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�ãáâì G | «®ª «ì® ª®¬¯ ªâ ï  ¡¥«¥¢  £àã¯¯  (á  ¤¤¨â¨¢®© ä®à¬®© § ¯¨á¨  «£¥¡à ¨-
ç¥áª®© ®¯¥à æ¨¨), bG | ¤¢®©áâ¢¥ ï £àã¯¯  ¥¯à¥àë¢ëå ã¨â àëå å à ªâ¥à®¢ £àã¯¯ë G (á
¬ã«ìâ¨¯«¨ª â¨¢®© ä®à¬®© § ¯¨á¨  «£¥¡à ¨ç¥áª®© ®¯¥à æ¨¨), X | ª®¬¯«¥ªá®¥ ¡  å®¢® ¯à®-
áâà áâ¢® ¨ F(G;X) | ¡  å®¢® ¯à®áâà áâ¢® ¨§¬¥à¨¬ëå äãªæ¨©, ®¯à¥¤¥«¥ëå   £àã¯¯¥ G
á® § ç¥¨ï¬¨ ¢ X (¢ë¡®à ¯à®áâà áâ¢  F(G;X) ãâ®çï¥âáï ¢ x 1). �¥à¥§ EndY ®¡®§ ç¨¬ ¡ -
 å®¢ã  «£¥¡àã «¨¥©ëå ®£à ¨ç¥ëå ®¯¥à â®à®¢, ¤¥©áâ¢ãîé¨å ¢ ¡  å®¢®¬ ¯à®áâà áâ¢¥ Y .

� ¤ ®© áâ âì¥ ¨§ãç îâáï á¯¥ªâà «ìë¥ á¢®©áâ¢  à §®áâëå ®¯¥à â®à®¢ D 2 EndF(G;X)
¢¨¤ 

(Dx)(g) =
X
n�1

An(g)x(g + gn); x 2 F(G;X); g; gn 2 G; n � 1; (1)

£¤¥ äãªæ¨¨ An, n � 1 ( §ë¢ ¥¬ë¥ ª®íää¨æ¨¥â ¬¨ ®¯¥à â®à  D), ¯à¨ ¤«¥¦ â ¡  å®-
¢®©  «£¥¡à¥ Cs(G;EndX) á¨«ì® ¥¯à¥àë¢ëå ¨ ®£à ¨ç¥ëå   G äãªæ¨© á® § ç¥¨ï¬¨
¢ EndX. �à¨ íâ®¬ áç¨â ¥âáï ¢ë¯®«¥ë¬ ãá«®¢¨¥

P
n�1

kAnk1 < 1, £¤¥ kBk1 = sup
g2G

kB(g)k

8B 2 Cs(G;EndX). �á®¢ë¥ à¥§ã«ìâ âë áâ âì¨ á¢ï§ ë á ¨§ãç¥¨¥¬ áâàãªâãàë ®¡à âëå ®¯¥-
à â®à®¢ ª à §®áâë¬ ®¯¥à â®à ¬ ¨ ¯®«ãç¥ë á ¨á¯®«ì§®¢ ¨¥¬ ¯à¥¤áâ ¢«¥¨©  ¡¥«¥¢ëå £àã¯¯.
� â¥®à¥¬¥ 1 ¤®ª § ®, çâ® ®¯¥à â®àë ¢¨¤  (1) ®¡à §ãîâ  ¯®«¥ãî ¯®¤ «£¥¡àã ¢ ¡  å®¢®©
 «£¥¡à¥ EndF(G;X). �  á«ã¦¨â ®á®¢®© ¤«ï ¡®«¥¥ £«ã¡®ª®£® ¨áá«¥¤®¢ ¨ï á¯¥ªâà «ìëå
(áâàãªâãàëå) á¢®©áâ¢ à §®áâëå ®¯¥à â®à®¢. �á®¡®¥ ¢¨¬ ¨¥ ã¤¥«ï¥âáï ¨§ãç¥¨î à §®áâ-
ëå ®¯¥à â®à®¢ ¢¨¤ 

(D0x)(g) = x(g) �B(g)x(g � g0); x 2 F(G;X); (2)

£¤¥ g0 2 G ¨ B 2 Cs(G;EndX). �â® á¢ï§ ® á â¥¬, çâ®  ¡áâà ªâë¥ £¨¯¥à¡®«¨ç¥áª¨¥ ®¯¥à â®àë
ï¢«ïîâáï ¯à®¨§¢®¤ïé¨¬¨ ®¯¥à â®à ¬¨ ¯®«ã£àã¯¯ ®¯¥à â®à®¢ ¢¨¤  (2) (¢ íâ®¬ á«ãç ¥G = R; á¬.
â¥®à¥¬ë 4{6). �¥®à¥¬  6 ¯®§¢®«ï¥â ¢® ¬®£¨å ¢®¯à®á å á¢¥áâ¨ ¨§ãç¥¨¥  ¡áâà ªâëå £¨¯¥à¡®-
«¨ç¥áª¨å ®¯¥à â®à®¢ ª ¨§ãç¥¨î á®®â¢¥âáâ¢ãîé¨å à §®áâëå ®¯¥à â®à®¢. �® ¢á¥© ¢¨¤¨¬®áâ¨,
íâ®â à¥§ã«ìâ â ¬®¦¥â ®ª § âìáï ¯®«¥§ë¬ ¯à¨ ¨áá«¥¤®¢ ¨¨ § ¤ ç ã¯à ¢«¥¨ï. �¯¥ªâà «ìë¥
á¢®©áâ¢  ®¯¥à â®à®¢ ¢¨¤  (2) à áá¬ âà¨¢ îâáï ¢ â¥®à¥¬ å 2 ¨ 3.

1. � ¯®«¥®áâì ¯®¤ «£¥¡àë à §®áâëå ®¯¥à â®à®¢

�¨¬¢®«®¬ F(G;X) ®¡®§ ç¨¬ ®¤® ¨§ á«¥¤ãîé¨å ¡  å®¢ëå ¯à®áâà áâ¢ ¨§¬¥à¨¬ëå (¯®
�®å¥àã) äãªæ¨©, ®¯à¥¤¥«¥ëå   £àã¯¯¥ G á® § ç¥¨ï¬¨ ¢ ¡  å®¢®¬ ¯à®áâà áâ¢¥ X; Lp =
Lp(G;X) | ¯à®áâà áâ¢® áã¬¬¨àã¥¬ëå á® áâ¥¯¥ìî p 2 [1;1) (®â®á¨â¥«ì® ¬¥àë �  à  �  
G) äãªæ¨©, L1 = L1(G;X) | ¯à®áâà áâ¢® áãé¥áâ¢¥® ®£à ¨ç¥ëå  Gäãªæ¨© (kxk1 =

� ¡®â  ¢ë¯®«¥  ¯à¨ ä¨ á®¢®© ¯®¤¤¥à¦ª¥ £à â®¢ òNZA000 ¨ NZA300 �¥¦¤ã à®¤®£® � ãç®£®

�®¤  ¨ �®áá¨©áª®£® ä®¤  äã¤ ¬¥â «ìëå ¨áá«¥¤®¢ ¨©, ¯à®¥ªâ 95-01-00032.
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vrai sup
g2G

kx(g)k, x 2 L1), C = C(G;X) | ¯®¤¯à®áâà áâ¢® ¥¯à¥àë¢ëå äãªæ¨© ¨§ L1(G;X),

C0 = C0(G;X) | ¯®¤¯à®áâà áâ¢® äãªæ¨© ¨§ C(G;X), áå®¤ïé¨åáï ª ã«î   ¡¥áª®¥ç®áâ¨.
�á«¨ X = C | ¯®«¥ ª®¬¯«¥ªáëå ç¨á¥«, â® ¢¢¥¤¥ë¥ ¡  å®¢ë ¯à®áâà áâ¢  ®¡®§ ç îâáï
á¨¬¢®« ¬¨ Lp(G), p 2 [1;1), C(G), C0(G). �à¨ íâ®¬ L1(G) ï¢«ï¥âáï ª®¬¬ãâ â¨¢®© ¡  å®¢®©
 «£¥¡à®© á® á¢¥àâª®© äãªæ¨© ¢ ª ç¥áâ¢¥ ã¬®¦¥¨ï.

�¬¥áâ® á¨¬¢®«  F(G;X) ç áâ® ¡ã¤¥â ¨á¯®«ì§®¢ âìáï á¨¬¢®« F . �® ¦¥ § ¬¥ç ¨¥ ®â®á¨âáï
¨ ª ª®ªà¥âë¬ äãªæ¨® «ìë¬ ¯à®áâà áâ¢ ¬.

� áâ âì¥ á¨áâ¥¬ â¨ç¥áª¨ ¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥ ¤¢  ¨§®¬¥âà¨ç¥áª¨¥ ¯à¥¤áâ ¢«¥¨ï S :
G! EndF , V : bG! EndF , ®¯à¥¤¥«¥ë¥ à ¢¥áâ¢ ¬¨

(S(g)x)(u) = x(u+ g); (V ()x)(u) = (u)x(u); u; g 2 G;  2 bG; x 2 F :

�á¯®«ì§ã¥¬ë¥ ¤ «¥¥ ¯®ïâ¨ï ¨ à¥§ã«ìâ âë ¨§ â¥®à¨¨ ¢¥ªâ®àëå ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨å äãªæ¨©
¬®¦®  ©â¨ ¢ ¬®®£à ä¨ïå [1]{[3].

�¯à¥¤¥«¥¨¥ 1. �¨¥©ë© ®¯¥à â®à A 2 EndF  §®¢¥¬ à §®áâë¬, ¥á«¨ äãªæ¨ï bA :bG ! EndF , ®¯à¥¤¥«¥ ï à ¢¥áâ¢ ¬¨ bA() = V (�1)AV (),  2 bG, ï¢«ï¥âáï ¥¯à¥àë¢®©
¯®çâ¨ ¯¥à¨®¤¨ç¥áª®© (¯. ¯.) äãªæ¨¥©.

�á«¨ ®¯¥à â®à D 2 EndF ®¯à¥¤¥«¥ ä®à¬ã«®© (1), â® äãªæ¨ï bD : bG ! EndF ¨¬¥¥â ¢¨¤bD() = V (�1)DV () =
P
n�1

eAnS(gn)(gn), £¤¥ eAn | ®¯¥à â®à ã¬®¦¥¨ï   äãªæ¨î An. �§

à ¢¥áâ¢ k eAnk = kAnk1, n � 1, á«¥¤ã¥â, çâ® bD| ¯. ¯. äãªæ¨ï. � ª¨¬ ®¡à §®¬, D| à §®áâë©
®¯¥à â®à (¢ á¬ëá«¥ ®¯à¥¤¥«¥¨ï 1).

� ç áâ®áâ¨, ¥á«¨ G 2 Z | £àã¯¯  æ¥«ëå ç¨á¥« ¨ lp(Z) = Lp(Z), p 2 [1;1), â® ª ¦¤ë©
®¯¥à â®à A 2 End lp(Z), ®¯à¥¤¥«ï¥¬ë© ¬ âà¨æ¥© (aij ; i; j 2 Z) á® á¢®©áâ¢®¬

P
n�1

sup
i�j=n

jaij j < 1,

ï¢«ï¥âáï à §®áâë¬. � ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥ (1), £¤¥ gn = n, n 2 Z, ¨ äãªæ¨¨ An : Z ! C ,
n 2 Z, ®¯à¥¤¥«ïîâáï à ¢¥áâ¢ ¬¨ An(k) = ak(k+n), k 2 Z. �¥âàã¤® ¤®ª § âì, çâ® ®¯¥à â®à
D 2 End lp(Z) ï¢«ï¥âáï à §®áâë¬ â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  ® ï¢«ï¥âáï ¯à¥¤¥«®¬ ¢ End lp(Z)
®¯¥à â®à®¢ á ª®¥çë¬ ç¨á«®¬ ¤¨ £® «¥©. �«¥¤®¢ â¥«ì®, Di� lp(Z) á®¤¥à¦¨â  ¨¡®«¥¥ ¢ ¦-
ë¥ ¢ ¯à¨«®¦¥¨ïå ®¯¥à â®àë ¨§ End lp(Z).

�¯à¥¤¥«¥¨¥ 2. �ãáâì A 2 Di� F ¨ ¯. ¯. äãªæ¨ï bA : bG ! EndF ¨¬¥¥â àï¤ �ãàì¥ ¢¨¤ eA() � P
n�1

An(gn). �ï¤
P
n�1

An  §®¢¥¬ àï¤®¬ �ãàì¥ à §®áâ®£® ®¯¥à â®à  A,   ¬®¦¥áâ¢®

fg1; g2; : : : g � G ¯®ª § â¥«¥© �ãàì¥ äãªæ¨¨ bA ®¡®§ ç¨¬ á¨¬¢®«®¬ �(A).

�§ ®¯à¥¤¥«¥¨ï ª®íää¨æ¨¥â®¢ �ãàì¥ ¯. ¯. äãªæ¨¨ á«¥¤ã¥â, çâ® ®¯¥à â®àë An 2 EndF ,
n � 1, ¬®£ãâ ¡ëâì ¢ëç¨á«¥ë ¯® ä®à¬ã«¥

An =
Z
G

A(�)�(�gn)�(d�); (3)

£¤¥ G | ¡®à®¢áª ï ª®¬¯ ªâ¨ä¨ª æ¨ï £àã¯¯ë bG (â. ¥. G = bGd | ¤¢®©áâ¢¥ ï ª £àã¯¯¥ Gd, Gd

| £àã¯¯  G,  ¤¥«¥ ï ¤¨áªà¥â®© â®¯®«®£¨¥©), � | ¬¥à  �  à    ª®¬¯ ªâ®© £àã¯¯¥ G ¨
A : G! EndF | ¥¯à¥àë¢®¥ ¯à®¤®«¦¥¨¥ äãªæ¨¨ bA   G. �â¬¥â¨¬ á¢®©áâ¢® lim

n!1
kAnk = 0.

�¨¬¢®«®¬ Di�V F ¨«¨ EndV F ®¡®§ ç¨¬ ¬®¦¥áâ¢® ®¯¥à â®à®¢ ¨§  «£¥¡àë EndF , ¯¥à¥áâ -
®¢®çëå á ®¯¥à â®à ¬¨ ¯à¥¤áâ ¢«¥¨ï V : bG ! EndF . �á®, çâ® Di�V F � Di� F ¨ Di�V F
| § ¬ªãâ ï ¯®¤ «£¥¡à  ¨§  «£¥¡àë EndF . �«£¥¡à  Di� F á®¤¥à¦¨â ®¯¥à â®àë ã¬®¦¥¨ï  
äãªæ¨¨ ¨§  «£¥¡àë Cs(G;EndX). �¤ ª® ¥ ¢áïª¨© ®¯¥à â®à ¨§ Di�V F ï¢«ï¥âáï ®¯¥à â®à®¬
ã¬®¦¥¨ï (á¬. [5], £«. II).
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�®¤ «£¥¡à  A ¨§ ¡  å®¢®©  «£¥¡àë B  §ë¢ ¥âáï  ¯®«¥®© [4], ¥á«¨ ª ¦¤ë© ®¡à â¨¬ë©
¢ B í«¥¬¥â ¨§  «£¥¡àë A ®¡à â¨¬ ¨ ¢ A.

�¥¬¬  1. �®¦¥áâ¢® à §®áâëå ®¯¥à â®à®¢ Di� F ®¡à §ã¥â  ¯®«¥ãî § ¬ªãâãî

¯®¤ «£¥¡àã ¢ ¡  å®¢®©  «£¥¡à¥ EndF . �á«¨ A �
P
n�1

An | àï¤ �ãàì¥ ®¯¥à â®à  A 2 Di� F , â®

®¯¥à â®àë An, n � 1, ï¢«ïîâáï à §®áâë¬¨, �(An) = fgng | ®¤®â®ç¥ç®¥ ¬®¦¥áâ¢® ¨

®¨ ¤®¯ãáª îâ ¯à¥¤áâ ¢«¥¨¥ ¢¨¤ 

An = A0
nS(gn); A0

n 2 Di�V F : (4)

�®ª § â¥«ìáâ¢®. �¥¯®áà¥¤áâ¢¥® ¨§ á¢®©áâ¢ ¯. ¯. äãªæ¨© á«¥¤ã¥â, çâ® Di� F | § ¬ªã-
â ï  ¯®«¥ ï ¯®¤ «£¥¡à  ¨§ EndF . � ¯à¨¬¥à, ¥á«¨ A 2 Di� F | ®¡à â¨¬ë© ¢  «£¥¡à¥
EndF ®¯¥à â®à ¨ B = A�1, â® äãªæ¨ï bB : bG ! EndF ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥  ¢ ¢¨¤¥bB() = ( bA())�1,  2 bG, ¨ ¯®íâ®¬ã ï¢«ï¥âáï ¯®çâ¨ ¯¥à¨®¤¨ç¥áª®©. � ª¨¬ ®¡à §®¬, A�1 2 Di� F .

�¥¯®áà¥¤áâ¢¥® ¨§ ä®à¬ã«ë (3) á«¥¤ã¥â, çâ® ¨¬¥îâ ¬¥áâ® à ¢¥áâ¢  V (�1)AnV () =
(gn)An, n � 1. �®íâ®¬ã An 2 Di� F ¨ �(An) = fgng 8n � 1.

�®«®¦¨¬ A0
n = AnS(�gn), n � 1. �§ à ¢¥áâ¢ V (�1)S(gn)V () = (�gn)S(�gn),  2 bG,

á«¥¤ã¥â, çâ® V (�1)A0
nV () = A0

n 8 2
bG, 8n � 1. �«¥¤®¢ â¥«ì®, A0

n 2 Di�V F .

�«¥¤áâ¢¨¥. Di�V F | § ¬ªãâ ï  ¯®«¥ ï ¯®¤ «£¥¡à  ¨§ EndF .

�¯¥à â®àë A0
n 2 Di�V F , n � 1, ¨§ ¯à¥¤áâ ¢«¥¨ï (4)  §®¢¥¬ ª®íää¨æ¨¥â ¬¨ à §®áâ®£®

®¯¥à â®à  A.
�ï¤ ¯®á«¥¤ãîé¨å ãâ¢¥à¦¤¥¨© («¥¬¬ë 2{6) ¡ã¤¥â â¥á® á¢ï§  á® áâàãªâãà®© ®¯¥à â®à®¢

¨§  «£¥¡àë Di�V F (ª®íää¨æ¨¥â ¬¨ à §®áâëå ®¯¥à â®à®¢).
� «¥¥ á¨¬¢®«®¬ C0;k(G) ®¡®§ ç¥  ¯®¤ «£¥¡à  äãªæ¨© ¨§  «£¥¡àë C0(G) = C0(G; C ), ¨¬¥-

îé¨å ª®¬¯ ªâë© ®á¨â¥«ì. �¥à¥§ V (f) ®¡®§ ç¨¬ ®¯¥à â®à ¨§ Di� F ã¬®¦¥¨ï   äãª-
æ¨î f 2 C(G) = C(G; C ). �®á«¥¤®¢ â¥«ì®áâì äãªæ¨© (fn) ¨§  «£¥¡àë C0;k(G)  §ë¢ ¥âáï
®£à ¨ç¥®©  ¯¯à®ªá¨¬ â¨¢®© ¥¤¨¨æ¥© (®.  . ¥.), ¥á«¨ ¢ë¯®«¥ë ãá«®¢¨ï: 1) lim

n!1
fn(0) = 1,

2) lim
n!1

kS(g)fn � fnk1 = 0 8g 2 G.

�¯à¥¤¥«¥¨¥ 3. �¨¥©ë© ®¯¥à â®à A 2 EndF  §®¢¥¬ c-¥¯à¥àë¢ë¬ (áà.[6] ¨ [7]), ¥á«¨
¤«ï «î¡®© ®.  . ¥. (fn) ¢ë¯®«¥® á®®â®è¥¨¥ lim

n!1
kV (fn)A�AV (fn)k = 0.

�®¦¥áâ¢® ¢á¥å c-¥¯à¥àë¢ëå ®¯¥à â®à®¢ ¨§  «£¥¡àë EndF ®¡®§ ç¨¬ á¨¬¢®«®¬ EndcF .
�á®, çâ® D 2 EndcF , ¥á«¨ D ®¯à¥¤¥«¥ ä®à¬ã«®© (1). �¥¯®áà¥¤áâ¢¥® ¨§ ®¯à¥¤¥«¥¨ï 3
á«¥¤ã¥â, çâ® EndcF ¨ Di�cF = EndcF \ Di� F | § ¬ªãâë¥ ¯®¤ «£¥¡àë ¨§ EndF ¨ Di� F
á®®â¢¥âáâ¢¥®.

�¥¬¬  2. EndcF ¨ Di�cF |  ¯®«¥ë¥ ¯®¤ «£¥¡àë ¨§ EndF .

�®ª § â¥«ìáâ¢®. �á«¨ A 2 EndcF ®¡à â¨¬ ¢ EndF , â®

lim
n!1

kV (fn)A�1 �A�1V (fn)k = lim
n!1

kA�1(AV (fn)� V (fn)A)A�1k = 0

¤«ï «î¡®© ®.  . ¥. (fn). �á«¨ A 2 Di�cF , â® á«¥¤ã¥â ¨á¯®«ì§®¢ âì «¥¬¬ã 1.

�¥à¥§ F0 = F0(G;X) ®¡®§ ç¨¬ § ¬ëª ¨¥ ¢ F(G;X) äãªæ¨© ¨§ F(G;X), ¨¬¥îé¨å ª®¬-
¯ ªâë© ®á¨â¥«ì. �á®, çâ® F0 = F , ¥á«¨ F = Lp, p 2 [1;1), ¨«¨ F = C0. �â¬¥â¨¬, çâ®
lim
n!1

V (fn)x = x 8x 2 F0, 8 ®.  . ¥. (f).

�¥¬¬  3. �á«¨ A 2 EndV F \ EndcF , â® F0 | ¨¢ à¨ â®¥ ¤«ï A ¯®¤¯à®áâà áâ¢®, ¨

¨¬¥îâ ¬¥áâ® à ¢¥áâ¢ 

AV (') = V (')A; ' 2 C0(G): (5)
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�®ª § â¥«ìáâ¢®. �á«¨ x0 2 F0, â® Ax0 = lim
n!1

AV (fn)x0 = V (fn)Ax0 2 F0.

�ãáâì äãªæ¨ï ' 2 C0;k(G) ¨¬¥¥â ¯à¥®¡à §®¢ ¨¥ �ãàì¥ b', ¯à¨ ¤«¥¦ é¥¥  «£¥¡à¥ L1( bG).
�á«¨ x0 2 F0, â® äãªæ¨¨  7! V ()x0,  7! V ()Ax0 : bG ! F ¥¯à¥àë¢ë. �â¥£à¨àãï à ¢¥-
áâ¢  b'()V ()Ax0 = b'()AV ()x0,  2 bG, ¯®«ãç ¥¬

V (')Ax0 =
Z
bG b'()V ()Ax0d =

Z
bGA b'()V ()x0d = AV (')x0:

� á¨«ã ¯«®â®áâ¨ â ª¨å äãªæ¨© ' ¢ C0(G) à ¢¥áâ¢  (5) ¨¬¥îâ ¬¥áâ®   F0. �á«¨ x 2 F , â®
¤«ï «î¡®© ®.  . ¥. (fn) ¢ë¯®«ïîâáï à ¢¥áâ¢ 

V (')Ax�AV (')x = lim
n!1

(V (fn)V (')Ax�V (fn)AV (')x) = V (') lim
n!1

(V (fn)Ax�AV (fn)x) = 0: �

�«¥¤áâ¢¨¥ 1. �ãáâì A 2 EndV F \ EndcF . �®£¤ 

1) suppAx � suppx 8x 2 F ;
2) Ax = Ay   ®âªàëâ®¬ ¬®¦¥áâ¢¥ U � G, ¥á«¨ x = y   U ;
3) k(Ax)(g)k � kAk kx(g)k 8x 2 C0, 8g 2 G, ¥á«¨ F = L1 ¨ AC0 � C0;
4) AF0 � F0, ¥á«¨ F = L1.

�«¥¤áâ¢¨¥ 2. �á«¨ A;B 2 EndV F \ EndcF á®¢¯ ¤ îâ   F0, â® A = B.

�¥¬¬  4. �á«¨ A 2 EndLp, p 2 [1;1), â® Ax 2 L1 ¨ kAxk1 � kAk kxk1 8x 2 L1 á

ª®¬¯ ªâë¬ ®á¨â¥«¥¬ suppx.

�®ª § â¥«ìáâ¢®. �ãáâì x 2 L1, kxk1 � 1 ¨ suppx | ª®¬¯ ªâ. �à¥¤¯®«®¦¨¬, çâ® kAk <
kAxk1 = � � 1. �®£¤  áãé¥áâ¢ãîâ ª®¬¯ ªâ K � G ¨ ®âªàëâ®¥ ¬®¦¥áâ¢® U � G â ª¨¥, çâ®
1) K � G, 2) vrai inf

g2K
ky(g)k > kAk, £¤¥ y = Ax, 3) �(K) > �(U)kAkp��p. �ë¡¥à¥¬ äãªæ¨î

' 2 C0(G) â ªãî, çâ®¡ë 0 � ' � 1, ' � 1   K ¨ supp' � U . �®£¤  k'xkp � �(U)1=p (k � kp |
®à¬  ¢ Lp).

�ãªæ¨ï 'y = 'Ax = A('x) ¤®¯ãáª ¥â á«¥¤ãîéãî ®æ¥ªã ®à¬ë k'ykp � kAk�(U)1=p. �
¤àã£®© áâ®à®ë, k'ykp > ��(K)1=p > kAk�(U)1=p. �®«ãç¥® ¯à®â¨¢®à¥ç¨¥.

�¥¬¬  5. �î¡®© ®¯¥à â®à A 2 EndV F \EndcF ¤®¯ãáª ¥â ¥¤¨áâ¢¥®¥ à áè¨à¥¨¥ A  

L1, ¥á«¨ F = Lp, p 2 [1;1) (¨   C, ¥á«¨ F = C0), ¯à¨ç¥¬ kAk � kAk ¨ A 2 EndV L1\EndcL1
(A 2 EndV C \ EndcC, ¥á«¨ F = C0).

�®ª § â¥«ìáâ¢®. �ãáâì F = Lp (á«ãç © F = C0 à áá¬ âà¨¢ ¥âáï   «®£¨ç®). �ãªæ¨ï
Ax, £¤¥ x 2 L1, ®¯à¥¤¥«ï¥âáï   «î¡®¬ ®âªàëâ®¬ ¬®¦¥áâ¢¥ á ª®¬¯ ªâë¬ § ¬ëª ¨¥¬ U
á«¥¤ãîé¨¬ ®¡à §®¬: (Ax)(g) = (A'x)(g), £¤¥ ' | «î¡ ï äãªæ¨ï ¨§ C0(G) á ª®¬¯ ªâë¬
®á¨â¥«¥¬ supp' ¨ ' = 1   U . �¥¯®áà¥¤áâ¢¥® ¨§ «¥¬¬ë 3, ¥¥ á«¥¤áâ¢¨© ¨ «¥¬¬ë 4 á«¥¤ã¥â
ª®àà¥ªâ®áâì ®¯à¥¤¥«¥¨ï ®¯¥à â®à  A 2 EndL1 ¨ ®æ¥ª  kAk � kAk. �®áª®«ìªã ¨¬¥îâ ¬¥áâ®
à ¢¥áâ¢  V (�1)AV () = A,  2 bG, V (f)A = V (f)A, AV (f) = AV (f), f 2 C0;k(G), â® ¤«ï «î¡®©
®.  . ¥. (fn) ¯®«ãç ¥¬ kV (fn)A�AV (fn)k � kV (fn)A�AV (fn)k ! 0 ¯à¨ n!1.

�¥¬¬  6. �á«¨ F 6= L1 ¨ ¤«ï ®¯¥à â®à  A 2 EndV F \ EndcF ¢ë¯®«¥® ãá«®¢¨¥

lim
h!1

kS(h)AS(�h)x �Axk1 = 0 8x 2 C0(G;X); (6)

â® ® ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥ (Ax)(g) = A0(g)x(g), x 2 F , £¤¥ A0 2 CS(G;EndX) .

�®ª § â¥«ìáâ¢®. �®áª®«ìªã S(h)V () = (h)V ()S(h) 8h 2 G, 8 2 bG, â® S(h)AS(�h) 2
EndV F \ EndcF ¨ ¢ á¨«ã «¥¬¬ë 4 S(h)AS(�h)Ax � Ax 2 L1 8x 2 C0(G;X). �§ «¥¬¬ë 5
¯®«ãç ¥¬ áãé¥áâ¢®¢ ¨¥ ®¯¥à â®à  A 2 EndL1 (¥á«¨ F = Lp, p 2 [1;1) ), ¯à¨ ¤«¥¦ é¥£®
 «£¥¡à¥ EndV L1 \ Endc L1. �®ª ¦¥¬, çâ® AC0 � C0 ¯à¨ F = Lp (á«ãç © F = C ®ç¥¢¨¤¥).
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�«ï íâ®£® à áá¬®âà¨¬  ¯à ¢«¥®áâì A = fUg ª®¬¯ ªâëå ®ªà¥áâ®áâ¥© ã«ï £àã¯¯ë G
( ¯à ¢«¥ëå ¯® ¢ª«îç¥¨î ¬®¦¥áâ¢) ¨  ¯à ¢«¥®áâì ®¯¥à â®à®¢ fAU ; U 2 Ag ¨§  «£¥¡àë
EndC0, ¨¬¥îé¨å ¢¨¤

AUx =
1

�(U)

Z
U

S(h)AS(�h)x dh; x 2 C0: (7)

�®ª ¦¥¬, çâ® AUx 2 C0 8x 2 C0. �ãáâì ¢ ç «¥ äãªæ¨ï x 2 C0(G;X) ¨¬¥¥â ¢¨¤ x(g) = '(g)x0,
£¤¥ ' 2 C0(G), x0 2 X. �®£¤  ¨§ (7) ¯®«ãç ¥¬ AUx = '0�(U)�1

R
U

S(h)Ax0dh 2 C0(G;X), £¤¥

x0(g) = x0 8g 2 G. � á¨«ã ¯«®â®áâ¨ â ª¨å äãªæ¨© x ¢ C0(G;X) ¯®«ãç ¥¬ ¢ª«îç¥¨¥ AUC0 �
C0.

�§ ãá«®¢¨ï (6) á«¥¤ã¥â, çâ® ¤«ï «î¡®© äãªæ¨¨ x 2 C0

lim
U
kAx�AUxk1 � lim

U
k�(U)�1k

Z
U

kS(h)AS(�h)x�Axk1dh = 0:

�®íâ®¬ã Ax 2 C0 8x 2 C0 ¨, á«¥¤®¢ â¥«ì®, AC � C, ¯à¨ç¥¬ kAkEndC � kAk (á¬. «¥¬¬ë 4 ¨ 5).
�¢¥¤¥¬ ¢ à áá¬®âà¥¨¥ äãªæ¨îA0 2 CS(G;EndX), ¯®«®¦¨¢ A0(g)x0 = (Ax0)(g), £¤¥ x0(g) �

x0 2 X, ¨ ¯ãáâì B 2 EndF | ®¯¥à â®à ã¬®¦¥¨ï   A0. �¥¯®áà¥¤áâ¢¥® ¨§ ®¯à¥¤¥«¥¨ï ®¯¥-
à â®à®¢ A, B ¨ «¥¬¬ 3, 5 ¯®«ãç ¥¬, çâ® (A('0x0))(g) = '0(g)A(x0) = '0(g)A0(g)x0 = (B('0x0))(g)
8g 2 G. � ª¨¬ ®¡à §®¬, A = B   C0. �®áª®«ìªã C0 ¯«®â® ¢ Lp (p 2 [1;1)), â® A = B ¯à¨
F = Lp. �à¨ F = C á«¥¤ã¥â ¨á¯®«ì§®¢ âì «¥¬¬ã 5.

�ãáâì � | áç¥â ï ¯®¤£àã¯¯  ¨§ £àã¯¯ë G ¨ � : � ! R+ = ft 2 R : t � 0g | ¢¥á®-
¢ ï äãªæ¨ï (â. ¥. �(g) � 1, �(g1 + g2) � �(g1)�(g2) 8g; g1; g2 2 G), ã¤®¢«¥â¢®àïîé ï ãá«®¢¨î
lim
n!1

n�1 ln�(ng) = 0 8g 2 �. �¨¬¢®«®¬ Di�(F ; �) ®¡®§ ç¨¬ ¯®¤ «£¥¡àã à §®áâëå ®¯¥à â®à®¢

¢¨¤  (1), ¤«ï ª®â®àëå �(D) = fg1; g2; : : : g � � ¨
P
n�1

kAnk1�(gn) <1.

�¥®à¥¬  1. �ãáâì D 2 Di�(F ; �) | ®¡à â¨¬ë© ®¯¥à â®à. �®£¤  D�1 2 Di�(F ; �), â. ¥. ®
¨¬¥¥â ¢¨¤

(D�1x)(g) =
X
k�1

Bk(G)X(g + hk);

£¤¥ Bk 2 CS(G;EndX), k � 1, hk 2 � 8k � 1 ¨
P
k�1

kBkk�(hk) <1.

�®ª § â¥«ìáâ¢®. �ãªæ¨ï bD() = V (�1)DV (),  2 bG ( bD : bG! EndF) | ¯. ¯. äãªæ¨ï ¨
¯®íâ®¬ã ¡ã¤¥â ¯. ¯. äãªæ¨¥© dD�1() = V (�1)D�1V (),  2 bG, â. ¥. D�1 | à §®áâë© ®¯¥à â®à.
�§ ([8], «¥¬¬  1) á«¥¤ã¥â, çâ® ®¯¥à â®à D�1 ¤®¯ãáª ¥â ¯à¥¤áâ ¢«¥¨¥

D�1 =
X
k�1

eBkS(hk); hk � �; (8)

£¤¥ eBk 2 EndV F (á¬. «¥¬¬ã 1),
P
k�1

kBkk�(hk) <1. �®áª®«ìªã dD�1 : G! EndF | ¥¯à¥àë¢ ï

¯. ¯. äãªæ¨ï, § ç¥¨ï¬¨ ª®â®à®© ¢ á¨«ã «¥¬¬ë 2 ï¢«ïîâáï ®¯¥à â®àë ¨§  «£¥¡àë EndcF ,
â® ¨§ ä®à¬ã«ë (3) ¤«ï ª®íää¨æ¨¥â®¢ �ãàì¥ eBkS(hk), k � 1, ®¯¥à â®à  D�1 á«¥¤ã¥â, çâ®eBkS(hk) 2 Di�C F 8k � 1. �«¥¤®¢ â¥«ì®, eBk 2 EndV F \ EndcF , k � 1.

� ç «¥ ¯à¥¤¯®«®¦¨¬, çâ® F = Lp, p 2 [1;1). �®áª®«ìªã k eBkS(hk)k = k eBkk, â® ¨§ «¥¬¬ë
5 á«¥¤ã¥â, çâ® eBk ¤®¯ãáª ¥â à áè¨à¥¨¥   L1 á ®à¬®©, ¥ ¯à¥¢®áå®¤ïé¥© k eBkk. �âáî¤  ¢
á¨«ã  ¡á®«îâ®© áå®¤¨¬®áâ¨ àï¤  �ãàì¥ ¤«ï D�1 ¯®«ãç ¥¬, çâ® D�1 ®¯à¥¤¥«¥ ¨ ®£à ¨ç¥ ¢
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L1, ¯à¨ç¥¬ ¨§ á«¥¤áâ¢¨ï «¥¬¬ë 3 ¨ ¯à¥¤áâ ¢«¥¨ï (8) á«¥¤ã¥â ¢ª«îç¥¨¥ D�1((L1)0) � (L1)0.
�®íâ®¬ã ¤«ï «î¡®© äãªæ¨¨ x 2 C0;k(G;X) ¯®«ãç ¥¬ ¯à¨ h! 0

k(S(h)D�1S(�h)�D�1)xk1 = kS(h)D�1S(�h)(Dx� S(h)DS(�h))D�1xk1 �

� kD�1kEndL1k(Dx� S(h)DS(�h))D�1xk1 ! 0;

¥á«¨ ãç¥áâì, çâ® D�1x 2 (L1)0. � ª®¥ ¦¥ á®®â®è¥¨¥ ¨¬¥¥â ¬¥áâ® ¯à¨ F = C.
�é¥ à § ¨á¯®«ì§ãï ¯à¥¤áâ ¢«¥¨¥ (3), ¯®«ãç ¥¬, çâ® ¤«ï ®¯¥à â®à®¢ eBk, k � 1, ¢ë¯®«¥®

ãá«®¢¨¥ (6) «¥¬¬ë 6 ¨, á«¥¤®¢ â¥«ì®, ¤«ï ¨å ¢ë¯®«¥ë ¢á¥ ãá«®¢¨ï íâ®© «¥¬¬ë. �®íâ®¬ã ®¯¥-
à â®àë eBk, k � 1, ï¢«ïîâáï ®¯¥à â®à ¬¨ ã¬®¦¥¨ï   ¥ª®â®àë¥ äãªæ¨¨ Bk 2 Cs(G;EndX)
¯à¨ F = Lp, p 2 [1;1), F = C;C0.

�ãáâì F = L1. �®áª®«ìªã eBkC0 � C0 (á¬. ¤®ª § â¥«ìáâ¢® «¥¬¬ë 6), â® D�1C0 � C0 ¨
¯®íâ®¬ã áã¦¥¨¥ D0 ®¯¥à â®à  D   C0 ï¢«ï¥âáï ®¡à â¨¬ë¬ ®¯¥à â®à®¬. � ç¨â, eBk 2 EndC0,
k � 1, ï¢«ïîâáï ®¯¥à â®à ¬¨ ã¬®¦¥¨ï   ¥ª®â®àë¥ äãªæ¨¨ Bk 2 CS(G;EndX). � á¨«ã
¯«®â®áâ¨ C0 ¢ L1 ¨ ¨§ ¢¨¤  ®¯¥à â®à®¢ D0 ¨ D�10 á«¥¤ã¥â, çâ® ®¨ ¤®¯ãáª îâ ®£à ¨ç¥®¥
à áè¨à¥¨¥   L1, ¯à¨ç¥¬ ¯®¤¯à®áâà áâ¢® L1 \ L1 ¯¥à¥¢®¤ïâ ¢ á¥¡ï. �®íâ®¬ã D�10 = D�1

¨ ( eBkx)(g) = Bk(g)x(g), k � 1,   L1 \ L1. � á¨«ã á«¥¤áâ¢¨ï 2 «¥¬¬ë 3 íâ® ¯à¥¤áâ ¢«¥¨¥
®¯¥à â®à®¢ eBk ¨¬¥¥â ¬¥áâ® ¨   L1.

�«¥¤áâ¢¨¥. �¯¥ªâà à §®áâ®£® ®¯¥à â®à  D ¢¨¤  (1) ¥ § ¢¨á¨â ®â ¢ë¡®à  ¯à®áâà áâ¢ 
F(G;X).

�â¬¥â¨¬, çâ® ãâ¢¥à¦¤¥¨¥ â¥®à¥¬ë 1 ¢ á«ãç ¥ �(g) � 1, X | ª®¥ç®¬¥à®¥ ¯à®áâà áâ¢®
¨ An 2 L1(G;X), n � 1, ¯à¨¢¥¤¥® ¢ à ¡®â¥ ([5], £«. II). � ¬ ¦¥ ¨§« £ ¥âáï ¨áâ®à¨ï ¢®¯à®á .

2. �¯¥ªâà «ìë¥ á¢®©áâ¢  ®¯¥à â®à  ¢§¢¥è¥®£® á¤¢¨£ 

�ãáâì g0 | â ª®© í«¥¬¥â ¨§ £àã¯¯ë G, çâ® ¬®¦¥áâ¢® f(g0);  2 bGg ¯«®â®   ®ªàã¦®áâ¨
T = f� 2 C : jzj = 1g. � áá¬®âà¨¬ à §®áâë© ®¯¥à â®à (®¯¥à â®à ¢§¢¥è¥®£® á¤¢¨£ ) A 2
EndF(G;x) ¢¨¤ 

(Ax)(g) = B(g)x(g � g0); x 2 F = F(G;X);

£¤¥ B 2 CS(G;EndX) (¯®¤à®¡ë¥ ª®¬¬¥â à¨¨ ª ¨áâ®à¨¨ ¨áá«¥¤®¢ ¨ï ®¯¥à â®à®¢ ¢§¢¥è¥®£®
á¤¢¨£  ¨¬¥îâáï ¢ ¬®®£à ä¨¨ [9]).

�à¥¤¯®«®¦¨¬, çâ® ç¨á«® 1 ¥ ¯à¨ ¤«¥¦¨â á¯¥ªâàã �(A) ®¯¥à â®à  A. �«¥¤ãîé¨¥ à ¢¥áâ¢ 

V ()AV (�1) = (g0)A;  2 bG; (9)

®§ ç îâ ¯®¤®¡¨¥ ®¯¥à â®à  A ®¯¥à â®à ¬ ¢¨¤  (g0)A,  2 bG. �®áª®«ìªã ¯®¤®¡ë¥ ®¯¥à â®àë
¨¬¥îâ ®¤¨ ª®¢ë¥ á¯¥ªâàë, â® ¨§ ®âªàëâ®áâ¨ à¥§®«ì¢¥â®£® ¬®¦¥áâ¢  �(A) = C n �(A) ¨
à ¢¥áâ¢ (9) á«¥¤ã¥â, çâ® ¢ë¯®«¥® ãá«®¢¨¥

�(A) \ T = ;: (10)

�¥®à¥¬  2. �ãáâì à §®áâë© ®¯¥à â®à D = I�A 2 EndF ®¡à â¨¬. �®£¤  ¨¬¥îâ ¬¥áâ®

á«¥¤ãîé¨¥ á¢®©áâ¢ :

1) �(A) = �� [ �+; �� = f� 2 �(A) : j�j < 1g; �+ = f� 2 �(A) : j�j > 1g;
2) ¯à®¥ªâ®à �¨áá  P� = P (��; A), ¯®áâà®¥ë© ¯® á¯¥ªâà «ì®¬ã ¬®¦¥áâ¢ã ��, ï¢«ï-

¥âáï ®¯¥à â®à®¬ ã¬®¦¥¨ï   ¯à®¥ªâ®à®§ çãî äãªæ¨î P 2 CS(G;EndX);
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3) ®¯¥à â®à D�1 ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥ D�1 =
P
k2Z

Bk, £¤¥ (Bkx)(g) = Dk(g)x(g � kg0), Dk 2

CS(G;EndX), ¯à¨ç¥¬ ®¯¥à â®àë Bk 2 EndF , k 2 Z, ï¢«ïîâáï £®«®¬®àäë¬¨ äãªæ¨-

ï¬¨ ®â ®¯¥à â®à  A ¨ ®¯à¥¤¥«ïîâáï ¨§ á®®â®è¥¨©

Bk = A�kP�; k � 0; BkA
k = AkBk = �P+; BkP� = P�Bk = 0; k > 0; (11)

£¤¥ P+ = I � P� | ¤®¯®«¨â¥«ìë© ª P� ¯à®¥ªâ®à;
4) ¤«ï «î¡ëå ç¨á¥« ��, �+ ¨§ ¨â¥à¢ «  (0; 1), ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨ï¬ ��kD

�1k < 1,
á¯à ¢¥¤«¨¢ë ®æ¥ª¨

kPk1 � kD�1k; kBkk = kDkk1 � kD�1k; k 2 Z; (12)

kBkk � kD�1k(1� ��kD
�1k)�1(1� ��)�k; k � �1; (13)

kBkk � kD�1k(1 � �+kD
�1k)�1(1 + �+)

�k; k � �1; (14)

X
k2Z

kBkk � kD�1k(1 + 8kD�1k):

�®ª § â¥«ìáâ¢®. �¢®©áâ¢® 1) á«¥¤ã¥â ¨§ ãá«®¢¨ï (10). �¬¥¥â ¬¥áâ® à ¢¥áâ¢® F = F��F+,
£¤¥ F� = ImP� | ®¡à §ë ¯à®¥ªâ®à®¢ P�, ¨ ®¯¥à â®à A ¨¬¥¥â ¢¨¤ A = A��A+, £¤¥ A� = A j F�
| áã¦¥¨¥ A   F�. �®£¤  �(A�) = �� ¨ D�1 = (I��A�)�1� (I+�A+)�1, I� | â®¦¤¥áâ¢¥ë©
®¯¥à â®à ¢ F�. �®áª®«ìªã á¯¥ªâà «ìë¥ à ¤¨ãáë r(A�) ¨ r(A�1+ ) ®¯¥à â®à®¢ A� ¨ A�1+ ¬¥ìè¥
1, â® ¨¬¥¥â ¬¥áâ® ¯à¥¤áâ ¢«¥¨¥

D�1 =
�X

k�0

Ak
�

�
�

� X
k��1

Ak
+

�
=
X
k2Z

Bk; (15)

£¤¥ Bk = Ak
� � 0 = AkP�, k � 0; Bk = 0�Ak

+, k � �1. �á¯®«ì§ãï ¯à®áâ¥©è¨¥ á¢®©áâ¢  äãªæ¨®-
 «ì®£® ¨áç¨á«¥¨ï (á¬. [3], £«. VII), ®¯¥à â®àë Bk, k 2 Z, ¬®¦® ¯à¥¤áâ ¢¨âì ä®à¬ã« ¬¨

Bk =
1
2�i

Z
T

��kR(�;A)d�; k 2 Z; (16)

¨§ ª®â®àëå á«¥¤ãîâ á®®â®è¥¨ï (11). �§ (16) ¯®«ãç îâáï à ¢¥áâ¢ 

bBk() = V (�1)BkV () =
1
2�i

Z
T

��kR(�; (g0)A)d� =

=
1
2�i

Z
T

��k(�g0)R(�(�g0); A)d� = (�kg0)Bk:

� ª¨¬ ®¡à §®¬, bBk, k 2 Z, | ¯. ¯. äãªæ¨¨ ¨ ¯®â®¬ã ®¨ ï¢«ïîâáï à §®áâë¬¨ ®¯¥à â®à ¬¨
á �(Bk) = �fkg0g. �§ â¥®à¥¬ë 1 ¯®«ãç ¥¬ (á¬. ¥¥ ¤®ª § â¥«ìáâ¢®), çâ® ®¯¥à â®àë Bk, k 2 Z,
¤®¯ãáª îâ ¯à¥¤áâ ¢«¥¨¥ ¢¨¤  (Bkx)(g) = Dk(g)x(g � kg0), k 2 Z, £¤¥ Dk 2 CS(G;EndX). �®-
áª®«ìªã B0 = P�, â® (P�x)(g) = P (g)x(g), x 2 F , £¤¥ P (g) = D0(g), g 2 G, | ¯à®¥ªâ®à®§ ç ï
äãªæ¨ï ¨§ CS(G;EndX). �â ª, ¤®ª § ë á¢®©áâ¢  1){3). �æ¥ª¨ (12) á«¥¤ãîâ ¨§ ®æ¥®ª ª®-
íää¨æ¨¥â®¢ �ãàì¥ ¯. ¯. äãªæ¨¨ (kBkk � sup

2bG kdD�1()k = kD�1k).

�®«ãç¨¬ ®æ¥ª¨ (13). �á«¨ �� = ;, â® P� = 0 ¨ ¯®â®¬ã Bk = 0 8k � 0. �á«¨ �� 6= 0, â® P� 6= 0
¨ ¢ íâ®¬ á«ãç ¥ à áá¬®âà¨¬ ç¨á«® r� 2 (0; 1), ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨î (1 � r�)kD�1k < 1.
�ãáâì T(r�) = f� 2 C : j�j = r�g. �ª«îç¥¨¥ T(r�) � �(A) á«¥¤ã¥â ¨§ ¯à¥¤áâ ¢«¥¨ï �r�I�A =
(�I � A)[I � �(1 � r�)R(�;A)], � 2 T, ¨ à ¢¥áâ¢ kR(�;A)k = kD�1k, � 2 T, ¢ëâ¥ª îé¨å ¨§ (9).
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�à¨ íâ®¬ ¨¬¥¥â ¬¥áâ® ®æ¥ª  kR(�;A)k � kD�1k(1 � ��kD
�1k)�1, £¤¥ �� = 1 � r� ¨ � 2 T(r�).

�âáî¤  ¨ ¨§ (16) á«¥¤ã¥â ¯à¥¤áâ ¢«¥¨¥

Bk =
1
2�i

Z
T(r�)

��kR(�;A)d�; k � �1;

¨§ ª®â®à®£® ¢ëâ¥ª îâ ®æ¥ª¨ (13).
� «®£¨ç® ãáâ  ¢«¨¢ îâáï ®æ¥ª¨ (14). � íâ®¬ á«ãç ¥ à áá¬ âà¨¢ ¥âáï ç¨á«® r+ > 1,

ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨î �+kD
�1k < 1, �+ = r+ � 1, ¨ ¨á¯®«ì§ã¥âáï ®ªàã¦®áâì T(r+) ¤«ï

¨â¥£à «ì®£® ¯à¥¤áâ ¢«¥¨ï ®¯¥à â®à®¢ Bk, k � 1.

� ãá«®¢¨ïå á«¥¤ãîé¥© â¥®à¥¬ë à áá¬ âà¨¢ ¥âáï ¯®á«¥¤®¢ â¥«ì®áâì äãªæ¨© Bk(g) =
B(g)B(g � g0) : : : B(g � (k � 1)g0), k � 1, ¨§ ¯à®áâà áâ¢  CS(G;EndX).

�¥®à¥¬  3. �«ï â®£® çâ®¡ë ®¯¥à â®à D = I �A ¡ë« ®¡à â¨¬, ¥®¡å®¤¨¬® ¨ ¤®áâ â®ç®,

çâ®¡ë áãé¥áâ¢®¢ «  ¯à®¥ªâ®à®§ ç ï äãªæ¨ï P : CS(G;EndX) á® á«¥¤ãîé¨¬¨ á¢®©áâ¢ -

¬¨ (¢ íâ®¬ á«ãç ¥ ¡ã¤¥¬ £®¢®à¨âì, çâ® ¯®á«¥¤®¢ â¥«ì®áâì äãªæ¨© ®¡« ¤ ¥â ¤¨áªà¥â®©

¤¨å®â®¬¨¥©; á¬. ([14], ®¯à¥¤¥«¥¨¥ 7.6.4)):

1) B(g)P (g � g0) = P (g)B(g) 8g 2 G;
2)  ©¤¥âáï ç¨á«® k 2 N â ª®¥, çâ® sup

g2G
kP (g)Bk(g)k < 1;

3) áãé¥áâ¢ãîâ ç¨á«  m 2 N ¨ q > 1, ¤«ï ª®â®àëå

kQ(g)Bm(g)xk = kBm(g)Q(g � (m� 1)g0)xk � qkQ(g � (m� 1)g0)xk

¯à¨ ¢á¥å x 2 X, g 2 G ¨ Bm(g) ®áãé¥áâ¢«ï¥â ¨§®¬®àä¨§¬ ®¡à §  ImQ(g � (m � 1)g0)
¯à®¥ªâ®à  Q(g � (m� 1)g0) ¨ ImQ(g) ¯à¨ «î¡®¬ g 2 G (Q(g) = I � P (g), g 2 G).

�®ª § â¥«ìáâ¢®. �¥®¡å®¤¨¬®áâì ãá«®¢¨© ¥¯®áà¥¤áâ¢¥® á«¥¤ã¥â ¨§ â¥®à¥¬ë 2. �ãé¥-
áâ¢®¢ ¨¥ äãªæ¨¨ P á ãª § ë¬¨ á¢®©áâ¢ ¬¨ ®§ ç ¥â, çâ® ¯à®¥ªâ®à (P�x)(g) = P (g)x(g),
g 2 G, x 2 F , ¯¥à¥áâ ®¢®ç¥ á ®¯¥à â®à®¬ A (íâ® á«¥¤ã¥â ¨§ ãá«®¢¨ï 1)), á¯¥ªâà áã¦¥¨ï
®¯¥à â®à  A   ¯®¤¯à®áâà áâ¢® F� = ImP� «¥¦¨â ¢ ªàã£¥ f� 2 C : j�j < 1g (çâ® ¢ëâ¥ª ¥â
¨§ ãá«®¢¨ï 2)), ®¯¥à â®à A+ = A j ImP+, P+ = I � P�, ®¡à â¨¬ ¨ �(A�1+ ) � f� 2 C : j�j < 1g.
�®íâ®¬ã �(A) \ T = ;, â. ¥. ®¡à â¨¬ ®¯¥à â®à D.

�«¥¤áâ¢¨¥. �á«¨ ®¯¥à â®à D = I � A 2 EndF ®¡à â¨¬, â® ¥£® ®¡à âë© ®¯à¥¤¥«ï¥âáï
ä®à¬ã«®©

(D�1x)(g) =
X
k2Z

Dk(g)x(g � kg0); g 2 G; x 2 F ;

£¤¥ Dk(g) = Bk(g)P (g � kg0) = P (g)Bk(g), g 2 G, k � 1, D0(g) = P (g), Dk(g)x = 0 8x 2 ImQ(g �
(k � 1)g0) ¨ Dk(g) = (B�k(g) j ImQ(g � kg0))�1   ImQ(g � kg0) ¯à¨ k � �1.

�®«ãç¥ë¥ ¢ â¥®à¥¬ å 1{3 à¥§ã«ìâ âë ¯à¨¬¥¨¬ ª ¨áá«¥¤®¢ ¨î «¨¥©®£® ¤¨ää¥à¥æ¨-
 «ì®£® ®¯¥à â®à 

L = �
d

dt
+A(t) : D(L) � F ! F = F(R;X)

¢ ¯à¥¤¯®«®¦¥¨¨, çâ® á¥¬¥©áâ¢® § ¬ªãâëå «¨¥©ëå ®¯¥à â®à®¢ A(t) : D(A(t)) � X ! X,

t 2 R, ¯®à®¦¤ ¥â ª®àà¥ªâãî § ¤ çã �®è¨ ¤«ï ¤¨ää¥à¥æ¨ «ì®£® ãà ¢¥¨ï
dx

dt
= A(t)x (á¬.

[12]). �ãáâì fU(t; s); s � tg | á¥¬¥©áâ¢® í¢®«îæ¨®ëå ®¯¥à â®à®¢ ¤«ï íâ®£® ãà ¢¥¨ï.
�ã¤¥¬ áç¨â âì äãªæ¨î x 2 F ¯à¨ ¤«¥¦ é¥© ®¡« áâ¨ ®¯à¥¤¥«¥¨ïD(L) ®¯¥à â®à  L, ¥á«¨

áãé¥áâ¢ã¥â äãªæ¨ï f 2 F â ª ï, çâ® ¤«ï ¯®çâ¨ ¢á¥å s � t ¨¬¥îâ ¬¥áâ® à ¢¥áâ¢ 

x(t) = U(t; s)x(s)�
Z t

s
U(t; �)f(�)d�:
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� íâ®¬ á«ãç ¥ ¯®« £ ¥¬ Lx = f . �à¨ ¨áá«¥¤®¢ ¨¨ ®¯¥à â®à  L ¢®§¨ª îâ ¯à®¡«¥¬ë, á¢ï§ -
ë¥, ¢ ¯¥à¢ãî ®ç¥à¥¤ì, á ¥£® ¥®£à ¨ç¥®áâìî. �â®¡ë ¨å áïâì, á¥¬¥©áâ¢ã fU(t; s); s � tg
á®¯®áâ ¢¨¬ ¯®«ã£àã¯¯ã à §®áâëå ®¯¥à â®à®¢ fT (t); t � 0g ¨§ ¡  å®¢®©  «£¥¡àë EndF , ¨¬¥-
îé¨å ¢¨¤

(T (t)x)(s) = U(s; s� t)x(s� t); s 2 R; x 2 F ; t � 0:

�â¬¥â¨¬ ¤¢  á«¥¤ãîé¨å ãâ¢¥à¦¤¥¨ï ¨§ áâ âì¨ [13].

�¥®à¥¬  4. �¯¥à â®à L ï¢«ï¥âáï ¯à®¨§¢®¤ïé¨¬ ®¯¥à â®à®¬ ¯®«ã£àã¯¯ë ®¯¥à â®à®¢ fT (t),
t � 0g ¢ «î¡®¬ ¨§ ¡  å®¢ëå ¯à®áâà áâ¢ Lp, p 2 [1;1), C0.

�¥®à¥¬  5. �¯¥ªâà �(L) ®¯¥à â®à  L : D(L) � F ! F ¥ § ¢¨á¨â ®â ¢ë¡®à  ¯à®áâà -

áâ¢  F .

�¬¥¥â ¬¥áâ® á«¥¤ãîé ï â¥®à¥¬  ®¡ ®â®¡à ¦¥¨¨ á¯¥ªâà , ª®â®à ï ¥¢¥à  ¤«ï ¯à®¨§¢®«ì-
®© á¨«ì® ¥¯à¥àë¢®© ¯®«ã£àã¯¯ë «¨¥©ëå ®¯¥à â®à®¢ (á¬. [10], £«. 16).

�¥®à¥¬  6. �«ï «î¡®£® ç¨á«  t > 0 á¯à ¢¥¤«¨¢® à ¢¥áâ¢®

�(T (t)) n f0g = exp�(L)t = expf�t : � 2 �(L)g:

�®ª § â¥«ìáâ¢®. �®áª®«ìªã ®¯¥à â®à L � �I, � 2 C , ï¢«ï¥âáï ¯à®¨§¢®¤ïé¨¬ ®¯¥à â®à®¬
¯®«ã£àã¯¯ë ®¯¥à â®à®¢ fT (t) exp �t; t � 0g, â® ¤®áâ â®ç® ¤®ª § âì, çâ® ®¯¥à â®à L ®¡à â¨¬
â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  1 =2 �(T (t)).

�á«¨ ®¯¥à â®à L ®¡à â¨¬, â® ¢ á¨«ã â¥®à¥¬ë 5 ® ®¡à â¨¬ ¢ ¡  å®¢®¬ ¯à®áâà áâ¢¥ C. �
íâ®¬ á«ãç ¥ á¥¬¥©áâ¢® í¢®«îæ¨®ëå ®¯¥à â®à®¢ fU(s; �); � � sg ¤®¯ãáª ¥â íªá¯®¥æ¨ «ìãî
¤¨å®â®¬¨î (á¬. [1], £«. X). �«¥¤®¢ â¥«ì®, á¥¬¥©áâ¢® äãªæ¨© Bk(s) = U(s; s � kt), k � 1, ¤®-
¯ãáª ¥â ¤¨áªà¥âãî íªá¯®¥æ¨ «ìãî ¤¨å®â®¬¨î (á¬. ä®à¬ã«¨à®¢ªã â¥®à¥¬ë 3). �®íâ®¬ã ¨§
â¥®à¥¬ë 3 á«¥¤ã¥â ®¡à â¨¬®áâì ®¯¥à â®à  I � T (t), â. ¥. 1 =2 �(T (t)). �§ á«¥¤áâ¢¨ï â¥®à¥¬ë 3
¯®«ãç ¥¬ ä®à¬ã«ã

((T (t)� I)�1x)(s) =
X
k2Z

G(s; s+ kt)x(s+ kt); x 2 F ;

£¤¥ G(s; �) = fU(s; �)p(�); � � s; U(s; �)Q(�); � > sg, Q(�) = I � P (�) ¨ ¯à®¥ªâ®à®§ ç ï
äãªæ¨ï P : R ! EndX ¢§ïâ  ¨§ ®¯à¥¤¥«¥¨ï íªá¯®¥æ¨ «ì®© ¤¨å®â®¬¨¨ á¥¬¥©áâ¢  í¢®«î-
æ¨®ëå ®¯¥à â®à®¢ (á¬. [1], £«. X).

�¡à â®, ¥á«¨ 1 =2 �(T (t)), â® ¨§ ([10], £«. XVI) á«¥¤ã¥â, çâ® 0 =2 �(L), ¥á«¨ ¯®«ã£àã¯¯ 
fT (t); t � 0g á¨«ì® ¥¯à¥àë¢  (â. ¥. ¥á«¨ F = Lp, p 2 [1;1), ¨«¨ F = C0). �áâ «®áì ¥é¥ à §
¢®á¯®«ì§®¢ âìáï â¥®à¥¬®© 5.

�®ª §  ï â¥®à¥¬  ¯®§¢®«ï¥â á¢¥áâ¨ ¨§ãç¥¨¥ àï¤  á¯¥ªâà «ìëå á¢®©áâ¢ ®¯¥à â®à  L ª
¨§ãç¥¨î á®®â¢¥âáâ¢ãîé¨å á¢®©áâ¢ à §®áâëå ®¯¥à â®à®¢.
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