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ˆ´¸É¨ÉÊÉ É¥μ·¥É¨Î¥¸±μ° ¨ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ë¨§¨±¨, Œμ¸±¢ 

�  μ¸´μ¢¥ ¢ ·¨ Í¨μ´´μ£μ ¶·¨´Í¨¶  ¶·μ¢¥¤¥´μ · ¸¸³μÉ·¥´¨¥ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨ ¢ ´ -
£·¥Éμ° ¨ ¸¦ Éμ° ¸¨²Ó´μ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¥° ¸·¥¤¥. �μ²ÊÎ¥´  ¶²μÉ´μ¸ÉÓ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨
(£²Õμ´´Ò° ±μ´¤¥´¸ É) ± ± ËÊ´±Í¨Ö É¥³¶¥· ÉÊ·Ò ¨ Ì¨³¨Î¥¸±μ£μ ¶μÉ¥´Í¨ ²  ±¢ ·±μ¢, ¶·¨Î¥³ ¶·¨
±μ´¥Î´ÒÌ É¥³¶¥· ÉÊ· Ì ¢ ± Î¥¸É¢¥ ´ ¸ÒÐ ÕÐ¥£μ  ´¸ ³¡²Ö ¨¸¶μ²Ó§Ê¥É¸Ö ¸Ê¶¥·¶μ§¨Í¨Ö ± ²μ·μ-
´μ¢. � ¸¸³μÉ·¥´¨¥ ¢¥¤¥É¸Ö ´  μ¸´μ¢¥ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ μ¤´μ¶¥É²¥¢μ£μ ÔËË¥±É¨¢´μ£μ ±¢ ·±μ¢μ£μ
² £· ´¦¨ ´ .

On the base of variational principle the instanton liquid in heated and compressed strongly interacting
matter is considered. The density of instanton liquid (the gluon condensate) as a function of quark
temperature and chemical potential is established. In the case of ˇnite temperature, the superposition of
calorons as saturated conˇguration is considered. The corresponding one loop effective quark Lagrangian
is used.

PACS: 11.15Kc, 12.38-Aw

‘μ¢·¥³¥´´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¸¨²Ó´μ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¥° ³ É¥·¨¨ ¢ Ô±¸É·¥³ ²Ó´ÒÌ Ê¸²μ-
¢¨ÖÌ ¢Ò¤¢¨£ ÕÉ ´  ¶¥·¢Ò° ¶² ´ § ¤ ÎÊ μ¶¨¸ ´¨Ö ¥¥ Ë §μ¢μ£μ ¸μ¸ÉμÖ´¨Ö ¶·¨ § ¤ ´´ÒÌ
É¥³¶¥· ÉÊ·¥ ¨ Ì¨³¨Î¥¸±μ³ ¶μÉ¥´Í¨ ²¥ (¤²Ö μ¶·¥¤¥²¥´´μ¸É¨ ¡Ê¤¥³ £μ¢μ·¨ÉÓ μ É¥³¶¥-
· ÉÊ·¥ ±¢ ·±μ¢ T ¨, ¶·¥¤¶μ²μ¦¨É¥²Ó´μ, ´ Ìμ¤ÖÐ¨x¸Ö ¸ ´¨³¨ ¢ É¥¶²μ¢μ³ · ¢´μ¢¥¸¨¨
£²Õμ´ Ì,   É ±¦¥ μ ±¢ ·±μ¢μ³ Ì¨³¨Î¥¸±μ³ ¶μÉ¥´Í¨ ²¥ μ). „μ¸É ÉμÎ´μ ¸± § ÉÓ, ÎÉμ ¸
μ¡¸Ê¦¤¥´¨Ö ÔÉ¨Ì ¢μ¶·μ¸μ¢ ´ Î¨´ ÕÉ¸Ö ¶· ±É¨Î¥¸±¨ ¢¸¥ É¥μ·¥É¨Î¥¸±¨¥ ¸¥±Í¨¨ ±μ´Ë¥·¥´-
Í¨°, ¶μ¸¢ÖÐ¥´´ÒÌ ¶μ¨¸±Ê ±¢ ·±-£²Õμ´´μ° ¶² §³Ò. ‚ ± Î¥¸É¢¥ ¶·¨³¥·  ³μ¦´μ ¸μ¸² ÉÓ¸Ö
´  ³¥¦¤Ê´ ·μ¤´μ¥ ¸μ¢¥Ð ´¨¥ ¢ „ ·³ÏÉ ¤É¥ ®Compressed Baryon Matter¯, ¶·μÌμ¤¨¢Ïee
19 ¤¥± ¡·Ö 2005 £. ‘²¥¤Ê¥É, μ¤´ ±μ, μÉ³¥É¨ÉÓ, ÎÉμ ´¥¸³μÉ·Ö ´  ¸Éμ²Ó ¶·¨¸É ²Ó´μ¥ ¢´¨-
³ ´¨¥ ´  ¸¥£μ¤´ÖÏ´¨° ¤¥´Ó, ± ± ³μ¦´μ ¸Ê¤¨ÉÓ, É ± ¨ ´¥ ¶·¥¤²μ¦¥´ ´¨ μ¤¨´ ¶μ¤Ìμ¤,
¶μ§¢μ²ÖÕÐ¨°, ÌμÉÖ ¡Ò ´  ± Î¥¸É¢¥´´μ³ Ê·μ¢´¥, ¢μ¸¶·μ¨§¢μ¤¨ÉÓ ¸ÊÐ¥¸É¢¥´´Ò¥ ³μ³¥´ÉÒ
μ¦¨¤ ¥³μ° Ë §μ¢μ° ¤¨ £· ³³Ò ±¢ ·±-£²Õμ´´μ° ³ É¥·¨¨.

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ³Ò ÌμÉ¥²¨ ¡Ò μ¡· É¨ÉÓ ¢´¨³ ´¨¥ ´  Éμ, ÎÉμ ³μ¤¥²Ó ¨´¸É ´Éμ´-
´μ° ¦¨¤±μ¸É¨ ¢ ±ÊÊ³  Š•„ [1], ¶μ-¢¨¤¨³μ³Ê, ³μ¦¥É ¶·μ²¨ÉÓ ¸¢¥É ´  ´¥±μÉμ·Ò¥ ¢ ¦´Ò¥
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³μ³¥´ÉÒ μ¡Ð¥° ± ·É¨´Ò. ‚ ²¨É¥· ÉÊ·¥ ´¥μ¤´μ±· É´μ μÉ³¥Î ²μ¸Ó, ÎÉμ ¤ ´´ Ö ³μ¤¥²Ó
¶·¥¤¸É ¢²Ö¥É¸Ö ¨¸±²ÕÎ¨É¥²Ó´μ ¶· ±É¨Î´Ò³ ¨´¸É·Ê³¥´Éμ³, ¶μ§¢μ²ÖÕÐ¨³ ¶μ²ÊÎ ÉÓ ¶· ¢-
¤μ¶μ¤μ¡´Ò¥ ¸ ÉμÎ±¨ §·¥´¨Ö Ë¥´μ³¥´μ²μ£¨¨ μÍ¥´±¨, ´¥¸³μÉ·Ö ´  ¸²μ¦¨¢Ï¨°¸Ö ¸±¥¶¸¨¸
¢ ¢μ¶·μ¸¥ ¥¥ μ¡μ¸´μ¢ ´¨Ö, ±μÉμ·Ò° ¸¢Ö§ ´ ¸ ¶·μ¡²¥³μ° Ë¨±¸ Í¨¨ · §³¥·  ¨´¸É ´Éμ´μ¢.
‘¥£μ¤´Ö ¤²Ö ´ ¸ ÔÉμÉ ¢μ¶·μ¸ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢ §´ Î¨É¥²Ó´μ° ¸É¥¶¥´¨ ´¥¸ÊÐ¥¸É¢¥´´Ò³,
¶μ¸±μ²Ó±Ê μ¡´ ·Ê¦¨² ¸Ó ¸¢Ö§Ó μÉÉ ²±¨¢ É¥²Ó´μ£μ ³¥Ì ´¨§³  Ë¨±¸ Í¨¨ · §³¥·  [2] ¸,
¥¸²¨ ³μ¦´μ É ± ¸± § ÉÓ, ¡μ²¥¥ μ¡Ð¨³ ¸¢μ°¸É¢μ³ ¸ÉμÌ ¸É¨Î¥¸±¨Ì £²Õμ´´ÒÌ ¶μ²¥°, μÉ³¥-
Î¥´´Ò³ ¢ · ¡μÉ¥ [3], Å £¥´¥· Í¨¨ ³ ¸¸Ò £²Õμ´´μ£μ ¶μ²Ö ¶·¨ Ê¸²μ¢¨¨ ¸¶· ¢¥¤²¨¢μ¸É¨
¥£μ ±¢ §¨±² ¸¸¨Î¥¸±μ£μ μ¶¨¸ ´¨Ö. — ¸É¨Î´μ ³Ò ±μ¸´¥³¸Ö ÔÉμ£μ ¢μ¶·μ¸  ´¨¦¥,   §¤¥¸Ó
¡Ê¤¥³ ¶·¥¤¶μ² £ ÉÓ, ÎÉμ ÔÉ  ¶·μ¡²¥³  · §·¥Ï¥´  ´  ËÊ´¤ ³¥´É ²Ó´μ³ Ê·μ¢´¥ ¢ · ³± Ì
μ¤´μ£μ ¨§ ¶·¥¤² £ ¥³ÒÌ ¸Í¥´ ·¨¥¢: ¸É ¡¨²¨§ Í¨¨ ¸ ³μ£μ ´ ¸ÒÐ ÕÐ¥£μ  ´¸ ³¡²Ö [2, 4],
§ ³μ· ¦¨¢ ´¨Ö ±μ´¸É ´ÉÒ ¸¢Ö§¨ [5], ¢²¨Ö´¨Ö ±μ´Ë °´¨·ÊÕÐ¥° ±μ³¶μ´¥´ÉÒ, ¢¶¥·¢Ò¥
· ¸¸³μÉ·¥´´μ£μ ¢ [6]. ƒ² ¢´Ò³ ¦¥ ¤²Ö ´ ¸ ¢ ÔÉμ° · ¡μÉ¥ ¡Ê¤¥É ¶μ²ÊÎ ÕÐ Ö¸Ö ¢¥¸Ó³ 
¶· ¢¤μ¶μ¤μ¡´ Ö ± Î¥¸É¢¥´´ Ö ± ·É¨´  ¶μ¢¥¤¥´¨Ö £²Õμ´´μ£μ ±μ´¤¥´¸ É .

ŒÒ ´ Î´¥³ ¸ ¶μ¢Éμ·¥´¨Ö μ¸´μ¢´ÒÌ ¶μ²μ¦¥´¨° ¶·¥¤²μ¦¥´´μ£μ ¢ [2] ¢ ·¨ Í¨μ´´μ£μ
¶·¨´Í¨¶ , ´ ¶μ³´¨³ ¸¶μ¸μ¡, ¸ ¶μ³μÐÓÕ ±μÉμ·μ£μ ³μ¦´μ μ¶·¥¤¥²¨ÉÓ · §³¥· ¶¸¥¢¤μÎ -
¸É¨Í ¨ ¶²μÉ´μ¸ÉÓ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨, ¨ § μ¤´μ ¢¢¥¤¥³ ´¥μ¡Ìμ¤¨³Ò¥ ¤²Ö ¤ ²Ó´¥°Ï¥£μ
μ¡μ§´ Î¥´¨Ö. ‚ ³μ¤¥²¨ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨ ¢ ±ÊÊ³  Š•„ ¶·¥¤¶μ² £ ¥É¸Ö, ÎÉμ ¢ ± Î¥-
¸É¢¥ Ëμ´μ¢μ£μ ¢ ±ÊÊ³´μ£μ ¶μ²Ö, ´ ¸ÒÐ ÕÐ¥£μ ¶·μ¨§¢μ¤ÖÐ¨° ËÊ´±Í¨μ´ ² Š•„, ¸²¥¤Ê¥É
· ¸¸³ É·¨¢ ÉÓ ¸Ê¶¥·¶μ§¨Í¨Õ ( ´É¨)¨´¸É ´Éμ´μ¢, ¢§ÖÉÒÌ ¢ ¸¨´£Ê²Ö·´μ° ± ²¨¡·μ¢±¥:

Aa
μ(x; γ) =

2
g

ωabη̄bμν aν(y), aν(y) =
ρ2

y2 + ρ2

yν

y2 , y = x − z, μ, ν = 1, 2, 3, 4, (1)

£¤¥ ρ Å · §³¥·; ω Å ³ É·¨Í  Í¢¥Éμ¢μ° μ·¨¥´É Í¨¨ ¨ z Å ±μμ·¤¨´ É  Í¥´É·  ¶¸¥¢¤μ-
Î ¸É¨ÍÒ (¤²Ö  ´É¨¨´¸É ´Éμ´  ¸²¥¤Ê¥É ¶·μ¨§¢¥¸É¨ § ³¥´Ê ¸¨³¢μ²μ¢ 'É •μμËÉ : η̄ → η).
�·μ¨§¢μ¤ÖÐ¨° ËÊ´±Í¨μ´ ² Š•„ μÍ¥´¨¢ ¥É¸Ö ¶·¨ ÔÉμ³ ± ±

Y =
1

N !

N∏
i=1

∫
dγi d(ρi) e−β Uint(γ) =

1
N !

N∏
i=1

∫
dγi e−E(γ),

E(γ) = β Uint(γ) −
∑

ln d(ρi),

(2)

§¤¥¸Ó ËÊ´±Í¨Ö · ¸¶·¥¤¥²¥´¨Ö ¶μ · §³¥·Ê ¨´¸É ´Éμ´  [7]

d(ρ) =
1
ρ5 β̃2Nc e−β(ρ), (3)

Ô²¥³¥´É ¨´É¥£·¨·μ¢ ´¨Ö dγi = dzi dωi dρi, ¤¥°¸É¢¨¥ μ¤´μ£μ ¨´¸É ´Éμ´ 

β(ρ) =
8π2

g2 = −b ln
(
C

1/b
Nc

Λρ
)

(Λ = ΛMS = 0,92ΛP.V) ¸ CNc , § ¢¨¸ÖÐ¥° μÉ ¸Ì¥³Ò ¶¥·¥´μ·³¨·μ¢±¨:

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

, ¸ ¶ · ³¥É·μ³ b =
11 Nc − 2 Nf

3
(¶μ-¢¨¤¨³μ³Ê, § ±μ´´μ

μ¸É ¢²ÖÉÓ ¢ ÔÉμ° Ëμ·³Ê²¥ Nf = 2, ¶μ¸±μ²Ó±Ê μ¸´μ¢´μ° ¢±² ¤ ¢ ¶¥·¥´μ·³¨·μ¢±Ê ¶·¨Ìμ-
¤¨É μÉ ¦¥¸É±¨Ì ¡¥§³ ¸¸μ¢ÒÌ £²Õμ´μ¢ ¨ ±¢ ·±μ¢). ‚¸¶μ³μ£ É¥²Ó´ Ö ËÊ´±Í¨Ö

β̃ = −b ln (Λρ̄)
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Ë¨±¸¨·Ê¥É¸Ö ´  Ì · ±É¥·´μ³ ³ ¸ÏÉ ¡¥ ρ̄ (¸·¥¤´¥³ · §³¥·¥ ¶¸¥¢¤μÎ ¸É¨Í). ‚§ ¨³μ¤¥°-
¸É¢¨¥ ¶¸¥¢¤μÎ ¸É¨Í Uint(γ) · ¸¸³ É·¨¢ ¥É¸Ö ¢ ¶ ·´μ³ ¶·¨¡²¨¦¥´¨¨, ¨ ¤²Ö ´¥£μ ³μ¦´μ
¶μ²ÊÎ¨ÉÓ [2] ∫

dω1 dω2 dz1 dz2 Uint(γ1, γ2) = V ξ2ρ2
1ρ

2
2

¸ ±μ´¸É ´Éμ° ξ2 =
27 π2

4
Nc

N2
c − 1

. Œ´μ¦¨É¥²Ó β ¢ Ô±¸¶μ´¥´É¥ (2) É ±¦¥ Ë¨±¸¨·Ê¥É¸Ö

´  ³ ¸ÏÉ ¡¥ ¸·¥¤´¥£μ · §³¥·  ¶¸¥¢¤μÎ ¸É¨Í ρ̄ ¨ ¢Ò¤¥²¥´, ÎÉμ¡Ò ¨§³¥·ÖÉÓ ¢§ ¨³μ¤¥°-
¸É¢¨¥ ¢ ¥¤¨´¨Í Ì ¤¥°¸É¢¨Ö ¶¸¥¢¤μÎ ¸É¨ÍÒ. �·¥¤¶μ² £ Ö Éμ¶μ²μ£¨Î¥¸±ÊÕ ´¥°É· ²Ó´μ¸ÉÓ
¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨, ³Ò ´¥ ¡Ê¤¥³ ¢¢μ¤¨ÉÓ μÉ¤¥²Ó´ÒÌ ¸¨³¢μ²μ¢ ¤²Ö ¨´¸É ´Éμ´μ¢ ¨
 ´É¨¨´¸É ´Éμ´μ¢, N μ¡μ§´ Î ¥É ¶μ²´μ¥ Î¨¸²μ ¶¸¥¢¤μÎ ¸É¨Í, § ´¨³ ÕÐ¨Ì μ¡Ñ¥³ V .

�μ¸±μ²Ó±Ê ¢§ ¨³μ¤¥°¸É¢¨¥ ´¥ § ¢¨¸¨É μÉ ±μμ·¤¨´ É ¨ Í¢¥Éμ¢μ° μ·¨¥´É Í¨¨, Éμ ¶·μ¨§-
¢μ¤ÖÐ¨° ËÊ´±Í¨μ´ ² Y ¥¸É¥¸É¢¥´´μ μÍ¥´¨¢ ÉÓ ¶·¨ ¶μ³μÐ¨ ÔËË¥±É¨¢´μ° μ¤´μÎ ¸É¨Î´μ°
ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö μ(ρ), μ¶·¥¤¥²Ö¥³μ° ¢ Ìμ¤¥ ·¥Ï¥´¨Ö ¢ ·¨ Í¨μ´´μ° § ¤ Î¨:

Y1 =
V N

N !

N∏
i=1

∫
dρi μ(ρ) =

V N

N !

N∏
i=1

∫
dγi e−E1(γ),

E1(γ) = −
∑

ln μ(ρi),

(4)

³´μ¦¨É¥²Ó V N ¢Ò¤¥²¥´ ¤²Ö Ê¤μ¡¸É¢  ¨´É¥·¶·¥É Í¨¨ ËÊ´±Í¨¨ μ(ρ) (¢ É ±μ° Ëμ·³¥ μÉ¢¥É
¢Ò· ¦ ¥É¸Ö Î¥·¥§ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¶²μÉ´μ¸É¨). �μ²Ó§ÊÖ¸Ó ¸¢μ°¸É¢μ³ ¢Ò¶Ê±²μ¸É¨ Ô±¸¶μ-
´¥´ÉÒ, ¶·μ¨§¢μ¤ÖÐ¨° ËÊ´±Í¨μ´ ² (2) ³μ¦´μ μÍ¥´¨ÉÓ ¸ ¶μ³μÐÓÕ  ¶¶·μ±¸¨³¨·ÊÕÐ¥£μ
¢Ò· ¦¥´¨Ö:

Y � Ya = Y1 exp (−〈E − E1〉), (5)

£¤¥ Ê¸·¥¤´¥´¨¥ ¶·μ¢μ¤¨É¸Ö ¶μ ¶·¨¡²¨¦¥´´μ³Ê  ´¸ ³¡²Õ. ‚ ´ Ï¥³ Î ¸É´μ³ ¸²ÊÎ ¥ ¸·¥¤-
´¥¥ μÉ · §´μ¸É¨ 〈E − E1〉 ¤ ¥É¸Ö ¸²¥¤ÊÕÐ¨³ ¢Ò· ¦¥´¨¥³:

〈E − E1〉 =
1
Y1

1
N !

∫ N∏
i=1

dγi

[
β Uint −

∑
ln d(ρi) +

∑
ln μ(ρi)

]
e
∑

ln μ(ρi) =

=
N

μ0

(∫
dρ μ(ρ) ln

μ(ρ)
d(ρ)

+
β

2μ0

N

V

∫
dρ1 dρ2 ξ2ρ2

1ρ
2
2 μ(ρ1)μ(ρ2)

)
,

£¤¥ μ0 =
∫

dρ μ(ρ).

‚ ·¨ Í¨Ö ËÊ´±Í¨μ´ ²  〈E − E1〉 ¶μ μ(ρ) Ëμ·³ ²Ó´μ ¶·¨¢μ¤¨É ± μÉ¢¥ÉÊ μ(ρ) =
e−1 d(ρ) e−nβξ2ρ2ρ2

(n = N/V Å ¶²μÉ´μ¸ÉÓ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨), ¢ ±μÉμ·μ³ ¨³¥¥É¸Ö
¤μ¸ ¤´Ò° Ë ±Éμ· e−1, Ê¸É· ´Ö¥³Ò° É¥³ § ³¥Î ´¨¥³, ÎÉμ  ¶¶·μ±¸¨³¨·ÊÕÐ¨° ËÊ´±Í¨μ-
´ ² Ya ´¥ § ¢¨¸¨É μÉ ¶·μ¨§¢μ²Ó´μ£μ ¶μ¸ÉμÖ´´μ£μ ³´μ¦¨É¥²Ö C, ¤μ¡ ¢²Ö¥³μ£μ ± ·¥Ï¥´¨Õ
μ(ρ). „²Ö Ê¤μ¡¸É¢  ³μ¦´μ ¶μ²μ¦¨ÉÓ, ÎÉμ C = e, ¨ Éμ£¤ 

μ(ρ) = d(ρ) e−nβξ2ρ2ρ2
. (6)

�μ¤¸É ¢²ÖÖ ÔÉμ ·¥Ï¥´¨¥ ¢  ¶¶·μ±¸¨³¨·ÊÕÐ¨° ËÊ´±Í¨μ´ ², ¨³¥¥³

Ya =
V N μN

0

N !
exp

(
N

βξ2

2
(ρ2)2

)
.
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‚¢¥¤¥³ É¥¶¥·Ó Ê¤μ¡´Ò° ¶ · ³¥É· ν ¨ § ¶¨Ï¥³ ¨´É¥£· ² ¤²Ö μ0 ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥:

μ0 = Λ4

∫
dρΛ CNc β̃

2Nc (ρΛ)b−5 exp
(
−ν

ρ2

ρ2

)
, (7)

¸μ¶μ¸É ¢²ÖÖ ±μÉμ·Ò° ¸ ¢Ò· ¦¥´¨¥³ (6), ¨³¥¥³

ν

ρ2
= βξ2nρ2. (8)

’ ±¨³ μ¡· §μ³, ¥¸²¨ ´ °É¨ ν, Éμ ¶·¨¢¥¤¥´´μ¥ μ¶·¥¤¥²¥´¨¥ Ê¸É ´ ¢²¨¢ ¥É ¸¢Ö§Ó ¸·¥¤´¥£μ
· §³¥·  ¨´¸É ´Éμ´  ¨ ¶²μÉ´μ¸É¨ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨. „²Ö ÔÉμ£μ · ¸¸³μÉ·¨³

ρ2 =

∫
dρ ρb−3 exp

(
−ν

ρ2

ρ2

)
∫

dρ ρb−5 exp
(
−ν

ρ2

ρ2

) =
ρ2 ν−1 Γ

(
b − 4

2
+ 1

)
Γ

(
b − 4

2

) ,

μÉ±Ê¤  ¶μ²ÊÎ¨³ ν =
b − 4

2
, ¨ Éμ£¤  ¤²Ö μ0 ¨³¥¥³ μ0 = Λ4 CNc β̃

2Nc
(ρΛ)2ν

νν

Γ(ν)
2

. �É³¥-

É¨³, ÎÉμ ¤¢μ°±  ¢ §´ ³¥´ É¥²¥ ¶μÖ¢²Ö¥É¸Ö ¨§-§  Éμ£μ, ÎÉμ ¨´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 2ρ dρ.
‚ · ¡μÉ¥ [2] ÔÉμ£μ Ë ±Éμ·  ´¥É, ÎÉμ ´¥ ¶·¨¢μ¤¨É, μ¤´ ±μ, ´¨ ± ± ±¨³ ¸¥·Ó¥§´Ò³ ¶μ¸²¥¤-
¸É¢¨Ö³, ¶μ¸±μ²Ó±Ê ´¥μ¡Ìμ¤¨³μ ¢Ò¡¨· ÉÓ ¶μ¤Ìμ¤ÖÐ¥¥ §´ Î¥´¨¥ ¶ · ³¥É·  Λ, ¶·¨¢Ö§ ´´μ¥
± ± ±¨³-²¨¡μ ´ ¡²Õ¤ ¥³Ò³, ±μ´¸É ´É¥ ¶¨μ´´μ£μ · ¸¶ ¤ , ´ ¶·¨³¥·, ¨, É ±¨³ μ¡· §μ³,
¢¸¥ ¸¢μ¤¨É¸Ö ± ¶· ¢¨²Ó´μ³Ê ¢Ò¡μ·Ê ³ ¸ÏÉ ¡ . Š·μ³¥ Éμ£μ, ±μ´¥Î´μ ¦¥, ´Ê¦´μ ¶·¨´¨³ ÉÓ
¢μ ¢´¨³ ´¨¥, ÎÉμ ³μ¤¥²Ó ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¤μ¸É ÉμÎ´μ £·Ê¡μ¥
¶·¨¡²¨¦¥´¨¥. “Î¨ÉÒ¢ Ö ¢¸¥ ´ °¤¥´´Ò¥ ¸μμÉ´μÏ¥´¨Ö,  ¶¶·μ±¸¨³¨·ÊÕÐ¨° ËÊ´±Í¨μ´ ²
³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥

Ya = exp
{
−N

(ν

2
+ 1

)
[ln (n/Λ4) − 1] + N ln

[
CNc β̃

2Nc(βξ2ν)−ν/2 Γ(ν)
2

]}
. (9)

� °¤¥³ É¥¶¥·Ó ³ ±¸¨³Ê³ ¶μ n ¢Ò· ¦¥´¨Ö, ¸ÉμÖÐ¥£μ ¢ Ô±¸¶μ´¥´É¥. „²Ö ÔÉμ£μ ¸²¥¤Ê¥É
·¥Ï¨ÉÓ Ê· ¢´¥´¨¥

−
(ν

2
+ 1

)
ln (n/Λ4) + ln

[
CNc β̃

2Nc(βξ2ν)−ν/2 Γ(ν)
2

]
+ n

2Nc

β̃

dβ̃

dn
− n

ν

2β

dβ

dn
= 0. (10)

ˆ§ ¸μμÉ´μÏ¥´¨Ö (8) ¨³¥¥³

1
β

dβ

dρ̄
+

1
n

dn

dρ̄
+

4
ρ̄

= 0.

‘ ¤·Ê£μ° ¸Éμ·μ´Ò,
dβ

dρ̄
= − b

ρ̄
,

dβ̃

dρ̄
=

dβ

dρ̄
. ‡ ¶¨¸Ò¢ Ö ¶·μ¨§¢μ¤´ÊÕ β ¶μ ¶²μÉ´μ¸É¨ ± ±

dβ

dn
=

dβ

dρ̄
/
dn

dρ̄
, ¶μ²ÊÎ¨³

dβ

dn
=

1
n

b β

4β − b
,

dβ̃

dn
=

dβ

dn
. (11)
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’¥¶¥·Ó ´ °¤¥³ ¶²μÉ´μ¸ÉÓ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨:

n/Λ4 =
[
CNc β̃

2Nc(βξ2ν)−ν/2 Γ(ν)
2

]2/(ν+2)

exp

[(
4Nc

ν + 2
β̃

β
− ν

ν − 2

)
ν + 2

2β − ν − 2

]
. (12)

‚ · ¡μÉ¥ [2] ¢±² ¤ μÉ ¶·μ¨§¢μ¤´ÒÌ ¶μ ¶²μÉ´μ¸É¨ ËÊ´±Í¨° β, β̃ ´¥ ÊÎ¨ÉÒ¢ ²¸Ö. �ËË¥±-
É¨¢´μ ÔÉμ Ê¸²μ¦´¥´¨¥ ¶·¨¢μ¤¨É ± ±μ³¶¥´¸ Í¨¨ μ¡¸Ê¦¤ ¢Ï¥£μ¸Ö ¢ÒÏ¥ Ë ±Éμ·  2, ÌμÉÖ,
± ± ¡Ò²μ ¸± § ´μ, ÔÉμ ´¥ ¸ÊÐ¥¸É¢¥´´μ. �μ²ÊÎ¥´´ Ö Ëμ·³Ê²  ¤²Ö ¶²μÉ´μ¸É¨ ¨´¸É ´Éμ´´μ°
¦¨¤±μ¸É¨, μ¤´ ±μ, ´¥ ·¥Ï ¥É § ¤ Î¨, ¶μ¸±μ²Ó±Ê ¢¸¥ · ¢´μ É·¥¡Ê¥É¸Ö · §·¥Ï¨ÉÓ É· ´¸Íe´-
¤¥´É´μ¥ Ê· ¢´¥´¨¥ (8) μÉ´μ¸¨É¥²Ó´μ ρ̄, ¸μ¤¥·¦ Ð¥¥ ²μ£ ·¨Ë³ ρ̄ ¢ ËÊ´±Í¨¨ β. �μ¸±μ²Ó±Ê
¨§¡¥¦ ÉÓ ·¥Ï¥´¨Ö É· ´¸Í¥´¤¥´É´μ£μ Ê· ¢´¥´¨Ö ´¥ Ê¤ ¥É¸Ö, Éμ Ê¤μ¡´¥¥ ¤¥°¸É¢μ¢ ÉÓ, ´¥
¶·¨¡¥£ Ö ± ®Ö¢´μ°¯ Ëμ·³Ê²¥ ¤²Ö ¶²μÉ´μ¸É¨ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨ (12), ¶¥·¥Ëμ·³Ê²¨-
·μ¢ ¢ § ¤ ÎÊ ¸²¥¤ÊÕÐ¨³ μ¡· §μ³. �μ ¸³Ò¸²Ê ËÊ´±Í¨¨ β ¤¥°¸É¢¨¥ μ¤´μ° ¶¸¥¢¤μÎ ¸É¨ÍÒ
¤μ²¦´μ ¡ÒÉÓ ¶μ²μ¦¨É¥²Ó´Ò³. �É¸Õ¤  ¢ÒÉ¥± ¥É μ£· ´¨Î¥´¨¥ ´  ³ ±¸¨³ ²Ó´Ò° · §³¥·

( ´É¨)¨´¸É ´Éμ´  ρ̄ΛC
1/b
Nc

� 1 (´  ¶· ±É¨±¥, ±μ´¥Î´μ ¦¥, ρ̄Λ � 1). ’¥¶¥·Ó ³μ¦´μ ·¥Ï ÉÓ
É· ´¸Í¥´¤¥´É´μ¥ Ê· ¢´¥´¨¥ (10), ´ ¶·¨³¥·, ³¥Éμ¤μ³ ¤¥²¥´¨Ö μÉ·¥§±  ¶μ¶μ² ³, ¶μ¤¡¨· Ö
· ¢´μ¢¥¸´μ¥ §´ Î¥´¨¥ ρ̄ ¨ μ¶·¥¤¥²ÖÖ ´  ± ¦¤μ³ Ï £¥ ¶²μÉ´μ¸ÉÓ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨
¨§ ¸μμÉ´μÏ¥´¨Ö (8). ‚ ¶·μ¨§¢μ¤ÖÐ¥³ ËÊ´±Í¨μ´ ²¥ ¶·¨ ÔÉμ³ ³μ¦´μ ¨ ´¥ ¶¥·¥Ìμ¤¨ÉÓ ±
¶²μÉ´μ¸É¨ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨,   μ¸É ¢¨ÉÓ ¢±² ¤ (ρ̄Λ)2ν .

‚´¥¸¥³ ´¥μ¡Ìμ¤¨³Ò¥ ¨§³¥´¥´¨Ö ¢ ¢ ·¨ Í¨μ´´Ò° ¶·¨´Í¨¶ ¸ É¥³, ÎÉμ¡Ò ³μ¦´μ ¡Ò²μ
μ¶¨¸Ò¢ ÉÓ ¸¨ÉÊ Í¨Õ ¶·¨ ±μ´¥Î´ÒÌ É¥³¶¥· ÉÊ· Ì. ”μ´μ¢μ¥ ¶μ²¥ ¸²¥¤Ê¥É § ³¥´¨ÉÓ ´ 
¸Ê¶¥·¶μ§¨Í¨Õ ( ´É¨)± ²μ·μ´μ¢ Å ¶¥·¨μ¤¨Î¥¸±¨Ì ¶μ ¥¢±²¨¤μ¢μ³Ê ®¢·¥³¥´¨¯, ¸ ¶¥·¨μ¤μ³
T−1, ·¥Ï¥´¨° Ê· ¢´¥´¨° Ÿ´£ ÄŒ¨²²¸  [8]:

Aa
μ(x, γ) = −1

g
ωab η̄bμν ∂ν ln Π,

Π = 1 +
πρ2T

r

sh (2πrT )
ch (2πrT ) − cos (2πτT )

.

(13)

‡¤¥¸Ó r = |x − z| Å · ¸¸ÉμÖ´¨¥ ¢ É·¥Ì³¥·´μ³ ¶·μ¸É· ´¸É¢¥ ¤μ Í¥´É·  ± ²μ·μ´  z; τ =
x4 − z4 Å  ´ ²μ£¨Î´μ¥ · ¸¸ÉμÖ´¨¥ ¶μ ®¢·¥³¥´¨¯. �·¨ ¸É·¥³²¥´¨¨ É¥³¶¥· ÉÊ·Ò ± ´Ê²Õ
·¥Ï¥´¨¥ ¶¥·¥Ìμ¤¨É ¢ ( ´É¨)¨´¸É ´Éμ´ ¢ ¸¨´£Ê²Ö·´μ° ± ²¨¡·μ¢±¥. …Ð¥ μ¤´μ ¸ÊÐ¥¸É¢¥´´μ¥
¨§³¥´¥´¨¥ ¸¢Ö§ ´μ ¸ ³μ¤¨Ë¨± Í¨¥° ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö ¶μ · §³¥· ³ ¨´¸É ´Éμ´  (3):

d(ρ, T ) =
1
ρ5 β̃2Nc exp

[
−β(ρ) − ANcT

2ρ2
]
. (14)

ŠμÔËË¨Í¨¥´É ANc = 1
3

(
11
6 Nc − 1

)
π2 Ì · ±É¥·¨§Ê¥É ¤μ¡ ¢μÎ´Ò° ¢±² ¤ ± ¤¥°¸É¢¨Õ ± -

¦¤μ° ¶¸¥¢¤μÎ ¸É¨ÍÒ ¨ Ö¢²Ö¥É¸Ö ¶·¨¡²¨¦¥´¨¥³ ¡μ²¥¥ ÉμÎ´μ£μ ¢Ò· ¦¥´¨Ö, ¶μ¸É·μ¥´´μ£μ
¨§ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¤¥É¥·³¨´ ´Éμ¢ [9]:

d(ρ, T ) = d(ρ, 0) exp

{
−

[
1
2

g2T 2 (Nc + Nf/2)
3

4π2ρ2

g2 +

+ 12 A(πρT ) [1 + (Nc − Nf )/6]

]}
. (15)
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„²Ö ´ Ï¨Ì Í¥²¥° ¡Ê¤¥É ¤μ¸É ÉμÎ´μ ¸± § ÉÓ, ÎÉμ ËÊ´±Í¨Ö A(πρT ) μ¶·¥¤¥²Ö¥É¸Ö ¶·μ-
Ë¨²¥³ ¶¸¥¢¤μÎ ¸É¨ÍÒ (13), μ´  ¨¸¸²¥¤μ¢ ´  ¢ Ê¶μ³Ö´ÊÉμ° · ¡μÉ¥ (¥¥ ¢¨¤ ´ ³ §¤¥¸Ó ´¥
¶μ´ ¤μ¡¨É¸Ö). � ¶μ³´¨³ ¥Ð¥, ÎÉμ ³μ¦´μ ¶μ²Ó§μ¢ ÉÓ¸Ö ¶·¨¡²¨¦¥´´Ò³ ¢Ò· ¦¥´¨¥³ (· §-
²μ¦¥´¨¥³ ËÊ´±Í¨¨ A(πρT ) ¢¶²μÉÓ ¤μ Î²¥´μ¢ T 2), ¶μ¸±μ²Ó±Ê É  ÉμÎ´μ¸ÉÓ, ´  ±μÉμ·ÊÕ
¶·¥É¥´¤Ê¥É ¢ ·¨ Í¨μ´´Ò° ¶·¨´Í¨¶, ´¥ É·¥¡Ê¥É ÊÎeÉa ¢ Ô±¸¶μ´¥´É¥ ¢Ò· ¦¥´¨Ö (14) Î²¥´o¢
¸É ·Ï¥ ρ2. �¥·¢μ¥ ¸² £ ¥³μ¥ ¢ Ëμ·³Ê²¥ (15) § ¶¨¸ ´μ ¢ ¢¨¤¥ ¶·μ¨§¢¥¤¥´¨Ö ¤¢ÊÌ ³´μ¦¨-
É¥²¥°, ±μÉμ·Ò¥ ²¥£±μ ¨´É¥·¶·¥É¨·ÊÕÉ¸Ö [9]. ’ ±, ¶¥·¢Ò° ³´μ¦¨É¥²Ó ¥¸ÉÓ ´¥ ÎÉμ ¨´μ¥,
± ± ±¢ ¤· É Ô²¥±É·¨Î¥¸±μ° ³ ¸¸Ò (¨²¨, ¤·Ê£¨³¨ ¸²μ¢ ³¨, Å ®¢·¥³¥´´
 Ö¯ ±μ³¶μ´¥´É 
£²Õμ´´μ£μ É¥´§μ·  ¶μ²Ö·¨§Ê¥³μ¸É¨, ¢§ÖÉ Ö ¶·¨ ´Ê²¥¢ÒÌ Ô´¥·£¨¨ ¨ ¨³¶Ê²Ó¸¥):

m2
el = Π44(ω = 0,p = 0) = g2T 2 (Nc + Nf/2)

3
, (16)

μ¸É ¢Ï¨¥¸Ö ±μ³¶μ´¥´ÉÒ É¥´§μ·  μ¡· Ð ÕÉ¸Ö ¶·¨ ÔÉ¨Ì Ê¸²μ¢¨ÖÌ ¢ ´Ê²Ó, ¨, ¸μμÉ¢¥É-
¸É¢¥´´μ, ³ £´¨É´ Ö ³ ¸¸  É ±¦¥ μ¡· Ð ¥É¸Ö ¢ ´Ê²Ó. � ¶μ³´¨³, ÎÉμ ¶·¨ ¢ÒÎ¨¸²¥´¨¨
É¥´§μ·  ¶μ²Ö·¨§Ê¥³μ¸É¨ ÊÎ¨ÉÒ¢ ÕÉ¸Ö μ¤´μ¶¥É²¥¢Ò¥ ¢±² ¤Ò £²Õμ´μ¢ ¨ ±¢ ·±μ¢ [10] ¸
μÎ¥¢¨¤´Ò³ ¶¥·¥¸Ê³³¨·μ¢ ´¨¥³, ÎÉμ¡Ò ¤μ¡¨ÉÓ¸Ö ±μ´¥Î´μ£μ ¢±² ¤  ±¢ ·±μ¢ ¨ £²Õμ´μ¢ ¢
¸·¥¤¥, ¶·¨¢μ¤ÖÐ¥£μ ¢ ¨Éμ£¥ ± £¥´¥· Í¨¨ ³ ¸¸Ò £²Õμ´´μ£μ ¶μ²Ö. ‚Éμ·μ° ³´μ¦¨É¥²Ó Å
ÔÉμ ¨´É¥£· ² μÉ ±¢ ¤· É  Î¥É¢¥·Éμ° ±μ³¶μ´¥´ÉÒ A4 ¨§ Ëμ·³Ê²Ò (13):∫

dy Aa
4(y)Aa

4(y) =
4π2ρ2

g2 , (17)

¶·¨Î¥³ μ´ ´¥ § ¢¨¸¨É μÉ É¥³¶¥· ÉÊ·Ò [11]. ‚¨¤´μ, ÎÉμ, ¢ ¶·¨´Í¨¶¥, ³μ¦´μ ¢¶μ²´¥ μ£· -

´¨Î¨ÉÓ¸Ö Éμ²Ó±μ μ¤´μ¶¥É²¥¢Ò³ ¢±² ¤μ³ ¢ ¶²μÉ´μ¸É¨ ¤¥°¸É¢¨Ö £²Õμ´´μ£μ ¶μ²Ö 1
2m2

el Aa
4Aa

4 ,
¶·¥´¥¡·¥£ Ö ´¥¸ÊÐ¥¸É¢¥´´Ò³¨ ÊÉμÎ´¥´¨Ö³¨. ˆ´É¥·¥¸´μ ¢ ÔÉμ° ¸¢Ö§¨ μÉ³¥É¨ÉÓ, ÎÉμ ¢ · -
¡μÉ¥ [3] ¡Ò²μ ¶μ± § ´μ, ÎÉμ Î²¥´ ¢§ ¨³μ¤¥°¸É¢¨Ö ¶¸¥¢¤μÎ ¸É¨Í Uint Éμ¦¥ ¶·¨¢μ¤¨É¸Ö
± ¢¨¤Ê, μÉ¢¥Î ÕÐ¥³Ê £¥´¥· Í¨¨ ³ ¸¸Ò Ê ±¢ §¨±² ¸¸¨Î¥¸±μ£μ £²Õμ´´μ£μ ¶μ²Ö ¢ ¸·¥¤¥

( ´É¨)¨´¸É ´Éμ´μ¢ 1
2m2 Aa

μAa
μ, £¤¥ m2 = 9π2 n ρ2 Nc

N2
c − 1

, ¶·¨Î¥³ ¶·¨ ´¥´Ê²¥¢μ° ¶²μÉ-

´μ¸É¨ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨ μ¤¨´ ±μ¢μ Ô±· ´¨·ÊÕÉ¸Ö Ì·μ³μÔ²¥±É·¨Î¥¸±¨¥ ¨ Ì·μ³μ-
³ £´¨É´Ò¥ ¶μ²Ö. 	Ò²μ ¶μ± § ´μ, ÎÉμ Ô±· ´¨·μ¢±  £¥´¥·¨·Ê¥É¸Ö ²Õ¡Ò³ ¸ÉμÌ ¸É¨Î¥¸±¨³
 ´¸ ³¡²¥³ £²Õμ´´ÒÌ ¶μ²¥° ¨ ´¥ ¸¢Ö§ ´  ¸μ ¸¶¥Í¨Ë¨±μ° ¨´¸É ´Éμ´´μ£μ ·¥Ï¥´¨Ö (1) ¨²¨
± ±¨³¨-Éμ ¤¥É ²Ö³¨ μÉÉ ²±¨¢ É¥²Ó´μ£μ ³¥Ì ´¨§³ , ¶·¨§¢ ´´μ£μ § ¸É ¡¨²¨§¨·μ¢ ÉÓ  ´-
¸ ³¡²Ó [2]. …¸²¨ ¶·¨³¥´¨ÉÓ É ±μ¥ · ¸¸³μÉ·¥´¨¥ ¶μ μÉ´μÏ¥´¨Õ ± ( ´É¨)¨´¸É ´Éμ´Ê (1),
Éμ ¶μ²ÊÎ¨É¸Ö ¢ ÉμÎ´μ¸É¨ Ëμ·³Ê²  ¤²Ö Uint. �± §Ò¢ ¥É¸Ö, ÎÉμ ¢ ± ²μ·μ´´μ³  ´¸ ³¡²¥ Ì·μ-
³μÔ²¥±É·¨Î¥¸±μ¥ ¨ Ì·μ³μ³ £´¨É´μ¥ ±¢ §¨±² ¸¸¨Î¥¸±¨¥ ¶μ²Ö Ô±· ´¨·ÊÕÉ¸Ö ¶μ-· §´μ³Ê ¨
Î²¥´ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸² ¡μ § ¢¨¸¨É μÉ É¥³¶¥· ÉÊ·Ò. �¤´ ±μ  ´¨§μÉ·μ¶¨Ö ´ ¸Éμ²Ó±μ ´¨-
ÎÉμ¦´ , ÎÉμ ¥Õ ³μ¦´μ ¶·¥´¥¡·¥ÎÓ, ¨ ¢ ·¥§Ê²ÓÉ É¥ Î²¥´ ¢§ ¨³μ¤¥°¸É¢¨Ö ´¥ ¨§³¥´Ö¥É¸Ö ¨
¸μ¢¶ ¤ ¥É ¸ É¥³ §´ Î¥´¨¥³, ±μÉμ·μ¥ ¨³¥¥É¸Ö ¤²Ö ( ´É¨)¨´¸É ´Éμ´μ¢. ‚¶¥·¢Ò¥ ÔÉμ ¡Ò²μ
μÉ³¥Î¥´μ ¢ · ¡μÉ¥ [11], £¤¥ · ¸¸³ É·¨¢ ² ¸Ó ¨´¸É ´Éμ´´ Ö ¦¨¤±μ¸ÉÓ ¶·¨ ´¥´Ê²¥¢μ° É¥³-
¶¥· ÉÊ·¥.

�·μ¶μ·Í¨μ´ ²Ó´Ò° Nc (¸³. Ëμ·³Ê²Ê (16)) μ¤´μ¶¥É²¥¢μ° ¢±² ¤ ¶² ´±μ¢¸±¨Ì £²Õμ´μ¢
μ¸É ¥É¸Ö ´¥¨§³¥´´Ò³ ¨ ¶·¨ ±μ´¥Î´μ³ Ì¨³¨Î¥¸±μ³ ¶μÉ¥´Í¨ ²¥. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ¨§-
¢¥¸É´μ, ÎÉμ ¢±² ¤ Ë¥·³¨μ´μ¢ ¢ ¸·¥¤¥, ¢ μ¤´μ¶¥É²¥¢μ³ ¶·¨¡²¨¦¥´¨¨ ¢ÒÎ¨¸²Ö¥É¸Ö ÉμÎ´μ
¨ ´¥ ¨³¥¥É μ¶ ¸´ÒÌ ¸¨´£Ê²Ö·´μ¸É¥° [12, 13]. ®‚·¥³¥´´
 Ö¯ ±μ³¶μ´¥´É  É¥´§μ·  ¶μ²Ö·¨-
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§ Í¨¨, £¥´¥·¨·Ê¥³ Ö ±¢ ·±μ³ μ¶·¥¤¥²¥´´μ£μ ¸μ·É , ¨³¥¥É ¢¨¤

Πf
44(k4, ω) = g2 k2

π2ω2

∞∫
0

dp p2

εp
np

[
1 +

4ε2
p − k2

8pk
ln

(k2 + 2pω)2 + 4ε2
pk

2
4

(k2 − 2pω)2 + 4ε2
pk

2
4

−

− εpk4

pω
arctg

8pω εpk4

4ε2
pk

2
4 − 4p2ω2 + k4

]
, (18)

§¤¥¸Ó ω = |k|, k2 = ω2 + k2
4 , εp = (m2 + p2)1/2, £¤¥ m Å ³ ¸¸  ±¢ ·± , np = n−

p + n+
p ,

n−
p =

(
exp

(
εp − μ

T

)
+ 1

)−1

, n+
p =

(
exp

(
εp + μ

T

)
+ 1

)−1

. �·μ¸Ê³³¨·μ¢ ´´Ò° ¶μ

¢¸¥³ ±μ³¶μ´¥´É ³ É¥´§μ· ¶μ²Ö·¨§ Í¨¨ ¢Ò· ¦ ¥É¸Ö ± ±

Πf (k4, ω) = g2 2
π2

∞∫
0

dp p2

εp
np

[
1 +

2m2 − k2

8pk
ln

(k2 + 2pω)2 + 4ε2
pk

2
4

(k2 − 2pω)2 + 4ε2
pk

2
4

]
. (19)

Œμ¦´μ ¢¨¤¥ÉÓ, ÎÉμ ¶·¨ ´Ê²¥¢μ° ±μ³¶μ´¥´É¥ k4 = 0, ¶·¨ ³ ²ÒÌ ω μ¸´μ¢´μ° ¢±² ¤ ¢
³ ¸¸Ê £²Õμ´  ¤ ¥É¸Ö Éμ²Ó±μ ¶¥·¢Ò³ ¸² £ ¥³Ò³ (¥¤¨´¨Í¥°), ¶·¨Î¥³ ¶·μ¸É· ´¸É¢¥´´Ò¥
±μ³¶μ´¥´ÉÒ ¶·¥´¥¡·¥¦¨³μ ³ ²Ò; ¢ Î ¸É´μ¸É¨, ¶·¨ ω = 0

Πf (0, 0) = Πf
44(0, 0) = g2 2

π2

∞∫
0

dp p2

εp
np, (20)

´ ¶·¨³¥·, ¶·¨ T = 0 ¨³¥¥³

Πf (0, 0) = g2

[
(μ2 − m2)1/2μ

π2 − m2

π2 ln
μ + (μ2 − m2)1/2

m

]
.

ˆÉμ£μ¢μ¥ ¢Ò· ¦¥´¨¥ ¤²Ö Ô²¥±É·¨Î¥¸±μ° ³ ¸¸Ò ¨³¥¥É ¢¨¤

m2
el =

⎡⎣g2T 2 Nc

3
+

Nf∑
f=1

Πf (0, 0)

⎤⎦ , (21)

¶·¨Î¥³ ¢ ÔÉμ³ ¶·¨¡²¨¦¥´¨¨ § ¢¨¸¨³μ¸ÉÓ μÉ ¶ · ³¥É·μ¢ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨ ÔËË¥±-
É¨¢´μ ³μ¦¥É ¢Ìμ¤¨ÉÓ Éμ²Ó±μ Î¥·¥§ ³ ¸¸Ê ±¢ ·± , ¤¨´ ³¨Î¥¸±¨ £¥´¥·¨·Ê¥³ÊÕ ¢ ( ´É¨)¨´-
¸É ´Éμ´´μ° ¸·¥¤¥. �·¨´Ö¢ É ±μ¥ μ¶·¥¤¥²¥´¨¥ ³ ¸¸Ò, ³Ò ´¥³´μ£μ ¨§³¥´¨²¨ Ëμ·³Ê²Ê (16)

¶·¨ Ê¸²μ¢¨¨ μ = 0, T �= 0. ŠμÔËË¨Í¨¥´É 1
6 ¶·¨ Nf § ³¥´¥´ ´  2

π2 , ÎÉμ, ± ± ¢¨¤¨³, ¶μÎÉ¨

´¥ ¢´μ¸¨É ¨§³¥´¥´¨° (¢ § ±²ÕÎ¥´¨¥ ³Ò ¥Ð¥ ¢¥·´¥³¸Ö ± μ¡¸Ê¦¤¥´¨Õ ¸ ³μ¸μ£² ¸μ¢ ´´μ£μ
¢ÒÎ¨¸²¥´¨Ö).

ˆ¸¶μ²Ó§ÊÖ É¥¶¥·Ó ¨´É¥£· ² (17), ±μÉμ·Ò°, ± ± μÉ³¥Î ²μ¸Ó, ¶·¨³¥´¨³ ¨ ¢ ¸²ÊÎ ¥ ± -
²μ·μ´ , ³Ò ¶·¨¤¥³ ± ¸²¥¤ÊÕÐ¥° Ëμ·³¥ ¤²Ö ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö ¶¸¥¢¤μÎ ¸É¨Í:

d(ρ; μ, T ) = d(ρ; 0, 0) e−η2(μ,T ) ρ2
, η2 = 2 π2

⎡⎣T 2 Nc

3
+

Nf∑
f=1

Πf (0, 0)

⎤⎦ . (22)
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�μ¤·μ¡´μ μ¤´μ¶¥É²¥¢μ° ¢±² ¤ ±¢ ·±μ¢ ¢ ¤¥°¸É¢¨¥ ¨´¸É ´Éμ´  ¶·¨ · ¢´μ° ´Ê²Õ É¥³¶¥-
· ÉÊ·¥ ¨ ±μ´¥Î´μ³ Ì¨³¨Î¥¸±μ³ ¶μÉ¥´Í¨ ²¥ ¤²Ö ¸²ÊÎ Ö ω �= 0 ¨¸¸²¥¤μ¢ ´ ¢ · ¡μÉ¥ [14]
(¸³. É ±¦¥ [15, 16]), ¨, É ±¨³ μ¡· §μ³, ¢ ¶·¨´Í¨¶¥ ¨³¥¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ Ê²ÊÎÏ¨ÉÓ μ¶¨-
¸ ´¨¥, ´μ ³Ò ¢ ¤ ´´μ° · ¡μÉ¥ μ£· ´¨Î¨³¸Ö Éμ²Ó±μ  ¶¶·μ±¸¨³ Í¨¥° (22) ¨, ¡μ²¥¥ Éμ£μ,
¡Ê¤¥³ ¶μ² £ ÉÓ, ÎÉμ ±¢ ·±¨ ¡¥§³ ¸¸μ¢Òe. ‘ ³μ¸μ£² ¸μ¢ ´´μ¥ ¢ÒÎ¨¸²¥´¨¥ ¤²Ö ±¢ ·±  ¸
¤¨´ ³¨Î¥¸±¨ £¥´¥·¨·Ê¥³μ° ³ ¸¸μ° § ¸²Ê¦¨¢ ¥É μÉ¤¥²Ó´μ£μ ¨¸¸²¥¤μ¢ ´¨Ö.

�·μ¢¥¤¥³ É¥¶¥·Ó ´¥μ¡Ìμ¤¨³Ò¥ ³μ¤¨Ë¨± Í¨¨ ¢ ¢ ·¨ Í¨μ´´μ³ ¶·¨´Í¨¶¥. Š ± ³Ò ¶·¨-
´Ö²¨, ¨§³¥´Ö¥É¸Ö Éμ²Ó±μ ËÊ´±Í¨Ö · ¸¶·¥¤¥²¥´¨Ö ¶¸¥¢¤μÎ ¸É¨Í d(ρ; μ, T ). �ÉÉ ²±¨¢ -
É¥²Ó´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥ ¶¸¥¢¤μÎ ¸É¨Í μ¸É ¥É¸Ö É¥³ ¦¥ ¸ ³Ò³ Uint. �´ ²μ£¨Î´μ ¸²ÊÎ Õ
¨´¸É ´Éμ´μ¢ ¢¢¥¤¥³ ¶ · ³¥É· ν, ¤²Ö ±μÉμ·μ£μ ¢³¥¸Éμ (8) ¨³¥¥³

ν

ρ2
= η2 + βξ2nρ2. (23)

T ± ± ± ¶²μÉ´μ¸ÉÓ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨ ¡μ²ÓÏ¥ ´Ê²Ö, Éμ ¤²Ö ¸·¥¤´¥£μ · §³¥·  ¶¸¥¢-

¤μÎ ¸É¨ÍÒ ¢μ§´¨± ¥É ´μ¢μ¥ μ£· ´¨Î¥´¨¥: ρ̄Λ � ν1/2

η , ¨ ¥¸²¨ μ´μ ³¥´ÓÏ¥ μ¡¸Ê¦¤ ¢Ï¥£μ¸Ö
¢ÒÏ¥, Éμ ¶·μÍ¥¤Ê·Ê ¶μ¨¸±  · ¢´μ¢¥¸´μ£μ · §³¥·  ( ´É¨)¨´¸É ´Éμ´  ³¥Éμ¤μ³ ¤¥²¥´¨Ö ¶μ-
¶μ² ³ ¸²¥¤Ê¥É ´ Î¨´ ÉÓ ¸ ´¥£μ. „ ²¥¥, ¨§ ¸μμÉ´μÏ¥´¨Ö (23) ³μ¦´μ ´ °É¨ ¶·μ¨§¢μ¤´ÊÕ
ËÊ´±Í¨¨ β ¶μ ¶²μÉ´μ¸É¨ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨, ±μÉμ· Ö ¢Ìμ¤¨É ¢ ¶¥·¥¢ ²Ó´μ¥ Ê· ¢´¥-
´¨¥ (10):

n

β

dβ

dn
=

b

4β − b +
2η2ρ2β

ν − η2ρ2

. (24)

�´ ²¨É¨Î¥¸±μ£μ ¢Ò· ¦¥´¨Ö ¤²Ö ¨´É¥£· ²  (20) ¢ ¸²ÊÎ ¥ ¶·μ¨§¢μ²Ó´μ° É¥³¶¥· ÉÊ·Ò ´¥É
¤ ¦¥ ¶·¨ ´Ê²¥¢μ° ³ ¸¸¥ ±¢ ·± , ¶μÔÉμ³Ê ³Ò ¡¥·¥³ ¥£μ Î¨¸²¥´´μ. ’¥¶¥·Ó ¢¸¥ ¶μ¤£μÉμ-
¢²¥´μ, ÎÉμ¡Ò ´ °É¨ ¶ · ³¥É·Ò ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨ ´  ¢¸¥° μ, T -¶²μ¸±μ¸É¨. �¥ ¢´μ¸Ö
¤μ¶μ²´¨É¥²Ó´ÒÌ Ê¸²μ¦´¥´¨°, ³Ò ¶·μ¢¥²¨ ¢ÒÎ¨¸²¥´¨¥ ¤²Ö ´Ê²¥¢μ° ³ ¸¸Ò ±¢ ·±μ¢. ’ ±¦¥
³Ò ¶·¥´¥¡·¥£²¨ ÊÉμÎ´¥´¨Ö³¨, ¸¢Ö§ ´´Ò³¨ ¸ ¢±² ¤μ³ ²¥£±¨Ì ±¢ ·±μ¢ ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥
¤¥É¥·³¨´ ´ÉÒ [17] (¸³. É ±¦¥ [18]),   É ±¦¥ ¢μ§³μ¦´Ò³ É¥³¶¥· ÉÊ·´Ò³ ³μ²¥±Ê²Ö·´Ò³
¶μ¢¥¤¥´¨¥³ ( ´É¨)¨´¸É ´Éμ´´ÒÌ ¶ · [19].

�¥§Ê²ÓÉ É ¢ÒÎ¨¸²¥´¨Ö ¤²Ö ¶²μÉ´μ¸É¨ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨ ¶·¥¤¸É ¢²¥´ ¨§μ²¨´¨-
Ö³¨ μ¤¨´ ±μ¢μ° ¶²μÉ´μ¸É¨ ´  ·¨¸. 1, ± ±μÉμ·μ³Ê ¤ ´Ò ´¥μ¡Ìμ¤¨³Ò¥ ¶μÖ¸´¥´¨Ö. �  ·¨¸. 2
¶μ± § ´  ¶²μÉ´μ¸ÉÓ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨ ± ± ËÊ´±Í¨Ö É¥³¶¥· ÉÊ·Ò (¶·¨ ´Ê²¥¢μ³ Ì¨-
³¨Î¥¸±μ³ ¶μÉ¥´Í¨ ²¥) ¨ ± ± ËÊ´±Í¨Ö Ì¨³¨Î¥¸±μ£μ ¶μÉ¥´Í¨ ²  (¶·¨ ´Ê²¥¢μ° É¥³¶¥· -
ÉÊ·¥). ‡ ³¥É¨³, ÎÉμ ¶·¨ ´¥´Ê²¥¢μ° É¥³¶¥· ÉÊ·¥ ¶·¨´ÖÉμ ¢¢μ¤¨ÉÓ ¸²¥¤ÊÕÐ¥¥ μ¡μ§´ Î¥´¨¥
¶²μÉ´μ¸É¨ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨: n = TN/V3, ³Ò, μ¤´ ±μ, ¶¨Ï¥³ ¢¸Õ¤Ê ¶·μ¸Éμ n.
�·¨ T �= 0, μ = 0 ´ Ï¨ ·¥§Ê²ÓÉ ÉÒ ¸μ¢¶ ¤ ÕÉ ¸ ¤ ´´Ò³¨ · ¡μÉÒ [11] (¸³. É ±¦¥ [9]),
¨ ¢ Í¥²μ³ ¸²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ μ´¨ ¢¶μ²´¥ ¸μμÉ¢¥É¸É¢ÊÕÉ ´¥¤ ¢´¨³ ·¥Ï¥ÉμÎ´Ò³ ¢Ò-
Î¨¸²¥´¨Ö³ ¶·¨ ±μ´¥Î´μ° É¥³¶¥· ÉÊ·¥, ¶·μ¢¥¤¥´´Ò³ ¢ [20, 21], £¤¥ ¤¥³μ´¸É·¨·μ¢ ²μ¸Ó
¡Ò¸É·μ¥ ¨¸Î¥§´μ¢¥´¨¥ Ì·μ³μÔ²¥±É·¨Î¥¸±μ° ±μ³¶μ´¥´ÉÒ ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ±μ··¥²ÖÍ¨-
μ´´ÒÌ ËÊ´±Í¨ÖÌ. ‚ ´ Ï¥³ ¸²ÊÎ ¥ ¶μ¤ ¢²¥´¨¥ ¢Ò§Ò¢ ¥É¸Ö ¤μ¶μ²´¨É¥²Ó´Ò³ ¸² £ ¥³Ò³
1
2m2

el Aa
4A

a
4 ÔËË¥±É¨¢´μ£μ ¤¥°¸É¢¨Ö. 	¥§ ÊÎ¥É  ÔÉμ£μ Ë ±Éμ·  Ì·μ³μÔ²¥±É·¨Î¥¸±¨° ¨

Ì·μ³μ³ £´¨É´Ò° ±μ··¥²ÖÉμ·Ò ¸μ¢¶ ¤ ÕÉ. ‘ ÔÉμ° ÉμÎ±¨ §·¥´¨Ö ²¥£±μ μ¡´ ·Ê¦¨¢ ¥É¸Ö
´¥±μÉμ· Ö ´¥¸ ³μ¸μ£² ¸μ¢ ´´μ¸ÉÓ ¢ÒÎ¨¸²¥´¨°. ”μ·³ ²Ó´μ ³Ò ¶μ²Ó§Ê¥³¸Ö ¤²Ö ± ²μ·μ´ 
®¸¨³³¥É·¨Î´Ò³¯ ¶μ μÉ´μÏ¥´¨Õ ± Ì·μ³μÔ²¥±É·¨Î¥¸±μ³Ê ¨ Ì·μ³μ³ £´¨É´μ³Ê ¶μ²Õ ·¥-
Ï¥´¨¥³ (13), ´μ Ë ±É¨Î¥¸±¨ ¥£μ ±μ³¶μ´¥´ÉÒ ¶·μÖ¢²ÖÕÉ¸Ö ¢ ´ ¡²Õ¤ ¥³ÒÌ ¶μ-· §´μ³Ê,
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�¨¸. 1. ˆ§μ²¨´¨¨ ¶²μÉ´μ¸É¨ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨ ± ± ËÊ´±Í¨Ö É¥³¶¥· ÉÊ·Ò ¨ Ì¨³¨Î¥¸±μ£μ
¶μÉ¥´Í¨ ² . K·¨¢ Ö 1 μÉ¢¥Î ¥É n = 0,75n0, £¤¥ n0 Å ´μ·³ ²Ó´ Ö ¶²μÉ´μ¸ÉÓ ¶·¨ ´Ê²¥¢ÒÌ É¥³¶¥-

· ÉÊ·¥ ¨ Ì¨³¨Î¥¸±μ³ ¶μÉ¥´Í¨ ²¥. K·¨¢ Ö 2 μÉ¢¥Î ¥É ¶²μÉ´μ¸É¨ n = 0,5n0. K·¨¢ Ö 6 μ¶¨¸Ò¢ ¥É
n = 0,1n0, ±·¨¢Ò¥ 3Ä5 ¸μμÉ¢¥É¸É¢ÊÕÉ Ê³¥´ÓÏ¥´¨Õ ¶²μÉ´μ¸É¨ ¸ Ë ±Éμ·μ³ 0,1

§  ¸Î¥É  ´¨§μÉ·μ¶¨¨ ¢¥¸μ¢μ° ËÊ´±Í¨¨. �μ´ÖÉ´μ, ÎÉμ É ±μ° ¸¶μ¸μ¡ ÊÎ¥É  ¶·¨¥³²¥³ ¶·¨
¢ÒÎ¨¸²¥´¨ÖÌ ¸μ£² ¸´μ É¥μ·¨¨ ¢μ§³ÊÐ¥´¨°, ´μ ¶μ¸²¥¤μ¢ É¥²Ó´μ¥ · ¸¸³μÉ·¥´¨¥ É·¥¡Ê¥É

�¨¸. 2. �²μÉ´μ¸ÉÓ ¨´¸É ´Éμ´´μ° ¦¨¤±μ-

¸É¨ ± ± ËÊ´±Í¨Ö É¥³¶¥· ÉÊ·Ò ¨ Ì¨³¨-
Î¥¸±μ£μ ¶μÉ¥´Í¨ ² . K·¨¢ Ö 1 μ¶¨¸Ò¢ ¥É

É¥³¶¥· ÉÊ·´ÊÕ § ¢¨¸¨³μ¸ÉÓ ¶²μÉ´μ¸É¨

´ °É¨  ´ ²μ£ ·¥Ï¥´¨Ö (13) Ê¦¥ ¤²Ö ÔËË¥±É¨¢´μ£μ
² £· ´¦¨ ´  ¸ £¥´¥·¨·μ¢ ´´μ° ¤²Ö Ì·μ³μÔ²¥±-
É·¨Î¥¸±μ£μ ¶μ²Ö £²Õμ´´μ° ³ ¸¸μ° ¨ ¤μ¡¨ÉÓ¸Ö ¸ -
³μ¸μ£² ¸μ¢ ´´μ£μ μ¶¨¸ ´¨Ö  ´¸ ³¡²Ö É ±¨Ì ±μ´-
Ë¨£Ê· Í¨°. ‚ · ¡μÉ¥ [3] ³Ò ¶·μ¤¥³μ´¸É·¨·μ¢ ²¨,
± ± ³μ¦´μ ¤μ¡¨ÉÓ¸Ö ¸ ³μ¸μ£² ¸μ¢ ´´μ£μ μ¶¨¸ -
´¨Ö  ´¸ ³¡²Ö ¶¸¥¢¤μÎ ¸É¨Í ¢ ¤²¨´´μ¢μ²´μ¢μ³
¶·¨¡²¨¦¥´¨¨.

ˆ´É¥·¥¸´μ É ±¦¥ μÉ³¥É¨ÉÓ, ÎÉμ ¤ ´´Ò¥ ¶μ
±μ··¥²ÖÍ¨μ´´Ò³ ËÊ´±Í¨Ö³ ¤²Ö μÌ² ¦¤¥´´ÒÌ
±μ´Ë¨£Ê· Í¨° [20] Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ Ë¨É¨·μ¢ -
²¨¸Ó ¨´¸É ´Éμ´´Ò³  ´¸ ³¡²¥³ [22], ¶·¨Î¥³ ¶· -
¢¨²Ó´Ò° ÊÎ¥É Ë §μ¢μ£μ Ë ±Éμ·  ¶·¨ · ¸¸³μÉ·¥-
´¨¨ Î²¥´μ¢ ¢Éμ·μ£μ ¶μ·Ö¤±  ³ ²μ¸É¨ ¶μ ¶²μÉ-
´μ¸É¨ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨ (∼ n2) ¨¤¥ ²Ó´μ
¸μμÉ¢¥É¸É¢μ¢ ² ¸É ´¤ ·É´μ³Ê ¨´¸É ´Éμ´´μ³Ê  ´-
¸ ³¡²Õ ¸ Ô±¢¨¢ ²¥´É´μ° ¶·¨³¥¸ÓÕ ¶¥·ÉÊ·¡ É¨¢-
´μ° ±μ³¶μ´¥´ÉÒ (¢ · ¸¸³ É·¨¢ ¥³μ³ ¤²Ö Ë¨É¨·μ-
¢ ´¨Ö ¤¨ ¶ §μ´¥ · ¸¸ÉμÖ´¨°) [23]. �ÉμÉ Ë ±É, ¶μ-
¢¨¤¨³μ³Ê, μ§´ Î ¥É, ÎÉμ ¢ ¢Ò¤¥²¥´´ÒÌ ¢ ¶·μÍ¥¸¸¥
μÌ² ¦¤¥´¨Ö ·¥Ï¥ÉμÎ´ÒÌ ±μ´Ë¨£Ê· Í¨ÖÌ ¶μ²´μ-
¸ÉÓÕ μÉ¸ÊÉ¸É¢Ê¥É ±μ´Ë °´¨·ÊÕÐ Ö ±μ³¶μ´¥´É .
� · ¤μ±¸ ²Ó´μ, ´μ ¨³¥´´μ ´  ¶μ¨¸± ¤²¨´´μ¢μ²´μ¢μ° ±μ´Ë °´¨·ÊÕÐ¥° ¸μ¸É ¢²ÖÕÐ¥° ¨
¡Ò²¨ ´ Í¥²¥´Ò ·¥Ï¥ÉμÎ´Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ¶μ μÌ² ¦¤¥´¨Õ ±μ´Ë¨£Ê· Í¨°. ‘ÊÐ¥¸É¢¥´´ Ö
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É·Ê¤´μ¸ÉÓ, ¸ ±μÉμ·μ° ¸É ²±¨¢ ÕÉ¸Ö ¶·¨ ¨´É¥·¶·¥É Í¨¨ ·¥Ï¥ÉμÎ´ÒÌ ¤ ´´ÒÌ ¶·¨ ´¥´Ê²¥-
¢μ° É¥³¶¥· ÉÊ·¥, ¶μ-¢¨¤¨³μ³Ê, ¸¢Ö§ ´  ¸ É¥³, ÎÉμ ³Ò ´¥ §´ ¥³, ± ±μ³Ê ³ ¸ÏÉ ¡Ê μÉ¢¥Î ÕÉ
¨§³¥·Ö¥³Ò¥ ±μ´Ë¨£Ê· Í¨¨, ¨ ´¥ μÎ¥´Ó Ìμ·μÏμ ¶·¥¤¸É ¢²Ö¥³ ¸¥¡¥ ¸É¥¶¥´Ó ¤¥Ëμ·³¨·μ-
¢ ´´μ¸É¨ Ì·μ³μÔ²¥±É·¨Î¥¸±μ° ±μ³¶μ´¥´ÉÒ ·¥Ï¥´¨Ö ¤²Ö ÔËË¥±É¨¢´μ£μ ² £· ´¦¨ ´  ¸
³ ¸¸μ°. ‚ ¶·¨´Í¨¶¥, ¶μ¸±μ²Ó±Ê ¢ ´ Ï¥³ · ¸¸³μÉ·¥´¨¨ ¶μÖ¢¨²¸Ö Ì · ±É¥·´Ò° ³ ¸ÏÉ ¡
¸¶ ¤ ´¨Ö Ì·μ³μÔ²¥±É·¨Î¥¸±μ£μ ¶μ²Ö, ³μ¦´μ, ¶·¨´Ö¢ ¥£μ §  ´μ·³Ê, μÍ¥´¨ÉÓ ³ ¸ÏÉ ¡ ·¥-
Ï¥ÉμÎ´ÒÌ ±μ´Ë¨£Ê· Í¨°.

‚ § ±²ÕÎ¥´¨¥ μÉ³¥É¨³, ÎÉμ ¤ ¦¥ ¢ Éμ³ £·Ê¡μ³ ¶·¨¡²¨¦¥´¨¨, ±μÉμ·Ò³ ³Ò ¶μ²Ó§μ¢ -
²¨¸Ó ´  ¶·μÉÖ¦¥´¨¨ ´ Ï¥° · ¡μÉÒ, ¶μ-¢¨¤¨³μ³Ê, Ê¤ ²μ¸Ó ÊÌ¢ É¨ÉÓ ¸ ³Ò¥ ¸ÊÐ¥¸É¢¥´´Ò¥
³μ³¥´ÉÒ ¢ ¶μ¢¥¤¥´¨¨ ¶²μÉ´μ¸É¨ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨ (£²Õμ´´μ£μ ±μ´¤¥´¸ É ) ¢ ¸·¥¤¥.
ˆ§μ²¨´¨¨ § ³¥É´μ ¢ÒÉÖ´ÊÉÒ ¢ ´ ¶· ¢²¥´¨¨ μ, ¶μ¸±μ²Ó±Ê ¸μ£² ¸´μ Ëμ·³Ê²¥ (21) ¶·¨ ³ -
²ÒÌ É¥³¶¥· ÉÊ· Ì ¢Ò³¨· ¥É ¸ ³ Ö ¸ÊÐ¥¸É¢¥´´ Ö £²Õμ´´ Ö ±μ³¶μ´¥´É  Ô±· ´¨·μ¢ ´¨Ö.
‘μμÉ´μÏ¥´¨¥ ¤²Ö Ì · ±É¥·´ÒÌ T ¨ μ, £¤¥ ´ Î¨´ ÕÉ ¸± §Ò¢ ÉÓ¸Ö ÔËË¥±ÉÒ ¸·¥¤Ò:

(Nc + Nf/2)
3

(T/Λ)2 ∼ Nf
(μ/Λ)2

π2 ∼ 1,

¶·¨¢μ¤¨É ± · §Ê³´μ³Ê ±μÔËË¨Í¨¥´ÉÊ ¢ÒÉÖ´ÊÉμ¸É¨ ¶μ μ¸¨ μ:

μc ∼
√

2π Tc

(¶·¨ Nc = 3 ¨ Nf = 2). “Î¥É ¤¨´ ³¨Î¥¸±μ° ³ ¸¸Ò ±¢ ·±μ¢ ¤μ²¦¥´ ¶·¨¢μ¤¨ÉÓ ± § ÉÖ£¨-
¢ ´¨Õ ¸¶ ¤  ¶²μÉ´μ¸É¨ ¨ ¥£μ μ¡μ¸É·¥´¨Õ (Ëμ·³¨·μ¢ ´¨Õ ¶² Éμ ¨ ¸£ÊÐ¥´¨Õ ¨§μ²¨´¨°)
¢ ¸¨²Ê Ê³¥´ÓÏ¥´¨Ö Ô±· ´¨·ÊÕÐ¥° ¸¶μ¸μ¡´μ¸É¨ ±¢ ·±μ¢ ¤μ §´ Î¥´¨Ö Ì¨³¨Î¥¸±μ£μ ¶μ-
É¥´Í¨ ²  ¶μ·Ö¤±  ³ ¸¸Ò ±¢ ·± . ‚ ÔÉμ³ ¸³Ò¸²¥ ³Ò ¶μ²ÊÎ¨²¨ μÍ¥´±Ê ¸ ¡¥§³ ¸¸μ¢Ò³¨
£²Õμ´ ³¨ ¨ ±¢ ·± ³¨, μ¡² ¤ ÕÐ¨³¨ ´ ¨²ÊÎÏ¨³¨ Ô±· ´¨·ÊÕÐ¨³¨ ¸¢μ°¸É¢ ³¨. �ËË¥±É
§ ¢¨¸¨³μ¸É¨ ¤¨´ ³¨Î¥¸±μ° ³ ¸¸Ò μÉ ¨³¶Ê²Ó¸  ω ¸ÊÐ¥¸É¢¥´¥´ ¶·¨ ³ ²ÒÌ É¥³¶¥· ÉÊ· Ì
¨ ¶·¨¢μ¤¨É, μÎ¥¢¨¤´μ, ± Ê³¥´ÓÏ¥´¨Õ Ô±· ´¨·μ¢ ´¨Ö; ¶μ-¢¨¤¨³μ³Ê, ÔÉμÉ ÔËË¥±É ³μ¦¥É
¸μ¸É ¢²ÖÉÓ Ë ±Éμ· ¶μ·Ö±  2 [14].

�¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ �. …. „μ·μÌμ¢Ê §  μ¡¸Ê¦¤¥´¨¥ · ¡μÉÒ ¨ §  Ê± § ´¨¥
¨³ ´  [18].

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ £· ´Éμ¢ STCU ºP015c, CERN-INTAS
2000-349, NATO 2000-PST.CLG 977482.
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