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„·¥°Ëμ¢Ò¥ É·Ê¡±¨ ´μ¢μ£μ É¨¶  ¤²Ö £ §μ· §·Ö¤´ÒÌ ¤¥É¥±Éμ·μ¢,
· ¡μÉ ÕÐ¨Ì ¢ ¢ ±ÊÊ³¥: É¥Ì´μ²μ£¨Ö ¶·μ¨§¢μ¤¸É¢  ¨ ±μ´É·μ²Ó ± Î¥¸É¢ 

‚ · ¡μÉ¥ μ¶¨¸ ´Ò Ê¸É·μ°¸É¢μ ¤²Ö ¨§£μÉμ¢²¥´¨Ö Éμ´±μ¸É¥´´ÒÌ ¤·¥°Ëμ¢ÒÌ
É·Ê¡μ± (¸É·μÊ) ¨§ ¶²¥´±¨ ¶μ²¨ÔÉ¨²¥´É¥·¥ËÉ ² É  Éμ²Ð¨´μ° 36 ³±³ ³¥Éμ¤μ³
Ê²ÓÉ· §¢Ê±μ¢μ° ¸¢ ·±¨ ¨ ³¥Éμ¤¨±  ±μ´É·μ²Ö ¨Ì ± Î¥¸É¢ . ˜¨·¨´  Ï¢  ¸μ¸É -
¢²Ö¥É 0,4Ä1,0 ³³. �·μÎ´μ¸ÉÓ Ï¢  ´  · §·Ò¢ ¤μ¸É¨£ ¥É 31,9 ±£/³³2. ’¥ÎÓ  ·£μ´ 
¨§ É·Ê¡±¨ μ¡Ñ¥³μ³ 188,6 ¸³3 ¶·¨ ¶¥·¥¶ ¤¥ ¤ ¢²¥´¨Ö ¢ 1,0  É³ ´¥ ¶·¥¢ÒÏ ¥É
0,3 · 10−3 ¸³3/³¨´ ¨, ¢ μ¸´μ¢´μ³, ¸¢Ö§ ´  ¸ μÉ¸ÊÉ¸É¢¨¥³ ³¥É ²²¨§ Í¨¨ ¢ μ¡² -
¸É¨ Ï¢ . ‚Ò¸μ± Ö ¶·μÎ´μ¸ÉÓ, ³ ² Ö ¢¥²¨Î¨´  ¶μ²§ÊÎ¥¸É¨ ¡² £μ¤ ·Ö μÉ¸ÊÉ¸É¢¨Õ
¸±²¥¨¢ ¥³ÒÌ ¸²μ¥¢, ³ ² Ö ¢¥²¨Î¨´  É¥Î¨ £ §  ¤¥² ÕÉ ´μ¢Ò¥ É·Ê¡±¨ ¸¶μ¸μ¡´Ò³¨
± ´ ¤¥¦´μ° ¨ ¤μ²£μ¢·¥³¥´´μ° · ¡μÉ¥ ¢ ¢ ±ÊÊ³¥, ÎÉμ ¶μ¤É¢¥·¦¤ ¥É · ¡μÉ  ¢ É¥-
Î¥´¨¥ ¤¢ÊÌ ²¥É 7168 ¸É·μÊ ¢ Ô±¸¶¥·¨³¥´É¥ NA62.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ë¨§¨±¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¨³. ‚.ˆ. ‚¥±¸²¥· 
¨ �.Œ. 	 ²¤¨´  �ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2016

Azorskii N. I. et al. P13-2016-33
New Type of Drift Tubes for Gas-Discharge Detectors Operating
in Vacuum: Production Technology and Quality Control

A device for fabricating thin-wall (straw) drift tubes using polyethylene tereph-
thalate ˇlm 36 μm thick by ultrasonic welding is described together with the tech-
nique for controlling their quality. The joint width amounts to 0.4Ä1.0 mm. The
joint breaking strength is 31.9 kg/mm2. The argon leakage from a tube of volume
188.6 cm3 under a pressure gradient of 1.0 atm does not exceed 0.3 · 10−3 cm3/min,
which is mainly related to the absence of metallization in the joint vicinity. The
high strength, the low tensile creep due to the absence of glued layers, and the small
value of gas leakage make the new tubes capable of reliable and long-term operation
in vacuum, which is conˇrmed by the operation of 7168 straw tubes for two years
in the NA62 experiment.

The investigation has been performed at the Veksler and Baldin Laboratory of
High Energy Physics, JINR.
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’·¥±μ¢Ò¥ ¤¥É¥±Éμ·Ò ´  μ¸´μ¢¥ ¸É·μÊ-É·Ê¡μ± ´ Ï²¨ Ï¨·μ±μ¥ ¶·¨³¥´¥´¨¥
¢ É¥Ì´¨±¥ Ë¨§¨Î¥¸±μ£μ Ô±¸¶¥·¨³¥´É  [1Ä3]. �´¨ μÉ²¨Î ÕÉ¸Ö ¢Ò¸μ±¨³ ±μμ·-
¤¨´ É´Ò³ · §·¥Ï¥´¨¥³, ³ ²Ò³ ±μ²¨Î¥¸É¢μ³ ¢¥Ð¥¸É¢ , ´ ¤¥¦´μ¸ÉÓÕ ¢ · ¡μÉ¥.
‘É·μÊ-É·Ê¡±  ¢ ¸μ¡· ´´μ³ ¢¨¤¥ Ö¢²Ö¥É¸Ö £ §μ´ ¶μ²´¥´´Ò³ ¤·¥°Ëμ¢Ò³ ¤¥É¥±-
Éμ·μ³, ¨§£μÉμ¢²¥´´Ò³ ¨§ ¶²¥´±¨ ´  μ¸´μ¢¥ ¶² ¸É¨Î¥¸±μ£μ ³ É¥·¨ ² . ’·Ê¡± 
¤μ²¦´  ¨³¥ÉÓ Í¨²¨´¤·¨Î¥¸±ÊÕ Ëμ·³Ê ¨ ¸μÌ· ´ÖÉÓ ¥¥ ¢ ¶·μÍ¥¸¸¥ · ¡μÉÒ.
‚´ÊÉ·¥´´ÖÖ ¸Éμ·μ´  ¶²¥´±¨ ³¥É ²²¨§¨·Ê¥É¸Ö. Œ¥É ²²¨§¨·μ¢ ´´Ò° ¸²μ° ¸²Ê-
¦¨É ± Éμ¤μ³ ¤·¥°Ëμ¢μ£μ ¤¥É¥±Éμ·  ¨ μ¤´μ¢·¥³¥´´μ ¨£· ¥É ·μ²Ó Ô±· ´ , ÎÉμ
Ê³¥´ÓÏ ¥É ¢²¨Ö´¨¥ ¸· ¡μÉ ¢Ï¨Ì É·Ê¡μ± ¤·Ê£ ´  ¤·Ê£ . ‚ ±μ´ÍÒ É·Ê¡±¨ Ê¸É -
´ ¢²¨¢ ÕÉ¸Ö § £²ÊÏ±¨. ‚ ´¨Ì ±·¥¶¨É¸Ö ¸¨£´ ²Ó´ Ö ¶·μ¢μ²μÎ±  ¨ Î¥·¥§ μÉ¢¥·-
¸É¨Ö ¶μ¤ ¥É¸Ö £ §μ¢ Ö ¸³¥¸Ó ¤²Ö · ¡μÉÒ ¤¥É¥±Éμ· . ’· ¤¨Í¨μ´´ Ö É¥Ì´μ²μ£¨Ö
¨§£μÉμ¢²¥´¨Ö É·Ê¡μ± ¢±²ÕÎ ¥É ´ ¢¨¢±Ê ¶²¥´±¨ ¨§ ¶² ¸É¨±  ¢´ Ì²¥¸É ´  ¸É¥·-
¦¥´Ó ¨ ¸±²¥¨¢ ´¨¥ ¥¥ ¸²μ¥¢. ˜¨·¨´  ¨¸¶μ²Ó§Ê¥³μ° ¶²¥´±¨ ¢ § ¢¨¸¨³μ¸É¨
μÉ ¤¨ ³¥É·  É·Ê¡±¨ ¸μ¸É ¢²Ö¥É 2Ä5 ¸³. • · ±É¥·¨¸É¨±¨ ¨ ¶·¨´Í¨¶Ò · ¡μÉÒ
¸É·μÊ-É·Ê¡μ±, ¸μ§¤ ´´ÒÌ ¶μ É ±μ° É¥Ì´μ²μ£¨¨, ¶·¨¢¥¤¥´Ò ¢ [4]. ’μ²Ð¨´ 
¸É¥´±¨ É·Ê¡μ± ¢ ÔÉμ³ ¸²ÊÎ ¥ ¢±²ÕÎ ¥É ¤¢  ¸²μÖ ¶²¥´±¨ ¨ ¸²μ° ±²¥Ö. ’ ± Ö
±μ´Ë¨£Ê· Í¨Ö ¶μ ¸· ¢´¥´¨Õ ¸ μ¤´μ¸²μ°´Ò³¨ ¸É·μÊ ¨³¥¥É ¡μ²ÓÏ¥¥ ±μ²¨Î¥-
¸É¢μ ¢¥Ð¥¸É¢  ¢ ¤¥É¥±Éμ·¥, ±μÉμ·μ¥ ÊÌÊ¤Ï ¥É ÉμÎ´μ¸ÉÓ μ¶·¥¤¥²¥´¨Ö ¨³¶Ê²Ó¸ 
§ ·Ö¦¥´´ÒÌ Î ¸É¨Í. ‚ ¸μ¢·¥³¥´´ÒÌ Ô±¸¶¥·¨³¥´É Ì ¸É·μÊ-¤¥É¥±Éμ·Ò ¤μ²¦´Ò
· ¡μÉ ÉÓ ¢ Ê¸²μ¢¨ÖÌ ¢ ±ÊÊ³  ∼ 10−6 ³¡ ·, ¶μÔÉμ³Ê É·Ê¡±¨ É·¥¡ÊÕÉ ¶·¥¤¢ -
·¨É¥²Ó´μ£μ ´ ÉÖ¦¥´¨Ö ¤²Ö ¸μÌ· ´¥´¨Ö Ëμ·³Ò ¶μ¤ ¤¥°¸É¢¨¥³ ¶¥·¥¶ ¤  ¤ ¢²¥-
´¨Ö ¨ ¸¨²Ò ÉÖ¦¥¸É¨. Š ´¥¤μ¸É É± ³ É·Ê¡μ±, ¨§£μÉμ¢²¥´´ÒÌ ¶μ É· ¤¨Í¨μ´´μ°
É¥Ì´μ²μ£¨¨, ¸²¥¤Ê¥É μÉ´¥¸É¨ É ±¦¥ ¶μ²§ÊÎ¥¸ÉÓ ¸²μ¥¢ ¶·¨ ´ ÉÖ¦¥´¨¨ ¸É·μÊ.
� ²¨Î¨¥ É ±μ° ¶·μ¡²¥³Ò ¡Ò²μ μÉ³¥Î¥´μ ¢ · §²¨Î´ÒÌ Ô±¸¶¥·¨³¥´É Ì [5, 6].

„²Ö Ê¸É· ´¥´¨Ö μÉ³¥Î¥´´ÒÌ ´¥¤μ¸É É±μ¢ ¸É·μÊ, ¨§£μÉμ¢²¥´´ÒÌ ¶μ É· ¤¨-
Í¨μ´´μ° É¥Ì´μ²μ£¨¨, ¡Ò²  ¶·¥¤²μ¦¥´  É¥Ì´μ²μ£¨Ö ¸μ§¤ ´¨Ö ¸É·μÊ ³¥Éμ¤μ³
Ê²ÓÉ· §¢Ê±μ¢μ° ¸¢ ·±¨ ¶μ ´ ¶· ¢²ÖÕÐ¥° Í¨²¨´¤·  ¸ ¶¥·¥±·ÒÉ¨¥³ ¥¥ ±· ¥¢
¢´ Ì²¥¸É ¤μ 1 ³³. ‚ · ¡μÉ¥ μ¶¨¸ ´μ Ê¸É·μ°¸É¢μ ¤²Ö ¨§£μÉμ¢²¥´¨Ö ¸É·μÊ ¶μ ´μ-
¢μ° É¥Ì´μ²μ£¨¨ ¨ ¸¨¸É¥³  ±μ´É·μ²Ö ¨Ì ± Î¥¸É¢ . ’ ± Ö É¥Ì´μ²μ£¨Ö ¶μ§¢μ²Ö¥É
¸μ§¤ ¢ ÉÓ ¶· ±É¨Î¥¸±¨ μ¤´μ¸²μ°´Ò¥ ¸É·μÊ. ‚ ¶·μÍ¥¸¸¥ ¶·μ¨§¢μ¤¸É¢  ¸É·μÊ
´¥μ¡Ìμ¤¨³μ ¸É·¥³¨ÉÓ¸Ö ± ¶μ²ÊÎ¥´¨Õ ³ ±¸¨³ ²Ó´μ Ê§±μ£μ Ï¢ , ´  μ¡² ¸ÉÓ
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±μÉμ·μ£μ ¶·¨Ìμ¤¨É¸Ö ¤μ 90 % μÉ μ¡Ð¥° ÊÉ¥Î±¨ £ §  ¨§ ¸É·μÊ. �¸´μ¢´μ° ¶·¨-
Î¨´μ° É¥Î¨ £ §  Î¥·¥§ Ïμ¢ Ö¢²Ö¥É¸Ö ´ ·ÊÏ¥´¨¥ ¸²μÖ ¢´ÊÉ·¥´´¥° ³¥É ²²¨§ Í¨¨
¶·¨ ¸¢ ·±¥. �É³¥Î¥´  § ¢¨¸¨³μ¸ÉÓ ± Î¥¸É¢  Ï¢  μÉ ¸±μ·μ¸É¨ ¸¢ ·±¨.

1. “‘’��‰‘’‚� „‹Ÿ “‹œ’��‡‚“Š�‚�‰ ‘‚��Šˆ ‘’��“
‚Ò¶Ê¸± ¥³Ò¥ ¶·μ³ÒÏ²¥´´Ò¥ ³ Ï¨´Ò ¨ Ê¸É·μ°¸É¢  ¤²Ö ¸¢ ·±¨ ¶² ¸É¨±μ-

¢ÒÌ Ô²¥³¥´Éμ¢ μ·¨¥´É¨·μ¢ ´Ò ´  ¨¸¶μ²Ó§μ¢ ´¨¥ ¢ ´ ·μ¤´μ³ Ìμ§Ö°¸É¢¥ [7Ä9].
‚ ÔÉμ³ ¶¥·¥Î´¥ μÉ¸ÊÉ¸É¢ÊÕÉ ³ Ï¨´Ò ¤²Ö ¸¢ ·±¨ Í¨²¨´¤·¨Î¥¸±¨Ì É·Ê¡μ± ¸
¤²¨´μ° Ï¢  ¡μ²¥¥ 80 ¸³ ¶ÊÉ¥³ ¶·μÉÖ£¨¢ ´¨Ö Éμ´±¨Ì ¶² ¸É¨±μ¢ÒÌ ¶²¥´μ± ¶μ¤
¸μ´μÉ·μ¤μ³. „·Ê£¨³ ´¥¤μ¸É É±μ³ ¨³¥ÕÐ¨Ì¸Ö ³ Ï¨´ Ö¢²Ö¥É¸Ö μÉ¸ÊÉ¸É¢¨¥ ±μ´-
É·μ²Ö ¶·μÎ´μ¸É¨ ¨ Ï¨·¨´Ò Ï¢ , ±μÉμ·Ò° ´¥μ¡Ìμ¤¨³ ¤²Ö ¤²¨É¥²Ó´μ° · ¡μÉÒ
¸É·μÊ ¢ Ê¸²μ¢¨ÖÌ ¢ ±ÊÊ³ . �μÔÉμ³Ê ¤²Ö ¸μ§¤ ´¨Ö É·¥±μ¢μ£μ ¤¥É¥±Éμ·  NA62
´  ¡ §¥ ¸É·μÊ ¤²¨´μ° ¡μ²¥¥ 2 ³, · ¡μÉ ÕÐ¨Ì ¢ ¢ ±ÊÊ³¥, ¶μÉ·¥¡μ¢ ²μ¸Ó · §· -
¡μÉ ÉÓ ¸¶¥Í¨ ²Ó´μ¥ Ê¸É·μ°¸É¢μ ¤²Ö ¨Ì ¨§£μÉμ¢²¥´¨Ö ¨ É¥Ì´μ²μ£¨Õ ±μ´É·μ²Ö
¶ · ³¥É·μ¢ ¸É·μÊ.

1.1. �²μ±-¸Ì¥³  Ê¸É·μ°¸É¢ . �  ·¨¸. 1 ¶·¨¢¥¤¥´  ¡²μ±-¸Ì¥³  ¸μ§¤ ´´μ£μ
Ê¸É·μ°¸É¢  ¤²Ö ¸¢ ·±¨ ¸É·μÊ ¸ ¶μ³μÐÓÕ Ê²ÓÉ· §¢Ê± .
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�¨¸. 1. 	²μ±-¸Ì¥³  Ê¸É·μ°¸É¢  ¤²Ö ¸¢ ·±¨ ¸É·μÊ-É·Ê¡μ±: 1 Å ¸μ´μÉ·μ¤; 2 Å ¡μ¡¨´ 
¸ ¶² ¸É¨±μ¢μ° ²¥´Éμ°; 3, 4 Å ¤¢  ·¥£Ê²¨·Ê¥³ÒÌ Ê¸É·μ°¸É¢  ´ ÉÖ¦¥´¨Ö ²¥´ÉÒ; 5 Å
U-μ¡· §´Ò° ¶·μË¨²Ó; 6 Å Ë¨²Ó¥· ; 7 Å Í¨²¨´¤·¨Î¥¸± Ö ´ ±μ¢ ²Ó´Ö; 8 Å ´ ¶· ¢²Ö-
ÕÐ Ö ¤²Ö ¶¥·¥³¥Ð¥´¨Ö ± ·¥É±¨ 9 ¸ ¸μ¶²μ³ 10; 11, 12 Å ¸¢ ·´μ° Ïμ¢. A Å ¶μ²μ¦¥´¨¥
¸μ´μÉ·μ¤ , Ë¨²Ó¥·Ò ¨ ´ ±μ¢ ²Ó´¨ ¶·¨ ¸¢ ·±¥ ¸É·μÊ; B Å ´ ¶· ¢²ÖÕÐ Ö ¤²Ö ± ·¥É±¨
¸ ¸μ¶²μ³ ¶μ¤ Î¨ ¢μ§¤ÊÌ ; C Å ´ ¶· ¢²¥´¨¥ ¶μ¤ Î¨ ¢μ§¤ÊÌ 
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�¨¸. 2. “¸É·μ°¸É¢μ ¤²Ö Ê²ÓÉ· §¢Ê±μ¢μ° ¸¢ ·±¨ É·Ê¡μ±

“²ÓÉ· §¢Ê±μ¢ Ö ¸¢ ·±  ¶² ¸É¨Î¥¸±¨Ì ¶²¥´μ± μ¸ÊÐ¥¸É¢²Ö¥É¸Ö §  ¸Î¥É  ±Ê-
¸É¨Î¥¸±¨Ì ±μ²¥¡ ´¨° ¸¶¥Í¨ ²Ó´μ° £μ²μ¢±¨ Å ¸μ´μÉ·μ¤ . Šμ²¥¡ ´¨Ö £μ²μ¢±¨
¢μ§¤¥°¸É¢ÊÕÉ ´  ¸¢ ·¨¢ ¥³Ò¥ ¶²¥´±¨, ¸μ¡· ´´Ò¥ ¢´ Ì²¥¸É ¸ ¶¥·¥±·ÒÉ¨¥³ ¶μ-
·Ö¤±  1 ³³, ÎÉμ ¤¥² ¥É É·Ê¡±Ê ¶· ±É¨Î¥¸±¨ μ¤´μ¸²μ°´μ°. �²¥´±¨ ¢ ³¥¸É¥
¶¥·¥±·ÒÉ¨Ö ¶μ¤ ¤¥°¸É¢¨¥³ ¸¢ ·μÎ´μ° £μ²μ¢±¨ ¸¤ ¢²¨¢ ÕÉ¸Ö ¸ ´¥§´ Î¨É¥²Ó-
´Ò³ Ê¸¨²¨¥³. ‡  ¸Î¥É É·¥´¨Ö ¶²¥´μ± Ô´¥·£¨Ö ±μ²¥¡ ´¨° £μ²μ¢±¨ ¶·¥μ¡· §Ê-
¥É¸Ö ¢ É¥¶²μ, ¶μ¤ ¤¥°¸É¢¨¥³ ±μÉμ·μ£μ ±μ´É ±É¨·ÊÕÐ¨¥ ¶μ¢¥·Ì´μ¸É´Ò¥ ¸²μ¨
¶²¥´μ± ¶² ¢ÖÉ¸Ö ¨ ¸¢ ·¨¢ ÕÉ¸Ö. ”¨§¨Î¥¸±¨¥ ¶·μÍ¥¸¸Ò, ¶·μ¨¸Ìμ¤ÖÐ¨¥ ¶·¨
¸¢ ·±¥ ¶² ¸É³ ¸¸,   É ±¦¥ μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò Ê²ÓÉ· §¢Ê±μ¢μ° ¸¢ ·±¨ · ¸-
¸³μÉ·¥´Ò ¢ [10, 11]. “¸É·μ°¸É¢μ (·¨¸. 2) Ö¢²Ö¥É¸Ö μ·¨£¨´ ²Ó´Ò³ ¨ § Ð¨Ð¥´μ
¶ É¥´Éμ³ �” [12].

1.2. �·¨´Í¨¶ · ¡μÉÒ Ê¸É·μ°¸É¢ . 	μ¡¨´Ê ¸ ¶² ¸É¨±μ¢μ° ²¥´Éμ°, Ê¸É·μ°-
¸É¢μ ¶μ§¨Í¨μ´¨·μ¢ ´¨Ö ±· ¥¢ ²¥´ÉÒ ¶μ¤ ¸μ´μÉ·μ¤μ³, Í¨²¨´¤·¨Î¥¸±ÊÕ ´ ±μ-
¢ ²Ó´Õ, Ë¨²Ó¥·Ê ¨ ¸ ³ ¸μ´μÉ·μ¤ ¶·¥¤¢ ·¨É¥²Ó´μ ¶μ§¨Í¨μ´¨·ÊÕÉ ¢¤μ²Ó μ¸¨
¢ÒÉÖ£¨¢ ´¨Ö ²¥´ÉÒ ¶·¨ ¶μ³μÐ¨ ² §¥·´μ£μ ²ÊÎ . ‘ ¶μ³μÐÓÕ £¥´¥· Éμ·  Ê²Ó-
É· §¢Ê±μ¢ÒÌ Î ¸ÉμÉ ¢μ§¡Ê¦¤ ÕÉ¸Ö ±μ²¥¡ ´¨Ö ¸μ´μÉ·μ¤  ¸μ ¸Ë¥·¨Î¥¸±μ° · -
¡μÎ¥° ¶μ¢¥·Ì´μ¸ÉÓÕ, ±μÉμ·Ò° ¸²Ê¦¨É · ¡μÎ¨³ μ·£ ´μ³ ¤²Ö ¸¢ ·±¨. �·μ-
ÉÖ£¨¢ ¥³ Ö ²¥´É  ¶·¨ ¶μ³μÐ¨ ·¥£Ê²¨·Ê¥³ÒÌ Ê¶μ·μ¢ ¢´ Î ²¥ Ëμ·³¨·Ê¥É¸Ö
¢ U-μ¡· §´Ò° ¶·μË¨²Ó,   § É¥³ ¶μ¸ÉÊ¶ ¥É ¢ ±μ²ÓÍ¥¢ÊÕ Ë¨²Ó¥·Ê. ‚μ±·Ê£
Í¨²¨´¤·¨Î¥¸±μ° ´ ±μ¢ ²Ó´¨ ¶·μ¨¸Ìμ¤¨É Ëμ·³¨·μ¢ ´¨¥ § £μÉμ¢±¨ É·Ê¡±¨ ¸
±·μ³± ³¨ ¢´ Ì²¥¸É, ±μÉμ·Ò¥ ¶μ¤ ¤¥°¸É¢¨¥³ £μ²μ¢±¨ ¸μ´μÉ·μ¤  ¸¢ ·¨¢ ÕÉ¸Ö.
�μ²μ¦¥´¨¥ ±·μ³μ± ¸μ¢³¥Ð ¥É¸Ö ¸ ÉμÎ±μ° ± ¸ ´¨Ö ¸μ´μÉ·μ¤  ± ´ ±μ¢ ²Ó´¥.
‘¢ ·´μ° Ïμ¢ ¸±·¥¶²Ö¥É ±·μ³±¨ § £μÉμ¢±¨ ²¥´ÉÒ, ¶·¨¸μ¥¤¨´ÖÖ ¢´¥Ï´ÕÕ ¶μ-
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¢¥·Ì´μ¸ÉÓ μ¤´μ£μ ±· Ö § £μÉμ¢±¨ ± ¢´ÊÉ·¥´´¥° ¶μ¢¥·Ì´μ¸É¨ ¤·Ê£μ£μ ±· Ö ¶μ
¢¸¥° ¤²¨´¥ ¨§£μÉ ¢²¨¢ ¥³μ° É·Ê¡±¨. ‡ £μÉμ¢±  ²¥´ÉÒ, ´ ÉÖ´ÊÉ Ö ¶·¨ ¶μ³μÐ¨
Ê¸É·μ°¸É¢  ´ ÉÖ¦¥´¨Ö ¨ ± ·¥É±¨, ¶·μÉÖ£¨¢ ¥É¸Ö ³¥¦¤Ê ´ ±μ¢ ²Ó´¥° ¨ ¶·¨-
¦¨³ ¥³μ° ± ´¥° ¸Ë¥·μ° ¸μ´μÉ·μ¤ . ”¨²Ó¥·  ¨³¥¥É ¸·¥¤¸É¢  ¶μ§¨Í¨μ´¨·μ-
¢ ´¨Ö ¸ ¶μ³μÐÓÕ ·¥£Ê²¨·μ¢μÎ´ÒÌ ¢¨´Éμ¢ ¨ Ê¸É ´ ¢²¨¢ ¥É¸Ö μÉ´μ¸¨É¥²Ó´μ
´ ±μ¢ ²Ó´¨ É ±¨³ μ¡· §μ³, ÎÉμ¡Ò ¸¢ ·¨¢ ¥³ Ö É·Ê¡±  ± ¸ ² ¸Ó ´ ±μ¢ ²Ó´¨
Éμ²Ó±μ ¢ ÉμÎ±¥ ¸¢ ·±¨. ‚ ³¥¸Éμ ¸¢ ·±¨ Î¥·¥§ ¸μ¶²μ ¶μ¤ ¨§¡ÒÉμÎ´Ò³ ¤ ¢²¥-
´¨¥³ ¶μ¤ ¥É¸Ö ¢μ§¤ÊÌ ¤²Ö ¸É ¡¨²¨§ Í¨¨ ¤¨ ³¥É·  É·Ê¡±¨ ¨ ¢Ò¤Ê¢ ´¨Ö ¶Ò²¨.
� ¶· ¢²¥´¨¥ ¶μ¤ Î¨ ¢μ§¤ÊÌ  Å ± ± ¶μ± § ´μ ´  ·¨¸. 1. Š ·¥É±  ¢³¥¸É¥ ¸ ¸μ¶-
²μ³ ¶·¨ ¨§£μÉμ¢²¥´¨¨ É·Ê¡±¨ ¶¥·¥³¥Ð ÕÉ¸Ö ¢¤μ²Ó ´ ¶· ¢²ÖÕÐ¥°. ‘μ§¤ ´´μ¥
¤²Ö ¸¢ ·±¨ ¸É·μÊ Ê¸É·μ°¸É¢μ, ¶μ± § ´´μ¥ ´  ·¨¸. 2, ¢±²ÕÎ ¥É ¢¨¤¥μ± ³¥·Ê ¤²Ö
·¥£¨¸É· Í¨¨ ¶·μÍ¥¸¸  ¸¢ ·±¨ Ï¢  ¶μ ¢¸¥° ¤²¨´¥ É·Ê¡±¨ ¨ ³μ´¨Éμ· ¤²Ö ¥£μ
¢¨§Ê ²Ó´μ£μ on-line ±μ´É·μ²Ö. ‚¨¤¥μË °² ¢ ¸²ÊÎ ¥ ´¥μ¡Ìμ¤¨³μ¸É¨ ³μ¦´μ
¶·μ¸³μÉ·¥ÉÓ ¶μ¢Éμ·´μ.

1.3. • · ±É¥·¨¸É¨±¨ Ê¸É·μ°¸É¢ . “¸É·μ°¸É¢μ ¨³¥¥É ¸²¥¤ÊÕÐ¨¥ ¶ · -
³¥É·Ò: Î ¸ÉμÉ  Ê²ÓÉ· §¢Ê±μ¢μ£μ £¥´¥· Éμ·  Å 27 ±ƒÍ; ¤ ¢²¥´¨¥ ¸¢ ·μÎ´μ°
£μ²μ¢±¨ ´  ¶²¥´±Ê Å 470 £; ´ ÉÖ¦¥´¨¥ ¶²¥´±¨ Å 100 £. ‚ ³μ¤¥·´¨§¨·μ¢ ´´μ³
¢ ·¨ ´É¥ Ê¸É·μ°¸É¢  ¨¸¶μ²Ó§Ê¥É¸Ö É¨É ´μ¢ Ö £μ²μ¢±  ¸μ´μÉ·μ¤ . “£μ² ´ ±²μ´ 
¸μ´μÉ·μ¤  ¶μ μÉ´μÏ¥´¨Õ ± ¸¢ ·¨¢ ¥³μ° ¶²¥´±¥ ¡Ò² Ê¸É ´μ¢²¥´ · ¢´Ò³ 90◦

¨ ³μ¦¥É ·¥£Ê²¨·μ¢ ÉÓ¸Ö ¢ ¤¨ ¶ §μ´¥ 60Ä90◦. “¸É·μ°¸É¢μ ´ ¸É·μ¥´μ ´  ¨§£μ-
Éμ¢²¥´¨¥ ¸É·μÊ ¨§ ² ¢¸ ´μ¢ÒÌ ¶²¥´μ± Éμ²Ð¨´μ° ¡μ²¥¥ 10 ³±³, ¢´ÊÉ·¥´´¨³
¤¨ ³¥É·μ³ 9,8 ³³ ¨ Ï¨·¨´μ° Ï¢  0,4Ä1,0 ³³. „²¨´  ¸É·μÊ ³μ¦¥É ¤μ¸É¨£ ÉÓ
5,5 ³. ‘±μ·μ¸ÉÓ ¸¢ ·±¨ ³μ¦´μ ·¥£Ê²¨·μ¢ ÉÓ ¢ ¤¨ ¶ §μ´¥ 0,4Ä1,8 ³/³¨´. �·¨
¡μ²ÓÏ¥° ¸±μ·μ¸É¨ ¸¢ ·±¨ Ê³¥´ÓÏ ¥É¸Ö · §μ£·¥¢ ¸μ´μÉ·μ¤ , ÎÉμ ¶·¨¢μ¤¨É ±
¸É ¡¨²¨§ Í¨¨ Ï¨·¨´Ò Ï¢  ¶μ ¤²¨´¥,   ±· Ö Ï¢  ¸É ´μ¢ÖÉ¸Ö ¡μ²¥¥ £² ¤±¨³¨.
’μ²Ð¨´  ³ É¥·¨ ²  ¢ Ï¢¥ ¸μ¸É ¢²Ö¥É 90 % μÉ ¤¢μ°´μ° Éμ²Ð¨´Ò ¶²¥´±¨ ¨ ¢
¸·¥¤´¥³ · ¢´  64,8 ³±³ ¤²Ö ¶²¥´±¨ Éμ²Ð¨´μ° 36 ³±³. ‘É ´¤ ·É´Ò° μ¡Ñ¥³
¶·μ¢ ·±¨ ³ É¥·¨ ²  ¢ Ï¢¥ ¸μ¸É ¢²Ö¥É 40Ä50%. �·¨ ¸¢ ·±¥ ³¥É ²²¨§ Í¨Ö ¢
³¥¸É¥ Ï¢  · §·ÊÏ ¥É¸Ö, ÎÉμ ¶μ± § ´μ ´  ·¨¸. 3.

�¨¸. 3. ‚¨¤ Ï¢  ¸É·μÊ ´  Ëμ´¥ ¸²μÖ ³¥É ²²¨§ Í¨¨
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2. Š��’��‹œ Š�—…‘’‚� ‘’��“

2.1. ‚¨§Ê ²Ó´Ò° ±μ´É·μ²Ó ± Î¥¸É¢  Ï¢ . „²Ö ¨§£μÉμ¢²¥´¨Ö É·Ê¡μ± Ô±¸-
¶¥·¨³¥´É  NA62 ¨¸¶μ²Ó§μ¢ ² ¸Ó ¶²¥´±  ¨§ ¶μ²¨ÔÉ¨²¥´É¥·¥ËÉ ² É  Éμ²Ð¨´μ°
h = (36,0 ± 0,1) ³±³. Œ¥É ²²¨§ Í¨Ö ¶²¥´±¨ ¢±²ÕÎ ¥É ¸²μ° ³¥¤¨ Éμ²Ð¨´μ°
50 ´³, ¶μ±·ÒÉÒ° ¸²μ¥³ §μ²μÉ  Éμ²Ð¨´μ° 20 ´³. ‚ ¶·μÍ¥¸¸¥ ¸¢ ·±¨ Ï¨·¨´ 
Ï¢  ±μ´É·μ²¨·μ¢ ² ¸Ó μ¶¥· Éμ·μ³ c ¶μ³μÐÓÕ Í¨Ë·μ¢μ£μ ³¨±·μ¸±μ¶ . �μ¸²¥
¨§£μÉμ¢²¥´¨Ö É·Ê¡±¨ ± Î¥¸É¢μ Ï¢  ¶·μ¢¥·Ö²μ¸Ó ¶ÊÉ¥³ ¢¨§Ê ²Ó´μ£μ ¶·μ¸³μÉ· 
¢¨¤¥μË °² , § ¶¨¸ ´´μ£μ ¶·¨ ¥¥ ¸¢ ·±¥. ’¨¶μ¢μ° ¢¨¤ Ï¢  ¶·¨¢¥¤¥´ ´  ·¨¸. 3.
‚¨§Ê ²Ó´Ò° ±μ´É·μ²Ó ¶μ§¢μ²Ö¥É μ¶·¥¤¥²¨ÉÓ ³¥¸É  · §·ÊÏ¥´¨Ö ¶²¥´±¨ ¨ Ï¢ ,
¢Ò§¢ ´´Ò¥ ´ ²¨Î¨¥³ ¢ ¶²¥´±¥ § ¢μ¤¸±μ£μ ¡· ±  ¨²¨ ¶¥·¥£·¥¢μ³ ¶·¨ ¸¢ ·±¥.
�Ò²Ó, ´ ²¨¶Ï Ö ´  ´ ±μ¢ ²Ó´Õ, Í · ¶ ¥É ¶²¥´±Ê ¨§´ÊÉ·¨, ¶μÔÉμ³Ê ¸¢ ·± 
μ¸ÊÐ¥¸É¢²Ö² ¸Ó ¶·¨ ¢±²ÕÎ¥´´μ³ ±μ³¶·¥¸¸μ·¥,   ´ ±μ¢ ²Ó´Ö Î¨¸É¨² ¸Ó ¶μ-
¸²¥ ¨§£μÉμ¢²¥´¨Ö ± ¦¤μ° ¢Éμ·μ° É·Ê¡±¨. �  ·¨¸. 4 ¶μ± § ´μ · ¸¶·¥¤¥²¥´¨¥
Ï¨·¨´Ò Ï¢  ¤²Ö ¸É É¨¸É¨±¨ 2540 ¸É·μÊ. ˜¨·¨´  Ï¢  μ¸´μ¢´μ° ³ ¸¸Ò ¨§£μ-
É ¢²¨¢ ¥³ÒÌ ¸É·μÊ ²¥¦¨É ¢ ¨´É¥·¢ ²¥ 0,4Ä1,0 ³³. ‘É·μÊ ¸ Ï¨·¨´μ° Ï¢  ¡μ²¥¥
0,7 ³³, ¢±²ÕÎ¥´´Ò¥ ¢ · ¸¶·¥¤¥²¥´¨¥, ¡Ò²¨ ¨§£μÉμ¢²¥´Ò ¢ ·¥¦¨³¥ μ¶É¨³¨-
§ Í¨¨ ¶ · ³¥É·μ¢ Ê¸É·μ°¸É¢  ¸¢ ·±¨. ‚¸²¥¤¸É¢¨¥ ÔÉμ£μ Ëμ·³  · ¸¶·¥¤¥²¥´¨Ö
¨³¥¥É ¨§²μ³Ò ¢ ¨´É¥·¢ ²¥ 0,7Ä0,8 ³³. �¶É¨³¨§ Í¨Ö ¶μ³μ£²  Ê³¥´ÓÏ¨ÉÓ ¨
¸É ¡¨²¨§¨·μ¢ ÉÓ Ï¨·¨´Ê Ï¢ , ÎÉμ ¶μ± §Ò¢ ¥É ¤ ´´μ¥ · ¸¶·¥¤¥²¥´¨¥. ˜¨-
·¨´  Ï¢  ¨§³¥·Ö² ¸Ó ¸ Ï £μ³ 0,1 ³³. ‘É·μÊ ¸ Ï¨·¨´μ° Ï¢  s < 0,4 ³³ ¨
s > 1,0 ³³ ¡· ±μ¢ ²¨¸Ó. 	· ± ´  ÔÉμ° μ¶¥· Í¨¨ ¸μ¸É ¢¨² 0,04 %.
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2.2. �·μ¢¥·±  ¤¨ ³¥É·  ¸É·μÊ. „¨ ³¥É· É·Ê¡±¨ ¶μ ¤²¨´¥ ¤μ²¦¥´ ¨³¥ÉÓ
¶μ¸ÉμÖ´´ÊÕ ¢¥²¨Î¨´Ê. ‚ ¶·μÉ¨¢´μ³ ¸²ÊÎ ¥ ´ ¶·Ö¦¥´¨¥ ¢ μ¡² ¸É¨ Ï¢  ¡Ê¤¥É
´¥μ¤´μ·μ¤´Ò³, ÎÉμ ¶·¨¢¥¤¥É ± ´ ·ÊÏ¥´¨Õ Í¨²¨´¤·¨Î¥¸±μ° Ëμ·³Ò É·Ê¡±¨.
Šμ´É·μ²Ó ¤¨ ³¥É·  ¸É·μÊ μ¸ÊÐ¥¸É¢²Ö²¸Ö ¢ ´ Î ²¥ ¨ ±μ´Í¥ ¸¢ ·¥´´μ° É·Ê¡±¨
¶ÊÉ¥³ ¢¸É ¢±¨ ¢ ´¥¥ ± ²¨¡·μ¢ ¢ ¤¨ ¶ §μ´¥ 9,725Ä9,825 ³³ ¸ Ï £μ³ ¤¨ ³¥É·μ¢
25 ³±³. ’·Ê¡±  μÉ¢¥Î ²  É·¥¡μ¢ ´¨Ö³ ¶·¨ §´ Î¥´¨¨ ¢´ÊÉ·¥´´¥£μ ¤¨ ³¥É· 
¸É·μÊ ¢ ¨´É¥·¢ ²¥ 9,75Ä9,80 ³³, ¢ ¶·μÉ¨¢´μ³ ¸²ÊÎ ¥ μ´  ¡· ±μ¢ ² ¸Ó. � 
ÔÉμ³ É¥¸É¥ ¡Ò²μ § ¡· ±μ¢ ´μ 0,78 % ¸É·μÊ.

2.3. �·μ¢¥·±  ¶·μÎ´μ¸É¨ Ï¢ . �μ¸²¥ ¨§£μÉμ¢²¥´¨Ö ± ¦¤ Ö É·Ê¡±  ¶·μ-
Ìμ¤¨²  É¥¸É ´  ¶·μÎ´μ¸ÉÓ Ï¢ . 
ÉμÉ É¥¸É Ö¢²Ö¥É¸Ö μ¡Ö§ É¥²Ó´Ò³ ¤²Ö ´ ¤¥¦-
´μ° · ¡μÉÒ É·Ê¡±¨ ¢ Ê¸²μ¢¨ÖÌ ¢ ±ÊÊ³  ¨ ¥¥ ´ ÉÖ¦¥´¨Ö ¶·¨ ¸μ§¤ ´¨¨ ¸É·μÊ-
¤¥É¥±Éμ·μ¢. Š·¨É¥·¨¥³ ¶·μÎ´μ¸É¨ Ï¢  ¸²Ê¦¨²  ¢¥²¨Î¨´  ¸¨²Ò, ¶·¨ ±μÉμ·μ°
¶·μ¨¸Ìμ¤¨É ¥£μ · §·ÊÏ¥´¨¥. �·μ¢¥·±  ¶·μÎ´μ¸É¨ Ï¢  μ¸ÊÐ¥¸É¢²Ö² ¸Ó ´  · §-
· ¡μÉ ´´μ³ ¸É¥´¤¥, ¶μ± § ´´μ³ ´  ·¨¸. 5.

�·μ¢¥·±  § ±²ÕÎ ¥É¸Ö ¢ ¨§³¥·¥´¨¨ ¸¨²Ò, ´¥μ¡Ìμ¤¨³μ° ¤²Ö · §·Ò¢  μÉ-
·¥§ ´´μ£μ μÉ É·Ê¡±¨ μ¡· §Í  ¢ ¢¨¤¥ ±μ²ÓÍ  Ï¨·¨´μ° 5 ³³ ¶·¨ ¥£μ ¶μ¶¥·¥Î-
´μ³ · ¸ÉÖ¦¥´¨¨. „²Ö ´ ·¥§ ´¨Ö ±μ²¥Î¥± ¶μ¸ÉμÖ´´μ° ¤²¨´Ò ¸ £² ¤±¨³¨ ±· -
Ö³¨ ¸μ§¤ ´μ ¸¶¥Í¨ ²Ó´μ¥ ¶·¨¸¶μ¸μ¡²¥´¨¥, É ± ´ §Ò¢ ¥³Ò¥ ´¥·μ¢´μ¸É¨ ±· Ö
Ê μ¡· §Í  ³μ£ÊÉ ¨´¨Í¨¨·μ¢ ÉÓ · §·Ò¢ Ï¢  ¶·¨ ³¥´ÓÏ¥° ¸¨²¥. �¡· §¥Í μ¤¥-
¢ ¥É¸Ö ´  ¸¶¥Í¨ ²Ó´Ò¥ § ¦¨³´Ò¥ ÏÉ ´£¨ 2, ¨ § É¥³ ¢±²ÕÎ ¥É¸Ö ³¥Ì ´¨§³
¥£μ · ¸ÉÖ¦¥´¨Ö 3. ‘±μ·μ¸ÉÓ · ¸ÉÖ¦¥´¨Ö ³μ¦¥É ·¥£Ê²¨·μ¢ ÉÓ¸Ö ¢ ·¥¦¨³¥ ´ -
¸É·μ°±¨ ¨ μ¸É ¥É¸Ö ¶μ¸ÉμÖ´´μ° ¢ ¶·μÍ¥¸¸¥ ¨§³¥·¥´¨Ö. ‘¨²  · ¸ÉÖ¦¥´¨Ö ·¥£¨-
¸É·¨·Ê¥É¸Ö É¥´§μ¤ ÉÎ¨±μ³ 1, ¸¨£´ ² ¸ ±μÉμ·μ£μ ¶μ¸ÉÊ¶ ¥É ¢ ±μ³¶ÓÕÉ¥·. „²Ö

1

2

3

�¨¸. 5. ‘É¥´¤ ¤²Ö ¶·μ¢¥·±¨ ¶·μÎ´μ¸É¨ ¸¢ ·´μ£μ Ï¢ 
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�¨¸. 6. ˆ§³¥·¥´¨¥ ¸¨²Ò · §·Ò¢  Ï¢ . �μ μ¸¨ X μÉ²μ¦¥´μ ¢·¥³Ö · ¸ÉÖ¦¥´¨Ö ¢ ³¨²-
²¨¸¥±Ê´¤ Ì, ¶μ μ¸¨ Y Å ¸¨²  · ¸ÉÖ¦¥´¨Ö ¢ £· ³³ Ì

¶·¥¤¸É ¢²¥´¨Ö ¤ ´´ÒÌ É¥¸É  · §· ¡μÉ ´ ¶μ²Ó§μ¢ É¥²Ó¸±¨° ¨´É¥·Ë¥°¸, ¶μ± -
§ ´´Ò° ´  ·¨¸. 6. ˆ´É¥·Ë¥°¸ ·¥ ²¨§μ¢ ´ ¢ ¸·¥¤¥ ¶·μ£· ³³¨·μ¢ ´¨Ö LabVIEW
¸ ¢¨§Ê ²¨§ Í¨¥° ·¥§Ê²ÓÉ Éμ¢ ¨§³¥·¥´¨Ö ¢ on-line ·¥¦¨³¥.

ˆ§´ Î ²Ó´μ μ¡· §¥Í μ¤¥¢ ¥É¸Ö ´  ÏÉ ´£¨ ¸ § §μ·μ³, ¶μÔÉμ³Ê É¥¸É ´ Î¨-
´ ¥É¸Ö ¸ ´Ê²¥¢μ£μ Ê¸¨²¨Ö. ‡ É¥³ ¨¤¥É μ¡² ¸ÉÓ Ê¶·Ê£μ£μ · ¸ÉÖ¦¥´¨Ö μ¡· §Í .
‚ ¤¨ ¶ §μ´¥ Ê¸¨²¨Ö · ¸ÉÖ¦¥´¨Ö 3500Ä4100 £ ¤¥Ëμ·³ Í¨Ö ±μ²¥Î±  ¨§ Ê¶·Ê-
£μ° μ¡² ¸É¨ ¶¥·¥Ìμ¤¨É ¢ ¶² ¸É¨Î¥¸±ÊÕ μ¡² ¸ÉÓ. �¥·¥Ìμ¤´ Ö μ¡² ¸ÉÓ ¶μ-
·Ö¤±  600 £ ¸μμÉ¢¥É¸É¢Ê¥É É ¡²¨Î´Ò³ ¤ ´´Ò³ ³ É¥·¨ ² . �·¨ ¸¨²¥ · ¸ÉÖ-
¦¥´¨Ö ¸¢ÒÏ¥ 4100 £ ±μ²¥Î±μ ¶μ¤¢¥·¦¥´μ Éμ²Ó±μ ¶² ¸É¨Î¥¸±μ° ¤¥Ëμ·³ Í¨¨,
±μÉμ· Ö Ì · ±É¥·¨§Ê¥É¸Ö ÉμÎ±μ° ¶¥·¥£¨¡  § ¢¨¸¨³μ¸É¨ ¨ Ê³¥´ÓÏ¥´¨¥³ Ê£² 
´ ±²μ´  ÔÉμ° ±·¨¢μ°. � ±μ´¥Í ¶·¨±² ¤Ò¢ ¥³μ¥ Ê¸¨²¨¥ ¢Ò§Ò¢ ¥É · §·Ò¢ É¥-
¸Éμ¢μ£μ μ¡· §Í , ¨ §´ Î¥´¨¥ ¸¨²Ò · ¸ÉÖ¦¥´¨Ö ¸É ´μ¢¨É¸Ö · ¢´Ò³ ´Ê²Õ. � §-
·Ò¢ ¢ 95% ¸²ÊÎ ¥¢ ¶·μ¨¸Ìμ¤¨É ¶μ £· ´¨Í¥ Ï¢ , ¶μ¸±μ²Ó±Ê ´ ¶·Ö¦¥´´μ¸ÉÓ
³ É¥·¨ ²  ¸É·μÊ ¢ ÔÉμ° μ¡² ¸É¨ ¢ÒÏ¥ §  ¸Î¥É ¶μÖ¢²¥´¨Ö ¤¨¸²μ± Í¨°, ¢Ò-
§¢ ´´ÒÌ ¸¢ ·±μ°. �  ·¨¸. 6 §´ Î¥´¨¥ ¸¨²Ò · §·Ò¢  Ï¢  · ¢´μ 5747,9 £, ÎÉμ
¸μμÉ¢¥É¸É¢Ê¥É ¶²μÉ´μ¸É¨ ¸¨²Ò, · ¢´μ° 31,9 ±£/³³2. �²μÉ´μ¸ÉÓ ¸¨²Ò ´  · §-
·Ò¢ ³ °² ·  ¶·μ¨§¢μ¤¸É¢  Ë¨·³Ò ®DuPont Teijing¯ ¸μ¸É ¢²Ö¥É 34 ±£/³³2 [13],
ÎÉμ Éμ²Ó±μ ´  6,6 % ¢ÒÏ¥ ¶·μÎ´μ¸É¨ Ï¢ . ’μÎ´μ¸ÉÓ ± ²¨¡·μ¢±¨ ¢¥·É¨± ²Ó-
´μ° Ï± ²Ò ¸μ¸É ¢¨²  0,2 £. 	Ò²¨ ¶·μ¢¥¤¥´Ò ¨¸¸²¥¤μ¢ ´¨Ö ¶·μÎ´μ¸É¨ Ï¢  ¶μ
¤²¨´¥ É·Ê¡±¨. ’·Ê¡±  · §·¥§ ² ¸Ó ´  μÉ·¥§±¨ ¤²¨´μ° 10 ¸³, ¢ ± ¦¤μ³ ¨§ ±μÉμ-
·ÒÌ ¡· ²¨¸Ó ¤¢  μ¡· §Í  ¤²Ö ¶·μ¢¥·±¨ ¶·μÎ´μ¸É¨ Ï¢ . �¥§Ê²ÓÉ ÉÒ ¶·μ¢¥·±¨
¶μ± § ²¨ ¸É ¡¨²Ó´μ¸ÉÓ ¸¨²Ò · §·Ò¢  ¶μ ¤²¨´¥ É·Ê¡±¨. �·¨ ³ ¸¸μ¢μ³ ¶·μ¨§-
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¢μ¤¸É¢¥ ¸É·μÊ ¸¨²  · §·Ò¢  ¶·μ¢¥·Ö² ¸Ó ¢ ´ Î ²¥ ¨ ¢ ±μ´Í¥ ± ¦¤μ° É·Ê¡±¨.
Š Î¥¸É¢μ Ï¢  μÉ¢¥Î ²μ É·¥¡μ¢ ´¨Ö³ ¶·¨ ¸¨²¥ · §·Ò¢  ¡μ²¥¥ 4 ±£, ±μÉμ· Ö
¸μμÉ¢¥É¸É¢Ê¥É ¶²μÉ´μ¸É¨ ¸¨²Ò, · ¢´μ° 22,5 ±£/³³2. �μ ·¥§Ê²ÓÉ É ³ É¥¸Éμ¢
1,55 % ¨§£μÉμ¢²¥´´ÒÌ É·Ê¡μ± ¡Ò²¨ § ¡· ±μ¢ ´Ò.

2.4. �·μ¢¥·±  É¥Î¨ £ § . „²Ö · ¡μÉÒ ¢ Ê¸²μ¢¨ÖÌ ¢ ±ÊÊ³  ¸É·μÊ ¤μ²¦´Ò
¨³¥ÉÓ ³ ²ÊÕ É¥ÎÓ £ § . � ¶·¨³¥·, ¶μ Ê¸²μ¢¨Ö³ Ô±¸¶¥·¨³¥´É  NA62 ¢ ¤¥É¥±-
Éμ·¥ ¤μ²¦¥´ ¡ÒÉÓ ¢ ±ÊÊ³ ∼ 10−6 ³¡ ·. �μÔÉμ³Ê ¶·¥¤ÑÖ¢²Ö²μ¸Ó É·¥¡μ¢ ´¨¥,
ÎÉμ¡Ò É¥ÎÓ £ §  ¢ ± ¦¤μ° É·Ê¡±¥ ´¥ ¶·¥¢ÒÏ ²  10−3 ¸³3/³¨´ [1]. ’ ± Ö É¥ÎÓ
¶·¨ ¶¥·¥¶ ¤¥ ¢´ÊÉ·¥´´¥£μ ¨ ¢´¥Ï´¥£μ ¤ ¢²¥´¨Ö ¸É·μÊ ¢¥²¨Î¨´μ° P = 1,5  É³
¢Ò§Ò¢ ¥É ¶ ¤¥´¨¥ ¤ ¢²¥´¨Ö ¢ É·Ê¡±¥ ¤²¨´μ° 2,5 ³ ´  ΔP = 11 ³¡ ·/¸ÊÉ. ’·¥-
¡μ¢ ´¨¥ ± μ£· ´¨Î¥´¨Õ É¥Î¨ ¸É·μÊ ¸¢Ö§ ´μ ¸μ ¸Éμ¨³μ¸ÉÓÕ ¢ ±ÊÊ³´μ° ¸¨¸É¥³Ò
Ô±¸¶¥·¨³¥´É , ±μÉμ· Ö ¸ÊÐ¥¸É¢¥´´μ Ê¢¥²¨Î¨¢ ¥É¸Ö ¸ ·μ¸Éμ³ É¥Î¨.

‚´ Î ²¥ ´  ¸É¥´¤¥ ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¨¸¸²¥¤μ¢ ´¨Ö É¥Î¨ £ §μ¢, ¨¸¶μ²Ó§Ê¥-
³ÒÌ ¢ ¤¥É¥±Éμ·¥. 	²μ±-¸Ì¥³  ¸É¥´¤  ¶μ± § ´  ´  ·¨¸. 7.

ˆ¸¸²¥¤Ê¥³ Ö É·Ê¡±  ¤²¨´μ° 1 ³ ¶μ³¥Ð ² ¸Ó ¢ ¨§μ²¨·μ¢ ´´ÊÕ É·Ê¡Ê.
‚ ¸É·μÊ-É·Ê¡±Ê ¶·¨  É³μ¸Ë¥·´μ³ ¤ ¢²¥´¨¨ ¶μ¤ ¢ ²¸Ö · ¡μÎ¨° £ § ‘�2 ¨²¨ Ar.
‡ É¥³ ¢ É·Ê¡¥ ¸ ¶μ³μÐÓÕ ´ ¸μ¸  ¸μ§¤ ¢ ²¸Ö ¢ ±ÊÊ³ P ∼ 10−4 ¡ ·. „ ²¥¥
¸μ¥¤¨´¨É¥²Ó´Ò¥ ±· ´Ò ¶¥·¥±·Ò¢ ²¨¸Ó, ¨ ¶·¥±· Ð ² ¸Ó μÉ± Î±  £ §  ¢ É·Ê¡¥.
„ ¢²¥´¨¥ ¢ É·Ê¡¥ ¨ ¸É·μÊ-É·Ê¡±¥ ¨§³¥·Ö²μ¸Ó ¸ ¶μ³μÐÓÕ ¤ ÉÎ¨±μ¢ Pfeifer APR

Вакуумный насос

Подаваемый
газ

Преобразователь
интерфейсов

ОВЕН 8MBA

ОВЕН ДТС3014
Контроллер

Pfeiffer TPG-262

В
ак

у
у
м

И
сп

ы
ты

в
ае

м
ая

тр
у
б

к
а

Pfeiffer APR 262

Pfeiffer APR 265 Labview

R
s2

3
2

�¨¸. 7. ‘É¥´¤ ¤²Ö ¨§ÊÎ¥´¨Ö ¢¥²¨Î¨´Ò £ §μ¢μ° É¥Î¨ ¸É·μÊ É·Ê¡μ±

8



265 ¨ Pfeifer APR 262, ±μÉμ·Ò¥ Î¥·¥§ ±μ´É·μ²²¥· Pfeifer TRG-262 ¡Ò²¨ ¶μ¤-
±²ÕÎ¥´Ò ± ±μ³¶ÓÕÉ¥·Ê. �·¨ ´ ²¨Î¨¨ É¥Î¨ ¤ ¢²¥´¨¥ ¢ É·Ê¡¥ ¢μ§· ¸É ¥É,   ¢
¸É·μÊ-É·Ê¡±¥ ¶ ¤ ¥É. �μ ¨§³¥·¥´´Ò³ §´ Î¥´¨Ö³ ¨§³¥´¥´¨Ö ¤ ¢²¥´¨Ö ¢ É·Ê¡¥
¨ ¸É·μÊ-É·Ê¡±¥ ¢ÒÎ¨¸²Ö² ¸Ó É¥ÎÓ ¸É·μÊ-É·Ê¡±¨. �·¨ ¨§ÊÎ¥´¨¨ É¥Î¨ ¸É·μÊ ¡Ò²μ
¨¸¸²¥¤μ¢ ´μ ¢²¨Ö´¨¥ μ±·Ê¦ ÕÐ¥° É¥³¶¥· ÉÊ·Ò ¨  É³μ¸Ë¥·´μ£μ ¤ ¢²¥´¨Ö ´ 
¥¥ ¢¥²¨Î¨´Ê, ÎÉμ ¡Ò²μ ÊÎÉ¥´μ ¶·¨ μ¡· ¡μÉ±¥ ·¥§Ê²ÓÉ Éμ¢ ¨§³¥·¥´¨°. ’¥³-
¶¥· ÉÊ·  ¨§³¥·Ö² ¸Ó ¶·¨¡μ·μ³ OBEH DTC3014-PT1000 ¸ ÉμÎ´μ¸ÉÓÕ 0,1◦‘
¨ Î¥·¥§ ¨´É¥·Ë¥°¸ OBEH MBA8 ¸Î¨ÉÒ¢ ² ¸Ó ¢ ±μ³¶ÓÕÉ¥·. ‡ ¢¨¸¨³μ¸ÉÓ
¤ ¢²¥´¨Ö ¢ É·Ê¡μÎ±¥ μÉ É¥³¶¥· ÉÊ·Ò ´μ¸¨É ²¨´¥°´Ò° Ì · ±É¥· ¸ ´ ±²μ´μ³
K = 4,5 ³¡ ·/◦C. 
Éμ ¸μμÉ¢¥É¸É¢Ê¥É ¨§³¥´¥´¨Õ ¤ ¢²¥´¨Ö ´  1,8 ³¡ · ¶·¨ ¨§-
³¥´¥´¨¨ É¥³¶¥· ÉÊ·Ò ´  0,4◦‘. “³¥´ÓÏ¥´¨¥ ¤ ¢²¥´¨Ö ¢ É·Ê¡¥ ´  1000 ³¡ ·
¢Ò§Ò¢ ¥É ¶ ¤¥´¨¥ ¤ ¢²¥´¨Ö ¢ ¸É·μÊ-É·Ê¡±¥ ´  11 ³¡ ·, ÎÉμ ¸¢Ö§ ´μ ¸ Ê¢¥²¨-
Î¥´¨¥³ ¤¨ ³¥É·  ¸É·μÊ. „ ´´Ò° ·¥§Ê²ÓÉ É Ö¢²Ö¥É¸Ö ¢ ¦´Ò³ ¤²Ö ¶μ´¨³ ´¨Ö
¶μ¢¥¤¥´¨Ö ¸É·μÊ ¢ Ê¸²μ¢¨ÖÌ ¢ ±ÊÊ³ . ˆ¸¸²¥¤μ¢ ´¨Ö ¶μ± § ²¨, ÎÉμ ¶ ¤¥´¨¥ ¤ -
¢²¥´¨Ö ¢ É·Ê¡±¥, ´ ¶μ²´¥´´μ°  ·£μ´μ³, ¤²¨´μ° 1 ³ ¸μ¸É ¢²Ö¥É 4,5 ³¡ ·/¸ÊÉ.
’ ± Ö ¢¥²¨Î¨´  ¸μμÉ¢¥É¸É¢Ê¥É É¥Î¨  ·£μ´  0,245 ¸³3/³¨´, ÎÉμ ¢ Î¥ÉÒ·¥ · § 
³¥´ÓÏ¥ É·¥¡μ¢ ´¨Ö ¸¶¥Í¨Ë¨± Í¨¨ Ô±¸¶¥·¨³¥´É  NA62.

2.5. „μ²£μ¢·¥³¥´´Ò° É¥¸É ¸É·μÊ ´  É¥ÎÓ £ § . ˆ§£μÉμ¢²¥´´Ò¥ ¸É·μÊ ¶·μ-
Ìμ¤¨²¨ ¤μ²£μ¢·¥³¥´´Ò° É¥¸É ´  É¥ÎÓ. ‚ É·Ê¡±Ê Î¥·¥§ ´¨¶¶¥²Ó § ± Î¨¢ ²¸Ö
£ §, ¸μ§¤ ¢ Ö ¢ ´¥° ¨§¡ÒÉμÎ´μ¥ ¤ ¢²¥´¨¥ dP = 3 ¡ ·. �¨¶¶¥²Ó ¸²Ê¦¨É ¤²Ö
¡²μ±¨·μ¢±¨ ÊÉ¥Î±¨ £ §  Î¥·¥§ ± ´ ² ¥£μ ¶μ¤ Î¨. �·¨ ÔÉμ³ ¤ ¢²¥´¨¨ ¸É·μÊ
¢Ò¤¥·¦¨¢ ² ¸Ó ¢ É¥Î¥´¨¥ 15Ä30 ³¨´. ‡ É¥³, ¶·¨ μÉ¸ÊÉ¸É¢¨¨ ¢¨¤¨³μ° É¥Î¨,
¤ ¢²¥´¨¥ ¸¡· ¸Ò¢ ²μ¸Ó ¤μ dP = 1,5 ¡ ·, ¨ É·Ê¡±  ¶μ³¥Ð ² ¸Ó ´  ¸¶¥Í¨ ²Ó-
´Ò° ¶μ¤¤μ´ ¸ ³Ö£±¨³¨ ²μ¦¥³¥´É ³¨ ´  ¸·μ± ¡μ²¥¥ μ¤´μ£μ ³¥¸ÖÍ , ·¨¸. 8, ¡.
�  ¢·¥§±¥ ¢ ·¨¸Ê´±¥ ¶μ± § ´  ¸É·μÊ ¸ Ô²¥³¥´É ³¨ Éμ·Í¥¢ÒÌ § £²ÊÏ¥±.

’¥ÎÓ £ §  ¢ ¸É·μÊ μ¶·¥¤¥²Ö² ¸Ó ¶ÊÉ¥³ ¨§³¥·¥´¨Ö ¢¥²¨Î¨´Ò ¥¥ ¶·μ£¨¡ 
¶μ¤ ¤¥°¸É¢¨¥³ £·Ê§ , ¶μ³¥Ð¥´´μ£μ ´  ¶μ¢¥·Ì´μ¸ÉÓ É·Ê¡±¨, ·¨¸. 8,  . �μ ¨§-
³¥·¥´´μ° ¢¥²¨Î¨´¥ ¶·μ£¨¡  É·Ê¡±¨ c ¶μ³μÐÓÕ ± ²¨¡·μ¢μÎ´μ° ±·¨¢μ° ¢ ´¥°

а б

�¨¸. 8. „μ²£μ¢·¥³¥´´Ò° É¥¸É É¥Î¨ £ § 
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¢ÒÎ¨¸²Ö²μ¸Ó ¤ ¢²¥´¨¥. „²Ö Ê¤μ¡¸É¢  ±μ´É·μ²Ö É¥Î¨ ¡Ò²  ¶μ¸É·μ¥´  £· ¤Ê¨-
·μ¢ ´´ Ö § ¢¨¸¨³μ¸ÉÓ, ±μÉμ· Ö ¨¸¶μ²Ó§μ¢ ² ¸Ó ¢ ³ ¸¸μ¢ÒÌ É¥¸É Ì É¥Î¨ ¸É·μÊ.
„μ²£μ¢·¥³¥´´Ò° É¥¸É ¶μ§¢μ²Ö¥É μ¡´ ·Ê¦¨ÉÓ ´ ²¨Î¨¥ ³¨±·μÉ·¥Ð¨´ ¢ ³ É¥·¨-
 ²¥ ¸ ³μ° É·Ê¡±¨ ¨ ¢ ¥¥ Ï¢¥. ‘·¥¤´ÖÖ ¢¥²¨Î¨´  ¶ ¤¥´¨Ö ¤ ¢²¥´¨Ö ¢μ ¢·¥³Ö
ÔÉμ£μ É¥¸É  ¢ ¸¥·¨°´ÒÌ É·Ê¡± Ì ¸ ¢´ÊÉ·¥´´¨³ μ¡Ñ¥³μ³ 188,6 ¸³3 ´¥ ¶·¥¢Ò-
Ï ²  dP = 6 ³¡ ·/¸ÊÉ, ÎÉμ Ô±¢¨¢ ²¥´É´μ É¥Î¨ £ §  ¢ É·Ê¡±¥ 0,5·10−3 ¸³3/³¨´.
’ ± Ö ¢¥²¨Î¨´  É¥Î¨ ¢ ¤¢  · §  ³¥´ÓÏ¥ ¶·¥¤ÑÖ¢²Ö¥³ÒÌ Ô±¸¶¥·¨³¥´Éμ³ É·¥¡μ-
¢ ´¨°. �μ ·¥§Ê²ÓÉ É ³ É¥¸É  0,15 % ¨§£μÉμ¢²¥´´ÒÌ É·Ê¡μ± ¡Ò²μ § ¡· ±μ¢ ´μ.

‡�Š‹	—…�ˆ…

�¶¨¸ ´  ´μ¢ Ö É¥Ì´μ²μ£¨Ö ¨§£μÉμ¢²¥´¨Ö ¸É·μÊ ¸ ¶μ³μÐÓÕ ¸μ§¤ ´´μ£μ
Ê¸É·μ°¸É¢  Ê²ÓÉ· §¢Ê±μ¢μ° ¸¢ ·±¨. ‘ ¨¸¶μ²Ó§μ¢ ´¨¥³ μ¶¨¸ ´´μ£μ ¢ÒÏ¥
Ê¸É·μ°¸É¢  ¢ �ˆŸˆ ¡Ò²μ ¨§£μÉμ¢²¥´μ:

• 7032 ¸É·μÊ ¤²Ö ¤¥É¥±Éμ·  Ô±¸¶¥·¨³¥´É  NA62;
• 2500 ¸É·μÊ ¨§ ³ É¥·¨ ²  Éμ²Ð¨´μ° 20 ³±³ ¨ ¤²¨´μ° 1,3 ³ ¸ ³¥É ²²¨-

§ Í¨¥°  ²Õ³¨´¨¥³ (¤²Ö ¶·μÉμÉ¨¶  ¤¥É¥±Éμ·  Ô±¸¶¥·¨³¥´É  COMET [2]);
• 50 ¸É·μÊ ¤²¨´μ° 5,5 ³ (¤²Ö ¶·μÉμÉ¨¶  ¤¥É¥±Éμ·  Ô±¸¶¥·¨³¥´É 

SHIP [14]).
‚ ¶·μÍ¥¸¸¥ ¶·μ¨§¢μ¤¸É¢  ±μ´É·μ²¨·μ¢ ²¨¸Ó μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò ¸É·μÊ:

Ï¨·¨´  Ï¢ ; ¸É ¡¨²Ó´μ¸ÉÓ ¤¨ ³¥É·  ¶μ ¤²¨´¥ É·Ê¡±¨; ¶·μÎ´μ¸ÉÓ Ï¢  ´  · §-
·Ò¢; É¥ÎÓ £ §  ¨§ É·Ê¡±¨. � §¡·μ¸ ¶ · ³¥É·μ¢ ¤²Ö ¸¥·¨°´ÒÌ ¸É·μÊ ¡Ò² μ£· -
´¨Î¥´ ¸²¥¤ÊÕÐ¨³¨ §´ Î¥´¨Ö³¨: Ï¨·¨´  Ï¢  0,4Ä1,0 ³³, ¢´ÊÉ·¥´´¨° ¤¨ ³¥É·
D = 9,75−9,80 ³³, ¶·μÎ´μ¸ÉÓ Ï¢  ´  · §·Ò¢ Å ¡μ²¥¥ 22,5 ±£/³³2, É¥ÎÓ  ·-
£μ´  ¨§ ¸É·μÊ Å 0,3 · 10−3 ¸³3/³¨´ ¶·¨ ¨§¡ÒÉμÎ´μ³ ¤ ¢²¥´¨ dP = 1,0 ¡ ·.
‘Ê³³ ·´Ò° ¶·μÍ¥´É ¡· ±  ¸μ¸É ¢¨² 2,4 % ¤²Ö ¸¥·¨¨ ¨§ 7032 ¸É·μÊ.

‚Ò¸μ±μ¥ ± Î¥¸É¢μ ¸É·μÊ ¶·μ¤¥³μ´¸É·¨·μ¢ ²μ ¨Ì ¸¶μ¸μ¡´μ¸ÉÓ ± ¤μ²£μ¢·¥-
³¥´´μ° ¨ ´ ¤¥¦´μ° · ¡μÉ¥ ¢ Ê¸²μ¢¨ÖÌ ¢ ±ÊÊ³ , ÎÉμ ¶μ¤É¢¥·¦¤ ¥É · ¡μÉ  7168
¸É·μÊ ¢ Ô±¸¶¥·¨³¥´É¥ NA62.
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