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�¡  §¨³ÊÉ ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨ÖÌ  ¤·μ´μ¢, ·μ¦¤¥´´ÒÌ
¢ ·¥ ±Í¨ÖÌ ¸ ¶μ²Ö·¨§μ¢ ´´Ò³¨ Î ¸É¨Í ³¨ ¨ ¸μÊ¤ ·¥´¨ÖÌ ÉÖ¦¥²ÒÌ Ö¤¥·
¢ Ô±¸¶¥·¨³¥´É Ì ´  RHIC

‚ · ¡μÉ¥ ¶μ± § ´μ, ÎÉμ  §¨³ÊÉ ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¡¥¸¸¶¨´μ¢ÒÌ  ¤·μ´μ¢,
¨´±²Õ§¨¢´μ ·μ¦¤¥´´ÒÌ ¢ ¸μÊ¤ ·¥´¨ÖÌ ¤¢ÊÌ ¶·μÉμ´μ¢ ¸ ¶·μÉ¨¢μ¶μ²μ¦´μ ´ -
¶· ¢²¥´´Ò³¨, ´μ · ¢´Ò³¨ ¶μ ³μ¤Ê²Õ ¶μ²Ö·¨§ Í¨Ö³¨ Î ¸É¨Í (c ®¢Ò¸É·μ¥´´Ò-
³¨¯ ¸¶¨´ ³¨), μ± §Ò¢ ¥É¸Ö  ´¨§μÉ·μ¶´Ò³ μÉ´μ¸¨É¥²Ó´μ μ¸¨ ¢Ò¸É·μ¥´´μ¸É¨ ¸¶¨-
´μ¢ ¢ ´ Î ²Ó´μ³ ¸μ¸ÉμÖ´¨¨. �¢Éμ· μ¡· Ð ¥É ¢´¨³ ´¨¥ É ±¦¥ ´  ¸²¥¤ÊÕÐÊÕ
 ´ ²μ£¨Õ, ±μÉμ· Ö μ¡´ ·Ê¦¨¢ ¥É¸Ö ¢ ¸¢Ö§¨ ¸ ÔÉ¨³ μ¡¸ÉμÖÉ¥²Ó¸É¢μ³. � ¨³¥´´μ,
Ëμ·³   §¨³ÊÉ ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨°  ¤·μ´μ¢, ·μ¦¤ ÕÐ¨Ì¸Ö ¢ ·¥ ±Í¨ÖÌ ¸ ¶μ-
²Ö·¨§μ¢ ´´Ò³¨ Î ¸É¨Í ³¨ (¸¶¨´ 1/2), ¸μ¢¶ ¤ ¥É ¸ Éμ°, ÎÉμ ¨³¥¥É ³¥¸Éμ ¶·¨
μ¡· §μ¢ ´¨¨  ¤·μ´μ¢ ¢ ´¥Í¥´É· ²Ó´ÒÌ AuAu- ¨ CuCu-¸Éμ²±´μ¢¥´¨ÖÌ ¶·¨ Ô´¥·-
£¨ÖÌ ±μ²² °¤¥·  RHIC. �μ ³´¥´¨Õ  ¢Éμ· , É ±μ¥ ¸Ìμ¤¸É¢μ ³μ£²μ ¡Ò Ê± §Ò¢ ÉÓ
´  ¢μ§´¨±´μ¢¥´¨¥ Ê£²μ¢μ£μ ³μ³¥´É  Ê Ë °¥·¡μ²μ¢, ·μ¦¤¥´´ÒÌ ¢ ¶·μÍ¥¸¸¥ ¸μÊ¤ -
·¥´¨Ö μÉ³¥Î¥´´ÒÌ Ö¤¥·.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ë¨§¨±¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¨³. ‚.ˆ. ‚¥±¸²¥· 
¨ �.Œ. � ²¤¨´  �ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2009

Zulkarneev R.Ya. P2-2009-10
On Azimuthal Distributions of Hadrons Produced in Reactions
with Polarized Particles and Heavy Nuclei Collisions
in Experiments at RHIC Energies

The goal of the work is to show that an anisotropy of the azimuthal distrib-
ution of inclusive spinless particles can appear if these particles were produced at
two proton collisions with oppositely directed but equal on module polarizations
(the state with ®aligned¯ spins). The author draws the attention to the following
analogy which happens due to that circumstance. Namely a full set of azimuthal
distributions of particles produced in the collisions of two fermions (state with spin
s = 1/2), is practically identical to the one which was found in non-central AuAu-
and CuCu-collisions at the energies of RHIC experiments. Author belives that one
of explanations of the impressive similiarity of the distributions of particles produced
in absolutely different dynamical processes, could be if the ˇreballs obtain at AuAu-,
CuCu-collisions an angular moment while being produced.

The investigation has been performed at the Veksler and Baldin Laboratory of
High Energy Physics, JINR.
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•μ·μÏμ ¨§¢¥¸É´μ, ÎÉμ  §¨³ÊÉ ²Ó´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¢Éμ·¨Î´ÒÌ Î ¸É¨Í ¢
·¥ ±Í¨¨ ¨§μÉ·μ¶´Ò μÉ´μ¸¨É¥²Ó´μ μ¸¨ ¸μÊ¤ ·¥´¨Ö ´ Î ²Ó´ÒÌ ´¥¶μ²Ö·¨§μ¢ ´-
´ÒÌ ¶ÊÎ±μ¢ Î ¸É¨Í ¢ ÔÉμ° ·¥ ±Í¨¨. ‘Éμ²±´μ¢¥´¨¥ ¶ÊÎ±μ¢ ¸ ¶·μÉ¨¢μ¶μ²μ¦´μ
´ ¶· ¢²¥´´Ò³¨, ´μ · ¢´Ò³¨ ¶μ ³μ¤Ê²Õ ¶μ²Ö·¨§ Í¨Ö³¨ (¢Ò¸É·μ¥´´Ò³¨ ¸¶¨-
´ ³¨) ¤μ²¦´μ ¸É ÉÓ, ¢μμ¡Ð¥ £μ¢μ·Ö,  ´¨§μÉ·μ¶´Ò³. � ·ÊÏ¥´¨¥ ¨§μÉ·μ¶¨¨,
´ ¶·¨³¥·, ¶·¨ ¨´±²Õ§¨¢´μ³ μ¡· §μ¢ ´¨¨ Î ¸É¨Í ¶·μÖ¢¨É ¸¥¡Ö ¢ Éμ³, ÎÉμ ¨Ì
· ¸¶·¥¤¥²¥´¨Ö ³μ£ÊÉ ¸É ÉÓ  ´¨§μÉ·μ¶´Ò³¨ μÉ´μ¸¨É¥²Ó´μ ¢Ò²¥É  Î ¸É¨Í ¢¤μ²Ó
¨ ¶μ¶¥·¥± μ¸¨ ¢Ò¸É·μ¥´´μ¸É¨ ¸¶¨´μ¢. ’ ±μ°  ´¨§μÉ·μ¶¨¥° ³μ¦´μ ¢μ¸¶μ²Ó-
§μ¢ ÉÓ¸Ö ¤²Ö ¶μ¨¸±  ±μ²²¥±É¨¢´ÒÌ ÔËË¥±Éμ¢ ¢μ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ  ¤·μ´μ¢. ‚
¶μ¸²¥¤´¨¥ £μ¤Ò ¨´É¥·¥¸ ± ¶μ¤μ¡´Ò³ ¶μ¨¸± ³ ¢μ§·μ¸ ¢ ¸¢Ö§¨ ¸ ¶·μ¡²¥³ ³¨
¨§ÊÎ¥´¨Ö ±¢ ·±-£²Õμ´´μ° ¶² §³Ò. –¥²Ó ´ ¸ÉμÖÐ¥° · ¡μÉÒ Å ¶μ± § ÉÓ, ÎÉμ
μ¡¸Ê¦¤ ¥³ Ö  ´¨§μÉ·μ¶¨Ö ¤¥°¸É¢¨É¥²Ó´μ ³μ¦¥É ¢μ§´¨±´ÊÉÓ ¶·¨ ¸μÊ¤ ·¥´¨¨
¤¢ÊÌ Ë¥·³¨μ´μ¢, ¨ μÉ³¥É¨ÉÓ Ë ±É ¸μ¢¶ ¤¥´¨Ö Ëμ·³  §¨³ÊÉ ²Ó´ÒÌ · ¸¶·¥¤¥-
²¥´¨° Î ¸É¨Í, ·μ¦¤ ¥³ÒÌ ¢  ¤·μ´- ¤·μ´´ÒÌ ¨ Ö¤·μ-Ö¤¥·´ÒÌ ¸μÊ¤ ·¥´¨ÖÌ ¶·¨
¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ. Šμ´±·¥É´Ò¥ · ¸Î¥ÉÒ ¢Ò¶μ²´¥´Ò ¤²Ö ¸μÊ¤ ·¥´¨Ö ¶·μÉμ´μ¢
¸μ ¸¶¨´ ³¨, ¢Ò¸É·μ¥´´Ò³¨ ¶¥·¶¥´¤¨±Ê²Ö·´μ μ¸¨ ¸μÊ¤ ·¥´¨Ö ¶ÊÎ±μ¢.

� °¤¥³ μ¡Ð¨° ¢¨¤ ¸¥Î¥´¨Ö ´¥Ê¶·Ê£μ£μ ¶·μÍ¥¸¸  pp → h + . . . ¸ ¨´±²Õ-
§¨¢´Ò³ μ¡· §μ¢ ´¨¥³ ¡¥¸¸¶¨´μ¢μ£μ  ¤·μ´  h ¢ ¸. Í. ³. ´ Î ²Ó´ÒÌ ¶·μÉμ´μ¢,
¶μ²Ó§ÊÖ¸Ó Ë¥´μ³¥´μ²μ£¨Î¥¸±¨³¨ ¸μμ¡· ¦¥´¨Ö³¨. „²Ö ÔÉμ£μ ¶μ¸É·μ¨³ ¨§ ¨³-
¶Ê²Ó¸μ¢ ¶ ¤ ÕÐ¥£μ ´Ê±²μ´  p ¨ ¢Éμ·¨Î´μ£μ  ¤·μ´  p′ μ·Éμ´μ·³¨·μ¢ ´´ÊÕ
É·μ°±Ê ¡ §¨¸´ÒÌ ¢¥±Éμ·μ¢

n = [(p/p) × (p′/p′)]/ sin θ, m = (p/p − p′/p′)/2 sin θ/2,

l = (p/p + p′/p′)/2 cos θ/2.

�μÉ·¥¡Ê¥³, ÎÉμ¡Ò ¸¥Î¥´¨¥ ¡Ò²μ ¸± ²Ö·´μ° ËÊ´±Í¨¥° p,   É ±¦¥ ¶μ²Ö·¨-
§ Í¨° P1 ¨ P2 ¸É ²±¨¢ ÕÐ¨Ì¸Ö ¶ÊÎ±μ¢. �¥μ¡Ìμ¤¨³μ É ±¦¥, ÎÉμ¡Ò ¸¥Î¥´¨¥
¶·μÍ¥¸¸  ¡Ò²μ ¨´¢ ·¨ ´É´Ò³ μÉ´μ¸¨É¥²Ó´μ ¨´¢¥·¸¨¨ ¸¨¸É¥³Ò μÉ¸Î¥É  ¨ ¶¥-
·¥¸É ´μ¢μ± ´Ê±²μ´μ¢ ³¥¸É ³¨. �μ²Ó§ÊÖ¸Ó É· ´¸Ëμ·³ Í¨μ´´Ò³¨ ¸¢μ°¸É¢ ³¨
μÉ´μ¸¨É¥²Ó´μ ÔÉ¨Ì μ¶¥· Í¨° Ê¶μ³Ö´ÊÉÒÌ ¢ÒÏ¥ ¢¥²¨Î¨´, ´¥É·Ê¤´μ ¶μ± § ÉÓ,
ÎÉμ ¶·μ¸É¥°Ï¨° μ¡Ð¨° ¢¨¤ ¨¸±μ³μ£μ ¸¥Î¥´¨Ö, Ê¤μ¢²¥É¢μ·ÖÕÐ¥£μ ÔÉ¨³ Ê¸²μ-
¢¨Ö³, ¡Ê¤¥É ¸²¥¤ÊÕÐ¨³:

I(pp → h + . . .) = I0 + I1(P1 + P2)n + I2(P1n)(P2n) + I3(P1m)(P2m)+
+ I4(P1l)(P2l) + I5((P1m)(P2l) + (P1l)(P2m)). (1)
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‡¤¥¸Ó ±μÔËË¨Í¨¥´ÉÒ I0 − I5 Ö¢²ÖÕÉ¸Ö ËÊ´±Í¨Ö³¨ ¸± ²Ö·´ÒÌ ¢¥²¨Î¨´
p2, p′2 ¨ pp′, μÉ· ¦ ÕÐ¨Ì § ¢¨¸¨³μ¸ÉÓ ´ °¤¥´´μ£μ ¸¥Î¥´¨Ö μÉ Ô´¥·£¨° Î -
¸É¨Í ¨ Ê£²  ¨¸¶Ê¸± ´¨Ö ¢Éμ·¨Î´μ£μ  ¤·μ´ .

‚ÒÖ¸´¨³, ± ± § ¢¨¸¨É ´ °¤¥´´μ¥ ´ ³¨ ¸¥Î¥´¨¥ μÉ  §¨³ÊÉ ²Ó´μ£μ Ê£² 
¨¸¶Ê¸± ´¨Ö ·μ¦¤¥´´μ£μ  ¤·μ´  ϕ. �§¨³ÊÉ ²Ó´Ò° Ê£μ² μ¶·¥¤¥²¨³ μ¡Ð¥¶·¨-
´ÖÉÒ³ μ¡· §μ³ ± ± Ê£μ² ³¥¦¤Ê ¢¥±Éμ· ³¨ P1 ¨ n. “£μ² ϕ ¶μ²μ¦¨É¥²¥´, ¥¸²¨
¤¢¨¦¥´¨¥ ¢¥±Éμ·  P1 ± ´μ·³ ²¨ ¶μ ±· ÉÎ °Ï¥³Ê ¶ÊÉ¨ ¶·μ¨¸Ìμ¤¨É ¶·μÉ¨¢ Î -
¸μ¢μ° ¸É·¥²±¨. �·¨ P1 = −P2 · ¸Î¥É ϕ-§ ¢¨¸¨³μ¸É¨ ¢Ò²¥É   ¤·μ´  ¶·¨¢μ¤¨É
± ¢Ò· ¦¥´¨Õ ¢¨¤ 

I(ϑ, ϕ) = I0−I2P
2 cos2 ϕ−(I3 cos2 ϑ/2+I4 sin2 ϑ/2+I5 sin2 ϑ)P 2 sin2 ϕ, (2)

£¤¥ P Å ³μ¤Ê²Ó ¶μ²Ö·¨§ Í¨° ¶ÊÎ±μ¢.
ˆ§ (2) ¢¨¤´μ, ÎÉμ μ¦¨¤ ¥³ Ö ´ ³¨  §¨³ÊÉ ²Ó´ Ö  ´¨§μÉ·μ¶¨Ö ¸¥Î¥´¨° ¢Ò-

²¥É   ¤·μ´  μÉ´μ¸¨É¥²Ó´μ μ¸¨ ¢Ò¸É·μ¥´´μ¸É¨ ¸¶¨´μ¢, ¢ ¸ ³μ³ ¤¥²¥, ¨³¥¥É ³¥-
¸Éμ. …¥ Ëμ·³ , μ¤´ ±μ, μÉ²¨Î ¥É¸Ö μÉ Ê¦¥ ¨§¢¥¸É´ÒÌ  ´ ²μ£¨Î´ÒÌ Ëμ·³ (¤²Ö
Î ¸É¨Í ¸μ ¸¶¨´μ³ 1/2), ¤²Ö ±μÉμ·ÒÌ Ì · ±É¥·´  § ¢¨¸¨³μ¸ÉÓ ¢¨¤  cosϕ [1], ´¥
¸¢μ¤ÖÐ Ö¸Ö ± (2). ’ ±¨³ μ¡· §μ³, ± ¤¢Ê³ Ê¦¥ ¨§¢¥¸É´Ò³ ¥¥ Ëμ·³ ³ (μ¡Ö§ ´-
´Ò³ ¢¥±Éμ·Ê ¶μ²Ö·¨§ Í¨°) ¤μ¡ ¢²Ö¥É¸Ö ¥Ð¥ μ¤´ , ¸¢Ö§ ´´ Ö ¸ ¸ÊÐ¥¸É¢μ¢ ´¨¥³
μ¸¨ ¢Ò¸É·μ¥´´μ¸É¨ ¸¶¨´μ¢∗. ‘ ³ ¶μ ¸¥¡¥ ÔÉμÉ Ë ±É ¶μ´ÖÉ¥´ ¨ ´¥ Ê¤¨¢¨É¥²¥´.

�¤´ ±μ  ¢Éμ· μ¡· Ð ¥É ¢´¨³ ´¨¥ ´  ¸²¥¤ÊÕÐÊÕ  ´ ²μ£¨Õ, ±μÉμ· Ö ¶μ-
Ö¢²Ö¥É¸Ö ¢ ¸¢Ö§¨ ¸ ÔÉ¨³ ·¥§Ê²ÓÉ Éμ³. � ¡μ· Ëμ·³  §¨³ÊÉ ²Ó´ÒÌ · ¸¶·¥¤¥²¥-
´¨° Î ¸É¨Í, ·μ¦¤ ÕÐ¨Ì¸Ö ¶·¨ ¸μÊ¤ ·¥´¨ÖÌ  ¤·μ´μ¢ ¸μ ¸¶¨´μ³ 1/2, μ± §Ò¢ -
¥É¸Ö ¶· ±É¨Î¥¸±¨ ¨¤¥´É¨Î¥´Ò³ Éμ³Ê, ±μÉμ·Ò° ¶·μÖ¢²Ö¥É ¸¥¡Ö ¢ ´¥Í¥´É· ²Ó-
´ÒÌ Ö¤·μ-Ö¤¥·´ÒÌ ¸μÊ¤ ·¥´¨ÖÌ ¶·¨ ¸¢¥·Ì¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ [2] (¸³. É ¡².1).
�·¨´ÖÉμ ¸Î¨É ÉÓ, ÎÉμ ´ ¡²Õ¤ ¥³Ò¥ ¢ ¶μ¸²¥¤´¥³ ¸²ÊÎ ¥ Î ¸É¨ÍÒ ¢Ò²¥É ÕÉ,
¢ μ¸´μ¢´μ³, ¨§ μ¡Ñ¥³  Ë °¥·¡μ²  Å ¶²μÉ´μ° ¨ £μ·ÖÎ¥° ³ É¥·¨¨. �¸¨³³¥-
É·¨Ö ¨Ì ¢Ò²¥É  μ¶·¥¤¥²Ö¥É¸Ö ±μ²²¥±É¨¢´Ò³¨ ¸¨² ³¨, ¤¥°¸É¢ÊÕÐ¨³¨ ³¥¦¤Ê
±μ´¸É¨ÉÊ¥´É ³¨ ÔÉμ£μ Ë °¥·¡μ²  ¢ ¸ ³Ò° · ´´¨° ¶¥·¨μ¤ ¥£μ Ô¢μ²ÕÍ¨¨. ‘μ-
£² ¸´μ [3] ±μ²²¥±É¨¢´Ò¥ ¸¨²Ò, μ¤´ ±μ, μÉ¸ÊÉ¸É¢ÊÕÉ ¢μ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¤¢ÊÌ
 ¤·μ´μ¢. ‚μ§´¨± ¥É ¢μ¶·μ¸: ¢ Î¥³ ¦¥ ¶·¨Î¨´  ¢¶¥Î É²ÖÕÐ¥° ¸Ìμ¦¥¸É¨  §¨³Ê-
É ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨° Î ¸É¨Í, ·μ¦¤ ÕÐ¨Ì¸Ö ¢ ¸μ¢¸¥³ · §´ÒÌ ¶μ ¤¨´ ³¨±¥
¶·μÍ¥¸¸ Ì ¢§ ¨³μ¤¥°¸É¢¨Ö?

�  ¢§£²Ö¤  ¢Éμ· , μ¤¨´ ¨§ μÉ¢¥Éμ¢ μ¡Ð¥£μ Ì · ±É¥·  ³μ¦¥É ¡ÒÉÓ ¸¢Ö§ ´
¸μ ¸¢μ°¸É¢ ³¨ ¸¨³³¥É·¨¨ ¢· Ð É¥²Ó´μ-¶μ¸ÉÊ¶ É¥²Ó´μ£μ (¢¨´Éμ¢μ£μ) É¨¶  ¤¢¨-
¦¥´¨°. ˆ§¢¥¸É´μ, ÎÉμ ¢ ¶·μÍ¥¸¸ Ì ¸ ÊÎ ¸É¨¥³  ¤·μ´μ¢ ¨³¥´´μ ÔÉ¨ ¸¢μ°¸É¢ 

∗‘¥Î¥´¨¥ (1) ¶·¥¤¸É ¢²¥´μ ³¨´¨³ ²Ó´Ò³ ´ ¡μ·μ³ ²¨´¥°´ÒÌ Î²¥´μ¢, Ê¤μ¢²¥É¢μ·ÖÕÐ¨Ì P-
¨´¢ ·¨ ´É´μ¸É¨ ¨ ¶·¨´Í¨¶Ê � Ê²¨. �´μ ´¥ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¢Ò· ¦¥´¨Ö, Ö¢²ÖÕÐ¨¥¸Ö ¸É¥¶¥´´Ò³¨
ËÊ´±Í¨Ö³¨ Î²¥´μ¢, ¸μ¤¥·¦ Ð¨Ì¸Ö ¢ (1), ÌμÉÖ ¶¥·¢Ò¥ Ê¤μ¢²¥É¢μ·ÖÕÉ ÔÉ¨³ É·¥¡μ¢ ´¨Ö³ É ±¦¥.
“Î¥É É ±¨Ì ´¥²¨´¥°´ÒÌ ¢Ò· ¦¥´¨° ¶·¨¢μ¤¨É ± ¶μÖ¢²¥´¨Õ ¢  §¨³ÊÉ ²Ó´μ° § ¢¨¸¨³μ¸É¨ ¤μ¶μ²-
´¨É¥²Ó´μ£μ ¢±² ¤  μÉ Î²¥´μ¢, ¶·μ¶μ·Í¨μ´ ²Ó´ÒÌ ¡μ²¥¥ ¢Ò¸μ±¨³ ¸É¥¶¥´Ö³ cos ϕ ¨ sinϕ, Î¥³ ¢
¢Ò· ¦¥´¨¨ (2).
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Î ¸É¨Í ¸μ ¸¶¨´μ³ μ¶·¥¤¥²ÖÕÉ Ì · ±É¥· Ê£²μ¢ÒÌ · ¸¶·¥¤¥²¥´¨° ¢Éμ·¨Î´ÒÌ
Î ¸É¨Í ¢ ·¥ ±Í¨ÖÌ [1, 4, 5]. �·¨ ¸μÊ¤ ·¥´¨¨ ÉÖ¦¥²ÒÌ Ö¤¥· ¶μ¤μ¡´Ò¥ ¦¥ ¸¢μ°-
¸É¢ , μÎ¥¢¨¤´μ, ¶μÖ¢ÖÉ¸Ö ¨ Ê Ë °¥·¡μ²μ¢, ¥¸²¨ μ´¨ (¨²¨ ¨Ì ± ±¨¥-Éμ Î ¸É¨)
¢ ¶·μÍ¥¸¸¥ ¸¢μ¥£μ μ¡· §μ¢ ´¨Ö ¶μ²ÊÎ É ¢· Ð É¥²Ó´Ò° ³μ³¥´É (¸μ ¢¸¥³¨ ¤·Ê-
£¨³¨ ¶μ¸²¥¤¸É¢¨Ö³¨, ¢ÒÉ¥± ÕÐ¨³¨ ¨§ ÔÉμ£μ).

�²ÓÉ¥·´ É¨¢´Ò¥ ¶μ¶ÒÉ±¨ μ¡ÑÖ¸´¥´¨Ö ¶·¨Î¨´Ò μ¡¸Ê¦¤ ¥³μ°  ´ ²μ£¨¨ ´ 
μ¸´μ¢¥ ¨¤¥° μ ±μ²²¥±É¨¢´ÒÌ ³¥Ì ´¨§³ Ì ¢μ ¢§ ¨³μ¤¥°¸É¢¨¨ ¤¢ÊÌ  ¤·μ´μ¢ ¢
´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ´¥ ¨³¥ÕÉ ¤μ¸É ÉμÎ´μ£μ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ μ¡μ¸´μ¢ ´¨Ö.
�μÔÉμ³Ê ¤ ²Ó´¥°Ï¨¥ ¨¸¸²¥¤μ¢ ´¨Ö ¢ ÔÉμ³ ´ ¶· ¢²¥´¨¨ Í¥²¥¸μμ¡· §´Ò. �¤¨´
¨§ É ±¨Ì Ô±¸¶¥·¨³¥´Éμ¢ ³μ£ ¡Ò ¸μ¸ÉμÖÉÓ ¢ ¶·μ¢¥·±¥ Ëμ·³Ò  §¨³ÊÉ ²Ó´μ°
§ ¢¨¸¨³μ¸É¨ (2) ¨ ¶μ¨¸±¥ μÉ±²μ´¥´¨° μÉ ´¥¥. �¡´ ·Ê¦¥´¨¥ Î²¥´  cos 2ϕ ¢
¨´±²Õ§¨¢´μ³ ·μ¦¤¥´¨¨ Î ¸É¨Í ¶·¨ pp- ¨²¨ ee-¸Éμ²±´μ¢¥´¨ÖÌ ¸ ¢Ò¸É·μ¥´-
´Ò³¨ ¸¶¨´ ³¨ ³μ£²μ ¡Ò Ö¢¨ÉÓ¸Ö ¸¥·Ó¥§´Ò³ Ê± § ´¨¥³ ´  ¢±² ¤ ±μ²²¥±É¨¢´ÒÌ
³¥Ì ´¨§³μ¢ ¢ ¸¥Î¥´¨Ö ÔÉ¨Ì Ô²¥³¥´É ·´ÒÌ ¶·μÍ¥¸¸μ¢.

�¢Éμ· ¡² £μ¤ ·¨É ‚. ‹. ‹Õ¡μÏ¨Í , �. ’¥·Ö¥¢  ¨ �. …Ë·¥³μ¢  §  μ¡¸Ê¦¤¥-
´¨¥ ¢μ¶·μ¸μ¢, § É·μ´ÊÉÒÌ ¢ · ¡μÉ¥.

”μ·³   §¨³ÊÉ ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨° Î ¸É¨Í, ·μ¦¤ ÕÐ¨Ì¸Ö ¶·¨ ¸μÊ¤ ·¥´¨¨ ¤¢ÊÌ
Ë¥·³¨μ´μ¢ ( ¤·μ´μ¢ ¸μ ¸¶¨´μ³ 1/2) ¨ ÉÖ¦¥²ÒÌ Ö¤¥· ³¥¦¤Ê ¸μ¡μ°. A, B, a, b, c ´¥

§ ¢¨¸ÖÉ μÉ  §¨³ÊÉ ²Ó´μ£μ Ê£² 

�¥¶μ²Ö·¨§μ-
¢ ´´Ò¥ ¶ÊÎ±¨

P = 0

�μ²Ö·¨§μ-
¢ ´´Ò¥ ¶ÊÎ±¨

P1,2 �= 0

‘μÊ¤ ·¥´¨¥
�¥¸¸É·Ê±ÉÊ·´Ò¥

 ¤·μ´Ò
¸ ¢Ò¸É·μ¥´´Ò³¨

¸¶¨´ ³¨ P1 = −P2

ˆ§μÉ·μ¶¨Ö ∼ (1 + a cos ϕ) ∼ (1 + b cos2 ϕ + c sin2 ϕ)

� ¤¨ ²Ó´Ò° � ¶· ¢²¥´´Ò° 	²²¨¶É¨Î¥¸±¨° � ²¨Î¨¥
¶μÉμ± ¶μÉμ± ¶μÉμ± ¸É·Ê±ÉÊ·Ò,

ˆ§μÉ·μ¶¨Ö ∼ (1 + A cos ϕ) ∼ (1 + B cos2 ϕ +
B sin2 ϕ) = (1 + B cos 2ϕ)

±μ´¸É¨ÉÊ¥´ÉÒ
Ë °¥·¡μ² 
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