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‚ Ô±¸¶¥·¨³¥´É Ì, ¶·μ¢¥¤¥´´ÒÌ ´  ¶ÊÎ±¥ ¨μ´μ¢ 3He Í¨±²μÉ·μ´  “-120Œ ˆ´¸É¨ÉÊÉ  Ö¤¥·´μ°
Ë¨§¨±¨ �± ¤¥³¨¨ ´ Ê± —¥Ì¨¨ ¢ �¦¥¦¥, ¶·¨ μ¡²ÊÎ¥´¨¨ ¸± ´¤¨¥¢ÒÌ ³¨Ï¥´¥° ¡Ò²¨ ¨¸¸²¥¤μ¢ ´Ò
·¥ ±Í¨¨ 45Sc (3He, αn) 43Sc, 45Sc (3He, α) 44Sc ¨ 45Sc (3He, 2p) 46Sc ¢ Ô´¥·£¥É¨Î¥¸±μ³ ¤¨ ¶ §μ´¥
Ô´¥·£¨° 3He μÉ 5 ¤μ 24 ŒÔ‚. „²Ö μ¶·¥¤¥²¥´¨Ö ¢ÒÌμ¤  μ¡· §μ¢ ¢Ï¨Ì¸Ö ¨§μÉμ¶μ¢ Sc ¨¸¶μ²Ó§μ-
¢ ² ¸Ó  ±É¨¢ Í¨μ´´ Ö ³¥Éμ¤¨± . ˆ§³¥·¥´¨¥ ´ ¢¥¤¥´´μ° ¢ ³¨Ï¥´ÖÌ γ- ±É¨¢´μ¸É¨ ¶·μ¢μ¤¨²μ¸Ó ¸
¶μ³μÐÓÕ HPGe-¤¥É¥±Éμ·  ¢Ò¸μ±μ£μ · §·¥Ï¥´¨Ö. �¥¸³μÉ·Ö ´  ³ ²ÊÕ Ô´¥·£¨Õ ¸¢Ö§¨ 3�¥ ¨ ¶μ²μ-
¦¨É¥²Ó´Ò¥ §´ Î¥´¨Ö Q ·¥ ±Í¨°, ¶·¨¢μ¤ÖÐ¨¥ ± μ¡· §μ¢ ´¨Õ ¨§μÉμ¶μ¢ 44Sc ¨ 46Sc, ¶μ¢¥¤¥´¨¥ ËÊ´±-
Í¨° ¢μ§¡Ê¦¤¥´¨Ö ¸ μ¡· §μ¢ ´¨¥³ ÔÉ¨Ì ¨§μÉμ¶μ¢ μÉ²¨Î ¥É¸Ö μÉ ¶μ¢¥¤¥´¨Ö ËÊ´±Í¨° ¢μ§¡Ê¦¤¥´¨Ö ´ 
¤¥°É·μ´ Ì. ‘¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö 44Sc ¤μ¸É¨£ ÕÉ ¸¢μ¥£μ ³ ±¸¨³ ²Ó´μ£μ §´ Î¥´¨Ö ´  ±Ê²μ´μ¢¸±μ³
¡ ·Ó¥·¥ ·¥ ±Í¨¨. �Éμ ¸¢Ö§ ´μ ¸ É¥³, ÎÉμ ¢ ·¥ ±Í¨¨ ¶μ³¨³μ 44Sc μ¡· §Ê¥É¸Ö Ê¸Éμ°Î¨¢μ¥ Ö¤·μ 4�¥.

In the experiments performed on the 3He-ion beam irradiation scandium targets at the U-120M
cyclotron of the Institute of Nuclear Physics of the Czech Academy of Sciences, Rez,
45Sc (3He, αn) 43Sc, 45Sc (3He,α) 44Sc and 45Sc (3He, 2p) 46Sc reactions were investigated in the 3He
energy range from 5 to 24 MeV. To determine the yield of resulting Sc isotope, activation technique
was used. A measurement of γ-activity induced in the target was carried out using HPGe-detector of
high resolution. Despite the low binding energy of 3He and positive values of Q-reactions leading to
the formation of 44Sc and 46Sc isotopes, the behavior of excitation functions for the formation of these
isotopes is different from the behavior of excitation functions for deuterons. Cross sections for 44Sc
reach their maximum at the Coulomb barrier of the reaction. This is due to the fact that the stable
core of 4He forms in the reaction in addition to 44Sc.

PACS: 25.40.Hs; 25.70.Hi
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Š ± ¡Ò²μ ¶μ± § ´μ ¢ ·Ö¤¥ · ¡μÉ, ¸É·Ê±ÉÊ·  ¸² ¡μ¸¢Ö§ ´´ÒÌ Ö¤¥· ³μ¦¥É ¸¨²Ó´μ ¢²¨-
ÖÉÓ ´  ¢§ ¨³μ¤¥°¸É¢¨¥ ¸ ¤·Ê£¨³¨ ¸É ¡¨²Ó´Ò³¨ Ö¤· ³¨ [1Ä4]. �Éμ ¶·μÖ¢²Ö¥É¸Ö £² ¢´Ò³
μ¡· §μ³ ¶·¨ Ô´¥·£¨ÖÌ, ¡²¨§±¨Ì ± ±Ê²μ´μ¢¸±μ³Ê ¡ ·Ó¥·Ê ·¥ ±Í¨°, £¤¥ ¸¢Ö§Ó ³¥¦¤Ê · §²¨Î-
´Ò³¨ ± ´ ² ³¨ ·¥ ±Í¨° ¸É ´μ¢¨É¸Ö ¸ÊÐ¥¸É¢¥´´μ°. ‚ ÔÉμ³ ¸²ÊÎ ¥ μÉ¤¥²Ó´Ò¥ ± ´ ²Ò ·¥ ±-
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Í¨° ³μ£ÊÉ μ± §Ò¢ ÉÓ ¸¨²Ó´μ¥ ¢²¨Ö´¨¥ ¨§-§  μ¸μ¡¥´´μ¸É¥° ¸É·Ê±ÉÊ·Ò ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì
Ö¤¥·. � ¶·¨³¥·, ·¥ ±Í¨¨ ¶¥·¥¤ Î¨ ´Ê±²μ´μ¢ ¨²¨ Í¥²ÒÌ ±² ¸É¥·μ¢ ³μ£ÊÉ ¤μ³¨´¨·μ¢ ÉÓ
¶·¨ Ô´¥·£¨¨ ¡μ³¡ ·¤¨·ÊÕÐ¨Ì ¨μ´μ¢ ´¨¦¥ ±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥·  ± ± ¨§-§  ±² ¸É¥·´μ°
¸É·Ê±ÉÊ·Ò Ö¤· , É ± ¨ ¨§-§  ¡μ²ÓÏμ£μ ¶μ²μ¦¨É¥²Ó´μ£μ §´ Î¥´¨Ö Q ·¥ ±Í¨¨. �¨§±¨° ¶μ·μ£
· §¢ ²  ¸² ¡μ¸¢Ö§ ´´ÒÌ Ö¤¥· ¶·¨¢μ¤¨É ± ¤¨¸¸μÍ¨ Í¨¨ Ö¤¥· ´  ±² ¸É¥·Ò ¶μ¤ ¢²¨Ö´¨¥³
±Ê²μ´μ¢¸±μ£μ ¨ Ö¤¥·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨°.

�μ¤μ¡´μ · ¤¨μ ±É¨¢´Ò³ Ö¤· ³ ¸ £ ²μ¨¤ ²Ó´μ° ¸É·Ê±ÉÊ·μ° ¸² ¡μ¸¢Ö§ ´´Ò¥ Ö¤· , É -
±¨¥ ± ± 6,7Li, 9Be ¨ ¤·., É ±¦¥ ¨³¥ÕÉ ´¨§±¨° ¶μ·μ£ · §¢ ²  ´  ±² ¸É¥·Ò ¨, ¸²¥¤μ¢ É¥²Ó´μ,
¢Ò¸μ±ÊÕ ¢¥·μÖÉ´μ¸ÉÓ ¨Ì μ¡· §μ¢ ´¨Ö, ´ Ìμ¤Ö¸Ó ¢ ¢μ§¡Ê¦¤¥´´μ³ ¸μ¸ÉμÖ´¨¨. „²Ö Ö¤·  6Li
¶μ·μ£μ¢ Ö Ô´¥·£¨Ö ¢μ§¡Ê¦¤¥´¨Ö ¤²Ö μ¡· §μ¢ ´¨Ö ±² ¸É¥·μ¢ α+d · ¢´  1,475 MÔ‚, ¤²Ö 7Li
· ¸¶ ¤ ´  ±² ¸É¥·Ò α + t ´ ¡²Õ¤ ¥É¸Ö ¶·¨ Ô´¥·£¨¨ ¢μ§¡Ê¦¤¥´¨Ö μ±μ²μ 2,47 ŒÔ‚. �É¨
§´ Î¥´¨Ö É ±μ£μ ¦¥ ¶μ·Ö¤± , ± ± ¨ Ô´¥·£¨Ö μÉ¤¥²¥´¨Ö ¤¢ÊÌ ´¥°É·μ´μ¢ μÉ 6He ¨²¨ · §-
¢ ²  6He ´  4He+2n, ±μÉμ· Ö · ¢´  0,975 ŒÔ‚.

ˆ§ÊÎ¥´¨¥ ³¥Ì ´¨§³μ¢ ·¥ ±Í¨° ¤²Ö Ö¤¥· ¸ £ ²μ ¨ ¸² ¡μ¸¢Ö§ ´´ÒÌ Ö¤¥· ¢Ò§Ò¢ ¥É ¡μ²Ó-
Ïμ° ¨´É¥·¥¸ Ê Ô±¸¶¥·¨³¥´É Éμ·μ¢ ¨ É¥μ·¥É¨±μ¢. ‚ ¸¢μÕ μÎ¥·¥¤Ó, ¢¥²¨Î¨´Ò ¸¥Î¥´¨°
Ö¤¥·´ÒÌ ·¥ ±Í¨° Ö¢²ÖÕÉ¸Ö ¢ ¦´Ò³¨ Ì · ±É¥·¨¸É¨± ³¨ ³μ¤¥²¥°, ¨¸¶μ²Ó§Ê¥³ÒÌ ¤²Ö μ¶¨-
¸ ´¨Ö ¢μ§¡Ê¦¤¥´¨Ö ¨ ¤¥¢μ§¡Ê¦¤¥´¨Ö Ö¤¥·´ÒÌ ¸μ¸ÉμÖ´¨°.

�Ö¤ Ö¤¥·´ÒÌ ·¥ ±Í¨° ´  ¸É ¡¨²Ó´ÒÌ ¶ÊÎ± Ì ¸ ¶¥·¥¤ Î¥° ´Ê±²μ´μ¢ ¶·¨¢μ¤¨É ± · -
¤¨μ ±É¨¢´Ò³ ¶·μ¤Ê±É ³ ·¥ ±Í¨° ¸ ¶μ²μ¦¨É¥²Ó´Ò³ §´ Î¥´¨¥³ Q ·¥ ±Í¨°. Œμ¦´μ ²¨
μ¦¨¤ ÉÓ ± ±¨Ì-²¨¡μ μ¸μ¡¥´´μ¸É¥° ¢ ·¥ ±Í¨ÖÌ ¸μ ¸É ¡¨²Ó´Ò³¨ Ö¤· ³¨ ¸´ ·Ö¤μ¢ ¨ ³¨-
Ï¥´¥°, ¸¢Ö§ ´´ÒÌ ¸μ ¸²¨Ö´¨¥³ ÔÉ¨Ì Ö¤¥· ¨ ¶¥·¥¤ Î¥° ´Ê±²μ´μ¢ ¤·Ê£ ¤·Ê£Ê ¨ ¨³¥ÕÐ¨Ì
¶μ²μ¦¨É¥²Ó´μ¥ §´ Î¥´¨¥ Q? ’ ±¨³ ¨´É¥·¥¸´Ò³ ¡μ³¡ ·¤¨·ÊÕÐ¨³ ¸É ¡¨²Ó´Ò³ Ö¤·μ³
Ö¢²Ö¥É¸Ö 3He c ³ ²μ° Ô´¥·£¨¥° ¸¢Ö§¨ Å 7,718 ŒÔ‚ (2,572 ŒÔ‚/A). ˆ§-§  ´¥¸±μ²Ó±μ
³¥´ÓÏ¥° Ô´¥·£¨¨ μÉ¤¥²¥´¨Ö ¶·μÉμ´  μÉ Ö¤·  3He (Sp = 5,49 ŒÔ‚) ¨ ´¨§±μ° Ô´¥·£¨¨
μÉ¤¥²¥´¨Ö ¤¢ÊÌ ¶·μÉμ´μ¢ S2p = 7,71 ŒÔ‚ ¶μ ¸· ¢´¥´¨Õ ¸ ¤·Ê£¨³¨ ¡²¨§±¨³¨ ¶μ ³ ¸¸¥
¸É ¡¨²Ó´Ò³¨ Ö¤· ³¨ ·¥ ±Í¨¨ ¸ 3�¥ ¤μ²¦´Ò ¶·¨¢μ¤¨ÉÓ ± Ê¢¥²¨Î¥´¨Õ ¢±² ¤  ¶·Ö³ÒÌ
·¥ ±Í¨°, É ±¨Ì ± ± · §¢ ² ¸´ ·Ö¤ , ·¥ ±Í¨¨ ¸·Ò¢  ¨ ¶μ¤Ì¢ É  ´Ê±²μ´μ¢.

ˆ´É¥·¥¸ ± ¶μ´¨³ ´¨Õ ³¥Ì ´¨§³  ¸²¨Ö´¨Ö ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ ¢μ§·μ¸ §  ¶μ¸²¥¤-
´¨¥ £μ¤Ò ¢ ¸¢Ö§¨ ¸ ¶·μ¡²¥³ ³¨ ¸¨´É¥§  ¸¢¥·ÌÉÖ¦¥²ÒÌ É· ´¸Ê· ´μ¢ÒÌ Ô²¥³¥´Éμ¢ ¨ ¤·Ê-
£¨Ì Ö¤¥· Ê £· ´¨ÍÒ Ö¤¥·´μ° ¸É ¡¨²Ó´μ¸É¨. �·¨ ¶μ¶ÒÉ± Ì ·¥Ï¨ÉÓ ÔÉ¨ ¢μ¶·μ¸Ò ¸É ²μ
Ö¸´μ, ÎÉμ ¶·μÍ¥¸¸Ò Ö¤¥·´ÒÌ ·¥ ±Í¨° ¢¡²¨§¨ ±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥·  ³¥´¥¥ ¶μ´ÖÉ´Ò, Î¥³
μ¡ÒÎ´μ ¸Î¨É ²μ¸Ó. �É¨ ¨¸¸²¥¤μ¢ ´¨Ö ±· °´¥ ¢ ¦´Ò ¤²Ö  ¸É·μË¨§¨±¨, ±μ£¤  · ¸¸³ -
É·¨¢ ÕÉ¸Ö ¶·μ¡²¥³Ò ´Ê±²¥μ¸¨´É¥§  ¨ ´¥μ¡Ìμ¤¨³μ §´ ÉÓ ¸¥Î¥´¨Ö ·¥ ±Í¨° ¸²¨Ö´¨Ö, ÎÉμ¡Ò
ÉμÎ´¥¥ ¶·¥¤¸É ¢¨ÉÓ ¸Í¥´ ·¨° μ¡· §μ¢ ´¨Ö Ö¤¥·. ‹Õ¡ Ö ´μ¢ Ö ¨´Ëμ·³ Í¨Ö μ ¢²¨Ö´¨¨ ¶μ¤-
¡ ·Ó¥·´ÒÌ ¶·μÍ¥¸¸μ¢ ´  ¢§ ¨³μ¤¥°¸É¢¨¥  Éμ³´ÒÌ Ö¤¥· ³μ¦¥É ¸¥·Ó¥§´μ ¨§³¥´¨ÉÓ ´ Ï¥
¶·¥¤¸É ¢²¥´¨¥ μ ¶μ¸²¥¤μ¢ É¥²Ó´μ° Í¥¶μÎ±¥ μ¡· §μ¢ ´¨Ö Ö¤¥·.

–¥²ÓÕ ÔÉμ° · ¡μÉÒ Ö¢²Ö²μ¸Ó ¨¸¸²¥¤μ¢ ´¨¥ ³¥Ì ´¨§³μ¢ ·¥ ±Í¨°, ¶·μÉ¥± ÕÐ¨Ì ¶·¨
¡μ³¡ ·¤¨·μ¢±¥ 45Sc ¨μ´ ³¨ 3�¥, ¶ÊÉ¥³  ´ ²¨§  ËÊ´±Í¨° ¢μ§¡Ê¦¤¥´¨Ö ¸ μ¡· §μ¢ ´¨¥³
¢ ÔÉ¨Ì ·¥ ±Í¨ÖÌ · §²¨Î´ÒÌ Ö¤¥·-¶·μ¤Ê±Éμ¢. ‚ ¤ ´´μ° ¸É ÉÓ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ
¨§³¥·¥´¨° ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö · §²¨Î´ÒÌ ¶·μ¤Ê±Éμ¢ ¢ ·¥ ±Í¨¨ 3He + 45Sc, ¢ Éμ³ Î¨¸²¥
¨ ¸ ¶μ²μ¦¨É¥²Ó´Ò³ §´ Î¥´¨¥³ Q. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ËÊ´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö ¸· ¢´¨-
¢ ÕÉ¸Ö ¸ · ¸Î¥É´Ò³¨, ¶μ¸É·μ¥´´Ò³¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢ÒÎ¨¸²¥´´ÒÌ ¸¥Î¥´¨° ·¥ ±Í¨°
¶μ ¶·μ£· ³³ ³, ÊÎ¨ÉÒ¢ ÕÐ¨³ ± ± Î¨¸Éμ ¸É É¨¸É¨Î¥¸±¨¥ · ¢´μ¢¥¸´Ò¥ ¶·μÍ¥¸¸Ò, É ± ¨
¶·μÍ¥¸¸Ò ¸²¨Ö´¨Ö ¸ ÊÎ¥Éμ³ ¸¢Ö§¨ ± ´ ²μ¢.
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�±¸¶¥·¨³¥´ÉÒ ¡Ò²¨ ¢Ò¶μ²´¥´Ò ´  ¢Ò¢¥¤¥´´μ³ ¶ÊÎ±¥ 3�¥ ¸ Ô´¥·£¨¥° 24,5 ŒÔ‚ Í¨-
±²μÉ·μ´  “-120Œ ˆ´¸É¨ÉÊÉ  Ö¤¥·´μ° Ë¨§¨±¨ �� —¥Ï¸±μ° �¥¸¶Ê¡²¨±¨ ¢ �¦¥¦¥ ¸ ¨¸-
¶μ²Ó§μ¢ ´¨¥³  ±É¨¢ Í¨μ´´μ° ³¥Éμ¤¨±¨. “¸±μ·¥´´Ò° ¶ÊÎμ± 3�¥ ¡Ò² ¸Ëμ±Ê¸¨·μ¢ ´ ¤μ
· §³¥·  5 × 5 ³³. �´¥·£¨Ö 3�¥ ¨§³¥·Ö² ¸Ó ¸ ¶μ³μÐÓÕ ³ £´¨É´μ£μ  ´ ²¨§ Éμ· , Î¥·¥§
±μÉμ·Ò° ¶·μ¶Ê¸± ²¸Ö Éμ± ¶ÊÎ± . �´¥·£¥É¨Î¥¸±¨° · §¡·μ¸ ¶ÊÎ±  ¡Ò² ³¥´ÓÏ¥ 100 ±Ô‚.
’ ±μ° ¦¥ Ô´¥·£¥É¨Î¥¸±¨° · §¡·μ¸ ¡Ò² μÍ¥´¥´ ¶μ Ê¶·Ê£μ³Ê ¶¨±Ê · ¸¸¥Ö´´ÒÌ Î ¸É¨Í 3He
´  ³¨Ï¥´¨ ¨§ Au, ¨§³¥·¥´´μ³Ê ¸ ¶μ³μÐÓÕ ¶μ²Ê¶·μ¢μ¤´¨±μ¢ÒÌ Si-¤¥É¥±Éμ·μ¢ ¨ ¶μ¤É¢¥·-
¤¨¢Ï¥³Ê §´ Î¥´¨¥ Ô´¥·£¨¨ 3He, · ¢´μ° (24,5± 0,1) ŒÔ‚. ‚ Í¥´É·¥ ·¥ ±Í¨μ´´μ° ± ³¥·Ò
´  ¶ÊÉ¨ ¶ÊÎ±  3�¥ Ê¸É ´ ¢²¨¢ ² ¸Ó ¸¡μ·±  ³¨Ï¥´¥°, ¸μ¸ÉμÖÐ Ö ¨§ 10 ¸± ´¤¨¥¢ÒÌ ³μ-
´μ¨§μÉμ¶´ÒÌ Ëμ²Ó£ 45Sc (Î¨¸ÉμÉ  ´¥ ÌÊ¦¥ 99%) Éμ²Ð¨´μ° 4,8 ³±³ ± ¦¤ Ö. ‚ ¸¡μ·±Ê
¢±²ÕÎ ²¨¸Ó É ±¦¥ Î¥ÉÒ·¥ É¨É ´μ¢Ò¥ Ëμ²Ó£¨ Éμ²Ð¨´μ° 2,1 ³±³, ¨¸¶μ²Ó§Ê¥³Ò¥ ¤²Ö ³μ´¨-
Éμ·´μ° ·¥ ±Í¨¨ ´  ¶ÊÎ±¥ 3�¥ ¥¸ÉTi (3�¥,x) 48V [5], ¸ ·¥±μ³¥´¤μ¢ ´´Ò³¨ Œ�ƒ�’� ¤ ´-
´Ò³¨ ¶μ ¸¥Î¥´¨Ö³ μ¡· §μ¢ ´¨Ö ´Ê±²¨¤  48V. Œ¥¦¤Ê ³¨Ï¥´Ö³¨ ¤²Ö ¸¡·μ¸  Ô´¥·£¨¨ 3�¥
Ê¸É ´ ¢²¨¢ ²¨¸Ó Al-Ëμ²Ó£¨ · §²¨Î´μ° Éμ²Ð¨´Ò μÉ 5 ¤μ 50 ³±³. ’μ± ¶ÊÎ±  3�¥ ¨§³¥·Ö²¸Ö
¶μ Ô²¥±É·¨Î¥¸±μ³Ê § ·Ö¤Ê ¢ Í¨²¨´¤·¥ ” · ¤¥Ö, Ê¸É ´μ¢²¥´´μ³Ê ´¥¶μ¸·¥¤¸É¢¥´´μ ¶μ¸²¥
³¨Ï¥´´μ° ¸¡μ·±¨. ‘·¥¤´ÖÖ ¨´É¥´¸¨¢´μ¸ÉÓ 3�¥ ¸μ¸É ¢²Ö²  μ±μ²μ 5 ´�, ÎÉμ ¶μ ¸μμ¡· -
¦¥´¨Ö³ · ¤¨ Í¨μ´´μ° ¡¥§μ¶ ¸´μ¸É¨ ¶μ§¢μ²¨²μ ¶· ±É¨Î¥¸±¨ ¸· §Ê ¦¥ ¶μ¸²¥ ¨§¢²¥Î¥´¨Ö
³¨Ï¥´¥° ¨§ ·¥ ±Í¨μ´´μ° ± ³¥·Ò ´ Î ÉÓ ¨§³¥·¥´¨Ö ´ ¢¥¤¥´´μ° ¢ ´¨Ì  ±É¨¢´μ¸É¨. –¨±²
μ¡²ÊÎ¥´¨Ö ¸¡μ·±¨ ¤²¨²¸Ö 8 Î.

�μ¸²¥ μ±μ´Î ´¨Ö μ¡²ÊÎ¥´¨Ö ¸¡μ·±  · §¡¨· ² ¸Ó, ¨ ¢ ³¨Ï¥´ÖÌ ¨§ Sc ¨ Ti ¨§³¥·Ö-
² ¸Ó ´ ¢¥¤¥´´ Ö γ- ±É¨¢´μ¸ÉÓ. �¥·¢Ò¥ ¨§³¥·¥´¨Ö ´ ¢¥¤¥´´μ° ¢ ³¨Ï¥´ÖÌ γ- ±É¨¢´μ¸É¨
¡Ò²¨ ¶·μ¢¥¤¥´Ò ¸¶Ê¸ÉÖ 30 ³¨´ ¶μ¸²¥ μ±μ´Î ´¨Ö μ¡²ÊÎ¥´¨Ö. ‚¸¥ ¨§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó
´  HPGe-¤¥É¥±Éμ·¥ ¸ 50%-° ÔËË¥±É¨¢´μ¸ÉÓÕ μÉ´μ¸¨É¥²Ó´μ NaJ ¨ HWHM 1,8 ±Ô‚ ¤²Ö
Ô´¥·£¨¨ γ-±¢ ´Éμ¢ 1,3 MÔ‚. ˆ¤¥´É¨Ë¨± Í¨Ö μ¡· §μ¢ ¢Ï¨Ì¸Ö ¢ ·¥ ±Í¨ÖÌ ´Ê±²¨¤μ¢ ¡Ò² 
¶·μ¢¥¤¥´  ¸ ÊÎ¥Éμ³ Ô´¥·£¨¨ γ-· ¸¶ ¤  ¨ ¢·¥³¥´¨ ¦¨§´¨ ÔÉ¨Ì Ö¤¥· ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
Ö¤¥·´ÒÌ ¤ ´´ÒÌ, ¸μ¡· ´´ÒÌ ¢ [6].

‚ É ¡². 1 ¤ ´Ò ¢μ§³μ¦´Ò¥ ·¥ ±Í¨¨, ¶·¨¢μ¤ÖÐ¨¥ ± μ¡· §μ¢ ´¨Õ ¨¸¸²¥¤Ê¥³ÒÌ ¨§μ-
Éμ¶μ¢ Sc ¨ V, §´ Î¥´¨Ö ¶¥·¨μ¤μ¢ ¶μ²Ê· ¸¶ ¤ , Ô´¥·£¨¨ ¨ ¨´É¥´¸¨¢´μ¸É¥° γ-¶¥·¥Ìμ¤μ¢

’ ¡²¨Í  1. • · ±É¥·¨¸É¨±¨ ´¥±μÉμ·ÒÌ Ö¤¥· Å ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨° [6] 45Sc+ 3He ¨ Ti + 3He

Ÿ¤·μ �¥ ±Í¨Ö �¥·¨μ¤
¶μ²Ê· ¸¶ ¤ 

�´¥·£¨Ö, ±Ô‚ ˆ´É¥´¸¨¢´μ¸ÉÓ, %

43Sc 45Sc (3He,αn) 43Sc 3,891 Î 372,71 23
44Sc 45Sc (3He, α) 44Sc 3,927 Î 1157,031 99,9
44mSc 45Sc (3He,α) 44mSc 58,6 Î 271,13 86,7

46Sc 45Sc (3He, 2p) 46Sc 83,79 ¸ÊÉ 889,3
1120,545

99,98
99,987

45Ti 45Sc (3He, p2n) 45Ti 184,8 ³¨´ 425,1
720,22

0,0137
0,154

48V natTi (3He, x) 48V 15,9735 ¸ÊÉ
944,104
983,517
1312,096

7,76
99,98
97,5
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¤²Ö ¨§μÉμ¶μ¢ Sc ¨ V, ´¥μ¡Ìμ¤¨³Ò¥ ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ ÔÉ¨Ì ¨§μÉμ¶μ¢ ¨ μ¶·¥¤¥²¥´¨Ö
¨Ì ¢ÒÌμ¤μ¢. ‘·¥¤´ÖÖ Ô´¥·£¨Ö ¶ ¤ ÕÐ¨Ì ´  ± ¦¤ÊÕ ³¨Ï¥´Ó Î ¸É¨Í, ¶μÉ¥·¨ Ô´¥·£¨¨ ¨
¸É·Ô£²¨´£ 3�¥ ¢ ± ¦¤μ° Ëμ²Ó£¥ ¡Ò²¨ · ¸¸Î¨É ´Ò ¸ ¶μ³μÐÓÕ ±μ¤  SRIM 2011 [7] ¨
¶·μ£· ³³Ò LISE++ [8]. ‚ ¨¸¶μ²Ó§Ê¥³ÒÌ ´ ³¨ ¸¡μ·± Ì ³¨Ï¥´¥° ¨§ Sc ¶·μ¨¸Ìμ¤¨²μ ¶μ-
£²μÐ¥´¨¥ Ô´¥·£¨¨ 3�¥ ¸ 24,5 ¤μ 5 ŒÔ‚. � ¸Î¥É ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö ¶·μ¤Ê±Éμ¢ Ö¤¥·´ÒÌ
·¥ ±Í¨° Sc ¨ V ¢Ò¶μ²´Ö²¸Ö ¶μ ³¥Éμ¤¨±¥, μ¶¨¸ ´´μ° ¢ [3].

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´ Ì · ±É¥·´Ò° Ô´¥·£¥É¨Î¥¸±¨° γ-¸¶¥±É·, ¶μ²ÊÎ¥´´Ò° ¶·¨ ¨§³¥-
·¥´¨¨ ´ ¢¥¤¥´´μ°  ±É¨¢´μ¸É¨ ¢ μ¤´μ° ¨§ ¸± ´¤¨¥¢ÒÌ ³¨Ï¥´¥° ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö ¶ÊÎ-

�¨¸. 1. ƒ ³³ -¸¶¥±É·, ¶μ²ÊÎ¥´´Ò° ¶·¨ ¨§³¥·¥´¨¨ ¢ É¥Î¥´¨¥ 30 ³¨´ μ¡²ÊÎ¥´´μ° 4,8-³±³ Ëμ²Ó£¨

¨§ 45Sc ¶ÊÎ±μ³ 3He ¸ Ô´¥·£¨¥° 22,68 ŒÔ‚, ¸¶Ê¸ÉÖ 5 Î ¶μ¸²¥ μ±μ´Î ´¨Ö μ¡²ÊÎ¥´¨Ö

’ ¡²¨Í  2. ‚μ§³μ¦´Ò¥ ± ´ ²Ò ·¥ ±Í¨°, ¶·¨¢μ¤ÖÐ¨¥ ± μ¡· §μ¢ ´¨Õ ¨¸¸²¥¤Ê¥³ÒÌ ¨§μÉμ¶μ¢ Sc,
¶·¨ μ¡²ÊÎ¥´¨¨ 45Sc ¨μ´ ³¨ 3�¥, ¨ · ¸¸Î¨É ´´Ò¥ §´ Î¥´¨Ö Q ·¥ ±Í¨°

Ÿ¤·μ �¥ ±Í¨Ö Q ·¥ ±Í¨¨, ŒÔ‚ �μ·μ£ ·¥ ±Í¨¨, ŒÔ‚

43Sc

45Sc (3He,αn) 43Sc
45Sc (3He,dt) 43Sc

45Sc (3He, 2n 3He) 43Sc
45Sc (3He, npt) 43Sc

45Sc (3He, 2npd) 43S¸

Ä0,444
Ä18,034
Ä21,022
Ä20,258
Ä26,515

0,475
19,243
22,432
21,617
28,294

44g+mSc

45Sc (3He,α) 44Sc
45Sc (3He, pt) 44Sc

45Sc (3He, n 3He) 44Sc
45Sc (3He, 2d) 44Sc

45Sc (3He, npd) 44Sc
45Sc (3He, 2n2p) 44Sc

9,254
Ä10,559
Ä11,323
Ä14,591
Ä16,816
Ä19,041

0
11,267
12,082
15,570
17,944
20,318

46Sc 45Sc (3He, 2p) 46Sc 1,043 0

45Ti

45Sc (3He, p2n) 45Ti
45Sc (3He, dn) 45Ti
45Sc (3He, t) 45Ti

Ä15,626
Ä13,402
Ä7,145

16,674
14,301
7,624
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±μ³ 3�¥. �·¨¢¥¤¥´´Ò° ¢ ± Î¥¸É¢¥ ¶·¨³¥·  ´  ·¨¸Ê´±¥ γ-¸¶¥±É· ¶μ± §Ò¢ ¥É, ÎÉμ ¨¤¥´-
É¨Ë¨± Í¨Ö ¨§μÉμ¶μ¢ 44Sc ¨ 46Sc ¶μ Ô´¥·£¨¨ γ-²ÊÎ¥° ¨ ¶¥·¨μ¤Ê ¶μ²Ê· ¸¶ ¤  Ö¢²Ö¥É¸Ö
´ ¤¥¦´μ°. �  μ¸´μ¢¥ ¨§³¥·¥´´ÒÌ ¢ÒÌμ¤μ¢ ¨§μÉμ¶μ¢ 44Sc ¨ 46Sc, μ¡· §μ¢ ¢Ï¨Ì¸Ö ¢ ·¥ ±-
Í¨ÖÌ 45Sc (3�¥, 2p) 46Sc ¨ 45Sc (3�¥,α) 44Sc, ¡Ò²¨ μ¶·¥¤¥²¥´Ò ¸¥Î¥´¨Ö ¨Ì μ¡· §μ¢ ´¨Ö.
�¥ ±Í¨¨ ¸²¨Ö´¨Ö (3�¥,xn) ´ ³¨ ´¥ ¡Ò²¨ ¨§ÊÎ¥´Ò ¨§-§  ±μ·μÉ±¨Ì ¶¥·¨μ¤μ¢ ¶μ²Ê· ¸-
¶ ¤  μ¡· §ÊÕÐ¨Ì¸Ö ¢ ´¨Ì ¶·μ¤Ê±Éμ¢, · ¸¶ ¤ ±μÉμ·ÒÌ, §  ¨¸±²ÕÎ¥´¨¥³ 45V, § ¢¥·Ï ¥É¸Ö
¸É ¡¨²Ó´Ò³¨ ¨§μÉμ¶ ³¨ Ti.

‚ É ¡². 2 ¶μ± § ´Ò ¢μ§³μ¦´Ò¥ ± ´ ²Ò ·¥ ±Í¨°, ¶·¨¢μ¤ÖÐ¨¥ ± μ¡· §μ¢ ´¨Õ ¨§μÉμ-
¶μ¢ 43Sc, 44gSc, 44mSc, 46Sc ¨ 45Ti,   É ±¦¥ §´ Î¥´¨Ö Q ¨ ¶μ·μ£¨ ÔÉ¨Ì ± ´ ²μ¢ ·¥ ±Í¨°,
· ¸¸Î¨É ´´Ò¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Q-± ²Ó±Ê²ÖÉμ·  [9].

�…‡“‹œ’�’› �Š‘�…�ˆŒ…�’� ˆ ��‘“†„…�ˆ…

�  ·¨¸. 2 ¶·¨¢¥¤¥´Ò § ¢¨¸¨³μ¸É¨ ¸¥Î¥´¨° μ¡· §μ¢ ´¨Ö ¨§μÉμ¶μ¢ Sc μÉ Ô´¥·£¨¨ ¡μ³-
¡ ·¤¨·ÊÕÐ¨Ì Î ¸É¨Í 3�¥, μ¡ÒÎ´μ ¨³¥´Ê¥³Ò¥ ËÊ´±Í¨Ö³¨ ¢μ§¡Ê¦¤¥´¨Ö μ¶·¥¤¥²¥´´μ£μ ± -
´ ²  ·¥ ±Í¨¨ ¨²¨ μ¡· §μ¢ ´¨Ö ±μ´±·¥É´μ£μ ¶·μ¤Ê±É  ·¥ ±Í¨¨. �¶¨· Ö¸Ó ´  Ô±¸¶¥·¨³¥´-
É ²Ó´Ò¥ ¤ ´´Ò¥ ¶μ ËÊ´±Í¨Ö³ ¢μ§¡Ê¦¤¥´¨Ö ¸ μ¡· §μ¢ ´¨¥³ ¨§μÉμ¶μ¢ 43Sc, 44g+mSc ¨ 46Sc
¨ É ¡². 2, ³μ¦´μ § ±²ÕÎ¨ÉÓ, ÎÉμ ¤²Ö ± ¦¤μ£μ ¨§ ¶¥·¥Î¨¸²¥´´ÒÌ ¨§μÉμ¶μ¢ ¶·¥μ¡² ¤ ÕÐ¥°
Ö¢²Ö¥É¸Ö Éμ²Ó±μ μ¤´  ¨§ ¶¥·¥Î¨¸²¥´´ÒÌ ·¥ ±Í¨°. � ¨³¥´´μ, 43Sc ³μ£ μ¡· §μ¢ ÉÓ¸Ö ¢ ·¥ ±-
Í¨¨ 45Sc (3He,αn) 43Sc, ·¥ ±Í¨Ö 45Sc (3He,α) 44Sc ³μ£²  ¶·¨¢¥¸É¨ ± μ¡· §μ¢ ´¨Õ 44gSc
¨ 44mSc,   46Sc ³μ£ μ¡· §μ¢ ÉÓ¸Ö ¢ ·¥ ±Í¨¨ 45Sc (3He, 2p) 46Sc. �  ÔÉμ³ ¦¥ ·¨¸Ê´±¥
¶μ± § ´Ò · ¸Î¥ÉÒ ËÊ´±Í¨° ¢μ§¡Ê¦¤¥´¨Ö ¤²Ö ÔÉ¨Ì ±μ´±·¥É´ÒÌ ± ´ ²μ¢ ·¥ ±Í¨° ¢ ¶·¥¤-
¶μ²μ¦¥´¨¨ ¸É É¨¸É¨Î¥¸±μ£μ ¶μ¤Ìμ¤ , ÎÉμ ¨§ μ¡· §μ¢ ¢Ï¥£μ¸Ö ±μ³¶ Ê´¤-Ö¤·  48V ¨¸¶ ·Ö-

�¨¸. 2. ”Ê´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨¨ 45Sc+ 3He. ‘¥Î¥´¨Ö ·¥ ±Í¨° ¶·¥¤¸É ¢²¥´Ò
¸¨³¢μ² ³¨: ±¢ ¤· ÉÒ Å ¸¥Î¥´¨Ö ·¥ ±Í¨¨ 45Sc (3He, 2p) 46Sc, É·¥Ê£μ²Ó´¨±¨ Å 45Sc (3He, αn) 43Sc

¨ ±·Ê¦±¨ Å 45Sc (3He, α) 44Sc. Š·¨¢Ò³¨ ¶·¥¤¸É ¢²¥´Ò · ¸Î¥ÉÒ ¸¥Î¥´¨° ¤²Ö ÔÉ¨Ì ¦¥ ·¥ ±Í¨° ¶μ

±μ¤Ê ALICE-MP (¸¶²μÏ´ Ö Å ¤²Ö 44Sc, ¶Ê´±É¨·´ Ö Å ¤²Ö 43Sc, ÏÉ·¨Ìμ¢ Ö Å ¤²Ö 46Sc)
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ÕÉ¸Ö · §²¨Î´Ò¥ § ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ ¨ ´¥°É·μ´Ò, ¶·¨¢μ¤Ö ± ¨¸¸²¥¤Ê¥³μ³Ê Ö¤·Ê- μ¸É É±Ê.
�¤´ ±μ ¨§ ¸· ¢´¥´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¸ · ¸Î¥É ³¨ ¢¨¤´μ, ÎÉμ ¢ ¤ ´´ÒÌ ·¥-
 ±Í¨ÖÌ ³Ò ¨³¥¥³ ¤¥²μ ¸ ¤·Ê£¨³¨ ³¥Ì ´¨§³ ³¨ ·¥ ±Í¨°, ¶·¨¢μ¤ÖÐ¨Ì ± μ¡· §μ¢ ´¨Õ
¨§μÉμ¶μ¢ Sc. ‘±μ·¥¥ ¢¸¥£μ, ¨§μÉμ¶Ò 44Sc ¨ 46Sc μ¡· §ÊÕÉ¸Ö ¢ ·¥ ±Í¨ÖÌ μ¤´μ´Ê±²μ´´ÒÌ
¶¥·¥¤ Î, ¨³¥´Ê¥³ÒÌ ¢ ¸²ÊÎ ¥ ²¥£±¨Ì ¡μ³¡ ·¤¨·ÊÕÐ¨Ì Î ¸É¨Í ·¥ ±Í¨Ö³¨ ¸·Ò¢  (46Sc) ¨
¶μ¤Ì¢ É  (44Sc). �¡¥ ÔÉ¨ ·¥ ±Í¨¨ §  ¸Î¥É ¶μ²μ¦¨É¥²Ó´μ£μ §´ Î¥´¨Ö Q ·¥ ±Í¨¨ Ìμ·μÏμ
¶·μÖ¢²ÖÕÉ¸Ö ¶·¨ Ô´¥·£¨¨ 3He ´¨¦¥ ±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥·  ·¥ ±Í¨¨. ‚ ¸²ÊÎ ¥ ¶¥·¥¤ Î¨
Ö¤·Ê ³¨Ï¥´¨ Å 45Sc Å ´¥°É·μ´  c 3He ËÊ´±Í¨Ö ¢μ§¡Ê¦¤¥´¨Ö ¤²Ö 46Sc ¨³¥¥É Ì · ±É¥·-
´μ¥ ¶μ¢¥¤¥´¨¥ ¤²Ö ·¥ ±Í¨° ¶¥·¥¤ Î¨ μ¤´μ£μ ´¥°É·μ´  ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ¸É ¡¨²Ó´ÒÌ
Ö¤¥· ¨ ´¥ ÎÊ¢¸É¢Ê¥É ±Ê²μ´μ¢¸±¨° ¡ ·Ó¥·, ± ± ÔÉμ ´ ¡²Õ¤ ¥É¸Ö ¢ ¸²ÊÎ ¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸
¤¥°É·μ´μ³ ¨²¨ 6He [3]. �¥¸±μ²Ó±μ ´¥μ¡ÒÎ´μ ¢¥¤¥É ¸¥¡Ö ËÊ´±Í¨Ö ¢μ§¡Ê¦¤¥´¨Ö ·¥ ±Í¨¨,
±μ£¤  μ¡· §Ê¥É¸Ö 44Sc. �¥¸³μÉ·Ö ´  ¡μ²ÓÏμ¥ ¶μ²μ¦¨É¥²Ó´μ¥ §´ Î¥´¨¥ Q (+9,254 ŒÔ‚)
¤²Ö ·¥ ±Í¨¨ (3He,α) ´ ¡²Õ¤ ¥É¸Ö Î¥É±¨° ³ ±¸¨³Ê³ ËÊ´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö ´  ±Ê²μ´μ¢-
¸±μ³ ¡ ·Ó¥·¥ ·¥ ±Í¨¨. Šμ´±Ê·¥´Í¨Ö ¸ ¤·Ê£¨³ ± ´ ²μ³ (3He,αn) ¶·μÖ¢²Ö¥É¸Ö ¶·¨ Ô´¥·-
£¨¨ ¢ÒÏ¥ ±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥· , μ¤´ ±μ ± ´ ² ¶μ¤Ì¢ É  ´¥°É·μ´  Ö¤·μ³ 3�¥ ¶·μ¤μ²¦ ¥É
¸μÌ· ´ÖÉÓ¸Ö ¸ § ³¥É´Ò³ ¸¥Î¥´¨¥³, ± ±, ´ ¶·¨³¥·, ¨ ¢ ·¥ ±Í¨¨ 59Co + 3�¥ [10, 11].

‚ ¨§³¥·¥´´Ò¥ ¸¥Î¥´¨Ö ·¥ ±Í¨° ¸ μ¡· §μ¢ ´¨¥³ 45Ti ³μ£ÊÉ ¢´μ¸¨ÉÓ ¢±² ¤ ·¥ ±Í¨¨
45Sc (3He, p2n) 45Ti, 45Sc (3He, t) 45Ti,   É ±¦¥ ¸ μ¡· §μ¢ ´¨¥³ 45V Å 45Sc (3He, 3n) 45V,
±μÉμ·Ò° · ¸¶ ¤ ¥É¸Ö ¸ T1/2 = 0,5 ¸ ¢ 45Ti. �¤´ ±μ ¢ ¸²ÊÎ ¥ ·¥ ±Í¨° ´  ²¥£±¨Ì Î ¸É¨Í Ì
¨ ²¥£±¨Ì Ö¤· Ì ³¨Ï¥´¨ ± ´ ²Ò ¸ ¨¸¶Ê¸± ´¨¥³ § ·Ö¦¥´´μ° Î ¸É¨ÍÒ ¨¤ÊÉ ¸ ¸¥Î¥´¨Ö³¨ ¢
´¥¸±μ²Ó±μ · § c ¡	μ²ÓÏ¨³¨, Î¥³ ¸ ¨¸¶ ·¥´¨¥³ ´¥°É·μ´μ¢ [12, 13]. �μÔÉμ³Ê 45Ti ¢ μ¸´μ¢-
´μ³ μ¡· §Ê¥É¸Ö ¢ ·¥ ±Í¨ÖÌ (3He, p2n) ¨ (3He, t), ¶·¨Î¥³ ¶μ §´ Î¥´¨Õ Q ¶·¥¨³ÊÐ¥¸É¢μ
¨³¥¥É § ·Ö¤μ¢μμ¡³¥´´ Ö ·¥ ±Í¨Ö (3He, t).

�  ·¨¸. 3 ¶·¨¢¥¤¥´  ËÊ´±Í¨Ö ¢μ§¡Ê¦¤¥´¨Ö ·¥ ±Í¨¨ 45Sc (3He, t) 45Ti ¨ · ¸Î¥ÉÒ, ¢Ò-
¶μ²´¥´´Ò¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ±μ¤μ¢ PACE-4 ¨ ALICE-MP, μ¸´μ¢ ´´ÒÌ ´  · ¢´μ¢¥¸´μ³

�¨¸. 3. ”Ê´±Í¨Ö ¢μ§¡Ê¦¤¥´¨Ö ·¥ ±Í¨¨ 45Sc (3He, t) 45Ti. Š·¨¢Ò³¨ ¶·¥¤¸É ¢²¥´Ò · ¸Î¥ÉÒ ¸¥Î¥-

´¨° ± ± ËÊ´±Í¨Ö Ô´¥·£¨¨ 3�¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ±μ¤μ¢ PACE-4 (ÏÉ·¨Ìμ¢ Ö ±·¨¢ Ö) ¨ ALICE-MP

(¸¶²μÏ´ Ö)



‘¥Î¥´¨Ö μ¡· §μ¢ ´¨Ö ¨§μÉμ¶μ¢ 43Sc, 44Sc ¨ 46Sc ¢ ·¥ ±Í¨¨ 45Sc+ 3He 677

�¨¸. 4. ”Ê´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö μ¡· §μ¢ ´¨Ö ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨¨ 45Sc (3He, α) 44Sc ¢ μ¸´μ¢´μ³ 2+

(±¢ ¤· ÉÒ) ¨ ¨§μ³¥·´μ³ 6+ (±·Ê¦±¨) ¸μ¸ÉμÖ´¨ÖÌ ¨ ¨§μ³¥·´μ¥ μÉ´μÏ¥´¨¥ σm/σg ¤²Ö 44Sc (É·¥-
Ê£μ²Ó´¨±¨) ± ± ËÊ´±Í¨Ö Ô´¥·£¨¨ 3He

¸É É¨¸É¨Î¥¸±μ³ · ¸¸³μÉ·¥´¨¨ ¸²¨Ö´¨Ö ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì Ö¤¥· ¨ ¤¥¢μ§¡Ê¦¤¥´¨Ö ¸μ¸É ¢-
´μ£μ Ö¤· .

�  ·¨¸. 4 ¶·¥¤¸É ¢²¥´Ò ËÊ´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö ¤²Ö ± ´ ²  ·¥ ±Í¨¨ 45Sc (3He,α) 44Sc ¸
μ¡· §μ¢ ´¨¥³ 44Sc ¢ μ¸´μ¢´μ³ 44gSc (J = 2+) ¨ ¨§μ³¥·´μ³ 44mSc (J = 6+) ¸μ¸ÉμÖ´¨ÖÌ.
�  ÔÉμ³ ¦¥ ·¨¸Ê´±¥ ¢´¨§Ê ¶·¨¢¥¤¥´  § ¢¨¸¨³μ¸ÉÓ ¨§μ³¥·´μ£μ μÉ´μÏ¥´¨Ö 44mSc/44gSc
μÉ Ô´¥·£¨¨ ¡μ³¡ ·¤¨·ÊÕÐ¨Ì Î ¸É¨Í 3�¥. �μ¸É ¨§μ³¥·´μ£μ μÉ´μÏ¥´¨Ö ¢ μ¡² ¸É¨ Ô´¥·£¨°
¶·¨ ¶·¨¡²¨¦¥´¨¨ ± ±Ê²μ´μ¢¸±μ³Ê ¡ ·Ó¥·Ê Ê± §Ò¢ ¥É ´  Éμ, ÎÉμ ¸ ·μ¸Éμ³ Ô´¥·£¨¨ 3�¥
¢Ò¸μ±μ ²¥¦ Ð¥¥ ¸μ¸ÉμÖ´¨¥ § ¸¥²Ö¥É¸Ö ¸ ¡μ²ÓÏ¥° ¢¥·μÖÉ´μ¸ÉÓÕ. �·¨ Ô´¥·£¨¨ ¢ÒÏ¥ ±Ê-
²μ´μ¢¸±μ£μ ¡ ·Ó¥·  ¨§μ³¥·´μ¥ μÉ´μÏ¥´¨¥ ¢Ò¶μ² ¦¨¢ ¥É¸Ö, ÎÉμ Ê± §Ò¢ ¥É ´  Éμ, ÎÉμ
¶·μÍ¥¸¸ ¶¥·¥¤ Î¨ ´¥°É·μ´  Ö¤·Ê 3�¥ ¸ Ö¤·  ³¨Ï¥´¨ ¸¢Ö§ ´ ¸ ³ ²μ° Ô´¥·£¨¥° ¢μ§¡Ê¦¤¥-
´¨Ö μ¸É ÉμÎ´μ£μ Ö¤·  ³¨Ï¥´¨. •μÉÖ ËÊ´±Í¨Ö ¢μ§¡Ê¦¤¥´¨Ö ·¥ ±Í¨¨ (3�¥,α) ¢ μ¡² ¸É¨
Ô´¥·£¨° 3�¥ μÉ 12 ¤μ 20 ŒÔ‚ ¨³¥¥É ´¥±¨° ¨§£¨¡, ±μ£¤ , ¢¥·μÖÉ´μ, ³¥´Ö¥É¸Ö ³¥Ì ´¨§³
¢§ ¨³μ¤¥°¸É¢¨Ö Ö¤¥· ¨ ¶μÖ¢²Ö¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ ¢Ò¡¨¢ ´¨Ö ´¥°É·μ´  ¨§ Ö¤·  ³¨Ï¥´¨,
¢¸¥ · ¢´μ, ·¥ ±Í¨Ö ¨¤¥É ¸ ³ ²μ° ¶¥·¥¤ Î¥° Ô´¥·£¨¨ ÔÉμ³Ê Ö¤·Ê, ¶·¨¢μ¤Ö ± ¢μ§¡Ê¦¤¥´¨Õ
μ¤´μÎ ¸É¨Î´ÒÌ ¸μ¸ÉμÖ´¨° ¢ Ö¤·¥ ³¨Ï¥´¨. �´ ²μ£¨Î´ Ö ± ·É¨´  ´ ¡²Õ¤ ² ¸Ó ´ ³¨ ¶·¨
¡μ³¡ ·¤¨·μ¢±¥ 197Au ¨μ´ ³¨ 6�¥ ¸ μ¡· §μ¢ ´¨¥³ 196Au ¢ μ¸´μ¢´μ³ ¨ ¨§μ³¥·´μ³ ¸μ¸Éμ-
Ö´¨ÖÌ (J = 12− ¨ 2− ¸μμÉ¢¥É¸É¢¥´´μ), £¤¥ ¨§μ³¥·´μ¥ μÉ´μÏ¥´¨¥ É ±¦¥ ¶· ±É¨Î¥¸±¨ ´¥
³¥´Ö²μ¸Ó ¸ ·μ¸Éμ³ Ô´¥·£¨¨ 6�¥ [14].

‡�Š‹
—…�ˆ…

�´ ²¨§¨·ÊÖ ¶μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ, ³μ¦´μ ¸¤¥² ÉÓ ¸²¥¤ÊÕÐ¨¥ ¢Ò¢μ¤Ò:
Å ¢μ ¢§ ¨³μ¤¥°¸É¢¨¨ ¸² ¡μ¸¢Ö§ ´´ÒÌ Ö¤¥· Î¥É±μ ¶·μÖ¢²ÖÕÉ¸Ö ± ´ ²Ò ·¥ ±Í¨°, ¨³¥-

ÕÐ¨Ì ¶μ²μ¦¨É¥²Ó´μ¥ §´ Î¥´¨¥ Q ·¥ ±Í¨¨;
Å ¢ Î ¸É´μ¸É¨, ¶·¨ ¶μ²μ¦¨É¥²Ó´μ³ §´ Î¥´¨¨ Q ·¥ ±Í¨¨ ¸ ¡μ²ÓÏμ° ¢¥·μÖÉ´μ¸ÉÓÕ

´ ¡²Õ¤ ¥É¸Ö ¶¥·¥¤ Î  ´¥°É·μ´μ¢ ± ± Ö¤·Ê-³¨Ï¥´¨, É ± ¨ Ö¤·Ê-¸´ ·Ö¤Ê;
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Å ¸¥Î¥´¨¥ ·¥ ±Í¨¨ ¶¥·¥¤ Î¨ ´¥°É·μ´  ¨²¨ ±² ¸É¥·  ¤μ¸É¨£ ¥É ¸¢μ¥£μ μÉ´μ¸¨É¥²Ó-
´μ£μ ³ ±¸¨³ ²Ó´μ£μ §´ Î¥´¨Ö ´  ±Ê²μ´μ¢¸±μ³ ¡ ·Ó¥·¥ ¢ ¸²ÊÎ ¥ μ¡· §μ¢ ´¨Ö μ¤´μ£μ ¨§
¶·μ¤Ê±Éμ¢ ·¥ ±Í¨¨ ¶²μÉ´μ Ê¶ ±μ¢ ´´μ£μ Ö¤·  ¨²¨ ±² ¸É¥· , ¢ ¤ ´´μ³ ¸²ÊÎ ¥ α-Î ¸É¨ÍÒ.

�¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ ¸²Ê¦¡ ³ Í¨±²μÉ·μ´  “-120Œ §  μ¡¥¸¶¥Î¥´¨¥ · ¡μÉ
´  ¶ÊÎ±¥ 3He.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ �””ˆ (10-02-00271),   É ±¦¥ £· ´Éμ³
¶μ²´μ³μÎ´μ£μ ¶·¥¤¸É ¢¨É¥²Ö ¶· ¢¨É¥²Ó¸É¢  —¥Ì¨¨ ¢ �ˆŸˆ.
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