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‚ · ¡μÉ¥ ¶·¥¤¸É ¢²¥´μ μ¶¨¸ ´¨¥ �–�-¨¸ÉμÎ´¨±  DECRIS-PM, · §· ¡μÉ ´´μ£μ ¤²Ö Í¨±²μÉ·μ´ 
DC-280, ¸μ§¤ ¢ ¥³μ£μ ¢ ‹Ÿ� �ˆŸˆ. �·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨¸¶ÒÉ ´¨° ¨μ´´μ£μ ¨¸ÉμÎ´¨±  ´ 
¸É¥´¤¥. ‚ ·¥§Ê²ÓÉ É¥ Ô±¸¶¥·¨³¥´Éμ¢ ¶μ²ÊÎ¥´Ò ¨´É¥´¸¨¢´Ò¥ ¶ÊÎ±¨ ¨μ´μ¢ £ §μ¢ (900 ³±� Ar8+,
550 ³±� Ar9+, 160 ³±� Kr15+ ¨ ¤·.) ¨ É¢¥·¤ÒÌ ¢¥Ð¥¸É¢ (450 ³±� Mg5+, 220 ³±� Ca9+,
90 ³±� Ti9+).

The paper presents the design of the DECRIS-PM ECR ion source developed for the DC-280
cyclotron which is under construction at FLNR, JINR. The results of the tests of the source are
presented. During the tests the intense beams of gaseous ions (900 eμA of Ar8+, 550 eμA of Ar9+,
160 eμA of Kr15+, etc.) and ions of solids (450 eμA of Mg5+, 220 eμA of Ca9+, 90 eμA of Ti9+, etc.)
were produced.

PACS: 29.25.Ni; 29.20.dg
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�¤´μ° ¨§ μ¸´μ¢´ÒÌ ´ ÊÎ´ÒÌ ¶·μ£· ³³, ±μÉμ·Ò¥ ¢Ò¶μ²´ÖÕÉ¸Ö ¢ ‹Ÿ� �ˆŸˆ, Ö¢²Ö¥É¸Ö
¸¨´É¥§ ´μ¢ÒÌ Ô²¥³¥´Éμ¢, É·¥¡ÊÕÐ¨° ¨´É¥´¸¨¢´ÒÌ ¶ÊÎ±μ¢ ÉÖ¦¥²ÒÌ ¨μ´μ¢. ‚ ´ ¸ÉμÖ-
Ð¥¥ ¢·¥³Ö ¢ ‹Ÿ� ¸μμ·Ê¦ ¥É¸Ö Ë ¡·¨±  ¸¢¥·ÌÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢ ´  ¡ §¥ Í¨±²μÉ·μ´ 
DC-280 [1]. „²Ö ¶μ¢ÒÏ¥´¨Ö ÔËË¥±É¨¢´μ¸É¨ Ô±¸¶¥·¨³¥´Éμ¢ ¢ É¥Î¥´¨¥ ¸²¥¤ÊÕÐ¨Ì ´¥-
¸±μ²Ó±¨Ì ²¥É ´¥μ¡Ìμ¤¨³μ ¶μ²ÊÎ¨ÉÓ Ê¸±μ·¥´´Ò¥ ¶ÊÎ±¨ ¨μ´μ¢ ¤μ 10 p ³±�. ’·¥¡Ê¥³Ò¥
¨´É¥´¸¨¢´μ¸É¨ ´¥±μÉμ·ÒÌ ¶ÊÎ±μ¢ ¨§ �–�-¨¸ÉμÎ´¨±  ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1.

’ ¡²¨Í  1. ’·¥¡Ê¥³Ò¥ ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±μ¢ ¨§ �–�-¨¸ÉμÎ´¨± 

� · ³¥É· 8Ca8+ 58Fe10+ 136Xe23+ 238U40+

ˆ´É¥´¸¨¢´μ¸ÉÓ
¨§ ¨μ´´μ£μ ¨¸ÉμÎ´¨± , ³±� 150 125 150 1
ˆ´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ± 
´  Ë¨§¨Î¥¸±μ° ³¨Ï¥´¨, Î ¸É¨Í /¸ 5 · 1013 4 · 1013 2 · 1013 1 · 1011

1E-mail: k.i.kuzmenkov@gmail.com
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‘¨¸É¥³  ¨´¦¥±Í¨¨ Í¨±²μÉ·μ´  DC-280 ¡Ê¤¥É μ¸´ Ð¥´  ¤¢Ê³Ö ¢Ò¸μ±μ¢μ²ÓÉ´Ò³¨ ¶² É-
Ëμ·³ ³¨, ÎÉμ ¶μ§¢μ²¨É ÔËË¥±É¨¢´μ Ê¸±μ·ÖÉÓ ¶ÊÎ±¨ ¨μ´μ¢ μÉ £¥²¨Ö ¤μ Ê· ´  ¸ μÉ´μÏ¥-
´¨¥³ ³ ¸¸Ò ± § ·Ö¤Ê ¢ ¤¨ ¶ §μ´¥ 4Ä7. Š ¦¤ Ö ¢Ò¸μ±μ¢μ²ÓÉ´ Ö ¶² ÉËμ·³  ¡Ê¤¥É μ¸´ -
Ð¥´  �–�-¨¸ÉμÎ´¨±μ³ ¸ ´¨§±¨³ ¶μÉ·¥¡²¥´¨¥³ Ô´¥·£¨¨. „²Ö ¶μ²ÊÎ¥´¨Ö ¨μ´μ¢ ¸·¥¤´¨Ì
³ ¸¸ (μÉ He ¤μ Kr) ¡Ê¤¥É ¨¸¶μ²Ó§μ¢ ´ �–�-¨¸ÉμÎ´¨± ¨μ´μ¢ ´  ¶μ¸ÉμÖ´´ÒÌ ³ £´¨É Ì
(DECRIS-PM). ‚ ¤ ´´μ° · ¡μÉ¥ ¶·¨¢¥¤¥´  ±μ´¸É·Ê±Í¨Ö ´μ¢μ£μ �–� ¨μ´´μ£μ ¨¸ÉμÎ´¨± 
¨ ·¥§Ê²ÓÉ ÉÒ ¨¸¶ÒÉ ´¨° ¨¸ÉμÎ´¨±  ´  ¸É¥´¤¥.

1. �–�-ˆ‘’�—�ˆŠ DECRIS-PM

�¸´μ¢´Ò³ ¶·¥¨³ÊÐ¥¸É¢μ³ ECRIS-¨¸ÉμÎ´¨±μ¢ ´  ¶μ¸ÉμÖ´´ÒÌ ³ £´¨É Ì Ö¢²Ö¥É¸Ö ´¨§-
± Ö ¶μÉ·¥¡²Ö¥³ Ö ³μÐ´μ¸ÉÓ, ´¨§±μ¥ ¤ ¢²¥´¨¥ ¢ ¸¨¸É¥³¥ ¢μ¤Ö´μ£μ μÌ² ¦¤¥´¨Ö, ¶·μ¸ÉμÉ 
Ê¶· ¢²¥´¨Ö ¨ É. ¤. �¤´ ±μ ¥¸ÉÓ ·Ö¤ ¸ÊÐ¥¸É¢¥´´ÒÌ ´¥¤μ¸É É±μ¢ ECRIS ´  ¶μ¸ÉμÖ´´ÒÌ ³ £-
´¨É Ì. ƒ² ¢´Ò³ ¨§ ´¨Ì Ö¢²Ö¥É¸Ö Ë¨±¸¨·μ¢ ´´μ¥ · ¸¶·¥¤¥²¥´¨¥ ³ £´¨É´μ£μ ¶μ²Ö ¨ ¸· ¢-
´¨É¥²Ó´μ ´¨§± Ö ´ ¶·Ö¦¥´´μ¸ÉÓ ¶μ²Ö. ’ ±¨³ μ¡· §μ³, ±μ´Ë¨£Ê· Í¨Ö ³ £´¨É´μ° ¸¨¸É¥³Ò
¤μ²¦´  ¡ÒÉÓ ÉÐ É¥²Ó´μ μ¶É¨³¨§¨·μ¢ ´  Ê¦¥ ´  ÔÉ ¶¥ ¶·μ¥±É¨·μ¢ ´¨Ö. „·Ê£¨³ ´¥¤μ¸É É-
±μ³ Ö¢²Ö¥É¸Ö ¸¨²Ó´μ¥ ³¥Ì ´¨Î¥¸±μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥ ³¥¦¤Ê μÉ¤¥²Ó´Ò³¨ Î ¸ÉÖ³¨ ¸¨¸É¥³Ò,
ÎÉμ ¤¥² ¥É ¶· ±É¨Î¥¸±¨ ´¥¢μ§³μ¦´μ° ±μ··¥±Í¨Õ ³ £´¨É´μ£μ ¶μ²Ö ¶μ¸²¥ ¸¡μ·±¨ ¸¨¸É¥³Ò.

� ¡μÎ Ö Î ¸ÉμÉ  ¨¸ÉμÎ´¨±  ¡Ò²  ¢Ò¡· ´  14 ƒƒÍ, §´ Î¥´¨Ö ¶μ²Ö ¢ μ¡² ¸É¨ ¨´¦¥±Í¨¨
(Binj), ¢ μ¡² ¸É¨ Ô±¸É· ±Í¨¨ (Bextr) ¨ ³¨´¨³Ê³ ³ £´¨É´μ£μ ¶μ²Ö (Bmin) ¡Ò²¨ ¢Ò¡· ´Ò ¢
¸μμÉ¢¥É¸É¢¨¨ ¸ § ±μ´ ³¨ ¸±¥°²¨´£  ¤²Ö  ±¸¨ ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö ³ £´¨É´μ£μ ¶μ²Ö [2].
Œ £´¨É´μ¥ ¶μ²¥ ¢ μ¡² ¸É¨ ¨´¦¥±Í¨¨ ¢Ò¡· ´μ · ¢´Ò³ 1,3 T² ¤²Ö ³¨´¨³¨§ Í¨¨ ¢¥¸ 
¸¨¸É¥³Ò ¨ ´  μ¸´μ¢¥ μ¶ÒÉ  · §· ¡μÉ±¨ �–�-¨¸ÉμÎ´¨±μ¢ μ¡ÒÎ´μ£μ É¨¶ . ‚ É ¡². 2 ¶·¨-
¢¥¤¥´Ò μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò ¨¸ÉμÎ´¨±  DECRIS-PM.

‘Ì¥³  ³ £´¨É´μ° ¸¨¸É¥³Ò ¶·¨¢¥¤¥´  ´  ·¨¸. 1.

’ ¡²¨Í  2. Šμ´¸É·Ê±É¨¢´Ò¥ ¶ · ³¥É·Ò DECRIS-PM

� · ³¥É· ‡´ Î¥´¨¥

� ¡μÎ Ö Î ¸ÉμÉ , ƒƒÍ 14
Œ £´¨É´μ¥ ¶μ²¥ ¨´¦¥±Í¨¨ Binj, ’² � 1,3
Œ¨´¨³Ê³ ³ £´¨É´μ£μ ¶μ²Ö Bmin, ’² 0,4
Œ £´¨É´μ¥ ¶μ²¥ Ô±¸É· ±Í¨¨ Bextr, ’² 1,0Ä1,1
� ¤¨ ²Ó´μ¥ ³ £´¨É´μ¥ ¶μ²¥ Br, ’² 1,05Ä1,15
‚´ÊÉ·¥´´¨° ¤¨ ³¥É· ¶² §³¥´´μ° ± ³¥·Ò, ³³ 70
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�¨¸. 1. Œ £´¨É´ Ö ¸É·Ê±ÉÊ·  DECRIS-PM:

1Ä5 Å ³ £´¨É´Ò¥ ±μ²ÓÍ ; 6, 7 Å ±μ²ÓÍ  ¨§

³ £´¨Éμ³Ö£±μ° ¸É ²¨; 8Ä11 Å ¤¨¸±¨ ¨§ ³ £´¨-
Éμ³Ö£±μ° ¸É ²¨; 12Ä14 Å ¢¸¶μ³μ£ É¥²Ó´Ò¥ Ô²¥-

³¥´ÉÒ; 15 Å £¥±¸ ¶μ²Ó; 16 Å μ¡³μÉ± 
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Œ £´¨É´ Ö ¸É·Ê±ÉÊ·  ¸μ¸Éμ¨É ¨§ ¶ÖÉ¨ ³ £´¨É´ÒÌ ±μ²¥Í (1Ä5) ¸  ±¸¨ ²Ó´Ò³ ²¨¡μ
· ¤¨ ²Ó´Ò³ ´ ³ £´¨Î¨¢ ´¨¥³. Œ £´¨É´Ò¥ ±μ²ÓÍ  ¢ μ¡² ¸É¨ Ô±¸É· ±Í¨¨ ¨ ¨´¦¥±Í¨¨ ¶μ-
³¥Ð¥´Ò ¢ ±μ²ÓÍ  ¨§ ³ £´¨Éμ³Ö£±μ° ¸É ²¨, ÎÉμ ¶μ§¢μ²Ö¥É ´¥³´μ£μ Ê¢¥²¨Î¨ÉÓ ³ ±¸¨³Ê³Ò
³ £´¨É´μ£μ ¶μ²Ö ¨ ¸ÊÐ¥¸É¢¥´´μ Ê³¥´ÓÏ ¥É · ¸¸¥Ö´´μ¥ ³ £´¨É´μ¥ ¶μ²¥ ¢μ±·Ê£ ¨¸ÉμÎ-
´¨± . �² ¸É¨´Ò ¨§ ³ £´¨Éμ³Ö£±μ° ¸É ²¨ (6, 7) ¸ÊÐ¥¸É¢¥´´μ ¢²¨ÖÕÉ ´  · ¸¶·¥¤¥²¥´¨¥
³ £´¨É´μ£μ ¶μ²Ö, ¨§³¥´¥´¨¥³ ¨Ì Éμ²Ð¨´Ò ´  ÔÉ ¶¥ ¶·¥¤¢ ·¨É¥²Ó´μ° ¸¡μ·±¨ ³μ¦´μ ·¥-
£Ê²¨·μ¢ ÉÓ ¢¥²¨Î¨´Ê ³¨´¨³Ê³  ³ £´¨É´μ£μ ¶μ²Ö.

� ¸¶·¥¤¥²¥´¨¥  ±¸¨ ²Ó´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¶μ± § ´μ ´  ·¨¸. 2,  . � ¸¸ÉμÖ´¨¥ ³¥¦¤Ê
³ ±¸¨³Ê³ ³¨ ¶μ²Ö ¢ μ¡² ¸É¨ ¨´¦¥±Í¨¨ ¨ μ¡² ¸É¨ Ô±¸É· ±Í¨¨ ¸μ¸É ¢²Ö¥É 24,5 ¸³.

‘ÊÐ¥¸É¢¥´´μ° μ¸μ¡¥´´μ¸ÉÓÕ ¨μ´´μ£μ ¨¸ÉμÎ´¨±  Ö¢²Ö¥É¸Ö ´ ²¨Î¨¥ ¤μ¶μ²´¨É¥²Ó´μ°
μ¡³μÉ±¨, · §³¥Ð¥´´μ° ¢ Í¥´É·¥ ³ £´¨É´μ° ¸¨¸É¥³Ò ³¥¦¤Ê £¥±¸ ¶μ²¥³ ¨ Í¥´É· ²Ó´Ò³
³ £´¨É´Ò³ ±μ²ÓÍμ³. �¡³μÉ±  ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö ·¥£Ê²¨·μ¢±¨ ¢¥²¨Î¨´Ò ³¨´¨³Ê³  ³ £-
´¨É´μ£μ ¶μ²Ö Bmin ¶·¨ μ¶É¨³¨§ Í¨¨ ·¥¦¨³μ¢ · ¡μÉÒ ¨μ´´μ£μ ¨¸ÉμÎ´¨± . �¡³μÉ±  ¶μ-
É·¥¡²Ö¥É ³¥´¥¥ 1,5 ±‚É ³μÐ´μ¸É¨, ¢²¨Ö´¨¥ Éμ±  μ¡³μÉ±¨ ´  ¢¥²¨Î¨´Ê Bmin ¶μ± § ´μ ´ 
·¨¸. 2, ¡. �·¨ ³ ±¸¨³ ²Ó´μ³ Éμ±¥ μ¡³μÉ±¨ (300 �) ¢¥²¨Î¨´  ·¥£Ê²¨·μ¢±¨ Bmin ¸μ¸É ¢²Ö¥É
±0,075 ’² ¢ § ¢¨¸¨³μ¸É¨ μÉ ¶μ²Ö·´μ¸É¨ ¢±²ÕÎ¥´¨Ö μ¡³μÉ±¨.

�¨¸. 2.  ) � ¸¶·¥¤¥²¥´¨¥  ±¸¨ ²Ó´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¨¸ÉμÎ´¨±  DECRIS-PM. ¡) ‚¥²¨Î¨´  ³¨-

´¨³Ê³  ³ £´¨É´μ£μ ¶μ²Ö ¶·¨ · §²¨Î´ÒÌ Éμ± Ì μ¡³μÉ±¨
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Œ £´¨É´μ¥ ¶μ²¥ ¨¸ÉμÎ´¨±  Ö¢²Ö¥É¸Ö ¸Ê¶¥·¶μ§¨Í¨¥°  ±¸¨ ²Ó´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¨
· ¤¨ ²Ó´μ£μ ³ £´¨É´μ£μ ¶μ²Ö, Ëμ·³¨·Ê¥³μ£μ 24-¸¥£³¥´É´Ò³ £¥±¸ ¶μ²¥³ ¸μ ¸É·Ê±ÉÊ·μ°
• ²Ó¡ Ì , ±μÉμ·Ò° μ¡¥¸¶¥Î¨¢ ¥É ¸μ§¤ ´¨¥ · ¤¨ ²Ó´μ£μ ³ £´¨É´μ£μ ¶μ²Ö 1,05 ’² ´  ¢´Ê-
É·¥´´¥° ¶μ¢¥·Ì´μ¸É¨ ¶² §³¥´´μ° ± ³¥·Ò.

2. �…‡“‹œ’�’› ˆ‘�›’��ˆ‰ ˆ‘’�—�ˆŠ� DECRIS-PM �� ‘’…�„…

ˆ¸ÉμÎ´¨± ¡Ò² ¨¸¶ÒÉ ´ ¶·¨ ¶μ²ÊÎ¥´¨¨ ¨μ´μ¢ £ §μ¢ ¨ É¢¥·¤ÒÌ ¢¥Ð¥¸É¢. ‚ ± Î¥¸É¢¥
¨¸ÉμÎ´¨±  ‘‚—-³μÐ´μ¸É¨ ¨¸¶μ²Ó§μ¢ ²¸Ö Ê¸¨²¨É¥²Ó ´  ² ³¶¥ ¡¥£ÊÐ¥° ¢μ²´Ò ³μÐ´μ¸ÉÓÕ
¤μ 600 ‚É.

�  ·¨¸. 3,   ¨ ¡ ¶μ± § ´Ò § ·Ö¤μ¢Ò¥ ¸¶¥±É·Ò ¨μ´μ¢  ·£μ´  ¶·¨ μ¶É¨³¨§ Í¨¨ ·¥¦¨³ 
¨¸ÉμÎ´¨±  ´  ¶μ²ÊÎ¥´¨¥ ³ ±¸¨³ ²Ó´μ£μ Éμ±  ¨μ´μ¢ Ar8+ ¨ Šr17+ ¸μμÉ¢¥É¸É¢¥´´μ.

„²Ö ¶μ²ÊÎ¥´¨Ö ¨μ´μ¢ É¢¥·¤ÒÌ ¢¥Ð¥¸É¢, É ±¨Ì ± ± ³ £´¨° ¨ ± ²ÓÍ¨°, ¨¸¶μ²Ó§μ¢ ²¸Ö
³¥Éμ¤ ¶μ¤ Î¨ · ¡μÎ¥£μ ¢¥Ð¥¸É¢  ¨¸¶ ·¥´¨¥³ ¨§ É¨£²Ö [3].

„²Ö ¶μ²ÊÎ¥´¨Ö ¨μ´μ¢ É¨É ´  ¨ ¦¥²¥§  ¨¸¶μ²Ó§μ¢ ²¸Ö ³¥Éμ¤ MIVOC (Metal Ions
from Volatile Compounds) [4]. „²Ö ¶μ²ÊÎ¥´¨Ö ¨μ´μ¢ É¨É ´  ¨¸¶μ²Ó§μ¢ ²μ¸Ó ¸μ¥¤¨´¥´¨¥

�¨¸. 3. ‘¶¥±É·Ò ¨μ´μ¢  ·£μ´  ¶·¨ μ¶É¨³¨§ Í¨¨ ·¥¦¨³  ¨¸ÉμÎ´¨±  ´  ³ ±¸¨³Ê³ Éμ±  ¨μ´μ¢

Ar8+ ( ) ¨ Šr17+ (¡)
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’ ¡²¨Í  3. �¥§Ê²ÓÉ ÉÒ ¨¸¶ÒÉ ´¨° �–�-¨¸ÉμÎ´¨±  DECRIS-PM

ˆμ´ 5+ 7+ 8+ 9+ 10+ 11+ 12+ 15+ 17+ 19+ 20+ 23+ 26+

Ar 926 500 210 154
Kr 160 180 125 50
Xe 77 70 50

40Ca 110 175 220 158 58
24Mg 450 140 40 15
50Ti 90 72 60 23
56Fe 70 85 80 55

(CH3)5C5Ti(CH3)3 Å (É·¨³¥É¨²)¶¥´É ³¥É¨²-Í¨±²μ¶¥´É ¤¨¥´¨² É¨É ´ , ¤²Ö ¶μ²ÊÎ¥´¨Ö
¨μ´μ¢ ¦¥²¥§  Å ¸μ¥¤¨´¥´¨¥ Fe(C5H5)2 Å Ë¥··μÍ¥´.

�¥§Ê²ÓÉ ÉÒ ¨¸¶ÒÉ ´¨° �–�-¨¸ÉμÎ´¨±  DECRIS-PM μ¡μ¡Ð¥´Ò ¢ É ¡². 3, ¢ ±μÉμ·μ°
¶·¥¤¸É ¢²¥´Ò Éμ±¨ ¨μ´μ¢ · §²¨Î´ÒÌ § ·Ö¤μ¢, ¶μ²ÊÎ¥´´Ò¥ ¢ Ìμ¤¥ ¨¸¶ÒÉ ´¨°.

‡�Š‹	—…�ˆ…

�μ¢Ò° ¨¸ÉμÎ´¨± ¨μ´μ¢ DECRIS-PM μ¡¥¸¶¥Î¨¢ ¥É ¨´É¥´¸¨¢´Ò¥ ¶ÊÎ±¨ ¨μ´μ¢ £ §μ-
μ¡· §´ÒÌ ¨ É¢¥·¤ÒÌ ¢¥Ð¥¸É¢. ‚ Ìμ¤¥ ¨¸¶ÒÉ ´¨° ¨¸ÉμÎ´¨±  DECRIS-PM ·¥¦¨³Ò · ¡μÉÒ
¡Ò²¨ ¸É ¡¨²Ó´Ò³¨ ¨ ¢μ¸¶·μ¨§¢μ¤¨³Ò³¨. ˆ´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ±μ¢ ¨μ´μ¢, ¶μ²ÊÎ¥´´ÒÌ ¨§
¨¸ÉμÎ´¨±  DECRIS-PM, ¸μμÉ¢¥É¸É¢Ê¥É § Ö¢²¥´´Ò³ É·¥¡μ¢ ´¨Ö³ ¤²Ö ´μ¢μ£μ Í¨±²μÉ·μ´ 
DC-280.
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