
„¥ÖÉ¥²Ó´µ¸ÉÓ �É¤¥²¥´¨Ö ·�¤¨�Í¨µ´´ÒÌ ¨ ·�¤¨µ-

¡¨µ²µ£¨Î¥¸±¨Ì ¨¸¸²¥¤µ¢�´¨° ¢ 2002 £. µ¸ÊÐ¥¸É¢²Ö-

²�¸Ó ¢ É·¥Ì £²�¢´ÒÌ ´�¶·�¢²¥´¨ÖÌ: ¢ µ¡²�¸É¨ ·�¤¨µ-

¡¨µ²µ£¨¨ ¨ ·�¤¨�Í¨µ´´µ° £¥´¥É¨±¨; ·�¤¨�Í¨µ´´ÒÌ

¨¸¸²¥¤µ¢�´¨° ¨ ·�¤¨�Í¨µ´´µ£µ ±µ´É·µ²Ö ´� Ö¤¥·´µ-

Ë¨§¨Î¥¸±¨Ì Ê¸É�´µ¢±�Ì ¨´¸É¨ÉÊÉ� ¨ ¢ µ±·Ê¦�ÕÐ¥°

¸·¥¤¥. „¢� ¶¥·¢ÒÌ ´�¶·�¢²¥´¨Ö ·�§¢¨¢�²¨¸Ó ¢ ¸µµÉ-

¢¥É¸É¢¨¨ ¸ É¥³µ° ¶¥·¢µ£µ ¶·¨µ·¨É¥É� �·µ¡²¥³´µ-

É¥³�É¨Î¥¸±µ£µ ¶²�´� ´�ÊÎ´µ-¨¸¸²¥¤µ¢�É¥²Ó¸±¨Ì ·�-

¡µÉ ¨ ³¥¦¤Ê´�·µ¤´µ£µ ¸µÉ·Ê¤´¨Î¥¸É¢� �ˆŸˆ. �µ-

³¨³µ ÔÉµ£µ, ¢ ·�³±�Ì É¥³Ò ·¥�²¨§Ê¥É¸Ö ¶·µ¥±É

Œˆ’÷� ¶µ ¸µ§¤�´¨Õ ´µ¢ÒÌ ¢Ò¸µ±µÔËË¥±É¨¢´ÒÌ

¶·¥¶�·�Éµ¢ ¤²Ö ³¨Ï¥´´µ° ·�¤¨µÉ¥·�¶¨¨ ³¥²�´µ³Ò

Î¥²µ¢¥±�.
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‡�¢¥·Ï¥´� ¶·µ¢¥·±� ³¥Éµ¤µ¢ ·�¸Î¥Éµ¢ ¨´É¥-

£·�²Ó´ÒÌ ¨ ¤¨ËË¥·¥´Í¨�²Ó´ÒÌ Ì�·�±É¥·¨¸É¨± ¶µ-

²¥° �¤·µ´µ¢ ¢µ±·Ê£ ¸¥·¤¥Î´¨±� ¶µ¤±·¨É¨Î¥¸±µ°

¸¡µ·±¨, Ê¶·�¢²Ö¥³µ° ¶ÊÎ±µ³ ¶·µÉµ´µ¢ Ë�§µÉ·µ´�

‹Ÿ� (¢ ·�³±�Ì ¶·µ¥±É� SAD) [1]. ��Î�ÉÒ ¶·¥¤¢�·¨-

É¥²Ó´Ò¥ ·�¡µÉÒ ¶µ ¶·µ£´µ§¨·µ¢�´¨Õ ·�¤¨�Í¨µ´´µ°

µ¡¸É�´µ¢±¨ ´� ¶·µ¥±É¨·Ê¥³µ° Ê¸É�´µ¢±¥.

�·µ¤µ²¦¥´Ò ¨¸¸²¥¤µ¢�´¨Ö ¢ÒÌµ¤µ¢ ´¥°É·µ´µ¢ ¨§

¶·µÉÖ¦¥´´ÒÌ ³¨Ï¥´¥° (Z > 82) ¶·¨ µ¡²ÊÎ¥´¨¨ ¶·µ-

Éµ´´Ò³¨ ¶ÊÎ±�³¨ ¸ Ô´¥·£¨¥° ∼ 1 ƒÔ‚ ´� ´Ê±²µ-

É·µ´¥ [2].

„�´� µÍ¥´±� ÔËË¥±É¨¢´µ¸É¨ ²µ±�²Ó´ÒÌ §�Ð¨É

¸±·¥¶¥·µ¢ 1-° ¨ 2-° ¸¥±Í¨° ‹“�-200 Ê¸É�´µ¢±¨

ˆ÷…�. ‘ ÉµÎ±¨ §·¥´¨Ö ·�¤¨�Í¨µ´´µ° µ¶�¸´µ¸É¨ µÍ¥-

´¥´Ò ±µ´¸É·Ê±Í¨µ´´Ò¥ ¶�·�³¥É·Ò Ê¸É·µ°¸É¢ ¤²Ö ¨§-

³¥·¥´¨Ö ¨µ´´µ£µ Éµ±� ¢ ±�´�²�Ì Í¨±²µÉ·µ´� DC-72,

¸µ§¤�¢�¥³µ£µ ¤²Ö –¨±²µÉ·µ´´µ£µ Í¥´É·� (‘²µ¢�±¨Ö).

‚Ò¶µ²´¥´´µ¥ ¸²¨Î¥´¨¥ ·¥§Ê²ÓÉ�Éµ¢ ·�¸Î¥É� ÔËË¥±-

É¨¢´µ° ¤µ§Ò ´¥°É·µ´µ¢ §� §�Ð¨Éµ° ³¥Éµ¤µ³ ¸É�É¨-

¸É¨Î¥¸±¨Ì ¨¸¶ÒÉ�´¨° ¨ ¸ ¶µ³µÐÓÕ Ë¥´µ³¥´µ²µ£¨-

Î¥¸±µ° ³µ¤¥²¨ ¶µ¤É¢¥·¤¨²µ ¶·¨¥³²¥³ÊÕ ÉµÎ´µ¸ÉÓ

¨´¦¥´¥·´ÒÌ µÍ¥´µ± ¤²Ö Éµ²Ð¨´Ò §�Ð¨ÉÒ ¤µ 3 ³.

‚ ·�³±�Ì ¶·µ¢µ¤¨³ÒÌ ¸µ¢³¥¸É´µ ¸ ‹�” ¨ ˆ´-

¸É¨ÉÊÉµ³ ±µ¸³¨Î¥¸±¨Ì ¨¸¸²¥¤µ¢�´¨° (Œµ¸±¢�) ·�¡µÉ,

¸¢Ö§�´´ÒÌ ¸ ·µ¸¸¨°¸±µ° Î�¸ÉÓÕ ¶·µ£·�³³Ò ¨§ÊÎ¥-

´¨Ö ¶µ¢¥·Ì´µ¸É¨ Œ�·¸�, ¢Ò¶µ²´¥´Ò ·�¸Î¥ÉÒ ÎÊ¢-

¸É¢¨É¥²Ó´µ¸É¨ ¤¥É¥±Éµ·µ¢ ¨¸¸²¥¤µ¢�É¥²Ó¸±µ£µ ±µ³-

¶²¥±¸� HEND ¢ ¸¡µ·±¥, ¸¶¥±É·�²Ó´ÒÌ ·�¸¶·¥¤¥²¥´¨°

�²Ó¡¥¤´ÒÌ ´¥°É·µ´µ¢ ´� ³�·¸¨�´¸±µ° ¶µ¢¥·Ì´µ¸É¨

µÉ ¶·µÉµ´µ¢ ƒŠˆ ¨ µÉ ¨¸ÉµÎ´¨±� ´¥°É·µ´µ¢ 252Cf

¶·¨ ·�§²¨Î´µ³ ¸µ¤¥·¦�´¨¨ ¢µ¤Ò ¢ £·Ê´É¥.

÷�¸¸Î¨É�´Ò ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ¨ ¢·¥³¥´� ¦¨§´¨

´¥°É·µ´µ¢ ¢ ¤�ÉÎ¨±�Ì ´� µ¸´µ¢¥ 3He-¤¥É¥±Éµ·µ¢ ¢ §�-

³¥¤²¨É¥²ÖÌ ¤²Ö Ô±¸¶¥·¨³¥´Éµ¢ ´� ³µÐ´ÒÌ ¨³¶Ê²Ó¸-

´ÒÌ Ê¸±µ·¨É¥²ÖÌ [3]. ‘¶¥Í¨�²¨¸ÉÒ �÷÷ˆ ¶·¨´¨³�²¨

ÊÎ�¸É¨¥ ¢ µ¡·�¡µÉ±¥ ¤�´´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢ ¶µ ¨§³¥-

·¥´¨Õ Ô´¥·£¥É¨Î¥¸±µ£µ ·�¸¶·¥¤¥²¥´¨Ö ¤¥°É·µ´µ¢ ¢

·¥�±Í¨¨ d + d →
3He + n ¢ µ¡²�¸É¨ Ê²ÓÉ·�´¨§±¨Ì

Ô´¥·£¨° ¸Éµ²±´µ¢¥´¨Ö ¤¥°É·µ´µ¢ [4].

‚Ò¶µ²´¥´Ò ·�¸Î¥ÉÒ ¶�·�³¥É·µ¢ Ê¸É�´µ¢±¨ ¤²Ö

µ¡´�·Ê¦¥´¨Ö ¸²µ¦´ÒÌ Ì¨³¨Î¥¸±¨Ì ¢¥Ð¥¸É¢ Ö¤¥·´µ-

Ë¨§¨Î¥¸±¨³¨ ³¥Éµ¤�³¨.

�¡·�¡µÉ�´Ò ·¥§Ê²ÓÉ�ÉÒ ¸²¨Î¥´¨Ö ¶�¸¸¨¢´ÒÌ ¤¥-

É¥±Éµ·µ¢, ¨¸¶µ²Ó§Ê¥³ÒÌ ¢ ±µ¸³¨Î¥¸±µ° ¤µ§¨³¥É·¨¨,

¶·µ¢¥¤¥´´µ£µ ´� ¶ÊÎ±�Ì Ö¤¥· 4He, 12C, 28Si ¨ 56Fe

¸ Ô´¥·£¨Ö³¨ 150, 400, 490 ¨ 500 ŒÔ‚ ¸µµÉ¢¥É-

¸É¢¥´´µ (ICCHIBAN, Ÿ¶µ´¨Ö). �·µ¤µ²¦¥´Ò ¨¸¸²¥-

¤µ¢�´¨Ö ËÊ´±Í¨° ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ É·¥±µ¢ÒÌ ¤¥É¥±-

Éµ·µ¢ PADC ¨ PETF ´� ¶ÊÎ±�Ì Ê¸±µ·¨É¥²¥° �ˆŸˆ.

�·µ¢¥¤¥´Ò ¤¢� ¸¥�´¸� ·�¤¨µ¡¨µ²µ£¨Î¥¸±¨Ì µ¡²Ê-

Î¥´¨° ´� ¶ÊÎ±�Ì ´Ê±²µÉ·µ´�: ¶·µÉµ´µ¢ ¸ Ô´¥·£¨¥°

1 ƒÔ‚ ¨ Ö¤¥· 24Mg ¸ Ô´¥·£¨¥° 0,5 ƒÔ‚/´Ê±²µ´.
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�·µ¤µ²¦¥´Ò ¨¸¸²¥¤µ¢�´¨Ö ÔËË¥±Éµ¢ ³�²ÒÌ ¤µ§

µ¡²ÊÎ¥´¨Ö ±²¥Éµ± ³²¥±µ¶¨É�ÕÐ¨Ì ¨µ´�³¨ 12‘ ¨

γ-²ÊÎ�³¨. “¸É�´µ¢²¥´¨¥ Ëµ·³Ò ±·¨¢µ° ¤µ§�ÄÔËË¥±É

¶·¨ ¤¥°¸É¢¨¨ ³�²ÒÌ ¤µ§ Î·¥§¢ÒÎ�°´µ ¢�¦´µ ¤²Ö ¶·µ-

£´µ§¨·µ¢�´¨Ö £¥´¥É¨Î¥¸±µ£µ ¨ ±�´Í¥·µ£¥´´µ£µ ·¨¸±�

µ¡²ÊÎ¥´¨Ö. �¡ÒÎ´µ µ´µ µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶ÊÉ¥³ ²¨-

´¥°´µ° Ô±¸É·�¶µ²ÖÍ¨¨ ÔËË¥±Éµ¢ ¢Ò¸µ±¨Ì ¤µ§ ´�

µ¡²�¸ÉÓ ´¨§±¨Ì ¤µ§. ‚ ¶µ¸²¥¤´¨¥ £µ¤Ò ¢ÒÖ¢²ÖÕÉ¸Ö

Ì�·�±É¥·´Ò¥ µ¸µ¡¥´´µ¸É¨ ¨Ì ¤¥°¸É¢¨Ö. ‚ Ô±¸¶¥·¨-

³¥´É�Ì ¶·¨ ¨§ÊÎ¥´¨¨ ¨´¤Ê±Í¨¨ Ì·µ³µ¸µ³´ÒÌ ¶µ¢·¥-

¦¤¥´¨° ¶µ±�§�´� ¸²µ¦´�Ö ´¥²¨´¥°´�Ö §�¢¨¸¨³µ¸ÉÓ

ÔËË¥±É� µÉ ¤µ§Ò, ¸¢¨¤¥É¥²Ó¸É¢ÊÕÐ�Ö µ ´¥¶·�¢µ³¥·-

´µ¸É¨ ²¨´¥°´µ° Ô±¸É·�¶µ²ÖÍ¨¨ ÔËË¥±Éµ¢ ¢Ò¸µ±¨Ì

¤µ§ ´� µ¡²�¸ÉÓ ³�²ÒÌ ¤µ§ [5, 6]. �µ±�§�´µ, ÎÉµ

µ¡²ÊÎ¥´¨¥ ¨µ´�³¨ 12‘ ¢ ¤µ§�Ì 1,3Ä40 ¸ƒ· ¢Ò§Ò-

¢�¥É ¸´¨¦¥´¨¥ Î¨¸²� ±²¥Éµ± ¸ Ì·µ³µ¸µ³´Ò³¨ ¶µ-

¢·¥¦¤¥´¨Ö³¨ ¶µ ¸·�¢´¥´¨Õ ¸ ±µ´É·µ²Ó´Ò³ Ê·µ¢´¥³

¢¸²¥¤¸É¢¨¥ ·¥¶�·�Í¨¨ §´�Î¨É¥²Ó´µ° Î�¸É¨ ¸¶µ´É�´-

´ÒÌ ¶µ¢·¥¦¤¥´¨° Ì·µ³µ¸µ³, ¢ Éµ ¢·¥³Ö ±�± ¶·¨

γ-µ¡²ÊÎ¥´¨¨ ±µ²¨Î¥¸É¢µ ±²¥Éµ± ¸ Ì·µ³µ¸µ³´Ò³¨

�¡¥··�Í¨Ö³¨ ´¥²¨´¥°´µ Ê¢¥²¨Î¨¢�¥É¸Ö ¸ ¶µ¢ÒÏ¥-

´¨¥³ ¤µ§Ò µ¡²ÊÎ¥´¨Ö. �Éµ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ Éµ³,

ÎÉµ ¶·µÍ¥¸¸Ò ¨´¤ÊÍ¨¡¥²Ó´µ° ·¥¶�·�Í¨¨ ¶·¨ µ¡²Ê-

Î¥´¨¨ ¨µ´�³¨ 12‘ ¢±²ÕÎ�ÕÉ¸Ö ¶·¨ ³¥´ÓÏ¨Ì ¤µ§�Ì

¨ ¢µ¸¸É�´�¢²¨¢�ÕÉ Ì·µ³µ¸µ³´Ò¥ ¶µ¢·¥¦¤¥´¨Ö ¡µ²¥¥

ÔËË¥±É¨¢´µ, Î¥³ ¶·¨ ¤¥°¸É¢¨¨ γ-²ÊÎ¥°.

ˆ¸¸²¥¤µ¢�´� ¨´¤Ê±Í¨Ö Ì·µ³µ¸µ³´ÒÌ �¡¥··�Í¨°

³�²Ò³¨ ¤µ§�³¨ γ-¨§²ÊÎ¥´¨Ö 60‘µ ¢ ²¨³ËµÍ¨É�Ì ¶¥-

·¨Ë¥·¨Î¥¸±µ° ±·µ¢¨ Î¥²µ¢¥±� ¸ ¨¸¶µ²Ó§µ¢�´¨¥³ ·�§-

²¨Î´ÒÌ Í¨Éµ£¥´¥É¨Î¥¸±¨Ì ³¥Éµ¤µ¢. ˆ§µ²¨·µ¢�´´Ò¥

²¨³ËµÍ¨ÉÒ µ¡²ÊÎ�²¨ ¢ ¤µ§�Ì 0,01Ä1,0 ƒ·, ¸É¨³Ê²¨-

·µ¢�²¨ Ë¨Éµ£¥³�££²ÕÉ¨´¨´µ³ ¨ �´�²¨§¨·µ¢�²¨ Ì·µ-

³µ¸µ³´Ò¥ ´�·ÊÏ¥´¨Ö Î¥·¥§ 48 Î ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö

³¥É�Ë�§´Ò³ ³¥Éµ¤µ³, Î¥·¥§ 49 Î Å �´�Ë�§´Ò³ ³¥-

Éµ¤µ³, Î¥·¥§ 58 Î Å ¨¸¶µ²Ó§ÊÖ ³¨±·µÖ¤¥·´Ò° É¥¸É

¸ Í¨ÉµÌ�²�§¨´µ³ �, ±·µ³¥ Éµ£µ, ³¨±·µÖ¤·� �´�²¨-

§¨·µ¢�²¨ Î¥·¥§ 48 Î ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö ´� ¶·¥¶�·�-

É�Ì ³¥É�Ë�§´µ£µ ³¥Éµ¤� ¡¥§ Í¨ÉµÌ�²�§¨´� �. �¥-

¸³µÉ·Ö ´� ±µ²¨Î¥¸É¢¥´´Ò¥ ·�§²¨Î¨Ö Î�¸ÉµÉÒ Ì·µ³µ-

¸µ³´ÒÌ ´�·ÊÏ¥´¨°, ¢ÒÖ¢²Ö¥³µ° ·�§´Ò³¨ ³¥Éµ¤�³¨,

¢¸¥ µ´¨ µÉ·�¦�ÕÉ ¸²µ¦´Ò° ´¥²¨´¥°´Ò° Ì�·�±É¥·

¤µ§µ¢µ° §�¢¨¸¨³µ¸É¨ Î�¸ÉµÉÒ �¡¥··�´É´ÒÌ ±²¥Éµ±

¨ Ì·µ³µ¸µ³´ÒÌ �¡¥··�Í¨°. �·¨ ¤µ§�Ì 0,01Ä0,05 ƒ·

±²¥É±¨ ¶·µÖ¢²ÖÕÉ ³�±¸¨³�²Ó´ÊÕ ·�¤¨µÎÊ¢¸É¢¨É¥²Ó-

´µ¸ÉÓ. ‚ ¤¨�¶�§µ´¥ 0,05Ä0,5 ƒ· ¨³¥¥É ³¥¸Éµ ¤µ§µ-

´¥§�¢¨¸¨³Ò° ÊÎ�¸Éµ±. �·¨ ¤µ§�Ì 0,5Ä1,0 ƒ· §�¢¨¸¨-

³µ¸ÉÓ ¤µ§�ÄÔËË¥±É ¶·¨µ¡·¥É�¥É ²¨´¥°´Ò° Ì�·�±É¥·,

¶·¨ ÔÉµ³ ±²¥É±¨ ¶·µÖ¢²ÖÕÉ ¶µ¢ÒÏ¥´´ÊÕ ·�¤¨µ·¥§¨-

¸É¥´É´µ¸ÉÓ Å ´�±²µ´ ±·¨¢µ° Ê³¥´ÓÏ�¥É¸Ö ¶µ ¸·�¢-

´¥´¨Õ ¸ ¶¥·¢µ´�Î�²Ó´Ò³ ¢ ´¥¸±µ²Ó±µ ·�§ (5Ä10 ¶µ

·�§²¨Î´Ò³ ±·¨É¥·¨Ö³).

�µ²ÊÎ¥´´Ò¥ ¤�´´Ò¥ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ ´¥¶·�¢µ-

³µÎ´µ¸É¨ µÍ¥´±¨ ·¨¸±� ³�²ÒÌ ¤µ§ µ¡²ÊÎ¥´¨Ö ¶ÊÉ¥³

²¨´¥°´µ° Ô±¸É·�¶µ²ÖÍ¨¨ ÔËË¥±Éµ¢ ¢Ò¸µ±¨Ì ¤µ§, ±�±

µ¡ÒÎ´µ ¤¥²�¥É¸Ö, É�± ±�± ÔÉµ ¶·¨¢µ¤¨É ± ´¥¤µµÍ¥´±¥

ÔËË¥±É¨¢´µ¸É¨ ³�²ÒÌ ¤µ§ ¨ ´¥¢µ§³µ¦´µ¸É¨ ¡¨µ¤µ-

§¨³¥É·¨¨ ¶·¨ ¤µ§�Ì ´¨¦¥ 0,5 ƒ·.

‚ GSI („�·³ÏÉ�¤É, ƒ¥·³�´¨Ö) ¢ ¸µÉ·Ê¤´¨Î¥-

¸É¢¥ ¸ µÉ¤¥²µ³ ¡¨µË¨§¨±¨ ÔÉµ£µ ¨´¸É¨ÉÊÉ� ¶·µ-

¢¥¤¥´Ò ¨¸¸²¥¤µ¢�´¨Ö Ì·µ³µ¸µ³´ÒÌ ´�·ÊÏ¥´¨° ¨

¶·µ²¨Ë¥·�É¨¢´µ° �±É¨¢´µ¸É¨ ¢ ´µ·³�²Ó´ÒÌ Ë¨-

¡·µ¡²�¸É�Ì ±µ¦¨ Î¥²µ¢¥±� ²¨´¨¨ AG 01522B. ‚ ´�-

¸ÉµÖÐ¥¥ ¢·¥³Ö Ë¨¡·µ¡²�¸ÉÒ Î¥²µ¢¥±� Ï¨·µ±µ ¨¸-

¶µ²Ó§ÊÕÉ¸Ö ¤²Ö µÍ¥´±¨ ·�¤¨�Í¨µ´´µ£µ ·¨¸±� ¶µ Í¨-

Éµ£¥´¥É¨Î¥¸±¨³ ¶µ±�§�É¥²Ö³. ŠÊ²ÓÉ¨¢¨·Ê¥³Ò¥ Ë¨-

¡·µ¡²�¸ÉÒ Î¥²µ¢¥±� Ì�·�±É¥·¨§ÊÕÉ¸Ö µ£·�´¨Î¥´´Ò³

Î¨¸²µ³ ¤¥²¥´¨°, §�É¥³ µ´¨ ¤¨ËË¥·¥´Í¨·ÊÕÉ¸Ö, É¥-

·ÖÖ ¶·¨ ÔÉµ³ ¶·µ²¨Ë¥·�É¨¢´ÊÕ �±É¨¢´µ¸ÉÓ, ¸É�-

·¥ÕÉ ¨ £¨¡´ÊÉ. �µ±�§�´µ, ÎÉµ ÔÉµÉ ¶·µÍ¥¸¸ ¥¸É¥-

¸É¢¥´´µ£µ ¸É�·¥´¨Ö Ê¸±µ·Ö¥É¸Ö µ¡²ÊÎ¥´¨¥³ ¤µ§µ- ¨

‹��-§�¢¨¸¨³Ò³ µ¡·�§µ³. �¥·¢Ò³ Ï�£µ³ ÔÉµ£µ ¶·µ-

Í¥¸¸� Ö¢²Ö¥É¸Ö ¤µ§µ§�¢¨¸¨³Ò° ·53-µ¶µ¸·¥¤µ¢�´´Ò°

�·¥¸É ¶·µ¤¢¨¦¥´¨Ö £¥´¥É¨Î¥¸±¨ ¶µ¢·¥¦¤¥´´ÒÌ ±²¥-

Éµ± ¶µ Í¨±²Ê, ±µÉµ·Ò° µÍ¥´¨¢�¥É¸Ö ±�± ³¥Ì�´¨§³ ¸µ-

Ì·�´¥´¨Ö £¥´¥É¨Î¥¸±µ° Í¥²µ¸É´µ¸É¨ µ·£�´¨§³�. „²Ö

¨§ÊÎ¥´¨Ö ±²¥ÉµÎ´µ£µ µÉ¢¥É� ´µ·³�²Ó´ÒÌ Ë¨¡·µ¡²�-

¸Éµ¢ Î¥²µ¢¥±� ´� ¨§²ÊÎ¥´¨Ö ¸ ·�§´Ò³¨ ‹�� ±µ´-

Ë²ÕÔ´É´Ò¥ ±Ê²ÓÉÊ·Ò AG 01522B µ¡²ÊÎ�²¨ Ê¸±µ·¥´-

´Ò³¨ ¨µ´�³¨ Ê£²¥·µ¤� (‹�� 16 ¨ 155 ±Ô‚/³±³),

´¨±¥²Ö (‹�� 2455 ±Ô‚/³±³) ¨ ·¥´É£¥´µ¢¸±¨³ ¨§²Ê-

Î¥´¨¥³. •·µ³µ¸µ³´Ò¥ ´�·ÊÏ¥´¨Ö ¨ ¶·µ£·¥¸¸¨Õ ±²¥-

Éµ± ¶µ Í¨±²Ê �´�²¨§¨·µ¢�²¨ Î¥·¥§ ±�¦¤Ò¥ 4 Î ¢ ¨´-

É¥·¢�²¥ µÉ 20 ¤µ 70 Î ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö ¨ ·�¸¸¥¢�

´� ¸¢¥¦ÊÕ ¸·¥¤Ê, É�± ÎÉµ ¶·�±É¨Î¥¸±¨ ¢¸¥ ¤¥²ÖÐ¨-

¥¸Ö ±²¥É±¨ ¡Ò²¨ §�·¥£¨¸É·¨·µ¢�´Ò. ˆ¸¶µ²Ó§µ¢�²¨

¤¨ËË¥·¥´Í¨�²Ó´ÊÕ µ±·�¸±Ê ¸¥¸É·¨´¸±¨Ì Ì·µ³�É¨¤

(Fluorescence-plus-Giemsa technique) ¤²Ö ·�§²¨Î¥´¨Ö

³¥É�Ë�§ ¶¥·¢µ£µ ¨ ¶µ¸²¥¤ÊÕÐ¨Ì ¶µ¸É·�¤¨�Í¨µ´´ÒÌ

±²¥ÉµÎ´ÒÌ Í¨±²µ¢. �µ¸²¥ ·¥´É£¥´µ¢¸±µ£µ µ¡²ÊÎ¥´¨Ö

¨ µ¡²ÊÎ¥´¨Ö ¨µ´�³¨ Ê£²¥·µ¤� (‹�� 16 ±Ô‚/³±³) ´�-

¡²Õ¤�²¨ ´¥¡µ²ÓÏµ¥ Ê¢¥²¨Î¥´¨¥ Î¨¸²� �¡¥··�Í¨° ¨

�¡¥··�´É´ÒÌ ±²¥Éµ± ¢ §�¢¨¸¨³µ¸É¨ µÉ ¸·µ±µ¢ Ë¨±-

¸�Í¨¨, Éµ£¤� ±�± ¡µ²¥¥ §´�Î¨É¥²Ó´Ò° ·µ¸É ÔÉ¨Ì ¶µ-

±�§�É¥²¥° µ¡´�·Ê¦¨¢�²¸Ö ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö Ê¸±µ·¥´-

´Ò³¨ ¨µ´�³¨ ¸ ¢Ò¸µ±¨³¨ ‹�� (¨µ´Ò Ê£²¥·µ¤� Å

155 ±Ô‚/³±³ ¨ ¨µ´Ò ´¨±¥²Ö Å 2455 ±Ô‚/³±³), ÎÉµ

µÉ·�¦�¥É ¢·¥³¥´´ÊÕ §�¤¥·¦±Ê ¤¥²¥´¨Ö ´�¨¡µ²¥¥ ÉÖ-

¦¥²µ ¶µ¢·¥¦¤¥´´ÒÌ ±²¥Éµ±.

‚¸¥ ¨¸¶µ²Ó§µ¢�´´Ò¥ ¢¨¤Ò µ¡²ÊÎ¥´¨Ö ¢Ò§Ò¢�²¨

Ö·±µ ¢Ò·�¦¥´´µ¥ ¤µ§µ§�¢¨¸¨³µ¥ ¸´¨¦¥´¨¥ ³¨Éµ-

É¨Î¥¸±µ° �±É¨¢´µ¸É¨, ÎÉµ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ §´�-

Î¨É¥²Ó´µ³, ¢¥·µÖÉ´µ, ¶µ¸ÉµÖ´´µ³ G1-�·¥¸É¥ µ¡²Ê-

Î¥´´ÒÌ Ë¨¡·µ¡²�¸Éµ¢ Î¥²µ¢¥±�. ˆ¸¶µ²Ó§µ¢�´¨¥ ·�§-

·�¡µÉ�´´µ£µ ¢ µÉ¤¥²¥ ¡¨µË¨§¨±¨ GSI ³�É¥³�É¨-

Î¥¸±µ£µ ¶µ¤Ìµ¤�, µ¸´µ¢�´´µ£µ ´� ¨´É¥£·¨·µ¢�´¨¨

Ì·µ³µ¸µ³´ÒÌ ¶µ¢·¥¦¤¥´¨°, §�·¥£¨¸É·¨·µ¢�´´ÒÌ §�

¢·¥³Ö ¢¸¥£µ Ô±¸¶¥·¨³¥´É�, ¶µ§¢µ²¨²µ µ¶·¥¤¥²¨ÉÓ

Ë·�±Í¨Õ ±²¥Éµ±, ¤µ¸É¨£Ï¨Ì ¶¥·¢µ£µ ¶µ¸É·�¤¨�Í¨-
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µ´´µ£µ ³¨Éµ§� §� 70 Î ´�¡²Õ¤¥´¨°: µ´� ¸µ¸É�¢¨²�

³¥´ÓÏ¥ 10 % µ¡²ÊÎ¥´´µ° ¶µ¶Ê²ÖÍ¨¨ Ë¨¡·µ¡²�¸Éµ¢

¤�¦¥ ¶µ¸²¥ ´¨§±¨Ì ¤µ§ ·¥¤±µ¨µ´¨§¨·ÊÕÐ¥£µ ¨§²Ê-

Î¥´¨Ö. ‘ ¶µ¢ÒÏ¥´¨¥³ ‹�� ÔÉµÉ ÔËË¥±É µ±�-

§�²¸Ö ¥Ð¥ ¡µ²¥¥ §´�Î¨É¥²Ó´Ò³. ’�±¨³ µ¡·�§µ³,

³Ò ¶µ±�§�²¨, ÎÉµ ¢µ ¢¸¥Ì Ô±¸¶¥·¨³¥´É�Ì ¸ ¨¸-

¶µ²Ó§µ¢�´¨¥³ Ë¨¡·µ¡²�¸Éµ¢ Î¥²µ¢¥±� Éµ²Ó±µ ³�-

²�Ö Î�¸ÉÓ µ¡²ÊÎ¥´´ÒÌ ±²¥Éµ± ³µ¦¥É ¡ÒÉÓ ¶·µ-

�´�²¨§¨·µ¢�´� ´� ´�²¨Î¨¥ Ì·µ³µ¸µ³´ÒÌ ¶µ¢·¥¦¤¥-

´¨° ¸ ¨¸¶µ²Ó§µ¢�´¨¥³ É·�¤¨Í¨µ´´ÒÌ Í¨Éµ£¥´¥É¨Î¥-

¸±¨Ì ¶µ¤Ìµ¤µ¢, ¢ µÉ²¨Î¨¥ µÉ ¶¥·¥¢¨¢�¥³ÒÌ ±²¥ÉµÎ-

´ÒÌ ²¨´¨°. …¸²¨ ¢ ÔÉµ³ ¸²ÊÎ�¥ ¶·¥¤¶µ²µ¦¨ÉÓ, ÎÉµ

´�¨¡µ²¥¥ ¶µ¢·¥¦¤¥´´Ò¥ ±²¥É±¨ ¶·¥¨³ÊÐ¥¸É¢¥´´µ

¶µ¤¢¥·£�ÕÉ¸Ö �·¥¸ÉÊ ±²¥ÉµÎ´µ£µ Í¨±²�, Éµ ¢¸É�¥É

¢µ¶·µ¸ µ ·¥¶·¥§¥´É�É¨¢´µ¸É¨ §�·¥£¨¸É·¨·µ¢�´´ÒÌ

¢¥²¨Î¨´ Ì·µ³µ¸µ³´ÒÌ ´�·ÊÏ¥´¨° ¢ µÉ´µÏ¥´¨¨ ¨¸-

Ìµ¤´µ° ¶µ¶Ê²ÖÍ¨¨ µ¡²ÊÎ¥´´ÒÌ ±²¥Éµ± ¨ ¢µ§³µ¦-

´µ° ´¥¤µµÍ¥´±¥ ·�¤¨�Í¨µ´´ÒÌ ÔËË¥±Éµ¢. �²�´¨·Ê-

ÕÉ¸Ö ¤�²Ó´¥°Ï¨¥ Ô±¸¶¥·¨³¥´ÉÒ ¤²Ö ·¥Ï¥´¨Ö ÔÉµ£µ

¢µ¶·µ¸�.

‡�¢¨¸¨³µ¸ÉÓ Î�¸ÉµÉÒ µ¡·�§µ¢�´¨Ö ±²¥Éµ± ¸ Ì·µ³µ¸µ³´Ò³¨ �¡¥··�Í¨Ö³¨ (a) ¨ µ¡Ð¥£µ Î¨¸²� �¡¥··�Í¨° Ì·µ³µ¸µ³ (¡) µÉ

¤µ§Ò µ¡²ÊÎ¥´¨Ö ¨µ´�³¨ Ê£²¥·µ¤� 12‘, ¶·µÉµ´�³¨ (p) ¨ γ-±¢�´É�³¨ 60‘µ: s Å 12‘, E = 473 ŒÔ‚/´Ê±²µ´; h Å ¶·µÉµ´Ò,

E = 1 ƒÔ‚; . Å γ-±¢�´ÉÒ

�� ¶ÊÎ±�Ì ¢Ò¸µ±µÔ´¥·£¥É¨Î´ÒÌ ¨µ´µ¢ Ê£²¥·µ¤�
12‘ ¨ ¶·µÉµ´µ¢ ¸ Ô´¥·£¨Ö³¨ 473 ŒÔ‚/´Ê±²µ´ ¨

1 ƒÔ‚ ¸µµÉ¢¥É¸É¢¥´´µ, £¥´¥·¨·Ê¥³ÒÌ ´Ê±²µÉ·µ´µ³,

¡Ò²¨ ¶·µ¢¥¤¥´Ò ¶¥·¢Ò¥ Ô±¸¶¥·¨³¥´ÉÒ [7] ¶µ µ¡²Ê-

Î¥´¨Õ ±²¥Éµ± ³²¥±µ¶¨É�ÕÐ¨Ì ¨ Î¥²µ¢¥±� (¸³. ·¨¸Ê-

´µ±). �µ±�§�´µ, ÎÉµ ¸ÊÐ¥¸É¢¥´´ÒÌ ±µ²¨Î¥¸É¢¥´´ÒÌ

·�§²¨Î¨° ¢ ÔËË¥±É¨¢´µ¸É¨ ¨¸¶µ²Ó§Ê¥³ÒÌ ¨§²ÊÎ¥´¨°

¶µ Î�¸ÉµÉ¥ ¢µ§´¨±´µ¢¥´¨Ö ±²¥Éµ± ¸ ¶µ¢·¥¦¤¥´¨Ö³¨

Ì·µ³µ¸µ³´µ£µ �¶¶�·�É� ´¥ ´�¡²Õ¤�¥É¸Ö, ÌµÉÖ ¶µ ¢¥-

²¨Î¨´¥ ²¨´¥°´µ° ¶¥·¥¤�Î¨ Ô´¥·£¨¨ ¨µ´Ò Ê£²¥·µ¤� ¨

¶·µÉµ´Ò ·�§²¨Î�²¨¸Ó ¡µ²¥¥ Î¥³ ´� ¶µ·Ö¤µ± (10,65

¨ 0,218 ±Ô‚/³±³ ¸µµÉ¢¥É¸É¢¥´´µ). ˆµ´Ò Ê£²¥·µ¤�

¨ ¶·µÉµ´Ò ´¥ µÉ²¨Î�²¨¸Ó ¶µ ÔËË¥±É¨¢´µ¸É¨ ¨ µÉ

γ-±¢�´Éµ¢ 60‘µ.

�·µ¤µ²¦¥´Ò ¨¸¸²¥¤µ¢�´¨Ö ÔËË¥±É¨¢´ÒÌ ¶·¥¶�-

·�Éµ¢ ¤²Ö ¤¨�£´µ¸É¨±¨ ¨ ³¨Ï¥´´µ° ·�¤¨µÉ¥·�¶¨¨

¶¨£³¥´É´µ° ³¥²�´µ³Ò ¸ ¶µ³µÐÓÕ ·�¤¨µ�±É¨¢´ÒÌ

¸µ¥¤¨´¥´¨° ´� µ¸´µ¢¥ ³¥É¨²¥´µ¢µ£µ ¸¨´¥£µ (Œ‘) [8].

�·µ¢¥¤¥´Ò Ô±¸¶¥·¨³¥´ÉÒ ¸ Œ‘, ³¥Î¥´´Ò³ 131I ¨²¨
211At, in vitro ¨ in vivo. �µ¤É¢¥·¦¤¥´Ò ·�´¥¥ ¶µ-

²ÊÎ¥´´Ò¥ ¢ �÷÷ˆ ·¥§Ê²ÓÉ�ÉÒ, ¸¢¨¤¥É¥²Ó¸É¢ÊÕÐ¨¥ µ

Éµ³, ÎÉµ ´�±µ¶²¥´¨¥ 131IÄŒ‘ in vitro ±²¥É±�³¨ ¶¨£-

³¥´É´µ° ³¥²�´µ³Ò Î¥²µ¢¥±� ¢ 4Ä5 ·�§ ¢ÒÏ¥ ¶µ ¸·�¢-

´¥´¨Õ ¸ ´¥¶¨£³¥´É¨·µ¢�´´Ò³¨ ±²¥É±�³¨. Œ�±¸¨³Ê³

´�±µ¶²¥´¨Ö ¤µ¸É¨£�¥É¸Ö Î¥·¥§ 2 Î ¶µ¸²¥ ¢¢¥¤¥´¨Ö ¸µ-

¥¤¨´¥´¨Ö.

�·µ¤µ²¦¥´Ò ¨¸¸²¥¤µ¢�´¨Ö §�±µ´µ³¥·´µ¸É¥° ³Ê-

É�£¥´´µ£µ ¤¥°¸É¢¨Ö ¨µ´¨§¨·ÊÕÐ¥° ·�¤¨�Í¨¨ ´� ³µ-

¤¥²Ó´µ° ¸¨¸É¥³¥ ¤·µ¦¦¥° Saccharomyces cerevisiae.

ˆ¸¶µ²Ó§ÊÕÉ¸Ö ·�§²¨Î´Ò¥ £¥´¥É¨Î¥¸±¨¥ ¸¨¸É¥³Ò, ¶µ-

§¢µ²ÖÕÐ¨¥ É¥¸É¨·µ¢�ÉÓ ³ÊÉ�Í¨µ´´Ò¥ ¸µ¡ÒÉ¨Ö ·�§-

²¨Î´µ° ¶·¨·µ¤Ò: ÉµÉ�²Ó´Ò° ³ÊÉ�£¥´¥§ ¢ ¸²ÊÎ�¥

¨´�±É¨¢�Í¨¨ ¶·Ö³Ò³¨ ³ÊÉ�Í¨Ö³¨ £¥´� �·£¨´¨´¶¥·-

³¨�§Ò (Canr); ¢¸É�¢±Ê ¨²¨ ¢Ò¶�¤¥´¨¥ µ¤´µ£µ ´Ê±²¥µ-

É¨¤�, ±µÉµ·Ò¥ ¤¥É¥±É¨·ÊÕÉ¸Ö ¶·¨ ·¥¢¥·¸¨¨ ³ÊÉ�Í¨°

¸¤¢¨£� ·�³±¨ ¸Î¨ÉÒ¢�´¨Ö ¢ £¥´�Ì LYS2 (+4) ¨ HOM3

(+1T); §�³¥´Ò ¶�· µ¸´µ¢�´¨°, ±µÉµ·Ò¥ ¤¥É¥±É¨·Ê-

ÕÉ¸Ö ¸ ¶µ³µÐÓÕ É¥¸É¥·´µ° CYC1-¸¨¸É¥³Ò. ÷�´¥¥

¡Ò²¨ ¨§ÊÎ¥´Ò §�±µ´µ³¥·´µ¸É¨ ¨´¤Ê±Í¨¨ ¢¸¥Ì É¨¶µ¢

³ÊÉ�Í¨° ¶µ¤ ¤¥°¸É¢¨¥³ γ-µ¡²ÊÎ¥´¨Ö. ‚ ´�¸ÉµÖÐ¥¥
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¢·¥³Ö ¨§ÊÎ�ÕÉ¸Ö §�±µ´µ³¥·´µ¸É¨ ¨´¤Ê±Í¨¨ ³ÊÉ�Í¨°

ÉÖ¦¥²Ò³¨ ¨µ´�³¨.

�·µ¤µ²¦�ÕÉ¸Ö ¨¸¸²¥¤µ¢�´¨Ö £¥´¥É¨Î¥¸±µ£µ ±µ´-

É·µ²Ö µ¸É�´µ¢±¨ ±²¥ÉµÎ´µ£µ Í¨±²� ¢ µÉ¢¥É ´� ¶µ¢·¥-

¦¤¥´¨Ö „�Š [9]. ˆ§ÊÎ�ÕÉ¸Ö ¢§�¨³µ¤¥°¸É¢¨Ö ³¥¦¤Ê

¨§¢¥¸É´Ò³¨ £¥´�³¨ checkpoint-±µ´É·µ²Ö RAD9,

RAD17, RAD24, RAD53 ¨ £¥´�³¨ SRM5/CDC28,

SRM8, SRM12, ¢²¨ÖÕÐ¨³¨ ´� £¥´¥É¨Î¥¸±ÊÕ ¸É�-

¡¨²Ó´µ¸ÉÓ ·�§²¨Î´ÒÌ £¥´¥É¨Î¥¸±¨Ì ¸¨¸É¥³ ±²¥É±¨.

�Ò²µ ¶µ±�§�´µ, ÎÉµ £¥´Ò CDC28 ¨ RAD53 µÉ´µ-

¸ÖÉ¸Ö ± ·�§²¨Î´Ò³ ¢¥É¢Ö³, ±µ´É·µ²¨·ÊÕÐ¨³ ·�¤¨µ-

ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ. ˆ§ÊÎ�¥É¸Ö ¢§�¨³µ¤¥°¸É¢¨¥ ³¥¦¤Ê

£¥´�³¨ CDC28, RAD53 ¨ £¥´µ³ RAD52, ±µ´É·µ²¨-

·ÊÕÐ¨³ ¶ÊÉÓ ·¥¶�·�Í¨¨ ¤¢Ê´¨É¥¢ÒÌ ·�§·Ò¢µ¢ „�Š.

ˆ¸¸²¥¤µ¢�´Ò §�±µ´µ³¥·´µ¸É¨ ÉµÎ´µ° Ô±¸Í¨§¨¨

É·�´¸¶µ§µ´� Tn10 ¢ ¡�±É¥·¨ÖÌ Escherichia coli ¶·¨

µ¡²ÊÎ¥´¨¨ Ê¸±µ·¥´´Ò³¨ ¨µ´�³¨ ¸ ·�§´µ° ‹��

[10Ä12]. �µ²ÊÎ¥´Ò ±·¨¢Ò¥ ¢Ò¦¨¢�¥³µ¸É¨, µ¶·¥-

¤¥²¥´� ·�¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ ±²¥Éµ± ± µ¡²ÊÎ¥´¨Õ

Ê¸±µ·¥´´Ò³¨ ¨µ´�³¨ £¥²¨Ö 4�¥ ¸ ‹�� µÉ 20 ¤µ

100 ±Ô‚/³±³ ¨ Ê¸±µ·¥´´Ò³¨ ¨µ´�³¨ Ê£²¥·µ¤� 12‘

¸ ‹�� 200 ±Ô‚/³±³. �¶·¥¤¥²¥´� §�¢¨¸¨³µ¸ÉÓ µÉ´µ-

¸¨É¥²Ó´µ° ¡¨µ²µ£¨Î¥¸±µ° ÔËË¥±É¨¢´µ¸É¨ (���) ¨¸-

¶µ²Ó§µ¢�´´ÒÌ ¨§²ÊÎ¥´¨° µÉ ‹��. Œ�±¸¨³Ê³ ���

¶µ ±·¨É¥·¨Õ ²¥É�²Ó´µ£µ ¤¥°¸É¢¨Ö ´�¡²Õ¤�¥É¸Ö ¶·¨

µ¡²ÊÎ¥´¨¨ ¨µ´�³¨ 4�¥ ¸ ‹�� 100 ±Ô‚/³±³. �µ Î¨-

¸²Ê ·¥¢¥·¸¨° £¥´� ¸ysC95::Tn10 ± ¤¨±µ³Ê É¨¶Ê µ¶·¥-

¤¥²¥´� §�¢¨¸¨³µ¸ÉÓ µÉ´µ¸¨É¥²Ó´µ° Î�¸ÉµÉÒ ÉµÎ´µ°

Ô±¸Í¨§¨¨ É·�´¸¶µ§µ´� Tn10 µÉ ¤µ§Ò µ¡²ÊÎ¥´¨Ö Ê¸±µ-

·¥´´Ò³¨ ¨µ´�³¨ ¸ ·�§´µ° ‹��. Œ�±¸¨³�²Ó´Ò¥ §´�-

Î¥´¨Ö ��� ¶µ ÔÉµ³Ê ±·¨É¥·¨Õ ´�¡²Õ¤�ÕÉ¸Ö ¢ ¤¨�¶�-

§µ´¥ ‹�� µÉ 20 ¤µ 50 ±Ô‚/³±³. �Éµ µ¡¸ÉµÖÉ¥²Ó¸É¢µ

¶µ§¢µ²Ö¥É ¸¤¥²�ÉÓ ¢Ò¢µ¤ µ Éµ³, ÎÉµ ¢ µ¸´µ¢¥ ¨´¨Í¨-

�Í¨¨ ¶·µÍ¥¸¸� ÉµÎ´µ° Ô±¸Í¨§¨¨ É·�´¸¶µ§µ´� Tn10,

É�± ¦¥ ±�± ¨ ¨´¤Ê±Í¨¨ £¥´´ÒÌ ³ÊÉ�Í¨°, ²¥¦�É ±²�-

¸É¥·´Ò¥ µ¤´µ´¨É¥¢Ò¥ ·�§·Ò¢Ò „�Š.

÷�„ˆ�–ˆ����Ÿ �…‡���‘��‘’œ

Šµ´É·µ²Ó ·�¤¨�Í¨µ´´µ° µ¡¸É�´µ¢±¨ ´� ·�¤¨�Í¨-

µ´´µ µ¶�¸´ÒÌ µ¡Ñ¥±É�Ì �ˆŸˆ µ¸ÊÐ¥¸É¢²Ö²¸Ö ¸ ¶µ-

³µÐÓÕ �¢Éµ³�É¨§¨·µ¢�´´ÒÌ ¸¨¸É¥³ ·�¤¨�Í¨µ´´µ£µ

±µ´É·µ²Ö ¨ ¶¥·¥´µ¸´ÒÌ ·�¤¨µ³¥É·¨Î¥¸±¨Ì ¨ ¤µ§¨³¥-

É·¨Î¥¸±¨Ì ¶·¨¡µ·µ¢. �Ò²¨ Ê¸µ¢¥·Ï¥´¸É¢µ¢�´Ò �¢-

Éµ³�É¨§¨·µ¢�´´Ò¥ ¸¨¸É¥³Ò ·�¤¨�Í¨µ´´µ£µ ±µ´É·µ²Ö

‹‚�, ‹Ÿ÷ ¨ ‹Ÿ� ¢ Í¥²ÖÌ Ê²ÊÎÏ¥´¨Ö ±�Î¥¸É¢� ¨ Ê¢¥-

²¨Î¥´¨Ö µ¡Ñ¥³� ·�¤¨�Í¨µ´´µ£µ ±µ´É·µ²Ö.

‚ 2002 £. ¢ ‹Ÿ÷ ¡Ò² ¶·µ¢¥¤¥´ ¸¥�´¸ µ¡²ÊÎ¥´¨Ö

¶ÊÎ±µ³ Ê¸±µ·¥´´ÒÌ ¨µ´µ¢ 48Ca ³¨Ï¥´¨ ¨§ 249Cf. ‚

¸¢Ö§¨ ¸ �±É¨¢´µ¸ÉÓÕ ¨ Ì¨³¨Î¥¸±µ° Éµ±¸¨Î´µ¸ÉÓÕ É�-

±µ° ³¨Ï¥´¨ ¤µ ¶·µ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´É� ¡Ò² µ¸Ê-

Ð¥¸É¢²¥´ ±µ³¶²¥±¸ ³¥·µ¶·¨ÖÉ¨°, ´�¶·�¢²¥´´ÒÌ ´�

µ¡¥¸¶¥Î¥´¨¥ ·�¤¨�Í¨µ´´µ° ¡¥§µ¶�¸´µ¸É¨ ¨ µ¸ÊÐ¥-

¸É¢²¥´¨¥ ´¥¶·¥·Ò¢´µ£µ ·�¤¨�Í¨µ´´µ£µ ±µ´É·µ²Ö. �µ

Ê·µ¢´Õ ¸²µ¦´µ¸É¨ µ¡¥¸¶¥Î¥´¨Ö ·�¤¨�Í¨µ´´µ° ¡¥§-

µ¶�¸´µ¸É¨ ÔÉµÉ Ô±¸¶¥·¨³¥´É Ê´¨±�²¥´ ¤²Ö ‹Ÿ÷ ¨

�ˆŸˆ. ‘¥�´¸ µ¡²ÊÎ¥´¨Ö ¤²¨²¸Ö 2900 Î ¨ ¶·µÏ¥²

¡¥§ ·�¤¨�Í¨µ´´ÒÌ ¶·µ¨¸Ï¥¸É¢¨°.

‚ ‹Ÿ� ´� Ë�§µÉ·µ´¥ ¶·µ¢¥¤¥´Ò ¤¢� ¸¥�´¸�

µ¡²ÊÎ¥´¨Ö É·¨É¨¥¢µ° ³¨Ï¥´¨. ÷�¤¨�Í¨µ´´ÊÕ ¡¥§-

µ¶�¸´µ¸ÉÓ ¨ ±µ´É·µ²Ó ·�¤¨�Í¨µ´´µ° µ¡¸É�´µ¢±¨ ¶·¨

·�¡µÉ¥ ¸ É·¨É¨¥³ µ¡¥¸¶¥Î¨¢�²¨ ¸µ¢³¥¸É´µ ¸µÉ·Ê¤-

´¨±¨ �÷� �ˆŸˆ ¨ ‚�ˆˆ�”.

ˆ§ÊÎ¥´¨¥ ·�¤¨�Í¨µ´´µ° µ¡¸É�´µ¢±¨ ¶·¨ ·�¡µÉ¥

´Ê±²µÉ·µ´� ¸ ¨´É¥´¸¨¢´µ¸ÉÓÕ ¶ÊÎ±� ∼ 2 · 1010 ¶·µ-

Éµ´µ¢/Í¨±² ¢ÒÖ¢¨²µ ´¥¤µ¸É�ÉµÎ´µ¸ÉÓ ¡¨µ²µ£¨Î¥¸±¨Ì

§�Ð¨É ¢ µ¤´µ³ ¨§ Ô±¸¶¥·¨³¥´Éµ¢. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¢

‹‚� ¶²�´¨·Ê¥É¸Ö ¶·µ¢¥¸É¨ ±µ³¶²¥±¸ ³¥·µ¶·¨ÖÉ¨°

¶µ ¶·µ¥±É¨·µ¢�´¨Õ ¨ ¸µµ·Ê¦¥´¨Õ ¤µ¶µ²´¨É¥²Ó´µ°

¡¨µ²µ£¨Î¥¸±µ° §�Ð¨ÉÒ ¢ Ëµ±Ê¸¥ F3 ¢ ¨§³¥·¨É¥²Ó´µ³

¶�¢¨²Óµ´¥.

‚ 2002 £. ´� ¨´¤¨¢¨¤Ê�²Ó´µ³ ¤µ§¨³¥É·¨Î¥¸±µ³

±µ´É·µ²¥ ¢ �ˆŸˆ ¸µ¸ÉµÖ² 1741 Î¥²µ¢¥±, ¢±²ÕÎ�Ö

57 ¶·¨±µ³�´¤¨·µ¢�´´ÒÌ ¸¶¥Í¨�²¨¸Éµ¢. ‘·¥¤´ÖÖ £µ-

¤µ¢�Ö ¤µ§� µ¡²ÊÎ¥´¨Ö ¶¥·¸µ´�²� ¢ Í¥²µ³ ¶µ �ˆŸˆ

·�¢´� 1,4 ³‡¢. ��¨¡µ²ÓÏ¥¥ §´�Î¥´¨¥ ¸·¥¤´¥° £µ¤µ-

¢µ° ¤µ§Ò µ¡²ÊÎ¥´¨Ö ¶¥·¸µ´�²� ´�¡²Õ¤�¥É¸Ö ¢ ‹Ÿ÷ ¨

¸µ¸É�¢²Ö¥É 1,9 ³‡¢.

÷¥£Ê²Ö·´Ò° ³µ´¨Éµ·¨´£ µ±·Ê¦�ÕÐ¥° ¸·¥¤Ò ¶µ

µ¡·�§Í�³ ¶µÎ¢Ò, ·�¸É¥´¨°, ¢µ¤Ò ¨§ ¢µ¤µ¥³µ¢ ¢

µ±·¥¸É´µ¸ÉÖÌ „Ê¡´Ò, ¢µ¤µ¶·µ¢µ¤´µ° ¢µ¤Ò ¨ ¢µ¤Ò ´�

¸¡·µ¸¥ µÎ¨¸É´ÒÌ ¸µµ·Ê¦¥´¨° ¶µ¤É¢¥·¤¨² Ë�±É, ÎÉµ

·�¤¨µ�±É¨¢´µ¸ÉÓ µ±·Ê¦�ÕÐ¥° ¸·¥¤Ò ¢µ±·Ê£ �ˆŸˆ

µ¸É�¥É¸Ö ¶µ¸ÉµÖ´´µ° ¢ É¥Î¥´¨¥ ¤²¨É¥²Ó´µ£µ ¢·¥³¥´¨

¨ µ¡Ê¸²µ¢²¥´� ²¨ÏÓ ¥¸É¥¸É¢¥´´µ° ·�¤¨µ�±É¨¢´µ¸ÉÓÕ

¨ ¶·µ¤Ê±É�³¨ £²µ¡�²Ó´ÒÌ ¢Ò¶�¤¥´¨°. Š�±µ°-²¨¡µ

¢±²�¤ ¢ ·�¤¨µ�±É¨¢´µ¸ÉÓ µ±·Ê¦�ÕÐ¥° ¸·¥¤Ò Ö¤¥·´µ-

Ë¨§¨Î¥¸±¨Ì Ê¸É�´µ¢µ± �ˆŸˆ ´¥ µ¡´�·Ê¦¥´.

�·¨´ÖÉÒ¥ µ·£�´¨§�Í¨µ´´µ-É¥Ì´¨Î¥¸±¨¥ ³¥·Ò ¶µ

µ¡¥¸¶¥Î¥´¨Õ ·�¤¨�Í¨µ´´µ° ¡¥§µ¶�¸´µ¸É¨ ¨ ¸¶¥Í¨-

�²Ó´Ò° ¤µ§¨³¥É·¨Î¥¸±¨° ±µ´É·µ²Ó ¶µ§¢µ²¨²¨ ´¥

¶·¥¢Ò¸¨ÉÓ ¶²�´¨·Ê¥³Ò¥ ¤µ§Ò µ¡²ÊÎ¥´¨Ö ¶¥·¸µ´�²�.

‚ Í¥²µ³ µ¡¥¸¶¥Î¥´¨¥ ·�¤¨�Í¨µ´´µ° ¡¥§µ¶�¸´µ¸É¨ ¢

�ˆŸˆ ¸µµÉ¢¥É¸É¢Ê¥É É·¥¡µ¢�´¨Ö³ §�±µ´µ¢, ´µ·³ ¨

¶·�¢¨² ¢ µ¡²�¸É¨ ¨¸¶µ²Ó§µ¢�´¨Ö �Éµ³´µ° Ô´¥·£¨¨,

ÎÉµ ¶µ¤É¢¥·¤¨²¨ ·¥£Ê²Ö·´µ ¨´¸¶¥±É¨·ÊÕÐ¨¥ ¨´¸É¨-

ÉÊÉ µ·£�´Ò £µ¸Ê¤�·¸É¢¥´´µ£µ ´�¤§µ·� §� ·�¤¨�Í¨µ´-

´µ° ¡¥§µ¶�¸´µ¸ÉÓÕ.
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�� ±�Ë¥¤·¥ ¡¨µË¨§¨±¨ Ê´¨¢¥·¸¨É¥É� ®„Ê¡´�¯

¶·µ¤µ²¦¥´� ¶µ¤£µÉµ¢±� ¸¶¥Í¨�²¨¸Éµ¢ ¶µ ¸¶¥Í¨�²Ó-

´µ¸É¨ ®÷�¤¨�Í¨µ´´�Ö ¡¥§µ¶�¸´µ¸ÉÓ Î¥²µ¢¥±� ¨ µ±·Ê-

¦�ÕÐ¥° ¸·¥¤Ò¯ ¸µ ¸¶¥Í¨�²¨§�Í¨¥° ®÷�¤¨�Í¨µ´´�Ö

¡¨µË¨§¨±�¯. ‚ 2002 £. ´� ¶¥·¢Ò° ±Ê·¸ §�Î¨¸²¥´µ

10 ¸ÉÊ¤¥´Éµ¢. ‚ ¸²¥¤ÊÕÐ¥³ £µ¤Ê ¶µ ¨´¨Í¨�É¨¢¥

�±�¤¥³¨±� ÷�� Œ. �. �¸É·µ¢¸±µ£µ ´� ±�Ë¥¤·¥ µÉ-

±·Ò¢�¥É¸Ö ´µ¢�Ö ¸¶¥Í¨�²¨§�Í¨Ö ®�¨µË¨§¨±� ËµÉµ-

¡¨µ²µ£¨Î¥¸±¨Ì ¶·µÍ¥¸¸µ¢¯. ‘¶¥Í¨�²¨§�Í¨Ö ¶·¥¤-

¶µ²�£�¥É £²Ê¡µ±µ¥ ¨§ÊÎ¥´¨¥ Ë¨§¨±µ-Ì¨³¨Î¥¸±¨Ì ¨

³µ²¥±Ê²Ö·´µ-¡¨µ²µ£¨Î¥¸±¨Ì ³¥Éµ¤µ¢, µ¸´µ¢ ËµÉµË¨-

§¨±¨ ¨ ËµÉµÌ¨³¨¨, ¨¸¶µ²Ó§µ¢�´¨Ö ²�§¥·´µ° É¥Ì´¨±¨,

±¨´¥É¨±¨ ¶¥·¢¨Î´ÒÌ ËµÉµ¡¨µ²µ£¨Î¥¸±¨Ì ¶·µÍ¥¸¸µ¢

Ë¥³Éµ- ¨ ´�´µ¸¥±Ê´¤´µ£µ ¢·¥³¥´´ÒÌ ¤¨�¶�§µ´µ¢. ‚

¸¶¥Í¨�²¨¸É�Ì ¤�´´µ£µ ¶·µË¨²Ö §�¨´É¥·¥¸µ¢�´Ò ±�±

¨¸¸²¥¤µ¢�É¥²Ó¸±¨¥ Í¥´É·Ò, É�± ¨ ·�§²¨Î´Ò¥ ¸Ë¥·Ò

¶·�±É¨Î¥¸±µ° ¤¥ÖÉ¥²Ó´µ¸É¨: ³¥¤¨Í¨´� (µËÉ�²Ó³µ²µ-

£¨Ö, ¤¥·³�Éµ²µ£¨Ö, ËµÉµÌ¨³¨µÉ¥·�¶¨Ö), Ë�·³�±µ²µ-

£¨Ö, ËµÉµÉµ±¸¨±µ²µ£¨Ö, ¡¨µÉ¥Ì´µ²µ£¨Ö, ³¨±·µÔ²¥±-

É·µ´¨±� ¨ ·Ö¤ ¤·Ê£¨Ì µ¡²�¸É¥°.

‘�ˆ‘�Š ‹ˆ’…÷�’“÷›

1. Bamblevski V. P. et al. JINR Preprint E3-2002-273.

Dubna, 2002.

2. Hashemi-Nezhad S. R. et al. // Nucl. Instr. Meth. A.

2002. V. 482. P. 537; 547.

3. Boreiko V. F. et al. // Ibid. V. 490. P. 344.

4. Bystritsky V. M. et al. // JINR Preprint D15-2002-

200. Dubna, 2002.

5. ˜³�±µ¢� �. ‹. ¨ ¤·. // ÷�¤¨�Í. ¡¨µ²µ£¨Ö. ÷�¤¨µ-

Ô±µ²µ£¨Ö. 2002. T. 42, º 3. C. 245.

6. ˜³�±µ¢� �. ‹. ¨ ¤·. // �·µ¡²¥³Ò ¡¨µÌ¨³¨¨, ·�-

¤¨�Í¨µ´´µ° ¨ ±µ¸³¨Î¥¸±µ° ¡¨µ²µ£¨¨: II Œ¥¦-

¤Ê´�p. ¸¨³¶. ¨ II ‘¨¸�±Ö´µ¢¸±¨¥ ÎÉ¥´¨Ö. „Ê¡´�,

2002. T. 1. C. 188.

7. Govorun R. D. et al. // Adv. Space Res. 2002. V. 30,

No. 4. P. 885.

8. ˜³�±µ¢� �. ‹. ¨ ¤·. // Œ¥¤. ·�¤¨µ²µ£¨Ö ¨ ·�¤¨�Í.

¡¥§µ¶�¸´µ¸ÉÓ. 2002. T. 47, º 3. C. 5.

9. Šµ²Éµ¢�Ö �. �., „¥¢¨´ �. �. // „µ±². �H. 2002.

T. 387, º 6. C. 1.

10. †Ê·�¢¥²Ó „. ‚. // ‚¥¸É. Ê´-É� ®„Ê¡´�¯. 2002.

C. 50.

11. �µ·¥°±µ �. ‚., †Ê·�¢¥²Ó „. ‚. // ÷�¤¨�Í. ¡¨µ-

²µ£¨Ö. ÷�¤¨µÔ±µ²µ£¨Ö. 2002. T. 42, º 6.

C. 635.

12. �µ·¥°±µ �. ‚., †Ê·�¢¥²Ó „. ‚. // �·µ¡²¥³Ò ¡¨µ-

Ì¨³¨¨, ·�¤¨�Í¨µ´´µ° ¨ ±µ¸³¨Î¥¸±µ° ¡¨µ²µ£¨¨:

II Œ¥¦¤Ê´�p. ¸¨³¶. ¨ II ‘¨¸�±Ö´µ¢¸±¨¥ ÎÉ¥´¨Ö.

„Ê¡´�, 2002. T. 1. C. 125.

126


