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1. �¢¥¤¥¨¥. �á¥ à áá¬ âà¨¢ ¥¬ë¥ ®â®¡à ¦¥¨ï ¨ ¬®£®®¡à §¨ï ¯à¥¤¯®« £ îâáï £« ¤ª¨¬¨.
�ãáâì S | ¬®£®®¡à §¨¥ ¨ G | £àã¯¯  �¨. �¡®§ ç¨¬ ç¥à¥§ TS ¨ TG á®®â¢¥âáâ¢¥® ª á -
â¥«ìë¥ à áá«®¥¨ï S ¨ G. �¥à¥§ TxS ®¡®§ ç¨¬ «¨¥©®¥ ¯à®áâà áâ¢®, ª á îé¥¥áï S ¢ â®çª¥
x. � áá¬®âà¨¬ «¥¢®¥ ¤¥©áâ¢¨¥

G� S ! S : (g; x)! gx; (1)

ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬
a(gx) = (ag)x; Ix = x;

£¤¥ I | ¥¤¨¨çë© í«¥¬¥â £àã¯¯ë G. � áá¬®âà¨¬ «¨¥©ãî ä®à¬ã

� = dx+ (g�1dg)x (2)

¨  áá®æ¨¨à®¢ ãî á¨áâ¥¬ã ãà ¢¥¨© �ä ää 

� = 0: (3)

�á«¨ íâ  á¨áâ¥¬  ¢¯®«¥ ¨â¥£à¨àã¥¬ , â® áãé¥áâ¢ãîâ ¯¥à¢ë¥ ¨â¥£à «ë ãà ¢¥¨© (3), ¨ ¤¥©-
áâ¢¨¥ £àã¯¯ë ¬®¦¥â ¡ëâì ®¯¨á ® á ¯®¬®éìî íâ¨å ¨â¥£à «®¢ (á¬. [1]).

�¥à¥©¤¥¬ ª «®ª «ì®¬ã ®¯¨á ¨î. �ãáâì u1; : : : ; up | ª®®à¤¨ âë í«¥¬¥â  g ¢ ª®®à¤¨-
 â®© ®ªà¥áâ®áâ¨ £àã¯¯ë G. �ãáâì x1; : : : ; xm | ª®®à¤¨ âë â®çª¨ x 2 S ¨ y1; : : : ; ym |
ª®®à¤¨ âë â®çª¨ gx. �®£¤  áãé¥áâ¢ãîâ â ª¨¥ £« ¤ª¨¥ äãªæ¨¨ F 1; : : : ; Fm, çâ®

yi = F i(u1; : : : ; ur;x1; : : : ; xm) (i = 1; : : : ;m);

£¤¥ m = dimS. �¡®§ ç¨¬ ç¥à¥§ E1; : : : ; Er ¡ §¨á ¢ ª á â¥«ì®¬ ¯à®áâà áâ¢¥ TIG ¨ ç¥à¥§ DE�

(� = 1; : : : ;m) | á®®â¢¥âáâ¢ãîé¨¥ ¯ä ää®¢ë ¯à®¨§¢®¤ë¥. �¡®§ ç¨¬ ç¥à¥§ �1; : : : ; �r ª®¬¯®-
¥âë «¥¢®¨¢ à¨ â®© ä®à¬ë g�1dg ¢ ãª § ®¬ ¡ §¨á¥. �®£¤  ä®à¬ã � ¬®¦® ¯à¥¤áâ ¢¨âì
¢ ¢¨¤¥

�i = dxi +
rX

�=1

bF i
�(x

1; : : : ; xm)��; (4)

£¤¥ bF i
�(x

1; : : : ; xm) = DE�
F i(I;x1; : : : ; xm):

�¨ää¥à¥æ¨ «ìë¥ ä®à¬ë �i  §ë¢ îâáï ¨¢ à¨ âë¬¨ ä®à¬ ¬¨ ¤¥©áâ¢¨ï (1).
� áá¬®âà¨¬ à áá«®¥¨¥ (R;M;Ln

1 ; �) «¨¥©ëå à¥¯¥à®¢  ¤ ¬®£®®¡à §¨¥¬ M (dimM = n),
£¤¥ Ln

1 | «¨¥© ï £àã¯¯ , ®¡ëç® ®¡®§ ç ¥¬ ï á¨¬¢®«®¬ GL(n;R). �®£¤  á«®© ��1(m)  ¤
â®çª®©m 2M ¥áâì á®¢®ªã¯®áâì ¢á¥å «¨¥©ëå à¥¯¥à®¢ ¬®£®®¡à §¨ïM ¢ íâ®© â®çª¥. � ¦¤ë©
à¥¯¥à ¬®¦¥â ¡ëâì ®â®¦¤¥áâ¢«¥ á à¥£ã«ïà®© áâàã¥© j1of , £¤¥ f | ¤¨ää¥®¬®àä¨§¬ ®ªà¥áâ®-
áâ¨ â®çª¨ O 2 Rn ¢ M , ¯à¨ç¥¬ f(O) = m. �®à¥¯¥à,  áá®æ¨¨à®¢ ë© á j1of , ¥áâì j

1
mf

�1. � -
¦¤ë© ¢¥ªâ®à ~v 2 TmM ¬®¦® ¨§®¡à §¨âì í«¥¬¥â®¬ (v1; : : : ; vn) 2 Rn, £¤¥ vi | ª®®à¤¨ âë
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~v ®â®á¨â¥«ì® à¥¯¥à  j1of . �ãáâì !
1; : : : ; !n | í«¥¬¥âë ª®à¥¯¥à . �ëà §¨¬ ¨å ¢ «®ª «ìëå

ª®®à¤¨ â å.
�ãáâì (U; x) | «®ª «ì®¥ ®â®¡à ¦¥¨¥ M ,  ªàë¢ îé¥¥ m. �â® ®§ ç ¥â, çâ® m 2 U ¨

x : U ! Rn. �®£¤  ¢áïª ï â®çª  j1of 2 ��1U ¨¬¥¥â «®ª «ìë¥ ª®®à¤¨ âë (x1; : : : ; xn;A1
1; : : : ;

Ai
j ; : : : ; A

n
n), £¤¥ x

i | ª®®à¤¨ âë â®çª¨ x(f(O)) ¢ Rn,   (Ai
j) | ïª®¡¨¥¢  ¬ âà¨æ  ®â®¡à ¦¥¨ï

x! f(x) ¢ â®çª¥ O. �¡®§ ç¨¬ ç¥à¥§ (aij) ¬ âà¨æã, ®¡à âãî ª (Ai
j). �®£¤ 

!ijj1of =
X
u

aiudx
u:

�ã¤¥¬ ®¡®§ ç âì á¨¬¢®«®¬ (Rr;M;Ln
r ; �r) à áá«®¥¨¥ à¥¯¥à®¢ r-£® ¯®àï¤ª    M . �®çª ¬¨

à áá«®¥¨ï Rr á«ã¦ â à¥£ã«ïàë¥ áâàã¨ jrof ¯®àï¤ª  r, £¤¥ f | «®ª «ìë© ¤¨ää¥®¬®àä¨§¬
®ªà¥áâ®áâ¨ â®çª¨ O 2 Rn ¢ M . �âàãªâãà ï £àã¯¯  Ln

r íâ®£® à áá«®¥¨ï ®¡à §®¢   à¥£ã«ïà-
ë¬¨ áâàãï¬¨ jro�, £¤¥ � | ¤¨ää¥®¬®àä¨§¬ ®ªà¥áâ®áâ¨ â®çª¨ O 2 Rn ¢ íâã ¦¥ ®ªà¥áâ®áâì,
¯à¨ç¥¬ �(O) = O. �  â®â «ì®¬ ¯à®áâà áâ¢¥ Rr ®¯à¥¤¥«¥® ¯®«¥ ª ®¨ç¥áª®© ä®à¬ë !(r),
®â®¡à ¦ îé¥© TRr ¢ Rn � TIL

n
r�1 (á¬. [2]). �®¬¯®¥âë !i; !ik; : : : ; !

i
k1:::kr�1

ä®à¬ë !(r) ã¤®¢«¥-
â¢®àïîâ ãà ¢¥¨ï¬

d!i +
X
h

!ih ^ !
h; d!ij +

X
h

(!ih ^ !
h
j + !ihj ^ !

h) = 0;

d!ij1j2 +
X
h

(!ih ^ !
h
j1j2

+ !ihj1 ^ !
h
j2
+ !ihj2 ^ !

h
j1
+ !ihj1j2 ^ !

h) = 0;

¨ â. ¤.,  §ë¢ ¥¬ë¬ áâàãªâãàë¬¨ ãà ¢¥¨ï¬¨ (á¬. [3], [1], [4]).
� áá¬®âà¨¬ ¡®«¥¥ ®¡é¥¥ à áá«®¥¨¥ (P;M;G; �), £¤¥ G | £àã¯¯  �¨, ¤¥©áâ¢ãîé ï   ¬®-

£®®¡à §¨¨ S. �¢¥¤¥¬ á«¥¤ãîé¥¥ ¤¥©áâ¢¨¥ £àã¯¯ë G   P � S:

(g; (p; s)) = (pg�1; gs):

�¡®§ ç¨¬ ç¥à¥§ F ¬®£®®¡à §¨¥ á®®â¢¥âáâ¢ãîé¨å ®à¡¨â. �¯à¥¤¥«¨¬ ¯à®¥ªæ¨î � : P �S !M ,
¯¥à¥¢®¤ïéãî ®à¡¨âã í«¥¬¥â  (p; s) ¢ �(p). � ª¨¬ ®¡à §®¬, F ¥áâì â®â «ì®¥ ¯à®áâà áâ¢® à á-
á«®¥¨ï,  áá®æ¨¨à®¢ ®£® á £« ¢ë¬ à áá«®¥¨¥¬ (P;M;G; �). �â®  áá®æ¨¨à®¢ ®¥ à áá«®¥¨¥
®¡®§ ç¨¬ á¨¬¢®«®¬ (F;M;G; S;�); S { áâ ¤ àâë© á«®© íâ®£®  áá®æ¨¨à®¢ ®£® à áá«®¥¨ï;
á¥ç¥¨¥  áá®æ¨¨à®¢ ®£® à áá«®¥¨ï ¬®¦® à áá¬ âà¨¢ âì ª ª ®â®¡à ¦¥¨¥ s : P ! S, ã¤®-
¢«¥â¢®àïîé¥¥ ãá«®¢¨î s(pg�1) = gs(p).

�¨áâ¥¬  ãà ¢¥¨© �ä ää  �i = 0 (¢¥à¥¬áï ª ä®à¬ã« ¬ (3) ¨ (4)) ¨¬¥¥â ¬¥áâ® ¤«ï ª ¦¤®-
£® á«®ï ¢ F . �â®¡ë ¯®«ãç¨âì á¨áâ¥¬ã ãà ¢¥¨© ¤«ï á¥ç¥¨ï �, ¬ë ¤®«¦ë ¤®¯®«¨âì ä®à¬ë
�i ª®¬¯®¥â ¬¨, «¨¥©® ¢ëà ¦ îé¨¬¨áï ç¥à¥§ ¡ §¨áë¥ ª®¬¯®¥âë !i. � ç¨â, ¡ã¤¥¬ ¯®-
« £ âì

e�i = dxi +
dimGX
�=1

bF i
�(x)�

� +
dimMX
k=1

xik!
k; (5)

£¤¥ xik | ¥ª®â®àë¥ äãªæ¨¨   TS �G.
� ª ç¥áâ¢¥ ¯à¨¬¥à  à áá¬®âà¨¬ £à áá¬ ®¢® ¬®£®®¡à §¨¥ ¯¥à¢®£® ¯®àï¤ª . �ãáâì p | æ¥-

«®¥ ç¨á«® (1 � p � n). �®ª ¦¥¬, çâ® ¬®¦¥áâ¢® ¢á¥å p-¬¥àëå ¯®¤¯à®áâà áâ¢ ¢ Rn ï¢«ï¥âáï
¬®£®®¡à §¨¥¬ ¨ çâ®   íâ®¬ ¬®£®®¡à §¨¨ ¤¥©áâ¢ã¥â £àã¯¯  ¬ âà¨çëå £®¬®£à ä¨©. �á¯®«ì-
§ã¥¬ ª®áâàãªæ¨î, ãª § ãî � £ ®¬ (á¬. [5]).

�¡®§ ç¨¬ ç¥à¥§ �p;n ¬®¦¥áâ¢® p-¯«®áª®áâ¥© ¢ Rn. �¢¥¤¥¬ «®ª «ìãî ¯ à ¬¥âà¨§ æ¨î  
�p;n. �ãáâì S ¨ T | ¤¢  «¨¥©ëå ¯®¤¯à®áâà áâ¢  ¢ Rn â ª¨å, çâ® dimS = p ¨ Rn = S � T

(¯àï¬ ï áã¬¬ ). � ç¨â, ¢®§¨ª îâ ¤¢¥ ª ®¨ç¥áª¨¥ ¯à®¥ªæ¨¨

� : Rn ! S ¨ � : Rn ! T:

�®§ì¬¥¬ â ª®¥ p-¬¥à®¥ ¯®¤¯à®áâà áâ¢® X � Rn, çâ® X
T
T = 0. �®£¤  �jX ï¢«ï¥âáï «¨¥©ë¬

¨§®¬®àä¨§¬®¬ X   S. �¡®§ ç¨¬ ç¥à¥§ �X ®â®¡à ¦¥¨¥, ®¡à â®¥ ª �jX. �®£¤  �X : S ! X.
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� áá¬®âà¨¬ ®â®¡à ¦¥¨¥ hX = � � �X . �â® ®â®¡à ¦¥¨¥ hX ¥áâì «¨¥©ë© £®¬®¬®àä¨§¬ S ¢ T .
�â®¡ë ¢ëà §¨âì hX ¢ ª®®à¤¨ â å, à áá¬®âà¨¬ ¡ §¨á (~i1; : : : ;~ip) ¢ S ¨ ¡ §¨á (~ip+1; : : : ;~in) ¢ T .
� á â¥«ì®¥ ®â®¡à ¦¥¨¥ ��

X ®¯à¥¤¥«ï¥â ¡ §¨á (~j1; : : : ;~jp) ¢ X. � §«®¦¥¨ï

��(~ja) =
nX

u=p+1

hua
~iu

®¯à¥¤¥«ïîâ ¬ âà¨æã (hua) = ĥX . �®áª®«ìªã ®â®¡à ¦¥¨¥ X ! hX ¢§ ¨¬®®¤®§ ç®, â® à á-
á¬®âà¨¬ hua ª ª ª®®à¤¨ âë ¯®¤¯à®áâà áâ¢  X, ¨£à îé¥£® à®«ì â®çª¨ ¢ �p;n. � ª ï á¨áâ¥¬ 
ª®®à¤¨ â ¯®ªàë¢ ¥â ®¡« áâì

fX j dimX = p; Rn = X
M

Tg:

�«ï ª ¦¤®£® ¢¥ªâ®à  ~x 2 X ¨¬¥¥¬

�(~x) =
pX

a=1

xa~ia; �(~x) =
nX

u=p+1

xu~iu:

� ç¨â, X, ª ª «¨¥©®¥ ¯®¤¯à®áâà áâ¢® ¢ Rn, ¬®¦¥â ¡ëâì § ¤ ® ¯ à ¬¥âà ¬¨

xa(t1; : : : ; tp) = ta (a = 1; : : : ; p); (6)

xu(t1; : : : ; tp) =
pX

a=1

huat
a (u = p+ 1; : : : ; n): (7)

�§ (6) ¨ (7) ¨¬¥¥¬

xu �
pX

a=1

huax
a = 0 (8)

| á¨áâ¥¬  ãà ¢¥¨©, ®¯à¥¤¥«ïîé ï ¯®¤¯à®áâà áâ¢® X ¢ Rn. �âáî¤ 

X = ker (� � h � �): (9)

�ãáâì A |  ¢â®¬®àä¨§¬ ¯à®áâà áâ¢  Rn. �¡®§ ç¨¬ ç¥à¥§ �S ¨ T ®¡à §ë ¯®¤¯à®áâà áâ¢ S ¨
T , ç¥à¥§ � ¨ � | ª ®¨ç¥áª¨¥ ¯à®¥ªâ¨à®¢ ¨ï, ®â¢¥ç îé¨¥ ®¢®¬ã à §«®¦¥¨î Rn = S � T

(¯à¥¤¯®« £ ¥âáï, çâ® â ª®¥ à §«®¦¥¨¥ ¨¬¥¥â ¬¥áâ®). �¯à¥¤¥«¨¬ § â¥¬ ®â®¡à ¦¥¨¥ �X : S !
X, ¤«ï ª®â®à®£® ���X = IS, ¨ ®â®¡à ¦¥¨¥ � ��X . � ª ª ª ¤«ï «î¡®£® ~t 2 S ¨¬¥¥¬ (IS+hX)(~t) 2
X, â® «¥£ª® ã¡¥¤¨âìáï ¢ á¯à ¢¥¤«¨¢®áâ¨ à ¢¥áâ¢

hX � ((� j S) + (� j T ) � hX) = (� � T ) � hX + � j S:

�®íâ®¬ã ¤«ï hX ¯®«ãç ¥¬ ¢ëà ¦¥¨¥

hX = ((� � T ) � hX + � j S) � ((� j T ) � h+ � j S)�1: (10)

�ë¡¥à¥¬ ¡ §¨á (~e1; : : : ; ~ep) ¢ S ¨ ¡ §¨á (~ep+1; : : : ; ~en) ¢ T . �®£¤  «¨¥©ë¥ ®â®¡à ¦¥¨ï � j S,
� j T , � j S ¨ � j T ¬®¦® ¯à¥¤áâ ¢¨âì á®®â¢¥âáâ¢¥® ¬ âà¨æ ¬¨ (dab ), (c

a
w), (b

w
a ) ¨ (awu ), £¤¥

a; b = 1; : : : ; p ¨ u;w = p+ 1; : : : ; n. �¥¯¥àì (10) ¬®¦® § ¯¨á âì ¢ ¬ âà¨ç®¬ ¢¨¤¥

h = (ah+ b)(ch + d)�1: (11)

�¥£ª® ã¡¥¤¨âìáï, çâ® ª®¬¯®§¨æ¨ï ¤¢ãå ¯à¥®¡à §®¢ ¨© ¢¨¤  (11) ¨¬¥¥â â®â ¦¥ ¢¨¤, â. ¥. (11) |
¬ âà¨çë¥ £®¬®£à ä¨¨. �âáî¤  á«¥¤ã¥â, çâ® ¯à¥®¡à §®¢ ¨ï ¢¨¤  (10) £à áá¬ ®¢  ¯à®áâà -
áâ¢  �(p;n) ®¡à §ãîâ £àã¯¯ã (®¡®¡é¥ãî £àã¯¯ã £®¬®£à ä¨©).
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� ©¤¥¬ ¨ä¨¨â¥§¨¬ «ìë¥ ¯à¥®¡à §®¢ ¨ï ãª § ®© £àã¯¯ë. �¡®§ ç¨¬ ç¥à¥§ 
k
h (k; h =

1; : : : ; n) ª®¬¯®¥âë «¥¢®¨¢ à¨ â®© «¨¥©®© ¤¨ää¥à¥æ¨ «ì®©ä®à¬ë   Ln
1 . �¬¥¥¬ 


k
h =

nP
i=1

Zk
i dA

i
h, £¤¥ Z

k
i | í«¥¬¥âë ¬ âà¨æë, ®¡à â®© ¬ âà¨æ¥

A =
�
a b

c d

�
:

�®¤áç¨âë¢ ï ¤¨ää¥à¥æ¨ « ®â®¡à ¦¥¨ï, § ¤ ¢ ¥¬®£® ä®à¬ã«®© (11), ¯à¨å®¤¨¬ ª ä®à¬ã«¥

�wa = dhwa +
nX

u=p+1


w
uh

u
a +
w

a �
pX

c=1

nX
u=p+1

hwc 

c
uh

u
a �

pX
c=1

hwc 

c
a (12)

| ¢¨¤ ®¡é¥© ä®à¬ã«ë (4) ¢ £à áá¬ ®¢®¬ á«ãç ¥.
� ¤ «ì¥©è¥¬ ¡ã¤¥â ¨á¯®«ì§®¢ âìáï, ¢¯¥à¢ë¥ ¤®ª §  ï �.� àâ ®¬ ¨ § â¥¬ ®¡®¡é¥ ï

�.�.� ¯â¥¢ë¬ (á¬. [6]),

�¥¬¬  � àâ  -� ¯â¥¢ . �ãáâì k ¨ l | æ¥«ë¥ ç¨á«  (1 � k < l) ¨ ¯ãáâì E | ª®¥ç-

®¬¥à®¥ ¢¥ªâ®à®¥ ¯à®áâà áâ¢® á ¡ §¨á®¬ (~e1; : : : ; ~el). �ãáâì (dx1; : : : ; dxl) | ª®¢¥ªâ®àë©

¡ §¨á, ¤ã «ìë© ¯® ®â®è¥¨î ª (~e1; : : : ; ~el). �ãáâì 
1; : : : ;
k | ¢¥è¨¥ ä®à¬ë áâ¥¯¥¨ h

(h < l � 1) :


� =
X

A�i1:::ihdx
i1 ^ � � � ^ dxih (� = 1; : : : ; k):

�á«¨ áãé¥áâ¢ãîâ «¨¥©ë¥ ä®à¬ë !1; : : : ; !h, ¤«ï ª®â®àëå ¢ë¯®«ïîâáï à ¢¥áâ¢ 

kX
�=1


� ^ !
� = 0;

â® áãé¥áâ¢ãîâ â ª¨¥ ¢¥è¨¥ ä®à¬ë  �� (�; � = 1; : : : ; k), ª ¦¤ ï áâ¥¯¥¨ h� 1, çâ®  �� =
� �� ¨


� =
kX

�=1

 �� ^ !
�:

�®à¬ë  �� ¥ ¥¤¨áâ¢¥ë. �á«¨ áãé¥áâ¢ãîâ ¤àã£¨¥ (h� 1)-ä®à¬ë  ��, ¤«ï ª®â®àëåX
�

 �� ^ !
� =

X
�

 �� ^ !
�;

â®  ©¤ãâáï â ª¨¥ (h� 2)-ä®à¬ë ��� (�; �;  = 1; : : : ; k), çâ® ��� = ��� ¨

 �� =  �� +
X


��� ^ !
:

2. �¥à¢ë© ¯®àï¤®ª. �ãáâì p ¨ n { æ¥«ë¥ ç¨á« , ¯à¨ç¥¬ 1 � p < n. �¤¥ªáë a; b; : : : ; g ¡ã¤ãâ
¨§¬¥ïâìáï ®â 1 ¤® p, ¨¤¥ªáë u; v; w | ®â p+ 1 ¤® n,   ¨¤¥ªáë h; i; j; k | ®â 1 ¤® n. �®à¬ã« 

f : (x;X)! Y

®§ ç ¥â, çâ® f | ®â®¡à ¦¥¨¥ ¥ª®â®à®© ®âªàëâ®© ®ªà¥áâ®áâ¨ â®çª¨ x ¯à®áâà áâ¢  X ¢
¯à®áâà áâ¢® Y .

�¥à¥§ Ln
r (r � 1) ®¡®§ ç¨¬ £àã¯¯ã à¥£ã«ïàëå r-áâàã© ¢¨¤  jrof , £¤¥ f : (O;Rn) ! Rn,

¯à¨ç¥¬ f(O) = O ¨ ®â®¡à ¦¥¨¥ f 0(O) ¥ ï¢«ï¥âáï ®á®¡ë¬. �á«¨ M | ¬®£®®¡à §¨¥, â® ®¡®-
§ ç¨¬ ç¥à¥§ T p

(r)M ¬®£®®¡à §¨¥ fjrof j f : (O;Rp) ! Mg. � ç áâ®áâ¨, ¡ã¤¥¬ à áá¬ âà¨¢ âì
T
p

(r)L
n
1 . �¯à¥¤¥«¨¬ áâàãªâãàã £àã¯¯ë �¨   ¬®£®®¡à §¨¨ Lp

r � T
p

(r�1)L
n
1 . �àã¯¯®¢ë¥ ®¯¥à æ¨¨

®¯à¥¤¥«¨¬ ä®à¬ã« ¬¨

(h;H)(g;G) = (hg; (Hg)G); (g;G)�1 = (g�1; (Gg�1)�1):

90



�â¨ ä®à¬ã«ë áâ ãâ ïáë¬¨, ¥á«¨ § ¬¥â¨âì, çâ® g = jrof1, h = jrof2, G = jr�1o w, H = jr�1o �,
£¤¥ w ¨ � | ®â®¡à ¦¥¨ï (O;Rp) ! Ln

1 . � ç¥¨ï ®â®¡à ¦¥¨© w ¨ � ï¢«ïîâáï ®¡à â¨¬ë¬¨
¬ âà¨æ ¬¨, Hg ®¯à¥¤¥«¥® ª ª jr�1o � � f1,  

(Hg)G = jr�1o ((� � f1)w):

� «®£¨ç® ¯®¤áç¨âë¢ ¥âáï (Gg�1)�1. �ãáâì f�1
1 | ®¡à â®¥ ª f1 ®â®¡à ¦¥¨¥ ¨Gg�1 = jr�1o (w�

f�1
1 ). � ª ª ª w � f�1

1 : (O;Rp) ! Ln
1 , â® § ç¥¨ï¬¨ w � f�1

1 ï¢«ïîâáï ®¡à â¨¬ë¥ ¬ âà¨æë.
�®íâ®¬ã ®¡à â ï ¬ âà¨æ  (w � f�1

1 (�))�1 ®¯à¥¤¥«¥ . �®«®¦¨¬

(Gg�1)�1 = jr�1o ((w � f1(�))�1):

�â ª, Lp
r � T

p
r�1L

n
1 | ¡ §¨á®¥ ¬®£®®¡à §¨¥ ¥ª®â®à®© £àã¯¯ë �¨, ª®â®àãî ®¡®§ ç¨¬ Lp;n

r .
� ®¨ç¥áª¨¬¨ ª®®à¤¨ â ¬¨ ¢ Lp;n

1 ï¢«ïîâáï uab , A
i
u,   ª ®¨ç¥áª¨¬¨ ª®®à¤¨ â ¬¨ ¢ L

p;n
2

| uab , u
a
b1b2

, Ai
k, A

i
ka.

� áá¬®âà¨¬ p-¬¥à®¥ ¬®£®®¡à §¨¥ V , ¯®£àã¦¥®¥ ¢ n-¬¥à®¥ ¬®£®®¡à §¨¥ W . �à¥¤¯®-
«®¦¨¬, çâ® V | ¯®¤¬®£®®¡à §¨¥ ¢ W . �ãáâì !(r) | ª ®¨ç¥áª ï ä®à¬    à áá«®¥¨¨
(Rr; V; L

p
r ; �) r-à¥¯¥à®¢  ¤ V . �®¬¯®¥âë ä®à¬ë !(r) ®¡®§ ç¨¬ !a; !ab ; !

a
b1b2

; : : : ; !ab1:::br�1 . � á-
á¬®âà¨¬ ¤àã£®¥ à áá«®¥¨¥ (B;W j V; ln1 ; �) «¨¥©ëå n-¬¥àëå à¥¯¥à®¢ 1-£® ¯®àï¤ª  ¢ â®çª å V .
�®ª «ìë¥ ª®®à¤¨ âë à¥¯¥à  j1of ¨§ B ®¯à¥¤¥«ïîâáï ®â®¡à ¦¥¨¥¬ (U; q), U �W , q : U ! Rn,
£¤¥ q1(f(O)); : : : ; qn(f(O)) | ª®®à¤¨ âë  ç «  f(O),   Ai

u | ª®¬¯®¥âë ïª®¡¨¥¢®© ¬ âà¨æë
®â®¡à ¦¥¨ï q � f ¢ â®çª¥ O.

� áá¬®âà¨¬ ¬®£®®¡à §¨¥ B1 áâàã© ¢¨¤  j1ob�f , £¤¥ ®â®¡à ¦¥¨¥ b : (x; V )! B ã¤®¢«¥â¢®àï¥â
ãá«®¢¨ï¬ � � b(x) = x 2 V , f : (O;Rp) ! V , f(O = x). � ¬¥â¨¬, çâ® j1of | «¨¥©ë© à¥¯¥à
¬®£®®¡à §¨ï W ¢ â®çª¥ x. �®íâ®¬ã j1b � f ¨¬¥¥â «®ª «ìë¥ ª®®à¤¨ âë Ai

j ; A
i
ja, £¤¥ A

i
ja |

ç áâë¥ ¯à®¨§¢®¤ë¥ ®â®¡à ¦¥¨ï b�f ¢ â®çª¥ b�f(O). �ãáâì (Z i
j) | ¬ âà¨æ , ®¡à â ï ª (Ai

j).
�®£¤  ¬®¦® ¯®áâà®¨âì ¬ âà¨æã, í«¥¬¥â ¬¨ ª®â®à®© ï¢«ïîâáï «¨¥©ë¥ ¤¨ää¥à¥æ¨ «ìë¥
ä®à¬ë

�ij = Z i
k(dA

k
j �Ak

ja!
a) (13)

(¯®«ì§ã¥¬áï ¯à ¢¨«®¬ �©èâ¥©  ¤«ï áã¬¬¨à®¢ ¨ï). �à®¨§¢¥¤¥¬ ®¯¥à æ¨î ¢¥è¥£® ¤¨ää¥-
à¥æ¨à®¢ ¨ï. � ¬¥ç ï, çâ® dZ i

j = �Z i
hdA

h
kZ

k
j ,  å®¤¨¬

d�ij = ��ik ^ �
k
j � (�ikZ

k
hA

h
ja � Z i

kA
k
ha�

h
j + Z i

kA
k
haZ

h
l A

l
jb!

b + Z i
kA

k
jc!

c
a) ^ !

a:

�¡®§ ç ï ç¥à¥§ �ija ä®à¬ã, áâ®ïéãî ¯¥à¥¤ § ª®¬ ^, ¨¬¥¥¬

d�ij = ��ik ^ �
k
j � �ijk ^ !

a: (14)

�á¯®«ì§ãï (14),  å®¤¨¬

(d�ija + �ika ^ �
k
j + �ik ^ �

k
ja + �ijg ^ !

g
a) ^ !

a = 0:

� á¨«ã «¥¬¬ë � àâ   ¨ � ¯â¥¢  áãé¥áâ¢ãîâ â ª¨¥ ä®à¬ë �ijab, çâ® �
i
jab = �ijba ¨

d�ija + �ika ^ �
k
j + �ik ^ �

k
ja + �ijg ^ !

g
a = ��ijab ^ !

b: (15)

�à ¢¥¨ï (14) ¨ (15)  §ë¢ îâáï áâàãªâãàë¬¨ ãà ¢¥¨ï¬¨. �«£®à¨â¬, ¯®§¢®«ïîé¨© ¯®«ã-
ç¨âì (15) ¨§ (14),  §ë¢ ¥âáï ¯à®¤®«¦¥¨¥¬ áâàãªâãàëå ãà ¢¥¨© ([3], [2], [7], [8]).

� áá¬®âà¨¬ á«¥¤ãîé¨¥ à áá«®¥¨ï à¥¯¥à®¢  ¤ p-¬¥àë¬ ¬®£®®¡à §¨¥¬ V , ¯®£àã¦¥ë¬
¢ n-¬¥à®¥ ¬®£®®¡à §¨¥ W .

� áá«®¥¨¥ (Pr; V; L
p

(r); �). �®çª ¬¨ â®â «ì®£® ¯à®áâà áâ¢  Pr ï¢«ïîâáï à¥¯¥àë r-£® ¯®àï¤-
ª  ¬®£®®¡à §¨ï V . � ¦¤ë© à¥¯¥à ¥áâì à¥£ã«ïà ï áâàãï jrof , £¤¥ f : (O;R

p)! V . � ®¨ç¥áª ï
ä®à¬  íâ®£® à áá«®¥¨ï ¨¬¥¥â ª®¬¯®¥âë !a; !ab ; !

a
b1b2

; : : : ; !ab1:::br�1 (á¬. [4]).
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� áá«®¥¨¥ (B;W j V;Ln
1 ; �). �®çª ¬¨ â®â «ì®£® ¯à®áâà áâ¢  B ï¢«ïîâáï «¨¥©ë¥ à¥¯¥-

àë ¬®£®®¡à §¨ï W : ª ¦¤ë© à¥¯¥à ¥áâì à¥£ã«ïà ï áâàãï j1of , £¤¥ f : (O;R
n) ! W , f(O) 2 V .

�âàãªâãà®© £àã¯¯®© íâ®£® à áá«®¥¨ï ï¢«ï¥âáï Ln
1 ;� : j

r
1f ! f(O).

� áá¬®âà¨¬ â ª¦¥ à áá«®¥¨¥ (Br;W j V;Lp;n
r ; �r). �®çª ¬¨ â®â «ì®£® ¯à®áâà áâ¢  Br

ï¢«ïîâáï à¥£ã«ïàë¥ áâàã¨ ¢¨¤  jr�1o (� � f), £¤¥ f : (O;Rn) ! V ,   � | «®ª «ì®¥ á¥ç¥¨¥
à áá«®¥¨ï B. �â®¡ë ®¯à¥¤¥«¨âì ¯à¨à®¤ã áâàãªâãà®© £àã¯¯ë Lp;n

r à áá«®¥¨ï Br, à áá¬®âà¨¬
¤¢  í«¥¬¥â  à áá«®¥¨ï Br ¢ ®¤®© ¨ â®© ¦¥ â®çª¥ v = f(O) = g(O) 2 V :

�1 = jr�1o (� � f); �2 = jr�1o (� � g):

� ç¨â, áãé¥áâ¢ã¥â â ª ï ®ªà¥áâ®áâì U â®çª¨ v 2 V ¨ â ª®¥ ®â®¡à ¦¥¨¥ A : U ! Ln
1 , çâ®

�(y) = �(y)A(y). �à ¢ ï ç áâì ¯®á«¥¤¥£® à ¢¥áâ¢  ¥áâì à¥§ã«ìâ â áâ ¤ àâ®£® ¯à ¢®£® ¤¥©-
áâ¢¨ï £àã¯¯ë Ln

1   B. �¬¥¥¬

�(g(t)) = �(g(t))A(g(t)) = (� � f) � (f�1 � g)(t)A(g(t)):

� ¬¥â¨¬, çâ® f�1 � g ¥áâì «®ª «ìë© ¤¨ää¥®¬®àä¨§¬ (O;Rp)! Rp. �®íâ®¬ã jr�1o (f�1 � g) 2 Lp
r,

¨ ¨¬¥¥¬

�2 = jr�1o (� � g) = (jr�1o (� � f)jr�1o (f�1 � g))(jr�1o (A � g)) = (�1)(j
r�1
o (A � g));

£¤¥  = jr�1o (f�1 � g), jr�1o (A � g) 2 T p
r L

n
1 . �â ª, áâàãªâãà®© £àã¯¯®© à áá«®¥¨ï Br ï¢«ï¥âáï

®¯à¥¤¥«¥ ï ¢ëè¥ £àã¯¯  Lp;n
r .

� ª ¦¤®© â®çª¥ m 2 V ¯®£àã¦¥¨¥ V ! W ®¯à¥¤¥«ï¥â TmW -§ çãî ä®à¬ã X(m). �á«¨
§ ¤  ¡ §¨á ~e1; : : : ; ~en, â® X(m) = Xk

a~ek 
 !a. � ç¨â, x! X(x) ¥áâì â¥§®à®¥ ¯®«¥   V , ¨ ¥£®
¤¥à¨¢ æ¨®ë¥ ãà ¢¥¨ï ¨¬¥îâ ¢¨¤

dX i
a � �ihX

h
a +X i

b!
d
a = X i

ab!
b:

�â¨ ãà ¢¥¨ï ®¯à¥¤¥«ïîâ á¥ç¥¨¥ à áá«®¥¨ï  ¤ V j W . �â ¤ àâë¬ á«®¥¬ â ª®£® à áá«®-
¥¨ï ï¢«ï¥âáï Rn 
Rp�,   ¥£® áâàãªâãà®© £àã¯¯®© á«ã¦¨â Ln �Lp. �¡®§ ç¨¬ íâ®  áá®æ¨¨à®-
¢ ®¥ à áá«®¥¨¥ á¨¬¢®«®¬ (T; V j W;Ln � Lp; Rn 
Rp�; �).

�«¥¤ãï  è¨¬ á®£« è¥¨ï¬ ®¡ ¨¤¥ªá å, § ¯¨è¥¬ ¤¥à¨¢ æ¨®ë¥ ãà ¢¥¨ï ¤«ï X i
a ¢ ¢¨¤¥

dXg
a � �

g
bX

b
a � �guX

u
a +X

g
b!

b
a = X

g
ab!

b; (16)

dXw
a � �wb X

b
a � �wuX

u
a +Xw

b !
b
a = Xw

ab!
b: (17)

� ª ¦¤®© â®çª¥ x 2 V áãé¥áâ¢ã¥â â ª®© à¥¯¥à (~e1; : : : ; ~ep;~ep+1; : : : ; ~en), çâ® ¯¥à¢ë¥ p ¥£® ¢¥ªâ®à®¢
®¡à §ãîâ ¡ §¨á ¢ TxV . � â ª®¬ à¥¯¥à¥ Xg

a = �ga, ¨ ãà ¢¥¨ï (16) ¯à¨¨¬ îâ ¢¨¤

��ga � �guX
u
a + !ga = Xg

ab!
b: (18)

� áá¬®âà¨¬ á¨áâ¥¬ã �ä ää 

!g = 0; !ga � �ga � �guX
u
a = 0

¨ § ¤ ¤¨¬  ç «ìë¥ ãá«®¢¨ï Xg
a = �ga. �®«®¦¨¬

 g
a = !ga � �ga � �guX

u
a :

�à®áâë¥ ¢ëç¨á«¥¨ï á ãç¥â®¬ (14) ¯®ª §ë¢ îâ

d g
a = ��gc ^  

c
a � (!gab � �

g
ab � �

g
vbX

v
a � �gvX

v
ab) ^ !

b; (19)

®âªã¤  ¢ëâ¥ª ¥â

�¥®à¥¬  1. �¨áâ¥¬  �ä ää 

!a = 0; !ga � (�ga + �guX
u
a ) = 0 (20)

ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ â¥®à¥¬ë �à®¡¥¨ãá .
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�«¥¤®¢ â¥«ì®, ¢ ª ¦¤®¬ á«®¥ à áá«®¥¨ï

(T; V j W;Ln 
 Lp; Rn 
Rp�; �)

áãé¥áâ¢ã¥â ¨â¥£à «ì®¥ ¯®¤¬®£®®¡à §¨¥ á¨áâ¥¬ë (20). �  íâ®¬ ¯®¤¬®£®®¡à §¨¨ Xg
a = �ga, ¨

ä®à¬ë !ga ¢ (17) ¬®£ãâ ¡ëâì ¨áª«îç¥ë á ¨á¯®«ì§®¢ ¨¥¬ (20): !ca = �ca + �cvX
v
a . �®á«¥ íâ®£®

ãà ¢¥¨ï (17) ¯à¨®¡à¥âãâ ¢¨¤

dXw
a + �wa + �wvX

v
a �Xw

c �
c
a �Xw

c �
c
uX

u
a = 0: (21)

�¨áâ¥¬  ãà ¢¥¨© (21) ®¯à¥¤¥«ï¥â § ª® ¤¥©áâ¢¨ï £àã¯¯ë Ln
1   ¯à®áâà áâ¢¥ ¬ âà¨æ ¢¨¤ 

(Xw
a ) ¢ ª ¦¤®¬ á«®¥  ¤ V . �á¯®¬¨ ï (12), ¢¨¤¨¬, çâ® ãà ¢¥¨ï (21) ï¢«ïîâáï ¤¥à¨¢ æ¨®-

ë¬¨ ãà ¢¥¨ï¬¨ £à áá¬ ®¢  ¯à®áâà áâ¢  �p;n. � ¨â®£¥ ¯®«ãç ¥âáï

�¥®à¥¬  2. �  ¯®¤¬®£®®¡à §¨¨ á¨áâ¥¬ë (20) á  ç «ìë¬¨ ãá«®¢¨ï¬¨ Xg
a = �ga â¥§®à-

®¥ ¯®«¥ X i
a~ei 
 !a ¯®£àã¦¥¨ï V ! W ï¢«ï¥âáï £à áá¬ ®¢ë¬. �â® ¯®«¥ ï¢«ï¥âáï á¥ç¥¨¥¬

à áá«®¥¨ï (P; V; Ln; �p;n; p),  áá®æ¨¨à®¢ ®£® á £« ¢ë¬ à áá«®¥¨¥¬ «¨¥©ëå n-à¥¯¥à®¢, á¢ï-

§ ëå á â®çª ¬¨ ¯®¤¬®£®®¡à §¨ï V . �¥à¨¢ æ¨®ë¥ ãà ¢¥¨ï â ª®£® á¥ç¥¨ï ¨¬¥îâ ¢¨¤

dXw
a + �wa + �wvX

v
a �Xw

c �
c
vX

v
a = eXw

ab!
b: (22)

3. �â®à®© ¯®àï¤®ª. �¥à¥¬áï ª ãà ¢¥¨ï¬ ¨¢ à¨ â®áâ¨ â¥§®à  ¯®£àã¦¥¨ï

dX i
a + �ikX

k
a �X i

c!
c
a = X i

ab!
b:

�à¨¬¥ïï ª ®¡¥¨¬ ç áâï¬ ®¯¥à æ¨î ¢¥è¥£® ¤¨ää¥à¥æ¨à®¢ ¨ï, ãç¨âë¢ ï (14) ¨ ¤àã£¨¥
áâàãªâãàë¥ ãà ¢¥¨ï, ¯®«ãç¨¬

(�dX i
ab � �ikbX

k
a � �ikX

k
ab +X i

cb!
c
a +X i

ac!
c
b +X i

c!
c
ab) ^ !

b = 0: (23)

� á¨«ã «¥¬¬ë � àâ  -� ¯â¥¢  áãé¥áâ¢ã¥â â ª ï ¬ âà¨ç ï ä®à¬  X i
abc!

c, çâ® X i
abc = X i

acb ¨

dX i
ab + �ikbX

k
a + �ikX

k
ab �X i

cb!
c
a �X i

ac!
c
b �X i

c!
c
ab = X i

abc!
c: (24)

� ¯¨è¥¬ ¯¥à¢ë¥ p ãà ¢¥¨© á¨áâ¥¬ë (24) ¢ ¢¨¤¥

dXg
ab + �gcbX

c
a + �gvbX

v
a + �gcX

c
ab + �gvX

v
ab �Xg

cb!
c
a �Xg

ac!
c
b �Xg

c!
c
ab = Xg

abc!
c

¨ ¯®«®¦¨¬ Xg
a = �ga;X

g
ab = 0;Xg

abc = 0. �®£¤  ¯®«ãç¨âáï á¨áâ¥¬  ãà ¢¥¨©

�gab + �gvbX
v
a + �gvX

v
ab � !gab = 0; (25)

ª®â®à ï ¢ë¯®«ï¥âáï ¢ ª ¦¤®¬ á«®¥. � ¬¥â¨¬, çâ® á«®© ï¢«ï¥âáï ¨â¥£à «ìë¬ ¬®£®®¡à §¨¥¬
á¨áâ¥¬ë !g = 0. �¡®§ ç¨¬ «¥¢ãî ç áâì (25) ç¥à¥§  g

ab. �¯à ¢¥¤«¨¢ 

�¥®à¥¬  3. �¨áâ¥¬  ãà ¢¥¨©

!g = 0;  g
a = 0;  g

ab = 0

¢¯®«¥ ¨â¥£à¨àã¥¬ .

�®ª § â¥«ìáâ¢®. �®ª ¦¥¬, çâ® á¨áâ¥¬  ãà ¢¥¨© d!g = 0; d g
a = 0; d g

ab = 0 ï¢«ï¥âáï
á«¥¤áâ¢¨¥¬ ãà ¢¥¨©, ãª § ëå ¢ â¥®à¥¬¥. �á¯®«ì§ã¥¬ ä®à¬ã«ã (19). � á¨«ã (25) íâã ä®à¬ã«ã
¬®¦® § ¯¨á âì ¢ ¢¨¤¥

d g
a = ��gc ^  

c
a �  g

ac ^ !
c:

�¨ää¥à¥æ¨àãï ¢¥è¨¬ ®¡à §®¬ ¨ ¨á¯®«ì§ãï áâàãªâãàë¥ ãà ¢¥¨ï, ¨¬¥¥¬

(d g
ab + �gcb ^  

c
b �  c

ab ^ �
g
c +  g

ac ^ !
c
b) ^ !

b = 0:

�âáî¤  ¯® «¥¬¬¥ � àâ  -� ¯â¥¢ 

d g
ab + �gbc ^  

c
a �  c

ab ^ �
g
c +  g

ac ^ !
c
b =  g

abc ^ !
c;
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£¤¥  g
abc | ä®à¬ë, á¨¬¬¥âà¨çë¥ ¯® ¨¤¥ªá ¬ b ¨ c. �â ª, ¢®§¨ª îâ á«¥¤ãîé¨¥ áâàãªâãàë¥

ãà ¢¥¨ï:

d!g = �!gc ^ !
c;

d g
a = ��gc ^  

c
a �  

g
ab ^ !

b;

d g
ab = ��gcb ^  

c
a +  c

ab ^ �
g
c �  g

ac ^ !
c
b +  g

abc ^ !
c:

�â¬¥â¨¬, çâ® à ¢¥áâ¢  !g = 0,  g
a = 0,  g

ab = 0 ¢«¥ªãâ à ¢¥áâ¢  d!g = 0, d g
a = 0, d g

ab = 0, â. ¥.
¢ë¯®«ïîâáï ãá«®¢¨ï â¥®à¥¬ë �à®¡¥¨ãá .

� ¯¨è¥¬ ãà ¢¥¨ï (24) ¤«ï i = p+ 1; : : : ; n

dXv
ab + �vcbX

c
a + �vwbX

w
a + �vcX

c
ab + �vwX

w
ab �Xv

cb!
c
a �Xv

cb!
c
b �Xv

c!
c
ab = Xv

abc!
c:

�®« £ ï §¤¥áì Xa
c = �ac , X

a
bc = 0, !a = 0, !ab = �ab + �avX

v
b , !

a
bc =  a

bc + �avcX
v
b + �avX

v
bc, ¯®«ãç¨¬

dXw
ab + �wab + �wvbX

v
a + �wvX

v
ab �Xw

cb�
c
a �Xw

cb�
c
vX

v
a �

�Xw
ac�

c
vX

v
b �Xw

c �
c
ab �Xw

c �
c
vbX

v
a �Xw

c �
c
vX

v
ab = 0: (26)

�®¦® ¯®ª § âì, çâ® íâ® | á¨áâ¥¬  ¨¢ à¨ â®áâ¨ ¤«ï ¤¥©áâ¢¨ï £àã¯¯ë T
p

(r)L
n
1   ¯à®áâà -

áâ¢¥ (Rn�p
Rp�)� (Rn�p
Rp�
Rp�). �®áâ â®ç® ã¡¥¤¨âìáï, çâ® ¢¥è¨© ¤¨ää¥à¥æ¨ « «¥¢®©
ç áâ¨ (26) ®¡à é ¥âáï ¢ ã«ì ¯à¨ !g = 0 ¨ ¯à¨ ¢ë¯®«¥¨¨ ãà ¢¥¨© (21).

�ë ¯®«ãç¨«¨ á¨áâ¥¬ã ¤¥à¨¢ æ¨®ëå ãà ¢¥¨© ¢â®à®£® ¯®àï¤ª ,   ¨¬¥®, á¨áâ¥¬ã (21),
(26); íâ  á¨áâ¥¬  á¯à ¢¥¤«¨¢  ¤«ï ¥ª®â®à®£® ¯à®áâà áâ¢ , ª®â®à®¥  §®¢¥¬ £à áá¬ ¨ ®¬
¢â®à®£® ¯®àï¤ª . �àã¯¯  ¤¥©áâ¢ã¥â   ¥¬ ¥ ®¡ï§ â¥«ì® âà §¨â¨¢®, â ª çâ® £à áá¬ ¨ 
¢â®à®£® ¯®àï¤ª  ¥ ®¡ï§  ¡ëâì ¯à®áâà áâ¢®¬ �«¥© .

�«ï £à áá¬ ¨   ¢â®à®£® ¯®àï¤ª   ¤ V á¯à ¢¥¤«¨¢ë á«¥¤ãîé¨¥ ¤¥à¨¢ æ¨®ë¥ ãà ¢¥-
¨ï:

dXw
a + �wa + �wvX

v
a �Xw

t �
t
uX

u
a �Xw

b �
b
a = eXw

ac!
c; (27)

dXw
ab + �wab + �wvbX

v
a + �wvX

v
ab �Xw

cb�
c
a �Xw

cb�
c
vX

v
a �Xw

ac�
c
b �Xw

ac�
c
vX

v
b �

�Xw
c �

c
ab �Xw

c �
c
vbX

v
a �Xw

c �
c
vX

v
ab = eXw

abc!
c: (28)

� ¬¥ç ¨¥. �¨áâ¥¬  ãà ¢¥¨© (27), (28) ¯à¨¢¥¤¥  ¢ áâ âì¥ [9]. �¨à®¢áª¨© ¨ �®§£ ¢ 
®¡à â¨«¨ ¬®¥ ¢¨¬ ¨¥   â®, çâ® ¯¥à¥å®¤ ®â ¬®£®®¡à §¨ï�â¨ä¥«ï ª ¬®£®®¡à §¨î �à áá¬  
¡ë« ã ¬¥ï ¥¤®áâ â®ç® ª®àà¥ªâë¬. � ¡« £®¤ àî ¨å §  ªà¨â¨ªã; ¯à¨ íâ®¬ å®çã § ¬¥â¨âì, çâ®
¨å ¯à®¥ªâ¨¢®¥ ¯à®áâà áâ¢® ¢â®à®£® ¯®àï¤ª  [10] ®â«¨ç® ®â £à áá¬ ¨   ¢â®à®£® ¯®àï¤ª ,
à áá¬ âà¨¢ ¥¬®£® §¤¥áì (¤ ¦¥ ¯à¨ p = 1).

�¨â¥à âãà 

1. � ¯â¥¢ �.�. �á®¢ë¥ ¨ä¨¨â¥§¨¬ «ìë¥ áâàãªâãàë ¢ëáè¨å ¯®àï¤ª®¢   £« ¤ª®¬ ¬®-

£®®¡à §¨¨ // �à. £¥®¬¥âà¨ç. á¥¬¨ à  ������. { 1966. { �. 1. { �. 139{189.
2. Kobayashi Sh. Canonical forms of frame bundles of higher order contact // Proc. Symp. Pure

Math. { 1961. { P. 186{193.
3. �¢âãè¨ª �.�. �¨ää¥à¥æ¨ «ìë¥ á¢ï§®áâ¨ ¨ ¨ä¨¨â¥§¨¬ «ìë¥ ¯à¥®¡à §®¢ ¨ï ¯à®-

¤®«¦¥®© ¯á¥¢¤®£àã¯¯ë // �à. £¥®¬¥âà¨ç. á¥¬¨ à  ������ �� ����. { 1969. { T. 2. {
C. 119{150.

4. Szybiak A. Generalized tangent bundles // Bull. Acad. polon. sci. Ser. sci., math., astron. et phys.
{ 1969. { T. 17. { ò5. { S. 289{297.

5. Hangan Th. Geometrie di�erentielle grassmannienne // Rev. roum. math. pures et appl. { 1966.
{ V. 11. { ò 5. { P. 519{531.

94



6. Kowalski O. Some algebraic theorems on vector-valued forms and their geometric applications //
Colloq. Math. { 1972. { T. 26. { S. 59{92.

7. Szybiak A. Grassmannians of higher order and equations of moving frame // Anal. sti. Univer.
Iasi. Sec. Ia. { 1976. { V. 22. { ò2. { P. 201{212.

8. Miernowski A., Mozgawa W. Projective spaces of second order, (to appear in Collectanea
Mathematicae).

9. Kolar I. Canonical forms on the prolongations of principle �bre bundles // Rev. roum. math. pures
et appl. { 1971. { V. 15. { ò7. { P. 1091{1106.

10. Kolar I. On the prolongations of di�erentiable distributions // Mat. casop. { 1973. { Sv. 23. { ò4.
{ P. 317{325.

£. � â¥à«®® (�  ¤ ) �®áâã¯¨« 

20.05.1997

95


