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  ˆ´¸É¨ÉÊÉ É¥μ·¥É¨Î¥¸±μ° Ë¨§¨±¨ ¨³. �.�. 	μ£μ²Õ¡μ¢  ���“, Š¨¥¢
¡ �¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 

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

�¡¸Ê¦¤ ÕÉ¸Ö ¸¶¥±É· ¨ Ï¨·¨´  e+e−-· ¸¶ ¤  ¸¨¸É¥³ ÉÖ¦¥²ÒÌ ±¢ ·±μ´¨¥¢ ± ± ËÊ´±Í¨Ö É¥³¶¥-
· ÉÊ·Ò ¸·¥¤Ò, £¥´¥·¨·Ê¥³μ° ¶·¨ Ê²ÓÉ· ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¸Éμ²±´μ¢¥´¨ÖÌ ÉÖ¦¥²ÒÌ ¨μ´μ¢. ”²Ê±ÉÊ Í¨¨
¢ ±ÊÊ³´ÒÌ £²Õμ´´ÒÌ ¶μ²¥° μÍ¥´¨¢ ÕÉ¸Ö ¢ · ³± Ì ³μ¤¥²¨ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨. �É³¥Î ¥É¸Ö,
ÎÉμ Ê± § ´´Ò¥ Ì · ±É¥·¨¸É¨±¨ ³μ£²¨ ¡Ò ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ± ± ¨´¤¨± Éμ· ´ £·¥¢  £²Õμ´μ¢.

The spectra and e+e− decay widths of the heavy quarkonia as a function of the temperature,
generated in the ultrarelativistic heavy-ion collisions, are discussed. The 
uctuations of the vacuum
gluon ˇelds are estimated within instanton liquid model approach. It is noticed that the mentioned
parameters can be applied as an indicator of the temperature of gluons.

PACS: 13.20.Gd, 25.75.Cj

ˆ§ÊÎ¥´¨¥ ¸¢μ°¸É¢ ÉÖ¦¥²ÒÌ ±¢ ·±μ´¨¥¢ ¢ £μ·ÖÎ¥° ¨ ¶²μÉ´μ° ¸·¥¤¥ ¶·¨¢²¥± ¥É ± ¸¥¡¥
¢ ¶μ¸²¥¤´¥¥ ¢·¥³Ö ¶·¨¸É ²Ó´μ¥ ¢´¨³ ´¨¥. Œμ¦´μ ´ ¤¥ÖÉÓ¸Ö, ÎÉμ ÔÉ¨ ¸¨¸É¥³Ò ³μ£²¨
¡Ò ¶μ¸²Ê¦¨ÉÓ μ¤´¨³ ¨§ ¸·¥¤¸É¢ ¤¨ £´μ¸É¨±¨ Ë §μ¢μ£μ ¸μ¸ÉμÖ´¨Ö ¸¨²Ó´μ¢§ ¨³μ¤¥°¸É¢Ê-
ÕÐ¥° ³ É¥·¨¨, ¨ ³Ò ÌμÉ¨³ μ¡¸Ê¤¨ÉÓ ¢ ÔÉμ° · ¡μÉ¥ ´¥±μÉμ·Ò¥ ¨´É¥·¥¸´Ò¥ ¢μ§³μ¦´μ¸É¨.
� ¶μ³´¨³, ÎÉμ ¢ ´¥¶μÉ¥´Í¨ ²Ó´μ³ μ¶¨¸ ´¨¨ ¸¨¸É¥³ ¸  ¸¨³¶ÉμÉ¨Î¥¸±¨ ¡μ²ÓÏ¨³¨ ³ ¸-
¸ ³¨ ±¢ ·±μ¢ mα2

s � ΛQCD, ¢ Î ¸É´μ¸É¨, ¶·¨³¥´¨³μ³ ± ¡μÉÉμ³μ´¨Õ, μ¸´μ¢´μ° Ê·μ¢¥´Ó
¶·¥¤¸± §Ò¢ ¥É¸Ö ¶μÎÉ¨ ³μ¤¥²Ó´μ-´¥§ ¢¨¸¨³Ò³ μ¡· §μ³ ¨ ¢Ò· ¦ ¥É¸Ö Î¥·¥§ £²Õμ´´Ò°
±μ´¤¥´¸ É 〈G2〉 [1, 2]

Mnl = 2m− k2
n

m

(
1 − m2

18 k6
n

n2anl〈παs G2〉
)

; (1)

§¤¥¸Ó n Å £² ¢´μ¥ ±¢ ´Éμ¢μ¥ Î¨¸²μ; l Å μ·¡¨É ²Ó´Ò° ³μ³¥´É; m Å ³ ¸¸  ±¢ ·± ; kn Å
¥£μ ¨³¶Ê²Ó¸

kn =
m

n

2
3

αs(kn),

anl Å ´¥±μÉμ·Ò° Î¨¸²¥´´Ò° ³´μ¦¨É¥²Ó ¶μ·Ö¤±  ¥¤¨´¨ÍÒ; αs = g2/4π Å ±μ´¸É ´É 
¸¨²Ó´μ° ¸¢Ö§¨. ‘¤¢¨£ ±Ê²μ´μ¢¸±μ£μ Ê·μ¢´Ö ±¢ ·±μ´¨Ö ¨´¤ÊÍ¨·μ¢ ´ μÉ´μ¸¨É¥²Ó´μ ¸² -
¡Ò³, ´  Ëμ´¥ ±Ê²μ´μ¢¸±μ£μ, ¸²ÊÎ °´μ μ·¨¥´É¨·μ¢ ´´Ò³ Ì·μ³μÔ²¥±É·¨Î¥¸±¨³ ¶μ²¥³ ¨
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¶μ²ÊÎ ¥É¸Ö ¢ · ³± Ì ¤¨¶μ²Ó´μ£μ · §²μ¦¥´¨Ö Ì·μ³μÔ²¥±É·¨Î¥¸±μ£μ ¶μ²Ö. �¡² ¸ÉÓ ¶·¨³¥-
´¨³μ¸É¨ ÔÉμ£μ · §²μ¦¥´¨Ö ¸¨²Ó´μ μ£· ´¨Î¥´  ³ ²Ò³¨ · ¸¸ÉμÖ´¨Ö³¨. � ¶·¨³¥·, ¢ ¡μÉÉμ-
³μ´¨¨ Ëμ·³Ê²  ¶·¨²μ¦¨³  Éμ²Ó±μ ± μ¸´μ¢´μ³Ê Ê·μ¢´Õ (n = 1, l = 0). ‚ ·¥ ²¨¸É¨Î¥¸±¨Ì
³μ¤¥²ÖÌ ¢ ±ÊÊ³  Š•„ £²Õμ´´Ò° ±μ´¤¥´¸ É Ê³¥´ÓÏ ¥É¸Ö ¢³¥¸É¥ ¸ ·μ¸Éμ³ É¥³¶¥· ÉÊ·Ò
Tg ¸·¥¤Ò, ¨, ¶μ-¢¨¤¨³μ³Ê, ¸¨¸É¥³Ò ÉÖ¦¥²ÒÌ ±¢ ·±μ´¨¥¢ ³μ£²¨ ¡Ò ¡ÒÉÓ ¶·¨£μ¤´Ò³¨ ¤²Ö
¥¥ μ¶·¥¤¥²¥´¨Ö.

‚ · ¡μÉ¥ [3] μÉ³¥Î ²μ¸Ó, ÎÉμ ³μ¦´μ ¸ÊÐ¥¸É¢¥´´μ Ê²ÊÎÏ¨ÉÓ μ¶¨¸ ´¨¥ ÉÖ¦¥²ÒÌ ±¢ ·-
±μ´¨¥¢, ¥¸²¨ ¢Ò°É¨ §  · ³±¨ ¤¨¶μ²Ó´μ£μ · §²μ¦¥´¨Ö, ¨ ¤²Ö μ¶¨¸ ´¨Ö ¶μ²¥° ¢ ±ÊÊ³´ÒÌ
Ë²Ê±ÉÊ Í¨° ¶·¨³¥´¨ÉÓ ¡μ²¥¥ ·¥ ²¨¸É¨Î¥¸±¨¥ ±μ··¥²ÖÍ¨μ´´Ò¥ ËÊ´±Í¨¨ 〈Aa

4(x)Ab
4(y)〉,

´ ¶·¨³¥·, £¥´¥·¨·Ê¥³Ò¥ ( ´É¨)¨´¸É ´Éμ´´Ò³¨ ±μ´Ë¨£Ê· Í¨Ö³¨. �·¨ ÔÉμ³ Ê¤μ¢²¥É¢μ-
·¨É¥²Ó´μ ¶μ²ÊÎ ÕÉ¸Ö ± ± ¸¤¢¨£¨ ´¨§±μ²¥¦ Ð¨Ì Ê·μ¢´¥°, É ± ¨ Ï¨·¨´Ò e+e−-· ¸¶ ¤ .
�ÉÎ ¸É¨ ÔÉμ μ¡Ê¸²μ¢²¥´μ É¥³, ÎÉμ ¢ ³μ¤¥²¨ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨ ¢ ±ÊÊ³  Š•„ [4]
¨³¥¥É¸Ö ³ ²Ò° ¶ · ³¥É· nρ̄4 ∼ 0,01 (n Å ¶²μÉ´μ¸ÉÓ ¨´¸É ´Éμ´μ¢, ρ̄ Å ¨Ì ¸·¥¤´¨° · §-
³¥·), ¶μ ±μÉμ·μ³Ê ¶·μ¢μ¤¨É¸Ö · §²μ¦¥´¨¥ É¥μ·¨¨. �·¨³¥´¨³ · §· ¡μÉ ´´μ¥ ¢ [3] μ¶¨¸ -
´¨¥ ± ´ £·¥ÉÒ³ ¢ ±ÊÊ³´Ò³ Ë²Ê±ÉÊ Í¨Ö³ ¨ μ£· ´¨Î¨³¸Ö ¶·μ¸É¥°Ï¥° μÍ¥´±μ°, ¶·¨´¨³ Ö ¢
± Î¥¸É¢¥ ´ ¸ÒÐ ÕÐ¥° ¢ ±ÊÊ³´μ° ±μ´Ë¨£Ê· Í¨¨ ¸Ê¶¥·¶μ§¨Í¨Õ ( ´É¨)± ²μ·μ´μ¢ Å ¶¥·¨-
μ¤¨Î¥¸±¨Ì ¶μ ¥¢±²¨¤μ¢Ê ®¢·¥³¥´¨¯ ¸ ¶¥·¨μ¤μ³ T−1 ·¥Ï¥´¨° Ê· ¢´¥´¨° Ÿ´£ -Œ¨²²¸  [5]

Aa
μ(x, γ) = −1

g
ωab η̄bμν ∂ν ln Π,

(2)

Π = 1 +
πρ2T

r

sh (2π rT )
ch (2π rT ) − cos (2π τT )

,

· ¢´μ¢¥¸´μ¥ ¸μ¸ÉμÖ´¨¥ ±μÉμ·ÒÌ μ¶·¥¤¥²Ö¥É¸Ö ¸ ¶μ³μÐÓÕ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ¢ ·¨ Í¨μ´-
´μ£μ ¶·¨´Í¨¶  [6]. ‡¤¥¸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¥´¨¯, ρ Å · §³¥·, ω Å
³ É·¨Í  Í¢¥Éμ¢μ° μ·¨¥´É Í¨¨ (¤²Ö  ´É¨± ²μ·μ´  ¸²¥¤Ê¥É ¶·μ¨§¢¥¸É¨ § ³¥´Ê ¸¨³¢μ²μ¢
'É •μμËÉ  η̄ → η).

�¥¢μ§³ÊÐ¥´´Ò° £ ³¨²ÓÉμ´¨ ´ ¸¨¸É¥³Ò ¤¢ÊÌ ÉÖ¦¥²ÒÌ, ¸ ³ ¸¸ ³¨ m1, m2, Î ¸É¨Í ¢
´¥·¥²ÖÉ¨¢¨¸É¸±μ³ ¶·¨¡²¨¦¥´¨¨ ¨³¥¥É ¢¨¤

H0 = −μ

2
∇2

x + αs
t1 ⊗ t2

|x| − M

2
∇2

X , (3)

£¤¥ X =
m1x1 + m2x2

M
μ¡μ§´ Î ¥É ±μμ·¤¨´ ÉÊ Í¥´É·  ¨´¥·Í¨¨ ¸¨¸É¥³Ò; x = x1 − x2 Å

μÉ´μ¸¨É¥²Ó´μ¥ · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê Î ¸É¨Í ³¨, x1 = X +
μ

m1
x, x2 = X − μ

m2
x, M =

m1 +m2, μ =
m1m2

M
, ta, a = 1, 2, . . . , 8 Å £¥´¥· Éμ·Ò £·Ê¶¶Ò SU (3), ¶·¨Î¥³ ¤²Ö ±¢ ·± 

t1 = λ/2 (λ Å ³ É·¨ÍÒ ƒ¥²²-Œ ´´ ),   ¤²Ö  ´É¨±¢ ·±  t2 = −tT
1 . �·μ¥Í¨·ÊÖ μ¶¥· Éμ·

¶·μ¨§¢¥¤¥´¨Ö § ·Ö¤μ¢ ´  ¸¨´£²¥É´μ¥ ¨ μ±É¥É´μ¥ ¸μ¸ÉμÖ´¨Ö t1 ⊗ t2 → −4
3
P0 +

1
6
P8,

¶μ²ÊÎ¨³ ¢ ¸¨´£²¥Éμ³ ± ´ ²¥ ±Ê²μ´μ¢¸±μ¥ ¶·¨ÉÖ¦¥´¨¥,   ¢ μ±É¥É´μ³ Å μÉÉ ²±¨¢ ´¨¥.
ƒ ³¨²ÓÉμ´¨ ´ ¢§ ¨³μ¤¥°¸É¢¨Ö ±¢ ·±μ¢ ¸ ¢ ±ÊÊ³´Ò³ ¶μ²¥³ ¢ ¸É ·Ï¥³ ¶μ·Ö¤±¥ ¶μ v/c
¨³¥¥É ¢¨¤

Hint =
N∑

k=1

[t1 iA4(x1, ix0; γk) + t2 iA4(x2, ix0; γk)] , (4)

£¤¥ ¸Ê³³¨·μ¢ ´¨¥ ¢¥¤¥É¸Ö ¶μ ¶μ²Ö³ ¶¸¥¢¤μÎ ¸É¨Í; γk = (ρk, zk, ωk) Å ¶ · ³¥É·, μ¶¨¸Ò-
¢ ÕÐ¨° k-° ( ´É¨)± ²μ·μ´. ‚μ²´μ¢ Ö ËÊ´±Í¨Ö ¸¨¸É¥³Ò ¤¢ÊÌ ÉÖ¦¥²ÒÌ Î ¸É¨Í ¢ ´ Î ²Ó´μ³
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¸μ¸ÉμÖ´¨¨ ¨³¥¥É ¢¨¤ ψi(x)Φi(X). Šμ´¥Î´μ¥ ¸μ¸ÉμÖ´¨¥ ¡Ê¤¥É μ¡μ§´ Î ÉÓ¸Ö ¨´¤¥±¸μ³ f ,
¸¶¨´μ·´Ò¥ ¨ Í¢¥Éμ¢Ò¥ ¨´¤¥±¸Ò μ¶ÊÐ¥´Ò.

‚Ò· ¦¥´¨¥ ¤²Ö ¶μ²Ö ± ²μ·μ´  ¢ Ëμ·³Ê²¥ (4) ¶·¨¢¥¤¥´μ ¤²Ö ¶·μ¸É· ´¸É¢  Œ¨´±μ¢-
¸±μ£μ, ¶·¨Î¥³ ¢·¥³Ö x0 ¢Ìμ¤¨É ± ± ³´¨³ Ö ¢¥²¨Î¨´ . ”μ·³ ²Ó´μ, £ ³¨²ÓÉμ´¨ ´ (4) § -
¢¨¸¨É μÉ ¢·¥³¥´¨, ´μ ¢ ¸¨²Ê ¸ÉμÌ ¸É¨Î¥¸±μ£μ Ì · ±É¥·  ¶μ²Ö ¢§ ¨³μ¤¥°¸É¢¨Ö ¥£μ ¢±² ¤ ¢
¶¥·¢μ³ ¶μ·Ö¤±¥ É¥μ·¨¨ ¢μ§³ÊÐ¥´¨° ¨¸Î¥§ ¥É 〈Hint〉 = 0. ‚μ ¢Éμ·μ³ ¶μ·Ö¤±¥ · ¸¸³μÉ·¨³
¶ ·Í¨ ²Ó´Ò¥ ¢±² ¤Ò ¶¸¥¢¤μÎ ¸É¨Í ¢ ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ ¸ ËÊ´±Í¨Ö³¨ ƒ·¨´  ´¥¢μ§³Ê-
Ð¥´´μ£μ £ ³¨²ÓÉμ´¨ ´  H0 − E (¤²Ö μÉ·¨Í É¥²Ó´ÒÌ §´ Î¥´¨° Ô´¥·£¨¨ E, μÉ¢¥Î ÕÐ¨Ì
¸¢Ö§ ´´Ò³ ¸μ¸ÉμÖ´¨Ö³). �·¥´¥¡·¥£ Ö ÔËË¥±Éμ³ · ¸¸¥Ö´¨Ö ¸¨¸É¥³Ò ± ± Í¥²μ£μ ´  ¨´-
¸É ´Éμ´¥ (¶·¥¤¥² M → ∞), ¤²Ö ËÊ´±Í¨¨ ƒ·¨´  ¢ ¸¨²Ê ¸μÌ· ´¥´¨Ö Ô´¥·£¨¨-¨³¶Ê²Ó¸ 
¶μ²ÊÎ¨³ Ë ±Éμ·¨§μ¢ ´´ÊÕ Ëμ·³Ê

G(x,X) = g(x; E)δ(X).

’μ£¤  ¨´É¥·¥¸ÊÕÐ¨¥ ´ ¸ ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ ¢μ ¢Éμ·μ³ ¶μ·Ö¤±¥ É¥μ·¨¨ ¢μ§³ÊÐ¥´¨°
¶·¨μ¡·¥É ÕÉ ¸²¥¤ÊÕÐ¨° ¢¨¤:

〈f |Hint(H0 − E)−1Hint|i〉 = −g2

∫
dx dXψf (x)Φf (X)tamAa

4(xm, ix0; γ)×

×
∫

dy dYg(x − y; E)δ(X − Y)tbnAb
4(yn, ix0; γ)ψi(y)Φi(Y), m, n = 1, 2. (5)

�£μ¢μ·¨³, ÎÉμ ¢ ´¥¶μÉ¥´Í¨ ²Ó´μ³ ¶μ¤Ìμ¤¥ ¢ · ¸¸³ É·¨¢ ¥³μ³ ¶·¨¡²¨¦¥´¨¨ ¶·¥´¥¡·¥-
£ ÕÉ § ¶ §¤Ò¢ ´¨¥³, ¨ ¶·¥¤¶μ² £ ¥É¸Ö, ÎÉμ Ì · ±É¥·´ Ö Î ¸ÉμÉ  ¶·¥Í¥¸¸¨¨ ( ´É¨)±¢ ·±μ¢
¶μ ¡μ·μ¢¸±μ° μ·¡¨É¥ § ³¥É´μ ¢ÒÏ¥ Ì · ±É¥·´μ° Î ¸ÉμÉÒ Ë²Ê±ÉÊ Í¨° Ì·μ³μÔ²¥±É·¨Î¥-
¸±μ£μ ¶μ²Ö. �£μ¢μ·¨³ É ±¦¥, ÎÉμ ¢ Ëμ·³Ê²¥ (5) ËÊ´±Í¨Ö g(x) Å ÔÉμ ËÊ´±Í¨Ö ƒ·¨´ 
μ±É¥É´μ£μ ± ´ ² .

„²Ö ¸·¥¤Ò ± ²μ·μ´μ¢ ¸²¥¤Ê¥É ¶·μ¸Ê³³¨·μ¢ ÉÓ ¶ ·Í¨ ²Ó´Ò¥ ¢±² ¤Ò ¢¸¥Ì ¶¸¥¢¤μÎ -
¸É¨Í, ¶·¨ ÔÉμ³ ¢ ¸¨²Ê ³ ²μ¸É¨ Ê¶ ±μ¢μÎ´μ£μ ¶ · ³¥É·  nρ̄4 §¤¥¸Ó n = N/V ¨ V Å
μ¡Ñ¥³, § ´¨³ ¥³Ò°  ´¸ ³¡²¥³ ¶¸¥¢¤μÎ ¸É¨Í. ŒÒ μ£· ´¨Î¨³¸Ö Éμ²Ó±μ ¸É ·Ï¨³¨, μ¤´μ-
Î ¸É¨Î´Ò³¨ ( ´É¨)± ²μ·μ´´Ò³¨ ¢±² ¤ ³¨ (∼ n). Šμ··¥²ÖÍ¨μ´´ Ö ËÊ´±Í¨Ö μ¶·¥¤¥²Ö¥É¸Ö
¶·μË¨²¥³ ( ´É¨)± ²μ·μ´ 

〈Aa
4(x, ix0; γ)Ab

4(y, ix0; γ)〉ωz =
4
g2

δab

N2
c − 1

ρ2

V
F

(
|x − y|

ρ
; Tg

)
. (6)

� ¶μ³´¨³, ÎÉμ Ê£²μ¢Ò¥ ¸±μ¡±¨ §¤¥¸Ó μ¡μ§´ Î ÕÉ ¨´É¥£·¨·μ¢ ´¨¥ ¶μ Í¢¥Éμ¢Ò³ μ·¨¥´-
É Í¨Ö³ ¶¸¥¢¤μÎ ¸É¨Í dω,   É ±¦¥ Ê¸·¥¤´¥´¨¥ ¶μ ¨Ì ¶μ²μ¦¥´¨Ö³ ¸ ¢¥¸μ³ dz/V , £¤¥
Nc Å Î¨¸²μ Í¢¥Éμ¢. ’¥¶¥·Ó ÊÎ¥É ¢±² ¤  ¢¸¥Ì ( ´É¨)± ²μ·μ´μ¢ ¸¢μ¤¨É¸Ö ¶·μ¸Éμ ± Ê³´μ-
¦¥´¨Õ ·¥§Ê²ÓÉ É  (6) ´  ¶²μÉ´μ¸ÉÓ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨ ± ± ËÊ´±Í¨¨ É¥³¶¥· ÉÊ·Ò
n(Tg) (·¨¸. 1), ±μÉμ·ÊÕ ¢³¥¸É¥ ¸μ ¸·¥¤´¨³ · §³¥·μ³ ¶¸¥¢¤μÎ ¸É¨ÍÒ ρ̄(Tg) § ¨³¸É¢Ê¥³ ¨§
· ¡μÉÒ [6].

�μ¸±μ²Ó±Ê ±μ··¥²ÖÍ¨μ´´Ò¥ ËÊ´±Í¨¨ ¢Ò· ¦ ÕÉ¸Ö Éμ²Ó±μ Î¥·¥§ · §´μ¸ÉÓ  ·£Ê³¥´Éμ¢
¶μÉ¥´Í¨ ²μ¢ ( ´É¨)¨´¸É ´Éμ´μ¢, Éμ ¢ Ëμ·³Ê²¥ (6) ´¥É § ¢¨¸¨³μ¸É¨ μÉ ³´¨³μ£μ ¢·¥³¥´¨.
Ÿ¢´Ò° ¢¨¤ ËÊ´±Í¨¨ F (x; Tg) ¶·¨ ´Ê²¥¢μ° É¥³¶¥· ÉÊ·¥ ´ °¤¥´ ¢ · ¡μÉ¥ [3]. �± §Ò¢ -
¥É¸Ö, ÎÉμ ¤²Ö ¶·μ¢¥¤¥´¨Ö Î¨¸²¥´´ÒÌ μÍ¥´μ± ¢¶μ²´¥ ¤μ¸É ÉμÎ´μ Éμ²Ó±μ ÔÉμ° ¨´¸É ´Éμ´-
´μ° ±μ··¥²ÖÍ¨μ´´μ° ËÊ´±Í¨¨ F (x; 0), ¶μ¸±μ²Ó±Ê ¶·¨ μÉ´μ¸¨É¥²Ó´μ ³ ²ÒÌ É¥³¶¥· ÉÊ· Ì
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�¨¸. 1. � · ³¥É· ρTg ± ± ËÊ´±Í¨Ö É¥³¶¥· -

ÉÊ·Ò

�¨¸. 2. �²μÉ´μ¸ÉÓ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨,

´μ·³¨·μ¢ ´´ Ö ´  ¶²μÉ´μ¸ÉÓ ¶·¨ ´Ê²¥¢μ° É¥³-
¶¥· ÉÊ·¥

Tg/Λ � 1 · §³¥· ± ²μ·μ´  μ¸É ¥É¸Ö ¶· ±É¨Î¥¸±¨ ¶μ¸ÉμÖ´´Ò³ (·¨¸. 1), ¨ ¶μÎÉ¨ ¢¸Ö § ¢¨-
¸¨³μ¸ÉÓ ¸¤¢¨£  Ê·μ¢´¥° μ¶·¥¤¥²Ö¥É¸Ö Ê³¥´ÓÏ¥´¨¥³ ¶²μÉ´μ¸É¨ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨ ¸
¢μ§· ¸É ´¨¥³ É¥³¶¥· ÉÊ·Ò (·¨¸. 2). ‘ · ¸¸³ É·¨¢ ¥³μ° ¢ · ¡μÉ¥ ÉμÎ´μ¸ÉÓÕ ¶·¨ ¡�μ²ÓÏ¨Ì
É¥³¶¥· ÉÊ· Ì ³μ¦´μ ¶·¥´¥¡·¥ÎÓ ¶μ¶· ¢± ³¨ ´  ¨§³¥´¥´¨¥ ±μ··¥²ÖÍ¨μ´´μ° ËÊ´±Í¨¨ ¢
¸¨²Ê ¡Ò¸É·μ£μ Ê¡Ò¢ ´¨Ö ¶²μÉ´μ¸É¨ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨.

„ ²¥¥ ÊÎÉ¥³, ÎÉμ ¢ ³ É·¨Î´μ³ Ô²¥³¥´É¥ ¢Éμ·μ£μ ¶μ·Ö¤±  É¥μ·¨¨ ¢μ§³ÊÐ¥´¨° (5) ¶·¨
¤¥°¸É¢¨¨ ´  ËÊ´±Í¨¨ ´ Î ²Ó´μ£μ ¨ ±μ´¥Î´μ£μ ¸¨´£²¥É´ÒÌ ¶μ Í¢¥ÉÊ ¸μ¸ÉμÖ´¨° ¶·μ¨§¢¥-

¤¥´¨¥ § ·Ö¤μ¢ ¸¢μ¤¨É¸Ö ±
4
3
I , £¤¥ I Å ¥¤¨´¨Î´ Ö ³ É·¨Í  ¶μ Í¢¥ÉÊ. ‚±² ¤Ò ±¢ ·±  ¨

 ´É¨±¢ ·±  ∼ t1t2 ( ´ ²μ£¨Î´μ ∼ t2t1) ¢μ°¤ÊÉ ¢ ³ É·¨Î´Ò° Ô²¥³¥´É (5) ¸μ §´ ±μ³, ¶·μ-
É¨¢μ¶μ²μ¦´Ò³ §´ ±Ê ¢±² ¤  ±¢ ·±-±¢ ·±  ∼ t1t1 ( ´ ²μ£¨Î´μ ∼ t2t2). „²Ö μ¤¨´ ±μ¢ÒÌ
¶μ ³ ¸¸¥ Î ¸É¨Í ¢μ ¢Éμ·μ³ ¶μ·Ö¤±¥ É¥μ·¨¨ ¢μ§³ÊÐ¥´¨° ¶μ²ÊÎ¨³

〈f |Hint(H0 − E)−1Hint|i〉 =
8

N2
c − 1

4
3
nρ̄2×

×
∫

dxψf (x)
∫

dyg(x − y; E)
[
F

(
|x + y|

2ρ
; Tg

)
− F

(
|x − y|

2ρ
; Tg

)]
ψi(y) (7)

(É·¨¢¨ ²Ó´Ò° ³´μ¦¨É¥²Ó ∼ Φf Φi ´¥ ¢Ò¶¨¸Ò¢ ¥³).
„²Ö ËÊ´±Í¨¨ ƒ·¨´  g(x − y; E) ¢μ¸¶μ²Ó§Ê¥³¸Ö ¸²¥¤ÊÕÐ¨³ Ê¤μ¡´Ò³ ¶·¥¤¸É ¢²¥-

´¨¥³ [1]
g(x− y; E) =

∞∑
l=0

(2l + 1) gl(x, y; E)Pl

(
xy
xy

)
, (8)

£¤¥ Pl Å ¶μ²¨´μ³Ò ‹¥¦ ´¤· , E = −k2/m, ¢ μ±É¥É´μ³ ± ´ ²¥

gl

(
x, y;−k2

m

)
=

mk

2π
(2kx)l(2ky)l e−k(x+y)

∞∑
s=0

L2l+1
s (2kx)L2l+1

s (2ky)s!(
s + l + 1 +

m

2k

αs

6

)
(s + 2l + 1)!

, (9)

Lp
l Å ¶μ²¨´μ³Ò ‹ £¥·· .
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�  ·¨¸. 3 ¨ 4 ¶·¨¢¥¤¥´Ò n = 1, l = 0 ¨ n = 2, l = 0 Ê·μ¢´¨ ¸¨¸É¥³ Î ·³μ´¨Ö ¨ ¡μÉÉμ-
³μ´¨Ö ± ± ËÊ´±Í¨¨ É¥³¶¥· ÉÊ·Ò. Šμ´¸É ´É  ¸¨²Ó´μ° ¸¢Ö§¨ ¶μ² £ ² ¸Ó · ¢´μ° αs = 0,2.
„²Ö ¶ · ³¥É·μ¢ ¨´¸É ´Éμ´´μ° ¸·¥¤Ò ¶·¨ ´Ê²¥¢μ° É¥³¶¥· ÉÊ·¥ ¤²Ö μ¶·¥¤¥²¥´´μ¸É¨ ¡Ò²¨
¶·¨´ÖÉÒ §´ Î¥´¨Ö n/Λ4 = 1,1, ρ̄Λ = 0,27 · 1,8 (Î ·³μ´¨°), n/Λ4 = 1,1, ρ̄Λ = 0,27 · 1,5
(¡μÉÉμ³μ´¨°) (ρ̄−1 	 0,5 ƒÔ‚). Œ ¸¸Ò ±¢ ·±μ¢ ¢Ò¡¨· ²¨¸Ó ¸ É¥³ Ê¸²μ¢¨¥³, ÎÉμ¡Ò ¶·¨
Ê± § ´´ÒÌ ¶ · ³¥É· Ì ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨ ¶·¨ ´Ê²¥¢μ° É¥³¶¥· ÉÊ·¥ ¢μ¸¶·μ¨§¢μ¤¨ÉÓ
μ¸´μ¢´μ° ¨ ¢μ§¡Ê¦¤¥´´Ò¥ (2S ¨ 1P ) Ê·μ¢´¨ ¶·¨ Ë¨±¸¨·μ¢ ´´μ° ±μ´¸É ´É¥ ¸¨²Ó´μ°
¸¢Ö§¨. „²Ö b-±¢ ·±  ¶μ²ÊÎ¨³ mb = 4,7 ƒÔ‚, ¤²Ö c-±¢ ·±  Å mc = 1,3 ƒÔ‚. ‘Éμ¨É, μ¤-
´ ±μ, ´ ¶μ³´¨ÉÓ, ÎÉμ ´¥¶μÉ¥´Í¨ ²Ó´μ¥ μ¶¨¸ ´¨¥ ¤²Ö Î ·³μ´¨Ö Ëμ·³ ²Ó´μ ´¥¶·¨³¥´¨³μ
¢ ¸¨²Ê ´ ·ÊÏ¥´¨Ö ¸μμÉ´μÏ¥´¨Ö ¤²Ö ±μ··¥²ÖÍ¨μ´´ÒÌ ¢·¥³¥´. ’¥³ ´¥ ³¥´¥¥, ± ± μÉ³¥Î -
²μ¸Ó ¢ · ¡μÉ¥ [3], ·¥§Ê²ÓÉ ÉÒ ¤²Ö Î ·³μ´¨Ö μ± §Ò¢ ÕÉ¸Ö ¢¶μ²´¥ Ê¤μ¢²¥É¢μ·¨É¥²Ó´Ò³¨.
�¨¸. 3 ¨ 4 ¤¥³μ´¸É·¨·ÊÕÉ, ÎÉμ ¶μ ³¥·¥ Ê³¥´ÓÏ¥´¨Ö ¶²μÉ´μ¸É¨ ¨´¸É ´Éμ´´μ° ¦¨¤±μ¸É¨
(¸³. ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¤ ´´Ò¥ ¢ · ¡μÉ¥ [6]) Ê·μ¢´¨ ¸¨¸É¥³Ò Ê¸É·¥³²ÖÕÉ¸Ö ± ¸¢μ¨³ ±Ê-
²μ´μ¢¸±¨³ §´ Î¥´¨Ö³. ˆ§³¥´¥´¨¥ μ¸´μ¢´μ£μ Ê·μ¢´Ö ¡μÉÉμ³μ´¨Ö μÉ´μ¸¨É¥²Ó´μ ´¥¢¥²¨±μ,
¶μ·Ö¤±  ¸μÉ´¨ ŒÔ‚. ‚¥·Ì´ÖÖ ±·¨¢ Ö ´  ·¨¸. 3 ¸μμÉ¢¥É¸É¢Ê¥É ψ′-, χ-Ê·μ¢´Ö³ Î ·³μ´¨Ö.
�μ-¢¨¤¨³μ³Ê, ¤²Ö ¨¸¶μ²Ó§Ê¥³μ£μ ´ ³¨ ¶·¨¡²¨¦¥´¨Ö ´¥²Ó§Ö ¶·¥É¥´¤μ¢ ÉÓ ´  · ¸Ð¥¶²¥´¨¥
ÔÉ¨Ì ¢μ§¡Ê¦¤¥´¨° ¶μ μÉ¤¥²Ó´μ¸É¨, ¨ Ë¨É¨·μ¢ ´¨¥ ¶·μ¢μ¤¨²μ¸Ó ¶μ ´¥±μÉμ·μ³Ê ¸·¥¤´¥³Ê
§´ Î¥´¨Õ ³ ¸¸ ψ′, χ ( ´ ²μ£¨Î´μ ¤²Ö ¡μÉÉμ³μ´¨Ö). ˆ´É¥·¥¸´μ μÉ³¥É¨ÉÓ, ÎÉμ ¸¨²Ó´μ¥
¶ ¤¥´¨¥ ³ ¸¸Ò ¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨° (¢ ¸· ¢´¥´¨¨ ¸ μ¸´μ¢´Ò³) ¢¥¤¥É ± § ³¥É´μ³Ê
Ê¢¥²¨Î¥´¨Õ ¨Ì Ï¨·¨´Ò ¶μ ± ´ ²Ê ¸¨²Ó´μ£μ · ¸¶ ¤  (´ ¶μ³´¨³, ¸¥Î¥´¨¥ · ¸¶ ¤  ´  É·¨
£²Õμ´  μ¡· É´μ ¶·μ¶μ·Í¨μ´ ²Ó´μ ±¢ ¤· ÉÊ ³ ¸¸Ò Ê·μ¢´Ö). �Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ ³μ£²μ ¡Ò
μ¡ÑÖ¸´¨ÉÓ ¶μ¤ ¢²¥´¨¥ ψ′ ¢ ·¥Ï¥ÉμÎ´ÒÌ ¢ÒÎ¨¸²¥´¨ÖÌ.

‚ ¡μ²¥¥ ·¥ ²¨¸É¨Î¥¸±μ° ¶μ¸É ´μ¢±¥ § ¤ Î¨ ¸²¥¤Ê¥É ÊÎ¨ÉÒ¢ ÉÓ ¢²¨Ö´¨¥ É¥·³ ²¨§μ¢ ´-
´ÒÌ ±¢ ·±μ¢ ¸·¥¤Ò ¸ É¥³¶¥· ÉÊ·μ° Tq. Š ± ¨§¢¥¸É´μ, ¢ £²Õμ´´μ³ ¸¥±Éμ·¥ ¸²¥¤Ê¥É ÊÎ¥¸ÉÓ

ÔËË¥±É ¤¥¡ ¥¢¸±μ£μ Ô±· ´¨·μ¢ ´¨Ö £²Õμ´μ¢ [7] M2
g =

g2

3
T 2

q

(
Nc +

Nf

2

)
, Nf Å Î¨¸²μ

�¨¸. 3. n = 1, l = 0 ¨ n = 2, l = 0 Ê·μ¢´¨
Î ·³μ´¨Ö ± ± ËÊ´±Í¨¨ É¥³¶¥· ÉÊ·Ò

�¨¸. 4. n = 1, l = 0 ¨ n = 2, l = 0 Ê·μ¢´¨
¡μÉÉμ³μ´¨Ö ± ± ËÊ´±Í¨¨ É¥³¶¥· ÉÊ·Ò
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 ·μ³ Éμ¢ ±¢ ·±μ¢, ¨, ± ± ¸²¥¤¸É¢¨¥, § ³¥´¨ÉÓ ¢ ´ Ï¨Ì μÍ¥´± Ì ±Ê²μ´μ¢¸±¨° ¶μÉ¥´Í¨ ²
´  ¶μÉ¥´Í¨ ² �± ¢Ò. ‚ ¸²ÊÎ ¥ ´¥¡μ²ÓÏ¨Ì ±¢ ·±μ¢ÒÌ É¥³¶¥· ÉÊ· Tq � Λ ÔËË¥±É ³μ-
¦¥É ¡ÒÉÓ μÍ¥´¥´ ¶μ É¥μ·¨¨ ¢μ§³ÊÐ¥´¨°, ¨ μ´ ¶μ·Ö¤±  ¤¥¸ÖÉ±μ¢ ŒÔ‚. „²Ö ¡�μ²ÓÏ¨Ì
±¢ ·±μ¢ÒÌ É¥³¶¥· ÉÊ· ¸²¥¤Ê¥É ÊÎ¨ÉÒ¢ ÉÓ ÔËË¥±ÉÒ ¢Ò¤ ¢²¨¢ ´¨Ö Ê·μ¢´¥° ¢ ´¥¶·¥·Ò¢´Ò°
¸¶¥±É·. �É¨ ¢μ¶·μ¸Ò  ±É¨¢´μ μ¡¸Ê¦¤ ²¨¸Ó ¢ ²¨É¥· ÉÊ·¥ [8], ´μ ³Ò μ¶Ê¸± ¥³ ¨Ì, ÎÉμ¡Ò
´¥ Ê¸²μ¦´ÖÉÓ ¨§²¨Ï´¥ · ¸¸³ É·¨¢ ¥³ÊÕ ± Î¥¸É¢¥´´ÊÕ ± ·É¨´Ê. �Í¥´±  ¶ · ³¥É·μ¢ ¨´-
¸É ´Éμ´´μ° ¦¨¤±μ¸É¨ ¢ Ô±¸É·¥³ ²Ó´ÒÌ Ê¸²μ¢¨ÖÌ ¡Ò²  ¶μ²ÊÎ¥´  ´ ³¨ ¢ · ¡μÉ¥ [9].

� ¸¸³μÉ·¨³ É¥¶¥·Ó Ï¨·¨´Ê e+e−-· ¸¶ ¤  3S1-Ê·μ¢´Ö, ¢Ò· ¦ ¥³ÊÕ Î¥·¥§ ¢ÒÎ¥É ³ -
É·¨Î´μ£μ Ô²¥³¥´É  〈x = 0|GS(E)|y = 0〉, ±μÉμ·Ò° ¡¥·¥É¸Ö ¢ ¶μ²Õ¸¥ · ¸¸³ É·¨¢ ¥³μ£μ
¸¢Ö§ ´´μ£μ ¸μ¸ÉμÖ´¨Ö [1,2]

Γee = 4πQ2 α2

m2

(
1 − 16αs

3π

) (
1 +

AZ

Aγ

)2

Res〈x = 0|GS(E)|y = 0〉, (10)

£¤¥ AZ/Aγ Å μÉ´μÏ¥´¨¥  ³¶²¨ÉÊ¤ §  ¸Î¥É  ´´¨£¨²ÖÍ¨¨ Î¥·¥§ Z-¡μ§μ´ ¨ Î¥·¥§ ËμÉμ´. ‚
¸¨³¢μ²¨Î¥¸±μ³ ¢¨¤¥ ¸¨´£²¥É´ Ö ¶μ Í¢¥ÉÊ ËÊ´±Í¨Ö ƒ·¨´ 

GS(E) = P0〈0|(H − E)−1|0〉P0

³μ¦¥É ¡ÒÉÓ § ¶¨¸ ´  ± ±

GS(E) = (HS − E)−1 − (H − E)−1igA(HA − E)−1igA(HS − E)−1.

ŒÒ ´¥ ¡Ê¤¥³ ¶·¨¢μ¤¨ÉÓ Ö¢´ÒÌ £·μ³μ§¤±¨Ì ¢Ò· ¦¥´¨°, ±μÉμ·Ò¥ ¢μ ³´μ£μ³ ¶μ¢Éμ·ÖÕÉ
μ¡μ§´ Î¥´¨Ö ¨§ · ¡μÉ [1,2], ¸± ¦¥³ Éμ²Ó±μ, ÎÉμ ¢³¥¸Éμ ³ É·¨Î´μ£μ Ô²¥³¥´É  ¤¨¶μ²Ó´μ£μ
¶·¨¡²¨¦¥´¨Ö ³Ò ¶μ²Ó§Ê¥³¸Ö ¨´¤ÊÍ¨·μ¢ ´´Ò³ ¨´¸É ´Éμ´´μ° ¸·¥¤μ° ¢Ò· ¦¥´¨¥³ (7).
Š·μ³¥ Éμ£μ, ÎÉμ¡Ò Ö¢´Ò³ μ¡· §μ³ ¢Ò¤¥²¨ÉÓ ¶μ²Õ¸´ÊÕ μ¸μ¡¥´´μ¸ÉÓ, ¸²¥¤Ê¥É ¶μ²Ó§μ¢ ÉÓ¸Ö

�¨¸. 5. ˜¨·¨´Ò e+e−-· ¸¶ ¤  3S1-Ê·μ¢´¥°
Î ·³μ´¨Ö (±Ô‚)

�¨¸. 6. ˜¨·¨´  e+e−-· ¸¶ ¤  μ¸´μ¢´μ£μ 3S1-
Ê·μ¢´Ö ¡μÉÉμ³μ´¨Ö (±Ô‚)
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· §²μ¦¥´¨¥³

〈y = 0|
(

HS +
k2

m

)−1

|x〉 =
mk

2π
e−kx

∞∑
t=0

L1
t (x)

1

t − 2
3

mαs

k
+ 1

.

�·¨ ÔÉμ³ ¶μ ¸· ¢´¥´¨Õ ¸ ¢ÒÎ¨¸²¥´¨¥³ ¸¤¢¨£  Ê·μ¢´Ö É·¥¡Ê¥É¸Ö ¶·μ¢¥¸É¨ ¥Ð¥ μ¤´μ
¤μ¶μ²´¨É¥²Ó´μ¥ ¸Ê³³¨·μ¢ ´¨¥ ¶μ ¶·μ³¥¦ÊÉμÎ´Ò³ ¸μ¸ÉμÖ´¨Ö³. —¨¸²¥´´Ò°  ´ ²¨§ ¶μ± -
§Ò¢ ¥É, ÎÉμ ¸ÊÐ¥¸É¢¥´´Ò³¨ μ± §Ò¢ ÕÉ¸Ö ´¥¸±μ²Ó±μ ¶¥·¢ÒÌ Î²¥´μ¢ ·Ö¤ . �  ·¨¸. 5 ¨ 6
¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¤²Ö Ï¨·¨´ e+e−-· ¸¶ ¤  3S1-Ê·μ¢´¥° ¡μÉÉμ³μ´¨Ö ¨ Î ·³μ´¨Ö,
¨§ ±μÉμ·ÒÌ ³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤ μ ¶·¨´Í¨¶¨ ²Ó´μ° ¢μ§³μ¦´μ¸É¨ ¶μ²ÊÎ¥´¨Ö ¨´Ëμ·³ -
Í¨¨ μ É¥³¶¥· ÉÊ·¥ ´ £·¥¢  £²Õμ´´μ£μ ¸¥±Éμ· , ¥¸²¨ Ê¤ ¸É¸Ö ¢Ò¤¥²¨ÉÓ ¸μμÉ¢¥É¸É¢ÊÕÐ¨°
± ´ ² ²¥¶Éμ´´μ£μ · ¸¶ ¤ .

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ £· ´É  INTAS-04-84-398 ¨ ¶·μ¥±É 
®Fundamental Features of Physical Systems under Extreme Conditions¯ ��� “±· ¨´Ò.
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