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‚ �¡Ñ¥¤¨´¥´´μ³ ¨´¸É¨ÉÊÉ¥ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° („Ê¡´ ) ¸μμ·Ê¦¥´ ¨ ¢¢μ¤¨É¸Ö ¢ ¤¥°¸É¢¨¥ ´ -
±μ¶¨É¥²Ó ¶μ§¨É·μ´μ¢ ¸ Ô²¥±É·μ´´Ò³ μÌ² ¦¤¥´¨¥³ LEPTA (Low Energy Particle Toroidal Accumula-
tor). � ±μ¶¨É¥²Ó Ö¢²Ö¥É¸Ö £¥´¥· Éμ·μ³ ´ ¶· ¢²¥´´ÒÌ ¶μÉμ±μ¢ μ·Éμ¶μ§¨É·μ´¨Ö (o-Ps), ±μÉμ·Ò° £¥-
´¥·¨·Ê¥É¸Ö ¶·¨ ·¥±μ³¡¨´ Í¨¨ ¶ÊÎ±  ¶μ§¨É·μ´μ¢, Í¨·±Ê²¨·ÊÕÐ¨Ì ¢ ´ ±μ¶¨É¥²¥, ¸ μ¤´μ¶·μ²¥É´Ò³
Ô²¥±É·μ´´Ò³ ¶ÊÎ±μ³. ‚ 2004 £. ´ ±μ¶¨É¥²Ó ¢¢¥¤¥´ ¢ Ô±¸¶²Ê É Í¨Õ ¸ Í¨·±Ê²¨·ÊÕÐ¨³ Ô²¥±É·μ´-
´Ò³ ¶ÊÎ±μ³. ˆ¸ÉμÎ´¨± ¶μ§¨É·μ´μ¢ ¶μ§¨É·μ´´μ£μ ¨´¦¥±Éμ·  ¶·μÉ¥¸É¨·μ¢ ´ ´  ´μ¢μ³ · ¤¨μ ±É¨¢-
´μ³ ¨¸ÉμÎ´¨±¥, ¤μ¸É ¢²¥´´μ³ ¨§ 	¦´μ° �Ë·¨±¨. �μ§¨É·μ´´ Ö ²μ¢ÊÏ±  ¢¢¥¤¥´  ¢ Ô±¸¶²Ê É Í¨Õ
´  Ô²¥±É·μ´ Ì. ‘¨¸É¥³  Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö ¶·μÉ¥¸É¨·μ¢ ´  ´  ¨³¶Ê²Ó¸´μ³ Ô²¥±É·μ´´μ³
¶ÊÎ±¥. �·μÍ¥¸¸ ¢¢μ¤  ¢ Ô±¸¶²Ê É Í¨Õ Ê¸É ´μ¢±¨ LEPTA ¶·¥¤¸É ¢²¥´ ¢ ¤ ´´μ° ¸É ÉÓ¥.

LEPTA (Low Energy Particle Toroidal Accumulator) Å the positron storage ring equipped with
an electron cooling system Å was constructed and is now under commissioning at the Joint Institute
for Nuclear Research. The storage ring is aimed for generation of directed 
uxes of ortho-positronium
(o-Ps), produced in recombination of the positron beam circulating in the ring with single pass cooling
electron beam. The storage ring was commissioned with circulating electron beam in 2004. The positron
source of the positron injector was tested with new radioactive source delivered from South Africa. The
positron trap was commissioned with electrons. Electron cooling system was tested with pulsed electron
beam. The progress in the LEPTA commissioning is presented in this report.

PACS: 29.20.-c; 29.20.db; 29.25.-t
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�¸´μ¢´μ¥ ´ §´ Î¥´¨¥ ´ ±μ¶¨É¥²Ö LEPTA (·¨¸. 1) Å £¥´¥· Í¨Ö ¨´É¥´¸¨¢´μ£μ ¶μÉμ± 
¶μ§¨É·μ´¨Ö ¤²Ö ¶·¥Í¨§¨μ´´μ£μ ¨§³¥·¥´¨Ö ¥£μ Ì · ±É¥·¨¸É¨±. Šμ´¸É·Ê±Í¨Ö ¨ ¶·¨´Í¨¶
¤¥°¸É¢¨Ö ´ ±μ¶¨É¥²Ö ´¥μ¤´μ±· É´μ μ¶¨¸ ´Ò (¸³. ¤¥É ²¨ ¢ μ¡§μ·¥ [1]). � ±μ¶¨É¥²Ó ¸μ-
¸Éμ¨É ¨§ ¤¢ÊÌ Éμ·μ¨¤ ²Ó´ÒÌ ¸μ²¥´μ¨¤μ¢ ¨ ¤¢ÊÌ ¶·Ö³μ²¨´¥°´ÒÌ, ¸μ¥¤¨´¥´´ÒÌ ¢ ±μ²ÓÍμ.
�  μ¤´μ³ ¨§ ¤¢ÊÌ ¶·Ö³μ²¨´¥°´ÒÌ ÊÎ ¸É±μ¢ ¸μ²¥´μ¨¤Ò ¨³¥ÕÉ Ëμ·³Ê Í¨²¨´¤·  ±·Ê£-
²μ£μ ¸¥Î¥´¨Ö, ´  ¤·Ê£μ³ ÊÎ ¸É±¥ Å Ëμ·³Ê Í¨²¨´¤·  ¸ Ô²²¨¶É¨Î¥¸±¨³ ¸¥Î¥´¨¥³, É ±
´ §Ò¢ ¥³Ò¥ ¸¥¶ÉÊ³´Ò¥ ¸μ²¥´μ¨¤Ò. �²¥±É·μ´´ Ö ¶ÊÏ± , ±μ²²¥±Éμ· ¨ ¨¸ÉμÎ´¨± ¶μ§¨É·μ-
´μ¢ · ¸¶μ²μ¦¥´Ò ¢´ÊÉ·¨ ¤μ¶μ²´¨É¥²Ó´ÒÌ ¸μ²¥´μ¨¤μ¢. ‚¸¥ ¸μ²¥´μ¨¤Ò μ±·Ê¦¥´Ò μ¡Ð¨³
³ £´¨É´Ò³ Ô±· ´μ³. ‚ ±ÊÊ³´ Ö ± ³¥·  · ¸¶μ²μ¦¥´  ¢´ÊÉ·¨ ¸μ²¥´μ¨¤μ¢. �¤´μμ¡μ·μÉ´ Ö
¨´¦¥±Í¨Ö ¶μ§¨É·μ´μ¢ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶·¨ ¶μ³μÐ¨ ¨³¶Ê²Ó¸´μ£μ Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ±¨-
±¥· .
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�¨¸. 1. ‘Ì¥³  ´ ±μ¶¨É¥²Ö LEPTA: 1 Å ¨¸ÉμÎ´¨± ¶μ§¨É·μ´μ¢; 2 Å ¶μ§¨É·μ´´ Ö ²μ¢ÊÏ± ; 3 Å ¸¥±-
Í¨Ö ¨´¦¥±Í¨¨ ¶μ§¨É·μ´μ¢; 4 Å ¸¥¶ÉÊ³´Ò¥ ¸μ²¥´μ¨¤Ò; 5 Å ±¨±¥· (· ¸¶μ²μ¦¥´ ¢´ÊÉ·¨ ¸¥¶ÉÊ³´μ£μ

¸μ²¥´μ¨¤ ); 6 Å Éμ·μ¨¤´Ò¥ ¸μ²¥´μ¨¤Ò; 7 Å ¸μ²¥´μ¨¤ ¨ ¸¶¨· ²Ó´ Ö ±¢ ¤·Ê¶μ²Ó´ Ö ²¨´§ ; 8 Å

¸¥±Í¨Ö Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö, ¶·Ö³μ²¨´¥°´Ò° ¸μ²¥´μ¨¤; 9, 10 Å ¤¥É¥±Éμ·Ò; 11 Å Ô²¥±É·μ´´ Ö
¶ÊÏ± ; 12 Å ±μ²²¥±Éμ· Ô²¥±É·μ´μ¢; 13 Å ¢ ±ÊÊ³´Ò¥ ´ ¸μ¸Ò

�²¥±É·μ´´Ò° ¶ÊÎμ± ¨´¦¥±É¨·Ê¥É¸Ö Ô²¥±É·μ´´μ° ¶ÊÏ±μ°, · ¸¶μ²μ¦¥´´μ° ²¥¢¥¥ ¨
´¨¦¥ · ¢´μ¢¥¸´μ° É· ¥±Éμ·¨¨ ¶μ§¨É·μ´μ¢. �·μÌμ¤Ö ¸¥¶ÉÊ³, Ô²¥±É·μ´Ò ¶μ¤ ¤¥°¸É¢¨¥³
¶μ¶¥·¥Î´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¸³¥Ð ÕÉ¸Ö ¢ £μ·¨§μ´É ²Ó´μ° ¶²μ¸±μ¸É¨ ¶μ ´ ¶· ¢²¥´¨Õ
± · ¢´μ¢¥¸´μ° É· ¥±Éμ·¨¨ ¶μ§¨É·μ´μ¢ ¨ ¶μ¶ ¤ ÕÉ ¢ ±¨±¥·. �μ¸±μ²Ó±Ê ¨´¦¥±Í¨Ö Ô²¥±-
É·μ´´μ£μ ¶ÊÎ±  ´ Î¨´ ¥É¸Ö ¶μ¸²¥ μ±μ´Î ´¨Ö ¨´¦¥±Í¨¨ ¶μ§¨É·μ´´μ£μ ¶ÊÎ± , ±μ£¤  ±¨±¥·
Ê¦¥ ¢Ò±²ÕÎ¥´, Ô²¥±É·μ´´Ò° ¶ÊÎμ± ¶·μÌμ¤¨É ±¨±¥· ¡¥§ μÉ±²μ´¥´¨Ö. �  ¢Ìμ¤¥ ¢ ¶¥·-
¢Ò° Éμ· Ô²¥±É·μ´Ò μ± §Ò¢ ÕÉ¸Ö ´¨¦¥ ¶μ§¨É·μ´´μ£μ ¶ÊÎ± . � ¶· ¢²¥´¨¥ Í¥´É·μ¡¥¦´μ£μ
¤·¥°Ë  ¢ Éμ·¥ μ¶·¥¤¥²Ö¥É¸Ö §´ ±μ³ § ·Ö¤  Î ¸É¨Í. �μ¸±μ²Ó±Ê ¤μ¶μ²´¨É¥²Ó´μ¥ ¢¥·É¨± ²Ó-
´μ¥ ³ £´¨É´μ¥ ¶μ²¥ ±μ³¶¥´¸¨·Ê¥É Í¥´É·μ¡¥¦´Ò° ¤·¥°Ë ¶μ§¨É·μ´μ¢, ¤²Ö Ô²¥±É·μ´μ¢ μ´μ
¨³¥¥É ®μ¡· É´μ¥¯ ´ ¶· ¢²¥´¨¥ ¨, ¸μμÉ¢¥É¸É¢¥´´μ, ¨Ì ¤·¥°Ëμ¢μ¥ ¸³¥Ð¥´¨¥ Ê¤¢ ¨¢ ¥É¸Ö.
� · ³¥É·Ò Ê¸É ´μ¢±¨ ¶μ¤μ¡· ´Ò É ±¨³ μ¡· §μ³, ÎÉμ, ¶·μÌμ¤Ö Î¥·¥§ ¸¥¶ÉÊ³´Ò° ¸μ²¥´μ¨¤
¨ ¶¥·¢Ò° Éμ·, Ô²¥±É·μ´Ò ¶μ¤´¨³ ÕÉ¸Ö ´  É· ¥±Éμ·¨Õ ¶μ§¨É·μ´μ¢ ´  ¢Ìμ¤¥ ¢ ¶·Ö³μ²¨-
´¥°´ÊÕ ¸¥±Í¨Õ Å ¶ÊÎ±¨ ¸μ¢³¥Ð ÕÉ¸Ö. ‚ ¶·Ö³μ²¨´¥°´μ° ¸¥±Í¨¨ ¶μ§¨É·μ´Ò ¢´ Î ²¥
¶·μÌμ¤ÖÉ μ¡² ¸ÉÓ ¸μ ¸¶¨· ²Ó´Ò³ ±¢ ¤·Ê¶μ²Ó´Ò³ ³ £´¨É´Ò³ ¶μ²¥³,   § É¥³ ¶μ¶ ¤ ÕÉ ´ 
ÊÎ ¸Éμ± Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö. �  ÔÉμ³ ÊÎ ¸É±¥ ¨ ¶·μ¨¸Ìμ¤¨É ·¥±μ³¡¨´ Í¨Ö Ô²¥±-
É·μ´μ¢ ¨ ¶μ§¨É·μ´μ¢ ¸ μ¡· §μ¢ ´¨¥³ ¶μ§¨É·μ´¨Ö (Ps). �²¥±É·¨Î¥¸±¨ ´¥°É· ²Ó´Ò¥  Éμ³Ò
Ps ¡Ê¤ÊÉ ¢Ò¢μ¤¨ÉÓ¸Ö ¢ Ô±¸¶¥·¨³¥´É ²Ó´Ò° ± ´ ². �μ¸²¥ ¶·μÌμ¤  ¶·Ö³μ²¨´¥°´μ° ¸¥±Í¨¨
¢μ ¢Éμ·μ³ Éμ·¥ μ´¨, ¡² £μ¤ ·Ö ¤·¥°ËÊ, · §¤¥²ÖÕÉ¸Ö. �²¥±É·μ´´Ò° ¶ÊÎμ± ¶μ¶ ¤ ¥É ¢
¢Ò¢μ¤´μ° ± ´ ² ¸¥¶ÉÊ³  ¨ É· ´¸¶μ·É¨·Ê¥É¸Ö ¢ ±μ²²¥±Éμ·.

®”μ±Ê¸¨·μ¢± ¯ (Ê¤¥·¦ ´¨¥) § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ ´ ±μ¶¨É¥²¥ LEPTA μ¸ÊÐ¥¸É¢²Ö¥É¸Ö
¶·μ¤μ²Ó´Ò³ ³ £´¨É´Ò³ ¶μ²¥³, ±μÉμ·μ¥ ¶·¨¸ÊÉ¸É¢Ê¥É ´  ¢¸¥° μ·¡¨É¥ Í¨·±Ê²¨·ÊÕÐ¥£μ
¶ÊÎ± ,   Ê¸Éμ°Î¨¢μ¸ÉÓ ¤¢¨¦¥´¨Ö μ¡¥¸¶¥Î¨¢ ¥É¸Ö ¸¶¨· ²Ó´Ò³ ±¢ ¤·Ê¶μ²Ó´Ò³ ¶μ²¥³, ±μ-
Éμ·μ¥ Ëμ·³¨·Ê¥É¸Ö ®¸É¥²² · Éμ·´μ°¯ μ¡³μÉ±μ° (ÔÉμÉ É¥·³¨´ ¢μ§´¨± ¢ Ë¨§¨±¥ ¶² §³Ò,
£¤¥ ¤²Ö Ê¤¥·¦ ´¨Ö ¶² §³Ò ¢ ¸É¥²² · Éμ· Ì ¢ ¤μ¶μ²´¥´¨¥ ± ¶·μ¤μ²Ó´μ³Ê ³ £´¨É´μ³Ê ¶μ²Õ
¨¸¶μ²Ó§Ê¥É¸Ö ¸¶¨· ²Ó´ Ö ³Ê²ÓÉ¨¶μ²Ó´ Ö μ¡³μÉ± ).
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� ±μ¶¨É¥²Ó LEPTA · ¡μÉ ¥É ¢ μ¡² ¸É¨ ´¨§±¨Ì §´ Î¥´¨° Ô´¥·£¨° ¶μ§¨É·μ´μ¢ (¸³. É -
¡²¨ÍÊ). „²Ö Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¨§³¥·¥´¨Ö³ Ì · ±É¥·¨¸É¨±  Éμ³μ¢ ¶μ§¨É·μ´¨Ö É·¥¡Ê¥É¸Ö
³¨´¨³ ²Ó´μ ¢μ§³μ¦´Ò° ¨Ì · §¡·μ¸ ¶μ Ê£²Ê ¨ ¸±μ·μ¸É¨. � ¶·¨³¥·, ¤²Ö ¨§³¥·¥´¨Ö ¢·¥-
³¥´¨ ¦¨§´¨ ¶ · ¶μ§¨É·μ´¨Ö ¸ μÉ´μ¸¨É¥²Ó´μ° ¶μ£·¥Ï´μ¸ÉÓÕ ³¥´ÓÏ¥ 1 · 10−4 (ÎÉμ ¢¤¢μ¥
³¥´ÓÏ¥ §´ Î¥´¨Ö, ¤μ¸É¨£´ÊÉμ£μ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö) μÉ´μ¸¨É¥²Ó´Ò° · §¡·μ¸ ¶μ ¸±μ·μ¸É¨
´¥ ¤μ²¦¥´ ¶·¥¢ÒÏ ÉÓ 10−4.

‘¶¥Í¨Ë¨Î¥¸±μ° μ¸μ¡¥´´μ¸ÉÓÕ ´ ±μ¶¨É¥²Ö ¸ ¶·μ¤μ²Ó´Ò³ ³ £´¨É´Ò³ ¶μ²¥³ Ö¢²Ö¥É¸Ö
Éμ, ÎÉμ Ô²¥±É·μ´´μ¥ μÌ² ¦¤¥´¨¥ Í¨·±Ê²¨·ÊÕÐ¨Ì ¶μ§¨É·μ´μ¢ Ê³¥´ÓÏ ¥É ¨Ì É¥³¶¥· -
ÉÊ·Ê, ´μ ¶·¨ ÔÉμ³ ´¥ ³¥´Ö¥É ¶μ¶¥·¥Î´Ò° · §³¥· ¶ÊÎ± . Š ¦¤Ò° ¶μ§¨É·μ´ μÌ² ¦¤ ¥É¸Ö,
μ¸É ¢ Ö¸Ó ®¶·¨¢Ö§ ´´Ò³¯ ± ¸¢μ¥° ¸¨²μ¢μ° ²¨´¨¨ ³ £´¨É´μ£μ ¶μ²Ö. �μÔÉμ³Ê · §¡·μ¸
¶μ§¨É·μ´μ¢ ¶μ ¸±μ·μ¸ÉÖ³ μ¶·¥¤¥²Ö¥É¸Ö ¶¥·¥¶ ¤μ³ ¶μÉ¥´Í¨ ²  ¸μ¡¸É¢¥´´μ£μ ¶μ²Ö Ô²¥±-
É·μ´´μ£μ ¶ÊÎ±  ´  · ¤¨Ê¸¥ ¶ÊÎ±  ¶μ§¨É·μ´μ¢. �É  · §´μ¸ÉÓ ¶μÉ¥´Í¨ ²μ¢ μ¶·¥¤¥²Ö¥É¸Ö
¸É¥¶¥´ÓÕ ¥¸É¥¸É¢¥´´μ° ´¥°É· ²¨§ Í¨¨ ¶ÊÎ± , § ¢¨¸ÖÐ¥° μÉ £¥μ³¥É·¨¨ ¢ ±ÊÊ³´μ° ± ³¥·Ò
(¢ ·¨ Í¨¨ ¥¥ ¶μ¶¥·¥Î´μ£μ · §³¥·  ¢¤μ²Ó μ·¡¨ÉÒ ¶μ§¨É·μ´μ¢).

„¢  ³¥É·  ¸¥±Í¨¨ μÌ² ¦¤¥´¨Ö ®§ ´ÖÉÒ¯ ¸¶¨· ²Ó´μ° ±¢ ¤·Ê¶μ²Ó´μ° ²¨´§μ°. �¤´ ±μ
¢ ¶·μ¤μ²Ó´μ³ ³ £´¨É´μ³ ¶μ²¥ É· ¥±Éμ·¨¨ Ô²¥±É·μ´μ¢ ¨ ¶μ§¨É·μ´μ¢, ¤¢¨¦ÊÐ¨Ì¸Ö ¢¤μ²Ó
μ¤´μ° ¨ Éμ° ¦¥ ¸¨²μ¢μ° ²¨´¨¨, ¸μ¢¶ ¤ ÕÉ ¸ ÉμÎ´μ¸ÉÓÕ ¤μ · §²¨Î¨Ö ¶μ¶¥·¥Î´ÒÌ ±μ³-
¶μ´¥´É ¨Ì ¸±μ·μ¸É¥°. �μÔÉμ³Ê ·¥±μ³¡¨´ Í¨Ö Ô²¥±É·μ´μ¢ ¨ ¶μ§¨É·μ´μ¢ ¸ μ¡· §μ¢ ´¨¥³
¶μ§¨É·μ´¨Ö ¡Ê¤¥É ¶·μ¨¸Ìμ¤¨ÉÓ ¨ ´  ÊÎ ¸É±¥ ¸ ¶μ¶¥·¥Î´Ò³ ¶μ²¥³ ²¨´§Ò. …¤¨´¸É¢¥´´Ò°

�·μ¥±É´Ò¥ ¶ · ³¥É·Ò ´ ±μ¶¨É¥²Ö LEPTA

�¥·¨³¥É·, ³ 16,8

�´¥·£¨Ö ¶μ§¨É·μ´μ¢, ±Ô‚ 4Ä10

�¥·¨μ¤ μ¡· Ð¥´¨Ö, ´¸ 500Ä300

�·μ¤μ²Ó´μ¥ ³ £´¨É´μ¥ ¶μ²¥, ƒ¸ 400

�μ²ÓÏμ° · ¤¨Ê¸ Éμ·μ¨¤μ¢, ³ 1,45

ƒ· ¤¨¥´É ¸¶¨· ²Ó´μ£μ ±¢ ¤·Ê¶μ²Ó´μ£μ ¶μ²Ö, ƒ¸/¸³ 10

� ¤¨Ê¸ ¶μ§¨É·μ´´μ£μ ¶ÊÎ± , ¸³ 0,5

Šμ²¨Î¥¸É¢μ Í¨·±Ê²¨·ÊÕÐ¨Ì ¶μ§¨É·μ´μ¢ 108

„ ¢²¥´¨¥ μ¸É ÉμÎ´μ£μ £ § , ’μ·· 10−10

‘¨¸É¥³  Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö
„²¨´  ¸¥±Í¨¨ μÌ² ¦¤¥´¨Ö, ³ 4(2)
’μ± ¶ÊÎ±  Ô²¥±É·μ´μ¢, � 0,5
� ¤¨Ê¸ Ô²¥±É·μ´´μ£μ ¶ÊÎ± , ¸³ 1

� · ³¥É·Ò ¶ÊÎ±  μ·Éμ¶μ§¨É·μ´¨Ö
ˆ´É¥´¸¨¢´μ¸ÉÓ,  Éμ³/¸ 104

“£²μ¢ Ö · ¸Ìμ¤¨³μ¸ÉÓ, ³· ¤ 1
� §¡·μ¸ ¶μ Ô´¥·£¨Ö³ 10−3
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´¥¤μ¸É Éμ± Å ¡μ²ÓÏμ° Ê£²μ¢μ° · §¡·μ¸ ¶μÉμ±   Éμ³μ¢ Ps:

ΔQ ∼ G
a

B
∼ 1,25 · 10−2,

£¤¥ G Å £· ¤¨¥´É ¶μ²Ö ²¨´§Ò; B Å ¶μ²¥ ¸μ²¥´μ¨¤ ; a = min {a+, a−}, a+, a− Å
· §³¥·Ò ¶ÊÎ±μ¢ ¶μ§¨É·μ´μ¢ ¨ Ô²¥±É·μ´μ¢ ¸μμÉ¢¥É¸É¢¥´´μ.

2. �‘��‚�›… ‡�„�—ˆ ���…Š’�

�¥·¢μ° Ë¨§¨Î¥¸±μ° § ¤ Î¥°, ±μÉμ·ÊÕ ¶·¥¤¸ÉμÖ²μ ·¥Ï¨ÉÓ ´  ´ ±μ¶¨É¥²¥ LEPTA, ¡Ò²μ
¤μ¸É¨¦¥´¨¥ ¤²¨É¥²Ó´μ£μ ¢·¥³¥´¨ Í¨·±Ê²ÖÍ¨¨ ¢ ´¥³ Î ¸É¨Í. „μ ¸¨Ì ¶μ· ¡Ò²μ ´¥¸±μ²Ó±μ
¶μ¶ÒÉμ± ¸μ§¤ ´¨Ö ¶μ¤μ¡´ÒÌ ´ ±μ¶¨É¥²¥°, ´μ ´¨ ¢ μ¤´μ³ ¨§ ´¨Ì ´¥ ¡Ò²μ ¤μ¸É¨£´ÊÉμ ¤μ-
¸É ÉμÎ´μ ¤²¨É¥²Ó´μ¥ ¢·¥³Ö Í¨·±Ê²ÖÍ¨¨ [1]. �  ´ ±μ¶¨É¥²¥ LEPTA Ê¤ ²μ¸Ó §´ Î¨É¥²Ó´μ
¶·μ¤¢¨´ÊÉÓ¸Ö ¢ ·¥Ï¥´¨¨ ÔÉμ° § ¤ Î¨ (· §¤. 4 ´¨¦¥).

‚Éμ·μ° § ¤ Î¥° Ö¢²Ö¥É¸Ö Ô²¥±É·μ´´μ¥ μÌ² ¦¤¥´¨¥ ¶μ§¨É·μ´μ¢ ¨ £¥´¥· Í¨Ö ¶μ§¨É·μ-
´¨Ö. …¥ Ê¸¶¥Ï´μ¥ ·¥Ï¥´¨¥ ¶μ§¢μ²¨É μ¸ÊÐ¥¸É¢¨ÉÓ ¶μ¸É ´μ¢±Ê Ê´¨± ²Ó´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢
´  ´ ¶· ¢²¥´´ÒÌ ¶μÉμ± Ì ¶μ§¨É·μ´¨Ö:

1. �·μ¢¥·±  ‘�’-É¥μ·¥³Ò, ¸μÌ· ´¥´¨¥ CP ¨ P.
2. Š¢ ´Éμ¢ Ö Ô²¥±É·μ¤¨´ ³¨±  ¢ ¸¨¸É¥³¥ ¶μ§¨É·μ´¨Ö.

2.1. ‘¶¥±É·μ¸±μ¶¨Ö ¶μ§¨É·μ´¨Ö.
2.2. ˆ§³¥·¥´¨¥ ¢·¥³¥´¨ ¦¨§´¨ ¶ · ¶μ§¨É·μ´¨Ö.
2.3. ˆ§³¥·¥´¨¥ ¢·¥³¥´¨ ¦¨§´¨ μ·Éμ¶μ§¨É·μ´¨Ö.

3. �μ¨¸± ²¥£±¨Ì, ´¥°É· ²Ó´ÒÌ ¡μ§μ´μ¢ (²¥£±μ£μ  ±¸¨μ´ ).
4. �·μ¢¥·±  £¨¶μÉ¥§Ò ®§¥·± ²Ó´μ° ¢¸¥²¥´´μ°¯ (É¥³´ Ö ³ É¥·¨Ö) [2].
‚ Ë¨§¨±¥ ¶μ§¨É·μ´¨Ö [3] ¢ ¶¥·¢ÊÕ μÎ¥·¥¤Ó ³μ¦´μ ¢Ò¤¥²¨ÉÓ ¶·μ¡²¥³Ê ¨§³¥·¥´¨° ¶ -

· ³¥É·μ¢ ¸Ì¥³Ò · ¸¶ ¤  ( ´´¨£¨²ÖÍ¨¨) ¶μ§¨É·μ´¨Ö. �·¨ ¶μ¸É ´μ¢±¥ Ô±¸¶¥·¨³¥´Éμ¢ ´ 
μ¸É·μ´ ¶· ¢²¥´´ÒÌ, ³μ´μÔ´¥·£¨Î´ÒÌ, ¨´É¥´¸¨¢´ÒÌ ¶μÉμ± Ì ¶μ§¨É·μ´¨Ö ¢ ¢ ±ÊÊ³¥ ¨¸-
±²ÕÎ ¥É¸Ö ¢²¨Ö´¨¥ ¸·¥¤Ò, ´¥¨§¡¥¦´μ¥ ¶·¨ É· ¤¨Í¨μ´´ÒÌ ³¥Éμ¤ Ì £¥´¥· Í¨¨ ¶μ§¨É·μ´¨Ö
¢ ³¨Ï¥´ÖÌ. ƒ¥´¥· Í¨Ö ¶ · ¶μ§¨É·μ´¨Ö (p-Ps) ¡Ê¤¥É μ¸ÊÐ¥¸É¢²ÖÉÓ¸Ö ¶μ¸²¥ ¢Ò¢μ¤  ¶ÊÎ± 
μ·Éμ¶μ§¨É·μ´¨Ö (o-Ps) ¨§ ´ ±μ¶¨É¥²Ö ´  ±μ´É·μ²¨·Ê¥³ÒÌ ¶¥·¥Ìμ¤ Ì ¢ ³ £´¨É´μ³ ¶μ²¥.
�Éμ ¶μ§¢μ²Ö¥É ¶·μ¢¥¸É¨ Ô±¸¶¥·¨³¥´ÉÒ ¶μ ¨§³¥·¥´¨Õ ¢·¥³¥´¨ ¦¨§´¨ μ·Éμ- ¨ ¶ · ¸μ¸Éμ-
Ö´¨° ¶μ§¨É·μ´¨Ö ¸ ÉμÎ´μ¸ÉÓÕ, ´¥¤μ¸ÉÊ¶´μ° · ´¥¥, Ê¸É ´μ¢¨ÉÓ ¢¥·μÖÉ´μ¸ÉÓ · ¸¶ ¤μ¢ ¸
´ ·ÊÏ¥´¨¥³ § ±μ´  ¸μÌ· ´¥´¨Ö ³μ³¥´É  ¨ § ·Ö¤μ¢μ° ¨´¢ ·¨ ´É´μ¸É¨, ¸ÊÐ¥¸É¢¥´´μ Ê²ÊÎ-
Ï¨ÉÓ ÉμÎ´μ¸ÉÓ ¨§³¥·¥´¨Ö ¶ · ³¥É·μ¢ ²¥£±μ£μ  ±¸¨μ´ , £¨¶μÉ¥É¨Î¥¸±¨ μÉ¢¥É¸É¢¥´´μ£μ § 
· ¸Ìμ¦¤¥´¨¥ ³¥¦¤Ê Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¨ É¥μ·¥É¨Î¥¸±¨³ ¢·¥³¥´¥³ ¦¨§´¨ μ·Éμ¶μ§¨É·μ-
´¨Ö. �·¥¤² £ ¥³ Ö ¸Ì¥³  ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´Éμ¢ ¶μ§¢μ²¨É μ¸ÊÐ¥¸É¢¨ÉÓ ¨§³¥·¥´¨¥
Éμ´±μ° ¸É·Ê±ÉÊ·Ò ¨ ²Ô³¡μ¢¸±μ£μ ¸¤¢¨£  ¢ ¸¶¥±É·¥ μ·Éμ¶μ§¨É·μ´¨Ö ´  ¶μÉμ±¥  Éμ³μ¢
³¥Éμ¤μ³  Éμ³´μ£μ ¨´É¥·Ë¥·μ³¥É· .

3. ‘�‚…�˜…�‘’‚�‚��ˆ… Š��‘’�“Š–ˆˆ ��Š��ˆ’…‹Ÿ

�μ¸²¥ Ë¨§¨Î¥¸±μ£μ ¶Ê¸±  Ê¸É ´μ¢±¨ ¢ 2005 £. ´¥ ¡Ò²μ ¶μ²ÊÎ¥´μ · ¸Î¥É´μ¥ ¢·¥³Ö
¦¨§´¨ Í¨·±Ê²¨·ÊÕÐ¥£μ ¶ÊÎ± . �·¨Î¨´ ³¨ ÔÉμ£μ Ö¢²Ö²¨¸Ó ´¥μ¤´μ·μ¤´μ¸ÉÓ ³ £´¨É´μ£μ
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¶μ²Ö ¨ ´¥¤μ¸É ÉμÎ´μ ¢Ò¸μ±¨° ¢ ±ÊÊ³. „²Ö Ê¸É· ´¥´¨Ö ´¥μ¤´μ·μ¤´μ¸É¥° ¡Ò²¨ ¶¥·¥¤¥-
² ´Ò ³ £´¨É´Ò¥ Ô±· ´Ò, ¨§³¥´¥´  ±μ´¸É·Ê±Í¨Ö Ï¨´ μ¡· É´μ£μ Éμ±  ¨ ¸±μ··¥±É¨·μ¢ ´Ò
´¥μ¤´μ·μ¤´μ¸É¨ ³ £´¨É´μ£μ ¶μ²Ö ¸ ¶μ³μÐÓÕ ± ÉÊÏ¥± ±μ··¥±Í¨°. „²Ö Ê²ÊÎÏ¥´¨Ö ¢ ±ÊÊ³ 
¢ ±μ²ÓÍ¥ ¡Ò²  ¨§£μÉμ¢²¥´  μÌ² ¦¤ ¥³ Ö ±¢ ¤·Ê¶μ²Ó´ Ö ²¨´§  ¨ Ê¸É ´μ¢²¥´Ò £¥ÉÉ¥·´Ò¥
´ ¸μ¸Ò.

3.1. ˜¨´Ò μ¡· É´μ£μ Éμ± . ˆ§³¥´¥´¨Ö ¢ ±μ´¸É·Ê±Í¨¨ Ï¨´ μ¡· É´μ£μ Éμ±  ¡Ò²¨ ¢Ò-
§¢ ´Ò É¥³, ÎÉμ ¸É ·Ò° ¸¶μ¸μ¡ ¨Ì ±μ³³ÊÉ Í¨¨ ´¥ ¶μ§¢μ²Ö² μ¡¥¸¶¥Î¨ÉÓ · ¢´μ³¥·´μ¥ · ¸-
¶·¥¤¥²¥´¨¥ Éμ±μ¢ ¶μ Ï¨´ ³. ‚´ÊÉ·¨ ± ¦¤μ£μ ¸μ²¥´μ¨¤  ¶·μ²μ¦¥´μ Ï¥¸ÉÓ Ï¨´ μ¡· É´μ£μ
Éμ± . ‘É ·Ò° ¸¶μ¸μ¡ ±μ³³ÊÉ Í¨¨ ¶·¥¤Ê¸³ É·¨¢ ² ±μ³³ÊÉ Í¨Õ ¸¥·¶μ¢¨¤´Ò³¨ ³¥¤´Ò³¨
¶² ¸É¨´± ³¨ ¶μ É·¨ Ï¨´Ò. —Éμ¡Ò ¨³¥ÉÓ ¢μ§³μ¦´μ¸ÉÓ ¢Ò· ¢´¨¢ ÉÓ Éμ±¨ ¸ ¶μ³μÐÓÕ
¢´¥Ï´¨Ì ¡ ²² ¸É´ÒÌ ·¥§¨¸Éμ·μ¢, ÔÉ¨ ¸¥·¶μ¢¨¤´Ò¥ ¶² ¸É¨´±¨ · §·¥§ ´Ò,   ±μ³³ÊÉ Í¨Ö
¢Ò¢¥¤¥´  §  ¶·¥¤¥²Ò ¸ÉÒ±μ¢.

3.2. Šμ··¥±Í¨Ö ¶·μ¤μ²Ó´μ£μ ³ £´¨É´μ£μ ¶μ²Ö. � · ³¥É·Ò ± ÉÊÏ¥± ±μ··¥±Í¨¨ ¡Ò²¨
· ¸¸Î¨É ´Ò ¶μ ·¥§Ê²ÓÉ É ³ ¨§³¥·¥´¨Ö ³ £´¨É´μ£μ ¶μ²Ö ´  ¢¸¥Ì ¸ÉÒ± Ì ¸μ²¥´μ¨¤μ¢. �μ¸²¥
Ê¸É ´μ¢±¨ ± ÉÊÏ¥± ±μ··¥±Í¨¨ ´¥μ¤´μ·μ¤´μ¸ÉÓ ¶μ²Ö ¡Ò²  ¸´¨¦¥´  ¤μ Ê·μ¢´Ö ΔB/B �
2 · 10−2 (·¨¸. 2).

�¨¸. 2. ˆ§³¥·¥´¨Ö ³ £´¨É´μ£μ ¶μ²Ö ¤μ ¨ ¶μ¸²¥ ¶·¨³¥´¥´¨Ö ± ÉÊÏ¥± ±μ··¥±Í¨° ¡¥§

±μ··¥±Í¨¨; c ±μ··¥±Í¨¥°

�¨¸. 3. � ¸¶μ²μ¦¥´¨¥ · ¸¶Ò²Ö¥³ÒÌ É¨É ´μ¢ÒÌ £¥ÉÉ¥·μ¢
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3.3. ‘¶¨· ²Ó´ Ö ±¢ ¤·Ê¶μ²Ó´ Ö ²¨´§ . �Ò² ¨§£μÉμ¢²¥´ ´μ¢Ò° ¸¶¨· ²Ó´Ò° ±¢ ¤·Ê-
¶μ²Ó. �Ò²μ ·¥Ï¥´μ ¸¤¥² ÉÓ μ¡³μÉ±¨ μÌ² ¦¤ ¥³Ò³¨. �Éμ ¨§³¥´¨²μ É¥³¶¥· ÉÊ·´Ò° ·¥¦¨³
¢ ¶·Ö³μ²¨´¥°´μ° ¸¥±Í¨¨ ¨ Ê²ÊÎÏ¨²μ ¢ ±ÊÊ³´Ò¥ Ê¸²μ¢¨Ö.

3.4. ‚ ±ÊÊ³´ Ö ¸¨¸É¥³ . �  ¢ÒÌμ¤¥ ¶·Ö³μ²¨´¥°´μ° ¸¥±Í¨¨ ¡Ò² Ê¸É ´μ¢²¥´ · ¸¶Ò²Ö-
¥³Ò° É¨É ´μ¢Ò° £¥ÉÉ¥·, ÎÉμ ¶μ§¢μ²¨²μ ¸´¨§¨ÉÓ ¤ ¢²¥´¨¥ ¢ ¢ ±ÊÊ³´μ° ± ³¥·¥ ¤μ Ê·μ¢´Ö
� 2 · 10−9 ’μ··. ‚Éμ·μ° £¥ÉÉ¥· ¡Ê¤¥É Ê¸É ´μ¢²¥´ ´  ¢Ìμ¤¥ ¸¥±Í¨¨ (·¨¸. 3), ¨ ¥Ð¥ ¤¢  Å
´  ¢Ìμ¤¥ ¨ ¢ÒÌμ¤¥ ¸¥¶ÉÊ³´μ£μ ¸μ²¥´μ¨¤ .

4. ‘’�’“‘ ���…Š’�

4.1. ˆ¸ÉμÎ´¨± ¶μ§¨É·μ´μ¢. ‚ ¨Õ²¥ 2009 £. ¢¢¥¤¥´ ¢ Ô±¸¶²Ê É Í¨Õ ´μ¢Ò° ¨¸ÉμÎ´¨±
¶μ§¨É·μ´μ¢ ´  μ¸´μ¢¥ ¨§μÉμ¶  22Na, ¶¥·¥¤ ´´Ò° ¢ �ˆŸˆ ¡¥§¢μ§³¥§¤´μ ¨§ ¨´¸É¨ÉÊÉ 
iThemba Labs (	��). �±¸¶¥·¨³¥´ÉÒ ¶μ Ëμ·³¨·μ¢ ´¨Õ ¶μÉμ±  ³¥¤²¥´´ÒÌ ¶μ§¨É·μ´μ¢
¢ ¨´¦¥±Éμ·¥ LEPTA ¶μ¤É¢¥·¤¨²¨ ÔËË¥±É¨¢´μ¸ÉÓ ¸μ§¤ ´´μ° ±μ´¸É·Ê±Í¨¨ § ³¥¤²¨É¥²Ö:
¶ · ³¥É·Ò ¸¶¥±É·  ¶μ§¨É·μ´μ¢ ¡Ò²¨ μ¶É¨³¨§¨·μ¢ ´Ò ¶μ¤¡μ·μ³ ¸²μÖ § ³¥¤²¨É¥²Ö Å
´ ³μ·μ¦¥´´μ£μ ´¥μ´  (·¨¸. 4).

�¨¸. 4. ˆ´É¥£· ²Ó´Ò° ¸¶¥±É· ¶μ§¨É·μ´μ¢ ´  ¢ÒÌμ¤¥ ¨§ ¨¸ÉμÎ´¨±  ¶·¨ ¤¢ÊÌ §´ Î¥´¨ÖÌ Éμ²Ð¨´Ò

d ´ ³μ·μ¦¥´´μ£μ ´¥μ´  Ë¨É¨·μ¢ ´´Ò° ËÊ´±Í¨¥° μÏ¨¡μ±: ³ ±¸¨³Ê³ £ Ê¸¸μ¢¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö
¸μμÉ¢¥É¸É¢Ê¥É Ô´¥·£¨¨ ¶μ§¨É·μ´μ¢ 8,8 ( ) ¨ 5,5 (¡) Ô‚,   Ï¨·¨´  ¸¶¥±É·  Å 3,8 ( ) ¨ 2,3 (¡) Ô‚

¸μμÉ¢¥¸É¢¥´´μ

�¨¸. 5. ‡ ¢¨¸¨³μ¸ÉÓ ¢·¥³¥´¨ ¦¨§´¨ Ô²¥±É·μ´´μ£μ ¶ÊÎ± , Í¨·±Ê²¨·ÊÕÐ¥£μ ¢ ´ ±μ¶¨É¥²¥, μÉ Ô´¥·£¨¨

Ô²¥±É·μ´μ¢: 1, 2 Å ¶¥·¢Ò¥ ·¥§Ê²ÓÉ ÉÒ (2005 £.); 3, 4 Å ¶μ¸²¥ ¢¢μ¤  ¢ ¤¥°¸É¢¨¥ ®Ï¨´ μ¡· É´μ£μ

Éμ± ¯ (2008 £.); 5 Å ¶μ¸²¥ ±μ··¥±Í¨¨ ¶μ²Ö ´  ¸ÉÒ± Ì ¸μ²¥´μ¨¤μ¢ ¨ Ê²ÊÎÏ¥´¨Ö ¢ ±ÊÊ³  (2009 £.)
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4.2. ‚·¥³Ö ¦¨§´¨ Í¨·±Ê²¨·ÊÕÐ¥£μ ¶ÊÎ±  ¢ ´ ±μ¶¨É¥²¥. ˆ§³¥·¥´¨¥ ¢·¥³¥´¨ ¦¨§´¨
¶ÊÎ± , Í¨·±Ê²¨·ÊÕÐ¥£μ ¢ ´ ±μ¶¨É¥²¥, ¶·μ¢μ¤¨²μ¸Ó ´  É¥¸Éμ¢μ³ Ô²¥±É·μ´´μ³ ¶ÊÎ±¥.
‚ 2005 £. ¢ ´ ±μ¶¨É¥²¥ ¢¶¥·¢Ò¥ ¶μ²ÊÎ¥´ Í¨·±Ê²¨·ÊÕÐ¨° Ô²¥±É·μ´´Ò° ¶ÊÎμ±. �μ¸²¥
±μ··¥±Í¨¨ ¶·μ¤μ²Ó´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¨ Ê²ÊÎÏ¥´¨Ö ¢ ±ÊÊ³  Ê¤ ²μ¸Ó ¸ÊÐ¥¸É¢¥´´μ Ê¢¥-
²¨Î¨ÉÓ ¢·¥³Ö ¦¨§´¨ ¶ÊÎ±  ¢ ´ ±μ¶¨É¥²¥ (·¨¸. 5).

‡�Š‹�—…�ˆ…

‚ ¡²¨¦ °Ï¥³ ¡Ê¤ÊÐ¥³ ¡Ê¤¥É ¶·μ¢¥·¥´  · ¡μÉμ¸¶μ¸μ¡´μ¸ÉÓ ±μ²²¥±Éμ· . ’ ±¦¥ ¡Ê¤ÊÉ
¶·μ¢¥¤¥´Ò ¨¸¶ÒÉ ´¨Ö ²μ¢ÊÏ±¨ ´  ¶μ§¨É·μ´ Ì (¤μ ÔÉμ£μ ¨¸¶ÒÉ ´¨Ö ¶·μ¨¸Ìμ¤¨²¨ ´  Ô²¥±-
É·μ´ Ì). ‚ ±μ´Í¥ ÔÉμ£μ Å ´ Î ²¥ ¸²¥¤ÊÕÐ¥£μ £μ¤  ¡Ê¤¥É § ±μ´Î¥´ ± ´ ² ¢¢μ¤  ¨ ¡Ê¤ÊÉ
¶·μ¢¥¤¥´Ò Ô±¸¶¥·¨³¥´ÉÒ ¶μ Í¨·±Ê²ÖÍ¨¨ ¶μ§¨É·μ´´μ£μ ¶ÊÎ± .

ƒ¥ÉÉ¥·Ò ¡Ò²¨ ¶·¥¤μ¸É ¢²¥´Ò ‹¥μ´É¨¥³ Œ¨·μ´¥´±μ ¨§ ˆ´¸É¨ÉÊÉ  Ö¤¥·´μ° Ë¨§¨±¨
¨³. ƒ. ˆ. �Ê¤±¥· . � ¡μÉ  ¶μ¤¤¥·¦ ´  £· ´É ³¨ �””ˆ º09-02-00084, º09-02-90731.
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