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�μ¸¸¨°¸±¨° Ê´¨¢¥·¸¨É¥É ¤·Ê¦¡Ò ´ ·μ¤μ¢, Œμ¸±¢ 

�¡§μ· ¶μ¸¢ÖÐ¥´ ±μ¸³¨Î¥¸±¨³ ±¨· ²Ó´Ò³ ¢¨Ì·Ö³ (¸É·Ê´ ³) ¨ ¨Ì ¢μ§³μ¦´μ° ·μ²¨ ¢ Ô¢μ²Õ-
Í¨¨ · ´´¥° ‚¸¥²¥´´μ°. �μ²ÊÎ¥´μ ÉμÎ´μ¥ Í¨²¨´¤·¨Î¥¸±¨-¸¨³³¥É·¨Î´μ¥ ·¥Ï¥´¨¥ Ê· ¢´¥´¨° �°´-
ÏÉ¥°´  ¢ · ³± Ì SU(2) ¸¨£³ -³μ¤¥²¨ ¤²Ö ±μ´Ë¨£Ê· Í¨¨, ´ ¤¥²¥´´μ° Éμ¶μ²μ£¨Î¥¸±¨³ § ·Ö¤μ³
É¨¶  ¸É¥¶¥´¨ μÉμ¡· ¦¥´¨Ö. �·Ö³Ò³ ³¥Éμ¤μ³ ‹Ö¶Ê´μ¢  ¤μ± §Ò¢ ¥É¸Ö ²¨´¥ ·¨§μ¢ ´´ Ö Ê¸Éμ°Î¨-
¢μ¸ÉÓ ·¥Ï¥´¨Ö μÉ´μ¸¨É¥²Ó´μ · ¤¨ ²Ó´ÒÌ ¢μ§³ÊÐ¥´¨°. � °¤¥´´ Ö ³¥É·¨±  μÉ¢¥Î ¥É ¶·μ¸É· ´¸É¢Ê
±μ´¨Î¥¸±μ£μ É¨¶  ¸ Ê£²μ¢Ò³ ¤¥Ë¨Í¨Éμ³, ¶·μ¶μ·Í¨μ´ ²Ó´Ò³ Éμ¶μ²μ£¨Î¥¸±μ³Ê § ·Ö¤Ê ¨²¨ ²¨´¥°-
´μ° ¶²μÉ´μ¸É¨ ³ ¸¸Ò ¢¨Ì·Ö. �·Ö³Ò³ ¨´É¥£·¨·μ¢ ´¨¥³ Ê· ¢´¥´¨° £¥μ¤¥§¨Î¥¸±μ° ¤²Ö ¸¢¥Éμ¢μ£μ
²ÊÎ , μ·Éμ£μ´ ²Ó´μ£μ ¢¨Ì·Õ, ¶μ²ÊÎ¥´ Ê£μ² μÉ±²μ´¥´¨Ö ²ÊÎ , ¡²¨§±¨° ± Ê£²μ¢μ³Ê ¤¥Ë¨Í¨ÉÊ (ÔË-
Ë¥±É £· ¢¨É Í¨μ´´μ° ²¨´§Ò). � ¸¸³μÉ·¥´μ ± ²¨¡·μ¢μÎ´μ¥ μ¡μ¡Ð¥´¨¥ ³μ¤¥²¨ ¸ ¢±²ÕÎ¥´¨¥³ ¶μ²Ö
Ÿ´£ ÄŒ¨²²¸   ±¸¨ ²Ó´μ-¸¨³³¥É·¨Î´μ£μ ¢¨¤ . ‚ ¶·¨¡²¨¦¥´¨¨ ¡μ²ÓÏμ£μ Éμ¶μ²μ£¨Î¥¸±μ£μ § ·Ö¤ 
¶μ²ÊÎ¥´μ ·¥Ï¥´¨¥ ¸ ¸μ¡¸É¢¥´´Ò³ ¶·μ¤μ²Ó´Ò³ ³ £´¨É´Ò³ ¶μ²¥³ ¨ μ¡´ ·Ê¦¥´ ÔËË¥±É Ê³¥´ÓÏ¥-
´¨Ö Ô´¥·£¨¨ ¢¨Ì·Ö. � ¸¸³ É·¨¢ ¥É¸Ö É ±¦¥ ÔËË¥±É § ³Ò± ´¨Ö ¸É·Ê´Ò ¢ ¶·¨¡²¨¦¥´¨¨ ¡μ²ÓÏμ£μ
· ¤¨Ê¸  § ³Ò± ´¨Ö. ‘ ÔÉμ° Í¥²ÓÕ ¢ÒÎ¨¸²ÖÕÉ¸Ö Éμ·μ¨¤´μ¸ÉÓ § ³±´ÊÉμ° ¸É·Ê´Ò ¨ ¶μ¶· ¢±  ±
Ô´¥·£¨¨, μ¡Ê¸²μ¢²¥´´ Ö ¸±¨·³μ¢¸±¨³ Î²¥´μ³.

The review concerns cosmic chiral vortices (strings) and their possible role in the evolution
of the early Universe. Exact cylindrically symmetric solution to the Einstein equations is obtained
within the scope of SU(2) sigma-model for the conˇguration endowed with the topological charge
of the degree type. The linearized stability of this solution with respect to radial perturbations is
proven by Lyapunov's direct method. The metric found corresponds to the space of the conical
type with the angular deˇcit proportional to the topological charge or linear mass density of the
vortex. By integrating the geodesic equations for the light ray orthogonal to the vortex one ˇnds the
angular de	ection of the ray, which is practically coincides with the angular deˇcit (gravitational lens
effect). The gauge generalization of the model is considered, with the inclusion of axially symmetric
YangÄMills ˇeld. In the approximation of the large topological charge the solution with the proper
longitudinal magnetic ˇeld is found, the fact of decreasing the vortex energy being discovered. The
effect of closing the string is considered in the approximation of large closure radius. To this end one
calculates the toroid moment of the closed vortex and the contribution to its energy generated by the
Skyrme term.

PACS: 11.27.td; 12.39.Fe; 12.10.-g

‚‚…„…�ˆ…

‘μ¢·¥³¥´´Ò¥ ³μ¤¥²¨ · §¢¨É¨Ö ‚¸¥²¥´´μ° ¢ ¸ÊÐ¥¸É¢¥´´μ³ μ¶¨· ÕÉ¸Ö ´ 
¤μ¸É¨¦¥´¨Ö Ë¨§¨±¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í, μ¡Ð¥° É¥μ·¨¨ μÉ´μ¸¨É¥²Ó´μ¸É¨
¨ ¸É É¨¸É¨Î¥¸±μ° Ë¨§¨±¨, ¨ ¶μÔÉμ³Ê ´ ¸ÉμÖÐ Ö · ¡μÉ  ¶μ¸¢ÖÐ ¥É¸Ö �¨±μ-
² Õ �²¥±¸ ´¤·μ¢¨ÎÊ —¥·´¨±μ¢Ê, ¢´¥¸Ï¥³Ê §´ Î¨É¥²Ó´Ò° ¢±² ¤ ¢ · §¢¨É¨¥
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¢¸¥Ì Ê± § ´´ÒÌ ´ ¶· ¢²¥´¨° ¨ Ö¢¨¢Ï¥³Ê¸Ö ¸μ§¤ É¥²¥³ μ¡Ð¥·¥²ÖÉ¨¢¨¸É¸±μ°
É¥μ·¨¨ ±¨´¥É¨Î¥¸±¨Ì Ê· ¢´¥´¨°. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ´¥²Ó§Ö ´¥ Ê¶μ³Ö´ÊÉÓ ±¨´¥-
É¨Î¥¸±μ¥ Ê· ¢´¥´¨¥ 
μ²ÓÍ³ ´ Ä—¥·´¨±μ¢  [1], ¸²Ê¦ Ð¥¥ μ¸´μ¢μ° ¤²Ö ¸É É¨-
¸É¨Î¥¸±μ£μ μ¶¨¸ ´¨Ö ·¥²ÖÉ¨¢¨¸É¸±¨Ì £· ¢¨É¨·ÊÕÐ¨Ì ¸¨¸É¥³.

‚ ¤ ´´μ³ μ¡§μ·¥ ¢ · ³± Ì μ¡Ð¥° É¥μ·¨¨ μÉ´μ¸¨É¥²Ó´μ¸É¨ ¡Ê¤¥É μ¶¨¸ ´
¸¶¥Í¨ ²Ó´Ò° ±² ¸¸ ¢¨Ì·¥¢ÒÌ (¸É·Ê´´ÒÌ) ±μ´Ë¨£Ê· Í¨°, ±μÉμ·Ò¥ ¶μ²ÊÎ¨²¨
´ §¢ ´¨¥ ±μ¸³¨Î¥¸±¨Ì ¸É·Ê´ ¨ (¶μ ´¥±μÉμ·Ò³ ¸Í¥´ ·¨Ö³) ³μ£²¨ ¨£· ÉÓ § -
³¥É´ÊÕ ·μ²Ó ¢ Ô¢μ²ÕÍ¨¨ ‚¸¥²¥´´μ°.

Šμ¸³¨Î¥¸±¨¥ ¸É·Ê´Ò, ¨²¨ ¢¨Ì·¨, ³μ£²¨ ¢μ§´¨±´ÊÉÓ ¢ · ´´¥° ‚¸¥²¥´´μ°
± ± Éμ¶μ²μ£¨Î¥¸±¨¥ ¤¥Ë¥±ÉÒ ¢ ·¥§Ê²ÓÉ É¥ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ Ë §μ¢ÒÌ ¶¥·¥-
Ìμ¤μ¢, ¸¢Ö§ ´´ÒÌ ¸μ ¸¶μ´É ´´Ò³ ´ ·ÊÏ¥´¨¥³ ·Ö¤  ¢´ÊÉ·¥´´¨Ì ¸¨³-
³¥É·¨° [2, 3]. �μ ´¥±μÉμ·Ò³ ¸Í¥´ ·¨Ö³ ±μ¸³¨Î¥¸±¨³ ¸É·Ê´ ³ μÉ¢μ¤¨É¸Ö
¢ ¦´ Ö ·μ²Ó ¢ ¶·μÍ¥¸¸¥ Ëμ·³¨·μ¢ ´¨Ö £ ² ±É¨± ¨ ¸²μ¨¸ÉÒÌ ¸É·Ê±ÉÊ· ¢μ
‚¸¥²¥´´μ° [4Ä8]. ’ ±, ¡Ò¸É·μ ¤¢¨¦ÊÐ¨¥¸Ö ±μ¸³¨Î¥¸±¨¥ ¸É·Ê´Ò ³μ£ÊÉ ¶μ-
·μ¦¤ ÉÓ ±¨²Ó¢ É¥·´Ò¥ ¢μ²´Ò (wakes), ¨´¨Í¨¨·ÊÖ ¸μ§¤ ´¨¥ ¶²μ¸±¨Ì ¸É·Ê±ÉÊ·
(²¨¸Éμ¢) [8].

‚ ¸¢μÕ μÎ¥·¥¤Ó, ±¨· ²Ó´Ò¥ ¶μ²Ö ¢μ§´¨± ÕÉ ¢ ·¥§Ê²ÓÉ É¥ ¸¶μ´É ´´μ£μ
´ ·ÊÏ¥´¨Ö ±¨· ²Ó´μ° ¸¨³³¥É·¨¨ ¢ ´¨§±μÔ´¥·£¥É¨Î¥¸±μ³ ¶·¨¡²¨¦¥´¨¨ ±¢ ´-
Éμ¢μ° Ì·μ³μ¤¨´ ³¨±¨ [9], ¨ ¶μÔÉμ³Ê ²μ£¨Î´μ · ¸¸³ É·¨¢ ÉÓ ¨Ì ¢ ± Î¥¸É¢¥
¢μ§³μ¦´ÒÌ ± ´¤¨¤ Éμ¢ ¤²Ö μ¶¨¸ ´¨Ö ±μ¸³¨Î¥¸±¨Ì ¸É·Ê´.

‚ ¤ ´´μ° · ¡μÉ¥ · ¸¸³ É·¨¢ ¥É¸Ö ¶·μ¸É¥°Ï Ö SU(2) ¸¨£³ -³μ¤¥²Ó ¨ ¶μ-
± §Ò¢ ¥É¸Ö, ÎÉμ Ê· ¢´¥´¨Ö ±¨· ²Ó´μ£μ ¶μ²Ö ¸μ¢³¥¸É´μ ¸ Ê· ¢´¥´¨Ö³¨ �°´-
ÏÉ¥°´  ¤μ¶Ê¸± ÕÉ ¸É É¨Î¥¸±¨¥ ¢¨Ì·¥¢Ò¥ ·¥Ï¥´¨Ö, Ì · ±É¥·¨§Ê¥³Ò¥ Éμ¶μ²μ-
£¨Î¥¸±¨³ § ·Ö¤μ³ Q ¨ Ê£²μ¢Ò³ ¤¥Ë¨Í¨Éμ³ Δ, ±μÉμ·Ò° ³μ´μÉμ´´μ · ¸É¥É ¶μ
³¥·¥ Ê¤ ²¥´¨Ö μÉ μ¸¨ ¢¨Ì·Ö. ‚ÒÖ¸´Ö¥É¸Ö, ÎÉμ Ê£²μ¢μ° ¤¥Ë¨Í¨É ´  ¶·μ¸É· ´-
¸É¢¥´´μ° ¡¥¸±μ´¥Î´μ¸É¨, ²¨´¥°´ Ö ¶²μÉ´μ¸ÉÓ ³ ¸¸Ò ¨ Éμ¶μ²μ£¨Î¥¸±¨° § ·Ö¤
¢¨Ì·Ö ¶·μ¶μ·Í¨μ´ ²Ó´Ò ¤·Ê£ ¤·Ê£Ê.

‚ÒÎ¨¸²ÖÖ ¢Éμ·ÊÕ ¢ ·¨ Í¨Õ Ô´¥·£¨¨ E ¢¨Ì·Ö ¶μ μÉ´μÏ¥´¨Õ ± · ¤¨ ²Ó-
´Ò³ ¢ ·¨ Í¨Ö³ ³¥É·¨±¨ ¨ ±¨· ²Ó´μ£μ ¶μ²Ö, Ê¤ ¥É¸Ö Ê¸É ´μ¢¨ÉÓ ¥¥ ¶μ²μ¦¨-
É¥²Ó´ÊÕ μ¶·¥¤¥²¥´´μ¸ÉÓ, ÎÉμ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ¡ Ê¸Éμ°Î¨¢μ¸É¨ ¢¨Ì·Ö ¶μ ‹Ö-
¶Ê´μ¢Ê. �ÊÉ¥³ ¨´É¥£·¨·μ¢ ´¨Ö Ê· ¢´¥´¨° £¥μ¤¥§¨Î¥¸±μ° ¤²Ö ËμÉμ´  ¢ £· -
¢¨É Í¨μ´´μ³ ¶μ²¥ ¸É·Ê´Ò ¢ÒÎ¨¸²Ö¥É¸Ö Ê£μ² ¥£μ μÉ±²μ´¥´¨Ö ¶·¨ ¤¢¨¦¥´¨¨
μ·Éμ£μ´ ²Ó´μ ¢¨Ì·Õ. � ±μ´¥Í, ÊÎ¨ÉÒ¢ ¥É¸Ö ¢²¨Ö´¨¥ ´  ¸É·Ê´Ê ¥¥ ¶·μ¤μ²Ó-
´μ£μ ³ £´¨É´μ£μ ¶μ²Ö, ±μÉμ·μ¥ · ¸¸³ É·¨¢ ¥É¸Ö ¢ · ³± Ì ± ²¨¡·μ¢μÎ´μ£μ
μ¡μ¡Ð¥´¨Ö ³μ¤¥²¨.

1. ‘’�“Š’“�� ���‘’…‰˜…ƒ� ‚ˆ•�…‚�ƒ� �…˜…�ˆŸ

� Î´¥³ ¸ · ¸¸³μÉ·¥´¨Ö ¶·μ¸É¥°Ï¨Ì ¢¨Ì·¥¢ÒÌ ±μ´Ë¨£Ê· Í¨°. ‹ £· ´¦¥¢Ê
¶²μÉ´μ¸ÉÓ ³μ¤¥²¨ § ¤ ¤¨³ ¢ ¢¨¤¥

L = − 1
4λ2

tr (�μ�μ) +
1

2κ
R, (1)
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£¤¥ λ Å ¶ · ³¥É· ¤²¨´Ò ³μ¤¥²¨ (¢ ¥¸É¥¸É¢¥´´ÒÌ ¥¤¨´¨Í Ì � = c = 1); κ =
8πG; G Å £· ¢¨É Í¨μ´´ Ö ¶μ¸ÉμÖ´´ Ö �ÓÕÉμ´ ; R Å ¸± ²Ö·´ Ö ±·¨¢¨§´ 
£· ¢¨É Í¨μ´´μ£μ ¶μ²Ö; �μ = U+∂μU Å ²¥¢Ò° ±¨· ²Ó´Ò° Éμ±, ¢Ò· ¦ ¥³Ò°
Î¥·¥§ ³ É·¨ÍÊ U ∈ SU(2); £·¥Î¥¸±¨¥ ¨´¤¥±¸Ò ¶·μ¡¥£ ÕÉ §´ Î¥´¨Ö 0, 1, 2, 3.
� ¶· ¢²ÖÖ μ¸Ó Z ¢¤μ²Ó ¢¨Ì·Ö, § ¤ ¤¨³ Í¨²¨´¤·¨Î¥¸±¨-¸¨³³¥É·¨Î´ÊÕ ³¥É·¨±Ê

ds2 = e2μdt2 − e2αdx2 − e2βdϕ2 − e2γdz2, (2)

£¤¥ ϕ Å  §¨³ÊÉ ²Ó´Ò° Ê£μ², 0 � ϕ < 2π,   x Å μ¡μ¡Ð¥´´ Ö · ¤¨ ²Ó´ Ö
¶¥·¥³¥´´ Ö, −∞ � x � ∞. �·¨ ÔÉμ³ §´ Î¥´¨¥ x = −∞ ¸μμÉ¢¥É¸É¢Ê¥É μ¸¨
¢¨Ì·Ö,   x = ∞ Å ¶·μ¸É· ´¸É¢¥´´μ° ¡¥¸±μ´¥Î´μ¸É¨. Œ¥É·¨Î¥¸±¨¥ ËÊ´±Í¨¨
μ, α, β, γ ¢ (2) § ¢¨¸ÖÉ Éμ²Ó±μ μÉ x ¨ ¶·¥¤¶μ² £ ÕÉ¸Ö Ê¤μ¢²¥É¢μ·ÖÕÐ¨³¨
£ ·³μ´¨Î¥¸±μ³Ê ±μμ·¤¨´ É´μ³Ê Ê¸²μ¢¨Õ [10]

α = μ + β + γ. (3)

Š¨· ²Ó´μ¥ ¶μ²¥ U(x, ϕ) ¶·¥¤¶μ² £ ¥É¸Ö ¨³¥ÕÐ¨³ ¸É·Ê±ÉÊ·Ê ®¥¦μ¢μ£μ¯  ´-
§ Í  ¢ ¶μ¶¥·¥Î´μ³ ¸¥Î¥´¨¨ ¢¨Ì·Ö [11], É. ¥. ¸Î¨É ¥É¸Ö ¨´¢ ·¨ ´É´Ò³ μÉ´μ¸¨-
É¥²Ó´μ £·Ê¶¶Ò ¶·¥μ¡· §μ¢ ´¨°

G = T (z)⊗ diag [SO(2)I ⊗ SO(2)S ] , (4)

¢±²ÕÎ ÕÐ¥° ¸¤¢¨£¨ ¢¤μ²Ó μ¸¨ Z ¨ ¸μ£² ¸μ¢ ´´Ò¥ ¢· Ð¥´¨Ö ¢μ±·Ê£ É·¥ÉÓ¥°
μ¸¨ ¢ ¨§μÉμ¶¨Î¥¸±μ³ (I) ¨ ±μμ·¤¨´ É´μ³ (S) ¶·μ¸É· ´¸É¢ Ì. ’ ±¨¥ ¶μ²Ö
¨³¥ÕÉ ¢¨¤

U = exp (ıτψ), τ = τ1 cosφ + τ2 sin φ, φ = nϕ, (5)

£¤¥ τ1, τ2 Å ³ É·¨ÍÒ � Ê²¨; ψ = ψ(x) Å ±¨· ²Ó´Ò° Ê£μ²; n Å Í¥²μ¥ Î¨-
¸²μ, ¢ ¤ ²Ó´¥°Ï¥³ ¸Î¨É ÕÐ¥¥¸Ö ¶μ²μ¦¨É¥²Ó´Ò³, ±μÉμ·μ¥ Ö¢²Ö¥É¸Ö Î¨¸²μ³
´ ³μÉμ±, É. ¥. §´ Î¥´¨¥³ Éμ¶μ²μ£¨Î¥¸±μ£μ § ·Ö¤  É¨¶  ¸É¥¶¥´¨ μÉμ¡· ¦¥´¨Ö
Q = deg

(
S2 → S2

)
. ‚ ¶μ¸²¥¤´¥³ ³μ¦´μ Ê¡¥¤¨ÉÓ¸Ö, ¥¸²¨ § ¤ ÉÓ ¸Ë¥·Ê

S2 ⊂ SU(2) Ê£² ³¨ φ ¨ ψ, ¶μ²μ¦¨¢

Q =
1
4π

∫
S2

dφ dψ sin ψ. (6)

’μ£¤  Q = n ¶·¨ ¢Ò¶μ²´¥´¨¨ £· ´¨Î´ÒÌ Ê¸²μ¢¨°

ψ(−∞) = 0, ψ(∞) = π. (7)

�μ¸±μ²Ó±Ê ¢ ³μ¤¥²¨ ‘±¨·³  ¸μμÉ¢¥É¸É¢ÊÕÐ¨° § ·Ö¤ (´μ ¤²Ö μÉμ¡· ¦¥´¨Ö
S3 → S3) ¨´É¥·¶·¥É¨·Ê¥É¸Ö ± ± ¡ ·¨μ´´Ò°, ³Ò É ±¦¥ ¡Ê¤¥³ ¸¢Ö§Ò¢ ÉÓ n ¸
¡ ·¨μ´´Ò³ Î¨¸²μ³. ‚ ¤ ²Ó´¥°Ï¥³ ³Ò ¢ÒÖ¸´¨³, ÎÉμ Éμ¶μ²μ£¨Î¥¸±¨° § ·Ö¤
§ ³±´ÊÉμ° ¸É·Ê´Ò ¶·μ¶μ·Í¨μ´ ²¥´ n.



Š�‘Œˆ—…‘Šˆ… Šˆ��‹œ�›… ‚ˆ•�ˆ 185

�·¨´¨³ Ö ¢μ ¢´¨³ ´¨¥ ¨´¢ ·¨ ´É´μ¸ÉÓ ³¥É·¨±¨ (2) ¨ ±¨· ²Ó´μ£μ ¶μ²Ö (5)
μÉ´μ¸¨É¥²Ó´μ ¶·¥μ¡· §μ¢ ´¨° ¨§ £·Ê¶¶Ò (4), ³μ¦´μ ¢μ¸¶μ²Ó§μ¢ ÉÓ¸Ö ¶·¨´Í¨-
¶μ³ ŠμÊ²³¥´ Ä� ²¥ [12], ¶μ§¢μ²ÖÕÐ¨³ ´ Ìμ¤¨ÉÓ ±·¨É¨Î¥¸±¨¥ ÉμÎ±¨ ¨´¢ -
·¨ ´É´ÒÌ ËÊ´±Í¨μ´ ²μ¢, μ£· ´¨Î¨¢Ï¨¸Ó ±² ¸¸μ³ ¨´¢ ·¨ ´É´ÒÌ ¢ ·¨ Í¨°.
�μ¤¸É ¢²ÖÖ (2) ¨ (5) ¢ ËÊ´±Í¨μ´ ² ¤¥°¸É¢¨Ö ¸¨¸É¥³Ò (1):

A =
∫

d4x
√
−gL, g = det

(
gμν

)
, (8)

¢Ò¤¥²Ö¥³ ¢ (8) · ¤¨ ²Ó´ÊÕ Î ¸ÉÓ, § ¤ ¢ ¥³ÊÕ ËÊ´±Í¨μ´ ²μ³

E =
π

λ2

∫
dx eμ+γ

[
−2λ2

κ
eβ−α (β′γ′ + μ′β′ + μ′γ′)+

+ eβ−αψ′2 + n2eα−β sin2 ψ

]
, (9)

±μÉμ·Ò° ¨³¥¥É ¸³Ò¸² ²¨´¥°´μ° ¶²μÉ´μ¸É¨ Ô´¥·£¨¨ ¢¨Ì·Ö.
‡ ³¥É¨³, ÎÉμ ËÊ´±Í¨μ´ ² (9) ¨ ±μμ·¤¨´ É´μ¥ Ê¸²μ¢¨¥ (3) ¸¨³³¥É·¨Î´Ò

μÉ´μ¸¨É¥²Ó´μ § ³¥´Ò μ � γ, ¨ ¶μÔÉμ³Ê ¢ ± Î¥¸É¢¥ Î ¸É´μ£μ ·¥Ï¥´¨Ö ³μ¦´μ
¢Ò¡· ÉÓ μ = γ. ‚ ¤ ²Ó´¥°Ï¥³ Ê¤μ¡´μ ¢¢¥¸É¨ ´μ¢Ò¥ ¶¥·¥³¥´´Ò¥

w = α − β − 2γ, u = 4(β + γ), v = 4β, (10)

¢ ±μÉμ·ÒÌ ËÊ´±Í¨μ´ ² (9) ¶·¨´¨³ ¥É ¢¨¤

E =
π

λ2

∫
dx

[(
1
ν

(
v′2 − u′2) + ψ′2

)
e−w + n2 sin2 ψew+u−v

]
, (11)

£¤¥ μ¡μ§´ Î¥´μ ν = 8κ/λ2.
’ ± ± ± Ê· ¢´¥´¨¥ ¤²Ö ¶μ²Ö ψ Ö¢²Ö¥É¸Ö ¸²¥¤¸É¢¨¥³ Ê· ¢´¥´¨° �°´ÏÉ¥°´ ,

¤μ¸É ÉμÎ´μ ¶·μ¢ ·Ó¨·μ¢ ÉÓ ËÊ´±Í¨μ´ ² (11) ¶μ ¶¥·¥³¥´´Ò³ w, u, v, ¶μ²ÊÎ¨¢
¸ ÊÎ¥Éμ³ (10) ¨ (3) Ê¸²μ¢¨¥ w = 0 ¨ ¸¨¸É¥³Ê Ê· ¢´¥´¨° ¢¨¤ 

1
ν

(
u′2 − v′2

)
= ψ′2 − n2 sin2 ψ eu−v, (12)

2
ν

u′′ = −n2 sin2 ψ eu−v, (13)

2
ν

v′′ = −n2 sin2 ψ eu−v. (14)

� ¸ ¡Ê¤¥É ¨´É¥·¥¸μ¢ ÉÓ ¶·μ¸É¥°Ï¥¥ ¸¨³³¥É·¨Î´μ¥ ·¥Ï¥´¨¥ Ê· ¢´¥´¨° (12),
(13) ¨ (14), ±μ£¤  ¶μ² £ ¥É¸Ö

u = v. (15)
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‚ É ±μ³ ¸²ÊÎ ¥ Ê· ¢´¥´¨¥ (12) ¸ ÊÎ¥Éμ³ £· ´¨Î´ÒÌ Ê¸²μ¢¨° (7) ¤μ¶Ê¸± ¥É
·¥Ï¥´¨¥ É¨¶  ¤μ³¥´´μ° ¸É¥´±¨ ¢ ³μ¤¥²¨ ¸¨´Ê¸-ƒμ·¤μ´ :

ψ(x) = 2arctg enx. (16)

�·¨ ¨´É¥£·¨·μ¢ ´¨¨ μ¸É ¢Ï¨Ì¸Ö Ê· ¢´¥´¨° (13) ¨ (14) ´¥μ¡Ìμ¤¨³μ ¶·¨´ÖÉÓ
¢μ ¢´¨³ ´¨¥ Ê¸²μ¢¨¥ ²μ± ²Ó´μ° ¥¢±²¨¤μ¢μ¸É¨ ¶·μ¸É· ´¸É¢  ´  μ¸¨ ¢¨Ì·Ö [10],
É. ¥. ¶·¨ x → −∞ ¨³¥¥³

eαdx → d eβ = eβdβ. (17)

�μ¤¸É ¢²ÖÖ ¢ (13) ¨²¨ (14) ¢Ò· ¦¥´¨¥ (16), É. ¥. ¶μ² £ Ö

sin ψ =
1

ch (nx)
, (18)

´ Ìμ¤¨³ ¸ ÊÎ¥Éμ³ (10), (15) ¨ (17) ¸²¥¤ÊÕÐÊÕ ¸É·Ê±ÉÊ·Ê ³¥É·¨±¨:

α = β = x − κ

λ2
ln

(
1 + e2nx

)
+ C, (19)

£¤¥ C Å ¶μ¸ÉμÖ´´ Ö ¨´É¥£·¨·μ¢ ´¨Ö, ¨, ±·μ³¥ Éμ£μ,

μ = γ = 0. (20)

‡ ³¥É¨³, ÎÉμ ¶μ²ÊÎ¥´´ Ö ³¥É·¨±  (19) ¨ (20) ¢´¥ μ¸¨ ¢¨Ì·Ö (¶·¨ x �= −∞)
Ì · ±É¥·¨§Ê¥É¸Ö Ê£²μ¢Ò³ ¤¥Ë¨Í¨Éμ³

Δ(x) = 2π
(
1 − eβ−αβ′) ,

É. ¥. μÉ±²μ´¥´¨¥³ μÉ 2π μÉ´μÏ¥´¨Ö ¤²¨´Ò μ±·Ê¦´μ¸É¨ ± ¥¥ · ¤¨Ê¸Ê. ’ ±¨³
μ¡· §μ³, ¶·μ¸É· ´¸É¢μ ¢´¥ μ¸¨ ¢¨Ì·Ö μÉ´μ¸¨É¸Ö ± ±μ´¨Î¥¸±μ³Ê É¨¶Ê, ÎÉμ
Ö¢²Ö¥É¸Ö μ¡Ð¨³ ¸¢μ°¸É¢μ³ ±μ¸³¨Î¥¸±¨Ì ¸É·Ê´ [2]. �μ¤¸Î¨É ¥³, ¢ Î ¸É´μ¸É¨,
¨¸¶μ²Ó§ÊÖ (19), Ê£²μ¢μ° ¤¥Ë¨Í¨É ´  ¶·μ¸É· ´¸É¢¥´´μ° ¡¥¸±μ´¥Î´μ¸É¨:

Δ ≡ lim
x→∞

2π (1 − β′) =
4πκ

λ2
n. (21)

ˆ´É¥·¥¸´μ ¸· ¢´¨ÉÓ ¢Ò· ¦¥´¨¥ (21) ¸ ²¨´¥°´μ° ¶²μÉ´μ¸ÉÓÕ Ô´¥·£¨¨ ¢¨Ì·Ö E.
�μ¤¸É ¢²ÖÖ (15) ¨ (18) ¢ (11), ´ °¤¥³

E =
π

λ2

∫
dx

(
ψ′2 + n2 sin2 ψ

)
=

4π

λ2
n. (22)

’ ±¨³ μ¡· §μ³, ¨§ ¸· ¢´¥´¨Ö (21) ¨ (22) ¢¨¤¨³, ÎÉμ Ê£²μ¢μ° ¤¥Ë¨Í¨É ´  ¶·μ-
¸É· ´¸É¢¥´´μ° ¡¥¸±μ´¥Î´μ¸É¨ ¶·μ¶μ·Í¨μ´ ²¥´ ²¨´¥°´μ° ¶²μÉ´μ¸É¨ Ô´¥·£¨¨
¢¨Ì·Ö:

Δ = κE = 8πGE, (23)

ÎÉμ É ±¦¥ Ö¢²Ö¥É¸Ö ¨§¢¥¸É´Ò³ ¸¢μ°¸É¢μ³ ±μ¸³¨Î¥¸±¨Ì ¸É·Ê´ [2].
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ˆ¸¸²¥¤Ê¥³ ¶μ²ÊÎ¥´´μ¥ ·¥Ï¥´¨¥ ´  Ê¸Éμ°Î¨¢μ¸ÉÓ ¶μ ‹Ö¶Ê´μ¢Ê [13] ¶μ
μÉ´μÏ¥´¨Õ ± · ¤¨ ²Ó´Ò³ ¢μ§³ÊÐ¥´¨Ö³, ¢Ò¡· ¢ ¢ ± Î¥¸É¢¥ ËÊ´±Í¨μ´ ²  ‹Ö-
¶Ê´μ¢  Ô´¥·£¨Õ E ¢μ§³ÊÐ¥´´μ£μ ¢¨Ì·Ö. ‘Î¨É Ö ¢¥²¨Î¨´Ò α, β, γ, μ, ψ
ËÊ´±Í¨Ö³¨ μÉ ¢·¥³¥´¨ t ¨ μ¡μ¡Ð¥´´μ° · ¤¨ ²Ó´μ° ¶¥·¥³¥´´μ° x, ¨§ ¢Ò· -
¦¥´¨Ö ¤²Ö ¤¥°¸É¢¨Ö (8) ¢Ò¢μ¤¨³ ¨´É¥£· ² ¤¢¨¦¥´¨Ö

E =
π

λ2

∫
dx eγ

[
−2λ2

κ
eβ

[(
α̇

(
β̇ + γ̇

)
+ β̇γ̇

)
eα−μ +

+ (μ′ (β′ + γ′) + β′γ′) eμ−α

]
+ n2 sin2 ψ eα+μ−β +

+ eβ
(
ψ̇2 eα−μ + ψ′2eμ−α

)]
, (24)

£¤¥ ÉμÎ±μ° μ¡μ§´ Î¥´μ ¤¨ËË¥·¥´Í¨·μ¢ ´¨¥ ¶μ ¢·¥³¥´¨ t.
—Éμ¡Ò Ê¡¥¤¨ÉÓ¸Ö ¢ Éμ³, ÎÉμ ´¥¢μ§³ÊÐ¥´´μ¥ ·¥Ï¥´¨¥ ·¥ ²¨§Ê¥É ³¨´¨³Ê³

ËÊ´±Í¨μ´ ²  (24), ¢¢¥¤¥³ ¢μ§³ÊÐ¥´¨Ö ³¥É·¨±¨ ¨ ±¨· ²Ó´μ£μ Ê£²  ψ:

δα = a, δβ = b, δγ = c, δμ = d, δψ = η. (25)

‡ ³¥É¨³, ÎÉμ ´  ´¥¢μ§³ÊÐ¥´´μ³ ·¥Ï¥´¨¨ ¶¥·¢ Ö ¢ ·¨ Í¨Ö ËÊ´±Í¨μ´ ²  (24)
¨¸Î¥§ ¥É, É. ¥. δE = 0. �μÔÉμ³Ê ¢ÒÎ¨¸²¨³ ¢Éμ·ÊÕ ¢ ·¨ Í¨Õ δ2E, ´ ²μ¦¨¢ ´ 
¢μ§³ÊÐ¥´¨Ö ±μμ·¤¨´ É´μ¥ Ê¸²μ¢¨¥ [14]

d + c = 0. (26)

‚ ·¥§Ê²ÓÉ É¥ ËÊ´±Í¨μ´ ² δ2E ¶·¨´¨³ ¥É ¢¨¤

δ2E =
π

λ2

∫
dx

[
4λ2

κ

[
c′2 − e2α

(
ȧḃ + ȧċ + ḃċ

)]
+

+ 2e2αη̇2 + ψ′2(b − a)2 + 4ψ′η′(b − a) + 2η′2 +

+ n2
[
sin2 ψ(b − a)2 + 2η2 cos 2ψ − 2η(b − a) sin 2ψ

]]
. (27)

� ¸¶μ² £ Ö ¸É·Ê±ÉÊ·μ° ËÊ´±Í¨μ´ ²  (27), ´¥É·Ê¤´μ ¶μ²ÊÎ¨ÉÓ ²¨´¥ ·¨§μ-
¢ ´´Ò¥ Ê· ¢´¥´¨Ö ¤²Ö ¢μ§³ÊÐ¥´¨°. „²Ö ´ ¸ μ± §Ò¢ ¥É¸Ö ¢ ¦´Ò³, ÎÉμ μ´¨
¤μ¶Ê¸± ÕÉ ¶·μ¸Éμ° ¨´É¥£· ² ¤¢¨¦¥´¨Ö

a + b + 2c = 0, (28)
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±μÉμ·Ò° §  ¢ÒÎ¥Éμ³ É·¨¢¨ ²Ó´ÒÌ ´Ê²¥¢ÒÌ ³μ¤ ¶·¨¢μ¤¨É ± Ê· ¢´¥´¨Õ £¨¶¥·-
¡μ²¨Î¥¸±μ£μ É¨¶  ¤²Ö ¢μ§³ÊÐ¥´¨Ö c:

e2α c̈ − c′′ = 0. (29)

“· ¢´¥´¨¥ (29) ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ¡ Ê¸Éμ°Î¨¢μ¸É¨ c-¢μ§³ÊÐ¥´¨° ¢ ¸μμÉ¢¥É¸É¢Ê-
ÕÐ¥° ËÊ´±Í¨μ´ ²Ó´μ° ³¥É·¨±¥. ˆ¸±²ÕÎ Ö ¨Ì ¸ ¶μ³μÐÓÕ (28) ¨ ÊÎ¨ÉÒ¢ Ö
Ê· ¢´¥´¨¥ ψ′ = n sin ψ ¤²Ö ´¥¢μ§³ÊÐ¥´´μ£μ ±¨· ²Ó´μ£μ Ê£²  ψ, ¶·¨¢μ¤¨³ (27)
± ¢¨¤Ê

δ2E =
π

λ2

∫
dx

[
λ2

κ
e2α

(
ȧ2 + ḃ2

)
+

λ2

2κ
(a′ + b′)2 + e2αη̇2 +

+
[
η′ + kη cos2 ψ − k(b − a) sin ψ

]2]
. (30)

’ ±¨³ μ¡· §μ³, ¢Éμ· Ö ¢ ·¨ Í¨Ö Ô´¥·£¨¨ ¢¨Ì·Ö ¶·¨¢μ¤¨É¸Ö ± ¸Ê³³¥ ¶μ²μ-
¦¨É¥²Ó´ÒÌ ËÊ´±Í¨μ´ ²μ¢ (30), ÎÉμ £μ¢μ·¨É μ ²¨´¥ ·¨§μ¢ ´´μ° Ê¸Éμ°Î¨¢μ¸É¨
±μ¸³¨Î¥¸±¨Ì ¸É·Ê´. �Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ ¶μ¤É¢¥·¦¤ ¥É μ¡μ¸´μ¢ ´´μ¸ÉÓ ¤μ¶Ê-
Ð¥´¨Ö μ¡ ¨Ì ¢ ¦´μ° ·μ²¨ ¢ ¶·μÍ¥¸¸¥ Ô¢μ²ÕÍ¨¨ ‚¸¥²¥´´μ°.

3. �’Š‹��…�ˆ… ‹“—� ‘‚…’� ‚ ƒ��‚ˆ’�–ˆ����Œ ��‹… ‚ˆ•�Ÿ

“¶μ³Ö´ÊÉμ¥ Ö¢²¥´¨¥, ¨§¢¥¸É´μ¥ ± ± £· ¢¨É Í¨μ´´μ¥ ²¨´§¨·μ¢ ´¨¥ [15],
¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° μ¤¨´ ¨§ ¢ ¦´¥°Ï¨Ì ´ ¡²Õ¤ ¥³ÒÌ ÔËË¥±Éμ¢, ±μÉμ·Ò¥
³μ£²¨ ¡Ò ¸²Ê¦¨ÉÓ ¶μ¤É¢¥·¦¤¥´¨¥³ ¸ÊÐ¥¸É¢μ¢ ´¨Ö ±μ¸³¨Î¥¸±¨Ì ¸É·Ê´. „²Ö
μ¶¨¸ ´¨Ö ÔÉμ£μ ÔËË¥±É  § ¶¨Ï¥³ Ê· ¢´¥´¨Ö ¸¢¥Éμ¢μ° £¥μ¤¥§¨Î¥¸±μ°, ¸Î¨É Ö,
ÎÉμ ²ÊÎ · ¸¶μ²μ¦¥´ ¢ ¶²μ¸±μ¸É¨ z = 0, ¶¥·¶¥´¤¨±Ê²Ö·´μ° ¢¨Ì·Õ, ¨ ¢Ò¡¨· Ö
¢ ± Î¥¸É¢¥ ¶ · ³¥É·  ¢·¥³Ö t:

ẍ + α′ (ẋ2 − ϕ̇2
)

= 0, (31)

ϕ̈ + 2α′ϕ̇ẋ = 0, (32)

£¤¥ α(x) § ¤ ¥É¸Ö ¢Ò· ¦¥´¨¥³ (19). ‡ ³¥Î Ö, ÎÉμ dz = ds2 = 0 ¨ α′ = α̇/ẋ,
¨§ (2), (31) ¨ (32) ¢Ò¢μ¤¨³ ¨´É¥£· ²Ò ¤¢¨¦¥´¨Ö

e2α
(
ẋ2 + ϕ̇2

)
= 1, ϕ̇ e2α = eα0 = const. (33)

ˆ§ (33) ¸²¥¤Ê¥É, ÎÉμ α0 = α(x0), £¤¥ x0 ¸μμÉ¢¥É¸É¢Ê¥É ÉμÎ±¥ ²ÊÎ , ´ ¨³¥´¥¥
Ê¤ ²¥´´μ° μÉ μ¸¨ ¢¨Ì·Ö. ’μ£¤  É· ¥±Éμ·¨Ö ²ÊÎ  μ¶·¥¤¥²Ö¥É¸Ö Ê· ¢´¥´¨¥³

ϕ′ = ϕ̇/ẋ =
(
e2(α−α0) − 1

)−1/2

. (34)
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‡ ³¥Î Ö, ÎÉμ ¸μ£² ¸´μ (19)

α′ = 1 − 2nκ

λ2

(
1 + e−2nx

)−1
, (35)

¨§ (34) ¨ (35) ¢Ò¢μ¤¨³ ¸²¥¤ÊÕÐ¥¥ ¢Ò· ¦¥´¨¥ ¤²Ö Ê£²  δϕ μÉ±²μ´¥´¨Ö ²ÊÎ 
¸¢¥É :

δϕ = −π + 2

∞∫
α0

dα

α′

(
e2(α−α0) − 1

)−1/2

. (36)

‚ Î ¸É´μ¸É¨, ¢ ¶·¥¤¶μ²μ¦¥´¨¨, ÎÉμ α′ ≈ 1, ¨§ (36) ´ Ìμ¤¨³

δϕ ≈ 2nπκ

λ2

(
1 + e−2nx0

)−1
. (37)

‚Ò· ¦¥´¨¥ (37) ¤²Ö Ê£²  μÉ±²μ´¥´¨Ö ²ÊÎ  ¸¢¥É  ¢ £· ¢¨É Í¨μ´´μ³ ¶μ²¥ ¢¨Ì·Ö
¸μ£² ¸Ê¥É¸Ö ¸ ·¥§Ê²ÓÉ Éμ³ �. ‚¨²¥´±¨´ , ¶·¨¢¥¤¥´´Ò³ ¢ [2], ¥¸²¨ ¶·¨´ÖÉÓ,
ÎÉμ exp (−2nx0) � 1, É. ¥. ¤²Ö ¤μ¸É ÉμÎ´μ ¡μ²ÓÏμ£μ Éμ¶μ²μ£¨Î¥¸±μ£μ Î¨¸²  n
¶·¨ x0 > 0.

Š ± ¶μ¤Î¥·±¨¢ ¥É¸Ö ¢ [2], £¨¶μÉ¥§Ê μ ±μ¸³¨Î¥¸±¨Ì ¸É·Ê´ Ì (¢¨Ì·ÖÌ)
³μ¦´μ ¸Î¨É ÉÓ ¶· ¢¤μ¶μ¤μ¡´μ°, ¥¸²¨ ¶·¨´ÖÉÓ §´ Î¥´¨¥ ¡¥§· §³¥·´μ£μ ¶ -
· ³¥É·  ¸É·Ê´Ò

GE ∼ 10−6.

…¸²¨ ¶·¨ ÔÉμ³ ¢Ò¡· ÉÓ ¸É ´¤ ·É´μ¥ ¤²Ö ´¨§±μÔ´¥·£¥É¨Î¥¸±μ° ¶¨μ´´μ° Ë¨-
§¨±¨ §´ Î¥´¨¥ ¶ · ³¥É·  ¤²¨´Ò λ = 2/Fπ, £¤¥ Fπ ≈ 186 ŒÔ‚ Å ¶μ¸ÉμÖ´´ Ö
· ¸¶ ¤  ¶¨μ´  [11], Éμ ¨§ (22) ³μ¦´μ ¶μ²ÊÎ¨ÉÓ μÍ¥´±Ê ¢¥²¨Î¨´Ò Éμ¶μ²μ£¨Î¥-
¸±μ£μ Î¨¸²  ¢¨Ì·Ö

n ∼ 1033.

“± ¦¥³ É ±¦¥ ´  ¨´É¥·¥¸´Ò¥ ¤ ´´Ò¥ ´ ¡²Õ¤¥´¨° [16], ±μÉμ·Ò¥ ³μ£ÊÉ
¸¢¨¤¥É¥²Ó¸É¢μ¢ ÉÓ ¢ ¶μ²Ó§Ê £¨¶μÉ¥§Ò μ ¸ÊÐ¥¸É¢μ¢ ´¨¨ ±μ¸³¨Î¥¸±¨Ì ¸É·Ê´.

4. Š�‹ˆ���‚�—��… ����™…�ˆ… Œ�„…‹ˆ

—Éμ¡Ò ÊÎ¥¸ÉÓ ¢²¨Ö´¨¥ ¸μ¡¸É¢¥´´μ£μ ± ²¨¡·μ¢μÎ´μ£μ (³ £´¨É´μ£μ) ¶μ²Ö ´ 
¸É·Ê±ÉÊ·Ê ¢¨Ì·Ö, Ê¤μ¡´μ · ¸¸³μÉ·¥ÉÓ ± ²¨¡·μ¢μÎ´μ¥ μ¡μ¡Ð¥´¨¥ ³μ¤¥²¨ (1),
§ ¤ ¢ ¥³μ¥ ² £· ´¦¥¢μ° ¶²μÉ´μ¸ÉÓÕ ¢¨¤ 

L = − 1
4λ2

tr (LμLμ) +
1

8ẽ2
tr (FμνFμν) +

1
2κ

R, (38)

£¤¥ ¢¢¥¤¥´ μ¡μ¡Ð¥´´Ò° (¶μ²´Ò°) ²¥¢Ò° ±¨· ²Ó´Ò° Éμ± Lμ, μ = 0, 1, 2, 3,
±μÉμ·Ò° ¸²¥¤ÊÕÐ¨³ μ¡· §μ³ ¸É·μ¨É¸Ö ¸ ¶μ³μÐÓÕ Ê´¨É ·´μ° ³ É·¨ÍÒ U ∈
SU(2) ¨ ¢¥±Éμ·´μ£μ ¶μ²Ö Aμ = Aa

μτa/2ı ¸μ §´ Î¥´¨Ö³¨ ¢ SU(2)- ²£¥¡·¥ ‹¨:

Lμ = U+DμU = U+(∂μU + [Aμ, U ]). (39)
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‡¤¥¸Ó τa, a = 1, 2, 3, ¸ÊÉÓ ³ É·¨ÍÒ � Ê²¨,   Fμν ¥¸ÉÓ ¸É ´¤ ·É´μ¥ ¢Ò· ¦¥´¨¥
¤²Ö ´ ¶·Ö¦¥´´μ¸É¨ ¶μ²Ö Ÿ´£ ÄŒ¨²²¸ :

Fμν = ∂μAν − ∂νAμ + [Aμ, Aν ], (40)

¢§ ¨³μ¤¥°¸É¢¨¥ ±μÉμ·μ£μ ¸ ±¨· ²Ó´Ò³ ¶μ²¥³ μ¶·¥¤¥²Ö¥É¸Ö ±μ´¸É ´Éμ°
¸¢Ö§¨ ẽ. „²Ö ¶μ¨¸±  Í¨²¨´¤·¨Î¥¸±¨-¸¨³³¥É·¨Î´ÒÌ ±μ´Ë¨£Ê· Í¨°, ±μÉμ·Ò¥ ¢
¤ ²Ó´¥°Ï¥³ ¡Ê¤ÊÉ § ³Ò± ÉÓ¸Ö, Ê¤μ¡´μ § ¤ ÉÓ ±¢ ¤· É ¨´É¥·¢ ²  ¢ ¢¨¤¥

ds2 = e2μdt2 − r0
2[e2αdx2 − e2βdθ2] − e2γdz2, (41)

£¤¥ ËÊ´±Í¨¨ μ, α, β, γ, ± ± ¨ · ´ÓÏ¥, ¡Ê¤ÊÉ ¸Î¨É ÉÓ¸Ö § ¢¨¸ÖÐ¨³¨ Éμ²Ó±μ
μÉ μ¡μ¡Ð¥´´μ° · ¤¨ ²Ó´μ° ¶¥·¥³¥´´μ° x ∈ (−∞, +∞). ‚ (41) ¨¸¶μ²Ó§Ê¥É¸Ö
´μ¢ Ö ¶μ²Ö·´ Ö Ê£²μ¢ Ö ±μμ·¤¨´ É  θ ∈ [−π, π] ¨ Ö¢´μ ¢¢¥¤¥´ Ì · ±É¥·´Ò°
¶μ¶¥·¥Î´Ò° · ¤¨Ê¸ ¢¨Ì·Ö r0. ‚ ¤ ²Ó´¥°Ï¥³ ¡Ê¤¥É Ê¤μ¡´μ · ¸¸³μÉ·¥ÉÓ ±μ-
´¥Î´Ò° μÉ·¥§μ± ¢¨Ì·Ö, ¶μ²μ¦¨¢ z = aϕ, −π � ϕ � π, £¤¥ a ¥¸ÉÓ · ¤¨Ê¸
§ ³Ò± ´¨Ö.

‘· §Ê ¦¥ § ³¥É¨³, ÎÉμ ³¥É·¨±  (41) ¤μ¶Ê¸± ¥É É·¨ ¢¥±Éμ·  Š¨²²¨´£ :

∂t, ∂θ, ∂ϕ, (42)

μÉ¢¥Î ÕÐ¨Ì, ¸μμÉ¢¥É¸É¢¥´´μ, ¸¤¢¨£ ³ T (t) ¶μ ¢·¥³¥´¨, ¢· Ð¥´¨Ö³ O1 = T (θ)
¢μ±·Ê£ ¸É·Ê´Ò ¨ ¸¤¢¨£ ³ T (z) ¢¤μ²Ó ¸É·Ê´Ò. �·¨ ÔÉμ³ ¢ ¸²ÊÎ ¥ § ³Ò± ´¨Ö
¸É·Ê´Ò ¶μ¸²¥¤´¨¥ ¤¢¥ ¸¨³³¥É·¨¨ ¨³¥ÕÉ ³¥¸Éμ Éμ²Ó±μ ¢ ¶·¥¤¥²¥ a → ∞.

Š¨· ²Ó´μ¥ ¶μ²¥, ¸μ£² ¸μ¢ ´´μ¥ ¸ ¸¨³³¥É·¨Ö³¨ (42), Ê¤μ¡´μ § ¤ ¢ ÉÓ ¢
¸²¥¤ÊÕÐ¥³ ¢¨¤¥ [17]:

U = cosψ exp(ıτ3φ) + ıτ1 sin ψ exp(ıτ3χ), (43)

£¤¥ ψ, φ, χ Å ´μ¢Ò¥ ±¨· ²Ó´Ò¥ Ê£²Ò. ‘μμÉ¢¥É¸É¢ÊÕÐ Ö £·Ê¶¶  ¸¨³³¥É·¨¨
¨³¥¥É ¢¨¤

G = T (t) ⊗ diag [T (θ) ⊗ U1(χ)] ⊗ diag [T (ϕ) ⊗ U1(φ)]. (44)

…¸²¨ μÉμ¦¤¥¸É¢¨ÉÓ £¥´¥· Éμ· £·Ê¶¶Ò U1(χ) ¸ τ3/2, Éμ Ê¸²μ¢¨¥ Ô±¢¨¢ ·¨ ´É´μ-
¸É¨ μÉ´μ¸¨É¥²Ó´μ ¶·¥μ¡· §μ¢ ´¨° ¨§ £·Ê¶¶Ò (44) ³μ¦´μ § ¶¨¸ ÉÓ ¸²¥¤ÊÕÐ¨³
μ¡· §μ³:

−ı∂θf +
n

2
[τ3, f ] = 0, n = n(x). (45)

‚ Ê· ¢´¥´¨¨ (45) ¢³¥¸Éμ f ¸²¥¤Ê¥É ¶μ¤¸É ¢²ÖÉÓ ²¨¡μ ³ É·¨ÍÊ U , ²¨¡μ ξμAμ,
£¤¥ ξμ Å ²Õ¡μ° ¨§ ¢¥±Éμ·μ¢ Š¨²²¨´£  (42). �´ ²μ£¨Î´μ, μÉμ¦¤¥¸É¢²ÖÖ £¥´¥-
· Éμ· £·Ê¶¶Ò U1(φ) ¸ ı∂φ, ¶μ²ÊÎ ¥³ Ê· ¢´¥´¨¥ Ô±¢¨¢ ·¨ ´É´μ¸É¨

−ı∂ϕU + ık∂φU = 0, k = k(x). (46)
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� §·¥Ï Ö Ê· ¢´¥´¨Ö (45) ¨ (46), ´ °¤¥³ ¸²¥¤ÊÕÐÊÕ ¸É·Ê±ÉÊ·Ê ±¨· ²Ó´ÒÌ
Ê£²μ¢:

ψ = ψ(x), φ = k(x)ϕ, χ = n(x)θ, (47)

  É ±¦¥ ± ²¨¡·μ¢μÎ´μ¥ ¶μ²¥

ξμAμ = ıτ3A(x) + ıτ1W (x) exp [ın(x)τ3θ]. (48)

ˆ§ Ê¸²μ¢¨Ö ¶¥·¨μ¤¨Î´μ¸É¨ ¶μ Ê£²μ¢μ° ¶¥·¥³¥´´μ° θ ¢ÒÉ¥± ¥É, ÎÉμ n ∈ Z.
„ ²Ó´¥°Ï¥¥ Ê¶·μÐ¥´¨¥ ³μ¦¥É ¡ÒÉÓ ¶μ²ÊÎ¥´μ, ¥¸²¨ ¶μÉ·¥¡μ¢ ÉÓ, ÎÉμ¡Ò Ô´¥·-
£¨Ö ¨¸±μ³μ° ±μ´Ë¨£Ê· Í¨¨ ¡Ò²  ³¨´¨³ ²Ó´μ°. �¤´ ±μ ÎÉμ¡Ò ¢ ÔÉμ³ Ê¡¥-
¤¨ÉÓ¸Ö, ´ ³ ¶μÉ·¥¡Ê¥É¸Ö ¸´ Î ²  μÍ¥´¨ÉÓ Éμ¶μ²μ£¨Î¥¸±¨° § ·Ö¤ Q § ³±´ÊÉμ£μ
¢¨Ì·Ö.

5. ’���‹�ƒˆ—…‘Šˆ‰ ‡��Ÿ„ ˆ �…„“–ˆ��‚����… „…‰‘’‚ˆ…

‚ · ¸¸³ É·¨¢ ¥³μ° ³μ¤¥²¨ ¢μ§³μ¦´Ò ±μ´Ë¨£Ê· Í¨¨ É¨¶  § ³±´ÊÉÒÌ
¸É·Ê´, ´ ¤¥²¥´´Ò¥ ´¥É·¨¢¨ ²Ó´Ò³ Éμ¶μ²μ£¨Î¥¸±¨³ (¡ ·¨μ´´Ò³) § ·Ö¤μ³ Q =
deg(S3 → S3). —Éμ¡Ò ¢ ÔÉμ³ Ê¡¥¤¨ÉÓ¸Ö, § ¶¨Ï¥³ ±μ¢ ·¨ ´É´μ¥ Éμ¦¤¥-
¸É¢μ [18,19]


μJμ ≡ 
μ [Eμνστ tr (�ν�σ�τ )] /24π2 ≡ 0, (49)

£¤¥ ¨¸¶μ²Ó§μ¢ ´Ò ¸¢μ¡μ¤´Ò° ±¨· ²Ó´Ò° Éμ± �μ = U+∂μU ,   É ±¦¥ ¤¨¸±·¨-
³¨´ ´É´Ò° É¥´§μ·

Eμνστ = εμνστ |g|−1/2.

ˆ´É¥£·¨·ÊÖ ¸μμÉ´μÏ¥´¨¥ (49) ¶μ 4-μ¡Ñ¥³Ê ¨ ¶·¨³¥´ÖÖ É¥μ·¥³Ê ƒ Ê¸¸ Ä�¸É·μ-
£· ¤¸±μ£μ, ¶·¨Ìμ¤¨³ ± ¸²¥¤ÊÕÐ¥³Ê ¢Ò· ¦¥´¨Õ ¤²Ö Éμ¶μ²μ£¨Î¥¸±μ£μ § ·Ö¤ :

Q =
∫

d3x |g|1/2J0 =
1

4π2

+∞∫
−∞

dx

π∫
−π

dθ

πa∫
−πa

dz tr (�1�2�3). (50)

�μ¤¸É ¢²ÖÖ (47) ¢ (43), ¢ÒÎ¨¸²Ö¥³ ²¥¢Ò¥ ±¨· ²Ó´Ò¥ Éμ±¨:

�1 = ıτ1ψ
′ exp [ıτ3(φ + χ)],

�2 = ı
n

2
τ2 sin 2ψ exp [ıτ3(φ + χ)] + ınτ3 sin2 ψ,

�3 = −ı
k

2
τ2 sin 2ψ exp [ıτ3(φ + χ)] + ıkτ3 cos2 ψ,

¨ ¨§ (50) ´ Ìμ¤¨³

Q = n

+∞∫
−∞

dx k(x)ψ′ sin 2ψ = N ∈ Z. (51)
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…¸²¨ ´ ²μ¦¨ÉÓ ¥¸É¥¸É¢¥´´Ò¥ £· ´¨Î´Ò¥ Ê¸²μ¢¨Ö

ψ(−∞) = 0, ψ(+∞) = π, (52)

 ´ ²μ£¨Î´Ò¥ Ê¸²μ¢¨Ö³ (44), ¸ ¤μ¶μ²´¨É¥²Ó´Ò³ μ£· ´¨Î¥´¨¥³ ψ(0) = π/2,
k = k0Θ(π/2 − ψ), £¤¥ Θ ¥¸ÉÓ ¸ÉÊ¶¥´Î É Ö ËÊ´±Í¨Ö •¥¢¨¸ °¤ , Éμ ¨§ (50)
¨ (51) ¢Ò¢μ¤¨³, ÎÉμ

Q = N = nk0. (53)

� ±μ´¥Í, ¤²Ö Ê¶·μÐ¥´¨Ö · ¸¸³μÉ·¨³ ±μ´Ë¨£Ê· Í¨Õ ¸ ³¨´¨³ ²Ó´μ° Ô´¥·-
£¨¥°, ¤²Ö ±μÉμ·μ°

Aμ = A(x)δ2
μ, W = 0. (54)

Šμ´Ë¨£Ê· Í¨Ö (54) μÉ¢¥Î ¥É ¶·μ¤μ²Ó´μ³Ê ³ £´¨É´μ³Ê ¶μ²Õ, ´ ¶· ¢²¥´´μ³Ê
¢¤μ²Ó ¢¨Ì·Ö. „²Ö ´¥¥ ¸μ£² ¸´μ (39) ¶μ²´Ò¥ ±¨· ²Ó´Ò¥ Éμ±¨ μ± §Ò¢ ÕÉ¸Ö
¸²¥¤ÊÕÐ¨³¨:

L1 = �1, L2 = �2 + U+A2U − A2, L3 = �3.

�¥§Ê²ÓÉ É ¨Ì ¢ÒÎ¨¸²¥´¨Ö ¸¢μ¤¨É¸Ö ± ¶μ¤¸É ´μ¢±¥ n → n − 2A ¢ ¸¢μ¡μ¤´μ³
Éμ±¥ �2.

’¥¶¥·Ó, ¨¸¶μ²Ó§ÊÖ ¶·¨´Í¨¶ ¨´¢ ·¨ ´É´μ¸É¨ ŠμÊ²³¥´ Ä� ²¥ [12], § ¶¨-
Ï¥³ ¤¥°¸É¢¨¥ ³μ¤¥²¨ ¤²Ö ¢Ò¡· ´´μ° ¨´¢ ·¨ ´É´μ° ±μ´Ë¨£Ê· Í¨¨:

A = 4π2a

∫
dt

+∞∫
−∞

dx eμ−α+β+γ

[
− 1

2r0
2ẽ2

A
′2e−2β+

+
1
κ

(μ′β′ + μ′γ′ + β′γ′)−

− 1
2λ2

[
ψ

′2 + (n − 2A)2 sin2 ψ e2(α−β) +
k2r2

0

a2
cos2 ψ e2(α−γ)

]]
. (55)

6. “��‚�…�ˆŸ „‚ˆ†…�ˆŸ ˆ ‘’�“Š’“�� �…˜…�ˆ‰

„²Ö ¶μ²ÊÎ¥´¨Ö ¨´É¥·¥¸ÊÕÐ¨Ì ´ ¸ ·¥Ï¥´¨° Ê· ¢´¥´¨° ¤¢¨¦¥´¨Ö ¢μ¸¶μ²Ó-
§Ê¥³¸Ö É¥μ·¨¥° ¢μ§³ÊÐ¥´¨°, ¶·¨´¨³ Ö ¢Ò¶μ²´¥´´Ò³¨ ¸²¥¤ÊÕÐ¨¥ ¸¨²Ó´Ò¥
´¥· ¢¥´¸É¢ :

n � 2A, k0r0 � na. (56)

‚ É ±μ³ ¸²ÊÎ ¥ ¢ ¶¥·¢μ³ ¶·¨¡²¨¦¥´¨¨ ¶μ² £ ¥³ A = 0 ¨ ¶·¨Ìμ¤¨³ ± Ê¦¥
¢¸É·¥Î ¢Ï¨³¸Ö · ´¥¥ ¢Ò· ¦¥´¨Ö³ (16) ¨ (19) ¤²Ö ψ(x), α(x) ¨ β(x) ¶·¨ ¢Ò-
¡μ·¥ ¢ (19) C = 0, É ± ± ± ¶μ¶¥·¥Î´Ò° · §³¥· r0 ¸Î¨É ¥É¸Ö § Ë¨±¸¨·μ¢ ´´Ò³
¶·¨ x = 0.
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’¥¶¥·Ó § ¶¨Ï¥³ Ê· ¢´¥´¨¥ ¤²Ö ¢¥±Éμ·´μ£μ ¶μ²Ö:

2r2
0

λ2
(n − 2A) sin2 ψ eu−v +

1
ẽ2

(
A′e−v/2

)′
= 0. (57)

�μ¤¸É ¢²ÖÖ ¢ (57) ´ °¤¥´´Ò¥ ¢ ¶¥·¢μ³ ¶·¨¡²¨¦¥´¨¨ ¢Ò· ¦¥´¨Ö ¤²Ö ³¥É·¨-
Î¥¸±¨Ì ËÊ´±Í¨° ¨ ±¨· ²Ó´μ£μ Ê£²  ψ(x), ¶μ¸²¥ ¨´É¥£·¨·μ¢ ´¨Ö ¶μ²ÊÎ ¥³
¨´¢ ·¨ ´É´ÊÕ ´ ¶·Ö¦¥´´μ¸ÉÓ ³ £´¨É´μ£μ ¶μ²Ö

B =
(

1
2
FμνFμν

)1/2

¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥:

B =
1
r2
0

A′e−v/2 =
2ẽ2

λ2
[1 − th(nx)]. (58)

Š ± ¢¨¤´μ ¨§ (57) ¨ (58), ³ £´¨É´μ¥ ¶μ²¥ Ö¢²Ö¥É¸Ö ¶·μ¤μ²Ó´Ò³, É. ¥. μ·¨¥´-
É¨·μ¢ ´´Ò³ ¢¤μ²Ó ¸É·Ê´Ò, ¨ ¨¸Î¥§ ¥É ´  ¶·μ¸É· ´¸É¢¥´´μ° ¡¥¸±μ´¥Î´μ¸É¨.

7. ��…�ƒˆŸ ˆ ’���ˆ„�›‰ Œ�Œ…�’ ‡�ŒŠ�“’�ƒ� ‚ˆ•�Ÿ

„²Ö μÍ¥´±¨ Ô´¥·£¨¨ § ³±´ÊÉμ£μ ¢¨Ì·Ö ´¥μ¡Ìμ¤¨³μ ÊÎ¥¸ÉÓ ³ ¸ÏÉ ¡´Ò°
±·¨É¥·¨° •μ¡ ·É Ä„¥··¨±  ¸ÊÐ¥¸É¢μ¢ ´¨Ö μ£· ´¨Î¥´´ÒÌ ±μ´Ë¨£Ê· Í¨° [20,
21]. �¤¨´ ¨§ ¸¶μ¸μ¡μ¢ Ê¤μ¢²¥É¢μ·¨ÉÓ ÔÉμ³Ê Ê¸²μ¢¨Õ ¸μ¸Éμ¨É ¢ Éμ³, ÎÉμ¡Ò
¤μ¡ ¢¨ÉÓ ± ¨¸Ìμ¤´μ³Ê ² £· ´¦¨ ´Ê ¸±¨·³μ¢¸±¨° Î²¥´ [22]:

LSkyrme =
ε2

16
tr [Lμ, Lν ][Lμ, Lν ], (59)

£¤¥ ε ≈ 0,13 Å ¡¥§· §³¥·´ Ö ±μ´¸É ´É  ¸¢Ö§¨ ‘±¨·³ . ‚ ·¥§Ê²ÓÉ É¥ ¶μ²ÊÎ ¥³
¸²¥¤ÊÕÐ¥¥ ¢Ò· ¦¥´¨¥ ¤²Ö Ô´¥·£¨¨ § ³±´ÊÉμ£μ ¢¨Ì·Ö:

E = 2π2a

∫
dx

[
1
λ2

[
S + n(n − 2A) sin2 ψ

]
+

+ε2
[
k2
0

a2
ψ

′2 cos2 ψ +
n

r2
0

(n − 2A)S e−2β sin2 ψ

]]
, (60)

£¤¥ ¨¸¶μ²Ó§μ¢ ´μ μ¡μ§´ Î¥´¨¥

S = ψ
′2 +

r2
0k

2
0

a2
e2β cos2 ψ.
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�μ¤¸É ¢²ÖÖ A = 0, (18) ¨ (19) ¢ (60), ´ Ìμ¤¨³ ¢ ¶¥·¢μ³ ¶·¨¡²¨¦¥´¨¨

E ≈ 2π2a

(
4n

λ2
+

4ε2

3r2
0

n3 +
r2
0k

2
0

λ2a2n
I +

2ε2k2
0

3a2
n

)
, (61)

£¤¥ ¶μ²μ¦¥´μ

I = B

(
3,

1
n

)
F

(
3, 1 − ν

4
+

1
n

; 3 +
1
n

; −1
)

,

  B ¨ F μ¡μ§´ Î ÕÉ, ¸μμÉ¢¥É¸É¢¥´´μ, ¡¥É -ËÊ´±Í¨Õ �°²¥·  ¨ £¨¶¥·£¥μ³¥É·¨-
Î¥¸±ÊÕ ËÊ´±Í¨Õ. Œ¨´¨³¨§¨·ÊÖ Ô´¥·£¨Õ ¢¨Ì·Ö (61) ¶μ ¶ · ³¥É· ³ r0 ¨ a,
¶μ²ÊÎ¨³ ¤²Ö ´¨Ì ¸²¥¤ÊÕÐ¨¥ ¢Ò· ¦¥´¨Ö:

r0 = 3−1/2

(
2
I

)1/4

ελn, a = 6−1/2ελk0. (62)

‘ ÊÎ¥Éμ³ (62) Ô´¥·£¨Ö ¢¨Ì·Ö ¶·¨´¨³ ¥É §´ Î¥´¨¥

E = 8π2 εk0n

λ
√

3

(√
2 +

√
I
)

. (63)

‡ ³¥Î Ö, ÎÉμ ¶·¨ n � 1 ¡Ê¤¥É I ∼ n, ¨§ (62) ¢¨¤¨³, ÎÉμ ¶·¨´ÖÉμ¥ · ´¥¥
μ£· ´¨Î¥´¨¥ k0r0 � na ¢ ¸ ³μ³ ¤¥²¥ ¢Ò¶μ²´Ö¥É¸Ö, É ± ± ±

k0r0

na
∼ n−1/4.

�Í¥´¨³ É¥¶¥·Ó Ô²¥±É·μ³ £´¨É´Ò° ¢±² ¤ ¢ Ô´¥·£¨Õ ¢¨Ì·Ö, ¶μ¤¸É ¢¨¢ (58)
¢ (60):

Eem = −32π2ẽ2 ε3

3λ
k0n

[
(2I)1/2

[
2ν/4B

(
1
n

, 2 +
ν

4
− 1

n

)
+

+ B

(
4,

1
n

)
F

(
4,

1
n
− ν

4
; 4 +

1
n

; −1
)]

+

+ 2ν/4

[
2B

(
1
n

, 2 +
ν

4
− 1

n

)
− 2B

(
2 +

1
n

, 2 +
ν

4
− 1

n

)
+

+ B

(
1
n

, 3 +
ν

4
− 1

n

)]]
. (64)

ˆ´É¥·¥¸´μ μÉ³¥É¨ÉÓ, ÎÉμ Eem < 0. �Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ ¸μ£² ¸Ê¥É¸Ö ¸ μ¡Ð¨³
ÔËË¥±Éμ³ Ê³¥´ÓÏ¥´¨Ö Ô´¥·£¨¨ Éμ¶μ²μ£¨Î¥¸±μ£μ ¸μ²¨Éμ´  ¶·¨ ¢±²ÕÎ¥´¨¨ ± -
²¨¡·μ¢μÎ´μ£μ ¶μ²Ö [23, 24]. ‚ ¤ ´´μ³ ¸²ÊÎ ¥ ÔÉμ ³μ¦´μ ¡Ò²μ ¡Ò μ¡ÑÖ¸´¨ÉÓ
¶·¨ÉÖ¦¥´¨¥³ ±·Ê£μ¢ÒÌ Ô²¥±É·¨Î¥¸±¨Ì Éμ±μ¢ ¢´ÊÉ·¨ ¢¨Ì·Ö.
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�Í¥´¨³ É¥¶¥·Ó Éμ·μ¨¤´Ò° ³μ³¥´É T § ³±´ÊÉμ£μ ¢¨Ì·Ö [25], ¨¸¶μ²Ó§ÊÖ
¸μμÉ´μÏ¥´¨¥

j = rotM = rot2τ (65)

³¥¦¤Ê ¶²μÉ´μ¸ÉÓÕ Éμ·μ¨¤´μ¸É¨ τ , ´ ³ £´¨Î¥´´μ¸ÉÓÕ M ¨ ¶²μÉ´μ¸ÉÓÕ Ô²¥±-
É·¨Î¥¸±μ£μ Éμ± 

j = ∂L/∂A. (66)

ˆ§ (61) ¨ (66) ¢Ò¢μ¤¨³ ¢Ò· ¦¥´¨¥ ¤²Ö ¶·μ¥±Í¨¨ Éμ·μ¨¤´μ¸É¨ ´  μ¸Ó ¢· Ð¥´¨Ö
Éμ·μ¨¤´μ° ¢¨Ì·¥¢μ° ±μ´Ë¨£Ê· Í¨¨:

T = 2π2a2en

∫
dx sin2 ψ

(
e2β r2

0

λ2
+ ε2S

)
, (67)

£¤¥ ¨¸¶μ²Ó§μ¢ ´  ¸¢Ö§Ó ẽ2 = 4πe2 ³¥¦¤Ê § ·Ö¤μ³ Ô²¥±É·μ´  e ¨ ±μ´¸É ´Éμ°
¸¢Ö§¨ ẽ. �μ¤¸É ¢²ÖÖ (18) ¨ (19) ¢ (67), ´ Ìμ¤¨³ ¶μ¸²¥ ¨´É¥£·¨·μ¢ ´¨Ö

T =
2π2

9
eε4λ2n2k2

0

√
2
I

[
2ν/4B

(
1 +

1
n

, 1 +
ν

4
− 1

n

)
+

+
√

2I + 3B

(
3, 1 +

1
n

)
F

(
3,

1
n
− ν

4
; 4 +

1
n

; −1
)]

.

’ ±¨³ μ¡· §μ³, ¶·¨ ¡μ²ÓÏ¨Ì §´ Î¥´¨ÖÌ n Éμ·μ¨¤´μ¸ÉÓ § ³±´ÊÉμ£μ ¢¨Ì·Ö
μ± §Ò¢ ¥É¸Ö ¶·μ¶μ·Í¨μ´ ²Ó´μ° ±¢ ¤· ÉÊ ¥£μ Éμ¶μ²μ£¨Î¥¸±μ£μ § ·Ö¤ . ‡ ³¥-
É¨³, ÎÉμ ¢ ¶·μÍ¥¸¸¥ Ô¢μ²ÕÍ¨¨ ¢¨Ì·Ö ¥£μ Éμ·μ¨¤´μ¸ÉÓ ³μ¦¥É ¨§³¥´ÖÉÓ¸Ö ¸μ
¢·¥³¥´¥³, ÎÉμ ¶·¨¢μ¤¨É ± ¥Ð¥ μ¤´μ³Ê ´ ¡²Õ¤ ¥³μ³Ê ÔËË¥±ÉÊ Å Ô²¥±É·μ-
³ £´¨É´μ³Ê ¨§²ÊÎ¥´¨Õ μÉ ±μ¸³¨Î¥¸±μ° ¸É·Ê´Ò. ŒμÐ´μ¸ÉÓ ¨§²ÊÎ¥´¨Ö ³μ¦´μ
μÍ¥´¨ÉÓ ¶μ Ëμ·³Ê²¥ ‚.Œ. „Ê¡μ¢¨±  [26]:

P =
8
27

(
...
T)2. (68)

“Î¥É ¨§²ÊÎ¥´¨Ö ± ± μÉ ¸ ³¨Ì ¸É·Ê´ (¸μ£² ¸´μ (68)), É ± ¨ μÉ § ·Ö¦¥´´ÒÌ
Î ¸É¨Í, ¶μ¶ ¤ ÕÐ¨Ì ¢ ¨Ì μ±·Ê¦¥´¨¥ [27], ³μ¦¥É ¸± § ÉÓ¸Ö ´   ´¨§μÉ·μ¶¨¨
·¥²¨±Éμ¢μ£μ ¨§²ÊÎ¥´¨Ö. �¥±μÉμ·Ò¥ ¡μ²¥¥ ¤¥É ²Ó´Ò¥ Ì · ±É¥·¨¸É¨±¨ ±¨· ²Ó-
´ÒÌ ¢¨Ì·¥°, ± ± μÉ±·ÒÉÒÌ, É ± ¨ § ³±´ÊÉÒÌ, μ¡¸Ê¦¤ ÕÉ¸Ö ¢ · ¡μÉ Ì [28,29].

�¢Éμ· ¡² £μ¤ ·¥´ §  ¶μ²¥§´Ò¥ μ¡¸Ê¦¤¥´¨Ö ¶·¥¤¸É ¢²¥´´ÒÌ §¤¥¸Ó ¶·μ¡²¥³
’. ˆ.
¥²μ¢μ°, ‘.ˆ. ‚¨´¨Í±μ³Ê, ‚.Œ. „Ê¡μ¢¨±Ê ¨ �. …. ŠÊ¤·Ö¢Í¥¢Ê.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ �””ˆ, £· ´É º09-01-00397-a.
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