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‡Ê²Ó± ·´¥¥¢ �. Ÿ. P2-2009-135
�μ²´Ò° ³μ³¥´É ¨ ¶²μ¸±μ¸ÉÓ ·¥ ±Í¨¨
¢ ¶·μÍ¥¸¸ Ì ¸μÊ¤ ·¥´¨Ö Î ¸É¨Í ¢Ò¸μ±¨Ì Ô´¥·£¨°

�²μ¸±μ¸ÉÓ ·¥ ±Í¨¨ Ö¢²Ö¥É¸Ö ÔËË¥±É¨¢´Ò³ ¨´¸É·Ê³¥´Éμ³ ¨§ÊÎ¥´¨Ö Ö¤·μ-
Ö¤¥·´ÒÌ ¨ ¤·Ê£¨Ì ¢§ ¨³μ¤¥°¸É¢¨° Î ¸É¨Í. „²Ö ¥¥ μ¶·¥¤¥²¥´¨Ö ¢ ÔÉμ³ ¸²ÊÎ ¥
¨¸¶μ²Ó§ÊÕÉ ³μ¤¥²Ó´Ò¥ (£¨¤·μ¤¨´ ³¨Î¥¸±¨¥) ¶·¥¤¸É ¢²¥´¨Ö μ ¸¢Ö§¨ ¶ · ³¥É· 
Ê¤ ·  ¸ ±μ²²¥±É¨¢´Ò³¨ ¶μÉμ± ³¨ Î ¸É¨Í. ‚ · ¡μÉ¥ ¶μ± § ´  ¢μ§³μ¦´μ¸ÉÓ ¶·Ö-
³μ£μ ¢μ¸¸É ´μ¢²¥´¨Ö μ·¨¥´É Í¨¨ ¶²μ¸±μ¸É¨, ¢ ±μÉμ·μ° ¶·μ¨¸Ìμ¤¨É ¸μÊ¤ ·¥´¨¥
Î ¸É¨Í ¢ ·¥ ±Í¨ÖÌ, ´  ¡¥§³μ¤¥²Ó´μ° μ¸´μ¢¥. ˆ¤¥Ö ¨¸¶μ²Ó§Ê¥É ¸¢Ö§Ó ³¥¦¤Ê ¨§³¥-
·Ö¥³Ò³¨ ´  μ¶ÒÉ¥ ¢¥²¨Î¨´ ³¨ ¨ ¶μ²´Ò³ ³μ³¥´Éμ³ M ¸¨¸É¥³Ò Î ¸É¨Í, ÊÎ ¸É¢Ê-
ÕÐ¨Ì ¢ ¸Éμ²±´μ¢¥´¨¨. „ ´μ μ¶·¥¤¥²¥´¨¥ ¶μ´ÖÉ¨Ö ¶²μ¸±μ¸É¨ ·¥ ±Í¨¨ ¶·¨ ³´μ-
¦¥¸É¢¥´´μ³ μ¡· §μ¢ ´¨¨ Î ¸É¨Í; ¶μ± § ´μ, ÎÉμ ´μ·³ ²Ó ± ´¥° μ·¨¥´É¨·μ¢ ´ 
¢¤μ²Ó ¶μ²´μ£μ ³μ³¥´É  Œ. �Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ, ¢ ±μ´¥Î´μ³ ¸Î¥É¥, ¶·¨¢μ¤¨É
± ÔËË¥±ÉÊ ¢§ ¨³μ¸¢Ö§¨  §¨³ÊÉ ²Ó´ÒÌ Ê£²μ¢ Î ¸É¨Í, ±μÉμ·Ò° ¢ ²¨É¥· ÉÊ·¥ ¨´-
É¥·¶·¥É¨·Ê¥É¸Ö ± ± ¶·μÖ¢²¥´¨¥ ±μ²²¥±É¨¢´μ£μ μ¡· §μ¢ ´¨Ö ¶μÉμ±μ¢ Î ¸É¨Í ¶·¨
¸μÊ¤ ·¥´¨ÖÌ Ö¤¥·.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ë¨§¨±¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¨³. ‚.ˆ. ‚¥±¸²¥· 
¨ �.Œ. 	 ²¤¨´  �ˆŸˆ.
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The Total Moment and Reaction Plane
in the Processes of Particle Production at High Energies

The reaction plane is one of the effective tools to study properties of nuclei-nuclei
and other interactions. The present-day methods to ˇnd this plane are indirect, and the
use of model (hydrodynamic) conceptions about connection between the collective

ows and the impact parameter of a collision has limited precision. This work
offers a more reliable and direct method to reconstruct the reaction plane (RP) in
any model absence. The idea of the method is based on using the conservation law
of the total moment M of the colliding particles to obtain the connection of this
moment with new experimental observable values. Deˇnition of the RP notion is
given on this ground. It has been shown that the normal to the RP of any reaction is
oriented indeed along direction of this total moment. In the ˇnal analysis, this reason
reduces to the existence of an asimuthal correlation among particles produced in the
reaction. In the literature that effect is interpreted as manifestation of collective 
ow
production in nuclei collisions.

The investigation has been performed at the Veksler and Baldin Laboratory of
High Energy Physics, JINR.
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‚‚…„…�ˆ…

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¤²Ö ´ Ìμ¦¤¥´¨Ö ¶²μ¸±μ¸É¨ ·¥ ±Í¨¨ (��) ¢ ¶·μÍ¥¸¸ Ì
Ö¤¥·´ÒÌ ¸μÊ¤ ·¥´¨° ¨¸¶μ²Ó§ÊÕÉ¸Ö ³μ¤¥²Ó´Ò¥ ¨ Ô¢·¨¸É¨Î¥¸±¨¥ ¶·¥¤¸É ¢²¥-
´¨Ö μ ¸¢Ö§¨ ¶ · ³¥É·  Ê¤ ·  ¸ ±μ²²¥±É¨¢´Ò³¨ ¶μÉμ± ³¨ Î ¸É¨Í [1]. �¶¨· -
Ö¸Ó ´  ´¨Ì, ¶·¥¤²μ¦¥´Ò · §²¨Î´Ò¥ ³¥Éμ¤Ò ¢μ¸¸É ´μ¢²¥´¨Ö ÔÉμ° ¶²μ¸±μ¸É¨
´  μ¸´μ¢¥ ¤ ´´ÒÌ Ô±¸¶¥·¨³¥´É  [2Ä5]. � ¸±μ²Ó±μ ÉμÎ´Ò É ±¨¥ ¶μ¤Ìμ¤Ò,
¥Ð¥ ´¥ ¢¶μ²´¥ Ö¸´μ. ‘¶¥Í¨ ²Ó´Ò¥ ¸μ¶μ¸É ¢²¥´¨Ö, ¢Ò¶μ²´¥´´Ò¥ ¢ · ¡μÉ¥ [6]
(¸³. É ±¦¥ ¢ · §¤. 4 ´ ¸ÉμÖÐ¥° · ¡μÉÒ), § ¸É ¢²ÖÕÉ ¶μ² £ ÉÓ, ÎÉμ ´ ¤¥¦´μ¸ÉÓ
¢¸¥Ì ÔÉ¨Ì ³¥Éμ¤μ¢ ´Ê¦¤ ¥É¸Ö ¢ ¤ ²Ó´¥°Ï¥³ ¨¸¸²¥¤μ¢ ´¨¨.

‚ ¸¢Ö§¨ ¸ ÔÉ¨³  ¢Éμ· μ¡· Ð ¥É ¢´¨³ ´¨¥ ´  ¥Ð¥ μ¤´Ê ¢μ§³μ¦´μ¸ÉÓ ¢μ¸-
¸É ´ ¢²¨¢ ÉÓ ¶²μ¸±μ¸ÉÓ ·¥ ±Í¨¨ ´¥¶μ¸·¥¤¸É¢¥´´μ, ´¥ ¶·¨¡¥£ Ö ± ³μ¤¥²Ö³.
ˆ¤¥Ö ³¥Éμ¤  μ¸´μ¢ ´  ´  ¸ÊÐ¥¸É¢μ¢ ´¨¨ ¸É·μ£μ° Ë¥´μ³¥´μ²μ£¨Î¥¸±μ° ¸¢Ö§¨
³¥¦¤Ê ´ ¶· ¢²¥´¨¥³ ³μ³¥´É  ¨ ´ ¡²Õ¤ ¥³Ò³¨ ¢¥²¨Î¨´ ³¨. ‚ ¸²¥¤ÊÕÐ¥³
· §¤¥²¥ ¢¢μ¤ÖÉ¸Ö ÔÉ¨ ´ ¡²Õ¤ ¥³Ò¥ Å zi ¨ Z. ˆÌ ¸¢Ö§Ó ¸ ³μ³¥´Éμ³ ¨³¶Ê²Ó¸ 
¨ ¶·¨Í¥²Ó´Ò³ ¶ · ³¥É·μ³ Ê¤ ·  · ¸¸³ É·¨¢ ¥É¸Ö ¢ · §¤. 2 ¨ 3. ’ ³ ¦¥ ¤ -
¥É¸Ö μ¶·¥¤¥²¥´¨¥ ¶μ´ÖÉ¨Ö ¶²μ¸±μ¸É¨ ·¥ ±Í¨¨ ¤²Ö ³´μ¦¥¸É¢¥´´μ£μ ·μ¦¤¥´¨Ö
Î ¸É¨Í ¨ · ¸¸³ É·¨¢ ÕÉ¸Ö ´¥±μÉμ·Ò¥ ¸²¥¤¸É¢¨Ö, ¸¢Ö§ ´´Ò¥ ¸ ¸ÊÐ¥¸É¢μ¢ ´¨¥³
ÔÉμ° ¶²μ¸±μ¸É¨. ‚ · §¤. 4 ¸¤¥² ´  ¶μ¶ÒÉ±  ¸μ¶μ¸É ¢¨ÉÓ ³¥¦¤Ê ¸μ¡μ° ¢μ§-
³μ¦´μ¸É¨ ´¥±μÉμ·ÒÌ ³¥Éμ¤¨±, ´ ¨¡μ²¥¥ Î ¸Éμ ¶·¨³¥´Ö¥³ÒÌ ¤²Ö ¢μ¸¸É ´μ-
¢²¥´¨Ö ��. ‚ § ±²ÕÎ¥´¨¨ μÉ³¥Î¥´  ·μ²Ó ¢¥±Éμ·μ¢ ¶μ²´μ£μ ³μ³¥´É  ¨ Z ¢
Ëμ·³¨·μ¢ ´¨¨ �� ¢ ¸μÊ¤ ·¥´¨ÖÌ ¨ ¢μ§´¨±´μ¢¥´¨¨  §¨³ÊÉ ²Ó´ÒÌ ±μ··¥²ÖÍ¨°
³¥¦¤Ê Î ¸É¨Í ³¨.

1. ��‡ˆ‘�›… ‚…Š’��› Š��…—��ƒ� ‘�‘’�Ÿ�ˆŸ �…�Š–ˆˆ
��ˆ ��†„…�ˆˆ —�‘’ˆ–

‚ ¶·μÍ¥¸¸ Ì · ¸¸¥Ö´¨Ö ¨²¨ ·μ¦¤¥´¨Ö Î ¸É¨Í �� ¶·¥¤¸É ¢²ÖÕÉ μ¡ÒÎ´μ
¢¥±Éμ·μ³ n′ = (p × p′)/|p × p′|, ±μÉμ·Ò° μ¡· §ÊÕÉ ¨§ 3-¨³¶Ê²Ó¸μ¢ ´ Î ²Ó´μ°
Î ¸É¨ÍÒ · ¨ Î ¸É¨ÍÒ, · ¸¸¥Ö´´μ° (·μ¦¤¥´´μ°) ¢ ¶·μÍ¥¸¸¥ ¸μÊ¤ ·¥´¨Ö, p′.
�¤´ ±μ ¥£μ μ¡μ¡Ð¥´¨¥ ´  ¸²ÊÎ ° ³´μ¦¥¸É¢¥´´μ£μ μ¡· §μ¢ ´¨Ö Î ¸É¨Í, ¢
±μÉμ·μ³ p′ § ³¥´Ö² ¸Ó ¡Ò ¸Ê³³μ° ¨³¶Ê²Ó¸μ¢ ¢¸¥Ì N ¶·μ¤Ê±Éμ¢ ±μ´¥Î´μ£μ
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¸μ¸ÉμÖ´¨Ö ·¥ ±Í¨¨

p × (p1 + p2 + p3 + . . . + pN ) = p × (Σ pi), (1)

´¥¢μ§³μ¦´μ. ‚Ò· ¦¥´¨¥ (1) μ¡· Ð ¥É¸Ö ¢ ´μ²Ó ¢ ²Õ¡μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É
¨§-§  ¸μÌ· ´¥´¨Ö ¶μ²´μ£μ ¨³¶Ê²Ó¸  ¸¨¸É¥³Ò (§¤¥¸Ó ¨ ¢¸Õ¤Ê ´¨¦¥ ¸Ê³³¨·μ-
¢ ´¨¥ ¢¥¤¥É¸Ö ¶μ ¨´¤¥±¸Ê i μÉ 1 ¤μ N ,   · ¸¸³μÉ·¥´¨¥ Å ¢ ¸. Í. ³. ¸μÊ¤ -
·ÖÕÐ¨Ì¸Ö Î ¸É¨Í). �μ ÔÉμ° ¶·¨Î¨´¥ ¢ ¶·μÍ¥¸¸ Ì ·μ¦¤¥´¨Ö ´μ·³ ²Ó (1) ´¥
³μ¦¥É ¡ÒÉÓ ¢Ò· ¦¥´  Î¥·¥§ ¨³¶Ê²Ó¸ Î ¸É¨ÍÒ μ¤´μ§´ Î´Ò³ μ¡· §μ³, ¥¸²¨ ´¥
μÉ± § ÉÓ¸Ö μÉ ¨¸¶μ²Ó§μ¢ ´¨Ö ÔÉμ° ¶¥·¥³¥´´μ° ¢ ¶μ²Ó§Ê ¨´μ°,  ¤¥±¢ É´μ° ·¥-
Ï ¥³μ° § ¤ Î¥. ‚ ± Î¥¸É¢¥ ´μ¢μ° ¶¥·¥³¥´´μ°  ¢Éμ· ¶·¥¤² £ ¥É ¨¸¶μ²Ó§μ¢ ÉÓ
μÉ´μÏ¥´¨¥ ¢¥±Éμ·μ¢ 3-¨³¶Ê²Ó¸μ¢ ¢Éμ·¨Î´ÒÌ Î ¸É¨Í ± ¨Ì ¸μμÉ¢¥É¸É¢ÊÕÐ¨³
³μ¤Ê²Ö³ zi = pi/pi. �É¨ μÉ´μÏ¥´¨Ö ´¥ ¶μ¤Î¨´¥´Ò § ±μ´Ê ¸μÌ· ´¥´¨Ö ¨³-
¶Ê²Ó¸  ´¥¶μ¸·¥¤¸É¢¥´´μ. �μÔÉμ³Ê ¨Ì ¸Ê³³  Z = Σ pi/pi Ê¦¥ ´¥ μ¡Ö§ ´  ¡ÒÉÓ
· ¢´μ° ¢¸¥£¤  ´ Î ²Ó´μ³Ê ¨³¶Ê²Ó¸Ê ¨²¨ ´Ê²Õ. ‘ ¶μÖ¢²¥´¨¥³ ´μ¢μ£μ ¢¥±-
Éμ·  Z ³μ¦´μ ¶μ¸É·μ¨ÉÓ μ·Éμ£μ´ ²Ó´ÊÕ É·μ°±Ê ¢¥±Éμ·μ¢ m ∼ p/p − Z/Z ¨
l ∼ p/p + Z/Z ¨ ´μ·³ ²Ó ± ´¨³

n ∼ m × l = 2(p/p) × Z/Z, (2)

±μÉμ· Ö μ¡· §Ê¥É £¥μ³¥É·¨Î¥¸±¨° ¡ §¨¸ ¶·¨ μ¶¨¸ ´¨¨ ±μ´¥Î´μ£μ ¸μ¸ÉμÖ´¨Ö
·¥ ±Í¨¨.

�μ¤μ¡´μ ¢¥±Éμ·´μ³Ê ¶μ²Õ ¸±μ·μ¸É¥° Î ¸É¨Í ¤¢¨¦ÊÐ¥°¸Ö ¦¨¤±μ¸É¨, ¢¥±-
Éμ·Ò zi μ¡· §ÊÕÉ ¶μ²¥ ´ ¶· ¢²¥´¨° ¤¢¨¦¥´¨Ö Î ¸É¨Í ¢ ·¥ ±Í¨¨. ‘μμÉ¢¥É-
¸É¢¥´´μ ÔÉμ°  ´ ²μ£¨¨, ¸Ê³³ ·´Ò° ¢¥±Éμ· ¢¸¥Ì ¥¤¨´¨Î´ÒÌ μ·Éμ¢ ¸±μ·μ¸É¥°
¢Éμ·¨Î´ÒÌ Î ¸É¨Í Z ³μ¦´μ ´ §¢ ÉÓ ¢¥±Éμ·μ³ ¶μ²´μ£μ ¶μÉμ±  ´ ¶· ¢²¥´¨°
¤¢¨¦¥´¨Ö ¨²¨ ¶·μ¸Éμ ¶μÉμ±μ³ Î ¸É¨Í ¢ ·¥ ±Í¨¨.

2. �‹�‘Š�‘’œ �…�Š–ˆˆ ‚ ���–…‘‘�• Œ��†…‘’‚…���ƒ�
��†„…�ˆŸ —�‘’ˆ–

�·¥μ¡· §μ¢ ´´ Ö É ±¨³ μ¡· §μ³ ´μ·³ ²Ó (2) μ¡² ¤ ¥É § ³¥Î É¥²Ó´Ò³
¸¢μ°¸É¢μ³. �´  ´¥ ³μ¦¥É μ·¨¥´É¨·μ¢ ÉÓ¸Ö ¢ ¶·μ¸É· ´¸É¢¥ ¶·μ¨§¢μ²Ó´Ò³
μ¡· §μ³. �¥É·Ê¤´μ ¶μ± § ÉÓ, ÎÉμ ¥¥ ´ ¶· ¢²¥´¨¥ ¦¥¸É±μ ¸¢Ö§ ´μ ¸ ´ ¶· -
¢²¥´¨¥³ ¢¥±Éμ·  ¶μ²´μ£μ ³μ³¥´É  ´ Î ²Ó´μ° ¸¨¸É¥³Ò ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì
Î ¸É¨Í.

‚ ¶·μÍ¥¸¸ Ì ¸Éμ²±´μ¢¥´¨Ö ¶ ·Ò Î ¸É¨Í ¸ ¶·¨Í¥²Ó´Ò³ ¶ · ³¥É·μ³ Ê¤ ·  b
¨ ´ Î ²Ó´Ò³¨ ¨³¶Ê²Ó¸ ³¨ p ¨ −p ¢μ§´¨± ¥É Ê£²μ¢μ° ³μ³¥´É Î ¸É¨Í M´ Î =
2p × b μÉ´μ¸¨É¥²Ó´μ Í¥´É·  ³ ¸¸ ¸É ²±¨¢ ÕÐ¥°¸Ö ¸¨¸É¥³Ò. �·¨ ¤μ¸É ÉμÎ´μ
¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ ³μ¦´μ ¶·¥´¥¡·¥ÎÓ ¸¶¨´μ¢Ò³¨ ³μ³¥´É ³¨ ¸μÊ¤ ·ÖÕÐ¨Ì¸Ö
¨ ·μ¦¤¥´´ÒÌ ¢ ±μ´¥Î´μ³ ¸μ¸ÉμÖ´¨¨ ·¥ ±Í¨¨ Î ¸É¨Í. ‚ É ±μ³ ¶·¨¡²¨¦¥´¨¨
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Ê£²μ¢μ° ³μ³¥´É ¡Ê¤¥É Ìμ·μÏ¨³ ±¢ ´Éμ¢Ò³ Î¨¸²μ³ ¨ μ¡  ³μ³¥´É  (´ Î ²Ó´μ°
¨ ±μ´¥Î´μ° ¸¨¸É¥³ Î ¸É¨Í) ¤μ²¦´Ò ¸μ¢¶ ¸ÉÓ ± ± ¶μ ¢¥²¨Î¨´¥, É ± ¨ ¶μ ´ -
¶· ¢²¥´¨Õ ¨Ì μ·Éμ¢ ¢ ¶·μ¸É· ´¸É¢¥. �μ¸±μ²Ó±Ê (2) Ö¢²Ö¥É¸Ö ¥¤¨´¸É¢¥´´Ò³
¶¸¥¢¤μ¢¥±Éμ·μ³ ¸·¥¤¨ ¡ §¨¸´ÒÌ μ·Éμ¢, Éμ ³μ³¥´É ±μ´¥Î´μ£μ ¸μ¸ÉμÖ´¨Ö ·¥-
 ±Í¨¨ ³μ¦¥É ¡ÒÉÓ ´ ¶· ¢²¥´ Éμ²Ó±μ ¢¤μ²Ó ¨³¥´´μ ÔÉμ£μ ¶¸¥¢¤μ¢¥±Éμ· . �Éμ
μ¡¸ÉμÖÉ¥²Ó¸É¢μ ¨¸¶μ²Ó§μ¢ ´μ ´ ³¨ ´¨¦¥ ¢ · ¢¥´¸É¢¥ μ·Éμ¢ μ¡μ¨Ì ¢¥±Éμ·μ¢:

(p × b)/|p × b| = λ(p × Z)/|p × Z|. (3)

ˆ§ · §³¥·´ÒÌ ¸μμ¡· ¦¥´¨° ¢ ¶· ¢ÊÕ Î ¸ÉÓ ¢Ò· ¦¥´¨Ö ¢¢¥¤¥´ μ¤¨´ ±μ¢Ò°
¤²Ö ¢¸¥Ì Î ¸É¨Í ¸± ²Ö·´Ò° ¶ · ³¥É· λ, ¨³¥ÕÐ¨° · §³¥·´μ¸ÉÓ ¤²¨´Ò.

‹¥¢ Ö Î ¸ÉÓ (3) μ¶·¥¤¥²Ö¥É ¶²μ¸±μ¸ÉÓ, ¢ ±μÉμ·μ° ¶·μ¨¸Ìμ¤¨É ¸μÊ¤ ·¥´¨¥
Î ¸É¨Í ¢ ´ Î ²Ó´μ³ ¸μ¸ÉμÖ´¨¨ ·¥ ±Í¨¨; μ´  § ¢¨¸¨É μÉ μ·¨¥´É Í¨¨ M´ Î ¨ ´¥
³μ¦¥É ¡ÒÉÓ ´ °¤¥´  ¶·Ö³Ò³¨ ¨§³¥·¥´¨Ö³¨. � ¸¶μ¸μ¡ Ì ¥¥ ¢μ¸¸É ´μ¢²¥´¨Ö
¸³., ´ ¶·¨³¥·, ¢ [2Ä4]. � ¶·μÉ¨¢, ¢¸¥ ¢¥²¨Î¨´Ò ¢ ¶· ¢μ° Î ¸É¨ · ¢¥´¸É¢  (3)
¤μ¸ÉÊ¶´Ò ¨§³¥·¥´¨Õ. �É  Î ¸ÉÓ μ¶·¥¤¥²Ö¥É ¶²μ¸±μ¸ÉÓ ±μ´¥Î´μ£μ ¸μ¸ÉμÖ´¨Ö
·¥ ±Í¨¨, ±μÉμ· Ö μ¡· §Ê¥É¸Ö ¨§ ¢¥±Éμ·μ¢ ´ Î ²Ó´μ£μ ¨³¶Ê²Ó¸  ¸¨¸É¥³Ò ¨
¶μ²´μ£μ ¶μÉμ±  ·μ¦¤¥´´ÒÌ Î ¸É¨Í. ‚ ¸¨²Ê ¸μÌ· ´¥´¨Ö ³μ³¥´É  ¸¨¸É¥³Ò
μ¡¥ μÉ³¥Î¥´´Ò¥ ¶²μ¸±μ¸É¨ ¤μ²¦´Ò ¸μ¢¶ ¸ÉÓ. �μ·³ ²Ó (2) ¶·¨μ¡·¥É ¥É ¶·¨
ÔÉμ³ ´μ¢Ò° ¸³Ò¸² Å ´μ·³ ²¨ ± μ¡¥¨³ ¶²μ¸±μ¸ÉÖ³. …¸É¥¸É¢¥´´μ ´ §¢ ÉÓ ¥¥
´μ·³ ²ÓÕ ± ¶²μ¸±μ¸É¨ ·¥ ±Í¨¨ μ¡· §μ¢ ´¨Ö Î ¸É¨Í:

nRP = (p × Z)/|p × Z| = n. (4)

’ ±¨³ μ¡· §μ³, ´ Ìμ¦¤¥´¨¥ μ·¨¥´É Í¨¨ �� ¸¢μ¤¨É¸Ö, ¢ ¶·¨´Í¨¶¥, ± ¶·μ-
¸Éμ° Ô±¸¶¥·¨³¥´É ²Ó´μ° ¶·μÍ¥¤Ê·¥ μ¶·¥¤¥²¥´¨Ö ´ ¶· ¢²¥´¨° ¤¢¨¦¥´¨Ö ¢¸¥Ì
·μ¤¨¢Ï¨Ì¸Ö Î ¸É¨Í. �¤´ ±μ ÔÉ  ¶·μÍ¥¤Ê·  Ê¸²μ¦´Ö¥É¸Ö, ±μ£¤  ´¥μ¡Ìμ¤¨³μ
ÊÎ¨ÉÒ¢ ÉÓ ¸¶¨´μ¢Ò¥ ³μ³¥´ÉÒ ´ Î ²Ó´ÒÌ Î ¸É¨Í, ´ ¶·¨³¥·, ¶·¨ Í¥´É· ²Ó´μ³
¸μÊ¤ ·¥´¨¨. Œμ¦´μ ¶μ± § ÉÓ, ÎÉμ ¶μ²μ¦¥´¨¥ ��, É. ¥. ¢Ò· ¦¥´¨¥ (4), ¡Ê¤¥É
§ ¢¨¸¥ÉÓ ¢ ÔÉμ³ ¸²ÊÎ ¥ Ê¦¥ μÉ ¶μ²Ö·¨§ Í¨° ¸É ²±¨¢ ÕÐ¨Ì¸Ö ¶ÊÎ±μ¢.

ˆ§ (3) ³μ¦´μ ¢Ò¢¥¸É¨ ´¥¸±μ²Ó±μ ¶μ²¥§´ÒÌ ¸²¥¤¸É¢¨° μ¡Ð¥£μ Ì · ±É¥· .
‚μ-¶¥·¢ÒÌ, ´¥É·Ê¤´μ ¢¨¤¥ÉÓ, ÎÉμ ³¥¦¤Ê ¶ · ³¥É·μ³ Ê¤ ·  b ¨ ¶μÉμ±μ³ Z

¢μ§´¨± ¥É ¸¢Ö§Ó:

b = λ(b/Z)Z. (5)

‡¤¥¸Ó b ¨ Z Å ³μ¤Ê²¨ ¢¥±Éμ·μ¢ b ¨ Z. �Éμ §´ Î¨É, ÎÉμ μ·¨¥´É Í¨Ö ¶ · -
³¥É·  Ê¤ · , É. ¥. μ·¨¥´É Í¨Ö ��, ¶μ²´μ¸ÉÓÕ μ¶·¥¤¥²Ö¥É¸Ö ¶μ²´Ò³ ¶μÉμ±μ³
·μ¦¤¥´´ÒÌ Î ¸É¨Í.

‚μ-¢Éμ·ÒÌ, ¸μ£² ¸´μ ÔÉμ° ¸¢Ö§¨, ± ¦¤ Ö ¨§ ÔÉ¨Ì Î ¸É¨Í ¢´μ¸¨É ¸¢μ° (¶ ·-
Í¨ ²Ó´Ò°) ¢±² ¤ bi = λ(b/Z)zi ¢ ¶μ²´Ò° ¢¥±Éμ· ¶ · ³¥É·  Ê¤ · .

‘É·Ê±ÉÊ·  (5) ¶μ± §Ò¢ ¥É, ÎÉμ μ¤´μ³Ê ¨ Éμ³Ê ¦¥ Ë¨±¸¨·μ¢ ´´μ³Ê §´ Î¥-
´¨Õ ¶ · ³¥É·  Ê¤ ·  ¢ ¸μÊ¤ ·¥´¨¨ ´¥ μ¡Ö§ É¥²Ó´μ ¸μμÉ¢¥É¸É¢Ê¥É ²¨ÏÓ μ¤´μ
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§´ Î¥´¨¥ ³´μ¦¥¸É¢¥´´μ¸É¨ N . �¤´ ±μ ¸μ¢³¥¸É´Ò° ÔËË¥±É ¤¥°¸É¢¨Ö § ±μ-
´μ¢ ¸μÌ· ´¥´¨Ö ³μ³¥´É , ¨³¶Ê²Ó¸  ¨ Ô´¥·£¨¨ ³μ¦¥É ¶·¨¢¥¸É¨ ± ¸¨²Ó´μ³Ê
¶μ¤ ¢²¥´¨Õ ¤ ´´μ° ´¥μ¤´μ§´ Î´μ¸É¨ ¢μ ³´μ¦¥¸É¢¥´´μ¸É¨ Î ¸É¨Í.

ˆ, ´ ±μ´¥Í, ¨§ (3) ¨ (5) ¢¨¤´μ, ÎÉμ ´ ¶· ¢²¥´¨¥ ¶μÉμ±  Î ¸É¨Í (¨ ¶ · ³¥-
É· ) Ê¤ ·  ¤μ²¦´μ ¡ÒÉÓ ¢¸¥£¤  μ·Éμ£μ´ ²Ó´Ò³ μ¸¨ ¸μÊ¤ ·¥´¨Ö ¶ÊÎ±μ¢ ¢ ¸. Í. ³.
…¸²¨ ¨³¶Ê²Ó¸ · ´ ¶· ¢¨ÉÓ ¢¤μ²Ó z-μ¸¨ ¤¥± ·Éμ¢μ° ¸¨¸É¥³Ò ±μμ·¤¨´ É, Éμ
¢¥±Éμ· Z ¤μ²¦¥´ ²¥¦ ÉÓ ¢ ¶²μ¸±μ¸É¨ xoy, ¶¥·¶¥´¤¨±Ê²Ö·´μ° ¶ ¤ ÕÐ¥³Ê ¨³-
¶Ê²Ó¸Ê ´¥§ ¢¨¸¨³μ μÉ Ô´¥·£¨¨ ¸μÊ¤ ·¥´¨Ö. �·¨ ¸Éμ²±´μ¢¥´¨¨ ÉÖ¦¥²ÒÌ Ö¤¥·
ÔÉμ ¶· ¢¨²μ ³μ¦¥É ´ ·ÊÏ ÉÓ¸Ö ¶μ ¶·¨Î¨´¥ £² Ê¡¥·μ¢¸±μ£μ ¶¥·¥· ¸¸¥Ö´¨Ö ´Ê-
±²μ´μ¢. �Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ ¸²¥¤Ê¥É ¨³¥ÉÓ ¢ ¢¨¤Ê ¶·¨ ·¥±μ´¸É·Ê±Í¨¨ ��.

3. �‹�‘Š�‘’œ �…�Š–ˆˆ ‚ ˆ�Š‹�‡ˆ‚�›• 	Š‘�…�ˆŒ…�’�•

’ ±¨³ ¦¥ μ¡· §μ³ ³μ¦´μ ¢¢¥¸É¨ ¶μ´ÖÉ¨¥ ¶²μ¸±μ¸É¨ ¸μÊ¤ ·¥´¨Ö ¢ ¨´-
±²Õ§¨¢´ÒÌ ¶·μÍ¥¸¸ Ì. � ¸¸³μÉ·¨³ Î ¸Éμ ¢¸É·¥Î ÕÐ¨°¸Ö ¸²ÊÎ °, ¢ ±μÉμ·μ³
¶μ²´ Ö Ô±¸¶¥·¨³¥´É ²Ó´ Ö ¨´Ëμ·³ Í¨Ö (Ê£μ², Ô´¥·£¨Ö ¨ ¶·.) ¨§¢¥¸É´  ²¨ÏÓ
μ¡ μ¤´μ° k-° Î ¸É¨Í¥ ¨§ N ·μ¤¨¢Ï¨Ì¸Ö ¢ ·¥ ±Í¨¨. „μ¶Ê¸É¨³, ÎÉμ ¶μ²´μ¸ÉÓÕ
¨§¢¥¸É¥´ ¶ ·Í¨ ²Ó´Ò° ¢¥±Éμ· bk = λ(b/Z)zk ÔÉμ° Î ¸É¨ÍÒ, ¨ ¶·¥μ¡· §Ê¥³ (3)
¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

p × (b − bk) = p × (λb/Z)(Z − zk). (6)

‹¥¢ Ö Î ¸ÉÓ ÔÉμ£μ ¢Ò· ¦¥´¨Ö Ö¢²Ö¥É¸Ö ´ Î ²Ó´Ò³ ³μ³¥´Éμ³ ¤²Ö ¸Éμ²±´μ¢¥-
´¨Ö ¸ ·μ¦¤¥´¨¥³ N − 1 Î ¸É¨Í ¢ ±μ´¥Î´μ³ ¸μ¸ÉμÖ´¨¨. �· ¢ Ö Î ¸ÉÓ ÔÉμ£μ
· ¢¥´¸É¢  ¶·μ¶μ·Í¨μ´ ²Ó´  ¶μÉμ±Ê N − 1 Î ¸É¨Í, ZN−1 = Z − zk, ±μ´¥Î-
´μ£μ ¸μ¸ÉμÖ´¨Ö, μ¸É ¢Ï¨Ì¸Ö ¢´¥ ´ ¡²Õ¤¥´¨Ö (¢¥·Ì´¨° ¨´¤¥±¸ Ê Z μ§´ Î ¥É
§¤¥¸Ó, ÎÉμ ¸Ê³³¨·μ¢ ´¨¥ ¢¥¤¥É¸Ö ¶μ ¢¸¥³ Î ¸É¨Í ³ ±·μ³¥ k-°). �·¥¤¶μ² £ Ö
¸μÌ· ´¥´¨¥ ³μ³¥´É , ¸μ¸É ¢¨³ · ¢¥´¸É¢μ ¤²Ö μ·Éμ¢ ¢¥±Éμ·μ¢ μ¡¥¨Ì Î ¸É¥°
· ¢¥´¸É¢  (6):

p × (b − bk)/|p × (b − bk)| = p × (λb/Z)(Z − zk)/|p × (λb/Z)(Z − zk)|. (7)

“¸·¥¤´ÖÖ μ¡¥ Î ¸É¨ ¸μμÉ´μÏ¥´¨Ö ¶μ ´ ¡²Õ¤¥´´Ò³ ¸μ¡ÒÉ¨Ö³, ¶μ²ÊÎ ¥³
−p×bk = p×〈ZN−1〉. ‡´ ± 〈 〉 μ§´ Î ¥É ¸É É¨¸É¨Î¥¸±μ¥ Ê¸·¥¤´¥´¨¥ ¶μ ¢¸¥³
¢μ§³μ¦´Ò³ §´ Î¥´¨Ö³ ¢¥±Éμ·  ¶ · ³¥É·  Ê¤ ·  b ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³ ¥³Ê §´ -
Î¥´¨Ö³ Z. �É¸Õ¤  ¢¨¤´μ, ÎÉμ Ê¸·¥¤´¥´´Ò° ¶μÉμ± ¤²Ö N − 1 ·μ¦¤¥´´ÒÌ (´μ
´¥§ ·¥£¨¸É·¨·μ¢ ´´ÒÌ) Î ¸É¨Í ´¥ μ¡· Ð ¥É¸Ö ¢ ´μ²Ó. �μÔÉμ³Ê ¢¥±Éμ·

〈nincl〉 = −(p × zk)/|p × zk| (8)

¡Ê¤¥É μ¶·¥¤¥²ÖÉÓ μ·¨¥´É Í¨Õ Ê¸·¥¤´¥´´μ£μ ¶μ²μ¦¥´¨Ö ¶²μ¸±μ¸É¨, ¢ ±μÉμ·μ°
´ Ìμ¤¨É¸Ö ¢¥±Éμ· ¶μÉμ±  μ¸É ²Ó´ÒÌ N − 1 Î ¸É¨Í ·¥ ±Í¨¨, μ¸É ¢Ï¨Ì¸Ö ¢´¥
¨´±²Õ§¨¢´μ£μ ´ ¡²Õ¤¥´¨Ö.
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4. ‘��‚�…�ˆ… ‘ „�“ƒˆŒˆ ‘��‘���Œˆ ‚�‘‘’���‚‹…�ˆŸ ��

�μ¸²¥ Éμ£μ ± ± ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¢ÒÏ¥μ¶¨¸ ´´Ò¥ ·¥§Ê²ÓÉ ÉÒ,  ¢Éμ·Ê ¸É ²μ
¨§¢¥¸É´μ, ÎÉμ ¸μ¶μ¸É ¢²¥´¨¥ ¶·¥¤² £ ¥³μ° ¨¤¥¨ ¢μ¸¸É ´μ¢²¥´¨Ö �� ¸ ¤·Ê-
£¨³¨ · ´¥¥ ¶·¥¤²μ¦¥´´Ò³¨ ¸¶μ¸μ¡ ³¨ ¡Ò²μ Ê¦¥ ¶·¥¤¢μ¸Ì¨Ð¥´μ ¢ · ¡μÉ¥ [7].
‚ ¸¢Ö§¨ ¸ ¨¤¥¥° ¶μ¨¸±  P - ¨ CP -´¥Î¥É´ÒÌ ÔËË¥±Éμ¢ ¢ ¸μÊ¤ ·¥´¨ÖÌ ¨μ´μ¢
´  ±μ²² °¤¥·¥ RHIC ¥¥  ¢Éμ· ¶·μ¨§¢¥² μÍ¥´±Ê ´ Î ²Ó´μ£μ Ê£²μ¢μ£μ ³μ³¥´É 
M´ Î ¢ ¸. Í. ³. �É³¥Î ²μ¸Ó, ¢ Î ¸É´μ¸É¨, ÎÉμ ÔÉμÉ ³μ³¥´É ®. . .¶¥·¶¥´¤¨±Ê²Ö·¥´
± ¶²μ¸±μ¸É¨ ¸μÊ¤ ·¥´¨Ö ¨ ³μ¦¥É ¡ÒÉÓ ·¥±μ´¸É·Ê¨·μ¢ ´ ¶μ¸·¥¤¸É¢μ³ ´ ¡²Õ¤¥-
´¨Ö Ë· £³¥´Éμ¢ ·¥ ±Í¨¨, ¨¸¶Ê¸± ¥³ÒÌ ¢μ Ë· £³¥´É Í¨μ´´Ò¥ μ¡² ¸É¨ ¸ μ¡¥¨Ì
¸Éμ·μ´ μÉ ¸É ²±¨¢ ÕÐ¨Ì¸Ö ¶ÊÎ±μ¢,   É ±¦¥ ¶ÊÉ¥³ ¨§ÊÎ¥´¨Ö ±μ··¥²ÖÍ¨¨ Î -
¸É¨Í ¢ μ¡² ¸É¨ ¸·¥¤´¨Ì ¡Ò¸É·μÉ¯.

�¥·¢Ò° ¸¶μ¸μ¡ ´ ¡²Õ¤¥´¨Ö, ±μÉμ·Ò° ¨³¥¥É ¢ ¢¨¤Ê  ¢Éμ· [7], Å ÔÉμ ³¥-
Éμ¤ ¶¥·¥¤ Î¨ ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  Q [2]. �´ μ¸´μ¢ ´ ´  ·¥£¨¸É· Í¨¨ ��
Î ¸É¨Í ¸ ¡μ²ÓÏ¨³¨ §´ Î¥´¨Ö³¨ ¡Ò¸É·μÉ, Ê´μ¸ÖÐ¨Ì ¸· ¢´¨É¥²Ó´μ ´¥¡μ²ÓÏÊÕ
Î ¸ÉÓ ¶μ²´μ£μ Ê£²μ¢μ£μ ³μ³¥´É . �¢Éμ·Ò ³¥Éμ¤  [2] μÉ³¥Î ÕÉ μÉ´μ¸¨É¥²Ó´μ
´¥¢Ò¸μ±ÊÕ ÉμÎ´μ¸ÉÓ ¢μ¸¸É ´μ¢²¥´¨Ö ¶²μ¸±μ¸É¨ ÔÉ¨³ ³¥Éμ¤μ³.

‚Éμ·μ° ¸¶μ¸μ¡ Å ÔÉμ ³¥Éμ¤ ®±Ê³Ê²Ö´Éμ¢¯ [4, 5], μ¸´μ¢ ´´Ò° ´  ´ ¡²Õ¤¥-
´¨ÖÌ  §¨³ÊÉ ²Ó´ÒÌ ±μ··¥²ÖÍ¨° ³¥¦¤Ê Î ¸É¨Í ³¨. ‘μ£² ¸´μ [7] μ´ ¶μ§¢μ²Ö¥É
¨¸¶μ²Ó§μ¢ ÉÓ ¸ÊÐ¥¸É¢¥´´μ ¡μ²ÓÏÊÕ Î ¸ÉÓ Ê£²μ¢μ£μ ³μ³¥´É  Ë °¥·¡μ² . �¤-
´ ±μ ´  ¶· ±É¨±¥ Ê¤ ¥É¸Ö · ¡μÉ ÉÓ ¸ ±μ··¥²ÖÍ¨Ö³¨ ²¨ÏÓ ´¥¸±μ²Ó±¨Ì Î ¸É¨Í,
μ¡ÒÎ´μ ´¥ ¡μ²¥¥ Î¥ÉÒ·¥Ì. “¸É ´μ¢²¥´μ [5], ÎÉμ ¶·¨ ¤ ²Ó´¥°Ï¥³ Ê¢¥²¨Î¥´¨¨
Î¨¸²  Î ¸É¨Í ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ³¥Éμ¤  ·¥§±μ ¶ ¤ ¥É.

…Ð¥ μ¤¨´ ³¥Éμ¤ μ¶·¥¤¥²¥´¨Ö �� ¸¢Ö§ ´ ¸ ¶·¥¤¸É ¢²¥´¨¥³  §¨³ÊÉ ²Ó´ÒÌ
· ¸¶·¥¤¥²¥´¨° Î ¸É¨Í ¢ Ëμ·³¥ ·Ö¤  ”Ê·Ó¥ [3]. �¥Í¥¶É ´ Ìμ¦¤¥´¨Ö �� ¶μ
ÔÉμ³Ê ¸¶μ¸μ¡Ê ¸¢μ¤¨É¸Ö ± ¶ · ³¥É·¨§ Í¨¨  §¨³ÊÉ ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨° Î -
¸É¨Í ´ ¡μ·μ³ ¶ · ³¥É·μ¢ (±μ²²¥±É¨¢´ÒÌ ¶μÉμ±μ¢ ¨ Ê£²μ¢). „ ²¥¥ ¶ · ³¥É·Ò
ÔÉ¨Ì Ë¥´μ³¥´μ²μ£¨Î¥¸±¨Ì ËÊ´±Í¨° ´ Ìμ¤ÖÉ¸Ö ¶ÊÉ¥³ ¶μ¤£μ´±¨ ± Ô±¸¶¥·¨³¥´-
É ²Ó´Ò³ ¤ ´´Ò³. �μ²μ¦¥´¨¥ ¸ ³μ° �� ¢ ¶·μ¸É· ´¸É¢¥ É ±¦¥ § ¤ ¥É¸Ö ¶ · -
³¥É·¨Î¥¸±¨ ¨ ´ Ìμ¤¨É¸Ö ´  μ¸´μ¢ ´¨¨ Éμ£μ ¦¥ Ë¨É . �ÉμÉ  ´ ²¨§ § ±²ÕÎ ¥É
¢ ¸¥¡¥ ´¥±μÉμ·Ò¥ μ¸μ¡¥´´μ¸É¨, ¶·¨¸ÊÐ¨¥ ¢ÒÏ¥Ê¶μ³Ö´ÊÉÒ³ ¸¶μ¸μ¡ ³, ÎÉμ,
¢¨¤¨³μ, ¶μ§¢μ²Ö¥É ¨¸¶μ²Ó§μ¢ ÉÓ · ¸Ï¨·¥´´Ò° Ë §μ¢Ò° μ¡Ñ¥³ ¸μÊ¤ ·¥´¨Ö.

�¥μ¡Ìμ¤¨³μ μÉ³¥É¨ÉÓ, ÎÉμ ¶¥·¥Î¨¸²¥´´Ò¥ ¢ÒÏ¥ ¸¶μ¸μ¡Ò μ¶·¥¤¥²¥´¨Ö
�� ¨ ¸¢Ö§ ´´ÒÌ ¸ ´¥Õ ®±μ²²¥±É¨¢´ÒÌ ¶μÉμ±μ¢¯ Ö¢²ÖÕÉ¸Ö ´¥¤μ¸É ÉμÎ´μ ¶·μ-
§· Î´Ò³¨ ¸ ÉμÎ±¨ §·¥´¨Ö μÍ¥´μ± ¸μ¡¸É¢¥´´ÒÌ ¶μ£·¥Ï´μ¸É¥° ³¥Éμ¤¨±. „¥²μ ¢
Éμ³, ÎÉμ ¸· ¢´¥´¨¥ ¶μÉμ±μ¢, ¢μ¸¸É ´μ¢²¥´´ÒÌ É·¥³Ö ¢ÒÏ¥Ê¶μ³Ö´ÊÉÒ³¨ ³¥Éμ-
¤ ³¨ ¢μ¸¸É ´μ¢²¥´¨Ö �� ¨ ¨Ì · §²¨Î´Ò³¨ ³μ¤¨Ë¨± Í¨Ö³¨, ¢ÒÖ¢¨²μ ´ ²¨Î¨¥
§´ Î¨É¥²Ó´ÒÌ · ¸Ìμ¦¤¥´¨° ³¥¦¤Ê ´¨³¨. ’ ±, μ± § ²μ¸Ó, ÎÉμ μÉ´μ¸¨É¥²Ó´ Ö
· §´¨Í  ¢ ¢¥²¨Î¨´ Ì Ô²²¨¶É¨Î¥¸±μ£μ ¶μÉμ±  ¤μ¸É¨£ ¥É 20Ä30% ¶·¨ ¶·¥´¥-
¡·¥¦¨³μ ³ ²ÒÌ ¸É É¨¸É¨Î¥¸±¨Ì μÏ¨¡± Ì [6]. �ÉμÉ Ë ±É ¶μ± §Ò¢ ¥É, ÎÉμ
¶·¨³¥´¥´´Ò¥ ¢ ÔÉμ³ ¸²ÊÎ ¥ ¶·¨¥³Ò ¢μ¸¸É ´μ¢²¥´¨Ö ¶μ²μ¦¥´¨Ö �� Ö¢´μ ¸μ-
¤¥·¦ É ´¥±μ´É·μ²¨·Ê¥³Ò¥ ¢¨¤Ò ¸¨¸É¥³ É¨Î¥¸±¨Ì ¶μ£·¥Ï´μ¸É¥°, ¶μ¸±μ²Ó±Ê
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Ô±¸¶¥·¨³¥´É ²Ó´Ò° ³ É¥·¨ ², ¨¸¶μ²Ó§μ¢ ´´Ò° ¢ ÔÉ¨Ì μ¡· ¡μÉ± Ì, ¡Ò² μ¤´¨³
¨ É¥³ ¦¥∗.

Œμ¦´μ ¤Ê³ ÉÓ, ÎÉμ ¢μ¸¸É ´μ¢²¥´¨¥ �� ´μ¢Ò³ ¸¶μ¸μ¡μ³, · ¸¸³μÉ·¥´´Ò³
¢ÒÏ¥ ¢ · §¤. 2, ¡Ê¤¥É ¡μ²¥¥ ´ ¤¥¦´Ò³. ’ ±μ¥ μ¦¨¤ ´¨¥ μ¶· ¢¤ ´μ ¡μ²ÓÏ¥°
Ö¸´μ¸ÉÓÕ ¢ ¶μ¸É ´μ¢±¥ ¸ ³μ° § ¤ Î¨ ¢μ¸¸É ´μ¢²¥´¨Ö ��,   É ±¦¥ ¶·μ¸ÉμÉμ°
¶·μÍ¥¤Ê·Ò ¥¥ ¨¸¶μ²´¥´¨Ö.

‡�Š‹�—…�ˆ…

� §³¥·´Ò° ¶ · ³¥É· λ, ¢¢¥¤¥´´Ò° ¢ÒÏ¥, ¸¢Ö§Ò¢ ²¸Ö ¸ · §³¥· ³¨ μ¡² -
¸É¨ § ·μ¦¤¥´¨Ö Î ¸É¨Í ¨ ¶·¨´¨³ ²¸Ö ¤²Ö ¶·μ¸ÉμÉÒ μ¤¨´ ±μ¢Ò³ ¤²Ö ¢¸¥Ì
·μ¦¤¥´´ÒÌ Î ¸É¨Í. �¤´ ±μ ´¥²Ó§Ö ¨¸±²ÕÎ ÉÓ ¨ Éμ£μ, ÎÉμ μ´ ³μ¦¥É § ¢¨¸¥ÉÓ
μÉ ¨´¤¨¢¨¤Ê ²Ó´ÒÌ ±¢ ´Éμ¢μ-³¥Ì ´¨Î¥¸±¨Ì · §³¥·μ¢ Î ¸É¨Í. ’μ£¤  ¶μÉμ± Z
¶·¨μ¡·¥É¥É Ëμ·³Ê Z∗ = Σλipi/pi. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¶μÉμ± ¨ �� μ± §Ò¢ ÕÉ¸Ö
§ ¢¨¸ÖÐ¨³¨ μÉ ±μ³¶Éμ´μ¢¸±μ° ¤²¨´Ò Î ¸É¨Í λi. Š ± Ö ¨§ ÔÉ¨Ì ¨²¨ ¨´ÒÌ
¢μ§³μ¦´μ¸É¥° μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¢ ¤¥°¸É¢¨É¥²Ó´μ¸É¨, ³μ£ÊÉ ·¥Ï¨ÉÓ ¸¶¥Í¨ ²Ó-
´Ò¥ Ô±¸¶¥·¨³¥´ÉÒ.

�¥§ ¢¨¸¨³μ μÉ ÔÉμ° ´¥μ¶·¥¤¥²¥´´μ¸É¨ μ¸´μ¢´μ° ·¥§Ê²ÓÉ É ´ ¸ÉμÖÐ¥° · -
¡μÉÒ ¸μ¸Éμ¨É ¢ μ¡´ ·Ê¦¥´¨¨ Éμ£μ Ë ±É , ÎÉμ ¢ ±¨´¥³ É¨±¥ ´¥Ê¶·Ê£¨Ì ¸μÊ¤ -
·¥´¨° ¡¥§ ÊÎ¥É  ¸¶¨´μ¢ Î ¸É¨Í ¢¸¥£¤  ¸ÊÐ¥¸É¢Ê¥É ¢¥±Éμ·, ¶·¥¤¸É ¢²ÖÕÐ¨°
·¥§Ê²ÓÉ¨·ÊÕÐ¥¥ ´ ¶· ¢²¥´¨¥ ¸±μ·μ¸É¥° ¤¢¨¦¥´¨Ö ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨¨. ’ ±μ°
¢¥²¨Î¨´μ° ¢ ¶·μÍ¥¸¸ Ì ·μ¦¤¥´¨Ö Ö¢²Ö¥É¸Ö ¢¥±Éμ· ¶μ²´μ£μ ¶μÉμ±  Z Î ¸É¨Í,
μ¡¥¸¶¥Î¨¢ ÕÐ¨° ¸ÊÐ¥¸É¢μ¢ ´¨¥ ¶²μ¸±μ¸É¨ ±μ´¥Î´μ£μ ¸μ¸ÉμÖ´¨Ö ¢ ·¥ ±Í¨¨.
‘μÌ· ´¥´¨¥ ³μ³¥´É  ¶μ§¢μ²Ö¥É ¥¸É¥¸É¢¥´´Ò³ μ¡· §μ³ ¸¢¥¸É¨ μ¡¥ ¶²μ¸±μ¸É¨
(´ Î ²Ó´μ£μ ¨ ±μ´¥Î´μ£μ ¸μ¸ÉμÖ´¨° ·¥ ±Í¨¨) ¢ ¥¤¨´ÊÕ ¶²μ¸±μ¸ÉÓ ·¥ ±Í¨¨.

„·Ê£¨³ ¢ ¦´Ò³ ¸²¥¤¸É¢¨¥³ ¸μÌ· ´¥´¨Ö ³μ³¥´É  Ö¢²Ö¥É¸Ö ´ ¶· ¢²¥´´μ¸ÉÓ
¢¥±Éμ·  Z ¢¤μ²Ó ¶ · ³¥É·  Ê¤ · , ±μÉμ· Ö ¶μ·μ¦¤ ¥É ±μ··¥²¨·μ¢ ´´μ¸ÉÓ  §¨-
³ÊÉ ²Ó´ÒÌ Ê£²μ¢ Î ¸É¨Í ¢ ·¥ ±Í¨ÖÌ. �ÉμÉ ÔËË¥±É ¢ ²¨É¥· ÉÊ·¥ ¶·¨´ÖÉμ ¨´-
É¥·¶·¥É¨·μ¢ ÉÓ ± ± ·μ¦¤¥´¨¥ ±μ²²¥±É¨¢´ÒÌ ¶μÉμ±μ¢ Î ¸É¨Í ¶·¨ ¸μÊ¤ ·¥´¨¨
Ö¤¥·. �¤´ ±μ ¢ · ¸¸³μÉ·¥´´μ³ ´ ³¨ ¸²ÊÎ ¥ μ´ ¨³¥¥É, μÎ¥¢¨¤´μ, ±¨´¥³ É¨Î¥-
¸±μ¥,   ´¥ ¤¨´ ³¨Î¥¸±μ¥ ¶·μ¨¸Ìμ¦¤¥´¨¥.

�¥§Ê²ÓÉ ÉÒ ¤ ´´μ° · ¡μÉÒ ³μ£ÊÉ ¶μ³μÎÓ ¢ ¡μ²¥¥  ±±Ê· É´μ° μÍ¥´±¥ ¶μ-
²μ¦¥´¨Ö �� ¨, ¸μμÉ¢¥É¸É¢¥´´μ, ¢¥²¨Î¨´ ±μ²²¥±É¨¢´ÒÌ ¶μÉμ±μ¢ Î ¸É¨Í ¢ ¶·μ-
Í¥¸¸ Ì ¸μÊ¤ ·¥´¨Ö.

∗�¤´  ¨§ ´¥ÊÎÉ¥´´ÒÌ ¶·¨Î¨´, ±μÉμ· Ö ³μ£²  ¡Ò ¨¸± §¨ÉÓ ¶μ²μ¦¥´¨¥ ��, Å ÔÉμ ¶μÉ¥·¨
¢ ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ Î¨¸²  Î ¸É¨Í, ·μ¦¤¥´´ÒÌ ¢ ·¥ ±Í¨¨. � §´Ò¥ ³¥Éμ¤Ò ¢μ¸¸É ´μ-
¢²¥´¨Ö �� ³μ£ÊÉ ¡ÒÉÓ ¶μ-· §´μ³Ê ÎÊ¢¸É¢¨É¥²Ó´Ò³¨ ± É ±¨³ ¶μÉ¥·Ö³. …Ð¥ μ¤´¨³ ¨¸ÉμÎ´¨±μ³
μ¡¸Ê¦¤ ¥³μ£μ · ¸Ìμ¦¤¥´¨Ö ³μ¦¥É ¸É ÉÓ £² Ê¡¥·μ¢¸±μ¥ ¶¥·¥· ¸¸¥Ö´¨¥ ´Ê±²μ´μ¢. �´μ ¤μ²¦´μ
· §³Ò¢ ÉÓ ´ Î ²Ó´μ¥ ¶μ²μ¦¥´¨¥ ¶²μ¸±μ¸É¨ ¸μÊ¤ ·¥´¨Ö Ö¤¥· ¨²¨ ¤ ¦¥ ¢Ò§Ò¢ ÉÓ ¥¥ ¤¥£· ¤ Í¨Õ
´  ´¥¸±μ²Ó±μ ¤·Ê£¨Ì ¸μ¸É ¢²ÖÕÐ¨Ì. �¡  ¨¸ÉμÎ´¨±  ¢²¨ÖÕÉ ´  ·¥§Ê²ÓÉ É ¢μ¸¸É ´μ¢²¥´¨Ö ��
´¥§ ¢¨¸¨³μ μÉ ¶·¨³¥´Ö¥³μ£μ ¸¶μ¸μ¡ .
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