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“¤³Ê·É¸±¨° £μ¸Ê¤ ·¸É¢¥´´Ò° Ê´¨¢¥·¸¨É¥É, ˆ¦¥¢¸±, �μ¸¸¨Ö

� §· ¡μÉ ´  É¥μ·¨Ö Ô±¢¨£· ¢¨É¨·ÊÕÐ¨Ì É¥², ¸ ¶μ³μÐÓÕ ±μÉμ·ÒÌ ¢´¥Ï´¨¥ ¸¨²μ¢Ò¥ ¶μ²Ö μ¡Ñ-
¥³´ÒÌ μ¸¥¸¨³³¥É·¨Î´ÒÌ Ë¨£Ê· ³μ¦´μ ¶·¥¤¸É ¢²ÖÉÓ Î¥·¥§ μ¤´μ±· É´Ò¥ ¨´É¥£· ²Ò. ’¥μ·¨Ö · §¢¨-
¢ ¥É¸Ö ¢ É·¥Ì ´ ¶· ¢²¥´¨ÖÌ. �¥·¢μ¥ ¸¢Ö§ ´μ ¸ ¤μ± § É¥²Ó¸É¢μ³ ¸ÊÐ¥¸É¢μ¢ ´¨Ö Ô±¢¨£· ¢¨É¨·ÊÕÐ¨Ì
¸É¥·¦´¥°. ’ ±¨¥ ¸É¥·¦´¨ ³μ£ÊÉ ¨³¥ÉÓ ± ± ·¥ ²Ó´μ¥, É ± ¨ ³´¨³μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶²μÉ´μ¸É¨, μ¤-
´ ±μ ³ ¸¸  ¨ ¢´¥Ï´¨° ¶μÉ¥´Í¨ ² ¸É¥·¦´¥° μ¸É ÕÉ¸Ö ¢¥Ð¥¸É¢¥´´Ò³¨. ƒ· ´¨ÍÒ ¸É¥·¦´¥° μÉ³¥Î¥´Ò
μ¸μ¡Ò³¨ ÉμÎ± ³¨ (ÔÉμ ÉμÎ±¨ ¨§²μ³μ¢ ´  ¶μ¢¥·Ì´μ¸É¨ ¨²¨ μ¸μ¡Ò¥ ÉμÎ±¨  ´ ²¨É¨Î¥¸±μ£μ ¶·μ¤μ²-
¦¥´¨Ö ¢´¥Ï´¥£μ ¶μÉ¥´Í¨ ²  ¢´ÊÉ·Ó É¥² ). �·¨ ¤¢ÊÌ μ¸μ¡ÒÌ ÉμÎ± Ì Ô±¢¨£· ¢¨É¨·ÊÕÐ¨° ¸É¥·¦¥´Ó
μ¤¨´, ¢ ¶·μÉ¨¢´μ³ ¸²ÊÎ ¥ ¸É¥·¦´¨ ¸μ¸É ¢´Ò¥ ¨²¨ μ¡· §ÊÕÉ Ô±¢¨£· ¢¨É¨·ÊÕÐ¨¥ ®¸±¥²¥ÉÒ¯. �·¨
¨§μ²¨·μ¢ ´´ÒÌ μ¸μ¡ÒÌ ÉμÎ± Ì ¢´¥Ï´¨¥ £· ¢¨É Í¨μ´´Ò¥ ¶μ²Ö ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¸μ¢μ±Ê¶´μ¸ÉÓÕ
¸É¥·¦´¥° ¨ ÉμÎ¥Î´ÒÌ ³ ¸¸. ‚Éμ·μ¥ ´ ¶· ¢²¥´¨¥ μ¶¨· ¥É¸Ö ´  ¶·¥¤¸É ¢²¥´¨¥ ¢´¥Ï´¥£μ £· ¢¨É -
Í¨μ´´μ£μ ¶μ²Ö μ¡Ñ¥³´ÒÌ É¥² ¸ ¶μ³μÐÓÕ ¶μÉ¥´Í¨ ²μ¢ ¶²μ¸±¨Ì ¤¨¸±μ¢. “± § ´Ò ¢¸¥ ¸²ÊÎ ¨, ±μ£¤ 
É ±¨¥ ¤¨¸±¨ ´ Ìμ¤ÖÉ¸Ö ¶μ Ô±¢¨£· ¢¨É¨·ÊÕÐ¨³ ¸É¥·¦´Ö³. �¡· É´μ¥ ¢¥·´μ ¢¸¥£¤ : ¤²Ö μ¤´μ·μ¤´μ£μ
¨²¨ ²Õ¡μ£μ ´¥μ¤´μ·μ¤´μ£μ ±·Ê£²μ£μ ¤¨¸±  ³μ¦´μ ´ °É¨ Ô±¢¨£· ¢¨É¨·ÊÕÐ¨° ¸É¥·¦¥´Ó,   §´ Î¨É, ¨
Ô±¢¨£· ¢¨É¨·ÊÕÐ¥¥ ¥³Ê μ¡Ñ¥³´μ¥ É¥²μ ¸ Ô±¢ Éμ·¨ ²Ó´μ° ¶²μ¸±μ¸ÉÓÕ ¸¨³³¥É·¨¨. “¤ ¥É¸Ö ¶μ¸É·μ-
¨ÉÓ Í¥¶μÎ±¨ Ô±¢¨£· ¢¨É¨·ÊÕÐ¨Ì É¥² É¨¶  ®¸Ë¥·μ¨¤Ä¤¨¸±Ä¸É¥·¦¥´Ó¯. ’·¥ÉÓ¥ ´ ¶· ¢²¥´¨¥ ¸¢Ö§ ´μ
¸ · §¢¨É¨¥³ ¨ · ¸Ï¨·¥´¨¥³ μ¡² ¸É¨ ¶·¨³¥´¥´¨Ö ³¥Éμ¤  ¸μËμ±Ê¸´ÒÌ ¶·¥μ¡· §μ¢ ´¨°. �ÉμÉ ³¥Éμ¤
³μ¤¨Ë¨Í¨·Ê¥É¸Ö ¨ ¶·¨² £ ¥É¸Ö ´¥ Éμ²Ó±μ ± ¸¶²μÏ´Ò³ μ¤´μ·μ¤´Ò³ Ô²²¨¶¸μ¨¤ ³, ´μ ¨ ± ¸²μ¨¸Éμ-
´¥μ¤´μ·μ¤´Ò³ Ô²²¨¶¸μ¨¤ ³ cμ ¸É· É¨Ë¨± Í¨¥° ¸ ³μ£μ μ¡Ð¥£μ ¢¨¤ ,   É ±¦¥ ± μ¤´μ·μ¤´Ò³ ¨
´¥μ¤´μ·μ¤´Ò³ μ¡μ²μÎ± ³. ‹Õ¡Ò¥ Ô²¥³¥´É ·´Ò¥ ¨²¨ Éμ²¸ÉÒ¥ Ô²²¨¶¸μ¨¤ ²Ó´Ò¥ μ¡μ²μÎ±¨ (  É ±¦¥
¸¶²μÏ´Ò¥ ¸²μ¨¸Éμ-´¥μ¤´μ·μ¤´Ò¥ Ô²²¨¶¸μ¨¤Ò), ¸¢Ö§ ´´Ò¥ ¸¶¥Í¨ ²Ó´Ò³¨ ¸μËμ±Ê¸´Ò³¨ ¶·¥μ¡· §μ-
¢ ´¨Ö³¨, μ± §Ò¢ ÕÉ¸Ö Ô±¢¨£· ¢¨É¨·ÊÕÐ¨³¨ ¤·Ê£ ¤·Ê£Ê.

A theory of equigravitating bodies by means of which external force ˇelds of the volume axially
symmetric ˇgures can be represented by unitary integrals is developed. The theory develops in three
directions. The ˇrst one is connected with the proof of existence of equigravitating line segments. Such
line segments can have both real, and imaginary distribution of density, however, mass and external
potential remain as real values. The ends of line segments coincide with special points (these are cusp
points on surfaces or special points of analytical continuation of external potential inside the body).
At two special points only the body has one line equigravitating segment, otherwise the line segments
are compound or form equigravitating ®skeletons¯. At the isolated special points external gravitational
ˇelds can be presented by a set of line segments and mass points. The second direction is based on
representation of external gravitational ˇeld of volume axially symmetric ˇgures by means of potentials
of 
at round disks. Such disks are obtained on line segments. The reverse is true always: for homoge-
neous or any non-uniform round disk it is possible to ˇnd an equigravitating line segment. It manages to
construct chains of equigravitating bodies of the ®spheroidÄdiskÄline segment¯ type. The third direction
of the theory is connected with development and expansion of a scope of the method of confocal trans-
formations. This method is modiˇed and applied not only to continuous homogeneous ellipsoids but
also to non-uniform stratiˇed ellipsoids with stratiˇcation of the general type, and also to homogeneous
and non-uniform shells. Any elementary or thick ellipsoidal shells (and also continuous non-uniform
stratiˇed ellipsoids), connected by special confocal transformations, are equigravitating to each other.
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�·¨ ¢ÒÎ¨¸²¥´¨¨ ¶μÉ¥´Í¨ ²μ¢ ¨ ¸¨²μ¢ÒÌ ¶μ²¥° É¥² ¨¸¸²¥¤μ¢ É¥²¨ Î ¸Éμ ¸É ²±¨¢ ÕÉ¸Ö
¸μ §´ Î¨É¥²Ó´Ò³¨ ³ É¥³ É¨Î¥¸±¨³¨ É·Ê¤´μ¸ÉÖ³¨. …Ð¥ ¡μ²¥¥ ¸²μ¦´Ò³¨ Ö¢²ÖÕÉ¸Ö § ¤ Î¨
¶μ ¢ÒÎ¨¸²¥´¨Õ ¢§ ¨³´μ£μ ¶·¨ÉÖ¦¥´¨Ö ¨²¨ £· ¢¨É Í¨μ´´μ° (¶μÉ¥´Í¨ ²Ó´μ°) Ô´¥·£¨¨ É¥².
‚ ³μ´μ£· Ë¨ÖÌ [1Ä3] ¤ ´ ·Ö¤ ´μ¢ÒÌ ³¥Éμ¤μ¢ ¤²Ö ·¥Ï¥´¨Ö ±μ³¶²¥±¸  ¶μ¤μ¡´ÒÌ § ¤ Î
¨ · §· ¡μÉ ´μ ´μ¢μ¥ ´ ¶· ¢²¥´¨¥ ¢ É¥μ·¨¨ ¶μÉ¥´Í¨ ²  Å É¥μ·¨Ö Ô±¢¨£· ¢¨É¨·ÊÕÐ¨Ì
É¥². „μ± § ´μ, ¢ Î ¸É´μ¸É¨, ÎÉμ Ô±¢¨£· ¢¨É¨·ÊÕÐ¨¥ É¥²  ¤²Ö μ¤´μ·μ¤´ÒÌ μ¡Ñ¥³´ÒÌ É¥² ¸
 §¨³ÊÉ ²Ó´μ° ¸¨³³¥É·¨¥° ³μ£ÊÉ ¨³¥ÉÓ Ëμ·³Ê μ¤´μ³¥·´ÒÌ ¸É¥·¦´¥° ¨²¨ ±·Ê£²ÒÌ ¤¨¸±μ¢.

�±¢¨£· ¢¨É¨·ÊÕÐ¨¥ ¸É¥·¦´¨ ¨ ¤¨¸±¨ §´ Î¨É¥²Ó´μ Ê¶·μÐ ÕÉ ¶·¥¤¸É ¢²¥´¨¥ ¢´¥Ï´¨Ì
¶μ²¥° £· ¢¨É¨·ÊÕÐ¨Ì (¨²¨ § ·Ö¦¥´´ÒÌ Ô²¥±É·¨Î¥¸É¢μ³) É¥²,   É ±¦¥ Î ¸Éμ ¶μ§¢μ²ÖÕÉ
´ Ìμ¤¨ÉÓ ¶μÉ¥´Í¨ ²Ò É¥² ¢ ±μ´¥Î´μ³  ´ ²¨É¨Î¥¸±μ³ ¢¨¤¥. �Éμ ¢ ¦´μ ± ± ¤²Ö É¥μ·¥-
É¨Î¥¸±¨Ì, É ± ¨ ¶· ±É¨Î¥¸±¨Ì ¶·¨²μ¦¥´¨° É¥μ·¨¨ ¶μÉ¥´Í¨ ² . –¥²ÓÕ ¤ ´´μ° · ¡μÉÒ
Ö¢²Ö¥É¸Ö ±· É±¨° μ¡§μ· ¨§ [2, 3] ´¥±μÉμ·ÒÌ  ´ ²¨É¨Î¥¸±¨Ì ³¥Éμ¤μ¢, ¶·¥¤´ §´ Î¥´´ÒÌ
¤²Ö ¶μ¨¸±  § ³¥´ÖÕÐ¨Ì μ¤´μ³¥·´ÒÌ ¨²¨ ¤¢Ê³¥·´ÒÌ ¨¸ÉμÎ´¨±μ¢ ¶·¨ÉÖ¦¥´¨Ö. �·¨ ÔÉμ³
¤μ¶Ê¸± ÕÉ¸Ö ± ± ¤¥°¸É¢¨É¥²Ó´Ò¥, É ± ¨ ³´¨³Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ ¢¥Ð¥¸É¢  ´ 
¸É¥·¦´ÖÌ ¨ ¤¨¸± Ì.

1. �Š‚ˆƒ��‚ˆ’ˆ�“�™ˆ… ‘’…�†�ˆ

	μ¢Ò³ ¨ ¶·μ¤Ê±É¨¢´Ò³ ´ ¶· ¢²¥´¨¥³ ¢ É¥μ·¨¨ ¶μÉ¥´Í¨ ²  Ö¢²Ö¥É¸Ö ¶·¥¤¸É ¢²¥´¨¥
¢´¥Ï´¥£μ ´ÓÕÉμ´μ¢¸±μ£μ ¶μÉ¥´Í¨ ²  μ¸¥¸¨³³¥É·¨Î´ÒÌ μ¡Ñ¥³´ÒÌ É¥² ¸ ¶μ³μÐÓÕ ±·Ê£μ-
¢ÒÌ ¤¨¸±μ¢ ¨ μ¤´μ³¥·´ÒÌ ¸É¥·¦´¥°. ‡ ³¥´ÖÕÐ¨¥ Ô²¥³¥´ÉÒ ³μ£ÊÉ ¨³¥ÉÓ Î¨¸Éμ ³´¨³μ¥
· ¸¶·¥¤¥²¥´¨¥ ¶²μÉ´μ¸É¨, μ¤´ ±μ ¨Ì ³ ¸¸  ¨ £· ¢¨É Í¨μ´´μ¥ ¶μ²¥ μ¸É ÕÉ¸Ö ·¥ ²Ó´Ò³¨.

’¥μ·¥³  1. �μÉ¥´Í¨ ² μ¤´μ·μ¤´μ£μ ±·Ê£²μ£μ ¤¨¸±  ¸ · ¤¨Ê¸μ³ R ¨ ¶²μÉ´μ¸ÉÓÕ σ
³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¸ ¶μ³μÐÓÕ ³´¨³μ£μ ¸É¥·¦´Ö ¸ · ¸¶·¥¤¥²¥´¨¥³ ¶²μÉ´μ¸É¨

μ (ζ) = −2iσ
√

R2 + ζ2, −R � ζ

i
� R. (1)

‘²¥¤¸É¢¨¥. „²Ö μ¤´μ³¥·´μ£μ ±μ²ÓÍ  · ¤¨Ê¸μ³ a ¨ ¶μ¸ÉμÖ´´μ° ²¨´¥°´μ° ¶²μÉ´μ¸ÉÓÕ
μ0 Ô±¢¨£· ¢¨É¨·ÊÕÐ¨³ Ö¢²Ö¥É¸Ö ³´¨³Ò° ¸É¥·¦¥´Ó ¸ ¡¥¸±μ´¥Î´μ° ¶²μÉ´μ¸ÉÓÕ ´  ±μ´Í Ì

μ(ζ) = − 2iaμ0√
a2 + ζ2

, −a � ζ

i
� a. (2)

‘ ¶μ³μÐÓÕ ¸É¥·¦´Ö (1) ³μ¦´μ, ¢ Î ¸É´μ¸É¨, ·¥Ï¨ÉÓ ¨ ¢ ¦´ÊÕ § ¤ ÎÊ μ ¶μ²´μ³
¶·μ¸É· ´¸É¢¥´´μ³ ¶μÉ¥´Í¨ ²¥ μ¤´μ·μ¤´μ£μ ±·Ê£²μ£μ ¤¨¸± 

ϕ (r, x3) =
2
√

2Gσ√
a − c

{[
c + 2

(
R2 − r2

)]
K(k̃) + (a − c) E(k̃) − 2x2

3Π
(

a − b

2r2
, k̃

)}
, (3)

£¤¥
a = 2

(
r2 + x2

3

)
,

b = r2 + x2
3 − R2 +

√
(r2 + x2

3 − R2)2 + 4R2x2
3,

c = r2 + x2
3 − R2 −

√
(r2 + x2

3 − R2)2 + 4R2x2
3 < 0.

(4)
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‡¤¥¸Ó K
(
k̃
)
, E
(
k̃
)

¨ Π
(

a − b

2r2
, k̃

)
Å ¶μ²´Ò¥ Ô²²¨¶É¨Î¥¸±¨¥ ¨´É¥£· ²Ò, ¶·¨Î¥³

k̃ =
1 − k′

1 + k′ , k′ =

√
(r − R)2 + x2

3

(r + R)2 + x2
3

.

1.1. � Ìμ¦¤¥´¨¥ ¸É¥·¦´¥° ³¥Éμ¤μ³ · ¸¸²μ¥´¨Ö É¥²  ´  ¤¨¸±¨. ˆ§ ¤¨¸±μ¢ (¨ ±μ²¥Í)
³μ¦´μ ¸±μ´¸É·Ê¨·μ¢ ÉÓ μ¸¥¸¨³³¥É·¨Î´Ò¥ É¥²  · §´μ° Ëμ·³Ò. „²Ö ´ Ìμ¦¤¥´¨Ö Ô±¢¨£· -
¢¨É¨·ÊÕÐ¨Ì ¸É¥·¦´¥° ÔÉ¨Ì É¥² ¶·¨³¥´¨³ ³¥Éμ¤ ¸¨´É¥§ . „ ´μ μ¤´μ·μ¤´μ¥ μ¸¥¸¨³³¥-
É·¨Î´μ¥ É¥²μ, ³¥·¨¤¨μ´ ²Ó´μ¥ ¸¥Î¥´¨¥ ±μÉμ·μ£μ μ¶¨¸Ò¢ ¥É¸Ö (¶μ²´μ¸ÉÓÕ ¨²¨ Î ¸É¨Î´μ)
ËÊ´±Í¨¥° R = R(h), ¨ R Å · ¤¨Ê¸ ¤¨¸± , · ¸¶μ²μ¦¥´´μ£μ ´  ¢Ò¸μÉ¥ h. �·¨ ÔÉμ³ ´  ¶μ-
¢¥·Ì´μ¸É¨ ¨ ¢´ÊÉ·¨ Ë¨£Ê·Ò ¤μ¶Ê¸± ¥É¸Ö ¸ÊÐ¥¸É¢μ¢ ´¨¥ ±μ´¥Î´μ£μ Î¨¸²  μ¸μ¡ÒÌ ÉμÎ¥±.
�É¨ μ¸μ¡Ò¥ ÉμÎ±¨ ¸²Ê¦ É ±μ´Í ³¨ μ¤´μ³¥·´ÒÌ ³ É¥·¨ ²Ó´ÒÌ μÉ·¥§±μ¢. …¸²¨ μ¸μ¡ÒÌ
ÉμÎ¥± Ê É¥²  ¡μ²¥¥ ¤¢ÊÌ, ¢³¥¸Éμ μ¤´μ£μ ¸ÊÐ¥¸É¢Ê¥É Ê¦¥ ±μ³¡¨´ Í¨Ö § ³¥´ÖÕÐ¨Ì ¸É¥·¦-
´¥° ¨²¨ ¦¥ ¸μ¢μ±Ê¶´μ¸ÉÓ ¸É¥·¦´¥° ¨ ·¥ ²Ó´ÒÌ ÉμÎ¥Î´ÒÌ ³ ¸¸. —Éμ¡Ò É ±¨¥ μÉ·¥§±¨
Ö¢²Ö²¨¸Ó Ô±¢¨£· ¢¨É¨·ÊÕÐ¨³¨ ¤²Ö μ¡Ñ¥³´μ£μ É¥² , ¤μ²¦´  ¢Ò¶μ²´ÖÉÓ¸Ö ¸²¥¤ÊÕÐ Ö

’¥μ·¥³  2. „²Ö μ¤´μ·μ¤´μ£μ μ¸¥¸¨³³¥É·¨Î´μ£μ É¥²  ¶²μÉ´μ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö £· -
¢¨É¨·ÊÕÐ¥£μ ¢¥Ð¥¸É¢  ¢ ÉμÎ±¥ ζ ´  μ¤´μ³¥·´ÒÌ § ³¥Ð ÕÐ¨Ì ¸É¥·¦´ÖÌ ¤ ¥É¸Ö ¨´É¥-
£· ²μ³

μ (ζ) = −2iρ

h2∫
h1

√
R2 (h) + (ζ − h)2dh, (5)

£¤¥ R(h) § ¤ ¥É ±μ´ÉÊ· Ë¨£Ê·Ò,   ¶·¥¤¥²Ò ¨´É¥£·¨·μ¢ ´¨Ö ´ Ìμ¤ÖÉ¸Ö ¨§ ´¥±μÉμ·ÒÌ
¤μ¶μ²´¨É¥²Ó´ÒÌ Ê¸²μ¢¨°.

”μ·³Ê²  (5) ¶μ§¢μ²Ö¥É ´ °É¨ Ô±¢¨£· ¢¨É¨·ÊÕÐ¨¥ ¸É¥·¦´¨ ¤²Ö ³´μ£¨Ì μ¡Ñ¥³´ÒÌ É¥².
’ ±, ¤²Ö μ¤´μ·μ¤´μ£μ ¸¦ Éμ£μ ¸Ë¥·μ¨¤  ¶²μÉ´μ¸ÉÓ ´  § ³¥´ÖÕÐ¥³ ¸É¥·¦´¥ · ¢´ 

μ (ζ) = −iπρ
a2
1a3√

a2
1 − a2

3

(
1 +

ζ2

a2
1 − a2

3

)
, −

√
a2
1 − a2

3 � ζ

i
�
√

a2
1 − a2

3. (6)

�´ ²μ£¨Î´μ ¤μ± §Ò¢ ¥É¸Ö, ÎÉμ μ¤´μ·μ¤´Ò° Ï ·μ¢μ° ¸¥£³¥´É, ³¥´ÓÏ¨° ¶μ²ÊÏ · ,
¨³¥¥É § ³¥´ÖÕÐ¨° ¸É¥·¦¥´Ó ¸ ¶²μÉ´μ¸ÉÓÕ

μ (ζ) = −2
3
iρ

(
b2 + ζ2

)3/2

ζ + R − H
, −b � ζ

i
� b. (7)

…¸²¨ ¸¥£³¥´É ¡μ²ÓÏ¥ ¶μ²ÊÏ · , ± ¸É¥·¦´Õ ¤μ¡ ¢²Ö¥É¸Ö ¢¥Ð¥¸É¢¥´´ Ö ³ É¥·¨ ²Ó´ Ö
ÉμÎ±  [3].

1.2. � Ìμ¦¤¥´¨¥ ¸É¥·¦´¥° ³¥Éμ¤μ³ ¤¨ËË¥·¥´Í¨ Í¨¨. � ¸¸³μÉ·¨³ ¸¥³¥°¸É¢μ ¸μμ¸-
´ÒÌ ¸Ë¥·μ¨¤ ²Ó´ÒÌ ¶μ¢¥·Ì´μ¸É¥° S (m):

r2

a2
1

+
x2

3

a2
3α

2
3 (m)

= m2 (0 � m � 1) . (8)

„¢¥ ¶μ¢¥·Ì´μ¸É¨ ¸¥³¥°¸É¢  (8), · §¤¥²¥´´Ò¥ ¡¥¸±μ´¥Î´μ ³ ²Ò³ §´ Î¥´¨¥³ ¶ · ³¥É·  dm,
μ¡· §ÊÕÉ Ô²¥³¥´É ·´ÊÕ ¸Ë¥·μ¨¤ ²Ó´ÊÕ μ¡μ²μÎ±Ê. 	 Ìμ¤Ö ¨§¢¥¸É´Ò³¨ ¨§ [1Ä3] ¸¶μ¸μ-
¡ ³¨ ËÊ´±Í¨Õ α3 (m), ¨³¥¥³ · §´Ò¥ É¨¶Ò μ¡μ²μÎ¥±. �μ¤¸É ¢²ÖÖ ±μ´±·¥É´μ¥ α3 (m) ¢
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¨§¢¥¸É´μ¥ ¢Ò· ¦¥´¨¥ μ (ζ, m) ¨ ¤¨ËË¥·¥´Í¨·ÊÖ ¥£μ ¶μ ¶ · ³¥É·Ê m, ´ Ìμ¤¨³ Ô±¢¨£· -
¢¨É¨·ÊÕÐ¨¥ ¸É¥·¦´¨ ¤²Ö Éμ° ¨²¨ ¨´μ° ¸Ë¥·μ¨¤ ²Ó´μ° μ¡μ²μÎ±¨.

’¥μ·¥³  3. ’μ´±¨° £μ³¥μ¨¤ ¸ ¶μ¢¥·Ì´μ¸ÉÓÕ ¢ÒÉÖ´ÊÉμ£μ ¸Ë¥·μ¨¤  ¸ ³ ¸¸μ° M ¨
¶μ²Êμ¸Ö³¨ ma1 � ma3 ¨³¥¥É Ô±¢¨£· ¢¨É¨·ÊÕÐ¨° ¢μ ¢´¥Ï´¥° ÉμÎ±¥ μ¤´μ·μ¤´Ò° Ëμ-
± ²Ó´Ò° ¸É¥·¦¥´Ó ¸ ¢¥Ð¥¸É¢¥´´Ò³ · ¸¶·¥¤¥²¥´¨¥³ ¶²μÉ´μ¸É¨

dmμ (m, ζ) =
3
2

M

a3e
mdm. (9)

‘²¥¤¸É¢¨¥. �±¢¨£· ¢¨É¨·ÊÕÐ¨° ¸É¥·¦¥´Ó ¤²Ö μ¤´μ·μ¤´μ£μ ¢ÒÉÖ´ÊÉμ£μ £μ³¥μ¨¤ 
±μ´¥Î´μ° Éμ²Ð¨´Ò (mmin = m0) ¸μ¸Éμ¨É ¨§ É·¥Ì §¢¥´Ó¥¢:

μI (ζ) = πρ
a2
1

e

(
1 − ζ2

a2
3 − a2

1

)
, μII = μIII = πρ

a2
1

e

(
1 − m2

0

)
= const. (10)

�´ ²μ£¨Î´μ, ¤²Ö Éμ´±μ£μ ¨ Éμ²¸Éμ£μ Ëμ± ²μ¨¤  ¸μμÉ¢¥É¸É¢¥´´μ ¨³¥¥³

dmμ (m, ζ) = πρa2
3

3m2 − e2

e

(
1 − ζ2

a2
3e

2

)
, (11)

μ (m0, ζ) =
πρ

e
(1 − m0)

(
1 − e2 + m0 + m2

0

)(
a2
3 −

ζ2

e2

)
. (12)

�¥§Ê²ÓÉ ÉÒ ¤²Ö ¢ÒÉÖ´ÊÉÒÌ Ëμ± ²μ¨¤μ¢ ²¥£±μ ¶¥·¥´μ¸ÖÉ¸Ö ¨ ´  ¸¦ ÉÒ¥ (μÉ²¨Î¨¥ ²¨ÏÓ ¢
Éμ³, ÎÉμ μ¤´μ³¥·´Ò¥ ¶²μÉ´μ¸É¨ ¸É¥·¦´¥° ¡Ê¤ÊÉ É¥¶¥·Ó ³´¨³Ò¥).

1.3. � Ìμ¦¤¥´¨¥ ¸É¥·¦´¥° ¸ ¶μ³μÐÓÕ ¨´É¥£· ²  ŠμÏ¨. „²Ö ´ Ìμ¦¤¥´¨Ö ¸É¥·¦´¥°
³Ò ¶·¨³¥´¨²¨ É ±¦¥ ³¥Éμ¤Ò É¥μ·¨¨ ËÊ´±Í¨° ±μ³¶²¥±¸´μ£μ ¶¥·¥³¥´´μ£μ. �Éμ ¶μ§¢μ-
²¨²μ:  ) ¤μ± § ÉÓ ¸ ³μ ¸ÊÐ¥¸É¢μ¢ ´¨¥ Ô±¢¨£· ¢¨É¨·ÊÕÐ¨Ì μÉ·¥§±μ¢ Ê É¥² ¸  §¨³ÊÉ ²Ó´μ°
¸¨³³¥É·¨¥°; ¡) ´¥§ ¢¨¸¨³Ò³ ³¥Éμ¤μ³ ´ Ìμ¤¨ÉÓ ¸ ³¨ ³´¨³Ò¥ ¨²¨ ¢¥Ð¥¸É¢¥´´Ò¥ · ¸¶·¥-
¤¥²¥´¨Ö μ¤´μ³¥·´μ° ¶²μÉ´μ¸É¨ ¢¥Ð¥¸É¢  ´  ´¨Ì. ‚ μ¸´μ¢¥ ³¥Éμ¤  ²¥¦¨É ³μ¤¨Ë¨Í¨·μ-
¢ ´´Ò° ¨´É¥£· ² ŠμÏ¨

ϕ (x3) =
1

2πi

∮
Γ

ϕ (ζ)
x3 − ζ

dζ (13)

(Γ Å ±μ´ÉÊ· ´  ¨§μ¡· ¦ ÕÐ¥° ±μ³¶²¥±¸´μ° ¶²μ¸±μ¸É¨, μ±·Ê¦ ÕÐ¨° É¥²μ, ¶·¨Î¥³ ¶·μ¡-
´ Ö ÉμÎ±  x3 Å ¢´¥ ±μ´ÉÊ· ). „μ± § ´ 

’¥μ·¥³  4. �¤´μ³¥·´ Ö ¶²μÉ´μ¸ÉÓ μ (ζ) ´  ¢Ò¡· ´´μ³ ¸É¥·¦´¥ ¤ ¥É¸Ö ¢Ò· ¦¥´¨¥³

μ (ζ) =
1

2πiG
[ϕI (ζ) − ϕII (ζ)] , (14)

£¤¥ Î¥·¥§ ϕI (ζ) ¨ ϕII (ζ) μ¡μ§´ Î¥´Ò §´ Î¥´¨Ö ¶μÉ¥´Í¨ ²  ´  · §´ÒÌ ¢¥É¢ÖÌ ¸ÉÖ£¨¢ ¥-
³μ£μ ±μ´ÉÊ· .

“± § ´´Ò° ³¥Éμ¤ Î ¸Éμ ¶·¨³¥´Ö¥É¸Ö ´  ¶· ±É¨±¥. ‚ [2] ¡Ò²¨ ´ °¤¥´Ò Ô±¢¨£· ¢¨É¨·Ê-
ÕÐ¨¥ ¸É¥·¦´¨ ¤²Ö μ¤´μ·μ¤´μ£μ ±·Ê£μ¢μ£μ Í¨²¨´¤·  ¢Ò¸μÉμ° 2H ¨ · ¤¨Ê¸μ³ μ¸´μ¢ ´¨Ö
R: ¸¨¸É¥³  § ³¥´ÖÕÐ¨Ì Ô²¥³¥´Éμ¢ ¤²Ö ´¥£μ ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ ¸É¥·¦´¥° ¸ Î¨¸Éμ ³´¨³μ°
¶²μÉ´μ¸ÉÓÕ

μ(ζ) = −1
2
iρ

⎡
⎣2(ζ + H)

√
a2 + (ζ + H)2 + a2 ln

ζ + H +
√

a2 + (ζ + H)2

ζ + H −
√

a2 + (ζ + H)2

⎤
⎦ (15)
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¨ É·¥ÉÓ¥£μ μÉ·¥§±  ¤²¨´μ° −H � ζ � H ¸ ¶μ¸ÉμÖ´´μ° ¢¥Ð¥¸É¢¥´´μ° ¶²μÉ´μ¸ÉÓÕ

μ3(ζ) = πρa2 = const. (16)

‘ÊÐ¥¸É¢¥´´μ, ÎÉμ ¢±² ¤ ¢ ³ ¸¸Ê Í¨²¨´¤·  ¤ ¥É Éμ²Ó±μ μÉ·¥§μ± (16):

M = 2πρa2H, (17)

¶μ¸±μ²Ó±Ê ³´¨³Ò¥ ¢±² ¤Ò μÉ μÉ·¥§±μ¢

M1 = −iπρa3, M2 = iπρa3 (18)

¶·¨ ¸²μ¦¥´¨¨ ¢§ ¨³´μ ¸μ±· Ð ÕÉ¸Ö. �¤´ ±μ ¢±² ¤ ¢ ¶μÉ¥´Í¨ ² ¤ ÕÉ ¢¸¥ É·¨ μÉ·¥§± .
„ ´´Ò³ ³¥Éμ¤μ³ ¡Ò²  ·¥Ï¥´  ¨ ËÊ´¤ ³¥´É ²Ó´ Ö § ¤ Î  μ § ³¥´ÖÕÐ¨Ì Ô²¥³¥´É Ì

¤²Ö μ¤´μ·μ¤´μ£μ ±·Ê£μ¢μ£μ Éμ·  ¸ ¶μ¢¥·Ì´μ¸ÉÓÕ

(r − R0)
2 + x2

3 = r2
0

¨ ¶μ²´μ° ³ ¸¸μ° MÉμ· = 2π2ρr2
0R0. �·μ¸É· ´¸É¢¥´´Ò° ¶μÉ¥´Í¨ ² Éμ·  ¢¶¥·¢Ò¥ ¡Ò²

¶μ²ÊÎ¥´ ¢ [3] ¨ ¨³¥¥É ¢¨¤

ϕÉμ· (r, x3)
2
√

2GρR0r0

=

2π∫
0

{[
c + 2

(
R2

1 −
r2

R2
0

)]
K (k1)+

+ (a − c)E (k1) − 2
(x3 − r0 sin θ)2

R2
0

Π(n, k1)

}
cos θ dθ

a − c
. (19)

‡¤¥¸Ó

R1 = 1 +
r0

R0
cos θ, a =

2
(
r2 + (x3 − r0 sin θ)2

)
R2

0

, n =
a − b

2r2/R2
0

,

(
b
c

)
=

a

2
− R2

1 ±

√(a

2
− R2

1

)2

+ 4R2
1

(x3 − r0 sin θ)2

R2
0

, k =
1 − k′

1 + k′ � 1,

k′ =

√
(r − R1)

2 + (x3 − r0 sin θ)2

(r + R1)
2 + (x3 − r0 sin θ)2

� 1.

(20)

�μÉ¥´Í¨ ² Éμ·  (19) ¡Ò² ¶·¥¤¸É ¢²¥´ ¢ [3] ¸²μ¦´μ° ¸¨¸É¥³μ° ¨§ ¶ÖÉ¨ § ³¥´ÖÕÐ¨Ì
Ô²¥³¥´Éμ¢: É·¥Ì§¢¥´´μ£μ ¸É¥·¦´Ö ¸ Î¨¸Éμ ³´¨³Ò³ · ¸¶·¥¤¥²¥´¨¥³ ¶²μÉ´μ¸É¨ ¢¥Ð¥¸É¢ 
´  ± ¦¤μ³ ¨§ ÔÉ¨Ì μÉ·¥§±μ¢:

μ1 (ζ) = −8
3
iρr0R0

(
1
k

+ k

)
E (k) −

(
1
k
− k

)
K (k) ,

k =
r0√

R2
0 + ζ2

� 1, −
√

R2
0 − r2

0 � ζ

i
�
√

R2
0 − r2

0 ,

(21)
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μ2 (ζ) = μ3 (ζ) = −8
3
iρr0R0

[(
1 + k2

)
E

(
1
k

)
+
(
1 − k2

)
K

(
1
k

)]
,

k =
r0√

R2
0 + ζ2

� 1, −R0 � ζ

i
� −

√
R2

0 − r2
0 ,

√
R2

0 − r2
0 � ζ

i
� R0,

(22)

  É ±¦¥ ¤¢ÊÌ ÉμÎ¥Î´ÒÌ ¢¥Ð¥¸É¢¥´´ÒÌ ³ ¸¸

M4 = M5 =
4
3
πρr3

0 , (23)

· ¸¶μ²μ¦¥´´ÒÌ ¢ ÉμÎ± Ì ±iR0 ³´¨³μ° μ¸¨. ‚ [4] ¡Ò²μ ¸É·μ£μ ¤μ± § ´μ, ÎÉμ ¸¨¸É¥³  § -
³¥´ÖÕÐ¨Ì Ô²¥³¥´Éμ¢ (21)Ä(23) ¤¥°¸É¢¨É¥²Ó´μ ¶·¥¤¸É ¢²Ö¥É ¶μÉ¥´Í¨ ² μ¤´μ·μ¤´μ£μ ±·Ê-
£μ¢μ£μ Éμ· .

2. �Š‚ˆƒ��‚ˆ’ˆ�“�™ˆ… „ˆ‘Šˆ ˆ ˆ• ‘‚Ÿ‡œ ‘� ‘’…�†�ŸŒˆ

‘²¥¤ÊÕÐ¨³ ¶Ê´±Éμ³ · §¢¨¢ ¥³μ° É¥μ·¨¨ Ö¢²Ö¥É¸Ö ¶¥·¥Ìμ¤ μÉ § ³¥´ÖÕÐ¥£μ ¸É¥·¦´Ö
± Ô±¢¨£· ¢¨É¨·ÊÕÐ¥³Ê ¤¨¸±Ê ¨ μ¡· É´μ. � ¸¸³μÉ·¨³, ´ ¶·¨³¥·, ´¥μ¤´μ·μ¤´Ò° ¤¨¸±
· ¤¨Ê¸  R ¨ ¶²μÉ´μ¸ÉÓÕ σ (R).

’¥μ·¥³  5. �¤´μ³¥·´Ò³ Ô±¢¨£· ¢¨É¨·ÊÕÐ¨³ É¥²μ³ ¤²Ö ¤¨¸±  ¸ ¶²μÉ´μ¸ÉÓÕ σ (r)
Ö¢²Ö¥É¸Ö ¸É¥·¦¥´Ó ®¤²¨´μ°¯ L = 2iR ¸ ³´¨³μ° ¶²μÉ´μ¸ÉÓÕ

μ (ζ) = −2i

R∫
−iζ

σ (r)
r dr√
r2 + ζ2

, −R � ζ

i
� R. (24)

…¸²¨ § ³¥´ÖÕÐ¨° ¸É¥·¦¥´Ó ¨§¢¥¸É¥´, ¢μ§³μ¦¥´ ¨ μ¡· É´Ò° ¶¥·¥Ìμ¤ μÉ ´¥£μ ± Ô±¢¨-
£· ¢¨É¨·ÊÕÐ¥³Ê ¤¨¸±Ê ¶μ Ëμ·³Ê²¥

σ (p) =
i

π

d

dp

p∫
−R2

μ (ζ)√
p − ζ2

dζ2. (25)

’ ±, ¤²Ö ¤¨¸±  ¸ ¶²μÉ´μ¸ÉÓÕ

σ (r) = σ0

(
1 − r2

R2

)n

, n = 0, 1, 2, . . . (26)

Ô±¢¨£· ¢¨É¨·ÊÕÐ¨° ¸É¥·¦¥´Ó ¨³¥¥É ¶²μÉ´μ¸ÉÓ

μ (ζ) = −iσ0R
n!2n+1

(2n + 1)!!

(
1 +

ζ2

R2

)n+ 1
2

, −R � ζ

i
� R. (27)

Œ´μ£μ ¤·Ê£¨Ì § ¤ Î ´  ÔÉÊ É¥³Ê ¤ ´μ ¢ [3].
�μ¤Î¥·±´¥³, μ¤´ ±μ, ÎÉμ ¢ μÉ²¨Î¨¥ μÉ ¸É¥·¦´¥° § ³¥´ÖÕÐ¨¥ ¤¨¸±¨ ³μ£ÊÉ ¸ÊÐ¥-

¸É¢μ¢ ÉÓ Éμ²Ó±μ ¤²Ö É¥² ¸ Ô±¢ Éμ·¨ ²Ó´μ° ¶²μ¸±μ¸ÉÓÕ ¸¨³³¥É·¨¨,   ¢ ±μ´É¥±¸É¥ Ëμ·-
³Ê²Ò (25) Å Éμ²Ó±μ ¤²Ö ¸É¥·¦´¥° ¸ ¸¨³³¥É·¨Î´Ò³ μÉ´μ¸¨É¥²Ó´μ Í¥´É·  · ¸¶·¥¤¥²¥´¨¥³
³ ¸¸Ò.
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3. �Š‚ˆƒ��‚ˆ’ˆ�“�™ˆ… ’…‹�.
‘�”�Š“‘�›… ��…�
��‡�‚��ˆŸ �
�‹�—…Š ˆ �‹‹ˆ�‘�ˆ„�‚

‚ [2, 3] ¢¢μ¤ÖÉ¸Ö ¨ ¶·¨³¥´ÖÕÉ¸Ö μ¡μ¡Ð¥´´Ò¥ ¸μËμ±Ê¸´Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö. „ ´ Ô²-
²¨¶¸μ¨¤ ¸ ¢´ÊÉ·¥´´¥° ¸É· É¨Ë¨± Í¨¥°

x2
1

a2
1m

2
+

x2
2

a2
2m

2α2
2 (m)

+
x2

3

a2
3m

2α2
3 (m)

= 1 (0 � m � 1) . (28)

	  ¶ · ³¥É·Ò αi (m) ´ ±² ¤Ò¢ ÕÉ¸Ö μ¶·¥¤¥²¥´´Ò¥ μ£· ´¨Î¥´¨Ö. �·μ³¥¦ÊÉμÎ´ Ö ¶μ-
¢¥·Ì´μ¸ÉÓ S (m) ¸¥³¥°¸É¢  (28) ¨³¥¥É ±¢ ¤· ÉÒ ¶μ²Êμ¸¥°

a2
1m

2, a2
2m

2α2
2 (m) , a2

3m
2α2

3 (m) . (29)

�·¥μ¡· §Ê¥³ ÔÉÊ ¶·μ³¥¦ÊÉμÎ´ÊÕ ¶μ¢¥·Ì´μ¸ÉÓ ¢ ¤·Ê£ÊÕ Ô²²¨¶¸μ¨¤ ²Ó´ÊÕ ¶μ¢¥·Ì´μ¸ÉÓ,
¶·¨Î¥³ ´μ¢Ò¥ ±¢ ¤· ÉÒ ¶μ²Êμ¸¥° ¡¥·¥³ ¢ ¢¨¤¥

m2
(
a2
1 + μ

)
, m2

(
a2
2α

2
2 (m) + μ

)
, m2

(
a2
3α

2
3 (m) + μ

)
. (30)

�Î¥¢¨¤´μ, Ëμ±Ê¸Ò ¶μ¢¥·Ì´μ¸É¨ S (m) μ± ¦ÊÉ¸Ö ¸μ¢¶ ¤ ÕÐ¨³¨ ¸ Ëμ±Ê¸ ³¨ ´μ¢μ°
¶μ¢¥·Ì´μ¸É¨ S (m, μ). �μ¤Î¥·±´¥³ Å §¤¥¸Ó · ¸Ï¨·Ö¥É¸Ö ¸ ³μ ¶μ´ÖÉ¨¥ ¸μËμ±Ê¸´ÒÌ ¶·¥-
μ¡· §μ¢ ´¨° ´  Ô²²¨¶¸μ¨¤ ²Ó´Ò¥ μ¡μ²μÎ±¨ ¸ ³μ£μ μ¡Ð¥£μ ¢¨¤  (±² ¸¸¨± ³¨ ¨§ÊÎ ²¨¸Ó
²¨ÏÓ Éμ´±¨¥ £μ³¥μ¨¤Ò ¨ Ëμ± ²μ¨¤Ò).

�·¥μ¡· §μ¢ ´¨Ö (30) ¨§³¥´ÖÕÉ, ¢μμ¡Ð¥ £μ¢μ·Ö, μ¡Ñ¥³ μ¡μ²μÎ¥±. „²Ö ¸μÌ· ´¥´¨Ö μ¡Ñ-
¥³  ´¥μ¡Ìμ¤¨³μ ¢¢¥¸É¨ ¤μ¶μ²´¨É¥²Ó´μ¥ É·¥¡μ¢ ´¨¥. � ¨³¥´´μ, ¥¸²¨ ¤¢¥ Ô²¥³¥´É ·´Ò¥
¸μËμ±Ê¸´Ò¥ μ¡μ²μÎ±¨ § ¶μ²´¨ÉÓ μ¤´μ·μ¤´Ò³ ¶μ ¶²μÉ´μ¸É¨ ¢¥Ð¥¸É¢μ³, Éμ Ê¸²μ¢¨¥³ ¸μ-
Ì· ´¥´¨Ö ¨Ì ³ ¸¸Ò ¡Ê¤¥É

ρ(m)α1α2α3
d

dm

[
m3α2(m)α3(m)

]
=

= ρ′(m)
d

dm

[
m3
√

[α2
1 + μ] [α2

2α
2
2 (m) + μ] [α2

3α
2
3 (m) + μ]

]
, (31)

£¤¥ ρ(m) ¨ ρ′(m) Å ¶²μÉ´μ¸É¨ ¨¸Ìμ¤´μ° ¨ ¶·¥μ¡· §μ¢ ´´μ° μ¡μ²μÎ¥±.
�Ê¤ÊÎ¨ ¶·¨³¥´¥´´Ò³¨ ±μ ¢¸¥³ ¸²μÖ³ ¸¶²μÏ´ÒÌ ¸²μ¨¸Éμ-´¥μ¤´μ·μ¤´ÒÌ Ô²²¨¶¸μ¨¤μ¢,

¶·¥μ¡· §μ¢ ´¨Ö (30) ¢ Í¥²μ³ ´¥ ¨§³¥´ÖÕÉ ¸É·Ê±ÉÊ·Ê ÔÉ¨Ì μ¡Ñ¥±Éμ¢. ’ ±, Ô²²¨¶¸μ¨¤
¨§ £μ³¥μ¨¤μ¢ μ¶ÖÉÓ ¶¥·¥Ìμ¤¨É ¢ Ô²²¨¶¸μ¨¤ ¨§ £μ³μÉ¥É¨Î´ÒÌ ¸²μ¥¢ (´μ Ê¦¥ ¸μËμ±Ê¸´ÒÌ
¨¸Ìμ¤´Ò³); Ô²²¨¶¸μ¨¤ ¨§ Ëμ± ²μ¨¤μ¢ Å ¢ ´μ¢Ò° Ô²²¨¶¸μ¨¤ ¨§ Ëμ± ²μ¨¤μ¢, ¨ É. ¤. ’ -
±¨¥ ¸μËμ±Ê¸´Ò¥ ¸²μ¨¸Éμ-´¥μ¤´μ·μ¤´Ò¥ Ô²²¨¶¸μ¨¤Ò ¡Ê¤ÊÉ ¨³¥ÉÓ μ¤¨´ ±μ¢ÊÕ ³ ¸¸Ê, ¥¸²¨
¢Ò¶μ²´Ö¥É¸Ö Ê¸²μ¢¨¥ (31) ¤²Ö μÉ¤¥²Ó´ÒÌ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¸²μ¥¢.

�μ±  £μ¢μ·¨²μ¸Ó Éμ²Ó±μ μ £¥μ³¥É·¨Î¥¸±¨Ì ¸¢μ°¸É¢ Ì ¶·¥μ¡· §μ¢ ´¨° (30). „ ²¥¥
· ¸¸³μÉ·¨³ £· ¢¨É Í¨μ´´Ò¥ ¸¢μ°¸É¢  ¸μËμ±Ê¸´ÒÌ μ¡μ²μÎ¥± ¨ ¸±μ´¸É·Ê¨·μ¢ ´´ÒÌ ¨§
´¨Ì ¸¶²μÏ´ÒÌ ¸²μ¨¸Éμ-´¥μ¤´μ·μ¤´ÒÌ Ô²²¨¶¸μ¨¤μ¢.

’¥μ·¥³  6. ‚ ¦´¥°Ï¨³ ¸¢μ°¸É¢μ³ ¤¢ÊÌ Ô²¥³¥´É ·´ÒÌ μ¡μ²μÎ¥±, ¸¢Ö§ ´´ÒÌ ¶·¥μ¡· -
§μ¢ ´¨¥³ (30), Ö¢²Ö¥É¸Ö Éμ, ÎÉμ ¶·¨ μ¤¨´ ±μ¢μ° ³ ¸¸¥ μ´¨ ¨³¥ÕÉ ¢μ ¢´¥Ï´¥³ ¶·μ¸É· ´-
¸É¢¥ μ¤¨´ ¨ ÉμÉ ¦¥ ´ÓÕÉμ´μ¢¸±¨° ¶μÉ¥´Í¨ ², É. ¥. É ±¨¥ ¸μËμ±Ê¸´Ò¥ ¢ μ¡μ¡Ð¥´´μ³
¸³Ò¸²¥ μ¡μ²μÎ±¨ Ö¢²ÖÕÉ¸Ö Ô±¢¨£· ¢¨É¨·ÊÕÐ¨³¨.
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� ¸¸³μÉ·¨³ É¥¶¥·Ó ¸¶²μÏ´μ° £· ¢¨É¨·ÊÕÐ¨° ¸²μ¨¸Éμ-´¥μ¤´μ·μ¤´Ò° Ô²²¨¶¸μ¨¤. …£μ
¢´¥Ï´¨° ¶μÉ¥´Í¨ ² ´ ³ ¨§¢¥¸É¥´ [1]. ‘μ§¤ ¤¨³ ¨§ ´¥£μ ¤·Ê£μ° Ô²²¨¶¸μ¨¤, ¶·¥μ¡· §ÊÖ ¶μ
Ëμ·³Ê² ³ (30) ± ¦¤ÊÕ ¨§ ¶·μ³¥¦ÊÉμÎ´ÒÌ Ô²¥³¥´É ·´ÒÌ μ¡μ²μÎ¥± ¶¥·¢μ£μ ¢ ¸μËμ±Ê¸´ÊÕ
μ¡μ²μÎ±Ê. Œ ¸¸Ò ¨¸Ìμ¤´ÒÌ ¨ ¶·¥μ¡· §μ¢ ´´ÒÌ ¸²μ¥¢ ¶μ² £ ¥³ · ¢´Ò³¨. ˆ³¥¥É ³¥¸Éμ
¸²¥¤ÊÕÐ Ö ¢ ¦´ Ö É¥μ·¥³ .

’¥μ·¥³  7. „¢  ¸²μ¨¸Éμ-´¥μ¤´μ·μ¤´ÒÌ Ô²²¨¶¸μ¨¤  ¤ ´´μ£μ É¨¶ , ¸²μ¨ Ê ±μÉμ·ÒÌ ¸¢Ö-
§ ´Ò ¸μËμ±Ê¸´Ò³¨ ¶·¥μ¡· §μ¢ ´¨Ö³¨ (30), Ö¢²ÖÕÉ¸Ö Ô±¢¨£· ¢¨É¨·ÊÕÐ¨³¨ ¢μ ¢´¥Ï´¥°
ÉμÎ±¥ x̃i.

Œ¥Éμ¤μ³ ¸μËμ±Ê¸´ÒÌ ¶·¥μ¡· §μ¢ ´¨° ¢ [3] ·¥Ï¥´μ ³´μ£μ ¢ ¦´ÒÌ § ¤ Î. ‚¶¥·-
¢Ò¥, ´ ¶·¨³¥·, ¢  ´ ²¨É¨Î¥¸±μ³ ¢¨¤¥ Ê¤ ²μ¸Ó ¶μ²ÊÎ¨ÉÓ ¶·μ¸É· ´¸É¢¥´´Ò° ¶μÉ¥´Í¨ ²
μ¤´μ·μ¤´ÒÌ ¨ ´¥μ¤´μ·μ¤´ÒÌ Ô²²¨¶É¨Î¥¸±¨Ì ¤¨¸±μ¢. 	 °¤¥´Ò Ô±¢¨£· ¢¨É¨·ÊÕÐ¨¥ ¤¨¸±¨
¨ ¸É¥·¦´¨ ¤²Ö ¸¶²μÏ´ÒÌ ¸²μ¨¸Éμ-´¥μ¤´μ·μ¤´ÒÌ ¸Ë¥·μ¨¤μ¢ ¸ · ¸¶·¥¤¥²¥´¨¥³ ¶²μÉ´μ-
¸É¨ ρ (m)

σ (r) = 2a2
1a3

1∫
m̃

ρ (m)
d

dm

[
α3 (m)
ã2
1 (m)

√
m2 − r2

ã2
1 (m)

]
dm,

μ (ζ) = −iπa2
1a3

1∫
m̂

ρ (m)
d

dm

[
α3 (m)
ã1 (m)

(
m2 +

ζ2

ã2
1 (m)

)]
dm.

(32)

’ ±, ¤²Ö ¸Ë¥·μ¨¤  ¸ ¶²μÉ´μ¸ÉÓÕ ρ (m) =
ρ0

(1 + βm2)3/2
, Ìμ·μÏμ ³μ¤¥²¨·ÊÕÐ¥£μ

¶·¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¥³ ¶μ¤¡μ·¥ β · ¸¶·¥¤¥²¥´¨¥ ¶μ¢¥·Ì´μ¸É´μ° Ö·±μ¸É¨ ¢ Ô²²¨¶É¨Î¥¸±¨Ì
£ ² ±É¨± Ì, § ³¥´ÖÕÐ¨¥ ¤¨¸± ¨ ¸É¥·¦¥´Ó ¨³¥ÕÉ ¶²μÉ´μ¸É¨

σ (r) =
2a3ρ0

e2
√

1 + β

√
1 − r2/R2

1 + β
r2

R2

, μ (ζ) = −2iπρ0
a2
1a3

βR

⎛
⎜⎜⎝ 1√

1 − β
ζ2

R2

− 1√
1 + β

⎞
⎟⎟⎠ . (33)

‡�Š‹�—…�ˆ…

� §¢¨ÉÒ¥ ³¥Éμ¤Ò Å ³¥Éμ¤ ¤¨ËË¥·¥´Í¨ Í¨¨ μ¡μ²μÎ¥±, ³¥Éμ¤ · ¸¸²μ¥´¨Ö ´  ¤¨¸±¨
(  É ±¦¥ ´  ±μ²ÓÍ ) ¨ ³¥Éμ¤, μ¸´μ¢ ´´Ò° ´  ¶·¨³¥´¥´¨¨ ³μ¤¨Ë¨Í¨·μ¢ ´´μ£μ ¨´É¥£· ² 
ŠμÏ¨, Å ¶μ§¢μ²ÖÕÉ ´ Ìμ¤¨ÉÓ Ô±¢¨£· ¢¨É¨·ÊÕÐ¨¥ μÉ·¥§±¨ ¤²Ö ³´μ£¨Ì μ¤´μ·μ¤´ÒÌ μ¸¥-
¸¨³³¥É·¨Î´ÒÌ É¥². ‘ ¶μ³μÐÓÕ ¶¥·¢ÒÌ ¤¢ÊÌ ³¥Éμ¤μ¢ ³μ¦´μ · ¸¸³ É·¨¢ ÉÓ É¥² , ¸μ¤¥·-
¦ Ð¨¥ ¢´ÊÉ·¨ ¸¥¡Ö ¶Ê¸ÉμÉÒ (± ¢¥·´Ò). � ¸¸³μÉ·¥´´Ò¥ ¶·¨³¥·Ò ¶μ§¢μ²ÖÕÉ ¤μ¸É¨£´ÊÉÓ
¡μ²¥¥ £²Ê¡μ±μ£μ ¶μ´¨³ ´¨Ö · §¢¨¢ ¥³μ° É¥μ·¨¨.

�É³¥É¨³ ¨´É¥·¥¸´ÊÕ § ±μ´μ³¥·´μ¸ÉÓ: ¥¸²¨ ¶μÉ¥´Í¨ ² É¥²  ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¶²μ¸-
±¨³ ¤¨¸±μ³ ¸ ¢¥Ð¥¸É¢¥´´Ò³ · ¸¶·¥¤¥²¥´¨¥³ ¶²μÉ´μ¸É¨, Éμ£¤  ÔÉμÉ ¦¥ ¶μÉ¥´Í¨ ² ³μ¦´μ
¶·¥¤¸É ¢¨ÉÓ ¨ μ¤´μ³¥·´Ò³ ¸É¥·¦´¥³ ¸ ³´¨³μ° ¶²μÉ´μ¸ÉÓÕ. ˆ ´ μ¡μ·μÉ Å ¢¥Ð¥¸É¢¥´-
´μ³Ê ¸É¥·¦´Õ ¸μμÉ¢¥É¸É¢Ê¥É ³´¨³Ò° ¤¨¸±.

„²Ö ¶μ¨¸±  ´μ¢ÒÌ Ô±¢¨£· ¢¨É¨·ÊÕÐ¨Ì É¥² Ê ´ ¸ ¡Ò² · §· ¡μÉ ´ ¥Ð¥ μ¤¨´ ³¥Éμ¤,
¨¸¶μ²Ó§ÊÕÐ¨° ¸¶¥Í¨ ²Ó´Ò¥ ¸μËμ±Ê¸´Ò¥ ¶·¥μ¡· §μ¢ ´¨Ö. ’ ±¨¥ ¶·¥μ¡· §μ¢ ´¨Ö ¶·¨³¥-
´ÖÕÉ¸Ö Ê ´ ¸ ´¥ Éμ²Ó±μ ± μ¤´μ·μ¤´Ò³ ¸¶²μÏ´Ò³ Ô²²¨¶¸μ¨¤ ³, ± ± ÔÉμ ¤¥² ²¨ ±² ¸¸¨±¨,
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´μ ¨ ± μÉ¤¥²Ó´Ò³ Ô²¥³¥´É ·´Ò³ Ô²²¨¶¸μ¨¤ ²Ó´Ò³ μ¡μ²μÎ± ³ μ¡Ð¥£μ É¨¶  (  ´¥ Éμ²Ó±μ
± £μ³¥μ¨¤ ³, ± ± ÔÉμ ¤¥² ² ˜ ²Ó),   É ±¦¥ ± Éμ²¸ÉÒ³ Ô²²¨¶¸μ¨¤ ²Ó´Ò³ μ¡μ²μÎ± ³ ¨ ±
¸¶²μÏ´Ò³ ¸²μ¨¸Éμ-´¥μ¤´μ·μ¤´Ò³ Ô²²¨¶¸μ¨¤ ³. ƒ² ¢´μ¥ § ±²ÕÎ ¥É¸Ö ¢ Éμ³, ÎÉμ ²Õ¡Ò¥
(¢ ¸³Ò¸²¥ ¶·μ¨§¢μ²Ó´ÒÌ ËÊ´±Í¨° αi (m), § ¤ ÕÐ¨Ì É¨¶ ¸É· É¨Ë¨± Í¨¨ ¨ Ëμ·³Ê μ¡μ-
²μÎ±¨) Ô²¥³¥´É ·´Ò¥ (¨²¨ ±μ´¥Î´μ° Éμ²Ð¨´Ò) Ô²²¨¶¸μ¨¤ ²Ó´Ò¥ μ¡μ²μÎ±¨ ¨ ¸¶²μÏ´Ò¥
¸²μ¨¸Éμ-´¥μ¤´μ·μ¤´Ò¥ Ô²²¨¶¸μ¨¤Ò, ¸¢Ö§ ´´Ò¥ Ê± § ´´Ò³¨ ¸μËμ±Ê¸´Ò³¨ ¶·¥μ¡· §μ¢ ´¨-
Ö³¨, Ö¢²ÖÕÉ¸Ö Ô±¢¨£· ¢¨É¨·ÊÕÐ¨³¨.
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