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‚ · ¡μÉ¥ · ¸¸³μÉ·¥´Ò ¶μ²¨´μ³¨ ²Ó´μ¥ ¨ ¶μ²¨É·μ¶´μ¥ ¶·¨¡²¨¦¥´¨Ö ¢ Ê· ¢´¥´¨¨ · ¢´μ¢¥¸´ÒÌ
¶μ¸É´ÓÕÉμ´μ¢¸±¨Ì ¢· Ð ÕÐ¨Ì¸Ö ±μ´Ë¨£Ê· Í¨° ¢Ò·μ¦¤¥´´μ£μ ´¥°É·μ´´μ£μ £ § . ‚¢¥¤¥´μ ¶μ´ÖÉ¨¥
¸·¥¤´¥£μ ¶μ ±μ´Ë¨£Ê· Í¨¨ ¨´¤¥±¸  ¶μ²¨É·μ¶Ò.

In this paper the polynomial and polytropic approximations in the equation of equilibrium post-
Newtonian rotating conˇgurations of the degeneration neutron gas are considered. The concept of an
average on the conˇguration of the polytropic index is entered.
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� §¢¨É¨¥ É¥μ·¨¨ ¢· Ð ÕÐ¨Ì¸Ö ¶μ¸É´ÓÕÉμ´μ¢¸±¨Ì ±μ´Ë¨£Ê· Í¨° É¥¸´μ ¸¢Ö§ ´μ ¸
μ¡ÑÖ¸´¥´¨¥³ ´ ¡²Õ¤ ¥³ÒÌ ¸¢μ°¸É¢ ¶Ê²Ó¸ ·μ¢, ¡Ò¸É·μ¢· Ð ÕÐ¨Ì¸Ö ´ ³ £´¨Î¥´´ÒÌ ´¥°-
É·μ´´ÒÌ §¢¥§¤, ¤²Ö ±μÉμ·ÒÌ ·¥²ÖÉ¨¢¨¸É¸±¨¥ ÔËË¥±ÉÒ ¸É ´μ¢ÖÉ¸Ö ¢ ¦´Ò³¨ ¨ § ³¥É´Ò³¨.
�¤´¨³ ¨§ μ¸´μ¢´ÒÌ ¶·¨ ÔÉμ³ μ¸É ¥É¸Ö ¢μ¶·μ¸ μ Éμ³, ± ±μ¥ Ê· ¢´¥´¨¥ ¸μ¸ÉμÖ´¨Ö ´Ê¦´μ
¨¸¶μ²Ó§μ¢ ÉÓ ¶·¨ ¶μ¸É·μ¥´¨¨ ³ É¥³ É¨Î¥¸±μ° ³μ¤¥²¨ · ¸¸³ É·¨¢ ¥³μ° ¸¢¥·Ì¶²μÉ´μ°
±μ´Ë¨£Ê· Í¨¨.

‚ ´ Ï¥° · ¡μÉ¥ ³Ò ¡Ê¤¥³ ¨¸¶μ²Ó§μ¢ ÉÓ Ê· ¢´¥´¨Ö ¸μ¸ÉμÖ´¨Ö ¨¤¥ ²Ó´μ£μ ¢Ò·μ¦¤¥´-
´μ£μ ´¥°É·μ´´μ£μ £ § , ±μÉμ·Ò¥ ¢¶¥·¢Ò¥ ¶·¨³¥´¨²¨ �¶¶¥´£¥°³¥· ¨ ‚μ²±μ¢ [1] ¤²Ö · ¸-
Î¥É  ¸¢μ°¸É¢ ´¥°É·μ´´ÒÌ §¢¥§¤. � ´¥¥ ±μ´Ë¨£Ê· Í¨¨ ¢Ò·μ¦¤¥´´μ£μ ´¥°É·μ´´μ£μ £ § 
· ¸¸³ É·¨¢ ²¨¸Ó ‹. „. ‹ ´¤ Ê [2] ¶·¨ μ¡¸Ê¦¤¥´¨¨ ¢μ¶·μ¸  μ ´¥°É·μ´´ÒÌ ¸¥·¤Í¥¢¨´ Ì
§¢¥§¤.

„μ¸Éμ¨´¸É¢μ³ ÔÉ¨Ì Ê· ¢´¥´¨° Ö¢²Ö¥É¸Ö, ¶·¥¦¤¥ ¢¸¥£μ, μÉ¸ÊÉ¸É¢¨¥ ³μ¤¥²Ó´ÒÌ ¶·¥¤-
¶μ²μ¦¥´¨°, ±μÉμ·Ò¥ ¨³¥ÕÉ ³¥¸Éμ ¤²Ö · ¸Î¥Éμ¢, ÊÎ¨ÉÒ¢ ÕÐ¨Ì ¸¨²Ó´Ò¥ ¢§ ¨³μ¤¥°¸É¢¨Ö
´¥°É·μ´μ¢ [3]. „μ¸É ÉμÎ´μ ¶·μ¸É ¨  ´ ²¨É¨Î¥¸±¨° ¢¨¤ ¤ ´´ÒÌ Ê· ¢´¥´¨°. ˆ¸¶μ²Ó§μ¢ -
´¨¥ ¦¥  ´ ²¨É¨Î¥¸±μ£μ ¶·μ¤μ²¦¥´¨Ö ¶μ²¨É·μ¶´μ£μ ¶·¨¡²¨¦¥´¨Ö Ê· ¢´¥´¨° ¸μ¸ÉμÖ´¨Ö
¢Ò·μ¦¤¥´´μ£μ ´¥°É·μ´´μ£μ £ §  ¶μ ¶ · ³¥É· ³ ¨´¤¥±¸  ¶μ²¨É·μ¶Ò n ¨ Ì · ±É¥·´μ°
¶²μÉ´μ¸É¨ ρ0 ¤¥² ¥É ¢μ§³μ¦´Ò³ ¨Ì ¶·¨³¥´¥´¨¥ ¨ ¤²Ö ¶μ²ÊÎ¥´¨Ö Ê· ¢´¥´¨° ¸μ¸ÉμÖ´¨Ö,
ÊÎ¨ÉÒ¢ ÕÐ¨Ì ¸¨²Ó´Ò¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ´¥°É·μ´μ¢.
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‚ · ¡μÉ¥ [4] ¶μ²ÊÎ¥´Ò Ê· ¢´¥´¨Ö, μ¶¨¸Ò¢ ÕÐ¨¥ £· ¢¨É¨·ÊÕÐ¨¥ ¸¢¥·Ì¶²μÉ´Ò¥ ±μ´-
Ë¨£Ê· Í¨¨ ¸ ÊÎ¥Éμ³ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¶μ¶· ¢μ± ¢ ¶¥·¢μ³ ¶μ¸É´ÓÕÉμ´μ¢¸±μ³ ¶·¨¡²¨¦¥´¨¨.
� ¨¡μ²¥¥ ¶·μ¸ÉÒ³ μ± § ²¸Ö ¸²ÊÎ ° Ë¨£Ê· ¢· Ð¥´¨Ö, ±μ£¤  Ê· ¢´¥´¨¥ · ¢´μ¢¥¸´ÒÌ ¢· Ð -
ÕÐ¨Ì¸Ö ±μ´Ë¨£Ê· Í¨° ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¨´É¥£· ²Ó´μ¥ Ê· ¢´¥´¨¥ ¢ R3 μÉ´μ¸¨É¥²Ó´μ ρ̃:
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∫
D

ρ̃ (r⊥r′⊥)
dV ′

|r − r′|

⎤
⎦ = 0, (1)

£¤¥ ρ̃ = ρ/ρc Å μÉ´μÏ¥´¨¥ ¶²μÉ´μ¸É¨ ±μ´Ë¨£Ê· Í¨¨ ρ ± ¥¥ §´ Î¥´¨Õ ¢ Í¥´É·¥ ρc;
p = P/Pc Å μÉ´μÏ¥´¨¥ ¤ ¢²¥´¨Ö P ± Í¥´É· ²Ó´μ³Ê §´ Î¥´¨Õ ¤ ¢²¥´¨Ö Pc;

K0 =
Pc

2πGρ2
ca

2
1

, r⊥ = x1e1 + x2e2, x1 = x/a1, x2 = y/a1, x3 = z/a3; a1, a3 Å ¶μ²Êμ¸¨

¸Ë¥·μ¨¤ ,  ¶¶·μ±¸¨³¨·ÊÕÐ¥£μ £· ´¨ÍÊ ±μ´Ë¨£Ê· Í¨¨ D; ε =
ω2

4πGρc
, ω Å Ê£²μ¢ Ö ¸±μ-

·μ¸ÉÓ ¢· Ð¥´¨Ö, G Å £· ¢¨É Í¨μ´´ Ö ¶μ¸ÉμÖ´´ Ö, γ = Pc/ρc2; Φ̃0 =
1

2πa2
1

∫
D

ρ̃(r′)
|r′| dV ′;

D Å μ¡² ¸ÉÓ R3, ¢ ±μÉμ·μ° ρ̃ � 0.

�…‡“‹œ’�’›

‚¢¥¤¥³ ¢ · ¸¸³μÉ·¥´¨¥ ËÊ´±Í¨Õ Θ ¸μ£² ¸´μ ¸μμÉ´μÏ¥´¨Õ Θ(ρ̃) =

p∫
0

dp

ρ̃(p)
. ’μ£¤ 

p = ρ̃Θ −
ρ̃∫

0

Θdρ̃.

„²Ö ¢Ò·μ¦¤¥´´μ£μ £ §  ´¥°É·μ´μ¢ ËÊ´±Í¨Ö Θ ¨³¥¥É ¶·μ¸Éμ° ¢¨¤:

Θ(ρ̃) = K(ρc, Pc) · f(k, ρ̃), f(k, ρ̃) =

√
1 + kρ̃2/3 − 1√

1 + k − 1
, (2)

£¤¥ k =
(

ρc

ρ0

)2/3

, K =
ρcc

2

2Pc
(
√

1 + k − 1), ρ0 =
m4

nc3

3π2�3
, mn Å ³ ¸¸  ´¥°É·μ´ ; c Å

¸±μ·μ¸ÉÓ ¸¢¥É ; � Å ¶μ¸ÉμÖ´´ Ö �² ´± .
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‚´ Î ²¥ · ¸¸³μÉ·¨³ ¶μ²¨É·μ¶´μ¥ ¶·¨¡²¨¦¥´¨¥ Ê· ¢´¥´¨° ¸μ¸ÉμÖ´¨Ö (2), Éμ ¥¸ÉÓ
 ¶¶·μ±¸¨³ Í¨Õ ¤ ¢²¥´¨Ö ËÊ´±Í¨¥° P = K̃ρ1+(1/n), n Å ¸·¥¤´¨° ¨´¤¥±¸ ¶μ²¨É·μ¶Ò
¶μ ±μ´Ë¨£Ê· Í¨¨. „²Ö ÔÉμ£μ ËÊ´±Í¨Õ f(k, ρ̃) ¶·¨¡²¨§¨³ ¸É¥¶¥´´μ° ËÊ´±Í¨¥° ρ̃1/n(k) ¢
³¥É·¨±¥ L2:

||f(k, ρ̃) − ρ̃1/n(k)|| → min. (3)

‚ ¨Éμ£¥ ¨³¥¥³

1
n(k)

=
1
2

1∫
0

ln ρ̃ · ln f(k, ρ̃) dρ̃. (4)

ƒ· Ë¨±¨ § ¢¨¸¨³μ¸É¨ n μÉ k ¶·¨¢μ¤ÖÉ¸Ö ´  ·¨¸. 1 (0 � k � 3), ·¨¸. 2 (3 � k � 2 ·102),
·¨¸. 3 (2 · 102 � k � 5 · 103),   ´  ·¨¸. 4 ¶·¥¤¸É ¢²¥´ £· Ë¨± § ¢¨¸¨³μ¸É¨ n(lg (k))
(5 · 103 � k � 1010).

�¨¸. 1. ƒ· Ë¨± ËÊ´±Í¨¨ n(k) ¶·¨ 0 � k � 3 �¨¸. 2. ƒ· Ë¨± ËÊ´±Í¨¨ n(k) ¶·¨ 3 � k �
2 · 102

�¨¸. 3. ƒ· Ë¨± ËÊ´±Í¨¨ n(k) ¶·¨ 2 · 102 �
k � 5 · 103

�¨¸. 4. ƒ· Ë¨± ËÊ´±Í¨¨ n(lg (k)) ¶·¨

5 · 103 � k � 1010

ˆ§ ÔÉ¨Ì £· Ë¨±μ¢ ´ ¡²Õ¤ ¥É¸Ö Ì · ±É¥· ·μ¸É  ¨´¤¥±¸  ¶μ²¨É·μ¶Ò n(k) ¸ ·μ¸Éμ³ k.
�·¨ k � 1 §´ Î¥´¨¥ ¶ · ³¥É·  n = 3/2,   ¶·¨ k � 1 §´ Î¥´¨¥ ¶ · ³¥É·  n = 3. ˆ³¥¥É
³¥¸Éμ μÎ¥´Ó ³¥¤²¥´´μ¥ ¶·¨¡²¨¦¥´¨¥ n ±  ¸¨³¶ÉμÉ¨Î¥¸±μ³Ê §´ Î¥´¨Õ, · ¢´μ³Ê 3.
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‚ ¶μ²¨É·μ¶´μ³ ¶·¨¡²¨¦¥´¨¨ Θ = K(ρc, Pc)ρ̃1/n. ˆ¸¶μ²Ó§ÊÖ ¸¢Ö§Ó p ¨ Θ, ´ Ìμ¤¨³

p =
K(ρc, Pc)

1 + n
ρ̃1+(1/n). (5)

ˆ§ (5) ¸²¥¤Ê¥É, ÎÉμ 1 + n = K(ρc, Pc) ¨

Pc =
ρcc

2

2(1 + n)
(
√

1 + k − 1). (6)

‚ ·¥§Ê²ÓÉ É¥ p = ρ̃1+(1/n) ¨ Θ = (1 + n)ρ̃1/n.
�μ£·¥Ï´μ¸ÉÓ  ¶¶·μ±¸¨³ Í¨¨ ¢ ¨´É¥·¢ ²¥ ¢¸¥Ì §´ Î¥´¨° k ¢ ³¥É·¨±¥ L2 ¡Ê¤¥É

1,2 · 10−2.
‡ ³¥´¨³ ¤²Ö Ê¤μ¡¸É¢  ¢ (2) K(ρc, Pc) ´  (1 + n), Éμ£¤ 

Θ = (1 + n)f(k, ρ̃). (7)

”Ê´±Í¨Ö Θ Ö¢²Ö¥É¸Ö ´¥¶·¥·Ò¢´μ° ËÊ´±Í¨¥° k ¨ ρ̃. �·¥¤¸É ¢¨³ ¥¥ ¢ ¢¨¤¥ ¤¢ÊÌ
ËÊ´±Í¨°:

Θ =

{
Θ1 = (1 + n)f1(k, ρ̃), k � 1,

Θ2 = (1 + n)f2(	, ρ̃), 	 =
1
k

, k � 1, 	 � 1,
(8)

f1(k, ρ̃) = f(k, ρ̃), f2(	, ρ̃) =

√
	 + ρ̃2/3 −

√
	√

	 + 1 −
√

	
.

Θ1 ¨ Θ2 Å ´¥¶·¥·Ò¢´Ò¥ ËÊ´±Í¨¨ ρ̃, k ¨ 	 ¸μμÉ¢¥É¸É¢¥´´μ ´  ±μ³¶ ±É Ì (ρ̃ � 1,
k � 1), (ρ̃ � 1, 	 � 1). ‘μ£² ¸´μ É¥μ·¥³¥ ‘ÉμÊ´ Ä‚¥°¥·ÏÉ· ¸¸  μ´¨ ³μ£ÊÉ ¡ÒÉÓ
¶·¨¡²¨¦¥´Ò ¶μ²¨´μ³ ³¨ ¶μ ¸É¥¶¥´Ö³ ρ̃, k ¨ 	 ¸ ²Õ¡μ° ¸É¥¶¥´ÓÕ ÉμÎ´μ¸É¨ ¢ C-³¥É·¨±¥:

Θ1
∼= (1 + n)f1(N,N1)(k, ρ̃), k � 1, f1(N,N1)(k, ρ̃) =

N∑
l=1

N1∑
d=0

f
(1)
dl kdρ̃l;

(9)

Θ2
∼= (1 + n)f2(N,N2)(	, ρ̃), 	 < 1, f2(N,N1)(	, ρ̃) =

N∑
l=1

N1∑
d=0

f
(2)
dl 	dρ̃l.

”Ê´±Í¨¨ ± ± Θ, É ± ¨ p ¡Ê¤ÊÉ ¤²Ö · §´ÒÌ §´ Î¥´¨° k ¨³¥ÉÓ · §´Ò¥  ´ ²¨É¨Î¥¸±¨¥
¶·¥¤¸É ¢²¥´¨Ö:

p = p1(k, ρ̃), k � 1; p = p2(	, ρ̃), 	 � 1. (10)

�·¨¡²¨¦ Ö (10) ¶μ²¨´μ³ ³¨ ¶μ ¸É¥¶¥´Ö³ ρ̃, k ¨ 	, ¨³¥¥³

p1(k, ρ̃) ∼= P1(N,N1)(k, ρ̃); p2(	, ρ̃) ∼= p2(N,N2)(	, ρ̃);

p1(N,N1)(k, ρ̃) = (1 + n)
N∑

l=1

N1∑
d=0

l

l + 1
f

(1)
dl kdρ̃l; (11)

p2(N,N1)(	, ρ̃) = (1 + n)
N∑

l=1

N1∑
d=0

l

l + 1
f

(2)
dl 	dρ̃l.



12 Œ¨Ì¥¥¢ ‘. �., –¢¥É±μ¢ ‚.�.

� ³¨ ¸μ¸É ¢²¥´  ¶·μ£· ³³  ¤²Ö ´ Ìμ¦¤¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢ f
(1)
dl ¨ f

(2)
dl ¢ ¶ ±¥É¥

CurveFitting ¸¨¸É¥³Ò ¸¨³¢μ²Ó´μ° ³ É¥³ É¨±¨ MAPLE. ‡´ Î¥´¨Ö f
(1)
dl ¨ f

(2)
dl ¶·¨ N =

N1 = 6 ¶·¨¢μ¤ÖÉ¸Ö ¢ É ¡². 1 · ¡μÉÒ [5].
‚ Ê· ¢´¥´¨¥ (1) É ±¦¥ ¢Ìμ¤¨É ËÊ´±Í¨Ö

p∫
0

dp2

ρ̃2
= Ψ(k, ρ̃), (12)

±μÉμ·ÊÕ ´ ¤μ ¶·¥¤¸É ¢¨ÉÓ ¶μ²¨´μ³μ³ ¶μ ¸É¥¶¥´Ö³ ρ̃, k ¨ 	. ˆ§ (10) ¸²¥¤Ê¥É

Ψ = Ψ1 =

p1∫
0

dp2
1

ρ̃2
, k � 1; Ψ = Ψ2 =

p2∫
0

dp2
2

ρ̃2
, 	 � 1. (13)

�μ¤¸É ¢²ÖÖ (11) ¢ (13), ´ Ìμ¤¨³

Ψ1
∼= (1 + n)2Ψ1(N,N1)(k, ρ̃), k � 1,

Ψ2
∼= (1 + n)2Ψ2(N,N1)(	, ρ̃), 	 � 1, (14)

Ψ1(N,N1) =
N∑

l,l′=1

N1∑
d,d′=0

ll′(l + l′)
(l + l′ + 2)(l + 1)(l′ + 1)

f
(1)
dl f

(1)
d′l′k

d+d′
ρ̃l+l′ ,

Ψ2(N,N1) =
N∑

l,l′=1

N1∑
d,d′=0

ll′(l + l′)
(l + l′ + 2)(l + 1)(l′ + 1)

f
(2)
dl f

(2)
d′l′k

d+d′
ρ̃l+l′ .

�μ¤¸É ¢²ÖÖ ¢ Ê· ¢´¥´¨¥ (1) ¶μ²¨´μ³¨ ²Ó´μ¥ ¶·¥¤¸É ¢²¥´¨¥ ËÊ´±Í¨° Θ, p, Ψ ¶μ ¸É¥-
¶¥´Ö³ ρ̃, ³Ò ¶μ²ÊÎ ¥³ ¶μ²¨´μ³¨ ²Ó´μ¥ ¶·¨¡²¨¦¥´¨¥ Ê· ¢´¥´¨Ö · ¢´μ¢¥¸´ÒÌ ¶μ¸É´ÓÕÉμ-
´μ¢¸±¨Ì ¢· Ð ÕÐ¨Ì¸Ö ±μ´Ë¨£Ê· Í¨° ¢Ò·μ¦¤¥´´μ£μ ´¥°É·μ´´μ£μ £ § . �Éμ ¶μ§¢μ²Ö¥É, ¢
¸¢μÕ μÎ¥·¥¤Ó, ¨¸¶μ²Ó§μ¢ ÉÓ ¤²Ö ·¥Ï¥´¨Ö ÔÉμ£μ Ê· ¢´¥´¨Ö ±μ³¶²¥±¸ ¸¨³¢μ²Ó´μ-Î¨¸²¥´´ÒÌ
¶·μ£· ³³ [6], ¢ μ¸´μ¢¥ ±μÉμ·μ£μ ²¥¦¨É ³¥Éμ¤ ³´μ£μÎ²¥´μ¢ ´ ¨²ÊÎÏ¥£μ ¶·¨¡²¨¦¥´¨Ö ¢
L2 ¤²Ö ´ Ìμ¦¤¥´¨Ö ρ̃ ¢ ¢¨¤¥ ¶μ²¨´μ³  ¶μ ¸É¥¶¥´Ö³ ±μμ·¤¨´ É x1, x2, x3.

‡�Š‹�—…�ˆ…

� Ï ¨´É¥·¥¸ ± Ê· ¢´¥´¨Õ ¸μ¸ÉμÖ´¨Ö ¨¤¥ ²Ó´μ£μ ¢Ò·μ¦¤¥´´μ£μ Ë¥·³¨-£ §  μ¡Ê¸²μ-
¢²¥´, ¶·¥¦¤¥ ¢¸¥£μ, É¥³ μ¡¸ÉμÖÉ¥²Ó¸É¢μ³, ÎÉμ ¤²Ö ´ÓÕÉμ´μ¢¸±¨Ì ¢· Ð ÕÐ¨Ì¸Ö ¶μ²¨É·μ¶
¸ ¨´¤¥±¸μ³ n > 1,25 ¶·¨ μ¶·¥¤¥²¥´´μ° ¡Ò¸É·μÉ¥ ¢· Ð¥´¨Ö ε ¢μ§´¨± ÕÉ ±μ²ÓÍ¥μ¡· §´Ò¥
¶Ê§Ò·¨ ¢ · ¸¶·¥¤¥²¥´¨¨ ¶²μÉ´μ¸É¨ ρ̃ [7].

Š ± ³Ò ¶μ± § ²¨ ¢ ¤ ´´μ° · ¡μÉ¥, Ê· ¢´¥´¨¥ ¸μ¸ÉμÖ´¨Ö ¢Ò·μ¦¤¥´´μ£μ Ë¥·³¨-£ § 
¡²¨§±μ ± ¶μ²¨É·μ¶¥ ¨´¤¥±¸  3/2 � n � 3.

‚ ¤ ²Ó´¥°Ï¥³ ¶·¥¤¶μ² £ ¥É¸Ö ¢ÒÖ¸´¥´¨¥ ¢μ¶·μ¸  μ ´ ²¨Î¨¨  ´ ²μ£¨Î´μ£μ ÔËË¥±É  ¨
¤²Ö ¢· Ð ÕÐ¨Ì¸Ö ¶μ¸É´ÓÕÉμ´μ¢¸±¨Ì ¶μ²¨É·μ¶ ¢ Éμ³ ¦¥ ¨´É¥·¢ ²¥ §´ Î¥´¨° ¨Ì ¨´¤¥±¸ .
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