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‘É ÉÓÖ ¶μ¸¢ÖÐ¥´  μ¶¨¸ ´¨Õ · ¡μÉ, ¶·μ¢¥¤¥´´ÒÌ ¢ 2017Ä2018 ££. ´  Ê¸±μ·¨É¥²Ó´μ³ ±μ³¶²¥±¸¥
„–-60 �¸É ´¨´¸±μ£μ Ë¨²¨ ²  ˆŸ”, ¶μ μÉ· ¡μÉ±¥ ¶μ²ÊÎ¥´¨Ö ¨´É¥´¸¨¢´ÒÌ ¶ÊÎ±μ¢ ÉÖ¦¥²ÒÌ ¨μ´μ¢
¡μ·  ¨ ¦¥²¥§  ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ²¥ÉÊÎ¨Ì ³¥É ²²μμ·£ ´¨Î¥¸±¨Ì ¸μ¥¤¨´¥´¨° (Metal Ions from Volatile
Compounds Å MIVOC). ‚ ·¥§Ê²ÓÉ É¥ ¢Ò¶μ²´¥´´ÒÌ · ¡μÉ ¢¶¥·¢Ò¥ ´  Í¨±²μÉ·μ´¥ „–-60 ¶μ²ÊÎ¥´Ò
¶ÊÎ±¨ ¨μ´μ¢ ¦¥²¥§  ¨ ¡μ·  ¨ μ¶É¨³¨§¨·μ¢ ´Ò ·¥¦¨³Ò Ê¸±μ·¥´¨Ö ¨μ´μ¢ 56Fe10+ ¨ ¡μ·  11B2+ ¤μ
Ô´¥·£¨¨ 1,75 ¨ 1,5 ŒÔ‚/´Ê±²μ´ ¸μμÉ¢¥É¸É¢¥´´μ.

The article describes the experiments carried out in 2017Ä2018 at the accelerator complex DC-60
of Astana branch of the INP to develop methods for production of intense beams of multicharged
ions of iron and boron with the use of volatile organometallic compounds (Metal Ions from Volatile
Compounds Å MIVOC). As a result, for the ˇrst time at DC-60 cyclotron beams of iron and boron ions
were obtained, acceleration modes of 56Fe10+ and 11B2+ ions to the energy of 1.75 and 1.5 MeV/n,
respectively, were optimized.
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� §¢¨É¨¥ �–�-¨¸ÉμÎ´¨±μ¢, ¶μ¢ÒÏ¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨ ¨ · ¸Ï¨·¥´¨¥ ¸¶¥±É·  Ê¸±μ-
·Ö¥³ÒÌ ¨μ´μ¢ ¶μ-¶·¥¦´¥³Ê μ¸É ÕÉ¸Ö  ±ÉÊ ²Ó´Ò³¨ § ¤ Î ³¨, ·¥Ï¥´¨¥ ±μÉμ·ÒÌ ¢ §´ -
Î¨É¥²Ó´μ° ³¥·¥ μ¶·¥¤¥²Ö¥É ¢μ§³μ¦´μ¸É¨ Ê¸±μ·¨É¥²¥° ÉÖ¦¥²ÒÌ ¨μ´μ¢, ¨¸¶μ²Ó§Ê¥³ÒÌ ¢
¶·¨±² ¤´ÒÌ ¨ ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨ÖÌ.

„²Ö ¶μ²ÊÎ¥´¨Ö ¨μ´μ¢ É¢¥·¤ÒÌ ¢¥Ð¥¸É¢ · §· ¡μÉ ´Ò · §²¨Î´Ò¥ ³¥Éμ¤Ò, É ±¨¥ ± ± ¨¸-
¶ ·¥´¨¥ ¨§ ·¥§¨¸É¨¢´μ£μ ¨²¨ ¨´¤Ê±É¨¢´μ£μ ´ £·¥¢ É¥²Ö ¤²Ö ³ É¥·¨ ²μ¢ ¸ μÉ´μ¸¨É¥²Ó´μ
´¨§±μ° É¥³¶¥· ÉÊ·μ° ¨¸¶ ·¥´¨Ö (¤μ ∼ 1500 ◦‘) [1, 2], · ¸¶Ò²¥´¨¥ ¤²Ö ÉÊ£μ¶² ¢±¨Ì ³¥-
É ²²μ¢ [3], ¢¢¥¤¥´¨¥ ³¥É ²²  ¢ ¶² §³Ê ¸ ¶μ¸²¥¤ÊÕÐ¨³ ´ £·¥¢μ³ ¡Ò¸É·Ò³¨ Ô²¥±É·μ´ ³¨
¶² §³Ò (®insertion technique¯) [4, 5]. �²ÓÉ¥·´ É¨¢´Ò³ ³¥Éμ¤μ³ ¶μ²ÊÎ¥´¨Ö ¨μ´μ¢ É¢¥·-
¤ÒÌ ¢¥Ð¥¸É¢ Ö¢²Ö¥É¸Ö ¨¸¶μ²Ó§μ¢ ´¨¥ ²¥ÉÊÎ¨Ì ³¥É ²²μμ·£ ´¨Î¥¸±¨Ì ¸μ¥¤¨´¥´¨° Å ³¥Éμ¤
MIVOC (Metal Ions from Volatile Compounds) [6].
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Œ¥Éμ¤ MIVOC μ¸´μ¢ ´ ´  ¨¸¶μ²Ó§μ¢ ´¨¨ ³¥É ²²μμ·£ ´¨Î¥¸±¨Ì ¸μ¥¤¨´¥´¨°, ¨³¥Õ-
Ð¨Ì μÉ´μ¸¨É¥²Ó´μ ¢Ò¸μ±μ¥ ¤ ¢²¥´¨¥ ¶ ·  (10−3 ’μ··) ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥. ’ -
±μ¥ ¤ ¢²¥´¨¥ ¶ ·  Ö¢²Ö¥É¸Ö ¤μ¸É ÉμÎ´Ò³ ¤²Ö · ¡μÉÒ �–�-¨¸ÉμÎ´¨±  ¶·¨ ¤μ¸É ÉμÎ´μ°
¶·μ¢μ¤¨³μ¸É¨ É· ±É  ¶μ¤ Î¨ ¶ · .

‚¶¥·¢Ò¥ ³¥Éμ¤ MIVOC ¡Ò² ¨¸¶μ²Ó§μ¢ ´ £·Ê¶¶μ° ¨§ “´¨¢¥·¸¨É¥É  	¢Ö¸±Õ²Ö (”¨´-
²Ö´¤¨Ö) ¤²Ö ¶μ²ÊÎ¥´¨Ö ¨´É¥´¸¨¢´μ£μ ¶ÊÎ±  ¨μ´μ¢ ¦¥²¥§  [7]. ‚ ± Î¥¸É¢¥ · ¡μÎ¥£μ ¢¥-
Ð¥¸É¢  ¨¸¶μ²Ó§μ¢ ²μ¸Ó ¸μ¥¤¨´¥´¨¥ Fe(C5H5)2. „ ´´μ¥ ¸μ¥¤¨´¥´¨¥ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ°
¶μ·μÏμ± Ö·±μ-¦¥²Éμ£μ Í¢¥É , μ´μ ´¥ ÎÊ¢¸É¢¨É¥²Ó´μ ± ¢μ§¤ÊÌÊ, ¢² £¥, ¸¢¥ÉÊ, ³μ¦¥É Ì· -
´¨ÉÓ¸Ö ¶·¨ μ¡ÒÎ´μ° É¥³¶¥· ÉÊ·¥.

‚¥Ð¥¸É¢μ ¶μ³¥Ð ¥É¸Ö ¢ ¸É¥±²Ö´´Ò° ±μ´É¥°´¥· (·¨¸. 1) ¨ ¶μ¸²¥ ¶·¥¤¢ ·¨É¥²Ó´μ°
μÉ± Î±¨ ¶·¨¸μ¥¤¨´Ö¥É¸Ö ± É· ±ÉÊ ¶μ¤ Î¨ £ §  Î¥·¥§ ¸É ´¤ ·É´Ò° ¶Ó¥§μÔ²¥±É·¨Î¥¸±¨°
¢¥´É¨²Ó.

�¶É¨³¨§ Í¨Ö ·¥¦¨³  · ¡μÉÒ �–�-¨¸ÉμÎ´¨±  ¶·μ¢μ¤¨² ¸Ó ¤²Ö ¶μ²ÊÎ¥´¨Ö ³ ±¸¨³ ²Ó-
´μ£μ Éμ±  ¨μ´μ¢ 56Fe10+. ‘¶¥±É· ¶ÊÎ±  ¨μ´μ¢ ¦¥²¥§  ¤²Ö ¤ ´´μ£μ ·¥¦¨³  ¶·¥¤¸É ¢²¥´
´  ·¨¸. 2.

�¨¸. 1. Šμ´É¥°´¥· ¸ · ¡μÎ¨³ ¢¥Ð¥¸É¢μ³

�¨¸. 2. ‘¶¥±É· ¨μ´μ¢ ¦¥²¥§  ¶·¨ μ¶É¨³¨§ Í¨¨ ·¥¦¨³  �–�-¨¸ÉμÎ´¨±  ´  ¶μ²ÊÎ¥´¨¥ ³ ±¸¨³ ²Ó-
´μ£μ Éμ±  ¨μ´μ¢ 56Fe10+



500 ‹μ£¨´μ¢ ‚.�. ¨ ¤·.

�¨¸. 3. ‘¶¥±É· ¨μ´μ¢ ¡μ·  10,11‚ ¶μ¸²¥ μ¶É¨³¨§ Í¨¨ · ¡μÉÒ �–�-¨¸ÉμÎ´¨± 

�·¨ ¤²¨É¥²Ó´μ° · ¡μÉ¥ �–�-¨¸ÉμÎ´¨±  · ¸Ìμ¤ Ë¥··μÍ¥´  ¸μ¸É ¢¨² 0,8 ³£/Î.
�μ²ÊÎ¥´¨¥ ¨μ´μ¢ ¡μ·  11B2+ ¶·μ¨¸Ìμ¤¨É  ´ ²μ£¨Î´μ ¶μ²ÊÎ¥´¨Õ ¨μ´μ¢ 56Fe. 
μ·-

¸μ¤¥·¦ Ð¨° ±μ³¶ Ê´¤ C2B10H12, ±μÉμ·Ò° ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¡¥²Ò° ¶μ·μÏμ±, É ±¦¥
¶μ³¥Ð ²¸Ö ¢ ¸É¥±²Ö´´Ò° ±μ´É¥°´¥·.

’ ± ¦¥ ± ± ¨ ¢ ¸²ÊÎ ¥ Ë¥··μÍ¥´ , ¨¸ÉμÎ´¨± ¨μ´μ¢ · ¡μÉ ² ¸É ¡¨²Ó´μ ¡¥§ ¨¸¶μ²Ó§μ¢ -
´¨Ö ¶μ¤¤¥·¦¨¢ ÕÐ¥£μ £ § . �μ²ÊÎ¥´ ³ ±¸¨³ ²Ó´Ò° Éμ± 11B2+ ¤μ 60 ³±� ¶·¨ ¢¢μ¤¨³μ°
‘‚—-³μÐ´μ¸É¨ 48 ‚É. ‘¶¥±É· ¨μ´μ¢ ¡μ·  ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 3.

� ¸Ìμ¤ · ¡μÎ¥£μ ¢¥Ð¥¸É¢ , ¨§³¥·¥´´Ò° ¶μ¸²¥ · ¡μÉÒ �–�-¨¸ÉμÎ´¨±  ¶·¨ Éμ±¥ ¶ÊÎ± 
¨μ´μ¢ 11B2+ 45 ³±�, ¸μ¸É ¢¨² 1,2Ä1,4 ³£/Î.

“‘Š��…�ˆ… ˆ���‚ †…‹…‡� 56Fe10+ ˆ 11B2+

‚ Ìμ¤¥ ¶·μ¢¥¤¥´´ÒÌ · ¡μÉ ´  Ê¸±μ·¨É¥²¥ „–-60 �¸É ´¨´¸±μ£μ Ë¨²¨ ²  ˆŸ” ¡Ò²¨
¶μ²ÊÎ¥´Ò ¨ Ê¸±μ·¥´Ò ¨μ´Ò 56Fe10+ ¤μ Ô´¥·£¨¨ 1,75 ŒÔ‚/´Ê±²μ´,   É ±¦¥ Ê¸±μ·¥´Ò
¨μ´Ò 11B2+ ¤μ Ô´¥·£¨¨ 1,5 ŒÔ‚/´Ê±²μ´. ‚ É ¡². 1 ¨ 2 ¶·¥¤¸É ¢²¥´Ò ±μÔËË¨Í¨¥´ÉÒ
É· ´¸³¨¸¸¨¨ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ ¦¥²¥§  ¨ ¡μ·  ¸μμÉ¢¥É¸É¢¥´´μ.

’ ¡²¨Í  1. ’μ± ¶ÊÎ±  ¨μ´μ¢ 56Fe10+ ¨ ±μÔËË¨Í¨¥´ÉÒ É· ´¸³¨¸¸¨¨

�¥¦¨³ ’μ± ¶ÊÎ±  ´  ’μ± ¶ÊÎ±  ´  ’μ± ¶ÊÎ±  ´  ’μ± T1FC1, K,
Ê¸±μ·¥´¨Ö ¨´¦¥±Í¨¨, ³±� · ¤¨Ê¸¥ 125 ³³, ³±� · ¤¨Ê¸¥ 680 ³³, ³±� ³±� %


¥§ ¡ ´Î¥·  15,59 0,20 0,160 0,033 0,21
‘ ¡ ´Î¥·μ³ 15,59 0,63 0,532 0,219 1,40

’ ¡²¨Í  2. ’μ± ¶ÊÎ±  ¨μ´μ¢ 11B2+ ¨ ±μÔËË¨Í¨¥´ÉÒ É· ´¸³¨¸¸¨¨

�¥¦¨³ ’μ± ¶ÊÎ±  ´  ’μ± ¶ÊÎ±  ´  ’μ± ¶ÊÎ±  ´  ’μ± T1FC1, K,
Ê¸±μ·¥´¨Ö ¨´¦¥±Í¨¨, ³±� · ¤¨Ê¸¥ 125 ³³, ³±� · ¤¨Ê¸¥ 680 ³³, ³±� ³±� %


¥§ ¡ ´Î¥·  24,2 0,20 0,47 0,19 0,78
‘ ¡ ´Î¥·μ³ 24,2 0,46 1,40 0,69 2,85
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’· ´¸¶μ·É¨·μ¢±  ¶ÊÎ±  ¨μ´μ¢ μ¸ÊÐ¥¸É¢²Ö² ¸Ó ¸É ´¤ ·É´Ò³¨ ¨μ´μμ¶É¨Î¥¸±¨³¨ Ô²¥-
³¥´É ³¨ Í¨±²μÉ·μ´ . ‚ ¨Éμ£¥ ¶·μ¢¥¤¥´´μ° · ¡μÉÒ ¶μ²ÊÎ¥´Ò ¶ÊÎ±¨ ¨μ´μ¢ 56Fe10+ ¸ Ô´¥·-
£¨¥° 1,75 ŒÔ‚/´Ê±²μ´ ¨ ¨´É¥´¸¨¢´μ¸ÉÓÕ ¢ ± ´ ²¥ 219 ´�,   É ±¦¥ ¶μ²ÊÎ¥´Ò ¨ Ê¸±μ·¥´Ò
¶ÊÎ±¨ ¨μ´μ¢ 11B2+ ¸ Ô´¥·£¨¥° 1,5 ŒÔ‚/´Ê±²μ´ ¨ ¨´É¥´¸¨¢´μ¸ÉÓÕ 690 ´�.
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�¸´μ¢´μ° Í¥²ÓÕ ¤ ´´μ° · ¡μÉÒ Ö¢²Ö² ¸Ó μÉ· ¡μÉ±  ³¥Éμ¤¨±¨ MIVOC ¤²Ö ¶μ²ÊÎ¥´¨Ö
¨μ´μ¢ É¢¥·¤ÒÌ ¢¥Ð¥¸É¢ ¨ · ¸Ï¨·¥´¨¥ ¸¶¥±É·  Ê¸±μ·Ö¥³ÒÌ ¨μ´μ¢ ´  Í¨±²μÉ·μ´¥ DC-60.

‘ · ¸Ï¨·¥´¨¥³ ¸¶¥±É·  Ê¸±μ·Ö¥³ÒÌ Ô²¥³¥´Éμ¢ ¶μÖ¢²ÖÕÉ¸Ö ¢μ§³μ¦´μ¸É¨ ¶μ¸É ´μ¢±¨
´μ¢ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¢ μ¡² ¸É¨ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ö¤¥·´μ° Ë¨§¨±¨, · ¤¨ Í¨μ´´μ° Ë¨-
§¨±¨ É¢¥·¤μ£μ É¥²  ¨ ¤²Ö · §²¨Î´ÒÌ ¶·¨±² ¤´ÒÌ § ¤ Î, ÎÉμ ¶·¨¤ ¥É μ¸μ¡ÊÕ  ±ÉÊ ²Ó´μ¸ÉÓ
Í¥²¨ ¨¸¸²¥¤μ¢ ´¨Ö. ‚ ·¥§Ê²ÓÉ É¥ ¢Ò¶μ²´¥´´μ° · ¡μÉÒ ¢¶¥·¢Ò¥ ´  Í¨±²μÉ·μ´¥ „–-60
μÉ· ¡μÉ ´Ò ·¥¦¨³Ò ¶μ²ÊÎ¥´¨Ö ¶ÊÎ±μ¢ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ ¦¥²¥§  56Fe10+ ¨ 11B2+.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ · ³± Ì £· ´É  Œ�� �Š ˆ�� ¶·μ¥±É  ��05133476 ®‘· ¢´¨É¥²Ó-
´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö Éμ´±μ° ¸É·Ê±ÉÊ·Ò μ¡² ¸É¨ ¶μ¢·¥¦¤¥´¨Ö ³¥É ²²μ¢ ¨ ¸¶² ¢μ¢, μ¡²ÊÎ¥´-
´ÒÌ ¨μ´ ³¨ ³¥É ²²μ¢ ¨ ¨´¥·É´ÒÌ £ §μ¢¯.
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