÉµ³
Ëµ·³   Ö¤·   µ¶¨¸Ò¢ ² ¸Ó ¢ ¶ · ³¥É·¨§ Í¨¨, µ¸´µ¢ ´´µ° ´  µ¢ ² Ì
Š ¸¸¨´¨ [174].

�¨¸.22. ‡´ Î¥´¨Ö ¦¥¸É±µ¸É¨ d 2V 6 dη2 ¸ ÊÎ¥-

Éµ³ µ¡¥¨Ì ¶µ¶· ¢µ±, É.¥. σM
 2 ¶µ¶· ¢²¥´  ´  l

¨  θsp
ef 1 [22]. ’¥µ·¥É¨Î¥¸±¨¥ ±·¨¢Ò¥ Å · ¸Î¥-

ÉÒ ¦¥¸É±µ¸É¨ ¤²Ö ¸¥¤² : ¸¶²µÏ´ Ö Å [12],
ÏÉ·¨Ìµ¢ Ö ¸ ¤¢Ê³Ö ÉµÎ± ³¨ Å [13], ÏÉ·¨Ì-
¶Ê´±É¨·´ Ö Å [14], ÏÉ·¨Ìµ¢ Ö Å [15] ̧  ¶ · -
³¥É· ³¨ [16],  ÉµÎ¥Î´ Ö Å [22] ¸ ¶ · ³¥É-
· ³¨ [16]; Ef (l ) ¨§ [16], a = 0,093A
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�±¸¶¥·¨³¥´É ²Ó´ Ö ¨´Ëµ·³ Í¨Ö, ¶·¥¤¸É ¢²¥´´ Ö ´  ·¨¸.22, ¤¥³µ´¸É·¨-
·Ê¥É µÉÎ¥É²¨¢ÊÕ ¢Ò¸É·µ¥´´µ¸ÉÓ ¤ ´´ÒÌ, ±µÉµ· Ö ¢ ¶µ²´µ³ µ¡Ñ¥³¥ ´¥ µ¶¨-
¸Ò¢ ¥É¸Ö ´¨ µ¤´µ° ¨§ ³µ¤¨Ë¨± Í¨° Œ†Š, ´µ Ê¤¨¢¨É¥²Ó´µ¥ ¸µ£² ¸¨¥ ¸ Ô±¸-

¶¥·¨³¥´Éµ³ ¤µ¸É¨£ ¥É¸Ö ¸ ¶µ³µÐÓÕ ³µ¤¥²¨ ‘¨·±  [16] ¢ µ¡² ¸É¨ Z 2 6 A =
= 22 ÷ 30 c a = A ⋅ 0,093 ¨ ¡ ·Ó¥· ³¨ Ef (l ) ¨§ Éµ° ¦¥ ³µ¤¥²¨ [16]. Š Éµ³Ê ¦¥

µ´  ÉµÎ´µ ¶·¥¤¸± §Ò¢ ¥É ¶µ²µ¦¥´¨¥ ÉµÎ±¨ �ƒ, ±µÉµ·ÊÕ ²¥£±µ µ¶·¥¤¥²¨ÉÓ
¶µ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³ ¶·¨ ²¨´¥°´µ° Ô±¸É· ¶µ²ÖÍ¨¨ ¨Ì ¢ ´µ²Ó:

(Z 2 6 A)�ƒ = 22 ± 0,6. �Ò²µ ¶µ± § ´µ [22], ÎÉµ ¶µ²µ¦¥´¨¥ ÉµÎ±¨ �ƒ ´  µ¸¨

Z 2 6 A µ± §Ò¢ ¥É¸Ö ´¥ÎÊ¢¸É¢¨É¥²Ó´Ò³ ± ¨§³¥´¥´¨Õ Ef (l ) ¨  .

‡ ¢¥·Ï Ö µ¡¸Ê¦¤¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¤²Ö ²¥£±¨Ì Ö¤¥· µ

§ ¢¨¸¨³µ¸É¨ ¦¥¸É±µ¸É¨ Ö¤¥· d 2V6 dη2 µÉ ´Ê±²µ´´µ£µ ¸µ¸É ¢ , É¥³¶¥· ÉÊ·Ò
¨ Ê£²µ¢µ£µ ³µ³¥´É , ¶·¥¤¸É ¢²Ö¥É¸Ö ¨´É¥·¥¸´Ò³ ¸· ¢´¨ÉÓ ¨Ì ¸ ¨§¢¥¸É´Ò³¨
¤¨´ ³¨Î¥¸±¨³¨ · ¸Î¥É ³¨ �¨±¸  [7], ¢Ò¶µ²´¥´´Ò³¨ ¢ ¸É É¨¸É¨Î¥¸±µ³ ¶·¥-
¤¥²¥ ¤²Ö ´¥¢Ö§±µ° ´¥¢· Ð ÕÐ¥°¸Ö Ö¤¥·´µ° ¦¨¤±µ¸É¨ ´  µ¸´µ¢¥ Œ†Š ¸
¶ · ³¥É· ³¨ [13].

�  ·¨¸.23,  ¤ ´µ É ±µ¥ ¸· ¢´¥´¨¥. �  ´¥³ ¶µ± § ´  § ¢¨¸¨³µ¸ÉÓ

d 2V 6 dη2 µÉ ¶ · ³¥É·  ¤¥²¨³µ¸É¨ x Å Ô±¸¶¥·¨³¥´É ²Ó´ Ö ¨ É¥µ·¥É¨Î¥¸± Ö
[7]. …¸É¥¸É¢¥´´µ, ± ± ¨ Œ†Š [13], É¥µ·¥É¨Î¥¸±¨¥ · ¸Î¥ÉÒ [7] ¤ ÕÉ ÉµÎ±Ê
�ƒ ¶·¨ x�ƒ = 0,396. �±¸É· ¶µ²ÖÍ¨Ö ¢ ´µ²Ó Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, ¨§

±µÉµ·ÒÌ ´  ·¨¸.23,  ¨¸±²ÕÎ¥´Ò ´¥¸±µ²Ó±µ ¸¨²Ó´µ ¢Ò¶ ¤ ÕÐ¨Ì ¨§ µ¡Ð¥°
É¥´¤¥´Í¨¨ ÉµÎ¥±, ¤ ¥É §´ Î¥´¨¥ x�ƒ = 0,44 ± 0,01. � ¶µ¤µ¡´µ³ µÉ²¨Î¨¨ Ô±¸-

¶¥·¨³¥´É ²Ó´µ° ¨ É¥µ·¥É¨Î¥¸±µ° [7] µÍ¥´µ± ÉµÎ±¨ �ƒ £µ¢µ·¨²µ¸Ó ¢ÒÏ¥, ¨
± Éµ³Ê ¦¥ ±·¨¢ Ö ¦¥¸É±µ¸É¨ �¨±¸  ´¥ ¶¥·¥¤ ¥É É¥´¤¥´Í¨Õ ¶µ¢¥¤¥´¨Ö

d 2V 6 dη2 ¶·¨ x > 0,6, ÎÉµ ¢¶µ²´¥ ¶µ´ÖÉ´µ, É.±. ¢ · ¸Î¥É Ì [7] ́ ¥ ÊÎ¨ÉÒ¢ ¥É¸Ö
¢Ö§±µ¸ÉÓ Ö¤· , ¨ µ´¨ ¸±µ·¥¥ µÉ· ¦ ÕÉ ¶µ¢¥¤¥´¨¥ ¦¥¸É±µ¸É¨ µÉ x ¢ ÉµÎ±¥
· §·Ò¢ , ±µÉµ· Ö ¢ ÔÉµ³ ¸²ÊÎ ¥, ¸µ£² ¸´µ [3,7,11] ¨ ·¨¸.19, ³µ´µÉµ´´µ · ¸-
É¥É ¸ ÊÉÖ¦¥²¥´¨¥³ Ö¤· .

— ¸Éµ · ¸Î¥ÉÒ [7], ¢ Î ¸É´µ¸É¨, É¥³¶¥· ÉÊ·´ Ö § ¢¨¸¨³µ¸ÉÓ σM
 2 , ¨¸¶µ²Ó-

§µ¢ ²¨¸Ó ¢ ´¥±µÉµ·ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¡µÉ Ì ¤²Ö Ô±¸É· ¶µ²ÖÍ¨¨ ¤ ´-
´ÒÌ ± ¥¤¨´µ° É¥³¶¥· ÉÊ·¥. Š ± É¥¶¥·Ó ¸É ´µ¢¨É¸Ö ¶µ´ÖÉ´µ ¨§ ¸µ¶µ¸É ¢-
²¥´¨Ö É¥µ·¨¨ ¨ Ô±¸¶¥·¨³¥´É , ¶µ¤µ¡´ Ö Ô±¸É· ¶µ²ÖÍ¨Ö ´¥ ¸µ¢¸¥³ ±µ··¥±É-
´ . �  ·¨¸.23,¡ ¶·Ö³Ò³¨ ²¨´¨Ö³¨ ¶µ± § ´Ò É¥µ·¥É¨Î¥¸±¨¥ § ¢¨¸¨³µ¸É¨

σM
 2(θsp) [7] (¥¸É¥¸É¢¥´´µ, ¤²Ö l = 0) ¤²Ö Ê± § ´´ÒÌ x. ‚ ¸±µ¡± Ì ¦¥ ¶·¨¢¥¤¥-

´Ò §´ Î¥´¨Ö x, ¤²Ö ±µÉµ·ÒÌ É ±µ° ·µ¸É σM
 2(θsp

ef 1) ¸µµÉ¢¥É¸É¢Ê¥É ·¥ ²Ó´µ³Ê,

´ ¡²Õ¤ ¥³µ³Ê ¢ Ô±¸¶¥·¨³¥´É¥ (Éµ ¦¥ ¤²Ö l = 0). �É¨ §´ Î¥´¨Ö x ¶µ²ÊÎ¥´Ò
¸µ£² ¸´µ ¸¶²µÏ´µ° ¶·Ö³µ° ¤²Ö ¦¥¸É±µ¸É¨ ´  ·¨¸.23,  ¨ ¢Ò· ¦¥´¨Õ (34).
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�µ¤¢µ¤Ö ¨Éµ£ ¸± § ´´µ³Ê, ¸²¥¤Ê¥É ¥Ð¥ · § ¶µ¤Î¥·±´ÊÉÓ ¶µ· §¨É¥²Ó´µ¥
¸µ£² ¸¨¥ ¸É É¨Î¥¸±¨Ì · ¸Î¥Éµ¢ ¦¥¸É±µ¸É¨ ¶µ ³µ¤¥²¨ [15,16], ÊÎ¨ÉÒ¢ ÕÐ¥°
±µ·µÉ±µ¤¥°¸É¢¨¥ Ö¤¥·´ÒÌ ¸¨², ¢Ò¶µ²´¥´´ÒÌ ¤²Ö ¸¥¤²µ¢µ° ÉµÎ±¨, ¨ ®Ô±¸-

¶¥·¨³¥´É ²Ó´ÒÌ¯ §´ Î¥´¨° d 2V 6 dη2, ´ °¤¥´´ÒÌ ¶·¨ ¸É É¨¸É¨Î¥¸±µ³ ¶µ¤-

Ìµ¤¥ ¢ ÔÉµ° ¦¥ ÉµÎ±¥ ¤²Ö ¤¨ ¶ §µ´  Ö¤¥· ¸ Z 2 6 A = 20 ÷ 30.

‘ µ¤´µ° ¸Éµ·µ´Ò, ± § ²µ¸Ó ¡Ò, ´¨Î¥£µ Ê¤¨¢¨É¥²Ó´µ£µ ¢ ÔÉµ³ ´¥É Å ¤²Ö
µ¡¸Ê¦¤ ¥³ÒÌ Ö¤¥· ¸¥¤²µ ¨ ÉµÎ±  · §·Ò¢  Ë ±É¨Î¥¸±¨ ¸µ¢¶ ¤ ÕÉ Å ¤¨´ -
³¨±¨ ¸¶Ê¸±  ´¥É, ¨ ³´µ£µ±· É´µ ¶·µ¢¥·¥´´µ¥ ¨ ¨¸¶µ²Ó§µ¢ ´´µ¥ ¶·¥¤¶µ²µ-
¦¥´¨¥ ³µ¤¥²¨ ¶¥·¥Ìµ¤´µ£µ ¸µ¸ÉµÖ´¨Ö �µ·  Å “¨²²¥·  [158] Ìµ·µÏµ · ¡µ-
É ¥É. �¤´ ±µ, ¸ ¤·Ê£µ° ¸Éµ·µ´Ò, ¥¸ÉÓ ¤¨´ ³¨±  ¤¢¨¦¥´¨Ö Ö¤·  µÉ µ¸´µ¢´µ£µ
¸µ¸ÉµÖ´¨Ö ¤µ ¸¥¤²µ¢µ° ±µ´Ë¨£Ê· Í¨¨, ¨ ¤²Ö ¢ÒÏ¥´ §¢ ´´µ£µ Ô±¸¶¥·¨³¥´-
É ²Ó´µ£µ Ë ±É  Å Ê¸É ´µ¢²¥´¨Ö ¸É É¨¸É¨Î¥¸±µ£µ · ¢´µ¢¥¸¨Ö ³¥¦¤Ê ±µ²²¥±-
É¨¢´Ò³¨ ¨ ¢´ÊÉ·¥´´¨³¨ ¸É¥¶¥´Ö³¨ ¸¢µ¡µ¤Ò ¢ ¸¥¤²µ¢µ° ÉµÎ±¥ Å É·¥¡Ê¥É¸Ö,
ÎÉµ¡Ò ÔÉµ ®¤¢¨¦¥´¨¥¯ ¡Ò²µ ³¥¤²¥´´Ò³. ‘¤¥² ÉÓ ¥£µ É ±µ¢Ò³ ³µ¦¥É ¤µ¸É -

�¨¸.23.  ) ‡ ¢¨¸¨³µ¸ÉÓ d 2V 6 dη2, ¶µ²ÊÎ¥´´ Ö ¸ Ef (l ) ¨§ [16] ¨ a = 0,093A, µÉ

¶ · ³¥É·  ¤¥²¨³µ¸É¨ x. �·Ö³ Ö Å µ¶¨¸ ´¨¥ ¤ ´´ÒÌ ³¥Éµ¤µ³ ́  ¨³¥´ÓÏ¨Ì ±¢ ¤· -
Éµ¢, ±·¨¢ Ö Å É¥µ·¥É¨Î¥¸±¨¥ · ¸Î¥ÉÒ �¨±¸  [7]. ¡) ’¥µ·¥É¨Î¥¸± Ö § ¢¨¸¨³µ¸ÉÓ

σM
 2 µÉ θsp ¤²Ö Ê± § ´´ÒÌ §´ Î¥´¨° x ¨§ [7], ¢ ¸±µ¡± Ì ¤ ´Ò §´ Î¥´¨Ö x, ±µÉµ·Ò³

·¥ ²Ó´µ ¢ Ô±¸¶¥·¨³¥´É¥ ¸µµÉ¢¥É¸É¢Ê¥É É ±µ° ·µ¸É σM
 2 ¸ Ê¢¥²¨Î¥´¨¥³ θsp

ef 1 (¸³.

É¥±¸É) ¶·¨ l = 0

„…‹…�ˆ… ��ƒ�…’›• Ÿ„…�  447



ÉµÎ´µ ¡µ²ÓÏ Ö ¢¥²¨Î¨´  ¢Ö§±µ¸É¨ Ö¤¥·´µ£µ ¢¥Ð¥¸É¢  (¤¨¸¸¨¶ É¨¢´Ò¥ ¥£µ
¸¢µ°¸É¢ ). ‚ ¶·µÉ¨¢´µ³ ¸²ÊÎ ¥, ¥¸²¨ ¢Ö§±µ¸ÉÓ ³ ²  (β ≤ 1), Éµ, ¸µ£² ¸´µ
[3,175], Ö¤·µ ¡Ê¤¥É ®¶µ³´¨ÉÓ¯ µ ¸¢µ¥° ¶·¥¤Ò¸Éµ·¨¨ Å ¸µ¸ÉµÖ´¨¨ ¤µ ¸¥¤²µ-
¢µ° ÉµÎ±¨, £¤¥ ¦¥¸É±µ¸ÉÓ ¤¥²ÖÐ¥°¸Ö ¸¨¸É¥³Ò ³¥´ÓÏ¥, Î¥³ ¢ ¸¥¤²¥. ‚ ÔÉµ³
¸²ÊÎ ¥ ¸µ£² ¸¨Ö Ô±¸¶¥·¨³¥´É  ¨ É¥µ·¨¨ ´  ·¨¸.22 ¡ÒÉÓ ´¥ ¤µ²¦´µ.

„¨´ ³¨Î¥¸±¨¥ · ¸Î¥ÉÒ Œ�� µ¸±µ²±µ¢ ¨§ µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö ¸ ÊÎ¥Éµ³
¢Ö§±µ¸É¨ ¨ ¸ ¶·¨¢²¥Î¥´¨¥³ ¤ ´´ÒÌ µ ν

__
pre, p

_
pre ¨ É.¤. ¤µ²¦´Ò ¶·µ²¨ÉÓ ¸¢¥É

´  ÔÉÊ ¶·µ¡²¥³Ê. ’¥µ·¨Ö ¦¥ ¢ ÔÉµ³ ´ ¶· ¢²¥´¨¨ ¤¥² ¥É Éµ²Ó±µ ¶¥·¢Ò¥ Ï £¨
[2,8,175,176].

4. „ˆ��ŒˆŠ� ”��Œˆ��‚��ˆŸ Œ��
�‘Š�‹Š�‚ Ÿ„…� C Z 26 A > 32

�±¸¶¥·¨³¥´É ²Ó´Ò³ ¨¸¸²¥¤µ¢ ´¨Ö³ Œ�� µ¸±µ²±µ¢ ¢µ§¡Ê¦¤¥´´ÒÌ ÉÖ¦¥-
²ÒÌ Ö¤¥· ¶µ¸¢ÖÐ¥´µ ¡µ²ÓÏµ¥ Î¨¸²µ · ¡µÉ [2,4,5,9,10,20Å22,26,35,49,
50,53,55,62,67Å70,89Å91,93Å97,107,108,114,129,130,133,134,138,141,155,
173,177Å203], £¤¥ ¨§ÊÎ ²¨¸Ó · §²¨Î´Ò¥  ¸¶¥±ÉÒ ¶·µÍ¥¸¸  Ëµ·³¨·µ¢ ´¨Ö
µ¸±µ²±µ¢ ¢ § ¢¨¸¨³µ¸É¨ µÉ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö (É¥³¶¥· ÉÊ·Ò) ¨ ´Ê±²µ´´µ-
£µ ¸µ¸É ¢ .

’¥µ·¥É¨Î¥¸±µ¥ µ¶¨¸ ´¨¥ Ì · ±É¥·¨¸É¨± Œ�� µ¸±µ²±µ¢ ´ £·¥ÉÒÌ ÉÖ¦¥-
²ÒÌ Ö¤¥· ¥Ð¥ ´¥ É ± ¤ ¢´µ ¸É ²±¨¢ ²µ¸Ó ¸µ §´ Î¨É¥²Ó´Ò³¨ É·Ê¤´µ¸ÉÖ³¨
[6,7,137,159,160,204]. ‚¸¥¸Éµ·µ´´¨°  ´ ²¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ,
¶·µ¢¥¤¥´´Ò° ¢ µ¡§µ·¥ [202] ¢ 1985 £µ¤Ê, Ê± § ² ´  ´¥µ¶·¥¤¥²¥´´µ¸ÉÓ ¢
µ¶¨¸ ´¨¨ ³¥Ì ´¨§³  Ëµ·³¨·µ¢ ´¨Ö Œ��.

�¥·¢Ò¥ Ê¸¶¥Ì¨ ¢ ÔÉµ³ ´ ¶· ¢²¥´¨¨ ¡Ò²¨ ¸¤¥² ´Ò ¢ · ¡µÉ Ì �¨±¸  ¨
‘¨·±  ¸ ¸µ ¢Éµ· ³¨, ±µ£¤  ¢ ¤¨´ ³¨Î¥¸±ÊÕ ³µ¤¥²Ó ¤¥²¥´¨Ö ¡Ò²¨ ¢±²ÕÎ¥´Ò
¸¨²Ò É·¥´¨Ö (¢Ö§±µ¸ÉÓ) Å ¤¨¸¸¨¶ É¨¢´Ò¥ ¸¢µ°¸É¢  Ö¤¥·´µ£µ ¢¥Ð¥¸É¢ 
[205Å215]. ‚ · ¸Î¥É Ì ¢¨¤µ¨§³¥´Ö² ¸Ó ³µ¤¥²Ó ̈  ¥¥ ¶ · ³¥É·Ò, Ê¸²µ¢¨Ö · §-
·Ò¢  Ï¥°±¨ [206,208,211] ¨ ¶·¥¤¶µ²µ¦¥´¨Ö µ ³¥Ì ´¨§³¥ ¢Ö§±µ¸É¨ Å ¤¢ÊÌ-
É¥²Ó´µ³ [205,206,208,210Å213], ¶µ¤µ¡´µ³ É·¥´¨Õ ¢ µ¡ÒÎ´µ° ¦¨¤±µ¸É¨, ¨
µ¤´µÉ¥²Ó´µ³, · ¸¸³ É·¨¢ ÕÐ¥³ ¢§ ¨³µ¤¥°¸É¢¨¥ ´Ê±²µ´  ¸µ ®¸É¥´µ°¯
[208Å210] ¨²¨ ¸µ ®¸É¥´µ° ¸ µ±´µ³¯ [211] (ÊÎ¥É ¶·¨¸ÊÉ¸É¢¨Ö Ï¥°±¨), ¨²¨
®¶µ¢¥·Ì´µ¸É´Ò° ¸ µ±´µ³¯ [214,215]. �¤´ ±µ, ¢¸¥ ÔÉ¨ · ¸Î¥ÉÒ ¡Ò²¨ ¢Ò¶µ²-
´¥´Ò Éµ²Ó±µ ¤²Ö µ¤´µ³¥·´µ£µ ¸²ÊÎ Ö Å ¢ÒÎ¨¸²¥´¨Ö ¶µ²´µ° ±¨´¥É¨Î¥¸±µ°
Ô´¥·£¨¨ µ¸±µ²±µ¢ Ek , ¤·Ê£¨¥ Ì · ±É¥·¨¸É¨±¨ Œ�� ¢ · ¸Î¥É ´¥ ¶·¨´¨³ ²¨¸Ó.

‚ ¶µ¸²¥¤´¥¥ ¤¥¸ÖÉ¨²¥É¨¥ §´ Î¨É¥²Ó´Ò¥ Ê¸¶¥Ì¨ ¢ µ¡ÑÖ¸´¥´¨¨ ¸¢µ°¸É¢
Œ�� µ¸±µ²±µ¢ ¡Ò²¨ ¤µ¸É¨£´ÊÉÒ ¢ · ³± Ì ¤¨ËËÊ§¨µ´´µ° ³µ¤¥²¨ [3,117,119,
131,157,175,216Å223]. �¢µ²ÕÍ¨Ö ¤¥²ÖÐ¥£µ¸Ö Ö¤·  µ¶¨¸Ò¢ ¥É¸Ö ¢ ´¥° ¸
¶µ³µÐÓÕ Ê· ¢´¥´¨Ö ”µ±±¥·  Å �² ´±  (“”�) ¤²Ö ËÊ´±Í¨° · ¸¶·¥¤¥²¥´¨Ö
±µ²²¥±É¨¢´ÒÌ ¶¥·¥³¥´´ÒÌ, ¢ ±µÉµ·µ°, ±·µ³¥ ±µ´¸¥·¢ É¨¢´ÒÌ ¸¨² ¨ ¸¨²
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É·¥´¨Ö, ± ± ¢ µ¡ÒÎ´µ° ¤¨´ ³¨±¥, ÊÎ¨ÉÒ¢ ÕÉ¸Ö Ë²Ê±ÉÊ Í¨¨ ÔÉ¨Ì ¶¥·¥³¥´-
´ÒÌ. �Éµ ¤µ¸É ÉµÎ´µ µ¡Ð¨° ¶µ¤Ìµ¤, ¨ ¨§ ´¥£µ ¢ÒÉ¥± ÕÉ, ± ± ¶·¥¤¥²Ó´Ò¥
¸²ÊÎ ¨, Ìµ·µÏµ ¨§¢¥¸É´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¸É É¨¸É¨Î¥¸±µ° ³µ¤¥²¨ (¶·¨ ¡µ²ÓÏµ³
É·¥´¨¨), ¨ ¤¨´ ³¨Î¥¸±µ° Å ¶·¨ ³ ²µ³ ¤²Ö ´¥¢Ö§±µ° ¦¨¤±µ¸É¨.

‚ · ¡µÉ Ì £·Ê¶¶Ò �¤¥¥¢  [3,18,131,156,220Å223], ±µÉµ·Ò¥ ¸Ê³³¨·µ¢ -
´Ò ¢ µ¡§µ· Ì [3,223], ¡Ò² · ¸¸³µÉ·¥´ ¢¥¸Ó ¸¶¥±É· ¢µ¶·µ¸µ¢ µ Ëµ·³¨·µ-
¢ ´¨¨ Œ�� ¨ § ·Ö¤µ¢ µ¸±µ²±µ¢, ¨ ¤¨ËËÊ§¨µ´´ Ö ³µ¤¥²Ó ´ ¨¡µ²¥¥ ¶µ¸²¥¤µ-
¢ É¥²Ó´µ ¨ Ê¸¶¥Ï´µ ¶·¨³¥´¥´  ¤²Ö ±µ²¨Î¥¸É¢¥´´µ£µ µ¶¨¸ ´¨Ö ¨Ì ¸¢µ°¸É¢.

�Ê±¢ ²Ó´µ ¢ ¶µ¸²¥¤´¨¥ ´¥¸±µ²Ó±µ ²¥É µ¶Ê¡²¨±µ¢ ´Ò · ¡µÉÒ, £¤¥ ¤²Ö
µ¶¨¸ ´¨Ö ¶·µÍ¥¸¸  ¤¥²¥´¨Ö ¡Ò²µ ¨¸¶µ²Ó§µ¢ ´µ Ê· ¢´¥´¨¥ ‹ ´¦¥¢¥´  (“‹)
Å Ë¨§¨Î¥¸±¨°  ´ ²µ£ “”�. ‚ ÔÉµ³ ¶µ¤Ìµ¤¥ ¸Î¨É ¥É¸Ö, ÎÉµ Ë²Ê±ÉÊ Í¨¨
±µ²²¥±É¨¢´ÒÌ ¶¥·¥³¥´´ÒÌ ÊÎ¨ÉÒ¢ ÕÉ¸Ö ®ÉµÎ´µ¯ ¢ µÉ²¨Î¨¥ µÉ “”�, £¤¥ ¨Ì
ÊÎ¥É ¢¥¤¥É¸Ö ®¢ ¸·¥¤´¥³¯ [8]. �É¨ ³µ¤¥²¨ ´ Ìµ¤ÖÉ¸Ö ¢ ¶·µÍ¥¸¸¥ ¸¢µ¥£µ · §-
¢¨É¨Ö, ´µ ¶¥·¢Ò¥ ·¥§Ê²ÓÉ ÉÒ ¢ µ¶¨¸ ´¨¨ ¶·¥¤¤¥²¨É¥²Ó´ÒÌ Î ¸É¨Í [59,71Å
75,224Å226] ¨ Ô´¥·£¥É¨Î¥¸±¨Ì · ¸¶·¥¤¥²¥´¨° [8,78,176,224,225Å227]
³´µ£µµ¡¥Ð ÕÐ¨.

‚  ÔÉµ³  · §¤¥²¥,  ´ ²¨§¨·ÊÖ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ µ E
__

k , σM
 2 ¨

σE
 2, ³Ò ¡Ê¤¥³ ¡µ²¥¥ ¶µ¤·µ¡´µ · ¸¸³ É·¨¢ ÉÓ É¥µ·¥É¨Î¥¸±¨¥ ¶µ¤Ìµ¤Ò,

µ¶¨¸Ò¢ ÕÐ¨¥ ´ ¡²Õ¤ ¥³Ò¥ Œ�� µ¸±µ²±µ¢.

‚ · ¡µÉ Ì [67,68,89,90,91,96,111,113,126,127,134,138,139,151,178Å180,
189,192Å194,197Å199,228]  ¢Éµ·Ò, ¨¸¸²¥¤ÊÖ (Ô±¸¶¥·¨³¥´É ²Ó´µ ¨ É¥µ·¥-
É¨Î¥¸±¨) ¶·µÍ¥¸¸ ¤¥²¥´¨Ö µÎ¥´Ó ²¥£±¨Ì (¢ µ¡² ¸É¨ ÉµÎ±¨ �ƒ) ¨ µÎ¥´Ó ÉÖ¦¥-

²ÒÌ Ö¤¥· ¸ Z 2 6 A ≥ 36, ¢ ·¥ ±Í¨ÖÌ ¸ ³ ¸¸¨¢´Ò³¨ ¨µ´ ³¨ ¸ Ai ≥ 27 (¨²¨ ³¨-

Ï¥´Ö³¨ ¢ ·¥ ±Í¨ÖÌ ¸ ¨´¢¥·¸´µ° ±¨´¥³ É¨±µ°), Ê¸É ´µ¢¨²¨, ÎÉµ ³ ¸¸µ¢Ò¥
· ¸¶·¥¤¥²¥´¨Ö µ¸±µ²±µ¢,   ¤²Ö ÉÖ¦¥²ÒÌ Ö¤¥· ¨ Ê£²µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö, ´¥-
¢µ§³µ¦´µ ¶µ´ÖÉÓ ¨ µ¶¨¸ ÉÓ, ¨¸Ìµ¤Ö ¨§ ¸É ´¤ ·É´ÒÌ É¥µ·¥É¨Î¥¸±¨Ì ¶·¥¤-
¸É ¢²¥´¨°, Ìµ·µÏµ ®· ¡µÉ ÕÐ¨Ì¯ ¤²Ö ¡µ²¥¥ ²¥£±¨Ì ¨µ´µ¢ (³¨Ï¥´¥°). ’ -
±µ° ¶·µÍ¥¸¸ ¶µ²ÊÎ¨² ´ §¢ ´¨¥ ±¢ §¨¤¥²¥´¨Ö ¨ Ì · ±É¥·¨§Ê¥É¸Ö ¡µ²ÓÏ¥° Ê£-
²µ¢µ°  ´¨§µÉ·µ¶¨¥° µ¸±µ²±µ¢ ¨ Ï¨·¨´µ° Œ� ¶µ ¸· ¢´¥´¨Õ ¸
®´µ·³ ²Ó´Ò³¯ ¤¥²¥´¨¥³. — ¸Éµ µÎ¥´Ó É·Ê¤´µ Ô±¸¶¥·¨³¥´É ²Ó´µ Ê¸É ´µ¢¨ÉÓ
£· ´Ó, µÉ¤¥²ÖÕÐÊÕ ±² ¸¸¨Î¥¸±µ¥ ¤¥²¥´¨¥ µÉ ±¢ §¨¤¥²¥´¨Ö. �ÉµÉ ¢µ¶·µ¸ É ±-
¦¥ ¡Ê¤¥É µ¡¸Ê¦¤ ÉÓ¸Ö ¢ ÔÉµ³ · §¤¥²¥.

4.1. �´¥·£¥É¨Î¥¸±¨¥ · ¸¶·¥¤¥²¥´¨Ö µ¸±µ²±µ¢. �¡ÒÎ´µ ¢ Ô±¸¶¥·¨³¥´-
É ²Ó´ÒÌ ¨¸¸²¥¤µ¢ ´¨ÖÌ ¨§³¥·ÖÕÉ ¢¥²¨Î¨´Ò ¶µ²´µ° ±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¨

µ¸±µ²±µ¢ E
__

k ¨ ¥¥ ¤¨¸¶¥·¸¨Õ σE
 2 . ’¨¶¨Î´Ò° ¶·¨³¥· · ¸¶·¥¤¥²¥´¨° E

__
k ¨

σE
 2 ¢ § ¢¨¸¨³µ¸É¨ µÉ ³ ¸¸Ò µ¸±µ²±µ¢ M ¤²Ö ¤¥²ÖÐ¨Ì¸Ö Ö¤¥· 206,204�µ ¨

260Ku ¢ ´¥¸±µ²Ó±¨Ì ·¥ ±Í¨ÖÌ ¡Ò² ¶·¨¢¥¤¥´ ´  ·¨¸.12 ¢µ ¢Éµ·µ³ · §¤¥²¥.
�Éµ Ì · ±É¥·´Ò¥ ¤²Ö ¢µ§¡Ê¦¤¥´´ÒÌ Ö¤¥· ¦¨¤±µ± ¶¥²Ó´Ò¥ · ¸¶·¥¤¥²¥´¨Ö
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[3,7,107,137] Å ¶ · ¡µ²¨Î¥¸± Ö Ëµ·³  Ek(M) ¨ ¶µÎÉ¨ ´¥ § ¢¨¸ÖÐ Ö µÉ ³ ¸-

¸Ò µ¸±µ²±µ¢ ¢¥²¨Î¨´  σE
 2(M). “¸·¥¤´¥´´Ò¥ ¶µ ¢¸¥³ ³ ¸¸ ³ µ¸±µ²±µ¢ E

__
k ¨

σE
 2 ¤²Ö · §²¨Î´ÒÌ Ö¤¥· ¨§ÊÎ ²¨¸Ó ¢ µ£·µ³´µ³ Î¨¸²¥ · ¡µÉ. ‚ ´ Ï¥³ ¶·¥¤Ò-

¤ÊÐ¥³ µ¡§µ·¥ [2] ¶·¨¢¥¤¥´  ¸¢µ¤±  ¤ ´´ÒÌ µ¡ ÔÉ¨Ì Ì · ±É¥·¨¸É¨± Ì, µ¤´ -

±µ Éµ£¤  ³Ò ̧ Î¨É ²¨, ÎÉµ E
__

k ¤µ¸É ÉµÎ´µ ¸¨²Ó´µ §¨¢¨¸¨É µÉ Ê£²µ¢µ£µ ³µ³¥´É 

l, ¢´µ¸¨³µ£µ ¢ Ö¤·µ ´ ²¥É ÕÐ¨³ ¨µ´µ³, ¨, ¸µµÉ¢¥É¸É¢¥´´µ, ¢´µ¸¨²¨ ¶µ-
¶· ¢±¨ ´  ÔÉµÉ ÔËË¥±É. �µ¸²¥ ´ Ï¨Ì ¨§³¥·¥´¨° [22,67] ¨  ´ ²¨§  · ¡µÉ

¤·Ê£¨Ì  ¢Éµ·µ¢ [68,89,107,113,133,134] ¸É ²µ Ö¸´µ, ÎÉµ E
__

k ¶· ±É¨Î¥¸±¨ ´¥

§ ¢¨¸¨É ´¨ µÉ l, ´¨ µÉ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö E ∗, ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¶µ-
¶· ¢±¨ ´¥ ´Ê¦´Ò (¸³.¢Éµ·µ° · §¤¥²). Š·µ³¥ Éµ£µ, §  ¶¥·¨µ¤ ¢·¥³¥´¨ ¶µ¸²¥
µ¶Ê¡²¨±µ¢ ´¨Ö µ¡§µ·  [2] ¡Ò²¨ ¶µ²ÊÎ¥´Ò ́ µ¢Ò¥ ¢ ¦´Ò¥ ̧ ¢¥¤¥´¨Ö µ¡ µ¡¸Ê¦-
¤ ¥³ÒÌ Ì · ±É¥·¨¸É¨± Ì µ¸±µ²±µ¢ ¤²Ö · §´ÒÌ Ö¤¥·, µ¡· §µ¢ ´´ÒÌ ¢ ·¥ ±-
Í¨ÖÌ ¸ · §²¨Î´Ò³¨ ¨µ´ ³¨ [9, 10,21,22,35,49,50,55,67,68,70,114,127,128,
134,167,177,178,183,184,197,201,229Å231].

‚ · ¡µÉ Ì [2,21,35] ¡Ò²µ ¶µ± § ´µ, ÎÉµ § ¢¨¸¨³µ¸ÉÓ E
__

k µÉ ±Ê²µ´µ¢¸±µ£µ

¶ · ³¥É·  Z 2 6 A1 6 3, ¥¸²¨ ¨§ ¢¸¥¢µ§³µ¦´ÒÌ ¤ ´´ÒÌ µÉµ¡· ÉÓ ·¥§Ê²ÓÉ ÉÒ
Éµ²Ó±µ ¤²Ö ¤µ¸É ÉµÎ´µ ¸¨²Ó´µ ´ £·¥ÉÒÌ Ö¤¥·, ¨¸±²ÕÎ¨¢ ´¨§±µÔ´¥·£¥É¨Î¥¸-
±µ¥ ¨ ¸¶µ´É ´´µ¥, ¶µ¤¢¥·¦¥´´µ¥ ¸¨²Ó´µ³Ê ¢²¨Ö´¨Õ µ¡µ²µÎ¥Î´ÒÌ ÔËË¥±Éµ¢
¤¥²¥´¨¥,   É ±¦¥ ¤ ´´Ò¥ ¨§ ±¢ §¨¤¥²¨É¥²Ó´ÒÌ ·¥ ±Í¨° ¸ ³ ¸¸¨¢´Ò³¨

¨µ´ ³¨, Éµ E
__

k ´¥ Ö¢²Ö¥É¸Ö ²¨´¥°´µ° ËÊ´±Í¨¥°, ± ± ÔÉµ ¸²¥¤Ê¥É ¨§ ¸¨¸É¥-

³ É¨± [93,94],   ¨³¥¥É ¨§²µ³ ¶·¨ Z 2 6 A ~ 1000.

‘± § ´´µ¥ ¨²²Õ¸É·¨·Ê¥É ·¨¸.24, , ´  ±µÉµ·µ³ · §²¨Î´Ò³¨ §´ Î± ³¨
¶·¨¢¥¤¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ · ¡µÉ · §´ÒÌ  ¢Éµ·µ¢,   ¤¢Ê³Ö
¶·Ö³Ò³¨ ²¨´¨Ö³¨ ¶µ± § ´µ µ¶¨¸ ´¨¥ ÔÉ¨Ì ¤ ´´ÒÌ ¶µ ³¥Éµ¤Ê ´ ¨³¥´ÓÏ¨Ì

±¢ ¤· Éµ¢ ¢ ¤¨ ¶ §µ´ Ì Z 26 A1 6 3 = 0 ÷ 900 ¨ 900 ÷ 1800, ¸µ£² ¸´µ ¢Ò· ¦¥-
´¨Ö³ (19) ¨ (20) ¸µµÉ¢¥É¸É¢¥´´µ.

�  ·¨¸.24,¡ ¤ ´  ¢¥²¨Î¨´a σE
 2 ¶·¨ θsp

0  ~ 1,5 ŒÔ‚ ¢ § ¢¨¸¨³µ¸É¨ µÉ

Z 2 6 A16 3. Šµ´¥Î´µ, ¶· ¢¨²Ó´¥¥ ¡Ò²µ ¡Ò · ¸¸³ É·¨¢ ÉÓ É¥³¶¥· ÉÊ·Ê ¢ ÉµÎ±¥

· §·Ò¢  θsc
ef 3, É ± ± ± ¨³¥´´µ µ´ , ¢ µ¸´µ¢´µ³, µÉ¢¥É¸É¢¥´´  §  Ï¨·¨´Ê · ¸-

¶·¥¤¥²¥´¨Ö Ek . �¤´ ±µ É¥µ·¥É¨Î¥¸±¨¥ · ¸Î¥ÉÒ [3], ̧  ±µÉµ·Ò³¨ ̧ · ¢´¨¢ ÕÉ-

¸Ö Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ´  ·¨¸.24,¡, ¸¤¥² ´Ò ¤²Ö É¥³¶¥· ÉÊ·Ò ¢ ¸¥¤²¥

θsp = 1,5 ŒÔ‚. ’µ£¤  ¦¥² É¥²Ó´  ·¥ ²Ó´ Ö É¥³¶¥· ÉÊ·  θsp
ef 1 ̈ ²¨ θsp

ef 2, ´µ ´ Ï

 ´ ²¨§ ¶µ± § ², ÎÉµ, ¸ µ¤´µ° ¸Éµ·µ´Ò, ÊÎ¥É ν
__
pre ¤¥² ¥É § ¢¨¸¨³µ¸ÉÓ σE

 2(θsp)
¡µ²¥¥ ±·ÊÉµ°,  , ¸ ¤·Ê£µ° ¸Éµ·µ´Ò, ¶µ¶· ¢±  ´  l ¤ ´´ÒÌ ´  ·¨¸.24,¡, ¶µ²Ê-

Î¥´´ÒÌ, ¢ µ¸´µ¢´µ³, ¢ ·¥ ±Í¨ÖÌ ¸ ¨µ´ ³¨ 12C, 16O ¨ 20Ne [21], É ±µ¢ , ÎÉµ,
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´ µ¡µ·µÉ, ¢Ò¶µ² ¦¨¢ ¥É ÔÉÊ § ¢¨¸¨³µ¸ÉÓ, ¶·µ¨¸Ìµ¤¨É ¢§ ¨³´ Ö ±µ³¶¥´¸ -
Í¨Ö ¤¢ÊÌ ÔËË¥±Éµ¢, ¨, ¢ ¸·¥¤´¥³, µ´  µ¸É ¥É¸Ö ´¥¨§³¥´´µ°. �µÔÉµ³Ê ¢ ¤ ´-
´Ò¥ ´  ·¨¸.24,¡ ´¥ ¢¢¥¤¥´Ò ´¨± ±¨¥ ¶µ¶· ¢±¨.

�  ÔÉµ³ ·¨¸Ê´±¥ ¶·¥±· ¸´µ ¢¨¤¥´ ÔËË¥±É ·¥§±µ£µ Ê¢¥²¨Î¥´¨Ö σE
 2 ,

´ Î¨´ Ö ̧  Z 26 A1 6 3 ~ 1000, ¢ ¤¨ ¶ §µ´¥ ¦¥ 0 ≤ Z 2 6 A16 3 ≤ 1000 ´ ¡²Õ¤ ¥É¸Ö

¶· ±É¨Î¥¸±¨ ¶µ²´µ¥ ¶µ¸ÉµÖ´¸É¢µ σE
 2 . �ËË¥±É ¨§²µ³  ¢ E

__
k ¨ ´ Î ²µ ·µ¸É 

σE
 2 ¶·¨ µ¤´µ³ ¨ Éµ³ ¦¥ §´ Î¥´¨¨ Z 26 A1 6 3 ¥¸É¥¸É¢¥´´µ ¨´É¥·¶·¥É¨·µ¢ ÉÓ

± ± ¨¸Ìµ¤´ÊÕ ÉµÎ±Ê ¶·µÖ¢²¥´¨Ö ¸É ¤¨¨ ¸¶Ê¸± .

�¨¸.24.  ) ‡ ¢¨¸¨³µ¸ÉÓ ̧ ·¥¤´¥° ¶µ²´µ° ±¨´¥É¨Î¥¸±µ°
Ô´¥·£¨¨ µ¸±µ²±µ¢ E

__
k µÉ ±Ê²µ´µ¢¸±µ£µ ¶ · ³¥É· 

Z 2 6 A1 6 3 [35]. �·Ö³Ò¥ Å µ¶¨¸ ´¨¥ ¤ ´´ÒÌ ¢ ¤¨ ¶ -

§µ´ Ì 0 < Z 26 A16 3 < 900 ¨ Z 2 6 A16 3 > 900, ¸µ£² ¸´µ
Ê± § ´´Ò³ ´  ·¨¸Ê´±¥ ¢Ò· ¦¥´¨Ö³. ¡) ‡ ¢¨¸¨³µ¸ÉÓ
¤¨¸¶¥·¸¨¨ σE

 2 µÉ Z 26 A1 6 3 ¶·¨ θsp
0  = 1,5 ŒÔ‚ [35].

C¶²µÏ´ Ö ±·¨¢ Ö Å · ¸Î¥ÉÒ ¶µ ¤¨ËËÊ§¨µ´´µ° ³µ-
¤¥²¨ [3], ÏÉ·¨Ìµ¢ Ö Å · ¸Î¥ÉÒ �¨±¸  [7]
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˜É·¨Ìµ¢µ° ²¨´¨¥° ́   ·¨¸.24,¡ ¶µ± § ´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ �¨±¸  [7]
¢ Œ†Š ¤²Ö ´¥¢Ö§±µ° ¦¨¤±µ¸É¨. ‘¶²µÏ´µ° ±·¨¢µ° Å · ¸Î¥ÉÒ £·Ê¶¶Ò �¤¥-
¥¢  [3] ¶µ ¤¨ËËÊ§´µ° ³µ¤¥²¨ ¢ · ³± Ì ¤¢ÊÌÉ¥²Ó´µ£µ ³¥Ì ´¨§³  ¢Ö§±µ¸É¨ ¸

±µÔËË¨Í¨¥´Éµ³  ν0 = 1,5 ⋅ 10−23  ŒÔ‚ ⋅ c ⋅ Ë³−3,  ÎÉµ ¸µµÉ¢¥É¸É¢Ê¥É §´ -

Î¥´¨Õ £¨¤·µ¤¨´ ³¨Î¥¸±µ° ¢Ö§±µ¸É¨ µ ~ 0,024 ’¶ (É¥·· ¶Ê §: 1 ’¶ =
= 6,24 ⋅ 10−22 ŒÔ‚ ⋅ ̧  ⋅ Ë³−3),   ´  Ö§Ò±¥ ±µÔËË¨Í¨¥´É  § ÉÊÌ ´¨Ö ±µ²-
²¥±É¨¢´µ£µ ¤¢¨¦¥´¨Ö ¸µµÉ¢¥É¸É¢Ê¥É β ~ 2 − 3 Å ³ ²µ° ¢Ö§±µ¸É¨. Š ± ¢¨¤¨³,
¤¨ËËÊ§¨µ´´ Ö ³µ¤¥²Ó [3] ¸¶µ¸µ¡´  Ìµ·µÏµ µ¶¨¸Ò¢ ÉÓ Ô±¸¶¥·¨³¥´É, ´ Î¨-

´ Ö ¸ Z 2 6 A16 3 ~ 1000, É.¥. ¨³¥´´µ É ³, £¤¥ ´¥µ¡Ìµ¤¨³ ÊÎ¥É ¤¨´ ³¨±¨ ¸¶Ê¸± .
�¤´ ±µ ¥¥ ´¥¤µ¸É É±µ³ ¸²¥¤Ê¥É ¸Î¨É ÉÓ ¶· ±É¨Î¥¸±ÊÕ ´¥¢µ§³µ¦´µ¸ÉÓ · ¸-
¸Î¨É ÉÓ Œ�� µ¸±µ²±µ¢ ¤²Ö Ö¤¥·, Ê ±µÉµ·ÒÌ ´¥É ¸É ¤¨¨ ¸¶Ê¸±  µÉ ¸¥¤²  ±
· §·Ò¢Ê, É ± ± ± ¢ ´¥° §  ´ Î ²µ Ô¢µ²ÕÍ¨¨ ¤¥²ÖÐ¥°¸Ö ¸¨¸É¥³Ò ¡¥·¥É¸Ö ¢¥·-
Ï¨´  ¡ ·Ó¥· .

‘²¥¤Ê¥É ¸· §Ê µÉ³¥É¨ÉÓ µ¤´Ê ´¥³ ²µ¢ ¦´ÊÕ ¤¥É ²Ó, ± ¸ ÕÐÊÕ¸Ö µ¶·¥-
¤¥²¥´¨Ö Ê¸²µ¢¨° · §·Ò¢  Ö¤·  ´  µ¸±µ²±¨. ‚ É¥µ·¨¨ ¸ÊÐ¥¸É¢ÊÕÉ ¤¢¥ µ¸´µ¢-
´Ò¥ ÉµÎ±¨ §·¥´¨Ö ´  ÔÉµÉ ¢µ¶·µ¸: §  ±·¨É¥·¨° · §·Ò¢  ¶·¨´¨³ ¥É¸Ö µ¡· -
Ð¥´¨¥ ¢ ´Ê²Ó Éµ²Ð¨´Ò Ï¥°±¨ rn = 0 (ÔÉµÉ ±·¨É¥·¨° ¨¸¶µ²Ó§µ¢ ´ ¢µ ³´µ£¨Ì

· ¡µÉ Ì �¨±¸  ¸ ¸µ ¢Éµ· ³¨ [7,137,205Å207,211,214,215]) ¨ µ¶·¥¤¥²¥´¨¥
· §·Ò¢  Ö¤·  ± ± Ê¸²µ¢¨Ö · ¢¥´¸É¢  ¸¨² ±Ê²µ´µ¢¸±µ£µ ¨ Ö¤¥·´µ£µ ¢§ ¨³µ-
¤¥°¸É¢¨Ö FC = FN .

� §·Ò¢´Ò¥ ±µ´Ë¨£Ê· Í¨¨ Ö¤· , ±µ£¤  §  ±·¨É¥·¨° · §·Ò¢  ¶·¨´¨³ ¥É¸Ö
rn = 0, ²¥¦ É §  ¶·¥¤¥² ³¨ ¸ÊÐ¥¸É¢µ¢ ´¨Ö ¸¶²µÏ´ÒÌ Ëµ·³ Ö¤·  ¢ ³µ¤¥²¨

¦¨¤±µ° ± ¶²¨ [11,12,208,232]. �µ²¥¥ Éµ£µ, Œ†Š ¢µµ¡Ð¥ É¥·Ö¥É ̧ ³Ò¸², ±µ£-
¤  rn ¸É ´µ¢¨É¸Ö ¸· ¢´¨³Ò³ ¸ · ¸¸ÉµÖ´¨¥³ ³¥¦¤Ê ´Ê±²µ´ ³¨. ”¨§¨Î¥¸±¨

¡µ²¥¥ µ¶· ¢¤ ´´Ò³ Ö¢²Ö¥É¸Ö µ¶·¥¤¥²¥´¨¥ · §·Ò¢  ± ± FC = FN . �µ¸²¥ ¶·µ-

Ìµ¦¤¥´¨Ö ¤¥²ÖÐ¨³¸Ö Ö¤·µ³ ÔÉµ° ÉµÎ±¨ ¢µ§´¨± ¥É ·¥§± Ö ´¥Ê¸Éµ°Î¨¢µ¸ÉÓ ±
· §·Ò¢Ê Å ¸¨¸É¥³  ¶¥·¥Ìµ¤¨É ¨§ ¤µ²¨´Ò ¤¥²¥´¨Ö ¢ ¤µ²¨´Ê · §¤¥²¥´´ÒÌ
µ¸±µ²±µ¢ [3,11,232] Å ¶·µ¨¸Ìµ¤¨É ¡Ò¸É·Ò° · §·Ò¢ ¤µ¸É ÉµÎ´µ Éµ²¸Éµ°
Ï¥°±¨ ¶µÎÉ¨ ¡¥§ ¨§³¥´¥´¨Ö ¢ÒÉÖ´ÊÉµ¸É¨ Ö¤· , ´µ ´¨± ± ´¥ ¶ÊÉ¥³ ¶µ¸É¥¶¥´-
´µ£µ ¥¥ ÊÉµ´Î¥´¨Ö ¶·¨ Ê¢¥²¨Î¥´¨¨ ¤¥Ëµ·³ Í¨¨. ˆ³¥´´µ ¸ ÔÉ¨³ ±·¨É¥·¨¥³
· §·Ò¢  ¨ ¡Ò²¨ ¸¤¥² ´Ò �¤¥¥¢Ò³ ¸ ±µ²²¥£ ³¨ [3] ¢¸¥ · ¸Î¥ÉÒ ¶µ ¤¨ËËÊ-
§¨µ´´µ° ³µ¤¥²¨, ¶µ± § ´´Ò¥ ´  ·¨¸.24,¡ ¸¶²µÏ´µ° ²¨´¨¥°.

�  ·¨¸.25 ¶·¨¢¥¤¥´Ò · ¸Î¥ÉÒ · ¤¨Ê¸  Ï¥°±¨ rn ¢ Ë³, ¢Ò¶µ²´¥´´Ò¥ ¢

· ¡µÉ¥ [208], ¨¸Ìµ¤Ö ¨§ Ê¸²µ¢¨Ö FC = FN ¤²Ö ¤¢ÊÌ É¨¶µ¢ Ö¤¥·´µ° ¢Ö§±µ¸É¨ -

¤¢ÊÌÉ¥²Ó´µ° (¸²¥¢ ) ¨ µ¤´µÉ¥²Ó´µ° (¸¶· ¢ ) ¢ § ¢¨¸¨³µ¸É¨ µÉ Z 2 6 A16 3. � -

¤¨Ê¸ rn · ¸É¥É ¶µ ³¥·¥ ÊÉÖ¦¥²¥´¨Ö Ö¤¥·, ¸É ´µ¢Ö¸Ó ¤²Ö Z 26 A1 6 3 ~ 2000 · ¢-

´Ò³ ¶·¨³¥·´µ 2Å2,5 Ë³.
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…¸²¨ ¢ · ¡µÉ Ì £·Ê¶¶Ò �¤¥¥¢  [3,117,175,220Å222] µ¸´µ¢´µ¥ ¢´¨³ ´¨¥

¡Ò²µ ¸µ¸·¥¤µÉµÎ¥´µ ´  É¥µ·¥É¨Î¥¸±µ³ µ¶¨¸ ´¨¨ ¤¨¸¶¥·¸¨° σE
 2 ¨ σM

 2 , Éµ ¢

· ¡µÉ Ì �¨±¸  ¨ ‘¨·±  ¸ ¸µ ¢Éµ· ³¨ ¡Ò²µ ¸¤¥² ´µ ¡µ²ÓÏµ¥ Î¨¸²µ ¢ ·¨ ´-
Éµ¢ · ¸Î¥É  ¶µ²´µ° ±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¨ µ¸±µ²±µ¢ ¤²Ö ̧ ¨³³¥É·¨Î´µ£µ · §-
¤¥²¥´¨Ö Ö¤¥· ¢ § ¢¨¸¨³µ¸É¨ µÉ É¨¶  ¢Ö§±µ¸É¨ ¨ · ¤¨Ê¸  Ï¥°±¨ rn .

�  ·¨¸.26 ¸· ¢´¨¢ ¥É¸Ö ¢¸Ö Ô±¸¶¥·¨³¥´É ²Ó´ Ö ¨´Ëµ·³ Í¨Ö µ E
__

k (É  ¦¥,

ÎÉµ ¨ ´  ·¨¸.24, ), ¤²Ö ´ £²Ö¤´µ¸É¨ ¶·¥¤¸É ¢²¥´´ Ö ¢ ¢¨¤¥ µÉ±²µ´¥´¨Ö

∆E
__

k = E
__

k − 0,131 Z 26 A1 6 3 µÉ ²¨´¥°´µ° § ¢¨¸¨³µ¸É¨, Ìµ·µÏµ µ¶¨¸Ò¢ ÕÐ¥°

Ô±¸¶¥·¨³¥´É ¶·¨ Z 26 A1 6 3 ≤ 1000 (·¨¸.24, ), ¸ · §²¨Î´Ò³¨ ³µ¤¨Ë¨± Í¨Ö³¨
É¥µ·¥É¨Î¥¸±¨Ì · ¸Î¥Éµ¢ (¸¶²µÏ´Ò¥ ±·¨¢Ò¥) [208,211,215]: ·¨¸.26,  ¨ 26,¡
Å ¸ ¤¢ÊÌÉ¥²Ó´µ° ¢Ö§±µ¸ÉÓÕ, ·¨¸.26,¢ ¨ 26,£ Å ¸ µ¤´µÉ¥²Ó´µ°.

�  ·¨¸.26,  ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¡µÉÒ [211], £¤¥ ¢ · ³± Ì Œ†Š ¸
ÊÎ¥Éµ³ ±µ·µÉ±µ¤¥°¸É¢¨Ö Ö¤¥·´ÒÌ ¸¨² [15] ¡Ò²¨ · ¸¸Î¨É ´Ò Ek ¤²Ö ¤¥²¥´¨Ö

Ö¤¥· ´  · ¢´Ò¥ Î ¸É¨ ¶·¨ rn = 0. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¤²Ö ÉÖ¦¥²ÒÌ

Ö¤¥· ¤µ¸É ÉµÎ´µ Ìµ·µÏµ µ¶¨¸Ò¢ ÕÉ¸Ö ¶·¨ µ = 0,015 ’¶, ¤²Ö ¡µ²¥¥ ²¥£±¨Ì

Ö¤¥· ¢ ¤¨ ¶ §µ´¥ Z 2 6 A16 3 ~ 900 ÷ 1200 ¶·¥¤¶µÎÉ¨É¥²¥´ ±µÔËË¨Í¨¥´É
µ = 0,010 ’¶.

�¨¸.25. � ¸Î¥ÉÒ · ¤¨Ê¸  Ï¥°±¨ rn (¢ Ë³) ¨§ · ¡µÉÒ [208], ¶·¨ ±µÉµ·µ³ ¶·µ¨¸Ìµ¤¨É

· §·Ò¢ Ö¤·  ´  µ¸±µ²±¨ ¶·¨ Ê¸²µ¢¨¨ FC = FN ¤²Ö ¤¢ÊÌÉ¥²Ó´µ° (¸²¥¢ ) ¨ µ¤´µÉ¥²Ó´µ°

(¸¶· ¢ ) ¢Ö§±µ¸É¨ ¢ § ¢¨¸¨³µ¸É¨ µÉ Z 26 A16 3
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�  ·¨¸.26,¡ ¤¥³µ´¸É·¨·ÊÕÉ¸Ö ·¥§Ê²ÓÉ ÉÒ · ¡µÉÒ [208], ¢Ò¶µ²´¥´´Ò¥ ¢
Œ†Š, ¡²¨§±µ° ± [211] (·¨¸.26, ), ´µ ¸ Ê¸²µ¢¨¥³ · §·Ò¢  FC = FN , ±µ£¤ 

· §·Ò¢ Ö¤·  ´  µ¸±µ²±¨ ¶·µ¨¸Ìµ¤¨É ¶·¨ ±µ´¥Î´µ° Éµ²Ð¨´¥ Ï¥°±¨, É ±µ°,
± ± ¶µ± § ´µ ´  ·¨¸.25 ¸²¥¢ . ‚ ÔÉµ³ ¸²ÊÎ ¥ Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ¥ µ¶¨¸ ´¨¥
Ô±¸¶¥·¨³¥´É  ¤µ¸É¨£ ¥É¸Ö ¶·¨ µ = 0,03 ’¶, É.¥. ¶·¨ ¢¥²¨Î¨´¥ ±µÔËË¨Í¨¥´É 
¢Ö§±µ¸É¨ ¢¤¢µ¥ ¡µ²ÓÏ¥°, Î¥³ ¸ ´Ê²¥¢µ° Ï¥°±µ°. �Éµ ¸¢Ö§ ´µ ¸ ¶·µÉÖ¦¥´-
´µ¸ÉÓÕ ¸É ¤¨¨ ¸¶Ê¸±  ¶µ ¤¥Ëµ·³ Í¨¨: ¤²Ö ±·¨É¥·¨Ö rn = 0 ¸¶Ê¸±, ¥¸É¥¸É¢¥´´µ,

¤²¨´´¥¥, ÎÉµ ¶·¨¢µ¤¨É, ¸ µ¤´µ° ¸Éµ·µ´Ò, ± Ê³¥´ÓÏ¥´¨Õ ±Ê²µ´µ¢¸±µ° Ô´¥·-

£¨¨ µÉÉ ²±¨¢ ´¨Ö µ¸±µ²±µ¢ Esc
 c ¢ ¸¢Ö§¨ ¸ ¡µ²¥¥ Ê¤²¨´¥´´µ° ±µ´Ë¨£Ê· Í¨¥°

¤¥²ÖÐ¥£µ¸Ö Ö¤·  ¶µ ¸· ¢´¥´¨Õ ¸ Ë¨£Ê·µ° ¸ Ï¥°±µ°. ‘ ¤·Ê£µ° ¸Éµ·µ´Ò, ÔÉµ
¶·¨¢µ¤¨É ± ¢µ§· ¸É ´¨Õ ¶·¥¤· §·Ò¢´µ° ±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¨ Eps ´ ¡¨· ¥-

³µ° Ö¤·µ³ ¢ ¶·µÍ¥¸¸¥ ¸¶Ê¸± , É.±. ¤¢ÊÌÉ¥²Ó´ Ö ¢Ö§±µ¸ÉÓ ¶·¥¶ÖÉ¸É¢Ê¥É µ¡· -
§µ¢ ´¨Õ Ï¥°±¨ [205], Éµ ¥¸ÉÓ, Î¥³ ¡µ²ÓÏ¥ µ, É¥³ ¸¨²Ó´¥¥ ¢ÒÉÖ´ÊÉ  · §·Ò¢-
´ Ö ±µ´Ë¨£Ê· Í¨Ö Ö¤· , ¢¸²¥¤¸É¢¨¥ Î¥£µ ¨£·  ¸² £ ¥³ÒÌ ¢ ¢Ò· ¦¥´¨¨ ¤²Ö

±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¨ Ek = Esc
 c + Eps ¶·¨¢µ¤¨É, ¸µ£² ¸´µ [208], ± Éµ³Ê, ÎÉµ

�¨¸.26. ‘· ¢´¥´¨¥ · §²¨Î´ÒÌ ¢ -
·¨ ´Éµ¢ É¥µ·¥É¨Î¥¸±¨Ì · ¸Î¥Éµ¢ Ek

¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¢
¢¨¤¥ µÉ±²µ´¥´¨Ö ∆E

__
k µÉ ¶·Ö³µ°

E
__

k = 0,131 Z 2 6 A1 6 3 ¢ § ¢¨¸¨³µ¸É¨

µÉ Z 26 A16 3.  ) � ¸Î¥ÉÒ [213] ¢
¤¨´ ³¨Î¥¸±µ° ³µ¤¥²¨ ¸ rn = 0 ¨

¤¢ÊÌÉ¥²Ó´Ò³ ³¥Ì ´¨§³µ³ ¢Ö§±µ¸É¨.
µ Å ±µÔËË¨Í¨¥´É ¢Ö§±µ¸É¨ ¢ É¥· -
¶Ê § Ì. ¡) ’µ ¦¥, ÎÉµ ¨ ´  ·¨¸.26, ,
´µ ¸ Ê¸²µ¢¨¥³ · §·Ò¢  FC = FN

[208]. ¢) � ¸Î¥ÉÒ [211] ¸ µ¤´µÉ¥²Ó-
´Ò³ ³¥Ì ´¨§³µ³ ¢Ö§±µ¸É¨ ®¸É¥´Ò ¸
µ±´µ³¯ ¶·¨ ¢ ·Ó¨·µ¢ ´¨¨ Éµ²Ð¨´Ò
Ï¥°±¨ rn . £) � ¸Î¥ÉÒ [215] ¸

®¶µ¢¥·Ì´µ¸É´Ò³ ¸ µ±´µ³¯ ³¥Ì -
´¨§³µ³ µ¤´µÉ¥²Ó´µ° ¤¨¸¸¨¶ Í¨¨,
ks Å ±µÔËË¨Í¨¥´ÉÒ ·¥¤Ê±Í¨¨

454  ˆ’Šˆ‘ Œ.ƒ., �“‘���‚ �.Ÿ.



¶·¨ µ¤´µ³ ¨ Éµ³ ¦¥ µ Ô´¥·£¨Ö Ek  ¡µ²ÓÏ¥ ¤²Ö ±·¨É¥·¨Ö · §·Ò¢  FC = FN .

�µÔÉµ³Ê ¤²Ö ¸µ£² ¸µ¢ ´¨Ö ¸ Ô±¸¶¥·¨³¥´Éµ³ ́ ¥µ¡Ìµ¤¨³µ Ê¢¥²¨Î¨ÉÓ ±µÔËË¨-
Í¨¥´É ¢Ö§±µ¸É¨, Ê³¥´ÓÏ¨¢ É ±¨³ µ¡· §µ³ · ¸Î¥É´µ¥ §´ Î¥´¨¥ Ek . ‚ ±µ´¥Î-

´µ³ ¨Éµ£¥ ¨§ ¢¸¥£µ ÔÉµ£µ ¸²¥¤Ê¥É, ÎÉµ É¥µ·¥É¨Î¥¸±µ¥ µ¶¨¸ ´¨¥ Ek ¶·¨ ¨¸-

¶µ²Ó§µ¢ ´¨¨ ¤¢ÊÌÉ¥²Ó´µ£µ ³¥Ì ´¨§³  ¢Ö§±µ¸É¨ ̧ ² ¡µ ÎÊ¢¸É¢¨É¥²Ó´µ ± ±·¨É¥-
·¨Õ · §·Ò¢ .

Š É ±µ³Ê ¦¥ ¢Ò¢µ¤Ê ¶·¨Ï²¨  ¢Éµ·Ò · ¡µÉÒ [8], ¢ ±µÉµ·µ° ¡Ò²¨ ¸¤¥² -
´Ò · ¸Î¥ÉÒ Ek ¸ ±·¨É¥·¨Ö³¨ · §·Ò¢  FC = FN ¨ rn = 0, ́ µ ̧  ¶µ³µÐÓÕ ² ´¦¥-

¢¥´µ¢¸±µ° ¤¨´ ³¨±¨, £¤¥ ÉµÎ´Ò° ÊÎ¥É Ë²Ê±ÉÊ Í¨° ±µ²²¥±É¨¢´ÒÌ ¶¥·¥³¥´-
´ÒÌ ¢ µ¡µ¨Ì ¸²ÊÎ ÖÌ ¶· ±É¨Î¥¸±¨ ´¥ ¶·¨¢¥² ± ¨§³¥´¥´¨Õ ¨Ì ¸·¥¤´¨Ì
§´ Î¥´¨°.

Š ± Ê¦¥ £µ¢µ·¨²µ¸Ó, ¤¢ÊÌÉ¥²Ó´Ò° ³¥Ì ´¨§³ Ö¤¥·´µ° ¢Ö§±µ¸É¨ ¶µ¤µ¡¥´
É·¥´¨Õ ¢ µ¡ÒÎ´µ° ¦¨¤±µ¸É¨, ±µ£¤  ¤¨¸¸¨¶ Í¨Ö Ô´¥·£¨¨ ¶·µ¨¸Ìµ¤¨É ¶·¨
¸Éµ²±´µ¢¥´¨¨ ´Ê±²µ´µ¢ ¤·Ê£ ¸ ¤·Ê£µ³, µ¤´ ±µ ¨§-§  ¶·¨´Í¨¶  � Ê²¨ ¶·µ¡¥£
´Ê±²µ´µ¢ ¢ Ö¤·¥ ¶·¥¢ÒÏ ¥É ¥£µ ¤¨ ³¥É·, ÎÉµ ¸É ¢¨É ¶µ¤ ¸µ³´¥´¨¥  ¤¥±¢ É-
´µ¸ÉÓ ³µ¤¥²¥°, µ¸´µ¢ ´´ÒÌ ́   ÔÉµ³ ³¥Ì ´¨§³¥. ’¥³ ´¥ ³¥´¥¥, ± ± ³Ò ¢¨¤¨³

´  ¶·¨³¥· Ì É¥µ·¥É¨Î¥¸±µ£µ µ¶¨¸ ´¨Ö σE
 2 ¨ Ek (·¨¸.24,¡ ¨ 26, , 26,¡),  

É ±¦¥, ¤ ²¥¥, σM
 2 (¸³. ¶.4.2.), µ´¨ ¤ ÕÉ ´¥¶²µÌ¨¥ ·¥§Ê²ÓÉ ÉÒ, ±µÉµ·Ò¥ Ë¥´µ-

³¥´µ²µ£¨Î¥¸±¨ ³µ¦´µ É· ±Éµ¢ ÉÓ ± ± ¸²ÊÎ ° ³ ²µ£µ É·¥´¨Ö.

”¨§¨Î¥¸±¨ ¡µ²¥¥ µ¡µ¸´µ¢ ´´Ò³ Ö¢²Ö¥É¸Ö ¶·¥¤¶µ²µ¦¥´¨¥, ÎÉµ ³¥Ì ´¨§³
Ö¤¥·´µ° ¢Ö§±µ¸É¨ ´µ¸¨É Ì · ±É¥· µ¤´µÉ¥²Ó´µ° ¤¨¸¸¨¶ Í¨¨, ¶·¥¤²µ¦¥´´Ò°
¨ · §· ¡µÉ ´´Ò° ‘¢ÖÉ¥Í±¨³ ¸ ±µ²²¥£ ³¨ [233]. �ÉµÉ ³¥Ì ´¨§³ µ¸´µ¢ ´ ´ 
¢§ ¨³µ¤¥°¸É¢¨¨ (¸µÊ¤ ·¥´¨¨) ´Ê±²µ´µ¢ ¸ ¶µ¤¢¨¦´µ° ®¸É¥´µ°¯,   ´¥ ¤·Ê£ ¸
¤·Ê£µ³. ®‘É¥´ ¯ Å ÔÉµ Ê¶·µÐ¥´´Ò° µ¡· § ¶µ¢¥·Ì´µ¸É¨ Ö¤· . …¸²¨ ¶·¨
¢§ ¨³µ¤¥°¸É¢¨¨ ¸µ ®¸É¥´µ°¯ ¶·¨ ¡µ²ÓÏ¨Ì ¤¥Ëµ·³ Í¨ÖÌ, ±µ£¤  Ö¤·µ ¨³¥¥É
£ ´É¥²¥µ¡· §´ÊÕ Ëµ·³Ê, ÊÎ¨ÉÒ¢ ¥É¸Ö ¶·¨¸ÊÉ¸É¢¨¥ Ï¥°±¨, Éµ É ±µ° ³¥Ì -
´¨§³ ¢Ö§±µ¸É¨ (¤¨¸¸¨¶ Í¨¨) ´ §Ò¢ ¥É¸Ö ®¸É¥´µ° ¸ µ±´µ³¯ (wall-and-window
one-body dissipation).

‚ · ¡µÉ¥ [211] ‘¨·± ¨ �¨±¸ ¶·¨³¥´¨²¨ ÔÉµÉ ³¥Ì ´¨§³ ± µ¶¨¸ ´¨Õ Ek ,

¢ ·Ó¨·ÊÖ ¶·¨ ÔÉµ³ · ¤¨Ê¸ Ï¥°±¨ (µ±´µ) rn . �  ·¨¸.26,¢ ¶µ± § ´Ò ·¥§Ê²ÓÉ -

ÉÒ ¨Ì · ¸Î¥Éµ¢ ¤²Ö rn = 0, 2,5, 3,0 Ë³ ¨ Í¨²¨´¤·¨Î¥¸±µ° Ï¥°±¨. „²Ö µ¶¨-

¸ ´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¸ Z 26 A1 6 3 ≤ 1100 ²ÊÎÏ¥ ¢¸¥£µ µÉ¢¥Î ¥É
rn = 0, ¤²Ö ¸ ³ÒÌ ÉÖ¦¥²ÒÌ rn = 2,5 Ë³. …¸²¨ ÊÎ¥¸ÉÓ, ÎÉµ ¤²Ö Ê¸²µ¢¨Ö

FC = FN (·¨¸.25, ¸¶· ¢ ) rn ¤²Ö ²¥£±¨Ì Ö¤¥· Ê³¥´ÓÏ ¥É¸Ö ¤µ 1Å1,5 Ë³, ¨

·¥ ²Ó´µ° ÉµÎ±¥ · §·Ò¢  ¢ § ¢¨¸¨³µ¸É¨ µÉ Z 2 6 A16 3 ¸µµÉ¢¥É¸É¢Ê¥É ´¥ ¸É·µ£µ
§ ¤ ´´Ò° · ¤¨Ê¸,   ³¥´ÖÕÐ¨°¸Ö µÉ min ¤µ max, Éµ µ¶¨¸ ´¨¥ ¢¸¥° ¸µ¢µ±Ê¶-
´µ¸É¨ ¤ ´´ÒÌ ¡Ê¤¥É µÎ¥´Ó Ìµ·µÏ¥¥. „²Ö ÉÖ¦¥²ÒÌ Ö¤¥· Ê¸²µ¢¨¥ rn = 0 ´¥

Ê¤µ¢²¥É¢µ·Ö¥É ¶µÉ·¥¡´µ¸É¨ Ô±¸¶¥·¨³¥´É .
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ƒ·¨ËË¨´ ¨ „¢µ·¦¥Í± Ö ¢ [234] · ¸¸³µÉ·¥²¨ ±¢ ´Éµ¢Ò° ¢ ·¨ ´É µ¤´µ-
É¥²Ó´µ° ¤¨¸¸¨¶ Í¨¨ ¨ ¶µ± § ²¨, ÎÉµ ¢Ö§±µ¸ÉÓ ¢ ·¥ ²Ó´µ³ Ö¤·¥ ¸µ¸É ¢²Ö¥É
²¨ÏÓ µ±µ²µ 10% §´ Î¥´¨Ö, ¢ÒÎ¨¸²¥´´µ£µ ¶µ Ëµ·³Ê²¥ ®¸É¥´Ò¯. ‚ ¸¢Ö§¨ ¸
ÔÉ¨³ �¨±¸ ¨ ‘¨·± ¶·¥¤²µ¦¨²¨ ³µ¤¨Ë¨Í¨·µ¢ ´´Ò° ¢ ·¨ ´É µ¤´µÉ¥²Ó´µ£µ
³¥Ì ´¨§³  ¤¨¸¸¨¶ Í¨¨ [214,215], ±µÉµ·Ò° ´ §¢ ²¨ ®¶·µ¢¥·Ì´µ¸É´Ò³ ¸ µ±-
´µ³¯ (surface-plus-window dissipation). ‚ ´¥³ ¢±² ¤ ¢ ¤¨¸¸¨¶ Í¨Õ µÉ
¢§ ¨³µ¤¥°¸É¢¨Ö ´Ê±²µ´µ¢ ¸ ¶µ¢¥·Ì´µ¸ÉÓÕ Ö¤·  Ê³¥´ÓÏ¥´ (·¥¤ÊÍ¨·µ¢ ´)
¶µÎÉ¨ ¢ 4 · §  Å ±µÔËË¨Í¨¥´É ·¥¤Ê±Í¨¨ (µ±´µ) ks ¡Ò² ´ °¤¥´ ¨§  ´ ²¨§ 

Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ Ï¨·¨´ ¨§µ¸± ²Ö·´ÒÌ ¨ µ±ÉÊ¶µ²Ó´ÒÌ ·¥§µ´ ´¸µ¢ ¨ ¸µ¸-
É ¢¨² ks = 0,27; ks = 1 ¸µµÉ¢¥É¸É¢Ê¥É ¶µ²´µ° µ¤´µÉ¥²Ó´µ° ¢Ö§±µ¸É¨.

‚ · ¡µÉ¥ [215]  ¢Éµ·Ò ¶·¨ · ¸Î¥É Ì Ek ¸ Ê¸²µ¢¨¥³ · §·Ò¢  rn = 0 ¢ ·Ó¨-

·µ¢ ²¨ ks µÉ 0,1 ¤µ 1,0. �  ·¨¸.26,£ ¶µ± § ´µ ¸· ¢´¥´¨¥ · ¸Î¥Éµ¢ [215] ¸

Ô±¸¶¥·¨³¥´Éµ³. �· ±É¨Î¥¸±¨ ¨¤¥ ²Ó´µ¥ µ¶¨¸ ´¨¥ ¤µ¸É¨£ ¥É¸Ö ¶·¨ ks = 0,5,

´µ ¸²¥¤Ê¥É ¶µ¤Î¥·±´ÊÉÓ, ÎÉµ ¢¸¥ É¥µ·¥É¨Î¥¸±¨¥ · ¸Î¥ÉÒ Ek ´  ·¨¸.26 ¸¤¥² -

´Ò ¤²Ö ¸É·µ£µ ¸¨³³¥É·¨Î´µ£µ ¤¥²¥´¨Ö, É.¥. ¤²Ö ³ ¸¸Ò µ¸±µ²±µ¢ ¸ A6 2.
�±¸¶¥·¨³¥´É ²Ó´Ò¥ ¦¥ ¤ ´´Ò¥ ¸µµÉ¢¥É¸É¢ÊÕÉ ¸·¥¤´¨³ §´ Î¥´¨Ö³ Ek , ÎÉµ

µ¡ÒÎ´µ ¢ ¸·¥¤´¥³ ´  2Å4 ŒÔ‚ ³¥´ÓÏ¥, Î¥³ Ek(A6 2). ‡´ Î¨É, ¤²Ö ±µ··¥±É-

´µ£µ ¸· ¢´¥´¨Ö É¥µ·¨¨ ¸ Ô±¸¶¥·¨³¥´Éµ³ ´  ·¨¸.26 ´Ê¦´µ ¢¸¥ Ô±¸¶¥·¨³¥´-
É ²Ó´Ò¥ ¤ ´´Ò¥ ¶µ¤´ÖÉÓ ¢ ¸·¥¤´¥³ ´  ~ 3 ŒÔ‚ (¨²¨ É¥µ·¥É¨Î¥¸±¨¥ µ¶Ê¸É¨ÉÓ),
Éµ£¤  ´  ·¨¸.26,£ ´ ¨²ÊÎÏ¥¥ µ¶¨¸ ´¨¥ ¡Ê¤¥É ¸µµÉ¢¥É¸É¢µ¢ ÉÓ ks ~ 0,3, ÎÉµ

¶· ±É¨Î¥¸±¨ ¸µ¢¶ ¤ ¥É ¸ ks = 0,27, ´ °¤¥´´Ò³ ´¥ ¤²Ö ¶·µÍ¥¸¸  ¤¥²¥´¨Ö.

’ ±¨³ µ¡· §µ³, ¢ ·¨ ´ÉÒ ®¶µ¢¥·Ì´µ¸É´µ° ¤¨¸¸¨¶ Í¨¨ ¸ µ±´µ³¯,   É ±-
¦¥ ®¸É¥´Ò ¸ µ±´µ³¯, ¶µ-¢¨¤¨³µ³Ê, ´ ¨¡µ²¥¥  ¤¥±¢ É´Ò µ¶ÒÉÊ, ÌµÉÖ, ¸ ¤·Ê-
£µ° ¸Éµ·µ´Ò, ´¥ ¸²¥¤Ê¥É ¨¸±²ÕÎ ÉÓ ¨§ · ¸¸³µÉ·¥´¨Ö ¨ ³¥Ì ´¨§³ ¤¢ÊÌÉ¥²Ó-
´µ° ¢Ö§±µ¸É¨. „²Ö ´¥£µ, ± ± ³Ò ¢¨¤¨³ ´  ·¨¸.26,  ¨ 26,¡, ±·¨É¨Î¥¸±µ°

µ¡² ¸ÉÓÕ µ¶¨¸ ´¨Ö Ek Ö¢²Ö¥É¸Ö ¤¨ ¶ §µ´ µÎ¥´Ó ÉÖ¦¥²ÒÌ Ö¤¥· ¸ Z 2 6 A1 6 3 ≥
≥ 1600, £¤¥ É¥µ·¥É¨Î¥¸±¨¥ §´ Î¥´¨Ö Ek µÉ±²µ´ÖÕÉ¸Ö ¢¢¥·Ì,   ¤²Ö µ¤´µÉ¥²Ó-

´µ£µ Å ¢´¨§. ’µÎ´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö E
__

k µ¸±µ²±µ¢ ¤¥²¥´¨Ö ¢

ÔÉµ° µ¡² ¸É¨ Ö¤¥· ¸É ´µ¢ÖÉ¸Ö ±· °´¥ ¢ ¦´Ò³¨. ‘ÊÐ¥¸É¢ÊÕÐ¨¥ ¦¥ ¤ ´´Ò¥ µ

E
__

k ¤²Ö Z 2 6 A16 3 ~ 2000 µÉ´µ¸ÖÉ¸Ö ± ·¥ ±Í¨Ö³ ±¢ §¨¤¥²¥´¨Ö ¨, ± ± ¡Ê¤¥É

¶µ± § ´µ ¤ ²¥¥, ¶µ-¢¨¤¨³µ³Ê, ́ ¥ ¶·¨£µ¤´Ò ¤²Ö É¥¸É¨·µ¢ ´¨Ö ³¥Ì ´¨§³  ¢Ö§-
±µ¸É¨ ¶·¨³¥´¨É¥²Ó´µ ± ±² ¸¸¨Î¥¸±µ³Ê ¤¥²¥´¨Õ.

’¥¶¥·Ó ¶¥·¥°¤¥³ ± ¡µ²¥¥ ¶µ¤·µ¡´µ³Ê · ¸¸³µÉ·¥´¨Õ ¨ É¥µ·¥É¨Î¥¸±µ³Ê

 ´ ²¨§Ê ¤¨¸¶¥·¸¨¨ ¶µ²´µ° ±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¨ σE
 2 . Š ± ¡Ò²µ ¶µ± § ´µ

´  ·¨¸.24,¡, Ô±¸¶¥·¨³¥´É ²Ó´ Ö § ¢¨¸¨³µ¸ÉÓ σE
 2 µÉ Z 26 A1 6 3 ¤²Ö ÉÖ¦¥²ÒÌ

456  ˆ’Šˆ‘ Œ.ƒ., �“‘���‚ �.Ÿ.



Ö¤¥· Ìµ·µÏµ ¢µ¸¶·µ¨§¢µ¤¨É¸Ö ¤¨ËËÊ§¨µ´´µ° ³µ¤¥²ÓÕ [3] ¸ ¤¢ÊÌÉ¥²Ó´µ°
¢Ö§±µ¸ÉÓÕ ¨ Ê¸²µ¢¨¥³ · §·Ò¢ , ¡²¨§±¨³ ± FC = FN .

�¥¤ ¢´µ ¢ · ¡µÉ¥ [8] ¤²Ö µ¶¨¸ ´¨Ö Ô´¥·£¥É¨Î¥¸±¨Ì · ¸¶·¥¤¥²¥´¨°
µ¸±µ²±µ¢ ¶·¨³¥´¨²¨ ¤¢Ê³¥·´ÊÕ ³µ¤¥²Ó, µ¶¨· ÕÐÊÕ¸Ö ́   Ê· ¢´¥´¨¥ ‹ ´¦¥-
¢¥´ , ±µÉµ·ÊÕ  ¢Éµ·Ò ´ §¢ ²¨ ² ´¦¥¢¥´µ¢¸±µ° Ë²Ê±ÉÊ Í¨µ´´µ-¤¨¸¸¨¶ É¨¢-
´µ° ¤¨´ ³¨±µ° (‹”„„). ‚ ´¥° ¶·µÍ¥¸¸ ¤¥²¥´¨Ö Î¨¸²¥´´µ ³µ¤¥²¨·Ê¥É¸Ö
¶µ¢¥¤¥´¨¥³ ¡·µÊ´µ¢¸±¨Ì Î ¸É¨Í Å ¤¥²ÖÐ¨Ì¸Ö Ö¤¥·, ¤¢¨¦¥´¨¥ ±µÉµ·ÒÌ ¨
¨§ÊÎ ¥É¸Ö [8].

�Ò²¨ · ¸¸Î¨É ´Ò § ¢¨¸¨³µ¸É¨ Ek ¨ σE
 2 µÉ Z 2 6 A1 6 3 ¶·¨ Éµ³ ¦¥ ±µ-

ÔËË¨Í¨¥´É¥ ¤¢ÊÌÉ¥²Ó´µ° ¢Ö§±µ¸É¨ ¨ É¥³¶¥· ÉÊ·¥, ÎÉµ ¨ ¢ [3], ´µ ¸ · §´Ò³¨
Ê¸²µ¢¨Ö³¨ · §·Ò¢  Ö¤· : FC = FN ¨ rn = 0. �± § ²µ¸Ó, ÎÉµ ¢ ÔÉµ° ³µ¤¥²¨ Ek

´¥ ÎÊ¢¸É¢¨É¥²Ó´  ± ±·¨É¥·¨Õ · §·Ò¢ , ÎÉµ ¸µµÉ¢¥É¸É¢Ê¥É É¥µ·¥É¨Î¥¸±¨³
· ¸Î¥É ³ �¨±¸  ¨ ‘¨·± , ¶·¨¢¥¤¥´´Ò³ ´  ·¨¸.26,  ¨ 26,¡.

�µ-¤·Ê£µ³Ê µ¡¸Éµ¨É ¤¥²µ ¸ ¤¨¸¶¥·¸¨¥° σE
 2 . �  ·¨¸.27 ¶µ± § ´µ ¸· ¢-

´¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ µ σE
 2 [10,21,35] (±·¥¸É¨±¨) ¸ ·¥§Ê²ÓÉ -

É ³¨ · ¸Î¥Éµ¢ [8,227]: Î¥·´Ò¥ ±·Ê¦±¨ Å Ê¸²µ¢¨¥ FC = FN , ¸¢¥É²Ò¥ ±·Ê¦±¨

¨ ±·Ê¦±¨ ¸ ±·¥¸É¨± ³¨ Å Ê¸²µ¢¨¥ rn = 0. ‘µ£² ¸¨¥ ¸ Ô±¸¶¥·¨³¥´Éµ³, É ±

¦¥, ± ± ¨ ¢ [3], ¤µ¸É¨£ ¥É¸Ö ¸ Ê¸²µ¢¨¥³ · §·Ò¢  FC = FN ¶·¨ Z 2 6 A ≥ 31. „²Ö

¡µ²¥¥ ²¥£±¨Ì Ö¤¥· · ¸Î¥É ¤ ¥É ̧ ¨²Ó´µ § ´¨¦¥´´Ò¥ §´ Î¥´¨Ö σE
 2 . �Éµ ± ± · §

É  µ¡² ¸ÉÓ Ö¤¥·, £¤¥ ¸¥¤²µ¢ Ö ÉµÎ±  ¶µ ±µ´Ë¨£Ê· Í¨¨ ¶· ±É¨Î¥¸±¨ ¸µ¢¶ ¤ -
¥É ¸ · §·Ò¢´µ°,   É ± ± ± ¢ [8] §  ´ Î ²µ ¤¨´ ³¨Î¥¸±¨Ì · ¸Î¥Éµ¢ ¡¥·¥É¸Ö

�¨¸.27. ‘· ¢´¥´¨¥ · ¸Î¥É´ÒÌ §´ Î¥-

´¨° σE
 2 [8,227] ¸ Ô±¸¶¥·¨³¥´É ²Ó-

´Ò³¨ ¤ ´´Ò³¨ (±·¥¸É¨±¨) ¶·¨

θsp
0  = 1,5 ŒÔ‚ [8,10,227]. —¥·´Ò¥

±·Ê¦±¨ Å · ¸Î¥É ¸ Ê¸²µ¢¨¥³
FC = FN , ¸¢¥É²Ò¥ ±·Ê¦±¨ ¨ ±·Ê¦±¨ ¸

±·¥¸É¨± ³¨ Å · ¸Î¥É ¸ rn = 0, µ¡  ¸

¤¢ÊÌÉ¥²Ó´µ° ¢Ö§±µ¸ÉÓÕ. ‘¢¥É²Ò¥ ±¢ ¤-
· ÉÒ ̈  É·¥Ê£µ²Ó´¨±¨ Å · ¸Î¥É [227] ̧
¤¢ÊÌÉ¥²Ó´µ° ¨ µ¤´µÉ¥²Ó´µ° ¢Ö§±µ¸ÉÓÕ
¸µµÉ¢¥É¸É¢¥´´µ ¶·¨ ¸²ÊÎ °´µ³ · §·Ò-
¢¥ Ï¥°±¨. ’¥µ·¥É¨Î¥¸±¨¥ ÉµÎ±¨ ¸µ¥-
¤¨´¥´Ò ´  £² §
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£·¥¡¥´Ó ¡ ·Ó¥·  ¨ ̈ £´µ·¨·Ê¥É¸Ö, ¢µ-¶¥·¢ÒÌ, Ô¢µ²ÕÍ¨Ö Ö¤·  ¤µ ̧ ¥¤²µ¢µ° ÉµÎ-
±¨ ¨, ¢µ-¢Éµ·ÒÌ, ¢²¨Ö´¨¥ ¶µ¸²¥· §·Ò¢´µ£µ ¤¢¨¦¥´¨Ö (±µ²¥¡ ´¨Ö) µ¸±µ²±µ¢,
Éµ, ¶µ-¢¨¤¨³µ³Ê, ¢ ¤ ´´µ³ ¸²ÊÎ ¥ ÔÉµ ³µ¦¥É Ö¢²ÖÉÓ¸Ö ¶·¨Î¨´µ° ¸¨²Ó´µ£µ

§ ´¨¦¥´¨Ö · ¸Î¥É´ÒÌ §´ Î¥´¨° σE
 2 ¤²Ö ²¥£±¨Ì Ö¤¥·.

�²ÓÉ¥·´ É¨¢´ Ö ÉµÎ±  §·¥´¨Ö ´  Ëµ·³¨·µ¢ ´¨¥ σE
 2, ¶·¥¤²µ¦¥´´ Ö ¢ [8],

¸µ¸Éµ¨É ¢ ¸²¥¤ÊÕÐ¥³: ¤²Ö Ö¤¥· Z 2 6 A16 3 ≤ 31 ±µ´Ë¨£Ê· Í¨Ö ¸¥¤²µ¢µ° ÉµÎ±¨
¸µ¢¶ ¤ ¥É ¸ · §·Ò¢´µ° Éµ²Ó±µ ¤²Ö Ê¸²µ¢¨Ö · §·Ò¢  FC = FN . …¸²¨ §  ±·¨-

É¥·¨° · §·Ò¢  ¶·¨´ÖÉÓ rn = 0, Éµ ¤²Ö ÔÉ¨Ì ¦¥ Ö¤¥· ̧ ¶Ê¸± ̧ ÊÐ¥¸É¢Ê¥É, ̈  Ë²Ê±-

ÉÊ Í¨¨ ±µ²²¥±É¨¢´ÒÌ ¶¥·¥³¥´´ÒÌ §  ÔÉµ ¢·¥³Ö Ê¸¶¥¢ ÕÉ ®· ¸± Î ÉÓ¯
¤¨¸¶¥·¸¨Õ ¤µ §´ Î¥´¨°, § ³¥É´µ ¶·¥¢ÒÏ ÕÐ¨Ì Ô±¸¶¥·¨³¥´É ²Ó´Ò¥, ± ±
¶µ± § ´µ ´  ·¨¸.27 ¸¢¥É²Ò³¨ ±·Ê¦± ³¨. ‚ ¶·¨´Í¨¶¥, Ê³¥´ÓÏ¨¢ ±µÔËË¨-

Í¨¥´É ¤¢ÊÌÉ¥²Ó´µ° ¢Ö§±µ¸É¨, ¸´¨§¨¢ É¥³ ¸ ³Ò³ σE
 2 , ´ ¢¥·´µ¥, ³µ¦´µ ¢µ¸-

¶·µ¨§¢¥¸É¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¸ Ê¸²µ¢¨¥³ · §·Ò¢  rn = 0, ´µ Éµ£¤ ,

¶µ ¢¸¥° ¢¨¤¨³µ¸É¨, ´¥ µ¶¨Ï¥É¸Ö Ek (¸³.·¨¸.26, ).

�¥ ¨¸¶· ¢²Ö¥É ¶µ²µ¦¥´¨¥ ¨ ¨§³¥´¥´¨¥ ³¥Ì ´¨§³  ¢Ö§±µ¸É¨. Šµ¸¥´±µ ¢
· ¡µÉ¥ [227] ¢ · ³± Ì ‹”„„ ¶·µ¤¥² ² ¶µ¤µ¡´Ò¥ [8] · ¸Î¥ÉÒ, ´µ ¸ ¶µ¢¥·Ì-
´µ¸É´Ò³ µ¤´µÉ¥²Ó´Ò³ ³¥Ì ´¨§³µ³ ¢Ö§±µ¸É¨ ̧  ks = 0,27. �¥§Ê²ÓÉ É ¶µ²ÊÎ¨²¸Ö

¶· ±É¨Î¥¸±¨ É ±µ° ¦¥, ± ± ¨ ¢ [8] ¤²Ö µ¡µ¨Ì Ê¸²µ¢¨° · §·Ò¢ . ‚ Éµ° ¦¥
· ¡µÉ¥ [8] ¡Ò²µ ¢Ò¸± § ´µ ¶·¥¤¶µ²µ¦¥´¨¥, ÎÉµ ¤²Ö ·¥ ²Ó´µ£µ Ö¤·  ¸¨ÉÊ Í¨Ö
¸ ÉµÎ±µ° · §·Ò¢  ³µ¦¥É ¡ÒÉÓ ¶·µ³¥¦ÊÉµÎ´µ° ³¥¦¤Ê ¤¢Ê³Ö · ¸¸³µÉ·¥´´Ò³¨
±· °´¨³¨ ¸²ÊÎ Ö³¨. ‚ [227] ¢ ¶·¥¤¶µ²µ¦¥´¨¨, ÎÉµ Ï¥°±  ¸²ÊÎ °´Ò³ µ¡· -
§µ³ ·¢¥É¸Ö ¶µ¸²¥ ¶·µÌµ¦¤¥´¨Ö Ö¤·µ³ ±µ´Ë¨£Ê· Í¨¨ ¸ FC = FN , ¡Ò²¨ ¸¤¥² -

´Ò · ¸Î¥ÉÒ σE
 2 ¤²Ö µ¡µ¨Ì É¨¶µ¢ ¢Ö§±µ¸É¨. �´¨ ¶µ± § ²¨, ÎÉµ ÔÉµÉ ¶·µ³¥¦Ê-

ÉµÎ´Ò° ¢ ·¨ ´É Ê¸²µ¢¨° · §·Ò¢  £µ· §¤µ ¡²¨¦¥ ± Ô±¸¶¥·¨³¥´ÉÊ ¤²Ö Ö¤¥· ¸

Z 2 6 A16 3 ≤ 31. �¥§Ê²ÓÉ ÉÒ ¢ÒÎ¨¸²¥´¨° ¤¥³µ´¸É·¨·ÊÕÉ¸Ö ´  ·¨¸.27 ±¢ ¤· -
É ³¨ (¤¢ÊÌÉ¥²Ó´ Ö ¢Ö§±µ¸ÉÓ) ¨ É·¥Ê£µ²Ó´¨± ³¨ (µ¤´µÉ¥²Ó´ Ö), µ¤´ ±µ ¶·¨
ÔÉµ³ ¤²Ö ¡µ²¥¥ ÉÖ¦¥²ÒÌ Ö¤¥· ¸¨ÉÊ Í¨Ö ÊÌÊ¤Ï ¥É¸Ö. ‘ ´ Ï¥° ÉµÎ±¨ §·¥´¨Ö,
¸¥°Î ¸, ¶µ±  ´¥É · ¸Î¥Éµ¢ ´  µ¸´µ¢¥ ‹”„„, µ¶¨¸Ò¢ ÕÐ¨Ì ¤¨´ ³¨±Ê ¤²Ö
²¥£±¨Ì Ö¤¥· ¨§ µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö, ¨ ´¥ ÊÎÉ¥´µ ¢²¨Ö´¨¥ ¶µ¸²¥· §·Ò¢´µ£µ
¤¢¨¦¥´¨Ö µ¸±µ²±µ¢, · ´µ ÊÉ¢¥·¦¤ ÉÓ, ÎÉµ ¶·¨ ¤¥²¥´¨¨ ·¥ ²¨§Ê¥É¸Ö ¨³¥´´µ
· ¸¸³µÉ·¥´´Ò° ¶·µ³¥¦ÊÉµÎ´Ò° ¢ ·¨ ´É, ÌµÉÖ ÔÉµ ¤µ¸É ÉµÎ´µ ±· ¸¨¢Ò° ¨,
¢¥·µÖÉ´µ, ¶· ¢¤µ¶µ¤µ¡´Ò° ³¥Ì ´¨§³ · §·Ò¢ , É.±. ³ ²µ¢¥·µÖÉ´µ, ÎÉµ ·¥ ²Ó-
´µ¥ Ö¤·µ ·¢¥É¸Ö ¢ ¸É·µ£µ µ¶·¥¤¥²¥´´µ° ÉµÎ±¥ ¸ FC = FN , ¸±µ·¥¥, ÔÉµ ´¥±µ-

Éµ· Ö µ¡² ¸ÉÓ ¤¥Ëµ·³ Í¨° Ö¤· , µÉ¢¥É¸É¢¥´´ÒÌ §  ´¥£µ.

‚ · ¡µÉ¥ [8] ¶µ³¨³µ · ¸Î¥Éµ¢ Ek ¨ σE
 2 , É.¥. ¶¥·¢µ£µ ¨ ¢Éµ·µ£µ ³µ³¥´Éµ¢

��, É ±¦¥ ¤²Ö ¸¨³³¥É·¨Î´µ£µ · §¤¥²¥´¨Ö Ö¤·  ¡Ò²¨ µ¶·¥¤¥²¥´Ò É·¥É¨° ¨
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Î¥É¢¥·ÉÒ°, ±µÉµ·Ò¥ ´µ¸ÖÉ ´ §¢ ´¨Ö, ¸µµÉ¢¥É¸É¢¥´´µ, ±µÔËË¨Í¨¥´Éµ¢  ¸¨³-
³¥É·¨¨ γ1 ¨ Ô±¸Í¥¸¸  γ2, µ¶·¥¤¥²ÖÕÉ¸Ö ± ±

γ
1
 = (Ek − E

__
k

______
)36 (σE

 2)3 6 2, (35)

γ
2
 = (Ek − E

__
k

______
)4 6 (σE

 2)2 − 3 (36)

¨ Ì · ±É¥·¨§ÊÕÉ µÉ²¨Î¨¥ · ¸¶·¥¤¥²¥´¨° µÉ £ Ê¸¸¨ ´ , ¤²Ö ±µÉµ·µ£µ γ
1
 =

= 0 ¨ γ
2
 = 0. � ¸Î¥ÉÒ γ

1
 ¨ γ

2
 ¢ [8] ¡Ò²¨ ¢Ò¶µ²´¥´Ò µ¶ÖÉÓ ¤²Ö ¤¢ÊÌ ±·¨-

É¥·¨¥¢ · §·Ò¢  ¨ ¤²Ö ¤¢ÊÌÉ¥²Ó´µ£µ,   ¢ [227] Å ¶µ¢¥·Ì´µ¸É´µ£µ µ¤´µÉ¥²Ó-
´µ£µ ³¥Ì ´¨§³µ¢ ¢Ö§±µ¸É¨. �± § ²µ¸Ó, ÎÉµ ¤²Ö ±·¨É¥·¨¥¢ rn = 0 ¨ FC =
= FN · ¸¸Î¨É ´´Ò¥ §´ Î¥´¨Ö γ

1
 ¨ γ

2
 ¸¨²Ó´µ µÉ²¨Î ÕÉ¸Ö ´¥ Éµ²Ó±µ ¢¥²¨-

Î¨´µ°, ´µ ¨ § ¢¨¸¨³µ¸ÉÖ³¨ µÉ Z 2 6 A: γ
1
 ¨ γ

2
 ¨³¥ÕÉ ³ ±¸¨³Ê³ ¢ · °µ´¥ Pt

(Z 2 6 A ~ 32) ¢ ¶¥·¢µ³ ¸²ÊÎ ¥ (rn = 0) ¨ ¡²¨§±¨ ± ´Ê²Õ ¢µ ¢Éµ·µ³.

�ÉµÉ ·¥§Ê²ÓÉ É · ¡µÉÒ [8] ¶µ¡Ê¤¨² †¤ ´µ¢  ̧  ±µ²²¥£ ³¨ ¶µ¸É ¢¨ÉÓ ̧ ¶¥-
Í¨ ²Ó´Ò¥ Ô±¸¶¥·¨³¥´ÉÒ [9,10], £¤¥ ¡Ò²¨ ÉÐ É¥²Ó´µ ¨§³¥·¥´Ò ¨ ¶·µ ´ -
²¨§¨·µ¢ ´Ò Î¥ÉÒ·¥ ³µ³¥´É  �� ±µ³¶ Ê´¤-Ö¤¥· µÉ Os ¤µ U, µ¡· §µ¢ ´´ÒÌ ¢

·¥ ±Í¨ÖÌ ¸ ²¥£±¨³¨ § ·Ö¦¥´´Ò³¨ Î ¸É¨Í ³¨ Å p, 3He, α Å ¶·¨ · §´ÒÌ
Ô´¥·£¨ÖÌ ¢µ§¡Ê¦¤¥´¨Ö.

�  ·¨¸.28 ¶·¨¢¥¤¥´Ò ¸¢¥¤¥´¨Ö µ γ1 ¨ γ2 ¤²Ö ¢¸¥Ì ¨§ÊÎ¥´´ÒÌ Ö¤¥· ¢

§ ¢¨¸¨³µ¸É¨ µÉ ´ Î ²Ó´µ° Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¢ ¸¥¤²µ¢µ° ÉµÎ±¥ Esp
 ∗  ¤²Ö

µ¡² ¸É¨ ³ ¸¸ µ¸±µ²±µ¢ ¢¡²¨§¨ A6 2 [9,10]. ‘µ¢µ±Ê¶´µ¸ÉÓ ¢¸¥Ì Ô±¸¶¥·¨³¥´-
É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ± §Ò¢ ¥É, ÎÉµ ¤²Ö �� ¸¨³³¥É·¨Î´µ° ³µ¤Ò Ì · ±É¥·´Ò
³ ²µ¸ÉÓ ¨ ¶µ¸ÉµÖ´¸É¢µ ±µÔËË¨Í¨¥´É  γ1 = − 0,1 (¸²¥£±  § ÉÖ´ÊÉ ´¨§±µÔ´¥·-

£¥É¨Î¥¸±¨° ®Ì¢µ¸É¯ · ¸¶·¥¤¥²¥´¨°) ¨ γ2 = 0 Å ¸¢µ°¸É¢ , µ¡Ñ¥¤¨´ÖÕÐ¨¥

Ö¤·  µÉ 186Os ¤µ 235U ¨ Ô´¥·£¨° ¢µ§¡Ê¦¤¥´¨Ö Esp
 ∗  ¶· ±É¨Î¥¸±¨ µÉ ´Ê²Ö ¤µ

´¥¸±µ²Ó±¨Ì ¤¥¸ÖÉ±µ¢ ŒÔ‚. Œ ²µ¸ÉÓ γ1 ̈  γ2 µ§´ Î ¥É, ÎÉµ £ Ê¸¸µ¢µ¸ÉÓ �� ¤²Ö

Ë¨±¸¨·µ¢ ´´ÒÌ ³ ¸¸ µ¸±µ²±µ¢ Ö¢²Ö¥É¸Ö Ê¤µ¢²¥É¢µ·¨É¥²Ó´Ò³ ¶·¨¡²¨-
¦¥´¨¥³.

�  ·¨¸.29 ̧ · ¢´¨¢ ÕÉ¸Ö ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ γ1 ¨ γ2 · ¡µÉÒ [8] ¤²Ö ¤¢ÊÌ

±·¨É¥·¨¥¢ · §·Ò¢  ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ [9,10], ¶·¥¤¸É ¢²¥´´Ò-

³¨ ¢ § ¢¨¸¨³µ¸É¨ µÉ Z 26 A. �Î¥¢¨¤´µ, ÎÉµ Ô±¸¶¥·¨³¥´É µÉ¢¥·£ ¥É ±·¨É¥·¨°
· §·Ò¢  rn = 0 Å ´ ¸Éµ²Ó±µ ¢¥²¨±  ¢ ÔÉµ³ ¸²ÊÎ ¥ · §´¨Í  ¸· ¢´¨¢ ¥³ÒÌ

§´ Î¥´¨°. ‘¨ÉÊ Í¨Ö ¤²Ö ¤·Ê£µ£µ ±·¨É¥·¨Ö · §·Ò¢  FC = FN ´¥ ¸Éµ²Ó
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µÎ¥¢¨¤´ . ̂  Ô±¸¶¥·¨³¥´É, ¨ · ¸Î¥É´Ò¥ §´ Î¥´¨Ö µ¤´µ£µ ¶µ·Ö¤±  ¨ ¤µ¸É ÉµÎ-
´µ ³ ²Ò. �¤´ ±µ µ ±µ²¨Î¥¸É¢¥´´µ³ ¸µ£² ¸¨¨ ¢ ¸²ÊÎ ¥  ¸¨³³¥É·¨¨ γ1 ¥¤¢ 

²¨ ¸Éµ¨É ¸É ¢¨ÉÓ ¢µ¶·µ¸, É.±. ¤²Ö µ¤´µ° ¶µ²µ¢¨´Ò ¨§ÊÎ¥´´ÒÌ Ö¤¥· §´ ±¨
¸µ¢¶ ¤ ÕÉ, ¤²Ö ¤·Ê£µ° Å ¶·µÉ¨¢µ¶µ²µ¦´Ò. „²Ö Ô±¸Í¥¸¸  γ2 ¶·¨ Ê¸²µ¢¨¨

· ¢¥´¸É¢  ¸¨² ¸µ£² ¸¨¥ ¸ Ô±¸¶¥·¨³¥´Éµ³ Ìµ·µÏ¥¥. �¥·¥Ìµ¤ ¢ · ¸Î¥É Ì ±
µ¤´µÉ¥²Ó´µ³Ê ³¥Ì ´¨§³Ê ¢Ö§±µ¸É¨ ¶· ±É¨Î¥¸±¨ ´¥ ¨§³¥´Ö¥É ¸¨ÉÊ Í¨Õ,
¶·¨¢¥¤¥´´ÊÕ ´  ·¨¸.29 [227].

‘²¥¤Ê¥É ¶µ¤Î¥·±´ÊÉÓ, ÎÉµ Ô±¸¶¥·¨³¥´ÉÒ [9,10] ¢Ò¶µ²´¥´Ò ¤²Ö Éµ°

µ¡² ¸É¨ Ö¤¥·, £¤¥ ¨³¥¥É¸Ö ¸µµÉ¢¥É¸É¢¨¥ ¸ É¥µ·¨¥° µÉ´µ¸¨É¥²Ó´µ σE
 2 , É.¥. ¤²Ö

Z 2 6 A ≥ 31. „²Ö ¡µ²¥¥ ²¥£±¨Ì Ö¤¥·, ¶µ-¢¨¤¨³µ³Ê, ´¥ ¸²¥¤Ê¥É ¶·¨¤ ¢ ÉÓ ¡µ²Ó-
Ïµ£µ §´ Î¥´¨Ö · ¸Î¥ÉÊ γ1 ¨ γ2, ¸É·¥³ÖÐ¨Ì¸Ö ¤²Ö FC = FN ± ¡µ²ÓÏ¨³ §´ -

Î¥´¨Ö³ ¶·¨ Ê³¥´ÓÏ¥´¨¨ Z 2 6 A, É.±. É¥µ·¨Ö ¢ ÔÉµ³ ¸²ÊÎ ¥ ´¥ µ¶¨¸Ò¢ ¥É ¢Éµ-

·µ° ³µ³¥´É �� Å σE
 2 (·¨¸.27), ¶µÔÉµ³Ê ³ ²µ¢¥·µÖÉ´µ, ÎÉµ ¨ ³µ³¥´ÉÒ ¡µ²¥¥

¢Ò¸µ±µ£µ ¶µ·Ö¤±  ¸µµÉ¢¥É¸É¢ÊÕÉ ¤¥°¸É¢¨É¥²Ó´µ¸É¨.

‘É É¨¸É¨Î¥¸±¨ §´ Î¨³ÒÌ · ¸Î¥Éµ¢ ¤²Ö ¶·µ³¥¦ÊÉµÎ´µ£µ ¢ ·¨ ´É  · §·Ò-
¢ , ± ¸µ¦ ²¥´¨Õ, ¶µ±  ´¥ ¸¤¥² ´µ.

ˆÉ ±, Ô±¸¶¥·¨³¥´É ²Ó´µ¥ ¨ É¥µ·¥É¨Î¥¸±µ¥ · ¸¸³µÉ·¥´¨¥ Ô´¥·£¥É¨Î¥¸-
±¨Ì · ¸¶·¥¤¥²¥´¨° µ¸±µ²±µ¢ ¶µ± §Ò¢ ¥É, ÎÉµ ¨Ì µ¶¨¸ ´¨¥ ¶· ±É¨Î¥¸±¨ ´¥
ÎÊ¢¸É¢¨É¥²Ó´µ ± ³¥Ì ´¨§³Ê ¢Ö§±µ¸É¨ Ö¤¥·´µ£µ ¢¥Ð¥¸É¢  Å £µ· §¤µ ¸¨²Ó´¥¥
µ´¨ § ¢¨¸ÖÉ µÉ Ê¸²µ¢¨° · §·Ò¢  Ö¤·  ´  µ¸±µ²±¨, µ¸µ¡¥´´µ ÔÉµ ± ¸ ¥É¸Ö

�¨¸.28. �±¸¶¥·¨³¥´É ²Ó´ Ö § ¢¨¸¨³µ¸ÉÓ ±µÔËË¨Í¨¥´Éµ¢  ¸¨³³¥É·¨¨ γ1 (A 6 2) ¨
Ô±¸Í¥¸¸  γ2 (A 6 2) Ô´¥·£¥É¨Î¥¸±¨Ì · ¸¶·¥¤¥²¥´¨° ¤²Ö Ö¤¥· ¢ ¤¨ ¶ §µ´¥ µÉ 186Os

¤µ 235U µÉ ´ Î ²Ó´µ° Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¢ ¸¥¤²µ¢µ° ÉµÎ±¥ Esp
 ∗ [10]
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¢Ò¸Ï¨Ì ³µ³¥´Éµ¢ ��, Ô±¸¶¥-
·¨³¥´É ²Ó´Ò¥ Ì · ±É¥·¨¸É¨±¨
±µÉµ·ÒÌ µÉ¢¥·£ ÕÉ ±·¨É¥·¨°
· §·Ò¢  Ö¤·  ̧  ´Ê²¥¢µ° Ï¥°±µ°.

…Ð¥ ¢ ´¥¸±µ²Ó±¨Ì · ¡µÉ Ì
¢ · ³± Ì ¤¢ÊÌ³¥·´ÒÌ ³µ¤¥²¥°
´  µ¸´µ¢¥ ² ´¦¥¢¥´µ¢¸±µ°
¤¨´ ³¨±¨ ¡Ò²¨ · ¸¸Î¨É ´Ò ��

µ¸±µ²±µ¢ µÉ¤¥²Ó´ÒÌ Ö¤¥· 200Pb

¢ [78], 213At ¢ [176] ¨ 215Fr ¢
[224,225]. ‚¸¥ ÔÉ¨ · ¸Î¥ÉÒ µÉ-
²¨Î ÕÉ¸Ö µÉ [8] É¥³, ÎÉµ Ô¢µ-
²ÕÍ¨Ö ¤¥²ÖÐ¥°¸Ö ¸¨¸É¥³Ò · ¸-
¸³ É·¨¢ ¥É¸Ö ´¥ ¸ ¡ ·Ó¥· ,   ¨§
µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö. � ¡µÉ  [78] ¡Ò²  · ¸¸³µÉ·¥´  ´ ³¨ ¢ ¶¥·¢µ³ · §¤¥²¥,
¨ ¥¥ µ¸´µ¢´Ò¥ ¢Ò¢µ¤Ò,   É ±¦¥ ¢Ò¢µ¤Ò ¡µ²¥¥ · ´´¥° · ¡µÉÒ ÔÉ¨Ì ¦¥  ¢Éµ-
·µ¢ [176], § ±²ÕÎ ÕÉ¸Ö ¢ ÊÉ¢¥·¦¤¥´¨¨, ÎÉµ ´ ¨²ÊÎÏ¥¥ µ¶¨¸ ´¨¥ ¶·µÍ¥¸¸ 
¸²¨Ö´¨Ö-¤¥²¥´¨Ö, ¢±²ÕÎ Ö ¸¥Î¥´¨Ö ¸²¨Ö´¨Ö, ¨¸¶ ·¨É¥²Ó´ÒÌ µ¸É É±µ¢, ¤¥-
²¥´¨Ö, ³´µ¦¥¸É¢¥´´µ¸É¨ ¶·¥¤¤¥²¨É¥²Ó´ÒÌ ´¥°É·µ´µ¢,   É ±¦¥ Ek , ¤µ¸É¨£ -

¥É¸Ö ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ µ¤´µÉ¥²Ó´µ£µ ³¥Ì ´¨§³  ¤¨¸¸¨¶ Í¨¨ ®¸É¥´Ò ¸
µ±´µ³¯ [211].

‚ · ¡µÉ Ì [224,225] ¸· ¢´¨¢ ²¨¸Ó · ¸Î¥É´Ò¥ §´ Î¥´¨Ö E
__

k , σE
 2 ¨ ³´µ-

¦¥¸É¢¥´´µ¸É¨ n, p, α ¤²Ö Ö¤·  215Fr c Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¨§ · -
 ¡µÉÒ [55]. ‘ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¤¢ÊÌÉ¥²Ó´µ° ¢Ö§±µ¸É¨ ¶·¨ ¢ ·Ó¨·µ¢ ´¨¨
±µÔËË¨Í¨¥´É  µ µÉ 0,015 ¤µ 0,060 ’¶ ´¥ Ê¤ ¥É¸Ö ¸µ£² ¸µ¢ ÉÓ · ¸Î¥É´Ò¥

§´ Î¥´¨Ö ¸ Ô±¸¶¥·¨³¥´Éµ³ Å E
__

k , σE
 2 ¨ ν

__
pre µ± §Ò¢ ÕÉ¸Ö ³¥´ÓÏ¥ Ô±¸-

¶¥·¨³¥´É ²Ó´ÒÌ.

�¨¸.29. ‘· ¢´¥´¨¥ ·¥§Ê²ÓÉ Éµ¢ · ¸-
Î¥Éµ¢ γ1 (A6 2) ¨ γ2 (A6 2) [8] ¸

¤¢ÊÌÉ¥²Ó´µ° ¢Ö§±µ¸ÉÓÕ ¸ Ô±¸¶¥·¨-
³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ [10] (±·¥¸-
É¨±¨) ¢ § ¢¨¸¨³µ¸É¨ µÉ Z 2 6 A. —¥·-
´Ò¥ ±·Ê¦±¨  Å  · ¸Î¥É ¸ Ê¸²µ¢¨¥³
FC = FN , ¸¢¥É²Ò¥ ±·Ê¦±¨ Å Ê¸²µ-

¢¨¥ ¸ rn = 0. ’¥µ·¥É¨Î¥¸±¨¥ ÉµÎ±¨

Å ¸µ¥¤¨´¥´¨Ö ¸ ²¨´¨Ö³¨
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4.2. � ¸¶·¥¤¥²¥´¨Ö ³ ¸¸ µ¸±µ²±µ¢. �¤´µ° ¨§ ¢ ¦´¥°Ï¨Ì ¶·µ¡²¥³
Ë¨§¨±¨ ¤¥²¥´¨Ö Ö¢²Ö¥É¸Ö µ¡ÑÖ¸´¥´¨¥ ³¥Ì ´¨§³  Ëµ·³¨·µ¢ ´¨Ö ³ ¸¸µ¢ÒÌ
· ¸¶·¥¤¥²¥´¨° (Œ�) µ¸±µ²±µ¢ Å É ± ¸Î¨É ²µ¸Ó ¥Ð¥ ¤¥¸ÖÉ¨²¥É¨¥ ´ § ¤
[202], É ± µ¡¸Éµ¨É ¤¥²µ ¨ ¸¥°Î ¸, ÌµÉÖ, ±µ´¥Î´µ, §  ÔÉµ ¢·¥³Ö ³´µ£µ¥ ¸¤¥² -
´µ ¢ Ô±¸¶¥·¨³¥´É ²Ó´µ³ ¶² ´¥ ̈  ³´µ£µ¥ ¤µ¸É¨£´ÊÉµ ¢ É¥µ·¥É¨Î¥¸±µ³ µ¸³Ò¸-
²¥´¨¨ ¢¸¥° ¸µ¢µ±Ê¶´µ¸É¨ ´ ±µ¶²¥´´µ° ¨´Ëµ·³ Í¨¨. ‚ ¶¥·¢ÊÕ µÎ¥·¥¤Ó, ÔÉµ
± ¸ ¥É¸Ö ¸¶µ´É ´´µ£µ ¨ ´¨§±µÔ´¥·£¥É¨Î¥¸±µ£µ ¤¥²¥´¨Ö Ö¤¥· ¸ A ≥ 200, Ê ±µ-
Éµ·ÒÌ ´  µ¸´µ¢¥ ´µ¢µ° ±µ´Í¥¶Í¨¨ µ ³Ê²ÓÉ¨³µ¤ ²Ó´µ³ (£¥É¥·µ³µ¤ ²Ó´µ³)
¤¥²¥´¨¨, ¸¢Ö§ ´´µ³ ¸ µ¡´ ·Ê¦¥´¨¥³ ¤µ²¨´ ´  ¶µ¢¥·Ì´µ¸É¨ ¶µÉ¥´Í¨ ²Ó´µ°
Ô´¥·£¨¨ ¢ ³´µ£µ³¥·´µ³ ¶·µ¸É· ´¸É¢¥ ¤¥Ëµ·³ Í¨°, ¤µ¸É ÉµÎ´µ ¶·µ¸Éµ ¨
Ë¨§¨Î¥¸±¨ ¶·µ§· Î´µ ¸¢¥¤¥´Ò ¢µ¥¤¨´µ ¨ µ¡ÑÖ¸´¥´Ò µ¸´µ¢´Ò¥ ¸¢µ°¸É¢  ¨
§ ±µ´µ³¥·´µ¸É¨  ¸¨³³¥É·¨Î´µ£µ ¸¶µ¸µ¡  ¤¥²¥´¨Ö ÔÉ¨Ì Ö¤¥·. „ ´´µ³Ê ¢µ¶-
·µ¸Ê ¶µ¸¢ÖÐ¥´µ ¡µ²ÓÏµ¥ Î¨¸²µ µ·¨£¨´ ²Ó´ÒÌ · ¡µÉ, ·¥§Ê²ÓÉ ÉÒ ±µÉµ·ÒÌ, ¢
µ¸´µ¢´µ³, ¸Ê³³¨·µ¢ ´Ò ¢ µ¡§µ· Ì [2,235,236].

�¥¸±µ²Ó±µ ¨´ Ö ¸¨ÉÊ Í¨Ö ¸ ¢Ò¸µ±µ¢µ§¡Ê¦¤¥´´Ò³¨ Ö¤· ³¨. Š ± ¡Ò²µ
¶µ± § ´µ ¢ÒÏ¥, É¥µ·¥É¨Î¥¸±µ³Ê µ¶¨¸ ´¨Õ ¸¢µ°¸É¢ Ô´¥·£¥É¨Î¥¸±¨Ì · ¸¶·¥-
¤¥²¥´¨° ¢ ²¨É¥· ÉÊ·¥ Ê¤¥²¥´µ §´ Î¨É¥²Ó´µ¥ ³¥¸Éµ. Š ¸µ¦ ²¥´¨Õ, ÔÉµ£µ
´¥²Ó§Ö ¸± § ÉÓ µ Œ�. ” ±É¨Î¥¸±¨, ¥¤¨´¸É¢¥´´Ò° Í¨±² · ¡µÉ, ¶µ¸¢ÖÐ¥´´Ò°
É¥µ·¥É¨Î¥¸±¨³  ¸¶¥±É ³ Ëµ·³¨·µ¢ ´¨Ö Œ� ¢µ§¡Ê¦¤¥´´ÒÌ Ö¤¥· (¢ ¸µ¢·¥-
³¥´´µ³ ¨Ì ¶µ´¨³ ´¨¨) ¨ ¤µ¢¥¤¥´´Ò° ¤µ ·¥§Ê²ÓÉ Éµ¢, ±µÉµ·Ò¥ ³µ¦´µ ¡Ò²µ
¡Ò ̧ · ¢´¨ÉÓ ̧  Ô±¸¶¥·¨³¥´Éµ³, ¡Ò² ¢Ò¶µ²´¥´ �¤¥¥¢Ò³ ̧  ±µ²²¥£ ³¨ ¢ · ³± Ì
¤¨ËËÊ§¨µ´´µ° ³µ¤¥²¨ [3,117,131,157,220Å223]. �·¨  ´ ²¨§¥ Ô±¸¶¥·¨³¥´-
É ²Ó´ÒÌ ¤ ´´ÒÌ ³Ò ¨ ¡Ê¤¥³ µ¶¨· ÉÓ¸Ö ´  ÔÉ¨ ·¥§Ê²ÓÉ ÉÒ.

‚ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¡µÉ Ì [2,4,5,21,26,68Å70,181] ¡Ò²µ Ê¸É ´µ¢²¥-
´µ, ÎÉµ · ¸¶·¥¤¥²¥´¨Ö ³ ¸¸ µ¸±µ²±µ¢ ÉÖ¦¥²ÒÌ Ö¤¥·, ¢µ§¡Ê¦¤¥´´ÒÌ ¢ÒÏ¥

E ∗ ≥ 40 ÷ 50 ŒÔ‚, ¨³¥ÕÉ Ëµ·³Ê, ¡²¨§±ÊÕ ± £ Ê¸¸¨ ´Ê, ¨ ¨Ì Ï¨·¨´Ò

(¤¨¸¶¥·¸¨¨), ¶·¨ · ¢´ÒÌ (¨²¨ ¡²¨§±¨Ì) E ∗, ¢µ§· ¸É ÕÉ ¸ ÊÉÖ¦¥²¥´¨¥³ ¤¥²Ö-
Ð¥£µ¸Ö Ö¤· . �  ¶· ±É¨±¥ ¥¤¨´¸É¢¥´´µ° Ì · ±É¥·¨¸É¨±µ° Œ�, É·¥¡ÊÕÐ¥°

 ´ ²¨§ , Ö¢²Ö¥É¸Ö ¨Ì ¤¨¸¶¥·¸¨Ö σM
 2 .

‚ · ¡µÉ¥ [70] ¡Ò²  ¸µ¡· ´  ¨ ¶·µ ´ ²¨§¨·µ¢ ´  ¶· ±É¨Î¥¸±¨ ¢¸Ö Ô±¸-

¶¥·¨³¥´É ²Ó´ Ö ¨´Ëµ·³ Í¨Ö µ σM
 2 µ¸±µ²±µ¢ ¤¥²¥´¨Ö ÉÖ¦¥²ÒÌ Ö¤¥·, ¶µ²Ê-

Î¥´´ Ö ¢ ·¥ ±Í¨ÖÌ ¸ Ô²¥±É·µ´ ³¨ [182], ²¥£±¨³¨ § ·Ö¦¥´´Ò³¨ Î ¸É¨Í ³¨
[2,26,62,69,173,177] ¨ ÉÖ¦¥²Ò³¨ ¨µ´ ³¨ [21,49,55,68,89,91,152,165,180,

184,185], ¢¶²µÉÓ ¤µ 40Ar [50,55,178,179,181,183]. „²Ö ¸¨¸É¥³ É¨§ Í¨¨ ¤ ´-
´ÒÌ µ Œ� ¢ [70] ·¥§Ê²ÓÉ ÉÒ  ´ ²¨§  ¶·¥¤¸É ¢²Ö²¨¸Ó ¢ ¢¨¤¥ § ¢¨¸¨³µ¸É¨
¶ · ³¥É·  ¦¥¸É±µ¸É¨ Ö¤¥· ¶µ µÉ´µÏ¥´¨Õ ± ³ ¸¸- ¸¨³³¥É·¨Î´Ò³ ¢ ·¨ Í¨Ö³

Ëµ·³Ò d 2V 6 dη2 (34) µÉ Z 26 A. Šµ´¥Î´µ, ³µ¦´µ ¢µ§· §¨ÉÓ, ÎÉµ d 2V6 dη2 Å
¶ · ³¥É· ¸É É¨Î¥¸±¨°, ±µÉµ·Ò° É¥µ·¥É¨Î¥¸±¨ ³µ¦´µ µ¶·¥¤¥²¨ÉÓ ²¨ÏÓ ¢
±µ´±·¥É´ÒÌ ÉµÎ± Ì ¤¥Ëµ·³ Í¨µ´´µ° É· ¥±Éµ·¨¨ Ö¤· , ¨ µ´ ´¥ µÉ· ¦ ¥É
¤¨´ ³¨Î¥¸±ÊÕ ± ·É¨´Ê Ëµ·³¨·µ¢ ´¨Ö ³ ¸¸ µ¸±µ²±µ¢ Ö¤¥· ¸ ¶·µÉÖ¦¥´´Ò³
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¸¶Ê¸±µ³, µ¤´ ±µ ¢ ¤ ´´µ³ ¸²ÊÎ ¥, ¢¢¨¤Ê ³´µ£µµ¡· §¨Ö ¨ · §´µ·µ¤´µ¸É¨ Ô±¸-
¶¥·¨³¥´É ²Ó´µ£µ ³ É¥·¨ ² , ÔÉµ ¶·µ¸Éµ Ê¤µ¡´Ò° ¸¶µ¸µ¡ ¶·¥¤¸É ¢²¥´¨Ö ¤ ´-
´ÒÌ, ´¥ § ¢¨¸ÖÐ¨° µÉ ±µ´±·¥É´µ° ·¥ ±Í¨¨ ¨ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö (É¥³¶¥-
· ÉÊ·Ò), ¶·¨ ±µÉµ·ÒÌ ¡Ò² ¶µ²ÊÎ¥´ ÉµÉ ¨²¨ ¨´µ° ·¥§Ê²ÓÉ É.

…¤¨´¸É¢¥´´Ò³ ¶ · ³¥É·µ³ ¢ ¢Ò· ¦¥´¨¨ ¤²Ö ¦¥¸É±µ¸É¨ (34) Ö¢²Ö¥É¸Ö

É¥³¶¥· ÉÊ·  θi
 j, £¤¥ i = sp, ̈ ²¨ sc,   j = ef 1, ef 2, ̈ ²¨ ef 3 (¸³. ¶¥·¢Ò° · §¤¥²),

σM
 2 Å  Ô±¸¶¥·¨³¥´É ²Ó´ Ö  ¤¨¸¶¥·¸¨Ö,  ¶µ¶· ¢²¥´´ Ö  ´   ¢²¨Ö´¨¥  l  (É.¥.

¤²Ö l = 0), ¸µ£² ¸´µ ¶·µÍ¥¤Ê·¥, µ¶¨¸ ´´µ° ¢µ ¢Éµ·µ³ · §¤¥²¥.

„ ´´Ò¥ ¤²Ö Ö¤¥· ¸ Z 26 A ≥ 33 c²¥¤Ê¥É · §¤¥²¨ÉÓ ´  ¤¢¥ Î ¸É¨ Å ¶µ²Ê-
Î¥´´Ò¥ ¢ ·¥ ±Í¨¨ ¸ ¨µ´ ³¨ Ai ≤ 26 ¨ ¢ ¤¨ ¶ §µ´¥ Ai = 27 ÷ 40. ’ ±µ° Ï £

µ¡ÑÖ¸´Ö¥É¸Ö É¥³ µ¡¸ÉµÖÉ¥²Ó¸É¢µ³, ÎÉµ ¤²Ö ¨µ´µ¢ ¶¥·¢µ° £·Ê¶¶Ò ¶·µÍ¥¸¸
¤¥²¥´¨Ö ¶·µ¨¸Ìµ¤¨É, ± ± ¶· ¢¨²µ, Î¥·¥§ ¸É ¤¨Õ µ¡· §µ¢ ´¨Ö ±² ¸¸¨Î¥¸±µ£µ

¸µ¸É ¢´µ£µ Ö¤· , ¨ Ì · ±É¥·¨¸É¨±¨ µ¸±µ²±µ¢, ¢ Î ¸É´µ¸É¨, σM
 2 , ¢¸¥£¤  µÉ¢¥-

Î ÕÉ ®¨¸É¨´´µ³Ê¯ ¤¥²¥´¨Õ. „²Ö ¡µ²¥¥ ÉÖ¦¥²ÒÌ ¨µ´µ¢ ³µ£ÊÉ ´ ¡²Õ¤ ÉÓ¸Ö
¶·µÍ¥¸¸Ò ±¢ §¨¤¥²¥´¨Ö, ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³ ¥³Ê ÊÏ¨·¥´¨¥³ Œ� [21,55,68,
89,96,136,138]. �µÔÉµ³Ê ¢´ Î ²¥ ³Ò · ¸¸³µÉ·¨³ ¶¥·¢ÊÕ £·Ê¶¶Ê ¤ ´´ÒÌ.

�  ·¨¸.30 ¶·¨¢¥¤¥´Ò § ¢¨¸¨³µ¸É¨ d 2V6 dη2 µÉ Z 2 6 A, ¶µ²ÊÎ¥´´Ò¥ ¢
·¥ ±Í¨ÖÌ ¸ ¨µ´ ³¨ Ai ≤ 26 ¶·¨ · §´µ³ µ¶·¥¤¥²¥´¨¨ É¥³¶¥· ÉÊ·: ·¨¸.30,  Å

¤²Ö θsp
ef 1, ·¨¸.30,¡ Å θsp

ef 2, ·¨¸.30, ¢ Å θsc
ef 3. ’¥³¶¥· ÉÊ·  ¢ÒÎ¨¸²Ö² ¸Ó ¸

¶ · ³¥É·µ³ ¶²µÉ´µ¸É¨ Ê·µ¢´¥° a = 0,093A ¨ ¡ ·Ó¥· ³¨ ¤¥²¥´¨Ö Ef (l ) ¨§

· ¡µÉÒ ‘¨·±  [16]. ‘¢¥É²Ò¥ ±·Ê¦±¨ Å ·¥§Ê²ÓÉ ÉÒ · ¡µÉÒ [22] Å É¥ ¦¥, ÎÉµ
¶·¨¢¥¤¥´Ò ¢ É·¥ÉÓ¥³ · §¤¥²¥. �¸É ²Ó´Ò¥ ÉµÎ±¨ Å ·¥§Ê²ÓÉ ÉÒ  ´ ²¨§  ¤ ´-
´ÒÌ · §´ÒÌ  ¢Éµ·µ¢ ¢ [70]. ’ ± ± ± ¢ [22] ¨ ´  ·¨¸.22  ´ ²¨§ ¶·µ¢µ¤¨²¸Ö

Éµ²Ó±µ ¤²Ö É¥³¶¥· ÉÊ·Ò θsp
ef 1 (¢¸¥ ´¥°É·µ´Ò ν

__
pre ¨¸¶Ê¸± ÕÉ¸Ö ¤µ ¸¥¤² ), Éµ

´  ·¨¸.30,¡ ¨ ·¨¸.30,¢ ÔÉ¨ ¤ ´´Ò¥ ¶¥·¥µ¶·¥¤¥²¥´Ò, ´ Î¨´ Ö ¸ Z 2 6 A = 28,5,

¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ ¸¨¸É¥³ É¨±µ°  ν
__
pre
 gs (¢Ò· ¦¥´¨Ö (17) ¨ ·¨¸.7) ¨ §´ Î¥´¨¥³

É¥³¶¥· ÉÊ·Ò ¢ ÉµÎ±¥ · §·Ò¢  (18). ’ ±¦¥ ´  ·¨¸.30 ¶µ± § ´Ò É¥µ·¥É¨Î¥¸±¨¥
· ¸Î¥ÉÒ ¦¥¸É±µ¸É¨ ¤²Ö l = 0: ¸¶²µÏ´ Ö ±·¨¢ Ö Å · ¸Î¥ÉÒ, ¶·µ¢¥¤¥´´Ò¥ ¢
· ¡µÉ¥ [3], ¸µ£² ¸´µ ¶·µ¸Éµ° Œ†Š ¸ ·¥§±¨³ ±· ¥³ Ö¤·  [13] ¤²Ö ¸¥¤²µ¢µ°
ÉµÎ±¨, ÉµÎ¥Î´ Ö ²¨´¨Ö Å · ¸Î¥ÉÒ [22] ¶µ Œ†Š ¸ ±µ´¥Î´Ò³ · ¤¨Ê¸µ³
¤¥°¸É¢¨Ö Ö¤¥·´ÒÌ ¸¨² [16] É ±¦¥ ¤²Ö ¸¥¤² . �  ·¨¸.30,¢, £¤¥ ¤²Ö ¢ÒÎ¨¸²¥´¨Ö
¦¥¸É±µ¸É¨ ¢§ÖÉ  É¥³¶¥· ÉÊ·  ¤²Ö ÉµÎ±¨ · §·Ò¢ , ÏÉ·¨Ì¶Ê´±É¨·´µ° ±·¨¢µ°

¶µ± § ´  · ¸Î¥É´ Ö ¢¥²¨Î¨´  d 2V6 dη2 ¶µ ³µ¤¥²¨ [13] É ±¦¥ ¤²Ö · §·Ò¢´µ°
±µ´Ë¨£Ê· Í¨¨. ˜É·¨Ìµ¢µ° ²¨´¨¥° ´  ·¨¸.30 ¶·¥¤¸É ¢²¥´Ò · ¸Î¥ÉÒ �¤¥¥¢ 
¸ ±µ²²¥£ ³¨ [3], ¢Ò¶µ²´¥´´Ò¥ ´  µ¸´µ¢¥ ¤¨ËËÊ§¨µ´´µ° ³µ¤¥²¨ ¸ ¤¢ÊÌÉ¥²Ó-
´Ò³ ³¥Ì ´¨§³µ³ ¢Ö§±µ¸É¨.
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�¨¸.30. ‡ ¢¨¸¨³µ¸ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ §´ Î¥´¨° ¦¥¸É±µ¸É¨ d 2V6 dη2 ¢ ¶µ²´µ³ ¤¨ ¶ §µ´¥

Z 26 A ¶·¨ l = 0 ¤²Ö · §´ÒÌ µ¶·¥¤¥²¥´¨° É¥³¶¥· ÉÊ·Ò θi
 j [70], c¢¥É²Ò¥ ±·Ê¦±¨ Å É¥ ¦¥

¤ ´´Ò¥, ÎÉµ ¨ ´  ·¨¸.22 (±·µ³¥ µÉ¤¥²Ó´ÒÌ, ¢Ò¡¨¢ ÕÐ¨Ì¸Ö ¨§ µ¡Ð¥° É¥´¤¥´Í¨¨ ÉµÎ¥±).
’¥µ·¥É¨Î¥¸±¨¥ ±·¨¢Ò¥: ¸¶²µÏ´ Ö Å · ¸Î¥É [3] ¸ ¶ · ³¥É· ³¨ Œ†Š [13] ¤²Ö ¸¥¤²µ¢µ°
ÉµÎ±¨; ÉµÎ¥Î´ Ö ±·¨¢ Ö Å · ¸Î¥É [22], ¸µ£² ¸´µ Œ†Š, ¸ ÊÎ¥Éµ³ ±µ·µÉ±µ¤¥°¸É¢¨Ö Ö¤¥·´ÒÌ
¸¨² [16] É ±¦¥ ¤²Ö ¸¥¤² , ÏÉ·¨Ì¶Ê´±É¨· Å · ¸Î¥É [3] ¸ ¶ · ³¥É· ³¨ [13] ¤²Ö ÉµÎ±¨ · §·Ò-
¢ ; ÏÉ·¨Ìµ¢ Ö ±·¨¢ Ö Å · ¸Î¥É [3] ¶µ ¤¨ËËÊ§¨µ´´µ° ³µ¤¥²¨ ¸ ¶ · ³¥É· ³¨ [13] ¨ ¤¢ÊÌ-
É¥²Ó´µ° ¢Ö§±µ¸ÉÓÕ
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ˆÉ ±, ± ±¨¥ ¦¥ Ë¨§¨Î¥¸±¨¥ ·¥§Ê²ÓÉ ÉÒ ¸²¥¤ÊÕÉ ¨§ ¸¢¥¤¥´¨° µ

d 2V 6 dη2?

1. ‘ÊÐ¥¸É¢µ¢ ´¨¥ ³ ±¸¨³Ê³  ¢ Ô±¸¶¥·¨³¥´É ²Ó´µ° ±·¨¢µ° ¦¥¸É±µ¸É¨
¶µ§¢µ²Ö¥É ̈ § ¶·µ¸ÉÒÌ ¸µµ¡· ¦¥´¨° ± Î¥¸É¢¥´´µ ¶µ´ÖÉÓ, ¶µÎ¥³Ê Ê£²µ¢µ° ³µ-
³¥´É l ¶µ-· §´µ³Ê ¢²¨Ö¥É ´  ¤¨¸¶¥·¸¨Õ Œ� ²¥£±¨Ì Ö¤¥·, Ê³¥´ÓÏ Ö ¥¥, ¨

ÉÖ¦¥²ÒÌ Ö¤¥·, Ê¢¥²¨Î¨¢ Ö σM
 2 (¸³.·¨¸.18).

Š ± ¨§¢¥¸É´µ ¨§ [36] , ¤¥°¸É¢¨¥ l ´  ¤¥²ÖÐ¥¥¸Ö Ö¤·µ ¶µ¤µ¡´µ ®ÊÉÖ¦¥-

²¥´¨Õ¯ Ö¤· , É.¥. ¸µµÉ¢¥É¸É¢Ê¥É ÔËË¥±É¨¢´µ³Ê Ê¢¥²¨Î¥´¨Õ Z 2 6 A (¨²¨ x)
[29]. ‹¥£±µ¥ Ö¤·µ ¶·¨ Ê¢¥²¨Î¥´¨¨ l, ¶·¨µ¡·¥É Ö ¡µ²ÓÏµ¥ §´ Î¥´¨¥

(Z 2 6 A)ef , ¸É ´µ¢¨É¸Ö ¨ ¡µ²¥¥ ¦¥¸É±¨³, É.¥. §´ Î¥´¨¥ d 2V6 dη2 · ¸É¥É, ÎÉµ,

¢ ¸¢µÕ µÎ¥·¥¤Ó, ¸µµÉ¢¥É¸É¢Ê¥É Ê³¥´ÓÏ¥´¨Õ σM
 2 ¸ Ê¢¥²¨Î¥´¨¥³ l.

„²Ö ÉÖ¦¥²ÒÌ Ö¤¥· ¸¨ÉÊ Í¨Ö µ¡· É´ Ö: ¶·¨ Ê¢¥²¨Î¥´¨¨ l ¶ · ³¥É·

(Z 2 6 A)ef É ±¦¥ ¸É·¥³¨É¸Ö ± ¡µ²ÓÏ¨³ §´ Î¥´¨Ö³,   ¤²Ö ´¨Ì Ì · ±É¥·´Ò

³¥´ÓÏ¨¥ §´ Î¥´¨Ö d 2V6 dη2 (¶· ¢Ò° ¸±²µ´), É.¥. ¦¥¸É±µ¸ÉÓ ¶ ¤ ¥É, σM
 2 · ¸-

É¥É, ¨ ÔÉµ ¸µµÉ¢¥É¸É¢Ê¥É ¶µ²µ¦¨É¥²Ó´Ò³ §´ Î¥´¨Ö³ ¶µ²´µ° ¶·µ¨§¢µ¤´µ°

dσM
 2 6 dl 2. ˆÉ ±, ¢§ ¨³µ¸¢Ö§Ó Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ Ì · ±É¥·¨¸É¨± ´  ·¨¸.18 ¨

´  ·¨¸.30 µÎ¥¢¨¤´ ; ¸µ¡¸É¢¥´´µ, ÔÉµ ¨ ¶µ§¢µ²Ö¥É ¶µ´ÖÉÓ ¢¸Õ ¸µ¢µ±Ê¶´µ¸ÉÓ

¤ ´´ÒÌ µ σM
 2 , d 2V6 dη2 ¨ dσM

 2 6 dl 2.

2. � §´Ò¥ µ¶·¥¤¥²¥´¨Ö É¥³¶¥· ÉÊ·Ò θi
 j ± ± Î¥¸É¢¥´´µ ´µ¢Ò³ ·¥§Ê²ÓÉ -

É ³ ´¥ ¶·¨¢µ¤ÖÉ Å ¤²Ö ÉÖ¦¥²ÒÌ Ö¤¥· ´¥¸±µ²Ó±µ ¨§³¥´ÖÕÉ¸Ö  ¡¸µ²ÕÉ´Ò¥

§´ Î¥´¨Ö d 2V6 dη2.

3. Šµ²¨Î¥¸É¢¥´´Ò¥ §´ Î¥´¨Ö ¦¥¸É±µ¸É¨, ¢ÒÎ¨¸²¥´´Ò¥ ¸ θsp
ef 2

(ν
__
pre
 gs ) ¸¨²Ó´µ § ¢¨¸ÖÉ µÉ ³µ¤¥²Ó´ÒÌ ¶·¥¤¸É ¢²¥´¨° µ¡ ¨¸¶Ê¸± ´¨¨ ν

__
pre
 gs , ¢

Î ¸É´µ¸É¨, ¥¸²¨ ´¥°É·µ´µ¢, ¨§²ÊÎ ¥³ÒÌ ´  ¸¶Ê¸±¥ ν
__
pre
 ss  , ´¥ É ± ³´µ£µ, ± ± ¢

· ¸Î¥É Ì [59,72Å75], ±·¨¢Ò¥ ¦¥¸É±µ¸É¨ θsp
ef 1 ¨ θsp

ef 2 ¤µ²¦´Ò, ¸µµÉ¢¥É¸É¢¥´-

´µ, ¸¡²¨§¨ÉÓ¸Ö, µ¸µ¡¥´´µ ¢ µ¡² ¸É¨ Z 2 6 A = 31 ÷ 37.

4. �±¸¶¥·¨³¥´É ²Ó´ Ö ¦¥¸É±µ¸ÉÓ, µ¶·¥¤¥²¥´´ Ö ¢ ÉµÎ±¥ · §·Ò¢ , ± ± ³Ò

¶µ³´¨³, ¡Ò²  ¶µ²ÊÎ¥´  ̧  ³ ±¸¨³ ²Ó´Ò³ §´ Î¥´¨¥³ θsp
ef 3; ¥¸²¨ ÊÎ¥¸ÉÓ ± ±¨³-

Éµ ¸¶µ¸µ¡µ³ Ô´¥·£¨Õ ¤¥Ëµ·³ Í¨¨ Edef ¢ ¢Ò· ¦¥´¨¨ (18), Éµ §´ Î¥´¨¥ ¦¥¸É-

±µ¸É¨ ¤²Ö ´¥¥ ¸¡²¨§¨É¸Ö ¸ ¤¢Ê³Ö ¤·Ê£¨³¨.

5. †¥¸É±µ¸É¨, ¶µ²ÊÎ¥´´Ò¥ ¨§ ·¥ ±Í¨° ¸ Ô²¥±É·µ´ ³¨, ²¥£±¨³¨ § ·Ö¦¥´-
´Ò³¨ Î ¸É¨Í ³¨ ¨ ¨§ ·¥ ±Í¨° ¸ ÉÖ¦¥²Ò³¨ ¨µ´ ³¨, ´  ·¨¸.30 ´¥ · ¸¸² ¨¢ -

„…‹…�ˆ… ��ƒ�…’›• Ÿ„…�  465



ÕÉ¸Ö Å ´ Ìµ¤ÖÉ¸Ö ¢ µ¡Ð¥° ³ ¸¸¥ ÉµÎ¥±. �Éµ £µ¢µ·¨É µ ¤µ¸É ÉµÎ´µ ±µ··¥±É-

´µ³ ¢¢¥¤¥´¨¨ ¶µ¶· ¢µ± ¢ σM
 2 ´  ¢²¨Ö´¨¥ l.

6. �±¸¶¥·¨³¥´É ²Ó´µ ´ °¤¥´´ Ö ¦¥¸É±µ¸ÉÓ ¤²Ö Ö¤¥· ¸ Z 2 6 A ≤ 30 Ìµ-

·µÏµ µ¶¨¸Ò¢ ¥É¸Ö Œ†Š [16] ´¥§ ¢¨¸¨³µ µÉ µ¶·¥¤¥²¥´¨Ö θi
 j. �ÉµÉ ¢Ò¢µ¤

É·¨¢¨ ²¥´, É ± ± ± ¤²Ö ¤ ´´ÒÌ Ö¤¥· ¸¥¤²µ¢ Ö ¨ ÉµÎ±  · §·Ò¢  ¶µ ¤¥Ëµ·-
³ Í¨¨ ¨ Ô´¥·£¨¨ ¶· ±É¨Î¥¸±¨ ¸µ¢¶ ¤ ÕÉ.

7. „²Ö Ö¤¥· ¸ Z 2 6 A ≥ 34 Ô±¸¶¥·¨³¥´É ²Ó´ Ö ¦¥¸É±µ¸ÉÓ ´¥ ¸µµÉ¢¥É¸É¢Ê¥É

É¥µ·¥É¨Î¥¸±¨³ · ¸Î¥É ³, ¶·¥¤¸± §Ò¢ ÕÐ¨³ §´ Î¥´¨¥ d 2V6 dη2 = 0 ¤²Ö

Z 2 6 A ~ 37, ´¨ ¤²Ö ¸¥¤²µ¢µ° ÉµÎ±¨, ´¨ ¤²Ö ÉµÎ±¨ · §·Ò¢ , É·¥¡ÊÕÐ¨³ ¶µ-

¸ÉµÖ´´µ£µ  ¥¥  ·µ¸É  ¸ Ê¢¥²¨Î¥´¨¥³ Z 2 6 A. ‡´ Î¥´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´µ°
¦¥¸É±µ¸É¨ ²¥¦ É ³¥¦¤Ê ÔÉ¨³¨ ¤¢Ê³Ö ±· °´¨³¨ ¸²ÊÎ Ö³¨, ÌµÉÖ ¢²¨Ö´¨¥ ¸¥¤-
²  §´ Î¨É¥²Ó´µ. �ÉµÉ ¢Ò¢µ¤ ¤ ²¥±µ ´¥ ´µ¢, µ¤´ ±µ ¢ · ¡µÉ¥ [70] ´  µ¸´µ¢¥
 ´ ²¨§  ³´µ£µÎ¨¸²¥´´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¨ ±µ··¥±É´µ£µ ÊÎ¥É 

¢²¨Ö´¨Ö l ´  σM
 2 ¨ ν

__
pre ´  θi

 j ¶·¨µ¡·¥² ¸É·µ£ÊÕ ±µ²¨Î¥¸É¢¥´´ÊÕ µ¸´µ¢Ê.

� ¸Î¥ÉÒ �¤¥¥¢  ¸ ¸µÉ·Ê¤´¨± ³¨ [3] ¶µ ¤¨ËËÊ§¨µ´´µ° ³µ¤¥²¨ (ÏÉ·¨Ìµ-
¢ Ö ±·¨¢ Ö ´  ·¨¸.30) Ìµ·µÏµ ¢µ¸¶·µ¨§¢µ¤ÖÉ Ô±¸¶¥·¨³¥´É ²Ó´ÊÕ ¦¥¸É±µ¸ÉÓ

´  ·¨¸.30,  ¤²Ö Ö¤¥· ¸ Z 2 6 A ≥ 34,   ¤²Ö ¤·Ê£¨Ì ¸²ÊÎ ¥¢ (·¨¸.30,¡ ¨ 30,¢)
± Î¥¸É¢¥´´µ ¶¥·¥¤ ÕÉ Ìµ¤ ÔÉ¨Ì § ¢¨¸¨³µ¸É¥°. �¤´ ±µ µ´  ¶µ²ÊÎ¥´  ¸ ¶ · -
³¥É· ³¨ Œ†Š [13] (¸¶²µÏ´ Ö ±·¨¢ Ö), ±µÉµ· Ö ¸ ³  ¤²Ö ²¥£±¨Ì Ö¤¥·, £¤¥
´¥É ¸É ¤¨¨ ¸¶Ê¸±  ¨ ¤¨´ ³¨±  ´¥ ¨£· ¥É ¸ÊÐ¥¸É¢¥´´µ° ·µ²¨, ´¥ ¸µµÉ¢¥É¸É-
¢Ê¥É Ô±¸¶¥·¨³¥´ÉÊ. Š ¸µ¦ ²¥´¨Õ, · ¸Î¥Éµ¢ ¶µ ¤¨ËËÊ§¨µ´´µ° ³µ¤¥²¨, ¢ ±µ-
Éµ·µ° §  µ¸´µ¢Ê ¡Ò²  ¢§ÖÉ  Œ†Š ¸ ÊÎ¥Éµ³ ±µ´¥Î´µ£µ · ¤¨Ê¸  Ö¤¥·´ÒÌ ¸¨²
[15,16], ´  ¸¥£µ¤´ÖÏ´¨° ¤¥´Ó ´¥ ¸ÊÐ¥¸É¢Ê¥É.

…¸ÉÓ ¥Ð¥ µ¤¨´ ¨´É¥·¥¸´Ò° É¥µ·¥É¨Î¥¸±¨°  ¸¶¥±É ¤ ´´µ£µ ¢µ¶·µ¸ . � ¸-
Î¥É´ Ö ÏÉ·¨Ìµ¢ Ö ²¨´¨Ö ´  ·¨¸.30, ± ± Ê¦¥ ¡Ò²µ ¸± § ´µ, ¶µ²ÊÎ¥´  ¢ ¶·¥¤-
¶µ²µ¦¥´¨¨ µ ¤¢ÊÌÉ¥²Ó´µ³ Ì · ±É¥·¥ ¢Ö§±µ¸É¨ Ö¤¥·´µ£µ ¢¥Ð¥¸É¢ . �¤´ ±µ
¶·µ¢¥¤¥´´Ò¥ ¢ ¶µ¸²¥¤´¥¥ ¤¥¸ÖÉ¨²¥É¨¥ Ô±¸¶¥·¨³¥´ÉÒ ¶µ µ¶·¥¤¥²¥´¨Õ ³´µ-
¦¥¸É¢¥´´µ¸É¨ ¶·¥¤¤¥²¨É¥²Ó´ÒÌ ´¥°É·µ´µ¢ [37,38] (¸³.¶¥·¢Ò° · §¤¥²), µ¸µ-
¡¥´´µ¸É¥° ¶·¥¤¤¥²¨É¥²Ó´ÒÌ γ-±¢ ´Éµ¢ ¨§ £¨£ ´É¸±µ£µ ¤¨¶µ²Ó´µ£µ ·¥§µ´ ´¸ 
[237], ¸¢µ°¸É¢ ±¢ §¨¤¥²¥´¨Ö [89],   É ±¦¥ ´ Ï  ´ ²¨§ �� ¢ ¶·¥¤Ò¤ÊÐ¥³
¶Ê´±É¥, £µ¢µ·ÖÉ, ÎÉµ ¢ Ö¤·¥, ¸±µ·¥¥ ¢¸¥£µ, ·¥ ²¨§Ê¥É¸Ö µ¤´µÉ¥²Ó´Ò° ³¥Ì -
´¨§³ ¤¨¸¸¨¶ Í¨¨ [233], ²¨¡µ, ¸µ£² ¸´µ · ¡µÉ ³ ”·¥¡·¨Ì  Å ƒµ´Î · 
[59,72Å75], ®± ± ¡Ò ¸µÎ¥É ´¨¥¯ ¨Ì (¶·µ³¥¦ÊÉµÎ´Ò° ¢ ·¨ ´É).

‚ · ¡µÉ Ì [3,222] ¡Ò²¨ ¶·µ¢¥¤¥´Ò · ¸Î¥ÉÒ ¸ ¶µ¢¥·Ì´µ¸É´Ò³ µ¤´µÉ¥²Ó-

´Ò³ ³¥Ì ´¨§³µ³ ¤¨¸¸¨¶ Í¨¨ ¸ ks = 0,27. �± § ²µ¸Ó, ÎÉµ ¢¥²¨Î¨´  σM
 2 ¸² ¡µ

ÎÊ¢¸É¢¨É¥²Ó´  Å ¢ ¶·¥¤¥² Ì 10 ÷ 20% Å ± ³¥Ì ´¨§³Ê ¢Ö§±µ¸É¨, ́ µ ¶·¨ ÔÉµ³

¶·¨Î¨´Ò, Ëµ·³¨·ÊÕÐ¨¥ ¤²Ö ÉÖ¦¥²ÒÌ Ö¤¥· ¡µ²ÓÏ¨¥ §´ Î¥´¨Ö σM
 2 ,
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· §²¨Î´Ò. „²Ö ¤¢ÊÌÉ¥²Ó´µ° ¢Ö§±µ¸É¨ ¸¶Ê¸± ¸ ¸¥¤²  ¶·µÌµ¤¨É §  ±µ´¥Î´µ¥,

¸· ¢´¨É¥²Ó´µ ±µ·µÉ±µ¥ ¢·¥³Ö (4 − 8 ⋅ 10−21 ¸) [3]. ‚ ÔÉµ³ ¸²ÊÎ ¥ ¢ ÉµÎ±¥
· §·Ò¢  ¤¥²ÖÐ Ö¸Ö ¸¨¸É¥³  ®¶µ³´¨É¯ µ ¸¢µ¥° ¶·¥¤Ò¸Éµ·¨¨, ¨ Î¥³ ¡Ò¸É·¥¥
¸¶Ê¸±, É¥³ ¡µ²¥¥ ¡²¨§±¨¥ ± ¸¥¤²Ê ¦¥¸É±µ¸É¨ ®§ ¶µ³¨´ ÕÉ¸Ö¯,   É ± ± ± µÉ
¢¥·Ï¨´Ò ¡ ·Ó¥·  ± · §·Ò¢Ê ¦¥¸É±µ¸ÉÓ ³µ´µÉµ´´µ ¢µ§· ¸É ¥É, Éµ ®§ ¶µ³¨´ -
ÕÉ¸Ö¯ ³¥´ÓÏ¨¥ ¥¥ §´ Î¥´¨Ö, Î¥³ ¢ · §·Ò¢¥, ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ Ö ¥° ¤¨¸¶¥·-

¸¨Ö σM
 2 · ¸É¥É.

„²Ö µ¤´µÉ¥²Ó´µ£µ ³¥Ì ´¨§³  ¸¶Ê¸± ¶·µ¨¸Ìµ¤¨É ¶µÎÉ¨ ´  ¶µ·Ö¤µ± ³¥¤-

²¥´´¥¥  (20Å50 ⋅ 10−21 ¸)  [3],  ¨  ÔÉµ  ¶·¨¢µ¤¨É  ±  ®§ ¡Ò¢ ´¨Õ¯ ¸¢µ¥°
¶·¥¤Ò¸Éµ·¨¨, µ¤´ ±µ, ¨§-§  ¡µ²ÓÏµ° ¢¥²¨Î¨´Ò ¢Ö§±µ¸É¨ (É·¥´¨Ö), ¶·µ¨¸-
Ìµ¤¨É ¸¨²Ó´ Ö ¤¨¸¸¨¶ Í¨Ö Ô´¥·£¨¨, ̧ µ¸·¥¤µÉµÎ¥´´µ° ¢ ±µ²²¥±É¨¢´ÒÌ ̧ É¥¶¥-
´ÖÌ ¸¢µ¡µ¤Ò, ¢µ ¢´ÊÉ·¥´´¨¥, Ö¤·µ ± · §·Ò¢Ê ¸¨²Ó´µ £·¥¥É¸Ö, ¶·¨ ÔÉµ³, ¥¸É¥-
¸É¢¥´´µ, §´ Î¨É¥²Ó´µ ¢µ§· ¸É ÕÉ Ë²Ê±ÉÊ Í¨¨ ±µ²²¥±É¨¢´ÒÌ ¶¥·¥³¥´´ÒÌ, ¢
Éµ³ Î¨¸²¥ ¨ ³ ¸¸- ¸¨³³¥É·¨Î´µ°. ‚ ±µ´¥Î´µ³ ¨Éµ£¥ ÔÉµ ¶·¨¢µ¤¨É ± Éµ³Ê,

ÎÉµ ®¦¥¸É±µ¸É¨, µ¶·¥¤¥²ÖÕÐ¨¥ §´ Î¥´¨Ö σM
 2 , Ê¸·¥¤´ÖÕÉ¸Ö ¶µ ¡µ²ÓÏ¥°

Î ¸É¨ ¸¶Ê¸± , ¸µµÉ¢¥É¸É¢¥´´µ ¢·¥³¥´´µ³Ê Ì · ±É¥·Ê ¶·µÍ¥¸¸ ¯ [3,5]. ’ ±¨³
µ¡· §µ³, ¸É ´µ¢¨É¸Ö ¶µ´ÖÉ´Ò³, ¶µÎ¥³Ê Ô±¸¶¥·¨³¥´É ²Ó´µ ´ ¡²Õ¤ ¥³Ò¥

¤¨¸¶¥·¸¨¨ σM
 2 ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¨³ ¦¥¸É±µ¸É¨ ´  ·¨¸.30 § ´¨³ ÕÉ ¶µ²µ-

¦¥´¨¥ ³¥¦¤Ê ±· °´¨³¨ ̧ ²ÊÎ Ö³¨ Å ̧ ¥¤²µ³ ̈  · §·Ò¢µ³. �¶¨· Ö¸Ó ́   ¢ÒÏ¥-
¸± § ´´µ¥, ¤ ´´Ò¥ ´  ·¨¸.30 ³µ¦´µ Ê¸·¥¤´¨ÉÓ ¤²Ö µ¶·¥¤¥²¥´´µ° É¥³¶¥· ÉÊ-
·Ò ´  ¡ ·Ó¥·¥ ¨ ¢ · §·Ò¢¥:

[(d 2V6 dη2)
1 ̈ ²¨ 2

 + (d 2V6 dη2)
3
]6 2. (37)

‚ ÔÉµ³ ¸²ÊÎ ¥

(θsp
ef 1 ̈ ²¨ 2 + θsc

ef 3) 6 2, (38)

ÎÉµ ¡Ê¤¥É ¸µµÉ¢¥É¸É¢µ¢ ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´µ° ¦¥¸É±µ¸É¨ ¨ É¥³¶¥· ÉÊ·¥
¶·¨¡²¨§¨É¥²Ó´µ ´  ¸¥·¥¤¨´¥ ¸¶Ê¸±  (´  ·¨¸.30 ÔÉµ ´¥ ¶µ± § ´µ).

Š ± ¢¨¤¨³, ´¥¶µ¸·¥¤¸É¢¥´´µ ¨§ Œ�, É ± ¦¥, ± ± ¨ ¨§ Ô´¥·£¥É¨Î¥¸±¨Ì
Ì · ±É¥·¨¸É¨±, ´¥¢µ§³µ¦´µ ¸± § ÉÓ: ± ±µ° ¦¥ ³¥Ì ´¨§³ É·¥´¨Ö Å ¤¢ÊÌ-
É¥²Ó´Ò° ¨²¨ µ¤´µÉ¥²Ó´Ò° Å ·¥ ²¨§Ê¥É¸Ö ¢ Ö¤·¥.

�¸´µ¢´µ° Ì · ±É¥·´µ° Î¥·Éµ°, µÉ²¨Î ÕÐ¥° ¢ · ¸Î¥É Ì µ¤¨´ ³¥Ì ´¨§³
µÉ ¤·Ê£µ£µ, Ö¢²Ö¥É¸Ö ¢·¥³Ö ̧ ¶Ê¸±  µÉ ̧ ¥¤²  ± · §·Ò¢Ê. �É  · §´¨Í , ± ± ¡Ò²µ
¸± § ´µ ¢ÒÏ¥, ³µ¦¥É ¶µ ¢·¥³¥´¨ ¤µ¸É¨£ ÉÓ ¶µ·Ö¤± . ‘Ê³¥¢ Ô±¸¶¥·¨³¥´É ²Ó-
´µ ¨§³¥·¨ÉÓ ÔÉµ ¢·¥³Ö, ¸µµÉ¢¥É¸É¢¥´´µ, ³µ¦´µ µÉ¢¥É¨ÉÓ ´  ¶µ¸É ¢²¥´´Ò°
¢µ¶·µ¸.

‘¢µ¥µ¡· §´Ò³¨ Î ¸ ³¨, ¨§³¥·ÖÕÐ¨³¨ ¸·¥¤´¥¥ ¢·¥³Ö ¤¥²¥´¨Ö (¢·¥³Ö,
±µÉµ·µ¥ Ö¤·µ ¶·µ¢µ¤¨É ¤µ ¡ ·Ó¥· , ¶²Õ¸ ¢·¥³Ö ¸¶Ê¸± ), ¸µ£² ¸´µ · ¡µÉ ³
[37,47,49,50,55-58] Ö¢²Ö¥É¸Ö ¸·¥¤´ÖÖ ³´µ¦¥¸É¢¥´´µ¸ÉÓ ¶·¥¤¤¥²¨É¥²Ó´ÒÌ
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´¥°É·µ´µ¢ ν
__
pre. Ÿ¤·Ê ´¥µ¡-

Ìµ¤¨³µ ¶·µ¦¨ÉÓ ± ±µ¥-Éµ
±µ´¥Î´µ¥ ¢·¥³Ö, ÎÉµ¡Ò
¨³¥ÉÓ ¢µ§³µ¦´µ¸ÉÓ ¶·¨
¶¥·¥Ìµ¤¥ µÉ µ¸´µ¢´µ£µ ¸µ-
¸ÉµÖ´¨Ö ± ÉµÎ±¥ · §·Ò¢ 
¨¸¶Ê¸É¨ÉÓ ´ ¡²Õ¤ ¥³µ¥
Î¨¸²µ ν

__
pre. ˆ ´ µ¡o·µÉ, ¨§

¤ ´´ÒÌ µ ν
__
pre ¶µ¸·¥¤¸É¢µ³

³µ¤¥²Ó´ÒÌ ¶·¥¤¸É ¢²¥´¨°
µ¡ ¨¸¶ ·¥´¨¨ ´¥°É·µ´µ¢
³µ¦´µ ¨§¢²¥ÎÓ ¨¸±µ³µ¥
¢·¥³Ö ¤¥²¥´¨Ö. �µ¤µ¡´ Ö
¶·µÍ¥¤Ê· , µ¸´µ¢ ´´ Ö ´ 
³µ¤¨Ë¨Í¨·µ¢ ´´µ° ¸É É¨¸-
É¨Î¥¸±µ° ³µ¤¥²¨, ¢ ±µÉµ-
·ÊÕ ¢¢µ¤¨É¸Ö ¶ · ³¥É· § -
¤¥·¦±¨ ¢·¥³¥´¨, É ±µ°,
ÎÉµ¡Ò ³µ¤¥²Ó µ¶¨¸Ò¢ ² 
Ô±¸¶¥·¨³¥´É, ¡Ò²  ¶·¥¤²µ-
¦¥´  ¢ · ¡µÉ¥ [50] ¨ ¨¸-
¶µ²Ó§µ¢ ´  ¢ [55] ¤²Ö
 ´ ²¨§  Ô±¸¶¥·¨³¥´É ²Ó-
´ÒÌ ¤ ´´ÒÌ µ ν

__
pre ¢ § ¢¨-

¸¨³µ¸É¨ µÉ Ô´¥·£¨¨ ¢µ§-
¡Ê¦¤¥´¨Ö ̈  ́ Ê±²µ´´µ£µ ̧ µ-
¸É ¢  ¤¥²ÖÐ¨Ì¸Ö Ö¤¥·.

�  ·¨¸.31 [37,55,75]
¶·¨¢¥¤¥´Ò ®Ô±¸¶¥·¨³¥´-
É ²Ó´Ò¥¯ ¸·¥¤´¨¥ ¶µ²´Ò¥
¢·¥³¥´  ¤¥²¥´¨Ö (· §´Ò¥
§´ Î±¨ ¸ µÏ¨¡± ³¨), ¶µ²Ê-

Î¥´´Ò¥ ¢ Ê± § ´´ÒÌ ·¥ ±-

Í¨ÖÌ ¢ § ¢¨¸¨³µ¸É¨ µÉ ¶ · ³¥É·  ¤¥²¨³µ¸É¨ Ì. ˆ§ ¤ ´´ÒÌ ´  ·¨¸.31 ¸²¥¤µ-

¢ ²µ ¡Ò ¨¸±²ÕÎ¨ÉÓ ·¥§Ê²ÓÉ ÉÒ ¸ ¨µ´ ³¨ 64Ni, É ± ± ± µ´¨ Ì · ±É¥·¨§ÊÕÉ

±¢ §¨¤¥²¨É¥²Ó´Ò° ¶·µÍ¥¸¸ (µ¡ ÔÉµ³ Å ´¨¦¥). � §´Ò³¨ ±·¨¢Ò³¨ ¶µ± § ´Ò

É¥µ·¥É¨Î¥¸±¨¥ · ¸Î¥ÉÒ ´¥ ¶µ²´µ£µ ¢·¥³¥´¨ ¤¥²¥´¨Ö,   ¸·¥¤´¥£µ ¢·¥³¥´¨

¸¶Ê¸± .  •µÉÖ É ±µ¥ ¸· ¢´¥´¨¥ ´¥ ¸µ¢¸¥³ ±µ··¥±É´µ, ´µ ¤²Ö ÉÖ¦¥²ÒÌ Ö¤¥·

(x ≥ 0,75), Ê ±µÉµ·ÒÌ ¸¥¤²µ¢ Ö ÉµÎ±  ¡²¨§±  ¶µ ±µ´Ë¨£Ê· Í¨¨ ± µ¸´µ¢´µ³Ê

�¨¸.31. ‡ ¢¨¸¨³µ¸ÉÓ ¶µ²´µ£µ ¢·¥³¥´¨ ¤¥²¥´¨Ö (· §-
´Ò¥ §´ Î±¨ ¸ µÏ¨¡± ³¨), ¨§¢²¥Î¥´´µ£µ ¨§ ¤ ´´ÒÌ µ
ν
__
pre ¤²Ö Ê± § ´´ÒÌ ·¥ ±Í¨° ¤²Ö · §´ÒÌ Ö¤¥·, µÉ x

[37,55,75]. ’¥µ·¥É¨Î¥¸±¨¥ ±·¨¢Ò¥: ÏÉ·¨Ì¶Ê´±É¨· Å
· ¸Î¥É ¢·¥³¥´¨ ¸¶Ê¸±  [213] ¶µ ¤¨´ ³¨Î¥¸±µ° ³µ-
¤¥²¨ ¸ ¤¢ÊÌÉ¥²Ó´µ° ¢Ö§±µ¸ÉÓÕ ¶·¨ µ = η = 0 ¨
µ = η = 0,02 ’¶, ÉµÎ¥Î´Ò¥ ±·¨¢Ò¥ ¢´¨§Ê Å · ¸Î¥É
[3] ¶µ ¤¨ËËÊ§¨µ´´µ° ³µ¤¥²¨ É ±¦¥ ¸ ¤¢ÊÌÉ¥²Ó´µ°
¢Ö§±µ¸ÉÓÕ ̧  µ = 0 ¨ µ = 0,02 ’¶; ̧ ¶²µÏ´ Ö ±·¨¢ Ö Å
· ¸Î¥É [213], ´µ ¸ µ¤´µÉ¥²Ó´µ° ¢Ö§±µ¸ÉÓÕ ¶·¨ l = 0,
ÏÉ·¨Ìµ¢ Ö ²¨´¨Ö Å Éµ ¦¥, ÎÉµ ¨ ¸¶²µÏ´ Ö, ´µ
 ¤ ¶É¨·µ¢ ´´ Ö ± l = 80h [37,75]; Î¥·´Ò¥ ±·Ê¦±¨ Å
· ¸Î¥É [75] ´ ¨¡µ²¥¥ ¢¥·µÖÉ´µ£µ ¢·¥³¥´¨ ¤¥²¥´¨Ö;
ÉµÎ¥Î´ Ö ±·¨¢ Ö ¢¢¥·ÌÊ Å ¸·¥¤´¥¥ ¢·¥³Ö ¸¶Ê¸±  ¢
¤¨ËËÊ§¨µ´´µ° ³µ¤¥²¨ [3] ¸ ¶µ¢¥·Ì´µ¸É´Ò³ µ¤´µ-
É¥²Ó´Ò³ ³¥Ì ´¨§³µ³ ¢Ö§±µ¸É¨ ¸ ks = 0,27
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¸µ¸ÉµÖ´¨Õ, ¨ ¶·µÍ¥¸¸ ¤¥²¥´¨Ö, ¶µ ¸ÊÐ¥¸É¢Ê, ¸µ¸Éµ¨É ¨§ µ¤´µ£µ ¸¶Ê¸± , ¶µ-
¤µ¡´µ¥ ¸µ¶µ¸É ¢²¥´¨¥ ¤µ ´¥±µÉµ·µ° ¸É¥¶¥´¨ ¶· ¢µ³¥·´µ.

‚ ´¨¦´¥° Î ¸É¨ ·¨¸.31 ÏÉ·¨Ì¶Ê´±É¨·´Ò³¨ ¨ ÉµÎ¥Î´Ò³¨ ±·¨¢Ò³¨ ¶·¨-
¢¥¤¥´Ò · ¸Î¥ÉÒ · ¡µÉ [213] ¨ [3] ̧ µµÉ¢¥É¸É¢¥´´µ ¤²Ö ̧ ²ÊÎ ¥¢ ´¥¢Ö§±µ£µ Ö¤· 
(η = µ = 0) ¨ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¤¢ÊÌÉ¥²Ó´µ° ¢Ö§±µ¸É¨ ¸ η = µ = 0,02 ’¶.
‘¶²µÏ´µ° ±·¨¢µ° ¶µ± § ´Ò · ¸Î¥ÉÒ ¢ · ³± Ì ¤¨´ ³¨Î¥¸±µ° ³µ¤¥²¨ [213]
¤²Ö l = 0,   ÏÉ·¨Ìµ¢µ° Å µ´¨ ¦¥,  ¤ ¶É¨·µ¢ ´´Ò¥ ± l = 80h [37,75] ¤²Ö
µ¤´µÉ¥²Ó´µ£µ ®¸É¥´Ò ¸ µ±´µ³¯ ³¥Ì ´¨§³  ¤¨¸¸¨¶ Í¨¨. ’µÎ¥Î´ Ö ±·¨¢ Ö
¢¢¥·ÌÊ Å · ¸Î¥ÉÒ �¤¥¥¢  ¸ ¸µ ¢Éµ· ³¨ [3] ¶µ ¤¨ËËÊ§¨µ´´µ° ³µ¤¥²¨ ¢
¶·¥¤¶µ²µ¦¥´¨¨ µ¤´µÉ¥²Ó´µ£µ ®¶µ¢¥·Ì´µ¸É´µ£µ ¸ µ±´µ³¯ ³¥Ì ´¨§³  ¸
ks = 0,27. Š·Ê¶´Ò¥ Î¥·´Ò¥ ±·Ê¦±¨ Å · ¸Î¥ÉÒ ƒµ´Î ·  [59,75] ¸ ®¶·µ³¥¦Ê-

ÉµÎ´Ò³¯ ³¥Ì ´¨§³µ³ ¤¨¸¸¨¶ Í¨¨ (¸³.¶¥·¢Ò° · §¤¥²).

ˆÉ ±, ÎÉµ ³Ò ´ ¡²Õ¤ ¥³ ´  ·¨¸.31? � ¸Î¥ÉÒ [3,213] ¸ ¤¢ÊÌÉ¥²Ó´µ° ¢Ö§-
±µ¸ÉÓÕ ´¥ ¸¶µ¸µ¡´Ò, ¢ µÉ²¨Î¨¥ µÉ Œ��, ¢µ¸¶·µ¨§¢¥¸É¨ ®Ô±¸¶¥·¨³¥´É ²Ó-
´Ò¥¯ ¢·¥³¥´  ¤¥²¥´¨Ö. „¨´ ³¨Î¥¸± Ö ³µ¤¥²Ó [213] ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ µ¤´µ-
É¥²Ó´µ° ¢Ö§±µ¸É¨ ¤ ¥É ¶·µÉ¨¢µ¶µ²µ¦´ÊÕ ¶µ µÉ´µÏ¥´¨Õ ± Ô±¸¶¥·¨³¥´ÉÊ
É¥´¤¥´Í¨Õ § ¢¨¸¨³µ¸É¨ µÉ Ì Å ¢·¥³Ö ¸¶Ê¸±  ¢ [213] ¸ ÊÉÖ¦¥²¥´¨¥³ Ö¤¥·
· ¸É¥É ¢³¥¸É¥ ¸ ¶·µÉÖ¦¥´´µ¸ÉÓÕ ÔÉµ£µ ¸¶Ê¸± . Š ·É¨´ , ¡²¨§± Ö ± Ô±¸¶¥-
·¨³¥´É ²Ó´µ° ·¥ ²¨§Ê¥É¸Ö ¢ ¤¨ËËÊ§¨µ´´µ° ³µ¤¥²¨ [3] Å ¢ ´¥° ¤¥²ÖÐ Ö¸Ö
¸¨¸É¥³  ¶·µ¢µ¤¨É ¡µ²ÓÏÊÕ Î ¸ÉÓ ¢·¥³¥´¨ ¢¡²¨§¨ ¸¥¤² ,   ²¨ÏÓ § É¥³, ®· §-
£µ´ÖÖ¸Ó¯, ¤µ¸É¨£ ¥É ÉµÎ±¨ · §·Ò¢ . „²Ö ¸· ¢´¨É¥²Ó´µ ²¥£±µ£µ Ö¤·  x ~ 0,7
Ô´¥·£¥É¨Î¥¸±µ£µ ¶¥·¥¶ ¤  ³¥¦¤Ê ̧ ¥¤²µ³ ̈  ÉµÎ±µ° · §·Ò¢  ¶µÎÉ¨ ´¥É, ¨ Ö¤·µ
¤µ²£µ ®Ë²Ê±ÉÊ¨·Ê¥É¯ ¶µ ¶µÎÉ¨ ¶²µ¸±µ° ¶µÉ¥´Í¨ ²Ó´µ° ¶µ¢¥·Ì´µ¸É¨. ‚ ÔÉµ³
¸²ÊÎ ¥ ¢·¥³Ö ¸¶Ê¸±  ¡µ²ÓÏµ¥. „²Ö ÉÖ¦¥²ÒÌ Ö¤¥· (x = 0,8 − 0,9) Ô´¥·£¥É¨Î¥¸-
±¨° ¶¥·¥¶ ¤ ¸¥¤²µ Å · §·Ò¢ ¸É ´µ¢¨É¸Ö ¡µ²ÓÏ¨³, ¤¥²ÖÐ¥¥¸Ö Ö¤·µ Ë ±É¨-
Î¥¸±¨ ¸· §Ê ´ Î¨´ ¥É ®· §£µ´ÖÉÓ¸Ö¯ ´  ¸¶Ê¸±¥, ¨ ÔÉµ ¶·¨¢µ¤¨É ± ³¥´ÓÏ¨³
¢·¥³¥´ ³, ÎÉµ § Ë¨±¸¨·µ¢ ´µ ´  ·¨¸.31.

�µ¤Î¥·±´¥³, ÎÉµ ¤¨ËËÊ§¨µ´´ Ö ³µ¤¥²Ó [3] ́ ¥ ¶·¨¢²¥± ² ¸Ó ± µ¶¨¸ ´¨Õ
ν
__
pre, ¢·¥³¥´  ¸¶Ê¸±  ¢ ´¥° ¤²Ö µ¤´µÉ¥²Ó´µ° ¢Ö§±µ¸É¨ · ¸¸Î¨ÉÒ¢ ²¨¸Ó ¤²Ö

Œ�� µ¸±µ²±µ¢, ¨ ¸µ£² ¸¨¥ ®Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ¯ ¨ · ¸Î¥É´ÒÌ §´ Î¥´¨° ´ 
·¨¸.31, ´¥¸µ³´¥´´µ, £µ¢µ·¨É ¢ ¶µ²Ó§Ê µ¤´µÉ¥²Ó´µ£µ ³¥Ì ´¨§³  ¤¨¸¸¨¶ Í¨¨,
·¥ ²¨§ÊÕÐ¥£µ¸Ö ¢ Ö¤·¥.

�·¨ ®¶·µ³¥¦ÊÉµÎ´µ³¯ ¢ ·¨ ´É¥ ¢Ö§±µ¸É¨, ¶·¥¤²µ¦¥´´µ³ ”·¥¡·¨Ìµ³ ¨
ƒµ´Î ·µ³ [59,72Å75], É¥´¤¥´Í¨Ö ¶µ¢¥¤¥´¨Ö ´ ¨¡µ²¥¥ ¢¥·µÖÉ´µ£µ ¢·¥³¥´¨
¤¥²¥´¨Ö É ±¦¥ ¡²¨§±  ± Ô±¸¶¥·¨³¥´É ²Ó´µ°.

�¤´ ±µ ´¥ ¸Éµ¨É µ¡µ²ÓÐ ÉÓ¸Ö ±µ²¨Î¥¸É¢¥´´Ò³ ¸µ¢¶ ¤¥´¨¥³ ®Ô±¸¶¥·¨-
³¥´É ²Ó´ÒÌ¯ ¢·¥³¥´ ¸ É¥µ·¥É¨Î¥¸±¨³¨, É ± ± ± ¸ ³¨ ®Ô±¸¶¥·¨³¥´É ²Ó´Ò¥¯
¢·¥³¥´  ¤¥²¥´¨Ö ³µ¤¥²Ó´µ-§ ¢¨¸¨³Ò. ‚ ´¥¤ ¢´¥° · ¡µÉ¥ [238] ¡Ò² ¸¤¥² ´
¶µ¢Éµ·´Ò°  ´ ²¨§ ÔÉ¨Ì ¢·¥³¥´, ¨§¢²¥± ¥³ÒÌ ¨§ ¤ ´´ÒÌ µ ν

__
pre ¨§ Éµ° ¦¥

· ¡µÉÒ [55], ´µ ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ´µ¢µ° ¢·¥³Ö§ ¢¨¸ÖÐ¥° ±µ³¡¨´¨·µ¢ ´-
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´µ° ¸É É¨¸É¨Î¥¸±µ° ³µ¤¥²¨ ¸ ÊÎ¥Éµ³ ¤¨´ -
³¨±¨ ¸²¨Ö´¨Ö ¶µ ”¥²Ó¤³ ¥·Ê [139]. �µ¢Ò¥
§´ Î¥´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¢·¥³¥´ ¸²¨Ö-
´¨ÖÅ¤¥²¥´¨Ö µ± § ²¨¸Ó ´  ¶µ·Ö¤µ± ¡µ²Ó-
Ï¥, Î¥³ ¶µ± § ´µ ´  ·¨¸.31, ¨ ¸µ¸É ¢¨²¨ ¢

¸·¥¤´¥³ 2 − 5 ⋅ 10−19 ¸, ´µ É¥´¤¥´Í¨Ö Ê³¥´Ó-
Ï¥´¨Ö ¢·¥³¥´¨ ¸ Ê¢¥²¨Î¥´¨¥³ Ì µ¸É ² ¸Ó.

…Ð¥ µ¤´¨³, ´  ´ Ï ¢§£²Ö¤, ¶µ¤É¢¥·¦-
¤¥´¨¥³ (ÌµÉÖ ¨ ±µ¸¢¥´´Ò³), µÉ´µ¸¨É¥²Ó´µ
Ì · ±É¥·  ¤¨¸¸¨¶ Í¨¨ ¢ Ö¤·¥ Ö¢²ÖÕÉ¸Ö

¸¢µ°¸É¢  ´¨§±µÔ´¥·£¥É¨Î¥¸±µ£µ, ¤µ¸É ÉµÎ´µ ¤ ²¥±µ£µ µÉ ´ Ï¥£µ ¸²ÊÎ Ö, ¤¥-
²¥´¨Ö. •µ·µÏµ ¨§¢¥¸É¥´ Ë ±É, ÎÉµ ¶·¨ ¤¥²¥´¨¨ Ö¤¥·- ±É¨´µ¨¤µ¢ É¥¶²µ¢Ò³¨
´¥°É·µ´ ³¨ ¶·µÉµ´´Ò° Î¥É´µ-´¥Î¥É´Ò° ÔËË¥±É ¢ ¢ÒÌµ¤ Ì µ¸±µ²±µ¢ Ê³¥´Ó-
Ï ¥É¸Ö ¸ ÊÉÖ¦¥²¥´¨¥³ Ö¤¥· [236,239,240], ÎÉµ ¨´É¥·¶·¥É¨·Ê¥É¸Ö ¢ ÔÉ¨Ì
· ¡µÉ Ì ± ± ¶·µÖ¢²¥´¨¥ ¢Ö§±¨Ì ¸¢µ°¸É¢ Ö¤¥·´µ° ³ É¥·¨¨ ´  ¸¶Ê¸±¥. —¥³
ÉÖ¦¥²¥¥ Ö¤·µ, É¥³, ¸µµÉ¢¥É¸É¢¥´´µ, ¸¶Ê¸± ¤²¨´´¥¥ (¶µ ¤¥Ëµ·³ Í¨¨, ´µ, ¢µ§-
³µ¦´µ, ´¥ ¶µ ¢·¥³¥´¨), ¨ ¥¸É¥¸É¢¥´´µ µ¦¨¤ ÉÓ, ÎÉµ Ô´¥·£¨Ö, ¤¨¸¸¨¶¨·µ¢ ¢-
Ï Ö ̈ § ±µ²²¥±É¨¢´ÒÌ ̧ É¥¶¥´¥° ̧ ¢µ¡µ¤Ò ¢ µ¤´µÎ ¸É¨Î´Ò¥, ¡µ²ÓÏ¥. �·¨ ÔÉµ³
¨§-§  ´ £·¥¢  Ö¤·  ¶·µ¨¸Ìµ¤¨É · §·Ò¢ ¶·µÉµ´´ÒÌ ¶ ·. �·¨³¥´ÖÖ ´¥±µÉµ·Ò¥
É¥µ·¥É¨Î¥¸±¨¥ ¶·¥¤¸É ¢²¥´¨Ö µ¡ Ô´¥·£¥É¨±¥ ÔÉµ£µ · §·Ò¢  [236,239,240], ¨§
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ µ Î¥É´µ-´¥Î¥É´ÒÌ ÔËË¥±É Ì ¢ ¢ÒÌµ¤ Ì µ¸±µ²-
±µ¢ ³µ¦´µ ´ °É¨ Ô´¥·£¨Õ, ±µÉµ· Ö ÊÏ²  ´  · §·Ò¢ É ±¨Ì ¶ ·, É.¥. Ô´¥·£¨Õ
¤¨¸¸¨¶ Í¨¨ Ediss. �  ·¨¸.32 ¨§ · ¡µÉÒ [240] ¶·¨¢¥¤¥´  § ¢¨¸¨³µ¸ÉÓ Ediss µÉ

¶ · ³¥É·  Z 2 6 A. �Ê´±É¨·´ Ö ²¨´¨Ö Å µ¶¨¸ ´¨¥ ¤ ´´ÒÌ ¶µ ³¥Éµ¤Ê

´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éµ¢. �·¨ ÔÉµ³ Ediss = 0 ¤²Ö Z 2 6 A = 33,5. ’¥¶¥·Ó ¢¥·´¥³-

¸Ö ± ·¨¸.30, ± ¦¥¸É±µ¸É¨ d 2V6 dη2. Š ± Ê¦¥ £µ¢µ·¨²µ¸Ó, ³ ±¸¨³Ê³ ±·¨¢µ°

¦¥¸É±µ¸É¨ ́  Ìµ¤¨É¸Ö ¶·¨ Z 26 A ≈ 34,   ¶µ¢µ·µÉ ±·¨¢µ° µÉ ³µ´µÉµ´´µ£µ ·µ¸-

É , Ì · ±É¥·´µ£µ ¤²Ö ²¥£±¨Ì Ö¤¥·, ¶·¨Ìµ¤¨É¸Ö ± ± · § ́   Z 2 6 A ≈ 33,5,   ¢¥¤Ó
¨³¥´´µ ÔÉµ ³¥¸Éµ ³µ¦´µ ¨´É¥·¶·¥É¨·µ¢ ÉÓ ± ± ´ Î ²µ ¶µÖ¢²¥´¨Ö ¸¶Ê¸±  ¸
¢¥·Ï¨´Ò ¡ ·Ó¥· , É.±. ¤²Ö ÉµÎ±¨ · §·Ò¢  ¦¥¸É±µ¸ÉÓ ¶µ¸ÉµÖ´´µ · ¸É¥É.

’ ±¨³ µ¡· §µ³, ¸¢Ö§Ó, ± § ²µ¸Ó ¡Ò, · §´µ·µ¤´ÒÌ ¤ ´´ÒÌ ¤²Ö ¸¢µ°¸É¢
´¨§±µÔ´¥·£¥É¨Î¥¸±µ£µ ¤¥²¥´¨Ö ¨ ¢µ§¡Ê¦¤¥´´ÒÌ Ö¤¥· µÎ¥¢¨¤´  ¨ ÔÉµ, ¶µ-
¢¨¤¨³µ³Ê,  ·£Ê³¥´É ¢ ¶µ²Ó§Ê Éµ£µ, ÎÉµ ¢ Éµ³ ¨ ¤·Ê£µ³ ¸²ÊÎ ¥ ·¥ ²¨§Ê¥É¸Ö

�¨¸.32. ‡ ¢¨¸¨³µ¸ÉÓ Ô´¥·£¨¨ ¤¨¸¸¨¶ Í¨¨ Ediss µÉ

Z 26 A, ¨§¢²¥Î¥´´µ° ¨§ ¤ ´´ÒÌ µ Î¥É´µ-´¥Î¥É´µ³
ÔËË¥±É¥ ¶·¨ ´¨§±µÔ´¥·£¥É¨Î¥¸±µ³ ¤¥²¥´¨¨  ±É¨-
´µ¨¤µ¢ [240]. ˜É·¨Ìµ¢ Ö ¶·Ö³ Ö Å µ¶¨¸ ´¨¥
¤ ´´ÒÌ ¶µ ³¥Éµ¤Ê ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éµ¢
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µ¤¨´ ¨ ÉµÉ ¦¥ ³¥Ì ´¨§³ ¤¨¸¸¨¶ Í¨¨ Å µ¤´µÉ¥²Ó´Ò°, É ± ± ± ¤²Ö ¤¥²¥´¨Ö
É¥¶²µ¢Ò³¨ ´¥°É·µ´ ³¨, ¸Ê£Ê¡µ µ¡µ²µÎ¥Î´µ£µ ¶·µÍ¥¸¸  ¶·¨´Í¨¶ � Ê²¨ ´ -
±² ¤Ò¢ ¥É ¥Ð¥ ¡µ²¥¥ ¦¥¸É±¨¥ Ê¸²µ¢¨Ö ´  ¤¢ÊÌÉ¥²Ó´Ò¥ ¸Éµ²±´µ¢¥´¨Ö ´Ê±²µ-
´µ¢, Î¥³ ¶·¨ ¢Ò¸µ±¨Ì ¢µ§¡Ê¦¤¥´¨ÖÌ.

‘ÊÐ¥¸É¢Ê¥É  ²ÓÉ¥·´ É¨¢´ Ö · ¡µÉ ³ �¤¥¥¢  ¨ ¤·. [3] ÉµÎ±  §·¥´¨Ö ´ 
Ëµ·³¨·µ¢ ´¨¥ Œ�. �·µ§  ¸ ¸µ ¢Éµ· ³¨ [235,241] · §· ¡µÉ ²¨ ³µ¤¥²Ó ¤¥-
²¥´¨Ö, µ¡ÑÖ¸´ÖÕÐÊÕ ¡µ²ÓÏÊÕ ¤¨¸¶¥·¸¨Õ Œ� ¸²ÊÎ °´Ò³ Ë²Ê±ÉÊ Í¨µ´´Ò³
· §·Ò¢µ³ Ï¥°±¨ (¶µ¤µ¡´ Ö ¢µ§³µ¦´µ¸ÉÓ · ¸¸³ É·¨¢ ² ¸Ó ¨ ¢ · ¡µÉ¥ [5]) ¨
¢µµ¡Ð¥ ´¥ ÊÎ¨ÉÒ¢ ÕÐÊÕ ¢Ö§±¨¥ ¸¢µ°¸É¢  Ö¤¥·´µ£µ ¢¥Ð¥¸É¢ . �¤´ ±µ ¢Ò-
¡· ´´ Ö ¢ · ¡µÉ Ì [235,241] ¶ · ³¥É·¨§ Í¨Ö ¤¥²ÖÐ¥£µ¸Ö Ö¤·  ¸ Éµ²¸Éµ°
¶·µÉÖ¦¥´´µ° Í¨²¨´¤·¨Î¥¸±µ° Ï¥°±µ°, ¶µ-¢¨¤¨³µ³Ê, ¤µ¸É ÉµÎ´µ ¨¸±Ê¸¸É-
¢¥´´ . ‚ ¸²ÊÎ ¥ ¦¥ ¸ Ë¨§¨Î¥¸±¨ ¡µ²¥¥ ·¥ ²Ó´µ° Ï¥°±µ°, ± ±, ´ ¶·¨³¥·, ¢
· ¡µÉ Ì [3,11Å16,205Å215,232], ¢±² ¤ ¢ ´ ¡²Õ¤ ¥³ÊÕ ¤¨¸¶¥·¸¨Õ µÉ Ë²Ê±-
ÉÊ Í¨° ³¥¸É  · §·Ò¢  ¸µ¸É ¢²Ö¥É ´¥ ¡µ²¥¥ 5Å10% [3].

’¥¶¥·Ó · ¸¸³µÉ·¨³ ¸¢µ°¸É¢  ¤¨¸¶¥·¸¨° Œ� ¢ § ¢¨¸¨³µ¸É¨ µÉ É¥³¶¥· -

ÉÊ·Ò θi
 j, Ê£²µ¢µ£µ ³µ³¥´É  l ¨ ´Ê±²µ´´µ£µ ¸µ¸É ¢ .

�  ·¨¸.33 ¶µ± § ´µ ¶µ¢¥¤¥´¨¥ σM
 2 ¶·¨ θi

 j = 1,5 ŒÔ‚ ¢ § ¢¨¸¨³µ¸É¨ µÉ

¶ · ³¥É·  ¤¥²¨³µ¸É¨ Ì ¶·¨ l = 0 ¨ l = 50h, §´ Î¥´¨Ö σM
 2 ¶·¨ l = 0 ´  ·¨¸.33

¡Ò²¨ ¶µ²ÊÎ¥´Ò ¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ Ê¸·¥¤´¥´´ÒÌ ±·¨¢ÒÌ ¦¥¸É±µ¸É¨ ´ 
·¨¸.30,  ̈  ¢Ò· ¦¥´¨Ö (33). „¨¸¶¥·¸¨Ö ¤²Ö l = 50h µ¶·¥¤¥²Ö² ¸Ó ¶·¨ ¶µ³µÐ¨

�¨¸.33. ‡ ¢¨¸¨³µ¸ÉÓ σM
 2 µÉ x ¤²Ö  θ

i
 j = 1,5 ŒÔ‚ ¶·¨ l = 0 ¨ l = 50h. Š·Ê¦±¨ (¸¢¥É²Ò¥

¨ Î¥·´Ò¥) Å ¤ ´´Ò¥ ¤²Ö ²¥£±¨Ì Ö¤¥· [22], ±¢ ¤· ÉÒ Å ·¥§Ê²ÓÉ ÉÒ [70] ¤²Ö ÉÖ¦¥²ÒÌ
Ö¤¥·
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±µÔËË¨Í¨¥´Éµ¢ dσM
 2 6 dl

_
 2 (·¨¸.16 ¨ 18) ¤²Ö ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì §´ Î¥´¨° É¥³-

¶¥· ÉÊ· θi
 j. �  ·¨¸.33 ±·Ê¦± ³¨ ¶µ± § ´Ò ¤ ´´Ò¥ ¤²Ö ²¥£±¨Ì Ö¤¥· [22],

±¢ ¤· É ³¨ Å ¤ ´´Ò¥ ¤²Ö ÉÖ¦¥²ÒÌ Ö¤¥· [70]. �  ·¨¸.33,¡ ¨ 33,¢ ¤ ´´Ò¥

´ Î¨´ ÕÉ¸Ö ¸ x = 0,6, É ± ± ± ¤²Ö ¡µ²¥¥ ²¥£±¨Ì Ö¤¥· § ¢¨¸¨³µ¸ÉÓ σM
 2(θi

 j , l
_
 2)

É  ¦¥, ÎÉµ ¨ ´  ·¨¸.33, . �¨¸Ê´µ± 33, ´ ¤¥¥³¸Ö, ¢ ¤·Ê£¨Ì ±µ³¥´É ·¨ÖÌ ´¥
´Ê¦¤ ¥É¸Ö.

4.3. ‘¢µ°¸É¢  ±¢ §¨¤¥²¥´¨Ö. ‚ÒÏ¥, · ¸¸³ É·¨¢ Ö ¸¢µ°¸É¢  ³ ¸¸µ¢ÒÌ
· ¸¶·¥¤¥²¥´¨° µ¸±µ²±µ¢, ³Ò µ£· ´¨Î¨²¨¸Ó ·¥ ±Í¨Ö³¨ ¸ ¨µ´ ³¨ (¨²¨ ³¨Ï¥-
´Ö³¨ ¢ ·¥ ±Í¨ÖÌ ¸ ¨´¢¥·¸´µ° ±¨´¥³ É¨±µ°) Ai < 27. ‚ ¶·µÍ¥¸¸¥ ¢§ ¨³µ-

¤¥°¸É¢¨Ö  Ö¤¥·  ¸  É ±¨³¨  ¨µ´ ³¨  ¶·µ¨¸Ìµ¤¨É  ¨Ì  ¶µ²´µ¥  ¸²¨Ö´¨¥  ¸
¶µ¸²¥¤ÊÕÐ¨³  ®¨¸É¨´´Ò³¯  ¤¥²¥´¨¥³,  ¸¢µ°¸É¢   ±µÉµ·µ£µ ³Ò ¨¸¸²¥¤µ¢ ²¨
¤µ ¸¨Ì ¶µ·.

’¥¶¥·Ó  · ¸¸³µÉ·¨³  µ¸´µ¢´Ò¥  Î¥·ÉÒ  ¨  § ±µ´µ³¥·´µ¸É¨  ·¥ ±Í¨°  ¸
¨µ´ ³¨ Ai > 27, ±µÉµ·Ò¥ Î ¸Éµ ¶·¨¢µ¤ÖÉ ± ¶·µÍ¥¸¸Ê, ´ §Ò¢ ¥³µ³Ê ±¢ §¨-

¤¥²¥´¨¥³.
’¥µ·¥É¨Î¥¸±¨¥ ¶µ¤Ìµ¤Ò ± µ¶¨¸ ´¨Õ ¶·µÍ¥¸¸  ̧ ²¨Ö´¨Ö ̈  ±¢ §¨¤¥²¥´¨Ö ¢

·¥ ±Í¨ÖÌ ¸ ³ ¸¸¨¢´Ò³¨ ¨µ´ ³¨ ´ ¨¡µ²¥¥ · §· ¡µÉ ´Ò ‘¢ÖÉ¥Í±¨³ ¸ ±µ²²¥-
£ ³¨ [233] ¨ ”¥²Ó¤³ ¥·µ³ [139] ¢ · ³± Ì ¤¨´ ³¨Î¥¸±¨Ì ³µ¤¥²¥° ¸ µ¤´µ-
É¥²Ó´Ò³ ³¥Ì ´¨§³µ³ ¤¨¸¸¨¶ Í¨¨.

‘Ì¥³ É¨Î¥¸± Ö ¨²²Õ¸É· Í¨Ö ¶·µÍ¥¸¸  ¢§ ¨³µ¤¥°¸É¢¨Ö ³ ¸¸¨¢´µ£µ ¨µ´ 
¸ Ö¤·µ³ ¶µ± § ´  ´  ·¨¸.34 [242]. �·¨ ¸Éµ²±´µ¢¥´¨¨ É ±µ£µ ¨µ´  ¸ Ö¤·µ³
³¨Ï¥´¨ ¢ § ¢¨¸¨³µ¸É¨ µÉ ¶·¨Í¥²Ó´µ£µ ¶ · ³¥É·  ³µ¦¥É ¶·µ¨§µ°É¨: ̈ Ì ¶µ²-
´µ¥ ¸²¨Ö´¨¥ ¸ µ¡· §µ¢ ´¨¥³ ±² ¸¸¨Î¥¸±µ£µ ¸µ¸É ¢´µ£µ Ö¤· , ±µÉµ·µ¥ § É¥³
³µ¦¥É · §¤¥²¨ÉÓ¸Ö µ¡ÒÎ´Ò³ µ¡· §µ³; £²Ê¡µ±µ´¥Ê¶·Ê£µ¥ · ¸¸¥Ö´¨¥; ¶·µ³¥-
¦ÊÉµÎ´Ò° ̧ ²ÊÎ ° Å ±¢ §¨¤¥²¥´¨¥, ±µ£¤  ́   ± ±µ¥-Éµ ¢·¥³Ö ̧ É ²±¨¢ ÕÐ¨¥¸Ö
Ö¤·  µ¡· §ÊÕÉ ¤¢µ°´ÊÕ Ö¤¥·´ÊÕ ¸¨¸É¥³Ê ¸ Ï¥°±µ°, ¶·¨ ÔÉµ³ ´ Î¨´ ¥É¸Ö
µ¡³¥´ ´Ê±²µ´ ³¨ ¨ ¶¥·¥· ¸¶·¥¤¥²¥´¨¥ ³ ¸¸, § É¥³ Ï¥°±  ³µ¦¥É ¨¸Î¥§´ÊÉÓ
¢µ¢¸¥, ´µ ¸¨¸É¥³  ´¥ ¤µ¸É¨£ ¥É ¤¥Ëµ·³ Í¨°, Ì · ±É¥·´ÒÌ ¤²Ö ¤¥²¨É¥²Ó´µ£µ
¡ ·Ó¥· , ¨ É¥³ ¡µ²¥¥ µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö, ¶µ²´ Ö ·¥² ±¸ Í¨Ö ³ ¸¸- ¸¨³-
³¥É·¨Î´µ° ±µµ·¤¨´ ÉÒ ´¥ ´ ¸ÉÊ¶ ¥É ¨, ¶µ-¸ÊÐ¥¸É¢Ê, ¶·µ¨¸Ìµ¤¨É ± ± ¡Ò
¶µ¸²¥¤´ÖÖ ¸É ¤¨Ö ¤¥²¥´¨Ö Å ¸¶Ê¸± ¨, ¶µ-¢¨¤¨³µ³Ê, Î ¸Éµ ´¥ ¶µ ¶µ²´µ°
É· ¥±Éµ·¨¨.

ˆ§ ÔÉµ° ¸Ì¥³Ò Ö¸´µ, ÎÉµ ¶·µÍ¥¸¸ ±¢ §¨¤¥²¥´¨Ö ¶·µÉ¥± ¥É ¶µ ¢·¥³¥´¨
¡Ò¸É·¥¥ ®¨¸É¨´´µ£µ¯ ¤¥²¥´¨Ö, ¨ ®Ö¤¥·´Ò¥ Î ¸Ò¯ Å ³´µ¦¥¸É¢¥´´µ¸ÉÓ ν

__
pre

Å ¤²Ö É ±¨Ì ·¥ ±Í¨° Ö¸´µ Ê± §Ò¢ ¥É ´  ÔÉµÉ Ë ±É [55] (·¨¸.31, ·¥ ±Í¨Ö ¸

¨µ´ ³¨ 64Ni).
‚ Ô±¸¶¥·¨³¥´É¥, ¥¸É¥¸É¢¥´´µ, ´ ¡²Õ¤ ¥É¸Ö ¸Ê¶¥·¶µ§¨Í¨Ö ¢¸¥Ì ¢µ§³µ¦-

´ÒÌ ± ´ ²µ¢ · ¸¶ ¤  Ö¤· . ‚±² ¤ ± ¦¤µ° ±µ³¶µ´¥´ÉÒ § ¢¨¸¨É µÉ ±µ´±·¥É-
´µ° ¨§ÊÎ ¥³µ° ·¥ ±Í¨¨: ³ ¸¸Ò, § ·Ö¤  ¨µ´  ¨ ³¨Ï¥´¨, Ô´¥·£¨¨ ´ ²¥É ÕÐ¥-
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£µ ¨µ´ , Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¸¨¸É¥³Ò, Ê£²  ·¥£¨¸É· Í¨¨ ¶·µ¤Ê±Éµ¢ ¨ É.¤.,
¨ Î ¸Éµ ¢Ò¤¥²¥´¨¥ µ¤´µ£µ ± ´ ²  ·¥ ±Í¨¨ ´  Ëµ´¥ ¤·Ê£¨Ì, ´ ¶·¨³¥·, ®¨¸-
É¨´´µ£µ¯ ¤¥²¥´¨Ö ¨ ±¢ §¨¤¥²¥´¨Ö, ¢Ò§Ò¢ ¥É §´ Î¨É¥²Ó´Ò¥ É·Ê¤´µ¸É¨.

‘¢µ°¸É¢  ±¢ §¨¤¥²¨É¥²Ó´ÒÌ ·¥ ±Í¨° ´ ¨¡µ²¥¥ ¶µ²´µ ¨ ¶µ¤·µ¡´µ ¨§Ê-
Î ²¨¸Ó ¢ · ¡µÉ Ì [89,96,138], £¤¥ ¢ ¨´¢¥·¸´µ° ±¨´¥³ É¨±¥ ̧  ̈ ¸¶µ²Ó§µ¢ ´¨¥³

¶ÊÎ±µ¢ ¨µ´µ¢ 208Pb [138] ¨ 238U [89,96], ³¨Ï¥´¥° µÉ 16O ¤µ 89Y ¨¸¸²¥¤µ-
¢ ²¨¸Ó ̧ ¥Î¥´¨Ö ¸²¨Ö´¨Ö Å ¤¥²¥´¨Ö Å ±¢ §¨¤¥²¥´¨Ö, Ê£²µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö
µ¸±µ²±µ¢, Œ�� µ¸±µ²±µ¢ ¨ ¨Ì ±µ··¥²ÖÍ¨¨: ³ ¸¸ ÅÔ´¥·£¨Ö, ³ ¸¸ ÅÊ£µ².

�  ·¨¸.35 ¢ ± Î¥¸É¢¥ Ì · ±É¥·´µ£µ ¶·¨³¥·  ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ̈ §³¥-
·¥´¨° [96], µÉ· ¦ ÕÐ¨¥ µ¸´µ¢´Ò¥ ¸¢µ°¸É¢  ¤¥²¥´¨Ö ¨ ±¢ §¨¤¥²¥´¨Ö ¢ ·¥ ±-

Í¨ÖÌ 238U + 16O, 27Al, 48Ca ¶·¨ Ô´¥·£¨¨ ¶ÊÎ±  ¨µ´µ¢ Ê· ´  6 ŒÔ‚/´Ê±²µ´.
�  ·¨¸.35 ¶µ± § ´Ò: ¸²¥¢  Å ¤¢Ê³¥·´Ò¥ ³ É·¨ÍÒ · ¸¶·¥¤¥²¥´¨Ö µ¸±µ²±µ¢
(Ek , M) Å ¶µ²´ Ö ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö Å ³ ¸¸ ; ¶µ¸·¥¤¨´¥ Å ¤¢Ê³¥·´Ò¥

³ É·¨ÍÒ ³ ¸¸ ÅÊ£µ² ¢ c.Í.³.; ¸¶· ¢  Å · ¸¶·¥¤¥²¥´¨Ö ³ ¸¸ (¢ÒÌµ¤Ò) ¶·µ-
¤Ê±Éµ¢ ·¥ ±Í¨°, ¸Ê³³¨·µ¢ ´´Ò¥ ¶µ ¢¸¥³ Ê£² ³.

�¥ ±Í¨Ö 238U + 16O ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¶·¨³¥· ®¨¸É¨´´µ£µ¯ ¤¥²¥´¨Ö Å
³ É·¨Í  µ¸±µ²±µ¢ (Ek , M) ¨³¥¥É ±² ¸¸¨Î¥¸±ÊÕ É·¥Ê£µ²Ó´ÊÕ Ëµ·³Ê [3,137],

  ¸ ³µ · ¸¶·¥¤¥²¥´¨¥ ³ ¸¸ ́ ¥ § ¢¨¸¨É µÉ Ê£²  ̈ , ̧ µµÉ¢¥É¸É¢¥´´µ, ¢ÒÌµ¤Ò ¤²Ö
Ê£²µ¢ ¢¶¥·¥¤-´ § ¤ µ¤´¨ ¨ É¥ ¦¥ (ÏÉ·¨Ì¶Ê´±É¨· ´  ¶· ¢µ³ ·¨¸Ê´±¥).

�¥ ±Í¨Ö 238U + 27Al ¡²¨§±  ¶µ ¸¢µ°¸É¢ ³ ± ¶¥·¢µ°, ´µ ¢ ±µ··¥²ÖÍ¨¨
³ ¸¸ ÅÊ£µ² Î¥É±µ ¢¨¤¥´ ¶µ¢µ·µÉ ³ É·¨ÍÒ ¤²Ö ¸ ³ÒÌ ²¥£±¨Ì ¨ ¸ ³ÒÌ ÉÖ¦¥-

�¨¸.34. ‘Ì¥³ É¨Î¥¸±µ¥ ¨§µ¡· ¦¥´¨¥ É· ¥±Éµ·¨° ¢§ ¨³µ¤¥°¸É¢¨Ö
³ ¸¸¨¢´µ£µ ¨µ´  ¸ Ö¤·µ³ ³¨Ï¥´¨, ¶·¨¢µ¤ÖÐ¥£µ ± ®¨¸É¨´´µ³Ê¯
¤¥²¥´¨Õ, ±¢ §¨¤¥²¥´¨Õ, £²Ê¡µ±µ´¥Ê¶·Ê£µ³Ê · ¸¸¥Ö´¨Õ [242]
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�¨¸.35. �¸´µ¢´Ò¥ ¸¢µ°¸É¢  µ¸±µ²±µ¢ ¤¥²¥´¨Ö ¨²¨ µ¸±µ²µÎ´µ¶µ¤µ¡´ÒÌ ¶·µ¤Ê±Éµ¢ ¢ ·¥ ±Í¨ÖÌ
238U+16Ca, 27Al, 48Ca ¶·¨ Ô´¥·£¨¨ ¨µ´µ¢ Ê· ´  6 ŒÔ‚/´Ê±²µ´ [96]: ¸²¥¢  Å ¤¢Ê³¥·´Ò¥ ³ É·¨ÍÒ
³ ¸¸ ÅÔ´¥·£¨Ö ¶·µ¤Ê±Éµ¢ ·¥ ±Í¨°; ¶µ¸·¥¤¨´¥ Å ¤¢Ê³¥·´Ò¥ ³ É·¨ÍÒ ±µ··¥²ÖÍ¨° ³ ¸¸ ÅÊ£µ² ¢ ¸.Í.³.;
¸¶· ¢  Å ¢ÒÌµ¤Ò ¶·µ¤Ê±Éµ¢ ·¥ ±Í¨°. ˜É·¨Ì¶Ê´±É¨· Å · ¸¶·¥¤¥²¥´¨¥ ¶·µ¤Ê±Éµ¢ ¢¶¥·¥¤Å´ § ¤,
¸µ£² ¸´µ ¸·¥¤´¨³ ·¨¸Ê´± ³
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²ÒÌ µ¸±µ²±µ¢, µÉ· ¦ ÕÐ¨° ´¥· ¢´µ¢¥¸´Ò° Ì · ±É¥· ¶·µÍ¥¸¸  ¤²Ö ´¨Ì. �Éµ
¸± §Ò¢ ¥É¸Ö ¨ ´  Ï¨·¨´¥ ¢ÒÌµ¤µ¢ ³ ¸¸ (¶· ¢Ò° ·¨¸Ê´µ±), µ´  Ê¢¥²¨Î¨¢ ¥É-
¸Ö, É ± ± ± · ¸¶·¥¤¥²¥´¨Ö ¤²Ö ¶¥·¥¤´¨Ì ¨ § ¤´¨Ì Ê£²µ¢ Ê¦¥ ´¥ ¸µ¢¶ ¤ ÕÉ
¤·Ê£ ¸ ¤·Ê£µ³ (ÏÉ·¨Ì¶Ê´±É¨·´Ò¥ ±·¨¢Ò¥). �µ ¸²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ¨§³¥-
·¥´´Ò¥ ¢ÒÌµ¤Ò ³ ¸¸ ¢ ¶µ¤µ¡´ÒÌ ·¥ ±Í¨ÖÌ ¤²Ö Ê£²  θÍ.³. ~ 90Æ,   ¨³¥´´µ

¢¡²¨§¨ ÔÉµ£µ Ê£²  ¢µ ³´µ£¨Ì Ô±¸¶¥·¨³¥´É Ì µ¡ÒÎ´µ Ê¸É ´ ¢²¨¢ ²¨¸Ó ¤¥É¥±-
Éµ·Ò µ¸±µ²±µ¢, ¶· ±É¨Î¥¸±¨ ´¥ ¡Ê¤¥É µÉ²¨Î ÉÓ¸Ö ¸¢µ¥° Ï¨·¨´µ° µÉ ´µ·-
³ ²Ó´µ£µ ¤¥²¥´¨Ö. ‚ ÔÉµ³ ¸²ÊÎ ¥ ±¢ §¨¤¥²¨É¥²Ó´Ò° ¶·µÍ¥¸¸ ³µ¦´µ ¨¤¥´É¨-
Ë¨Í¨·µ¢ ÉÓ Éµ²Ó±µ ¶µ Ê£²µ¢Ò³ · ¸¶·¥¤¥²¥´¨Ö³ µ¸±µ²±µ¢ [228],  ´¨§µÉ·µ-
¶¨Ö ±µÉµ·ÒÌ µ± §Ò¢ ¥É¸Ö ¡µ²ÓÏ¥, Î¥³ ¤²Ö ®¨¸É¨´´µ£µ¯ ¤¥²¥´¨Ö [89].

�¥ ±Í¨Ö 238U + 48Ca ¶µ± §Ò¢ ¥É, ÎÉµ ¢±² ¤ ±¢ §¨¤¥²¥´¨Ö ¢ ´¥° Ö¢²Ö¥É¸Ö
¶µ¤ ¢²ÖÕÐ¨³ ¸ ·¥§±µ ¢Ò· ¦¥´´µ°  ¸¨³³¥É·¨¥° ¢¶¥·¥¤-´ § ¤ µ¸±µ²µÎ´µ¶µ-
¤µ¡´ÒÌ ¶·µ¤Ê±Éµ¢, ¨ Ëµ·³  · ¸¶·¥¤¥²¥´¨Ö ¨Ì ÌµÉÖ ¨ ´ ¶µ³¨´ ¥É £ Ê¸¸¨ ´
¸ ¡µ²ÓÏ¥° ¤¨¸¶¥·¸¨¥°, ´µ ¸Ëµ·³¨·µ¢ ´µ µ´µ, ± ± ¢¨¤´µ ´  ·¨¸.35 ¸¶· ¢ 
(ÏÉ·¨Ì¶Ê´±É¨·), ¨§ ´¥· ¢´µ¢¥¸´ÒÌ µ¸±µ²µÎ´µ¶µ¤µ¡´ÒÌ ¶·µ¤Ê±Éµ¢.

�·¨§´ ±¨ ±¢ §¨¤¥²¥´¨Ö ¡Ò²¨ Î¥É±µ ¸Ëµ·³Ê²¨·µ¢ ´Ò ¢ · ¡µÉ¥ [89]:
  ) ¡µ²ÓÏ Ö Ï¨·¨´  · ¸¶·¥¤¥²¥´¨° ³ ¸¸, ´¥ ¸µ¢³¥¸É¨³ Ö ¸ ¤¥²¥´¨¥³

±µ³¶ Ê´¤-Ö¤· ;
¡)  ¸¨³³¥É·¨Ö ¢ ±µ··¥²ÖÍ¨ÖÌ ³ ¸¸ ÅÊ£µ² µ¸±µ²±µ¢;
¢) ¡µ²ÓÏ Ö Ê£²µ¢ Ö  ´¨§µÉ·µ¶¨Ö µ¸±µ²±µ¢, ±µÉµ· Ö ´¥ ³µ¦¥É ¡ÒÉÓ

µ¡ÑÖ¸´¥´  ¤¥²¥´¨¥³ ±µ³¶ Ê´¤-Ö¤· .
‚ ¡µ²ÓÏµ³ Î¨¸²¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¡µÉ [5,55,67,68,107, 108,178Å

181,183,186,198] ¢ ·¥ ±Í¨ÖÌ ¸ ³ ¸¸¨¢´Ò³¨ ¨µ´ ³¨ É ±¨Ì ¶µ¤·µ¡´ÒÌ Ì · ±-
É¥·¨¸É¨± ¶·µÍ¥¸¸  ¤¥²¥´¨Ö ¨ ±¢ §¨¤¥²¥´¨Ö, ± ± ¢ [89,96,138], ¶µ²ÊÎ¥´µ ´¥

¡Ò²µ, Î ¸Éµ ¶·µ¢µ¤ÖÉ¸Ö Éµ²Ó±µ ¤¨¸¶¥·¸¨¨ σM
 2 ̈ ²¨ FWHM Å ¶µ²´ Ö Ï¨·¨´ 

´  ¶µ²µ¢¨´¥ ¢Ò¸µÉÒ Œ�, ¨§ ±µÉµ·ÒÌ É·Ê¤´µ,   § Î ¸ÉÊÕ ¨ ´¥¢µ§³µ¦´µ
¶µ´ÖÉÓ, ´¥ ¨³¥Ö ¸¢¥¤¥´¨° ¶µ ¢¸¥³ ¢ÒÏ¥¶¥·¥Î¨¸²¥´´Ò³ ¶Ê´±É ³, ± ±¨³
¨³¥´´µ ³¥Ì ´¨§³µ³ µ´µ µ¡· §µ¢ ´µ ¢ ¤ ´´µ° ±µ´±·¥É´µ° ·¥ ±Í¨¨, É ± ± ±,
´ ¶·¨³¥·, ¡µ²ÓÏ Ö Ï¨·¨´  Œ� ¤²Ö ÉÖ¦¥²ÒÌ Ö¤¥· ³µ¦¥É ¡ÒÉÓ ¸¢Ö§ ´  ± ± ¸
¢²¨Ö´¨¥³ Ê£²µ¢µ£µ ³µ³¥´É  l ¶·¨ ¸É ´¤ ·É´µ³ ³¥Ì ´¨§³¥ ®¨¸É¨´´µ£µ¯ ¤¥-
²¥´¨Ö, É ± ¨ ¸ ¶·µÍ¥¸¸µ³ ±¢ §¨¤¥²¥´¨Ö.

�  ·¨¸.36 [68] ¶·¥¤¸É ¢²¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ´¥¶µ¸·¥¤¸É-

¢¥´´µ ¢ ¢¥²¨Î¨´ Ì ¤¨¸¶¥·¸¨° σM
 2 ¨ σE

 2 , ¨§³¥·¥´´Ò¥ ¢ · ¡µÉ Ì [2,21,89,

138,181,186Å189,195,203], ̈  ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ ¶µ ¤¨ËËÊ§¨µ´´µ° ³µ¤¥²¨
[3] (¸¶²µÏ´Ò¥ ±·¨¢Ò¥) ¤²Ö µ¡² ¸É¨ Ö¤¥· ¸ x > 0,6, ¶·¨Î¥³ ´¨± ±¨¥ ¶µ-

¶· ¢±¨ ´  l ¨ θi
 j ´¥ ¢¢µ¤¨²¨¸Ó. ‚ ÔÉµ³ ¸²ÊÎ ¥ ·¥ ±Í¨¨ § ³¥É´µ µÉ²¨Î ÕÉ¸Ö

¶µ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¢µ ¢Ìµ¤´µ³ ± ´ ²¥, É¥³ ´¥ ³¥´¥¥ ¶µ ÔËË¥±É¨¢´µ°

É¥³¶¥· ÉÊ·¥ θi
 j µÉ²¨Î¨Ö ´¥¢¥²¨±¨, ¢ ¶·¥¤¥² Ì 20%. �  ·¨¸.36 ¢¢¥¤¥´  ¤¨Ë-

Ë¥·¥´Í¨ Í¨Ö ¶µ ÉÖ¦¥¸É¨ ´ ²¥É ÕÐ¨Ì ¨µ´µ¢: Î¥·´Ò³¨ §´ Î± ³¨ ¶µ± § ´Ò
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¤ ´´Ò¥ ¤²Ö ·¥ ±Í¨° ¸ ®²¥£±¨³¨¯ ÉÖ-
¦¥²Ò³¨ ¨µ´ ³¨ ¤²Ö ¸¨²Ó´µ
 ¸¨³³¥É·¨Î´ÒÌ ¸¨¸É¥³ ¨µ´Å³¨Ï¥´Ó
At6 Ai ≥ 10; c¢¥É²Ò³¨ §´ Î± ³¨ Å

·¥ ±Í¨¨ ¸ ³ ¸¸¨¢´Ò³¨ ¨µ´ ³¨
At6 Ai < 10; §¢¥§¤µÎ± ³¨ Å ¤ ´´Ò¥

¤²Ö ·¥ ±Í¨° ¸ ²¥£±¨³¨ § ·Ö¦¥´´Ò³¨
Î ¸É¨Í ³¨ (Ai ≤ 4).

‚ Ì-§ ¢¨¸¨³µ¸É¨ σM
 2 (·¨¸.36, ) ¶·µ¸-

²¥¦¨¢ ÕÉ¸Ö ¤¢¥ ¢¥É¢¨: ¤µ x = 0,85 ¶· ±É¨Î¥¸±¨ ´¥§ ¢¨¸¨³µ µÉ ¢Ìµ¤´µ£µ ± -
´ ² , É¥³¶¥· ÉÊ·Ò ¨ ³µ³¥´É  ¤ ´´Ò¥, ¢ ¸·¥¤´¥³, ´ Ìµ¤ÖÉ¸Ö ¢ ¥¤¨´µ° ³ ¸¸¥

¨ µÉ¢¥Î ÕÉ ̈ ¸É¨´´µ³Ê ¤¥²¥´¨Õ. � Î¨´ Ö ̧  x = 0,85 (Z 2 6 A ~ 40), ¶·µ¨¸Ìµ¤¨É

¨Ì ·¥§±µ¥ · §¤¥²¥´¨¥. „²Ö ®²¥£±¨Ì¯ ¨µ´µ¢ σM
 2 , ¢ µ¡Ð¥³ ¸²ÊÎ ¥, ´¥ ¶·¥¢Ò-

Ï ¥É 800 ( .¥.³.)2, ¤²Ö ³ ¸¸¨¢´ÒÌ ¨µ´µ¢ ¢¸ÉÊ¶ ¥É ¢ ¨£·Ê ±¢ §¨¤¥²¥´¨¥,

¸¨²Ó´µ ÊÏ¨·ÖÕÐ¥¥ Œ�, ¨ σM
 2 · ¸É¥É ¶µÎÉ¨ ´  ¶µ·Ö¤µ±.

„·Ê£ Ö ¸¨ÉÊ Í¨Ö ·¥ ²¨§Ê¥É¸Ö ¤²Ö ¤¨¸¶¥·¸¨¨ σE
 2 ´  ·¨¸.36,¡. …¸²¨ ¨ ¥¸ÉÓ

· §²¨Î¨Ö ¤²Ö ²¥£±¨Ì ¨ ³ ¸¸¨¢´ÒÌ £·Ê¶¶ ¨µ´µ¢, Éµ µ´¨, ¢ Í¥²µ³, ´¥¡µ²ÓÏ¨¥.

ˆ´É¥·¥¸´ Ö ± ·É¨´  ´ ¡²Õ¤ ¥É¸Ö ¤²Ö ¶µ²´µ° ±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¨ µ¸-

±µ²±µ¢. �  ·¨¸.37 ¸· ¢´¨¢ ÕÉ¸Ö Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö E
__

k ¤²Ö

®¨¸É¨´´µ£µ¯ ¤¥²¥´¨Ö ¨ ±¢ §¨¤¥²¨É¥²Ó´ÒÌ ·¥ ±Í¨°. �ÉµÉ ·¨¸Ê´µ± ¶µ¸É·µ¥´

 ´ ²µ£¨Î´µ ·¨¸.26. �  ´¥³ ¢ ¢¨¤¥ µÉ±²µ´¥´¨Ö ∆E
__

k ¶·¨¢¥¤¥´Ò ¤ ´´Ò¥ ¤²Ö

µ¡µ¨Ì É¨¶µ¢ ·¥ ±Í¨° Å Î¥·´Ò¥ ÉµÎ±¨ Å É¥ ¦¥, ÎÉµ ¨ ´  ·¨¸.26, ´ Î¨´ Ö ¸

Z 2 6 A16 3 = 800, ¸¢¥É²Ò¥ §´ Î±¨ Å ·¥§Ê²ÓÉ ÉÒ · ¡µÉ [55,89,96,196], £¤¥ ¢

·¥ ±Í¨ÖÌ ¸ ¨µ´ ³¨ (³¨Ï¥´Ö³¨) µÉ 27Al ¤µ natZn ¨¸¸²¥¤µ¢ ²¸Ö ¶·µÍ¥¸¸

�¨¸.36. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ µ σM
 2

¨ σE
 2 ¤²Ö x > 0,6 [68]. �¨± ±¨¥ ¶µ¶· ¢±¨

´¥ ¢¢µ¤¨²¨¸Ó. —¥·´Ò¥ §´ Î±¨, ¢±²ÕÎ Ö
§¢¥§¤µÎ±¨, Å ·¥ ±Í¨¨ ¸ ²¥£±¨³¨ § ·Ö¦¥´-
´Ò³¨ Î ¸É¨Í ³¨ ¨ ÉÖ¦¥²Ò³¨ ¨µ´ ³¨ ¤²Ö
¸¨²Ó´µ  ¸¨³³¥É·¨Î´ÒÌ ±µ³¡¨´ Í¨° ̈ µ´Å
³¨Ï¥´Ó ̧  µÉ´µÏ¥´¨¥³ At6 Ai < 10. ‘¶²µÏ-

´Ò¥ ±·¨¢Ò¥ Å · ¸Î¥ÉÒ ¶µ ¤¨ËËÊ§¨µ´´µ°
³µ¤¥²¨ [3]. ˜É·¨Ìµ¢ Ö ²¨´¨Ö ¶µ± §Ò¢ ¥É
¢¥É¢Ó ±¢ §¨¤¥²¥´¨Ö
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±¢ §¨¤¥²¥´¨Ö. �  ÔÉµ³ ¦¥ ·¨-
¸Ê´±¥ ¤²Ö ¸· ¢´¥´¨Ö ¶µ± § ´Ò
É¥ ¦¥ É¥µ·¥É¨Î¥¸±¨¥ · ¸Î¥ÉÒ

E
__

k �¨±¸  ¨ ‘¨·± , ÎÉµ ¨ ´ 

·¨¸.26,  ¨ 26,£ ¸ ¤¢ÊÌ- ¨ µ¤´µ-
É¥²Ó´µ° ¢Ö§±µ¸ÉÓÕ.

�·¥¤¸É ¢²¥´´Ò¥ ¢ É ±µ³
¢¨¤¥ ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö Ê± -
§Ò¢ ÕÉ, ÎÉµ, ¶µ ¢¸¥° ¢¨¤¨³µ¸É¨,
¤²Ö ±¢ §¨¤¥²¥´¨Ö ´¥ ¶·µ¨¸Ìµ-

¤¨É ¶µ²´µ° ·¥² ±¸ Í¨¨ E
__

k ,

µ´  ¢ ¸·¥¤´¥³ Ö¢´µ ¢ÒÏ¥, Î¥³
¤²Ö ®´µ·³ ²Ó´µ£µ¯ ¤¥²¥´¨Ö.
Š·µ³¥ Éµ£µ, ¸ ³µ ¥¥ §´ Î¥´¨¥
¤²Ö ±µ´±·¥É´µ° ·¥ ±Í¨¨, ¶µ-¢¨-
¤¨³µ³Ê, § ¢¨¸¨É µÉ Ê¸²µ¢¨° ¢µ
¢Ìµ¤´µ³ ± ´ ²¥, ¢ µÉ²¨Î¨¥ µÉ
®¨¸É¨´´µ£µ¯ ¤¥²¥´¨Ö, £¤¥ ´¥É
É ±µ° § ¢¨¸¨³µ¸É¨ [67,107]
(¸³.¢Éµ·µ° · §¤¥²).

‚ ¶µ¤É¢¥·¦¤¥´¨¥ ¸± § ´´µ£µ ¶·¨¢¥¤¥³ Ì · ±É¥·´Ò¥ ¶·¨³¥·Ò. ‚ · ¡µÉ¥

[55] ¨¸¸²¥¤µ¢ ²µ¸Ó Œ�� µ¸±µ²±µ¢ ¢ ·¥ ±Í¨ÖÌ 16O + 208Pb → 224Th ¨ 64Ni +
+ 154Sm → 218Th, ¶·¨¢µ¤ÖÐ¨Ì ± ¤¥²¥´¨Õ ¨ ±¢ §¨¤¥²¥´¨Õ Ö¤¥· Éµ·¨Ö. ‚µ

¢Éµ·µ³ ¸²ÊÎ ¥ E
__

k ¨ σE
 2 ´  8 ŒÔ‚ ¨ ~ 200 ŒÔ‚2, ¸µµÉ¢¥É¸É¢¥´´µ, ¢ÒÏ¥, Î¥³

¢ ¶¥·¢µ° ·¥ ±Í¨¨, ÌµÉÖ ¤²Ö ·¥ ±Í¨¨ ̧  ¨µ´µ³ 16O ´ Î ²Ó´ Ö Ô´¥·£¨Ö ¢µ§¡Ê¦-
¤¥´¨Ö ¢ÒÏ¥ (´  ~ 50 ŒÔ‚). Œµ¦¥É ¢µ§´¨±´ÊÉÓ ¢µ§· ¦¥´¨¥, ÎÉµ ¢ ÔÉ¨Ì ·¥ ±-
Í¨ÖÌ ¨¸¸²¥¤ÊÕÉ¸Ö · §´Ò¥ ¨§µÉµ¶Ò Éµ·¨Ö, µ¤´ ±µ ¤ ´´Ò¥ ƒ² £µ²Ò ¸ ¸µ ¢Éµ-
· ³¨ [107] ¤²Ö ®¨¸É¨´´µ£µ¯ ¤¥²¥´¨Ö ¶µ± §Ò¢ ÕÉ, ÎÉµ ¢ ·¥ ±Í¨ÖÌ
32S + 144−154Sm → 176−186Pt, £¤¥ ¤¥²ÖÉ¸Ö ¨§µÉµ¶Ò ¶² É¨´Ò ¨ ¨§µÉµ¶¨Î¥¸± Ö

Í¥¶µÎ±  ¤µ¸É¨£ ¥É 10, E
__

k ¸ ÉµÎ´µ¸ÉÓÕ ¤µ 1 ŒÔ‚ µ¤¨´ ±µ¢  ¢´¥ § ¢¨¸¨³µ¸É¨

µÉ ¨§µÉµ¶ . 

„ ²¥¥, ¢ · ¡µÉ¥ [89] ¢ ·¥ ±Í¨ÖÌ 238U + 40,48Ca ¶µ²ÊÎ¥´µ, ÎÉµ E
__

k ¤²Ö ̈ µ´ 

48Ca µ¶ÖÉÓ ¢ÒÏ¥ ¢ ¸·¥¤´¥³ ´  6 ŒÔ‚, Î¥³ ¤²Ö ¨µ´µ¢  40‘ , σE
 2 É ±¦¥ ´¥-

¸±µ²Ó±µ ¡µ²ÓÏ¥ ¤²Ö ¡µ²¥¥ ÉÖ¦¥²µ£µ ¨µ´ . �É¨ ¶·¨³¥·Ò ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ
¡µ²ÓÏµ° ¢¥·µÖÉ´µ¸É¨ Éµ£µ, ÎÉµ ±¢ §¨¤¥²¨É¥²Ó´Ò¥ É· ¥±Éµ·¨¨ ¢ ±µ´Ë¨£Ê-
· Í¨µ´´µ³ ¶·µ¸É· ´¸É¢¥ ±µ³¶µ§¨É´µ° (´µ ´¥ ¸µ¸É ¢´µ°) ¸¨¸É¥³Ò ¨µ´Å
³¨Ï¥´Ó ¤ ¦¥ ´  ¶µ¸²¥¤´¥° ¸É ¤¨¨ Å ¸¶Ê¸±¥ Å µÉ²¨Î ÕÉ¸Ö µÉ É· ¥±Éµ·¨°,
Ì · ±É¥·´ÒÌ ¤²Ö ®¨¸É¨´´µ£µ¯ ¤¥²¥´¨Ö. �µ-¢¨¤¨³µ³Ê, ¶·¨ ±¢ §¨¤¥²¥´¨¨

�¨¸.37. ‘· ¢´¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ §´ Î¥-

´¨° E
__

k ¤²Ö ®¨¸É¨´´µ£µ¯ ¤¥²¥´¨Ö ¨ ±¢ §¨¤¥²¨-

É¥²Ó´ÒÌ ·¥ ±Í¨°, ¶·¥¤¸É ¢²¥´´ÒÌ ¢ ¢¨¤¥ ∆E
__

k

(± ± ´  ·¨¸.26). —¥·´Ò¥ ±·Ê¦±¨ Å É¥ ¦¥, ÎÉµ

¨ ´  ·¨¸.26, ´ Î¨´ Ö ¸ Z 26 A1 6 3 = 800. ‘¢¥É-
²Ò¥ §´ Î±¨ Å ·¥§Ê²ÓÉ ÉÒ · ¡µÉ [55,89,96,195]
¤²Ö ·¥ ±Í¨° ¸ ¨µ´ ³¨ Ai > 27. ‘¶²µÏ´Ò¥ ¨

ÏÉ·¨Ìµ¢ Ö ±·¨¢Ò¥ Å É¥ ¦¥, ÎÉµ ¨ ´  ·¨¸. 26, 
¨ 26,£
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Ö¤·µ ·¢¥É¸Ö ¶·¨ ¡µ²¥¥ ±µ³¶ ±É´ÒÌ ±µ´Ë¨£Ê· Í¨ÖÌ. Š ÔÉµ³Ê ¦¥ ¢Ò¢µ¤Ê
¶·¨Ï²¨ ¨  ¢Éµ·Ò · ¡µÉÒ [89].

Š ¸µ¦ ²¥´¨Õ, ¶·Ö³ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ µ ¸· ¢´¥´¨¨ Ô´¥·-
£¥É¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± µ¸±µ²±µ¢ ®±² ¸¸¨Î¥¸±µ£µ¯ ¤¥²¥´¨Ö ¨ µ¸±µ²µÎ´µ-
¶µ¤µ¡´ÒÌ ¶·µ¤Ê±Éµ¢ ¢ ±¢ §¨¤¥²¥´¨¨ ¤²Ö µ¤´µ£µ ¨ Éµ£µ ¦¥ Ö¤·  ´  ¸¥£µ¤-
´ÖÏ´¨° ¤¥´Ó ´¥É. �µ¤µ¡´Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ³µ£²¨ ¡Ò ¶·µ²¨ÉÓ ¸¢¥É ´  ¤¨´ -
³¨±Ê ¸²¨Ö´¨ÖÅ¤¥²¥´¨ÖÅ±¢ §¨¤¥²¥´¨Ö ³ ¸¸¨¢´ÒÌ ¨µ´µ¢ ¸ Ö¤· ³¨.

‚ É¥µ·¥É¨Î¥¸±µ° · ¡µÉ¥ [243] ¡Ò²  · ¸¸³µÉ·¥´  ¶·µ¡²¥³  ±¨´¥É¨Î¥¸-

±µ° Ô´¥·£¨¨ µ¸±µ²±µ¢ ¢ ·¥ ±Í¨ÖÌ 32S + 238U ¨ 40Ar + 232Th, ±µÉµ·Ò¥ ¶·¨¢µ-

¤ÖÉ ± ±¢ §¨¤¥²¥´¨Õ Ö¤¥· 270,272108. ‚ [243] ¡Ò²µ µÉ³¥Î¥´µ, ÎÉµ, ¢µ-¶¥·¢ÒÌ,
¶ · ³¥É·¨§ Í¨Ö Ö¤·  ¸ Ï¥°±µ° ¶µ ‘¢ÖÉ¥Í±µ³Ê [233] ¤²Ö ¶µ¤µ¡´ÒÌ ·¥ ±Í¨°
¤µ¸É ÉµÎ´µ Ê¤ Î´ , É ± ± ± ¸¤¥² ´´Ò¥ ´  ¥¥ µ¸´µ¢¥ · ¸Î¥ÉÒ § ¢¨¸¨³µ¸É¨
· ¸¸ÉµÖ´¨Ö ³¥¦¤Ê Í¥´É· ³¨ ÉÖ¦¥¸É¨ µ¸±µ²±µ¢ µÉ ³ ¸¸Ò D(M), Ì · ±É¥·¨-
§ÊÕÐ¨¥ ±Ê²µ´µ¢¸±ÊÕ Ô´¥·£¨Õ µÉÉ ²±¨¢ ´¨Ö, ¤µ¸É ÉµÎ´µ ¡²¨§±¨ ± Ô±¸¶¥·¨-
³¥´ÉÊ [189], ¢µ-¢Éµ·ÒÌ, · §·Ò¢ Ï¥°±¨ ¶·µ¨¸Ìµ¤¨É ´¥ ¶·¨ ´Ê²¥¢µ³ ¥¥
· ¤¨Ê¸¥,   ¶·¨ ´¥±µÉµ·µ³ ±µ´¥Î´µ³ rn Å ²ÊÎÏ¥¥ ¸µ£² ¸¨¥ ¸ Ô±¸¶¥·¨³¥´Éµ³

¤µ¸É¨£ ¥É¸Ö ¶·¨ rn = 26 9 ¥¥ ¤²¨´Ò, ± ± ÔÉµ ¶·¥¤²µ¦¨² ¢ [235,241] �·µ§  ¸

¸µ ¢Éµ· ³¨, ¢-É·¥ÉÓ¨Ì, µ± § ²µ¸Ó, ÎÉµ D(M) ¤²Ö µ¡¥¨Ì ¢ÒÏ¥´ §¢ ´´ÒÌ
·¥ ±Í¨° Ë ±É¨Î¥¸±¨ µ¤¨´ ±µ¢ , ± ± ¶µ  ¡¸µ²ÕÉ´µ° ¢¥²¨Î¨´¥, É ± ¨ ¶µ Ì -
· ±É¥·Ê ¸ ³µ° § ¢¨¸¨³µ¸É¨. �¤´ ±µ ¢ [243] · ¸¸³µÉ·¥´Ò Éµ²Ó±µ Í¥´É· ²Ó-
´Ò¥ ¸Éµ²±´µ¢¥´¨Ö ¨µ´-³¨Ï¥´Ó, ¨ ´¥¨§¢¥¸É´µ, ± ± ¡Ê¤¥É ¢¥¸É¨ ¸¥¡Ö ¸¨¸É¥³ 
¶·¨ ¢¸¥Ì ¤·Ê£¨Ì ¢µ§³µ¦´ÒÌ §´ Î¥´¨ÖÌ ¶·¨Í¥²Ó´µ£µ ¶ · ³¥É· , ±µÉµ·Ò¥ ± ±
· § ¨ Ì · ±É¥·´Ò ¤²Ö ±¢ §¨¤¥²¥´¨Ö (·¨¸.34), ¨ ¤²Ö ±µÉµ·ÒÌ ¸ÊÐ¥¸É¢¥´ ÊÎ¥É
Ê£²µ¢µ£µ ³µ³¥´É  ¸¨¸É¥³Ò. Š·µ³¥ Éµ£µ, ̈ § · ¡µÉÒ [243] ´¥Ö¸´µ, ± ± Ö ¶·¥¤-
· §·Ò¢´ Ö Ô´¥·£¨Ö ·¥ ²¨§Ê¥É¸Ö ¤²Ö ÔÉ¨Ì ·¥ ±Í¨° Å µ¤¨´ ±µ¢  ²¨ µ´ ?
’ ±¨³ µ¡· §µ³, ¢µ¶·µ¸ µ É¥µ·¥É¨Î¥¸±µ³ · ¸¸³µÉ·¥´¨¨ ¸¢µ°¸É¢ �� ¤²Ö
±¢ §¨¤¥²¨É¥²Ó´ÒÌ ¶·µÍ¥¸¸µ¢ µ¸É ¥É¸Ö, ¶µ ¸ÊÉ¨, µÉ±·ÒÉÒ³.

‡�Š‹�—…�ˆ…

‚ ´ ¸ÉµÖÐ¥³ µ¡§µ·¥ ¤ ´  ´ ²¨§ Ì · ±É¥·¨¸É¨± Œ�� µ¸±µ²±µ¢ ¤¥²¥´¨Ö

¢µ§¡Ê¦¤¥´´ÒÌ Ö¤¥·, ¶¥·¥±·Ò¢ ÕÐ¨° ¤¨ ¶ §µ´ Z 26 A µÉ 20 ¤µ 43.

� ¸¸³µÉ·¥´ Ï¨·µ±¨° ±·Ê£ ¢µ¶·µ¸µ¢, ¸¢Ö§ ´´ÒÌ ¸µ ¸É É¨Î¥¸±¨³¨ ¸¢µ°-
¸É¢ ³¨ ³µ¤¥²¨ ¦¨¤±µ° ± ¶²¨ ¨  ¤¥±¢ É´µ¸ÉÓÕ ¥¥ · §²¨Î´ÒÌ ³µ¤¨Ë¨± Í¨°
µ¶ÒÉÊ. ˆ§ ¸· ¢´¥´¨Ö É¥µ·¥É¨Î¥¸±µ° ¨ Ô±¸¶¥·¨³¥´É ²Ó´µ° ¨´Ëµ·³ Í¨¨ µ¡
Ê¸Éµ°Î¨¢µ¸É¨ ´ £·¥ÉÒÌ Ö¤¥· ± ³ ¸¸- ¸¨³³¥É·¨Î´Ò³ ¢ ·¨ Í¨Ö³ Ëµ·³Ò ¡Ò²
¸¤¥² ´ ¢Ò¢µ¤, ÎÉµ Œ†Š ̧  ÊÎ¥Éµ³ ±µ·µÉ±µ¤¥°¸É¢¨Ö Ö¤¥·´ÒÌ ̧ ¨², ¶µ ±· °´¥°

³¥·¥, ¢ µ¡² ¸É¨ ²¥£±¨Ì Ö¤¥· ¸ Z 2 6 A = 20 − 30, ¤µ¸É ÉµÎ´µ Ìµ·µÏµ ¢µ¸-
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¶·µ¨§¢µ¤¨É ´ ¡²Õ¤ ¥³ÊÕ ´  µ¶ÒÉ¥ § ¢¨¸¨³µ¸ÉÓ d 2V6 dη2 µÉ ´Ê±²µ´´µ£µ ̧ µ-
¸É ¢  ¨ ¶· ¢¨²Ó´µ ¶·¥¤¸± §Ò¢ ¥É ¶µ²µ¦¥´¨¥ ÉµÎ±¨ �ƒ.

„²Ö ÉÖ¦¥²ÒÌ Ö¤¥· ¸ Z 26 A > 32 µ£·µ³´ÊÕ ·µ²Ó ¨£· ÕÉ ¤¨´ ³¨Î¥¸±¨¥
¶·µÍ¥¸¸Ò, ±µÉµ·Ò¥ ¶·¨¢µ¤ÖÉ ± ¤¨¸¸¨¶ Í¨¨ Ô´¥·£¨¨, ´ ±µ¶²¥´´µ° ¢ ±µ²-
²¥±É¨¢´ÒÌ ¸É¥¶¥´ÖÌ ¸¢µ¡µ¤Ò, ¢µ ¢´ÊÉ·¥´´¨¥. ’ ±¨³ µ¡· §µ³, ¶·¨ É¥µ·¥-
É¨Î¥¸±µ³ · ¸¸³µÉ·¥´¨¨ ¢µ¶·µ¸  µ Ëµ·³¨·µ¢ ´¨¨ Œ�� µ¸±µ²±µ¢ ´¥¢µ§³µ¦-
´µ µ¡µ°É¨¸Ó ¡¥§ ¢¢¥¤¥´¨Ö ¶µ´ÖÉ¨Ö µ ¢Ö§±µ¸É¨ Ö¤¥·´µ£µ ¢¥Ð¥¸É¢ , µ¤´ ±µ ´¨
��, ´¨ Œ� µ¸±µ²±µ¢ ´¥ÎÊ¢¸É¢¨É¥²Ó´Ò ± ³¥Ì ´¨§³Ê ¢Ö§±µ¸É¨. ’µ²Ó±µ ¸µ¢-
³¥¸É´Ò°  ´ ²¨§ ´ ¡²Õ¤ ¥³ÒÌ ¢ Ô±¸¶¥·¨³¥´É¥ Ì · ±É¥·¨¸É¨± ± ± ¤²Ö ¤¥²Ö-
Ð¥£µ¸Ö Ö¤·  (ν

__
pre, σfus, σf ), É ± ¨ ´¥¶µ¸·¥¤¸É¢¥´´µ µ¸±µ²±µ¢ (Œ��) ¶·¨-

¢µ¤¨É ± ¢Ò¢µ¤Ê, ÎÉµ ¢ Ö¤·¥, ̧ ±µ·¥¥ ¢¸¥£µ, ·¥ ²¨§Ê¥É¸Ö µ¤´µÉ¥²Ó´Ò° ³¥Ì ´¨§³
¤¨¸¸¨¶ Í¨¨.

Š¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö µ¸±µ²±µ¢ ¨ ¥¥ ¤¨¸¶¥·¸¨Ö ¸² ¡µ § ¢¨¸ÖÉ µÉ Ê¸-
²µ¢¨° · §·Ò¢  Ö¤·  ´  µ¸±µ²±¨, µ¤´ ±µ ¢Ò¸Ï¨¥ ³µ³¥´ÉÒ �� µÉ¢¥·£ ÕÉ ±·¨-
É¥·¨° · §·Ò¢  rn = 0.

�¥Ï¥´¨Õ ¢¸¥£µ ±µ³¶²¥±¸  ¢µ¶·µ¸µ¢, ¸¢Ö§ ´´ÒÌ ¸ Ëµ·³¨·µ¢ ´¨¥³ Œ��
µ¸±µ²±µ¢, ¸¶µ¸µ¡¸É¢µ¢ ²  Ô±¸¶¥·¨³¥´É ²Ó´µ Ê¸É ´µ¢²¥´´ Ö ¨Ì § ¢¨¸¨³µ¸ÉÓ
µÉ Ê£²µ¢µ£µ ³µ³¥´É  ¢ Ï¨·µ±µ° µ¡² ¸É¨ ¤¥²ÖÐ¨Ì¸Ö Ö¤¥· ¸ ACN = 100 ÷ 260.

�É  § ¢¨¸¨³µ¸ÉÓ µ± § ² ¸Ó ¸µ¢¸¥³ ´¥ ¶·µ¸Éµ°, ³¥´ÖÕÐ¥° ¸¢µ° §´ ± ¶·¨
ÊÉÖ¦¥²¥´¨¨ Ö¤¥·.

�µ²ÓÏÊÕ, ÌµÉÖ ¨ ¶µ¤Î¨´¥´´ÊÕ ·µ²Ó ¸Ò£· ²¨ ¸¨¸É¥³ É¨±¨ ¸·¥¤´¥° ³´µ-

¦¥¸É¢¥´´µ¸É¨ ́ ¥°É·µ´µ¢ ν
__
pre, ν

__
pre
 gs , ν

__
pe , ¶µ§¢µ²¨¢Ï¨¥ ¤µ¸É ÉµÎ´µ ±µ··¥±É´µ

µ¶·¥¤¥²ÖÉÓ É¥³¶¥· ÉÊ·Ê, ¸ ±µÉµ·µ° ·¥ ²Ó´µ ¤¥²ÖÉ¸Ö Ö¤·  ¸ ²Õ¡Ò³ ´Ê±²µ´-
´Ò³ ¸µ¸É ¢µ³.

‚ Í¥²µ³ ¢Ò¶µ²´¥´´Ò¥ ¢ ¶µ¸²¥¤´¨¥ £µ¤Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨ É¥µ·¥-
É¨Î¥¸±¨¥ ¨¸¸²¥¤µ¢ ´¨Ö · §²¨Î´ÒÌ Ì · ±É¥·¨¸É¨± ¶·µÍ¥¸¸  ¤¥²¥´¨Ö ´ £·¥-
ÉÒÌ Ö¤¥· ¶µ§¢µ²ÖÕÉ ¶·¥¤¸É ¢¨ÉÓ ¤µ¸É ÉµÎ´µ Í¥²µ¸É´ÊÕ ± ·É¨´Ê ÔÉµ£µ ̧ ²µ¦-
´µ£µ Ö¢²¥´¨Ö.

� ¸¸³µÉ·¥´¨¥ ¸¢µ°¸É¢ ±¢ §¨¤¥²¨É¥²Ó´ÒÌ ·¥ ±Í¨° ¶µ± §Ò¢ ¥É, ÎÉµ ¤²Ö
ÔÉµ£µ ¸²ÊÎ Ö ´¥ ¶·µ¨¸Ìµ¤¨É ¶µ²´µ° ·¥² ±¸ Í¨¨ ´¥ Éµ²Ó±µ ¶µ ³ ¸¸µ¢µ° ±µ-
µ·¤¨´ É¥, ´µ, ¶µ-¢¨¤¨³µ³Ê, ¨ ¶µ Ô´¥·£¥É¨Î¥¸±¨³ Ì · ±É¥·¨¸É¨± ³.

�¢Éµ·Ò ´ ¸ÉµÖÐ¥° · ¡µÉÒ ´ ¤¥ÕÉ¸Ö, ÎÉµ µ´  ¸É ´¥É ´¥±µÉµ·Ò³ ¸É¨³Ê-
²µ³ ± ± ¤²Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ £·Ê¶¶, É ± ¨ ¤²Ö É¥µ·¥É¨±µ¢ ¢ ·¥Ï¥´¨¨
µ¸É ÕÐ¨Ì¸Ö ¢ ¦´ÒÌ ¶·µ¡²¥³, É ±¨Ì ± ± Ô´¥·£¥É¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨
¸¢¥·ÌÉÖ¦¥²ÒÌ ¸µ¸É ¢´ÒÌ ¸¨¸É¥³, ¸¢µ°¸É¢  ±¢ §¨¤¥²¥´¨Ö ¢ § ¢¨¸¨³µ¸É¨ µÉ
At , Zt , Ai , Zi , Ei ¨ É.¤., Œ�� µ¸±µ²±µ¢ ¢ µ¡² ¸É¨ ÉµÎ±¨ �ƒ ¢ ·¥ ±Í¨ÖÌ ¸

²¥£±¨³¨ Î ¸É¨Í ³¨ ¶·¨ l ~ 0, ¤¨´ ³¨Î¥¸±¨¥  ¸¶¥±ÉÒ µ¶¨¸ ´¨Ö Œ�� ¢ ³µ-
¤¥²¨ ¸ ±µ·µÉ±µ¤¥°¸É¢¨¥³ Ö¤¥·´ÒÌ ¸¨², ¡µ²¥¥ ÉµÎ´Ò° É¥µ·¥É¨Î¥¸±¨°  ´ ²¨§

§ ¢¨¸¨³µ¸É¥° σM
 2 ¨ σE

 2 µÉ l ¨ ´Ê±²µ´´µ£µ ¸µ¸É ¢  ¨, ¢ ±µ´¥Î´µ³ ¨Éµ£¥, ¶µ²-
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´Ò° É¥µ·¥É¨Î¥¸±¨°  ´ ²¨§ ¸ ¥¤¨´ÒÌ ¶µ§¨Í¨° ¸µ¢³¥¸É´µ ¢¸¥Ì ´ ¡²Õ¤ ¥³ÒÌ
´  µ¶ÒÉ¥ ¸¢µ°¸É¢ ¶·µÍ¥¸¸  ¸²¨Ö´¨ÖÅ¤¥²¥´¨Ö.

‚ ÔÉµ³ ¶² ´¥, ¶µ ´ Ï¥³Ê ³´¥´¨Õ, ´ ¨¡µ²¥¥ ¶¥·¸¶¥±É¨¢´Ò³¨ ± ¦ÊÉ¸Ö
· §· ¡µÉ±¨  ´   µ¸´µ¢¥  É·¥Ì-,   ³µ¦¥É ¡ÒÉÓ n-³¥·´µ° ² ´¦¥¢¥´µ¢¸±µ°
¤¨´ ³¨±¨.

�¢Éµ·Ò ¡² £µ¤ ·ÖÉ ƒ.„.�¤¥¥¢ , ‚.‚.� Ï±¥¢¨Î , ˆ.ˆ.ƒµ´Î · , ƒ.ˆ.Šµ-
¸¥´±µ, �.–.�£ ´¥¸Ö´  ¨ ‚.�.�±µ²µ¢¨Î  §  ³´µ£µÎ¨¸²¥´´Ò¥ ¶²µ¤µÉ¢µ·´Ò¥
µ¡¸Ê¦¤¥´¨Ö ¨ ¶µ¸ÉµÖ´´Ò° ¨´É¥·¥¸ ± · ¡µÉ¥.

‘�ˆ‘�Š ‹ˆ’…��’“�›

1.‘É·ÊÉ¨´¸±¨° ‚.Œ., Šµ²µ³¨¥Í ‚.Œ. Å Œ É¥·¨ ²Ò 8-° ‡¨³´¥° Ï±µ²Ò ‹ˆŸ” ¶µ
Ë¨§¨±¥ Ö¤· . ‹: � Ê± , 1973, É.2, ¸.483.

2.ˆÉ±¨¸ Œ.ƒ., �±µ²µ¢¨Î ‚.�., �Ê¸ ´µ¢ �.Ÿ., ‘³¨·¥´±¨´ ƒ.�. Å �—�Ÿ, 1988,
É.19, ¸.701.

3.�¤¥¥¢ ƒ.„., ƒµ´Î · ˆ.ˆ., � Ï±¥¢¨Î ‚.‚. ¨ ¤·. Å �—�Ÿ, 1988, É.19, ¸.1229;

Adeev G.D., Pashkevich V.V. Å Nucl.Phys., 1989, v.A502, p.405c.

4.Š · ³Ö´ ‘.�. ¨ ¤·. Å Ÿ”, 1968, É.8, ¸.690; 1969, É.9, ¸.715; Phys.Chem.Fission,
IAEA, Vienna, 1969, p.759.

5.Š · ³Ö´ ‘.�., �£ ´¥¸Ö´ �.–., �Ê¸ÉÒ²Ó´¨± �.ˆ. Å Ÿ”, 1970, É.11, ¸.982.

6.�¨±-�¨Î ± ƒ.�., ‘É·ÊÉ¨´¸±¨° ‚.Œ.  Å  ”¨§¨±  ¤¥²¥´¨Ö  Éµ³´ÒÌ Ö¤¥·.  Œ.:
ƒµ¸ Éµ³¨§¤ É, 1962, ¸.12.

7.Nix J.R. Å Nucl.Phys. 1969, v.A130, p.241.

8.Šµ¸¥´±µ ƒ.ˆ., ƒµ´Î · ˆ.ˆ., ‘¥·¤Õ± �.ˆ., �¨¸Î ¸µ¢ �.ˆ. Å Ÿ”, 1992, É.55,

¸.920.

9.†¤ ´µ¢ ‘.‚., ˆÉ±¨¸ Œ.ƒ., ŒÊ²Ó£¨´ ‘.ˆ. ¨ ¤·. Å Ÿ”, 1992, É.55, ¸.3169.

10.†¤ ´µ¢ ‘.‚., ˆÉ±¨¸ Œ.ƒ., ŒÊ²Ó£¨´ ‘.ˆ. ¨ ¤·. Å Ÿ”, 1993, É.56, º3, c.55.

11.‘É·ÊÉ¨´¸±¨° ‚.Œ., ‹ÖÐ¥´±µ �.Ÿ., �µ¶µ¢ �.�. Å †�’”, 1962, É.43, ¸.584;
Nucl.Phys., 1963, v.46, p.639.

12.‘É·ÊÉ¨´¸±¨° ‚.Œ. Å †�’”, 1963, É.45, ¸.1891; ¸.1900; Ÿ”, 1965, É.1, ¸.821.

13.Myers W.D., Swiatecki W.J. Å Ark. Fys., 1967, v.36, p.343.

14.Myers W.D. Å Droplet Model Atomic Nuclei. N.Y.: IFI/Plenum, 1977.

15.Krappe H.J., Nix J.R., Sierk A.J. Å Phys. Rev., 1979, v.C20, p.992.

16.Sierk A.J. Å Phys. Rev., 1986, v.C33, p.2039.

17.Businaro U.L., Gallone S. Å Nuovo Cim., 1955, v.1, p.629, p.1277.

18.Moretto L.G. Å Nucl. Phys., 1975, v.A247, p.211.

19.Sobotka L.G., McMahan M.A., McDonald et al. Å Phys. Rev. Lett., 1984, v.53,

p.2004.

20.�´¤·µ´¥´±µ ‹.�., ‚ °Ï´¥´¥ ‹.�., ŠµÉµ¢ �.�. ¨ ¤·. Å �—�Ÿ, 1987, É.18, ¸.685.

21.ˆÉ±¨¸ Œ.ƒ., ‹Ê±ÓÖ´µ¢ ‘.Œ., �±µ²µ¢¨Î ‚.�. ¨ ¤·. Å Ÿ”, 1990, É.52, ¸.23.

22.ˆÉ±¨¸ Œ.ƒ., ŒÊ§ÒÎ±  �.�., �£ ´¥¸Ö´ �.–. ¨ ¤·. Å Ÿ”, 1995, É.58, ¸.2140.

480  ˆ’Šˆ‘ Œ.ƒ., �“‘���‚ �.Ÿ.



23.McMahan M.A., Moretto L.G., Padgett M.L. et al. Å Phys. Rev. Lett., 1985, v.54,
p.1995.

24.Sobotka L.G., Padgett M.L., Wozniak G.J. et al. Å Phys. Rev. Lett., 1983, v.51,
p.2187.

25.Becchetti F.D., Hicks K.H., Fields C.A. et al. Å Phys. Rev., 1983, v.C28, p.1217.

26.ƒ·Ê§¨´Í¥¢ ….�., ˆÉ±¨¸ Œ.ƒ., ŒÊ²Ó£¨´ ‘.ˆ. ¨ ¤·. Å Ÿ”, 1986, É.43, ¸.1101;

Z.Phys., 1986, v.A323, p.307.

27.Sikkeland T. Å Phys. Rev., 1964, v.B135, p.669; Sikkeland T., Clarkson J.E.,
Steiger-Shafrir N.H., Viola V.E. Å Phys. Rev., 1971, v.C3, p.329.

28.Beckerman M., Blann M. Å Phys.Rev., 1978, v.C17, p.1615.

29.Blann M., Komoto T.A. Å Phys. Rev., 1982, v.C26, p.472.

30.Vigdor S.E., Karwowski H.J. Å Phys. Rev., 1982, v.C26, p.1068.

31.Hinde D.J., Leigh J.R., Newton J.O. et al. Å Nucl. Phys., 1982, v.A385, p.109;
1983, v.A398, p.308.

32.�¥°§¨´ ‘.„., ˆÉ±¨¸ Œ.ƒ., ŒÊ§ÒÎ±  �.�. ¨ ¤·. Å Ÿ”, 1983, É.37, ¸.809.

33.Van der Plicht J., Britt H.C., Fowler M.M. et al. Å Phys. Rev., 1983, v.C28,
p.2022.

34.Charity R.J., Leigh J.R., Bokhorst J.J.M. et al. Å Nucl. Phys., 1986, v.A457,
p.441.

35. Itkis M.G., Okolovich V.N., Rusanov A.Ya. et al. Å Int. School-Seminar in Heavy
Ion Physics (Dubna, May, 1993, Russia) Dubna, JINR, 1993, v.1, p.213.

36.Cohen S., Plasil F., Swiatecki W.J. Å Ann. Phys. (N.Y.) 1974, v.82, p.557.

37.Hilscher D., Rossner H. Å Ann. Phys. (Fr.), 1992, v.17, p.471.

38.Šµ§Ê²¨´ �.Œ., �Ê¸ ´µ¢ �.Ÿ., ‘³¨·¥´±¨´ ƒ.�. Å Ÿ”, 1993, É.56, º2, c.37.

39.ˆ£´ ÉÕ± �.‚., ‘³¨·¥´±¨´ ƒ.�., ˆÉ±¨¸ Œ.ƒ. ¨ ¤·. Å �—�Ÿ, 1985, É.16, ¸.709.

40.Gavron A., Beene J.R. Cheynis B. et al. Å Phys.Rev.Lett., 1981, v.47, p.1255.,
1982, v.48, p.835(E).

41.Gavron A., Gayer A., Boissenain J. et al. Å Phys. Rev., 1987, v.C35, p.579.

42.Holub E., Hilscher D., Ingold G. et al. Å Phys. Rev., 1983, v.C28, p.252.

43.Zang W.P., Hilscher D., Ingold G. et al. Å Phys. Rev., 1986, v.C33, p.519.

44.Ward D., Charity R.J., Hinde D.J. et al. Å Nucl. Phys., 1983, v.A403, p.189.

45.Hinde D.J., Charity R.J., Foote G.S. et al. Å Nucl. Phys., 1986, v.A452, p.550.

46.Hinde D.J., Leigh J.R., Bokhorst J.J. et al. Å Nucl. Rev., 1987, v.A472, p.318.

47.Newton J.O., Hinde D.J., Charity R.J. et al. Å Nucl. Phys., 1988, v.A483, p.126.

48.Hinde D.J., Agata H., Tanaka M. et al. Å Phys. Rev., 1988, v.C37, p.2923.

49.Hinde D.J., Agata H., Tanaka M. et al. Å Phys. Rev., 1989, v.C39, p.2268.

50.Rossner H., Hilscher D., Hinde D.J. et al. Å Phys. Rev., 1989, v.C40, p.2629.

51.Rossner H., Hinde D.J., Leigh J.R. et al. Å Phys. Rev., 1992, v.C45, p.719.

52.�²¨´µ¢ Œ.‚., �µ·¤Õ£ ‚.Œ., Šµ§Ê²¨´ �.Œ. ¨ ¤·. Å Ÿ”, 1990, É.51, ¸.42.

53.Fraenkel Z., Mayk I., Unik J.P. et al. Å Phys. Rev., 1975, v.C12, p.1809.

54.Strecker M., Wien R., Plischke P., Scobel W. Å Phys. Rev., 1990, v.C41, p.2172.

55.Hinde D.J., Hilscher D., Rossner H. et al. Å Phys. Rev., 1992, v.C45, p.1229.

„…‹…�ˆ… ��ƒ�…’›• Ÿ„…�  481



56.Saxena A., Chatterjee A., Choudhury R.K. et al. Å Phys. Rev., 1994, v.C49.,
p.932.

57.Hinde D.J., Hilscher D., Rossner H. Å Nucl. Phys., 1989, v.A502, p.497c.

58.�ÓÕÉµ´ „¦.�. Å �—�Ÿ, 1990, É.21, ¸.821.

59.ƒµ´Î · ˆ.ˆ. Å �—�Ÿ, 1995, É.26, ¸.932.

60.Schmitt H.W., Kiker W.E., Williams C.W. Å Phys. Rev., 1965, v.137, p.837.

61.Schmitt H.W., Neiler J.H., Walter F.G. Å Phys. Rev., 1966, v.141, p.1146.

62.Plasil F., Burnett D.S., Britt H.C., Thompson S.G. Å Phys. Rev., 1966, v.142,
p.696.

63.Fiore L., Viesti G., Bortignon P.F. et al. Å Phys. Rev., 1993, v.C47, p.1835.

64.Fiore L., Viesti G., Bortignon P.F. et al. Å Phys. Lett., 1993, v.B298, p.283.

65.Wapstra A.N., Audi G., Hoekstra R. Å At. Data Nucl. Data Tabl., 1988, v.39,
p.281.

66.Moller P., Nix J.R. Å Preprint Los Alamos Nat.Lab. LA-UR-86-3983, Los Alamos,

1986; At.Data, Nucl.Data Tabl. Å 1988, v.39, p.213.

67.—Ê¡ ·Ö´ ƒ.ƒ., ˆÉ±¨¸ Œ.ƒ., ‹Ê±ÓÖ´µ¢ ‘.Œ. ¨ ¤·. Å Ÿ”, 1993, É.56, º3, c.3.

68.—Ê¡ ·Ö´ ƒ.ƒ., ‹Ê±ÓÖ´µ¢ ‘.Œ., �¥´¨µ´¦±¥¢¨Î �.�. ¨ ¤·. Å Ÿ”, 1991, É.53,
¸.1195.

69.ƒ·Ê§¨´Í¥¢ ….�., ˆÉ±¨¸ Œ.ƒ., �±µ²µ¢¨Î ‚.�., ‘³¨·¥´±¨´ ƒ.�. Å Ÿ”, 1984,

É.39, ¸.1336; ¶·¥¶·¨´É ˆŸ” �� Š §‘‘� 10-83, �²³ -�É , 1983.

70.�Ê¸ ´µ¢ �.Ÿ., ˆÉ±¨¸ Œ.ƒ., �±µ²µ¢¨Î ‚.�. Å Ÿ”, 1997, É.60, ¸.773.

71.Mavlitov N.D., Frobrich P., Gontchar I.I. Å Z. Phys., 1992, v.A342, p.195.

72.Frobrich P., Gontchar I.I., Mavlitov N.D. Å Nucl. Phys., 1993, v.A556, p.281.

73.Frobrich P., Gontchar I.I. Å Nucl. Phys., 1993, v.A563, p.329.

74.Gontchar I.I., Frobrich P. Å Ÿ”, 1994, É.57, ¸.1249.

75.Hilcher D., Gontchar I.I., Rossner H. Å Ÿ”, 1994, É.57, ¸.1255.

76.Back B.B. Å Int. School-Seminar in Heavy Ion Physics (Dubna, Russia, May 1993)
JINR, Dubna, 1993, v.1, p.317.

77.Hofman D.J., Back B.B., Paul P. Å Phys. Rev., 1995, v.51, p.2597.

78.Wada N., Abe Y., Carjan N. Å Phys. Rev. Lett., 1993, v.70, p.3538.

79.Lestone J.P. Å Phys. Rev. Lett., 1993, v.70, p.2245.

80.Charity R.J. Å Phys. Rev., 1995, v.51, p.217.

81.Kramers H.A. Å Physica, 1940, v.7, p.284.

82.Grange P., Li Jun-Qing, Weidenmuller H.A. Å Phys. Rev., 1983, v.C27, p.2063.

83.Frobrich P., Marten J. Å Z. Phys., 1991, v.A339, p.171; Nucl. Phys., 1992, v.A545,
p.854.

84.Shtrumberger E., Dietrich K., Pomorski K. Å Nucl. Phys., 1991, v.A529, p.522.

85.Hinde D.J. Å Nucl. Phys., 1993, v.A553, p.255c.

86.Eremin N.V., Giardina G., Gontchar I.I. Å Phys. Lett., 1995, v.B353, p.432.

87.Frobrich P., Rossner H. Å Z. Phys., 1994, v.A349, p.99.

88.Ogihara V., Fujiwara H., Jeong S.C. et al. Å Z. Phys., 1990, v.A335, p.203.

89.Shen W.Q., Albinski J., Gobbi A. et al. Å Phys. Rev., 1987, v.C36, p.115.

482  ˆ’Šˆ‘ Œ.ƒ., �“‘���‚ �.Ÿ.



90.Keller J.G., Back B.B., Glagola B.G. et al. Å Phys. Rev., 1987, v.C36, p.1364.

91.Tsang M.B., Ardouin D., Gelbke C.K. et al. Å Phys. Rev., 1983, v.C28, p.747.

92.Rossner H., Huizenga J.R., Schroder W.U. Å Phys. Rev., 1986, v.C33, p.560.

93.Viola V.E. Å Nucl. Data Tables, 1966, v.A1, p.391.

94.Viola V.E., Kwiatkowski K., Wolker M. Å Phys. Rev., 1985, v.C31, p.1550.

95.ƒ·Ê§¨´Í¥¢ ….�., ˆÉ±¨¸ Œ.ƒ., ŒÊ²Ó£¨´ ‘.ˆ. ¨ ¤·. Å Ÿ”, 1988, É.48, ¸.312.

96.Toke J., Bock R., Dai G.X. et al. Å Nucl. Phys., 1985, v.A440, p.327.

97.ƒ·Ê§¨´Í¥¢ ….�., ˆÉ±¨¸ Œ.ƒ., �±µ²µ¢¨Î ‚.�. ¨ ¤·. Å Ÿ”, 1984, É.40, ¸.616;
ˆÉ±¨¸ Œ.ƒ., Š ²¶ ±Î¨¥¢  �.ƒ., �±µ²µ¢¨Î ‚.�. ¨ ¤·. Å Ÿ”, 1982, É.36, ¸.824.

98.Lestone J.P. et al. Å Phys. Rev. Lett., 1991, vol.67, p.1078; Nucl. Phys., 1993,
v.A559, p.277.

99. Ikezoe H. et al. Å Phys. Rev., 1990, v.C42, p.R1187; 1992, v.C46, p.1922; 1994,
v.C49, p.968.

100.Bartel J., Quentin P. Å Phys. Lett., 1985, v.B152, p.29.

101.Guet C., Shtrumberger E., Brack M. Å Phys. Lett., 1988, v.B205, p.427.

102.ŒÊ¸É Ë  Œ.ƒ. Å ‚µ¶·µ¸Ò  Éµ³´µ° ́  Ê±¨ ̈  É¥Ì´¨±¨. ‘¥·¨Ö: Ö¤¥·´Ò¥ ±µ´¸É ´ÉÒ,
1988, ¢Ò¶Ê¸± I, c.75.

103.Garcias F. et al. Å Nucl. Phys., 1989, v.A495, p.169c; Phys. Rev., 1989, v.C40,
p.1522; Z. Phys., 1990, v.A336, p.31.

104.Royer G., Mignen J. Å J. Phys., 1992, v.G18, p.1781.

105.Haddad F., Royer G. Å J. Phys. 1995, v.G21, p.1357.

106.Newton J.O., Popescu D.G., Leigh J.R. Å Phys. Rev., 1990, v.C42, p.1772.

107.Glagola B.G., Back B.B., Betts R.R. Å Phys. Rev., 1984, v.C29, p.486.

108.Lebrun C., Hanappe F., Lecolley J.F. et al. Å Nucl. Phys., 1979, v.A321, p.207;
Borderie B., Berlanger M., Gardes D. et al. Å Z. Phys., 1981, v.A299, p.263.

109.Moretto L.G. et al. Å Phys. Lett., 1975, v.B58, p.31; Babinet R.P. et al. Å Nucl.
Phys., 1976, v.A258, p.172.

110.Natowitz J.B., Namboodiry M.N., Chulick E.T. Å Phys. Rev., 1976, v.C13, p.171.

111.Agarwal S., Galin J., Gatty B. et al. Å Z. Phys., 1980, v.A296, p.287.

112.Nagame Y., Ikezoe Y., Baba S. et al. Å Nucl. Phys., 1990, v.A510, p.518.

113.Nagame Y., Ikezoe Y., Ohtsuki T. Å Phys. Rev., 1993, v.C47, p.1586.

114.Moretto L.G., Wozniak G.J. Å Pramana-J.Phys. (India), v.33, p.209; Progr. Part.
Nucl. Phys., 1988, v.21, p.401.

115.Sobotka L.G., Sarantites D.G., Ze Li et al. Å Nucl. Phys., 1987, v.A471, p.131c.

116.Carjan N., Kaplan M. Å Phys. Rev., 1992, v.C45, p.2185.

117.�¤¥¥¢ ƒ.„. ¨ ¤·. Å ‘µµ¡Ð¥´¨¥ �ˆŸˆ �4-86-247, „Ê¡´ , 1986; Ÿ”, 1986, É.43,
¸.1137.

118.Moretto L.G., Schmitt R.P. Å Phys. Rev., 1980, v.C21, p.204.

119.Gregoire C., Scheuter F. Å Z. Phys., 1981, v.A303, p.337.

120.Faber M.E. Å Z. Phys., 1980, v.A297, p.277.

121.Faber M.E. Å Phys. Rev., 1981, v.C24, p.1047.

„…‹…�ˆ… ��ƒ�…’›• Ÿ„…�  483



122.Mathews G.V., Moulton J.B., Wozniak G.J. et al. Å Phys. Rev., 1982, v.C25,
p.300.

123.Sanders S.J. Å Phys. Rev., 1991, v.C44, p.2676.

124.Ravi Prasad G.V., Ramamurthy V.S., Yadav R.T. Å Phys. Rev., 1995, v.51,
p.2833.

125.Gregoire C. et al. Å Nucl. Phys., 1981, v.A361, p.443; 1982, v.A383, p.392; 1982,
v.A387, p.37c.

126.Guillaume G., Coffin J.P., Rami F. et al. Å Phys. Rev., 1982, v.C26, p.2458.

127.Boccaccio P., Vannucci L., Bettiolo M. et al. Å Phys. Rev., 1988, v.C38, p.2108.

128.Charity R.J., Jing K.X., Dowvan D.R. et al. Å Nucl. Phys., 1990, v.A511, p.59.

129.Unik J.P., Cuningham J.G., Groall I.F. Å Phys. Chem. Fission (Vienna, 1969),

Vienna: IAEA, 1969, p.717.

130.Cuninghame J.G., Goodall J.A., Freeman J.E. et al. Å Phys. Chem. Fission
(Julich, 1979), Vienna: IAEA, 1980, v.1, p.551.

131.‘ Ê¶¥ ƒ., ‘¥·¤Õ± �.ˆ., �¤¥¥¢ ƒ.„., � Ï±¥¢¨Î ‚.‚. Å Ÿ”, 1988, É.48, ¸.42.

132.Wilkins B.D., Steinberg E.P., Chasman R.R. Å Phys. Rev., 1976, v.C14, p.1832.

133.Ngo C., Peter J., Tamain B. Å Proc. Int. Conf. Reactions Complex Nuclei, Nashvill,
USA, 1974. Amsterdam: North-Holland, 1974, v.1, p.114.

134.El Masri Y., Hanappe F., Steckmeyer J.C. et al. Å Nucl. Phys., 1990, v.A517,
p.340.

135.Williams R.M., Kieburtz R.D., Neuzil E.F. Å J. Inorg. Nucl. Chem., 1973, v.35,
p.3651.

136.•µ°§¥´£  „.�., � É²¥· Œ.�., �µ§´¥· •. ¨ ¤·. Å ‚µ¶·µ¸Ò  Éµ³´µ° ´ Ê±¨ ¨
É¥Ì´¨±¨. ‘¥·¨Ö: Ö¤¥·´Ò¥ ±µ´¸É ´ÉÒ 1988, ¢Ò¶.1, ¸.65.

137.Nix J.R., Swiatecki W.J. Å Nucl. Phys., 1965, v.71, p.1.

138.Bock R., Chu Y.T., Dakovski M. et al. Å Nucl. Phys., 1982, v.A388, p.334.

139.Feldmeier H.T. Å Rep. Prog. Phys., 1987, v.50, p.915.

140.Nowicki L., Berlanger M., Borderie B. et al. Å Phys. Rev., 1982, v.C26, p.1114.

141.Schmitt R.P., Mouchaty G., Haenni D.R. Å Nucl. Phys., 1984, v.A427, p.614.

142.Schmitt R.P., Mouchaty G., Haenni D.R., Tition M. Å Z. Phys., 1985, v.A321,

p.411.

143.Schmitt R.P., Haenni D.R., Cooke L. et al. Å Nucl. Phys., 1988, v.A487, p.370.

144.Leigh J.R., Phillips W.R., Newton J.O. et al. Å Phys. Lett., 1985, v.B159, p.9.

145.Moretto L.G., Peaslee G.F., Wozniak G.J. Å Nucl. Phys., 1989, v.A502, p.453c.

146.Back B.B., Bjornholm S., Dossing T. et al. Å Phys. Rev., 1990, v.C41, p.1495.

147.Gavron A. Å Phys. Rev., 1980, v.C21, p.230.

148.‹ ´¤ Ê ‹.„., ‹¨ËÏ¨Í ….Œ. Å ‘É É¨¸É¨Î¥¸± Ö Ë¨§¨± . Œ.: � Ê± , 1964.

149.ƒµ´Î · ˆ.ˆ., Šµ¸¥´±µ ƒ.ˆ. Å Ÿ”, 1991, É.53, ¸.133.

150.Mordhorst E., Strecker M., Frobcen H. et al. Å Phys. Rev., 1991, v.C43, p.716.

151.Heusch B., Freisleben H., Schneider W.F. et al. Å Z. Phys., 1985, v.A322, p.309.

152.Oeschler H. et al. Å Phys. Rev., 1980, v.C22, p.546; Phys. Lett., 1979, v.B87,

p.193.

484  ˆ’Šˆ‘ Œ.ƒ., �“‘���‚ �.Ÿ.



153.Nagame Y., Nakahara H., Sueki K. et al. Å Z. Phys., 1984, v.A317, p.31.

154.Charity R.J., McMahan M.A., Wozniak G.J. et al. Å Nucl. Phys., 1988, v.A483,
p.371.

155.Cabot C., Ngo C., Peter H., Tamain B. Å Nucl. Phys., 1975, v.A244, p.134.

156.Moretto L.G. et al. Å Phys. Rev. Lett., 1995, v.74, p.3557.

157.�¤¥¥¢ ƒ.„., ƒµ´Î · ˆ.ˆ., � Ï±¥¢¨Î ‚.‚., ‘¥·¤Õ± �.ˆ. Å Ÿ”, 1989, É.50,
¸.1242.

158.Bohr N., Weeler J. Å Phys. Rev., 1939, v.56, p.426.

159.Fong P. Å Phys. Rev., 1956, v.102, p.434.

160.ˆ£´ ÉÕ± �.‚. Å Ÿ”, 1968, É.7, ¸.1043; 1969, É.9, ¸.357.

161.Andersson G., Areskoug M., Gusstafsson H.-A. et al. Å Z. Phys., 1979, v.A293,

p.241.

162.Gusstafsson H.-A., Hylten G., Schoder B., Hagebo E. Å Phys. Rev., 1981, v.C24,
p.769.

163.Andronenko L.N., Kotov A.A., Nesterov M.M. et al. Å Z. Phys., 1984, v.A318,
p.97.

164.Heusch B., Coffin J.P., Engelstein P. et al. Å Z. Phys., 1983, v.A312, p.109.

165.Bisplinghoff J., David P., Blann M. et al. Å Phys. Rev., 1978, v.C17, p.177.

166.Mathews G.J., Wozniak G.J., Schmitt R.P., Moretto L.G. Å Z. Phys., 1977,
v.A238, p.247.

167.Delis D.N., Blumenfeld Y., Bowman D.R. et al. Å Z. Phys., 1991, v.A339, p.279;
Nucl. Phys., 1991, v.A534, p.403.

168.Evans P.M., Smith A.E., Pass C.N. et al. Å Nucl. Phys., 1991, v.A526, p.365.

169.Sierk A.J. Å Phys. Rev. Lett.., 1985, v.55, p.582.

170.� ¸Éµ¶Î¨´ ….Œ., ŒÊ²Ó£¨´ ‘.ˆ., �¸É ¶¥´±µ �.�. ¨ ¤·. Å Ÿ”, 1991, É.53, ¸.120.

171.Boger J., Alexander J.M. Å Phys. Rev., 1994, v.C50, p.1006.

172.Moller P., Nix J.R., Myers W.D., Swiatecki W.J. Å At. Data Nucl. Data Tables,
1995, v.59, p.185.

173.Plasil F., Schmitt H.W. Å Phys. Rev., 1972, v.C5, p.528.

174.Pashkevich V.V. Å Nucl. Phys., 1971, v.A169, p.275.

175.�¤¥¥¢ ƒ.„., �¨¸Î ¸µ¢ �.ˆ. Å Ÿ”, 1986, É.44, ¸.897.

176.Wada T., Carjan N., Abe Y. Å Nucl. Phys., 1992, v.A538, p.283c.

177.ˆÉ±¨¸ Œ.ƒ., Šµ´¤· ÉÓ¥¢ �.�., ŒÊ²Ó£¨´ ‘.ˆ. ¨ ¤·. Å Ÿ”, 1991, É.53, ¸.1225.

178.Rivet M.F., Alami R., Borderie B. et al. Å Z. Phys., 1988, v.A330, p.295.

179.Zheng Z., Borderie B., Gardes D. et al. Å Nucl. Phys., 1984, v.A422, p.447.

180.Bernard V., Gredoire C., Mazur C. et al. Å Nucl. Phys., 1982, v.A385, p.319.

181.Sahm C.-C., Schulte H., Vermeulen D. et al. Å Z. Phys., 1980, v.A297, p.241.

182.McGeorge J.C., Shotter A.C., Brenford D., Reid J.M. Å Nucl. Phys., 1979,
v.A326, p.108.

183.Kuznetsov A.V., Rubchenya V.A., Vakhtin D.N. et al. Å Proc. 15 Nucl. Phys.
Europ. Divis. Conf. ®Low energy nuclear dynamics¯ (St-Petersburg, �pril 1995,

Russia) World Scientific, Singapure, ed. Oganessian Yu.Ts., Kalpakchieva R., p.252.

„…‹…�ˆ… ��ƒ�…’›• Ÿ„…�  485



184. Itkis M.G., Oganessian Yu.Ts., Chubarian G.G. et al. Å ibid., p.177.

185.Ferguson R.L., Plasil F., Freisleben H. et al. Å Phys. Rev., 1973, v.C8, p.1104.

186.Kalpakchieva R., Oganessian Yu.Ts., Penionzhkevich Yu.E. et al. Å Phys. Lett.,
1977, v.B69, p.287.

187.Kalpakchieva R., Oganessian Yu.Ts., Penionzhkevich Yu.E., Sodan H. Å Z. Phys.,
1977, v.A283, p.253.

188.Š ²¶ ±Î¨¥¢  �.ƒ. Å Š ´¤. ¤¨¸¸., „Ê¡´ , �ˆŸˆ, 1980.

189.Gippner P., Schilling K.D., Seidel W. et al. Å Z. Phys., 1986, v.A325, p.335; ‡µ-
¤ ´ •., ‹Ê±ÓÖ´µ¢ ‘.Œ., �¥´¨µ´¦±¥¢¨Î �.�. ¨ ¤·. Å Œ¥¦¤Ê´ ·µ¤´ Ö Ï±µ² -
¸¥³¨´ · ¶µ Ë¨§¨±¥ ÉÖ¦¥²ÒÌ ̈ µ´µ¢ („Ê¡´ , ̧ ¥´ÉÖ¡·Ó 1986), �ˆŸˆ, „7-87-68, „Ê¡-
´  1987, ¸.479.

190.Ngo C., Peter J., Tamain B. et al. Å Z. Phys., 1977, v.A283, p.161.

191.Galin J., Gatty B., Guerreau D. et al. Å Z. Phys., 1977, v.A283, p.173.

192.Butler M.A., Datta S.S., de Souza R.T. et al. Å Phys. Rev., 1986, v.C34, p.2016.

193.Guarino G., Gobbi A., Hildenbrand K.D. et al. Å Nucl. Phys., 1984, v.A424,

p.157.

194.Lerey S., Chen X.S., Fan G.Y. et al. Å Nucl. Phys., 1984, v.A423, p.175.

195.Hanappe F., Ngo C., Peter J., Tamain B. Å Phys. Chem. Fission (August 1973,
Rochester, USA), Vienna, IAEA, 1974, v.2, p.289.

196.Borderie B., Hanappe F., Ngo C. et al. Å Nucl. Phys., 1974, v.A220, p.93.

197.Schulte H., Jäckel B., Esterlund R.A. et al. Å Phys. Lett., 1989, v.B232, p.37.

198.Keller H., Lützenkirchen K., Kratz J.V. Å Z. Phys., 1987, v.A326, p.313.

199.Lützenkirchen K., Kratz J.V., Wirch G. et al. Å Nucl. Phys., 1986, v.A452, p.351.

200.Sikkeland T. Å Phys. Lett., 1970, v.B31, p.451.

201.Tavares O.A.P., Terranova M.L. Å Nuovo Cim., 1992, v.A105, p.723.

202.Oganessian Yu.Ts., Lazarev Yu.A. Å Heavy Ions and Nuclear Fission, in Treatise
on Heavy Ion Science. ed. D.A.Bromley., N.Y., Plenum Press, 1985, v.4, p.3.

203.ƒ ´£·¸±¨° �.�., „ ²Ì¸Ê·¥´ �., Œ ·±µ¢ �.�. Å �¸±µ²±¨ ¤¥²¥´¨Ö Ö¤¥·, Œµ¸±¢ ,
�´¥·£µ Éµ³¨§¤ É, 1986.

204.Hasse R.W. Å Nucl. Phys., 1969, v.A128, p.609; Phys.Rev., 1971, v.C4, p.572.

205.Davies K.T.R., Sierk A.J., Nix J.R. Å Phys. Rev., 1976, v.C13, p.2385.

206.Koonin S.E., Nix J.R. Å Phys. Rev., 1976, v.C13, p.209.

207.Sierk A.J., Nix J.R. Å Phys. Rev., 1977, v.C16, p.1048.

208.Davies K.T.R., Managan R.A., Nix J.R., Sierk A.J. Å Phys. Rev., 1977, v.C16,
p.1890.

209.Sierk A.J., Koonin S.E., Nix J.R. Å Phys. Rev., 1978, v.C17, p.646.

210.Negele J.W., Koonin S.E., Moller P. et al. Å Phys. Rev., 1978, v.C17, p.1098. 

211.Sierk A.J., Nix J.R. Å Phys. Rev., 1980, v.C21, p.982.

212.Nix J.R., Sierk A.J. Å Nucl. Phys., 1984, v.A428, p.161c.

213.Carjan N., Sierk A.J., Nix J.R. Å Nucl. Phys., 1986, v.A452, p.381.

214.Nix J.R., Sierk A.J. Å Œ¥¦¤Ê´ ·µ¤´ Ö Ï±µ² -¸¥³¨´ · ¶µ Ë¨§¨±¥ ÉÖ¦¥²ÒÌ ̈ µ´µ¢

(„Ê¡´ , ¸¥´ÉÖ¡·Ó 1986), „Ê¡´ , �ˆŸˆ, „7-87-68, 1987, ¸.453.

486  ˆ’Šˆ‘ Œ.ƒ., �“‘���‚ �.Ÿ.



215.Nix J.R., Sierk A.J. Å Int. Symp. On Perspektives in Nucl.Phys. (Madras, India,
January 1987), Alamos Nat.Lab., preprint LA-UR-87-133, 1987.

216.Hofmann H., Jensen A.S., Scheuter F. Å Proc. 12th Int.Symp. on Nucl.Phys.,
(Gaussig, GDR, November 1982), Rossendorf, 1982, ZfK-491, p.96; Scheuter F.,
Gregoire C. Å ibid, p.102.

217.Hofmann H., Nix J.R. Å Phys. Lett., 1983, v.B122, p.117.

218.Nix J.R., Sierk A.J., Hofmann H. et al. Å Nucl. Phys., 1984, v.A424, p.239.

219.Scheuter F., Gregoire C., Hofmann H., Nix J.R. Å Phys. Lett., 1984, v.B149,
p.303.

220.�¤¥¥¢ ƒ.„., ƒµ´Î · ˆ.ˆ. Å Ÿ”, 1983, É.37, ¸.1113; Z.Phys. 1985, v.A320, p.451;
v.A322, p.479.

221.‘¥·¤Õ± �.ˆ., �¤¥¥¢ ƒ.„., ƒµ´Î · ˆ.ˆ. ¨ ¤·. Å Ÿ”, 1987, É.46, ¸.710.

222.�¤¥¥¢ ƒ.„., � Ï±¥¢¨Î ‚.‚., ‘¥·¤Õ± �.ˆ. Å Š· É±¨¥ ¸µµ¡Ð¥´¨Ö �ˆŸˆ º4
(24)-87, „Ê¡´ , �ˆŸˆ, 1987.

223.�¤¥¥¢ ƒ.„. Å �—�Ÿ, 1992, É.23, ¸.1572.

224.Tillack G.-R. Å Phys. Lett., 1992, v.B278, p.403.

225.Tillack G.-R., Reif R., Schülke A. et al. Å Phys.Lett., 1992, v.B296, p.296.

226.Šµ¸¥´±µ ƒ.ˆ., Šµ²Ö·¨ ˆ.ƒ., �¤¥¥¢ ƒ.„. Å Ÿ”, 1997, É.60, ¸.404.

227.Šµ¸¥´±µ ƒ.ˆ. Å Š ´¤¨¤ É¸± Ö ¤¨¸¸¥·É Í¨Ö, ’µ³¸±, 1992.

228.Back B.B. et al. Å Phys. Rev. Lett., 1981, v.46, p.1068; 1983, v.50, p.818;
Phys.Rev., 1985, v.C31, 2104; v.C32, p.195; p.1786; v.C33, p.385.

229.Han H.Y., Jing K.X., Plagnol E. et al. Å Nucl.Phys. 1989, v.A492, p.138.

230.Becchetti F.D., Letter P.M., Jänecke J. et al. Å Proc. Int. Conf. ®50 Years with
Nucl. Fission¯ Gaithersburg, USA, 1989, p.688.

231.Grotowski K., Majka Z., Planeta R. et al. Å Phys.Rev., 1984, v.C30, p.1214.

232.Brack M., Damgaard J., Jensen A.S. et al. Å Rev.Mod.Phys., 1972, v.44, p.320.

233.Blocki J., Boneh Y., Nix J.R. et al. Å Ann.Phys., (N.Y.), 1978, v.113, p.330;
Bandrup J., Swiatecki W.J. Å Ann. Phys. (N.Y.), 1980, v.125, p.193; Swiatecki
W.J. Å Prog. Part. Nucl. Phys., 1980, v.4, p.383; Swiatecki W.J. Å Phys.Scr., 1981,
v.24, p.113; Bjornholm S., Swiatecki W.J. Å Nucl. Phys., 1982, v.A391, p.471;

Randrup J., Swiatecki W.J. Å Nucl. Phys., 1984, v.A429, p.105; Blocki J.,
Feldmeier H., Swiatecki W.J. Å Nucl. Phys., 1986, v.A459, p.145.

234.Griffin J.J., Dworzecka M. Å Nucl. Phys., 1986, v.A455, p.61.

235.Brosa U., Grossmann S., Müller A. Å Phys. Rep., 1990, v.194, p.167.

236.Gonnenwein F. Å Nuclear Fission Process. CRC Press, Boca Raton, USA, ed.
C.Wagemans, 1991, p.287.

237.Thoennessen M. et al. Å Phys. Rev. Lett., 1987, v.59, p.2860; Butsch R. et al. Å
Phys. Rev., 1991, v.C44, p.1515; Hofman D.J. et al. Å Phys. Rev. Lett., 1994, v.72,
p.470; Paul P. Å Nucl. Phys., 1994, v.A569, p.73c.

238.Siwek-Wilczynska K., Wilczynski J., Siemssen R.H., Wilschut H.W. Å Phys. Rev.,
1995, v.C51, p.2954.

239.Bocquet J.P., Brissot R. Å Nucl. Phys., 1989, v.A502, p.213c.

„…‹…�ˆ… ��ƒ�…’›• Ÿ„…�  487



240.ƒµ¢¥·¤µ¢¸±¨° �.�. Å �·¥¶·¨´É ”�ˆ-2430, �¡´¨´¸±, 1995.
241.Brosa U. et al. Å Z. Phys., 1983, v.A310, p.177; J. Phys. G, 1984, v.10, p.933.
242.Bjornholm S. Å Proc. Symp. ®10 years of uranium beam at the UNILAC¯ (GSI,

Darmstadt, FRG, April 1986) Darmstadt, GSI-86-19, p.119.
243.„¦µ²µ¸ �.‚., � ¸¨·µ¢ �.Š., �¥·³Ö±µ¢ ‚.�. Å Ÿ”, 1988, É.48, ¸.1304.

488  ˆ’Šˆ‘ Œ.ƒ., �“‘���‚ �.Ÿ.




