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

‚ ‹ ¡μ· Éμ·¨¨ Ë¨§¨±¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°
(„Ê¡´ ) μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶·μ¥±É NICA, ¢±²ÕÎ ÕÐ¨° ¢ ¸¥¡Ö ´¥¸±μ²Ó±μ Ê¸±μ·¨É¥²¥° § ·Ö¦¥´´ÒÌ
Î ¸É¨Í. �μ²ÊÎ¥´¨¥ É·¥¡Ê¥³ÒÌ ¢ ±ÊÊ³´ÒÌ Ê¸²μ¢¨° Ö¢²Ö¥É¸Ö μ¤´¨³ ¨Ì ±²ÕÎ¥¢ÒÌ ³μ³¥´Éμ¢ ¢ ·¥ ²¨-
§ Í¨¨ ¶·μ¥±É , É ± ± ± ¤μ¸É¨¦¥´¨¥ ´¥μ¡Ìμ¤¨³μ£μ ¢·¥³¥´¨ ¦¨§´¨ ¨μ´μ¢ ´  ¢¸¥Ì ÔÉ ¶ Ì Ê¸±μ·¥´¨Ö
Î ¸É¨Í μ¶·¥¤¥²Ö¥É ¢ ¨Éμ£¥ ÔËË¥±É¨¢´ÊÕ ¸¢¥É¨³μ¸ÉÓ Ô±¸¶¥·¨³¥´Éμ¢. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¶·μ¢μ-
¤¨É¸Ö ³μ¤¥·´¨§ Í¨Ö ¢ ±ÊÊ³´μ° ¸¨¸É¥³Ò ¨´¦¥±Í¨μ´´μ£μ ±μ³¶²¥±¸  ²¨´¥°´μ£μ Ê¸±μ·¨É¥²Ö ²¥£±¨Ì
¨μ´μ¢ ‹“-20, Ö¢²ÖÕÐ¥£μ¸Ö μ¤´¨³ ¨§ ¸É ·¥°Ï¨Ì Ê¸±μ·¨É¥²¥° ¢ �ˆŸˆ, ¨ ¸¡μ·±  ´μ¢μ£μ ²¨´¥°´μ£μ
Ê¸±μ·¨É¥²Ö HILAC ¤²Ö Ê¸±μ·¥´¨Ö ¨μ´μ¢ §μ²μÉ  ¤²Ö ±μ²² °¤¥·´μ£μ ·¥¦¨³  ±μ³¶²¥±¸  NICA. � 
±μ´¥Î´ÒÌ ÊÎ ¸É± Ì ²¨´¥°´ÒÌ Ê¸±μ·¨É¥²¥° ¤ ¢²¥´¨¥ μ¸É ÉμÎ´μ£μ £ §  ¤μ²¦´μ ¸μ¸É ¢²ÖÉÓ μ±μ²μ
10−5 � , ÎÉμ μ¶·¥¤¥²Ö¥É¸Ö ³ ±¸¨³ ²Ó´μ°  ³¶²¨ÉÊ¤μ° Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ‚—, ¨¸¶μ²Ó§Ê¥³μ£μ ¤²Ö
Ê¸±μ·¥´¨Ö ¨μ´μ¢.

In Laboratory of High Energy Physics (Joint Institute for Nuclear Research, Dubna) the project
NICA is under construction, which includes several accelerators of charged particles. Obtaining the
required vacuum conditions is one of the key points in the project, as the achievement of the required
lifetime of the ion in all phases of acceleration of particles in the end determines the effective luminosity
experiments. Currently the vacuum system of injection complex of the linear accelerator of light ions
LU-20 is being modernized, which is one of the oldest accelerators at JINR, and a new linear accelerator
HILAC to accelerate gold ions for collider mode of complex NICA is being assembled. At end part of
linear accelerators the residual gas pressure must be approximately 10−5 Pa, which is determined by
the maximum amplitude of the RF electric ˇeld used to accelerate ions.

PACS: 29.20.Ej, 29.27.Ac

‹ˆ�…‰�›‰ “‘Š��ˆ’…‹œ ‹…ƒŠˆ• ˆ���‚ ‹“-20

�¸´μ¢´μ° § ¤ Î¥° ¨´¦¥±Í¨μ´´μ£μ ±μ³¶²¥±¸  ´  ¡ §¥ ²¨´¥°´μ£μ Ê¸±μ·¨É¥²Ö ‹“-20
Ö¢²Ö¥É¸Ö Ê¸±μ·¥´¨¥ ²¥£±¨Ì ¨μ´μ¢ ¤μ Ô´¥·£¨¨ ¨´¦¥±Í¨¨ ¢ ´Ê±²μÉ·μ´ [1]. „²Ö ¨¸¶μ²Ó§μ-
¢ ´¨Ö ¤ ´´μ£μ ¨´¦¥±Éμ·  ¤²Ö Ê¸±μ·¥´¨Ö ¶μ²Ö·¨§μ¢ ´´ÒÌ ¤¥°É·μ´μ¢ ¶·μ¢μ¤¨É¸Ö ³μ¤¥·-
´¨§ Í¨Ö μÉ¤¥²Ó´ÒÌ ¥£μ ¸¥±Í¨°. ‚ Î ¸É´μ¸É¨, ¢³¥¸Éμ ¸ÊÐ¥¸É¢ÊÕÐ¥£μ Ëμ·¨´¦¥±Éμ·  ¡Ê¤ÊÉ
Ê¸É ´μ¢²¥´Ò ± ´ ² É· ´¸¶μ·É¨·μ¢±¨ (LEBT, ·¨¸. 3) ¨ ¶·¥¤Ê¸±μ·¨É¥²Ó (RFQ).

1E-mail: smirnov@jinr.ru
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�¨¸. 1. ‚ ±ÊÊ³´Ò° ±μ¦ÊÌ Ê¸±μ·¨É¥²Ö ‹“-20
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�¨¸. 2. ‚ ±ÊÊ³´ Ö ¸Ì¥³  ‹“-20

�¸´μ¢´Ò³¨ Ô²¥³¥´É ³¨ Ê¸±μ·¨É¥²Ö ‹“-20 Ö¢²ÖÕÉ¸Ö: ¢ ±ÊÊ³´Ò° ±μ¦ÊÌ μ¡Ñ¥³μ³ V =
44 ³3, ±μÉμ·Ò° ¸μ¸Éμ¨É ¨§ ¸É ²Ó´μ£μ ±μ²¶ ± , ³μ´É¨·Ê¥³μ£μ ´  ³ ¸¸¨¢´μ° μ¶μ·´μ°
¶²¨É¥. �  ·¨¸. 1 ¶μ± § ´  Î ¸ÉÓ ¢ ±ÊÊ³´μ£μ ±μ¦ÊÌ  ‹“-20. ‚ ±μ²¶ ±¥ ¨³¥ÕÉ¸Ö μÉ¢¥·¸-
É¨Ö ¸ ¢³μ´É¨·μ¢ ´´Ò³¨ ¢ ´¨Ì Ë² ´Í ³¨ ¤²Ö ¶μ¤¸μ¥¤¨´¥´¨Ö ¨§³¥·¨É¥²Ó´μ°  ¶¶ · ÉÊ·Ò.
Š μ¶μ·´μ° ¶²¨É¥ ¶·¨¢ ·¥´Ò Ë² ´ÍÒ, Î¥·¥§ ±μÉμ·Ò¥ ¶·μ¨§¢μ¤¨É¸Ö μÉ± Î±  ¢ ±ÊÊ³´μ£μ
μ¡Ñ¥³  ²¨´¥°´μ£μ Ê¸±μ·¨É¥²Ö,   ± ·¥§μ´ Éμ·Ê ¶μ¤¢μ¤ÖÉ¸Ö É·Ê¡±¨ ¸¨¸É¥³Ò μÌ² ¦¤¥´¨Ö ¨
¢ ±ÊÊ³´Ò¥ Ô²¥±É·¨Î¥¸±¨¥ ¢¢μ¤Ò ¸¨¸É¥³Ò Ô²¥±É·μ¶¨É ´¨Ö.
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’ ¡²¨Í  1. ‘¶¨¸μ± μ¸´μ¢´μ£μ ¢ ±ÊÊ³´μ£μ μ¡μ·Ê¤μ¢ ´¨Ö ‹“-20

Šμ²-
�¡μ·Ê¤μ¢ ´¨¥ ’¨¶ “¶· ¢²¥´¨¥ �·μ¨§¢μ¤¨É¥²Ó

�μ²μ¦¥´¨¥
¢μ ´  ¸Ì¥³¥

2

Turbopump

HiPace 80 TCP 110 Pfeiffer Vacuum TP14-TP15

1 HiPace 700 TCP 350 Pfeiffer Vacuum Å

4 HiPace 400 TCP 350 Pfeiffer Vacuum Å

5 HiPace 300 TCP 350 Pfeiffer Vacuum Å

2 HiPace 2300 TCP 1200 Pfeiffer Vacuum TP10-TP11

1 Ion pump IP 400 Foton Varian IP1

5
Forvacuum pump

Tri Scroll 300 Å Agilent FP6

2 ‚�-6 Å Å #3, #4

9 Vacuum gauge TPR 018 TPG 300 Pfeiffer Vacuum MVG7ÄMVG8

8 Vacuum gauge IKR 060 TPG 300 Pfeiffer Vacuum HVG5ÄHVG6

6 Gate vacuum valve Series 108 Å VAT Å

8 Gate vacuum valve ZVE Å Å
GVV24ÄGVV25,
GVV13ÄGVV15

16 Angle vacuum valve Series 284 VAT VV15ÄVV16

1 Vacuum valve Å Å VAT VV14

11 Manual vacuum valve Å Å VAT

„²Ö ¶·¥¤¢ ·¨É¥²Ó´μ° μÉ± Î±¨ ¢ ±ÊÊ³´μ£μ ±μ¦ÊÌ  ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤¢  §μ²μÉ´¨±μ¢ÒÌ
´ ¸μ¸  ‚�-6, ¶μ¤±²ÕÎ¥´´ÒÌ ± ¢ ±ÊÊ³´μ³Ê μ¡Ñ¥³Ê Î¥·¥§ · §¢¨ÉÊÕ ¸¨¸É¥³Ê É·Ê¡ ¤¨ ³¥É-
·μ³ 0,1 ³. ‚Ò¸μ±μ¢ ±ÊÊ³´ Ö μÉ± Î±  ²¨´¥°´μ£μ Ê¸±μ·¨É¥²Ö ¶·μ¨§¢μ¤¨² ¸Ó ¶·¨ ¶μ³μÐ¨
¤¢ÊÌ  £·¥£ Éμ¢ ‚�-5-4, ¶μ¤±²ÕÎ¥´´ÒÌ Î¥·¥§ É·Ê¡μ¶·μ¢μ¤ ¢´ÊÉ·¥´´¨³ ¤¨ ³¥É·μ³ 0,5 ³.
‹μ¢ÊÏ±¨ μÌ² ¦¤¥´¨Ö  £·¥£ Éμ¢ ¶μ¤±²ÕÎ¥´Ò ± ¸¨¸É¥³¥ · ¸¶·¥¤¥²¥´¨Ö ±·¨μ £¥´É . � 
¢ÒÌμ¤¥  £·¥£ Éμ¢ ‚�-5-4 ¡Ò²¨ ¨¸¶μ²Ó§μ¢ ´Ò ¤¢  ¡Ê¸É¥·´ÒÌ ´ ¸μ¸  	�-3, ´  ¢ÒÌμ¤¥
±μÉμ·ÒÌ Ê¸É ´μ¢²¥´ §μ²μÉ´¨±μ¢Ò° ´ ¸μ¸ ‚�-7ƒ-1.

‚ μ¡Ñ¥³¥ ‹“-20 ¢ μ¸´μ¢´μ³ ¶·¨¸ÊÉ¸É¢ÊÕÉ ¶ ·Ò ¢μ¤Ò, ¤²Ö μÉ± Î±¨ ±μÉμ·μ° ¡Ò² Ê¸É -
´μ¢²¥´ ±·¨μ£¥´´Ò° ´ ¸μ¸ Š�-20000, μÌ² ¦¤ ¥³Ò° ¦¨¤±¨³  §μÉμ³, ¸ · ¸Î¥É´μ° ¡Ò¸É-
·μÉμ° ¤¥°¸É¢¨Ö ¢ ³μ²¥±Ê²Ö·´μ³ ·¥¦¨³¥ 20000 ²/¸, ±μÉμ·Ò° ¶μ§¢μ²¨² ¸ÊÐ¥¸É¢¥´´μ Ê³¥´Ó-
Ï¨ÉÓ ¢·¥³Ö ¤μ¸É¨¦¥´¨Ö · ¡μÎ¥£μ ¢ ±ÊÊ³  ¶μ·Ö¤±  10−5 � .

‚ Ìμ¤¥ ·¥ ²¨§ Í¨¨ ¶·μ¥±É  NICA ¡Ò²  ³μ¤¥·´¨§¨·μ¢ ´  ¢ ±ÊÊ³´ Ö ¸¨¸É¥³  ‹“-20 [2]:
¤μ¡ ¢²¥´ ¤¨ËËÊ§¨μ´´Ò° ´ ¸μ¸ ¤²Ö ¶μ²ÊÎ¥´¨Ö ¶·¥¤¢ ·¨É¥²Ó´μ£μ ¢ ±ÊÊ³  (DP1, ·¨¸. 2) ¨
¢³¥¸Éμ  £·¥£ Éμ¢ ‚�-5-4 Ê¸É ´μ¢²¥´Ò ¸μ¢·¥³¥´´Ò¥ ¡¥§³ ¸²Ö´Ò¥ ¸¨¸É¥³Ò μÉ± Î±¨ ´ 
¡ §¥ ÉÊ·¡μ³μ²¥±Ê²Ö·´ÒÌ ´ ¸μ¸μ¢ É¨¶  HiPace 2300 (TP9-TP11, ·¨¸. 2) ±μ³¶ ´¨¨ ®Pfeiffer
Vacuum¯. ‘ ³¨  £·¥£ ÉÒ ‚�-5-4 ´¥ ¡Ò²¨ ¤¥³μ´É¨·μ¢ ´Ò ¨ μ¸É ¢²¥´Ò ¢ ± Î¥¸É¢¥ ·¥§¥·¢-
´ÒÌ ¸·¥¤¸É¢ μÉ± Î±¨. ‘¶¨¸μ± μ¸´μ¢´μ£μ ¢ ±ÊÊ³´μ£μ μ¡μ·Ê¤μ¢ ´¨Ö ‹“-20 ¶·¥¤¸É ¢²¥´ ¢
É ¡². 1.

�‚’�Œ�’ˆ‡ˆ��‚����Ÿ ‘ˆ‘’…Œ� “���‚‹…�ˆŸ
ˆ�†…Š–ˆ���›Œ Š�Œ�‹…Š‘�Œ ‹“-20

‚ Ìμ¤¥ ³μ¤¥·´¨§ Í¨¨ ¢ ±ÊÊ³´μ£μ μ¡μ·Ê¤μ¢ ´¨Ö ¨´¦¥±Í¨μ´´μ£μ ±μ³¶²¥±¸  ‹“-20
¡Ò²  ¸μ§¤ ´   ¢Éμ³ É¨§¨·μ¢ ´´ Ö ¸¨¸É¥³  Ê¶· ¢²¥´¨Ö (�‘“) [3]. �´  ·¥Ï ¥É § ¤ Î¨ ¶μ
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�¨¸. 3. �¡Ð Ö ¸Ì¥³  ±μ³¶²¥±¸  ‹“-20: Ion source Å ¨μ´´Ò° ¨¸ÉμÎ´¨±; LEBT ¨ RFQ Å ¶·¥¤-

¢ ·¨É¥²Ó´Ò¥ Ê¸±μ·¨É¥²¨; LU-20 Å ²¨´¥°´Ò° Ê¸±μ·¨É¥²Ó; Target Å ¶ÊÎ±μ¢Ò° ± ´ ²; Channel Å
¨´¦¥±Í¨μ´´Ò° ± ´ ² ¢ ´Ê±²μÉ·μ´. �0Ä�3 Å Ï± ËÒ Ê¶· ¢²¥´¨Ö ¢ ±ÊÊ³´Ò³ μ¡μ·Ê¤μ¢ ´¨¥³

Ion source IRFQ RFQ ЛУ-20 Дебанчер Нуклотрон

VACUUM OK VACUUM OK VACUUM OK

�¨¸. 4. �±´μ ¶·μ£· ³³Ò ¤²Ö Ê¶· ¢²¥´¨Ö ¢ ±ÊÊ³´Ò³ μ¡μ·Ê¤μ¢ ´¨¥³

²μ± ²Ó´μ³Ê ¨ ¤¨¸É ´Í¨μ´´μ³Ê Ê¶· ¢²¥´¨Õ ¢ ±ÊÊ³´Ò³ μ¡μ·Ê¤μ¢ ´¨¥³,   É ±¦¥ § Ð¨É¥
μ¡μ·Ê¤μ¢ ´¨Ö ¶·¨ ¢μ§´¨±´μ¢¥´¨¨  ¢ ·¨°´ÒÌ ¸¨ÉÊ Í¨°.

�‘“ μ¸´μ¢ ´  ´  ¡ §¥ ¶·μ£· ³³¨·Ê¥³μ£μ ²μ£¨Î¥¸±μ£μ ±μ´É·μ²²¥·  (�‹Š) Siemens
S7-300. ‚ ¸μ¸É ¢ �‘“ ¢Ìμ¤ÖÉ Ï± ËÒ Ê¶· ¢²¥´¨Ö (A1, A2, A3 (·¨¸. 3)), · ¸¶μ²μ¦¥´´Ò¥
´¥¶μ¸·¥¤¸É¢¥´´μ ¢ § ²¥ Ê¸±μ·¨É¥²Ö, ¨ Í¥´É· ²Ó´Ò° Ï± Ë (A0 (·¨¸. 3)). ‘¢Ö§Ó ³¥¦¤Ê
Ï± Ë ³¨ ¨ · ¸¶·¥¤¥²¥´´Ò³ μ¡μ·Ê¤μ¢ ´¨¥³ μ¸´μ¢ ´  ´  ¶·μ³ÒÏ²¥´´μ° ¸¥É¨ Proˇbus.
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Таблица 2. Таблица блокировок для ЛУ-20

Œ¥¸Éμ μ¶¥· Éμ·  μ·£ ´¨§μ¢ ´μ ´  ¡ §¥ Ï± Ë  �0. „²Ö ¶μ¢ÒÏ¥´¨Ö ´ ¤¥¦´μ¸É¨ ¢μ§-
³μ¦´μ¸ÉÓ Ê¶· ¢²¥´¨Ö ¢ ±ÊÊ³´μ° ¸¨¸É¥³μ° ¤Ê¡²¨·Ê¥É¸Ö ¶μ¸·¥¤¸É¢μ³ É Î-¶ ´¥²¨ ¨ �Š.
�·μ£· ³³  Ê¶· ¢²¥´¨Ö ¢Ò¶μ²´¥´  ¢ SCADA-¸¨¸É¥³¥ Zenon (·¨¸. 4) [4]. „²Ö ¢μ§³μ¦´μ¸-
É¨ ¶μ¸²¥¤ÊÕÐ¥° μ¡· ¡μÉ±¨ ¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ ¸¨¸É¥³  ¢¥¤¥É § ¶¨¸Ó ¢  ·Ì¨¢.

�‘“ ¨³¥¥É · §¢¨ÉÊÕ ¸¨¸É¥³Ê § Ð¨É. �¥·¢Ò° Ê·μ¢¥´Ó ·¥ ²¨§μ¢ ´ ¡¥§ ÊÎ ¸É¨Ö �‹Š.
�É  § Ð¨É  μ¡¥¸¶¥Î¨¢ ¥É μÉ±²ÕÎ¥´¨¥ Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö ¨ ¡²μ±¨·Ê¥É ¢ ±ÊÊ³-
´Ò° μ¡Ñ¥³, ¢ ±μÉμ·μ³ ¤ ¢²¥´¨¥ ¤μ¸É¨£ ¥É ±·¨É¨Î¥¸±μ£μ Ê·μ¢´Ö. ‚Éμ·μ° Ê·μ¢¥´Ó § Ð¨É
μ¸´μ¢ ´ ´  ±μ´É·μ²¥ ¸μ¸ÉμÖ´¨° ¢¸¥Ì Ê¸É·μ°¸É¢ ¸¨¸É¥³Ò ¨ μ¡¥¸¶¥Î¨¢ ¥É ¡¥§ ¢ ·¨°´μ¥ μÉ-
±²ÕÎ¥´¨¥ ¢ ±ÊÊ³´μ£μ μ¡μ·Ê¤μ¢ ´¨Ö ¶·¨ ¢μ§´¨±´μ¢¥´¨¨ ¢´¥ÏÉ É´ÒÌ ¸¨ÉÊ Í¨°, ¸¢Ö§ ´´ÒÌ
¸ · §£¥·³¥É¨§ Í¨¥° ¢ ±ÊÊ³´ÒÌ ²¨´¨°, ¢ÒÌμ¤  ¨§ ¸É·μÖ ´ ¸μ¸μ¢ ¨ ¤·.

‹μ£¨±  · ¡μÉÒ ¡²μ±¨·μ¢μ± ¶·¥¤¸É ¢²¥´  ¢ É ¡². 2, £¤¥ ¸¥·Ò³ Í¢¥Éμ³ μÉ³¥Î¥´Ò ÖÎ¥°±¨,
±μÉμ·Ò¥ ¶μ± §Ò¢ ÕÉ ¸μμÉ¢¥É¸É¢¨¥ ³¥¦¤Ê ¸μ¸ÉμÖ´¨¥³ Ô²¥³¥´É  ¸¨¸É¥³Ò (in Å ¸μ¡ÒÉ¨¥)
¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³ ¥³Ê ¸μ¸ÉμÖ´¨¥³ § ¢¨¸¨³ÒÌ Ô²¥³¥´Éμ¢ (out Å ¤¥°¸É¢¨¥).

� ¶·¨³¥·, ¢Ò±²ÕÎ¥´¨¥ ´ ¸μ¸  FP6 ¶·¨¢μ¤¨É ± § ±·ÒÉ¨Õ VV14; § ±·ÒÉ¨¥ VV14 ¶·¨-
¢μ¤¨É ± § ±·ÒÉ¨Õ VV15 ¨ VV16; § ±·ÒÉ¨¥ VV15 μ¸É ´ ¢²¨¢ ¥É TP10 ¨ TP14,   § ±·ÒÉ¨¥
VV16 μ¸É ´ ¢²¨¢ ¥É TP11 ¨ TP15; μ¸É ´μ¢±  TP10 § ±·Ò¢ ¥É GVV13,   μ¸É ´μ¢±  TP11
§ ±·Ò¢ ¥É GVV14.

‹ˆ�…‰�›‰ “‘Š��ˆ’…‹œ ’Ÿ†…‹›• ˆ���‚ HILAC

‹¨´¥°´Ò° Ê¸±μ·¨É¥²Ó ÉÖ¦¥²ÒÌ ¨μ´μ¢ (‹“’ˆ, ¨²¨ HILAC Å Heavy Ion Linear Ac-
celerator) ¶·¥¤´ §´ Î¥´ ¤²Ö μ¡¥¸¶¥Î¥´¨Ö ¨´¦¥±Í¨¨ ¢ ¡Ê¸É¥· ÉÖ¦¥²ÒÌ ¨μ´μ¢ (´ ¶·¨³¥·,
§μ²μÉ  197Au31+) ¸ Ô´¥·£¨¥° 3,2 ŒÔ‚/´Ê±²μ´ [5]. ‹“’ˆ ³μ¦¥É Ê¸±μ·ÖÉÓ ¶ÊÎ±¨ ÉÖ¦¥²ÒÌ
¨μ´μ¢ ¸ μÉ´μÏ¥´¨¥³ § ·Ö¤  ± ³ ¸¸¥ q/A � 1/6 ¨ ¶¨±μ¢Ò³ Éμ±μ³ ¤μ 10 ³� ¢ ¨³¶Ê²Ó¸¥
¤²¨É¥²Ó´μ¸ÉÓÕ 8Ä27 ³±¸ ¶·¨ Î ¸ÉμÉ¥ ¶μ¢Éμ·¥´¨Ö ¨³¶Ê²Ó¸μ¢ ¤μ 10 ƒÍ.
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�¨¸. 5. ‘É·Ê±ÉÊ·  ²¨´¥°´μ£μ Ê¸±μ·¨É¥²Ö ‹“’ˆ (HILAC)

‹“’ˆ ¸μ¸Éμ¨É ¨§ ¸²¥¤ÊÕÐ¨Ì μ¸´μ¢´ÒÌ Î ¸É¥° (·¨¸. 5):
Å Ô²¥±É·μ´´μ-¸É·Ê´´Ò° ¨¸ÉμÎ´¨± ¢Ò¸μ±μ§ ·Ö¤´ÒÌ ¨μ´μ¢ ®Š·¨μ´-NICA¯, · ¸¶μ²μ-

¦¥´´Ò° ´  ¢Ò¸μ±μ¢μ²ÓÉ´μ° ¶² ÉËμ·³¥ Ëμ·¨´¦¥±Éμ·  ¶μ¤ ¶μÉ¥´Í¨ ²μ³ ¤μ 110 ±‚ μÉ´μ-
¸¨É¥²Ó´μ §¥³²¨;

Å ± ´ ² É· ´¸¶μ·É¨·μ¢±¨ ¨μ´μ¢ ´¨§±μ° Ô´¥·£¨¨ (Low Energy Beam Transfer, LEBT);
Å ¶¥·¢ Ö Ê¸±μ·ÖÕÐ Ö ¸¥±Í¨Ö ¸ ·¥§μ´ Éμ·μ³ ´  ¡ §¥ ¢Ò¸μ±μÎ ¸ÉμÉ´μ° ±¢ ¤·Ê¶μ²Ó´μ°

Ëμ±Ê¸¨·μ¢±¨ É¨¶  4-rod RFQ (Î¥ÉÒ·¥Ì¸É¥·¦´¥¢μ°);
Å ± ´ ² É· ´¸¶μ·É¨·μ¢±¨ ¨μ´μ¢ ¶·μ³¥¦ÊÉμÎ´μ° Ô´¥·£¨¨ ¸ £·Ê¶¶¨·μ¢ É¥²¥³ (Medium

Energy Beam Transfer, MEBT);
Å ¢Éμ· Ö ¨ É·¥ÉÓÖ Ê¸±μ·ÖÕÐ¨¥ ¸¥±Í¨¨ ·¥§μ´ Éμ·μ¢ ¸ É·Ê¡± ³¨ ¤·¥°Ë  ¨ ±¢ ¤·Ê¶μ²Ó-

´Ò³¨ ²¨´§ ³¨ (É ± ´ §Ò¢ ¥³ Ö DTL Å Drift Tube Linac): IH1 ¨ IH2.

‚�Š““Œ��Ÿ ‘ˆ‘’…Œ� “‘Š��ˆ’…‹Ÿ HILAC

‚ ±ÊÊ³´ Ö ¸¨¸É¥³  ¨´¦¥±Í¨μ´´μ£μ ±μ³¶²¥±¸  Ê¸±μ·¨É¥²Ö ÉÖ¦¥²ÒÌ ¨μ´μ¢ HILAC
· §¤¥²¥´  ´  É·¨ ¸¥±Í¨¨ ²¨´¥°´Ò³¨ ¢ ±ÊÊ³´Ò³¨ Ï¨¡¥· ³¨ (·¨¸. 6). ‚ ±ÊÊ³´μ¥ μ¡μ·Ê-
¤μ¢ ´¨¥ (É ¡². 3) · ¸¸Î¨É ´μ ´  ¤μ¸É¨¦¥´¨¥ · ¡μÎ¥£μ ¢ ±ÊÊ³  ´  Ê·μ¢´¥ 10−5 � .

Š ´ ² É· ´¸¶μ·É¨·μ¢±¨ ¶ÊÎ±  ´¨§±μ° Ô´¥·£¨¨ (LEBT), ´¥¸³μÉ·Ö ´  ´¥¡μ²ÓÏμ° μ¡Ñ¥³,
¨³¥¥É §´ Î¨É¥²Ó´μ¥ ´ É¥± ´¨¥,   ¶μÉμ³Ê ¤²Ö ¥£μ μÉ± Î±¨ ¨¸¶μ²Ó§Ê¥É¸Ö ÉÊ·¡μ³μ²¥±Ê²Ö·-
´Ò° ´ ¸μ¸ HiPace 700.

„²Ö ¸μ§¤ ´¨Ö · ¡μÎ¥£μ ¢ ±ÊÊ³  ¢ ¶·¥¤¢ ·¨É¥²Ó´μ³ Ê¸±μ·¨É¥²¥ ¨μ´μ¢ (RFQ) ¢Ò¡· ´
É ´¤¥³ ¨§ ÉÊ·¡μ³μ²¥±Ê²Ö·´μ£μ ´ ¸μ¸  HiPace 700 ¨ ³ £´¨Éμ· §·Ö¤´μ£μ ´ ¸μ¸  IP 400.
�Éμ ¶μ§¢μ²Ö¥É ¡¥§ ¢¸¶μ³μ£ É¥²Ó´μ£μ ´ ¸μ¸  ¶μ²ÊÎ¨ÉÓ ¶·¥¤¢ ·¨É¥²Ó´μ¥ · §·¥¦¥´¨¥, ´¥-
μ¡Ìμ¤¨³μ¥ ¤²Ö § ¶Ê¸±  ³ £´¨Éμ· §·Ö¤´μ£μ ´ ¸μ¸ . RFQ Ö¢²Ö¥É¸Ö ¸ ³μ¸ÉμÖÉ¥²Ó´μ° ¢ ±Ê-
Ê³´μ° ¸¥±Í¨¥°, ¨ §¤¥¸Ó ³μ¦¥É μ± § ÉÓ¸Ö ¨¤¥ ²Ó´Ò³ ¸μÎ¥É ´¨¥ ³ £´¨Éμ· §·Ö¤´μ£μ ´ ¸μ¸ 
¨ ´¥· ¸¶Ò²Ö¥³μ£μ £¥ÉÉ¥· . �ÉμÉ ¢ ·¨ ´É ³μ¦´μ · ¸¸³μÉ·¥ÉÓ ¶μ¸²¥ § ¢¥·Ï¥´¨Ö ¶Ê¸±μ-
´ ² ¤μÎ´ÒÌ · ¡μÉ ¨ μ¶·¥¤¥²¥´¨Ö ³ ±¸¨³ ²Ó´μ£μ £ §μ¢μ£μ ¶μÉμ± , ¸ ±μÉμ·Ò³ ¶·¨¤¥É¸Ö
· ¡μÉ ÉÓ.

Š ¸μ¦ ²¥´¨Õ, ¦¥¸É±¨¥ É·¥¡μ¢ ´¨Ö, ¶·¥¤ÑÖ¢²Ö¥³Ò¥ ± ¸μ¶·Ö¦¥´¨Õ μÉ¤¥²Ó´ÒÌ Ô²¥³¥´-
Éμ¢ Ê¸±μ·¨É¥²Ö, ´¥ ¶μ§¢μ²¨²¨ · §³¥¸É¨ÉÓ § É¢μ· ³¥¦¤Ê ¡ ´Î¥·μ³, ¨³¥ÕÐ¨³ ¶μ¢ÒÏ¥´´Ò°
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‚ ±ÊÊ³´Ò¥ ¸¨¸É¥³Ò ²¨´¥°´ÒÌ Ê¸±μ·¨É¥²¥° ¨´¦¥±Í¨μ´´μ£μ ±μ³¶²¥±¸  NICA 1477

’ ¡²¨Í  3. ‘¶¨¸μ± μ¸´μ¢´μ£μ ¢ ±ÊÊ³´μ£μ μ¡μ·Ê¤μ¢ ´¨Ö HILAC

Šμ²-
�¡μ·Ê¤μ¢ ´¨¥ ’¨¶ “¶· ¢²¥´¨¥ �·μ¨§¢μ¤¨É¥²Ó

�μ²μ¦¥´¨¥
¢μ ´  ¸Ì¥³¥

2 Turbopump HiPace 80 TCP 110 Pfeiffer Vacuum TP2, TP7

5 Turbopump HiPace 700 TCP 350 Pfeiffer Vacuum TP1, TP3ÄTP6

2 Turbopump HiPace 400 TCP 350 Pfeiffer Vacuum TP8ÄTP9

7 Ion pump IP 400 Foton Varian IP1ÄIP7

4 Forvacuum pump Tri Scroll 300 Å Agilent FP1ÄFP4

5 Vacuum gauge TPR 018 TPG 300 Pfeiffer Vacuum MVG1ÄMVG5

11 Vacuum gauge IKR 060 TPG 300 Pfeiffer Vacuum HVG1ÄHVG11

6 Gate vacuum valve Å Å VAT GVV1ÄGVV6

32 Vacuum valve Å Å VAT Å

Ê·μ¢¥´Ó ´ É¥± ´¨Ö, ¨ ·¥§μ´ Éμ· ³¨ Ê¸±μ·¨É¥²Ö. 	 ´Î¥· μÉ± Î¨¢ ¥É¸Ö ÉÊ·¡μ³μ²¥±Ê²Ö·´Ò³
´ ¸μ¸μ³ HiPace 700,   ± ¦¤Ò° ·¥§μ´ Éμ· μ¸´ Ð¥´ ÉÊ·¡¨´μ° HiPace 700 ¨ ³ £´¨Éμ· §-
·Ö¤´Ò³ ´ ¸μ¸μ³ IP 400.

�‚’�Œ�’ˆ‡ˆ��‚����Ÿ ‘ˆ‘’…Œ� “���‚‹…�ˆŸ
ˆ�†…Š–ˆ���›Œ Š�Œ�‹…Š‘�Œ HILAC

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢¥¤¥É¸Ö ¶·μ¥±É¨·μ¢ ´¨¥ ¢ ±ÊÊ³´μ° �‘“ HILAC. ‡  μ¸´μ¢Ê ¡Ò²
¢§ÖÉ ¶·μ¥±É �‘“ ‹“-20, É ± ± ± Ê¸±μ·¨É¥²¨ ¨³¥ÕÉ ¸Ìμ¦ÊÕ ¸É·Ê±ÉÊ·Ê ¢ ±ÊÊ³´ÒÌ ¨
Ô²¥±É·¨Î¥¸±¨Ì ¸¨¸É¥³. ‚ �‘“ HILAC É ±¦¥ Ê¤¥²¥´μ μ¸μ¡μ¥ ¢´¨³ ´¨¥ § Ð¨É¥ ¸³¥¦-
´ÒÌ ¸¨¸É¥³ (‚—, ´ ± ² ± Éμ¤ ), § ±² ¤Ò¢ ¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ ¨§μ²ÖÍ¨¨ ³¥¸É   ¢ ·¨°´μ£μ
·μ¸É  ¤ ¢²¥´¨Ö ¶ÊÉ¥³ ¶¥·¥±·ÒÉ¨Ö ²¨´¥°´ÒÌ Ï¨¡¥·μ¢. ‹μ£¨±  · ¡μÉÒ ¶μ Ê·μ¢´Õ § Ð¨É
¢ ±ÊÊ³´μ£μ μ¡μ·Ê¤μ¢ ´¨Ö ¶·¥¤¸É ¢²¥´  ¢ É ¡². 4.

�  μ¸´μ¢ ´¨¨ μ¶ÒÉ  Ô±¸¶²Ê É Í¨¨ �‘“ ‹“-20 ¢ ¶·μ¥±É �‘“ HILAC ¢´¥¸¥´Ò ¸²¥¤ÊÕ-
Ð¨¥ ¨§³¥´¥´¨Ö:

1. “¤ ²¥´Ò ¶¥·¥±²ÕÎ É¥²¨ ¨ ±´μ¶±¨ ¸ Ë¨±¸ Í¨¥° ¨§ ¸¨¸É¥³Ò ²μ± ²Ó´μ£μ Ê¶· ¢²¥´¨Ö.
�Éμ ¶μ§¢μ²¨É ¨§¡¥¦ ÉÓ μÏ¨¡μ± ¶·¨ ¶¥·¥Ìμ¤¥ ¸  ¢Éμ³ É¨Î¥¸±μ£μ Ê¶· ¢²¥´¨Ö ´  ·ÊÎ´μ¥.

2. ˆ§³¥´¥´  ¸Ì¥³  ±μ³³ÊÉ Í¨¨ Ï± Ëμ¢. �μ¸²¥¤μ¢ É¥²Ó´μ¥ ¸μ¥¤¨´¥´¨¥ § ³¥´¥´μ ¸μ-
¥¤¨´¥´¨¥³ É¨¶  ®§¢¥§¤ ¯. ‚ÒÌμ¤ ¨§ ¸É·μÖ μ¤´μ£μ Ï± Ë  ´¥ ¡Ê¤¥É ¢²¨ÖÉÓ ´  · ¡μÉÊ
μ¸É ²Ó´ÒÌ.

3. � §· ¡μÉ ´  ¸Ì¥³  ¨´É¥£· Í¨¨ �‘“ ¸ ¥¤¨´μ° ¸¨¸É¥³μ° Ê¶· ¢²¥´¨Ö Ê¸±μ·¨É¥²¥³.
� · ³¥É·Ò ¢ ±ÊÊ³´μ° ¸¨¸É¥³Ò ¡Ê¤ÊÉ  ¢Éμ³ É¨Î¥¸±¨ ¸μÌ· ´ÖÉÓ¸Ö ¢ μ¡Ð¥° ¡ §¥ ¤ ´´ÒÌ.

�·¥¤¸É ¢²¥´´Ò¥  ¢Éμ³ É¨§¨·μ¢ ´´Ò¥ ¸¨¸É¥³Ò Ê¶· ¢²¥´¨Ö ¢ ±ÊÊ³´Ò³ μ¡μ·Ê¤μ¢ ´¨¥³
´¥§ ³¥´¨³Ò ¢ ·¥Ï¥´¨¨ ¸²¥¤ÊÕÐ¨Ì § ¤ Î:

1) Ê¤ ²¥´´Ò° ³μ´¨Éμ·¨´£ ¨ Ê¶· ¢²¥´¨¥ μ¡μ·Ê¤μ¢ ´¨Ö, ´ Ìμ¤ÖÐ¥£μ¸Ö ¢ §μ´¥ · ¤¨ Í¨-
μ´´μ£μ ¨§²ÊÎ¥´¨Ö;

2) ¶μ¸Éμ¡· ¡μÉ±  ¨  ´ ²¨§ ¸μ¡· ´´ÒÌ ¤ ´´ÒÌ;
3) § Ð¨É  μ¡μ·Ê¤μ¢ ´¨Ö ¢ ¸²ÊÎ ¥  ¢ ·¨°´μ° ¸¨ÉÊ Í¨¨ ¨²¨ μÏ¨¡±¨ ¶¥·¸μ´ ² ;
4) ¸μ±· Ð¥´¨¥ ÏÉ É  ¶μ μ¡¸²Ê¦¨¢ ´¨Õ ¢ ±ÊÊ³´ÒÌ ¸¨¸É¥³.
Œμ¦´μ μÉ³¥É¨ÉÓ, ÎÉμ ¶·¨ ³μ¤¥·´¨§ Í¨¨ ¢ ±ÊÊ³´μ° ¸¨¸É¥³Ò ´Ê±²μÉ·μ´  É ±¦¥ ¡Ò² 

·¥ ²¨§μ¢ ´  ¸¨¸É¥³   ¢Éμ³ É¨Î¥¸±μ£μ Ê¶· ¢²¥´¨Ö ¢ ±ÊÊ³´Ò³ μ¡μ·Ê¤μ¢ ´¨¥³. � ²¨Î¨¥
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Таблица 4. Таблица блокировок HILAC

�‘“ ¶μ§¢μ²¨²μ ¶·μ¢¥¸É¨ ¨¸¸²¥¤μ¢ ´¨Ö ¢ ±ÊÊ³´ÒÌ Ê¸²μ¢¨° ¢ ´Ê±²μÉ·μ´¥ ¶·¨ · §²¨Î-
´ÒÌ ·¥¦¨³ Ì · ¡μÉÒ Ê¸±μ·¨É¥²Ö. 	Ò²μ ¶μ± § ´μ, ÎÉμ ¢μ¤μ·μ¤, ¶μ¸ÉÊ¶ ÕÐ¨° ¨§ ± ´ ² 
¨´¦¥±Í¨¨, ¶μ¸É¥¶¥´´μ · ¸¶·μ¸É· ´Ö¥É¸Ö ¶μ ±μ²ÓÍÊ ´Ê±²μÉ·μ´  ¨ ¸ÊÐ¥¸É¢¥´´μ ¸´¨¦ ¥É
¢·¥³Ö ¦¨§´¨ ¶ÊÎ± . ‚ ¨Éμ£¥ ³μ¤¥·´¨§ Í¨Ö ¢ ±ÊÊ³´μ° ¸¨¸É¥³Ò ± ´ ²  ¨´¦¥±Í¨¨ ¢ ´Ê±-
²μÉ·μ´ ¶μ§¢μ²¨²  ·¥Ï¨ÉÓ ¢μ¶·μ¸ ¸ ¶μ¸ÉÊ¶²¥´¨¥³ ¢μ¤μ·μ¤  ¢ ±μ²ÓÍμ ¨ ¸ÊÐ¥¸É¢¥´´μ Ê²ÊÎ-
Ï¨ÉÓ ¢ ±ÊÊ³´Ò¥ Ê¸²μ¢¨Ö ¢ ´¥³ [6].

�¶¨¸ ´´Ò¥ ¢ÒÏ¥ ¸¨¸É¥³Ò Ö¢²ÖÕÉ¸Ö ´¥ Éμ²Ó±μ ´¥μ¡Ìμ¤¨³Ò³¨ ¤²Ö Ô±¸¶²Ê É Í¨¨ ¸Ê-
Ð¥¸É¢ÊÕÐ¨Ì Ê¸±μ·¨É¥²¥°, ´μ ¨ ¸²Ê¦ É ¶·μÉμÉ¨¶ ³¨ ¸¨¸É¥³ Ê¶· ¢²¥´¨Ö ¢ ±ÊÊ³´Ò³ μ¡μ-
·Ê¤μ¢ ´¨¥³ ¡Ê¸É¥·  ¨ ±μ²² °¤¥· , ¸μμ·Ê¦ ¥³ÒÌ ¢ · ³± Ì ¶·μ¥±É  NICA.
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