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� · Ï±μ¢ �.‚. ¨ ¤·. P13-2005-213
‘¨¸É¥³  ±μ´É·μ²Ö £¥·³¥É¨Î´μ¸É¨ BMS/BMF-MDT-± ³¥·
³Õμ´´μ£μ ¸¶¥±É·μ³¥É·  Ô±¸¶¥·¨³¥´É  ATLAS


·¥¤¸É ¢²¥´μ μ¶¨¸ ´¨¥ ¸¥·É¨Ë¨± Í¨¨ ´  £¥·³¥É¨Î´μ¸ÉÓ ¶·μ¨§¢¥¤¥´´ÒÌ ¢
�ˆŸˆ ³Õμ´´ÒÌ ± ³¥· Ô±¸¶¥·¨³¥´É  ATLAS. ‚Ò¸μ±μÉμÎ´Ò° ¸É¥´¤ ¡Ò² ¸μμ·Ê-
¦¥´ ´  ¶·μ¨§¢μ¤¸É¢¥´´μ³ ÊÎ ¸É±¥ ‹Ÿ
 �ˆŸˆ. 
·¨¢μ¤ÖÉ¸Ö μ¶¨¸ ´¨¥ ¸É¥´¤  ¨
·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨°,   É ±¦¥ μ¶¨¸ ´¨¥ ¨ ·¥§Ê²ÓÉ ÉÒ ¶μ¢Éμ·´ÒÌ É¥¸Éμ¢ ¤·¥°-
Ëμ¢ÒÌ ± ³¥· ¶μ¸²¥ É· ´¸¶μ·É¨·μ¢±¨ ¢ –…��.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ¶·μ¡²¥³ ¨³. ‚.
. „¦¥²¥¶μ¢ 
�ˆŸˆ.

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2005

Barashkou A.V. et al. P13-2005-213
Hermeticity Control System for the BMS/BMF-MDT Chambers
of the Muon Spectrometer of ATLAS Experiment

Description of hermeticity certiˇcation of the JINR made muon chambers for
the ATLAS experiment is presented. A high precision stand was installed in the
production area of the DLNP, JINR. The description of the stand and results of
the measurements and the description and results of the second testing of the drift
chambers carried out after transportation to CERN are presented.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2005
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„²Ö ³Õμ´´μ° ¸¨¸É¥³Ò Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨ ATLAS [1] ¢ �ˆŸˆ
¡Ò²¨ ¨§£μÉμ¢²¥´´Ò 84 ¤·¥°Ëμ¢Ò¥ ± ³¥·Ò [2], ¸μ¸ÉμÖÐ¨¥ ¨§ ¡μ²¥¥ Î¥³ 25000
¤·¥°Ëμ¢ÒÌ É·Ê¡μ± [3]. „²Ö ¸μÌ· ´¥´¨Ö ¸É ¡¨²Ó´μ¸É¨ ¤·¥°Ëμ¢ÒÌ Ì · ±É¥·¨-
¸É¥± · ¡μÎ¥° £ §μ¢μ° ¸³¥¸¨ ±μ²² ¡μ· Í¨¥° ¡Ò²¨ Ê¸É ´μ¢²¥´´Ò μÎ¥´Ó ¢Ò¸μ±¨¥
É·¥¡μ¢ ´¨Ö ´  £¥·³¥É¨Î´μ¸ÉÓ ± ³¥· [4, 5]. Œ ±¸¨³ ²Ó´μ ¤μ¶Ê¸É¨³ Ö ¢¥²¨Î¨´ 
É¥Î¨ (±μ²¨Î¥¸É¢μ £ § , ¢ÒÉ¥± ÕÐ¥¥ ¢ ¥¤¨´¨ÍÊ ¢·¥³¥´¨ ¨§ μ¡Ñ¥³  ¤¥É¥±Éμ· ,
¤ ²¥¥ Å ®É¥ÎÓ¯) μ¶·¥¤¥²Ö² ¸Ó Ëμ·³Ê²μ°

Lmax = 2 · 10−8 · Ntubes · ² · ¡ · · ¸−1,

£¤¥ Ntubes Å ±μ²¨Î¥¸É¢μ ¤·¥°Ëμ¢ÒÌ É·Ê¡μ± ¢ ± ³¥·¥. „²Ö ¤·¥°Ëμ¢μ° É·Ê¡±¨
μ¡Ñ¥³μ³ 2,2 ² ÔÉμ μ§´ Î ¥É ¶μÉ¥·Õ ∼ 0,03% · ¡μÎ¥° ¸³¥¸¨ ¢ ¸ÊÉ±¨, ¨²¨ ¶ ¤¥-
´¨¥ ¤ ¢²¥´¨Ö μ±μ²μ 0,8 ³¡ ·/¸ÊÉ. �É¤¥²Ó´Ò¥ ± ³¥·Ò ¸μ¤¥·¦ É 200Ä400 É ±¨Ì
É·Ê¡μ±, ¶·¨ ÔÉμ³ £ §μ¢ Ö ¸¨¸É¥³  ± ³¥·Ò ¨³¥¥É μÉ 600 ¤μ 1500 ¸μ¥¤¨´¥´¨°,
¤μ¸ÉÊ¶ ± ±μÉμ·Ò³ ¶μ¸²¥ ¶μ²´μ° ¸¡μ·±¨ ¤¥É¥±Éμ·  ¶· ±É¨Î¥¸±¨ ´¥¢μ§³μ¦¥´.
„²Ö ¤μ¸É¨¦¥´¨Ö É·¥¡Ê¥³μ£μ Ê·μ¢´Ö ´ ¤¥¦´μ¸É¨ ¡Ò²  · §· ¡μÉ ´´  ³´μ£μ-
ÔÉ ¶´ Ö ¸¨¸É¥³  ±μ´É·μ²Ö £¥·³¥É¨Î´μ¸É¨:

1) ¶·μ¢¥·±  ¢¸¥Ì ¤·¥°Ëμ¢ÒÌ É·Ê¡μ± ¤μ ¸¡μ·±¨ ± ³¥·Ò ´  ¸É¥´¤¥ ¶·μ¢¥·±¨
£¥·³¥É¨Î´μ¸É¨ [6, 7]. Œ ±¸¨³ ²Ó´μ ¤μ¶Ê¸É¨³ Ö ¢¥²¨Î¨´  É¥Î¨ μ¤´μ° É·Ê¡±¨
10−8² · ¡ · · ¸−1;

2) ¢Ò¸μ±μÉμÎ´ Ö ¶·μ¢¥·±  £¥·³¥É¨Î´μ¸É¨ ± ³¥·Ò ´  £ §μ¢μ³ ¸É¥´¤¥ ¶·μ-
¨§¢μ¤¸É¢¥´´μ£μ ÊÎ ¸É±  �ˆŸˆ;

3) ¶·μ¢¥·±  ¤ ¢²¥´¨Ö ¢ ± ³¥·¥ ¶¥·¥¤ μÉ¶· ¢±μ° ± ³¥·Ò ´  Ì· ´¥´¨¥ ¢
�ˆŸˆ;

4) ¶·μ¢¥·±  ¤ ¢²¥´¨Ö ¶¥·¥¤ μÉ¶· ¢±μ° ± ³¥·Ò ¢ –…��;
5) ¶·μ¢¥·±  ¤ ¢²¥´¨Ö ¸· §Ê ¶μ¸²¥ É· ´¸¶μ·É¨·μ¢±¨ ¢ –…��;
6) ÉμÎ´ Ö ¶·μ¢¥·±  £¥·³¥É¨Î´μ¸É¨ ´  £ §μ¢μ³ ¸É¥´¤¥ ¸¡μ·μÎ´μ£μ ÊÎ ¸É± 

–…�� ;
7) ¶·μ¢¥·±  ¤ ¢²¥´¨Ö ¶¥·¥¤ μÉ¶· ¢±μ° ± ³¥·Ò ¢ Ï ÌÉÊ Ê¸É ´μ¢±¨ ATLAS;
8) ¶·μ¢¥·±  ¤ ¢²¥´¨Ö ¶μ¸²¥ ¨´¸É ²²ÖÍ¨¨ ± ³¥·Ò ¢ Ê¸É ´μ¢±¥ ATLAS.
�¸´μ¢´Ò¥ É¥¸ÉÒ (¶¶. 2 ¨ 6) ¡Ê¤ÊÉ ¶μ¤·μ¡´μ μ¶¨¸ ´Ò ´¨¦¥. „μ¶μ²´¨É¥²Ó-

´Ò¥ ¶·μ¢¥·±¨ (¶¶. 3, 5, 7, 8) μ¸ÊÐ¥¸É¢²Ö²¨¸Ó ¸ ¶μ³μÐÓÕ μ¡ÒÎ´μ£μ ¸É·¥²μÎ-
´μ£μ ³ ´μ³¥É· . ’μÎ´μ¸ÉÓ ¨§³¥·¥´¨° μ¶·¥¤¥²Ö² ¸Ó ±μ²¥¡ ´¨Ö³¨  É³μ¸Ë¥·-
´μ£μ ¤ ¢²¥´¨Ö ¨ É¥³¶¥· ÉÊ·Ò ¨ ¸μ¸É ¢²Ö²  ∼ 50Ä100 ³¡ ·. ’¥³ ´¥ ³¥´¥¥, ¶·¨
¡μ²ÓÏμ³ ¶¥·¨μ¤¥ ³¥¦¤Ê ¨§³¥·¥´¨Ö³¨ (¤μ ´¥¸±μ²Ó±¨Ì ³¥¸ÖÍ¥¢) ÔÉ¨ ¶·μ¢¥·±¨
Ö¢²Ö²¨¸Ó Ìμ·μÏ¨³ ¤μ¶μ²´¨É¥²Ó´Ò³ É¥¸Éμ³ £¥·³¥É¨Î´μ¸É¨,   É ±¦¥ ¶μ³μ£ ²¨
μ¡´ ·Ê¦¨ÉÓ Ë ±É ¶μ¢·¥¦¤¥´¨Ö ± ³¥·Ò ¶·¨ É· ´¸¶μ·É¨·μ¢±¥.
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�¸´μ¢´Ò¥ Ô²¥³¥´ÉÒ £ §μ¢μ° ¸¨¸É¥³Ò ± ³¥· ¶μ± § ´Ò ´  ·¨¸. 1. �  ± -
¦¤μ° ± ³¥·¥ ¡Ò²¨ Ê¸É ´μ¢²¥´Ò ¶μ Î¥ÉÒ·¥ £ §μ¢ÒÌ · ¸¶·¥¤¥²¨É¥²Ö (1) ¸ μÉ¢¥·-
¸É¨Ö³¨ ¨ · §Ñ¥³ ³¨ ¤²Ö ¸μ¥¤¨´¨É¥²Ó´ÒÌ É·Ê¡μ± Å ± ¶¨²²Ö·μ¢ (3). „·¥°Ëμ-
¢Ò¥ É·Ê¡±¨ ¸μ¥¤¨´Ö²¨¸Ó ¶ · ²²¥²Ó´μ-¶μ¸²¥¤μ¢ É¥²Ó´μ: ¶μ É·¨ É·Ê¡Ò ³¥¦¤Ê
¸μ¡μ° ¸μ¥¤¨´ÖÕÉ¸Ö ¶μ¸²¥¤μ¢ É¥²Ó´μ ¶¥·¥³ÒÎ± ³¨ (4),   É ±¨¥ É·μ°±¨ Å ¸
· ¸¶·¥¤¥²¨É¥²¥³ Î¥·¥§ ¶¥·¥Ìμ¤´¨± (2) ¨ ± ¶¨²²Ö· (3). Š ¶¨²²Ö·´Ò¥ É·Ê¡±¨
Ë¨±¸¨·ÊÕÉ¸Ö ¢ μÉ¢¥·¸É¨ÖÌ · ¸¶·¥¤¥²¨É¥²Ö ¶² ¸É¨±μ¢Ò³¨ Ë¨±¸ Éμ· ³¨ (5).
Š ¶¨²²Ö·Ò · §´μ° ¤²¨´Ò ¨³¥ÕÉ · §´Ò° ¢´ÊÉ·¥´´¨° ¤¨ ³¥É· ¤²Ö μ¡¥¸¶¥Î¥-
´¨Ö μ¤¨´ ±μ¢μ£μ ¸μ¶·μÉ¨¢²¥´¨Ö ¶μÉμ±Ê £ § . ‚¸¥ ¸μ¥¤¨´¥´¨Ö Ê¶²μÉ´ÖÕÉ¸Ö
·¥§¨´μ¢Ò³¨ ±μ²ÓÍ ³¨.

�¨¸. 1. 
μ¤£μÉμ¢²¥´´Ò° ¤²Ö Ê¸É ´μ¢±¨ ´  ± ³¥·¥ £ §μ¢Ò° · ¸¶·¥¤¥²¨É¥²Ó ( ) ¨ Ô²¥³¥´É
£ §μ¢μ£μ ¸μ¥¤¨´¥´¨Ö ´  ± ³¥·¥ (¡). 1 Å · ¸¶·¥¤¥²¨É¥²Ó; 2 Ä ¶² ¸É¨±μ¢Ò° ¶¥·¥Ìμ¤´¨±;
3 Å ± ¶¨²²Ö· ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨; 4 Å ¶¥·¥³ÒÎ± ; 5 Å ¶² ¸É¨±μ¢Ò° Ë¨±¸ Éμ·

ƒ §μ¢Ò¥ · ¸¶·¥¤¥²¨É¥²¨ ¸ ¸¨¸É¥³μ° Í¥´É· ²Ó´μ£μ £ §μ¢μ£μ ¶¨É ´¨Ö ¸μ-
¥¤¨´ÖÕÉ¸Ö É·Ê¡± ³¨ ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨, ±μ´ÍÒ ±μÉμ·ÒÌ ¢Ò¢μ¤ÖÉ¸Ö ´ 
±· ° ± ³¥·Ò. „²Ö Ê³¥´ÓÏ¥´¨Ö ´ ¢μ¤μ± ´  ¸¨£´ ²Ó´ÊÕ Ô²¥±É·μ´¨±Ê ¶·¥-
¤Ê¸³μÉ·¥´  Ô²¥±É·¨Î¥¸± Ö · §¢Ö§±  Å ³¥¦¤Ê · ¸¶·¥¤¥²¨É¥²Ö³¨ ¨ É·Ê¡ ³¨
Í¥´É· ²Ó´μ£μ £ §μ¢μ£μ ¸´ ¡¦¥´¨Ö Ê¸É ´μ¢²¥´Ò ¶² ¸É¨±μ¢Ò¥ ¶¥·¥Ìμ¤´¨±¨-
¨§μ²ÖÉμ·Ò,   ´  ¸μ¥¤¨´¨É¥²Ó´Ò¥ ´¥·¦ ¢¥ÕÐ¨¥ É·Ê¡±¨ ´ ¤¥ÉÒ ¶² ¸É¨±μ¢Ò¥
¨§μ²ÖÍ¨μ´´Ò¥ Î¥Ì²Ò.

���‚…�Š� ƒ…�Œ…’ˆ—��‘’ˆ Š�Œ…� �� ‘’…�„…
���ˆ‡‚�„‘’‚…���ƒ� “—�‘’Š� ‚ ‹Ÿ� �ˆŸˆ


·μ¢¥·±  £¥·³¥É¨Î´μ¸É¨ ± ³¥· ´  ¶·μ¨§¢μ¤¸É¢¥´´μ³ ÊÎ ¸É±¥ ‹Ÿ
 �ˆŸˆ
[2] μ¸ÊÐ¥¸É¢²Ö² ¸Ó ³μ´¨Éμ·¨·μ¢ ´¨¥³ · §´¨ÍÒ ¤ ¢²¥´¨° ¢ É¥¸É¨·Ê¥³μ° ± -
³¥·¥ ¨ ¢ £¥·³¥É¨Î´μ° ®·¥Ë¥·¥´¸´μ°¯ ¥³±μ¸É¨. ‘Ì¥³  ¸É¥´¤  ¨ ËμÉμ£· Ë¨Ö
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¨§³¥·¨É¥²Ó´μ£μ ¡²μ±  ¶·¨¢μ¤ÖÉ¸Ö ´  ·¨¸. 2. ˆ¸¶μ²Ó§μ¢ ²¸Ö ¤ ÉÎ¨± · §´μ¸É¨
¤ ¢²¥´¨Ö ®‘ ¶Ë¨·-22’Œ¯ ¶·μ¨§¢μ¤¸É¢  �μ¸¸¨¨, ¨³¥ÕÐ¨° · ¡μÎ¨° ¤¨ ¶ §μ´
¨§³¥·¥´¨° ±8 ³¡ · ¨ ÉμÎ´μ¸ÉÓ 0,08 ³¡ ·. ‚ ± Î¥¸É¢¥ É¥¸Éμ¢μ£μ £ §  ¶·¨³¥-
´Ö²¸Ö  ·£μ´.

�¨¸. 2. ˆ§³¥·¨É¥²Ó´Ò° Ê§¥² ¸É¥´¤ : 1 Å ¤ ÉÎ¨± · §´μ¸É¨ ¤ ¢²¥´¨Ö; 2 Å ·¥Ë¥·¥´¸´Ò°
μ¡Ñ¥³; 3 Å £ §μ¢ Ö ¸¨¸É¥³  ± ³¥·Ò; Œ Å ±μ´É·μ²Ó´Ò° ³ ´μ³¥É·; t Å É¥³¶¥· ÉÊ·´Ò¥
¤ ÉÎ¨±¨ ´  ·¥Ë¥·¥´¸´μ³ μ¡Ñ¥³¥; V1, V2, V3 Å £ §μ¢Ò¥ ¢¥´É¨²¨


μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ μ¶¥· Í¨° ¶·¨ ¨§³¥·¥´¨¨ É ±μ¢ :
1. ƒ §μ¢Ò¥ ¢¥´É¨²¨ V1, V2 μÉ±·ÒÉÒ, ± ³¥·  ¨ ·¥Ë¥·¥´¸´Ò° μ¡Ñ¥³ § -

¶μ²´ÖÕÉ¸Ö £ §μ³ ¤μ 3 ¡ ·.
2. V1, V2 μÉ±·ÒÉÒ, V3 § ±·ÒÉ. Š ³¥·Ê ¨ ·¥Ë¥·¥´¸´Ò° μ¡Ñ¥³ μ¸É ¢²ÖÕÉ

´  ¤¢  Î ¸  ¤²Ö ¸É ¡¨²¨§ Í¨¨ ¤ ¢²¥´¨Ö ¨ ¢Ò· ¢´¨¢ ´¨Ö É¥³¶¥· ÉÊ·Ò ¶μ¸²¥
§ ¶μ²´¥´¨Ö μ¡Ñ¥³μ¢.

3. V1, V2, V3 § ±·ÒÉÒ. � §´¨Í  ¤ ¢²¥´¨° ± ³¥·Ò ¨ ·¥Ë¥·¥´¸´μ£μ μ¡Ñ¥³ 
¨ É¥³¶¥· ÉÊ·  ³μ´¨Éμ·¨·ÊÕÉ¸Ö ¢ É¥Î¥´¨¥ 2Ä3 ¸ÊÉ.

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¨¸¶μ²Ó§μ¢ ´´ Ö ¸Ì¥³  ÎÊ¢¸É¢¨É¥²Ó´  ¨³¥´´μ ± · §-
´¨Í¥ ¤ ¢²¥´¨°, ÎÉμ ¶μ§¢μ²¨²μ ¶μ²ÊÎ¨ÉÓ μÎ¥´Ó ¢Ò¸μ±ÊÕ  ¡¸μ²ÕÉ´ÊÕ ÉμÎ´μ¸ÉÓ
(0,08 ³¡ · ¶·¨ · ¡μÎ¥³ ¤ ¢²¥´¨¨ 3 ¡ ·), ¨¸¶μ²Ó§ÊÖ ¤μ¸ÉÊ¶´Ò¥ ¤ ÉÎ¨±¨ ±² ¸¸ 
ÉμÎ´μ¸É¨ 0,5.

‚ ¨¤¥ ²Ó´μ³ ¸²ÊÎ ¥ Ê¸É ´μ¢±  ´¥ ÎÊ¢¸É¢¨É¥²Ó´  ± ¶² ¢´Ò³ ¨§³¥´¥´¨Ö³
É¥³¶¥· ÉÊ·Ò ¢ É¥¸Éμ¢μ³ ¶μ³¥Ð¥´¨¨, ±μ£¤  É¥³¶¥· ÉÊ·Ò ± ³¥·Ò ¨ ·¥Ë¥·¥´¸-
´μ° ¥³±μ¸É¨ ³¥´ÖÕÉ¸Ö ¸¨´Ì·μ´´μ. Š ¸μ¦ ²¥´¨Õ, ¢ ·¥ ²Ó´ÒÌ Ê¸²μ¢¨ÖÌ ¶·¨
· ¡μÉ ÕÐ¥³ μÉμ¶²¥´¨¨ · ¸¶·¥¤¥²¥´¨¥ É¥³¶¥· ÉÊ· ¢ ±μ³´ É¥ ³μ¦¥É § ³¥É´μ
³¥´ÖÉÓ¸Ö. 
·¨ §´ Î¨É¥²Ó´ÒÌ · §³¥· Ì ± ³¥· (3,2×1,5 ³) ÔÉμ ¶·¨¢μ¤¨É ±
¨§³¥´¥´¨Õ ¨§³¥·Ö¥³μ° · §´¨ÍÒ ¤ ¢²¥´¨°. „²Ö Ê³¥´ÓÏ¥´¨Ö ÔÉμ£μ ÔËË¥±É 
·¥Ë¥·¥´¸´ Ö ¥³±μ¸ÉÓ · ¸¶μ² £ ² ¸Ó ´¥¶μ¸·¥¤¸É¢¥´´μ Ê ± ³¥·Ò, ¨ μ´¨ ¢³¥-
¸É¥ ¶μ±·Ò¢ ²¨¸Ó É¥¶²μ¨§μ²¨·ÊÕÐ¨³ ¶μ±·Ò¢ ²μ³. Š·μ³¥ Éμ£μ, ¡Ò² ¤μ¡ ¢²¥´
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³μ´¨Éμ·¨´£ É¥³¶¥· ÉÊ·Ò ± ³¥·Ò (10 ¢¸É·μ¥´´ÒÌ ¤ ÉÎ¨±μ¢) ¨ ·¥Ë¥·¥´¸´μ°
¥³±μ¸É¨. ’¥³¶¥· ÉÊ·´Ò¥ ¶μ¶· ¢±¨ μ¶·¥¤¥²Ö²¨¸Ó Ëμ·³Ê²μ°

ΔPÔËË = ΔP¨§³ +
P0

T0
(ΔT0 − ΔT¨§³),

£¤¥ ΔÔËË Å ÔËË¥±É¨¢´ Ö · §´¨Í  ¤ ¢²¥´¨°; Δ¨§³ Å ¶μ± § ´¨Ö ¤ ÉÎ¨±  · §-
´μ¸É¨ ¤ ¢²¥´¨Ö ¶·¨ ´ ¡μ·¥ ¤ ´´ÒÌ; P0 ¨ T0 Å ´ Î ²Ó´μ¥ ¤ ¢²¥´¨¥ ¨ É¥³¶¥-
· ÉÊ·  £ §  ¢ ± ³¥·¥. �Éμ μÉ´μÏ¥´¨¥ Ö¢²Ö¥É¸Ö ¶μ¸ÉμÖ´´μ° ¸μ£² ¸´μ ¨§¢¥¸É´μ°
§ ¢¨¸¨³μ¸É¨ ¤²Ö ¨¤¥ ²Ó´ÒÌ £ §μ¢. ΔT0 = T ± ³

0 − T ·¥Ë
0 Å · §´μ¸ÉÓ É¥³¶¥· ÉÊ·

¢ ´ Î ²Ó´Ò° ³μ³¥´É ¨ ΔT¨§³ = T ± ³
¨§³ − T ·¥Ë

¨§³ É  ¦¥ · §´¨Í  ¢μ ¢·¥³Ö ¨§³¥·¥-
´¨Ö. �  ·¨¸. 3 ¶·¨¢¥¤¥´Ò É¨¶¨Î´Ò¥ § ¢¨¸¨³μ¸É¨ · §´¨ÍÒ ¤ ¢²¥´¨° ¨ · §´¨ÍÒ
É¥³¶¥· ÉÊ· μÉ ¢·¥³¥´¨.

�¨¸. 3. �¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¤²Ö ± ³¥·Ò BMS1‘02 (JNR074).’¥³¶¥· ÉÊ·´Ò¥ ¤ ´´Ò¥
¶·¨ ¨§³¥·¥´¨ÖÌ ¤ ¢²¥´¨° (1), ¤ ´´Ò¥ ¨§³¥·¥´¨Ö · §´¨ÍÒ ¤ ¢²¥´¨° ¡¥§ ¶μ¶· ¢±¨ ´ 
É¥³¶¥· ÉÊ·Ê (2) ¨ ¸ ¶μ¶· ¢±μ° (3) ´  ¸É¥´¤¥ �ˆŸˆ

’μÎ´μ¸ÉÓ ¸É¥´¤  ¶μ§¢μ²Ö²  ¸¤¥² ÉÓ μÍ¥´±Ê ¢¥²¨Î¨´Ò É¥Î¨ ± ³¥·Ò ¶μ¸²¥
´¥¸±μ²Ó±¨Ì Î ¸μ¢ ¨§³¥·¥´¨Ö. 
·¨ ´ ²¨Î¨¨ §´ Î¨É¥²Ó´μ° É¥Î¨ (± ± ¶· ¢¨²μ,
¨§-§  ¶μ£·¥Ï´μ¸É¥° ¸¡μ·±¨ £ §μ¢μ° ¸¨¸É¥³Ò) ³¥¸Éμ ´¥¨¸¶· ¢´μ¸É¨ ¨¸± ²μ¸Ó
¶·¨ ¶μ³μÐ¨ ·ÊÎ´μ£μ É¥Î¥¨¸± É¥²Ö (Qualichek 196 ¶·μ¨§¢μ¤¸É¢  ‘˜�). �ÉμÉ
¤¥É¥±Éμ· ¶μ§¢μ²Ö¥É · ¡μÉ ÉÓ ¸ · §²¨Î´Ò³¨ £ § ³¨, ¢ Éμ³ Î¨¸²¥ ¨ ¸  ·£μ´μ³
(¶·¥¤¥²Ó´ Ö ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ 1,4 · 10−4³¡ · · ² · ¸−1). …¸²¨ ´ °É¨ ´¥¨¸¶· ¢-
´μ¸ÉÓ ´¥ Ê¤ ¢ ²μ¸Ó (¤¢  ¸²ÊÎ Ö), ± ³¥·  § ¶μ²´Ö² ¸Ó £¥²¨¥³, ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ
É¥Î¥¨¸± É¥²Ö ± ±μÉμ·μ³Ê ¢ ∼ 7 · § ¢ÒÏ¥.


μ¸²¥ ´ Î ²  ³ ¸¸μ¢ÒÌ É¥¸Éμ¢ ¢ –…��¥ É·¥¡μ¢ ´¨Ö ± £¥·³¥É¨Î´μ¸É¨ ¡Ò²¨
¸´¨¦¥´Ò ±μ²² ¡μ· Í¨¥° ¢ 10 · §. ‘É¥´¤ �ˆŸˆ ¶μ§¢μ²Ö² ¶·μ¢μ¤¨ÉÓ ¶·μ¢¥·±Ê
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¸ § ¤ ´´μ° ¨§´ Î ²Ó´μ ÉμÎ´μ¸ÉÓÕ, ´μ É ± ± ± ¶μ¨¸± ¨ ´¥¡μ²ÓÏ¨Ì É¥Î¥° Ö¢²Ö-
¥É¸Ö ±· °´¥ É·Ê¤μ¥³±μ° μ¶¥· Í¨¥°, ®¢´ÊÉ·¥´´¨¥¯ É·¥¡μ¢ ´¨Ö �ˆŸˆ ¶·¨ ¤μ-
¢μ¤±¥ ± ³¥· ¡Ò²¨ μ¸² ¡²¥´Ò ¤μ 3 ³¡ ·/¸ÊÉ.

„²Ö μ±μ´Î É¥²Ó´μ° ¸¥·É¨Ë¨± Í¨¨ ¢¸¥ ± ³¥·Ò É¥¸É¨·μ¢ ²¨¸Ó ´¥ ³¥´¥¥
¤¢ÊÌ ¸ÊÉμ±. �¥§Ê²ÓÉ ÉÒ É¥¸Éμ¢ ¤·¥°Ëμ¢ÒÌ ± ³¥· ´  ¶·μ°§¢μ¤¸É¢¥´´μ³ ÊÎ ¸É±¥
�ˆŸˆ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 4.

�¨¸. 4. � ¸¶·¥¤¥²¥´¨¥ ¢¥²¨Î¨´Ò É¥Î¨ ¤·¥°Ëμ¢ÒÌ ± ³¥· ¶μ ¨§³¥·¥´¨Ö³ ´  ¸É¥´¤¥
�ˆŸˆ

‚¸¥ ¶·μ¨§¢¥¤¥´´Ò¥ ¢ �ˆŸˆ ± ³¥·Ò ¡Ò²¨ ¶·¨¢¥¤¥´¨¨ ± É·¥¡Ê¥³μ³Ê
Ê·μ¢´Õ £¥·³¥É¨Î´μ¸É¨ ¨ μÉ¶· ¢²¥´Ò ¢ –…�� ¤²Ö ¤ ²Ó´¥°Ï¥° μ¸´ ¸É±¨ ¨
Ê¸É ´μ¢±¨ ¢ ¤¥É¥±Éμ·.

���‚…�Š� ƒ…�Œ…’ˆ—��‘’ˆ „�…‰”�‚›• Š�Œ…� ��
‘����—��Œ “—�‘’Š… –…���

’· ´¸¶μ·É¨·μ¢±  ¢ –…�� ´  £·Ê§μ¢μ³  ¢ÉμÉ· ´¸¶μ·É¥ ¶·¥¤¸É ¢²Ö²  ¸É·¥¸-
¸μ¢ÊÕ ¸¨ÉÊ Í¨Õ ¤²Ö ± ³¥·, ÌμÉÖ ¸¶¥Í¨ ²Ó´μ ¸μ§¤ ´´ Ö É· ´¸¶μ·É´ Ö Ë¥·³ 
μ¡¥¸¶¥Î¨¢ ²  ¤μ¸É ÉμÎ´ÊÕ ¡¥§μ¶ ¸´μ¸ÉÓ.


μ¸²¥ ¤μ¸É ¢±¨ ± ³¥·Ò ´  ¸¡μ·μÎ´Ò° ÊÎ ¸Éμ± –…��  ¶·μ¢μ¤¨² ¸Ó £·Ê¡ Ö
¶·μ¢¥·±  ¤ ¢²¥´¨Ö ¸ ¶μ³μÐÓÕ ¶·μ¸Éμ£μ ³ ´μ³¥É· , ¨ ·¥§Ê²ÓÉ ÉÒ ¸· ¢´¨¢ -
²¨¸Ó ¸ ¤ ´´Ò³¨ É ±μ£μ ¦¥ ¨§³¥·¥´¨Ö ¢ �ˆŸˆ, § ¶¨¸ ´´μ£μ ¶¥·¥¤ μÉ¶· ¢±μ°.

·¨ ¢ÒÖ¢²¥´¨¨ ¸¨²Ó´μ£μ · ¸Ìμ¦¤¥´¨Ö ± ³¥·  ÉÐ É¥²Ó´μ ¶·μ¢¥·Ö² ¸Ó ¤²Ö ¢Ò-
Ö¢²¥´¨Ö ³¥Ì ´¨Î¥¸±¨Ì ¶μ¢·¥¦¤¥´¨° ¨²¨ ¤·Ê£¨Ì ¢μ§³μ¦´ÒÌ ¶·¨Î¨´ ÊÉ¥Î±¨
£ § . �Ò² μ¡´ ·Ê¦¥´ ¸²ÊÎ ° ¶μ¢·¥¦¤¥´¨Ö  ²Õ³¨´¨¥¢μ° ¸É¥´±¨ ¤·¥°Ëμ¢μ°
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É·Ê¡±¨ ¨ μ¤´  É·¥Ð¨´  ¢ ±μ´Í¥¢μ³ Ô²¥³¥´É¥ É·Ê¡±¨. ‚ μ¸´μ¢´μ³ ¶·¥μ¡² ¤ ²μ
· ¸Ï ÉÒ¢ ´¨¥ ·¥§Ó¡μ¢ÒÌ ¸μ¥¤¨´¥´¨°, Ê¸É· ´¥´¨¥ ±μÉμ·μ£μ ¡Ò²μ ´¥¸²μ¦´Ò³.


¥·¥¤ ¸¡μ·±μ° ¸ É·¨££¥·´Ò³¨ ± ³¥· ³¨ ¤·¥°Ëμ¢Ò¥ ± ³¥·Ò É¥¸É¨·μ¢ -
²¨¸Ó ´  ¸É¥´¤¥ ¸¡μ·μÎ´μ£μ ÊÎ ¸É± . „²Ö ÔÉμ£μ ¢ É¥Î¥´¨¥ 1,5Ä2 ¸ÊÉ ±μ´É·μ²¨·μ-
¢ ²¨¸Ó  ¡¸μ²ÕÉ´μ¥ ¤ ¢²¥´¨¥ ¨ É¥³¶¥· ÉÊ·  ± ³¥·. 
·μ¢¥·±  £¥·³¥É¨Î´μ¸É¨
¡Ò²  ¸μ¢³¥Ð¥´  ¸ É¥¸Éμ³ ´  · ¡μÉμ¸¶μ¸μ¡´μ¸ÉÓ, ¨¸¶μ²Ó§μ¢ ²¨¸Ó É¥·³μ¤ É-
Î¨±¨ ± ³¥· ¨ ¤ ÉÎ¨±  ¡¸μ²ÕÉ´μ£μ ¤ ¢²¥´¨Ö, ¢¸É·μ¥´´Ò° ¢ ·¥£Ê²ÖÉμ· ¶μÉμ± 
£ §μ¢μ° ¸¨¸É¥³Ò. ‘Ì¥³  ¸É¥´¤  ¶·¨¢¥¤¥´  ´  ·¨¸. 5.

�¨¸. 5. ‘Ì¥³  ¸É¥´¤ . Vi1ÄVi6 Å ¢Ìμ¤´Ò¥ ¢¥´É¨²¨; Vo1ÄVo6 Å ¢ÒÌμ¤´Ò¥ ¢¥´É¨²¨;
P Å ¨§³¥·¨É¥²Ó´Ò° Ê§¥²

�¤´μ¢·¥³¥´´μ É¥¸É¨·μ¢ ²μ¸Ó ¤μ É·¥Ì ± ³¥· (Ï¥¸ÉÓ ¸Ê¶¥·¸²μ¥¢). Š ³¥·Ò
§ ¶μ²´Ö²¨¸Ó · ¡μÎ¥° ¸³¥¸ÓÕ (93% Ar+7%CO2) ¤μ ¤ ¢²¥´¨Ö 3 ¡ · ¨ ¶·μ-
¤Ê¢ ²¨¸Ó ¤²Ö ¶·μ¢¥·±¨ · ¡μÉμ¸¶μ¸μ¡´μ¸É¨, ¢Ìμ¤´Ò¥ (Vi1ÄVi6) ¨ ¢ÒÌμ¤´Ò¥
(Vo1ÄVo6) ¢¥´É¨²¨ § ±·Ò¢ ²¨¸Ó, ·¥£Ê²ÖÉμ· ¶μÉμ±  Ë¨±¸¨·μ¢ ²¸Ö ¢ § ±·ÒÉμ³
¸μ¸ÉμÖ´¨¨. ‡ É¥³ ¶μμÎ¥·¥¤´μ ¢ÒÌμ¤´Ò³¨ ¢¥´É¨²Ö³¨ Vo ¸Ê¶¥·¸²μ¨ É¥¸É¨·Ê¥-
³ÒÌ ± ³¥· ¶μ¤±²ÕÎ ²¨¸Ó ± ¤ ÉÎ¨±Ê ¤ ¢²¥´¨Ö ¨ ¢ É¥Î¥´¨¥ ∼ 30 ³¨´ Ë¨±¸¨·μ-
¢ ²μ¸Ó  ¡¸μ²ÕÉ´μ¥ ¤ ¢²¥´¨¥ ¢ ¸²μ¥ ¨ ¥£μ É¥³¶¥· ÉÊ· . ‡  ¢·¥³Ö É¥¸É  (1,5 ¸ÊÉ
¨ ¡μ²¥¥) ¤¥² ²μ¸Ó ´¥ ³¥´¥¥ É·¥Ì É ±¨Ì ¨§³¥·¥´¨°. ’¥³¶¥· ÉÊ·´ Ö ¶μ¶· ¢±  ±
¤ ¢²¥´¨Õ μ¶·¥¤¥²Ö² ¸Ó Ê· ¢´¥´¨¥³ ¨¤¥ ²Ó´μ£μ £ § . �  ·¨¸. 6 ¶·¨¢¥¤¥´ £· -
Ë¨± ¨§³¥·¥´¨Ö ¤ ¢²¥´¨Ö ¢Éμ·μ£μ ³Ê²ÓÉ¨¸²μÖ ± ³¥·Ò BMS1‘02 (JNR074), ´ 
¸É¥´¤¥ –…�� . ‚¢¥¤¥´¨¥ É¥³¶¥· ÉÊ·´μ° ¶μ¶· ¢±¨ ´  ¢¥²¨Î¨´Ê ¤ ¢²¥´¨Ö £ § 
¸¨²Ó´μ ³¥´Ö¥É ± ·É¨´Ê (£· Ë¨±¨ 1 ¨ 2), ÌμÉÖ ¶μ²´μ£μ ¸£² ¦¨¢ ´¨Ö ÔÉ¨³ ³¥-
Éμ¤μ³ ¶·¨ ¸¨²Ó´ÒÌ ¶¥·¥¶ ¤ Ì É¥³¶¥· ÉÊ· ´¥ ¤μ¸É¨£´ÊÉμ. �  £μ·¨§μ´É ²Ó´μ°
μ¸¨ Ê± § ´Ò ¤ ÉÒ ¨ ¢·¥³Ö ¶·μ¢¥¤¥´¨Ö ¨§³¥·¥´¨°. ‹¨´¥°´ Ö  ¶¶·μ±¸¨³ Í¨Ö
¤ ´´ÒÌ §  ∼2 ¸ÊÉ ¶μ± § ²  Ê·μ¢¥´Ó ÊÉ¥Î±¨ L ≈ 2, 5 ·10−8¡ · ·¸−1, ÎÉμ ¢¶μ²´¥
¸μμÉ¢¥É¸É¢μ¢ ²μ ±·¨É¥·¨Ö³.

� ¸¶·¥¤¥²¥´¨¥ ·¥§Ê²ÓÉ Éμ¢ É¥¸Éμ¢ ¤²Ö ¢¸¥Ì ± ³¥· ¶·¨¢¥¤¥´μ ´  ·¨¸. 7.
� ²¨Î¨¥ μÉ·¨Í É¥²Ó´ÒÌ §´ Î¥´¨° É¥Î¨ μ¡ÑÖ¸´Ö¥É¸Ö μ£· ´¨Î¥´´μ° ÉμÎ´μ¸ÉÓÕ
É¥¸É , ¨ ¶·¥¦¤¥ ¢¸¥£μ, ´¥¨¤¥ ²Ó´μ° É¥³¶¥· ÉÊ·´μ° ±μ··¥±Í¨¥°. �Éμ ¶·μÖ¢²Ö-
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�¨¸. 6. „ ´´Ò¥ ¨§³¥·¥´¨° ¤ ¢²¥´¨Ö ¡¥§ ¶μ¶· ¢±¨ ´  É¥³¶¥· ÉÊ·Ê (1) ¨ ¸ ¶μ¶· ¢±μ°
(2) ´  ¸É¥´¤¥ –…��  ¤²Ö ± ³¥·Ò BMS1‘02 (JNR074)

¥É¸Ö É ±¦¥ ¢ §´ Î¨É¥²Ó´ÒÌ · §¡·μ¸ Ì μÉ¤¥²Ó´ÒÌ ¨§³¥·¥´¨° (·¨¸. 6). �¥ ²Ó´ Ö
ÉμÎ´μ¸ÉÓ É¥¸É  ³μ¦¥É ¡ÒÉÓ ®μÍ¥´¥´  ¸¢¥·ÌÊ¯ ¶μ Ï¨·¨´¥ · ¸¶·¥¤¥²¥´¨Ö ´ 
·¨¸. 7 ± ± σ ≈2,5 ³¡ ·/¸ÊÉ.

�¨¸. 7. � ¸¶·¥¤¥²¥´¨¥ ¢¥²¨Î¨´Ò É¥Î¨ ¶μ ¨§³¥·¥´¨Ö³ ´  ¸É¥´¤¥ –…�� 

‚¸¥ ¤ ´´Ò¥ ¨§³¥·¥´¨° ´  ¸É¥´¤ Ì –…�� ,   É ±¦¥ ¨¤¥´É¨Ë¨± Í¨μ´´Ò¥
´μ³¥·  ¨¸¶μ²Ó§μ¢ ´´ÒÌ Ô²¥±É·μ´´ÒÌ ¡²μ±μ¢ § ¶¨¸Ò¢ ²¨¸Ó ¢ ¡ §Ê ¤ ´´ÒÌ [8]
³Õμ´´μ° ¸¨¸É¥³Ò.
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Š ³¥·Ò, ¶·μ¨§¢¥¤¥´´Ò¥ ¢ �ˆŸˆ, Ê¸¶¥Ï´μ ¶·μÏ²¨ ¢¸¥ É¥¸ÉÒ, ¶·¥¤Ê¸³μ-
É·¥´´Ò¥ ¶·μÍ¥¤Ê·μ° ¶·μ¢¥·μÎ´ÒÌ ³¥·μ¶·¨ÖÉ¨° ¶¥·¥¤ ¨´¸É ²²ÖÍ¨¥° ¢ Ô±¸-
¶¥·¨³¥´É ²Ó´ÊÕ Ê¸É ´μ¢±Ê [5]. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢¸¥ μ´¨ Ê¸É ´μ¢²¥´Ò ´ 
ÏÉ É´Ò¥ ³¥¸É  ³Õμ´´μ£μ ¸¶¥±É·μ³¥É· .

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ £· ´É  INTAS-CERN 2003-52-4382.
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