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‚ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° �ˆŸˆ · §· ¡ ÉÒ¢ ¥É¸Ö Ê¸±μ·¨É¥²Ó´Ò° ±μ³¶²¥±¸ ÉÖ¦¥²ÒÌ ¨μ-
´μ¢ ¤²Ö ¶·μ³ÒÏ²¥´´ÒÌ ¶·¨³¥´¥´¨° ´  ¡ §¥ Í¨±²μÉ·μ´  „–-110. ‚ ÔÉμ³ ±μ³¶²¥±¸¥ ¶·¥¤¶μ² £ ¥É¸Ö
μ¡²ÊÎ ÉÓ ¶μ²¨³¥·´Ò¥ ¶²¥´±¨ Ï¨·¨´μ° ¤μ 600 ³³. ‚ ¤ ´´μ° · ¡μÉ¥ ¶·¥¤¸É ¢²¥´ ¶·μ¥±É ¸¨¸É¥³Ò
¸± ´¨·μ¢ ´¨Ö ¶ÊÎ±  ÉÖ¦¥²ÒÌ ¨μ´μ¢, ¶μ§¢μ²ÖÕÐ¥° ¶·μ¢μ¤¨ÉÓ · ¢´μ³¥·´ÊÕ § ¸¢¥É±Ê ¶²¥´±¨ ¶·¨
Ô´¥·£¨¨ ¶ÊÎ±  ¤μ 2,5 ŒÔ‚/´Ê±²μ´. �·¨¢μ¤ÖÉ¸Ö μ¡Ð Ö ±μ´Í¥¶Í¨Ö ¤¢ÊÌ± ´ ²Ó´μ° ¸± ´¨·ÊÕÐ¥° ¸¨-
¸É¥³Ò ¨ ±μ´¸É·Ê±Í¨Ö μ¸´μ¢´ÒÌ μÉ±²μ´ÖÕÐ¨Ì ³ £´¨Éμ¢.

The heavy ion accelerating complex for industrial applications based on DC-110 cyclotron is under
development at Flerov Laboratory of Nuclear Reactions, JINR. The complex will be used for irradiation
treatment of polymeric ˇlms up to 600 mm width. The project of heavy ion beam scanning system
allowing uniform ˇlm irradiation with beam energy up to 2.5 MeV/nucleon is presented. The concept
of the two-channel scanning system and construction of main de	ection magnets is described.

PACS: 29.20.dg; 29.90.+r
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‘¨¸É¥³  ¸± ´¨·μ¢ ´¨Ö ¶·¥¤´ §´ Î¥´  ¤²Ö ¨¸¶μ²Ó§μ¢ ´¨Ö ¢ ¤¢ÊÌ ± ´ ² Ì É· ´¸¶μ·-
É¨·μ¢±¨ ¶ÊÎ±  ¨μ´μ¢ Ê¸±μ·¨É¥²Ö „–-110. “¸±μ·¨É¥²Ó ¶·¥¤¶μ² £ ¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ¤²Ö
μ¡²ÊÎ¥´¨Ö ¶μ²¨³¥·´ÒÌ ¶²¥´μÎ´ÒÌ ³ É¥·¨ ²μ¢ ¢ ¶·μ³ÒÏ²¥´´ÒÌ ¨²¨ ¶μ²Ê¶·μ³ÒÏ²¥´-
´ÒÌ μ¡Ñ¥³ Ì, ÎÉμ ¶·¥¤ÑÖ¢²Ö¥É ¤μ¶μ²´¨É¥²Ó´Ò¥ É·¥¡μ¢ ´¨Ö ± ´ ¤¥¦´μ¸É¨, ¤μ²£μ¢¥Î´μ¸É¨
¨ Ê¸Éμ°Î¨¢μ¸É¨ ·¥¦¨³μ¢ · ¡μÉÒ ¢¸¥Ì Ô²¥³¥´Éμ¢ ¨ Ê§²μ¢. –¥²ÓÕ ¤ ´´μ£μ ¶·μ¥±É  Ö¢²Ö¥É¸Ö
· §· ¡μÉ±  μ¡Ð¥° ±μ´Í¥¶Í¨¨ ¨ ¡²μ±-¸Ì¥³Ò ¸± ´¨·ÊÕÐ¥° ¸¨¸É¥³Ò,   É ±¦¥ ¶·¥¤¢ ·¨-
É¥²Ó´ Ö μÍ¥´±  μ¸´μ¢´ÒÌ ¶ · ³¥É·μ¢ Ê¸É·μ°¸É¢ .

1. ’�…��‚��ˆŸ ˆ ˆ‘•�„�›… „���›…

„²Ö ¶·μ¨§¢μ¤¸É¢  É·¥±μ¢ÒÌ ³¥³¡· ´ ´  Í¨±²μÉ·μ´¥ „–-110 ¡Ê¤ÊÉ ¨¸¶μ²Ó§μ¢ ´Ò ¨μ´Ò
 ·£μ´ , ±·¨¶Éμ´  ¨ ±¸¥´μ´  ¸ ¶ · ³¥É· ³¨, ¶·¥¤¸É ¢²¥´´Ò³¨ ¢ É ¡². 1.

• Š ± ¢¨¤´μ ¨§ É ¡²¨ÍÒ, ´ ¨¡μ²ÓÏ¥° ³ £´¨É´μ° ¦¥¸É±μ¸ÉÓÕ μ¡² ¤ ¥É ¶ÊÎμ±  ·£μ´ .
�μÔÉμ³Ê ¢¸¥ ¶·¥¤¢ ·¨É¥²Ó´Ò¥ μÍ¥´±¨ ¶·μ¢¥¤¥´Ò ¤²Ö ¨μ´μ¢  ·£μ´  ¸ § ·Ö¤μ³ +40 ¨
Ô´¥·£¨¥° 2,5 ŒÔ‚/´Ê±²μ´.

• �¶¥·ÉÊ·  ¨μ´μ¶·μ¢μ¤  ´  ¤²¨´¥ ¸± ´¨·ÊÕÐ¥° ¸¨¸É¥³Ò ¸μ¸É ¢²Ö¥É ´¥ ³¥´¥¥ 90 ³³.
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’ ¡²¨Í  1.

’¨¶Ò Ê¸±μ·Ö¥³ÒÌ A/Z ¢Ò¢¥¤¥´´μ£μ �´¥·£¨Ö ¨μ´ ,
¨μ´μ¢ ¨μ´  ŒÔ‚/´Ê±²μ´

40Ar+6 6,667 2,5

86Kr+13 6,615 2,5

132Xe+20 6,6 2,5

• Œ¨Ï¥´Ó ´ Ìμ¤¨É¸Ö ´  · ¸¸ÉμÖ´¨¨ � 10 ³ μÉ ¸± ´¨·ÊÕÐ¨Ì Ê¸É·μ°¸É¢, ¨ μ¡² ¸ÉÓ
¸± ´¨·μ¢ ´¨Ö ¶ÊÎ±  ´  ³¨Ï¥´¨ ¨³¥¥É · §³¥·Ò 300 ³³ ¶μ ¢¥·É¨± ²¨ ¨ 700 ³³ ¶μ £μ·¨-
§μ´É ²¨.

• “¸É·μ°¸É¢  ¸± ´¨·μ¢ ´¨Ö ¤μ²¦´Ò μ¡¥¸¶¥Î¨¢ ÉÓ · ¢´μ³¥·´μ¸ÉÓ § ¸¢¥É±¨ ¢¸¥° ¶²μ-
Ð ¤¨ ³¨Ï¥´¨ ¶ÊÎ±μ³ ¨μ´μ¢ ´¥ ÌÊ¦¥ ±10 %.

2. ��…„‚��ˆ’…‹œ�›… �–…�Šˆ ˆ Š��’Š�… ��ˆ‘��ˆ… ‘ˆ‘’…Œ›


Ò²¨ · ¸¸³μÉ·¥´Ò ¢ ·¨ ´ÉÒ ¸± ´¨·μ¢ ´¨Ö ± ± ³ £´¨É´Ò³ ¶μ²¥³, É ± ¨ ¸ ¶μ³μÐÓÕ
Ô²¥±É·μ¸É É¨Î¥¸±¨Ì ¤¥Ë²¥±Éμ·´ÒÌ ¶² ¸É¨´. „²Ö μÍ¥´μ± ¶·¨´¨³ ²¨¸Ó ¡ §μ¢ Ö ¤²¨´  ¨¸-
¶μ²´¨É¥²Ó´μ£μ Ô²¥³¥´É  1 ³ ¨ ¡ §  ¸± ´¨·μ¢ ´¨Ö 10 ³.

„²Ö £μ·¨§μ´É ²Ó´μ£μ Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ¤¥Ë²¥±Éμ·  · ¸Î¥É´ Ö ´ ¶·Ö¦¥´´μ¸ÉÓ ¶μ²Ö
¶·¥¢Ò¸¨²  10 ±‚/¸³, ÎÉμ ¶·¥¤¸É ¢²Ö¥É¸Ö ¸²¨Ï±μ³ ¡μ²ÓÏμ° ¢¥²¨Î¨´μ°, ¥¸²¨ ÊÎ¥¸ÉÓ ·¥-
 ²Ó´Ò¥ ¢μ§³μ¦´μ¸É¨ ¶μ²ÊÎ¥´¨Ö ¢Ò¸μ±μ£μ ¢ ±ÊÊ³  ¢ μ¡² ¸É¨ ¸± ´¥· .

„²Ö ¢¥·É¨± ²Ó´μ£μ Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ¤¥Ë²¥±Éμ·  ´ ¶·Ö¦¥´´μ¸ÉÓ ¶μ²Ö ¸μ¸É ¢¨² 
∼ 5 ±‚/¸³, ÎÉμ ¶·¥¤¸É ¢²Ö¥É¸Ö ·¥ ²¨§Ê¥³Ò³, ´μ ¶μÉ·¥¡Ê¥É Ê¸É ´μ¢±¨ ¤μ¶μ²´¨É¥²Ó´μ£μ
¢ ±ÊÊ³´μ£μ μ¡μ·Ê¤μ¢ ´¨Ö.

�μÔÉμ³Ê ¡Ò²μ ·¥Ï¥´μ ¨¸¶μ²Ó§μ¢ ÉÓ Éμ²Ó±μ ³ £´¨É´Ò¥ μÉ±²μ´ÖÕÐ¨¥ Ô²¥³¥´ÉÒ.
‘Ì¥³  · ¸¶μ²μ¦¥´¨Ö μ¸´μ¢´ÒÌ Ô²¥³¥´Éμ¢ ¢¤μ²Ó ± ¦¤μ£μ ¨§ ¤¢ÊÌ ± ´ ²μ¢ ¸± ´¨·μ¢ -

´¨Ö ¶μ± § ´  ´  ·¨¸. 1.
„²Ö · §¢¥·É±¨ ¶ÊÎ±  ¨μ´μ¢ ¶·¥¤¶μ² £ ¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ¸± ´¨·ÊÕÐ¨¥ ³ £´¨ÉÒ ¸ ±μ-

¸¨´Ê¸μ¨¤ ²Ó´Ò³¨ μ¡³μÉ± ³¨ ¨ ³ £´¨É´Ò³¨ Ô±· ´ ³¨, ¨§£μÉμ¢²¥´´Ò³¨ ¨§ Ï¨ÌÉμ¢ ´´μ£μ
Ô²¥±É·μÉ¥Ì´¨Î¥¸±μ£μ ¦¥²¥§ .

�¨¸. 1. � ¸¶μ²μ¦¥´¨¥ μ¸´μ¢´ÒÌ Ô²¥³¥´Éμ¢ ± ´ ²  ¸± ´¨·μ¢ ´¨Ö
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‘± ´¨·ÊÕÐ¨¥ ³ £´¨ÉÒ:
• VS Å ³ £´¨É ¤²Ö μÉ±²μ´¥´¨Ö ¶μ ¢¥·É¨± ²¨; ¤²¨´  ³ £´¨É  800 ³³; μÌ² ¦¤¥´¨¥

¢μ§¤ÊÏ´μ¥ ¸ ¶μ³μÐÓÕ ¢¥´É¨²ÖÉμ· .
• HS1 ¨ HS2 Å ¸± ´¨·ÊÕÐ¨¥ ³ £´¨ÉÒ ¤²Ö μÉ±²μ´¥´¨Ö ¶μ £μ·¨§μ´É ²¨; ¤²¨´  ± ¦¤μ£μ

³ £´¨É  600 ³³; μÌ² ¦¤¥´¨¥ ¢μ§¤ÊÏ´μ¥ ¸ ¶μ³μÐÓÕ ¢¥´É¨²ÖÉμ· .
‚ ± Î¥¸É¢¥ ¶¨É ÕÐ¨Ì £¥´¥· Éμ·μ¢ ¨¸¶μ²Ó§ÊÕÉ¸Ö ³μ¸Éμ¢Ò¥ ¨´¢¥·Éμ·Ò, ±μÉμ·Ò¥ ¶·¥-

μ¡· §ÊÕÉ ¶μ¸ÉμÖ´´μ¥ ´ ¶·Ö¦¥´¨¥ ¢ ¤¢Ê¶μ²Ö·´Ò¥ ¶·Ö³μÊ£μ²Ó´Ò¥ ¨³¶Ê²Ó¸Ò, ¸²¥¤ÊÕÐ¨¥ ¸
§ ¤ ´´μ° Î ¸ÉμÉμ° (f = 80−150 ƒÍ). �·¨ ÔÉμ³ ¢ ± ÉÊÏ± Ì ³ £´¨É  ¶·μÉ¥± ¥É ¶¥·¥³¥´-
´Ò° Éμ± ¶¨²μμ¡· §´μ° Ëμ·³Ò. Œμ¤Ê²Ó Ê¶· ¢²¥´¨Ö £¥´¥·¨·Ê¥É Î ¸ÉμÉÒ, § ¢¨¸ÖÐ¨¥ μÉ
·¥¦¨³  · ¡μÉÒ ¸¨¸É¥³Ò, ¸ ÉμÎ´μ¸ÉÓÕ ´¥ ÌÊ¦¥ 0,01 %. �¥¦¨³ · ¡μÉÒ ¸¨¸É¥³Ò § ¤ ¥É¸Ö
²¨¡μ ²μ± ²Ó´μ ¸ ¶μ³μÐÓÕ ±² ¢¨ ÉÊ·Ò ¨ LCD-¤¨¸¶²¥Ö, ²¨¡μ ¸ Ê¤ ²¥´´μ£μ ±μ³¶ÓÕÉ¥· 
¶μ ¶·μÉμ±μ²Ê RS485. Š·μ³¥ Éμ£μ, ³μ¤Ê²Ó Ê¶· ¢²¥´¨Ö ¨§³¥·Ö¥É Éμ±¨ ¢ μÉ±²μ´ÖÕÐ¨Ì
Ê¸É·μ°¸É¢ Ì ¨ ´ ¶·Ö¦¥´¨Ö ¶¨É ´¨Ö, μ¸ÊÐ¥¸É¢²ÖÖ μ¡· É´ÊÕ ¸¢Ö§Ó ¨ ¡²μ±¨·μ¢±Ê · ¡μÉÒ
¶·¨  ¢ ·¨°´ÒÌ ¸¨ÉÊ Í¨ÖÌ, ¨ ¢Ò¶μ²´Ö¥É ¤·Ê£¨¥ ¸²Ê¦¥¡´Ò¥ ËÊ´±Í¨¨ ¸¨¸É¥³Ò ¢ Í¥²μ³.

ƒ¥´¥· Éμ·Ò ¶¨²μμ¡· §´μ£μ Éμ±  Ê¸É ´ ¢²¨¢ ÕÉ¸Ö ´¥¶μ¸·¥¤¸É¢¥´´μ ¶μ¤ ¸± ´¨·ÊÕ-
Ð¨³¨ ³ £´¨É ³¨ μ¤´μ£μ ¨§ ± ´ ²μ¢, ±·¥¶ÖÉ¸Ö ´  ¸Éμ°± Ì ±·¥¶²¥´¨Ö ¸± ´¨·ÊÕÐ¨Ì ³ £´¨-
Éμ¢. �Ì² ¦¤¥´¨¥ £¥´¥· Éμ·μ¢ ¢μ§¤ÊÏ´μ-¶·¨´Ê¤¨É¥²Ó´μ¥. �¥·¥±²ÕÎ¥´¨¥ £¥´¥· Éμ·μ¢ ´ 
· §´Ò¥ ± ´ ²Ò ¶·μ¨§¢μ¤¨É¸Ö Ô²¥±É·μ³¥Ì ´¨Î¥¸±¨³¨ ·¥²¥.

‘Ê³³ ·´μ¥ ¢Ò¤¥²¥´¨¥ É¥¶²  ¢ ¢μ§¤ÊÌ ´¥ ¶·¥¢ÒÏ ¥É 1500 ‚É.
�μ²´ Ö ¤²¨´  ¸¨¸É¥³Ò, ¢±²ÕÎ Ö ¸μ¥¤¨´¨É¥²Ó´Ò¥ Ë² ´ÍÒ, ¸μ¸É ¢²Ö¥É 2500 ³³.
ƒμ·¨§μ´É ²Ó´Ò¥ ¸± ´¨·ÊÕÐ¨¥ ³ £´¨ÉÒ ¶·¨ ¡ §¥ 10 ³ μ¡¥¸¶¥Î É μ±μ²μ 80 % É·¥¡Ê¥³μ°

Ï¨·¨´Ò · §¢¥·É±¨ ´  ³¨Ï¥´¨. �¸É ²Ó´Ò¥ 20% ¤μ¸É¨£ ÕÉ¸Ö ¶·¨ ¶μ³μÐ¨ ¤μ¶μ²´¨É¥²Ó-
´μ° μÉ±²μ´ÖÕÐ¥° ¸¨¸É¥³Ò, ±μÉμ· Ö ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° Ï¨·μ±μ ¶¥·ÉÊ·´ÊÕ ¤¥Ëμ±Ê¸¨·Ê-
ÕÐÊÕ ¶μ £μ·¨§μ´É ²¨ ±¢ ¤·Ê¶μ²Ó´ÊÕ ²¨´§Ê,  ´ ²μ£¨Î´ÊÕ Ê¸É ´μ¢²¥´´μ° ´  Ê¸±μ·¨É¥²¥
ˆ–-100.

’ ± Ö ²¨´§ , ±μ´¥Î´μ, μ± §Ò¢ ¥É ¢²¨Ö´¨¥ ´  ¶μ¶¥·¥Î´Ò¥ · §³¥·Ò ¶ÊÎ± , ´μ ÔÉμ ¢²¨-
Ö´¨¥ ²¥£±μ ±μ³¶¥´¸¨·μ¢ ÉÓ ¶μ¤¸É·μ°±μ° ±¢ ¤·Ê¶μ²¥° ¢ ± ´ ²¥ ¢Ò¢μ¤ . ˆ¸¶μ²Ó§μ¢ ´¨¥
²¨´§Ò ¶μ§¢μ²Ö¥É Ê¶·μ¸É¨ÉÓ ±μ´¸É·Ê±Í¨Õ ¨ ¸ÊÐ¥¸É¢¥´´μ ¸´¨§¨ÉÓ Ô´¥·£¥É¨Î¥¸±¨¥ ¶ · ³¥-
É·Ò ¸¨¸É¥³Ò £μ·¨§μ´É ²Ó´μ£μ ¸± ´¨·μ¢ ´¨Ö.
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Šμ´¸É·Ê±Í¨¨ ¸± ´¨·ÊÕÐ¨Ì ³ £´¨Éμ¢  ´ ²μ£¨Î´Ò · §· ¡μÉ ´´Ò³ ¤²Ö Ê¸±μ·¨É¥²Ö
„–-60 ¨ ¶μ± § ´Ò ´  ·¨¸. 2 ¨ 3,   μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò ¶·¨¢¥¤¥´Ò ¢ É ¡². 2.

�¨¸. 2. Œ £´¨ÉÒ £μ·¨§μ´É ²Ó´μ£μ ¸± ´¨·μ¢ ´¨Ö
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�¨¸. 3. Œ £´¨É ¢¥·É¨± ²Ó´μ£μ ¸± ´¨·μ¢ ´¨Ö

’ ¡²¨Í  2.

� · ³¥É·Ò ƒμ·¨§μ´É ²Ó´ Ö · §¢¥·É±  ‚¥·É¨± ²Ó´ Ö · §¢¥·É± 

Œ ±¸¨³ ²Ó´μ¥ μÉ±²μ´ÖÕÐ¥¥ ¶μ²¥ B, ƒ¸ ≈ 400 ≈ 300
„²¨´  Ê¸É·μ°¸É¢  L, ³³ 2 × 600 800
— ¸ÉμÉ  ¸± ´¨·μ¢ ´¨Ö f , ƒÍ 80−150 80−150
ˆ´¤Ê±É¨¢´μ¸ÉÓ μ¤´μ° μ¡³μÉ±¨ L, ³ƒ´ 40 55
�¨±μ¢Ò° Éμ± ¢ μ¡³μÉ± Ì I , � 15 15
‚´ÊÉ·¥´´¨° ¤¨ ³¥É· ¨μ´μ¶·μ¢μ¤ , ³³ 90 100
„²¨´  ¶μ Ë² ´Í ³, ³³ 1400 1100

Šμ´¸É·Ê±Í¨Ö Ï¨·μ±μ ¶¥·ÉÊ·´μ° ²¨´§Ò ¶μ± § ´  ´  ·¨¸. 4.

Œ ±¸¨³ ²Ó´Ò° Éμ± ¢ μ¡³μÉ± Ì 20 �, ¶·¨ ÔÉμ³ £· ¤¨¥´É ¸μ¸É ¢²Ö¥É 30 ƒ¸/¸³.

�¶É¨³ ²Ó´μ¥ ¸μμÉ´μÏ¥´¨¥ Î ¸ÉμÉ · §¢¥·É±¨ ¶μ ¢¥·É¨± ²¨ ¨ ¶μ £μ·¨§μ´É ²¨ ¢Ò¡¨· -
¥É¸Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ ¸±μ·μ¸É¨ ¤¢¨¦¥´¨Ö ¶²¥´±¨.

‚ ± Î¥¸É¢¥ £¥´¥· Éμ·  ³ £´¨É´μ£μ ¶μ²Ö ¨¸¶μ²Ó§Ê¥É¸Ö ³μ¸Éμ¢μ° ¨´¢¥·Éμ·, ±μÉμ·Ò°
¶·¥μ¡· §Ê¥É ¶μ¸ÉμÖ´´μ¥ ´ ¶·Ö¦¥´¨¥ ¢ ¤¢Ê¶μ²Ö·´Ò¥ ¶·Ö³μÊ£μ²Ó´Ò¥ ¨³¶Ê²Ó¸Ò, ¸²¥¤ÊÕ-
Ð¨¥ ¸ § ¤ ´´μ° Î ¸ÉμÉμ° (f = 80−150 ƒÍ). �·¨ ÔÉμ³ ¢ ± ÉÊÏ± Ì ³ £´¨É  ¶·μÉ¥± ¥É
¶¥·¥³¥´´Ò° Éμ± ¶¨²μμ¡· §´μ° Ëμ·³Ò.

�¨¸. 4. 
¥¸¶μ²Õ¸´Ò° Ï¨·μ±μ ¶¥·ÉÊ·´Ò° ±¢ ¤·Ê¶μ²Ó
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