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‚ ‹Ÿ� �ˆŸˆ ¶·μ¢μ¤ÖÉ¸Ö Ô±¸¶¥·¨³¥´ÉÒ ¶μ ¸¨´É¥§Ê ¨ ¨§ÊÎ¥´¨Õ ¸¢μ°¸É¢ · ¤¨μ ±É¨¢´μ£μ · ¸¶ ¤ 
¨§μÉμ¶μ¢ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢ (Z � 110). ‚ μ¸´μ¢´μ³ ¨¸¶μ²Ó§ÊÕÉ¸Ö ·¥ ±Í¨¨ ¶μ²´μ£μ ¸²¨Ö-
´¨Ö Ê¸±μ·¥´´μ£μ ¶ÊÎ±  ¨μ´μ¢ 48Ca ¸ É· ´¸ ±É¨´¨¤´Ò³¨ ³¨Ï¥´Ö³¨ ¸ ¶μ¸²¥¤ÊÕÐ¨³ ¨¸¶ ·¥´¨¥³
´¥¸±μ²Ó±¨Ì ´¥°É·μ´μ¢ ¨§ ¢μ§¡Ê¦¤¥´´μ£μ ¸μ¸É ¢´μ£μ Ö¤· . „²Ö ¶μ²ÊÎ¥´¨Ö ¡μ²¥¥ ´¥°É·μ´μ¨§¡ÒÉμÎ-
´ÒÌ ¨§μÉμ¶μ¢ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢ ¢μ§³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ®Ô±§μÉ¨Î¥¸±¨¥¯ ± ´ ²Ò ·¥ ±Í¨° ¸
¨¸¶ ·¥´¨¥³ ¶·μÉμ´μ¢ ¨ ´¥¸±μ²Ó±¨Ì ´¥°É·μ´μ¢. ‚ Ô±¸¶¥·¨³¥´É Ì ´  ¸¥¶ · Éμ·¥ SHELS ¢ ·¥ ±Í¨¨
50Ti+209Bi → 259Db∗ ¡Ò²¨ ¨§³¥·¥´Ò ¸¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö ¨§μÉμ¶μ¢ Db ¨ Rf, μ¡· §ÊÕÐ¨Ì¸Ö ¢ xn-
¨ pxn-± ´ ² Ì ·¥ ±Í¨¨ ¸μμÉ¢¥É¸É¢¥´´μ. ‘μμÉ´μÏ¥´¨¥ ¸¥Î¥´¨° σ(xn)/σ(pxn) ¸μ¸É ¢¨²μ ¢¥²¨Î¨´Ê
¶μ·Ö¤±  100.

The experiments aimed at the synthesis and study of decay properties of the isotopes of superheavy
elements (Z � 110) are performed at FLNR JINR. Generally, complete fusion reactions of accelerated
ion beam of 48Ca with transactinide targets with subsequent evaporation of a few neutrons from excited
compound nucleus are used. It is possible to use ©exoticª reaction channels with evaporation of protons
and a few neutrons for the synthesis of more neutron-rich isotopes of superheavy elements. In the
experiments with the SHELS separator, formation cross sections of Db and Rf isotopes formed in xn

and pxn channels of complete fusion reaction 50Ti+209Bi → 259Db∗, respectively, have been measured.
Formation cross-section ratio σ(xn)/σ(pxn) is on the order of 100.

PACS 23.60.+e; 25.70Gh; 29.30.-h; 29.40.Gx
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�¸´μ¢´Ò³ ³¥Éμ¤μ³ ¨§ÊÎ¥´¨Ö ¸¢μ°¸É¢ ÉÖ¦¥²ÒÌ ¨ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ö¤¥· ¸É ² ¸¨´É¥§ ¨§μ-
Éμ¶μ¢ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ·¥ ±Í¨° ¶μ²´μ£μ ¸²¨Ö´¨Ö ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¸ ÉÖ¦¥²Ò³¨ Ö¤· ³¨
³¨Ï¥´¥° ¸ ¶μ¸²¥¤ÊÕÐ¨³ ¨¸¶ ·¥´¨¥³ ´¥¸±μ²Ó±¨Ì ´¥°É·μ´μ¢ ¨§ ¢μ§¡Ê¦¤¥´´μ£μ ±μ³¶ Ê´¤-
Ö¤· . � §¢¨É¨¥ ÔÉμ£μ ´ ¶· ¢²¥´¨Ö ¸É ²μ ¢μ§³μ¦´Ò³ ¸ ´ Î ²μ³ ¨¸¶μ²Ó§μ¢ ´¨Ö Ô±¸¶¥·¨-
³¥´É ²Ó´μ° É¥Ì´¨±¨, ¶μ§¢μ²ÖÕÐ¥° ¶·μ¨§¢μ¤¨ÉÓ ¸¥¶ · Í¨Õ ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨° ¶μ²´μ£μ
¸²¨Ö´¨Ö ¶μ ±¨´¥³ É¨Î¥¸±¨³ ¶·¨§´ ± ³ (Ê£²μ¢Ò¥, Ô´¥·£¥É¨Î¥¸±¨¥ · ¸¶·¥¤¥²¥´¨Ö ¨²¨ · ¸-
¶·¥¤¥²¥´¨Ö ¶μ ¸±μ·μ¸É¨) ¨ ¶μ ¨μ´´Ò³ § ·Ö¤ ³ [1]. „²Ö ¨¤¥´É¨Ë¨± Í¨¨ Ö¤¥· μÉ¤ Î¨
¡Ò² · §¢¨É ³¥Éμ¤ ±μ··¥²ÖÍ¨μ´´μ£μ  ´ ²¨§ , ¸ÊÉÓ ±μÉμ·μ£μ § ±²ÕÎ ¥É¸Ö ¢ Ê¸É ´μ¢²¥´¨¨
£¥´¥É¨Î¥¸±¨ ¸¢Ö§ ´´ÒÌ Í¥¶μÎ¥± · ¸¶ ¤μ¢, ¢¥¤ÊÐ¨Ì ¢ μ¡² ¸ÉÓ ¨§¢¥¸É´ÒÌ Ö¤¥·.

„ ´´Ò¥ Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¸¨´É¥§Ê ¨§μÉμ¶μ¢ Ô²¥³¥´Éμ¢ ¸ Z μÉ 110 ¤μ 118 [2, 3] ¶μ-
± §Ò¢ ÕÉ, ÎÉμ ¶¥·¨μ¤Ò ¶μ²Ê· ¸¶ ¤  ¨§μÉμ¶μ¢ ± ¦¤μ£μ ¨§ ÔÉ¨Ì Ô²¥³¥´Éμ¢ Ê¢¥²¨Î¨¢ ÕÉ¸Ö
¸ ·μ¸Éμ³ Î¨¸²  ´¥°É·μ´μ¢ ¢ Ö¤·¥, ÎÉμ ³μ¦¥É ¸²Ê¦¨ÉÓ ±μ¸¢¥´´Ò³ ¶μ¤É¢¥·¦¤¥´¨¥³ ¸ÊÐ¥-
¸É¢μ¢ ´¨Ö μ¡² ¸É¨ μÉ´μ¸¨É¥²Ó´μ ¤μ²£μ¦¨¢ÊÐ¨Ì ¸¢¥·ÌÉÖ¦¥²ÒÌ Ö¤¥· ¢¡²¨§¨ ¸Ë¥·¨Î¥¸±¨Ì
μ¡μ²μÎ¥± ´¥°É·μ´μ¢ ¨ ¶·μÉμ´μ¢. �·μ¤¢¨¦¥´¨¥ ± ®μ¸É·μ¢Ê ¸É ¡¨²Ó´μ¸É¨¯ ¸¢¥·ÌÉÖ¦¥²ÒÌ
Ô²¥³¥´Éμ¢ (‘’�) É·¥¡Ê¥É · §¢¨É¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ³¥Éμ¤μ¢, ¢ Éμ³ Î¨¸²¥ ¸μ¢¥·Ï¥´-
¸É¢μ¢ ´¨Ö Ê¸±μ·¨É¥²¥°, ¸¥¶ · Éμ·μ¢ Ö¤¥· μÉ¤ Î¨, ¸μ§¤ ´¨Ö ¢Ò¸μ±μ¨´É¥´¸¨¢´ÒÌ ¶ÊÎ±μ¢
¨μ´μ¢ ´¥°É·μ´μ¨§¡ÒÉμÎ´ÒÌ ¨§μÉμ¶μ¢ (´ ¶·¨³¥·, 50Ti, 54Cr, 58Fe, 64Ni), ´¥°É·μ´μ¨§-
¡ÒÉμÎ´ÒÌ ³¨Ï¥´¥° ¨§ ¨§μÉμ¶μ¢ É· ´¸ ±É¨´¨¤´ÒÌ Ô²¥³¥´Éμ¢, ¸²μ¦´ÒÌ ¤¥É¥±É¨·ÊÕÐ¨Ì
¸¨¸É¥³.

‘ÊÐ¥¸É¢¥´´Ò³ μ£· ´¨Î¥´¨¥³ ´  ¶ÊÉ¨ ± ¶·μ¤¢¨¦¥´¨Õ ¢ μ¡² ¸ÉÓ ´¥°É·μ´μ¨§¡ÒÉμÎ´ÒÌ
¨§μÉμ¶μ¢ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢ Ö¢²Ö¥É¸Ö μ£· ´¨Î¥´´Ò° ´ ¡μ· ¤μ¸ÉÊ¶´ÒÌ ¶ÊÎ±μ¢ ¨ ¨§μ-
Éμ¶μ¢ É· ´¸ ±É¨´¨¤´ÒÌ ³¨Ï¥´¥°. �Éμ ¶μ¸²Ê¦¨²μ μ¸´μ¢ ´¨¥³ ¤²Ö ¶μ¨¸±  ¢μ§³μ¦´μ¸É¥°
¸¨´É¥§  ¡μ²¥¥ ÉÖ¦¥²ÒÌ ¨§μÉμ¶μ¢ ‘’� ¢ ·¥ ±Í¨ÖÌ ¶μ²´μ£μ ¸²¨Ö´¨Ö, ¨³¥ÕÐ¨Ì ®Ô±§μÉ¨-
Î¥¸±¨¥¯ ± ´ ²Ò ¸ ¨¸¶ ·¥´¨¥³ ´¥°É·μ´μ¢ ¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, ¢ μ¸´μ¢´μ³ ¶·μÉμ´μ¢.
’ ±, ´ ¶·¨³¥·, ´ ¨¡μ²¥¥ ÉÖ¦¥²Ò° ¨§μÉμ¶ Ô²¥³¥´É  Mc (Z = 115), ±μÉμ·Ò° ³μ¦´μ ¸¨´-
É¥§¨·μ¢ ÉÓ ¢ ·¥ ±Í¨¨ ¶μ²´μ£μ ¸²¨Ö´¨Ö ¸ ¨¸¶ ·¥´¨¥³ 1 ´¥°É·μ´  243Am(48Ca, 1n)290Mc,
¡Ê¤¥É ¨³¥ÉÓ ³ ¸¸Ê 290. �·¨ ÔÉμ³ ·¥ ±Í¨Ö ¸ ¨¸¶ ·¥´¨¥³ 1 ´¥°É·μ´ , Ö¢²ÖÖ¸Ó £²Ê¡μ±μ
¶μ¤¡ ·Ó¥·´μ°, ¡Ê¤¥É ¨³¥ÉÓ ¸ÊÐ¥¸É¢¥´´μ ³¥´ÓÏ¥¥ ¸¥Î¥´¨¥ μ¡· §μ¢ ´¨Ö, Î¥³ Ê¸¶¥Ï´μ ¨¸-
¶μ²Ó§μ¢ ¢Ï¨¥¸Ö ± ´ ²Ò ·¥ ±Í¨¨ 2n/3n/4n, ¨³¥¢Ï¨¥ ¸¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö μ±μ²μ 2,5,
8,5, 1 ¶¡ ¸μμÉ¢¥É¸É¢¥´´μ [4]. ‚ ·¥ ±Í¨¨ 248Cm(48Ca, pxn)295−xMc ¢μ§³μ¦´μ ¸¨´É¥§¨-
·μ¢ ÉÓ ¨§μÉμ¶Ò 115-£μ Ô²¥³¥´É  ¸ ³ ¸¸μ¢Ò³¨ ´μ³¥· ³¨ 291Ä294 ¢ § ¢¨¸¨³μ¸É¨ μÉ Î¨¸² 
¨¸¶ ·¨¢Ï¨Ì¸Ö ´¥°É·μ´μ¢.

‚ μ¡² ¸É¨ ¸² ¡μ¤¥²ÖÐ¨Ì¸Ö Ö¤¥· ³ ±¸¨³ ²Ó´Ò¥ §´ Î¥´¨Ö ¸¥Î¥´¨° ¤²Ö pxn-± ´ ²μ¢
·¥ ±Í¨¨ ´ Ìμ¤ÖÉ¸Ö ¶·¨ ¡μ²ÓÏ¨Ì §´ Î¥´¨ÖÌ Ô´¥·£¨¨ ¢μ§¡Ê¦¤¥´¨Ö ¸μ¸É ¢´μ£μ Ö¤· , Î¥³ ¢
¸²ÊÎ ¥ xn-± ´ ²μ¢. ’ ±, ¢ · ¡μÉ¥ [5] ¤²Ö ¸¨²Ó´μ¢μ§¡Ê¦¤¥´´μ£μ Ö¤·  220Ra∗ ³ ±¸¨³ ²Ó´μ¥
¸¥Î¥´¨¥ μ¡· §μ¢ ´¨Ö ¡Ò²μ ¨§³¥·¥´μ ¤²Ö 6n ¨¸¶ ·¨É¥²Ó´μ£μ ± ´ ²  ¨ ¸μ¸É ¢¨²μ 35 ³¡ ¶·¨
Ô´¥·£¨¨ ¢μ§¡Ê¦¤¥´¨Ö ¶μ·Ö¤±  55 ŒÔ‚, Éμ£¤  ± ± ³ ±¸¨³ ²Ó´μ¥ ¸¥Î¥´¨¥ μ¡· §μ¢ ´¨Ö ¤²Ö
pxn-± ´ ²  ¡Ò²μ ¨§³¥·¥´μ ¢ p8n ¨¸¶ ·¨É¥²Ó´μ³ ± ´ ²¥ ¨ ¸μ¸É ¢¨²μ 2,5 ³¡ ¶·¨ Ô´¥·£¨¨
¢μ§¡Ê¦¤¥´¨Ö ¶μ·Ö¤±  100 ŒÔ‚.

� ¸Î¥ÉÒ ¶μ± §Ò¢ ÕÉ [6], ÎÉμ ¸¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö ¨§μÉμ¶μ¢ ‘’� ¢ ·¥ ±Í¨ÖÌ ¸ pxn
¨¸¶ ·¨É¥²Ó´Ò³¨ ± ´ ² ³¨ ¸ÊÐ¥¸É¢¥´´μ (´  μ¤¨´-É·¨ ¶μ·Ö¤± ) ³¥´ÓÏ¥, Î¥³ ¸¥Î¥´¨Ö μ¡· -
§μ¢ ´¨Ö ¢ ± ´ ² Ì ¸ ¨¸¶ ·¥´¨¥³ ´¥°É·μ´μ¢. ‚ μ¡² ¸É¨ É· ´¸Ë¥·³¨¥¢ÒÌ Ô²¥³¥´Éμ¢ Ô±¸-
¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶μ ¨§³¥·¥´¨Õ ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö ¨§μÉμ¶μ¢ ¢ ·¥ ±Í¨ÖÌ ¸ ¨¸-
¶ ·¥´¨¥³ ¶·μÉμ´μ¢ ¨ ´¥°É·μ´μ¢ Î·¥§¢ÒÎ °´μ ³ ²μ (¸³., ´ ¶·¨³¥·, · ¡μÉÊ [7]). �  ·¨¸. 1
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�¨¸. 1. „ ´´Ò¥ ¨§ · ¡μÉÒ [7] (¸¨³¢μ²Ò) ¢³¥¸É¥ ¸ · ¸Î¥É ³¨ (±·¨¢Ò¥), ¶·μ¢¥¤¥´´Ò³¨ ¸ ¨¸¶μ²Ó§μ-

¢ ´¨¥³ ³¥Éμ¤¨±¨, μ¶¨¸ ´´μ° ¢ · ¡μÉ¥ [6]. ‘¢¥É²Ò³¨ ¸¨³¢μ² ³¨ ¸μ ¸É·¥²± ³¨ ¶μ± § ´Ò ¶·¥¤¥²Ò
¶μ ¸¥Î¥´¨Õ μ¡· §μ¢ ´¨Ö, ¶μ²ÊÎ¥´´Ò¥ ¤²Ö ·¥ ±Í¨° 241Pu(18O, p2n)256Md ¨ 238U(22Ne, p3n)256Md

¶·¨¢¥¤¥´Ò ¤ ´´Ò¥ ¨§ · ¡μÉÒ [7] ¢³¥¸É¥ ¸ · ¸Î¥É ³¨, ¶·μ¢¥¤¥´´Ò³¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
³¥Éμ¤¨±¨, μ¶¨¸ ´´μ° ¢ · ¡μÉ¥ [6].
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‚ 2016Ä2017 ££. ´  Ê¸±μ·¨É¥²¥ “-400 ‹Ÿ� �ˆŸˆ ¡Ò²¨ ¶·μ¢¥¤¥´Ò Ô±¸¶¥·¨³¥´ÉÒ
¶μ ¤¥É ²Ó´μ³Ê ¨§ÊÎ¥´¨Õ ¸¢μ°¸É¢ · ¤¨μ ±É¨¢´μ£μ · ¸¶ ¤  ´¥°É·μ´μ¤¥Ë¨Í¨É´ÒÌ ¨§μÉμ-
¶μ¢ Db, μ¡· §ÊÕÐ¨Ì¸Ö ¢ ·¥ ±Í¨ÖÌ ¶μ²´μ£μ ¸²¨Ö´¨Ö Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ 50Ti ¸ Ö¤· ³¨
³¨Ï¥´¨ 209Bi. ‚ Ô±¸¶¥·¨³¥´É Ì ¨¸¶μ²Ó§μ¢ ²¨¸Ó ³¨Ï¥´¨, ±μÉμ·Ò¥ ¨§£μÉ ¢²¨¢ ² ¸Ó ¶ÊÉ¥³
´ ¶Ò²¥´¨Ö ³¥É ²²¨Î¥¸±μ£μ Bi (¸²μ¥³ 0,4Ä0,5 ³£/¸³2) ´  Al-¶μ¤²μ¦±Ê Éμ²Ð¨´μ° 3 ³±³.
„²Ö ¨¸±²ÕÎ¥´¨Ö ·¥ ±Í¨° Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ 50Ti ¸ ¢μ§³μ¦´Ò³¨ ¶·¨³¥¸Ö³¨ 208Pb ¢ ¢¥Ð¥-
¸É¢¥ ³¨Ï¥´¥° ¢ Ô±¸¶¥·¨³¥´É Ì ¨¸¶μ²Ó§μ¢ ²¸Ö μÎ¨Ð¥´´Ò° 209Bi (¸μ¤¥·¦ ´¨¥ ¶·¨³¥¸¥°
Pb ³¥´¥¥ 1 · 10−6 %). „²Ö ¸´¨¦¥´¨Ö É¥¶²μ¢μ° ´ £·Ê§±¨ ³¨Ï¥´¨ ¢ Ëμ·³¥ ¸¥£³¥´Éμ¢
Ê¸É ´ ¢²¨¢ ²¨¸Ó ´  ¢· Ð ÕÐ¨°¸Ö ¤¨¸± ¢ ³¨Ï¥´´μ³ ¡²μ±¥ ³μ¤¥·´¨§¨·μ¢ ´´μ£μ ¸¥¶ · -
Éμ·  ‚�‘ˆ‹ˆ‘� (SHELS) [8, 9]. �ËË¥±É¨¢´μ¸ÉÓ É· ´¸¶μ·É¨·μ¢±¨ Ö¤¥· μÉ¤ Î¨ (Ÿ�)
μÉ ³¨Ï¥´¨ ¤μ Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨ ¸¥¶ · Éμ·  ¸μ¸É ¢²Ö²  ¢¥²¨Î¨´Ê 30Ä40% ¢ § ¢¨-
¸¨³μ¸É¨ μÉ ´ ¸É·μ¥± ¨μ´´μ-μ¶É¨Î¥¸±μ° ¸¨¸É¥³Ò ¸¥¶ · Éμ· . ‚ Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨
¸¥¶ · Éμ·  · ¸¶μ² £ ² ¸Ó ±μ³¡¨´¨·μ¢ ´´ Ö ¤¥É¥±É¨·ÊÕÐ Ö ¸¨¸É¥³  GABRIELA, ¶μ§¢μ-
²ÖÕÐ Ö ·¥£¨¸É·¨·μ¢ ÉÓ α-Î ¸É¨ÍÒ, γ-±¢ ´ÉÒ, β-Î ¸É¨ÍÒ ¨ μ¸±μ²±¨ ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö,
¨¸¶Ê¸± ¥³Ò¥ ¨¸¸²¥¤Ê¥³Ò³¨ Ö¤· ³¨ [10, 11]. �μ¸²¥ μÉ¤¥²¥´¨Ö μÉ Ëμ´μ¢ÒÌ ¶·μ¤Ê±Éμ¢ ¢
¸¥¶ · Éμ·¥ SHELS Ö¤·  μÉ¤ Î¨ ¶·μ²¥É ÕÉ Î¥·¥§ ¢·¥³Ö¶·μ²¥É´ÊÕ ¸¨¸É¥³Ê, ¸μ¸ÉμÖÐÊÕ ¨§
¤¢ÊÌ (¸É ·É ¨ ¸Éμ¶) ¤¥É¥±Éμ·μ¢. Š ¦¤Ò° ¤¥É¥±Éμ· ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° Éμ´±ÊÕ Ô³¨ÉÉ¥·´ÊÕ
Ëμ²Ó£Ê (30Ä40 ³±£/¸³2, ¶² ¸É¨±) ¨ ¤¢¥ ¸¡μ·±¨ ³¨±·μ± ´ ²Ó´ÒÌ ¶² ¸É¨´ (ŒŠ�, · §³¥·
60 × 90 ³³) ¤²Ö ·¥£¨¸É· Í¨¨ ¢Ò¡¨ÉÒÌ ¢Éμ·¨Î´ÒÌ Ô²¥±É·μ´μ¢. � ¸¶μ²μ¦¥´¨¥ ŒŠ� μÉ-
´μ¸¨É¥²Ó´μ Ëμ²Ó£-Ô³¨ÉÉ¥·μ¢  ´ ²μ£¨Î´μ μ¶¨¸ ´´μ³Ê ¢ · ¡μÉ¥ [12]. Ÿ� § É¥³ ¢¡¨¢ ÕÉ¸Ö
¢ Ëμ± ²Ó´Ò° ±·¥³´¨¥¢Ò° ¤¢Ê¸Éμ·μ´´¨° ¸É·¨¶μ¢Ò° ¤¥É¥±Éμ· DSSD (128 × 128 ¸É·¨¶μ¢,
· §³¥· 100× 100 ³³, Éμ²Ð¨´  0,5 ³³). „²Ö Ê¢¥²¨Î¥´¨Ö ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ α- ¨
β-Î ¸É¨Í,   É ±¦¥ μ¸±μ²±μ¢ ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö, ¢Ò²¥É ÕÐ¨Ì ¨§ Ëμ± ²Ó´μ£μ Si-¤¥É¥±-
Éμ· , ¢μ±·Ê£ ¶μ¸²¥¤´¥£μ ¢ μ¡· É´μ° ¶μ²Ê¸Ë¥·¥ ¤μ¶μ²´¨É¥²Ó´μ ¸³μ´É¨·μ¢ ´Ò 8 ¡μ±μ¢ÒÌ
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¸É·¨¶μ¢ÒÌ ¤¥É¥±Éμ·μ¢ (16 × 16 ¸É·¨¶μ¢, · §³¥· 50 × 60 ³³, Éμ²Ð¨´  0,7 ³³), ±μÉμ·Ò¥
μ¡· §ÊÕÉ ®±μ²μ¤¥Í¯ £²Ê¡¨´μ° 6 ¸³.

ƒ¥·³ ´¨¥¢Ò° ¤¥É¥±Éμ· ±²¥¢¥·´μ£μ É¨¶  · §³¥Ð ¥É¸Ö ³ ±¸¨³ ²Ó´μ ¡²¨§±μ ± Ëμ± ²Ó-
´μ³Ê DSSD,   ¡μ±μ¢Ò¥ μ¤´μ±·¨¸É ²Ó´Ò¥ £¥·³ ´¨¥¢Ò¥ ¤¥É¥±Éμ·Ò Å ± ¡μ±μ¢Ò³ ¤¥É¥±Éμ-
· ³ ¸¡μ·±¨ [11]. „²Ö ¸´¨¦¥´¨Ö Ëμ´  £¥·³ ´¨¥¢Ò¥ ¤¥É¥±Éμ·Ò μ±·Ê¦¥´Ò BGO  ´É¨±μ³¶-
Éμ´μ¢¸±μ° § Ð¨Éμ°, ÎÉμ ¶μ§¢μ²Ö¥É ¸ÊÐ¥¸É¢¥´´μ ¸´¨§¨ÉÓ Ëμ´ γ-±¢ ´Éμ¢.

‚ Ô±¸¶¥·¨³¥´É Ì ¢ ± Î¥¸É¢¥ É¥¸Éμ¢ÒÌ ± ²¨¡·μ¢μÎ´ÒÌ ·¥ ±Í¨° ¡Ò²¨ ¨¸¶μ²Ó§μ¢ ´Ò
·¥ ±Í¨¨ ¶μ²´μ£μ ¸²¨Ö´¨Ö 50Ti + 164Dy → 214Ra∗ ¨ 50Ti + 170Er → 220Th∗. �  ·¨¸. 2
¶·¨¢¥¤¥´Ò ± ²¨¡·μ¢μÎ´Ò¥ α-¸¶¥±É·Ò, § ·¥£¨¸É·¨·μ¢ ´´Ò¥ DSSD ¢ Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨
¸¥¶ · Éμ· .

Š ²¨¡·μ¢±  £¥·³ ´¨¥¢ÒÌ ¤¥É¥±Éμ·μ¢ ¶·μ¢μ¤¨² ¸Ó ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸É ´¤ ·É´ÒÌ ¨¸-
ÉμÎ´¨±μ¢ 152Eu ¨ 133Ba.

�¨¸. 2. Š ²¨¡·μ¢μÎ´Ò¥ α-¸¶¥±É·Ò É¥¸Éμ¢ÒÌ ·¥ ±Í¨°:  ) α-¸¶¥±É· ¤²Ö ·¥ ±Í¨¨ 50Ti + 164Dy →
214Ra∗; ¡) α-¸¶¥±É· ¤²Ö ·¥ ±Í¨¨ 50Ti + 170Er → 220Th∗. �´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¸μ¸É ¢²Ö¥É
¢¥²¨Î¨´Ê ¶μ·Ö¤±  20 ±Ô‚
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�ÊÎμ± 50Ti ¢Ò¢μ¤¨²¸Ö ¨§ Ê¸±μ·¨É¥²Ö “-400 ¸μ ¸·¥¤´¨³¨ Ô´¥·£¨Ö³¨ 255, 265 ¨ 275 ŒÔ‚
(Ô´¥·£¨¨ ¶ÊÎ±  ´ ²¥É ÕÐ¨Ì Î ¸É¨Í ¢ ¸¥·¥¤¨´¥ ³¨Ï¥´¨ 238, 248, 258 ŒÔ‚ ¸μμÉ¢¥É-
¸É¢¥´´μ). ‚ ´ Ï¥³ ¸²ÊÎ ¥ ÉμÎ´μ¸ÉÓ μ¶·¥¤¥²¥´¨Ö Ô´¥·£¨¨ ¶ÊÎ±  ¸μ¸É ¢²Ö¥É ¢¥²¨Î¨´Ê
¶μ·Ö¤±  ±1,5% (ÉμÎ´μ¸ÉÓ ¨§³¥·¥´¨Ö + ¤μ²£μ¢·¥³¥´´ Ö ´¥¸É ¡¨²Ó´μ¸ÉÓ). �Éμ ¶·¨¢μ-
¤¨É ± ´¥μ¶·¥¤¥²¥´´μ¸É¨ ¢ ´ Ìμ¦¤¥´¨¨ Ô´¥·£¨¨ Ê¸±μ·¥´´ÒÌ Î ¸É¨Í ¨, ¸μμÉ¢¥É¸É¢¥´´μ,
¶μ²μ¦¥´¨Ö ³ ±¸¨³Ê³  ËÊ´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö ´  ¢¥²¨Î¨´Ê ¶μ·Ö¤±  3 ŒÔ‚ (¤²Ö ¤ ´´μ£μ
Ô´¥·£¥É¨Î¥¸±μ£μ ¤¨ ¶ §μ´  Ê¸±μ·¥´´ÒÌ ¨μ´μ¢). �¥ ±Í¨¨ ®Ìμ²μ¤´μ£μ¯ ¸²¨Ö´¨Ö ¨³¥ÕÉ Ê§-
±¨¥ ËÊ´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö (�˜�‚ ¶μ·Ö¤±  5 ŒÔ‚), ¶μÔÉμ³Ê ¨§³¥´¥´¨¥ Ô´¥·£¨¨ ¶ÊÎ± 
´  ¢¥²¨Î¨´Ê 2Ä3 ŒÔ‚ ¶·¨¢μ¤¨É ± ¨§³¥´¥´¨Õ ¸¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö ¢ 2Ä3 · § .

�Š‘�…�ˆŒ…�’�‹œ�›… �…‡“‹œ’�’›

‚ ·¥ ±Í¨¨ 50Ti+ 209Bi → 259Db∗ ¶μ¸²¥ ¨¸¶ ·¥´¨Ö ±μ³¶ Ê´¤-Ö¤·μ³ μÉ μ¤´μ£μ ¤μ É·¥Ì
´¥°É·μ´μ¢ μ¡· §ÊÕÉ¸Ö ¨§μÉμ¶Ò 256−258Db, ¢ μ¸´μ¢´μ³ ¨¸¶ÒÉÒ¢ ÕÐ¨¥ α-· ¸¶ ¤ ¨ ¨³¥-
ÕÐ¨¥ ¶¥·¨μ¤Ò ¶μ²Ê· ¸¶ ¤  μ±μ²μ 1 ¸ [13]. ˆ§μÉμ¶Ò 256,258Rf, μ¡· §ÊÕÐ¨¥¸Ö ¢ p2n- ¨
p0n-± ´ ² Ì ·¥ ±Í¨¨, ¢ μ¸´μ¢´μ³ ¨¸¶ÒÉÒ¢ ÕÉ ¸¶μ´É ´´μ¥ ¤¥²¥´¨¥ (SF) ¨ ¨³¥ÕÉ μÎ¥´Ó
±μ·μÉ±¨¥ ¶¥·¨μ¤Ò ¶μ²Ê· ¸¶ ¤ . „²Ö ¨§μÉμ¶  256Rf ¨§³¥·¥´´Ò° ¶¥·¨μ¤ ¶μ²Ê· ¸¶ ¤  ¸μ-
¸É ¢²Ö¥É ¢¥²¨Î¨´Ê (6,2 ± 0,2) ³¸ [14] ¨ (5,75 ± 0,17) ³¸ [15], ¤²Ö ¨§μÉμ¶  258Rf ÔÉ 

¢¥²¨Î¨´  (13,0 ± 3,0) ³¸ [16] ¨ 14,7+1,2
−1,0 ³¸ [17] ¸μμÉ¢¥É¸É¢¥´´μ. ‚ ¸²ÊÎ ¥, ¥¸²¨ ÔÉ¨

¨§μÉμ¶Ò μ¡· §ÊÕÉ¸Ö ¢ ·¥§Ê²ÓÉ É¥ Ô²¥±É·μ´´μ£μ § Ì¢ É  (EC) ¨§μÉμ¶μ¢ 256,258Db, ¢·¥³Ö
±μ··¥²ÖÍ¨¨ Ÿ�ÄSF ¡Ê¤¥É ¸μ¸É ¢²ÖÉÓ ¢¥²¨Î¨´Ê ¶μ·Ö¤±  1 ¸. ‘²μ¦´¥¥ μ¡¸ÉμÖÉ ¤¥²  ¸ ¨¤¥´-
É¨Ë¨± Í¨¥° · ¸¶ ¤μ¢ ¨§μÉμ¶  257Rf (p1n-± ´ ²), É ± ± ± Ô´¥·£¨¨ α-· ¸¶ ¤  ¨ ¶¥·¨μ¤Ò

¶μ²Ê· ¸¶ ¤  ¡²¨§±¨ ± ¢¥²¨Î¨´ ³, Ì · ±É¥·´Ò³ ¤²Ö ¨§μÉμ¶μ¢ 256,257,258Db.
‚ É ¡². 1 ¶·¥¤¸É ¢²¥´Ò ¤ ´´Ò¥ ¤²Ö · §²¨Î´μ£μ ¢¨¤  α−α-±μ··¥²ÖÍ¨° (³ É¥·¨´¸±μ¥ Ä

¤μÎ¥·´¥¥ Ö¤·μ), ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì μ¡· §μ¢ ´¨Õ Ö¤¥· μÉ¤ Î¨ ¶μ¸²¥ ¨¸¶ ·¥´¨Ö ´¥°É·μ´μ¢,  
É ±¦¥ ¤²Ö ¸μ¡ÒÉ¨° ¡Ò¸É·μ£μ ¤¥²¥´¨Ö (¢·¥³¥´´μ° ¨´É¥·¢ ² Ÿ�ÄSF ´¥ ¡μ²¥¥ 100 ³¸). „²Ö
¢¸¥Ì ¸μ¡ÒÉ¨° ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö ¢ ¸μ¢¶ ¤¥´¨¨ ¡Ò²¨ § ·¥£¨¸É·¨·μ¢ ´Ò μÉ μ¤´μ£μ ¤μ
´¥¸±μ²Ó±¨Ì γ-±¢ ´Éμ¢ ¨/¨²¨ ¸μ¡ÒÉ¨¥ ¢ ¡μ±μ¢μ³ ¤¥É¥±Éμ·¥ (μ¤´μ¢·¥³¥´´ Ö ·¥£¨¸É· Í¨Ö
¤¢ÊÌ μ¸±μ²±μ¢ ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö). ‚¸¥£μ ¡Ò²μ ´ °¤¥´μ 3 ¸μ¡ÒÉ¨Ö ¡Ò¸É·μ£μ ¤¥²¥´¨Ö
¶·¨ Ô´¥·£¨¨ ¶ÊÎ±  50Ti 265 ŒÔ‚. �¥·¨μ¤ ¶μ²Ê· ¸¶ ¤  ¤²Ö ÔÉ¨Ì ¸μ¡ÒÉ¨° ¸μ¸É ¢¨² ¢¥²¨-

’ ¡²¨Í  1. ‘É É¨¸É¨±  ¶μ ±μ··¥²ÖÍ¨Ö³ α−α (³ É¥·¨´¸±μ¥ Ä ¤μÎ¥·´¥¥ Ö¤·μ) ¨ Ö¤·μ μÉ¤ Î¨Ä
¡Ò¸É·μ¥ ¤¥²¥´¨¥

�´¥·£¨Ö
¶ÊÎ± ,
ŒÔ‚

ˆ´É¥-
£· ²Ó´Ò°

¶μÉμ±
¨μ´μ¢

256DbÄ 252Lr
(3n)

257DbÄ 253Lr
(2n)

258DbÄ 254Lr
(1n)

	Ò¸É·μ¥
¤¥²¥´¨¥

(Ge/¡μ±μ¢Ò¥
¤¥É¥±Éμ·Ò)

T1/2, ³¸ σ, ¶¡

255 6,8 · 1017 0 142 5 0
Œ¥´¥¥
6,6+15

−6

265 2,1 · 1018 28 18 2 3 (2/1) 12+16
−4 5,7+17

−3

275 7,1 · 1017 1 2 0 0
Œ¥´¥¥
4,9+11

−4
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�¨¸. 3. ‹¨´¨Ö³¨ ¶μ± § ´Ò É¥μ·¥É¨Î¥¸±¨¥ · ¸Î¥ÉÒ ËÊ´±Í¨° ¢μ§¡Ê¦¤¥´¨Ö ¤²Ö ¶μ¶¥·¥Î´ÒÌ ¸¥Î¥´¨°
μ¡· §μ¢ ´¨Ö ¨§μÉμ¶μ¢ 259ÄxDb ¨ 258ÄxRf ¢ xn- ¨ pxn-± ´ ² Ì ·¥ ±Í¨¨ 50Ti + 209Bi. �±¸¶¥·¨³¥´-

É ²Ó´μ ¨§³¥·¥´´Ò¥ §´ Î¥´¨Ö ¤²Ö · §´ÒÌ ± ´ ²μ¢ μ¡μ§´ Î¥´Ò ¸¨³¢μ² ³¨

Î¨´Ê 12+16
−4 ³¸. � ¨¡μ²¥¥ ¢¥·μÖÉ´μ, ÎÉμ ´ °¤¥´´Ò¥ ¸μ¡ÒÉ¨Ö ¸μμÉ¢¥É¸É¢ÊÕÉ ¨§μÉμ¶Ê 258Rf

(p0n-± ´ ²). �¶·¥¤¥²¥´´ Ö ¢ · ¡μÉ¥ [17] ¢¥·μÖÉ´μ¸ÉÓ α-· ¸¶ ¤  ¤²Ö ¨§μÉμ¶  258Rf ¸μ¸É ¢-
²Ö¥É ¢¥²¨Î¨´Ê 0,31±0,11. ‘ ÊÎ¥Éμ³ ¸ÊÐ¥¸É¢¥´´μ° · §´¨ÍÒ ¢ ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨
¤²Ö ±μ··¥²ÖÍ¨° É¨¶  Ÿ�ÄSF (¡²¨§±μ ± 100%) ¨ Ÿ�−α−α (μ±μ²μ 25 %) μÉ¸ÊÉ¸É¢¨¥
±μ··¥²ÖÍ¨° É¨¶  Ÿ� → 258Rf → 254No ´¥ ¶·μÉ¨¢μ·¥Î¨É ¶μ²ÊÎ¥´´Ò³ ·¥§Ê²ÓÉ É ³ Å
3 ±μ··¥²ÖÍ¨¨ Ÿ�ÄSF.

�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´μ ¨§³¥·¥´´Ò¥ ¸¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö ¨§μÉμ-
¶μ¢ Db ¨ Rf ¢ xn- ¨ pxn-± ´ ² Ì ·¥ ±Í¨¨ 50Ti + 209Bi → 259Db∗. �·¨ Ô´¥·£¨¨ Ê¸±μ-
·¥´´ÒÌ ¨μ´μ¢ 248 ŒÔ‚ (¢ ¸¥·¥¤¨´¥ ³¨Ï¥´¨) ¸¥Î¥´¨¥ μ¡· §μ¢ ´¨Ö 258Rf (p0n-± ´ ²)
¸μ¸É ¢¨²μ ¢¥²¨Î¨´Ê 5,7 ¶¡, ¨§³¥·¥´´μ¥ ¸¥Î¥´¨¥ μ¡· §μ¢ ´¨Ö 257Db (2n-± ´ ²) ¶·¨ ÔÉμ°
Ô´¥·£¨¨ ¶ÊÎ±  ¸μ¸É ¢¨²μ ¢¥²¨Î¨´Ê ¶μ·Ö¤±  600 ¶¡. ‘μμÉ´μÏ¥´¨¥ ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö
³¥¦¤Ê xn- ¨ pxn-± ´ ² ³¨ ¸μ¸É ¢²Ö¥É ¢¥²¨Î¨´Ê ¶μ·Ö¤±  100. ‚ ¸²ÊÎ ¥ 3n ¨¸¶ ·¨É¥²Ó-
´μ£μ ± ´ ²  ¨§³¥·¥´´μ¥ ¸¥Î¥´¨¥ μ¡· §μ¢ ´¨Ö 256Db ¶·¨ ÔÉμ° Ô´¥·£¨¨ ¶ÊÎ±  ¸μ¸É ¢¨²μ
¢¥²¨Î¨´Ê ¶μ·Ö¤±  1,2 ´¡, ¸μμÉ¢¥É¸É¢¥´´μ, ¸μμÉ´μÏ¥´¨¥ ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö ³¥¦¤Ê xn-
¨ pxn-± ´ ² ³¨ ¸μ¸É ¢¨É ¢¥²¨Î¨´Ê ¶μ·Ö¤±  200.

’ ± ± ± ¢ p0n- ¨ p2n-± ´ ² Ì ·¥ ±Í¨¨ 50Ti + 209Bi → 259Db∗ μ¡· §ÊÕÉ¸Ö ¨§μÉμ¶Ò
256,258Rf, Éμ ¤¥É ²Ó´μ¥ ¨§ÊÎ¥´¨¥ ¸¢μ°¸É¢ ¨Ì · ¤¨μ ±É¨¢´μ£μ · ¸¶ ¤  ¨³¥¥É ¡μ²ÓÏμ¥ §´ Î¥-
´¨¥. ‚ Ô±¸¶¥·¨³¥´É Ì ´  ¸¥¶ · Éμ·¥ SHELS ¶·¨ ¨¸¸²¥¤μ¢ ´¨¨ ·¥ ±Í¨¨ ¶μ²´μ£μ ¸²¨Ö´¨Ö
50Ti+ 208Pb → 258Rf∗ ¡Ò²¨ ÊÉμÎ´¥´Ò ¸¢μ°¸É¢  · ¸¶ ¤  ¨§μÉμ¶  256Rf. ‡ ·¥£¨¸É·¨·μ¢ ´μ
9 ¸μ¡ÒÉ¨° É¨¶  Ÿ�−α−α (É ¡². 2). �¶·¥¤¥²¥´ ¶¥·¨μ¤ ¶μ²Ê· ¸¶ ¤  ¶μ²ÊÎ¥´´ÒÌ ±μ··¥-
²¨·μ¢ ´´ÒÌ ¸μ¡ÒÉ¨° T1/2 = (5,7±1,2) ³¸. ’ ±¦¥ ¡Ò² ¶·μ¢¥¤¥´ ±μ··¥²ÖÍ¨μ´´Ò°  ´ ²¨§
Ÿ�Äμ¸±μ²μ± ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö. ‚¸¥£μ ´ °¤¥´μ 6270 É ±¨Ì ¸μ¡ÒÉ¨° ¢ ¸μ¢¶ ¤¥´¨¨ ¸
γ-±¢ ´É ³¨. �¥·¨μ¤ ¶μ²Ê· ¸¶ ¤  ¤²Ö ¸¶μ´É ´´μ£μ ¤¥²¥´¨Ö 256Rf ¸μ¸É ¢¨² (6,9±0,23) ³¸.
‚¥·μÖÉ´μ¸ÉÓ α-· ¸¶ ¤  bα ¤²Ö ¨§μÉμ¶  256Rf ¸μ¸É ¢²Ö¥É 0,29%,   ¢¥·μÖÉ´μ¸ÉÓ ¸¶μ´É ´-
´μ£μ ¤¥²¥´¨Ö 99,71%.

ˆ§μÉμ¶ 258Rf ³μ¦¥É ¡ÒÉÓ ¸¨´É¥§¨·μ¢ ´ ¢ ·¥ ±Í¨ÖÌ ®£μ·ÖÎ¥£μ¯ ¸²¨Ö´¨Ö 26Mg+238U →
258Rf+6n [17], 22Ne+ 242Pu → 258Rf+6n, 16O+ 246Cm → 258Rf+4n [16] ¨²¨ ¢ ·¥ ±Í¨¨
®Ìμ²μ¤´μ£μ¯ ¸²¨Ö´¨Ö 50Ti + 209Bi → 258Db + 1n → (EC) 258Rf [18] ¢ ·¥§Ê²ÓÉ É¥ ®Ô²¥±-
É·μ´´μ£μ § Ì¢ É ¯ ¨§μÉμ¶  258Db. �·¨¢¥¤¥´´Ò¥ ¢ · ¡μÉ Ì [17, 18] ¤ ´´Ò¥ ¤²Ö · ¸¶ ¤ 
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’ ¡²¨Í  2. ‘É É¨¸É¨±  ¶μ ±μ··¥²ÖÍ¨Ö³ Ÿ�−α−α (Ö¤·μ μÉ¤ Î¨Ä ³ É¥·¨´¸±μ¥ Ä ¤μÎ¥·´¥¥ Ö¤·μ)
¤²Ö · ¸¶ ¤  ¨§μÉμ¶  256Rf

EŸ�, ±Ô‚ ΔT (Ÿ�−α1), ³¸ Eα1, ±Ô‚ ΔT (α1−α2), ¸ Eα2, ±Ô‚

10 810
8148
9738
8910
9402
11 540
9330
9120
10 795

12,57
6,79
8,078
0,3

29,87
0,134
3,424
9,185
0,981

8793
8780
8789
8749
8790
8726
8781
8798
8794

2,585
2,456
3,703
2,226
6,614
5,027
3,369
3,505
1,904

8418
8417
8412
8417
8420
8377
8405
8415
8411

¨§μÉμ¶  258Rf ¡²¨§±¨ ¨ ¸μ¸É ¢²ÖÕÉ ¸²¥¤ÊÕÐ¨¥ §´ Î¥´¨Ö: Eα = 9,05 ŒÔ‚, bα = 0,31 [17]
¨ Eα = 9,054 ŒÔ‚, bα = 0,33 [18].

‡�Š‹	—…�ˆ…

�μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¤ ÕÉ μ¸´μ¢ ´¨¥ ¶² ´¨·μ¢ ÉÓ Ô±¸¶¥·¨³¥´ÉÒ ¶μ ¸¨´É¥§Ê ´μ¢ÒÌ
´¥°É·μ´μ¨§¡ÒÉμÎ´ÒÌ ¨§μÉμ¶μ¢ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢, ¶μ¸±μ²Ó±Ê ´¥¤ ¢´¨¥ · ¸Î¥ÉÒ
¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö ¤²Ö ± ´ ²μ¢ ¸ ¨¸¶Ê¸± ´¨¥³ ¶·μÉμ´μ¢, ¶·¨¢μ¤ÖÐ¨Ì ± ¨§μÉμ¶ ³ Ô²¥-
³¥´Éμ¢ ¸ Z = 111−117, ¤ ÕÉ ¸¥Î¥´¨Ö ± ´ ²μ¢ p2n ¢ 30Ä100 · § ³¥´ÓÏ¥, Î¥³ ¤²Ö 3n
¨¸¶ ·¨É¥²Ó´μ£μ ± ´ ²  [19]. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¢μ§³μ¦´μ ¶·μ¢¥¤¥´¨¥ ¨¸¸²¥¤μ¢ ´¨° Ô±§μ-
É¨Î¥¸±¨Ì ± ´ ²μ¢ μ¡· §μ¢ ´¨Ö ¨§μÉμ¶μ¢ ¢ μ¡² ¸É¨ ‘’� ´  ´μ¢μ³ Ê¸±μ·¨É¥²¥ DC-280
(Ë ¡·¨±  ‘’� ‹Ÿ� �ˆŸˆ), Éμ± ¶ÊÎ±  ±μÉμ·μ£μ ¡Ê¤¥É ¶·¨³¥·´μ ¢ 10 · § ¡μ²ÓÏ¥, Î¥³ ´ 
· ¡μÉ ÕÐ¥³ Í¨±²μÉ·μ´¥ “-400.

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ · ¸Î¥ÉÒ ¶μ± §Ò¢ ÕÉ §´ Î¨É¥²Ó´μ¥ Ê³¥´ÓÏ¥´¨¥ · §²¨Î¨° ¢ ¸¥-
Î¥´¨ÖÌ μ¡· §μ¢ ´¨Ö ³¥¦¤Ê xn- ¨ pxn-± ´ ² ³¨ ¶·¨ Ê¢¥²¨Î¥´¨¨ Ô´¥·£¨¨ ¢μ§¡Ê¦¤¥´¨Ö
±μ³¶ Ê´¤-Ö¤· . ˆ§ ´ Ï¨Ì · ´´¨Ì · ¡μÉ [5] ¨§¢¥¸É´μ, ÎÉμ ¢ μ¡² ¸É¨ ¸² ¡μ¤¥²ÖÐ¨Ì¸Ö
Ö¤¥· (Z � 90) ³ ±¸¨³ ²Ó´Ò¥ §´ Î¥´¨Ö ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö ¤²Ö pxn-± ´ ²μ¢ ´ Ìμ¤ÖÉ¸Ö
¶·¨ ¡μ²ÓÏ¨Ì §´ Î¥´¨ÖÌ Ô´¥·£¨¨ ¢μ§¡Ê¦¤¥´¨Ö ¸μ¸É ¢´μ£μ Ö¤· , Î¥³ ¢ ¸²ÊÎ ¥ xn-± ´ ²μ¢.
‚ ÔÉμ³ ¸²ÊÎ ¥, ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ·¥ ±Í¨° ¸ ¨¸¶ ·¥´¨¥³ ¶·μÉμ´μ¢, ¸É ´μ¢¨É¸Ö ¢μ§³μ¦´Ò³
¨§ÊÎ¥´¨¥ ¤¥É ²Ó´ÒÌ ¸¢μ°¸É¢ · ¸¶ ¤  (α-, β-, γ-¸¶¥±É·μ¸±μ¶¨Ö) ¡μ²¥¥ ´¥°É·μ´μ¨§¡ÒÉμÎ-
´ÒÌ ¨§μÉμ¶μ¢.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ �””ˆ (£· ´ÉÒ º17-02-00867 ¨
º18-52-15004) ¨ ”· ´ÍÊ§¸±μ£μ ´ Í¨μ´ ²Ó´μ£μ  £¥´É¸É¢  ¨¸¸²¥¤μ¢ ´¨° (£· ´ÉÒ ANR-
06-BLAN-0034-01 ¨ ANR-12-BS05-0013).
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