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1. �¢¥¤¥¨¥. �®ïâ¨¥ á« ¡® á¨¬¬¥âà¨ç¥áª®£® à¨¬ ®¢  ¬®£®®¡à §¨ï ¡ë«® ¢¢¥¤¥® ¨ ¨áá«¥-
¤®¢ ® ¢ à ¡®â å [1] ¨ [12]. �â® | ¥¯«®áª®¥ à¨¬ ®¢® ¬®£®®¡à §¨¥ (fM; eg), â¥§®à ªà¨¢¨§ë eR
ª®â®à®£® ã¤®¢«¥â¢®àï¥â ãá«®¢¨î

( erX
eR)(Y;Z) = A(X) eR(Y;Z)W +B(Y ) eR(X;Z)W + C(Z) eR(Y;X)W +

+D(W ) eR(Y;Z)X + eg( eR(Y;Z)W;X)F;
£¤¥ er ®§ ç ¥â á¢ï§®áâì �¥¢¨-�¨¢¨â    (fM; eg), A, B, C, D | 1-ä®à¬ë, F | ¢¥ªâ®à®¥ ¯®«¥,
®¤®¢à¥¬¥® ¥ ®¡à é îé¥¥áï ¢ ã«ì. � [10] ¡ë«® ¯®ª § ®, çâ® íâ¨ ä®à¬ë ¨ ¢¥ªâ®à®¥ ¯®«¥
á¢ï§ ë á®®â®è¥¨ï¬¨

B(X) = C(X) = D(X); hX;F i = D(X) 8X;

â. ¥. á« ¡® á¨¬¬¥âà¨ç¥áª®¥ ¬®£®®¡à §¨¥ å à ªâ¥à¨§ã¥âáï ãá«®¢¨¥¬

( erX
eR)(Y;Z)W = A(X) eR(Y;Z)W +D(Y ) eR(X;Z)W +

+D(Z) eR(Y;X)W +D(W ) eR(Y;Z)X + g( eR(Y;Z)W;X)F; (1.1)

hX;F i = D(X):

1-ä®à¬ë A ¨ D  §ë¢ îâáï ¯¥à¢®© ¨ ¢â®à®©  áá®æ¨¨à®¢ ë¬¨ 1-ä®à¬ ¬¨ á®®â¢¥âáâ¢¥®.
�ë¤¥«¨¬ á«¥¤ãîé¨¥ ç áâë¥ á«ãç ¨.
1) A = D = 0; â®£¤  (fM; eg) áâ ®¢¨âáï á¨¬¬¥âà¨ç¥áª¨¬ ¬®£®®¡à §¨¥¬ � àâ  . �®íâ®¬ã

¥áâ¥áâ¢¥®  §¢ âì ¬®£®®¡à §¨ï, ã¤®¢«¥â¢®àïîé¨¥ ãá«®¢¨î (1.1), á« ¡® á¨¬¬¥âà¨ç¥áª¨¬¨
([1], [12]).

2) A 6= 0, D = 0; â®£¤  (fM; eg) áâ ®¢¨âáï à¥ªãàà¥âë¬ ¬®£®®¡à §¨¥¬ ([11], £«. V).
3) A = 2D; â®£¤  (fM; eg) ï¢«ï¥âáï ¯á¥¢¤®á¨¬¬¥âà¨ç¥áª¨¬ ¯à®áâà áâ¢®¬ ¢ á¬ëá«¥ Chaki ([2],

[3]). � ¦¤®¥ à¥ªãàà¥â®¥ ¬®£®®¡à §¨¥ ã¤®¢«¥â¢®àï¥â ãá«®¢¨î

( erX
eR)(Y;Z)W = 2D(X) eR(Y;Z)W +D(Y ) eR(X;Z)W +

+D(Z) eR(Y;X)W +D(W ) eR(Y;Z)X + eg( eR(Y;Z)W;X)F; (1.2)

hX;F i = D(X):

�¡à â®, ¥á«¨ ¬®£®®¡à §¨¥ (fM; eg) ¯®¬¨¬® (1.2) ã¤®¢«¥â¢®àï¥â ãá«®¢¨î
D(X) eR(Y;Z) +D(Y ) eR(Z;X) +D(Z) eR(X;Y ) = 0; (1.3)

â® (1.2) ¯à¨¢®¤¨âáï ª ¢¨¤ã

( erX
eR)(Y;Z)W = 4D(X) eR(Y;Z)W;

54



â. ¥. (fM; eg) áâ ®¢¨âáï à¥ªãàà¥âë¬ à¨¬ ®¢ë¬ ¬®£®®¡à §¨¥¬. �®íâ®¬ã (ãç¨âë¢ ï â®, çâ®
¢ àï¤¥ à ¡®â,  ¯à., ¢ [4], â¥à¬¨ \¯á¥¢¤®á¨¬¬¥âà¨ç¥áª®¥ ¬®£®®¡à §¨¥" ¯®¨¬ ¥âáï ¢ ¨®¬
á¬ëá«¥)  §®¢¥¬ à¨¬ ®¢® ¬®£®®¡à §¨¥, ã¤®¢«¥â¢®àïîé¥¥ â®«ìª® ãá«®¢¨î (1.2), ®¡®¡é¥®
à¥ªãàà¥âë¬ [9].

�¯®«¥ ®¬¡¨«¨ç¥áª¨¥ ¯®¤¬®£®®¡à §¨ï á¨¬¬¥âà¨ç¥áª¨å ¨«¨ à¥ªãàà¥âëå ¬®£®®¡à §¨©
à áá¬ âà¨¢ «¨áì ¢ [7],   ®¡®¡é¥® à¥ªãàà¥âëå | ¢ [6]. � ¤ ®© à ¡®â¥ à áá¬ âà¨¢ ¥¬
á¢®©áâ¢  ¢¯®«¥ ®¬¡¨«¨ç¥áª¨å ¯®¤¬®£®®¡à §¨©, ¯®£àã¦¥ëå ¢ á« ¡® á¨¬¬¥âà¨ç¥áª®¥ ¬®£®-
®¡à §¨¥. �§ãç ï ¥ª®â®àë¥ ç áâë¥ á«ãç ¨,  ©¤¥¬ ®¢ë¥   «®£¨ ãá«®¢¨ï à¥ªãàà¥â®áâ¨.

�®«ìè¥© ç áâìî ¨á¯®«ì§ã¥¬ ®¡®§ ç¥¨ï ¨§ [7].
2. �áå®¤ë¥ ä ªâë. �ãáâì (fM; eg) | m-¬¥à®¥ à¨¬ ®¢® ¬®£®®¡à §¨¥, ¯®ªàëâ®¥ á¨áâ¥¬®©

ª®®à¤¨ âëå ®ªà¥áâ®áâ¥© (U; y�). �ãáâì (M; g) | n-¬¥à®¥ (n < m) ¯®¤¬®£®®¡à §¨¥ ¢ (fM; eg),
®¯à¥¤¥«¥®¥ ¢ «®ª «ìëå ª®®à¤¨ â å ãà ¢¥¨ï¬¨ y� = y�(xi), £¤¥ g | ¨¤ãæ¨à®¢  ï ¬¥-
âà¨ª . �¤¥áì ¨ ¤ «¥¥ £à¥ç¥áª¨¥ ¨¤¥ªáë ¯à®¡¥£ îâ § ç¥¨ï 1; 2; : : : ;m,   « â¨áª¨¥ | § ç¥¨ï
1; 2; : : : ; n. �ãáâì NP (P; Q = n + 1; : : : ;m) | ¥¤¨¨çë¥ ¢§ ¨¬® ®àâ®£® «ìë¥ ®à¬ «ìë¥
¢¥ªâ®àë ª (M; g),   B�

i =
@y�

@xi
. �®£¤ 

gij = eg��B�
i B

�
j ; eg��N�

P
B�
j = 0;

eg��N�
P
N�
P = eP ; eP = �1; eg��N�

P
N�
Q = 0 (P 6= Q):

(2.1)

�â®à®© äã¤ ¬¥â «ìë© â¥§®à HjiP ¤«ï N�
P ¤ ¥âáï ä®à¬ã«®©

HjiP = H�
jiNP�; (2.2)

£¤¥
H�

ji = rjB
�
i ;

a rj | á¨¬¢®« ª®¢ à¨ â®© ¯à®¨§¢®¤®© ¢ ¬¥âà¨ª¥ g ¬®£®®¡à §¨ï (M; g). �¬¥¥¬

H�
ji =

X
P

ePHjiPN
�
P
: (2.3)

� ¬ ¯®âà¥¡ãîâáï ãà ¢¥¨ï � ãáá  ¨ �®¤ ææ¨ ¤«ï (M; g). �¡®§ ç ï ç¥à¥§ eR��� ¨ Rlkji

ª®¬¯®¥âë â¥§®à®¢ ªà¨¢¨§ë á®®â¢¥âáâ¢¥® ¬®£®®¡à §¨© (fM; eg) ¨ (M; g), íâ¨ ãà ¢¥¨ï
¬®¦® § ¯¨á âì ¢ ¢¨¤¥

Rlkji = eR���B
�
lB


kB

�
j B

�
i +

X
P

eP(HkjPHliP �HljPHkiP); (2.4)

eR���B
�
kN

�
PB

�
j B

�
i = rjHkiP �riHkjP +

X
Q

eQ(LPQiHkjQ � LPQjHkjQ); (2.5)

£¤¥

LQPi = riNQ�N
�
P
= �LPQi: (2.6)

�áî¤ã ¤ «¥¥ ¡ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® (M; g) | ¢¯®«¥ ®¬¡¨«¨ç¥áª®¥ ¯®¤¬®£®®¡à §¨¥. � ª®¥
¯®¤¬®£®®¡à §¨¥ å à ªâ¥à¨§ã¥âáï ãá«®¢¨¥¬

Hji
� = gjiH

�: (2.7)

�¥ªâ®à H�  §ë¢ ¥âáï ¢¥ªâ®à®¬ áà¥¤¥© ªà¨¢¨§ë; ® ã¤®¢«¥â¢®àï¥â à ¢¥áâ¢ã

H� =
1
n
gijHij

�: (2.8)

�à¥¤ïï ªà¨¢¨§  H ¬®£®®¡à §¨ï (M; g) ®¯à¥¤¥«¥  ä®à¬ã«®© H2 = jH�H
�j. �®¤áâ ¢«ïï (2.7)

¢ (2.2),  å®¤¨¬

HjiP = gjiH
�NP�; (2.9)
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¢ á¨«ã ç¥£® (2.3) ¯à¨¨¬ ¥â ¢¨¤

Hji
� = gji

X
P

ePH
�NP�N

�
P
: (2.10)

�®«®¦¨¬ H�NP� = �P . �®£¤  (2.9), (2.10) ¨ (2.8) § ¯¨èãâáï ¢ ¢¨¤¥

HjiP = �Pgji; (2.11)

Hji
� = gji

X
P

eP�PN
�
P
; (2.12)

H� =
X
P

eP�PN
�
P
: (2.13)

�á¯®«ì§ãï (2.1),  å®¤¨¬

H�H
� =

X
P

eP�
2
P
; (2.14)

®âªã¤ 

1
2
ri(H�H

�) =
X
P

eP�Pri�P : (2.15)

�®¤áâ ¢«ïï (2.11) ¢ (2.4) ¨ ãç¨âë¢ ï (2.14), ¯®«ãç ¥¬

Rlkji = eR���B
�
lB


kB

�
j B

�
i +H�H

�(gligkj � gljgki); (2.16)

®âªã¤ , ¯à¨¬¥ïï ®¯¥à â®à rr ¨ ¯®¤áâ ¢«ïï (2.12), ¨¬¥¥¬

rrRlkji = B"
r
er"
eR���B

�
lB


kB

�
j B

�
i + eR���

�X
P

eP�PN
�
P

�
B


kB

�
j B

�
i grl +

+ eR���B
�
l

�X
P

eP�PN

P

�
B

�
j B

�
i grk + eR���B

�
lB


k

�X
P

eP�PN
�
P

�
B�
i grj +

+ eR���B
�
lB


kB

�
j

�X
P

eP�PN
�
P

�
gri +rr(H�H

�)(gligkj � gljgki): (2.17)

� ¤àã£®© áâ®à®ë, ¯®¤áâ ®¢ª  (2.11) ¢ (2.5) ¨ ãç¥â (2.15) ¨ (2.6) ¯à¨¢®¤¨â ª à ¢¥áâ¢ã

eR���B
�
k

�X
P

eP�PN

P

�
B

�
j B

�
i =

1
2
gkirj(H�H

�)�
1
2
gkjri(H�H

�):

�®¤áâ ¢«ïï ¯®á«¥¤¥¥ ¢ (2.17),  å®¤¨¬

rrrlkji = B"
r
er"
eR���B

�
lB


kB

�
j B

�
i +rr(H�H

�)Glkji +

+
1
2
[rl(H�H

�)Grkji +rk(H�H
�)Glrji +rj(H�H

�)Glkri +ri(H�H
�)Glkjr ]; (2.18)

£¤¥ Glkji = geigkj � gejgki.

�à¥¤¯®«®¦¨¬ â¥¯¥àì, çâ® (fM; eg) | á« ¡® á¨¬¬¥âà¨ç¥áª®¥ ¬®£®®¡à §¨¥. �á«®¢¨¥ (1.1), å -
à ªâ¥à¨§ãîé¥¥ â ª®¥ ¬®£®®¡à §¨¥, ¬®¦® ¯¥à¥¯¨á âì ¢ ¢¨¤¥

er"
eR��� = A"

eR��� +D�
eR"�� +D

eR�"�� +D�
eR�"� +D�

eR��":
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�®¤áâ ¢«ïï íâ® ¢ (2.18) ¨ ãç¨âë¢ ï (2.16), ¨¬¥¥¬

rrRlkji = Ar(Rlkji �H�H
�Glkji) +rr(H�H

�)Glkji +Dl(Rrkji �H�H
�Grkji) +

+Dk(Rlrji �H�H
�Glrji) +Dj(Rlkri �H�H

�Glkri) +Di(Rlkjr �H�H
�Glkjr) +

+
1
2
[rl(H�H

�)Grkji +rk(H�H
�)Glrji +rj(H�H

�)Glkri +ri(H�H
�)Glkjr ]; (2.19)

£¤¥ ¯®«®¦¥®

Ar = A"B
"
r ; Dl = D�B

�
l : (2.20)

� ª¨¬ ®¡à §®¬, ¤®ª §  

�¥®à¥¬  2.1. �ãáâì (M; g) | ¢¯®«¥ ®¬¡¨«¨ç¥áª®¥ ¯®¤¬®£®®¡à §¨¥ á« ¡® á¨¬¬¥âà¨ç¥áª®-

£® ¬®£®®¡à §¨ï. �®£¤  ¤«ï â¥§®à  ªà¨¢¨§ë Rlkji ¬®£®®¡à §¨ï (M; g) ¢ë¯®«ï¥âáï ãá«®¢¨¥

(2:19) á ãç¥â®¬ ®¡®§ ç¥¨© (2:20).

�¨¦¥ à áá¬®âà¨¬ á«¥¤ãîé¨¥ ç áâë¥ á«ãç ¨:

Ar = Dr = 0; Ar 6= 0; Dr = 0; Ar = 0; Dr 6= 0; Ar = kDr:

3. Ar = Dr = 0. � íâ®¬ á«ãç ¥ ãá«®¢¨¥ (2.19) ¯à¨¢®¤¨âáï ª ¢¨¤ã

rrRlkji = rr(H�H
�)Glkji +

1
2
[rl(H�H

�)Grkji +

+rk(H�H
�)Glrji +rj(H�H

�)Glkri +ri(H�H
�)Glkjr]: (3.1)

�¡®§ ç ï áª «ïàãî ªà¨¢¨§ã ¬®£®®¡à §¨ï (M; g) ç¥à¥§ R, ¯®«ãç ¥¬ ¨§ (3.1)

rr(H�H
�) =

1
(n� 1)(n+ 2)

rrR; (3.2)

¯®á«¥ ç¥£® (3.1) ¯à¨¨¬ ¥â ¢¨¤

rrRlkji =
1

(n� 1)(n� 2)
[rrRGlkji + 1

2
rlRGrkji + 1

2
rkRGlrji + 1

2
rjRGlkri + 1

2
riRGlkjr]: (3.3)

�á«¨ H�H
� = const, â® rrR = 0, ¨ (3.3) ¤ ¥â rrRlkji = 0. �¡à â®, ¤«ï á¨¬¬¥âà¨ç¥áª®£®

à¨¬ ®¢  ¬®£®®¡à §¨ï rrR = 0,   § ç¨â, ¨§ (3.2) á«¥¤ã¥â H�H
� = const. �®íâ®¬ã á¯à ¢¥¤«¨¢ 

�¥®à¥¬  3.1. �ãáâì (M; g) | ¢¯®«¥ ®¬¡¨«¨ç¥áª®¥ ¯®¤¬®£®®¡à §¨¥ á« ¡® á¨¬¬¥âà¨ç¥áª®-

£® ¬®£®®¡à §¨ï, ¨ ¯ãáâì ®¡   áá®æ¨¨à®¢ ëå ¢¥ªâ®àëå ¯®«ï ®àâ®£® «ìë ª (M; g). �®£¤ 

1) ¯®¤¬®£®®¡à §¨¥ (M; g) ï¢«ï¥âáï á¨¬¬¥âà¨ç¥áª¨¬ ¬®£®®¡à §¨¥¬ â®£¤  ¨ â®«ìª® â®-

£¤ , ª®£¤  ¥£® áà¥¤ïï ªà¨¢¨§  ¯®áâ®ï ;
2) ¥á«¨ áà¥¤ïï ªà¨¢¨§  ¯®¤¬®£®®¡à §¨ï (M; g) ¥ ¯®áâ®ï , â® ¢ë¯®«¥® ãá«®¢¨¥ (3:3).

4. Ar 6= 0, Dr = 0. �®£¤  (2.19) ¯à¨¨¬ ¥â ¢¨¤

rrRlkji = Ar(Rlkji �H�H
�Glkji) +rr(H�H

�)Glkji +

+
1
2
[rl(H�H

�)Grkji +rk(H�H
�)Glrji +rj(H�H

�)Glkri +ri(H�H
�)Glkjr]: (4.1)

�ã¤¥¬ à §«¨ç âì á«¥¤ãîé¨¥ á«ãç ¨.

 ) H�H
� = 0, â®£¤ 

rrRlkji = ArRlkji; (4.2)
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â. ¥. (M; g) | à¥ªãàà¥â®¥ ¬®£®®¡à §¨¥. �¡à â®, ¥á«¨ (4.1) ¯à¨¢®¤¨âáï ª (4.2), â® ¬®¦®
¯®ª § âì, çâ® (n � 2)H�H

�Ak = 0. �®íâ®¬ã ¯à¨ n > 2 ¯®«ãç¨¬ H�H
� = 0, â. ª. Ak 6= 0. �â ª,

á¯à ¢¥¤«¨¢ 

�¥®à¥¬  4.1. �ãáâì (M; g) | ¢¯®«¥ ®¬¡¨«¨ç¥áª®¥ ¯®¤¬®£®®¡à §¨¥ á« ¡® á¨¬¬¥âà¨ç¥-

áª®£® ¬®£®®¡à §¨ï. �ãáâì ¯¥à¢ë©  áá®æ¨¨à®¢ ë© ¢¥ªâ®à ¨§ ®¡ê¥¬«îé¥£® ¯à®áâà áâ¢  ¥

®àâ®£® «¥ ª (M; g),   ¢â®à®© ®àâ®£® «¥ ª (M; g). �á«¨ dim(M; g) > 2, â® (M; g) ¡ã¤¥â à¥-

ªãàà¥âë¬ ¬®£®®¡à §¨¥¬ â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  ¥£® áà¥¤ïï ªà¨¢¨§  ®¡à é ¥âáï ¢

ã«ì.

� ¬¥ç ¨¥. �áïª®¥ ¤¢ã¬¥à®¥ à¨¬ ®¢® ¯à®áâà áâ¢® á¨¬¬¥âà¨ç®, ¥á«¨ ¥£® £ ãáá®¢  ªà¨-
¢¨§  ¯®áâ®ï , ¨ à¥ªãàà¥â® ¢ ¯à®â¨¢®¬ á«ãç ¥ ([11], á. 167).

¡) H�H
� = c = const 6= 0, â®£¤  à ¢¥áâ¢® (4.1) ¯à¨¨¬ ¥â ¢¨¤

rrRlkji = Ar(Rlkji � cGlkji): (4.3)

�§ (4.3) á«¥¤ã¥â

rsrrrlkji = (rsAr +AsAr)(Rlkji � cGlkji): (4.4)

�¥¬ ¦¥ ¯à¨¥¬®¬, çâ® ¨ ¢ ([11], á.153{154), ®âáî¤  ¬®¦® ¢ë¢¥áâ¨, çâ® «¨¡® Rlkji = cGlkji, «¨¡®
rsAr = rrAs. �¥à¢®¥ ¯à®â¨¢®à¥ç¨â ¯à¥¤¯®«®¦¥¨î, çâ® Ak 6= 0. � ç¨â, rsAr = rrAs, ¨ ¢ á¨«ã
íâ®£® ¨§ (4.4) á«¥¤ã¥â

rsrrRlkji �rrrsRlkji = 0:

�à¨¬¥ïï â®¦¤¥áâ¢® �¨çç¨, § ¯¨è¥¬ ¯®á«¥¤¥¥ ãà ¢¥¨¥ ¢ ¢¨¤¥

RakjiR
a
lrs +RlajiR

a
krs +RlkaiR

a
jrs +RlkjaR

a
irs = 0: (4.5)

�®¢ à¨ â® ¤¨ää¥à¥æ¨àãï (4.5), ¨á¯®«ì§ãï (4.3) ¨ (4.5) ¨ ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥, çâ® Ap 6= 0,
c 6= 0, ¯®«ãç¨¬

Rskjiglr +Rlsjigkr +Rlksigjr +Rlkjsgir �Rrkjigls �Rlrjigks �Rlkrigjs �Rlkjrgis = 0:

�¢¥àâë¢ ï ¯®á«¥¤¥¥ á®®â®è¥¨¥ á ger, ¨¬¥¥¬

(n� 1)Rskji = Rkjgis �Rkigjs: (4.6)

�® ¨§ (4.6) á«¥¤ã¥â Rsi = R
n
gsi, â. ¥. (4.6) ¯à¨¢®¤¨âáï ª ¢¨¤ã

Rskji =
R

n(n� 1)
(gsigkj � gkigjs): (4.7)

�á«¨ n > 2, â® (4.7) ®§ ç ¥â, çâ® (M; g) | ¬®£®®¡à §¨¥ ¯®áâ®ï®© ªà¨¢¨§ë,   íâ® ¯à®-
â¨¢®à¥ç¨â ¯à¥¤¯®«®¦¥¨î Ar 6= 0.

�á«¨ n = 2 ¨ £ ãáá®¢  ªà¨¢¨§  ¥ ¯®áâ®ï , â® (M; g) | à¥ªãàà¥â®¥ ¯à®áâà áâ¢® ¢
á®®â¢¥âáâ¢¨¨ á® á¤¥« ë¬ ¢ëè¥ § ¬¥ç ¨¥¬. �® ¢ íâ®¬ á«ãç ¥ (M; g) ã¤®¢«¥â¢®àï¥â â ª¦¥
ãá«®¢¨î (4.3). � ç¥ £®¢®àï, ¤«ï ¤¢ã¬¥à®£® ¬®£®®¡à §¨ï Rlkji = KGlkji,   § ç¨â,

rrRlkji = Kr(gligkj � gljgki); Kr =
@K

@xr
:

�® ¯®á«¥¤¥¥ á®®â®è¥¨¥ ¬®¦® ¯¥à¥¯¨á âì ¢ ¢¨¤¥

rrRlkji =
Kr

K � c
(K � c)(gligkj � gljgki) =

Kr

K � c
(Rlkji � cGlkji);

çâ® á®¢¯ ¤ ¥â á ãá«®¢¨¥¬ (4.3), £¤¥ Ar = Kr
K�c

. � ª¨¬ ®¡à §®¬, ãáâ ®¢«¥ë ¤¢¥ â¥®à¥¬ë.
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�¥®à¥¬  4.2. �¤¨áâ¢¥ë¬ à¨¬ ®¢ë¬ ¬®£®®¡à §¨¥¬, ã¤®¢«¥â¢®àïîé¨¬ ãá«®¢¨î (4:3)
¯à¨ Ar 6= 0, c = const 6= 0, ï¢«ï¥âáï ¤¢ã¬¥à®¥ ¬®£®®¡à §¨¥ ¥¯®áâ®ï®© £ ãáá®¢®© ªà¨¢¨§ë.

� ¦¤®¥ â ª®¥ ¬®£®®¡à §¨¥ ã¤®¢«¥â¢®àï¥â ãá«®¢¨î (4:3).

�¥®à¥¬  4.3. �ãáâì (M; g) | ¢¯®«¥ ®¬¡¨«¨ç¥áª®¥ ¯®¤¬®£®®¡à §¨¥ á« ¡® á¨¬¬¥âà¨ç¥áª®-

£® ¬®£®®¡à §¨ï. �ãáâì ¯¥à¢®¥  áá®æ¨¨à®¢ ®¥ ¢¥ªâ®à®¥ ¯®«¥ ®¡ê¥¬«îé¥£® ¯à®áâà áâ¢  ¥

®àâ®£® «ì® ª (M; g), â®£¤  ª ª ¢â®à®¥ ®àâ®£® «ì®. �®£¤  áà¥¤ïï ªà¨¢¨§  ¯®¤¬®£®®¡à -

§¨ï (M; g) ¥ ¬®¦¥â ¡ëâì ã«¥¢®© ª®áâ â®©, §  ¨áª«îç¥¨¥¬ á«ãç ï dim(M; g) = 2 ¯à¨

ãá«®¢¨¨ ¥¯®áâ®ïáâ¢  £ ãáá®¢®© ªà¨¢¨§ë ¬®£®®¡à §¨ï (M; g).

¢) H�H
� 6= const, dim(M; g) > 2. �®«®¦¨¬ H�H

� =  , rr =  r. �¥à¥¯¨è¥¬ (4.1) ¢ ¢¨¤¥

rrRlkji = Ar(Rlkji �  Glkji) +  rGlkji +
1
2
( lGrkji +  kGlrji +  jGlkri +  iGlkjr); (4.8)

®âªã¤  ¢ á¨«ã â®¦¤¥áâ¢  �¨ ª¨

Ar(Rlkji �  Glkji) +Al(Rrkji �  Grkji) +Ak(Rrlji �  Grlji) = 0: (4.9)

�à¨áâã¯¨¬ ª ¤®ª § â¥«ìáâ¢ã à ¢¥áâ¢

As r �Ar s = 0; (4.10)

rsAr �rrAs = 0: (4.11)

� ç «  ¤®ª ¦¥¬ (4.10). �¢¥àâë¢ ï (4.8) á gligkj ¨ ¤¨ää¥à¥æ¨àãï ¯®«ãç¥®¥ á®®â®è¥¨¥
ª®¢ à¨ â®, ¯®«ãç¨¬

rsrrR = (rsAr +ArAs)[R � n(n� 1) ] + 2(n� 1)Ar s + (n� 1)(n+ 2)rs r;

®âªã¤ 

(rsAr �rrAs)[R� n(n� 1) ] = �2(n� 1)(Ar s �As r): (4.12)

� ç¨â, ¥á«¨ R � n(n � 1) = 0, â® à ¢¥áâ¢® (4.10) á¯à ¢¥¤«¨¢®. �â®¡ë ¤®ª § âì, çâ® íâ®
à ¢¥áâ¢® ¨¬¥¥â ¬¥áâ® ¨ ¢ á«ãç ¥ R� n(n� 1) 6= 0, ¯®«®¦¨¬

r =
2(n� 1)

R� n(n� 1) 

¨ ¯¥à¥¯¨è¥¬ (4.12) ¢ ¢¨¤¥

rsAr �rrAs = r(AS r �Ar s): (4.13)

� ¤àã£®© áâ®à®ë, ¤¨ää¥à¥æ¨àãï (4.8), ¯®«ãç¨¬ ¢ á¨«ã (4.8)

rsrrRlkji �rrrsRlkji = (rsAr �rrAs)(Rlkji �  Glkji) +

+ 1
2
[(Ar l �rr l)Gskji + (Ar k �rr k)Glsji + (Ar j �rr j)Glksi +

+ (Ar i �rr i)Glkjs � (As l �rs l)Grkji � (As k �rs k)Glrji �

� (As j �rs j)Glkri � (As i �rs i)Glkjr ]: (4.14)

�®¤áâ ¢«ïï íâ® ¢ëà ¦¥¨¥ ¢ å®à®è® ¨§¢¥áâ®¥ â®¦¤¥áâ¢® (á¬.,  ¯à., [11], á. 153)

rsrrRlkji �rrrsRlkji +rkrlRjirs �rlrkRjirs +rirjRrslk �rjriRrslk = 0 (4.15)

¨ ¨á¯®«ì§ãï (4.13), ¨¬¥¥¬

r(As r�Ar s)(Rlkji� Glkji)+ r(Ak l�Al k)(Rjirs� Gjirs)+ r(Ai j�Aj i)(Rrslk� Grslk)+

+ 1
2
[(Al s �As l)Grkji + (As k �Ak s)Gjirl + (Aj s �As j)Glkri + (As i �Ai s)Grjlk +

+ (Aj k �Ak j)Glirs + (Ak i �Ai k)Grslj + (Ar k �Ak r)Gjils + (Ar i �Ai r)Gjslk +

+ (Al i �Ai l)Grsjk + (Ar l �Al r)Gskji + (Ar j �Aj r)Glksi + (Al j �Aj l)Gkirs] = 0: (4.16)
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�à¥¤¯®«®¦¨¬, çâ® As j �Aj s 6= 0,  ¯à¨¬¥à,

A2 1 �A1 2 6= 0: (4.17)

�®« £ ï ¢ (4.16) l = j = r = 1, k = i = s = 2, ¯®«ãç¨¬ ¢ á¨«ã (4.17)

r(R1212 �  G1212) = G1212: (4.18)

�®« £ ï ¢ (4.16) l = r = 1, k = i = s = 2 ¨ ãç¨âë¢ ï (4.17) ¨ (4.18), ¯®«ãç¨¬

r(R12j2 �  G12j2) = G12j2 (4.19)

¤«ï ¢á¥å § ç¥¨© j. � «®£¨ç®, ¡¥àï ¢ (4.16) l = i = r = 1, k = s = 2, ¯®«ãç¨¬ ¤«ï ¢á¥å j

r(R12j1 �  G12j1) = G12j1: (4.20)

� â¥¬, ¯®« £ ï ¢ (4.16) l = r = 1, k = s = 2 ¨ ãç¨âë¢ ï (4.18), ¨¬¥¥¬

2r(A2 1 �A1 2)(R12ji �  G12ji)� (A2 1 �A1 2)G12ji �  1(AiG12j2 +AjG122i) +

+  2(AjG121i �AiG121j) +  i(�AjG1212 +A2G121j +

+A1G12j2) +  j(AiG1212 �A2G121i +A1G122i) = 0: (4.21)

� ¤àã£®© áâ®à®ë, ¯®« £ ï ¢ (4.9) l = i = 2, k = j = 1 ¨ § ¬¥ïï r   j, ¯®«ãç¨¬

Aj(R2112 �  G2112) +A2(R1j12 �  G1j12) +A1(Rj212 �  Gj212) = 0;

¨«¨
AjG2112 +A2G1j12 +A1Gj212 = 0;

¯®áª®«ìªã ¢¥àë à ¢¥áâ¢  (4.18), (4.19), (4.20). � «®£¨ç®  ©¤¥¬

AiG1212 +A1G122i +A2G12i1 = 0:

�®«¥¥ â®£®, ¨§ (4.9)

Ai(R12j2 �  G12j2) +Aj(R122i �  G122i) +A2(R12ij �  G12ij) = 0:

� á¨«ã (4.19) íâ® ¬®¦® ¯¥à¥¯¨á âì ¢ ¢¨¤¥

� 1(AiG12j2 +AjG122i) = �A2 1r(R12ji �  G12ji):

� «®£¨ç®
 2(AjG121i +AiG12j1) = A1 2r(R12ji �  G12ji):

�§ (4.21) á ãç¥â®¬ (4.17) ¨ ¯®«ãç¥ëå á®®â®è¥¨© ¢ë¢®¤¨¬ à ¢¥áâ¢®

r(R12ji �  G12ji) = G12ji; (4.22)

á¯à ¢¥¤«¨¢®¥ ¤«ï ¢á¥å i, j. �á«¨ l = j = r = 1, s = 2, â® (4.16) ¢ á¨«ã (4.20) ¨ (4.17) ¤ ¥â

r(R1k1i �  G1k1i) = G1k1i: (4.23)

�® ¯à¨ l = r = 1, j = s = 2 ¨§ (4.16) á ãç¥â®¬ (4.9), (4.17), (4.18), (4.19) ¨ (4.20)  å®¤¨¬

r(R1k2i �  G1k2i) = G1k2i: (4.24)

�®« £ ï ¢ (4.16) r = 1, l = j = s = 2 ¨ ãç¨âë¢ ï (4.17) ¨ (4.19), ¨¬¥¥¬

r(R2k2i �  G2k2i) = G2k2i: (4.25)

� á¨«ã (4.17), (4.20), (4.22), (4.23), (4.24) à ¢¥áâ¢® (4.16) ¯à¨ l = r = 1, s = 2 ¤ ¥â

r(R1kji �  G1kji) = G1kji (4.26)
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¤«ï ¢á¥å § ç¥¨© k, j, i. �â®¡ë ¤®ª § âì, çâ®

r(R2kji �  G2kji) = G2kji (4.27)

¤«ï ¢á¥å k, j, i, ¯®«®¦¨¬ ¢ (4.16) r = 1, l = s = 2 ¨ ãçâ¥¬ (4.17), (4.19), (4.22), (4.25), (4.24).
� ª®¥æ, ¯®« £ ï ¢ (4.16) l = 2, s = 1 ¨ ãç¨âë¢ ï (4.17), (4.22), (4.24), (4.26), (4.27),  ©¤¥¬

r(Rrkji �  Grkji) = Grkji: (4.28)

� «®£¨ç® ¬®¦® ¯®ª § âì, çâ®  «¨ç¨¥ «î¡®© ¥ã«¥¢®© ª®¬¯®¥âë Ap s � As p ¯à¨-
¢®¤¨â ª à ¢¥áâ¢ã (4.28) ¯à¨ ¢á¥å § ç¥¨ïå r, k, j, i. � ç¨â, ¨ ¢ á«ãç ¥ dim(M; g) > 2,

H�H
� 6= const ¯à¨ R � n(n � 1) 6= 0, Ar s � AS r 6= 0 ¨¬¥¥¬ Rlkji =

�
1
r
+  

�
Glkji, â. ¥. (M; g)

ï¢«ï¥âáï ¬®£®®¡à §¨¥¬ ¯®áâ®ï®© ªà¨¢¨§ë. �® íâ® ¯à®â¨¢®à¥ç¨â ¯à¥¤¯®«®¦¥¨î Ar 6= 0.
� ç¨â, ãá«®¢¨¥ (4.10) á¯à ¢¥¤«¨¢® ¢ «î¡®¬ á«ãç ¥.

�â® ª á ¥âáï ãá«®¢¨ï (4.11), â® ®® ï¢«ï¥âáï ¥¯®áà¥¤áâ¢¥ë¬ á«¥¤áâ¢¨¥¬ (4.10) ¨ (4.13)
¯à¨ R � n(n � 1) 6= 0. �á«¨ ¦¥ R � n(n � 1) = 0, â® á¯à ¢¥¤«¨¢®áâì ãá«®¢¨ï (4.11) ¬®¦®
ãáâ ®¢¨âì á«¥¤ãîé¨¬ ®¡à §®¬. �®¤áâ ¢«ïï (4.14) ¢ (4.15) ¨ ¨á¯®«ì§ãï (4.10),  å®¤¨¬

(rsAr�rrAs)(Rlkji � Glkji)+ (rkAl�rlAk)(Rjirs� Gjirs)+ (riAj �rjAi)(Rrslk� Grslk) = 0;

çâ® ¢ á¨«ã «¥¬¬ë 2 ¨§ ([11], á. 153) ®§ ç ¥â «¨¡® rsAr �rrAs = 0, «¨¡® Rlkji �  Glkji = 0. �â®
¢«¥ç¥â á¯à ¢¥¤«¨¢®áâì ãá«®¢¨ï (4.11), ¯®áª®«ìªã (M; g) ¥ ï¢«ï¥âáï ¬®£®®¡à §¨¥¬ ¯®áâ®ï®©
ªà¨¢¨§ë.

� ¤ ¢ ï ¢ ¯à®¨§¢®«ì®© â®çª¥ P 2 (M; g) ¢¥ªâ®à (Bi) â ª, çâ®¡ë ¨¬¥âì ArB
r = 1, ¨ ¯®« £ ï

� =  rB
r, ¯®«ãç¨¬ ¨§ (4.10)

 s = �As; (4.29)

¢ á¨«ã ç¥£® à ¢¥áâ¢® (4.8) ¯à¨®¡à¥â ¥â ¢¨¤

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

2
(AlGrkji +AkGlrji +AjGlkri +AiGlkjr): (4.30)

� ¨â®£¥ ¯à®¨§¢¥¤¥ëå à ááã¦¤¥¨© ¤®ª §  

�¥®à¥¬  4.4. �ãáâì (M; g) | ¢¯®«¥ ®¬¡¨«¨ç¥áª®¥ ¯®¤¬®£®®¡à §¨¥ á« ¡® á¨¬¬¥âà¨ç¥-

áª®£® à¨¬ ®¢  ¬®£®®¡à §¨ï. �ãáâì ¯¥à¢®¥  áá®æ¨¨à®¢ ®¥ ¢¥ªâ®à®¥ ¯®«¥ ®¡ê¥¬«îé¥£® ¯à®-

áâà áâ¢  ¥ ®àâ®£® «ì® ª (M; g), â®£¤  ª ª ¢â®à®¥ ®àâ®£® «ì®. �®£¤  ¥á«¨ dim(M; g) > 2
¨ áà¥¤ïï ªà¨¢¨§  jH�H

�j 6= const, â® â¥§®à ªà¨¢¨§ë ¬®£®®¡à §¨ï (M; g) ã¤®¢«¥â¢®àï¥â
ãá«®¢¨î (4:30), £¤¥ ¢¥ªâ®à®¥ ¯®«¥ Ar £à ¤¨¥â® ¨ á¢ï§ ® á äãªæ¨¥©  = H�H

� à ¢¥áâ¢®¬

(4:29).

5. Ar = 0, Dr 6= 0. �â®â á«ãç © ä ªâ¨ç¥áª¨ ¥ ®â«¨ç ¥âáï ®â ¨§ãç¥®£® ¢ ¯. 4. �¬¥®, ¥á«¨
Ar = 0, Dr 6= 0, â® (2.19) ¯à¨¨¬ ¥â ¢¨¤

rrRlkji = Dl(Rrkji �H�H
�Grkji) +Dk(Rlrji �H�H

�Glrji) +Dj(Rlkri �H�H
�Glkri) +

+Di(Rlkjr �H�H
�Glkjr) +rr(H�H

�)Glkji + 1
2
[rl(H�H

�)Grkji +

+rk(H�H
�)Glrji +rj(H�H

�)Glkri +ri(H�H
�)Glkjr]: (5.1)

�à¨¬¥ïï â®¦¤¥áâ¢® �¨ ª¨,  å®¤¨¬

Dl(Rrkji �H�H
�Grkji) +Dk(Rlrji �H�H

�Glrji) = Dr(Rlkji �H�H
�Glkji); (5.2)

Dj(Rlkri �H�H
�Glkri) +Di(Rlkjr �H�H

�Glkjr) = Dr(Rlkji �H�H
�Glkji): (5.3)

�®¤áâ ¢«ïï (5.2) ¨ (5.3) ¢ (5.1), ¨¬¥¥¬

rrRlkji = 2Dr(Rlkji �  Glkji) +rr(H�H
�)Glkji +

+ 1
2
[rl(H�H

�)Grkji +rk(H�H
�)Glrji +rj(H�H

�)Glkri +ri(H�H
�)Glkjr]:
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�® íâ® | ãá«®¢¨¥ (4.1), £¤¥ ¢¬¥áâ® Ar ä¨£ãà¨àã¥â 2Dr. �«¥¤®¢ â¥«ì®, ¥á«¨ ¢ â¥®à¥¬ å 4.1,
4.2 ¨ 4.4 ¯®¬¥ï¥¬ à®«ï¬¨ ¯¥à¢ë© ¨ ¢â®à®©  áá®æ¨¨à®¢ ë¥ ¢¥ªâ®àë ¨ § ¬¥¨¬ Ar   2Dr, â®
â¥®à¥¬ë ®áâ ãâáï á¯à ¢¥¤«¨¢ë¬¨.

6. Ar = kDr. �à¨ íâ®¬ à ¢¥áâ¢® (2.19) ¨¬¥¥â ¢¨¤

rrRlkji = kDr(Rlkji �H�H
�Glkji) +Dl(Rrkji �H�H

�Grkji) +Dk(Rlrji �H�H
�Glrji) +

+Dj(Rlkri �H�H
�Glkri) +Di(Rlkjr �H�H

�Glkjr) +rr(H�H
�)Glkji + 1

2
[rl(H�H

�)Grkji +

+rk(H�H
�)Glrji +rj(H�H

�)Glkri +ri(H�H
�)Glkjr]: (6.1)

�à¨¬¥ïï â®¦¤¥áâ¢® �¨ ª¨, ¯®«ãç¨¬

(k � 2)[Dr(Rlkji �H�H
�Glkji) +Dl(Rkrji �H�H

�Gkrji) +Dk(Rrlji �H�H
�Grlji)] = 0;

(k � 2)[Dr(Rlkji �H�H
�Glkji) +Dj(Rlkir �H�H

�Glkir) +Di(Rlkrj �H�H
�Glkrj)] = 0:

� ç¨â, ¥á«¨ k 6= 2, â® ¨¬¥¥¬ (5.1) ¨ (5.3) á®®â¢¥âáâ¢¥®. �®, ¯®¤áâ ¢«ïï (5.2) ¨ (5.3) ¢ (6.1),
 å®¤¨¬

rrRlkji = (k + 2)Dr(Rlkji �H�H
�Glkji) +rr(H�H

�)Glkji + 1
2
[rl(H�H

�)Grkji +

+rk(H�H
�)Glrji +rj(H�H

�)Glkri +ri(H�H
�)Glkjr]: (6.2)

�á«¨ k = �2, â® (6.2) ¯à¨¢®¤¨âáï ª (3.1). �á«¨ ¦¥ k 6= 2 ¨ k 6= �2, â® (6.2) ¯à¥¢à é ¥âáï ¢
ãá«®¢¨¥ (4.1), £¤¥ ¢¬¥áâ® Ar áâ®¨â (2 + k)Dr. � ª¨¬ ®¡à §®¬, ¨¬¥¥¬ ®¢ë© á«ãç © â®«ìª® ¯à¨
k = 2.

�¥£ª® ¢¨¤¥âì, çâ® ¯à¨ k = 2 à ¢¥áâ¢® (6.1) â®£¤  ¨ â®«ìª® â®£¤  ¯à¨¢®¤¨âáï ª ¢¨¤ã

rrRlkji = 2DrRlkji +DlRrkji +DkRlrji +DjRlkri +DiRlkjr ; (6.3)

ª®£¤ 

rr(H�H
�)� 2Dr �H�H

� = 0;

â. ¥. «¨¡® ª®£¤  H�H
� = 0, «¨¡® ª®£¤ 

Dr =
1
2
@

@xr
log(H�H

�): (6.4)

� â®¬ã ¦¥ ¯à¨ k = 2 à ¢¥áâ¢® (6.1) ¯à¨¢®¤¨âáï ª ¢¨¤ã

rrRlkji = 2Dr(Rlkji �H�H
�Glkji) +Dl(Rrkji �H�H

�Grkji) +Dk(Rlrji �H�H
�Glrji) +

+Dj(Rlkri �H�H
�Glkri) +Di(Rlkjr �H�H

�Glkjr) (6.5)

â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  H�H
� = const 6= 0.

�â ª, ãáâ ®¢«¥ 

�¥®à¥¬  6.1. �ãáâì (M; g) | ¢¯®«¥ ®¬¡¨«¨ç¥áª®¥ ¯®¤¬®£®®¡à §¨¥ á« ¡® á¨¬¬¥âà¨ç¥áª®-

£® ¬®£®®¡à §¨ï. �ãáâì Ar = kDr, £¤¥ Ar ¨ Dr | ®àâ®£® «ìë¥ ¯à®¥ªæ¨¨ ¯¥à¢®£® ¨ ¢â®à®£®

 áá®æ¨¨à®¢ ëå ¢¥ªâ®à®¢   (M; g). �®£¤ 
(M; g) ã¤®¢«¥â¢®àï¥â ãá«®¢¨î (6:3) «¨¡® ª®£¤  ¥£® áà¥¤ïï ªà¨¢¨§  ®¡à é ¥âáï ¢ ã«ì,

«¨¡® ª®£¤  ¢ë¯®«ï¥âáï ãá«®¢¨¥ (6:4);
(M; g) ã¤®¢«¥â¢®àï¥â ãá«®¢¨î (6:5) â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  H�H

� = const 6= 0.

�à¨¬¥à. �ãáâì (M; g) ¨ (
�

M;
�

g) (dimM = q, dim
�

M = n� q, 1 � q < n) | à¨¬ ®¢ë ¬®£®-
®¡à §¨ï, ¯®ªàëâë¥ á¨áâ¥¬®© ª àâ fu; xag ¨ f

�

x; xAg á®®â¢¥âáâ¢¥®, £¤¥ a; b; c; d; e 2 f1; 2; : : : ; qg,
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A;B;C;D;E 2 fq + 1; : : : ; ng ¨, ª ª ¨ à ìè¥, f; k; j; i; r 2 f1; 2; : : : ; ng. �ãáâì � | ¯®«®¦¨â¥«ì-

 ï C1-äãªæ¨ï   M . �®á®¥ ¯à®¨§¢¥¤¥¨¥1) M = M ��

�

M ¬®£®®¡à §¨© (M; g) ¨ (
�

M;
�

g) ¥áâì

¬®£®®¡à §¨¥M�
�

M á ¬¥âà¨ª®© g = g��

�

g. �®ª «ìë¥ ª®¬¯®¥âë íâ®£® ¬¥âà¨ç¥áª®£® â¥§®à 
¯® ®â®è¥¨î ª ¯à®¨§¢¥¤¥¨î ª àâ fu�

�

u;xa; xAg ¨¬¥îâ ¢¨¤

gij =

8>><
>>:
gab; ¥á«¨ i = a; j = b;

�
�
gAB; ¥á«¨ i = A; j = B;

0 ¢ ®áâ «ìëå á«ãç ïå.

�ã¤¥¬ ¯®¬¥ç âì ç¥àâ®çª®© ¢áïª¨© ®¡ê¥ªâ, ¯®áâà®¥ë© á ¯®¬®éìî gab, ¨ §¢¥§¤®çª®© | ®¡ê¥ªâ,
¯®áâà®¥ë© á ¯®¬®éìî

�

gAB. �¡ê¥ªâë ¡¥§ ¢áïª®© ¯®¬¥âª¨ ¯®áâà®¥ë á ¯®¬®éìî gij . �®ª «ìë¥

ª®¬¯®¥âë â¥§®à  ªà¨¢¨§ë ¬®£®®¡à §¨ïM��

�

M , ¢ ®¡é¥¬ á«ãç ¥ ¥ ®¡à é îé¨¥áï ¢ ã«ì,
¨¬¥îâ ¢¨¤

Rabcd = Rabcd;

RABCD = �
�

RABCD �
��
4�2

GABCD;

RAabB = �
1
2�
TabgAB;

£¤¥

�a =
@�

@xa
; �� = gab�a�b; Tab = ra�b �

1
2�
�a�b;

â. ¥. T | â¥§®à â¨¯  (0; 2) á «®ª «ìë¬¨ ª®¬¯®¥â ¬¨ Tij , ¨¬¥îé¨¬¨ áâà®¥¨¥ Tab, TaB =
TBa = TAB = 0.

�¥ à ¢ë¥ â®¦¤¥áâ¢¥® ã«î ª®¬¯®¥âë â¥§®à  rrRlkji â ª®¢ë

reRabcd = reRabcd; rEEABCD = �
�

rE

�

RABCD;

raRABCD = �
�a

�
RABCD +

1
4

�
�a

�3
�� �

1
�2

@

@xa
��
�
GABCD;

rdRAabB =
1
2�

�
�d

�
Tab �rdTab

�
gAB ;

rBRAabc =
1
2�
gAB

�
�dR

d
abc �

�b

2�
Tac +

�c

2�
Tab

�
;

rDRABCa = �
�a

2�
RABCD �

1
4�2

�bTbaGABCD:

�à¥¤¯®«®¦¨¬ â¥¯¥àì, çâ®
(a) M | ¯à®áâà áâ¢® ¯®áâ®ï®© ªà¨¢¨§ë, â. ¥. Rabcd = kGabcd;
(¡) äãªæ¨ï � ã¤®¢«¥â¢®àï¥â ãá«®¢¨î Tab = �2k�gab;

(¢)
�

M | á¨¬¬¥âà¨ç¥áª®¥ à¨¬ ®¢® ¯à®áâà áâ¢®, â. ¥.
�

rE

�

RABCD = 0.
�®£¤  ¥¤¨áâ¢¥ë¬¨ ¥ à ¢ë¬¨ ã«î ª®¬¯®¥â ¬¨ â¥§®à  rrRlkji ï¢«ïîâáï

raRABCD = �
�a

�
(RABCD � kGABCD);

rDRABCa = �
�a

2�
(RABCD � kGABCD):

1)�ë ¢®§¢à é ¥¬áï §¤¥áì ª â¥à¬¨ã \ª®á®¥ ¯à®¨§¢¥¤¥¨¥", ãç¨âë¢ ï, çâ® ¯¥à¢® ç «ìë© á¬ëá«,
¯à¨¤ ë© ¥¬ã �.�â¨à®¤®¬, â¥¯¥àì ¯®¢á¥¬¥áâ®  è¥« ¢ëà ¦¥¨¥ ¢ â¥à¬¨¥ \£« ¢®¥ à áá«®¥®¥
¯à®áâà áâ¢®"; ®¤ ª® ¢áî¤ã ¤ «¥¥ ¯à®áâà áâ¢®M ��M ¡ã¤¥â  §ë¢ âìáï \¯®«ã¯à¨¢®¤¨¬ë¬ à¨¬ ®-
¢ë¬ ¯à®áâà áâ¢®¬"(¯à¨¬¥ç ¨¥ ¯¥à¥¢®¤ç¨ª ).
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� ç¨â, ¥á«¨ ¢ë¡¥à¥¬ ¢¥ªâ®à®¥ ¯®«¥ Di â ª, çâ®¡ë ¨¬¥âì Da = ��a
2�
, DA = 0, â® ¢ë¯®«¨âáï

ãá«®¢¨¥ (6.5), £¤¥ H�H
� = k = const.

� ¬¥â¨¬, çâ® ¥á«¨ k = 0, â® (6.5) ¯à¨¢®¤¨âáï ª (6.3), â. ¥. ¯®«ãç ¥¬ ¯à¨¬¥à ¬®£®®¡à §¨ï,
ã¤®¢«¥â¢®àïîé¥£® ãá«®¢¨î (1.2). �á«¨ k = 0 ¨ ¢¬¥áâ® (¢) ¢ë¯®«ï¥âáï ¯à¥¤¯®«®¦¥¨¥

(¢0)
�

M | à¥ªãàà¥â®¥ ¬®£®®¡à §¨¥. â. ¥.
�

rE

�

RABCD = AE

�

RABCD,

â® ¯®«ã¯à¨¢®¤¨¬®¥ à¨¬ ®¢® ¯à®áâà áâ¢® M = M ��

�

M ã¤®¢«¥â¢®àï¥â ãá«®¢¨î (1.1), £¤¥
¯¥à¢ë©  áá®æ¨¨à®¢ ë© ¢¥ªâ®à ¨¬¥¥â ª®¬¯®¥âë Aa = 0, AE,   ¢â®à®© | ª®¬¯®¥âë Da =
��a

2�
, Da = 0.
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