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� §· ¡μÉ ´  ¸Ì¥³  ¢ ±ÊÊ³´μ° ¸¨¸É¥³Ò ¸¥¶ÉÊ³  ¨ ¨³¶Ê²Ó¸´ÒÌ ¶² ¸É¨´ (ˆ�2) ¤²Ö ¨´¦¥±Í¨¨
¶ÊÎ±  ¨μ´μ¢ ¢ ¡Ê¸É¥·. �¶·¥¤¥²¥´Ò Ô²¥³¥´ÉÒ ¢ ±ÊÊ³´μ° ¸¨¸É¥³Ò. � §· ¡μÉ ´  ²£μ·¨É³ ¶μ¤£μÉμ¢±¨
¢ ±ÊÊ³´ÒÌ ± ³¥· ¸¥¶ÉÊ³  ¨ ˆ�2 ¤²Ö ¤μ¸É¨¦¥´¨Ö ¢ ´¨Ì ¶·¥¤¥²Ó´μ£μ ¢ ±ÊÊ³  ´  Ê·μ¢´¥ 10−11 ’μ··.
„²Ö ´ ¤¥¦´μ¸É¨ Ê¶²μÉ´¥´¨Ö ± ³¥·Ò ¸¥¶ÉÊ³  ´  ¸ÉÒ± Ì ¶·¥¤²μ¦¥´μ ¨¸¶μ²Ó§μ¢ ÉÓ Ë² ´Í¥¢Ò¥ ¸μ-
¥¤¨´¥´¨Ö ¸ ³¥É ²²¨Î¥¸±¨³ Ê¶²μÉ´¥´¨¥³ ¸ É· ¶¥Í¥¨¤ ²Ó´μ° Ëμ·³μ° Ê¶²μÉ´ÖÕÐ¥£μ §Ê¡ .

The scheme of the vacuum system of the electrostatic septum and the impulsive plates (IP2) is
developed for the injection into the Booster of the NICA accelerator complex. The components of
the vacuum system are determined. The algorithm of preparation of vacuum chambers of the septum
and impulsive plates IP2 is developed for the achievement of maximum vacuum in them at the level
of 10−11 torr. Metal seal 	anges with trapezoid teeth are proposed to be applied for reliability of the
sealing of the septum chamber at joints.

PACS: 29.27.Ac

–¥²ÓÕ ¤ ´´μ° · ¡μÉÒ Ö¢²Ö² ¸Ó · §· ¡μÉ±  ¢ ±ÊÊ³´μ° ¸¨¸É¥³Ò, ±μÉμ· Ö ¸¶μ¸μ¡´ 
μ¡¥¸¶¥Î¨ÉÓ ¢ ±ÊÊ³ ´  Ê·μ¢´¥ 10−11 ’μ·· ¢ Ê¸É·μ°¸É¢ Ì ¸¨¸É¥³Ò ¨´¦¥±Í¨¨ ¡Ê¸É¥·  ¶μ
¶·μ¥±ÉÊ NICA �ˆŸˆ [1]. ‘¨¸É¥³  ¨´¦¥±Í¨¨ ¡Ê¸É¥· , ¢ Î ¸É´μ¸É¨, ¢±²ÕÎ ¥É ¢ ¸¥¡Ö
Ô²¥±É·μ¸É É¨Î¥¸±¨° ¸¥¶ÉÊ³ ¨ ¨³¶Ê²Ó¸´Ò¥ ¶² ¸É¨´Ò ˆ�2 [2]. �¡  ÔÉ¨ Ê¸É·μ°¸É¢  · ¸-
¶μ²μ¦¥´Ò ·Ö¤μ³, ¶μ¸²¥¤μ¢ É¥²Ó´μ ¤·Ê£ §  ¤·Ê£μ³, ¸μ¥¤¨´¥´Ò ¸¨²ÓËμ´´Ò³ ¶·μÌμ¤´Ò³
¶ É·Ê¡±μ³ ¨ ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° ¥¤¨´Ò° ¢ ±ÊÊ³´Ò° μ¡Ñ¥³ ¸ ÉμÎ±¨ §·¥´¨Ö μÉ± Î´μ£μ
¢ ±ÊÊ³´μ£μ μ¡μ·Ê¤μ¢ ´¨Ö [2] (·¨¸. 1). ‚ · ¡μÎ¥³ ·¥¦¨³¥ ¢ ¸¥¶ÉÊ³¥ ¨ ˆ�2 ¤μ²¦¥´ ¶μ¤-
¤¥·¦¨¢ ÉÓ¸Ö ¢ ±ÊÊ³ ´  Ê·μ¢´¥ 10−11 ’μ··.

‚Ò¡μ· μÉ± Î´μ£μ ¢ ±ÊÊ³´μ£μ μ¡μ·Ê¤μ¢ ´¨Ö ¤²Ö ¤μ¸É¨¦¥´¨Ö ¨ ¤²¨É¥²Ó´μ£μ ¶μ¤¤¥·¦ -
´¨Ö ¸¢¥·ÌÎ¨¸Éμ£μ ¢ ±ÊÊ³  ´  Ê·μ¢´¥ 10−11 ’μ·· ¨ ´¨¦¥ § ¢¨¸¨É μÉ ³´μ£¨Ì Ë ±Éμ·μ¢,
¢ Éμ³ Î¨¸²¥ μÉ ¶²μÐ ¤¨ ¢´ÊÉ·¥´´¥° ¶μ¢¥·Ì´μ¸É¨ ¢ ±ÊÊ³´ÒÌ ± ³¥· ¸¥¶ÉÊ³  ¨ ˆ�2 ¨, ¢
¡μ²ÓÏ¥° ¸É¥¶¥´¨, μÉ ¥¥ ¸¶μ¸μ¡  μ¡· ¡μÉ±¨ ¨  ²£μ·¨É³  ¶μ¤£μÉμ¢±¨.

Š ± ¨§¢¥¸É´μ, ±μ²¨Î¥¸É¢μ  ¤¸μ·¡¨·μ¢ ´´ÒÌ £ §μ¢ Ê ³¥É ²²μ¢ ¨ ¸¶² ¢μ¢ ¸¨²Ó´μ § ¢¨¸¨É
μÉ ¸É¥¶¥´¨ Ï¥·μÌμ¢ Éμ¸É¨ ¨Ì ¶μ¢¥·Ì´μ¸É¨. ‚ μ¸´μ¢´μ³ Ë¨·³Ò, ¶·μ¨§¢μ¤ÖÐ¨¥ ¢ ±ÊÊ³´μ¥
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�¨¸. 1. �¡Ð¨° ¢¨¤ ¸¥¶ÉÊ³  ¨ ˆ�2 ¢ ¸¡μ·¥

μ¡μ·Ê¤μ¢ ´¨¥, ¶·¨³¥´ÖÕÉ É¥Ì´μ²μ£¨Õ, ±μÉμ-
· Ö ¶μ§¢μ²Ö¥É μ¡· ¡μÉ ÉÓ ¢´ÊÉ·¥´´ÕÕ ¶μ¢¥·Ì-
´μ¸ÉÓ ¶·μ¨§¢μ¤¨³ÒÌ ¢ ±ÊÊ³´ÒÌ ± ³¥· μ¡ÒÎ´μ
¤μ ¸É¥¶¥´¨ Ï¥·μÌμ¢ Éμ¸É¨ Rh 1Ä3 ³±³. �·¨
É ±μ° ¸É¥¶¥´¨ Ï¥·μÌμ¢ Éμ¸É¨ ¢´ÊÉ·¥´´¨Ì ¶μ-
¢¥·Ì´μ¸É¥° ¢ ±ÊÊ³´ÒÌ ± ³¥· ¸¥¶ÉÊ³  ¨ ˆ�2,
¨³¥ÕÐ¨Ì ¸Ê³³ ·´Ò° μ¡Ñ¥³ 410 ² ¨ ¸Ê³³ ·-
´ÊÕ ¶²μÐ ¤Ó ¢´ÊÉ·¥´´¥° ¶μ¢¥·Ì´μ¸É¨ 7,1 ³2,
³μ¦´μ ¤μ¸É¨ÎÓ ¤ ¢²¥´¨Ö ´¥ ´¨¦¥ 10−9 ’μ··.
„²Ö ÔÉμ£μ ¤μ¸É ÉμÎ´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¡¥§³ ¸²Ö-
´Ò° Ëμ·¢ ±ÊÊ³´Ò° ´ ¸μ¸ ¢³¥¸É¥ ¸ ÉÊ·¡μ³μ-
²¥±Ê²Ö·´Ò³ ´ ¸μ¸μ³ ´  ³ £´¨É´μ° ¶μ¤¢¥¸±¥
·μÉμ·  ¸ ´¥μ¡Ìμ¤¨³μ° ¶·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓÕ.
„²Ö ¤μ¸É¨¦¥´¨Ö ¡μ²¥¥ ¢Ò¸μ±μ£μ ¢ ±ÊÊ³  É·¥-
¡Ê¥É¸Ö ¡μ²¥¥ ¢Ò¸μ± Ö ¸É¥¶¥´Ó ³¥Ì ´¨Î¥¸±μ°

μ¡· ¡μÉ±¨ ¢´ÊÉ·¥´´¥° ¶μ¢¥·Ì´μ¸É¨, ¶μ ±· °´¥° ³¥·¥, ¤μ ¸É¥¶¥´¨ Ï¥·μÌμ¢ Éμ¸É¨ Rh
0,1Ä0,3 ³±³. �·¨ ÔÉμ³ ·¥ ²Ó´ Ö ¶²μÐ ¤Ó μ¡· ¡μÉ ´´μ° ¶μ¢¥·Ì´μ¸É¨ Ê³¥´ÓÏ ¥É¸Ö ¡μ²ÓÏ¥
Î¥³ ´  ¶μ·Ö¤μ±.

Š·μ³¥ Éμ£μ, ¤²Ö Éμ£μ ÎÉμ¡Ò ¶μ²ÊÎ¨ÉÓ ¢ ¢ ±ÊÊ³´μ° ± ³¥·¥, ¸¤¥² ´´μ° ¨§ ´¥·¦ ¢¥-
ÕÐ¥° ¸É ²¨, ¤ ¢²¥´¨¥ 10−11 ’μ·· ¨ ¡μ²¥¥ ´¨§±μ¥, ´¥μ¡Ìμ¤¨³μ μ¡¥¸¶¥Î¨ÉÓ ¤¥¸μ·¡Í¨Õ
£ §μ¢, · ´¥¥  ¤¸μ·¡¨·μ¢ ´´ÒÌ ¢´ÊÉ·¥´´¥° ¥¥ ¶μ¢¥·Ì´μ¸ÉÓÕ. � ¨¡μ²¥¥ ÔËË¥±É¨¢´Ò³ ¨
Î ¸Éμ ¶·¨³¥´Ö¥³Ò³ Ö¢²Ö¥É¸Ö ¤²¨É¥²Ó´Ò°, ¢ É¥Î¥´¨¥ ´¥¸±μ²Ó±¨Ì Î ¸μ¢, ¶·μ£·¥¢ ¸É¥´μ±
¢ ±ÊÊ³´μ° ± ³¥·Ò ¶μ¤ μÉ± Î±μ° ¶·¨ É¥³¶¥· ÉÊ·¥ 300Ä400 ◦‘. Š·μ³¥ Éμ£μ, ¶·¨ ¶·μ£·¥¢¥
± ³¥·Ò, μ¸μ¡¥´´μ ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨, ¶μ³¨³μ ¶μ¢¥·Ì´μ¸É´μ° ¤¥¸μ·¡Í¨¨ ¨¤¥É ¶·μ-
Í¥¸¸ μ¸¢μ¡μ¦¤¥´¨Ö £ §μ¢, · ¸É¢μ·¥´´ÒÌ · ´¥¥ ¢ Éμ²Ð¥ ¸É¥´μ± ¶·¨ ¶² ¢±¥ ¨ ¶·μ± É¥ ÔÉμ°
¸É ²¨. ‚ μ¸´μ¢´μ³ ÔÉμ  Éμ³ ·´Ò° ¢μ¤μ·μ¤, ±μ²¨Î¥¸É¢μ ±μÉμ·μ£μ ¢ ¸¶¥±É·¥ μ¸É ÉμÎ´ÒÌ
£ §μ¢ ¢ ¢¨¤¥  Éμ³ ·´μ£μ ¨ ³μ²¥±Ê²Ö·´μ£μ ¢μ¤μ·μ¤  ¢ ¸Ê³³¥ ¤μ¸É¨£ ¥É ¤μ 90% ¶·¨ ¤ ¢²¥-
´¨¨ ¢ ± ³¥·¥ ´¨¦¥ 10−9 ’μ··. �ËË¥±É¨¢´Ò³ ·¥Ï¥´¨¥³ ¤²Ö μÉ± Î±¨ ¢μ¤μ·μ¤  ¸ ¢Ò¸μ±μ°
¸±μ·μ¸ÉÓÕ ¨ ¶·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓÕ,   É ±¦¥ ¤²Ö μÉ± Î±¨ μ¸É ÉμÎ´ÒÌ £ §μ¢ (O2, CO2, CO
¨ N2) Ö¢²Ö¥É¸Ö ¨¸¶μ²Ó§μ¢ ´¨¥ ´ ¸μ¸μ¢ ¸ ´¥· ¸¶Ò²Ö¥³Ò³ £ §μ¶μ£²μÉ¨É¥²¥³.

’ ±¨¥ ´ ¸μ¸Ò, ´ ¶·¨³¥· É¨¶  NexTorr, ±μ³¡¨´¨·ÊÕÉ ¸ ¨μ´´Ò³ ´ ¸μ¸μ³ ´¥¡μ²ÓÏμ°
¶·μ¨§¢μ¤¨É¥²Ó´μ¸É¨ ¤²Ö ¶μ£²μÐ¥´¨Ö ·¥¤±¨Ì £ §μ¢ ¨ ³¥É ´ , ±μÉμ·Ò¥ ¢¸¥£¤  ¶·¨¸ÊÉ¸É¢ÊÕÉ
¢ μ¡Ñ¥³¥ ¢ ´¥¡μ²ÓÏ¨Ì ±μ²¨Î¥¸É¢ Ì. ŒÒ ¶μ² £ ¥³, ÎÉμ ¸ ¶μ³μÐÓÕ ´ ¸μ¸μ¢ ¸ ´¥· ¸¶Ò²Ö¥-
³Ò³ £¥ÉÉ¥·μ³ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¢ ±ÊÊ³ ´  Ê·μ¢´¥ ´¥ ´¨¦¥ 4 ·10−11 ’μ··. „²Ö ¤μ¸É¨¦¥´¨Ö
¨ ¶μ¤¤¥·¦ ´¨Ö · ¡μÎ¥£μ ¢ ±ÊÊ³  10−11 ’μ·· ´¥μ¡Ìμ¤¨³μ ¨¸¶μ²Ó§μ¢ ÉÓ ±μ³¡¨´¨·μ¢ ´-
´Ò¥ ¨μ´´Ò¥ ´ ¸μ¸Ò É¨¶  Vaclon Plus 300 Noble Diode ¸ ±·¨μ¸Ê¡²¨³ Í¨μ´´μ° ¶ ´¥²ÓÕ
¸ · ¸¶Ò²Ö¥³Ò³ £¥ÉÉ¥·μ³ TSP (AGILENT), ¸¢¥·Ì¢Ò¸μ±μ¢ ±ÊÊ³´Ò¥ ´ ¸μ¸Ò ¸ ±·¨μ¸Ê¡²¨-
³ Í¨μ´´μ° ¶ ´¥²ÓÕ ¨ · ¸¶Ò²Ö¥³Ò³ £¥ÉÉ¥·μ³ TSP (AGILENT) ¨²¨ ´ ¸μ¸Ò É¨¶  Vaclon
Plus, ±μÉμ·Ò¥ ±μ³¡¨´¨·ÊÕÉ ¸ ´ ¸μ¸ ³¨ É¨¶  CapaciTorr ¨ ¶·μ¨§¢μ¤ÖÉ ¢ μ¤´μ³ ±μ·¶Ê¸¥
(´μ¢ Ö · §· ¡μÉ±  Ë¨·³Ò AGILENT).

‘Ê³³¨·ÊÖ ¸± § ´´μ¥, ³Ò ¢Ò¡· ²¨ ¢ ±ÊÊ³´ÊÕ ¸Ì¥³Ê μÉ± Î±¨ ¸¥¶ÉÊ³  ¨ ˆ�2 ¤²Ö ¤μ-
¸É¨¦¥´¨Ö ¨ ¶μ¤¤¥·¦ ´¨Ö ¢ ±ÊÊ³  ´  Ê·μ¢´¥ 10−11 ’μ··, ±μÉμ· Ö ¶μ± § ´  ´  ·¨¸. 2.

�¥¦¨³ § ¶Ê¸±  ¨ · ¡μÉÒ ¢ ±ÊÊ³´μ° ¸¨¸É¥³Ò (É ¡²¨Í ) ¸μ¸Éμ¨É ¢ ¸²¥¤ÊÕÐ¥³. ‘´ Î ² 
¢±²ÕÎ ¥É¸Ö Ëμ·¢ ±ÊÊ³´Ò° ´ ¸μ¸ NL. ‡ É¥³ Î¥·¥§ ´¥±μÉμ·μ¥ ¢·¥³Ö μÉ±·Ò¢ ¥É¸Ö ±² ¶ ´
VM3,   ¥Ð¥ Î¥·¥§ ´¥¸±μ²Ó±μ ³¨´ÊÉ, ±μ£¤  ¤ ¢²¥´¨¥ ¤μ¸É¨£ ¥É ¢¥²¨Î¨´Ò 1,2 · 10−2 ’μ··
¶μ ¤ ÉÎ¨±Ê PT2, μÉ±·Ò¢ ¥É¸Ö ±² ¶ ´ VM4 ¤²Ö μÉ± Î±¨ ± ³¥· ‘1 ¨ ‘2 ¤μ ¤ ¢²¥´¨Ö



‚ ±ÊÊ³´ Ö ¸¨¸É¥³  ³μ¤Ê²Ö Ê¸É·μ°¸É¢ ¤²Ö ¨´¦¥±Í¨¨ ¶ÊÎ±  ¢ ¡Ê¸É¥· NICA 809

�¨¸. 2. ‘Ì¥³  ¢ ±ÊÊ³´μ° ¸¨¸É¥³Ò ¸¥¶ÉÊ³  ¨ ˆ�2

‘¶¥Í¨Ë¨± Í¨Ö ¢ ±ÊÊ³´μ£μ μ¡μ·Ê¤μ¢ ´¨Ö

�¡μ§´ Î¥´¨¥ � ¨³¥´μ¢ ´¨¥ �·μ¨§¢μ¤¨É¥²Ó
‘1 ‚ ±ÊÊ³´ Ö ± ³¥·  ¸¥¶ÉÊ³  HIVAC
‘2 ‚ ±ÊÊ³´ Ö ± ³¥·  ˆ�2 HIVAC
NL � ¸μ¸ ¸¶¨· ²Ó´Ò° ISP-500C (500 ²/³¨´; KF 40) Anest Ivata
NR � ¸μ¸ ÉÊ·¡μ³μ²¥±Ê²Ö·´Ò° TMP-803M (800 ²/³¨´; CF 160) Shimadzu
NS1 � ¸μ¸ ¨μ´´μ-£¥ÉÉ¥·´Ò° NexTorr D 2000-10 (CF 100) SAES
NS2 � ¸μ¸ ¨μ´´μ-£¥ÉÉ¥·´Ò° NexTorr D 1000 (CF 100) SAES

NC1 � ¸μ¸ ¸¢¥·Ì¢Ò¸μ±μ¢ ±ÊÊ³´Ò° ´  10−11 ’μ··
±μ³¡¨´¨·μ¢ ´´Ò° ¨μ´´Ò° Vaclon Plus 300 Noble
Diode (CF 160) ¸ ±·¨μ¸Ê¡²¨³ Í¨μ´´μ° ¶ ´¥²ÓÕ
c · ¸¶Ò²Ö¥³Ò³ £¥ÉÉ¥·μ³ TSP Agilent

NC2 � ¸μ¸ ¸¢¥·Ì¢Ò¸μ±μ¢ ±ÊÊ³´Ò° ´  10−11 ’μ··
c ±·¨μ¸Ê¡²¨³ Í¨μ´´μ° ¶ ´¥²ÓÕ ¸ · ¸¶Ò²Ö¥³Ò³ £¥ÉÉ¥·μ³
(CF 160) TSP Agilent

PT1, PT2 „ ÉÎ¨±¨ ¢ ±ÊÊ³  ±μ´¢¥±Í¨μ´´Ò¥ ®Convector¯ (KF 25) Agilent
P1, P2, P3 „ ÉÎ¨± ¢ ±ÊÊ³  Ô²¥±É·μ· §·Ö¤´Ò° ¸ Ìμ²μ¤´Ò³ ± Éμ¤μ³

IMG 300 (CF 40) Agilent
P�1 „ ÉÎ¨± ¢ ±ÊÊ³  ¨μ´¨§ Í¨μ´´Ò° ¸ £μ·ÖÎ¨³ ± Éμ¤μ³

BA UHV 24 P (CF 40) Agilent
VP1ÄVP3 ‡ É¢μ· Í¥²Ó´μ³¥É ²²¨Î¥¸±¨° Ô²¥±É·μ¶´¥¢³ É¨Î¥¸±¨°

48244-CE44 (CF 160) VAT
VE1 Š² ¶ ´ c Ô²¥±É·μ³ £´¨É´Ò³ ¶·¨¢μ¤μ³ (KF40)

26432-KE61 VAT
VM1 Š² ¶ ´ ¸ ·ÊÎ´Ò³ ¶·¨¢μ¤μ³ (KF16) 26424-KE01 VAT
VM2 Š² ¶ ´ ¸ ·ÊÎ´Ò³ ¶·¨¢μ¤μ³ (KF25) 26428-KE01 VAT
VM3 Š² ¶ ´ ¸ ¶´¥¢³μ¶·¨¢μ¤μ³ (KF 40) 26432-KE41 VAT
VM4 Š² ¶ ´ Í¥²Ó´μ³¥É ²²¨Î¥¸±¨° ¸ ¶´¥¢³μ¶·¨¢μ¤μ³

(CF 40) 57132-GE41 VAT
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10−2 ’μ··. �·¨ ¤ ¢²¥´¨¨ 10−2 ’μ·· ±² ¶ ´ VM3 § ±·Ò¢ ¥É¸Ö ¨ μÉ±·Ò¢ ¥É¸Ö VE1 ¤²Ö
Éμ£μ, ÎÉμ¡Ò ¤μ¸É¨ÎÓ ´  ¢ÒÌ²μ¶¥ ÉÊ·¡μ´ ¸μ¸  NR Éμ ¦¥ ¤ ¢²¥´¨¥ Å 10−2 ’μ··. �μ-
¸²¥ ÔÉμ£μ § ¶Ê¸± ¥É¸Ö ÉÊ·¡μ´ ¸μ¸ NR. �·¨ ¢ÒÌμ¤¥ ÉÊ·¡μ´ ¸μ¸  ´  ¢ ±ÊÊ³ 10−6 ’μ··
(±μ´É·μ²¨·Ê¥É¸Ö ¤ ÉÎ¨±μ³ P3) § ±·Ò¢ ¥É¸Ö ±² ¶ ´ VM4 ¨ μÉ±·Ò¢ ¥É¸Ö § É¢μ· VP3 ¤²Ö
μÉ± Î±¨ ± ³¥· ‘1 ¨ ‘2 ¤μ ¤ ¢²¥´¨Ö 2 · 10−6 ’μ··. �μ¸²¥ Éμ£μ, ± ± ¤ ¢²¥´¨¥ ¢ ± ³¥-
· Ì ¤μ¸É¨£´¥É Ê± § ´´μ° ¢¥²¨Î¨´Ò, ´ Î´¥É¸Ö ¶·μ£·¥¢ ± ³¥· ¨ ´ ¸μ¸μ¢, Ê¸É ´μ¢²¥´´ÒÌ ´ 
´¨Ì. �·μ£·¥¢ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¢ É¥Î¥´¨¥ ´¥¸±μ²Ó±¨Ì ¤¥¸ÖÉ±μ¢ Î ¸μ¢ ¶·¨ ³ ±¸¨³ ²Ó´μ°
É¥³¶¥· ÉÊ·¥ 250 ◦‘ (¶·¨ ¶·μ£·¥¢¥ ±μ´É·μ²Ó ¤ ¢²¥´¨Ö μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¤ ÉÎ¨± ³¨ P1ÄP3).
„²¨É¥²Ó´μ¸ÉÓ ¶·μ£·¥¢  ± ³¥· ¢ §´ Î¨É¥²Ó´μ° ¸É¥¶¥´¨ μ¶·¥¤¥²Ö¥É¸Ö ¢·¥³¥´¥³ ¶·μ£·¥¢ 
¢Ò¸μ±μ¢μ²ÓÉ´ÒÌ ¨§μ²ÖÉμ·μ¢, ±μÉμ·Ò¥ ¶·μ£·¥¢ ÕÉ¸Ö ¢ μ¸´μ¢´μ³ É¥¶²μ¢Ò³ ¨§²ÊÎ¥´¨¥³.
Šμ£¤  ¢ ¶·μÍ¥¸¸¥ ¶·μ£·¥¢ ¥³μ° ¤¥£ § Í¨¨ ¶μ± § ´¨Ö ¤ ÉÎ¨±μ¢ P1 ¨ P2 ¤μ¸É¨£ ÕÉ §´ Î¥-
´¨° 2·10−7 ¨ 7·10−7 ’μ·· ¸μμÉ¢¥É¸É¢¥´´μ, ¶·μ£·¥¢ ¶·¥±· Ð ¥É¸Ö. ‚ ¶·μÍ¥¸¸¥ μ¸ÉÒ¢ ´¨Ö,
±μ£¤  É¥³¶¥· ÉÊ·  μ¶Ê¸± ¥É¸Ö ´¨¦¥ 120 ◦‘, ¢±²ÕÎ ¥É¸Ö ·¥¦¨³  ±É¨¢ Í¨¨ £¥ÉÉ¥·´ÒÌ ´ ¸μ-
¸μ¢ NS1 ¨ NS2 (´ ¸μ¸Ò É¨¶  NexTorr), ±μÉμ·Ò° ¤¥°¸É¢Ê¥É ¢ É¥Î¥´¨¥ 1 Î. �μ¸²¥ μ¸ÉÒ¢ ´¨Ö
± ³¥· ¤μ ±μ³´ É´μ° É¥³¶¥· ÉÊ·Ò ¢±²ÕÎ ¥É¸Ö ±μ³¡¨´¨·μ¢ ´´Ò° ¨μ´´Ò° ´ ¸μ¸ NC1. �μ
¤μ¸É¨¦¥´¨¨ ¢ ± ³¥· Ì ¢ ±ÊÊ³  10−8 ’μ·· § É¢μ· VP3 § ±·Ò¢ ¥É¸Ö ¨ ¢±²ÕÎ ÕÉ¸Ö ´ ¸μ¸Ò
NS1 ¨ NS2. ‡ É¥³ ¢±²ÕÎ ÕÉ¸Ö · ¸¶Ò²Ö¥³Ò¥ £¥ÉÉ¥·Ò ´ ¸μ¸μ¢ NC1 ¨ NC2. �μ § ¢¥·-
Ï¥´¨¨ Í¨±²  · ¸¶Ò²¥´¨Ö § ²¨¢ ¥É¸Ö  §μÉ ¢ ±·¨μ¸Ê¡²¨³ Í¨μ´´Ò¥ ¶ ´¥²¨ ÔÉ¨Ì ´ ¸μ¸μ¢.
„ ²¥¥ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶·μÍ¥¸¸ μÉ± Î±¨ ± ³¥· ¤μ ¤ ¢²¥´¨Ö 10−11 ’μ··. Šμ£¤  ´¥μ¡Ìμ¤¨-
³μ¥ ¤ ¢²¥´¨¥ ¤μ¸É¨£ ¥É¸Ö, § É¢μ· VP3 § ±·Ò¢ ¥É¸Ö, ÉÊ·¡μ´ ¸μ¸ NR μÉ±²ÕÎ ¥É¸Ö. �μ¸²¥
¥£μ μ¸É ´μ¢±¨ § ±·Ò¢ ÕÉ¸Ö ±² ¶ ´Ò VE1 ¨ VM3 ¨ ¢Ò±²ÕÎ ¥É¸Ö Ëμ·¢ ±ÊÊ³´Ò° ´ ¸μ¸ NL.

‚ ¦´Ò³ Ô²¥³¥´Éμ³ ¸ ÉμÎ±¨ §·¥´¨Ö ¤μ¸É¨¦¥´¨Ö ¨ ¶μ¤¤¥·¦ ´¨Ö ¢ ±ÊÊ³  10−11 ’μ··
Ö¢²ÖÕÉ¸Ö ³¥É ²²¨Î¥¸±¨¥ Ê¶²μÉ´¥´¨Ö ¢ ±ÊÊ³´ÒÌ ± ³¥· ¸¥¶ÉÊ³  ¨ ˆ�2. ‚ ±ÊÊ³´ Ö ± ³¥· 
¸¥¶ÉÊ³ , ¨³¥ÕÐ Ö ¤²¨´Ê 2 ³ ¨ ¡μ²ÓÏμ° ¤¨ ³¥É· Å 450 ³³, ¤²Ö Ê¤μ¡¸É¢  ³μ´É ¦  Ô²¥³¥´-
Éμ¢ ¸¥¶ÉÊ³  · §¤¥²¥´  ´  É·¨ Î ¸É¨. „²Ö ´ ¤¥¦´μ¸É¨ Ê¶²μÉ´¥´¨Ö ± ³¥·Ò ´  ¸ÉÒ± Ì ¡Ê¤ÊÉ
¨¸¶μ²Ó§μ¢ ´Ò Ë² ´Í¥¢Ò¥ ¸μ¥¤¨´¥´¨Ö ¸ ³¥É ²²¨Î¥¸±¨³ Ê¶²μÉ´¥´¨¥³ ¸ É· ¶¥Í¥¨¤ ²Ó´μ°
Ëμ·³μ° Ê¶²μÉ´ÖÕÐ¥£μ §Ê¡  [3]. ”² ´Í¥¢Ò¥ ¸μ¥¤¨´¥´¨Ö É ±μ£μ É¨¶ , ¢μ-¶¥·¢ÒÌ, ¤ ÕÉ ¢μ§-
³μ¦´μ¸ÉÓ ¡μ²¥¥ £²Ê¡μ±μ£μ,   §´ Î¨É ¡μ²¥¥ ¸¨²Ó´μ£μ, ¸¤ ¢²¨¢ ´¨Ö ¶·μ±² ¤±¨, ¢μ-¢Éμ·ÒÌ,
¶μ§¢μ²ÖÕÉ ¨¸¶μ²Ó§μ¢ ÉÓ ¶·μ±² ¤±Ê 2Ä4 · §  ¨, ¢-É·¥ÉÓ¨Ì, μ¡¥¸¶¥Î¨¢ ÕÉ ´ ¤¥¦´ÊÕ £¥·³¥-
É¨Î´μ¸ÉÓ ¢ ¶·μÍ¥¸¸¥ ¶·μ£·¥¢  ¤μ 300 ◦C ¨ μ¸ÉÒ¢ ´¨Ö ¤μ ±μ³´ É´μ° É¥³¶¥· ÉÊ·Ò.

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¢·¥³Ö ¤μ¸É¨¦¥´¨Ö · ¡μÎ¥£μ ¢ ±ÊÊ³  10−11 ’μ·· ¢ ± ³¥· Ì
¸¥¶ÉÊ³  ¨ ˆ�2 ¡Ê¤¥É μ¶·¥¤¥²¥´μ Ô±¸¶¥·¨³¥´É ²Ó´μ. ‚μ§³μ¦´μ, ¡Ê¤ÊÉ ¸±μ··¥±É¨·μ¢ ´Ò
μÉ¤¥²Ó´Ò¥ ¶Ê´±ÉÒ Ê± § ´´μ£μ ¢ÒÏ¥ ¶·μÍ¥¸¸  ¤μ¸É¨¦¥´¨Ö ´¥μ¡Ìμ¤¨³μ£μ ¢ ±ÊÊ³ .
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