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�·¥¤²μ¦¥´ ´μ¢Ò° ³¥Éμ¤ ¸Ï¨¢ ´¨Ö · ¸Î¥Éμ¢ ¢ ²¨¤¨·ÊÕÐ¥³ ¶·¨¡²¨¦¥´¨¨ ¶μ¤Ìμ¤ 
kT -Ë ±Éμ·¨§ Í¨¨ ¸ ¢±² ¤ ³¨ ¸É ·Ï¨Ì ¶μ·Ö¤±μ¢ É¥μ·¨¨ ¢μ§³ÊÐ¥´¨°, μ¡Ê¸²μ¢²¥´´Ò³¨
Ô³¨¸¸¨¥° ¤μ¶μ²´¨É¥²Ó´ÒÌ ¦¥¸É±¨Ì ¶ ·Éμ´μ¢. ‚ · ³± Ì ÔÉμ£μ ³¥Éμ¤  · ¸¸³ É·¨¢ -
ÕÉ¸Ö  §¨³ÊÉ ²Ó´Ò¥ ±μ··¥²ÖÍ¨¨ ³¥¦¤Ê ²¨¤¨·ÊÕÐ¥° ¨ ¸Ê¡²¨¤¨·ÊÕÐ¥° ¸É·ÊÖ³¨ ¢ ³´μ-
£μ¸É·Ê°´μ³ ¸μ¡ÒÉ¨¨. ‚ÒÎ¨¸²¥´¨Ö ¶·μ¢μ¤ÖÉ¸Ö ¢ ¶μ¤Ìμ¤¥ ·¥¤¦¥§ Í¨¨ ¶ ·Éμ´μ¢, ±μÉμ-
·Ò° μ¸´μ¢ ´ ´  kT -Ë ±Éμ·¨§ Í¨¨ ¦¥¸É±¨Ì ¶·μÍ¥¸¸μ¢ ¢ ³Ê²ÓÉ¨·¥¤¦¥¢¸±μ° ±¨´¥³ -
É¨±¥, ³μ¤¥²¨ Š¨³¡¥· ÄŒ ·É¨´ Ä�Ò¸±¨´  ¤²Ö ´¥¨´É¥£·¨·μ¢ ´´ÒÌ ¶ ·Éμ´´ÒÌ ËÊ´±-
Í¨° · ¸¶·¥¤¥²¥´¨Ö ¨ ÔËË¥±É¨¢´μ° É¥μ·¨¨ ¶μ²Ö ·¥¤¦¥§μ¢ ´´ÒÌ £²Õμ´μ¢ ¨ ±¢ ·±μ¢,
¶·¥¤²μ¦¥´´μ° ‹.�. ‹¨¶ Éμ¢Ò³. ’¥μ·¥É¨Î¥¸±¨¥ ¶·¥¤¸± § ´¨Ö ¸· ¢´¨¢ ÕÉ¸Ö ¸ ¤ ´´Ò³¨
±μ²² ¡μ· Í¨¨ CMS, ¶μ²ÊÎ¥´´Ò³¨ ´  	μ²ÓÏμ³  ¤·μ´´μ³ ±μ²² °¤¥·¥ ¶·¨ Ô´¥·£¨¨√

S = 13 ’Ô‚.

A new method for matching of calculations in the leading approximation in the kT -
factorization approach with higher order contributions due to the emission of additional
hard partons is proposed. Within the framework of the proposed method, azimuthal
correlations between the leading and subleading jets in multi-jet events are considered. The
calculations are carried out in the parton Reggeization approach (PRA), which is based on
kT -factorization of hard processes in multi-Regge kinematics, the KimberÄMartinÄRyskin
model for non-integrated parton distribution functions (nPDF) and effective ˇeld theory
of Reggeized gluons and quarks, proposed by L. N. Lipatov. Theoretical predictions are
compared with CMS collaboration data at the Large Hadron Collider at energy

√
S =

13 TeV.
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ˆ´±²Õ§¨¢´Ò¥ ¶·μÍ¥¸¸Ò ¦¥¸É±μ£μ ·μ¦¤¥´¨Ö ´¥¸±μ²Ó±¨Ì ¸É·Ê° ¸ ¡μ²Ó-
Ï¨³¨ ¶μ¶¥·¥Î´Ò³¨ ¨³¶Ê²Ó¸ ³¨ (μ¡ÒÎ´μ pT � 100 ƒÔ‚) ¨´É¥´¸¨¢´μ ¨¸¸²¥-
¤ÊÕÉ¸Ö ¢ Ô±¸¶¥·¨³¥´É Ì ´  	μ²ÓÏμ³  ¤·μ´´μ³ ±μ²² °¤¥·¥ ±μ²² ¡μ· Í¨Ö³¨
CMS [1, 2] ¨ ATLAS [3] ¶·¨ Ô´¥·£¨ÖÌ 7 ¨ 13 ’Ô‚. �¸μ¡Ò° ¨´É¥·¥¸ ¢ ÔÉ¨Ì
Ô±¸¶¥·¨³¥´É Ì ¶·¥¤¸É ¢²Ö¥É ¨§ÊÎ¥´¨¥  §¨³ÊÉ ²Ó´ÒÌ ±μ··¥²ÖÍ¨° (¸¶¥±É·μ¢
¶μ · §´μ¸É¨  §¨³ÊÉ ²Ó´ÒÌ Ê£²μ¢) ³¥¦¤Ê ¤¢Ê³Ö ¸ ³Ò³¨ Ô´¥·£¨Î´Ò³¨ ¸É·ÊÖ-
³¨ Å ²¨¤¨·ÊÕÐ¥° ¨ ¸Ê¡²¨¤¨·ÊÕÐ¥°. �§¨³ÊÉ ²Ó´Ò¥ ±μ··¥²ÖÍ¨¨ μÎ¥´Ó ÎÊ¢-
¸É¢¨É¥²Ó´Ò ± ¢±² ¤ ³ ¸É ·Ï¨Ì ¶μ·Ö¤±μ¢ É¥μ·¨¨ ¢μ§³ÊÐ¥´¨° ±¢ ´Éμ¢μ° Ì·μ-
³μ¤¨´ ³¨±¨ (Š•„), ¢ ¶¥·¢ÊÕ μÎ¥·¥¤Ó Å ± Ô³¨¸¸¨¨ ¤μ¶μ²´¨É¥²Ó´ÒÌ ¶ ·Éμ´μ¢
¸ ¡μ²ÓÏ¨³¨ ¶μ¶¥·¥Î´Ò³¨ ¨³¶Ê²Ó¸ ³¨. �É±²μ´¥´¨¥ μÉ μ¸´μ¢´μ° ±μ´Ë¨£Ê· -
Í¨¨, ±μ£¤  ²¨¤¨·ÊÕÐ¨¥ ¸É·Ê¨ ·μ¦¤ ÕÉ¸Ö ¢ ¶·μÉ¨¢μ¶μ²μ¦´ÒÌ ´ ¶· ¢²¥´¨ÖÌ
¢  §¨³ÊÉ ²Ó´μ° ¶²μ¸±μ¸É¨ (Δφ = π), ³μ¦¥É ¡ÒÉÓ ¸¨£´ ²μ³ ± ± μ ¤μ¶μ²-
´¨É¥²Ó´μ° ¦¥¸É±μ° Ô³¨¸¸¨¨, É ± ¨ μ ¶·μÖ¢²¥´¨¨ ÔËË¥±Éμ¢, § ¢¨¸ÖÐ¨Ì μÉ
¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸ , Š•„-Ô¢μ²ÕÍ¨¨ ¶ ·Éμ´´ÒÌ ËÊ´±Í¨° · ¸¶·¥¤¥²¥´¨Ö
(�”�) ¶·μÍ¥¸¸μ¢ ¦¥¸É±μ£μ · ¸¸¥Ö´¨Ö. ‚ ±μ²²¨´¥ ·´μ° ¶ ·Éμ´´μ° ³μ¤¥²¨
(Š�Œ), ¢ ±μÉμ·μ° ´ Î ²Ó´Ò¥ ¶ ·Éμ´Ò ´ Ìμ¤ÖÉ¸Ö ´  ³ ¸¸μ¢μ° ¶μ¢¥·Ì´μ¸É¨ ¨
´¥ ¨³¥ÕÉ ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸ , ¢ Ë¨±¸¨·μ¢ ´´μ³ ¶μ·Ö¤±¥ É¥μ·¨¨ ¢μ§³ÊÐ¥-
´¨° Š•„ ´¥¢μ§³μ¦´μ μ¶¨¸ ÉÓ ±μ··¥²ÖÍ¨¨ ¶μ · §´μ¸É¨  §¨³ÊÉ ²Ó´ÒÌ Ê£²μ¢
²¨¤¨·ÊÕÐ¨Ì ¸É·Ê° Δφ ¤ ¦¥ ¢ μ¡² ¸É¨ §´ Î¥´¨°, ¡²¨§±¨Ì ± π. —Éμ¡Ò μ¶¨-
¸ ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¢ · ³± Ì Š�Œ, ¶·¨Ìμ¤¨É¸Ö ÊÎ¨ÉÒ¢ ÉÓ (´¥-
Ë ±Éμ·¨§μ¢ ´´Ò¥) ¢±² ¤Ò ¸É·Ê° ¨§ ¶ ·Éμ´´ÒÌ ²¨¢´¥° ¢ ´ Î ²Ó´μ³ ¸μ¸ÉμÖ-
´¨¨ [4Ä6]. � ·Éμ´´Ò¥ ²¨¢´¨ £¥´¥·¨·ÊÕÉ ¶μ¶¥·¥Î´Ò¥ ¨³¶Ê²Ó¸Ò ´ Î ²Ó´ÒÌ
¶ ·Éμ´μ¢ ¨ ¨§²ÊÎ¥´¨¥ ¤μ¶μ²´¨É¥²Ó´ÒÌ ¦¥¸É±¨Ì ¶ ·Éμ´μ¢, ÎÉμ ¨ ¶·¨¢μ¤¨É ±
¤¥±μ··¥²ÖÍ¨¨ ¶μ  §¨³ÊÉ ²Ó´μ³Ê Ê£²Ê ³¥¦¤Ê ²¨¤¨·ÊÕÐ¨³¨ ¸É·ÊÖ³¨. ‘μ£² -
¸¨¥ ¸ ¤ ´´Ò³¨ ¤²Ö ¸¶¥±É·μ¢ ¶μ Δφ ¤μ¸É¨£ ¥É¸Ö ¶·¨ ¢ÒÎ¨¸²¥´¨ÖÌ ¢ · ³± Ì
³μ´É¥-± ·²μ-£¥´¥· Éμ·μ¢ ¸μ¡ÒÉ¨°, ±μÉμ·Ò¥ ¸μÎ¥É ÕÉ · ¸Î¥ÉÒ ¦¥¸É±μ°  ³-
¶²¨ÉÊ¤Ò ¢ ¸²¥¤ÊÕÐ¥³ §  ²¨¤¨·ÊÕÐ¨³ ¶·¨¡²¨¦¥´¨¨ ¶μ ±μ´¸É ´É¥ ¸¨²Ó´μ£μ
¢§ ¨³μ¤¥°¸É¢¨Ö ¨ É¥Ì´¨±Ê · ¸Î¥É  ¶ ·Éμ´´ÒÌ ²¨¢´¥°, ± ± ÔÉμ ¶μ± § ´μ ¢
· ¡μÉ Ì [7Ä9].

‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ¶μ¶¥·¥Î´Ò° ¨³¶Ê²Ó¸ Ê ´ Î ²Ó´ÒÌ ¶ ·Éμ´μ¢ ¥¸É¥¸É¢¥´-
´Ò³ μ¡· §μ³ ¢μ§´¨± ¥É ¢ ¶μ¤Ìμ¤¥ Ë ±Éμ·¨§ Í¨¨ ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ ¨²¨
kT -Ë ±Éμ·¨§ Í¨¨ [10Ä12], ±μ£¤  Ë ±Éμ·¨§ÊÕÉ¸Ö § ¢¨¸ÖÐ¨¥ μÉ ¶μ¶¥·¥Î´μ£μ
¨³¶Ê²Ó¸  ´¥¨´É¥£·¨·μ¢ ´´Ò¥ �”� (´�”�) ¨ § ¢¨¸ÖÐ¨¥ μÉ ¢¨·ÉÊ ²Ó´μ¸É¨
¶ ·Éμ´μ¢ ¦¥¸É±¨¥ ±μÔËË¨Í¨¥´ÉÒ. �¸´μ¢ ´¨¥³ ¤²Ö É ±μ° Ë ±Éμ·¨§ Í¨¨ ¸²Ê-
¦¨É ¸¢μ°¸É¢μ ·¥¤¦¥§ Í¨¨ ¶ ·Éμ´´ÒÌ  ³¶²¨ÉÊ¤ [13Ä15] ¢ É ± ´ §Ò¢ ¥³μ³ ·¥¤-
¦¥¢¸±μ³ ¶·¥¤¥²¥ Š•„. �¡Ð Ö ¸Ì¥³  ¶μ¤Ìμ¤  ·¥¤¦¥§ Í¨¨ ¶ ·Éμ´μ¢ (���)
¶·¥¤¸É ¢²¥´  ¢ ´ Ï¥° · ¡μÉ¥ [16], ¢ ±μÉμ·μ° ¤ ´´Ò° ¶μ¤Ìμ¤ ¶·¨³¥´¥´ ¤²Ö
μ¶¨¸ ´¨Ö Ê£²μ¢ÒÌ ±μ··¥²ÖÍ¨° ¢ ¶·μÍ¥¸¸ Ì ·μ¦¤¥´¨Ö ¶ · B-³¥§μ´μ¢. ‚¶¥·¢Ò¥
¶μ¤Ìμ¤ ��� ¡Ò² ¶·¨³¥´¥´ ¤²Ö μ¶¨¸ ´¨Ö ¸¶¥±É·μ¢ ¶μ · §´μ¸É¨  §¨³ÊÉ ²Ó´ÒÌ
Ê£²μ¢ ²¨¤¨·ÊÕÐ¨Ì ¸É·Ê° ¢ · ¡μÉ¥ [17]. 	Ò²μ ¶μ± § ´μ, ÎÉμ Δφ-¸¶¥±É· ¤²Ö
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·μ¦¤¥´¨Ö ¢ ÉμÎ´μ¸É¨ ¤¢ÊÌ ¸É·Ê° ¸ pT > 100 ƒÔ‚ ¢ Í¥´É· ²Ó´μ° μ¡² ¸É¨ ¶μ
¡Ò¸É·μÉ¥ ³μ¦¥É ¡ÒÉÓ μ¶¨¸ ´ ¤μ¸É ÉμÎ´μ Ìμ·μÏμ, ´μ ¤ ´´Ò¥ ±μ²² ¡μ· Í¨°
CMS ¨ ATLAS [1,3] ¤²Ö ¸μ¡ÒÉ¨° ¸ ¡μ²¥¥ Î¥³ ¤¢Ê³Ö ¦¥¸É±¨³¨ ¸É·ÊÖ³¨ ¢ Í¥´-
É· ²Ó´μ° μ¡² ¸É¨ ²¥¦ É ¢ÒÏ¥ ´ Ï¨Ì É¥μ·¥É¨Î¥¸±¨Ì ¶·¥¤¸± § ´¨°. �μÌμ¦¨¥
·¥§Ê²ÓÉ ÉÒ ¡Ò²¨ ´¥¤ ¢´μ ¶μ²ÊÎ¥´Ò ¢ · ¡μÉ¥ [18], ¢ ±μÉμ·μ° ¨¸¶μ²Ó§μ¢ ²¸Ö
³μ´É¥-± ·²μ-£¥´¥· Éμ· KaTie [19] ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö ¦¥¸É±¨Ì ¶·μÍ¥¸¸μ¢ ¸
¢´¥³ ¸¸μ¢Ò³¨ ´ Î ²Ó´Ò³¨ ¶ ·Éμ´ ³¨. „²Ö μ¶¨¸ ´¨Ö ¤ ´´ÒÌ ¶μ Δφ-¸¶¥±É· ³
¢ ³´μ£μ¸É·Ê°´ÒÌ ¸μ¡ÒÉ¨ÖÌ (n � 2)  ¢Éμ·Ò · ¡μÉÒ [18] ¨¸¶μ²Ó§μ¢ ²¨ ¶μ¤Ìμ¤,
¢ ±μÉμ·μ³ ¸Ï¨¢ ²¨¸Ó · ¸Î¥ÉÒ ¦¥¸É±μ°  ³¶²¨ÉÊ¤Ò ¨ ·¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ -
´¨Ö ¶ ·Éμ´´μ£μ ± ¸± ¤  ¤²Ö ¢´¥³ ¸¸μ¢ÒÌ ¶ ·Éμ´μ¢, · ¸¸Î¨É ´´μ£μ ¢ · ³± Ì
³μ´É¥-± ·²μ-£¥´¥· Éμ·  CASCADE [20].

‚ ¤ ´´μ° · ¡μÉ¥ ³Ò ¶·¥¤² £ ¥³ ´μ¢Ò° ³¥Éμ¤ ¸ ³μ¸μ£² ¸μ¢ ´´μ£μ · ¸-
Î¥É  ¢ ²¨¤¨·ÊÕÐ¥³ ¶·¨¡²¨¦¥´¨¨ kT -Ë ±Éμ·¨§ Í¨¨ ¸ ÊÎ¥Éμ³ ¢±² ¤  ¸É ·Ï¨Ì
¶μ·Ö¤±μ¢ ¶μ ±μ´¸É ´É¥ ¸¨²Ó´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö, ¸¢Ö§ ´´ÒÌ ¸ ¨¸¶Ê¸± ´¨¥³
¦¥¸É±¨Ì ¤μ¶μ²´¨É¥²Ó´ÒÌ ¶ ·Éμ´μ¢. ‚ · ³± Ì ��� ³Ò ¨§ÊÎ ¥³  §¨³ÊÉ ²Ó´Ò¥
±μ··¥²ÖÍ¨¨ ³¥¦¤Ê ²¨¤¨·ÊÕÐ¥° ¨ ¸Ê¡²¨¤¨·ÊÕÐ¥° ¸É·ÊÖ³¨ ¢ ¶·μÍ¥¸¸ Ì ·μ-
¦¤¥´¨Ö ¡μ²¥¥ Î¥³ ¤¢ÊÌ, É·¥Ì ¨²¨ Î¥ÉÒ·¥Ì ¸É·Ê° ¸ ¡μ²ÓÏ¨³¨ ¶μ¶¥·¥Î´Ò³¨
¨³¶Ê²Ó¸ ³¨. ‚μ¶·¥±¨ ¢Ò¢μ¤ ³ · ¡μÉÒ [18] ³Ò ¶μ²ÊÎ¨²¨ Ìμ·μÏ¥¥ μ¶¨¸ ´¨¥
¤ ´´ÒÌ ±μ²² ¡μ· Í¨¨ CMS, ¶μ²ÊÎ¥´´ÒÌ ¶·¨ Ô´¥·£¨¨

√
S = 13 ’Ô‚ [2] ¤²Ö

 §¨³ÊÉ ²Ó´ÒÌ ±μ··¥²ÖÍ¨° ³¥¦¤Ê ²¨¤¨·ÊÕÐ¥° ¨ ¸Ê¡²¨¤¨·ÊÕÐ¥° ¸É·ÊÖ³¨ ¡¥§
ÊÎ¥É  ¢±² ¤  μÉ ÔËË¥±Éμ¢ ¶ ·Éμ´´ÒÌ ± ¸± ¤μ¢.

1. ��„•�„ �…„†…‡�–ˆˆ ���’���‚
‘ “—…’�Œ „���‹�ˆ’…‹œ�›• †…‘’Šˆ• ˆ‡‹“—…�ˆ‰

�μ¤Ìμ¤ ·¥¤¦¥§ Í¨¨ ¶ ·Éμ´μ¢ μ¸´μ¢ ´ ´  Ë ±Éμ·¨§ Í¨¨ ¶·¨ ¢Ò¸μ±¨Ì
Ô´¥·£¨ÖÌ ¢ ³Ê²ÓÉ¨·¥¤¦¥¢¸±μ° ±¨´¥³ É¨±¥, ³μ¤¥²¨ Š¨³¡¥· ÄŒ ·É¨´ Ä�Ò¸-
±¨´  (ŠŒ�) ¤²Ö ´�”� [21] ¨ ÔËË¥±É¨¢´μ° ´¥ ¡¥²¥¢μ° ±¢ ´Éμ¢μ° É¥μ·¨¨ ¶μ²Ö
‹.�. ‹¨¶ Éμ¢  ·¥¤¦¥§μ¢ ´´ÒÌ £²Õμ´μ¢ [22] ¨ ·¥¤¦¥§μ¢ ´´ÒÌ ±¢ ·±μ¢ [23],
¡² £μ¤ ·Ö ±μÉμ·μ° ¢´¥³ ¸¸μ¢Ò¥  ³¶²¨ÉÊ¤Ò ¦¥¸É±¨Ì ¶·μÍ¥¸¸μ¢ É· ±ÉÊÕÉ¸Ö
± ²¨¡·μ¢μÎ´μ-¨´¢ ·¨ ´É´Ò³ μ¡· §μ³.

” ±Éμ·¨§ Í¨μ´´ Ö Ëμ·³Ê²  ¢ ²¨¤¨·ÊÕÐ¥³ ¶·¨¡²¨¦¥´¨¨ ��� ¤²Ö Ê¸²μ¢-
´μ£μ ¦¥¸É±μ£μ ¶·μÍ¥¸¸  ·μ¦¤¥´¨Ö ¸μ¸ÉμÖ´¨Ö Y ¢ ¶·μÉμ´-¶·μÉμ´´μ³ ¸Éμ²±-
´μ¢¥´¨¨ p + p → Y + X ³μ¦¥É ¡ÒÉÓ § ¶¨¸ ´  ¢ kT -Ë ±Éμ·¨§μ¢ ´´μ³ ¢¨¤¥:

dσ =
∑
ij

∫
dX1

∫
dX2 Φi(x1,q2

1T , μ2)Φj(x2,q2
2T , μ2) dσ̂PRA

ij , (1)

£¤¥
∫

dXn =
1∫
0

(dxn)/xn

∫
(d2qnT )/π ¨ ¸Ê³³¨·μ¢ ´¨¥ ¨¤¥É ¶μ ¢¸¥³ ¢μ§³μ¦-

´Ò³ ¶¥·¥¸É ´μ¢± ³ ´ Î ²Ó´ÒÌ ¶ ·Éμ´μ¢,   ¤¨ËË¥·¥´Í¨ ²Ó´μ¥ ¸¥Î¥´¨¥ ¦¥¸É-
±μ£μ ¶·μÍ¥¸  σ̂PRA

ij ¶·μ¶μ·Í¨μ´ ²Ó´μ ±¢ ¤·¨·μ¢ ´´μ° ® ³¶²¨ÉÊ¤¥¯ ¶·μÍ¥¸¸ 
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|APRA(ij → Y)|2. �¥¸³μÉ·Ö ´  Éμ, ÎÉμ Î¥ÉÒ·¥Ì¨³¶Ê²Ó¸Ò (q1,2) ¶ ·Éμ´μ¢ ¢
´ Î ²Ó´μ³ ¸μ¸ÉμÖ´¨¨ ¢ ¦¥¸É±μ°  ³¶²¨ÉÊ¤¥ APRA ´ Ìμ¤ÖÉ¸Ö ¢´¥ ³ ¸¸μ¢μ° ¶μ-
¢¥·Ì´μ¸É¨ (q2

1,2 = −q2
1,2T = −t1,2 < 0), ¦¥¸É±¨¥  ³¶²¨ÉÊ¤Ò ¢ ��� Ö¢²ÖÕÉ¸Ö

± ²¨¡·μ¢μÎ´μ-¨´¢ ·¨ ´É´Ò³¨, É ± ± ± ´ Î ²Ó´Ò¥ ¶ ·Éμ´Ò É· ±ÉÊÕÉ¸Ö ± ±
·¥¤¦¥§μ¢ ´´Ò¥ ¶ ·Éμ´Ò (R Å ·¥¤¦¥§μ¢ ´´Ò° £²Õμ´, Q Å ·¥¤¦¥§μ¢ ´´Ò°
±¢ ·±) ¢ ÔËË¥±É¨¢´μ° É¥μ·¨¨ ¶μ²Ö ‹.�. ‹¨¶ Éμ¢  [22, 23]. ‚ ��� ´�”�
μ¶·¥¤¥²¥´Ò ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

Φi(x, t, μ2) =
Ti(t, μ2)

t

αs(t)
2π

×

×
∑

j=q,q̄,g

1∫
x

dz Pij(z)
x

z
fj

(x

z
, t

)
θ(1 − ΔKMR(t, μ2) − z), (2)

£¤¥ fj(x, μ2) Å ±μ²²¨´¥ ·´Ò¥ �”�, ÎÉμ Ëμ·³ ²Ó´μ ¸μ¢¶ ¤ ¥É ¸ ¶·¥¤²μ¦¥´-
´Ò³¨ · ´¥¥ ´�”� ¢ ³μ¤¥²¨ ŠŒ� [21]. Œμ¤¨Ë¨Í¨·μ¢ ´´μ¥ ³Ê²ÓÉ¨·¥¤¦¥¢-
¸±μ¥ ¶·¨¡²¨¦¥´¨¥, ´  ±μÉμ·μ³ μ¸´μ¢ ´Ò Ëμ·³Ê²Ò (1) ¨ (2) [16], Ìμ·μÏμ
 ¶¶·μ±¸¨³¨·Ê¥É ÉμÎ´Ò¥ ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ ¢ Š•„ Éμ²Ó±μ ¢ ¸²ÊÎ ¥ ´ -
²¨Î¨Ö Ê¶μ·Ö¤μÎ¨¢ ´¨Ö ¶μ ¡Ò¸É·μÉ¥ ¢ Ë §μ¢μ³ ¶·μ¸É· ´¸É¢¥. �Éμ Ê¸²μ¢¨¥
¶·¨¢μ¤¨É ± μ£· ´¨Î¥´¨Õ ´  μ¡² ¸ÉÓ ¨´É¥£·¨·μ¢ ´¨Ö ¶μ z ¢ (2), É ± ÎÉμ
z1,2 < 1 − ΔKMR(t1,2, μ

2), £¤¥ ΔKMR(t, μ2) =
√

t/(
√

μ2 +
√

t), ± ± ÔÉμ ¡Ò²μ
¶·¥¤²μ¦¥´μ · ´¥¥ ¢ · ¡μÉ¥ [21]. �·¨ ÔÉμ³ ¦¥¸É±¨° ³ ¸ÏÉ ¡ ¶·μÍ¥¸¸  ¢Ò-
¡¨· ¥É¸Ö μ¡ÒÎ´Ò³ μ¡· §μ³ Å ± ± ¶μ¶¥·¥Î´ Ö ³ ¸¸  ±μ´¥Î´μ£μ ¸μ¸ÉμÖ´¨Ö
μ2 ∼ M2

TY . Šμ²²¨´¥ ·´ Ö ¸¨´£Ê²Ö·´μ¸ÉÓ ¢ (2) ¶·¨ t1,2 → 0 ·¥£Ê²Ö·¨§Ê-
¥É¸Ö ¢¢¥¤¥´¨¥³ Ëμ·³Ë ±Éμ·  ‘Ê¤ ±μ¢  Ti(t, μ2), ±μÉμ·Ò° ¸Ê³³¨·Ê¥É ¤¢ ¦¤Ò
²μ£ ·¨Ë³¨Î¥¸±¨¥ ¶μ¶· ¢±¨ ∼ log2(t/μ2) ¢ ¶·¨¡²¨¦¥´¨¨ ²¨¤¨·ÊÕÐ¨Ì ²μ£ -
·¨Ë³μ¢ (¸³. [16]). ��� ¤ ¥É ¸É ¡¨²Ó´Ò¥ ¨ ¸ ³μ¸μ£² ¸μ¢ ´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¤²Ö
Ï¨·μ±μ£μ ±·Ê£  Ë¥´μ³¥´μ²μ£¨Î¥¸±¨Ì ¶·¨²μ¦¥´¨°, ¢ Éμ³ Î¨¸²¥ ¤²Ö μ¶¨¸ ´¨Ö
Ê£²μ¢ÒÌ ¤¢ÊÌ¸É·Ê°´ÒÌ ±μ··¥²ÖÍ¨° [17], bb̄-¶ · ¸É·Ê° [24], ¶ · μÎ ·μ¢ ´´ÒÌ
³¥§μ´μ¢ [25] ¨ BB̄-¶ · [26].

Š ± ¡Ò²μ ¶μ± § ´μ · ´¥¥ ¢ · ¡μÉ Ì [16] ¨ [27], ·¥¤¦¥§μ¢ ´´Ò¥  ³¶²¨-
ÉÊ¤Ò ���, ¶μ²ÊÎ¥´´Ò¥ ¶μ Ë¥°´³ ´μ¢¸±¨³ ¶· ¢¨² ³ ÔËË¥±É¨¢´μ° É¥μ·¨¨
‹.�. ‹¨¶ Éμ¢ , ¸μ¢¶ ¤ ÕÉ ¸ ¢´¥³ ¸¸μ¢Ò³¨  ³¶²¨ÉÊ¤ ³¨ ¨§ ¡¨¡²¨μÉ¥±¨  ³-
¶²¨ÉÊ¤ AVHLIB [28] ¨ ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¦¥¸±¨Ì ¶·μÍ¥¸¸μ¢ ¢ ³Ê²ÓÉ¨·¥¤-
¦¥¢¸±μ° ±¨´¥³ É¨±¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³μ´É¥-± ·²μ-£¥´¥· Éμ·  KaTie [19] ¸
´�”� ¢ ³μ¤¥²¨ ŠŒ� [21] ¸μ¢¶ ¤ ÕÉ ¸ · ¸Î¥É ³¨ ¢ ���.

Š ± ¸É ´¥É Ö¸´μ ¨§ ¶·¨¢¥¤¥´´ÒÌ ´¨¦¥ Î¨¸²¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢, ¤²Ö μ¶¨-
¸ ´¨Ö  §¨³ÊÉ ²Ó´ÒÌ ¤¥±μ··¥²ÖÍ¨° ¤¢ÊÌ ²¨¤¨·ÊÕÐ¨Ì ¸É·Ê° ¢μ ¢¸¥³ ¤¨ ¶ §μ´¥
Δφ ´¥μ¡Ìμ¤¨³μ ¶μ¸²¥¤μ¢ É¥²Ó´μ ¸Ï¨ÉÓ ¶·¥¤¸± § ´¨Ö ¢ ²¨¤¨·ÊÕÐ¥³ ¶μ·Ö¤±¥
¶μ αs ¸μ ¢±² ¤ ³¨, ¸μ¤¥·¦ Ð¨³¨ ¤μ¶μ²´¨É¥²Ó´Ò¥ ¦¥¸É±¨¥ Ô³¨¸¸¨¨. �·¥¤² -
£ ¥³ Ö ´ ³¨ ¶·μÍ¥¤Ê·  É ±μ° ¸Ï¨¢±¨ ¸μ¸Éμ¨É ¢ ¸²¥¤ÊÕÐ¥³.
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‚¢¥¤¥³ ¶·μ¨§¢μ²Ó´Ò° ³ ¸ÏÉ ¡ ¸Ï¨¢±¨ (matching scale ¢ ³μ´É¥-± ·²μ¢-
¸±μ° É¥·³¨´μ²μ£¨¨) Å pTM, ±μÉμ·Ò°, μ¤´ ±μ, ´¥ ³μ¦¥É ¡ÒÉÓ ¡μ²ÓÏ¥ ³¨-
´¨³ ²Ó´μ£μ μ¡·¥§ ´¨Ö ´  ¶μ¶¥·¥Î´Ò° ¨³¶Ê²Ó¸ ¤²Ö ¸Ê¡²¨¤¨·ÊÕÐ¥° ¸É·Ê¨ ¢
¤ ´´μ³ Ô±¸¶¥·¨³¥´É¥. ‚ ²¨¤¨·ÊÕÐ¥³ ¶·¨¡²¨¦¥´¨¨ ·μ¦¤¥´¨¥ ²¨¤¨·ÊÕÐ¥°
¨ ¸Ê¡²¨¤¨·ÊÕÐ¥° ¸É·Ê° μ¶¨¸Ò¢ ¥É¸Ö ¦¥¸É±¨³ ¶μ¤¶·μÍ¥¸¸μ³ 2 → 2 (O(α2

s)),
  ·μ¦¤¥´¨¥ ¢¸¥Ì μ¸É ²Ó´ÒÌ ¶ ·Éμ´μ¢ ¢ ¸μ¡ÒÉ¨¨ (¦¥¸É±¨Ì ¨ ³Ö£±¨Ì) Å Ô¢μ-
²ÕÍ¨¥° ´�”�, ¨ ³Ò ´ ±² ¤Ò¢ ¥³ ´  ¨Ì ¶μ¶¥·¥Î´Ò¥ ¨³¶Ê²Ó¸Ò kTi μ£· ´¨-
Î¥´¨¥ kTi < pTM. ‚ ³μ¤¥²¨ ŠŒ� (2) ÔÉμ μ£· ´¨Î¥´¨¥ ¸¢μ¤¨É¸Ö ± Ê¸²μ¢¨Õ√

t < pTM.
‚ ¸²¥¤ÊÕÐ¥³ ¶·¨¡²¨¦¥´¨¨ ¤μ¡ ¢²Ö¥³ ¦¥¸É±¨¥ ¶μ¤¶·μÍ¥¸¸Ò 2 → 3

(O(α3
s)). �·¨ · ¸Î¥É¥ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ¢±² ¤  ¢ ¸¥Î¥´¨¥ ¶μ-¶·¥¦´¥³Ê ´ -

²μ¦¥´μ Ê¸²μ¢¨¥
√

t1,2 < pTM, ¢ Éμ ¢·¥³Ö ± ± ¤²Ö É·¥ÉÓ¥£μ (¸²¥¤ÊÕÐ¥£μ § 
¸Ê¡²¨¤¨·ÊÕÐ¨³ ¶μ pT ) ¶ ·Éμ´  ¢ ¦¥¸É±μ³ ¶·μÍ¥¸¸¥ ³Ò É·¥¡Ê¥³ pT3 > pTM.
’ ±¨³ μ¡· §μ³, ¨¸±²ÕÎ ¥³ ¤¢μ°´μ° ¸Î¥É ¸ ²¨¤¨·ÊÕÐ¨³ ¶·¨¡²¨¦¥´¨¥³ (‹�),
É ± ± ± μ¡² ¸ÉÓ Ë §μ¢μ£μ ¶·μ¸É· ´¸É¢  ¸ pT ³¥¦¤Ê pT2 ¨ pTM ¢ ‹� ¶Ê¸É .
‚ ¸Ê¡²¨¤¨·ÊÕÐ¥³ ¶·¨¡²¨¦¥´¨¨ ±μ²²¨´¥ ·´Ò¥ ¸¨´£Ê²Ö·´μ¸É¨ ¢ ±μ´¥Î´μ³ ¸μ-
¸ÉμÖ´¨¨ ³μ£ÊÉ ¡ÒÉÓ ·¥£Ê²Ö·¨§μ¢ ´Ò Ê¸²μ¢¨¥³ μ¡·¥§ ´¨Ö R1,3 > R ¨ R2,3 > R

(£¤¥ Rij =
√

Δφ2
ij + Δy2

ij ), ±μÉμ·μ¥ £·Ê¡μ Ô±¢¨¢ ²¥´É´μ ÊÎ¥ÉÊ μ¶·¥¤¥²¥´¨Ö

¸É·Ê¨ ¢ kT - ²£μ·¨É³¥.
Š·μ³¥ Éμ£μ, ³Ò ÊÎ¨ÉÒ¢ ¥³ ¶·μÍ¥¸¸Ò 2 → 4 (O(α4

s)) ¸ Ê¸²μ¢¨Ö³¨
√

t1,2 <
pTM, pT3,4 > pTM ¨ R(1∨2),(3∨4) > R. Šμ²²¨´¥ ·´ Ö ¸¨´£Ê²Ö·´μ¸ÉÓ ³¥¦¤Ê
É·¥ÉÓ¥° ¨ Î¥É¢¥·Éμ° ¸É·ÊÖ³¨ ·¥£Ê²Ö·¨§μ¢ ´  ¶ÊÉ¥³ ¢¢¥¤¥´¨Ö ¸μμÉ¢¥É¸É¢ÊÕ-
Ð¥£μ Ëμ·³Ë ±Éμ·  ‘Ê¤ ±μ¢ .

‚ ¶·¨´Í¨¶¥, ·Ö¤ É¥μ·¨¨ ¢μ§³ÊÐ¥´¨° ³μ¦´μ ¶·μ¤μ²¦ ÉÓ ¨ ¤ ²ÓÏ¥, μ¤´ ±μ
· ¸Î¥É ¶·μÍ¥¸¸μ¢ 2 → 5 ¸ ¶ ·Éμ´ ³¨ ¢´¥ ³ ¸¸μ¢μ° ¶μ¢¥·Ì´μ¸É¨ ¢ ´ Î ²Ó´μ³
¸μ¸ÉμÖ´¨¨ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ´ Ìμ¤¨É¸Ö §  ¶·¥¤¥² ³¨ ¤μ¸ÉÊ¶´ÒÌ ´ ³ ¢ÒÎ¨¸-
²¨É¥²Ó´ÒÌ ³μÐ´μ¸É¥°.

2. ����›… �‡ˆŒ“’�‹œ�›… Š���…‹Ÿ–ˆˆ
‚ ��†„…�ˆˆ ‘’�“‰

�¥¤ ¢´μ ±μ²² ¡μ· Í¨Ö CMS [2] ´  	μ²ÓÏμ³  ¤·μ´´μ³ ±μ²² °¤¥·¥ ¶·¥¤-
¸É ¢¨²  Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¤²Ö  §¨³ÊÉ ²Ó´ÒÌ ±μ··¥²ÖÍ¨° ³¥¦¤Ê ¤¢Ê-
³Ö ²¨¤¨·ÊÕÐ¨³¨ ¸É·ÊÖ³¨ ¢ ¶·μÍ¥¸¸ Ì ·μ¦¤¥´¨Ö ¡μ²¥¥ Î¥³ ¤¢ÊÌ, É·¥Ì ¨²¨ Î¥-
ÉÒ·¥Ì ¸É·Ê° ¸ ¡μ²ÓÏ¨³¨ ¶μ¶¥·¥Î´Ò³¨ ¨³¶Ê²Ó¸ ³¨. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´-
´Ò¥ ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¢ ¶·μÉμ´-¶·μÉμ´´ÒÌ ¸Éμ²±´μ¢¥´¨ÖÌ ¶·¨ Ô´¥·£¨¨

√
S =

13 ’Ô‚ ¢ ¸. Í. ³. �¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¶·¥¤¸É ¢²¥´Ò ± ± ´μ·³¨·μ¢ ´´Ò¥
¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¸¥Î¥´¨Ö ¶μ · §´μ¸É¨  §¨³ÊÉ ²Ó´ÒÌ Ê£²μ¢ Δφ ³¥¦¤Ê ²¨-
¤¨·ÊÕÐ¨³¨ ¸É·ÊÖ³¨ ¸ ¶μ¶¥·¥Î´Ò³¨ ¨³¶Ê²Ó¸ ³¨ ²¨¤¨·ÊÕÐ¥° ¸É·Ê¨ pTL ¨§
· §²¨Î´ÒÌ ¨´É¥·¢ ²μ¢ pT,min < pTL < pT,max:

R(Δφ) =
1
σ

dσ

dΔφ
. (3)
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‚ Éμ ¦¥ ¢·¥³Ö ¢¸¥ ®´ ¡²Õ¤ ¥³Ò¥¯ ¸É·Ê¨ ¢ ¸μ¡ÒÉ¨ÖÌ ¤μ²¦´Ò ¨³¥ÉÓ ¶μ¶¥·¥Î-
´Ò¥ ¨³¶Ê²Ó¸Ò pT > 100 ƒÔ‚ ¨ ¡Ò¸É·μÉÒ ¢ ¨´É¥·¢ ²¥ |y| < 2,5. ˆ§³¥·¥´¨Ö
¢±²ÕÎ ²¨ ¨´É¥·¢ ²  §¨³ÊÉ ²Ó´ÒÌ Ê£²μ¢ π/2 < Δφ < π. ‘É·Ê¨ ·¥±μ´¸É·Ê¨·μ-
¢ ²¨¸Ó ³¥Éμ¤μ³  ´É¨-kT -±² ¸É¥·¨§ Í¨¨ [29] ¸ ±μ´Ê¸´Ò³ ¶ · ³¥É·μ³ R = 0,4
³¥¦¤Ê ¸É·ÊÖ³¨.

‚ · ¡μÉ¥ [2] ·¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ±μ²² ¡μ· Í¨¥° CMS, ¸· ¢´¨¢ ²¨¸Ó
¸ É¥μ·¥É¨Î¥¸±¨³¨ ¶·¥¤¸± § ´¨Ö³¨ ¶ÖÉ¨ · §²¨Î´ÒÌ ³μ´É¥-± ·²μ-£¥´¥· Éμ·μ¢.
	Ò²μ ¶μ± § ´μ, ÎÉμ ¢ÒÎ¨¸²¥´¨Ö ¢ ¸²¥¤ÊÕÐ¥³ §  ²¨¤¨·ÊÕÐ¨³ ¶μ·Ö¤±¥ ¶μ ±μ´-
¸É ´É¥ ¸¨²Ó´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ Š�Œ, ¸Ï¨ÉÒ¥ ¸ ¢±² ¤ ³¨ μÉ ¶ ·Éμ´´ÒÌ
± ¸± ¤μ¢ ¢ ³¥Éμ¤¥ MC@NLO [9], ¨´É¥£·¨·μ¢ ´´μ³ ¢ ³μ´É¥-± ·²μ-£¥´¥· Éμ·
HERWIG7 [7], ¤ ÕÉ Ìμ·μÏ¥¥ μ¶¨¸ ´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ. ’ ±¦¥
¡Ò²μ ¶μ± § ´μ, ÎÉμ  §¨³ÊÉ ²Ó´Ò¥ ±μ··¥²ÖÍ¨¨ Ö¢²ÖÕÉ¸Ö ÎÊ¢¸É¢¨É¥²Ó´Ò³¨ ±
¤¥É ²Ö³ ³μ¤¥²¨ ¶ ·Éμ´´ÒÌ ± ¸± ¤μ¢, ¶·μÍ¥¸¸Ê  ¤·μ´¨§ Í¨¨ ¨ ÔËË¥±É ³ ³´μ-
£μ¶ ·Éμ´´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö.

‚ ¶μ¤Ìμ¤¥ kT -Ë ±Éμ·¨§ Í¨¨  §¨³ÊÉ ²Ó´Ò¥ ±μ··¥²ÖÍ¨¨ ¢ ·μ¦¤¥´¨¨ ¸É·Ê°
¸ ¡μ²ÓÏ¨³¨ ¶μ¶¥·¥Î´Ò³¨ ¨³¶Ê²Ó¸ ³¨ ¢ ¸μ¡ÒÉ¨ÖÌ ¸ Î¨¸²μ³ ¦¥¸É±¨Ì ¸É·Ê°
¡μ²ÓÏ¥ ¤¢ÊÌ · ¸¸³ É·¨¢ ²¨¸Ó ¸ ´�”�, ¶μ²ÊÎ¥´´Ò³¨ ¢ ³¥Éμ¤¥ ¶ ·Éμ´´μ£μ
¢¥É¢²¥´¨Ö [18]. 	Ò²μ ¶μ± § ´μ, ÎÉμ · ¸Î¥ÉÒ ¢ ²¨¤¨·ÊÕÐ¥³ ¶μ·Ö¤±¥ ´¥ μ¶¨-
¸Ò¢ ÕÉ ¤ ´´Ò¥ ¤²Ö ´μ·³¨·μ¢ ´´ÒÌ ¸¶¥±É·μ¢ ¶μ Δφ ¢ ¨´É¥·¢ ²¥ ¶μ¶¥·¥Î-
´ÒÌ ¨³¶Ê²Ó¸μ¢ ²¨¤¨·ÊÕÐ¥° ¸É·Ê¨ 200 < pTL < 300 ƒÔ‚. �μÔÉμ³Ê  ¢Éμ·Ò
· ¡μÉÒ [18] ¶·¥¤²μ¦¨²¨ ¤μ¶μ²´¨É¥²Ó´μ ÊÎ¨ÉÒ¢ ÉÓ ´¥Ë ±Éμ·¨§μ¢ ´´Ò¥ ÔË-
Ë¥±ÉÒ ¶ ·Éμ´´ÒÌ ± ¸± ¤μ¢ ¤²Ö μ¶¨¸ ´¨Ö ¤ ´´ÒÌ ¨ ¸¤¥² ²¨ ¢Ò¢μ¤ μ Éμ³, ÎÉμ
¨Ì ¢±² ¤ Ö¢²Ö¥É¸Ö μ¶·¥¤¥²ÖÕÐ¨³ ¤²Ö μ¡² ¸É¨ Δφ � π/2, É ± ¦¥ ± ± ¨ ¢
· ¸Î¥É Ì ¢ Š�Œ.

�μ μ¶¨¸ ´´μ° ¢ ¶·¥¤Ò¤ÊÐ¥³ · §¤¥²¥ ¸Ì¥³¥ ¸Ï¨¢ ´¨Ö · ¸Î¥Éμ¢ ¢ ‹� ���
¸μ ¢±² ¤ ³¨ ¸²¥¤ÊÕÐ¨Ì ¶μ·Ö¤±μ¢ ¶μ αs ¸¥Î¥´¨¥ ³´μ£μ¸É·Ê°´μ£μ ¸μ¡ÒÉ¨Ö,
¤¨ËË¥·¥´Í¨ ²Ó´μ¥ ¶μ  §¨³ÊÉ ²Ó´μ³Ê Ê£²Ê ³¥¦¤Ê ²¨¤¨·ÊÕÐ¥° ¨ ¸Ê¡²¨¤¨·Ê-
ÕÐ¥° ¸É·ÊÖ³¨, § ¶¨Ï¥³ ± ±

dσn�2

dΔφ
=

dσ2→2

dΔφ
+

dσ2→3

dΔφ
+

dσ2→4

dΔφ
+ . . . (4)

„¥²¨³ ÔÉμ ¸¥Î¥´¨¥ ´  ¥£μ ¨´É¥£· ² ¶μ Δφ ¨ ¶μ²ÊÎ ¥³ ´μ·³¨·μ¢ ´´Ò°
¸¶¥±É·:

R(n�2)(Δφ) = R(2)(Δφ) + R(3)(Δφ) + R(4)(Δφ) + . . . (5)

�  ·¨¸. 1 ¸· ¢´¨¢ ÕÉ¸Ö ´ Ï¨ ¶·¥¤¸± § ´¨Ö, ¶μ²ÊÎ¥´´Ò¥ ¢ ‹� ���
(·¨¸. 1,  ) ¨ ¶μ Ëμ·³Ê²¥ (4) ¶·¨ pTM = 100 ƒÔ‚ (·¨¸. 1, ¡), ¸ μ¡¸Ê¦¤ ¥³Ò³¨
¢ÒÏ¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ±μ²² ¡μ· Í¨¨ CMS [2] ¶·¨ 200 < pTL <
300 ƒÔ‚. ‚ · ¸Î¥É Ì ÊÎ¨ÉÒ¢ ÕÉ¸Ö ¢¸¥ ¢μ§³μ¦´Ò¥ ¶μ¤¶·μÍ¥¸¸Ò ¸ ´ Î ²Ó´Ò³¨
·¥¤¦¥§μ¢ ´´Ò³¨ £²Õμ´ ³¨ (R) ¨ ±¢ ·± ³¨ (Q, Q̄), ±μÉμ·Ò¥ ¸Î¨É ÕÉ¸Ö ¡¥§-
³ ¸¸μ¢Ò³¨: Q = U, D, S, C, B. Š ± ¨ μ¦¨¤ ²μ¸Ó, · ¸Î¥É ¢ ‹� ��� ²¥¦¨É
´  ¶μ·Ö¤μ± ´¨¦¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶·¨ Δφ � π/2. �·¨ · ¸Î¥É Ì
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�¨¸. 1. ‘¶¥±É· ¶μ · §´μ¸É¨  §¨³ÊÉ ²Ó´ÒÌ Ê£²μ¢ ³¥¦¤Ê ²¨¤¨·ÊÕÐ¨³¨ ¸É·ÊÖ³¨
R(n�2)(Δφ). ‚ÒÎ¨¸²¥´¨Ö ¢Ò¶μ²´¥´Ò ¶·¨ μ = pT,ave ¨ R = 0,4.  ) � ¸Î¥É ¢ ‹� ���;
¡) · ¸Î¥É ¶μ Ëμ·³Ê²¥ (4) ¶·¨ pTM = 100 ƒÔ‚. � §²¨Î´Ò¥ £¨¸Éμ£· ³³Ò ¸μμÉ¢¥É¸É¢ÊÕÉ
¢±² ¤ ³ R(2,3,4)(Δφ) ¨ ¨Ì ¸Ê³³¥ (¸¶²μÏ´ Ö £¨¸Éμ£· ³³ )

¸ ÊÎ¥Éμ³ ¸É ·Ï¨Ì ¶μ¶· ¢μ± ¢±² ¤ R(2) ¢  §¨³ÊÉ ²Ó´Ò° ¸¶¥±É· R(n�2) ¸¶ ¤ ¥É
¸ÊÐ¥¸É¢¥´´μ ¡Ò¸É·¥¥, Î¥³ R(2), · ¸¸Î¨É ´´Ò° ¢ ‹� ���. �¤´ ±μ ¸Ê³³ ·´Ò°
¢±² ¤ R(2)+R(3)+R(4) ¤μ¸É ÉμÎ´μ Ìμ·μÏμ ¸μ£² ¸Ê¥É¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨
¤ ´´Ò³¨ ¶·¨ ¢¸¥Ì  §¨³ÊÉ ²Ó´ÒÌ Ê£² Ì ¨§ μ¡² ¸É¨ π/2 � Δφ � π ¤²Ö R(n�2).

…Ð¥ ²ÊÎÏ¥ ¢ ��� μ¶¨¸Ò¢ ÕÉ¸Ö ¤ ´´Ò¥ ¤²Ö  §¨³ÊÉ ²Ó´μ£μ ¸¶¥±É·  R(n�4),
¶·¨Î¥³ Ê¦¥ ¢ ‹� ��� (·¨¸. 2, ¡). �Éμ μ§´ Î ¥É, ÎÉμ ¢¥·μÖÉ´μ¸ÉÓ ¸μ¡ÒÉ¨Ö
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�¨¸. 2.  ) ‘¶¥±É· ¶μ · §´μ¸É¨  §¨³ÊÉ ²Ó´ÒÌ Ê£²μ¢ ³¥¦¤Ê ²¨¤¨·ÊÕÐ¨³¨ ¸É·ÊÖ³¨
R(n�3)(Δφ). ‚ÒÎ¨¸²¥´¨Ö ¢Ò¶μ²´¥´Ò ¶·¨ μ = pT,ave, pTM = 100 ƒÔ‚ ¨ R = 0,4.
� §²¨Î´Ò¥ £¨¸Éμ£· ³³Ò ¸μμÉ¢¥É¸É¢ÊÕÉ ¢±² ¤ ³ R(3,4)(Δφ) ¨ ¨Ì ¸Ê³³¥ (¸¶²μÏ´ Ö £¨-
¸Éμ£· ³³ ). ¡) �§¨³ÊÉ ²Ó´Ò° ¸¶¥±É· R(n�4)(Δφ), £¨¸Éμ£· ³³  ¸μμÉ¢¥É¸É¢Ê¥É · ¸Î¥ÉÊ
Éμ²Ó±μ ¸ ÊÎ¥Éμ³ ¢±² ¤  R(4)(Δφ) ¢ ‹� ���

¸ ¶ÖÉÓÕ ¨ ¡μ²¥¥ ¦¥¸É±¨³¨ ¸É·ÊÖ³¨ ¸¨²Ó´μ ¶μ¤ ¢²¥´  ¨ ¸μ¡ÒÉ¨Ö ¸ Î¥ÉÒ·Ó³Ö
¦¥¸É±¨³¨ ¸É·ÊÖ³¨ ´ ¸ÒÐ ÕÉ ¸¶¥±É· ¶μ · §´μ¸É¨  §¨³ÊÉ ²Ó´ÒÌ Ê£²μ¢ Δφ
´¥§ ¢¨¸¨³μ μÉ ´ ²¨Î¨Ö ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  ´ Î ²Ó´ÒÌ ¶ ·Éμ´μ¢.

‘μ£² ¸¨¥ ´ Ï¨Ì ¶·¥¤¸± § ´¨° ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¤²Ö ¸¶¥±-
É·  R(n�3) ´¥ É ±μ¥ Ìμ·μÏ¥¥, ± ± ¤²Ö ¸¶¥±É·μ¢ R(n�2) ¨ R(n�4). �¥§Ê²Ó-
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É ÉÒ · ¸Î¥Éμ¢ ¢ ¸· ¢´¥´¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¶·¥¤¸É ¢²¥´Ò ´ 
·¨¸. 2,  .

ŒÒ ¨¸¸²¥¤μ¢ ²¨ § ¢¨¸¨³μ¸ÉÓ · ¸Î¥Éμ¢ ¸¶¥±É·μ¢ R(n�2) μÉ ¢Ò¡μ·  ¶ -
· ³¥É·  pTM ¨ ´ Ï²¨, ÎÉμ ¢ ¨´É¥·¢ ²¥ 70 < pTM < 100 ƒÔ‚ ¶·¨ ¶μ¶¥-
·¥Î´μ³ ¨³¶Ê²Ó¸¥ ¸Ê¡²¨¤¨·ÊÕÐ¥° ¸É·Ê¨ pTS = 100 ƒÔ‚ ¸Ê³³ ·´Ò¥ ¸¶¥±É·Ò
R(n�2)(Δφ) (5) ¶· ±É¨Î¥¸±¨ ´¥ § ¢¨¸ÖÉ μÉ pTM. ’¥μ·¥É¨Î¥¸±μ¥ μ¡μ¸´μ¢ -
´¨¥ ÔÉμ£μ Ë ±É  ²¥¦¨É §  ¶·¥¤¥² ³¨ ¤ ´´μ£μ ±μ·μÉ±μ£μ ¸μμ¡Ð¥´¨Ö ¨ ¡Ê¤¥É
¶·¥¤¸É ¢²¥´μ ¢ ¶μ¸²¥¤ÊÐ¥° · §¢¥·´ÊÉμ° ¶Ê¡²¨± Í¨¨, μ¤´ ±μ μ´ μÎ¥¢¨¤´μ ¸¢¨-
¤¥É¥²Ó¸É¢Ê¥É ¢ ¶μ²Ó§Ê ¸ ³μ¸μ£² ¸μ¢ ´´μ¸É¨ ¶·¥¤²μ¦¥´´μ° ¸Ì¥³Ò.

�² £μ¤ ·´μ¸É¨. � ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ Œ¨´μ¡·´ Ê±¨ �” ¢
· ³± Ì £μ¸Ê¤ ·¸É¢¥´´μ£μ § ¤ ´¨Ö ¢Ê§ ³ ¨ ´ ÊÎ´Ò³ μ·£ ´¨§ Í¨Ö³ (¶·μ¥±É
FSSS-2020-0014),   É ±¦¥ ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ ”μ´¤  · §¢¨É¨Ö É¥μ·¥-
É¨Î¥¸±μ° Ë¨§¨±¨ ¨ ³ É¥³ É¨±¨ ®	 §¨¸¯ (£· ´É º18-1-1-30-1). ’ ±¦¥  ¢Éμ·Ò
¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ II ˆ´¸É¨ÉÊÉÊ É¥μ·¥É¨Î¥¸±μ° Ë¨§¨±¨ ƒ ³¡Ê·£¸±μ£μ
Ê´¨¢¥·¸¨É¥É  ¨ ²¨Î´μ ¶·μË. 	. �.Š´¨²Õ §  ¶·¥¤μ¸É ¢²¥´´μ¥ ¢·¥³Ö · ¡μÉÒ ´ 
¢ÒÎ¨¸²¨É¥²Ó´μ³ ±² ¸É¥·¥ £·Ê¶¶Ò Ë¥´μ³¥´μ²μ£¨¨ ¢ Ë¨§¨±¥ ¢Ò¸μ±¨Ì Ô´¥·£¨°.
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