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„ ´μ μ¶¨¸ ´¨¥ ¢ ±ÊÊ³´μ° ¸¨¸É¥³Ò Í¨±²μÉ·μ´´μ£μ ±μ³¶²¥±¸  ÉÖ¦¥²ÒÌ ¨μ´μ¢ DC-60, ¸μ§¤ ´-
´μ£μ ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ.�. ”²¥·μ¢  �ˆŸˆ ¤²Ö ³¥¦¤¨¸Í¨¶²¨´ ·´μ£μ ´ ÊÎ´μ-
¨¸¸²¥¤μ¢ É¥²Ó¸±μ£μ ±μ³¶²¥±¸  (�¸É ´ , Š § Ì¸É ´). �·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ Î¨¸²¥´´μ£μ ³μ¤¥²¨-
·μ¢ ´¨Ö ÔËË¥±É¨¢´μ¸É¨ É· ´¸³¨¸¸¨¨ Ê¸±μ·Ö¥³ÒÌ ¨μ´μ¢ ¢ ¶·μÍ¥¸¸¥ ¶¥·¥§ ·Ö¤±¨ ´  μ¸É ÉμÎ´μ³
£ §¥, ±μÉμ·Ò¥ μ¶·¥¤¥²¨²¨ μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò ¶·μ¥±É¨·Ê¥³μ° ¢ ±ÊÊ³´μ° ¸¨¸É¥³Ò. ‚ ·¥§Ê²ÓÉ É¥
Ê¸¶¥Ï´μ° ·¥ ²¨§ Í¨¨ ¶·μ¥±É  ¸μ§¤ ´¨Ö Í¨±²μÉ·μ´´μ£μ ±μ³¶²¥±¸  DC-60 Ê¸±μ·¥´Ò ¶ÊÎ±¨ ÉÖ¦¥²ÒÌ
¨μ´μ¢. �μ²ÊÎ¥´´Ò¥ ¶ · ³¥É·Ò ¢ ±ÊÊ³´μ° ¸¨¸É¥³Ò ¶μ²´μ¸ÉÓÕ ¸μ£² ¸ÊÕÉ¸Ö ¸ · ¸Î¥É ³¨, ±μÉμ·Ò¥
²¥£²¨ ¢ μ¸´μ¢Ê ¶·μ¥±É .

The vacuum system of the DC-60 heavy ion cyclotron complex constructed at the Flerov Laboratory
of Nuclear Reactions, JINR, for the interdisciplinary research complex, Astana, Kazakhstan, is described.
The results of a numerical simulation of the transmission efˇciency of ions being accelerated in process
of recharge on the residual gas that determined the main parameters of the vacuum system are presented.
Due to successful realization of the project of the DC-60 cyclotron complex the heavy ion beams are
accelerated. The obtained parameters of the vacuum system are in full agreement with the calculations
that form the basis of the project.

PACS: 07.30.-t; 29.20.dg; 52.20.Hv
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–¨±²μÉ·μ´ DC-60 (·¨¸. 1) · §· ¡μÉ ´ ¤²Ö Ê¸±μ·¥´¨Ö ÉÖ¦¥²ÒÌ ¨μ´μ¢ μÉ Li ¤μ Xe ¸
Ô´¥·£¨¥° μÉ 0,35 ¤μ 1,77 ŒÔ‚/´Ê±²μ´ [1Ä5] ¤²Ö ³¥¦¤¨¸Í¨¶²¨´ ·´μ£μ ´ ÊÎ´μ-¨¸¸²¥¤μ¢ -
É¥²Ó¸±μ£μ ±μ³¶²¥±¸  (�¸É ´ , Š § Ì¸É ´). “¸±μ·¨É¥²Ó´Ò° ±μ³¶²¥±¸ ´  ¡ §¥ Í¨±²μÉ·μ´ 
DC-60 ³μ¦´μ ¶μ¤· §¤¥²¨ÉÓ ´  Î¥ÉÒ·¥ μ¸´μ¢´Ò¥ ¸¨¸É¥³Ò ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ É·¥¡μ¢ -
´¨Ö³¨ ± ¢ ±ÊÊ³´μ° ¸¨¸É¥³¥:

• �–�-¨¸ÉμÎ´¨± ¸ ± ´ ²μ³  ±¸¨ ²Ó´μ° ¨´¦¥±Í¨¨,
• ± ´ ² ´¨§±¨Ì Ô´¥·£¨°,
• ¢ ±ÊÊ³´ÊÕ ± ³¥·Ê Í¨±²μÉ·μ´ ,
• ± ´ ²Ò É· ´¸¶μ·É¨·μ¢±¨ ¶ÊÎ±μ¢ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢, ¢±²ÕÎ Ö ¨Ì Ë¨§¨Î¥¸±¨¥ Ê¸É -

´μ¢±¨: ¤¢  ± ´ ²  ¤²Ö μ¡²ÊÎ¥´¨Ö μ¡· §Íμ¢ ¨ μ¤¨´ ¤²Ö ¶μ²ÊÎ¥´¨Ö É·¥±μ¢ÒÌ ³¥³¡· ´.
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�¨¸. 1. �¡Ð¨° ¢¨¤ Í¨±²μÉ·μ´  ¨ ± ´ ²μ¢ ¨´¦¥±Í¨¨ ¨ É· ´¸¶μ·É¨·μ¢±¨ ¶ÊÎ±μ¢

1. —ˆ‘‹…���… Œ�„…‹ˆ��‚��ˆ… ���–…‘‘� �…�…‡��Ÿ„Šˆ ˆ���‚
�� �‘’�’�—��Œ ƒ�‡…

„²Ö ¶μ²ÊÎ¥´¨Ö ¨¸Ìμ¤´ÒÌ ¤ ´´ÒÌ ¤²Ö · §· ¡μÉ±¨ ¶·μ¥±É  ¨ μ¶É¨³¨§ Í¨¨ ¢ ±ÊÊ³´μ°
¸¨¸É¥³Ò Í¨±²μÉ·μ´  DC-60 ¶·μ¢¥¤¥´μ Î¨¸²¥´´μ¥ ³μ¤¥²¨·μ¢ ´¨¥ ¶·μÍ¥¸¸μ¢ ¶μÉ¥·Ó ¶ÊÎ± 
¨§-§  ¶¥·¥§ ·Ö¤±¨ ¨μ´μ¢ ´  μ¸É ÉμÎ´μ³ £ §¥ ¢ ± ³¥·¥ Ê¸±μ·¨É¥²Ö, ± ´ ²¥  ±¸¨ ²Ó´μ°
¨´¦¥±Í¨¨ ¨ ± ´ ² Ì É· ´¸¶μ·É¨·μ¢±¨ ¶ÊÎ±μ¢ μÉ Í¨±²μÉ·μ´  ± Ë¨§¨Î¥¸±¨³ ³¨Ï¥´Ö³.

� ¸Î¥É ¢ ±ÊÊ³´ÒÌ ¶μÉ¥·Ó ¨μ´μ¢ ¢ ¶·μÍ¥¸¸¥ Ê¸±μ·¥´¨Ö ¢ Í¨±²μÉ·μ´¥ DC-60 ¸¤¥² ´ ¸
¶μ³μÐÓÕ ±μ³¶ÓÕÉ¥·´μ° ¶·μ£· ³³Ò VACLOS [6], ¢ μ¸´μ¢Ê ±μÉμ·μ° ²¥£²¨ Ô±¸¶¥·¨³¥´-
É ²Ó´Ò¥ ¤ ´´Ò¥, ¶μ²ÊÎ¥´´Ò¥ ´  Í¨±²μÉ·μ´ Ì ‹Ÿ� �ˆŸˆ. �·μ£· ³³  ÊÎ¨ÉÒ¢ ¥É ¨§³¥-
´¥´¨¥ Ô´¥·£¨¨ ¨μ´μ¢ ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¸¥Î¥´¨° ¶¥·¥§ ·Ö¤±¨ ¨μ´μ¢ ¶·¨ Ê¸±μ·¥´¨¨ ¨Ì
μÉ Í¥´É·  ¤μ ±μ´¥Î´μ£μ · ¤¨Ê¸  Í¨±²μÉ·μ´ . Š·μ³¥ Éμ£μ, ¶·μ£· ³³  ÊÎ¨ÉÒ¢ ¥É · ¸¶·¥-
¤¥²¥´¨¥ ¤ ¢²¥´¨Ö ¶μ · ¤¨Ê¸Ê ¢ ¢ ±ÊÊ³´μ° ± ³¥·¥ Í¨±²μÉ·μ´ . �Í¥´±  ¢ ±ÊÊ³´ÒÌ ¶μÉ¥·Ó
¨μ´μ¢ ¢ ± ´ ²¥  ±¸¨ ²Ó´μ° ¨´¦¥±Í¨¨, ± ´ ²¥ ¶ÊÎ±μ¢ ´¨§±μ° Ô´¥·£¨¨ ¨ ± ´ ² Ì Ê¸±μ-
·¥´´ÒÌ ¶ÊÎ±μ¢ ¢Ò¶μ²´¥´  ¶μ ¶·μ£· ³³ ³ GENAP [7] ¨ VACLOS. �·μ£· ³³  GENAP
· ¸¸Î¨ÉÒ¢ ¥É ÔËË¥±É¨¢´μ¸ÉÓ É· ´¸³¨¸¸¨¨ ¶ÊÎ±μ¢ ¨μ´μ¢ ¢ § ¢¨¸¨³μ¸É¨ μÉ · ¸¶·¥¤¥²¥´¨Ö
¤ ¢²¥´¨Ö ¢ ¢ ±ÊÊ³´ÒÌ ± ³¥· Ì ¶·μÉÖ¦¥´´μ° £¥μ³¥É·¨¨, ´ ¶·¨³¥· ¢ ¨μ´μ¶·μ¢μ¤ Ì, ¶·¨
¶μ¸ÉμÖ´´μ° Ô´¥·£¨¨ É· ´¸¶μ·É¨·Ê¥³ÒÌ ¨μ´μ¢. ‘μÎ¥É ´¨¥ ÔÉ¨Ì ¶·μ£· ³³ ¶μ§¢μ²Ö¥É μÍ¥-
´¨ÉÓ ¢ ±ÊÊ³´Ò¥ ¶μÉ¥·¨ ´  ¢¸¥Ì ÔÉ ¶ Ì É· ´¸¶μ·É¨·μ¢±¨ ¶ÊÎ±  μÉ ¨μ´´μ£μ ¨¸ÉμÎ´¨±  ¤μ
Ë¨§¨Î¥¸±μ° ³¨Ï¥´¨ ¨ ¸Ëμ·³Ê²¨·μ¢ ÉÓ ´¥μ¡Ìμ¤¨³Ò¥ É·¥¡μ¢ ´¨Ö ± ¢ ±ÊÊ³´μ° ¸¨¸É¥³¥.

ŠμÔËË¨Í¨¥´É É· ´¸³¨¸¸¨¨ ¶ÊÎ±  T , μ¶·¥¤¥²Ö¥³Ò° ¶¥·¥§ ·Ö¤±μ° ¨μ´μ¢ ´  μ¸É ÉμÎ-
´μ³ £ §¥ ´  ÊÎ ¸É±¥ ¶ÊÉ¨ ¤²¨´μ° L, ¢ÒÎ¨¸²Ö¥É¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

T = exp
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£¤¥ P Å ¤ ¢²¥´¨¥ ¢ Éμ··; d� Å Ô²¥³¥´É ¤²¨´Ò ¶ÊÉ¨ ¨μ´  ¢ ¸³; β Å μÉ´μ¸¨É¥²Ó´ Ö
¸±μ·μ¸ÉÓ (v/c); σ Å ¸¥Î¥´¨¥ ¶¥·¥§ ·Ö¤±¨ ¨μ´  ´  μ¸É ÉμÎ´μ³ £ §¥ ¢ ¸³2/³μ²¥±Ê²  (É¥³-
¶¥· ÉÊ·  £ §  293 Š).

‚ · ¸Î¥É¥ ¢ ¶¥·¢ÊÕ μÎ¥·¥¤Ó · ¸¸³ É·¨¢ ²¨¸Ó ´ ¨¡μ²¥¥ ¢Ò¸μ±μ§ ·Ö¤´Ò¥ ¨ ÉÖ¦¥²Ò¥
¨μ´Ò ¨§ · ¡μÎ¥£μ ¤¨ ¶ §μ´  Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í,   É ±¦¥ ¨μ´Ò ¸ ³¨´¨³ ²Ó´μ° Ô´¥·£¨¥°,
±μÉμ·Ò¥ ¨³¥ÕÉ ´ ¨¡μ²ÓÏ¨¥ ¶μÉ¥·¨ ¢ μ¸É ÉμÎ´μ³ £ §¥ ¨ μ¶·¥¤¥²ÖÕÉ μ¸´μ¢´Ò¥ É·¥¡μ¢ ´¨Ö
± ¢ ±ÊÊ³´μ° ¸¨¸É¥³¥.

1.1. � ¸Î¥É ¶μÉ¥·Ó ¶ÊÎ±  ¨μ´μ¢ ´  μ¸É ÉμÎ´μ³ £ §¥ ¢ ¢ ±ÊÊ³´μ° ± ³¥·¥ Í¨±²μÉ·μ´ .
� ¨¡μ²¥¥ ¦¥¸É±¨¥ É·¥¡μ¢ ´¨Ö ± ¢ ±ÊÊ³Ê ¢ ± ³¥·¥ Ê¸±μ·¨É¥²Ö ¶·¥¤ÑÖ¢²ÖÕÉ¸Ö ¶·¨ Ê¸±μ-
·¥´¨¨ ¶ÊÎ±μ¢ ¨μ´μ¢ ±¸¥´μ´ , ¶μ¸±μ²Ó±Ê ¨§ ¢¸¥£μ ¸¶¥±É·  Ê¸±μ·Ö¥³ÒÌ ¨μ´μ¢ ´  DC-60
μ´¨ ¨³¥ÕÉ ´ ¨¡μ²ÓÏ¥¥ ¸¥Î¥´¨¥ ¶¥·¥§ ·Ö¤±¨ ´  μ¸É ÉμÎ´μ³ £ §¥.

�  ·¨¸. 2 ¶·¥¤¸É ¢²¥´Ò · ¸Î¥É´Ò¥ § ¢¨¸¨³μ¸É¨ ±μÔËË¨Í¨¥´Éμ¢ É· ´¸³¨¸¸¨¨ ¶ÊÎ± 
¨μ´μ¢ 132Xe11+ ¶·¨ ¥£μ Ê¸±μ·¥´¨¨ ¢ Í¨±²μÉ·μ´¥ ¤μ Ô´¥·£¨¨ 0,35 ŒÔ‚/´Ê±²μ´ ¨ ¶ÊÎ± 
¨μ´μ¢ 132Xe18+ ¶·¨ Ê¸±μ·¥´¨¨ ¤μ Ô´¥·£¨° 0,72 ¨ 1,24 ŒÔ‚/´Ê±²μ´ μÉ ¸·¥¤´¥£μ ¤ ¢²¥´¨Ö
¢ ¢ ±ÊÊ³´μ° ± ³¥·¥ Í¨±²μÉ·μ´ . ˆ§ £· Ë¨±μ¢ ¢¨¤´μ, ÎÉμ ¤²Ö Éμ£μ, ÎÉμ¡Ò ¶μÉ¥·¨ ¨§-§ 
¶¥·¥§ ·Ö¤±¨ ´  μ¸É ÉμÎ´μ³ £ §¥ Ê¸±μ·Ö¥³ÒÌ ¨μ´μ¢ ´¥ ¶·¥¢ÒÏ ²¨ 10Ä15%, ´¥μ¡Ìμ¤¨³μ
μ¡¥¸¶¥Î¨ÉÓ ¸·¥¤¸É¢ ³¨ ¢ ±ÊÊ³´μ° μÉ± Î±¨ ¸·¥¤´¥¥ ¤ ¢²¥´¨¥ ´¥ ÌÊ¦¥ (1−2) · 10−7 Éμ··.

�¨¸. 2. ŠμÔËË¨Í¨¥´É É· ´¸³¨¸¸¨¨ ¶ÊÎ±  ¨μ´μ¢ 132Xe11+ ¨ 132Xe18+ ¶·¨ Ê¸±μ·¥´¨¨ ¢ Í¨±²μÉ·μ´¥

μÉ Í¥´É·  ¤μ ±μ´¥Î´μ£μ · ¤¨Ê¸  Rextr = 71,3 ¸³

1.2. � ¸Î¥É ¢ ±ÊÊ³´ÒÌ ¶μÉ¥·Ó ¶ÊÎ±  ¶·¨ É· ´¸¶μ·É¨·μ¢±¥ ¶μ ± ´ ²Ê  ±¸¨ ²Ó´μ°
¨´¦¥±Í¨¨ ¨ ± ´ ²Ê ¶ÊÎ±μ¢ ¨μ´μ¢ ´¨§±μ° Ô´¥·£¨¨. �·μÉÖ¦¥´´μ¸ÉÓ ²¨´¨¨  ±¸¨ ²Ó´μ°
¨´¦¥±Í¨¨ ¨ ± ´ ²  ¶ÊÎ±μ¢ ´¨§±μ° Ô´¥·£¨¨ 5 ¨ 15 ³ ¸μμÉ¢¥É¸É¢¥´´μ. �¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢
¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 3 ¨ 4. ˆ§ £· Ë¨±μ¢ § ¢¨¸¨³μ¸É¨ ÔËË¥±É¨¢´μ¸É¨ É· ´¸¶μ·É¨·μ¢±¨
¶ÊÎ±  μÉ ¢ ±ÊÊ³  ¢¨¤´μ, ÎÉμ ¶·¨ ¤ ¢²¥´¨¨ 1·10−7 Éμ·· ¶μÉ¥·¨ ¶ÊÎ±  ¢ ± ´ ²¥  ±¸¨ ²Ó´μ°
¨´¦¥±Í¨¨ ´¥ ¡Ê¤ÊÉ ¶·¥¢ÒÏ ÉÓ 10 % ¤²Ö ¢¸¥£μ ¤¨ ¶ §μ´  Ê¸±μ·Ö¥³ÒÌ ¨μ´μ¢, ¢±²ÕÎ Ö
¢μ¸¥³´ ¤Í É¨§ ·Ö¤´Ò° ±¸¥´μ´. ‚ ± ´ ²¥ ¶ÊÎ±μ¢ ´¨§±μ° Ô´¥·£¨¨, É ± ± ± ¥£μ ¤²¨´  ¢ É·¨
· §  ¡μ²ÓÏ¥, ¶·¨ É ±μ³ ¦¥ ¤ ¢²¥´¨¨ ¶μÉ¥·¨ ¨μ´μ¢ 132Xe18 ¡Ê¤ÊÉ ¸μ¸É ¢²ÖÉÓ 12%, ¨μ´μ¢
84Kr12+ Å 8 %, ¡μ²¥¥ ²¥£±¨Ì Å ´¥¸±μ²Ó±μ ¶·μÍ¥´Éμ¢. ’ ±¨¥ ¶μÉ¥·¨ ³μ£ÊÉ ¸Î¨É ÉÓ¸Ö
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�¨¸. 3. ŠμÔËË¨Í¨¥´É É· ´¸³¨¸¸¨¨ ¶ÊÎ±μ¢ ¨μ´μ¢ 7Li1+ (1), 40Ar5+ (2), 84Kr12+ (3), 132Xe18+ (4)
¢ ²¨´¨¨  ±¸¨ ²Ó´μ° ¨´¦¥±Í¨¨ ¤²¨´μ° 5 ³

�¨¸. 4. ŠμÔËË¨Í¨¥´É É· ´¸³¨¸¸¨¨ ¶ÊÎ±μ¢ ¨μ´μ¢ 7Li1+ (1), 40Ar5+ (2), 84Kr12+ (3), 132Xe18+ (4)
¢ ± ´ ²¥ ¶ÊÎ±μ¢ ´¨§±μ° Ô´¥·£¨¨ ¤²¨´μ° 15 ³

· §Ê³´μ ¤μ¶Ê¸É¨³Ò³¨, ¨ ¤ ¢²¥´¨¥ 1 ·10−7 Éμ·· ¢ ± ´ ²¥  ±¸¨ ²Ó´μ° ¨´¦¥±Í¨¨ ¶ÊÎ±  ¨ ¢
± ´ ²¥ ¶ÊÎ±μ¢ ¨μ´μ¢ ´¨§±μ° Ô´¥·£¨¨ ¡Ò²μ ¶·¨´ÖÉμ ± ± É·¥¡μ¢ ´¨¥ ± ¢ ±ÊÊ³´μ° ¸¨¸É¥³¥.

1.3. �ËË¥±É¨¢´μ¸ÉÓ É· ´¸¶μ·É¨·μ¢±¨ ¨μ´μ¢ ¢ ± ´ ²¥ Ê¸±μ·¥´´ÒÌ ¶ÊÎ±μ¢. „²Ö
μÍ¥´±¨ ´¥μ¡Ìμ¤¨³μ£μ ¤ ¢²¥´¨Ö ¢ ± ´ ² Ì ¶ÊÎ±μ¢ ¨μ´μ¢ ¢Ò¸μ±μ° Ô´¥·£¨¨ ¡Ò² ¢Ò¶μ²-
´¥´ · ¸Î¥É ¶¥·¥§ ·Ö¤±¨ ¨μ´μ¢ ´  μ¸É ÉμÎ´μ³ £ §¥ ¢ ± ´ ²¥ º 1 Å ´ ¨¡μ²¥¥ ¤²¨´-
´μ³ ± ´ ²¥ Í¨±²μÉ·μ´  DC-60. …£μ ¶·μÉÖ¦¥´´μ¸ÉÓ ¸μ¸É ¢²Ö¥É 15 ³, ¸Ì¥³  ¶·¨¢¥¤¥´ 
´  ·¨¸. 5.
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�¨¸. 5. Š ´ ² º 1 ¢´¥Ï´¨Ì ¶ÊÎ±μ¢ ¸ Ê¸É ´μ¢±μ° ¤²Ö μ¡²ÊÎ¥´¨Ö ¶²¥´±¨ (¸É·¥²± ³¨ ¶μ± § ´μ

¶μ²μ¦¥´¨¥ ¢ ±ÊÊ³´ÒÌ ´ ¸μ¸μ¢, Ê± § ´Ò ¨Ì ´μ³¨´ ²Ó´Ò¥ ¸±μ·μ¸É¨ μÉ± Î±¨)

ˆ§ · ¡μÎ¥£μ ¤¨ ¶ §μ´  Ê¸±μ·Ö¥³ÒÌ ¨μ´μ¢ ¢ ¶¥·¢ÊÕ μÎ¥·¥¤Ó · ¸¸³μÉ·¥´Ò ¢Ò¸μ±μ§ -
·Ö¤´Ò¥ ¨μ´Ò ±¸¥´μ´  132Xe18+ ¸ Ô´¥·£¨¥° 0,72 ¨ 1,24 ŒÔ‚/´Ê±²μ´, 132Xe20+ ¸ Ô´¥·£¨¥°
0,89 ŒÔ‚/´Ê±²μ´ ¨ 132Xe11+ ¸ Ô´¥·£¨¥° 0,35 ŒÔ‚/´Ê±²μ´ ± ± ¨³¥ÕÐ¨¥ ´ ¨¡μ²ÓÏ¨¥
¶μÉ¥·¨ ¨ μ¶·¥¤¥²ÖÕÐ¨¥ É·¥¡μ¢ ´¨Ö ± ¢ ±ÊÊ³´μ° ¸¨¸É¥³¥.
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ƒ· Ë¨±¨ ÔËË¥±É¨¢´μ¸É¨ É· ´¸¶μ·É¨·μ¢±¨ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ 132Xe11+, 132Xe18+ ¨
132Xe20+ ¶μ ± ´ ²Ê º1 ¢ § ¢¨¸¨³μ¸É¨ μÉ ¢ ±ÊÊ³  ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 6. ˆ§

�¨¸. 6. �ËË¥±É¨¢´μ¸ÉÓ É· ´¸³¨¸¸¨¨ ¶ÊÎ±μ¢ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ 132Xe11+ (0,35 ŒÔ‚/´Ê±²μ´) (1),
132Xe18+ (0,72 ¨ 1,24 ŒÔ‚/´Ê±²μ´) (2, 3) ¨ 132Xe20+ (0,89 ŒÔ‚/´Ê±²μ´) (4) ¢ ± ´ ²¥ º 1 ¶·μÉÖ-
¦¥´´μ¸ÉÓÕ 15 ³

�¨¸. 7. � ¸¶·¥¤¥²¥´¨¥ ¤ ¢²¥´¨Ö ¢ ± ´ ²¥ º 1 μ¡²ÊÎ¥´¨Ö ¶μ²¨³¥·´μ° ¶²¥´±¨ ¶·¨ ÔËË¥±É¨¢´ÒÌ

¸±μ·μ¸ÉÖÌ μÉ± Î±¨ ¢ ±ÊÊ³´ÒÌ ´ ¸μ¸μ¢ 130, 2 · 110, 4 · 450 ¨ 2 · 450 ²/¸, ¸·¥¤´¥¥ ¤ ¢²¥´¨¥ ¢ ± ´ ²¥

2,6·10−6 Éμ··, £ §μ¢Ò° ¶μÉμ± ¸ ³¨Ï¥´¨ 1,1·10−2 Éμ·· · ²/¸; ´  ´ ¸μ¸ ¢ ±ÊÊ³´μ° ± ³¥·Ò Í¨±²μÉ·μ´ 
¶·¨Ìμ¤¨É¸Ö ¤μ¶μ²´¨É¥²Ó´ Ö ´ £·Ê§±  ∼ 50 ²/¸ ¢¸²¥¤¸É¢¨¥ £ §μ¢μ£μ ¶μÉμ±  ¨§ ¨μ´μ¶·μ¢μ¤  Q =

1,2 · 10−5 Éμ·· · ²/¸

´¨Ì ¢¨¤´μ, ÎÉμ ¶·¨ ´¥μ¡Ìμ¤¨³μ¸É¨ μ¡¥¸¶¥Î¥´¨Ö ÔËË¥±É¨¢´μ¸É¨ É· ´¸³¨¸¸¨¨ ¢ÒÏ¥ 85Ä
90% ¤²Ö ²Õ¡ÒÌ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢, ¢±²ÕÎ Ö ¨μ´Ò ¸ ³¨´¨³ ²Ó´μ° Ô´¥·£¨¥° 132Xe11+

(0,35 ŒÔ‚/´Ê±²μ´), ¸·¥¤´¥¥ ¤ ¢²¥´¨¥ ¢ ± ´ ²¥ É· ´¸¶μ·É¨·μ¢±¨ ¤μ²¦´μ ¶μ¤¤¥·¦¨¢ ÉÓ¸Ö
´  Ê·μ¢´¥ P¸·¥¤´¥¥ � (2−3) · 10−6 Éμ··. ’ ±μ° ¢ ±ÊÊ³, ¸μ£² ¸´μ · ¸Î¥É ³, μ¡¥¸¶¥Î¨¢ ¥É
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¸Ì¥³  μÉ± Î±¨ Î¥ÉÒ·Ó³Ö ¢Ò¸μ±μ¢ ±ÊÊ³´Ò³¨ ´ ¸μ¸ ³¨ ¸ ÔËË¥±É¨¢´μ° ¸±μ·μ¸ÉÓÕ μÉ± Î±¨
¶μ  §μÉÊ 450 ²/¸ (¸ ´μ³¨´ ²Ó´μ° ¶·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓÕ ¶μ 500 ²/¸), · ¸¶·¥¤¥²¥´´Ò³¨
¶μ ¤²¨´¥ ± ´ ² , ¨ ¤¢Ê³Ö É ±¨³¨ ¦¥ ´ ¸μ¸ ³¨, · ¸¶μ²μ¦¥´´Ò³¨ ´¥¶μ¸·¥¤¸É¢¥´´μ ´ 
Ê¸É ´μ¢±¥ ¤²Ö μ¡²ÊÎ¥´¨Ö ¶μ²¨³¥·´μ° ¶²¥´±¨,   É ±¦¥ É·¥³Ö ´ ¸μ¸ ³¨ ¢ ®´Ê²¥¢μ°¯, μ¡Ð¥°
¤²Ö É·¥Ì ± ´ ²μ¢, ¸¥±Í¨¨ ¸ ´μ³¨´ ²Ó´μ° ¶·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓÕ ± ¦¤μ£μ ´ ¸μ¸  ¶μ 150 ²/¸
(¸³. ·¨¸. 7). ‚ · ¸Î¥É Ì £ §μ¢Ò° ¶μÉμ± ¸ ³¨Ï¥´¨ ¢ Ê¸²μ¢¨ÖÌ ¶¥·¥³μÉ±¨ ¶²¥´±¨ ¶·¨´ÖÉ
1,1·10−2 Éμ·· · ²/¸, £ §μμÉ¤¥²¥´¨¥ ¸ ¶μ¢¥·Ì´μ¸É¨ ¨μ´μ¶·μ¢μ¤  1·10−9 Éμ·· · ² · ¸−1· ¸³−2.

2. ��ˆ‘��ˆ… ‚�Š““Œ��‰ ‘ˆ‘’…Œ› –ˆŠ‹�’����

‚ ±ÊÊ³´Ò° μ¡Ñ¥³ Ê¸±μ·¨É¥²Ö DC-60 ¸μ¸É ¢²Ö¥É ∼ 3,5 ³3 ¨ ¸μ¸Éμ¨É ¨§ ¢ ±ÊÊ³´μ°
± ³¥·Ò, ¨§£μÉμ¢²¥´´μ° ¨§  ²Õ³¨´¨¥¢μ£μ ¸¶² ¢  „16’, ¤¨ ³¥É·μ³ ¶·¨³¥·´μ 2,2 ³, ¢¥·Ì-
´¥° ¨ ´¨¦´¥° ±·ÒÏ± ³¨ ± ³¥·Ò Ö¢²ÖÕÉ¸Ö ¤¢  ¸É ²Ó´ÒÌ ¶μ²Õ¸  ³ £´¨É  ¸μ ¸¡μ·± ³¨ ¨§
Î¥ÉÒ·¥Ì ¸¥±Éμ·μ¢ ´  ± ¦¤μ³ ¶μ²Õ¸¥ ¨ ¤¢Ê³Ö ¡²μ± ³¨ ±μ··¥±É¨·ÊÕÐ¨Ì ± ÉÊÏ¥±, · ¸¶μ-
²μ¦¥´´Ò³¨ ³¥¦¤Ê ¶μ²Õ¸μ³ ¨ ¸¥±Éμ· ³¨; ¤¢ÊÌ ¢Ò¸μ±μÎ ¸ÉμÉ´ÒÌ ·¥§μ´ Éμ·μ¢ ¤¨ ³¥É·μ³
∼ 0,8 ³ ¨ ¤²¨´μ° μ±μ²μ 2,4 ³, ¢´ÊÉ·¥´´ÖÖ ¶μ¢¥·Ì´μ¸ÉÓ ·¥§μ´ Éμ·μ¢ ³¥¤´ Ö, ÏÉμ±¨ ¨
¤Ê ´ÉÒ É ±¦¥ ¨§£μÉμ¢²¥´Ò ¨§ ³¥¤¨.

�  ± ³¥·¥ Ê¸±μ·¨É¥²Ö Ê¸É ´μ¢²¥´Ò ¶·μ¡´¨±¨ ¤²Ö ¨§³¥·¥´¨Ö Éμ±  ¶ÊÎ± , ¤¥Ë²¥±Éμ·,
³ £´¨É´Ò° ± ´ ², ¨ ¤·Ê£¨¥ Ê¸É·μ°¸É¢ . ‚¢μ¤Ò ¤¢¨¦¥´¨Ö ¢¸¥Ì ³¥Ì ´¨§³μ¢ ¢Ò¶μ²´¥´Ò
¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶² ¸É¨´Î ÉÒÌ ¸¨²ÓËμ´μ¢. Š·μ³¥ Éμ£μ, ¢ ±ÊÊ³´ Ö ± ³¥·  Ê¸±μ·¨É¥²Ö
¸μ¥¤¨´¥´  ¸ ¨μ´μ¶·μ¢μ¤ ³¨ ± ´ ²μ¢  ±¸¨ ²Ó´μ° ¨´¦¥±Í¨¨ ¶ÊÎ± , ± ´ ²μ¢ ¶ÊÎ±μ¢ ¨μ´μ¢
´¨§±μ° ¨ ¢Ò¸μ±μ° Ô´¥·£¨°, ±μÉμ·Ò¥ ¢Ò¶μ²´¥´Ò ¨§ ´¥·¦ ¢¥ÕÐ¨Ì É·Ê¡ ¸ ¢´ÊÉ·¥´´¨³
¤¨ ³¥É·μ³ 100 ³³.

„²Ö Ê¶²μÉ´¥´¨Ö Ë² ´Í¥¢ ¢ ±ÊÊ³´μ° ± ³¥·Ò ¨¸¶μ²Ó§μ¢ ´Ò ¢Ò¸μ±μ¢ ±ÊÊ³´Ò¥ ¢¨Éμ´μ-
¢Ò¥ μ·¨´£¨.

�¸´μ¢´μ° § ¤ Î¥° ¶·¨ · §· ¡μÉ±¥ ¢ ±ÊÊ³´μ° ¸¨¸É¥³Ò Í¨±²μÉ·μ´  DC-60 ¡Ò² ¢Ò¡μ·
¸·¥¤¸É¢ μÉ± Î±¨, ±μ´¸É·Ê±É¨¢´ÒÌ ³ É¥·¨ ²μ¢ ¨ É¥Ì´μ²μ£¨¨ μ¡· ¡μÉ±¨, μ¡¥¸¶¥Î¨¢ ÕÐ¨Ì
¶μ²ÊÎ¥´¨¥ ¢ ±ÊÊ³  ¢ ± ³¥·¥ Ê¸±μ·¨É¥²Ö (1−2)·10−7 Éμ··, ¢ ± ´ ²¥  ±¸¨ ²Ó´μ° ¨´¦¥±Í¨¨
¶ÊÎ±  ¨ ± ´ ²¥ ¨μ´μ¢ ´¨§±μ° Ô´¥·£¨¨ μ±μ²μ 1 · 10−7 Éμ··, ¢ ± ´ ² Ì Ê¸±μ·¥´´ÒÌ ¶ÊÎ±μ¢
²ÊÎÏ¥ 2 · 10−6 Éμ··.

2.1. ‚Ò¡μ· ±μ´¸É·Ê±Í¨μ´´ÒÌ ³ É¥·¨ ²μ¢ ¨ É¥Ì´μ²μ£¨¨ ¨Ì μ¡· ¡μÉ±¨ ¶·¨ ¨§£μÉμ-
¢²¥´¨¨ ¤¥É ²¥° ¨ Ê§²μ¢ Ê¸±μ·¨É¥²Ö DC-60. �¸´μ¢´Ò¥ É·¥¡μ¢ ´¨Ö:

Å ³¨´¨³ ²Ó´ Ö ¢¥²¨Î¨´  Ê¤¥²Ó´μ£μ £ §μμÉ¤¥²¥´¨Ö ¸ ¶μ¢¥·Ì´μ¸É¨;
Å ¤μ¶Ê¸É¨³ Ö É¥Ì´μ²μ£¨Ö μÎ¨¸É±¨, É· ¢²¥´¨Ö, Ì¨³¨Î¥¸±μ° ¶μ²¨·μ¢±¨ ¶μ¢¥·Ì´μ¸É¥°

¤¥É ²¥° ¨ Ê§²μ¢ DC-60;
Å ¢Ò¸μ± Ö ±μ´¸É·Ê±Í¨μ´´ Ö ¶·μÎ´μ¸ÉÓ;
Å ¸¢¥¤¥´¨¥ ¤μ ³¨´¨³Ê³  ¶·μÍ¥¸¸μ¢ ¨μ´´μ-¸É¨³Ê²¨·μ¢ ´´μ° ¤¥¸μ·¡Í¨¨ £ §μ¢ ¸ ¶μ-

¢¥·Ì´μ¸É¥° ¢ ±ÊÊ³´μ° ± ³¥·Ò DC-60, μ¸μ¡¥´´μ ¢ · ¡μÎ¥³ § §μ·¥ Ê¸±μ·¨É¥²Ö;
Å ¸Éμ°±μ¸ÉÓ ± · ¸¶Ò²¥´¨Õ ³¥É ²²μ¢ ¶μ¤ ¢μ§¤¥°¸É¢¨¥³ ¶ÊÎ±μ¢ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢;
Å ¢μ§³μ¦´μ¸ÉÓ ¶·μ¢¥¤¥´¨Ö Î¨¸É±¨ ¨ ¶·μ³Ò¢±¨ ±μ´¸É·Ê±Í¨μ´´ÒÌ ¤¥É ²¥° ¨ Ê§²μ¢,

¸³μ´É¨·μ¢ ´´ÒÌ ¢ ± ³¥·¥ Ê¸±μ·¨É¥²Ö;
Å ¶·¨³¥´¥´¨¥ Ô² ¸Éμ³¥·´ÒÌ Ê¶²μÉ´¥´¨°, ¤μ¶Ê¸± ÕÐ¨Ì ³´μ£μ±· É´Ò° ³μ´É ¦ Ê§-

²μ¢ ¨ ¤¥É ²¥° ± ³¥·Ò Ê¸±μ·¨É¥²Ö ¸ ¢Ò¸μ±μ° ¸É¥¶¥´ÓÕ ´ ¤¥¦´μ¸É¨ ´  £¥·³¥É¨Î´μ¸ÉÓ
¸¡μ·±¨.
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ˆ¸Ìμ¤´Ò³¨ ³ É¥·¨ ² ³¨ ¤²Ö Ê¸±μ·¨É¥²Ö DC-60 Ö¢²ÖÕÉ¸Ö:
Å ¸É ²Ó ¸ ¢Ò¸μ±¨³¨ ³ £´¨É´Ò³¨ ¸¢μ°¸É¢ ³¨ ¤²Ö ¨§£μÉμ¢²¥´¨Ö ¶μ²Õ¸μ¢ ¨ ¸¥±Éμ·μ¢

³ £´¨É ;
Å ´¥·¦ ¢¥ÕÐ Ö ¸É ²Ó É¨¶  12X18H10T ¤²Ö ¨§£μÉμ¢²¥´¨Ö ¡μ±μ¢ÒÌ ±·ÒÏ¥± ± ³¥·Ò,

Ï²Õ§μ¢, ¢Ò¢μ¤´ÒÌ Ê¸É·μ°¸É¢, ³ £´¨É´ÒÌ ± ´ ²μ¢ ¢Ò¢μ¤  ¶ÊÎ± , ¶·μ¡´¨±μ¢ ¨ É. ¶.;
Å ³¥¤Ó ¡¥¸±¨¸²μ·μ¤´ Ö ¤²Ö ¨§£μÉμ¢²¥´¨Ö ¢Ò¸μ±μÎ ¸ÉμÉ´μ° ¸¨¸É¥³Ò;
Å Ô² ¸Éμ³¥·´Ò¥ Ê¶²μÉ´¥´¨Ö ¨§ ¢¨Éμ´  ¤²Ö £¥·³¥É¨§ Í¨¨ · §¡μ·´ÒÌ Ô²¥³¥´Éμ¢ ±μ´-

¸É·Ê±Í¨° ± ³¥·Ò DC-60.
�¸´μ¢´Ò¥ μ¶¥· Í¨¨ ¶·¨ ¶μ¤£μÉμ¢±¥ ³¥É ²²¨Î¥¸±¨Ì ¶μ¢¥·Ì´μ¸É¥° ¤²Ö ³μ´É ¦  ¢ ¢ -

±ÊÊ³´ÊÕ ± ³¥·Ê:
Å ÉÐ É¥²Ó´ Ö ³¥Ì ´¨Î¥¸± Ö μÎ¨¸É±  ¶μ¢¥·Ì´μ¸É¥° Ð¥É±μ° ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨

¸ ¶μ¸²¥¤ÊÕÐ¥° ¶¥¸±μ¸É·Ê°´μ° μ¡· ¡μÉ±μ° ¤²Ö ¸´ÖÉ¨Ö ¶μ¢¥·Ì´μ¸É´μ£μ ¸²μÖ, Ê¤ ²¥´¨Ö
¢´¥Ï´¨Ì ³¥É ²²¨Î¥¸±¨Ì ¨ Ì¨³¨Î¥¸±¨Ì § £·Ö§´¥´¨°;

Å ¶·μ³Ò¢±  ¤¥É ²¥° ¸μ¤μ¢Ò³¨ ¶μ¢¥·Ì´μ¸É´μ- ±É¨¢´Ò³¨ ¢¥Ð¥¸É¢ ³¨ ¢ Ê²ÓÉ· §¢Ê±μ-
¢μ° ¢ ´´¥ ¸ ¶μ¸²¥¤ÊÕÐ¥° ¶·μ³Ò¢±μ° ¢μ¤μ°;

Å É· ¢²¥´¨¥ ¨²¨ Ì¨³¨Î¥¸± Ö ¶μ²¨·μ¢±  ¤²Ö ¸£² ¦¨¢ ´¨Ö ¶μ¢¥·Ì´μ¸É´μ£μ ¸²μÖ ³¥-
É ²²μ¢;

Å ¶·μ³Ò¢±  ¤¥É ²¥° ¢ £μ·ÖÎ¥³ É·¨Ì²μ·ÔÉ ´¥ ¢ É¥Î¥´¨¥ ¶ÖÉ¨ ³¨´ÊÉ ¸ ¶μ¸²¥¤ÊÕÐ¨³
μ¶μ² ¸±¨¢ ´¨¥³ ¢ £μ·ÖÎ¥° ¤¥³¨´¥· ²¨§μ¢ ´´μ° ¢μ¤¥ ¨ ¸ÊÏ±μ° Î¨¸ÉÒ³ £μ·ÖÎ¨³ ¢μ§¤ÊÌμ³.

‚Ò¶μ²´¥´¨¥ ÔÉ¨Ì μ¶¥· Í¨° ¶μ§¢μ²Ö¥É Ê³¥´ÓÏ¨ÉÓ ¸±μ·μ¸ÉÓ Ê¤¥²Ó´μ£μ £ §μμÉ¤¥²¥´¨Ö ¸
¶μ¢¥·Ì´μ¸É¨ ³¥É ²²μ¢ (³¥¤Ó, ´¥·¦ ¢¥ÕÐ Ö ¸É ²Ó,  ²Õ³¨´¨°) ¤μ ¢¥²¨Î¨´Ò q = 3 · 10−9−
2 · 10−10 ² · Éμ·· · ¸−1· ¸³−2.

Š·Ê¶´μ£ ¡ ·¨É´Ò¥ ¤¥É ²¨ ³ £´¨É , ´ Ìμ¤ÖÐ¨¥¸Ö ¢ ¢ ±ÊÊ³¥, ¶μ²Õ¸  ¨ ¸¥±Éμ·  ³ £´¨É ,
Ï¨³³Ò ¶μ±·ÒÉÒ Ô²¥±É·μ²¨É¨Î¥¸±¨³ ¸¶μ¸μ¡μ³ Éμ´±¨³ ¸²μ¥³ Ì·μ³  50−100 ³±³, ÎÉμ
§´ Î¨É¥²Ó´μ Ê³¥´ÓÏ ¥É ¢¥²¨Î¨´Ê £ §μμÉ¤¥²¥´¨Ö ¸ ¶μ¢¥·Ì´μ¸É¨ ³¥É ²²  §  ¸Î¥É § ±·ÒÉ¨Ö
³¨±·μÉ·¥Ð¨´, ¶μ·, · ¸¸²μ¥´¨Ö ¦¥²¥§ , ¢μ§´¨± ÕÐ¨Ì ¶·¨ ¶² ¢±¥, ¶·¥¸¸μ¢ ´¨¨, ¶·μ± É¥.

2.2. � ¸Î¥É μ¸´μ¢´ÒÌ ¨¸ÉμÎ´¨±μ¢ £ §μ¢ÒÌ ¶μÉμ±μ¢ ¢ ¢ ±ÊÊ³´ÊÕ ± ³¥·Ê DC-60. �¡-
Ð¨° £ §μ¢Ò° ¶μÉμ± (´ É¥± ´¨¥) Q (² · Éμ··/¸) ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¸Ê³³Ê £ §μ¢μ£μ ¶μÉμ± 
QÉ¥Î¨ Î¥·¥§ ´¥¶²μÉ´μ¸É¨ Ê¶²μÉ´¥´¨°, Q£ §μμÉ¤ Å £ §μμÉ¤¥²¥´¨¥ ¸ ¶μ¢¥·Ì´μ¸É¨ ¢ ±ÊÊ³-
´μ£μ μ¡Ñ¥³ , Q�–� Å ¶μ¸ÉÊ¶²¥´¨¥ £ §μ¢μ£μ ¶μÉμ±  ¶μ ± ´ ²Ê  ±¸¨ ²Ó´μ° ¨´¦¥±Í¨¨ ¨§
¨¸ÉμÎ´¨±  ¨μ´μ¢,   É ±¦¥ ¸É¨³Ê²¨·μ¢ ´´ Ö ¤¥¸μ·¡Í¨Ö ¸ ¶μ¢¥·Ì´μ¸É¨ ± ³¥·Ò §  ¸Î¥É
¡μ³¡ ·¤¨·μ¢±¨ ¶μ¢¥·Ì´μ¸É¨ ¨μ´ ³¨ ¢ ·¥¦¨³¥ Ê¸±μ·¥´¨Ö:

∑
Q = Q£ §μμÉ¤ + QÉ¥Î¨ + Q�–�.

�μ¢¥·Ì´μ¸ÉÓ ¢ ±ÊÊ³´μ£μ μ¡Ñ¥³  Ê¸±μ·¨É¥²Ö Ëμ·³¨·Ê¥É¸Ö ¨§ ¸²¥¤ÊÕÐ¨Ì ³ É¥·¨ ²μ¢:
Å ³ £´¨É´ Ö ¸É ²Ó (¶μ²Õ¸ , ¸¥±Éμ· , Ï¨³³Ò) Å 10 ³2;
Å ´¥·¦ ¢¥ÕÐ Ö ¸É ²Ó (¡μ±μ¢Ò¥ Ë² ´ÍÒ ± ³¥·Ò, ¢ÒÌμ¤´Ò¥ ± ³¥·Ò ¤²Ö ¢Ò¢μ¤  ¶ÊÎ± ,

Ï²Õ§Ò ¤²Ö ¶·μ¡´¨±μ¢) Å 6 ³2;
Å ³¥¤Ó (¢Ò¸μ±μÎ ¸ÉμÉ´Ò¥ ·¥§μ´ Éμ·Ò, ¤Ê ´ÉÒ) Å 17 ³2;
Å  ²Õ³¨´¨¥¢Ò° ¸¶² ¢ (±μ·¶Ê¸ ±μ··¥±É¨·ÊÕÐ¨Ì ± ÉÊÏ¥±, ¸É¥´±¨ ¢ ±ÊÊ³´μ° ± ³¥·Ò

Í¨±²μÉ·μ´ ) Å 8 ³2;
Å Ô² ¸Éμ³¥·´Ò¥ Ê¶²μÉ´¥´¨Ö (¢¨Éμ´) Å 0,1 ³2.
ˆÉμ£μ: 41,1 ³2.
“¤¥²Ó´ Ö ¢¥²¨Î¨´  £ §μμÉ¤¥²¥´¨Ö ¸ ¶μ¢¥·Ì´μ¸É¨ ¢ ±ÊÊ³´μ£μ μ¡Ñ¥³  ± ³¥·Ò Í¨±²μ-

É·μ´  DC-60 ¤²Ö ³¥É ²²¨Î¥¸±μ° ¶μ¢¥·Ì´μ¸É¨ (¶μ¸²¥ É¥Ì´μ²μ£¨Î¥¸±μ£μ Í¨±²  μ¡· ¡μÉ±¨
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¨ ¶μ¸²¥¤ÊÕÐ¥° ¢ ±ÊÊ³´μ° É·¥´¨·μ¢±¨ ¢ É¥Î¥´¨¥ 50Ä150 Î) ¸μ¸É ¢¨É ¢ ¸·¥¤´¥³ g³ = 1 ×
10−5 ² · Éμ·· · ¸−1· ³−2, ¤²Ö Ô² ¸Éμ³¥·´ÒÌ Ê¶²μÉ´¥´¨° g¢¨Éμ´ =6·10−4 ² · Éμ·· · ¸−1· ³ −2.

ƒ §μ¢Ò° ¶μÉμ± §  ¸Î¥É ¤¥¸μ·¡Í¨¨ ¸ ¶μ¢¥·Ì´μ¸É¨ ¢ ± ³¥·¥ DC-60

Q£ §μμÉ¤ =g³ · S³ + g¢¨Éμ´ · S¢¨Éμ´ =4,1 · 10−4 + 6 · 10−5 = 4,7 · 10−4 ² · Éμ·· · ¸−1.

ƒ §μ¢Ò° ¶μÉμ± ¢ ± ³¥·Ê DC-60 §  ¸Î¥É ¢´¥Ï´¨Ì É¥Î¥° ¨§-§  ¢μ§³μ¦´μ° ´¥£¥·³¥É¨Î-
´μ¸É¨ Ê¶²μÉ´¥´¨° ¶·¨ ¸¡μ·±¥ μ¶·¥¤¥²Ö¥É¸Ö ¸ ¶μ³μÐÓÕ ÎÊ¢¸É¢¨É¥²Ó´μ£μ É¥Î¥¨¸± É¥²Ö ¨
³μ¦¥É ¸μ¸É ¢²ÖÉÓ

QÉ¥Î¨ = 5 · 10−8 ² · Éμ·· · ¸−1.

�μ¸ÉÊ¶²¥´¨¥ £ §μ¢μ£μ ¨¸Éμ±  ¨§ �–�-¨¸ÉμÎ´¨±  ¨ ¸É¨³Ê²¨·μ¢ ´¨¥ ¤¥¸μ·¡Í¨μ´´ÒÌ
¶·μÍ¥¸¸μ¢ ¢ ·¥¦¨³¥ Ê¸±μ·¥´¨Ö ¡Ê¤¥É

Q�–� = 2 · 10−4 ² · Éμ·· · ¸−1.

’ ±¨³ μ¡· §μ³, ¸Ê³³ ·´ Ö ¢¥²¨Î¨´  £ §μ¢μ£μ ¶μÉμ±  ¢ DC-60 ¢ ·¥¦¨³¥ · ¡μÉÒ ¶μ
Ê¸±μ·¥´¨Õ ¨ ¢Ò¢μ¤Ê ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¸μ¸É ¢¨É

∑
Q = Q£ §μμÉ¤ + QÉ¥Î¨ + Q�–� =

= 4,7 · 10−4 + 5 · 10−8 + 2 · 10−4 ∼= 6,7 · 10−4 ² · Éμ·· · ¸−1.

„²Ö μ¡¥¸¶¥Î¥´¨Ö · ¡μÎ¥£μ ¢ ±ÊÊ³  ¢ ± ³¥·¥ Í¨±²μÉ·μ´  ´  Ê·μ¢´¥ P = (1 − 2) ×
10−7 Éμ·· ´¥μ¡Ìμ¤¨³  ÔËË¥±É¨¢´ Ö ¡Ò¸É·μÉ  ¤¥°¸É¢¨Ö ¢Ò¸μ±μ¢ ±ÊÊ³´ÒÌ ¸·¥¤¸É¢ μÉ± Î±¨:

SÔË =
∑ Q

P
= 6700−3400 ²/¸.

2.3. ‚Ò¡μ· ¸·¥¤¸É¢ ¢Ò¸μ±μ¢ ±ÊÊ³´μ° μÉ± Î±¨. �¡Ð¨¥ É·¥¡μ¢ ´¨Ö ± ¢Ò¸μ±μ¢ ±ÊÊ³-
´Ò³ ´ ¸μ¸ ³.

1. �¡¥¸¶¥Î¥´¨¥ μÉ± Î±¨ ¢ μ¡² ¸É¨ §´ Î¥´¨° ¤ ¢²¥´¨Ö 5 ·10−2−10−7 Éμ·· (¸³. ·¨¸. 8).
2. �¡¥¸¶¥Î¥´¨¥ ¡¥§³ ¸²Ö´μ° μÉ± Î±¨ ¢ ±ÊÊ³ .
3. ‚Ò¸μ±μ¥ ¤ ¢²¥´¨¥ § ¶Ê¸±  P = 5 · 10−2−10−2 Éμ··.
4. “¸Éμ°Î¨¢μ¸ÉÓ ± £ §μ¢Ò³ ´ £·Ê§± ³ ¢ ¸²ÊÎ ¥ ¸·Ò¢  ¢ ±ÊÊ³ .
5. ‚Ò¸μ± Ö ¸±μ·μ¸ÉÓ μÉ± Î±¨ ¶·¨ ³¨´¨³ ²Ó´ÒÌ £ ¡ ·¨É Ì.
6. �¡¥¸¶¥Î¥´¨¥ ¢μ§³μ¦´μ¸É¨ ¶μ¨¸±  É¥Î¥°.
7. ‚μ§³μ¦´μ¸ÉÓ ¤¨¸É ´Í¨μ´´μ£μ (±μ³¶ÓÕÉ¥·´μ£μ) Ê¶· ¢²¥´¨Ö.
� ¨¡μ²¥¥ ¶μ²´μ ¢ÒÏ¥Ê± § ´´Ò³ É·¥¡μ¢ ´¨Ö³ Ê¤μ¢²¥É¢μ·Ö¥É ±μ³¡¨´ Í¨Ö ÉÊ·¡μ´ ¸μ-

¸μ¢ ¨ ±·¨μ´ ¸μ¸μ¢. ˆ¸¶μ²Ó§μ¢ ´¨¥ ÉÊ·¡μ´ ¸μ¸μ¢ μ¡Ê¸²μ¢²¥´μ ´¥μ¡Ìμ¤¨³μ¸ÉÓÕ ¶·μ¢¥¤¥-
´¨Ö · ¡μÉ ¶μ ¶μ¨¸±Ê É¥Î¥° ¨ ¸μ§¤ ´¨Ö ¶·¥¤¢ ·¨É¥²Ó´μ£μ ¢ ±ÊÊ³  ¢ ± ³¥·¥ Ê¸±μ·¨É¥²Ö
P � 10−5 Éμ··, ÎÉμ μ¡¥¸¶¥Î¨¢ ¥É ¡μ²¥¥ ¤²¨É¥²Ó´ÊÕ · ¡μÉÊ ±·¨μ´ ¸μ¸μ¢ ¡¥§ ·¥£¥´¥· Í¨¨.

2.4. ‘·¥¤¸É¢  ¨§³¥·¥´¨Ö ¢ ±ÊÊ³ . �¡Ð¨¥ É·¥¡μ¢ ´¨Ö ± ¤ ÉÎ¨± ³ ¨§³¥·¥´¨Ö ¢ ±ÊÊ³ :
• ¢Ò¸μ± Ö ´ ¤¥¦´μ¸ÉÓ;
• Ê¸Éμ°Î¨¢μ¸ÉÓ ± ÊÌÊ¤Ï¥´¨Õ ¢ ±ÊÊ³  (¢¶²μÉÓ ¤μ  É³μ¸Ë¥·Ò);
• μ¡¥¸¶¥Î¥´¨¥ ¨§³¥·¥´¨Ö ¢ ±ÊÊ³  ¢ ¶·¥¤¥² Ì P = 10−3−1 · 10−8 Éμ·· ¤²Ö ¢Ò¸μ±μ¢ -

±ÊÊ³´ÒÌ ¤ ÉÎ¨±μ¢;
• ¢μ§³μ¦´μ¸ÉÓ · ¡μÉÒ ¢ Ê¸²μ¢¨ÖÌ ³ £´¨É´μ£μ ¶μ²Ö.



664 ƒ¨± ² �. �. ¨ ¤·.

�¨¸. 8. „¨ ¶ §μ´Ò §´ Î¥´¨° · ¡μÎ¥£μ ¤ ¢²¥´¨Ö μ¸´μ¢´ÒÌ É¨¶μ¢ ¢Ò¸μ±μ¢ ±ÊÊ³´ÒÌ ´ ¸μ¸μ¢

� ¨¡μ²¥¥ ¶μ²´μ ÔÉ¨³ É·¥¡μ¢ ´¨Ö³ Ê¤μ¢²¥É¢μ·ÖÕÉ ¤ ÉÎ¨±¨ É¨¶  Pirani (¨§³¥·¥´¨¥
Ëμ·¢ ±ÊÊ³ ) ¨ ¤ ÉÎ¨±¨ ¶μ²´μ£μ ¤¨ ¶ §μ´  (Full Range) É¨¶  Pirani+Penning. „²Ö ¨§³¥·¥-
´¨Ö ¤ ¢²¥´¨Ö ¢ ¢ ±ÊÊ³´μ° ¸¨¸É¥³¥ DC-60 ¨¸¶μ²Ó§μ¢ ´Ò ¤ ÉÎ¨±¨ TPR281 (Pirani, ¤¨ ¶ §μ´
1000− 5 · 10−4 Éμ··), PKR251 (Penning, ¤¨ ¶ §μ´ 760−5 · 10−9 Éμ··).

‚ ± Î¥¸É¢¥ ¢ ±ÊÊ³³¥É·  ¤²Ö ÔÉ¨Ì ¤ ÉÎ¨±μ¢ ¨¸¶μ²Ó§μ¢ ´ TPG262� DualGauge, ¨³¥-
ÕÐ¨° ¤¢  ± ´ ²  ¨§³¥·¥´¨Ö ¢ ±ÊÊ³ , ¨ TPG256 MaxiGauge, ¨³¥ÕÐ¨° Ï¥¸ÉÓ ± ´ ²μ¢
¨§³¥·¥´¨Ö ¢ ±ÊÊ³ .

2.5. ‘¨¸É¥³  ¢ ±ÊÊ³´ÒÌ ¡²μ±¨·μ¢μ±. �μ ¸¢μ¥³Ê ËÊ´±Í¨μ´ ²Ó´μ³Ê ´ §´ Î¥´¨Õ ¡²μ-
±¨·μ¢±¨ ³μ¦´μ · §¤¥²¨ÉÓ ´  5 £·Ê¶¶.

1. 	²μ±¨·μ¢±  ¶μ ¢Ò¸μ±μ³Ê ¢ ±ÊÊ³Ê. ‚ ¸²ÊÎ ¥ ÊÌÊ¤Ï¥´¨Ö ¢ ±ÊÊ³  ¢ ± ±μ°-²¨¡μ Î ¸É¨
Ê¸±μ·¨É¥²Ó´μ£μ ±μ³¶²¥±¸  ÊÎ ¸Éμ± ¸ ¶²μÌ¨³ ¢ ±ÊÊ³μ³ ¤μ²¦¥´ ¡ÒÉÓ μÉ¸¥Î¥´ μÉ μ¸É ²Ó´ÒÌ
¢ ±ÊÊ³´ÒÌ μ¡Ñ¥³μ¢ · §¤¥²¨É¥²Ó´Ò³¨ Ï¨¡¥· ³¨ ¨ ¤μ²¦´Ò § ±·ÒÉÓ¸Ö Ï¨¡¥·Ò ¨ ±² ¶ ´Ò
¢ ±ÊÊ³´μ£μ μ¡μ·Ê¤μ¢ ´¨Ö ÔÉμ° Î ¸É¨.

2. 	²μ±¨·μ¢±  ¶μ Ëμ·¢ ±ÊÊ³Ê ´  ¸²ÊÎ ° ÊÌÊ¤Ï¥´¨Ö ¢ ±ÊÊ³  ¢ Ëμ·²¨´¨¨ μÉ± Î±¨
ÉÊ·¡μ´ ¸μ¸μ¢.

3. 	²μ±¨·μ¢±  ¤²Ö ±·¨μ´ ¸μ¸μ¢ ¶μ É¥³¶¥· ÉÊ·¥. ‚ ¸²ÊÎ ¥ Ê¢¥²¨Î¥´¨Ö · ¡μÎ¥° É¥³¶¥-
· ÉÊ·Ò ± ±μ£μ-²¨¡μ ±·¨μ´ ¸μ¸  ¸¢ÒÏ¥ 24 Š (T· ¡ = 16−18 Š) ¤μ²¦¥´ § ±·Ò¢ ÉÓ¸Ö ¥£μ
Ï¨¡¥·.

4. 	²μ±¨·μ¢±  ¤²Ö ´¥· ¡μÉ ÕÐ¥£μ μ¡μ·Ê¤μ¢ ´¨Ö. ‚ ¸²ÊÎ ¥ μÉ±²ÕÎ¥´¨Ö ¡²μ±  ¶¨É ´¨Ö
± ±μ£μ-²¨¡μ ¨§ ÉÊ·¡μ´ ¸μ¸μ¢ ¤μ²¦¥´ § ±·ÒÉÓ¸Ö ¥£μ ±² ¶ ´ ¨²¨ Ï¨¡¥·. …¸²¨ μÉ±²ÕÎ¨É¸Ö
±μ³¶·¥¸¸μ· ± ±μ£μ-²¨¡μ ¨§ ±·¨μ´ ¸μ¸μ¢, Éμ ¤μ²¦¥´ § ±·ÒÉÓ¸Ö ¥£μ Ï¨¡¥·.

5. 	²μ±¨·μ¢±  ¶μ ¸¦ Éμ³Ê ¢μ§¤ÊÌÊ ´  ¸²ÊÎ ° Ê³¥´ÓÏ¥´¨Ö ¤ ¢²¥´¨Ö ¢ ¶´¥¢³μ¸¨¸É¥³¥.
2.6. ‘Ì¥³  ¢ ±ÊÊ³´μ° μÉ± Î±¨ ± ³¥·Ò Ê¸±μ·¨É¥²Ö. ‘μ£² ¸´μ μ¡Ð¨³ É·¥¡μ¢ ´¨Ö³ ±

¢Ò¸μ±μ¢ ±ÊÊ³´Ò³ ´ ¸μ¸ ³ ¡Ò²  ¢Ò¡· ´  ±μ³¡¨´ Í¨Ö ÉÊ·¡μ´ ¸μ¸μ¢ ¨ ±·¨μ´ ¸μ¸μ¢. „²Ö
¢Ò¸μ±μ¢ ±ÊÊ³´μ° μÉ± Î±¨ ± ³¥·Ò Í¨±²μÉ·μ´  Ê¸É ´μ¢²¥´μ ¤¢  ÉÊ·¡μ´ ¸μ¸  ¸¥·¨¨ ‚‚-
150 (�μ¸¸¨Ö), Î¥ÉÒ·¥ ÉÊ·¡μ´ ¸μ¸  ¸¥·¨¨ ‚‚-500 (�μ¸¸¨Ö) ¨ ¤¢  ±·¨μ´ ¸μ¸  �‚Š320-5,0
(�μ¸¸¨Ö) (¸³. É ¡². 1). „¢  ÉÊ·¡μ´ ¸μ¸  ‚‚-500 ¨ ¤¢  ±·¨μ´ ¸μ¸  �‚Š320-5,0 Ê¸É -
´ ¢²¨¢ ÕÉ¸Ö ´  ¤¢ÊÌ ¸¶¥Í¨ ²Ó´ÒÌ ¶ É·Ê¡± Ì ± ³¥·Ò Ê¸±μ·¨É¥²Ö. �μ ¤¢  ÉÊ·¡μ´ ¸μ¸ 
‚‚-150 ¨ ‚‚-500 · ¸¶μ²μ¦¥´Ò ´  ·¥§μ´ Éμ·´ÒÌ ¡ ± Ì. � ¸μ¸Ò ‚‚-150 Ê¸É ´μ¢²¥´Ò
§  § ±μ· Î¨¢ ÕÐ¥° ¶² ¸É¨´μ° ¤²Ö Ê¢¥²¨Î¥´¨Ö ÔËË¥±É¨¢´μ¸É¨ μÉ± Î±¨ § ±·ÒÉμ£μ μ¡Ñ-
¥³ . ’Ê·¡μ´ ¸μ¸Ò ¶·μ¨§¢μ¤ÖÉ ¶·¥¤¢ ·¨É¥²Ó´ÊÕ μÉ± Î±Ê ± ³¥·Ò Ê¸±μ·¨É¥²Ö ¤μ ¤ ¢²¥´¨Ö
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’ ¡²¨Í  1. • · ±É¥·¨¸É¨±¨ ¢Ò¸μ±μ¢ ±ÊÊ³´ÒÌ ´ ¸μ¸μ¢

• · ±É¥·¨¸É¨±  ‚‚-500 ‚‚-150 �‚Š320-5,0

�·¨¸μ¥¤¨´¨É¥²Ó´Ò° Ë² ´¥Í DN200 ISO-K DN100 ISO-K DN320 ISO-K

‘±μ·μ¸ÉÓ μÉ± Î±¨, ²/¸:
ƒ¥²¨° 500 150
�§μÉ 500 150 5000
‚μ¤  10500

‚·¥³Ö ¢ÒÌμ¤  ´  ·¥¦¨³, ³¨´ 20 3 90

P � 10−5 Éμ·· ¨ ¶μ§¢μ²ÖÕÉ ¢ ¸²ÊÎ ¥ ´¥μ¡Ìμ¤¨³μ¸É¨ μ¸ÊÐ¥¸É¢¨ÉÓ ¶μ¨¸± É¥Î¥°. �  ¢·¥³Ö
· ¡μÉÒ Ê¸±μ·¨É¥²Ö ÉÊ·¡μ´ ¸μ¸Ò ´  ¶ É·Ê¡± Ì ± ³¥·Ò Ê¸±μ·¨É¥²Ö ¢Ò±²ÕÎ ÕÉ¸Ö, É ± ± ±
· ¸¶μ²μ¦¥´Ò ¢ §μ´¥ ¸¨²Ó´μ£μ ³ £´¨É´μ£μ ¶μ²Ö. ’Ê·¡μ´ ¸μ¸Ò, Ê¸É ´μ¢²¥´´Ò¥ ´  ·¥§μ´ -
Éμ·´ÒÌ ¡ ± Ì, ¨§-§  Ê¤ ²¥´´μ¸É¨ μÉ μ¸´μ¢´μ£μ ³ £´¨É  ¢μ ¢·¥³Ö · ¡μÉÒ Ê¸±μ·¨É¥²Ö ´¥
¢Ò±²ÕÎ ÕÉ¸Ö, ÎÉμ ¶μ§¢μ²Ö¥É ÔËË¥±É¨¢´μ μÉ± Î¨¢ ÉÓ £ §μ¢Ò° ¶μÉμ± ¨§ μ¡Ñ¥³μ¢ ¢Ò¸μ±μ-
Î ¸ÉμÉ´ÒÌ ·¥§μ´ Éμ·μ¢.

„²Ö Ô±¸¶²Ê É Í¨¨ Ê¸±μ·¨É¥²Ö ´¥μ¡Ìμ¤¨³μ ¨³¥ÉÓ ¸²¥¤ÊÕÐ¨¥ Ëμ·¢ ±ÊÊ³´Ò¥ ²¨´¨¨.
• ‹¨´¨Ö Ëμ·μÉ± Î±¨ Ê¸±μ·¨É¥²Ö ¢ ¤¨ ¶ §μ´¥ 760−5·10−2 Éμ··. “¸É ´μ¢²¥´ Ëμ·´ ¸μ¸

DUO120 (PFEIFFER VACUUM, ƒ¥·³ ´¨Ö) ¸μ ¸±μ·μ¸ÉÓÕ ∼ 33 ²/¸. ’ ±¦¥ ¶·¥¤¶μ² £ ¥É¸Ö
¨¸¶μ²Ó§μ¢ ÉÓ ÔÉÊ Ëμ·²¨´¨Õ ¤²Ö ·¥£¥´¥· Í¨¨ ±·¨μ´ ¸μ¸μ¢, Ëμ·μÉ± Î±¨ ±μ··¥±É¨·ÊÕÐ¨Ì
± ÉÊÏ¥±, Ï²Õ§μ¢ ¶·μ¡´¨±μ¢ ¨ ¨´Ë²¥±Éμ· .

• ‹¨´¨Ö Ëμ·μÉ± Î±¨ ÉÊ·¡μ´ ¸μ¸μ¢. “¸É ´μ¢²¥´ Ëμ·´ ¸μ¸ DUO65 (PFEIFFER
VACUUM, ƒ¥·³ ´¨Ö) ¸μ ¸±μ·μ¸ÉÓÕ ∼ 18 ²/¸ (¸³. É ¡². 2). „²Ö μ¡¥¸¶¥Î¥´¨Ö ¡¥§ ¢ -
·¨°´μ° · ¡μÉÒ Ê¸±μ·¨É¥²Ö ´  ÔÉÊ Ëμ·²¨´¨Õ Ê¸É ´μ¢²¥´Ò ¤¢  ´ ¸μ¸  ¸ ¢μ§³μ¦´μ¸ÉÓÕ ¨Ì
±μ³³ÊÉ Í¨¨.

’ ¡²¨Í  2. • · ±É¥·¨¸É¨±¨ Ëμ·¢ ±ÊÊ³´ÒÌ ´ ¸μ¸μ¢

• · ±É¥·¨¸É¨±  DUO120 DUO65

�·¨¸μ¥¤¨´¨É¥²Ó´Ò° Ë² ´¥Í 63 ISO DN40 ISO
‘±μ·μ¸ÉÓ μÉ± Î±¨, ²/¸ ∼ 33 ∼ 18
�·¥¤¥²Ó´Ò° ¢ ±ÊÊ³, Éμ·· 3 · 10−3 3 · 10−3

Œ ¸¸ , ±£ 215 65

‘Ì¥³  ¢ ±ÊÊ³´μ° μÉ± Î±¨ ± ³¥·Ò Í¨±²μÉ·μ´  ¶·¨¢¥¤¥´  ´  ·¨¸. 9, £¤¥ CFP1, CFP2 Å
Ëμ·¢ ±ÊÊ³´Ò¥ ´ ¸μ¸Ò; CT1, C’2 Å Í¥μ²¨Éμ¢Ò¥ ²μ¢ÊÏ±¨; CP3ÄCP8 Å ÉÊ·¡μ´ ¸μ¸Ò;
CP1, CP2 Å ±·¨μ´ ¸μ¸Ò; CGV1 Å Ï¨¡¥· ¢Ò¢μ¤  ¶ÊÎ± ; CGVinf Å Ï¨¡¥· ¨´Ë²¥±-
Éμ· ; CGVP1, CGVP2 Å Ï¨¡¥·Ò ±·¨μ´ ¸μ¸μ¢; CGVP3ÄCGVP6 Å Ï¨¡¥·Ò ÉÊ·¡μ´ ¸μ¸μ¢;
CFV1 Å ±² ¶ ´ Ëμ·μÉ± Î±¨ ± ³¥·Ò Ê¸±μ·¨É¥²Ö; CFVinf Å ±² ¶ ´ Ëμ·μÉ± Î±¨ Ï²Õ§ 
¨´Ë²¥±Éμ· ; ‘FVC1 Å ±² ¶ ´ μÉ± Î±¨ ±μ··¥±É¨·ÊÕÐ¨Ì ± ÉÊÏ¥±; CVP3ÄCVP8 Å ±² -
¶ ´Ò Ëμ·μÉ± Î±¨ ÉÊ·¡μ´ ¸μ¸μ¢; CVP1, CVP2 Å ±² ¶ ´Ò ·¥£¥´¥· Í¨¨ ±·¨μ´ ¸μ¸μ¢;
CLV1, CLV2 Å ±² ¶ ´Ò ¤²Ö ¶μ¤¸μ¥¤¨´¥´¨Ö É¥Î¥¨¸± É¥²Ö; CVV1, CVVinf Å ·ÊÎ-
´Ò¥ ±² ¶ ´Ò ´ ¶Ê¸±   É³μ¸Ë¥·Ò; CG1 Å ¤ ÉÎ¨± ¤ ¢²¥´¨Ö ®Î¥·´μ¢μ°¯ Ëμ·²¨´¨¨ (Ëμ-
·μÉ± Î±  ± ³¥·Ò, ¨´Ë²¥±Éμ·  ¨ ·¥£¥´¥· Í¨Ö ±·¨μ´ ¸μ¸μ¢); CG2 Å ¤ ÉÎ¨± ¤ ¢²¥´¨Ö ®Î¨-
¸Éμ¢μ°¯ Ëμ·²¨´¨¨ ÉÊ·¡μ´ ¸μ¸μ¢; CG3, CG4 Å ¤ ÉÎ¨±¨ ¤ ¢²¥´¨Ö ¢ ± ³¥·¥ Í¨±²μÉ·μ´ .
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�¨¸. 9. ‘Ì¥³  ¢ ±ÊÊ³´μ° μÉ± Î±¨ ± ³¥·Ò Í¨±²μÉ·μ´  DC-60

�É± Î±  ± ³¥·Ò Ê¸±μ·¨É¥²Ö μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¢ ¶ÖÉÓ ÔÉ ¶μ¢.
1-° ÔÉ ¶. ”μ·¢ ±ÊÊ³´ Ö μÉ± Î±  ±μ··¥±É¨·ÊÕÐ¨Ì ± ÉÊÏ¥± ´ ¸μ¸μ³ CFP1 ¤μ ¤ ¢²¥´¨Ö

P � 10−1 Éμ··.
2-° ÔÉ ¶. ”μ·¢ ±ÊÊ³´ Ö μÉ± Î±  ± ³¥·Ò ´ ¸μ¸μ³ CFP1 ¤μ ¤ ¢²¥´¨Ö P � 5 ·10−2 Éμ··.
3-° ÔÉ ¶. �É± Î±  ± ³¥·Ò Ê¸±μ·¨É¥²Ö ÉÊ·¡μ´ ¸μ¸ ³¨ CP3ÄCP8. � · ²²¥²Ó´μ μ¸ÊÐ¥-

¸É¢²Ö¥É¸Ö ·¥£¥´¥· Í¨Ö ±·¨μ´ ¸μ¸μ¢ CP1, CP2 ¨ ¨Ì § ¶Ê¸±. Š ³μ³¥´ÉÊ ¢ÒÌμ¤  ±·¨μ´ ¸μ¸μ¢
´  · ¡μÎ¨° ·¥¦¨³ (T = 16−18 Š) ¤ ¢²¥´¨¥ ¢ ± ³¥·¥ ¸μ¸É ¢¨É P � 10−5 Éμ··.

4-° ÔÉ ¶. �É± Î±  ± ³¥·Ò Ê¸±μ·¨É¥²Ö ÉÊ·¡μ´ ¸μ¸ ³¨ CP3ÄCP8 ¨ ±·¨μ´ ¸μ¸ ³¨ CP1,
CP2.

5-° ÔÉ ¶. �·¨ ¢±²ÕÎ¥´¨¨ ³ £´¨É´μ£μ ¶μ²Ö μÉ± Î±  ± ³¥·Ò Ê¸±μ·¨É¥²Ö ÉÊ·¡μ´ ¸μ¸ ³¨
CP5ÄCP8 ¨ ±·¨μ´ ¸μ¸ ³¨ CP1, CP2.

3. ‚�Š““Œ��Ÿ ‘ˆ‘’…Œ� Š���‹� �Š‘ˆ�‹œ��‰ ˆ�†…Š–ˆˆ
ˆ Š���‹� �“—Š�‚ �ˆ‡Š�‰ ��…�ƒˆˆ

‚ ±ÊÊ³´ Ö ¸¨¸É¥³  ±μ³¶²¥±¸   ±¸¨ ²Ó´μ° ¨´¦¥±Í¨¨ ¨ ± ´ ²  ¶ÊÎ±μ¢ ´¨§±μ° Ô´¥·£¨¨
¤μ²¦´  μ¡¥¸¶¥Î¨ÉÓ ¤ ¢²¥´¨¥ ¢ ¨μ´μ¶·μ¢μ¤¥ μ±μ²μ 1 · 10−7 Éμ··.

�¤´¨³ ¨§ ´ ¨¡μ²¥¥ ¢ ¦´ÒÌ Ë ±Éμ·μ¢, μ¶·¥¤¥²ÖÕÐ¨Ì ¢Ò¡μ· ¢Ò¸μ±μ¢ ±ÊÊ³´μ£μ μ¡μ-
·Ê¤μ¢ ´¨Ö ¨ ³¥¸Éμ · ¸¶μ²μ¦¥´¨Ö ¸·¥¤¸É¢ μÉ± Î±¨, Ö¢²Ö¥É¸Ö ¶·μ¢μ¤¨³μ¸ÉÓ ¨μ´μ¶·μ¢μ¤ .
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�·μ¢μ¤¨³μ¸ÉÓ ÊÎ ¸É±  ¶μ¤±²ÕÎ¥´¨Ö ¢ ±ÊÊ³´μ£μ ´ ¸μ¸  ± ¨μ´μ¶·μ¢μ¤Ê ¤μ²¦´  ¡ÒÉÓ ¢ÒÏ¥
´μ³¨´ ²Ó´μ° ¸±μ·μ¸É¨ μÉ± Î±¨ ´ ¸μ¸ , ÎÉμ¡Ò ÔËË¥±É¨¢´ Ö ¶·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓ ´ ¸μ¸ 
¸ÊÐ¥¸É¢¥´´μ ´¥ Ê¸ÉÊ¶ ²  ¥£μ ´μ³¨´ ²Ó´μ° ¶·μ¨§¢μ¤¨É¥²Ó´μ¸É¨.

�  Í¨±²μÉ·μ´´μ³ ±μ³¶²¥±¸¥ DC-60 ± ± ¤²Ö ± ´ ²   ±¸¨ ²Ó´μ° ¨´¦¥±Í¨¨, É ± ¨ ¤²Ö
± ´ ²μ¢ ¶ÊÎ±μ¢ ¨μ´μ¢ ´¨§±μ° ¨ ¢Ò¸μ±μ° Ô´¥·£¨° ¶·¨³¥´Ö¥É¸Ö ¨μ´μ¶·μ¢μ¤ ¸ ¢´ÊÉ·¥´´¨³
¤¨ ³¥É·μ³ 100 ³³.

�·μ¢μ¤¨³μ¸ÉÓ ¢Ìμ¤´μ£μ μÉ¢¥·¸É¨Ö ¤¨ ³¥É·μ³ d μ¶·¥¤¥²Ö¥É¸Ö ¢Ò· ¦¥´¨¥³

U = 9,1 · 10−2d2,

¤²Ö ¤¨ ³¥É·  100 ³³ U = 910 ²/¸.
�·μ¢μ¤¨³μ¸ÉÓ ÊÎ ¸É±  ¨μ´μ¶·μ¢μ¤  U ¢ § ¢¨¸¨³μ¸É¨ μÉ ¤²¨´Ò L μ¶·¥¤¥²Ö¥É¸Ö ¶μ

Ëμ·³Ê²¥

U = 3,05 · 105 R3

L

√
T

M
²/¸,

£¤¥ R Å · ¤¨Ê¸ ¶·μÌμ¤´μ£μ ¸¥Î¥´¨Ö R = d/2 (³); L Å ¤²¨´  ÊÎ ¸É±  É·Ê¡μ¶·μ¢μ¤ ,
¢ ±μÉμ·μ³ ¨§³¥·Ö¥É¸Ö ¶·μ¢μ¤¨³μ¸ÉÓ (³); T Å É¥³¶¥· ÉÊ·  T = 293 Š (20 ◦‘); M Å

’ ¡²¨Í  3. �·μ¢μ¤¨³μ¸ÉÓ É·Ê¡Ò
¤¨ ³¥É·μ³ 100 ³³ · §²¨Î´μ° ¤²¨´Ò

L, ³
U , ²/¸

¤²Ö DN100 (∅100)

0,0 910
0,2 606
0,5 242
1 121

1,5 81
2 61
5 24

³μ²¥±Ê²Ö·´ Ö ³ ¸¸  £ §  (¤²Ö ¢μ§¤ÊÌ  M = 29).
‚ É ¡². 3 ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ¶·μ¢μ¤¨-

³μ¸É¨ ¤²Ö É·Ê¡Ò ¤¨ ³¥É·μ³ 100 ³³ · §²¨Î´μ° ¤²¨´Ò.
‘ ÊÎ¥Éμ³ ´ É¥± ´¨Ö £ §  ¢ ¨μ´μ¶·μ¢μ¤ ¨§ ¨μ´´μ£μ

¨¸ÉμÎ´¨±  ¨ £ §μμÉ¤¥²¥´¨Ö ¸ ¶μ¢¥·Ì´μ¸É¨ ¢Ò¡· ´ 
±μ³¡¨´ Í¨Ö μÉ± Î´ÒÌ ¸·¥¤¸É¢ (¸³. É ¡². 4): ±·¨μ-
´ ¸μ¸Ò �‚Š160-0,8 (�μ¸¸¨Ö) ¨ ÉÊ·¡μ´ ¸μ¸Ò ‚‚-150
(�μ¸¸¨Ö).

„²Ö μ¡¥¸¶¥Î¥´¨Ö · ¡μÉÒ ¢Ò¸μ±μ¢ ±ÊÊ³´ÒÌ ¸·¥¤¸É¢
μÉ± Î±¨ ± ´ ²   ±¸¨ ²Ó´μ° ¨´¦¥±Í¨¨ ¶ÊÎ±  ¨ ± ´ ² 
¶ÊÎ±μ¢ ´¨§±μ° Ô´¥·£¨¨ ¸μ§¤ ´Ò ¸²¥¤ÊÕÐ¨¥ Ëμ·¢ ±Ê-
Ê³´Ò¥ ²¨´¨¨.

• ‹¨´¨Ö Ëμ·μÉ± Î±¨ ¸¥±Í¨° ¢ ¤¨ ¶ §μ´¥ 760−5×
10−2 Éμ··. “¸É ´μ¢²¥´ Ëμ·´ ¸μ¸ DUO65 (PFEIFFER
VACUUM, ƒ¥·³ ´¨Ö) ¸μ ¸±μ·μ¸ÉÓÕ ∼ 18 ²/¸. �É  Ëμ·²¨´¨Ö ¨¸¶μ²Ó§Ê¥É¸Ö É ±¦¥ ¤²Ö
·¥£¥´¥· Í¨¨ ±·¨μ´ ¸μ¸μ¢ ¨ Ëμ·μÉ± Î±¨ £ §μ¢μ° ¸¨¸É¥³Ò �–�-¨¸ÉμÎ´¨± .

• ‹¨´¨Ö Ëμ·μÉ± Î±¨ ÉÊ·¡μ´ ¸μ¸μ¢. “¸É ´μ¢²¥´ Ëμ·´ ¸μ¸ DUO65 (PFEIFFER
VACUUM, ƒ¥·³ ´¨Ö) ¸μ ¸±μ·μ¸ÉÓÕ ∼ 18 ²/¸.

’ ¡²¨Í  4. • · ±É¥·¨¸É¨±¨ ¢Ò¸μ±μ¢ ±ÊÊ³´ÒÌ ´ ¸μ¸μ¢

• · ±É¥·¨¸É¨±  �‚Š160-0,8 ‚‚-150

�·¨¸μ¥¤¨´¨É¥²Ó´Ò° Ë² ´¥Í DN160 ISO-K DN100 ISO-K

‘±μ·μ¸ÉÓ μÉ± Î±¨, ²/¸:
‚μ¤  1700 150
�§μÉ 800 150

‚·¥³Ö ¢ÒÌμ¤  ´  ·¥¦¨³, ³¨´ 70 3



668 ƒ¨± ² �. �. ¨ ¤·.

�  ·¨¸. 10 ¶·¨¢¥¤¥´  ¸Ì¥³  ¢ ±ÊÊ³´μ° μÉ± Î±¨ ± ´ ²   ±¸¨ ²Ó´μ° ¨´¦¥±Í¨¨ ¶ÊÎ± 
¨ ± ´ ²  ¶ÊÎ±μ¢ ´¨§±¨Ì Ô´¥·£¨°, £¤¥ IFP1, IFP2 Å Ëμ·¢ ±ÊÊ³´Ò¥ ´ ¸μ¸Ò; IT1, IT2 Å
²μ¢ÊÏ±¨; IP1ÄIP3, IP6, AP1, A�4, A�5 Å ÉÊ·¡μ´ ¸μ¸Ò; IP4, IP5, AP2, A�3 Å ±·¨μ´ -
¸μ¸Ò; IGV0ÄIGV3, AGV1 Å · §¤¥²¨É¥²Ó´Ò¥ Ï¨¡¥·Ò; IGVP4, IGVP5, AGVP2, AGVP3 Å
Ï¨¡¥·Ò ´ ¸μ¸μ¢; IFV0ÄIFV2, AFV1 Å ±² ¶ ´Ò Ëμ·μÉ± Î±¨ ¸¥±Í¨°; IVP1ÄIVP3, IVP6,
AVP1, AVP4, AVP5 Å ±² ¶ ´Ò Ëμ·μÉ± Î±¨ ÉÊ·¡μ´ ¸μ¸μ¢; IVP4, IVP5, AVP2, AVP3 Å
±² ¶ ´Ò ·¥£¥´¥· Í¨¨ ±·¨μ´ ¸μ¸μ¢; ILV1, ILV2 Å ±² ¶ ´Ò ¤²Ö ¶μ¤¸μ¥¤¨´¥´¨Ö É¥Î¥¨¸-
± É¥²Ö; IVV0ÄIVV2, AVV1 Å ±² ¶ ´Ò ´ ¶Ê¸±   É³μ¸Ë¥·Ò ¢ ¸¥±Í¨¨; IG1 Å ¤ ÉÎ¨±
¤ ¢²¥´¨Ö ®Î¥·´μ¢μ°¯ ²¨´¨¨ (Ëμ·μÉ± Î±  ¸¥±Í¨° ¨ ·¥£¥´¥· Í¨Ö ±·¨μ´ ¸μ¸μ¢); IG2 Å
¤ ÉÎ¨± ¤ ¢²¥´¨Ö Ëμ·²¨´¨¨ ÉÊ·¡μ´ ¸μ¸μ¢; IG3 Å ¤ ÉÎ¨± ¤ ¢²¥´¨Ö ¸¥±Í¨¨ 0 (Ï²Õ§ ¶μ-
¤ Î¨ É¢¥·¤μ£μ ¢¥Ð¥¸É¢  ¢ �–�); IG4 Å ¤ ÉÎ¨± ¤ ¢²¥´¨Ö ¸¥±Í¨¨ 1 ¢ μ¡² ¸É¨ ¨´¦¥±Í¨¨
· ¡μÎ¨Ì ¢¥Ð¥¸É¢ ¢ �–�; IG5 Å ¤ ÉÎ¨± ¤ ¢²¥´¨Ö ¸¥±Í¨¨ 1 ¢ μ¡² ¸É¨ Ô±¸É· ±Í¨¨ ¨μ´μ¢
¨§ �–�; IG6 Å ¤ ÉÎ¨± ¤ ¢²¥´¨Ö ¸¥±Í¨¨ 2 (¸¥±Í¨Ö É· ´¸¶μ·É¨·μ¢±¨ ¨μ´μ¢ ¨§ �–�); AG1,
AG2 Å ¤ ÉÎ¨±¨ ¤ ¢²¥´¨Ö ¸¥±Í¨¨ 3.

�¨¸. 10. ‘Ì¥³  ¢ ±ÊÊ³´μ° μÉ± Î±¨ ± ´ ²   ±¸¨ ²Ó´μ° ¨´¦¥±Í¨¨ ¶ÊÎ±  ¨ ± ´ ²  ¶ÊÎ±μ¢ ´¨§±¨Ì
Ô´¥·£¨°

�μ¤£μÉμ¢±   ±¸¨ ²Ó´μ° ¨´¦¥±Í¨¨ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¢ É·¨ ÔÉ ¶ .
1-° ÔÉ ¶. ”μ·¢ ±ÊÊ³´ Ö μÉ± Î±  ¸¥±Í¨° 0Ä3 ¤μ ¤ ¢²¥´¨Ö P � 5·10−2 Éμ·· Ëμ·´ ¸μ¸μ³

IFP1.
2-° ÔÉ ¶. �É± Î±  ¸¥±Í¨° 0Ä3 ÉÊ·¡μ´ ¸μ¸ ³¨ I�1ÄI�3, IP6, AP1, AP4, AP5. � -

· ²²¥²Ó´μ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ·¥£¥´¥· Í¨Ö ±·¨μ´ ¸μ¸μ¢ I�4, IP5, AP2, AP3 ¨ ¨Ì § ¶Ê¸±. Š
³μ³¥´ÉÊ ¢ÒÌμ¤  ±·¨μ´ ¸μ¸μ¢ ´  · ¡μÎ¨° ·¥¦¨³ (T = 16−18 Š) ¤ ¢²¥´¨¥ ¢ ¸¥±Í¨ÖÌ
¸μ¸É ¢²Ö¥É P � 10−5 Éμ··.

3-° ÔÉ ¶. �É± Î±  ¸¥±Í¨° 0Ä3 ÉÊ·¡μ´ ¸μ¸ ³¨ I�1ÄI�3, IP6, AP1, AP4, AP5 ¨ ±·¨μ´ -
¸μ¸ ³¨ I�4, IP5, AP2, AP3.

�·¨³¥Î ´¨¥. ‚ ¸²ÊÎ ¥ · ¡μÉÒ ¸ ¶ÊÎ± ³¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¢Ò¸μ±μ¢ ±ÊÊ³´μ¥ μ¡μ·Ê¤μ-
¢ ´¨¥ ¸¥±Í¨¨ 3 ´¥ § ¶Ê¸± ¥É¸Ö.
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4. ‚�Š““Œ��Ÿ ‘ˆ‘’…Œ� Š���‹�‚ ‚›‚�„� �“—Š�‚
‚›‘�Š�‰ ��…�ƒˆˆ

Š ´ ²Ò É· ´¸¶μ·É¨·μ¢±¨ ¢Ò¢¥¤¥´´ÒÌ ¶ÊÎ±μ¢ ¢Ò¸μ±μ° Ô´¥·£¨¨ ¸μ¸ÉμÖÉ ¨§ ¡²μ±μ¢ ¤¨ -
£´μ¸É¨±¨ ¨ ¨μ´μ¶·μ¢μ¤  Å ´¥·¦ ¢¥ÕÐ¥° É·Ê¡Ò ¤¨ ³¥É·μ³ 100 ³³. ‚ ±ÊÊ³´ Ö ¸¨¸É¥³ 
± ´ ²μ¢ ¤μ²¦´  μ¡¥¸¶¥Î¨ÉÓ ¢ ±ÊÊ³, ¸μ£² ¸´μ · ¸Î¥ÉÊ, ´¥ ÌÊ¦¥ (2−3) · 10−6 Éμ··.

Š ´ ²Ò É· ´¸¶μ·É¨·μ¢±¨ ¢Ò¢¥¤¥´´ÒÌ ¶ÊÎ±μ¢ ¸μ¸ÉμÖÉ ¨§ Î¥ÉÒ·¥Ì ¢ ±ÊÊ³´ÒÌ ¸¥±Í¨°:
• ± ´ ² ’0 (μ¡Ð¨° ÊÎ ¸Éμ± ¨μ´μ¶·μ¢μ¤ );
• ± ´ ² ’2;
• ± ´ ² ’3;
• ± ´ ² ’1 (¸¶¥Í¨ ²¨§¨·μ¢ ´´Ò° ± ´ ² ¤²Ö μ¡²ÊÎ¥´¨Ö ¶μ²¨³¥·´μ° ¶²¥´±¨).
‚ ¸¢Ö§¨ ¸ É¥³, ÎÉμ É·¥¡μ¢ ´¨Ö ± ¢ ±ÊÊ³Ê ¢ ± ´ ² Ì É· ´¸¶μ·É¨·μ¢±¨ ¶ÊÎ±μ¢ ¢Ò¸μ-

±μ° Ô´¥·£¨¨ §´ Î¨É¥²Ó´μ ´¨¦¥, Î¥³ ¢ ¤·Ê£¨Ì ¸¨¸É¥³ Ì, ´  ¨μ´μ¶·μ¢μ¤ Ì ÔÉ¨Ì ± ´ ²μ¢
Ê¸É ´μ¢²¥´Ò Éμ²Ó±μ ÉÊ·¡μ´ ¸μ¸Ò ‚‚-150.

„²Ö Ô±¸¶²Ê É Í¨¨ Ê¸±μ·¨É¥²Ö ´¥μ¡Ìμ¤¨³μ ¨³¥ÉÓ ¸²¥¤ÊÕÐ¨¥ Ëμ·¢ ±ÊÊ³´Ò¥ ²¨´¨¨.
• ‹¨´¨Ö Ëμ·μÉ± Î±¨ ¸¥±Í¨° ¢ ¤¨ ¶ §μ´¥ 760−5 · 10−2 Éμ··. “¸É ´μ¢²¥´ Ëμ·´ ¸μ¸

DUO120 (PFEIFFER VACUUM, ƒ¥·³ ´¨Ö) ¸μ ¸±μ·μ¸ÉÓÕ ∼ 33 ²/¸.
• ‹¨´¨Ö Ëμ·μÉ± Î±¨ ÉÊ·¡μ´ ¸μ¸μ¢. “¸É ´μ¢²¥´ Ëμ·´ ¸μ¸ DUO120 (PFEIFFER

VACUUM, ƒ¥·³ ´¨Ö) ¸μ ¸±μ·μ¸ÉÓÕ ∼ 33 ²/¸.
‚Ò¡μ· ¡μ²¥¥ ³μÐ´μ£μ Ëμ·¢ ±ÊÊ³´μ£μ ´ ¸μ¸  μ¡μ¸´μ¢ ´ É¥³, ÎÉμ £ §μ¢ Ö ´ £·Ê§±  ¢

·¥¦¨³¥ μ¡²ÊÎ¥´¨Ö ¶μ²¨³¥·´μ° ¶²¥´±¨ ´  ´¥¸±μ²Ó±μ ¶μ·Ö¤±μ¢ ¢ÒÏ¥, Î¥³ £ §μμÉ¤¥²¥´¨¥
¸ ¶μ¢¥·Ì´μ¸É¨ ¸É¥´μ± ¨μ´μ¶·μ¢μ¤ .

‘Ì¥³  ¢ ±ÊÊ³´μ° μÉ± Î±¨ ± ´ ²μ¢ ¶ÊÎ±μ¢ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¶·¨¢¥¤¥´  ´  ·¨¸. 11, £¤¥
TFP1, TFP2 Å Ëμ·¢ ±ÊÊ³´Ò¥ ´ ¸μ¸Ò; T’1, T’2 Å ²μ¢ÊÏ±¨; TLV1, TLV2 Å ±² ¶ ´Ò ¤²Ö
¶μ¤±²ÕÎ¥´¨Ö É¥Î¥¨¸± É¥²Ö; CGV1 Å Ï¨¡¥· ¢Ò¢μ¤  ¶ÊÎ±  ¨§ Ê¸±μ·¨É¥²Ö; T1GV2, T2GV2,
T3GV2, T2GV3, T3GV3 Å · §¤¥²¨É¥²Ó´Ò¥ Ï¨¡¥·Ò; T0FV1, T2FV1, T3FV1 Å ±² ¶ ´Ò
Ëμ·μÉ± Î±¨; T0V1, T2V1, T3V1 Å ±² ¶ ´Ò ´ ¶Ê¸±   É³μ¸Ë¥·Ò; T0�1ÄT0�3, T2�1,
T2�2, T3�1, T3�2 Å ÉÊ·¡μ´ ¸μ¸Ò; T0V�1ÄT0V�3, T2V�1, T2V�2, T3V�1, T3V�2 Å
±² ¶ ´Ò ÉÊ·¡μ´ ¸μ¸μ¢; TG1 Å ¤ ÉÎ¨± ¤ ¢²¥´¨Ö ¢ ²¨´¨¨ ´ ¸μ¸  FP1; TG2 Å ¤ ÉÎ¨±
¤ ¢²¥´¨Ö ¢ ²¨´¨¨ ´ ¸μ¸  FP2; TG3 Å ¤ ÉÎ¨± ¤ ¢²¥´¨Ö ± ´ ²  ¢Ò¢μ¤ ; TG4 Å ¤ ÉÎ¨±
¤ ¢²¥´¨Ö ± ´ ²  2; TG5 Å ¤ ÉÎ¨± ¤ ¢²¥´¨Ö ± ´ ²  3.

�μ¤£μÉμ¢±  ± ´ ²μ¢ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¢ ¤¢  ÔÉ ¶ .
1-° ÔÉ ¶. ”μ·¢ ±ÊÊ³´ Ö μÉ± Î±  ± ´ ²  ’0 ¤μ ¤ ¢²¥´¨Ö P � 5·10−2 Éμ·· ¶·μ¨§¢μ¤¨É¸Ö

Ëμ·´ ¸μ¸μ³ ’FP1. ‚Ò¸μ±μ¢ ±ÊÊ³´ Ö μÉ± Î±  ± ´ ²  ’0 Å ÉÊ·¡μ´ ¸μ¸ ³¨ ’0�1Ä’0�3.
2-° ÔÉ ¶. „²Ö ± ´ ²  ’2: Ëμ·¢ ±ÊÊ³´ Ö μÉ± Î±  ± ´ ²  ’2 ¤μ ¤ ¢²¥´¨Ö P � 5 ×

10−2 Éμ·· ¶·μ¨§¢μ¤¨É¸Ö Ëμ·´ ¸μ¸μ³ ’FP1. ‚Ò¸μ±μ¢ ±ÊÊ³´ Ö μÉ± Î±  ± ´ ²  ’2 Å
ÉÊ·¡μ´ ¸μ¸ ³¨ ’2�1, ’2�2. „²Ö ± ´ ²  ’3: Ëμ·¢ ±ÊÊ³´ Ö μÉ± Î±  ± ´ ²  ’3 ¤μ ¤ ¢²¥´¨Ö
P � 5 · 10−2 Éμ·· ¶·μ¨§¢μ¤¨É¸Ö Ëμ·´ ¸μ¸μ³ ’FP1. ‚Ò¸μ±μ¢ ±ÊÊ³´ Ö μÉ± Î±  ± ´ ² 
’3 Å ÉÊ·¡μ´ ¸μ¸ ³¨ ’3�1, ’3�2.

4.1. Š ´ ² μ¡²ÊÎ¥´¨Ö ¶²¥´±¨ ’1. �  Í¨±²μÉ·μ´¥ DC-60 μ¤¨´ ¨§ ± ´ ²μ¢ ¶ÊÎ±μ¢
¢Ò¸μ±μ° Ô´¥·£¨¨, ’1, ¸μ§¤ ´ ¸¶¥Í¨ ²Ó´μ ¤²Ö μ¡²ÊÎ¥´¨Ö ¶μ²¨³¥·´μ° ¶²¥´±¨ ÉÖ¦¥²Ò³¨
¨μ´ ³¨. �Éμ ¶¥·¢Ò° ÔÉ ¶ ¢ É¥Ì´μ²μ£¨¨ ¶·μ¨§¢μ¤¸É¢  É·¥±μ¢ÒÌ ³¥³¡· ´. ‚ ±ÊÊ³´Ò¥ Ê¸²μ-
¢¨Ö ± ´ ²  ’1 μÉ²¨Î ÕÉ¸Ö ¢Ò¸μ±μ° £ §μ¢μ° ´ £·Ê§±μ°, ±μÉμ· Ö ¢μ§´¨± ¥É §  ¸Î¥É ¢Ò¸μ-
±μ£μ £ §μμÉ¤¥²¥´¨Ö ¸ ¶μ¢¥·Ì´μ¸É¨ ¶μ²¨³¥·´μ° ¶²¥´±¨ ¢ ¶·μÍ¥¸¸¥ ¶¥·¥³μÉ±¨ ¶²¥´±¨ ¢
Ê¸É ´μ¢±¥ ¤²Ö ¥¥ μ¡²ÊÎ¥´¨Ö. ƒ §μ¢Ò° ¶μÉμ± ¸μ ¸Éμ·μ´Ò Ê¸É ´μ¢±¨ § ¢¨¸¨É μÉ ¶μ¤£μÉμ¢±¨
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�¨¸. 11. ‘Ì¥³  ¢ ±ÊÊ³´μ° μÉ± Î±¨ ± ´ ²μ¢ ¶ÊÎ±μ¢ ¢Ò¸μ±¨Ì Ô´¥·£¨°

·Ê²μ´μ¢ ¶²¥´±¨, ¤²Ö μÍ¥´±¨ ¥£μ ³μ¦´μ ¶·¨´ÖÉÓ Q ∼ 10−2 ² · Éμ··/¸. ‘¥Î¥´¨¥ ¨μ´μ¶·μ-
¢μ¤  ± ´ ²  Ê¢¥²¨Î¨¢ ¥É¸Ö μÉ ∅100 ³³ (´  ¢ÒÌμ¤¥ ¨§ Í¨±²μÉ·μ´ ) ¤μ 300×600 ³³ (¢ §μ´¥
μ¡²ÊÎ¥´¨Ö ¶²¥´±¨). ’ ± Ö ±μ´¸É·Ê±Í¨Ö ¨μ´μ¶·μ¢μ¤  ¶μ§¢μ²Ö¥É ÔËË¥±É¨¢´μ ¨¸¶μ²Ó§μ¢ ÉÓ
· ¸¶·¥¤¥²¥´´Ò¥ ¸·¥¤¸É¢  μÉ± Î±¨, ±μÉμ·Ò¥ ¸´¨¦ ÕÉ ¶μÉμ± £ §  ¢ ± ³¥·Ê Í¨±²μÉ·μ´  ¤μ
¢¥²¨Î¨´Ò, ´¥ ¢²¨ÖÕÐ¥° ´  ¤ ¢²¥´¨¥ ¢ ± ³¥·¥.
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‚ ¸¢Ö§¨ ¸ É¥³, ÎÉμ ¢ ·¥¦¨³¥ μ¡²ÊÎ¥´¨Ö ¶²¥´±¨ £ §μ¢ Ö ´ £·Ê§±  ¢ μ¡²ÊÎ É¥²Ó´μ°
Ê¸É ´μ¢±¥ ¢Ò¸μ±  (Q ∼ 10−2 ² · Éμ··/¸), ¢Ò¸μ±μ¢ ±ÊÊ³´ Ö μÉ± Î±  μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ÉÊ·-
¡μ´ ¸μ¸ ³¨ ‚‚-500 ¸μ ¸±μ·μ¸ÉÓÕ μÉ± Î±¨ 500 ²/¸.

‘Ì¥³  ¢ ±ÊÊ³´μ° μÉ± Î±¨ ± ´ ²  μ¡²ÊÎ¥´¨Ö ¶²¥´±¨ ’1 ¶·¨¢¥¤¥´  ´  ·¨¸. 12, £¤¥
TFP1, TFP2 Å Ëμ·¢ ±ÊÊ³´Ò¥ ´ ¸μ¸Ò; T’1, T’2 Å ²μ¢ÊÏ±¨; TLV1, TLV2 Å ±² ¶ ´Ò ¤²Ö
¶μ¤±²ÕÎ¥´¨Ö É¥Î¥¨¸± É¥²Ö; T1GV2 Å · §¤¥²¨É¥²Ó´Ò° Ï¨¡¥·; T1FV1, T1FV2 Å ±² ¶ ´Ò
Ëμ·μÉ± Î±¨; T1V1, T1V2 Å ±² ¶ ´Ò ´ ¶Ê¸±   É³μ¸Ë¥·Ò; T1�1ÄT1�6 Å ÉÊ·¡μ´ ¸μ¸Ò;
T1V�1ÄT1V�6 Å ±² ¶ ´Ò ÉÊ·¡μ´ ¸μ¸μ¢; T1GV�1ÄT1GV�6 Å Ï¨¡¥·Ò ÉÊ·¡μ´ ¸μ¸μ¢;
TG1 Å ¤ ÉÎ¨± ¤ ¢²¥´¨Ö ¢ ²¨´¨¨ ´ ¸μ¸  FP1; TG2 Å ¤ ÉÎ¨± ¤ ¢²¥´¨Ö ¢ ²¨´¨¨ ´ ¸μ¸ 
FP2; TG6 Å ¤ ÉÎ¨± ¤ ¢²¥´¨Ö ¸¥±Í¨¨ É· ´¸¶μ·É¨·μ¢±¨; TG7, TG8 Å ¤ ÉÎ¨±¨ ¤ ¢²¥´¨Ö
Ë¨§¨Î¥¸±μ° Ê¸É ´μ¢±¨.

�¨¸. 12. ‘Ì¥³  ¢ ±ÊÊ³´μ° μÉ± Î±¨ ± ´ ²  ’1 ¤²Ö μ¡²ÊÎ¥´¨Ö ¶μ²¨³¥·´μ° ¶²¥´±¨

�μ¤£μÉμ¢±  ± ´ ²μ¢ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¢ ¤¢  ÔÉ ¶ .
1-° ÔÉ ¶. ”μ·¢ ±ÊÊ³´ Ö μÉ± Î±  ± ´ ²  ’1 ¤μ ¤ ¢²¥´¨Ö P � 5 ·10−2 Éμ·· Ëμ·´ ¸μ¸μ³

’FP1.
2-° ÔÉ ¶. ‚Ò¸μ±μ¢ ±ÊÊ³´ Ö μÉ± Î±  ± ´ ²  ’0 ÉÊ·¡μ´ ¸μ¸ ³¨ ’1�1Ä’1�6.

5. �Š‘�…�ˆŒ…�’�‹œ�›… �…‡“‹œ’�’›

‚ ±ÊÊ³´ Ö ¸¨¸É¥³  Í¨±²μÉ·μ´  DC-60 ¡Ò²  ¸μ§¤ ´  ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ ¨§²μ¦¥´´Ò³
μ¶¨¸ ´¨¥³. ‚¸¥ ¢¢μ¤Ò ¤¢¨¦¥´¨Ö ¢ ¢ ±ÊÊ³´ÊÕ ± ³¥·Ê Ê¸±μ·¨É¥²Ö ¢Ò¶μ²´¥´Ò ¸ ¨¸¶μ²Ó§μ-
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’ ¡²¨Í  5. �·μ¥±É´Ò¥ ¨ ¶μ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö · ¡μÎ¥£μ ¢ ±ÊÊ³ 

‘¥±Í¨Ö ¢ ±ÊÊ³´μ° �·μ¥±É´μ¥ ¤ ¢²¥´¨¥, �μ²ÊÎ¥´´μ¥ ¤ ¢²¥´¨¥,
¸¨¸É¥³Ò Éμ·· Éμ··

Š ´ ² ¨´¦¥±Í¨¨ 1 · 10−7 (6−9) · 10−8

Š ´ ² ¨μ´μ¢ ´¨§±μ° Ô´¥·£¨¨ 1 · 10−7 (6−9) · 10−8

Š ³¥·  Í¨±²μÉ·μ´  (1−2) · 10−7 8 · 10−8

Š ´ ² ¨μ´μ¢ ¢Ò¸μ±μ° Ô´¥·£¨¨ 5 · 10−6 5 · 10−7

�¨¸. 13. ‡ ¢¨¸¨³μ¸ÉÓ ¤ ¢²¥´¨Ö μÉ ¢·¥³¥´¨ ¢ ¶·μÍ¥¸¸¥ μÉ± Î±¨ ¢ ±ÊÊ³´μ° ± ³¥·Ò Í¨±²μÉ·μ´  ¤μ
· ¡μÎ¥£μ ¢ ±ÊÊ³ 

�¨¸. 14. ‡ ¢¨¸¨³μ¸ÉÓ ÔËË¥±É¨¢´μ¸É¨ É· ´¸³¨¸¸¨¨ ¶ÊÎ±μ¢ 20N¥3+ (1), 40Ar6+ (2), 84Kr12+ (3) μÉ

¢ ±ÊÊ³  ¢ ± ³¥·¥ Í¨±²μÉ·μ´  ¶·¨ Ê¸±μ·¥´¨¨ μÉ Í¥´É·  ¤μ ±μ´¥Î´μ£μ · ¤¨Ê¸  (¸¶²μÏ´ Ö ²¨´¨Ö Å
· ¸Î¥É, ¸¨³¢μ²Ò Å Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥)
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¢ ´¨¥³ ¸¨²ÓËμ´μ¢. „²Ö Ê¶²μÉ´¥´¨Ö Ë² ´Í¥¢ ¸Ñ¥³´ÒÌ ¤¥É ²¥° ¶·¨³¥´¥´Ò ¢Ò¸μ±μ¢ ±ÊÊ³-
´Ò¥ ¢¨Éμ´μ¢Ò¥ Ê¶²μÉ´¥´¨Ö. ‚¸¥ Ê§²Ò ¶·μÏ²¨ ¢ ±ÊÊ³´ÊÕ μ¡· ¡μÉ±Ê ¨ ¶¥·¥¤ ³μ´É ¦μ³
´  Ê¸±μ·¨É¥²¥ ¡Ò²¨ ¨¸¶ÒÉ ´Ò ´  ¢ ±ÊÊ³´ÒÌ ¸É¥´¤ Ì. ˆ¸¶μ²Ó§μ¢ ´¨¥ É ±μ° É¥Ì´μ²μ-
£¨¨ ¶μ§¢μ²¨²μ ¢ É¥Î¥´¨¥ ´¥¤¥²¨ ¶μ²ÊÎ¨ÉÓ ¶·μ¥±É´Ò¥ ¶ · ³¥É·Ò ¢ ±ÊÊ³´μ° ¸¨¸É¥³Ò.
‚ É ¡². 5 ¶·¨¢¥¤¥´Ò ¶·μ¥±É´Ò¥ ¨ ¶μ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö · ¡μÎ¥£μ ¢ ±ÊÊ³  ¢ Í¨±²μÉ·μ´¥.
ƒ· Ë¨±, ¶μ± §Ò¢ ÕÐ¨° § ¢¨¸¨³μ¸ÉÓ ¢¥²¨Î¨´Ò ¤ ¢²¥´¨Ö ¢ ¢ ±ÊÊ³´μ° ± ³¥·¥ Í¨±²μÉ·μ´ 
μÉ ¢·¥³¥´¨ ¢ ¶·μÍ¥¸¸¥ μÉ± Î±¨ ¤μ · ¡μÎ¥£μ ¢ ±ÊÊ³ , ¶·¨¢¥¤¥´ ´  ·¨¸. 13.

�  Ê¸±μ·¨É¥²¥ ¡Ò²¨ Ê¸±μ·¥´Ò ¶ÊÎ±¨ ÉÖ¦¥²ÒÌ ¨μ´μ¢ [8, 9]. �·μ¢¥¤¥´Ò ¨¸¸²¥¤μ¢ -
´¨Ö § ¢¨¸¨³μ¸É¨ ±μÔËË¨Í¨¥´É  É· ´¸³¨¸¸¨¨ ¶ÊÎ±  ¢ ¶·μÍ¥¸¸¥ Ê¸±μ·¥´¨Ö μÉ ¤ ¢²¥´¨Ö ¢
¢ ±ÊÊ³´μ° ± ³¥·¥ Í¨±²μÉ·μ´ . �μ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö Ìμ·μÏμ ¸μ£² ¸ÊÕÉ¸Ö ¸ ¨¸Ìμ¤´Ò³¨
· ¸Î¥É´Ò³¨ ¤ ´´Ò³¨, ±μÉμ·Ò¥ ²¥£²¨ ¢ μ¸´μ¢Ê ¸μ§¤ ´¨Ö ¶·μ¥±É  ¢ ±ÊÊ³´μ° ¸¨¸É¥³Ò.
�  ·¨¸. 14 ¶μ± § ´Ò · ¸Î¥É´Ò¥ ¨ ¨§³¥·¥´´Ò¥ ±μÔËË¨Í¨¥´ÉÒ É· ´¸³¨¸¸¨¨ ¤²Ö ¨μ´μ¢
±·¨¶Éμ´ ,  ·£μ´  ¨ ´¥μ´  ¸ Ô´¥·£¨¥° μ±μ²μ 1 ŒÔ‚/´Ê±²μ´ ´  ±μ´¥Î´μ³ · ¤¨Ê¸¥.

‡�Š‹	—…�ˆ…

‘μ§¤ ´´ Ö ¢ ±ÊÊ³´ Ö ¸¨¸É¥³  Í¨±²μÉ·μ´  DC-60 ¶μ§¢μ²¨²  ¶μ²ÊÎ¨ÉÓ ´¥μ¡Ìμ¤¨³μ¥ ¤ -
¢²¥´¨¥ ¢μ ¢¸¥Ì ¢ ±ÊÊ³´ÒÌ μ¡Ñ¥³ Ì Ê¸±μ·¨É¥²Ó´μ£μ ±μ³¶²¥±¸ , ÎÉμ μ¡¥¸¶¥Î¨²μ ¢Ò¸μ±¨°
±μÔËË¨Í¨¥´É É· ´¸¶μ·É¨·μ¢±¨ ¶ÊÎ±  ¶μ ± ´ ²Ê  ±¸¨ ²Ó´μ° ¨´¦¥±Í¨¨, ´¨§±¨¥ ¢ ±ÊÊ³-
´Ò¥ ¶μÉ¥·¨ ¶ÊÎ±  ¢ ¶·μÍ¥¸¸¥ Ê¸±μ·¥´¨Ö ¨ ÔËË¥±É¨¢´ÊÕ É· ´¸¶μ·É¨·μ¢±Ê ¶μ ± ´ ² ³
¢Ò¢¥¤¥´´ÒÌ ¶ÊÎ±μ¢.

�μ²ÊÎ¥´´Ò¥ ¶ · ³¥É·Ò ¢ ±ÊÊ³´μ° ¸¨¸É¥³Ò ¶μ²´μ¸ÉÓÕ ¸μ£² ¸ÊÕÉ¸Ö ¸ · ¸Î¥É ³¨, ±μ-
Éμ·Ò¥ ²¥£²¨ ¢ μ¸´μ¢Ê ¶·μ¥±É .
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