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„μ¸É¨¦¥´¨¥ ¸¢¥·Ì¢Ò¸μ±μ£μ ¢ ±ÊÊ³  ¢ ±μ²² °¤¥·¥ ¨ ¡Ê¸É¥·¥ ¶·μ¥±É  NICA Ö¢²Ö¥É¸Ö μ¤´μ° ¨§
μ¸´μ¢´ÒÌ § ¤ Î ¶·¨ ¥£μ ¸μ§¤ ´¨¨, ÎÉμ μ¶·¥¤¥²Ö¥É ´¥μ¡Ìμ¤¨³μ¸ÉÓ ¸¥·Ó¥§´μ£μ ¶μ¤Ìμ¤  ± ÔÉμ³Ê ¢μ-
¶·μ¸Ê ¨ ¶·μ¢¥¤¥´¨Ö ¨¸¸²¥¤μ¢ É¥²Ó¸±¨Ì · ¡μÉ ¢ ÔÉμ³ ´ ¶· ¢²¥´¨¨. ‚ ¶¥·¢ÊÕ μÎ¥·¥¤Ó ´¥μ¡Ìμ¤¨³μ
¶μ´¨³ ÉÓ, ± ± ¢²¨ÖÕÉ ´  ¸É¥¶¥´Ó ¢ ±ÊÊ³  · §²¨Î´Ò¥ ±μ³¶μ´¥´ÉÒ ¢ ±ÊÊ³´ÒÌ ¸¨¸É¥³. ’ ±¦¥ ´¥-
μ¡Ìμ¤¨³μ ¶·μ¢¥¸É¨ ¨¸¸²¥¤μ¢ ´¨Ö μÉ± Î´ÒÌ ¸·¥¤¸É¢ ´  É·¥¡Ê¥³ÊÕ ¤²Ö ¶ÊÎ±μ¢μ° ± ³¥·Ò ¢¥²¨Î¨´Ê
¢ ±ÊÊ³  (10−9 � ) ¨ ¢Ò¡· ÉÓ ´ ¨¡μ²¥¥ μ¶É¨³ ²Ó´ÊÕ ¸Ì¥³Ê μÉ± Î±¨. ‚ Éμ ¦¥ ¢·¥³Ö ´¥μ¡Ìμ¤¨³μ
¢ÒÖ¸´¨ÉÓ, ± ± ¢²¨ÖÕÉ ´  ¢¥²¨Î¨´Ê ¢ ±ÊÊ³  ¨ ´  ¸μ¸É ¢ μ¸É ÉμÎ´μ£μ £ §  · §²¨Î´Ò¥ μ¶¥· Í¨¨, ¶·μ-
¢μ¤¨³Ò¥ ¸ ¢ ±ÊÊ³´μ° ± ³¥·μ°: ¶μ¤£μÉμ¢±  ¢ ±ÊÊ³´ÒÌ ¶μ¢¥·Ì´μ¸É¥°, ´ ¶Ê¸±  É³μ¸Ë¥·Ò, ¶·μ£·¥¢
± ³¥·Ò ¶μ¸²¥ § ±·ÒÉ¨Ö. ˆ§-§  ¸²μ¦´μ¸É¨ ¶μ¤¤¥·¦ ´¨Ö ¶μ¸ÉμÖ´´μ° É¥³¶¥· ÉÊ·Ò ¸É¥´μ± ¶ÊÎ±μ-
¢μ° ± ³¥·Ò, ¢ Éμ³ Î¨¸²¥ ´  ¢´ÊÉ·¥´´¨Ì Ô²¥³¥´É Ì, §´ Î¥´¨¥ É¥³¶¥· ÉÊ·Ò ³μ¦¥É ¢ ·Ó¨·μ¢ ÉÓ¸Ö μÉ
±μ³´ É´μ° ¤μ É¥³¶¥· ÉÊ·Ò ¦¨¤±μ£μ £¥²¨Ö. �Éμ Ê¸²μ¦´Ö¥É ¶·μÍ¥¸¸Ò, ¶·μÌμ¤ÖÐ¨¥ ¢´ÊÉ·¨ ´¥¥. „μ-
¶μ²´¨É¥²Ó´Ò¥ É·Ê¤´μ¸É¨ ¢μ§´¨± ÕÉ ¢ ·¥§Ê²ÓÉ É¥ · §μ£·¥¢  ¸É¥´μ± ± ³¥·Ò μÉ · §²¨Î´ÒÌ ¶·μÍ¥¸¸μ¢
¢μ ¢·¥³Ö · ¡μÉÒ Ê¸±μ·¨É¥²Ö (´ ¶·¨³¥·, Í¨±²¨·μ¢ ´¨¥ ³ £´¨É´μ£μ ¶μ²Ö).

One of the main challenges in the booster and collider of the NICA project is achieving the ultra-
high vacuum, which determines the need for a serious approach to this issue and research in this
direction. The ˇrst thing to be understood is the effect on the degree of vacuum of the vacuum systems
of the various components. It is also necessary to carry out studies of pumped funds required for
the beam-size vacuum chamber (10−9 Pa) and choose the most optimal scheme of pumping. At the
same time one needs to ˇgure out how the degree of vacuum and the composition of the residual
gas in	uence the various operations carried out with the vacuum chamber: the preparation of vacuum
surfaces, lapping the atmosphere, warming the chamber after closing. Due to the difˇculty of keeping
constant temperature of the beam chamber walls, including the inner member, the temperature may vary
from room temperature to liquid helium temperature. This complicates the processes taking place within
it. Additional complexity arises from the heating of chamber walls by various processes during the
operation of the accelerator (for example, cycling the magnetic ˇeld).
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�μ²ÊÎ¥´¨¥ ¸¢¥·Ì¢Ò¸μ±μ£μ ¢ ±ÊÊ³  ¢ § ¤ ´´μ³ ¤¨ ¶ §μ´¥ 10−8Ä10−10 �  μÎ¥´Ó ¸²μ¦-
´ Ö § ¤ Î  ¤²Ö Ê¸±μ·¨É¥²¥° § ·Ö¦¥´´ÒÌ Î ¸É¨Í. „²Ö ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì Ê¸±μ·¨É¥²¥° £² ¢-
´Ò³ μ¸É ÉμÎ´Ò³ £ §μ³ Ö¢²Ö¥É¸Ö ¢μ¤μ·μ¤, ±μÉμ·Ò° ´¥ ³μ¦¥É ÔËË¥±É¨¢´μ § ³μ· ¦¨¢ ÉÓ¸Ö
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´  ¸É¥´± Ì ± ³¥·Ò ¤ ¦¥ ¶·¨ É¥³¶¥· ÉÊ·¥ ¦¨¤±μ£μ £¥²¨Ö. 
Ò¸É·μ ´ · ¸É ÕÐ¥¥ ³ £´¨É-
´μ¥ ¶μ²¥ ¢ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ¸¨´Ì·μÉ·μ´ Ì ¶·¨¢μ¤¨É ± ´ £·¥¢Ê ¢ ±ÊÊ³´μ° ± ³¥·Ò ¨,
¸²¥¤μ¢ É¥²Ó´μ, ± ¨¸¶ ·¥´¨Õ ¢μ¤μ·μ¤  ¸μ ¸É¥´μ± ¢ ±ÊÊ³´μ° ± ³¥·Ò.

‚  É³μ¸Ë¥·¥ £² ¢´Ò³¨ £ §μ¢Ò³¨ ±μ³¶μ´¥´É ³¨ Ö¢²ÖÕÉ¸Ö  §μÉ ¨ ±¨¸²μ·μ¤. �¸É ²Ó´Ò¥
£ §Ò, É ±¨¥ ± ± ¢μ¤ ,  ·£μ´, ¤¨μ±¸¨¤ Ê£²¥·μ¤ , ¸μ¸É ¢²ÖÕÉ ³¥´¥¥ 1% μÉ ¢¸¥£μ μ¡Ñ¥³ 
¢μ§¤ÊÌ . ƒ §μ¢Ò° ¸μ¸É ¢ ¢ ¢ ±ÊÊ³¥ ¢ ·Ó¨·Ê¥É¸Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ ³´μ£¨Ì Ë ±Éμ·μ¢: ¢Ò¡μ· 
³ É¥·¨ ² , Î¨¸ÉμÉÒ, ¶·μ£·¥¢  ¢ ±ÊÊ³´μ° ¸¨¸É¥³Ò, É¨¶  ´ ¸μ¸μ¢, É¥³¶¥· ÉÊ·´μ£μ ·¥¦¨³ ,
ËμÉμ´´μ°, Ô²¥±É·μ´´μ° ¨²¨ ¨μ´´μ° ¡μ³¡ ·¤¨·μ¢±¨ ¶μ¢¥·Ì´μ¸É¨ ¨ É. ¤.

‚μ¤  Å £² ¢´Ò° £ § ¢ ´¥¶·μ£·¥ÉÒÌ ¢ ±ÊÊ³´ÒÌ ³¥É ²²¨Î¥¸±¨Ì ± ³¥· Ì. „¥£ § Í¨Ö
¢μ¤Ò ¸ÊÐ¥¸É¢¥´´μ ´¥ § ¢¨¸¨É μÉ ¶·¨·μ¤Ò ³¥É ²²  ¶·¨ μ¡· ¡μÉ±¥ ¶μ¢¥·Ì´μ¸É¨ ¨ É¥³¶¥-
· ÉÊ·´ÒÌ Ê¸²μ¢¨° (¶·¨ É¥³¶¥· ÉÊ· Ì ³¥´¥¥ 110 ◦C). ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¶· ±É¨Î¥¸±¨ ´¥
¸ÊÐ¥¸É¢Ê¥É ³¥Éμ¤μ¢, ±·μ³¥ ¶·μ£·¥¢ , ¤²Ö Ê¤ ²¥´¨Ö ¢μ¤Ò ¸ ¶μ¢¥·Ì´μ¸É¨ ³¥É ²²μ¢.

�·¨ ¶μ²ÊÎ¥´¨¨ ¸¢¥·Ì¢Ò¸μ±μ£μ ¢ ±ÊÊ³  ¢μ¤μ·μ¤ Ö¢²Ö¥É¸Ö £² ¢´Ò³ μ¸É ÉμÎ´Ò³ £ §μ³,
±μÉμ·Ò° ¤¥¸μ·¡¨·Ê¥É¸Ö ¸ ¶μ¢¥·Ì´μ¸É¨ ³¥É ²² . �·μÍ¥¸¸ μ¡¥§£ ¦¨¢ ´¨Ö μÉ ¢μ¤μ·μ¤  § -
¢¨¸¨É μÉ ¸¢μ°¸É¢ ³¥É ²²  ¨ ¶·μ¶Ê¸±´μ° ¸¶μ¸μ¡´μ¸É¨ ¶μ¢¥·Ì´μ¸É¨ ¶·¨ ¶μ¸ÉμÖ´´μ° É¥³-
¶¥· ÉÊ·¥. �·μ£·¥¢ ¶·¨ ¢Ò¸μ±μ° É¥³¶¥· ÉÊ·¥ (¢¶²μÉÓ ¤μ 900 ◦‘) Ê³¥´ÓÏ ¥É ¸μ¤¥·¦ ´¨¥
¢μ¤μ·μ¤  ´  ¶μ¢¥·Ì´μ¸É¨ ¡μ²¥¥ Î¥³ ´  ¤¢  ¶μ·Ö¤± .

Œμ²¥±Ê²Ò £ §  · ¸É¢μ·ÖÕÉ¸Ö ¢ μ¡Ñ¥³¥ ³ É¥·¨ ²  ¢μ ¢·¥³Ö ¶·μÍ¥¸¸  μ¡· ¡μÉ±¨ ¨§-§ 
¨Ì ¶μ¸ÉμÖ´´μ£μ ´ ²¨Î¨Ö ¢ ¢μ§¤ÊÌ¥. ‚ ¢ ±ÊÊ³¥ É ±¨¥ ³μ²¥±Ê²Ò ¤¨ËËÊ´¤¨·ÊÕÉ ± ¶μ-
¢¥·Ì´μ¸É¨ ³¥É ²² , ¶μ¸²¥ Î¥£μ ¨¸¶ ·ÖÕÉ¸Ö. ’μ²Ó±μ Ê  Éμ³μ¢ ¢μ¤μ·μ¤  ¥¸ÉÓ ¤μ¸É ÉμÎ´μ
³μ¡¨²Ó´μ¸É¨ ¢ ³¥É ²²¥, ÎÉμ¡Ò ¤μ¸É¨ÎÓ ¶μ¢¥·Ì´μ¸É¨, £¤¥ μ´¨ Ê¸¶¥¢ ÕÉ ¸μ¥¤¨´¨ÉÓ¸Ö ¢
³μ²¥±Ê²Ê H2.
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‘¥£μ¤´Ö ´¥¸±μ²Ó±μ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì Ê¸±μ·¨É¥²¥° § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ ³¨·¥ · ¡μ-
É ÕÉ ¢ Ê¸²μ¢¨ÖÌ ¸¢¥·Ì¢Ò¸μ±μ£μ ¢ ±ÊÊ³ . ‚ § ¢¨¸¨³μ¸É¨ μÉ μ¸μ¡¥´´μ¸É¥° ±μ´¸É·Ê±Í¨¨
Ê¸±μ·¨É¥²¥° ¨¸¶μ²Ó§ÊÕÉ¸Ö · §²¨Î´Ò¥ ¶μ¤Ìμ¤Ò ¶·¨ ¤μ¸É¨¦¥´¨¨ ¸¢¥·Ì¢Ò¸μ±μ£μ ¢ ±Ê-
Ê³ .

Šμ²² °¤¥· LHC. ‚ 
μ²ÓÏμ³  ¤·μ´´μ³ ±μ²² °¤¥·¥ (LHC, CERN, ˜¢¥°Í ·¨Ö), ¶·μ-
ÉÖ¦¥´´μ¸ÉÓ ±μÉμ·μ£μ ¸μ¸É ¢²Ö¥É 27 ±³, ¶μ¤¤¥·¦¨¢ ¥É¸Ö ¸¢¥·Ì¢Ò¸μ±¨° ¢ ±ÊÊ³ ´  Ê·μ¢´¥
10−10 � . Š·¨μ£¥´´Ò¥ ± ³¥·Ò ¨³¥ÕÉ É¥³¶¥· ÉÊ·Ê 1,9 Š, ±μÉμ· Ö ¶μ§¢μ²Ö¥É μÎ¥´Ó ÔË-
Ë¥±É¨¢´μ § ³μ·μ§¨ÉÓ ¢μ¤μ·μ¤ ´  ¸É¥´± Ì ± ³¥·Ò (·¨¸. 1). ‘¶¥Í¨ ²Ó´Ò° § Ð¨É´Ò° Ô±· ´
¨¸¶μ²Ó§Ê¥É¸Ö ¢ ¶ÊÎ±μ¢μ° ± ³¥·¥, ÎÉμ¡Ò ¶·¥¤μÉ¢· É¨ÉÓ ´ £·¥¢ ´ ·Ê¦´μ° μ¡μ²μÎ±¨, ±μÉμ-
· Ö ´ Ìμ¤¨É¸Ö ¶·¨ £¥²¨¥¢μ° É¥³¶¥· ÉÊ·¥ [1].

‚¸¥ ¸É¥´±¨ ± ³¥·Ò ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥ μÉ± Î¨¢ ÕÉ¸Ö ¸ ¶μ³μÐÓÕ NEG-
´ ¸μ¸μ¢. “¸É·μ°¸É¢  ¤²Ö ´ ´¥¸¥´¨Ö NEG-¶μ±·ÒÉ¨° ´  ¸É¥´±¨ ¢ ±ÊÊ³´ÒÌ ± ³¥· ¡Ò²¨
¸¶¥Í¨ ²Ó´μ ¶μ¸É·μ¥´Ò ¢ CERN. 
μ²¥¥ 1300 ± ³¥· ¡Ò²¨ ¶μ¤£μÉμ¢²¥´Ò ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
TiZrV NEG ¤²Ö LHC. ‘É ´¤ ·É´ Ö ¤²¨´  ± ³¥·Ò 7 ³, ¤¨ ³¥É· 80 ³³ [2].

SIS100 ¶·μ¥±É  FAIR. ‘¢¥·Ì¶·μ¢μ¤ÖÐ¨° ¸¨´Ì·μÉ·μ´ SIS100 ¡Ê¤¥É ¶μ¸É·μ¥´ ¢ · ³± Ì
´μ¢μ£μ ¶·μ¥±É  FAIR (ƒ¥·³ ´¨Ö) [3]. �¡Ð Ö ¤²¨´  ±μ²ÓÍ  1083,6 ³ (82 % Ìμ²μ¤´ÒÌ
ÊÎ ¸É±μ¢, 18% É¥¶²ÒÌ), μ¸´μ¢´ Ö ¸É·Ê±ÉÊ·  £¥±¸ £μ´ ²Ó´ Ö Å Ï¥¸ÉÓ ¶·Ö³ÒÌ ¨ Ï¥¸ÉÓ
 ·μ±, 25 É¥¶²ÒÌ ÊÎ ¸É±μ¢ (24× 9,1 ³, 1× 3,3 ³), 25 Ìμ²μ¤´ÒÌ ¸¥±Í¨° (6  ·μ± 5× 135 ³,
1 × 122,6 ³), 19 ±μ·μÉ±¨Ì ¶·Ö³ÒÌ ÊÎ ¸É±μ¢ (18 × 4,3 ³, 1 × 9,2 ³).

‚´ÊÉ·¥´´¨¥ ¸É¥´±¨ ± ³¥·Ò ¨¸¶μ²Ó§ÊÕÉ¸Ö ¢ ± Î¥¸É¢¥ ÔËË¥±É¨¢´μ£μ ±·¨μ£¥´´μ£μ ´ -
¸μ¸  ¸ ¶· ±É¨Î¥¸±¨ ¡¥¸±μ´¥Î´μ° ³μÐ´μ¸ÉÓÕ ¤²Ö ¶μÎÉ¨ ¢¸¥Ì ¢¨¤μ¢ ±μ´¤¥´¸¨·Ê¥³ÒÌ £ §μ¢.
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�¨¸. 1. Šμ´¸É·Ê±Í¨Ö ±·¨μ£¥´´μ° ¢ ±ÊÊ³´μ° ± ³¥·Ò LHC

‘É É¨Î¥¸±μ¥ ¤ ¢²¥´¨¥ ¢ ±ÊÊ³  ¢´ÊÉ·¨ ± ³¥·Ò μ±μ²μ 10−10 � , ¢ ¤¨´ ³¨Î¥¸±¨Ì Ê¸²μ¢¨ÖÌ
ÌÊ¦¥ Î¥³ 10−9 � . ˆ§-§  ¡Ò¸É·μ£μ ´ · ¸É ´¨Ö ³ £´¨É´μ£μ ¶μ²Ö ¢¨Ì·¥¢Ò¥ Éμ±¨ ´ £·¥¢ ÕÉ
¸É¥´±¨ ± ³¥·Ò ¤μ É¥³¶¥· ÉÊ· > 20 Š [4].

„²Ö μÉ± Î±¨ ¢μ¤μ·μ¤  ¢ ±·¨μ£¥´´ÒÌ ± ³¥· Ì Ê¸É ´μ¢²¥´Ò ¶μ 10 ±·¨μ¸μ·¡Í¨μ´´ÒÌ
´ ¸μ¸μ¢ ´   ·±Ê (¤²¨´   ·±¨ 13 ³) ¨ ¶μ μ¤´μ³Ê ´  ± ¦¤Ò° ±μ·μÉ±¨° ±¢ ¤·Ê¶μ²Ó´Ò°
¤Ê¶²¥É ´  ¶·Ö³μ²¨´¥°´ÒÌ ÊÎ ¸É± Ì. Š·¨μ¸μ·¡Í¨μ´´Ò° ´ ¸μ¸ ¸μ¸Éμ¨É ¨§ ´¥¸±μ²Ó±¨Ì
±·Ê£²ÒÌ ±·¨μ¶ ´¥²¥° (³¥¤´Ò¥ ¤¨¸±¨, ¶μ±·ÒÉÒ¥ Ê£²¥³ (·¨¸. 3)), ±μÉμ·Ò¥ μÌ² ¦¤ ÕÉ¸Ö ¤μ
T ∼ 4,5 K [5].

�Ê¸É¥· ¶·μ¥±É  NICA. ‚ · ³± Ì ·¥ ²¨§ Í¨¨ ¶·μ¥±É  NICA ¡Ê¤¥É ¸μ§¤ ´  Í¥¶μÎ± 
¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì Ê¸±μ·¨É¥²¥° [6]. ‘¢¥·Ì¶·μ¢μ¤ÖÐ¨° ¸¨´Ì·μÉ·μ´´Ò° ¡Ê¸É¥· ¡Ê¤¥É ¨¸-
¶μ²Ó§μ¢ ÉÓ¸Ö ¤²Ö ´ ±μ¶²¥´¨Ö ¨ Ê¸±μ·¥´¨Ö ¨μ´μ¢ §μ²μÉ . �  ¸²¥¤ÊÕÐ¥³ Ï £¥ Î ¸É¨ÍÒ
¢Ò¢μ¤ÖÉ¸Ö ¨§ ¡Ê¸É¥·  ¢ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨° ¸¨´Ì·μÉ·μ´ ´Ê±²μÉ·μ´, £¤¥ Î ¸É¨ÍÒ ¸μ¡¨· -
ÕÉ¸Ö ¢ ¸£Ê¸É±¨ ¨ Ê¸±μ·ÖÕÉ¸Ö ¤μ Ô´¥·£¨¨ Ô±¸¶¥·¨³¥´É . � ±μ´¥Í, Î ¸É¨ÍÒ ¸£Ê¸É± ³¨
¶μ¸ÉÊ¶ ÕÉ ¨§ ´Ê±²μÉ·μ´  ¢ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥¥ ±μ²ÓÍμ ±μ²² °¤¥· .

‚ ±ÊÊ³´Ò¥ Ê¸²μ¢¨Ö ¢ Ê¸±μ·¨É¥²ÖÌ μ¶·¥¤¥²ÖÕÉ¸Ö ¶·μ¤μ²¦¨É¥²Ó´μ¸ÉÓÕ ¦¨§´¨ ¶ÊÎ±  ¢
¶·μÍ¥¸¸¥ ´ ±μ¶²¥´¨Ö ¨ Ê¸±μ·¥´¨Ö. �¥μ¡Ìμ¤¨³Ò¥ ¢ ±ÊÊ³´Ò¥ Ê¸²μ¢¨Ö ¡Ê¸É¥·  ¨ ±μ²² °-
¤¥·  μÍ¥´¨¢ ÕÉ¸Ö ´  Ê·μ¢´¥ 10−9 � . � ¡μÎ¥¥ ¤ ¢²¥´¨¥ ´  ´Ê±²μÉ·μ´¥ ¸μ¸É ¢²Ö¥É μ±μ²μ
10−7 � , ÎÉμ ¡Ò²μ ¤μ¸É¨£´ÊÉμ ¢ Ìμ¤¥ ³μ¤¥·´¨§ Í¨¨ ¢ ±ÊÊ³´μ° ¸¨¸É¥³Ò ´Ê±²μÉ·μ´  ¢
É¥Î¥´¨¥ 2007Ä2011 ££. [7].

�¥·¨³¥É· ¡Ê¸É¥·  ¸μ¸É ¢²Ö¥É ¶μ·Ö¤±  210 ³,   μ¶É¨Î¥¸± Ö ¸É·Ê±ÉÊ·  ¸μ¸Éμ¨É ¨§ Î¥ÉÒ-
·¥Ì ¶·Ö³μ²¨´¥°´ÒÌ ÊÎ ¸É±μ¢ ¤²¨´μ° μ±μ²μ 7,5 ³, ´ Ìμ¤ÖÐ¨Ì¸Ö ¶·¨ ±μ³´ É´μ° É¥³¶¥· -
ÉÊ·¥, ¨ Î¥ÉÒ·¥Ì  ·μ±, ´ Ìμ¤ÖÐ¨Ì¸Ö ¶·¨ ±·¨μ£¥´´ÒÌ É¥³¶¥· ÉÊ· Ì. Œ £´¨É´ Ö ¸É·Ê±ÉÊ· 
 ·μ± ¸μ¸Éμ¨É ¨§ Ï¥¸É¨ ¤Ê¶²¥Éμ¢ ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§ (Ëμ±Ê¸Ä¤¥Ëμ±Ê¸) ¨ ¶μ¶ ·´μ ¸Éμ-
ÖÐ¨Ì 10 ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢ (·¨¸. 2). �  ± ¦¤μ³ ¤Ê¶²¥É¥ ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§ ¡Ê¤ÊÉ
Ê¸É ´μ¢²¥´Ò ¢ ±ÊÊ³´Ò¥ ¶μ¸ÉÒ μÉ± Î±¨, · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ±μÉμ·Ò³¨ ¸μ¸É ¢²Ö¥É 8,79 ³.
2/3 ÔÉμ° ¤²¨´Ò ¸μ¸É ¢²ÖÕÉ ¢ ±ÊÊ³´Ò¥ ± ³¥·Ò ¸ ¢´ÊÉ·¥´´¨³ Ô²²¨¶É¨Î¥¸±¨³ ¸¥Î¥´¨¥³
128 × 65 ³³,   1/3 ¤²¨´Ò Å ± ³¥·Ò ¸ ±·Ê£²Ò³ ¸¥Î¥´¨¥³ ¤¨ ³¥É·μ³ 160 ³³. Œ ²μ¥
¶μ¶¥·¥Î´μ¥ ¸¥Î¥´¨¥ Ô²²¨¶É¨Î¥¸±¨Ì ± ³¥· ¸μ§¤ ¥É ¸¥·Ó¥§´Ò¥ ¶·μ¡²¥³Ò ¤²Ö ¤μ¸É¨¦¥´¨Ö
¸¢¥·Ì¢Ò¸μ±μ£μ ¢ ±ÊÊ³ .
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�¨¸. 2 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨). ‘É·Ê±ÉÊ·  ¡Ê¸É¥· : ±· ¸´Ò° (¸¥·Ò°) Í¢¥É Å ±¢ ¤·Ê¶μ²¨;
¸¨´¨° (Î¥·´Ò°) Å ¤¨¶μ²¨

� ¸Î¥ÉÒ ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò BETACOOL [8] ¶μ± §Ò¢ ÕÉ, ÎÉμ · ¢´μ¢¥¸´μ¥ ¤ -
¢²¥´¨¥ ³¥¦¤Ê ¶μ¸É ³¨ μÉ± Î±¨ ´  ¶μ·Ö¤μ± ÌÊ¦¥, Î¥³ ´¥¶μ¸·¥¤¸É¢¥´´μ ¢ · °μ´¥ ¶μ¸É 
μÉ± Î±¨ (·¨¸. 3). …¸²¨ É¥Ì´μ²μ£¨Ö ¨§£μÉμ¢²¥´¨Ö ¢ ±ÊÊ³´ÒÌ ± ³¥· ¶μ§¢μ²¨É ¶·¨ ±·¨μ-
£¥´´ÒÌ É¥³¶¥· ÉÊ· Ì ¤μ¸É¨ÎÓ ¸±μ·μ¸É¨ ´ É¥± ´¨Ö ¢μ¤μ·μ¤  ¸ ¶μ¢¥·Ì´μ¸É¨ ± ³¥·Ò ´ 
³¨´¨³ ²Ó´μ³ Ê·μ¢´¥ 5 · 10−11 �  ³/¸ [9], Éμ ¸±μ·μ¸É¨ μÉ± Î±¨ ¶μ¸Éμ¢ 300Ä500 ²/¸ ¡Ê¤¥É
¢¶μ²´¥ ¤μ¸É ÉμÎ´μ, ÎÉμ¡Ò ¶μ²ÊÎ¨ÉÓ ´¥μ¡Ìμ¤¨³Ò° ¸·¥¤´¨° ¢ ±ÊÊ³ ¶μ ±μ²ÓÍÊ ´  Ê·μ¢´¥
109 �  (·¨¸. 3, ±·¨¢ Ö 1).

� ¸Î¥ÉÒ ¶μ± §Ò¢ ÕÉ, ÎÉμ ¢¥²¨Î¨´  ¸·¥¤´¥£μ ¢ ±ÊÊ³  ¶·Ö³μ ¶·μ¶μ·Í¨μ´ ²Ó´  Ê·μ¢´Õ
£ ¦¥´¨Ö ¢μ¤μ·μ¤  ¸μ ¸É¥´μ± ± ³¥·Ò ¶·¨ μ¤¨´ ±μ¢μ° ¸±μ·μ¸É¨ μÉ± Î±¨ ¢ ±ÊÊ³´μ£μ ¶μ¸É .
ˆ ¥¸²¨ ± Î¥¸É¢μ ¨§£μÉμ¢²¥´¨Ö ¶μ¢¥·Ì´μ¸É¨ ± ³¥· μ± ¦¥É¸Ö ´¥¤μ¸É ÉμÎ´Ò³ ¤²Ö ¶μ²ÊÎ¥´¨Ö
³¨´¨³ ²Ó´μ£μ Ê·μ¢´Ö £ ¦¥´¨Ö ¢μ¤μ·μ¤ , Éμ ¸·¥¤´¨° ¢ ±ÊÊ³ ¶μ ±μ²ÓÍÊ ³μ¦¥É μ± § ÉÓ¸Ö ¢
´¥¸±μ²Ó±μ · § ÌÊ¦¥ É·¥¡Ê¥³μ£μ. �·¨ ÔÉμ³ ¨§-§  ¶²μÌμ° ¶·μ¢μ¤¨³μ¸É¨ ¢ ±ÊÊ³´ÒÌ ± ³¥·
Ê¢¥²¨Î¥´¨¥ ¸±μ·μ¸É¨ μÉ± Î±¨ ¶μ¸É  ´¥ ¶·¨¢μ¤¨É ± ¸ÊÐ¥¸É¢¥´´μ³Ê ¸´¨¦¥´¨Õ ¢¥²¨Î¨´Ò
¸·¥¤´¥£μ ¤ ¢²¥´¨Ö ¶μ ±μ²ÓÍÊ (·¨¸. 3, ±·¨¢ Ö 2).

�¤´¨³ ¨§ ¸¶μ¸μ¡μ¢ ·¥Ï¥´¨Ö ¶·μ¡²¥³Ò ¶²μÌμ° ¶·μ¢μ¤¨³μ¸É¨ ± ³¥· Ö¢²Ö¥É¸Ö Ê¸É -
´μ¢±  · ¸¶·¥¤¥²¥´´ÒÌ ¸·¥¤¸É¢ μÉ± Î±¨. ’ ±, ¥¸²¨ ´  ÊÎ ¸É± Ì ³¥¦¤Ê ³ £´¨É ³¨ Ê¸É ´μ-
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�¨¸. 3. � ¸¶·¥¤¥²¥´¨¥ ¢ ±ÊÊ³  ¢  ·±¥ ¡Ê¸É¥·  ³¥¦¤Ê ¶μ¸É ³¨ μÉ± Î±¨. 1 Å ¸±μ·μ¸ÉÓ μÉ± Î±¨

S = 500 ²/¸, ¸·¥¤´¨° ¢ ±ÊÊ³ Pav = 1,4 · 10−9 � ; 2 Å S = 1000 ²/¸, Pav = 1,2 · 10−9 � ; 3 Å
S = 300 + 100 + 100 ²/¸, Pav = 2,9 · 10−10 � 

¢¨ÉÓ ¤μ¶μ²´¨É¥²Ó´Ò¥ ¸·¥¤¸É¢  μÉ± Î±¨ ¢¸¥£μ ²¨ÏÓ ¸μ ¸±μ·μ¸ÉÓÕ μÉ± Î±¨ ¤μ 100 ²/¸, Éμ
¸·¥¤´¨° ¢ ±ÊÊ³ Ê²ÊÎÏ¨ÉÓ¸Ö ¶μÎÉ¨ ¢ ¶ÖÉÓ · § (·¨¸. 3, ±·¨¢ Ö 3). ‚Ò¡μ· É¨¶  ´ ¸μ¸  ¤²Ö
μ·£ ´¨§ Í¨¨ · ¸¶·¥¤¥²¥´´μ° μÉ± Î±¨ Ö¢²Ö¥É¸Ö ¶·¨´Í¨¶¨ ²Ó´μ° § ¤ Î¥° ¤²Ö ¤μ¸É¨¦¥´¨Ö
´¥μ¡Ìμ¤¨³ÒÌ ¢ ±ÊÊ³´ÒÌ Ê¸²μ¢¨°.

��‘��…„…‹…��›… ‘�…„‘’‚� �’Š�—Šˆ

‘¢¥·Ì¢Ò¸μ±¨° ¢ ±ÊÊ³ ¢ Ê¸±μ·¨É¥²ÖÌ Î ¸É¨Í ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¸ ¶μ³μÐÓÕ · §²¨Î´ÒÌ
¸¨¸É¥³ μÉ± Î±¨. ’Ê·¡μ³μ²¥±Ê²Ö·´Ò¥ ´ ¸μ¸Ò μ£· ´¨Î¥´Ò ¤ ¢²¥´¨¥³ 10−9 �  ¨ ³μ£ÊÉ
¶·¨³¥´ÖÉÓ¸Ö Éμ²Ó±μ ¤²Ö ¶·¥¤¢ ·¨É¥²Ó´μ° μÉ± Î±¨. ˆμ´´Ò¥ ´ ¸μ¸Ò ´¥ ³μ£ÊÉ ¨¸¶μ²Ó§μ-
¢ ÉÓ¸Ö ¤²Ö ÔËË¥±É¨¢´μ° μÉ± Î±¨ ¢μ¤μ·μ¤ , ´μ ³μ£ÊÉ ÔËË¥±É¨¢´μ ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¢ ¸¢Ö§±¥
¸ ¤·Ê£¨³¨ μÉ± Î´Ò³¨ ¸¨¸É¥³ ³¨. � ¸¶·¥¤¥²¥´´Ò³¨ ¸·¥¤¸É¢ ³¨ μÉ± Î±¨ ¤²Ö ¤μ¸É¨¦¥-
´¨Ö ¸¢¥·Ì¢Ò¸μ±μ£μ ¢ ±ÊÊ³  ³μ£ÊÉ ¢Ò¸ÉÊ¶ ÉÓ ±·¨μ¸μ·¡Í¨μ´´Ò¥ ´ ¸μ¸Ò, ´¥· ¸¶Ò²Ö¥³Ò¥ ¨
· ¸¶Ò²Ö¥³Ò¥ £¥ÉÉ¥·Ò.

Š·¨μ¸μ·¡Í¨μ´´Ò¥ ´ ¸μ¸Ò. Š·¨μ¸μ·¡Í¨μ´´Ò¥ ´ ¸μ¸Ò (¸³. ·¨¸. 4) Å ´ ¨¡μ²¥¥ ¨§-
¢¥¸É´Ò¥ ¸¨¸É¥³Ò ¤²Ö ¶μ²ÊÎ¥´¨Ö ¸¢¥·Ì¢Ò¸μ±μ£μ ¢ ±ÊÊ³  ¢ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì Ê¸±μ·¨É¥²ÖÌ.
Š²ÕÎ¥¢μ° μ¸μ¡¥´´μ¸ÉÓÕ ³¥Éμ¤  Ö¢²Ö¥É¸Ö ´¨§±μ¥ ¤ ¢²¥´¨¥ ´ ¸ÒÐ¥´´ÒÌ ¶ ·μ¢, É. ¥. ¤ -
¢²¥´¨¥ ¢ £ §μ¢μ° Ë §¥ ¢ · ¢´μ¢¥¸¨¨ ¸ ±μ´¤¥´¸ Éμ³ ¶·¨ § ¤ ´´μ° É¥³¶¥· ÉÊ·¥. ’ ±¨¥
Ô²¥³¥´ÉÒ, ± ± ´¥μ´, ¢μ¤μ·μ¤ ¨ £¥²¨°, Ö¢²ÖÕÉ¸Ö μ¸´μ¢´Ò³¨ μ¸É ÉμÎ´Ò³¨ £ § ³¨ ¶·¨
¤ ¢²¥´¨¨ ²ÊÎÏ¥, Î¥³ 10−9 � , ¨ É¥³¶¥· ÉÊ·¥ 20 Š. „ ¢²¥´¨¥ ¶ ·μ¢ ¢μ¤μ·μ¤  ¶·¨ É¥³¶¥-
· ÉÊ·¥ 4,3 Š ´ Ìμ¤¨É¸Ö ¢ ¶·¥¤¥² Ì 10−5 � ,   ¶·¨ É¥³¶¥· ÉÊ·¥ 1,9 Š Å ´¨¦¥ 10−10 � .

Š·¨μ¸μ·¡Í¨Ö μ¸´μ¢Ò¢ ¥É¸Ö ´  ¶·¨ÉÖ¦¥´¨¨ ³¥¦¤Ê ³μ²¥±Ê²μ° ¨ ¶μ¢¥·Ì´μ¸ÉÓÕ. �Éμ
¢§ ¨³μ¤¥°¸É¢¨¥ ¸¨²Ó´¥¥, Î¥³ ³¥¦¤Ê É¥³¨ ¦¥ ³μ²¥±Ê² ³¨. Œμ²¥±Ê²Ò £ §  μÉ± Î¨¢ ÕÉ¸Ö
¶·¨ ¤ ¢²¥´¨¨ ³´μ£μ ³¥´ÓÏ¥³, Î¥³ ¤ ¢²¥´¨¥ ´ ¸ÒÐ¥´´ÒÌ ¶ ·μ¢, ±μ£¤  ±μ²¨Î¥¸É¢μ  ¤-
¸μ·¡¨·μ¢ ¢Ï¨Ì¸Ö ³μ²¥±Ê² ³¥´¥¥ μ¤´μ£μ ³μ´μ¸²μÖ. �μ·¨¸ÉÒ¥ ³ É¥·¨ ²Ò ¨¸¶μ²Ó§ÊÕÉ¸Ö ¢
±·¨μ¸μ·¡Í¨¨ ¤²Ö Ê²ÊÎÏ¥´¨Ö ¶μ²¥§´μ° ¶μ¢¥·Ì´μ¸É¨. Š ¶·¨³¥·Ê, Ê Ê£²Ö ¶μ²¥§´ Ö ¶μ¢¥·Ì-
´μ¸ÉÓ ¸μ¸É ¢²Ö¥É 1000 ³2/£. ‚ ¦´μ, ÎÉμ μ¸´μ¢´ÊÕ Î ¸ÉÓ ¢μ¤μ·μ¤  ³μ¦´μ μÉ± Î ÉÓ ¶·¨
É¥³¶¥· ÉÊ·¥ 20 Š,   £¥²¨° Éμ²Ó±μ ¶·¨ É¥³¶¥· ÉÊ·¥ 4,3 Š.

�¸´μ¢´μ° ¶·μ¡²¥³μ° ¢ ¨¸¶μ²Ó§μ¢ ´¨¨ ±·¨μ¸μ·¡Í¨μ´´ÒÌ ´ ¸μ¸μ¢ ¢ ± Î¥¸É¢¥ · ¸¶·¥¤¥-
²¥´´μ° μÉ± Î±¨ Ö¢²Ö¥É¸Ö ¸μ§¤ ´¨¥ ¤μ¶μ²´¨É¥²Ó´ÒÌ ±·¨μ£¥´´ÒÌ ¸¨¸É¥³ ¤²Ö Í¨·±Ê²ÖÍ¨¨
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�¨¸. 4. Šμ´¸É·Ê±Í¨Ö ±·¨μ¸μ·¡Í¨μ´´ÒÌ ´ ¸μ¸μ¢

¦¨¤±μ£μ £¥²¨Ö Î¥·¥§ É¥²μ ´ ¸μ¸ . ’ ±, ¢ ±μ²ÓÍ¥ SIS100 ¸¶¥Í¨ ²Ó´μ ¸μ§¤ ÕÉ¸Ö £¥²¨¥-
¢Ò¥ ±μ³³Ê´¨± Í¨¨, μÉ¤¥²Ó´Ò¥ μÉ ±·¨μ£¥´´μ° ¸¨¸É¥³Ò μ¡¥¸¶¥Î¥´¨Ö ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì
³ £´¨Éμ¢.

�¥· ¸¶Ò²Ö¥³Ò¥ £¥ÉÉ¥·Ò. �¥· ¸¶Ò²Ö¥³Ò¥ £¥ÉÉ¥·Ò (Non Evaporable Getters Å NEG)
μ¡ÒÎ´μ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥. ‚μ ¢·¥³Ö · ¡μÉÒ ´ ¸μ¸  £ §Ò ¤¨ËËÊ´-
¤¨·ÊÕÉ ¢´ÊÉ·Ó £¥ÉÉ¥·´μ£μ ³ É¥·¨ ² . Šμ³¶ ´¨Ö SAES ¢Ò¶Ê¸± ¥É Ï¨·μ±¨°  ¸¸μ·É¨³¥´É
± ± μÉ¤¥²Ó´ÒÌ NEG-´ ¸μ¸μ¢ (·¨¸. 5), É ± ¨ ¢ ±μ³¡¨´ Í¨¨ ¸ ¨μ´´Ò³¨ ´ ¸μ¸ ³¨ [10].
�É± Î¨¢ ¥³Ò¥ ¨³¨ £ §Ò · §¤¥²ÖÕÉ ´  4 £·Ê¶¶Ò:

Å ¢μ¤μ·μ¤ ¨ ¥£μ ¨§μÉμ¶Ò Å ¸μ·¡¨·ÊÕÉ¸Ö μ¡· É¨³μ;
Å CO, CO2, O2 ¨ N2 Å ¸μ·¡¨·ÊÕÉ¸Ö ´¥μ¡· É¨³μ;
Å H2O, CxHy Å ¸μ·¡¨·ÊÕÉ¸Ö μ¡· É¨³μ ¨ ´¥μ¡· É¨³μ;
Å ¡² £μ·μ¤´Ò¥ £ §Ò Å ´¥ ¸μ·¡¨·ÊÕÉ¸Ö ¢μμ¡Ð¥.
� §²μ¦¥´¨¥ μ±¸¨¤´μ£μ ¸²μÖ ¢μ§³μ¦´μ Éμ²Ó±μ ¢ ³¥É ²² Ì, ¨³¥ÕÐ¨Ì μÎ¥´Ó ¢Ò¸μ±¨°

¶·¥¤¥² ¶μ · ¸É¢μ·¨³μ¸É¨ ±¨¸²μ·μ¤ ,   ¨³¥´´μ Ô²¥³¥´ÉÒ Î¥É¢¥·Éμ° £·Ê¶¶Ò: É¨É ´, Í¨·-

�¨¸. 5. Šμ´¸É·Ê±Í¨Ö NEG-´ ¸μ¸μ¢ ±μ³¶ ´¨¨ SAES: CapaciTorr 50, 100, 200
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±μ´¨° ¨ £ Ë´¨°. NEG-³ É¥·¨ ²Ò ¨§£μÉ ¢²¨¢ ÕÉ¸Ö ¶·μ³ÒÏ²¥´´Ò³ ¸¶μ¸μ¡μ³ ¸ ¨¸¶μ²Ó§μ-
¢ ´¨¥³ ¶μ·μÏ±μ¢μ° É¥Ì´μ²μ£¨¨. Œ ²Ò¥ Ë· £³¥´ÉÒ § ¶¥± ÕÉ¸Ö ¢ Ëμ·³¥ £· ´Ê², ¤¨¸±μ¢
¨²¨ ¶² ¸É¨´. �μ·μÏμ± ³μ¦´μ É ±¦¥ ¸¶·¥¸¸μ¢ ÉÓ ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥ ¸ ¶μ³μÐÓÕ
³¥É ²²¨Î¥¸±μ° ²¥´ÉÒ. NEG-´ ¸μ¸Ò ³μ£ÊÉ ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´Ò ¢ ¸μÎ¥É ´¨¨ ¸ ¨μ´´Ò³¨ ´ -
¸μ¸ ³¨.

‚μ ¢·¥³Ö  ±É¨¢ Í¨¨ ´ ¸μ¸  £ §Ò ¡¥§¢μ§¢· É´μ ¤¨ËËÊ´¤¨·ÊÕÉ ¢´ÊÉ·Ó É¥²  ´ ¸μ¸ , § 
¨¸±²ÕÎ¥´¨¥³ ¢μ¤μ·μ¤ , ±μÉμ·Ò° ¢Ò¤¥²Ö¥É¸Ö ¨§ É¥²  ´ ¸μ¸  ¢μ ¢·¥³Ö  ±É¨¢ Í¨¨. ’¥³¶¥-
· ÉÊ·   ±É¨¢ Í¨¨ Ö¢²Ö¥É¸Ö ËÊ´±Í¨¥° μÉ ¢·¥³¥´¨  ±É¨¢ Í¨¨ ¨ § ¢¨¸¨É μÉ ³ É¥·¨ ² . NEG
Î ¸É¨Î´μ  ±É¨¢¨·Ê¥É¸Ö ¢μ ¢·¥³Ö ¶·μ£·¥¢  ¶·¨ T ∼ 250 ◦‘. �μ²´ Ö ¸±μ·μ¸ÉÓ μÉ± Î±¨
¶μ²ÊÎ ¥É¸Ö ¶μ¸²¥ ´ £·¥¢ ´¨Ö ¶·¨ 400 ◦‘ ¢ É¥Î¥´¨¥ 45 ³¨´ ¨²¨ 300 ◦C ¢ É¥Î¥´¨¥ 24 Î ¶·¨
· ¡μÎ¥³ ¤ ¢²¥´¨¨ P < 10−3 � . NEG-´ ¸μ¸Ò ³μ£ÊÉ ¡ÒÉÓ  ±É¨¢¨·μ¢ ´Ò ¡μ²¥¥ 50 · § ¡¥§
¸ÊÐ¥¸É¢¥´´μ° ¶μÉ¥·¨ Ì · ±É¥·¨¸É¨±. „²Ö Ê¢¥²¨Î¥´¨Ö ±μ²¨Î¥¸É¢   ±É¨¢ Í¨° ´¥μ¡Ìμ¤¨³μ
Ê¢¥²¨Î¨¢ ÉÓ ²¨¡μ É¥³¶¥· ÉÊ·Ê, ²¨¡μ ¢·¥³Ö  ±É¨¢ Í¨¨.

„μ ¸¥£μ¤´ÖÏ´¥£μ ¤´Ö NEG-´ ¸μ¸Ò ´¥ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¶·¨ ±·¨μ£¥´´ÒÌ É¥³¶¥· ÉÊ-
· Ì. ’¥³ ´¥ ³¥´¥¥ · ´´¨¥ Ô±¸¶¥·¨³¥´ÉÒ ¶μ± §Ò¢ ÕÉ, ÎÉμ NEG ¨³¥ÕÉ ¤μ¸É ÉμÎ´μ Ìμ·μ-
ÏÊÕ ¸±μ·μ¸ÉÓ μÉ± Î±¨ H2 ¶·¨ É¥³¶¥· ÉÊ·¥, ¡²¨§±μ° ± É¥³¶¥· ÉÊ·¥ ¦¨¤±μ£μ  §μÉ  [11].
�·¨ É¥³¶¥· ÉÊ·¥, ¡²¨§±μ° ± É¥³¶¥· ÉÊ·¥ ¦¨¤±μ£μ £¥²¨Ö, ¸±μ·μ¸ÉÓ μÉ± Î±¨ ¸É·¥³¨É¸Ö
± ´Ê²Õ, É ± ± ± ¶·¥±· Ð ÕÉ¸Ö Ì¨³¨Î¥¸±¨¥ ¶·μÍ¥¸¸Ò ´  ¶μ¢¥·Ì´μ¸É¨ ´ ¸μ¸ . ƒ² ¢´Ò³
´¥¤μ¸É É±μ³ É ±μ£μ ´ ¸μ¸  ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¢ ± Î¥¸É¢¥ · ¸¶·¥¤¥²¥´´μ° μÉ± Î±¨ ´ 
¸¢¥·Ì¶·μ¢μ¤ÖÐ¥³ Ê¸±μ·¨É¥²¥ Ö¢²Ö¥É¸Ö ´¥¢μ§³μ¦´μ¸ÉÓ ¥£μ ¶μ¢Éμ·´μ°  ±É¨¢ Í¨¨ ¶μ¸²¥
§ Ìμ² ¦¨¢ ´¨Ö ¢ ±ÊÊ³´μ° ± ³¥·Ò ¤μ ±·¨μ£¥´´ÒÌ É¥³¶¥· ÉÊ·. ‚ ÔÉμ³ ¸²ÊÎ ¥ NEG-
´ ¸μ¸Ò ³μ¦´μ  ±É¨¢¨·μ¢ ÉÓ Éμ²Ó±μ ¤μ ´ Î ²  § Ìμ² ¦¨¢ ´¨Ö ±μ²ÓÍ  (¤μ ±·¨μ£¥´´ÒÌ
É¥³¶¥· ÉÊ·).

� ¸¶Ò²Ö¥³Ò¥ £¥ÉÉ¥·Ò. ’¨É ´μ¢Ò¥ ¸Ê¡²¨³ Í¨μ´´Ò¥ ´ ¸μ¸Ò (Titanium sublimation
pump Å TSP) ¤μ¸É ÉμÎ´μ Ï¨·μ±μ ¶·¨³¥´ÖÕÉ¸Ö ¢ Ê¸±μ·¨É¥²ÖÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¤²Ö
¤μ¸É¨¦¥´¨Ö ¸¢¥·Ì¢Ò¸μ±μ£μ ¢ ±ÊÊ³  ¤²Ö μÉ± Î±¨ ¢μ¤μ·μ¤  ¨  §μÉ . TSP Î ¸Éμ ¨¸¶μ²Ó-
§ÊÕÉ¸Ö ¢ ±μ³¡¨´ Í¨¨ ¸ ¨μ´´Ò³¨ ´ ¸μ¸ ³¨, ±μÉμ·Ò¥ ÔËË¥±É¨¢´μ μÉ± Î¨¢ ÕÉ ¨´¥·É´Ò¥
£ §Ò. ‚ μ¸´μ¢´μ³ TSP ¶·¨³¥´ÖÕÉ¸Ö ¢ ¢ ±ÊÊ³´ÒÌ ± ³¥· Ì, ¨³¥ÕÐ¨Ì ±μ³´ É´ÊÕ É¥³¶¥-
· ÉÊ·Ê, ¨ ¤²Ö ¡μ²¥¥ ÔËË¥±É¨¢´μ° μÉ± Î±¨ ¢μ¤Ò TSP ³μ£ÊÉ ±μ³¡¨´¨·μ¢ ÉÓ¸Ö ¸  §μÉ´Ò³¨
²μ¢ÊÏ± ³¨.

Šμ´¸É·Ê±Í¨Ö É¨É ´μ¢ÒÌ ´ ¸μ¸μ¢ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ´ £·¥¢ É¥²Ó, ´  ±μÉμ·Ò° ´ ´¥-
¸¥´  É¨É ´μ¢ Ö ¸¶¨· ²Ó (·¨¸. 6). �μ¸²¥ ¤μ¸É¨¦¥´¨Ö ´¥±μÉμ·μ£μ ¤ ¢²¥´¨Ö (²ÊÎÏ¥ 10−5 � )
¶·μ¨§¢μ¤¨É¸Ö  ±É¨¢ Í¨Ö £¥ÉÉ¥·  ¶ÊÉ¥³ ´ £·¥¢  ¥£μ ¤μ É¥³¶¥· ÉÊ·Ò ¶² ¢²¥´¨Ö É¨É ´  ¶μ-

�¨¸. 6. ’¨É ´μ¢Ò° ¸Ê¡²¨³ Í¨μ´´Ò° ´ ¸μ¸ ±μ³¶ ´¨¨ ®Agilent¯ [12]
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·Ö¤±  1000 ◦‘ ¢ É¥Î¥´¨¥ ´¥¸±μ²Ó±¨Ì ³¨´ÊÉ. –¨±²  ±É¨¢ Í¨¨ TSP ³μ¦¥É ¶μ¢Éμ·ÖÉÓ¸Ö
³´μ£μ±· É´μ ¤²Ö ¤μ¸É¨¦¥´¨Ö É·¥¡Ê¥³ÒÌ ¢ ±ÊÊ³´ÒÌ Ê¸²μ¢¨°.

ˆ¸¶μ²Ó§μ¢ ´¨¥ TSP ¤²Ö μ·£ ´¨§ Í¨¨ · ¸¶·¥¤¥²¥´´μ° μÉ± Î±¨ ¢ ¢ ±ÊÊ³´μ° ± ³¥·¥
¡Ê¸É¥·  ¶·μ¥±É  NICA ³μ¦¥É ¨³¥ÉÓ ¤¢  ¶·¥¨³ÊÐ¥¸É¢  ¶μ ¸· ¢´¥´¨Õ ¸ NEG-´ ¸μ¸ ³¨.
‚μ-¶¥·¢ÒÌ, É¨É ´μ¢Ò¥ £¥ÉÉ¥·Ò ³μ£ÊÉ · ¡μÉ ÉÓ ¶·¨ ²Õ¡ÒÌ ±·¨μ£¥´´ÒÌ É¥³¶¥· ÉÊ· Ì ¡¥§
¸ÊÐ¥¸É¢¥´´μ£μ ¸´¨¦¥´¨Ö ¸±μ·μ¸É¨ μÉ± Î±¨. ‚μ-¢Éμ·ÒÌ, ¢·¥³Ö  ±É¨¢ Í¨¨ TSP ¸μ¸É ¢²Ö¥É
¢¸¥£μ ´¥¸±μ²Ó±μ ³¨´ÊÉ, ÎÉμ ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´μ ¤ ¦¥ ¢ ±·¨μ£¥´´ÒÌ ± ³¥· Ì ¶·¨
· §· ¡μÉ±¥ ¸¶¥Í¨ ²Ó´μ° ±μ´¸É·Ê±Í¨¨ É¨É ´μ¢μ£μ ´ ¸μ¸ , ¶μ§¢μ²ÖÕÐ¥° ¶·¥¤μÉ¢· É¨ÉÓ
·¥§±¨° ·μ¸É É¥³¶¥· ÉÊ·Ò ¢ ±ÊÊ³´μ° ± ³¥·Ò ¢ Ìμ¤¥  ±É¨¢ Í¨¨ £¥ÉÉ¥· .

‚�Š““Œ�›‰ ‘’…�„ �ˆŸˆ

‚ ¸μÉ·Ê¤´¨Î¥¸É¢¥ ¸ ±μ³¶ ´¨¥° ®Vakuum Praha¯ [13] ¢ �ˆŸˆ ¡Ò² ¸μ§¤ ´ ¢ ±ÊÊ³-
´Ò° ¸É¥´¤ ¤²Ö É¥¸É¨·μ¢ ´¨Ö ¢ ±ÊÊ³´ÒÌ ± ³¥· ¨ ¸·¥¤¸É¢ ¢Ò¸μ±μ¢ ±ÊÊ³´μ° μÉ± Î±¨. �μ-
¸²¥ ¶·μÍ¥¤Ê·Ò ¶·μ£·¥¢  ¢ É¥Î¥´¨¥ 30 Î ¶·¨ É¥³¶¥· ÉÊ·¥ 280 ◦‘ ¡Ò² ¤μ¸É¨£´ÊÉ ¢ ±ÊÊ³
10−9 �  [14]. ‘¢¥·Ì¢Ò¸μ±¨° ¢ ±ÊÊ³ ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥ ¡Ò² ¤μ¸É¨£´ÊÉ ±μ³-
¡¨´ Í¨¥° ¨μ´´μ£μ ´ ¸μ¸  ¨ ¸Ê¡²¨³ Í¨μ´´μ£μ ´ ¸μ¸μ¢ ¸  §μÉ´μ° ²μ¢ÊÏ±μ° ¶·μ¨§¢μ¤¸É¢ 
±μ³¶ ´¨¨ ®Agilent¯ [12].

„²Ö É¥¸É¨·μ¢ ´¨Ö ¢´μ¢Ó ¸μ§¤ ¢ ¥³ÒÌ ¶ÊÎ±μ¢ÒÌ ± ³¥· ¶·¨ ±·¨μ£¥´´ÒÌ É¥³¶¥· ÉÊ· Ì
¶·μ¨§¢¥¤¥´  ³μ¤¥·´¨§ Í¨Ö ¸ÊÐ¥¸É¢ÊÕÐ¥£μ ¸É¥´¤  (·¨¸. 7). ‚ ¸¢Ö§¨ ¸ É¥³, ÎÉμ ¢ ±ÊÊ³´ Ö
± ³¥·  ¶μ¸²¥ μÌ² ¦¤¥´¨Ö ´ Ìμ¤¨É¸Ö ¶·¨ É¥³¶¥· ÉÊ·¥ ´¨¦¥ É¥³¶¥· ÉÊ·Ò ¦¨¤±μ£μ  §μÉ ,
μ¸´μ¢´Ò³¨ ¸μ¸É ¢²ÖÕÐ¨³¨ μ¸É ÉμÎ´μ£μ £ §  Ö¢²ÖÕÉ¸Ö £¥²¨° ¨ ¢μ¤μ·μ¤, ¤²Ö μÉ± Î±¨
±μÉμ·ÒÌ ¨ ¶·¥¤¶μ² £ ¥É¸Ö ¶·μÉ¥¸É¨·μ¢ ÉÓ · §²¨Î´μ£μ É¨¶  ´ ¸μ¸Ò ¢ Ê¸²μ¢¨ÖÌ ±·¨μ-
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�¨¸. 7. ‘¢¥·Ì¢Ò¸μ±μ¢ ±ÊÊ³´Ò° ±·¨μ£¥´´Ò° ¸É¥´¤ �ˆŸˆ: 1 Å ÉÊ·¡μ³μ²¥±Ê²Ö·´Ò° ´ ¸μ¸; 2 Å

¤¨ËËÊ§¨μ´´Ò° ´ ¸μ¸; 3 Å ³ £´¨Éμ· §·Ö¤´Ò° ´ ¸μ¸; 4 Å ³¥É ²²¨Î¥¸±¨¥ Ï¨¡¥·Ò; 5 Å ¤Õ· ²¥-
¢Ò° Ë² ´¥Í; 6 Å ¢Ò¸μ±μ¢ ±ÊÊ³´ Ö ± ³¥· ; 7 Å É·Ê¡±  ¸ ¦¨¤±¨³ £¥²¨¥³; 8, 9 Å ¶μ¤±²ÕÎ ¥³Ò¥

£¥²¨¥¢Ò¥ ¨  §μÉ´Ò¥ ±μ³³Ê´¨± Í¨¨



‘¢¥·Ì¢Ò¸μ±¨° ¢ ±ÊÊ³ ¢ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ¸¨´Ì·μÉ·μ´ Ì 1469

£¥´´ÒÌ É¥³¶¥· ÉÊ·. �¥§Ê²ÓÉ ÉÒ É¥¸É¨·μ¢ ´¨Ö ¶μ§¢μ²ÖÉ ¢Ò¡· ÉÓ É¨¶ ´ ¸μ¸μ¢, ±μÉμ·Ò¥
³μ£ÊÉ ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¤²Ö μ·£ ´¨§ Í¨¨ · ¸¶·¥¤¥²¥´´μ° μÉ± Î±¨ ´  ¢ ±ÊÊ³´μ° ± ³¥·¥
¡Ê¸É¥· .
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