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

�·¥¤¸É ¢²¥´ ³¥Éμ¤ ¶μ¸É·μ¥´¨Ö σ-³μ¤¥²Ó´ÒÌ ³´μ£μμ¡· §¨° ¸ £¥μ³¥É·¨Ö³¨, μÉ²¨Î´Ò³¨ μÉ
±μ´Ëμ·³´μ-¶²μ¸±¨Ì, ¶ÊÉ¥³ ¤Ê ²¨§ Í¨¨ ±μ´¸É ´ÉÒ ¸¢Ö§¨. �·¥¤² £ ¥³Ò° ³¥Éμ¤ ¶μ§¢μ²¨² ¶μ¸É·μ-
¨ÉÓ N = 4, 8 ¸Ê¶¥·¸¨³³¥É·¨Î´Ò¥ Î¥ÉÒ·¥Ì³¥·´Ò¥ £¨¶¥·-±Ô²¥·μ¢Ò σ-³μ¤¥²¨ ¢ d = 1 ¸ μ¤´μ°
É·¨£μ²μ³μ·Ë´μ° ¨§μ³¥É·¨¥°.

A method for constructing σ-model manifolds with geometries that are different from conformally
	at ones is proposed. It is based on a coupling constant dualization and allows one to construct N = 4, 8
supersymmetric four-dimensional hyper-Kéahler σ-models in d = 1 with one triholomorphic isometry.

PACS: 539.12.01
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‘·¥¤¨ μ¤´μ³¥·´ÒÌ É¥μ·¨° (³¥Ì ´¨±) ¸ · ¸Ï¨·¥´´Ò³¨ ¸Ê¶¥·¸¨³³¥É·¨Ö³¨ ¤¢  ¸²Ê-
Î Ö Å N = 4 ¨ N = 8 Å Ö¢²ÖÕÉ¸Ö ¢Ò¤¥²¥´´Ò³¨ ¢ ¸¨²Ê ¸ÊÐ¥¸É¢μ¢ ´¨Ö ²¨´¥°´ÒÌ N = 4
¨ N = 8 ¸Ê¶¥·³Ê²ÓÉ¨¶²¥Éμ¢, ´¥ ¸μ¤¥·¦ Ð¨Ì ¢¸¶μ³μ£ É¥²Ó´ÒÌ ±μ³¶μ´¥´É [1]. �μ¸É·μ¥-
´¨¥ σ-³μ¤¥²Ó´ÒÌ ¤¥°¸É¢¨° ¤²Ö É ±¨Ì ³¥Ì ´¨± μ± §Ò¢ ¥É¸Ö ¤μ¸É ÉμÎ´μ ¶·μ¸Éμ° § ¤ Î¥°.
�μ¤·μ¡´μ¥ ¨§ÊÎ¥´¨¥ £¥μ³¥É·¨° ¡μ§μ´´ÒÌ ³´μ£μμ¡· §¨° ¸ N = 4, 8 ¸Ê¶¥·¸¨³³¥É·¨¥°
¡Ò²μ ¶·μ¢¥¤¥´μ ¢ [2,3] ¨ ¢ÒÖ¢¨²μ ²Õ¡μ¶ÒÉ´Ò° Ë ±É Å ¶·¨ ¤μ¢μ²Ó´μ μ¡Ð¨Ì ¶·¥¤¶μ²μ¦¥-
´¨ÖÌ μ ¸É·Ê±ÉÊ·¥ ¤¥°¸É¢¨° ¤μ¶Ê¸É¨³Ò¥ ¡μ§μ´´Ò¥ ³´μ£μμ¡· §¨Ö μ± §Ò¢ ÕÉ¸Ö ±μ´Ëμ·³´μ-
¶²μ¸±¨³¨. �μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¸ ´¥μ¡Ìμ¤¨³μ¸ÉÓÕ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ ´¥¶μ²´μÉ¥  ´ -
²¨§ , ¶μ¸±μ²Ó±Ê μÎ¥¢¨¤´μ, ÎÉμ · §³¥·´ Ö ·¥¤Ê±Í¨Ö Î¥ÉÒ·¥Ì³¥·´ÒÌ N = 2 σ-³μ¤¥²¥° [4]
¢ d = 1 ¶·¨¢¥¤¥É ± £¨¶¥·-±Ô²¥·μ¢Ò³ ¡μ§μ´´Ò³ ³´μ£μμ¡· §¨Ö³. �É¢¥É ´  ¢μ¶·μ¸ ®—Éμ
¦¥ ¶·μ¶ÊÐ¥´μ?¯ ¤μ¢μ²Ó´μ ¶·μ¸É Å ¢ μ¤´μ³¥·¨¨ ¸ÊÐ¥¸É¢Ê¥É Í¥²Ò° ±² ¸¸ ´¥²¨´¥°´ÒÌ
¸Ê¶¥·³Ê²ÓÉ¨¶²¥Éμ¢, μ¶·¥¤¥²¥´´ÒÌ ¢´¥ ³ ¸¸μ¢μ° ¶μ¢¥·Ì´μ¸É¨, ¨ ¨³¥´´μ ÔÉ¨ ³Ê²ÓÉ¨¶²¥ÉÒ
¨£· ÕÉ ±²ÕÎ¥¢ÊÕ ·μ²Ó ¢ ¶μ¸É·μ¥´¨¨ ¸Ê¶¥·¸¨³³¥É·¨Î´ÒÌ σ-³μ¤¥²¥° ¸ ´¥É·¨¢¨ ²Ó´μ°
£¥μ³¥É·¨¥° ¡μ§μ´´ÒÌ ³´μ£μμ¡· §¨° [5Ä8]. Š ¸μ¦ ²¥´¨Õ, ¢ μÉ²¨Î¨¥ μÉ ²¨´¥°´ÒÌ, ¶μ-
¸É·μ¥´¨¥ ¨ ±² ¸¸¨Ë¨± Í¨Ö ´¥²¨´¥°´ÒÌ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥Éμ¢ Ö¢²Ö¥É¸Ö ¢¥¸Ó³  ´¥¶·μ¸Éμ°
§ ¤ Î¥°, μ¸μ¡¥´´μ ¢ ¸¨²Ê μÉ¸ÊÉ¸É¢¨Ö ± ±¨Ì-²¨¡μ  ´ ²μ£μ¢ É ±¨Ì ¸Ê¶¥·³Ê²ÓÉ¨¶²¥Éμ¢ ¢
¢Ò¸Ï¨Ì ¨§³¥·¥´¨ÖÌ. ‚ ¤ ´´μ° · ¡μÉ¥ ³Ò ¤¥³μ´¸É·¨·Ê¥³, ÎÉμ ¶·μÍ¥¤Ê·  ®¤Ê ²¨§ Í¨¨
±μ´¸É ´ÉÒ ¸¢Ö§¨¯ ¡²¥¸ÉÖÐ¥ ¸¶· ¢²Ö¥É¸Ö ¸ ¶μ¸É ¢²¥´´μ° § ¤ Î¥° ¨ ¶μ§¢μ²Ö¥É ¶μ¸É·μ¨ÉÓ
´ ¨¡μ²¥¥ μ¡Ð¨¥ N = 4, 8 ¸Ê¶¥·¸¨³³¥É·¨Î´Ò¥ Î¥ÉÒ·¥Ì³¥·´Ò¥ £¨¶¥·-±Ô²¥·μ¢Ò σ-³μ¤¥²¨
¸ μ¤´μ° É·¨£μ²μ³μ·Ë´μ° ¨§μ³¥É·¨¥°.
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�¸´μ¢´ÊÕ ¨¤¥Õ ®¤Ê ²¨§ Í¨¨ ±μ´¸É ´ÉÒ ¸¢Ö§¨¯ ¶·μÐ¥ ¢¸¥£μ ¶·μ¤¥³μ´¸É·¨·μ¢ ÉÓ ´ 
¶·¨³¥·¥ ±μ´Ëμ·³´μ° ³¥Ì ´¨±¨, μ¶¨¸Ò¢ ÕÐ¥°¸Ö ¤¥°¸É¢¨¥³

S =
∫

dt

[
ẋ2 − g2

x2

]
. (1)

‡¤¥¸Ó x(t) Å ¡μ§μ´´μ¥ ¶μ²¥, § ¢¨¸ÖÐ¥¥ Éμ²Ó±μ μÉ ¢·¥³¥´¨ t,   g Å ±μ´¸É ´É  ¸¢Ö§¨.
“¸²μ¢¨¥ g = const, μÎ¥¢¨¤´μ, ³μ¦¥É ¡ÒÉÓ ¨¸Éμ²±μ¢ ´μ ± ± ·¥Ï¥´¨¥ Ê· ¢´¥´¨Ö

∂tg = 0. (2)

‚ É ±μ° Ëμ·³¥ ³Ò ¨³¥¥³ ¸¨¸É¥³Ê (1) ¸μ ¸¢Ö§ÓÕ (2). �²ÓÉ¥·´ É¨¢μ° ·¥Ï¥´¨Õ ¸¢Ö§¨ (2)
Ö¢²Ö¥É¸Ö ¢±²ÕÎ¥´¨¥ ¥¥ ¸ ² £· ´¦¥¢Ò³ ³´μ¦¨É¥²¥³ ¢ ¤¥°¸É¢¨¥ (1)

S =
∫

dt

[
ẋ2 − g2

x2
− 2φġ

]
. (3)

�Î¥¢¨¤´μ, ÎÉμ ¢ ·¨ Í¨Ö (3) ¶μ φ ¤ ¸É ± ± · § (2). …¸²¨ ¦¥ ³Ò ¶·μ¨§¢¥¤¥³ ¢ ·Ó¨·μ¢ -
´¨¥ (3) ¶o ®±μ´¸É ´É¥ ¸¢Ö§¨¯ g, Éμ ´¥³¥¤²¥´´μ ¶μ²ÊÎ¨³ Ê· ¢´¥´¨¥

g = x2φ̇. (4)

�μ¤¸É ¢¨¢ É¥¶¥·Ó ¢Ò· ¦¥´¨¥ (4) ¢ (3), ³Ò ¶μ²ÊÎ¨³ ¤¥°¸É¢¨¥

S =
∫

dt
[
ẋ2 + x2φ̇2

]
, (5)

¢ ±μÉμ·μ³ ²¥£±μ Ê§´ ÉÓ ¤¥°¸É¢¨¥ ¸¢μ¡μ¤´μ£μ ±μ³¶²¥±¸´μ£μ ¸± ²Ö·´μ£μ ¶μ²Ö ¢ ¶μ²Ö·´ÒÌ
±μμ·¤¨´ É Ì. �μ´ÖÉ´μ, ÎÉμ ¸ ÉμÎ±¨ §·¥´¨Ö ¤¢Ê³¥·´μ° ³¥Ì ´¨±¨ (5) ±μ´Ëμ·³´ Ö ³¥Ì -
´¨±  (1) μ¶¨¸Ò¢ ¥É Î ¸É´Ò° ¸²ÊÎ ° ¤¢¨¦¥´¨Ö Î ¸É¨ÍÒ ¸ ¶μ¸ÉμÖ´´Ò³ Ê£²μ¢Ò³ ³μ³¥´Éμ³.

’ ±¨³ μ¡· §μ³, ¶μ¸²¥ ¤Ê ²¨§ Í¨¨ ±μ´¸É ´ÉÒ ¸¢Ö§¨ ³Ò ¶μ²ÊÎ ¥³ ¸¨¸É¥³Ê, Ê ±μÉμ·μ°
´  μ¤´μ Ë¨§¨Î¥¸±μ¥ ¡μ§μ´´μ¥ ¶μ²¥ ¡μ²ÓÏ¥. �Î¥¢¨¤´μ, ÎÉμ ¢ ¸²ÊÎ ¥ ¸Ê¶¥·¸¨³³¥É·¨Î-
´ÒÌ ³¥Ì ´¨± ´μ¢μ¥ ¡μ§μ´´μ¥ ¶μ²¥ ¡Ê¤¥É ±μ³¶μ´¥´Éμ° ´μ¢μ£μ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É  ¸ ¸μ-
¢¥·Ï¥´´μ ´μ¢Ò³¨ § ±μ´ ³¨ ¶·¥μ¡· §μ¢ ´¨Ö μÉ´μ¸¨É¥²Ó´μ ¸Ê¶¥·¸¨³³¥É·¨¨. ‡ ¡ ¢´μ, ÎÉμ
·¥ ²¨§ Í¨Ö ¸Éμ²Ó ¶·μ¸Éμ° ¨¤¥¨ ¶·¨¢μ¤¨É ± ´¥É·¨¢¨ ²Ó´Ò³ ·¥§Ê²ÓÉ É ³ Å ¶μ¸É·μ¥´´Ò¥
¸Ê¶¥·³Ê²ÓÉ¨¶²¥ÉÒ μ± §Ò¢ ÕÉ¸Ö ´¥²¨´¥°´Ò³¨,   ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¤¥°¸É¢¨Ö μ¶¨¸Ò¢ ÕÉ
£¨¶¥·-±Ô²¥·μ¢Ò σ-³μ¤¥²¨. —Éμ¡Ò ¶·μ¤¥³μ´¸É·¨·μ¢ ÉÓ ¶²μ¤μÉ¢μ·´μ¸ÉÓ ÔÉμ° ¨¤¥¨, ³Ò ´ -
Î´¥³ ¸μ ¸²ÊÎ Ö N = 4 ¸Ê¶¥·¸¨³³¥É·¨Î´μ° ³¥Ì ´¨±¨.

1. N = 4 ƒˆ�…�-Š�‹…��‚� σ-Œ�„…‹œ

�μ¸±μ²Ó±Ê ´ Ï¥° § ¤ Î¥° Ö¢²Ö¥É¸Ö ¶μ¸É·μ¥´¨¥ σ-³μ¤¥²¥° ¸ £¨¶¥·-±Ô²¥·μ¢μ° £¥μ³¥-
É·¨¥° ¡μ§μ´´μ£μ ¸¥±Éμ· , Éμ ¢ ±μ´¥Î´μ³ ¨Éμ£¥, ¶μ¸²¥ ¤Ê ²¨§ Í¨¨ ±μ´¸É ´ÉÒ ¸¢Ö§¨, ³Ò
¤μ²¦´Ò ¨³¥ÉÓ Î¥ÉÒ·¥Ì³¥·´μ¥ ¡μ§μ´´μ¥ ³´μ£μμ¡· §¨¥. ‘ ³  ¶·μÍ¥¤Ê·  ¤Ê ²¨§ Í¨¨ ¤μ-
¡ ¢²Ö¥É μ¤´Ê Ë¨§¨Î¥¸±ÊÕ ¡μ§μ´´ÊÕ ±μ³¶μ´¥´ÉÊ, ¶μÔÉμ³Ê ¢ ± Î¥¸É¢¥ μÉ¶· ¢´μ° ÉμÎ±¨
³Ò ¢μ§Ó³¥³ ²¨´¥°´Ò° N = 4 ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É (3, 4, 1) ¸ É·¥³Ö Ë¨§¨Î¥¸±¨³¨ ¨ μ¤´μ°
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¢¸¶μ³μ£ É¥²Ó´μ° ¡μ§μ´´Ò³¨ ¨ Î¥ÉÒ·Ó³Ö Ë¥·³¨μ´´Ò³¨ ±μ³¶μ´¥´É ³¨ [9Ä11]. ‚ Ëμ·³ -
²¨§³¥ N = 2 ¸Ê¶¥·¶μ²¥° É ±μ° ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É § ¤ ¥É¸Ö μ¤´¨³ ¢¥Ð¥¸É¢¥´´Ò³ N = 2
¸Ê¶¥·¶μ²¥³ v(t, θ, θ̄) ¨ μ¤´¨³ N = 2 ±¨· ²Ó´Ò³ ¸Ê¶¥·¶μ²¥³ ρ(t, θ, θ̄)

Dρ̄ = D̄ρ = 0. (6)

”μ·³Ê²¨·μ¢±  ¢ N = 2 ¸Ê¶¥·¶μ²ÖÌ N = 4 ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É  ¤μ²¦´  ¡ÒÉÓ ¤μ¶μ²´¥´ 
·¥ ²¨§ Í¨¥° ¥Ð¥ μ¤´μ° Å ´¥Ö¢´μ° Å N = 2 ¸Ê¶¥·¸¨³³¥É·¨¨, ±μÉμ· Ö ¢ ¤ ´´μ³ ¸²ÊÎ ¥
¨³¥¥É ¢¨¤

δv = −εD̄ρ̄ − ε̄Dρ, δρ = εD̄v, δρ̄ = ε̄Dv. (7)

� ¨¡μ²¥¥ μ¡Ð¥¥ N = 4 ¸Ê¶¥·¸¨³³¥É·¨Î´μ¥ σ-³μ¤¥²Ó´μ¥ ¤¥°¸É¢¨e ¤²Ö ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É 
(3, 4, 1) ¨³¥¥É ¢¨¤

S1 =
∫

dtd2θG(DvD̄v + DρD̄ρ̄), (8)

£¤¥ ³¥É·¨±  G Ö¢²Ö¥É¸Ö ¶·μ¨§¢μ²Ó´μ° ËÊ´±Í¨¥° ¸Ê¶¥·¶μ²¥° v, ρ, ρ̄. ‹¥£±μ ¶·μ¢¥·¨ÉÓ
¨´¢ ·¨ ´É´μ¸ÉÓ (8) μÉ´μ¸¨É¥²Ó´μ (7). ‚¸¥ ÔÉμ § ³¥Î É¥²Ó´μ, ´μ ¶μ±  ´ ³ ´¥Î¥£μ ¤Ê ²¨§μ-
¢ ÉÓ, ¶μ¸±μ²Ó±Ê ¤¥°¸É¢¨¥ (8) ´¥ ¸μ¤¥·¦¨É ´¨± ±¨Ì ±μ´¸É ´É. �μÔÉμ³Ê ³Ò ¤μ¡ ¢¨³ ± (8)
¶μÉ¥´Í¨ ²Ó´Ò° Î²¥´

S2 = g

∫
dtd2θH(v, ρ, ρ̄), g = const. (9)

„¥°¸É¢¨¥ (9) ¶μ ¶μ¸É·μ¥´¨Õ ¨´¢ ·¨ ´É´μ Éμ²Ó±μ μÉ´μ¸¨É¥²Ó´μ N = 2 ¸Ê¶¥·¸¨³³¥É·¨¨.
ˆ´¢ ·¨ ´É´μ¸ÉÓ (9) μÉ´μ¸¨É¥²Ó´μ ´¥Ö¢´μ° N = 2 ¸Ê¶¥·¸¨³³¥É·¨¨ (7) ¶·¨¢μ¤¨É ± μ£· -
´¨Î¥´¨Õ ´  ËÊ´±Í¨Õ H , ±μÉμ· Ö ¤μ²¦´  ¡ÒÉÓ £ ·³μ´¨Î¥¸±μ°:

H,vv + H,ρρ̄ = 0. (10)

’ ±¨³ μ¡· §μ³, ´ ¨¡μ²¥¥ μ¡Ð¥¥ N = 4 d = 1 ¸Ê¶¥·¸¨³³¥É·¨Î´μ¥ ¤¥°¸É¢¨¥ ¨³¥¥É ¢¨¤

S = S1 + S2 =
∫

dtd2θ

[
G

(
DvD̄v + DρD̄ρ̄

)
+ gH

]
(11)

¸ ËÊ´±Í¨¥° H , Ê¤μ¢²¥É¢μ·ÖÕÐ¥° Ê· ¢´¥´¨Õ ‹ ¶² ¸  (10). �·μ¨´É¥£·¨·μ¢ ¢ ¶μ £· ¸-
¸³ ´μ¢Ò³ ±μμ·¤¨´ É ³, ¶μ²ÊÎ¨³ ¢Ò· ¦¥´¨¥ ¤²Ö ¸Ê¶¥·¶μ²¥¢μ£μ ¤¥°¸É¢¨Ö (11) ¢ É¥·³¨´ Ì
±μ³¶μ´¥´É:

S =
∫

dt
[
− (G,vv + G,ρρ̄ )ψψ̄ξξ̄ + iv̇

(
G,ρ ξψ̄ + G,ρ̄ ξ̄ψ

)
+ g

(
H,vρ ξψ̄ + H,vρ̄ ψξ̄

)
−

−A
(
G,v

(
ψψ̄ − ξξ̄

)
+ G,ρ ξψ̄ − G,ρ̄ ξ̄ψ + gH,v

)
+ gH,vv

(
ψψ̄ − ξξ̄

)
−

−iρ̇
(
G,ρ

(
ψψ̄ − ξξ̄

)
− 2G,v ψξ̄

)
+ i ˙̄ρ

(
G,ρ̄

(
ψψ̄ − ξξ̄

)
− 2G,v ξψ̄

)
+

+G
(
v̇2 + 4ρ̇ ˙̄ρ + A2 + iψ̇ψ̄ − iψ ˙̄ψ + iξ̇ξ̄ − iξ ˙̄ξ

)
− ig (H,ρ̄ ˙̄ρ − H,ρ ρ̇)

]
(12)
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¸μ ¢¸¶μ³μ£ É¥²Ó´Ò³ ¶μ²¥³ A ¨ Ë¥·³¨μ´ ³¨ ψ ¨ ξ, μ¶·¥¤¥²¥´´Ò³¨ ± ±

A =
1
2

[
D, D̄

]
v
∣∣

θ=θ̄=0
,

ψ = Dv
∣∣

θ=θ̄=0
, ψ̄ = − D̄v

∣∣
θ=θ̄=0

, ξ = Dρ
∣∣

θ=θ̄=0
, ξ̄ = −D̄ρ̄

∣∣
θ=θ̄=0

.

„ ²¥¥, ¸²¥¤ÊÖ ¶·¨³¥·Ê ¨§ ¶·¥¤Ò¤ÊÐ¥£μ · §¤¥² , ¤μ¡ ¢¨³ ¢ ¤¥°¸É¢¨¥ (12) Ê¸²μ¢¨¥ ¶μ¸Éμ-
Ö´¸É¢  ±μ´¸É ´ÉÒ ¸¢Ö§¨ ¸ ³´μ¦¨É¥²¥³ ‹ £· ´¦  y(t)

S → S +
∫

dt gẏ(t). (13)

‚ É ±μ° ¨´É¥·¶·¥É Í¨¨ ®±μ´¸É ´É ¯ ¸¢Ö§¨ ¶·¥¢· Ð ¥É¸Ö ¢μ ¢¸¶μ³μ£ É¥²Ó´μ¥ ¶μ²¥, Ê· ¢-
´¥´¨¥ ¤¢¨¦¥´¨Ö ¤²Ö ±μÉμ·μ£μ ¨³¥¥É ¢¨¤

AH,v − H,vv

(
ψψ̄ − ξξ̄

)
+ i (H,ρ ˙̄ρ − H,ρ ρ̇) + ẏ − H,vρ ξψ̄ − H,vρ̄ ψξ̄ = 0. (14)

‡ ³¥É¨³, ÎÉμ ¢ μÉ²¨Î¨¥ μÉ ´ Ï¥£μ ¶·¨³¥·  ¸ ±μ´Ëμ·³´μ° ³¥Ì ´¨±μ° ±μ´¸É ´É  ¸¢Ö§¨ g
¢Ìμ¤¨É ¢ ¤¥°¸É¢¨¥ (13) Éμ²Ó±μ ²¨´¥°´μ. ‘μμÉ¢¥É¸É¢¥´´μ, Ê· ¢´¥´¨¥ (14) ¶μ ¸ÊÉ¨ ¤¥² 
¢Ò· ¦ ¥É ¢¸¶μ³μ£ É¥²Ó´μ¥ ¶μ²¥ A Î¥·¥§ ³´μ¦¨É¥²Ó ‹ £· ´¦  y(t), ±μÉμ·Ò° É¥¶¥·Ó ³μ¦¥É
¡ÒÉÓ ¨´É¥·¶·¥É¨·μ¢ ´ ± ± Î¥É¢¥·Éμ¥ Ë¨§¨Î¥¸±μ¥ ¡μ§μ´´μ¥ ¶μ²¥. ‘μμÉ¢¥É¸É¢¥´´μ, ¸ ³ 
±μ´¸É ´É  g ¢Ò¸ÉÊ¶ ¥É ¢ ± Î¥¸É¢¥ ² £· ´¦¥¢  ³´μ¦¨É¥²Ö ¤²Ö ¸¢Ö§¨ (14). ’ ±¨³ μ¡· §μ³,
³Ò ¶·¨Ìμ¤¨³ ± ³Ê²ÓÉ¨¶²¥ÉÊ (4, 4, 0). ‹¥£±μ ´ °É¨ É· ´¸Ëμ·³ Í¨μ´´Ò¥ § ±μ´Ò ÔÉμ£μ
´μ¢μ£μ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É  μÉ´μ¸¨É¥²Ó´μ ¶·¥μ¡· §μ¢ ´¨° N = 4 ¸Ê¶¥·¸¨³³¥É·¨¨ ¸ ¶ · ³¥-
É· ³¨ η ¨ ε

δv = ηψ̄ − η̄ψ + εξ̄ − ε̄ξ, δρ = −η̄ξ − εψ̄, δρ̄ = ηξ̄ + ε̄ψ,

δy = −iηH,v ψ̄ − iηH,ρ̄ ξ̄ − iη̄H,v ψ − iη̄H,ρ ξ − iεH,ρ ψ̄ − iε̄H,ρ̄ ψ,

δψ = −iηv̇ + ηA + 2iε ˙̄ρ, δψ̄ = iη̄v̇ + η̄A − 2iε̄ρ̇,

δξ = −iεv̇ − εA − 2iηρ̇, δξ̄ = iε̄v̇ − ε̄A + 2iη̄ ˙̄ρ

(15)

¨ ¢Ò· ¦¥´¨¥³ ¤²Ö ¶μ²Ö A, μ¶·¥¤¥²¥´´Ò³ Ê· ¢´¥´¨¥³ (14). ’¥¶¥·Ó ¸É ´μ¢¨É¸Ö ¶μ´ÖÉ´Ò³
£² ¢´μ¥ μÉ²¨Î¨¥ ¶μ¸É·μ¥´´μ£μ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É  μÉ ¨§¢¥¸É´ÒÌ · ´¥¥ Å ¶·¥μ¡· §μ¢ -
´¨Ö (15) ¸ÊÐ¥¸É¢¥´´μ ´¥²¨´¥°´Ò ¨ ¢±²ÕÎ ÕÉ ¶·μ¨§¢μ²Ó´ÊÕ £ ·³μ´¨Î¥¸±ÊÕ ËÊ´±Í¨Õ H .
’¥³ ´¥ ³¥´¥¥ ¡μ§μ´´Ò¥ ±μ³¶μ´¥´ÉÒ v, ρ, ρ̄, y ¸μ¢³¥¸É´μ ¸ Ë¥·³¨μ´ ³¨ ψ, ψ̄, ξ, ξ̄ μ¶·¥¤¥-
²ÖÕÉ ´¥²¨´¥°´Ò° ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É (4, 4, 0) ¢´¥ ³ ¸¸μ¢μ° ¶μ¢¥·Ì´μ¸É¨.

�μ¤¸É ¢²ÖÖ ¢Ò· ¦¥´¨¥ ¤²Ö ¢¸¶μ³μ£ É¥²Ó´μ£μ ¶μ²Ö A ¢ ¤¥°¸É¢¨¥ (13), μ±μ´Î É¥²Ó´μ
¶μ²ÊÎ¨³

S =
∫

dt

[
G

(
v̇2 + 4ρ̇ ˙̄ρ

)
+

G

H2
,v

(
ẏ − iH,ρ ρ̇ + iH,ρ̄ ˙̄ρ

)2

+ Ë¥·³¨μ´Ò

]
. (16)


μ§μ´´ Ö Î ¸ÉÓ ¢μ§´¨± ÕÐ¥£μ ¤¥°¸É¢¨Ö ¸μμÉ¢¥É¸É¢Ê¥É ¸²¥¤ÊÕÐ¥° ³¥É·¨±¥ σ-³μ¤¥²Ó´μ£μ
³´μ£μμ¡· §¨Ö

ds2 = G
(
dv2 + 4dρ dρ̄

)
+

G

H2
,v

(
dy − iH,ρ dρ + iH,ρ̄ dρ̄

)2

.
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Š ± ¢¨¤¨³, ¤ ´´μ¥ ³´μ£μμ¡· §¨¥ ´¥ Ö¢²Ö¥É¸Ö ±μ´Ëμ·³´μ-¶²μ¸±¨³, ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¥³Ê
É¥´§μ· ‚¥°²Ö ´¥ μ¡· Ð ¥É¸Ö ¢ ´Ê²Ó. 
μ²¥¥ Éμ£μ, ¶·¨ ´ ²μ¦¥´¨¨ ¤μ¶μ²´¨É¥²Ó´μ£μ Ê¸²μ¢¨Ö

G = H,v (17)

μ´μ ¶·¥¢· Ð ¥É¸Ö ¢ ·¨ÎÎ¨-¶²μ¸±μ¥ ³´μ£μμ¡· §¨¥ ¸ ³¥É·¨±μ° ƒ¨¡¡μ´¸ Ä•μ±¨´£  ¤²Ö
£¨¶¥·-±Ô²¥·μ¢  ³´μ£μμ¡· §¨Ö ¸ μ¤´μ° ¨§μ³¥É·¨¥° [12].

’ ±¨³ μ¡· §μ³, ¶·μÍ¥¤Ê·  ¤Ê ²¨§ Í¨¨ ±μ´¸É ´ÉÒ ¸¢Ö§¨ ¶μ§¢μ²¨²  ¶μ¸É·μ¨ÉÓ ´¥²¨´¥°-
´Ò° ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É ¸ ±μ³¶μ´¥´É´Ò³ ¸μ¸É ¢μ³ (4, 4, 0) ¨ ´ °É¨ ¤¥°¸É¢¨¥ ¤²Ö ¶μ¸²¥¤´¥£μ.
�μ²ÊÎ¥´´ Ö σ-³μ¤¥²Ó ¸ N = 4 ¸Ê¶¥·¸¨³³¥É·¨¥° Ö¢²Ö¥É¸Ö £¨¶¥·-±Ô²¥·μ¢μ° (¶·¨ Ê¸²μ¢¨¨
¢Ò¶μ²´¥´¨Ö (17)).

‚ § ±²ÕÎ¥´¨¥ ÔÉμ£μ · §¤¥²  μÉ³¥É¨³, ÎÉμ ¢Ò· ¦¥´¨¥ ¤²Ö ¢¸¶μ³μ£ É¥²Ó´μ£μ ¶μ²Ö A (14)
¸μ¢¶ ¤ ¥É ¸ ´ °¤¥´´Ò³ · ´¥¥ ¢ [6]. ‘ ³  ¦¥ ¨¤¥Ö É ±μ£μ ¸¶μ¸μ¡  ¢Ò· ¦¥´¨Ö ¢¸¶μ³μ£ -
É¥²Ó´μ£μ ¶μ²Ö ¡Ò²  ¢¶¥·¢Ò¥ ¢Ò¸± § ´  ….�.ˆ¢ ´μ¢Ò³.

2. N = 8 ƒˆ�…�-Š�‹…��‚� σ-Œ�„…‹œ

�¡μ¡Ð¥´¨¥ ¶·¥¤²μ¦¥´´μ£μ ¢ ¶·¥¤Ò¤ÊÐ¥³ · §¤¥²¥ ³¥Éμ¤  ¤Ê ²¨§ Í¨¨ ±μ´¸É ´ÉÒ ¸¢Ö§¨
´  ¸²ÊÎ ° N = 8 ¸Ê¶¥·¸¨³³¥É·¨¨ ¸μ¤¥·¦¨É ·Ö¤ ´μ¢ÒÌ μ¸μ¡¥´´μ¸É¥°. �·¥¦¤¥ ¢¸¥£μ, ¶μ-
¸É·μ¥´¨¥ ´ ¨¡μ²¥¥ μ¡Ð¨Ì ¶μÉ¥´Í¨ ²Ó´ÒÌ Î²¥´μ¢ ¸ N = 8 ¸Ê¶¥·¸¨³³¥É·¨¥° Ö¢²Ö¥É¸Ö
¢¥¸Ó³  ´¥É·¨¢¨ ²Ó´μ° § ¤ Î¥°. ‚ ¸²ÊÎ ¥ N = 8 ¸Ê¶¥·¸¨³³¥É·¨¨ ³Ê²ÓÉ¨¶²¥ÉÒ ¸μ¤¥·¦ É
£μ· §¤μ ¡μ²ÓÏ¥ ¢¸¶μ³μ£ É¥²Ó´ÒÌ ±μ³¶μ´¥´É, Î¥³ ¢ ¸²ÊÎ ¥ N = 4. � ±μ´¥Í, ¶·¨´-
Í¨¶¨ ²Ó´Ò³ Ö¢²Ö¥É¸Ö ÉμÉ Ë ±É, ÎÉμ ¢ N = 8 ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É¥ ¸ É·¥³Ö Ë¨§¨Î¥¸±¨³¨
¡μ§μ´´Ò³¨ ±μ³¶μ´¥´É ³¨, ¤Ê ²¨§ Í¨Õ ±μÉμ·μ£μ ³Ò ¸μ¡¨· ¥³¸Ö ¶·μ¢μ¤¨ÉÓ, Ê¦¥ ¶·¨¸ÊÉ-
¸É¢Ê¥É ±μ´¸É ´É  ¸¢Ö§¨ [13]. �μÔÉμ³Ê ¢μ¶·μ¸ μ Éμ³, ÎÉμ ¦¥ ¤Ê ²¨§μ¢ ÉÓ, ¨³¥¥É ´¥¸±μ²Ó±μ
¢ ·¨ ´Éμ¢ ·¥Ï¥´¨Ö. ‚ ÔÉμ³ · §¤¥²¥ ³Ò ¶·μ¤¥³μ´¸É·¨·Ê¥³, ÎÉμ ¤Ê ²¨§ Í¨Ö ¨³¥´´μ ®¸μ¡-
¸É¢¥´´μ°¯ ±μ´¸É ´ÉÒ ¸¢Ö§¨ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É  (3, 8, 5) ¶·¨¢μ¤¨É ± N = 8 £¨¶¥·-±Ô²¥·μ¢μ°
σ-³μ¤¥²¨ ¸ μ¤´μ° ¨§μ³¥É·¨¥°.

‘Ê¶¥·³Ê²ÓÉ¨¶²¥É (3, 8, 5) c É·¥³Ö Ë¨§¨Î¥¸±¨³¨ ¡μ§μ´ ³¨, ¢μ¸¥³ÓÕ Ë¥·³¨μ´ ³¨ ¨
¶ÖÉÓÕ ¢¸¶μ³μ£ É¥²Ó´Ò³¨ ¡μ§μ´´Ò³¨ ¶μ²Ö³¨ μ¶¨¸Ò¢ ¥É¸Ö ¢ N = 4 ¸Ê¶¥·¶·μ¸É· ´¸É¢¥
μ¤´¨³ ¢¥Ð¥¸É¢¥´´Ò³ V ¨ μ¤´¨³ ±μ³¶²¥±¸´Ò³ Φ ¸Ê¶¥·¶μ²Ö³¨, μ£· ´¨Î¥´´Ò³¨ ¸²¥¤ÊÕ-
Ð¨³¨ Ê¸²μ¢¨Ö³¨ [13]:

DiΦ = D̄iΦ̄ = 0, DiDiV = D̄iD̄
iV = 0, V̄ = V. (18)

‘Ê¶¥·¶μ²¥ Φ ¸μ¤¥·¦¨É ¤¢  ¡μ§μ´´ÒÌ Ë¨§¨Î¥¸±¨Ì ¶μ²Ö ϕ(t) ¨ ϕ̄(t), ¤¢  ¢¸¶μ³μ£ É¥²Ó-
´ÒÌ Å B(t) ¨ B̄(t) ¨ Î¥ÉÒ·¥ Ë¥·³¨μ´´ÒÌ Å ξi(t), ξ̄i(t) ¶μ²Ö. ‚¥Ð¥¸É¢¥´´μ¥ ¸Ê¶¥·-
¶μ²¥ V μ¶¨¸Ò¢ ¥É N = 4 ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É (1, 4, 3) ¨ ¸μ¤¥·¦¨É, ¸μμÉ¢¥É¸É¢¥´´μ, μ¤´μ
¡μ§μ´´μ¥ Ë¨§¨Î¥¸±μ¥ ¶μ²¥ v(t), Î¥ÉÒ·¥ Ë¥·³¨μ´  ψi(t), ψ̄i(t) ¨ É·¨¶²¥É ¢¸¶μ³μ£ É¥²Ó-
´ÒÌ ¶μ²¥° Aij(t). 
μ²¥¥ Éμ£μ, ± ± Ê¦¥ ¡Ò²μ ¸± § ´μ, Ê¸²μ¢¨¥ (18) μ¸É ¢²Ö¥É ¸·¥¤¨
±μ³¶μ´¥´É ¸Ê¶¥·¶μ²Ö V ¢¥Ð¥¸É¢¥´´ÊÕ ±μ´¸É ´ÉÊ g

V (t, θ, θ̄) = v(t) + iθiψ̄
i(t) + iθ̄iψi(t) + θiθ̄j

(
iA(ij)(t) + εijg

)
+ . . . , g = const.

ˆ¸¶μ²Ó§μ¢ ´¨¥ N = 4 ¸Ê¶¥·¶μ²¥° ¸ÊÐ¥¸É¢¥´´μ μ¡²¥£Î ¥É ¶μ¸É·μ¥´¨¥ ¸Ê¶¥·¶μ²¥¢ÒÌ
¤¥°¸É¢¨°, μ¤´ ±μ Ö¢´μ° Ö¢²Ö¥É¸Ö Éμ²Ó±μ N = 4 ¸Ê¶¥·¸¨³³¥É·¨Ö. �μÔÉμ³Ê ´¥μ¡Ìμ¤¨³μ
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¶μ¸ÉμÖ´´μ ¶μ³´¨ÉÓ μ ¸±·ÒÉμ° N = 4 ¸Ê¶¥·¸¨³³¥É·¨¨, ¤μ¶μ²´ÖÕÐ¥° Ö¢´ÊÕ ¤μ N = 8.
‚ ¤ ´´μ³ ¸²ÊÎ ¥ ÔÉ  ¸±·ÒÉ Ö N = 4 ¸Ê¶¥·¸¨³³¥É·¨Ö ·¥ ²¨§μ¢ ´  ´  ¸Ê¶¥·¶μ²ÖÌ V, Φ, Φ̄
¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

δΦ = −ηiD
iV, δΦ̄ = −η̄iD̄iV, δV = ηiD

iΦ̄ + η̄iD̄iΦ. (19)

„¥°¸É¢¨¥, ¨´¢ ·¨ ´É´μ¥ μÉ´μ¸¨É¥²Ó´μ ¶·¥μ¡· §μ¢ ´¨° ¢¸¥° N = 8 ¸Ê¶¥·¸¨³³¥É·¨¨, § -
¶¨¸Ò¢ ¥É¸Ö ¢ ¢¨¤¥ ¨´É¥£· ²  μÉ £ ·³μ´¨Î¥¸±μ° ËÊ´±Í¨¨ F

S = −
∫

dtd4θF(V, Φ, Φ̄),
∂2F

∂V ∂V
+

∂2F

∂Φ ∂Φ̄
= 0. (20)

�É³¥É¨³, ÎÉμ ± ± · § É·¥¡μ¢ ´¨¥ £ ·³μ´¨Î´μ¸É¨ ËÊ´±Í¨¨ F Ö¢²Ö¥É¸Ö ¸²¥¤¸É¢¨¥³ Ê¸²μ¢¨Ö
¨´¢ ·¨ ´É´μ¸É¨ ¤¥°¸É¢¨Ö (20) μÉ´μ¸¨É¥²Ó´μ ¶·¥μ¡· §μ¢ ´¨° (19).

‚ ¤ ²Ó´¥°Ï¥³, ¤²Ö ¶·μ¸ÉμÉÒ ¨§²μ¦¥´¨Ö, ³Ò μ£· ´¨Î¨³¸Ö  ´ ²¨§μ³ Éμ²Ó±μ ¡μ§μ´´μ°
Î ¸É¨ ¤¥°¸É¢¨Ö (20), ±μÉμ· Ö ¨³¥¥É ¢¨¤

S¡μ§ =
∫

dt

[
F, vv

(
v̇2 + 4ϕ̇ ˙̄ϕ

)
+

1
8
F, vv

(
AijAij + 2BB̄ − 2g2

)
− ig (F, vϕϕ̇ − F, vϕ̄ ˙̄ϕ)

]
.

(21)
�·¥¦¤¥ Î¥³ ¶·¨¸ÉÊ¶¨ÉÓ ± ¤Ê ²¨§ Í¨¨ ±μ´¸É ´ÉÒ ¸¢Ö§¨ g, ³Ò ¨¸±²ÕÎ¨³ ¢¸¶μ³μ£ É¥²Ó´Ò¥
¶μ²Ö ¸μ£² ¸´μ ¨Ì Ê· ¢´¥´¨Ö³ ¤¢¨¦¥´¨Ö, ±μÉμ·Ò¥ ¢ ¡μ§μ´´μ³ ¶·¥¤¥²¥ É·¨¢¨ ²Ó´Ò: Aij =
0 ¨ B = B̄ = 0. ‡ É¥³, ¢ ¶μ²´μ°  ´ ²μ£¨¨ ¸ · ¸¸³μÉ·¥´´Ò³ · ´¥¥ ¸²ÊÎ ¥³ (13), ³Ò
¤Ê ²¨§Ê¥³ ±μ´¸É ´ÉÊ ¸¢Ö§¨ g(t). ‚ ·¥§Ê²ÓÉ É¥ ¶μ²ÊÎ¨É¸Ö ¸²¥¤ÊÕÐ¥¥ ¤¥°¸É¢¨¥:

S¡μ§ =
∫

dt

[
F, vv

(
v̇2 + 4ϕ̇ ˙̄ϕ

)
+

1
F, vv

(
ẏ − i (F, vϕϕ̇ − F, vϕ̄ ˙̄ϕ)

)2
]

. (22)

‹¥£±μ § ³¥É¨ÉÓ, ÎÉμ σ-³μ¤¥²Ó´μ¥ ³´μ£μμ¡· §¨¥, ¸μμÉ¢¥É¸É¢ÊÕÐ¥¥ ¤¥°¸É¢¨Õ (22), Éμ ¦¥
¸ ³μ¥, ÎÉμ ¨ ¢ · ¸¸³μÉ·¥´´μ³ ¢ÒÏ¥ N = 4 ¸²ÊÎ ¥. �´μ Ö¢²Ö¥É¸Ö £¨¶¥·-±Ô²¥·μ¢Ò³ ¸
´ ¨¡μ²¥¥ μ¡Ð¥° ³¥É·¨±μ° ¢¨¤  ƒ¨¡¡μ´¸ Ä•μ±¨´£  [12] ¸ μ¤´μ° ¨§μ³¥É·¨¥°, ±μÉμ· Ö
±μ³³ÊÉ¨·Ê¥É ¸ ¸Ê¶¥·¸¨³³¥É·¨¥°.

Šμ´¥Î´μ, É·¥¡Ê¥É¸Ö ¥Ð¥ ¤¥É ²Ó´μ ¨§ÊÎ¨ÉÓ ¸É·Ê±ÉÊ·Ê ¢μ§´¨± ÕÐ¥£μ ´¥²¨´¥°´μ£μ N =
8 ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É . �¤´ ±μ ¦¥² ¥³Ò° ·¥§Ê²ÓÉ É ¤μ¸É¨£´ÊÉ Å ¶μ¸²¥ ¤Ê ²¨§ Í¨¨ ±μ´-
¸É ´ÉÒ ¸¢Ö§¨ g σ-³μ¤¥²Ó´μ¥ ¤¥°¸É¢¨¥ ¤²Ö ²¨´¥°´μ£μ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É  (3, 8, 5) μ¶¨¸Ò-
¢ ¥É N = 8 ¸Ê¶¥·¸¨³³¥É·¨Î´ÊÕ £¨¶¥·-±Ô²¥·μ¢Ê σ-³μ¤¥²Ó ¸ μ¤´μ° ¨§μ³¥É·¨¥°.

‡�Š‹	—…�ˆ…

‚ · ¡μÉ¥ ¶·¥¤²μ¦¥´ ¸¶μ¸μ¡ ¶μ¸É·μ¥´¨Ö N = 4 ¨ N = 8 cÊ¶¥·¸¨³³¥É·¨Î´ÒÌ £¨¶¥·-
±Ô²¥·μ¢ÒÌ σ-³μ¤¥²¥° ¶ÊÉ¥³ ¤Ê ²¨§ Í¨¨ ±μ´¸É ´ÉÒ ¸¢Ö§¨. ˆ¤¥Ö É ±μ° ¤Ê ²¨§ Í¨¨ μ¸´μ¢Ò-
¢ ¥É¸Ö ´  ¤¢μ°¸É¢¥´´μ¸É¨ ¨´É¥·¶·¥É Í¨¨ ±μ´¸É ´É ¢ μ¤´μ³¥·¨¨: ¸ μ¤´μ° ¸Éμ·μ´Ò Å ÔÉμ
¶·μ¸Éμ ±μ´¸É ´ÉÒ ¸¢Ö§¨, ¸ ¤·Ê£μ° Å ±μ´¸É ´ÉÒ ¢Ò¸ÉÊ¶ ÕÉ ± ± ´¥±¨¥ ¶μ¸ÉμÖ´´Ò¥ §´ Î¥-
´¨Ö ¸μÌ· ´ÖÕÐ¨Ì¸Ö Ê£²μ¢ÒÌ ³μ³¥´Éμ¢. ‘μμÉ¢¥É¸É¢¥´´μ, ¤Ê ²¨§μ¢ ´´ Ö ¸¨¸É¥³  μ¶¨¸Ò-
¢ ¥É ³¥Ì ´¨±Ê ¸ ¶·μ¨§¢μ²Ó´Ò³¨ §´ Î¥´¨Ö³¨ ÔÉ¨Ì Ê£²μ¢ÒÌ ³μ³¥´Éμ¢. …¸É¥¸É¢¥´´μ, ÎÉμ ¢
¶·μÍ¥¸¸¥ ¤Ê ²¨§ Í¨¨ Î¨¸²μ ´¥§ ¢¨¸¨³ÒÌ Ë¨§¨Î¥¸±¨Ì ±μ³¶μ´¥´É ¢μ§· ¸É ¥É. ‚ Î ¸É´μ¸É¨,
¤Ê ²¨§ Í¨Ö ¶·¥¢· Ð ¥É É¥´§μ·´Ò° ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É ¢ £¨¶¥·³Ê²ÓÉ¨¶²¥É, ±μÉμ·Ò° ¢ d = 1
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¸μ¤¥·¦¨É Î¥ÉÒ·¥ Ë¨§¨Î¥¸±¨Ì ¡μ§μ´  ¨ Î¥ÉÒ·¥ (¨²¨ ¢μ¸¥³Ó ¢ ¸²ÊÎ ¥ N = 8 ¸Ê¶¥·¸¨³-
³¥É·¨¨) Ë¥·³¨μ´ . ‘ÊÐ¥¸É¢¥´´Ò³ Ö¢²Ö¥É¸Ö Éμ, ÎÉμ § ±μ´Ò ¶·¥μ¡· §μ¢ ´¨Ö ±μ³¶μ´¥´É
¶μ²ÊÎ¥´´ÒÌ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥Éμ¢ μ± §Ò¢ ÕÉ¸Ö ´¥²¨´¥°´Ò³¨. „Ê ²¨§ Í¨Ö ¢ N = 4 ¸²ÊÎ ¥
¶·¨¢μ¤¨É ± ´¥²¨´¥°´μ³Ê £¨¶¥·³Ê²ÓÉ¨¶²¥ÉÊ, μ¶·¥¤¥²¥´´μ³Ê ¢´¥ ³ ¸¸μ¢μ° μ¡μ²μÎ±¨. „²Ö
¢Éμ·μ£μ · ¸¸³μÉ·¥´´μ£μ ¶·¨³¥·  ¸ N = 8 ¸Ê¶¥·¸¨³³¥É·¨¥° ¸¨ÉÊ Í¨Ö ´¥¸±μ²Ó±μ ¨´ Ö
¨ ¢μ¶·μ¸ μ § ³Ò± ´¨¨ ¶·¥μ¡· §μ¢ ´¨° ¸Ê¶¥·¸¨³³¥É·¨¨ ¢´¥ ³ ¸¸μ¢μ° μ¡μ²μÎ±¨ É·¥¡Ê¥É
¡μ²¥¥ ¤¥É ²Ó´μ£μ · ¸¸³μÉ·¥´¨Ö, ¶μ¸±μ²Ó±Ê ¶·¨ ¤Ê ²¨§ Í¨¨ ±μ´¸É ´ÉÒ ¸¢Ö§¨ ¡Ò²¨ ¨¸-
¶μ²Ó§μ¢ ´Ò Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö ¢¸¶μ³μ£ É¥²Ó´ÒÌ ¶μ²¥°.

�Ö¤ ¢¥¸Ó³  ¨´É¥·¥¸´ÒÌ ¢μ¶·μ¸μ¢ μ¸É eÉ¸Ö ¶μ±  ´¥·¥Ï¥´´Ò³¨. ’ ±, ´¥¶μ´ÖÉ´μ, ¤Ê ²¨-
§ Í¨Ö ± ±¨Ì ¨³¥´´μ ±μ´¸É ´É ¸¢Ö§¨ ¸ÊÐ¥¸É¢¥´´ , ¢ ± ±¨Ì ¸²ÊÎ ÖÌ ¶μ¸É·μ¥´´Ò¥ ´¥²¨´¥°-
´Ò¥ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥ÉÒ ¸ÊÐ¥¸É¢ÊÕÉ ¢´¥ ³ ¸¸μ¢μ° μ¡μ²μÎ±¨, ± ± μ¶¨¸Ò¢ ÉÓ ÔÉ¨ ´¥²¨´¥°-
´Ò¥ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥ÉÒ ¢ ¸Ê¶¥·¶μ²ÖÌ. � ±μ´¥Í, ¡Ò²μ ¡Ò ¨´É¥·¥¸´μ ¶μ¸É·μ¨ÉÓ σ-³μ¤¥²¨
¤²Ö N = 8 ¸Ê¶¥·³Ê²ÓÉ¨¶²¥É  (8, 8, 0), ´¥ ¸μ¤¥·¦ Ð¥£μ ¢¸¶μ³μ£ É¥²Ó´ÒÌ ¶μ²¥°, ¨ ¨§ÊÎ¨ÉÓ
£¥μ³¥É·¨Õ ¨Ì ¡μ§μ´´μ£μ ¸¥±Éμ· .

�¢Éμ·Ò ¶·¨§´ É¥²Ó´Ò —. 
Ê·¤¨±Ê, Œ.�. ‚ ¸¨²Ó¥¢Ê, …. �.ˆ¢ ´μ¢Ê ¨ „. „. Cμ·μ±¨´Ê
§  ¶μ²¥§´Ò¥ μ¡¸Ê¦¤¥´¨Ö. �¢Éμ·Ò ¡² £μ¤ ·´Ò §  Î ¸É¨Î´ÊÕ Ë¨´ ´¸μ¢ÊÕ ¶μ¤¤¥·¦±Ê,
¶μ²ÊÎ¥´´ÊÕ ¢ · ³± Ì £· ´Éμ¢ RFBR-06-02-16684 ¨ DFG 436 Rus 113/669/0-3.
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