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� à ¬ª å â¥®à¨¨ ¯ã«ì¢¥à¨§ æ¨®®£® ¬®¤¥«¨à®¢ ¨ï (á¬. [1]{[4]) ¨§ãç îâáï â®ç¥çë¥ ¨-
ä¨¨â¥§¨¬ «ìë¥ á¨¬¬¥âà¨¨ ¯ã«ì¢¥à¨§ æ¨¨. � ©¤¥ë ªà¨â¥à¨¨ â ª¨å á¨¬¬¥âà¨© ¨ ¯®«ãç¥ë
¥ª®â®àë¥ â¥®à¥¬ë ª« áá¨ä¨ª æ¨¨ ¤¢ã¬¥àëå ¯à®áâà áâ¢  ää¨®© á¢ï§®áâ¨.

1. �ää¨ë¥ â®ç¥çë¥ á¨¬¬¥âà¨¨ ¯ã«ì¢¥à¨§ æ¨¨

�ãáâì f � (M;f) | ¯ã«ì¢¥à¨§ æ¨ï, â. ¥. ª¢ §¨£¥®¤¥§¨ç¥áª¨© ¯®â®ª (��) á ª®®à¤¨ âë¬
¢ëà ¦¥¨¥¬ d2xi=dt2 = f i(xj ; dxj=dt), ¢ ª®â®à®¬ f i = ��i

jk(x
l; �l)�j�k, 1 � i; j; k; l � n � 1 =

dimM , �i = dxi=dt, �i
jk | ®¤®à®¤ë¥ äãªæ¨¨ ã«¥¢®© áâ¥¯¥¨ ®â®á¨â¥«ì® �.

� ¯à®áâà áâ¢¥ á®¡ëâ¨© M =M �R �� f ®¯à¥¤¥«¥  áâ ¤ àâ ï á¢ï§®áâì �
�

�(x
�; _x�) ��

f , 1 � �; �; ; � � n; xn = t, _x = dx=d� (á¬. [4], x 1)

�
i

jk = �i
jk(x

l; �l); �
i

�n � 0; �
n

� � 0; �
i

mjk = �i
mjk

_t�1; �l = _xl= _t: (1)

�¥ªâ®à®¥ ¯®«¥ X = X�@� = X i@i +Xn@n â®£¤  ¨ â®«ìª® â®£¤  ï¢«ï¥âáï â®ç¥ç®© ¨ä¨¨-
â¥§¨¬ «ì®©  ää¨®© ª¢ §¨á¨¬¬¥âà¨¥© (���) f (á¬. [4], x 2), ª®£¤ 

@�X
� +X�@��

�

� + (@�X
�)�

�

� + (@X
�)�

�

�� � (@�X
�)�

�

� + _x�(@�X
�)�

�

�� = 0

¨«¨, ¯®¤à®¡¥¥, ãç¨âë¢ ï (1)

@jkX
i +Xs@s�

i
jk + (@jX

s)�i
sk + (@kX

s)�i
js � (@sX

i)�s
jk + (@nX

m + �s@sX
m)�i

mjk = 0;

@jnX
i + (@nX

s)�i
js = 0; @nnX

i = 0; @�X
n � (@sX

n)�
s

� = 0:
(2)

�§ (2) á«¥¤ã¥â, çâ®

X i = Ai(xj)t+Bi(xj);

Xn = ut+ v(xj);
(3)

£¤¥ A = Ai@i, B = Bi@i | ¢¥ªâ®àë¥ ¯®«ï   M , u = const, v | äãªæ¨ï   M .
�§ ãá«®¢¨© (2) ¨ (3) á«¥¤ã¥â

�¥®à¥¬  1. �¥ªâ®à®¥ ¯®«¥ X = X i@i+Xn@n ¢ ¯à®áâà áâ¢¥ á®¡ëâ¨© M �R ¯ã«ì¢¥à¨§ -

æ¨¨ (M;f) â®£¤  ¨ â®«ìª® â®£¤  ï¢«ï¥âáï ¥¥ â®ç¥ç®© ¨ä¨¨â¥§¨¬ «ì®© ���, ª®£¤ 

X = At+B + (ut+ v)@n;

£¤¥ u = const,   A = Ai(xj)@i, B = Bi(xj)@i | ¢¥ªâ®àë¥ ¯®«ï ¨ v = v(xj) | äãªæ¨ï   M
ã¤®¢«¥â¢®àïîâ ãà ¢¥¨ï¬

L
A
�i
jk = 0; L

B
�i
jk = 0;

Ai
;j = 0; v;jk = 0;
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¢ ª®â®àëå § ¯ïâ ï ®§ ç ¥â ª®¢ à¨ â®¥ ¤¨ää¥à¥æ¨à®¢ ¨¥ ¢ á¢ï§®áâ¨ �   M .

�«¥¤áâ¢¨¥. As�i
sjk = 0; v;s�s

ijk = 0.

� ¬¥ç ¨¥. �¥®à¥¬  1 á¯à ¢¥¤«¨¢ , ¢ ç áâ®áâ¨, ¤«ï  ää¨®© ¯ã«ì¢¥à¨§ æ¨¨ f ; �i
jk ¢

íâ®¬ á«ãç ¥ ¥ § ¢¨á¨â ®â  ¯à ¢«¥¨ï � = dx=dt.

2. �« áá¨ä¨ª æ¨ï ¤¢ã¬¥àëå ¯à®áâà áâ¢  ää¨®© á¢ï§®áâ¨ ¯®

¤®¯ãáª ¥¬ë¬ ¨¬¨  «£¥¡à ¬ â®ç¥çëå á®¡áâ¢¥ëå  ää¨ëå á¨¬¬¥âà¨©

� ª ¨§¢¥áâ® (á¬. [4], ¯à¥¤«®¦¥¨¥ 5), ��� X = X i@i + Xn@n �� f ¢ â®¬ ¨ â®«ìª® â®¬
á«ãç ¥ ï¢«ï¥âáï (á®¡áâ¢¥®©) á¨¬¬¥âà¨¥© íâ®£® ¯®â®ª , ¥á«¨ Xn ¥ § ¢¨á¨â ®â xj , â. ¥. Xn =
Xn(t) = ut+ v, £¤¥ u = const, v = const.

�§ â¥®à¥¬ë 1 ¨ ª« áá¨ä¨ª æ¨¨ �¦.�¨¢ ©  ¤¢ã¬¥àëå ¯à®áâà áâ¢  ää¨®© á¢ï§®áâ¨
¯® ¤®¯ãáª ¥¬ë¬ ¨¬¨ ¯®«ë¬ «®ª «ìë¬ £àã¯¯ ¬ âà ¥ªâ®àëå  ää¨ëå ª®««¨¥ æ¨© (¤¢¨-
¦¥¨©) (á¬. [5], á. 471) á«¥¤ã¥â ª« áá¨ä¨ª æ¨® ï

�¥®à¥¬  2. �ãé¥áâ¢ã¥â à®¢® 15 ¯®«ëå  «£¥¡à â®ç¥çëå ¨ä¨¨â¥§¨¬ «ìëå  ää¨-

ëå á¨¬¬¥âà¨© ¤¢ã¬¥àëå ¯à®áâà áâ¢ (M;�i
jk)  ää¨®© á¢ï§®áâ¨ ¡¥§ ªàãç¥¨ï, ¯¥à¥ç¨-

á«¥ëå ¨¦¥ á ¯®¬®éìî á¢®¨å £¥¥à â®à®¢ ¢ á¯¨áª¥ ò1 ¯®¤ ®¬¥à ¬¨ 1{15. �à¨ íâ®¬ ¯à®-

áâà áâ¢® (M;�i
jk) â®£¤  ¨ â®«ìª® â®£¤  ¤®¯ãáª ¥â  «£¥¡àã Gr á £¥¥à â®à ¬¨ Xa, 1 � a � r,

ãª § ë¬¨ ¢ á¯¨áª¥ ò1 ¯®¤ ¥ª®â®àë¬ ®¬¥à®¬, ª®£¤  �i
jk ¨¬¥îâ ¢¨¤, ¯à¨¢¥¤¥ë© ¢ á¯¨áª¥

ò2 ¯®¤ â¥¬ ¦¥ ®¬¥à®¬.

�¯¨á®ª ò1

1. X1 = (1; 0; 0), X2 = (0; 0; 1), X3 = (0; 0; t);

2. X1 = (1; 0; 0), X2 = (0; 0; 1), X3 = (t; 0; 0), X4 = (0; 0; t);

3. X1 = (1; 0; 0), X2 = (0; 1; 0), X3 = (0; 0; 1), X4 = (0; 0; t);

4. X1 = (1; 0; 0), X2 = (0; 1; 0), X3 = (0; 0; 1), X4 = (t; 0; 0), X5 = (0; 0; t);

5. X1 = (1; 0; 0), X2 = (x; y; 0), X3 = (0; 0; 1), X4 = (0; 0; t);

6. X1 = (1; 0; 0), X2 = (x; y; 0), X3 = (0; 0; 1), X4 = (0; 0; t), X5 = (t; 0; 0);

7. X1 = (1; 0; 0), X2 = (2x; y; 0), X3 = (x2; xy; 0), X4 = (0; 0; 1), X5 = (0; 0; t);

8. X1 = (1; 0; 0), X2 = (x; y; 0), X3 = (x2; 2xy + y2; 0), X4 = (0; 0; 1), X5 = (0; 0; t);

9. X1 = (0; 1; 0), X2 = (0; x; 0), X3 = (0; y; 0), X4 = (0; 0; 1), X5 = (0; 0; t);

10:
11:

�
X1 = (1 + "x2; "xy; 0); X2 = ("xy; 1 + "y2; 0);
X3 = (y;�x; 0); X4 = (0; 0; 1); X5 = (0; 0; t)

,

£¤¥ " = +1 ¤«ï  «£¥¡àë 10, " = �1 ¤«ï 11;

12. X1 = (1; 0; 0), X2 = (0; 1; 0), X3 = (0; x; 0), X4 = (0; y; 0), X5 = (0; 0; 1), X6 = (0; 0; t);

13. X1 = (1; 0; 0), X2 = (0; 1; 0), X3 = (0; y; 0), X4 = (0; ex; 0), X5 = (0; 0; 1), X6 = (0; 0; t);

14. X1 = (1; 0; 0), X2 = (0; y; 0), X3 = (0; eax cosx; 0), X4 = (0; eax sinx; 0), X5 = (0; 0; 1),
X6 = (0; 0; t);

15. X1 = (1; 0; 0), X2 = (0; 1; 0), X3 = (0; 0; 1), X4 = (x; 0; 0), X5 = (0; x; 0), X6 = (y; 0; 0),
X7 = (0; y; 0), X8 = (t; 0; 0), X9 = (0; t; 0), X10 = (0; 0; t).

�¯¨á®ª ò2

1. �i
jk = �i

jk(y) | ¯à®¨§¢®«ìë¥ äãªæ¨¨;

2. �1
11 = �1

12 = �2
11 = �2

21 � 0 ¨ �1
22 = �1

22(y), �
2
22 = �2

22(y) | ¯à®¨§¢®«ìë¥ äãªæ¨¨;

3. �i
jk = aijk | ¯à®¨§¢®«ìë¥ ¯®áâ®ïë¥;
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4. �1
11 = �1

12 = �2
11 = �2

12 � 0, �1
22, �

2
22 | ¯à®¨§¢®«ìë¥ ¯®áâ®ïë¥;

5. �i
jk = (1=y)aijk , £¤¥ a

i
jk | ¯à®¨§¢®«ìë¥ ¯®áâ®ïë¥;

6. �i
jk = (1=y)aijk , £¤¥ a

i
1k = 0,   a122, a

2
22 | ¯à®¨§¢®«ìë¥ ¯®áâ®ïë¥;

7. �1
11 = 2b=y2, �1

12 = �1=y, �1
22 � 0, �2

11 = a=y3, �2
21 = b=y2, �2

22 = �2=y, £¤¥ a ¨ b |
¯à®¨§¢®«ìë¥ ¯®áâ®ïë¥;

8. �1
11 = 2=y, �1

12 = �1
22 � 0, �2

11 = �4=y, �2
21 = b=y2, �2

22 = �2=y, £¤¥ b | ¯à®¨§¢®«ì ï
ª®áâ â ;

9. �1
11 = 2u(x), �1

12 = �1
22 = �2

11 = �2
22 � 0, �2

21 = u(x), £¤¥ u(x) | ¯à®¨§¢®«ì ï äãªæ¨ï
â ª ï, çâ® u 6= �ax+d

ax2+bx+c
¨ u0 � u2 6= 0 (a, b, c, d | ª ª¨¥-«¨¡® ª®áâ âë);

10:
11:

�
�1
11 = �2" 2x

v
; �1

12 = �"y
v
; �1

22 = �2
11 � 0;

�2
21 = �"x

v
; �2

22 = �" 2y
v
; £¤¥ v = 1 + "(x2 + y2)

;

12. �1
12 = �1

22 = �2
11 = �2

22 � 0, �1
11 = 2a, �2

21 = a, a 6= 0;

13. �1
12 = �1

22 = �2
11 = �2

22 � 0, �1
11 =

1
3
+ 2a, �2

21 = � 1
3
+ a, a 6= � 2

3
; 1

3
;

14. �1
12 = �1

22 = �2
22 � 0, �1

11 =
2
3
a+ 2b, �2

11 = (1 + a2)y, �2
21 = � 2

3
a+ b;

15. �i
jk � 0.

3. �à®¥ªâ¨¢ë¥ â®ç¥çë¥ ¨ä¨¨â¥§¨¬ «ìë¥ á¨¬¬¥âà¨¨ ¯ã«ì¢¥à¨§ æ¨¨

�á«®¢¨ï

@�X
�
+X

�
@��

�

� + (@�X
�
)�

�

� + (@X
�
)�

�

�� � (@�X
�
)�

�

� + _x�(@�X
m)�

�

m� = ���  + �� � + _x� �

ï¢«ïîâáï ¥®¡å®¤¨¬ë¬¨ ¨ ¤®áâ â®çë¬¨ ¤«ï â®£®, çâ®¡ë ¢¥ªâ®à®¥ ¯®«¥ X = X i@i + Xn@n ¢
¯à®áâà áâ¢¥ á®¡ëâ¨© M =M �R ¯ã«ì¢¥à¨§ æ¨¨ (M;f) � (M;�i

jk) ¡ë«® â®ç¥ç®© ¯à®¥ªâ¨¢®©
ª¢ §¨á¨¬¬¥âà¨¥© (���) ¯®â®ª  f (á¬. [3] ¨ [4]).

�â¨ ãá«®¢¨ï à á¯ ¤ îâáï   á«¥¤ãîé¨¥:

@jkX
i +Xs@s�

i

jk + (@jX
s)�

i

sk + (@kX
s)�

i

js � (@sX
i)�

s

jk +

+ _xs@sX
m�

i

mjk + _xn@nX
m�

i

mjk = �ij k + �ik j + _xi jk; (4)

@jnX
i + @nX

s�
i

js = �ij n + _xi jn; (5)

@nnX
i = _xi nn; (6)

@jkX
n � @sX

n�s
jk = _xn jk; (7)

@jnX
n =  j + _xn jn; (8)

@nnX
n = 2 n + _xn nn: (9)

�§ (4){(9) ¯®«ãç ¥¬  nn =  ni � 0, X i = Ai(xj)t + Bi(xj), Ai
;j = �ij n, £¤¥ § ¯ïâ ï ®§ ç ¥â

¤¨ää¥à¥æ¨à®¢ ¨¥ ¢ á¢ï§®áâ¨ �i
jk. �«¥¤®¢ â¥«ì®,  n = a(xj) = As

;s=(n�1), ¨ X
n = at2+ut+v,

£¤¥ a, u ¨ v | äãªæ¨¨   M .
�à ¢¥¨¥ (7) â¥¯¥àì ¯à¨¨¬ ¥â ¢¨¤

a;jkt
2 + u;jkt+ v;jk =  jk;

£¤¥ § ¯ïâ ï ¨¬¥¥â ¯à¥¦¨© á¬ëá«. �§ (8) ¨¬¥¥¬  j = (2a;j)t+ u;j . �âáî¤   jk =  jk( _x= _t) 1_t � 0,
 jk =  jn � 0,  j =  j(xl; t).

� ª¨¬ ®¡à §®¬, ¤®ª §  

�¥®à¥¬  3. �¥ªâ®à®¥ ¯®«¥ X = X i(xj ; t)@i + Xn(xj ; t)@n â®£¤  ¨ â®«ìª® â®£¤  ï¢«ï¥âáï

��� ¯ã«ì¢¥à¨§ æ¨¨ (M;�i
jk), ª®£¤ 
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1. X i = tAi(xj)+Bi(xj), Xn = at2+ut+v, £¤¥ Ai ¨ Bi | ¢¥ªâ®àë¥ ¯®«ï, a, u, v | äãªæ¨¨

  M ;
2. L

A
�i
jk = �ij(2a;k) + �ik(2a;j); L

B
�i
jk = �iju;k + �iku;j;

3. Ai
;j = �ija; a;jk = u;jk = v;jk = 0.

�«¥¤áâ¢¨¥ 1. 1) a;k = 1
n+1

K[sk]A
s, £¤¥ Ksk | á®ªà é¥ë© â¥§®à ªà¨¢¨§ë �� f ,   ª¢ -

¤à âë¥ áª®¡ª¨ ®§ ç îâ  «ìâ¥à¨à®¢ ¨¥ ¡¥§ ¤¥«¥¨ï;
2) As�i

jks = 0, a;s�s
ijk = 0, u;s�s

ijk = 0, v;s�s
ijk = 0.

�«¥¤áâ¢¨¥ 2. �ãªæ¨ï a = a(x)   M ¯®áâ®ï  â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  ¢¥ªâ®à®¥
¯®«¥ A = As@s   M ¯à¨ ¤«¥¦¨â ï¤àã K[sk]: K[sk]A

s � 0.

� ç áâ®áâ¨, íâ® ¨¬¥¥â ¬¥áâ® ¤«ï à¨¬ ®¢®© á¢ï§®áâ¨ �i
jk; â¥§®à Ksk ¢ íâ®¬ á«ãç ¥ á¨¬-

¬¥âà¨ç¥ (¨ ¥ § ¢¨á¨â ®â  ¯à ¢«¥¨ï � = dx=dt).
�â¬¥â¨¬, çâ® á®£« á® ®¯à¥¤¥«¥¨î â¥§®à  (á¬. [3]) Kjk = Ks

ks;j , á«¥¤®¢ â¥«ì®, K[j;k] =
@j�s

sk + �s
k�

m
mjsj[j;k].

�á«¨ �i
jk |  ää¨ ï á¢ï§®áâì (¥ § ¢¨áïé ï ®â  ¯à ¢«¥¨ï),   X | á®¡áâ¢¥ ï ¯à®-

¥ªâ¨¢ ï á¨¬¬¥âà¨ï (��), â®£¤  �i
jkl � 0, a = const, u = const, v = const, ¨ ¨§ ¯à¥¤ë¤ãé¥©

â¥®à¥¬ë ¢ëâ¥ª ¥â

�¥®à¥¬  4. �¥ªâ®à®¥ ¯®«¥ X = X i@i + Xn@n ¢ ¯à®áâà áâ¢¥ M = M � R á®¡ëâ¨©  ä-

ä¨®© á¢ï§®áâ¨ (¯ã«ì¢¥à¨§ æ¨¨) f � (M;f) � (M;�i
jk(x

l)) â®£¤  ¨ â®«ìª® â®£¤  ï¢«ï¥âáï

â®ç¥ç®© �� íâ®© á¢ï§®áâ¨, ª®£¤ 

1) X i = tAi(xj) +Bi(xj), Xn = at2 + ut+ v, £¤¥ Ai ¨ Bi | ¢¥ªâ®àë¥ ¯®«ï   M , a, u, v |

¯à®¨§¢®«ìë¥ ¯®áâ®ïë¥;
2) L

A
�i
jk = 0, L

B
�i
jk = 0;

3) Ai
;j = �ija.

�«¥¤áâ¢¨¥. K[sk]A
s = 0.

�®¤ç¥àª¥¬, çâ® ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë 3 (ª ª ¨ ¤àã£¨å â¥®à¥¬ áâ âì¨) ¡ §¨àã¥âáï  
¯ã«ì¢¥à¨§ æ¨®®¬ ¬®¤¥«¨à®¢ ¨¨ ��; á ¬  ¦¥ â¥®à¥¬  3 ®¡®¡é ¥â ¥ â®«ìª®   «®£¨çë©
à¥§ã«ìâ â, ¯®«ãç¥ë© ¢ [6] ¤«ï à¨¬ ®¢ëå ¯à®áâà áâ¢, ® ¨ ¥£® £¨¯®â¥â¨ç¥áª¨©   «®£ ¤«ï
 ää¨®á¢ï§®£® á«ãç ï, ® ª®â®à®¬ ¢ [6] «¨èì áª § ®, çâ®   ¥£® ¬®£ãâ ¡ëâì à á¯à®áâà ¥ë
¯®«ãç¥ë¥ ¢ [6] à¥§ã«ìâ âë (á¬. [6], á. 12).

�  íää¥ªâ¨¢®áâì ¯ã«ì¢¥à¨§ æ¨®®£® ¬®¤¥«¨à®¢ ¨ï ãª §ë¢ ¥â â ª¦¥ â®â ä ªâ, çâ® â¥®-
à¥¬ë 1, 2 ¨ 3 ¨§ [6] ï¢«ïîâáï ®ç¥¢¨¤ë¬¨ á«¥¤áâ¢¨ï¬¨ á¢®©áâ¢ ¬®¤¥«¨à®¢ ¨ï.

4. �« áá¨ä¨ª æ¨ï ¤¢ã¬¥àëå ¯à®áâà áâ¢  ää¨®© á¢ï§®áâ¨ ¯®

¤®¯ãáª ¥¬ë¬ ¨¬¨  «£¥¡à ¬ â®ç¥çëå ¯à®¥ªâ¨¢ëå á¨¬¬¥âà¨©

�§ ã¯®¬ïãâëå ¢ ¯. 2 à¥§ã«ìâ â®¢ �¦.�¨¢ ©  [5] ¨ â¥®à¥¬ë 4 ¢ëâ¥ª ¥â

�¥®à¥¬  5. �ãé¥áâ¢ã¥â à®¢® 15 ¯®«ëå  «£¥¡à â®ç¥çëå ¨ä¨¨â¥§¨¬ «ìëå ¯à®¥ª-

â¨¢ëå á¨¬¬¥âà¨© ¤¢ã¬¥àëå ¯à®áâà áâ¢ (M;�i
jk)  ää¨®© á¢ï§®áâ¨ ¡¥§ ªàãç¥¨ï, ¯¥-

à¥ç¨á«¥ëå ¨¦¥ ¯®áà¥¤áâ¢®¬ á¢®¨å £¥¥à â®à®¢ ¢ á¯¨áª¥ ò1 ¯®¤ ®¬¥à ¬¨ 1{15. �à¨

íâ®¬ ¯à®áâà áâ¢® (M;�i
jk) â®£¤  ¨ â®«ìª® â®£¤  ¤®¯ãáª ¥â  «£¥¡àã Gr á £¥¥à â®à ¬¨ Xa,

1 � a � r, ãª § ë¬¨ ¢ á¯¨áª¥ ò1 ¯®¤ ¥ª®â®àë¬ ®¬¥à®¬, ª®£¤  �i
jk ¨¬¥îâ ¢¨¤, ¯à¨¢¥¤¥ë©

¢ á¯¨áª¥ ò2 ¯®¤ â¥¬ ¦¥ ®¬¥à®¬

�¯¨á®ª ò1

1. X1 = (1; 0; 0), X2 = (0; 0; 1), X3 = (0; 0; t);

2. X1 = (1; 0; 0), X2 = (t; 0; at2), X3 = (0; 0; 1), X4 = (0; 0; t);
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3. X1 = (1; 0; 0), X2 = (0; 1; 0), X3 = (0; 0; 1), X4 = (0; 0; t);

4. X1 = (1; 0; 0), X2 = (0; 1; 0), X3 = (t; 0; at2), X4 = (0; 0; 1), X5 = (0; 0; t);

5. X1 = (1; 0; 0), X2 = (x; y; 0), X3 = (0; 0; 1), X4 = (0; 0; t);

6. X1 = (1; 0; 0), X2 = (x; y; 0), X3 = (t; 0; 0), X4 = (0; 0; 1), X5 = (0; 0; t);

7. X1 = (1; 0; 0), X2 = (2x; y; 0), X3 = (x2; xy; 0), X4 = (0; 0; 1), X5 = (0; 0; t);

8. X1 = (1; 0; 0), X2 = (x; y; 0), X3 = (x2; 2xy + y2; 0), X4 = (0; 0; 1), X5 = (0; 0; t);

9. X1 = (0; 1; 0), X2 = (0; x; 0), X3 = (0; y; 0), X4 = (0; 0; 1), X5 = (0; 0; t);

10:
11:

�
X1 = (1 + "x2; "xy; 0); X2 = ("xy; 1 + "y2; 0);
X3 = (y;�x; 0); X4 = (0; 0; 1); X5 = (0; 0; t)

,

£¤¥ " = 1 ¤«ï  «£¥¡àë 10 ¨ " = �1 ¤«ï  «£¥¡àë 11;

12. X1 = (1; 0; 0), X2 = (0; 1; 0), X3 = (0; x; 0), X4 = (0; y; 0), X5 = (0; 0; 1), X6 = (0; 0; t);

13. X1 = (1; 0; 0), X2 = (0; 1; 0), X3 = (0; y; 0), X4 = (0; ex; 0), X5 = (0; 0; 1), X6 = (0; 0; t);

14. X1 = (1; 0; 0), X2 = (0; y; 0), X3 = (0; ebx cos x; 0), X4 = (0; ebx sinx; 0), X5 = (0; 0; 1),
X6 = (0; 0; t);

15. X1 = (1; 0; 0), X2 = (0; 1; 0), X3 = (0; 0; 1), X4 = (x; 0; 0), X5 = (0; x; 0), X6 = (y; 0; 0),
X7 = (0; y; 0), X8 = (t; 0; 0), X9 = (0; t; 0), X10 = (0; 0; t), X11 = (xt; yt; t2).

�¯¨á®ª ò2

1. �i
jk = �i

jk(y) | ¯à®¨§¢®«ìë¥ äãªæ¨¨;

2. �1
11 = �2

12 = a, �1
12 = �2

11 � 0, �1
22 = �1

22(y), �
2
22 = �2

22(y), £¤¥ a = const;

3. �i
jk = aijk | ¯à®¨§¢®«ìë¥ ¯®áâ®ïë¥;

4. �1
11 = �2

12 = a, �1
12 = �2

11 � 0, �1
22 = a122 ¨ �2

22 = a222 | ¯à®¨§¢®«ìë¥ ¯®áâ®ïë¥;

5. �i
jk = (1=y)aijk , £¤¥ a

i
jk | ¯à®¨§¢®«ìë¥ ¯®áâ®ïë¥ (¥ ¢á¥ à ¢ë¥ ã«î);

6. �1
11 = �1

12 = �2
11 = �2

21 � 0, �1
22 = (1=y)a122, �

2
22 = (1=y)a222, £¤¥ a

1
22 ¨ a

2
22 | ¯à®¨§¢®«ìë¥

¯®áâ®ïë¥, ¨§ ª®â®àëå å®âï ¡ë ®¤  ¥ à ¢  ã«î;

7. �1
11 =

2c
y2
, �1

12 = � 1
y
, �1

22 � 0, �2
11 =

b
y3
, �2

12 =
c
y2
, �2

22 = �2=y, £¤¥ b ¨ c | ¯à®¨§¢®«ìë¥
ª®áâ âë;

8. �1
12 = �1

22 � 0, �1
11 =

2
y
, �2

11 = � 4
y
, �2

12 =
b
y2
, �2

22 = �2=y, £¤¥ b | ¯à®¨§¢®«ì ï ¯®áâ®ï ï;

9. �1
11 = 2u(x), �1

12 = �1
22 = �2

11 = �2
22 � 0, �2

12 = u(x), £¤¥ u(x) | «î¡ ï äãªæ¨ï u(x) 6=
�ex+d

ex2+bx+c
, u0 � u2 6= 0;

10:
11:

�
�1
11 = �2e 2x

v
; �1

12 = �"y
v
; �1

22 = �2
11 � 0;

�2
12 = �"x

v
; �2

22 = �" 2y
v
; £¤¥v = 1 + "(x2 + y2)

;

12. �1
12 = �1

22 = �2
11 = �2

22 � 0, �1
11 = 2b, �2

12 = b (b 6= 0);

13. �1
11 =

1
3
+ 2b, �1

12 = �1
22 = �2

11 = �2
22 � 0, �2

12 = � 1
3
+ b, £¤¥ b 6= � 2

3
; 1

3
;

14. �1
11 =

2
3
b+2c, �1

12 = �1
22 = �2

22 � 0, �2
11 = (1+ b2)y, �2

12 = � 2
3
b+ c, £¤¥ b ¨ c | ¯à®¨§¢®«ìë¥

¯®áâ®ïë¥;

15. �i
jk � 0.

� ¬¥ç ¨¥. �¥§ã«ìâ âë �¦.�¨¢ ©  [5], ¨á¯®«ì§®¢ ë¥ ¯à¨ ¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ 2 ¨
5, ¡ §¨àãîâáï   ª« áá¨ä¨ª æ¨¨ �.�¨ [7]  «£¥¡à ¢¥ªâ®àëå ¯®«¥©   ¯«®áª®áâ¨.
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