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–Ò£ ´μ¢ �.‘. P13-2006-144
� ·¥£¨¸É· Í¨¨ ·¥¤±¨Ì · ¸¶ ¤μ¢ ÉÖ¦¥²ÒÌ Ö¤¥·

� cc³ É·¨¢ ¥É¸Ö ¸¶¥Í¨Ë¨±  ¤¥É¥±É¨·μ¢ ´¨Ö ±μ··¥²¨·μ¢ ´´ÒÌ ¶ · ®Ö¤·μ μÉ-
¤ Î¨ Ä  ²ÓË -· ¸¶ ¤¯ ¢ ·¥¦¨³¥ ·¥ ²Ó´μ£μ ¢·¥³¥´¨, ¶μ§¢μ²ÖÕÐ Ö · ¤¨± ²Ó´μ ¶μ-
´¨§¨ÉÓ ¢¥²¨Î¨´Ê Ëμ´  ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨ÖÌ ¸ ÉÖ¦¥²Ò³¨ ¨μ´ ³¨ ¤²Ö ¶μ¸²¥¤ÊÕÐ¨Ì
· ¸¶ ¤μ¢ ¤μÎ¥·´¨Ì Ö¤¥·. „ ´´ Ö ³¥Éμ¤¨±  ¶μ§¢μ²¨²  ¢ É¥Î¥´¨¥ ¶μ¸²¥¤´¨Ì ²¥É
¶·μ¢¥¸É¨ Ê¸¶¥Ï´Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ¶μ ¸¨´É¥§Ê ¸¢¥·ÌÉÖ¦¥²ÒÌ Ö¤¥· ´  ¶ÊÎ±¥ ¨μ´μ¢
48Ca. „¥³μ´¸É·¨·Ê¥É¸Ö ¶·¨³¥´¥´¨¥ ³¥Éμ¤¨±¨ ¢ ·¥ ±Í¨¨ 242Pu+48Ca → 114+3n.
’¨¶¨Î´Ò³ § ¢¥·Ï¥´¨¥³ ¤¥É¥±É¨·Ê¥³μ° Í¥¶μÎ±¨ · ¸¶ ¤  Ö¢²Ö¥É¸Ö ¸¶μ´É ´´μ¥
¤¥²¥´¨¥. �·¨¢μ¤ÖÉ¸Ö Ì · ±É¥·´Ò¥ ¶ · ³¥É·Ò ¤²Ö ¤ ´´μ° ¸¨ÉÊ Í¨¨,   ¨³¥´´μ
¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¨³¶² ´É Í¨¨ ´Ê±²¨¤  ¢ ±·¥³´¨° ´  ³¨±·μ´´Ò¥ £²Ê¡¨´Ò. �·μ-
¢¥¤¥´μ ¸· ¢´¥´¨¥ ¸ ³μ¤¥²Ó´μ° ·¥ ±Í¨¥° 206Pb +48Ca →252 No + 2n.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �.”²¥·μ¢  �ˆŸˆ.

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2006

Tsyganov Yu. S. P13-2006-144
On the Detection of Rare Decays of Heavy Nuclei

A speciˇcity of recoil-alpha correlated sequences in the real-time mode to sup-
press signiˇcantly background in the heavy ion induced nuclear reactions has been
considered. This technique has been successfully applied during last years in the
experiments aimed at the synthesis of super heavy elements on 48Ca. An example
of application in 242Pu +48Ca → 114 + 3n is presented. Usually, the detected multi-
chain decay is ˇnished by the spontaneous ˇssion. The typical parameters are under
consideration for implantation depth of the units of microns. Comparison with the
measured spectrum from 206Pb +48Ca →252 No + 2n has been performed.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2006



“¸¶¥Ì Éμ£μ ¨²¨ ¨´μ£μ Ö¤¥·´μ-Ë¨§¨Î¥¸±μ£μ Ô±¸¶¥·¨³¥´É , ´ Í¥²¥´´μ£μ
´  ¶μ²ÊÎ¥´¨¥ ·¥§Ê²ÓÉ É  ¢ Ê¸²μ¢¨ÖÌ ¸¨²Ó´μ£μ μ£· ´¨Î¥´¨Ö ÔËË¥±É  ¶μ ·Ö¤Ê
μ¡Ñ¥±É¨¢´ÒÌ ¶ · ³¥É·μ¢, ± ± Éμ: ¸¥Î¥´¨¥ μ¡· §μ¢ ´¨Ö ¨¸¸²¥¤Ê¥³μ£μ ´Ê±²¨¤ 
³ ²μ (∼ 1 ¶¡), Éμ²Ð¨´  μ¡²ÊÎ ¥³μ° ³¨Ï¥´¨ μ£· ´¨Î¥´ , ¨´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ± 
ÉÖ¦¥²ÒÌ ¨μ´μ¢, ¡μ³¡ ·¤¨·ÊÕÐ¨Ì ³¨Ï¥´Ó, É ±¦¥ ¨³¥¥É μ£· ´¨Î¥´¨Ö, Å ¶·¥¤-
¶μ² £ ¥É ·Ö¤ ¦¥¸É±¨Ì É·¥¡μ¢ ´¨° ± ± ± ¸¥¶ ·¨·ÊÕÐ¨³ Ô²¥±É·μ³ £´¨É´Ò³
¸¨¸É¥³ ³ [1Ä3], É ± ¨ ± ¤¥É¥±É¨·ÊÕÐ¨³ ¸¨¸É¥³ ³ [4, 5].

�¸´μ¢´μ° ¶μ¸Ò² § ±²ÕÎ ¥É¸Ö ¢ Éμ³, ÎÉμ Ö¤·  ¨¸¸²¥¤Ê¥³ÒÌ ¶·μ¤Ê±Éμ¢
¤μ²¦´Ò ¤μ¸É ¢²ÖÉÓ¸Ö ¢ Ëμ± ²Ó´ÊÕ ¶²μ¸±μ¸ÉÓ ¸¥¶ · Éμ·  ¸ ³¨´¨³ ²Ó´Ò³¨
¶μÉ¥·Ö³¨, ¶·¨ ÔÉμ³, ¥¸É¥¸É¢¥´´μ, ¸ ³ ±¸¨³ ²Ó´μ ¢μ§³μ¦´Ò³ ¶μ¤ ¢²¥´¨¥³
± ± ¶¥·¢¨Î´μ£μ ¶ÊÎ± , É ± ¨ ¥£μ ¶·μ¨§¢μ¤´ÒÌ Å · ¸¸¥Ö´´ÒÌ ¨μ´μ¢, ¶·μ-
¤Ê±Éμ¢ ¶¥·¥¤ Î¨,   É ±¦¥ ¶·μ¤Ê±Éμ¢ ¤·Ê£¨Ì ¶μ¡μÎ´ÒÌ ·¥ ±Í¨°. �¸μ¡ Ö ·μ²Ó
¤¥É¥±É¨·ÊÕÐ¥° ¸¨¸É¥³Ò („‘) ¸ ÊÎ¥Éμ³ ¢ÒÏ¥¨§²μ¦¥´´μ£μ ¸²¥¤Ê¥É ¨§ Éμ£μ μÎ¥-
¢¨¤´μ£μ Ë ±É , ÎÉμ μ´  ¸É·μ¨É¸Ö, ¶·¥¦¤¥ ¢¸¥£μ, ¸ ÊÎ¥Éμ³ Ì · ±É¥·´ÒÌ ¶·¥¤-
¶μ² £ ¥³ÒÌ ¸¢μ°¸É¢ ¨¸¸²¥¤Ê¥³μ£μ ´Ê±²¨¤ , ¸¢μ°¸É¢ ¥£μ · ¸¶ ¤ , · ¢´μ ± ± ¨
¤μÎ¥·´¨Ì ¶·μ¤Ê±Éμ¢. Š·μ³¥ Éμ£μ, ¶·¨ Ê¸²μ¢¨¨, ÎÉμ ¢¥²¨Î¨´  ÔËË¥±É¨¢´μ¸É¨
É· ´¸¶μ·É  ´¥ ³¥´¥¥ 10Ä20% (¨´ Î¥ μ¶ÒÉ ¸ ¸¥Î¥´¨¥³ μ¡· §μ¢ ´¨Ö ´Ê±²¨¤ 
∼ 1 ¶¡ ¸É ´μ¢¨É¸Ö ¡¥¸¸³Ò¸²¥´´Ò³ ¶μ ¢·¥³¥´´Ò³ · ³± ³), ·¥ ²Ó´Ò¥ § £·Ê§±¨
„‘ ¸μ¸É ¢²ÖÕÉ 100Ä102 c−1, ÎÉμ μ§´ Î ¥É, ´ ¶·¨³¥·, ÎÉμ ¢ É¥Î¥´¨¥ ³¥¸ÖÎ´μ£μ
Ô±¸¶¥·¨³¥´É  μ¤´μ³Ê-´¥¸±μ²Ó±¨³ ¨¸¸²¥¤Ê¥³Ò³ ¸μ¡ÒÉ¨Ö³ ¡Ê¤¥É ¸μμÉ¢¥É¸É¢μ-
¢ ÉÓ μ±μ²μ 108 Ëμ´μ¢ÒÌ ¸μ¡ÒÉ¨° ¢ ³ ¸¸¨¢¥ ¤ ´´ÒÌ.

�·¨³¥´Ö¥³Ò° ´  ¤Ê¡´¥´¸±μ³ £ §μ´ ¶μ²´¥´´μ³ ¸¥¶ · Éμ·¥ Ö¤¥· μÉ¤ Î¨
³μ¤Ê²Ó ¤¥É¥±É¨·μ¢ ´¨Ö ¨§μ¡· ¦¥´ ´  ·¨¸. 1.
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�¨¸. 1. Œμ¤Ê²Ó ¤¥É¥±É¨·μ¢ ´¨Ö ¤Ê¡´¥´¸±μ£μ £ §μ´ ¶μ²´¥´´μ£μ ¸¥¶ · Éμ· . �μ± -
§ ´Ò: ± ³¥·Ò ®¸É ·É¯ ¨ ®¸Éμ¶¯ ¢·¥³Ö¶·μ²¥É´μ£μ ¤¥É¥±Éμ· , · ¡μÉ ÕÐ¨¥ ¢ ¶¥´É ´¥
(1,5 Éopp), Ëμ± ²Ó´Ò° ¶μ§¨Í¨μ´´μ-ÎÊ¢¸É¢¨É¥²Ó´Ò° ¤¥É¥±Éμ· (12 ·¥§¨¸É¨¢´ÒÌ ¶μ²μ-
¸μ±, 12 × 4 ¸³ Å μ¡Ð Ö ¶²μÐ ¤Ó), ¡μ±μ¢Ò¥ ±·¥³´¨¥¢Ò¥ ¤¥É¥±Éμ·Ò (8 ±·¨¸É ²²μ¢),
®¢¥Éμ¯-¤¥É¥±Éμ· (3 ±·¨¸É ²² ), ¢Ìμ¤´μ¥ ² ¢¸ ´μ¢μ¥ μ±´μ ¤²Ö · §¤¥²¥´¨Ö ¸ · ¡μÎ¥°
¸·¥¤μ° ¸¥¶ · Éμ·  (1 Éopp ¢μ¤μ·μ¤ )
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…£μ μ¸´μ¢μ° Ö¢²Ö¥É¸Ö ±·¥³´¨¥¢Ò° 12-¶μ²μ¸±μ¢Ò° ¶μ§¨Í¨μ´´μ-ÎÊ¢¸É¢¨-
É¥²Ó´Ò° ¤¥É¥±Éμ· ¤²Ö ·¥£¨¸É· Í¨¨ Ö¤¥· μÉ¤ Î¨ ¨ ¶·μ¤Ê±Éμ¢ ¨Ì  ²ÓË -· ¸¶ ¤ 
¨ ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö. 	μ±μ¢Ò¥ ±·¥³´¨¥¢Ò¥ ¤¥É¥±Éμ·Ò ¶·¨³¥´ÖÕÉ¸Ö ¤²Ö ¶μ-
¢ÒÏ¥´¨Ö £¥μ³¥É·¨Î¥¸±μ° ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ Î ¸É¨Í, ¢Ò²¥É ÕÐ¨Ì ¢
μ¡· É´ÊÕ ¶μ²Ê¸Ë¥·Ê ¶μ ´ ¶· ¢²¥´¨Õ ¨³¶² ´É Í¨¨ ´Ê±²¨¤ ,   ¶μ³¥Ð¥´´Ò°
§  μ¸´μ¢´Ò³ ¤¥É¥±Éμ·μ³ ®¢¥Éμ¯-¤¥É¥±Éμ· ¶·¥¤´ §´ Î¥´ ¤²Ö ¶μ¤ ¢²¥´¨Ö Ëμ´ 
¤²¨´´μ¶·μ¡¥¦´ÒÌ Î ¸É¨Í, ¶·μÌμ¤ÖÐ¨Ì μ¸´μ¢´μ° ¤¥É¥±Éμ· ¨ ´¥ μ¸É ¢²ÖÕÐ¨Ì
¸¨£´ ²  ¢μ ¢·¥³Ö¶·μ²¥É´μ³ ³μ¤Ê²¥. �μ¸²¥¤´¨°, ¢ ¸¢μÕ μÎ¥·¥¤Ó, ¶·¥¤´ §´ -
Î¥´ ¤²Ö ·¥£¨¸É· Í¨¨ Ö¤¥· μÉ¤ Î¨ ¨ ¤¨¸±·¨³¨´ Í¨¨ ¸μ¡ÒÉ¨° ¶μ ¶·¨´Í¨¶Ê
¶·¨²¥ÉÄ· ¸¶ ¤. ‘¨¸É¥³  ´ ¡μ·  ¤ ´´ÒÌ ´  μ¸´μ¢¥ ÔÉμ£μ ³μ¤Ê²Ö ¤¥É¥±É¨·μ¢ -
´¨Ö μ¶¨¸ ´  ¢ · ¡μÉ Ì [5Ä7]. ‘ ÊÎ¥Éμ³ ¶μ§¨Í¨μ´´μ£μ · §·¥Ï¥´¨Ö ¶μ·Ö¤± 
0,5 ³³ (�˜�‚) ¸¨¸É¥³  ¤ ¥É ¤μ¶μ²´¨É¥²Ó´Ò° Ë ±Éμ· μÎ¨¸É±¨ ¶μ·Ö¤±  500
(μÉ´¥¸¥´μ ± ¤¢Ê³ �˜�‚).

’¥³ ´¥ ³¥´¥¥ ¢ Ê¸²μ¢¨ÖÌ ·¥ ²Ó´μ£μ Ô±¸¶¥·¨³¥´É  § £·Ê§±  ¸¨£´ ²μ¢, ¨³¨-
É¨·ÊÕÐ¨Ì  ²ÓË -· ¸¶ ¤ ¢ μ¡² ¸É¨ Ô´¥·£¨° 9,6Ä11 ŒÔ‚, ¸μ¸É ¢²Ö¥É μ±μ²μ
0,1Ä0,2 ³¨´−1 ´  ¢¸Õ ·¥§¨¸É¨¢´ÊÕ ¶μ²μ¸±Ê 40 × 10 ³³ ¶·¨ · ¡μÎ¥° ¨´É¥´-
¸¨¢´μ¸É¨ μ±μ²μ 20 ³±A ¨μ´μ¢ 48Ca (+18) ´  ³¨Ï¥´¨. ’¨¶¨Î´ Ö ¸Ê³³ ·´ Ö
¢¥²¨Î¨´  ¶μ¤ ¢²¥´¨Ö Ëμ´  ¢·¥³Ö¶·μ²¥É´Ò³ ¤¥É¥±Éμ·μ³ ¨ ®¢¥Éμ¯-¤¥É¥±Éμ·μ³
¢ ÔÉμ° μ¡² ¸É¨ ¸μ¸É ¢²Ö¥É μ±μ²μ 2Ä6 ¢ § ¢¨¸¨³μ¸É¨ μÉ É¨¶  ·¥ ±Í¨¨ ¨ ´ -
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�¨¸. 2. ’¨¶¨Î´ Ö § ¢¨¸¨³μ¸ÉÓ ±μÔËË¨Í¨¥´É  ¶μ¤ ¢²¥´¨Ö Ëμ´ ∗ ®¢¥Éμ¯-¤¥É¥±Éμ·μ³ ¨
¢·¥³Ö¶·μ²¥É´Ò³ ¤¥É¥±Éμ·μ³ (¸Ê³³ ·´μ) μÉ ¤¨ ¶ §μ´  Ô´¥·£¨°. �μ± § ´  Ì · ±É¥·´ Ö
μ¡² ¸ÉÓ §´ Î¥´¨° ¤²Ö ¡μ³¡ ·¤¨·ÊÕÐ¥° Î ¸É¨ÍÒ 48Ca

∗�´ ²μ£¨Î´ Ö ¢¥²¨Î¨´  ¤²Ö ¤¨ ¶ §μ´  Ô´¥·£¨° μ¸±μ²±μ¢ ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö ¨³¶² ´É¨-
·μ¢ ´´ÒÌ Ö¤¥· ³´μ£μ ¡μ²ÓÏ¥,   ¨³¥´´μ 103−104, ÎÉμ μ¡Ê¸²μ¢²¥´μ μÉ¸ÊÉ¸É¢¨¥³ ´¥°É·μ´´μ-
¨´¤ÊÍ¨·Ê¥³ÒÌ Ëμ´μ¢ ¢ ¤ ´´μ³ ¤¨ ¶ §μ´¥.
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¸É·μ°±¨ ¸¥¶ · Éμ·  (¸³. ·¨¸. 2). ” ±Éμ· ¶μ¤ ¢²¥´¨Ö μ¶·¥¤¥²Ö²¸Ö ± ± μÉ´μ-
Ï¥´¨¥ μ¡Ð¥£μ ±μ²¨Î¥¸É¢  ¸μ¡ÒÉ¨° ¢ ¤¨ ¶ §μ´¥ ¡μ²ÓÏ¥ Ê± § ´´μ° ´  £· Ë¨±¥
Ô´¥·£¨¨ ¨ ¢¶²μÉÓ ¤μ ±μ´Í  Ï± ²Ò  ²ÓË -¤¨ ¶ §μ´  (∼ 20 ŒÔ‚) ± Î¨¸²Ê ¸μ¡Ò-
É¨°, ¸¶μ¸μ¡´ÒÌ ¨³¨É¨·μ¢ ÉÓ  ²ÓË -· ¸¶ ¤, É. ¥. ¸ ´Ê²¥¢Ò³ §´ Î¥´¨¥³ ¢·¥³¥´¨
¶·μ²¥É  ¨ ´Ê²¥¢μ°  ³¶²¨ÉÊ¤μ° ®¢¥Éμ¯-¤¥É¥±Éμ·  ¢ ÔÉμ³ ¦¥ ¤¨ ¶ §μ´¥.

„²Ö · ¤¨± ²Ó´μ£μ ¦¥ ¶μ¤ ¢²¥´¨Ö Ëμ´  ¸μ¡ÒÉ¨°, ¨³¨É¨·ÊÕÐ¨Ì  ²ÓË -
· ¸¶ ¤ ¨, ¢μ§³μ¦´μ, ¸¶μ´É ´´μ¥ ¤¥²¥´¨¥, ¶·¨³¥´Ö¥É¸Ö ³¥Éμ¤, μ¸´μ¢ ´´Ò° ´ 
¶μ¨¸±¥ Ê± § É¥²Ö ´  ¢μ§³μ¦´μ¥ ³´μ£μ§¢¥´´μ¥ ¸μ¡ÒÉ¨¥ ¢ ·¥ ²Ó´μ³ ³ ¸ÏÉ ¡¥
¢·¥³¥´¨∗. �·¨ ÔÉμ³ ·¥ ²Ó´Ò° Ëμ± ²Ó´Ò° ¤¥É¥±Éμ· ¢ μ¶¥· É¨¢´μ° ¶ ³ÖÉ¨ �Š,
¢¥¤ÊÐ¥£μ ´ ¡μ· [8, 9], ¶·¥¤¸É ¢²¥´ ¢ ¢¨¤¥ ¤¢ÊÌ ³ É·¨Í,   ¨³¥´´μ: ³ É·¨ÍÒ
Ö¤¥· μÉ¤ Î¨ ¨ ³ É·¨ÍÒ  ²ÓË -Î ¸É¨Í. ‚ ± Î¥¸É¢¥ ³ É·¨Î´μ£μ Ô²¥³¥´É  § ¶¨-
¸Ò¢ ÕÉ¸Ö É¥±ÊÐ¨¥ ¢·¥³¥´  ¸μ¡ÒÉ¨°. �·¨ ¶μÖ¢²¥´¨¨ ¸μ¡ÒÉ¨Ö, · ¸¸³ É·¨¢ ¥-
³μ£μ ± ±  ²ÓË -· ¸¶ ¤, ¸¨¸É¥³  ´ ¡μ·  ¶·μ¨§¢μ¤¨É ¸· ¢´¥´¨¥ ¸ ¸μμÉ¢¥É¸É¢ÊÕ-
Ð¨³ Ô²¥³¥´Éμ³ ³ É·¨ÍÒ Ö¤¥· μÉ¤ Î¨ ¨ É·¥³Ö ¸μ¸¥¤´¨³¨ Ô²¥³¥´É ³¨ ¢¢¥·Ì ¨
¢´¨§ ¶μ ¢¥·É¨± ²¨, ¢Ò¡¨· Ö ¶·¨ ÔÉμ³ ³¨´¨³ ²Ó´μ¥ §´ Î¥´¨¥. ‚ ¸²ÊÎ ¥, ¥¸²¨
¤ ´´ Ö ¢¥²¨Î¨´  ´¥ ¶·¥¢μ¸Ìμ¤¨É § · ´¥¥ Ê¸É ´μ¢²¥´´μ£μ §´ Î¥´¨Ö, ¤¥É¥±É¨-
·ÊÕÐ Ö ¸¨¸É¥³  £¥´¥·¨·Ê¥É μ¸É ´μ¢ ¶·μÍ¥¸¸  μ¡²ÊÎ¥´¨Ö ³¨Ï¥´¨,   ¢ ¸²ÊÎ ¥
´ Ìμ¦¤¥´¨Ö ± ´¤¨¤ É  ´  ¶μ¸²¥¤ÊÕÐ¨° · ¸¶ ¤ ¸ μÉ³¥É±μ° ®¢´¥ ¶ÊÎ± ¯ ¶μ
¤ ´´μ° ¶μ²μ¸±¥ ±·¥³´¨¥¢μ£μ ¤¥É¥±Éμ· , ´μ Ê¦¥ ¡¥§ ÊÎ¥É  ¢¥·É¨± ²Ó´μ° ¶μ§¨-
Í¨¨, ¸¨¸É¥³  ¶·μ¤²¥¢ ¥É ¨´É¥·¢ ² μ¦¨¤ ´¨Ö ¤μ ´¥¸±μ²Ó±¨Ì ¤¥¸ÖÉ±μ¢ ³¨´ÊÉ,
μ¡¥¸¶¥Î¨¢ Ö É ±¨³ μ¡· §μ³ ¶· ±É¨Î¥¸±¨ ¡¥cËμ´μ¢Ò¥ Ê¸²μ¢¨Ö ·¥£¨¸É· Í¨¨
¤μÎ¥·´¨Ì · ¸¶ ¤μ¢.

‚Ò¨£·ÒÏ ¢ ¢¥²¨Î¨´¥ ¢¥·μÖÉ´μ¸É¨ Éμ£μ, ÎÉμ ¤¥É¥±É¨·Ê¥³μ¥ ³´μ£μ§¢¥´´μ¥
¸μ¡ÒÉ¨¥ ³μ¦¥É ¡ÒÉÓ μÉ´¥¸¥´μ ± ¸μ¢μ±Ê¶´μ¸É¨ ¸²ÊÎ °´ÒÌ ¨³¶Ê²Ó¸μ¢, ¨³¨-
É¨·ÊÕÐ¨Ì  ²ÓË -· ¸¶ ¤, ¶μ μÉ´μÏ¥´¨Õ ± ¤¥É¥±É¨·μ¢ ´¨Õ ¡¥§ ¶·¨³¥´¥´¨Ö

Ê± § ´´μ° ³¥Éμ¤¨±¨ ¸μ¸É ¢²Ö¥É [10, 11] η =
Cm

n

Kn−m
, £¤¥ K Å Ë ±Éμ· ¶μ¤ -

¢²¥´¨Ö ¨³¨É Éμ·μ¢  ²ÓË -· ¸¶ ¤  (μ¡ÒÎ´μ ´¥ ÌÊ¦¥ ∼ 103), n Å ¶μ²´μ¥ Î¨¸²μ
§¢¥´Ó¥¢  ²ÓË -· ¸¶ ¤  ·¥£¨¸É·¨·Ê¥³μ£μ ´Ê±²¨¤ , m Å ´μ³¥·  ²ÓË -Î ¸É¨ÍÒ,
±μ··¥²¨·μ¢ ´´μ° ¶μ ¢·¥³¥´¨Ä¶μ§¨Í¨¨ ¸ Ö¤·μ³ μÉ¤ Î¨ ¨ ¢Ò§¢ ¢Ï¥° μ¸É ´μ¢
¶·μÍ¥¸¸  μ¡²ÊÎ¥´¨Ö ³¨Ï¥´¨. � §Ê³¥¥É¸Ö, Ê¸¶¥Ï´μ¥ ¶·¨³¥´¥´¨¥ ¤ ´´μ° ³¥-
Éμ¤¨±¨ ¢μ§³μ¦´μ ²¨ÏÓ ¶·¨ ´ ²¨Î¨¨ ± ± ± ²¨¡·μ¢μÎ´ÒÌ, É ± ¨ · ¸Î¥É´ÒÌ
§ ¢¨¸¨³μ¸É¥° ¤²Ö ·¥£¨¸É·¨·Ê¥³ÒÌ Ô´¥·£¨° ÉÖ¦¥²ÒÌ Ö¤¥· [12Ä14]. �  ·¨¸. 3
¶·¨¢¥¤¥´  É ± Ö § ¢¨¸¨³μ¸ÉÓ, ¶μ²ÊÎ¥´´ Ö ¸ ¶·¨³¥´¥´¨¥³ ³μ¤¥²Ó´ÒÌ ·¥ ±Í¨°,
É ±¨Ì ± ± natYt+48 Ca, 197Au+22 Ne, 206Pb+48 Ca, 207Pb+40 Ar ¨ ¤·. „²Ö ´ -
£²Ö¤´μ£μ ¶·¨³¥·  ¶·¨³¥´¥´¨Ö ³¥Éμ¤¨±¨ ¤¥É¥±É¨·μ¢ ´¨Ö ´  ·¨¸. 4 ¶·¨¢¥¤¥´Ò
¸¶¥±É·Ò ®¢´¥ ¶ÊÎ± ¯, ¨§³¥·¥´´Ò¥ ¢ ·¥ ±Í¨¨ 242Pu +48 Ca → 114 + 3n [15]
¸ ¶·¨³¥´¥´¨¥³ μ¶¨¸ ´´μ° ¢ÒÏ¥ ³¥Éμ¤¨±¨ ¢ É¥Î¥´¨¥ ¶μÎÉ¨ ³¥¸ÖÎ´μ£μ μ¡²Ê-
Î¥´¨Ö ¢Ò¸μ±μ¨´É¥´¸¨¢´Ò³ ¶ÊÎ±μ³ ¨μ´μ¢ 48Ca. �É³¥É¨³, ÎÉμ μ¡Ð¨¥ ¶μÉ¥·¨

∗Œ¥Éμ¤  ±É¨¢´ÒÌ ±μ··¥²ÖÍ¨°.
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�¨¸. 3. 
³¶¨·¨Î¥¸± Ö ± ²¨¡·μ¢±  ¤¥É¥±Éμ·  ¤²Ö ¨§³¥·Ö¥³μ° Ô´¥·£¨¨ Ö¤·  μÉ¤ Î¨
¢ § ¢¨¸¨³μ¸É¨ μÉ · ¸Î¥É´μ° ¢Ìμ¤´μ° Ô´¥·£¨¨. ‘¶²μÏ´ Ö ²¨´¨Ö Å · ¸Î¥É [12] ¤²Ö
Ö¤·  288114. „¢  ¸μ¡ÒÉ¨Ö Ô²¥³¥´É  Z = 112, ¸¨´É¥§¨·μ¢ ´´μ£μ ¢ GSI („ ·³ÏÉ ¤É,
ƒ¥·³ ´¨Ö), ¶μ± § ´Ò §¢¥§¤μÎ± ³¨ [17]
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�¨¸. 4. ‘¶¥±É·Ò  ²ÓË -· ¸¶ ¤ , ¨§³¥·¥´´Ò¥ ¢ ·¥ ±Í¨¨ 242Pu +48 Ca → 114 + 3n.
‘μ¡ÒÉ¨Ö, ¶·¨¶¨¸ ´´Ò¥ ÔËË¥±ÉÊ, ¶μ± § ´Ò Î¥·´Ò³ Í¢¥Éμ³ [15]

¢ ¢¥²¨Î¨´¥ ¸Ê³³ ·´μ£μ ¢·¥³¥´¨ μ¡²ÊÎ¥´¨Ö ³¨Ï¥´¨, ¸¢Ö§ ´´Ò¥ ¸ £¥´¥· Í¨¥°
¶ Ê§, ´¥ ¶·¥¢μ¸Ìμ¤ÖÉ μ¡ÒÎ´μ ¥¤¨´¨Í ¶·μÍ¥´Éμ¢ [11], ÎÉμ Ö¢²Ö¥É¸Ö ¡μ²¥¥ Î¥³
¶·¨¥³²¥³μ° Í¥´μ° §  ¸Éμ²Ó · ¤¨± ²Ó´μ¥ ¶μ¤ ¢²¥´¨¥ Ëμ´ . �É³¥É¨³ É ±¦¥,
ÎÉμ ¨³¥´´μ ¸ ¶·¨³¥´¥´¨¥³ ¤ ´´μ° É¥Ì´¨±¨ ¤¥É¥±É¨·μ¢ ´¨Ö ¶μ²ÊÎ¥´Ò ·¥§Ê²Ó-
É ÉÒ ¶μ ¸¨´É¥§Ê ´μ¢ÒÌ ¨§μÉμ¶μ¢ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢ ¸ Z = 112−118 [16].

„μ¶μ²´¨É¥²Ó´Ò³ Ë ±Éμ·μ³, ¸μ¶ÊÉ¸É¢ÊÕÐ¨³ Ê¸¶¥ÌÊ ¢Ò¤¥²¥´¨Ö ¨´É¥·¥¸Ê-
ÕÐ¥° Í¥¶μÎ±¨ ¨§ μ¡Ð¥£μ ³ ¸¸¨¢  ¤ ´´ÒÌ, Ö¢²Ö¥É¸Ö ´ ¡²Õ¤¥´¨¥ ¸¶μ´É ´´μ£μ
¤¥²¥´¨Ö ¸ ¡μ²ÓÏ¨³ Ô´¥·£μ¢Ò¤¥²¥´¨¥³ ¢ ¤¥É¥±Éμ·¥. �É³¥É¨³, ÎÉμ ´ ¨¡μ²¥¥
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�¨¸. 5. ‡ ¢¨¸¨³μ¸ÉÓ · ¸Î¥É´μ£μ ¶·¨¢¥¤¥´´μ£μ §´ Î¥´¨Ö ¶μ²´μ° ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨
μÉ ¶·¨¢¥¤¥´´μ° £²Ê¡¨´Ò ¨³¶² ´É Í¨¨ ´Ê±²¨¤  ¢ ±·¥³´¨¥¢Ò° ¤¥É¥±Éμ·. ‡¢¥§¤μÎ±  Å
¨§³¥·¥´¨¥ ¤²Ö 252No. �μ μ¸Ö³: e = 〈TKE〉¨§³/〈TKE〉, r = R/3, 5, £¤¥ R Å £²Ê¡¨´ 
¨³¶² ´É Í¨¨ ´Ê±²¨¤ . 〈TKE〉 = 194, 3 ŒÔ‚

�¨¸. 6. ˆ´É¥·Ë¥°¸ ¶μ²Ó§μ¢ É¥²Ö ¶·¨ ¸¨³Ê²ÖÍ¨¨ ¸¶¥±É·μ¢ ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö (Bor-
land's C++ Builder 3). �μ± § ´Ò: ´ Î ²Ó´Ò° ¸¶¥±É· (’Š…), ¸Ê³³ ·´Ò° ¸¶¥±É·
(TKE¨§³), ¸¶¥±É· ¢ Ëμ± ²Ó´μ³ ¨ ¡μ±μ¢μ³ ¤¥É¥±Éμ·¥. �· ¢Ò° ¢¥·Ì´¨° Ê£μ² Å · ¸-
¶·¥¤¥²¥´¨¥ ¨³¶² ´É¨·μ¢ ´´ÒÌ Ö¤¥· ¶μ Ëμ± ²Ó´μ³Ê ¤¥É¥±Éμ·Ê (12 ¸É·¨¶μ¢)

Í¥´´Ò³¨ Ö¢²ÖÕÉ¸Ö ¸μ¡ÒÉ¨Ö, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¤¥É¥±É¨·μ¢ ´¨Õ μ¡μ¨Ì μ¸±μ²-
±μ¢. �·¨ ÔÉμ³ Ëμ± ²Ó´Ò° ¤¥É¥±Éμ· ·¥£¨¸É·¨·Ê¥É Ô´¥·£μ¢Ò¤¥²¥´¨¥, ¸μμÉ¢¥É-
¸É¢ÊÕÐ¥¥ ¶¥·¢μ³Ê μ¸±μ²±Ê ¨ Î ¸É¨ ¢Éμ·μ£μ,   ¡μ±μ¢μ° Å μ¸É Éμ± Ô´¥·£μ-
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�¨¸. 7. a) ˆ§³¥·¥´´Ò° (·¥£¨¸É· Í¨Ö μ¡μ¨³¨ ¤¥É¥±Éμ· ³¨ Å Ëμ± ²Ó´Ò³ ¨ ¡μ±μ¢Ò³)
¸¶¥±É· ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö Ö¤¥· 252No, ¨³¶² ´É¨·μ¢ ´´ÒÌ ¢ ±·¥³´¨¥¢Ò° ¤¥É¥±Éμ·.
�¥ ±Í¨Ö 206Pb +48 Ca →252 No + 2n. ¡) ‘¶¥±É· ¢ ¡μ±μ¢μ³ ¤¥É¥±Éμ·¥

¢Ò¤¥²¥´¨Ö ¢Éμ·μ£μ μ¸±μ²±  [18]. �  μ¸´μ¢ ´¨¨ ³μ¤¥²Ó´μ£μ · ¸Î¥É  [18Ä21]
¶μ²ÊÎ¥´  § ¢¨¸¨³μ¸ÉÓ ¤²Ö ¶·¨¢¥¤¥´´μ£μ §´ Î¥´¨Ö ¸Ê³³ ·´μ£μ Ô´¥·£μ¢Ò¤¥²¥-
´¨Ö μ¸±μ²±μ¢ ¤¥²¥´¨Ö 252No, ¶μ± § ´´ Ö ´  ·¨¸. 5, ÎÉμ ´ Ìμ¤¨É¸Ö ¢ ¸μ£² -
¸¨¨ c [22] ¤²Ö £²Ê¡¨´Ò ¨³¶² ´É Í¨¨ ´Ê±²¨¤  μ±μ²μ 3,4 ³±³ (〈TKE〉¨§³ ≈
≈ 〈TKE〉 − 20 ŒÔ‚) ¶·¨ ¸¨¸É¥³ É¨Î¥¸±μ° ´¥ÉμÎ´μ¸É¨ ∼5 ŒÔ‚ [22]. � ¸Î¥É-
´Ò° ¸¶¥±É· ¶μ± § ´ ´  ·¨¸. 6. � ¸Î¥É´μ¥ ¨ ¨§³¥·¥´´Ò¥ §´ Î¥´¨Ö ¸É ´¤ ·É´μ£μ
μÉ±²μ´¥´¨Ö ¤²Ö ¸Ê³³ ·´μ£μ ¨§³¥·¥´´μ£μ ¸¶¥±É·  ¸μ£² ¸ÊÕÉ¸Ö ¸ ÉμÎ´μ¸ÉÓÕ ¤μ
Ë ±Éμ·  1,2. �É³¥É¨³, ÎÉμ ¢ μÉ²¨Î¨¥ μÉ [18] Ì · ±É¥·´ Ö ±μ´¸É ´É  ·¥±μ³-
¡¨´ Í¨¨ ¡¥·¥É¸Ö · ¢´μ° 1134 ¸³/¸ ´  μ¸´μ¢ ´¨¨ ¨§³¥·¥´¨° ¨§ · ¡μÉÒ [21]
¤²Ö ¤ ´´μ£μ É¨¶  ¤¥É¥±Éμ·μ¢. �μÉ¥·¨ ¢Ò²¥É ÕÐ¥£μ μ¸±μ²±  ¢ ¶¥´É ´¥ ÊÎÉ¥´Ò
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± ± ¸·¥¤´¥¥ §´ Î¥´¨¥. „²Ö Î ¸É¨Î´μ£μ ¸· ¢´¥´¨Ö ´  ·¨¸. 7,  , ¡ ¶·¨¢¥¤¥´Ò
¨§³¥·¥´´Ò¥ ¸¶¥±É·Ò ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö 252No.
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