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’¢¥·¸±μ° £μ¸Ê¤ ·¸É¢¥´´Ò° Ê´¨¢¥·¸¨É¥É, ’¢¥·Ó, �μ¸¸¨Ö

�μ²ÊÎ¥´Ò Ê· ¢´¥´¨Ö, μ¶¨¸Ò¢ ÕÐ¨¥ £· ¢¨É¨·ÊÕÐ¨¥ ¡Ò¸É·μ¢· Ð ÕÐ¨¥¸Ö ¸¢¥·Ì¶²μÉ´Ò¥ ±μ´-
Ë¨£Ê· Í¨¨ ¸ ÊÎ¥Éμ³ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¶μ¶· ¢μ± ¢ ¶¥·¢μ³ ¶μ¸É-´ÓÕÉμ´μ¢¸±μ³ ¶·¨¡²¨¦¥´¨¨.

The equations describing rapidly rotating gravitating superdense conˇgurations with the account of
relative corrections in the ˇrst-order post-Newtonian approximation are obtained.

PACS: 97.10.Kc

Š² ¸¸¨Î¥¸± Ö É¥μ·¨Ö ´ÓÕÉμ´μ¢¸±¨Ì ¢· Ð ÕÐ¨Ì¸Ö £· ¢¨É¨·ÊÕÐ¨Ì ±μ´Ë¨£Ê· Í¨°
[1, 2] ³μ¦¥É ¤ ¢ ÉÓ Éμ²Ó±μ ¤μ¸É ÉμÎ´μ £·Ê¡μ¥ ¶·¨¡²¨¦¥´¨¥ ¢ μ¶¨¸ ´¨¨ ¶Ê²Ó¸ ·μ¢ ¢· Ð Õ-
Ð¨Ì¸Ö ´ ³ £´¨Î¥´´ÒÌ ´¥°É·μ´´ÒÌ §¢¥§¤. „²Ö ³ ¸¸¨¢´ÒÌ ¨ ¡Ò¸É·μ¢· Ð ÕÐ¨Ì¸Ö ´¥°É·μ´-
´ÒÌ §¢¥§¤ ·¥²ÖÉ¨¢¨¸É¸±¨¥ ÔËË¥±ÉÒ ¸É ´μ¢ÖÉ¸Ö ´¥ Éμ²Ó±μ § ³¥É´Ò³¨, ´μ ¨ ¢ ´¥±μÉμ·ÒÌ
¸²ÊÎ ÖÌ μ¶·¥¤¥²ÖÕÐ¨³¨ Ì · ±É¥· ±μ´Ë¨£Ê· Í¨¨. �¥²ÖÉ¨¢¨¸É¸±¨¥ ÔËË¥±ÉÒ μ¶·¥¤¥²ÖÕÉ¸Ö

É·¥³Ö ´¥§ ¢¨¸¨³Ò³¨ ¶ · ³¥É· ³¨ γ =
P0

ρ0c2
,

γ

K0
,

γε

K0
; P0 ¨ ρ0 Å ¤ ¢²¥´¨¥ ¨ ¶²μÉ´μ¸ÉÓ

¢ Í¥´É·¥ ±μ´Ë¨£Ê· Í¨¨, c Å ¸±μ·μ¸ÉÓ ¸¢¥É , K0 =
P0

2πGρ2
0a

2
1

, ε =
ω2

2πGρ2
0

; G Å £· ¢¨É -

Í¨μ´´ Ö ¶μ¸ÉμÖ´´ Ö, ω Å Ê£²μ¢ Ö ¸±μ·μ¸ÉÓ ¢· Ð¥´¨Ö ±μ´Ë¨£Ê· Í¨¨; a1, a3 Å ¶μ²Êμ¸¨
¸Ë¥·μ¨¤ ,  ¶¶·μ±¸¨³¨·ÊÕÐ¥£μ ¶μ¢¥·Ì´μ¸ÉÓ ±μ´Ë¨£Ê· Í¨¨ [3]. „²Ö ³¨²²¨¸¥±Ê´¤´ÒÌ

¶Ê²Ó¸ ·μ¢ γ ∼ 0,07,
γ

K0
∼ 0,3, γ

ε

K0
∼ 0,08, ÎÉμ ´¥¸μ³´¥´´μ Ê± §Ò¢ ¥É ´  ¸ÊÐ¥¸É¢¥´´ÊÕ

·μ²Ó ·¥²ÖÉ¨¢¨¸É¸±¨Ì ÔËË¥±Éμ¢ ¢ ¤ ´´μ³ ¸²ÊÎ ¥.
–¥²ÓÕ ¤ ´´μ° · ¡μÉÒ Ö¢²Ö¥É¸Ö ¶μ²ÊÎ¥´¨¥ Ê· ¢´¥´¨Ö, μ¶¨¸Ò¢ ÕÐ¥£μ ¢· Ð ÕÐ¨¥¸Ö

£· ¢¨É¨·ÊÕÐ¨¥ ±μ´Ë¨£Ê· Í¨¨ ¸ ÊÎ¥Éμ³ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¶μ¶· ¢μ± ¶μ·Ö¤±  γ.
„²Ö ¶μ¸²¥¤μ¢ É¥²Ó´μ£μ ÊÎ¥É  ¶μ¶· ¢μ± �’� ¢ ¶μ¸É-´ÓÕÉμ´μ¢¸±μ³ ¶·¨¡²¨¦¥´¨¨ ¶·¨

μ¶¨¸ ´¨¨ £· ¢¨É¨·ÊÕÐ¨Ì ¸¨¸É¥³ ´Ê¦´μ ´ °É¨ ¶μ¶· ¢±¨ ´¥ Éμ²Ó±μ ¢ Ê· ¢´¥´¨ÖÌ, μ¶·¥¤¥-
²ÖÕÐ¨Ì · ¸¶·¥¤¥²¥´¨¥ ¢¥Ð¥¸É¢  ¨ ¥£μ ¤¢¨¦¥´¨¥, ¢μ§³ÊÐ¥´¨Ö ³¥É·¨±¨ ¢´ÊÉ·¨ ¨ ¢¡²¨§¨
ÔÉ¨Ì ¸¨¸É¥³, ´μ ¨ μ¤´μ¢·¥³¥´´μ ¢ Ëμ·³Ê² Ì ¤²Ö ¨´É¥´¸¨¢´μ¸É¨ £· ¢¨É Í¨μ´´μ£μ ¨§²Ê-
Î¥´¨Ö ¸ É·¥¡Ê¥³μ° ¸É¥¶¥´ÓÕ ÉμÎ´μ¸É¨ [4].

„²Ö ·¥Ï¥´¨Ö ¶μ¸É ¢²¥´´μ° § ¤ Î¨ ¡Ê¤¥³ ¸²¥¤μ¢ ÉÓ · ¡μÉ¥ [4], ¢ ±μÉμ·μ° ¶μ¸É·μ¥´ 
¡μ²¥¥ ÔËË¥±É¨¢´ Ö ¶μ ¸· ¢´¥´¨Õ ¸μ ¸É ´¤ ·É´μ° ¸Ì¥³  ¶μ¸É-´ÓÕÉμ´μ¢¸±¨Ì ¶·¨¡²¨¦¥-
´¨°.
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‚ μ¸´μ¢Ê ÔÉμ° ¸Ì¥³Ò ¶μ¸É-´ÓÕÉμ´μ¢¸±¨Ì ¶·¨¡²¨¦¥´¨° ¶μ²μ¦¥´Ò Ê· ¢´¥´¨Ö �°´-
ÏÉ¥°´ , § ¶¨¸ ´´Ò¥ ¸ ¶μ³μÐÓÕ ¸¨³³¥É·¨Î´μ£μ ¶¸¥¢¤μÉ¥´§μ·  Ô´¥·£¨¨-¨³¶Ê²Ó¸  £· ¢¨-
É Í¨μ´´μ£μ ¶μ²Ö ‹ ´¤ ÊÄ‹¨ËÏ¨Í  tikLL ¢ ¢¨¤¥ ´¥²¨´¥°´μ£μ ¨´É¥£·μ¤¨ËË¥·¥´Í¨ ²Ó´μ£μ
Ê· ¢´¥´¨Ö [4Ä6]:

hik = 4G

∫
(τ ik)t′=t−R

dV ′

R
, (1)

£¤¥ R = |r′ − r|, c = 1, hik = −ηik +
√−ggik, g = |gik|, gik Å ³¥É·¨Î¥¸±¨° É¥´§μ·;

ηik Å É¥´§μ· Œ¨´±μ¢¸±μ£μ; G Å £· ¢¨É Í¨μ´´ Ö ¶μ¸ÉμÖ´´ Ö. ‚ (1) τ ik = τ ik
1 + τ ik

2 , ¨
ÔÉ¨ ¢¥²¨Î¨´Ò μ¶·¥¤¥²ÖÕÉ¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

τ ik
1 = tikLL + (−g)(T ik

(m) + T ik
(ef)), (2)

£¤¥ T ik
(ef) Å É¥´§μ· Ô´¥·£¨¨-¨³¶Ê²Ó¸  Ô²¥±É·μ³ £´¨É´μ£μ ¶μ²Ö; T ik

(m) Å É¥´§μ· Ô´¥·£¨¨-
¨³¶Ê²Ó¸  ¢¥Ð¥¸É¢ , ¨ ¤²Ö ¸¨¸É¥³Ò £· ¢¨É¨·ÊÕÐ¨Ì É¥², ¸μ¸ÉμÖÐ¨Ì ¨§ ¨¤¥ ²Ó´μ° ¦¨¤±μ-
¸É¨, μ´ · ¢¥´

T ik
(m) = (P + ρ)uiuk − Pgik, (3)

P ¨ ρ Å ¸μ¡¸É¢¥´´Ò¥ ¤ ¢²¥´¨¥ ¨ ¶²μÉ´μ¸ÉÓ Ô´¥·£¨¨; ui Å ¢¥±Éμ· ¸±μ·μ¸É¨ ¢¥Ð¥¸É¢ ;

τ ik
2 =

1
4πG

(hil
,mhkm

,l − hlmhik
,lm). (4)

“· ¢´¥´¨¥ (1) ¢Ò¶μ²´Ö¥É¸Ö ¢ £ ·³μ´¨Î¥¸±μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É, ¢ ±μÉμ·μ° hik
,k = 0,

¨, ¸²¥¤μ¢ É¥²Ó´μ, Ê· ¢´¥´¨¥ ¤¢¨¦¥´¨Ö ¢¥Ð¥¸É¢  ¢ ¤ ´´μ³ ¸²ÊÎ ¥ ¨³¥¥É ¢¨¤ τ ik
1,k = 0.

�¸´μ¢´μ° ¢±² ¤ ¢ ¨´É¥£· ² ¢ (1) ¤ ÕÉ §´ Î¥´¨Ö τ ik
1,2 ¢´ÊÉ·¨ ¨ ¢¡²¨§¨ ¸¨¸É¥³Ò £· ¢¨É¨-

·ÊÕÐ¨Ì ³ ¸¸. �·¨ ´ Ìμ¦¤¥´¨¨ hik ¢´ÊÉ·¨ ¸¨¸É¥³Ò ³ ¸¸ ¨ ´  ¡²¨§±¨Ì μÉ ´¥¥ · ¸¸ÉμÖ´¨ÖÌ
¢ ¶μ¸É-´ÓÕÉμ´μ¢¸±μ³ ¶·¨¡²¨¦¥´¨¨ Ê· ¢´¥´¨¥ (1) ³μ¦´μ Ê¶·μ¸É¨ÉÓ ¢¢¥¤¥´¨¥³ ¶μ¶· ¢μ±
´  § ¶ §¤Ò¢ ´¨¥

hik = 4G

∫
(τ ik

1 + τ ik
2 )t′=t

dV ′

R
+ 2G

∂2

∂t2

∫
R(τ ik

1 + τ ik
2 )t′=tdV ′. (5)

�·¨ ÔÉμ³ (1) ³μ¦´μ · ¸¸³ É·¨¢ ÉÓ ± ± ¸¶μ¸μ¡  ´ ²¨É¨Î¥¸±μ£μ ¶·μ¤μ²¦¥´¨Ö ¢ ¢μ²´μ-
¢ÊÕ §μ´Ê hik, μ¶·¥¤¥²Ö¥³ÒÌ ¡μ²¥¥ ¶·μ¸ÉÒ³ Ê· ¢´¥´¨¥³ (5) ¢´ÊÉ·¨ ¨ ¢¡²¨§¨ £· ¢¨É¨·ÊÕ-
Ð¥° ¸¨¸É¥³Ò.

‚ ¶μ¸É-´ÓÕÉμ´μ¢¸±μ³ ¶·¨¡²¨¦¥´¨¨ hik ¢´ÊÉ·¨ ¨ ¢¡²¨§¨ £· ¢¨É¨·ÊÕÐ¨¥° ¸¨¸É¥³Ò
³ ¸¸ ³μ£ÊÉ ¡ÒÉÓ ¶μ²ÊÎ¥´Ò ³¥Éμ¤μ³ ¨É¥· Í¨¨ Ê· ¢´¥´¨Ö (5).

‚ ´ÓÕÉμ´μ¢¸±μ³ ¶·¨¡²¨¦¥´¨¨

h00 = −4Φ, hαβ = h0α = 0, Φ = −G

∫
ρ
dV ′

R
,

Φ Å ´ÓÕÉμ´μ¢¸±¨° £· ¢¨É Í¨μ´´Ò° ¶μÉ¥´Í¨ ².

ταβ = Aαβ = ρvαvβ − Pηαβ +
1

4πG

(
Φ,αΦ,β − 1

2
Φ,γΦ,γηαβ

)
, (6)

τ ik
2 = 0, τ00

1 = ρ, τ0α = ρvα, R = |r − r′|.
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�μ¤¸É ¢²ÖÖ (6) ¢ (5), ¸ ÊÎ¥Éμ³ (3) ¨ (4) ´ Ìμ¤¨³ ¶¥·¢μ¥ ¶μ¸É-´ÓÕÉμ´μ¢¸±μ¥ ¶·¨¡²¨-
¦¥´¨¥ ¤²Ö hik ¨ τ ik:

h00 = −4φ + 7Φ2 + Ψ1, h0α = −ξα, hαβ = 4G

∫
Aαβ dV ′

R
,

ξα = −4G

∫
ρvα dV ′

R
, Ψ1 = 4G

∫ (
ρv2 − 5

2
ρΦ +

1
4πG

Φ̈
)

dV ′

R
,

τ00 = ρ − 6ρΦ + ρv2 +
7

8πG
Φ,γΦ,γ ; τ ik

2 = 0, (7)

τ0α = (ρ + Φ − 6ρΦ + ρv2)vα +
1

4πG
(3Φ̇Fα − Fγfαγ),

ταβ = −P (1 − 2Φ)ηαβ + (ρ + P − 6ρΦ + ρv2)vαvα+

+
1

4πG

[
4FαF β − fαγfβ

γ − 2ηαβ

(
F γFγ − 1

8
fαγfγλ − 3Φ2

)]
,

Fα = −Φ,α − Ψ,α + ξα, fαβ = ξα,β − ξβ,α,

Ψ = −G

∫ (
3P + 2ρv2 − 2ρΦ +

1
4πG

Φ̈
)

dV ′

R
.

�μ¤¸É ¢²ÖÖ (7) ¢ (5) ¨ ¸ ÊÎ¥Éμ³ (3), (4) ¤ ²¥¥ ´ Ìμ¤¨³ hik, τ ik
1,2 ¢μ ¢Éμ·μ³ ¶μ¸É-

´ÓÕÉμ´μ¢¸±μ³ ¶·¨¡²¨¦¥´¨¨ ¨ É. ¤.
„²Ö ¶μ¸²¥¤ÊÕÐ¨Ì ¢ÒÎ¨¸²¥´¨° ´ ³ ¢ É·¥Ì³¥·´μ³ ¢¨¤¥ ¶μÉ·¥¡ÊÕÉ¸Ö Ê· ¢´¥´¨Ö ¤¢¨-

¦¥´¨Ö ¢¥Ð¥¸É¢  ¢ ¶¥·¢μ³ ¶μ¸É-´ÓÕÉμ´μ¢¸±μ³ ¶·¨¡²¨¦¥´¨¨, ±μÉμ·Ò¥ ²¥£±μ ´ Ìμ¤ÖÉ¸Ö
¨§ (7):

∂

∂t
(ρ − 6ρΦ + ρv2) + ∇(v(ρ + P − 6ρΦ + ρv2)) = −3ρ

∂Φ
∂t

− 4ρ(v∇Φ),

∂

∂t
v(ρ + P − 6ρΦ + ρv2) + ∇(vv(ρ + P − 6ρΦ + ρv2)) = (8)

= −∇P (1 − 2Φ) − (ρ + 3P + 2ρv2 − 2ρΦ)(∇(Φ + Ψ))−

−ρ
∂ξ

∂t
− ρ[v[∇ξ]] − 1

8π
(∇B2 − 2(B∇)B),

£¤¥ B Å ¢¥±Éμ· ³ £´¨É´μ° ¨´¤Ê±Í¨¨ ¢´ÊÉ·¥´´¥£μ ³ £´¨É´μ£μ ¶μ²Ö.
‘¨¸É¥³  Ê· ¢´¥´¨° (8) ¡μ²¥¥ ¶·μ¸É  ¶μ Ëμ·³¥, Î¥³ ¸μμÉ¢¥É¸É¢ÊÕÐ Ö ¸¨¸É¥³  ÔÉ¨Ì

Ê· ¢´¥´¨° ¸É ´¤ ·É´μ° ¸Ì¥³Ò ¶μ¸É-´ÓÕÉμ´μ¢¸±¨Ì ¶·¨¡²¨¦¥´¨° [5].
—Éμ¡Ò ¨§ (8) ¶μ²ÊÎ¨ÉÓ Ê· ¢´¥´¨¥ · ¢´μ¢¥¸¨Ö £· ¢¨É¨·ÊÕÐ¥° μ¤´μ·μ¤´μ° ¨ · ¢´μ-

³¥·´μ ¢· Ð ÕÐ¥°¸Ö ´ ³ £´¨Î¥´´μ° ±μ´Ë¨£Ê· Í¨¨, ¢¸¥ ¢·¥³¥´´Ò¥ ¶·μ¨§¢μ¤´Ò¥ ¶μ²μ-
¦¨³ · ¢´Ò³¨ ´Ê²Õ, v = [ωr],   P ¡Ê¤¥³ ¸Î¨É ÉÓ Éμ²Ó±μ ËÊ´±Í¨¥° ρ. ‚ ·¥§Ê²ÓÉ É¥



664 –¢¥É±μ¢ ‚.�.

¶μ²ÊÎ ¥³ ¸²¥¤ÊÕÐ¥¥ Ê· ¢´¥´¨¥, μ¶·¥¤¥²ÖÕÐ¥¥ ¸É·Ê±ÉÊ·Ê ¢· Ð ÕÐ¥°¸Ö £· ¢¨É¨·ÊÕÐ¥°
±μ´Ë¨£Ê· Í¨¨:

(ρ̃∇Φ̃ + K0∇p − ρ̃εr⊥) + γ

[
ρ̃∇Ψ̃ +

(
6

K0
ρ̃Φ̃ − ε

K0
ρ̃r2

⊥ − p

)
εr⊥−

− 2∇(pΦ̃) +
(

3p + 2
ε

K0
ρ̃r2

⊥ − 2
ρ̃

K0
Φ̃

)
∇Φ̃ + 4

ε

K0
ρ̃(r⊥(∇⊥ξ̃⊥)+

+ ∇‖(r⊥ξ̃⊥)) − 4
ε

K0
ρ̃[e3r⊥]([e3r⊥]∇Φ̃)

]
+ Π(m) = 0, (9)

£¤¥
Π(m) =

1
8πρ0

(∇B2 − 2(B∇)B),

x1 =
x

a1
, x2 =

y

a1
, x3 =

z

a3
, p =

P

P0
, ρ̃ =

ρ

ρ0
,

∇ = ∇⊥ + ∇‖, ∇⊥ =
∂

∂x1
e1 +

∂

∂x2
e2, ∇‖ =

1
e

∂

∂x3
e3,

e =
a3

a1
, r⊥ = x1e1 + x2e2,

  ËÊ´±Í¨¨ Φ̃, ξ̃⊥, Ψ̃ · ¢´Ò

Φ̃ = − 1
2πa2

1

∫
ρ̃
dV

′

R
, ξ̃⊥ = − 1

2πa2
1

∫
ρ̃r⊥

dV
′

R
,

(9a)

Ψ̃ = − 1
2πa2

1

∫ (
3p + 2

ε

K0
ρ̃r2

⊥ − 2
ρ̃

K0
Φ̃

)
dV

′

R
.

‚ ´ Ï¥° · ¡μÉ¥ [3] ¸μ¸É ¢²¥´ ±μ³¶²¥±¸ ¶·μ£· ³³ ¤²Ö ¸¨³¢μ²Ó´ÒÌ ¢ÒÎ¨¸²¥´¨° ´ÓÕÉμ-
´μ¢¸±μ£μ Φ̃ ¨ ¶μ¸É-´ÓÕÉμ´μ¢¸±¨Ì ξ̃⊥ ¨ Ψ̃ £· ¢¨É Í¨μ´´ÒÌ ¶μÉ¥´Í¨ ²μ¢, ÎÉμ ¶μ§¢μ²Ö¥É
¸É·μ¨ÉÓ ³¥Éμ¤Ò ·¥Ï¥´¨Ö ¸²μ¦´¥°Ï¥° ´¥²¨´¥°´μ° ¸¨¸É¥³Ò ¨´É¥£·μ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ
Ê· ¢´¥´¨° (9) ¢ R3 ¸ ¶μ¤¢¨¦´μ° £· ´¨Í¥°.

–¥²ÓÕ ¤ ´´μ£μ ¨¸¸²¥¤μ¢ ´¨Ö Ö¢²Ö¥É¸Ö § ³¥´  ¸²μ¦´¥°Ï¥£μ Ê· ¢´¥´¨Ö (9) ´  §´ Î¨-
É¥²Ó´μ ¡μ²¥¥ ¶·μ¸Éμ¥, μÉ²¨Î ÕÐ¥¥¸Ö μÉ (9) Î²¥´ ³¨, ¨³¥ÕÐ¨³¨ ¶μ·Ö¤μ± γ2.

‚ ´ÓÕÉμ´μ¢¸±μ³ ¶·¨¡²¨¦¥´¨¨, ¶·¨ Π(m) = 0, (9) ¨³¥¥É ¢¨¤

ρ̃∇Φ̃ + K0∇p − ρ̃εr⊥ = 0 (10)

¨²¨
∇

(
Φ̃ + K0

p∫
0

dp

ρ̃
− ε

2
r2
⊥

)
= 0. (10a)

“· ¢´¥´¨¥ (10) ³μ¦´μ § ¶¨¸ ÉÓ É ±¦¥ ¢ ¢¨¤¥ ´¥²¨´¥°´μ£μ μÉ´μ¸¨É¥²Ó´μ ρ̃ ¨´É¥£· ²Ó-
´μ£μ Ê· ¢´¥´¨Ö

Φ̃ = Φ̃0 + K0

1∫
p

dp

ρ̃
+

ε

2
r2
⊥, (11)

£¤¥ Φ̃0 = Φ̃(0).
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‘μμÉ´μÏ¥´¨¥ (11) ¶μ§¢μ²Ö¥É ¢ ¶μ¸É-´ÓÕÉμ´μ¢¸±¨Ì Î²¥´ Ì § ³¥´¨ÉÓ Φ̃ ´ 

Φ̃0 + K0

1∫
p

dp

ρ̃
+

ε

2
r2
⊥. �·¨ ÔÉμ³ ¢μ§´¨± ¥É ¶μ£·¥Ï´μ¸ÉÓ ¶μ·Ö¤±  γ2.

‚ ·¥§Ê²ÓÉ É¥ ¶·μ¸ÉÒÌ ¶·¥μ¡· §μ¢ ´¨° Ê· ¢´¥´¨¥ (9) ¶·¨¢μ¤¨É¸Ö ± ¢¨¤Ê

∇
[
Φ̃ + K0

p∫
0

dp

ρ̃
− ε

2
r2
⊥ + γ

(
5Ψ̃2 −

K0

2

p∫
0

dp2

ρ̃2
+ 2

⎛
⎝ 1∫

p

dp

ρ̃
+

Φ̃0

K0

⎞
⎠ εr2

⊥+

+
3
4

ε2

K0
r4
⊥ + 4

ε

K0
(r⊥ξ̃⊥)

)]
+ 4γε[e3r⊥]

⎛
⎝[e3r⊥]∇⊥

p∫
0

dp

ρ̃

⎞
⎠ +

+ 4γ
ε

K0
(r⊥(∇⊥ξ̃⊥) −∇⊥(r⊥ξ̃⊥)) + Π(m) = 0, (12)

£¤¥

Ψ̃2 = − 1
2πa2

1

∫ ⎛
⎝p +

ε

5K0
r2
⊥ − 2

5

⎛
⎝ 1∫

0

dp

ρ̃
+

1
K0

Φ̃0

⎞
⎠

⎞
⎠ dV

′

R
. (12a)

‚Ò· ¦¥´¨¥ Ψ̃2 ¢ (12) ´ ³´μ£μ ¶·μÐ¥ ¢Ò· ¦¥´¨Ö Ψ̃ ¢ (9) ¨ ¥£μ Ê¦¥ ·¥ ²Ó´μ ¡Ê¤¥É
¢ÒÎ¨¸²ÖÉÓ.

�·¨´Í¨¶¨ ²Ó´μ (12) μÉ²¨Î ¥É¸Ö μÉ Î¨¸Éμ ´ÓÕÉμ´μ¢¸±μ£μ Ê· ¢´¥´¨Ö (10 ) ´ ²¨Î¨¥³
Î²¥´μ¢, ´  ±μÉμ·Ò¥ ´¥ ¤¥°¸É¢Ê¥É Éμ²Ó±μ μ¶¥· Éμ· ∇, ± ± ¢ (10 ), ¨, ¸²¥¤μ¢ É¥²Ó´μ, (12) ¢
μ¡Ð¥³ ¸²ÊÎ ¥ ´¥ ¸¢μ¤¨É¸Ö ± μ¤´μ³Ê ¸± ²Ö·´μ³Ê ¨´É¥£· ²Ó´μ³Ê Ê· ¢´¥´¨Õ ¢¨¤  (11). �μ
³μ¦´μ ¶μ± § ÉÓ, ÎÉμ ¤²Ö Ë¨£Ê· ¢· Ð¥´¨Ö, ±μ£¤  ρ̃ = ρ̃(x2

1 + x2
2, x

2
3) ¨ ¶·¨ Π(m) = 0, (12)

¨³¥¥É ¢¨¤, ± ± ¨ (10 ), ´μ Ê¦¥ ÊÎ¨ÉÒ¢ ¥É ·¥²ÖÉ¨¢¨¸É¸±¨¥ ÔËË¥±ÉÒ ¶μ·Ö¤±  γ:

Φ̃ + K0

p∫
0

dp

ρ̃
− ε

2
r2
⊥ + γ

(
5Ψ̃2 −

K0

2

p∫
0

dp2

ρ̃2
+ 2

( 1∫
p

dp

ρ̃
+

Φ̃0

K0

)
εr2

⊥+

+
3
4

ε2

K0
r4
⊥ + 4

ε

K0
(r⊥ξ̃⊥)

)
= const. (13)

ˆ§ (13) ¸²¥¤Ê¥É ¢μ§³μ¦´μ¸ÉÓ ¸ÊÐ¥¸É¢μ¢ ´¨Ö ¸ ÉμÎ´μ¸ÉÓÕ ¤μ Î²¥´μ¢ ¶μ·Ö¤±  γ É¢¥·¤μ-
É¥²Ó´μ£μ ¢· Ð¥´¨Ö £· ¢¨É¨·ÊÕÐ¨Ì ¡ ·μÉ·μ¶´ÒÌ ±μ´Ë¨£Ê· Í¨°, Ö¢²ÖÕÐ¨Ì¸Ö Ë¨£Ê· ³¨
¢· Ð¥´¨Ö, É. ¥. ¶·¨ ρ̃ = ρ̃(x2

1 + x2
2, x

2
3). �ÉμÉ ·¥§Ê²ÓÉ É · ¡μÉÒ Ö¢²Ö¥É¸Ö ¤μ¸É ÉμÎ´μ

¢ ¦´Ò³ ¨ ¤ ²¥±μ ´¥ μÎ¥¢¨¤´Ò³.
‚ ¸²ÊÎ ¥ ´ ²¨Î¨Ö  ¸¨³³¥É·¨¨ ¢ · ¸¶·¥¤¥²¥´¨¨ ¶²μÉ´μ¸É¨ ρ̃ £· ¢¨É¨·ÊÕÐ¥° ¢· Ð -

ÕÐ¥°¸Ö ±μ´Ë¨£Ê· Í¨¨ ¤¢  ¶μ¸²¥¤´¨Ì Î²¥´  ¢ (12), ¸μ¤¥·¦ Ð¨Ì ¶ · ³¥É· ε, Ê¦¥ ¢ ´Ê²Ó
´¥ μ¡· Ð ÕÉ¸Ö ¨ ¤ ÕÉ ¢±² ¤ ¢ §´ Î¥´¨¥ ÔÉμ°  ¸¨³³¥É·¨¨. �·¨ ÔÉμ³ ´¥μ¡Ìμ¤¨³μ ·¥Ï ÉÓ
´¥ μ¤´μ (11), ± ± ¢ ´ÓÕÉμ´μ¢¸±μ³ ¶·¨¡²¨¦¥´¨¨,   É·¨ Ê· ¢´¥´¨Ö. �Éμ ¶·¨´Í¨¶¨ ²Ó´μ
μÉ²¨Î ¥É ´ÓÕÉμ´μ¢¸±¨° ¨ ¶μ¸É-´ÓÕÉμ´μ¢¸±¨° ¶μ¤Ìμ¤Ò ± ¨§ÊÎ¥´¨Õ £· ¢¨É¨·ÊÕÐ¨Ì ±μ´-
Ë¨£Ê· Í¨°.
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‚ ¸ ³μ³ ¶·μ¸Éμ³ ¶·¨¡²¨¦¥´¨¨, ±μ£¤  ¶²μÉ´μ¸ÉÓ £· ¢¨É¨·ÊÕÐ¥° ±μ´Ë¨£Ê· Í¨¨ ¸Î¨-
É ¥É¸Ö ¶μ¸ÉμÖ´´μ° ρ̃ ≡ 1, Ê· ¢´¥´¨Ö (12) ¨ (13) ¸ÊÐ¥¸É¢¥´´μ Ê¶·μÐ ÕÉ¸Ö ¨ ¨³¥ÕÉ ¢¨¤

∇
[
Φ̃ + K0p − ε

2
r2
⊥ + γ

(
5Ψ̃3 −

K0

2
p2 + 2

(
1 − p +

Φ̃0

K0

)
εr2

⊥+

+
3
4

ε2

K0
r4
⊥ + 4

ε

K0
(r⊥ξ̃⊥)

)]
+ 4γε[e3r⊥]([e3r⊥]∇⊥p)+

+ 4γ
ε

K0
(r⊥(∇⊥ξ̃⊥) −∇⊥(r⊥ξ̃⊥)) + Π(m) = 0, (14)

£¤¥

Ψ̃3 = − 1
2πa2

1

∫ (
p +

ε

5K0
r2
⊥ − 2

5

(
1 +

1
K0

Φ̃0

))
dV

′

R
. (14a)

‚ μÉ²¨Î¨¥ μÉ (12) ¢ (14) ¨¸±μ³μ° ËÊ´±Í¨¥° ¡Ê¤¥É ´¥ ρ̃,   p. „²Ö Ë¨£Ê· ¢· Ð¥´¨Ö
p = p(x2

1+x2
2, x

2
3) ¨ ¸¨¸É¥³  Ê· ¢´¥´¨° (14) ¸¢¥¤¥É¸Ö ± μ¤´μ³Ê ¨´É¥£· ²Ó´μ³Ê Ê· ¢´¥´¨Õ:

Φ̃ + K0p − ε

2
r2
⊥ + γ

(
5Ψ̃3 −

K0

2
p2 + 2

(
1 − p +

Φ̃0

K0

)
εr2

⊥+

+
3
4

ε2

K0
r4
⊥ + 4

ε

K0
(r⊥ξ̃⊥)

)
= const. (15)

Š ± ¢¨¤´μ ¨§ (15),  ´ ²¨É¨Î¥¸± Ö ¸É·Ê±ÉÊ·  Ê· ¢´¥´¨Ö · ¢´μ¢¥¸¨Ö ¢· Ð ÕÐ¨Ì¸Ö
£· ¢¨É¨·ÊÕÐ¨Ì ±μ´Ë¨£Ê· Í¨°, ÊÎ¨ÉÒ¢ ÕÐ¥£μ ·¥²ÖÉ¨¢¨¸É¸±¨¥ ÔËË¥±ÉÒ, ´ ³´μ£μ ¸²μ¦-
´¥¥ ¨ · §´μμ¡· §´¥¥ ´ÓÕÉμ´μ¢¸±μ£μ Ê· ¢´¥´¨Ö. �´μ ¸μ¤¥·¦¨É ¸¢μ¡μ¤´Ò° ·¥²ÖÉ¨¢¨¸É¸±¨°
¶ · ³¥É· γ, ¶·¨ · §²¨Î´ÒÌ §´ Î¥´¨ÖÌ ±μÉμ·μ£μ (¢ ´ Ï¥³ ¸²ÊÎ ¥ γ � 1) ³μ£ÊÉ ¨³¥ÉÓ ³¥-
¸Éμ ¨´É¥·¥¸´Ò¥ ¤²Ö  ¸É·μË¨§¨±¨ ·¥²ÖÉ¨¢¨¸É¸±¨¥ ÔËË¥±ÉÒ.

„²Ö ·¥Ï¥´¨Ö ´ÓÕÉμ´μ¢¸±μ£μ Ê· ¢´¥´¨Ö (11) ¢ [3] · §¢¨É ÔËË¥±É¨¢´Ò° ³¥Éμ¤, μ¸´μ-
¢ ´´Ò° ´  · §²μ¦¥´¨¨ ¶μ ³ ²μ³Ê ¶ · ³¥É·Ê X , Ì · ±É¥·¨§ÊÕÐ¥³Ê ¶μ·Ö¤μ±  ¸¨³³¥-
É·¨¨ · ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ μÉ´μ¸¨É¥²Ó´μ μ¸¨ ¢· Ð¥´¨Ö. ‚ ± Î¥¸É¢¥ ÔÉμ£μ ¶ · ³¥É· 
Ê¤μ¡´μ ¢§ÖÉÓ ρ̃[20]0 ¨²¨ ρ[20]0. ‡¤¥¸Ó ρabc ¨ pabc Å ±μÔËË¨Í¨¥´ÉÒ · §²μ¦¥´¨Ö ρ̃ ¨ p ¶μ

¸É¥¶¥´Ö³ ±μμ·¤¨´ É x1, x2, x3. ‡¤¥¸Ó ρ̃[20]0 =
1
2
(ρ̃200 − ρ̃020), p[20]0 =

1
2
(p200 − p020). ‚

´Ê²¥¢μ³ ¶μ X ¶·¨¡²¨¦¥´¨¨ ·¥Ï ¥³ ¡μ²¥¥ ¶·μ¸ÉÒ¥ Ê· ¢´¥´¨Ö (13) ¨ (15).
„²Ö ·¥Ï¥´¨Ö Ê· ¢´¥´¨° (13), (15) ¢ ´ Ï¥° · ¡μÉ¥ [3] ¶μ¸É·μ¥´ ¸¨³¢μ²Ó´μ-Î¨¸²¥´´Ò°

³¥Éμ¤, ¶μ§¢μ²ÖÕÐ¨° ¸¢¥¸É¨ ÔÉ¨ Ê· ¢´¥´¨Ö ± ¸¨¸É¥³¥  ²£¥¡· ¨Î¥¸±¨Ì Ê· ¢´¥´¨° μÉ´μ-
¸¨É¥²Ó´μ ±μÔËË¨Í¨¥´Éμ¢ · §²μ¦¥´¨Ö ¶²μÉ´μ¸É¨ ¨²¨ ¤ ¢²¥´¨Ö, μ¶¨¸Ò¢ ÕÐ¨Ì Ë¨£Ê·Ò
· ¢´μ¢¥¸¨Ö, ¶μ ¸É¥¶¥´Ö³ ¤¥± ·Éμ¢ÒÌ ±μμ·¤¨´ É.

�¸¨³³¥É·¨Ö · ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ ±μ´Ë¨£Ê· Í¨¨ ¡Ê¤¥É Éμ£¤  μ¶·¥¤¥²ÖÉÓ¸Ö ¸¨¸É¥-
³μ° ²¨´¥°´ÒÌ ¶μ X Ê· ¢´¥´¨°, μ¸μ¡Ò¥ ÉμÎ±¨ ±μÉμ·μ° ¶μ ¶ · ³¥É· ³ ε, γ (e, γ) ¡Ê¤ÊÉ
ÉμÎ± ³¨ ¡¨ËÊ·± Í¨¨ ·¥Ï¥´¨° Ê· ¢´¥´¨° (12), (14), ¢ ±μÉμ·ÒÌ ¶·μ¨¸Ìμ¤¨É μÉ¢¥É¢²¥´¨¥
μÉ Ë¨£Ê· ¢· Ð¥´¨Ö  ¸¨³³¥É·¨Î´ÒÌ ±μ´Ë¨£Ê· Í¨°.

‚¡²¨§¨ ÉμÎ¥± ¡¨ËÊ·± Í¨¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ Ê· ¢´¥´¨Ö ´Ê¦´μ Ê¦¥ ·¥Ï ÉÓ ¸ ÉμÎ´μ-
¸ÉÓÕ ¤μ Î²¥´μ¢ ¶μ·Ö¤±  X3. �É  § ¤ Î  Éμ¦¥ ³μ¦¥É ¡ÒÉÓ ·¥Ï¥´  ´  μ¸´μ¢¥ ±μ³¶²¥±¸ 
¶·μ£· ³³ ¸¨³¢μ²Ó´μ-Î¨¸²¥´´ÒÌ ¢ÒÎ¨¸²¥´¨°, ¶μ¸É·μ¥´´μ£μ ¢ [3].

�¸¨³³¥É·¨Ö · ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ ¶Ê²Ó¸ ·  μ¡Ê¸² ¢²¨¢ ¥É ¨´É¥´¸¨¢´μ¸ÉÓ ¨Ì £· -
¢¨É Í¨μ´´μ£μ ¨§²ÊÎ¥´¨Ö, ±μÉμ·μ¥ ¤²Ö ³¨²²¨¸¥±Ê´¤´ÒÌ ¶Ê²Ó¸ ·μ¢ ³μ¦¥É ¸ÊÐ¥¸É¢¥´´μ
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¶μ¢²¨ÖÉÓ ´  ¨Ì Ô¢μ²ÕÍ¨Õ. ˆ´É¥´¸¨¢´μ ¶·μ¢μ¤ÖÉ¸Ö ¶μ¨¸±¨ £· ¢¨É Í¨μ´´μ£μ ¨§²ÊÎ¥´¨Ö
μÉ ±μ¸³¨Î¥¸±¨Ì ¨¸ÉμÎ´¨±μ¢ [7], ¢ Éμ³ Î¨¸²¥ ¨ μÉ ¶Ê²Ó¸ ·μ¢.

�·¨¸ÊÉ¸É¢ÊÕÐ¨° ¢ ¶μ¸É-´ÓÕÉμ´μ¢¸±μ³ ¶·¨¡²¨¦¥´¨¨ ¢ Ê· ¢´¥´¨ÖÌ, μ¶¨¸Ò¢ ÕÐ¨Ì
£· ¢¨É¨·ÊÕÐ¨¥ ¡Ò¸É·μ¢· Ð ÕÐ¨¥¸Ö ·¥²ÖÉ¨¢¨¸É¸±¨¥ ±μ´Ë¨£Ê· Í¨¨, ¶ · ³¥É· γ, Í¥²¨-
±μ³ μ¶·¥¤¥²Ö¥³Ò° Ê· ¢´¥´¨¥³ ¸μ¸ÉμÖ´¨Ö ¸¢¥·Ì¶²μÉ´μ£μ Ö¤¥·´μ£μ ¢¥Ð¥¸É¢  P0 = P0(ρ0),
³μ¦¥É ¸ÊÐ¥¸É¢¥´´μ ¨§³¥´¨ÉÓ ¸É·Ê±ÉÊ·Ê ±μ´Ë¨£Ê· Í¨°.

�¢Éμ· ¡² £μ¤ ·¨É �.�. ‘¨¸ ±Ö´  §  ¶μ¤¤¥·¦±Ê ¨¸¸²¥¤μ¢ ´¨° ¶μ ¸¢¥·Ì¶²μÉ´Ò³ £· -
¢¨É¨·ÊÕÐ¨³ ±μ´Ë¨£Ê· Í¨Ö³.
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