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� ¸¸³μÉ·¥´ ¤¥É¥±Éμ· ¤²Ö ¨§³¥·¥´¨Ö ¸¢¥É¨³μ¸É¨ ¢ ÉμÎ± Ì ¸¢¥¤¥´¨Ö ¶ÊÎ±μ¢ ´  ±μ²² °¤¥·¥ NICA.
„¥É¥±Éμ· μ¸´μ¢ ´ ´  ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸Î¥ÉÎ¨± Ì, ±μ³¶ ±É¥´ ¨ ³μ¦¥É ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ± ±  ¢Éμ-
´μ³´μ, É ± ¨ ¢ ¸μ¸É ¢¥ ¡ §μ¢ÒÌ ¤¥É¥±Éμ·μ¢ NICA. �·μ¢¥¤¥´´Ò¥ μÍ¥´±¨ ¸±μ·μ¸É¨ ¸Î¥É  ¶μ± §Ò¢ ÕÉ,
ÎÉμ ¤²Ö pp- ¨ AuAu-¸Éμ²±´μ¢¥´¨° Î¨¸²μ ®¶μ²¥§´ÒÌ¯ μÉ¸Î¥Éμ¢ ¢ ³¨´ÊÉÊ ¶·¥¢ÒÏ ¥É 104. �·¥¤²μ-
¦¥´  ²£μ·¨É³ ± ²¨¡·μ¢±¨ ¤¥É¥±Éμ·  ´  μ¸´μ¢¥ ¸± ´  ¢ ´ ¤¥· Œ¥¥· . „²Ö ¶ · ³¥É·μ¢ NICA É ±¨¥
± ²¨¡·μ¢μÎ´Ò¥ ¨§³¥·¥´¨Ö § ´¨³ ÕÉ ´¥ ¡μ²ÓÏ¥ μ¤´μ£μ Î ¸ . „²Ö ¶ · ³¥É·μ¢ NICA · ¸¸Î¨É ´μ
· ¸¶·¥¤¥²¥´¨¥ ¢¥·Ï¨´ ¢§ ¨³μ¤¥°¸É¢¨Ö.

The work proposes a detector to measure the luminosity at the points of convergence of beams
at the collider NICA. The proposed detector, based on scintillation counters, is compact and can be
used both independently and as part of the NICA base detectors. The estimates of the counting rate
show that for pp and AuAu collisions the number of useful counts per minute exceeds 104. The
detector calibration algorithm based on van der Meer scan is proposed. For the NICA parameters, such
calibration measurements take no more than one hour. For the NICA parameters, the distribution of
interaction vertices is calculated.

PACS: 29.20.db; 29.40.Mc
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‘¢¥É¨³μ¸ÉÓ (L) μ¶·¥¤¥²Ö¥É ¸·¥¤´¥¥ Î¨¸²μ ¢§ ¨³μ¤¥°¸É¢¨° ¢ ¥¤¨´¨ÍÊ ¢·¥³¥´¨ (dR/dt)
¤²Ö ·¥ ±Í¨¨ ¸ ¨§¢¥¸É´Ò³ ¸¥Î¥´¨¥³ σ [1]:

dR

dt
= Lσ. (1)

‚ ¤ ´´μ° · ¡μÉ¥ ¤²Ö ¨§³¥·¥´¨Ö ¸¢¥É¨³μ¸É¨ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¸ ´É¨³¥É·Ò ¨ ¸¥±Ê´¤Ò
(¸³−2 · ¸−1).

‚ ´¥±μÉμ·ÒÌ ¸²ÊÎ ÖÌ, ´ ¶·¨³¥· ¤²Ö Ë¨±¸¨·μ¢ ´´μ° ³¨Ï¥´¨, ¸¢¥É¨³μ¸ÉÓ ³μ¦´μ ¢Ò-
Î¨¸²¨ÉÓ ¨¸Ìμ¤Ö ¨§ ¶ · ³¥É·μ¢ Ê¸±μ·¨É¥²Ö ¨ Ê¸²μ¢¨° ¨§³¥·¥´¨Ö. �μ ¨§³¥·¥´´μ° ¸±μ·μ¸É¨

1E-mail: alitvin@jinr.ru
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¸Î¥É  ¤²Ö ·¥ ±Í¨¨ ¸ ¨§¢¥¸É´Ò³ ¸¥Î¥´¨¥³  ¡¸μ²ÕÉ´ Ö ¸¢¥É¨³μ¸ÉÓ ¢ÒÎ¨¸²Ö¥É¸Ö ¨§ Ê· ¢´¥-
´¨Ö (1). …¸²¨ ÔËË¥±É¨¢´μ¸ÉÓ ¤¥É¥±Éμ·  ¨/¨²¨ ¸¥Î¥´¨¥ ´¥¨§¢¥¸É´Ò, ¨§³¥·¥´¨¥ ¸±μ·μ¸É¨
¸Î¥É  ¤ ¥É ¨´Ëμ·³ Í¨Õ μ¡ μÉ´μ¸¨É¥²Ó´μ° ¸¢¥É¨³μ¸É¨ L̃, ±μÉμ· Ö μÉ²¨Î ¥É¸Ö μÉ  ¡¸μ²ÕÉ-
´μ° ¸¢¥É¨³μ¸É¨ ¶μ¸ÉμÖ´´Ò³ ³´μ¦¨É¥²¥³ k:

L̃ = kL. (2)

‡´ ´¨Ö μÉ´μ¸¨É¥²Ó´μ° ¸¢¥É¨³μ¸É¨ Î ¸Éμ ¡Ò¢ ¥É ¤μ¸É ÉμÎ´μ ¤²Ö ¢ÒÎ¨¸²¥´¨Ö Ë¨§¨Î¥¸±¨Ì
¢¥²¨Î¨´ ¶μ ¨§³¥·¥´´Ò³ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³. � ¶·¨³¥·, ¶·¨ ¨§ÊÎ¥´¨¨ ¶μ²Ö·¨§ -
Í¨μ´´ÒÌ ´ ¡²Õ¤ ¥³ÒÌ ¤²Ö ¤ ´´μ° ·¥ ±Í¨¨ ¤μ¸É ÉμÎ´μ §´ ÉÓ μÉ´μ¸¨É¥²Ó´ÊÕ ¸¢¥É¨³μ¸ÉÓ.

‚ · ¡μÉ¥ μ¡¸Ê¦¤ ÕÉ¸Ö ¢μ§³μ¦´μ¸É¨ μ¶·¥¤¥²¥´¨Ö  ¡¸μ²ÕÉ´μ° ¸¢¥É¨³μ¸É¨ ¤²Ö ±μ²-
² °¤¥·  NICA. ˆ´Ëμ·³ Í¨Ö μ¡  ¡¸μ²ÕÉ´μ° ¸¢¥É¨³μ¸É¨ ´¥μ¡Ìμ¤¨³  Ê¦¥ ´  ¸É ¤¨¨ ¶² -
´¨·μ¢ ´¨Ö Ô±¸¶¥·¨³¥´É  ¤²Ö μÍ¥´±¨ ¸±μ·μ¸É¨ ´ ¡μ·  ¸É É¨¸É¨±¨. �  ±μ´¥Î´μ° ¸É ¤¨¨
μ¡· ¡μÉ±¨ ¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ ¨´Ëμ·³ Í¨Ö μ ¸¢¥É¨³μ¸É¨ ´¥μ¡Ìμ¤¨³  ¤²Ö ¢ÒÎ¨¸²¥´¨Ö
 ¡¸μ²ÕÉ´ÒÌ ¸¥Î¥´¨°. 	¥§ §´ ´¨Ö  ¡¸μ²ÕÉ´ÒÌ ¸¥Î¥´¨° ´¥¢μ§³μ¦´μ ¶·μ¢¥¤¥´¨¥ ®· §´μ¸É-
´ÒÌ¯ ¨§³¥·¥´¨°. � ¶·¨³¥·, ¨§ÊÎ¥´¨¥  ´ ²¨§¨·ÊÕÐ¨Ì ¸¶μ¸μ¡´μ¸É¥° ¤²Ö · ¸¸¥Ö´¨Ö ´¥°-
É·μ´μ¢ ´  μ¸´μ¢¥ ¨§³¥·¥´¨° ´  ¶ÊÎ± Ì ¶μ²Ö·¨§μ¢ ´´ÒÌ ¤¥°É·μ´μ¢ ¨ ¶·μÉμ´μ¢ [2].

„²Ö Ô±¸¶¥·¨³¥´Éμ¢ ¸ Ë¨±¸¨·μ¢ ´´μ° ³¨Ï¥´ÓÕ ¸¢¥É¨³μ¸ÉÓ § ¢¨¸¨É ´¥ Éμ²Ó±μ μÉ ¶ · -
³¥É·μ¢ ¢Ò¢¥¤¥´´μ£μ ¶ÊÎ±  (¨´É¥´¸¨¢´μ¸É¨, Î ¸ÉμÉÒ ¶μ¢Éμ·¥´¨Ö), ´μ ¨ μÉ Ì · ±É¥·¨¸É¨±
³¨Ï¥´¨ (³ É¥·¨ ² , Éμ²Ð¨´Ò ¶μ ¶ÊÎ±Ê ¨ É. ¶.). ‚ ±μ²² °¤¥·´μ³ Ô±¸¶¥·¨³¥´É¥ ¸¢¥É¨-
³μ¸ÉÓ μ¶·¥¤¥²Ö¥É¸Ö ¶ · ³¥É· ³¨ ¸É ²±¨¢ ÕÐ¨Ì¸Ö ¶ÊÎ±μ¢ ¨ Ê¸²μ¢¨Ö³¨ ¨Ì ¶¥·¥¸¥Î¥´¨Ö.
Œ ±¸¨³ ²Ó´μ ¤μ¸É¨¦¨³ Ö ¸¢¥É¨³μ¸ÉÓ Ö¢²Ö¥É¸Ö μ¤´μ° ¨§ ±²ÕÎ¥¢ÒÌ Ì · ±É¥·¨¸É¨± ±μ²-
² °¤¥· .

‘‚…’ˆŒ�‘’œ „‹Ÿ ”ˆŠ‘ˆ��‚����‰ Œˆ˜…�ˆ

‚ Ô±¸¶¥·¨³¥´É¥ ¸ Ë¨±¸¨·μ¢ ´´μ° ³¨Ï¥´ÓÕ ¸·¥¤´¥¥ Î¨¸²μ ¢§ ¨³μ¤¥°¸É¢¨° ¢ ¥¤¨´¨ÍÊ
¢·¥³¥´¨ · ¢´μ

dR

dt
=

(
Nbm

(
NA

ρ[£/¸³−3] lt [¸³]
At

)
D

)
σ[¸³2], (3)

£¤¥ Nbm Å Î¨¸²μ Î ¸É¨Í ¢ μ¤´μ³ ¸¡·μ¸¥ ¶ÊÎ± ; ρ[£/¸³−3] Å ¶²μÉ´μ¸ÉÓ ¢¥Ð¥¸É¢  ³¨-

Ï¥´¨; lt [¸³] Å ¤²¨´  ³¨Ï¥´¨ ¶μ ¶ÊÎ±Ê; NA = 6 · 1023 ³μ²Ó−1 Å Î¨¸²μ �¢μ£ ¤·μ;
At Å ³μ²Ö·´ Ö ³ ¸¸  ³¨Ï¥´¨ ¢ £· ³³ Ì; D Å ¸±¢ ¦´μ¸ÉÓ (Î¨¸²μ ¸¡·μ¸μ¢ ¢ ¸¥±Ê´¤Ê).
‘²¥¤μ¢ É¥²Ó´μ, ¸¢¥É¨³μ¸ÉÓ ¶·¨ ¨§³¥·¥´¨ÖÌ ´  ¢Ò¢¥¤¥´´μ³ ¶ÊÎ±¥ · ¢´ 

L = Nbm NA
ρ[£/¸³−3] lt [¸³]

At
D. (4)

�μÔÉμ³Ê ¢ Ô±¸¶¥·¨³¥´É Ì ¸ Ë¨±¸¨·μ¢ ´´μ° ³¨Ï¥´ÓÕ ±μ´É·μ²Ó ¸¢¥É¨³μ¸É¨ ¸¢μ¤¨É¸Ö ±
¨§³¥·¥´¨Õ ¨´É¥´¸¨¢´μ¸É¨ ¶¥·¢¨Î´μ£μ ¶ÊÎ±  ¶·¨ ¨§¢¥¸É´ÒÌ ¶ · ³¥É· Ì ³¨Ï¥´¨. ‚Ò· -
¦¥´¨¥ (3) ¢¥·´μ ¤²Ö ¸²ÊÎ Ö, ±μ£¤  ¢¥¸Ó ¶ÊÎμ± ¶¥·¥¸¥± ¥É ³¨Ï¥´Ó, ¨³¥ÕÐÊÕ μ¤¨´ ±μ¢ÊÕ
Éμ²Ð¨´Ê ¶μ ¢¸¥³Ê ¶μ¶¥·¥Î´μ³Ê · §³¥·Ê ¶ÊÎ± . ‚ ÔÉμ³ ¸²ÊÎ ¥ ¸¢¥É¨³μ¸ÉÓ ´¥ § ¢¨¸¨É μÉ
¶μ¶¥·¥Î´ÒÌ · §³¥·μ¢ Ë¨±¸¨·μ¢ ´´μ° ³¨Ï¥´¨.

� ¶·¨³¥·, ´  ´Ê±²μÉ·μ´¥ D = 0,1 c−1. „²Ö ¸¢¨´Íμ¢μ° ³¨Ï¥´¨ lt = 0,1 ¸³ ¶μ²ÊÎ ¥³

L = Nbm · 3,3 · 1020 ¸³−2 · ¸−1. (5)

„²Ö ¨´É¥´¸¨¢´μ¸É¨ Nbm = 1010 ÔÉμ ¤ ¥É L = 3,3 · 1030 ¸³−2 · ¸−1.
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� ¸¸³μÉ·¨³ ¸Éμ²±´μ¢¥´¨¥ ¤¢ÊÌ ¡ ´Î¥°, ¤¢¨¦ÊÐ¨Ì¸Ö ´ ¢¸É·¥ÎÊ ¤·Ê£ ¤·Ê£Ê. ‚¥²¨Î¨´Ò,
μÉ´μ¸ÖÐ¨¥¸Ö ± · §´Ò³ ¡ ´Î ³, ¡Ê¤¥³ μ¡μ§´ Î ÉÓ ¨´¤¥±¸ ³¨ ®1¯ ¨ ®2¯. ‘Î¨É ¥³, ÎÉμ
¶ÊÎ±¨ ¶¥·¥¸¥± ÕÉ¸Ö ¶μ¤ ´Ê²¥¢Ò³ Ê£²μ³, ± ± ÔÉμ ¶² ´¨·Ê¥É¸Ö ´  NICA. � §μ¡Ó¥³ ± ¦¤Ò°
¡ ´Î ´  ¸²μ¨. — ¸É¨ÍÒ (¡ ´Î¨) ¤¢¨¦ÊÉ¸Ö ¢¤μ²Ó μ¸¨ Z. ‚ ² ¡μ· Éμ·´μ° ¸¨¸É¥³¥ μÉ¸Î¥É 
¸²μ° μ¶¨¸Ò¢ ¥É¸Ö ¸²¥¤ÊÕÐ¨³¨ ¶ · ³¥É· ³¨ (·¨¸. 1):

1) ¶μ²μ¦¥´¨¥³ ®Í¥´É· ¯ k-£μ ¡ ´Î  Å ±s (k = 1, 2);
2) ±μμ·¤¨´ Éμ° j-£μ ¸²μÖ k-£μ ¡ ´Î  ¢ ¸¨¸É¥³¥ ±μμ·¤¨´ É, ¸¢Ö§ ´´μ° ¸ Í¥´É·μ³ k-£μ

¡ ´Î  η
(k)
j ;

3) ±μμ·¤¨´ Éμ° j-£μ ¸²μÖ k-£μ ¡ ´Î  ¢ ¸¨¸É¥³¥ ±μμ·¤¨´ É, ¸¢Ö§ ´´μ° ¸ ÉμÎ±μ° ¢§ ¨-

³μ¤¥°¸É¢¨Ö z
(k)
j ;

4) Éμ²Ð¨´μ° ¸²μÖ ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¥³ ¡ ´Î¥ Å Δη(k).
�μ²μ¦¥´¨¥ ¸²μÖ ¢ ² ¡μ· Éμ·´μ° ¸¨¸É¥³¥ (£¤¥ ¶ÊÎ±¨ ¤¢¨¦ÊÉ¸Ö ´ ¢¸É·¥ÎÊ ¤·Ê£ ¤·Ê£Ê)

³¥´Ö¥É¸Ö μ¤´μ¢·¥³¥´´μ ¸ ¨§³¥´¥´¨¥³ ¶μ²μ¦¥´¨Ö ®Í¥´É· ¯ ¡ ´Î . �Ê¸ÉÓ ¶¥·¢Ò° ¶ÊÎμ±
¤¢¨¦¥É¸Ö ¢ ¸Éμ·μ´Ê ¢μ§· ¸É ´¨Ö ±μμ·¤¨´ ÉÒ z,   ¢Éμ·μ° Å ¢ ¸Éμ·μ´Ê Ê¡Ò¢ ´¨Ö, ± ±
ÔÉμ ¶μ± § ´μ ´  ·¨¸. 1. �μ¸±μ²Ó±Ê ¶ÊÎ±¨ ¤¢¨¦ÊÉ¸Ö ´ ¢¸É·¥ÎÊ ¤·Ê£ ¤·Ê£Ê ¸ μ¤¨´ ±μ¢μ°
¸±μ·μ¸ÉÓÕ, Éμ ¶μ²μ¦¥´¨Ö ±μμ·¤¨´ ÉÒ ¸²μ¥¢ · ¢´Ò

⎧⎨
⎩

z
1)
i = s − η

(1)
i ,

z
(2)
j = −s + η

(2)
j .

(6)

‘²μ¨ ¸É ²±¨¢ ÕÉ¸Ö ¢ ³μ³¥´É ¨Ì ¶¥·¥¸¥Î¥´¨Ö ¢ ÉμÎ±¥ zi,j , μ¶·¥¤¥²Ö¥³μ° ¨§ Ê¸²μ¢¨Ö

z
(1)
i = z

(2)
j , (7)

±μ£¤  Í¥´É· ¶¥·¢μ£μ ¡ ´Î  μÉ¸Éμ¨É μÉ ÉμÎ±¨ ¶¥·¥¸¥Î¥´¨Ö ´  · ¸¸ÉμÖ´¨¨

si,j =
η
(1)
i + η

(2)
j

2
. (8)

�¨¸. 1. ‘Ì¥³  ¸Éμ²±´μ¢¥´¨Ö ¤¢ÊÌ ¡ ´Î¥°
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–¥´É·Ò ¶ÊÎ±μ¢ ¶¥·¥¸¥± ÕÉ¸Ö ¶·¨ s = 0,   ÉμÎ±  ¶¥·¥¸¥Î¥´¨Ö ¸²μ¥¢ ´ Ìμ¤¨É¸Ö ´  · ¸¸Éμ-
Ö´¨¨ zi,j μÉ ÉμÎ±¨ ¶¥·¥¸¥Î¥´¨Ö Í¥´É·μ¢ ¡ ´Î¥° (ÉμÎ±¨ ¸¢¥¤¥´¨Ö ¶ÊÎ±μ¢):

zi,j =
η
(1)
i − η

(2)
j

2
. (9)

�Ê¸ÉÓ Î¨¸²μ Î ¸É¨Í ¢ ± ¦¤μ³ ¨§ ¡ ´Î¥° · ¢´μ N1,2 ¨ § ¤ ´Ò ´μ·³¨·μ¢ ´´Ò¥ · ¸¶·¥¤¥-
²¥´¨Ö Î ¸É¨Í ¢ ¡ ´Î Ì:

p1,2(x, y, z);
∫∫∫

p1,2(x, y, z) dx dy dz = 1. (10)

—¨¸²μ ¢§ ¨³μ¤¥°¸É¢¨° ¶·¨ ¶¥·¥¸¥Î¥´¨¨ ¡ ´Î¥° ®1¯ ¨ ®2¯ μ¶·¥¤¥²Ö¥É¸Ö ¸Éμ²±´μ¢¥´¨Ö³¨
Î ¸É¨Í ¢μ ¢¸¥Ì ¸²μÖÌ μ¤´μ£μ ¡ ´Î  ¸ Î ¸É¨Í ³¨ ¢¸¥Ì ¸²μ¥¢ ¤·Ê£μ£μ ¡ ´Î . „²Ö ·¥ ±Í¨¨
¸ ¸¥Î¥´¨¥³ σ Î¨¸²μ ¢§ ¨³μ¤¥°¸É¢¨° ¶·¨ μ¤´μ±· É´μ³ ¸Éμ²±´μ¢¥´¨¨ ¡ ´Î¥° ®1¯ ¨ ®2¯
· ¢´μ

N coll
1,2 (σ) = σN1N2

∫∫
dx dy

∑
i

∑
j

p1

(
x, y, η

(1)
j ; s

)
Δη(1) p2

(
x, y, η

(2)
i ; s

)
Δη(2). (11)

Šμμ·¤¨´ ÉÒ ¸²μ¥¢ ´¥ Ö¢²ÖÕÉ¸Ö ¶·μ¨§¢μ²Ó´Ò³¨, ¶μ¸±μ²Ó±Ê ¢§ ¨³μ¤¥°¸É¢¨¥ ¶·μ¨¸Ìμ¤¨É,
±μ£¤  μ´¨ ¶¥·¥¸¥± ÕÉ¸Ö, É. ¥. ¢Ò¶μ²´¥´μ Ê¸²μ¢¨¥ (7). „²Ö ¡¥¸±μ´¥Î´μ Ê§±¨Ì ¸²μ¥¢ ¶μ-
²ÊÎ ¥³

N coll
1,2 (σ) = σN1N2

∫∫∫∫
dx dy dη(1) dη(2) p1

(
x, y, η(1); s

)
p2

(
x, y, η(2); s

)
. (12)

� · ³¥É· s ¢Ò¡¨· ¥É¸Ö ¨§ Ê¸²μ¢¨Ö, ÎÉμ Î ¸É¨ÍÒ ¢ ¸²μÖÌ ¢§ ¨³μ¤¥°¸É¢ÊÕÉ ¶·¨ ¶¥·¥¸¥Î¥-
´¨¨ ¸²μ¥¢ (7). ‚¢¥¤¥³ ´μ¢Ò¥ ¶¥·¥³¥´´Ò¥, Ö¢´μ ÊÎ¨ÉÒ¢ ÕÐ¨¥ Ê¸²μ¢¨¥ ¶¥·¥¸¥Î¥´¨Ö:

η(1) = ξ + u,

η(2) = ξ − u,
(13)

{
ξ = (η(1) + η(2))/2,

u = (η(1) − η(2))/2.
(14)

�·¨ ¶¥·¥Ìμ¤¥ ± ¨´É¥£· ²Ê ¤μ²¦¥´ ÊÎ¨ÉÒ¢ ÉÓ¸Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¨° Ö±μ¡¨ ´:∣∣∣∣∂(η(1)η(2))
∂(u, ξ)

∣∣∣∣ = 2. (15)

�±μ´Î É¥²Ó´μ Î¨¸²μ ¢§ ¨³μ¤¥°¸É¢¨° ¶·¨ μ¤´μ±· É´μ³ ¸Éμ²±´μ¢¥´¨¨ ¡ ´Î¥° · ¢´μ

N coll
1,2 (σ) = 2σN1N2

∫∫
dx dy

∫∫
du dξ p1(x, y, u − ξ) p2(x, y, u + ξ). (16)

‘ ÊÎ¥Éμ³ Î ¸ÉμÉÒ μ¡μ·μÉ  f ¸·¥¤´ÖÖ ¸±μ·μ¸ÉÓ ¸Î¥É  (¨§³¥·Ö¥³ Ö ¢ Ô±¸¶¥·¨³¥´É¥) · ¢´ 

(
dR

dt

)coll

1,2

(σ) = 2σN1N2

∫∫
dx dy

∫∫
du dξ p1(x, y, u − ξ) p2(x, y, u + ξ). (17)
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�É¸Õ¤  ¶μ²ÊÎ ¥³ ¢Ò· ¦¥´¨¥ ¤²Ö ¸¢¥É¨³μ¸É¨:

L1,2 = 2N1N2 f

∫∫
dx dy

∫∫
du dξ p1(x, y, u − ξ) p2(x, y, u + ξ). (18)

…¸²¨ ¢¢¥¸É¨ ÔËË¥±É¨¢´ÊÕ ¶²μÐ ¤Ó Seff ¶¥·¥¸¥Î¥´¨Ö ¶ÊÎ±μ¢

Seff = 1
/⎛

⎝2

+∞∫
−∞

dx

+∞∫
−∞

dy

+∞∫
−∞

du

+∞∫
−∞

dξ p1(x, y, u − ξ) p2(x, y, u + ξ)

⎞
⎠ , (19)

¸¢¥É¨³μ¸ÉÓ μÉ ¶¥·¥¸¥Î¥´¨Ö ¤¢ÊÌ ¡ ´Î¥° ¡Ê¤¥É · ¢´ 

L1,2 =
N1N2 f

Seff
. (20)

�¸É ´μ¢¨³¸Ö ´  ¶ · ³¥É· Ì, μ¶·¥¤¥²ÖÕÐ¨Ì ¢¥²¨Î¨´Ê ¸¢¥É¨³μ¸É¨. �¸´μ¢´μ¥ ¢´¨³ ´¨¥
Ê¤¥²¨³ ¸²ÊÎ Ö³, ±μ£¤  · ¸Î¥ÉÒ ³μ¦´μ ¶·μ¢¥¸É¨  ´ ²¨É¨Î¥¸±¨. ’ ±μ° ¶μ¤Ìμ¤ ¶μ§¢μ²Ö¥É
´ £²Ö¤´μ ¶μ± § ÉÓ ¢²¨Ö´¨¥ · §²¨Î´ÒÌ Ë ±Éμ·μ¢ ´  ¢¥²¨Î¨´Ê ¸¢¥É¨³μ¸É¨.

‘‚…’ˆŒ�‘’œ ��ˆ ®���Œ�‹œ��Œ¯ ��‘��…„…‹…�ˆˆ
�‹�’��‘’ˆ —�‘’ˆ– ‚ �“—Š�•

�Ê¸ÉÓ ¶²μÉ´μ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö Î ¸É¨Í ¢ ¡ ´Î¥ ¶μ ± ¦¤μ° ±μμ·¤¨´ É¥ ´¥§ ¢¨¸¨³  ¨
μ¶¨¸Ò¢ ¥É¸Ö ´μ·³ ²Ó´Ò³ · ¸¶·¥¤¥²¥´¨¥³ (· ¸¶·¥¤¥²¥´¨¥³ ƒ Ê¸¸ ):

p(1,2)

(
x, y, η(1,2); z(1,2)

)
= px,(1,2)(x) py,(1,2)(y) pz,(1,2)

(
η(1,2)

)
, (21)

px,(1,2)(x) =

(
1√

2πσx,(1,2)

)
exp

(
− x2

2σ2
x,(1,2)

)
,

py,(1,2)(y) =

(
1√

2πσy,(1,2)

)
exp

(
− y2

2σ2
y,(1,2)

)
, (22)

pz,(1,2)

(
η(1,2) − z(1,2)

)
=

(
1√

2πσz,(1,2)

)
exp

(
− (η(1,2))2

2σ2
z,(1,2)

)
.

‘¢¥É¨³μ¸ÉÓ ¶·¨ ¸Éμ²±´μ¢¥´¨¨ ¡ ´Î¥° É ±μ° ¸É·Ê±ÉÊ·Ò ´¥ § ¢¨¸¨É μÉ ¶·μ¤μ²Ó´μ£μ · ¸-
¶·¥¤¥²¥´¨Ö ¨ μ¶¨¸Ò¢ ¥É¸Ö Ëμ·³Ê²μ°

L1,2 =
N1N2 f

2π
√

σ2
x,1 + σ2

x,2

√
σ2

y,1 + σ2
y,2

, (23)

  ÔËË¥±É¨¢´ Ö ¶²μÐ ¤Ó ¶¥·¥¸¥Î¥´¨Ö ¡ ´Î¥° · ¢´ 

Seff = 2π
√

σ2
x,1 + σ2

x,2

√
σ2

y,1 + σ2
y,2. (24)
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�¨¸. 2. � ¸¶·¥¤¥²¥´¨¥ ¢¥·Ï¨´ ¢§ ¨³μ¤¥°¸É¢¨Ö (¸¶²μÏ´ Ö ²¨´¨Ö) ¨ · ¸¶·¥¤¥²¥´¨¥ Î ¸É¨Í ¢ ¡ ´Î¥
¢¤μ²Ó μ¸¨ ¸Éμ²±´μ¢¥´¨Ö (¶Ê´±É¨·´ Ö). „²Ö ¶·μ¤μ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö Î ¸É¨Í σz,p = 60 ¸³,   ¤²Ö

· ¸¶·¥¤¥²¥´¨Ö ¢¥·Ï¨´ ¢§ ¨³μ¤¥°¸É¢¨Ö σz,V = 42,3 ¸³

� ¸¶·¥¤¥²¥´¨¥ ¢¥·Ï¨´ ¢§ ¨³μ¤¥°¸É¢¨° μ¶·¥¤¥²Ö¥É¸Ö ¶·μ¤μ²Ó´Ò³¨ ¸É·Ê±ÉÊ· ³¨
¡ ´Î¥°.

�²μÉ´μ¸ÉÓ ¢¥·μÖÉ´μ¸É¨ · ¸¶·¥¤¥²¥´¨Ö ¢¥·Ï¨´ ¢§ ¨³μ¤¥°¸É¢¨Ö V (z) μ¶·¥¤¥²Ö¥É¸Ö ¨§
Ê¸²μ¢¨Ö, ÎÉμ ¶¥·¥³¥´´ Ö u ¤ ¥É ¶·μ¤μ²Ó´ÊÕ ±μμ·¤¨´ ÉÊ ¶¥·¥¸¥Î¥´¨Ö ¶ ·Ò ¸²μ¥¢ ¨§ ²¥-
ÉÖÐ¨Ì ´ ¢¸É·¥ÎÊ ¤·Ê£ ¤·Ê£Ê ¡ ´Î¥° (8), ¨ · ¢´ 

V (z) = 2

+∞∫
−∞

dx

+∞∫
−∞

dy

∞∫
−∞

dξ p1(x, y, z − ξ) p2(x, y, z + ξ)/Seff . (25)

„²Ö ¸É·Ê±ÉÊ·Ò ¡ ´Î , μ¶¨¸Ò¢ ¥³μ£μ ®´μ·³ ²Ó´Ò³¯ · ¸¶·¥¤¥²¥´¨¥³ (20), (21) ¸ μ¤¨´ ±μ-
¢Ò³¨ ¶ · ³¥É· ³¨ ¡ ´Î¥° (σz,1 = σz,2 = σz), ¶μ²ÊÎ ¥³

V (z) =
1√
πσz

exp
(
− z2

σ2
z

)
. (26)

�·¨ ÔÉμ³ · ¸¶·¥¤¥²¥´¨¥ ¢¥·Ï¨´ ¢§ ¨³μ¤¥°¸É¢¨Ö ¨³¥¥É ¢¤¢μ¥ ³¥´ÓÏÊÕ ¤¨¸¶¥·¸¨Õ, Î¥³
¶·μ¤μ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥ Î ¸É¨Í ¢ ¡ ´Î¥ (·¨¸. 2).

“—…’ ”�Š“‘ˆ��‚Šˆ ��ˆ �…�…‘…—…�ˆˆ �“—Š�‚

�·¨ Ëμ±Ê¸¨·μ¢±¥ ¢ ÉμÎ±Ê ¶¥·¥¸¥Î¥´¨Ö ¶μ¶¥·¥Î´Ò¥ · §³¥·Ò ¶ÊÎ±μ¢ ³¥´ÖÕÉ¸Ö ¢ § ¢¨-
¸¨³μ¸É¨ μÉ · ¸¸ÉμÖ´¨Ö ÉμÎ±¨ ¶¥·¥¸¥Î¥´¨Ö ¤μ ÉμÎ±¨ Ëμ±Ê¸¨·μ¢±¨. �μÔÉμ³Ê · ¸¶·¥¤¥²¥-
´¨Ö ¶²μÉ´μ¸É¨ Î ¸É¨Í ¢ ¶·μ¤μ²Ó´μ³ ¨ ¶μ¶¥·¥Î´μ³ ´ ¶· ¢²¥´¨ÖÌ ¶¥·¥¸É ÕÉ ¡ÒÉÓ ´¥§ ¢¨-
¸¨³Ò³¨.
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„²Ö ´μ·³ ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö (· ¸¶·¥¤¥²¥´¨Ö ƒ Ê¸¸ ) ¢ ³μ³¥´É, ±μ£¤  Í¥´É· ¶ÊÎ± 
´ Ìμ¤¨É¸Ö ¢ ÉμÎ±¥ z, · ¸¶·¥¤¥²¥´¨¥ ¨³¥¥É ¢¨¤

px(x) =
(

1√
2πσx(z)

)
exp

(
− x2

2σ2
x(z)

)
,

py(y) =

(
1√

2πσy(z)

)
exp

(
− y2

2σ2
y(z)

)
, (27)

pz(z) =
(

1√
2πσz

)
exp

(
− z2

2σ2
z

)
.

‡¤¥¸Ó z Å · ¸¸ÉμÖ´¨¥ ¤ ´´μ£μ ¸²μÖ μÉ ÉμÎ±¨ Ëμ±Ê¸¨·μ¢±¨ (z = 0). „²Ö Ê¶·μÐ¥´¨Ö
Ëμ·³Ê² ¡Ê¤¥³ ¸Î¨É ÉÓ, ÎÉμ ¶ÊÎ±¨ ¨³¥ÕÉ μ¤¨´ ±μ¢Ò¥ · §³¥·Ò ¶μ μ¸Ö³ X ¨ Y :

σx = σy . (28)

ˆ§³¥´¥´¨¥ ¶μ¶¥·¥Î´ÒÌ · §³¥·μ¢ ¡ ´Î  μ¶·¥¤¥²Ö¥É¸Ö § ¢¨¸¨³μ¸ÉÓÕ β(z) ËÊ´±Í¨¨ [3, 4]
μÉ · ¸¸ÉμÖ´¨Ö z ³¥¦¤Ê ÉμÎ±μ° ¶¥·¥¸¥Î¥´¨Ö ¨ ÉμÎ±μ° Ëμ±Ê¸¨·μ¢±¨ ¶ÊÎ±μ¢:

σx(z) = σx(0)

√√√√(
1 +

(
z

βIP

)2
)

, (29)

£¤¥ βIP Å §´ Î¥´¨¥ β-ËÊ´±Í¨¨ ¢ ÉμÎ±¥ Ëμ±Ê¸¨·μ¢±¨. �¶¨· Ö¸Ó ´  μ¡Ð¥¥ ¢Ò· ¦¥´¨¥ ¤²Ö
¸¢¥É¨³μ¸É¨ (18), ¸ ÊÎ¥Éμ³ Ëμ±Ê¸¨·μ¢±¨ (27)Ä(29) ¶μ²ÊÎ ¥³

L1,2 = N1N2 f

(
1√
πσz

) ∞∫
−∞

(
1

Seff(z)

)
exp

(
− z2

σ2
z

)
dz, (30)

¨ ÔËË¥±É¨¢´ Ö ¶μ¶¥·¥Î´ Ö ¶²μÐ ¤Ó ¶¥·¥¸¥Î¥´¨Ö Seff(z) ´  · ¸¸ÉμÖ´¨¨ z μÉ ÉμÎ±¨ ¶¥·¥-
¸¥Î¥´¨Ö · ¢´ 

Seff(z) = Seff(0)

(
1 +

(
z

βIP

)2
)

= 4π σ2
x(0)

(
1 +

(
z

βIP

)2
)

. (31)

„²Ö NICA ¶² ´¨·Ê¥É¸Ö ¨³¥ÉÓ ¸²¥¤ÊÕÐ¨¥ ¶ · ³¥É·Ò [5]:
 ) ÔËË¥±É¨¢´ÊÕ ¶μ¶¥·¥Î´ÊÕ ¶²μÐ ¤Ó ¢ ÉμÎ±¥ ¶¥·¥¸¥Î¥´¨Ö Seff(0) = 4π σ2

x(0) =
0,56 ¸³2;

¡) ¸É ´¤ ·É´μ¥ μÉ±²μ´¥´¨¥ · ¸¶·¥¤¥²¥´¨Ö Î ¸É¨Í ¢ ¶μ¶¥·¥Î´μ³ ´ ¶· ¢²¥´¨¨ ¢ ÉμÎ±¥
¶¥·¥¸¥Î¥´¨Ö σx(0) = 0,21 ¸³;

¢) ¸É ´¤ ·É´μ¥ μÉ±²μ´¥´¨¥ · ¸¶·¥¤¥²¥´¨Ö Î ¸É¨Í ¢ ¶·μ¤μ²Ó´μ³ ´ ¶· ¢²¥´¨¨ σz,p =
60 ¸³2 (¸³. ·¨¸. 2);

£) β-ËÊ´±Í¨Õ ¢ ÉμÎ±¥ ¶¥·¥¸¥Î¥´¨Ö βIP = 35 ¸³.
‡ ¢¨¸¨³μ¸ÉÓ ¸É ´¤ ·É´μ£μ μÉ±²μ´¥´¨Ö ¶μ μ¸¨ X (Éμ ¦¥ ¨ ¶μ μ¸¨ Y ) (28) μÉ · ¸¸ÉμÖ´¨Ö

³¥¦¤Ê ÉμÎ±μ° ¶¥·¥¸¥Î¥´¨Ö ¨ ÉμÎ±μ° Ëμ±Ê¸¨·μ¢±¨ ¶μ± § ´  ´  ·¨¸. 3.
‡ ¢¨¸¨³μ¸ÉÓ ÔËË¥±É¨¢´μ° ¶μ¶¥·¥Î´μ° ¶²μÐ ¤¨ Seff(z) μÉ · ¸¸ÉμÖ´¨Ö ³¥¦¤Ê ÉμÎ±μ°

¶¥·¥¸¥Î¥´¨Ö ¨ ÉμÎ±μ° Ëμ±Ê¸¨·μ¢±¨ ¶μ± § ´  ´  ·¨¸. 4.
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�¨¸. 3. ‡ ¢¨¸¨³μ¸ÉÓ ¸É ´¤ ·É´μ£μ μÉ±²μ´¥-

´¨Ö σx ¤²Ö · ¸¶·¥¤¥²¥´¨Ö Î ¸É¨Í ¶μ μ¸¨ X

μÉ · ¸¸ÉμÖ´¨Ö ³¥¦¤Ê ÉμÎ±μ° ¶¥·¥¸¥Î¥´¨Ö ¨

ÉμÎ±μ° Ëμ±Ê¸¨·μ¢±¨ ¤²Ö · §²¨Î´ÒÌ §´ Î¥´¨°

β-ËÊ´±Í¨¨ ¢ ÉμÎ±¥ ¶¥·¥¸¥Î¥´¨Ö ¶ÊÎ±μ¢ βIP.
‘É·¥²± ³¨ ¶μ± § ´Ò · §³¥·Ò (¸É ´¤ ·É´μ¥ μÉ-

±²μ´¥´¨¥) ¤²Ö ¶·μ¤μ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö Î -

¸É¨Í ¢ ¡ ´Î¥

�¨¸. 4. ‡ ¢¨¸¨³μ¸ÉÓ ÔËË¥±É¨¢´μ° ¶μ¶¥·¥Î´μ°

¶²μÐ ¤¨ ¡ ´Î  μÉ · ¸¸ÉμÖ´¨Ö ³¥¦¤Ê ÉμÎ±μ°
¢§ ¨³μ¤¥°¸É¢¨Ö ¨ ÉμÎ±μ° Ëμ±Ê¸¨·μ¢±¨ ¤²Ö · §-

²¨Î´ÒÌ §´ Î¥´¨° β-ËÊ´±Í¨¨ ¢ ÉμÎ±¥ ¶¥·¥¸¥Î¥-
´¨Ö (Interaction Point (IP)) ¶ÊÎ±μ¢ βIP

�¨¸. 5. ‡ ¢¨¸¨³μ¸ÉÓ ¸¢¥É¨³μ¸É¨ μÉ ¢¥²¨Î¨´Ò

β-ËÊ´±Í¨¨ βIP ¢ ÉμÎ±¥ ¶¥·¥¸¥Î¥´¨Ö. „²Ö ¢¸¥Ì

§´ Î¥´¨° βIP ³¨´¨³ ²Ó´Ò° ¶μ¶¥·¥Î´Ò° · §³¥·
¶ÊÎ±  ¸Î¨É ¥É¸Ö μ¤¨´ ±μ¢Ò³. �¥§Ê²ÓÉ É ´μ·³¨·μ-

¢ ´ ´  ¸¢¥É¨³μ¸ÉÓ ¤²Ö ´¥¸Ëμ±Ê¸¨·μ¢ ´´μ£μ ¶ÊÎ± 

¸ § ¤ ´´Ò³ ³¨´¨³ ²Ó´Ò³ ¶μ¶¥·¥Î´Ò³ · §³¥·μ³.
�Éμ μ§´ Î ¥É, ÎÉμ ÔËË¥±É¨¢´ Ö ¶²μÐ ¤Ó ¶¥·¥-

¸¥Î¥´¨Ö ¤²Ö z = 0 ¢¸¥£¤  μ¤¨´ ±μ¢ . �¥§Ê²ÓÉ É
´μ·³¨·μ¢ ´ ´  ¸¢¥É¨³μ¸ÉÓ ¤²Ö ´¥¸Ëμ±Ê¸¨·μ¢ ´-

´μ£μ ¶ÊÎ±  ³¨´¨³ ²Ó´μ£μ ¶μ¶¥·¥Î´μ£μ · §³¥· 

(ÔËË¥±É¨¢´ Ö ¶²μÐ ¤Ó ¶¥·¥¸¥Î¥´¨Ö ¤²Ö z = 0

¢¸¥£¤  μ¤¨´ ±μ¢ )
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�¨¸. 6. ”Ê´±Í¨Ö · ¸¶·¥¤¥²¥´¨Ö ¢¥·Ï¨´ ¢§ ¨³μ-

¤¥°¸É¢¨Ö ¸ ÊÎ¥Éμ³ ÔËË¥±É  Ëμ±Ê¸¨·μ¢±¨ (¸¶²μÏ-
´ Ö ²¨´¨Ö) ¨ ¡¥§ ÊÎ¥É  Ëμ±Ê¸¨·μ¢±¨ (¶Ê´±É¨·-

´ Ö). „²Ö · ¸¶·¥¤¥²¥´¨Ö ¡¥§ ÊÎ¥É  Ëμ±Ê¸¨·μ¢±¨

¸É ´¤ ·É´μ¥ μÉ±²μ´¥´¨¥ σ(βIP = ∞) = 42,3 ¸³,  
¸ ÊÎ¥Éμ³ Ëμ±Ê¸¨·μ¢±¨ σ(βIP = 35 ¸³) = 28,9 ¸³

‚²¨Ö´¨¥ β-ËÊ´±Í¨¨ ¢ ÉμÎ±¥ ¶¥·¥¸¥Î¥´¨Ö ¶ÊÎ±μ¢ βIP ´  ¢¥²¨Î¨´Ê ¸¢¥É¨³μ¸É¨ ¶μ± § ´μ
´  ·¨¸. 5.

”μ±Ê¸¨·μ¢±  ¶·¨¢μ¤¨É ± Éμ³Ê, ÎÉμ · ¸¶·¥¤¥²¥´¨¥ ¢¥·Ï¨´ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢¤μ²Ó μ¸¨
¸Éμ²±´μ¢¥´¨° ¸É ´μ¢¨É¸Ö 
Ê¦¥, ± ± ÔÉμ ¢¨¤´μ ´  ·¨¸. 6. „²Ö ¶ · ³¥É·μ¢ NICA ÊÎ¥É
Ëμ±Ê¸¨·μ¢±¨ ¶·¨¢μ¤¨É ± Ê³¥´ÓÏ¥´¨Õ ¸É ´¤ ·É´μ£μ μÉ±²μ´¥´¨Ö ´  46 % ¶μ ¸· ¢´¥´¨Õ
¸μ ¸²ÊÎ ¥³, ±μ£¤  μ´  ´¥ ÊÎ¨ÉÒ¢ ¥É¸Ö: βIP = ∞.

ˆ‡Œ…�…�ˆ… ˆ Š��’��‹œ ��‘�‹�’��‰ ‘‚…’ˆŒ�‘’ˆ „‹Ÿ NICA

ˆ§ μ¶·¥¤¥²¥´¨Ö (1) ¸²¥¤Ê¥É, ÎÉμ  ¡¸μ²ÕÉ´ÊÕ ¸¢¥É¨³μ¸ÉÓ ³μ¦´μ ¢ÒÎ¨¸²¨ÉÓ, ¨§³¥·ÖÖ
¸ ¨§¢¥¸É´μ° ÔËË¥±É¨¢´μ¸ÉÓÕ ¸±μ·μ¸ÉÓ ¸Î¥É  ¤²Ö ·¥ ±Í¨¨ ¸ ¨§¢¥¸É´Ò³ ¸¥Î¥´¨¥³. „²Ö
±μ²² °¤¥·  NICA ¶² ´¨·Ê¥É¸Ö ¶·μ£· ³³  ¨¸¸²¥¤μ¢ ´¨° ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ Ô´¥·£¨°
(¤²Ö ÉÖ¦¥²ÒÌ ¨μ´μ¢ 4 �

√
SNN � 11 ƒÔ‚) ¨ ¡μ²ÓÏ¨³ ´ ¡μ·μ³ ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥· (μÉ

¶·μÉμ´μ¢ ¤μ §μ²μÉ ). ‚ É ±¨Ì Ê¸²μ¢¨ÖÌ ´ °É¨ ·¥ ±Í¨Õ (·¥ ±Í¨¨) ¸ Ìμ·μÏμ ¨§¢¥¸É´Ò³
¸¥Î¥´¨¥³ ¶·¥¤¸É ¢²Ö¥É¸Ö ¸²μ¦´μ° § ¤ Î¥°. ’¥³ ¡μ²¥¥ ¸²μ¦´μ ¸μ§¤ ÉÓ ¤¥É¥±Éμ·, ·¥£¨¸É·¨-
·ÊÕÐ¨° ¸¨£´ ²Ò μÉ É ±μ° ·¥ ±Í¨¨ ¸ Ìμ·μÏμ ¨§¢¥¸É´μ° ÔËË¥±É¨¢´μ¸ÉÓÕ.

‚ ¤ ´´μ° · ¡μÉ¥ μ¡¸Ê¦¤ ¥É¸Ö ¸¶μ¸μ¡ ¨§³¥·¥´¨Ö  ¡¸μ²ÕÉ´μ° ¸¢¥É¨³μ¸É¨ ´  μ¸´μ¢¥ μÉ-
´μ¸¨É¥²Ó´ÒÌ ¨§³¥·¥´¨° ¸±μ·μ¸É¨ ¸Î¥É  (dR̃/dt) ¤²Ö ·¥ ±Í¨¨ ¸ ´¥¨§¢¥¸É´Ò³ ¸¥Î¥´¨¥³ (σ̃).

‚ ÔÉμ³ ¸²ÊÎ ¥ ¸±μ·μ¸ÉÓ ¸Î¥É  § ¶¨¸Ò¢ ¥É¸Ö ¢ ¢¨¤¥

dR̃

dt
= εDLσ̃ = kL; k = εDσ̃, (32)

£¤¥ εD Å ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³ ¤¥É¥±Éμ·μ³. �μ·³¨·μ¢μÎ´Ò°
±μÔËË¨Í¨¥´É k § ¢¨¸¨É μÉ ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ εD ¨ ¸¥Î¥´¨Ö ·¥ ±Í¨¨, ¸μ¡ÒÉ¨Ö
μÉ ±μÉμ·μ° ·¥£¨¸É·¨·Ê¥É ¢Ò¡· ´´Ò° ¤¥É¥±Éμ·. ˆ§³¥·¥´¨Ö ¸±μ·μ¸É¨ ¸Î¥É  dR̃/dt ¶·¨ ¨§-
¢¥¸É´μ³ ´μ·³¨·μ¢μÎ´μ³ ±μÔËË¨Í¨¥´É¥ k ¶μ§¢μ²ÖÕÉ μ¶·¥¤¥²¨ÉÓ  ¡¸μ²ÕÉ´ÊÕ ¸¢¥É¨³μ¸ÉÓ:

L =
1
k

dR̃

dt
. (33)

‚¥²¨Î¨´Ê ´μ·³¨·μ¢μÎ´μ£μ ±μÔËË¨Í¨¥´É  ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¨§ É¥μ·¥É¨Î¥¸±¨Ì · ¸Î¥Éμ¢
¸¥Î¥´¨Ö ¨ ³μ¤¥²¨·μ¢ ´¨Ö ÔËË¥±É¨¢´μ¸É¨ ¤¥É¥±Éμ· . �¤´ ±μ É ±μ£μ ·μ¤  · ¸Î¥ÉÒ ¤²Ö
Ê¸²μ¢¨° NICA (¡μ²ÓÏμ° ´ ¡μ· ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥· ¤²Ö Ï¨·μ±μ£μ ¨´É¥·¢ ²  Ô´¥·£¨°)
´¥¢μ§³μ¦´μ ¶·μ¢¥¸É¨ ¸μ ¸±μ²Ó±μ-´¨¡Ê¤Ó ¶·¨¥³²¥³μ° (1Ä3 %) ÉμÎ´μ¸ÉÓÕ. ‘ÊÐ¥¸É¢¥´´μ
Éμ, ÎÉμ ´μ·³¨·μ¢μÎ´Ò° ±μÔËË¨Í¨¥´É k = εDσ̃ § ¢¨¸¨É Éμ²Ó±μ μÉ ¢Ò¡· ´´μ° ·¥ ±Í¨¨ ¨
¤¥É¥±Éμ· .
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�¨¸. 7. �μ²μ¦¥´¨¥ ¡ ´Î¥° ¶·¨ ¨§³¥·¥´¨ÖÌ
¸±μ·μ¸É¨ ¸Î¥É  ¢ § ¢¨¸¨³μ¸É¨ μÉ · ¸¸ÉμÖ´¨Ö

³¥¦¤Ê μ¸Ö³¨ ¶ÊÎ±μ¢ δX ¶μ μ¸¨ X

„²Ö ¨§¢¥¸É´μ° ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±μ¢ ¸¢¥-
É¨³μ¸ÉÓ § ¢¨¸¨É μÉ ¶²μÐ ¤¨ ¶¥·¥±·ÒÉ¨Ö (18),
(19), ±μÉμ· Ö μ¶·¥¤¥²Ö¥É¸Ö ¶·μ¸É· ´¸É¢¥´´μ°
¸É·Ê±ÉÊ·μ° ¸É ²±¨¢ ÕÐ¨Ì¸Ö ¶ÊÎ±μ¢ (26).

ŠμÔËË¨Í¨¥´É ¶·μ¶μ·Í¨μ´ ²Ó´μ¸É¨ k
³¥¦¤Ê ¸±μ·μ¸ÉÓÕ ¸Î¥É  ³μ´¨Éμ·´μ£μ ¤¥É¥±-
Éμ·  ¨ ¸¢¥É¨³μ¸ÉÓÕ ´ Ìμ¤¨É¸Ö ¶μ¸²¥ ¶·μ¢¥-
¤¥´¨Ö ¸¥·¨¨ ¨§³¥·¥´¨°, ±μ£¤  μ¸¨ ¶ÊÎ±μ¢ · §-
¢¥¤¥´Ò μÉ´μ¸¨É¥²Ó´μ ¤·Ê£ ¤·Ê£  ´  · ¸¸ÉμÖ-
´¨¥ δX ¶μ μ¸¨ X , ± ± ¶μ± § ´μ ´  ·¨¸. 7.

�·¨ É ±μ³ μÉ´μ¸¨É¥²Ó´μ³ ¶μ²μ¦¥´¨¨ ¶ÊÎ±μ¢ ¢Ò· ¦¥´¨¥ ¤²Ö ¸¢¥É¨³μ¸É¨ (18) ¶·¨´¨-
³ ¥É ¢¨¤

L1,2(δX) = 2N1N2 f

∫∫
dx dy

∫∫
du dξ px(x, u)×

× px(x + δX, u) py(y, u) py(y, u) pz(u − ξ) pz(u + ξ). (34)

ˆ§ÊÎ¥´¨¥ ÔËË¥±É¨¢´μ° ¶²μÐ ¤¨ ¶¥·¥¸¥Î¥´¨Ö ¶ÊÎ±μ¢ ´  ±μ²² °¤¥·¥ ¢ ¸¥·¨¨ ¨§³¥·¥-
´¨° ¸±μ·μ¸É¨ ¸Î¥É  ¶·¨ · §²¨Î´ÒÌ · ¸¸ÉμÖ´¨ÖÌ ³¥¦¤Ê μ¸Ö³¨ ¶ÊÎ±μ¢ ¡Ò²μ ¶·¥¤²μ¦¥´μ
¤²Ö ISR ¢ ´ ¤¥· Œ¥¥·μ³ [6] ¨ ´ §¢ ´μ ¸± ´μ³ ¢ ´ ¤¥· Œ¥¥· . ˆ´μ£¤  ¢³¥¸Éμ É¥·³¨´ 
®¸± ´ ¢ ´ ¤¥· Œ¥¥· ¯ ¨¸¶μ²Ó§ÊÕÉ É¥·³¨´ ®¸± ´ ‚¥·´Ó¥¯. ’ ±μ° ¶μ¤Ìμ¤ ± μ¶·¥¤¥²¥-
´¨Õ ¶·μ¸É· ´¸É¢¥´´ÒÌ ¶ · ³¥É·μ¢ ¨¸¶μ²Ó§Ê¥É¸Ö ¢ ¡μ²ÓÏ¨´¸É¢¥ Ê¸±μ·¨É¥²Ó´ÒÌ Í¥´É·μ¢,
´ ¶·¨³¥· ´  ±μ²² °¤¥·¥ ÉÖ¦¥²ÒÌ ¨μ´μ¢ RHIC [7Ä10] ¨ 	μ²ÓÏμ³  ¤·μ´´μ³ ±μ²² °¤¥·¥
(LHC) [11Ä15]. ‘¢¥É¨³μ¸ÉÓ § ¢¨¸¨É μÉ ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±μ¢, ¨ ¶·μ¢¥¤¥´¨¥ ¨§³¥·¥´¨°
¶μ ¶·μ£· ³³¥ ¸± ´  ¢ ´ ¤¥· Œ¥¥·  ¶·¥¤¶μ² £ ¥É §´ ´¨¥ ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±μ¢ (§´ ´¨¥
Î¨¸²  Î ¸É¨Í ¢ ¸É ²±¨¢ ÕÐ¨Ì¸Ö ¡ ´Î Ì). �·¨ ¶μ¸ÉμÖ´´μ° ¨´É¥´¸¨¢´μ¸É¨ § ¢¨¸¨³μ¸ÉÓ
¸¢¥É¨³μ¸É¨ μÉ · ¸¸ÉμÖ´¨Ö ³¥¦¤Ê μ¸Ö³¨ ¶ÊÎ±μ¢ ¤²Ö ¶ · ³¥É·μ¢ NICA ¨ ¤²Ö ¸²ÊÎ Ö ¡¥§
Ëμ±Ê¸¨·μ¢±¨, ¨ ¸ ÊÎ¥Éμ³ Ëμ±Ê¸¨·μ¢±¨ (27), (29) ¶μ± § ´  ´  ·¨¸. 8.

�¸É ´μ¢¨³¸Ö ¶μ¤·μ¡´¥¥ ´  ¨§³¥·¥´¨ÖÌ ¨ μ¡· ¡μÉ±¥ ¤ ´´ÒÌ ¢ · ³± Ì ·¥ ²¨§ Í¨¨
¶·μ£· ³³Ò ¸± ´  ¢ ´ ¤¥· Œ¥¥· . 	¥§ ÊÎ¥É  Ëμ±Ê¸¨·μ¢±¨ ¢μ¶·μ¸ μ¶·¥¤¥²¥´¨Ö  ¡¸μ²ÕÉ´μ°
¸¢¥É¨³μ¸É¨ ¶μ ·¥§Ê²ÓÉ É ³ ¸± ´¨·μ¢ ´¨Ö · ¸¸³ É·¨¢ ²¸Ö Ê¦¥ ¢ · ¡μÉ¥ [6]. � ¸¸³μÉ·¨³
¸²ÊÎ ° ¸ ÊÎ¥Éμ³ ÔËË¥±É  Ëμ±Ê¸¨·μ¢±¨, ±μÉμ·Ò° ´¥μ¡Ìμ¤¨³μ ÊÎ¨ÉÒ¢ ÉÓ ¶·¨ σz > βIP.

�¨¸. 8. ‡ ¢¨¸¨³μ¸ÉÓ ¸¢¥É¨³μ¸É¨, ´μ·³¨·μ¢ ´-
´μ° ´  ³ ±¸¨³ ²Ó´μ¥ §´ Î¥´¨¥, μÉ · ¸¸ÉμÖ´¨Ö

δX ³¥¦¤Ê μ¸Ö³¨ ¶ÊÎ±  ¢¤μ²Ó μ¸¨ X. �·¨ · ¸-

Î¥É Ì ¶·¥¤¶μ² £ ²μ¸Ó ®´μ·³ ²Ó´μ¥¯ · ¸¶·¥¤¥-
²¥´¨¥ Î ¸É¨Í ¢ ¡ ´Î Ì ¶μ ¢¸¥³ μ¸Ö³ (27)Ä(29)

σx(0) = σy(0) = 0,21 ¸³; σz = 60 ¸³. ‘¢¥É¨-
³μ¸É¨ ¤²Ö ´¥¸Ëμ±Ê¸¨·μ¢ ´´ÒÌ ¶ÊÎ±μ¢ ¸μμÉ¢¥É-

¸É¢Ê¥É βIP = ∞ ¨ σx(0) = σy(0) = 0,21 ¸³
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� Î´¥³ ¸ · ¸¶·¥¤¥²¥´¨Ö Î ¸É¨Í ¢ ¡ ´Î Ì, ¢ ±μÉμ·μ³ ÊÎÉ¥´ ÔËË¥±É Ëμ±Ê¸¨·μ¢±¨.
‚Ò¡¥·¥³ ¸ ³μ¥ μ¡Ð¥¥ · ¸¶·¥¤¥²¥´¨¥, ´¥ ¶·¥¤¶μ² £ ÕÐ¥¥ Ë ±Éμ·¨§ Í¨¨ ¶μ μ¸Ö³ X ¨ Y .
�·¨³¥³, ÎÉμ · ¸¶·¥¤¥²¥´¨Ö Î ¸É¨Í ¢ μ¡μ¨Ì ¡ ´Î Ì μ¤¨´ ±μ¢Ò¥:

p(x, y, z) = px,y(x, y; z) pz(z), (35)

¶μ² £ Ö · ¸¶·¥¤¥²¥´¨Ö ´μ·³¨·μ¢ ´´Ò³¨:∫∫
dx dy px,y(x, y : z) = 1, (36)∫

dz pz(z) = 1. (37)

“¸²μ¢¨¥ Ëμ±Ê¸¨·μ¢±¨ ¶·¨¢μ¤¨É ± Éμ³Ê, ÎÉμ · ¸¶·¥¤¥²¥´¨¥ ¢ ¶μ¶¥·¥Î´μ° ¶²μ¸±μ¸É¨ § -
¢¨¸¨É μÉ · ¸¸ÉμÖ´¨Ö z ¤μ ÉμÎ±¨ Ëμ±Ê¸¨·μ¢±¨:

Seff(z) = 1
/∫∫

dx dy px,y(x, y : z) px,y(x, y : z);

Seff(z) = Seff(0)

(
1 +

(
z

βIP

)2
)

.

(38)

‘±μ·μ¸ÉÓ ¸Î¥É  ¤²Ö ¸Éμ²±´μ¢¥´¨°, ±μ£¤  ¶ÊÎ±¨ ¢ ¶μ¶¥·¥Î´μ° ¶²μ¸±μ¸É¨ (X, Y ) ¸³¥Ð¥´Ò
´  δX ¨ δY , · ¢´ (

dR(δX, δY )
dt

)
1,2

= 2N1N2 f σ · ε
∫∫

dx dy

∫∫
du dξ px,y(x, y; u)×

× px,y(x + δX, y + δY ; u) pz(u − ξ) pz(u + ξ). (39)

‡¤¥¸Ó σ Å ¸¥Î¥´¨¥ ·¥ ±Í¨¨, ¨¸¶μ²Ó§Ê¥³μ° ¤²Ö ¶·μ¢¥¤¥´¨Ö ¨§³¥·¥´¨° ¶μ ¶·μ£· ³³¥ ¸± ´ 
¢ ´ ¤¥· Œ¥¥· ,   ε Å ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ¢Ò¡· ´´Ò³ ¤¥É¥±Éμ·μ³.

�·¨ μ¡· ¡μÉ±¥ ¤ ´´ÒÌ Ê¤μ¡´μ ¨¸¶μ²Ó§μ¢ ÉÓ ´μ·³¨·μ¢ ´´ÊÕ (´  ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ-
±μ¢ ¨ Î ¸ÉμÉÊ μ¡μ·μÉ ) ¸±μ·μ¸ÉÓ ¸Î¥É :(

dr(δX, Y )
dt

)
1,2

=
(dR(δX, δY )/dt)1,2

N1N2 f
. (40)

�μ  ´ ²μ£¨¨ ¸ [6] ¢ÒÎ¨¸²¨³ ¨´É¥£· ² ¢ ¶μ¶¥·¥Î´μ° ¶²μ¸±μ¸É¨ μÉ ¸±μ·μ¸É¨ ¸Î¥É :∫∫
d(δX) d(δY )

(
dr(δX, δY )

dt

)
1,2

= σ · ε · 2
∫∫

du dξ

( ∫∫
dx d(δX)

∫∫
dy d(δY )×

× px,y(x, y; u) px,y(x + δX, y + δY ; u) pz(u − ξ) pz(u + ξ)
)

. (41)

‡ ³¥´  ¶¥·¥³¥´´ÒÌ x̃ = x + δX , ỹ = y + δY ¶μ§¢μ²Ö¥É § ¶¨¸ ÉÓ ¶μ¸²¥¤´¨° ¨´É¥£· ²
¢ ¢¨¤¥, Ê¤μ¡´μ³ ¤²Ö ¢ÒÎ¨¸²¥´¨Ö:

2
∫∫

du dξ

(( ∫∫
dx dy px,y(x, y; u)

)( ∫∫
dx̃ dỹ px,y(x̃, ỹ; u)

)
pz(u− ξ) pz(u+ ξ)

)
=

= 2
∫∫

du dξ pz(u − ξ) pz(u + ξ). (42)
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�¡  ¨´É¥£· ²  ¢ ¶μ¶¥·¥Î´μ° ¶²μ¸±μ¸É¨ · ¢´Ò ¥¤¨´¨Í¥ §  ¸Î¥É Ê¸²μ¢¨Ö ´μ·³¨·μ¢±¨ (36).
‚Ò¶μ²´ÖÖ § ³¥´Ê ¶¥·¥³¥´´ÒÌ z = u + ξ, z̃ = u − ξ ¨ ÊÎ¨ÉÒ¢ Ö Ê¸²μ¢¨Ö ´μ·³¨·μ¢±¨

2
∫∫

du dξ pz(u − ξ) pz(u + ξ) =
( ∫

dz pz(z)
)( ∫

dz̃ pz(z̃)
)

= 1, (43)

μ±μ´Î É¥²Ó´μ ¨³¥¥³: ∫∫
d (δX) d(δY )

(
dr(δX, δY )

dt

)
1,2

= σ · ε. (44)

�É¸Õ¤  ¸²¥¤Ê¥É, ÎÉμ, ¨³¥Ö ·¥§Ê²ÓÉ ÉÒ ¸± ´¨·μ¢ ´¨Ö (dr(δX, δY )/dt)1,2, ³μ¦´μ ¢ÒÎ¨¸-
²¨ÉÓ ³´μ¦¨É¥²Ó (σ · ε), μ¶·¥¤¥²ÖÕÐ¨° ¶ · ³¥É·Ò ¸¢¥É¨³μ¸É¨ ¶·¨ ®²μ¡μ¢μ³¯ ¸Éμ²±´μ¢¥-
´¨¨ ¶ÊÎ±μ¢:

(
dR(0, 0)

dt

)
1,2

=

(∫∫
d(δX) d(δY )

(
dr(δX, δY )

dt

)
1,2

)
vdM

L1,2. (45)

�É¸Õ¤  ¸²¥¤Ê¥É, ÎÉμ ¶·¨ ´¥¨§³¥´´μ° ¸É·Ê±ÉÊ·¥ ¶ÊÎ±μ¢  ¡¸μ²ÕÉ´ Ö ¸¢¥É¨³μ¸ÉÓ (¤²Ö ¸Éμ²±-
´μ¢¥´¨Ö ¤¢ÊÌ ¡ ´Î¥°) · ¢´ 

L1,2 =
(

dR(0, 0)
dt

)
1,2

/ (∫∫
d(δX) d(δY )

(
dr(δX, δY )

dt

)
1,2

)
vdM

. (46)

�·¨ ¶·μ¢¥¤¥´¨¨ ¸± ´¨·μ¢ ´¨Ö ³μ¦´μ (¨ ´Ê¦´μ) ¨¸¶μ²Ó§μ¢ ÉÓ · §²¨Î´Ò¥ ¤¥É¥±Éμ·´Ò¥
¶μ¤¸¨¸É¥³Ò, ± ± ÔÉμ ¤¥² ¥É¸Ö ¢¸¥³¨ ±μ²² ¡μ· Í¨Ö³¨ ´  LHC [10Ä15]. �Éμ ¶μ§¢μ²Ö¥É
ÊÎ¥¸ÉÓ ¸¨¸É¥³ É¨Î¥¸±¨¥ ¶μ£·¥Ï´μ¸É¨ ¨ ¨³¥ÉÓ  ²ÓÉ¥·´ É¨¢´Ò¥ ¨¸ÉμÎ´¨±¨ ¨´Ëμ·³ Í¨¨ μ
¸¢¥É¨³μ¸É¨ ¢ ¸²ÊÎ ¥ ¸¡μÖ ± ±μ°-²¨¡μ ¤¥É¥±Éμ·´μ° ¶μ¤¸¨¸É¥³Ò, § ¤¥°¸É¢μ¢ ´´μ° ¢ ¨§-
³¥·¥´¨ÖÌ. Š·μ³¥ Éμ£μ, ¢ ·Ö¤¥ ¸²ÊÎ ¥¢ ¸¨£´ ²Ò ¸ · §²¨Î´ÒÌ ¶μ¤¸¨¸É¥³ ¤ ÕÉ ´¥ Éμ²Ó±μ
¸±μ·μ¸ÉÓ ¸Î¥É , ´μ ¨ ¤μ¶μ²´¨É¥²Ó´ÊÕ ¨´Ëμ·³ Í¨Õ μ ¢§ ¨³μ¤¥°¸É¢¨¨. � ¶·¨³¥·, ¨´-
Ëμ·³ Í¨Õ μ · ¸¶·¥¤¥²¥´¨¨ ¢¥·Ï¨´ ¢§ ¨³μ¤¥°¸É¢¨Ö ¨²¨ ¨´Ëμ·³ Í¨Õ μ ¢·¥³¥´¨ ³¥¦¤Ê
¸μ¸¥¤´¨³¨ ¸μ¡ÒÉ¨Ö³¨.

�¸É ´μ¢¨³¸Ö ´¥¸±μ²Ó±μ ¶μ¤·μ¡´¥¥ ´  μ¶·¥¤¥²¥´¨¨ ¶μ²μ¦¥´¨Ö ¢¥·Ï¨´Ò ¶·¨ ¶·μ¢¥¤¥-
´¨¨ ¸± ´  ¢ ´ ¤¥· Œ¥¥· . ‘²¥¤Ê¥É ¨³¥ÉÓ ¢ ¢¨¤Ê, ÎÉμ ¢ ¸²ÊÎ ¥, ±μ£¤  ÔËË¥±É Ëμ±Ê¸¨·μ¢±¨
´¥§´ Î¨É¥²¥´ (βIP � σz), · ¸¶·¥¤¥²¥´¨¥ ¢¥·Ï¨´ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢¤μ²Ó μ¸¨ ¸Éμ²±´μ¢¥´¨Ö
´¥ § ¢¨¸¨É μÉ · ¸¸ÉμÖ´¨Ö ³¥¦¤Ê μ¸Ö³¨ ¸É ²±¨¢ ÕÐ¨Ì¸Ö ¶ÊÎ±μ¢ ¢ ¶μ¶¥·¥Î´μ° ¶²μ¸±μ¸É¨
δX . �  NICA βIP = 35 ¸³,   σz = 60 ¸³ ¨ ¢²¨Ö´¨¥ Ëμ±Ê¸¨·μ¢±¨ ´  · ¸¶·¥¤¥²¥´¨¥ ¢¥·-
Ï¨´ ¢¤μ²Ó μ¸¨ Z § ¢¨¸¨É μÉ · ¸¸ÉμÖ´¨Ö ³¥¦¤Ê ¶ÊÎ± ³¨ ¢ ¶μ¶¥·¥Î´μ° ¶²μ¸±μ¸É¨. ’ ±μ¥
¢²¨Ö´¨¥ ¶μ± § ´μ ´  ·¨¸. 9.

�¡μ¡Ð¥´¨¥ ´  ¸²ÊÎ ° ¡μ²¥¥ μ¤´μ£μ ¡ ´Î  ¢ ± ¦¤μ³ ¨§ ±μ²¥Í Ö¢²Ö¥É¸Ö É·¨¢¨ ²Ó´Ò³:

L = 2N1N2Nb f

∫∫
dx dy

∫∫
du dξ p1(x, y, u − ξ) p2(x, y, u + ξ), (47)

£¤¥ Nb Å Î¨¸²μ ¡ ´Î¥° ¢ ± ¦¤μ³ ¨§ ±μ²¥Í.
�ÊÎ±¨ ¢ NICA ¶¥·¥¸¥± ÕÉ¸Ö ¶μ¤ ´Ê²¥¢Ò³ Ê£²μ³, ¶μÔÉμ³Ê μ¸μ¡¥´´μ¸É¨ ¸¢¥É¨³μ¸É¨

¤²Ö ´¥´Ê²¥¢ÒÌ Ê£²μ¢ ¶¥·¥¸¥Î¥´¨Ö ¢ · ¡μÉ¥ ´¥ μ¡¸Ê¦¤ ÕÉ¸Ö.
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�¨¸. 9. ”Ê´±Í¨Ö · ¸¶·¥¤¥²¥´¨Ö ¢¥·Ï¨´ ¢§ ¨³μ¤¥°¸É¢¨Ö ¤²Ö · §²¨Î´ÒÌ · ¸¸ÉμÖ´¨° δX ³¥¦¤Ê

¶ÊÎ± ³¨ ¶μ μ¸¨ X. „²Ö NICA ¶·¨´¨³ ²¨¸Ó ¸²¥¤ÊÕÐ¨¥ §´ Î¥´¨Ö ¶ · ³¥É·μ¢ ¶ÊÎ±μ¢: βIP = 35 ¸³;
σz = 60 ¸³; σx(0) = σy(0) = 0,21 ¸³. ‘É ´¤ ·É´Ò¥ μÉ±²μ´¥´¨Ö ¤²Ö · §²¨Î´ÒÌ μÉ´μ¸¨É¥²Ó´ÒÌ

¸³¥Ð¥´¨° · ¢´Ò δX = 0, σz,V = 28,9 ¸³, δX = 2σx(0), σz,V = 34,0 ¸³, δX = 3σx(0),

σz,V = 41,0 ¸³

‡ ¢¨¸¨³μ¸ÉÓ μÉ´μ¸¨É¥²Ó´μ° ¸¢¥É¨³μ¸É¨ μÉ · ¸¸ÉμÖ´¨Ö ³¥¦¤Ê ¶ÊÎ± ³¨ ¶μ μ¸¨ X ¶μ-
± § ´  ´  ·¨¸. 8. �ÉμÉ ·¨¸Ê´μ±, ¢ Î ¸É´μ¸É¨, ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´ ¨ ¤²Ö μÍ¥´±¨
¸±μ·μ¸É¨ ´ ¡μ·  ¸É É¨¸É¨±¨ ¶·¨ · §²¨Î´ÒÌ · ¸¸ÉμÖ´¨ÖÌ ³¥¦¤Ê ¶ÊÎ± ³¨ ¶μ ¨§³¥·¥´´μ°
¸±μ·μ¸É¨ ¸Î¥É  ¤²Ö ²μ¡μ¢μ£μ ¸Éμ²±´μ¢¥´¨Ö ¶ÊÎ±μ¢.

„…’…Š’��

�¥ ²¨§ Í¨Õ ¶·μÍ¥¤Ê·Ò ±μ´É·μ²Ö ¨ ¨§³¥·¥´¨Ö  ¡¸μ²ÕÉ´μ° ¸¢¥É¨³μ¸É¨ μ¡¸Ê¤¨³ ¤²Ö ¤¥-
É¥±É¨·ÊÕÐ¥° ¸¨¸É¥³Ò, ¶μ± § ´´μ° ´  ·¨¸. 10. ‘¨¸É¥³  ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ ¸Í¨´É¨²²ÖÍ¨μ´-
´ÒÌ ¤¥É¥±Éμ·μ¢ (Ê¸²μ¢´μ ²¥¢μ£μ ¨ ¶· ¢μ£μ), · ¸¶μ²μ¦¥´´ÒÌ ´  μ¤¨´ ±μ¢μ³ · ¸¸ÉμÖ´¨¨ L
¶μ · §´Ò¥ ¸Éμ·μ´Ò μÉ ÉμÎ±¨ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢¤μ²Ó μ¸¨ ¸Éμ²±´μ¢¥´¨Ö. Š ¦¤Ò° ¤¥É¥±Éμ·
¸μ¤¥·¦¨É É·¨ ¶²μ¸±μ¸É¨, ¸μ¸ÉμÖÐ¨¥ ¨§ Î¥ÉÒ·¥Ì ±μ´Í¥´É·¨Î¥¸±¨Ì ±μ²¥Í ¸ Í¥´É· ³¨ ´ 
μ¸¨ ¸Éμ²±´μ¢¥´¨Ö. Š ¦¤μ¥ ±μ²ÓÍμ · §¤¥²¥´μ ´  ¢μ¸¥³Ó ¸¥±Éμ·μ¢. �·¨ ´¥μ¡Ìμ¤¨³μ¸É¨
Î¨¸²μ ¸¥±Éμ·μ¢ ³μ¦¥É ¡ÒÉÓ Ê¢¥²¨Î¥´μ. ‘¥±Éμ·  ¤¥É¥±Éμ· , ¶·¨³Ò± ÕÐ¨¥ ¤·Ê£ ± ¤·Ê£Ê
¢¤μ²Ó μ¸¨ ¸Éμ²±´μ¢¥´¨Ö, ¢±²ÕÎ¥´Ò ´  ¸μ¢¶ ¤¥´¨Ö ¤²Ö ¶μ¤ ¢²¥´¨Ö ¸²ÊÎ °´ÒÌ μÉ¸Î¥Éμ¢.
�·¥¤¢ ·¨É¥²Ó´Ò¥ ¶ · ³¥É·Ò ¤¥É¥±Éμ·´μ° ¸¨¸É¥³Ò ¶·¨¢¥¤¥´Ò ¢ É ¡². 1.

�¨¸. 10. ‘Ì¥³  ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¤¥É¥±Éμ·  ¤²Ö ¨§³¥·¥´¨Ö ¸¢¥É¨³μ¸É¨. –¥´É· ²Ó´μ¥ μÉ¢¥·¸É¨¥

¸¤¥² ´μ ¤²Ö ¨μ´μ¶·μ¢μ¤ 
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’ ¡²¨Í  1. ƒ¥μ³¥É·¨Î¥¸±¨¥ ¶ · ³¥É·Ò ¤¥É¥±Éμ· 

�μ³¥· � ¸¸ÉμÖ´¨¥ �¥·¥±·Ò¢ ¥³ Ö �²μÐ ¤Ó, ’μ²Ð¨´ ,
±μ²ÓÍ  ¤μ IP, ¸³ μ¡² ¸ÉÓ, ¸³ ¸³2 ¸³

1 300 R1 = 7 � r � R2 = 11 S1 = 226,2 0,5
2 300 R3 = 11,3 � r � R4 = 15,3 S2 = 343,3 0,5
3 300 R5 = 15,6 � r � R6 = 19,6 S3 = 442,3 0,5
4 300 R7 = 19,9 � r � R8 = 24 S4 = 565,4 0,5

�¸É ´μ¢¨³¸Ö ¶μ¤·μ¡´¥¥ ´  ¶ · ³¥É· Ì ÔÉμ° ¸¨¸É¥³Ò.
1. ‘¨¸É¥³  Ö¢²Ö¥É¸Ö ³μ¡¨²Ó´μ° ¨ ±μ³¶ ±É´μ°,   ¨³¥´´μ:
Å Éμ²Ð¨´  ¸¡μ·±¨ ¨§ É·¥Ì ¶²μ¸±μ¸É¥° ´¥ ¶·¥¢ÒÏ ¥É 2,5 ¸³ (¸ ÊÎ¥Éμ³ ¶μ¤¤¥·¦¨¢ Õ-

Ð¨Ì ±μ´¸É·Ê±Í¨°);
Å ¶μ¶¥·¥Î´Ò° · §³¥· Ø � 25 ¸³ (¸ ÊÎ¥Éμ³ ¶μ¤¤¥·¦¨¢ ÕÐ¨Ì ±μ´¸É·Ê±Í¨°);
Å ³ ¸¸  É·¥Ì ¸μ¡· ´´ÒÌ ¶²μ¸±μ¸É¥° m � 3 ±£ (¸ ÊÎ¥Éμ³ ¶μ¤¤¥·¦¨¢ ÕÐ¨Ì ±μ´¸É-

·Ê±Í¨°);
Å ¨§-§  ³ ²ÒÌ £ ¡ ·¨Éμ¢ ¨ ¢¥¸  ¸¨¸É¥³  ³μ¦¥É · ¸¶μ² £ ÉÓ¸Ö  ¢Éμ´μ³´μ, ÎÉμ ¶μ§¢μ-

²Ö¥É ¢¥¸É¨ ´ ² ¤±Ê ¶ÊÎ±μ¢ ¡¥§ ¸³μ´É¨·μ¢ ´´ÒÌ ¤¥É¥±Éμ·μ¢.
2. ‘Í¨´É¨²²ÖÍ¨μ´´Ò¥ ¤¥É¥±Éμ·Ò ¨³¥ÕÉ ¢Ò¸μ±ÊÕ ÔËË¥±É¨¢´μ¸ÉÓ ¶·¨ ·¥£¨¸É· Í¨¨

§ ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ μ¡² ¸É¨ Ô´¥·£¨° NICA.
3. ‘Í¨´É¨²²ÖÍ¨μ´´Ò¥ ¸Î¥ÉÎ¨±¨ ¨³¥ÕÉ ¢Ò¸μ±μ¥ ¡Ò¸É·μ¤¥°¸É¢¨¥ (¤²¨É¥²Ó´μ¸ÉÓ ¸¨£-

´ ²  ¶μ μ¸´μ¢ ´¨Õ 10Ä15 ´¸, ¢·¥³Ö ´ · ¸É ´¨Ö Ë·μ´É  1Ä2 ´¸ [16]).
4. ‘Í¨´É¨²²ÖÍ¨μ´´Ò¥ ¤¥É¥±Éμ·Ò ¨³¥ÕÉ ´¥¶²μÌÊÕ · ¤¨ Í¨μ´´ÊÕ ¸Éμ°±μ¸ÉÓ, ÎÉμ ¶μ-

§¢μ²Ö¥É ¨¸¶μ²Ó§μ¢ ÉÓ ¨Ì ´  ¸ ³ÒÌ ´ Î ²Ó´ÒÌ ¸É ¤¨ÖÌ ´ ² ¤±¨ ¶ÊÎ± .
5. Š ± ¤μ¶μ²´¨É¥²Ó´ÊÕ ¢μ§³μ¦´μ¸ÉÓ ³μ¦´μ · ¸¸³ É·¨¢ ÉÓ ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö ¢·¥-

³¥´¨ ¶·μ²¥É , ÎÉμ ¶μ§¢μ²Ö¥É ¨³¥ÉÓ ¤μ¶μ²´¨É¥²Ó´ÊÕ μ¶Í¨Õ μ¶·¥¤¥²¥´¨Ö ¢¥·Ï¨´Ò ¢§ ¨-
³μ¤¥°¸É¢¨Ö.

�·¨¢¥¤¥³ μÍ¥´±¨ ¸±μ·μ¸É¨ ¸Î¥É  ¤²Ö pp- ¨ AuAu-¸Éμ²±´μ¢¥´¨° ¨ £· ´¨Î´ÒÌ Ô´¥·-
£¨° NICA.

� Î´¥³ ¸ pp-¸Éμ²±´μ¢¥´¨°. �·¥¤²μ¦¥´´ Ö ¸Ì¥³  ¤¥É¥±Éμ·  ¶μ¤Ìμ¤¨É ¤²Ö ·¥£¨¸É· -
Í¨¨ Ê¶·Ê£¨Ì pp-¸Éμ²±´μ¢¥´¨° ¢ μ¡² ¸É¨ Ê£²μ¢ · ¸¸¥Ö´¨Ö 0,023 � θ � 0,08 · ¤. �·¨
ÔÉμ³ ±μ´¸É·Ê±Í¨Ö ¤¥É¥±Éμ·´μ° ¸¨¸É¥³Ò É ±μ¢ , ÎÉμ ®²¥¢Ò°¯ ¨ ®¶· ¢Ò°¯ ¸Í¨´É¨²²ÖÍ¨-
μ´´Ò¥ ¤¥É¥±Éμ·Ò ³μ£ÊÉ ¡ÒÉÓ ¢±²ÕÎ¥´Ò ´  ¸μ¢¶ ¤¥´¨¥. �Éμ § ³¥É´μ Ê³¥´ÓÏ¨É ¢¥²¨Î¨´Ê
Ëμ´  μÉ · ¸¸¥Ö´¨Ö ´  μ¸É ÉμÎ´μ³ £ §¥, ¶· ±É¨Î¥¸±¨ ´¥ Ê³¥´ÓÏ Ö ¸±μ·μ¸É¨ ¸Î¥É  Ê¶·Ê£¨Ì
¸Éμ²±´μ¢¥´¨°.

�·¨ μÍ¥´±¥ ¸±μ·μ¸É¨ ¸Î¥É  ¨¸Ìμ¤¨³ ¨§  ¶¶·μ±¸¨³ Í¨¨ ¸¥Î¥´¨Ö Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö
§ ¢¨¸¨³μ¸ÉÓÕ μÉ ±¢ ¤· É  ¶¥·¥¤ ´´μ£μ Î¥ÉÒ·¥Ì¨³¶Ê²Ó¸  [17Ä19]:

dσ

dT
= A exp (B T ), (48)

£¤¥ T Å ±¢ ¤· É ¶¥·¥¤ ´´μ£μ Î¥ÉÒ·¥Ì¨³¶Ê²Ó¸ . ‚ ±¨´¥³ É¨±¥ NICA μ´ · ¢¥´

T = (Pb − P ′)2 = −2p2
b(1 − cos (θ)) ∼= −p2

bθ
2. (49)

‡¤¥¸Ó pb μ¡μ§´ Î ¥É ¨³¶Ê²Ó¸ ¶ÊÎ±  ¨ ¤²Ö ¶·¥¤²μ¦¥´´μ° ¸Ì¥³Ò ·¥£¨¸É· Í¨¨ Ê£μ² · ¸¸¥-
Ö´¨Ö ³ ² (¸³. É ¡². 1). „²Ö Ô´¥·£¨° NICA B ∼= 10 ƒÔ‚−2 [17Ä19]. ‡´ Î¥´¨Ö ±¢ ¤· É 
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¶¥·¥¤ ´´μ£μ Î¥ÉÒ·¥Ì¨³¶Ê²Ó¸  ²¥¦ É ¢ ¨´É¥·¢ ²¥

−4p2
b � T � 0. (50)

ˆ§-§  ·¥§±μ£μ ¶ ¤¥´¨Ö ¸¥Î¥´¨Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ ¶¥·¥¤ ´´μ£μ ¨³¶Ê²Ó¸  ³μ¦´μ ¶·¨´ÖÉÓ
¸²¥¤ÊÕÐ¥¥ Ê¸²μ¢¨¥ ´μ·³¨·μ¢±¨:

0∫
−∞

dσ

dT
dT = σel, (51)

ÎÉμ ¤ ¥É
dσ

dT
= σel B exp (B T ). (52)

‚ μ¡² ¸É¨ Ô´¥·£¨° NICA Ê¶·Ê£μ¥ ¶·μÉμ´-¶·μÉμ´´μ¥ ¸¥Î¥´¨¥ · ¢´μ [17Ä19]

σel
∼= 10 ³¡. (53)

‚ É ¡². 2 ¶·¨¢¥¤¥´Ò Ê£²Ò ·¥£¨¸É· Í¨¨, ¨´É¥·¢ ²Ò ¶¥·¥¤ ´´ÒÌ ±¢ ¤· Éμ¢ Î¥ÉÒ·¥Ì¨³¶Ê-
²Ó¸μ¢ ¨ ¸±μ·μ¸ÉÓ ¸Î¥É  ¤²Ö ± ¦¤μ£μ ¨§ ±μ²¥Í.

’ ¡²¨Í  2. Š¨´¥³ É¨Î¥¸±¨¥ ¶ · ³¥É·Ò ¤¥É¥±Éμ· 

�μ³¥· “£²Ò, Š¢ ¤· É ¶¥·¥¤ ´´μ£μ dR/dt, ¸−1

±μ²ÓÍ  · ¤ Î¥ÉÒ·¥Ì¨³¶Ê²Ó¸ , ƒÔ‚2 (L = 1030 ¸³−2 · ¸−1)
√

spp = 8 ƒÔ‚

1 0,023 � θ � 0,037 −0,020 � T � −0,008 1 · 103

2 0,038 � θ � 0,051 −0,039 � T � −0,021 1,3 · 103

3 0,052 � θ � 0,065 −0,065 � T � −0,041 1,4 · 103

4 0,066 � θ � 0,080 −0,100 � T � −0,067 1,3 · 103

√
spp = 22 ƒÔ‚

1 0,023 � θ � 0,037 −0,161 � T � −0,065 3,2 · 103

2 0,038 � θ � 0,051 −0,312 � T � −0,170 1,4 · 103

3 0,052 � θ � 0,065 −0,512 � T � −0,325 320
4 0,066 � θ � 0,080 −0,769 � T � −0,528 46

ˆ§ É ¡². 2 ¨ ·¨¸. 8 ¸²¥¤Ê¥É, ÎÉμ ¶·¨ ¶·μ¢¥¤¥´¨¨ ¸± ´  ¢ ´ ¤¥· Œ¥¥·  ¤ ¦¥ ¶·¨ · ¸¸Éμ-
Ö´¨¨ ³¥¦¤Ê ¶ÊÎ± ³¨ ¢ ¶μ¶¥·¥Î´μ° ¶²μ¸±μ¸É¨ δX = 3σx(0) ¤μ¸É ÉμÎ´μ 1 ³¨´ ¤²Ö ´ ¡μ· 
¸É É¨¸É¨±¨ ¸ ÉμÎ´μ¸ÉÓÕ ´¥ ÌÊ¦¥ 0,2 %.

�¸É ´μ¢¨³¸Ö ´  μÍ¥´± Ì ¸±μ·μ¸É¨ ´ ¡μ·  ¸É É¨¸É¨±¨ ¤²Ö ¸Éμ²±´μ¢¥´¨° §μ²μÉμÄ
§μ²μÉμ (Au + Au). � ¤¨Ê¸ Ö¤·  §μ²μÉ  · ¢¥´

RAu = (r0 = 1,2 Ë³) (197)1/3 = 7 Ë³. (54)

ƒ¥μ³¥É·¨Î¥¸± Ö μÍ¥´±  ¸¥Î¥´¨Ö ¢§ ¨³μ¤¥°¸É¢¨Ö ¤ ¥É

σ(AuAu) = π(2RAu)2 = 616 Ë³2 = 6,16 · 10−24 ¸³2 = 6,16 ¡. (55)

„²Ö ¶·μ¥±É´μ° ¸¢¥É¨³μ¸É¨ ¤²Ö NICA LAuAu = 1 · 1027 ¸³−2 · ¸−1 Î¨¸²μ ¢§ ¨³μ¤¥°¸É¢¨°
¢ ¸¥±Ê´¤Ê · ¢´μ (

dR

dt

)
AuAu

= 6000 c−1. (56)
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‚ μ¡² ¸É¨ Ô´¥·£¨° NICA ¸¥Î¥´¨¥ ¢§ ¨³μ¤¥°¸É¢¨Ö σ(AuAu) μ¸É ¥É¸Ö ¶μ¸ÉμÖ´´Ò³. ‘μ-
£² ¸´μ ¤ ´´Ò³ ¶μ Ô´¥·£¨¨, μ¸É ¢²¥´´μ° ¸¶¥±É Éμ· ³¨, ¢ · ¡μÉ¥ [21] É·¥¡μ¢ ´¨¥ μ£· ´¨-
Î¥´¨Ö ´  ¶·¨Í¥²Ó´Ò¥ ¶ · ³¥É·Ò 2 � b � 12 Ë³ ¸μ 100%-° ¢¥·μÖÉ´μ¸ÉÓÕ μ§´ Î ¥É, ÎÉμ
¡Ê¤¥É § ·¥£¨¸É·¨·μ¢ ´μ ´¥ ³¥´¥¥ Î¥³ ¶μ μ¤´μ³Ê ¶·μÉμ´Ê ¢ ¶· ¢μ³ ¨ ²¥¢μ³ ¤¥É¥±Éμ· Ì.
’ ±μ¥ μ£· ´¨Î¥´¨¥ ´  ¶·¨Í¥²Ó´Ò¥ ¶ · ³¥É·Ò μÉ¢¥Î ¥É ÔËË¥±É¨¢´μ³Ê ¸¥Î¥´¨Õ:

σ(AuAu; 2 � b � 12 Ë³) = σ(AuAu)
(

12
14

)2
(

1 −
(

2
12

)2
)

= 4,4 ¡. (57)

�É¸Õ¤  ¸²¥¤Ê¥É, ÎÉμ ¤²Ö ³ ±¸¨³ ²Ó´μ° ¸¢¥É¨³μ¸É¨ LAuAu = 1 · 1027 ¸³−2 · ¸−1 ¨ Ê¸²μ¢¨Ö
¶μÖ¢²¥´¨Ö ´¥ ³¥´ÓÏ¥ μ¤´μ° § ·Ö¦¥´´μ° Î ¸É¨ÍÒ ¢ ± ¦¤μ³ ¨§ ¶²¥Î ¤¥É¥±Éμ·  Î¨¸²μ
μÉ¸Î¥Éμ¢ ¢ ¸¥±Ê´¤Ê · ¢´μ(

dR

dt
(2 � b � 12 Ë³)

)
AuAu

� 4400 ¸−1. (58)

’ ±¨³ μ¡· §μ³, ¶·¨ ³ ±¸¨³ ²Ó´μ° ¸¢¥É¨³μ¸É¨ ¸±μ·μ¸ÉÓ ´ ¡μ·  ¸É É¨¸É¨±¨ §  1 ¸ ¤²Ö
AuAu-¸Éμ²±´μ¢¥´¨° ¶μ§¢μ²Ö¥É ±μ´É·μ²¨·μ¢ ÉÓ ¸¢¥É¨³μ¸ÉÓ ¸ ÉμÎ´μ¸ÉÓÕ ´¥ ÌÊ¦¥ 2%.

‡�Š‹�—…�ˆ…

�¥·¥Î¨¸²¨³ μ¸´μ¢´Ò¥ ·¥§Ê²ÓÉ ÉÒ · ¡μÉÒ:
1. �·¥¤²μ¦¥´ ¤¥É¥±Éμ·,   É ±¦¥  ²£μ·¨É³ ¨§³¥·¥´¨Ö  ¡¸μ²ÕÉ´μ° ¸¢¥É¨³μ¸É¨ ´  NICA.
2. �μ± § ´μ, ÎÉμ ¶·¨ ¶² ´¨·Ê¥³μ° ¸¢¥É¨³μ¸É¨ É ±μ° ¤¥É¥±Éμ· ¶μ§¢μ²Ö¥É ¨§³¥·ÖÉÓ

 ¡¸μ²ÕÉ´ÊÕ ¸¢¥É¨³μ¸ÉÓ ¸ ¶·μÍ¥´É´μ° ÉμÎ´μ¸ÉÓÕ §  ¢·¥³¥´  ¶μ·Ö¤±  1 ³¨´ ± ± ¤²Ö pp-,
É ± ¨ ¤²Ö AuAu-¸Éμ²±´μ¢¥´¨° ¢μ ¢¸¥³ ¨´É¥·¢ ²¥ Ô´¥·£¨° NICA.

3. �·¥¤²μ¦¥´´Ò° ¤¥É¥±Éμ· Ö¢²Ö¥É¸Ö ±μ³¶ ±É´Ò³ ¨ ³μ¦¥É ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö  ¢Éμ´μ³´μ,
´  ¸É ¤¨¨ ´ ² ¤±¨ ¸¢¥¤¥´¨Ö ¶ÊÎ±μ¢.

� ¡μÉ  Î ¸É¨Î´μ (�.Š.) ¶μ¤¤¥·¦ ´  £· ´Éμ³ �””ˆ/CNRS 18-52-15007.

‘�ˆ‘�Š ‹ˆ’…��’“�›

1. Grafstréoma P., Kozanecki W. // Prog. Part. Nucl. Phys. 2015. V. 81. P. 97Ä148.

2. Litvinenko A.G. // EPJ Web Conf. 2019. V. 204. P. 05004.

3. � Ï±μ¢ �. ’. �¸´μ¢Ò É¥μ·¨¨ ¶·μÉμ´´μ£μ ¸¨´Ì·μÉ·μ´ . ˆ”‚� 99-42, �“-“70. �·μÉ¢¨´μ, 1999.

4. Liu C., Hulsart R., Marusic A., Minty M., Michnoff R., Thieberger P. // EPJ Web Conf. 2013.
V. 204; Precision Tune, Phase and Beta Function Measurement by Frequency Analysis in RHIC //
Proc. of IPAC2013. Shanghai, 2013; http://accelconf.web.cern.ch/accelconf/ipac2013/.

5. http://nica.jinr.ru/docs/TDR spec Fin0 for site short.pdf

6. van der Meer S. CERN-ISR-PO-68-31. 1968.

7. Baltz A. J., Chasman C., White S. N. // Nucl. Instr. Meth. A. 1998. V. 417. P. 1.

8. Adler C. et al. // Nucl. Instr. Meth. A. 2001. V. 470. P. 480.

9. Drees A. Analysis of Vernier Scans during RHIC Run-13 (pp at 255 GeV/beam).

10. BNL-102438-2013-IR, C-A/AP/488. 2013.



ˆ§³¥·¥´¨¥ ¨ ±μ´É·μ²Ó ¸¢¥É¨³μ¸É¨ ´  NICA 551

11. ALICE Collab. ALICE Luminosity Determination for pp Collisions at
√

s = 13 TeV. ALICE-
PUBLIC-2016-002.

12. ATLAS Collab. Luminosity Determination in pp Collisions at
√

s = 7 TeV Using the ATLAS
Detector at the LHC // Eur. Phys. J. C. 2011. V. 71. P. 1630.

13. ATLAS Collab. Luminosity Determination in pp Collisions at
√

s = 8 TeV Using the ATLAS
Detector at the LHC // Eur. Phys. J. C. 2016. V. 76. P. 653.

14. https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults

15. ALICE Collab. // Phys. Rev. Lett. 2012. V. 109. P. 252302.

16. • ·¦¥¥¢ �. �. ‘Í¨´É¨²²ÖÍ¨μ´´Ò¥ ¸Î¥ÉÎ¨±¨ ¢ ¸μ¢·¥³¥´´ÒÌ Ô±¸¶¥·¨³¥´É Ì ¶μ Ë¨§¨±¥ ¢Ò¸μ±¨Ì
Ô´¥·£¨° // �—�Ÿ. 2015. ’. 46, ¢Ò¶. 4. C. 1226.

17. „·¥³¨´ ˆ.Œ. “¶·Ê£μ¥ · ¸¸¥Ö´¨¥  ¤·μ´μ¢ // “”�. 2013. T. 183, º1. ‘. 3.

18. Okorokov V. A. arXiv:0811.0895v2 [hep-ph].

19. Okorokov V. A. arXiv:0907.0951v2 [hep-ph].

20. http://pdg.lbl.gov/2018/reviews/rpp2018-rev-cross-section-plots.pdf

21. Golubeva M. B. et al. // Phys. Atom. Nucl. 2013. V. 76, No. 1. P. 1.

�μ²ÊÎ¥´μ 20 ¨Õ´Ö 2019 £.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


