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�  μ¸´μ¢¥ ³¥Éμ¤ , ¶·¥¤²μ¦¥´´μ£μ Š.‘¨³ ´§¨±μ³ ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö ±¢ ´Éμ¢o-
¶μ²¥¢ÒÌ ¸¨¸É¥³ ¢ ´¥μ¤´μ·μ¤´μ³ ¶·μ¸É· ´¸É¢¥-¢·¥³¥´¨, ¶μ¸É·μ¥´  ³μ¤¥²Ó ¢§ ¨³μ¤¥°-
¸É¢¨Ö ¡¥§³ ¸¸μ¢μ£μ ¶μ²Ö „¨· ±  ¸ μ¤´μ·μ¤´μ° ¨§μÉ·μ¶´μ° ¶²μ¸±μ¸ÉÓÕ. ‚ ÔÉμ° ³μ¤¥²¨
¨§ÊÎ ¥É¸Ö ¶·μÍ¥¸¸ · ¸¸¥Ö´¨Ö Î ¸É¨Í ´  ¶²μ¸±μ¸É¨ ¨ · ¸¸Î¨ÉÒ¢ ¥É¸Ö ¸¨²  Š §¨³¨· 
¤²Ö ¤¢ÊÌ ¶ · ²²¥²Ó´ÒÌ ¶²μ¸±μ¸É¥°.

Based on the method proposed by Symanzik for modeling quantum ˇeld systems in
inhomogeneous space-time, a model for the interaction of the Dirac massless ˇeld with a
homogeneous isotropic plane is constructed. In this model, the process of scattering of
particles on a plane is studied, and the Casimir force for two parallel planes is calculated.
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‚§ ¨³μ¤¥°¸É¢¨¥ ±¢ ´Éμ¢ ´´ÒÌ ¶μ²¥° ¸ ³ ±·μ¸±μ¶¨Î¥¸±¨³¨ μ¡Ñ¥±É ³¨
¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¶·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸ ¤²Ö ³´μ£¨Ì Ë¨§¨±μ¢-¨¸¸²¥¤μ¢ É¥²¥°.
	μ²ÓÏ¨¥ ´ ¤¥¦¤Ò ¸¢Ö§ ´Ò ¸ ¢μ§³μ¦´μ¸ÉÓÕ ¶·μÖ¢²¥´¨Ö ´¥μ¡ÒÎ´ÒÌ ±¢ ´Éμ-
¢ÒÌ ÔËË¥±Éμ¢ ¢ ´¨§±μ· §³¥·´ÒÌ ³ É¥·¨ ² Ì. ‡ ¤ Î  ¶μ¸É·μ¥´¨Ö ¨ É¥μ·¥É¨-
Î¥¸±μ£μ ¨¸¸²¥¤μ¢ ´¨Ö ³μ¤¥²¥° Ë¨§¨±¨ ¤¢Ê³¥·´ÒÌ ³ É¥·¨ ²μ¢ ´  μ¸´μ¢¥ ¨¸-
¶μ²Ó§μ¢ ´¨Ö ´μ¢¥°Ï¨Ì ¤μ¸É¨¦¥´¨° ¢ μ¡² ¸É¨ ±¢ ´Éμ¢μ° É¥μ·¨¨ ¶μ²Ö ¨ É¥μ·¨¨
Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í μ¸É ¥É¸Ö ¢¥¸Ó³   ±ÉÊ ²Ó´μ°.

„²Ö ÔÉμ£μ ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¶·¥¤²μ¦¥´´Ò° Š.‘¨³ ´§¨±μ³ ³¥Éμ¤ ¶μ-
¸É·μ¥´¨Ö ±¢ ´Éμ¢ÒÌ ¶μ²¥¢ÒÌ ³μ¤¥²¥° ¤²Ö ¸¨¸É¥³ ¸ ¶·μ¸É· ´¸É¢¥´´μ-¢·¥³¥´-
´Ò³¨ ´¥μ¤´μ·μ¤´μ¸ÉÖ³¨ [1]. �  ¥£μ μ¸´μ¢¥ ¶μ¸É·μ¥´Ò ¨ ¨§ÊÎ¥´Ò ³μ¤¥²¨
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¢§ ¨³μ¤¥°¸É¢¨Ö ¶μ²¥° ±¢ ´Éμ¢μ° Ô²¥±É·μ¤¨´ ³¨±¨ ¸ ¤¢Ê³¥·´Ò³¨ ³ É¥·¨ -
² ³¨ [2Ä12]. ‚ ÔÉ¨Ì ³μ¤¥²ÖÌ ¤²Ö ËμÉμ´´μ£μ ¶μ²Ö ¨ ¶μ²Ö „¨· ±  ¶μ²ÊÎ¥´
·Ö¤ ·¥§Ê²ÓÉ Éμ¢ ¤²Ö ¶·μÍ¥¸¸μ¢ · ¸¸¥Ö´¨Ö ¨ ¸¢Ö§ ´´ÒÌ ¸μ¸ÉμÖ´¨° Î ¸É¨Í ´ 
³ ±·μ¸±μ¶¨Î¥¸±¨Ì μ¡Ñ¥±É Ì ¨ ÔËË¥±É  Š §¨³¨·  ¤²Ö Éμ´±¨Ì ¶²¥´μ±.

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ³Ò ¸É·μ¨³ ´  μ¸´μ¢¥ ¶μ¤Ìμ¤  ‘¨³ ´§¨±  ³μ¤¥²Ó
¢§ ¨³μ¤¥°¸É¢¨Ö ¡¥§³ ¸¸μ¢μ£μ ¸¶¨´μ·´μ£μ ¶μ²Ö ¸ ¤¢Ê³¥·´Ò³¨ ³ É¥·¨ ² ³¨.
„²Ö ³ ¸¸¨¢´ÒÌ ¤¨· ±μ¢¸±¨Ì Î ¸É¨Í É ±¨¥ ³μ¤¥²¨ Ê¦¥ ¶μ¸É·μ¥´Ò ¨ ¢ §´ Î¨-
É¥²Ó´μ° ¸É¥¶¥´¨ ¨§ÊÎ¥´Ò [6Ä12]. 	¥§³ ¸¸μ¢μ¥ ¸¶¨´μ·´μ¥ ¶μ²¥ ¨¸¶μ²Ó§Ê¥É¸Ö
¤²Ö μ¶¨¸ ´¨Ö ´¥°É·¨´μ, ±μÉμ·Ò¥ μÎ¥´Ó ¸² ¡μ ¢§ ¨³μ¤¥°¸É¢ÊÕÉ ¸ ¢¥Ð¥¸É¢μ³,
ÎÉμ § É·Ê¤´Ö¥É ¨Ì Ô±¸¶¥·¨³¥´É ²Ó´μ¥ ¨§ÊÎ¥´¨¥. �μÔÉμ³Ê É¥μ·¥É¨Î¥¸±¨¥ ¨¸-
¸²¥¤μ¢ ´¨Ö ¢ · ³± Ì ¨¸¶μ²Ó§μ¢ ´´μ£μ ¶μ¤Ìμ¤  ³μ£ÊÉ ¡ÒÉÓ ¶μ²¥§´Ò ¤²Ö Ê£²Ê-
¡²¥´¨Ö μ¡Ð¥£μ ¶μ´¨³ ´¨Ö Ë¨§¨±¨ ´¥°É·¨´μ. ‚ ÔÉμ° · ¡μÉ¥ ³Ò · ¸¸Î¨ÉÒ¢ ¥³
Ì · ±É¥·¨¸É¨±¨ · ¸¸¥Ö´¨Ö ¡¥§³ ¸¸μ¢ÒÌ ¸¶¨´μ·´ÒÌ Î ¸É¨Í ´  ³ É¥·¨ ²Ó´μ°
¶²μ¸±μ¸É¨,   É ±¦¥ ¨§ÊÎ ¥³ ÔËË¥±É Š §¨³¨·  ¤²Ö ¤¢ÊÌ ¶ · ²²¥²Ó´ÒÌ ¶²μ¸-
±μ¸É¥°, ¢μ§´¨± ÕÐ¨° ¨§-§  Ë²Ê±ÉÊ Í¨° ¢ ±¢ ´Éμ¢μ³ ¢ ±ÊÊ³¥ ¡¥§³ ¸¸μ¢μ£μ
¸¶¨´μ·´μ£μ ¶μ²Ö.

�·μ¸É¥°Ï¨³ ¶·¨³¥´¥´¨¥³ ¶μ¤Ìμ¤  ‘¨³ ´§¨±  ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö ¢§ ¨-
³μ¤¥°¸É¢¨Ö ¡¥§³ ¸¸μ¢μ£μ ¶μ²Ö „¨· ±  ¸ ¤¢Ê³¥·´Ò³ ³ É¥·¨ ²μ³ ³μ£²  ¡Ò ¡ÒÉÓ
³μ¤¨Ë¨± Í¨Ö ËÊ´±Í¨μ´ ²  ¤¥°¸É¢¨Ö ¸¢μ¡μ¤´μ£μ ¡¥§³ ¸¸μ¢μ£μ ¶μ²Ö „¨· ± 

S0(ψ̄, ψ) =
∫

ψ̄(x)i ∂̂ψ(x) dx (1)

¤μ¡ ¢±μ° ± ´¥³Ê ¤¥°¸É¢¨Ö ¤¥Ë¥±É  Sdef(ψ̄, ψ), ¸μ¸·¥¤μÉμÎ¥´´μ£μ ´  ¤¢Ê³¥·´μ°
¶μ¢¥·Ì´μ¸É¨ ¢ (3+1)-³¥·´μ³ ¶·μ¸É· ´¸É¢¥-¢·¥³¥´¨. �·¥¤¶μ² £ ¥É¸Ö, ÎÉμ μ´μ
´¥ ¸μ¤¥·¦¨É ¶ · ³¥É·μ¢ μÉ·¨Í É¥²Ó´μ° · §³¥·´μ¸É¨ (μ£· ´¨Î¥´¨¥ ¶¥·¥´μ·-
³¨·Ê¥³μ¸É¨) ¨ Ö¢²Ö¥É¸Ö ± ²¨¡·μ¢μÎ´μ-¨´¢ ·¨ ´É´Ò³. …¸²¨ Ëμ·³  ¤¢Ê³¥·-
´μ£μ ³ É¥·¨ ²  μ¶¨¸Ò¢ ¥É¸Ö Ê· ¢´¥´¨¥³ Φ(x) = 0, Éμ ´ ¨¡μ²¥¥ μ¡Ð Ö Ëμ·³ 
¤¥°¸É¢¨Ö ¤¥Ë¥±É  ¨³¥¥É ¢¨¤

Sdef(ψ̄, ψ, Φ) =
∫

ψ̄(x)P (γ)δ(Φ(x))ψ(x) dx. (2)

‡¤¥¸Ó P (γ) Å ÔÉμ ³´μ£μÎ²¥´, ¶μ¸É·μ¥´´Ò° ¨§ 16 ´¥§ ¢¨¸¨³ÒÌ γ-³ É·¨Í
„¨· ±  ¸ ¡¥§· §³¥·´Ò³¨ ±μÔËË¨Í¨¥´É ³¨. ’ ±¨³ μ¡· §μ³, ËÊ´±Í¨μ´ ² ¶μ²-
´μ£μ ¤¥°¸É¢¨Ö S(ψ̄, ψ, Φ) = S0(ψ̄, ψ) + Sdef(ψ̄, ψ, Φ) μ± §Ò¢ ¥É¸Ö £ Ê¸¸μ¢Ò³ ¨
¸μ¤¥·¦¨É ´¥ ¡μ²¥¥ 16 ¶μ¸ÉμÖ´´ÒÌ ¶ · ³¥É·μ¢, μ¶¨¸Ò¢ ÕÐ¨Ì ¸¢μ°¸É¢  ³ É¥-
·¨ ²  ¤¢Ê³¥·´μ° ¶μ¢¥·Ì´μ¸É¨.

�´ ²μ£¨Î´μ ¶μ¸É·μ¥´´Ò¥ ³μ¤¥²¨ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö
¢§ ¨³μ¤¥°¸É¢¨Ö ³ ¸¸¨¢´μ° ¤¨· ±μ¢¸±μ° Î ¸É¨ÍÒ ¸ ³ É¥·¨ ²Ó´μ° ¶²μ¸±μ-
¸ÉÓÕ [7Ä12]. ‚ ÔÉμ° ¸É ÉÓ¥ ³Ò ¨¸¸²¥¤Ê¥³ ¶·μÍ¥¸¸Ò · ¸¸¥Ö´¨Ö ¡¥§³ ¸¸μ¢ÒÌ
¤¨· ±μ¢¸±¨Ì Î ¸É¨Í ´  μ¤´μ·μ¤´μ° ¨§μÉ·μ¶´μ° ³ É¥·¨ ²Ó´μ° ¶²μ¸±μ¸É¨ ¨
¢ÒÎ¨¸²¨³ ¸¨²Ê Š §¨³¨·  ³¥¦¤Ê ¤¢Ê³Ö ¶ · ²²¥²Ó´Ò³¨ ¶²μ¸±μ¸ÉÖ³¨, ¢μ§´¨± -
ÕÐÊÕ ¨§-§  ¢ ±ÊÊ³´ÒÌ Ë²Ê±ÉÊ Í¨° ¡¥§³ ¸¸μ¢μ£μ ¶μ²Ö „¨· ± .
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„¥°¸É¢¨¥ S0(ψ̄ψ) (1) ¸¢μ¡μ¤´μ£μ ¡¥§³ ¸¸μ¢μ£μ ¶μ²Ö „¨· ±  ¨´¢ ·¨ ´-
É´μ μÉ´μ¸¨É¥²Ó´μ ¶·¥μ¡· §μ¢ ´¨Ö ¶μ²¥° ψ → γ5ψ, ψ̄ → −ψ̄γ5, £¤¥ γ5 =
iγ0γ1γ2γ3 ¨ γj , j = 0, 1, 2, 3, Å ÔÉμ ³ É·¨ÍÒ „¨· ± .

ŒÒ ¶·¥¤¶μ² £ ¥³, ÎÉμ ¤¥°¸É¢¨¥ ¤¥Ë¥±É  É ±¦¥ ¤μ²¦´μ Ê¤μ¢²¥É¢μ·ÖÉÓ
ÔÉμ³Ê Ê¸²μ¢¨Õ. ’μ£¤  ¥£μ ´ ¨¡μ²¥¥ μ¡Ð¨° ¢¨¤ ¤²Ö ¨§μÉ·μ¶´μ° μ¤´μ·μ¤´μ°
¶²μ¸±μ¸É¨ x3 = 0

Sdef(ψ̄, ψ, Ω) =
∫

ψ̄(x)Ω(x3)ψ(x) dx, Ω(x3) = Qδ(x3), (3)

Q = r1γ
0 + r2γ

3 + r3γ
5γ0 + r4γ

5γ3. (4)

�¶¥· Éμ· D = i∂̂ ¢ ËÊ´±Í¨μ´ ²¥ ¤¥°¸É¢¨Ö ¸¢μ¡μ¤´ÒÌ ¶μ²¥° „¨· ±  (1) ¨
¥£μ Ô·³¨Éμ¢μ ¸μ¶·Ö¦¥´¨¥ D† Ê¤μ¢²¥É¢μ·ÖÕÉ ¸μμÉ´μÏ¥´¨Õ γ0Dγ0 = D†. ŒÒ
´ ² £ ¥³ μ£· ´¨Î¥´¨¥ γ0Qγ0 = Q†, ÎÉμ¡Ò ¢§ ¨³μ¤¥°¸É¢¨¥ ¶μ²Ö „¨· ±  ¸
¶²μ¸±μ¸ÉÓÕ x3 = 0 μ¡¥¸¶¥Î¨¢ ²μ Ê´¨É ·´μ¸ÉÓ ³ É·¨ÍÒ · ¸¸¥Ö´¨Ö. �Éμ μ§´ -
Î ¥É, ÎÉμ ¶ · ³¥É·Ò r1, . . . , r4, μ¶·¥¤¥²ÖÕÐ¨¥ ¢ (4) ³ É·¨ÍÊ Q, Å ÔÉμ ¤¥°-
¸É¢¨É¥²Ó´Ò¥ Î¨¸² . ’ ±¨³ μ¡· §μ³, ËÊ´±Í¨μ´ ² ¶μ²´μ£μ ¤¥°¸É¢¨Ö, ³μ¤¥²¨-
·ÊÕÐ¨° ¢§ ¨³μ¤¥°¸É¢¨¥ ³ É¥·¨ ²Ó´μ° ¶²μ¸±μ¸É¨ ¸ ¡¥§³ ¸¸μ¢Ò³ ¸¶¨´μ·´Ò³
¶μ²¥³, ¨³¥¥É ¢¨¤

S(ψ̄, ψ, Ω) =
∫

ψ̄(x)(i∂̂ + Ω(x3))ψ(x) dx. (5)

“· ¢´¥´¨¥ �°²¥· Ä‹ £· ´¦  ¤²Ö S(ψ̄, ψ, Ω) Å ÔÉμ ³μ¤¨Ë¨Í¨·μ¢ ´´μ¥ Ê· ¢-
´¥´¨¥ „¨· ± 

(i∂̂ + Qδ(x3))ψ(x) = 0. (6)

…£μ ·¥Ï¥´¨¥ ψ(x) ¸ ´¥¨¸Î¥§ ÕÐ¥°  ¸¨³¶ÉμÉ¨±μ° ¤²Ö x3 → ±∞ μ¶¨¸Ò¢ ¥É
· ¸¸¥Ö´¨¥ ¸¶¨´μ·´μ° Î ¸É¨ÍÒ ´  ¶²μ¸±μ¸É¨ x3 = 0. ŒÒ ¶·μ¢¥¤¥³ · ¸Î¥É
´ ¨¡μ²¥¥ ¢ ¦´ÒÌ Ì · ±É¥·¨¸É¨± ÔÉμ£μ ¶·μÍ¥¸¸ .

�¡μ§´ Î¨³ ψ(−)(x) ≡ ψ(x) ¤²Ö x3 < 0 ¨ ψ(+)(x) ≡ ψ(x) ¤²Ö x3 > 0, £¤¥
ψ(x) Ö¢²Ö¥É¸Ö ·¥Ï¥´¨¥³ ³μ¤¨Ë¨Í¨·μ¢ ´´μ£μ Ê· ¢´¥´¨Ö „¨· ±  (6). ‘¶¨´μ·Ò
ψ(x), ψ(±)(x) ¤²Ö x3 �= 0 Ê¤μ¢²¥É¢μ·ÖÕÉ ¸¢μ¡μ¤´μ³Ê ¡¥§³ ¸¸μ¢μ³Ê Ê· ¢´¥´¨Õ
„¨· ±  ¨ £· ´¨Î´μ³Ê Ê¸²μ¢¨Õ

lim
x3→+0

ψ(+)(x) = S lim
x3→−0

ψ(−)(x). (7)

� ¸¸³μÉ·¨³ ¶·μÍ¥¸¸ · ¸¸¥Ö´¨Ö, ¢ ±μÉμ·μ³ ¶ ¤ ÕÐ¨¥ ¨ μÉ· ¦¥´´Ò¥ Î -
¸É¨ÍÒ ´ Ìμ¤ÖÉ¸Ö ¢ μ¡² ¸É¨ x3 < 0,   ¶·μÏ¥¤Ï¨¥ Î ¸É¨ÍÒ ¤¢¨¦ÊÉ¸Ö ¢ ¶μ-
²μ¦¨É¥²Ó´μ³ ´ ¶· ¢²¥´¨¨ μ¸¨ x3 ¢ μ¡² ¸É¨ x3 > 0. ‚ ÔÉμ³ ¸²ÊÎ ¥ ËÊ´±-

Í¨¨ ψ(±) ³μ£ÊÉ ¡ÒÉÓ ¶·¥¤¸É ¢²¥´Ò ¢ ¢¨¤¥ ψ(−)(x) = ψ
(−)
↑ (x) + ψ

(−)
↓ (x),
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ψ(+)(x) = ψ
(+)
↑ (x), £¤¥ ψ

(±)
↑ (x) (ψ(−)

↓ (x)) μ¶¨¸Ò¢ ¥É Î ¸É¨ÍÊ, ±μÉμ· Ö ¤¢¨-

¦¥É¸Ö ¢ ¶μ²μ¦¨É¥²Ó´μ³ (μÉ·¨Í É¥²Ó´μ³) ´ ¶· ¢²¥´¨¨ μ¸¨ x3. …¸²¨ ËÊ´±Í¨Ö
ψ(x) ´¥ Ö¢²Ö¥É¸Ö ´¥¶·¥·Ò¢´μ° ¶·¨ x3 = 0, Éμ S �= 1 ¢ Ê· ¢´¥´¨¨ (7), ¨ ´Ê¦´μ
¨¸¶μ²Ó§μ¢ ÉÓ ¢¸¶μ³μ£ É¥²Ó´ÊÕ ·¥£Ê²Ö·¨§ Í¨Õ δ(x3)-ËÊ´±Í¨¨ ¢ Ê· ¢´¥´¨¨ (6),
ÎÉμ¡Ò ¢Ò· §¨ÉÓ ³ É·¨ÍÊ S ¢ É¥·³¨´ Ì Q. �·¨³¥´¨¢ ¶·¥¤²μ¦¥´´ÊÕ ¢ [11]
·¥£Ê²Ö·¨§ Í¨Õ, ¶μ²ÊÎ ¥³ ¸²¥¤ÊÕÐ¨° ·¥§Ê²ÓÉ É:

S = e−iγ3Q. (8)

ˆ¸¶μ²Ó§ÊÖ ¶·μ¥±Éμ·Ò P± = (1 ± γ5)/2, ³Ò ³μ¦¥³ ¶·¥¤¸É ¢¨ÉÓ ·¥Ï¥´¨¥
Ê· ¢´¥´¨Ö „¨· ±  ¢ ¢¨¤¥ ψ(x) = ψ+(x) + ψ−(x), £¤¥ ψ±(x) = P±ψ(x) ¨
μ¡  ¸¶¨´μ·  ψ+(x), ψ−(x) Ê¤μ¢²¥É¢μ·ÖÕÉ Ê· ¢´¥´¨Õ (6). ‚ ¸¨²Ê P±γ3Q =
γ3QP± ³ É·¨Í  S, § ¤ ´´ Ö ¢ (8), É ±¦¥ ±μ³³ÊÉ¨·Ê¥É ¸ ¶·μ¥±Éμ· ³¨ P±.

�μÔÉμ³Ê, ¥¸²¨ ³Ò μ¡μ§´ Î¨³ S± = P±S, ψ
(+)
± = P±ψ(+), ψ

(−)
± = P±ψ(−), Éμ

ψ
(+)
± (x) = S±ψ

(−)
± (x), ψ

(+)
± (x) = P±ψ

(+)
↑ (x) = ψ

(+)
↑± (x), (9)

ψ
(−)
± (x) = P±ψ

(−)
↑ (x) + P±ψ

(−)
↓ (x) = ψ

(−)
↑± (x) + ψ

(−)
↓± (x), (10)

£¤¥ ¸¶¨´μ·Ò ψ
(+)
↑± (x), ψ

(−)
↑± (x), ψ

(−)
↓± (x) Ö¢²ÖÕÉ¸Ö ·¥Ï¥´¨Ö³¨ ¸¢μ¡μ¤´μ£μ ¡¥§-

³ ¸¸μ¢μ£μ Ê· ¢´¥´¨Ö „¨· ± . ‘¶¨´μ· ψ±(x) = P±ψ(x) ³μ¦¥É ¨³¥ÉÓ Éμ²Ó±μ
¤¢¥ ¶·μ¨§¢μ²Ó´Ò¥ ±μ³¶μ´¥´ÉÒ, É ± ± ± ³μ¦¥É ¡ÒÉÓ § ¶¨¸ ´ ¢ ¢¨¤¥ ψ±(x) =
{ϕ1(x), ϕ2(x),±ϕ1(x),±ϕ2(x)}. �¥Ï¥´¨¥ ¸¢μ¡μ¤´μ£μ ¡¥§³ ¸¸μ¢μ£μ Ê· ¢´¥-
´¨Ö „¨· ±  ¢ ¢¨¤¥ ¶²μ¸±μ° ¢μ²´Ò ¸ § ¤ ´´Ò³ ¨³¶Ê²Ó¸μ³ p μ¶·¥¤¥²Ö¥É¸Ö
¸ ÉμÎ´μ¸ÉÓÕ ¤μ ¶·μ¨§¢μ²Ó´μ£μ ³´μ¦¨É¥²Ö:

ψ
(−)
↑+ (x)= cin+{p1− ip2, p0− p3, p1− ip2, p0− p3}e−i(p0x0+p1x1+p2x2+p3x3),

ψ
(−)
↓+ (x)= cr+{p1− ip2, p0+ p3, p1− ip2, p0+ p3}e−i(p0x0+p1x1+p2x2−p3x3),

ψ
(+)
↑+ (x)= ctr+{p1− ip2, p0− p3, p1− ip2, p0− p3}e−i(p0x0+p1x1+p2x2+p3x3),

ψ
(−)
↑− (x)= cin−{−p1+ ip2, p0+ p3, p1− ip2,−p0− p3}e−i(p0x0+p1x1+p2x2+p3x3),

ψ
(−)
↓− (x)= cr−{−p1+ ip2, p0− p3, p1− ip2,−p0+ p3}e−i(p0x0+p1x1+p2x2−p3x3),

ψ
(+)
↑− (x)= ctr−{−p1+ ip2, p0+ p3, p1− ip2,−p0− p3}e−i(p0x0+p1x1+p2x2+p3x3).

�μ¤¸É ´μ¢±  ÔÉ¨Ì ¸¶¨´μ·μ¢ ¢ (9), (10) ¤ ¥É ¸²¥¤ÊÕÐ¨¥ ·¥§Ê²ÓÉ ÉÒ:

cr+ =
cin+(p3 − p0) sin (u+ + u−) e2ip3x3

ip3 cos (u+ + u−) + p0 sin (u+ + u−)
,

ctr+ =
icin+p3 ei(u+−u−)

ip3 cos (u+ + u−) + p0 sin (u+ + u−)
,
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cr− =
cin−(−p3 − p0) sin (v+ + v−) e2ip3x3

ip3 cos (v+ + v−) + p0 sin (v+ + v−)
,

ctr− =
icin−p3 ei(v+−v−)

ip3 cos (v+ + v−) + p0 sin (v+ + v−)
.

‡¤¥¸Ó ¨¸¶μ²Ó§μ¢ ´Ò μ¡μ§´ Î¥´¨Ö

u+ =
1
2
(r1 + r2 − r3 − r4), u− =

1
2
(r1 − r2 − r3 + r4),

v+ =
1
2
(r1 − r2 + r3 − r4), v− =

1
2
(r1 + r2 + r3 + r4).

�¡μ§´ Î¨¢ j
(+)
± ¨ j

(−)
± Éμ±¨, ¶·μÉ¥± ÕÐ¨¥ ¢ ¶μ²μ¦¨É¥²Ó´μ³ ´ ¶· ¢²¥´¨¨

μ¸¨ x3 ¶·¨ x3 > 0 ¨ ¶·¨ x3 < 0, ¶μ²ÊÎ¨³

j
(+)
± = ψ̄

(+)
↑+ γ3ψ

(+)
↑+ = 4p3|ctr±|2(p0 ∓ p3),

j
(−)
± = ψ̄

(−)
↑± γ3ψ

(−)
↑± + ψ̄

(−)
↓± γ3ψ

(−)
↓± = 4p3(|cin±|2(p0 ∓ p3) − |cr±|2(p0 ± p3)).

ˆ¸¶μ²Ó§ÊÖ ¶·¨¢¥¤¥´´Ò¥ ¢ÒÏ¥ ¢Ò· ¦¥´¨Ö ¤²Ö cr±, ctr±, ³μ¦´μ ¶·μ¢¥·¨ÉÓ,

ÎÉμ j
(+)
± = j

(−)
± . �Éμ μ§´ Î ¥É, ÎÉμ Éμ±, É¥±ÊÐ¨° ¶ · ²²¥²Ó´μ μ¸¨ x3, ¶·¨

¶¥·¥¸¥Î¥´¨¨ ¶²μ¸±μ¸É¨ x3 = 0 Ö¢²Ö¥É¸Ö ´¥¶·¥·Ò¢´Ò³.
„²Ö · ¸¸³ É·¨¢ ¥³μ£μ ¶·μÍ¥¸¸  · ¸¸¥Ö´¨Ö ³Ò μ¶·¥¤¥²Ö¥³ ±μÔËË¨Í¨¥´ÉÒ

¶·μÌμ¦¤¥´¨Ö Ktr± ¨ ±μÔËË¨Í¨¥´ÉÒ μÉ· ¦¥´¨Ö Kr± ± ±

Ktr± =
j
(+)
±

ψ̄
(−)
↑± γ3ψ

(−)
↑±

=
|ctr±|2
|cin±|2

, Kr± = −
ψ̄

(−)
↓± γ3ψ

(−)
↓±

ψ̄
(−)
↑± γ3ψ

(−)
↑±

=
|cr±|2(p0 ± p3)
|cin±|2(p0 ∓ p3)

.

ˆÌ ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥

Ktr+ =
p2
3

p2
3 cos (u+ + u−)2 + p2

0 sin (u+ + u−)2
,

Kr+ =
(p2

0 − p2
3) sin (u+ + u−)2

p2
3 cos (u+ + u−)2 + p2

0 sin (u+ + u−)2
,

Ktr− =
p2
3

p2
3 cos (v+ + v−)2 + p2

0 sin (v+ + v−)2
,

Kr− =
(p2

0 − p2
3) sin (v+ + v−)2

p2
3 cos (v+ + v−)2 + p2

0 sin (v+ + v−)2
.

�¥É·Ê¤´μ ¶·μ¢¥·¨ÉÓ, ÎÉμ ±μÔËË¨Í¨¥´ÉÒ μÉ· ¦¥´¨Ö ¨ ¶·μÌμ¦¤¥´¨Ö Ê¤μ¢²¥-
É¢μ·ÖÕÉ ¸μμÉ´μÏ¥´¨Õ Ktr± +Kr± = 1. ŒÒ ¢¨¤¨³, ÎÉμ Î ¸É¨Í , ¤¢¨¦ÊÐ Ö¸Ö
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μ·Éμ£μ´ ²Ó´μ ¶²μ¸±μ¸É¨ x3 = 0 (p2
3 = p2

0), ´¥ μÉ· ¦ ¥É¸Ö μÉ ´¥¥. ‚ ÔÉμ³
¸²ÊÎ ¥ ±μÔËË¨Í¨¥´É ¶·μÌμ¦¤¥´¨Ö · ¢¥´ ¥¤¨´¨Í¥,   ±μÔËË¨Í¨¥´É μÉ· ¦¥´¨Ö
· ¢¥´ ´Ê²Õ. �·¨ Ê£² Ì ¶ ¤¥´¨Ö, ¡²¨§±¨Ì ± π/2 (p2

3 � p2
0), ±μÔËË¨Í¨¥´É

μÉ· ¦¥´¨Ö ¸É ´μ¢¨É¸Ö ¡²¨§±¨³ ± ¥¤¨´¨Í¥.

2. ‘ˆ‹� Š�‡ˆŒˆ��

‘¨²  Š §¨³¨·  ¢μ§´¨± ¥É ³¥¦¤Ê ³ ±·μ¸±μ¶¨Î¥¸±¨³¨ μ¡Ñ¥±É ³¨ ¨§-§ 
Ë²Ê±ÉÊ Í¨° ±¢ ´Éμ¢ÒÌ ¢ ±ÊÊ³´ÒÌ ¶μ²¥°. ŒÒ ¶·μ¢¥¤¥³ ¥¥ · ¸Î¥ÉÒ ¤²Ö ¤¢ÊÌ
¶ · ²²¥²Ó´ÒÌ ³ É¥·¨ ²Ó´ÒÌ ¶²μ¸±μ¸É¥°, ¨¸¶μ²Ó§ÊÖ ËÊ´±Í¨μ´ ² ¤¥°¸É¢¨Ö

S(ψ̄, ψ, Θ) =
∫

ψ̄(x)(i∂̂ + Θ(x3))ψ(x) dx, (11)

£¤¥ Θ(x3) = Qaδ(x3 − r/2) + Qbδ(x3 + r/2), Qa = a1γ
0 + a2γ

3 + a3γ
5γ0 +

a4γ
5γ3, Qb = b1γ

0 + b2γ
3 + b3γ

5γ0 + b4γ
5γ3. �¡μ§´ Î¨³

G(Θ) = c

∫
eiS(ψ̄,ψ,Θ)Dψ̄Dψ, c−1 =

∫
eiS0(ψ̄,ψ)Dψ̄Dψ. (12)

”Ê´±Í¨Ö G(Θ) § ¢¨¸¨É μÉ ¶ · ³¥É·μ¢ ak, bk ¨ · ¸¸ÉμÖ´¨Ö r ³¥¦¤Ê ¶μ¢¥·Ì-
´μ¸ÉÖ³¨. ‘¨²Ê Š §¨³¨·  (¤ ¢²¥´¨¥ Š §¨³¨· ) FCas ³μ¦´μ ¢Ò· §¨ÉÓ Î¥·¥§
¶·μ¨§¢μ¤´ÊÕ μÉ ln G(Θ):

TSFCas = −i
∂

∂r
ln G(Θ). (13)

‡¤¥¸Ó S =
∫

dx1dx2 Å ¶²μÐ ¤Ó ¤¥Ë¥±É  ¶²μ¸±μ¸É¥°; T =
∫

dx0 Å ¢·¥³Ö
¸ÊÐ¥¸É¢μ¢ ´¨Ö ¤¥Ë¥±É . …¸²¨ ³Ò § ³¥´¨³ ¢ ËÊ´±Í¨μ´ ²Ó´μ³ ¨´É¥£· ²¥ (12)
¶¥·¥³¥´´ÊÕ ¨´É¥£·¨·μ¢ ´¨Ö ψ(x): ψ(x) = {ψ1(x), ψ2(x), ψ3(x), ψ4(x)} →
{ϕ1(x), ϕ2(x), χ1(x), χ2(x)}, £¤¥

ψ1 =
ϕ1 + χ1√

2
, ψ2 =

ϕ2 + χ2√
2

, ψ3 =
ϕ1 − χ1√

2
, ψ4 =

ϕ2 − χ2√
2

,

Éμ ËÊ´±Í¨μ´ ² ¤¥°¸É¢¨Ö ¢ É¥·³¨´ Ì ´μ¢ÒÌ ¶μ²¥° ¡Ê¤¥É ¨³¥ÉÓ ¢¨¤

S(ψ̄, ψ, Θ) = S1(ϕ̄, ϕ, Λ1) + S2(χ̄, χ, Λ2),

S1(ϕ̄, ϕ, Λ1) = ϕ̄K1ϕ + ϕ̄Λ1ϕ, S2(χ̄, χ, Λ2) = χ̄K2χ + χ̄Λ2χ.

‡¤¥¸Ó ϕ̄, ϕ, χ̄, χ Å ¤¢ÊÌ±μ³¶μ´¥´É´Ò¥ ±μ³¶²¥±¸´Ò¥ ¶μ²Ö: ϕ = {ϕ1, ϕ2}, ϕ̄ =
ϕ∗ = {ϕ∗

1, ϕ
∗
2}, χ = {χ1, χ2}, χ̄ = χ∗ = {χ∗

1, χ
∗
2} (§¢¥§¤μÎ±μ° μ¡μ§´ Î¥´μ

±μ³¶²¥±¸´μ¥ ¸μ¶·Ö¦¥´¨¥). �Éμ μ§´ Î ¥É, ÎÉμ ËÊ´±Í¨μ´ ²Ó´Ò° ¨´É¥£· ² (12)
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Ë ±Éμ·¨§Ê¥É¸Ö. �´ Ö¢²Ö¥É¸Ö ¶·μ¨§¢¥¤¥´¨¥³ ¨´É¥£· ²  ¶μ ¶μ²Ö³ ϕ̄, ϕ ´  ¨´-
É¥£· ² ¶μ ¶μ²Ö³ χ̄, χ, ¨ ± ¦¤Ò° ¨§ ´¨Ì ¢´μ¸¨É ¸¢μ° ¢±² ¤ ¢ ¸¨²Ê Š §¨³¨· .

‚¢¥¤¥³ μ¡μ§´ Î¥´¨Ö τ0 ¤²Ö ¥¤¨´¨Î´μ° 2 × 2-³ É·¨ÍÒ ¨ τi, i = 1, 2, 3,
¤²Ö ³ É·¨ÍÒ � Ê²¨. ˆ¸¶μ²Ó§ÊÖ ¨Ì, ³Ò ³μ¦¥³ ¶·¥¤¸É ¢¨ÉÓ μ¶¥· Éμ·Ò K1, K2

¢ ¢¨¤¥ K1 = i(τ0∂
0 − τ∂), K2 = i(τ0∂

0 + τ∂). Œ É·¨ÍÒ Λ1, Λ2 Ö¢²ÖÕÉ¸Ö
¤¨ £μ´ ²Ó´Ò³¨:

Λ1 = A1δ(x3 − r/2) + B1δ(x3 + r/2),

Λ2 = A2δ(x3 − r/2) + B2δ(x3 + r/2),

A1 = (a1 − a3)τ0 + (a2 − a4)τ3, B1 = (b1 − b3)τ0 + (b2 − b4)τ3,

A2 = (a1 + a3)τ0 − (a2 + a4)τ3, B2 = (b1 + b3)τ0 − (b2 + b4)τ3.

…¸²¨ ¸¤¥² ÉÓ § ³¥´Ê ¶¥·¥³¥´´ÒÌ χ̄, χ → η̄, η: χ(x0,x) = η(x0,−x),
χ̄(x0,x) = η̄(x0,−x), Éμ

S2(χ̄, χ, Λ2) = η̄K1η + η̄Λ̃2η, Λ̃2 = A2δ(x3 + r/2) + B2δ(x3 − r/2).

’ ±¨³ μ¡· §μ³, ¤²Ö · ¸Î¥É  ¤ ¢²¥´¨Ö Š §¨³¨·  ¢ · ¸¸³ É·¨¢ ¥³μ° ³μ¤¥²¨
¤μ¸É ÉμÎ´μ ¢ÒÎ¨¸²¨ÉÓ ¨´É¥£· ² ¢¨¤ 

G(r, u, v) = c

∫
ei(ϕ̄K1ϕ+ϕ̄H(u,v,r)ϕ)Dϕ̄Dϕ, c−1 =

∫
eiϕ̄K1ϕDϕ̄Dϕ. (14)

‡¤¥¸Ó

ϕ̄H(u, v, r)ϕ =
∫

ϕ̄(x)((u1P1 + u2P2) δ(x3 − r/2)+

+ (v1P1 + v2P2)δ(x3 + r/2))ϕ(x) dx,

£¤¥ u1, u2, v1, v2 Å ¢¥Ð¥¸É¢¥´´Ò¥ ¡¥§· §³¥·´Ò¥ ¶ · ³¥É·Ò ¨ P1 = (τ0+τ3)/2,
P2 = (τ0 − τ3)/2.

�¥ ¢¤ ¢ Ö¸Ó ¢ ¤¥É ²¨ · ¸Î¥É  G(r, u, v), ³Ò Ê± ¦¥³ Éμ²Ó±μ ´  ´¥±μÉμ·Ò¥
¨§ ¥£μ μ¸μ¡¥´´μ¸É¥°. ˆ¸¶μ²Ó§μ¢ ´¨¥ ¢¸¶μ³μ£ É¥²Ó´μ£μ ¨´É¥£·¨·μ¢ ´¨Ö ¶μ Î¥-
ÉÒ·¥Ì±μ³¶μ´¥´É´Ò³ Ë¥·³¨μ´´Ò³ ¶μ²Ö³ ξ̄, ξ, ´¥ § ¢¨¸ÖÐ¨³ μÉ ±μμ·¤¨´ ÉÒ
x3, ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ¶·¥μ¡· §μ¢ ÉÓ ¶μ¤Ò´É¥£· ²Ó´μ¥ ¢Ò· ¦¥´¨¥ G(r, u, v)
¢ (14) É ±, ÎÉμ ¥£μ ±¢ ¤· É¨Î´ Ö Ëμ·³  ¶μ ¶μ²Ö³ ϕ̄, ϕ ¢ ¶μ± § É¥²¥ Ô±¸-
¶μ´¥´ÉÒ ¶·¨μ¡·¥É ¥É ¢¨¤ ϕ̄K1ϕ. �μ¸²¥ ÔÉμ£μ, ¨¸¶μ²Ó§ÊÖ ¢¸¶μ³μ£ É¥²Ó´ÊÕ
·¥£Ê²Ö·¨§ Í¨Õ ¤¥²ÓÉ -ËÊ´±Í¨°, ³Ò ³μ¦¥³ ¶·μ¨´É¥£·¨·μ¢ ÉÓ ¶μ ¶μ²Ö³ ϕ̄, ϕ
¨ Ê¤ ²¨ÉÓ § É¥³ ·¥£Ê²Ö·¨§ Í¨Õ. ‚ ·¥§Ê²ÓÉ É¥ ¶μ²ÊÎ ¥³ £ Ê¸¸μ¢ ¨´É¥£· ² ¶μ
¢¸¶μ³μ£ É¥²Ó´Ò³ Ë¥·³¨μ´´Ò³ ¶μ²Ö³ ξ̄, ξ ¸ ±¢ ¤· É¨Î´μ° Ëμ·³μ° ξ̄Dξ ¸ ³ -
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É·¨Í¥° D, ±μÉμ· Ö ¢ ¨³¶Ê²Ó¸´μ³ ¶·¥¤¸É ¢²¥´¨¨ ¨³¥¥É ¢¨¤

D(p) =

=
1
p

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

p0 +
2p
u1

p1 − ip2 e−rp(p0 − ip) e−rp(p1 − ip2)

p1 + ip2 p0 +
2p
v1

e−rp(p1 + ip2) e−rp(p1 + ip)

e−rp(p0 + ip) e−rp(p1 − ip2) p0 +
2p
u2

p1 − ip2

e−rp(p1 + ip2) e−rp(p0 − ip) p1 + ip2 p0 +
2p
v2

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

,

£¤¥ p =
√

p2
1 + p2

2 − p2
0. ‘¤¥² ¢ ¢ ´¥³ § ³¥´Ê ¶¥·¥³¥´´ÒÌ ξ = D−1ξ′, ³Ò

¶μ²ÊÎ ¥³ ¤²Ö G(r, u, v) ¢Ò· ¦¥´¨¥, ±μÉμ·μ¥ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ¶·¥¤¸É ¢¨ÉÓ
¤ ¢²¥´¨¥ Š §¨³¨·  ¢ ¢¨¤¥

FCas = −i
1

8π3

∫
∂

∂r
ln detD(p) dp0 dp1 dp2.

�·Ö³μ° · ¸Î¥É ¶·¨¢μ¤¨É ± ¸²¥¤ÊÕÐ¥³Ê ·¥§Ê²ÓÉ ÉÊ:

detD(p) =
4(u1 + v1)(u2 + v2)(p0 + pω1)(p0 + pω2)

pu1u2v1v2
H(p),

H(p) = H(p, r, ω1, ω2) = 1 − e−2rp (p2
0 + p2)

(p0 + pω1)(p0 + pω2)
,

ωk =
4 − ukvk

2(uk + vk)
, k = 1, 2.

‘μ¢¥·Ï¨¢ ¥¢±²¨¤μ¢ · §¢μ·μÉ p0 → ip0, ³Ò ¶μ²ÊÎ ¥³

FCas =
1

8π3

∫
∂

∂r
lnH(p) dp,

£¤¥ p μ¡μ§´ Î ¥É ¢¥±Éμ· p = {p0, p1, p2} É·¥Ì³¥·´μ£μ ¥¢±²¨¤μ¢  ¶·μ¸É· ´¸É¢ 
¨ H(p) = H(p)|p0→ip0 , dp = dp0, dp1, dp2. ˆ¸¶μ²Ó§ÊÖ ¶·¨¢¥¤¥´´Ò° ¢ÒÏ¥
·¥§Ê²ÓÉ É ¤²Ö H(p), ³Ò ³μ¦¥³ ¶·¥¤¸É ¢¨ÉÓ ¤ ¢²¥´¨¥ Š §¨³¨·  ± ±

FCas = − 3
32π2r4

1∫
−1

Li4

(
1 − α2

(iα + ω1)(iα + ω2)

)
dα.

‡¤¥¸Ó ³Ò ¨¸¶μ²Ó§μ¢ ²¨ μ¡μ§´ Î¥´¨¥ ¤²Ö ËÊ´±Í¨¨ ¶μ²¨²μ£ ·¨Ë³ 

Lis(z) =
∞∑

k=1

zk

ks
=

1
Γ(s + 1)

∞∫
0

qs ln (1 − z e−q) dq.
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ŒÒ ¢¨¤¨³, ÎÉμ ¤ ¢²¥´¨¥ Š §¨³¨·  ¤μ¢μ²Ó´μ ¸²μ¦´μ § ¢¨¸¨É μÉ ¶ · ³¥-
É·μ¢ · ¸¸³ É·¨¢ ¥³μ° ³μ¤¥²¨. ˆ§ÊÎ¥´¨¥ ¶μ²ÊÎ¥´´μ£μ ·¥§Ê²ÓÉ É  ¤²Ö ¸²ÊÎ Ö
¤¢ÊÌ μ¤¨´ ±μ¢ÒÌ ¶²μ¸±μ¸É¥° ¶μ± §Ò¢ ¥É, ÎÉμ ¸¨²  Š §¨³¨·  ³¥¦¤Ê ´¨³¨ ³μ-
¦¥É ¡ÒÉÓ ± ± ¶·¨ÉÖ£¨¢ ÕÐ¥°, É ± ¨ μÉÉ ²±¨¢ ÕÐ¥° ¨²¨ · ¢´μ° ´Ê²Õ. „²Ö
¡μ²¥¥ £²Ê¡μ±μ£μ ¶μ´¨³ ´¨Ö ¥¥ ¸¢μ°¸É¢ ¡Ò²μ ¡Ò Ìμ·μÏμ ¶μ²ÊÎ¨ÉÓ ¡μ²¥¥ ¶·μ-
¸Éμ¥  ´ ²¨É¨Î¥¸±μ¥ ¢Ò· ¦¥´¨¥ ¤²Ö ¸¨²Ò Š §¨³¨· , Î¥³ ¶μ²ÊÎ¥´´μ¥ ´ ³¨.

‡�Š‹�—…�ˆ…

�  μ¸´μ¢¥ ¶μ¤Ìμ¤  ‘¨³ ´§¨±  ¡Ò²  ¶μ¸É·μ¥´  ³μ¤¥²Ó ¢§ ¨³μ¤¥°¸É¢¨Ö
¡¥§³ ¸¸μ¢μ£μ ¸¶¨´μ·´μ£μ ¶μ²Ö ¸ ¤¢Ê³¥·´μ° ¶μ¢¥·Ì´μ¸ÉÓÕ. —Éμ¡Ò ¸μÌ· ´¨ÉÓ
¨´¢ ·¨ ´É´μ¸ÉÓ μÉ´μ¸¨É¥²Ó´μ Ê³´μ¦¥´¨Ö ¸¶¨´μ·´μ£μ ¶μ²Ö ´  ³ É·¨ÍÊ γ5, ³Ò
¸μ±· É¨²¨ Î¨¸²μ ¶ · ³¥É·μ¢ ¢ ³ É·¨Í¥, μ¶¨¸Ò¢ ÕÐ¥° ¢§ ¨³μ¤¥°¸É¢¨¥ ¶μ²Ö
¸ μ¤´μ·μ¤´μ° ³ É¥·¨ ²Ó´μ° ¶²μ¸±μ¸ÉÓÕ, ¤μ Î¥ÉÒ·¥Ì.

‚ ¶μ¸É·μ¥´´μ° ´ ³¨ ³μ¤¥²¨ ³Ò ¨¸¸²¥¤μ¢ ²¨ · ¸¸¥Ö´¨¥ ¡¥§³ ¸¸μ¢ÒÌ ¤¨-
· ±μ¢¸±¨Ì Î ¸É¨Í ´  ¶²μ¸±μ¸É¨. ŒÒ · ¸¸Î¨É ²¨ ±μÔËË¨Í¨¥´ÉÒ ¶·μÌμ¦¤¥´¨Ö
¨ μÉ· ¦¥´¨Ö ¤²Ö Î ¸É¨Í ¸ · §²¨Î´μ° ¶μ²Ö·¨§ Í¨¥°. �± § ²μ¸Ó, ÎÉμ μ´¨ § ¢¨-
¸ÖÉ Éμ²Ó±μ μÉ μ¤´μ° ±μ³¡¨´ Í¨¨ ¶ · ³¥É·μ¢ ³μ¤¥²¨. ‘Ê³³  ±μÔËË¨Í¨¥´Éμ¢
¶·μ¶Ê¸± ´¨Ö ¨ μÉ· ¦¥´¨Ö · ¢´  ¥¤¨´¨Í¥. �¥μ¡ÒÎ´μ, ÎÉμ ´¥§ ¢¨¸¨³μ μÉ ¨³-
¶Ê²Ó¸ , ±μ£¤  Î ¸É¨Í  ¤¢¨¦¥É¸Ö μ·Éμ£μ´ ²Ó´μ ¶²μ¸±μ¸É¨, μ´  ´¥ μÉ· ¦ ¥É¸Ö,
  ¶·¨ ¤¢¨¦¥´¨¨ ¶μÎÉ¨ ¶ · ²²¥²Ó´μ ¶²μ¸±μ¸É¨ ±μÔËË¨Í¨¥´É ¥¥ ¶·μ¶Ê¸± -
´¨Ö ³ ².

„²Ö ¤¢ÊÌ ¶ · ²²¥²Ó´ÒÌ ¶²μ¸±μ¸É¥° ³Ò · ¸¸Î¨É ²¨ ¤ ¢²¥´¨¥ Š §¨³¨· .
‚ ·¥§Ê²ÓÉ É¥ ¤²Ö ´¥£μ ¶μ²ÊÎ¥´μ ¤μ¢μ²Ó´μ ¸²μ¦´μ¥  ´ ²¨É¨Î¥¸±μ¥ ¢Ò· ¦¥´¨¥,
 ´ ²¨§ ±μÉμ·μ£μ ¶μ± §Ò¢ ¥É, ÎÉμ ¢ § ¢¨¸¨³μ¸É¨ μÉ §´ Î¥´¨° ¶ · ³¥É·μ¢ ³μ-
¤¥²¨ ¸¨²  Š §¨³¨·  ³¥¦¤Ê ¶²μ¸±μ¸ÉÖ³¨ ³μ¦¥É ¡ÒÉÓ ¶·¨ÉÖ£¨¢ ÕÐ¥°, μÉÉ ²-
±¨¢ ÕÐ¥° ¨²¨ · ¢´μ° ´Ê²Õ. Œμ¦´μ ´ ¤¥ÖÉÓ¸Ö, ÎÉμ ¶μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ
μ± ¦ÊÉ¸Ö ¶μ²¥§´Ò³¨ ¤²Ö Ê£²Ê¡²¥´¨Ö ¶μ´¨³ ´¨Ö Ë¨§¨±¨ ´¥°É·¨´μ.

�² £μ¤ ·´μ¸É¨. 
.�¨¸Ó³ ± ¢Ò· ¦ ¥É ¡² £μ¤ ·´μ¸ÉÓ �μ¸¸¨°¸±μ³Ê Ëμ´¤Ê
ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨° §  Ë¨´ ´¸μ¢ÊÕ ¶μ¤¤¥·¦±Ê ¢ · ³± Ì £· ´É 
º19-02-00983-a.
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