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� · Ï±μ¢ �.‚. ¨ ¤·. P13-2005-214
‘μ¢³¥¸É´ Ö ¶μ¤¢¥¸±  ¨ ¨´É¥£· Í¨Ö MDT/RPC-± ³¥· É¨¶ 
BMS/BMF ³Õμ´´μ£μ ¸¶¥±É·μ³¥É·  Ô±¸¶¥·¨³¥´É  ATLAS

	¶¨¸ ´Ò ¸¨¸É¥³Ò ¸μ¢³¥¸É´μ° ¶μ¤¢¥¸±¨ ³Õμ´´ÒÌ BMS/BMF ¤·¥°Ëμ¢ÒÌ ± -
³¥· ¸ É·¨££¥·´Ò³¨ RPC-± ³¥· ³¨ ¤²Ö ³Õμ´´μ£μ ¸¶¥±É·μ³¥É·  Ô±¸¶¥·¨³¥´É 
ATLAS. ‘¨¸É¥³Ò ¶μ¤¢¥¸±¨ ¶·¥¤´ §´ Î¥´Ò ¤²Ö ¨´É¥£· Í¨¨ ± ³¥· ¢ ¥¤¨´Ò¥ ³μ-
¤Ê²¨ ¨ ¨Ì ¶μ¸²¥¤ÊÕÐ¥£μ ¶μ§¨Í¨μ´¨·μ¢ ´¨Ö ¢ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¥.
	¶¨¸Ò¢ ¥É¸Ö É¥Ì´μ²μ£¨Ö ¨´É¥£· Í¨¨ ± ³¥·. �·μ¢μ¤¨²¨¸Ó ¨¸¶ÒÉ ´¨Ö ¶μ ´ ±²μ´Ê
³μ¤Ê²Ö ´  · §´Ò¥ Ê£²Ò ¤²Ö ¨§ÊÎ¥´¨Ö ¶·μ£¨¡  ¤·¥°Ëμ¢μ° ± ³¥·Ò. ˆ§³¥·¥´¨Ö ¢¥-
²¨¸Ó ¸ ¶μ³μÐÓÕ μ¶É¨Î¥¸±μ° ¸¨¸É¥³Ò RASNIK. �Ò²μ ¶μ¤É¢¥·¦¤¥´μ ´μ·³ ²Ó´μ¥
ËÊ´±Í¨μ´¨·μ¢ ´¨¥ ±¨´¥³ É¨Î¥¸±μ° ¶μ¤¢¥¸±¨. �·¨¢¥¤¥´  ³¥Éμ¤¨±  ·¥£Ê²¨·μ¢±¨
¶·μ£¨¡  ²¥¦ Ð¨Ì ¢ £μ·¨§μ´É ²Ó´μ° ¶²μ¸±μ¸É¨ BMS/BMF-± ³¥·, μ¡¥¸¶¥Î¨¢ Õ-
Ð Ö ³¨´¨³ ²Ó´ÊÕ · §´μ¸ÉÓ ³¥¦¤Ê ¶·μ¢¨¸ ´¨¥³ ¶·μ¢μ²μÎ¥± ¨ ±μ·¶Ê¸μ¢ ¤¥É¥±-
Éμ·´ÒÌ É·Ê¡μ± ¶·¨ ¶μ¸É ´μ¢±¥ ³μ¤Ê²¥° ¢ · ¡μÎÊÕ ¶μ§¨Í¨Õ.


 ¡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. P13-2005-214
Common Support and Integration of the BMS/BMF Type MDT/RPC
Chambers of the Muon Spectrometer of the ATLAS Experiment

The common support system for muon BMS/BMF drift chambers with trigger
RPC chambers for the muon spectrometer of the ATLAS experiment is described.
The support systems are intended for the chambers integration into combined modules
and for the subsequent installation in the experimental set-up. The technology of
chambers integration is described. The sagging of the drift chambers was tested by
tilting the modules at different angles. The measurements were performed by means
of the RASNIK optical system. The normal operation of kinematic supports was
conˇrmed. We also present the method of the sag regulation for the BMS/BMF
chambers lying in the horizontal plane which provides the minimum difference
between signal wire and detector tube body sags when the modules are later installed
in their working positions.

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

Communication of the Joint Institute for Nuclear Research. Dubna, 2005



‚ É¥Î¥´¨¥ 2000Ä2004 ££. ¢ · ³± Ì · ¡μÉ ¶μ ¸μ§¤ ´¨Õ Ê¸É ´μ¢±¨ ATLAS
[1] ¢ ‹Ÿ� 	ˆŸˆ ¡Ò²μ ¨§£μÉμ¢²¥´μ ¨ ¨¸¶ÒÉ ´μ μ±μ²μ 25 ÉÒ¸ÖÎ ¤·¥°Ëμ¢ÒÌ
É·Ê¡μ±, ¸μ¡· ´´ÒÌ ¢ 84 ³Õμ´´Ò¥ ± ³¥·Ò É¨¶  BMS/BMF Å μ¤´μ£μ ¨§ Ï¥-
¸É¨ μ¸´μ¢´ÒÌ É¨¶μ¢ MDT-± ³¥· [2] Í¥´É· ²Ó´μ° (Barrel) Î ¸É¨ ³Õμ´´μ£μ
¸¶¥±É·μ³¥É·  Ê¸É ´μ¢±¨ ATLAS. „²Ö μ¡¥¸¶¥Î¥´¨Ö ³ ±¸¨³ ²Ó´μ ¢μ§³μ¦´μ£μ
¶¥·¥±·ÒÉ¨Ö  ¶¥·ÉÊ·Ò Ê¸É ´μ¢±¨ (μ¡¥¸¶¥Î¥´¨¥ É·¥¡μ¢ ´¨Ö ®£¥·³¥É¨Î´μ¸É¨¯)
³Õμ´´Ò¥ ± ³¥·Ò ± ¦¤μ£μ É¨¶  ¨³¥ÕÉ ´¥¸±μ²Ó±μ É¨¶μ· §³¥·μ¢ (¢ ¸²ÊÎ ¥
BMF/BMS-± ³¥· Å Ï¥¸ÉÓ). �Éμ ¶μ§¢μ²Ö¥É ³ ±¸¨³ ²Ó´μ ¶²μÉ´μ § ¶μ²´¨ÉÓ
± ³¥· ³¨ ¢¸¥ ¸¢μ¡μ¤´Ò¥ ¶·μ³¥¦ÊÉ±¨ ¢μ±·Ê£ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì μ¡³μÉμ± ³ £-
´¨É´μ£μ Éμ·μ¨¤  Ê¸É ´μ¢±¨ ATLAS.

Šμμ·¤¨´ É´Ò¥ ¤¥É¥±Éμ·Ò ³Õμ´´μ° ¸¨¸É¥³Ò (³Õμ´´Ò¥ ± ³¥·Ò) ¤μ²¦´Ò
μ¡¥¸¶¥Î¨¢ ÉÓ ÉμÎ´μ¸ÉÓ ¨§³¥·¥´¨Ö ±μμ·¤¨´ ÉÒ É·¥±μ¢ Î ¸É¨Í ´¥ ÌÊ¦¥ 80 ³±³
´  ¢¸¥° ¶²μÐ ¤¨ (∼2750 ³2). „²Ö ¢Ò¶μ²´¥´¨Ö ÔÉ¨Ì ¢Ò¸μ±¨Ì É·¥¡μ¢ ´¨°
¤²Ö ¡μ²ÓÏ¥· §³¥·´ÒÌ ± ³¥· ¸ ¶²μÐ ¤ÓÕ ± ¦¤μ° ¢ ´¥¸±μ²Ó±μ ±¢ ¤· É´ÒÌ
³¥É·μ¢ ¡Ò²¨ · §· ¡μÉ ´Ò ¨ ·¥ ²¨§μ¢ ´Ò É¥Ì´μ²μ£¨¨ ³ ¸¸μ¢μ£μ ¶·μ¨§¢μ¤¸É¢ 
¨ ¨¸¶ÒÉ ´¨° ± ± μÉ¤¥²Ó´´ÒÌ ¤·¥°Ëμ¢ÒÌ É·Ê¡μ±, É ± ¨ ¸μ¡¨· ¥³ÒÌ ´  ¨Ì ¡ §¥
³Õμ´´ÒÌ ± ³¥· [2, 3].


¨¸. 1.  ) Š ³¥·  MDT (BMS1C08) ´  ¸¡μ·μÎ´μ³ ¸Éμ²¥ ¶·μ¨§¢μ¤¸É¢¥´´μ£μ ÊÎ ¸É± 
‹Ÿ� 	ˆŸˆ; ¡) ³μ³¥´É μ¶Ê¸± ´¨Ö MDT/RPC-³μ¤Ê²Ö ¢ Ï ÌÉÊ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É -
´μ¢±¨

Š ± ¶μ± § ²¨ ±μ´É·μ²Ó´Ò¥ ¨§³¥·¥´¨Ö ¨§£μÉμ¢²¥´´ÒÌ ¢ 	ˆŸˆ ± ³¥· ´ 
·¥´É£¥´μ¢¸±μ³ Éμ³μ£· Ë¥ –…
�  [4], ¢¸¥ É·¥¡μ¢ ´¨Ö ± ÉμÎ´μ¸É¨ ¨§£μÉμ¢²¥-
´¨Ö μÉ¤¥²Ó´ÒÌ ¤·¥°Ëμ¢ÒÌ É·Ê¡μ± ¨ ‚ŒS/BMF-± ³¥· [6Ä8] ¡Ò²¨ Ê¸¶¥Ï´μ
¢Ò¶μ²´¥´Ò. ‘·¥¤´¥±¢ ¤· É¨Î´μ¥ μÉ±²μ´¥´¨¥ ¶·μ¢μ²μÎ±¨ μÉ ´μ³¨´ ²Ó´μ£μ
¶μ²μ¦¥´¨Ö ´¥ ¶·¥¢Ò¸¨²μ 20 ³±³ [5].

Š ± μÉ³¥Î ²μ¸Ó ¢ÒÏ¥, ³Õμ´´Ò¥ ± ³¥·Ò ATLAS ¸μ¡· ´Ò ´  ¡ §¥ ¤·¥°-
Ëμ¢ÒÌ ¤¥É¥±Éμ·μ¢ (É·Ê¡μ±), ¤²Ö ËÊ´±Í¨μ´¨·μ¢ ´¨Ö ±μÉμ·ÒÌ ´¥μ¡Ìμ¤¨³  ¤μ-
¶μ²´¨É¥²Ó´ Ö ¨´Ëμ·³ Í¨Ö μ ¢·¥³¥´¨ ¶·μÌμ¦¤¥´¨Ö Î ¸É¨ÍÒ Î¥·¥§ ¤¥É¥±Éμ·
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(T0). ‘ ÔÉμ° Í¥²ÓÕ MDT-± ³¥·Ò ¸μ¡¨· ÕÉ¸Ö ¢ ¥¤¨´Ò° ¡²μ± ¢³¥¸É¥ ¸ É·¨££¥·-
´Ò³¨ RPC-± ³¥· ³¨, ¨³¥ÕÐ¨³¨ ¤μ¸É ÉμÎ´μ Ìμ·μÏ¥¥ ¢·¥³¥´´μ¥ · §·¥Ï¥´¨¥
(∼1,5 ´¸). �·μ¨§¢μ¤¸É¢μ ¢¸¥Ì RP‘-± ³¥· ¤²Ö ³Õμ´´μ° ¸¨¸É¥³Ò ATLAS μ¸Ê-
Ð¥¸É¢²Ö²μ¸Ó ¢ ·Ö¤¥ ¨´¸É¨ÉÊÉμ¢ ´ ÊÎ´μ£μ μ¡Ñ¥¤¨´¥´¨Ö INFN (ˆÉ ²¨Ö).

‘¨¸É¥³  ¸μ¢³¥¸É´μ° ¶μ¤¢¥¸±¨ BMS/BMF- ¨ RPC-± ³¥· ¡Ò²  · §· ¡μÉ ´ 
¢ ‹Ÿ� 	ˆŸˆ ¨ ¶·μ¨§¢¥¤¥´  ¢ μ¶ÒÉ´μ³ ¶·μ¨§¢μ¤¸É¢¥ 	ˆŸˆ.

	¸´μ¢´Ò¥ É·¥¡μ¢ ´¨Ö, ¢Ò¶μ²´¥´´Ò¥ ¶·¨ · §· ¡μÉ±¥:
Å μ¡¥¸¶¥Î¥´¨¥ ±μ´Ë¨£Ê· Í¨¨ ®¸Ô´¤¢¨Î ¯ RPC-MDT-RPC, É. ¥. ± ¦¤ Ö

MDT-± ³¥·  ¸ μ¡¥¨Ì ¸Éμ·μ´ ¤μ²¦´  ¶·¨±·Ò¢ ÉÓ¸Ö RPC-± ³¥· ³¨;
Å μ¡¥¸¶¥Î¥´¨¥ ¦¥¸É±μ£μ ¸μ¥¤¨´¥´¨Ö RPC-± ³¥· ³¥¦¤Ê ¸μ¡μ°;
Å μ¡¥¸¶¥Î¥´¨¥ ¶μ¤¢¥Ï¨¢ ´¨Ö MDT-± ³¥·Ò ¢ ¸μ¸É ¢¥ ³μ¤Ê²Ö ¢ É·¥Ì Ê§² Ì

¸ ¸μÌ· ´¥´¨¥³ É. ´. ±¨´¥³ É¨Î¥¸±¨Ì ¸¢μ¡μ¤ ¶μ¤¢¥¸±¨ (·¨¸. 2);
Å ¢μ§³μ¦´μ¸ÉÓ ¤μ¸ÉÊ¶  ±  ±É¨¢´Ò³ Ô²¥³¥´É ³ ± ³¥·;
Å ¢μ§³μ¦´μ¸ÉÓ ¡¥§μ¶ ¸´μ° É· ´¸¶μ·É¨·μ¢±¨ ¸μ¡· ´´μ£μ ³μ¤Ê²Ö ¢ É· ´¸-

¶μ·É´μ° Ë¥·³¥;
Å ´ ²¨Î¨¥ É¥Ì´μ²μ£¨¨ ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì Ô²¥³¥´Éμ¢ ¤²Ö ¨´¸É ²²ÖÍ¨¨

¸μ¡· ´´ÒÌ ³μ¤Ê²¥° ¢ § ¤ ´´Ò¥ ¸¥±Éμ·  (2, 4, 6, 8, 10, 12, 14, 16) Í¥´É· ²Ó´μ°
(Barrel) Î ¸É¨ ³Õμ´´μ£μ ¸¶¥±É·μ³¥É·  Ê¸É ´μ¢±¨ ATLAS.

�  ·¨¸. 2 ¶μ± § ´  ±¨´¥³ É¨Î¥¸± Ö ¶μ¤¢¥¸±  ± ³¥·Ò, ¸μ¸ÉμÖÐ Ö ¨§ É·¥Ì
´¥§ ¢¨¸¨³ÒÌ μ¶μ·. ‘¶¥Í¨ ²Ó´Ò¥ μ¶μ·´Ò¥ ¶μ¤Ï¨¶´¨±¨ IGUS ¸μ ¸Ë¥·¨Î¥¸±μ°


¨¸. 2. MDT-± ³¥·  ´  ±¨´¥³ É¨Î¥¸±μ° ¶μ¤¢¥¸±¥. ‘É·¥²± ³¨ Ê± § ´Ò § ¶·¥Ð ¥³Ò¥
μ¶μ· ³¨ ´ ¶· ¢²¥´¨Ö ¶¥·¥³¥Ð¥´¨°
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¢´ÊÉ·¥´´¥° Î ¸ÉÓÕ, ¨¸¶μ²Ó§Ê¥³Ò¥ ¢ ±μ´¸É·Ê±Í¨¨ ¶μ¤¢¥¸±¨, μ¡¥¸¶¥Î¨¢ ÕÉ ¢μ§-
³μ¦´μ¸ÉÓ ³ ²ÒÌ ¶μ¢μ·μÉμ¢ ¢μ ¢¸¥Ì ´ ¶· ¢²¥´¨ÖÌ,   É ±¦¥ ¸±μ²Ó¦¥´¨Ö ¢¤μ²Ó
μ¸¥°. ‡  ¸Î¥É ÔÉμ£μ ¢μ ¢¸¥Ì É·¥Ì Ê§² Ì ¶μ¤¢¥¸±¨ μÉ¸ÊÉ¸É¢ÊÕÉ ±·ÊÉÖÐ¨¥ ³μ-
³¥´ÉÒ, ¸¶μ¸μ¡´Ò¥ ´¥¶·¥¤¸± §Ê¥³μ ¤¥Ëμ·³¨·μ¢ ÉÓ MDT-± ³¥·Ê.

	¶μ·  (1), · ¸¶μ²μ¦¥´´ Ö ´  ¸¨£´ ²Ó´μ° ¸Éμ·μ´¥ MDT-± ³¥·Ò (RO),
μ£· ´¨Î¨¢ ¥É ¶¥·¥³¥Ð¥´¨¥ ± ³¥·Ò ¶μ É·¥³ ´ ¶· ¢²¥´¨Ö³,   ¸μ¸¥¤´ÖÖ μ¶μ· 
(2) ¶μ§¢μ²Ö¥É §  ¸Î¥É ¸±μ²Ó¦¥´¨Ö ¢¤μ²Ó μ¸¨ ¶¥·¥³¥Ð¥´¨¥ ± ³¥·Ò ¢ ¶μ¶¥-
·¥Î´μ³ ´ ¶· ¢²¥´¨¨. 	¶μ·  (3), · ¸¶μ²μ¦¥´´ Ö ´  ¢Ò¸μ±μ¢μ²ÓÉ´μ° ¸Éμ·μ´¥
(HV) ¢ ¸¥·¥¤¨´¥ ¤μ¶μ²´¨É¥²Ó´μ° ¶μ¶¥·¥Î´μ° ¶² ¸É¨´Ò, Ï ·´¨·´μ ¸¢Ö§Ò¢ Õ-
Ð¥° ±μ´ÍÒ ¶·μ¤μ²Ó´ÒÌ ¡ ²μ± ¸¶¥°¸¥·  ± ³¥·Ò, ¶μ¤¤¥·¦¨¢ ¥É ± ³¥·Ê Éμ²Ó±μ
μÉ ¶¥·¥³¥Ð¥´Ö ¢ ´ ¶· ¢²¥´¨¨, ¶¥·¶¥´¤¨±Ê²Ö·´μ³ ¥¥ ¶²μ¸±μ¸É¨. �  ·¨¸. 2 ¢¸¥
§ ¶·¥Ð¥´´Ò¥ μ¶μ· ³¨ ¶¥·¥³¥Ð¥´¨Ö ¶μ± § ´Ò ¸É·¥²± ³¨, μ¡Ð¥¥ ¨Ì ±μ²¨Î¥-
¸É¢μ · ¢´μ Ï¥¸É¨, ÎÉμ μ¡¥¸¶¥Î¨¢ ¥É ¸ÊÉÓ ±¨´¥³ É¨Î¥¸±μ° ¶μ¤¢¥¸±¨.

�  ·¨¸. 3 ¶μ± § ´  ±μ´¸É·Ê±Í¨Ö ¨§£μÉμ¢²¥´´ÒÌ Ô²¥³¥´Éμ¢ ¸μ¢³¥¸É´μ°
¶μ¤¢¥¸±¨. �²¥³¥´ÉÒ ¤²Ö RO- ¨ HV-¸Éμ·μ´ ¨³¥ÕÉ μÉ²¨Î¨Ö, ´μ ¢ Í¥²μ³ ± ¦¤ Ö
μ¶μ·  ¸μ¸Éμ¨É ¨§ Î ¸É¨, ±·¥¶ÖÐ¥°¸Ö ± MDT-± ³¥·¥, ±μ·μ³Ò¸² , ±·¥¶ÖÐ¥£μ¸Ö


¨¸. 3. �²¥³¥´ÉÒ ¸μ¢³¥¸É´μ° ¶μ¤¢¥¸±¨ MDT/RPC-± ³¥·. 1, 2 Å ¤¥É ²¨ ±·¥¶²¥´¨Ö
³μ¤Ê²Ö ´  ·¥²Ó¸¥; 3 Å ±μ·μ³Ò¸²μ; 4 Å ¡²μ± ±·¥¶²¥´¨Ö RO-¸Éμ·μ´Ò MDT-± ³¥·Ò;
5 Å ¤μ¶μ²´¨É¥²Ó´ Ö ¶² ¸É¨´  ¤²Ö ±·¥¶²¥´¨Ö HV-¸Éμ·μ´Ò MDT-± ³¥·Ò; 6 Å É¥Ì-
´μ²μ£¨Î¥¸± Ö ¶² ¸É¨´  ¤²Ö ¶μ¤Ñ¥³  ¨ ¨´¸É ²²ÖÍ¨¨ ³μ¤Ê²Ö; 7 Å ³¥¸É  ±·¥¶²¥´¨Ö
RPC-± ³¥·

± RPC-± ³¥· ³, ´μ¦±¨ ¸ ¶²μÐ ¤±μ° ±·¥¶²¥´¨Ö ¨ μ¸¨ ¸ ¶μ¤Ï¨¶´¨± ³¨, μ¡¥¸-
¶¥Î¨¢ ÕÐ¨³¨ ¸μ¥¤¨´¥´¨¥ Î ¸É¥° ¸ ´¥μ¡Ìμ¤¨³Ò³¨ ¸¢μ¡μ¤ ³¨ ¶¥·¥³¥Ð¥´¨°.
„²Ö Ë¨±¸ Í¨¨ ³μ¤Ê²Ö ¢ É· ´¸¶μ·É´μ° Ë¥·³¥ ¨ ¤²Ö ¥£μ ¶μ¤Ñ¥³  ¶·¨ ¨´¸É ²-
²ÖÍ¨¨ ¢ Ê¸É ´μ¢±Ê ´  ±μ·μ³Ò¸² Ì ¶·¨¢ ·¥´Ò ¶² ÉËμ·³Ò (6).

ˆ´É¥£· Í¨¨ ¢ ¥¤¨´Ò¥ ³μ¤Ê²¨ MDT/RPC-± ³¥· ¶·μ¢μ¤¨²¨¸Ó ¢ –…
�¥ ¶μ-
¸²¥ ¶·μ¢¥¤¥´¨Ö ·Ö¤  ¶·¥¤Ê¸³μÉ·¥´´ÒÌ ¶·μ¢¥·μ± · ¡μÉμ¸¶μ¸μ¡´μ¸É¨ MDT- ¨
RPC-± ³¥· [7]. „²Ö ¸¡μ·±¨ ³μ¤Ê²¥° ¶·¨³¥´Ö²¨¸Ó É· ´¸¶μ·É´Ò¥ Ë¥·³Ò, ¢
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±μÉμ·ÒÌ MDT-± ³¥·Ò ¤μ¸É ¢²Ö²¨¸Ó ¨§ 	ˆŸˆ ¢ –…
�. �·μÍ¥¸¸ ¨´É¥£· Í¨¨
¶·μ¨¸Ìμ¤¨² ¢ ´¥¸±μ²Ó±μ ÔÉ ¶μ¢:

• ¶μ¤£μÉμ¢±  É· ´¸¶μ·É´μ° Ë¥·³Ò (Ê¸É ´μ¢±  μ¶μ·´ÒÌ ´μ¦¥±, ¡μ±μ¢ÒÌ
Ô²¥³¥´Éμ¢, Ê£²μ¢ÒÌ ¤μ³±· Éμ¢);

• Ê¸É ´μ¢±  ´¨¦´¥° RPC-± ³¥·Ò ´  Ê£²μ¢Ò¥ ¤μ³±· ÉÒ (·¨¸. 4,  );
• ¶μ¤£μÉμ¢±  MDT-± ³¥·Ò (Ê¸É ´μ¢±  ¸¨¸É¥³Ò ¸μ¢³¥¸É´μ° ¶μ¤¢¥¸±¨ ´ 

¸¶¥°¸¥·¥);
• Ê¸É ´μ¢±  MDT-± ³¥·Ò ´  μ¶μ·´Ò¥ ´μ¦±¨ Ë¥·³Ò (·¨¸. 4, ¡);
• ‘¢μ¡μ¤´μ¥ ¸μ¥¤¨´¥´¨¥ ´¨¦´¥° RPC-± ³¥·Ò ¸ ¸¨¸É¥³μ° ¸μ¢³¥¸É´μ°

¶μ¤¢¥¸±¨;
• Ê¸É ´μ¢±  ¨ ¸¢μ¡μ¤´μ¥ ¸μ¥¤¨´¥´¨¥ ¢¥·Ì´¥° RPC-± ³¥·Ò ´  ¸μ¢³¥¸É´μ°

¶μ¤¢¥¸±¥ ´ ¤ MDT-± ³¥·μ° (·¨¸. 4, ¢);
• ¸¢μ¡μ¤´μ¥ ¸μ¥¤¨´¥´¨¥ ¢¸¥Ì ¤¥É ²¥° É· ´¸¶μ·É´μ° Ë¥·³Ò ¨ ·¥£Ê²¨·μ¢± 

¢§ ¨³´μ£μ ¶μ²μ¦¥´¨Ö;
• ¦¥¸É± Ö Ë¨±¸ Í¨Ö ³μ¤Ê²Ö ¢ É· ´¸¶μ·É´μ° Ë¥·³¥;
• μ¸´ ¸É±  ± ³¥· ´¥μ¡Ìμ¤¨³Ò³¨ μ¶É¨Î¥¸±¨³¨, Ô²¥±É·μ´´Ò³¨ ¨ ± ¡¥²Ó-

´Ò³¨ ¸¨¸É¥³ ³¨;
• É¥¸É¨·μ¢ ´¨¥ ³μ¤Ê²Ö ´  ¸É¥´¤¥ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° –…
� ;
• ·¥£Ê²¨·μ¢±  ¸¨¸É¥³Ò ¶·μ£¨¡  ¸ ÊÎ¥Éμ³ ¶μ²μ¦¥´¨Ö ³μ¤Ê²Ö (´μ³¥·  ¸¥±-

Éμ·  ¶μ¤¢¥¸±¨) ¢ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¥.
	¸´μ¢´ Ö § ¤ Î  μ¶¨¸ ´´μ° ±¨´¥³ É¨Î¥¸±μ° ¶μ¤¢¥¸±¨ § ±²ÕÎ ¥É¸Ö ¢ Éμ³,

ÎÉμ μ´  ¤μ²¦´  μ¡¥¸¶¥Î¨¢ ÉÓ ¸É É¨Î¥¸±¨ μ¶·¥¤¥²¨³μ¥ ±·¥¶²¥´¨¥ MDT/RPC-
± ³¥· ¢ § ¤ ´´ÒÌ ¸¥±Éμ· Ì ¸ ´ ±²μ´μ³ ± £μ·¨§μ´É ²Ó´μ° ¶²μ¸±μ¸É¨ ¢ 22,5◦

(¤²Ö ¸¥±Éμ·μ¢ 4, 6, 12, 14) ¨²¨ 67,5◦ (¤²Ö ¸¥±Éμ·μ¢ 2, 8, 10, 16). �·¨ É -
±μ³ ±·¥¶²¥´¨¨ Ëμ·³  ¤¥Ëμ·³ Í¨¨ ± ³¥·Ò ¶μ¤ ¤¥°¸É¢¨¥³ £· ¢¨É Í¨¨ ¨²¨
É¥³¶¥· ÉÊ·´ÒÌ £· ¤¨¥´Éμ¢ μ¤´μ§´ Î´μ μ¶·¥¤¥²Ö¥É¸Ö. � §´ Î¨É, ¶μ²μ¦¥´¨Ö
¨ ¶·μ£¨¡Ò μÉ¤¥²Ó´ÒÌ ¤¥É¥±Éμ·´ÒÌ É·Ê¡μ± ± ³¥·Ò ³μ£ÊÉ ¡ÒÉÓ μ¶·¥¤¥²¥´Ò ¸
¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢´ÊÉ·¥´´¨Ì ¨ ¢´¥Ï´¨Ì μ¶É¨Î¥¸±¨Ì ¸¨-
¸É¥³ ³μ´¨Éμ·¨·μ¢ ´¨Ö, ¶μ± § ´¨Ö ±μÉμ·ÒÌ ¡Ê¤ÊÉ § ¶¨¸Ò¢ ÉÓ¸Ö ¢ ¡ §Ê ¤ ´´ÒÌ
¨ ÊÎ¨ÉÒ¢ ÉÓ¸Ö ¶·¨ μ¡· ¡μÉ±¥ ·¥§Ê²ÓÉ Éμ¢ Ô±¸¶¥·¨³¥´É .

�·¨ ¨´¸É ²²ÖÍ¨¨ μÉ¤¥²Ó´ÒÌ ³μ¤Ê²¥°,   ¢ ¤ ²Ó´¥°Ï¥³ ¨ ¶·¨ Ô±¸¶²Ê É -
Í¨¨ Ê¸É ´μ¢±¨ ATLAS ¤μ¶Ê¸± ÕÉ¸Ö μ¶·¥¤¥²¥´´Ò¥ ¤¥Ëμ·³ Í¨¨ ¥¥ ¸¨²μ¢μ°
¸É·Ê±ÉÊ·Ò §  ¸Î¥É £· ¢¨É Í¨¨, É¥³¶¥· ÉÊ·´ÒÌ £· ¤¨¥´Éμ¢ ¨ ¤¥°¸É¢¨Ö ³ £-
´¨É´μ£μ ¶μ²Ö. Š·¥¶²¥´¨¥ ± ³¥· ´¥ ´  ±¨´¥³ É¨Î¥¸±¨Ì ¶μ¤¢¥¸± Ì ¶·¨ ÔÉ¨Ì
¢μ§¤¥°¸É¢¨ÖÌ ¢Ò§Ò¢ ²μ ¡Ò ¢´ÊÉ·¥´´¨¥ Ê¸¨²¨Ö ¨ ´¥¶·¥¤¸± §Ê¥³Ò¥ ¤¥Ëμ·³ -
Í¨¨ ¢ ± ³¥· Ì,   ¸μμÉ¢¥É¸É¢¥´´μ, ¶μÉ¥·Õ ÉμÎ´μ¸É¨ μ¶·¥¤¥²¥´¨Ö ¶μ²μ¦¥´¨° ¨
¶·μ£¨¡μ¢ μÉ¤¥²Ó´ÒÌ ¤¥É¥±Éμ·´ÒÌ É·Ê¡μ±.

„²Ö ¶·μ¢¥·±¨ ËÊ´±Í¨μ´ ²Ó´μ¸É¨ ¸¨¸É¥³Ò ¶μ¤¢¥¸  ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¸²¥-
¤ÊÕÐ¨¥ ¨¸¶ÒÉ ´¨Ö: ¸μ¡· ´´Ò° ¢ É· ´¸¶μ·É´μ° Ë¥·³¥ ³μ¤Ê²Ó ¶μ¤´¨³ ²¸Ö ¨
μ¶Ê¸± ²¸Ö §  μ¤¨´ ¨§ ±· ¥¢, ´  Ê£μ² ¤μ 32,5◦ μÉ £μ·¨§μ´É ²Ó´μ£μ ¶μ²μ¦¥´¨Ö.
‚ ¶·μÍ¥¸¸¥ ¶μ¤Ñ¥³  ¨ μ¶Ê¸± ´¨Ö ¤²Ö · §²¨Î´ÒÌ Ê£²μ¢ ´ ±²μ´  § ¶¨¸Ò¢ ²¨¸Ó
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¨¸. 4. �É ¶Ò ¶·μÍ¥¸¸  ¨´É¥£· Í¨¨ MDT- ¨ RPC-± ³¥· ¢ ¥¤¨´Ò° ³μ¤Ê²Ó
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¨¸. 5. „¨ £· ³³  ¨§³¥·¥´¨Ö ¶·μ£¨¡μ¢ ± ³¥·Ò ¶·¨ ¶μ¤´¨³ ´¨¨ ±· Ö ´  · §´Ò¥ Ê£²Ò
ϕ. ‘¶²μÏ´ Ö ²¨´¨Ö Å ·¥§Ê²ÓÉ É  ¶¶·μ±¸¨³ Í¨¨

¶μ± § ´¨Ö ¢´ÊÉ·¥´´¥° μ¶É¨Î¥¸±μ° ¸¨¸É¥³Ò RASNIK [10], μ¶·¥¤¥²ÖÕÐ¥° ¤¥-
Ëμ·³ Í¨¨ ± ³¥·Ò. 
¥§Ê²ÓÉ ÉÒ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 5.

‡ ¢¨¸¨³μ¸ÉÓ ¶·μ£¨¡  ± ³¥·Ò μÉ Ê£²  ´ ±²μ´  ϕ Ìμ·μÏμ μ¶¨¸Ò¢ ¥É¸Ö
ËÊ´±Í¨¥° P0 · cos(ϕ + P1). 
¥§Ê²ÓÉ É ¶μ± §Ò¢ ¥É, ÎÉμ ¢²¨Ö´¨¥ ¸¨¸É¥³Ò
¸μ¢³¥¸É´μ° ¶μ¤¢¥¸±¨ ´  ¤¥Ëμ·³ Í¨Õ ± ³¥·Ò ´¥¸ÊÐ¥¸É¢¥´´μ. „²Ö ³ ²¥´Ó-
±¨Ì Ê£²μ¢ ´ ±²μ´  ´¥§´ Î¨É¥²Ó´μ¥ · ¸Ìμ¦¤¥´¨¥ ¢Ò§¢ ´μ É·¥´¨¥³ ³¥¦¤Ê Ô²¥-
³¥´É ³¨ ±μ´¸É·Ê±Í¨¨ ¶μ¤¢¥¸±¨. ‚ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¥ BMS/BMF-
± ³¥·Ò ¨³¥ÕÉ ´ ±²μ´Ò ±22,5 ¨ ±67,5◦ ± £μ·¨§μ´ÉÊ, ¶·¨ ±μÉμ·ÒÌ ¢²¨Ö´¨¥
É·¥´¨Ö ³¥´¥¥ ¸ÊÐ¥¸É¢¥´´μ.

�·¨ ¸¡μ·±¥ ± ¦¤μ° ± ³¥·Ò ´  ¢Ò¸μ±μÉμÎ´μ³ ¸¡μ·μÎ´μ³ ¸Éμ²¥ ¸· §Ê ¶μ-
¸²¥ ¸±²¥°±¨ ¸¶¥°¸¥·  ´  ´¥³ Ê¸É ´ ¢²¨¢ ² ¸Ó ¢´ÊÉ·¥´´ÖÖ ¸¨¸É¥³  ³μ´¨Éμ-
·¨·μ¢ ´¨Ö RASNIK, ¸ ¶μ³μÐÓÕ ±μÉμ·μ° μ¶·¥¤¥²Ö²¨¸Ó ¨ § ´μ¸¨²¨¸Ó ¢ ¡ §Ê
¤ ´´ÒÌ ´ Î ²Ó´Ò¥ ¶μ± § ´¨Ö Å ®´Ê²¥¢μ° ¶·μ£¨¡¯ X0. ‚ ¤ ²Ó´¥°Ï¥³ ¶·μ-
Í¥¸¸¥ ¸±²¥°±¨ ¢¸¥ ¶μ¸²¥¤ÊÕÐ¨¥ ¨§³¥·¥´¨Ö ¸· ¢´¨¢ ²¨¸Ó ¸ X0. „²Ö ³ ±-
¸¨³ ²Ó´μ£μ ¶·¨¡²¨¦¥´¨Ö ¶·μ£¨¡  μÉ¤¥²Ó´μ° ¤¥É¥±Éμ·´μ° É·Ê¡±¨ ± ¸μμÉ¢¥É-
¸É¢ÊÕÐ¥³Ê ¶·μ¢¨¸ ´¨Õ ¸¨£´ ²Ó´μ° ¶·μ¢μ²μÎ±¨ ´  BMS/BMF-± ³¥·¥, Ê¸É -
´μ¢²¨¢ ¥³μ° ¢ μ¶·¥¤¥²¥´´Ò° ¸¥±Éμ· ¸ § ¤ ´´Ò³ Ê£²μ³ ´ ±²μ´ , ¶·μ¢μ¤¨-
² ¸Ó μ¶¥· Í¨Ö ·¥£Ê²¨·μ¢±¨ ¶·μ£¨¡ . „²Ö ÔÉμ£μ ¤μ μ¶Ê¸± ´¨Ö ³μ¤Ê²Ö ¢ Ï ÌÉÊ
ATLAS ¸ ¶μ³μÐÓÕ ¸¶¥Í¨ ²Ó´μ° ¸¨¸É¥³Ò ·¥£Ê²¨·μ¢ ´¨Ö ¶·μ£¨¡ , ¢¸É·μ¥´´μ°
¢ ± ³¥·Ê, ¢¢μ¤¨²¨¸Ó μ¶·¥¤¥²¥´´Ò¥ ¢¥²¨Î¨´Ò ±μ··¥±Í¨¨ ¶·μ£¨¡  ¤¥É¥±Éμ· 
(Xtarg et), μÉ¸Î¨ÉÒ¢ ¥³Ò¥ μÉ´μ¸¨É¥²Ó´μ X0.
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�·μ£¨¡ ± ³¥·Ò Sm (¥£μ ³ ±¸¨³ ²Ó´μ¥ §´ Î¥´¨¥ ¶μ¸·¥¤¨´¥ ¤¥É¥±Éμ·´ÒÌ
É·Ê¡μ±) ¤²Ö Ê£²  ´ ±²μ´  ϕ ¤ ¥É¸Ö ¸μμÉ´μÏ¥´¨¥³

Sm(ϕ) = Sg(ϕ) + Sb, (1)

£¤¥ Sg(ϕ) Å £· ¢¨É Í¨μ´´Ò° ¶·μ£¨¡ ± ³¥·Ò, μ¤¨´ ±μ¢Ò° ¤²Ö ± ³¥· μ¤´μ£μ
É¨¶ ; Sb Å ´¥μ¶·¥¤¥²¥´´ Ö ¸μ¸É ¢²ÖÕÐ Ö ¶·μ£¨¡ , ¨´¤¨¢¨¤Ê ²Ó´ Ö ¤²Ö ± -
¦¤μ° ± ³¥·Ò ¨ ¢Ò§¢ ´´ Ö ¶μ£·¥Ï´μ¸ÉÖ³¨ ¸¡μ·±¨.

�·¨ Ê£²¥ ´ ±²μ´  ϕ (´ ¶·¨³¥·, ¤²Ö BMS-± ³¥· ¨§ 10-£μ ¸¥±Éμ·  ϕ =
67,5◦) £· ¢¨É Í¨μ´´Ò° ¶·μ£¨¡ ³¥´Ö¥É¸Ö ¶μ § ±μ´Ê ±μ¸¨´Ê¸ :

Sg(ϕ) = Sg(00) · cosϕ. (2)

’ ± ± ± Sb ´¥ § ¢¨¸¨É μÉ Ê£²  ´ ±²μ´ , ¨¸¶μ²Ó§ÊÖ Ê· ¢´¥´¨Ö (1) ¨ (2), ¶μ²ÊÎ ¥³

Sm(ϕ) = Sg(00) · cosϕ − Sg(00) + Sm(00),

Sm(ϕ) = Sg(ϕ) + Sb = −Sg(00) · (1 − cosϕ) + Sm(00).

–¥²Ó ¶·μÍ¥¸¸  ±μ··¥±Í¨¨ ¶·μ£¨¡  ¸μ¸Éμ¨É ¢ ¶·¨¢¥¤¥´¨¨ ¶·μ£¨¡  ± ³¥·Ò ±
¶·μ£¨¡Ê ¶·μ¢μ²μÎ±¨ Sw(ϕ) ¶ÊÉ¥³ ¶μ¶· ¢±¨ Scor

Sm(ϕ) + Scor = Sw(ϕ)Scor = Sw(ϕ) − Sm(ϕ).

‘ ±μ¸¨´Ê¸μ¨¤ ²Ó´μ° § ¢¨¸¨³μ¸ÉÓÕ ¶·μ£¨¡  ¶·μ¢μ²μÎ±¨ Sw(ϕ) = Sw(00) ×
cosϕ ¤²Ö ²Õ¡μ° ± ³¥·Ò ¤ ´´μ£μ É¨¶  ³Ò ¨³¥¥³

Scor = Sw(00) · cosϕ + Sg(00) · (1 − cosϕ) − Sm(00).

…¸²¨ ³Ò ¨§³¥·¨³ Sref
cor ¨ Sref

m (00) μ¤´μ° ·¥Ë¥·¥´¸´μ° ± ³¥·Ò ¶ÊÉ¥³ ¥¥ ´ ±²μ´ 
´  φ, Éμ ¶μ¶· ¢±¨ ¶·μ£¨¡μ¢ ¤²Ö μ¸É ²Ó´ÒÌ ± ³¥· ¤ ´´μ£μ É¨¶  ¡Ê¤ÊÉ

Scor = Sref
cor + Sref

m (00) − Sm(00)

’ ±¨³ μ¡· §μ³, ¶·μ£¨¡Ò, ±μÉμ·Ò¥ ´¥μ¡Ìμ¤¨³μ ¢Ò¸É ¢¨ÉÓ ¶·¨ £μ·¨§μ´É ²Ó´μ³
· ¸¶μ²μ¦¥´¨¨ (0◦) μ¸É ²Ó´ÒÌ ± ³¥· É ±μ£μ ¦¥ É¨¶ , ¢Ò¢μ¤ÖÉ¸Ö ¸ ¶μ³μÐÓÕ
¶μ¶· ¢μ±, ¶μ²ÊÎ¥´´ÒÌ ¶μ ¨§³¥·¥´¨Ö³ ·¥Ë¥·¥´¸´μ° ± ³¥·Ò:

St arg et(00) = Sm(00) + Scor = Sw(ϕ) + Sref
m (00) − Sref

m (ϕ). (3)

‚¥²¨Î¨´  ¶·μ£¨¡  Sm(ϕ) ¸¢Ö§ ´  ¸ ¶μ± § ´¨Ö³¨ Xm(ϕ) ¸¨¸É¥³Ò ¢´ÊÉ·¥´´¥°
Õ¸É¨·μ¢±¨ RASNIK ¸²¥¤ÊÕÐ¥° § ¢¨¸¨³μ¸ÉÓÕ

Sm(ϕ) =
ε

2
· [Xm(ϕ) − X0],
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£¤¥ X0 Å ®´Ê²¥¢μ° ¶·μ£¨¡¯Å ¶μ± § ´¨¥ ¸¨¸É¥³Ò ´  £· ´¨É´μ³ ¸Éμ²¥ ¤μ
± ±¨Ì-²¨¡μ ¶¥·¥³¥Ð¥´¨° ·¥£Ê²¨·μ¢μÎ´ÒÌ ¢¨´Éμ¢ ¸¨¸É¥³Ò ·¥£Ê²¨·μ¢±¨ ¶·μ-
£¨¡ . ŠμÔËË¨Í¨¥´É ε ¨³¥¥É §´ Î¥´¨Ö +1 ¨²¨ Ä1 ¢ § ¢¨¸¨³μ¸É¨ μÉ μ·¨¥´É Í¨¨
Ô²¥³¥´Éμ¢ μ¶É¨Î¥¸±μ° ¸¨¸É¥³Ò RASNIK μÉ´μ¸¨É¥²Ó´μ ± ³¥·Ò. ’μ£¤  Ëμ·-
³Ê²Ê (3) ³μ¦´μ ¶¥·¥¶¨¸ ÉÓ, ¶μ¤¸É ¢²ÖÖ RASNIK-¶¥·¥³¥´´Ò¥:

ε · [Xtarg et(00) − X0] = 2 · Sw(ϕ) + εref [Xref
m (00) − Xref

m (ϕ)].

�μ²ÊÎ ¥³ μ±μ´Î É¥²Ó´μ¥ ¢Ò· ¦¥´¨¥ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¶μ¶· ¢μÎ´μ° ¢¥²¨Î¨´Ò
¤²Ö ¶¥·¥³¥´´ÒÌ RASNIK-¸¨¸É¥³Ò:

Xtarget(00) = X0 + 2 · ε · Sw(ϕ) + ε · εref · [Xref
m (00) − Xref

m (ϕ)] (4)

�·μ£¨¡ ¶·μ¢μ²μÎ±¨ ¤²Ö £μ·¨§μ´É ²Ó´μ · ¸¶μ²μ¦¥´´μ° ± ³¥·Ò ³μ¦´μ

¢ÒÎ¨¸²¨ÉÓ ¶μ Ëμ·³Ê²¥ Sw(00) =
g

32 · f2
[8], £¤¥ g = 9,81 ³/c2 Å ¢¥²¨-

Î¨´  £· ¢¨É Í¨μ´´μ£μ Ê¸±μ·¥´¨Ö; f Å Î ¸ÉμÉ  ¸μ¡¸É¢¥´´ÒÌ ±μ²¥¡ ´¨° ¶·μ¢μ-
²μÎ±¨. 	´  ¶·μ¢¥·Ö² ¸Ó ´  ¢¸¥Ì ¸μ¡· ´´ÒÌ ¤¥É¥±Éμ·´ÒÌ É·Ê¡± Ì [9] ¨ ¸μ¸É -
¢²Ö¥É ¤²Ö BMS/BMF-± ³¥· ∼49 ƒÍ, ¶·μ¢¨¸ ´¨¥ ¶·μ¢μ²μÎ±¨, ¸μμÉ¢¥É¸É¢¥´´μ,
∼135 ³±³.

‚ É ¡²¨Í¥ ¤²Ö ¶·¨³¥·  ¶·¨¢μ¤ÖÉ¸Ö ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö ¢¥²¨Î¨´Ò Xm

RASNIK-¸¨¸É¥³Ò ¤²Ö ¤¢ÊÌ ¥¥ ¶·Ö³ÒÌ ²ÊÎ¥° ¢ Ï¥¸É¨ BMS-± ³¥· Ì ¨§ ¸¥±-
Éμ·  �-16. ‚ ¤ ´´μ³ ¸²ÊÎ ¥ ·¥Ë¥·¥´¸´Ò¥ ¨§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ´  ± ³¥·¥
BMS3C16.

’¨¶ ε X0, ³³ Xtarget , ³³ Xm(0◦), ³³ X(67,5◦) Xm(67,5◦) ΔX
± ³¥·Ò ¨¤¥ ²Ó´., ³³ ·¥ ²Ó´., ³³

BMS1A16 1 27,964 28,532 28,501 28,056 28,035 Ä0,021
BMS1A16 Ä1 27,703 27,137 27,098 27,611 27,557 Ä0,054
BMS2A16 1 66,289 66,869 66,900 66,381 66,442 0,061
BMS2A16 Ä1 27,666 27,104 27,051 27,574 27,496 Ä0,078
BMS3A16 1 47,780 48,354 48,363 47,872 47,887 0,015
BMS3A16 Ä1 28,205 27,645 27,648 28,113 28,115 0,002
BMS4A16 1 85,215 85,729 85,734 85,307 85,278 Ä0,029
BMS4A16 Ä1 66,483 65,953 65,927 66,391 66,381 Ä0,010
BMS5A16 1 65,210 65,777 65,737 65,302 65,348 0,046
BMS5A16 Ä1 47,754 47,183 47,204 47,662 47,578 Ä0,084
BMS6A16 1 28,486 29,054 29,069 28,578 28,625 0,047
BMS6A16 Ä1 86,068 85,502 85,491 85,976 85,915 Ä0,061

‚ ¶μ¸²¥¤´¥³ ¸Éμ²¡Í¥ É ¡²¨ÍÒ ¶·¨¢¥¤¥´Ò · §´μ¸É¨ ¢¥²¨Î¨´ X ³¥¦¤Ê
¶·¥¤¶μ² £ ¥³Ò³¨ ¨ ·¥ ²Ó´Ò³¨ ¶·μ£¨¡ ³¨ ΔX = X(67,5◦)¨¤¥ ²Ó´. − Xm

(67,5◦)·¥ ²Ó´.. ‚¨¤´μ, ÎÉμ μÉ±²μ´¥´¨¥ ΔX μÉ ¤μ¶Ê¸É¨³μ° ¢¥²¨Î¨´Ò ³ ²μ
¨ ´¥ ¶·¥¢ÒÏ ¥É ¤μ¶Ê¸É¨³μ£μ 100-³±³ ¶·¥¤¥² .
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�  ·¨¸. 1, ¡ ¶μ± § ´ ³μ³¥´É μ¶Ê¸± ´¨Ö ¢ Ï ÌÉÊ ATLAS μ¤´μ£μ ¨§ ³μ¤Ê²¥°
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