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�¶¨¸ ´¨¥ ³ °μ· ´μ¢¸±¨Ì ¸¢μ°¸É¢ ´¥°É· ²Ó´ÒÌ Î ¸É¨Í
¢ · ³± Ì ¶ Ê²¨¥¢¸±μ° ¸¨³³¥É·¨¨

�  ¡ §¥ ¶·¥μ¡· §μ¢ ´¨°, ¢±²ÕÎ ÕÐ¨Ì ±¨· ²Ó´ÊÕ U(1) ¨ ¶ Ê²¨¥¢¸±ÊÕ SU(2) £·Ê¶¶Ò,
¸³¥Ï¨¢ ÕÐ¨¥ Î ¸É¨Î´Ò¥ ¨  ´É¨Î ¸É¨Î´Ò¥ ¸μ¸ÉμÖ´¨Ö, ¶μ¸É·μ¥´  ³ É¥³ É¨Î¥¸± Ö ³μ¤¥²Ó,
¶μ§¢μ²ÖÕÐ Ö μ¶¨¸Ò¢ ÉÓ ³ °μ· ´μ¢¸±¨¥ ¸¢μ°¸É¢  ¸¨¸É¥³Ò ¸¢μ¡μ¤´ÒÌ ²¥¢ÒÌ ¨ ¶· ¢ÒÌ
´¥°É· ²Ó´ÒÌ Ë¥·³¨μ´μ¢ μ¤´μ£μ É¨¶ . „²Ö Î ¸É¨Í ³ ¸¸Ò ´Ê²Ó ¶ Ê²¨¥¢¸± Ö ¸¨³³¥É·¨Ö Å
ÉμÎ´ Ö ¨ ¢¥¤¥É ± ¸μÌ· ´ÖÕÐ¨³¸Ö § ·Ö¤ ³: ±¨· ²Ó´μ³Ê ¨ μ¡μ¡Ð¥´´μ³Ê ²¥¶Éμ´´μ³Ê, ¶μ-
¸²¥¤´¨° Å ¢¥±Éμ· ¢ ¶ Ê²¨¥¢¸±μ³ ¨§μ¶·μ¸É· ´¸É¢¥, · §²¨Î´Ò¥ ´ ¶· ¢²¥´¨Ö ¢ ±μÉμ·μ³
¸¢Ö§Ò¢ ÕÉ¸Ö ¸ ¤¨· ±μ¢¸±¨³¨ ¨²¨ μ¡μ¡Ð¥´´Ò³¨ ³ °μ· ´μ¢¸±¨³¨ ¸¢μ°¸É¢ ³¨. ‚ ¸²ÊÎ ¥
³ ¸¸Ò, μÉ²¨Î´μ° μÉ ´Ê²Ö, ¸Ì¥³  μ¶¨¸Ò¢ ¥É μ¡Ñ¥¤¨´¥´´Ò¥ ¤¨· ±μ¢¸±¨¥ ¨ ³ °μ· ´μ¢¸±¨¥
¸¢μ°¸É¢  Î ¸É¨Í ¨´¢¥·¸´ÒÌ A-B- ¨ C-D-±² ¸¸μ¢ (η2

P = ∓1, ) ¸ Ê¸²μ¢¨¥³ ML = −MR

´  ¨Ì ³ °μ· ´μ¢¸±¨¥ ³ ¸¸Ò. „²Ö Î ¸É¨Í C-D-±² ¸¸μ¢ ³ ¸¸μ¢μ¥ ¸² £ ¥³μ¥ ² £· ´¦¨ ´  ¨
¶ Ê²¨¥¢¸±¨° § ·Ö¤ ³μ£ÊÉ ¡ÒÉÓ ¢Ò· ¦¥´Ò Î¥·¥§ μ¶¥· Éμ· μ¡μ¡Ð¥´´μ£μ ²¥¶Éμ´´μ£μ § ·Ö¤ .
„²Ö Î ¸É¨Í A-B-±² ¸¸μ¢ ÔÉ¨ Ì · ±É¥·¨¸É¨±¨ ¤μ¶μ²´¨É¥²Ó´Ò, ¶·¨ ÔÉμ³ ¢ ¤¨· ±μ¢¸±μ³ ¸²Ê-
Î ¥ ¢μ§³μ¦´μ  ²ÓÉ¥·´ É¨¢´μ¥ μ¶¨¸ ´¨¥ Î ¸É¨Í ¢ É¥·³¨´ Ì ²¥¶Éμ´´μ£μ § ·Ö¤  ¨²¨ ¤¢ÊÌ
´¥§ ¢¨¸¨³ÒÌ ³ °μ· ´μ¢¸±¨Ì ¶μ²¥°, ´μ ¢ μ¡Ð¥³ ¸²ÊÎ ¥ ·¥ ²¨§ÊÕÉ¸Ö Éμ²Ó±μ ¶·¥¤¸É ¢²¥´¨Ö
¢Éμ·μ£μ É¨¶ , ±μ£¤  ¡ §μ¢Ò³¨ Ì · ±É¥·¨¸É¨± ³¨ ¸²Ê¦ É ¸μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö μ¶¥· Éμ· ,
μ¶·¥¤¥²ÖÕÐ¥£μ ¸É·Ê±ÉÊ·Ê ³ ¸¸μ¢μ£μ ¸² £ ¥³μ£μ ² £· ´¦¨ ´ .

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ¶·μ¡²¥³ ¨³. ‚. �. „¦¥²¥¶μ¢  �ˆŸˆ.
�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2005

Gaponov Yu. V. P4-2005-137
Description of Majorana Properties of Neutral Particles
in the Framework of Pauli Symmetry

A mathematical model based on Pauli transformations consisting of U(1) chiral group
as well as Pauli SU(2) group, which mixes particle and antiparticle components of wave
functions, is developed for description of Majorana properties of a system incorporating left-
handed and right-handed free neutral fermions of one type. For massless fermions Pauli
symmetry is exact and leads to conserved charges: chiral and generalized lepton one. The
latter is a vector in Pauli isospace, different directions of which are coordinated with Dirac or
generalized Majorana properties. For nonzero mass particles the scheme describes combined
DiracÄMajorana properties of particles of inversion A-B and C-D classes (η2

P = ∓1 conse-
quently) with constraint conditions ML = ±MR on their Majorana masses. For C-D-classes
particles the Lagrangian mass term and Pauli charge can be described in terms of the operator
of generalized lepton charge; however, for A-B-classes particles these characteristics are com-
plemented. In this situation there are two alternative representations in the Dirac case either
in the terms of lepton charge or by two independent Majorana ˇelds, but in the general case
the representations of the second type only are realized, when eigenvalues of the operator,
deˇning structure of the Lagrangian mass term, serve as the basic characteristics.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear Problems,
JINR.
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�μ¨¸± Ö¢²¥´¨°, ¢ÒÌμ¤ÖÐ¨Ì §  · ³±¨ CÉ ´¤ ·É´μ° ³μ¤¥²¨ (‘Œ) Ô²¥±É·μ-
¸² ¡μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö, ¨ · §¢¨É¨¥ ¨Ì É¥μ·¥É¨Î¥¸±μ£μ μ¶¨¸ ´¨Ö ¸μ¸É ¢²Ö¥É
¸¥°Î ¸ Í¥´É· ²Ó´ÊÕ § ¤ ÎÊ ¨¸¸²¥¤μ¢ ´¨° Ë¨§¨±¨ ¸² ¡ÒÌ ¶·μÍ¥¸¸μ¢. �¤´μ° ¨§
¶·¨¢²¥± É¥²Ó´ÒÌ Ë¨§¨Î¥¸±¨Ì ¨¤¥°, ´  ¶·μ¢¥·±Ê ±μÉμ·ÒÌ ´ ¶· ¢²¥´Ò É ±¨¥
¨¸¸²¥¤μ¢ ´¨Ö, Ö¢²Ö¥É¸Ö ¶·¥¤¶μ²μ¦¥´¨¥ μ ¢μ§³μ¦´ÒÌ ³ °μ· ´μ¢¸±¨Ì ¸¢μ°-
¸É¢ Ì ´¥°É·¨´μ, μ¸´μ¢ ´´μ¥ ´  £¨¶μÉ¥§¥ Œ °μ· ´a [1], ¸μ£² ¸´μ ±μÉμ·μ° ´¥°-
É·¨´μ ³μ¦¥É ¡ÒÉÓ Éμ¦¤¥¸É¢¥´´μ ¸¢μ¥°  ´É¨Î ¸É¨Í¥. ‚ · ³± Ì É ±μ° £¨¶μÉ¥§Ò
¶·¥¤¶μ² £ ¥É¸Ö, ÎÉμ ²¥¶Éμ´´Ò° § ·Ö¤ ´¥°É·¨´μ ´¥ ¸μÌ· ´Ö¥É¸Ö ¨ ¢μ§³μ¦´Ò
¶·μÍ¥¸¸Ò, ¢ ±μÉμ·ÒÌ ´¥°É·¨´μ ¶·¥¢· Ð ¥É¸Ö ¢  ´É¨´¥°É·¨´μ, ´ ¶·¨³¥·, ¡¥§-
´¥°É·¨´´Ò° ¤¢μ°´μ° ¡¥É -· ¸¶ ¤ Ö¤¥·. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ³ °μ· ´μ¢¸±¨¥
¸¢μ°¸É¢  ´¥°É·¨´μ ³μ£ÊÉ μ± § ÉÓ¸Ö ¸ÊÐ¥¸É¢¥´´Ò³¨ ¶·¨ μ¶¨¸ ´¨¨ Ö¢²¥´¨Ö
´¥°É·¨´´ÒÌ μ¸Í¨²²ÖÍ¨°, ¢¶¥·¢Ò¥ ¶·¥¤²μ¦¥´´μ£μ �μ´É¥±μ·¢μ ¢ 50-Ì £μ¤ Ì [2]
¶μ  ´ ²μ£¨¨ ¸ μ¸Í¨²²ÖÍ¨¥° K0-³¥§μ´μ¢ ¨ Ô±¸¶¥·¨³¥´É ²Ó´μ μÉ±·ÒÉμ£μ ¢ ¶μ-
¸²¥¤´¨¥ £μ¤Ò [3Ä5]. ”¥´μ³¥´μ²μ£¨Î¥¸±¨¥ ³μ¤¥²¨ ¤²Ö μ¶¨¸ ´¨Ö ´¥°É·¨´´ÒÌ
μ¸Í¨²²ÖÍ¨°, ¢±²ÕÎ ÕÐ¨¥ ± ± ¤¨· ±μ¢¸±¨¥, É ± ¨ ³ °μ· ´μ¢¸±¨¥ ´¥°É·¨´μ,
· §¢¨¢ ²¨¸Ó ¢ ²¨É¥· ÉÊ·¥ ¢ ¤¢ÊÌ ¢ ·¨ ´É Ì: ¢ ¸Ì¥³ Ì ¸ ²¥¢Ò³¨ ¨ ¶· ¢Ò³¨
(Ë¨§¨Î¥¸±¨³¨ ¨ ¸É¥·¨²Ó´Ò³¨, ¶μ ¸μ¢·¥³¥´´μ° É¥·³¨´μ²μ£¨¨) ´¥°É·¨´μ, ¨¤Ê-
Ð¨³¨ μÉ · ¡μÉÒ [2] ¤²Ö μ¤´μ£μ É¨¶  Î ¸É¨Í, ¨ ¢ ¸Ì¥³ Ì, ¢±²ÕÎ ÕÐ¨Ì ´ ¡μ·Ò
Éμ²Ó±μ ²¥¢ÒÌ ´¥°É·¨´μ · §´ÒÌ ¶μ±μ²¥´¨°. ‚´ Î ²¥ ÔÉμ ¡Ò²¨ Ô²¥±É·μ´´Ò¥
¨ ³Õμ´´Ò¥ ´¥°É·¨´μ [6, 7], ¢ ¶μ¸²¥¤´¨¥ £μ¤Ò Å ´¥°É·¨´μ É·¥Ì (¨ ¡μ²¥¥)
¶μ±μ²¥´¨° [8Ä12]. ‚ ¶·μ¸É¥°Ï¥³ ¸²ÊÎ ¥ ¶¥·¢μ£μ ¢ ·¨ ´É  ³μ¤¥²¥° ³ ¸¸μ¢ Ö
Î ¸ÉÓ ´¥°É·¨´´μ£μ ² £· ´¦¨ ´  ¢±²ÕÎ ¥É ¸² £ ¥³Ò¥ ± ± ¤¨· ±μ¢¸±μ£μ, É ± ¨
³ °μ· ´μ¢¸±μ£μ É¨¶  [11,12] μ¡Ð¥£μ ¢¨¤ :

− 2Lm(x) = ψR(x)mDψL(x) + ψ
c

R(x)mDψc
L(x)+

+ ψR(x)mRψc
L(x) + ψ

c

R(x)mLψL(x) + h.c. =

= nc
L(x)M̂nL(x) + h.c.; nL(x) =

(
ψL(x)
ψc

L(x)

)
, M̂ =

(
mL mD

mD mR

)
, (1)

£¤¥ mD, mL, mR Å ¤¨· ±μ¢¸± Ö, ²¥¢ Ö ¨ ¶· ¢ Ö ³ °μ· ´μ¢¸±¨¥ ³ ¸¸Ò. Œ °-
μ· ´μ¢¸±¨¥ ³ ¸¸μ¢Ò¥ ¸² £ ¥³Ò¥ É ±μ£μ, Ë¥´μ³¥´μ²μ£¨Î¥¸±μ£μ ² £· ´¦¨ ´ 
¸É·μÖÉ¸Ö ´  μ¸´μ¢¥ μ¡Ð¨Ì ¸¢μ°¸É¢ ¸¨³³¥É·¨¨,   ±μ´±·¥É´Ò¥ · ¸Î¥ÉÒ ¢ É ±μ°
¸Ì¥³¥ ¢¥¤ÊÉ¸Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¤¢ÊÌ±μ³¶μ´¥´É´ÒÌ ËÊ´±Í¨° nL(x) ¨ μ¡Ð¨Ì
Ê´¨É ·´ÒÌ ¶·¥μ¡· §μ¢ ´¨°, ¸ ¶μ³μÐÓÕ ±μÉμ·ÒÌ ³ ¸¸μ¢ Ö ³ É·¨Í  M̂ ¶·¨-
¢μ¤¨É¸Ö ± ¤¨ £μ´ ²Ó´μ° Ëμ·³¥. 	ËË¥±É¨¢´Ò¥ ³ ¸¸Ò m1, m2, ¶μ²ÊÎ ¥³Ò¥ ¢
¶·μÍ¥¸¸¥ ¤¨ £μ´ ²¨§ Í¨¨, ¸μ¶μ¸É ¢²ÖÕÉ¸Ö ¸ ³ ¸¸ ³¨ Ë¨§¨Î¥¸±¨Ì μ¸Í¨²²¨·Ê-
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ÕÐ¨Ì ´¥°É·¨´μ:

m1,2 =
1
2
[(mR + mL) ±

√
(mR − mL)2 + 4m2

D],

ψL(x) = cos θmdϕ1L(x) + sin θmdϕ2L(x),

ψR(x) = sin θmdϕ1R(x) − cos θmdϕ2R(x),

ϕ1(x) = ϕc
1(x), ϕ2(x) = ϕc

2(x), tg 2θmd =
2mD

mL − mR
,

(2)

  ³μ¤¥²Ó´Ò° ¶ · ³¥É· θmd § ¤ ¥É Ê£μ² ¸³¥Ï¨¢ ´¨Ö, μ¶¨¸Ò¢ ÕÐ¨° ´ Î ²Ó´Ò¥
²¥¢Ò¥ ¨ ¶· ¢Ò¥ ¸μ¸ÉμÖ´¨Ö ± ± ¸Ê¶¥·¶μ§¨Í¨¨ Ë¨§¨Î¥¸±¨Ì ¸μ¸ÉμÖ´¨° 1 ¨ 2
³ °μ· ´μ¢¸±μ£μ É¨¶  [10Ä12].

”μ·³ ²Ó´Ò° ³¥Éμ¤ ¢¢¥¤¥´¨Ö ¢ (1) ³ °μ· ´μ¢¸±¨Ì ³ ¸¸μ¢ÒÌ ¸² £ ¥³ÒÌ
Ö¢²Ö¥É¸Ö ¤μ¸É ÉμÎ´μ μ¡Ð¨³, μ¤´ ±μ ¶·¨ ÔÉμ³ μ¸´μ¢ ´¨Ö ¤²Ö ¸μ¢³¥¸É´μ£μ μ¶¨-
¸ ´¨Ö ³ °μ· ´μ¢¸±¨Ì ¨ ¤¨· ±μ¢¸±¨Ì Ì · ±É¥·¨¸É¨±, ¢Ò¡μ·  nL(x) ¢ Ëμ·³¥
(1) ¨ Ê¸²μ¢¨Ö, ¶·¨ ±μÉμ·ÒÌ ¢ ·¥§Ê²ÓÉ É¥ ¤¨ £μ´ ²¨§ Í¨¨ μ¡Ð Ö Ëμ·³  ¸¢μ-
¤¨É¸Ö ± ¶ ·¥ ³ °μ· ´μ¢¸±¨Ì ¶μ²¥°, μ¸É ÕÉ¸Ö ´¥¶·μÖ¸´¥´´Ò³¨. ‘¥·Ó¥§´μ°
É·Ê¤´μ¸ÉÓÕ μ¡Ð¥£μ ¶μ¤Ìμ¤  Ö¢²Ö¥É¸Ö μÉ¸ÊÉ¸É¢¨¥ ¢ ´¥³ ¸μÌ· ´ÖÕÐ¨Ì¸Ö ±¢ ´-
Éμ¢ÒÌ Î¨¸¥² ´¥°É·¨´μ. ‚ ÔÉμ³ ¶² ´¥ · §¢¨É¨¥ ¸ÊÐ¥¸É¢ÊÕÐ¥£μ Ëμ·³ ²¨§³  ¢
´ ¶· ¢²¥´¨¨ ¶μ¨¸±  ´μ¢ÒÌ, ´¥É· ¤¨Í¨μ´´ÒÌ ³ °μ· ´μ¢¸±¨Ì ³μ¤¥²¥°, ¶·¥¤-
² £ ÕÐ¨Ì μÉ²¨Î´μ¥ μÉ ¶·¨´ÖÉμ£μ μ¶¨¸ ´¨¥ ¸¨¸É¥³, ¢±²ÕÎ ÕÐ¨Ì ³ °μ· ´μ¢-
¸±¨¥ ¶μ²Ö ¨ ¸¶μ¸μ¡¸É¢ÊÕÐ¨Ì Ê¸É ´μ¢²¥´¨Õ ¸¢Ö§¥° ¸ÊÐ¥¸É¢ÊÕÐ¨Ì Ë¥´μ³¥´μ-
²μ£¨Î¥¸±¨Ì ¸Ì¥³ ¸μ ‘É ´¤ ·É´μ° ³μ¤¥²ÓÕ, Ö¢²Ö¥É¸Ö ¸¥£μ¤´Ö μ¤´μ° ¨§ ¢ ¦´ÒÌ
§ ¤ Î. Š ± ¶μ± § ´μ ´¨¦¥, ´μ¢Ò° ¶μ¤Ìμ¤ ¢ ÔÉμ³ ´ ¶· ¢²¥´¨¨ ³μ¦¥É ¤ ÉÓ ¨§Ê-
Î¥´¨¥ ³μ¤¥²¨, · §¢¨¢ ÕÐ¥° ¶·μ¸É¥°Ï¨° ¢ ·¨ ´É (1) ³ °μ· ´μ¢¸±μ° ¸Ì¥³Ò ¨
·¥ ²¨§ÊÕÐ¥° ¥¥ Î ¸É´Ò° ¸²ÊÎ °, ¸¢Ö§ ´´Ò° ¸μ ¸¶¥Í¨ ²Ó´Ò³¨ ¶·¥μ¡· §μ¢ ´¨-
Ö³¨, ¶·¥¤²μ¦¥´´Ò³¨ � Ê²¨ ¢ 50-Ì £μ¤ Ì [13]. ˆ¸¶μ²Ó§μ¢ ´¨¥ ÔÉ¨Ì ¶·¥μ¡· -
§μ¢ ´¨° ¶μ§¢μ²Ö¥É ¢¢¥¸É¨ ±¢ ´Éμ¢Ò¥ Î¨¸² , μ¡μ¡Ð ÕÐ¨¥ ¶μ´ÖÉ¨¥ ²¥¶Éμ´´μ£μ
§ ·Ö¤ , ¨ μ¶¨¸Ò¢ ÉÓ ³ °μ· ´μ¢¸±¨¥ ¸¢μ°¸É¢  Î ¸É¨Í, ¢ Î ¸É´μ¸É¨, ¶μ²ÊÎ ÉÓ
³ °μ· ´μ¢¸±¨¥ ¸μμÉ´μÏ¥´¨Ö ± ± Ê¸²μ¢¨Ö ´  ¸μ¡¸É¢¥´´Ò¥ ËÊ´±Í¨¨ ¡ §μ¢ÒÌ
μ¶¥· Éμ·μ¢. �·¨ ÔÉμ³ ¶ Ê²¨¥¢¸±¨¥ ¶·¥μ¡· §μ¢ ´¨Ö § ¤ ÕÉ μ¸´μ¢Ê ¸¢Ö§¨ ¤¨· -
±μ¢¸±¨Ì ¨ ³ °μ· ´μ¢¸±¨Ì ¸¢μ°¸É¢ ´¥°É· ²Ó´ÒÌ Î ¸É¨Í ¨ ¢¢μ¤ÖÉ ¢ ¸Ì¥³Ê ·Ö¤
³μ³¥´Éμ¢, ¸¡²¨¦ ÕÐ¨Ì ¥¥ ¸μ ‘É ´¤ ·É´μ° ³μ¤¥²ÓÕ, ¶·¨Î¥³ ·¥§Ê²ÓÉ ÉÒ ¶·¨-
´ÖÉμ£μ ¸¥£μ¤´Ö Ë¥´μ³¥´μ²μ£¨Î¥¸±μ£μ μ¶¨¸ ´¨Ö ¶μ²ÊÎ ÕÉ ´μ¢μ¥ μ¸¢¥Ð¥´¨¥ ¨
¨´É¥·¶·¥É Í¨Õ, ÎÉμ ³μ¦¥É μ± § ÉÓ¸Ö ¶μ²¥§´Ò³ ¶·¨ ¤ ²Ó´¥°Ï¥³ · §¢¨É¨¨ É¥-
μ·¨¨. •μÉÖ É ± Ö ³μ¤¥²Ó ¸ÊÐ¥¸É¢¥´´μ μ£· ´¨Î¥´  ¨ ¨³¥¥É ·Ö¤ ´¥É·¨¢¨ ²Ó´ÒÌ
μ¸μ¡¥´´μ¸É¥°, ¸¢Ö§ ´´ÒÌ ¸ ¥¥ ¨´É¥·¶·¥É Í¨¥°, ¥¥ ¤¥É ²Ó´Ò°  ´ ²¨§ ¶·¥¤¸É -
¢²Ö¥É¸Ö ¶μ²¥§´Ò³ ¨, ¶μ ³´¥´¨Õ  ¢Éμ· , ³μ¦¥É ¸¶μ¸μ¡¸É¢μ¢ ÉÓ ¸¡²¨¦¥´¨Õ
¶·¨´ÖÉμ£μ Ë¥´μ³¥´μ²μ£¨Î¥¸±μ£μ ¶μ¤Ìμ¤  ¸ ‘Œ.

� ¸ÉμÖÐ Ö ¸É ÉÓÖ ¶μ¸¢ÖÐ¥´  · §¢¨É¨Õ Ê± § ´´μ° ¸Ì¥³Ò: ¨¸¸²¥¤μ¢ ´¨Õ
¶ Ê²¨¥¢¸±¨Ì ¶·¥μ¡· §μ¢ ´¨° ¨ μ¶¨¸ ´¨Õ ´  ¨Ì μ¸´μ¢¥ ³ °μ· ´μ¢¸±¨Ì ¸¢μ°¸É¢
´¥°É· ²Ó´ÒÌ Î ¸É¨Í ¢ ¶·μ¸Éμ° ³μ¤¥²¨, ±μ£¤  ³ ¸¸μ¢ Ö Î ¸ÉÓ ² £· ´¦¨ ´ 
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¢±²ÕÎ ¥É Î ¸É¨ÍÒ μ¤´μ£μ ¸μ·É  Å ²¥¢Ò¥ ¨ ¶· ¢Ò¥ (¸³. É ±¦¥ [14, 15]).
�μ± § ´μ, ÎÉμ ¢ ¶ Ê²¨¥¢¸±μ° ¸Ì¥³¥ ³ °μ· ´μ¢¸±¨¥ ¸μμÉ´μÏ¥´¨Ö ¢μ§´¨± ÕÉ
± ± ¶·μ¥±Í¨μ´´Ò¥ Ê¸²μ¢¨Ö ¤²Ö ·¥Ï¥´¨°, μ¶¨¸Ò¢ ÕÐ¨Ì ¸¢μ¡μ¤´Ò¥ Î ¸É¨ÍÒ
¸ Ë¨±¸¨·μ¢ ´´Ò³ ±¢ ´Éμ¢Ò³ Î¨¸²μ³ Å μ¡μ¡Ð¥´´Ò³ ²¥¶Éμ´´Ò³ § ·Ö¤μ³
¨²¨,  ²ÓÉ¥·´ É¨¢´μ, ¶·μ¨§¢¥¤¥´¨¥³ ¥£μ ¨ ±¨· ²Ó´μ¸É¨, ±μÉμ·Ò¥ ¨´É¥·¶·¥É¨-
·ÊÕÉ¸Ö ± ± ¢¥±Éμ·Ò ¢ ¨§μ¶·μ¸É· ´¸É¢¥ ¶ Ê²¨¥¢¸±¨Ì ¶·¥μ¡· §μ¢ ´¨°. �μ²Ê-
Î¥´Ò ¨§¢¥¸É´Ò¥ ³ °μ· ´μ¢¸±¨¥ ¸μμÉ´μÏ¥´¨Ö ¨ ¶μ¸É·μ¥´Ò ´μ¢Ò¥ É¨¶Ò ³ °-
μ· ´μ¢¸±¨Ì ¸¢Ö§¥°, μ¡μ¡Ð ÕÐ¨¥ Ê¸²μ¢¨¥ Œ °μ· ´a, Ê¸É ´μ¢²¥´  ¨Ì ¸¢Ö§Ó ¸
¶μ¢¥¤¥´¨¥³ ´¥°É· ²Ó´ÒÌ Î ¸É¨Í ¶μ μÉ´μÏ¥´¨Õ ± ¶·¥μ¡· §μ¢ ´¨Õ ¶·μ¸É· ´-
¸É¢¥´´μ° ¨´¢¥·¸¨¨. ˆ¸¸²¥¤μ¢ ´Ò Î ¸É¨ÍÒ ³ ¸¸Ò ´Ê²Ó ¨ ¸¢μ¡μ¤´Ò¥ Î ¸É¨ÍÒ
¸ μÉ²¨Î´Ò³¨ μÉ ´Ê²Ö ¤¨· ±μ¢¸±¨³¨ ¨ ³ °μ· ´μ¢¸±¨³¨ ³ ¸¸μ¢Ò³¨ ¸² £ ¥-
³Ò³¨. �μ¤Î¥·±´¥³, ÎÉμ · §¢¨¢ ¥³ Ö ¸Ì¥³  ´¥ ¶·¥É¥´¤Ê¥É ´   ´ ²¨§ ±μ´±·¥É-
´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢, ´μ ¶μ§¢μ²Ö¥É ¸Ëμ·³¨·μ¢ ÉÓ ´μ¢ÊÕ ÉμÎ±Ê §·¥´¨Ö ´  ¸ÊÐ¥-
¸É¢ÊÕÐ¨° Ë¥´μ³¥´μ²μ£¨Î¥¸±¨° Ëμ·³ ²¨§³ ¨ ¢ÒÖ¢¨ÉÓ ÉμÎ±¨ ¥£μ ¢μ§³μ¦´μ°
¸ÉÒ±μ¢±¨ ¸μ ‘É ´¤ ·É´μ° ³μ¤¥²ÓÕ Ô²¥±É·μ¸² ¡μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö.

‘É ÉÓÖ ¶μ¸É·μ¥´  ¸²¥¤ÊÕÐ¨³ μ¡· §μ³: ¢ · §¤¥²¥ 1 ¢¢μ¤ÖÉ¸Ö ¶ Ê²¨¥¢-
¸±¨¥ ¶·¥μ¡· §μ¢ ´¨Ö, ¨¸¸²¥¤ÊÕÉ¸Ö ¨Ì ¸¢μ°¸É¢  μÉ´μ¸¨É¥²Ó´μ ¤¨¸±·¥É´ÒÌ P -,
T -, C-μ¶¥· Í¨° ¨ ¢¢μ¤ÖÉ¸Ö ¨´¢¥·¸´Ò¥ ±² ¸¸Ò Î ¸É¨Í μÉ´μ¸¨É¥²Ó´μ μ¶¥· Í¨¨
¶·μ¸É· ´¸É¢¥´´μ£μ μÉ· ¦¥´¨Ö, μ¶·¥¤¥²ÖÕÐ¨¥ μ¡ÐÊÕ ¸É·Ê±ÉÊ·Ê ³ °μ· ´μ¢-
¸±¨Ì Ê¸²μ¢¨°. ‚ · §¤¥²¥ 2 ¶μ¸É·μ¥´Ò § ·Ö¤Ò, μ¶¨¸Ò¢ ÕÐ¨¥ ·¥Ï¥´¨Ö ¤²Ö
¸¢μ¡μ¤´ÒÌ ¡¥§³ ¸¸μ¢ÒÌ Î ¸É¨Í, ¨ Ê¸É ´μ¢²¨¢ ¥É¸Ö ¸¢Ö§Ó ¸μ¡¸É¢¥´´ÒÌ ËÊ´±-
Í¨° μ¶¥· Éμ·μ¢, § ¤ ÕÐ¨Ì ¡ §μ¢Ò¥ ¶·¥¤¸É ¢²¥´¨Ö · §´ÒÌ ¨´¢¥·¸´ÒÌ ±² ¸¸μ¢,
¸ μ¡μ¡Ð¥´´Ò³¨ ³ °μ· ´μ¢¸±¨³¨ Ê¸²μ¢¨Ö³¨. ‚ · §¤¥²¥ 3 ¸Ì¥³  · ¸¶·μ¸É· ´Ö-
¥É¸Ö ´  ³ ¸¸¨¢´Ò¥ ¸¢μ¡μ¤´Ò¥ Î ¸É¨ÍÒ: ¢ ´¥° μ¶¨¸Ò¢ ÕÉ¸Ö ¨  ´ ²¨§¨·ÊÕÉ¸Ö
μ¸´μ¢´Ò¥ É¨¶Ò ·¥Ï¥´¨° ¢ ¸²ÊÎ ¥, ±μ£¤  ¢ ² £· ´¦¨ ´¥ ¶·¨¸ÊÉ¸É¢ÊÕÉ ³ ¸-
¸μ¢Ò¥ ¸² £ ¥³Ò¥ ± ± ¤¨· ±μ¢¸±μ£μ, É ± ¨ ³ °μ· ´μ¢¸±μ£μ É¨¶μ¢, ¸¢Ö§ ´´Ò¥
³¥¦¤Ê ¸μ¡μ° ¶ Ê²¨¥¢¸±¨³¨ ¶·¥μ¡· §μ¢ ´¨Ö³¨. � §¤¥² 4 ¢±²ÕÎ ¥É μ¡¸Ê¦¤¥´¨¥
·¥§Ê²ÓÉ Éμ¢ ¨ ¨Ì ¸μ¶μ¸É ¢²¥´¨¥ ¸ μ¡ÒÎ´Ò³ Ë¥´μ³¥´μ²μ£¨Î¥¸±¨³ ¶μ¤Ìμ¤μ³.

1. ��“‹ˆ…‚‘Šˆ… ��…����‡�‚��ˆŸ, „ˆ‘Š�…’�›…
��…����‡�‚��ˆŸ, ˆ�‚…�‘�›… Š‹�‘‘› —�‘’ˆ–

Š ± ¡Ò²μ ¢¶¥·¢Ò¥ Ê± § ´μ � Ê²¨ [13] (¸³. É ±¦¥ [16Ä18]), ¤²Ö Ë¥·³¨-
μ´´ÒÌ ¶μ²¥° ³ ¸¸Ò ´Ê²Ó ¸ÊÐ¥¸É¢ÊÕÉ ¶·¥μ¡· §μ¢ ´¨Ö, ±μÉμ·Ò¥ ¸μÌ· ´ÖÕÉ
±μ³³ÊÉ Í¨μ´´Ò¥ ¸μμÉ´μÏ¥´¨Ö μ¶¥· Éμ·μ¢ ¶μ²Ö ¨ ³μ£ÊÉ ¡ÒÉÓ ¶·¥¤¸É ¢²¥´Ò ¢
Ëμ·³¥

ψ
′
(x) = eiγ5χ/2(aψ(x) + bγ5γ2γ4ψ

T
(x)), |a|2 + |b|2 = 1, (3)

É ± ÎÉμ μ¡Ð¥¥ ¶·¥μ¡· §μ¢ ´¨¥ ¢±²ÕÎ ¥É ¤¢  ´¥§ ¢¨¸¨³ÒÌ Å ±¨· ²Ó´μ¥ (É¨¶
II Ê � Ê²¨) ¨ ¸μ¡¸É¢¥´´μ ¶ Ê²¨¥¢¸±μ¥ (É¨¶ I), ¶μ¸²¥¤´¥¥ ¶·¨ a = eiϕ/2,
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b = 0 ¸μμÉ¢¥É¸É¢Ê¥É £·Ê¶¶¥ Ë §μ¢ÒÌ ¶·¥μ¡· §μ¢ ´¨°. ‚ ¶ Ê²¨¥¢¸±μ° £·Ê¶¶¥
¥¸É¥¸É¢¥´´μ ¢¢μ¤¨É¸Ö μ¡μ¡Ð¥´´ Ö ËÊ´±Í¨Ö Ψ(x) ¨ μ¶¥· Éμ·Ò κ̂i (i = x, y, z):

Ψ(x) =
( ψ(x)

γ5γ2γ4ψ
T

(x)

)
, Ψ(x) = Ψ(x)+γ4 = (ψ(x), ψT (x)γ4γ2γ5),

κ̂x =
(

0 +1
+1 0

)
, κ̂y =

(
0 −i
+i 0

)
, κ̂z =

(
+1 0
0 −1

)
.

(4)

‚ É ±μ³ ¶·¥¤¸É ¢²¥´¨¨ ¶·¨ a = eiϕ/2 cos θ/2, b = eiϕ/2e−iφ sin θ/2 ¶·¥-
μ¡· §μ¢ ´¨¥ (3) ¶·¨μ¡·¥É ¥É ¢¨¤

Ψ
′
(x) = eiγ5χ/2eiκ̂zϕ/2ei(− sin φκ̂x+cos φκ̂y)θ/2Ψ(x) = S(χ)S(ϕ)S(φ, θ)Ψ(x).

(5)
Š¨· ²Ó´Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö μ¡· §ÊÕÉ U(1)-£·Ê¶¶Ê, ¸μ¡¸É¢¥´´μ ¶ Ê²¨¥¢¸±¨¥ Å
SU(2)-£·Ê¶¶Ê ¢· Ð¥´¨° ¢ ¨§μ¶·μ¸É· ´¸É¢¥ ¤¢ÊÌ±μ³¶μ´¥´É´ÒÌ ¶ Ê²¨¥¢¸±¨Ì
¸¶¨´μ·μ¢. �¶¥· Éμ· S(χ) = eiγ5χ/2 μ¶¨¸Ò¢ ¥É ±¨· ²Ó´Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö,
S(ϕ) = eiκ̂zϕ/2 Å ¶μ¢μ·μÉÒ ´  Ê£μ² ϕ ¢μ±·Ê£ μ¸¨ κz ¶ Ê²¨¥¢¸±μ£μ ¨§μ¶·μ-
¸É· ´¸É¢ ,   ¶·¥μ¡· §μ¢ ´¨¥ S(φ, θ) = S Å ¶μ¢μ·μÉ ¥¤¨´¨Î´μ£μ ¢¥±Éμ· 
ÔÉμ£μ ¶·μ¸É· ´¸É¢  	κ, § ¤ ´´μ£μ ¸É ´¤ ·É´Ò³¨ Ê£² ³¨ 	°²¥·  φ ¨ θ, ¢ ´ ¶· -
¢²¥´¨¨ ¢¥±Éμ·  κz:

Sκ̂S+ = κ̂z, κ̂ = cos θκ̂z + cosφ sin θκ̂x + sin φ sin θκ̂y. (6)

�μ³¨³μ Ëμ·³Ò (4) ´¨¦¥ ¡Ê¤ÊÉ ¨¸¶μ²Ó§μ¢ ´Ò ¨ ¤·Ê£¨¥ ¶·¥¤¸É ¢²¥´¨Ö ¤¢ÊÌ-
±μ³¶μ´¥´É´μ° μ¡μ¡Ð¥´´μ° ËÊ´±Í¨¨, ¶·¨ ÔÉμ³ Ëμ·³  ¶·¥μ¡· §μ¢ ´¨° (5)
¤μ²¦´  ¸μμÉ¢¥É¸É¢¥´´μ ³μ¤¨Ë¨Í¨·μ¢ ÉÓ¸Ö.

� Ê²¨¥¢¸±¨¥ ¶·¥μ¡· §μ¢ ´¨Ö É¥¸´μ ¸¢Ö§ ´Ò ¸ ¤¨¸±·¥É´Ò³¨ μ¶¥· Í¨Ö³¨
¶·μ¸É· ´¸É¢¥´´μ° ¨´¢¥·¸¨¨ (P ), ¨§³¥´¥´¨Ö §´ ±  ¢·¥³¥´¨ (T ) ¨ § ·Ö¤μ¢μ£μ
¸μ¶·Ö¦¥´¨Ö (C), ±μÉμ·Ò¥ ¢¢μ¤ÖÉ¸Ö ¸μμÉ´μÏ¥´¨Ö³¨ [19]:

(ψ(x))P = P̂ψ(Px), (ψ(x))P = ψ(Px)P̂−1, (Px = −x, Px4 = x4),

(ψ(x))T = T̂ψ
T
(Tx), (ψ(x))T = ψT (Tx)T̂−1, (Tx = x, Tx4 = −x4),

(ψ(x))C = Ĉψ
T
(x), (ψ(x))C = ψT (x)(Ĉ−1)T ,

P̂ = ηP γ4, T̂ = ηT γ2γ5, Ĉ = γ2γ4, |ηP |2 = |ηT |2 = 1.
(7)

(„²Ö μ¶¥· Í¨¨ § ·Ö¤μ¢μ£μ C-¸μ¶·Ö¦¥´¨Ö ¢Ò¡· ´  ·¥¤ÊÍ¨·μ¢ ´´ Ö Ëμ·³  ¸
ηC = 1, ¡μ²¥¥ μ¡Ð Ö, ¢±²ÕÎ ÕÐ Ö Ë §μ¢Ò° ³´μ¦¨É¥²Ó ηC �= 1, ¡Ê¤¥É μ¡¸Ê-
¦¤ ÉÓ¸Ö ¶μ§¦¥.)

� °¤¥³ Ê¸²μ¢¨Ö ¸μÌ· ´¥´¨Ö Ëμ·³Ò ¶ Ê²¨¥¢¸±¨Ì ¶·¥μ¡· §μ¢ ´¨° ¶·¨
ÔÉ¨Ì ¤¨¸±·¥É´ÒÌ μ¶¥· Í¨ÖÌ, ¤²Ö Î¥£μ ¨¸¶μ²Ó§Ê¥³ ¨Ì · §¢¥·´ÊÉÊÕ Ëμ·³Ê,
¢±²ÕÎ ÕÐÊÕ ¢³¥¸Éμ É·¥Ì ´¥§ ¢¨¸¨³ÒÌ ¶ · ³¥É·μ¢ (a, b, χ) Å Î¥ÉÒ·¥:
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a1, a2, b1, b2, ¸¢Ö§ ´´ÒÌ ¤μ¶μ²´¨É¥²Ó´Ò³¨ ¸μμÉ´μÏ¥´¨Ö³¨ [13]:

ψ
′
(x) = a1ψ(x) + a2γ5ψ(x) + b1γ2γ4ψ

T
(x) + b2γ5γ2γ4ψ

T
(x),

a1 = a cos (χ/2), a2 = ia sin (χ/2),
b1 = ib sin (χ/2), b2 = b cos (χ/2),
|a1|2 + |a2|2 + |b1|2 + |b2|2 = 1,

a1a
∗
2 + a∗

1a2 + b1b
∗
2 + b∗1b2 = 0, a2b2 − a1b1 = 0.

(8)

�·¨³¥´ÖÖ ± (8) μ¶¥· Í¨Õ ¶·μ¸É· ´¸É¢¥´´μ° ¨´¢¥·¸¨¨, ¶μ²ÊÎ¨³

ψ
′
(Px) = a1ψ(Px) − a2γ5ψ(Px) − b1η

2
P γ2γ4ψ

T
(Px)+

+ b2η
2
P γ5γ2γ4, ψ

T
(Px), (9)

É ± ÎÉμ ¶·¥μ¡· §μ¢ ´¨Ö (8) ¸μÌ· ´ÖÕÉ Ëμ·³Ê ¶·¨ Ê¸²μ¢¨ÖÌ

a2 = −a2 = 0, b1(1 + η2
P ) = 0, b2(1 − η2

P ) = 0. (10)

�´ ²μ£¨Î´μ, ¶·¨ ¨§³¥´¥´¨¨ §´ ±  ¢·¥³¥´¨

ψ
′
(Tx) = a∗

1ψ(Tx) + a∗
2γ5ψ(Tx) + b∗1η

2
T γ2γ4ψ

T
(Tx)+

+ b∗2η
2
T γ5γ2γ4ψ

T
(Tx), (11)

¨ Ê¸²μ¢¨¥ ¸μÌ· ´¥´¨Ö Ëμ·³Ò ¶·¥μ¡· §μ¢ ´¨° ¤ ¥É ¸¢Ö§¨

a1 = a∗
1, a2 = a∗

2, b∗1η
2
T = b1, b∗2η

2
T = b2. (12)

� ±μ´¥Í, ¤²Ö μ¶¥· Í¨¨ § ·Ö¤μ¢μ£μ C-¸μ¶·Ö¦¥´¨Ö

ψ
′
(x) = a∗

1ψ(x) − a∗
2γ5ψ(x) + b∗1γ2γ4ψ

T
(x) − b∗2γ5γ2γ4ψ

T
(x), (13)

¨ ¤²Ö ¸μÌ· ´¥´¨Ö Ëμ·³Ò ¶·¥μ¡· §μ¢ ´¨° ´¥μ¡Ìμ¤¨³μ

a1 = a∗
1, a2 = −a∗

2, b∗1 = b1, b∗2 = −b2. (14)

…¸É¥¸É¢¥´´Ò³ Ë¨§¨Î¥¸±¨³ Ê¸²μ¢¨¥³ ´  μ¡ÐÊÕ Ëμ·³Ê ¶ Ê²¨¥¢¸±¨Ì ¶·¥-
μ¡· §μ¢ ´¨° ³μ¦´μ ¸Î¨É ÉÓ ¥¥ ¸μÌ· ´¥´¨¥ ¶·¨ ±μ³¡¨´¨·μ¢ ´´μ° CTP -μ¶¥-
· Í¨¨ [19,20]. �·¨³¥´ÖÖ ¶μ¸²¥¤μ¢ É¥²Ó´μ (9), (11), (13), ²¥£±μ ¶μ± § ÉÓ, ÎÉμ
μ´¨ ¢¥¤ÊÉ ± ¸²¥¤ÊÕÐ¨³ ¸μμÉ´μÏ¥´¨Ö³ ³¥¦¤Ê ¶ · ³¥É· ³¨ b1, b2 ¨ Ë § ³¨
P - ¨ T -¶·¥μ¡· §μ¢ ´¨° Å ηP ¨ ηT :

b1(1 + η2
P /η2

T ) = 0, b2(1 + η2
P /η2

T ) = 0, (15)

5



(´  a1, a2 μ£· ´¨Î¥´¨° ´¥É) ¨²¨ ¤²Ö ¶ · ³¥É·  b ¸μμÉ¢¥É¸É¢¥´´μ

b(1 + η2
P /η2

T ) = 0, η2
P /η2

T = −1 b �= 0. (16)

(´  a μ£· ´¨Î¥´¨° ´¥É). �´μ ¸μ£² ¸Ê¥É¸Ö ¸ ¨§¢¥¸É´Ò³ Ê¸²μ¢¨¥³ ´  Ë §Ò
¤¨¸±·¥É´ÒÌ ¶·¥μ¡· §μ¢ ´¨°, ¶·¨´¨³ ¥³Ò³ ¤²Ö Ë¨§¨Î¥¸±¨Ì Î ¸É¨Í ¢ ¸μ¢·¥-
³¥´´μ° É¥μ·¨¨, £¤¥ ¶·¥¤¶μ² £ ¥É¸Ö ¶μ¤μ¡¨¥ ¤¨¸±·¥É´ÒÌ ¸¢μ°¸É¢  ´É¨Î ¸É¨Í ¨
Î ¸É¨Í [19], ÎÉμ ¤ ¥É η2

P = −1, η2
T = +1. ”¥·³¨μ´Ò ¸ Ê¸²μ¢¨¥³ η2

P = −1 ´ -
§Ò¢ ÕÉ Î ¸É¨Í ³¨ ¨´¢¥·¸´ÒÌ A-B-±² ¸¸μ¢ (ηP = +i Å A-±² ¸¸, ηP = −i Å
B-±² ¸¸) [21]. �¤´ ±μ ¤²Ö ³ °μ· ´μ¢¸±¨Ì Î ¸É¨Í  ¶·¨μ·¨ ´¥²Ó§Ö ¨¸±²ÕÎ¨ÉÓ
É ±¦¥ ¨´μ° ¢Ò¡μ· Ë § ¨´¢¥·¸¨¨ (μ ±μÉμ·μ³ ¢¶¥·¢Ò¥ Ê¶μ³¨´ ² � ±  [22],
¸³. É ±¦¥ [23Ä24]), ±μ£¤  η2

P = 1. ’ ±¨¥ Î ¸É¨ÍÒ μÉ´μ¸ÖÉ ± ¨´¢¥·¸´Ò³
C-D-±² ¸¸ ³ (ηP = +1 Å C-±² ¸¸ , ηP = −1 Å D-±² ¸¸) [21], ¤²Ö ´¨Ì
η2

P = 1, η2
T = −1∗.

ˆ¸¸²¥¤μ¢ ´¨¥ ¸μÌ· ´¥´¨Ö Ëμ·³Ò ¶ Ê²¨¥¢¸±¨Ì ¶·¥μ¡· §μ¢ ´¨° (3) ¶·¨
¤¨¸±·¥É´ÒÌ μ¶¥· Í¨ÖÌ (7) ¸ ÊÎ¥Éμ³ ¨´¢¥·¸´ÒÌ ±² ¸¸μ¢ Î ¸É¨Í ¶·¨¢μ¤¨É ±
¸²¥¤ÊÕÐ¨³ ·¥§Ê²ÓÉ É ³:

¤²Ö ¨´¢¥·¸´ÒÌ A-B-±² ¸¸μ¢, ± ±μÉμ·Ò³ μ¡ÒÎ´μ μÉ´μ¸ÖÉ Ë¨§¨Î¥¸±¨¥ Î -
¸É¨ÍÒ, Ê¸²μ¢¨Ö ¸μÌ· ´¥´¨Ö ¶·¨ P -, T - ¨ C-¶·¥μ¡· §μ¢ ´¨ÖÌ · §¤¥²Ó´μ É -
±μ¢Ò:

P (CT )-¸μÌ· ´¥´¨¥: χ = 0, b = 0, a Å ¶·μ¨§¢μ²Ó´μ¥ (θ = 0);
χ = π, a = 0, b Å ¶·μ¨§¢μ²Ó´μ¥ (θ = π);

T (CP )-¸μÌ· ´¥´¨¥: χ = 0, a, b Å ¤¥°¸É¢¨É¥²Ó´Ò¥ (ϕ = 0, φ = 0, π);
χ = π, a, b Å ³´¨³Ò¥ (ϕ = π, φ = 0, π);

C(TP )-¸μÌ· ´¥´¨¥: χ Å ¶·μ¨§¢μ²Ó´Ò¥,
a Å ¤¥°¸É¢¨É¥²Ó´Ò¥, b Å ³´¨³Ò¥, (ϕ = 0, φ = ±π/2);

(17)

¤²Ö  ²ÓÉ¥·´ É¨¢´μ£μ ¸²ÊÎ Ö Î ¸É¨Í C-D-±² ¸¸μ¢:

P (CT )-¸μÌ· ´¥´¨¥:
χ = 0, a, b Å ¶·μ¨§¢μ²Ó´μ¥ (ϕ, φ, θ Å ¶·μ¨§¢μ²Ó´Ò¥);

T (CP )-¸μÌ· ´¥´¨¥:
χ = 0, a Å ¤¥°¸É¢¨É¥²Ó´Ò¥, b Å ³´¨³Ò¥ (ϕ = 0, φ = ±π/2);
χ = π, a Å ³´¨³Ò¥; b Å ¤¥°¸É¢¨É¥²Ó´Ò¥ (ϕ = π, φ = ±π/2);

C(TP )-¸μÌ· ´¥´¨¥: χ Å ¶·μ¨§¢μ²Ó´Ò¥,
a Å ¤¥°¸É¢¨É¥²Ó´Ò¥, b Å ³´¨³Ò¥, (ϕ = 0, φ = ±π/2).

(18)

∗Š ¸μ¦ ²¥´¨Õ, ¢ ²¨É¥· ÉÊ·¥ ´¥É Ê¸ÉμÖ¢Ï¥°¸Ö ¸¨¸É¥³Ò μ¡μ§´ Î¥´¨° ¨´¢¥·¸´ÒÌ ±² ¸¸μ¢
Î ¸É¨Í. ’ ± ¢ ³μ´μ£· Ë¨¨ [21] ¢¢¥¤¥´Ò ¶·¨´ÖÉÒ¥ §¤¥¸Ó μ¡μ§´ Î¥´¨Ö,   ¢ ¸É ÉÓ¥ [23] Å μ¡· É´Ò¥
¨³. ‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¨¸¶μ²Ó§μ¢ ´Ò μ¡μ§´ Î¥´¨Ö [21], ¢ ´¨Ì Ë¨§¨Î¥¸±¨¥ Î ¸É¨ÍÒ μÉ´μ¸ÖÉ¸Ö ±
¨´¢¥·¸´Ò³ A-B-±² ¸¸ ³,   £¨¶μÉ¥É¨Î¥¸±¨¥ Å ± C-D-±² ¸¸ ³.
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�Î¥¢¨¤´μ, ÎÉμ §  ¨¸±²ÕÎ¥´¨¥³ ¤¢ÊÌ ¸¶¥Í¨ ²Ó´ÒÌ ¸²ÊÎ ¥¢ (χ = 0, π) ±¨· ²Ó-
´Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö ´¥ ¸μÌ· ´ÖÕÉ P - ¨ CP -Î¥É´μ¸ÉÓ,   ¤²Ö Î¨¸Éμ ¶ Ê²¨¥¢-
¸±¨Ì ¶μ¢μ·μÉμ¢ μ¸μ¡¥´´μ¸É¨ ¶μ¢¥¤¥´¨Ö ¸¨¸É¥³Ò ¶·¨ ¤¨¸±·¥É´Òx P (CT )- ¨
T (CP )-μ¶¥· Í¨ÖÌ ¸ÊÐ¥¸É¢¥´´μ § ¢¨¸ÖÉ μÉ ¨´¢¥·¸´μ£μ ±² ¸¸  Î ¸É¨Í, ¢ Î ¸É-
´μ¸É¨, ¤²Ö Î ¸É¨Í C-D-±² ¸¸μ¢ É ±¨¥ ¶·¥μ¡· §μ¢ ´¨Ö ¸μÌ· ´ÖÕÉ ¶·μ¸É· ´-
¸É¢¥´´ÊÕ Î¥É´μ¸ÉÓ,   ¤²Ö A-B Å ´¥ ¸μÌ· ´ÖÕÉ. “¸²μ¢¨Ö C-¸μÌ· ´¥´¨Ö ´¥
§ ¢¨¸ÖÉ μÉ ¨´¢¥·¸´μ£μ ±² ¸¸  Î ¸É¨Í ¨ ±¨· ²Ó´ÒÌ ¶·¥μ¡· §μ¢ ´¨°.

Š ± ¡Ê¤¥É ¶·μ¤¥³μ´¸É·¨·μ¢ ´μ ´¨¦¥, ¨´¢¥·¸´Ò¥ ±² ¸¸Ò ´¥°É· ²Ó´ÒÌ Î -
¸É¨Í ¨£· ÕÉ ¢ ¦´ÊÕ ·μ²Ó ¶·¨ μ¶¨¸ ´¨¨ ¨Ì ³ °μ· ´μ¢¸±¨Ì ¸¢μ°¸É¢. „¥°¸É¢¨-
É¥²Ó´μ, · ¸¸³μÉ·¨³ ¤μ¸É ÉμÎ´μ μ¡Ð¨¥ ¸μμÉ´μÏ¥´¨Ö ³ °μ· ´μ¢¸±μ£μ É¨¶ ,
¢Ò¡¨· Ö ¨Ì ¢ ¢¨¤¥

ψc(x, ζ) = λeiφψ(x, ζ) (A), ψc(x, ζ) = λeiφγ5ψ(x, ζ) (B),(
ψc(x, ζ) = γ2γ4ψ

T
(x, ζ),

λ Å ¤¥°¸É¢¨É¥²Ó´μ¥ Î¨¸²μ, ζ Å ±¢ ´Éμ¢Ò¥ Î¨¸² 
)
.

(19)

�¥·¢μ¥ ¨§ ´¨Ì Å μ¡μ¡Ð¥´¨¥ ¨§¢¥¸É´μ£μ Ê¸²μ¢¨Ö Œ °μ· ´a (¸²ÊÎ ° λ = 1
μÉ³¥Î¥´, ´ ¶·¨³¥·, ¢ [25]), ¢Éμ·μ¥ Å ¥£μ  ´ ²μ£, ¨¸¸²¥¤Ê¥³Ò° ¤ ²¥¥ ´ ·Ö¤Ê ¸
³ °μ· ´μ¢¸±¨³. ‹¥£±μ ¶μ± § ÉÓ, ÎÉμ (A) ·¥ ²¨§Ê¥É¸Ö ¤²Ö Î ¸É¨Í ¨´¢¥·¸´ÒÌ A-
B-±² ¸¸μ¢ (¸³., ´ ¶·¨³¥·, [8]),   (B) Å ¤²Ö Î ¸É¨Í C-D-±² ¸¸μ¢. �´ ²μ£¨Î´μ,
 ´ ²¨§ ±μ³¡¨´ Í¨°:

ψ(x)ψc(x) ± ψ
c
(x)ψ(x), (A), ψ(x)γ5ψ

c(x) ± ψ
c
(x)γ5ψ(x), (B), (20)

¶μ± §Ò¢ ¥É, ÎÉμ (20) (A) Ö¢²ÖÕÉ¸Ö ¸± ²Ö·´Ò³¨ ¤²Ö A-B- ¨ ¶¸¥¢¤μ¸± ²Ö·´Ò³¨
¤²Ö C-D-±² ¸¸μ¢, Éμ£¤  ± ± (20) (B) Å ¸± ²Ö·´Ò³¨ ¤²Ö C-D-, ´μ ¶¸¥¢¤μ-
¸± ²Ö·´Ò³¨ ¤²Ö A-B-±² ¸¸μ¢. ‚ É¥Ì ¸²ÊÎ ÖÌ, ±μ£¤  Ê¸²μ¢¨¥ (19) (A) ¨²¨
±μ³¡¨´ Í¨¨ É¨¶  (20) (A) ¨¸¶μ²Ó§ÊÕÉ¸Ö ¢ ³ °μ· ´μ¢¸±¨Ì ³μ¤¥²ÖÌ [10Ä12],
¢ ´¨Ì, μÎ¥¢¨¤´μ, ´¥Ö¢´μ ¢´μ¸¨É¸Ö Ê¸²μ¢¨¥ ¶·¨´ ¤²¥¦´μ¸É¨ Î ¸É¨Í ± ¨´¢¥·¸-
´Ò³ A-B-±² ¸¸ ³. ‚¢¥¤¥´¨¥ ´ ·Ö¤Ê ¸ (19) (A) Ê¸²μ¢¨° (19) (B) Ê¸É· ´Ö¥É
ÔÉμ μ£· ´¨Î¥´¨¥ ¨ ¶μ§¢μ²Ö¥É ¤ ²¥¥ ¸É·μ¨ÉÓ ³ °μ· ´μ¢¸±¨¥ ¸Ì¥³Ò ± ± ¤²Ö
Î ¸É¨Í ¨´¢¥·¸´ÒÌ A-B-, É ± ¨ C-D-±² ¸¸μ¢. „²Ö ¶μ¸²¥¤´¨Ì ³ °μ· ´μ¢¸±¨¥
Ê¸²μ¢¨Ö ¤μ²¦´Ò ¢Ò¡¨· ÉÓ¸Ö ¢ Ëμ·³¥ (19) (B), ¶·¨ ÔÉμ³ ¸± ²Ö·´Ò¥ ³ ¸¸μ-
¢Ò¥ ¸² £ ¥³Ò¥ ³ °μ· ´μ¢¸±μ£μ É¨¶  ¡Ê¤ÊÉ μ¶¨¸Ò¢ ÉÓ¸Ö ±μ³¡¨´ Í¨Ö³¨ É¨¶ 
(20) (B).

2. Œ�‰�����‚‘Šˆ… ‘‚�‰‘’‚�
�…‰’��‹œ�›• ��‹…‰ Œ�‘‘› �“‹œ

� °¤¥³ ¸μÌ· ´ÖÕÐ¨¥¸Ö § ·Ö¤Ò, μ¶·¥¤¥²Ö¥³Ò¥ μ¡Ð¥° £·Ê¶¶μ° ¶ Ê²¨¥¢-
¸±¨Ì ¶·¥μ¡· §μ¢ ´¨° (3) ¤²Ö ¡¥§³ ¸¸μ¢μ£μ Ë¥·³¨μ´´μ£μ ¶μ²Ö. �·¥¤¸É ¢¨³
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² £· ´¦¨ ´ É ±μ£μ ¶μ²Ö Î¥·¥§ μ¡μ¡Ð¥´´Ò¥ ËÊ´±Í¨¨ (4) ¢ ¢¨¤¥

L0(x) = −1
2
[Ψ(x)γμ∂μΨ(x)], Ψ(x) =

(
ψ(x)

γ5ψc(x)

)
(21)

(§¤¥¸Ó ¨ ¤ ²¥¥ ËÊ´±Í¨¨ ¢Éμ·¨Î´μ ±¢ ´Éμ¢ ´Ò). �É³¥É¨³, ÎÉμ μ¡μ¡Ð¥´´ Ö
ËÊ´±Í¨Ö Ψ(x) ¢±²ÕÎ ¥É ¢ ´¨¦´¥° ±μ³¶μ´¥´É¥ γ5 ¨ ÔÉ¨³ μÉ²¨Î ¥É¸Ö μÉ
Ëμ·³Ò, ¨¸¶μ²Ó§Ê¥³μ° μ¡ÒÎ´μ ¢ ³ °μ· ´μ¢¸±¨Ì ³μ¤¥²ÖÌ. �μ¤Î¥·±´¥³, ÎÉμ
É ± Ö Ëμ·³  μ¡μ¡Ð¥´´μ° ËÊ´±Í¨¨ Ö¢²Ö¥É¸Ö Ê´¨¢¥·¸ ²Ó´μ°, Éμ ¥¸ÉÓ ¸μÌ· -
´Ö¥É¸Ö ¶·¨ ¶ Ê²¨¥¢¸±¨Ì ¶·¥μ¡· §μ¢ ´¨ÖÌ (5). ˆ´¢ ·¨ ´É´μ¸ÉÓ ² £· ´¦¨ ´ 
(21) ± ±¨· ²Ó´μ° ¨ Ë §μ¢μ° £·Ê¶¶ ³ ¶·¥μ¡· §μ¢ ´¨° (¶μ¸²¥¤´ÖÖ Å ¶μ¤£·Ê¶¶ 
¶ Ê²¨¥¢¸±¨Ì) ¶·¨¢μ¤¨É ± ¤¢Ê³ É¨¶ ³ ¸μÌ· ´ÖÕÐ¨Ì¸Ö § ·Ö¤μ¢ Å ±¨· ²Ó´μ³Ê
¨ ²¥¶Éμ´´μ³Ê. �¥·¢Ò° Å ±¨· ²Ó´Ò° ¨³¥¥É ¢¨¤

QCH =
1
2

∫
d3x[Ψ+(x)γ5Ψ(x)] =

1
2

∫
d3x[ψ+(x)γ5ψ(x)+

+ ψc+(x)γ5ψ
c(x)]. (22)

Cμ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö ±¨· ²Ó´μ£μ § ·Ö¤  μ¶·¥¤¥²ÖÕÉ¸Ö μ¶¥· Éμ·μ³ γ5 Å
±¢ ´Éμ¢Ò³ Î¨¸²μ³ ±¨· ²Ó´μ¸É¨ ρ = ±1 (γ5Ψρ(y) = ρΨρ(y)). „²Ö Î ¸É¨Í
´Ê²¥¢μ° ³ ¸¸Ò ±¨· ²Ó´Ò° § ·Ö¤ μ¶¨¸Ò¢ ¥É ¶·¨ ρ = +1 Å ²¥¢Ò¥ Î ¸É¨Î´Ò¥
¸μ¸ÉμÖ´¨Ö ¨  ´É¨Î ¸É¨Î´Ò¥ ¸μ¸ÉμÖ´¨Ö ¶· ¢ÒÌ Î ¸É¨Í, ¶·¨ ρ = −1 Å ¶· ¢Ò¥
Î ¸É¨Î´Ò¥ ¸μ¸ÉμÖ´¨Ö ¨  ´É¨Î ¸É¨Î´Ò¥ ¸μ¸ÉμÖ´¨Ö ²¥¢ÒÌ Î ¸É¨Í:

Ψ+1(x) =
(

ψL(x)
ψc

L(x)

)
; Ψ−1(x) =

(
ψR(x)
−ψc

R(x)

)
;

ψc
L(x) = (ψR(x))c, ψc

R(x) = (ψL(x))c.

(23)

‡ ·Ö¤, ¸¢Ö§ ´´Ò° ¸ Ë §μ¢μ° U(1)-¶μ¤£·Ê¶¶μ° ¶ Ê²¨¥¢¸±μ° SU(2)-£·Ê¶¶Ò
(3), Å ÔÉμ ²¥¶Éμ´´Ò° (´¥°É·¨´´Ò°) § ·Ö¤:

QL = QP
z =

1
2

∫
d3x[Ψ+(x)κ̂zΨ(x)] =

1
2

∫
d3x[ψ+(x)ψ(x) − ψc+(x)ψc(x)].

(24)
ˆ§ ¶·¥¤¸É ¢²¥´¨Ö ²¥¶Éμ´´μ£μ § ·Ö¤  QL ¢ μ¡μ¡Ð¥´´ÒÌ ËÊ´±Í¨ÖÌ ¸²¥¤Ê¥É, ÎÉμ
¢ ¶ Ê²¨¥¢¸±μ³ ¨§μ¶·μ¸É· ´¸É¢¥ μ´ z-±μ³¶μ´¥´É  ¢¥±Éμ·  ¨, ¸²¥¤μ¢ É¥²Ó´μ,
¶·¨ ¶ Ê²¨¥¢¸±¨Ì ¶μ¢μ·μÉ Ì ¶·¥μ¡· §Ê¥É¸Ö ± ± ¢¥±Éμ·. 	ÉμÉ ¢¥±Éμ· ¶ Ê²¨¥¢-
¸±μ£μ ¨§μ¶·μ¸É· ´¸É¢ , ±μÉμ·Ò°, ± ± ¡Ê¤¥É ¶μ± § ´μ ¤ ²¥¥, ¨£· ¥É ¢ ´ Ï¥°
¸Ì¥³¥ ·μ²Ó μ¡μ¡Ð¥´´μ£μ ²¥¶Éμ´´μ£μ § ·Ö¤ , ´ §μ¢¥³ ¶ Ê²¨¥¢¸±¨³ Å QP .
Cμ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö § ·Ö¤  QP

z § ¤ ÕÉ¸Ö ¸μ¡¸É¢¥´´Ò³¨ §´ Î¥´¨Ö³¨ μ¶¥-
· Éμ·  κ̂z, qz = ±1 (κ̂zΨqz(y) = qzΨqz (y)), μ´¨ ´¥ § ¢¨¸ÖÉ μÉ ±¨· ²Ó´μ¸É¨
Î ¸É¨Í, ¶μ¸±μ²Ó±Ê QP

z ±μ³³ÊÉ¨·Ê¥É ¸ QCH . ‚Ò¡¨· Ö ¢ ± Î¥¸É¢¥ μ¶¥· Éμ·μ¢
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¶ ·Ê QCH ; QP
z , ¶μ²ÊÎ¨³ ¸²¥¤ÊÕÐ¨° ´ ¡μ· ¡ §μ¢ÒÌ ¸μ¡¸É¢¥´´ÒÌ ËÊ´±Í¨° ¸

±¢ ´Éμ¢Ò³¨ Î¨¸² ³¨ (ρ, qz) (ρ = ±1 (L, R), qz = ±1):

(Ψ0)+1,+1(x) =
(

ψ0L(x)
0

)
,

(Ψ0)+1,−1(x) =
(

0
ψc

0L(x)

)
, (Ψ0)−1,+1(x) =

(
ψ0R(x)

0

)
,

(Ψ0)−1,−1(x) =
(

0
−ψc

0R(x)

)
, (Ψ0)qz (x) =

∑
ρ

(Ψ0)ρ,qz (x),

QP
z (qz) =

∫
d3x(Ψ0)+qz

(x)κ̂z(Ψ0)qz (x),

∫
d3x(Ψ0)+qz

(x)(Ψ0)q′
z
(x) = δqz ,q′

z
.

(25)

�·¨ ÔÉμ³ ¢¥·Ì´¨¥ ¨ ´¨¦´¨¥ ±μ³¶μ´¥´ÉÒ ËÊ´±Í¨° (25) ¸ÊÉÓ · §´Ò¥ ¸μ¡¸É¢¥´-
´Ò¥ ËÊ´±Í¨¨ QP

z ,   ¸ ³¨ μ¡μ¡Ð¥´´Ò¥ ËÊ´±Í¨¨ ± ± Í¥²μ¥ Å ¸μ¡¸É¢¥´´Ò¥
ËÊ´±Í¨¨ ±¨· ²Ó´μ£μ § ·Ö¤ .

�¥·¥°¤¥³ ± SU(2)-£·Ê¶¶¥ ¶·μ¨§¢μ²Ó´ÒÌ Î¨¸Éμ ¶ Ê²¨¥¢¸±¨Ì ¶·¥μ¡· §μ-
¢ ´¨°. �¡Ð¥° Ëμ·³μ° ¶·¥μ¡· §μ¢ ´¨° Ö¢²Ö¥É¸Ö (5) ¶·¨ χ = 0, ¢±²ÕÎ ÕÐ Ö
S(ϕ) ¨ S(φ, θ). ‹ £· ´¦¨ ´ (21) ¨´¢ ·¨ ´É¥´ ± ´¨³,   ¸μÌ· ´ÖÕÐ¨°¸Ö § ·Ö¤
¶μ²ÊÎ ¥É¸Ö ¨§ (24) ¶μ¢μ·μÉμ³ S+ = S+(φ, θ):

QP =
1
2

∫
d3xΨ+(x)κ̂Ψ(x) = cos θQP

z + sin θ cosφQP
x + sin θ sin φQP

y ,

QP
x =

1
2

∫
d3xΨ+(x)κ̂xΨ(x) =

1
2

∫
d3x[ψ+(x)γ5ψ

c(x) + ψc+(x)γ5ψ(x)];

QP
y =

1
2

∫
d3xΨ+(x)κ̂yΨ(x) = − i

2

∫
d3x[ψ+(x)γ5ψ

c(x) − ψc+(x)γ5ψ(x)].

(26)
‘ÊÐ¥¸É¢¥´´Ò³ ³μ³¥´Éμ³ · §¢¨¢ ¥³μ° É¥μ·¨¨ Ö¢²Ö¥É¸Ö ¶·¨¸ÊÉ¸É¢¨¥ ¢ ÔÉμ³
¸μÌ· ´ÖÕÐ¥³¸Ö μ¡μ¡Ð¥´´μ³ ²¥¶Éμ´´μ³ QP -§ ·Ö¤¥ ¸² £ ¥³ÒÌ QP

x ¨ QP
y , ¢

±μÉμ·ÒÌ ¸³¥Ï ´Ò Î ¸É¨Î´Ò¥ ¨  ´É¨Î ¸É¨Î´Ò¥ ±μ³¶μ´¥´ÉÒ Ψ(x). ˆ¸¸²¥¤Ê¥³
ÔÉÊ μ¸μ¡¥´´μ¸ÉÓ.

�·¥¤¶μ²μ¦¨³, ÎÉμ ¢ μ¡μ¡Ð¥´´μ³ ²¥¶Éμ´´μ³ § ·Ö¤¥ ¶·¨¸ÊÉ¸É¢ÊÕÉ Éμ²Ó±μ
x- ¨ y-±μ³¶μ´¥´ÉÒ. � Ê²¨¥¢¸±¨° ¶μ¢μ·μÉ, ¸¢Ö§Ò¢ ÕÐ¨° § ·Ö¤Ò QP ¨ QP

z ¨
¨Ì ·¥Ï¥´¨Ö, μÉ¢¥Î ¥É (5) ¶·¨ θ = π/2. �´ ¶·¥μ¡· §Ê¥É κ̂ ¢ κ̂z,   ¸μ¡¸É¢¥´-
´Ò¥ ËÊ´±Í¨¨ Ψq(x) ¶·¥¤¸É ¢²¥´¨Ö, £¤¥ ¤¨ £μ´ ²¥´ κ̂, ¢ (Ψ0)qz (x) ¡ §μ¢μ£μ
¶·¥¤¸É ¢²¥´¨Ö, £¤¥ ¤¨ £μ´ ²¥´ κ̂z:

Sκ̂S+ = κ̂z ;

S+κ̂zS = κ̂zS
2 = κ̂zi(cosφκ̂y − sin φκ̂x) = cosφκ̂x + sin φκ̂y = κ̂;

κ̂Ψ(x) = qΨ(x), SΨ(x) = Ψ0(x), κ̂zΨ0(x) = qzΨ0(x),

(27)
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Cμ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö μ¡μ¡Ð¥´´μ£μ § ·Ö¤  QP μ¶·¥¤¥²ÖÕÉ¸Ö ¸μ¡¸É¢¥´´Ò³¨
§´ Î¥´¨Ö³¨ μ¶¥· Éμ·  κ̂ (κ̂Ψq(y) = qΨq(y), q = ±1), £¤¥ q Å μ¡μ¡Ð¥´´μ¥
±¢ ´Éμ¢μ¥ Î¨¸²μ, ±μÉμ·μ¥ ¢ ¶·¥¤Ï¥¸É¢μ¢ ¢Ï¥³ ¸²ÊÎ ¥ μ¶·¥¤¥²Ö²μ¸Ó ¢¥²¨-
Î¨´μ° qz. ˆ§ Ö¢´μ£μ ¢¨¤  μ¶¥· Éμ·μ¢ κ̂x, κ̂y ¨ ¶·¥¤¸É ¢²¥´¨Ö Ψ(x) Î¥·¥§
ψ(x), ψc(x) (21) ¸²¥¤Ê¥É, ÎÉμ Ê· ¢´¥´¨¥ ´  ¸μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö κ̂ ¢¥¤¥É ±
¸²¥¤ÊÕÐ¨³ ¸¢Ö§Ö³ ¢¥·Ì´¥° ¨ ´¨¦´¥° ±μ³¶μ´¥´É ¸μ¡¸É¢¥´´ÒÌ ËÊ´±Í¨° QP :

Ψq(x) =
(

ψq(x)
γ5ψc

q(x)

)
, γ5ψ

c
q(x) = eiφψq(x), (q = +1),

γ5ψ
c
q(x) = −eiφψq(x), (q = −1).

(28)

‡ ³¥É¨³, ÎÉμ ÔÉ¨ ¸μμÉ´μÏ¥´¨Ö ¶·Ö³μ ¸μ¶μ¸É ¢²ÖÕÉ¸Ö ¸ μ¡μ¡Ð¥´´Ò³¨
³ °μ· ´μ¢¸±¨³¨ Ê¸²μ¢¨Ö³¨ (19) (B) ¶·¨ λ = ±1. „¥°¸É¢¨É¥²Ó´μ, ¢Ò¡¥·¥³
¶¥·¢μ¥ ¨§ ¸μμÉ´μÏ¥´¨° (28), μÉ¢¥Î ÕÐ¥¥ §´ Î¥´¨Õ q = +1. �´μ ¸μ¢¶ ¤ ¥É
¸ μ¡μ¡Ð¥´´Ò³ ³ °μ· ´μ¢¸±¨³ (19) (B) Ê¸²μ¢¨¥³ ¤²Ö Î ¸É¨Í ¨´¢¥·¸´ÒÌ C-
D-±² ¸¸μ¢ ¶·¨ λ = +1 ¨, ¸²¥¤μ¢ É¥²Ó´μ, ¤²Ö Î ¸É¨Í C-D-±² ¸¸μ¢ ·¥Ï¥´¨Ö
q = +1 ¸μ¢¶ ¤ ÕÉ ¸ ³ °μ· ´μ¢¸±¨³¨ ·¥Ï¥´¨Ö³¨ ¶·¨ λ = +1. …¸²¨ ¢ É¥μ·¨¨
μ¸É ¢¨ÉÓ Éμ²Ó±μ Ë¨±¸¨·μ¢ ´´μ¥ ¸μ¡¸É¢¥´´μ¥ §´ Î¥´¨¥ q = +1, Éμ ·¥Ï¥´¨Ö
q = −1  ¢Éμ³ É¨Î¥¸±¨ μÉ¡· ¸Ò¢ ÕÉ¸Ö ¨ Î¨¸²μ ¸É¥¶¥´¥° ¸¢μ¡μ¤Ò Ê³¥´ÓÏ ¥É¸Ö
¢¤¢μ¥. �·¨ ÔÉμ³ ³ °μ· ´μ¢¸±μ¥ Ê¸²μ¢¨¥ (19) (B) ¡Ê¤¥É ¢Ò¸ÉÊ¶ ÉÓ ± ± ¶·μ¥±-
Í¨μ´´μ¥, μÉ¡¨· ÕÐ¥¥ μ¤´μ ¨§ ¸μ¡¸É¢¥´´ÒÌ §´ Î¥´¨° ¨ μ¤´Ê ¨§ ¸μ¡¸É¢¥´´ÒÌ
ËÊ´±Í¨° μ¶¥· Éμ·  κ̂.

‚μ§³μ¦´   ²ÓÉ¥·´ É¨¢´ Ö ¸¨ÉÊ Í¨Ö, ±μ£¤  ¢Ò¡¨· ¥É¸Ö ¢Éμ·μ¥ ¨§ ¸μμÉ´μ-
Ï¥´¨° (28), ¢Ò¤¥²ÖÕÐ¥¥ ·¥Ï¥´¨Ö q = −1 ¨ μÉ¡· ¸Ò¢ ÕÐ¥¥ q = +1. „²Ö
Î ¸É¨Í ¨´¢¥·¸´ÒÌ C-D-±² ¸¸μ¢ μ´μ ¸μ¢¶ ¤ ¥É ¸ ³ °μ· ´μ¢¸±¨³ Ê¸²μ¢¨¥³ (19)
(B) ¶·¨ λ = −1 ¨ ¥£μ ¨¸¶μ²Ó§μ¢ ´¨¥ ¢´μ¢Ó Ê³¥´ÓÏ ¥É Î¨¸²μ ¸É¥¶¥´¥° ¸¢μ-
¡μ¤Ò ¢¤¢μ¥. ’ ±¨¥ ·¥Ï¥´¨Ö ¤μ¶μ²´ÖÕÉ ³ °μ· ´μ¢¸±¨¥ λ = +1 ¤μ ¶μ²´μ£μ
´ ¡μ· , É ± ¦¥ ± ± ¤¨· ±μ¢¸±¨¥  ´É¨Î ¸É¨Î´Ò¥ ¤μ¶μ²´ÖÕÉ Î ¸É¨Î´Ò¥ Å ¨Ì
³μ¦´μ ´ §¢ ÉÓ ¤μ¶μ²´¨É¥²Ó´Ò³¨ ³ °μ· ´μ¢¸±¨³¨. ˆÉ ±, ¤²Ö Î ¸É¨Í C-D-
±² ¸¸μ¢ ³ °μ· ´μ¢¸±¨¥ Ê¸²μ¢¨Ö (19) (B) ¶·¨ λ = ±1 ¸ÊÉÓ ¶·μ¥±Í¨μ´´Ò¥
Ê¸²μ¢¨Ö, ¢Ò¤¥²ÖÕÐ¨¥ ·¥Ï¥´¨Ö ¸ μ¡μ¡Ð¥´´Ò³ § ·Ö¤μ³ q = ±1. ‘ ³ § ·Ö¤
(26) ¢ ÔÉμ³ ¸²ÊÎ ¥ ¨³¥¥É Ê±μ·μÎ¥´´Ò° ¢¨¤:

QP = cosψQP
x + sin ψQP

y =
1
2

∫
d3xΨ+(x)κ̂Ψ(x) =

=
1
2

∫
d3x[ψ+(x)e−iφγ5ψ

c(x) + ψc+(x)e+iφγ5ψ(x)] (29)

¨ Ö¢²Ö¥É¸Ö ¸± ²Ö·μ³ ¤²Ö Î ¸É¨Í ¨´¢¥·¸´ÒÌ C-D-±² ¸¸μ¢, ´μ ¶¸¥¢¤μ¸± ²Ö-
·μ³ ¤²Ö Î ¸É¨Í ¨´¢¥·¸´ÒÌ A-B-±² ¸¸μ¢. 	Éμ ¶μ§¢μ²Ö¥É · ¸¸³ É·¨¢ ÉÓ § ·Ö¤
QP ± ± Ë¨§¨Î¥¸±ÊÕ ¢¥²¨Î¨´Ê, ¶μ¤Ìμ¤ÖÐÊÕ ¤²Ö μ¶¨¸ ´¨Ö Î ¸É¨Í ¨´¢¥·¸´ÒÌ
‘-D-±² ¸¸μ¢.
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� ¸¸³μÉ·¨³ Î ¸É¨ÍÒ ¨´¢¥·c´ÒÌ A-B-±² ¸¸μ¢, ¤²Ö ±μÉμ·ÒÌ ³ °μ· ´μ¢-
¸±¨¥ Ê¸²μ¢¨Ö ¨³¥ÕÉ μ¡Ð¨° ¢¨¤ (19) (A). �μ  ´ ²μ£¨¨ ¸ ¶·¥¤Ò¤ÊÐ¨³ ³μ¦´μ
μ¦¨¤ ÉÓ, ÎÉμ ¨ ¢ ÔÉμ³ ¸²ÊÎ ¥ ³ °μ· ´μ¢¸±¨¥ ¸¢Ö§¨ ¡Ê¤ÊÉ ¢μ§´¨± ÉÓ ± ± ¸²¥¤-
¸É¢¨¥ ¶ Ê²¨¥¢¸±¨Ì ¶·¥μ¡· §μ¢ ´¨°, μ¤´ ±μ ¤μ²¦´Ò μÉ¢¥Î ÉÓ ¨´μ³Ê ¢Ò¡μ·Ê
Ëμ·³Ò μ¡μ¡Ð¥´´μ° ËÊ´±Í¨¨, μÉ²¨Î ÕÐ¥°¸Ö μÉ (21). „¥°¸É¢¨É¥²Ó´μ, ¢ ¸É ´-
¤ ·É´μ° ³ °μ· ´μ¢¸±μ° ¸Ì¥³¥ (1), ¨¸¶μ²Ó§Ê¥³μ° ¤²Ö μ¶¨¸ ´¨Ö ³ °μ· ´μ¢-
¸±¨Ì Î ¸É¨Í ¨´¢¥·¸´ÒÌ A-B-±² ¸¸μ¢, ·μ²Ó ¤¢ÊÌ±μ³¶μ´¥´É´μ° μ¡μ¡Ð¥´´μ°
ËÊ´±Í¨¨ Ë ±É¨Î¥¸±¨ ¨£· ¥É ¢¥²¨Î¨´  nL + nc

R =
(ψL(x)+ψc

R(x)
ψR(x)+ψc

L(x)

)
, ¶μ¸É·μ¥´-

´ Ö ¨§ § ·Ö¤μ¢μ-Î¥É´ÒÌ ±μ³¡¨´ Í¨° ²¥¢ÒÌ ¨ ¶· ¢ÒÌ ±μ³¶μ´¥´É. Œμ¦´μ
¶μ± § ÉÓ, ÎÉμ μ¡Ð Ö Ê´¨¢¥·¸ ²Ó´ Ö Ëμ·³  É ±μ£μ É¨¶ , ¸μÌ· ´ÖÕÐ Ö¸Ö ¶·¨
¶·μ¨§¢μ²Ó´ÒÌ ±¨· ²Ó´μ-¶ Ê²¨¥¢¸±¨Ì ¶·¥μ¡· §μ¢ ´¨ÖÌ, μÉ¢¥Î ¥É ¤¢ÊÌ±μ³¶μ-
´¥´É´Ò³ ËÊ´±Í¨Ö³, ¶μ¸É·μ¥´´Ò³ ¶μ É ±μ° ¦¥ ¸Ì¥³¥ ¨§ § ·Ö¤μ¢μ-Î¥É´ÒÌ ¨²¨
§ ·Ö¤μ¢μ-´¥Î¥É´ÒÌ (η = ±1) ±μ³¡¨´ Í¨° ²¥¢ÒÌ ¨ ¶· ¢ÒÌ ±μ³¶μ´¥´É ψ(x) ¨
ψc(x). �μ¢ Ö Ëμ·³  μ¡μ¡Ð¥´´μ° ËÊ´±Í¨¨ Φ(x) ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ Ö ¥° ´μ¢ Ö
Ëμ·³  ²¥¶Éμ´´μ£μ § ·Ö¤  QP

z ¡Ê¤ÊÉ

Φ(x) =
(

ψL(x) + ηψc
R(x)

ψR(x) + ηψc
L(x)

)
, QL = QP

z =
1
2

∫
d3xΦ+(x)κ̂zγ5Φ(x), (30)

¶·¨ ÔÉμ³ Ëμ·³  ¶ Ê²¨¥¢¸±¨Ì ¶·¥μ¡· §μ¢ ´¨° (5) ³μ¤¨Ë¨Í¨·Ê¥É¸Ö ¨ ¶μ²ÊÎ ¥É
¢¨¤

Φ
′
(x) = eiγ5χ/2eiκzγ5ϕ/2eiη(cos φκy−sin φκxγ5)θ/2Φ(x) =

= S(χ)S′(ϕ)S′(φ, θ)Φ(x). (31)

”Ê´±Í¨¨ Φ(x) § ¤ ÕÉ¸Ö ¢ É ±μ³ ¶·¥¤¸É ¢²¥´¨¨ ±¢ ´Éμ¢Ò³¨ Î¨¸² ³¨ ¶·μ-
¨§¢¥¤¥´¨Ö ±¨· ²Ó´μ£μ ¨ ²¥¶Éμ´´μ£μ § ·Ö¤μ¢ QCHQP

z ¨ § ·Ö¤μ¢μ° Î¥É´μ¸ÉÓÕ
η = ±1, É ± ÎÉμ ¶μ-¶·¥¦´¥³Ê ¸ÊÐ¥¸É¢Ê¥É Î¥ÉÒ·¥ ¸μ¡¸É¢¥´´ÒÌ ËÊ´±Í¨¨ Å ¸Ê-
¶¥·¶μ§¨Í¨¨ ¡ §μ¢ÒÌ ËÊ´±Í¨° (25). „¥°¸É¢¨É¥²Ó´μ, ¶μ¸±μ²Ó±Ê ¢ ´μ¢μ³ ¶·¥¤-
¸É ¢²¥´¨¨ μ¶¥· Éμ· ±¨· ²Ó´μ¸É¨ γ5 ´¥ ³¥´Ö¥É¸Ö,   μ¶¥· Éμ· ²¥¶Éμ´´μ£μ § -
·Ö¤  ¢±²ÕÎ ¥É ¶·μ¨§¢¥¤¥´¨¥ κ̂zγ5, Éμ ´ ·Ö¤Ê ¸ ´¨³¨ ³μ¦´μ ¢¢¥¸É¨ μ¶¥· Éμ·
κ̂z, ¨´É¥·¶·¥É¨·ÊÖ ¥£μ (¨ ¥£μ ±¢ ´Éμ¢Ò¥ Î¨¸² ) ± ± ¨Ì ¶·μ¨§¢¥¤¥´¨Ö, ¨ ¨¸¶μ²Ó-
§μ¢ ÉÓ ¶μ¸²¥¤´¨¥ ¤²Ö Î ¸É¨Í ¨´¢¥·¸´ÒÌ A-B-±² ¸¸μ¢ ± ±  ²ÓÉ¥·´ É¨¢Ê μ¶¨-
¸ ´¨Õ ¢ É¥·³¨´ Ì ²¥¶Éμ´´μ£μ § ·Ö¤ . 
 §μ¢Ò¥ ËÊ´±Í¨¨,  ´ ²μ£¨Î´Ò¥ (25), ¸
Ë¨±¸¨·μ¢ ´´Ò³ ¸μ¡¸É¢¥´´Ò³ §´ Î¥´¨¥³ κz ¨ μ¶·¥¤¥²¥´´μ° § ·Ö¤μ¢μ° Î¥É´μ-
¸ÉÓÕ (Φ0)κz,η(x), ¶μ¸É·μ¥´´Ò¥ ± ± ±μ³¡¨´ Í¨¨ ¢¨¤  (30) ¨§ ψ0ρ(x) ¨ ψc

0ρ(x),
¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¨³ ²¥¶Éμ´´Ò° § ·Ö¤ ¨³¥ÕÉ ¢ É ±μ³ ¶·¥¤¸É ¢²¥´¨¨ ¢¨¤

(Φ0)+1,η(x)=
(

ψ0L(x)+ηψc
0R(x)

0

)
, (Φ0)−1,η(x)=

(
0

ψ0R(x)+ηψc
0L(x)

)
,

η = ±1, QP
z (κz) =

∫
d3x(Φ0)+κz,η(x)κ̂zγ5(Φ0)κz ,η(x),

(32)
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∫
d3x(Φ0)+κz,η(x)(Φ0)κ′

z,η(x) = δκz,κ′
z
. (32)

�·¨ ÔÉμ³ Î ¸É¨Î´Ò¥ ¸μ¸ÉμÖ´¨Ö μ¶·¥¤¥²¥´´μ° ±¨· ²Ó´μ¸É¨ ¨ § ·Ö¤μ¢μ-¸μ¶·Ö-
¦¥´´Ò¥ ¨³  ´É¨Î ¸É¨Î´Ò¥ ¸μ¸ÉμÖ´¨Ö ¶·μÉ¨¢μ¶μ²μ¦´μ° ±¨· ²Ó´μ¸É¨ ¶μ²Ê-
Î ÕÉ μ¡ÐÊÕ Ì · ±É¥·¨¸É¨±Ê κz: ¸μ¡¸É¢¥´´Ò¥ ËÊ´±Í¨¨ κ̂z ¸ ±¢ ´Éμ¢Ò³ Î¨-
¸²μ³ κz = +1 ¢±²ÕÎ ÕÉ ²¥¢Ò¥ Î ¸É¨Î´Ò¥ ¨ § ·Ö¤μ¢μ-¸μ¶·Ö¦¥´´Ò¥ ¨³ ¶· ¢Ò¥
 ´É¨Î ¸É¨Î´Ò¥ ¸μ¸ÉμÖ´¨Ö,   κz = −1 Å ¶· ¢Ò¥ Î ¸É¨Î´Ò¥ ¨ ¸μμÉ¢¥É¸É¢Ê-
ÕÐ¨¥ ²¥¢Ò¥  ´É¨Î ¸É¨Î´Ò¥ ¸μ¸ÉμÖ´¨Ö. ‚ ¸μ¸ÉμÖ´¨ÖÌ ¸ Ë¨±¸¨·μ¢ ´´Ò³¨
¸μ¡¸É¢¥´´Ò³¨ §´ Î¥´¨Ö³¨ (κz, η) ²¥¶Éμ´´Ò° § ·Ö¤ qz μ¡· Ð ¥É¸Ö ¢ ´Ê²Ó. ‘Ê-
Ð¥¸É¢¥´´μ, ÎÉμ ¸μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö κz = ±1 ¶μ§¢μ²ÖÕÉ · §²¨Î¨ÉÓ £·Ê¶¶Ê
²¥¢ÒÌ (Ë¨§¨Î¥¸±¨Ì) Î ¸É¨Í (¶· ¢ÒÌ  ´É¨Î ¸É¨Í) ¨ £·Ê¶¶Ê ¶· ¢ÒÌ (¸É¥·¨²Ó-
´ÒÌ) Î ¸É¨Í (²¥¢ÒÌ  ´É¨Î ¸É¨Í), Éμ£¤  ± ± ¸μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö μ¶¥· Éμ· 
²¥¶Éμ´´μ£μ § ·Ö¤  κzρ = qz = ±1 μÉ²¨Î ÕÉ £·Ê¶¶Ê Î ¸É¨Í (²¥¢ÒÌ ¨²¨ ¶· -
¢ÒÌ) μÉ  ´É¨Î ¸É¨Í (¶· ¢ÒÌ ¨²¨ ²¥¢ÒÌ ¸μμÉ¢¥É¸É¢¥´´μ). �·¨ ¶ Ê²¨¥¢¸±μ³
¶μ¢μ·μÉ¥ S′+(φ, θ = π/2) ¸μ¡¸É¢¥´´Ò¥ ËÊ´±Í¨¨ (32) ¸ ±¢ ´Éμ¢Ò³ Î¨¸²μ³ κ
¨ μ¡μ¡Ð¥´´Ò° ²¥¶Éμ´´Ò° § ·Ö¤ ¶·¨μ¡·¥É ÕÉ ¢¨¤

Φ+1,η(x) =
1√
2

(
ψ0L(x) + ηψc

0R(x)
ηeiγ5φ(ψ0L(x) + ηψc

0R(x))

)
;

Φ−1,η(x) =
1√
2

(
−ηe−iγ5φ(ψ0R(x) + ηψc

0L(x))
ψ0R(x) + ηψc

0L(x)

)
;

QP (κ) =
∫

d3xΦ+
κ,η(x)κ̂γ5Φκ,η(x), κ̂ = η(cosφκ̂x + sin φκ̂yγ5).

(33)

�·¨ ÔÉμ³ ¢μ§´¨± ÕÉ ¸¢Ö§¨ ³¥¦¤Ê ¢¥·Ì´¨³¨ ¨ ´¨¦´¨³¨ ±μ³¶μ´¥´É ³¨ ¸μ¡-
¸É¢¥´´ÒÌ ËÊ´±Í¨° ¸ Ë¨±¸¨·μ¢ ´´Ò³ κ,  ´ ²μ£¨Î´Ò¥ (28):

Φκ,η(x) =
(

ψκL(x) + ηψc
κR(x)

ψκR(x) + ηψc
κL(x)

)
, ψc

κL(R)(x) = eiφψκL(R)(x), (κ = +1);

ψc
κL(R)(x) = −eiφψκL(R)(x), (κ = −1), ψc

κ(x) = κeiφψκ(x).
(34)

�´¨ ¸μ¢¶ ¤ ÕÉ ¸ ³ °μ· ´μ¢¸±¨³¨ Ê¸²μ¢¨Ö³¨ (19) (A) ¸ λ = ±1, ¶·¥¤²μ¦¥´-
´Ò³¨ ¢ [24],   ¶·¨ φ = 0, κ = +1 ¶·¨¢μ¤ÖÉ ± ±² ¸¸¨Î¥¸±μ³Ê ³ °μ· ´μ¢¸±μ³Ê
Ê¸²μ¢¨Õ Éμ¦¤¥¸É¢¥´´μ¸É¨ ¢μ²´μ¢ÒÌ ËÊ´±Í¨° Î ¸É¨Í ¨  ´É¨Î ¸É¨Í [1]. �Î¥-
¢¨¤´μ, ¨ ¢ ÔÉμ³ ¸²ÊÎ ¥ μ¡μ¡Ð¥´´Ò° ²¥¶Éμ´´Ò° § ·Ö¤ ¢ ¸μ¸ÉμÖ´¨ÖÌ ¸ Ë¨±¸¨-
·μ¢ ´´Ò³ ±¢ ´Éμ¢Ò³ Î¨¸²μ³ κ = ±1 μ¡· Ð ¥É¸Ö ¢ ´Ê²Ó.

� °¤¥³ μ¡Ð¨° ¢¨¤ ·¥Ï¥´¨° ¸ Ë¨±¸¨·μ¢ ´´Ò³ μ¡μ¡Ð¥´´Ò³ ²¥¶Éμ´´Ò³
§ ·Ö¤μ³, ¢±²ÕÎ ÕÐ¨³, ¶μ³¨³μ x- ¨ y-, É ±¦¥ ¨ z-±μ³¶μ´¥´ÉÊ, ¤²Ö Î ¸É¨Í ¨´-
¢¥·¸´ÒÌ C-D-±² ¸¸μ¢, ¤²Ö Î¥£μ ¨¸¶μ²Ó§Ê¥³ ¶ Ê²¨¥¢¸±¨¥ ¶·¥μ¡· §μ¢ ´¨Ö (5),
¸¢Ö§Ò¢ ÕÐ¨¥ QP

z ¸ μ¡Ð¥° Ëμ·³μ° § ·Ö¤  (26). ˆ§ Ö¢´μ° Ëμ·³Ò QP ¢ÒÉ¥± ÕÉ
¸²¥¤ÊÕÐ¨¥ ³ °μ· ´μ¢¸±¨¥ ¸¢Ö§¨ É¨¶  (19) (B), μ¡μ¡Ð ÕÐ¨¥ (28), ¸¢Ö§Ò¢ Õ-
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Ð¨¥ Î ¸É¨Î´Ò¥ ¨  ´É¨Î ¸É¨Î´Ò¥ ±μ³¶μ´¥´ÉÒ Ψq(x) ¶·¨ μ¶·¥¤¥²¥´´ÒÌ q:

ψc
q(x) = tg (θ/2)eiφγ5ψq(x), (q = 1);

ψc
q(x) = − ctg (θ/2)eiφγ5ψq(x), (q = −1).

(35)

‘μ¡¸É¢¥´´Ò¥ ËÊ´±Í¨¨ μ¡μ¡Ð¥´´μ£μ § ·Ö¤  ¶μ²ÊÎ ÕÉ¸Ö ¶ Ê²¨¥¢¸±¨³ ¶·¥μ¡· -
§μ¢ ´¨¥³ S+ = S+(φ, θ), ¶¥·¥¢μ¤ÖÐ¨³ κ̂z ¢ κ̂,   (Ψ0)qz (x) ¢ ¸μ¡¸É¢¥´-
´Ò¥ ËÊ´±Í¨¨ μ¶¥· Éμ·  κ̂: Ψq(x) = S+(Ψ0)qz (x). �μ·³¨·μ¢±  μ¡μ¡Ð¥´´μ°
ËÊ´±Í¨¨ ± ± Í¥²μ£μ ¶·¨ ¶μ¢μ·μÉ Ì ´¥ ´ ·ÊÏ ¥É¸Ö, μ¤´ ±μ ¢±² ¤Ò, ¢´μ¸¨³Ò¥
¢ ´¥¥ Î ¸É¨Î´Ò³¨ ¨  ´É¨Î ¸É¨Î´Ò³¨ ±μ³¶μ´¥´É ³¨, ³μ£ÊÉ ¡ÒÉÓ · §´Ò³¨,
¶·¨ ÔÉμ³ ¢Ìμ¤ÖÐ Ö ¢ ¸μμÉ´μÏ¥´¨¥ (19) ¢¥²¨Î¨´  λ(θ) �= 1. ‘μ¡¸É¢¥´´Ò¥
§´ Î¥´¨Ö ρ ´¥ ³¥´ÖÕÉ¸Ö,   qz ¶¥·¥Ìμ¤ÖÉ ¢ ±¢ ´Éμ¢Ò¥ Î¨¸²  q ¸μ¡¸É¢¥´´ÒÌ
ËÊ´±Í¨° Ψq(x), ¸μÌ· ´ÖÖ §´ Î¥´¨Ö. „²Ö ¸μ¡¸É¢¥´´ÒÌ ËÊ´±Í¨° Ψρ,q(x) ¶·¨
Ë¨±¸¨·μ¢ ´´ÒÌ q = ±1 ¶μ²ÊÎ ¥³ ¸²¥¤ÊÕÐ¨° ¢¨¤ μ¸´μ¢´μ£μ (q = +1) ¨
¤μ¶μ²´¨É¥²Ó´μ£μ (q = −1) ·¥Ï¥´¨°:

Ψ+1,+1(x) =
(

cos (θ/2)ψ0L(x)
eiφ sin (θ/2)ψ0L(x)

)
;

Ψ−1,+1(x) =
(

cos (θ/2)ψ0R(x)
eiφ sin (θ/2)ψ0R(x)

)
; (q = +1),

Ψ+1,−1(x) =
(
−e−iφ sin (θ/2)ψc

0L(x)
cos (θ/2)ψc

0L(x)

)
;

Ψ−1,−1(x) =
(

e−iφ sin (θ/2)ψc
0R(x)

− cos (θ/2)ψc
0R(x)

)
; (q = −1),

Ψρ,q(x)=
(

ψρ,q(x)
γ5ψc

ρ,q(x)

)
, Ψq(x)=

∑
ρ

Ψρ,q(x), QP (q)=
∫

d3xΨ+
q (x)κ̂Ψq(x).

(36)

‹¥£±μ Ê¡¥¤¨ÉÓ¸Ö, ÎÉμ ¤²Ö ÔÉ¨Ì ¸μ¡¸É¢¥´´ÒÌ ËÊ´±Í¨° ¢Ò¶μ²´¥´Ò ¸μμÉ´μÏ¥´¨Ö
(35). ’ ±¨³ μ¡· §μ³, ¤²Ö Î ¸É¨Í ¨´¢¥·¸´ÒÌ C-D-±² ¸¸μ¢ ¨ ¢ μ¡Ð¥³ ¸²ÊÎ ¥
§´ Î¥´¨¥ q = +1 μ¡μ¡Ð¥´´μ£μ ²¥¶Éμ´´μ£μ § ·Ö¤  QP § ¤ ¥É ·¥Ï¥´¨Ö, μ¶¨¸Ò-
¢ ÕÐ¨¥ ¸³¥¸Ó Î ¸É¨Î´ÒÌ ¨ μ¡μ¡Ð¥´´ÒÌ ³ °μ· ´μ¢¸±¨Ì ¸μ¸ÉμÖ´¨°, Ê¤μ¢²¥-
É¢μ·ÖÕÐ¨Ì ³ °μ· ´μ¢¸±μ³Ê Ê¸²μ¢¨Õ (19) (B) ¸ λ(θ) = tg(θ/2),   q = −1 Å
¸³¥¸Ó  ´É¨Î ¸É¨Î´ÒÌ ¨ ¤μ¶μ²´¨É¥²Ó´ÒÌ ³ °μ· ´μ¢¸±¨Ì ¸μ¸ÉμÖ´¨° ¸ É¥³ ¦¥
³ °μ· ´μ¢¸±¨³ Ê¸²μ¢¨¥³ ¶·¨ λ′(θ) = − ctg(θ/2) = −1/λ(θ).

‚ ¸²ÊÎ ¥ Î ¸É¨Í ¨´¢¥·¸´ÒÌ A-B-±² ¸¸μ¢ μ¡Ð¨° ¸²ÊÎ ° ¶μ²ÊÎ ¥É¸Ö ¨§ (32)
¶·¥μ¡· §μ¢ ´¨¥³ S′+(φ, θ). �¡Ð Ö Ëμ·³  ¸μ¡¸É¢¥´´ÒÌ ËÊ´±Í¨° Φκ,η(x) (η =
±1) ¸ ±¢ ´Éμ¢Ò³¨ Î¨¸² ³¨ κ = ±1, ¸μ¢¶ ¤ ÕÐ¨³¨ ¸ κz, ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ
μ¡μ¡Ð¥´´μ£μ ²¥¶Éμ´´μ£μ § ·Ö¤ :

Φ+1,η(x) =
(

cos (θ/2)(ψ0L(x) + ηψc
0R(x))

ηeiγ5φ sin (θ/2)(ψ0L(x) + ηψc
0R(x))

)
; (37)
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Φ−1,η(x) =
(
−ηe−iγ5φ sin (θ/2)(ψ0R(x) + ηψc

0L(x))
cos (θ/2)(ψ0R(x) + ηψc

0L(x))

)
; (37)

QP (κ)=
∫

d3xΦ+
κ,η(x)κ̂γ5Φκ,η(x), κ̂=cos θκ̂z+η sin θ(cosφκ̂x+ sin φκ̂yγ5).

�Î¥¢¨¤´μ, ÎÉμ ¨ ¢ μ¡Ð¥³ ¸²ÊÎ ¥ ¢ ¸μ¸ÉμÖ´¨ÖÌ ¸ Ë¨±¸¨·μ¢ ´´Ò³¨ κ, η μ¡μ¡-
Ð¥´´Ò° ²¥¶Éμ´´Ò° § ·Ö¤ · ¢¥´ ´Ê²Õ. ‹¥£±μ ¶μ± § ÉÓ, ÎÉμ ¸¢Ö§¨ ³¥¦¤Ê ¢¥·Ì-
´¨³¨ ¨ ´¨¦´¨³¨ ±μ³¶μ´¥´É ³¨ ¸μ¡¸É¢¥´´ÒÌ ËÊ´±Í¨° ¸ Ë¨±¸¨·μ¢ ´´Ò³ κ ¢
ÔÉμ³ ¸²ÊÎ ¥ ¢¥¤ÊÉ ± ¸μμÉ´μÏ¥´¨Ö³

ψc
κL(x) = tg (θ/2)eiφψκL(x),

ψc
κR(x) = ctg (θ/2)eiφψκR(x), (κ = +1);

ψc
κL(x) = − ctg (θ/2)eiφψκL(x),

ψc
κR(x) = − tg (θ/2)eiφψκR(x), (κ = −1).

(38)

�·¨ ÔÉμ³ ·¥Ï¥´¨Ö κ = +1 Ê¤μ¢²¥É¢μ·ÖÕÉ μ¡Ð¨³ ³ °μ· ´μ¢¸±¨³ Ê¸²μ¢¨Ö³
(19) (A) ¸ λ(θ) = tg (θ/2) ¤²Ö L- ¨ λ(θ) = ctg (θ/2) ¤²Ö R-±μ³¶μ´¥´É,
  κ = −1 Å ¨³ ¦¥ ¸ λ′(θ) = −1/λ(θ). �·¨ θ = π/2 μ´¨ ¶¥·¥Ìμ¤ÖÉ ¢
¸μμÉ´μÏ¥´¨¥ ψc(x) = ±eiφψ(x), ¶μ²ÊÎ¥´´μ¥ ¢ÒÏ¥ ¢ (34),   ¶·¨ φ = 0 ¢
¸²ÊÎ ¥ κ = +1 Å ¢ ±² ¸¸¨Î¥¸±μ¥ Ê¸²μ¢¨¥ Œ °μ· ´a: ψc(x) = ψ(x) [1].

’ ±¨³ μ¡· §μ³, ¢ ³ °μ· ´μ¢¸±μ° ¸Ì¥³¥, μ¸´μ¢ ´´μ° ´  ¶ Ê²¨¥¢¸±¨Ì ¶·¥-
μ¡· §μ¢ ´¨ÖÌ, Ê ´¥°É· ²Ó´ÒÌ Î ¸É¨Í ³ ¸¸Ò ´Ê²Ó ¢μ§´¨± ¥É ´μ¢ Ö Ì · ±É¥-
·¨¸É¨±  Å μ¡μ¡Ð¥´´Ò° ²¥¶Éμ´´Ò° § ·Ö¤, ±μÉμ·Ò° ¨´É¥·¶·¥É¨·Ê¥É¸Ö ± ±
¢¥±Éμ· ¢ ¨§μ¶·μ¸É· ´¸É¢¥ ¶ Ê²¨¥¢¸±¨Ì ¶·¥μ¡· §μ¢ ´¨°. �´ · ¸Ï¨·Ö¥É ¶μ´Ö-
É¨¥ ²¥¶Éμ´´μ£μ (´¥°É·¨´´μ£μ) § ·Ö¤  ¨ ¶μ§¢μ²Ö¥É μ¶¨¸Ò¢ ÉÓ ·¥Ï¥´¨Ö μ¶·¥-
¤¥²¥´´μ£μ ²¥¶Éμ´´μ£μ § ·Ö¤  (θ = 0) ¨²¨ μ¡μ¡Ð¥´´μ£μ ³ °μ· ´μ¢¸±μ£μ É¨¶ 
(θ = π/2),   É ±¦¥ ¶·μ³¥¦ÊÉμÎ´Ò¥ ¸²ÊÎ ¨, μÉ¢¥Î ÕÐ¨¥ · §²¨Î´Ò³ §´ Î¥-
´¨Ö³ Ê£²μ¢μ£μ ¶ · ³¥É·  ¶ Ê²¨¥¢¸±¨Ì ¶·¥μ¡· §μ¢ ´¨° θ. „²Ö Î ¸É¨Í ¨´-
¢¥·¸´ÒÌ A-B-±² ¸¸μ¢ μ¡μ¡Ð¥´´ÊÕ ¢μ²´μ¢ÊÕ ËÊ´±Í¨Õ Ê¤μ¡´μ ¢Ò¡¨· ÉÓ ¢
Ê´¨¢¥·¸ ²Ó´μ³ ¢¨¤¥ (30), Éμ£¤  μ¡μ¡Ð¥´´Ò° ²¥¶Éμ´´Ò° § ·Ö¤ ¨³¥¥É Ëμ·³Ê
(37),   § ·Ö¤μ¢μ-¸μ¶·Ö¦¥´´Ò¥ ±μ³¶μ´¥´ÉÒ ¸μ¡¸É¢¥´´ÒÌ ËÊ´±Í¨° ¸ Ë¨±¸¨-
·μ¢ ´´Ò³¨ §´ Î¥´¨Ö³¨ μ¡μ¡Ð¥´´μ£μ ²¥¶Éμ´´μ£μ § ·Ö¤  ¨ ±¨· ²Ó´μ¸É¨ Ê¤μ-
¢²¥É¢μ·ÖÕÉ ³ °μ· ´μ¢¸±¨³ ¸μμÉ´μÏ¥´¨Ö³ (38) μ¡Ð¥£μ ¢¨¤  (19) (A). �·¨
ÔÉμ³ ¡ §μ¢Ò¥ ¸μ¸ÉμÖ´¨Ö Î ¸É¨ÍÒ § ¤ ÕÉ¸Ö ¶ ·μ° ±¢ ´Éμ¢ÒÌ Î¨¸¥² κ, η, ¶¥·-
¢μ¥ ¨§ ±μÉμ·ÒÌ ¨³¥¥É ¸³Ò¸² ¶·μ¨§¢¥¤¥´¨Ö ²¥¶Éμ´´μ£μ § ·Ö¤  ¨ ±¨· ²Ó´μ¸É¨,
  ¢Éμ·μ¥ Å § ·Ö¤μ¢μ° Î¥É´μ¸É¨, ¶·¨Î¥³ ¢ ¸μ¸ÉμÖ´¨ÖÌ ¸ Ë¨±¸¨·μ¢ ´´Ò³ §´ -
Î¥´¨¥³ ÔÉ¨Ì ±¢ ´Éμ¢ÒÌ Î¨¸¥² μ¡μ¡Ð¥´´Ò° ²¥¶Éμ´´Ò° § ·Ö¤ μ¡· Ð ¥É¸Ö ¢
´Ê²Ó. „²Ö Î ¸É¨Í ¨´¢¥·¸´ÒÌ C-D-±² ¸¸μ¢ μ¡μ¡Ð¥´´ÊÕ ¢μ²´μ¢ÊÕ ËÊ´±Í¨Õ
³μ¦´μ ¢Ò¡¨· ÉÓ ¢ Ê´¨¢¥·¸ ²Ó´μ³ ¢¨¤¥ (4), Éμ£¤  μ¡μ¡Ð¥´´Ò° ²¥¶Éμ´´Ò°
§ ·Ö¤ ¨³¥¥É Ëμ·³Ê (26),   § ·Ö¤μ¢μ-¸μ¶·Ö¦¥´´Ò¥ ±μ³¶μ´¥´ÉÒ ¸μ¡¸É¢¥´´ÒÌ
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ËÊ´±Í¨° ¸ Ë¨±¸¨·μ¢ ´´Ò³ §´ Î¥´¨¥³ μ¡μ¡Ð¥´´μ£μ ²¥¶Éμ´´μ£μ § ·Ö¤  Ê¤μ-
¢²¥É¢μ·ÖÕÉ ³ °μ· ´μ¢¸±¨³ ¸μμÉ´μÏ¥´¨Ö³ (35) μ¡Ð¥£μ ¢¨¤  (19) (B), ¶·¨
ÔÉμ³ ¸μ¸ÉμÖ´¨Ö Î ¸É¨ÍÒ § ¤ ÕÉ¸Ö ±¢ ´Éμ¢Ò³¨ Î¨¸² ³¨ ²¥¶Éμ´´μ£μ § ·Ö¤  q
¨ ±¨· ²Ó´μ¸É¨ ρ.

	É¨ ¶¥·¢Ò¥ ·¥§Ê²ÓÉ ÉÒ  ´ ²¨§  ¶ Ê²¨¥¢¸±μ° ¸Ì¥³Ò Ö¢²ÖÕÉ¸Ö ¤μ¸É ÉμÎ´μ
μ¡Ð¨³¨ ¨ ¶μ± §Ò¢ ÕÉ Í¥²¥¸μμ¡· §´μ¸ÉÓ ¥¥ ¶·¨³¥´¥´¨Ö ¨ ¢ ¸²ÊÎ ¥ μÉ²¨Î¨Ö μÉ
´Ê²Ö ³ ¸¸μ¢ÒÌ ¸² £ ¥³ÒÌ ² £· ´¦¨ ´  É¨¶  (1), ¤²Ö ±μÉμ·μ£μ ¸¢μ°¸É¢  ´μ¢ÒÌ
Ì · ±É¥·¨¸É¨± É¨¶  μ¡μ¡Ð¥´´μ£μ ²¥¶Éμ´´μ£μ § ·Ö¤  ¨ ¶·μ¨§¢¥¤¥´¨Ö ¥£μ ¨
±¨· ²Ó´μ¸É¨ ´¥μ¡Ìμ¤¨³μ ¡μ²¥¥ ¤¥É ²Ó´μ ¶·μ ´ ²¨§¨·μ¢ ÉÓ. —Éμ ¦¥ ± ¸ ¥É¸Ö
±μ´±·¥É´μ Î ¸É¨Í ³ ¸¸Ò ´Ê²Ó, Éμ, ¢ ¸¨²Ê ¨´¢ ·¨ ´É´μ¸É¨ ² £· ´¦¨ ´  É ±μ°
¸¨¸É¥³Ò ± ¶μ²´μ° £·Ê¶¶¥ ¶ Ê²¨¥¢¸±¨Ì ¶·¥μ¡· §μ¢ ´¨°, ¢¸¥ ´ ¶· ¢²¥´¨Ö ¢
±¨· ²Ó´μ³ ¨ ¶ Ê²¨¥¢¸±μ³ ¶μ¤¶·μ¸É· ´¸É¢ Ì ¢ ÔÉμ³ ¸²ÊÎ ¥ · ¢´μÍ¥´´Ò ¨ ¶·¨
¨¸¶μ²Ó§μ¢ ´¨¨ μ¡μ¡Ð¥´´ÒÌ ¤¢ÊÌ±μ³¶μ´¥´É´ÒÌ ËÊ´±Í¨° μ¶¨¸ ´¨¥ Î ¸É¨Í ¢
· §²¨Î´ÒÌ ¶·¥¤¸É ¢²¥´¨ÖÌ, ¸¢Ö§ ´´ÒÌ ³¥¦¤Ê ¸μ¡μ° ¶ Ê²¨¥¢¸±¨³¨ ¶·¥μ¡· §μ-
¢ ´¨Ö³¨, Ö¢²ÖeÉ¸Ö Ô±¢¨¢ ²¥´É´Ò³.

3. Œ�‰�����‚‘Šˆ… ‘‚�‰‘’‚�
Œ�‘‘ˆ‚�›• �…‰’��‹œ�›• ��‹…‰

�¥·¥°¤¥³ ± ¸²ÊÎ Õ ³ ¸¸¨¢´ÒÌ ¸¢μ¡μ¤´ÒÌ ´¥°É· ²Ó´ÒÌ Î ¸É¨Í ¨ ¨¸¸²¥-
¤Ê¥³ μ¸μ¡¥´´μ¸É¨ μ¶¨¸ ´¨Ö ¨Ì ³ °μ· ´μ¢¸±¨Ì ¸¢μ°¸É¢ ¢ ¸Ì¥³¥ μ¡Ð¨Ì ¶ -
Ê²¨¥¢¸±¨Ì ¶·¥μ¡· §μ¢ ´¨°. �·¨´Í¨¶¨ ²Ó´μ ¢μ§³μ¦´Ò ¤¢  ¶ÊÉ¨ ·¥ ²¨§ Í¨¨
É ±μ° ¶·μ£· ³³Ò: ¡μ²¥¥ ¸É·μ£¨° ¶μ¤Ìμ¤ ¢ · ³± Ì ± ²¨¡·μ¢μÎ´μ° ¸Ì¥³Ò ¸¨-
¸É¥³Ò μ¸´μ¢´ÒÌ Ë¥·³¨μ´´ÒÌ ¶μ²¥°, ¢±²ÕÎ ÕÐ¥° Ì¨££¸μ¢¸±¨¥ ¡μ§μ´Ò, ¸μ
¸¶μ´É ´´Ò³ ´ ·ÊÏ¥´¨¥³ ¡ §μ¢μ° ¸¨³³¥É·¨¨, ¢¢μ¤ÖÐ¨³ ³ ¸¸μ¢Ò¥ ¸² £ ¥³Ò¥
Ë¥·³¨μ´μ¢, ¨ ¡μ²¥¥ Ëμ·³ ²Ó´Ò°, Ë¥´μ³¥´μ²μ£¨Î¥¸±¨° ¶μ¤Ìμ¤, ¢ ±μÉμ·μ³ ¶μ-
¸ÉÊ²¨·Ê¥É¸Ö ¢§ ¨³μ¸¢Ö§Ó ¤¨· ±μ¢¸±¨Ì ¨ μ¡μ¡Ð¥´´ÒÌ ³ °μ· ´μ¢¸±¨Ì ·¥Ï¥´¨°
¢ · ³± Ì ¶ Ê²¨¥¢¸±¨Ì ¶·¥μ¡· §μ¢ ´¨°. �¥ ²¨§ Í¨Ö ¶¥·¢μ£μ ¶·¨´Í¨¶¨ ²Ó´μ
¢μ§³μ¦´ , μ¤´ ±μ ¥£μ · §¢¨É¨¥ É·¥¡Ê¥É ¢¢¥¤¥´¨Ö ·Ö¤  ´μ¢ÒÌ ¶μ´ÖÉ¨° ¨ ¨Ì
¤¥É ²Ó´μ£μ  ´ ²¨§  ¨ ¶μ ÔÉμ° ¶·¨Î¨´¥ ¡Ê¤¥É ¶·¥¤¸É ¢²¥´   ¢Éμ·μ³ ¢ μÉ¤¥²Ó-
´μ° · ¡μÉ¥. ‚ ´ ¸ÉμÖÐ¥° ¸É ÉÓ¥ ¨¸¶μ²Ó§Ê¥É¸Ö Ë¥´μ³¥´μ²μ£¨Î¥¸±¨° ¶μ¤Ìμ¤,
μ¶¨· ÕÐ¨°¸Ö ´  ¶·¥¤¶μ²μ¦¥´¨¥ μ¡ Ê´¨¢¥·¸ ²Ó´μ¸É¨ ³¥Ì ´¨§³  ´ ·ÊÏ¥´¨Ö
¶ Ê²¨¥¢¸±μ° ¸¨³³¥É·¨¨, ¶·¨ ÔÉμ³ ³¥Ì ´¨§³ ¢ÒÖ¸´Ö¥É¸Ö ¶·¨  ´ ²¨§¥ ¤¨· ±μ¢-
¸±μ£μ ¸²ÊÎ Ö, ±μ£¤  ·¥§Ê²ÓÉ É ¸¶μ´É ´´μ£μ ´ ·ÊÏ¥´¨Ö ´ Î ²Ó´μ° ¸¨³³¥É·¨¨,
¢¥¤ÊÐ¨° ± ¢μ§´¨±´μ¢¥´¨Õ ¢ ² £· ´¦¨ ´¥ ¤¨· ±μ¢¸±μ£μ ³ ¸¸μ¢μ£μ ¸² £ ¥³μ£μ,
¨§¢¥¸É¥´  ¶·¨μ·¨.

„¥°¸É¢¨É¥²Ó´μ, ¶·¥¤¶μ²μ¦¨³, ÎÉμ μ¡Ð Ö ¶ Ê²¨¥¢¸± Ö ¸¨³³¥É·¨Ö ¸ÊÐ¥-
¸É¢Ê¥É ¢ ¡ §μ¢μ° ¸Ì¥³¥ ¡¥§³ ¸¸μ¢ÒÌ Î ¸É¨Í ¨ ´ ·ÊÏ ¥É¸Ö ¸ ¢¢¥¤¥´¨¥³ ³ ¸-
¸μ¢ÒÌ ¸² £ ¥³ÒÌ ¤¨· ±μ¢¸±μ£μ ¨ ³ °μ· ´μ¢¸±μ£μ É¨¶μ¢, ¶·¨Î¥³ ³¥Ì ´¨§³
´ ·ÊÏ¥´¨Ö ´μ¸¨É Ê´¨¢¥·¸ ²Ó´Ò° Ì · ±É¥·. 
Ê¤¥³ μÉÉ ²±¨¢ ÉÓ¸Ö μÉ ¤¨· ±μ¢-
¸±μ£μ ¸²ÊÎ Ö, ± ± Î ¸É´μ£μ ¸²ÊÎ Ö μ¡Ð¥° ¸Ì¥³Ò, ±μ£¤  ¸¶μ´É ´´μ¥ ´ ·ÊÏ¥´¨¥
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¸¨³³¥É·¨¨, ¶·¨¢μ¤ÖÐ¥¥ ± ¢μ§´¨±´μ¢¥´¨Õ ¤¨· ±μ¢¸±μ£μ ³ ¸¸μ¢μ£μ ¸² £ ¥³μ£μ
² £· ´¦¨ ´ , ¶·μ¨¸Ìμ¤¨É ¶μ ¨§¢¥¸É´μ³Ê ´ ³ ³¥Ì ´¨§³Ê •¨££¸ , ¢ · ³± Ì
±μÉμ·μ£μ ³ ¸¸  ¶μÖ¢²Ö¥É¸Ö ± ± ¢ ±ÊÊ³´μ¥ ¸·¥¤´¥¥ Ì¨££¸μ¢¸±μ£μ ¶μ²Ö. ƒ¨-
¶μÉ¥§  Ê´¨¢¥·¸ ²Ó´μ¸É¨ ³¥Ì ´¨§³  ´ ·ÊÏ¥´¨Ö ¶·¥¤¶μ² £ ¥É, ÎÉμ ¢ ±ÊÊ³´Ò¥
¸·¥¤´¨¥ Ì¨££¸μ¢¸±¨Ì ¶μ²¥°, μÉ¢¥Î ÕÐ¨¥ · §²¨Î´Ò³ Î ¸É´Ò³ ¸²ÊÎ Ö³ ¸¶μ´-
É ´´μ£μ ´ ·ÊÏ¥´¨Ö ¶ Ê²¨¥¢¸±μ° ¸¨³³¥É·¨¨, ¶μ¸²¥ ´ ·ÊÏ¥´¨Ö ¶μ-¶·¥¦´¥³Ê
μ¸É ÕÉ¸Ö ¸¢Ö§ ´´Ò³¨ ³¥¦¤Ê ¸μ¡μ° ¶ Ê²¨¥¢¸±¨³¨ ¶·¥μ¡· §μ¢ ´¨Ö³¨, ÎÉμ ¶μ-
§¢μ²Ö¥É Ëμ·³ ²Ó´μ · ¸¶·μ¸É· ´¨ÉÓ ³¥Ì ´¨§³ ´ ·ÊÏ¥´¨Ö ¸ ¤¨· ±μ¢¸±μ£μ ´ 
μ¡Ð¨° ¸²ÊÎ ° ³ ¸¸¨¢´ÒÌ Î ¸É¨Í, ² £· ´¦¨ ´ ±μÉμ·ÒÌ ¢±²ÕÎ ¥É ³ ¸¸μ¢Ò¥
Î²¥´Ò ± ± ¤¨· ±μ¢¸±μ£μ, É ± ¨ ³ °μ· ´μ¢¸±μ£μ É¨¶ . ‚ ·¥§Ê²ÓÉ É¥ ¢μ§´¨± ¥É
Ë¥´μ³¥´μ²μ£¨Î¥¸±¨° ¢ ·¨ ´É · §¢¨¢ ¥³μ£μ ¶μ¤Ìμ¤ , Ê´¨¢¥·¸ ²Ó´μ μ¶¨¸Ò¢ -
ÕÐ¨° μ¡Ñ¥¤¨´¥´´Ò¥ ¤¨· ±μ¢¸±¨¥ ¨ ³ °μ· ´μ¢¸±¨¥ ¸¢μ°¸É¢  ¸¢μ¡μ¤´ÒÌ ³ ¸-
¸¨¢´ÒÌ ´¥°É· ²Ó´ÒÌ Î ¸É¨Í, ¢ μ¸´μ¢´ÒÌ ¤¥É ²ÖÌ ¸μ¢¶ ¤ ÕÐ¨° ¸μ ¸É ´¤ ·É-
´Ò³ Ë¥´μ³¥´μ²μ£¨Î¥¸±¨³ ¶μ¤Ìμ¤μ³, ¶·¨´ÖÉÒ³ ¢ ³ °μ· ´μ¢¸±¨Ì ³μ¤¥²ÖÌ.
‘μ¶μ¸É ¢²¥´¨¥ ·¥§Ê²ÓÉ Éμ¢ ÔÉμ£μ ¶μ¤Ìμ¤  ¸ μ¡Ð¨³¨ ³ °μ· ´μ¢¸±¨³¨ ³μ¤¥-
²Ö³¨, · ¸¸³ É·¨¢ ¥³Ò³¨ ¢ ²¨É¥· ÉÊ·¥ (´ ¶·¨³¥·, [8Ä12]), ¶μ§¢μ²Ö¥É ¶·μÖ¸-
´¨ÉÓ ¥£μ ¸¶¥Í¨Ë¨±Ê, ¢ÒÖ¸´¨ÉÓ ³¥¸Éμ · §¢¨¢ ¥³μ° ¸Ì¥³Ò ¸·¥¤¨ ³ °μ· ´μ¢¸±¨Ì
³μ¤¥²¥° ¨ ¢ÒÖ¢¨ÉÓ É¥ ¸Éμ·μ´Ò ¸ÊÐ¥¸É¢ÊÕÐ¥£μ Ë¥´μ³¥´μ²μ£¨Î¥¸±μ£μ μ¶¨¸ -
´¨Ö, ±μÉμ·Ò¥ ³μ£ÊÉ ¡ÒÉÓ · §¢¨ÉÒ ¢ ´ ¶· ¢²¥´¨¨ ¢μ§³μ¦´μ£μ ¸¡²¨¦¥´¨Ö ¸μ
‘É ´¤ ·É´μ° ³μ¤¥²ÓÕ Ô²¥±É·μ¸² ¡μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö. ‚³¥¸É¥ ¸ É¥³ · §¢¨ÉÒ°
¶μ¤Ìμ¤ ¨³¥¥É ·Ö¤ μ¸μ¡¥´´μ¸É¥°, ¸¢Ö§ ´´ÒÌ c ¨´É¥·¶·¥É Í¨¥° ·¥§Ê²ÓÉ Éμ¢, ÎÉμ
§ ¸É ¢²Ö¥É · ¸¸³ É·¨¢ ÉÓ ¥£μ ± ± ¶¥·¸¶¥±É¨¢´ÊÕ ³μ¤¥²Ó, ¶μ§¢μ²ÖÕÐÊÕ ¸¤¥-
² ÉÓ μ¶·¥¤¥²¥´´Ò° ´μ¢Ò° Ï £ ¢ μ¶¨¸ ´¨¨ ³ °μ· ´μ¢¸±¨Ì ¸¢μ°¸É¢ ¸¢μ¡μ¤´ÒÌ
Î ¸É¨Í, ´μ ´¥ ¶·¥¤² £ ÕÐÊÕ μ±μ´Î É¥²Ó´ÒÌ ·¥Ï¥´¨°.

� §μ¢Ó¥³ É ±μ° Ë¥´μ³¥´μ²μ£¨Î¥¸±¨° ¶μ¤Ìμ¤, μ¶¨· Ö¸Ó ´   ´ ²¨§ ¤¨· -
±μ¢¸±μ£μ ¸²ÊÎ Ö ¨ ¶μ¸²¥¤ÊÕÐ¥¥ ¶·¨³¥´¥´¨¥ ¶ Ê²¨¥¢¸±¨Ì ¶·¥μ¡· §μ¢ ´¨°,
¸´ Î ²  ¤²Ö Î ¸É¨Í ¨´¢¥·¸´ÒÌ C-D-±² ¸¸μ¢, ¨¸¶μ²Ó§ÊÖ ·¥§Ê²ÓÉ ÉÒ · §¤¥²  2.
„¨· ±μ¢¸±¨° ² £· ´¦¨ ´, ¤¨· ±μ¢¸±μ¥ Ê· ¢´¥´¨¥ ¨ ²¥¶Éμ´´Ò° § ·Ö¤ ¢ μ¡μ¡-
Ð¥´´ÒÌ ËÊ´±Í¨ÖÌ (4) ¨³¥ÕÉ ¢ ÔÉμ³ ¸²ÊÎ ¥ ¢¨¤

LD(x) = L0(x) − M

2
[ΨD(x)κ̂zΨD(x)], ΨD(x) =

(
ψD(x)

γ5ψc
D(x)

)
,

(γμ∂μ + Mκ̂z)ΨD(x) = 0, QP
z =

1
2

∫
d3xΨ+

D(x)κ̂zΨD(x).
(39)

�É³¥É¨³, ÎÉμ ¢Ò· ¦¥´¨¥ ²¥¶Éμ´´μ£μ § ·Ö¤  Î¥·¥§ μ¡μ¡Ð¥´´Ò¥ ¤¨· ±μ¢¸±¨¥
ËÊ´±Í¨¨ ΨD(x)  ´ ²μ£¨Î´μ (24) ¤²Ö Ë¥·³¨μ´μ¢ ³ ¸¸Ò ´Ê²Ó ¨, ¸²¥¤μ¢ É¥²Ó´μ,
´¥ÎÊ¢¸É¢¨É¥²Ó´μ ± ³¥Ì ´¨§³Ê ¸¶μ´É ´´μ£μ ´ ·ÊÏ¥´¨Ö, ¢¢μ¤ÖÐ¥³Ê ³ ¸¸Ê. ˆ´-
¢ ·¨ ´É´μ¸ÉÓ ² £· ´¦¨ ´  ± ±¨· ²Ó´μ° £·Ê¶¶¥ ¨ ± £·Ê¶¶¥ Î¨¸Éμ ¶ Ê²¨¥¢¸±¨Ì
¶·¥μ¡· §μ¢ ´¨° ´ ·ÊÏ¥´ , ¨¸ÉμÎ´¨±μ³ ´ ·ÊÏ¥´¨° Ö¢²Ö¥É¸Ö ³ ¸¸μ¢μ¥ ¸² £ -
¥³μ¥ ² £· ´¦¨ ´ , ±μÉμ·μ¥, μ¤´ ±μ, ´¥ ´ ·ÊÏ ¥É ¨´¢ ·¨ ´É´μ¸ÉÓ ± Ë §μ¢μ°
¶μ¤£·Ê¶¶¥ ¶ Ê²¨¥¢¸±¨Ì ¶μ¢μ·μÉμ¢ ¢μ±·Ê£ μ¸¨ z, É ± ÎÉμ ¸ÊÐ¥¸É¢Ê¥É ¸μÌ· ´Ö-
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ÕÐ¨°¸Ö ²¥¶Éμ´´Ò° § ·Ö¤ QP
z . ‹¥¶Éμ´´Ò° § ·Ö¤ ¨´¢ ·¨ ´É¥´ ± ±¨· ²Ó´Ò³

¶·¥μ¡· §μ¢ ´¨Ö³ ¨ É ± ¦¥, ± ± ³ ¸¸μ¢μ¥ ¸² £ ¥³μ¥, ¸μ¶μ¸É ¢²¥´ ¸ z-μ¸ÓÕ ¶ -
Ê²¨¥¢¸±μ£μ ¨§μ¶·μ¸É· ´¸É¢ . ’ ±¨³ μ¡· §μ³, ¢ ¤¨· ±μ¢¸±μ³ ¸²ÊÎ ¥ ¸¶μ´É ´-
´μ¥ ´ ·ÊÏ¥´¨¥ ¸¨³³¥É·¨¨, ¢¢μ¤ÖÐ¥¥ ³ ¸¸Ê, ¢¥¤¥É ± ¶μÖ¢²¥´¨Õ ¢ ¶ Ê²¨¥¢¸±μ³
¨§μ¶·μ¸É· ´¸É¢¥ ¢Ò¤¥²¥´´μ£μ ´ ¶· ¢²¥´¨Ö Å μ¸¨ z, ¸ ±μÉμ·Ò³ μ¤´μ¢·¥³¥´´μ
¸μ¶μ¸É ¢²¥´ ²¥¶Éμ´´Ò° § ·Ö¤ qz .

�¶¨· Ö¸Ó ´  £¨¶μÉ¥§Ê μ¡ Ê´¨¢¥·¸ ²Ó´μ¸É¨ ³¥Ì ´¨§³  ´ ·ÊÏ¥´¨Ö, ¶·¥¤-
¶μ²μ¦¨³, ÎÉμ ¨ ¢ μ¡Ð¥³ ¸²ÊÎ ¥ ³ ¸¸¨¢´μ° ´¥°É· ²Ó´μ° Î ¸É¨ÍÒ ´ ·ÊÏ¥´¨¥
±¨· ²Ó´μ° ¨ ¶ Ê²¨¥¢¸±μ° ¸¨³³¥É·¨¨, ¢¢μ¤ÖÐ¥¥ ³ ¸¸μ¢Ò¥ ¸² £ ¥³Ò¥ ± ± ¤¨-
· ±μ¢¸±μ£μ, É ± ¨ ³ °μ· ´μ¢¸±μ£μ É¨¶ , ¶·μ¨¸Ìμ¤¨É É ±, ÎÉμ ¢ ±¨· ²Ó´μ³ ¨
¶ Ê²¨¥¢¸±μ³ ¶μ¤¶·μ¸É· ´¸É¢ Ì ¶μÖ¢²ÖÕÉ¸Ö ¢Ò¤¥²¥´´Ò¥ ´ ¶· ¢²¥´¨Ö, § ¤ ´-
´Ò¥ ¸μμÉ¢¥É¸É¢¥´´μ ±¨· ²Ó´Ò³ χ ¨ Ô°²¥·μ¢¸±¨³¨ Ê£² ³¨ φ, θ. �¥·¥Ìμ¤ ±
μ¡Ð¥° ¸Ì¥³¥ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶·¥μ¡· §μ¢ ´¨¥³ (5) ² £· ´¦¨ ´  (39), ÎÉμ ¤ ¥É
¤²Ö ´¥£μ ¨ μ¡μ¡Ð¥´´μ£μ ²¥¶Éμ´´μ£μ § ·Ö¤  ¢Ò· ¦¥´¨Ö

L(x) = L0(x) − M

2
Ψ(x)κ̂eiγ5χΨ(x), QP =

1
2

∫
d3xΨ+(x)κ̂Ψ(x),

κ̂ = cos θκ̂z + cosφ sin θκ̂x + sin φ sin θκ̂y.

(40)

Š ± ¢¨¤´μ ¨§ ÔÉ¨Ì ¢Ò· ¦¥´¨°, ¶·¨ É ±μ³ μ¡μ¡Ð¥´¨¨ ³ ¸¸μ¢μ¥ ¸² £ ¥³μ¥ ¨
¶ Ê²¨¥¢¸±¨° § ·Ö¤ ¢±²ÕÎ ÕÉ μ¡Ð¨° μ¶¥· Éμ· κ̂, ±μÉμ·Ò° ³μ¦´μ ¨´É¥·¶·¥É¨-
·μ¢ ÉÓ ± ± ¢¥±Éμ· ¢ ¶·μ¸É· ´¸É¢¥ ¶ Ê²¨¥¢¸±¨Ì ¶·¥μ¡· §μ¢ ´¨°, ¶μ¸É·μ¥´´μ³
´  ¡ §μ¢ÒÌ ¢¥±Éμ· Ì κx, κy, κz, ¨³¥ÕÐ¨° ¸É·μ£μ μ¶·¥¤¥²¥´´ÊÕ μ·¨¥´É -
Í¨Õ, § ¤ ¢ ¥³ÊÕ Ê£² ³¨ ¶μ¢μ·μÉ . ‘μÌ· ´ÖÕÐ¨°¸Ö μ¡μ¡Ð¥´´Ò° § ·Ö¤ ¸¢Ö§ ´
¸ ¶μ¤£·Ê¶¶μ° ¶ Ê²¨¥¢¸±¨Ì ¶μ¢μ·μÉμ¢ ¢μ±·Ê£ μ¸¨ ÔÉμ£μ ¢¥±Éμ· , ´¥ ³¥´ÖÕÐ¨Ì
¥£μ ´ ¶· ¢²¥´¨Ö,   μ¶¥· Éμ·, μ¶·¥¤¥²ÖÕÐ¨° ¸É·Ê±ÉÊ·Ê ³ ¸¸μ¢μ£μ ¸² £ ¥³μ£μ
μ¡Ð¥£μ ² £· ´¦¨ ´ , ¢±²ÕÎ ¥É ¥£μ ´ ·Ö¤Ê ¸ Ë ±Éμ·μ³, μ¶¨¸Ò¢ ÕÐ¨³ ¶μ¢μ-
·μÉÒ ¢ ±¨· ²Ó´μ³ ¶μ¤¶·μ¸É· ´¸É¢¥.

‘μ¶μ¸É ¢¨³ μ¡Ð¨° ·¥§Ê²ÓÉ É (40) ¸μ ¸É ´¤ ·É´Ò³ ³ °μ· ´μ¢¸±¨³ ¶μ¤-
Ìμ¤μ³ [10Ä11]. ‚¢¥¤¥³ ²¥¢Ò¥ (L)- ¨ ¶· ¢Ò¥ (R)-±μ³¶μ´¥´ÉÒ ËÊ´±Í¨° (´ ¶μ-
³´¨³, ÎÉμ ¤²Ö ³ ¸¸¨¢´ÒÌ Î ¸É¨Í ±¨· ²Ó´μ¸ÉÓ ´¥ Ö¢²Ö¥É¸Ö ÉμÎ´Ò³ ±¢ ´Éμ¢Ò³
Î¨¸²μ³) ¨ μ¶¥· Í¨Õ μ¡μ¡Ð¥´´μ£μ § ·Ö¤μ¢μ£μ GC-¸μ¶·Ö¦¥´¨Ö § ·Ö¤  (26),
μ¶·¥¤¥²Ö¥³ÊÕ ¸μμÉ´μÏ¥´¨Ö³¨

(ψL(x))gc = ψgc
R (x) = e−i(χ+φ)ψc

R(x) = e−iχψrc
R (x),

(ψR(x))gc = ψgc
L (x) = e+i(χ−φ)ψc

L(x) = e+iχψrc
L (x),

(ψc
L(x))gc = e−i(χ−φ)ψR(x), (ψc

R(x))gc = e+i(χ+φ)ψL(x).

(41)

‚ μ¡μ¡Ð¥´´ÊÕ GC-μ¶¥· Í¨Õ ¢Ìμ¤¨É ¤¢  Ë §μ¢ÒÌ Ë ±Éμ· : Ê´¨¢¥·¸ ²Ó´Ò°,
§ ¢¨¸ÖÐ¨° μÉ Ê£²  φ, ±μÉμ·Ò° Ë ±É¨Î¥¸±¨ Ô±¢¨¢ ²¥´É¥´ ¢¢¥¤¥´¨Õ μ¡Ð¥£μ
Ë §μ¢μ£μ ¸μ³´μ¦¨É¥²Ö ηC = e−iφ ¢ μ¶·¥¤¥²¥´¨¥ μ¶¥· Í¨¨ § ·Ö¤μ¢μ£μ ¸μ¶·Ö-
¦¥´¨Ö (7) (¥³Ê ¸μμÉ¢¥É¸É¢Ê¥É ψrc(x)), ¨ ¤μ¶μ²´¨É¥²Ó´Ò°, § ¢¨¸ÖÐ¨° μÉ ±¨-
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· ²Ó´ÒÌ Ì · ±É¥·¨¸É¨± Î ¸É¨ÍÒ, ÊÎ¨ÉÒ¢ ÕÐ¨°, ÎÉμ ÔÉμÉ Ë §μ¢Ò° Ë ±Éμ· ηC

Ê ²¥¢ÒÌ ¨ ¶· ¢ÒÌ Î ¸É¨Í ³μ¦¥É ¡ÒÉÓ · §²¨Î´Ò³. Š ± ¶μ± §Ò¢ ¥É ¸μ¶μ¸É ¢²¥-
´¨¥ ¨¸¸²¥¤Ê¥³μ° ¸Ì¥³Ò ¸ ¸ÊÐ¥¸É¢ÊÕÐ¨³¨ ³ °μ· ´μ¢¸±¨³¨ ³μ¤¥²Ö³¨ [10Ä12,
26], É ±μ¥ · §²¨Î¨¥ ³μ¦¥É ¡ÒÉÓ ¸¢Ö§ ´μ ¢ ´¥° ¸ ´ ·ÊÏ¥´¨¥³ CP -Î¥É´μ¸É¨.

‚ É ±¨Ì μ¡μ§´ Î¥´¨ÖÌ ² £· ´¦¨ ´ (40) ¨ μÉ¢¥Î ÕÐ¨° ¥³Ê ¸μÌ· ´ÖÕ-
Ð¨°¸Ö μ¡μ¡Ð¥´´Ò° § ·Ö¤ QP ¶·¨´¨³ ÕÉ, ´¥§ ¢¨¸¨³μ μÉ ¨´¢¥·¸´μ£μ ±² ¸¸ 
Î ¸É¨Í, ¸²¥¤ÊÕÐ¨° ¢¨¤:

L(x) = L0(x) − M

2
{cos θ(e+iχψR(x)ψL(x) + e−iχψ

rc

L (x)ψrc
R (x)+

+ e−iχψL(x)ψR(x) + e+iχψ
rc

R (x)ψrc
L (x)) + sin θ(ψR(x)e+iχψrc

L (x)+

+ ψ
rc

L (x)e−iχψR(x) − ψ
rc

R (x)e+iχψL(x) − ψL(x)e−iχψrc
R (x))} =

= L0(x) − M

2
{cos θ(e+iχψR(x)ψL(x) + e+iχψ

gc

L (x)ψgc
R (x)+

+ e−iχψL(x)ψR(x) + e−iχψ
gc

R (x)ψgc
L (x))+

+ sin θ(ψR(x)ψgc
L (x)+ψ

gc

L (x)ψR(x)−ψ
gc

R (x)ψL(x)−ψL(x)ψgc
R (x))},

(42)

QP =
1
2

∫
d3x[cos θ(ψ+

L (x)ψL(x) − ψrc+
L (x)ψrc

L (x) + ψ+
R(x)ψR(x)−

− ψrc+
R (x)ψrc

R (x)) + sin θ(ψ+
L (x)ψrc

L (x) + ψrc+
L (x)ψL(x)−

− ψ+
R(x)ψrc

R (x) − ψrc+
R (x)ψR(x))] =

1
2

∫
d3x[cos θ(ψ+

L (x)ψL(x)−

−ψgc+
L (x)ψgc

L (x) +ψ+
R(x)ψR(x)−ψgc+

R (x)ψgc
R (x)) + sin θ(ψ+

L (x)e−iχψgc
L (x)+

+ ψgc+
L (x)e+iχψL(x) − ψ+

R(x)eiχψgc
R (x) − ψgc+

R (x)e−iχψR(x))].

�·¨ ÔÉμ³ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ Ê· ¢´¥´¨Ö, μ¡μ¡Ð ÕÐ¨¥ Ê· ¢´¥´¨¥ „¨· ± , ¡Ê¤ÊÉ:

γμ∂μψL(x) + M cos θe−iχψR(x) − M sin θψgc
R (x) = 0,

γμ∂μψR(x) + M cos θe+iχψL(x) + M sin θψgc
L (x) = 0,

γμ∂μψgc
L (x) + M cos θe+iχψgc

R (x) + M sin θψR(x) = 0,

γμ∂μψgc
R (x) + M cos θe−iχψgc

L (x) − M sin θψL(x) = 0.

(43)

(¢Éμ· Ö ¶ ·  Ê· ¢´¥´¨° GC ¸μ¶·Ö¦¥´  ¶¥·¢μ°). ‹¥£±μ Ê¡¥¤¨ÉÓ¸Ö, ÎÉμ ¶·¨
§ ·Ö¤μ¢μ³ GC-¸μ¶·Ö¦¥´¨¨ ² £· ´¦¨ ´ (42) ¸μÌ· ´Ö¥É ¸¢μÕ Ëμ·³Ê,   §´ ±
QP ¨§³¥´Ö¥É¸Ö ´  ¶·μÉ¨¢μ¶μ²μ¦´Ò°. ‘μÌ· ´¥´¨¥ μ¡μ¡Ð¥´´μ£μ § ·Ö¤  ³μ¦´μ
¶·μ¢¥·¨ÉÓ É ±¦¥ ´¥¶μ¸·¥¤¸É¢¥´´μ, ¥¸²¨, ¨¸¶μ²Ó§ÊÖ Ê· ¢´¥´¨Ö (43), ¶μ¸É·μ¨ÉÓ
¸μÌ· ´ÖÕÐ¨°¸Ö Éμ±, Î¥É¢¥·Éμ° ±μ³¶μ´¥´Éμ° ±μÉμ·μ£μ Ö¢²Ö¥É¸Ö μ¡μ¡Ð¥´´Ò°
§ ·Ö¤ QP . �É³¥É¨³ μ¸μ¡¥´´μ¸ÉÓ ³ ¸¸μ¢ÒÌ ¸² £ ¥³ÒÌ μ¡Ð¥£μ ² £· ´¦¨ ´ 
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¨ μ¡μ¡Ð¥´´μ£μ § ·Ö¤  (42), Ì · ±É¥·´ÒÌ ¤²Ö ¨¸¸²¥¤Ê¥³μ° ³μ¤¥²¨: ¨Ì ¤¨-
· ±μ¢¸±¨¥ Î ¸É¨ (¶·μ¶μ·Í¨μ´ ²Ó´Ò¥ cos θ), Ö¢²ÖÕÉ¸Ö ¸± ²Ö·´Ò³¨ ¶μ μÉ´μ-
Ï¥´¨Õ ± μ¶¥· Í¨¨ ¶·μ¸É· ´¸É¢¥´´μ£μ μÉ· ¦¥´¨Ö ´¥§ ¢¨¸¨³μ μÉ ¨´¢¥·¸´ÒÌ
±² ¸¸μ¢ μ¶¨¸Ò¢ ¥³ÒÌ Î ¸É¨Í, μ¤´ ±μ  ´ ²μ£¨Î´Ò¥ ¸¢μ°¸É¢  ³ °μ· ´μ¢¸±¨Ì
Î²¥´μ¢ (¶·μ¶μ·Í¨μ´ ²Ó´ÒÌ sin θ) ÔÉ¨Ì Ì · ±É¥·¨¸É¨± ¸ÊÐ¥¸É¢¥´´μ § ¢¨¸ÖÉ μÉ
¶μ¸²¥¤´¨Ì. …¸²¨ ¤²Ö Î ¸É¨Í ¨´¢¥·¸´ÒÌ C-D-±² ¸¸μ¢ ³ °μ· ´μ¢¸±¨¥ ¸² £ -
¥³Ò¥ Ö¢²ÖÕÉ¸Ö ¸± ²Ö· ³¨, Éμ ¤²Ö Î ¸É¨Í A-B-±² ¸¸μ¢ ¸² £ ¥³Ò¥ ³ ¸¸μ¢μ£μ
² £· ´¦¨ ´ , ¶·μ¶μ·Í¨μ´ ²Ó´Ò¥ sin θ cosχ, ¢¥¤ÊÉ ¸¥¡Ö ± ± ¶¸¥¢¤μ¸± ²Ö·Ò,
¶·μ¶μ·Í¨μ´ ²Ó´Ò¥ sin θ sin χ Å ± ± ¸± ²Ö·Ò,   ³ °μ· ´μ¢¸±¨¥ ¸² £ ¥³Ò¥
μ¡μ¡Ð¥´´μ£μ § ·Ö¤ , ¶·μ¶μ·Í¨μ´ ²Ó´Ò¥ sin θ, ¶¸¥¢¤μ¸± ²Ö·´Ò. 	ÉμÉ Ë ±É
¶·¨μ¡·¥É ¥É μ¸μ¡μ¥ §´ Î¥´¨¥ ¶·¨ ¨´É¥·¶·¥É Í¨¨ ¨¸¸²¥¤Ê¥³μ° ³μ¤¥²¨.

‹ £· ´¦¨ ´ (42) ³μ¦´μ ¸μ¶μ¸É ¢¨ÉÓ ¸ μ¡Ð¥° Ëμ·³μ° ² £· ´¦¨ ´μ¢ ³ °-
μ· ´μ¢¸±¨Ì ³μ¤¥²¥° [11, 26], ¢ ±μÉμ·ÒÌ μ¶¥· Í¨Ö § ·Ö¤μ¢μ£μ C-¸μ¶·Ö¦¥´¨Ö
¢¢μ¤¨É¸Ö Ê´¨¢¥·¸ ²Ó´μ, ´¥§ ¢¨¸¨³μ μÉ ±¨· ²Ó´μ¸É¨ Î ¸É¨Í, Ë ±É¨Î¥¸±¨ Î¥·¥§
ψrc(x). ‘μ¶μ¸É ¢²¥´¨¥ ¶μ± §Ò¢ ¥É, ÎÉμ É ±μ° ² £· ´¦¨ ´ μÉ¢¥Î ¥É ¸¶¥Í¨ ²Ó-
´μ³Ê ¸²ÊÎ Õ ¸¨¸É¥³Ò, ¢±²ÕÎ ÕÐ¥° ²¥¢Ò¥ ¨ ¶· ¢Ò¥ ³ °μ· ´μ¢¸±¨¥ Î ¸É¨ÍÒ
μ¤´μ£μ ¸μ·É  ¸ · ¢´Ò³¨ ¶μ ¢¥²¨Î¨´¥, ´μ ¶·μÉ¨¢μ¶μ²μ¦´Ò³¨ ¶μ §´ ±Ê ²¥-
¢Ò³¨ ¨ ¶· ¢Ò³¨ ±μ³¶²¥±¸´Ò³¨ ³ °μ· ´μ¢¸±¨³¨ ³ ¸¸ ³¨ MR = −ML =
M sin θeiχ ¨ ±μ³¶²¥±¸´μ° ¤¨· ±μ¢¸±μ° ³ ¸¸μ° MD = M cos θeiχ, ¶·¨ ÔÉμ³
¢¥²¨Î¨´  |ML(R)|2 + |MD|2 = M2 Å ¨´¢ ·¨ ´É £·Ê¶¶Ò ¶ Ê²¨¥¢¸±¨Ì ¶·¥-
μ¡· §μ¢ ´¨°. ’ ±¨³ μ¡· §μ³ ¶¥·¥Ìμ¤ μÉ μ¡Ð¨Ì ³ °μ· ´μ¢¸±¨Ì ³μ¤¥²¥° ±
¸Ì¥³¥ ´  ¡ §¥ ¶ Ê²¨¥¢¸±¨Ì ¶·¥μ¡· §μ¢ ´¨° ¢Ò¤¥²Ö¥É ¸·¥¤¨ ´¨Ì ¸¶¥Í¨ ²Ó´Ò°
¸²ÊÎ °, ±μ£¤  ³ °μ· ´μ¢¸±¨¥ ²¥¢ Ö ¨ ¶· ¢ Ö ³ ¸¸Ò · ¢´Ò ¨ ¶·μÉ¨¢μ¶μ²μ¦´Ò
¶μ §´ ±Ê. — ¸É´Ò° ¸²ÊÎ ° χ = 0, π μÉ¢¥Î ¥É ¸μÌ· ´¥´¨Õ CP -Î¥É´μ¸É¨,
μÉ²¨Î¨¥ χ μÉ ÔÉ¨Ì §´ Î¥´¨° μ§´ Î ¥É ´ ·ÊÏ¥´¨¥ CP -¨´¢ ·¨ ´É´μ¸É¨ (¶·¨
CPT -¸μÌ· ´¥´¨¨), ¨ ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ (41) ¢¥¤¥É ± Éμ³Ê, ÎÉμ μ¶¥· Í¨Ö § -
·Ö¤μ¢μ£μ ¸μ¶·Ö¦¥´¨Ö, § ¤ ´´ Ö ¢ μ¡Ð¥° Ëμ·³¥, ¤²Ö ²¥¢ÒÌ ¨ ¶· ¢ÒÌ Î ¸É¨Í
¡Ê¤¥É ¢±²ÕÎ ÉÓ · §²¨Î´Ò¥ Ë §μ¢Ò¥ Ë ±Éμ·Ò ηC, L(R). 	Éμ Ë ±É, Ì · ±É¥·´Ò°
¤²Ö ¨¸¸²¥¤Ê¥³μ° ¸Ì¥³Ò,  ¢Éμ³ É¨Î¥¸±¨ ÊÎ¨ÉÒ¢ ¥É¸Ö ¢ ´¥° ¶¥·¥Ìμ¤μ³ μÉ ¸É ´-
¤ ·É´μ° μ¶¥· Í¨¨ § ·Ö¤μ¢μ£μ C-¸μ¶·Ö¦¥´¨Ö, ´¥ § ¢¨¸ÖÐ¥° μÉ ±¨· ²Ó´μ¸É¨
Î ¸É¨Í, ± μ¶¥· Í¨¨ μ¡μ¡Ð¥´´μ£μ § ·Ö¤μ¢μ£μ GC-¸μ¶·Ö¦¥´¨Ö (41).

�μ¸±μ²Ó±Ê ² £· ´¦¨ ´ (42) ¨´¢ ·¨ ´É¥´ ¶μ μÉ´μÏ¥´¨Õ ± μ¶¥· Í¨¨ μ¡μ¡-
Ð¥´´μ£μ § ·Ö¤μ¢μ£μ GC-¸μ¶·Ö¦¥´¨Ö, ²μ£¨Î´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¢ μ¡Ð¥³ ¸²ÊÎ ¥
´¥ μ¡ÒÎ´Ò¥ § ·Ö¤μ¢μ-¸μ¶·Ö¦¥´´Ò¥ ËÊ´±Í¨¨,   GC-ËÊ´±Í¨¨ (41). ‚ É¥·-
³¨´ Ì ÔÉ¨Ì ËÊ´±Í¨° ² £· ´¦¨ ´ (40) ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¥³Ê μ¡μ¡Ð¥´´Ò°
²¥¶Éμ´´Ò° § ·Ö¤ ¤²Ö ³ ¸¸¨¢´ÒÌ ´¥°É· ²Ó´ÒÌ Î ¸É¨Í C-D-±² ¸¸μ¢ μ¶¨¸Ò¢ -
ÕÉ¸Ö ¢Ò· ¦¥´¨Ö³¨

L(x)=L0(x) − M

2
{Ψgc

(x)κ̂Ψgc(x)}, QP =
1
2

∫
d3x{Ψgc+(x)κ̂Ψgc(x)},

κ̂ = cos θκ̂z + sin θκ̂x, Ψgc(x) = eiκ̂zγ5χ/2

(
ψ(x)

γ5ψgc(x)

)
,

(44)
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±μÉμ·Ò¥ ¢ Ö¢´μ° Ëμ·³¥ Ê¦¥ ´¥ § ¢¨¸ÖÉ μÉ Ê£²μ¢μ£μ ¶ · ³¥É·  φ, ¢¢¥¤¥´´μ£μ
¢ μ¶·¥¤¥²¥´¨¥ § ·Ö¤μ¢μ£μ GC-¸μ¶·Ö¦¥´¨Ö. ‘²ÊÎ ° χ = 0 μÉ¢¥Î ¥É ¸μÌ· ´¥-
´¨Õ CP -Î¥É´μ¸É¨, É ± ÎÉμ Ë §μ¢Ò° ¶ · ³¥É· eiκzγ5χ/2 ÊÎ¨ÉÒ¢ ¥É ´ ·ÊÏ¥´¨¥
CP -¨´¢ ·¨ ´É´μ¸É¨, ±μÉμ·μ¥ ³μ¦¥É ¡ÒÉÓ ´¥¶μ¸·¥¤¸É¢¥´´μ ¸¢Ö§ ´μ ¸ ³ °μ· -
´μ¢¸±¨³¨ Î ¸ÉÖ³¨ ¸É·Ê±ÉÊ·Ò ³ ¸¸μ¢μ£μ μ¶¥· Éμ·  ¨ μ¡μ¡Ð¥´´μ£μ ²¥¶Éμ´´μ£μ
§ ·Ö¤  QP . • · ±É¥·´μ° μ¸μ¡¥´´μ¸ÉÓÕ ¶ Ê²¨¥¢¸±μ£μ μ¶¨¸ ´¨Ö Î ¸É¨Í ¢ É¥·-
³¨´ Ì GC-ËÊ´±Í¨° ¤²Ö ¨´¢¥·¸´ÒÌ C-D-±² ¸¸μ¢ Ö¢²Ö¥É¸Ö Éμ, ÎÉμ ³ ¸¸μ¢μ¥
¸² £ ¥³μ¥ ² £· ´¦¨ ´  ¨ μ¡μ¡Ð¥´´Ò° ²¥¶Éμ´´Ò° § ·Ö¤ § ¤ ÕÉ¸Ö μ¡Ð¨³ ¢¥±-
Éμ·μ³ κ, É ± ÎÉμ ¤¨ £μ´ ²¨§ Í¨Ö, ±μÉμ· Ö ¨¸¶μ²Ó§Ê¥É¸Ö ¶·¨ ¶μ²ÊÎ¥´¨¨ ³ °-
μ· ´μ¢¸±¨Ì ·¥Ï¥´¨° ¢ ¸É ´¤ ·É´μ³ ¶μ¤Ìμ¤¥ [10Ä12], ¢ É ±¨Ì GC-ËÊ´±Í¨ÖÌ
¡Ê¤¥É ¤²Ö ´¨Ì ¶·μÌμ¤¨ÉÓ μ¤´μ¢·¥³¥´´μ.

�¥·¥Ìμ¤Ö ± ¨§ÊÎ¥´¨Õ Î ¸É¨Í ¨´¢¥·¸´ÒÌ A-B-±² ¸¸μ¢, ¢Ò¡¥·¥³, ¢ ¸μμÉ-
¢¥É¸É¢¨¨ ¸ ·¥§Ê²ÓÉ É ³¨ · §¤¥²  2, μ¡μ¡Ð¥´´ÊÕ ËÊ´±Í¨Õ ¢ ¢¨¤¥ (30) ¨ ¢´μ¢Ó
· ¸¸³μÉ·¨³ ¤¨· ±μ¢¸±¨° ¸²ÊÎ °. ’μ£¤  ¤¨· ±μ¢¸±¨° ² £· ´¦¨ ´, Ê· ¢´¥´¨Ö
„¨· ±  ¨ ²¥¶Éμ´´Ò° § ·Ö¤ ¶·¨μ¡·¥É ÕÉ ¢¨¤, μÉ²¨Î´Ò° μÉ (39):

LD(x) = L0(x) − M

2
[ΦD(x)κ̂xΦD(x)], ΦD(x) =

(
ψDL(x) + ηψc

DR(x)
ψDR(x) + ηψc

DL(x)

)
,

(γμ∂μ + Mκ̂x)ΦD(x) = 0, QP
z =

1
2

∫
d3xΦ+

D(x)κ̂zγ5ΦD(x).
(45)

Š ± ¢ ¶·¥¤Ï¥¸É¢μ¢ ¢Ï¥³ ¸²ÊÎ ¥, ³ ¸¸μ¢μ¥ ¸² £ ¥³μ¥ ² £· ´¦¨ ´  ´ ·ÊÏ ¥É
±¨· ²Ó´ÊÕ ¨ μ¡ÐÊÕ ¶ Ê²¨¥¢¸±ÊÕ ¸¨³³¥É·¨Õ, ´μ ¨´¢ ·¨ ´É´μ ¶μ μÉ´μÏ¥´¨Õ
± Ë §μ¢μ° ¶μ¤£·Ê¶¶¥ ¶μ¸²¥¤´¥°, ¸¢Ö§ ´´μ° ¸ ¶μ¢μ·μÉ ³¨ ¢μ±·Ê£ μ¸¨ z ¶ Ê²¨-
¥¢¸±μ£μ ¨§μ¶·μ¸É· ´¸É¢ . �¤´ ±μ ÔÉμ ¨§μ¶·μ¸É· ´¸É¢μ ¤μ²¦´μ ¢ ÔÉμ³ ¸²ÊÎ ¥
¸É·μ¨ÉÓ¸Ö ´  ¢¥±Éμ· Ì γ5κx, κy, γ5κz, ¸μ¶μ¸É ¢²Ö¥³ÒÌ ¸ μ¸Ö³¨ x, y, z ¸μ-
μÉ¢¥É¸É¢¥´´μ. �¡Ð Ö Ëμ·³  ¶ Ê²¨¥¢¸±¨Ì ¶μ¢μ·μÉμ¢ ¢ É ±μ³ ¨§μ¶·μ¸É· ´¸É¢¥
¶·¨μ¡·¥É ¥É ¢¨¤ (31),   ¢Ò· ¦¥´¨¥ ¤²Ö ²¥¶Éμ´´μ£μ § ·Ö¤  ¢±²ÕÎ ¥É É¥¶¥·Ó,
¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ (30), μ¶¥· Éμ· γ5κ̂z. ‚Ò¡μ· ¶μ¸²¥¤´¥£μ ¢ ± Î¥¸É¢¥ ¡ §μ¢μ£μ
Ë¨±¸¨·Ê¥É ²¥¶Éμ´´Ò° § ·Ö¤, ¶·¨ ÔÉμ³ ¸μ¡¸É¢¥´´μ¥ §´ Î¥´¨¥ q = κzρ = +1
μ¶¨¸Ò¢ ¥É ²¥¢Ò¥ ¨ ¶· ¢Ò¥ Î ¸É¨Î´Ò¥ ¸μ¸ÉμÖ´¨Ö,   q = κzρ = −1 Å ¶· ¢Ò¥
¨ ²¥¢Ò¥  ´É¨Î ¸É¨Î´Ò¥. ” ±É¨Î¥¸±¨ É ±μ° ¢Ò¡μ· ¸μμÉ¢¥É¸É¢Ê¥É μ¡Ð¥¶·¨-
´ÖÉμ³Ê, ¤¨· ±μ¢¸±μ³Ê ¶·¥¤¸É ¢²¥´¨Õ ³ ¸¸¨¢´μ£μ ´¥°É·¨´μ (É ± ´ §Ò¢ ¥³μ¥
®¤¨· ±μ¢¸±μ¥¯ ´¥°É·¨´μ). �·¨ ÔÉμ³ μ¡μ¡Ð¥´´Ò¥ ¸μ¡¸É¢¥´´Ò¥ ËÊ´±Í¨¨ ¸
Ë¨±¸¨·μ¢ ´´Ò³ § ·Ö¤μ³:

κ̂zγ5ΦDq(x) = qΦDq(x), ΦD,q=+1(x) =
(

ψDL(x)
ψDR(x)

)
,

ΦD,q=−1(x) =
(

ηψc
DR(x)

ηψc
DL(x)

)
,

QL(q) =
∫

d3xΦ+
Dq(x)κ̂zγ5ΦDq(x) = q = ±1, (q = κzρ).

(46)
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Š ± ¢¨¤´μ ¨§ ÔÉ¨Ì ¢Ò· ¦¥´¨°, ¶·¨ ¢Ò¡μ·¥ ²¥¶Éμ´´μ£μ § ·Ö¤  ¡ §μ¢Ò³ μ¶¥-
· Éμ·μ³ ¸μ¡¸É¢¥´´Ò¥ ËÊ´±Í¨¨ ¢¨¤  (45) ´¥ ¨³¥ÕÉ Ëμ·³Ò, ¸¢μ°¸É¢¥´´μ° ¤¨ -
£μ´ ²Ó´μ³Ê ¶·¥¤¸É ¢²¥´¨Õ. �·¨ μ¡¸Ê¦¤¥´¨¨ Î ¸É¨Í ³ ¸¸Ò ´Ê²Ó ¡Ò²μ ¢ÒÖ¸-
´¥´μ, ÎÉμ ¤²Ö Î ¸É¨Í ¨´¢¥·¸´ÒÌ A-B-±² ¸¸μ¢ É ± Ö Ëμ·³  ¢μ§´¨± ¥É, ¥¸²¨ ¢
± Î¥¸É¢¥ ¡ §μ¢μ£μ ¨¸¶μ²Ó§μ¢ ÉÓ ¶·μ¨§¢¥¤¥´¨¥ μ¶¥· Éμ·μ¢ ²¥¶Éμ´´μ£μ § ·Ö¤ 
¨ ±¨· ²Ó´μ¸É¨ κ̂z. �μ± ¦¥³, ÎÉμ, μ¶¨· Ö¸Ó ´  ¶ Ê²¨¥¢¸±¨¥ ¶·¥μ¡· §μ¢ ´¨Ö,
³μ¦´μ ¶¥·¥°É¨ ± ¤·Ê£μ³Ê ¶·¥¤¸É ¢²¥´¨Õ ¤¨· ±μ¢¸±μ£μ ¸²ÊÎ Ö, ¢ ±μÉμ·μ³ ÔÉμÉ
μ¶¥· Éμ· § ¤ ¥É ³ ¸¸μ¢μ¥ ¸² £ ¥³μ¥ ² £· ´¦¨ ´ .

�·¥¦¤¥ ¢¸¥£μ μÉ³¥É¨³, ÎÉμ ¢ (45) ¶μ ¸· ¢´¥´¨Õ ¸ (39) μ¶¥· Éμ·, § ¤ -
ÕÐ¨° ³ ¸¸μ¢μ¥ ¸² £ ¥³μ¥, μÉ²¨Î ¥É¸Ö μÉ μ¶¥· Éμ·  § ·Ö¤  Å μ´ ¢±²ÕÎ ¥É
κ̂x ¨ ¤μ²¦¥´ ¸μ¶μ¸É ¢²ÖÉÓ¸Ö ¸ μ¸ÓÕ x ¶ Ê²¥¢¸±μ£μ ¨§μ¶·μ¸É· ´¸É¢ , Éμ£¤ 
± ± ²¥¶Éμ´´Ò° § ·Ö¤ Å ¸ μ¸ÓÕ z. ‚ ·¥§Ê²ÓÉ É¥ ³ ¸¸μ¢μ¥ ¸² £ ¥³μ¥ ¨ ²¥¶-
Éμ´´Ò° § ·Ö¤ μ¤´μ¢·¥³¥´´μ ´¥ ¤¨ £μ´ ²¨§ÊÕÉ¸Ö ¨ ¢μ§´¨± ¥É  ²ÓÉ¥·´ É¨¢ :
¨¸¶μ²Ó§μ¢ ÉÓ ¢ ± Î¥¸É¢¥ ¡ §μ¢μ° Ì · ±É¥·¨¸É¨±¨ ²¨¡μ ²¥¶Éμ´´Ò° § ·Ö¤, ²¨¡μ
³ ¸¸μ¢Ò° μ¶¥· Éμ·, ¶·¨¢μ¤Ö ¶μ¸²¥¤´¨° ± ¤¨ £μ´ ²Ó´μ° Ëμ·³¥.

‘²¥¤ÊÖ ¢Éμ·Ò³ ¶ÊÉ¥³, ¶·¥μ¡· §Ê¥³ ² £· ´¦¨ ´ É ±, ÎÉμ¡Ò ¤¨· ±μ¢¸±μ¥
³ ¸¸μ¢μ¥ ¸² £ ¥³μ¥ ¶¥·¥Ï²μ ¢ ¤¨ £μ´ ²Ó´ÊÕ Ëμ·³Ê, ¤²Ö Î¥£μ ¨¸¶μ²Ó§Ê¥³
¶ Ê²¨¥¢¸±¨° ¶μ¢μ·μÉ S′+(θ = ηπ/2, φ = 0). ‚μ§´¨± ¥É ¶·¥¤¸É ¢²¥´¨¥ ¤¨· -
±μ¢¸±μ£μ ¸²ÊÎ Ö,  ²ÓÉ¥·´ É¨¢´μ¥ (45):

LD(x) = L0(x) − M

2
ΦMD(x)κ̂zΦMD(x), (γμ∂μ + Mκ̂z)ΦMD(x) = 0,

QP = −1
2

∫
d3xΦ+

MD(x)κ̂xγ5ΦMD(x),

ΦMD(x) = eiκyπ/4ΦD(x) =

=
1√
2

(
ψDL(x) + ψDR(x) + ηψc

DR(x) + ηψc
DL(x)

ψDR(x) − ψDL(x) + ηψc
DL(x) − ηψc

DR(x)

)
.

(47)
‚ ¶μ±μ³¶μ´¥´É´ÒÌ μ¡μ§´ Î¥´¨ÖÌ (43) ¤¨· ±μ¢¸±¨° ² £· ´¦¨ ´ μ¸É ¥É¸Ö ´¥-
¨§³¥´´Ò³, É ± ÎÉμ ¶μ μÉ´μÏ¥´¨Õ ± ¶·¥μ¡· §μ¢ ´¨Õ, ¸¢Ö§Ò¢ ÕÐ¥³Ê  ²ÓÉ¥·-
´ É¨¢´Ò¥ ¶·¥¤¸É ¢²¥´¨Ö (45) ¨ (47), μ´ ¨´¢ ·¨ ´É¥´. ‚ ¶·¥¤¸É ¢²¥´¨¨ (47)
¸μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö μ¶¥· Éμ·  κ̂z · §²¨Î ÕÉ ·¥Ï¥´¨Ö κz = +1 ¶·¨ ¤μ¶μ²-
´¨É¥²Ó´ÒÌ Ê¸²μ¢¨ÖÌ ψc

Dρ(x) = ηψDρ(x) (ρ = L, R), ¨ ·¥Ï¥´¨Ö κz = −1
¶·¨ Ê¸²μ¢¨ÖÌ ψc

Dρ(x) = −ηψDρ(x), ¤μ¶μ²´ÖÕÐ¨¥ ¶·¥¤Ï¥¸É¢ÊÕÐ¨¥ ¤μ ¶μ²-
´μ£μ ´ ¡μ· . ‘μ¡¸É¢¥´´Ò¥ ËÊ´±Í¨¨ ¸ μ¶·¥¤¥²¥´´Ò³¨ §´ Î¥´¨Ö³¨ κz = ±1 ¨
§ ·Ö¤μ¢μ° Î¥É´μ¸É¨ η = ±1 ¨³¥ÕÉ ¢¨¤

Φ+1,η(x) =
1
2

(
ψDL(x) + ψDR(x) + ηψc

DR(x) + ηψc
DL(x)

0

)
=

=
(

ψDL(x) + ψDR(x)
0

)
, ψc

Dρ(x) = ηψDρ(x),
(48)
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Φ−1,η(x) =
1
2

(
0

ψDR(x) − ψDL(x) + ηψc
DL(x) − ηψc

DR(x)

)
=

=
(

0
ψDR(x) − ψDL(x)

)
, ψc

Dρ(x) = −ηψDρ(x).

(48)

(‚Ò· ¦¥´¨Ö (47) μÉ¢¥Î ÕÉ ¢Éμ·¨Î´μ-±¢ ´Éμ¢ ´´μ° Ëμ·³¥, ¤²Ö ¸μ¡¸É¢¥´´ÒÌ
ËÊ´±Í¨° ´μ·³¨·μ¢± , ¶·¨ ÊÎ¥É¥ ¤μ¶μ²´¨É¥²Ó´ÒÌ ³ °μ· ´μ¢¸±¨Ì Ê¸²μ¢¨°, ¨§-
³¥´Ö¥É¸Ö). ‹¥£±μ Ê¡¥¤¨ÉÓ¸Ö, ÎÉμ ¢ ¸μ¸ÉμÖ´¨ÖÌ ¸ Ë¨±¸¨·μ¢ ´´Ò³ §´ Î¥´¨¥³
κz = ±1 μ¡μ¡Ð¥´´Ò° ²¥¶Éμ´´Ò° § ·Ö¤ · ¢¥´ ´Ê²Õ. �·¨ ÔÉμ³ ·¥Ï¥´¨¥
κz = +1 ¶·¨ η = +1 Å ±² ¸¸¨Î¥¸±μ¥ ³ °μ· ´μ¢¸±μ¥ ·¥Ï¥´¨¥ ¤²Ö ¢μ²´μ¢ÒÌ
ËÊ´±Í¨° ψD(x), ¶μ¸É·μ¥´´μ¥ Œ °μ· ´  ¢ μ¸´μ¢μ¶μ² £ ÕÐ¥° · ¡μÉ¥ [1], £¤¥
μ´ ¨¸¶μ²Ó§μ¢ ² ÉμÉ Ë ±É, ÎÉμ ¶·¨ ¸¶¥Í¨ ²Ó´μ³ ¢Ò¡μ·¥ γμ-³ É·¨Í (±μ£¤  ³ -
É·¨Í  § ·Ö¤μ¢μ£μ ¸μ¶·Ö¦¥´¨Ö C = I) ÔÉμ ·¥Ï¥´¨¥ ¤¥°¸É¢¨É¥²Ó´μ (¸³. ¤¥É ²¨
¢ [1]).

‡ ¢¥·Ï Ö  ´ ²¨§ ¤¨· ±μ¢¸±μ£μ ¸²ÊÎ Ö, μÉ³¥É¨³, ÎÉμ ¨´¢ ·¨ ´É´μ¸ÉÓ ² -
£· ´¦¨ ´  ± Ë §μ¢Ò³ ¶·¥μ¡· §μ¢ ´¨Ö³ S(ϕ) (5) ¢¥¤¥É ± ¨´¢ ·¨ ´É´μ¸É¨ ¤¨-
· ±μ¢¸±¨Ì ·¥Ï¥´¨° ± § ³¥´ ³:

ψD(x) → ψD(x),

ψc
D(x) → e−iϕψc

D(x),
(49)

¶·¨ ¶·μ¨§¢μ²Ó´ÒÌ Ê£² Ì ϕ.

ˆ¸¶μ²Ó§Ê¥³ É¥¶¥·Ó £¨¶μÉ¥§Ê Ê´¨¢¥·¸ ²Ó´μ¸É¨ ³¥Ì ´¨§³  μ¡· §μ¢ ´¨Ö ³ ¸-
¸μ¢ÒÌ ¸² £ ¥³ÒÌ ² £· ´¦¨ ´  ¨ ¨§ÊÎ¨³ ¶μ¸²¥¤μ¢ É¥²Ó´μ ³ °μ· ´μ¢¸±¨¥ ¸Ì¥-
³Ò, ¢μ§´¨± ÕÐ¨¥ ¶·¨ ¶·¨³¥´¥´¨¨ ± ¤¨· ±μ¢¸±μ³Ê μ¶¨¸ ´¨Õ μ¡Ð¨Ì ±¨· ²Ó-
´μ-¶ Ê²¨¥¢¸±¨Ì ¶·¥μ¡· §μ¢ ´¨° ¢ ± ¦¤μ³ ¨§  ²ÓÉ¥·´ É¨¢´ÒÌ ¸²ÊÎ ¥¢ ¢Ò¡μ· 
¡ §μ¢μ£μ μ¶¥· Éμ· . ‹ £· ´¦¨ ´ ¨ μ¡μ¡Ð¥´´Ò° ²¥¶Éμ´´Ò° § ·Ö¤, ¶μ²ÊÎ ¥³Ò¥
¨§ (45) ¶·¥μ¡· §μ¢ ´¨¥³ (31) S′+(φ, θ)S+(χ), ¨³¥ÕÉ μ¡Ð¨° ¢¨¤:

L(x) = L0(x) − M

2
Φ(x)[cos θκ̂x − η sin θκ̂zeiκ̂zγ5φ]eiγ5χΦ(x),

QP =
1
2

∫
d3xΦ+(x)[cos θκ̂z + η sin θκ̂xeiκ̂zγ5φ]γ5Φ(x),

Φ(x) =
(

ψL(x) + ηψR(x)
ψR(x) + ηψL(x)

)
.

(50)

�·¨ ¢¢¥¤¥´¨¨ § ·Ö¤μ¢μ-¸μ¶·Ö¦¥´´ÒÌ GC-ËÊ´±Í¨° (41) ÔÉ¨ ¢Ò· ¦¥´¨Ö Ê¶·μ-
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Ð ÕÉ¸Ö:

L(x) = L0(x) − M

2
Φ

gc
(x)[cos θ(cos χκ̂x + sin χκ̂y) − η sin θκ̂z]Φgc(x),

QP =
1
2

∫
d3xΦgc+(x)[cos θκ̂z + η sin θ(cos χκ̂x + sin χκ̂y)]γ5Φgc(x),

Φgc(x) =
(

ψL(x) + ηψgc
R (x)

ψR(x) + ηψgc
L (x)

)
=

(
ψL(x) + ηe−i(χ+φ)ψc

R(x)
ψR(x) + ηei(χ−φ)ψc

L(x)

)
=

= eiκ̂zγ5φ/2e−iφ/2eiγ5χ/2e−iκ̂zχ/2Φ(x).

(51)

�·¨ ÔÉμ³ ¶ Ê²¨¥¢¸±¨¥ ¶·¥μ¡· §μ¢ ´¨Ö (31) ¤²Ö GC-ËÊ´±Í¨° ³μ¤¨Ë¨Í¨·Ê-
ÕÉ¸Ö:

Φ′gc(x) = eiη(cos χκ̂y−sin χκ̂x)θ/2eiκ̂zγ5ϕ/2eiγ5χ/2Φgc(x) =
= S′(χ, θ)S′(ϕ)S′(χ)Φgc(x). (52)

‘ÊÐ¥¸É¢¥´´μ, ÎÉμ ·¥§Ê²ÓÉ ÉÒ (51) ¢ Ö¢´μ° Ëμ·³¥ ¢±²ÕÎ ÕÉ É¥¶¥·Ó Éμ²Ó±μ
Ê£²Ò χ ¨ θ ¨ ¢Ìμ¤ÖÐ¨¥ ¢ ´¨Ì ¢Ò· ¦¥´¨Ö ³μ£ÊÉ ¢´μ¢Ó ¨´É¥·¶·¥É¨·μ¢ ÉÓ¸Ö
± ± ¢¥±Éμ·Ò ¢ ¡ §μ¢μ³ ¶ Ê²¨¥¢¸±μ³ ¨§μ¶·μ¸É· ´¸É¢¥, ¶μ¸É·μ¥´´μ³ ´  μ¶¥-
· Éμ· Ì κx, κy, κz ,  ¸¸μÍ¨¨·Ê¥³ÒÌ ¸ μ¸Ö³¨ x, y, z, ÎÉμ Ö¢²Ö¥É¸Ö ¢ ¦´μ°
μ¸μ¡¥´´μ¸ÉÓÕ μ¡μ¡Ð¥´´ÒÌ GC-ËÊ´±Í¨°. ‚ ¤¨· ±μ¢¸±μ³ ¸²ÊÎ ¥ (45) ¢¥±Éμ·,
μÉ¢¥Î ÕÐ¨° μ¡μ¡Ð¥´´μ³Ê § ·Ö¤Ê, μ·¨¥´É¨·μ¢ ´ ¶μ μ¸¨ z, ¶¥·¥Ìμ¤ ± μ¡Ð¥³Ê
¸²ÊÎ Õ μÉ¢¥Î ¥É ¥£μ ¶ Ê²¨¥¢¸±μ³Ê ¶μ¢μ·μÉÊ ¢ ÔÉμ³ ¨§μ¶·μ¸É· ´¸É¢¥. �·¨
ÔÉμ³ μ¶¥· Éμ·Ò, μ¶·¥¤¥²ÖÕÐ¨¥ ¸É·Ê±ÉÊ·Ê μ¡μ¡Ð¥´´μ£μ ²¥¶Éμ´´μ£μ § ·Ö¤  ¨
³ ¸¸μ¢μ£μ ¸² £ ¥³μ£μ ² £· ´¦¨ ´ , ¤μ¶μ²´¨É¥²Ó´Ò ¨ ¸¢Ö§ ´Ò ¸μμÉ´μÏ¥´¨¥³

[cos θκ̂z +η sin θ(cosχκ̂x +sinχκ̂y)]γ5[cos θ(cos χκ̂x +sinχκ̂y)−η sin θκ̂z] =
= i(cosχκ̂y − sin χκ̂x)γ5. (53)

‘μ¡¸É¢¥´´Ò¥ ËÊ´±Í¨¨ μ¡μ¡Ð¥´´μ£μ § ·Ö¤ , ¢μ§´¨± ÕÐ¨¥ ¨§ (46) ¶·¨
¶μ¢μ·μÉ¥ (31), ¶·¨μ¡·¥É ÕÉ ¢¨¤

Φq(x) = S+(φ, θ)S+(χ)ΦDq(x),

Φq=+1(x) =
(

ψL(x) + ηψc
R(x)

ψR(x) + ηψc
L(x)

)
=

=
(

e−iχ/2 cos (θ/2)ψDL(x) − ηe−iχ/2eiφ sin (θ/2)ψDR(x)
e+iχ/2 cos (θ/2)ψDR(x) + ηe+iχ/2eiφ sin (θ/2)ψDL(x)

)
,

É ± ÎÉμ ¶·¨ q = +1; ψc
q(x) = tg (θ/2)eiφγ5ψq(x).

(54)
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Φq=−1(x) =
(

ψL(x) + ηψc
R(x)

ψR(x) + ηψc
L(x)

)
=

=
(
−e−iχ/2e−iφ sin (θ/2)ψc

DL(x) + ηe−iχ/2 cos (θ/2)ψc
DR(x)

e+iχ/2e−iφ sin (θ/2)ψc
DR(x) + ηe+iχ/2 cos (θ/2)ψc

DL(x)

)
,

É ± ÎÉμ ¶·¨ q = −1; ψc
q(x) = − ctg (θ/2)eiφγ5ψq(x).

QP (q) =
∫

d3xΦ+
q (x)κ̂γ5Φq(x) = q = ±1,

(κ̂ = cos θκ̂z + η sin θ(cos χκ̂x + sin χκ̂y)).

(54)

Š ± ¸²¥¤Ê¥É ¨§ ÔÉ¨Ì ¸μμÉ´μÏ¥´¨°, ¤²Ö ¶μ¸É·μ¥´´ÒÌ ËÊ´±Í¨°, Ö¢²ÖÕÐ¨Ì¸Ö
¸μ¡¸É¢¥´´Ò³¨ ËÊ´±Í¨Ö³¨ μ¡μ¡Ð¥´´μ£μ ²¥¶Éμ´´μ£μ § ·Ö¤  ¸ ±¢ ´Éμ¢Ò³¨ Î¨-
¸² ³¨ q = ±1, ¢Ò¶μ²´ÖÕÉ¸Ö ³μ¤¨Ë¨Í¨·μ¢ ´´Ò¥ ³ °μ· ´μ¢¸±¨¥ Ê¸²μ¢¨Ö (35),
Ì · ±É¥·´Ò¥ ¤²Ö Î ¸É¨Í ¨´¢¥·¸´ÒÌ C-D-±² ¸¸μ¢, ¶·¨ Éμ³, ÎÉμ ¢¨¤ μ¡μ¡Ð¥´-
´μ° ËÊ´±Í¨¨ ¢Ò¡· ´ ¢ Ëμ·³¥ (30). 	Éμ ¶μ± §Ò¢ ¥É, ÎÉμ Ë¨±¸ Í¨Ö ¨´¢¥·¸-
´μ£μ ±² ¸¸  Î ¸É¨Í ¢ ¤¥°¸É¢¨É¥²Ó´μ¸É¨ μ¡Ê¸²μ¢²¥´  ´¥ Ëμ·³μ° μ¡μ¡Ð¥´´μ°
ËÊ´±Í¨¨, ± ± ¶·¥¤¶μ² £ ²μ¸Ó ¢ ¶·¥¤Ï¥¸É¢ÊÕÐ¥³ · §¤¥²¥,   ¢Ò¡μ·μ³ ¡ §μ¢μ£μ
μ¶¥· Éμ·  ¶·¥¤¸É ¢²¥´¨Ö. 	Éμ ³μ¦´μ ¤μ± § ÉÓ ¨ ¢ μ¡Ð¥³ ¢¨¤¥, μÉÉ ²±¨¢ Ö¸Ó
μÉ ¶ Ê²¨¥¢¸±¨Ì ¶·¥μ¡· §μ¢ ´¨° (3).

ˆ¸¸²¥¤Ê¥³ É¥¶¥·Ó μ¡Ð¨° ¸²ÊÎ °  ²ÓÉ¥·´ É¨¢´μ£μ μ¶¨¸ ´¨Ö, μ¶¨· ÕÐ¥-
£μ¸Ö ´  ³ °μ· ´μ¢¸±μ¥ ¶·¥¤¸É ¢²¥´¨¥ μ¡μ¡Ð¥´´μ° ËÊ´±Í¨¨, ¢Ò¡· ´´μ¥ ¢
Ëμ·³¥, μ¡μ¡Ð ÕÐ¥° (47) ¸ ÊÎ¥Éμ³ ±¨· ²Ó´μ£μ Ê£²  χ:

ΦM (x) = ei(cos χκy−sin χκx)π/4Φ(x) =

=
1√
2

(
ψL(x) + e−iχψR(x) + ηψc

R(x) + ηe−iχψc
L(x)

ψR(x) − e+iχψL(x) + ηψc
L(x) − ηe+iχψc

R(x)

)
.

(55)

�·μ¢μ¤Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ±¨· ²Ó´μ¥ ¨ ¶ Ê²¨¥¢¸±μ¥ ¶·¥μ¡· §μ¢ ´¨Ö, ´ °¤¥³
² £· ´¦¨ ´ ¨ μ¡μ¡Ð¥´´Ò° § ·Ö¤ ¢ Ëμ·³¥:

L(x) = L0(x) − M

2
ΦM (x)[cos θκ̂zei(cos χκ̂x+sin χκ̂y)χ

+η sin θ(cosχκ̂x + sin χκ̂y)e−i(cos χκ̂x+sin χκ̂y)γ5φ]eiγ5χΦM (x),

QP = −1
2

∫
d3xΦ+

M (x)[cos θ(cosχκ̂x + sin χκ̂y)

−η sin θei(cos χκ̂x+sin χκ̂y)χe−i(cos χκ̂x+sin χκ̂y)γ5φκ̂z]γ5ΦM (x),

(56)

‚ É¥·³¨´ Ì μ¡μ¡Ð¥´´ÒÌ GC-ËÊ´±Í¨° μ´¨ ¶·¨μ¡·¥É ÕÉ ¢¨¤

L(x) = L0(x) − M

2
Φ

gc

M (x)[cos θκ̂z + η sin θ(cos χκ̂x + sin χκ̂y)]Φ
gc
M (x),
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QP = −1
2

∫
d3xΦgc+

M (x)[cos θ(cos χκ̂x + sin χκ̂y) − η sin θκ̂z]γ5Φ
gc
M (x),

κ̂ = cos θκ̂z + η sin θ(cos χκ̂x + sin χκ̂y),

Φgc
M (x)=e−i(cos χκ̂x+sin χκ̂y)γ5φ/2e−iφ/2e+i(cos χκ̂x+sin χκ̂y)χ/2e+iγ5χ/2ΦM (x) =

= ei(cos χκ̂y−sin χκ̂x)π/4Φgc(x) =

=
1√
2

(
ψL(x) + e−iχψR(x) + ηψgc

R (x) + ηe−iχψgc
L (x)

ψR(x) − e+iχψL(x) + ηψgc
L (x) − ηeiχψgc

R (x)

)
. (57)

�μ¸²¥¤´¥¥ ¸μμÉ´μÏ¥´¨¥ μ¤´μ¢·¥³¥´´μ Ê¸É ´ ¢²¨¢ ¥É ¸¢Ö§Ó ¶·¥¤¸É ¢²¥´¨°
(51) ¨ (57). �É³¥É¨³, ÎÉμ ¶μ ¸· ¢´¥´¨Õ ¸ (51) ¶·μ¨§μÏ²  ¢§ ¨³´ Ö § -
³¥´  μ¶¥· Éμ·μ¢, μ¶¨¸Ò¢ ÕÐ¨Ì ¸É·Ê±ÉÊ·Ê μ¡μ¡Ð¥´´μ£μ ²¥¶Éμ´´μ£μ § ·Ö¤  ¨
³ ¸¸μ¢μ£μ Î²¥´  ² £· ´¦¨ ´ . 
 §μ¢Ò³ μ¶¥· Éμ·μ³, § ¤ ÕÐ¨³ ¤ ´´μ¥ ¶·¥¤-
¸É ¢²¥´¨¥, Ö¢²Ö¥É¸Ö μ¶¥· Éμ· κ̂, μ¶·¥¤¥²ÖÕÐ¨° ¸É·Ê±ÉÊ·Ê ³ ¸¸μ¢μ£μ ¸² £ ¥-
³μ£μ, ¶μ²ÊÎ ¥³Ò° ¨§ μ¶¥· Éμ·  κ̂z ¶ Ê²¨¥¢¸±¨³ ¶·¥μ¡· §μ¢ ´¨¥³. ‘μ¡¸É¢¥´-
´Ò¥ ËÊ´±Í¨¨ ÔÉμ£μ μ¶¥· Éμ·  ¸ ±¢ ´Éμ¢Ò³¨ Î¨¸² ³¨ κ ¸É·μÖÉ¸Ö ¨§ ¸μ¡¸É¢¥´-
´ÒÌ ËÊ´±Í¨° ¤¨· ±μ¢¸±μ£μ É¨¶  (48) c κz = κ É¥³ ¦¥ ¶·¥μ¡· §μ¢ ´¨¥³, ÎÉμ
¤ ¥É

κ̂Φκ(x) = κΦκ(x), Φκ(x) = S+(φ, θ)S+(χ)ΦDκz (x),

Φgc
Mκ=+1(x) =

(
ψL(x) + e−iχψR(x) + ηψgc

R (x) + ηe−iχψgc
L (x)

ψR(x) − e+iχψL(x) + ηψgc
L (x) − ηeiχψgc

R (x)

)
=

=
(

e−iχ/2 cos (θ/2)(ψDL(x) + ψDR(x))
e+iχ/2η sin (θ/2)(ψDL(x) + ψDR(x))

)
,

É ± ÎÉμ ¶·¨ κ = +1;

ψc
κL(x) = η tg (ηθ/2 + π/4)ψκL(x),

ψc
κR(x) = η ctg (ηθ/2 + π/4)ψκR(x);

Φgc
Mκ=−1(x) =

(
ψL(x) + e−iχψR(x) + ηψgc

R (x) + ηe−iχψgc
L (x)

ψR(x) − e+iχψL(x) + ηψgc
L (x) − ηeiχψgc

R (x)

)
=

(
e−iχ/2η sin (θ/2)(ψDL(x) − ψDR(x))
e+iχ/2 cos (θ/2)(ψDR(x) − ψDL(x))

)
,

É ± ÎÉμ ¶·¨ κ = −1;

ψc
κL(x) = −η ctg (ηθ/2 + π/4)ψκL(x),

ψgc
κR(x) = −η tg (ηθ/2 + π/4)ψκR(x).

(58)

Š ± ¢¨¤´μ ¨§ ÔÉ¨Ì ¸μμÉ´μÏ¥´¨°, ¤²Ö ¸μ¡¸É¢¥´´ÒÌ ËÊ´±Í¨° ·¥ ²¨§ÊÕÉ¸Ö ³ °-
μ· ´μ¢¸±¨¥ ¸μμÉ´μÏ¥´¨Ö, ´¥ § ¢¨¸ÖÐ¨¥ μÉ ±¨· ²Ó´μ£μ Ê£² , Ì · ±É¥·´Ò¥
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¤²Ö ¨´¢¥·¸´ÒÌ A-B-±² ¸¸μ¢, ¸¢Ö§Ò¢ ÕÐ¨¥ § ·Ö¤μ¢μ-¸μ¶·Ö¦¥´´Ò¥ ¸μ¡¸É¢¥´-
´Ò¥ ËÊ´±Í¨¨ ψc

κ,ρ(x) ¸ ψκ,ρ(x) ¸ É¥³¨ ¦¥ ±¢ ´Éμ¢Ò³¨ Î¨¸² ³¨ κ, ρ. �·¥¤-
¸É ¢²¥´¨Ö (51) ¨ (57) ¸ÊÉÓ ¤¢¥ ¢§ ¨³μ¸¢Ö§ ´´ÒÌ,  ²ÓÉ¥·´ É¨¢´ÒÌ Ëμ·³Ò μ¶¨-
¸ ´¨Ö ³ °μ· ´μ¢¸±¨Ì ² £· ´¦¨ ´μ¢, ¶·¨Î¥³ ¢Ò¡μ· ¡ §μ¢μ£μ μ¶¥· Éμ·  ¶·¥¤-
¸É ¢²¥´¨Ö μ¶·¥¤¥²Ö¥É¸Ö ¨´¢¥·¸´Ò³ ±² ¸¸μ³ Î ¸É¨Í: ¤²Ö A-B-±² ¸¸μ¢ ÔÉμ Å
μ¶¥· Éμ· (57), § ¤ ÕÐ¨° ¸É·Ê±ÉÊ·Ê ³ ¸¸μ¢ÒÌ ¸² £ ¥³ÒÌ, ¤²Ö C-D-±² ¸¸μ¢ Å
μ¡μ¡Ð¥´´Ò° ²¥¶Éμ´´Ò° § ·Ö¤ (51). �·¨ ÔÉμ³ ¡ §μ¢Ò° μ¶¥· Éμ· ³ ¸¸μ¢μ£μ
É¨¶  ¢ (57) ¥¸ÉÓ ¶·μ¨§¢¥¤¥´¨¥ ¡ §μ¢μ£μ μ¶¥· Éμ·  μ¡μ¡Ð¥´´μ£μ ²¥¶Éμ´´μ£μ
§ ·Ö¤  ¢ (51) ¨ μ¶¥· Éμ·  ±¨· ²Ó´μ¸É¨ γ5. �μ¤Î¥·±´¥³ ¥Ð¥ · § ¢ ¦´μ¥ ¸¢μ°-
¸É¢μ ¶·¥¤¸É ¢²¥´¨Ö μ¡μ¡Ð¥´´ÒÌ GC-ËÊ´±Í¨°: ¶ Ê²¨¥¢¸±¨¥ ¶·¥μ¡· §μ¢ ´¨Ö
¨´É¥·¶·¥É¨·ÊÕÉ¸Ö ¢ ¡ §μ¢μ³ ¶ Ê²¨¥¢¸±μ³ ¨§μ¶·μ¸É· ´¸É¢¥, ¶μ¸É·μ¥´´μ³ ´ 
¢¥±Éμ· Ì κx, κy, κz, ± ± ¶μ¢μ·μÉÒ ¢μ±·Ê£ μ¸¥°, ´ ¶· ¢²¥´¨¥ ±μÉμ·ÒÌ § -
¤ ¥É¸Ö ¢ ´¥³ Ô°²¥·μ¢¸±¨³¨ Ê£² ³¨ χ, θ. �¥·¢Ò° ¨§ ´¨Ì μ¶·¥¤¥²Ö¥É ¸É¥¶¥´Ó
´ ·ÊÏ¥´¨Ö CP -¸¨³³¥É·¨¨, ¢Éμ·μ° Å ¢±² ¤ ³ °μ· ´μ¢¸±¨Ì ³ ¸¸μ¢ÒÌ ¨²¨
§ ·Ö¤μ¢ÒÌ ¸² £ ¥³ÒÌ ¶μ μÉ´μÏ¥´¨Õ ± ¨Ì ¤¨· ±μ¢¸±¨³ Î ¸ÉÖ³.

ˆ§²μ¦¥´´ Ö μ¡Ð Ö ¸Ì¥³  ¶μ§¢μ²Ö¥É ¶μ-´μ¢μ³Ê ¢§£²Ö´ÊÉÓ ´  ¸É ´¤ ·É´ÊÕ
¶·μÍ¥¤Ê·Ê ¤¨ £μ´ ²¨§ Í¨¨ ³ °μ· ´μ¢¸±¨Ì ² £· ´¦¨ ´μ¢, ¨¸¶μ²Ó§Ê¥³ÊÕ ¢ ²¨-
É¥· ÉÊ·¥ [10Ä12], ¢ · ³± Ì ±μÉμ·μ° ¢ ± Î¥¸É¢¥ ¡ §μ¢μ£μ ¢Ò¡¨· ¥É¸Ö μ¶¥· Éμ·,
§ ¤ ÕÐ¨° ¸É·Ê±ÉÊ·Ê ³ ¸¸μ¢μ£μ ¸² £ ¥³μ£μ. Š ± ¡Ò²μ ¶μ± § ´μ, É ±μ° ¢Ò¡μ·
¸ ´¥μ¡Ìμ¤¨³μ¸ÉÓÕ ¶·¥¤μ¶·¥¤¥²¥´ É¥³, ÎÉμ ¢ ²¨É¥· ÉÊ·¥ ¨¸¸²¥¤ÊÕÉ¸Ö Î ¸É¨ÍÒ
¨´¢¥·¸´ÒÌ A-B-±² ¸¸μ¢. — ¸É´Ò° ¸²ÊÎ ° μ¡Ð¨Ì ³ °μ· ´μ¢¸±¨Ì ³μ¤¥²¥°, ¸μ-
μÉ¢¥É¸É¢ÊÕÐ¨° ¨§²μ¦¥´´μ° ¸Ì¥³¥, ³μ¦¥É ¡ÒÉÓ ¶μ²ÊÎ¥´ ¨§ (57), ¥¸²¨ ¢ ´¥³
¸μμÉ´μÏ¥´¨Ö³¨ sin 2θmd = −η sin θ; cos 2θmd = cos θ; (2θmd = −ηθ) ¢¢¥-
¸É¨  ´ ²μ£ ¶ · ³¥É·  ³ °μ· ´μ¢¸±¨Ì ³μ¤¥²¥° θmd (2). ’μ£¤  ² £· ´¦¨ ´ ¨
μ¡μ¡Ð¥´´Ò° § ·Ö¤ (57) ¸É ´μ¢ÖÉ¸Ö:

L(x)=L0(x)−M

2
Φ

gc

M (x)[cos 2θmdκ̂z+ sin 2θmd(cosχκ̂x+sin χκ̂y)]Φ
gc
M (x),

QP =
η

2

∫
d3xΦgc+

M (x)[sin 2θmdκ̂z− cos 2θmd(cosχκ̂x+sin χκ̂y)]γ5Φ
gc
M (x),

(59)

  ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¢Ò· ¦¥´¨Ö ¶¥·¥Ìμ¤ÖÉ ¢ (47) ¶·¨ θmd = χ = φ = 0.
�¡Ð Ö Ëμ·³  ² £· ´¦¨ ´ , ¶μ¤μ¡´ Ö (59), μ¡ÒÎ´μ · ¸¸³ É·¨¢ ¥É¸Ö ¢ ³ °-
μ· ´μ¢¸±¨Ì ³μ¤¥²ÖÌ, ¶·¨ ÔÉμ³ ² £· ´¦¨ ´ ¶·¥μ¡· §Ê¥É¸Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
¸¶¥Í¨ ²Ó´ÒÌ Ê´¨É ·´ÒÌ ¶·¥μ¡· §μ¢ ´¨°, ±μÉμ·Ò¥ ¶μ¤¡¨· ÕÉ¸Ö É ±, ÎÉμ¡Ò
³ ¸¸μ¢μ¥ ¸² £ ¥³μ¥ ¶·¨μ¡·¥²μ ¤¨ £μ´ ²Ó´ÊÕ Ëμ·³Ê [9Ä12]. ‚ ¶ Ê²¨¥¢¸±μ°
¸Ì¥³¥ ÔÉμ ¶·¥μ¡· §μ¢ ´¨¥ ¥¸ÉÓ μ¡· É´μ¥ ¶ Ê²¨¥¢¸±μ¥ ¶·¥μ¡· §μ¢ ´¨¥, ¶¥·¥-
¢μ¤ÖÐ¥¥ (59) ¢ (47), ±μÉμ·μ¥ ¢ ¡ §μ¢μ³ ¨§μ¶·μ¸É· ´¸É¢¥ ¨´É¥·¶·¥É¨·Ê¥É¸Ö ± ±
¶μ¢μ·μÉ, ¶·¥μ¡· §ÊÕÐ¨° μ¡ÐÊÕ Ëμ·³Ê ¢ ³ °μ· ´μ¢¸±μ¥ ¶·¥¤¸É ¢²¥´¨¥ ¤¨· -
±μ¢¸±μ£μ ¸²ÊÎ Ö, £¤¥ ¸ÊÐ¥¸É¢Ê¥É ¤¢  ¢§ ¨³´μ-¤μ¶μ²´¨É¥²Ó´ÒÌ ³ °μ· ´μ¢¸±¨Ì
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¶μ²Ö ¸ Ê¸²μ¢¨Ö³ ψc(x) = ±ψ(x):

Φ′
D(x) =

(
Φ1(x)

−γ5Φ2(x)

)
= S′(χ, θ)Φgc(x) = ei(cos χκ̂y−sin χκ̂x)θmdΦgc(x) =

=
(

cos θmd e−iχ sin θmd

−eiχ sin θmd cos θmd

)
Φgc(x) =

=
(

cos θmd(φL(x) + ηφgc
R (x)) + e−iχ sin θmd(ηφR(x) + φgc

L (x))
cos θmd(ηφR(x) + φgc

L (x)) − e+iχ sin θmd(φL(x) + ηφgc
R (x))

)
. (60)

�·¨ ÔÉμ³ Ö¢´Ò° ¢¨¤ μ¡μ¡Ð¥´´μ° ËÊ´±Í¨¨  ¤e±¢ É¥´ ¨¸¶μ²Ó§Ê¥³μ³Ê ¢ ²¨É¥· -
ÉÊ·¥. ’¥³ ¸ ³Ò³ ¸É ´μ¢¨É¸Ö μÎ¥¢¨¤´Ò³, ÎÉμ ³¥Éμ¤¨±  ¤¨ £μ´ ²¨§ Í¨¨ ³ ¸¸μ-
¢μ£μ ¸² £ ¥³μ£μ ² £· ´¦¨ ´ , ¨¸¶μ²Ó§Ê¥³ Ö ¢ ¸É ´¤ ·É´μ³ ¶μ¤Ìμ¤¥, ¶·¨³¥´Ö-
¥³μ³ μ¡ÒÎ´μ ¶·¨  ´ ²¨§¥ ³ °μ· ´μ¢¸±¨Ì ² £· ´¦¨ ´μ¢, ¢ ¸Ì¥³¥ ¶ Ê²¨¥¢¸±¨Ì
¶·¥μ¡· §μ¢ ´¨° ¤²Ö Î ¸É¨Í ¨´¢¥·¸´ÒÌ A-B-±² ¸¸μ¢ Ô±¢¨¢ ²¥´É´  ¶μ¢μ·μÉ ³
¢ ¶ Ê²¨¥¢¸±μ³ ¨§μ¶·μ¸É· ´¸É¢¥, ¶¥·¥¢μ¤ÖÐe³ ¸¨¸É¥³Ê ±μμ·¤¨´ É ÔÉμ£μ ¶·μ-
¸É· ´¸É¢  ¢ ¶μ²μ¦¥´¨¥, ±μ£¤  μ¸Ó z ´ ¶· ¢²¥´  ¢¤μ²Ó ¢¥±Éμ· , μ¶·¥¤¥²ÖÕÐ¥£μ
¸É·Ê±ÉÊ·Ê ³ ¸¸μ¢μ£μ ¸² £ ¥³μ£μ ´ Î ²Ó´μ£μ ¤¨· ±μ¢¸±μ£μ ² £· ´¦¨ ´ . ‚¥±-
Éμ·, § ¤ ÕÐ¨° § ·Ö¤μ¢ÊÕ Ì · ±É¥·¨¸É¨±Ê, ¶¥·¥¶¥´¤¨±Ê²Ö·¥´ ¥³Ê, É ± ÎÉμ
¸·¥¤´¨° ²¥¶Éμ´´Ò° § ·Ö¤ ¢ ¸μ¸ÉμÖ´¨ÖÌ, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¸μ¡¸É¢¥´´Ò³ §´ -
Î¥´¨Ö³ ³ ¸¸μ¢μ£μ μ¶¥· Éμ· , · ¢¥´ ´Ê²Õ.

ˆ´É¥·¥¸´μ É ±¦¥ ¸μ¶μ¸É ¢¨ÉÓ ¶μ²ÊÎ¥´´Ò¥ μ¡Ð¨¥ Ê· ¢´¥´¨Ö ¸ ·¥§Ê²ÓÉ -
É ³¨ Š¥°¸ , ¶μ²ÊÎ¥´´Ò³¨ ¢ · ¡μÉ¥ [27]. Š ± ²¥£±μ Ê¡¥¤¨ÉÓ¸Ö, ¶·¨ χ = φ =
0, θ = π/2, ψR(x) = 0 Ê· ¢´¥´¨Ö (43) ¶¥·¥Ìμ¤ÖÉ ¢ Ê· ¢´¥´¨Ö Š¥°¸ . �´ -
²¨§ ÔÉμ° · ¡μÉÒ ¶μ± §Ò¢ ¥É, ÎÉμ ¢ ´¥° ¶· ±É¨Î¥¸±¨ ¨¸¶μ²Ó§μ¢ ²¨¸Ó É¥ ¦¥
Ê¸²μ¢¨Ö, ÎÉμ ¨ ¢ ´ ¸ÉμÖÐ¥°, ¢ Î ¸É´μ¸É¨, ¢ ¦´ÊÕ ·μ²Ó ¨£· ²μ É·¥¡μ¢ ´¨¥
¸μÌ· ´¥´¨Ö ±μ³³ÊÉ Éμ·μ¢ ¶μ²Ö. ‚ Éμ ¦¥ ¢·¥³Ö  ¢Éμ· μ£· ´¨Î¨²¸Ö ¨¸¸²¥¤μ¢ -
´¨¥³ ¸²ÊÎ Ö ¨´¢¥·¸´ÒÌ A-B-±² ¸¸μ¢ ¨ ¤μ¶μ²´¨É¥²Ó´μ É·¥¡μ¢ ² ¸± ²Ö·´μ¸É¨
¸μÌ· ´ÖÕÐ¥£μ¸Ö ²¥¶Éμ´´μ£μ § ·Ö¤ . �¤´ ±μ, ± ± ¸²¥¤Ê¥É ¨§ ·¥§Ê²ÓÉ Éμ¢, ¨§-
²μ¦¥´´ÒÌ ¢ÒÏ¥, ¶μ¸²¥¤´¥¥  ¢Éμ³ É¨Î¥¸±¨ ¸Ê¦ ¥É ±·Ê£ · §·¥Ï¥´´ÒÌ ³μ¤¥²¥°
¤μ ¤¨· ±μ¢¸±μ£μ ¸²ÊÎ Ö, ¶μ¸±μ²Ó±Ê ¤μ¶μ²´¨É¥²Ó´Ò¥ ³ °μ· ´μ¢¸±¨¥ ³ ¸¸μ¢Ò¥
¸² £ ¥³Ò¥ ¤²Ö Î ¸É¨Í ¨´¢¥·¸´ÒÌ A-B-±² ¸¸μ¢ ¨³¥ÕÉ ¶¸¥¢¤μ¸± ²Ö·´Ò° Ì · ±-
É¥· ¨ É ±μ³Ê Ê¸²μ¢¨Õ ´¥ Ê¤μ¢²¥É¢μ·ÖÕÉ. �μ ¸· ¢´¥´¨Õ ¸ · ¡μÉμ° Š¥°¸  ¢
¨¸¸²¥¤μ¢ ´´ÊÕ ³μ¤¥²Ó ´ ·Ö¤Ê ¸ Î ¸É¨Í ³¨ A-B-±² ¸¸μ¢ ¡Ò² ¢±²ÕÎ¥´  ´ ²¨§
¸²ÊÎ Ö ¨´¢¥·¸´ÒÌ C-D-±² ¸¸μ¢ ¨ ¤μ¶Ê¸± ² ¸Ó ¢μ§³μ¦´μ¸ÉÓ ´¥ Éμ²Ó±μ ¸± ²Ö·-
´ÒÌ, ´μ ¨ ¶¸¥¢¤μ¸± ²Ö·´ÒÌ ¸² £ ¥³ÒÌ ¡ §μ¢ÒÌ Ì · ±É¥·¨¸É¨± § ·Ö¤μ¢μ£μ ¨
³ ¸¸μ¢μ£μ É¨¶ .

4. �…‡�Œ…, ��‘“†„…�ˆ… �…‡“‹œ’�’�‚

ˆÉ ±, ´  ¡ §¥ ¶·¥μ¡· §μ¢ ´¨°, ¶·¥¤²μ¦¥´´ÒÌ � Ê²¨, ¢±²ÕÎ ÕÐ¨Ì ±¨-
· ²Ó´ÊÕ U(1) ¨ ¸μ¡¸É¢¥´´μ ¶ Ê²¨¥¢¸±ÊÕ SU(2) £·Ê¶¶Ê, ¸³¥Ï¨¢ ÕÐÊÕ Î -
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¸É¨Î´Ò¥ ¨  ´É¨Î ¸É¨Î´Ò¥ ¸μ¸ÉμÖ´¨Ö, ¶μ¸É·μ¥´  ³ É¥³ É¨Î¥¸± Ö ³μ¤¥²Ó, ¶μ-
§¢μ²ÖÕÐ Ö μ¶¨¸Ò¢ ÉÓ ³ °μ· ´μ¢¸±¨¥ ¸¢μ°¸É¢  ¸¨¸É¥³Ò ´¥°É· ²Ó´ÒÌ ¸¢μ-
¡μ¤´ÒÌ ³ ¸¸¨¢´ÒÌ Ë¥·³¨μ´μ¢, ¢±²ÕÎ ÕÐ¥° ²¥¢Ò¥ ¨ ¶· ¢Ò¥ ¸μ¸ÉμÖ´¨Ö Î -
¸É¨Í μ¤´μ£μ Ë²¥°¢μ· . ‘·¥¤¨ ³ °μ· ´μ¢¸±¨Ì ¸Ì¥³ É ±μ£μ É¨¶  μ´  ¢Ò¤¥-
²¥´  É¥³, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ¸¶¥Í¨ ²Ó´μ³Ê ¸²ÊÎ Õ, μÉ¢¥Î ÕÐ¥³Ê · ¢´Ò³, ´μ
¶·μÉ¨¢μ¶μ²μ¦´Ò³ ¶μ §´ ±Ê ²¥¢μ° ¨ ¶· ¢μ° ³ °μ· ´μ¢¸±¨³ ³ ¸¸ ³ (ML =
−MR) ¶·¨ ¶·μ¨§¢μ²Ó´μ° ¤¨· ±μ¢¸±μ°, ¶·¨ ÔÉμ³ ¢μ§³μ¦´ Ö ±μ³¶²¥±¸´μ¸ÉÓ
¤¨· ±μ¢¸±μ° ¨ ³ °μ· ´μ¢¸±¨Ì ³ ¸¸ ³μ¦¥É ¡ÒÉÓ ¸¢Ö§ ´  ¸ ´ ·ÊÏ¥´¨¥³ CP -
¨´¢ ·¨ ´É´μ¸É¨. ‚ ¶·¥¤¸É ¢²¥´´μ³ ¢ ·¨ ´É¥ ³μ¤¥²Ó ´¥ ¶·¥É¥´¤Ê¥É ´   ´ ²¨§
±μ´±·¥É´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢, μ¤´ ±μ ¶μ§¢μ²Ö¥É ¸ ´μ¢μ° ÉμÎ±¨ §·¥´¨Ö ¢§£²Ö´ÊÉÓ
´  ¸ÊÐ¥¸É¢ÊÕÐ¨° Ë¥´μ³¥´μ²μ£¨Î¥¸±¨° Ëμ·³ ²¨§³ ³ °μ· ´μ¢¸±¨Ì ´¥°É·¨´μ,
¶μ¸±μ²Ó±Ê, ¸ μ¤´μ° ¸Éμ·μ´Ò, μÉ¢¥Î ¥É ¶·μ¸É¥°Ï¥° ³ °μ· ´μ¢¸±μ° ¸Ì¥³¥, ¨¸-
¶μ²Ó§Ê¥³μ° ¤²Ö μ¶¨¸ ´¨Ö ¸¢μ°¸É¢ ´¥°É·¨´μ ¢´¥ · ³μ± ‘É ´¤ ·É´μ° ³μ¤¥²¨
Ô²¥±É·μ¸² ¡μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö,   ¸ ¤·Ê£μ°, ¤¥³μ´¸É·¨·Ê¥É ·Ö¤ μ¸μ¡¥´´μ¸É¥°,
¸¡²¨¦ ÕÐ¨Ì ¥¥ ¸ ¶μ¸²¥¤´¥°.

Š ± ¨§¢¥¸É´μ, ¢ μ¸´μ¢¥ ‘Œ ²¥¦¨É ¶·¥¤¸É ¢²¥´¨¥ μ ¸ÊÐ¥¸É¢μ¢ ´¨¨ ¡ §μ-
¢μ° ¸¨³³¥É·¨¨ ¸¨¸É¥³Ò Î ¸É¨Í ³ ¸¸Ò ´Ê²Ó, ¸¶μ´É ´´Ò³ μ¡· §μ³ ´ ·ÊÏ ¥³μ°
¶·¨ ¢¢¥¤¥´¨¨ ³ ¸¸. ‚ ¨¸¸²¥¤Ê¥³μ° ³μ¤¥²¨ ÔÉÊ ·μ²Ó ¨£· ¥É μ¡Ð Ö ¶ Ê²¨¥¢¸± Ö
(±¨· ²Ó´μ-¶ Ê²¨¥¢¸± Ö) ¸¨³³¥É·¨Ö, ¶·¨ ÔÉμ³ ÉμÉ Ë ±É, ÎÉμ ¢ ´¥° μ¡Ñ¥¤¨´¥´Ò
Î ¸É¨Î´Ò¥ ¨  ´É¨Î ¸É¨Î´Ò¥ ¸μ¸ÉμÖ´¨Ö, ¸É ´μ¢¨É¸Ö μ¸´μ¢μ° ¤²Ö Ê¸É ´μ¢²¥´¨Ö
³¥¦¤Ê ´¨³¨ ¸¢Ö§¥° ³ °μ· ´μ¢¸±μ£μ É¨¶ . „²Ö Î ¸É¨Í ³ ¸¸Ò ´Ê²Ó ÔÉ  ¸¨³³¥-
É·¨Ö ¢¥¤¥É ± ¸ÊÐ¥¸É¢μ¢ ´¨Õ ¤¢ÊÌ É¨¶μ¢ ¸μÌ· ´ÖÕÐ¨Ì¸Ö § ·Ö¤μ¢: ±¨· ²Ó´μ£μ
¨ μ¡μ¡Ð¥´´μ£μ ²¥¶Éμ´´μ£μ Å ¶μ¸²¥¤´¨° ³μ¦´μ ¨´É¥·¶·¥É¨·μ¢ ÉÓ ± ± ¢¥±Éμ·
¢ É·¥Ì³¥·´μ³ ¨§μ¶·μ¸É· ´¸É¢¥ ¶ Ê²¨¥¢¸±¨Ì ¶·¥μ¡· §μ¢ ´¨°. � ·ÊÏ¥´¨¥ ¸¨³-
³¥É·¨¨, ¢¢μ¤ÖÐ¥¥ ¢ ² £· ´¦¨ ´ ³ ¸¸μ¢Ò¥ ¸² £ ¥³Ò¥, ¶·¨¢μ¤¨É ± ¶μÖ¢²¥´¨Õ
¢ ÔÉμ³ ¶·μ¸É· ´¸É¢¥ ¢Ò¤¥²¥´´μ£μ ´ ¶· ¢²¥´¨Ö, ±μÉμ·μ¥, ¸ μ¤´μ° ¸Éμ·μ´Ò,
±μ··¥²¨·Ê¥É ¸ ¢¥±Éμ·μ³, μ¶¨¸Ò¢ ÕÐ¨³ μ¡μ¡Ð¥´´Ò° ²¥¶Éμ´´Ò° § ·Ö¤, μ¶·¥-
¤¥²Ö¥³Ò° ¨´¢ ·¨ ´É´Ò³¨ ¶μ¢μ·μÉ ³¨ μÉ´μ¸¨É¥²Ó´μ ÔÉμ£μ ´ ¶· ¢²¥´¨Ö,   ¸
¤·Ê£μ°, ¸¢Ö§ ´μ ¸μ ¸É·Ê±ÉÊ·μ° ³ ¸¸μ¢ÒÌ ¸² £ ¥³ÒÌ ÔÉμ£μ ² £· ´¦¨ ´ . �·¨
ÔÉμ³ ¸² £ ¥³Ò¥ ² £· ´¦¨ ´  ¨²¨ μ¡μ¡Ð¥´´μ£μ ¶ Ê²¨¥¢¸±μ£μ § ·Ö¤ , μÉ¢¥Î -
ÕÐ¨¥ ¤¨· ±μ¢¸±μ³Ê É¨¶Ê, ³μ£ÊÉ ¡ÒÉÓ ¸μ¶μ¸É ¢²¥´Ò ¸ μ¸ÓÕ z ÔÉμ£μ ¨§μ¶·μ-
¸É· ´¸É¢ ,   ¸² £ ¥³Ò¥ ³ °μ· ´μ¢¸±μ£μ É¨¶  Å ¸ μ¸Ö³¨ x ¨ y. ƒ¨¶μÉ¥§ 
Ê´¨¢¥·¸ ²Ó´μ¸É¨ ³¥Ì ´¨§³  ¸¶μ´É ´´μ£μ ´ ·ÊÏ¥´¨Ö ¡ §μ¢μ° ¸¨³³¥É·¨¨ ¶μ-
§¢μ²Ö¥É, ¨¸¶μ²Ó§ÊÖ ¶ Ê²¨¥¢¸±¨¥ ¶·¥μ¡· §μ¢ ´¨Ö, Ê¸É ´μ¢¨ÉÓ ¸¢Ö§Ó ³¥¦¤Ê ±μ´-
±·¥É´Ò³¨ Î ¸É´Ò³¨ ² £· ´¦¨ ´ ³¨, μÉ¢¥Î ÕÐ¨³¨ · §²¨Î´Ò³ ´ ¶· ¢²¥´¨Ö³,
Ë¨±¸¨·μ¢ ´´Ò³ ¢Ò¡μ·μ³ ¢ ±ÊÊ³´ÒÌ ¸·¥¤´¨Ì, ¨ É¥³ ¸ ³Ò³, μÉÉ ²±¨¢ Ö¸Ó μÉ
¨§¢¥¸É´μ° ¸É·Ê±ÉÊ·Ò ³ ¸¸μ¢ÒÌ Î²¥´μ¢ ¨ ²¥¶Éμ´´μ£μ § ·Ö¤  ¢ ¤¨· ±μ¢¸±μ³
¸²ÊÎ ¥, ¶μ¸É·μ¨ÉÓ Ö¢´ÊÕ Ëμ·³Ê ³ ¸¸μ¢ÒÌ ¸² £ ¥³ÒÌ ¨ μ¡μ¡Ð¥´´μ£μ ²¥¶Éμ´-
´μ£μ § ·Ö¤  ¤²Ö ²Õ¡μ£μ ¢Ò¤¥²¥´´μ£μ ´ ¶· ¢²¥´¨Ö ¶ Ê²¨¥¢¸±μ£μ ¨ ±¨· ²Ó´μ£μ
¶μ¤¶·μ¸É· ´¸É¢.

‘ÊÐ¥¸É¢¥´´Ò³ ¨ ¶·¨´Í¨¶¨ ²Ó´μ ´μ¢Ò³ ³μ³¥´Éμ³ · §¢¨Éμ° ³μ¤¥²¨ Ö¢²Ö-
¥É¸Ö ÊÎ¥É ¸¢μ°¸É¢ ¨¸¸²¥¤Ê¥³ÒÌ Î ¸É¨Í ¶μ μÉ´μÏ¥´¨Õ ± μ¶¥· Í¨¨ ¶·μ¸É· ´-
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¸É¢¥´´μ£μ μÉ· ¦¥´¨Ö Å ¨Ì ¨´¢¥·¸´ÒÌ ±² ¸¸μ¢, ÎÉμ ¶μ§¢μ²Ö¥É ¢ · ³± Ì ÔÉμ°
³μ¤¥²¨ ¨¸¸²¥¤μ¢ ÉÓ ± ± ³ °μ· ´μ¢¸±¨¥ ¸¢μ°¸É¢  Î ¸É¨Í ¨´¢¥·¸´ÒÌ A-B-±² ¸-
¸μ¢ ¸ Ê¸²μ¢¨¥³ η2

P = −1 (μ¡ÒÎ´μ ¶·¥¤¶μ² £ ¥³Ò³ ¤²Ö Ë¨§¨Î¥¸±¨Ì Î ¸É¨Í),
É ± ¨ ³ °μ· ´μ¢¸±¨¥ ¸¢μ°¸É¢  £¨¶μÉ¥É¨Î¥¸±¨Ì Î ¸É¨Í ¨´¢¥·¸´ÒÌ C-D-±² ¸¸μ¢
¸ Ê¸²μ¢¨¥³ η2

P = +1, ¤μ ¸¨Ì ¶μ· ¢ ²¨É¥· ÉÊ·¥ ´¥ · ¸¸³ É·¨¢ ¢Ï¨Ì¸Ö. „¨Ë-
Ë¥·¥´Í¨ Í¨Ö Î ¸É¨Í ¶μ ¨´¢¥·¸´Ò³ ±² ¸¸ ³ ´¥¸ÊÐ¥¸É¢¥´´  ¢ ¤¨· ±μ¢¸±μ³
¸²ÊÎ ¥, ±μ£¤  ²¥¶Éμ´´Ò° § ·Ö¤ ¨ ³ ¸¸μ¢Ò¥ Î²¥´Ò ² £· ´¦¨ ´  Ö¢²ÖÕÉ¸Ö ¸± -
²Ö· ³¨ μÉ´μ¸¨É¥²Ó´μ μ¶¥· Í¨¨ ¶·μ¸É· ´¸É¢¥´´μ£μ μÉ· ¦¥´¨Ö, ´¥§ ¢¨¸¨³μ μÉ
¨´¢¥·¸´μ£μ ±² ¸¸  Î ¸É¨Í. �¤´ ±μ  ´ ²μ£¨Î´Ò¥ ¸¢μ°¸É¢  ³ °μ· ´μ¢¸±¨Ì ¸² -
£ ¥³ÒÌ, ¢μ§´¨± ÕÐ¨Ì ¢ μ¡μ¡Ð¥´´μ³ ²¥¶Éμ´´μ³ § ·Ö¤¥ ¨ ³ ¸¸μ¢ÒÌ Î²¥´ Ì ² -
£· ´¦¨ ´  μ¡Ð¥£μ ¢¨¤ , μÉ¢¥Î ÕÐ¥£μ ¶·μ¨§¢μ²Ó´μ³Ê ¢Ò¤¥²¥´´μ³Ê ´ ¶· ¢²¥-
´¨Õ ¢ ¶ Ê²¨¥¢¸±μ³ ¨§μ¶·μ¸É· ´¸É¢¥, ¸ÊÐ¥¸É¢¥´´μ § ¢¨¸ÖÉ μÉ ¨´¢¥·¸´ÒÌ ±² ¸-
¸μ¢ ¨¸¸²¥¤Ê¥³ÒÌ Î ¸É¨Í. „²Ö £¨¶μÉ¥É¨Î¥¸±¨Ì Î ¸É¨Í C-D-±² ¸¸μ¢ μ´¨ ¢¸¥£¤ 
¸± ²Ö·Ò, ´μ ¤²Ö Ë¨§¨Î¥¸±¨Ì Î ¸É¨Í A-B-±² ¸¸μ¢ ³μ£ÊÉ ¨³¥ÉÓ ± ± ¸± ²Ö·´Ò°,
É ± ¨ ¶¸¥¢¤μ¸± ²Ö·´Ò° Ì · ±É¥·, ÎÉμ ´¥μ¡Ìμ¤¨³μ ÊÎ¨ÉÒ¢ ÉÓ ¶·¨ ¶¥·¥Ìμ¤¥
± ±μ´±·¥É´Ò³ ¶·¨²μ¦¥´¨Ö³ ³μ¤¥²¨. �¤´ ±μ, ´¥¸³μÉ·Ö ´  ÔÉÊ μ¸μ¡¥´´μ¸ÉÓ,
¨§ÊÎ¥´¨¥ ÔÉμ° ³μ¤¥²¨ ¶·¥¤¸É ¢²Ö¥É¸Ö ¨´É¥·¥¸´Ò³ ¨ ¶μ²¥§´Ò³, É¥³ ¡μ²¥¥, ÎÉμ
Ê± § ´´ Ö ¶·μ¡²¥³  Ì · ±É¥·´  ´¥ Éμ²Ó±μ ¤²Ö ´¥¥, ´μ ¨ ¤²Ö ¢¸¥Ì ³ °μ· ´μ¢-
¸±¨Ì ¸Ì¥³ É¨¶  (1), ¢±²ÕÎ ÕÐ¨Ì ²¥¢Ò¥ ¨ ¶· ¢Ò¥ Î ¸É¨ÍÒ μ¤´μ£μ Ë²¥°¢μ· .
‚μ§³μ¦´μ, ÔÉμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ ¨£· ¥É μ¶·¥¤¥²¥´´ÊÕ ·μ²Ó ¢ ·Ö¤Ê É·Ê¤´μ¸É¥°,
¢μ§´¨± ÕÐ¨Ì ¶·¨ ¶μ¶ÒÉ± Ì ¸¢Ö§ ÉÓ ¸ÊÐ¥¸É¢ÊÕÐÊÕ Ë¥´μ³¥´μ²μ£¨Î¥¸±ÊÕ É¥μ-
·¨Õ ³ °μ· ´μ¢¸±¨Ì ´¥°É·¨´μ ¸ ‘Œ. 	ÉμÉ Ë ±É ¶μ¤Î¥·±¨¢ ¥É ´¥μ¡Ìμ¤¨³μ¸ÉÓ
¤¥É ²Ó´μ£μ ¨§ÊÎ¥´¨Ö ¸¢Ö§¨ ³ °μ· ´μ¢¸±¨Ì ¸¢μ°¸É¢ Î ¸É¨Í ¨ ¨Ì ¨´¢¥·¸´ÒÌ
±² ¸¸μ¢, ´  ÎÉμ ¨ ¡Ò²μ μ¡· Ð¥´μ μ¸μ¡μ¥ ¢´¨³ ´¨¥ ¢ ¤ ´´μ° · ¡μÉ¥.

„·Ê£¨³ ¢ ¦´Ò³ ´μ¢Ò³ ³μ³¥´Éμ³ ¨¸¸²¥¤Ê¥³μ° ³μ¤¥²¨ Ö¢²Ö¥É¸Ö ¢¢¥¤¥-
´¨¥ ¢ ´¥° μ¶¥· Í¨¨ μ¡μ¡Ð¥´´μ£μ § ·Ö¤μ¢μ£μ GC-¸μ¶·Ö¦¥´¨Ö, μÉ´μ¸¨É¥²Ó´μ
±μÉμ·μ° μ¡Ð¨° ² £· ´¦¨ ´ ³μ¤¥²¨ ¨´¢ ·¨ ´É¥´,   μ¡μ¡Ð¥´´Ò° ²¥¶Éμ´´Ò°
§ ·Ö¤ ³¥´Ö¥É §´ ±. �¸μ¡¥´´μ¸ÉÓÕ É ±μ° μ¶¥· Í¨¨ Ö¢²Ö¥É¸Ö ÊÎ¥É ¢μ§³μ¦-
´μ£μ · §²¨Î¨Ö Ê´¨¢¥·¸ ²Ó´ÒÌ Ë §μ¢ÒÌ ³´μ¦¨É¥²¥° ¢ μ¶·¥¤¥²¥´¨¨ μ¶¥· Í¨¨
C-¸μ¶·Ö¦¥´¨Ö ¤²Ö ²¥¢ÒÌ ¨ ¶· ¢ÒÌ Î ¸É¨Í, ¢¢μ¤¨³μ£μ ¤μ¶μ²´¨É¥²Ó´Ò³ Ë §μ-
¢Ò³ Ë ±Éμ·μ³, § ¢¨¸ÖÐ¨³ μÉ ±¨· ²Ó´ÒÌ Ì · ±É¥·¨¸É¨±. ˆ¸¶μ²Ó§μ¢ ´¨¥ μ¶¥-
· Í¨¨ μ¡μ¡Ð¥´´μ£μ § ·Ö¤μ¢μ£μ ¸μ¶·Ö¦¥´¨Ö ¶μ§¢μ²Ö¥É ¢¢¥¸É¨ GC-ËÊ´±Í¨¨, ¢
É¥·³¨´ Ì ±μÉμ·ÒÌ ¡ §μ¢Ò¥ Ì · ±É¥·¨¸É¨±¨ μ¡Ð¨Ì ¸²ÊÎ ¥¢ ¶ Ê²¥¢¸±μ° ¸Ì¥³Ò
¨´É¥·¶·¥É¨·ÊÕÉ¸Ö ¢¥±Éμ· ³¨ ¨§μ¶·μ¸É· ´¸É¢  ¶ Ê²¨¥¢¸±¨Ì ¶·¥μ¡· §μ¢ ´¨°,
¢±²ÕÎ ÕÐ¨Ì ± ± ¶μ¢μ·μÉÒ, μÉ¢¥É¸É¢¥´´Ò¥ §  ¢¢¥¤¥´¨¥ ³ °μ· ´μ¢¸±¨Ì ¸² -
£ ¥³ÒÌ § ·Ö¤μ¢ ¨ ² £· ´¦¨ ´μ¢, É ± ¨ ±¨· ²Ó´Ò¥ ¶μ¢μ·μÉÒ, ¸¢Ö§Ò¢ ¥³Ò¥ ¢
¨¸¸²¥¤μ¢ ´´μ° ³μ¤¥²¨ ¸ ´ ·ÊÏ¥´¨¥³ CP -Î¥É´μ¸É¨.

‚ ¦´¥°Ï¨³ Î ¸É´Ò³ ¸²ÊÎ ¥³ ¨¸¸²¥¤Ê¥³μ° ¸Ì¥³Ò Ö¢²Ö¥É¸Ö ¤¨· ±μ¢¸±¨°
¸²ÊÎ °, ´  ¡ §¥ ±μÉμ·μ£μ, ¨¸¶μ²Ó§ÊÖ £¨¶μÉ¥§Ê Ê´¨¢¥·¸ ²Ó´μ¸É¨ ³¥Ì ´¨§³ 
μ¡· §μ¢ ´¨Ö ³ ¸¸Ò ¨ ¶ Ê²¨¥¢¸±¨¥ ¶·¥μ¡· §μ¢ ´¨Ö, ³μ¦´μ ¶μ¸É·μ¨ÉÓ ¢¸¥
μ¸É ²Ó´Ò¥. �¸μ¡¥´´μ¸ÉÓÕ μ¶¨¸ ´¨Ö ¤¨· ±μ¢¸±μ£μ ¸²ÊÎ Ö Ö¢²Ö¥É¸Ö ¥£μ ´¥-
§ ¢¨¸¨³μ¸ÉÓ μÉ ¨´¢¥·¸´μ£μ ±² ¸¸  Î ¸É¨Í ¨ ¸¢Ö§ ´´ Ö ¸ ÔÉ¨³ ¢μ§³μ¦´μ¸ÉÓ
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 ²ÓÉ¥·´ É¨¢´μ£μ ¢Ò¡μ·  ¡ §μ¢ÒÌ μ¶¥· Éμ·μ¢ ¶·¥¤¸É ¢²¥´¨°, μ¶·¥¤¥²ÖÕÐ¨Ì
·¥Ï¥´¨Ö ´¥°É· ²Ó´ÒÌ ¸¢μ¡μ¤´ÒÌ Î ¸É¨Í, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É Ìμ·μÏμ ¨§¢¥¸É-
´μ° ¤¨²¥³³¥ μ¶¨¸ ´¨Ö ´¥°É·¨´´ÒÌ ¶μ²¥°: ± ± ¤¨· ±μ¢¸±μ° Î ¸É¨ÍÒ (®¤¨-
· ±μ¢¸±μ¥ ´¥°É·¨´μ¯), Î ¸É¨Î´μ¥ ¨  ´É¨Î ¸É¨Î´μ¥ ¸μ¸ÉμÖ´¨Ö ±μÉμ·μ° · §-
²¨Î ÕÉ¸Ö ²¥¶Éμ´´Ò³ § ·Ö¤μ³, ¨²¨ ± ± ³ °μ· ´μ¢¸±μ° Î ¸É¨ÍÒ (®³ °μ· -
´μ¢¸±μ¥ ´¥°É·¨´μ¯), ¤²Ö ±μÉμ·μ° ·¥Ï¥´¨Ö ¢ μ¡μ¡Ð¥´´ÒÌ ËÊ´±Í¨ÖÌ Ô±¢¨-
¢ ²¥´É´Ò ¤¢Ê³ ³ °μ· ´μ¢¸±¨³ ¶μ²Ö³ · §´μ° § ·Ö¤μ¢μ° Î¥É´μ¸É¨ ¸ Ê¸²μ¢¨Ö³¨
ψc(x) = ±ψ(x). ‘ÊÐ¥¸É¢¥´´μ, ÎÉμ ¢ ¨¸¸²¥¤μ¢ ´´μ° ³μ¤¥²¨ ÔÉ¨ ¤¢  ¶μ²Ö
μ¡· §ÊÕÉ ¶μ²´Ò° ´ ¡μ· ·¥Ï¥´¨°,  ´ ²μ£¨Î´Ò° ¶ ·¥ Î ¸É¨Í Ä ´É¨Î ¸É¨Í ,
É ± ÎÉμ ± ¦¤μ¥ ¨§ ³ °μ· ´μ¢¸±¨Ì ¶μ²¥° ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ± ± ¸Ê¶¥·¶μ§¨-
Í¨Õ ¶μ¸²¥¤´¨Ì ¨ μ¡· É´μ. �·¨ ÔÉμ³ ¢ ®¤¨· ±μ¢¸±μ³¯ μ¶¨¸ ´¨¨ ²¥¶Éμ´´Ò°
§ ·Ö¤ § ¤ ¥É¸Ö μ¶¥· Éμ·μ³, ¸¢Ö§Ò¢ ¥³Ò³ ¸ ¢¥±Éμ·μ³ ¢¤μ²Ó μ¸¨ z ¶ Ê²¨¥¢¸±μ£μ
¨§μ¶·μ¸É· ´¸É¢ ,   ¤¨· ±μ¢¸±μ¥ ³ ¸¸μ¢μ¥ ¸² £ ¥³μ¥ ¸μ¶μ¸É ¢²¥´μ ¸ ¢¥±Éμ·μ³,
´ ¶· ¢²¥´´Ò³ ¶μ μ¸¨ x. ‚ ®³ °μ· ´μ¢¸±μ³¯ ¶·¥¤¸É ¢²¥´¨¨, ´ μ¡μ·μÉ, ¸ μ¸ÓÕ
z μ± §Ò¢ ¥É¸Ö ¸μ¶μ¸É ¢²¥´ μ¶¥· Éμ·, § ¤ ÕÐ¨° ¸É·Ê±ÉÊ·Ê ³ ¸¸μ¢μ£μ ¸² £ ¥-
³μ£μ, ¨´É¥·¶·¥É¨·Ê¥³Ò° ± ± ¶·μ¨§¢¥¤¥´¨¥ μ¶¥· Éμ·  ²¥¶Éμ´´μ£μ § ·Ö¤  ¨
±¨· ²Ó´μ¸É¨,   ¢¥±Éμ· ²¥¶Éμ´´μ£μ § ·Ö¤  ¸¢Ö§Ò¢ ¥É¸Ö ¸ μ¸ÓÕ x. ‚ £·Ê¶¶¥
¶ Ê²¨¥¢¸±¨Ì ¶μ¢μ·μÉμ¢ ¸ÊÐ¥¸É¢Ê¥É ¸¶¥Í¨ ²Ó´μ¥ ¶·¥μ¡· §μ¢ ´¨¥ (¶·¥¤²μ¦¥´-
´μ¥ Œ °μ· ´a [1]), ±μÉμ·μ¥ ¸μÌ· ´Ö¥É ¶μ±μ³¶μ´¥´É´ÊÕ Ëμ·³Ê ¤¨· ±μ¢¸±μ£μ
² £· ´¦¨ ´ , ´μ ¶·¥μ¡· §Ê¥É ¥£μ ¢Ò· ¦¥´¨¥ ¢ μ¡μ¡Ð¥´´ÒÌ ËÊ´±Í¨ÖÌ ¨§ ®¤¨-
· ±μ¢¸±μ£μ¯ ¶·¥¤¸É ¢²¥´¨Ö ¢ ®³ °μ· ´μ¢¸±μ¥¯ Å ¢ μ¡ÒÎ´μ° ¤¨· ±μ¢¸±μ°
¸Ì¥³¥ ¥£μ μÉ´μ¸ÖÉ ± Ê´¨É ·´Ò³ ¶·¥μ¡· §μ¢ ´¨Ö³, ¸μÌ· ´ÖÕÐ¨³ Ëμ·³Ê ¤¨· -
±μ¢¸±μ£μ ² £· ´¦¨ ´ . ‚ ¶ Ê²¨¥¢¸±μ³ ¨§μ¶·μ¸É· ´¸É¢¥ ÔÉμ ¶·¥μ¡· §μ¢ ´¨¥
¨´É¥·¶·¥É¨·Ê¥É¸Ö ± ± ¶μ¢μ·μÉ ´  π/2 ¢¥±Éμ· , ¸μ¶μ¸É ¢²Ö¥³μ£μ ¸ ¤¨· ±μ¢-
¸±¨³ ³ ¸¸μ¢Ò³ ¸² £ ¥³Ò³, ¨§ ´ ¶· ¢²¥´¨Ö ¢¤μ²Ó μ¸¨ x ¢ ´ ¶· ¢²¥´¨¨ μ¸¨ z,
¶·¨Î¥³ ¶μ¸²¥ ¶μ¢μ·μÉ  ¸·¥¤´¥¥ §´ Î¥´¨¥ ²¥¶Éμ´´μ£μ § ·Ö¤  ¢ ¸μ¡¸É¢¥´´ÒÌ
³ °μ· ´μ¢¸±¨Ì ¸μ¸ÉμÖ´¨ÖÌ μ¡· Ð ¥É¸Ö ¢ ´Ê²Ó. ’¥³ ¸ ³Ò³ ¸É ´¤ ·É´ Ö Ë¥´μ-
³¥´μ²μ£¨Î¥¸± Ö ³ °μ· ´μ¢¸± Ö ¸Ì¥³ , ¢¢μ¤ÖÐ Ö ¢  ´ ²μ£¨Î´μ³ ¸²ÊÎ ¥ ¶ ·Ê
´¥§ ¢¨¸¨³ÒÌ (¤¨· ±μ¢¸±μ£μ ¨ ³ °μ· ´μ¢¸±μ£μ) ·¥Ï¥´¨°, ¶μ²ÊÎ ¥É ¢ ¨¸¸²¥-
¤μ¢ ´´μ° ³μ¤¥²¨ ´ £²Ö¤´μ¥ ¶·¥¤¸É ¢²¥´¨¥ ¢ ¶ Ê²¨¥¢¸±μ³ ¨§μ¶·μ¸É· ´¸É¢¥,
  ÔÉ¨ ·¥Ï¥´¨Ö μ± §Ò¢ ÕÉ¸Ö ¤¢Ê³Ö · §´Ò³¨ ¶·¥¤¸É ¢²¥´¨Ö³¨ ¤¨· ±μ¢¸±μ£μ
¸²ÊÎ Ö, ¸¢Ö§ ´´Ò³¨ ³¥¦¤Ê ¸μ¡μ° ¶ Ê²¨¥¢¸±¨³ ¶·¥μ¡· §μ¢ ´¨¥³, μÉ¢¥Î ÕÐ¨³
¶μ¢μ·μÉÊ μ¸¥° z ¨ x ¨§μ¶·μ¸É· ´¸É¢  ´  90◦ ¢μ±·Ê£ μ¸¨ y.

…¸²¨ μ¸μ¡¥´´μ¸ÉÓÕ ¤¨· ±μ¢¸±μ£μ ¸²ÊÎ Ö Ö¢²Ö¥É¸Ö Éμ, ÎÉμ μ´ ´¥ÎÊ¢¸É¢¨-
É¥²¥´ ± ¨´¢¥·¸´μ³Ê ±² ¸¸Ê Î ¸É¨Í, Éμ ¢ μ¡Ð¥³ ¸²ÊÎ ¥, μÉ²¨Î´μ³ μÉ ¤¨· ±μ¢-
¸±μ£μ, ¨³¥´´μ ÔÉ  § ¢¨¸¨³μ¸ÉÓ μ± §Ò¢ ¥É¸Ö ¸ÊÐ¥¸É¢¥´´μ° ¨ Ë ±É¨Î¥¸±¨ § -
¤ ¥É Ì · ±É¥·¨¸É¨±¨ ¨ ¨´É¥·¶·¥É Í¨Õ μ¶¨¸Ò¢ ¥³μ° ³μ¤¥²¨ ¢ Í¥²μ³. � ¨¡μ-
²¥¥ ¶·μ¸ÉÒ³ Ö¢²Ö¥É¸Ö ¸²ÊÎ ° £¨¶μÉ¥É¨Î¥¸±¨Ì Î ¸É¨Í ¨´¢¥·¸´ÒÌ C-D-±² ¸¸μ¢,
±μ£¤  ¤μ¶μ²´¨É¥²Ó´Ò¥ ¸² £ ¥³Ò¥ ³ °μ· ´μ¢¸±μ£μ É¨¶ , ¢μ§´¨± ÕÐ¨¥ ¶·¨ ¢Ò-
¡μ·¥ ¢Ò¤¥²¥´´μ£μ ´ ¶· ¢²¥´¨Ö ¶ Ê²¨¥¢¸±μ£μ ¨§μ¶·μ¸É· ´¸É¢ , μÉ²¨Î´μ£μ μÉ
μ¸¨ z, ¸μÌ· ´ÖÕÉ ¸± ²Ö·´Ò° Ì · ±É¥· ¶·¨ ²Õ¡ÒÌ ¶ Ê²¨¥¢¸±¨Ì ¶·¥μ¡· §μ-
¢ ´¨ÖÌ. �·¨ ÔÉμ³ ¢ ± Î¥¸É¢¥ ¡ §μ¢μ£μ μ¶¥· Éμ· , § ¤ ÕÐ¥£μ ¶·¥¤¸É ¢²¥´¨¥
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¢μ²´μ¢ÒÌ ËÊ´±Í¨°, ¸²¥¤Ê¥É ¢Ò¡¨· ÉÓ μ¡μ¡Ð¥´´Ò° ²¥¶Éμ´´Ò° § ·Ö¤, μ¶¨¸Ò-
¢ ¥³Ò° ¢¥±Éμ·μ³ ¢¤μ²Ó ¢Ò¤¥²¥´´μ£μ ´ ¶· ¢²¥´¨Ö. „²Ö Î ¸É¨Í ³ ¸¸Ò ´Ê²Ó ¡ -
§μ¢Ò¥ ¸μ¡¸É¢¥´´Ò¥ ËÊ´±Í¨¨ § ¤ ÕÉ¸Ö ¤¢Ê³Ö ±¢ ´Éμ¢Ò³¨ Î¨¸² ³¨: μ¡μ¡Ð¥´-
´Ò³ ²¥¶Éμ´´Ò³ § ·Ö¤μ³ ¨ ±¨· ²Ó´μ¸ÉÓÕ, ¤²Ö ³ ¸¸¨¢´ÒÌ Î ¸É¨Í Å Éμ²Ó±μ
¶¥·¢Ò³. Ÿ¢´Ò° ¢¨¤ ËÊ´±Í¨° ¶μ²ÊÎ ¥É¸Ö ¨§ ¤¨· ±μ¢¸±¨Ì ¶ Ê²¨¥¢¸±¨³ ¶·¥-
μ¡· §μ¢ ´¨¥³, ¸¢Ö§Ò¢ ÕÐ¨³ ¢Ò¤¥²¥´´μ¥ ´ ¶· ¢²¥´¨¥ ¸ μ¸ÓÕ z, ¶·¨ ÔÉμ³
³¥¦¤Ê ±μ³¶μ´¥´É ³¨ μ¡μ¡Ð¥´´ÒÌ ¸μ¡¸É¢¥´´ÒÌ ËÊ´±Í¨° ¢μ§´¨± ÕÉ ¸¢Ö§¨,
μ¡μ¡Ð ÕÐ¨¥  ´ ²μ£¨Î´Ò¥ ¸μμÉ´μÏ¥´¨Ö ³ °μ· ´μ¢¸±μ£μ É¨¶ . �μ ¸· ¢´¥´¨Õ
¸ ¸É ´¤ ·É´Ò³¨ ³ °μ· ´μ¢¸±¨³¨ μ´¨ ³μ¤¨Ë¨Í¨·μ¢ ´Ò ¨ ¸μ¤¥·¦ É ¤μ¶μ²´¨-
É¥²Ó´μ ³ É·¨ÍÊ γ5. •μÉÖ Î ¸É¨ÍÒ ¨´¢¥·¸´ÒÌ C-D-±² ¸¸μ¢ ¢ ¸ÊÐ¥¸É¢ÊÕÐ¨Ì
³ °μ· ´μ¢¸±¨Ì ¸Ì¥³ Ì ´¥  ´ ²¨§¨·μ¢ ²¨¸Ó Å ¶·¥¤¶μ² £ ²μ¸Ó, ÎÉμ ¨´¢¥·¸´Ò¥
±² ¸¸Ò ´¥°É·¨´μ  ´ ²μ£¨Î´Ò É ±μ¢Ò³ ¤²Ö § ·Ö¦¥´´ÒÌ ²¥¶Éμ´μ¢ (ÎÉμ, μ¤´ ±μ,
Ô±¸¶¥·¨³¥´É ²Ó´μ ´¥ ¨¸¸²¥¤μ¢ ´μ) Å ¨§ÊÎ¥´¨¥ ÔÉμ£μ ¸²ÊÎ Ö ¨´É¥·¥¸´μ, ¶μ-
¸±μ²Ó±Ê ¤¥³μ´¸É·¨·Ê¥É ¢μ§³μ¦´μ¸ÉÓ ¸ÊÐ¥¸É¢μ¢ ´¨Ö ³ °μ· ´μ¢¸±¨Ì Î ¸É¨Í ¸μ
¸¢μ°¸É¢ ³¨, μÉ²¨Î´Ò³¨ μÉ ±² ¸¸¨Î¥¸±¨Ì, ¢¢¥¤¥´´ÒÌ ¢ [1].

„²Ö Î ¸É¨Í ¨´¢¥·¸´ÒÌ A-B-±² ¸¸μ¢ ¸¨ÉÊ Í¨Ö ¶·¨´Í¨¶¨ ²Ó´μ ¨´ Ö. ‚
´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¤²Ö ¤¥É ²Ó´μ£μ  ´ ²¨§  ¸¨ÉÊ Í¨¨ ¨¸¶μ²Ó§μ¢ ² ¸Ó Ê´¨¢¥·-
¸ ²Ó´ Ö Ëμ·³  μ¡μ¡Ð¥´´μ° ¢μ²´μ¢μ° ËÊ´±Í¨¨ (30), ¶μ¸±μ²Ó±Ê μ´  ¡²¨§±  ±
Ëμ·³¥, ¨¸¶μ²Ó§Ê¥³μ° ¢ ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ³ °μ· ´μ¢¸±¨Ì ³μ¤¥²ÖÌ,   ¥¥ ¡ §μ¢Ò¥
Ì · ±É¥·¨¸É¨±¨ ¢ É¥·³¨´ Ì μ¡μ¡Ð¥´´ÒÌ GC-ËÊ´±Í¨° ´ £²Ö¤´μ ¨´É¥·¶·¥-
É¨·ÊÕÉ¸Ö ¢¥±Éμ· ³¨ ¶ Ê²¨¥¢¸±μ£μ ¨§μ¶·μ¸É· ´¸É¢ , μ¤´ ±μ Ë ±É¨Î¥¸±¨ ¢Ò-
¢μ¤Ò ´¥ § ¢¨¸ÖÉ μÉ ¢Ò¡μ·  Ëμ·³Ò μ¡μ¡Ð¥´´μ° ¢μ²´μ¢μ° ËÊ´±Í¨¨. �μ± § ´μ,
ÎÉμ ¤²Ö Î ¸É¨Í A-B-±² ¸¸μ¢ ³ ¸¸Ò ´Ê²Ó ¢ ± Î¥¸É¢¥ ¡ §μ¢μ£μ ¸²¥¤Ê¥É ¢Ò¡¨-
· ÉÓ μ¶¥· Éμ·, ¸μ¸É ¢²¥´´Ò° ¨§ ¶·μ¨§¢¥¤¥´¨Ö μ¶¥· Éμ·μ¢ μ¡μ¡Ð¥´´μ£μ ²¥¶-
Éμ´´μ£μ § ·Ö¤  ¨ ±¨· ²Ó´μ¸É¨ ¸ ±¢ ´Éμ¢Ò³¨ Î¨¸² ³¨, μ¶·¥¤¥²Ö¥³Ò³¨ ÔÉ¨³
¶·μ¨§¢¥¤¥´¨¥³ ¨ § ·Ö¤μ¢μ° Î¥É´μ¸ÉÓÕ. ‚ μ¡Ð¥³ ¸²ÊÎ ¥ Î ¸É¨Í μÉ²¨Î´μ°
μÉ ´Ê²Ö ³ ¸¸Ò ¢ ± Î¥¸É¢¥ ¡ §μ¢μ£μ ¤μ²¦¥´ ¡ÒÉÓ ¢Ò¡· ´ μ¶¥· Éμ·, § ¤ Õ-
Ð¨° ¸É·Ê±ÉÊ·Ê ³ ¸¸μ¢ÒÌ ¸² £ ¥³ÒÌ ¸³¥Ï ´´μ£μ ¤¨· ±μ¢¸±μ-³ °μ· ´μ¢¸±μ£μ
É¨¶ , ±μÉμ·Ò°, μ± §Ò¢ ¥É¸Ö, ¸¢Ö§ ´ ¸ É¥³ ¦¥ ¶·μ¨§¢¥¤¥´¨¥³ ±¨· ²Ó´μ¸É¨ ¨
μ¡μ¡Ð¥´´μ£μ ²¥¶Éμ´´μ£μ § ·Ö¤ , ¶·¨ ÔÉμ³ ¢ ¸μ¸ÉμÖ´¨ÖÌ ¸ Ë¨±¸¨·μ¢ ´´Ò³
§´ Î¥´¨¥³ ¥£μ ±¢ ´Éμ¢ÒÌ Î¨¸¥² ¸·¥¤´¥¥ §´ Î¥´¨¥ μ¡μ¡Ð¥´´μ£μ § ·Ö¤  μ¡· -
Ð ¥É¸Ö ¢ ´Ê²Ó. Šμ´±·¥É´ Ö Ëμ·³  ÔÉμ£μ μ¶¥· Éμ·  ¶μ²ÊÎ ¥É¸Ö ¨§ ¥£μ ¤¨-
· ±μ¢¸±μ° Ëμ·³Ò ¶·¨ ¶ Ê²¨¥¢¸±¨Ì ¶μ¢μ·μÉ Ì, ¥£μ ¸μ¡¸É¢¥´´Ò¥ ËÊ´±Í¨¨ Å
É¥³ ¦¥ ¶·¥μ¡· §μ¢ ´¨¥³ ¨§ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¸μ¡¸É¢¥´´ÒÌ ËÊ´±Í¨° ¤¨· -
±μ¢¸±μ£μ É¨¶ . �·¨ ÔÉμ³ ³¥¦¤Ê ±μ³¶μ´¥´É ³¨ ¸μ¡¸É¢¥´´ÒÌ ËÊ´±Í¨° ¢μ§´¨-
± ÕÉ ¸¢Ö§¨, Ô±¢¨¢ ²¥´É´Ò¥ ³ °μ· ´μ¢¸±¨³ ¸μμÉ´μÏ¥´¨Ö³, ¶μ Ëμ·³¥ μ¡μ¡-
Ð ÕÐ¨³¨ ±² ¸¸¨Î¥¸±ÊÕ ³ °μ· ´μ¢¸±ÊÕ. �μ¸²¥¤´ÖÖ μÉ¢¥Î ¥É ¤¨· ±μ¢¸±μ³Ê
Î ¸É´μ³Ê ¸²ÊÎ Õ ¶·¨ ¶ · ³¥É·¥ ¶ Ê²¨¥¢¸±¨Ì ¶·¥μ¡· §μ¢ ´¨° θ = 0. ’ ±¨³
μ¡· §μ³, ¢ ¨¸¸²¥¤μ¢ ´´μ° ³μ¤¥²¨ ³ °μ· ´μ¢¸±¨¥ ¸μμÉ´μÏ¥´¨Ö ´¥ ¶μ¸ÉÊ²¨·Ê-
ÕÉ¸Ö  ¶·¨μ·¨,   ¢μ§´¨± ÕÉ ± ± ¸²¥¤¸É¢¨¥ ¢Ò¡μ·  ¡ §μ¢ÒÌ μ¶¥· Éμ·μ¢ ¨ ¶ Ê²¨-
¥¢¸±¨Ì ¶·¥μ¡· §μ¢ ´¨°, ¸¢Ö§Ò¢ ÕÐ¨Ì μ¶¥· Éμ·Ò ÔÉμ£μ É¨¶  ¸ ¨Ì ¤¨· ±μ¢¸±μ°
Ëμ·³μ°.
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ˆÉ ±, ¢ ´ ¸ÉμÖÐ¥° ³μ¤¥²¨ ¢Ò¡μ· Ê´¨¢¥·¸ ²Ó´μ£μ ¡ §μ¢μ£μ μ¶¥· Éμ· ,
¶μ¤Ìμ¤ÖÐ¥£μ ¤²Ö μ¶¨¸ ´¨Ö ¶·μ¨§¢μ²Ó´ÒÌ ´ ¶· ¢²¥´¨° ¶ Ê²¨¥¢¸±μ£μ ¨§μ¶·μ-
¸É· ´¸É¢ , μ± §Ò¢ ¥É¸Ö ¦¥¸É±μ ¸¢Ö§ ´´Ò³ ¸ ¨´¢¥·¸´Ò³ ±² ¸¸μ³ Î ¸É¨Í: ¤²Ö
Î ¸É¨Í A-B-±² ¸¸μ¢ ÔÉμ Å μ¶¥· Éμ·, § ¤ ÕÐ¨° ¸É·Ê±ÉÊ·Ê ³ ¸¸μ¢ÒÌ ¸² £ -
¥³ÒÌ, ¤²Ö C-D-±² ¸¸μ¢ Å μ¶¥· Éμ· μ¡μ¡Ð¥´´μ£μ § ·Ö¤ . 	ÉμÉ Ë ±É ¶μ¤-
Î¥·±¨¢ ¥É μ¸μ¡ÊÕ ·μ²Ó μ¶¥· Éμ· , μ¶¨¸Ò¢ ÕÐ¥£μ ³ ¸¸μ¢Ò¥ ¸² £ ¥³Ò¥ ² -
£· ´¦¨ ´  Å ¤²Ö Ë¨§¨Î¥¸±¨Ì Î ¸É¨Í ¨´¢¥·¸´ÒÌ A-B-±² ¸¸μ¢ μ´ Ö¢²Ö¥É¸Ö
¥¤¨´¸É¢¥´´Ò³ Ê´¨¢¥·¸ ²Ó´Ò³ μ¶¥· Éμ·μ³, Ê¸É ´ ¢²¨¢ ÕÐ¨³ ¸¢Ö§¨ · §²¨Î-
´ÒÌ ±μ´±·¥É´ÒÌ μ¶¨¸ ´¨°, ¸¢Ö§ ´´ÒÌ ¸ μ¶·¥¤¥²¥´´Ò³¨ ¢Ò¤¥²¥´´Ò³¨ ´ ¶· -
¢²¥´¨Ö³¨ ¢ ¶ Ê²¨¥¢¸±μ³ ¨§μ¶·μ¸É· ´¸É¢¥. ‚Ò¡μ· ¡ §μ¢μ£μ μ¶¥· Éμ·  ¶·¥-
¤μ¶·¥¤¥²Ö¥É Ëμ·³Ê ³ °μ· ´μ¢¸±¨Ì ¸μμÉ´μÏ¥´¨°: ¤²Ö μ¶¥· Éμ· , § ¤ ÕÐ¥£μ
¸É·Ê±ÉÊ·Ê ³ ¸¸μ¢ÒÌ ¸² £ ¥³ÒÌ, μ´¨ μ¡μ¡Ð ÕÉ ¸¢Ö§Ó ¢μ²´μ¢ÒÌ ËÊ´±Í¨° Î -
¸É¨Í ¨  ´É¨Î ¸É¨Í, ¶·¥¤²μ¦¥´´ÊÕ Œ °μ· ´a, ¤²Ö μ¡μ¡Ð¥´´μ£μ ²¥¶Éμ´´μ£μ
§ ·Ö¤  Å ¸μμÉ¢¥É¸É¢ÊÕÉ ³μ¤¨Ë¨Í¨·μ¢ ´´Ò³ ³ °μ· ´μ¢¸±¨³ ¸μμÉ´μÏ¥´¨Ö³
Î ¸É¨Í ¨´¢¥·¸´ÒÌ C-D-±² ¸¸μ¢.

‚ Í¥²μ³ ¨¸¸²¥¤μ¢ ´´ Ö ³μ¤¥²Ó ¶μ± §Ò¢ ¥É, ÎÉμ ¢ · ³± Ì ¸μ¢·¥³¥´´μ°
Ë¥´μ³¥´μ²μ£¨Î¥¸±μ° ¸Ì¥³Ò μ¶¨¸ ´¨Ö ³ °μ· ´μ¢¸±¨Ì ¸¢μ°¸É¢ ´¥°É· ²Ó´ÒÌ
Î ¸É¨Í ¸ÊÐ¥¸É¢Ê¥É ¶·¨´Í¨¶¨ ²Ó´ Ö ¢μ§³μ¦´μ¸ÉÓ ¢¢¥¤¥´¨Ö £·Ê¶¶ ¸¨³³¥É·¨¨
¶ Ê²¨¥¢¸±μ£μ É¨¶ , μ¡μ¡Ð¥´¨Ö ¶μ´ÖÉ¨Ö ²¥¶Éμ´´μ£μ ±¢ ´Éμ¢μ£μ Î¨¸²  ¨ ¨¸-
¶μ²Ó§μ¢ ´¨Ö ¸¶¥Í¨ ²Ó´ÒÌ ±¢ ´Éμ¢ÒÌ Î¨¸¥², ¶μ¸É·μ¥´´ÒÌ ´  ÔÉμ° ¡ §¥, ¤²Ö
μ¶¨¸ ´¨Ö ³ °μ· ´μ¢¸±¨Ì ¸¢μ°¸É¢ Î ¸É¨Í Å Î¥£μ ´¥É ¢ μ¡ÒÎ´μ³ Ë¥´μ³¥-
´μ²μ£¨Î¥¸±μ³ ¶μ¤Ìμ¤¥. �·¨ ÔÉμ³ ¢ ¶ Ê²¨¥¢¸±μ° ¸Ì¥³¥ μ¡μ¡Ð¥´´Ò° § ·Ö¤ ¨
³ ¸¸μ¢Ò¥ ¸² £ ¥³Ò¥ ² £· ´¦¨ ´  ³μ£ÊÉ ¨´É¥·¶·¥É¨·μ¢ ÉÓ¸Ö ± ± ¢¥±Éμ·Ò ¢ ¶ -
Ê²¨¥¢¸±μ³ ¨§μ¶·μ¸É· ´¸É¢¥,   ³ °μ· ´μ¢¸±¨¥ ¸μμÉ´μÏ¥´¨Ö ´¥ ¶μ¸ÉÊ²¨·ÊÕÉ¸Ö,
  ¸ÊÉÓ ¶·μ¥±Í¨μ´´Ò¥ Ê¸²μ¢¨Ö ¤²Ö ¸μ¡¸É¢¥´´ÒÌ ËÊ´±Í¨° ¡ §μ¢ÒÌ μ¶¥· Éμ·μ¢,
¨Ì Ëμ·³  μ¡Ê¸²μ¢²¥´  ¢Ò¡μ·μ³ ¶μ¸²¥¤´¨Ì, ¶μ²ÊÎ ¥É¸Ö ± ± ¸²¥¤¸É¢¨¥ ¶ Ê²¨-
¥¢¸±¨Ì ¶·¥μ¡· §μ¢ ´¨° ¨ § ¢¨¸¨É μÉ ¨´¢¥·¸´μ£μ ±² ¸¸  ¨¸¸²¥¤Ê¥³ÒÌ Î ¸É¨Í.

ˆ¸¸²¥¤μ¢ ´´ Ö ³μ¤¥²Ó ¨³¥¥É ·Ö¤ ´¥É·¨¢¨ ²Ó´ÒÌ μ¸μ¡¥´´μ¸É¥°: ¶μ ¸· ¢-
´¥´¨Õ ¸ μ¡Ð¨³¨ ³ °μ· ´μ¢¸±¨³¨ ³μ¤¥²Ö³¨ μ´  ¸ÊÐ¥¸É¢¥´´μ ·¥¤ÊÍ¨·μ¢ ´ 
(μ£· ´¨Î¥´  É·¥¡μ¢ ´¨¥³ ML = −MR),   Ë¨§¨Î¥¸± Ö ¨´É¥·¶·¥É Í¨Ö ³ °μ· -
´μ¢¸±¨Ì ¸² £ ¥³ÒÌ ³ ¸¸μ¢ÒÌ Î²¥´μ¢ ² £· ´¦¨ ´  ¨ μ¡μ¡Ð¥´´μ£μ ²¥¶Éμ´´μ£μ
§ ·Ö¤ , ¢μ§´¨± ÕÐ¨Ì ¤²Ö Î ¸É¨Í ¨´¢¥·¸´ÒÌ A-B-±² ¸¸μ¢ (Ë¨§¨Î¥¸±¨Ì) ¢ μ¡-
Ð¥³ ¸²ÊÎ ¥, μÉ¢¥Î ÕÐ¥³ ¶·μ¨§¢μ²Ó´μ³Ê ¢Ò¤¥²¥´´μ³Ê ´ ¶· ¢²¥´¨Õ ¢ ¶ Ê²¨-
¥¢¸±μ³ ¨§μ¶·μ¸É· ´¸É¢¥, ¤μ²¦´  ÊÎ¨ÉÒ¢ ÉÓ, ÎÉμ μ´¨ ³μ£ÊÉ ¨³¥ÉÓ ¶¸¥¢¤μ¸± -
²Ö·´Ò° Ì · ±É¥·. ‚³¥¸É¥ ¸ É¥³ μÉ³¥Î¥´´Ò¥ ¢ÒÏ¥ ¶μ²μ¦¨É¥²Ó´Ò¥ ³μ³¥´ÉÒ
³μ¤¥²¨ ¶μ± §Ò¢ ÕÉ, ÎÉμ μ´  · §¢¨¢ ¥É ³ °μ· ´μ¢¸±ÊÕ ¸Ì¥³Ê ¢ ´ ¶· ¢²¥´¨¨
¸¡²¨¦¥´¨Ö ¸μ ‘É ´¤ ·É´μ° ³μ¤¥²ÓÕ ¨ ¢μ§³μ¦´  ¥¥ ¤ ²Ó´¥°Ï Ö ³μ¤¨Ë¨± Í¨Ö
¢ ÔÉμ³ ´ ¶· ¢²¥´¨¨.

�É³¥É¨³, ÎÉμ ¶μ¸±μ²Ó±Ê ¢ · ³± Ì ¨§ÊÎ¥´´μ° ³μ¤¥²¨ μ¶¨¸ ´¨Ö Î ¸É¨Í ¨´-
¢¥·¸´ÒÌ C-D- ¨ A-B-±² ¸¸μ¢ μ± §Ò¢ ÕÉ¸Ö ¶·¨´Í¨¶¨ ²Ó´μ · §²¨Î´Ò³¨, · ¸-
¸³μÉ·¥´´ Ö ³μ¤¥²Ó ¸É ¢¨É ¨´É¥·¥¸´Ò° ¢μ¶·μ¸: ± ± ±μ³Ê ¨´¢¥·¸´μ³Ê ±² ¸¸Ê
¸²¥¤Ê¥É μÉ´μ¸¨ÉÓ Ë¨§¨Î¥¸±¨¥ ´¥°É·¨´μ? �·¨´ ¤²¥¦ É ²¨ ²¨ μ´¨ ± ¸É·μ£μ
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μ¶·¥¤¥²¥´´μ³Ê ¨´¢¥·¸´μ³Ê ±² ¸¸Ê ¨²¨ ³μ£ÊÉ μ¡² ¤ ÉÓ ¸³¥Ï ´´Ò³¨ ¸¢μ°-
¸É¢ ³¨? �É¢¥É ´  ´¥£μ É·¥¡Ê¥É ¤ ²Ó´¥°Ï¨Ì ¨¸¸²¥¤μ¢ ´¨°.

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¨§²μ¦¥´ ¢ ·¨ ´É ³ °μ· ´μ¢¸±μ° É¥μ·¨¨, ¢±²ÕÎ Õ-
Ð¨° ²¥¢Ò¥ ¨ ¶· ¢Ò¥ ¸μ¸ÉμÖ´¨Ö Î ¸É¨Í μ¤´μ£μ ¸μ·É . �²ÓÉ¥·´ É¨¢´ Ö ¸Ì¥³ 
¤²Ö ¸μ¸ÉμÖ´¨° · §²¨Î´μ£μ Ë²¥°¢μ·  [6, 7] ¡Ê¤¥É ¶·¥¤¸É ¢²¥´  ¢ μÉ¤¥²Ó´μ°
· ¡μÉ¥.

�¢Éμ· ¢Ò· ¦ ¥É ¨¸±·¥´´ÕÕ ¡² £μ¤ ·´μ¸ÉÓ ….�. ‚¥²¨Ìμ¢Ê §  ¶μ¸ÉμÖ´´Ò°
¨´É¥·¥¸ ¨ ¶μ¤¤¥·¦±Ê ¢ · ¡μÉ¥, 
. ‚. „ ´¨²¨´Ê, ƒ. ‚. „μ³μ£ Í±μ³Ê, �.‚. ‹¨´-
¤¥, ‘. ‚.‘¥³¥´μ¢Ê ¨ ‚.�. �Ê¡ ±μ¢Ê §  ¶μ²¥§´Ò¥ ¨ ¸É¨³Ê²¨·ÊÕÐ¨¥ ¤¨¸±Ê¸¸¨¨,
  É ±¦¥ ‹Ÿ� �ˆŸˆ §  ¶²μ¤μÉ¢μ·´μ¥ μ¡¸Ê¦¤¥´¨¥ ´  ¸¥³¨´ ·¥. � ¡μÉ  ¶μ¤-
¤¥·¦ ´  £· ´Éμ³ º14 §  2003Ä2005 ££. ��– ®ŠÊ·Î Éμ¢¸±¨° ¨´¸É¨ÉÊÉ¯ ¶μ
ËÊ´¤ ³¥´É ²Ó´Ò³ ¨¸¸²¥¤μ¢ ´¨Ö³.
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