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ˆ¢ ´μ¢ Œ. �. ¨ ¤·. P13-2008-137
�μ²ÊÎ¥´¨¥ ³μ´μÌ·μ³ É¨Î¥¸±¨Ì ¶ÊÎ±μ¢ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ 6�¥
¸ Ô´¥·£¨¥° ¢¡²¨§¨ ±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥·  ·¥ ±Í¨°
´  Ê¸±μ·¨É¥²Ó´μ³ ±μ³¶²¥±¸¥ DRIBs 	ˆŸˆ

	¶¨¸Ò¢ ÕÉ¸Ö ¤¢  ³¥Éμ¤  ¶μ²ÊÎ¥´¨Ö ³μ´μÌ·μ³ É¨Î¥¸±¨Ì ¶ÊÎ±μ¢ Ê¸±μ·¥´´ÒÌ
¨μ´μ¢ 6�¥ ¸ Ô´¥·£¨¥° ¢¡²¨§¨ ±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥·  ·¥ ±Í¨° ´  Ê¸±μ·¨É¥²Ó´μ³
±μ³¶²¥±¸¥ DRIBs 	ˆŸˆ. ‚ ¶¥·¢μ³ ³¥Éμ¤¥ ³ £´¨É´Ò° ¸¶¥±É·μ³¥É· Œ‘�-144
¨¸¶μ²Ó§μ¢ ²¸Ö ¢ ± Î¥¸É¢¥ ³μ´μÌ·μ³ Éμ·  ¶ÊÎ±  Î ¸É¨Í 6�¥ ´¨§±μ° Ô´¥·£¨¨, ¶μ-
²ÊÎ¥´´μ£μ ¶μ¸²¥ ¶·μÌμ¦¤¥´¨Ö ¶μ£²μÉ¨É¥²Ö Ô´¥·£¨¨. ‹¨´¥°´Ò° · §³¥· ³¨Ï¥´¨
¢¤μ²Ó Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨ (18 ³³) μ¶·¥¤¥²Ö² · §·¥Ï¥´¨¥ ¶ÊÎ±  6�¥ ¶μ Ô´¥·-
£¨¨, ±μÉμ·μ¥ ¸μ¸É ¢²Ö²μ 500 ±Ô‚. ‚μ ¢Éμ·μ³ ³¥Éμ¤¥ ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö Ö¤¥·´ÒÌ
·¥ ±Í¨° ¸ Ê¸±μ·¥´´Ò³¨ ¶ÊÎ± ³¨ Î ¸É¨Í 6He ¡¥§ ¶μÉ¥·¨ ¨´É¥´¸¨¢´μ¸É¨ ¨¸¶μ²Ó-
§μ¢ ²¸Ö ¸¶¥Í¨ ²Ó´μ · §· ¡μÉ ´´Ò° §μ´¤, ¶μ§¢μ²ÖÕÐ¨° ¶·μ¢μ¤¨ÉÓ Ô±¸¶¥·¨³¥´ÉÒ
´  ¢´ÊÉ·¥´´¥³ ¶ÊÎ±¥ ¶μ¸ÉÊ¸±μ·¨É¥²Ö (Í¨±²μÉ·μ´  “-400) ±μ³¶²¥±¸  DRIBs. �Éμ
¶μ§¢μ²¨²μ ¶μ²ÊÎ ÉÓ ´  ³¨Ï¥´¨ ¶ÊÎμ± 6He É·¥¡Ê¥³μ° Ô´¥·£¨¨ ¸ · §·¥Ï¥´¨¥³
¶ÊÎ±  ´¥ ÌÊ¦¥ 150 ±Ô‚.

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

�·¥¶·¨´É 	¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2008

Ivanov M. P. et al. P13-2008-137
Obtaining of Monochromatic Beams of Accelerated 6He Ions
with Energies Close to Coulomb Barrier
at the Accelerator Complex DRIBs (JINR)

Two methods for obtaining monochromatic beams of accelerated 6He ions with
energies close to Coulomb barrier at the accelerator complex DRIBs (JINR) are
described. In the ˇrst method the magnetic spectrometer MSP-144 was used as
monochromator of 6He particles beam after energy degrader. The energy resolution
(500 keV) was determined from linear size (18 mm) of the target along the focal
plane. In the second method the especially designed probe was used for investigation
of nuclear reactions with accelerated 6He ions without intensity loss on internal beam
of postaccelerator (U400 cyclotron) of DRIBs (JINR) complex. The 6He particle
beam of required energy with an energy resolution not worse than 150 keV on the
target was obtained.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.
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‚¸¥ ¢μ§· ¸É ÕÐ¨° ¨´É¥·¥¸ ± ·¥ ±Í¨Ö³ ¸ Ô±§μÉ¨Î¥¸±¨³¨ Ö¤· ³¨ ¸É¨³Ê-
²¨·Ê¥É ¸μ§¤ ´¨¥ ´μ¢ÒÌ Ê¸±μ·¨É¥²Ó´ÒÌ ±μ³¶²¥±¸μ¢ · ¤¨μ ±É¨¢´ÒÌ ¶ÊÎ±μ¢.
‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢ μ¸´μ¢´μ³ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤¢  ³¥Éμ¤  ¶μ²ÊÎ¥´¨Ö ¶ÊÎ±μ¢
· ¤¨μ ±É¨¢´ÒÌ Ö¤¥· [1]. �¥·¢Ò° ³¥Éμ¤ (É. ´. ³¥Éμ¤ Ë· £³¥´É-¸¥¶ · Éμ· )
¸μ¸Éμ¨É ¢ Éμ³, ÎÉμ ¶ÊÎμ± ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¡μ³¡ ·¤¨·Ê¥É ³¨Ï¥´Ó, ¢ ·¥§Ê²Ó-
É É¥ Î¥£μ μ¡· §ÊÕÉ¸Ö Ö¤·  ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ § ·Ö¤μ¢ ¨ ³ ¸¸, ¢Ò²¥É ÕÐ¨¥
¶·¥¨³ÊÐ¥¸É¢¥´´μ ¶μ¤ ¶¥·¥¤´¨³¨ Ê£² ³¨. ”· £³¥´É-¸¥¶ · Éμ· ¶μ§¢μ²Ö¥É · §-
¤¥²ÖÉÓ ¶·μ¤Ê±ÉÒ ·¥ ±Í¨° Ë· £³¥´É Í¨¨ ¸ ¶μ¸²¥¤ÊÕÐ¨³ Ëμ·³¨·μ¢ ´¨¥³ ¸
¶μ³μÐÓÕ ³ £´¨É´μ° μ¶É¨±¨ ¶ÊÎ±  ¨§ μ¶·¥¤¥²¥´´μ£μ ¢Ò¤¥²¥´´μ£μ ¨§μÉμ¶ .
�·¥¨³ÊÐ¥¸É¢μ³ ÔÉμ£μ ³¥Éμ¤  Ö¢²Ö¥É¸Ö Éμ, ÎÉμ μ´ ¶μ§¢μ²Ö¥É ¶μ²ÊÎ¨ÉÓ ¶ÊÎμ±
· ¤¨μ ±É¨¢´ÒÌ Ö¤¥· ¸ ¨³¶Ê²Ó¸μ³, · ¢´Ò³ ¨³¶Ê²Ó¸Ê ¶¥·¢¨Î´μ£μ ¶ÊÎ± . ‚ ÔÉμ³
¸²ÊÎ ¥ ¶ÊÎμ± · ¤¨μ ±É¨¢´ÒÌ Ö¤¥· ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´ ¡¥§ ¶μ¸²¥¤ÊÕÐ¥£μ
Ê¸±μ·¥´¨Ö. Š·μ³¥ ÔÉμ£μ, É ±¨³ ³¥Éμ¤μ³ ³μ¦´μ ¶μ²ÊÎ ÉÓ ¶ÊÎ±¨ ¤μ¢μ²Ó´μ
±μ·μÉ±μ¦¨¢ÊÐ¨Ì Ö¤¥· (¤μ ´¥¸±μ²Ó±¨Ì ¸μÉ¥´ ³¨±·μ¸¥±Ê´¤). 	¤´ ±μ ¨´É¥´¸¨¢-
´μ¸ÉÓ ¶ÊÎ±μ¢, ¶μ²ÊÎ ¥³ÒÌ ³¥Éμ¤μ³ Ë· £³¥´É-¸¥¶ · Éμ· , ¸μ¸É ¢²Ö¥É ¢¥²¨Î¨´Ê
´¥ ¡μ²¥¥ 106 ¸−1 ¢¸²¥¤¸É¢¨¥ ´¥¢μ§³μ¦´μ¸É¨ ¨¸¶μ²Ó§μ¢ ´¨Ö ¶·μ¨§¢μ¤ÖÐ¨Ì ³¨-
Ï¥´¥° ¡μ²ÓÏμ° Éμ²Ð¨´Ò (¡μ²¥¥ 500 ³£/¸³2). „·Ê£μ° ³¥Éμ¤ (É. ´. ISOL-³¥Éμ¤)
μ¸´μ¢ ´ ´  ¨¸¶μ²Ó§μ¢ ´¨¨ ³ ±¸¨³ ²Ó´μ ¢μ§³μ¦´μ° Éμ²Ð¨´Ò ¶·μ¨§¢μ¤ÖÐ¥°
³¨Ï¥´¨ (¤μ ´¥¸±μ²Ó±¨Ì ¸μÉ¥´ £/¸³2), ¢ ·¥§Ê²ÓÉ É¥ Î¥£μ μ¡· §ÊÕÐ¨¥¸Ö · -
¤¨μ ±É¨¢´Ò¥ Ö¤·  μ¸É ÕÉ¸Ö ¢ ¢¥Ð¥¸É¢¥ ³¨Ï¥´¨, ¨ ¨Ì ´¥μ¡Ìμ¤¨³μ ¨§¢²¥ÎÓ,
  § É¥³ Ê¸±μ·¨ÉÓ ¤μ ´Ê¦´ÒÌ Ô´¥·£¨°. �·μ¨§¢μ¤ÖÐ Ö ³¨Ï¥´Ó, ± ± ¶· ¢¨²μ,
¸μ¢³¥Ð¥´  ¸ ¨μ´´Ò³ ¨¸ÉμÎ´¨±μ³ ³ ¸¸-¸¥¶ · Éμ· , ±μÉμ·Ò° ¶μ§¢μ²Ö¥É ¢Ò¤¥-
²ÖÉÓ ´Ê¦´Ò¥ ¶·μ¤Ê±ÉÒ Ö¤¥·´μ° ·¥ ±Í¨¨ ¨ ¢ ±μ³¶²¥±¸¥ ¸ ¸¨¸É¥³μ° É· ´¸¶μ·É 
¨μ´μ¢ É· ´¸¶μ·É¨·μ¢ ÉÓ ¨Ì ¢ ¶μ¸ÉÊ¸±μ·¨É¥²Ó ¤²Ö ¤μ¸É¨¦¥´¨Ö ´¥μ¡Ìμ¤¨³ÒÌ
Ô´¥·£¨°. �·¥¨³ÊÐ¥¸É¢μ³ ÔÉμ£μ ³¥Éμ¤  Ö¢²Ö¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ ¶μ²ÊÎ¥´¨Ö ¤μ-
¢μ²Ó´μ ¨´É¥´¸¨¢´ÒÌ ¶ÊÎ±μ¢ · ¤¨μ ±É¨¢´ÒÌ Ö¤¥· (¤μ 1011 ¸−1). ‘ÊÐ¥¸É¢Ê¥É
´¥±μÉμ·μ¥ μ£· ´¨Î¥´¨¥ ´  ³¨´¨³ ²Ó´μ¥ ¢·¥³Ö ¦¨§´¨ Ö¤¥·, ¶μ²ÊÎ ¥³ÒÌ ISOL-
³¥Éμ¤μ³ · ¤¨μ ±É¨¢´ÒÌ ¶ÊÎ±μ¢, ±μÉμ·μ¥ μ¶·¥¤¥²Ö¥É¸Ö ¢·¥³¥´¥³ ¨Ì ¤¨ËËÊ§¨¨
¨§ ³¨Ï¥´¨ ¨, ± ± ¶· ¢¨²μ, ¸μ¸É ¢²Ö¥É ¢¥²¨Î¨´Ê ´¥ ³¥´¥¥ 0,5 ¸.

Šμ³¶²¥±¸Ò · ¤¨μ ±É¨¢´ÒÌ ¶ÊÎ±μ¢, μ¸´μ¢ ´´Ò¥ ´  ISOL-³¥Éμ¤¥, ¶μ²Ê-
Î¨²¨ ¡μ²ÓÏμ¥ · ¸¶·μ¸É· ´¥´¨¥ ¢μ ¢¸¥³ ³¨·¥. Š ´¨³ μÉ´μ¸ÖÉ¸Ö, ´ ¶·¨³¥·,
±μ³¶²¥±¸ SPIRAL (Š ´, ”· ´Í¨Ö), ALTO (	·¸¥, ”· ´Í¨Ö) ARENA (‹Ê¢¥´-
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²Ö-�¥¢, 
¥²Ó£¨Ö), ORIB ORNL (	±-�¨¤¦, ‘˜�) ¨ ¤·. ‚¢¥¤¥´´Ò° ¢ Ô±¸-
¶²Ê É Í¨Õ ¢ 2005 £. ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° 	ˆŸˆ Ê¸±μ·¨É¥²Ó´Ò°
±μ³¶²¥±¸ DRIBs (Dubna Radioactive Ion Beams) [2] ± ´ ¸ÉμÖÐ¥³Ê ³μ³¥´ÉÊ
¶μ§¢μ²Ö¥É ¶μ²ÊÎ ÉÓ ¶ÊÎ±¨ · ¤¨μ ±É¨¢´ÒÌ Ö¤¥· 6�¥ c Ô´¥·£¨¥° ∼ 10 ŒÔ‚/� ¨
·¥±μ·¤´μ° ¨´É¥´¸¨¢´μ¸ÉÓÕ ∼ 2 × 107 ¸−1.

�  ¡μ²ÓÏ¨´¸É¢¥ ¸μ¢·¥³¥´´ÒÌ ±μ³¶²¥±¸μ¢ ¶ÊÎ±μ¢ · ¤¨μ ±É¨¢´ÒÌ Ö¤¥·, ¢
Éμ³ Î¨¸²¥ ¨ ´  ±μ³¶²¥±¸¥ DRIBs, Ô´¥·£¨Ö Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ ²¥£±¨Ì · ¤¨μ-
 ±É¨¢´ÒÌ Ö¤¥· §´ Î¨É¥²Ó´μ ¢ÒÏ¥ ±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥·  ·¥ ±Í¨°. Œ¥¦¤Ê É¥³
´ ¨¡μ²¥¥ ¨´É¥·¥¸´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶·¨ ¨¸¸²¥¤μ¢ ´¨¨ ·¥ ±Í¨° ¸ ²¥£±¨³¨ Ô±§μÉ¨-
Î¥¸±¨³¨ ¸² ¡μ¸¢Ö§ ´´Ò³¨ Ö¤· ³¨, ¢ Éμ³ Î¨¸²¥ ¨ Ö¤¥· ¸ É. ´. ´¥°É·μ´´Ò³ £ ²μ,
¡Ò²¨ ¶μ²ÊÎ¥´Ò ¶·¨ Ô´¥·£¨ÖÌ ¢¡²¨§¨ ±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥·  [3Ä5]. ‚ Î ¸É´μ-
¸É¨, ´ ³¨ ´ ¡²Õ¤ ²μ¸Ó Ê¸¨²¥´¨¥ ¸¥Î¥´¨Ö ·¥ ±Í¨° ¶μ²´μ£μ ¸²¨Ö´¨Ö ¨ ·¥ ±Í¨°
¶¥·¥¤ Î¨ ´¥°É·μ´μ¢ ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ 6�¥ ¸ ÉÖ¦¥²Ò³¨ Ö¤· ³¨: 206Pb ¨
197Au Å ¢ ¶μ¤¡ ·Ó¥·´μ° μ¡² ¸É¨ Ô´¥·£¨° [4]. ŠÊ²μ´μ¢¸±¨° ¡ ·Ó¥· ¤²Ö ÔÉ¨Ì
·¥ ±Í¨° ¸μ¸É ¢²Ö¥É ¢¥²¨Î¨´Ê ∼ 20 ŒÔ‚, ¶μÔÉμ³Ê ¢ ¶·μÍ¥¸¸¥ ¶·μ¢¥¤¥´¨Ö Ô±¸-
¶¥·¨³¥´Éμ¢ ¢μ§´¨±²  ´¥μ¡Ìμ¤¨³μ¸ÉÓ ¸´¨¦¥´¨Ö ´ Î ²Ó´μ° Ô´¥·£¨¨ ¶ÊÎ±  6He
(∼ 60 ŒÔ‚) ¤μ É·¥¡Ê¥³μ° ¢¥²¨Î¨´Ò ¡¥§ ¸ÊÐ¥¸É¢¥´´μ£μ ÊÌÊ¤Ï¥´¨Ö ¥£μ Ô´¥·-
£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö. �ÊÎ±¨ · ¤¨μ ±É¨¢´ÒÌ Ö¤¥· ¨³¥ÕÉ μÉ´μ¸¨É¥²Ó´μ
´¨§±ÊÕ ¶μ ¸· ¢´¥´¨Õ ¸μ ¸É ¡¨²Ó´Ò³¨ ¶ÊÎ± ³¨ ¨´É¥´¸¨¢´μ¸ÉÓ, ¶μÔÉμ³Ê ¤²Ö
¨¸¸²¥¤μ¢ ´¨Ö ·¥ ±Í¨° ¸ ¶ÊÎ± ³¨ É ±¨Ì Ö¤¥· ´¥μ¡Ìμ¤¨³μ ¨¸¶μ²Ó§μ¢ ´¨¥ ³¥-
Éμ¤¨± ¨ Ê¸É ´μ¢μ±, μ¡² ¤ ÕÐ¨Ì ¢Ò¸μ±μ° ÔËË¥±É¨¢´μ¸ÉÓÕ. ‘ ÔÉμ° ÉμÎ±¨
§·¥´¨Ö ¶·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸  ±É¨¢ Í¨μ´´ Ö ³¥Éμ¤¨±  [3, 4]. ‚ ÔÉμ³ ¸²ÊÎ ¥
¶μ¤ ¤¥°¸É¢¨¥³ ¶ÊÎ±μ¢ · ¤¨μ ±É¨¢´ÒÌ Ö¤¥· ¶·μ¨¸Ìμ¤¨É ¤²¨É¥²Ó´μ¥ ´ ±μ¶²¥-
´¨¥ ¶·μ¤Ê±Éμ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¢ ¨¸¸²¥¤Ê¥³μ° ³¨Ï¥´¨,   § É¥³ ¶·μ¨§¢μ¤¨É¸Ö
off-line-¨§³¥·¥´¨¥ ´ ¢¥¤¥´´μ°  ±É¨¢´μ¸É¨. „ ´´ Ö ³¥Éμ¤¨±  ¶μ§¢μ²Ö¥É ¨§³¥-
·ÖÉÓ ¢ÒÌμ¤Ò · §²¨Î´ÒÌ ¶·μ¤Ê±Éμ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¸ μÉ´μ¸¨É¥²Ó´μ ´¨§±¨³¨
¸¥Î¥´¨Ö³¨ μ¡· §μ¢ ´¨Ö.

„²Ö ²ÊÎÏ¥£μ ¶μ´¨³ ´¨Ö ³¥Ì ´¨§³  Ö¤¥·´μ° ·¥ ±Í¨¨ ¡μ²ÓÏμ° ¨´É¥·¥¸
¶·¥¤¸É ¢²Ö¥É ¨§³¥·¥´¨¥ § ¢¨¸¨³μ¸É¨ ¸¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö ¶·μ¤Ê±Éμ¢ ÔÉμ° ·¥-
 ±Í¨¨ μÉ Ô´¥·£¨¨ (ËÊ´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö). 	¤´ ±μ ÎÉμ¡Ò ¨§³¥·¨ÉÓ ËÊ´±Í¨Õ
¢μ§¡Ê¦¤¥´¨Ö, ¶·¨Ìμ¤¨É¸Ö ¶μ¸²¥¤μ¢ É¥²Ó´μ ¨§³¥´ÖÉÓ Ô´¥·£¨Õ ¶ ¤ ÕÐ¥£μ ´ 
³¨Ï¥´Ó ¶ÊÎ± , ¶μ ¢μ§³μ¦´μ¸É¨ ´¥ ÊÌÊ¤Ï Ö ¥£μ Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö.
‘´¨¦¥´¨¥ Ô´¥·£¨¨ ´¥¶μ¸·¥¤¸É¢¥´´μ ¸ ¶μ³μÐÓÕ Éμ²¸ÉÒÌ ¸¡μ·μ± ¨§ ³¨Ï¥´¥°
¨ ¶ ¸¸¨¢´ÒÌ ¶μ£²μÉ¨É¥²¥° ¶·¨¢μ¤¨É ± ¸ÊÐ¥¸É¢¥´´μ³Ê ÊÌÊ¤Ï¥´¨Õ ¥£μ Ô´¥·-
£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö ´  ³¨Ï¥´ÖÌ, £¤¥ ¶·μ¨¸Ìμ¤¨É §´ Î¨É¥²Ó´Ò° ¸¡·μ¸
Ô´¥·£¨¨ ¶ÊÎ± , §  ¸Î¥É ¸É· ££²¨´£ . ’ ±, ¥¸²¨ ¢Ò¢¥¤¥´´Ò° ¨ ¸Ëμ·³¨·μ¢ ´´Ò°
¶ÊÎμ± 6�¥ ´  Ê¸±μ·¨É¥²Ó´μ³ ±μ³¶²¥±¸¥ DRIBs ¨³¥² Ô´¥·£¨Õ 60,9 ŒÔ‚ ¨
Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ΔE = 0,8 ŒÔ‚, Éμ ¸´¨¦¥´¨¥ Ô´¥·£¨¨ ¸¡μ·±μ°
³¨Ï¥´¥° ¤μ 40 ŒÔ‚ ¶·¨¢μ¤¨²μ ± ÊÌÊ¤Ï¥´¨Õ · §·¥Ï¥´¨Ö ¤μ ΔE ≈ 1,2 ŒÔ‚,
¶·¨ ¸´¨¦¥´¨¨ ¤μ 25 ŒÔ‚ μ´μ Ê¢¥²¨Î¨¢ ²μ¸Ó ¤μ ΔE ≈ 4 ŒÔ‚,   ¶·¨ ¸´¨¦¥-
´¨¨ Ô´¥·£¨¨ ¤μ 10 ŒÔ‚ Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ΔE ¤μ¸É¨£ ²μ §´ Î¥´¨Ö
6 ŒÔ‚ [3].
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‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ · ¸¸³μÉ·¥´Ò ¤¢  ³¥Éμ¤  ¶μ²ÊÎ¥´¨Ö ¶ÊÎ±μ¢ 6�¥ ´¨§-
±μ° Ô´¥·£¨¨ ¸ ¢Ò¸μ±¨³ Ô´¥·£¥É¨Î¥¸±¨³ · §·¥Ï¥´¨¥³ ´  Ê¸±μ·¨É¥²Ó´μ³ ±μ³-
¶²¥±¸¥ DRIBs. �É¨ ³¥Éμ¤Ò ³μ£ÊÉ ¡ÒÉÓ Ê¸¶¥Ï´μ ¨¸¶μ²Ó§μ¢ ´Ò ¤²Ö ¶ÊÎ±μ¢
¤·Ê£¨Ì Ö¤¥· ´  · §²¨Î´ÒÌ Ê¸±μ·¨É¥²Ó´ÒÌ ±μ³¶²¥±¸ Ì.

��‹“—E�ˆE Œ���•��Œ�’ˆ—…‘Šˆ• �“—Š�‚ ˆ���‚ 6He
‘ ��…�ƒˆ…‰ ‚�‹ˆ‡ˆ Š“‹���‚‘Š�ƒ� ���œ…�� �…�Š–ˆ‰

‘ ��Œ�™œ	 Œ�ƒ�ˆ’��ƒ� ���‹ˆ‡�’���

‚ ÔÉμ³ ³¥Éμ¤¥ ³μ´μÌ·μ³ É¨§ Í¨Ö ¶ÊÎ±  6�¥ ´¨§±μ° Ô´¥·£¨¨ μ¸ÊÐ¥-
¸É¢²Ö² ¸Ó ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³ £´¨É´μ£μ  ´ ²¨§ Éμ·  Œ‘�-144 [6, 7]. ‘μ¡-
¸É¢¥´´μ¥ Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ÔÉμ£μ  ´ ²¨§ Éμ·  ¸μ¸É ¢²Ö¥É ¢¥²¨Î¨´Ê
ΔE/E ∼ 5 · 10−4 ¢ ¤¨ ¶ §μ´¥ Ô´¥·£¨° Emax/Emin = 5,2. Œ ±¸¨³ ²Ó´Ò°
Ê£μ² μÉ±²μ´¥´¨Ö Î ¸É¨Í Å 110 ◦. — ¸É¨ÍÒ Ëμ±Ê¸¨·ÊÕÉ¸Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ
¨Ì ¦¥¸É±μ¸É¨ ¢ μ¶·¥¤¥²¥´´μ³ ³¥¸É¥ Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨ ¶·μÉÖ¦¥´´μ¸ÉÓÕ
1,5 ³ ¨ ¶μ¶ ¤ ÕÉ ´  ´¥¥ ¶μ¤ Ê£²μ³ 41 ◦.

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´  ¸Ì¥³  Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨. ‚ ± ³¥·¥
· ¸¸¥Ö´¨Ö ¶¥·¥¤ ³ £´¨É´Ò³ ¸¶¥±É·μ³¥É·μ³ Ê¸É ´ ¢²¨¢ ²¸Ö ´ ¡μ· ¶μ£²μÉ¨É¥-
²¥°, ´¥μ¡Ìμ¤¨³Ò° ¤²Ö ¸´¨¦¥´¨Ö Ô´¥·£¨¨ Î ¸É¨Í. �´¥·£¨Ö ¨ ¶·μ¸É· ´¸É¢¥´´μ¥
· ¸¶·¥¤¥²¥´¨¥ ¶ÊÎ±  ¢ Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨ ³ £´¨É´μ£μ  ´ ²¨§ Éμ·  ¨§³¥-
·Ö²¨¸Ó ¶·¨ ¨§³¥´¥´¨¨ ³ £´¨É´μ£μ ¶μ²Ö ¤¢Ê³Ö ´¥§ ¢¨¸¨³Ò³¨ ¤¥É¥±Éμ·´Ò³¨
¸¨¸É¥³ ³¨ Å Ëμ± ²Ó´Ò³ ¤¥É¥±Éμ·μ³ ¸¶¥±É·μ³¥É·  (¨μ´¨§ Í¨μ´´μ° ± ³¥-
·μ°) ¨ ¤¢Ê³Ö ¶μ²Ê¶·μ¢μ¤´¨±μ¢Ò³¨ PIN-¤¥É¥±Éμ· ³¨, · ¸¶μ²μ¦¥´´Ò³¨ ¢ ¤¢ÊÌ
· §²¨Î´ÒÌ ¶μ§¨Í¨ÖÌ ´  Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨. �μ¸²¥ ¨§³¥·¥´¨Ö Ô´¥·£¨¨ ¨
¶·μ¸É· ´¸É¢¥´´μ£μ · ¸¶·¥¤¥²¥´¨Ö ¢ ³ ±¸¨³Ê³¥ ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±  · ¸¶μ-
² £ ²¨¸Ó ¸¡μ·±¨ ¨§ 3Ä5 ³¨Ï¥´¥°. �´¥·£¥É¨Î¥¸±¨° · §¡·μ¸ ¶ÊÎ± , ¶ ¤ ÕÐ¥£μ
´  ³¨Ï¥´¨, μ¶·¥¤¥²Ö²¸Ö ¶·μÉÖ¦¥´´μ¸ÉÓÕ ³¨Ï¥´¥° ¢¤μ²Ó Ëμ± ²Ó´μ° ¶²μ¸-
±μ¸É¨. ‚ ´ Ï¥³ ¸²ÊÎ ¥, ¶μ¸²¥ ¸´¨¦¥´¨Ö ´ Î ²Ó´μ° Ô´¥·£¨¨ ¸ 60,9 ŒÔ‚ ¤μ
23,3 ŒÔ‚, Ô´¥·£¥É¨Î¥¸±¨° · §¡·μ¸ ¶ÊÎ± , ¶ ¤ ÕÐ¥£μ ´  ³¨Ï¥´¨ · §³¥· ³¨
18 × 18 ³³, · ¢´Ö²¸Ö ±250 ±Ô‚. �μÉμ± Î ¸É¨Í, ¶·μÏ¥¤Ï¨Ì Î¥·¥§ ³¨Ï¥´¨,
¨§³¥·Ö²¸Ö ¸ ¶μ³μÐÓÕ ³μ´¨Éμ·´ÒÌ ¤¥É¥±Éμ·μ¢ ´  μ¸´μ¢¥ ¸Í¨´É¨²²ÖÉμ·μ¢ ¨§
¶² ¸É¨±  ¨ ËμÉμÔ²¥±É·μ´´ÒÌ Ê³´μ¦¨É¥²¥° (”�“) (¸³. ·¨¸. 1). �μ·μ£¨ ³μ´¨-
Éμ·´ÒÌ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¤¥É¥±Éμ·μ¢ ¡Ò²¨ ´ ¸É·μ¥´Ò É ±¨³ μ¡· §μ³, ÎÉμ¡Ò
¸ ¢¥·μÖÉ´μ¸ÉÓÕ, ¡²¨§±μ° ± 100%, ·¥£¨¸É·¨·μ¢ ÉÓ Ö¤·  6He ¸ ±¨´¥É¨Î¥¸±μ°
Ô´¥·£¨¥° ¤μ 10 ŒÔ‚ ¨ ¨¸±²ÕÎ ÉÓ ·¥£¨¸É· Í¨Õ ¸μ¡ÒÉ¨° ¶·μ¤Ê±Éμ¢ ¨Ì · ¸-
¶ ¤ . � ¸É·μ°±  ¶μ·μ£μ¢ ¤¨¸±·¨³¨´ Éμ·μ¢ ¶·μ¨§¢μ¤¨² ¸Ó ¸ ¶μ³μÐÓÕ ¨¸ÉμÎ-
´¨±   ²ÓË -Î ¸É¨Í 226Ra, ¶μ·μ£¨ Ë¨±¸¨·μ¢ ²¨¸Ó ¶μ¸ÉμÖ´´Ò³¨ ·¥§¨¸Éμ· ³¨, ¨
¤ ²Ó´¥°Ï Ö μ¶É¨³¨§ Í¨Ö ´ ¶·Ö¦¥´¨Ö ¢Ò¸μ±μ¢μ²ÓÉ´μ£μ ¶¨É ´¨Ö ”�“ μ¸ÊÐ¥-
¸É¢²Ö² ¸Ó Ê¤ ²¥´´μ ¸ ¶μ³μÐÓÕ ¨¸ÉμÎ´¨±  ´ ¶·Ö¦¥´¨Ö ¸ Í¨Ë·μ¢Ò³ Ê¶· ¢²¥-
´¨¥³. ‚μ ¢·¥³Ö μ¡²ÊÎ¥´¨Ö ³¨Ï¥´¥° ¸ ³μ´¨Éμ·´ÒÌ ¤¥É¥±Éμ·μ¢ ¶¥·¨μ¤¨Î¥¸±¨
¸Î¨ÉÒ¢ ² ¸Ó ¨´Ëμ·³ Í¨Ö μ¡ ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±  ¨ § ¶¨¸Ò¢ ² ¸Ó ¢ ¶ ³ÖÉÓ
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�¨¸. 1. ‘Ì¥³  Ô±¸¶¥·¨³¥´É  ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³ £´¨É´μ£μ  ´ ²¨§ Éμ·  Œ‘�-144. � 
¢¸É ¢±¥ ¢ ¢¥·Ì´¥° Î ¸É¨ ·¨¸Ê´±  ¶μ± § ´μ Ô´¥·£¥É¨Î¥¸±μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶ÊÎ±  ¨μ´μ¢
6�¥ ´  Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨

�Š. ˆ´Ëμ·³ Í¨Ö μ¡ ¨´É¥´¸¨¢´μ¸É¨ ¶¥·¥¤ ¢ ² ¸Ó É ±¦¥ ´  ¶Ê²ÓÉ Ê¶· ¢²¥-
´¨Ö ±μ³¶²¥±¸  DRIBs ¤²Ö μ¶¥· É¨¢´μ£μ ±μ´É·μ²Ö §  ¶ÊÎ±μ³. �μ¸²¥¤ÊÕÐ¨°
 ´ ²¨§ Ë °²μ¢ ¤ ´´ÒÌ ¶μ§¢μ²Ö² ¶μ²ÊÎ ÉÓ ¶μ²´ÊÕ ¨´Ëμ·³ Í¨Õ μ ¶·μÍ¥¸¸¥
μ¡²ÊÎ¥´¨Ö ± ¦¤μ° ¨§ ¨¸¸²¥¤Ê¥³ÒÌ ¸¡μ·μ± ³¨Ï¥´¥°.

Š ± ¡Ò²μ ¸± § ´μ ¢ÒÏ¥, ¸¡μ·±¨ ³¨Ï¥´¥° · ¸¶μ² £ ²¨¸Ó ¢ ³ ±¸¨³Ê³¥
¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ± . ‚¸²¥¤¸É¢¨¥ Ë¨±¸¨·μ¢ ´´ÒÌ · §³¥·μ¢ ³¨Ï¥´¥° ¨´É¥´-
¸¨¢´μ¸ÉÓ ¶·μÌμ¤ÖÐ¥£μ Î¥·¥§ ´¨Ì ¶ÊÎ±  μ¶·¥¤¥²Ö¥É¸Ö Ï¨·¨´μ° ¥£μ Ô´¥·£¥É¨Î¥-
¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö ´  Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨ ³ £´¨É´μ£μ  ´ ²¨§ Éμ· , § ¢¨-
¸ÖÐ¥° μÉ Ô´¥·£¥É¨Î¥¸±μ£μ · §¡·μ¸  ¶μ¶ ¤ ÕÐ¨Ì ¢ ´¥£μ Î ¸É¨Í. ˆ§ ÔÉμ£μ ¸²¥-
¤Ê¥É, ÎÉμ ´¥μ¡Ìμ¤¨³μ ¢Ò¡¨· ÉÓ É ±¨¥ ¶μ£²μÉ¨É¥²¨, ±μÉμ·Ò¥ ´ ¨³¥´¥¥ ÊÌÊ¤-
Ï ÕÉ ¶¥·¢μ´ Î ²Ó´Ò° Ô´¥·£¥É¨Î¥¸±¨° · §¡·μ¸ ¶ÊÎ±  Î ¸É¨Í. „²Ö ¢Ò¡μ· 
μ¶É¨³ ²Ó´μ£μ ¶μ£²μÉ¨É¥²Ö ´ ³¨ ¡Ò²μ ¨§³¥·¥´μ Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥
¶ÊÎ±  6�¥ ¶μ¸²¥ ¶·μÌμ¦¤¥´¨Ö ¨³ ¶μ£²μÉ¨É¥²¥° ¨§ · §²¨Î´ÒÌ ³ É¥·¨ ²μ¢.
�ÊÎμ± É· ¸¸¨·μ¢ ²¸Ö ¢ ·¥ ±Í¨μ´´ÊÕ ± ³¥·Ê Œ‘�-144, £¤¥ Ê¸É ´ ¢²¨¢ ²¨¸Ó
¶μ£²μÉ¨É¥²¨ ¨§ §μ²μÉ ,  ²Õ³¨´¨Ö ¨ ¶²¥±¸¨£² ¸ . �ÊÎμ± 6�¥, É· ¸¸¨·Ê¥³Ò°
¢ Œ‘�-144 ¡¥§ ¶μ£²μÉ¨É¥²¥° ¨ ¸ ¶μ£²μÉ¨É¥²Ö³¨, ·¥£¨¸É·¨·μ¢ ²¸Ö ¨μ´¨§ -
Í¨μ´´μ° ± ³¥·μ°, Ê¸É ´μ¢²¥´´μ° ¢ Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨  ´ ²¨§ Éμ·  (¸³.
·¨¸. 1). �  ·¨¸. 2 ¶·¥¤¸É ¢²¥´Ò ¨§³¥·¥´´Ò¥ §´ Î¥´¨Ö Ï¨·¨´Ò Ô´¥·£¥É¨Î¥-
¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö 6�¥ ¶μ¸²¥ ¸´¨¦¥´¨Ö Ô´¥·£¨¨ Î ¸É¨Í ¸ (60,9 ± 0,4) ŒÔ‚
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�¨¸. 2. �´¥·£¥É¨Î¥¸±¨° ¸É· ££²¨´£ ¶ÊÎ±  6�¥ ¶μ¸²¥ ¶·μÌμ¦¤¥´¨Ö ¨³ · §²¨Î´ÒÌ ¶μ-
£²μÉ¨É¥²¥°: • Å Au, � Å Al, � Å ¶²¥±¸¨£² ¸. �Ê´±É¨·´ Ö ¨ ¸¶²μÏ´ Ö ±·¨¢Ò¥ Å
· ¸Î¥ÉÒ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ±μ¤  SRIM-2008 [8] ¤²Ö ¶μ£²μÉ¨É¥²¥° ¨§ Au ¨ ¨§ Al ¨²¨
¶²¥±¸¨£² ¸  ¸μμÉ¢¥É¸É¢¥´´μ

¤μ Ê± § ´´ÒÌ ´  £· Ë¨±¥ §´ Î¥´¨° Ô´¥·£¨¨. ˆ§ ·¨¸Ê´±  ¢¨¤´μ, ÎÉμ Ô´¥·£¥-
É¨Î¥¸±¨° ¸É· ££²¨´£ ¢ ²¥£±¨Ì ¶μ£²μÉ¨É¥²ÖÌ ( ²Õ³¨´¨¨ ¨ ¶²¥±¸¨£² ¸¥) §´ -
Î¨É¥²Ó´μ ´¨¦¥, Î¥³ ¢ ¡μ²¥¥ ÉÖ¦¥²μ³ ¶μ£²μÉ¨É¥²¥ (Au). ˆ¸Ìμ¤Ö ¨§ ÔÉμ£μ
¨¸¶μ²Ó§μ¢ ´¨¥ ²¥£±¨Ì ¶μ£²μÉ¨É¥²¥° ¤²Ö ¸´¨¦¥´¨Ö ¶¥·¢μ´ Î ²Ó´μ° Ô´¥·£¨¨
¶ÊÎ±  ¡μ²¥¥ ¶·¥¤¶μÎÉ¨É¥²Ó´μ. �  ·¨¸. 2 ¶·¥¤¸É ¢²¥´Ò É ±¦¥ · ¸Î¥ÉÒ Ô´¥·-
£¥É¨Î¥¸±μ£μ ¸É· ££²¨´£  ¶μ ±μ¤Ê SRIM-2008 [8]. ‚¨¤´μ, ÎÉμ ¤²Ö ²¥£±¨Ì ¶μ-
£²μÉ¨É¥²¥° (Al ¨ ¶²¥±¸¨£² ¸) · ¸Î¥ÉÒ Ìμ·μÏμ ¸μ£² ¸ÊÕÉ¸Ö ¸ Ô±¸¶¥·¨³¥´Éμ³,
Éμ£¤  ± ± ¤²Ö ÉÖ¦¥²μ£μ ¶μ£²μÉ¨É¥²Ö (Au) ´ ¡²Õ¤ ÕÉ¸Ö ¸ÊÐ¥¸É¢¥´´Ò¥ μÉ²¨Î¨Ö.

…Ð¥ μ¤´¨³ Ë ±Éμ·μ³, ¸´¨¦ ÕÐ¨³ ¨´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ± , ¶ ¤ ÕÐ¥£μ ´ 
³¨Ï¥´¨, Ö¢²Ö¥É¸Ö ¥£μ Ê£²μ¢μ° · §¡·μ¸ ¶μ¸²¥ ¶·μÌμ¦¤¥´¨Ö ¶μ£²μÉ¨É¥²¥° ¨ ± ±
¸²¥¤¸É¢¨¥ Å ´¥¶μ²´Ò° § Ì¢ É Î ¸É¨Í ³ £´¨É´Ò³  ´ ²¨§ Éμ·μ³. ‘ ÔÉμ° ÉμÎ±¨
§·¥´¨Ö, ¨¸¶μ²Ó§μ¢ ´¨¥ ²¥£±¨Ì ¶μ£²μÉ¨É¥²¥° É ±¦¥ ¡μ²¥¥ ¶·¥¤¶μÎÉ¨É¥²Ó´μ.

‘μÎ¥É ´¨¥ ¤¢ÊÌ Ë ±Éμ·μ¢, μ¶¨¸ ´´ÒÌ ¢ÒÏ¥, ¶·¨¢μ¤¨²μ ± ¶μÉ¥·Ö³ ¨´-
É¥´¸¨¢´μ¸É¨ ¶ÊÎ±  ´  ³¨Ï¥´ÖÌ ¶μ ¸· ¢´¥´¨Õ ¸ ¨´É¥´¸¨¢´μ¸ÉÓÕ ¶¥·¢μ´ -
Î ²Ó´μ£μ ¶ÊÎ±  ¶·¨¡²¨§¨É¥²Ó´μ ¢ 10 · §. 	¤´ ±μ ¢ · ³± Ì ¤ ´´μ° ³¥Éμ¤¨±¨
¡Ò²μ ¶μ²ÊÎ¥´μ £μ· §¤μ ²ÊÎÏ¥¥ Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¶ÊÎ± , Î¥³ ¶·¨
¨¸¶μ²Ó§μ¢ ´¨¨ ³¨Ï¥´´ÒÌ ¸¡μ·μ± ¸ ¶ ¸¸¨¢´Ò³¨ ¶μ£²μÉ¨É¥²Ö³¨, ÎÉμ ¶μ§¢μ-
²¨²μ §´ Î¨É¥²Ó´μ Ê²ÊÎÏ¨ÉÓ ÉμÎ´μ¸ÉÓ Ô±¸¶¥·¨³¥´Éμ¢. ’ ±, ¢ Ô±¸¶¥·¨³¥´É¥
¶μ ¨§³¥·¥´¨Õ ËÊ´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö ·¥ ±Í¨° ¶¥·¥¤ Î¨ ´¥°É·μ´μ¢ ¶·¨ ¢§ ¨-
³μ¤¥°¸É¢¨¨ 6�¥ c 197Au ¶·¨ £²Ê¡μ±μ¶μ¤¡ ·Ó¥·´ÒÌ Ô´¥·£¨ÖÌ ¢ · ³± Ì ÔÉμ°
³¥Éμ¤¨±¨ Ê¤ ²μ¸Ó Ê³¥´ÓÏ¨ÉÓ ¶μ£·¥Ï´μ¸É¨ ¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ ¶μ Ô´¥·£¨¨
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¡μ²¥¥ Î¥³ ¢ ¤¢  · §  [4]. �·¨ ÔÉμ³ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ μ¶¨¸ ´´μ° ³¥Éμ¤¨±¨ ¶μ
¢¥²¨Î¨´¥ ¨§³¥·Ö¥³ÒÌ ¸¥Î¥´¨° ¸μ¸É ¢²Ö²  10 ³¡, ÎÉμ ¡Ò¢ ¥É ¢¶μ²´¥ ¤μ¸É ÉμÎ-
´Ò³ ¤²Ö Í¥²μ£μ ±·Ê£  § ¤ Î.

ˆ‘��‹œ‡�‚��ˆ… ‚�“’�…��…ƒ� �“—Š� –ˆŠ‹�’���� “-400
„‹Ÿ �Š‘�…�ˆŒ…�’�‚ ‘ “‘Š��…��›Œˆ ˆ���Œˆ 6�¥

‘ ��…�ƒˆ…‰ ‚�‹ˆ‡ˆ Š“‹���‚‘Š�ƒ� ���œ…�� �…�Š–ˆ‰

Œμ´μÌ·μ³ É¨Î¥¸±¨¥ ¶ÊÎ±¨ ¨μ´μ¢ 6�¥ μ¡· §ÊÕÉ¸Ö ¶·¨ Ê¸±μ·¥´¨¨ ¢´ÊÉ·¨
Í¨±²μÉ·μ´  “-400 Å ¶μ¸ÉÊ¸±μ·¨É¥²Ö ±μ³¶²¥±¸  DRIBs. “¸É ´ ¢²¨¢ Ö ³¨-
Ï¥´¨ ´  · §²¨Î´ÒÌ · ¤¨Ê¸ Ì É· ¥±Éμ·¨¨ ¢´ÊÉ·¥´´¥£μ ¶ÊÎ± , ³μ¦´μ ³¥´ÖÉÓ
¥£μ Ô´¥·£¨Õ ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥. ˆ´É¥´¸¨¢´μ¸ÉÓ ¢´ÊÉ·¥´´¥£μ ¶ÊÎ±  ¢ ´¥-
¸±μ²Ó±μ · § ¢ÒÏ¥ ¢Ò¢¥¤¥´´μ£μ,   ¶·¨ ¢ ·¨ Í¨¨ Ô´¥·£¨¨ ´¥É ´¥μ¡Ìμ¤¨³μ¸É¨
¨¸¶μ²Ó§μ¢ ´¨Ö ¶μ£²μÉ¨É¥²¥° ¤²Ö ¸´¨¦¥´¨Ö Ô´¥·£¨¨ ¶ÊÎ± . —Éμ¡Ò ¶μ²ÊÎ¨ÉÓ
É·¥¡Ê¥³ÊÕ Ô´¥·£¨Õ ¶ÊÎ±  ´  ³¨Ï¥´¨, ¤μ¸É ÉμÎ´μ Ê¸É ´μ¢¨ÉÓ ¸¡μ·±Ê ³¨Ï¥-
´¥° ´  · ¸Î¥É´μ³ · ¤¨Ê¸¥ ¨ ¸±μ··¥±É¨·μ¢ ÉÓ ¥¥ §´ Î¥´¨¥ ¶μ¸²¥ ±μ´É·μ²Ó´μ£μ
¨§³¥·¥´¨Ö.

„²Ö ¶ÊÎ±  Ê¸±μ·Ö¥³ÒÌ ¨μ´μ¢ 6�¥+1 ¢´ÊÉ·¨ Í¨±²μÉ·μ´  “-400 ¶μ²´ Ö
Ô´¥·£¨Ö μ¶·¥¤¥²Ö¥É¸Ö ¸μμÉ´μÏ¥´¨¥³

E = 33, 004R1,9943 (ŒÔ‚),

£¤¥ R Å · ¤¨Ê¸ μ·¡¨ÉÒ ¢ ³¥É· Ì.
	¤´ ±μ ¶·¨ ¶·μ¢¥¤¥´¨¨ Ô±¸¶¥·¨³¥´Éμ¢ ´  ¢´ÊÉ·¥´´¥³ ¶ÊÎ±¥ ¢μ§´¨± ÕÉ

¸²¥¤ÊÕÐ¨¥ É¥Ì´¨Î¥¸±¨¥ É·Ê¤´μ¸É¨:
1) �ÊÎμ± Ê¸±μ·Ö¥³ÒÌ ¨μ´μ¢ 6He+1 ³μ¦¥É ¸μ¶·μ¢μ¦¤ ÉÓ¸Ö, μ¸μ¡¥´´μ ´ 

³ ²ÒÌ · ¤¨Ê¸ Ì É· ¥±Éμ·¨¨ Ê¸±μ·¥´¨Ö, ¶μÉμ±μ³ ¶ · §¨É´ÒÌ Î ¸É¨Í 12‘+2 ¸μ
¸· ¢´¨³μ° ¨´É¥´¸¨¢´μ¸ÉÓÕ, Ê¸±μ·Ö¥³ÒÌ ´  ±· É´ÒÌ £ ·³μ´¨± Ì Í¨±²μÉ·μ´ 
¨ ¨³¥ÕÐ¨Ì É ±μ¥ ¦¥ ¸μμÉ´μÏ¥´¨¥ A/Z.

2) ˆ§³¥·¥´¨¥ ¶μÉμ±  ¨μ´μ¢, ¶μ¶ ¤ ÕÐ¨Ì ´  ³¨Ï¥´Ó, ´¥μ¡Ìμ¤¨³μ ¶·μ-
¢μ¤¨ÉÓ ¶·¨ ´ ²¨Î¨¨ Ëμ´  ¨ ´ ¢μ¤μ± μÉ ¢Ò¸μ±μÎ ¸ÉμÉ´μ£μ Ô²¥±É·μ³ £´¨É´μ£μ
¶μ²Ö ¨ ¦¥¸É±μ£μ ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö, ¢μ§´¨± ÕÐ¥£μ ¢¸²¥¤¸É¢¨¥ Éμ·-
³μ¦¥´¨Ö ¶ · §¨É´μ£μ ¶ÊÎ±  ¨ ¸²ÊÎ °´ÒÌ ¶·μ¡μ¥¢ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ´ 
¤Ê ´É Ì Í¨±²μÉ·μ´ .

3) Œ¨Ï¥´´Ò° Ê§¥² ¨ Ê¸É·μ°¸É¢  ¤²Ö ³μ´¨Éμ·¨·μ¢ ´¨Ö ¶ÊÎ±  ¨ ¨§³¥·¥´¨Ö
¥£μ Ô´¥·£¨¨ ¤μ²¦´Ò ¡ÒÉÓ ¤μ¸É ÉμÎ´μ ±μ³¶ ±É´Ò³¨, ÎÉμ¡Ò ¶μ³¥¸É¨ÉÓ¸Ö ¢
³ ²μ³ ¶·μ¸É· ´¸É¢¥ ¢ ¤μ²¨´¥ ³¥¦¤Ê ¶μ²Õ¸ ³¨ Í¨±²μÉ·μ´ .

‚ · ¡μÉ¥ [9] ¡Ò²  ¶μ± § ´  ¢μ§³μ¦´μ¸ÉÓ · §¤¥²¥´¨Ö ¢ Í¨±²μÉ·μ´´ÒÌ
¸¨¸É¥³ Ì Ê¸±μ·Ö¥³ÒÌ ¨μ´μ¢ ¸ ¡²¨§±¨³ μÉ´μÏ¥´¨¥³ ³ ¸¸Ò ± § ·Ö¤Ê ¸ ¨¸¶μ²Ó-
§μ¢ ´¨¥³ · §´¨ÍÒ ¢ ¤¥Ë¥±É Ì ³ ¸¸ ¶·¨ μ¡¥¸¶¥Î¥´¨¨ ´¥μ¡Ìμ¤¨³μ° ¸É ¡¨²Ó´μ-
¸É¨ Éμ±μ¢ ¶¨É ´¨Ö μ¸´μ¢´μ° μ¡³μÉ±¨ ¨ ±μ··¥±É¨·ÊÕÐ¨Ì ± ÉÊÏ¥±. �μ²´μ¸ÉÓÕ
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Ê¸É· ´¨ÉÓ ¶μÉμ± Ëμ´μ¢ÒÌ Î ¸É¨Í ´  ³¨Ï¥´Ó ¶·¨ · ¡μÉ¥ ´  ¢´ÊÉ·¥´´¥³ ¶ÊÎ±¥
´¥ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢μ§³μ¦´Ò³, ¶μÔÉμ³Ê ¶·¨ · §· ¡μÉ±¥ §μ´¤  ¤²Ö · ¡μÉÒ ´ 
¢´ÊÉ·¥´´¥³ ¶ÊÎ±¥ ´¥μ¡Ìμ¤¨³μ ¡Ò²μ ¶·¥¤Ê¸³μÉ·¥ÉÓ ¢μ§³μ¦´μ¸ÉÓ ±μ´É·μ²Ö
¨´É¥´¸¨¢´μ¸É¨ ¨ Ô´¥·£¨¨ Î ¸É¨Í ¶ · §¨É´μ£μ ¶ÊÎ± .

„²Ö · ¡μÉÒ ´  ¢´ÊÉ·¥´´¥³ ¶ÊÎ±¥ Í¨±²μÉ·μ´  ¡Ò² ¸±μ´¸É·Ê¨·μ¢ ´ ¨ ¨§-
£μÉμ¢²¥´ ¸¶¥Í¨ ²Ó´Ò° §μ´¤. ƒμ²μ¢´ Ö Î ¸ÉÓ §μ´¤  ¸Ì¥³ É¨Î¥¸±¨ ¶μ± § ´  ´ 
·¨¸. 3. 	´  ¸μ¸Éμ¨É ¨§: ±μ·¶Ê¸  ¸ μÉ¢¥·¸É¨¥³ ¤²Ö ¶ÊÎ± , ±μÉμ·μ¥ § ±·Ò¢ ²μ¸Ó
¢Ìμ¤´μ° §μ²μÉμ° · ¸¸¥¨¢ ÕÐ¥° Ëμ²Ó£μ°, ³¨Ï¥´´μ£μ Ê§¥² , ±μ²²¥±Éμ·  Éμ± ,
¶μ²Ê¶·μ¢μ¤´¨±μ¢μ£μ Si(Au)-¤¥É¥±Éμ· . ‚μ ¢·¥³Ö μ¡²ÊÎ¥´¨Ö ¢´ÊÉ·¨ ± ³¥·Ò
Í¨±²μÉ·μ´  ¶μ²Ê¶·μ¢μ¤´¨±μ¢Ò° ¤¥É¥±Éμ· ¢ £μ²μ¢´μ° Î ¸É¨ §μ´¤  ´ Ìμ¤¨É¸Ö
¢ ¤μ¶μ²´¨É¥²Ó´μ³ Ô±· ´¥ ¸ ±μ²²¨³ Éμ·μ³ ¤²Ö ¸´¨¦¥´¨Ö ´ ¢μ¤μ±.

‚ Ô±¸¶¥·¨³¥´É Ì μ¡ÒÎ´μ ¨¸¶μ²Ó§μ¢ ² ¸Ó ¸¡μ·±  ¨§ ´¥¸±μ²Ó±¨Ì Éμ´±¨Ì
³¨Ï¥´¥° ¸ ¶ ¸¸¨¢´Ò³¨ ¶μ£²μÉ¨É¥²Ö³¨ ¨§  ²Õ³¨´¨Ö ¤²Ö ¶μ¸²¥¤μ¢ É¥²Ó´μ£μ
¸´¨¦¥´¨Ö Ô´¥·£¨¨ ¶¥·¥¤ ± ¦¤μ° ¨§ ³¨Ï¥´¥°. �´¥·£¨Ö ¶ÊÎ±  6�¥ μ¶·¥¤¥-
²Ö² ¸Ó ¨§ ¶μ²μ¦¥´¨Ö §μ´¤  (¸³. Ëμ·³Ê²Ê),   É ±¦¥ ¨§³¥·Ö² ¸Ó ¶μ Ê¶·Ê£μ³Ê
· ¸¸¥Ö´¨Õ ¨μ´μ¢ ´  ¢Ìμ¤´μ° §μ²μÉμ° Ëμ²Ó£¥ ¸ ¶μ³μÐÓÕ ¶μ²Ê¶·μ¢μ¤´¨±μ¢μ£μ
Si(Au)-¤¥É¥±Éμ·  (·¨¸. 3). � ²¨Î¨¥ ¶ · §¨É´μ£μ ¶ÊÎ±  12‘ É ±¦¥ ±μ´É·μ²¨-
·μ¢ ²μ¸Ó ¶μ Ê¶·Ê£μ³Ê · ¸¸¥Ö´¨Õ.

�  ·¨¸. 4 ¶·¥¤¸É ¢²¥´Ò Ô´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò · ¸¸¥Ö´´ÒÌ Î ¸É¨Í ¶ÊÎ± .
�·¨ Ê¸É ´μ¢±¥ §μ´¤  ´  · ¤¨Ê¸ 85 ¸³ (·¨¸. 4,  ) (E(6He) = 25 ŒÔ‚, E(12C) =
50 ŒÔ‚) ¢±² ¤ μÉ ¶·¨³¥¸¨ ¶ÊÎ±  12‘ ¸μ¸É ¢²Ö² ∼ 1/10 μÉ μ¸´μ¢´μ£μ ¶ÊÎ± 
6�¥. �  ¡μ²ÓÏ¨Ì · ¤¨Ê¸ Ì μ´ ¡Ò² ´¥¸ÊÐ¥¸É¢¥´ (·¨¸. 4, ¡).

Š ± ¢¨¤´μ ¨§ ·¨¸Ê´± , ¨§³¥·¥´´μ¥ Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¶ÊÎ±  6�¥
¸μ¸É ¢²Ö²μ ¶·¨¡²¨§¨É¥²Ó´μ 400Ä500 ±Ô‚, ÎÉμ ¶·¥¢μ¸Ìμ¤¨²μ · ¸Î¥É´ÊÕ ¢¥-
²¨Î¨´Ê (150 ±Ô‚). �Éμ ¸¢Ö§ ´μ ¸ ¡μ²ÓÏ¨³ É¥²¥¸´Ò³ Ê£²μ³ · ¸¸¥Ö´¨Ö ¢¢¨¤Ê
¡²¨§±μ£μ · ¸¶μ²μ¦¥´¨Ö · ¸¸¥¨¢ ÕÐ¥° Ëμ²Ó£¨ ¨ ¤¥É¥±Éμ·  (∼ 37 ³³),   É ±¦¥
¸ ¶μÉ¥·¥° Ô´¥·£¨¨ Î ¸É¨Í ³¨, · ¸¸¥Ö´´Ò³¨ ´  ±· ÖÌ ±μ²²¨³ Éμ·  ¨ ¶μ¶ ¤ -
ÕÐ¨³¨ ¢ ¶μ²Ê¶·μ¢μ¤´¨±μ¢Ò° ¤¥É¥±Éμ·.

� ¸¶·¥¤¥²¥´¨¥ ¶μ ¨´É¥´¸¨¢´μ¸É¨ ¢´ÊÉ·¥´´¥£μ ¶ÊÎ±  ´  ³¨Ï¥´ÖÌ μ¶·¥-
¤¥²Ö²μ¸Ó ³¥Éμ¤ ³¨  ±É¨¢ Í¨μ´´μ£μ  ´ ²¨§ . ‡μ²μÉ Ö · ¸¸¥¨¢ ÕÐ Ö Ëμ²Ó£ 
¶μ¸²¥ μ¡²ÊÎ¥´¨Ö · §·¥§ ² ¸Ó ´  ¢¥·É¨± ²Ó´Ò¥ ¶μ²μ¸±¨ μ¤¨´ ±μ¢μ° Ï¨·¨´Ò
(1 ³³), ¶μ¸²¥ Î¥£μ ´ ¢¥¤¥´´ Ö · ¤¨μ ±É¨¢´μ¸ÉÓ ´  ± ¦¤μ° ¶μ²μ¸±¥ ¨§³¥·Ö-
² ¸Ó ´  £ ³³ -¸¶¥±É·μ³¥É·¥. � ¸¶·¥¤¥²¥´¨¥ ´ ¢¥¤¥´´μ° £ ³³ - ±É¨¢´μ¸É¨ ´ 
³¨Ï¥´¨ ¢ § ¢¨¸¨³μ¸É¨ μÉ · ¤¨Ê¸  É· ¥±Éμ·¨¨ ¶ÊÎ±  ¶μ± § ´μ ´  ·¨¸. 5. �μ
μ¸¨  ¡¸Í¨¸¸ μÉ²μ¦¥´μ ¶·¨· Ð¥´¨¥ L (³³) ± § Ë¨±¸¨·μ¢ ´´μ³Ê ¢ ¤ ´´μ°
Ô±¸¶μ§¨Í¨¨ · ¤¨Ê¸Ê R = 85 ¸³ É· ¥±Éμ·¨¨ ¢´ÊÉ·¥´´¥£μ ¶ÊÎ± .

ˆ§ ·¨¸. 5 ¢¨¤´μ, ÎÉμ ³ ±¸¨³Ê³ · ¸¶·¥¤¥²¥´¨Ö ´ ¢¥¤¥´´μ°  ±É¨¢´μ¸É¨,  
¸²¥¤μ¢ É¥²Ó´μ, ¨ · ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ ¶ÊÎ±  ´  ¨¸¸²¥¤Ê¥³ÒÌ ³¨Ï¥´ÖÌ
¸μμÉ¢¥É¸É¢Ê¥É ³¨´¨³ ²Ó´μ³Ê · ¤¨Ê¸Ê (´  ±· Õ ³¨Ï¥´¨).

�¥¶μ¸·¥¤¸É¢¥´´μ¥ ¨§³¥·¥´¨¥ Éμ±  ¶ÊÎ± , ¶·μÏ¥¤Ï¥£μ Î¥·¥§ ³¨Ï¥´Ó, μ¸Ê-
Ð¥¸É¢²Ö²μ¸Ó ¶μ ¸μ¡· ´´μ³Ê ´  ±μ²²¥±Éμ· § ·Ö¤Ê Î ¸É¨Í. ˆ§μ²¨·μ¢ ´´Ò° ±μ²-
²¥±Éμ· Ê¸É ´ ¢²¨¢ ²¸Ö §  ³¨Ï¥´´μ° ¸¡μ·±μ° ¨ ¨³¥² ¢Ò¸ÉÊ¶Ò ¸¢¥·ÌÊ ¨ ¸´¨§Ê
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�¨¸. 3. ‘Ì¥³ É¨Î¥¸±μ¥ ¨§μ¡· ¦¥´¨¥ £μ²μ¢´μ° Î ¸É¨ §μ´¤ :  ) ¢¨¤ ¸¡μ±Ê; ¡) ¢¨¤ ¸¢¥·ÌÊ

¤²Ö ¸¡μ·  ¢Éμ·¨Î´ÒÌ Ô²¥±É·μ´μ¢, ¢Ò¡¨¢ ¥³ÒÌ Éμ·³μ§ÖÐ¨³¨¸Ö ¢ ´¥³ Î ¸É¨-
Í ³¨. ˆ§³¥·¥´¨¥ Éμ±  ¸ ±μ²²¥±Éμ·  ¶·μ¢μ¤¨²μ¸Ó ¶¨±μ ³¶¥·³¥É·μ³ Š¥°É²¨-
6485 (¶·μ¨§¢μ¤¸É¢μ ±μ³¶ ´¨¨ KEITHLEY Instruments, Inc) ¸ · §·¥Ï¥´¨¥³
20 Ë� ¨ Í¨Ë·μ¢Ò³¨ Ë¨²ÓÉ· ³¨ ¸μ ¢·¥³¥´ ³¨ ¨´É¥£·¨·μ¢ ´¨Ö, ²¥¦ Ð¨³¨ ¢
¤¨ ¶ §μ´¥ 0,2Ä100 ³¸. �¨±μ ³¶¥·³¥É· ¡Ò² ¤μ¶μ²´¥´ ¢Ìμ¤´Ò³¨  ´ ²μ£μ¢Ò³¨
LC-Ë¨²ÓÉ· ³¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶ · §¨É´ÒÌ ¥³±μ¸É¥° ± ¡¥²Ö. ˆ´Ëμ·³ Í¨Ö
¸ ¶¨±μ ³¶¥·³¥É·  ¶¥·¨μ¤¨Î¥¸±¨ μÍ¨Ë·μ¢Ò¢ ² ¸Ó ¸¨¸É¥³μ° ´ ¡μ·  ¨´Ëμ·³ -
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�¨¸. 4. �´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò Î ¸É¨Í ¶ÊÎ±  6He, · ¸¸¥Ö´´μ£μ ´  §μ²μÉμ° Ëμ²Ó£¥.
  Å ‘¶¥±É· ¸ ³μ´¨Éμ·´μ£μ ¤¥É¥±Éμ· , R = 85 ¸³, E(6He) = (25 ± 0,25) ŒÔ‚,
E(12C) = (50 ± 0,2) ŒÔ‚; ¡ Å ¸¶¥±É· ¸ ³μ´¨Éμ·´μ£μ ¤¥É¥±Éμ· , R = 101 ¸³,
E(6He) = (35 ± 0,2) ŒÔ‚
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�¨¸. 5. ƒ¨¸Éμ£· ³³  · ¸¶·¥¤¥²¥´¨Ö ´ ¢¥¤¥´´μ°  ±É¨¢´μ¸É¨ ´  ³¨Ï¥´¨, μ¡²ÊÎ¥´´μ°
¶ÊÎ±μ³ 6�¥ (R = 85 ¸³, E(6He) = 25 ŒÔ‚)

�¨¸. 6. ”Ê´±Í¨Ö ¢μ§¡Ê¦¤¥´¨Ö ·¥ ±Í¨¨ 27Al(6Li,X)24Na: ◦ Å ·¥§Ê²ÓÉ ÉÒ ´ ¸ÉμÖÐ¥°
· ¡μÉÒ, � Å ¤ ´´Ò¥ · ¡μÉÒ [10]

Í¨¨, § ¶¨¸Ò¢ ² ¸Ó ¢ ¶ ³ÖÉÓ ¶¥·¸μ´ ²Ó´μ£μ ±μ³¶ÓÕÉ¥· ,   É ±¦¥ ¶ · ²²¥²Ó´μ
¶μ¸Ò² ² ¸Ó ´  ¶Ê²ÓÉ ¶μ¸ÉÊ¸±μ·¨É¥²Ö DRIBs ¤²Ö μ¶¥· É¨¢´μ£μ ±μ´É·μ²Ö § 
¨´É¥´¸¨¢´μ¸ÉÓÕ ¶ÊÎ± .
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�¨¸. 7. ”Ê´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö ¤²Ö ·¥ ±Í¨¨ 206Pb(6�¥,2n)210�μ.   Å ·¥§Ê²ÓÉ ÉÒ, ¶μ-
²ÊÎ¥´´Ò¥ ´  ¢Ò¢¥¤¥´´μ³ ¶ÊÎ±¥ 6�¥ ¸ ´ Î ²Ó´μ° Ô´¥·£¨¥° 60,5 ŒÔ‚ ¶μ¸²¥ ¸´¨¦¥´¨Ö
Ô´¥·£¨¨ Éμ²¸ÉÒ³¨ ¶μ£²μÉ¨É¥²Ö³¨ (2006 £.); ¡ Å ·¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¸ ¨¸¶μ²Ó-
§μ¢ ´¨¥³ ¢´ÊÉ·¥´´¥£μ ¶ÊÎ±  ¶μ¸ÉÊ¸±μ·¨É¥²Ö ±μ³¶²¥±¸  DRIBs Å Í¨±²μÉ·μ´  “-400
(³ ·É 2008 £.)

�·μ¢¥·±  ¨ ¤μ¶μ²´¨É¥²Ó´ Ö ± ²¨¡·μ¢±  ¶·Ö³μ£μ ¨§³¥·¥´¨Ö Éμ±  ¶ÊÎ± 
μ¸ÊÐ¥¸É¢²Ö²¨¸Ó ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³  ±É¨¢ Í¨μ´´μ° ³¥Éμ¤¨±¨. „²Ö ÔÉμ£μ ´ 
¢´ÊÉ·¥´´¥³ ¶ÊÎ±¥ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ 6Li ¸ ¨´É¥´¸¨¢´μ¸ÉÓÕ 108 Î ¸É./¸ μ¡-
²ÊÎ ²¨¸Ó ¸¡μ·±¨ ³¨Ï¥´¥° ¨§  ²Õ³¨´¨Ö. �μ¸²¥ μ¡²ÊÎ¥´¨Ö ¡Ò²  ¨§³¥·¥´ 
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´ ¢¥¤¥´´ Ö ¢  ²Õ³¨´¨¥¢ÒÌ Ëμ²Ó£ Ì £ ³³ - ±É¨¢´μ¸ÉÓ ¨ μ¶·¥¤¥²¥´Ò ¢ÒÌμ¤Ò
¨§μÉμ¶μ¢ 24Na, μ¡· §ÊÕÐ¨Ì¸Ö ¢ ·¥ ±Í¨¨ 27Al+6Li.

ˆ§ ·¨¸. 6 ¢¨¤´μ, ÎÉμ ¶μ²ÊÎ¥´´Ò¥ ´ ³¨ §´ Î¥´¨Ö ¸¥Î¥´¨Ö ¤²Ö É¥¸Éμ¢μ°
·¥ ±Í¨¨ ´ Ìμ¤ÖÉ¸Ö ¢ Ìμ·μÏ¥³ ¸μ£² ¸¨¨ ¸ ²¨É¥· ÉÊ·´Ò³¨ ¤ ´´Ò³¨ [10]. �ÉμÉ
Ë ±É ¶μ¤É¢¥·¦¤ ¥É ¶· ¢¨²Ó´μ¸ÉÓ ¨§³¥·¥´¨Ö ¨´É¥´¸¨¢´μ¸É¨ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢
´ Ï¨³ ±μ²²¥±Éμ·μ³ Éμ± .

‘²¥¤Ê¥É § ³¥É¨ÉÓ, ÎÉμ ¢ ¨¸¸²¥¤Ê¥³μ³ ´ ³¨ ¤¨ ¶ §μ´¥ Ô´¥·£¨° ¶ÊÎ±  6He
¶ · §¨É´Ò° ¶ÊÎμ± 12‘ ¨³¥¥É Ô´¥·£¨Õ ¸ÊÐ¥¸É¢¥´´μ ´¨¦¥ ±Ê²μ´μ¢¸±μ£μ ¡ -
·Ó¥·  ·¥ ±Í¨¨ ¨ ´¥ ³μ¦¥É ¢´¥¸É¨ § ³¥É´μ£μ ¢±² ¤  ¢ μ¡· §μ¢ ´¨¥ ¨¸¸²¥¤Ê¥-
³ÒÌ ´ ³¨ ¶·μ¤Ê±Éμ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨°.

Š·μ³¥ ÔÉμ£μ, ¢ Ô±¸¶¥·¨³¥´É¥ Éμ²Ð¨´  ¸ ³¨Ì ³¨Ï¥´¥° ¨ ¨Ì ¶μ¤²μ¦¥±
¢Ò¡¨· ² ¸Ó É ±¨³ μ¡· §μ³, ÎÉμ¡Ò ¶μ²´μ¸ÉÓÕ ¶μ£²μÉ¨ÉÓ ¶ÊÎμ± ¨μ´μ¢ 12‘ ¨
¨§³¥·ÖÉÓ ±μ²²¥±Éμ·μ³ Éμ²Ó±μ Éμ± ¶ÊÎ±  6He.

�  ·¨¸. 7 ¶·¨¢¥¤¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö
210�μ ¢ § ¢¨¸¨³μ¸É¨ μÉ Ô´¥·£¨¨ ¨μ´μ¢ 6�¥ (ËÊ´±Í¨Ö ¢μ§¡Ê¦¤¥´¨Ö), ¨§³¥·¥´-
´Ò¥ ¢ ·¥ ±Í¨¨ 206Pb(6�¥, 2n) ¢ ¤¢ÊÌ Ô±¸¶¥·¨³¥´É Ì. �¨¸. 7,   ¸μμÉ¢¥É¸É¢Ê¥É
·¥§Ê²ÓÉ É ³, ¶μ²ÊÎ¥´´Ò³ ´  ¢Ò¢¥¤¥´´μ³ ¶ÊÎ±¥ 6�¥ ¸ ´ Î ²Ó´μ° Ô´¥·£¨¥°
60,5 ŒÔ‚ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Éμ²¸ÉÒÌ ¶μ£²μÉ¨É¥²¥° ¤²Ö ¸¡·μ¸  Ô´¥·£¨¨. � 
·¨¸. 7, ¡ ¶μ± § ´  ËÊ´±Í¨Ö ¢μ§¡Ê¦¤¥´¨Ö, ¶μ²ÊÎ¥´´ Ö ¶·¨ μ¡²ÊÎ¥´¨¨ ³¨Ï¥´¥°
206Pb ´  ¢´ÊÉ·¥´´¥³ ¶ÊÎ±¥ 6He. Š ± ¢¨¤´μ ¨§ ·¨¸Ê´± , Ô´¥·£¥É¨Î¥¸±μ¥ · §-
·¥Ï¥´¨¥ ¢ ¤ ´´μ³ Ô±¸¶¥·¨³¥´É¥ ¡Ò²μ ´¥ ÌÊ¦¥ 800 ±Ô‚. �ÉμÉ ·¥§Ê²ÓÉ É ¸ ¢Ò-
¸μ±μ° ¤μ¸Éμ¢¥·´μ¸ÉÓÕ (¢Ò¸μ±¨³ Ô´¥·£¥É¨Î¥¸±¨³ · §·¥Ï¥´¨¥³) ¶μ¤É¢¥·¦¤ ¥É
· ´¥¥ ¸¤¥² ´´μ¥ ¢ · ¡μÉ¥ [3] § ±²ÕÎ¥´¨¥ μ ¸¨²Ó´μ³ Ê¢¥²¨Î¥´¨¨ ¸¥Î¥´¨Ö ·¥ ±-
Í¨¨ 206Pb(6He, 2n)210Po ¢ ¶μ¤¡ ·Ó¥·´μ° μ¡² ¸É¨ Ô´¥·£¨°. „ ¦¥ ¶·¨ Ô´¥·£¨¨
Î ¸É¨Í 6He ´  7 ŒÔ‚ ´¨¦¥ ±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥·  ¸¥Î¥´¨¥ ·¥ ±Í¨¨ ¶μ²´μ£μ
¸²¨Ö´¨Ö ¸μ¸É ¢²Ö¥É § ³¥É´μ¥ §´ Î¥´¨¥ μ±μ²μ 10 ³¡.

‡�Š‹	—…�ˆ…

„²Ö ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´Éμ¢ ¸ Ê¸±μ·¥´´Ò³¨ ¶ÊÎ± ³¨ Î ¸É¨Í 6He ¸
Ô´¥·£¨Ö³¨ ¢¡²¨§¨ ±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥·  Ö¤¥·´ÒÌ ·¥ ±Í¨° · §· ¡μÉ ´Ò ¨ ¶·¨-
³¥´¥´Ò ¤¢¥ ³¥Éμ¤¨±¨.

‚ ¶¥·¢μ° ³¥Éμ¤¨±¥ [3] Ï¨·μ±μ¤¨ ¶ §μ´´Ò° ³ £´¨É´Ò° ¸¶¥±É·μ³¥É· Œ‘�-
144 [4] ¨¸¶μ²Ó§μ¢ ²¸Ö ¢ ± Î¥¸É¢¥ ³μ´μÌ·μ³ Éμ·  ¶ÊÎ±  Î ¸É¨Í 6�¥ ´¨§±μ°
Ô´¥·£¨¨, ¶μ²ÊÎ¥´´μ£μ ¶μ¸²¥ ¶·μÌμ¦¤¥´¨Ö ¨³ ¢μ¤μ·μ¤μ¸μ¤¥·¦ Ð¥£μ ¶μ£²μÉ¨-
É¥²Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¥° Éμ²Ð¨´Ò. ‹¨´¥°´Ò° · §³¥· ³¨Ï¥´¨ ¢¤μ²Ó Ëμ± ²Ó´μ°
¶²μ¸±μ¸É¨ (18 ³³) μ¶·¥¤¥²Ö² · §·¥Ï¥´¨¥ ¶ÊÎ±  6�¥ ¶μ Ô´¥·£¨¨, ±μÉμ·μ¥
¸μ¸É ¢²Ö²μ 500 ±Ô‚.

‚μ ¢Éμ·μ° ³¥Éμ¤¨±¥ ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö Ö¤¥·´ÒÌ ·¥ ±Í¨° ¸ Ê¸±μ·¥´´Ò³¨
¶ÊÎ± ³¨ Î ¸É¨Í 6He ¡¥§ ¶μÉ¥·¨ ¨´É¥´¸¨¢´μ¸É¨ ¨¸¶μ²Ó§μ¢ ²¸Ö §μ´¤, ¶μ§¢μ²Ö-
ÕÐ¨° ¶·μ¢μ¤¨ÉÓ Ô±¸¶¥·¨³¥´ÉÒ ´  ¢´ÊÉ·¥´´¥³ ¶ÊÎ±¥ ¶μ¸ÉÊ¸±μ·¨É¥²Ö (Í¨±²μ-
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É·μ´  “-400) ±μ³¶²¥±¸  DRIBs. �Éμ ¶μ§¢μ²¨²μ ¶μ²ÊÎ ÉÓ ´  ³¨Ï¥´¨ ¶ÊÎμ±
6He É·¥¡Ê¥³μ° Ô´¥·£¨¨ ¸ · §·¥Ï¥´¨¥³ ¶ÊÎ±  150 ±Ô‚.

�¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ �.–.	£ ´¥¸Ö´Ê ¨ ‘.�. „³¨É·¨¥¢Ê § 
¶²μ¤μÉ¢μ·´μ¥ μ¡¸Ê¦¤¥´¨¥ ´ ¸ÉμÖÐ¥° · ¡μÉÒ ¨ Í¥´´Ò¥ ¶·¥¤²μ¦¥´¨Ö ¢ ¶·μ-
Í¥¸¸¥ ¥¥ ¢Ò¶μ²´¥´¨Ö. ŒÒ ¡² £μ¤ ·´Ò É ±¦¥ ±μ²²¥±É¨¢Ê μÉ¤¥²  Ê¸±μ·¨É¥²¥°
§  μ¡¥¸¶¥Î¥´¨¥ · ¡μÉÒ ±μ³¶²¥±¸  DRIBs,   É ±¦¥ ±μ´¸É·Ê±Éμ· ³ ‚.‚. 
¥Ì-
É¥·¥¢Ê, ˆ.�.• ·¨Éμ´μ¢μ° ¨ ‚. ‚.™¥É¨´±¨´μ° Å §  · §· ¡μÉ±Ê Ê§²μ¢ §μ´¤ 
¨ ¤¥É¥±Éμ·´ÒÌ ¸¨¸É¥³ Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨ ¸¶¥±É·μ³¥É· , ƒ.”.ˆ¸ ¥¢Ê Å § 
¶μ³μÐÓ ¢ · ¡μÉ¥.

� ¸ÉμÖÐ Ö · ¡μÉ  ¡Ò²  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ £· ´É  �””ˆ 07-02-
00251 ,   É ±¦¥ £· ´É  ¶μ²´μ³μÎ´μ£μ ¶·¥¤¸É ¢¨É¥²Ö —¥Ï¸±μ° �¥¸¶Ê¡²¨±¨ ¢
	ˆŸˆ.
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