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1. �¢¥¤¥¨¥

�¨ää¥®¬®àä¨§¬ f à¨¬ ®¢  ¯à®áâà áâ¢  Vn   à¨¬ ®¢® ¯à®áâà áâ¢® V n  §ë¢ îâ £¥®-
¤¥§¨ç¥áª¨¬ ®â®¡à ¦¥¨¥¬, ¥á«¨ f ®â®¡à ¦ ¥â «î¡ãî £¥®¤¥§¨ç¥áªãî «¨¨î Vn ¢ £¥®¤¥§¨ç¥áªãî
«¨¨î V n. �â¨¬¨ ®â®¡à ¦¥¨ï¬¨ § ¨¬ «®áì ¬®£®  ¢â®à®¢, á¬.  ¯à¨¬¥à, [1]{[3]. �áá«¥¤®¢ -
¨ï ¯® £¥®¤¥§¨ç¥áª¨¬ ®â®¡à ¦¥¨ï¬ ¯®á«¥¤¨å «¥â ®âà ¦¥ë ¢ ®¡§®à®© áâ âì¥ [4].

�â¬¥â¨¬, çâ®   á¨£ âãàã ¬¥âà¨ª à¨¬ ®¢ëå ¯à®áâà áâ¢ Vn ¥  « £ ¥¬ ®£à ¨ç¥¨ï,
ª ª ¯à¨ïâ®,  ¯à¨¬¥à, ¢ [2], [3]. �áá«¥¤®¢ ¨ï ¢¥¤ãâáï «®ª «ì® ¢ ª« áá¥ ¤®áâ â®ç® £« ¤ª¨å
äãªæ¨©.

�à®áâà áâ¢  �©èâ¥© , ª®â®àë¥ å à ªâ¥à¨§ãîâáï ãá«®¢¨ï¬¨   â¥§®à �¨çç¨

Rij =
R

n
gij ;

£¤¥ R | áª «ïà ï ªà¨¢¨§ , gij { ¬¥âà¨ç¥áª¨© â¥§®à, ¨¬¥îâ ¡®«ìè®¥ § ç¥¨¥ ª ª ¢ à¨¬ -
®¢®© £¥®¬¥âà¨¨, â ª ¨ ¢ ¥¥ ¯à¨«®¦¥¨ïå [1], [2],: : : �®¯à®á ¬¨ ® £¥®¤¥§¨ç¥áª®¬ ®â®¡à ¦¥¨¨
¯à®áâà áâ¢ �©èâ¥©  § ¨¬ «®áì ¬®£® £¥®¬¥âà®¢ (á¬.,  ¯à., [2], [4]{[13]).

� ¯®¬¨¬ ¨â®£®¢ë© à¥§ã«ìâ â �.�. �¥âà®¢  ¨ �.�. �®«¨ª®¢  [2] ® £¥®¤¥§¨ç¥áª¨å ®â®¡à ¦¥-
¨ïå ç¥âëà¥å¬¥àëå ¯à®áâà áâ¢ �©èâ¥© : ç¥âëà¥å¬¥àë¥ ¯à®áâà áâ¢  �©èâ¥©  V4

¥¯®áâ®ï®© ªà¨¢¨§ë á á¨£ âãà®© �¨ª®¢áª®£® ¥ ¤®¯ãáª îâ ¥âà¨¢¨ «ìë¥ £¥®¤¥§¨ç¥-

áª¨¥ ®â®¡à ¦¥¨ï   à¨¬ ®¢ë ¯à®áâà áâ¢  V 4 á á¨£ âãà®© �¨ª®¢áª®£®. � ¬¨ ¤®ª §  
â¥®à¥¬ , ª®â®à ï ®¡®¡é ¥â íâ®â à¥§ã«ìâ â.

� á¯à®áâà ïï ¬¥â®¤ë ¨áá«¥¤®¢ ¨© £¥®¤¥§¨ç¥áª¨å ®â®¡à ¦¥¨© ç¥âëà¥å¬¥àëå ¯à®áâà áâ¢
�©èâ¥©  á¨£ âãàë �¨ª®¢áª®£®   í©èâ¥©®¢ë ¯à®áâà áâ¢  ¡®«¥¥ ¢ëá®ª¨å à §¬¥à®áâ¥©
n > 4, �.�. �¥âà®¢ ([2], áá. 355, 461) ¢ëáª § « £¨¯®â¥§ã: ¯à®áâà áâ¢  �©èâ¥©  Vn (n > 4)
á¨£ âãàë �¨ª®¢áª®£®, ®â«¨çë¥ ®â ¯à®áâà áâ¢ ¯®áâ®ï®© ªà¨¢¨§ë, ¥ ¤®¯ãáª îâ ¥-

âà¨¢¨ «ìëå £¥®¤¥§¨ç¥áª¨å ®â®¡à ¦¥¨©   ¯à®áâà áâ¢  �©èâ¥©  â®© ¦¥ á¨£ âãàë.

�à¨¢®¤¨¬ ¯à¨¬¥à, ª®â®àë© íâã £¨¯®â¥§ã ®¯à®¢¥à£ ¥â.
� ª ®ª § «®áì, ¯à®áâà áâ¢  �©èâ¥© , ¤®¯ãáª îé¨¥ £¥®¤¥§¨ç¥áª¨¥ ®â®¡à ¦¥¨ï, ï¢«ï-

îâáï ¯® ¥®¡å®¤¨¬®áâ¨ ¯à®áâà áâ¢ ¬¨ Vn(B) [4], [11]{[13]. �ª § ë¥ ¯à®áâà áâ¢  ®¡®¡é îâ
¢¢¥¤¥ë¥ ¢ [14] ¯à®áâà áâ¢  V (K). �®íâ®¬ã ¯à¥¤¢ à¨â¥«ì® ¯à¨¢®¤¨¬ ®¢ë¥ à¥§ã«ìâ âë ¢
â¥®à¨¨ £¥®¤¥§¨ç¥áª¨å ®â®¡à ¦¥¨© ¯à®áâà áâ¢ Vn(B), ª®â®àë¥ § â¥¬ ¯à¨¬¥ï¥¬ ¤«ï ¨§ãç¥¨ï
£¥®¤¥§¨ç¥áª¨å ®â®¡à ¦¥¨© ¯à®áâà áâ¢ �©èâ¥© .

2. � à¨¬ ®¢ëå ¯à®áâà áâ¢ å Vn(B)

�¨¬ ®¢® ¯à®áâà áâ¢® Vn, ¤®¯ãáª îé¥¥ ¥âà¨¢¨ «ì®¥ £¥®¤¥§¨ç¥áª®¥ ®â®¡à ¦¥¨¥, ¡ã¤¥¬
®¡®§ ç âì ç¥à¥§ Vn(B) [4], [11], [13], [15], ¥á«¨ ¢ ¥¬ ¢ë¯®«ïîâáï ãà ¢¥¨ï

( ) aij;k = �i gjk + �jgik;

(¡) �i;j = �gij +Baij ;
(1)

� ¡®â  ¢ë¯®«¥  ¯à¨ ä¨ á®¢®© ¯®¤¤¥à¦ª¥ £à â  �¥èáª®© à¥á¯ã¡«¨ª¨ ò201/02/0616.
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£¤¥ \," ®¡®§ ç ¥â ª®¢ à¨ âãî ¯à®¨§¢®¤ãî ¢ Vn ®â®á¨â¥«ì® ¥¢ëà®¦¤¥®£® á¨¬¬¥âà¨ç¥-
áª®£® â¥§®à  aij , ª®¢¥ªâ®à  �i ¨ ¨¢ à¨ â®¢ � ¨ B.

� [11], [15] ¤®ª § ®, çâ® ¥á«¨ Vn(B) ¤®¯ãáª ¥â «î¡®¥ ¤àã£®¥ £¥®¤¥§¨ç¥áª®¥ ®â®¡à ¦¥¨¥  
¥ª®â®à®¥ V n, â® ¯à¨ íâ®¬ ®â®¡à ¦¥¨¨ â ª¦¥ ¡ã¤ãâ ¢ë¯®«ïâìáï ãà ¢¥¨ï (1) ¯à¨ ®¤¨ -
ª®¢®¬ ¨¢ à¨ â¥ B. � ¬ ¦¥ ¡ë«  ãáâ ®¢«¥  § ¬ªãâ®áâì ¯à®áâà áâ¢ Vn(B) ®â®á¨â¥«ì®
£¥®¤¥§¨ç¥áª¨å ®â®¡à ¦¥¨©, â. ¥. ¤®ª § ®, çâ® ¥á«¨ Vn(B) ¤®¯ãáª ¥â £¥®¤¥§¨ç¥áª®¥ ®â®¡à ¦¥¨¥
  ¥ª®â®à®¥ V n, â® V n ï¢«ï¥âáï ¯à®áâà áâ¢®¬ V n(B).

�áâ ®¢«¥® [4], çâ® í©èâ¥©®¢ë, ®¡®¡é¥® ¯®«ãá¨¬¬¥âà¨ç¥áª¨¥ ¨ ®¡®¡é¥® �¨çç¨ ¯®-
«ãá¨¬¬¥âà¨ç¥áª¨¥ Vn, ¤®¯ãáª îé¨¥ ¥âà¨¢¨ «ìë¥ £¥®¤¥§¨ç¥áª¨¥ ®â®¡à ¦¥¨ï, ï¢«ïîâáï ¯à®-
áâà áâ¢ ¬¨ Vn(B). �à®áâà áâ¢ ¬¨ Vn(B) ¡ã¤ãâ â ª¦¥ ¯à®áâà áâ¢  V (K) �.�. �®«®¤®¢¨ª®¢ 
[14] ¨ �.�.�àãçª®¢¨ç  [16].

� [3] ¢¢¥¤¥® ¯®ïâ¨¥ áâ¥¯¥¨ ¯®¤¢¨¦®áâ¨ ®â®á¨â¥«ì® £¥®¤¥§¨ç¥áª¨å ®â®¡à ¦¥¨©. �®-
ª § ® [17], çâ® à¨¬ ®¢ë ¯à®áâà áâ¢  Vn, ¨¬¥îé¨¥ áâ¥¯¥ì ¯®¤¢¨¦®áâ¨ ®â®á¨â¥«ì® £¥®¤¥-
§¨ç¥áª¨å ®â®¡à ¦¥¨© ¡®«ìè¥ ¤¢ãå, ï¢«ïîâáï ¯à®áâà áâ¢ ¬¨ Vn(B), B | const.

�â¬¥â¨¬ ¥áª®«ìª® á¢®©áâ¢ ¯à®áâà áâ¢ Vn(B).

�¥®à¥¬  1. �î¡®¥ £¥®¤¥§¨ç¥áª®¥ ®â®¡à ¦¥¨¥ à¨¬ ®¢  ¯à®áâà áâ¢  Vn(B), B 6= 0, ï¢«ï-
¥âáï «¨¡® ¥âà¨¢¨ «ìë¬, «¨¡® £®¬®â¥â¨ç¥áª¨¬.

�®ª § â¥«ìáâ¢®. �à¥¤¯®«®¦¨¬, çâ® ¯à®áâà áâ¢® Vn(B), B 6= 0, ¤®¯ãáª ¥â  ää¨®¥ (â. ¥.
âà¨¢¨ «ì®¥ £¥®¤¥§¨ç¥áª®¥) ®â®¡à ¦¥¨¥. �®£¤  áãé¥áâ¢ã¥â à¥è¥¨¥ ãà ¢¥¨© (1) ¯à¨ �i = 0.
�§ (1(¡)) á«¥¤ã¥â �gij + Baij = 0. �à¨ B 6= 0 ¢ëâ¥ª ¥â, çâ® aij = � �

B
gij . �âáî¤  á®£« á® ([3],

ác. 75, 121) á«¥¤ã¥â, çâ® £¥®¤¥§¨ç¥áª®¥ ®â®¡à ¦¥¨¥ ï¢«ï¥âáï £®¬®â¥â¨ç¥áª¨¬.

�¥®à¥¬  2. �á«¨ ¢ à¨¬ ®¢®¬ ¯à®áâà áâ¢¥ Vn(B) áà¥¤¨ ¢¥ªâ®à®¢ �i, ã¤®¢«¥â¢®àïîé¨å
(1), ¥áâì ¥ã«¥¢®© ¨§®âà®¯ë© ¢¥ªâ®à, â® B = 0.

�®ª § â¥«ìáâ¢®. �ãáâì ¢ Vn(B), B 6= 0, â¥§®à aij , ª®¢¥ªâ®à �i (6= 0) ¨ ¨¢ à¨ â � ï¢«ï-
îâáï à¥è¥¨¥¬ á¨áâ¥¬ë ãà ¢¥¨© £¥®¤¥§¨ç¥áª¨å ®â®¡à ¦¥¨©, ª®â®àë¥ ¢ Vn(B) ¨¬¥îâ ¢¨¤
(1).

� «¥¥ ¯à¥¤¯®« £ ¥¬, çâ® �i | ¨§®âà®¯ë© ¢¥ªâ®à, â. ¥. ¢ë¯®«ïîâáï ãá«®¢¨ï

����g
�� = 0: (2)

�¤¥áì ¨ ¤ «ìè¥ gij ï¢«ïîâáï ª®¬¯®¥â ¬¨ ®¡à â®© ¬ âà¨æë ª kgijk.
 ) � ç «  à áá¬®âà¨¬ á«ãç ©, ª®£¤  B 6= const. �§ [18] ¢ëâ¥ª ¥â, çâ® â¥§®à aij ¨ ¢¥ªâ®à �i

ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬

( ) aij = �gij + ��i�j ; (¡) �i;j = gij + ��i�j ; (3)

£¤¥ �, �, , � | ¥ª®â®àë¥ äãªæ¨¨ ¨¢ à¨ â  �.
�¨ää¥à¥æ¨àãï (2), ¯®¤áâ ¢«ïï (3(¡)), ã¡¥¤¨¬áï, çâ®  = 0. �®£¤ , ¤¨ää¥à¥æ¨àãï (3( )),

¯®á«¥ ¯®¤áâ ®¢ª¨ (1) ¨ (3) ¨¬¥¥¬ �igjk + �jgik = �k(�0gij + (�0 +2�)�i�j). �âáî¤  ¢ëâ¥ª ¥â, çâ®
�i = 0. � ¯à®â¨¢®¬ á«ãç ¥ rang kgijk � 2. �«¥¤®¢ â¥«ì®, á«ãç ©  ) ¤®ª § .

¡) �áâ «®áì à áá¬®âà¥âì á«ãç ©, ª®£¤  B � const 6= 0. �®£¤  ¨¬¥îâ ¬¥áâ® ãà ¢¥¨ï (1) ¨
¤«ï ¨¢ à¨ â  � ¢ë¯®«ï¥âáï ãá«®¢¨¥

�;i = 2B�i: (4)

�¨ää¥à¥æ¨àã¥¬ (2). �®á«¥ ¯®¤áâ ®¢ª¨ (1(¡)) ¯®«ãç ¥¬

��i +Bai��
� = 0: (5)

� â¥¬ ¤¨ää¥à¥æ¨àã¥¬ (5) ¨, ãç¨âë¢ ï (1), (2) ¨ (4), ¨¬¥¥¬

3B�i�j + �2gij + 2�Baij +B2ai�a
�
j = 0: (6)
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�à®¤¨ää¥à¥æ¨àã¥¬ (6) ¯® xk,   ®á®¢ ¨¨ (1) ¨ (4) ¡ã¤¥¬ ¨¬¥âì

4�k(B�gij +B2aij) + �icjk + �jcik = 0; (7)

£¤¥ cij | ¥ª®â®àë© á¨¬¬¥âà¨ç¥áª¨© â¥§®à. � ª ª ª �i 6= 0, â® áãé¥áâ¢ã¥â "i â ª®©, çâ® "i�i = 1.
�¢¥àâë¢ ï (7) á "i"j , ã¡¥¤¨¬áï, çâ® c�k"

� = c�k, £¤¥ c | ¥ª®â®àë© ¨¢ à¨ â. �®£¤  ¯®á«¥
á¢¥àâë¢ ¨ï (7) á "i ¯®«ãç¨¬ cjk = cj�k, £¤¥ cj | ¥ª®â®àë© ¢¥ªâ®à. �¥§®à cjk ï¢«ï¥âáï á¨¬-
¬¥âà¨çë¬ â¥§®à®¬, ¯®íâ®¬ã ¨¬¥¥¬ cjk = ��j�k, £¤¥ � | ¥ª®â®àë© ¨¢ à¨ â. �® ¯à¨ íâ®¬
¨§ (7) ¢ëâ¥ª ¥â á¯à ¢¥¤«¨¢®áâì ä®à¬ã«ë

�B gij +B2aij + ��i�j = 0; (8)

£¤¥ � | ¥ª®â®àë© ¨¢ à¨ â.
�®á«¥ ¤¨ää¥à¥æ¨à®¢ ¨ï (8) ¯® xk ã¡¥¤¨¬áï, çâ® á¯à ¢¥¤«¨¢  ä®à¬ã« 

2B2�kgij + �idjk + �jdik = 0;

£¤¥ dij | ¥ª®â®àë© â¥§®à.
�§ ¯®á«¥¤¥£® à ¢¥áâ¢  ¢ á«ãç ¥, ª®£¤  B 6= 0, ¢ëâ¥ª ¥â, çâ® rang kgijk � 2. �«¥¤®¢ â¥«ì®,

B = 0.

� «®£¨çë¬ ®¡à §®¬ ¬®¦® ã¡¥¤¨âìáï ¢ á¯à ¢¥¤«¨¢®áâ¨ á«¥¤ãîé¥© â¥®à¥¬ë.

�¥®à¥¬  3. �á«¨ ¢ à¨¬ ®¢®¬ ¯à®áâà áâ¢¥ Vn(B) áà¥¤¨ ¥ã«¥¢ëå ¢¥ªâ®à®¢ �i, ã¤®¢«¥-
â¢®àïîé¨å ãà ¢¥¨î (1), ¥áâì ¢§ ¨¬®®àâ®£® «ìë¥, â® B = 0.

3. �¥®¤¥§¨ç¥áª¨¥ ®â®¡à ¦¥¨ï ç¥âëà¥å¬¥àëå ¯à®áâà áâ¢ �©èâ¥© 

�®ª ¦¥¬ â¥®à¥¬ã, ª®â®à ï ®¡®¡é ¥â à¥§ã«ìâ â �.�.�¥âà®¢  ¨ �.�. �®«¨ª®¢ , áä®à¬ã«¨à®-
¢ ë© ¢® ¢¢¥¤¥¨¨.

�¥®à¥¬  4. �¥âëà¥å¬¥àë¥ ¯à®áâà áâ¢  �©èâ¥©  V4, ®â«¨çë¥ ®â ¯à®áâà áâ¢ ¯®-

áâ®ï®© ªà¨¢¨§ë, ¥ ¤®¯ãáª îâ ¥âà¨¢¨ «ìë¥ £¥®¤¥§¨ç¥áª¨¥ ®â®¡à ¦¥¨ï   à¨¬ ®¢ë

¯à®áâà áâ¢  V 4.

�®ª § â¥«ìáâ¢® ¯à®¢¥¤¥¬ ¬¥â®¤®¬ ®â ¯à®â¨¢®£®. �®¯ãáâ¨¬, çâ® ç¥âëà¥å¬¥à®¥ ¯à®áâà -
áâ¢® �©èâ¥©  V4 á ¥¯®áâ®ï®© ªà¨¢¨§®© ¤®¯ãáª ¥â ¥âà¨¢¨ «ì®¥ £¥®¤¥§¨ç¥áª®¥ ®â®¡à -
¦¥¨¥   à¨¬ ®¢® ¯à®áâà áâ¢® V 4.

�®£¤  á®£« á® ¨§¢¥áâë¬ à¥§ã«ìâ â ¬ [4], [12] V 4 ï¢«ï¥âáï, ¯® ¥®¡å®¤¨¬®áâ¨, â ª¦¥ ¯à®-
áâà áâ¢®¬ �©èâ¥© ,   á ¬® V4 | ¯à®áâà áâ¢®¬ V4(B), £¤¥ B = R

12
. � íâ®¬ á«ãç ¥ ®á®¢ë¥

ãà ¢¥¨ï £¥®¤¥§¨ç¥áª¨å ®â®¡à ¦¥¨© § ¯¨èãâáï ¢ ¢¨¤¥

( ) aij;k = �i gjk + �j gik; (¡) �i;j = �gij +
R

12
aij ; (¢) �;i =

R

6
�i: (9)

�á«®¢¨ï ¨â¥£à¨àã¥¬®áâ¨ ãà ¢¥¨© (9(¡)) ¨¬¥îâ ¢¨¤

��Y
�
ijk = 0; (10)

£¤¥ Y h
ijk � Rh

ijk � R

n(n�1)
(�hk gij � �hj gik). �¤¥áì Rh

ijk | â¥§®à �¨¬  , �hi | á¨¬¢®«ë �à®¥ª¥à .

�¥§®à Y h
ijk  §ë¢ ¥âáï â¥§®à®¬ ª®æ¨àªã«ïà®© ªà¨¢¨§ë �® à¨¬ ®¢  ¯à®áâà áâ¢  Vn

[19]. � ª ª ª ¯à®áâà áâ¢® V4 ¨¬¥¥â ¥¯®áâ®ïãî ªà¨¢¨§ã, â® ¥£® â¥§®à ª®æ¨àªã«ïà®©
ªà¨¢¨§ë ¥ à ¢¥ ã«î.

�  ®á®¢ ¨¨ [20] ¨§ ãá«®¢¨© (10) ¯à¨ n = 4 á«¥¤ã¥â ¨§®âà®¯®áâì ¢¥ªâ®à  �h. �®£¤  ¨§
â¥®à¥¬ë 2 ¢ëâ¥ª ¥â B = 0. � ¨â®£¥ áª «ïà ï ªà¨¢¨§  R à ¢  ã«î,   § ç¨â, ¨áá«¥¤ã¥¬®¥
¯à®áâà áâ¢® V4 ï¢«ï¥âáï �¨çç¨ ¯«®áª¨¬, â. ¥. ¨¬¥¥â ¬¥áâ®

Rij = 0: (11)
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�®áª®«ìªã ¨§®âà®¯®áâì ¢¥ªâ®à  �i ¢«¥ç¥â à ¢¥áâ¢® ã«î ¨¢ à¨ â  �, â® ¢¥ªâ®à �i ª®-
¢ à¨ â® ¯®áâ®ï¥. � à¥§ã«ìâ â¥ ãá«®¢¨ï (10) ¯à¨¨¬ îâ ¢¨¤

��R
�
ijk = 0: (12)

�§¢¥áâ® [1], [2], çâ® ¢ V4, ¢ ª®â®à®¬ áãé¥áâ¢ã¥â ¨§®âà®¯ë© ª®¢ à¨ â® ¯®áâ®ïë© ¢¥ªâ®à
�h, ¬®¦® ¢ë¡à âì á¯¥æ¨ «ìãî á¨áâ¥¬ã ª®®à¤¨ â, ¢ ª®â®à®©

�h = �h1 ; gij(x) =

0
BB@
0 0 0 1
0 g22 g23 g24
0 g23 g33 g34
1 g24 g34 g44

1
CCA ; gij(x) =

0
BB@
g11 g12 g13 1
g12 g22 g23 0
g13 g23 g33 0
1 0 0 0

1
CCA :

� «ì¥©è¨¥ à ááã¦¤¥¨ï ¡ã¤¥¬ ¢¥áâ¨ ¢ íâ®© á¨áâ¥¬¥ ª®®à¤¨ â. �®£¤  ãá«®¢¨ï (12) ¯à¨¨-
¬ îâ ¢¨¤ R1ijk = 0. � â¥¬ ¨§ (11) ¯à¨ i = 2, j = 4 ¨ i = 3, j = 4 ¨¬¥¥¬

g32R3242 + g33R3243 = 0;

g22R2342 + g23R2343 = 0:

� ª ª ª
��� g22 g23

g23 g33

��� 6= 0, â® ¨§ ¯®á«¥¤¥£® á«¥¤ã¥â R3242 = R3243 = 0. �à®¬¥ â®£®, ¨§ (11) ¯à¨
i = j = 2, i = j = 3 ¨ i = 2, j = 3 ¡ã¤¥¬ ¨¬¥âì

g33R3223 = g22R2332 = g23R3232 = 0:

�§ ¯®á«¥¤¥£® ¢ëâ¥ª ¥â R2332 = 0.
� ¨â®£¥ ®â«¨çë¬¨ ®â ã«ï ª®¬¯®¥â ¬¨ â¥§®à  �¨¬   (á â®ç®áâìî ¤® ¨§¢¥áâëå â®-

¦¤¥áâ¢ â¥§®à  �¨¬  ) ¬®£ãâ ¡ëâì â®«ìª® R2442, R2443, R3443.
� ª¨¬ ®¡à §®¬, â¥§®à �¨¬   ç¥âëà¥å¬¥à®£® ¯à®áâà áâ¢  �©èâ¥©  ¬®¦¥â ¡ëâì ¯à¥¤-

áâ ¢«¥ ¢ ¢¨¤¥

Rhijk = "(�h�i � �i�h)(�j�k � �k�j): (13)

�¤¥áì �i � ��g�i = g1i = �4i , �i | ¥ª®â®àë© ¥ª®««¨¥ àë© ª �i ¢¥ªâ®à, " = �1.
�ç¨âë¢ ï (13), ¨§ (11) ¯®«ãç¨¬

���� = 0 ¨ ���
� = 0: (14)

�®¢ à¨ â® ¯à®¤¨ää¥à¥æ¨àã¥¬ (13) ¢  ¯à ¢«¥¨¨ xl. � á¨«ã ª®¢ à¨ â®£® ¯®áâ®ïáâ¢ 
¢¥ªâ®à  �i ¨¬¥¥¬

Rhijk;l = "(�h;l�i � �i;l�h)(�j�k � �k�j) + "(�h�i � �i�h)(�j;l�k � �k;l�j): (15)

�ç¨âë¢ ï â®¦¤¥áâ¢  �¨ ª¨, ¯à®æ¨ª«¨àã¥¬ (15) ¯® ¨¤¥ªá ¬ j, k, l:

(�i�h;l � �i;l�h)(�j�k � �k�j) + (�i�h;j � �i;j�h)(�k�l � �l�k) +

+ (�i�h;k � �i;k�h)(�l�j � �j�l) + (�h�i � �i�h)�
� (�j;l�k � �k;l�j + �k;j�l � �l;j�k + �l;k�j � �j;k�l) = 0:

�§ íâ®£® á®®â®è¥¨ï ¢¨¤®

�h;l = �hcl + �hdl + lh�l + fh�l; (16)

£¤¥ ci, di, li, fi | ¥ª®â®àë¥ ¢¥ªâ®àë.
�à®¤¨ää¥à¥æ¨à®¢ ¢ (14), ãç¨âë¢ ï (16), «¥£ª® ¯®«ãç¨âì

��l� = 0; ��l� = 0; ��f� = 0; ��f� = 0: (17)
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�®¯ãáâ¨¬, çâ® ¢¥ªâ®à li «¨¥©® ¥ ¢ëà ¦ ¥âáï ç¥à¥§ ¢¥ªâ®àë �i ¨ �i, â®£¤  ¢ ¥ª®â®à®©
â®çª¥ x0 ¬®¦® ¢ë¡à âì á¨áâ¥¬ã ª®®à¤¨ â â ª, çâ®¡ë

�i = �i1; �i = �i2; li = �i3:

�® ¢ íâ®¬ á«ãç ¥ ¢ á¨«ã (14), (17) ¨ ¨§®âà®¯®áâ¨ ¢¥ªâ®à  �i ¬¥âà¨ª  ¢ëà®¦¤ ¥âáï. �®«ãç¥®¥
¯à®â¨¢®à¥ç¨¥ ®§ ç ¥â, çâ® ¢¥ªâ®à li ¬®¦® «¨¥©® ¢ëà §¨âì ç¥à¥§ ¢¥ªâ®àë �i ¨ �i. � «®£¨ç®
ãáâ ®¢¨¬, çâ® ¨ ¢¥ªâ®à fi ¬®¦® «¨¥©® ¢ëà §¨âì ç¥à¥§ ¢¥ªâ®àë �i ¨ �i. � â ª®¬ á«ãç ¥ (16)
¯à¨¬¥â ¡®«¥¥ ¯à®áâ®© ¢¨¤ �h;l = �hcl+�hdl. �®¤áâ ¢¨¢ ¯®á«¥¤¥¥ ¢ (15) ¨ ãç¨âë¢ ï (13), ¯®«ãç¨¬

Rhijk;l = 'lRhijk;

§¤¥áì 'l = 2cl.
�®á«¥¤¨¬ ãá«®¢¨¥¬ å à ªâ¥à¨§ãîâáï à¥ªãàà¥âë¥ ¨«¨ á¨¬¬¥âà¨ç¥áª¨¥ à¨¬ ®¢ë ¯à®-

áâà áâ¢ , ª®â®àë¥, ª ª ¤®ª §® ¢ [3], ¤®¯ãáª îâ ¥âà¨¢¨ «ìë¥ £¥®¤¥§¨ç¥áª¨¥ ®â®¡à ¦¥¨ï
â®«ìª® ¢ â®¬ á«ãç ¥, ª®£¤  ï¢«ïîâáï ¯à®áâà áâ¢ ¬¨ ¯®áâ®ï®© ªà¨¢¨§ë. � íâ® ¯à®â¨¢®à¥-
ç¨â á¤¥« ®¬ã ¯à¥¤¯®«®¦¥¨î. �

� à¥§ã«ìâ â¥ ¢ë¤¥«¥ ¥é¥ ®¤¨ ª« áá à¨¬ ®¢ëå ¯à®áâà áâ¢, ®¤®§ ç® ®¯à¥¤¥«¥ëå
®â®á¨â¥«ì® ¥âà¨¢¨ «ìëå £¥®¤¥§¨ç¥áª¨å ®â®¡à ¦¥¨©, ª ª¨¬¨ ï¢«ïîâáï,  ¯à¨¬¥à, á¨¬¬¥-
âà¨ç¥áª¨¥, à¥ªãàà¥âë¥, ®¡®¡é¥® á¨¬¬¥âà¨ç¥áª¨¥ ¨ à¥ªãàà¥âë¥ ¨ ¤àã£¨¥ ¯à®áâà áâ¢ 
(á¬. [4], [3], [11], [13]{[22]).

4. �¡ ®¤®© £¨¯®â¥§¥ �.�.�¥âà®¢  ® £¥®¤¥§¨ç¥áª¨å ®â®¡à ¦¥¨ïå
¯à®áâà áâ¢ �©èâ¥© 

�à¨¢¥¤¥¬ ª®âà¯à¨¬¥à ª £¨¯®â¥§¥ �.�.�¥âà®¢  (á¬. ¢¢¥¤¥¨¥) ([2], áá. 355, 461).
�ãáâì Vn (n > 4) | íª¢¨¤¨áâ â®¥ ¯à®áâà áâ¢® �©èâ¥©  ¥¯®áâ®ï®© ªà¨¢¨§ë á

¬¥âà¨ª®© �.�¨ «ª®¢  [4]

ds2 = e dx12 + f(x1) des2; (18)

£¤¥ e = �1, f 6= 0, des2 = eg��(x2; : : : ; xn)dx�dx� (�; � > 1) | ¬¥âà¨ª  ¥ª®â®à®£® ¯à®áâà áâ¢ eVn�1, ª®â®à®¥ ¯® ¥®¡å®¤¨¬®áâ¨ ï¢«ï¥âáï ¯à®áâà áâ¢®¬ �©èâ¥© , ®â«¨ç®£® ®â ¯à®áâà áâ¢ 
¯®áâ®ï®© ªà¨¢¨§ë, ¨ äãªæ¨ï f(x1) ã¤®¢«¥â¢®àï¥â ãá«®¢¨î

f =

8>>>><
>>>>:

eB=B cos2(
p�eBx1 + b); eB < 0; eB 6= 0;eB=B(a+ sh2(

p
eBx1 + b)); eB > 0; eB 6= 0;

b exp2(
p
eBx1); eB � 0; eB = 0;

�e eB(x1 + b)2; B = 0; eB 6= 0;

£¤¥ a = 0; 1, b | const, B = R

n(n�1)
, eB = eR

(n�1)(n�2)
, R ( eR) | áª «ïàë¥ ªà¨¢¨§ë ¯à®áâà áâ¢

Vn ( eVn�1).
�®ª § ® [4], [13], çâ® ¯à®áâà áâ¢® Vn, ®â¥á¥®¥ ª á¨áâ¥¬¥ ª®®à¤¨ â (18), ¤®¯ãáª ¥â £¥®-

¤¥§¨ç¥áª®¥ ®â®¡à ¦¥¨¥   à¨¬ ®¢® ¯à®áâà áâ¢® V n, ¬¥âà¨ç¥áª ï ä®à¬  ª®â®à®£® ¨¬¥¥â ¢¨¤

ds2 =
ep

(1 + qf)2
(dy1)2 +

fp

1 + qf
des2;

£¤¥ p, q | ¥ª®â®àë¥ ¯®áâ®ïë¥ â ª¨¥, çâ® p 6= 0, 1+qf 6= 0. �à¨ qf 0 6� 0 ®â®¡à ¦¥¨¥ ï¢«ï¥âáï
¥âà¨¢¨ «ìë¬. �®®à¤¨ âë x ï¢«ïîâáï ®¡é¨¬¨ ¯® íâ®¬ã ®â®¡à ¦¥¨î.

�¨£ âãàë ¬¥âà¨ª Vn ¨ V n à §«¨çë, ª®£¤  1 + qf < 0, ¢ ¯à®â¨¢®¬ á«ãç ¥ á®¢¯ ¤ îâ.
�¥£ª® ¢¨¤¥âì, çâ® ¯à¨ ¯®¤å®¤ïé¥¬ ¯®¤¡®à¥ ¯®áâ®ïëå e, q ¬®¦® ¯®áâà®¨âì ¯à¨¬¥à ¥âà¨-

¢¨ «ì®£® £¥®¤¥§¨ç¥áª®£® ®â®¡à ¦¥¨ï ¬¥¦¤ã í©èâ¥©®¢ë¬¨ ¯à®áâà áâ¢ ¬¨ ¥¯®áâ®ï®©
ªà¨¢¨§ë á á¨£ âãà®© �¨ª®¢áª®£® ¨ à §¬¥à®áâ¨ ¢ëè¥ ç¥âëà¥å. �â® ¨ ¥áâì ª®âà¯à¨¬¥à ª
¯à¨¢¥¤¥®© £¨¯®â¥§¥ �.�.�¥âà®¢ .
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