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‚ Ô±¸¶¥·¨³¥´É¥ CMS, ± ± ¨ ¢ ¤·Ê£¨Ì ±·Ê¶´ÒÌ Ô±¸¶¥·¨³¥´É Ì ´  ¡μ²ÓÏμ³  ¤·μ´-
´μ³ ±μ²² °¤¥·¥ (��Š), É·¥¡Ê¥É¸Ö ¸ ¢Ò¸μ±μ° ¸±μ·μ¸ÉÓÕ μ¡· ¡ ÉÒ¢ ÉÓ μ£·μ³´Ò° ¶μÉμ±
¨´Ëμ·³ Í¨¨. 	Éμ ´ ±² ¤Ò¢ ¥É ¦¥¸É±¨¥ Ê¸²μ¢¨Ö ´  ¢ÒÎ¨¸²¨É¥²Ó´Ò¥ ±μ³¶²¥±¸Ò (‚Š), ¸μ-
§¤ ¢ ¥³Ò¥ ¤²Ö μ¡· ¡μÉ±¨ ¤ ´´ÒÌ. „²Ö μ¡· ¡μÉ±¨ ¨  ´ ²¨§  ¤ ´´ÒÌ,  ±±Ê³Ê²¨·Ê¥³ÒÌ ¢
Ô±¸¶¥·¨³¥´É Ì LHC, ¸μ§¤ ´  · §¢¥É¢²¥´´ Ö £·¨¤-¨´Ë· ¸É·Ê±ÉÊ· , ´ §Ò¢ ¥³ Ö LHC-£·¨¤
(WLCG), Ô²¥³¥´É ³¨ ±μÉμ·μ° Ö¢²ÖÕÉ¸Ö ‚Š ‹ˆ’ �ˆŸˆ ¨ ��– •”’ˆ. �  ¨Ì ¡ §¥ ¸μ-
§¤ ´Ò ·¥£¨μ´ ²Ó´Ò¥ ¢ÒÎ¨¸²¨É¥²Ó´Ò¥ ¸¨¸É¥³Ò, ±μÉμ·Ò¥ ± ³μ³¥´ÉÊ § ¶Ê¸±  ��Š ¢ 2009 £.
Ê¸¶¥Ï´μ ¸¥·É¨Ë¨Í¨·μ¢ ´Ò ¢ £·¨¤-¨´Ë· ¸É·Ê±ÉÊ·¥ CMS ± ± Í¥´É·Ò 2-£μ Ö·Ê¸  WLCG
¨ ¤¥³μ´¸É·¨·ÊÕÉ ¢Ò¸μ±¨° Ê·μ¢¥´Ó ¸É ¡¨²Ó´μ¸É¨ ¨ ± Î¥¸É¢  · ¡μÉÒ. ‚ÒÎ¨¸²¨É¥²Ó´Ò¥
·¥¸Ê·¸Ò ÔÉ¨Ì Í¥´É·μ¢ ¢Ò¤¥²ÖÕÉ¸Ö ¶·¥¦¤¥ ¢¸¥£μ ¤²Ö  ´ ²¨§  Ê¦¥ μ¡· ¡μÉ ´´ÒÌ (¨²¨
Î ¸É¨Î´μ μ¡· ¡μÉ ´´ÒÌ) ¤ ´´ÒÌ CMS. 	Éμ ¶·¥¤¶μ² £ ¥É μ¡¥¸¶¥Î¥´¨¥ ¤μ²¦´μ° ±μ´Ë¨-
£Ê· Í¨¨ Ô²¥³¥´Éμ¢ WLCG (¢ Î ¸É´μ¸É¨ Ì· ´¨²¨Ð ¨´Ëμ·³ Í¨¨) ´  Ê§² Ì ±μ³¶²¥±¸μ¢
¨ ´ ¤¥¦´μ¸É¨ ËÊ´±Í¨μ´¨·μ¢ ´¨Ö ± ± £·¨¤-¸²Ê¦¡, É ± ¨ ¸¶¥Í¨ ²¨§¨·μ¢ ´´μ£μ ¶·μ£· ³³-
´μ£μ μ¡¥¸¶¥Î¥´¨Ö ¤²Ö ·¥±μ´¸É·Ê±Í¨¨ ¨  ´ ²¨§  ¸μ¡ÒÉ¨°, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¤¥É¥±Éμ·μ³
CMS. �¡¸Ê¦¤ ÕÉ¸Ö ¸É¥¶¥´Ó £μÉμ¢´μ¸É¨ ‚Š ‹ˆ’ �ˆŸˆ ¨ ��– •”’ˆ ± § ¶Ê¸±Ê ��Š ¨
¶μ²ÊÎ¥´¨Õ ¶¥·¢ÒÌ Ë¨§¨Î¥¸±¨Ì ¤ ´´ÒÌ,   É ±¦¥ ·¥§Ê²ÓÉ ÉÒ ±·Ê¶´μ³ ¸ÏÉ ¡´ÒÌ ¶·μ¢¥·μ±
£·¨¤-¨´Ë· ¸É·Ê±ÉÊ·Ò Ô±¸¶¥·¨³¥´É  CMS.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ¨´Ëμ·³ Í¨μ´´ÒÌ É¥Ì´μ²μ£¨° �ˆŸˆ.

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2010

Bunetsky O. O. et al. P11-2010-11
Preparation of NSC KIPT and JINR Grid-Infrastructures for Data Analysis
at the CMS Experiment (CERN)

At the running phase of the LHC experiments the requirements on computing centers for
the LHC experiments, including CMS, are very strict because it would be necessary to process
a huge amount of data at very high speed. For these purposes, a special distributed global
grid-infrastructure named WLCG has been constructed. JINR LIT and ®Kharkov Institute
of Physics and Technology¯ (NSC KIPT) computing centers, intergarted into the WLCG
infrastructure and certiˇed at the CMS experiment as CMS Tier2 centers, demonstrate a high
level of reliabilty at their operation. These centers' computing resources are mostly dedicated
for analysis of CMS data. A proper WLCG elements conˇguration at JINR LIT and NSC
KIPT grid-sites (especially Storage Elements) should be provided and actual versions of CMS
specialized software should be supported to make possible the reconstruction and analysis
of data registered by the CMS detector. Readiness of JINR LIT and NSC KIPT computing
centers to the LHC start-up is discussed and the results of scale testing of JINR LIT and NSC
KIPT grid-sites are presented.

The investigation has been performed at the Laboratory of Information Technologies,
JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2010
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�¤´μ° ¨§ ´ ¨¡μ²¥¥ ¸¥·Ó¥§´ÒÌ ¶·μ¡²¥³ ¶·¨ ¶μ¤£μÉμ¢±¥ Ô±¸¶¥·¨³¥´Éμ¢
´  ¡μ²ÓÏμ³  ¤·μ´´μ³ ±μ²² °¤¥·¥ (��Š) ¢ –…�� Ö¢¨²μ¸Ó ¶μ¸É·μ¥´¨¥ ÔË-
Ë¥±É¨¢´μ° ¸Ì¥³Ò ¸Ñ¥³  Ô±¸¶¥·¨³¥´É ²Ó´μ° ¨´Ëμ·³ Í¨¨ ¨ ¥¥ · ¸¶·¥¤¥²¥´¨Ö
¤²Ö ¶μ¸²¥¤ÊÕÐ¥° Ê¤ ²¥´´μ° μ¡· ¡μÉ±¨. �μÉμ± ¤ ´´ÒÌ,  ±±Ê³Ê²¨·Ê¥³ÒÌ ¢
Î¥ÉÒ·¥Ì ±·Ê¶´ÒÌ Ô±¸¶¥·¨³¥´É Ì ��Š Å ATLAS, CMS, ALICE ¨ LHCb,
¶μ ¸¢μ¥° ¢¥²¨Î¨´¥ ³´μ£μ±· É´μ ¶·¥¢μ¸Ìμ¤¨É ¸±μ·μ¸ÉÓ ´ ±μ¶²¥´¨Ö ¶μ²ÊÎ -
¥³μ° ¨´Ëμ·³ Í¨¨ ¸ ¸ÊÐ¥¸É¢μ¢ ¢Ï¨Ì · ´¥¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ Ê¸É ´μ¢μ±.
�·μ¥±É´ Ö ¸¢¥É¨³μ¸ÉÓ ��Š 1034 ¸³−2 · ¸−1 ¸μμÉ¢¥É¸É¢Ê¥É ∼ 109 ¶·μÉμ´-
¶·μÉμ´´ÒÌ ¸μÊ¤ ·¥´¨° ¢ ¸¥±Ê´¤Ê ¶·¨ ·¥±μ·¤´μ° (¤²Ö ² ¡μ· Éμ·´ÒÌ Ê¸²μ¢¨°)
Ô´¥·£¨¨ 14 ’Ô‚ ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ ¤¢ÊÌ ¶·μÉμ´μ¢. �¥£¨¸É· Í¨Ö μ¡· §Ê-
¥³ÒÌ ¢ ÔÉ¨Ì ¢§ ¨³μ¤¥°¸É¢¨ÖÌ Î ¸É¨Í μ¸ÊÐ¥¸É¢²Ö¥É¸Ö Î¥ÉÒ·Ó³Ö ¤¥É¥±Éμ· ³¨,
· ¸¶μ²μ¦¥´´Ò³¨ ¢ ÉμÎ± Ì ¶¥·¥¸¥Î¥´¨Ö ¶ÊÎ±μ¢ ±μ²² °¤¥· . �¤¨´ ¨§ ÔÉ¨Ì ¤¥-
É¥±Éμ·μ¢, Compact Muon Solenoid (CMS), ¤ ² ´ §¢ ´¨¥ ¸μμÉ¢¥É¸É¢ÊÕÐ¥³Ê
Ô±¸¶¥·¨³¥´ÉÊ [1], Ö¢²ÖÕÐ¥³Ê¸Ö ³´μ£μÍ¥²¥¢Ò³ ¶μ ¸¢μ¨³ ´ ÊÎ´Ò³ § ¤ Î ³.
�·μ£· ³³  ¨¸¸²¥¤μ¢ ´¨° Ô±¸¶¥·¨³¥´É  CMS [2] ¶·¨§¢ ´ , ¢ Î ¸É´μ¸É¨, ¶·μ-
²¨ÉÓ ¸¢¥É ´  ³¥Ì ´¨§³ ¢μ§´¨±´μ¢¥´¨Ö ³ ¸¸ Î ¸É¨Í (¶μ¨¸± ¡μ§μ´  •¨££¸  ‘É ´-
¤ ·É´μ° ³μ¤¥²¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¤²Ö ¢¸¥£μ ¶·¥¤¶μ² £ ¥³μ£μ ¤¨ ¶ §μ´ 
¥£μ ³ ¸¸), ¶·¨·μ¤Ê ¸ÊÐ¥¸É¢ÊÕÐ¥° ¢μ ‚¸¥²¥´´μ° ®É¥³´μ° ³ É¥·¨¨¯ (¶μ¨¸±
Î ¸É¨Í, ¶·¥¤¸± §Ò¢ ¥³ÒÌ ¸Ê¶¥·¸¨³³¥É·¨Î´Ò³¨ · ¸Ï¨·¥´¨Ö³¨ ‘É ´¤ ·É´μ°
³μ¤¥²¨), ¶·¨Î¨´Ê ¤¨¸¡ ² ´¸  ±μ²¨Î¥¸É¢ ¢¥Ð¥¸É¢  ¨  ´É¨¢¥Ð¥¸É¢  ¢μ ‚¸¥²¥´-
´μ° (¨§ÊÎ¥´¨¥ ·¥¤±¨Ì · ¸¶ ¤μ¢ B-³¥§μ´μ¢ ¸ ´ ·ÊÏ¥´¨¥³ CP -¸¨³³¥É·¨¨),
¢μ§³μ¦´μ¸ÉÓ ¸ÊÐ¥¸É¢μ¢ ´¨Ö Ô±§μÉ¨Î¥¸±¨Ì ¸μ¸ÉμÖ´¨°  ¤·μ´´μ° ³ É¥·¨¨ (¨§Ê-
Î¥´¨¥ ¸μÊ¤ ·¥´¨° ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¢Ò¸μ±¨Ì Ô´¥·£¨°). ’ ±¨³ μ¡· §μ³,  ´ ²¨§
¶μ²ÊÎ¥´´μ° ¢ ÔÉμ³ Ô±¸¶¥·¨³¥´É¥ ¨´Ëμ·³ Í¨¨ ¶μ§¢μ²¨É ¸¤¥² ÉÓ ¢Ò¤ ÕÐ¨¥¸Ö
μÉ±·ÒÉ¨Ö, ±μÉμ·Ò¥ ³μ£ÊÉ μ¶·¥¤¥²¨ÉÓ ¤ ²Ó´¥°Ï¥¥ · §¢¨É¨¥ Ë¨§¨±¨ ³¨±·μ³¨· 
´  ¤¥¸ÖÉ¨²¥É¨Ö ¢¶¥·¥¤.

‘²μ¦´ Ö ³´μ£μÊ·μ¢´¥¢ Ö ¸¨¸É¥³  É·¨££¥·  ¢ Ô±¸¶¥·¨³¥´É¥ CMS μÉ¡¨· ¥É
¤²Ö Ê¤ ²¥´´μ° μ¡· ¡μÉ±¨ ¨  ´ ²¨§  10−7 μÉ μ¡Ð¥£μ ¶μÉμ±  ¸μ¡ÒÉ¨°. „·Ê£¨³¨
¸²μ¢ ³¨, ¸±μ·μ¸ÉÓ ¶¥·¥¤ Î¨ ¸μ¡ÒÉ¨° ¢ ·¥£¨μ´ ²Ó´Ò¥ Í¥´É·Ò ¤²Ö § ¶¨¸¨ ¢ ¢Ò-
¸μ±μ¶·μ¨§¢μ¤¨É¥²Ó´ÒÌ Ì· ´¨²¨Ð Ì ¤ ´´ÒÌ ¸μ¸É ¢¨É ∼ 100 ƒÍ. �·¨ ¶·¥¤¶μ-
² £ ¥³μ³ ¸·¥¤´¥³ · §³¥·¥ μ¤´μ£μ ¸μ¡ÒÉ¨Ö CMS ∼ 1 Œ¡ °É ÔÉμ ¸μμÉ¢¥É¸É¢Ê¥É
¸±μ·μ¸É¨ ¶¥·¥¤ Î¨ ¨´Ëμ·³ Í¨¨ ∼ 100 Œ¡ °É/c (¸¢ÒÏ¥ ∼ 1 �¡ °É/£μ¤). ’ -
±¨³ μ¡· §μ³, ¢ Ô±¸¶¥·¨³¥´É¥ CMS (± ± ¨ ¢ μ¸É ²Ó´ÒÌ Ô±¸¶¥·¨³¥´É Ì ��Š)
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É·¥¡Ê¥É¸Ö ¸ ¢Ò¸μ±μ° ¸±μ·μ¸ÉÓÕ μ¡· ¡ ÉÒ¢ ÉÓ ¡¥¸¶·¥Í¥¤¥´É´Ò° ¤²Ö Ë¨§¨±¨
¢Ò¸μ±¨Ì Ô´¥·£¨° ¶μÉμ± ¨´Ëμ·³ Í¨¨. �¥Ï¥´¨¥ ÔÉμ° § ¤ Î¨ μ± §Ò¢ ¥É¸Ö ¢μ§-
³μ¦´Ò³ ²¨ÏÓ ¶·¨ ¶μ³μÐ¨ · ¸¶ · ²²¥²¨¢ ´¨Ö μ¡Ð¥£μ ¶μÉμ±  ¶μ¸ÉÊ¶ ÕÐ¥°
Ô±¸¶¥·¨³¥´É ²Ó´μ° ¨´Ëμ·³ Í¨¨ ¨ ´ ¶· ¢²¥´¨Ö ¥¥ ¤²Ö Ì· ´¥´¨Ö ¨ μ¡· ¡μÉ±¨
¢ ´¥¸±μ²Ó±μ ¸¶¥Í¨ ²¨§¨·μ¢ ´´ÒÌ ·¥£¨μ´ ²Ó´ÒÌ Í¥´É·μ¢ ¸ μ¡¥¸¶¥Î¥´¨¥³ ÔË-
Ë¥±É¨¢´μ£μ ¨ ´ ¤¥¦´μ£μ ¤μ¸ÉÊ¶  ± ´¥° ¶·¨ ¢Ò¶μ²´¥´¨¨ · ¸¶·¥¤¥²¥´´ÒÌ ¢Ò-
Î¨¸²¥´¨°. ‘ ÔÉμ° Í¥²ÓÕ ¸μ§¤ ´  £²μ¡ ²Ó´ Ö £·¨¤-¨´Ë· ¸É·Ê±ÉÊ· , ´ §Ò¢ ¥³ Ö
Worldwide LHC Grid (WLCG) [3].

�μ ¶·¥¤¢ ·¨É¥²Ó´Ò³ μÍ¥´± ³ ¤²Ö ¢Ò¤¥²¥´¨Ö ¸μ¡ÒÉ¨°, ´¥¸ÊÐ¨Ì ¨´Ëμ·-
³ Í¨Õ μ ®´μ¢μ° Ë¨§¨±¥¯, ´¥μ¡Ìμ¤¨³μ μ¡· ¡μÉ ÉÓ ¨ ¶·μ ´ ²¨§¨·μ¢ ÉÓ ∼ 109

¸μ¡ÒÉ¨° CMS (1015 ¡ °É ¨´Ëμ·³ Í¨¨). 	Éμ ´ ±² ¤Ò¢ ¥É Î·¥§¢ÒÎ °´μ ¦¥¸É-
±¨¥ Ê¸²μ¢¨Ö ´  ¶ · ³¥É·Ò ¢ÒÎ¨¸²¨É¥²Ó´ÒÌ ¸¨¸É¥³ (¥³±μ¸ÉÓ ¤¨¸±μ¢ÒÌ Ì· ´¨-
²¨Ð ¤ ´´ÒÌ, Ï¨·¨´  ± ´ ²μ¢ ¢´¥Ï´¥° ¸¢Ö§¨, ¶·μÎ.), ¢Ìμ¤ÖÐ¨Ì ¢ WLCG ¨
¢Ò¤¥²ÖÕÐ¨Ì ·¥¸Ê·¸Ò ¤²Ö μ¡· ¡μÉ±¨ ¤ ´´ÒÌ Ô±¸¶¥·¨³¥´É  CMS.

‚ ¶μ¸²¥¤´¨¥ £μ¤Ò ¢ ‹ˆ’ �ˆŸˆ ¨ ��– •”’ˆ ¸μ§¤ ´Ò ¸μ¢·¥³¥´´Ò¥
¸¶¥Í¨ ²¨§¨·μ¢ ´´Ò¥ ³Ê²ÓÉ¨¶·μÍ¥¸¸μ·´Ò¥ ±μ³¶²¥±¸Ò ¤²Ö ÊÎ ¸É¨Ö ¢ · ¸¶·¥-
¤¥²¥´´μ° μ¡· ¡μÉ±¥ ¤ ´´ÒÌ Ô±¸¶¥·¨³¥´É  CMS. Š ´ ¸ÉμÖÐ¥³Ê ¢·¥³¥´¨ ÔÉ¨
±μ³¶²¥±¸Ò ¨´É¥£·¨·μ¢ ´Ò ¢ WLCG (¸ ¨³¥´ ³¨ JINR-LCG2 ¨ Kharkov-KIPT-
LCG2 ¸μμÉ¢¥É¸É¢¥´´μ), § ·¥£¨¸É·¨·μ¢ ´Ò ¢ ¡ §¥ ¤ ´´ÒÌ Ô±¸¶¥·¨³¥´É  CMS
¶μ¤ ¨³¥´ ³¨ T2 RU JINR ¨ T2 UA KIPT ¨ ¸¥·É¨Ë¨Í¨·μ¢ ´Ò ± ± ’2-Í¥´É·Ò
(·¥£¨μ´ ²Ó´Ò¥ Í¥´É·Ò 2-£μ Ö·Ê¸ ) WLCG, £μÉμ¢Ò¥ ± ¶·¨¥³Ê ¨  ´ ²¨§Ê ¤ ´´ÒÌ
ÔÉμ£μ Ô±¸¶¥·¨³¥´É .

‚ ¤ ´´μ° ¸É ÉÓ¥ ³Ò ¤ ¥³ ¨´Ëμ·³ Í¨Õ μ ¸É¥¶¥´¨ £μÉμ¢´μ¸É¨ ¢ÒÎ¨¸²¨É¥²Ó-
´ÒÌ ±μ³¶²¥±¸μ¢ (‚Š) ‹ˆ’ �ˆŸˆ ¨ ��– •”’ˆ ± § ¶Ê¸±Ê LHC ¨ ¶μ²ÊÎ¥´¨Õ
¶¥·¢ÒÌ Ë¨§¨Î¥¸±¨Ì ¤ ´´ÒÌ ¢ Ô±¸¶¥·¨³¥´É¥ CMS,   É ±¦¥ μ¡ ¨Ì ÊÎ ¸É¨¨ ¢
±·Ê¶´μ³ ¸ÏÉ ¡´ÒÌ É¥¸É Ì CMS ¶μ ¶·μ¢¥·±¥ £·¨¤-¨´Ë· ¸É·Ê±ÉÊ·Ò ¤ ´´μ£μ
Ô±¸¶¥·¨³¥´É .

‚ ¸²¥¤ÊÕÐ¥³ · §¤¥²¥ ¸Ëμ·³Ê²¨·μ¢ ´Ò μ¸´μ¢´Ò¥ ¶μ²μ¦¥´¨Ö ±μ³¶ÓÕÉ¨´-
£μ¢μ° ³μ¤¥²¨ Ô±¸¶¥·¨³¥´É  CMS. ‚ · §¤. 2 ¨ 3 ¤ ´μ ±· É±μ¥ μ¶¨¸ ´¨¥ ‚Š
‹ˆ’ �ˆŸˆ ¨ ��– •”’ˆ ¸ μ¡¸Ê¦¤¥´¨¥³ ¶ · ³¥É·μ¢ ÔÉ¨Ì ¸¨¸É¥³ ¨ μ¶·¥¤¥²¥-
´¨¥³ ¨Ì ³¥¸É  ¢ £·¨¤-¨´Ë· ¸É·Ê±ÉÊ·¥ CMS. ‡ ±²ÕÎ¥´¨¥ ¸μ¤¥·¦¨É μ¸´μ¢´Ò¥
¢Ò¢μ¤Ò.

1. Š�Œ�œ�’ˆ�ƒ�‚�Ÿ Œ�„…‹œ �Š‘�…�ˆŒ…�’� CMS

Šμ³¶ÓÕÉ¨´£μ¢ Ö ³μ¤¥²Ó Ô±¸¶¥·¨³¥´É  CMS [4] ¶·¥¤Ê¸³ É·¨¢ ¥É  ±É¨¢-
´μ¥ ¨¸¶μ²Ó§μ¢ ´¨¥ ¨´Ë· ¸É·Ê±ÉÊ·Ò WLCG, ±μÉμ·Ò°, ¢ ¸¢μÕ μÎ¥·¥¤Ó, ¶μ
¶·¨´Í¨¶ ³ ¸¢μ¥£μ ¶μ¸É·μ¥´¨Ö ¸²¥¤Ê¥É ¨¥· ·Ì¨Î¥¸±μ° ¸Ì¥³¥ ¸μ§¤ ´¨Ö ¸¥É¨ ·¥-
£¨μ´ ²Ó´ÒÌ ¢ÒÎ¨¸²¨É¥²Ó´ÒÌ Í¥´É·μ¢, ¶·¥¤²μ¦¥´´μ° ¢ · ³± Ì ¶·μ¥±É 
MONARC [5]. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö CMS ¨³¥¥É 8 Í¥´É·μ¢ 1-£μ Ö·Ê¸  (’1-
Í¥´É·μ¢) WLCG, ±μÉμ·Ò¥ ¶·¨´¨³ ÕÉ μÉ ¥¤¨´¸É¢¥´´μ£μ Í¥´É·  ®´Ê²¥¢μ£μ¯
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Ö·Ê¸ , ´ Ìμ¤ÖÐ¥£μ¸Ö ¢ –…��, ·¥ ²Ó´Ò¥ ¤ ´´Ò¥ Ô±¸¶¥·¨³¥´É  CMS, μ¸ÊÐ¥-
¸É¢²ÖÕÉ ³ ¸¸μ¢μ¥ ³μ¤¥²¨·μ¢ ´¨¥ Ë¨§¨Î¥¸±¨Ì ¸μ¡ÒÉ¨° ³¥Éμ¤μ³ Œμ´É¥-Š ·²μ,
μ¡¥¸¶¥Î¨¢ ÕÉ ·¥±μ´¸É·Ê±Í¨Õ ¸μ¡ÒÉ¨° ¨ Ì· ´¥´¨¥ ¢¸¥Ì É¨¶μ¢ ¤ ´´ÒÌ: ®¸Ò-
·ÒÌ¯ ¤ ´´ÒÌ (RAW), ¢μ¸¸É ´μ¢²¥´´ÒÌ ¸μ¡ÒÉ¨° (RECO) ¨ ¶μ¤£μÉμ¢²¥´´ÒÌ
¤²Ö  ´ ²¨§  μ¡Ñ¥±Éμ¢ (AOD), ¢±²ÕÎ Ö É ± ´ §Ò¢ ¥³Ò¥ ®¸±¨³³¨´£μ¢Ò¥¯ (É. ¥.
¸ ¶·¥¸¥²¥±Í¨¥° μ¶·¥¤¥²¥´´μ£μ É¨¶ ) ´ ¡μ·Ò ¤ ´´ÒÌ.

�¥±μÉμ·Ò¥ ¨§ ´ ¡μ·μ¢ (¢ Î ¸É´μ¸É¨ ¤ ´´Ò¥ ¢ Ëμ·³ É¥ AOD) ¶¥·¥¤ -
ÕÉ¸Ö ¢ ¸É·Ê±ÉÊ·Ò 2-£μ Ö·Ê¸  (’2-¸ °ÉÒ) WLCG, ´¥¸ÊÐ¨¥ ¢¸Õ ´ £·Ê§±Ê ¶μ
 ´ ²¨§Ê ·¥ ²Ó´ÒÌ ¤ ´´ÒÌ CMS ¨ ±μ³¶ÓÕÉ¥·´μ° £¥´¥· Í¨¨ ·¥£¨¸É·¨·Ê¥³ÒÌ
¢ Ô±¸¶¥·¨³¥´É¥ ¸μ¡ÒÉ¨° ³¥Éμ¤μ³ Œμ´É¥-Š ·²μ. ‘μ£² ¸´μ ³μ¤¥²¨ [4], ®´μ-
³¨´ ²Ó´Ò°¯ ’2-Í¥´É· CMS ¤μ²¦¥´ μ¡² ¤ ÉÓ · ¡μÎ¨³¨ Ê§² ³¨ (WN) ¸ ¸Ê³-
³ ·´μ° ¶·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓÕ ¶·μÍ¥¸¸μ·μ¢ ∼ 4 kHEPspec06 (∼ 1000 kSI2k)
¨ Ì· ´¨²¨Ð¥³ ¨´Ëμ·³ Í¨¨ (SE), ¶·¥¤¸É ¢²ÖÕÐ¨³ ¸μ¡μ° ¸¨¸É¥³Ê ³ ¸¸μ¢μ°
¤¨¸±μ¢μ° ¶ ³ÖÉ¨ ¸ £·¨¤-¨´É¥·Ë¥°¸μ³, ¥³±μ¸ÉÓÕ ∼ 200 T¡ °É. (‡¤¥¸Ó ¨ ´¨¦¥
¤²Ö Ô²¥³¥´Éμ¢ £·¨¤-¨´Ë· ¸É·Ê±ÉÊ·Ò ³Ò ¨¸¶μ²Ó§Ê¥³ É¥·³¨´μ²μ£¨Õ, ¶·¨´ÖÉÊÕ
¢ WLCG, Å Worker Node (WN), Storage Element (SE), Computing Element
(CE), User Interface (UI).) Š·μ³¥ Éμ£μ, ’2-Í¥´É· ¤μ²¦¥´ ¨³¥ÉÓ ¤μ¸É ÉμÎ´μ
Ï¨·μ±¨° (∼ 1 ƒ¡¨É/¸) ± ´ ² ¢´¥Ï´¥° (WAN) ¸¢Ö§¨. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö § ·¥-
£¨¸É·¨·μ¢ ´μ ∼ 50 ’2-¸ °Éμ¢ Ô±¸¶¥·¨³¥´É  CMS.

Š ±μ´ÍÊ 2009 £. ¨´Ë· ¸É·Ê±ÉÊ·  CMS ´ ¸Î¨ÉÒ¢ ¥É É ±¦¥ μ±μ²μ 50 Í¥´-
É·μ¢ 3-£μ Ö·Ê¸ . Œμ¤¥²Ó [4] ´¥ ¸μ¤¥·¦¨É ¦¥¸É±¨Ì É·¥¡μ¢ ´¨° ± ·¥¸Ê·¸ ³
’3-¸ °Éμ¢, ¶μ¸±μ²Ó±Ê ÔÉ¨ ¸É·Ê±ÉÊ·Ò ´¥ ÊÎ ¸É¢ÊÕÉ ¢ · ¸¶·¥¤¥²¥´¨¨ ¤ ´´ÒÌ ¨
¶· ±É¨Î¥¸±¨ ´¥ ¢Ò¶μ²´ÖÕÉ ¸¥·¢¥·´ÒÌ ËÊ´±Í¨°.

‚ ¦´Ò³ ÔÉ ¶μ³ ¶μ¤£μÉμ¢±¨ ±μ³¶ÓÕÉ¨´£μ¢μ° ¨´Ë· ¸É·Ê±ÉÊ·Ò CMS ±
· ¸¶·¥¤¥²¥´´μ° μ¡· ¡μÉ±¥ Ô±¸¶¥·¨³¥´É ²Ó´μ° ¨´Ëμ·³ Í¨¨ Ö¢²Ö¥É¸Ö ¸¥·É¨-
Ë¨± Í¨Ö (®±μ³¨¸¸¨Ö¯) ·¥£¨μ´ ²Ó´ÒÌ Í¥´É·μ¢ (¸³. [7]). Š Î¥¸É¢μ · ¡μÉÒ,
´ ¶·¨³¥· ’2-Í¥´É· , μÍ¥´¨¢ ¥É¸Ö ¶μ ´¥¸±μ²Ó±¨³ ¶ · ³¥É· ³. �·¥¦¤¥ ¢¸¥£μ
ÔÉμ ·¥§Ê²ÓÉ É É ± ´ §Ò¢ ¥³μ£μ ®³μ´¨Éμ·¨´£  ¤μ¸ÉÊ¶´μ¸É¨¯ (SAM-É¥¸Éμ¢) ¤²Ö
¤ ´´μ° ¸¨¸É¥³Ò, ±μÉμ·Ò°, ´ ·Ö¤Ê ¸μ ¸É ´¤ ·É´Ò³ É¥¸É¨·μ¢ ´¨¥³ ¸ °É  ± ±
Ô²¥³¥´É  WLCG, ¢±²ÕÎ ¥É É ±¦¥ ´¥¸±μ²Ó±μ ±·¨É¨Î´ÒÌ ¶·μ¢¥·μ± · ¡μÉμ-
¸¶μ¸μ¡´μ¸É¨ Ê¸É ´μ¢²¥´´ÒÌ ´  ´¥³ ¸²Ê¦¡, μ¡¥¸¶¥Î¨¢ ÕÐ¨Ì ¢Ò¶μ²´¥´¨¥ § -
¤ Î Ô±¸¶¥·¨³¥´É  CMS (¢μ§³μ¦´μ¸ÉÓ · §³¥Ð¥´¨Ö ¢Ò¡μ·μ± ¤ ´´ÒÌ ´  SE ¨
¨Ì  ´ ²¨§  ¢´¥Ï´¨³¨ ¶μ²Ó§μ¢ É¥²Ö³¨ ¸¨¸É¥³Ò). „²Ö Éμ£μ ÎÉμ¡Ò ¸ °É ³μ£
¸Î¨É ÉÓ¸Ö £μÉμ¢Ò³ ± ÊÎ ¸É¨Õ ¢ μ¡· ¡μÉ±¥ ¤ ´´ÒÌ (´ Ìμ¤¨ÉÓ¸Ö ¢ ¸μ¸ÉμÖ´¨¨
®ready¯), § ¢¥·Ï¥´¨¥ ´  ´¥³ ¢¸¥Ì SAM-É¥¸Éμ¢ ¤μ²¦´μ ¡ÒÉÓ Ê¸¶¥Ï´Ò³ ¢ ¤ ´-
´Ò° ³μ³¥´É,   ¢ É¥Î¥´¨¥ ¶·¥¤Ò¤ÊÐ¨Ì ¸ÊÉμ± Å ´¥ ³¥´¥¥ 80 % ¢·¥³¥´¨.

…Ð¥ μ¤´μ° ¸μ¸É ¢²ÖÕÐ¥° ³¥É·¨±¨ £μÉμ¢´μ¸É¨ ·¥£¨μ´ ²Ó´μ£μ Í¥´É·  Ö¢²Ö-
¥É¸Ö ¤μ²Ö Ê¸¶¥Ï´μ § ¢¥·Ï¥´´ÒÌ § ¤ Î É¨¶  JobRobot (JR), Ö¢²ÖÕÐ¨Ì¸Ö § ¤ -
Î ³¨ ¨³¨É Í¨¨  ´ ²¨§  ¢Ò¡μ·μ± ¤ ´´ÒÌ, ¶·¥¤¢ ·¨É¥²Ó´μ § ¶¨¸ ´´ÒÌ ´  SE
ÔÉμ£μ WLCG-¸ °É . �  ± ¦¤Ò° ’2-Í¥´É· ´ ¶· ¢²Ö¥É¸Ö ¶μ 100 É ±¨Ì § ¤ Î
μ¤´μ¢·¥³¥´´μ ´¥¸±μ²Ó±μ · § §  ¸ÊÉ±¨. �·¨ ÔÉμ³ ¤μ²¦´μ ¡ÒÉÓ μ¡¥¸¶¥Î¥´μ
Ê¸¶¥Ï´μ¥ § ¢¥·Ï¥´¨¥ ´¥ ³¥´¥¥ 80 % ¨Ì μ¡Ð¥£μ ±μ²¨Î¥¸É¢ .
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� ±μ´¥Í, ’2-Í¥´É· ¤μ²¦¥´ ¨³¥ÉÓ μ¶·¥¤¥²¥´´μ¥ ±μ²¨Î¥¸É¢μ ¸¥·É¨Ë¨Í¨·μ-
¢ ´´ÒÌ ± ´ ²μ¢ ¥£μ ¸¢Ö§¨ ¸ ’1-¸ °É ³¨. „μ²¦´Ò ¡ÒÉÓ ¸¥·É¨Ë¨Í¨·μ¢ ´Ò ± -
´ ²Ò ¶¥·¥¤ Î¨ ¤ ´´ÒÌ ± ± ³¨´¨³Ê³ ´  ¤¢  ’1-Í¥´É·  (¤²Ö ÔÉμ£μ ´¥μ¡Ìμ¤¨³μ
¶·μ¤¥³μ´¸É·¨·μ¢ ÉÓ Ê¸Éμ°Î¨¢ÊÕ ¶¥·¥¤ ÎÊ ¨´Ëμ·³ Í¨¨ ¶μ ± ¦¤μ³Ê ¨§ ´¨Ì ¸μ
¸±μ·μ¸ÉÓÕ ´¥ ³¥´¥¥ 5 Œ¡ °É/¸ ¢ É¥Î¥´¨¥ ¸ÊÉμ±) ¨ μÉ Î¥ÉÒ·¥Ì ’1-Í¥´É·μ¢ (¶·¨
ÔÉμ³ ¤¥³μ´¸É·¨·Ê¥³ Ö ¸±μ·μ¸ÉÓ É· Ë¨±  ¤μ²¦´  ¡ÒÉÓ ´¥ ´¨¦¥ 20 Œ¡ °É/¸ ¢
É¥Î¥´¨¥ ¸ÊÉμ±). ‘μ¸ÉμÖ´¨¥ ’1- ¨ ’2-Í¥´É·μ¢ ¨ ± Î¥¸É¢μ ¨Ì · ¡μÉÒ Ö¢²ÖÕÉ¸Ö
¶·¥¤³¥Éμ³ ¶μ¸ÉμÖ´´μ£μ ³μ´¨Éμ·¨·μ¢ ´¨Ö (¸³. [7]). …¸²¨ ’2-¸ °É ¸É ¡¨²Ó´μ
(´¥ ³¥´¥¥ 80% ¢·¥³¥´¨ ´  ¶·μÉÖ¦¥´¨¨ ´¥¸±μ²Ó±¨Ì ´¥¤¥²Ó) Ê¤μ¢²¥É¢μ·Ö¥É
¢¸¥³ Ê¸²μ¢¨Ö³ £μÉμ¢´μ¸É¨ (É. ¥. ´ Ìμ¤¨É¸Ö ¢ ¸μ¸ÉμÖ´¨¨ ®ready¯), Éμ μ´ ¶¥-
·¥¢μ¤¨É¸Ö ¢ £·Ê¶¶Ê Í¥´É·μ¢, ·¥±μ³¥´¤μ¢ ´´ÒÌ ¤²Ö ÊÎ ¸É¨Ö ¢ ±μ³¶ÓÕÉ¥·´μ°
£¥´¥· Í¨¨ ¸μ¡ÒÉ¨° ¨ · ¸¶·¥¤¥²¥´´μ° μ¡· ¡μÉ±¥ ·¥ ²Ó´ÒÌ ¤ ´´ÒÌ CMS ´ 
Ê·μ¢´¥ 2-£μ Ö·Ê¸  WLCG. „·Ê£¨³¨ ¸²μ¢ ³¨, ¶·¨ ÔÉμ³ ¥£μ ³μ¦´μ ¸Î¨É ÉÓ
¶μ²´μ¸ÉÓÕ ¸¥·É¨Ë¨Í¨·μ¢ ´´Ò³ ’2-Í¥´É·μ³ Ô±¸¶¥·¨³¥´É  CMS.

�¨¦¥ ¤ ¥É¸Ö ¨´Ëμ·³ Í¨Ö μ ¶ · ³¥É· Ì ‚Š ‹ˆ’ �ˆŸˆ ¨ ��– •”’ˆ ´ -
± ´Ê´¥ § ¶Ê¸±  ��Š μ¸¥´ÓÕ 2009 £., ³¥¸É¥ ÔÉ¨Ì ¸¨¸É¥³ ¢ £·¨¤-¨´Ë· ¸É·Ê±ÉÊ·¥
CMS, ´¥±μÉμ·ÒÌ ¤¥É ²ÖÌ ¨Ì ¸¥·É¨Ë¨± Í¨¨ ± ± ’2-Í¥´É·μ¢ ¨ μ¡ ÊÎ ¸É¨¨
ÔÉ¨Ì ±μ³¶²¥±¸μ¢ ¢ Ï¨·μ±μ³ ¸ÏÉ ¡´ÒÌ ¶·μ¢¥·± Ì £μÉμ¢´μ¸É¨ ¢ÒÎ¨¸²¨É¥²Ó-
´μ° ¡ §Ò Ô±¸¶¥·¨³¥´É  CMS ± ¶·¨¥³Ê ¤ ´´ÒÌ ¸ ��Š.

2. ˆ�”��Œ�–ˆ����-‚›—ˆ‘‹ˆ’…‹œ�›‰
Š�Œ�‹…Š‘ ‹ˆ’ �ˆŸˆ

Šμ³¶²¥±¸ ‹ˆ’ �ˆŸˆ ¨³¥¥É 960 ¸Î¥É´ÒÌ ¸²μÉμ¢ μ¡Ð¥° ¶·μ¨§¢μ¤¨É¥²Ó-
´μ¸ÉÓÕ 2400 KSI2K. „²Ö μ·£ ´¨§ Í¨¨ ±μ³¶²¥±¸  ¢ ²μ± ²Ó´μ° ¸¥É¨ ¨¸¶μ²Ó§Ê-
¥É¸Ö ¢ μ¸´μ¢´μ³ É¥Ì´μ²μ£¨Ö 1Gb Ethernet,   É ±¦¥ InˇniBand. „μ¸ÉÊ¶´μ¥ ¤²Ö
¶μ²Ó§μ¢ É¥²¥° ¤¨¸±μ¢μ¥ ¶·μ¸É· ´¸É¢μ ¸μ¸É ¢²Ö¥É μ±μ²μ 500 ’¡ °É.

ƒ·¨¤-¸ °É �ˆŸˆ ¨´É¥£·¨·μ¢ ´ ¢ £²μ¡ ²Ó´ÊÕ ¨´Ë· ¸É·Ê±ÉÊ·Ê WLCG ¨
¶μ²´μ¸ÉÓÕ μÉ¢¥Î ¥É É·¥¡μ¢ ´¨Ö³ ±μ²² ¡μ· Í¨¨ CMS ¤²Ö ¤¥°¸É¢ÊÕÐ¥° ¸É -
¤¨¨ ¤ ´´μ£μ Ô±¸¶¥·¨³¥´É . �·¨ ÔÉμ³ ¶μÉ·¥¡´μ¸É¨ ¢ ·¥¸Ê·¸ Ì ¶μ ¶·μÍ¥¸¸μ·-
´μ° ³μÐ´μ¸É¨ ¨ ·¥¸Ê·¸ ³ Ì· ´¥´¨Ö ¨´Ëμ·³ Í¨¨ Ê¤μ¢²¥É¢μ·¥´Ò ¢ ¶μ²´μ³
μ¡Ñ¥³¥ (270 ¸Î¥É´ÒÌ ¸²μÉμ¢ ¨ 200 ’¡ °É ¸μμÉ¢¥É¸É¢¥´´μ). ƒ·¨¤-¸ °É �ˆŸˆ
 ±É¨¢´μ ¨¸¶μ²Ó§Ê¥É¸Ö ±μ²² ¡μ· Í¨¥° CMS. ‘ Ö´¢ ·Ö ¶μ ¤¥± ¡·Ó 2008 £. ´ 
¸ °É¥ �ˆŸˆ ¡Ò²μ § ¶ÊÐ¥´μ 350133 § ¤ Î¨ ¢¨·ÉÊ ²Ó´μ° μ·£ ´¨§ Í¨¨ CMS,  
§   ´ ²μ£¨Î´Ò° ¶¥·¨μ¤ 2009 £. Å 449768 § ¤ Î, ¶·¨Î¥³ ¸μÉ·Ê¤´¨±¨ �ˆŸˆ ¤μ-
¸É ÉμÎ´μ  ±É¨¢´μ · ¡μÉ ÕÉ ¢ ¸·¥¤¥ WLCG: É ±, ´ ¶·¨³¥·, ¢ É¥Î¥´¨¥ μ±ÉÖ¡·Ö
2009 £. ¨³¨ ¡Ò²μ § ¶ÊÐ¥´μ ´  ¢¸¥Ì £·¨¤-¸ °É Ì CMS 17841 § ¤ Î  (¨§ ´¨Ì
2125 § ¤ Î ´  £·¨¤-¸ °É¥ �ˆŸˆ ¶·¨ μ¡Ð¥³ ±μ²¨Î¥¸É¢¥ 34334 § ¶ÊÐ¥´´ÒÌ
§ ¤ Î CMS ´  ¸ °É¥ �ˆŸˆ).

�·μ¨§¢μ¤¨É¸Ö ¶μ¸ÉμÖ´´ Ö ³μ¤¥·´¨§ Í¨Ö £·¨¤-¸ °É  �ˆŸˆ (· ¸Ï¨·¥´¨¥
¨ μ¡´μ¢²¥´¨¥  ¶¶ · É´μ° ¡ §Ò,   É ±¦¥ ´¥μ¡Ìμ¤¨³Ò¥ ¶¥·¥Ìμ¤Ò ´  ´μ¢Ò¥
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¢¥·¸¨¨ ¶·μ³¥¦ÊÉμÎ´μ£μ ¶·μ£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö ¨ μ¶¥· Í¨μ´´ÒÌ ¸¨¸É¥³).
’ ±, ´ ¶·¨³¥·, μ¸¥´ÓÕ 2009 £. μ¸ÊÐ¥¸É¢²¥´ ¶¥·¥Ìμ¤ £·¨¤-¸ °É  �ˆŸˆ ´ 
´μ¢ÊÕ ¢¥·¸¨Õ ¶·μ³¥¦ÊÉμÎ´μ£μ ¶·μ£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö (gLite 3 2 0) ¨
¶¥·¥Ìμ¤ ´  ¢¥·¸¨Õ 5.4 μ¶¥· Í¨μ´´μ° ¸¨¸É¥³Ò Scientiˇc Linux.

‚ �ˆŸˆ μ¡¥¸¶¥Î¥´  ¨ ¶μ¤¤¥·¦¨¢ ¥É¸Ö ËÊ´±Í¨μ´ ²Ó´μ¸ÉÓ £·¨¤-¸¥·¢¨¸ 
VOBOX ¤²Ö CMS (¸ Ê¸É ´μ¢±μ° ¨ ¶¥·¨μ¤¨Î¥¸±¨³ μ¡´μ¢²¥´¨¥³ ¢¥·¸¨° ¸¥·¢¥· 
Phedex, ´¥μ¡Ìμ¤¨³μ£μ ¤²Ö ¶¥·¥´μ¸  ¤ ´´ÒÌ ³¥¦¤Ê £·¨¤-¸ °É ³¨ CMS ¶μ¸·¥¤-
¸É¢μ³ £·¨¤-¸¥·¢¨¸  FTS),   É ±¦¥ ¸±μ´Ë¨£Ê·¨·μ¢ ´ ¨ ¨¸¶μ²Ó§Ê¥É¸Ö ¶·μ±¸¨-
¸¥·¢¥· SQUID, ´¥μ¡Ìμ¤¨³Ò° ¶·¨ · ¡μÉ¥ ¸μ ¸¶¥Í¨ ²¨§¨·μ¢ ´´Ò³¨ ¡ § ³¨
¤ ´´ÒÌ CMS (conditions DB).

‚ É¥Î¥´¨¥ 2008Ä2009 ££. μ¸ÊÐ¥¸É¢²¥´  ¸¥·É¨Ë¨± Í¨Ö ¸¥É¥¢ÒÌ ¸¢Ö§¥°
�ˆŸˆ ¸ CMS-c °É ³¨ 1-£μ Ê·μ¢´Ö ¸ ´¥μ¡Ìμ¤¨³μ° ¸±μ·μ¸ÉÓÕ ¶¥·¥¤ Î¨ ¤ ´-
´ÒÌ: 20 Œ¡ °É/¸ Å ¨§ CMS-Í¥´É·μ¢ Ê·μ¢´Ö Tier1 ¢ �ˆŸˆ (5 ¸¥·É¨Ë¨Í¨·μ-
¢ ´´ÒÌ ¸¢Ö§¥° Å ¨§ CMS-Í¥´É·μ¢ 1-£μ Ê·μ¢´Ö ¢ –…��¥, ƒ¥·³ ´¨¨, ˆ¸¶ ´¨¨,
”· ´Í¨¨ ¨ ‘˜�) ¨ 5 Œ¡ °É/¸ Å ¨§ �ˆŸˆ ¢ CMS-Í¥´É·Ò Ê·μ¢´Ö Tier1 (3
¸¥·É¨Ë¨Í¨·μ¢ ´´ÒÌ ¸¢Ö§¨ ¸ Í¥´É· ³¨ ¢ –…��¥, ˆ¸¶ ´¨¨ ¨ ’ °¢ ´¨). �·¨
ÔÉμ³ μ¡Ñ¥³ ¶¥·¥¤ ¢ ¥³ÒÌ ¢ É¥Î¥´¨¥ ¸ÊÉμ± É¥¸Éμ¢ÒÌ ¤ ´´ÒÌ ¤μ¸É¨£ ¥É ¡μ²¥¥
1 ’¡ °É . ’ ±¦¥ ¢ μ±ÉÖ¡·¥ 2009 £. μ¸ÊÐ¥¸É¢²¥´  ¸¥·É¨Ë¨± Í¨Ö ¸¥É¥¢ÒÌ ¸¢Ö-
§¥° £·¨¤-¸ °É  �ˆŸˆ ¸  ¸¸μÍ¨¨·μ¢ ´´Ò³¨ (¢ · ³± Ì ÊÎ ¸É¨Ö �ˆŸˆ ¢ · ¡μÉ¥
¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì Ë¨§¨Î¥¸±¨Ì £·Ê¶¶) CMS-Í¥´É· ³¨ 2-£μ Ê·μ¢´Ö (7 ¸¥·É¨Ë¨-
Í¨·μ¢ ´´ÒÌ ¸¢Ö§¥° ¸ Í¥´É· ³¨ ¢ ˆ¸¶ ´¨¨, ˆÉ ²¨¨, ‚¥²¨±μ¡·¨É ´¨¨, ¤¢Ê³Ö
Í¥´É· ³¨ ¢ ‘˜� ¨ ¤¢Ê³Ö Í¥´É· ³¨ ¢μ ”· ´Í¨¨). ’·¥¡μ¢ ´¨Ö ¶μ ¸¥·É¨Ë¨± -
Í¨¨ ¤ ´´ÒÌ ¸¢Ö§¥° ¢ μ¡μ¨Ì ´ ¶· ¢²¥´¨ÖÌ Å 5 Œ¡ °É/¸.

�¥£Ê²Ö·´μ (¶· ±É¨Î¥¸±¨ ¥¦¥¸ÊÉμÎ´μ) ¶·μ¨§¢μ¤¨É¸Ö ³ ¸¸μ¢Ò° § ¶Ê¸± É¨-
¶μ¢ÒÌ § ¤ Î CMS c ¶μ³μÐÓÕ ¸¨¸É¥³Ò CMS Job Robot Å ¤μ 1000 § ¤ ´¨° ¢
É¥Î¥´¨¥ μ¤´¨Ì ¸ÊÉμ±, ¢¸¥ ¨§ ±μÉμ·ÒÌ § ¢¥·Ï ÕÉ¸Ö Ê¸¶¥Ï´μ (¸³. http://cern.ch/
jobrobot). �ˆŸˆ ÊÎ ¸É¢Ê¥É ¢ ³ ¸¸μ¢μ³ ³μ¤¥²¨·μ¢ ´¨¨ ³¥Éμ¤μ³ Œμ´É¥-Š ·²μ
Ë¨§¨Î¥¸±¨Ì ¸μ¡ÒÉ¨° ¶μ Ë¨§¨Î¥¸±¨³ ± ´ ² ³, ¶·¥¤¸É ¢²ÖÕÐ¨³ ¨´É¥·¥¸ ¤²Ö
Ë¨§¨±μ¢ �ˆŸˆ, ¢ · ³± Ì ¸¥ ´¸μ¢ ¶² ´μ¢μ° £¥´¥· Í¨¨ Ë¨§¨Î¥¸±¨Ì ¸μ¡ÒÉ¨°
¢ ±μ²² ¡μ· Í¨¨ CMS. ’ ±¦¥ ¶·μ¨§¢μ¤¨É¸Ö ·¥¶²¨± Í¨Ö ¤ ´´ÒÌ CMS ´  ¸¨-
¸É¥³Ê ³ ¸¸μ¢μ° ¶ ³ÖÉ¨ ¸ °É  �ˆŸˆ ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ ¶μÉ·¥¡´μ¸ÉÖ³¨ Ë¨§¨±μ¢
�ˆŸˆ, ÊÎ ¸É¢ÊÕÐ¨Ì ¢ Ô±¸¶¥·¨³¥´É¥ CMS (μ¡Ñ¥³Ò ´ ¡μ·μ¢ ¤ ´´ÒÌ ¤μ ´¥-
¸±μ²Ó±¨Ì É¥· ¡ °É). ‚ É¥Î¥´¨¥ 2-£μ ¶μ²Ê£μ¤¨Ö 2009 £. ¸Ê³³ ·´ Ö ¸±μ·μ¸ÉÓ
¶¥·¥¤ Î¨ ¤ ´´ÒÌ ¢ �ˆŸˆ (± ± É¥¸Éμ¢ÒÌ, É ± ¨ ·¥¶²¨Í¨·Ê¥³ÒÌ) ¤μ¸É¨£ ² 
38 Œ¡ °É/¸.

Š ± É¥¸É¨·μ¢ ´¨¥ ¸¥É¥¢ÒÌ ¸¢Ö§¥°, É ± ¨ ³ ¸¸μ¢Ò° § ¶Ê¸± É¨¶μ¢ÒÌ § ¤ Î
CMS ¶μ§¢μ²¨²¨ ¢ÒÖ¢¨ÉÓ ¨ Ê¸É· ´¨ÉÓ Ê§±¨¥ ³¥¸É  ¢ ±μ´Ë¨£Ê· Í¨¨ £·¨¤-¸ °É 
�ˆŸˆ, ÎÉμ ¶·¨¢¥²μ ± ´¥μ¡Ìμ¤¨³μ¸É¨ ·¥μ·£ ´¨§ Í¨¨ ²μ± ²Ó´μ° ¸¥É¥¢μ° ±μ´-
Ë¨£Ê· Í¨¨ ¨ ·¥μ·£ ´¨§ Í¨¨ £·¨¤-¸¥·¢¨¸  Ì· ´¥´¨Ö ¤ ´´ÒÌ Storage Element
´  μ¸´μ¢¥ dCache. ‚ ·¥§Ê²ÓÉ É¥ ¸μ§¤ ´¨Ö ¢Ò¤¥²¥´´μ° ¶μ¤¸¥É¨ ¤²Ö ¤¨¸±μ-
¢ÒÌ ¶Ê²μ¢, ¢ÒÎ¨¸²¨É¥²Ó´μ° Ë¥·³Ò ¨ ·Ö¤  NFS-¸¥·¢¥·μ¢ Ê¤ ²μ¸Ó ¸ÊÐ¥¸É¢¥´´μ
¶μ¢Ò¸¨ÉÓ ÔËË¥±É¨¢´μ¸ÉÓ ¢Ò¶μ²´¥´¨Ö § ¤ Î CMS ´  ¸ °É¥ �ˆŸˆ. ‚ ±μ´¥Î-
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´μ³ ¨Éμ£¥ ¶·μ¢¥¤¥´´Ò¥ · ¡μÉÒ ¶μ ·¥±μ´Ë¨£Ê· Í¨¨ ¸ÊÐ¥¸É¢¥´´μ ¶μ¢Ò¸¨²¨
ÔËË¥±É¨¢´μ¸ÉÓ · ¡μÉÒ £·¨¤-¸ °É  �ˆŸˆ ¢ Í¥²μ³.

�·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓ £·¨¤-¸ °É  �ˆŸˆ, Ö¢²ÖÕÐ¥£μ¸Ö £·¨¤-¸ °Éμ³ Ê·μ¢´Ö
Tier2, μ¸É ¥É¸Ö ¸μ¶μ¸É ¢¨³μ° ¸ ¶·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓÕ £·¨¤-¸ °Éμ¢ Ê·μ¢´Ö Tier1,
  ¶μ ¶μ± § É¥²Ö³ ´ ¤¥¦´μ¸É¨ · ¡μÉÒ ¶·¥¢μ¸Ìμ¤¨É ´¥±μÉμ·Ò¥ ¨§ ´¨Ì. �μ ±μ-
²¨Î¥¸É¢Ê ¶·μÍ¥¸¸μ·´μ£μ ¢·¥³¥´¨, § É· Î¥´´μ£μ ´  ¢Ò¶μ²´¥´¨¥ § ¤ Î CMS ¢
É¥Î¥´¨¥ 2008Ä2009 ££., £·¨¤-¸ °É �ˆŸˆ ´ Ìμ¤¨É¸Ö ¢ Î¨¸²¥ ´ ¨¡μ²¥¥ ¶·μ-
¤Ê±É¨¢´ÒÌ £·¨¤-¸ °Éμ¢ CMS. �Ê¤ÊÎ¨ ¶μ²´μ¸ÉÓÕ ¨´É¥£·¨·μ¢ ´´Ò³ ¢ £·¨¤-
¨´Ë· ¸É·Ê±ÉÊ·Ê CMS, £·¨¤-¸ °É �ˆŸˆ ´  ¤ ´´Ò° ³μ³¥´É ¶μ²´μ¸ÉÓÕ ¸μμÉ-
¢¥É¸É¢Ê¥É É·¥¡μ¢ ´¨Ö³ CMS ± ± ¸ ÉμÎ±¨ §·¥´¨Ö É¥Ì´¨Î¥¸±μ£μ μ¸´ Ð¥´¨Ö, É ±
¨ ¶·μ£· ³³´μ£μ μ±·Ê¦¥´¨Ö.

3. ‘�…–ˆ�‹ˆ‡ˆ��‚���›‰ ‚›—ˆ‘‹ˆ’…‹œ�›‰
Š�Œ�‹…Š‘ ��– •”’ˆ

�¥·¢ Ö μÎ¥·¥¤Ó ¶·μÉμÉ¨¶  ¸¶¥Í¨ ²¨§¨·μ¢ ´´μ£μ ¢ÒÎ¨¸²¨É¥²Ó´μ£μ Í¥´É· 
¤²Ö μ¡¥¸¶¥Î¥´¨Ö · ¡μÉ ¢ · ³± Ì Ô±¸¶¥·¨³¥´É  CMS ¢ ��– •”’ˆ ¡Ò²  ¸μ-
§¤ ´  ¢ 2001 £. (¸³. [8]) ¨ ¶·¥¤¸É ¢²Ö²  ¸μ¡μ° Linux-±² ¸É¥·, ¶μ¸É·μ¥´´Ò°
´  ´¥¸±μ²Ó±¨Ì ¶·μÍ¥¸¸μ· Ì É¨¶  Pentium III. �·μÉμÉ¨¶ ¶μ¸ÉμÖ´´μ ³μ¤¥·´¨-
§¨·μ¢ ²¸Ö ¸ μ¡´μ¢²¥´¨¥³ ¥£μ Ô²¥³¥´É´μ° ¡ §Ò ¨ ´ · Ð¨¢ ´¨¥³ ·¥¸Ê·¸μ¢. Š
³μ³¥´ÉÊ § ¶Ê¸±  ��Š μ´ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° Ê¦¥ ¶μ²´μÍ¥´´Ò°, ¸¥·É¨Ë¨Í¨-
·μ¢ ´´Ò° ‚Š, ±μÉμ·Ò° £μÉμ¢ ± ÊÎ ¸É¨Õ ¢ · ¸¶·¥¤¥²¥´´μ° μ¡· ¡μÉ±¥ ¤ ´´ÒÌ
CMS ¨ ¶·¨¡²¨¦ ¥É¸Ö ¶μ ¸¢μ¨³  ¶¶ · É´Ò³ Ì · ±É¥·¨¸É¨± ³ ± ¶ · ³¥É· ³,
μ¶·¥¤¥²¥´´Ò³ ¢ [4] ¤²Ö ®´μ³¨´ ²Ó´μ£μ¯ ’2-Í¥´É·  ÔÉμ£μ Ô±¸¶¥·¨³¥´É .

Šμ³¶²¥±¸ μ¡Ñ¥¤¨´Ö¥É ¡μ²¥¥ 30 ¢Ò¸μ±μ¶·μ¨§¢μ¤¨É¥²Ó´ÒÌ ¤¢ÊÌ¶·μÍ¥¸¸μ·-
´ÒÌ Ê§²μ¢ ¸ CPU  ·Ì¨É¥±ÉÊ·Ò x86-64. Š·μ³¥ Éμ£μ, ¤¢  ¸¥·¢¥·  (4 CPU
 ·Ì¨É¥±ÉÊ·Ò AMD64) μ¡¥¸¶¥Î¨¢ ÕÉ ¨´É¥· ±É¨¢´ÊÕ · ¡μÉÊ ¶μ²Ó§μ¢ É¥²¥° (¢
Î ¸É´μ¸É¨ § ¶Ê¸± § ¤ Î  ´ ²¨§  ¢Ò¡μ·μ± ¤ ´´ÒÌ CMS ¢ ¸·¥¤¥ WLCG, ¨¸-
¶μ²Ó§ÊÖ ¸±μ´Ë¨£Ê·¨·μ¢ ´´Ò° ´  ´¨Ì ¨´É¥·Ë¥°¸ ¶μ²Ó§μ¢ É¥²Ö £·¨¤ (UI)). …Ð¥
μ¤¨´ ¤¢ÊÌ¶·μÍ¥¸¸μ·´Ò° (AMD64) ¸¥·¢¥· μ¡¸²Ê¦¨¢ ¥É μ¡³¥´ ¤ ´´Ò³¨ ³¥¦¤Ê
±μ³¶²¥±¸μ³ ¨ ¤·Ê£¨³¨ ¸Ê¡Ñ¥±É ³¨ £·¨¤-¨´Ë· ¸É·Ê±ÉÊ·Ò CMS. ‘μ£² ¸´μ ¶·¨-
´ÖÉμ° ¢ Ô±¸¶¥·¨³¥´É¥ ¶·μÍ¥¤Ê·¥ μ¡³¥´  ¤ ´´Ò³¨, ´  ÔÉμ³ Ê§²¥ Ê¸É ´μ¢²¥´Ò
CMS VObox ¨ ±μ³¶²¥±¸ PhEDEx. �μ³¨³μ ÔÉμ£μ, ¤ ´´Ò° Ê§¥² ¢Ò¶μ²´Ö¥É
ËÊ´±Í¨¨ ˆ´É¥·´¥É-Ï²Õ§  ¤²Ö · ¡μÎ¨Ì Ê§²μ¢ ¸¨¸É¥³Ò, ¨ ´  ´¥³ ¸±μ´Ë¨£Ê·¨-
·μ¢ ´ ¶·μ±¸¨-¸¥·¢¥· (SQUID) ¤²Ö § ¤ Î, ¨¸¶μ²Ó§ÊÕÐ¨Ì ¸¶¥Í¨ ²¨§¨·μ¢ ´´μ¥
¶·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥ Ô±¸¶¥·¨³¥´É  CMS.

‚¸¥ Ê§²Ò · ¡μÉ ÕÉ ¶μ¤ �‘ Scientiˇc Linux CERN (SLC) (¢¥·¸¨¨ 4 ¨ 5).
‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ ¶·¨´ÖÉÒ³¨ ¢ WLCG ¸É ´¤ ·É ³¨ ¤²Ö μ¡· ¡μÉ±¨ ¶ ±¥É´ÒÌ
§ ¤ Î ¨¸¶μ²Ó§Ê¥É¸Ö ¸¨¸É¥³  OpenPBS/Torque ¸ ¶² ´¨·μ¢Ð¨±μ³ Maui.

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¤²Ö ¢Ò¶μ²´¥´¨Ö § ¤ Î ¶μ²Ó§μ¢ É¥²¥° ¢¨·ÉÊ ²Ó´μ° μ·-
£ ´¨§ Í¨¨ (‚�) CMS, ¶μ¸ÉÊ¶ ÕÐ¨Ì ¨§ WLCG, ´  WN ±μ³¶²¥±¸  ¢Ò¤¥²Ö¥É¸Ö
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�¥§Ê²ÓÉ ÉÒ É¥¸É¨·μ¢ ´¨Ö ¶·μ¨§¢μ¤¨É¥²Ó´μ¸É¨ CPU ´  · ¡μÎ¨Ì Ê§² Ì (WN) ‚Š
��– •”’ˆ (¢ ¥¤¨´¨Í Ì HEPspec06 [9]

�² ÉËμ·³ 
�‘ Ÿ¤·μ RAM gcc ’¨¶ �¥§Ê²ÓÉ É �  μ¤´μ

�‘ É¥¸É  CPU Ö¤·μ
Dual Intel Xeon SLC5 2.6.18Ä 4 ƒ¡ °É 4.1.2 S2k6 all cpp
EM64T 3.4 GHz 128.7.1.el5 64bit 13.8 6.9
Dual CPU,
Quad Core, SLC5 2.6.18Ä 16 ƒ¡ °É 4.1.2 S2k6 all cpp
Intel Xeon 128.7.1.el5 64bit 63.8 8.0
E5420 2.5 GHz

∼ 70 ¶·μÍ¥¸¸μ·´ÒÌ Ö¤¥·. ‚¸¥ WN · ¡μÉ ÕÉ ¶μ¤ �‘ SLC5, ´μ ¶μ ¸¢μ¥°
 ¶¶ · É´μ° ¶² ÉËμ·³¥ ¶μ¤· §¤¥²ÖÕÉ¸Ö ´  ¤¢  É¨¶ . „²Ö ± ¦¤μ£μ ¨§ ÔÉ¨Ì
É¨¶μ¢ ¡Ò²¨ ¢Ò¶μ²´¥´Ò É¥¸ÉÒ ¶·μ¨§¢μ¤¨É¥²Ó´μ¸É¨ ¶·μÍ¥¸¸μ·μ¢, ¸²¥¤ÊÖ ¶·μ-
Í¥¤Ê·¥ [9]. �¥§Ê²ÓÉ ÉÒ ¶·¥¤¸É ¢²¥´Ò ¢ É ¡²¨Í¥.

Šμ³¶²¥±¸ É ±¦¥ ¢±²ÕÎ ¥É Ì· ´¨²¨Ð¥ ¨´Ëμ·³ Í¨¨ (SE) Å ³ ¸¸μ¢ÊÕ
¤¨¸±μ¢ÊÕ ¶ ³ÖÉÓ É¨¶  DPM [10], ±μÉμ·μ¥ Ö¢²Ö¥É¸Ö · ¸¶·¥¤¥²¥´´Ò³. …£μ
μ¡· §ÊÕÉ 12 ¤¨¸±μ¢ÒÌ ¸¥·¢¥·μ¢ ¸  ¶¶ · É´Ò³¨ RAID5- ¨ RAID6-¤¨¸±μ¢Ò³¨
³ ¸¸¨¢ ³¨, ¸´ ¡¦¥´´Ò³¨ ¤¨¸± ³¨ ¡Ò¸É·μ° (®hot-spare¯)  ¢ ·¨°´μ° § ³¥´Ò.
Š μ¸¥´¨ 2009 £. μ¡Ð Ö ¥³±μ¸ÉÓ ÔÉμ£μ SE ¸μ¸É ¢²Ö²  50 ’¡ °É. ‚ ·¥§Ê²ÓÉ É¥
¶·μ¢μ¤¨³μ° ·¥±μ´¸É·Ê±Í¨¨ Ì· ´¨²¨Ð  ¥£μ ¤¨¸±μ¢ Ö ¶ ³ÖÉÓ, ¤μ¸ÉÊ¶´ Ö ¤²Ö
¶μ²Ó§μ¢ É¥²¥° ‚� CMS, ¡Ê¤¥É ¤μ¢¥¤¥´  ¤μ 125 ’¡ °É ± ³μ³¥´ÉÊ ¶μ¸ÉÊ¶²¥´¨Ö
¶¥·¢ÒÌ ¤ ´´ÒÌ ¸ ��Š.

‘ 2005 £. ¸¶¥Í¨ ²¨§¨·μ¢ ´´Ò° ‚Š ��– •”’ˆ ¤²Ö ÊÎ ¸É¨Ö ¢ ¶·μ-
£· ³³¥ Ô±¸¶¥·¨³¥´É  CMS § ·¥£¨¸É·¨·μ¢ ´ ¢ ¸É·Ê±ÉÊ· Ì WLCG/EGEE ¶μ¤
¨³¥´¥³ Kharkov-KIPT-LCG2 (¸³., ´ ¶·¨³¥·, [11]). �μ¸²¥ ±μ´Ë¨£Ê· Í¨¨ ¨
μÉ² ¤±¨ ´¥μ¡Ìμ¤¨³ÒÌ ¢¥·¸¨° ¶·μ£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö Ô±¸¶¥·¨³¥´É  CMS
(CMSSW, PhEDEx, ¶·μÎ.) μ´ ¡Ò² É ±¦¥ § ·¥£¨¸É·¨·μ¢ ´ ¢ ¡ §¥ ¤ ´´ÒÌ
CMS [12] ¸ ¨³¥´¥³ T2 UA KIPT.

‚ ¨Õ´¥ 2009 £. ±μ³¶²¥±¸ T2 UA KIPT Ê¸¶¥Ï´μ ¢Ò¶μ²´¨² ¢¸¥ ¸¥·É¨Ë¨-
± Í¨μ´´Ò¥ É¥¸ÉÒ CMS ¨ ¸ É¥Ì ¶μ· ´ Ìμ¤¨É¸Ö ¢ ¸μ¸É ¢¥ £·Ê¶¶Ò ·¥£¨μ´ ²Ó´ÒÌ
Í¥´É·μ¢, £μÉμ¢ÒÌ ± ÊÎ ¸É¨Õ ¢ · ¸¶·¥¤¥²¥´´μ° μ¡· ¡μÉ±¥ ¤ ´´ÒÌ CMS ´ 
Ê·μ¢´¥ Í¥´É·  2-£μ Ö·Ê¸  WLCG. ‘¥·É¨Ë¨± Í¨Ö ¤²Ö T2 UA KIPT ¶¥·¢ÒÌ
6 ± ´ ²μ¢ ¶μ¸ÉÊ¶²¥´¨Ö ¤ ´´ÒÌ μÉ ’1-¸ °Éμ¢ (T1 CERN Buffer, T1 ES PIC,
T1 DE FZK, T1 IT CNAF, T1 US FNAL, T1 FR CCIN2P3) ¶·μÏ²  ¸ ¢¶μ²´¥
Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ° ¸±μ·μ¸ÉÓÕ ¶¥·¥¤ Î¨ ¤ ´´ÒÌ, ¨ ¸¥·É¨Ë¨± Í¨μ´´Ò° ¶μ·μ£
(20 Œ¡ °É/¸ ¢ É¥Î¥´¨¥ ¸ÊÉμ±) ¡Ò² ¶·¥¢ÒÏ¥´, ¶μ ³¥´ÓÏ¥° ³¥·¥, ¢ 12 · §. “± -
§ ´´Ò¥ 6 ¸¥·É¨Ë¨± Í¨μ´´ÒÌ É¥¸Éμ¢ ¡Ò²¨ ¢Ò¶μ²´¥´Ò ´¥³´μ£¨³ ¡μ²¥¥ Î¥³ § 
³¥¸ÖÍ. �·¨ ÔÉμ³ ¢ μ¡Ð¥° ¸²μ¦´μ¸É¨ ¡μ²¥¥ 30 ’¡ °É ¨´Ëμ·³ Í¨¨ ¡Ò²μ ¶¥-
·¥¤ ´μ ´  SE ±μ³¶²¥±¸  T2 UA KIPT. Š ±μ´ÍÊ ²¥É  2009 £. ¤²Ö T2 UA KIPT
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¡Ò²¨ ¸¥·É¨Ë¨Í¨·μ¢ ´Ò 7 ± ´ ²μ¢ ¶μ¸ÉÊ¶²¥´¨Ö ¤ ´´ÒÌ μÉ ¸É·Ê±ÉÊ· 1-£μ Ö·Ê¸ 
¨ ¤¢  ± ´ ²  ¤²Ö μÉ¶· ¢±¨ ¨´Ëμ·³ Í¨¨ μ¡· É´μ ¢ ’1-Í¥´É·Ò.

�μ¸²¥ ¸¥·É¨Ë¨± Í¨¨ ¢ ± Î¥¸É¢¥ ’2-Í¥´É·  £·¨¤-¨´Ë· ¸É·Ê±ÉÊ·Ò Ô±¸¶¥-
·¨³¥´É  CMS ±μ³¶²¥±¸ ��– •”’ˆ ¸É ¡¨²Ó´μ Ê¤μ¢²¥É¢μ·Ö² É·¥¡μ¢ ´¨Ö³
³μ´¨Éμ·¨´£  £μÉμ¢´μ¸É¨ [7] ¨ ±  ¢£Ê¸ÉÊ 2009 £. ¡Ò² μÉ´¥¸¥´ ± £·Ê¶¶¥ ’2-
¸ °Éμ¢ CMS, ·¥±μ³¥´¤μ¢ ´´ÒÌ ¤²Ö ÊÎ ¸É¨Ö ¢ ±μ³¶ÓÕÉ¥·´μ° £¥´¥· Í¨¨ ¸μ¡Ò-
É¨° ¨ · ¸¶·¥¤¥²¥´´μ° μ¡· ¡μÉ±¥ ·¥ ²Ó´ÒÌ ¤ ´´ÒÌ ÔÉμ£μ Ô±¸¶¥·¨³¥´É . ‚μ
¢Éμ·μ³ ¶μ²Ê£μ¤¨¨ 2009 £. (´ ± ´Ê´¥ § ¶Ê¸±  LHC) T2 UA KIPT Ö¢²Ö²¸Ö μ¤-
´¨³ ¨§ ´ ¨¡μ²¥¥ ¸É ¡¨²Ó´ÒÌ ’2-Í¥´É·μ¢ CMS. Œμ¦´μ ±μ´¸É É¨·μ¢ ÉÓ, ÎÉμ
μ¡  ¢ÒÎ¨¸²¨É¥²Ó´ÒÌ Í¥´É·  Å T2 UA KIPT ¨ T2 RU JINR (±μ³¶²¥±¸ ‹ˆ’
�ˆŸˆ) Å ´ Ìμ¤ÖÉ¸Ö ¢ £·Ê¶¶¥ ·¥£¨μ´ ²Ó´ÒÌ Í¥´É·μ¢ CMS, μ¡² ¤ ÕÐ¨Ì ´ ¨-
¡μ²¥¥ ¢Ò¸μ±¨³¨ ¶μ± § É¥²Ö³¨ ¶μ ± Î¥¸É¢Ê · ¡μÉÒ.

� §Ê³¥¥É¸Ö, § ¤ Î¨ ³μ´¨Éμ·¨´£  · ¡μÉÒ ·¥£¨μ´ ²Ó´μ£μ ¢ÒÎ¨¸²¨É¥²Ó´μ£μ
Í¥´É·  Ô±¸¶¥·¨³¥´É  CMS ´¥ ¶μÉ·¥¡²ÖÕÉ ¸±μ²Ó±μ-´¨¡Ê¤Ó §´ Î¨É¥²Ó´ÒÌ ·¥-
¸Ê·¸μ¢ ¸¨¸É¥³Ò. „μ²Ö JR-§ ¤ Î ¢ μ¡Ð¥° § £·Ê§±¥ ¸¨¸É¥³Ò É ±¦¥ Ö¢²Ö¥É¸Ö
¶·¥´¥¡·¥¦¨³μ° ¶μ ¸· ¢´¥´¨Õ ¸ ¢±² ¤μ³ μÉ ±μ³¶ÓÕÉ¥·´μ° £¥´¥· Í¨¨ ¸μ¡Ò-
É¨° ¨  ´ ²¨§  Ê¦¥ ¸£¥´¥·¨·μ¢ ´´ÒÌ ¤ ´´ÒÌ. ’ ±, ´ ¶·¨³¥·, ¢ É¥Î¥´¨¥ ²¥É 
2009 £. ´  £¥´¥· Í¨Õ ¤ ´´ÒÌ ´  T2 UA KIPT ¢Ò¤¥²Ö²μ¸Ó ∼ 50 ¶·μÍ¥¸¸μ·-
´ÒÌ Ö¤¥·,   ´  ±μ³¶²¥±¸¥ ‹ˆ’ �ˆŸˆ T2 RU JINR ¢ μÉ¤¥²Ó´Ò¥ ¤´¨ ¡Ò²μ
¶μ²´μ¸ÉÓÕ § ¤¥°¸É¢μ¢ ´μ ¡μ²¥¥ 500 Ö¤¥·.

‚ μ±ÉÖ¡·¥ 2009 £. ¡Ò²  ¶·μ¢¥¤¥´  ¶μ¸²¥¤´ÖÖ ¶¥·¥¤ § ¶Ê¸±μ³ ��Š Ï¨·μ-
±μ³ ¸ÏÉ ¡´ Ö ¶·μ¢¥·±  (®October exercise¯) £μÉμ¢´μ¸É¨ ±μ³¶ÓÕÉ¨´£μ¢μ° ¨´-
Ë· ¸É·Ê±ÉÊ·Ò CMS ± ¶μ¸ÉÊ¶²¥´¨Õ ¶¥·¢μ° Ô±¸¶¥·¨³¥´É ²Ó´μ° ¨´Ëμ·³ Í¨¨ ¸
±μ²² °¤¥· , ¢ ±μÉμ·μ° ¶·¨´Ö²¨ ÊÎ ¸É¨¥ ¢ÒÎ¨¸²¨É¥²Ó´Ò¥ Í¥´É·Ò ‹ˆ’ �ˆŸˆ
¨ ��– •”’ˆ. � ± ´Ê´¥ ÔÉμ° ¶·μ¢¥·±¨ (¢ ¸¥´ÉÖ¡·¥Äμ±ÉÖ¡·¥ 2009 £.) ´  ±μ³-
¶²¥±¸ T2 UA KIPT ¤²Ö ¢Ò¶μ²´¥´¨Ö ´  ´¥³ · ¡μÉ ¶μ  ´ ²¨§Ê ¢Ò¡μ·μ± ¸μ¡ÒÉ¨°
¡Ò²μ ¶¥·¥¤ ´μ ∼ 18,3 ’¡ °É ¶·¥¤¢ ·¨É¥²Ó´μ ¸£¥´¥·¨·μ¢ ´´ÒÌ (®¢¨·ÉÊ ²Ó-
´ÒÌ¯) ¤ ´´ÒÌ. �·¨ ÔÉμ³ ´ ¨¡μ²ÓÏ¥¥ ±μ²¨Î¥¸É¢μ ¨´Ëμ·³ Í¨¨ (∼ 11 ’¡ °É)
¶μ¸ÉÊ¶¨²μ ¨§ ’1-Í¥´É·  � Í¨μ´ ²Ó´μ° ² ¡μ· Éμ·¨¨ ¨³. 	.”¥·³¨ (‘˜�)
T1 US FNAL. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¢Ò¶μ²´¥´¨¥ · ¡μÉ, ¸¢Ö§ ´´ÒÌ ¸ μ±-
ÉÖ¡·Ó¸±μ° ¶·μ¢¥·±μ°, ´¥ ¶·¨¢¥²μ ± ± ±μ³Ê-²¨¡μ ÊÌÊ¤Ï¥´¨Õ ± Î¥¸É¢¥´´ÒÌ
¶μ± § É¥²¥° [7] · ¡μÉÒ Í¥´É·  T2 UA KIPT. �·μ¢¥·±  ¶μ¤É¢¥·¤¨²  £μÉμ¢-
´μ¸ÉÓ ± ± ’2-Í¥´É·μ¢ (¢ Î ¸É´μ¸É¨ ‚Š ‹ˆ’ �ˆŸˆ ¨ ��– •”’ˆ), É ± ¨
£·¨¤-¨´Ë· ¸É·Ê±ÉÊ·Ò Ô±¸¶¥·¨³¥´É  CMS ¢ Í¥²μ³ ± ¶μ¸ÉÊ¶²¥´¨Õ ¤ ´´ÒÌ ¸
��Š.

‡�Š‹�—…�ˆ…

� ¸¸³μÉ·¥´Ò ¢μ¶·μ¸Ò μ¡¥¸¶¥Î¥´¨Ö ÊÎ ¸É¨Ö ¢ÒÎ¨¸²¨É¥²Ó´ÒÌ Í¥´É·μ¢ ‹ˆ’
�ˆŸˆ ¨ ��– •”’ˆ ¢ · ¸¶·¥¤¥²¥´´μ° μ¡· ¡μÉ±¥ Ô±¸¶¥·¨³¥´É ²Ó´μ° ¨´Ëμ·-
³ Í¨¨,  ±±Ê³Ê²¨·Ê¥³μ° ¢ Ô±¸¶¥·¨³¥´É¥ CMS.
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� ± ´Ê´¥ § ¶Ê¸±  ��Š (±μ´¥Í 2009 £.) μ¸μ¡¥´´μ ¢ ¦´Ò³ Ö¢²Ö¥É¸Ö ¶μ¤-
¤¥·¦±  ´  ¤μ²¦´μ³ Ê·μ¢´¥ ´ ¤¥¦´μ¸É¨ ¨ ¸É ¡¨²Ó´μ¸É¨ · ¡μÉÒ ¢ÒÎ¨¸²¨É¥²Ó-
´ÒÌ ±μ³¶²¥±¸μ¢ ± ± Ô²¥³¥´Éμ¢ WLCG ¨ ± ± ’2-¸ °Éμ¢ Ô±¸¶¥·¨³¥´É  CMS.
�¶·¥¤¥²ÖÕÐ¥¥ §´ Î¥´¨¥ ¤²Ö ¤μ¶Ê¸±  ¢ÒÎ¨¸²¨É¥²Ó´ÒÌ ¸É·Ê±ÉÊ· ± · ¡μÉ ³ ¶μ
· ¸¶·¥¤¥²¥´´μ° (μ¸´μ¢ ´´μ° ´  WLCG) μ¡· ¡μÉ±¥ Ô±¸¶¥·¨³¥´É ²Ó´μ° ¨´-
Ëμ·³ Í¨¨ ¸ ��Š ¨³¥¥É μÍ¥´±  ¸É¥¶¥´¨ ¨Ì ¸μμÉ¢¥É¸É¢¨Ö ±μ³¶ÓÕÉ¨´£μ¢μ°
³μ¤¥²¨ CMS [4] ¨ ± Î¥¸É¢  · ¡μÉÒ ¢ Í¥²μ³. �·¨ ÔÉμ³ ±²ÕÎ¥¢Ò³ Ê¸²μ¢¨¥³
Ö¢²Ö¥É¸Ö ¸¥·É¨Ë¨± Í¨Ö Ô²¥³¥´Éμ¢ £·¨¤-¨´Ë· ¸É·Ê±ÉÊ·Ò Ô±¸¶¥·¨³¥´É  CMS ¢
± Î¥¸É¢¥ Í¥´É·μ¢ μ¶·¥¤¥²¥´´μ£μ Ö·Ê¸  (’1-, ’2- ¨²¨ ’3-Í¥´É·μ¢) ¢ ¨¥· ·Ì¨¨
WLCG.

Šμ³¶²¥±¸Ò ‹ˆ’ �ˆŸˆ (T2 RU JINR) ¨ ��– •”’ˆ (T2 UA KIPT) ¡Ò²¨
¸¥·É¨Ë¨Í¨·μ¢ ´Ò ¢ ± Î¥¸É¢¥ ’2-Í¥´É·μ¢ CMS §  ´¥¸±μ²Ó±μ ³¥¸ÖÍ¥¢ ¤μ § -
¶Ê¸±  ��Š (± ¸¥·¥¤¨´¥ 2009 £.), ¨ ¢ ¤ ²Ó´¥°Ï¥³ ¨Ì £μÉμ¢´μ¸ÉÓ ± ÊÎ ¸É¨Õ
¢ μ¡· ¡μÉ±¥ ¤ ´´ÒÌ CMS ´  Ê·μ¢´¥ 2-£μ Ö·Ê¸  WLCG ¡Ò²  ¶μ¤É¢¥·¦¤¥´ .
�¡¥ ¸¨¸É¥³Ò ¸É ¡¨²Ó´μ Ê¤μ¢²¥É¢μ·ÖÕÉ ¢¸¥³ Ê¸²μ¢¨Ö³ £μÉμ¢´μ¸É¨, μ¸´μ¢ ´-
´Ò³ ´  ¥¦¥¤´¥¢´ÒÌ ·¥§Ê²ÓÉ É Ì SAM- ¨ JR-É¥¸Éμ¢, μ¡² ¤ Ö ¶·¨ ÔÉμ³ ´¥μ¡Ìμ-
¤¨³Ò³ ±μ²¨Î¥¸É¢μ³ ¸¥·É¨Ë¨Í¨·μ¢ ´´ÒÌ ± ´ ²μ¢ ¸¢Ö§¨ ¤²Ö μ¡³¥´  ¤ ´´Ò³¨
¸μ ¸É·Ê±ÉÊ· ³¨ 1-£μ Ö·Ê¸  ¨´Ëμ·³ Í¨μ´´μ-¢ÒÎ¨¸²¨É¥²Ó´μ° ¸Ì¥³Ò Ô±¸¶¥·¨-
³¥´É  CMS. ‚ ÔÉμ³ μÉ´μÏ¥´¨¨ μ¡  Í¥´É·  μ¡¥¸¶¥Î¨¢ ÕÉ ¤μ¸É ÉμÎ´μ ¢Ò¸μ±μ¥
± Î¥¸É¢μ ¶·¥¤μ¸É ¢²Ö¥³ÒÌ ·¥¸Ê·¸μ¢ ¨ ¸¥·¢¨¸μ¢ (¸³. [7]). �·μ¢μ¤¨É¸Ö · ¡μÉ 
¶μ ´ · Ð¨¢ ´¨Õ ·¥¸Ê·¸μ¢ ‚Š ‹ˆ’ �ˆŸˆ ¨ ��– •”’ˆ ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸
É·¥¡μ¢ ´¨Ö³¨ [4] ± ®´μ³¨´ ²Ó´μ³Ê¯ ’2-Í¥´É·Ê Ô±¸¶¥·¨³¥´É  CMS.

� ¡μÉ  ¶μ¤¤¥·¦ ´  £· ´É ³¨ �μ¸¸¨°¸±μ£μ Ëμ´¤  ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨¸-
¸²¥¤μ¢ ´¨° (�””ˆ) ¨ � Í¨μ´ ²Ó´μ°  ± ¤¥³¨¨ ´ Ê± “±· ¨´Ò (���“), ¢Ò-
¤¥²¥´´Ò³¨ ´  μ¸´μ¢ ´¨¨ ±μ´±Ê·¸  ¸μ¢³¥¸É´ÒÌ ´ ÊÎ´ÒÌ ¶·μ¥±Éμ¢ �””ˆ ¨
���“ ´  2008Ä2009 ££. (¶·μ¥±É �””ˆ º 08-07-90410-“±·   ¨ ¤μ£μ¢μ· ���“
º 36/30-2008).
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