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�¥±µÉµ·Ò¥ µ¸µ¡¥´´µ¸É¨ ¢§ ¨³µ¤¥°¸É¢¨Ö 6He ¸ Ö¤· ³¨ 197Au ¨ 206Pb

�·¥¤¸É ¢²¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´µ ¨§³¥·¥´´Ò¥ ËÊ´±Í¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¤²Ö ± -
´ ²µ¢ ¸²¨Ö´¨Ö ¸ ¶µ¸²¥¤ÊÕÐ¨³ ¨¸¶ ·¥´¨¥³ ´¥°É·µ´µ¢, 206Pb(6He, 2n)210Po ¨
197Au(6He, xn)203−xnTl, £¤¥ x = 2Ä7,   É ±¦¥ ¤²Ö ·¥ ±Í¨° ¶¥·¥¤ Î¨ ´  197Au
¸ µ¡· §µ¢ ´¨¥³ ¨§µÉµ¶µ¢ 196Au, 198Au ¨ 199Au. �±¸¶¥·¨³¥´É ¶·µ¢µ¤¨²¸Ö ´ 
Ê¸±µ·¨É¥²Ó´µ³ ±µ³¶²¥±¸¥ · ¤¨µ ±É¨¢´ÒÌ ¶ÊÎ±µ¢ DRIBs �ˆŸˆ. ˆ´É¥´¸¨¢´µ¸ÉÓ
¶ÊÎ±  6�¥ ¸µ¸É ¢²Ö²  5·106 ¸−1, ³ ±¸¨³ ²Ó´ Ö Ô´¥·£¨Ö (60,3±0,4) ŒÔ‚. � ¡²Õ-
¤ ²µ¸Ó §´ Î¨É¥²Ó´µ¥ Ê¢¥²¨Î¥´¨¥ ¸¥Î¥´¨Ö ± ´ ²  ·¥ ±Í¨¨ ¸²¨Ö´¨Ö ¸ ¨¸¶ ·¥´¨¥³
¤¢ÊÌ ´¥°É·µ´µ¢ ¢ ¶µ¤¡ ·Ó¥·´µ° µ¡² ¸É¨ Ô´¥·£¨° ¶µ ¸· ¢´¥´¨Õ ¸ · ¸Î¥É ³¨ ¶µ
¸É É¨¸É¨Î¥¸±µ° ³µ¤¥²¨. �É³¥Î¥´µ ´¥µ¡ÒÎ´µ¥ ¶µ¢¥¤¥´¨¥ µ¡· §µ¢ ´¨Ö ¨§µÉµ¶ 
198Au,   É ±¦¥ µÉ´µ¸¨É¥²Ó´µ ³ ²µ¥ ¸¥Î¥´¨¥ µ¡· §µ¢ ´¨Ö ¨§µÉµ¶  199Au. �·µ-
¢¥¤¥´´Ò°  ´ ²¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¢ · ³± Ì ¸É É¨¸É¨Î¥¸±µ° ³µ¤¥²¨
· ¸¶ ¤  ¢µ§¡Ê¦¤¥´´ÒÌ Ö¤¥· ¸ ÊÎ¥Éµ³ ¶µ¸²¥¤µ¢ É¥²Ó´µ£µ ¸²¨Ö´¨Ö Ö¤·  6�¥ ¶µ-
± § ² Ìµ·µÏ¥¥ ¸µ£² ¸¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ · ¸Î¥É´ÒÌ §´ Î¥´¨° ¸¥Î¥´¨Ö ¤²Ö
¶µ¤¡ ·Ó¥·´µ£µ ¸²¨Ö´¨Ö Ö¤¥· ¢ ·¥ ±Í¨¨ 206Pb + 6He.
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Penionzhkevich Yu. E. et al. P7-2005-106
Some Peculiarities in the Interaction of 6He with 197Au and 206Pb

Excitation functions were measured for fusion followed by the evaporation of
neutrons in the reactions 206Pb(6He, 2n)210Po and 197Au(6He, xn)203−xnTl, where
x = 2Ä7, as well as for the transfer reactions on a 197Au target with the formation
of the 196Au, 198Au and 199Au isotopes. The experiment was carried out at the
Dubna Radioactive Ion Beams (DRIBs) complex of FLNR, JINR. The 6He-beam
intensity was about 5·106 s−1, the maximum energy being (60.3±0.4) MeV. A
signiˇcant increase in the cross section was observed below the Coulomb barrier
for the fusion reaction with the evaporation of two neutrons compared to statistical
model calculations. Unusual behaviour for the production of 198Au is observed,
whereas the cross section for the formation of 199Au is very low. The analysis of
the data in the framework of the statistical model for the decay of excited nuclei,
which took into account the sequential fusion of 6He, has shown good agreement
between the experimental and the calculated values of the cross sections for the case
of sub-Coulomb-barrier fusion in the 206Pb + 6He reaction.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.
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�·µ¡²¥³  ¢§ ¨³µ¤¥°¸É¢¨Ö Ö¤¥· ¸ ´¥°É·µ´´Ò³ £ ²µ Ê¦¥ ¶µÎÉ¨ 10 ²¥É Ö¢²Ö-
¥É¸Ö ¶·¥¤³¥Éµ³ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ É¥µ·¥É¨Î¥¸±¨Ì ¨¸¸²¥¤µ¢ ´¨°. �¸µ¡Ò°
¨´É¥·¥¸ ¢Ò§Ò¢ ÕÉ ·¥ ±Í¨¨ ´  ¶ÊÎ±¥ 6�¥ ¸ µ¡· §µ¢ ´¨¥³ ¸µ¸É ¢´ÒÌ Ö¤¥· ¨ ¨Ì
¶µ¸²¥¤ÊÕÐ¨³ · ¸¶ ¤µ³ ¶µ ± ´ ² ³ ¨¸¶ ·¥´¨Ö ´¥°É·µ´µ¢ ¨²¨ ¤¥²¥´¨Ö.

ˆ´É¥·¥¸ ± ÔÉ¨³ ¨¸¸²¥¤µ¢ ´¨Ö³ ¡Ò² ¢Ò§¢ ´ ¶µÖ¢¨¢Ï¥°¸Ö ¢ 1995 £µ¤Ê Ô±¸-
¶¥·¨³¥´É ²Ó´µ° · ¡µÉµ° [1], £¤¥ ¶·¨ ¨§ÊÎ¥´¨¨ ·¥ ±Í¨¨ ¤¥²¥´¨Ö ¸µ¸É ¢´µ£µ
Ö¤·  215At, µ¡· §µ¢ ¢Ï¥£µ¸Ö ¶·¨ ¢§ ¨³µ¤¥°¸É¢¨¨ 6�¥ ¸ Ö¤· ³¨ 209Bi, ¡Ò²µ µ¡-
´ ·Ê¦¥´µ ¸ÊÐ¥¸É¢¥´´µ¥ Ê¢¥²¨Î¥´¨¥ ¸¥Î¥´¨Ö, µ¸µ¡¥´´µ ¢ ¶µ¤¡ ·Ó¥·´µ° µ¡² -
¸É¨, ¶µ ¸· ¢´¥´¨Õ ¸ · ¸Î¥É ³¨ ¶µ ¸É É¨¸É¨Î¥¸±µ° ³µ¤¥²¨. �¥¸±µ²Ó±µ · ´¥¥
É ±µ° ÔËË¥±É Ê¸¨²¥´¨Ö ¢¥·µÖÉ´µ¸É¨ ¸²¨Ö´¨Ö ¢ ¶µ¤¡ ·Ó¥·´µ° µ¡² ¸É¨ ¡Ò²
¶·¥¤¸± § ´ ¢ ·Ö¤¥ É¥µ·¥É¨Î¥¸±¨Ì · ¡µÉ [2, 3]. ‚ Î ¸É´µ¸É¨, ¤²Ö 11Li ¡Ò²µ
¶·¥¤¸± § ´µ Ê¢¥²¨Î¥´¨¥ ¢¥·µÖÉ´µ¸É¨ ¶·µ´¨±´µ¢¥´¨Ö (ÉÊ´´¥²¨·µ¢ ´¨Ö) Î¥·¥§
¶µÉ¥´Í¨ ²Ó´Ò° ¡ ·Ó¥· ¢¸²¥¤¸É¢¨¥ ¶·µÉÖ¦¥´´µ£µ · ¸¶·¥¤¥²¥´¨Ö ¢ ´¥³ ´¥°-
É·µ´´µ° ¶²µÉ´µ¸É¨ ¶µ ¸· ¢´¥´¨Õ ¸ µ¡ÒÎ´Ò³¨  Éµ³´Ò³¨ Ö¤· ³¨, · ¸¶µ²µ-
¦¥´´Ò³¨ ¢¡²¨§¨ ¤µ²¨´Ò ¸É ¡¨²Ó´µ¸É¨. ’ ±¨¥ · ¸¶·¥¤¥²¥´¨Ö, ± ± ¶µ± § ´µ ¢
· ¡µÉ¥ [4], ³µ£ÊÉ ¶·¨¢¥¸É¨ ± ®¸¶ ·¨¢ ´¨Õ ±µ²²¥±É¨¢´ÒÌ ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò¯
¨, ¸µµÉ¢¥É¸É¢¥´´µ, Ê¢¥²¨Î¥´¨Õ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ ¢§ ¨³µ¤¥°¸É¢¨Ö, µ¸µ¡¥´´µ ¢
¶µ¤¡ ·Ó¥·´µ° µ¡² ¸É¨. �·µÉÖ¦¥´´µ¥ · ¸¶·¥¤¥²¥´¨¥ Ö¤¥·´µ° ³ É¥·¨¨ Ì · ±-
É¥·´µ ¤²Ö ´¥°É·µ´´µ-¨§¡ÒÉµÎ´ÒÌ ²¥£±¨Ì Ö¤¥·, Ê ±µÉµ·ÒÌ ´ ²¨Î¨¥ ¢ ²¥´É´ÒÌ
´¥°É·µ´µ¢ ³µ¦¥É ¶·¨¢µ¤¨ÉÓ ± µ¡· §µ¢ ´¨Õ ´¥°É·µ´´µ£µ £ ²µ. Š Ö¤· ³ ¸ É -
±µ° ¸É·Ê±ÉÊ·µ° µÉ´µ¸ÖÉ¸Ö 6�¥ ¨ 11Li. ‘ ¤·Ê£µ° ¸Éµ·µ´Ò, É ±¨¥ Ö¤·  Ö¢²ÖÕÉ¸Ö
¸² ¡µ¸¢Ö§ ´´Ò³¨, ÎÉµ ¤µ²¦´µ ¶·¨¢µ¤¨ÉÓ ± Ê¢¥²¨Î¥´¨Õ ¢¥·µÖÉ´µ¸É¥° ¨Ì · §-
¢ ² , ±µÉµ·Ò° ³µ¦¥É ¸µ¶·µ¢µ¦¤ ÉÓ¸Ö ¶µ¸²¥¤ÊÕÐ¨³ ¸²¨Ö´¨¥³ Ö¤·  µ¸É É± 
(±µ· ) ¸ Ö¤·µ³ ³¨Ï¥´¨ ¨²¨ ·¥ ±Í¨Ö³¨ ¶¥·¥¤ Î¨ ´Ê±²µ´µ¢ ¡¥§ ¤ ²Ó´¥°Ï¥£µ
¢§ ¨³µ¤¥°¸É¢¨Ö Ö¤¥·. ’ ±µ¥ ³´µ£µµ¡· §¨¥ ¶·µÍ¥¸¸µ¢ ¢ ¶·¨´Í¨¶¥ § É·Ê¤´Ö¥É
 ´ ²¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¨ ¢Ò§Ò¢ ¥É ´¥µ¡Ìµ¤¨³µ¸ÉÓ ÊÎ¥É  ¢¸¥Ì ± -
´ ²µ¢ ·¥ ±Í¨¨.

Œ¥¦¤Ê É¥³ ¶µ¸²¥ ¶¥·¢µ° Ô±¸¶¥·¨³¥´É ²Ó´µ° · ¡µÉÒ ¶µ ¨§ÊÎ¥´¨Õ ·¥ ±-
Í¨¨ ¸²¨Ö´¨Ö-¤¥²¥´¨Ö ¸ Ö¤· ³¨ 6�¥ [1] ¡Ò² ¶·¥¤¶·¨´ÖÉ ·Ö¤ Ô±¸¶¥·¨³¥´Éµ¢,
¢ ±µÉµ·ÒÌ ¡Ò²¨ ¸¤¥² ´Ò ¶µ¶ÒÉ±¨ µ¶·¥¤¥²¨ÉÓ ¢¥·µÖÉ´µ¸ÉÓ ¸²¨Ö´¨Ö ¸ Ö¤· ³¨
6�¥ ¶·¨ Ô´¥·£¨ÖÌ ¢¡²¨§¨ ±Ê²µ´µ¢¸±µ£µ ¡ ·Ó¥· . ’ ±, ´ ¶·¨³¥·, ¢ · ¡µÉ¥ [5]
¨¸¸²¥¤µ¢ ² ¸Ó É  ¦¥, ÎÉµ ¨ ¢ · ¡µÉ¥ [1], ·¥ ±Í¨Ö 209Bi + 6�¥; ¡Ò²¨ ¨§³¥·¥´Ò
ËÊ´±Í¨¨ ¢µ§¡Ê¦¤¥´¨Ö · ¸¶ ¤  ¸µ¸É ¢´µ£µ Ö¤·  ¸ ¨¸¶ ·¥´¨¥³ É·¥Ì ´¥°É·µ´µ¢.
‘· ¢´¥´¨¥ ·¥§Ê²ÓÉ Éµ¢ · ¡µÉÒ [5] ¸ · ¸Î¥É ³¨ ¶µ ¸É É¨¸É¨Î¥¸±µ° ³µ¤¥²¨

1



µ¡· §µ¢ ´¨Ö ¸µ¸É ¢´µ£µ Ö¤·  ¨ ¥£µ · ¸¶ ¤  ¶µ¤É¢¥·¤¨²µ ÔËË¥±É Ê¸¨²¥´¨Ö
¶µ¤¡ ·Ó¥·´µ£µ ¸²¨Ö´¨Ö ¸ Ö¤· ³¨ 6�¥. ‘²¥¤ÊÕÐ Ö · ¡µÉ  ¶µ ¨§ÊÎ¥´¨Õ ËÊ´±-
Í¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¤²Ö ± ´ ²  ¤¥²¥´¨Ö 6�¥ + 238U [6] É ±¦¥ ¶·¨¢¥²  ± ¢Ò¢µ¤Ê
µ §´ Î¨É¥²Ó´µ³ Ê¢¥²¨Î¥´¨¨ ¢¥·µÖÉ´µ¸É¨ ·¥ ±Í¨¨ ¸²¨Ö´¨Ö-¤¥²¥´¨Ö ¸ Ö¤· ³¨
6�¥ ¢ ¶µ¤¡ ·Ó¥·´µ° µ¡² ¸É¨ Ô´¥·£¨¨. �¤´ ±µ ´µ¢Ò° Ô±¸¶¥·¨³¥´É ÔÉµ° £·Ê¶¶Ò
 ¢Éµ·µ¢, ¢ ±µÉµ·µ³ ¡Ò²¨ ¶·µ¢¥¤¥´Ò ¨§³¥·¥´¨Ö µ¸±µ²±µ¢ ¤¥²¥´¨Ö Ö¤¥· ¢ ¸µ-
¢¶ ¤¥´¨¨ ¸ α-Î ¸É¨Í ³¨, µ¡· §µ¢ ¢Ï¨³¨¸Ö ¶µ¸²¥ · §¢ ²  6�¥, ¶µ± § ², ÎÉµ
¶µ¤¡ ·Ó¥·´µ¥ ¸²¨Ö´¨¥-¤¥²¥´¨¥ ¤²Ö ÔÉµ° ·¥ ±Í¨¨ ²¥£±µ µ¡ÑÖ¸´¨ÉÓ ¤¥²¥´¨¥³
Ö¤¥· Ê· ´  ¶µ¸²¥ ¶¥·¥¤ Î¨ ¨³ µ¤´µ£µ ¨²¨ ¤¢ÊÌ ´¥°É·µ´µ¢. �Éµ µ¡¸ÉµÖÉ¥²Ó-
¸É¢µ § ¸É ¢¨²µ  ¢Éµ·µ¢ · ¡µÉÒ [6] ¢Ò¸ÉÊ¶¨ÉÓ ¸ ´µ¢µ° ¸É ÉÓ¥° [7], ¢ ±µÉµ·µ°
µ´¨ ÊÉ¢¥·¦¤ ÕÉ, ÎÉµ ¢ ÔÉµ° ·¥ ±Í¨¨ µÉ¸ÊÉ¸É¢Ê¥É Ê¸¨²¥´¨¥ ¸¥Î¥´¨Ö ·¥ ±Í¨¨
¸²¨Ö´¨Ö ¸ Ö¤· ³¨ 6�¥. ˆ³¥¥É¸Ö ¥Ð¥ ´¥¸±µ²Ó±µ · ¡µÉ ¶µ ¨§ÊÎ¥´¨Õ ·¥ ±Í¨°
¸²¨Ö´¨Ö ¸ Ö¤· ³¨ 6�¥ [8, 9]. �¤´ ±µ ¶µ²ÊÎ¥´´Ò¥ ¢ ÔÉ¨Ì · ¡µÉ Ì ¤ ´´Ò¥
É·¥¡ÊÕÉ ¡µ²ÓÏ¥° ¸É É¨¸É¨Î¥¸±µ° ´ ¤¥¦´µ¸É¨ ¨ ¶·µ¢¥¤¥´¨Ö ¡µ²¥¥ ¨´Ëµ·³ -
É¨¢´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢ ¸ ¢Ò¤¥²¥´¨¥³ ¢¸¥Ì ± ´ ²µ¢ ·¥ ±Í¨¨.

� ²¨Î¨¥ É ±¨Ì ¶·µÉ¨¢µ·¥Î¨¢ÒÌ ¤ ´´ÒÌ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ É·Ê¤´µ¸ÉÖÌ ¶µ-
¸É ´µ¢±¨ Ô±¸¶¥·¨³¥´Éµ¢ ´  ¶ÊÎ± Ì · ¤¨µ ±É¨¢´ÒÌ Ö¤¥·, ¢µ-¶¥·¢ÒÌ, ¨§-§  ¸² -
¡µ° ¨´É¥´¸¨¢´µ¸É¨ ¢Éµ·¨Î´ÒÌ ¶ÊÎ±µ¢, ÎÉµ ´¥ ¶µ§¢µ²Ö¥É ¶µ²ÊÎ ÉÓ ¸É É¨¸É¨-
Î¥¸±¨ ´ ¤¥¦´Ò¥ ·¥§Ê²ÓÉ ÉÒ, µ¸µ¡¥´´µ ¢ µ¡² ¸É¨ µ±µ²µ ¡ ·Ó¥·´ÒÌ Ô´¥·£¨°.
‚µ-¢Éµ·ÒÌ, ¤²Ö ¨¸¸²¥¤µ¢ ´¨Ö ËÊ´±Í¨° ¢µ§¡Ê¦¤¥´¨Ö ¢ Ï¨·µ±µ³ ¤¨ ¶ §µ´¥
Ô´¥·£¨° (5Ä70 ŒÔ‚/A) ¶·¨Ìµ¤¨É¸Ö ¸´¨¦ ÉÓ Ô´¥·£¨Õ ¶ÊÎ± , ¨¸¶µ²Ó§ÊÖ ¶µ£²µ-
É¨É¥²¨, ÎÉµ ¸ÊÐ¥¸É¢¥´´µ Ê¢¥²¨Î¨¢ ¥É ¥£µ Ô´¥·£¥É¨Î¥¸±¨° · §¡·µ¸. � ±µ´¥Í,
¶·¨ µÉ´µ¸¨É¥²Ó´µ ´¨§±µ° ¨´É¥´¸¨¢´µ¸É¨ ¶ÊÎ±  Î ¸É¨Í ´¥µ¡Ìµ¤¨³µ ¨¸¶µ²Ó§µ-
¢ ÉÓ ¤¥É¥±Éµ·´Ò¥ ¸¨¸É¥³Ò ¸ ¢Ò¸µ±µ° ÔËË¥±É¨¢´µ¸ÉÓÕ ·¥£¨¸É· Í¨¨, · ¸¶µ²µ-
¦¥´´Ò¥ ¶µ¤ ¶¥·¥¤´¨³¨ Ê£² ³¨ ¶µ µÉ´µÏ¥´¨Õ ± ¶ ¤ ÕÐ¥³Ê ¶ÊÎ±Ê.

‚¸¥ ÔÉµ ¡Ò²µ ÊÎÉ¥´µ ´ ³¨ ¶·¨ ¶µ¤£µÉµ¢±¥ ¤ ´´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢. ‡ ¶Ê¸±
Ê¸±µ·¨É¥²Ó´µ£µ ±µ³¶²¥±¸  · ¤¨µ ±É¨¢´ÒÌ ¶ÊÎ±µ¢ DRIBs [10] ¢ ‹Ÿ� �ˆŸˆ
¢ ±µ´Í¥ 2004 £µ¤  ¶µ§¢µ²¨² ¶µ²ÊÎ¨ÉÓ ¶ÊÎ±¨ 6�¥ ¸ ¨´É¥´¸¨¢´µ¸ÉÓÕ 5·106 ¸−1

¢ Ï¨·µ±µ³ ¤¨ ¶ §µ´¥ Ô´¥·£¨° (3Ä10 ŒÔ‚/A) ¸ Ô´¥·£¥É¨Î¥¸±¨³ · §·¥Ï¥´¨¥³
´¥ ÌÊ¦¥ 1 %. �¥µ¡Ìµ¤¨³µ µÉ³¥É¨ÉÓ, ÎÉµ ¶µ¤µ¡´Ò³ Ê¸²µ¢¨Ö³ ³µ£ÊÉ Ê¤µ¢²¥-
É¢µ·ÖÉÓ Éµ²Ó±µ Ê¸±µ·¨É¥²Ó´Ò¥ ±µ³¶²¥±¸Ò, µ¸´µ¢ ´´Ò¥ ´  ISOL-³¥Éµ¤¥. Š
É ±¨³ ±µ³¶²¥±¸ ³, ±·µ³¥ DRIBs, µÉ´µ¸ÖÉ¸Ö SPIRAL1 ¢µ ”· ´Í¨¨ ¨ Ê¸±µ·¨-
É¥²Ó ¢ ‹Ê¢¥´-²Ö-�¥¢ (	¥²Ó£¨Ö). �¤´ ±µ Ô´¥·£¨Ö ¶ÊÎ±  6�¥ ¢ ‹Ê¢¥´-²Ö-�¥¢ ´¥
¶·¥¢ÒÏ ¥É 5 ŒÔ‚/A.

��‘’���‚Š� �Š‘�…�ˆŒ…�’�

‚ Ô±¸¶¥·¨³¥´É¥ ¨¸¶µ²Ó§µ¢ ²¸Ö ¶ÊÎµ± ¨µ´µ¢ 6�¥ ¸ Ô´¥·£¨¥° µ±µ²µ
10 ŒÔ‚/A, ¶µ²ÊÎ¥´´Ò° ´  Ê¸±µ·¨É¥²Ó´µ³ ±µ³¶²¥±¸¥ DRIBs �ˆŸˆ („Ê¡´ ).
“¸±µ·¨É¥²Ó´Ò° ±µ³¶²¥±¸ DRIBs ¢±²ÕÎ ¥É ¢ ¸¥¡Ö É ´¤¥³ Í¨±²µÉ·µ´µ¢ “-400
¨ “-400Œ ‹ ¡µ· Éµ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° �ˆŸˆ (¸³. ·¨¸. 1). “¸±µ·¥´´Ò° ´ 
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�¨¸. 1. ‘Ì¥³  ¶µ²ÊÎ¥´¨Ö · ¤¨µ ±É¨¢´µ£µ ¶ÊÎ±  6He ´  Ê¸±µ·¨É¥²Ó´µ³ ±µ³¶²¥±¸¥
DRIBs

Í¨±²µÉ·µ´¥ “-400 ¤µ Ô´¥·£¨¨ 35 ŒÔ‚/A ¶ÊÎµ± 7Li ¡µ³¡ ·¤¨·µ¢ ² Éµ²¸ÉÊÕ
¡¥·¨²²¨¥¢ÊÕ ³¨Ï¥´Ó, £¤¥ ¢ ·¥§Ê²ÓÉ É¥ 9‚¥(7Li, p)-·¥ ±Í¨¨ µ¡· §µ¢Ò¢ ²¨¸Ó
Ö¤·  6�¥, ±µÉµ·Ò¥ ¶·¨ ¢Ò²¥É¥ ¨§ ³¨Ï¥´¨ ¢¡¨¢ ²¨¸Ó ¢ ¶µ·¨¸ÉÒ° Ê£²¥·µ¤´Ò°
¸Éµ¶¶¥·. ‘Éµ¶¶¥· ´ £·¥¢ ²¸Ö ¤µ É¥³¶¥· ÉÊ·Ò 1600 ◦C, ¨  Éµ³Ò 6�¥ ¤¨ËËÊ´-
¤¨·µ¢ ²¨ ¢ ± ³¥·Ê ECR-¨¸ÉµÎ´¨± . �µ¸²¥ ¨µ´¨§ Í¨¨  Éµ³µ¢ 6�¥ ¢ ¨µ´´µ³
¨¸ÉµÎ´¨±¥ µ¤´µ§ ·Ö¤´Ò¥ ¨µ´Ò 6�¥ É· ´¸¶µ·É¨·µ¢ ²¨¸Ó ¢µ ¢Éµ·µ° Ê¸±µ·¨É¥²Ó
“-400, £¤¥ µ´¨ Ê¸±µ·Ö²¨¸Ó ¤µ Ô´¥·£¨¨ 10 ŒÔ‚/A. ‚Ò¢µ¤ ¶ÊÎ±  6�¥+2 ¶·µ-
¢µ¤¨²¸Ö ³¥Éµ¤µ³ µ¡¤¨·±¨ Ê¸±µ·¥´´ÒÌ µ¤´µ§ ·Ö¤´ÒÌ ¨µ´µ¢ 6�¥ ´  Éµ´±µ°
 ²Õ³¨´¨¥¢µ° Ëµ²Ó£¥.

�¶É¨³¨§ Í¨Ö ·¥¦¨³  Ê¸±µ·¥´¨Ö ¨ É· ´¸¶µ·É¨·µ¢±¨ ¶ÊÎ±  ± Ë¨§¨Î¥¸±µ°
Ê¸É ´µ¢±¥ ¶µ§¢µ²¨²  ¡¥§ ¤µ¶µ²´¨É¥²Ó´µ° ±µ²²¨³ Í¨¨ ¶µ²ÊÎ¨ÉÓ ¶ÊÎµ± 6�¥+2

· §³¥·µ³ 7 × 8 ³³ ´¥¶µ¸·¥¤¸É¢¥´´µ ¶¥·¥¤ Ë¨§¨Î¥¸±µ° Ê¸É ´µ¢±µ° ¸ Ô´¥·£¨¥°
60,3 ŒÔ‚, · §·¥Ï¥´¨¥³ ¶µ Ô´¥·£¨¨ ∆E = ±0,4 ŒÔ‚ ¨ ¨´É¥´¸¨¢´µ¸ÉÓÕ
5·106 ¸−1 ¶·¨ Éµ±¥ ¶¥·¢¨Î´µ£µ ¶ÊÎ±  7Li ∼ 1,8 ³±A (·¨¸. 2).

„²Ö ´ ¸É·µ°±¨ ¶ÊÎ±  ´¨§±µÔ´¥·£¥É¨Î¥¸±¨Ì ¨µ´µ¢ 6�¥ ¢ ± ´ ²¥ É· ´¸¶µ·-
É¨·µ¢±¨ ¨¸¶µ²Ó§µ¢ ²¨¸Ó ¸Í¨´É¨²²ÖÍ¨µ´´Ò¥ ¤¥É¥±Éµ·Ò [11]. �¸´µ¢´Ò¥ ¶ · -
³¥É·Ò ¶ÊÎ±  6�¥ (¨´É¥´¸¨¢´µ¸ÉÓ, · ¸¶·¥¤¥²¥´¨¥ ¨ · §³¥·Ò) µ¶·¥¤¥²Ö²¨¸Ó
´¥¶µ¸·¥¤¸É¢¥´´µ ¶¥·¥¤ Ë¨§¨Î¥¸±µ° Ê¸É ´µ¢±µ° ¸¶¥Í¨ ²Ó´µ · §· ¡µÉ ´´µ°
³´µ£µ¶·µ¢µ²µÎ´µ° ¶·µ¶µ·Í¨µ´ ²Ó´µ° ± ³¥·µ° ¤²Ö ¤¨ £´µ¸É¨±¨ ¶ÊÎ±  [12].
Šµ´¥Î´ Ö Ô´¥·£¨Ö ¶ÊÎ±  6�¥ ¨§³¥·Ö² ¸Ó ¸ ¶µ³µÐÓÕ ³ £´¨É´µ£µ ¸¶¥±É·µ³¥É· 
Œ‘�-144 [13].
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�¨¸. 2. �·µË¨²Ó ¶ÊÎ±  6He, ¢Ò¢¥¤¥´´µ£µ ¨§ Í¨±²µÉ·µ´  “-400, ¨ ¥£µ Ô´¥·£¥É¨Î¥¸±µ¥
· §·¥Ï¥´¨¥

�  ¶ÊÎ±¥ 6�¥ ³Ò ¶·µ¢¥²¨ Í¨±² Ô±¸¶¥·¨³¥´Éµ¢ ¶µ ¨§ÊÎ¥´¨Õ ¢§ ¨³µ¤¥°-
¸É¢¨Ö 6�¥ ¸ ¤·Ê£¨³¨  Éµ³´Ò³¨ Ö¤· ³¨. ‚ ´ ¸ÉµÖÐ¥° · ¡µÉ¥ ¶·¥¤¸É ¢²¥´Ò
¤ ´´Ò¥ ¶µ ¨§³¥·¥´¨Õ ËÊ´±Í¨° ¢µ§¡Ê¦¤¥´¨Ö ·¥ ±Í¨° ¸²¨Ö´¨Ö ¨ ·¥ ±Í¨° ¶¥-
·¥¤ Î¨ ´Ê±²µ´µ¢. ˆ§³¥·¥´¨¥ ¢ÒÌµ¤µ¢ ¶·µ¤Ê±Éµ¢ ·¥ ±Í¨° ¸²¨Ö´¨Ö ¸ ¶µ¸²¥-
¤ÊÕÐ¨³ ¨¸¶ ·¥´¨¥³ ¨§ ¸µ¸É ¢´µ£µ Ö¤·  x ´¥°É·µ´µ¢ ¨ ·¥ ±Í¨° ¶¥·¥¤ Î¨
´Ê±²µ´µ¢ ¶·µ¢µ¤¨²µ¸Ó ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³  ±É¨¢ Í¨µ´´µ° ³¥Éµ¤¨±¨. „²Ö ¨§³¥-
·¥´¨Ö ËÊ´±Í¨° ¢µ§¡Ê¦¤¥´¨Ö ´  ¶ÊÎ±¥ 6�¥ Ê¸É ´ ¢²¨¢ ²¨¸Ó ¶µ¸²¥¤µ¢ É¥²Ó´µ
¤¢¥ ¸Éµ¶±¨: ¸´ Î ²  ¸Éµ¶±  ¨§ §µ²µÉÒÌ Ëµ²Ó£ ¸ Éµ²Ð¨´ ³¨ µÉ 13 ¤µ 50 ³±³,
§  ´¥° · ¸¶µ² £ ² ¸Ó ¸Éµ¶±  ¨§ Éµ´±¨Ì (600Ä700 ³±£/¸³2) 206Pb-³¨Ï¥´¥°
(·¨¸. 3). �¥·¥¤ ÔÉ¨³¨ ¸Éµ¶± ³¨ · §³¥Ð ² ¸Ó ¶·µ¶µ·Í¨µ´ ²Ó´ Ö ¤¨ £´µ¸É¨-
Î¥¸± Ö ± ³¥· , ±µÉµ· Ö ¨¸¶µ²Ó§µ¢ ² ¸Ó ¤²Ö ´ ¸É·µ°±¨ ¶ÊÎ±  6�¥ ´  ³¨Ï¥´Ó,

�¨¸. 3. ‘Ì¥³  Ô±¸¶¥·¨³¥´Éµ¢ ¶µ  ±É¨¢ Í¨µ´´µ° ³¥Éµ¤¨±¥ ´  ¶ÊÎ±¥ 6He ¸ ¤¢Ê³Ö ¶µ¸²¥-
¤µ¢ É¥²Ó´Ò³¨ ¸Éµ¶± ³¨, Ê¸É ´µ¢²¥´´Ò³¨ §  ¶·µ¶µ·Í¨µ´ ²Ó´µ° ± ³¥·µ° (1): ¸Éµ¶±µ°
¨§ §µ²µÉÒÌ Ëµ²Ó£ (2) ¨ ¸Éµ¶±µ° ¨§ Éµ´±¨Ì 206Pb-³¨Ï¥´¥° (3). �  ·¨¸Ê´±¥ ¶·¨¢¥¤¥´Ò
¢Ìµ¤´ Ö ¨ ¢ÒÌµ¤´ Ö Ô´¥·£¨¨ 6He

¨§³¥·¥´¨Ö ¶·µ¸É· ´¸É¢¥´´µ£µ · ¸¶·¥¤¥²¥´¨Ö ¶ÊÎ±  ¨ µ¶·¥¤¥²¥´¨Ö ¥£µ ¨´É¥´-
¸¨¢´µ¸É¨. �ÊÎµ± 6�¥ ¶µ¸²¥ ¶·µÌµ¦¤¥´¨Ö ¢¸¥° ¸¡µ·±¨ ¨§ ¤¢ÊÌ ¸Éµ¶µ± ¶µ¶ ¤ ²
¢ ³ £´¨É´Ò° ¸¶¥±É·µ³¥É· Œ‘�-144, ¸ ¶µ³µÐÓÕ ±µÉµ·µ£µ ¨§³¥·Ö² ¸Ó µ¸É -
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ÉµÎ´ Ö Ô´¥·£¨Ö ¶ÊÎ± . �´¥·£¨Ö Î ¸É¨Í 6�¥ ¨ ¶µÉ¥·¨ Ô´¥·£¨¨ ¢ ± ¦¤µ³ ¸¡µ·-
´¨±¥ · ¸¸Î¨ÉÒ¢ ²¨¸Ó ¶µ ¶·µ£· ³³¥ LISE [14],   µ¸É ÉµÎ´ Ö · ¸Î¥É´ Ö Ô´¥·£¨Ö
¶µ¸²¥ ¶·µÌµ¦¤¥´¨Ö ¢¸¥Ì ¸¡µ·´¨±µ¢-³¨Ï¥´¥° 6�¥ ¸· ¢´¨¢ ² ¸Ó ¸ ¨§³¥·¥´´µ°
´  ³ £´¨É´µ³ ¸¶¥±É·µ³¥É·¥. ’ ±¨³ µ¡· §µ³, ´¥¸³µÉ·Ö ´  µÉ´µ¸¨É¥²Ó´µ Ï¨·µ-
±µ¥ Ô´¥·£¥É¨Î¥¸±µ¥ · ¸¶·¥¤¥²¥´¨¥ 6�¥ ¢ ±µ´Í¥ ¸¡µ·±¨ (±2 ŒÔ‚)  ¡¸µ²ÕÉ´µ¥
§´ Î¥´¨¥ Ô´¥·£¨¨ µ¶·¥¤¥²Ö²µ¸Ó ¸ Ìµ·µÏ¥° ÉµÎ´µ¸ÉÓÕ (´¥ ÌÊ¦¥ 1 ŒÔ‚).

�·µ¤Ê±ÉÒ ·¥ ±Í¨¨ ± ´ ²µ¢ ¸²¨Ö´¨Ö (¨§µÉµ¶Ò 203−xnTl) ¨¤¥´É¨Ë¨Í¨·µ¢ -
²¨¸Ó ³¥Éµ¤µ³ off-line ¶·¨  ´ ²¨§¥ γ-¸¶¥±É·µ¢, ¶µ²ÊÎ¥´´ÒÌ ¸ ¶µ³µÐÓÕ HPGe
γ-¸¶¥±É·µ³¥É·µ¢. �ËË¥±É¨¢´µ¸ÉÓ γ-¸¶¥±É·µ³¥É·µ¢ ¢ ¶¨±¥ ¶µ²´µ£µ ¶µ£²µÐ¥-
´¨Ö (Eγ= 662 ±Ô‚) ¸µ¸É ¢²Ö²  10 %, Ô´¥·£¥É¨Î¥¸±µ¥ · §·¥Ï¥´¨¥ Å 1,5 ±Ô‚
¤²Ö Eγ=1800 ±Ô‚. ˆ¤¥´É¨Ë¨Í¨·µ¢ ´´Ò¥ ¶¨±¨ ¢ γ-¸¶¥±É· Ì ¶·¨´ ¤²¥¦ ²¨
¨§µÉµ¶ ³ ’l, Ö¢²ÖÕÐ¨³¸Ö ¶·µ¤Ê±É ³¨ ¤¥¢µ§¡Ê¦¤¥´¨Ö ¸µ¸É ¢´µ£µ Ö¤·  203Tl
¶µ¸²¥ ¨¸¶ ·¥´¨Ö ¨§ ´¥£µ µÉ 2 ¤µ 7 ´¥°É·µ´µ¢. ‚ É ¡²¨Í¥ ¶·¨¢¥¤¥´Ò ¶¥·¨-
µ¤Ò ¶µ²Ê· ¸¶ ¤ , Ô´¥·£¨¨ ¨ µÉ´µ¸¨É¥²Ó´Ò¥ ¢ÒÌµ¤Ò ´ ¨¡µ²¥¥ ¨´É¥´¸¨¢´ÒÌ
γ-¶¥·¥Ìµ¤µ¢ ¶·µ¤Ê±Éµ¢ ¨¸¸²¥¤Ê¥³ÒÌ ·¥ ±Í¨° ¸²¨Ö´¨Ö. ‡¤¥¸Ó ¦¥ ¶·¨¢¥¤¥´Ò
¶¥·¨µ¤Ò ¶µ²Ê· ¸¶ ¤  ÔÉ¨Ì Ö¤¥·. �µ ¢¸¥³ ÔÉ¨³ Ì · ±É¥·¨¸É¨± ³ ¶·µ¢µ¤¨² ¸Ó
¨¤¥´É¨Ë¨± Í¨Ö Ö¤¥·-¶·µ¤Ê±Éµ¢ ¨¸¸²¥¤Ê¥³ÒÌ ± ´ ²µ¢ ·¥ ±Í¨¨.

• · ±É¥·¨¸É¨±¨ ¢¥É¢¥° · ¸¶ ¤  ¨§µÉµ¶µ¢ 203−xnTl

xn Ÿ¤·µ-µ¸É Éµ± T1/2, Î Eγ , ±Ô‚ (Iγ , %)

2n 201Tl 72,91 167,4 (10 %)
3n 200Tl 26,1 367,9 (87 %)
4n 199Tl 7,42 247,26 (9,3 %)
5n 198Tl 5,3 675,88 (11 %); 587,2 (52 %)
6n 197Tl 2,84 152,2 (7,3 %)
7n 196Tl 1,84 344,9 (2 %)

Š·µ³¥ Éµ£µ, ¢ ¸¶¥±É· Ì ¡Ò²¨ ¨¤¥´É¨Ë¨Í¨·µ¢ ´Ò γ-¶¥·¥Ìµ¤Ò ¨§µÉµ¶µ¢
196Au, 198Au ¨ 199Au, ±µÉµ·Ò¥ Ö¢²Ö²¨¸Ó ¶·µ¤Ê±É ³¨ ·¥ ±Í¨¨ ¸·Ò¢  ¸ Ö¤· 
³¨Ï¥´¨ µ¤´µ£µ ´¥°É·µ´  (196Au) ¨ ·¥ ±Í¨° ¶µ¤Ì¢ É  µ¤´µ£µ (198Au) ¨ ¤¢ÊÌ
(199Au) ´¥°É·µ´µ¢ ¢ ·¥§Ê²ÓÉ É¥ ¢§ ¨³µ¤¥°¸É¢¨Ö Ö¤¥· 6�¥ ¸ 197Au. � ¸¶µ²µ-
¦¥´´ Ö §  ¸Éµ¶±µ° ¨§ §µ²µÉÒÌ Ëµ²Ó£ ¸Éµ¶±  ³¨Ï¥´¥° ¨§ 206Pb ¶µ¸²¥ µ¡²ÊÎ¥-
´¨Ö ¨§³¥·Ö² ¸Ó ´  α-¸¶¥±É·µ³¥É·¥ ¸ Í¥²ÓÕ ¶µ²ÊÎ¥´¨Ö ¨´Ëµ·³ Í¨¨ µ ËÊ´±-
Í¨¨ ¢µ§¡Ê¦¤¥´¨Ö ·¥ ±Í¨¨ ¸²¨Ö´¨Ö ¸ µ¡· §µ¢ ´¨¥³ ¸µ¸É ¢´µ£µ Ö¤·  212�µ ¨
¶µ¸²¥¤ÊÕÐ¥£µ ¨¸¶ ·¥´¨Ö ¤¢ÊÌ ´¥°É·µ´µ¢, 206�b(6�¥, 2n)210�µ, ¢ ¤¨ ¶ §µ´¥
Ô´¥·£¨¨ ¶ÊÎ±  6�¥ µÉ 13 ¤µ 24 ŒÔ‚ (±Ê²µ´µ¢¸±¨° ¡ ·Ó¥· ¤²Ö ¤ ´´µ° ·¥ ±Í¨¨
20 ŒÔ‚). ˆ¤¥´É¨Ë¨± Í¨Ö Ö¤·  210�µ µ¸ÊÐ¥¸É¢²Ö² ¸Ó ¶µ Ô´¥·£¨¨ α-Î ¸É¨Í
(Eα= 5,3 ŒÔ‚) ¨ ¶¥·¨µ¤Ê ¶µ²Ê· ¸¶ ¤  (T1/2= 138 ¤´¥°). �´¥·£¥É¨Î¥¸±µ¥
· §·¥Ï¥´¨¥ α-¸¶¥±É·µ³¥É·  ¸µ¸É ¢²Ö²µ ∼50 ±Ô‚, ¶µ²´ Ö ÔËË¥±É¨¢´µ¸ÉÓ ·¥-
£¨¸É· Í¨¨ α-Î ¸É¨Í ¡Ò²  µ±µ²µ 50 %.
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�  µ¸´µ¢¥ ¨§³¥·¥´´ÒÌ ¢ÒÌµ¤µ¢ ¨§µÉµ¶µ¢, µ¡· §µ¢ ¢Ï¨Ì¸Ö ¶µ¸²¥ ¨¸¶ ·¥-
´¨Ö ¨§ ¸µ¸É ¢´µ£µ Ö¤·  203Tl µÉ 2 ¤µ 7 ´¥°É·µ´µ¢, ¸ ÊÎ¥Éµ³ ¨´É¥´¸¨¢´µ¸É¨
¶ÊÎ±  6�¥ ¨ Éµ²Ð¨´Ò ³¨Ï¥´¥° µ¶·¥¤¥²Ö²¨¸Ó ¸¥Î¥´¨Ö µ¡· §µ¢ ´¨Ö ÔÉ¨Ì ¨§µ-
Éµ¶µ¢ ¨ ¨Ì § ¢¨¸¨³µ¸ÉÓ µÉ ¡µ³¡ ·¤¨·ÊÕÐ¥° Ô´¥·£¨¨ (ËÊ´±Í¨Ö ¢µ§¡Ê¦¤¥´¨Ö).
’ ± Ö ¦¥ ¶·µÍ¥¤Ê·  ¡Ò²  ¨¸¶µ²Ó§µ¢ ´  ¨ ¤²Ö µ¶·¥¤¥²¥´¨Ö ËÊ´±Í¨¨ ¢µ§¡Ê-
¦¤¥´¨Ö 210�µ, µ¡· §ÊÕÐ¥£µ¸Ö ¢ ·¥ ±Í¨¨ 206�b(6He, 2n)210�µ.

�  ·¨¸. 4 ¶·¥¤¸É ¢²¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶µ ¨§³¥·¥´¨Õ
ËÊ´±Í¨° ¢µ§¡Ê¦¤¥´¨Ö ± ´ ²µ¢ ·¥ ±Í¨° 6�¥ + 197Au →203−xnTl c ¨¸¶Ê¸-
± ´¨¥³ x ´¥°É·µ´µ¢ ¨§ ¸µ¸É ¢´µ£µ Ö¤· . �´ ²¨§ ¶µ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ ¶·µ-

�¨¸. 4. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶µ ¨§³¥·¥´¨Õ ËÊ´±Í¨° ¢µ§¡Ê¦¤¥´¨Ö ± ´ ²µ¢
·¥ ±Í¨° 197Au +6�¥ →203−xnTl c ¨¸¶ ·¥´¨¥³ x ´¥°É·µ´µ¢ (µÉ 2 ¤µ 7) ¨§ ¸µ¸É ¢´µ£µ
Ö¤·  203Tl (◦ Å 2n, � Å 3n, � Å 4n, � Å 5n, ♦ Å 6n, � Å 7n). ‘¶²µÏ´Ò¥ ²¨-
´¨¨ Å · ¸Î¥ÉÒ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ±µ¤  ALICE-MP [15, 16] ¸ ¶ · ³¥É· ³¨ ¶µÉ¥´Í¨ ² 
¢§ ¨³µ¤¥°¸É¢¨Ö r0 = 1,29 Ë³, V = Ä67 ŒÔ‚ ¨ d = 0,4 Ë³; BcÄ ±Ê²µ´µ¢¸±¨° ¡ ·Ó¥·
·¥ ±Í¨¨ 6�¥ + 197Au

¢µ¤¨²¸Ö ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ±µ¤  ALICE-MP [15, 16]. ‡´ Î¥´¨Ö ¶ · ³¥É·µ¢
¡Ò²¨ ¢§ÖÉÒ ¨§  ´ ²¨§  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ ¸¥Î¥´¨Ö³ ¨¸¶ ·¨É¥²Ó-
´ÒÌ ·¥ ±Í¨°, ¢Ò§Ò¢ ¥³ÒÌ ÉÖ¦¥²Ò³¨ ¨µ´ ³¨ ¢ µ¡² ¸É¨ ¸·¥¤´¨Ì ¨ ÉÖ¦¥²ÒÌ
Ö¤¥·. �¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ ¶·¨¢¥¤¥´Ò ´  ·¨¸Ê´±¥ ¸¶²µÏ´Ò³¨ ±·¨¢Ò³¨. ˆ§
·¨¸. 4 ¢¨¤´µ, ÎÉµ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶µ ¸¥Î¥´¨Ö³ ·¥ ±Í¨° Ê¤µ¢²¥-
É¢µ·¨É¥²Ó´µ ¸µ£² ¸ÊÕÉ¸Ö ¸ É¥µ·¥É¨Î¥¸±¨³¨ ±·¨¢Ò³¨ ¢ µ¡² ¸É¨ ³ ±¸¨³Ê³µ¢
ËÊ´±Í¨° ¢µ§¡Ê¦¤¥´¨Ö xn-± ´ ²µ¢. ‘¥Î¥´¨Ö ¨ ËÊ´±Í¨Ö ¢µ§¡Ê¦¤¥´¨Ö ·¥ ±Í¨¨
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¸ ¨¸¶Ê¸± ´¨¥³ ¤¢ÊÌ ´¥°É·µ´µ¢, ¢ ±µÉµ·µ° µ¡· §Ê¥É¸Ö Ö¤·µ 201Tl, ´¥ ¸µ£² -
¸ÊÕÉ¸Ö ¸ ¶·¥¤¸± § ´¨¥³ ¤ ´´µ° ³µ¤¥²¨. � ¸Î¥É´Ò¥ §´ Î¥´¨Ö µ± § ²¨¸Ó § -
³¥É´µ ³¥´ÓÏ¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ·¥§Ê²ÓÉ Éµ¢. �Éµ ³µ¦¥É ¡ÒÉÓ ¸¢Ö§ ´µ ¸
É¥³, ÎÉµ ·¥ ±Í¨Ö ¶µ²´µ£µ ¶µ£²µÐ¥´¨Ö Ö¤·  6�¥ Ö¤·µ³ 197Au ¨³¥¥É §´ Î¥´¨¥
Q-·¥ ±Í¨¨, · ¢´µ¥ 12,2 ŒÔ‚, ÎÉµ ¤¥² ¥É ·¥ ±Í¨Õ ¸ ¨¸¶ ·¥´¨¥³ ¤¢ÊÌ ´¥°É·µ-
´µ¢ £²Ê¡µ±µ ¶µ¤¡ ·Ó¥·´µ°. ‚ ÔÉµ³ ¸²ÊÎ ¥ · ¸Î¥ÉÒ ¸¥Î¥´¨°, ¢ ±µÉµ·ÒÌ ¸²¨Ö´¨¥
µ¶¨¸Ò¢ ¥É¸Ö ¶·µ´¨±´µ¢¥´¨¥³ 6�¥ Î¥·¥§ ¡ ·Ó¥·, ³µ£ÊÉ ¶·¨¢µ¤¨ÉÓ ± § ´¨¦¥´-
´Ò³ §´ Î¥´¨Ö³. �´ ²µ£¨Î´ Ö ¸¨ÉÊ Í¨Ö ¢µ§´¨± ¥É ¨ ¤²Ö ·¥ ±Í¨¨ 206Pb(6He,
2n)210Po (·¨¸. 5). �· ¢¤ , ¢ ÔÉµ³ ¸²ÊÎ ¥ §´ Î¥´¨¥ Q-·¥ ±Í¨¨ · ¢´µ 4,2 ŒÔ‚,
ÎÉµ ¤µ²¦´µ ¶·¨¢µ¤¨ÉÓ ± ´¥¸±µ²Ó±µ ¡
o²ÓÏ¨³ §´ Î¥´¨Ö³ ¸¥Î¥´¨Ö.

�¨¸. 5. ”Ê´±Í¨Ö ¢µ§¡Ê¦¤¥´¨Ö ·¥ ±Í¨¨ 206Pb(6He, 2n)210Po. � Å Ô±¸¶¥·¨³¥´É ²Ó´Ò¥
§´ Î¥´¨Ö ¸¥Î¥´¨° µ¡· §µ¢ ´¨Ö 210Po; ÏÉ·¨Ìµ¢ Ö ±·¨¢ Ö Å · ¸Î¥ÉÒ ËÊ´±Í¨¨ ¢µ§¡Ê-
¦¤¥´¨Ö ·¥ ±Í¨¨ ¶µ ¸É É¨¸É¨Î¥¸±µ° ³µ¤¥²¨; ¸¶²µÏ´ Ö ±·¨¢ Ö Å ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢
¸¥Î¥´¨° µ¡· §µ¢ ´¨Ö 210Po ¶µ ¤¢ÊÌ¸ÉÊ¶¥´Î Éµ° ³µ¤¥²¨ ¸²¨Ö´¨Ö, ÊÎ¨ÉÒ¢ ÕÐ¥° ¶·µ-
Í¥¸¸ ¶µ¸²¥¤µ¢ É¥²Ó´µ° ¶¥·¥¤ Î¨ ´¥°É·µ´µ¢ [17]; Bc Å ±Ê²µ´µ¢¸±¨° ¡ ·Ó¥·

�Éµ µÉ²¨Î¨¥ µÉ · ¸Î¥Éµ¢ µ¸µ¡¥´´µ ¢¨¤´µ ¢ ¶·¥¤¸É ¢²¥´´µ° ´  ·¨¸. 5
ËÊ´±Í¨¨ ¢µ§¡Ê¦¤¥´¨Ö ·¥ ±Í¨¨ 206Pb(6He, 2n)210Po. ‘¥Î¥´¨¥ ÔÉµ° ·¥ ±Í¨¨ ¢
³ ±¸¨³Ê³¥ ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ · ¸Î¥É ³¨ ¶µ ¸É É¨¸É¨Î¥¸±µ° ³µ¤¥²¨ (¸³. ÏÉ·¨-
Ìµ¢ÊÕ ±·¨¢ÊÕ) ¤µ²¦´µ ¡ÒÉÓ ³ ²µ, É ± ± ± ¥¥ ³ ±¸¨³Ê³ · ¸¶µ²µ¦¥´ ¶·¨
Ô´¥·£¨ÖÌ ´¨¦¥ ±Ê²µ´µ¢¸±µ£µ ¡ ·Ó¥· . �¤´ ±µ ¨§ ¶·¥¤¸É ¢²¥´´ÒÌ ´  ÔÉµ³ ·¨-
¸Ê´±¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¢¨¤´µ, ÎÉµ ¤ ¦¥ ¶·¨ Ô´¥·£¨¨ Î ¸É¨Í 6He ´ 
7 ŒÔ‚ ´¨¦¥ ±Ê²µ´µ¢¸±µ£µ ¡ ·Ó¥·  ·¥ ±Í¨¨ 206Pb + 6He ¸¥Î¥´¨¥ µ¡· §µ¢ ´¨Ö
210Po Å ¶·µ¤Ê±É  ¶µ¸²¥ ¨¸¶ ·¥´¨Ö ¨§ ¸µ¸É ¢´µ£µ Ö¤·  ¤¢ÊÌ ´¥°É·µ´µ¢ Å ¸µ-
¸É ¢²Ö¥É § ³¥É´µ¥ §´ Î¥´¨¥ ∼10 ³¡. ’ ±¨³ µ¡· §µ³, ¨§ ´ ¡²Õ¤¥´¨Ö ·¥ ±Í¨°
¸ ¨¸¶ ·¥´¨¥³ ¤¢ÊÌ ´¥°É·µ´µ¢ ¢ ¶µ¤¡ ·Ó¥·´µ° µ¡² ¸É¨,   É ±¦¥ ¢¨¤  ËÊ´±Í¨°
¢µ§¡Ê¦¤¥´¨Ö ÔÉ¨Ì ·¥ ±Í¨° ³Ò ³µ¦¥³ ±µ´¸É É¨·µ¢ ÉÓ, ÎÉµ ´ ¡²Õ¤ ¥É¸Ö ¸ÊÐ¥-
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¸É¢¥´´µ¥ Ê¢¥²¨Î¥´¨¥ ¸¥Î¥´¨° ·¥ ±Í¨° ¸²¨Ö´¨Ö Ö¤¥· 197Au ¨ 206Pb ¸ Ö¤· ³¨
6�¥ ¢¡²¨§¨ ¡ ·Ó¥·µ¢. �  ÔÉµ³ ¦¥ ·¨¸Ê´±¥ ¶µ± § ´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ ¢¥-
·µÖÉ´µ¸É¨ ¸²¨Ö´¨Ö ¶µ ¤¢ÊÌ¸ÉÊ¶¥´Î Éµ° ³µ¤¥²¨ ¸²¨Ö´¨Ö [17]. ‚ ÔÉµ° ³µ¤¥²¨
¶·¥¤¶µ² £ ¥É¸Ö, ÎÉµ ¶·µ¨¸Ìµ¤¨É ¶µ¸²¥¤µ¢ É¥²Ó´ Ö ¶¥·¥¤ Î  ´¥°É·µ´µ¢ ¨§ Ö¤· 
6�¥ Ö¤·Ê ³¨Ï¥´¨. �·¨ ÔÉµ³ Ô´¥·£¨Ö ¢µ§¡Ê¦¤¥´¨Ö Ö¤¥·´µ° ¸¨¸É¥³Ò ¢µ§· ¸É ¥É
´  ¢¥²¨Î¨´Ê E¸³ + Qgg , ÎÉµ ¸ÊÐ¥¸É¢¥´´µ ¶·¥¢ÒÏ ¥É Ô´¥·£¨Õ ±Ê²µ´µ¢¸±µ£µ
¡ ·Ó¥·  ¨ ¶·¨¢µ¤¨É ± ¶·µ´¨±´µ¢¥´¨Õ ´  ¶µ¸²¥¤´¥³ ÔÉ ¶¥ α-Î ¸É¨ÍÒ Î¥·¥§
¡ ·Ó¥·.

‘µ£² ¸¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ ¸¥Î¥´¨Ö³ ·¥ ±Í¨¨ 206Pb(6He,
2n)210Po ¸ · ¸Î¥É´Ò³¨ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ Éµ³, ÎÉµ ¶·µÍ¥¸¸ ¶µ¸²¥¤µ¢ É¥²Ó´µ°
¶¥·¥¤ Î¨ ´¥°É·µ´µ¢ ¤²Ö ¸² ¡µ¸¢Ö§ ´´ÒÌ Ö¤¥·, ¶µ-¢¨¤¨³µ³Ê, Ö¢²Ö¥É¸Ö µ¸´µ¢-
´Ò³ Ë ±Éµ·µ³, ¢²¨ÖÕÐ¨³ ´  ¢¥·µÖÉ´µ¸ÉÓ ¸²¨Ö´¨Ö 6�¥ ¨ 206Pb ¨ Ê¢¥²¨Î¨¢ -
ÕÐ¨³ ¸¥Î¥´¨¥ ·¥ ±Í¨¨ ¢ £²Ê¡µ±µ ¶µ¤¡ ·Ó¥·´µ° µ¡² ¸É¨.

�  ·¨¸. 6 ¶·¥¤¸É ¢²¥´Ò § ¢¨¸¨³µ¸É¨ ¸¥Î¥´¨° ¨¸¶ ·¨É¥²Ó´ÒÌ µ¸É É±µ¢ ¤²Ö
·¥ ±Í¨° 197Au(6�¥, 2n)201Tl ¨ 206Pb(6He, 2n)210Po ± ± ËÊ´±Í¨Ö µÉ µÉ´µÏ¥-

�¨¸. 6. ‡ ¢¨¸¨³µ¸ÉÓ ¸¥Î¥´¨° µ¡· §µ¢ ´¨Ö ¨¸¶ ·¨É¥²Ó´ÒÌ µ¸É É±µ¢ ¤²Ö ·¥ ±Í¨°
197Au(6�¥, 2n)201Tl (¸¢¥É²Ò¥ ±·Ê¦±¨) ¨ 206Pb(6He, 2n)210Po (É¥³´Ò¥ ±¢ ¤· ÉÒ) ± ±
ËÊ´±Í¨Ö µÉ´µÏ¥´¨Ö Ô´¥·£¨¨ 6�¥ ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ ± Ô´¥·£¨¨ ±Ê²µ´µ¢¸±µ£µ ¡ -
·Ó¥·  (E¸³/Bc)

´¨Ö Ô´¥·£¨¨ 6�¥ ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ (E¸³) ± Ô´¥·£¨¨ ±Ê²µ´µ¢¸±µ£µ ¡ ·Ó¥· 
(Bc). ‚¨¤´µ ¸µ£² ¸¨¥ 2n-¨¸¶ ·¨É¥²Ó´ÒÌ ± ´ ²µ¢ ¤²Ö µ¡¥¨Ì ·¥ ±Í¨° ¸ · ¸Î¥-
Éµ³ ¢ ¶·¥¤¶µ²µ¦¥´¨¨ µ ³¥Ì ´¨§³¥ ¶µ¸²¥¤µ¢ É¥²Ó´µ£µ ¸²¨Ö´¨Ö.

�  ·¨¸. 7 ¶·¥¤¸É ¢²¥´Ò ¨§³¥·¥´´Ò¥ ´ ³¨ ËÊ´±Í¨¨ ¢µ§¡Ê¦¤¥´¨Ö ·¥ ±Í¨°
¸ µ¡· §µ¢ ´¨¥³ ¨§µÉµ¶µ¢ §µ²µÉ  196Au, 198Au ¨ 199Au ¢ µ¸´µ¢´µ³ ¸µ¸ÉµÖ´¨¨
¶·¨ ¢§ ¨³µ¤¥°¸É¢¨¨ 6�¥ ¸ Ö¤· ³¨ 197Au. ˆ§ ¶µ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ ¸²¥¤Ê¥É, ÎÉµ
¢¡²¨§¨ ¡ ·Ó¥·  ´ ¡²Õ¤ ¥É¸Ö ¢Ò¸µ± Ö ¢¥·µÖÉ´µ¸ÉÓ µ¡· §µ¢ ´¨Ö ¢ ÔÉµ³ ¢§ ¨³µ-
¤¥°¸É¢¨¨ Ö¤¥· 198Au (σ ∼ 1 ¡). Š ¸µ¦ ²¥´¨Õ, ¢ ´ ¸ÉµÖÐ¥³ Ô±¸¶¥·¨³¥´É¥ ´¥
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�¨¸. 7. ˆ§³¥·¥´´Ò¥ ËÊ´±Í¨¨ ¢µ§¡Ê¦¤¥´¨Ö µ¡· §µ¢ ´¨Ö ¨§µÉµ¶µ¢ 196Au, 198Au ¨ 199Au
¢ ·¥ ±Í¨¨ 197Au + 6�¥

�¨¸. 8. ”Ê´±Í¨Ö ¢µ§¡Ê¦¤¥´¨Ö ¤²Ö ¶µ²´ÒÌ ¸¥Î¥´¨° ·¥ ±Í¨° ¸²¨Ö´¨Ö: 197Au + 6�¥
(� Å ´ ¸ÉµÖÐ¨° Ô±¸¶¥·¨³¥´É; ÏÉ·¨Ì¶Ê´±É¨·´ Ö ±·¨¢ Ö Å · ¸Î¥É ¶µ ³µ¤¥²¨ ¸¢Ö-
§ ´´ÒÌ ± ´ ²µ¢; ÏÉ·¨Ìµ¢ Ö ±·¨¢ Ö Å ¶·¨¡²¨¦¥´¨¥ µ¤´µ³¥·´µ£µ ¡ ·Ó¥·  [18]) ¨
206Pb + 6He (• Å ´ ¸ÉµÖÐ¨° Ô±¸¶¥·¨³¥´É; ¸¶²µÏ´ Ö ±·¨¢ Ö Å · ¸Î¥É, ÊÎ¨ÉÒ¢ ÕÐ¨°
¶¥·¥¤ ÎÊ ´¥°É·µ´µ¢ ¨§ 6�¥ ¨ ¶µ¸²¥¤ÊÕÐ¥¥ ¸²¨Ö´¨¥ µ¸É É±  4�¥ ¸ Ö¤·µ³ ³¨Ï¥´¨ [17])
¢ § ¢¨¸¨³µ¸É¨ µÉ µÉ´µÏ¥´¨Ö E¸³/Bc

¡Ò²µ ¨§³¥·¥´µ ¸¥Î¥´¨¥ µ¡· §µ¢ ´¨Ö 198Au ¶·¨ Ô´¥·£¨¨ ´¨¦¥ ±Ê²µ´µ¢¸±µ£µ
¡ ·Ó¥·  (∼20 ŒÔ‚). Œ¥¦¤Ê É¥³ ¢Ò¸µ± Ö ¢¥·µÖÉ´µ¸ÉÓ µ¡· §µ¢ ´¨Ö ¶·µ¤Ê±-
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Éµ¢, ¨³¨É¨·ÊÕÐ¨Ì ·¥ ±Í¨¨ ¶¥·¥¤ Î¨ µ¤´µ£µ ´¥°É·µ´  Ö¤·Ê ³¨Ï¥´¨ ¢¡²¨§¨
¡ ·Ó¥· , ³µ¦¥É µ¡ÑÖ¸´¨ÉÓ ´ ¡²Õ¤ ¢Ï¨°¸Ö · ´¥¥ ¢ · ¡µÉ Ì [6, 7] ÔËË¥±É ¶µ-
¢ÒÏ¥´´µ° ¢¥·µÖÉ´µ¸É¨ ¶µ¤¡ ·Ó¥·´µ£µ ¤¥²¥´¨Ö ¢ ·¥ ±Í¨¨ 238U + 6�¥.

‘²¥¤Ê¥É É ±¦¥ § ³¥É¨ÉÓ, ÎÉµ ¢ ´ Ï¨Ì Ô±¸¶¥·¨³¥´É Ì ´ ¡²Õ¤ ²¸Ö µÉ´µ¸¨-
É¥²Ó´µ ´¨§±¨° ¢ÒÌµ¤ ¨§µÉµ¶  199Au, ±µÉµ·Ò° ´  ¸ ³µ³ ¤¥²¥ ³µ¦¥É Ê± §Ò¢ ÉÓ
Éµ²Ó±µ ´  ³ ²µ¥ § ¸¥²¥´¨¥ µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö ÔÉµ£µ Ö¤·  ¶·¨ ¶¥·¥¤ Î¥ ¤¢ÊÌ
´¥°É·µ´µ¢.

�  ·¨¸. 8 ¶·¥¤¸É ¢²¥´  ËÊ´±Í¨Ö ¢µ§¡Ê¦¤¥´¨Ö ¤²Ö ¶µ²´µ£µ ¸¥Î¥´¨Ö ·¥ ±-
Í¨° ¸²¨Ö´¨Ö ¢ § ¢¨¸¨³µ¸É¨ µÉ µÉ´µÏ¥´¨Ö E¸³/Bc, ¶µ²ÊÎ¥´´ Ö ¸Ê³³¨·µ¢ ´¨¥³
¨§³¥·¥´´ÒÌ ¢ ´ ¸ÉµÖÐ¥° · ¡µÉ¥ ¢ÒÌµ¤µ¢ ¨¸¶ ·¨É¥²Ó´ÒÌ ¶·µ¤Ê±Éµ¢ ·¥ ±Í¨°.
�  ·¨¸Ê´±¥ Î¥É±µ ¢¨¤´µ §´ Î¨É¥²Ó´µ¥ Ê¢¥²¨Î¥´¨¥ ¸¥Î¥´¨Ö ¸²¨Ö´¨Ö 206Pb +
6�¥ ¢ ¶µ¤¡ ·Ó¥·´µ° µ¡² ¸É¨ Ô´¥·£¨° 6�¥.

‡�Š‹�—…�ˆ…

‚ ´ ¸ÉµÖÐ¥° · ¡µÉ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¶¥·¢ÒÌ Ô±¸¶¥·¨³¥´Éµ¢ ´ 
Ê¸±µ·¨É¥²Ó´µ³ ±µ³¶²¥±¸¥ DRIBs. ‚ ÔÉ¨Ì Ô±¸¶¥·¨³¥´É Ì ¨´É¥´¸¨¢´µ¸ÉÓ ¶ÊÎ± 
6�¥ ¸µ¸É ¢²Ö²  ∼5·106 ¸−1. ‚ ¸²¥¤ÊÕÐ¥³ Í¨±²¥ Ô±¸¶¥·¨³¥´Éµ¢ ¤µ²¦´ 
¡ÒÉÓ ¸ÊÐ¥¸É¢¥´´µ Ê¢¥²¨Î¥´  ¨´É¥´¸¨¢´µ¸ÉÓ · ¤¨µ ±É¨¢´µ£µ ¶ÊÎ±  6�¥ ¤µ
∼108 ¸−1. ŒÒ ¶·¥¤¶µ² £ ¥³ ¤¥É ²Ó´µ ¨¸¸²¥¤µ¢ ÉÓ ¶µ¢¥¤¥´¨¥ ËÊ´±Í¨° ¢µ§¡Ê-
¦¤¥´¨Ö 1n- ¨ 2n-¨¸¶ ·¨É¥²Ó´ÒÌ ·¥ ±Í¨° ¶·¨ ¢§ ¨³µ¤¥°¸É¢¨¨ 6�¥ ¸ Ö¤· ³¨
206Pb ¨ 197Au ¢ £²Ê¡µ±µ ¶µ¤¡ ·Ó¥·´µ° µ¡² ¸É¨ Ô´¥·£¨°,   § É¥³ ¨§³¥·¨ÉÓ ¶µ²-
´Ò¥ ¸¥Î¥´¨Ö ·¥ ±Í¨° ¨ ¸¥Î¥´¨Ö ·¥ ±Í¨° ¶¥·¥¤ Î¨ µ¤´µ£µ ¨ ¤¢ÊÌ ´¥°É·µ´µ¢ ¢
µ±µ²µ¡ ·Ó¥·´µ° µ¡² ¸É¨ Ô´¥·£¨°. �Éµ, ¶µ-¢¨¤¨³µ³Ê, ¤ ¸É ¢µ§³µ¦´µ¸ÉÓ µ±µ´-
Î É¥²Ó´µ ¶µ´ÖÉÓ ³¥Ì ´¨§³ ¢§ ¨³µ¤¥°¸É¢¨Ö 6�¥ ¸ Ö¤· ³¨ ¢¡²¨§¨ ±Ê²µ´µ¢¸±µ£µ
¡ ·Ó¥· .

‚ § ±²ÕÎ¥´¨¥  ¢Éµ·Ò ¢Ò· ¦ ÕÉ ¡² £µ¤ ·´µ¸ÉÓ ±µ²²¥±É¨¢Ê µÉ¤¥²  Ê¸±µ·¨-
É¥²¥° ¢µ £² ¢¥ ¸ ƒ. ƒ. ƒÊ²Ó¡¥±Ö´µ³ §  ¡µ²ÓÏÊÕ · ¡µÉÊ ¶µ § ¶Ê¸±Ê Ê¸±µ·¨É¥²Ó-
´µ£µ ±µ³¶²¥±¸  DRIBs ¨ ¶µ²ÊÎ¥´¨Õ ¶ÊÎ±  6�¥. ŒÒ ¡² £µ¤ ·´Ò Œ. ƒ. ˆÉ±¨¸Ê,
‘. �. „³¨É·¨¥¢Ê §  ¶µ¤¤¥·¦±Ê ÔÉµ° · ¡µÉÒ ¨ ‚. ˆ. ‡ £·¥¡ ¥¢Ê §  ¶·¥¤µ¸É ¢²¥-
´¨¥ · ¸Î¥É´ÒÌ ¤ ´´ÒÌ ¶µ ¸¥Î¥´¨Ö³ ·¥ ±Í¨° ¸²¨Ö´¨Ö ¨ §  ¶µ²¥§´Ò¥ ¤¨¸±Ê¸¸¨¨
¢ ¶·µÍ¥¸¸¥ ¢Ò¶µ²´¥´¨Ö ´ ¸ÉµÖÐ¥° · ¡µÉÒ.

� ¸ÉµÖÐ Ö · ¡µÉ  ¡Ò²  ¢Ò¶µ²´¥´  ¶·¨ ¶µ¤¤¥·¦±¥ £· ´Éµ¢ INTAS º 00-
00463 ¨ �””ˆ º 04-02-17372,   É ±¦¥ £· ´Éµ¢ ¶µ²´µ³µÎ´ÒÌ ¶·¥¤¸É ¢¨É¥²¥°
—¥Ï¸±µ° �¥¸¶Ê¡²¨±¨, �¥¸¶Ê¡²¨±¨ �µ²ÓÏ¨ ¨ �¥¸¶Ê¡²¨±¨ 	µ²£ ·¨¨ ¢ �ˆŸˆ.
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