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�·μ£· ³³´Ò° ¶ ±¥É ¤²Ö ¢¨§Ê ²¨§ Í¨¨ ·¥§Ê²ÓÉ Éμ¢ ³μ¤¥²¨·μ¢ ´¨Ö
Ë¨§¨Î¥¸±¨Ì ¸μ¡ÒÉ¨° ¸ μ¡· §μ¢ ´¨¥³  ¤·μ´´ÒÌ ¸É·Ê°

	 §· ¡μÉ ´ ¶·μ£· ³³´Ò° ¶ ±¥É, ¶·¥¤´ §´ Î¥´´Ò° ¤²Ö ¢¨§Ê ²Ó´μ£μ  ´ ²¨§ 
Ë¨§¨Î¥¸±¨Ì ¶·μÍ¥¸¸μ¢  ¤·μ´- ¤·μ´´ÒÌ ¸μÊ¤ ·¥´¨° ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ, ¸μ-
¶·μ¢μ¦¤ ÕÐ¨Ì¸Ö μ¡· §μ¢ ´¨¥³  ¤·μ´´ÒÌ ¸É·Ê°. �·μ£· ³³  μ¸ÊÐ¥¸É¢²Ö¥É ´ -
£²Ö¤´μ¥ ¶·¥¤¸É ¢²¥´¨¥ ¨´Ëμ·³ Í¨¨ μ ¢Ò¡· ´´ÒÌ ¸μ¡ÒÉ¨ÖÌ, ·¥ ²¨§Ê¥É ¶μ¨¸±
 ¤·μ´´ÒÌ ¸É·Ê°, ¶·μ¢μ¤¨É  ´ ²¨§ ¸μ¸É ¢  ¸É·Ê¨ ¨ Ô´¥·£¥É¨Î¥¸±μ£μ · ¸¶·¥¤¥²¥-
´¨Ö Î ¸É¨Í ( ²£μ·¨É³ PYCELL, ¢§ÖÉÒ° ¨§ ¶ ±¥É  £¥´¥· Í¨¨ ¸μ¡ÒÉ¨° PYTHIA).

� ±¥É ¶·¥¤´ §´ Î¥´ ¤²Ö ¨¸¶μ²Ó§μ¢ ´¨Ö ¢ μ¶¥· Í¨μ´´μ° ¸¨¸É¥³¥ Windows
¨ · §· ¡μÉ ´ ¸ ¶μ³μÐÓÕ ¨´¸É·Ê³¥´É ²Ó´μ° ¸·¥¤Ò ¶·μ£· ³³¨·μ¢ ´¨Ö Borland
Delphi 6.0.
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Program Package for the Visualization of the Results of Modeling
of Physical Events with Production of Hadronic Jets

The program package is worked out for a visual analysis of the physical process of
hadron-hadron collisions with hadronic jets production at high energy. The program
allows presenting the information about the selected events, it realizes the search for
hadronic jets (PYCELL algorithm taken from PYTHIA event generator package),
performs the analysis of components of jets and the energy distribution of particle
produce.

The program is intended for the use in Windows operation system and is devel-
oped on the basis of Borland Delphi 6.0.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems, JINR.
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‘μ§¤ ´¨¥ ¶·μ£· ³³ ¤²Ö ¢¨§Ê ²Ó´μ£μ ¶·¥¤¸É ¢²¥´¨Ö ¨´Ëμ·³ Í¨¨ ¶·¨ μ¡-
· ¡μÉ±¥ ¤ ´´ÒÌ ¢ Ë¨§¨±¥ ¢Ò¸μ±¨Ì Ô´¥·£¨° Ö¢²Ö¥É¸Ö ¢¥¸Ó³   ±ÉÊ ²Ó´μ° § -
¤ Î¥°. ‚ ¸¢Ö§¨ ¸ ·μ¸Éμ³ ¶μÉμ±  ¨´Ëμ·³ Í¨¨, ¶μ²ÊÎ ¥³μ° ¶·¨ ¶·μ¢¥¤¥´¨¨
Ô±¸¶¥·¨³¥´É , μ¸É·μ ¢¸É ¥É ¶·μ¡²¥³  ¥¥ ´ £²Ö¤´μ£μ μÉμ¡· ¦¥´¨Ö. 	ÊÉ¨´´Ò°
¶·μ¸³μÉ· ³´μ¦¥¸É¢  £· Ë¨±μ¢ ¨ É ¡²¨Í ¸ Í¨Ë· ³¨ § Î ¸ÉÊÕ ´¥ ¶μ§¢μ²Ö¥É
μ¶¥· É¨¢´μ ¸¤¥² ÉÓ ¢Ò¢μ¤ μ Ë¨§¨Î¥¸±μ° ¸É·Ê±ÉÊ·¥ ¸μ¡ÒÉ¨°.

‚ ÔÉμ° ¸¢Ö§¨ ¢ ¦´μ μÉ³¥É¨ÉÓ, ÎÉμ ¶μ¨¸± ®´μ¢μ° Ë¨§¨±¨¯, É. ¥. ¸¢¨¤¥-
É¥²Ó¸É¢ μ¡ μÉ±²μ´¥´¨¨ μÉ ¶·¥¤¸± § ´¨° ‘É ´¤ ·É´μ° ³μ¤¥²¨ ´  ¤¥°¸É¢ÊÕ-
Ð¨Ì ¨ ¶² ´¨·Ê¥³ÒÌ Ê¸±μ·¨É¥²ÖÌ ¶·¥¤¶μ² £ ¥É ¨¸¶μ²Ó§μ¢ ´¨¥ ¤²Ö ÔÉ¨Ì Í¥²¥°
³´μ£μ¸É·Ê°´ÒÌ ¸μ¡ÒÉ¨°. �μ ÔÉμ° ¶·¨Î¨´¥ ¢ ¦´μ° § ¤ Î¥° Ö¢²Ö¥É¸Ö ¡Ò¸É·Ò°
 ´ ²¨§ ¸μ¡ÒÉ¨° ¸ Í¥²ÓÕ μ¡´ ·Ê¦¥´¨Ö ¢ ´¨Ì  ¤·μ´´ÒÌ ¸É·Ê° ¨ μ¶·¥¤¥²¥´¨Ö ¨Ì
¶·μ¸É· ´¸É¢¥´´ÒÌ ¨ ¨³¶Ê²Ó¸´ÒÌ ¶ · ³¥É·μ¢. …¸É¥¸É¢¥´´μ, ÎÉμ ¸μ§¤ ´¨¥ ¶·μ-
£· ³³´ÒÌ ¶ ±¥Éμ¢ ¤²Ö ¢¨§Ê ²Ó´μ£μ ±μ´É·μ²Ö ¶μ²ÊÎ¥´´ÒÌ ¶ · ³¥É·μ¢ ¸É·Ê°
¡Ê¤¥É ¢ ¦´Ò³ Ï £μ³ ¢ ·¥Ï¥´¨¨ ÔÉμ° § ¤ Î¨.

�¥μÉÑ¥³²¥³Ò³ Ô²¥³¥´Éμ³ ¶μÎÉ¨ ²Õ¡μ£μ ¤¥É¥±Éμ· , ¨¸¶μ²Ó§Ê¥³μ£μ ¢ Ë¨-
§¨±¥ ¢Ò¸μ±¨Ì Ô´¥·£¨°, Ö¢²Ö¥É¸Ö  ¤·μ´´Ò° ± ²μ·¨³¥É·. �·¨ μÉμ¡· ¦¥´¨¨
¤ ´´ÒÌ, ¶μ²ÊÎ¥´´ÒÌ ¸ ± ²μ·¨³¥É· , ¢¥¸Ó³  ¶μ²¥§´μ ¨³¥ÉÓ ¢μ§³μ¦´μ¸ÉÓ μ¶¥-
· É¨¢´μ ¶μ²ÊÎ ÉÓ ± Î¥¸É¢¥´´μ¥ ¨ ¨´ÉÊ¨É¨¢´μ ¶μ´ÖÉ´μ¥ ¶·¥¤¸É ¢²¥´¨¥ ¨´Ëμ·-
³ Í¨¨ μ ¸μ¡ÒÉ¨¨, ¶μ§¢μ²ÖÕÐ¥¥ ³£´μ¢¥´´μ μ¶·¥¤¥²ÖÉÓ ¥£μ ¸É·Ê±ÉÊ·Ê. ’ ±¦¥
¢ ¦´  ¢μ§³μ¦´μ¸ÉÓ ¶μ²ÊÎ¨ÉÓ, ¢ ¸²ÊÎ ¥ ´¥μ¡Ìμ¤¨³μ¸É¨, ¤¥É ²Ó´ÊÕ ¨´Ëμ·³ -
Í¨Õ ´¥ Éμ²Ó±μ μ ¸μ¡ÒÉ¨¨ ¢ Í¥²μ³, ´μ ¨ μ ± ¦¤μ³ ¨§ ¥£μ Ë· £³¥´Éμ¢.

–¥²ÓÕ ´ ¸ÉμÖÐ¥° · ¡μÉÒ Ö¢²Ö¥É¸Ö · §¢¨É¨¥ · ´¥¥ ´ Î Éμ° · ¡μÉÒ [1]
¶μ ¸μ§¤ ´¨Õ ¶·μ£· ³³´μ£μ ¶ ±¥É , ±μÉμ·Ò° ¢¨§Ê ²¨§¨·μ¢ ² ¡Ò ¶·μ¸É· ´-
¸É¢¥´´μ¥ · ¸¶·¥¤¥²¥´¨¥ Î ¸É¨Í, μ¡· §μ¢ ¢Ï¨Ì¸Ö ¢ ·¥§Ê²ÓÉ É¥ ¸Éμ²±´μ¢¥´¨Ö
Ê¸±μ·¥´´ÒÌ Î ¸É¨Í. �¸´μ¢´μ° § ¤ Î¥° Ö¢²Ö¥É¸Ö ¶μ¸É·μ¥´¨¥  ¶¶ · É , ¶μ-
§¢μ²ÖÕÐ¥£μ ¢¨§Ê ²Ó´Ò³ ¶ÊÉ¥³ ¨¸¸²¥¤μ¢ ÉÓ ¢ ± ¦¤μ³ ¸μ¡ÒÉ¨¨ · ¸¶·¥¤¥²¥´¨¥
ÖÎ¥¥± ¤¥É¥±Éμ· , μ¡· §ÊÕÐ¨Ì  ¤·μ´´Ò¥ ¸É·Ê¨,   É ±¦¥ ´ ²¨Î¨¥ Î ¸É¨Í ¢ ÔÉ¨Ì
ÖÎ¥°± Ì. �·¨¢μ¤ÖÉ¸Ö ³ É¥·¨ ²Ò, ¸¢Ö§ ´´Ò¥ ¸ μ¶¨¸ ´¨¥³ μ¸´μ¢´ÒÌ Ô²¥³¥´-
Éμ¢ ¸μ§¤ ´´μ£μ ¶·μ£· ³³´μ£μ ¶ ±¥É  ¤²Ö ¢¨§Ê ²¨§ Í¨¨ ¸É·Ê°, ¶μ¸É·μ¥´´ÒÌ ´ 
μ¸´μ¢¥  ²£μ·¨É³  PYCELL, ¢§ÖÉμ£μ ¨§ ¶ ±¥É  PYTHIA [2]. �μ²¥¥ ¤¥É ²Ó´μ³Ê
 ´ ²¨§Ê ¸É·Ê±ÉÊ·Ò  ¤·μ´´ÒÌ ¸É·Ê° ¨ ³¥Ì ´¨§³  ¨Ì μ¡· §μ¢ ´¨Ö ¶ÊÉ¥³ ± ¸± ¤-
´ÒÌ · ¸¶ ¤μ¢ ¶¥·¢¨Î´ÒÌ Î ¸É¨Í ¶μ¸¢ÖÐ¥´  · ¡μÉ  [3], £¤¥ É ±¦¥ · ¸¸³μÉ·¥´
¢Éμ·μ°  ²£μ·¨É³ ¶μ¨¸±  ¸É·Ê° PYCLUS, ¢§ÖÉÒ° ¨§ ¶ ±¥É  PYTHIA [2].
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’¨¶¨Î´Ò° ± ²μ·¨³¥É· (·¨¸. 1), ¨¸¶μ²Ó§Ê¥³Ò°, ´ ¶·¨³¥·, ¢ ¤¥É¥±Éμ· Ì
Ô±¸¶¥·¨³¥´Éμ¢ ´  ¢¸É·¥Î´ÒÌ ¶·μÉμ´- ´É¨¶·μÉμ´´ÒÌ ¨ ¶·μÉμ´-¶·μÉμ´´ÒÌ ¶ÊÎ-
± Ì, ¨³¥¥É Ëμ·³Ê ±μ²ÓÍ¥¢μ£μ Í¨²¨´¤· , μ¸Ó ±μÉμ·μ£μ ´ ¶· ¢²¥´  ¢¤μ²Ó μ¸¨
z ¸¨¸É¥³Ò ±μμ·¤¨´ É. ‚ ± Î¥¸É¢¥ μ¸¨ z μ¡ÒÎ´μ ¢Ò¡¨· ¥É¸Ö μ¸Ó ¸É ²±¨¢ Õ-
Ð¨Ì¸Ö ¶ÊÎ±μ¢. –¥´É· ²Ó´ Ö ®¡μÎ±μ¢ Ö¯ Î ¸ÉÓ ¨³¥¥É Í¨²¨´¤·¨Î¥¸±¨° ¢Ò·¥§
¢¤μ²Ó μ¸¨ ¶ÊÎ± .

�μ¸±μ²Ó±Ê Í¥´É· ²Ó´ Ö Í¨²¨´¤·¨Î¥¸± Ö Î ¸ÉÓ ± ²μ·¨³¥É·  ¨³¥¥É ±μ´¥Î-
´Ò° · §³¥·, Éμ §´ Î¥´¨¥ ¶μ²Ö·´μ£μ Ê£²  θ, μÉ¸Î¨ÉÒ¢ ¥³μ£μ μÉ μ¸¨ z, μ£· ´¨-
Î¥´μ ¢¥²¨Î¨´μ° θlim, É. ¥. Ê£²μ³, ¶μ¤ ±μÉμ·Ò³ ¨§ Í¥´É·  ¤¥É¥±Éμ·  ¢¨¤¥´ ±· °
¢´ÊÉ·¥´´¥£μ Í¨²¨´¤·  (¸³. ·¨¸. 1, 2). ‚ Ô±¸¶¥·¨³¥´É Ì ¤²Ö μ¶¨¸ ´¨Ö £¥μ³¥-
É·¨Î¥¸±¨Ì · §³¥·μ¢ ¤¥É¥±Éμ·  ¶·¨´ÖÉμ ¨¸¶μ²Ó§μ¢ ÉÓ ¢³¥¸Éμ Ê£²  θ ¢¥²¨Î¨´Ê
¶¸¥¢¤μ¡Ò¸É·μÉÒ η, μ¶·¥¤¥²Ö¥³ÊÕ ¶μ Ëμ·³Ê²¥ η = −ln(tg(θ/2)). ‡´ Î¥´¨Õ
Ê£²  θ = π/2 ¸μμÉ¢¥É¸É¢Ê¥É §´ Î¥´¨¥ η = 0.

‚ ¶μ¶¥·¥Î´μ³ (± μ¸¨ ¶ÊÎ± ) ¸¥Î¥´¨¨, Éμ ¥¸ÉÓ ¢ ¶²μ¸±μ¸É¨ xy (£¤¥ μ¸Ó x
μ·¨¥´É¨·μ¢ ´  ¨§ Í¥´É·  Ê¸É ´μ¢±¨ ¢¥·É¨± ²Ó´μ ¢¢¥·Ì,   μ¸Ó y ´ ¶· ¢²¥´  ¢
Í¥´É· ±μ²ÓÍ  Ê¸±μ·¨É¥²Ö, ·¨¸. 2), ³¥¸Éμ¶μ²μ¦¥´¨¥ ÔÉ¨Ì ÖÎ¥¥± Ê¤μ¡´μ μ¶¨¸Ò-
¢ ÉÓ §´ Î¥´¨¥³ Ê£²  ϕ (0 ◦ � ϕ � 360 ◦), ±μÉμ·Ò° μÉ¸Î¨ÉÒ¢ ¥É¸Ö μÉ ¢¥·Ì´¥°
ÉμÎ±¨ ®¡μÎ±¨¯.

‘ ³ ± ²μ·¨³¥É· ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ´ ¡μ· ¸¥£³¥´É¨·μ¢ ´´ÒÌ ¶μ ϕ ¨ η
ÖÎ¥¥±, ¨²¨ ¶·μ¥±Í¨μ´´ÒÌ ®¡ Ï¥´¯, ¢Ò¶μ²´¥´´ÒÌ ¢ ¢¨¤¥ É· ¶¥Í¨¥¢¨¤´ÒÌ ¸¥±-
Éμ·μ¢, · ¸Ï¨·ÖÕÐ¨Ì¸Ö ¢ ´ ¶· ¢²¥´¨¨ μÉ Í¥´É·  ¸Éμ²±´μ¢¥´¨Ö ¶ÊÎ±μ¢. ’¨¶¨Î-
´Ò° · §³¥· ÔÉ¨Ì ®¡ Ï¥´¯ ¢ ϕ−η Å ¶·μ¸É· ´¸É¢¥ ¶μ·Ö¤±  Δϕ×Δη = 0,1×0,1
(·¨¸. 2), £¤¥ Ê£μ² ϕ § ¤ ´ ¢ · ¤¨ ´ Ì (§´ Î¥´¨¥ Δϕ = 0,1 ¸μμÉ¢¥É¸É¢Ê¥É Ê£²Ê
Δϕ = 5,625 ◦). � ¨¡μ²ÓÏ¥¥ §´ Î¥´¨¥ ¶¸¥¢¤μ¡Ò¸É·μÉÒ ηlim μ¶·¥¤¥²Ö¥É¸Ö ¢¥-
²¨Î¨´μ° θlim. � ¶·¨³¥·, ¢ ¶·μ¢μ¤¨³ÒÌ ´  LHC Ô±¸¶¥·¨³¥´É Ì ATLAS ¨
CMS |ηlim| = 5,0.

	¨¸. 1. ‘Ì¥³  É¨¶¨Î´μ£μ ¤¥É¥±Éμ· 
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	¨¸. 2. ‘Ì¥³  ¶·μ¥±Í¨° ¤¥É¥±Éμ· 

‚ ¸¨²Ê É¥Ì´μ²μ£¨Î¥¸±¨Ì  ¸¶¥±Éμ¢ £¥μ³¥É·¨Ö (· §³¥· ®¡ Ï¥´¯) · §´ÒÌ ¤¥-
É¥±Éμ·μ¢ ³μ¦¥É μÉ²¨Î ÉÓ¸Ö μÉ · ¸¸³μÉ·¥´´μ° ¢ÒÏ¥. �  ·¨¸. 3 ¶·¥¤¸É ¢²¥´ 
£¥μ³¥É·¨Ö ÖÎ¥¥± ¶μ Ï± ²¥ η > 0, ±μÉμ· Ö μÉ· ¦ ¥É · ¸¶μ²μ¦¥´¨¥ ¡ Ï¥´ ¢
Ô±¸¶¥·¨³¥´É¥ D0 (Tevatron, FNAL [4]), ±μÉμ· Ö ·¥ ²¨§μ¢ ´  ¢ ¤ ´´μ³ ¶·μ-
£· ³³´μ³ ¶ ±¥É¥.

	¨¸. 3. ”· £³¥´É ³μ¤¥²¨ ± ²μ·¨³¥É· 

�μ¸²¥ η > 3,2 · §³¥·Ò ÖÎ¥¥± ¶μ η Ê¢¥²¨Î¨¢ ÕÉ¸Ö. ’μ ¦¥ ¸ ³μ¥ ¸¶· ¢¥¤-
²¨¢μ ¨ ¤²Ö μÉ·¨Í É¥²Ó´ÒÌ η.

’ ±¨³ μ¡· §μ³, ¢ ¤ ´´μ³ ¶·μ£· ³³´μ³ ¶·μ¤Ê±É¥ ³μ¤¥²Ó ± ²μ·¨³¥É· ,
¸μμÉ¢¥É¸É¢ÊÕÐ Ö £¥μ³¥É·¨¨ Ô±¸¶¥·¨³¥´É  D0, ¡Ê¤¥É ¸μ¸ÉμÖÉÓ ¨§ 74× 64 ¶·μ-
¥±Í¨μ´´ÒÌ ¡ Ï¥´. Š ¦¤μ° ¨§ ÔÉ¨Ì ¡ Ï¥´ ¸μμÉ¢¥É¸É¢Ê¥É ÖÎ¥°±  ´  ±μμ·¤¨-
´ É´μ° ¸¥É±¥ ¶·μ£· ³³Ò. �μ²μ¦¥´¨¥ ÔÉ¨Ì ÖÎ¥¥± ³Ò μ¶·¥¤¥²Ö¥³ ¤¢Ê³Ö ¶ · -
³¥É· ³¨. �¤¨´ ¨§ ´¨Ì ¸μμÉ¢¥É¸É¢Ê¥É ´μ³¥·Ê ÖÎ¥°±¨ ¶μ Ê£²Ê ϕ, Éμ ¥¸ÉÓ Nϕ,  
¤·Ê£μ° Å ´μ³¥·Ê ÖÎ¥°±¨ ¶μ §´ Î¥´¨Õ η, Éμ ¥¸ÉÓ Nη. ‚ ¤ ²Ó´¥°Ï¥³ ¤²Ö § ¤ -
´¨Ö ³¥¸Éμ¶μ²μ¦¥´¨Ö ÖÎ¥¥± ± ²μ·¨³¥É·  ³Ò ¡Ê¤¥³ ¶μ²Ó§μ¢ ÉÓ¸Ö ´¥ Ê£²μ¢Ò³¨
¶¥·¥³¥´´Ò³¨ ϕ ¨ η,   Éμ²Ó±μ ²¨ÏÓ ¨Ì ´μ³¥· ³¨ Nϕ ¨ Nη. „²Ö Ê¶·μÐ¥´¨Ö
¢μ¸¶·¨ÖÉ¨Ö ¨´Ëμ·³ Í¨¨ ÔÉ¨ ´μ³¥·  ¡Ê¤¥³ μ¡μ§´ Î ÉÓ ϕ ¨ η, Éμ ¥¸ÉÓ ¤ ²¥¥,
¢ ¸²ÊÎ ÖÌ, ±μ£¤  ÔÉμ ´¥ ³μ¦¥É ¡ÒÉÓ ¨¸Éμ²±μ¢ ´μ ¤¢Ê¸³Ò¸²¥´´μ, Nϕ ≡ ϕ ¨
Nη ≡ η.

�·μ£· ³³  · §· ¡μÉ ´  ¢ ¨´¸É·Ê³¥´É ²Ó´μ° ¸·¥¤¥ ¶·μ£· ³³¨·μ¢ ´¨Ö Bor-
land Delphi 6.0 [5Ä7] ¨ ´¥ É·¥¡Ê¥É ¨´¸É ²²ÖÍ¨¨.
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„¨·¥±Éμ·¨Ö ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ Ô²¥³¥´Éμ¢ Å Ë °²  ¤ ´´ÒÌ ¨ ¶ ±¥É  ¶·μ-
£· ³³. ®Š²¨±¯ ´  ¨±μ´±Ê ¶·μ£· ³³Ò ¶·¨¢μ¤¨É ± ¥¥ § ¶Ê¸±Ê. �μÖ¢¨É¸Ö ¶Ê-
¸Éμ¥ μ±´μ, ¸μ¤¥·¦ Ð¥¥ ¢ ¢¥·Ì´¥° Î ¸É¨ ¤¢¥ ¸É·μÎ±¨. ‚ ´¨Ì · ¸¶μ²μ¦¥´Ò
Ô²¥³¥´ÉÒ Ê¶· ¢²¥´¨Ö, ±μÉμ·Ò¥ ¡Ê¤ÊÉ μ¶¨¸ ´Ò ´¨¦¥. ®Š²¨±¯ ´  §´ Îμ±
μÉ±·Ò¢ ¥É μ±´μ ¤²Ö § £·Ê§±¨ ¤ ´´ÒÌ. �μ¸²¥ § £·Ê§±¨ Ë °²  ¸ ¨¸Ìμ¤´Ò³¨
¤ ´´Ò³¨ ³μ´É¥-± ·²μ-£¥´¥· Í¨¨ ¸μ¡ÒÉ¨°, § ¶μ²´¥´´μ£μ ¶μ Ëμ·³ ÉÊ, μ¶¨¸ ´-
´μ³Ê ¢ �·¨²μ¦¥´¨¨ 1, ÖÎ¥°±¨ ±μμ·¤¨´ É´μ° ¸¥É±¨ § ¶μ²´ÖÕÉ¸Ö ¤ ´´Ò³¨,
Ì · ±É¥·¨§ÊÕÐ¨³¨ ¨³¶Ê²Ó¸´Ò¥ ¨ Ô´¥·£¥É¨Î¥¸±¨¥ ¶¥·¥³¥´´Ò¥ ¶μ¶ ¢Ï¨Ì ¢
´¨Ì Î ¸É¨Í ¢ ¶¥·¢μ³ ¸μ¡ÒÉ¨¨ (·¨¸. 4).

�¸´μ¢´ Ö ¨´Ëμ·³ Í¨μ´´ Ö μ¡² ¸ÉÓ ¶·μ£· ³³Ò ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ±μμ·-
¤¨´ É´ÊÕ ¸¥É±Ê, ÖÎ¥°±¨ ±μÉμ·μ° ¸μμÉ¢¥É¸É¢ÊÕÉ ÖÎ¥°± ³ ± ²μ·¨³¥É· , ¶μ²μ-
¦¥´¨¥ ±μÉμ·ÒÌ ¢ ¶·μ¸É· ´¸É¢¥ μ¶·¥¤¥²Ö¥É¸Ö ¤¢Ê³Ö μ¶¨¸ ´´Ò³¨ ¢ÒÏ¥ Ê£²μ-
¢Ò³¨ ¶¥·¥³¥´´Ò³¨ ϕ ≡ Nϕ ¨ η ≡ Nη . � Î ²μ ±μμ·¤¨´ É ´ Ìμ¤¨É¸Ö ¶μ
Í¥´É·Ê ´¨¦´¥° £μ·¨§μ´É ²Ó´μ° μ¸¨ ±μμ·¤¨´ É´μ° ¸¥É±¨. �  ¢¥·Ì´¥° (¨ ´¨¦-
´¥°) £μ·¨§μ´É ²Ó´μ° Ï± ²¥ μÉ²μ¦¥´Ò ´μ³¥·  ÖÎ¥¥± ± ²μ·¨³¥É·  ¶μ η, £¤¥ η
¨§³¥´Ö¥É¸Ö ¢ ¶·¥¤¥² Ì −37 � η � 37,   ´  ¶· ¢μ° (¨ ²¥¢μ°) ¢¥·É¨± ²Ó´μ° Å
´μ³¥·  ÖÎ¥¥± ± ²μ·¨³¥É·  ¶μ ϕ : 1 � ϕ � 64.

‚ ¤ ²Ó´¥°Ï¥³ ¡Ê¤¥É · ¸¸³ É·¨¢ ÉÓ¸Ö ¸²ÊÎ °, ±μ£¤  Ë °² ¸μ¤¥·¦¨É ¤ ´-
´Ò¥, ¶μ²ÊÎ¥´´Ò¥ ¶ÊÉ¥³ ³μ¤¥²¨·μ¢ ´¨Ö ¸ ¶μ³μÐÓÕ ³¥Éμ¤  Œμ´É¥-Š ·²μ Ë¨-

	¨¸. 4. �Éμ¡· ¦¥´¨¥ Ë¨§¨Î¥¸±μ£μ ¸μ¡ÒÉ¨Ö
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§¨Î¥¸±¨Ì ¸μ¡ÒÉ¨°  ¤·μ´- ¤·μ´´ÒÌ ¸Éμ²±´μ¢¥´¨° ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ. �·¨
ÔÉμ³ ¶·¥¤¶μ² £ ¥É¸Ö, ÎÉμ · ¡μÎ¨° Ë °² ¸μ¤¥·¦¨É ´ ¡μ· ¸μ¡ÒÉ¨°, ¸μ¸ÉμÖÐ¨Ì
¨§ ¸¶¨¸±  ÊÎ ¸É¢ÊÕÐ¨Ì ¢ ¸μ¡ÒÉ¨¨ Î ¸É¨Í, ±μÉμ·Ò³ ¸μμÉ¢¥É¸É¢Ê¥É μ¶·¥¤¥²¥´-
´Ò° ·Ö¤ Ì · ±É¥·¨¸É¨±.

–¢¥É ÖÎ¥¥±, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¸¥±Éμ· ³, ¢ ±μÉμ·ÒÌ ¡Ò²¨ § ·¥£¨¸É·¨·μ-
¢ ´Ò Î ¸É¨ÍÒ, ³μ¦¥É ¡ÒÉÓ · §´Ò³. ˆ§´ Î ²Ó´μ ÖÎ¥°±¨ μ±· Ï¥´Ò ¡²¥¤´μ-
£μ²Ê¡Ò³, ´μ ¶·¨ § ¶μ²´¥´¨¨ ¨´Ëμ·³ Í¨¥° ¨Ì Í¢¥É ¨§³¥´Ö¥É¸Ö. –¢¥É ÖÎ¥°±¨
´ Ìμ¤¨É¸Ö ¢ Ô±¸¶μ´¥´Í¨ ²Ó´μ° § ¢¨¸¨³μ¸É¨ μÉ §´ Î¥´¨Ö ¶μ¶¥·¥Î´μ£μ ¨³-
¶Ê²Ó¸  Î ¸É¨Í ¨ ¢ ·Ó¨·Ê¥É¸Ö μÉ É¥³´μ-¸¨´¥£μ ¶·¨ §´ Î¥´¨ÖÌ ¨³¶Ê²Ó¸  ³¥´¥¥
0,5 ƒÔ‚ ¤μ Ö·±μ-±· ¸´μ£μ ¶·¨ §´ Î¥´¨ÖÌ ¨³¶Ê²Ó¸  ¸¢ÒÏ¥ 30 ƒÔ‚. ‚ ·¥-
§Ê²ÓÉ É¥ ¶μ¤μ¡´μ° μ±· ¸±¨ ÖÎ¥¥± Î¥É±μ μÉμ¡· ¦ ¥É¸Ö ¸É·Ê±ÉÊ·  ¸É·Ê¨ ¨ ¥¥
· §³¥·Ò.

�·¨´Í¨¶¨ ²Ó´μ ¢ ¦´Ò³ ¤²Ö  ´ ²¨§  ¸¢μ°¸É¢μ³ ¤ ´´μ£μ ¶·μ£· ³³´μ£μ
¶ ±¥É  Ö¢²Ö¥É¸Ö ´ ²¨Î¨¥ ¢μ§³μ¦´μ¸É¨ ¢Ò¢μ¤  ¶μ¤·μ¡´μ° ¨´Ëμ·³ Í¨¨ ¶μ ± -
¦¤μ° ÖÎ¥°±¥ ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³ ¥° Î ¸É¨Í ³ (±μ²¨Î¥¸É¢μ Î ¸É¨Í, ¨Ì ´ ¨³¥-
´μ¢ ´¨Ö, §´ Î¥´¨Ö ¨³¶Ê²Ó¸μ¢ ¨ Ô´¥·£¨¨ ÔÉ¨Ì Î ¸É¨Í),   É ±¦¥ ¢ Í¥²μ³ ¶μ
¸μ¡ÒÉ¨Õ.

‚ ¶·μ£· ³³¥ ¢¨§Ê ²¨§ Í¨¨ Ë¨§¨Î¥¸±¨Ì ¸μ¡ÒÉ¨° ·¥ ²¨§μ¢ ´Ò ¤¢  · §²¨Î-
´ÒÌ  ²£μ·¨É³  ¶μ¨¸±  ¨ ¢Ò¤¥²¥´¨Ö  ¤·μ´´ÒÌ ¸É·Ê°, ±μÉμ·Ò¥ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¢
£¥´¥· Éμ·¥ ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±¨Ì ¸μ¡ÒÉ¨° PYTHIA [2]. 	¥§Ê²ÓÉ ÉÒ ¶μ¨¸± 
¸É·Ê° ¶μ¤·μ¡´μ μÉμ¡· ¦ ÕÉ¸Ö ¢ ¨Éμ£μ¢μ° É ¡²¨Í¥ (·¨¸. 5). �  ·¨¸. 5 ²¥¢ Ö

	¨¸. 5. �Éμ¡· ¦¥´¨¥  ¤·μ´´ÒÌ ¸É·Ê° ( ²£μ·¨É³ PYCLUS) ¨ ¨´Ëμ·³ Í¨μ´´ÒÌ μ±μ´
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±μ²μ´±  JetInfo μÉμ¡· ¦ ¥É ¨´Ëμ·³ Í¨Õ μ 4-¨³¶Ê²Ó¸¥ ¨ ¤·Ê£¨Ì ±¨´¥³ É¨-
Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± Ì ¸É·Ê¨,   É ±¦¥ ¸μ¤¥·¦¨É ´ §¢ ´¨¥ Î ¸É¨Í, ¢Ìμ¤ÖÐ¨Ì
¢ ´¥¥ (¸³. 5.2), ¶· ¢ Ö ±μ²μ´±  TreeViewJet μÉμ¡· ¦ ¥É ´ °¤¥´´Ò¥ ¸É·Ê¨ ¨
¢Ìμ¤ÖÐ¨¥ ¢ ´¨Ì Î ¸É¨ÍÒ (¸³. 5.3). ‚ ± ¦¤μ° ¸É·Ê¥ ¢Ò¤¥²Ö¥É¸Ö ÖÎ¥°± , ¸μ¤¥·-
¦ Ð Ö Î ¸É¨ÍÊ-¨´¨Í¨ Éμ·, μ¡² ¤ ÕÐÊÕ ´ ¨¡μ²ÓÏ¨³ §´ Î¥´¨¥³ ¶μ¶¥·¥Î´μ£μ
¨³¶Ê²Ó¸  Pt,   É ±¦¥ ¢Ò¢μ¤¨É¸Ö ¨´Ëμ·³ Í¨Ö μ¡ μ±·Ê¦ ÕÐ¨Ì ¥¥ ÖÎ¥°± Ì,
¢ ±μÉμ·ÒÌ § ·¥£¨¸É·¨·μ¢ ´Ò Î ¸É¨ÍÒ, ¶·¨´ ¤²¥¦ Ð¨¥ ¸É·Ê¥. „²Ö  ²£μ·¨É³ 
PYCELL ´ ¶¨¸ ´  ¶μ¤¶·μ£· ³³  ¶·μ¢¥·±¨ ´ °¤¥´´ÒÌ  ¤·μ´´ÒÌ ¸É·Ê° ¶μ
±·¨É¥·¨Õ ¨Ì ¨§μ²¨·μ¢ ´´μ¸É¨ [8, 9].

�μ¤¶·μ£· ³³Ò ¶μ¨¸±  ¸É·Ê° ¨³¥ÕÉ μ¶Í¨¨, ¶μ§¢μ²ÖÕÐ¨¥ ²¥£±μ ¨§³¥´ÖÉÓ
¶ · ³¥É·Ò ¶μ¨¸±   ¤·μ´´ÒÌ ¸É·Ê°, É ±¨¥ ± ± ³¨´¨³ ²Ó´Ò° Ô´¥·£¥É¨Î¥¸±¨°
¶μ·μ£ ´  ÖÎ¥°±Ê-¨´¨Í¨ Éμ·, ³¨´¨³ ²Ó´Ò° ¶μ·μ£ ´  ¶μ¶¥·¥Î´Ò° ¨³¶Ê²Ó¸ ´ °-
¤¥´´μ° ¸É·Ê¨, §´ Î¥´¨¥ · ¤¨Ê¸  ¨¸±μ³μ° ¸É·Ê¨, ¢Ò¡μ· ¶·μ¸É· ´¸É¢¥´´μ£μ
±·¨É¥·¨Ö, ¨¸¶μ²Ó§Ê¥³μ£μ ¤²Ö ¶μ¨¸±  ¸É·Ê¨, ¤μ¶Ê¸É¨³μ¥ §´ Î¥´¨¥ ³¨´¨³ ²Ó-
´μ£μ Î¨¸²  ¸É·Ê° ¢ ¸μ¡ÒÉ¨¨, §´ Î¥´¨¥ · ¤¨Ê¸  μ¡Ñ¥¤¨´¥´¨Ö ¡²¨§²¥¦ Ð¨Ì
³¨´¨-¸É·Ê° ¢ μ¤´Ê ¸É·ÊÕ,   É ±¦¥ ¤·Ê£¨¥.

‚ ¶·μ£· ³³´μ³ ¶ ±¥É¥ É ±¦¥ ·¥ ²¨§μ¢ ´ ¢Ò¢μ¤ ¶μ²´μ° ¨´Ëμ·³ Í¨¨ μ
¸É·ÊÖÌ ¨ ¸μ¸É ¢²ÖÕÐ¨Ì ¨Ì Î ¸É¨Í Ì.

3. ��ˆ‘��ˆ… ˆ�’…�”…‰‘� ���ƒ��ŒŒ›

ˆ´É¥·Ë¥°¸ ¶·μ£· ³³Ò ¢Ò¶μ²´¥´ ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ μ¶·¥¤¥²¥´´μ° ¶μ¸²¥-
¤μ¢ É¥²Ó´μ¸ÉÓÕ ¶·¥¤¸É ¢²¥´¨Ö ¨´Ëμ·³ Í¨¨ ¨ μ·£ ´¨§ Í¨¨ Ê¶· ¢²¥´¨Ö. ‚
Ô²¥³¥´É Ì ¨´É¥·Ë¥°¸  ¨¸¶μ²Ó§Ê¥É¸Ö  ´£²¨°¸±¨° Ö§Ò±.

�¸´μ¢´Ò¥ Ô²¥³¥´Éμ³ ¶·μ£· ³³Ò Ö¢²Ö¥É¸Ö ¥¥ μ±´μ (·¨¸. 6, a), ¢±²ÕÎ ÕÐ¥¥
¸ ³μ ¸μ¡ÒÉ¨¥ ¨ ¨´¸É·Ê³¥´ÉÒ ¤²Ö ¥£μ ¨§ÊÎ¥´¨Ö. �±´μ ¶·μ£· ³³Ò ¸μ¸Éμ¨É
¨§ ¤¢ÊÌ Î ¸É¥°. 
Éμ ±μμ·¤¨´ É´ Ö ¸¥É± , μÉμ¡· ¦ ÕÐ Ö ÖÎ¥¨¸ÉÊÕ ¸É·Ê±ÉÊ·Ê
± ²μ·¨³¥É·  ¨ ´ ¶μ²´¥´¨¥ ¸ ³¨Ì ÖÎ¥¥±, ¨ · ¸¶μ²μ¦¥´´ Ö ¢ÒÏ¥ ´¥¥ · ³± ,
¨³¥ÕÐ¥°¸Ö ¶ ´¥²¨ ¤²Ö · ¡μÉÒ ¸ ¨´Ëμ·³ Í¨¥°, ¨³¥ÕÐ¥°¸Ö ¢ ÔÉ¨Ì ÖÎ¥°± Ì:

• ¶ ´¥²Ó £² ¢´μ£μ ³¥´Õ;

• ¶ ´¥²Ó Ê¶· ¢²¥´¨Ö;

• ¨´Ëμ·³ Í¨μ´´ Ö ¶ ´¥²Ó;

• ¶ ´¥²Ó ¶ · ³¥É·μ¢.

Š· É±μ μÌ · ±É¥·¨§Ê¥³ ÔÉ¨ ¶ ´¥²¨:
� ´¥²Ó £² ¢´μ£μ ³¥´Õ · ¸¶μ²μ¦¥´  ¢ ¸ ³μ° ¢¥·Ì´¥° ¸É·μ±¥ · ³±¨ ¨

μÉ³¥Î¥´  §´ ±μ³ . ‘μ¸Éμ¨É ¨§ ¶ÖÉ¨ Ô²¥³¥´Éμ¢: Event, JetFinder, Listing,
Reference Book, Form Style (·¨¸. 6, ¡).

� ´¥²Ó Ê¶· ¢²¥´¨Ö · ¸¶μ²μ¦¥´  ¢ ²¥¢μ° Î ¸É¨ ¢Éμ·μ° ¸É·μ±¨ · ³±¨,
¸μ¸Éμ¨É ¨§ Î¥ÉÒ·¥Ì · ¸¶μ²μ¦¥´´ÒÌ ·Ö¤μ³ ±´μ¶μ± (·¨¸. 6, ¢).
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	¨¸. 6. a Å μ¸´μ¢´Ò¥ Ô²¥³¥´ÉÒ μ±´  ¶·μ£· ³³Ò; ¡ Å ¶ ´¥²Ó £² ¢´μ£μ ³¥´Õ; ¢ Å
¶ ´¥²Ó Ê¶· ¢²¥´¨Ö; £ Å ¨´Ëμ·³ Í¨μ´´ Ö ¶ ´¥²Ó; ¤ Å ¶ ´¥²Ó ¶ · ³¥É·μ¢

ˆ´Ëμ·³ Í¨μ´´ Ö ¶ ´¥²Ó · ¸¶μ²μ¦¥´  ¢ ¶· ¢μ° ¸Éμ·μ´¥ ¢Éμ·μ° ¸É·μ±¨ ¨
¸μ¤¥·¦¨É ¤¢  Ô²¥³¥´É  NEvent ¨ NCell (·¨¸. 6, £).

� ´¥²Ó ¶ · ³¥É·μ¢ ¢Ò§Ò¢ ¥É¸Ö ¨§ μ±μ´ ¶μ¨¸±   ¤·μ´´ÒÌ ¸É·Ê°, · ¸¶μ²μ-
¦¥´  ¢μ ¢Éμ·μ° ¸É·μ±¥ · ³±¨ (·¨¸. 6, ¤).

	 ¸¸³μÉ·¨³ É¥¶¥·Ó ¶μ¤·μ¡´¥¥ ´ §´ Î¥´¨¥ ± ¦¤μ° ¶ ´¥²¨.
3.1. ƒ² ¢´μ¥ ³¥´Õ. ƒ² ¢´μ¥ ³¥´Õ ¤μ¸ÉÊ¶´μ ¨§ ²Õ¡μ£μ μ±´ , μ´μ ¨³¥¥É

¸É·Ê±ÉÊ·Ê:
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a) Event Å ¶μ¤³¥´Õ, ¸μ¤¥·¦ Ð¥¥ μ¸´μ¢´Ò¥ Ô²¥³¥´ÉÒ, Ì · ±É¥·¨§ÊÕÐ¨¥
¸μ¡ÒÉ¨Ö.

Cells Å ¢Ò§Ò¢ ¥É μ±´μ, ±μÉμ·μ¥ ¢¨§Ê ²¨§¨·Ê¥É ¸μ¡ÒÉ¨¥ (¸³. · §¤. 4.1). ‚
ÔÉμ³ μ±´¥ μÉμ¡· ¦ ÕÉ¸Ö Éμ²Ó±μ ¸É ¡¨²Ó´Ò¥ Î ¸É¨ÍÒ, ¸μ¸É ¢²ÖÕÐ¨¥ ±μ´¥Î´μ¥
¸μ¸ÉμÖ´¨¥.

History Å ¢ μÉ²¨Î¨¥ μÉ Cells μÉμ¡· ¦ ¥É ¢¸¥ Î ¸É¨ÍÒ, ± ± ¶¥·¢¨Î´Ò¥, É ±
¨ ¢Éμ·¨Î´Ò¥, ±μÉμ·Ò¥ ³μ£ÊÉ ¶μÔÉ ¶´μ ¢μ§´¨±´ÊÉÓ ¢ ·¥§Ê²ÓÉ É¥ ¢§ ¨³μ¤¥°¸É¢¨Ö
¸É ²±¨¢ ÕÐ¨Ì¸Ö ¶ÊÎ±μ¢ Î ¸É¨Í. ˆ´Ëμ·³ Í¨Ö μ ¶·μ³¥¦ÊÉμÎ´ÒÌ Î ¸É¨Í Ì
¶μ§¢μ²Ö¥É ¨§ÊÎ¨ÉÓ ¶·μ¨¸Ìμ¦¤¥´¨¥ Î ¸É¨Í, ¢ Éμ³ Î¨¸²¥ μ¡· §ÊÕÐ¨Ì  ¤·μ´´Ò¥
¸É·Ê¨. 
ÉμÉ Ô²¥³¥´É ³¥´Õ μ¶¨¸ ´ ¢ [3].

‡ ³¥É¨³ ¶μ ¶μ¢μ¤Ê ÔÉ¨Ì ¤¢ÊÌ μ±μ´, ÎÉμ ¥¸²¨ ¶μ´ ¤μ¡¨É¸Ö ¨´Ëμ·³ Í¨Ö μ
¸μ¤¥·¦ ´¨¨ ÖÎ¥¥±, Éμ ³μ¦´μ ¢μ¸¶μ²Ó§μ¢ ÉÓ¸Ö μ±´μ³ CellInfo, ±μÉμ·μ¥ ¢Ò§Ò-
¢ ¥É¸Ö ´ ¦ É¨¥³ ´  ¢Ò¡· ´´ÊÕ ÖÎ¥°±Ê (¸³. · §¤. 4.2)

¡) JetFinder Å ¶μ¤³¥´Õ, ±μÉμ·μ¥ ¢Ò§Ò¢ ¥É μ¶·¥¤¥²¥´´Ò¥  ²£μ·¨É³Ò ¤²Ö
¶μ¨¸± ,  ´ ²¨§  ¨ μÉμ¡· ¦¥´¨Ö É ± ´ §Ò¢ ¥³ÒÌ  ¤·μ´´ÒÌ ¸É·Ê°.

PYCELL Å ·¥ ²¨§ Í¨Ö  ²£μ·¨É³  PYCELL, ¢§ÖÉμ£μ ¨§ ¶ ±¥É  PYTHIA,
¨¸¶μ²Ó§μ¢ ´¨¥ ±·¨É¥·¨Ö ¨§μ²¨·μ¢ ´´μ¸É¨ ¸É·Ê°.

PYCLUS Å ·¥ ²¨§ Í¨Ö  ²£μ·¨É³  PYCLUS (¨§ PYTHIA), ¡Ê¤¥É · ¸¸³μ-
É·¥´ ¤ ²¥¥.

�É³¥É¨³, ÎÉμ ¤²Ö ´ ¸É·μ°±¨ μ¡μ¨Ì  ²£μ·¨É³μ¢ ¶μ¨¸±  ¸É·Ê° ´Ê¦´μ ¢μ¸-
¶μ²Ó§μ¢ ÉÓ¸Ö ¶ ´¥²ÓÕ ¶ · ³¥É·μ¢. � ´¥²Ó ¶ · ³¥É·μ¢, ¶·¥¤´ §´ Î¥´´ Ö ¤²Ö
¨§³¥´¥´¨Ö · §²¨Î´ÒÌ ¶ · ³¥É·μ¢ ¶·μ£· ³³Ò, ¸μ¤¥·¦¨É ´ ¡μ· ¶μ²¥° ¢¢μ¤ ,
´¥μ¡Ìμ¤¨³ÒÌ ¤²Ö · ¸Î¥Éμ¢. � ¶·¨³¥·, μ±´μ PYCELL ¸μ¤¥·¦¨É É ±¨¥ ¶μ²Ö
¢¢μ¤ , ± ± ³¨´¨³ ²Ó´μ¥ §´ Î¥´¨¥ ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  ¸É·Ê¨ (PTCLUM),
³¨´¨³ ²Ó´μ¥ §´ Î¥´¨¥ ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  ÖÎ¥°±¨-¨´¨Í¨ Éμ·  ¸É·Ê¨
(PTCINM) ¢ ¥¤¨´¨Í Ì ƒÔ‚, · ¤¨Ê¸ ¸É·Ê¨ (RJET) (·¨¸. 6, ¤). „²Ö ¨¸¸²¥¤μ¢ ´¨Ö
®¨§μ²¨·μ¢ ´´μ¸É¨¯ ¸É·Ê¨, É. ¥. Ô´¥·£¥É¨Î¥¸±μ£μ ¸μ¤¥·¦ ´¨Ö ¢ ¶·¨²¥£ ÕÐ¥° ±
´¥° μ¡² ¸É¨, ³μ¦´μ ¢μ¸¶μ²Ó§μ¢ ÉÓ¸Ö μ±´μ³ Critetion (¸³. · §¤. 5.2). �±´ 
PYCELL ¨ PYCLUS ¸μ¤¥·¦ É ±´μ¶±¨ FindJet, ¸²Ê¦ É ¤²Ö § ¶Ê¸±   ²£μ·¨É-
³μ¢ ¶μ¨¸±  ¸É·Ê° (¸³. · §¤. 5.1), ¨ TreeViewJets, ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö μÉμ¡· ¦¥-
´¨Ö ¨´Ëμ·³ Í¨¨ μ ¸μ¸É ¢¥ ¸É·Ê° (¸³. · §¤. 5.3).

¢) Listing Å ¶μ¤³¥´Õ, ¸μ¤¥·¦ Ð¥¥ · §´μ£μ ·μ¤  ¸¶¨¸±¨, ¶μ¤·μ¡´μ ¡Ê¤¥É
· ¸¸³μÉ·¥´  ¢μ ¢Éμ·μ° Î ¸É¨ · ¡μÉÒ.
EventListing Å μÉμ¡· ¦¥´¨¥ ¢Ìμ¤´μ£μ (¨¸Ìμ¤´μ£μ) ¸¶¨¸± , ±μÉμ·Ò° ¸μ§¤ -
¥É¸Ö £¥´¥· Éμ·μ³ PYTHIA, ¸μ¤¥·¦ Ð¨° ¨´Ëμ·³ Í¨Õ μ¡ ¨§ÊÎ ¥³μ³ ¸μ¡ÒÉ¨¨
¨ Î ¸É¨Í Ì, ·μ¦¤¥´´ÒÌ ¢ ± ¦¤μ³ ¨§ ÔÉ¨Ì ¸μ¡ÒÉ¨°.

Particles (η > 5) Å ¢Ò¤ ¥É ¨´Ëμ·³ Í¨Õ μ Î ¸É¨Í Ì, ±μÉμ·Ò¥ ¢ÒÌμ¤ÖÉ § 
· ³±¨ μ¡· ¡μÉ±¨ ¨´Ëμ·³ Í¨¨, ÎÉμ μ¡Ê¸²μ¢²¥´μ μÉ¸ÊÉ¸É¢¨¥³ ·¥£¨¸É·¨·ÊÕÐ¥°
 ¶¶ · ÉÊ·Ò ¤¥É¥±Éμ·  ¢ μ¡² ¸É¨ η > 5.

ReferenceBook Å ¸¶· ¢μÎ´¨±.
KF Å ¸μ¤¥·¦¨É ¨´Ëμ·³ Í¨Õ μ · §²¨Î´ÒÌ Î ¸É¨Í Ì ¨ ¨Ì ±μ¤ Ì. � ¶·¨-

³¥·, �avour code Å ±μ¤  ·μ³ É  ¶ ·Éμ´ -·μ¤¨É¥²Ö.
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FormStyle Å ¸¶μ¸μ¡Ò μÉμ¡· ¦¥´¨Ö μ±μ´.
Cascad Å ®± ¸± ¤´Ò°¯ ¸¶μ¸μ¡,
Vertical Å ®¢¥·É¨± ²Ó´Ò°¯ ¸¶μ¸μ¡.

3.2. � ´¥²Ó Ê¶· ¢²¥´¨Ö. � ´¥²Ó Ê¶· ¢²¥´¨Ö ¶·μ£· ³³Ò ¶·¥¤¸É ¢²Ö¥É
¸μ¡μ° ·Ö¤ ¨§ Î¥ÉÒ·¥Ì · ¸¶μ²μ¦¥´´ÒÌ £μ·¨§μ´É ²Ó´μ ±´μ¶μ±, μÉ³¥Î¥´´ÒÌ ¸μ-
μÉ¢¥É¸É¢ÊÕÐ¨³¨ ¶¨±Éμ£· ³³ ³¨ ¨²¨ ´ §¢ ´¨Ö³¨. Š ¦¤ Ö ±´μ¶±  ¸´ ¡¦¥´ 
´¥μ¡Ìμ¤¨³μ° ¢¸¶²Ò¢ ÕÐ¥° ¶μ¤¸± §±μ°. � ²¨Î¨¥ ¶¨±Éμ£· ³³ ¨ ¶μ¤¸± §μ± ¶μ-
§¢μ²Ö¥É §´ Î¨É¥²Ó´μ Ê¶·μ¸É¨ÉÓ · ¡μÉÊ ¸ ¶·μ£· ³³μ°.

� ¦ É¨¥ ±´μ¶μ± ¢Ò§Ò¢ ¥É ¸²¥¤ÊÕÐ¨¥ ¤¥°¸É¢¨Ö:

¢Ò§μ¢ ¸É ´¤ ·É´μ£μ ¤¨ ²μ£  ¤²Ö μÉ±·ÒÉ¨Ö Ë °²  ¸ ¤ ´´Ò³¨ ³μ¤¥²¨·μ-
¢ ´¨Ö ¨²¨ Ô±¸¶¥·¨³¥´É  ¨ ´ Î ²  · ¡μÉÒ ¸ ´¨³¨;

¢μ§¢· É ±  ´ ²¨§Ê ¤ ´´ÒÌ ¶μ ¶·¥¤Ò¤ÊÐ¥³Ê ¸μ¡ÒÉ¨Õ;

¢Ò¢μ¤ ¤μ¶μ²´¨É¥²Ó´μ° ¨´Ëμ·³ Í¨¨ ¶μ É¥±ÊÐ¥³Ê ¸μ¡ÒÉ¨Õ;

¶¥·¥Ìμ¤ ±  ´ ²¨§Ê ¤ ´´ÒÌ ¶μ ¸²¥¤ÊÕÐ¥³Ê ¸μ¡ÒÉ¨Õ.

‘Éμ¨É μÉ³¥É¨ÉÓ, ÎÉμ ¤²Ö · §´ÒÌ μ±μ´ ¢ ·¨ Í¨Ö Ô²¥³¥´Éμ¢ Ê¶· ¢²¥´¨Ö
³μ¦¥É ¡ÒÉÓ · §²¨Î´μ°.

3.3. ˆ´Ëμ·³ Í¨μ´´ Ö ¶ ´¥²Ó. �  ¨´Ëμ·³ Í¨μ´´μ° ¶ ´¥²¨ (·¨¸. 6, £)
Ô²¥³¥´É NEvent μÉμ¡· ¦ ¥É ¶μ·Ö¤±μ¢Ò° ´μ³¥· É¥±ÊÐ¥£μ ¸μ¡ÒÉ¨Ö (1) ¨ μ¡Ð¥¥
±μ²¨Î¥¸É¢μ ¸μ¡ÒÉ¨° (3),   Ô²¥³¥´É NCell μÉμ¡· ¦ ¥É ±μμ·¤¨´ ÉÒ ÖÎ¥°±¨, ´ 
±μÉμ·ÊÕ ¸¥°Î ¸ ´ ¢¥¤¥´ ±Ê·¸μ· ³ÒÏ¨: η = −24, φ = 64.

3.4. Šμμ·¤¨´ É´ Ö ¸¥É± . Šμμ·¤¨´ É´ Ö ¸¥É±  ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° É -
¡²¨ÍÊ ¨§ 72×64 ÖÎ¥¥± Ê¸É ´μ¢²¥´´μ£μ · §³¥· . Š ¦¤ Ö ÖÎ¥°±  μ¡² ¤ ¥É Ê´¨-
± ²Ó´Ò³¨ ±μμ·¤¨´ É ³¨, ±μÉμ·Ò¥ μÉ³¥Î¥´Ò ´  ¢¥·É¨± ²Ó´ÒÌ ¨ £μ·¨§μ´É ²Ó-
´ÒÌ Ï± ² Ì. �·¨ ´ ¢¥¤¥´¨¨ ±Ê·¸μ·μ³ ³ÒÏ¨ ´  ²Õ¡ÊÕ ÖÎ¥°±Ê ¥¥ ±μμ·¤¨´ ÉÒ
μÉμ¡· ¦ ÕÉ¸Ö ´  ¨´Ëμ·³ Í¨μ´´μ° ¶ ´¥²¨.

3.5. ‘¶μ¸μ¡Ò μÉμ¡· ¦¥´¨Ö μ±μ´. „²Ö Ê¤μ¡´μ° · ¡μÉÒ ¸ μ¡Ñ¥±É ³¨ ¶·μ-
£· ³³Ò ¶·¥¤μ¸É ¢²Ö¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ Ê¶· ¢²ÖÉÓ · ¸¶μ²μ¦¥´¨¥³ μ±μ´. ‘ÊÐ¥-
¸É¢Ê¥É ¤¢¥ ¢μ§³μ¦´μ¸É¨: · ¸¶μ²μ¦¥´¨¥ μ±μ´ ± ¸± ¤μ³ ¨ ¢¥·É¨± ²Ó´μ (·¨¸. 7).

4. ‚ˆ‡“�‹ˆ‡�–ˆŸ ‘��›’ˆŸ

4.1. �·μ¸³μÉ· ¤ ´´ÒÌ ¶μ ¸μ¡ÒÉ¨Õ. �μ¸²¥ μÉ±·ÒÉ¨Ö Ë °²  ¸ ¤ ´´Ò³¨
μ ±¨´¥³ É¨±¥ ·μ¦¤¥´´ÒÌ ¢ ¸£¥´¥·¨·μ¢ ´´μ³ Ë¨§¨Î¥¸±μ³ ¸μ¡ÒÉ¨¨ Î ¸É¨Í
¨²¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨  ¢Éμ³ É¨Î¥¸±¨ § £·Ê¦ ¥É¸Ö ±μμ·¤¨´ É-
´ Ö ¸¥É± , ±μÉμ· Ö § ¶μ²´¥´  ¤ ´´Ò³¨ ¶μ ÖÎ¥°± ³, ¢ ±μÉμ·Ò¥ ¶μ¶ ²¨ Î ¸É¨ÍÒ
¶¥·¢μ£μ ¸μ¡ÒÉ¨Ö.
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	¨¸. 7. Š ¸± ¤´μ¥ ( ) ¨ ¢¥·É¨± ²Ó´μ¥ (¡) · ¸¶μ²μ¦¥´¨¥ μ±μ´

„²Ö Éμ£μ ÎÉμ¡Ò ¶μ²ÊÎ¨ÉÓ ¤μ¶μ²´¨É¥²Ó´ÊÕ ¨´Ëμ·³ Í¨Õ μ É¥±ÊÐ¥³ ¸μ-
¡ÒÉ¨¨, ´¥μ¡Ìμ¤¨³μ ´ ¦ ÉÓ ´  ¸²¥¤ÊÕÐÊÕ ±´μ¶±Ê ¶ ´¥²¨ Ê¶· ¢²¥´¨Ö μ±´ 
Cells:

¢Ò¢μ¤ ¤μ¶μ²´¨É¥²Ó´μ° ¨´Ëμ·³ Í¨¨ μ É¥±ÊÐ¥³ ¸μ¡ÒÉ¨¨.
…¥ ´ ¦ É¨¥ ¶·¨¢μ¤¨É ± ¶μÖ¢²¥´¨Õ ´  Ô±· ´¥ μ±´  EventValues (·¨¸. 8),

±μÉμ·μ¥ ¸μ¤¥·¦¨É (¢¸¥ ¨³¶Ê²Ó¸´Ò¥ ¨ Ô´¥·£¥É¨Î¥¸±¨¥ ¶¥·¥³¥´´Ò¥ ¶·¨¢μ¤ÖÉ¸Ö
¢ ¥¤¨´¨Í Ì ƒÔ‚):

• Nev Å ¶μ·Ö¤±μ¢Ò° ´μ³¥· ¶·μ¸³ É·¨¢ ¥³μ£μ ¸μ¡ÒÉ¨Ö ¢ ¢Ò¡· ´´μ³
Ë °²¥;

• Pmiss
X , Pmiss

Y , Pmiss
Z Å x-, y-, z-±μ³¶μ´¥´ÉÒ ¸Ê³³ ·´μ£μ ¨³¶Ê²Ó¸  ´¥·¥-

£¨¸É·¨·Ê¥³ÒÌ ¢ ¤¥É¥±Éμ·¥ Î ¸É¨Í;

• Ptmiss Å §´ Î¥´¨¥ ¸Ê³³ ·´μ£μ ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  ´¥·¥£¨¸É·¨·Ê¥-
³ÒÌ ¢ ¤¥É¥±Éμ·¥ Î ¸É¨Í (¶·¨ |η| > 5);

• Emiss Å §´ Î¥´¨¥ ¸Ê³³ ·´μ° Ô´¥·£¨¨ ´¥·¥£¨¸É·¨·Ê¥³ÒÌ ¢ ¤¥É¥±Éμ·¥
Î ¸É¨Í;

• Mmiss Å §´ Î¥´¨¥ ³ ¸¸Ò ´¥·¥£¨¸É·¨·Ê¥³ÒÌ ¢ ¤¥É¥±Éμ·¥ Î ¸É¨Í.

4.2. �Éμ¡· ¦¥´¨¥ ¨´Ëμ·³ Í¨¨ μ Î ¸É¨Í Ì, ¶·¨´ ¤²¥¦ Ð¨Ì ÖÎ¥°±¥.
�·¨ ´ ¦ É¨¨ ²¥¢μ° ±´μ¶±μ° ³ÒÏ¨ ´  ²Õ¡ÊÕ ¨§ ÖÎ¥¥± μ±´  Cells,   É ±¦¥ His-
tory ¶μÖ¢¨É¸Ö μ±´μ CellInfo ¸μ ¸¶¨¸±μ³ Î ¸É¨Í, ¶μ¶ ¢Ï¨Ì ¢ ÔÉÊ ÖÎ¥°±Ê. ‘ ³ 
¦¥ ÖÎ¥°±  ¸É ´μ¢¨É¸Ö ¢Ò¤¥²¥´´μ° Å μ¡¢μ¤¨É¸Ö ¸¢¥É²Ò³ ±μ´ÉÊ·μ³ (·¨¸. 9).

„²Ö ± ¦¤μ° Î ¸É¨ÍÒ μÉμ¡· ¦ ÕÉ¸Ö ¸²¥¤ÊÕÐ¨¥ ¥¥ ¶ · ³¥É·Ò:

• Name Å ´ §¢ ´¨¥ Î ¸É¨ÍÒ;
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	¨¸. 8. ‚Ò¢μ¤ ¤μ¶μ²´¨É¥²Ó´μ° ¨´Ëμ·³ Í¨¨ ¶μ ¸μ¡ÒÉ¨Õ, μ±´μ EventValues ¢Ò§Ò¢ -

¥É¸Ö ¨§ μ±´  Cells ´ ¦ É¨¥³ ´  ±´μ¶±Ê

• Line Å ´μ³¥· ²¨´¨¨ Î ¸É¨ÍÒ ¢ ¸¶¨¸±¥ EventListing;

• KS Å PYTHIA Å ±μ¤ ¸É ¡¨²Ó´μ¸É¨ Î ¸É¨ÍÒ;

• KF Å PYTHIA Å ±μ¤  ·μ³ É  Î ¸É¨ÍÒ;

• NLPar Å ´μ³¥· ²¨´¨¨ Î ¸É¨ÍÒ-·μ¤¨É¥²Ö ¢ ¸¶¨¸±¥ EventListing;

• KFPar Å PYTHIA Ä ±μ¤ Î ¸É¨ÍÒ-·μ¤¨É¥²Ö;

• Px, Py, Pz Å ±μμ·¤¨´ É´Ò¥ ±μ³¶μ´¥´ÉÒ ¢¥±Éμ·  ¨³¶Ê²Ó¸  Î ¸É¨ÍÒ;

• Pt Å ¶μ¶¥·¥Î´Ò° ¨³¶Ê²Ó¸ Î ¸É¨ÍÒ;

• E Å Ô´¥·£¨Ö Î ¸É¨ÍÒ;

• m Å ³ ¸¸  Î ¸É¨ÍÒ;

• Eta Å §´ Î¥´¨¥ ±μμ·¤¨´ ÉÒ η Î ¸É¨ÍÒ;

• Phi Å §´ Î¥´¨¥ ±μμ·¤¨´ ÉÒ ϕ Î ¸É¨ÍÒ;

• Vx, Vy, Vz Å ¶·μ¸É· ´¸É¢¥´´Ò¥ ±μ³¶μ´¥´ÉÒ 3-¢¥±Éμ·  ¶μ²μ¦¥´¨Ö
¢¥·Ï¨´Ò ·μ¦¤¥´¨Ö Î ¸É¨ÍÒ;

• VPx, VPy, VPz Å ¶·μ¸É· ´¸É¢¥´´Ò¥ ±μ³¶μ´¥´ÉÒ 3-¢¥±Éμ·  ¶μ²μ¦¥-
´¨Ö ¢¥·Ï¨´Ò ·μ¦¤¥´¨Ö Î ¸É¨ÍÒ-·μ¤¨É¥²Ö;

  É ±¦¥ ¶ · ³¥É·Ò ¸ ³μ° ÖÎ¥°±¨ Å ±μμ·¤¨´ ÉÒ (η ¨ φ), μ¡Ð¥¥ ±μ²¨Î¥¸É¢μ
Î ¸É¨Í ¨ ¨Ì ¸Ê³³ ·´Ò¥ ¢¥²¨Î¨´Ò (Sum, ¢Ò¤¥²¥´Ò ±· ¸´Ò³ Í¢¥Éμ³), É ±¨¥
± ± ¸Ê³³ ·´Ò° ¶μ¶¥·¥Î´Ò° ¨³¶Ê²Ó¸, Ô´¥·£¨Ö, ³ ¸¸  (·¨¸. 9, ¢).
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	¨¸. 9.   Å μÉμ¡· ¦¥´¨¥ ¨´Ëμ·³ Í¨¨ μ ¢Ò¤¥²¥´´μ° ÖÎ¥°±¥; ¡ Å ¢Ò§μ¢ μ±´  CellInfo
¨§ μ±´  Cells (History) ´ ¦ É¨¥³ ´  ¢Ò¡· ´´ÊÕ ÖÎ¥°±Ê; ¢ Å ¸Ê³³ ·´Ò¥ ¢¥²¨Î¨´Ò
Î ¸É¨Í μ±´  CellInfo

5. ��ˆ‘Š ˆ �’����†…�ˆ… �„����›• ‘’�“‰

5.1. �²£μ·¨É³ ¶μ¨¸±   ¤·μ´´ÒÌ ¸É·Ê° PYCELL. �¶¨¸ ´¨¥ μ¸´μ¢´ÒÌ
¶·¨´Í¨¶μ¢ ¶μ¸É·μ¥´¨Ö  ²£μ·¨É³  PYCELL ³μ¦´μ ´ °É¨ ¢ [2].

„²Ö ´ Î ²  · ¡μÉÒ ´¥μ¡Ìμ¤¨³μ:

1) ¢Ò¡· ÉÓ ¨§ ¶μ¤³¥´Õ JetFinder £² ¢´μ£μ ³¥´Õ ¶Ê´±É PYCELL, ¶μ¸²¥
Î¥£μ μÉ±·μ¥É¸Ö μ±´μ ¤²Ö ¶μ¨¸±  ¨ μÉμ¡· ¦¥´¨Ö  ¤·μ´´ÒÌ ¸É·Ê°;

2) § ¶μ²´¨ÉÓ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¶μ²Ö ¢¢μ¤  ¶ ´¥²¨ ¶ · ³¥É·μ¢ (¨²¨ μ¸É -
¢¨ÉÓ ¨Ì ¶μ Ê³μ²Î ´¨Õ), ¸³. § ³¥Î ´¨¥ ± ¶Ê´±ÉÊ ¡ · §¤. 3.1,
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3) ´ ¦ ÉÓ ´  ±´μ¶±Ê FindJet.

‡´ Î¥´¨Ö ¶μ²Ö ¢¢μ¤  RJET ³μ¦´μ ¨§³¥´ÖÉÓ ± ± ¸ ¶μ³μÐÓÕ Í¨Ë·μ¢μ° ±² -
¢¨ ÉÊ·Ò, É ± ¨ ´ ¦¨³ Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ±´μ¶±¨ ¸ É·¥Ê£μ²Ó´¨± ³¨, ¸¶· ¢ 
μÉ ¶μ²¥° (¤¨ ¶ §μ´ ¨§³¥´¥´¨Ö §´ Î¥´¨° RJET Å μÉ 1 ¤μ 15, ÎÉμ ¸μμÉ¢¥É-
¸É¢Ê¥É Ë¨§¨Î¥¸±μ³Ê ¨§³¥´¥´¨Õ · ¤¨Ê¸  ±μ´Ê¸  ¸É·Ê¨ μÉ R = 0,1 ¤μ 1,5). �·¨
´ ¦ É¨¨ ´  ÔÉ¨ ±´μ¶±¨ §´ Î¥´¨¥ Ê¢¥²¨Î¨É¸Ö ¨²¨ Ê³¥´ÓÏ¨É¸Ö ´  1.

Šμ´Í¥´É·¨Î¥¸±¨³¨ μ±·Ê¦´μ¸É¨ μÉμ¡· ¦ ÕÉ¸Ö ´ °¤¥´´Ò¥ ¸É·Ê¨. ˆ§³¥´ÖÖ
§´ Î¥´¨Ö ¶ · ³¥É·μ¢, ³μ¦´μ ¶μ²ÊÎ ÉÓ · §´Ò¥ ·¥§Ê²ÓÉ ÉÒ. �μ¸²¥ ¨§³¥´¥´¨Ö
¶ · ³¥É·μ¢ ´¥μ¡Ìμ¤¨³μ ´ ¦ ÉÓ ´  ±´μ¶±Ê FindJet (¶·¨ ¨§³¥´¥´¨¨ Éμ²Ó±μ
· ¤¨Ê¸  ´ ¦¨³ ÉÓ ´  ±´μ¶±Ê ´¥ μ¡Ö§ É¥²Ó´μ).

’¥¶¥·Ó ¶μÖ¢²ÖÕÉ¸Ö ¤μ¶μ²´¨É¥²Ó´Ò¥ Ô²¥³¥´ÉÒ Ê¶· ¢²¥´¨Ö, ¶μ§¢μ²ÖÕÐ¨¥
¶·μ ´ ²¨§¨·μ¢ ÉÓ ¶μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ.

Š´μ¶±  TreeViewJet ¶μ§¢μ²Ö¥É ¢Ò§¢ ÉÓ μ±´μ, μÉμ¡· ¦ ÕÐ¥¥ ¨´Ëμ·³ -
Í¨Õ μ ¸É·ÊÖÌ, ¸μ¤¥·¦ Ð¨Ì¸Ö ¢ ¢Ò¡· ´´μ³ ¸μ¡ÒÉ¨¨ ¨ ¨Ì ¸μ¸É ¢²ÖÕÐ¨Ì.

JetCount μÉμ¡· ¦ ¥É ±μ²¨Î¥¸É¢μ ´ °¤¥´´ÒÌ ¸É·Ê°.
	¥§Ê²ÓÉ É ¶μ± § ´ ´  ·¨¸. 10. 
Éμ Éμ ¦¥ ¸ ³μ¥ ¸μ¡ÒÉ¨¥ NEvent = 1, ÎÉμ

¡Ò²μ ¶·¥¤¸É ¢²¥´μ ´  ·¨¸. 6, ´μ É¥¶¥·Ó ´  ´¥³ ¡¥²Ò³ ¶μ± § ´Ò ¤¢¥ ¸É·Ê¨.
5.2. Š·¨É¥·¨° ¨§μ²¨·μ¢ ´´μ¸É¨ ¸É·Ê°. 	 ¸¸³ É·¨¢ ¥É¸Ö · ¸¸ÉμÖ´¨¥ RJ

¢ η − ϕ-¶·μ¸É· ´¸É¢¥

RJ(η; ϕ) =
√

(Δη)2 + (Δϕ)2, (1)

μÉ¸Î¨ÉÒ¢ ¥³μ¥ μÉ Í¥´É·  ÖÎ¥°±¨-¨´¨Í¨ Éμ·  ¤μ ±· Ö ¸É·Ê¨. � ±² ¤Ò¢ ¥É¸Ö
É·¥¡μ¢ ´¨¥, ÎÉμ¡Ò ¢ ´¥±μÉμ·μ³ ±μ²ÓÍ¥ Ï¨·¨´μ° ΔR, ±· É´μ³ · §³¥·Ê μ¤´μ°
ÖÎ¥°±¨ ± ²μ·¨³¥É·  ¤¥É¥±Éμ· , μÉ¸Î¨ÉÒ¢ ¥³μ° μÉ ±· Ö ¸É·Ê¨, ¸μ¤¥·¦ ²μ¸Ó
Ô´¥·£μ¢Ò¤¥²¥´¨¥, ´¥ ¶·¥¢μ¸Ìμ¤ÖÐ¥¥ 3Ä8% μÉ Ô´¥·£¨¨ ¸É·Ê¨. �·¨ ¢Ò¶μ²´¥-
´¨¨ ¶μ¸É ¢²¥´´μ£μ É·¥¡μ¢ ´¨Ö ´ °¤¥´´Ò° μ¡Ñ¥±É ¸Î¨É ¥É¸Ö ¨§μ²¨·μ¢ ´´μ°
 ¤·μ´´μ° ¸É·Ê¥°.

„²Ö ¶μ²ÊÎ¥´¨Ö ·¥§Ê²ÓÉ Éμ¢  ²£μ·¨É³   ´ ²¨§  ¸É·Ê¨ ´¥μ¡Ìμ¤¨³μ ´ ¦ ÉÓ
´  ¶· ¢ÊÕ ±´μ¶±Ê ³ÒÏ¨ ¢ μ¡² ¸É¨ ¸É·Ê¨, ¶μÖ¢¨É¸Ö ±´μ¶±  Critetion. �·¨
´ ¦ É¨¨ ´  ¤ ´´ÊÕ ±´μ¶±Ê ¡Ê¤¥É ¢Ò§¢ ´μ μ±´μ, ¢ ±μÉμ·μ³ ´¥μ¡Ìμ¤¨³μ Ê± -
§ ÉÓ Ï¨·¨´Ê ±μ²ÓÍ  (Radius, ¢ ÖÎ¥°± Ì) ¨ ´ ¦ ÉÓ ´  ±´μ¶±Ê �Š (·¨¸. 11). ‚
·¥§Ê²ÓÉ É¥ ¶·μ¨§μ°¤¥É · ¸Î¥É ¸Ê³³ ·´μ£μ ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  (PT), Ô´¥·-
£¥É¨Î¥¸±μ£μ ¢±² ¤  (…) ¢ ¸É·ÊÕ ¤²Ö ±·Ê£  · ¤¨Ê¸  RJET ¨ ±μ²ÓÍ  Ï¨·¨´μ°
RADIUS (μÉ¸Î¨ÉÒ¢ ¥³μ° μÉ · §³¥·  ¸É·Ê¨ ¸ · ¤¨Ê¸μ³ RJET ¢ ¥¤¨´¨Í Ì · §-
³¥·  ÖÎ¥°±¨),   É ±¦¥ ¶·μÍ¥´É´μ£μ ¸μμÉ´μÏ¥´¨Ö ³¥¦¤Ê ÔÉ¨³¨ ¢¥²¨Î¨´ ³¨
(RJET/RADIUS). ‚ É ¡²¨Í¥ RJET ¨ RADIUS ¢Ò· ¦¥´Ò ¢  ¡¸μ²ÕÉ´μ³ §´ -
Î¥´¨¨.

5.3. �Éμ¡· ¦¥´¨¥ ¨´Ëμ·³ Í¨¨ μ ¸É·Ê¥ ¨ ¶·¨´ ¤²¥¦ Ð¨Ì ¥° Î ¸É¨Í Ì.
�·¨ ´ ¦ É¨¨ ²¥¢μ° ±² ¢¨Ï¨ ³ÒÏ¨ ¢ μ¡² ¸É¨ ¢Ò¤¥²¥´¨Ö ¸É·Ê¨ ¶μÖ¢¨É¸Ö μ±´μ
JetInfo, ±μÉμ·μ¥ ¸μ¤¥·¦¨É ¨¸Î¥·¶Ò¢ ÕÐÊÕ ¨´Ëμ·³ Í¨Õ μ ¸É·Ê¥ ¨ ¥¥ ¸μ¸É ¢¥
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	¨¸. 10.   Å μÉμ¡· ¦¥´¨¥  ¤·μ´´ÒÌ ¸É·Ê° ( ²£μ·¨É³ PYCELL), μ±´μ ¢Ò§Ò¢ ¥É¸Ö ¨§
¶Ê´±É  PYCELL ¶μ¤³¥´Õ JetFinder £² ¢´μ£μ ³¥´Õ; ¡ Å Ô²¥³¥´ÉÒ Ê¶· ¢²¥´¨Ö μ±´ 

	¨¸. 11. Š·¨É¥·¨° ¨§μ²¨·μ¢ ´´μ¸É¨  ¤·μ´´ÒÌ ¸É·Ê°, μ±´μ ¢Ò§Ò¢ ¥É¸Ö ¨§ μ±´  PY-
CELL ´ ¦ É¨¥³ ¶· ¢μ° ±² ¢¨Ï¨ ³ÒÏ¨ ¢ μÉ³¥Î¥´´μ° μ¡² ¸É¨ ¸É·Ê¨

(·¨¸. 12). …¸²¨ ´ ¦ ÉÓ ±´μ¶±Ê ³ÒÏ¨ ¢´¥ μ¡² ¸É¨, Éμ ´¨± ±¨Ì ¤¥°¸É¢¨° ´¥
¶·μ¨§μ°¤¥É.

�±´μ JetInfo ¸μ¤¥·¦¨É ¸²¥¤ÊÕÐÊÕ ¨´Ëμ·³ Í¨Õ:
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	¨¸. 12. �Éμ¡· ¦¥´¨¥ ¨´Ëμ·³ Í¨¨ μ ¸É·Ê¥, μ±´μ JetInfo ¢Ò§Ò¢ ¥É¸Ö ¨§ μ±´  PYCELL
(PYCLUS) ´ ¦ É¨¥³ ²¥¢μ° ±² ¢¨Ï¨ ³ÒÏ¨ ¢ μ¡² ¸É¨ ¢Ò¤¥²¥´¨Ö ¸É·Ê¨

• HotCell Å ±μμ·¤¨´ ÉÒ ÖÎ¥°±¨ ¸ ³ ±¸¨³ ²Ó´Ò³ Ô´¥·£μ¢Ò¤¥²¥´¨¥³. 
É 
ÖÎ¥°± -¨´¨Í¨ Éμ· Ö¢²Ö¥É¸Ö Í¥´É·μ³, μÉ ±μÉμ·μ£μ · ¸Ìμ¤ÖÉ¸Ö ±μ´Í¥´-
É·¨Î¥¸±¨¥ ±·Ê£¨;

• Particles in Jet Å ±μ²¨Î¥¸É¢μ Î ¸É¨Í, ¢Ìμ¤ÖÐ¨Ì ¢ ¸É·ÊÕ;

• PJx, PJy, PJz Å ±μ³¶μ´¥´ÉÒ ¢¥±Éμ·  ¸Ê³³ ·´μ£μ ¨³¶Ê²Ó¸  ¸É·Ê¨;

• PJ Å ³μ¤Ê²Ó ¸Ê³³ ·´μ£μ ¨³¶Ê²Ó¸  ¸É·Ê¨

PJ =
√

PJ2
x + PJ2

y + PJ2
z ; (2)

• Pt Å ³μ¤Ê²Ó ¸Ê³³ ·´μ£μ ¢¥±Éμ·  ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  ¸É·Ê¨

Pt =
√

PJ2
x + PJ2

y ; (3)

• Pt sc Å ¸Ê³³ ·´Ò° ¸± ²Ö·´Ò° ¶μ¶¥·¥Î´Ò° ¨³¶Ê²Ó¸ ¸É·Ê¨, É. ¥. ¸Ê³³ 
³μ¤Ê²¥° ¶μ¶¥·¥Î´ÒÌ ¨³¶Ê²Ó¸μ¢ ¨´¤¨¢¨¤Ê ²Ó´ÒÌ Î ¸É¨Í;

• EJ Å ¶μ²´ Ö Ô´¥·£¨Ö ¸É·Ê¨;
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	¨¸. 13. �Éμ¡· ¦¥´¨¥ ¨´Ëμ·³ Í¨¨ μ Î ¸É¨Í¥, ¶·¨´ ¤²¥¦ Ð¥° ¸É·Ê¥

• MJinv Å ¨´¢ ·¨ ´É´ Ö ³ ¸¸  ¸É·Ê¨

MJinv =
√

E2
J − PJ2

x − PJ2
y − PJ2

z , (4)

• Particles Å ´ §¢ ´¨¥ Î ¸É¨Í, ±μÉμ·Ò¥ ¢Ìμ¤ÖÉ ¢ ¸É·ÊÕ;

• RT cg Å ¢§¢¥Ï¥´´Ò° · ¤¨Ê¸ ¸É·Ê¨, μÉ¸Î¨ÉÒ¢ ¥³Ò° μÉ ¥¥ Í¥´É·  ÉÖ-
¦¥¸É¨, μ¶·¥¤¥²¥´´μ£μ ¸ ¶μ³μÐÓÕ §´ Î¥´¨° ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸ , ¨¸-
¶μ²Ó§Ê¥³μ£μ ¢ ± Î¥¸É¢¥ ¢¥¸μ¢μ£μ Ë ±Éμ· ;

• RT cg/RJET Å μÉ´μ·³¨·μ¢ ´´Ò° ¶μ RJET ¢§¢¥Ï¥´´Ò° · ¤¨Ê¸;

• RE cg Å ¢§¢¥Ï¥´´Ò° · ¤¨Ê¸ ¸É·Ê¨, μÉ¸Î¨ÉÒ¢ ¥³Ò° μÉ ¥¥ Í¥´É·  ÉÖ-
¦¥¸É¨, μ¶·¥¤¥²¥´´μ£μ ¸ ¶μ³μÐÓÕ §´ Î¥´¨° Ô´¥·£¨¨, ¨¸¶μ²Ó§Ê¥³μ° ¢
± Î¥¸É¢¥ ¢¥¸μ¢μ£μ Ë ±Éμ· ;

• RE cg/RJET Å μÉ´μ·³¨·μ¢ ´´Ò° ¶μ RJET ¢§¢¥Ï¥´´Ò° · ¤¨Ê¸.

‡´ Î¥´¨Ö ¢§¢¥Ï¥´´ÒÌ · ¤¨Ê¸μ¢ ¸É·Ê¨ · ¸¸Î¨ÉÒ¢ ÕÉ¸Ö ¶μ ¸²¥¤ÊÕÐ¨³ Ëμ·³Ê-
² ³ [6, 7]:

RTcg =
∑

PtiRiic∑
Pti

, (5)

REcg =
∑

EiRiic∑
Ei

, (6)
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	¨¸. 14. �±´μ ParticleInfo ¢Ò§Ò¢ ¥É¸Ö ¨§ μ±´  JetInfo ¶·¨ ´ ¦ É¨¨ ²¥¢μ° ±´μ¶±¨
³ÒÏ¨ ´  ²Õ¡ÊÕ Î ¸É¨ÍÊ ¨§ ¸¶¨¸±  Particles

£¤¥ Pti Å §´ Î¥´¨¥ ³μ¤Ê²Ö ¸Ê³³ ·´μ£μ ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  É¥±ÊÐ¥° ÖÎ¥°±¨.
Ei Å ¸Ê³³ ·´μ¥ §´ Î¥´¨¥ Ô´¥·£¨¨ É¥±ÊÐ¥° ÖÎ¥°±¨. Riic Å · ¸¸ÉμÖ´¨¥ ¢
η − ϕ-¶·μ¸É· ´¸É¢¥, μÉ¸Î¨ÉÒ¢ ¥³μ¥ μÉ Í¥´É·  ÖÎ¥°±¨-¨´¨Í¨ Éμ·  (ic Ä initial
cell) ¤μ É¥±ÊÐ¥° ÖÎ¥°±¨ i-¸É·Ê¨.

‘Ê³³¨·μ¢ ´¨¥ ¶·μ¨§¢μ¤¨É¸Ö ¶μ ¢¸¥³ ÖÎ¥°± ³, ¢Ìμ¤ÖÐ¨³ ¢ ¸É·ÊÕ.
�·¨ ´ ¦ É¨¨ ²¥¢μ° ±´μ¶±μ° ³ÒÏ¨ ´  ²Õ¡ÊÕ Î ¸É¨ÍÊ ¨§ ¸¶¨¸±  Par-

ticles (¸³. ¶· ¢ÊÕ ±μ²μ´±Ê ¢ μ±´¥ JetInfo) μÉ±·μ¥É¸Ö μ±´μ ParticleInfo (¸³.
¶· ¢ÊÕ ±μ²μ´±Ê ´  ±μμ·¤¨´ É´μ° ¸¥É±¥ ·¨¸. 13, ·¨¸. 14), ¸μ¤¥·¦ Ð¥¥ ¶μ²´μ¥
μ¶¨¸ ´¨¥ Ì · ±É¥·¨¸É¨± ¢Ò¡· ´´μ° Î ¸É¨ÍÒ ¨§ ¸É·Ê¨, ´  ±μμ·¤¨´ É´μ° ¸¥É±¥
¢Ò¤¥²¨É¸Ö ¸μμÉ¢¥É¸É¢ÊÕÐ Ö ÖÎ¥°±  (·¨¸. 13).

�±´μ ParticleInfo μÉμ¡· ¦ ¥É ¸²¥¤ÊÕÐÊÕ ¨´Ëμ·³ Í¨Õ μ Î ¸É¨Í¥:

• Cell Å η − ϕ-±μμ·¤¨´ ÉÒ ÖÎ¥°±¨, ¸μ¤¥·¦ Ð¥° ÔÉÊ Î ¸É¨ÍÊ;

• Name Å ´ §¢ ´¨¥ Î ¸É¨ÍÒ;

• Line Å ´μ³¥· ²¨´¨¨ Î ¸É¨ÍÒ ¢ ¸¶¨¸±¥ EventListing;
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	¨¸. 15. �±´μ TreeViewJets, ¢Ò§Ò¢ ¥É¸Ö ¶·¨ ´ ¦ É¨¨ ´  ±μ´¶±Ê TreeViewJets μ±´ 
PYCELL (PYCLUS)

	¨¸. 16. ˆ¥· ·Ì¨Î¥¸±μ¥ μÉμ¡· ¦¥´¨¥ ¨´Ëμ·³ Í¨¨ μ ´ °¤¥´´ÒÌ ¸É·ÊÖÌ: μ±´  JetInfo
(·¨¸. 12), ParticleInfo (·¨¸. 14), TreeViewJets (·¨¸. 15)

• KS Å PYTHIA Ä ±μ¤ ¸É ¡¨²Ó´μ¸É¨ Î ¸É¨ÍÒ;

• KF Å PYTHIA Ä ±μ¤  ·μ³ É  Î ¸É¨ÍÒ;
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• NLPar Å ´μ³¥· ²¨´¨¨ Î ¸É¨ÍÒ-·μ¤¨É¥²Ö ¢ ¸¶¨¸±¥ EventListing;

• KFPar Å PYTHIA Ä ±μ¤ Î ¸É¨ÍÒ-·μ¤¨É¥²Ö;

• Px, Py, Pz Å ±μμ·¤¨´ É´Ò¥ ±μ³¶μ´¥´ÉÒ ¢¥±Éμ·  ¨³¶Ê²Ó¸  Î ¸É¨ÍÒ;

• Pt Å ¶μ¶¥·¥Î´Ò° ¨³¶Ê²Ó¸ Î ¸É¨ÍÒ;

• E Å Ô´¥·£¨Ö Î ¸É¨ÍÒ;

• m Å ³ ¸¸  Î ¸É¨ÍÒ;

• Eta Å §´ Î¥´¨¥ ±μμ·¤¨´ ÉÒ η Î ¸É¨ÍÒ;

• Phi Å §´ Î¥´¨¥ ±μμ·¤¨´ ÉÒ ϕ

• Vx, Vy, Vz Å ¶·μ¸É· ´¸É¢¥´´Ò¥ ±μ³¶μ´¥´ÉÒ 3-¢¥±Éμ·  ¶μ²μ¦¥´¨Ö
¢¥·Ï¨´Ò ·μ¦¤¥´¨Ö Î ¸É¨ÍÒ;

• VPx, VPy, VPz Å ¶·μ¸É· ´¸É¢¥´´Ò¥ ±μ³¶μ´¥´ÉÒ 3-¢¥±Éμ·  ¶μ²μ¦¥-
´¨Ö ¢¥·Ï¨´Ò ·μ¦¤¥´¨Ö Î ¸É¨ÍÒ-·μ¤¨É¥²Ö.

�·¨ ´ ¦ É¨¨ ´  ±´μ¶±Ê TreeViewJets μÉ±·μÕÉ¸Ö μ±´  JetInfo (·¨¸. 12)
¨ TreeViewJets (·¨¸. 15). 	 ¸¸³μÉ·¨³ ¢Éμ·μ¥ μ±´μ. ‡¤¥¸Ó ¶·¥¤¸É ¢²¥´  ¢¸Ö
¨´Ëμ·³ Í¨Ö μ ¸É·ÊÖÌ ¸μ¡ÒÉ¨Ö,   É ±¦¥ μ Î ¸É¨Í Ì, ¨§ ±μÉμ·ÒÌ μ´¨ ¸μ¸ÉμÖÉ,
¢ ¨¥· ·Ì¨Î¥¸±μ³ ¢¨¤¥. �  ¶¥·¢μ³ Ê·μ¢´¥ ¨¥· ·Ì¨¨ μÉμ¡· ¦¥´Ò ¢¸¥ ¸É·Ê¨ ¸μ-
¡ÒÉ¨Ö ¸μ §´ Î¥´¨Ö³¨ ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸ , ´  ¢Éμ·μ³ Ä μÉ· ¦¥´Ò ´ §¢ ´¨Ö
Î ¸É¨Í, ¨§ ±μÉμ·ÒÌ ¸μ¸Éμ¨É · ¸¸³ É·¨¢ ¥³ Ö ¸É·ÊÖ (·¨¸. 16).

�·¨ ´ ¦ É¨¨ ´  μ¡² ¸ÉÓ, μ¡μ§´ Î ÕÐÊÕ ¸É·ÊÕ,  ¢Éμ³ É¨Î¥¸±¨ ¡Ê¤¥É μÉμ-
¡· ¦ ÉÓ¸Ö μ±´μ JetInfo, ¶·¨ ´ ¦ É¨¨ ´  ´ §¢ ´¨¥ Î ¸É¨ÍÒ ¨§ ¸¶¨¸±  Î ¸É¨Í
Particles Å μ±´μ ParticleInfo.

‡�Š‹	—…�ˆ…

	 §· ¡μÉ ´´Ò° ¶·μ£· ³³´Ò° ¶ ±¥É ¶μ²´μ¸ÉÓÕ μÉ¢¥Î ¥É ¶μ¸É ¢²¥´´Ò³
É·¥¡μ¢ ´¨Ö³,   ¨³¥´´μ μ¸ÊÐ¥¸É¢²Ö¥É ´ £²Ö¤´μ¥ ¶·¥¤¸É ¢²¥´¨¥ ¨ Ô±¸¶·¥¸¸-
 ´ ²¨§ ¨´Ëμ·³ Í¨¨ ± ± μ ¸μ¡ÒÉ¨ÖÌ, ¸£¥´¥·¨·μ¢ ´´ÒÌ ¶·μ£· ³³´Ò³ ¶ ±¥Éμ³
PYTHIA, É ± ¨ μ § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ·¥ ²Ó´Ò³ ± ²μ·¨³¥É·μ³ ¤¥É¥±Éμ· .

’ ±¨³ μ¡· §μ³, ¶·μ£· ³³´Ò° ¶ ±¥É ¶μ§¢μ²Ö¥É:

• μÉμ¡· ¦ ÉÓ ´  ±μμ·¤¨´ É´μ° ¸¥É±¥ Ô´¥·£¥É¨Î¥¸±μ¥ ¢Ò¤¥²¥´¨¥ ¢ ÖÎ¥°± Ì
± ²μ·¨³¥É·  ¤¥É¥±Éμ·  ¶μ¸·¥¤¸É¢μ³ Í¢¥Éμ¢ÒÌ £ ³³;

• ¢Ò¢μ¤¨ÉÓ ¨¸Î¥·¶Ò¢ ÕÐÊÕ ¨´Ëμ·³ Í¨Õ ¶μ ± ¦¤μ° ¨§ Î ¸É¨Í,   É ±¦¥
¶μ ± ¦¤μ° ¨§ ÖÎ¥¥± ¤¥É¥±Éμ· ;
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• μ¸ÊÐ¥¸É¢²ÖÉÓ ¶μ¨¸±  ¤·μ´´ÒÌ ¸É·Ê° ( ²£μ·¨É³ PYCELL);

• ¶·μ¢μ¤¨ÉÓ  ´ ²¨§ ¸μ¸É ¢  ¸É·Ê¨ ¨ Ô´¥·£¥É¨Î¥¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö Î -
¸É¨Í,   É ±¦¥ ¢Ò¢μ¤¨ÉÓ ¶μ¤·μ¡´ÊÕ É ¡²¨ÍÊ ·¥§Ê²ÓÉ Éμ¢  ´ ²¨§ ;

• μÉμ¡· ¦ ÉÓ ¢ ¸²ÊÎ ¥ ¨¸¶μ²Ó§μ¢ ´¨Ö £¥´¥· Éμ·  ¸μ¡ÒÉ¨° ¸¶¨¸±¨ Î ¸É¨Í ¸
Ê± § ´¨¥³ ±μ¤μ¢ Î ¸É¨Í, ±μ³¶μ´¥´É ¨Ì Î¥ÉÒ·¥Ì ¨³¶Ê²Ó¸μ¢, ¶μ¶¥·¥Î´μ£μ
¨³¶Ê²Ó¸  ¨ ¤·Ê£μ° ¨´Ëμ·³ Í¨¨;

• ¸¢μ¡μ¤´μ ¶¥·¥¤¢¨£ ÉÓ¸Ö ¶μ ¸¶¨¸±Ê ¸μ¡ÒÉ¨°, ¤¨´ ³¨Î¥¸±¨ ¨§³¥´ÖÖ § -
¶μ²´¥´¨¥ ±μμ·¤¨´ É´μ° ¸¥É±¨.

‚μ¶·μ¸Ò, ¸¢Ö§ ´´Ò¥ ¸μ ¸É·Ê±ÉÊ·μ° ¸É·Ê° ¨ ¨Ì μ¡· §μ¢ ´¨¥³, · ¸¸³μÉ·¥´Ò
¢ [3].

‚ ¤ ²Ó´¥°Ï¥³ ¶·¥¤¶μ² £ ¥É¸Ö · ¸Ï¨·¨ÉÓ Î¨¸²μ  ²£μ·¨É³μ¢ ¶μ¨¸±   ¤·μ´-
´ÒÌ ¸É·Ê° ¢ ¶·μ£· ³³´μ³ ¶ ±¥É¥,   É ±¦¥ · ¸¸³μÉ·¥ÉÓ ¨´Ò¥ Ëμ·³Ò μÉμ¡· -
¦¥´¨Ö ¨´Ëμ·³ Í¨¨, ´ ¶·¨³¥· ¤¨ £· ³³Ò.

��ˆ‹�†…�ˆ…

”μ·³ É ¢Ìμ¤´μ£μ Ë °² . ‚Ìμ¤´μ° Ë °² ¸μ¸Éμ¨É ¨§ ´ ¡μ·  ¸É·μ±. Š ¦¤ Ö
¸É·μ±  ¸μ¤¥·¦¨É 20 ¶ · ³¥É·μ¢, ±μÉμ·Ò¥ Ì · ±É¥·¨§ÊÕÉ μÉ¤¥²Ó´ÊÕ Î ¸É¨ÍÊ
μ¶·¥¤¥²¥´´μ£μ ¸μ¡ÒÉ¨Ö.

• IEV Å ´μ³¥· ¸μ¡ÒÉ¨Ö;

• I Å ´μ³¥· ²¨´¨¨ Î ¸É¨ÍÒ ¢ ¸¶¨¸±¥;

• KS Å ±μ¤ ¸É ¡¨²Ó´μ¸É¨ Î ¸É¨ÍÒ;

• KF Å ±μ¤  ·μ³ É  Î ¸É¨ÍÒ;

• NLPar Å ´μ³¥· ²¨´¨¨ Î ¸É¨ÍÒ-·μ¤¨É¥²Ö;

• KFPar Å ±μ¤  ·μ³ É  Î ¸É¨ÍÒ-·μ¤¨É¥²Ö;

• Eta Å §´ Î¥´¨¥ ±μμ·¤¨´ ÉÒ η Î ¸É¨ÍÒ;

• Phi Å §´ Î¥´¨¥ ±μμ·¤¨´ ÉÒ ϕ Î ¸É¨ÍÒ;

• Px Å x-±μ³¶μ´¥´É  ¢¥±Éμ·  ¨³¶Ê²Ó¸  Î ¸É¨ÍÒ;

• Py Å y-±μ³¶μ´¥´É  ¢¥±Éμ·  ¨³¶Ê²Ó¸  Î ¸É¨ÍÒ;

• Pz Å z-±μ³¶μ´¥´É  ¢¥±Éμ·  ¨³¶Ê²Ó¸  Î ¸É¨ÍÒ;
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• E Å Ô´¥·£¨Ö Î ¸É¨ÍÒ;

• AM Å ³ ¸¸  Î ¸É¨ÍÒ;

• Pt Å ¶μ¶¥·¥Î´Ò° ¨³¶Ê²Ó¸ Î ¸É¨ÍÒ;

• Vx Å ¢¥·Ï¨´  ·μ¦¤¥´¨Ö Î ¸É¨ÍÒ (x-±μ³¶μ´¥´É );

• Vy Å ¢¥·Ï¨´  ·μ¦¤¥´¨Ö Î ¸É¨ÍÒ (y-±μ³¶μ´¥´É );

• Vz Å ¢¥·Ï¨´  ·μ¦¤¥´¨Ö Î ¸É¨ÍÒ (z-±μ³¶μ´¥´É );

• VPx Å ¢¥·Ï¨´  ·μ¦¤¥´¨Ö Î ¸É¨ÍÒ-·μ¤¨É¥²Ö (x-±μ³¶μ´¥´É );

• VPy Å ¢¥·Ï¨´  ·μ¦¤¥´¨Ö Î ¸É¨ÍÒ-·μ¤¨É¥²Ö (y-±μ³¶μ´¥´É );

• VPz Å ¢¥·Ï¨´  ·μ¦¤¥´¨Ö Î ¸É¨ÍÒ-·μ¤¨É¥²Ö (z-±μ³¶μ´¥´É ).

” °² ¤μ²¦¥´ § ± ´Î¨¢ ÉÓ¸Ö ¢Ò· ¦¥´¨¥³ ®IEV¯ = n, £¤¥ n Å Î¨¸²μ
¸μ¡ÒÉ¨° ¢ Ë °²¥.
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