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�·μ¥±É Í¨±²μÉ·μ´  ÉÖ¦¥²ÒÌ ¨μ´μ¢ „–-110
¤²Ö ¶·μ³ÒÏ²¥´´μ£μ ¶·¨³¥´¥´¨Ö ¨ ¶·¨±² ¤´ÒÌ ¨¸¸²¥¤μ¢ ´¨°
¢ μ¡² ¸É¨ ´ ´μÉ¥Ì´μ²μ£¨°

‚ ‹Ÿ	 �ˆŸˆ · §· ¡μÉ ´ ¶·μ¥±É Í¨±²μÉ·μ´´μ£μ ±μ³¶²¥±¸  ¤²Ö ¶·μ¢¥¤¥-
´¨Ö Ï¨·μ±μ£μ ¸¶¥±É·  ¶·¨±² ¤´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¢ μ¡² ¸É¨ ´ ´μÉ¥Ì´μ²μ£¨°
(É¥³¶²¥É´Ò¥ É¥Ì´μ²μ£¨¨, É·¥±μ¢Ò¥ ³¥³¡· ´Ò, ³μ¤¨Ë¨± Í¨Ö ¶μ¢¥·Ì´μ¸É¨ ¨ ¤·.).
Šμ³¶²¥±¸ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¸¶¥Í¨ ²¨§¨·μ¢ ´´Ò° Í¨±²μÉ·μ´ ÉÖ¦¥²ÒÌ ¨μ´μ¢
„–-110, ¶μ§¢μ²ÖÕÐ¨° ¶μ²ÊÎ ÉÓ ¨´É¥´¸¨¢´Ò¥ ¶ÊÎ±¨ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ Ar, Kr
¨ Xe ¸ Ë¨±¸¨·μ¢ ´´μ° Ô´¥·£¨¥° 2,5 ŒÔ‚/´Ê±²μ´. –¨±²μÉ·μ´ μ¡μ·Ê¤μ¢ ´ ¸¨¸É¥-
³μ° ¢´¥Ï´¥° ¨´¦¥±Í¨¨ ¸ ¨¸ÉμÎ´¨±μ³ ¨μ´μ¢ 
–	-É¨¶ , · ¡μÉ ÕÐ¨³ ´  Î ¸ÉμÉ¥
18 ƒƒÍ. 
²¥±É·μ³ £´¨É Í¨±²μÉ·μ´  ¸ ¤¨ ³¥É·μ³ ¶μ²Õ¸  2 ³ μ¡¥¸¶¥Î¨¢ ¥É · -
¡μÎ¥¥ ³ £´¨É´μ¥ ¶μ²¥ ¢ · ¡μÎ¥³ § §μ·¥ ´  Ê·μ¢´¥ 1,67 ’². ”¨±¸¨·μ¢ ´´ Ö Î -
¸ÉμÉ  ‚—-¸¨¸É¥³Ò · ¢´  15,5 ŒƒÍ. ‚Ò¢μ¤ ¶ÊÎ±  ¨§ Í¨±²μÉ·μ´  μ¸ÊÐ¥¸É¢²Ö¥É¸Ö
Ô²¥±É·μ¸É É¨Î¥¸±¨³ ¤¥Ë²¥±Éμ·μ³. ‚ · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò
Í¨±²μÉ·μ´  „–-110.

	 ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �. ”²¥·μ¢  �ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2009

Gikal B.N. et al. P9-2009-111
The Project of the DC-110 Heavy Ion Cyclotron for Industrial
Application and Applied Research in the Nanotechnology Field

The project of the DC-110 cyclotron facility to provide applied research in the
nanotechnologies (track pore membranes, surface modiˇcation of materials, etc.) has
been designed by the Flerov Laboratory of Nuclear Reactions of the Joint Insti-
tute for Nuclear Research (Dubna). The facility includes the isochronous cyclotron
DC-110 for accelerating the intensive Ar, Kr, Xe ion beams with 2.5 MeV/nucleon
ˇxed energy. The cyclotron is equipped with system of axial injection having 18 GHz
ECR ion source. The cyclotron electromagnet with pole of 2 m diameter creates mag-
netic ˇeld of 1.67 T. The RF system operates at ˇxed frequency 15.5 MHz. The
extraction system is equipped with electrostatic de�ector. The main parameters of
DC-110 cyclotron are presented in this report.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2009



‚‚…„…�ˆ…

‚ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸-
¸²¥¤μ¢ ´¨°, „Ê¡´ , · §· ¡μÉ ´ ¶·μ¥±É Í¨±²μÉ·μ´´μ£μ ±μ³¶²¥±¸  ¤²Ö ¶·μ¨§-
¢μ¤¸É¢  É·¥±μ¢ÒÌ ³¥³¡· ´. �·μ¥±É ¢±²ÕÎ ¥É ¸¶¥Í¨ ²¨§¨·μ¢ ´´Ò° ±μ³¶ ±É-
´Ò° Ê¸±μ·¨É¥²Ó ÉÖ¦¥²ÒÌ ¨μ´μ¢ „–-110 ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¨´¦¥±Éμ·  ÉÖ¦¥²ÒÌ
³´μ£μ§ ·Ö¤´ÒÌ ¨μ´μ¢ ´  ¡ §¥ ¨μ´´μ£μ ¨¸ÉμÎ´¨±  
–	-É¨¶ . “¸±μ·¨É¥²Ó´Ò°
±μ³¶²¥±¸ ¶μ§¢μ²¨É ¶μ²ÊÎ ÉÓ ¨´É¥´¸¨¢´Ò¥ ¶ÊÎ±¨ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ Ar, Kr
¨ Xe ¸ Ë¨±¸¨·μ¢ ´´μ° Ô´¥·£¨¥° 2,5 ŒÔ‚/´Ê±²μ´, ´¥μ¡Ìμ¤¨³Ò¥ ¤²Ö ¶·μ¨§¢μ¤-
¸É¢  É·¥±μ¢ÒÌ ³¥³¡· ´ ´  μ¸´μ¢¥ ¶μ²¨³¥·´ÒÌ ¶²¥´μ± Éμ²Ð¨´μ° ¤μ 30 ³±³.

��ˆ‘��ˆ… ˆ Š�Œ����‚Š� –ˆŠ‹�’���� „–-110

�·μ¥±É „–-110 μ¸´μ¢Ò¢ ¥É¸Ö ´  ´μ¢ÒÌ · §· ¡μÉ± Ì ¨ É¥Ì´μ²μ£¨¨, ¶μ²Ê-
Î¥´´ÒÌ ¢ Ìμ¤¥ ¸μ§¤ ´¨Ö ¨ Ô±¸¶²Ê É Í¨¨ É ±¨Ì Í¨±²μÉ·μ´μ¢ ‹Ÿ	 �ˆŸˆ, ± ±
“-400, “-400Œ, ˆ–-100, „–-72, „–-60 [1Ä3]. „²Ö ¶μ²ÊÎ¥´¨Ö ¶ÊÎ±μ¢ ¨μ´μ¢
 ·£μ´ , ±·¨¶Éμ´  ¨ ±¸¥´μ´  ¸ Ô´¥·£¨¥° 2,5 ŒÔ‚/´Ê±²μ´ ¢Ò¡· ´ Í¨±²μÉ·μ´
¸ ¤¨ ³¥É·μ³ ¶μ²Õ¸  2,0 ³. ‚ ± Î¥¸É¢¥ Ê¸±μ·Ö¥³ÒÌ ¨μ´μ¢ ¶·¨´ÖÉÒ 40Ar6+,
86Kr13+ ¨ 132Xe20+, ¨³¥ÕÐ¨¥ ¡²¨§±¨¥ μÉ´μÏ¥´¨Ö ³ ¸¸Ò ± § ·Ö¤Ê: 6,667;
6,615 ¨ 6,6. 
Éμ ¶μ§¢μ²Ö¥É ·¥ ²¨§μ¢ ÉÓ ·¥¦¨³ Ê¸±μ·¥´¨Ö ´  Ë¨±¸¨·μ¢ ´´μ°
Î ¸ÉμÉ¥ Ê¸±μ·ÖÕÐ¥° ¸¨¸É¥³Ò 15,506 ŒƒÍ ¶·¨ ¨§³¥´¥´¨¨ ³ £´¨É´μ£μ ¶μ²Ö ¢

’ ¡²¨Í  1. �¸´μ¢´Ò¥ ¶ · ³¥É·Ò · ¡μÎ¨Ì ·¥¦¨³μ¢ Í¨±²μÉ·μ´ 

“¸±μ·Ö¥³Ò¥ ¨μ´Ò 40Ar6+ 86Kr13+ 132Xe20+

�É´μÏ¥´¨¥ ³ ¸¸Ò ± § ·Ö¤Ê ¨μ´ , A/Z 6,667 6,615 6,6


´¥·£¨Ö ¨μ´μ¢, ŒÔ‚/´Ê±²μ´ 2,52 2,52 2,52

“·μ¢¥´Ó ³ £´¨É´μ£μ ¶μ²Ö, ’² 1,683 1,67 1,666

— ¸ÉμÉ  Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö, ŒƒÍ 15,506 15,506 15,506

�² ´¨·Ê¥³ Ö ¨´É¥´¸¨¢´μ¸ÉÓ ¢Ò¢¥¤¥´´μ£μ
¶ÊÎ±  ¨μ´μ¢, ³±� 12 13 10
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¶·¥¤¥² Ì 130 ƒ¸. –¨±²μÉ·μ´ ´¥ ¶·¥¤Ê¸³ É·¨¢ ¥É ¢ ·¨ Í¨Õ Ô´¥·£¨¨ ¨μ´μ¢ ¨
¨§³¥´¥´¨¥ ·¥¦¨³  Ê¸±μ·¥´¨Ö.

‘ˆ‘’…Œ� �Š‘ˆ�‹œ��‰ ˆ�†…Š–ˆˆ �“—Š�

‘¨¸É¥³   ±¸¨ ²Ó´μ° ¨´¦¥±Í¨¨ Í¨±²μÉ·μ´  μ¡μ·Ê¤μ¢ ´  ¨¸ÉμÎ´¨±μ³ ¨μ-
´μ¢ 
–	-É¨¶ . „²Ö ¶μ²ÊÎ¥´¨Ö Ô´¥·£¨¨ Ê¸±μ·Ö¥³ÒÌ ¨μ´μ¢ μ±μ²μ 2,5 ŒÔ‚/´Ê±-
²μ´ ¶·¨ ¢Ò¡· ´´μ³ Ê·μ¢´¥ ³ £´¨É´μ£μ ¶μ²Ö 1,67 ’² ¢ Í¨±²μÉ·μ´¥ ¸ 2-³ ¶μ²Õ-
¸μ³ ´¥μ¡Ìμ¤¨³μ ¶μ²ÊÎ¨ÉÓ ¨μ´Ò ¨§ ¨μ´´μ£μ ¨¸ÉμÎ´¨±  ¸ μÉ´μÏ¥´¨¥³ ³ ¸¸Ò
± § ·Ö¤Ê μ±μ²μ 6,6. ’·¥¡μ¢ ´¨¥ ± ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±  ¨§ ¨μ´´μ£μ ¨¸ÉμÎ-
´¨±  μ¶·¥¤¥²Ö¥É¸Ö ´¥μ¡Ìμ¤¨³μ° ¨´É¥´¸¨¢´μ¸ÉÓÕ ¶ÊÎ±  ´  ³¨Ï¥´¨. ˆ¸Ìμ¤Ö
¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, ¶μ²ÊÎ¥´´ÒÌ ´  ¤·Ê£¨Ì Ê¸±μ·¨É¥²ÖÌ, ±μÔËË¨-

	¨¸. 1. ‘Ì¥³  Í¨±²μÉ·μ´  „–-110 ¸ ¸¨¸É¥³μ°  ±¸¨ ²Ó´μ° ¨´¦¥±Í¨¨ ¶ÊÎ±  ¨§

–	-¨¸ÉμÎ´¨± 
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Í¨¥´É É· ´¸³¨¸¸¨¨ ¶ÊÎ±  ¨§ ¨μ´´μ£μ ¨¸ÉμÎ´¨±  ¤μ ³¨Ï¥´¨ ³μ¦´μ μÍ¥´¨ÉÓ
± ± 6Ä10 % ¢ § ¢¨¸¨³μ¸É¨ μÉ Éμ±  Ê¸±μ·Ö¥³μ£μ ¶ÊÎ± . �  Í¨±²μÉ·μ´¥ „–-110
¶·¥¤¶μ² £ ¥É¸Ö ¨¸¶μ²Ó§μ¢ ´¨¥ 
–	-¨¸ÉμÎ´¨±  ¸ Î ¸ÉμÉμ° 18 ƒƒÍ, ±μÉμ·Ò°
¶μ§¢μ²Ö¥É ¶μ²ÊÎ ÉÓ ¢Ò¸μ±ÊÕ ¨´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ±μ¢ ¨μ´μ¢ 84Kr13+ ¨ 132Xe20+.
ˆ¸ÉμÎ´¨± ³μ¦¥É ¡ÒÉÓ ¸μ§¤ ´ ± ± ¸ ³¥¤´Ò³¨ (®É¥¶²Ò³¨¯), É ± ¨ ¸μ ¸¢¥·Ì-
¶·μ¢μ¤ÖÐ¨³¨ μ¡³μÉ± ³¨. ‘ ÊÎ¥Éμ³ ¢μ§³μ¦´μ¸É¨ ¨¸¶μ²Ó§μ¢ ´¨Ö Í¨±²μÉ·μ´ 
¢ ¶·μ³ÒÏ²¥´´μ³ Í¨±²¥ ¶·μ¨§¢μ¤¸É¢  É·¥±μ¢ÒÌ ³¥³¡· ´ ¢ ‹Ÿ	 · §· ¡μÉ ´
¸¶¥Í¨ ²¨§¨·μ¢ ´´Ò° ¨¸ÉμÎ´¨± ¨μ´μ¢, · ¡μÉ ÕÐ¨° ´  Î ¸ÉμÉ¥ 18 ƒƒÍ, ¸ ³¥¤-
´Ò³¨ μ¡³μÉ± ³¨, ¨³¥ÕÐ¨° ¶μ¢ÒÏ¥´´ÊÕ ´ ¤¥¦´μ¸ÉÓ. � · ³¥É·Ò ¨¸ÉμÎ´¨± 
¶·¨¢¥¤¥´Ò ¢ É ¡². 2.

’ ¡²¨Í  2. � · ³¥É·Ò ¶ÊÎ±μ¢ �–�-¨¸ÉμÎ´¨±  ¸ Î ¸ÉμÉμ° 18 ƒƒÍ

ˆμ´ A/Z
Œ ±¸¨³ ²Ó´ Ö

¨´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ± , ³±�
ˆ´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ±  ¢
·¥¦¨³¥ ¶·μ³ÒÏ²¥´´μ£μ

μ¡²ÊÎ¥´¨Ö, ³±�
40Ar6+ 6,667 1000 500
86Kr13+ 6,615 500 250
132Xe20+ 6,6 300 150

�μ²ÊÎ¥´´Ò° ¢ ¨¸ÉμÎ´¨±¥ ¶ÊÎμ± ¨μ´μ¢ É· ´¸¶μ·É¨·Ê¥É¸Ö ¢ Í¥´É· Í¨±²μ-
É·μ´  ¶μ ¸¨¸É¥³¥  ±¸¨ ²Ó´μ° ¨´¦¥±Í¨¨. ‚ ¸μ¸É ¢ ¸¨¸É¥³Ò ¢Ìμ¤ÖÉ ¸μ²¥´μ-
¨¤Ò S1 ¨ S2, ±¢ ¤·Ê¶μ²Ó´ Ö ²¨´§  Q1,  ´ ²¨§¨·ÊÕÐ¨° ³ £´¨É BM-1, ¸¨´Ê¸μ-
¨¤ ²Ó´Ò° ¡ ´Î¥·, ¤¨ £´μ¸É¨Î¥¸±¨¥ Ô²¥³¥´ÉÒ ¨ ¢ ±ÊÊ³´Ò¥ ¸·¥¤¸É¢  μÉ± Î±¨.
„²Ö ¶μ¢μ·μÉ  ¨´¦¥±É¨·Ê¥³μ£μ ¶ÊÎ±  ¨§ ¢¥·É¨± ²Ó´μ£μ ± ´ ²  ¢ ³¥¤¨ ´´ÊÕ
¶²μ¸±μ¸ÉÓ Í¨±²μÉ·μ´  ¨¸¶μ²Ó§Ê¥É¸Ö Ô²¥±É·μ¸É É¨Î¥¸±¨° ¸¶¨· ²Ó´Ò° ¨´Ë²¥±-
Éμ·, · ¸¶μ²μ¦¥´´Ò° ¢ Í¥´É·¥ Í¨±²μÉ·μ´ . � ¶·Ö¦¥´¨¥ ¨´¦¥±Í¨¨ ³μ¦¥É ³¥-
´ÖÉÓ¸Ö ¢ ¶·¥¤¥² Ì μÉ 15 ¤μ 25 ±‚. Šμ³¶μ´μ¢±  Í¨±²μÉ·μ´  „–-110 ¨ ¸¨¸É¥³Ò
 ±¸¨ ²Ó´μ° ¨´¦¥±Í¨¨ ¶ÊÎ±  ¨§ 
–	-¨¸ÉμÎ´¨±  ¶·¨¢¥¤¥´  ´  ·¨¸. 1.

Œ�ƒ�ˆ’ –ˆŠ‹�’����

Œ £´¨É´ Ö ¸¨¸É¥³  Í¨±²μÉ·μ´  „–-110 ¸μ§¤ ¥É¸Ö ´  ¡ §¥ Ô²¥±É·μ³ £´¨É 
‘�-172. Œ £´¨É ¨³¥¥É ˜-μ¡· §´ÊÕ Ëμ·³Ê ¨ ¸μ¸Éμ¨É ¨§ Ö·³ , ¶μ²Õ¸´ÒÌ
¸¡μ·μ± ¨ μ¡³μÉμ± ¢μ§¡Ê¦¤¥´¨Ö. „¨ ³¥É· ¶μ²Õ¸  ³ £´¨É  Å 2 ³. ‚¥¤ÊÐ¥¥ ¨
Ëμ±Ê¸¨·ÊÕÐ¥¥ ³ £´¨É´Ò¥ ¶μ²Ö ¢ · ¡μÎ¥³ § §μ·¥ Ëμ·³¨·ÊÕÉ¸Ö Éμ²Ó±μ §  ¸Î¥É
Ï¨³³¨·μ¢ ´¨Ö Î¥ÉÒ·¥Ì ¶ · ¸¥±Éμ·μ¢. ˆ¸¶μ²Ó§μ¢ ´¨¥ · ¤¨ ²Ó´ÒÌ ±μ··¥±É¨-
·ÊÕÐ¨Ì ± ÉÊÏ¥± ´¥ ¶·¥¤¶μ² £ ¥É¸Ö. „²Ö ±μ··¥±Í¨¨ μ¶É¨³ ²Ó´μ£μ ¶μ²μ¦¥-
´¨Ö μ·¡¨ÉÒ ´  ¢Ò¢μ¤´μ³ · ¤¨Ê¸¥ Ê¸É ´ ¢²¨¢ ÕÉ¸Ö ¤¢¥ ¸¡μ·±¨  §¨³ÊÉ ²Ó´ÒÌ
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’ ¡²¨Í  3. �¸´μ¢´Ò¥ ¶ · ³¥É·Ò ³ £´¨É  Í¨±²μÉ·μ´  „–-110

ƒ ¡ ·¨ÉÒ ³ £´¨É : ¤²¨´  / Ï¨·¨´  / ¢Ò¸μÉ , ³³ 5400 / 2100 / 3840

„¨ ³¥É· ¶μ²Õ¸ , ³³ 2000

‡ §μ· ³¥¦¤Ê ¶μ²Õ¸ ³¨, ³³ 224

Šμ²¨Î¥¸É¢μ ¸¥±Éμ·μ¢ 4

‡ §μ· ³¥¦¤Ê ¸¥±Éμ· ³¨, ³³ 42

“£²μ¢ Ö ¶·μÉÖ¦¥´´μ¸ÉÓ ¸¥±Éμ· , £· ¤ 51,6

�É´μÏ¥´¨¥ · ¤¨Ê¸  ¢Ò¢μ¤  ± · ¤¨Ê¸Ê ¶μ²Õ¸  0,88

Œ £´¨É´μ¥ ¶μ²¥ ¢ Í¥´É·¥, ’² 1,67

‘·¥¤´¥¥ ³ £´¨É´μ¥ ¶μ²¥ ´  · ¤¨Ê¸¥ ¢Ò¢μ¤ , ’² 1,6745

”² ÉÉ¥· 0,12

‘¥Î¥´¨¥ μ¡³μÉ±¨ (£μ·¨§.× ¢¥·É.), ³³ 290,8 × 290,8

—¨¸²μ ¢¨É±μ¢ ¢ μ¸´μ¢´μ° μ¡³μÉ±¥ 2Ì180

’μ± μ¸´μ¢´μ° μ¡³μÉ±¨, � 1100

�§¨³ÊÉ ²Ó´Ò¥ ±μ··¥±É¨·ÊÕÐ¨¥ ± ÉÊÏ±¨ 2 ¸¥±Í¨¨ ¶μ 2 ¶ ·Ò

‚¥¸ Ô²¥±É·μ³ £´¨É , É 210

ŒμÐ´μ¸ÉÓ ¸¨¸É¥³Ò ¶¨É ´¨Ö Ô²¥±É·μ³ £´¨É , ±‚É 65

	¨¸. 2. ‚¨¤ ¸¥±Éμ·  „–-110 ¸ ¡μ-
±μ¢Ò³ ¶·μË¨²¨·μ¢ ´¨¥³

±μ··¥±É¨·ÊÕÐ¨Ì ± ÉÊÏ¥±. �¥·¥Ìμ¤ μÉ μ¤´μ£μ ·¥¦¨³  · ¡μÉÒ ± ¤·Ê£μ³Ê μ¸Ê-
Ð¥¸É¢²Ö¥É¸Ö §  ¸Î¥É ¨§³¥´¥´¨Ö Ê·μ¢´Ö ¸·¥¤´¥£μ ¶μ²Ö ¢ ¶·¥¤¥² Ì 130 ƒ¸.

”² ÉÉ¥· ³ £´¨É´μ£μ ¶μ²Ö ´  Ê·μ¢´¥ 0,12 μ¡¥¸¶¥Î¨¢ ¥É Ëμ±Ê¸¨·μ¢±Ê ¶ÊÎ± 
¨μ´μ¢ ¢ ¶·μÍ¥¸¸¥ Ê¸±μ·¥´¨Ö. �·¨ ÔÉμ³ Î ¸ÉμÉÒ ¸¢μ¡μ¤´ÒÌ ±μ²¥¡ ´¨°
Qr = 1,01 ¨ Qz = 0,35 ´¥ ¶·¨¡²¨¦ ÕÉ¸Ö ± μ¶ ¸´Ò³ ·¥§μ´ ´¸´Ò³ §´ -
Î¥´¨Ö³. �¸´μ¢´Ò¥ ¶ · ³¥É·Ò ³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò ¶·¨¢¥¤¥´Ò ¢ É ¡². 3 ¨
´  ·¨¸. 2 ¨ 3.
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	¨¸. 3. ‘Ì¥³  ¨ μ¸´μ¢´Ò¥ · §³¥·Ò ³ £´¨É  Í¨±²μÉ·μ´  „–-110

	¨¸. 4. ”² ÉÉ¥· ³ £´¨É´μ£μ ¶μ²Ö 	¨¸. 5. ‚¨¤ ¸¥±Éμ·  „–-110 ¸ ¡μ±μ-
¢Ò³ ¶·μË¨²¨·μ¢ ´¨¥³

“¸Éμ°Î¨¢μ¸ÉÓ Ê¸±μ·¥´¨Ö ¢ Í¨±²μÉ·μ´¥ μ¡¥¸¶¥Î¨¢ ¥É¸Ö ¨§μÌ·μ´´μ° Ëμ·-
³μ° ³ £´¨É´μ£μ ¶μ²Ö. „²Ö ·¥¦¨³  Ê¸±μ·¥´¨Ö ¶ÊÎ±  ¨μ´μ¢ 86Kr13+ ¶·μ¢¥¤¥´
· ¸Î¥É ¨§μÌ·μ´´μ£μ · ¸¶·¥¤¥²¥´¨Ö ³ £´¨É´μ£μ ¶μ²Ö ¶μ ³¥Éμ¤Ê ƒμ·¤μ´  [4].

ÉμÉ ·¥¦¨³ Ê¸±μ·¥´¨Ö ¢§ÖÉ §  μ¸´μ¢Ê ¶·¨ Ëμ·³¨·μ¢ ´¨¨ ³ £´¨É´μ£μ ¶μ²Ö
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¦¥²¥§´Ò³¨ ³ ¸¸ ³¨. ˆ§μÌ·μ´´μ¥ · ¸¶·¥¤¥²¥´¨¥ ³ £´¨É´μ£μ ¶μ²Ö ¶μ · ¤¨-
Ê¸Ê ¤μ²¦´μ ¡ÒÉÓ ¶μ²ÊÎ¥´μ §  ¸Î¥É Ëμ·³Ò ¡μ±μ¢ÒÌ Ï¨³³ ¸¥±Éμ·μ¢ ¨ ¢Ò¡μ· 
Ëμ·³Ò ¢´ÊÉ·¥´´¥° ¨ ¢´¥Ï´¥° Ë ¸μ± ¸¥±Éμ·μ¢ (·¨¸. 4, 5). �¸É ²Ó´Ò¥ ¤¢  ·¥-
¦¨³  Ê¸±μ·¥´¨Ö ¶ÊÎ±μ¢ ¨μ´μ¢ 40Ar6+ ¨ 132Xe20+ ¡Ê¤ÊÉ ¶μ²ÊÎ¥´Ò Éμ²Ó±μ § 
¸Î¥É ¶μ¤¡μ·  Ê·μ¢´Ö Éμ±  ¢ μ¸´μ¢´μ° μ¡³μÉ±¥. �·¨ ÔÉμ³ Ê·μ¢¥´Ó ³ £´¨É´μ£μ
¶μ²Ö ¡Ê¤¥É ¨§³¥´ÖÉÓ¸Ö ´  +130 ƒ¸ ¨ Ä40 ƒ¸ μÉ´μ¸¨É¥²Ó´μ ¨¸Ìμ¤´μ£μ. ’ ±μ¥
´¥¡μ²ÓÏμ¥ ¨§³¥´¥´¨¥ Ê·μ¢´Ö ³ £´¨É´μ£μ ¶μ²Ö ´¥ ¶·¨¢μ¤¨É ± ¨¸± ¦¥´¨Õ ¥£μ
· ¤¨ ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö. Œ ²μ¥ μÉ²¨Î¨¥ ¢ §´ Î¥´¨ÖÌ μÉ´μÏ¥´¨Ö ³ ¸¸Ò ±
§ ·Ö¤Ê ¨μ´μ¢ 40Ar6+ , 86Kr13+, 132Xe20+ ¶μ§¢μ²Ö¥É ¨¸¶μ²Ó§μ¢ ÉÓ ¶μ²ÊÎ¥´´ÊÕ
¨§μÌ·μ´´ÊÕ Ëμ·³Ê ¶μ²Ö ¤²Ö ¢¸¥Ì É·¥Ì ·¥¦¨³μ¢ Ê¸±μ·¥´¨Ö ¡¥§ ¨¸¶μ²Ó§μ¢ ´¨Ö
· ¤¨ ²Ó´ÒÌ ±μ··¥±É¨·ÊÕÐ¨Ì ± ÉÊÏ¥±.

‚›‘�Š�—�‘’�’��Ÿ ‘ˆ‘’…Œ� –ˆŠ‹�’����

‚ Í¨±²μÉ·μ´¥ „–-110 ¤²Ö ¶μ²ÊÎ¥´¨Ö Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö ´  ¤Ê ´-
É Ì ¶·¨³¥´Ö¥É¸Ö ·¥§μ´ ´¸´ Ö ¸¨¸É¥³ , ¸μ¸ÉμÖÐ Ö ¨§ ¤¢ÊÌ Î¥É¢¥·ÉÓ¢μ²´μ¢ÒÌ
±μ ±¸¨ ²Ó´ÒÌ ·¥§μ´ Éμ·μ¢, ¤¢ÊÌ 45◦-Ì ¤Ê ´Éμ¢, ¶¥É²¨ ¸¢Ö§¨ ·¥§μ´ Éμ·  ¨ Ë¨-
¤¥·´μ° ²¨´¨¨ £¥´¥· Éμ·  ¨ É·¨³³¥·  ·ÊÎ´μ° ¨  ¢Éμ³ É¨Î¥¸±μ° ¶μ¤¸É·μ°±¨
·¥§μ´ ´¸´μ° Î ¸ÉμÉÒ. „Ê ´ÉÒ · ¸¶μ² £ ÕÉ¸Ö ¢ ¶·μÉ¨¢μ¶μ²μ¦´ÒÌ ¤μ²¨´ Ì ¨
¨³¥ÕÉ ³¥¦¤Ê ¸μ¡μ° ¶¥·¥³ÒÎ±Ê ¢ Í¥´É·¥ Í¨±²μÉ·μ´ , ÎÉμ ¶μ§¢μ²Ö¥É ¶¨É ÉÓ
·¥§μ´ ´¸´ÊÕ ¸¨¸É¥³Ê μÉ μ¤´μ£μ ‚—-£¥´¥· Éμ· . 	μ²Ó  ´É¨¤Ê ´Éμ¢ ¢Ò¶μ²´ÖÕÉ

	¨¸. 6. 	 ¸Î¥É´Ò¥ £¥μ³¥É·¨Î¥¸±¨¥ · §³¥·Ò ·¥§μ´ ´¸´μ° ¸¨¸É¥³Ò „–-110
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’ ¡²¨Í  4. �¡Ð¨¥ Ì · ±É¥·¨¸É¨±¨ ‚—-¸¨¸É¥³Ò

— ¸ÉμÉ  μ¡· Ð¥´¨Ö ¨μ´μ¢, ŒƒÍ 3,8765

ƒ ·³μ´¨±  4

— ¸ÉμÉ  ‚—-¶μ²Ö, ŒƒÍ 15,506

Šμ²¨Î¥¸É¢μ ¤Ê ´Éμ¢ 2

Šμ²¨Î¥¸É¢μ £¥´¥· Éμ·μ¢ 1

„²¨´  ·¥§μ´ Éμ·  L, ³³ 2300

ŒμÐ´μ¸ÉÓ ¶μÉ¥·Ó (U = 50 ±‚) P , ±‚É 4,16

� ¶·Ö¦¥´¨¥ ´  ¤Ê ´É Ì, ±‚ 50

‚—-³μÐ´μ¸ÉÓ £¥´¥· Éμ· , ±‚É 20

¶² ±¨·μ¢±¨ ¤μ²¨´, ¢ ±μÉμ·ÒÌ · ¸¶μ²μ¦¥´Ò ¤Ê ´ÉÒ. 	 ¸Î¥É´Ò¥ ¶ · ³¥É·Ò
·¥§μ´ ´¸´μ° ¸¨¸É¥³Ò Í¨±²μÉ·μ´  „–-110 ¶·¨¢¥¤¥´Ò ¢ É ¡². 4 ¨ ´  ·¨¸. 6.

‚›‚�„ �“—Š�


²¥±É·μ¸É É¨Î¥¸±¨° ¤¥Ë²¥±Éμ· ¸ ´ ¶·Ö¦¥´´μ¸ÉÓÕ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö
55Ä65 ±‚/¸³ ¡Ê¤¥É ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¤²Ö ¢Ò¢μ¤  ¶ÊÎ±  ¨μ´μ¢ ¨§ Í¨±²μÉ·μ´ .
�´ · ¸¶μ²μ¦¥´ ¢ ¤μ²¨´¥ ³ £´¨É  ¨ ¨³¥¥É  §¨³ÊÉ ²Ó´ÊÕ ¶·μÉÖ¦¥´´μ¸ÉÓ 34◦

(≈ 520 ³³). „¥Ë²¥±Éμ· ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¤¢¥ ¶² ¸É¨´Ò ¸ § ¤ ´´μ° ±·¨-
¢¨§´μ° ¶μ¢¥·Ì´μ¸É¥° (®¸¥¶ÉÊ³´ Ö¯ ¨ ®¶μÉ¥´Í¨ ²Ó´ Ö¯), ³¥¦¤Ê ¶² ¸É¨´ ³¨
¸μ§¤ ¥É¸Ö Ô²¥±É·¨Î¥¸±μ¥ ¶μ²¥, μÉ±²μ´ÖÕÐ¥¥ ¶ÊÎμ±. 	 ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ¶² -
¸É¨´ ³¨ Å 10 ³³. ‘¥¶ÉÊ³´ Ö ¶² ¸É¨´  μÌ² ¦¤ ¥É¸Ö ¢μ¤μ°. ’μÎ´μ¸ÉÓ Ê¸É -
´μ¢±¨ ¨ ¢μ§³μ¦´μ¸ÉÓ ¶¥·¥³¥Ð¥´¨Ö ±· ¥¢ ¤¥Ë²¥±Éμ·  μ¶·¥¤¥²ÖÕÉ¸Ö ´¥μ¡Ìμ-

’ ¡²¨Í  5. �¡Ð¨¥ Ì · ±É¥·¨¸É¨±¨ ‚—-¸¨¸É¥³Ò

� ¶·Ö¦¥´¨¥ ´  ¶μÉ¥´Í¨ ²Ó´μ° ¶² ¸É¨´¥, ±‚ 55Ä65

„²¨´  ¶μÉ¥´Í¨ ²Ó´μ° ¶² ¸É¨´Ò, ³³ 400

„²¨´  ¸¥¶ÉÊ³´μ° ¶² ¸É¨´Ò, ³³ 440

’μ²Ð¨´  ¸¥¶ÉÊ³´μ° ¶² ¸É¨´Ò, ³³ 0,3

	 ¤¨Ê¸ ±·¨¢¨§´Ò ¶² ¸É¨´, ³³ 1800

‚Ò¸μÉ  ¶² ¸É¨´, ³³ 50

‡ §μ· ³¥¦¤Ê ¶² ¸É¨´ ³¨, ³³ 10

�¥·¥³¥Ð¥´¨¥ ¢Ìμ¤  ¨ ¢ÒÌμ¤  ¤¥Ë²¥±Éμ· , ³³ ±15

’μÎ´μ¸ÉÓ Ê¸É ´μ¢±¨ ¤¥Ë²¥±Éμ· , ³³ ±1
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	¨¸. 7. ‚Ò¢μ¤´ Ö É· ¥±Éμ·¨Ö ¨μ´μ¢ 86Kr13+

¤¨³μ¸ÉÓÕ ´ ¸É·μ°±¨ ´  ®Ö¤·μ¯ ¶ÊÎ±  ¨ ¸μ£² ¸μ¢ ´¨¥³ ¢Ò¢μ¤´μ° É· ¥±Éμ·¨¨ ¸
£¥μ³¥É·¨¥° ¤¥Ë²¥±Éμ· . ‚Ò¢μ¤´ Ö É· ¥±Éμ·¨Ö ¶ÊÎ±  ¨μ´μ¢ 86Kr13+ ¸ Ô´¥·£¨¥°
2,5 ŒÔ‚/´Ê±²μ´ ¶μ± § ´  ´  ·¨¸. 7, μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò Ô²¥±É·μ¸É É¨Î¥¸±μ£μ
¤¥Ë²¥±Éμ·  Å ¢ É ¡². 5.

„²Ö Ëμ±Ê¸¨·μ¢±¨ ¶ÊÎ±  ¢ ¶·μÍ¥¸¸¥ ¢Ò¢μ¤  ´  ÊÎ ¸É±¥ ¸¨²Ó´μ ¸¶ ¤ Õ-
Ð¥£μ ³ £´¨É´μ£μ ¶μ²Ö Í¨±²μÉ·μ´  ¨¸¶μ²Ó§Ê¥É¸Ö ¶ ¸¸¨¢´Ò° ³ £´¨É´Ò° ± ´ ².
Œ £´¨É´Ò° ± ´ ² Ê¸É ´ ¢²¨¢ ¥É¸Ö ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ ¢Ò¢μ¤´μ° É· ¥±Éμ·¨¥°.
„²Ö ¸μ£² ¸μ¢ ´¨Ö ¶μ²μ¦¥´¨Ö ± ´ ²  ¨ ¢Ò¢μ¤´μ° É· ¥±Éμ·¨¨ ¶·¥¤Ê¸³μÉ·¥´ 
¢μ§³μ¦´μ¸ÉÓ · ¤¨ ²Ó´μ£μ ¶¥·¥³¥Ð¥´¨Ö ¢Ìμ¤  ¨ ¢ÒÌμ¤  ± ´ ²  ´  ±15 ³³ μÉ
´μ³¨´ ²Ó´μ£μ ¶μ²μ¦¥´¨Ö. ’μÎ´μ¸ÉÓ Ê¸É ´μ¢±¨ ± ´ ²  ±1 ³³. „²Ö ´ ¸É·μ°±¨
¸¨¸É¥³Ò ¢Ò¢μ¤  ¶ÊÎ±  ¨¸¶μ²Ó§Ê¥É¸Ö ¶·μ¡´¨± ¢Ò¢μ¤ , · ¸¶μ²μ¦¥´´Ò° ³¥¦¤Ê
¤¥Ë²¥±Éμ·μ³ ¨ ³ £´¨É´Ò³ ± ´ ²μ³. �´ ¶·¥¤´ §´ Î¥´ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¶μ-
²μ¦¥´¨Ö, ¨´É¥´¸¨¢´μ¸É¨ ¨ £μ·¨§μ´É ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö ¢Ò¢μ¤¨³μ£μ ¶ÊÎ± 
¶¥·¥¤ ¢Ìμ¤μ³ ¢ ³ £´¨É´Ò° ± ´ ².

Š���‹› �	‹“—…�ˆŸ ��‹ˆŒ…��›• Œ�’…�ˆ�‹�‚

‘¨¸É¥³  ± ´ ²μ¢ É· ´¸¶μ·É¨·μ¢±¨ Ê¸±μ·¥´´ÒÌ ¨ ¢Ò¢¥¤¥´´ÒÌ ¶ÊÎ±μ¢
Í¨±²μÉ·μ´  „–-110 ¶·¥¤´ §´ Î¥´  ¤²Ö Ëμ·³¨·μ¢ ´¨Ö ¶ÊÎ± , μ¡¥¸¶¥Î¨¢ Õ-
Ð¥£μ · ¢´μ³¥·´μ¥ μ¡²ÊÎ¥´¨¥ ÉÖ¦¥²Ò³¨ ¨μ´ ³¨ ¶μ¢¥·Ì´μ¸É¨ ¸É Í¨μ´ ·-
´ÒÌ ³¨Ï¥´¥° ¨ ¤¢¨¦ÊÐ¨Ì¸Ö ¶²¥´μ± Ï¨·¨´μ° ¤μ 600 ³³. ‚ ¸μ¸É ¢ ¸¨¸É¥³Ò
É· ´¸¶μ·É¨·μ¢±¨ ¶ÊÎ±  ¢Ìμ¤ÖÉ μ¡Ð¨° ´ Î ²Ó´Ò° ÊÎ ¸Éμ±, ±μ³³ÊÉ¨·ÊÕÐ¨°
³ £´¨É, ¤¢  ¨¤¥´É¨Î´ÒÌ ± ´ ²  ¸ Ê¸É ´μ¢± ³¨ ¤²Ö μ¡²ÊÎ¥´¨Ö ¶μ²¨³¥·´ÒÌ
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¶²¥´μ±. Š ´ ²Ò μ¡²ÊÎ¥´¨Ö μ¡μ·Ê¤μ¢ ´Ò ¢¥·É¨± ²Ó´μ° ¨ £μ·¨§μ´É ²Ó´μ° ¸¨-
¸É¥³ ³¨ ¸± ´¨·μ¢ ´¨Ö Ê¸±μ·¥´´μ£μ ¶ÊÎ± . ‘± ´¨·μ¢ ´¨¥ μ¡¥¸¶¥Î¨¢ ¥É μ¡²Ê-
Î¥´¨¥ ¸É Í¨μ´ ·´μ° ³¨Ï¥´¨ · §³¥· ³¨ 600 × 200 ³³ ¸ μ¤´μ·μ¤´μ¸ÉÓÕ · ¸-
¶·¥¤¥²¥´¨Ö Î ¸É¨Í ¶μ μ¡²ÊÎ ¥³μ° ¶²μÐ ¤¨ ´¥ ÌÊ¦¥ ±5%, ±· ¥¢Ò¥ ¶μÉ¥·¨
¶ÊÎ±  ³μ£ÊÉ ¸μ¸É ¢²ÖÉÓ ¤μ 30Ä50% ¢ § ¢¨¸¨³μ¸É¨ μÉ ·¥¦¨³  ´ ¸É·μ°±¨. ‘±μ-
·μ¸ÉÓ ¤¢¨¦¥´¨Ö ¶²¥´±¨ Å μÉ 0,05 ¤μ 1 ³/¸. �¸´μ¢´μ° £ §μ¢μ° ´ £·Ê§±μ° ¤²Ö
¢ ±ÊÊ³´μ° ¸¨¸É¥³Ò ± ´ ²  Ö¢²ÖÕÉ¸Ö ¶ ·Ò ¢μ¤Ò ¸ ¶μ¢¥·Ì´μ¸É¨ ¶μ²¨³¥·´μ°
¶²¥´±¨. ‚ ± ´ ²¥ ¶·¨³¥´¥´  · ¸¶·¥¤¥²¥´´ Ö ¸Ì¥³  · ¸¶μ²μ¦¥´¨Ö ÉÊ·¡μ³μ²¥-
±Ê²Ö·´ÒÌ ´ ¸μ¸μ¢ ¢¤μ²Ó ¨μ´μ¶·μ¢μ¤ , ±·μ³¥ Éμ£μ, ¢ Ê¸É ´μ¢±¥ ¤²Ö μ¡²ÊÎ¥´¨Ö
¶²¥´±¨ Ê¸É ´ ¢²¨¢ ¥É¸Ö ±·¨μ£¥´´Ò° ´ ¸μ¸ Ë¨·³Ò POLYCOLD ¤²Ö μÉ± Î±¨
¶ ·μ¢ ¢μ¤Ò. �·¨ É ±μ° ¸¨¸É¥³¥ μÉ± Î±¨ ¢ ±ÊÊ³ ¢ · ¡μÎ¥³ ·¥¦¨³¥ ¢ ± ³¥·¥
μ¡²ÊÎ¥´¨Ö ¶²¥´±¨ ¸μ¸É ¢²Ö¥É 10−3Ä10−4 ’μ··,   ´  ÊÎ ¸É±¥ ¸μ¥¤¨´¥´¨Ö ¸
± ³¥·μ° Ê¸±μ·¨É¥²Ö Å 10−6 ’μ··. �·¨ ÔÉμ³ ¶μÉ¥·¨ ¶ÊÎ±  ¨§-§  ¶¥·¥§ ·Ö¤±¨
´  μ¸É ÉμÎ´μ³ £ §¥ ¢ ± ´ ²¥ ´¥ ¶·¥¢ÒÏ ÕÉ 5 %. ‘Ì¥³  · ¸¶μ²μ¦¥´¨Ö Í¨±²μ-
É·μ´  „–-110 ¨ ± ´ ²μ¢ É· ´¸¶μ·É¨·μ¢±¨ ¶ÊÎ±  ¸ Ê¸É ´μ¢± ³¨ ¤²Ö μ¡²ÊÎ¥´¨Ö
¶μ²¨³¥·´μ° ¶²¥´±¨ ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 8.

‡�Š‹
—…�ˆ…

‚ ‹Ÿ	 �ˆŸˆ · §· ¡μÉ ´ ¶·μ¥±É Í¨±²μÉ·μ´´μ£μ ±μ³¶²¥±¸ , ¶·¥¤´ §´ -
Î¥´´μ£μ ¤²Ö ¶·μ¢¥¤¥´¨Ö Ï¨·μ±μ£μ ¸¶¥±É·  ¶·¨±² ¤´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¢ μ¡² -
¸É¨ ´ ´μÉ¥Ì´μ²μ£¨° (É·¥±μ¢Ò¥ ³¥³¡· ´Ò, ³μ¤¨Ë¨± Í¨Ö ¶μ¢¥·Ì´μ¸É¨ ¨ ¤·.).
–¨±²μÉ·μ´ „–-110 ¶μ§¢μ²Ö¥É ¶μ²ÊÎ ÉÓ ¨´É¥´¸¨¢´Ò¥ ¶ÊÎ±¨ Ê¸±μ·¥´´ÒÌ ¨μ-
´μ¢ Ar, Kr ¨ Xe ¸ Ë¨±¸¨·μ¢ ´´μ° Ô´¥·£¨¥° 2,5 ŒÔ‚/´Ê±²μ´, ´¥μ¡Ìμ¤¨³μ°
¤²Ö ¶·μ¨§¢μ¤¸É¢  É·¥±μ¢ÒÌ ³¥³¡· ´ ´  μ¸´μ¢¥ ¶μ²¨³¥·´ÒÌ ¶²¥´μ± Éμ²Ð¨-
´μ° ¤μ 30 ³±³. –¨±²μÉ·μ´ μ¡μ·Ê¤μ¢ ´ ¸¨¸É¥³μ° ¢´¥Ï´¥° ¨´¦¥±Í¨¨ ¸ ¨¸-
ÉμÎ´¨±μ³ ¨μ´μ¢ 
–	-É¨¶ , · ¡μÉ ÕÐ¨³ ´  Î ¸ÉμÉ¥ 18 ƒƒÍ. 
²¥±É·μ³ £´¨É
Í¨±²μÉ·μ´  ¸ ¤¨ ³¥É·μ³ ¶μ²Õ¸  2 ³ μ¡¥¸¶¥Î¨¢ ¥É ¸·¥¤´¥¥ ³ £´¨É´μ¥ ¶μ²¥ ¢
· ¡μÎ¥³ § §μ·¥ ´  Ê·μ¢´¥ 1,67 ’². ”¨±¸¨·μ¢ ´´ Ö Î ¸ÉμÉ  ‚—-¸¨¸É¥³Ò · ¢´ 
15,5 ŒƒÍ. ‚Ò¢μ¤ ¶ÊÎ±  ¨§ Í¨±²μÉ·μ´  μ¸ÊÐ¥¸É¢²Ö¥É¸Ö Ô²¥±É·μ¸É É¨Î¥¸±¨³
¤¥Ë²¥±Éμ·μ³.
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