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ˆ´¸É¨ÉÊÉ Ö¤¥·´μ° Ë¨§¨±¨ ¨³. ƒ.ˆ. 	Ê¤±¥·  ‘� ���, �μ¢μ¸¨¡¨·¸±, �μ¸¸¨Ö

‚ ˆŸ” ‘� ��� · §· ¡ ÉÒ¢ ¥É¸Ö ¶·μ¥±É Ê¸É ´μ¢±¨ ±² ¸¸  ³¥£ ¸ °¥´¸ Å Ô²¥±É·μ´-
¶μ§¨É·μ´´Ò° ±μ²² °¤¥· ‘Ê¶¥·-Î ·³-É Ê Ë ¡·¨±  ¸ Ô´¥·£¨¥° ¶ÊÎ±μ¢ μÉ 1 ¤μ 2,5 ƒÔ‚ ¨ ¸ ³ ±¸¨³ ²Ó-
´μ° ¶¨±μ¢μ° ¸¢¥É¨³μ¸ÉÓÕ 1035 ¸³−2· c−1, ±μÉμ· Ö ¤μ¸É¨£ ¥É¸Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶¥·¸¶¥±É¨¢´μ°
É¥Ì´μ²μ£¨¨ ¢¸É·¥Î¨ ¶ÊÎ±μ¢ Crab Waist ¨ ¡μ²ÓÏ¨Ì Éμ±μ¢ ¶ÊÎ±μ¢ (¤μ 2 �). „·Ê£μ° μ¸μ¡¥´´μ¸ÉÓÕ
¶·μ¥±É  Ö¢²Ö¥É¸Ö ´ ²¨Î¨¥ ¶·μ¤μ²Ó´μ° ¶μ²Ö·¨§ Í¨¨ Ô²¥±É·μ´μ¢ ¢ ³¥¸É¥ ¢¸É·¥Î¨. ”¨§¨Î¥¸± Ö ¶·μ-
£· ³³  ±μ²² °¤¥·  ´ ¶· ¢²¥´  ´  ¨§ÊÎ¥´¨¥ c-±¢ ·±  ¨ É Ê-²¥¶Éμ´ ,   É ±¦¥ ¶μ¨¸± ®´μ¢μ° Ë¨§¨±¨¯.

New electronÄpositron collider Super Charm-Tau Factory is under development at the Budker
Institute of Nuclear Physics (Novosibirsk). The machine will operate in the beam energy range from
1 up to 2.5 GeV to study c-quark and tau-lepton physics as well as to search phenomena beyond the
Standard Model. The maximum peak luminosity of the facility is expected to be 1035 cm−2· s−1.
To reach this luminosity we apply a perspective Crab Waist collision scheme and high beam intensity
(maximum current of ∼ 2 A). The longitudinal polarization of electron beam at the IP signiˇcantly
extends the experimental capacity of the collider.

PACS: 29.20.db; 13.66.De; 14.60.Fg
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�²¥±É·μ´-¶μ§¨É·μ´´Ò° ±μ²² °¤¥· ‘Ê¶¥·-Î ·³-É Ê Ë ¡·¨±  (‘—’”) [1Ä3] Ö¢²Ö¥É¸Ö
Ë² £³ ´¸±¨³ ¶·μ¥±Éμ³ ˆŸ” ¨³. ƒ. ˆ. 	Ê¤±¥·  ‘� ���. �É  Ê¸É ´μ¢± , ¢ Î¨¸²¥ ¤·Ê-
£¨Ì ¶ÖÉ¨ ±·Ê¶´ÒÌ Ë¨§¨Î¥¸±¨Ì ±μ³¶²¥±¸μ¢, ¡Ò²  ¢Ò¡· ´  ¶· ¢¨É¥²Ó¸É¢μ³ �” ¤²Ö ¶μ-
¸²¥¤ÊÕÐ¥° ·¥ ²¨§ Í¨¨ ¢ · ³± Ì · §¢¨É¨Ö ´ ÊÎ´μ° ¨´Ë· ¸É·Ê±ÉÊ·Ò Ê¸É ´μ¢μ± ±² ¸¸ 
³¥£ ¸ °¥´¸. ˆ¤¥É ¶·μ· ¡μÉ±  ¶·μ¥±É , ¤¥É ²Ó´μ¥ ¨¸¸²¥¤μ¢ ´¨¥ μ¸´μ¢´ÒÌ Ë¨§¨Î¥¸±¨Ì
¶·¨´Í¨¶μ¢ ¥£μ ËÊ´±Í¨μ´¨·μ¢ ´¨Ö, ¶·μ¥±É¨·μ¢ ´¨¥ ¨ ¨§£μÉμ¢²¥´¨¥ ¶·μÉμÉ¨¶μ¢ ±²ÕÎ¥-
¢ÒÌ ¸¨¸É¥³ ¨ Ô²¥³¥´Éμ¢.

1. ‘“�…�-—��Œ-’�“ ”���ˆŠ�

”¨§¨Î¥¸± Ö ¶·μ£· ³³  ‘—’” ¶·¥¤¶μ² £ ¥É · ¡μÉÊ ±μ²² °¤¥·  ¢ ¤¢ÊÌ ·¥¦¨³ Ì [2, 3].
‚ ¶¥·¢μ³ ·¥¦¨³¥ ¶² ´¨·Ê¥É¸Ö ¸± ´¨·μ¢ ´¨¥ ¸ Ï £μ³ ¢ ´¥¸±μ²Ó±μ ŒÔ‚ ¢ ¤¨ ¶ §μ´¥ Ô´¥·-
£¨° ¶ÊÎ±μ¢ μÉ 1 ¤μ 2,5 ƒÔ‚. �·μ¤μ²Ó´ Ö ¶μ²Ö·¨§ Í¨Ö Ô²¥±É·μ´μ¢ ¢ ÉμÎ±¥ ¢¸É·¥Î¨ ¤²Ö ÔÉμ°
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� §¢¨É¨¥ ¶·μ¥±É  ®‘Ê¶¥·-Î ·³-É Ê Ë ¡·¨± ¯ ¢ ˆŸ” ‘� ��� 643

¶·μ£· ³³Ò ´¥ É·¥¡Ê¥É¸Ö. ‚Éμ·μ° ·¥¦¨³ § ±²ÕÎ ¥É¸Ö ¢ ´ ¡μ·¥ ¸É É¨¸É¨±¨ ¶·¨ ¢Ò¤¥²¥´-
´μ° Ô´¥·£¨¨, ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ·μ¦¤¥´¨Õ ´Ê±²μ´μ¢ (Ô´¥·£¨Ö ¶ÊÎ±  1 ƒÔ‚), Λ-£¨¶¥·μ´ 
(1,12 ƒÔ‚), τ -²¥¶Éμ´  (1,78 ƒÔ‚), Ds-³¥§μ´  (2,1 ƒÔ‚), Λc-¡ ·¨μ´μ¢ (2,29 ƒÔ‚),   É ±¦¥
¢ ¶¨± Ì J/ψ, ψ(2S), ψ(3770). ‚μ ¢¸¥Ì ¶¥·¥Î¨¸²¥´´ÒÌ ÉμÎ± Ì É·¥¡Ê¥É¸Ö ¶·μ¤μ²Ó´ Ö
¶μ²Ö·¨§ Í¨Ö Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¢ ³¥¸É¥ ¢¸É·¥Î¨.

� ¸¸³ É·¨¢ ¥³ Ö Ë¨§¨Î¥¸± Ö ¶·μ£· ³³  ¶·¥¤ÑÖ¢²Ö¥É ± ±μ²² °¤¥·Ê ¸²¥¤ÊÕÐ¨¥ É·¥¡μ-
¢ ´¨Ö:

Å Ô´¥·£¨Ö ¶ÊÎ±  μÉ 1 ¤μ 2,5 ƒÔ‚;
Å ¤μ¸É¨¦¥´¨¥ ³ ±¸¨³ ²Ó´μ° ¶¨±μ¢μ° ¸¢¥É¨³μ¸É¨ 1035 ¸³−2· ¸−1 ¢ ¤¨ ¶ §μ´¥ Ô´¥·£¨¨

∼ 2Ä2,5 ƒÔ‚;
Å ¶·μ¤μ²Ó´ Ö ¶μ²Ö·¨§ Í¨Ö Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¢ ³¥¸É¥ ¢¸É·¥Î¨;
Å  ¡¸μ²ÕÉ´μ¥ ¨§³¥·¥´¨¥ Ô´¥·£¨¨ ¶ÊÎ±μ¢ ¸ ¶μ³μÐÓÕ μ¡· É´μ£μ ±μ³¶Éμ´μ¢¸±μ£μ · ¸-

¸¥Ö´¨Ö (¸ μÉ´μ¸¨É¥²Ó´μ° ÉμÎ´μ¸ÉÓÕ < 10−4).
�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´  ¸Ì¥³  ‘—’”, ±μÉμ· Ö ¸μ¸Éμ¨É ¨§ Ô²¥±É·μ´´μ£μ ¨ ¶μ§¨É·μ´´μ£μ

¨´¦¥±Éμ·μ¢, ¤μÊ¸±μ·ÖÕÐ¥£μ ²¨´ ± , ¤¢ÊÌ±μ²ÓÍ¥¢μ£μ ±μ²² °¤¥·  ¨ ¤¥É¥±Éμ· .
‚Ò¸μ± Ö μ¤´μ¸£Ê¸É±μ¢ Ö ¸¢¥É¨³μ¸ÉÓ ¤μ¸É¨£ ¥É¸Ö ¡² £μ¤ ·Ö ¨¸¶μ²Ó§μ¢ ´¨Õ Crab Waist

¸Ì¥³Ò ¸Éμ²±´μ¢¥´¨Ö ¶ÊÎ±μ¢ ¸ ¡μ²ÓÏ¨³ ¶ · ³¥É·μ³ �¨¢¨´¸±μ£μ ¨ ¸Ê¡³¨²²¨³¥É·μ¢μ° βy

¢ ³¥¸É¥ ¢¸É·¥Î¨ [4, 5]. „Ê¡²¥É ²¨´§ Ë¨´ ²Ó´μ£μ Ëμ±Ê¸  ´  μ¸´μ¢¥ ±μ³¶ ±É´ÒÌ ¸¢¥·Ì-
¶·μ¢μ¤ÖÐ¨Ì ±¢ ¤·Ê¶μ²¥° · §³¥Ð ¥É¸Ö ¢¡²¨§¨ ³¥¸É  ¢¸É·¥Î¨ ¢´ÊÉ·¨ ¤¥É¥±Éμ· . „²Ö ·¥ -
²¨§ Í¨¨ ¸Ì¥³Ò Crab Waist É·¥¡ÊÕÉ¸Ö ³ ²Ò° £μ·¨§μ´É ²Ó´Ò° ¨ ¢¥·É¨± ²Ó´Ò° Ô³¨ÉÉ ´¸Ò
(´  Ê·μ¢´¥ ¸μ¢·¥³¥´´ÒÌ ¨¸ÉμÎ´¨±μ¢ ‘ˆ: εx = 8 ´³, ±μÔËË¨Í¨¥´É ¡¥É É·μ´´μ° ¸¢Ö§¨
κ = 0,5%). „²Ö ¤μ¸É¨¦¥´¨Ö ¢Ò¸μ±μ° ¸¢¥É¨³μ¸É¨ ¶·¥¤¶μ² £ ¥É¸Ö ¸Éμ²±´μ¢¥´¨¥ ¡μ²ÓÏμ£μ
Î¨¸²  ¸£Ê¸É±μ¢, ÎÉμ É·¥¡Ê¥É ¤¢ÊÌ · §¤¥²Ó´ÒÌ ´ ±μ¶¨É¥²Ó´ÒÌ ±μ²¥Í ¤²Ö ¶μ§¨É·μ´´μ£μ ¨
Ô²¥±É·μ´´μ£μ ¶ÊÎ±μ¢, ¢ ±μÉμ·ÒÌ Ê¸É ´ ¢²¨¢ ÕÉ¸Ö ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨¥ ¢¨££²¥·Ò-§ ÉÊÌ É¥²¨,
Ê¶· ¢²ÖÕÐ¨¥ Ô³¨ÉÉ ´¸μ³ ¨ ¢·¥³¥´¥³ § ÉÊÌ ´¨Ö ´  · §²¨Î´ÒÌ Ô´¥·£¨ÖÌ. ‚Ò¸μ± Ö ¸É¥-

�¨¸. 1. ‘Ì¥³  ‘Ê¶¥·-Î ·³-É Ê Ë ¡·¨±¨
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� · ³¥É·Ò ‘Ê¶¥·-Î ·³-É Ê Ë ¡·¨±¨

�´¥·£¨Ö, ƒÔ‚ 1,0 1,5 2,0 2,5

�¥·¨³¥É· �, ³ 813,112

	¥É É·μ´´Ò¥ Î ¸ÉμÉÒ νx/νy 43,545 / 40,580

‘¨´Ì·μÉ·μ´´ Ö Î ¸ÉμÉ  νs 4,62 · 10−3 1,17 · 10−2 9,98 · 10−3 8,19 · 10−3

�³¶²¨ÉÊ¤  ¶μ²Ö ¢¨££²¥·  Bw, ±ƒ¸ 50,0 50,0 34,8 10,2

�μÉ¥·¨ Ô´¥·£¨¨ ´  μ¡μ·μÉ U0, ±Ô‚ 107 271 361 452

“¸±μ·ÖÕÐ¥¥ ´ ¶·Ö¦¥´¨¥ VRF, Œ‚ 0,16 1,11 1,11 0,99

‚·¥³Ö § ÉÊÌ ´¨Ö τx/τy/τs, ³¸ 51/51/25 30/30/15

ŠμÔËË¨Í¨¥´É ¸¢Ö§¨ k, % 0,5

�³¨ÉÉ ´¸ εx/εy, ´³ · · ¤ 8/0,04

�´¥·£¥É¨Î¥¸±¨° · §¡·μ¸ σΔE/E 8,7 · 10−4 1,1 · 10−3 9,3 · 10−4 7,2 · 10−4

„²¨´  ¸£Ê¸É±  σs, ¸³ 1,8 1,2 1,0 1,0

—¨¸²μ Î ¸É¨Í ¢ ¸£Ê¸É±¥ N0 7,1 · 1010

—¨¸²μ ¸£Ê¸É±μ¢ 406

�μ²´Ò° Éμ± I , � 1,7

	¥É -ËÊ´±Í¨Ö ¢ IP βx /βy , ¸³ 4/0,08

� §³¥· ¶ÊÎ±  ¢ IP σx/σy , ³±³ 17,8/0,178

“£μ² ¢¸É·¥Î¨ 2θ, ³· ¤ 60

� · ³¥É· �¨¢¨´¸±μ£μ ϕ 30,3 20,2 16,8 16,8

� · ³¥É· ¢¸É·¥Î¨ ξy 0,135 0,135 0,121 0,097

�¨±μ¢ Ö ¸¢¥É¨³μ¸ÉÓ L, ¸³−2· ¸−1 0,56 · 1035 0,86 · 1035 1,02 · 1035 1,02 · 1035

¶¥´Ó ¶μ²Ö·¨§ Í¨¨ ¨ Ê¶· ¢²¥´¨¥ ´ ¶· ¢²¥´¨¥³ ¸¶¨´  ¢ Ô²¥±É·μ´´μ³ ±μ²ÓÍ¥ μ¸ÊÐ¥¸É¢²Ö-
¥É¸Ö ¸¶¨´μ¢Ò³¨ ·μÉ Éμ· ³¨ ´  μ¸´μ¢¥ ¸¨¡¨·¸±¨Ì §³¥¥± (‘‡). �¥¶·¥·Ò¢´ Ö ¨´¦¥±Í¨Ö ´ 
Ô´¥·£¨¨ Ô±¸¶¥·¨³¥´É  μ¡¥¸¶¥Î¨¢ ¥É ¶μ¤¤¥·¦ ´¨¥ ³ ±¸¨³ ²Ó´μ£μ Éμ±  ¨ ¢Ò¸μ±ÊÕ ¨´É¥-
£· ²Ó´ÊÕ ¸¢¥É¨³μ¸ÉÓ. ‚ É ¡²¨Í¥ ¶·¥¤¸É ¢²¥´Ò μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò ‘—’”.

2. ˆ�†…Š’��

�·¥¤¶μ² £ ¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ¤¢  ´¥§ ¢¨¸¨³ÒÌ ¨¸ÉμÎ´¨±  Ô²¥±É·μ´μ¢ ¨ ¶μ§¨É·μ´μ¢,
ÎÉμ ¶μ§¢μ²Ö¥É μ¡¥¸¶¥Î¨ÉÓ ¢Ò¸μ±¨° É¥³¶ ¨´¦¥±Í¨¨ ¢ ±μ²² °¤¥· (25Ä50 ƒÍ). ˆ´É¥´¸¨¢-
´μ¸ÉÓ ± ¦¤μ£μ ¨´¦¥±Éμ·  ∼ 1011 Î ¸É¨Í/¸.

�μ§¨É·μ´´Ò° ¨´¦¥±Éμ· ¸μ¸Éμ¨É ¨§ ¢Ò¸μ±μ¨´É¥´¸¨¢´μ° Ô²¥±É·μ´´μ° ¶ÊÏ±¨, ²¨´¥°-
´μ£μ Ê¸±μ·¨É¥²Ö Ô²¥±É·μ´μ¢ (2,5 ƒÔ‚), ±μ´¢¥·¸¨μ´´μ° ¸¨¸É¥³Ò, ²¨´¥°´μ£μ Ê¸±μ·¨É¥²Ö
¶μ§¨É·μ´μ¢ (1,5 ƒÔ‚) ¨ ´ ±μ¶¨É¥²Ö-μÌ² ¤¨É¥²Ö ¸ Ô´¥·£¨¥° 1,5 ƒÔ‚, ´¥μ¡Ìμ¤¨³μ£μ ¤²Ö
Ê³¥´ÓÏ¥´¨Ö Ë §μ¢μ£μ μ¡Ñ¥³  ¨´¦¥±É¨·Ê¥³μ£μ ¶μ§¨É·μ´´μ£μ ¶ÊÎ± .

�²¥±É·μ´´Ò° ¨´¦¥±Éμ· ¨³¥¥É ËμÉμ¶ÊÏ±Ê ¸ ´¨§±¨³ Ô³¨ÉÉ ´¸μ³ ¤²Ö ¶·μ¨§¢μ¤¸É¢ 
´¥¶μ²Ö·¨§μ¢ ´´ÒÌ Ô²¥±É·μ´μ¢ ¨ ¨¸ÉμÎ´¨± ¶μ²Ö·¨§μ¢ ´´ÒÌ Ô²¥±É·μ´μ¢, ¸μ¸ÉμÖÐ¨° ¨§
ËμÉμ¶ÊÏ±¨ ¨ ¸¨¸É¥³Ò Ê¶· ¢²¥´¨Ö ¸¶¨´μ³ Ô²¥±É·μ´μ¢. �μÌμ¦¨° ¨¸ÉμÎ´¨± ¶μ²Ö·¨§μ¢ ´-
´ÒÌ Ô²¥±É·μ´μ¢ ¨ ¸¶¨´μ¢Ò° ³ ´¨¶Ê²ÖÉμ· ¡Ò²¨ ¨§£μÉμ¢²¥´Ò ¢ ˆŸ” ‘� ��� ¤²Ö ¶·μ¥±É 
NIKHEF (�³¸É¥·¤ ³) [6]. �μ¸²¥ ¨¸ÉμÎ´¨±μ¢ ¶·μ¨¸Ìμ¤¨É Ê¸±μ·¥´¨¥ Ô²¥±É·μ´μ¢ ¢ ²¨´¥°-
´μ³ Ê¸±μ·¨É¥²¥ ¤μ Ô´¥·£¨¨ 1,5 ƒÔ‚.



� §¢¨É¨¥ ¶·μ¥±É  ®‘Ê¶¥·-Î ·³-É Ê Ë ¡·¨± ¯ ¢ ˆŸ” ‘� ��� 645

”¨´ ²Ó´μ¥ Ê¸±μ·¥´¨¥ ¤μ Ô´¥·£¨¨ Ô±¸¶¥·¨³¥´É  Ô²¥±É·μ´μ¢ ¨ ¶μ§¨É·μ´μ¢ (§ ³¥¤²¥´¨¥
¤μ 1 ƒÔ‚) ¶·μ¨¸Ìμ¤¨É ¢ μ¡Ð¥³ ²¨´¥°´μ³ Ê¸±μ·¨É¥²¥.

‚ ˆŸ” ‘� ��� ¨³¥¥É¸Ö μ¶ÒÉ ¸μ§¤ ´¨Ö ¨ Ô±¸¶²Ê É Í¨¨ ²¨´¥°´ÒÌ Ê¸±μ·¨É¥²¥°
S-¤¨ ¶ §μ´ . ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¨¤¥É · §· ¡μÉ±  ¶·μÉμÉ¨¶  Ê¸±μ·ÖÕÐ¥° ¸É·Ê±ÉÊ·Ò
‘—’” ¸ Ô´¥·£¨¥° 200 ŒÔ‚, ¢±²ÕÎ ÕÐ¥° ±²¨¸É·μ´, ¸¨¸É¥³Ê Ê³´μ¦¥´¨Ö ³μÐ´μ¸É¨ É¨¶ 
SLED ¨ ¤¢¥ Ê¸±μ·ÖÕÐ¨¥ ¸¥±Í¨¨ ¤²¨´μ° ¶μ 3 ³ [7].

3. Š�‹‹�‰„…�

Šμ²² °¤¥· ‘—’” ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ ´ ±μ¶¨É¥²¥° Ô²¥±É·μ´μ¢ ¨ ¶μ§¨É·μ´μ¢, ¶¥·¥¸¥± -
ÕÐ¨Ì¸Ö ¢ ¤¥É¥±Éμ·¥ ¨ ¢ ¶·μÉ¨¢μ¶μ²μ¦´μ° ÉμÎ±¥, £¤¥ ¶ÊÎ±¨ · §¢μ¤ÖÉ¸Ö ¶μ ¢¥·É¨± ²¨.
� ±μ¶¨É¥²Ó ¢±²ÕÎ ¥É ¤¢¥ ¶μ¢μ·μÉ´Ò¥  ·±¨ (³¥´ÓÏ¥£μ ¨ ¡μ²ÓÏ¥£μ · ¤¨Ê¸ ), Ô±¸¶¥·¨³¥´-
É ²Ó´Ò° ¨ É¥Ì´¨Î¥¸±¨° ¶·μ³¥¦ÊÉ±¨.

‚ Ô±¸¶¥·¨³¥´É ²Ó´μ³ ¶·μ³¥¦ÊÉ±¥ · §³¥Ð ¥É¸Ö Ê´¨¢¥·¸ ²Ó´Ò° ³ £´¨É´Ò° ¤¥É¥±Éμ·
¸ ¶·μ¤μ²Ó´Ò³ ¶μ²¥³ 10 ±ƒ¸. ‚´ÊÉ·Ó ¤¥É¥±Éμ·  ¢¡²¨§¨ ÉμÎ±¨ ¢¸É·¥Î¨ ¶μ³¥Ð¥´  ¸¨¸É¥³ 
Ë¨´ ²Ó´μ£μ Ëμ±Ê¸  (””), ¢±²ÕÎ ÕÐ Ö  ´É¨¸μ²¥´μ¨¤, ±μ³¶¥´¸¨·ÊÕÐ¨° ¶μ²¥ ¤¥É¥±Éμ· ,
¤Ê¡²¥É ²¨´§ ¢ ±·¨μ¸É É¥ ¸ Ô±· ´¨·ÊÕÐ¨³ ¸μ²¥´μ¨¤μ³, ´ ¡μ· ³ £´¨É´ÒÌ ±μ··¥±Éμ·μ¢,
¢ ±ÊÊ³´μ¥ ¨ ¤¨ £´μ¸É¨Î¥¸±μ¥ μ¡μ·Ê¤μ¢ ´¨¥ (·¨¸. 2,  ). Š¢ ¤·Ê¶μ²Ó´Ò¥ ²¨´§Ò Ö¢²ÖÕÉ¸Ö
¤¢ÊÌ ¶¥·ÉÊ·´Ò³¨ ¨ ¢μ§¤¥°¸É¢ÊÕÉ Éμ²Ó±μ ´  μ¤¨´ ¶ÊÎμ±. Œ ±¸¨³ ²Ó´Ò° £· ¤¨¥´É ²¨´§Ò
”” Ä10,7 ±ƒ¸/¸³ ¶·¨  ¶¥·ÉÊ·¥ ∅ 2 ¸³. Š ³ £´¨É´μ° ¸¨¸É¥³¥ ”” ¶·¥¤ÑÖ¢²ÖÕÉ¸Ö ¦¥¸É-
±¨¥ É·¥¡μ¢ ´¨Ö ¶μ ±μ³¶ ±É´μ¸É¨ ±μ´¸É·Ê±Í¨¨, ÎÉμ¡Ò μ¡¥¸¶¥Î¨ÉÓ ¥¥ · §³¥Ð¥´¨¥ ¢´ÊÉ·¨
É¥²¥¸´μ£μ Ê£²  15◦, ± ± ÔÉμ É·¥¡Ê¥É¸Ö ¤²Ö Ô±¸¶¥·¨³¥´Éμ¢.

‚ ˆŸ” ‘� ��� ¨§£μÉμ¢²¥´ μ¤´μ ¶¥·ÉÊ·´Ò° ¶·μÉμÉ¨¶ ¶¥·¢μ° ¤¥Ëμ±Ê¸¨·ÊÕÐ¥°
²¨´§Ò (·¨¸. 2, ¡). �μ²ÊÎ¥´ É·¥¡Ê¥³Ò° £· ¤¨¥´É ¶μ²Ö [8].

�¤´¨³ ¨§ ±²ÕÎ¥¢ÒÌ  ¸¶¥±Éμ¢ ‘—’” Ö¢²Ö¥É¸Ö ´ ²¨Î¨¥ ¶·μ¤μ²Ó´μ° ¶μ²Ö·¨§ Í¨¨ Ô²¥±-
É·μ´´μ£μ ¶ÊÎ±  ¢ ³¥¸É¥ ¢¸É·¥Î¨ ¢μ ¢¸¥³ ¤¨ ¶ §μ´¥ Ô´¥·£¨°. „²Ö Ê¶· ¢²¥´¨Ö ´ ¶· ¢²¥´¨¥³
¸¶¨´  ¢ Ô²¥±É·μ´´μ³ ±μ²ÓÍ¥ ¢Ò¡· ´  ¸Ì¥³  ¸ ¶ÖÉÓÕ ¸¨¡¨·¸±¨³¨ §³¥°± ³¨, ± ¦¤ Ö ¨§
±μÉμ·ÒÌ ¢· Ð ¥É ¸¶¨´ ´  180◦ ¢μ±·Ê£ μ¸¨ ¶ÊÎ± . ‘‡ ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì
¸μ²¥´μ¨¤μ¢ ¨ ¸¥³¨ ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§ ³¥¦¤Ê ´¨³¨. ’ ± Ö ¸¨¸É¥³  ¤¥² ¥É ¤¢¨¦¥´¨¥ ¢´¥
¸¶¨´μ¢μ£μ ·μÉ Éμ·  ´¥¸¢Ö§ ´´Ò³ [9]. ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ ÊÎ ¸É±¨ ¶μ§¨É·μ´´μ£μ ±μ²ÓÍ 

�¨¸. 2. ‘¨¸É¥³  Ë¨´ ²Ó´μ£μ Ëμ±Ê¸  ( ) ¨ ¶·μÉμÉ¨¶ ²¨´§Ò ”” (¡)
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�¨¸. 3. ‡ ¢¨¸¨³μ¸ÉÓ ¶μ²Ö ¢¨££²¥· -§ ÉÊÌ É¥²Ö ( ) ¨ ¤¨¸¶¥·¸¨¨ ¢ ´¥³ (¡) μÉ Ô´¥·£¨¨ ¶ÊÎ± 

Ê¸É·μ¥´Ò  ´ ²μ£¨Î´μ, ´μ ´¥ ¸μ¤¥·¦ É ¸μ²¥´μ¨¤μ¢, ±μÉμ·Ò¥, μ¤´ ±μ, ³μ£ÊÉ ¡ÒÉÓ ¢¸É ¢²¥´Ò
¶·¨ ´¥μ¡Ìμ¤¨³μ¸É¨. ˆ¸¶μ²Ó§μ¢ ´¨¥ ‘‡ ¶μ§¢μ²Ö¥É ¨§¡¥¦ ÉÓ ¸¶¨´μ¢ÒÌ ·¥§μ´ ´¸μ¢, μ¤¨´
¨Ì ±μÉμ·ÒÌ ¶·¨Ìμ¤¨É¸Ö ´  ¶μ·μ£ ·μ¦¤¥´¨Ö τ -²¥¶Éμ´ ,   ¤·Ê£μ° ´  μ¡² ¸ÉÓ Λ-¡ ·¨μ´ .
‘¢¥·Ì¶·μ¢μ¤ÖÐ¨° ¸μ²¥´μ¨¤ ‘‡ ¨³¥¥É ³ ±¸¨³ ²Ó´μ¥ ¶μ²¥ 7 ’², ³ £´¨É´ÊÕ ¤²¨´Ê 1,85 ³
¨  ¶¥·ÉÊ·Ê ∅ 7,6 ¸³.

„²Ö Ê¶· ¢²¥´¨Ö · ¤¨ Í¨μ´´Ò³¨ ¶ · ³¥É· ³¨ ¶ÊÎ±  ¢ ± ¦¤μ¥ ´ ±μ¶¨É¥²Ó´μ¥ ±μ²ÓÍμ
Ê¸É ´ ¢²¨¢ ÕÉ¸Ö Î¥ÉÒ·¥ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ¢¨££²¥· -§ ÉÊÌ É¥²Ö ¸ ³ ±¸¨³ ²Ó´Ò³ ¶μ²¥³
50 ±ƒ¸, ¤²¨´μ° 1,9 ³ ¨ ¶¥·¨μ¤μ³ ¶μ²Ö 25 ¸³. ‚¨££²¥·Ò · §³¥Ð ÕÉ¸Ö ¢ ¶μ¢μ·μÉ´ÒÌ  ·± Ì
³¥¦¤Ê ‘‡, £¤¥ ³μ¤Ê²Ó ¢¥±Éμ·  ¸¶¨´-μ·¡¨É ²Ó´μ° ¸¢Ö§¨ ³¨´¨³ ²¥´, ¨ ¸² ¡μ ¢²¨ÖÕÉ ´ 
¶μ²Ö·¨§ Í¨Õ ¶ÊÎ± . �  ·¨¸. 3 ¶μ± § ´  § ¢¨¸¨³μ¸ÉÓ ¶μ²Ö ¢¨££²¥· -§ ÉÊÌ É¥²Ö ¨ ¤¨¸¶¥-
·¸¨μ´´μ° ËÊ´±Í¨¨ ¢ ´¥³, ±μÉμ· Ö ¸μ§¤ ¥É¸Ö ¡²¨¦ °Ï¨³¨ ¤¨¶μ²Ó´Ò³¨ ³ £´¨É ³¨, μÉ
Ô´¥·£¨¨ ¶ÊÎ± . ’ ±μ¥ ¶μ¢¥¤¥´¨¥ ¤¨¸¶¥·¸¨¨ ¨ ¶μ²Ö ¶μ§¢μ²Ö¥É ¤¥·¦ ÉÓ Ô³¨ÉÉ ´¸ ¶ÊÎ±  ¶μ-
¸ÉμÖ´´Ò³ ¢μ ¢¸¥³ ¤¨ ¶ §μ´¥ Ô´¥·£¨°. ‚·¥³Ö § ÉÊÌ ´¨Ö ±μ²¥¡ ´¨° μ¸É ¥É¸Ö ¶μ¸ÉμÖ´´Ò³
(τx = 30 ³¸) ¢ ¤¨ ¶ §μ´¥ 1,5Ä2,5 ƒÔ‚. �¨¦¥ 1,5 ƒÔ‚ ¶μ²¥ ¢¨££²¥·  ¤μ¸É¨£ ¥É ³ ±¸¨³ ²Ó-
´μ£μ §´ Î¥´¨Ö (50 ’²), μ¤´ ±μ ¢·¥³Ö § ÉÊÌ ´¨Ö ¢μ§· ¸É ¥É ´¥§´ Î¨É¥²Ó´μ (τx = 50 ³¸ ´ 
1 ƒÔ‚). ‘¢¥·Ì¶·μ¢μ¤ÖÐ¨° ¢¨££²¥· ¸μ ¸Ìμ¦¨³¨ ¶ · ³¥É· ³¨ ¡Ò² ¨§£μÉμ¢²¥´ ¢ ˆŸ” ‘�
��� ¤²Ö ¨¸ÉμÎ´¨±  ¸¨´Ì·μÉ·μ´´μ£μ ¨§²ÊÎ¥´¨Ö LSU CAMD (‘˜�) [10].

4. „…’…Š’��

“´¨¢¥·¸ ²Ó´Ò° ³ £´¨É´Ò° ¤¥É¥±Éμ· ¸ ¶·μ¤μ²Ó´Ò³ ¶μ²¥³ 1 ’² μ¡² ¤ ¥É ¢Ò¸μ±¨³ ¨³-
¶Ê²Ó¸´Ò³ · §·¥Ï¥´¨¥³ ¤²Ö § ·Ö¦¥´´ÒÌ Î ¸É¨Í, ¢Ò¸μ±¨³ Ô´¥·£¥É¨Î¥¸±¨³ · §·¥Ï¥´¨¥³
¤²Ö ËμÉμ´μ¢ ¨ ¸¨¸É¥³μ° ¨¤¥´É¨Ë¨± Í¨¨ ¸ ·¥±μ·¤´Ò³¨ ¶ · ³¥É· ³¨. 	μ²ÓÏ Ö ¸¢¥É¨³μ¸ÉÓ
‘—’” ¶·¥¤¶μ² £ ¥É ¸μ§¤ ´¨¥ ¢Ò¸μ±μ¸±μ·μ¸É´μ° ¸¨¸É¥³Ò ¸¡μ·  ¤ ´´ÒÌ ¨ Ê´¨± ²Ó´μ£μ
É·¨££¥· , ¸¶μ¸μ¡´μ£μ ¢Ò¤¥²ÖÉÓ ¸μ¡ÒÉ¨Ö ¨ ¶μ¤ ¢²ÖÉÓ Ëμ´ ¶·¨ μÎ¥´Ó ¢Ò¸μ±¨Ì § £·Ê§± Ì.
�·¥¤¶μ² £ ¥É¸Ö · §³¥Ð ÉÓ μÍ¨Ë·μ¢Ò¢ ÕÐÊÕ Ô²¥±É·μ´¨±Ê ´¥¶μ¸·¥¤¸É¢¥´´μ ¢´ÊÉ·¨ ¤¥-
É¥±Éμ· ,   ¤²Ö ¶¥·¥¤ Î¨ ¤ ´´ÒÌ ¨¸¶μ²Ó§μ¢ ÉÓ μ¶É¨Î¥¸±¨¥ ²¨´¨¨ ¸¢Ö§¨. Šμ´¸É·Ê±Í¨Ö
¤¥É¥±Éμ·  ¶·¥¤¶μ² £ ¥É ¡Ò¸É·Ò° ¤μ¸ÉÊ¶ ± ¶μ¤¸¨¸É¥³ ³ ¢´ÊÉ·¨ ¤¥É¥±Éμ·  (¢ É¥Î¥´¨¥
12Ä24 Î),   ¢¢μ¤-¢Ò¢μ¤ ¶μ²Ö ´¥ ¡μ²¥¥ 3 Î.

Šμ´¸É·Ê±Í¨Ö Ê´¨¢¥·¸ ²Ó´μ£μ ³ £´¨É´μ£μ ¤¥É¥±Éμ·  μ¸´μ¢Ò¢ ¥É¸Ö ´  · ¡μÉ Ì ˆŸ” ‘�
���,   É ±¦¥ ¢ ´¥° ¨¸¶μ²Ó§Ê¥É¸Ö μ¶ÒÉ ³¥¦¤Ê´ ·μ¤´μ£μ ¸μÉ·Ê¤´¨Î¥¸É¢  ¸ ±μ²² ¡μ· Í¨Ö³¨
BaBar ¨ Belle. �¡Ð¨° ¢¨¤ ¤¥É¥±Éμ·  ¶μ± § ´ ´  ·¨¸. 4.
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�¨¸. 4. �¡Ð¨° ¢¨¤ ¤¥É¥±Éμ·  ‘—’” ¢ ¸¤¢¨´ÊÉμ³ ¨ · §¤¢¨´ÊÉμ³ ¸μ¸ÉμÖ´¨¨

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢ ˆŸ” ¨¤¥É ¸μ§¤ ´¨¥ ¶·μÉμÉ¨¶μ¢ ±²ÕÎ¥¢ÒÌ ¸¨¸É¥³ ¤¥É¥±Éμ· .
‚ Î ¸É´μ¸É¨, · §· ¡ ÉÒ¢ ¥É¸Ö ¸¨¸É¥³  FARICH ´  μ¸´μ¢¥ Ëμ±Ê¸¨·ÊÕÐ¨Ì Î¥·¥´±μ¢¸±¨Ì
¸Î¥ÉÎ¨±μ¢ [11], ±μÉμ· Ö ¡Ê¤¥É ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¢ ¸¨¸É¥³¥ ¨¤¥´É¨Ë¨± Í¨¨ ¤¥É¥±Éμ·  ‘—’”.

‡�Š‹	—…�ˆ…

‚ ¶·μ¥±É¥ ‘—’” ¢ ˆŸ” ‘� ��� · ¸¸³μÉ·¥´Ò μ¸´μ¢´Ò¥ ¢μ¶·μ¸Ò ²¨´¥°´μ° μ¶É¨±¨ ¨
¤¨´ ³¨±¨ ¶ÊÎ± , ÎÉμ ¶μ§¢μ²Ö¥É ¶μ²ÊÎ¨ÉÓ ¶ · ³¥É·Ò ±μ²² °¤¥· , É·¥¡Ê¥³Ò¥ ¤²Ö ¢Ò¶μ²´¥-
´¨Ö § ¶² ´¨·μ¢ ´´μ° Ô±¸¶¥·¨³¥´É ²Ó´μ° ¶·μ£· ³³Ò, ¨ ¸¤¥² ÉÓ ¢Ò¢μ¤Ò μ ·¥ ²¨§Ê¥³μ¸É¨
¶·μ¥±É .

�·μ¤μ²¦ ÕÉ¸Ö · ¡μÉÒ ¶μ ±μ··¥±Í¨¨ Ì·μ³ É¨§³  ¨ μ¶É¨³¨§ Í¨¨ ¤¨´ ³¨Î¥¸±μ°  ¶¥·-
ÉÊ·Ò ¨ ¤¨´ ³¨Î¥¸±μ£μ  ±¸¥¶É ´¸  ±μ²² °¤¥·  ¸ ÊÎ¥Éμ³ Ï¨·μ±μ£μ ¸¶¥±É·  ¨¸ÉμÎ´¨±μ¢
´¥²¨´¥°´μ£μ ¢μ§³ÊÐ¥´¨Ö. � Î ÉÒ ¨¸¸²¥¤μ¢ ´¨Ö ¶μ ±μ²²¥±É¨¢´Ò³ ´¥Ê¸Éμ°Î¨¢μ¸ÉÖ³ ¢Ò¸μ-
±μ¨´É¥´¸¨¢´ÒÌ ¶ÊÎ±μ¢. � §· ¡ ÉÒ¢ ÕÉ¸Ö μ¸´μ¢´Ò¥ ¸¨¸É¥³Ò ¨´¦¥±Í¨μ´´μ£μ ±μ³¶²¥±¸ .
Šμ´Í¥¶ÉÊ ²Ó´μ¥ ¶·μ¥±É¨·μ¢ ´¨¥ ±μ²² °¤¥·  ¶² ´¨·Ê¥É¸Ö § ¢¥·Ï¨ÉÓ ± ±μ´ÍÊ 2018 £.

ˆ¸¸²¥¤μ¢ ´¨¥ ¢Ò¶μ²´¥´μ §  ¸Î¥É £· ´É  �μ¸¸¨°¸±μ£μ ´ ÊÎ´μ£μ Ëμ´¤  (¶·μ¥±É
º14-50-00080) ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ê´¨± ²Ó´μ° ´ ÊÎ´μ° Ê¸É ´μ¢±¨ ®Šμ³¶²¥±¸ ‚���-4 Ä
‚���-2000¯, ¶μ²ÊÎ¨¢Ï¥° Ë¨´ ´¸μ¢ÊÕ ¶μ¤¤¥·¦±Ê £μ¸Ê¤ ·¸É¢  ¢ ²¨Í¥ Œ¨´μ¡·´ Ê±¨ �μ¸-
¸¨¨ (Ê´¨± ²Ó´Ò° ¨¤¥´É¨Ë¨± Éμ· ¶·μ¥±É  RFMEFI61917X0008).
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