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‘ ³μ³¥´É  ¸μ§¤ ´¨Ö ¢ 2005 £. ¢ÒÎ¨¸²¨É¥²Ó´μ£μ ±² ¸É¥·  ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ¶·μ¡²¥³ (‹Ÿ�)
£² ¢´μ° ¥£μ Í¥²ÓÕ ¡Ò²μ ¨ μ¸É ¥É¸Ö ¢Ò¶μ²´¥´¨¥ ¢ÒÎ¨¸²¨É¥²Ó´ÒÌ § ¤ Î ( ´ ²¨§ ¤ ´´ÒÌ, ³μ¤¥²¨·μ-
¢ ´¨¥ ¨ É. ¶.) ¤²Ö · §²¨Î´ÒÌ ´ ÊÎ´ÒÌ ±μ²² ¡μ· Í¨°, ¢ · ¡μÉ¥ ±μÉμ·ÒÌ ¸μÉ·Ê¤´¨±¨ ² ¡μ· Éμ·¨¨
¶·¨´¨³ ÕÉ  ±É¨¢´μ¥ ÊÎ ¸É¨¥. Š² ¸É¥· É ±¦¥ ¸²Ê¦¨É ¤²Ö μ¡ÊÎ¥´¨Ö ¸¶¥Í¨ ²¨¸Éμ¢. ‡  ¶·μÏ¥¤Ï¥¥
¤¥¸ÖÉ¨²¥É¨¥ ³´μ£μ¥ ¨§³¥´¨²μ¸Ó, ¨ ¤²Ö ¶μ¤¤¥·¦ ´¨Ö ¸É ÉÊ¸  ´ ¤¥¦´μ£μ ¨ ¸μ¢·¥³¥´´μ£μ ±² ¸É¥· 
´¥μ¡Ìμ¤¨³μ ¡Ò²μ ¶·μ¢¥¸É¨ ³μ¤¥·´¨§ Í¨Õ, ´ · ¸É¨ÉÓ ³μÐ´μ¸ÉÓ ¨ § ³¥´¨ÉÓ Ê¸É ·¥¢Ï¥¥ μ¡μ·Ê¤μ-
¢ ´¨¥. ‚ ¤ ´´μ° ¸É ÉÓ¥ μ¶¨¸ ´ μ¶ÒÉ ¶·μ¢¥¤¥´¨Ö É ±μ° ³μ¤¥·´¨§ Í¨¨. �ÉμÉ μ¶ÒÉ ³μ¦¥É ¡ÒÉÓ
¶μ²¥§¥´ ¸¨¸É¥³´Ò³  ¤³¨´¨¸É· Éμ· ³ ¤²Ö ¡Ò¸É·μ£μ ¨ ÔËË¥±É¨¢´μ£μ ¢¢μ¤  ¢ Ô±¸¶²Ê É Í¨Õ ´μ¢μ£μ
μ¡μ·Ê¤μ¢ ´¨Ö ±² ¸É¥·μ¢ ¤ ´´μ£μ É¨¶ .

Since creation in 2005 of the Computer Cluster at the Laboratory of Nuclear Problems (LNP),
its main purpose has been to perform computing tasks (data analysis, modeling, etc.) for a variety
of scientiˇc collaborations, where our employees are working too. The cluster also provides for the
training of specialists. Over the past decade, much has changed, and it was necessary to modernize,
to increase capacity and replace outdated equipment in order to maintain the status of a reliable and
modern cluster. This article describes the experience of such modernization. This experience can be
useful for system administrators for fast and efˇcient commissioning of the new equipment of this type
of clusters.
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‚ ¸¥·¥¤¨´¥ 1990-Ì ££. ´ Î ² ¸Ó · §· ¡μÉ±  ³¥Éμ¤μ¢ · ¸¶·¥¤¥²¥´´ÒÌ ¢ÒÎ¨¸²¥´¨°, ¶μ-
²ÊÎ¨¢Ï¨Ì ¢¶μ¸²¥¤¸É¢¨¨ ´ §¢ ´¨¥ GRID [1]. ‚ �ˆŸˆ · ¡μÉÒ ¶μ ¸μ§¤ ´¨Õ GRID-¨´-
Ë· ¸É·Ê±ÉÊ·Ò ´ Î ²¨¸Ó ¢ 2002 £. [2],   ¢ 2004 £. ¶μ ¨´¨Í¨ É¨¢¥ ¤¨·¥±Í¨¨ ‹ ¡μ· Éμ·¨¨
Ö¤¥·´ÒÌ ¶·μ¡²¥³ (‹Ÿ�) ¡Ò² ¸μ§¤ ´ ¢Éμ·μ° ¢ �ˆŸˆ ±² ¸É¥· [3], ¶μ²ÊÎ¨¢Ï¨° ´ §¢ ´¨¥
LGD (LNP Grid Development). ‚ É¥Î¥´¨¥ 10 ²¥É ±² ¸É¥· ‹Ÿ� Ê¸¶¥Ï´μ ¨ ¡¥§μÉ± §´μ ¸¶· -
¢²Ö²¸Ö ¸μ ¸¢μ¥° § ¤ Î¥°: ´  ´¥³ ¢Ò¶μ²´Ö²¨¸Ó · §²¨Î´μ£μ ·μ¤  ³μ¤¥²¨·μ¢ ´¨¥ ¨ μÉ² ¤± 
¶·μ£· ³³, ¶·¥¤¢ ·¨É¥²Ó´Ò° ¨ μ±μ´Î É¥²Ó´Ò°  ´ ²¨§ ¤ ´´ÒÌ, ¶·μ¢μ¤¨²¨¸Ó · §´μμ¡· §-
´Ò¥ ¢¸¶μ³μ£ É¥²Ó´Ò¥ ¢ÒÎ¨¸²¥´¨Ö ¨ · ¸Î¥ÉÒ ¸μÉ·Ê¤´¨±μ¢ ‹Ÿ�, ÊÎ ¸É¢μ¢ ¢Ï¨Ì ¢ · §´ÒÌ
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ±μ²² ¡μ· Í¨ÖÌ. ‚ §´ Î¨É¥²Ó´μ° ³¥·¥, μ¸μ¡¥´´μ ´  ´ Î ²Ó´μ³ ÔÉ ¶¥
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¸É ´μ¢²¥´¨Ö ±² ¸É¥· , É ±μ£μ ¸μ·É  § ¤ Î¨ ¶μ¸ÉÊ¶ ²¨ μÉ ¶μ²Ó§μ¢ É¥²¥° ‹Ÿ�, ÊÎ ¸É¢μ-
¢ ¢Ï¨Ì ¢ Ô±¸¶¥·¨³¥´É¥ ATLAS [4], ±μÉμ·Ò¥, ¸μ¡¸É¢¥´´μ, ¨ ¡Ò²¨ μ¤´¨³¨ ¨§ £² ¢´ÒÌ
¨´¨Í¨ Éμ·μ¢ ¸μ§¤ ´¨Ö ±² ¸É¥· . ’¥³ ´¥ ³¥´¥¥ ¸μÉ·Ê¤´¨±¨ �ˆŸˆ, § ´ÖÉÒ¥ ¢ ¤·Ê£¨Ì Ô±¸-
¶¥·¨³¥´É Ì, É ±¦¥ Ê¸¶¥Ï´μ ¨¸¶μ²Ó§μ¢ ²¨ ÔÉμÉ ±² ¸É¥· ¤²Ö ¸¢μ¥° · ¡μÉÒ. ‡  ¶·μÏ¥¤Ï¨¥
£μ¤Ò ± ± ¢ ¸ ³μ° ² ¡μ· Éμ·¨¨, É ± ¨ ¢ ¸Ë¥·¥ ±μ³¶ÓÕÉ¥·´μ£μ ¨ ¸¥É¥¢μ£μ μ¡μ·Ê¤μ¢ ´¨Ö
¶·μ¨§μÏ²¨ § ³¥É´Ò¥ ¨§³¥´¥´¨Ö, ÎÉμ ¥¸É¥¸É¢¥´´Ò³ μ¡· §μ³ ¶·¨¢¥²μ ± ´¥μ¡Ìμ¤¨³μ¸É¨
¸ÊÐ¥¸É¢¥´´μ° ³μ¤¥·´¨§ Í¨¨ ±² ¸É¥· . �Î¥¢¨¤´μ, ÎÉμ ¤²Ö ¸μÌ· ´¥´¨Ö ¸É ÉÊ¸  ´ ¤¥¦´μ£μ
¨ ÔËË¥±É¨¢´μ£μ ±² ¸É¥·  ¡Ò²  ´¥μ¡Ìμ¤¨³  § ³¥´  Ê¸É ·¥¢Ï¥£μ μ¡μ·Ê¤μ¢ ´¨Ö (¢ ¶¥·¢ÊÕ
μÎ¥·¥¤Ó ¢¸¥Ì · ¡μÎ¨Ì Ê§²μ¢ ±² ¸É¥· ),   É ±¦¥ ¸ÊÐ¥¸É¢¥´´μ¥ ´ · Ð¨¢ ´¨¥ ³μÐ´μ¸É¨.
�·¨ ÔÉμ³ ¢¸¥ ³¥·μ¶·¨ÖÉ¨Ö ¶μ ³μ¤¥·´¨§ Í¨¨ ¤μ²¦´Ò ¡Ò²¨ ¡ÒÉÓ ¶·μ¢¥¤¥´Ò ¢ ±· ÉÎ °Ï¨¥
¸·μ±¨, ¶μ¸±μ²Ó±Ê · ¡μÉÊ ±² ¸É¥·  ´¥²Ó§Ö μ¸É ´ ¢²¨¢ ÉÓ ´ ¤μ²£μ.

‚ ¤ ´´μ° ¸É ÉÓ¥ μ¶¨¸ ´ μ¶ÒÉ ¶·μ¢¥¤¥´¨Ö É ±μ° ³μ¤¥·´¨§ Í¨¨ ´  ¶·¨³¥·¥ ±² ¸É¥· 
‹Ÿ�. �É¨ ¶μ¸²¥¤μ¢ É¥²Ó´Ò¥ ¤¥°¸É¢¨Ö ¢¶μ²´¥ ³μ£ÊÉ ¡ÒÉÓ ¶μ²¥§´Ò ²Õ¡μ³Ê ¸¨¸É¥³´μ³Ê
 ¤³¨´¨¸É· Éμ·Ê (¨²¨ ¶·μ¸Éμ ®¶·μ¤¢¨´ÊÉμ³Ê¯ ¶μ²Ó§μ¢ É¥²Õ) ¢ ¸²ÊÎ ¥ ´¥μ¡Ìμ¤¨³μ¸É¨ ¡Ò-
¸É·μ° § ³¥´Ò μ¡μ·Ê¤μ¢ ´¨Ö ¨ ¢¢μ¤  ¥£μ ¢ Ô±¸¶²Ê É Í¨Õ.

���–…„“�� Œ�„…��ˆ‡�–ˆˆ Š‹�‘’…��

ƒ² ¢´Ò³ §¢¥´μ³ ¢¸¥£μ ¶·μÍ¥¸¸  ³μ¤¥·´¨§ Í¨¨ Ö¢²Ö¥É¸Ö ¶·μÍ¥¤Ê·  ¡Ò¸É·μ£μ ¶¥·¥-
´μ¸  μ¡Ð¥° ¤²Ö ¢¸¥Ì Ô²¥³¥´Éμ¢ ±² ¸É¥·  ¸¨¸É¥³´μ° ¨´Ëμ·³ Í¨¨ ¸ μ¤´μ£μ (Ê¸É ·¥¢Ï¥£μ)
· ¡μÎ¥£μ Ô²¥³¥´É  ±² ¸É¥·  ´  ¤·Ê£μ° (´μ¢Ò°) · ¡μÎ¨° Ô²¥³¥´É.

„²Ö ¶·μ¢¥¤¥´¨Ö ÔÉμ° ¶·μÍ¥¤Ê·Ò ´¥μ¡Ìμ¤¨³μ ´ ²¨Î¨¥ ¢¥·¸¨¨ Linux ¸ ¢μ§³μ¦´μ¸ÉÓÕ
§ £·Ê§±¨ ¸¨¸É¥³Ò ¸ ± ±μ£μ-²¨¡μ ¢´¥Ï´¥£μ ´μ¸¨É¥²Ö (CD/DVD, USB Ë²¥Ï-¶ ³ÖÉÓ) ¨²¨ ¦¥
¶μ ¸¥É¨ Ethernet ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μÉμ±μ²  PXE (Preboot Execution Environment). „¨¸-
É·¨¡ÊÉ¨¢Ò ¡μ²ÓÏ¨´¸É¢  ¸μ¢·¥³¥´´ÒÌ ¢¥·¸¨° Linux ¶·¥¤μ¸É ¢²ÖÕÉ É ±¨¥ ¢μ§³μ¦´μ¸É¨.
‚ ± Î¥¸É¢¥ ±μ´±·¥É´μ£μ ¢ ·¨ ´É  É ±μ° ¸¨¸É¥³Ò ´ ³¨ ¡Ò² ¢Ò¡· ´ RIP Linux (Recovery
is Possible) [5], ¶μ§¢μ²ÖÕÐ¨° § ¶Ê¸± ¸¨¸É¥³Ò ¸μ ¢¸¥Ì É¨¶μ¢ ´μ¸¨É¥²¥° (CD/DVD/USB),
¢±²ÕÎ Ö Ê¤ ²¥´´ÊÕ § £·Ê§±Ê ¶μ ¸¥É¨. „ ²¥¥ ¢ É¥±¸É¥ É ±μ° ¸¶μ¸μ¡ ¸É ·É  ¸¨¸É¥³Ò ¡Ê¤¥³
μ¡μ§´ Î ÉÓ ± ± § ¶Ê¸± Live CD, ¡¥§ Ê± § ´¨Ö ±μ´±·¥É´μ£μ ¸¶μ¸μ¡  § £·Ê§±¨.

‘μ¡¸É¢¥´´μ, ¢¸Ö · ¡μÉ  § ±²ÕÎ ¥É¸Ö ¢ ±μ¶¨·μ¢ ´¨¨ μ¶¥· Í¨μ´´μ° ¸¨¸É¥³Ò ¸ ¦¥¸É±¨Ì
¤¨¸±μ¢ ¸É ·μ£μ · ¡μÎ¥£μ Ô²¥³¥´É  ´  ¦¥¸É±¨¥ ¤¨¸±¨ ´μ¢μ£μ · ¡μÎ¥£μ Ô²¥³¥´É  ±² ¸É¥·  ¸
¶μ¸²¥¤ÊÕÐ¥°  ¤ ¶É Í¨¥° ¶¥·¥´¥¸¥´´μ° ¸¨¸É¥³Ò ± ´μ¢μ³Ê μ¡μ·Ê¤μ¢ ´¨Õ. ’ ±¨¥ ¤¥°¸É¢¨Ö
¶μ§¢μ²ÖÕÉ ¨§¡¥¦ ÉÓ ¤²¨É¥²Ó´μ° ¨ É·Ê¤μ¥³±μ° ´ ¸É·μ°±¨ ´μ¢μ£μ · ¡μÎ¥£μ Ô²¥³¥´É , ´¥-
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�¨¸. 1. ‘Ì¥³  ¤¥°¸É¢¨° ¶μ ¶μ¤£μÉμ¢±¥ ± · ¡μÉ¥ ´μ¢μ£μ Ô²¥³¥´É  ±² ¸É¥·  New WN
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¨§¡¥¦´μ° ¶·¨ Ê¸É ´μ¢±¥ ¸¨¸É¥³Ò ®¸ ´Ê²Ö¯, ÎÉμ ¶μ§¢μ²Ö¥É §´ Î¨É¥²Ó´μ ¸μ±· É¨ÉÓ ¢·¥³Ö
¢¢μ¤  ¢ Ô±¸¶²Ê É Í¨Õ ´μ¢μ£μ μ¡μ·Ê¤μ¢ ´¨Ö. �  ·¨¸. 1 ¸Ì¥³ É¨Î´μ ¶μ± § ´Ò ¢¸¥ ¤¥°-
¸É¢¨Ö, ¢ ·¥§Ê²ÓÉ É¥ ±μÉμ·ÒÌ ´μ¢Ò° · ¡μÎ¨° Ô²¥³¥´É ±² ¸É¥· , μ¡μ§´ Î¥´´Ò° ± ± New
WN (Worker Node), ¡Ê¤¥É ¶μ²´μ¸ÉÓÕ ¶μ¤£μÉμ¢²¥´ ± · ¡μÉ¥.

‚¸Õ ¶·μÍ¥¤Ê·Ê ³μ¦´μ · §¤¥²¨ÉÓ ´  É·¨ £² ¢´ÒÌ ÔÉ ¶  (¸³. ·¨¸. 1):
1) ¸μ§¤ ´¨¥ μ¡· §  ¸¨¸É¥³Ò ¸É ·μ£μ · ¡μÎ¥£μ Ô²¥³¥´É  (Ï £¨ 1 ¨ 2);
2) ¶¥·¥´μ¸ ¨ · §¢¥·ÉÒ¢ ´¨¥ ÔÉμ£μ μ¡· §  ´  ´μ¢μ³ Ô²¥³¥´É¥ (Ï £¨ 3 ¨ 4);
3)  ¤ ¶É Í¨Ö ¸¨¸É¥³Ò ± ´μ¢μ³Ê Ô²¥³¥´ÉÊ (Ï £ 5).
�¨¦¥ ¢¸¥ ÔÉ¨ ÔÉ ¶Ò · ¸¸³μÉ·¥´Ò ¶μ¤·μ¡´μ, ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ ¶μÖ¸´¥´¨Ö³¨.
�É ¶ 1 Å ¸μ§¤ ´¨¥ μ¡· §  ¸¨¸É¥³Ò ¸É ·μ£μ · ¡μÎ¥£μ Ô²¥³¥´É . �É ¶ ´ Î¨´ ¥É¸Ö

¸ § ¶Ê¸±  ¸¨¸É¥³Ò Live CD ´  · ¡μÎ¥³ Ô²¥³¥´É¥ ±² ¸É¥· , ¸ ¦¥¸É±¨Ì ¤¨¸±μ¢ ±μÉμ·μ£μ
´¥μ¡Ìμ¤¨³μ ¸±μ¶¨·μ¢ ÉÓ μ¡· § ¸¨¸É¥³Ò. ’ ± Ö § £·Ê§±  (É. ¥. ¨¸¶μ²Ó§μ¢ ´¨¥ ¸Éμ·μ´´¥°
¸¨¸É¥³Ò) ¶μ§¢μ²Ö¥É ¶μ²ÊÎ¨ÉÓ ¶μ²´Ò° ¤μ¸ÉÊ¶ ± ±μ¶¨·Ê¥³Ò³ ¸¨¸É¥³´Ò³ Ë °² ³ ±μ³-
¶ÓÕÉ¥· . ‚ ´ Ï¥³ ¸²ÊÎ ¥ ¢¸Ö ¤¨¸±μ¢ Ö ¸¨¸É¥³  · ¡μÎ¥£μ Ô²¥³¥´É  WN · ¸¶μ²μ¦¥´  ´ 
¤¢ÊÌ ¦¥¸É±¨Ì ¤¨¸± Ì, ´  μ¤´μ³ ¨§ ±μÉμ·ÒÌ Ê¸É ´μ¢²¥´  μ¶¥· Í¨μ´´ Ö ¸¨¸É¥³ ,   ¤·Ê-
£μ° ¸²Ê¦¨É ¤²Ö Ì· ´¥´¨Ö ¶μ²Ó§μ¢ É¥²Ó¸±¨Ì ¤ ´´ÒÌ. �μ ¸ÊÉ¨ ¤¥² , ¨³¥´´μ ±μ¶¨·μ¢ ´¨¥
¨ ¶μ¸²¥¤ÊÕÐ Ö ±μ´Ë¨£Ê· Í¨Ö ¸¨¸É¥³´ÒÌ · §¤¥²μ¢ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° μ¸´μ¢´ÊÕ ¸²μ¦-
´μ¸ÉÓ ¶·μÍ¥¸¸  ¶¥·¥´μ¸  ¸¨¸É¥³Ò. Šμ¶¨·μ¢ ´¨¥ ¦¥ ¶μ²Ó§μ¢ É¥²Ó¸±¨Ì ¤ ´´ÒÌ Ö¢²Ö¥É¸Ö
Ô²¥³¥´É ·´μ° ¶·μÍ¥¤Ê·μ° ¨ ³μ¦¥É ¡ÒÉÓ ¸¤¥² ´μ ¶μ¸²¥ ¶¥·¥´μ¸  ¸ ³μ° ¸¨¸É¥³Ò ´  ´μ¢μ¥
μ¡μ·Ê¤μ¢ ´¨¥. „¨¸± ¸ μ¶¥· Í¨μ´´μ° ¸¨¸É¥³μ° ¶μ¸·¥¤¸É¢μ³ ³¥´¥¤¦¥·  ²μ£¨Î¥¸±¨Ì Éμ³μ¢
LVM (Logical Volume Manager) · §¡¨É ´  · §¤¥²Ò, ¢Ìμ¤ÖÐ¨¥ ¢ μ¤´Ê LVM-£·Ê¶¶Ê vg:
root, home ¨ data, ´  ±μÉμ·ÒÌ · ¸¶μ²μ¦¥´Ò · §¤¥²Ò /root, /home ¨ /data ¸μμÉ¢¥É-
¸É¢¥´´μ. ‚¥·¸¨Ö Linux, ¨¸¶μ²Ó§Ê¥³ Ö ´  ±² ¸É¥·¥, ´¥ ¶μ§¢μ²Ö¥É § £·Ê§±Ê ¸¨¸É¥³Ò ¸ Éμ³ 
LVM, ¶μÔÉμ³Ê § £·Ê§μÎ´Ò° · §¤¥² /boot · §³¥Ð¥´ ´  μ¡ÒÎ´μ³ (primary) · §¤¥²¥ ¸¨-
¸É¥³´μ£μ ¤¨¸±  /dev/sda1. Š²ÕÎ¥¢Ò³¨ Ô²¥³¥´É ³¨ Ë °²μ¢μ° ¸¨¸É¥³Ò Ö¢²ÖÕÉ¸Ö /boot
¨ /root · §¤¥²Ò.

‘· §Ê ¶μ¸²¥ § £·Ê§±¨ Live CD ¤¨¸±μ¢Ò¥ Éμ³  LVM ´¥ ±É¨¢´Ò. ‘ ¶μ³μÐÓÕ ±μ³ ´¤Ò
lvscan ³μ¦´μ μ¡´ ·Ê¦¨ÉÓ ¸ÊÐ¥¸É¢ÊÕÐ¨¥ · §¤¥²Ò LVM. Šμ³ ´¤μ° vgchange -ay ÔÉ¨
Éμ³   ±É¨¢¨·ÊÕÉ¸Ö. „²Ö ¤ ²Ó´¥°Ï¥° · ¡μÉÒ ³μ´É¨·Ê¥³ ¢¸¥ ¤¨¸±μ¢Ò¥ ¸¨¸É¥³Ò · ¡μÎ¥£μ
Ô²¥³¥´É  ¢ ¤¨·¥±Éμ·¨Õ /mnt:

cd /mnt
mount /dev/sda1 /mnt/boot
mount /dev/vg/root /mnt/root
mount /dev/vg/home /mnt/home
mount /dev/vg/data /mnt/data
mount /dev/sdb1 /mnt/sdb1

�μ¤±²ÕÎ¥´¨¥ ¶μ²Ó§μ¢ É¥²Ó¸±μ£μ · §¤¥²  /dev/sdb1 ´¥μ¡Ìμ¤¨³μ ¤²Ö ¤ ²Ó´¥°Ï¥£μ ¸μ-
Ì· ´¥´¨Ö μ¡· §μ¢ boot, root, home ¨ data. �É¨ μ¡· §Ò ¸μ§¤ ÕÉ¸Ö ¸²¥¤ÊÕÐ¨³¨ ±μ³ ´¤ ³¨:

cd /mnt/root ; tar cf /mnt/sdb1/lgdwn-root.tar . --numeric-owner
cd /mnt/boot ; tar cf /mnt/sdb1/lgdwn-boot.tar . --numeric-owner
cd /mnt/home ; tar cf /mnt/sdb1/lgdwn-home.tar . --numeric-owner

Šμ³ ´¤  tar ¸μ§¤ ¥É Ë °², ¸μ¤¥·¦ Ð¨° μ¡· § ²μ£¨Î¥¸±μ£μ ¤¨¸±  ´a ¤¨¸±¥ sdb1.
ˆ¸¶μ²Ó§Ê¥³Ò° ¶ · ³¥É· --numeric-owner ¢ ¦¥´, ¶μ¸±μ²Ó±Ê μ´ ¶μ§¢μ²Ö¥É ¨§¡¥¦ ÉÓ ¢μ§-
³μ¦´ÒÌ ´¥¸μμÉ¢¥É¸É¢¨° ¨³¥´ ¨ £·Ê¶¶ ¢² ¤¥²ÓÍ¥¢ Ë °²μ¢ ¨ ¤¨·¥±Éμ·¨° ¢ § £·Ê¦¥´´μ°
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(Live CD) ¨ ±μ¶¨·Ê¥³μ° ¸¨¸É¥³¥ (¤¨¸±¨ · ¡μÎ¥£μ Ô²¥³¥´É ). �μ § ¢¥·Ï¥´¨¨ ±μ¶¨·μ¢ ´¨Ö
¸Éμ¨É ¶·μ¢¥·¨ÉÓ ´ ²¨Î¨¥ Ë °²μ¢ ¢ ¶ ¶±¥ /mnt/sdb1. �  ÔÉμ³ ¶¥·¢Ò° ÔÉ ¶ § ±μ´Î¥´.

�É ¶ 2 Å ¶¥·¥´μ¸ ¨ · §¢¥·ÉÒ¢ ´¨¥ μ¡· §  ¸¨¸É¥³Ò ´  ´μ¢μ³ Ô²¥³¥´É¥. ‚ ±μ´-
±·¥É´μ³ ¢ ·¨ ´É¥ ¶·μ¢¥¤¥´´μ° ³μ¤¥·´¨§ Í¨¨ ´  ±² ¸É¥·¥ ¦¥¸É±¨° ¤¨¸± sdb ¸μ ¢¸¥³¨
¨³¥ÕÐ¨³¨¸Ö ¶μ²Ó§μ¢ É¥²Ó¸±¨³¨ ¤ ´´Ò³¨ ¶·μ¸Éμ ¶¥·¥¸É ¢²Ö²¸Ö ¸μ ¸É ·μ° ´  ´μ¢ÊÕ ³ -
Ï¨´Ê (ÔÉ ¶ 3). �μ³¨³μ ¸μÌ· ´¥´¨Ö ¢¸¥Ì · ¸¶μ²μ¦¥´´ÒÌ ´  ´¥³ ¤ ´´ÒÌ ¶μ²Ó§μ¢ É¥²¥°
ÔÉμ ¶μ§¢μ²¨²μ É ±¦¥ ¨§¡¥¦ ÉÓ μ·£ ´¨§ Í¨¨ ¶·μ³¥¦ÊÉμÎ´μ£μ ¸¥·¢¥·  Ì· ´¥´¨Ö ¨ ¶¥·¥-
¤ Î¨ μ¡· §μ¢ ¸¨¸É¥³Ò ¶μ ¸¥É¨ ¨²¨ ¶μ¸·¥¤¸É¢μ³ ± ±μ£μ-²¨¡μ ¤·Ê£μ£μ ¡μ²¥¥ ³¥¤²¥´´μ£μ
¸¶μ¸μ¡ .

ˆÉ ±, ¶μ¸²¥ Ë¨§¨Î¥¸±μ° Ê¸É ´μ¢±¨ ´  ´μ¢μ° ³ Ï¨´¥ ¤¨¸±  sdb ¸μ ¢¸¥³¨ ´¥μ¡Ìμ¤¨-
³Ò³¨ Ë °² ³¨-μ¡· § ³¨ ¸¨¸É¥³Ò ®§ £·Ê¦ ¥³¯ Live CD ´  ´μ¢μ³ Ô²¥³¥´É¥ (ÔÉ ¶ 4). „²Ö
¶¥·¥´μ¸  ¸¨¸É¥³Ò ´¥μ¡Ìμ¤¨³μ ¶μ²´μ¸ÉÓÕ ¸μÌ· ´¨ÉÓ ¨¸Ìμ¤´ÊÕ ¸É·Ê±ÉÊ·Ê, É. ¥. ¸μ§¤ ÉÓ
ÉμÎ´ÊÕ ¥¥ ±μ¶¨Õ ¸ É ±¨³¨ ¦¥ ²μ£¨Î¥¸±¨³¨ · §¤¥² ³¨ ¨ Ë °²μ¢μ° ¸¨¸É¥³μ°. ‘´ Î ²  ¸
¶μ³μÐÓÕ ÊÉ¨²¨ÉÒ fdisk ¶·μ¢μ¤¨³ · §³¥É±Ê ¸¨¸É¥³´μ£μ ¤¨¸±  sda ´  ¤¢  · §¤¥² : ¶¥·-
¢Ò° /dev/sda1 ¶·¥¤´ §´ Î¥´ ¤²Ö § £·Ê§μÎ´ÒÌ Ë °²μ¢ (/boot),   ´  ¢Éμ·μ³ /dev/sda2
· §³¥¸É¨³ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ LVM ¢¸¥ μ¸É ²Ó´Ò¥ ¸¨¸É¥³´Ò¥ · §¤¥²Ò. ‘μ§¤ ´¨¥ ¨  ±É¨-
¢ Í¨Ö ²μ£¨Î¥¸±¨Ì · §¤¥²μ¢ ¤¨¸±  μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓÕ ±μ³ ´¤

pvcreate /dev/sda2
vgcreate vg /dev/sda2
lvcreate -L 20G -n root vg
lvcreate -L 10G -n home vg
lvcreate -L 16G -n temp vg
lvcreate -L 32G -n swap vg
lvcreate -L 850G -n data vg
vgchange -ay

‘²¥¤ÊÕÐ¨° Ï £ Å Ëμ·³ É¨·μ¢ ´¨¥ ¸μ§¤ ´´ÒÌ · §¤¥²μ¢:

mkfs.ext4 -L /boot /dev/sda1
mkfs.ext4 -L / /dev/vg/root
mkfs.ext4 -L /home /dev/vg/home
mkfs.ext4 -L /tmp /dev/vg/temp
mkfs.ext4 -L /data /dev/vg/data
mkswap -L swap /dev/vg/swap

ˆ ´ ±μ´¥Í, ¸μ§¤ ´¨¥ ¤¨·¥±Éμ·¨° ¸μ£² ¸´μ ®¸É ·μ°¯ ¸¨¸É¥³¥ WN ¨ ³μ´É¨·μ¢ ´¨¥
¤¨¸±μ¢ § ¢¥·Ï ¥É¸Ö ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓÕ ±μ³ ´¤

mkdir -p /mnt/boot
mount /dev/sda1 /mnt/boot
mkdir -p /mnt/root
mount /dev/vg/root /mnt/root
mkdir -p /mnt/home
mount /dev/vg/home /mnt/home

’¥¶¥·Ó ¸É·Ê±ÉÊ·  ´μ¢μ£μ ¤¨¸±  sda ¶μ²´μ¸ÉÓÕ ¸μμÉ¢¥É¸É¢Ê¥É ¸É·Ê±ÉÊ·¥ ¨¸Ìμ¤´μ£μ
· ¡μÎ¥£μ Ô²¥³¥´É  ±² ¸É¥· . �  ´¥³ μ¸É ²μ¸Ó · §¢¥·´ÊÉÓ ¸ ³Ê μ¶¥· Í¨μ´´ÊÕ ¸¨¸É¥³Ê,
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±μÉμ· Ö Ì· ´¨É¸Ö ´  ¢Éμ·μ³ ¤¨¸±¥ sdb. „²Ö ÔÉμ£μ ³μ´É¨·Ê¥³ · §¤¥² /dev/sdb1 ¨ · §-
¢¥·ÉÒ¢ ¥³ ¸¨¸É¥³Ê:

mkdir -p /mnt/sdb1
mount /dev/sdb1 /mnt/sdb1
cd /mnt/boot ; tar xf /mnt/sdb1/lgdwn-boot.tar
cd /mnt/root ; tar xf /mnt/sdb1/lgdwn-root.tar
cd /mnt/home ; tar xf /mnt/sdb1/lgdwn-home.tar
umount /mnt/sdb1
umount /mnt/home
umount /mnt/boot

ˆÉ ±, ´  ÔÉμ³ ÔÉ ¶¥ ´  ´μ¢μ³ ±μ³¶ÓÕÉ¥·¥ ¢μ¸¶·μ¨§¢¥¤¥´  ¢¸Ö ¤¨¸±μ¢ Ö ¨ Ë °²μ¢ Ö
¸É·Ê±ÉÊ·  ¨¸Ìμ¤´μ° ³ Ï¨´Ò. �·¨ ÔÉμ³, ¥¸É¥¸É¢¥´´μ, ¢¸¥ ¸±μ¶¨·μ¢ ´´Ò¥ Ë °²Ò, ¢±²ÕÎ Ö
®§ £·Ê§μÎ´Ò¥¯ ¸¨¸É¥³´Ò¥ Ë °²Ò, ¸μμÉ¢¥É¸É¢ÊÕÉ ¸É ·μ° ³ Ï¨´¥. �¸É ²μ¸Ó ¶·μ¢¥¸É¨ ´¥-
±μÉμ·Ò¥ μ¶¥· Í¨¨ (¢±²ÕÎ Ö ´ ¸É·μ°±Ê ¶μ¤¸¨¸É¥³Ò ®§ £·Ê§±¨¯ ´  ´μ¢μ³ Ô²¥³¥´É¥), ´¥-
μ¡Ìμ¤¨³Ò¥ ¤²Ö § ¢¥·Ï¥´¨Ö ´ ¸É·μ°±¨ ´μ¢μ£μ · ¡μÎ¥£μ Ô²¥³¥´É .

�É ¶ 3 Å  ¤ ¶É Í¨Ö ¸¨¸É¥³Ò ´  ´μ¢μ³ Ô²¥³¥´É¥. Šμ¶¨·μ¢ ´¨¥ ¸¨¸É¥³Ò ¡Ò²μ ¶·μ-
¢¥¤¥´μ ¢ ¸¨¸É¥³¥ Live CD, ¶μ¸±μ²Ó±Ê ¶μ¤¸¨¸É¥³  ®§ £·Ê§±¨¯ μ¶¥· Í¨μ´´μ° ¸¨¸É¥³Ò ´ 
´μ¢μ° ³ Ï¨´¥ ¶μ±  ´¥ ´ ¸É·μ¥´ . “¤μ¡´¥¥ ¢¸¥£μ ¸¤¥² ÉÓ ¢¸¥ μ±μ´Î É¥²Ó´Ò¥ ´ ¸É·μ°±¨,
¶¥·¥±²ÕÎ¨¢ ®±μ·´¥¢μ°¯ · §¤¥² ´  Ë °²Ò ¸±μ¶¨·μ¢ ´´μ° ¸¨¸É¥³Ò, É. ¥. ¤²Ö ³ ±¸¨³ ²Ó´μ
¢μ§³μ¦´μ£μ ¶·¨¡²¨¦¥´¨Ö ± ¸·¥¤¥ ±μ¶¨·Ê¥³μ° ¸¨¸É¥³Ò ¸²¥¤Ê¥É ¸ ¶μ³μÐÓÕ ±μ³ ´¤Ò
chroot ¶¥·¥°É¨ ¢ ®±μ·¥´Ó¯ ¸±μ¶¨·μ¢ ´´μ° ¸¨¸É¥³Ò. �·¨ ÔÉμ³ ¸¨¸É¥³  ¸μ¤¥·¦¨É ¶· ±-
É¨Î¥¸±¨ ¢¸¥, ÎÉμ ¥¸ÉÓ ¢ ´μ·³ ²Ó´μ ¸É ·Éμ¢ ¢Ï¥° ¸¨¸É¥³¥, ±·μ³¥ ·Ö¤  ¤¨´ ³¨Î¥¸±¨Ì
· §¤¥²μ¢ Linux, É ±¨Ì ± ± /dev, /proc ¨ /sys. �É¨ ¸É·Ê±ÉÊ·Ò ³μ¦´μ ¢§ÖÉÓ ¨§ Live CD,
§ · ´¥¥ (É. ¥. ¤μ ±μ³ ´¤Ò chroot) ¸³μ´É¨·μ¢ ¢ ¨Ì ¸ ¶ · ³¥É·μ³ --bind ¢ ´Ê¦´Ò¥ ÉμÎ±¨
Ë °²μ¢μ° ¸¨¸É¥³Ò:

mount --bind /dev /mnt/root/dev
mount --bind /sys /mnt/root/sys
mount --bind /proc /mnt/root/
chroot /mnt/root

„ ²Ó´¥°Ï Ö ´ ¸É·μ°±  ¨¤¥É ´  ´μ¢μ³ · ¡μÎ¥³ Ô²¥³¥´É¥ Ë ±É¨Î¥¸±¨ É ± ¦¥, ± ± ¥¸²¨
¡Ò Ê¦¥ · ¡μÉ ²  ¸±μ¶¨·μ¢ ´´ Ö ¸¨¸É¥³ ,   ´¥ μ¶¥· Í¨μ´´ Ö ¸¨¸É¥³ , ¨§-¶μ¤ ±μÉμ·μ° ¡Ò²
§ £·Ê¦¥´ ±μ³¶ÓÕÉ¥· (Live CD).

‘´ Î ²  ³μ´É¨·Ê¥É¸Ö ®§ £·Ê§μÎ´Ò°¯ · §¤¥² /boot ¨ ¸μ§¤ ¥É¸Ö ®´ Î ²Ó´ Ö Ë °²μ¢ Ö
¸¨¸É¥³ ¯ (initfamfs Å Initial RAM File System), ¸μμÉ¢¥É¸É¢ÊÕÐ Ö  ¶¶ · É´Ò³ ±μ³¶μ´¥´-
É ³ ´μ¢μ£μ Ô²¥³¥´É  ¨ ´Ê¦´μ° ¢¥·¸¨¨ ®Ö¤· ¯ ¸¨¸É¥³Ò (¢ ¶·¨³¥·¥ ´¨¦¥ ¨¸¶μ²Ó§μ¢ ´ 
¢¥·¸¨Ö ®Ö¤· ¯ kernel=2.6.32-573.el6):

mount /dev/sda1 /boot

cd /boot

mv initramfs-kernel.x86 64.img initramfs-kernel.x86 64.img-orig
dracut initramfs-kernel.x86 64.img kernel

grub-install /dev/sda
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�  ÔÉμ³ ÔÉ ¶¥ μ·¨£¨´ ²Ó´Ò° ¢ ·¨ ´É intramfs ¡Ò² ´  ¢¸Ö±¨° ¸²ÊÎ ° ¸μÌ· ´¥´ (Ë °²
intramfs...img-orig). �μ § ¢¥·Ï¥´¨¨ ´ ¸É·μ°±¨ ¨ ¶·¨ Ê¸¶¥Ï´μ° § £·Ê§±¥ ´μ¢μ°
¸¨¸É¥³Ò ÔÉμÉ Ë °² ³μ¦´μ Ê¤ ²¨ÉÓ.

‡ £·Ê§μÎ´Ò° ¸¥±Éμ· ¸μ§¤ ´, É¥¶¥·Ó ±μ³¶ÓÕÉ¥· ¸³μ¦¥É Ê¦¥ ¸ ³ ±μ··¥±É´μ § £·Ê§¨ÉÓ
μ¶¥· Í¨μ´´ÊÕ ¸¨¸É¥³Ê. �μ ¤μ ÔÉμ£μ ³μ¦´μ ¶·μ¢¥¸É¨ ¥Ð¥ ·Ö¤ ¤μ¶μ²´¨É¥²Ó´ÒÌ ´ ¸É·μ¥±
± ± μ¡Ð¥£μ ¶² ´ , É ± ¨ ¸¶¥Í¨Ë¨Î¥¸±¨Ì ¨³¥´´μ ¤²Ö · ¡μÎ¥£μ Ô²¥³¥´É  ±² ¸É¥·  LGD.
‘´ Î ²  Ê¤ ²Ö¥³ ´¥´Ê¦´Ò¥ ¸¥É¥¢Ò¥ ¨ ¤¨¸±μ¢Ò¥ ¶ · ³¥É·Ò ¸É ·μ£μ ±μ³¶ÓÕÉ¥· :

• Ê¤ ²¨ÉÓ ¢¸¥ ¸É·μÎ±¨ ¢ Ë °²¥ /etc/udev/rule.d/70-persisent-net.rules
• Ê¤ ²¨ÉÓ ¢¸¥ Ë °²Ò blkID.tab* ¨§ ¤¨·¥±Éμ·¨¨ /etc/blkid/
ˆ ´ ±μ´¥Í, ³μ´É¨·Ê¥³ · §¤¥²Ò /data ¨ /tmp, ¢ ±μÉμ·ÒÌ Ê¸É ´ ¢²¨¢ ¥³ ¤¨·¥±Éμ·¨Ö³

¶· ¢  ¤μ¸ÉÊ¶ , ´¥μ¡Ìμ¤¨³Ò¥ ¤²Ö ±μ··¥±É´μ° · ¡μÉÒ ·Ö¤  ¸¨¸É¥³ (cvmfs, PBS ¨ ¶·.):

mount /dev/vg/temp /tmp
chmod 1777 /tmp
mount /dev/vg/data /data
mkdir /data/cvmfs
chown cvmfs:cvmfs /data/cvmfs
mkdir /data/jobScratch
chmod 1777 /data/jobScratch

� ¸É·μ°±¨ ´μ¢μ° ³ Ï¨´Ò § ¢¥·Ï¥´Ò. Œμ¦´μ μÉ±²ÕÎ¨ÉÓ ¸³μ´É¨·μ¢ ´´Ò¥ ¤¨¸±¨,
¢¥·´ÊÉÓ¸Ö ¢ μ¸´μ¢´ÊÕ ¸·¥¤Ê Live CD ¨ ¶¥·¥§ £·Ê§¨ÉÓ ±μ³¶ÓÕÉ¥· ¢ ´μ·³ ²Ó´μ³ ·¥¦¨³¥:

umount /boot
umount /data
umount /tmp
exit
umount /mnt/root/sys
umount /mnt/root/proc
umount /mnt/root/dev
umount /mnt/root
reboot

�μ¸²¥ Ê¸¶¥Ï´μ° § £·Ê§±¨ ¸¨¸É¥³Ò ´¥μ¡Ìμ¤¨³μ ¶·μ¢¥·¨ÉÓ · ¡μÉμ¸¶μ¸μ¡´μ¸ÉÓ ¢¸¥Ì
¸¨¸É¥³´ÒÌ ±μ³¶μ´¥´Éμ¢ ´  ¶·¥¤³¥É ± ±¨Ì-²¨¡μ μÏ¨¡μ±,   É ±¦¥ ´μ·³ ²Ó´μ¥ ËÊ´±Í¨-
μ´¨·μ¢ ´¨¥ μ¸´μ¢´ÒÌ ¸²Ê¦¡ (¶ ±¥É´μ° ¸¨¸É¥³Ò PBS ¨ ¶·.), ´ Î ¢ ¸ ¶·μ¸³μÉ·  Ë °²μ¢
·¥£¨¸É· Í¨¨ ¢ ¤¨·¥±Éμ·¨¨ /var/log (boot.log, messages ¨ É. ¤.). „²Ö ¶·μ¢¥·±¨ ¸¨-
¸É¥³Ò cvmfs ¸²¥¤Ê¥É § ¶Ê¸É¨ÉÓ ±μ³ ´¤Ê cvmfs confige probe. �  ÔÉμ³ · §¢¥·ÉÒ¢ ´¨¥
´μ¢μ£μ · ¡μÎ¥£μ Ô²¥³¥´É  § ±μ´Î¥´μ.

Š‹�‘’…� ‹Ÿ� ‚ 2015 ƒ.

‚ ´ Î ²¥ 2015 £. ¡Ò²  Ê¸¶¥Ï´μ ¨ ¢ ±· ÉÎ °Ï¨¥ ¸·μ±¨ ¶·μ¢¥¤¥´  ³μ¤¥·´¨§ Í¨Ö ±² -
¸É¥·  ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢ÒÏ¥¨§²μ¦¥´´μ£μ ³¥Éμ¤ . ‚ É ¡²¨Í¥ ¶·¨¢¥¤¥´Ò ¸· ¢´¨É¥²Ó´Ò¥
Ì · ±É¥·¨¸É¨±¨ ±² ¸É¥·  (CPU Å ¶·μÍ¥¸¸μ·Ò, RAM Å μ¶¥· É¨¢´ Ö ¶ ³ÖÉÓ, Disk Å
μ¡Ð¥¥ ¤¨¸±μ¢μ¥ ¶·μ¸É· ´¸É¢μ ¨ HEP-SPEC06 Å ¸μ¢μ±Ê¶´μ¥ ¡Ò¸É·μ¤¥°¸É¢¨¥ ¢ ¥¤¨´¨Í Ì
HEP-SPEC06 É¥¸Éμ¢ ¶·μ¨§¢μ¤¨É¥²Ó´μ¸É¨) ¤μ ¨ ¶μ¸²¥ ³μ¤¥·´¨§ Í¨¨.
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‘· ¢´¨É¥²Ó´Ò¥ Ì · ±É¥·¨¸É¨±¨ ±² ¸É¥·  LGD ¤μ ¨ ¶μ¸²¥ ¶·μ¢¥¤¥´´μ° ³μ¤¥·´¨§ Í¨¨

• · ±É¥·¨¸É¨±  „μ 2015 £. �μ¸²¥ ³μ¤¥·´¨§ Í¨¨

CPU, Ö¤·  10× 2 10× 24

RAM, ƒ¡ °É 10× 8 10× 64

Disk, ’¡ °É 8 25

HEP-SPEC06 [6] 200 2000

�μ¸²¥ ³μ¤¥·´¨§ Í¨¨ ±² ¸É¥· ‹Ÿ� (LGD) ¢±²ÕÎ ¥É ¢ ¸¥¡Ö:

Å 10 · ¡μÎ¨Ì Ê§²μ¢ (Worker Node)× 24 CPU Xeon 2,1Ä2,6 ƒƒÍ (± ¦¤Ò° · ¡μÎ¨°
Ê§¥² μ¸´ Ð¥´ ¤¢Ê³Ö ¤¨¸± ³¨, ±μÉμ·Ò¥, ¢ Î ¸É´μ¸É¨, ¨¸¶μ²Ó§ÊÕÉ¸Ö ± ± ¤¨¸±μ¢Ò¥ Ô²¥-
³¥´ÉÒ · ¸¶·¥¤¥²¥´´ÒÌ ¸¥É¥¢ÒÌ Ë °²μ¢ÒÌ ¸¨¸É¥³ (GlusterFS ¨ XrootD) ¤²Ö Ì· ´¥´¨Ö
¶μ²Ó§μ¢ É¥²Ó¸±¨Ì ¤ ´´ÒÌ);

Å Ë °²μ¢ÊÕ ¸¨¸É¥³Ê AFS+ ZFS, £¤¥ · ¸¶μ²μ¦¥´Ò ¨ ¤¨·¥±Éμ·¨¨ ®home¯.

�  ·¨¸. 2,   ³μ¦´μ ¢¨¤¥ÉÓ, ÎÉμ ¶μ¸²¥ ³μ¤¥·´¨§ Í¨¨ ±² ¸É¥·  Éμ²Ó±μ §  2015 £. ¨¸-
¶μ²Ó§μ¢ ´μ ¶·μÍ¥¸¸μ·´μ£μ ¢·¥³¥´¨ ¡μ²ÓÏ¥, Î¥³ §  ¢¸¥ ¶·¥¤Ò¤ÊÐ¨¥ £μ¤Ò ¢³¥¸É¥ ¢§ÖÉÒ¥.
’ ±¦¥ ´  £· Ë¨±¥ (·¨¸. 2, ¡) ¶·¨¢¥¤¥´μ ±μ²¨Î¥¸É¢μ μ¡· ¡μÉ ´´ÒÌ § ¤ Î (¶μ £μ¤ ³ ¸ 2008
¶μ 2015).

Процессорное время
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�¨¸. 2.  ) �·μÍ¥¸¸μ·´μ¥ ¢·¥³Ö; ¡) Î¨¸²μ § ¤ Î c 2008 ¶μ 2015 £.

�¸´μ¢´Ò³¨ ¶μÉ·¥¡¨É¥²Ö³¨ ±² ¸É¥·´ÒÌ ¢μ§³μ¦´μ¸É¥° LGD Ö¢²ÖÕÉ¸Ö ¸¥£μ¤´Ö ¸²¥¤Ê-
ÕÐ¨¥ Ô±¸¶¥·¨³¥´ÉÒ ‹Ÿ�: Ô±¸¶¥·¨³¥´É ATLAS [7] Å μ¤¨´ ¨§ Î¥ÉÒ·¥Ì μ¸´μ¢´ÒÌ Ô±¸¶¥-
·¨³¥´Éμ¢ ´  	μ²ÓÏμ³  ¤·μ´´μ³ ±μ²² °¤¥·¥ (LHC) ¢ –…�� [8], Ô±¸¶¥·¨³¥´É BES-III [9]
´  Ô²¥±É·μ´-¶μ§¨É·μ´´μ³ ±μ²² °¤¥·¥ BEPC-II (Beijing Electron-Positron Collider) ¢ Š¨-
É ¥, Ô±¸¶¥·¨³¥´É E391a [10] ¶μ ¶μ¨¸±Ê ´ ·ÊÏ ÕÐ¨Ì CP-Î¥É´μ¸ÉÓ · ¸¶ ¤μ¢ ´¥°É· ²Ó´ÒÌ
K-³¥§μ´μ¢ ¢ Ÿ¶μ´¨¨ (High Energy Accelerator Research Organization, KEK),   É ±¦¥ ´μ-
¢Ò° ¡ §μ¢Ò° Ô±¸¶¥·¨³¥´É �ˆŸˆ Å 	 °± ²Ó¸±¨° ´¥°É·¨´´Ò° É¥²¥¸±μ¶ Baikal-GVD [11],
§ ¤ Î¥° ±μÉμ·μ£μ Ö¢²Ö¥É¸Ö ¨¸¸²¥¤μ¢ ´¨¥ ¶·¨·μ¤´ÒÌ (±μ¸³¨Î¥¸±¨Ì) ¨¸ÉμÎ´¨±μ¢ ´¥°É·¨´μ
¨ ³Õμ´μ¢ ¢Ò¸μ±¨Ì ¨ ¸¢¥·Ì¢Ò¸μ±¨Ì Ô´¥·£¨°, ¨ ¤·Ê£¨¥ Ô±¸¶¥·¨³¥´ÉÒ.
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‡�Š‹
—…�ˆ…

‚ 2005 £. ¢ ‹Ÿ� ¡Ò² § ¶ÊÐ¥´ ±² ¸É¥· LGD. 	μ²¥¥ 10 ²¥É μ´ Ê¸¶¥Ï´μ ¨¸¶μ²Ó§μ¢ ²¸Ö
¤²Ö  ´ ²¨§  ¤ ´´ÒÌ, ³μ¤¥²¨·μ¢ ´¨Ö · §²¨Î´μ£μ É¨¶  ¶·μÍ¥¸¸μ¢ ¨ Ê¸É ´μ¢μ±,   É ±¦¥ ¤²Ö
μ¡ÊÎ¥´¨Ö ¸¶¥Í¨ ²¨¸Éμ¢. ‚ 2015 £. Ê¸¶¥Ï´μ ¶·μ¢¥¤¥´  ¥£μ ¸ÊÐ¥¸É¢¥´´ Ö ³μ¤¥·´¨§ Í¨Ö.
‚ ¤ ´´μ° · ¡μÉ¥ μ¶¨¸ ´ μ¶ÒÉ ¶·μ¢¥¤¥´¨Ö ÔÉμ° ³μ¤¥·´¨§ Í¨¨, ±μÉμ·Ò°, Ö¢²ÖÖ¸Ó ¤μ¸É -
ÉμÎ´μ Ê´¨¢¥·¸ ²Ó´Ò³, ³μ¦¥É ¡ÒÉÓ ¶μ²¥§¥´ ¸¨¸É¥³´Ò³  ¤³¨´¨¸É· Éμ· ³ ¤²Ö ¡Ò¸É·μ£μ
¨ ÔËË¥±É¨¢´μ£μ ¢¢μ¤  ¢ Ô±¸¶²Ê É Í¨Õ ´μ¢μ£μ μ¡μ·Ê¤μ¢ ´¨Ö ±² ¸É¥·μ¢ ¤ ´´μ£μ É¨¶ . �Ö¤
μ¡Ð¨Ì ¢μ¶·μ¸μ¢ ¶·μÍ¥¤Ê·Ò ³μ¤¥·´¨§ Í¨¨ ¡Ò² ¶μÖ¸´¥´ ´  ±μ´±·¥É´ÒÌ ¶·¨³¥· Ì.

‚ § ±²ÕÎ¥´¨¥ ¸²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¢ ¸¢Ö§¨ ¸ ¶μ¸ÉμÖ´´Ò³ ·μ¸Éμ³ ¶μÉ·¥¡´μ¸É¥° ±μ-
´¥Î´ÒÌ ¶μ²Ó§μ¢ É¥²¥°, ± ± Ë¨§¨±μ¢, É ± ¨ ¨´¦¥´¥·μ¢ ‹Ÿ�, ¶·¥¤¸É ¢²Ö¥É¸Ö ´¥μ¡Ìμ¤¨³Ò³
¤ ²Ó´¥°Ï¥¥ · §¢¨É¨¥ ±² ¸É¥·  ‹Ÿ�. Š·μ³¥ Éμ£μ, ±² ¸É¥· ¢¸¥£¤  Ö¢²Ö²¸Ö ¸É ·Éμ¢μ° ¶²μ-
Ð ¤±μ° ¤²Ö § ¶Ê¸±  ¨ É¥¸É¨·μ¢ ´¨Ö · §´μμ¡· §´ÒÌ ´μ¢ÒÌ § ¤ Î, ¸¢Ö§ ´´ÒÌ ¸ ¢ÒÎ¨¸²¥´¨-
Ö³¨ ¨ Ì· ´¥´¨¥³ ¤ ´´ÒÌ. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ £·Ê¶¶   ¤³¨´¨¸É· Éμ·μ¢ ±² ¸É¥·  ¢¸¥£¤  ¡Ò² 
¨ μ¸É ¥É¸Ö § ¨´É¥·¥¸μ¢ ´´μ° ¢ ¸μÉ·Ê¤´¨Î¥¸É¢¥ ¸ ´μ¢Ò³¨ ²Õ¤Ó³¨ ¨ ¢ ´μ¢ÒÌ ¶·μ¥±É Ì.
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