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�®¯®«¥¨¥ ¤¨ää¥à¥æ¨àã¥¬®£® ¬®£®®¡à §¨ï M ¥£® ª á â¥«ìë¬¨ ¯ãçª ¬¨ ¯à¨¢®¤¨â ª
ª á â¥«ì®¬ã ¬®£®®¡à §¨î TM , ®¡« ¤ îé¥¬ã ¨«ì¯®â¥â®© à¥£ã«ïà®© ¨â¥£à¨àã¥¬®©  ä-
ä¨®à®© áâàãªâãà®©. �®¤®¡® â®¬ã, ¥á«¨   M § ¤   áã¡¬¥àá¨ï � : M ! B, ¨ ¡ §  B ¯®-
¯®«¥  ¥¥ ª á â¥«ìë¬¨ ¯ãçª ¬¨, â®   M ¢®§¨ª ¥â ¯®«ãª á â¥«ì ï áâàãªâãà ,  ää¨®à
ª®â®à®© ¨¬¥¥â ¥à¥£ã«ïà®¥ áâà®¥¨¥. � ¤ ®© à ¡®â¥ ¨§ãç îâáï «®ª «ìë¥ á¢®©áâ¢  ¯ àë
ª®¬¬ãâ â¨¢ëå ¯®«ãª á â¥«ìëå áâàãªâãà, ¯à¨¢®¤ïé¥© ª ¨å â¥§®à®¬ã ¯à®¨§¢¥¤¥¨î. �á¥
à áá¬ âà¨¢ ¥¬ë¥ äãªæ¨¨ ¨ ®â®¡à ¦¥¨ï ¯à¥¤¯®« £ îâáï ¤®áâ â®ç® £« ¤ª¨¬¨.

1. �®£®®¡à §¨¥ á ¯ à®© ª®¬¬ãâ â¨¢ëå áã¡¬¥àá¨©

�ãáâì M | £« ¤ª®¥ ¢¥é¥áâ¢¥®¥ ¬®£®®¡à §¨¥ (dimM = � + r + H),   ª®â®à®¬ § ¤ ë
¤¢¥ áã¡¬¥àá¨¨ �1 : M ! B1 ¨ �2 : M ! B2, ã¤®¢«¥â¢®àïîé¨¥ ãá«®¢¨î �1 � �2 = �2 � �1,
å à ªâ¥à¨§ã¥¬®¬ã ª®¬¬ãâ â¨¢®© ¤¨ £à ¬¬®©

M
�1���! B1

�2

??y ??y�2
B2

�1���! B= B1

T
B2:

(1.1)

�¢¥¤¥¬   U � M «®ª «ìë¥ ª®®à¤¨ âë,  ¤ ¯â¨à®¢ ë¥ ª áã¡¬¥àá¨ï¬ �1 ¨ �2. �ãáâì
(x1; : : : ; x�) | «®ª «ìë¥ ª®®à¤¨ âë á«®ï ��1

1 (y), y 2 B1 ¨   «®£¨ç® (x�+1; : : : ; x�+r) |
«®ª «ìë¥ ª®®à¤¨ âë á«®ï ��1

2 (z), z 2 B2. �¬¥áâ¥ á  ¡®à®¬ «®ª «ìëå ª®®à¤¨ â   B
(x�+r+1; : : : ; x�+r+H) ¯®«ãç ¥¬ «®ª «ìë¥ ª®®à¤¨ âë â®çª¨ x 2 U : (x�; xi; xA). �¤¥áì ¨ ¢ ¤ «ì-
¥©è¥¬ �; �; : : : = 1; 2; : : : ; �; i; j; : : : = �+1; �+2; : : : ; �+r; A;B; : : : = �+r+1; �+r+2; : : : ; �+r+H.
�ç¥¢¨¤®, çâ® ¤«ï ¯¥à¥á¥ª îé¨åáï ®ªà¥áâ®áâ¥© U ¨ U 0 ¯à¥®¡à §®¢ ¨¥  ¤ ¯â¨à®¢ ëå ª áã¡-
¬¥àá¨ï¬ (1.1) «®ª «ìëå ª®®à¤¨ â ¡ã¤¥â ¨¬¥âì ¢¨¤

x� = x�(x0� ; x0B); xi = xi(x0j ; x0B); xA = xA(x0B) (1.2)

á ïª®¡¨¥¢®© ¬ âà¨æ¥©

J =

0
@A�

� 0 A�
B

0 Ai
j Ai

B

0 0 AA
B

1
A ; (1.3)

£¤¥ At
s = (@xt=@x0s),   0 ®§ ç ¥â ã«¥¢®© ¡«®ª. �á«®¢¨¥ det J 6= 0 ®§ ç ¥â ¢ á¨«ã (1.3), çâ®

detA�
� 6= 0; detAi

j 6= 0; detAA
B 6= 0: (1.4)

� ¤ «ì¥©è¥¬  ¤ ¯â¨à®¢ ë¥ ª áã¡¬¥àá¨ï¬ (1.1) «®ª «ìë¥ ª®®à¤¨ âë ¡ã¤¥¬ à áá¬ âà¨¢ âì
ª ª ¯à¥¤¯®ç¨â ¥¬ë¥,   ¯à¥®¡à §®¢ ¨ï ¨å (1.2) | ª ª ¤®¯ãáâ¨¬ë¥. �ç¥¢¨¤®, çâ® ®¨ ®¡à §ãîâ
£àã¯¯ã G.

� ¡®â  ¢ë¯®«¥  ¯à¨ ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®¤  äã¤ ¬¥â «ìëå ¨áá«¥¤®¢ ¨©, £à â ò97-01-

00347.
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2. �à®¥ªâ¨àã¥¬ë¥ ®¡ê¥ªâë   M

�¥ªâ®à®¥ ¯®«¥  M  §ë¢ ¥âáï ¯à®¥ªâ¨àã¥¬ë¬ [1] ®â®á¨â¥«ì® à áá«®¥¨ï, ®¯à¥¤¥«ï¥¬®-
£® áã¡¬¥àá¨¥© �, ¥á«¨ ¯à®¥ªæ¨ï ¢¥ªâ®à®¢ ¯®«ï ¢¤®«ì á«®¥¢   ¡ §ã B § ¢¨á¨â â®«ìª® ®â â®çª¨
¡ §ë. �®¢®àïâ â ª¦¥, çâ® ¯®«¥ v ¨ ¥£® ¯à®¥ªæ¨ï v0   ¡ §ã B �-á¢ï§ ë ([2], á. 19). �  è¥¬
á«ãç ¥, ¥á«¨ ¥ ®£®¢®à¥® ¯à®â¨¢®¥, ¯®¤ â¥à¬¨®¬ \¯à®¥ªâ¨àã¥¬®¥ ¢¥ªâ®à®¥ ¯®«¥" ¡ã¤¥¬ ¯®¤-
à §ã¬¥¢ âì â ª®¥ ¯®«¥, ª®â®à®¥ ¯à®¥ªâ¨àã¥¬® ®â®á¨â¥«ì® ®¡¥¨å áã¡¬¥àá¨© (1.1). �â® ¨¬¥¥â
¬¥áâ® â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  ¥£®  ¤ ¯â¨à®¢ ë¥ ª®®à¤¨ âë ¨¬¥îâ ¢¨¤

v� = v�(x� ; xB); vi = vi(xj ; xB); vA = vA(xB): (2.1)

�â¬¥â¨¬ á¢®©áâ¢  â ª¨å ¢¥ªâ®àëå ¯®«¥©.
1. �à®¥ªâ¨àã¥¬ë¥ ¢¥ªâ®àë¥ ¯®«ï ®¡à §ãîâ ¢¥ªâ®à®¥ ¯à®áâà áâ¢®  ¤ R.
2. �¡ê¥ªâ, ®¡à §®¢ ë© ç áâë¬¨ ¯à®¨§¢®¤ë¬¨ ®â ª®®à¤¨ â ¢¥ªâ®à®£® ¯®«ï (2.1) ¯®

¤®¯ãáâ¨¬ë¬ ª®®à¤¨ â ¬, ¨¬¥¥â ¬ âà¨æã ¢¨¤  (1.3).
3. �®¬¬ãâ â®à ¯ àë ¯à®¥ªâ¨àã¥¬ëå ¢¥ªâ®àëå ¯®«¥© ¯à®¥ªâ¨àã¥¬ ([2], á. 19).
�ãáâì T | (1; k)-â¥§®à®¥ ¯®«¥   M (k � 1). �ã¤¥¬  §ë¢ âì ¥£® ¯à®¥ªâ¨àã¥¬ë¬, ¥á«¨

T (v
1
; v
2
; : : : ; v

k
) | ¯à®¥ªâ¨àã¥¬®¥ ¢¥ªâ®à®¥ ¯®«¥ ¯à¨ «î¡ëå ¯à®¥ªâ¨àã¥¬ëå ¢¥ªâ®àëå ¯®«ïå

v
1
; v
2
; : : : ; v

k
. �®áª®«ìªã ®¯à¥¤¥«¥¨¥ ¥ ®¯¨à ¥âáï   § ª® ¯à¥®¡à §®¢ ¨ï ª®®à¤¨ â â¥§®à , â®

¥£® ¬®¦® ®â¥áâ¨ ¨ ª® ¢áïª®¬ã ¤¨ää¥à¥æ¨ «ì®-£¥®¬¥âà¨ç¥áª®¬ã ®¡ê¥ªâã ( ¯à., ª á¢ï§®-
áâ¨), â. ª. ¯® áãé¥áâ¢ã à¥çì ¨¤¥â «¨èì ® á®®â¢¥âáâ¢ãîé¨å á¢®©áâ¢ å ¯à®áâà áâ¢¥®© ¬ âà¨æë
â ª®£® ®¡ê¥ªâ . �á«¨

uQ = TQ
S1;S2;:::;Sk

v
1

S1v
2

S2 : : : v
k

Sk (2.2)

| ª®®à¤¨ â ï § ¯¨áì ¢¥ªâ®à®§ ç®© ¯®«¨«¨¥©®© äãªæ¨¨ T , £¤¥ Q;S1; : : : ; Sk =
1; 2; : : : ; N ; N = �+r+H, â® ¯à®¥ªâ¨àã¥¬®áâì ¯®«ï T ¯® ®¯à¥¤¥«¥¨î ¨ á ãç¥â®¬ (2.1) ¡ã¤¥â ®§ -
ç âì, çâ® ¤®¯ãáâ¨¬ë¥ «®ª «ìë¥ ª®®à¤¨ âë ¯®«ï T ã¤®¢«¥â¢®àïîâ á«¥¤ãîé¨¬ ¥®¡å®¤¨¬ë¬
¨ ¤®áâ â®çë¬ ãá«®¢¨ï¬.

1. �á«¨ ¢¥àå¨© ¨¤¥ªá Q ¯à¨ ¤«¥¦¨â ¯¥à¢®© á¥à¨¨ (Q = �), â® ¢á¥ ª®¬¯®¥âë á å®âï
¡ë ®¤¨¬ ¨¦¨¬ ¨¤¥ªá®¬ ¢â®à®© á¥à¨¨ (S� = i) à ¢ë ã«î,   ¢á¥ ¥ã«¥¢ë¥ ª®¬¯®¥âë
§ ¢¨áïâ «¨èì ®â ª®®à¤¨ â ¯¥à¢®© ¨ âà¥âì¥© á¥à¨©.

2. � «®£¨ç® ¯à¨ Q = i ¢á¥ ª®¬¯®¥âë á å®âï ¡ë ®¤¨¬ ¨¦¨¬ ¨¤¥ªá®¬ ¯¥à¢®© á¥à¨¨
à ¢ë ã«î,   ¢á¥ ¥ã«¥¢ë¥ ª®¬¯®¥âë § ¢¨áïâ «¨èì ®â ª®®à¤¨ â ¢â®à®© ¨ âà¥âì¥© á¥à¨©.

3. �à¨ Q = A ¢á¥ ª®¬¯®¥âë, ã ª®â®àëå å®âï ¡ë ®¤¨ ¨¦¨© ¨¤¥ªá ¯à¨ ¤«¥¦¨â ¯¥à¢®©
¨«¨ ¢â®à®© á¥à¨¨, à ¢ë ã«î,   ¢á¥ ª®¬¯®¥âë á ¨¦¨¬¨ ¨¤¥ªá ¬¨ âà¥âì¥© á¥à¨¨ § ¢¨áïâ
«¨èì ®â ª®®à¤¨ â â®© ¦¥ âà¥âì¥© á¥à¨¨.

�à¨¬¥à ¬¨ ¯à®¥ªâ¨àã¥¬ëå ®¡ê¥ªâ®¢ á«ã¦ â á«¥¤ãîé¨¥.
1. � âà¨æ  (1.3), ®ç¥¢¨¤®, ®¯à¥¤¥«ï¥â ¯à®¥ªâ¨àã¥¬ë© ®¡ê¥ªâ.
2. �¡ê¥ªâ, ®¡à §®¢ ë© ç áâë¬¨ ¯à®¨§¢®¤ë¬¨ ¯®«ï (2.1) ¯® ¤®¯ãáâ¨¬ë¬ ª®®à¤¨ â ¬,

¯à®¥ªâ¨àã¥¬, â. ª. ®¡à §ã¥â ¬ âà¨æã ¢¨¤  (1.3).
3. � §®¢¥¬ «¨¥©ãî á¢ï§®áâìr ¯à®¥ªâ¨àã¥¬®© [1], ¥á«¨ ¯®«¥rvu ¯à®¥ªâ¨àã¥¬® ¯à¨ «î¡ëå

¯à®¥ªâ¨àã¥¬ëå ¢¥ªâ®àëå ¯®«ïå u ¨ v. �®áª®«ìªã

(rvu)Q = vS@Su
Q + �QSTv

SuT ; (2.3)

â® ¤«ï â®£® çâ®¡ë r ¡ë«  ¯à®¥ªâ¨àã¥¬®© á¢ï§®áâìî, ¥®¡å®¤¨¬® ¨ ¤®áâ â®ç®, çâ®¡ë ®¡ê¥ªâ
á¢ï§®áâ¨ �QST ¡ë« ¯à®¥ªâ¨àã¥¬.

4. �¥§®à ªà¨¢¨§ë ¯à®¥ªâ¨àã¥¬®© á¢ï§®áâ¨ ¯à®¥ªâ¨àã¥¬, çâ® ®ç¥¢¨¤® ¨§ ¥£® ¨§¢¥áâ®£®
¢ëà ¦¥¨ï ([2], á. 131)

R(u; v)w = rurvw �rvruw �r[u;v]w: (2.4)

5. �¥§®à ªàãç¥¨ï ¯à®¥ªâ¨àã¥¬®© á¢ï§®áâ¨ ¯à®¥ªâ¨àã¥¬, çâ® â ª¦¥ «¥£ª® á«¥¤ã¥â ¨§ ¨§-
¢¥áâ®© ä®à¬ã«ë ([2], á. 131)

S(u; v) = ruv �rvu� [u; v]: (2.5)
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3. �®«ãª á â¥«ìë¥ à áá«®¥¨ï,
¯®à®¦¤ ¥¬ë¥ ¯ à®© ª®¬¬ãâ â¨¢ëå áã¡¬¥àá¨©

�«¥¤ãï ®¡é¥¬ã ¯à¨æ¨¯ã ¯®«ãç¥¨ï ¯®«ãª á â¥«ìëå áâàãªâãà [3], à áá¬®âà¨¬   ¡ §¥ B2

«¨¨î xi = xi(t2), xA = xA(t2), ¯à¨ t2 = 0 ®¯à¥¤¥«ïîéãî â®çªã x 2 B2. �®£¤  ¢¥«¨ç¨ë xi =
dxi

dt2

���
t2=0

, xA = dxA

dt2

���
t2=0

®¯à¥¤¥«ïâ ª®®à¤¨ âë ª á â¥«ì®£® ¢¥ªâ®à  ª B2 ¢ â®çª¥ x. � «®£¨ç®

¤«ï B1 á ¯®¬®éìî ãà ¢¥¨© «¨¨¨ x� = x�(t1), xA = xA(t1) ¯®«ãç¨¬ ¢¥ªâ®à ª á â¥«ì®£® ª

B1 ¯ãçª  á ª®®à¤¨ â ¬¨ xe� = dx�

dt1

���
t1=0

, xeA = dxA

dt1

���
t1=0

. � ª®¥æ, ¤«ï B = B1

T
B2 á ¯®¬®éìî

¯à®¤®«¦¥¨© ¢ ¤¢ãå  ¯à ¢«¥¨ïå  ©¤¥¬ x
eA = xeA = d

dt1

�
dxA

dt2

����t1=0
t2=0

.

�¡à §ã¥¬ ¤«ï ®ªà¥áâ®áâ¨ U â®çª¨ x 2 M á ª®®à¤¨ â ¬¨ (x�; xi; xA) ®¢ãî ®¡« áâì eU ,
®¯à¥¤¥«ï¥¬ãî  ¡®à®¬ ¯¥à¥¬¥ëå

(x�; xe�; xi; xi; xA; xeA; xA; xeA); (3.1)

  ¤«ï ®ªà¥áâ®áâ¨ U 0 � M   «®£¨çë¬ ¯ãâ¥¬ ®¯à¥¤¥«¨¬ ¨¤ãæ¨à®¢ ë¥ â ¬ ¯¥à¥¬¥-

ë¥ (3.1), ®â¬¥ç¥ë¥ á¨¬¢®«®¬ 0, ®¡« áâì § ç¥¨© ª®â®àëå ®¡®§ ç¨¬ á¨¬¢®«®¬ eU 0. �á«¨

U
T
U 0 6= ;, â® ®ç¥¢¨¤®, çâ® eU T eU 0 6= ;. �®ª ¦¥¬, çâ® ¯¥à¥¬¥ë¥ ¢¨¤  (3.1), ¨¤ãæ¨à®¢ -

ë¥ ¢ eU ¨ eU 0, ¯à¥®¡à §ãîâáï ¤àã£ ¢ ¤àã£    eU T eU 0 ¤¨ää¥à¥æ¨àã¥¬ë¬ ®¡à §®¬ á ®â«¨çë¬

®â ã«ï ïª®¡¨ ®¬, ®âªã¤  ¡ã¤¥â ¥¯®áà¥¤áâ¢¥® á«¥¤®¢ âì, çâ® ¬®£®®¡à §¨¥ fM , ¯®«ãç¥®¥
ãª § ë¬ ¯®¯®«¥¨¥¬ M ª á â¥«ìë¬¨ ª B1 ¨ B2 ¯ãçª ¬¨, ï¢«ï¥âáï ¤¨ää¥à¥æ¨àã¥¬ë¬ ¨
¤®áâ â®ç® £« ¤ª¨¬.

�«ï ¤®ª § â¥«ìáâ¢  ¢ëç¨á«¨¬ ¤¨ää¥à¥æ¨ «ë ª ¦¤®© á¥à¨¨ ¯¥à¥¬¥ëå (3.1). � ¯®¬®éìî
(1.2) ¡ã¤¥¬ ¨¬¥âì

dx� =
@x�

@x0�
dx0� +

@x�

@x0B
dx0B; (3.2)

â ª çâ® ¢ ¢¥àå¥© ¯®«®á¥ ¨áª®¬®© ïª®¡¨¥¢®© ¬ âà¨æë eJ ¯à¥®¡à §®¢ ¨ï ¯¥à¥¬¥ëå (3.1) á®-
¤¥à¦ âáï â®«ìª® ¤¢ , ¢®®¡é¥ £®¢®àï, ¥ã«¥¢ëå ¡«®ª  A�

� ¨ A�
B,   ®áâ «ìë¥ ¡«®ª¨ ã«¥¢ë¥.

� «¥¥ á ãç¥â®¬ (3.2) ¯®«ãç¨¬

dxe� = d

�
dx�

dt2

�����
t1=0

=
@xe�
@x0�

dx0� +
@x�

@x0�
dx0e� + @xe�

@x0B
dx0B +

@x�

dx0B
dx0 eB; (3.3)

¯®íâ®¬ã ¢® ¢â®à®© ¯®«®á¥ ¬ âà¨æë eJ ®ª §ë¢ îâáï ã«¥¢ë¬¨ ¢á¥ ¡«®ª¨, ªà®¬¥ Ae�� , Ae�e� = A�
� , A

e�
B,

Ae�eB = A�
B. �à®¤®«¦ ï ¢ëª« ¤ª¨,   «®£¨çë¥ (3.2) ¨ (3.3), ¤«ï ¤¨ää¥à¥æ¨ «®¢ ®áâ «ìëå

è¥áâ¨ á¥à¨© ¯¥à¥¬¥ëå (3.1) ¯à¨å®¤¨¬ ª á«¥¤ãîé¨© ¬ âà¨æ¥ �ª®¡¨

eJ =

0
BBBBBBBBBBBBB@

A�
� 0 0 0 A�

B 0 0 0
Ae�� A�

� 0 0 Ae�B A�
B 0 0

0 0 Ai
j 0 Ai

B 0 0 0
0 0 Ai

j Ai
j Ai

B 0 Ai
B 0

0 0 0 0 AA
B 0 0 0

0 0 0 0 AeAB AA
B 0 0

0 0 0 0 AA
B 0 AA

B 0

0 0 0 0 A
eA
B AA

B AeAB AA
B

1
CCCCCCCCCCCCCA
; (3.4)

£¤¥ Ae�� = A�
��x

0e� +A�
�Bx

0eB, Ae�B = A�
B�x

0e� +A�
BCx

0eC , Ai
j = Ai

jkx
0k +Ai

jBx
0B, Ai

B = Ai
Bjx

0j +Ai
BCx

0C,

AeAB = AA
BCx

0eC, AA
B = AA

BCx
0C , A

eA
B = AA

BCDx
0eCx0D + AA

BCx
eC , AP

QR = @2xP

@x0Q@x0R , AP
QRS = @3xP

@x0Q@x0R@x0S .
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�¥¯®áà¥¤áâ¢¥® ®ç¥¢¨¤®, çâ® det eJ = (detA�
� )

2(detAi
j)

2(detAA
B)

4 6= 0 ¢ á¨«ã (1.4), ¯®íâ®¬ã

¬®£®®¡à §¨¥ fM ¯¥à¥¬¥ëå (3.1) ¤¥©áâ¢¨â¥«ì® ï¢«ï¥âáï ¤¨ää¥à¥æ¨àã¥¬ë¬. �à¥®¡à §®¢ -

¨ï ¨¤ãæ¨à®¢ ëå   fM «®ª «ìëå ª®®à¤¨ â (3.1) ®¡à §ãîâ £àã¯¯ã eG, ª®â®àãî á«¥¤ã¥â

à áá¬ âà¨¢ âì ª ª ¯à®¤®«¦¥¨¥ ¢ fM £àã¯¯ë G. �á®, çâ® dimfM = 2�+ 2r + 4H.

�¢¥¤¥¬   fM ¬ âà¨æë ¤¢ãå (1; 1)-â¥§®à®¢ ( ää¨®à®¢)

e =

0
BBBBBBBBBB@

0 0 0 0 0 0 0 0
E� 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 EH 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 EH 0

1
CCCCCCCCCCA
;  =

0
BBBBBBBBBB@

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 Er 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 EH 0 0 0
0 0 0 0 0 EH 0 0

1
CCCCCCCCCCA
; (3.5)

£¤¥ Es | ¥¤¨¨çë© ¡«®ª ¯®àï¤ª  s,   à §¡¨¥¨¥ ¬ âà¨æ   ¡«®ª¨   «®£¨ç® (3.4). �â¨  ä-
ä¨®àë ®¡« ¤ îâ á«¥¤ãîé¨¬¨ á¢®©áâ¢ ¬¨.

1. � ¦¤ ï ¨§ ¬ âà¨æ (3.5) ª®¬¬ãâ¨àã¥â á (3.4): eJe = eeJ , eJ = eJ , ¯®íâ®¬ã ¯à¥®¡à §®¢ ¨ï
(3.4) á®åà ïîâ ¯®áâ®ïë¥ ¬ âà¨æë (3.5). � ª¨¬ ®¡à §®¬, e ¨  § ¤ îâ   fM ¤¢¥ á®¢¬¥áâ®

¨â¥£à¨àã¥¬ë¥  ää¨®àë¥ áâàãªâãàë,   ¨¤ãæ¨à®¢ ë¥   fM «®ª «ìë¥ ª®®à¤¨ âë (3.1)
¨£à îâ à®«ì ª ®¨ç¥áª¨å.

2. �ç¥¢¨¤®, çâ® e2 = 2 = 0, â. ¥. ®¡¥ áâàãªâãàë ï¢«ïîâáï ¯®«ãª á â¥«ìë¬¨ ¯¥à¢®£®
¯®àï¤ª  ¨ ®â¢¥ç îâ ¤¢ã¬  «£¥¡à ¬ ¤ã «ìëå ç¨á¥« R(") = fa+ "b j a; b 2 R; "2 = 0g.

3. � âà¨æë (3.5) ª®¬¬ãâ¨àãîâ: e = e, ¯®íâ®¬ã   fM ®¯à¥¤¥«ï¥âáï áâàãªâãà  â¥§®à®£®
¯à®¨§¢¥¤¥¨ï ¤¢ãå ¯®«ãª á â¥«ìëå áâàãªâãà, ®â¢¥ç îé ï â¥§®à®¬ã ¯à®¨§¢¥¤¥¨î R(") 

R("). �â¬¥â¨¬, çâ® â¥§®àë¥ ¯à®¨§¢¥¤¥¨ï  ää¨®àëå áâàãªâãà ¨§ãç¥ë ¢ [4].

4. �âàãªâãàë e ¨ , ¢®®¡é¥ £®¢®àï, ¥à¥£ã«ïàë, ® ¢ ç áâ®¬ á«ãç ¥, ª®£¤  á«®¨  ¤ B1 ¨
B2 ®â®á¨â¥«ì® áã¡¬¥àá¨© �1 ¨ �2 ã«ì¬¥àë, ¯®«ãç ¥¬, çâ® M ¯à¥¤áâ ¢«ï¥â á®¡®© ¤¢ ¦¤ë

¢§ïâ®¥ ¬®£®®¡à §¨¥ B, ¨ fM ¢ íâ®¬ á«ãç ¥ ï¢«ï¥âáï ª á â¥«ìë¬ à áá«®¥¨¥¬ ®â ª á â¥«ì®£®

à áá«®¥¨ï fM = T (TM), ¢ ª®â®à®¬ áâàãªâãà  ¡ã¤¥â à¥£ã«ïà®© ª ª ¤«ï ®¡®¨å  ää¨®à®¢, â ª
¨ ¤«ï ¨å â¥§®à®£® ¯à®¨§¢¥¤¥¨ï. �àã£®© ç áâë© á«ãç ©, £¤¥ e = e = 0, à §¡¨à ¥âáï ¢ [5].

� ª¨¬ ®¡à §®¬, ¥á«¨   M ®¯à¥¤¥«¥ë ¤¢¥ ª®¬¬ãâ â¨¢ë¥ áã¡¬¥àá¨¨, â® ¯®à®¦¤ ¥¬ë¥ ¨¬¨
¯®«ãª á â¥«ìë¥ áâàãªâãàë ®¡à §ãîâ ¨å â¥§®à®¥ ¯à®¨§¢¥¤¥¨¥.

4. �à®¤®«¦¥¨ï ¯à®¥ªâ¨àã¥¬ëå ®¡ê¥ªâ®¢ ¢ f
M

�®â ä ªâ, çâ® fM ï¢«ï¥âáï ¯à®¤®«¦¥¨¥¬ M ,   ¥£® £àã¯¯  eG á«ã¦¨â â¥¬ ¦¥ ¤«ï G, ®¡ãá«®-

¢«¨¢ ¥â ¢®§¬®¦®áâì ¯à®¤®«¦¥¨© ¨§ M ¢ fM ¯®«¥© ¤¨ää¥à¥æ¨ «ì®-£¥®¬¥âà¨ç¥áª¨å ®¡ê-
¥ªâ®¢. �â¨ ¯à®¤®«¦¥¨ï ¡ã¤¥¬, ª ª ®¡ëç®,  §ë¢ âì «¨äâ ¬¨. � ®â«¨ç¨¥ ®â ª á â¥«ì®£®
à áá«®¥¨ï TM , ª ª ¢¯¥à¢ë¥ ¯®ª § ® ¢ [6],   ¯®«ãª á â¥«ì®¬ à áá«®¥¨¨ â ª¨¥ «¨äâë ¤®-
¯ãáª îâ ¥ ¢á¥ ®¡ê¥ªâë,   â®«ìª® «¨èì ¯à®¥ªâ¨àã¥¬ë¥. �®ïâ®, çâ® íâ® á®åà ï¥âáï ¨ ¤«ï
 è¥£® á«ãç ï â¥§®à®£® ¯à®¨§¢¥¤¥¨ï ¯ àë ¯®«ãª á â¥«ìëå áâàãªâãà.

�â®¡ë ¯®áâà®¨âì «¨äâ ¯à®¥ªâ¨àã¥¬®£® ¢¥ªâ®à®£® ¯®«ï v, ¢®á¯®«ì§ã¥¬áï ¥£® ª®®à¤¨ â ¬¨
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(2.1), á ¯®¬®éìî ª®â®àëå ®¯à¥¤¥«¨¬

ve� = dv�

dt1

����
t1=0

=
@v�

@x�
xe� + @v�

@xB
xeB; v eA =

dvA

dt1

����
t1=0

=
@vA

@xB
xeB ;

vi =
dvi

dt2

����
t2=0

=
@vi

@xj
xj +

@vi

@xB
xB; vA =

dvA

dt2

����
t2=0

=
@vA

@xB
xB; (4.1)

v
eA =

d2vA

dt1dt2

����t1=0
t2=0

=
@2v

@xB@xC
xBxeC + @vA

@xB
x
eB = v eA:

�¡à §ã¥¬ ¨§ ª®¬¯®¥â (2.1) ¨ (4.1) á«¥¤ãîéãî á®¢®ªã¯®áâì ¢¥«¨ç¨, ª®â®àãî  §®¢¥¬ ¯®«ë¬

«¨äâ®¬ ¯®«ï v ¢ fM :

Cv = (v�; ve� ; vi; vi; vA; v eA; vA; veA): (4.2)

�â¬¥â¨¬ ¥£® á¢®©áâ¢ .
1. �á«¨ ¨§ v0, ã¤®¢«¥â¢®àïîé¥£® ãá«®¢¨ï¬ v = Jv0,   «®£¨çë¬ ®¡à §®¬ á ¯®¬®éìî (4.1) ¨

(4.2) ¯®áâà®¨âì Cv0, â® ¥âàã¤® ¯à®¢¥à¨âì, çâ® Cv = eJ Cv0, ¨, á«¥¤®¢ â¥«ì®, ¯®«ë© «¨äâ (4.2)

ï¢«ï¥âáï ¢¥ªâ®àë¬ ¯®«¥¬   fM , ª« áá £« ¤ª®áâ¨ ª®â®à®£® «¨èì   ¤¢¥ ¥¤¨¨æë ¨¦¥, ç¥¬ ã
¯®«ï (2.1).

2. � âà¨æ , ®¡à §®¢  ï ç áâë¬¨ ¯à®¨§¢®¤ë¬¨ ¯®«ï (4.2) ¯® ª®®à¤¨ â ¬ (3.1), ¨¬¥¥â
¡«®ç®¥ áâà®¥¨¥,   «®£¨ç®¥ (3.4), ¨ ¯®íâ®¬ã ª®¬¬ãâ¨àã¥â á ¬ âà¨æ ¬¨ (3.5). � ª¨¥ ¬ âà¨æë
¯à¨ïâ®  §ë¢ âì ç¨áâë¬¨ ®â®á¨â¥«ì® áâàãªâãàëå  ää¨®à®¢ e ¨  ([7], á. 67).

3. �¥ªâ®à®¥ ¯®«¥ w   M , ¢¤®«ì ª®â®à®£® ¯à®¨§¢®¤ë¥ �¨ ®â  ää¨®à®¢ (3.5) ã¤®¢«¥â¢®-
àïîâ ãá«®¢¨ï¬

Lwe = 0; Lw = 0; (4.3)

 §ë¢ ¥âáï £®«®¬®àäë¬. �®áª®«ìªã (Lw)
Q
S = wT@T

Q
S + QT @Sw

T � TS @Tw
Q, â® ¢ á¨«ã ¯®áâ®-

ïáâ¢  ¬ âà¨æ (3.5) @T eQS = @T
Q
S = 0, ¨ ¬ë ¯®«ãç ¥¬, çâ® ãá«®¢¨ï £®«®¬®àä®áâ¨ ¯®«ï w (4.3)

à ¢®á¨«ìë ç¨áâ®â¥ ¬ âà¨æë (@SwT ) ®â®á¨â¥«ì®  ää¨®à®¢ (3.5). � ª¨¬ ®¡à §®¬, ¢ á¨«ã

á¢®©áâ¢  2 ¯®«ë© «¨äâ (4.2) ï¢«ï¥âáï £®«®¬®àäë¬ ¢¥ªâ®àë¬ ¯®«¥¬   fM .
4. �«ï ¢áïª®© ¯ àë ¯à®¥ªâ¨àã¥¬ëå ¢¥ªâ®àëå ¯®«¥© u, v   M

C[u; v] = [Cu; Cv]: (4.4)

�¥©áâ¢¨â¥«ì®, à áá¬ âà¨¢ ï ¤¨ää¥à¥æ¨àã¥¬®¥ ®â®¡à ¦¥¨¥ ' : fM !M , ¯¥à¥¢®¤ïé¥¥ â®çªãex ®ªà¥áâ®áâ¨ eU � fM á «®ª «ìë¬¨ ª®®à¤¨ â ¬¨ (3.1) ¢ â®çªã x ®ªà¥áâ®áâ¨ U � M á ª®®à-
¤¨ â ¬¨ (x�; xi; xA), ¯®«ãç ¥¬, çâ® ¯®«ï Cu ¨ u (á®®â¢¥âáâ¢¥® Cv ¨ v) '-á¢ï§ ë ([2], á. 19),
®âªã¤  á«¥¤ã¥â (4.4).

�ãáâì â¥¯¥àì ¤«ï ¯à®¥ªâ¨àã¥¬ëå ¯®«¥© u, v   M ¨¬¥¥â ¬¥áâ® v = Fu, £¤¥ F | ¯à®¥ªâ¨àã-
¥¬ë©  ää¨®à, ¨¬¥îé¨©, á«¥¤®¢ â¥«ì®, ¬ âà¨æã ¢¨¤  (1.3), ¥ ®¡ï§ â¥«ì® ¥¢ëà®¦¤¥ãî.

�®£¤  á ¯®¬®éìî ¬ âà¨æë F ¬®¦® ¯®áâà®¨âì ¬ âà¨æã ¢¨¤  (3.4), ª®â®à ï ¢ fM ®¯à¥¤¥«¨â
 ää¨®à CF ,  §ë¢ ¥¬ë© ¯®«ë¬ «¨äâ®¬ F . �ã¤¥¬ ¨¬¥âì

Cv = CF Cu: (4.5)

�á«¨ v = F (u
1
; : : : ; u

k
) | ¢¥ªâ®à®-§ ç ï ¯à®¥ªâ¨àã¥¬ ï «¨¥© ï äãªæ¨ï ®â ¯à®¥ªâ¨àã¥¬ëå

¢¥ªâ®àëå ¯®«¥© u
1
; : : : ; u

k
, â® ¯à¨¬¥ïï ¨¤ãªæ¨î ¯® k á ãç¥â®¬ (4.5), ¤«ï «¨äâ®¢ íâ¨å ¯®«¥© ¢

fM ¡ã¤¥¬ ¨¬¥âì

Cv = CF (Cu
1
; : : : ; Cu

k
): (4.6)
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�¥ªâ®à®-§ ç ï äãªæ¨ï CF ¢ (4.6) ®¯à¥¤¥«ï¥â ¯®«ë© «¨äâ äãªæ¨¨ F . �®áª®«ìªã §¤¥áì
¥ ¨á¯®«ì§ã¥âáï â¥§®àë© å à ªâ¥à ¯à¥®¡à §®¢ ¨©,   à¥çì ¨¤¥â «¨èì ® á®®â¢¥âáâ¢ãîé¥©
¯à®áâà áâ¢¥®© ¬ âà¨æ¥, â® ¢á¥ áª § ®¥ ¢ ¯®«®© ¬¥à¥ ®â®á¨âáï ª ¤¨ää¥à¥æ¨ «ì®-

£¥®¬¥âà¨ç¥áª¨¬ ®¡ê¥ªâ ¬   M ¨ ¨å «¨äâ ¬ ¢ fM . �ç¥¢¨¤®,
1. ª®¬¯®¥âë CF ®¡« ¤ îâ á¢®©áâ¢®¬ ç¨áâ®âë ®â®á¨â¥«ì®  ää¨®à®¢ (3.5);
2. CF � 0 à ¢®á¨«ì® F � 0.

5. �¨äâ ¯à®¥ªâ¨àã¥¬®© á¢ï§®áâ¨

�à®¥ªâ¨àã¥¬ ï «¨¥© ï á¢ï§®áâì r   M ¤®¯ãáª ¥â ¯®«ë© «¨äâ Cr ¢ fM , ª®â®àë©
®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬ ®¡à §®¬: ¥á«¨ u, v | ¯à®¨§¢®«ìë¥ ¯à®¥ªâ¨àã¥¬ë¥ ¢¥ªâ®àë¥ ¯®«ï
  M , â®

C(rvu) =
CrCv

Cu: (5.1)

�ª ¦¥¬ á¢®©áâ¢  á¢ï§®áâ¨ Cr.
1. � ¤®¯ãáâ¨¬ëå ª®®à¤¨ â å ¨§ (2.3) á«¥¤ã¥â �QSTv

SuT = (rvu)Q � vS@Su
Q, ¯®íâ®¬ã, ¯¥à¥-

å®¤ï ¢ íâ®¬ à ¢¥áâ¢¥ ª ¯®«ë¬ «¨äâ ¬, ¯®«ãç¨¬, çâ® á¢ï§®áâì ¯®«®£® «¨äâ  ¨¬¥¥â á¢®¨¬
®¡ê¥ªâ®¬ ¯®«ë© «¨äâ ®¡ê¥ªâ  ¨áå®¤®© ¯à®¥ªâ¨àã¥¬®© á¢ï§®áâ¨  M (®âáî¤ , ¢ ç áâ®áâ¨,
á«¥¤ã¥â áãé¥áâ¢®¢ ¨¥ á¢ï§®áâ¨ Cr).

2. �¢ï§®áâì Cr £®«®¬®àä  ([7], áá. 109, 187) ®â®á¨â¥«ì®  ää¨®àëå áâàãªâãà (3.5),
¯®áª®«ìªã ¢ (5.1) Cu, Cv, C(rvu) | £®«®¬®àäë¥ ¢¥ªâ®àë¥ ¯®«ï.

3. �¢ï§®áâì ¯®«®£® «¨äâ  á®åà ï¥â áâàãªâãàã, ®¯à¥¤¥«ï¥¬ãî  ää¨®à ¬¨ (3.5). �¥©áâ¢¨-
â¥«ì®, ¢ ¢ëà ¦¥¨¨ CrQ

S
T = @Q

S
T + C�SQR

R
T �

C�RQT
S
R ¯¥à¢ë© ç«¥ ¯à ¢®© ç áâ¨ ¨áç¥§ ¥â

¢¢¨¤ã ¯®áâ®ïáâ¢  ª®®à¤¨ â  ää¨®àëå ¯®«¥© (3.5),   ¤¢  ¤àã£¨¥ ç«¥  ¢§ ¨¬® ã¨çâ®¦ -
îâáï ¢ á¨«ã ç¨áâ®âë ®¡ê¥ªâ  á¢ï§®áâ¨ ¯®«®£® «¨äâ , ¨, á«¥¤®¢ â¥«ì®,

Cre = Cr = 0: (5.2)

�®íâ®¬ã ¢ á¢ï§®áâ¨ Cr ï¢«ïîâáï  ¡á®«îâ® ¯ à ««¥«ìë¬¨ à á¯à¥¤¥«¥¨ï Ker e, Ker , Im e,
Im .

4. �®«ë© «¨äâ â¥§®à  ªà¨¢¨§ë ¯à®¥ªâ¨àã¥¬®© á¢ï§®áâ¨ r á®¢¯ ¤ ¥â á â¥§®à®¬ ªà¨-
¢¨§ë á¢ï§®áâ¨ Cr. �«ï ¤®ª § â¥«ìáâ¢  ¢ (2.4) ¯¥à¥©¤¥¬ ª ¯®«ë¬ «¨äâ ¬ ¨ ¡ã¤¥¬ ¨¬¥âì

C(R(u; v)w) = CrCu
CrCv

Cw � CrCv
CrCu

Cw � Cr[Cu;Cv]
Cw = CR(Cu; Cv) Cw: (5.3)

� ç áâ®áâ¨, ¨§ (5.3) á«¥¤ã¥â, çâ® á¢ï§®áâì Cr ¡ã¤¥â ¯«®áª®© â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  r |
¯«®áª ï á¢ï§®áâì.

5. �®«ë© «¨äâ â¥§®à  ªàãç¥¨ï ¯à®¥ªâ¨àã¥¬®© á¢ï§®áâ¨ r ï¢«ï¥âáï â¥§®à®¬ ªàãç¥¨ï
á¢ï§®áâ¨ Cr. �¬¥®, ¨§ (2.5)  å®¤¨¬

C(S(u; v)) = CrCu
Cv � CrCv

Cu� [Cu; Cv] = CS(Cu; Cv): (5.4)

�®£« á® (5.4) á¢ï§®áâì Cr ¥ ¨¬¥¥â ªàãç¥¨ï â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  íâ® ¨¬¥¥â ¬¥áâ® ¤«ï
á¢ï§®áâ¨ r.

�§ ãá«®¢¨ï (5.1) ¬®¦® ¢ëà §¨âì ¢á¥ ¥ã«¥¢ë¥ ª®¬¯®¥âë á¢ï§®áâ¨ Cr ç¥à¥§ ª®¬¯®-
¥âë á¢ï§®áâ¨ r, ®¤ ª® ¢¢¨¤ã ¨å ¡®«ìè®£® ª®«¨ç¥áâ¢  (512) ®£à ¨ç¨¬áï à áá¬®âà¥¨¥¬
á®®â¢¥âáâ¢ãîé¨å ä®à¬ íâ¨å á¢ï§®áâ¥©. � á¨«ã ¯à®¥ªâ¨àã¥¬®áâ¨ á¢ï§®áâ¨ r ¥¥ ä®à¬  á¢ï§-

®áâ¨ ! ¨¬¥¥â ¬ âà¨æã ¢¨¤  (1.3). �®£¤  C! ¡ã¤¥â ä®à¬®© á¢ï§®áâ¨ Cr   fM , ¨ ¥¥ ¬ âà¨æ 

24



¡ã¤¥â ¨¬¥âì ¢¨¤ (3.4), ¯®íâ®¬ã

C!�� =
C!e�e� = !�� ;

C!�B = C!e�eB = !�B;
C!e�� = @�!

�
� x
e� + @B!

�
� x
eB;

C!e�B = @�!
�
Bx
e� + @A!

�
Bx
eA; C!ij =

C!i
j
= !ij ;

C!iB = C!i
B
= !iB;

C!ij = @k!
i
jx

k + @B!
i
jx

B; C!iB = @k!
i
Bx

k + @A!
i
Bx

A;

C!AB = C! eAeB = C!A
B
= C!

eAeB = !AB;
C! eAB = C!

eA
B
= @C!

A
Bx
eC ;

C!AB = C!
eAeB = @C!

A
Bx

C ; C!
eA
B = @C@D!

A
Bx
eCxD + @D!

A
Bx
eD:

(5.5)

� íâ¨å á®®â®è¥¨ïå § ¤¥©áâ¢®¢ ë ¢á¥ ¥ã«¥¢ë¥ ä®à¬ë á¢ï§®áâ¨ r,   ¢á¥ ä®à¬ë á¢ï§®áâ¨
Cr, ¥ ®¯à¥¤¥«¥ë¥ ¢ (5.5), ¯®« £ ¥¬ à ¢ë¬¨ ã«î, ¯®áª®«ìªã ¯à¨ ¯à¥®¡à §®¢ ¨¨ (3.4) ¨¤ã-

æ¨à®¢ ëå   fM «®ª «ìëå ª®®à¤¨ â (3.1) íâ¨ ä®à¬ë ¯à¥®¡à §ãîâáï ®¤®à®¤®, ¨ ®¡à é¥¨¥
¨å ¢ ã«ì ¨¢ à¨ â®. � ¯à¨¬¥à, ¤«ï C!i

0

� 0 ¡ã¤¥¬ ¨¬¥âì C!i
0

� 0 = C!PQA
i0

PA
Q
� 0 � AP

� 0dAi0

P , ®âªã¤  á
ãç¥â®¬ (3.4) ¨ (5.5) ¯®«ãç ¥¬

C!i
0

� 0 = C!j�A
i0

j A
�
� 0 + C!B� A

i0

BA
�
� 0 + C!je�Ai0

j A
e�
� 0 + C!Be� Ai0

BA
e�
� 0 = 0;

â. ª. C!j� = C!B� = C!je� = C!Be� = 0, ¨¡® íâ¨ ¢¥«¨ç¨ë ¥ á®¤¥à¦ âáï ¢ ç¨á«¥ ®¯à¥¤¥«ï¥¬ëå ¢
(5.5) ¥ã«¥¢ëå, ¢®®¡é¥ £®¢®àï, ä®à¬ á¢ï§®áâ¨ Cr. � «®£¨çë¥ ¢ëª« ¤ª¨ ¯®ª §ë¢ îâ, çâ®
¨ ¢á¥ ®áâ «ìë¥ ª®¬¯®¥âë ä®à¬ C!PQ, ¥ ¢å®¤ïé¨¥ ¢ (5.5), ¯®á«¥ ¤®¯ãáâ¨¬®£® ¯à¥®¡à §®¢ ¨ï
(3.4) ®áâ îâáï ã«¥¢ë¬¨.

� ª¨¬ ®¡à §®¬, ¯à®¥ªâ¨àã¥¬ ï á¢ï§®áâì r   M ¨ á¢ï§®áâì Cr   fM ¢§ ¨¬®®¤®§ ç®
®¯à¥¤¥«ïîâ ¤àã£ ¤àã£ .

6. �¥àâ¨ª «ìë¥ ¨ £®à¨§®â «ìë¥ «¨äâë

�¬¥ï ¯®«ë© «¨äâ (4.2) ¯®«ï v ¨§M ¢ fM , ¬®¦® ®¯à¥¤¥«¨âì á ¯®¬®éìî  ää¨®àëå ¯®«¥©

(3.5) â ª¦¥ ¨ ¢¥àâ¨ª «ìë¥ «¨äâë ¢ fM
eV v = e Cv; V v =  Cv;

eV v = e Cv: (6.1)

� á¨«ã (5.1), (5.2) ¨ (6.1)

CrCv
eV u = CreV vCu = eV (rvu);

CrCv
V u = CrV v

Cu = V (rvu);
CrCv

eV u = CreV vCu = eV (rvu):

� ª®®à¤¨ â å (3.1) ¡ã¤¥¬ ¨¬¥âì

eV v = (0; v� ; 0; 0; 0; vA ; 0; vA); V v = (0; 0; 0; vi ; 0; 0; vA; v eA); eV v = (0; 0; 0; 0; 0; 0; 0; vA): (6.2)

�®áª®«ìªã Cv ¨ V v ®¯à¥¤¥«¥ë ¨¢ à¨ â®, â® ¨¢ à¨ â® ®¯à¥¤¥«ïîâáï ¨ £®à¨§®â «ìë¥
«¨äâë âà¥å â¨¯®¢, ã¤®¢«¥â¢®àïîé¨¥ ãá«®¢¨ï¬

Cv = eV v + eHv = V v + Hv =
eV v + eHv; (6.3)

¨§ ª®â®àëå ¢ ª®®à¤¨ â å (3.1) ¯®«ãç¨¬

eHv = (v�; ve� � v�; vi; vi; vA; v eA � vA; vA; v
eA � vA);

Hv = (v�; ve�; vi; vi � vi; vA; v eA; vA � vA; v
eA � v eA);

eHv = (v�; ve�; vi; vi; vA; v eA; vA; veA � vA):

(6.4)
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� íâ¨å á®®â®è¥¨ïå ®áâ ¥âáï ¢ëç¨á«¨âì à §®áâ¨ ve� � v�, v eA � vA, vi � vi ¨ â. ¤., çâ® ¬®¦®
á¤¥« âì á ¯®¬®éìî á«¥¤ãîé¨å á®®¡à ¦¥¨©.

� áá¬®âà¨¬ «¨äâ eV v, ª®â®àë© ¢ á¨«ã e2 = 0 ¨ (6.1) ã¤®¢«¥â¢®àï¥â ãá«®¢¨î e eV v = 0,  

á«¥¤®¢ â¥«ì®, ¨ e �eV v
dt1

= 0, ¯®íâ®¬ã �eV v
dt1

= � eV v. �à¥®¡à §ãï ¯ à ¬¥âà t1, ¬®¦® ¤®áâ¨çì � = 1,

¨ ¯®á«¥¤¥¥ á®®â®è¥¨¥ ¡ã¤¥â ¨¬¥âì ¢¨¤ deV v
dt1

+ !
dt1

= eV v. �á¯®«ì§ãï (6.2), á ãç¥â®¬ (5.5) ¯à¨
t1 = 0

ve� � v� = �����x
e�v� � ��B�x

eBv� � ���Ax
e�vA � ��BAx

eBvA;
v eA � vA = ��ABCx

eBvC ; v
eA � vA = �C�ABCx

eBvC : (6.5)

� «®£¨ç® ¯à¥®¡à §ãîâáï ¤¢  ¤àã£¨¥ «¨äâ  (6.4), ¤«ï ª®â®àëå ¡ã¤¥¬ ¨¬¥âì

vi � vi = ��ijkx
jvk � �iBkx

Bvk � �ijAx
jvA � �iBAx

BvA;

vA � vA = ��ABCx
BvC ; v

eA � v eA = �C�eABCxBvC ;
v
eA � vA = ��ABCx

eBvC :
(6.6)

�®®â®è¥¨ï¬¨ (6.4), (6.5) ¨ (6.6) £®à¨§®â «ìë¥ «¨äâë ¢¯®«¥ ®¯à¥¤¥«¥ë ¨ å®à®è® á®£« áã-
îâáï á à¥§ã«ìâ â ¬¨ [6],   ¥¯®áà¥¤áâ¢¥ ï ¯à®¢¥àª  ¨å ¨¢ à¨ â®áâ¨ ¯à¨ ¯à¥®¡à §®¢ ¨¨ á
¬ âà¨æ¥© (3.4) ¤ ¥â ¯®«®¦¨â¥«ìë© à¥§ã«ìâ â, çâ®, ¢¯à®ç¥¬, «¥£ª® ¢ëâ¥ª ¥â ¨ ¨§ (6.3) ¨ (6.1).

�â® ª á ¥âáï  ¯à ¢«¥¨ï ¢®§¬®¦ëå ¯à¨«®¦¥¨©, â® à áá¬®âà¥ë© ¢ëè¥ á«ãç © ¯ àë
ª®¬¬ãâ â¨¢ëå ¯®«ãª á â¥«ìëå áâàãªâãà ¯¥à¢®£® ¯®àï¤ª  ¬®¦¥â á«ã¦¨âì å®à®è¨¬ ¯à¨¬¥à®¬
¢ â¥®à¨¨ à áá«®¥¨© áâàã© [8],   â ª¦¥ ¨áâ®ç¨ª®¬ ®¡®¡é¥¨©   á«ãç © ª®¬¬ãâ â¨¢ëå ¯ à
áâàãªâãà ¡®«¥¥ ¢ëá®ª¨å ¯®àï¤ª®¢.
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