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�¡¸Ê¦¤ ¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ ¸ ³μ¸μ£² ¸μ¢ ´´μ£μ μ¶·¥¤¥²¥´¨Ö ¶ · ³¥É·μ¢ ¨´¸É ´Éμ´´μ° ¦¨¤±μ-
¸É¨ ¸ μ¶É¨³ ²Ó´Ò³¨ ±μ´Ë¨£Ê· Í¨Ö³¨ ¶¸¥¢¤μÎ ¸É¨Í. �μ²ÊÎ¥´  μÍ¥´±  μ¸² ¡²¥´¨Ö μÉÉ ²±¨¢ É¥²Ó-
´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¶¸¥¢¤μÎ ¸É¨Í. �·μ¢μ¤¨É¸Ö ¸· ¢´¥´¨¥ · §²¨Î´ÒÌ  ´¸ ³¡²¥° ¶¸¥¢¤μÎ ¸É¨Í.

The possibility of self-consistent determination of instanton liquid parameters is discussed together
with the deˇnition of optimal pseudo-particle conˇgurations and comparing the various pseudo-particle
ensembles. The weakening of repulsive interactions between pseudo-particles is argued and estimated.

PACS: 11.15Kc, 12.38-Aw

� ¸ÉμÖÐ Ö · ¡μÉ  ¶μ¸¢ÖÐ¥´  ¤¥É ²Ó´μ³Ê μ¡¸Ê¦¤¥´¨Õ ¨ ·¥Ï¥´¨Õ § ¤ Î¨ μ¡ μ¶·¥¤¥-
²¥´¨¨ μ¶É¨³ ²Ó´μ£μ ¶·μË¨²Ö ¶¸¥¢¤μÎ ¸É¨Í ¢ ³μ¤¥²¨ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨ ¢ ±ÊÊ³ 
Š•„ (IL). ‚ ¶μ·Ö¤±¥ ¢¢¥¤¥´¨Ö, ´ ¶μ³´¨³ ¶·μÍ¥¤Ê·Ê Ê¸·¥¤´¥´´μ£μ μ¶¨¸ ´¨Ö  ´¸ ³¡²Ö
¶¸¥¢¤μÎ ¸É¨Í, ²¥¦ ÐÊÕ ¢ μ¸´μ¢¥ É ±μ° ³μ¤¥²¨. ’ ±μ° ¶μ¤Ìμ¤ ¡Ò² ¨¸¶μ²Ó§μ¢ ´ ´ ³¨ ¢
· ¡μÉ¥ [1] ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö ¶·μ¡²¥³Ò Ô±· ´¨·μ¢±¨ ¢´¥Ï´¥£μ Í¢¥Éμ¢μ£μ ¶μ²Ö  ´¸ ³¡²¥³
¶¸¥¢¤μÎ ¸É¨Í. �¤´ ±μ, ¢ μÉ²¨Î¨¥ μÉ · ¡μÉÒ [1], ³Ò ¨§¡¥·¥³ ´¥¸±μ²Ó±μ ¨´μ° Ö§Ò± ¨§²μ-
¦¥´¨Ö, ¶·¥¤¸É ¢²ÖÕÐ¨°, ± ± ´ ³ ± ¦¥É¸Ö, ³¥Éμ¤ Ê¸·¥¤´¥´¨Ö ¢ ¡μ²¥¥ ´ £²Ö¤´μ° Ëμ·³¥.

ˆ§ÊÎ ¥É¸Ö £²Õμ´´μ¥ ¶μ²¥ B, ´ Ìμ¤ÖÐ¥¥¸Ö ¶μ¤ ¤¥°¸É¢¨¥³ Ëμ´μ¢μ£μ ¸¨²Ó´μ£μ ¸ÉμÌ ¸É¨-
Î¥¸±μ£μ £²Õμ´´μ£μ ¶μ²Ö. Šμ´±·¥É´Ò¥ μÍ¥´±¨ ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¤²Ö  ´¸ ³¡²Ö
( ´É¨)¨´¸É ´Éμ´μ¢, ÌμÉÖ  ´ ²μ£¨Î´μ¥ · ¸¸³μÉ·¥´¨¥, ¢ ¶·¨´Í¨¶¥, ¶·¨³¥´¨³μ ¨ ± ¤·Ê£¨³
 ´¸ ³¡²Ö³. �Ê¸ÉÓ ±μ´Ë¨£Ê· Í¨Ö ¶μ²Ö § ¤ ¥É¸Ö, ¶·¨¡²¨¦¥´´μ, ¢ ¢¨¤¥ ¶·μ¸Éμ° ¸Ê¶¥·¶μ§¨-
Í¨¨

Aa
μ(x) = Ba

μ(x) +
N∑

i=1

Aa
μ(x; γi), (1)

§¤¥¸Ó Aa
μ(x; γi) μ¡μ§´ Î ¥É ¢±² ¤ μÉ¤¥²Ó´μ£μ ( ´É¨)¨´¸É ´Éμ´ , γi = (ρi, zi, ωi) ¸²Ê¦¨É

¤²Ö μ¡μ§´ Î¥´¨Ö ¶ · ³¥É·μ¢, μ¶¨¸Ò¢ ÕÐ¨Ì i-° ( ´É¨)¨´¸É ´Éμ´ ¸ · §³¥·μ³ ρ, ³ É·¨-
Í¥° Í¢¥Éμ¢μ° μ·¨¥´É Í¨¨ ω ¨ z Å ±μμ·¤¨´ Éμ° Í¥´É·  ¶¸¥¢¤μÎ ¸É¨ÍÒ. � ¶μ³´¨³, ÎÉμ ¢
μ¸´μ¢¥ ÔÉμ° Ëμ·³Ê²¨·μ¢±¨ § ¤ Î¨ ²¥¦¨É £¨¶μÉ¥§ , ÎÉμ Ë¨§¨Î¥¸±¨° ¢ ±ÊÊ³ ´ ¸¥²¥´ ¨´É¥´-
¸¨¢´Ò³¨ ¸ÉμÌ ¸É¨Î¥¸±¨³¨ £²Õμ´´Ò³¨ ¶μ²Ö³¨, ±μÉμ·Ò¥ ³μ£ÊÉ ¡ÒÉÓ  ¶¶·μ±¸¨³¨·μ¢ ´Ò
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±¢ §¨±² ¸¸¨Î¥¸±¨³¨ ±μ´Ë¨£Ê· Í¨Ö³¨, ·¥Ï¥´¨Ö³¨ Ê· ¢´¥´¨° Ÿ´£ ÄŒ¨²²¸  [2]. �¥μ¡Ìμ-
¤¨³Ò¥ ¤¥É ²¨ ·¥Ï¥´¨Ö Aa

μ(x; γi) ¡Ê¤ÊÉ μ£μ¢μ·¥´Ò ´¨¦¥, É ±¦¥ ¡Ê¤ÊÉ ¶·¨¢¥¤¥´Ò ËÊ´±Í¨¨
· ¸¶·¥¤¥²¥´¨Ö ¶μ ¶ · ³¥É· ³ γ, ±μÉμ·Ò¥ Ì · ±É¥·¨§ÊÕÉ ¸ÉμÌ ¸É¨Î¥¸±¨°  ´¸ ³¡²Ó.

�μ¸²¥¤μ¢ É¥²Ó´ Ö ¶·μÍ¥¤Ê·  ±¢ ´Éμ¢μ£μ μ¶¨¸ ´¨Ö ¶μ²Ö B, μ¤¨´ ±μ¢μ ¶·¨£μ¤´ Ö ¢
¶¥·ÉÊ·¡ É¨¢´μ° ¨ ¢ ´¥¶¥·ÉÊ·¡ É¨¢´μ° μ¡² ¸ÉÖÌ, ¢¸¥ ¥Ð¥ μ±μ´Î É¥²Ó´μ ´¥ ¢Ò· ¡μÉ ´ .
�μÔÉμ³Ê ³Ò μ¡· Ð ¥³¸Ö ¢ ± Î¥¸É¢¥ ¨¸Ìμ¤´μ£μ ³μ³¥´É  ± μ¶¨¸ ´¨Õ, ±μÉμ·μ¥ ¶·¨³¥´Ö-
¥É¸Ö ¢ É¥μ·¨¨ ¢μ§³ÊÐ¥´¨°. ’μ£¤  ¢ Ï·¥¤¨´£¥·μ¢¸±μ³ ¶·¥¤¸É ¢²¥´¨¨ μ¶¥· Éμ· £²Õμ´´μ£μ
¶μ²Ö B ¨³¥¥É ¢¨¤

Ba
μ(x) =

∫
dk

(2π)3
1

(2|k4|)1/2
×

×
[

b(k; ν, c) ea
μ(k; ν, c) eikx + b+(k; ν, c)

∗
ea

μ(k; ν, c) e−ikx
]
, (2)

|k4| = |k| ¨ ´¥ § ¢¨¸¨É μÉ ¢·¥³¥´¨ Ö¢´μ,   ea
μ μ¡μ§´ Î ¥É ¢¥±Éμ·Ò ¶μ²Ö·¨§ Í¨¨, b+,

b Å ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ μ¶¥· Éμ·Ò ·μ¦¤¥´¨Ö ¨ Ê´¨ÎÉμ¦¥´¨Ö £²Õμ´μ¢. ‚¸Õ¤Ê ¶μ¤· §Ê³¥-
¢ ¥É¸Ö ¸Ê³³¨·μ¢ ´¨¥ ¶μ ¨´¤¥±¸ ³ ν ¨ c. ‚ ÔÉμ³ ¢Ò· ¦¥´¨¨ ¨´¤¥±¸ ν μ¶¨¸Ò¢ ¥É ¤¢¥
Ë¨§¨Î¥¸±¨¥ ¶μ²Ö·¨§ Í¨¨ £²Õμ´ ,   ¨´¤¥±¸ c ¶·¨§¢ ´ ¨£· ÉÓ  ´ ²μ£¨Î´ÊÕ ·μ²Ó ¢ μÉ´μÏ¥-
´¨¨ Í¢¥Éμ¢μ° ¶μ²Ö·¨§ Í¨¨. �·¨ ÔÉμ³ Ô¢μ²ÕÍ¨Ö ±¢ ´Éμ¢μ¶μ²¥¢μ° ¸¨¸É¥³Ò μ¶·¥¤¥²Ö¥É¸Ö
¸ ¶μ³μÐÓÕ Ê· ¢´¥´¨Ö ´  ¢μ²´μ¢ÊÕ ËÊ´±Í¨Õ ¸μ¸ÉμÖ´¨Ö Ψ (¢Ò· ¦¥´¨¥ ¶·¨¢μ¤¨É¸Ö ¤²Ö
¸²ÊÎ Ö ¥¢±²¨¤μ¢ÒÌ ¶¥·¥³¥´´ÒÌ)

Ψ̇ = −[H0(A) + VS(A)]Ψ, (3)

§¤¥¸Ó H0(A) Å ¸É ´¤ ·É´Ò° ¸¢μ¡μ¤´Ò°, ±¢ ¤· É¨Î´Ò° ¶μ £²Õμ´´Ò³ ¶μ²Ö³ £ ³¨²ÓÉμ-
´¨ ´; VS(A) Å £ ³¨²ÓÉμ´¨ ´ ¢§ ¨³μ¤¥°¸É¢¨Ö, ¸μ¤¥·¦ Ð¨° ±Ê¡¨Î´Ò¥ Î²¥´Ò ¨ Î²¥´Ò
Î¥É¢¥·Éμ£μ ¶μ·Ö¤±  ¶μ £²Õμ´´Ò³ ¶μ²Ö³. Ÿ¢´Ò° ¢¨¤ £ ³¨²ÓÉμ´¨ ´  ´ ³ ´¥ ¶μ´ ¤μ¡¨É¸Ö,
´μ ¸± ¦¥³, ÎÉμ ¢ ± Î¥¸É¢¥ Ê¸²μ¢¨Ö ¸¢Ö§¨ ¨¸¶μ²Ó§Ê¥É¸Ö ± ²¨¡·μ¢±  ‹μ·¥´Í 

∂μAa
μ(x) = 0, (4)

±μÉμ· Ö μ¤´μ¢·¥³¥´´μ μ± §Ò¢ ¥É¸Ö Ê¸²μ¢¨¥³ ´¥¶·μÉ¨¢μ·¥Î¨¢μ¸É¨ ÔËË¥±É¨¢´μ£μ £ ³¨²Ó-
Éμ´¨ ´ , ¶μ²ÊÎ ¥³μ£μ ¢ ±μ´Í¥ ¢ÒÎ¨¸²¥´¨°.

Ÿ¢´ Ö § ¢¨¸¨³μ¸ÉÓ μÉ ®¢·¥³¥´¨¯ ¢ £ ³¨²ÓÉμ´¨ ´¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸μ¤¥·¦¨É¸Ö Éμ²Ó±μ
¢ ¸ÉμÌ ¸É¨Î¥¸±μ³ £²Õμ´´μ³ ¶μ²¥. …¸²¨ ¸Î¨É ÉÓ ÔÉÊ ±μ³¶μ´¥´ÉÊ ¤μ¸É ÉμÎ´μ ¡Ò¸É·μ³¥´ÖÕ-
Ð¥°¸Ö ¶μ ¸· ¢´¥´¨Õ ¸ ¢·¥³¥´ ³¨, Ì · ±É¥·´Ò³¨ ¤²Ö ¶μ²Ö B, Éμ ¥¸É¥¸É¢¥´´μ ¶·¨¡¥£´ÊÉÓ
± Ìμ·μÏμ ¨§¢¥¸É´μ° ¶·μÍ¥¤Ê·¥ Ê¸·¥¤´¥´´μ£μ μ¶¨¸ ´¨Ö ¸¨¸É¥³Ò. �·¨ ÔÉμ³ ¸μ¸ÉμÖ´¨Ö
¸¨¸É¥³Ò Ψ μ¶¨¸Ò¢ ÕÉ¸Ö ¶·¨¡²¨¦¥´´μ, ¶μ¸·¥¤¸É¢μ³ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¸·¥¤´¨Ì (¶μ ®¢·¥-
³¥´¨¯),   É ±¦¥ ¢Ò¸Ï¨Ì ³μ³¥´Éμ¢. �¤´ ±μ ¢ ±¢ ´Éμ¢μ° É¥μ·¨¨ ¨³¥¥É¸Ö μ¶·¥¤¥²¥´´ Ö
É·Ê¤´μ¸ÉÓ, ¶μ¸±μ²Ó±Ê ¶μ ¸¢μ¥³Ê Ë¨§¨Î¥¸±μ³Ê ¸³Ò¸²Ê ¢μ²´μ¢ Ö ËÊ´±Í¨Ö Ψ Ö¢²Ö¥É¸Ö  ³-
¶²¨ÉÊ¤μ° ¢¥·μÖÉ´μ¸É¨, ¨ ´¥¶μ¸·¥¤¸É¢¥´´μ¥ Ê¸·¥¤´¥´¨¥

〈Ψ(t)〉 =

t∫
0

dτΨ(τ)

t

³μ¦¥É μ± § ÉÓ¸Ö ¡¥¸¸μ¤¥·¦ É¥²Ó´Ò³. �μÔÉμ³Ê ¡μ²¥¥ ¶μ¸²¥¤μ¢ É¥²Ó´Ò³ ¶·¥¤¸É ¢²Ö¥É¸Ö

¨§ÊÎ¥´¨¥ ¸·¥¤´¥£μ 〈
∗
ΨΨ〉 (¸μμÉ¢¥É¸É¢ÊÕÐ¥° ³ É·¨ÍÒ ¶²μÉ´μ¸É¨). ’¥³ ´¥ ³¥´¥¥ ¨³¥ÕÉ¸Ö
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¸¥·Ó¥§´Ò¥ μ¸´μ¢ ´¨Ö ´ ¤¥ÖÉÓ¸Ö, ÎÉμ ¨¸¶μ²Ó§μ¢ ´¨¥ Ê¸·¥¤´¥´´μ°  ³¶²¨ÉÊ¤Ò ¢¥·μÖÉ´μ¸É¨
〈Ψ〉 ¢ ¸²ÊÎ ¥ μ¸´μ¢´μ£μ (±¢ §¨¸É Í¨μ´ ·´μ£μ) ¸μ¸ÉμÖ´¨Ö ¡Ê¤¥É ¢¸¥ ¦¥ ¢¥¸Ó³  ¨´Ëμ·³ -
É¨¢´Ò³.

‚ ¶·¥¤¸É ¢²¥´¨¨ ¢§ ¨³μ¤¥°¸É¢¨Ö Ψ = eH0t Φ Ê· ¢´¥´¨¥ (3) ¶¥·¥¶¨Ï¥É¸Ö ¢ ¢¨¤¥

Φ̇ = −V Φ, V = eH0t VS e−H0t. (5)

’¥¶¥·Ó, ´ ·Ö¤Ê ¸μ ¸ÉμÌ ¸É¨Î¥¸±¨³ £²Õμ´´Ò³ ¶μ²¥³, § ¢¨¸¨³μ¸ÉÓ μÉ ¢·¥³¥´¨ ¶μÖ¢¨² ¸Ó
¨ ¢ μ¶¥· Éμ· Ì B. �ÊÉ¥³ Ê¸·¥¤´¥´¨Ö ¶μ ¡Ò¸É·μ¶¥·¥³¥´´μ° ±μ³¶μ´¥´É¥ ¤²Ö ¤²¨´´μ¢μ²-
´μ¢μ° ¸μ¸É ¢²ÖÕÐ¥° (¤²Ö ®³¥¤²¥´´ÒÌ¯ ¶¥·¥³¥´´ÒÌ) ¶μ²ÊÎ ÕÉ

〈Φ̇(t)〉 = −〈V (t)〉 〈Φ(t)〉. (6)

�  ÔÉμ³ ÔÉ ¶¥  ¢Éμ³ É¨Î¥¸±¨ ¶μÖ¢²ÖÕÉ¸Ö Ê¸·¥¤´¥´¨Ö ¶μ ¶ · ³¥É· ³, μ¶¨¸Ò¢ ÕÐ¨³ ¸Éμ-
Ì ¸É¨Î¥¸±¨°  ´¸ ³¡²Ó. ‘²¥¤ÊÕÐ¨¥ Î²¥´Ò ±Ê³Ê²Ö´É´μ£μ · §²μ¦¥´¨Ö ´ ³ ¢ ÔÉμ° · ¡μÉ¥ ´¥
¶μ´ ¤μ¡ÖÉ¸Ö. “¸²μ¢¨Ö, ¶·¨ ±μÉμ·ÒÌ ³μ¦´μ Ë ±Éμ·¨§μ¢ ÉÓ ¤²¨´´μ¢μ²´μ¢ÊÕ ±μ³¶μ´¥´ÉÊ,
Ìμ·μÏμ ¨§¢¥¸É´Ò [3]. ’¥¶¥·Ó ³μ¦´μ ¢Ò¤¥²¨ÉÓ Î²¥´Ò, μ± §Ò¢ ÕÐ¨¥¸Ö ¸ÊÐ¥¸É¢¥´´Ò³¨
¢ Ê¸·¥¤´¥´´μ³ £ ³¨²ÓÉμ´¨ ´¥ ¢§ ¨³μ¤¥°¸É¢¨Ö 〈V (t)〉. ’¥´§μ· ´ ¶·Ö¦¥´´μ¸É¨ ¶μ²Ö B ¨
¶μ²Ö ± ¦¤μ° μÉ¤¥²Ó´μ° ¶¸¥¢¤μÎ ¸É¨ÍÒ A ¶·¥¤¸É ¢²Ö¥É¸Ö ¢ ¢¨¤¥

Ga
μν = Ga

μν(B) + Ga
μν(A) + Ga

μν(A, B), (7)

£¤¥ ¶¥·¢Ò¥ ¤¢  ¸² £ ¥³ÒÌ ¤ ÕÉ¸Ö ¸É ´¤ ·É´Ò³ ¢Ò· ¦¥´¨¥³ ¤²Ö ´ ¶·Ö¦¥´´μ¸É¨ ¶μ²Ö

Ga
μν(A) = ∂μAa

ν − ∂νAa
μ + gfabcAb

μAc
ν , (8)

§¤¥¸Ó fabc Å  ´É¨¸¨³³¥É·¨Î´Ò° É¥´§μ· (¸É·Ê±ÉÊ·´ Ö ±μ´¸É ´É  Í¢¥Éμ¢μ° £·Ê¶¶Ò). ’·¥-
ÉÓ¥ ¸² £ ¥³μ¥ ¢ Ëμ·³Ê²¥ (7) ¶·¥¤¸É ¢²Ö¥É ¢±² ¤ ¸³¥Ï ´´μ° ±μ³¶μ´¥´ÉÒ ´ ¶·Ö¦¥´´μ¸É¨
¶μ²Ö

Ga
μν(A, B) = gfabc(Bb

μAc
ν − Bb

νAc
μ). (9)

�·¨ Ê¸·¥¤´¥´¨¨ ¶μ ¢·¥³¥´¨ ¸ÉμÌ ¸É¨Î¥¸± Ö ±μ³¶μ´¥´É  Ë ±Éμ·¨§Ê¥É¸Ö ¨ ¶·¨¢μ¤¨É ±
´¥É·¨¢¨ ²Ó´μ³Ê ¢±² ¤Ê ¢ Î²¥´ Ì Î¥É¢¥·Éμ£μ ¶μ·Ö¤±  ¶μ ¶μ²Õ. ‚±² ¤, £¥´¥·¨·Ê¥³Ò°
¸³¥Ï ´´μ° ±μ³¶μ´¥´Éμ°, μ± §Ò¢ ¥É¸Ö ¸É ·Ï¨³ ¨ ³μ¦¥É ¡ÒÉÓ ¢Ò· ¦¥´ Î¥·¥§ ¸μμÉ¢¥É-
¸É¢ÊÕÐÊÕ ±μ··¥²ÖÍ¨μ´´ÊÕ ËÊ´±Í¨Õ 〈Aa

μ(x)Ab
ν(y)〉. �·μ¤¥² ´´Ò¥ ´¥¤ ¢´μ ·¥Ï¥ÉμÎ´Ò¥

¨§³¥·¥´¨Ö ÔÉμ° ±μ··¥²ÖÍ¨μ´´μ° ËÊ´±Í¨¨ ³μ¦´μ ¨´É¥·¶·¥É¨·μ¢ ÉÓ ± ± £¥´¥· Í¨Õ ®³ ¸-
¸Ò¯ £²Õμ´  ¶μ·Ö¤±  300Ä400 ŒÔ‚ ¢ μ¡² ¸É¨ ¨³¶Ê²Ó¸μ¢ ¶μ·Ö¤±  200 ŒÔ‚ [4].

‚μ§¢· Ð Ö¸Ó ± ¶·¥¤¸É ¢²¥´¨Õ ˜·¥¤¨´£¥· , ¢ ¨Éμ£¥ ¶μ²ÊÎ ¥³ ÔËË¥±É¨¢´Ò° ¸¢μ¡μ¤-
´Ò° £ ³¨²ÓÉμ´¨ ´, ¶·¨§¢ ´´Ò° μ¶¨¸Ò¢ ÉÓ Ê¸·¥¤´¥´´Ò¥ ¸μ¸ÉμÖ´¨Ö ¶μ²Ö 〈Ψ〉

〈H0〉 = H0(B) +
m2

2
Ba

μBa
μ, (10)

¶·¨Î¥³ ¶ · ³¥É· ³ ¸¸Ò ¤²Ö ¶¸¥¢¤μÎ ¸É¨Í ¸É ´¤ ·É´μ£μ ¶·μË¨²Ö, ´ ¶·¨³¥·, ¨³¥¥É ¸²¥-
¤ÊÕÐ¨° Ö¢´Ò° ¢¨¤ (¸³., ´ ¶·¨³¥·, [1]):

m2 = 9π2 Nc

N2
c − 1

nρ̄2, (11)
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£¤¥ n = N/V Å ¶²μÉ´μ¸ÉÓ  ´¸ ³¡²Ö ¶¸¥¢¤μÎ ¸É¨Í; V Å μ¡Ñ¥³, § ´¨³ ¥³Ò°  ´¸ ³¡²¥³;
ρ̄ Å ¸·¥¤´¨° · §³¥· ¶¸¥¢¤μÎ ¸É¨ÍÒ; Nc Å Î¨¸²μ Í¢¥Éμ¢.

ˆ´¤ÊÍ¨·μ¢ ´´Ò° ¸ÉμÌ ¸É¨Î¥¸±μ° ±μ³¶μ´¥´Éμ° ÔËË¥±É ±μ··¥²ÖÍ¨° ±¢ ´Éμ¢μ£μ ¶μ²Ö
B ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ É ±¦¥ ¢ ¢¨¤¥ ± ´μ´¨Î¥¸±μ£μ ¶·¥μ¡· §μ¢ ´¨Ö ± ´μ¢Ò³ μ¶¥· Éμ· ³
·μ¦¤¥´¨Ö ¨ Ê´¨ÎÉμ¦¥´¨Ö

B(k; ν, c) = Tb(k; ν, c) T−1 = sinh θ b(k; ν, c) + cosh θ b+(−k; ν, c),

B+(−k; ν, c) = Tb+(−k; ν, c) T−1 = cosh θ b(k; ν, c) + sinh θ b+(−k; ν, c), (12)

T =
∏
k,ν,c

exp
{

θ

2
[b+(k; ν, c) b+(−k; ν, c) − b(k; ν, c) b(−k; ν, c)]

}
,

¶·¨ ¶μ³μÐ¨ ±μÉμ·ÒÌ μ¶¥· Éμ· 〈H0〉 ¢Ò· ¦ ¥É¸Ö ¸É ´¤ ·É´Ò³ μ¡· §μ³ Î¥·¥§ μ¶¥· Éμ·
¶²μÉ´μ¸É¨ Î ¸É¨Í B+B. ’¥¶¥·Ó μ¶¥· Éμ· ¶μ²Ö ¶·¥¤¸É ¢²Ö¥É¸Ö Î¥·¥§ ®³ ¸¸¨¢´Ò¥¯ £²Õ-
μ´Ò ± ±

Ba
μ(x) =

∫
dk

(2π)3
1

(2|K4|)1/2
×

×
[

B(k; ν, c)Ea
μ(k; ν, c) eikx + B+(k; ν, c)

∗
E

a
μ(k; ν, c) e−ikx

]
, (13)

£¤¥ |K4| =
√

k2 + m2, sinh θ =
1
2

(
K

1/2
4

k
1/2
4

+
k

1/2
4

K
1/2
4

)
, ¶·¨Î¥³ ´μ¢Ò¥ ¶μ²Ö·¨§ Í¨μ´´Ò¥

¢¥±Éμ·Ò Ea
μ ¢Ò· ¦ ÕÉ¸Ö Î¥·¥§ ¢¥±Éμ·Ò ¡¥§³ ¸¸μ¢ÒÌ £²Õμ´μ¢ ea

μ ¸ ¶μ³μÐÓÕ ¸²¥¤ÊÕÐ¨Ì
¸μμÉ´μÏ¥´¨°

1
(2|K4|)1/2

Ea
μ(k; ν, c) =

1
(2|k4|)1/2

×

×
[
− sinh θ ea

μ(k; ν, c) + cosh θ
∗
ea

μ(−k; ν, c)
]
,

1
(2|K4|)1/2

∗
E

a
μ(−k; ν, c) =

1
(2|k4|)1/2

×

×
[
cosh θ ea

μ(k; ν, c) − sinh θ
∗
ea

μ(−k; ν, c)
]
.

(14)

�É³¥É¨³, ÎÉμ £ ³¨²ÓÉμ´¨ ´ ¢ (3) (¸ ¶μ´ÖÉ´Ò³¨ μ£μ¢μ·± ³¨, ¸¢Ö§ ´´Ò³¨ ¸ ¢Ò·μ¦¤¥´-
´μ¸ÉÓÕ ¸μμÉ¢¥É¸É¢ÊÕÐ¥° £ ³¨²ÓÉμ´μ¢μ° ¸¨¸É¥³Ò) ± ²¨¡·μ¢μÎ´μ-¨´¢ ·¨ ´É¥´. ˆÉμ£μ¢μ¥
¦¥ ¢Ò· ¦¥´¨¥ ¤²Ö ÔËË¥±É¨¢´μ£μ £ ³¨²ÓÉμ´¨ ´  (10), μ¶¨¸Ò¢ ÕÐ¥£μ ¸±μ··¥²¨·μ¢ ´´Ò¥
¶ ·Ò (13), ± ²¨¡·μ¢μÎ´ÊÕ ¨´¢ ·¨ ´É´μ¸ÉÓ É¥·Ö¥É. �μ¤μ¡´ Ö ¸¨ÉÊ Í¨Ö Ìμ·μÏμ ¨§¢¥¸É´ 
¢ É¥μ·¨¨ ¸¢¥·Ì¶·μ¢μ¤¨³μ¸É¨, μ¸´μ¢ ´´μ° ´  Ê· ¢´¥´¨¨ ƒ¨´§¡Ê·£ Ä‹ ´¤ Ê. ˆ§´ Î ²Ó´μ
É¥μ·¨Ö ± ²¨¡·μ¢μÎ´μ-¨´¢ ·¨ ´É´ , μ¤´ ±μ ¶·¨ μ¶¨¸ ´¨¨ ·¥ ±Í¨¨ ¸±μ··¥²¨·μ¢ ´´ÒÌ ¶ ·
´  ¢´¥Ï´¥¥ ¶μ²¥ ± ²¨¡·μ¢μÎ´ Ö ¨´¢ ·¨ ´É´μ¸ÉÓ É¥·Ö¥É¸Ö. �·¨Î¨´ , ± ± ¨§¢¥¸É´μ, § -
±²ÕÎ ¥É¸Ö ¢ Éμ³, ÎÉμ ¶·¨¡²¨¦¥´¨¥ ¸·¥¤´¥£μ ¶μ²Ö ƒ¨´§¡Ê·£ Ä‹ ´¤ Ê ´¥ ÊÎ¨ÉÒ¢ ¥É § ¢¨-
¸¨³μ¸É¨ ±μ´¤¥´¸ É  (¨´Ò³¨ ¸²μ¢ ³¨, ±μ··¥²ÖÍ¨° Ô²¥±É·μ´μ¢) μÉ ¢´¥Ï´¥£μ ¶μ²Ö. „²Ö
¥¥ ÊÎ¥É  ¸²¥¤Ê¥É ¢Ò°É¨ §  · ³±¨ ¶·¨¡²¨¦¥´¨Ö ƒ¨´§¡Ê·£ Ä‹ ´¤ Ê (¸³., ´ ¶·¨³¥·, [5]). ‚
¸²ÊÎ ¥ ¨´É¥·¥¸ÊÕÐ¥° ´ ¸ § ¤ Î¨ ¸²¥¤Ê¥É ÌμÉÖ ¡Ò Ê³¥ÉÓ μÍ¥´¨¢ ÉÓ ¶²μÉ´μ¸ÉÓ  ´¸ ³¡²Ö
± ± ËÊ´±Í¨Õ ¢´¥Ï´¥£μ ¶μ²Ö n(B).
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� ¨¡μ²¥¥ Ô±μ´μ³´Ò° ¸¶μ¸μ¡ ¢Ò¢μ¤  ÔËË¥±É¨¢´μ£μ £ ³¨²ÓÉμ´¨ ´  (¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ
² £· ´¦¨ ´ ) (10) ¸¢Ö§ ´ ¸ ±² ¸É¥·´Ò³ · §²μ¦¥´¨¥³ Ô±¸¶μ´¥´ÉÒ ¶·μ¨§¢μ¤ÖÐ¥£μ ËÊ´±-
Í¨μ´ ²  [6]

Z =
∫

D[A] e−S(A), (15)

£¤¥ S(A) Å ¤¥°¸É¢¨¥ ¶μ²Ö Ÿ´£ ÄŒ¨²²¸ ,

〈exp (−S)〉ωz = exp

( ∑
k

(−1)k

k!
〈〈Sk〉〉ωz

)
, (16)

£¤¥ 〈S1〉 = 〈〈S1〉〉, 〈S1S2〉 = 〈S1〉〈S2〉 + 〈〈S1S2〉〉 . . . (¶¥·¢Ò° ±Ê³Ê²Ö´É μ¶·¥¤¥²Ö¥É¸Ö
¶·μ¸Éμ Ê¸·¥¤´¥´¨¥³ ¤¥°¸É¢¨Ö), ¶·¨Î¥³ ¸É ·Ï¨° ´¥¨¸Î¥§ ÕÐ¨° ¢±² ¤ ¶μ ¶²μÉ´μ¸É¨  ´-
¸ ³¡²Ö n ± ± · § ¨ ¤ ¥É¸Ö ÔËË¥±É¨¢´Ò³ £ ³¨²ÓÉμ´¨ ´μ³ (¸μμÉ¢¥É¸É¢ÊÕÐ¨³ ² £· ´¦¨ -
´μ³) (10) (¸³., ´ ¶·¨³¥·, [1],   É ±¦¥ ¨§²μ¦¥´¨¥ ´¨¦¥).

�Í¥´±  ¶·μ¨§¢μ¤ÖÐ¥£μ ËÊ´±Í¨μ´ ²  (15) ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢ ± Î¥¸É¢¥ ´ ¸ÒÐ ÕÐ¥°
±μ´Ë¨£Ê· Í¨¨ ±¢ §¨±² ¸¸¨Î¥¸±μ£μ  ´¸ ¡²Ö ( ´É¨)¨´¸É ´Éμ´μ¢ ¡Ò²  ¤ ´  ¢ · ¡μÉ¥ [7].
•μÉÖ ¶μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¢¶μ²´¥ μ¶· ¢¤Ò¢ ÕÉ · §¢¨ÉÒ° ¶μ¤Ìμ¤, ¢Ò¤¢¨´ÊÉ Ö ¢ · ¡μÉ¥
¨¤¥Ö μÉÉ ²±¨¢ É¥²Ó´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ( ´É¨)¨´¸É ´Éμ´μ¢ ¶μ¤¢¥·£² ¸Ó ¸¥·Ó¥§´μ° ±·¨-
É¨±¥ [8]. 	Ò²μ ¶·μ¤¥³μ´¸É·¨·μ¢ ´μ, ÎÉμ ¢³¥¸Éμ μÉÉ ²±¨¢ ´¨Ö ´  ³ ²ÒÌ · ¸¸ÉμÖ´¨ÖÌ
¨´¸É ´Éμ´- ´É¨¨´¸É ´Éμ´´ Ö ±μ´Ë¨£Ê· Í¨Ö ¶·μÖ¢²Ö¥É ¸¥·Ó¥§´ÊÕ É¥´¤¥´Í¨Õ ±  ´´¨£¨²Ö-
Í¨¨, ¶·¥¢· Ð Ö¸Ó É¥³ ¸ ³Ò³, ¶μ ¸ÊÐ¥¸É¢Ê, ¢ ±μ´Ë¨£Ê· Í¨Õ, ¡²¨§±ÊÕ ± ¶¥·ÉÊ·¡ É¨¢´μ°.
Š·μ³¥ Éμ£μ, ¨ ¢ ¸ ³μ° · ¡μÉ¥ [7] ´¥Ê¤ Î´Ò³ μ± § ²μ¸Ó ¶·¨³¥´¥´¨¥ ¢ ·¨ Í¨μ´´μ£μ ¶·¨´-
Í¨¶  ¤²Ö ¶μ¨¸±  μ¶É¨³ ²Ó´μ£μ ¶·μË¨²Ö ¶¸¥¢¤μÎ ¸É¨ÍÒ ¨ ¶μ¸É·μ¥´¨Ö ´  ÔÉμ° μ¸´μ¢¥
¸ ³μ¸μ£² ¸μ¢ ´´ÒÌ ±μ´Ë¨£Ê· Í¨°. 	Ê±¢ ²Ó´μ¥ ¸²¥¤μ¢ ´¨¥ ¢ ·¨ Í¨μ´´μ° ¶·μÍ¥¤Ê·¥ · -
¡μÉÒ [7]  ¢Éμ³ É¨Î¥¸±¨ ¶·¨¢μ¤¨É ± ¶¸¥¢¤μÎ ¸É¨Í¥ ´Ê²¥¢μ£μ · §³¥· . 	Ò²¨ ¶·¥¤²μ¦¥´Ò
 ²ÓÉ¥·´ É¨¢´Ò¥ ³¥Ì ´¨§³Ò ¸É ¡¨²¨§ Í¨¨  ´¸ ³¡²Ö: ¸Í¥´ ·¨°, ¸¢Ö§ ´´Ò° ¸μ ¸¶¥Í¨Ë¨-
Î¥¸±¨³¨ ¸¢μ°¸É¢ ³¨ ¸ ³μ£μ ´ ¸ÒÐ ÕÐ¥£μ  ´¸ ³¡²Ö [9]; ³¥Ì ´¨§³ § ³μ· ¦¨¢ ´¨Ö ±μ´-
¸É ´ÉÒ ¸¢Ö§¨ [10]; ¶μ¤Ìμ¤, ¢ ±μÉμ·μ³ ¸É ¡¨²¨§ Í¨Ö μ¡Ê¸²μ¢²¥´  ¢²¨Ö´¨¥³ ±μ´Ë °´¨·Ê-
ÕÐ¥° ±μ³¶μ´¥´ÉÒ [11].

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ³Ò ¥Ð¥ · § · ¸¸³μÉ·¨³ § ¤ ÎÊ μ¶·¥¤¥²¥´¨Ö μ¶É¨³ ²Ó´μ£μ ¶·μ-
Ë¨²Ö ¶¸¥¢¤μÎ ¸É¨Í, ¶μ¸É ¢²¥´´ÊÕ ¢ [7]. „²Ö ´ ¸ ¡Ê¤¥É ´¥¸ÊÐ¥¸É¢¥´´Ò³ ³¥Ì ´¨§³ ¸É -
¡¨²¨§ Í¨¨  ´¸ ³¡²Ö ´  ËÊ´¤ ³¥´É ²Ó´μ³ Ê·μ¢´¥, ¥¤¨´¸É¢¥´´μ¥ ¶·¥¤¶μ²μ¦¥´¨¥, ´  ±μ-
Éμ·μ¥ ³Ò ¡Ê¤¥³ ¸ÊÐ¥¸É¢¥´´μ μ¶¨· ÉÓ¸Ö, ¸μ¸Éμ¨É ¢ ´ ²¨Î¨¨ ´¥´Ê²¥¢μ° ±μ··¥²ÖÍ¨μ´´μ°
ËÊ´±Í¨¨ (Ì · ±É¥·¨§ÊÕÐ¥° ¢±² ¤ ¸ÉμÌ ¸É¨Î¥¸±μ° ±μ³¶μ´¥´ÉÒ): 〈Aa

μ(x)Ab
ν(y)〉, ¢¨¤ ¨

¸¢μ°¸É¢  ±μÉμ·μ° ³Ò μ¡¸Ê¤¨³ ´¨¦¥.
‚ ± Î¥¸É¢¥ ´ ¸ÒÐ ÕÐ¥° ( ¶¶·μ±¸¨³¨·ÊÕÐ¥°) ¶·μ¨§¢μ¤ÖÐ¨° ËÊ´±Í¨μ´ ² (15) ±μ´-

Ë¨£Ê· Í¨¨ · ¸¸³ É·¨¢ ¥É¸Ö ¸Ê¶¥·¶μ§¨Í¨Ö (1), £¤¥ ¤²Ö ¶μ²Ö ( ´É¨)¨´¸É ´Éμ´  ¢ ¸¨´£Ê²Ö·-
´μ° ± ²¨¡·μ¢±¥ ¢¢¥¤¥´μ μ¡μ§´ Î¥´¨¥

Aa
μ(x; γ) =

2
g

ωabη̄bμν
yν

y2 f(y), y = x − z, (17)

§¤¥¸Ó g Å ±μ´¸É ´É  ¸¢Ö§¨ ´¥ ¡¥²¥¢μ£μ ¶μ²Ö; η̄aμν = εaμν − δaμδν4 + δaνδμ4 Å ¸¨³¢μ²
'É •μμËÉ . ”Ê´±Í¨Ö f(y) μ¶¨¸Ò¢ ¥É ¶·μË¨²Ó ¶¸¥¢¤μÎ ¸É¨ÍÒ ¨ ¡Ê¤¥É μ¶·¥¤¥²ÖÉÓ¸Ö ·¥Ï¥-
´¨¥³ ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ¢ ·¨ Í¨μ´´μ° § ¤ Î¨. „²Ö ¸É ´¤ ·É´μ£μ ¸¨´£Ê²Ö·´μ£μ ¨´¸É ´Éμ´ ,
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´ ¶·¨³¥·,

f(y) =
1

1 + y2

ρ2

. (18)

„²Ö  ´É¨¨´¸É ´Éμ´  ¸²¥¤Ê¥É ¶·μ¨§¢¥¸É¨ § ³¥´Ê ¸¨³¢μ²μ¢ 'É •μμËÉ  η̄ → η. „²Ö Ê¤μ¡¸É¢ 
³Ò ¢¢¥²¨ μÉ¤¥²Ó´μ¥ μ¡μ§´ Î¥´¨¥ ¤²Ö ± ±μ°-²¨¡μ μ¤´μ° ¶¸¥¢¤μÎ ¸É¨ÍÒ B, ± ± ¡Ò ¢Ò¤¥²¨¢
¥¥. ‚ Î ¸É´μ¸É¨, ¤²Ö ¸¨´£Ê²Ö·´μ£μ ¨´¸É ´Éμ´  ¢¨¤  (17) ¨³¥¥³

Ga
μν = −4

g
ωak

[
η̄kαβ

f(1 − f)
y2 + (η̄kμβyν − η̄kναyμ)

yα

y2

(
f ′ − f(1 − f)

y2

)]
, (19)

£¤¥ f ′ μ¡μ§´ Î ¥É ¶·μ¨§¢μ¤´ÊÕ ¶μ y2. „²Ö ¸³¥Ï ´´μ° ±μ³¶μ´¥´ÉÒ ¨§ Ëμ·³Ê²Ò (7) ³μ¦´μ
¶μ²ÊÎ¨ÉÓ

Ga
μν(A, B) = gfabcωcd 2

g
(Bb

μη̄dνα − Bb
ν η̄dμα)

yα

y2 f. (20)

‚ · ¡μÉ¥ [1] ¡Ò² ¸Ëμ·³Ê²¨·μ¢ ´ ¢ ·¨ ´É ¢ ·¨ Í¨μ´´μ£μ ¶·¨´Í¨¶ , ¶μ§¢μ²ÖÕÐ¨° ¢
¤²¨´´μ¢μ²´μ¢μ³ ¶·¨¡²¨¦¥´¨¨ ´ Ìμ¤¨ÉÓ ¸ ³μ¸μ£² ¸μ¢ ´´μ¥ ·¥Ï¥´¨¥ ¤²Ö  ´¸ ³¡²Ö ¶¸¥¢-
¤μÎ ¸É¨Í ( ´É¨¨´¸É ´Éμ´μ¢ ¢ ¸¨´£Ê²Ö·´μ° ± ²¨¡·μ¢±¥ ¸μ ¸É ´¤ ·É´Ò³ ¶·μË¨²¥³ (18)) ¨
¢´¥Ï´¥£μ ¶μ²Ö, É. ¥. ¸·¥¤´¨° · §³¥· ¶¸¥¢¤μÎ ¸É¨Í ¨ ¶²μÉ´μ¸ÉÓ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨
± ± ËÊ´±Í¨Õ ¢´¥Ï´¥£μ ¶μ²Ö ρ̄(B), n(B). ‘¥°Î ¸ ³Ò ¶·¨³¥´¨³ ¥£μ ¨ ± ¸ ³μ° ´ ¸ÒÐ Õ-
Ð¥° ±μ´Ë¨£Ê· Í¨¨ (1), ¸ É¥³ ÎÉμ¡Ò μ¶·¥¤¥²¨ÉÓ, ± ± ÔÉμ ¡Ò²μ ¶·¥¤²μ¦¥´μ ¢ · ¡μÉ¥ [7],
¡μ²¥¥ μ¶É¨³ ²Ó´Ò°, ´¥¦¥²¨ ¸É ´¤ ·É´Ò°, ¶·μË¨²Ó ¶¸¥¢¤μÎ ¸É¨ÍÒ. „²Ö ÔÉμ£μ ¶μÉ·¥¡Ê-
¥É¸Ö ´¥¸±μ²Ó±μ ³μ¤¨Ë¨Í¨·μ¢ ÉÓ ¢ ·¨ Í¨μ´´ÊÕ ¶·μÍ¥¤Ê·Ê · ¡μÉÒ [7],   ¤²Ö Éμ£μ, ÎÉμ¡Ò
¡Ò²μ Ê¤μ¡´¥¥ ¶·μ¸²¥¤¨ÉÓ, £¤¥ ¨³¥´´μ ¢´μ¸ÖÉ¸Ö ¨§³¥´¥´¨Ö, ¡Ê¤¥³ ¨¸¶μ²Ó§μ¢ ÉÓ μ¡μ§´ Î¥-
´¨Ö ¨§ ´¥¥. � £²Ö¤´μ μÉ²¨Î¨Ö ¢ ·¨ Í¨μ´´ÒÌ ¶·¨´Í¨¶μ¢ · ¡μÉ [7] ¨ [1] ³μ¦´μ ¶·μ¨²²Õ-
¸É·¨·μ¢ ÉÓ ¸²¥¤ÊÕÐ¨³ μ¡· §μ³. ‚ · ¡μÉ¥ [7] μ¶¨¸Ò¢ ÕÐ¨¥  ´¸ ³¡²Ó Ì · ±É¥·¨¸É¨±¨:
¸·¥¤´¨° · §³¥· ¶¸¥¢¤μÎ ¸É¨ÍÒ ρ̄ ¨ ¶²μÉ´μ¸ÉÓ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨ n Å ¸Î¨É ÕÉ¸Ö
´¥§ ¢¨¸ÖÐ¨³¨ μÉ ±μμ·¤¨´ É. ‚ ´ Ï¥³ ¦¥ ¸²ÊÎ ¥ ÔÉ¨ ¶ · ³¥É·Ò Ö¢²ÖÕÉ¸Ö ËÊ´±Í¨Ö³¨
· ¸¸ÉμÖ´¨Ö ¤μ Í¥´É·  ¢Ò¤¥²¥´´μ° ¶¸¥¢¤μÎ ¸É¨ÍÒ, ¶·μË¨²Ó ±μÉμ·μ° f(y) ¶μ¤²¥¦¨É μ¶·¥-
¤¥²¥´¨Õ, ¶·¨Î¥³ μ± §Ò¢ ¥É¸Ö, ÎÉμ ¥£μ ³μ¦´μ ´ °É¨ ¢ · ³± Ì ¸Ì¥³Ò, ¶·¥¤²μ¦¥´´μ° ¢ [7].
„²Ö  ¸¨³¶ÉμÉ¨Î¥¸±¨ ¡μ²ÓÏ¨Ì · ¸¸ÉμÖ´¨° · §³¥· ¶¸¥¢¤μÎ ¸É¨Í ¢ÒÌμ¤¨É ´  ´¥±μÉμ·μ¥ ¶μ-
¸ÉμÖ´´μ¥ ¶μ  ´¸ ³¡²Õ §´ Î¥´¨¥ ρ̄. ‘ ¶μ³μÐÓÕ ÔÉμ£μ ¶ · ³¥É·  Ê¤μ¡´μ ¢Ò· ¦ ÉÓ ¢±² ¤Ò
¨´É¥£· ²μ¢, μ¡² ¤ ÕÐ¨Ì · §³¥·´μ¸ÉÓÕ (Î¥·¥§ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¸É¥¶¥´¨ ÔÉμ£μ ¶ · ³¥-
É· ). �´ ²μ£¨Î´Ò³ μ¡· §μ³ · ¸¸Î¨ÉÒ¢ ¥É¸Ö ¢±² ¤ Ô²¥³¥´É  ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨, ´ -
Ìμ¤ÖÐ¥£μ¸Ö ´  ±μ´¥Î´μ³ · ¸¸ÉμÖ´¨¨ μÉ Í¥´É·  ¢Ò¤¥²¥´´μ° ¶¸¥¢¤μÎ ¸É¨ÍÒ. �μ² £ ¥É¸Ö,
ÎÉμ ¶·μË¨²Ó´ Ö ËÊ´±Í¨Ö ´¥ ¨§³¥´Ö¥É ¸¢μ¥£μ ¢¨¤ , ´μ  ¸¨³¶ÉμÉ¨Î¥¸±μ¥ §´ Î¥´¨¥ · §-
³¥·  ¶¸¥¢¤μÎ ¸É¨Í (¨ ¶²μÉ´μ¸É¨ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨), μ¡· §ÊÕÐ¨Ì Ô²¥³¥´É ¨´¸É ´-
Éμ´´μ° ¦¨¤±μ¸É¨, Ö¢²Ö¥É¸Ö ËÊ´±Í¨¥° · ¸¸ÉμÖ´¨Ö ¤μ Í¥´É·  ¢Ò¤¥²¥´´μ° ¶¸¥¢¤μÎ ¸É¨ÍÒ
(¸³. ·¨¸. 2 ¨ 3).

‚±² ¤ · §Ò¸±¨¢ ¥³μ° ±μ´Ë¨£Ê· Í¨¨ ¢ ¶·μ¨§¢μ¤ÖÐ¨° ËÊ´±Í¨μ´ ² μÍ¥´¨¢ ¥É¸Ö ± ±
(μ¡μ§´ Î¥´¨Ö ¸³. ¢ [7])

Z � Y =
∫

D[B]
1

N !

∫ N∏
i=1

dγi e−S(B,γ). (21)
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‚ ÔÉμ³ ¢Ò· ¦¥´¨¨ ¸²¥¤Ê¥É ÊÎ¥¸ÉÓ ¸²¥¤ÊÕÐ¨¥ Î²¥´Ò:

S(B, γ) = −
N∑

i=1

ln d(ρi) + β Uint +
N∑

i=1

U i
ext(B) + S(B) (22)

(¤¥É ²¨ ¢Ò¢μ¤  ÔÉμ£μ ¢Ò· ¦¥´¨Ö ¶·¨¢¥¤¥´Ò ¢ Í¨É¨·μ¢ ´´μ° · ¡μÉ¥ [1]). ‡¤¥¸Ó ²¨ÏÓ ´ -
¶μ³´¨³, ÎÉμ ¸²¥¤Ê¥É ¶·μ¢μ¤¨ÉÓ Ê¸·¥¤´¥´¨¥ ¶μ ¶ · ³¥É· ³, μ¶¨¸Ò¢ ÕÐ¨³ ¶¸¥¢¤μÎ ¸É¨ÍÒ,
¨ μ¸É ¢²ÖÉÓ Éμ²Ó±μ ¸É ·Ï¨¥ ¢±² ¤Ò ¶·¨ ¸Ê³³¨·μ¢ ´¨¨ ¶μ ¶¸¥¢¤μÎ ¸É¨Í ³. ‚ ÔÉμ³ ¢Ò-
· ¦¥´¨¨ ¶ · ³¥É·Ò γ ¨ N , ¢μμ¡Ð¥ £μ¢μ·Ö, Ö¢²ÖÕÉ¸Ö ËÊ´±Í¨Ö³¨ ¶μ²Ö B, ´μ, ÎÉμ¡Ò ´¥
Ê¸²μ¦´ÖÉÓ μ¡μ§´ Î¥´¨°, ÔÉ¨ § ¢¨¸¨³μ¸É¨ μ¶ÊÐ¥´Ò. ‚ Éμ³ ¸²ÊÎ ¥, ±μ£¤  ´ ¸ÒÐ ÕÐ Ö
±μ´Ë¨£Ê· Í¨Ö ¨³¥¥É ¢¨¤ ¨´¸É ´Éμ´  ¢ ¸¨´£Ê²Ö·´μ° ± ²¨¡·μ¢±¥ ¸μ ¸É ´¤ ·É´Ò³ ¶·μË¨-
²¥³ (18), ¶¥·¢μ¥ ¸² £ ¥³μ¥, μ¶¨¸Ò¢ ÕÐ¥¥ μ¤´μ¨´¸É ´Éμ´´Ò¥ ¢±² ¤Ò, ¨³¥¥É ¢¨¤ ËÊ´±Í¨¨
· ¸¶·¥¤¥²¥´¨Ö ¶μ · §³¥· ³ ( ´É¨)¨´¸É ´Éμ´μ¢

d(ρ) = CNcΛ
bρb−5β̃2Nc , (23)

£¤¥

b =
11
3

Nc −
2
3
Nf , (24)

β̃ = −b ln(Λρ̄),

CNc ≈ 4,66 exp (−1,68Nc)
π2(Nc − 1)!(Nc − 2)!

.

…¸²¨ ¦¥ · ¸¸³ É·¨¢ ¥É¸Ö ¶·μË¨²Ó (17), Éμ ¸²¥¤Ê¥É ÊÎ¥¸ÉÓ ¨§³¥´¥´¨¥ ¤¥°¸É¢¨Ö μ¤´μ°
¶¸¥¢¤μÎ ¸É¨ÍÒ:

Si = 3

∞∫
0

dy2

y2 β
[
(y2f ′)2 + f2(1 − f)2

]
, (25)

§¤¥¸Ó β = 8π2/g2 Å Ì · ±É¥·´μ¥ ¤¥°¸É¢¨¥ μ¤´μ° ¶¸¥¢¤μÎ ¸É¨ÍÒ ¸É ´¤ ·É´μ£μ ¢¨¤  (18),
μ¶·¥¤¥²Ö¥³μ¥ ´  ³ ¸ÏÉ ¡¥ ¥¥ ¸·¥¤´¥£μ · §³¥·  β = β(ρ̄), £¤¥ β(ρ) = − ln CNc −b ln (Λρ).
�·¨´¨³ Ö ¢μ ¢´¨³ ´¨¥, ÎÉμ ±μÔËË¨Í¨¥´É b ¢¸¥£¤  ¡Ê¤¥É ¢Ìμ¤¨ÉÓ ¢ ¢Ò· ¦¥´¨Ö (¢ Î ¸É-
´μ¸É¨, ¢ ËÊ´±Í¨Õ · ¸¶·¥¤¥²¥´¨Ö (23)) ¸ ¤μ¶μ²´¨É¥²Ó´Ò³ ³´μ¦¨É¥²¥³ s = Si/β, ¢μ ¢¸¥Ì
Ëμ·³Ê² Ì, μ¶¨¸Ò¢ ÕÐ¨Ì μ¤´μ¨´¸É ´Éμ´´Ò¥ ¢±² ¤Ò, ¸²¥¤Ê¥É ¶·μ¨§¢¥¸É¨ § ³¥´Ê

b → bs. (26)

‚ ¶·¥¤¶μ¸²¥¤´¥³ ¸² £ ¥³μ³ Ëμ·³Ê²Ò (22) ¸μ¡· ´Ò ¶ ·Í¨ ²Ó´Ò¥ ¢±² ¤Ò ¶¸¥¢¤μÎ ¸É¨Í,
μ¡Ê¸²μ¢²¥´´Ò¥ ¸³¥Ï ´´μ° ±μ³¶μ´¥´Éμ° É¥´§μ·  ´ ¶·Ö¦¥´´μ¸É¨ (9) ¨ μ¶¨¸Ò¢ ÕÐ¨¥ ¢§ -
¨³μ¤¥°¸É¢¨¥  ´¸ ³¡²Ö ¶¸¥¢¤μÎ ¸É¨Í ¨ ¢Ò¤¥²¥´´μ° ¶¸¥¢¤μÎ ¸É¨ÍÒ

U i
ext(B) =

∫
d4x

〈
Ga

μν(Ai, B) Ga
μν(Ai, B)

4

〉
γi

.

�¸É ²Ó´Ò¥ ¢±² ¤Ò ¶·¨ Ì · ±É¥·´ÒÌ ¶ · ³¥É· Ì IL, ± ± ¡Ò²μ ¶·μ¤¥³μ´¸É·¨·μ¢ ´μ ¢
· ¡μÉ¥ [1], ³ ²Ò. ‘·¥¤´¥¥ μÉ ¸³¥Ï ´´μ° ±μ³¶μ´¥´ÉÒ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥:

〈Ga
μν(A, B) Ga

μν(A, B)〉ωz =
18
V

Nc

N2
c − 1

IBb
μBb

μ, B2 =
12
g2

f2

y2 , (27)
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£¤¥ Ê¸·¥¤´¥´¨¥ μ¡μ§´ Î ¥É ¨´É¥£·¨·μ¢ ´¨¥ ¶μ Í¢¥Éμ¢Ò³ μ·¨¥´É Í¨Ö³ ¶¸¥¢¤μÎ ¸É¨ÍÒ

(¸ ³¥·μ°, ´μ·³¨·μ¢ ´´μ° ´  ¥¤¨´¨ÍÊ) ¨ ¶μ ¶μ²μ¦¥´¨Ö³ ¥¥ Í¥´É· : 〈〉ωz =
∫∫ dωdz

V
;

I μ¡μ§´ Î ¥É ¨´É¥£· ² ¸ ¶·μË¨²Ó´μ° ËÊ´±Í¨¥° ¶¸¥¢¤μÎ ¸É¨ÍÒ

Iα,β = δα,βI =
∫

dy
yαyβ

y4 f2, I =
π2ρ2

4

∞∫
0

dϑ f2, ϑ =
y2

ρ2 .

Š ± ¡Ò²μ μÉ³¥Î¥´μ ¢ÒÏ¥, ´  ±μ´¥Î´μ³ · ¸¸ÉμÖ´¨¨ μÉ Í¥´É·  ¢Ò¤¥²¥´´μ° ¶¸¥¢¤μÎ ¸É¨ÍÒ
¢ ÔÉμ³ ¢Ò· ¦¥´¨¨ ¶μ¸²¥ Ê¸·¥¤´¥´¨Ö ¶μ  ´¸ ³¡²Õ ¶μÖ¢¨É¸Ö ¸·¥¤´¨° · §³¥·  ´É¨¨´¸É ´-
Éμ´  ¤²Ö ¤ ´´μ£μ Ô²¥³¥´É  ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨ (¸³. É ±¦¥ Ëμ·³Ê²Ê (31)).

„²Ö ¶¸¥¢¤μÎ ¸É¨ÍÒ ¸É ´¤ ·É´μ£μ ¢¨¤  (18), ¢ Î ¸É´μ¸É¨, ¨³¥¥³

∞∫
0

dϑ f2 = 1.

‚ ¸²ÊÎ ¥ ¶·μ¨§¢μ²Ó´μ° ¶·μË¨²Ó´μ° ËÊ´±Í¨¨ f ¢μ ¢¸¥Ì Î²¥´ Ì, μ¶¨¸Ò¢ ÕÐ¨Ì ¢§ ¨-
³μ¤¥°¸É¢¨¥ IL ¨ ¢Ò¤¥²¥´´μ° ¶¸¥¢¤μÎ ¸É¨ÍÒ, ¸²¥¤Ê¥É § ³¥´¨ÉÓ ¸μμÉ¢¥É¸É¢ÊÕÐÊÕ ±μ´-

¸É ´ÉÊ (¸³. [1]) ζ0 =
9π2

2
Nc

N2
c − 1

´  ³μ¤¨Ë¨Í¨·μ¢ ´´ÊÕ

ζ = λζ0, c λ =

∞∫
0

dϑ f2.

”μ·³Ê²  (27) ¤¥³μ´¸É·¨·Ê¥É, ÎÉμ ¶·¨ μ¶·¥¤¥²¥´´ÒÌ Ê¸²μ¢¨ÖÌ ¸²¥¤Ê¥É, ± ± ÔÉμ μ¡¸Ê¦¤ -
²μ¸Ó ¢μ ¢¢¥¤¥´¨¨, ¢Ò¤¥²¨ÉÓ ±μ··¥²ÖÍ¨μ´´ÊÕ ËÊ´±Í¨Õ

〈Aa
μ(x; γ)Aa

μ(y; γ)〉ωz =
4
g2

Nc

N2
c − 1

ρ2

V
F

(
|x − y|

ρ

)
. (28)

„²Ö ¶¸¥¢¤μÎ ¸É¨ÍÒ ¸É ´¤ ·É´μ£μ ¢¨¤  ËÊ´±Í¨Ö F (Δ) · ¢´ 

F (Δ) =
π2

4
Δ2 + 2
|Δ|

√
Δ2 + 4 ln

∣∣∣∣∣
√

Δ2 + 4(Δ2 + 1) + Δ3 + 3Δ√
Δ2 + 4 − Δ

∣∣∣∣∣−
− π2 (Δ2 + 1)2

Δ2 ln(1 + Δ2) + π2Δ2 ln |Δ|, (29)

¸  ¸¨³¶ÉμÉ¨± ³¨

lim
Δ→0

F (Δ) → π2 − π2

3
Δ2 + π2Δ2 ln |Δ|, lim

Δ→∞
F (Δ) → π2

Δ2 .

� ²¨Î¨¥ ±μ··¥²ÖÍ¨¨ (28) ¨ Ö¢²Ö¥É¸Ö É¥³ ¶·¥¤¶μ²μ¦¥´¨¥³, μ ±μÉμ·μ³ ³Ò £μ¢μ·¨²¨ ¢
´ Î ²¥ ´ Ï¥° · ¡μÉÒ.
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‚Éμ·μ¥ ¸² £ ¥³μ¥ ¢ (22) μ¶¨¸Ò¢ ¥É Éμ ¦¥ ¸ ³μ¥ μÉÉ ²±¨¢ É¥²Ó´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥, ´μ
Ê¦¥ ¶¸¥¢¤μÎ ¸É¨Í  ´¸ ³¡²Ö ¤·Ê£ ¸ ¤·Ê£μ³:

βUint =
∑
i,j

∫
d4x

〈
Ga

μν(Ai, Aj) Ga
μν(Ai, Aj)

4

〉
γi,γj

¨ ¢ ¤¥°¸É¢¨É¥²Ó´μ¸É¨ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ÉμÉ ¦¥ ¢±² ¤, ÎÉμ ¨ Uext, ´μ ¶·μ¨´É¥£·¨·μ¢ ´-

´Ò° ¸ ¶μ²¥³ ± ¦¤μ° ¨´¤¨¢¨¤Ê ²Ó´μ° ¶¸¥¢¤μÎ ¸É¨ÍÒ B, β Uint =
∫

d4x m2

2 B2. ‚ ·¥§Ê²Ó-

É É¥ ±μ´¸É ´ÉÊ, μ¶¨¸Ò¢ ÕÐÊÕ ¢§ ¨³μ¤¥°¸É¢¨¥ ¶¸¥¢¤μÎ ¸É¨Í (¸³. [7]) ξ2
0 =

27 π2

4
Nc

N2
c − 1

,

¸²¥¤Ê¥É § ³¥´¨ÉÓ ´ 

ξ2 = λ2 ξ2
0

( ´ ²μ£¨Î´μ § ³¥´¥ ¶ · ³¥É·  ζ). � ±μ´¥Í, ¶μ¸²¥¤´¥¥ ¸² £ ¥³μ¥ ¢ (22) Å ÔÉμ ¶·μ¸Éμ
Ö´£-³¨²²¸μ¢¸±μ¥ ¤¥°¸É¢¨¥ ¶μ²Ö B

S(B) =
∫

d4x
Ga

μν(B) Ga
μν(B)

4
.

‡ ³¥É¨³, ±¸É É¨, ÎÉμ Éμ¶μ²μ£¨Î¥¸±¨° § ·Ö¤ ±μ´Ë¨£Ê· Í¨¨ (17) μ¸É ¥É¸Ö · ¢´Ò³ ¥¤¨´¨Í¥:

N =
1
β

∫
d4x

Ga
μνG̃a

μν

4
= −6

∞∫
0

dϑ f ′f(1 − f) = 1, G̃a
μν =

1
2

εμναβ Ga
αβ .

£¤¥ εμναβ Å ¶μ²´μ¸ÉÓÕ  ´É¨¸¨³³¥É·¨Î´Ò° É¥´§μ·, ε1234 = 1.

� ±μ´¥Í, μ¸É ²μ¸Ó μ¡¸Ê¤¨ÉÓ ¨§³¥´¥´¨¥ ±μ´¸É ´ÉÒ CNc . ‘μ¢·¥³¥´´μ¥ ¸μ¸ÉμÖ´¨¥ É¥-
μ·¨¨ É ±μ¢μ, ÎÉμ ´ ³ ´¨Î¥£μ ´¥ ¨§¢¥¸É´μ μ ´¥° ± ± ËÊ´±Í¨¨ ´ ¸ÒÐ ÕÐ¥£μ  ´¸ ³¡²Ö
CNc(n). �  ¸¥£μ¤´ÖÏ´¨° ¤¥´Ó ¨¸¶μ²Ó§Ê¥É¸Ö Éμ, ÎÉμ ´ °¤¥´μ 'É •μμËÉμ³ ¤²Ö μ¤´μ°
¨§μ²¨·μ¢ ´´μ° ¶¸¥¢¤μÎ ¸É¨ÍÒ.

�μ²Ó§ÊÖ¸Ó ¸¢μ°¸É¢μ³ ¢Ò¶Ê±²μ¸É¨ Ô±¸¶μ´¥´ÉÒ, ¶·μ¨§¢μ¤ÖÐ¨° ËÊ´±Í¨μ´ ² (21) ³μ¦´μ
μÍ¥´¨ÉÓ ¸ ¶μ³μÐÓÕ  ¶¶·μ±¸¨³¨·ÊÕÐ¥£μ ËÊ´±Í¨μ´ ²  (¸³. [7])

Y � Y1 exp (−〈S − S1〉), (30)

£¤¥

Y1 =
∫

D[B]
1

N !

∫ N∏
i=1

dγi e−S1(B,γ)−S(B), S1(B, γ) = −
∑

ln μ(ρi),
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  μ(ρ) Å ÔËË¥±É¨¢´ Ö μ¤´μÎ ¸É¨Î´ Ö ËÊ´±Í¨Ö · ¸¶·¥¤¥²¥´¨Ö, μ¶·¥¤¥²Ö¥³ Ö ¢ Ìμ¤¥
·¥Ï¥´¨Ö ¢ ·¨ Í¨μ´´μ° § ¤ Î¨. ‚ ´ Ï¥³ Î ¸É´μ³ ¸²ÊÎ ¥ ¸·¥¤´¥¥ μÉ · §´μ¸É¨ ¤¥°¸É¢¨°
¤ ¥É¸Ö ¢Ò· ¦¥´¨¥³

〈S − S1〉 =
1
Y1

1
N !

∫ N∏
i=1

dγi

[
β Uint + Uext(γ, B) −

∑
ln d(ρi) +

∑
ln μ(ρi)

]
×

× exp
(∑

ln μ(ρi)
)

=
N

μ0

∫
dρ μ(ρ) ln

μ(ρ)
d(ρ)

+
β

2
N2

V 2

1
μ2

0

×

×
∫

dγ1dγ2 Uint(γ1, γ2) μ(ρ1)μ(ρ2) +
∫

d4x
N

V

∫
dρ

μ(ρ)
μ0

ρ2ζB2 =

=
∫

d4xn

(∫
dρ

μ(ρ)
μ0

ln
μ(ρ)
d(ρ)

+
βξ2

2
n

(
ρ2

)2

+ ζρ2B2

)
, (31)

§¤¥¸Ó μ0 =
∫

dρμ(ρ). Š ± μÉ³¥Î ²μ¸Ó ¢ÒÏ¥, ¢ ÔÉμ³ ¢Ò· ¦¥´¨¨ ¢ ¶·μ³¥¦ÊÉμÎ´ÒÌ ¢Ò±² ¤-
± Ì ¸²¥¤μ¢ ²μ ¡Ò ¢¸Õ¤Ê Ê¶μÉ·¥¡²ÖÉÓ μ¡μ§´ Î¥´¨Ö, μ¶¨¸Ò¢ ÕÐ¨¥ ¢±² ¤ ± ¦¤μ£μ Ô²¥³¥´É 
¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨ ± ± ËÊ´±Í¨Õ ¶μ²Ö B. ŒÒ μ£· ´¨Î¨³¸Ö μÍ¥´±μ° ËÊ´±Í¨μ´ -
²μ¢ Éμ²Ó±μ ¢ ¤²¨´´μ¢μ²´μ¢μ³ ( ¤¨ ¡ É¨Î¥¸±μ³) ¶·¨¡²¨¦¥´¨¨, É. ¥. ¡Ê¤¥³ ¸Î¨É ÉÓ, ÎÉμ
Ô²¥³¥´ÉÒ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨ ´ Ìμ¤ÖÉ¸Ö ¢ · ¢´μ¢¥¸´μ³ ¸μ¸ÉμÖ´¨¨ ¶μ¤ ¤¥°¸É¢¨¥³
Ë¨±¸¨·μ¢ ´´μ£μ ¶μ²Ö B. �¥§Ê²ÓÉ¨·ÊÕÐ¥¥ ¢Ò· ¦¥´¨¥ ¤ ´μ ¶μ¸²¥¤´¨³ · ¢¥´¸É¢μ³, ¢
±μÉμ·μ³ ¢Ò¤¥²¥´μ ¨´É¥£·¨·μ¢ ´¨¥, ¶·μ¢μ¤¨³μ¥ ¶μ Ô²¥³¥´É ³ ¦¨¤±μ¸É¨ d4x, ÎÉμ¡Ò ¶μ¤-
Î¥·±´ÊÉÓ, ÎÉμ μ¶¨¸Ò¢ ÕÐ¨¥ ¸μ¸ÉμÖ´¨¥ IL ¶ · ³¥É·Ò ³μ£ÊÉ · ¸¸³ É·¨¢ ÉÓ¸Ö ± ± ËÊ´±Í¨¨
ρ̄(x), n(x), B(x), ¶μ¤²¥¦ Ð¨¥ μ¶·¥¤¥²¥´¨Õ ¢ Ìμ¤¥ ·¥Ï¥´¨Ö ¢ ·¨ Í¨μ´´μ° § ¤ Î¨. �μ-
´ÖÉ¥´ Ë¨§¨Î¥¸±¨° ¸³Ò¸² ¶·¥¤¸É ¢²¥´´μ£μ ËÊ´±Í¨μ´ ² , ¤¥³μ´¸É·¨·ÊÕÐ¥£μ, ÎÉμ ± ¦¤Ò°
μÉ¤¥²Ó´Ò° Ë· £³¥´É IL μ¡² ¤ ¥É Ì · ±É¥·´Ò³ ¤²Ö ´¥£μ Ô±· ´¨·μ¢ ´¨¥³ ¶·¨²μ¦¥´´μ£μ
¶μ²Ö.

‚ ·Ó¨·ÊÖ É¥¶¥·Ó · §´μ¸ÉÓ ¤¥°¸É¢¨° 〈S − S1〉 ¶μ μ(ρ), ´ Ìμ¤¨³

μ(ρ) = Cd(ρ) e−(nβξ2ρ2+ζB2)ρ2
,

£¤¥ C Å ´¥±μÉμ· Ö ¶·μ¨§¢μ²Ó´ Ö ±μ´¸É ´É , ±μÉμ·ÊÕ Ë¨±¸¨·Ê¥³ É·¥¡μ¢ ´¨¥³, ÎÉμ¡Ò ¶·¨
¢Ò±²ÕÎ¥´´μ³ ¶μ²¥ ËÊ´±Í¨Ö · ¸¶·¥¤¥²¥´¨Ö ¸μ¢¶ ¤ ²  ¸ ¢ ±ÊÊ³´Ò³ §´ Î¥´¨¥³ (B = 0),
Éμ£¤ 

μ(ρ) = CNc β̃
2NcΛbsρbs−5 e−(nβξ2ρ2+ζB2)ρ2

. (32)

ˆ¸¶μ²Ó§ÊÖ μ¶·¥¤¥²¥´¨¥ ¸·¥¤´¥£μ · §³¥· 

ρ2 =
∫

dρ ρ2 μ(ρ)
μ0

,

¶·¨Ìμ¤¨³ ± ¶μ²¥§´μ³Ê ¸μμÉ´μÏ¥´¨Õ, ¸¢Ö§Ò¢ ÕÐ¥³Ê ¸·¥¤´¨° · §³¥· ¶¸¥¢¤μÎ ¸É¨Í ¨
¶²μÉ´μ¸ÉÓ IL,

(nβξ2ρ2 + ζB2)ρ2 � ν, (33)

£¤¥ ν = bs − 4
2 . �É¸Õ¤  ¢¨¤´μ, ÎÉμ · ¸¶·¥¤¥²¥´¨Õ ¶¸¥¢¤μÎ ¸É¨Í ¶μ · §³¥· ³ ³μ¦´μ

¶·¨¤ ÉÓ Ìμ·μÏμ ¨§¢¥¸É´ÊÕ Ëμ·³Ê:

μ(ρ) = CNc β̃
2NcΛbsρbs−5 exp

(
−ν

ρ2

ρ2

)
. (34)
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‘ ¶μ³μÐÓÕ (31) ¨ (34) μÍ¥´±Ê ¤²Ö ¶·μ¨§¢μ¤ÖÐ¥£μ ËÊ´±Í¨μ´ ²  (30) ³μ¦´μ ¶·¥¤¸É -
¢¨ÉÓ ¢ ¢¨¤¥

Y �
∫

D[B] e−S(B)e−E ,
(35)

E =
∫

d4xn

{
ln

n

Λ4 − 1 − ν

2
+

ζρ2B2

2
− ln

[
Γ(ν)

2
CNc β̃

2Nc

]
− ν ln

ρ2

ν

}
.

’¥¶¥·Ó, §´ Ö ¸¢Ö§Ó ¶²μÉ´μ¸É¨ IL ¨ ¸·¥¤´¥£μ · §³¥·  ¶¸¥¢¤μÎ ¸É¨ÍÒ (33), ´ Ìμ¤¨³ ¶·¨
Ë¨±¸¨·μ¢ ´´ÒÌ: ¶μ²¥ B, ¶ · ³¥É· Ì s ¨ λ Å ³ ±¸¨³Ê³ ËÊ´±Í¨μ´ ²  (35) ¶μ μ¶¨¸Ò-
¢ ÕÐ¨³ IL ¶ · ³¥É· ³, ·¥Ï Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¥¥ É· ´¸Í¥´¤¥´É´μ¥ Ê· ¢´¥´¨¥ Î¨¸²¥´´μ
(dE/dρ̄ = 0). �É³¥É¨³, ÎÉμ ¶μÖ¢²¥´¨¥ Ë ±Éμ·  1/2 ¶μ ¸· ¢´¥´¨Õ ¸ [7] ¢ Γ(ν)/2 ¸¢Ö-
§ ´μ ¸ É¥³, ÎÉμ ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¨´É¥£· ² ¶·¨´¨³ ¥É £ Ê¸¸μ¢¸±ÊÕ Ëμ·³Ê ¤²Ö ±¢ ¤· É 
ρ, ¨ ¸μμÉ¢¥É¸É¢¥´´μ Ô²¥³¥´É ¨´É¥£·¨·μ¢ ´¨Ö É·¥¡Ê¥É ¢¢¥¤¥´¨Ö 2ρdρ. �¤´ ±μ μÎ¥¢¨¤´μ,
ÎÉμ ÔÉμ ´¥ ¶·¨¢μ¤¨É ± ± ±¨³-²¨¡μ ¸¥·Ó¥§´Ò³ ¶μ¸²¥¤¸É¢¨Ö³, ¶μ¸±μ²Ó±Ê ¤²Ö ¶·¨³¥´¥´¨°
¸²¥¤Ê¥É ¢Ò¡¨· ÉÓ ¶μ¤Ìμ¤ÖÐ¥¥ §´ Î¥´¨¥ ¶ · ³¥É·  Λ, μÍ¥´¨¢ ¥³μ¥ ¶μ ± ±¨³-²¨¡μ ´ ¡²Õ-
¤ ¥³Ò³, ´ ¶·¨³¥·, ¶μ ±μ´¸É ´É¥ ¶¨μ´´μ£μ · ¸¶ ¤ . Š·μ³¥ Éμ£μ, ¸²¥¤Ê¥É ¢¸¥ ¦¥ ¶μ³´¨ÉÓ,
ÎÉμ ³μ¤¥²Ó ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¤μ¸É ÉμÎ´μ £·Ê¡μ¥ ¶·¨¡²¨¦¥´¨¥.
ŒÒ ¶·¨¢¥¤¥³ ·¥§Ê²ÓÉ ÉÒ ¤²Ö μ¡μ¨Ì ¢ ·¨ ´Éμ¢, ¶μ¸±μ²Ó±Ê ÔÉμ Ì · ±É¥·¨§Ê¥É § ¢¨¸¨³μ¸ÉÓ
·¥§Ê²ÓÉ Éμ¢ μÉ ¢Ò¡μ·  ¶¥·¥´μ·³¨·μ¢μÎ´μ° ±μ´¸É ´ÉÒ CNc .

�ËË¥±É¨¢´μ¥ ¤¥°¸É¢¨¥ ¤²Ö ¶μ¨¸±  μ¶É¨³ ²Ó´μ° ±μ´Ë¨£Ê· Í¨¨ f ³μ¦´μ § ¶¨¸ ÉÓ ¢
¢¨¤¥ ´¥²¨´¥°´μ£μ ËÊ´±Í¨μ´ ² 

Seff =
∫

d4x

(
Ga

μν(B) Ga
μν(B)

4
+ E[B]

)
, (36)

¢ ±μÉμ·μ³ ¸μ¸ÉμÖ´¨¥ IL μ¶¨¸Ò¢ ¥É¸Ö ·¥Ï¥´¨Ö³¨ ρ̄[B, s, λ] ¨ n[B, s, λ]. Šμ´±·¥É´μ ¢
´ Ï¥³ ¸²ÊÎ ¥ ´¥μ¡Ìμ¤¨³μ ´ °É¨ ·¥Ï¥´¨¥ ¤¨ËË¥·¥´Í¨ ²Ó´μ£μ Ê· ¢´¥´¨Ö ¢¨¤ 

d2f

d2y2 = − 1
y2

df

dy2 +
f(1 − f)(1 − 2f)

y4 +
1

6β0

dE

df
(37)

¶·¨ § ¤ ´´μ³ ´ Î ²Ó´μ³ §´ Î¥´¨¨ f(ϑ0), ¶μ¤¡¨· Ö ´ ±²μ´ ¢ ´ Î ²Ó´μ° ÉμÎ±¥ f ′(ϑ0) É -
±¨³ μ¡· §μ³, ÎÉμ¡Ò ·¥Ï¥´¨¥ ¸É·¥³¨²μ¸Ó ± ´Ê²Õ ¶·¨ ϑ, ¸É·¥³ÖÐ¥³¸Ö ± ¡¥¸±μ´¥Î´μ¸É¨.
� · ³¥É· β0 ¢¢¥¤¥´ ¤²Ö Ë¨±¸ Í¨¨ § · ´¥¥ ´¥ ¨§¢¥¸É´μ£μ §´ Î¥´¨Ö ¡¥£ÊÐ¥° ±μ´¸É ´ÉÒ
¸¢Ö§¨ ¢ Ëμ·³Ê²¥, § ¤ ÕÐ¥° ¶¸¥¢¤μÎ ¸É¨ÍÊ (17). �μ¸²¥ ´ Ìμ¦¤¥´¨Ö ¶·μË¨²Ó´μ° ËÊ´±Í¨¨
´¥μ¡Ìμ¤¨³μ ¶μ¤μ¡· ÉÓ É ±ÊÕ ±μ´Ë¨£Ê· Í¨Õ, ÎÉμ¡Ò ¢Ìμ¤´Ò¥ §´ Î¥´¨Ö ¶ · ³¥É·μ¢ s, λ
¨ β0 ¸μ¢¶ ¤ ²¨ ¸ § ¤ ´´μ° ÉμÎ´μ¸ÉÓÕ ¸ ¶ · ³¥É· ³¨, ¶μ²ÊÎ ¥³Ò³¨ ¸ ¶μ³μÐÓÕ ·¥Ï¥-
´¨Ö f . �μ-¢¨¤¨³μ³Ê, ÔÉμ μ¶É¨³ ²Ó´Ò° ¢ ·¨ ´É ¨§ ¨³¥ÕÐ¨Ì¸Ö ´  ¸¥£μ¤´Ö ¢μ§³μ¦´μ¸É¥°
± ± ¢ÒÎ¨¸²¨É¥²Ó´μ£μ ¶μ·Ö¤± , É ± ¨ ¤μ¸É¨£´ÊÉμ£μ Ê·μ¢´Ö ¶μ´¨³ ´¨Ö ¸μμÉ´μÏ¥´¨Ö ´¥-
¶¥·ÉÊ·¡ É¨¢´ÒÌ ¨ ¶¥·ÉÊ·¡ É¨¢´ÒÌ ¢±² ¤μ¢ ¶·¨ ¶μ²ÊÎ¥´¨¨ ÔËË¥±É¨¢´μ£μ ² £· ´¦¨ ´ .
‚ ÔÉμ° ¸¢Ö§¨ μ£μ¢μ·¨³, ÎÉμ, ± ± μÉ³¥Î ²μ¸Ó ¢ · ¡μÉ¥ [7], ¢ ¡μ²¥¥ μ¡Ð¥° ¶μ¸É ´μ¢±¥
§ ¤ Î¨ Ê· ¢´¥´¨¥ (37) ¤μ²¦´μ ¡Ò²μ ¡Ò ¸μ¤¥·¦ ÉÓ Î²¥´, ÊÎ¨ÉÒ¢ ÕÐ¨° ¨§³¥´¥´¨¥ ®±¢ ´-
Éμ¢μ°¯ ±μ´¸É ´ÉÒ CNc ± ± ËÊ´±Í¨¨ n. ‘ ÔÉμ° ÉμÎ±¨ §·¥´¨Ö, ¢μ¶·μ¸ ¸É ¡¨²¨§ Í¨¨
 ´¸ ³¡²Ö ¶¸¥¢¤μÎ ¸É¨Í ´  ËÊ´¤ ³¥´É ²Ó´μ³ Ê·μ¢´¥ ± ± · § ¨ ¸¢Ö§ ´ ¸ ¶·¥¤¶μ² £ ¥³μ°



�¡ μ¤´μ³ ¸¶μ¸μ¡¥ ¸ ³μ¸μ£² ¸μ¢ ´´μ£μ μ¶·¥¤¥²¥´¨Ö ¶ · ³¥É·μ¢ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨ 631

³ ²μ¸ÉÓÕ ¢±² ¤  dCNc/df ¨, ¶μ-¢¨¤¨³μ³Ê,  ¤·¥¸Ê¥É¸Ö ´¥ ¸Éμ²Ó±μ ± μ¶¨¸ ´¨Õ ¢§ ¨³μ¤¥°-
¸É¢¨Ö ¶¸¥¢¤μÎ ¸É¨Í, ¶¸¥¢¤μÎ ¸É¨Í ¨ ¶¥·ÉÊ·¡ É¨¢´ÒÌ ¶μ²¥°, ¸±μ²Ó±μ ± ¨¸¸²¥¤μ¢ ´¨Õ ¸μ-
μÉ¢¥É¸É¢ÊÕÐ¥° ¨¥· ·Ì¨¨ ¢·¥³¥´, ¸¢Ö§ ´´μ° ¸ ´ ·ÊÏ¥´¨¥³ Ê¸²μ¢¨Ö ±¢ §¨¸É Í¨μ´ ·´μ¸É¨
¤²Ö ¢ ±ÊÊ³´ÒÌ Ë²Ê±ÉÊ Í¨°, ¨ ¨§³¥´¥´¨° ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ÔËË¥±É¨¢´μ£μ ² £· ´¦¨ ´ .

�·¥¦¤¥ Î¥³ ¤¥² ÉÓ μ±μ´Î É¥²Ó´μ¥ ¢ÒÎ¨¸²¥´¨¥, Ê¡¥¤¨³¸Ö ¢ Éμ³, ÎÉμ ¶·¥¤²μ¦¥´´ Ö
¢ ·¨ Í¨μ´´ Ö ¶·μÍ¥¤Ê·  ¤μ¶Ê¸± ¥É ´¥É·¨¢¨ ²Ó´μ¥ ·¥Ï¥´¨¥. � ¸¸³μÉ·¨³ ¶·μË¨²Ó´ÊÕ
ËÊ´±Í¨Õ, ¸μ¤¥·¦ ÐÊÕ ¢¸¥£μ ²¨ÏÓ μ¤¨´ ¤μ¶μ²´¨É¥²Ó´Ò° ¢ ·¨ Í¨μ´´Ò° ¶ · ³¥É·, ¶·¨-
§¢ ´´Ò° μ¶¨¸Ò¢ ÉÓ ÔËË¥±É Ô±· ´¨·μ¢ ´¨Ö

f(y) =
e−αϑ

1 + ϑ
, ϑ =

y2

ρ2 . (38)

�¨¸. 1. �´¥·£¨Ö E(α) ¤²Ö ¶·μË¨²Ó-

´μ° ËÊ´±Í¨¨ ¸ Ô±· ´¨·μ¢ ´¨¥³ (38)
¶·¨ ¢±²ÕÎ¥´´μ³ ¶ · ³¥É·¥ λ (s =

1) Å ´¨¦´ÖÖ ±·¨¢ Ö, ¨ ¤²Ö ¸²ÊÎ Ö
¤¢ÊÌ ¢±²ÕÎ¥´´ÒÌ ¶ · ³¥É·μ¢ Å ¢¥·Ì-

´ÖÖ (¸³. É¥±¸É)

�  ·¨¸. 1 ¶μ± § ´  Ô´¥·£¨Ö E ± ± ËÊ´±Í¨Ö ¶ -
· ³¥É·  Ô±· ´¨·μ¢ ´¨Ö α. �¨¦´ÖÖ ±·¨¢ Ö ¶μ²Ê-
Î¥´  ¤²Ö ¸²ÊÎ Ö, ±μ£¤  ÊÎ¨ÉÒ¢ ¥É¸Ö ¨§³¥´¥´¨¥, ¸¢Ö-
§ ´´μ¥ ¸ μ¸² ¡²¥´¨¥³ μÉÉ ²±¨¢ É¥²Ó´μ£μ ¢§ ¨³μ-
¤¥°¸É¢¨Ö, ¨ ¢±²ÕÎ¥´ Éμ²Ó±μ ¶ · ³¥É· λ (s = 1).
‚¥·Ì´ÖÖ ±·¨¢ Ö ¶μ²ÊÎ¥´ , ±μ£¤  ¢±²ÕÎ¥´Ò μ¡  ¶ -
· ³¥É· . �¶É¨³ ²Ó´μ¥ §´ Î¥´¨¥ ¶ · ³¥É·  Ô±· ´¨-
·μ¢ ´¨Ö α μ¶·¥¤¥²Ö¥É¸Ö ÉμÎ±μ° ³¨´¨³Ê³  ËÊ´±-
Í¨¨ E(α). �¨¸Ê´μ± ¤¥³μ´¸É·¨·Ê¥É É ±¦¥ Ê¸Éμ°-
Î¨¢μ¸ÉÓ ¢ ·¨ Í¨μ´´μ° ¶·μÍ¥¤Ê·Ò μ¶·¥¤¥²¥´¨Ö ¶ -
· ³¥É·μ¢ IL ¢ Í¥²μ³. ‚ ¶¥·¢μ³ ¸²ÊÎ ¥ Ì · ±É¥-
·¨§ÊÕÐ¨¥ ·¥Ï¥´¨Ö ¶ · ³¥É·Ò · ¢´Ò α = 0,06,
λ = 0,775, s = 1,0067. � · ³¥É·Ò, μ¶¨¸Ò¢ Õ-
Ð¨¥ IL, ¶·¨ ÔÉμ³: ρ̄Λ = 0,3305, n/Λ4 = 0,919,
β = 17,186, μÉ±Ê¤  ¤²Ö μÉ´μÏ¥´¨Ö ¸·¥¤´¥£μ · §-
³¥·  ¶¸¥¢¤μÎ ¸É¨ÍÒ ± ¸·¥¤´¥³Ê · ¸¸ÉμÖ´¨Õ ³¥¦¤Ê
´¨³¨ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ρ̄/R = 0,324. ‚μ ¢Éμ·μ³
¸²ÊÎ ¥ ¨³¥¥³: α = 0,02, λ = 0,888, s = 1,0015,
  ¤²Ö ¶ · ³¥É·μ¢, μ¶¨¸Ò¢ ÕÐ¨Ì IL: ρ̄Λ = 0,315,
n/Λ4 = 0,829, β = 17,67, ρ̄/R = 0,3. „²Ö ¸· ¢-
´¥´¨Ö ¶·¨¢¥¤¥³ ¤ ´´Ò¥ ¤²Ö  ´¸ ³¡²Ö ¸É ´¤ ·É´ÒÌ
¶¸¥¢¤μÎ ¸É¨Í (α = 0, λ = 1, s = 1): ρ̄Λ = 0,301, n/Λ4 = 0,769, β = 18,103, ρ̄/R = 0,282.

�μ¸³μÉ·¨³, ± ± ¨§³¥´ÖÉ¸Ö ·¥§Ê²ÓÉ ÉÒ, ¥¸²¨ ¢ ¢Ò· ¦¥´¨¨ (35) μ¸É ¢¨ÉÓ £ ³³ -ËÊ´-
±Í¨Õ ¢³¥¸Éμ Γ(ν)/2, ± ± ÔÉμ ¸¤¥² ´μ ¢ · ¡μÉ¥ [7]. ‚ ¶¥·¢μ³ ¸²ÊÎ ¥ Ì · ±É¥·¨§ÊÕÐ¨¥
·¥Ï¥´¨Ö ¶ · ³¥É·Ò · ¢´Ò α = 0,24, λ = 0,546, s = 1,029. � · ³¥É·Ò, μ¶¨¸Ò¢ ÕÐ¨¥ IL,
¶·¨ ÔÉμ³: ρ̄Λ = 0,331, n/Λ4 = 1,844, β = 17,173, μÉ±Ê¤  ¤²Ö μÉ´μÏ¥´¨Ö ¸·¥¤´¥£μ · §³¥· 
¶¸¥¢¤μÎ ¸É¨ÍÒ ± ¸·¥¤´¥³Ê · ¸¸ÉμÖ´¨Õ ³¥¦¤Ê ´¨³¨ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ρ̄/R = 0,386. ‚μ
¢Éμ·μ³ ¸²ÊÎ ¥ ¨³¥¥³: α = 0,05, λ = 0,799, s = 1,0053,   ¤²Ö ¶ · ³¥É·μ¢, μ¶¨¸Ò¢ ÕÐ¨Ì
IL: ρ̄Λ = 0,291, n/Λ4 = 1,356, β = 18,483, ρ̄/R = 0,314. „²Ö ¸· ¢´¥´¨Ö ¶·¨¢¥¤¥³
¤ ´´Ò¥ ¤²Ö  ´¸ ³¡²Ö ¸É ´¤ ·É´ÒÌ ¶¸¥¢¤μÎ ¸É¨Í (α = 0, λ = 1, s = 1): ρ̄Λ = 0,265,
n/Λ4 = 1,186, β = 19,305, ρ̄/R = 0,277.

�  ·¨¸. 2 ¨ 3 ¶μ± § ´Ò ¶²μÉ´μ¸ÉÓ IL ¨ ¸·¥¤´¨° · §³¥· ¶¸¥¢¤μÎ ¸É¨ÍÒ ± ± ËÊ´±Í¨Ö
· ¸¸ÉμÖ´¨Ö. �  μ¡μ¨Ì ·¨¸Ê´± Ì É·¨ ÏÉ·¨Ìμ¢Ò¥ ²¨´¨¨ μÉ¢¥Î ÕÉ ¸²¥¤ÊÕÐ¨³  ´¸ ³¡²Ö³:
´¨¦´ÖÖ ±·¨¢ Ö μ¶¨¸Ò¢ ¥É  ´¸ ³¡²Ó ¶¸¥¢¤μÎ ¸É¨Í ¸É ´¤ ·É´μ£μ ¢¨¤  (18), ¢¥·Ì´ÖÖ ¶μ²Ê-
Î¥´  ¤²Ö ¶¸¥¢¤μÎ ¸É¨Í ¸ ¶·μË¨²Ó´μ° ËÊ´±Í¨¥° (38) ¶·¨ α = 0,06, ¸·¥¤´ÖÖ Å α = 0,02.
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�¨¸. 2. �²μÉ´μ¸ÉÓ IL ± ± ËÊ´±Í¨Ö ϑ =

y2/ρ̄2. ’·¨ ÏÉ·¨Ìμ¢Ò¥ ±·¨¢Ò¥ μÉ¢¥-
Î ÕÉ ¶·μË¨²Ó´Ò³ ËÊ´±Í¨Ö³: ¸É ´¤ ·É-

´μ£μ ¢¨¤  (18) Å ´¨¦´ÖÖ ÏÉ·¨Ìμ¢ Ö, ¸
Ô±· ´¨·ÊÕÐ¨³ ³´μ¦¨É¥²¥³ (38) Å ¢¥·Ì-

´ÖÖ ¸ ¢±²ÕÎ¥´´Ò³ ¶ · ³¥É·μ³ λ (s = 1)

¨ ¸·¥¤´ÖÖ ²¨´¨Ö Å ¤²Ö ¤¢ÊÌ ¢±²ÕÎ¥´-
´ÒÌ ¶ · ³¥É·μ¢. ‘¶²μÏ´ Ö ²¨´¨Ö μÉ¢¥-

Î ¥É ¸²ÊÎ Õ ¸ ³μ¸μ£² ¸μ¢ ´´μ£μ ·¥Ï¥-

´¨Ö ¢ ·¨ Í¨μ´´μ° § ¤ Î¨

� ¸Î¥É ¶μ ¢Éμ·μ³Ê ¢ ·¨ ´ÉÊ, ± ± ÔÉμ ³μ¦´μ ¢¨¤¥ÉÓ ¨§ ¶·¨¢¥¤¥´´ÒÌ ¢ÒÏ¥ ¤ ´´ÒÌ, ¶μ-
± §Ò¢ ¥É, ÎÉμ ÊÎ¥É, ± § ²μ¸Ó ¡Ò, ³ ²μ£μ ¶ · ³¥É·  (s ∼ 1,03) ¶·¨¢μ¤¨É Ê¦¥ ± § ³¥É´Ò³
¨§³¥´¥´¨Ö³  ´¸ ³¡²Ö (´ ¶·¨³¥·, ¶²μÉ´μ¸É¨), ¶μ¸±μ²Ó±Ê ¸É ·Ï¨° ¢±² ¤ ¢ ¤¥°¸É¢¨¨ ¸
¡¥£ÊÐ¥° ±μ´¸É ´Éμ° ¸¢Ö§¨ ± ± ËÊ´±Í¨¥° ρ ¸ÊÐ¥¸É¢¥´´μ ³μ¤¨Ë¨Í¨·Ê¥É¸Ö.

�¶¨Ï¥³ É¥¶¥·Ó ·¥§Ê²ÓÉ ÉÒ ¤²Ö ¶μ²´μ° ¶μ¸É ´μ¢±¨ § ¤ Î¨, ¸¢Ö§ ´´μ° ¸ ·¥Ï¥´¨¥³
Ê· ¢´¥´¨Ö (37). “· ¢´¥´¨¥ ·¥Ï ²μ¸Ó ³¥Éμ¤μ³ ¸É·¥²Ó¡Ò ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸Ì¥³Ò �Ê´£¥Ä
ŠÊÉÉ . „¥°¸É¢ÊÖ É ±¨³ ¸¶μ¸μ¡μ³ ¨ ´ Ìμ¤Ö ¶·μ¨§¢μ¤´ÊÕ dE/df ¢ ± ¦¤μ° ÉμÎ±¥ ¸²¥¤Ê-
ÕÐ¥£μ Ï £  ¨´É¥£·¨·μ¢ ´¨Ö Î¨¸²¥´´μ, ³μ¦´μ ¨§¡¥¦ ÉÓ ¶·μ¡²¥³, ¸¢Ö§ ´´ÒÌ ¸ ¶μ¨¸±μ³
³¨´¨³Ê³  ¸²μ¦´μ£μ ËÊ´±Í¨μ´ ²  ¢ ³´μ£μ³¥·´μ³ ¶·μ¸É· ´¸É¢¥.

� Î ²Ó´Ò¥ ¤ ´´Ò¥ § ¤ ¢ ²¨¸Ó ¢ ÉμÎ±¥ ϑ0 = y2
0/ρ̄2 = 0,1. �μ¸±μ²Ó±Ê ¶²μÉ´μ¸ÉÓ IL

¢ ´ Î ²¥ ±μμ·¤¨´ É ´¥¸ÊÐ¥¸É¢¥´´ , ´ Î ²Ó´μ¥ §´ Î¥´¨¥ ¶·μË¨²Ó´μ° ËÊ´±Í¨¨ ¶¸¥¢¤μÎ -
¸É¨ÍÒ ¢Ò¡¨· ²μ¸Ó ´¥¨¸± ¦¥´´Ò³  ´¸ ³¡²¥³ ¶¸¥¢¤μÎ ¸É¨Í f(ϑ0) = 1/(1 + ϑ0) (Ê³¥´ÓÏ¥-
´¨¥ Ï £  ¸¥É±¨ ´¥ ¸± §Ò¢ ¥É¸Ö ´  Ì · ±É¥·¥ ·¥Ï¥´¨Ö, ¨ ´ Î ²Ó´μ¥ Ê¸²μ¢¨¥ ³μ¦¥É ¡ÒÉÓ
¶μ ´¥¶·¥·Ò¢´μ¸É¨ ¶·μ¤μ²¦¥´μ ¢ ÉμÎ±Ê y → 0).

�·¨ Ë¨±¸¨·μ¢ ´´ÒÌ ¶ · ³¥É· Ì λ, s ¨ β0 μ¶·¥¤¥²Ö²¸Ö ±μÔËË¨Í¨¥´É c, ¶·¨ ¶μ³μÐ¨
±μÉμ·μ£μ § ¤ ¥É¸Ö ´ ±²μ´ É· ¥±Éμ·¨¨ f ′(ϑ0) = −cf(1 − f)/ϑ0 ¢ ´ Î ²Ó´μ° ÉμÎ±¥ É ±μ°,
ÎÉμ¡Ò ´  ¡μ²ÓÏ¨Ì · ¸¸ÉμÖ´¨ÖÌ ·¥Ï¥´¨¥ ¸É·¥³¨²μ¸Ó ± ´Ê²Õ. ‡ É¥³ ³¥Éμ¤μ³ ¶·μ¡ ¨ μÏ¨-

�¨¸. 3. ‘·¥¤´¨° · §³¥· ¶¸¥¢¤μÎ ¸É¨Í IL

± ± ËÊ´±Í¨Ö ϑ = y2/ρ̄2. ’·¨ ÏÉ·¨Ìμ-

¢Ò¥ ±·¨¢Ò¥ μÉ¢¥Î ÕÉ ¶·μË¨²Ó´Ò³ ËÊ´±-
Í¨Ö³: ¸É ´¤ ·É´μ£μ ¢¨¤  (18) Å ´¨¦´ÖÖ

ÏÉ·¨Ìμ¢ Ö, ¸ Ô±· ´¨·ÊÕÐ¨³ ³´μ¦¨É¥-

²¥³ (38) Å ¢¥·Ì´ÖÖ ¸ ¢±²ÕÎ¥´´Ò³ ¶ · -
³¥É·μ³ λ (s = 1) ¨ ¸·¥¤´ÖÖ ²¨´¨Ö Å ¤²Ö

¤¢ÊÌ ¢±²ÕÎ¥´´ÒÌ ¶ · ³¥É·μ¢. ‘¶²μÏ´ Ö
²¨´¨Ö μÉ¢¥Î ¥É ¸²ÊÎ Õ ¸ ³μ¸μ£² ¸μ¢ ´-

´μ£μ ·¥Ï¥´¨Ö ¢ ·¨ Í¨μ´´μ° § ¤ Î¨
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¡μ± ´ Ìμ¤¨²¨¸Ó ¶ · ³¥É·Ò λ ¨ s É ±¨¥, ÎÉμ¡Ò ¢Ìμ¤´Ò¥ ¤ ´´Ò¥ ¸μ¢¶ ¤ ²¨ ¸ ¢ÒÌμ¤´Ò³¨
§´ Î¥´¨Ö³¨ ¸ § ¤ ´´μ° ÉμÎ´μ¸ÉÓÕ. “¤μ¢²¥É¢μ·ÖÕÐ¨¥ ¶μ¸É ¢²¥´´Ò³ Ê¸²μ¢¨Ö³ ¶ · ³¥-
É·Ò (¢Ìμ¤´Ò¥ §´ Î¥´¨Ö) μ± § ²¨¸Ó · ¢´Ò λ = 0,69099, s = 1,049, β0 = 16,26, ¶·¨ ÔÉμ³
c = 1,361 ¨ λ = 0,691, s = 1,049, β0 = 16,263 (¢ ±μ´Í¥ ¢ ·¨ Í¨μ´´μ° ¶·μÍ¥¤Ê·Ò). � 
·¨¸. 4 ¸¶²μÏ´μ° ²¨´¨¥° ¶μ± § ´ ¶μ²ÊÎ ÕÐ¨°¸Ö ¶·μË¨²Ó f ± ± ËÊ´±Í¨Ö ϑ = y2/ρ̄2. …¸²¨
¨§μ¡· ¦ ÉÓ ±·¨¢Ò¥ ± ± ËÊ´±Í¨Õ y, Éμ · §²¨Î¨Ö ¢ ¶·μË¨²ÖÌ ¸±· ¤Ò¢ ÕÉ¸Ö, ¶μ¸±μ²Ó±Ê
¡μ²ÓÏμ° ±μÔËË¨Í¨¥´É Ô±· ´¨·μ¢ ´¨Ö, ´ ¶·¨³¥·, α = 0,06, ±μ³¶¥´¸¨·Ê¥É¸Ö Ê¢¥²¨Î¥´¨¥³
· §³¥·  ¶¸¥¢¤μÎ ¸É¨ÍÒ. ˜É·¨Ìμ¢Ò³¨ ²¨´¨Ö³¨ μ¡μ§´ Î¥´Ò ¶·μË¨²Ó´Ò¥ ËÊ´±Í¨¨: ¸É ´-
¤ ·É´μ£μ ¢¨¤  (18) Å ¢¥·Ì´ÖÖ ÏÉ·¨Ìμ¢ Ö ²¨´¨Ö, ¸ Ô±· ´¨·ÊÕÐ¨³ ³´μ¦¨É¥²¥³ (38) Å
´¨¦´ÖÖ ¸ ¢±²ÕÎ¥´´Ò³ ¶ · ³¥É·μ³ λ (s = 1) ¨ ¸·¥¤´ÖÖ ²¨´¨Ö Å ¤²Ö ¤¢ÊÌ ¢±²ÕÎ¥´´ÒÌ
¶ · ³¥É·μ¢.

�¨¸. 4. �·μË¨²Ó´Ò¥ ËÊ´±Í¨¨: ¸É ´¤ ·É-

´μ£μ ¢¨¤  (18) Å ¢¥·Ì´ÖÖ ÏÉ·¨Ìμ¢ Ö, ¸
Ô±· ´¨·ÊÕÐ¨³ ³´μ¦¨É¥²¥³ (38) Å ´¨¦-

´ÖÖ ¸ ¢±²ÕÎ¥´´Ò³ ¶ · ³¥É·μ³ λ (s = 1) ¨
¸·¥¤´ÖÖ ²¨´¨Ö Å ¤²Ö ¤¢ÊÌ ¢±²ÕÎ¥´´ÒÌ ¶ -

· ³¥É·μ¢. ‘¶²μÏ´ Ö ²¨´¨Ö μÉ¢¥Î ¥É ¸²Ê-

Î Õ ¸ ³μ¸μ£² ¸μ¢ ´´μ£μ ·¥Ï¥´¨Ö ¢ ·¨ -
Í¨μ´´μ° § ¤ Î¨

„²Ö ¢Éμ·μ£μ ¢ ·¨ ´É  · ¸Î¥É  (¸ ³μ¤¨Ë¨Í¨-
·μ¢ ´´Ò³ ¢±² ¤μ³ Γ-ËÊ´±Í¨¨) ¤ ´´Ò¥ (¢Ìμ¤-
´Ò¥ §´ Î¥´¨Ö) É ±μ¢Ò: λ = 0,607, s = 1,0515,
β0 = 17,04, ¶·¨ ÔÉμ³ c = 1,545 ¨ λ = 0,60662,
s = 1,0515, β0 = 17,042 (¢ ±μ´Í¥ ¢ ·¨ Í¨μ´´μ°
¶·μÍ¥¤Ê·Ò). �μ¢¥¤¥´¨¥ ¶²μÉ´μ¸É¨ IL ¨ ¸·¥¤-
´¥£μ · §³¥·  ¶¸¥¢¤μÎ ¸É¨ÍÒ ¶μ± § ´μ ´  ·¨¸. 2
¨ 3 ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ ¸¶²μÏ´Ò³¨ ²¨´¨Ö³¨ 1. ‚
É ¡². 1 ¶·¥¤¸É ¢²¥´Ò ¶ · ³¥É·Ò IL ´  ¡μ²ÓÏ¨Ì
· ¸¸ÉμÖ´¨ÖÌ μÉ ¶¸¥¢¤μÎ ¸É¨ÍÒ (¶¥·¢ Ö ¸É·μ± )
¢³¥¸É¥ ¸ ¤ ´´Ò³¨ ¤²Ö  ´¸ ³¡²Ö, ¶μ¸É·μ¥´´μ£μ
¨§ ¶¸¥¢¤μÎ ¸É¨Í ¸μ ¸É ´¤ ·É´Ò³ ¶·μË¨²¥³ (¢Éμ-
· Ö ¸É·μ± ). „²Ö ¢Éμ·μ£μ ¢ ·¨ ´É  · ¸Î¥Éμ¢ ¡¥§
Ë ±Éμ·  2 ÔÉμ ¸É·μ±¨ É·¨ ¨ Î¥ÉÒ·¥, ¶μ¸²¥¤´ÖÖ Å
¤²Ö ¸É ´¤ ·É´μ£μ ¶·μË¨²Ö ¶¸¥¢¤μÎ ¸É¨ÍÒ.

‚¨¤´μ, ÎÉμ ¨¸¶μ²Ó§μ¢ ´¨¥ μ¶É¨³ ²Ó´μ£μ ¶·μ-
Ë¨²Ö ¶¸¥¢¤μÎ ¸É¨ÍÒ ¶·¨¢μ¤¨É ± Ê¢¥²¨Î¥´¨Õ
· §³¥·  ¶¸¥¢¤μÎ ¸É¨Í, ´μ Ê¶ ±μ¢μÎ´Ò° ¶ · ³¥É·
¢¸¥£¤  μ¸É ¥É¸Ö ¤μ¸É ÉμÎ´μ ³ ²μ° ¢¥²¨Î¨´μ°,
ÎÉμ ¶μ§¢μ²Ö¥É ¸É·μ¨ÉÓ ¶μ ´¥³Ê É¥μ·¨Õ ¢μ§³ÊÐ¥-
´¨°. ˆ§ ¶·¨¢¥¤¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¸²¥¤Ê¥É, ÎÉμ
¶μ¤¡μ·μ³ Λ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ Ê¤μ¢²¥É¢μ·¨É¥²Ó-
´μ¥ ¸μ£² ¸¨¥ ¸ ¶·¨¢μ¤¨³Ò³¨ ¢ ²¨É¥· ÉÊ·¥ ¤ ´-
´Ò³¨ μ · §³¥· Ì ¶¸¥¢¤μÎ ¸É¨Í ¨ · §·¥¦¥´´μ¸É¨
 ´¸ ³¡²Ö,   É ±¦¥ ¸μ §´ Î¥´¨¥³ £²Õμ´´μ£μ ±μ´-
¤¥´¸ É . �·¨¢¥¤¥³ É ±¦¥ Ì · ±É¥·´Ò¥ · §³¥·-
´Ò¥ §´ Î¥´¨Ö Ô±· ´¨·μ¢μÎ´ÒÌ ³ ¸¸ (11), ¸·¥¤´¥£μ · §³¥·  ¶¸¥¢¤μÎ ¸É¨Í ¨ ¶²μÉ´μ¸É¨ IL
¤²Ö ¤¢ÊÌ §´ Î¥´¨° Λ Å 200 ¨ 280 ŒÔ‚ ¢ Éμ° ¦¥ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ¸É·μ±, ÎÉμ ¨ ¢
É ¡². 1 (¸³. É ¡². 2, ¶μ¸²¥¤´¨¥ Î¥ÉÒ·¥ ¸É·μ±¨ μÉ¢¥Î ÕÉ ¢Éμ·μ³Ê ¢ ·¨ ´ÉÊ · ¸Î¥Éμ¢, ¡¥§
Ë ±Éμ·  2 ¢ §´ ³¥´ É¥²¥ Ëμ·³Ê²Ò (35)).

1ˆ´É¥·¥¸´μ μÉ³¥É¨ÉÓ, ÎÉμ ¥¸²¨ · ¸¸³μÉ·¥ÉÓ IL ( ´¸ ³¡²Ó ¶¸¥¢¤μÎ ¸É¨Í ¢ ¸¨´£Ê²Ö·´μ° ± ²¨¡·μ¢±¥) ¢ ¶μ²¥
·¥£Ê²Ö·´μ° ¶¸¥¢¤μÎ ¸É¨ÍÒ, Éμ ¶²μÉ´μ¸ÉÓ IL ¢ Í¥´É·¥ ·¥£Ê²Ö·´μ° ¶¸¥¢¤μÎ ¸É¨ÍÒ μ± §Ò¢ ¥É¸Ö ¢ÒÏ¥ §´ Î¥´¨Ö,
¶μ²ÊÎ ¥³μ£μ ´  ¡μ²ÓÏ¨Ì · ¸¸ÉμÖ´¨ÖÌ μÉ ´¥¥, É. ¥. ´ ¡²Õ¤ ¥É¸Ö ± ± ¡Ò  ´É¨Ô±· ´¨·μ¢ ´¨¥.
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’ ¡²¨Í  1. � · ³¥É·Ò IL

ρ̄Λ n/Λ4 β ρ̄/R nρ̄4

0,381 0,743 16,263 0,354 1,582·10−2

0,331 0,769 18,103 0,282 6,277·10−3

0,354 1,245 17,042 0,379 1,955·10−2

0,265 1,186 19,305 0,277 5,849·10−3

’ ¡²¨Í  2. 	±· ´¨·μ¢μÎ´Ò¥ ³ ¸¸Ò ¨ ¶ · ³¥É·Ò IL

Λ, ŒÔ‚ m, ŒÔ‚ ρ̄, ƒÔ‚−1 n, ”³−4

200 381 1,906 0,7496

304 1,503 0,7688

280 533 1,361 2,88
426 1,074 2,95

200 456 1,77 1,245

333 1,325 1,186

280 638 1,264 4,78
466 0,946 4,56

…Ð¥ μ¤´μ° ¨´É¥·¥¸´μ° Ì · ±É¥·¨¸É¨±μ° Ö¢²Ö¥É¸Ö μ¸² ¡²¥´¨¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ¶¸¥¢-
¤μÎ ¸É¨Í, μ¶¨¸Ò¢ ¥³μ¥ ±μÔËË¨Í¨¥´Éμ³ ξ2 (∼ λ2). „²Ö ¶μ²ÊÎ¥´´μ° ´ ³¨ μÍ¥´±¨ ¤²Ö
¶¥·¢μ£μ ¢ ·¨ ´É  · ¸Î¥Éμ¢ ¨³¥¥³ λ = 0,691 ¨, ¸μμÉ¢¥É¸É¢¥´´μ, λ2 ∼ 0,48, ¤²Ö ¢Éμ-
·μ£μ ¢ ·¨ ´É  (λ = 0,607) ¨³¥¥³ λ2 ∼ 0,37. �É³¥É¨³ É ±¦¥, ÎÉμ Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ¥
μ¶¨¸ ´¨¥ ¨´¸É ´Éμ´´μ£μ  ´¸ ³¡²Ö ³μ¦¥É ¡ÒÉÓ ¤μ¸É¨£´ÊÉμ ¢ · ³± Ì ¤¢Ê±μ³¶μ´¥´É´ÒÌ
³μ¤¥²¥° [11].

�¸´μ¢´μ° ¢Ò¢μ¤, ±μÉμ·Ò° ³μ¦´μ ¸¤¥² ÉÓ ¨§ ¶·¨¢μ¤¨³ÒÌ ´ ³¨ ¤ ´´ÒÌ, ¸¢μ¤¨É¸Ö
± Éμ³Ê, ÎÉμ ¢ · ³± Ì μ¤´μ¶¥É²¥¢μ£μ ¢ÒÎ¨¸²¥´¨Ö (¢ ±μÉμ·μ³ ¶·μ¢¥¤¥´μ ³μ¤¥²¨·μ¢ -
´¨¥ IL) ³μ¦´μ ¶μ¤¡μ·μ³ ¶ · ³¥É·  Λ ¤μ¡¨ÉÓ¸Ö Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ£μ μ¶¨¸ ´¨Ö £²Õμ´-
´μ£μ ±μ´¤¥´¸ É  ¸ ¶·¥¤¶¨¸Ò¢ ¥³Ò³¨ Ë¥´μ³¥´μ²μ£¨¥° ¸·¥¤´¨³ · §³¥·μ³ ¶¸¥¢¤μÎ ¸É¨Í
¨ · ¸¸ÉμÖ´¨¥³ ³¥¦¤Ê ´¨³¨, ¶·¨Î¥³ ¢¶μ²´¥ ³μ¦´μ μ¡μ°É¨¸Ó  ´¸ ³¡²¥³, ¶μ¸É·μ¥´´Ò³
¨§ ¶¸¥¢¤μÎ ¸É¨Í ¸É ´¤ ·É´μ£μ ¶·μË¨²Ö. ‚ · ³± Ì · ¸¸³ É·¨¢ ¥³μ°  ¶¶·μ±¸¨³ Í¨¨ ¢ -
±ÊÊ³´ÒÌ ±μ´Ë¨£Ê· Í¨° ±μÔËË¨Í¨¥´É μ¸² ¡²¥´¨Ö ¢§ ¨³μ¤¥°¸É¢¨Ö μ± §Ò¢ ¥É¸Ö ¶μ·Ö¤± 
λ2 ∼ 0,3−0,5, ¨ ÊÎ¥É ÔÉμ£μ ÔËË¥±É  ¶·¨¢μ¤¨É ± Ê¢¥²¨Î¥´¨Õ · §³¥·  ¶¸¥¢¤μÎ ¸É¨Í. ’μÉ
Ë ±É, ÎÉμ ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ  ¶¶·μ±¸¨³ Í¨Õ, μ¸´μ¢ ´´ÊÕ ´  ¶¸¥¢¤μÎ ¸É¨Í¥ ¸É ´¤ ·É-
´μ£μ ¶·μË¨²Ö, μ± §Ò¢ ¥É¸Ö μÎ¥´Ó ¸ÊÐ¥¸É¢¥´´Ò³ ¤²Ö ¶· ±É¨±¨, ¶μ¸±μ²Ó±Ê ¨¸¶μ²Ó§μ¢ ´¨¥
¤²Ö μÍ¥´μ± ¤·Ê£¨Ì ±μ´Ë¨£Ê· Í¨° ±· °´¥ § É·Ê¤´¥´μ ¨§-§  ¡μ²ÓÏμ£μ μ¡Ñ¥³  ´¥μ¡Ìμ¤¨³ÒÌ
¢ ÔÉμ³ ¸²ÊÎ ¥ ¢ÒÎ¨¸²¥´¨°. ” ±É¨Î¥¸±¨ ³μ¦´μ ¸± § ÉÓ, ÎÉμ ¨´¸É ´Éμ´Ò ¢ ¸¨´£Ê²Ö·´μ°
± ²¨¡·μ¢±¥ Ö¢²ÖÕÉ¸Ö ´  ¸¥£μ¤´Ö ¥¤¨´¸É¢¥´´Ò³ ¶·¨£μ¤´Ò³ ¤²Ö ¶· ±É¨Î¥¸±μ£μ ¨¸¶μ²Ó§μ-
¢ ´¨Ö ¨´¸É·Ê³¥´Éμ³.

ŒÒ ¡² £μ¤ ·¨³ ‘. 	. ƒ¥· ¸¨³μ¢ , �. …. „μ·μÌμ¢  §  ¶μ²¥§´Ò¥ μ¡¸Ê¦¤¥´¨Ö. � ¡μÉ 
¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ £· ´É  INTAS-04-84-398.
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