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‚ · ¡μÉ¥ ¶μ²ÊÎ¥´  ¸¨¸É¥³  Ê· ¢´¥´¨° ¨ ´¥· ¢¥´¸É¢, ¶μ§¢μ²ÖÕÐ Ö ´ °É¨ μ£· ´¨Î¥´¨Ö ´ 
§´ Î¥´¨Ö Í¥´É· ²Ó´μ° ¶²μÉ´μ¸É¨ ρc ¨ Ì¨³¨Î¥¸±¨° ¸μ¸É ¢, μ¶·¥¤¥²Ö¥³Ò° ¶ · ³¥É·μ³ μe, ¡¥-
²μ£μ ± ·²¨±  RX J0648.0-4418 ¸ ·¥±μ·¤´μ ¡Ò¸É·Ò³ ¶¥·¨μ¤μ³ ¢· Ð¥´¨Ö T = 13,18 ¸ ¨ ³ ¸¸μ°
m = (1,28 ± 0,05)m�. �´ ²¨§ ¨Ì Î¨¸²¥´´ÒÌ ·¥Ï¥´¨° ¶μ± § ² ´ ²¨Î¨¥ ¸²μ¦´μ£μ Ì · ±É¥·  § -
¢¨¸¨³μ¸É¨ μe μÉ ρc. �·¨ ÔÉμ³ ¶ · ³¥É·Ò μe ¨ ρc ¨§³¥´ÖÕÉ¸Ö ¢ ¨´É¥·¢ ² Ì 1,09 � μe � 1,21,
9,04 � ρc/ρ0 � 103 (ρ0 = 0,98 · 106 £/¸³3). „ ´´Ò° ¨´É¥·¢ ² §´ Î¥´¨° ¶ · ³¥É·  μe Ê± §Ò-
¢ ¥É ´  Éμ, ÎÉμ ¡¥²Ò° ± ·²¨± RX J0648.0-4418 ´¥ ³μ¦¥É ¡ÒÉÓ ¶μ²´μ¸ÉÓÕ ¢μ¤μ·μ¤´Ò³. �´ ¤μ²¦¥´
¸μ¤¥·¦ ÉÓ ´¥ ³¥´¥¥ 9% ¨ ´¥ ¡μ²¥¥ 21% ÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢. � ¸Î¥ÉÒ ¶·μ¢μ¤¨²¨¸Ó ¸ Ê· ¢´¥´¨¥³ ¸μ-
¸ÉμÖ´¨Ö ¨¤¥ ²Ó´μ£μ ¢Ò·μ¦¤¥´´μ£μ Ô²¥±É·μ´´μ£μ £ § . �μ²ÊÎ¥´Ò ¸ ÉμÎ´μ¸ÉÓÕ 10−3 ¶·¨¡²¨¦¥´´Ò¥
 ´ ²¨É¨Î¥¸±¨¥ ¢Ò· ¦¥´¨Ö ³¨´¨³ ²Ó´μ£μ ¶¥·¨μ¤  Tmin ¨ ³ ¸¸Ò ¡¥²μ£μ ± ·²¨±  m. �μ± § ´μ, ÎÉμ
¶·¨ ¶·¨¡²¨¦¥´¨¨ ¶¥·¨μ¤  T ± Tmin ³ ¸¸  ¡¥²μ£μ ± ·²¨±  ¢μ§· ¸É ¥É ¶μÎÉ¨ ¢¤¢μ¥ ¶μ ¸· ¢´¥´¨Õ ¸
μÉ¸ÊÉ¸É¢¨¥³ ¢· Ð¥´¨Ö ¶·¨ Ë¨±¸¨·μ¢ ´´μ° Í¥´É· ²Ó´μ° ¶²μÉ´μ¸É¨.

In this paper, we derive a system of equations and inequalities, allowing one to ˇnd constraints
on the values of the central density ρc and the chemical composition (parameter μe) of white dwarf
RX J0648.0-4418 with the shortest period of rotation T = 13.18 s and mass m = (1.28 ± 0.05)m�.
Analysis of their numerical solutions showed the presence of the complex nature of the dependence
μe on ρc. The parameters μe and ρc change in the ranges 1.09 � μe � 1.21, 9.04 � ρc/ρ0 � 103

(ρ0 = 0.98 · 106 g/cm3). Given range of values of the parameter μe indicates that white dwarf RX
J0648.0-4418 cannot be fully hydrogen. It should contain not less than 9% and not more than 21%
of heavy elements. The calculations were performed with the equation of state of an ideal degenerate
electron gas. Close analytical expressions of the minimum period Tmin and weight of white dwarf m
are obtained with an accuracy of 10−3. It is shown that during the approach period T to Tmin mass of
the white dwarf increases almost two times compared with absence of rotation at a ˇxed central density.

PACS: 97.10.Kc; 02.60.Cb; 02.60.Nm; 02.70.Wz; 05.30.Fk; 47.85.Dh
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� ¡²Õ¤ ¥³Ò¥ ¶¥·¨μ¤Ò ¢· Ð¥´¨Ö ¡¥²ÒÌ ± ·²¨±μ¢ ±μ²¥¡²ÕÉ¸Ö ¢ ¤¨ ¶ §μ´¥ μÉ ·¥-
±μ·¤´μ ´¨§±μ£μ 13,18 ¸ Ê RX J0648.0-4418 c ³ ¸¸μ° (1,28 ± 0,05)m� [1] ¤μ 100 ¨ ¡μ²¥¥
Î ¸μ¢ [2].

Œ¨´¨³ ²Ó´μ ¢μ§³μ¦´Ò¥ ¶¥·¨μ¤Ò ¢· Ð¥´¨Ö ¡¥²ÒÌ ± ·²¨±μ¢ μ¶·¥¤¥²ÖÕÉ¸Ö §´ Î¥´¨-
Ö³¨ ¨Ì ¶²μÉ´μ¸É¨ ¢ Í¥´É·¥ ρc (³ ¸¸Ò m) ¨ Ê· ¢´¥´¨Ö³¨ ¸μ¸ÉμÖ´¨Ö ¸μ¸É ¢²ÖÕÐ¥£μ ¨Ì
¢¥Ð¥¸É¢ .

• · ±É¥·´Ò° ¤¨ ¶ §μ´ ¶²μÉ´μ¸É¥° ¡¥²ÒÌ ± ·²¨±μ¢ ¨³¥¥É ¶μ·Ö¤μ± 106−109 £/¸³3, ÎÉμ
¸μμÉ¢¥É¸É¢Ê¥É ³ ¸¸ ³ (0,3−1,4)m� [3].

•μ·μÏμ ¨§¢¥¸É´μ [4], ÎÉμ · ¢´μ¢¥¸´Ò¥ ±μ´Ë¨£Ê· Í¨¨ ¡¥²ÒÌ ± ·²¨±μ¢ μ¶·¥¤¥²ÖÕÉ¸Ö
¤ ¢²¥´¨¥³ ¢Ò·μ¦¤¥´´μ£μ Ô²¥±É·μ´´μ£μ £ § . ‚ ¤μ¸É ÉμÎ´μ Ìμ·μÏ¥³ ¶·¨¡²¨¦¥´¨¨ ÔÉμÉ
Ë¥·³¨-£ § ³μ¦´μ ¸Î¨É ÉÓ ¨¤¥ ²Ó´Ò³ ¨ ¶μ²´μ¸ÉÓÕ ¢Ò·μ¦¤¥´´Ò³ [3].

“· ¢´¥´¨¥ ¸μ¸ÉμÖ´¨Ö ¨¤¥ ²Ó´μ£μ ¢Ò·μ¦¤¥´´μ£μ Ô²¥±É·μ´´μ£μ £ § 
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√
1 + x2)

)
¢¶¥·¢Ò¥ ¨¸¶μ²Ó§μ¢ ² — ´¤· ¸¥± ·, ±μÉμ·Ò° ¶·¨³¥´¨² ¥£μ ¤²Ö μ¶¨¸ ´¨Ö ¡¥²ÒÌ ± ·²¨±μ¢.
‘ ¶μ³μÐÓÕ ÔÉμ£μ Ê· ¢´¥´¨Ö ¸μ¸ÉμÖ´¨Ö, ¢ ²¨É¥· ÉÊ·¥ ¶μ²ÊÎ¨¢Ï¥£μ ´ §¢ ´¨¥ Ê· ¢´¥´¨Ö
— ´¤· ¸¥± ·  (Ch), μ´ ¤ ² μÍ¥´±Ê ³ ±¸¨³ ²Ó´μ° ³ ¸¸¥ ¡¥²ÒÌ ± ·²¨±μ¢ ¡¥§ ÊÎ¥É  ¢· Ð¥-
´¨Ö, · ¢´ÊÕ 1,4m�.

�¥ ²Ó´μ ± Ê· ¢´¥´¨Õ ¸μ¸ÉμÖ´¨Ö Ch μÉ´μ¸ÖÉ¸Ö ¤¢¥ ¶μ¶· ¢±¨. �¥·¢ Ö ¨§ ´¨Ì ¸¢Ö§ ´ 
¸ ´¥μ¡Ìμ¤¨³μ¸ÉÓÕ ÊÎ¥É  Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ³¥¦¤Ê Ô²¥±É·μ´ ³¨ ¨ ¨μ-
´ ³¨. ‚Éμ· Ö ¶μ¶· ¢±  ¸¢Ö§ ´  ¸ ´¥μ¡Ìμ¤¨³μ¸ÉÓÕ ÊÎ¥É  μ¡· É´μ£μ β-· ¸¶ ¤  ¶·¨ ¢Ò¸μ-
±¨Ì ¶²μÉ´μ¸ÉÖÌ. �É¨ ¶μ¶· ¢±¨ ÊÎ¨ÉÒ¢ ÕÉ¸Ö ¢ Ê· ¢´¥´¨ÖÌ ¸μ¸ÉμÖ´¨Ö ƒ ··¨¸μ´ Ä“¨²¥· 
(HW), 	¥°³ Ä�¥É¨± Ä‘ §¥·²¥´¤  (BPS) ¨ ¤·. [3].

ˆ§ ´ ¡²Õ¤¥´¨° ³¨´¨³ ²Ó´μ ¢μ§³μ¦´μ£μ ¶¥·¨μ¤  ¢· Ð¥´¨Ö ¡¥²ÒÌ ± ·²¨±μ¢ Tmin

¨ ¨Ì ¢ÒÎ¨¸²¥´¨° ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ · §²¨Î´ÒÌ Ê· ¢´¥´¨° ¸μ¸ÉμÖ´¨Ö ³μ¦´μ ¶μ²ÊÎ¨ÉÓ
Ê´¨± ²Ó´ÊÕ ¨´Ëμ·³ Í¨Õ μ¡ ÔÉ¨Ì Ê· ¢´¥´¨ÖÌ.

ˆ¸¶μ²Ó§μ¢ ´¨¥ ´μ¢ÒÌ ³ É¥³ É¨Î¥¸±¨Ì ¶μ¤Ìμ¤μ¢ ¢ É¥μ·¨¨ ¢· Ð ÕÐ¨Ì¸Ö £· ¢¨É¨·Ê-
ÕÐ¨Ì ±μ´Ë¨£Ê· Í¨°,   ¨³¥´´μ, ³¥Éμ¤μ¢ ¸¨³¢μ²Ó´μ-Î¨¸²¥´´ÒÌ ¢ÒÎ¨¸²¥´¨°, ¶μ§¢μ²Ö¥É
¶μ¤´ÖÉÓ ¥¥ ´  ´μ¢Ò° ± Î¥¸É¢¥´´Ò° Ê·μ¢¥´Ó [5Ä7]. ‚ ¤ ´´μ° · ¡μÉ¥ ³Ò ¡Ê¤¥³ ¨¸¶μ²Ó-
§μ¢ ÉÓ · §¢¨ÉÒ¥ ´ ³¨ ¢ ÔÉ¨Ì · ¡μÉ Ì ³¥Éμ¤Ò, ¢ μ¸´μ¢¥ ±μÉμ·ÒÌ ²¥¦¨É ¸¨¸É¥³ É¨Î¥¸±μ¥
¨¸¶μ²Ó§μ¢ ´¨¥ ¶μ²¨´μ³μ¢ ´ ¨²ÊÎÏ¥£μ ¶·¨¡²¨¦¥´¨Ö ¢ L2 ¶μ ¸É¥¶¥´Ö³ ±μμ·¤¨´ É ±μ´Ë¨-
£Ê· Í¨¨ ¡¥²ÒÌ ± ·²¨±μ¢.

�¡ÒÎ´μ ¸Î¨É ÕÉ, ÎÉμ ³¨´¨³ ²Ó´μ ¢μ§³μ¦´μ³Ê ¶¥·¨μ¤Ê ¤ ´´ÒÌ ±μ´Ë¨£Ê· Í¨° ¸μμÉ-
¢¥É¸É¢Ê¥É ³μ³¥´É · ¢¥´¸É¢  ´Ê²Õ Ê¸±μ·¥´¨Ö ¸¢μ¡μ¤´μ£μ ¶ ¤¥´¨Ö ´  Ô±¢ Éμ·¥ [2]. �Éμ
Ô±¸É·¥³ ²Ó´μ¥ ¸μ¸ÉμÖ´¨¥ ¸μμÉ¢¥É¸É¢Ê¥É ´Ê²¥¢μ³Ê §´ Î¥´¨Õ ¤ ¢²¥´¨Ö ¢ ¤ ´´μ° μ¡² ¸É¨
¨²¨ ¸μ¸ÉμÖ´¨Õ ´¥¢¥¸μ³μ¸É¨ ¢ ´¥°, ±μ£¤  ¸¨²  ÉÖ¦¥¸É¨ Ê· ¢´μ¢¥Ï¨¢ ¥É¸Ö Í¥´É·μ¡¥¦´μ°
¸¨²μ°. ‘ ³Ò³ ¶·μ¸ÉÒ³ ¸¶μ¸μ¡μ³ μÍ¥´±¨ ³¨´¨³ ²Ó´μ£μ ¶¥·¨μ¤  ¢· Ð¥´¨Ö Tmin Ö¢²Ö¥É¸Ö
¶·¥¤¸É ¢²¥´¨¥ ¢· Ð ÕÐ¥£μ¸Ö ¡¥²μ£μ ± ·²¨±  ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´Ò³ ¸ · ¤¨Ê¸μ³ R.
�·¨· ¢´¨¢ Ö ¸¨²Ê ÉÖ£μÉ¥´¨Ö ´  ¥¤¨´¨ÍÊ ³ ¸¸Ò ´  ¥£μ ¶μ¢¥·Ì´μ¸É¨ Gm/R2 (G Å £· -
¢¨É Í¨μ´´ Ö ¶μ¸ÉμÖ´´ Ö) ¨ ¢¥²¨Î¨´Ê Í¥´É·μ¡¥¦´μ° ¸¨²Ò (2π/Tmin)2R, ³Ò ¶μ²ÊÎ ¥³
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μÍ¥´±Ê

Tmin = 2π

√
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�
Gm�

(R/R�)3/2

(m/m�)1/2
= 0,116

(R/R�)3/2

(m/m�)1/2
d, (1)

£¤¥ d = 1 ¸ÊÉ.
‡´ Î¥´¨¥ ±μÔËË¨Í¨¥´É  ¢ (1) 0,116 ´¥¸±μ²Ó±μ μÉ²¨Î ¥É¸Ö μÉ §´ Î¥´¨Ö 0,143, ¶·¨¢¥-

¤¥´´μ£μ ¢ [2]. �Éμ · ¸Ìμ¦¤¥´¨¥, ´  ´ Ï ¢§£²Ö¤, ¸¢Ö§ ´μ ¸ ´¥¡μ²ÓÏ¨³¨ ´¥ÉμÎ´μ¸ÉÖ³¨ ¶·¨
¢Ò¶μ²´¥´¨¨ Î¨¸²μ¢ÒÌ μÍ¥´μ± ¢ ÔÉμ° · ¡μÉ¥. ‘ÊÐ¥¸É¢¥´´Ò³ ´¥¤μ¸É É±μ³ Ëμ·³Ê²Ò (1)
Ö¢²Ö¥É¸Ö § ¢¨¸¨³μ¸ÉÓ Tmin μÉ ¤¢ÊÌ ¶ · ³¥É·μ¢: R ¨ m. …¸²¨ ³ ¸¸  μ¶·¥¤¥²Ö¥É¸Ö Ô±¸¶¥·¨-
³¥´É ²Ó´μ, Éμ · ¤¨Ê¸ ¤μ²¦¥´ ¡ÒÉÓ ¢ÒÎ¨¸²¥´ ¢ · ³± Ì ± ±μ°-²¨¡μ ³μ¤¥²¨. �·¨ ¶μ²ÊÎ¥´¨¨
´¥ ÊÎ¨ÉÒ¢ ¥É¸Ö ±μ´±·¥É´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶²μÉ´μ¸É¨ ¢· Ð ÕÐ¥£μ¸Ö ¡¥²μ£μ ± ·²¨± , ±μ-
Éμ·μ¥ ¸ÊÐ¥¸É¢¥´´μ μÉ²¨Î ¥É¸Ö μÉ μ¤´μ·μ¤´μ£μ ¨ ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´μ£μ ¢ ¸²ÊÎ ¥
¡Ò¸É·μ£μ ¢· Ð¥´¨Ö.

‚ ¤ ´´μ° · ¡μÉ¥ ¶·μ¢¥¤¥´μ ¢ÒÎ¨¸²¥´¨¥ ³¨´¨³ ²Ó´μ£μ ¶¥·¨μ¤  ¢· Ð¥´¨Ö ¡¥²ÒÌ ± ·-
²¨±μ¢ Tmin ¸ ³ ±¸¨³ ²Ó´μ ¢μ§³μ¦´μ° ÉμÎ´μ¸ÉÓÕ ¢ ³ É¥³ É¨Î¥¸±μ° ³μ¤¥²¨ ¸ ¨¸¶μ²Ó-
§μ¢ ´¨¥³ Ê· ¢´¥´¨Ö ¸μ¸ÉμÖ´¨Ö ¨¤¥ ²Ó´μ£μ ¢Ò·μ¦¤¥´´μ£μ Ô²¥±É·μ´´μ£μ £ § . Š ± ¡Ê¤¥É
¶μ± § ´μ ´ ³¨, ³¨´¨³ ²Ó´μ¥ §´ Î¥´¨¥ ¶¥·¨μ¤  Tmin ¤μ¸É¨£ ¥É¸Ö § ¤μ²£μ ¤μ ´ ¸ÉÊ¶²¥´¨Ö
´¥¸É ¡¨²Ó´μ¸É¨ ±μ´Ë¨£Ê· Í¨¨ ¢ μÉ²¨Î¨¥ μÉ ¸¶μ¸μ¡  ¶μ²ÊÎ¥´¨Ö μÍ¥´±¨ §´ Î¥´¨Ö Tmin ¶μ
Ëμ·³Ê²¥ (1), ±μ£¤  ¨¸¶μ²Ó§Ê¥É¸Ö Ê¸²μ¢¨¥ ¨¸É¥Î¥´¨Ö ¢¥Ð¥¸É¢  ±μ´Ë¨£Ê· Í¨¨ ¸ Ô±¢ Éμ· 
¨ ´¥ ÊÎ¨ÉÒ¢ ¥É¸Ö Ì · ±É¥· Ê· ¢´¥´¨Ö ¸μ¸ÉμÖ´¨Ö ¢¥Ð¥¸É¢ , μ¸μ¡¥´´μ¸É¨ · ¸¶·¥¤¥²¥´¨Ö
¶²μÉ´μ¸É¨ ¢¥Ð¥¸É¢  ±μ´Ë¨£Ê· Í¨¨ ¨ ¤·Ê£¨¥ Ë ±Éμ·Ò.

‚Ò· ¦¥´¨¥ ¤²Ö Tmin ¢ μÉ²¨Î¨¥ μÉ (1) ´ ³¨ ¡Ê¤¥É ¶μ²ÊÎ¥´μ § ¢¨¸ÖÐ¨³ Éμ²Ó±μ μÉ
μ¤´μ£μ ¶ · ³¥É· ,   ¨³¥´´μ, Í¥´É· ²Ó´μ° ¶²μÉ´μ¸É¨ ±μ´Ë¨£Ê· Í¨¨ ρc.

�·¨  ´ ²¨§¥ μ£· ´¨Î¥´¨° ´  §´ Î¥´¨Ö Í¥´É· ²Ó´μ° ¶²μÉ´μ¸É¨ ρc ¨ Ì¨³¨Î¥¸±¨° ¸μ-
¸É ¢ ¡¥²μ£μ ± ·²¨± , Ì · ±É¥·¨§Ê¥³μ£μ ¶ · ³¥É·μ³ μe = A/Z (A Å  Éμ³´Ò° ´μ³¥·
Ô²¥³¥´É , Z Å ¥£μ ¶μ·Ö¤±μ¢Ò° ´μ³¥·), ³Ò ¡Ê¤¥³ ¨¸Ìμ¤¨ÉÓ ¨§ ¸μμÉ´μÏ¥´¨Ö T � Tmin.
ˆ§ ´¥£μ ¸²¥¤Ê¥É, ÎÉμ μe = μe(ρc) ¨ ¨³¥ÕÉ ³¥¸Éμ ¸μμÉ´μÏ¥´¨Ö μe min � μe � μe max,
ρc min � ρc � ρc max.

1. �‘��‚�›… “��‚�…�ˆŸ Œ�„…‹ˆ

“· ¢´¥´¨¥ £¨¤·μ¸É É¨Î¥¸±μ£μ · ¢´μ¢¥¸¨Ö ´ÓÕÉμ´μ¢¸±μ° ¢· Ð ÕÐ¥°¸Ö £· ¢¨É¨·ÊÕ-
Ð¥° ±μ´Ë¨£Ê· Í¨¨ ¨³¥¥É ¢¨¤ [8]

Φ +

ρ∫
0

dP (ρ′)
ρ′

− ω2

2
x2
⊥ = const, (2)

£¤¥ P Å ¤ ¢²¥´¨¥; ρ Å ¶²μÉ´μ¸ÉÓ ±μ´Ë¨£Ê· Í¨¨; Φ Å ´ÓÕÉμ´μ¢¸±¨° £· ¢¨É Í¨μ´´Ò°
¶μÉ¥´Í¨ ²; ω Å Ê£²μ¢ Ö ¸±μ·μ¸ÉÓ ¢· Ð¥´¨Ö; x2

⊥ = x2 − (ω · x)/ω2, x Å · ¤¨Ê¸-¢¥±Éμ·.
Š ± ¶μ± § ´μ ¢ [5,9], ¤²Ö ¨¤¥ ²Ó´μ£μ ¢Ò·μ¦¤¥´´μ£μ Ë¥·³¨-£ §  ¨³¥¥É ³¥¸Éμ ¸μμÉ´μ-

Ï¥´¨¥
ρ∫

0

dP (ρ′)
dρ′

=
mec

2

2μemn

(√
1 + k0ρ̃2/3 −

√
1 + k0

)
, (3)

£¤¥ c Å ¸±μ·μ¸ÉÓ ¸¢¥É ; me Å ³ ¸¸  Ô²¥±É·μ´ ; mn Å ³ ¸¸  ´¥°É·μ´ ; ρ̃ = ρ/ρc;

k0 = (ρc/ρ
(e)
0 )2/3.
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‡´ Î¥´¨¥ ¶ · ³¥É·  ρ
(e)
0 · ¢´μ

ρ
(e)
0 = μeρ0, ρ0 =

mnm3
ec

3

3π2�3
, (4)

£¤¥ � Å ¶μ¸ÉμÖ´´ Ö �² ´± , ρ0 = 0,9823 · 106 £/¸³3.
�μ¤¸É ¢²ÖÖ (3) ¢ (2), ¶μ²ÊÎ ¥³ Ê· ¢´¥´¨¥ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ ρ̃ ¢· Ð ÕÐ¥°¸Ö

¸ ¶μ¸ÉμÖ´´μ° Ê£²μ¢μ° ¸±μ·μ¸ÉÓÕ ω ±μ´Ë¨£Ê· Í¨¨

1
2πa2

1

∫
D

ρ̃(x′)
(

1
|x′| −

1
|x − x′|

)
dV ′ + K0

(√
1
k0

+ ρ̃2/3 −
√

1
k0

+ 1
)
− ε

x2
⊥

a2
1

= 0, (5)

£¤¥ ε = ω2/(4πGρc), K0 = g(e)c2/(4πGρ
(e)
0 k

1/2
0 a2

1), x⊥ = x1 e1 + x2 e2, x1 = x/a1,
x2 = y/a1, x3 = z/a3, a1 ¨ a3 Å ¸μμÉ¢¥É¸É¢¥´´μ ¡μ²ÓÏ Ö ¨ ³ ² Ö ¶μ²Êμ¸¨ ¸Ë¥·μ¨¤ ,
 ¶¶·μ±¸¨³¨·ÊÕÐ¥£μ ¶μ¢¥·Ì´μ¸ÉÓ ±μ´Ë¨£Ê· Í¨¨. �¡² ¸ÉÓ D ¢ (5) μ¶·¥¤¥²Ö¥É¸Ö Ê¸²μ-
¢¨¥³ ρ̃ � 0.

“· ¢´¥´¨¥ (5) ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ´¥²¨´¥°´μ¥ ¨´É¥£· ²Ó´μ¥ Ê· ¢´¥´¨¥ ¢ R3 ¸ ¶μ¤¢¨¦-
´μ° £· ´¨Í¥°. ƒ· ´¨ÍÊ δD μ¡² ¸É¨ D ¡Ê¤¥³ ¨¸± ÉÓ ¢ ¢¨¤¥ ¢μ§³ÊÐ¥´´μ° Ô²²¨¶¸μ¨¤ ²Ó´μ°
¶μ¢¥·Ì´μ¸É¨ [10]:

δD : x2
1 + x2

2 + x2
3 +

i+j+k=L∑
i+j+k=2

Zijkxi
1x

j
2x

k
3 = 1. (6)

�μ²Êμ¸¨  ¶¶·μ±¸¨³¨·ÊÕÐ¥£μ ¸Ë¥·μ¨¤  a1, a3 ¨ ±μÔËË¨Í¨¥´ÉÒ Zijk ´ Ìμ¤¨³ ¨§
Ê¸²μ¢¨Ö ³¨´¨³¨§ Í¨¨ ËÊ´±Í¨μ´ ²  Λ [10]:

Λ =
1
4π

∫
δD

ρ̃2dΩ, (7 )

∂Λ
∂Zijk

= 0, a1
∂Λ
∂a1

= 0, a3
∂Λ
∂a3

= 0. (7¡)

‘¨¸É¥³  Ê· ¢´¥´¨° (5), (7¡) ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° § ³±´ÊÉÊÕ ¸¨¸É¥³Ê ¤²Ö ´ Ìμ¦¤¥´¨Ö
¶ · ³¥É·μ¢ ±μ´Ë¨£Ê· Í¨¨ a1, a3, Zijk , ρ̃.

‘μ£² ¸´μ É¥μ·¥³¥ ‘ÉμÊ´ Ä‚¥°¥·ÏÉ· ¸¸  ¢Ò· ¦¥´¨¥ ρ̃  ¶¶·μ±¸¨³¨·Ê¥É¸Ö ¸ ²Õ¡μ°
¸É¥¶¥´ÓÕ ÉμÎ´μ¸É¨ ¶μ²¨´μ³μ³ ¶μ ¸É¥¶¥´Ö³ ±μμ·¤¨´ É x1, x2, x3:

ρ̃ ∼=
a+b+c=P∑
a+b+c=0

ρabc xa
1x

b
2x

c
3. (8)

„²Ö ÔÉμ£μ ¤μ¸É ÉμÎ´μ ¢Ò¡· ÉÓ P ¡μ²ÓÏ¨³.
ŠμÔËË¨Í¨¥´ÉÒ ρabc ¨ Zijk , μ¶·¥¤¥²ÖÕÐ¨¥ ¸É·Ê±ÉÊ·Ê ±μ´Ë¨£Ê· Í¨¨ ¤²Ö Ë¨£Ê· ¢· -

Ð¥´¨Ö, ¨³¥ÕÉ ¢¨¤

ρabc =
(

a + b

2

)
!
[(a

2

)
!
(

b

2

)
!
]−1

ρa+b,c,

(9)

Zijk =
(

i + j

2

)
!
[(

i

2

)
!
(

j

2

)
!
]−1

Zi+j,k.

“ ´ ¸ ¨´¤¥±¸Ò a, b, c ¨ i, j, k Ö¢²ÖÕÉ¸Ö Î¥É´Ò³¨.
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“· ¢´¥´¨¥ (5) ¸ÊÐ¥¸É¢¥´´μ ´¥²¨´¥°´μ ¨§-§  Î²¥´ 
√

1 + k0ρ̃2/3. “¶·μ¸É¨³ ¥£μ,  ¶-
¶·μ±¸¨³¨·ÊÖ ÔÉÊ ËÊ´±Í¨Õ ¶μ²¨´μ³μ³ ¸É¥¶¥´¨ N ¸μ£² ¸´μ Ëμ·³Ê²¥

√
1
k0

+ ρ̃2/3 −
√

1
k0

+ 1 =
N∑

i=1

δi(k0)ρ̃i + ΔN (k0, ρ̃) −
√

1
k0

+ 1 +
1√
k0

. (10)

„²Ö ´ Ìμ¦¤¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢ δi ¢ ¸¨¸É¥³¥ ¸¨³¢μ²Ó´μ° ³ É¥³ É¨±¨ MAPLE ´ ³¨
¸μ¸É ¢²¥´  ¶·μ£· ³³ . �´  ¶μ§¢μ²Ö¥É ¶μ²ÊÎ¨ÉÓ  ´ ²¨É¨Î¥¸±¨¥ ¶·¥¤¸É ¢²¥´¨Ö δi(k0) ¨
ΔN (k0, ρ̃) ¢ ³¥É·¨±¥ L2 ¤²Ö ²Õ¡ÒÌ § ¤ ´´ÒÌ §´ Î¥´¨° N .

„²Ö ¸²ÊÎ Ö N = 6  ´ ²¨É¨Î¥¸±¨° ¢¨¤ ±μÔËË¨Í¨¥´Éμ¢ δi(k0) ¤ ¥É¸Ö ¢ ¶·¨²μ¦¥´¨¨.
�Í¥´±¨ ¤ ÕÉ §´ Î¥´¨¥ maxΔ6(k0, ρ̃) ∼= 2,5 · 10−3.
‘ ÊÎ¥Éμ³ (10) Ê· ¢´¥´¨¥ (5) c ÉμÎ´μ¸ÉÓÕ ¤μ Î²¥´μ¢ ¶μ·Ö¤±  10−3 ¶·¨¢μ¤¨É¸Ö ± ¢¨¤Ê

1
2πa2

1

∫
D

ρ̃(x′)
(

1
|x′| −

1
|x − x′|

)
dV ′ + K0×

×
(

6∑
i=1

δi(k0)ρ̃i(x) −
√

1
k0

+ 1 +
1√
k0

)
− ε

x2
⊥

a2
1

= 0. (11)

Œ¥Éμ¤Ò ·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö (11) ³Ò ¨§²μ¦¨³ ¢ ¸²¥¤ÊÕÐ¥³ · §¤¥²¥.

2. �…˜…�ˆ… “��‚�…�ˆ‰ Œ�„…‹ˆ

�·¨ ·¥Ï¥´¨¨ (11) ´ ³ ¡Ê¤¥É Ê¤μ¡´μ ¸Î¨É ÉÓ ¢¸¥ ¶ · ³¥É·Ò ±μ´Ë¨£Ê· Í¨¨ ËÊ´±Í¨Ö³¨
¸¶²Õ¸´ÊÉμ¸É¨ ±μ´Ë¨£Ê· Í¨¨ e = a3/a1:

ρab = ρab(e), Zij = Zij(e), K0 = K0(e), ε = ε(e). (12)

„²Ö  ´ ²¨É¨Î¥¸±μ£μ ¢ÒÎ¨¸²¥´¨Ö ²¥¢μ° Î ¸É¨ (11) ´ ³¨ ¢ ¸¨¸É¥³¥ MAPLE ¸μ¸É ¢²¥´  ¨
·¥ ²¨§μ¢ ´  ¶·μ£· ³³  [6,7]. �´  ¶μ§¢μ²Ö¥É ¶·¥¤¸É ¢¨ÉÓ Ê· ¢´¥´¨¥ (11) ¢ ¢¨¤¥ ¶μ²¨´μ³ 
¶μ ¸É¥¶¥´Ö³ ±μμ·¤¨´ É x1, x2, x3 ¶·¨ ²Õ¡ÒÌ §´ Î¥´¨ÖÌ ¸É¥¶¥´¥°  ¶¶·μ±¸¨³ Í¨¨ P , L,
s. ‡¤¥¸Ó s = 0, 1, 2 . . . μ¶·¥¤¥²Ö¥É ¢ÒÎ¨¸²¥´´Ò° ¢ ¶·μ£· ³³¥ ´ ¨¢Ò¸Ï¨° Î²¥´ ·Ö¤ 
	Ê·³ ´ Ä‹ £· ´¦  [10]. ‘É¥¶¥´Ó ³´μ£μÎ²¥´  ²¥¢μ° Î ¸É¨ (11) S ´ Ìμ¤¨É¸Ö ¨§ Ê¸²μ¢¨Ö
S = max {P + s(L − 2) + 2, NP}.

„²Ö ·¥Ï¥´¨Ö ¶μ²ÊÎ¥´´μ°  ²£¥¡· ¨Î¥¸±μ° ¸¨¸É¥³Ò ¨¸¶μ²Ó§Ê¥³ ³μ³¥´É´Ò° ³¥Éμ¤. ‘μ-
¸É ¢²¥´´ Ö ´ ³¨ ¶·μ£· ³³  ¢ ¸¨¸É¥³¥ MAPLE ¶μ§¢μ²Ö¥É ´ °É¨  ´ ²¨É¨Î¥¸±¨¥ ¢Ò· ¦¥´¨Ö
³μ³¥´Éμ¢ ²¥¢μ° Î ¸É¨ (11) Mabc ¨ ¸¢¥¸É¨ (11) ± ¸¨¸É¥³¥ Ê· ¢´¥´¨°:

Mabc = 0. (13)

�¥·¥¢¥¤Ö ¤¢Ê³¥·´Ò¥ ³ ¸¸¨¢Ò ´¥¨§¢¥¸É´ÒÌ ρab, Zij ¢ μ¤´μ³¥·´Ò¥ ¨ ¤μ¡ ¢¨¢ ± ´¨³
K0, ε, ¶μ²ÊÎ¨³ ¶μ²´Ò° ´ ¡μ· ´¥¨§¢¥¸É´ÒÌ ym(e, k0), m = 1, 2, . . . , N1. ‹¥£±μ ´ °É¨
¢Ò· ¦¥´¨¥

N1 =
1
8
(P + 2)(P + 4) +

1
8
(L + 2)(L + 4). (14)
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„ ²Ó´¥°Ï¨¥ ¢ÒÎ¨¸²¥´¨Ö ¡Ê¤¥³ ¶·μ¢μ¤¨ÉÓ ¢ ¶·¨¡²¨¦¥´¨¨ P = 6, L = 2, s = 1.
’μ£¤  ¨³¥¥³ N1 = 13. ‚ ÔÉμ³ ¸²ÊÎ ¥ Ê· ¢´¥´¨Ö (13) ¨ (7¡) ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° ¸¨¸É¥³Ê
¨§ 13  ²£¥¡· ¨Î¥¸±¨Ì Ê· ¢´¥´¨°. „²Ö ¥¥ ·¥Ï¥´¨Ö ³Ò ¡Ê¤¥³ ¨¸¶μ²Ó§μ¢ ÉÓ ·¥£Ê²Ö·¨§μ-
¢ ´´Ò°  ´ ²μ£ ³¥Éμ¤  �ÓÕÉμ´  [11] ¸ ¶ · ³¥É·μ³ ·¥£Ê²Ö·¨§ Í¨¨ α = 10−6. ˆ´É¥·¥-
¸ÊÕÐ¨¥ ´ ¸ ¨´É¥·¢ ²Ò §´ Î¥´¨° ¶ · ³¥É·μ¢ e ¨ k0 · §μ¡Ó¥³ ´  ÊÎ ¸É±¨ ¸ Ï £ ³¨ he

¨ hk0 ¸μμÉ¢¥É¸É¢¥´´μ. ŒÒ ¨¸¶μ²Ó§μ¢ ²¨ ¤²Ö · ¸Î¥Éμ¢ ¸²¥¤ÊÕÐ¨¥ §´ Î¥´¨Ö he = 0,01,
hk0 = 0,02. ’μ£¤ 

e → eμ = 1 − μhe, μ = 0, 1, 2, . . . ,

[
0,1
he

]
,

(15)

k0 → k0ν = 0,003 + νhk0 , ν = 0, 1, 2, . . . ,

[
0,2
hk0

]
.

‘μ¸É ¢²¥´´ Ö ¨ ·¥ ²¨§μ¢ ´´ Ö ´ ³¨ ¶·μ£· ³³  ¢ ¸¨¸É¥³¥ MAPLE ¶μ§¢μ²¨²  ´ °É¨
³ ¸¸¨¢ Î¨¸²¥´´ÒÌ ·¥Ï¥´¨° ym(eμ, k0ν). ‚ ³¥É·¨±¥ L2 ¶μ£·¥Ï´μ¸ÉÓ Î¨¸²¥´´μ£μ ·¥Ï¥´¨Ö
¸¨¸É¥³Ò (11), (7¡) ³μ³¥´É´Ò³ ³¥Éμ¤μ³ μ± § ² ¸Ó ¶μ·Ö¤±  10−4.

„ ²¥¥ ¢ ¶ ±¥É¥ CurveFitting ¸¨¸É¥³Ò MAPLE ´ ³¨ ¸μ¸É ¢²¥´  ¶·μ£· ³³   ¶¶·μ±¸¨³ -
Í¨¨ ¶μ²ÊÎ¥´´ÒÌ Î¨¸²¥´´ÒÌ ·¥Ï¥´¨° ym(eμ, k0ν) ³´μ£μÎ²¥´ ³¨ μÉ e ¨ k0. Šμ´±·¥É´Ò¥
§´ Î¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢  ¶¶·μ±¸¨³ Í¨¨ ym(q, p) ´ ³¨ ¡Ò²¨ ´ °¤¥´Ò. ‚ ·¥§Ê²ÓÉ É¥
¨³¥¥³

ym(e, k0) =
q+p=Q∑
q+p=0

ym(q, p)eqkp
0 . (16)

‚ ´ Ï¥³ ¸²ÊÎ ¥ ³Ò ¢Ò¡· ²¨ §´ Î¥´¨¥ Q = 20, ÎÉμ ¶μ§¢μ²¨²μ ¶μ²ÊÎ¨ÉÓ ¢¥²¨Î¨´Ê
¶μ£·¥Ï´μ¸É¨ ¤ ´´μ°  ¶¶·μ±¸¨³ Í¨¨ ∼ 10−9 ¢ ³¥É·¨±¥ L2. �Éμ §´ Î¥´¨¥ ´  ´¥¸±μ²Ó±μ
¶μ·Ö¤±μ¢ ³¥´ÓÏ¥, Î¥³ ¶μ£·¥Ï´μ¸ÉÓ ¸¨³¢μ²Ó´μ-Î¨¸²¥´´μ£μ ·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö (11). ’¥³
¸ ³Ò³ · §· ¡μÉ ´´Ò° ´ ³¨ ³¥Éμ¤ ¶μ§¢μ²Ö¥É ´ Ìμ¤¨ÉÓ ¶·¨¡²¨¦¥´´μ¥  ´ ²¨É¨Î¥¸±μ¥ ·¥-
Ï¥´¨¥ Ê· ¢´¥´¨Ö (11) ¸ ¢Ò¸μ±μ° ¸É¥¶¥´ÓÕ ÉμÎ´μ¸É¨.

e

k0

0 4,

0 6,

0 8,

1

5
10

15
20

25
30

0

0 01,

0 02,

0 03,

�

�¨¸. 1. ƒ· Ë¨± ËÊ´±Í¨¨ ε(e, k0)

�μ¸±μ²Ó±Ê ¤²Ö · ¸Î¥Éμ¢ ¶¥·¨μ¤  Tmin ´ ³ ¶μÉ·¥¡Ê¥É¸Ö  ´ ²¨É¨Î¥¸± Ö § ¢¨¸¨³μ¸ÉÓ
ËÊ´±Í¨¨ ε(e, k0), Éμ ¤²Ö ¶·¥¤¸É ¢²¥´¨Ö μ ¥¥ Ì · ±É¥·¥ ¶μ¢¥¤¥´¨Ö ³Ò ¶·¨¢¥¤¥³ £· Ë¨±
ÔÉμ° ËÊ´±Í¨¨ ´  ·¨¸. 1 ¢ ¨´É¥·¥¸ÊÕÐ¥° ´ ¸ μ¡² ¸É¨ §´ Î¥´¨° ¶ · ³¥É·μ¢ e ¨ k0.
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3. Œˆ�ˆŒ�‹œ�›‰ �…�ˆ�„ ˆ Œ�Š‘ˆŒ�‹œ�›… ‡��—…�ˆŸ
����Œ…’�� �›‘’��’› ‚��™…�ˆŸ εm �…‹›• Š��‹ˆŠ�‚

Œ¨´¨³ ²Ó´Ò° ¶¥·¨μ¤ Tmin ²¥£±μ ¢Ò· ¦ ¥É¸Ö Î¥·¥§ §´ Î¥´¨¥ ³ ±¸¨³Ê³  ËÊ´±Í¨¨
εm(k0) = ε(k0, em), em Å §´ Î¥´¨¥ ¶ · ³¥É·  e ¢ ÉμÎ±¥ ³ ±¸¨³Ê³  ËÊ´±Í¨¨ ε(k0, e)
¶·¨ Ë¨±¸¨·μ¢ ´´μ³ ¶ · ³¥É·¥ k0. �É¸Õ¤  ¸²¥¤Ê¥É § ¢¨¸¨³μ¸ÉÓ em = em(k0). �·¨ ÔÉμ³
¨³¥¥É ³¥¸Éμ ¸μμÉ´μÏ¥´¨¥ em > ek (ek Å §´ Î¥´¨¥ ¶ · ³¥É·  ¸¶²Õ¸´ÊÉμ¸É¨ e, ´¨¦¥
±μÉμ·μ£μ · ¢´μ¢¥¸´μ° ±μ´Ë¨£Ê· Í¨¨ ´¥ ¸ÊÐ¥¸É¢Ê¥É [12]). �Éμ §´ Î¨É, ÎÉμ ³¨´¨³Ê³
¶¥·¨μ¤  ¢· Ð¥´¨Ö ¤μ¸É¨£ ¥É¸Ö ¤μ ¶·¨¡²¨¦¥´¨Ö ¶ · ³¥É·  e ± ±·¨É¨Î¥¸±μ³Ê §´ Î¥´¨Õ ek.
Šμ´±·¥É´Ò° ¢¨¤ ÔÉμ° § ¢¨¸¨³μ¸É¨ ¶·¨¢μ¤¨É¸Ö ´  ·¨¸. 2.

‚ ·¥§Ê²ÓÉ É¥ ¨³¥¥É ³¥¸Éμ ¸²¥¤ÊÕÐ Ö Ëμ·³Ê²  ¤²Ö μ¶·¥¤¥²¥´¨Ö Tmin(k0):

Tmin(k0) = μ−1/2
e T̃min(k0) = μ−1/2

e

√
π

Gρ0k
3/2
0 εm(k0)

. (17)

ˆ§ (17) ¢¨¤´μ, ÎÉμ ¢¥²¨Î¨´  ¶¥·¨μ¤  ¢· Ð¥´¨Ö Tmin § ¢¨¸¨É μÉ ¤¢ÊÌ ¶ · ³¥É·μ¢: μe

¨ k0.
‚¸²¥¤¸É¢¨¥ ¢ ¦´μ¸É¨ ¤²Ö ¤ ´´μ£μ ¨¸¸²¥¤μ¢ ´¨Ö ËÊ´±Í¨¨ εm(k0) ¡μ²¥¥ ¶μ¤·μ¡´μ ¨§Ê-

Î¨³ Ì · ±É¥· ¥¥ ¶μ¢¥¤¥´¨Ö ¶·¨ ¡μ²ÓÏ¨Ì §´ Î¥´¨ÖÌ ¶ · ³¥É·  k0, ±μÉμ·Ò¥ ¸μμÉ¢¥É¸É¢ÊÕÉ
³ ±¸¨³ ²Ó´μ ¢μ§³μ¦´Ò³ §´ Î¥´¨Ö³ ³ ¸¸ ¢· Ð ÕÐ¨Ì¸Ö ¡¥²ÒÌ ± ·²¨±μ¢. ƒ· Ë¨± ÔÉμ°
ËÊ´±Í¨¨ ¶·¥¤¸É ¢¨³ ´  ·¨¸. 3.

0,445

0,440

0,435

0,430

0,425

0,420

0 10 20 30 40 50 60 70 80 90 100

k0

em

�¨¸. 2. ƒ· Ë¨± ËÊ´±Í¨¨ em(k0)

0 10 20 30 40 50 60 70 80 90 100

k0

0,0315

0,0310

0,0305

0,0300

0,0295

�m

�¨¸. 3. ƒ· Ë¨± ËÊ´±Í¨¨ εm(k0)

ˆ§ ·¨¸. 3. ¢¨¤´μ, ÎÉμ ±·¨¢ Ö £· Ë¨±  ËÊ´±Í¨¨ εm(k0) ³μ´μÉμ´´μ Ê¡Ò¢ ¥É ¸ ·μ¸Éμ³
§´ Î¥´¨Ö ¶ · ³¥É·  k0 ¨ ¶·¨ §´ Î¥´¨ÖÌ k0, ¶·¥¢ÒÏ ÕÐ¨Ì 103, ¸É·¥³¨É¸Ö ± ¶μ¸ÉμÖ´´μ³Ê
§´ Î¥´¨Õ εmm. �¡´ ·Ê¦¥´´Ò° ´ ³¨ ÔËË¥±É ¸É·¥³²¥´¨Ö ¶ · ³¥É·  ¡Ò¸É·μÉÒ ¢· Ð¥´¨Ö
± ±μ´¸É ´É¥ ¢μ§´¨± ¥É ¤²Ö ²Õ¡ÒÌ ±μ´Ë¨£Ê· Í¨° £· ¢¨É¨·ÊÕÐ¨Ì ¢· Ð ÕÐ¨Ì¸Ö ³ ¸¸ ¸
Ê· ¢´¥´¨¥³ ¸μ¸ÉμÖ´¨Ö ´¥ Éμ²Ó±μ ¨¤¥ ²Ó´μ£μ ¢Ò·μ¦¤¥´´μ£μ Ô²¥±É·μ´´μ£μ, ´μ ¨ ´¥°É·μ´-
´μ£μ £ § .

�μ²ÊÎ¥´´μ¥ Î¨¸²¥´´μ¥ §´ Î¥´¨¥ ¶ · ³¥É·  εmm · ¢´μ 0,0293. �Éμ §´ Î¥´¨¥ Ö¢²Ö¥É¸Ö
ËÊ´¤ ³¥´É ²Ó´Ò³ ¤²Ö ¢· Ð ÕÐ¨Ì¸Ö ±μ´Ë¨£Ê· Í¨° ¨¤¥ ²Ó´μ£μ ¢Ò·μ¦¤¥´´μ£μ Ë¥·³¨-
£ § .
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4. ‚›—ˆ‘‹…�ˆ… Œ�‘‘› ˆ Œˆ�ˆŒ�‹œ��ƒ� �…�ˆ�„�
‚��™…�ˆŸ �…‹�ƒ� Š��‹ˆŠ�

‚ÒÎ¨¸²¥´´Ò¥ ´ ³¨ ¢ · §¤. 2 §´ Î¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢ ρab ¶μ§¢μ²ÖÕÉ ¶·μ¢¥¸É¨ ¢ÒÎ¨-
¸²¥´¨¥ ³ ¸¸Ò ¨¸¸²¥¤Ê¥³μ° ±μ´Ë¨£Ê· Í¨¨ m. �μ¸²¥ ¶·μ¸ÉÒÌ ¶·¥μ¡· §μ¢ ´¨° ³Ò ¶μ²Ê-
Î ¥³ ¸²¥¤ÊÕÐÊÕ Ëμ·³Ê²Ê ¤²Ö m:

m(e, k0) =
1
μ2

e

(
mec

2k
1/2
0

4πmnGρ
1/3
0 K0

)3/2

e

∫
D

ρ̃(e, k0) dx1 dx2 dx3 =
1
μ2

e

m̃(e, k0)m�. (18)

Š ± ¸²¥¤Ê¥É ¨§ (18), §´ Î¥´¨Ö ¢¥²¨Î¨´Ò m̃(e, k0) ¡Ê¤ÊÉ § ¢¨¸¥ÉÓ μÉ ¶ · ³¥É·  k0

¨ ¶ · ³¥É·  ¸¶²Õ¸´ÊÉμ¸É¨ ±μ´Ë¨£Ê· Í¨¨ e, μ¶·¥¤¥²Ö¥³μ£μ ³μ³¥´Éμ³ ±μ´Ë¨£Ê· Í¨¨.
�Î¥¢¨¤´μ, ÎÉμ ¶ · ³¥É· e ¨§³¥´Ö¥É¸Ö ¢ ¨´É¥·¢ ²¥ ek(k0) � e � 1.

�μ¸É·μ¨³ ¸¥³¥°¸É¢μ £· Ë¨±μ¢, μ¶·¥¤¥²ÖÕÐ¨Ì § ¢¨¸¨³μ¸ÉÓ m̃(e, k0) ¶·¨ · §²¨Î´ÒÌ
§´ Î¥´¨ÖÌ e. Œ´μ¦¥¸É¢μ §´ Î¥´¨° m̃(e, k0) ¡Ê¤¥É · ¸¶μ²μ¦¥´μ ³¥¦¤Ê £· Ë¨± ³¨ ±·¨¢ÒÌ
¤²Ö ¸²ÊÎ ¥¢ m̃(e = 1, k0) ¨ m̃(e = ek(k0), k0). �¥§Ê²ÓÉ ÉÒ ¢ÒÎ¨¸²¥´¨° ¶·¨¢μ¤ÖÉ¸Ö ¢ ¢¨¤¥
£· Ë¨±  ·¨¸. 4.

—Éμ¡Ò μÍ¥´¨ÉÓ ¢²¨Ö´¨¥ ¢· Ð¥´¨Ö ´  §´ Î¥´¨¥ ³ ¸¸Ò ¢· Ð ÕÐ¥°¸Ö ±μ´Ë¨£Ê· Í¨¨ ¤²Ö
· §²¨Î´ÒÌ §´ Î¥´¨° ¶ · ³¥É·  e, ¶μ¸É·μ¨³ £· Ë¨± · §´μ¸É¨ m̃(e = ek(k0), k0) − m̃(e =
1, k0) = m̃−(k0). �´  ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 5.

Š ± ¢¨¤´μ ¨§ ·¨¸. 5, ¢· Ð¥´¨¥ ¸ÊÐ¥¸É¢¥´´μ ¨§³¥´Ö¥É §´ Î¥´¨¥ ³ ¸¸Ò ±μ´Ë¨£Ê· -
Í¨¨ ¶·¨ Ê¢¥²¨Î¥´¨¨ ³μ³¥´É  ¢· Ð¥´¨Ö μÉ ´Ê²Ö ¤μ ³ ±¸¨³ ²Ó´μ ¢μ§³μ¦´μ£μ §´ Î¥´¨Ö.
� §´μ¸ÉÓ ³ ¸¸ ±μ´Ë¨£Ê· Í¨° ´¥ ¢· Ð ÕÐ¥°¸Ö ¨ ¢· Ð ÕÐ¥°¸Ö ¸ ¶·¥¤¥²Ó´Ò³ §´ Î¥´¨¥³
³μ³¥´É  ¢· Ð¥´¨Ö ³μ¦¥É ¤μ¸É¨£ ÉÓ §´ Î¥´¨Ö ¶μ·Ö¤±  2m� ¶·¨ Ë¨±¸¨·μ¢ ´´μ³ §´ Î¥-
´¨¨ ¶ · ³¥É·  k0 (Í¥´É· ²Ó´μ° ¶²μÉ´μ¸É¨ ±μ´Ë¨£Ê· Í¨¨). „ ´´ Ö § ¢¨¸¨³μ¸ÉÓ ³ ¸¸Ò
¡¥²μ£μ ± ·²¨±  μÉ ³μ³¥´É  ¢· Ð¥´¨Ö ¶·¨¢μ¤¨É ± Éμ³Ê, ÎÉμ Î ´¤· ¸¥± ·μ¢¸±¨° ¶·¥¤¥²
¶·¨ μe = 1 (¢μ¤μ·μ¤´Ò° ¡¥²Ò° ± ·²¨±), · ¢´Ò° 1,87m�, Ê¢¥²¨Î¨¢ ¥É¸Ö ¤μ 3,96m�
¤²Ö Ê· ¢´¥´¨Ö ¸μ¸ÉμÖ´¨Ö ¢Ò·μ¦¤¥´´μ£μ Ô²¥±É·μ´´μ£μ £ § . „²Ö £¥²¨¥¢μ£μ ¡¥²μ£μ ± ·-
²¨±  (μe = 2) Î ´¤· ¸¥± ·μ¢¸±¨¥ ¶·¥¤¥²Ò ³ ¸¸ ¸μμÉ¢¥É¸É¢¥´´μ ¡Ê¤ÊÉ · ¢´Ò 0,47m� ¨
0,99m�. �¥ ²Ó´Ò¥ ¡¥²Ò¥ ± ·²¨±¨ ´¥ ³μ£ÊÉ ¡ÒÉÓ Î¨¸Éμ ¢μ¤μ·μ¤´Ò³¨ (μe = 1) ¨²¨ £¥²¨-
¥¢Ò³¨ (μe = 2). …¸²¨ μ´¨ ¸μ¸ÉμÖÉ ¨§ ¢μ¤μ·μ¤  ¨ ¡μ²¥¥ ÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢ c A � 2Z,

3,5

3

2,5

2

1,5

1
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2

�
m

�¨¸. 4. ƒ· Ë¨±¨ ËÊ´±Í¨°: 1 Å m̃(e = 1, k0);

2 Å m̃(e = ek(k0), k0)
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�¨¸. 5. ƒ· Ë¨± ËÊ´±Í¨¨ m̃−(k0)
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Éμ ¶ · ³¥É· μe Ê¤μ¢²¥É¢μ·Ö¥É ¸μμÉ´μÏ¥´¨Õ 1 < μe � 2. …¸²¨ ²¨´¨¨ ¢μ¤μ·μ¤  ¢ ¸¶¥±-
É·¥ ¡¥²μ£μ ± ·²¨±  μÉ¸ÊÉ¸É¢ÊÕÉ, Éμ ¤²Ö ¡μ²¥¥ ÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢ c A � 2Z §´ Î¥´¨¥
¶ · ³¥É·  μe > 2.

‘É ´¤ ·É´Ò° Î ´¤· ¸¥± ·μ¢¸±¨° ¶·¥¤¥² ³ ¸¸Ò ¡¥²μ£μ ± ·²¨±  mCh = 1,4m� ¨³¥¥É
³¥¸Éμ ¢ ¸²ÊÎ ¥ ¡¥§ ¢· Ð¥´¨Ö ¶·¨ μe = 1,16,   ¢ ¸²ÊÎ ¥ ¶·¥¤¥²Ó´μ£μ ¢· Ð¥´¨Ö ¶·¨
μe = 1,68. �Éμ μ§´ Î ¥É, ÎÉμ ¢ ¶¥·¢μ³ ¸²ÊÎ ¥ ¡¥²Ò° ± ·²¨± ¤μ²¦¥´ ¸μ¤¥·¦ ÉÓ 84%
¢μ¤μ·μ¤  ¨ 16 % ¡μ²¥¥ ÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢. ‚ ¸²ÊÎ ¥ ¶·¥¤¥²Ó´μ£μ ¢· Ð¥´¨Ö ¢μ¤μ·μ¤ 
¡Ê¤¥É ¸μ¤¥·¦ ÉÓ¸Ö ´¥ ¡μ²¥¥ 32 %. �·μ¢¥¤¥´´Ò¥ ´ ³¨ μÍ¥´±¨ Ê± §Ò¢ ÕÉ ´  ¢μ§³μ¦´μ¸ÉÓ
¸ÊÐ¥¸É¢¥´´μ£μ Ê¢¥²¨Î¥´¨Ö Î ´¤· ¸¥± ·μ¢¸±μ£μ ¶·¥¤¥²  ¤²Ö ¡¥²ÒÌ ± ·²¨±μ¢ ¸ Ê· ¢´¥-
´¨Ö³¨ ¸μ¸ÉμÖ´¨Ö Ô²¥±É·μ´´μ£μ ¢Ò·μ¦¤¥´´μ£μ Ë¥·³¨-£ § . �ÉμÉ ¢μ¶·μ¸ Ê¦¥ μ¡¸Ê¦¤ ²¸Ö
¢ ·Ö¤¥ · ¡μÉ [13]. ‚ ´¨Ì ¶·¨¢μ¤¨É¸Ö μÍ¥´±  ¶·¥¤¥²Ó´μ° ³ ¸¸Ò ¡¥²μ£μ ± ·²¨±  mCh,
· ¢´ Ö 2,58m�. ‚ ´ Ï¥³ ¸²ÊÎ ¥ Î ´¤· ¸¥± ·μ¢¸±¨° ¶·¥¤¥² ¡¥§ ¢· Ð¥´¨Ö ¶·¨ μe = 1
¡Ê¤¥É 1,87m�,   ¤²Ö ¶·¥¤¥²Ó´μ ¢· Ð ÕÐ¥£μ¸Ö ¡¥²μ£μ ± ·²¨±  ¶·¨ μe = 1 Å 3,96m�.
‘μ£² ¸´μ É¥μ·¨¨ Ô¢μ²ÕÍ¨¨ §¢¥§¤ ¡¥²Ò¥ ± ·²¨±¨ ¢μ§´¨± ÕÉ ´  ±μ´¥Î´μ° ¥¥ ¸É ¤¨¨. �μ-
ÔÉμ³Ê ·¥ ²Ó´μ ¢ ¸μ¸É ¢¥ ¡μ²ÓÏ¥° Î ¸É¨ ¡¥²ÒÌ ± ·²¨±μ¢ ¢μ¤μ·μ¤ ´¥ ³μ¦¥É ¡ÒÉÓ μ¸´μ¢´Ò³
Ô²¥³¥´Éμ³, ¢¸²¥¤¸É¢¨¥ Î¥£μ §´ Î¥´¨¥ ¶ · ³¥É·  μe ¤μ²¦´μ ¸ÊÐ¥¸É¢¥´´μ μÉ²¨Î ÉÓ¸Ö μÉ
¥¤¨´¨ÍÒ ¨ ¶·¥¤¥²Ó´ Ö ³ ¸¸  ¡¥²ÒÌ ± ·²¨±μ¢ ¡Ê¤¥É ¤μ¸É ÉμÎ´μ ¡²¨§±  ± ¸É ´¤ ·É´μ³Ê
Î ´¤· ¸¥± ·μ¢¸±μ³Ê ¶·¥¤¥²Ê 1,4m�.

‚ ¶·μÍ¥¸¸¥ Ô¢μ²ÕÍ¨¨ §´ Î¥´¨¥ ¶ · ³¥É·  e, ¶μ ³¥·¥ Ê³¥´ÓÏ¥´¨Ö Ê£²μ¢μ£μ ³μ³¥´É ,
¡Ê¤¥É ¨§³¥´ÖÉÓ¸Ö μÉ ´ Î ²Ó´μ£μ §´ Î¥´¨Ö e0 � em ¤μ §´ Î¥´¨Ö, ¡²¨§±μ£μ ± 1. �μÔÉμ³Ê ¢¸¥
ÉμÎ±¨ £· Ë¨±  ·¨¸. 4, μ¶¨¸Ò¢ ÕÐ¥£μ m̃(em(k0), k0), ¡Ê¤ÊÉ ¶·¨¡²¨¦ ÉÓ¸Ö ¶μ ³¥·¥ ¶μÉ¥·¨
Ê£²μ¢μ£μ ³μ³¥´É  ± ´¨¦´¥° ±·¨¢μ° e = 1.

5. �ƒ���ˆ—…�ˆŸ �� ����Œ…’�› �…‹�ƒ� Š��‹ˆŠ�
‘ �…Š��„�� Œ�‹›Œ �…�ˆ�„�Œ ‚��™…�ˆŸ

ˆ¸¶μ²Ó§ÊÖ ¶μ²ÊÎ¥´´μ¥ ´ ³¨ ¶·¥¤¥²Ó´μ¥ §´ Î¥´¨¥ ¶ · ³¥É·  ¡Ò¸É·μÉÒ ¢· Ð¥´¨Ö, ¶μ-
²ÊÎ ¥³  ¸¨³¶ÉμÉ¨Î¥¸±ÊÕ (k0 � 1) Ëμ·³Ê²Ê ¤²Ö Tmin μÉ ρc:

Tmin =
√

π

Gρ0εmm

√
ρ0

ρc
+ O

(
1
k0

)
c. (19)

�μ¤¸É ¢²ÖÖ ¢ (19) Î¨¸²¥´´Ò¥ §´ Î¥´¨Ö, ¶μ²ÊÎ ¥³

Tmin = 40,44
√

ρ0

ρc
+ O

(
1
k0

)
c. (20)

� ·Ö¤Ê ¸  ¸¨³¶ÉμÉ¨Î¥¸±¨³¨ Ëμ·³Ê² ³¨ (19) ¨ (20) ¨³¥¥É ¸³Ò¸² ¶μ²ÊÎ¨ÉÓ Ëμ·³Ê²Ê
¸É¥¶¥´´μ°  ¶¶·μ±¸¨³ Í¨¨ ËÊ´±Í¨¨ Tmin(ρc), ±μÉμ· Ö ¸¶· ¢¥¤²¨¢  ¤²Ö ¢¸¥£μ ¨´É¥·¢ ² 
§´ Î¥´¨° ρc:

Tmin ≈ 39,16
(

ρ0

ρc

)0,496

c. (21)

ˆ§³¥·¥´´Ò¥ ´  μ¶ÒÉ¥ §´ Î¥´¨Ö ¶¥·¨μ¤  ¸ ³μ£μ ¡Ò¸É·μ£μ ¡¥²μ£μ ± ·²¨±  T = 13,18 ¸
¨ ¥£μ ³ ¸¸Ò m = 1,28m� ¶μ§¢μ²ÖÕÉ, ´  μ¸´μ¢¥ ¶·μ¢¥¤¥´´ÒÌ ´ ³¨ · ¸Î¥Éμ¢ ¢ ³ É¥³ É¨Î¥-
¸±μ° ³μ¤¥²¨ ¸ Ê· ¢´¥´¨¥³ ¸μ¸ÉμÖ´¨Ö ¨¤¥ ²Ó´μ£μ ¢Ò·μ¦¤¥´´μ£μ Ô²¥±É·μ´´μ£μ Ë¥·³¨-£ § ,
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�¨¸. 7. ƒ· Ë¨±¨ ËÊ´±Í¨¨ μe(ρc/ρ0)

¶μ²ÊÎ¨ÉÓ μ£· ´¨Î¥´¨Ö ´  Ì¨³¨Î¥¸±¨° ¸μ¸É ¢ (μe) ¨ ¢¥²¨Î¨´Ê Í¥´É· ²Ó´μ° ¶²μÉ´μ¸É¨ (ρc)
ÔÉμ£μ μ¡Ñ¥±É .

„²Ö ÔÉμ£μ ³Ò ¡Ê¤¥³ ¨¸¶μ²Ó§μ¢ ÉÓ ¸²¥¤ÊÕÐ¨¥ ¸μμÉ´μÏ¥´¨Ö:

μe =

√
m̃(e, k0)

1,28
, μe =

π

T 2Gρ0

1

ε(e, k0)k
3/2
0

, T � Tmin ≈ 39,16(μek
3/2
0 )−0,496. (22)

�¥Ï¥´¨¥ ¸¨¸É¥³Ò (27) ³μ¦¥É ¡ÒÉÓ ¶·μ¢¥¤¥´μ Î¨¸²¥´´μ. �´μ ´ ³ ¤ ¥É § ¢¨¸¨³μ¸ÉÓ
μe μÉ k0 ¨²¨ μÉ ρc. ƒ· Ë¨±¨ ËÊ´±Í¨° μe(k0) ¨ μe(ρc), μ¶¨¸Ò¢ ÕÐ¨¥ ÔÉÊ § ¢¨¸¨³μ¸ÉÓ,
¶·¨¢¥¤¥´Ò ´  ·¨¸. 6 ¨ 7 ¸μμÉ¢¥É¸É¢¥´´μ.

ˆ§ ·¨¸. 6 ¸²¥¤Ê¥É, ÎÉμ ¶ · ³¥É· k0 ´¥ ³μ¦¥É ¡ÒÉÓ ³¥´ÓÏ¥ 3,82,   ¶ · ³¥É· μe

¡μ²ÓÏ¥ 1,21. �·¨ ÔÉμ³ ³ ±¸¨³ ²Ó´μ¥ §´ Î¥´¨¥ μe = 1,21 ¤μ¸É¨£ ¥É¸Ö ¶·¨ ³¨´¨³ ²Ó-
´μ³ §´ Î¥´¨¨ k0 = 3,82. „ ²¥¥ ¸ ·μ¸Éμ³ k0 μÉ 3,82 ¤μ 6,70 ¶ · ³¥É· μe Ê³¥´ÓÏ ¥É¸Ö
¤μ ³¨´¨³ ²Ó´μ£μ §´ Î¥´¨Ö 1,09. ‡ É¥³, ¸ ·μ¸Éμ³ k0 ¤μ 100, ¶ · ³¥É· μe · ¸É¥É ¤μ
§´ Î¥´¨Ö 1,19.

Š Î¥¸É¢¥´´Ò° Ì · ±É¥· § ¢¨¸¨³μ¸É¨ μe μÉ ρc/ρ0 ¢ Í¥²μ³ ¶μ¢Éμ·Ö¥É § ¢¨¸¨³μ¸ÉÓ μe

μÉ k0. ‡´ Î¥´¨¥ μe ³¨´¨³ ²Ó´μ ¶·¨ ρc/ρ0 = 9,04. �·¨ ÔÉμ³ ρc/ρ0 � 9,04. Œ¨´¨³Ê³
μe = 1,09 ¤μ¸É¨£ ¥É¸Ö ¶·¨ ρc/ρ0 = 18,97. ‘ ·μ¸Éμ³ ρc/ρ0 ¤μ §´ Î¥´¨° ¶μ·Ö¤±  103

¶ · ³¥É· μe ¶·¨¡²¨¦ ¥É¸Ö ± §´ Î¥´¨Õ 1,19.
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‚ · ¡μÉ¥ ¢¶¥·¢Ò¥ ¶μ²ÊÎ¥´Ò μ£· ´¨Î¥´¨Ö ´  ¢¥²¨Î¨´Ê Í¥´É· ²Ó´μ° ¶²μÉ´μ¸É¨ ρc ¨
¶ · ³¥É· μe, μ¶·¥¤¥²Ö¥³Ò° Ì¨³¨Î¥¸±¨³ ¸μ¸É ¢μ³, ¡¥²μ£μ ± ·²¨±  RX J0648.0-4418 ¸ ·¥-
±μ·¤´μ ¡Ò¸É·Ò³ ¶¥·¨μ¤μ³ ¢· Ð¥´¨Ö T = 13,18 ¸ ¨ ³ ¸¸μ° m = (1,28±0,05)m�. � ¸Î¥ÉÒ
¶·μ¢μ¤¨²¨¸Ó ¸ ³ ±¸¨³ ²Ó´μ° ¶μ£·¥Ï´μ¸ÉÓÕ ¶μ·Ö¤±  10−3 ¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ê· ¢´¥´¨Ö
¸μ¸ÉμÖ´¨Ö ¨¤¥ ²Ó´μ£μ ¢Ò·μ¦¤¥´´μ£μ Ô²¥±É·μ´´μ£μ £ § . �´¨ ¸¤¥² ´Ò ´  μ¸´μ¢¥ · §· ¡μ-
É ´´μ£μ ¨ ·¥ ²¨§μ¢ ´´μ£μ  ¢Éμ· ³¨ ±μ³¶²¥±¸  ¸¨³¢μ²Ó´μ-Î¨¸²¥´´ÒÌ ¶·μ£· ³³ ¢ ¸¨¸É¥³¥
¸¨³¢μ²Ó´μ° ³ É¥³ É¨±¨ MAPLE ¸ ¸¨¸É¥³ É¨Î¥¸±¨³ ¶·¨³¥´¥´¨¥³ ¶μ²¨´μ³μ¢ ´ ¨²ÊÎÏ¥£μ
¶·¨¡²¨¦¥´¨Ö ¢ L2 ¶μ ¸É¥¶¥´Ö³ ±μμ·¤¨´ É ±μ´Ë¨£Ê· Í¨¨ ¡¥²ÒÌ ± ·²¨±μ¢.

„²Ö · ¸Î¥É  ±μ´Ë¨£Ê· Í¨¨ ¢· Ð ÕÐ¥£μ¸Ö ¡¥²μ£μ ± ·²¨±  ¨¸¶μ²Ó§μ¢ ² ¸Ó ¶μ²ÊÎ¥´´ Ö
· ´¥¥  ¢Éμ· ³¨ ¸¨¸É¥³  ¨´É¥£· ²Ó´ÒÌ Ê· ¢´¥´¨° ¢ R3, ±μÉμ· Ö ÊÎ¨ÉÒ¢ ¥É ¸²μ¦´Ò° Ì -
· ±É¥· ¶μ¢¥·Ì´μ¸É¨ ±μ´Ë¨£Ê· Í¨¨ ¢ ¢¨¤¥ ¢μ§³ÊÐ¥´´μ° Ô²²¨¶¸μ¨¤ ²Ó´μ° ¶μ¢¥·Ì´μ¸É¨.
�¥Ï¥´¨¥ ¤ ´´μ° ¸¨¸É¥³Ò ¶μ§¢μ²¨²μ ¶μ¸É·μ¨ÉÓ ¶·¨¡²¨¦¥´´μ¥  ´ ²¨É¨Î¥¸±μ¥ ·¥Ï¥´¨¥ ¸
ÉμÎ´μ¸ÉÓÕ 10−9 ¢ ³¥É·¨±¥ L2, μ¶¨¸Ò¢ ÕÐ¥¥ ±μ´Ë¨£Ê· Í¨Õ ¡¥²μ£μ ± ·²¨± . �Éμ ¤ ²μ
¢μ§³μ¦´μ¸ÉÓ ¶μ²ÊÎ¨ÉÓ  ´ ²¨É¨Î¥¸±¨¥ ¢Ò· ¦¥´¨Ö ¤²Ö ³¨´¨³ ²Ó´μ£μ ¶¥·¨μ¤  Tmin (17) ¨
³ ¸¸Ò ¢· Ð ÕÐ¨Ì¸Ö ¡¥²ÒÌ ± ·²¨±μ¢ m (18). �·¨ ÔÉμ³ ¶μ± § ´μ, ÎÉμ ¶·¨ ¶·¨¡²¨¦¥´¨¨
¶¥·¨μ¤  T ± Tmin ³ ¸¸  ¡¥²μ£μ ± ·²¨±  ¢μ§· ¸É ¥É ¶μÎÉ¨ ¢¤¢μ¥ ¶μ ¸· ¢´¥´¨Õ ¸μ ¸²ÊÎ ¥³
μÉ¸ÊÉ¸É¢¨Ö ¢· Ð¥´¨Ö ¶·¨ Ë¨±¸¨·μ¢ ´´μ° Í¥´É· ²Ó´μ° ¶²μÉ´μ¸É¨.

„ ²¥¥ ¶μ²ÊÎ¥´  ¸¨¸É¥³  Ê· ¢´¥´¨° ¨ ´¥· ¢¥´¸É¢ (22), ¶μ§¢μ²ÖÕÐ Ö ´ °É¨ μ£· ´¨Î¥´¨Ö
´  §´ Î¥´¨Ö ¶ · ³¥É·μ¢ ρc ¨ μe ¡¥²μ£μ ± ·²¨±  RX J0648.0-4418 ¸ ¨§¢¥¸É´Ò³¨ §´ Î¥´¨-
Ö³¨ ¶¥·¨μ¤  ¢· Ð¥´¨Ö ¨ ³ ¸¸Ò. …¥ Î¨¸²¥´´μ¥ ·¥Ï¥´¨¥ ¶·¥¤¸É ¢²¥´μ ¢ ¢¨¤¥ £· Ë¨±μ¢
´  ·¨¸. 6, 7. �´ ²¨§ ÔÉ¨Ì £· Ë¨±μ¢ ¶μ± §Ò¢ ¥É, ÎÉμ § ¢¨¸¨³μ¸ÉÓ μe μÉ k0 ¨ ρc ¨³¥¥É ¤μ-
¸É ÉμÎ´μ ¸²μ¦´Ò° Ì · ±É¥·. �·¨ ÔÉμ³ ¶ · ³¥É·Ò μe, k0 ¨ ρc ¨§³¥´ÖÕÉ¸Ö ¢ ¨´É¥·¢ ² Ì:
1,09 � μe � 1,21, 3,82 � k0 � 100, 9,04 � ρc/ρ0 � 103 (ρ0 = 0,98 · 106 £/¸³3). �μ²ÊÎ¥´-
´Ò° ¨´É¥·¢ ² §´ Î¥´¨° ¶ · ³¥É·  μe Ê± §Ò¢ ¥É ´  Éμ, ÎÉμ ¡¥²Ò° ± ·²¨± RX J0648.0-4418
´¥ ³μ¦¥É ¡ÒÉÓ ¶μ²´μ¸ÉÓÕ ¢μ¤μ·μ¤´Ò³. �´ ¤μ²¦¥´ ¸μ¤¥·¦ ÉÓ ´¥ ³¥´¥¥ 9 % ¨ ´¥ ¡μ²¥¥
21% ÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢.

��ˆ‹�†…�ˆ…

ŠμÔËË¨Í¨¥´ÉÒ δi(k0) ³´μ£μÎ²¥´ ,  ¶¶·μ±¸¨³¨·ÊÕÐ¥£μ ËÊ´±Í¨Õ, μ¶·¥¤¥²ÖÕÐÊÕ
¢±² ¤ ¤ ¢²¥´¨Ö ¢ ±μ´Ë¨£Ê· Í¨Õ ¡¥²μ£μ ± ·²¨±  ¸ Ê· ¢´¥´¨¥³ ¸μ¸ÉμÖ´¨Ö ¨¤¥ ²Ó´μ£μ
¢Ò·μ¦¤¥´´μ£μ Ô²¥±É·μ´´μ£μ £ § , ¸²¥¤ÊÕÐ¨¥:

δ1 = −21 − 16515072
4199k9

0

+
1935360
143k6

0

− 1344
k3
0

+

+
(

16515072
4199k9

0

− 915899698665
94595072k6

0

− 105709610223
17199104k7

0

− 8257536
4199k8

0

+
4390407
184756k0

−

−48785163
739024k2

0

+
694262247
1478048k3

0

+
21069725103
11824384k4

0

+
89341300629
23648768k5

0

+
3927
494

)
×

×
√

1
k0

+ 1 +
(
−138915

32
+

31216185
4096k3

0

)
F,
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δ2 =
192675840

4199k9
0

+ 140 − 21504000
143k6

0

+
13440

k3
0

+

+
(
−192675840

4199k9
0

+
630542467275

5912192k6
0

+
75129377085
1074944k7

0

+
96337920
4199k8

0

− 8782308
46189k0

+

+
26778981
46189k2

0

− 417712215
92378k3

0

− 13625877285
739024k4

0

− 61018465935
1478048k5

0

− 10472
247

)
×

×
√

1
k0

+ 1 +
(

46305− 22297275
256k3

0

)
F,

δ3 = −770703360
4199k9

0

− 48384
k3
0

+
82944000

143k6
0

− 420+

+
(

58905
494

+
770703360

4199k9
0

+
3719823539505

23648768k5
0

− 38665873895925
94595072k6

0

+
111978909
184756k0

−

−385351680
4199k8

0

+
1810873809
113696k3

0

− 4714653875715
17199104k7

0

− 1435103523
739024k2

0

+
801005301675
11824384k4

0

)
×

×
√

1
k0

+ 1 +
(

1404728325
4096k3

0

− 694575
4

)
F,

δ4 = −145152000
143k6

0

+
1387266048

4199k9
0

+ 630 +
80640

k3
0

+

+
(
−42840

247
+

522206263467
1074944k7

0

+
693633024

4199k8
0

− 1387266048
4199k9

0

− 43299900
46189k0

+

+
142864659
46189k2

0

− 2417938929
92378k3

0

− 84576199491
739024k4

0

− 403055103465
1478048k5

0

+
323729800065

454784k6
0

)
×

×
√

1
k0

+ 1 +
(

297675− 156080925
256k3

0

)
F,

δ5 = −462 +
10752000

13k6
0

− 1156055040
4199k9

0

− 63360
k3
0

+

+
(

30855
247

− 3437682836175
8599552k7

0

− 578027520
4199k8

0

+
1156055040

4199k9
0

− 2484338747835
4299776k6

0

+

+
2940705
4199k0

− 79136115
33592k2

0

+
684067521
33592k3

0

+
48798817137

537472k4
0

+
237085667007

1074944k5
0

)
×

×
√

1
k0

+ 1 +
(
−7640325

32
+

1030134105
2048k3

0

)
F,



714 Œ¨Ì¥¥¢ ‘. �., –¢¥É±μ¢ ‚. �.

δ6 = 132 +
19008

k3
− 3317760

13k6
+

363331584
4199k9

+

+
(
−8712

247
− 850716

4199k
+

2901051
4199k2

− 50932809
8398k3

− 1843271451
67184k4

−

−9090184113
134368k5

+
95526978165

537472k6
+

133647431841
1074944k7

+
181665792

4199k8
− 363331584

4199k9

)
×

×
√

1
k0

+ 1 +
(

72765− 40135095
256k3

)
F,

F =
1
k5
0

Arsh (
√

k0).
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