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‚���-2000 ´ Î ² ¸¢μÕ · ¡μÉÊ ¶μ Ë¨§¨±¥ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¢ ±μ´Í¥ 2010 £. ¨ § ¢¥·Ï¨² É·¥É¨°
¸¥ ´¸ Ô±¸¶¥·¨³¥´É ²Ó´μ° · ¡μÉÒ ¢ ¨Õ²¥ 2013 £. �μ¸²¥¤´¨° ¸¥ ´¸ ¡Ò² ¶μ¸¢ÖÐ¥´ · ¡μÉ¥ ¢ ¤¨ ¶ -
§μ´¥ Ô´¥·£¨° 160Ä510 ŒÔ‚ ¢ μ¤´μ³ ¶ÊÎ±¥. „²Ö ¨§³¥·¥´¨Ö Ô´¥·£¨¨ ¶ÊÎ±  ¨¸¶μ²Ó§μ¢ ²¨¸Ó ³¥Éμ¤Ò
´  μ¸´μ¢¥ μ¡· É´μ£μ ±μ³¶Éμ´μ¢¸±μ£μ · ¸¸¥Ö´¨Ö, ´  μ¸´μ¢¥ ·¥§μ´ ´¸´μ° ¤¥¶μ²Ö·¨§ Í¨¨ ¶ÊÎ±  ¨ ¨§-
³¥·¥´¨Ö ¢¥²¨Î¨´Ò ¢¥¤ÊÐ¥£μ ³ £´¨É´μ£μ ¶μ²Ö. �¥ ²¨§μ¢ ´´ Ö ±μ´Í¥¶Í¨Ö ±·Ê£²ÒÌ ¶ÊÎ±μ¢ ¢³¥¸É¥
¸ ÉμÎ´μ° ´ ¸É·μ°±μ° μ·¡¨ÉÒ ¶ÊÎ±  ¨ μ¶É¨Î¥¸±¨Ì ËÊ´±Í¨° ³ Ï¨´Ò ¶μ§¢μ²¨²¨ ¤μ¸É¨ÎÓ ·¥±μ·¤´μ°
¢¥²¨Î¨´Ò ¸¢¥É¨³μ¸É¨ 1,2 · 1031 ¸³−2· ¸−1 ¶·¨ Ô´¥·£¨¨ 510 ŒÔ‚ ¨ ¸·¥¤´¥° ¶μ § Ìμ¤Ê ¢¥²¨Î¨´Ò
0,9 · 1031 ¸³−2· ¸−1. �μ²´Ò° ¸¤¢¨£ ¡¥É É·μ´´μ° Î ¸ÉμÉÒ μÉ ³¥¦¶ÊÎ±μ¢μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö, ¤μ¸É¨£-
´ÊÉÒ° ¶·¨ Ô´¥·£¨¨ 392,5 ŒÔ‚, · ¢¥´ 0,174, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ¶ · ³¥É·Ê ¢¸É·¥Î´μ£μ ¶ÊÎ±  ξ = 0,125
¢ ¶¥·¥¸Î¥É¥ ´  μ¤´μ ³¥¸Éμ ¢¸É·¥Î¨. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¶·μ¨§¢μ¤¨É¸Ö ³μ¤¥·´¨§ Í¨Ö ¨´¦¥±Í¨μ´´μ°
¸¨¸É¥³Ò ¤²Ö ¢μ§³μ¦´μ¸É¨ ¶·μ¢¥¤¥´¨Ö ¨´¦¥±Í¨¨ ¶·¨ ³ ±¸¨³ ²Ó´μ° Ô´¥·£¨¨ ‚���-2000 ¨ Ê¸É· -
´¥´¨Ö ¸ÊÐ¥¸É¢ÊÕÐ¥° ´¥Ì¢ É±¨ ¶μ§¨É·μ´μ¢.

VEPP-2000 began high energy physics experiments in the end of 2010 and ˇnished the third
experimental run in July of 2013. The last season was dedicated to the energy range of 160Ä510 MeV per
beam. Compton backscattering based energy measurements were used for the regular energy calibration
of the VEPP-2000 together with resonance depolarization and NMR based methods. The concept of the
round colliding beams lattice along with the precise orbit and lattice correction yielded the high peak
luminosity of 1.2 · 1031 cm−2· s−1 at 510 MeV with average luminosity of 0.9 · 1031 cm−2· s−1 per run.
The total beam-beam tune shift up to 0.174 was achieved in the runs at 392.5 MeV. This corresponds
to beam-beam parameter ξ = 0.125 per one interaction point. The injection system is currently being
upgraded to allow for the injection of particles at the top energy of VEPP-2000 collider and to eliminate
the present lack of positrons.

PACS: 29.20.db; 29.27.Fh; 13.66.-a

1E-mail: rogovsky@inp.nsk.su
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Šμ²² °¤¥· ‚���-2000 Ö¢²Ö¥É¸Ö ¸μ¢·¥³¥´´μ° Ê¸É ´μ¢±μ° ¤²Ö ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨-
³¥´Éμ¢ ¶μ Ë¨§¨±¥ ¢Ò¸μ±¨Ì Ô´¥·£¨°, μ¸´μ¢´μ° § ¤ Î¥° ¨¸¶μ²Ó§μ¢ ´¨Ö ±μÉμ·μ° Ö¢²Ö¥É¸Ö
¶·¥Í¨§¨μ´´μ¥ ¨§³¥·¥´¨¥ ¸¥Î¥´¨Ö e+e−- ´´¨£¨²ÖÍ¨¨ ¢  ¤·μ´Ò ¨ ´ ¡μ· ¡μ²ÓÏμ£μ ¨´-
É¥£· ²  ¸¢¥É¨³μ¸É¨ ¢ ¤¨ ¶ §μ´¥ Ô´¥·£¨° 0,4Ä2 ƒÔ‚ ¢ Í¥´É·¥ ³ ¸¸ [1]. ‚ ³ £´¨É´μ°
¸É·Ê±ÉÊ·¥ ±μ²ÓÍ  ·¥ ²¨§μ¢ ´  ±μ´Í¥¶Í¨Ö ±·Ê£²ÒÌ ¶ÊÎ±μ¢ [2], ±μÉμ· Ö ¶·¥¤¸± §Ò¢ ¥É
Ê¢¥²¨Î¥´¨¥ ¸¢¥É¨³μ¸É¨ Ê¸É ´μ¢±¨ ¡² £μ¤ ·Ö ´ ²¨Î¨Õ ¤μ¶μ²´¨É¥²Ó´μ£μ ¨´É¥£· ²  ¤¢¨¦¥-
´¨Ö Å ¶·μ¤μ²Ó´μ° ±μ³¶μ´¥´ÉÒ ³μ³¥´É  ¨³¶Ê²Ó¸ .

Œ £´¨É´ Ö ¸É·Ê±ÉÊ·  ±μ²ÓÍ  (·¨¸. 1) ¸μ¸Éμ¨É ¨§ Î¥ÉÒ·¥Ì  Ì·μ³ É¨Î¥¸±¨Ì ¶μ¢μ·μÉμ¢
¨ Î¥ÉÒ·¥Ì ¶·Ö³μ²¨´¥°´ÒÌ ¶·μ³¥¦ÊÉ±μ¢, ¢ ¤¢ÊÌ ¨§ ±μÉμ·ÒÌ · ¸¶μ²μ¦¥´Ò ¤¥É¥±Éμ·Ò
ŠŒ„-3 ¨ ‘�„ ¢³¥¸É¥ ¸ ¸μ²¥´μ¨¤ ³¨ Ë¨´ ²Ó´μ£μ Ëμ±Ê¸ , ¢ É·¥ÉÓ¥³ · ¸¶μ²μ¦¥´ ·¥-
§μ´ Éμ·,   Î¥É¢¥·ÉÒ° ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö ¨´¦¥±Í¨¨. ”μ±Ê¸¨·ÊÕÐ Ö ¸¨¸É¥³  ¸μ¸Éμ¨É ¨§
Ï¥¸É¨ ¸¥³¥°¸É¢ ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§ (É·¥Ì Ëμ±Ê¸¨·ÊÕÐ¨Ì ¨ É·¥Ì ¤¥Ëμ±Ê¸¨·ÊÕÐ¨Ì) ¨
¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ¸μ²¥´μ¨¤μ¢ Ë¨´ ²Ó´μ° Ëμ±Ê¸¨·μ¢±¨. ’ ±¦¥ ¶·¥¤Ê¸³μÉ·¥´Ò É·¨ ¸¥³¥°-
¸É¢  ¸¥±¸ÉÊ¶μ²Ó´ÒÌ ²¨´§ ¤²Ö ±μ··¥±Í¨¨ Ì·μ³ É¨§³ , ¢ ±μÉμ·ÒÌ ¢¢¥¤¥´Ò ¤μ¶μ²´¨É¥²Ó´Ò¥
±μ¸μ±¢ ¤·Ê¶μ²Ó´Ò¥ μ¡³μÉ±¨ ¤²Ö ±μ··¥±Í¨¨ ¸¢Ö§¨. ˆ§-§  ¡μ²ÓÏμ° ¶²μÉ´μ¸É¨ · ¸¶μ²μ-
¦¥´¨Ö ³ £´¨É´ÒÌ Ô²¥³¥´Éμ¢ ¢ ±μ²ÓÍ¥ ¢¸¥ ¤¨¶μ²Ó´Ò¥ ±μ··¥±Éμ·Ò (20 £μ·¨§μ´É ²Ó´ÒÌ ¨
16 ¢¥·É¨± ²Ó´ÒÌ) ¨§£μÉμ¢²¥´Ò ¢ ¢¨¤¥ ¤μ¶μ²´¨É¥²Ó´ÒÌ μ¡³μÉμ± ¢ ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§ Ì
¨ μ¸´μ¢´ÒÌ ¤¨¶μ²Ó´ÒÌ ³ £´¨É Ì. Šμ²² °¤¥· · ¡μÉ ¥É ¢ ·¥¦¨³¥ 1 ´  μ¤¨´ ¸£Ê¸Éμ±.

‘¨¸É¥³  ¨§³¥·¥´¨Ö ¶ · ³¥É·μ¢ ¶ÊÎ±  ¢±²ÕÎ ¥É: 4 Ô²¥±É·μ¸É É¨Î¥¸±¨Ì ¶¨± ¶  ¸ ¶μ-
μ¡μ·μÉ´Ò³ · §·¥Ï¥´¨¥³ ¤²Ö ¨§³¥·¥´¨Ö ±μμ·¤¨´ ÉÒ ¶ÊÎ± ; 16 �‡‘-³ É·¨Í ¤²Ö ·¥£¨¸É· -

�¨¸. 1. �¡Ð¨° ¢¨¤ ±μ²² °¤¥·  ‚���-2000
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’ ¡²¨Í  1. � · ³¥É·Ò ‚���-2000 ¶·¨ Ô´¥·£¨¨ 1 ƒÔ‚

�¥·¨³¥É· C, ³ 24,388

— ¸ÉμÉ  ‚— f0, ŒƒÍ 172

� ¶·Ö¦¥´¨¥ ‚— V , ±‚ 100

ƒ ·³μ´¨±  ‚— q 14

ŠμÔËË¨Í¨¥´É Ê¶²μÉ´¥´¨Ö μ·¡¨ÉÒ αp 0,036

�³¨ÉÉ ´¸ ¶ÊÎ±  εx, εy, ¸³ · · ¤ 2,2 · 10−5

	¥É É·μ´´Ò¥ Î ¸ÉμÉÒ νx, νy 4,1; 2,1

	¥É É·μ´´Ò¥ ËÊ´±Í¨¨ ¢ ³¥¸É¥ ¢¸É·¥Î¨ βx, βy , ¸³ 6,3

—¨¸²μ Î ¸É¨Í ¢ ¶ÊÎ±¥ N 1,0 · 1011

‘¤¢¨£ Î ¸ÉμÉÒ ξx, ξy 0,075

‘¢¥É¨³μ¸ÉÓ Lmax, ¸³−2· ¸−1 1,0 · 1032

Í¨¨ ¨§μ¡· ¦¥´¨Ö ¶ÊÎ±  ¶·¨ ¶μ³μÐ¨ ¢Ò¢¥¤¥´´μ£μ ¨§ ¢ ±ÊÊ³´μ° ± ³¥·Ò ¸¨´Ì·μÉ·μ´´μ£μ
¨§²ÊÎ¥´¨Ö; 2 ”�“ ¤²Ö ¨§³¥·¥´¨Ö Éμ±μ¢ μ¡μ¨Ì ¢¸É·¥Î ÕÐ¨Ì¸Ö ¸£Ê¸É±μ¢; Éμ±μ¢Ò° É· ´¸-
Ëμ·³ Éμ· ¤²Ö ¨§³¥·¥´¨Ö ¶μ²´μ£μ Í¨·±Ê²¨·ÊÕÐ¥£μ Éμ± ; 2 ¤¨¸¸¥±Éμ·  [3] ¤²Ö ¨§³¥·¥´¨Ö
¶·μ¤μ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö Î ¸É¨Í ¢ μ¡μ¨Ì ¸£Ê¸É± Ì.

�¥·¢ Ö ¨´¦¥±Í¨Ö ¢ ‚���-2000 ¶·μ¨§¢¥¤¥´  ¢ ±μ´Í¥ 2006 £., ¤²Ö Î¥£μ ¡Ò²  ¨¸¶μ²Ó§μ-
¢ ´  É ± ´ §Ò¢ ¥³ Ö É¥¶² Ö μ¶É¨±  ¡¥§ ¢±²ÕÎ¥´¨Ö ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ¸μ²¥´μ¨¤μ¢. „ ´´Ò°
·¥¦¨³ · ¡μÉÒ ¶·¨³¥´Ö²¸Ö ¤²Ö ´ ¸É·μ°±¨ ¢¸¥Ì ¦¨§´¥´´μ ¢ ¦´ÒÌ ¸¨¸É¥³ ±μ²² °¤¥· ,  
¶μ¸²¥ ¶·¥Í¨§¨μ´´μ° ¢Ò¸É ¢±¨ ¸μ²¥´μ¨¤μ¢ ¢ 2010 £. ¡Ò²¨ ´ Î ÉÒ ¶¥·¢Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ¸
¨¸¶μ²Ó§μ¢ ´¨¥³ ¤¥É¥±Éμ·  ‘�„. �¸´μ¢´Ò¥ ¶ · ³¥É·Ò ±μ²² °¤¥·  ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1.
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�¤´  ¨§ μ¸´μ¢´ÒÌ Í¥²¥° · ¡μÉÒ ‚���-2000 Å ¶·¥Í¨§¨μ´´μ¥ ¨§³¥·¥´¨¥ ¶μ²´μ£μ
¸¥Î¥´¨Ö ·μ¦¤¥´¨Ö  ¤·μ´μ¢ ¢μ ¢¸¥³ ¤¨ ¶ §μ´¥ Ô´¥·£¨° 0,4Ä2 ƒÔ‚ ¢ Í¥´É·¥ ³ ¸¸. „²Ö
ÔÉμ£μ É·¥¡Ê¥É¸Ö §´ ´¨¥ Ô´¥·£¨¨ ¶ÊÎ±μ¢ ¸ μÉ´μ¸¨É¥²Ó´μ° ÉμÎ´μ¸ÉÓÕ ²ÊÎÏ¥ 10−4, ¶μÔÉμ³Ê
´  ‚���-2000 ·¥ ²¨§μ¢ ´Ò ´¥¸±μ²Ó±μ · §²¨Î´ÒÌ ³¥Éμ¤μ¢ ¨§³¥·¥´¨Ö Ô´¥·£¨¨ ¶ÊÎ±μ¢.

� ¨¡μ²¥¥ ÉμÎ´Ò° ³¥Éμ¤ ¨§³¥·¥´¨Ö  ¡¸μ²ÕÉ´μ£μ §´ Î¥´¨Ö Ô´¥·£¨¨ μ¸´μ¢Ò¢ ¥É¸Ö ´ 
³¥Éμ¤¥ ·¥§μ´ ´¸´μ° ¤¥¶μ²Ö·¨§ Í¨¨ ¶ÊÎ±  Î ¸É¨Í [4]. �  ‚���-2000 ¤ ¦¥ ´¥¡μ²ÓÏ¨¥
¨¸± ¦¥´¨Ö μ·¡¨ÉÒ ¢ ¸¨²Ó´μ³ ¶·μ¤μ²Ó´μ³ ¶μ²¥ ¸μ²¥´μ¨¤μ¢ Ë¨´ ²Ó´μ£μ Ëμ±Ê¸  ´¥ ¶μ-
§¢μ²ÖÕÉ ¶μ Î ¸ÉμÉ¥ ¤¥¶μ²Ö·¨§ Í¨¨ μ¶·¥¤¥²¨ÉÓ Ô´¥·£¨Õ Î ¸É¨Í ¸ ¤μ¸É ÉμÎ´μ° ÉμÎ´μ¸ÉÓÕ.
�μÔÉμ³Ê ¤ ´´Ò° ³¥Éμ¤ ¢ μ¸´μ¢´μ³ ¨¸¶μ²Ó§Ê¥É¸Ö ¢ ·¥¦¨³¥ ®É¥¶²μ°¯ μ¶É¨±¨ ¤²Ö ± ²¨-
¡·μ¢±¨ μ¸É ²Ó´ÒÌ, ¡μ²¥¥ ¡Ò¸É·ÒÌ, ³¥Éμ¤μ¢ ¨§³¥·¥´¨Ö. „·Ê£¨³, ¡μ²¥¥ ´ ¤¥¦´Ò³, ´μ ¥Ð¥
¡μ²¥¥ ¤²¨É¥²Ó´Ò³ ³¥Éμ¤μ³ Ö¢²Ö¥É¸Ö ± ²¨¡·μ¢±   ¡¸μ²ÕÉ´μ£μ §´ Î¥´¨Ö Ô´¥·£¨¨ ¶·¨ ·¥-
£¨¸É· Í¨¨ ¤¥É¥±Éμ· ³¨ ·μ¦¤¥´¨Ö Î ¸É¨Í ¸ Ìμ·μÏμ ¨§¢¥¸É´μ° ³ ¸¸μ°, É ±¨Ì ± ± φ-³¥§μ´,
ω-³¥§μ´.

� ¨¡μ²¥¥ ¡Ò¸É·Ò³, ´μ ´ ¨³¥´¥¥ ÉμÎ´Ò³ Ö¢²Ö¥É¸Ö ³¥Éμ¤, μ¸´μ¢ ´´Ò° ´  Ô±¸¶¥·¨³¥´-
É ²Ó´μ° § ¢¨¸¨³μ¸É¨ ³ £´¨É´μ£μ ¶μ²Ö μÉ Éμ±  ¢ μ¡³μÉ± Ì ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢. „ ´´Ò°
³¥Éμ¤ ¤ ¥É ÉμÎ´μ¸ÉÓ ¶μ·Ö¤±  1 ŒÔ‚ ¨ ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö £·Ê¡μ° μÍ¥´±¨ ¢¥²¨Î¨´Ò Ô´¥·-
£¨¨. Œ¥Éμ¤ ¨§³¥·¥´¨Ö ³ £´¨É´μ£μ ¶μ²Ö ¸ ¶μ³μÐÓÕ ¤ ÉÎ¨±μ¢ ŸŒ� ¢ ± ¦¤μ³ ¶μ¢μ·μÉ´μ³
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�¨¸. 2. ’¨¶¨Î´Ò° Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ËμÉμ´μ¢ ±μ³¶Éμ´μ¢¸±μ£μ · ¸¸¥Ö´¨Ö. ˆ§³¥·¥´´ Ö ¢¥²¨-

Î¨´  Ô´¥·£¨¨ (993,662± 0,016) ŒÔ‚

�¨¸. 3 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨). ‘· ¢´¥´¨¥ ³¥Éμ¤μ¢ ¨§³¥·¥´¨Ö Ô´¥·£¨¨: ¸¨´¨¥ ±·Ê¦±¨ Å ·¥-
§μ´ ´¸´ Ö ¤¥¶μ²Ö·¨§ Í¨Ö; ±· ¸´Ò¥ ±¢ ¤· ÉÒ Å ±μ³¶Éμ´μ¢¸±μ¥ · ¸¸¥Ö´¨¥; ¸¢¥É²μ-¸¨´ÖÖ ±·¨¢ Ö Å

¨§³¥·¥´¨¥ ŸŒ�-¤ ÉÎ¨± ³¨

³ £´¨É¥ É·¥¡Ê¥É ÉÐ É¥²Ó´μ£μ ÊÎ¥É  ´ ²¨Î¨Ö ¤¨¶μ²Ó´ÒÌ ±μ··¥±Í¨° ¢¤μ²Ó ¢¸¥£μ ±μ²ÓÍ .
‘É É¨¸É¨Î¥¸± Ö μÏ¨¡±  ¤ ´´μ£μ ³¥Éμ¤  ¶μ·Ö¤±  0,2 · 10−4, ÌμÉÖ ¸¨¸É¥³ É¨Î¥¸± Ö μÏ¨¡± 
μ¸É ¥É¸Ö ¤μ¢μ²Ó´μ ¢Ò¸μ±μ°: ∼ 10−3.

ˆ§³¥·¥´¨¥ Ô´¥·£¨¨, μ¸´μ¢ ´´μ¥ ´  μ¡· É´μ³ ±μ³¶Éμ´μ¢¸±μ³ · ¸¸¥Ö´¨¨ [5] ² §¥·´μ£μ
¨§²ÊÎ¥´¨Ö ´  ¢¸É·¥Î´μ³ ¶ÊÎ±¥ Î ¸É¨Í, Ö¢²Ö¥É¸Ö μ¸´μ¢´Ò³ ³¥Éμ¤μ³. ˆ§²ÊÎ¥´¨¥ ² §¥· 
· ¸¸¥¨¢ ¥É¸Ö ´  ¶ÊÎ±¥ Ô²¥±É·μ´μ¢ ¢´ÊÉ·¨ ¤¨¶μ²Ó´μ£μ ³ £´¨É ,   Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É·
μÉ· ¦¥´´ÒÌ ´ § ¤ ËμÉμ´μ¢ ·¥£¨¸É·¨·Ê¥É¸Ö ¸ ¶μ³μÐÓÕ £¥·³ ´¨¥¢μ£μ ¤¥É¥±Éμ· . Œ ² Ö
¶·μÉÖ¦¥´´μ¸ÉÓ ¢§ ¨³μ¤¥°¸É¢¨Ö ¶·¨¢μ¤¨É ± ¸´¨¦¥´¨Õ ¶μÉμ±  ËμÉμ´μ¢ ¶μ ¸· ¢´¥´¨Õ ¸μ
¸²ÊÎ ¥³ · ¸¸¥Ö´¨Ö ¢ ¶·Ö³μ²¨´¥°´μ³ ¶·μ³¥¦ÊÉ±¥,   É ±¦¥ ¢²¨Ö¥É ´  Ëμ·³Ê ±· Ö Ô´¥·£¥É¨-
Î¥¸±μ£μ ¸¶¥±É·  ±μ³¶Éμ´μ¢¸±¨Ì ËμÉμ´μ¢ (·¨¸. 2), ±μÉμ·Ò° ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö ¢ÒÎ¨¸²¥´¨Ö
¢¥²¨Î¨´Ò Ô´¥·£¨¨. „¥É ²Ó´μ¥ ¸· ¢´¥´¨¥ ³¥Éμ¤μ¢ ¨§³¥·¥´¨Ö Ô´¥·£¨¨ (·¨¸. 3) ¶·μ¨§¢¥¤¥´μ
¢ Ö´¢ ·¥ 2013 £. ¢ ¸¶¥Í¨ ²Ó´μ³ ·¥¦¨³¥ ®É¥¶²μ°¯ μ¶É¨±¨ ¸ ¢Ò±²ÕÎ¥´´Ò³¨ ¸μ²¥´μ¨¤ ³¨.
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‚ ¶μ¸²¥¤´¥³ ¸¥ ´¸¥ ‚���-2000 · ¡μÉ ² ¶·¨ ´¨§±¨Ì (³¥´¥¥ 500 ŒÔ‚) Ô´¥·£¨ÖÌ. ‚ ´ -
Î ²¥ ¸¥ ´¸μ¢ 2012Ä2013 ££. ¡Ò²  ¶·μ¢¥¤¥´  ÉÐ É¥²Ó´ Ö ³¥Ì ´¨Î¥¸± Ö ¢Ò¸É ¢±  Ô²¥³¥´Éμ¢
³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò ±μ²ÓÍ , ¢ Î ¸É´μ¸É¨ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ¸μ²¥´μ¨¤μ¢ Ë¨´ ²Ó´μ£μ Ëμ-
±Ê¸ , ÎÉμ ¶μ§¢μ²¨²μ ³¨´¨³¨§¨·μ¢ ÉÓ Éμ±¨ ¤¨¶μ²Ó´ÒÌ ±μ··¥±Í¨°, ±μ´¸É·Ê±É¨¢´μ ¢Ò¶μ²-
´¥´´ÒÌ ¢ ¢¨¤¥ ¤μ¶μ²´¨É¥²Ó´ÒÌ μ¡³μÉμ± ¢ ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§ Ì. ’ ±¨¥ ±μ··¥±Í¨¨ ¤ ÕÉ
§´ Î¨É¥²Ó´ÊÕ ´¥²¨´¥°´ÊÕ ¸μ¸É ¢²ÖÕÐÊÕ ³ £´¨É´μ£μ ¶μ²Ö ¨ ¸ÊÐ¥¸É¢¥´´μ Ê³¥´ÓÏ ÕÉ
¤¨´ ³¨Î¥¸±ÊÕ  ¶¥·ÉÊ·Ê ¢ ¸²ÊÎ ¥ ¨Ì Î·¥§³¥·´μ£μ ¨¸¶μ²Ó§μ¢ ´¨Ö. � §¢¨ÉÒ¥ ´  ±μ³¶²¥±¸¥
‚���-2000 ³¥Éμ¤Ò ±μ··¥±Í¨¨ § ³±´ÊÉμ° μ·¡¨ÉÒ ¨ μ¶É¨±¨ ³ Ï¨´Ò [6Ä8] ¶μ§¢μ²¨²¨ ¢
§´ Î¨É¥²Ó´μ° ¸É¥¶¥´¨ ³¨´¨³¨§¨·μ¢ ÉÓ ÔÉ¨ ÔËË¥±ÉÒ ¨, É ±¨³ μ¡· §μ³, ¶μ²ÊÎ¨ÉÓ Ìμ·μÏ¨¥
·¥§Ê²ÓÉ ÉÒ ¢ ¶μ¸²¥¤´¥³ ¸¥ ´¸¥. �¨¸. 4 ¶μ± §Ò¢ ¥É ¶μ²ÊÎ¥´´ÊÕ ¸¢¥É¨³μ¸ÉÓ ¢ Ô±¸¶¥·¨³¥´-
É ²Ó´ÒÌ § Ìμ¤ Ì ¢ ¸· ¢´¥´¨¨ ¸ ¶·¥¤¸± § ´¨Ö³¨. ‘¨´ÖÖ ¶Ê´±É¨·´ Ö ²¨´¨Ö ¸μμÉ¢¥É¸É¢Ê¥É
¸²ÊÎ Õ ´¥¨§³¥´´μ° μ¶É¨±¨ ¢ ³¥¸É¥ ¢¸É·¥Î¨: β∗ = const; ε ∝ γ2; L ∝ γ4. Š· ¸´ Ö
¶Ê´±É¨·´ Ö ²¨´¨Ö ¸μμÉ¢¥É¸É¢Ê¥É ¢ ·¨ Í¨¨ μ¶É¨±¨, ¶·¨ ±μÉμ·μ° ¤μ¸É¨£ ¥É¸Ö ³ ±¸¨³ ²Ó-
´ Ö ÔËË¥±É¨¢´μ¸ÉÓ: β∗ ∝ γ; ε ∝ γ; L ∝ γ2. Š· ¸´Ò¥ ²¨´¨¨ μÉ· ¦ ÕÉ £¨¶μÉ¥É¨Î¥¸±¨°
¢Ò¨£·ÒÏ ¢ ¸¢¥É¨³μ¸É¨ ¶·¨ ´¨§±μ° Ô´¥·£¨¨ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ²¨ÏÓ Î ¸É¨ μ¡³μÉμ±
¸¥±Í¨μ´¨·μ¢ ´´μ£μ ¸μ²¥´μ¨¤ . Š ¸μ¦ ²¥´¨Õ, É ±¨¥ μ¶Í¨¨, ¤μ¸ÉÊ¶´Ò¥ ²¨ÏÓ ¢ μ¡² ¸É¨
´¨§±¨Ì Ô´¥·£¨°, ¸μ¶·μ¢μ¦¤ ÕÉ¸Ö ¸²μ¦´μ¸ÉÖ³¨ ¸ ¤¨´ ³¨Î¥¸±μ°  ¶¥·ÉÊ·μ°.

�´¥·£¨Ö ¶ÊÎ±μ¢ ¢ ‚���-2000 ¢ ¶μ¸²¥¤´¥³ ¸¥ ´¸¥ μ¶Ê¸± ² ¸Ó ¢´¨§ ¢¶²μÉÓ ¤μ 160 ŒÔ‚,
ÎÉμ Ö¢²Ö¥É¸Ö ·¥±μ·¤μ³ ¤²Ö ¸μ¢·¥³¥´´ÒÌ Ô²¥±É·μ´-¶μ§¨É·μ´´ÒÌ ±μ²² °¤¥·μ¢. �μ²´Ò°
¨´É¥£· ² ¸¢¥É¨³μ¸É¨ (·¨¸. 5) ¸· ¢´¨³ ¸  ´ ²μ£¨Î´μ° ¢¥²¨Î¨´μ° ¶·¨ · ¡μÉ¥ ‚���-2000
¶·¨ ¢Ò¸μ±μ° Ô´¥·£¨¨ ¢ ¶·μÏ²ÒÌ ¸¥ ´¸ Ì.

�  ±μ³¶²¥±¸¥ ‚���-2000 ¢¥¤¥É¸Ö ¶μ¸ÉμÖ´´ Ö · ¡μÉ  ¶μ μ¶É¨³¨§ Í¨¨ ¨ ¶μ¢ÒÏ¥´¨Õ
¸¢¥É¨³μ¸É¨ ¢μ ¢¸¥³ ¤¨ ¶ §μ´¥ Ô´¥·£¨°, ¤²Ö Î¥£μ ³μ¤¨Ë¨Í¨·ÊÕÉ¸Ö ¸ÊÐ¥¸É¢ÊÕÐ¨¥ ¨ · §-
· ¡ ÉÒ¢ ÕÉ¸Ö ´μ¢Ò¥ ³¥Éμ¤Ò ¤²Ö ±μ´É·μ²Ö ¶ · ³¥É·μ¢ ¶ÊÎ±μ¢ ¨ ´ ¸É·μ°±¨ ‚���-2000.
�¤´ ±μ Éμ´± Ö ´ ¸É·μ°±  ³ Ï¨´Ò (¡¥É É·μ´´ Ö Î ¸ÉμÉ , μ·¡¨É , Ì·μ³ É¨§³, μ¶É¨Î¥¸±¨¥
ËÊ´±Í¨¨ ¢ ³¥¸É¥ ¢¸É·¥Î¨, ³ ±¸¨³ ²Ó´ Ö Ê¤¥²Ó´ Ö ¸¢¥É¨³μ¸ÉÓ) ¶· ±É¨Î¥¸±¨ ¢¸¥£¤  Ê´¨-

�¨¸. 4. ‡ ¢¨¸¨³μ¸ÉÓ ¸¢¥É¨³μ¸É¨ μÉ Ô´¥·£¨¨: ²¨´¨Ö³¨ ¶μ± § ´Ò μÍ¥´±¨ ¸¢¥É¨³μ¸É¨; ÉμÎ± ³¨ Å

²ÊÎÏ Ö ¸¢¥É¨³μ¸ÉÓ ¢ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ § Ìμ¤ Ì ¤¥É¥±Éμ·  ŠŒ„ §  ¢¸¥ ¢·¥³Ö · ¡μÉÒ ‚���-2000
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�¨¸. 5. ˆ´É¥£· ² ¸¢¥É¨³μ¸É¨ ¢ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ § Ìμ¤ Ì ¤¥É¥±Éμ·  ‘�„ §  ¢¸¥ ¢·¥³Ö · ¡μÉÒ
‚���-2000

�¨¸. 6. Šμ··¥²ÖÍ¨Ö ³¥¦¤Ê Ô´¥·£¥É¨Î¥¸±¨³ · §¡·μ¸μ³ ( ) ¨ ¤²¨´μ° ¶ÊÎ±  (¡) ¢ § ¢¨¸¨³μ¸É¨ μÉ
¨´É¥´¸¨¢´μ¸É¨ ¸£Ê¸É± 
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± ²Ó´  ¨ ¶·μ¢μ¤¨É¸Ö ¢·ÊÎ´ÊÕ. ‚ 2012Ä2013 ££. · §· ¡μÉ ´Ò ³¥Éμ¤Ò ¤²Ö μ¶¥· É¨¢´μ£μ
¨§³¥·¥´¨Ö ¸¢¥É¨³μ¸É¨ ±μ²² °¤¥· , μ¸´μ¢ ´´Ò¥ ´  μ¶·¥¤¥²¥´¨¨ · §³¥·μ¢ Í¨·±Ê²¨·ÊÕÐ¨Ì
¶ÊÎ±μ¢ ¢¤μ²Ó ¢¸¥£μ ±μ²ÓÍ  ¨ ¶μ¸²¥¤ÊÕÐ¥³ ¨Ì ¶·¨¢¥¤¥´¨¨ ± ³¥¸ÉÊ ¢¸É·¥Î¨. ‘ ¶μ³μÐÓÕ
¤¨¸¸¥±Éμ·μ¢, Ê¸É ´μ¢²¥´´ÒÌ ¢ 2013 £., ¶·μ¨§¢μ¤¨²¨ ¨§³¥·¥´¨¥ ¤²¨´ ¢¸É·¥Î ÕÐ¨Ì¸Ö ¸£Ê¸É-
±μ¢ ¸ ÉμÎ´μ¸ÉÓÕ ¶μ·Ö¤±  2 ³³. �μ¢Ò¥ ¢μ§³μ¦´μ¸É¨ ¤¨ £´μ¸É¨±¨ ¶μ§¢μ²¨²¨ μ¡´ ·Ê¦¨ÉÓ
³¨±·μ¢μ²´μ¢ÊÕ ´¥Ê¸Éμ°Î¨¢μ¸ÉÓ ¸£Ê¸É±μ¢ ¢ ‚���-2000. …¥ ¶μ·μ£, ± ± ¨ ¤²¨´Ò ¸£Ê¸É±μ¢,
±μ´É·μ²¨·ÊÕÉ¸Ö ¢Ò¡μ·μ³ Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö (·¨¸. 6).

‚ ¸¥·¥¤¨´¥ 2013 £. ÉÐ É¥²Ó´ Ö ´ ¸É·μ°±  μ¶É¨±¨ ±μ²ÓÍ  ¢³¥¸É¥ ¸ Ê¶· ¢²¥´¨¥³ ¤²¨´μ°
¸£Ê¸É±  ¶μ§¢μ²¨²¨ ¤μ¸É¨ÎÓ ¶·¥¤¥²Ó´μ£μ §´ Î¥´¨Ö ¶ · ³¥É·  ¢¸É·¥Î´μ£μ ¶ÊÎ±  ξ = 0,125
¢ ¶¥·¥¸Î¥É¥ ´  μ¤´μ ³¥¸Éμ ¢¸É·¥Î¨, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ´ ¡²Õ¤ ¥³μ³Ê ¸¤¢¨£Ê Î ¸ÉμÉÒ
Δν = 0,175 ³¥¦¤Ê σ- ¨ π-³μ¤ ³¨ ±μ²¥¡ ´¨Ö ¶ÊÎ± . �ÉμÉ ·¥§Ê²ÓÉ É ¡Ò² ¶μ²ÊÎ¥´ ¢μ
¢·¥³Ö μ¤´μ£μ ¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ § Ìμ¤μ¢ ¶·¨ Ô´¥·£¨¨ ¸Éμ²±´μ¢¥´¨Ö 392,5 ŒÔ‚ ¶ÊÎ±μ¢
¡μ²ÓÏμ° ¨´É¥´¸¨¢´μ¸É¨.

�‹��› Œ�„…��ˆ‡�–ˆˆ

�¨§± Ö ¶·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓ ¨´¦¥±Éμ·  μ£· ´¨Î¨¢ ²  ¸¢¥É¨³μ¸ÉÓ ‚���-2000 ¸ ¸ ³μ£μ
´ Î ²  Ô±¸¶¥·¨³¥´É ²Ó´μ° · ¡μÉÒ. �¸μ¡¥´´μ μ¸É·μ ÔÉμ ¶·μÖ¢²Ö²μ¸Ó ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·-
£¨ÖÌ, ÌμÉÖ ¢ ¶μ¸²¥¤´¥³ ¸¥§μ´¥, ¢¸²¥¤¸É¢¨¥ Ìμ·μÏ¥° ´ ¸É·μ°±¨ ³ Ï¨´Ò, ´¥Ì¢ É±  ¶μ§¨-
É·μ´μ¢ ´ ¡²Õ¤ ² ¸Ó ¨ ¢ μ¡² ¸É¨ ¸·¥¤´¨Ì,   É ±¦¥ ´¨§±¨Ì Ô´¥·£¨°, £¤¥ ¢·¥³Ö ¦¨§´¨ ¶ÊÎ± 
¢ ±μ²² ¤¥·¥ ·¥§±μ ¸´¨¦ ¥É¸Ö ¨§-§  ¢´ÊÉ·¨¸£Ê¸É±μ¢μ£μ · ¸¸¥Ö´¨Ö. �μÔÉμ³Ê ¡²¨¦ °Ï¨¥
¶¥·¸¶¥±É¨¢Ò ¶μ¢ÒÏ¥´¨Ö ¸¢¥É¨³μ¸É¨ ±μ²² °¤¥·  ‚���-2000 ¸¢Ö§ ´Ò ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
¨´É¥´¸¨¢´ÒÌ ¶ÊÎ±μ¢ ´μ¢μ£μ ¨´¦¥±Í¨μ´´μ£μ ±μ³¶²¥±¸  ‚���-5. 	Ò²μ ¶·¨´ÖÉμ ·¥Ï¥-
´¨¥ μ ³μ¤¥·´¨§ Í¨¨ ±μ³¶²¥±¸  ‚���-2000, ±μÉμ· Ö ¢±²ÕÎ ¥É: μÉ± § μÉ ¸ÊÐ¥¸É¢ÊÕÐ¥°
¨´¦¥±Í¨μ´´μ° Î ¸É¨; ¨¸¶μ²Ó§μ¢ ´¨¥ ± ´ ²  (¤²¨´μ° ¡μ²¥¥ 200 ³) ¤²Ö É· ´¸¶μ·É¨·μ¢±¨
¶ÊÎ±μ¢ Ô²¥±É·μ´μ¢ ¨ ¶μ§¨É·μ´μ¢ μÉ ¨´¦¥±Í¨μ´´μ£μ ±μ³¶²¥±¸  ± ¡Ê¸É¥·Ê 	��; ³μ¤¥·-
´¨§ Í¨Õ ¡Ê¸É¥·  	�� ¤²Ö · ¡μÉÒ ¶·¨ ¶μ²´μ° Ô´¥·£¨¨ ¤μ 1 ƒÔ‚; ³μ¤¥·´¨§ Í¨Õ ± ´ ²μ¢
É· ´¸¶μ·É¨·μ¢±¨ ¶ÊÎ±μ¢ μÉ ¡Ê¸É¥·  ± ‚���-2000 ¨ ¤μ· ¡μÉ±Ê μÉ¤¥²Ó´ÒÌ Ê§²μ¢ ±μ²ÓÍ 
‚���-2000. ‘· ¢´¥´¨¥ ¶ · ³¥É·μ¢ ¸É ·μ° ¨ ´μ¢μ° ¨´¦¥±Í¨μ´´ÒÌ ¸¨¸É¥³ ¶·¨¢¥¤¥´μ
¢ É ¡². 2.

’ ¡²¨Í  2. � · ³¥É·Ò ¸É ·μ° ¨ ´μ¢μ° ¨´¦¥±Í¨μ´´ÒÌ ¸¨¸É¥³

� · ³¥É· ’¥±ÊÐ¥¥ §´ Î¥´¨¥ �μ¢μ¥ §´ Î¥´¨¥

‘±μ·μ¸ÉÓ ´ ±μ¶²¥´¨Ö Ô²¥±É·μ´μ¢, ÏÉ./¸ 109 1011

‘±μ·μ¸ÉÓ ´ ±μ¶²¥´¨Ö ¶μ§¨É·μ´μ¢, ÏÉ./¸ 2 · 107 3 · 108

Œ ±¸¨³ ²Ó´ Ö Ô´¥·£¨Ö ¡Ê¸É¥· , ŒÔ‚ 825 1000

�´¥·£¨Ö ¨´¦¥±Í¨¨ ¢ ¡Ê¸É¥·, ŒÔ‚ 125 500

— ¸ÉμÉ  ¨´¦¥±Í¨¨ ¢ ¡Ê¸É¥·, ƒÍ 0,7 12,5

‚³¥¸Éμ ¶μ¸É·μ°±¨ ´μ¢μ£μ ¡Ê¸É¥·  ¡Ò²μ ¶·¨´ÖÉμ ·¥Ï¥´¨¥ μ ³μ¤¨Ë¨± Í¨¨ ¸ÊÐ¥¸É¢ÊÕ-
Ð¥£μ ±μ²ÓÍ  	�� (·¨¸. 7). ’·¥¡μ¢ ´¨¥ ¸μÌ· ´¥´¨Ö £¥μ³¥É·¨¨ Ê¸É ´μ¢±¨ ¢³¥¸É¥ ¸ ¶μÉ·¥¡-
´μ¸ÉÓÕ · ¡μÉÒ ¶·¨ Ô´¥·£¨¨ 1 ƒÔ‚ ´ ²μ¦¨²μ ¦¥¸É±¨¥ É·¥¡μ¢ ´¨Ö ´  ¢¥²¨Î¨´Ò ³ £´¨É´ÒÌ
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�¨¸. 7. �¡Ð¨° ¢¨¤ ±μ³¶²¥±¸  ‚���-2000 ¶μ¸²¥ ³μ¤¥·´¨§ Í¨¨

�¨¸. 8 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨). ‡ ¢¨¸¨³μ¸ÉÓ ³ £´¨É´μ£μ ¶μ²Ö μÉ Éμ±  ¤²Ö ³μ¤¥·´¨§¨·μ-
¢ ´´μ£μ ³ £´¨É  ¡Ê¸É¥·  	��: ±· ¸´Ò¥ ÉμÎ±¨ Å ¨§³¥·¥´´Ò¥ §´ Î¥´¨Ö; ¸¨´ÖÖ ²¨´¨Ö Å · ¸Î¥É´ Ö

±·¨¢ Ö

¶μ²¥° ¨ £· ¤¨¥´Éμ¢ ¢ ²¨´§ Ì,   É ±¦¥ Ê¸²μ¢¨¥ ¡Ò¸É·μÍ¨±²¨Î´μ° · ¡μÉÒ ¸ ¶μ¤Ñ¥³μ³ ¢¥-
¤ÊÐ¥£μ ¶μ²Ö ¢¶²μÉÓ ¤μ 26 ±ƒ¸. �¸´μ¢´Ò¥ ³ £´¨ÉÒ ³μ¤¨Ë¨Í¨·ÊÕÉ¸Ö ¸ Í¥²ÓÕ Ê³¥´ÓÏ¥´¨Ö
§ §μ·  ³¥¦¤Ê ¶μ²Õ¸ ³¨ ¶ÊÉ¥³ Ê¸É ´μ¢±¨ ´ ±² ¤μ± ´  ¶μ²Õ¸ . ‚ ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§ Ì
É ±¦¥ Ê³¥´ÓÏ ¥É¸Ö § §μ· ³¥¦¤Ê ¶μ²Õ¸ ³¨ ¨ ³¥´Ö¥É¸Ö ¨Ì Ëμ·³  ¤²Ö Ê¢¥²¨Î¥´¨Ö ¸¥±¸ÉÊ-
¶μ²Ó´μ° ±μ³¶μ´¥´ÉÒ ³ £´¨É´μ£μ ¶μ²Ö. ‚ ±ÊÊ³´ Ö ± ³¥·  ³μ¤¨Ë¨Í¨·Ê¥É¸Ö ¶·¥¸¸μ¢ ´¨¥³
¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ³¥¸É Ì. ‚ ±μ²ÓÍμ ¡Ê¸É¥·  Ê¸É ´ ¢²¨¢ ¥É¸Ö ´μ¢Ò° ·¥§μ´ Éμ· ¨ ´μ¢Ò¥
¨³¶Ê²Ó¸´Ò¥ Ô²¥³¥´ÉÒ ¤²Ö μ·£ ´¨§ Í¨¨ ¢¶Ê¸± -¢Ò¶Ê¸±  ¶ÊÎ±μ¢.

‚ 2013 £. ¨§£μÉμ¢²¥´ ¶·μÉμÉ¨¶ ³ £´¨É  ¤²Ö ¡Ê¸É¥·  ¨ ¶·μ¢¥¤¥´Ò ³ £´¨É´Ò¥ ¨§³¥·¥´¨Ö,
·¥§Ê²ÓÉ ÉÒ ±μÉμ·ÒÌ (·¨¸. 8) ¶μ± §Ò¢ ÕÉ ¤μ¸É¨¦¥´¨¥ É·¥¡Ê¥³ÒÌ ¶ · ³¥É·μ¢. ‚ ´ ¸ÉμÖÐ¥¥
¢·¥³Ö ¨§£μÉ ¢²¨¢ ÕÉ¸Ö ¶·μÉμÉ¨¶Ò ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§.

‡�Š‹	—…�ˆ…

� §¢¨ÉÒ¥ ´  ±μ³¶²¥±¸¥ ‚���-2000 ³¥Éμ¤Ò ¶·¥Í¨§¨μ´´μ° ¢Ò¸É ¢±¨ ³ £´¨É´ÒÌ Ô²¥-
³¥´Éμ¢, ±μ··¥±Í¨¨ μ·¡¨ÉÒ ¶ÊÎ±  ¨ μ¶É¨Î¥¸±¨Ì ËÊ´±Í¨° ³ Ï¨´Ò ¢³¥¸É¥ ¸ Ê¶· ¢²¥´¨¥³
¤²¨´μ° ¸£Ê¸É±  ¨ ÉÐ É¥²Ó´μ° ·ÊÎ´μ° ¶μ¤¸É·μ°±μ° ¶μ§¢μ²¨²¨ ¤μ¸É¨ÎÓ ¶·¥¤¥²Ó´ÒÌ ¢ ´ -
¸ÉμÖÐ¥¥ ¢·¥³Ö ¢μ§³μ¦´μ¸É¥° ‚���-2000. ‚³¥¸É¥ ¸ É¥³ ¸É ²μ ¶μ´ÖÉ´μ, ÎÉμ μ¸´μ¢´Ò¥
μ£· ´¨Î¥´¨Ö ¢Ò§¢ ´Ò ´¥ Éμ²Ó±μ ´¥¤μ¸É ÉμÎ´μ° ¶·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓÕ ¨´¦¥±Éμ· , ´μ ¨
Ê¸É ·¥¢Ï¥° ¨´¦¥±Í¨μ´´μ° Î ¸ÉÓÕ ±μ³¶²¥±¸ . „²Ö ¤μ¸É¨¦¥´¨Ö ¶·μ¥±É´μ° ¸¢¥É¨³μ¸É¨ ¨
¤μ²£μ¢·¥³¥´´μ° · ¡μÉÒ ‚���-2000 ¸ ¢Ò¸μ±μ° ¶·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓÕ É·¥¡Ê¥É¸Ö ¶μ²´ Ö
³μ¤¥·´¨§ Í¨Ö ¢¸¥° ¨´¦¥±Í¨μ´´μ° Î ¸É¨, ±μÉμ· Ö ´ Î ² ¸Ó ¢ ¨Õ²¥ 2013 £.
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‘·¥¤¨ ¤μ¸É¨¦¥´¨° ´  ‚���-2000 §  ¶μ¸²¥¤´¨¥ £μ¤Ò ³μ¦´μ ¢Ò¤¥²¨ÉÓ ¸²¥¤ÊÕÐ¨¥:
• ´ ¡μ· ¨´É¥£· ²  ¸¢¥É¨³μ¸É¨ ¶·μ¨§¢μ¤¨²¸Ö ¶·¨ ´¨¦´¥° Ô´¥·£¥É¨Î¥¸±μ° £· ´¨Í¥

e+e−-±μ²² °¤¥·μ¢ ¶·¨ Ô´¥·£¨¨ ¶ÊÎ±  ¢¶²μÉÓ ¤μ 160 ŒÔ‚;
• ¶μ²´Ò° ´ ¡· ´´Ò° ¨´É¥£· ² ¸¢¥É¨³μ¸É¨ ¢ ¤¨ ¶ §μ´¥ Ô´¥·£¨° ¶ÊÎ±  160Ä1000 ŒÔ‚

¸μ¸É ¢¨² 64 ¶¡−1 ´  μ¤¨´ ¤¥É¥±Éμ·;
• ¤μ¸É¨£´ÊÉμ¥ ¢μ ¢·¥³Ö · ¡μÉÒ ¶·¥¤¥²Ó´μ¥ §´ Î¥´¨¥ ¶ · ³¥É·  ¢¸É·¥Î´μ£μ ¶ÊÎ± 

ξ = 0,125 Ö¢²Ö¥É¸Ö ·¥±μ·¤´Ò³ ¤²Ö e+e−-±μ²² °¤¥·μ¢.
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