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Câ âì¨ [1], [2], ®á®¢ ë¥   «®ª «ì®¬ ¬¥â®¤¥ �.�.�¨¬®¥ª® [3], ¯®á¢ïé¥ë ¯®áâà®¥¨î
á¨¬¢®«¨ç¥áª®£® ¨áç¨á«¥¨ï, áâ ¡¨«ì®© £®¬®â®¯¨ç¥áª®© ª« áá¨ä¨ª æ¨¨ ¨ ¢ëç¨á«¥¨î ¨¤¥ªá 
á¥¬¥©áâ¢ á¨£ã«ïàëå ¨â¥£à «ìëå ®¯¥à â®à®¢ á ªãá®ç®-¥¯à¥àë¢ë¬¨ ª®íää¨æ¨¥â ¬¨ ¢
Lp-¯à®áâà áâ¢ å á® áâ¥¯¥ë¬ ¢¥á®¬ �¢¥¤¥«¨¤§¥   ¯à®áâ®¬ § ¬ªãâ®¬ ª®âãà¥ �ï¯ã®¢ . �
¤ ®© áâ âì¥ íâ¨ à¥§ã«ìâ âë à á¯à®áâà ¥ë   ¡  å®¢ë  «£¥¡àë ®¯¥à â®à®¢ á ¤¨í¤à «ì®©
£àã¯¯®© á¤¢¨£®¢, ¤¥©áâ¢ãîé¨å ¢ ®¡é¨å ¢¥á®¢ëå Lp-¯à®áâà áâ¢ å.

1. �ãáâì L(X ) | ¡  å®¢   «£¥¡à  ¢á¥å «¨¥©ëå ®£à ¨ç¥ëå ®¯¥à â®à®¢ ¢ ¡  å®¢®¬
¯à®áâà áâ¢¥ X , K(X ) | ¨¤¥ « ª®¬¯ ªâëå ®¯¥à â®à®¢. �á«¨ B | ¡  å®¢   «£¥¡à , â® GB
| £àã¯¯  ¥¥ ®¡à â¨¬ëå í«¥¬¥â®¢, C(X;B) | ¡  å®¢   «£¥¡à  ¥¯à¥àë¢ëå ®â®¡à ¦¥¨©
ª®¬¯ ªâ  X ¢ B, L(n;B) | ¡  å®¢   «£¥¡à  (n� n)-¬ âà¨æ  ¤ B á ¥¤¨¨æ¥© E(n), L(1;B) =
lim
n!1

L(n;B) | ¨¤ãªâ¨¢ë© ¯à¥¤¥«. �á«¨ A | ®¯¥à â®à ï  «£¥¡à , â® Fr(A) | ¯à®áâà áâ¢®

äà¥¤£®«ì¬®¢ëå ®¯¥à â®à®¢ ¨§ A,   INDX(�)(2 K0(X)) | ¨¤¥ªá á¥¬¥©áâ¢  � 2 C(X; Fr(A)).
�ãáâì Lmp;�(�) | ¢¥á®¢®¥ Lp-¯à®áâà áâ¢® m-¢¥ªâ®à-äãªæ¨©   ¯à®áâ®¬ § ¬ªãâ®¬ ª®âãà¥

�ï¯ã®¢  � á ¢¥á®¬ { ¨§ ª« áá  � ª¥å ã¯â , S�;{ | á¨£ã«ïàë© ¨â¥£à «ìë© ®¯¥à â®à �®-
è¨, P��;{ = (1=2)(I � S�;{). �ãáâì � � �,   PC(�;�) | ¡  å®¢   «£¥¡à  ªãá®ç®-¥¯à¥àë¢ëå
  � ¨ ¥¯à¥àë¢ëå   � n � äãªæ¨©. � «¥¥ ¯®«®¦¨¬, çâ® ¢ ¢ëâ¥ª îé¥¬ ¨§ â¥®à¥¬ë �¥ä-
ä¥à¬   ¯à¥¤áâ ¢«¥¨¨ ln({) = u+ S�;1v ([4], áá. 247, 256), u; v 2 PC(�;�).

�ãáâì � | ¤¨ää¥®¬®àä¨§¬ ª®âãà  � á ¥ã«¥¢®© £�¥«ì¤¥à®¢áª®© ¯à®¨§¢®¤®©. �¯¥à â®à
¢§¢¥è¥®£® á¤¢¨£  ��;{ ¢ Lmp;{(�) ®¯à¥¤¥«ï¥âáï à ¢¥áâ¢®¬ (��;{')(t) = ({(�(t)){(t)�1)1=p'(�(t))
[5]. �ãáâì �, � | ¤¨ää¥®¬®àä¨§¬ë ª®âãà  �, ®¡à §ãîé¨¥ ¤¨í¤à «ìãî £àã¯¯ã fe; �; : : : ; �n�1,
�; ��; : : : ; �n�1�g, £¤¥ � ï¢«ï¥âáï ¯àï¬ë¬ á¤¢¨£®¬ ¯®àï¤ª  n,   � | ®¡à âë¬ á¤¢¨£®¬ ¯®-
àï¤ª  2. �¥à¥§ D ®¡®§ ç¨¬ ¤¨í¤à «ìãî £àã¯¯ã, ®¡à §®¢ ãî ®¯¥à â®à ¬¨ ��;{, ��;{. � «¥¥
¯®«®¦¨¬, çâ® � á®¤¥à¦¨â ¥¯®¤¢¨¦ë¥ â®çª¨ � ¨ � = �(�) = �(�).

� ¬ªãâãî ¯®¤ «£¥¡àã L(Lmp;{(�)), ¯®à®¦¤¥ãî S�;{ ¨ ®¯¥à â®à ¬¨ ã¬®¦¥¨ï Ma  
a 2 L(m;PC(�;�)), ®¡®§ ç¨¬Mm

{
(S�;{; PC(�;�)). �ãáâìMm

{
(S�;{; PC(�;�);D) | § ¬ªãâ ï

¯®¤ «£¥¡à , ¯®à®¦¤¥ ï ®¯¥à â®à ¬¨ ¨§Mm
{
(S�;{; PC(�;�))[D. �¨¦¥ ¯à¨ { = 1 ¢ à §«¨çëå

®¡®§ ç¥¨ïå íâ®â § ç®ª ¬ë ¯¨á âì ¥ ¡ã¤¥¬.

2. �ãáâì T+ | ¢¥àåïï ¯®«ã®ªàã¦®áâì ¯®«®¦¨â¥«ì® ®à¨¥â¨à®¢ ®© ¥¤¨¨ç®© ®ªàã¦-
®áâ¨ T. �à¨¢¥¤¥¬ ¢á¯®¬®£ â¥«ìë¥ à¥§ã«ìâ âë ® á¨£ã«ïàëå ®¯¥à â®à å ¡¥§ á¤¢¨£  ¢ Lmp (T

+).
�«®çãî ¬ âà¨æã A § ¯¨è¥¬ ¢ ¢¨¤¥ ( jk)nj;k=1. �« ¢ãî ¨ ¯®¡®çãî ¡«®ç®-¤¨ £® «ìë¥ ¬ -
âà¨æë á ¡«®ª ¬¨ ajk ®¡®§ ç¨¬ diag[a11; : : : ; ann] ¨ diag

0[an1; : : : ; a1n] á®®â¢¥âáâ¢¥®. �  T(�) =
(T n �)

S
(� � R), £¤¥ � � T,   R = R

S
f�1g | ¤¢ãâ®ç¥ç ï ª®¬¯ ªâ¨ä¨ª æ¨ï ¯àï¬®©

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

£à â ò00-01-00917, ¨ ¯à®£à ¬¬ë �¨¨áâeàáâ¢  ®¡à §®¢ ¨ï �®áá¨©áª®© �¥¤¥à æ¨¨, £à â òE00-1.0-

166.
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R, à áá¬®âà¨¬ ®¯¨á ãî ¢ [1] â®¯®«®£¨î, á®¢¯ ¤ îéãî ¯à¨ � = T á â®¯®«®£¨¥© �®å¡¥à£ {
�àã¯¨ª . �ãáâì T� | ¥¤¨¨ç ï ®âà¨æ â¥«ì® ®à¨¥â¨à®¢  ï ®ªàã¦®áâì, Cp(R) | § -
¬ëª ¨¥ ¯¥à¥á¥ç¥¨ï C(R) ¨ ¯à®áâà áâ¢  äãªæ¨© á ®£à ¨ç¥®© ¢ à¨ æ¨¥© ¯® ®à¬¥ Lp-
¬ã«ìâ¨¯«¨ª â®à®¢, Nm

p (T; �) | ¡  å®¢   «£¥¡à  â ª¨å ®â®¡à ¦¥¨© M = (Mjk)2j;k=1 : T(�)!
L(2m;C), çâ® M11;M12;M21 2 L(m;C(T(�))), M22 2 L(m;C(T�(�))), M12(t) = M21(t) =
0 ¤«ï t 2 T n �,   ¥á«¨ t 2 �, â® M jftg�R 2 L(2m;Cp(R)) ¨ ¬ âà¨æ  M(t;�1) ¤¨ -
£® «ì ï. � áâ âì¥ ([1], á. 22)   ®á®¢¥ «®ª «¨§ æ¨¨ ¯®áâà®¥ á¨¬¢®«-£®¬®¬®àä¨§¬ Smp :
C(X;Mm(ST; PC(T; �))) ! C(X;Nm

p (T; �)). � T(�+), £¤¥ f�1g � �+ � T+, ¢ë¤¥«¨¬ ¯®¤-
¬®¦¥áâ¢® T+(�+) = (T+ n �+)

S
(�+ � R) á ¨¤ãæ¨à®¢ ®© â®¯®«®£¨¥© ¨ ¯®   «®£¨¨ á [6]

¢¢¥¤¥¬ ¬®¦¥áâ¢® Nm
p (T

+; �+) ¢á¥å â ª¨å  ¡®à®¢ ¬ âà¨æ-äãªæ¨© 	 = f	�1; 	0; 	+1g, çâ®
	�1 2 L(m;Cp(R)), 	0 = f	0;ijgi;j=1;2 | ®£à ¨ç¥¨¥   T+(�+)n (f�1;+1g�R) ¥ª®â®à®£® ®â®-
¡à ¦¥¨ï ¨§ Nm

p (T; �
+) ¨ 	�1(�1) = 	0;22(�1), 	�1(+1) = 	0;11(�1), 	+1(�1) = 	0;11(+1),

	+1(+1) = 	0;22(+1). �á®, çâ® Nm
p (T

+; �+) | ¡  å®¢   «£¥¡à  á ¥áâ¥áâ¢¥ë¬¨ ®¯¥à æ¨ï¬¨
¨ ®à¬®© k	k = maxfk	�1k; k	0k; k	+1kg. �«ï ª®¬¯ ªâ  X ®¯à¥¤¥«¨¬ á¨¬¢®«-£®¬®¬®àä¨§¬

Qm
p : C(X;Mm(ST+ ; PC(T+; �+)))! C(X;Nm

p (T
+; �+)): (1)

� â®çª å ¨§ T+
0 = T+ n f�1;+1g ®¯¥à â®à A 2 Mm(ST+ ;PC(T+; �+)) «®ª «¨§ã¥âáï â ª ¦¥,

ª ª ¨ ¢ á«ãç ¥ ®ªàã¦®áâ¨, ¯®íâ®¬ã ¢ á¨«ã â¥®à¥¬ë 1.2 [1] á¥¬¥©áâ¢® «®ª «ìëå ¯à¥¤áâ ¢¨-
â¥«¥© fAtgt2T+

0
¯à¥®¡à §ã¥âáï ¢ ®â®¡à ¦¥¨¥ ¢¨¤  	0. � ª®æ¥¢ëå â®çª å f�1;+1g «®ª «ìë¥

¯à¥¤áâ ¢¨â¥«¨ fA�1g áâà®ïâáï â ª ¦¥, ª ª ¢ [6], ¨ ¢ á¨«ã â¥®à¥¬ë 4 [6] ®¨ ¯à¥®¡à §ãîâáï ¢
®â®¡à ¦¥¨ï 	�1. �¥¯®áà¥¤áâ¢¥® ¯à®¢¥àï¥âáï, çâ® ¯à¨ íâ®¬ ¢ë¯®«ïîâáï ãá«®¢¨ï á¢ï§¨. � -
ª¨¬ ®¡à §®¬, ®¯¥à â®àã A á®¯®áâ ¢«¥ í«¥¬¥â qmp (A) = f	�1; 	0; 	+1g 2 Nm

p (T
+; �+). �¨¬¢®«

(1) ®¯à¥¤¥«¨¬ ¯® ä®à¬ã«¥ (Qm
p (�))(x) = qmp (�(x)), £¤¥ x 2 X, � 2 C(X;Mm(ST; PC(T; �))).

�à¥¤áâ¢ ¬¨ â¥®à¨¨ ®¯¥à â®à®¢ «®ª «ì®£® â¨¯  ¨§ â¥®à¥¬ë 1.3 [1] ¨ â¥®à¥¬ë 4 [6] ¢ë¢®¤¨âáï

�¥¬¬  1. �¨¬¢®«-£®¬®¬®àä¨§¬ (1) ï¢«ï¥âáï í¯¨¬®àä¨§¬®¬ ¡  å®¢ëå  «£¥¡à á ï¤à®¬

�(X;K(Lmp (T
+))).

�¯¨è¥¬   «®£ ¨§¢¥áâ®© ¢ â¥®à¨¨ ¯á¥¢¤®¤¨ää¥à¥æ¨ «ìëå ®¯¥à â®à®¢ ª®áâàãªæ¨¨ \¯¥-
à¥á ¦¨¢ ¨ï". � ¨¬¥®, ¤«ï «î¡®£® F 2 C(X;Mm(ST+ ; PC(T+; �+))) ®¯à¥¤¥«¨¬ �0(F ) 2
C(X;L(Lmp (T))) ¯® ä®à¬ã«¥ (�0(F ))(x) = PT+F (x)PT+ + PT� , £¤¥ PT� | ®¯¥à â®à ã¬®¦¥-
¨ï   å à ªâ¥à¨áâ¨ç¥áªãî äãªæ¨î T�. �®ª «ìë©   «¨§ ¯®§¢®«ï¥â ¤®ª § âì, çâ® �0(F ) 2
C(X; (Mm(ST+ ;PC(T; �+)))) ¨ á®¯®áâ ¢¨âì ª ¦¤®¬ã f 2Nm

p (T
+; �+) â ª®¥ ®â®¡à ¦¥¨¥ �1(f) 2

Nm
p (T; �

+), çâ® �1(Qm
p (F )) = Smp (�0(F )).

�¥¬¬  2. �¥¬¥©áâ¢® F 2 C(X;Mm(ST+ ; PC(T+; �+))) äà¥¤£®«ì¬®¢® â®£¤  ¨ â®«ìª® â®-

£¤ , ª®£¤  äà¥¤£®«ì¬®¢® á¥¬¥©áâ¢® �0(F ), ¯à¨ íâ®¬ INDX(F ) = INDX(�0(F )).

3. �®áâà®¨¬ á¨¬¢®« ¤«ï  «£¥¡àë Mm
{
(S�;{; PC(�;�);D). � áá¬®âà¨¬ ¤¨ää¥®¬®àä¨§¬ëe� : T ! T ¨ e� : T ! T, § ¤ ¢ ¥¬ë¥ ä®à¬ã« ¬¨ e�(t) = ei2�=nt, e�(t) = �t, £¤¥ t = ei 2 T, ¨

¨¬¥îé¨© ¥ã«¥¢ãî £�¥«ì¤¥à®¢áªãî ¯à®¨§¢®¤ãî ¤¨ää¥®¬®àä¨§¬ � : � ! T, ã¤®¢«¥â¢®àïî-
é¨© ãá«®¢¨ï¬ � �� = e� � �, � � � = e� � �. �¯à¥¤¥«¨¬ ¡«®çë¥ ¬ âà¨æë-äãªæ¨¨ B = (Bh;g)

n�1
h;g=0,

W = (Wh;g)
n�1
h;g=0 2 GL(mn;C(T))

Bh;g(t) =
1
n

n�1X
k=0

ei2�k(g�h)=nt�kE(m); Wh;g(t) =
n�1X
k=0

Bh;k(t)(B
�1(ei4�k=n�t))k;g :

�â®¡à ¦¥¨ï � : T ! T, � : T ! T ¨  : T+ ! T+ ®¯à¥¤¥«¨¬ ä®à¬ã« ¬¨ �(ei ) =
ei =n, �(t) = tn, (t) = (i � k(t))=(i + k(t)), £¤¥ k(t) =

p
�i(t� 1)=(t + 1). �¯¥à â®à N

{
:

L(Lmp;{(�)) ! L(Lmp (�)) § ¤ ¤¨¬ à ¢¥áâ¢®¬ N
{
(A) = {

1=pA{�1=pI. �§ â¥®à¥¬ë 1 [7] ¢ëâ¥ª -
¥â, çâ®Mm

{
(S�;{; PC(�;�);D) =Mm

{
(N�1

{
(P+

� ); PC(�;�);D). �«ï ®¯¥à â®à  A 2 fN
�1
{
(P+

� );Ma;
��;{; ��;{g � Mm

{
(S�;{; PC(�;�);D) ¯®«®¦¨¬ �mp (A) = qmnp (F (A)). �¤¥áì F (A) = diag[MD��� ;
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M
D���e�� ], £¤¥ D = B(�h;ga � ��1 � e��h)n�1h;g=0B

�1 ¨«¨ D = B(��1+h;gE(m))n�1h;g=0B
�1 (�h;g | á¨¬-

¢®« �à®¥ª¥à ), ¥á«¨ A = Ma ¨«¨ A = ��;{ á®®â¢¥âáâ¢¥®; F (A) = diag0[M
D�e�� ;MD� ], £¤¥

D =W � �, ¥á«¨ A = ��;{;

F (A) =
1
2

�
K+ +R+ K+ �R+

K� �R� K� +R�

�
;

£¤¥ K� = N�+(P
�
�+;T+

), R� = N��(P
�
��;T+

), �� = jt2 � 1j�1=2jt� 1jp=2, ¥á«¨ A = N�1
{
(P+

� ).
�ãáâì r = (�(�(�)) \T+). �â¬¥â¨¬, çâ® f�1g � r.

�¥¬¬  3. � ç¥¨ï �mp (A), £¤¥ A 2 fN�1
{
(P+

� );Ma; ��;{; ��;{g, ®¤®§ ç® § ¤ îâ £®¬®¬®à-

ä¨§¬ �mp : Mm
{
(S�;{; PC(�;�);D)! Nmn

p (T+;r).

C¨¬¢®« �mp : C(X;Mm
{
(S�;{; PC(�;�);D)) ! C(X;Nmn

p (T+;r)) ¤«ï á¥¬¥©áâ¢ ®¯à¥¤¥«¨¬
à ¢¥áâ¢®¬ (�mp (�))(x) = �mp (�(x)), £¤¥ x 2 X.

�¥®à¥¬  1. �ãáâì �mp | í¯¨¬®àä¨§¬ á ï¤à®¬ C(X;K(Lmp;{(�))). �á«¨ F 2 C(X;M
m
{
(S�;{;

PC(�;�);D)), â®

F 2 C(X; Fr(Mm
{
(S�;{; PC(�;�);D))), �mp (F ) 2 C(X;GN

mn
p (T+;r)):

� ¬¥ç ¨¥. �á«®¢¨ï äà¥¤£®«ì¬®¢®áâ¨ ¨ ä®à¬ã«ã ¤«ï ¨¤¥ªá  ®¯¥à â®à®¢ á® á¤¢¨£®¬ � à-
«¥¬   ¯®àï¤ª  n ç áâ® ¯®«ãç îâ á®¯®áâ ¢«¥¨¥¬ ®¯¥à â®àã A á® á¤¢¨£®¬ ¢á¯®¬®£ â¥«ì®£®
¬ âà¨ç®£® ®¯¥à â®à  eA ¡¥§ á¤¢¨£ , ¯à¨ íâ®¬ äà¥¤£®«ì¬®¢®áâì A à ¢®á¨«ì  äà¥¤£®«ì¬®¢®áâ¨eA ¨ n ind(A) = ind( eA)(2 Z) [5], [8]. � á«ãç ¥ ¨¤¥ªá  á¥¬¥©áâ¢ ®¯¥à â®à®¢ á® á¤¢¨£®¬   «®£¨ç-
®¥ à ¢¥áâ¢® ¥ ¯®¬®£ ¥â, â. ª. £àã¯¯  K0(X) ¬®¦¥â ¨¬¥âì ¯¥à¨®¤¨ç¥áªãî ç áâì. �®íâ®¬ã ¢
á«ãç ¥ á¥¬¥©áâ¢ ¯à¨ ¯®áâà®¥¨¨ á¨¬¢®«¨ç¥áª®£® ¨áç¨á«¥¨ï ã¤®¡® ¨á¯®«ì§®¢ âì ¯®¤å®¤, ¯à¥¤-
¯®« £ îé¨© ¯®áâà®¥¨¥ ¨§®¬®àä¨§¬  ¯®¤®¡¨ï ¨áá«¥¤ã¥¬®©  «£¥¡àë   ¥ª®â®àãî ¬®¤¥«ìãî
 «£¥¡àã ®¯¥à â®à®¢ ¡¥§ á¤¢¨£  [7], [9]. �®ª § â¥«ìáâ¢® â¥®à¥¬ë 1 ®á®¢ë¢ ¥âáï   ¯®áâà®¥¨¨
¨§®¬®àä¨§¬  ¯®¤®¡¨ï á ¬®¤¥«ì®©  «£¥¡à®©Mm(ST+ ; PC(T+; �+)).

4. � K-â¥®à¨¨ ä®à¬ã«  �î¥â  § ¤ ¥â í¯¨¬®àä¨§¬ %T(r) : K�1(X � T(r)) ! K0(X) 

K�1(T(r)),   ª®áâàãªæ¨ï \áæ¥¯«¥¨ï" | ¨§®¬®àä¨§¬ kX�T(r) : [X � T(r);GL(1; C)] !
K�1(X �T(r)). � ([1], á. 26) ¯®áâà®¥ ¨§®¬®àä¨§¬ bT(r) : K�1(T(r))! Z. �«ï  = ( i;j)2i;j=1 2
GC(X;Nm

p (r)) § ¤ ¤¨¬ �( ) ¨§ C(X � T(r);GL(2m;C)), ¯®« £ ï (�( ))(x; t) = diag[ 1;1(x; t);
( 2;2(x; t))�1] ¤«ï t 2 T n r ¨ (�( ))(x; t) = d� (x; t)d+ á d� = diag[1; ( 2;2(x; (�;�1)))�1] ¤«ï
t = (�; y) 2 r � R. �ãáâì �(T+;r;X) | £àã¯¯  ¢á¥å ªãá®ç®-¥¯à¥àë¢ëå   T+ n f+1g ¨
¥¯à¥àë¢ëå   T+ n r ®â®¡à ¦¥¨© ¢ K�1(X).

�¥®à¥¬  2. �á«¨ � 2 C(X; Fr(Mm
{
(S

{;�; PC(�;�);D))), â®

INDX(�) = ((idK0(X)
bT(r))%T(r)kX�T(r))([�(�1(�
m
p (�)))]):

�«ï £àã¯¯ ª« áá®¢ £®¬®â®¯¨ç¥áª®© íª¢¨¢ «¥â®áâ¨ á¥¬¥©áâ¢ äà¥¤£®«ì¬®¢ëå ¨ ®¡à â¨¬ëå

®¯¥à â®à®¢ ¨¬¥îâ ¬¥áâ® ¨§®¬®àä¨§¬ë

[X; Fr(M1
{
(S

{;�; PC(�;�);D))] �= �(T+;r;X) �K0(X);

[X;GM1
{
(S

{;�; PC(�;�);D)] �= �(T+;r;X):

�¨â¥à âãà 
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