
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

1999 ���������� ò 1 (440)

��� 514.76

��������� ������

���������� ������������ ������������

1. �¢¥¤¥­¨¥

�¯¥à¢ë¥ ¯®­ïâ¨¥ à¥ªãàà¥­â­®£® ¬­®£®®¡à §¨ï ¢¢¥« H.S. Ruse [1], [2]; ®­ ¦¥ ¤®ª § «, çâ®
â ª®¥ ¬­®£®®¡à §¨¥ áãé¥áâ¢ã¥â. �â® ­¥¯«®áª®¥ n-¬¥à­®¥  ­ «¨â¨ç¥áª®¥ à¨¬ ­®¢® ¬­®£®®¡à §¨¥
(M; g), â¥­§®à ªà¨¢¨§­ë ª®â®à®£® ã¤®¢«¥â¢®àï¥â ãá«®¢¨î

rrRlkji = Ar �Rlkji (1.1)

¤«ï ­¥ª®â®à®£® ­¥­ã«¥¢®£® ¢¥ªâ®à  Ar, £¤¥ r | á¨¬¢®« ª®¢ à¨ ­â­®£® ¤¨ää¥à¥­æ¨à®¢ ­¨ï ¢
¬¥âà¨ª¥ ¬­®£®®¡à §¨ï.

� [3] ¢¢¥¤¥­® ¯®­ïâ¨¥ à¥ªãàà¥­â­®£® ¯à®áâà ­áâ¢  ¢â®à®£® ¯®àï¤ª  (2-à¥ªãàà¥­â­®£® ¯à®-
áâà ­áâ¢ ). �â® à¨¬ ­®¢® ¯à®áâà ­áâ¢®, â¥­§®à ªà¨¢¨§­ë ª®â®à®£® ã¤®¢«¥â¢®àï¥â ãá«®¢¨î

rsrrRlkji = CsrRlkji

¤«ï ­¥ª®â®à®£® â¥­§®à  Csr. �.�.� ©£®à®¤®¢ [4]{[6] (á¬. â ª¦¥ ®¡§®à­ãî áâ âìî [7]) ¯®áâà®¨«
­®¢ë© ¬¥â®¤, ¯®§¢®«¨¢è¨© à áá¬ âà¨¢ âì ¬­®£®®¡à §¨ï, ã¤®¢«¥â¢®àïîé¨¥ ãá«®¢¨î
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£¤¥ 
m1m2���ms
6= 0, 
m2���m1

; : : : ;
m1
| ­¥ª®â®àë¥ â¥­§®àë. �­ ¨áá«¥¤®¢ « â ª¦¥ ¢®¯à®á ® ¯à¨-

«®¦¥­¨ïå à¥ªãàà¥­â­ëå ¬­®£®®¡à §¨© ª § ¤ ç ¬ ®¡é¥© â¥®à¨¨ ®â­®á¨â¥«ì­®áâ¨.
�¥¤ ¢­® ¯®ï¢¨«¨áì à ¡®âë, ¢ ª®â®àëå â ª¦¥ áâà®ïâáï ®¡®¡é¥­¨ï à¥ªãàà¥­â­ëå ¬­®£®®¡à -

§¨©, ­® ¢ ¤àã£¨å ­ ¯à ¢«¥­¨ïå ([8]{[12]). �á¯®«ì§ã¥¬®¥ â ¬ ãá«®¢¨¥ ¨¬¥¥â ¢¨¤

rrRlkji = BrRlkji +AlRrkji +AkRlrji +AjRlkri +AiRlkjr : (1.2)

�ç¥¢¨¤­®, ¥á«¨ Ai = 0, â® (1.2) á¢®¤¨âáï ª (1.1). �àã£®¥ ®¡®¡é¥­¨¥ â ª®¢®:

rrRlkji = 2ArRlkji +AlRrkji +AkRlrji +AjRlkri +AiRlkjr : (1.3)

�á«¨  áá®æ¨¨à®¢ ­­®¥ ¢¥ªâ®à­®¥ ¯®«¥ Ar ã¤®¢«¥â¢®àï¥â ãá«®¢¨î

ArRlkji +AjRlkir +AiRlkrj = 0;

â® ãá«®¢¨¥ (1.3) â®¦¥ á¢®¤¨âáï ª (1.1).
� [13] à áá¬ âà¨¢ îâáï ¢¯®«­¥ ®¬¡¨«¨ç¥áª¨¥ ¯®¤¬­®£®®¡à §¨ï ¢ ¬­®£®®¡à §¨¨, ã¤®¢«¥â¢®àï-

îé¥¬ ãá«®¢¨î (1.2). �ª §ë¢ ¥âáï, ¢ ®¡é¥¬ á«ãç ¥ â ª®¥ ¯®¤¬­®£®®¡à §¨¥ â®¦¥ ã¤®¢«¥â¢®àï¥â
ãá«®¢¨î â¨¯  à¥ªãàà¥­â­®áâ¨. �¤­® ¨§ â ª¨å ãá«®¢¨© ¨¬¥¥â ¢¨¤

rrRlkji = Ar[Rlkji + (� �  )Glkji] +
�

2
(AlGrkji +AkGlrji +AjGlkri +AiGlkjr); (1.4)

£¤¥ � ¨  | áª «ïà­ë¥ äã­ªæ¨¨, Ar | £à ¤¨¥­â­®¥ ¢¥ªâ®à­®¥ ¯®«¥,  

Glkji = gligkj � gljgki: (1.5)
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�¥«¨ç¨­ë Ar, �,  á¢ï§ ­ë á®®â­®è¥­¨¥¬

 r = �Ar;  r =
@ 

@xr
: (1.6)

�¥«ìî ¤ ­­®© áâ âì¨ ï¢«ï¥âáï ¨§ãç¥­¨¥ á¢®©áâ¢ à¨¬ ­®¢  ¬­®£®®¡à §¨ï, â¥­§®à ªà¨¢¨§­ë
ª®â®à®£® ã¤®¢«¥â¢®àï¥â ãá«®¢¨î (1.4) á®¢¬¥áâ­® á (1.5) ¨ (1.6). �à¥¤¯®« £ ¥âáï, çâ® Ar 6= 0,
 6= const, � 6= 0. � à §¤¥«¥ 2 ¤®ª §ë¢ ¥âáï, çâ®  áá®æ¨¨à®¢ ­­®¥ ¢¥ªâ®à­®¥ ¯®«¥ ­¥ â®«ìª®
£à ¤¨¥­â­®, ­® ¨ ª®­æ¨àªã«ïà­®. � [4] ãáâ ­®¢«¥­®, çâ® ¥á«¨ à¨¬ ­®¢® ¬­®£®®¡à §¨¥ ®¡« ¤ ¥â
ª®­æ¨àªã«ïà­ë¬ ¢¥ªâ®à­ë¬ ¯®«¥¬, â® áãé¥áâ¢ã¥â «®ª «ì­ ï á¨áâ¥¬  ª®®à¤¨­ â, ¢ ª®â®à®©
äã­¤ ¬¥­â «ì­ ï ª¢ ¤à â¨ç­ ï ¤¨ää¥à¥­æ¨ «ì­ ï ä®à¬  ¯à¨­¨¬ ¥â ¢¨¤

ds2 = (dx1)2 + e� �
�

g��dx
�dx�;

£¤¥
�

g�� =
�

g��(x
) | äã­ªæ¨¨ â®«ìª® ®â x
 (�; �; 
 = 2; 3; : : : ), � = �(x1) | äã­ªæ¨ï â®«ìª®

®â x1. � à §¤¥«¥ 3 ­ å®¤ïâáï ãá«®¢¨ï ­  � ¨ (
�

M;
�

g), ¯à¨ ª®â®àëå ¯®«ã¯à¨¢®¤¨¬®¥ à¨¬ ­®¢®

¯à®áâà ­áâ¢® I �e�

�

M ã¤®¢«¥â¢®àï¥â ãá«®¢¨î (1.4). � à §¤¥«¥ 4 à áá¬®âà¥­ ¯à¨¬¥à.

2. �®ª § â¥«ìáâ¢® ª®­æ¨àªã«ïà­®áâ¨  áá®æ¨¨à®¢ ­­®£® ¢¥ªâ®à­®£® ¯®«ï

� á¨«ã â®¦¤¥áâ¢  �¨ ­ª¨ ¨§ (1.4) ¯®«ãç ¥¬

Ar(Rlkji �  Glkji) +Al(Rkrji �  Gkrji) +Ak(Rrlji �  Grlji) = 0: (2.1)

�­ ç¨â, ¢ á¨«ã (1.4)

rrRkj = ArfRkj + [n� � (n� 1) ]gkjg+
n� 2
2

�(Akgrj +Ajgkr) (2.2)

¨

rrR = Ar[R+ (n2 + n� 2)� � n(n� 1) ]; (2.3)

£¤¥ Rkj | ª®¬¯®­¥­âë â¥­§®à  �¨çç¨,   R | áª «ïà­ ï ªà¨¢¨§­ . � ãç¥â®¬ £à ¤¨¥­â­®áâ¨ Ar
¨§ (1.6) á«¥¤ã¥â

Ar�s �As�r = 0 ¨«¨ �s = rs� = 'As; (2.4)

£¤¥ ' | äã­ªæ¨ï.
�¢¥àâë¢ ï (2.1) á grj , ¯®«ãç¨¬

AaRailk = Ak[Rli � (n� 2) gli]�Al[Rki � (n� 2) gki]: (2.5)

�¢¥àâë¢ ï (2.5) á gil, ¨¬¥¥¬

AaRak =
1
2
[R � (n� 1)(n� 2) ]Ak : (2.6)

�á¯®«ì§ãï (2.2), (1.6) ¨ (2.4), «¥£ª® ¯®¤áç¨â âì rsrrRkj ¨, ãç¨âë¢ ï £à ¤¨¥­â­®áâì Ar, ãáâ ­®-
¢¨âì à ¢¥­áâ¢®

rsrrRkj �rrrsRkj = Trjgks + Trkgjs � Tsjgkr � Tskgjr;

®âªã¤  ¢ á¨«ã â®¦¤¥áâ¢  �¨çç¨

RajR
a
krj +RkaR

a
jrs = Trjgks + Trkgjs � Tsjgkr � Tskgjr;

£¤¥ ®¡®§­ ç¥­®

Trk =
n� 2
2

[(� �  )ArAk � �rrAk]:

�¨ª«¨àãï ¯® j, r, s, áã¬¬¨àãï ¨ ãç¨âë¢ ï, çâ® â¥­§®à Trk á¨¬¬¥âà¨ç¥­, ­ ©¤¥¬

RajR
a
krs +RarR

a
ksj +RasR

a
kjr = 0: (2.7)
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�«¥¤®¢ â¥«ì­®,

(rpRaj)Ra
krs + (rpRar)Ra

ksj + (rpRas)Ra
kjr +RajrpR

a
krs +RarrpR

a
ksj +RasR

a
kjr = 0: (2.8)

�á¯®«ì§ãï (2.2), (2.5) ¨ (2.7), ­ å®¤¨¬

(rpRaj)Ra
krs + (rpRar)Ra

ksj + (rpRas)Ra
kjr =

=
n� 1
2

�fAs[gpjRrk � gprRjk +Rpkjr + (n� 2) Gpkjr ] +

+Aj [gprRsk � gpsRrk +Rpkrs + (n� 2) Gpkrs] +Ar[gpsRkj � gpjRsk +Rpksj + (n� 2) Gpksj ]g:

�® á®£« á­® (2.1)

AsRpkjr +AjRpkrs +ArRpksj =  (AsGpkjr +AjGpkrs +ArGpksj):

�­ ç¨â,

(rpRaj)R
a
krs + (rpRar)R

a
ksj + (rpRas)R

a
kjr =

=
n� 2
2

�[As(gpjRkr � gprRjk) +Aj(gprRsk � gpsRrk) +

+Ar(gpsRkj � gpjRsk) + (n� 1) (AsGpkjr +AjGpkrs +ArGpksj)]: (2.9)

�á¯®«ì§ãï (1.4), (2.6) ¨ (2.7), ¯®«ãç ¥¬

Ra
jrpRakrs +Ra

rrpRaksj +Ra
srpRakjr =

�

4
[R� (n� 1)(n� 2) ](AjGpkrs +ArGpksj +AsGpkjr) +

+
�

2
[Ar(Rspgkj �Rjpgks) +As(Rjpgkr �Rrpgkj) +Aj(Rrpgks �Rspgkr)]:

�®¤áâ ¢«ïï íâ® ¢ëà ¦¥­¨¥ ¨ (2.9) ¢ (2.8), ¢ á¨«ã � 6= 0 ¨¬¥¥¬

2(n� 2)[As(Rrkgjp �Rjkgrp) +Aj(Rskgpr �Rrkgps) +

+Ar(Rkjgps �Rskgpj)] + 2[As(Rjpgkr �Rrpgkj) +Aj(Rrpgks �Rspgkr) +Ak(Rspgkj �Rjpgks)] +

+ [R + (n� 1)(n� 2) ](AsGpkjr +AjGpkrs +ArGpksj) = 0:

�¢¥àâë¢ ï íâ® á®®â­®è¥­¨¥ á gpj ¨ ãç¨âë¢ ï (2.6), ¨¬¥¥¬

(n� 3)f2(n � 1)(AsRkr �ArRsk) + [R+ (n� 1)(n� 2) ](Argsk �Asgkr)g = 0:

� ç¨­ ï á íâ®£® ¬¥áâ , ¡ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® n > 3. �®£¤ 

Asf(n�1)Rrk� 1
2
[R+(n�1)(n�2) ]gkrg�Arf(n�1)Rsk� 1

2
[R+(n�1)(n�2) ]gksg = 0: (2.10)

�¢¥àâë¢ ï (2.10) á As ¨ ¯à¨¬¥­ïï (2.6), ­ ©¤¥¬

AaA
af(n� 1)Rrk �

1
2
[R+ (n� 1)(n� 2) ]gkrg =

n� 2
2

ArAk[R� n(n� 1) ]: (2.11)

�®ª ¦¥¬, çâ® AaAa 6= 0. �®-¯¥à¢ëå, á¯à ¢¥¤«¨¢ 

�¥¬¬  2.1. �á«®¢¨ï AaA
a = 0 ¨ R = n(n� 1) íª¢¨¢ «¥­â­ë.

�®ª § â¥«ìáâ¢®. �á«¨ AaAa = 0, â® ¨§ (2.11) á«¥¤ã¥â

R = n(n� 1) ; (2.12)

¯®áª®«ìªã n > 3 ¨ Ar 6= 0.
�¡à â­®, ¯ãáâì ¢ë¯®«­ï¥âáï ãá«®¢¨¥ (2.12). �®£¤ 

rrR = n(n� 1)rr 6= 0; (2.13)
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¯®áª®«ìªã ¯® ¯à¥¤¯®«®¦¥­¨î  6= const. �®, á ¤àã£®© áâ®à®­ë, ¨§ (2.11) á«¥¤ã¥â

AaA
af(n� 1)Rrk �

1
2
[R + (n� 1)(n� 2) ]grkg = 0:

�âáî¤  «¨¡® AaAa = 0, «¨¡® á ãç¥â®¬ (2.12) Rrk = R
n
grk. �® ¯à¨ n > 2 áª «ïà­ ï ªà¨¢¨§-

­  ¯à®áâà ­áâ¢  �©­èâ¥©­  ¯®áâ®ï­­ , çâ® ¯à®â¨¢®à¥ç¨â (2.13). �®íâ®¬ã ¨§ (2.12) á«¥¤ã¥â
AaA

a = 0.

�¥¬¬  2.2. �ãáâì (M; g) | à¨¬ ­®¢® ¬­®£®®¡à §¨¥, ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨î (1:4) ¯à¨
Ar 6= 0,  6= const, � 6= 0, ¨ ¯ãáâì n = dimM > 3. �®£¤  (M; g) ­¥ ã¤®¢«¥â¢®àï¥â ãá«®¢¨î
(2:12).

�®ª § â¥«ìáâ¢®. �à¥¤¯®«®¦¨¬, çâ® ¢ë¯®«­ï¥âáï ãá«®¢¨¥ (2.12). �®¤áâ ¢«ïï R ¢ (2.3),
¯®«ãç¨¬ rrR = (n � 1)(n + 2)�Ar, çâ® ¯à®â¨¢®à¥ç¨â (2.13), â. ª. á®£« á­® (1.6) ¨ (2.13) rrR =
n(n� 1)�Ar.

�§ «¥¬¬ 2.1 ¨ 2.2 á«¥¤ã¥â, çâ® AaAa 6= 0.
�¡à â¨¬áï ª á®®â­®è¥­¨î (2.11). �à¨¬¥­ïï ®¯¥à â®à rs ¨ ãç¨âë¢ ï (1.6), (2.2) ¨ (2.3), ¯®«ã-

ç¨¬ ­®¢®¥ á®®â­®è¥­¨¥, á¢¥àâë¢ ï ®¡¥ ç áâ¨ ª®â®à®£® á Ak ¨ ¨á¯®«ì§ãï (2.6), ­ ©¤¥¬ à ¢¥­áâ¢®

[R� n(n� 1) ]AaAarsAr = [R� n(n� 1) ](rsAa)AaAr �

� (n� 1)�AaA
aArAs + (n� 1)(AaA

a)2grs: (2.14)

�«ìâ¥à­¨àãï (2.14), ¯®«ãç¨¬ [R � n(n � 1) ]f(rsAa)AaAr � (rrAa)AaAsg = 0, ®âªã¤  ¢ á¨«ã
«¥¬¬ë 2.2 (rsAa)AaAr = (rrAa)AaAs. �â® á®®â­®è¥­¨¥ ¯à¨¢®¤¨â ª à ¢¥­áâ¢ã

(rsAa)A
a =

(rbAa)AbAa

AaAa
As: (2.15)

�®¤áâ ¢«ïï (2.15) ¢ (2.14), ­ å®¤¨¬

rsAr = fgrs + hArAs; (2.16)

£¤¥ f = (n�1)�

R�n(n�1) 
AaA

a, h = (rbAa)A
bAa

(AaAa)2
� (n�1)�

R�n(n�1) 
. �âáî¤ 

rrf =
(n� 1)rr�

R� n(n� 1) 
AaA

a �
(n� 1)�rr[R� n(n� 1) ]

[R� n(n� 1) ]2
+

(n� 1)�
R� n(n� 1) 

rr(AaA
a):

�ç¨âë¢ ï (1.6) ¨ (2.3), ¯®«ãç ¥¬ rr[R � n(n � 1) ] = [R + 2(n � 1)� � n(n � 1) ]Ar. �®íâ®¬ã,
¨á¯®«ì§ãï (2.4) ¨ (2.15), ¨¬¥¥¬

rrf = FAr; (2.17)

£¤¥ F | áª «ïà­ ï äã­ªæ¨ï. �§ (2.16) ¨ (2.17) rrrsAi �rsrrAi = (F � hf)(Argsi � Asgri) +
(Asrrh�Arrsh)Ai, ®âªã¤  ¢ á¨«ã â®¦¤¥áâ¢  �¨çç¨

AaR
a
isr = (F � hf)(Argsi �Asgri) + (Asrrh�Arrsh)Ai:

�¢¥àâë¢ ï á Ai ¨ ãç¨âë¢ ï, çâ® AiAi 6= 0, ¨¬¥¥¬

Asrrh�Arrsh = 0: (2.18)

�§ (2.18) á«¥¤ã¥â, çâ® ¢¥ªâ®à ws = hAs £à ¤¨¥­â¥­. �®íâ®¬ã (2.16) ¬®¦­® § ¯¨á âì ¢ ¢¨¤¥

rsAr = fgrs + wsAr;

£¤¥ ws | £à ¤¨¥­â. �® íâ® ¨ ®§­ ç ¥â, çâ® Ar | ª®­æ¨àªã«ïà­®¥ ¢¥ªâ®à­®¥ ¯®«¥ ([15], á. 322).
�®íâ®¬ã á¯à ¢¥¤«¨¢ 

�¥®à¥¬  2.1. �ãáâì (M; g) | n-¬¥à­®¥ (n > 3) à¨¬ ­®¢® ¬­®£®®¡à §¨¥, ã¤®¢«¥â¢®àïîé¥¥
ãá«®¢¨î (1:4), £¤¥ Ar 6= 0,  6= const, � 6= 0. �®£¤   áá®æ¨¨à®¢ ­­®¥ ¢¥ªâ®à­®¥ ¯®«¥ Ar ª®­æ¨à-
ªã«ïà­®.
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3. �®«ã¯à¨¢®¤¨¬®¥ à¨¬ ­®¢® ¯à®áâà ­áâ¢®, ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨î (1.4)

� [14] ¤®ª § ­®, çâ® à¨¬ ­®¢® ¬­®£®®¡à §¨¥ (M; g) ®¡« ¤ ¥â ª®­æ¨àªã«ïà­ë¬ ¢¥ªâ®à­ë¬
¯®«¥¬ â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  áãé¥áâ¢ã¥â á¨áâ¥¬  ª®®à¤¨­ â, ¢ ª®â®à®© äã­¤ ¬¥­â «ì­ ï
ª¢ ¤à â¨ç­ ï ¤¨ää¥à¥­æ¨ «ì­ ï ä®à¬  ¯à¨­¨¬ ¥â ¢¨¤

ds2 = (dx1)2 + e�
�

g��dx
�dx�; (3.1)

£¤¥
�

g�� =
�

g��(x
) | äã­ªæ¨¨ â®«ìª® ®â x
 (�; �; 
; �; � = 2; 3; : : : ; n),   � = �(x1) | äã­ª-
æ¨ï â®«ìª® ®â x1. �®íâ®¬ã á®£« á­® â¥®à¥¬¥ 2.1, ¥á«¨ n-¬¥à­®¥ à¨¬ ­®¢® ¬­®£®®¡à §¨¥ (M; g)
ã¤®¢«¥â¢®àï¥â ãá«®¢¨î (1.4), â® ¯à¨ n > 3 (M; g) ï¢«ï¥âáï ¯®«ã¯à¨¢®¤¨¬ë¬ à¨¬ ­®¢ë¬ ¯à®-
áâà ­áâ¢®¬

M = I �e�

�

M; (3.2)

£¤¥ (
�

M;
�

g) | (n�1)-¬¥à­®¥ à¨¬ ­®¢® ¬­®£®®¡à §¨¥. � íâ®¬ à §¤¥«¥ ¨§ãç¨¬ ãá«®¢¨ï, ­ « £ ¥¬ë¥

­  � ¨ (
�

M;
�

g), ¯à¨ ª®â®àëå ¯®«ã¯à¨¢®¤¨¬®¥ à¨¬ ­®¢® ¯à®áâà ­áâ¢® (3.2) ã¤®¢«¥â¢®àï¥â ãá«®¢¨î
(1.4).

� ¦¤ë© ®¡ê¥ªâ, ¯à¨­ ¤«¥¦ é¨© ¬­®£®®¡à §¨î (
�

M;
�

g), ãá«®¢¨¬áï ¯®¬¥ç âì §¢¥§¤®çª®©.
�¡ê¥ªâ, ­¥ ¯®¬¥ç¥­­ë© §¢¥§¤®çª®©, ¡ã¤¥â ®â­®á¨âìáï ª ¬­®£®®¡à §¨î (M; g). �®¬¯®­¥­âë �hij
á¢ï§­®áâ¨ �¥¢¨-�¨¢¨â  ¯à®áâà ­áâ¢  (3.2) ¨¬¥îâ ¢ ¨á¯®«ì§ã¥¬ëå «®ª «ì­ëå ª®®à¤¨­ â å áâà®-
¥­¨¥ (á¬. [16])

�1
11 = �1

1� = ��11 = 0; ���
 =
�

���
;

��1� =
1
2
�0��� ; �1

�
 = �
1
2
�0e�

�

g�
; �0 =
d�

dx1
:

�â«¨ç­ë¥ ®â ­ã«ï ª®¬¯®­¥­âë â¥­§®à  ªà¨¢¨§­ë Rlkji §¤¥áì ¨¬¥îâ ¢¨¤

R��
� = e�
�

R��
� �
1
4
(�0)2G��
�;

R�11� = �
1
2
[�00 + 1

2
(�0)2]g�� :

(3.3)

�®íâ®¬ã ¤«ï rrRlkji ¯®«ãç ¥¬ ¢ëà ¦¥­¨ï

(1) r�R��
� = e�
�

r�

�

R��
�;

(2) r1R��
� = ��0e�
�

R��
� �
1
2
�0�00G��
�;

(3) r
R�11� = 0;

(4) r1R�11� = �
1
2
e�(�000 + �0�00)

�

g��; (3.4)

(5) r1R111� = 0;

(6) r�R111� = 0;

(7) r�R��
1 = �
1
2
�0e�

�

R��
� �
�0�00

4
G��
�;

(8) r1R��
1 = 0:
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� ¤àã£®© áâ®à®­ë, ãá«®¢¨¥ (1.4) ¤«ï ¯à®áâà ­áâ¢  (3.2) ¯à¨­¨¬ ¥â ¢¨¤

(1) r�R��
� = A�[R��
� + (� �  )G��
�] +

+
�

2
(A�G��
� +A�G��
� +A
G���� +A�G��
�);

(2) r1R��
� = A1[R��
� + (� �  )G��
�];

(3) r
R�11� = A
 [R�11� + (� �  )G�11�] +
�

2
(A�G
11� +A�G�11
);

(4) r1R�11� = A1[R�11� + (2� �  )G�11�]; (3.5)

(5) r1R111� = 0;

(6) r�R111� = 0;

(7) r�R��
1 =
�

2
A1G��
�;

(8) r1R��
1 = �
�

2
(A�G1�
1 +A�G�1
1):

�á«¨ ¯à®áâà ­áâ¢® (3.2) ã¤®¢«¥â¢®àï¥â ãá«®¢¨î (1.4), â® ¯à ¢ë¥ ç áâ¨ à ¢¥­áâ¢ (3.4) ¨ (3.5)
¤®«¦­ë á®¢¯ ¤ âì. �®íâ®¬ã ¨§ (3.4(8)) ¨ (3.5(8)) ­ å®¤¨¬

e�(A�
�

g�
 �A�
�

g�
) = 0;

¯®áª®«ìªã � 6= 0 ¨ g11 = 1. �¢¥àâë¢ ï á
�

g �
 ¨ ãç¨âë¢ ï, çâ® n > 3, ¯®«ãç¨¬A� = 0. �«¥¤®¢ â¥«ì-
­®, ¢ à áá¬ âà¨¢ ¥¬ëå «®ª «ì­ëå ª®®à¤¨­ â å ¢á¥ ª®¬¯®­¥­âë  áá®æ¨¨à®¢ ­­®£® ¢¥ªâ®à­®£®
¯®«ï, §  ¨áª«îç¥­¨¥¬ A1, à ¢­ë ­ã«î,   ãá«®¢¨ï (3.5) ¯à¨­¨¬ îâ ¢¨¤

(1) r�R��
� = 0;

(2) r1R��
� = A1[R��
� + (� �  )G��
�];

(3) r
R�11� = 0;

(4) r1R�11� = A1[R�11� + (2� �  )G�11�]; (3.6)

(5) r1R111� = 0;

(6) r�R111� = 0;

(7) r�R��
1 =
�

2
A1G��
�;

(8) r1R��
1 = 0:

� «¥¥, áà ¢­¨¢ ï (3.4(7)) ¨ (3.6(7)), ¢¨¤¨¬, çâ® (
�

M;
�

g) ¤®«¦­® ¡ëâì ¬­®£®®¡à §¨¥¬ ¯®áâ®ï­­®©

ªà¨¢¨§­ë
�

K, â. ¥.

�

R��
� =
�

K(
�

g��
�

g�
 �
�

g�

�

g��):

�®íâ®¬ã ¯¥à¢®¥ ¨§ ãá«®¢¨© (3.3) ¯à¨¢®¤¨âáï ª ¢¨¤ã

R��
� =
� �

K

e�
�
(�0)2

4

�
G��
�; (3.7)
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  ãá«®¢¨ï (2), (4), (7) ¨§ (3.4) ¨ (3.6) ¯à¨­¨¬ îâ á®®â¢¥âáâ¢¥­­® ¢¨¤

(2) r1R��
� = �

�
�0

�

K

e�
+
1
2
�0�00

�
G��
�;

(4) r1R�11� = �
1
2
(�0�00 + �000)g��; (3.8)

(7) r�R��
1 = �
1
2

�
�0

�

K

e�
+
1
2
�0�00

�
G��
�

¨

(2) r1R��
� = A1

� �

K

e�
�
(�0)2

4
+ � �  

�
G��
�;

(4) r1R�11� = A1

�
�
�00

2
�
1
4
(�0)2 + 2� �  

�
g�� ; (3.9)

(5) r�R��
1 =
�

2
A1G��
�:

�§ (3.8) ¨ (3.9) ­ å®¤¨¬

�0

e�

�

K +
1
2
�0�00 = �A1

� �

K

e�
�
(�0)2

4
+ � �  

�
; (3.10)

1
2
(�0�00 + �000) =

1
2
A1[�

00 + 1
2
(�0)2 � 4� + 2 ]; (3.11)

�0
� �

K

e�
+
1
2
�00
�
= ��A1: (3.12)

�ëç¨â ï (3.10) ¨§ (3.11), ¨¬¥¥¬

1
2
�000 =

�0

e�

�

K = A1

�
1
2
�00 +

�

K

e�

�
� �A1:

�®¤áâ ¢«ïï ��A1 ¨§ (3.12), ¯®«ãç ¥¬

1
2
�000 �

�0

e�

�

K = A1

�
1
2
�00 +

�

K

e�

�
+ �0

�
�00

2
+

�

K

e�

�
: (3.13)

�á«¨ ¡ë äã­ªæ¨ï �(x1) ã¤®¢«¥â¢®àï«  ¤¨ää¥à¥­æ¨ «ì­®¬ã ãà ¢­¥­¨î

�

K

e�
+
�00

2
= 0; (3.14)

â® ¨§ (3.12) á«¥¤®¢ «® ¡ë «¨¡® � = 0, «¨¡® A1 = 0. �® ®¡  íâ¨ à ¢¥­áâ¢  ¯à®â¨¢®à¥ç â ¯à¥¤¯®-

«®¦¥­¨î. �­ ç¨â, ¤®«¦­® ¡ëâì
�

K
e�
+ �00

2
6= 0, ¨ à ¢¥­áâ¢® (3.13) ¤ ¥â

A1 = ��0 +
�
log

�
�00

2
+

�

K

e�

��0
: (3.15)

�â® á®®â­®è¥­¨¥ ­ ª« ¤ë¢ ¥â ®£à ­¨ç¥­¨¥ ­  äã­ªæ¨î �(x1). � ª, ¢ á¨«ã A1 6= 0 ­¥ ¬®¦¥â
¢ë¯®«­ïâìáï à ¢¥­áâ¢®

�000

2
�
�0

e�

�

K = �0
�
1
2
�00 +

�

K

e�

�
:
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�àã£¨¬¨ á«®¢ ¬¨, äã­ªæ¨ï �(x1) ­¥ ¬®¦¥â ¡ëâì à¥è¥­¨¥¬ ¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï

�000 = �0�000 + 4
�

K
�0

e�
: (3.16)

�®¤áâ ¢«ïï (3.12) ¢ (3.10), ¯®«ãç¨¬ A1

�
�

K
e�
� (�0)2

4
�  

�
= 0, â. ¥.

 =

�

K

e�
�
(�0)2

4
: (3.17)

�®£« á­® ­ è¥¬ã ¯à¥¤¯®«®¦¥­¨î,  6= const. �­ ç¨â, �(x1) ­¥ ¬®¦¥â ¡ëâì à¥è¥­¨¥¬ ¤¨ää¥-
à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï

�

K

e�
�
(�0)2

4
= const : (3.18)

�  ¨ ¯à®¤¨ää¥à¥­æ¨à®¢ ¢ (3.18), ¬ë ¯®«ãç¨«¨ ¡ë �0
�

�

K
e�
+ �00

2

�
= 0. �­ ç¨â, �(x1) ­¥ ã¤®¢«¥-

â¢®àï¥â ­¨ ¤¨ää¥à¥­æ¨ «ì­®¬ã ãà ¢­¥­¨î (3.18), ­¨ ¤¨ää¥à¥­æ¨ «ì­®¬ã ãà ¢­¥­¨î (3.16).
�§ (3.12) ¨ (3.15) ¯®«ãç ¥¬

� =
�0
�

�

K
e�
+ �00

2

�
�
�� + log

�
�00

2
+

�

K
e�

��0 : (3.19)

�â ª, á¯à ¢¥¤«¨¢ 

�¥®à¥¬  3.1. �ãáâì (M; g) | n-¬¥à­®¥ (n > 3) à¨¬ ­®¢® ¬­®£®®¡à §¨¥, ã¤®¢«¥â¢®àïîé¥¥
ãá«®¢¨î (1:4), £¤¥ Ar 6= 0, � 6= 0,  6= const. �®£¤ 

(a) (M; g) ï¢«ï¥âáï ¯®«ã¯à¨¢®¤¨¬ë¬ à¨¬ ­®¢ë¬ ¯à®áâà ­áâ¢®¬ (3:2), £¤¥ (
�

M;
�

g) | à¨-

¬ ­®¢® (n � 1)-¬¥à­®¥ ¬­®£®®¡à §¨¥ ¯®áâ®ï­­®© ªà¨¢¨§­ë
�

K, ¨ � = �(x1) 6= const |
äã­ªæ¨ï, ­¥ ï¢«ïîé ïáï à¥è¥­¨¥¬ ¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï (3:16) ¨«¨ (3:18).

(¡) �® ®â­®è¥­¨î ª «®ª «ì­ë¬ ª®®à¤¨­ â ¬ (3:1)  áá®æ¨¨à®¢ ­­®¥ ¢¥ªâ®à­®¥ ¯®«¥ ¨¬¥¥â
ª®¬¯®­¥­âë (A1; A�), £¤¥ A� = 0,   ª®¬¯®­¥­â  A1 ®¯à¥¤¥«¥­  ä®à¬ã«®© (3:15).

(¢) äã­ªæ¨¨  ¨ � § ¤ ­ë ä®à¬ã« ¬¨ (3:17) ¨ (3:19).

� ¬¥ç ­¨¥ 3.1. �á«¨ äã­ªæ¨ï �(x1) ï¢«ï¥âáï à¥è¥­¨¥¬ ¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï

(3.18),   (
�

M;
�

g) ï¢«ï¥âáï ¬­®£®®¡à §¨¥¬ ¯®áâ®ï­­®© ªà¨¢¨§­ë
�

K, â® (3.2) ¡ã¤¥â á¨¬¬¥âà¨ç¥áª¨¬
¯à®áâà ­áâ¢®¬, â. ¥. rrRlkji = 0.

�á«¨ �(x1) | à¥è¥­¨¥ ¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï (3.16),   (
�

M;
�

g) | ¬­®£®®¡à §¨¥ ¯®-

áâ®ï­­®© ªà¨¢¨§­ë
�

K, â® â¥­§®à ªà¨¢¨§­ë ¯à®áâà ­áâ¢  (3.2) ã¤®¢«¥â¢®àï¥â ãá«®¢¨î

rrRlkji = BrGlkji +
1
2
(BlGrkji +BkGlrji +BjGlkri +BiGlkjr;

£¤¥

Br =
1

(n� 1)(n+ 2)
rrR = ��0

�
�00

2
+

�

K

e�

�
:

� ¬¥ç ­¨¥ 3.2. �«ï â®£® çâ®¡ë ¯à®áâà ­áâ¢® (3.2) ¡ë«® ª®­ä®à¬­®-¯«®áª¨¬, ­¥®¡å®¤¨¬®

¨ ¤®áâ â®ç­®, çâ®¡ë (
�

M;
�

g) ¡ë«® à¨¬ ­®¢ë¬ ¬­®£®®¡à §¨¥¬ ¯®áâ®ï­­®© ªà¨¢¨§­ë [17]. �®íâ®¬ã
à¨¬ ­®¢® ¬­®£®®¡à §¨¥, ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨î (1:4), £¤¥ Ar 6= 0, � 6= 0,  6= const, ï¢«ï¥âáï
ª®­ä®à¬­®-¯«®áª¨¬.
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4. �à¨¬¥à

�ãáâì �(x1) | à¥è¥­¨¥ ¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï

1
2
�000 �

�0

e�

�

K = F�0
�
�00

2
+

�

K

e�

�
; (4.1)

£¤¥ F (F 6= 1) | äã­ªæ¨ï. �®£¤  (3.15) ¨ (3.19) ¯à¨­¨¬ îâ ¢¨¤

A1 = ��0(1� F ); � =

�

K

e�
+ �00

2

1� F
: (4.2)

� ¤àã£®© áâ®à®­ë, ¨á¯®«ì§ãï (3.7), (3.17), (4.1) ¨ (4.2), ¬®¦¥¬ ¯¥à¥¯¨á âì (3.8) ¢ ¢¨¤¥ (3.6).
�¥©áâ¢¨â¥«ì­®, ¯à®áâë¥ ¢ëç¨á«¥­¨ï ¤ îâ:

(2) r1R��
� = A1[R��
� + (� �  )G��
�];

(4) r1R�11� =
�
� �0

� �

K

e�
+
�00

2

�
�

�
1
2
�000 �

�0

e�

�

K

��
g�� =

= A1[R�11� + (2� �  )G�11� ];

(7) r�R��
1 =
1
2
A1�G��
�:

�®íâ®¬ã ¯®«ã¯à¨¢®¤¨¬®¥ à¨¬ ­®¢® ¯à®áâà ­áâ¢® (3.2), £¤¥ (
�

M;
�

g) | à¨¬ ­®¢® (n � 1)-¬¥à­®¥

¬­®£®®¡à §¨¥ ¯®áâ®ï­­®© ªà¨¢¨§­ë
�

K,   � = �(x1) | à¥è¥­¨¥ ¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï
(4.1), ã¤®¢«¥â¢®àï¥â ãá«®¢¨î (1.4), £¤¥ A1 = ��0(1 � F ), A� = 0, äã­ªæ¨ï � § ¤ ­  ä®à¬ã«®©
(4.2), äã­ªæ¨ï  | ä®à¬ã«®© (3.17).

� ç áâ­®áâ¨, ¥á«¨ F = 0, â® (4.1) ¨ (4.2) ¯à¨¢®¤ïâáï ª ¢¨¤ã

�00

2
+

�

K

e�
= c; c = const ¨ A1 = ��0; � = c

á®®â¢¥âáâ¢¥­­®.
�á«¨ F = �1, â® (4.1) ¯à¨­¨¬ ¥â ¢¨¤

�000 = ��0�00: (4.3)

�­â¥£à¨àãï, ¯®«ãç ¥¬ 2�00 + (�0)2 = c, c = const. �«¥¤®¢ â¥«ì­®,

A1 = �2�0; � =
1
2

� �

K

e�
+
�00

2

�
;  =

�

K

e�
+
�00

2
�
c

4
: (4.4)

� ¬¥ç ­¨¥ 4.1. � á¨«ã (3.3) ¨¬¥¥¬

e�
�

R��
� = R��
� +
(�0)2

4
G��
�:

�®íâ®¬ã à ¢¥­áâ¢  (3.4) ¯à¨¬ãâ ¢¨¤

(1); (4) r�R��
� = e�
�

r�

�

R��
�; r1R�11� = �
1
2
(�000 + �0�00)g�� ;

(2) r1R��
� = ��0
�
R��
� +

1
4

�
2�00 + (�0)2

�
G��
�

�
;

(7) r�R��
1 = �
1
2
�0fR��
� + 1

4
[2�00 + (�0)2]G��
�g;

(3); (5); (6); (8) r
R�11� = r1R111� = r�R111� = r1R��
1 = 0:

49



�á«¨ à¨¬ ­®¢® ¬­®£®®¡à §¨¥ (
�

M;
�

g) ã¤®¢«¥â¢®àï¥â ãá«®¢¨î
�

r�

�

R��
� = 0 ¨ äã­ªæ¨ï �(x1) ï¢«ï-
¥âáï à¥è¥­¨¥¬ ¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï (4.3), â®

R�11� = �
c

4
g��; c = const; r1R�11� = 0;

¨ ¯à®áâà ­áâ¢® (3.2) ã¤®¢«¥â¢®àï¥â ãá«®¢¨î

rrRlkji = Dr

�
Rlkji +

c

4
Glkji

�
+
1
2
Dl

�
Rrkji +

c

4
Grkji

�
+

+
1
2
Dk

�
Rlrji +

c

4
Glrji

�
+
1
2
Dj

�
Rlkri +

c

4
Glkri

�
+
1
2
Di

�
Rlkjr +

c

4
Glkjr

�
; (4.5)

£¤¥ D1 = ��, D� = 0. �®íâ®¬ã ¯®«ã¯à¨¢®¤¨¬®¥ à¨¬ ­®¢® ¯à®áâà ­áâ¢® (3.2), £¤¥ (
�

M;
�

g) |
à¨¬ ­®¢® (n� 1)-¬¥à­®¥ ¬­®£®®¡à §¨¥ ¯®áâ®ï­­®© ªà¨¢¨§­ë ¨ � = �(x1) | à¥è¥­¨¥ ¤¨ää¥à¥­-
æ¨ «ì­®£® ãà ¢­¥­¨ï (4.3), ã¤®¢«¥â¢®àïâ ãá«®¢¨î (1.4), ¢ ª®â®à®¬ äã­ªæ¨¨ A1, � ¨  § ¤ ­ë
ä®à¬ã« ¬¨ (4.4),   A� = 0; ®­® ã¤®¢«¥â¢®àï¥â â ª¦¥ ãá«®¢¨î (4.5).
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