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1 • BBEAEHl1E 

B pa6oTe 1 11 6~no noKa3aHo, KaKoA BHA HM€IOT ypasHeHHR KHpK
BYAa-3anb46ypra /K3/, KHpKBYAa-Pio3nR /KP/ H MaAepa-MoHTponna 
AI1R KJ1aCCH4€CKHX HenpepblBH~X CHCTeM B KOH€4HOM o6beMe B cny4ae 
HenycT~X rpaHH4H~X ycJlOBH A. Aanee C noMO~blO M€TOAa aHaJ1HTH4e
CKOro npOAOJlmeHHR /no napaMeTpy aKTHBHOCTH/ pe3OJ1b8€HT COOT
BeTCTBYIO~HX onepaTopos AOKa3aHa TeopeMa O €AHHCTB€HHOCTH pe
weHHR 3THX ypa BHeHHA AI1R aKTHBHOCTeA BHe Kpyra aHaJ1HTH4HOCTH. 

B HaCTOR~eA pa6oTe pe3yJ1bTaT~ , nony4eHH~e a 1 11, HCnOJ1b3YIOT
CR AI1R HCCJleAOBaHHA cneKTpa onepaTopos K3 H KP s 6aHaXOB~X 
npocTpaHCTBax Ee H Ei AI1R perynRpH~X rpaHH4H~X ycnOBHA. UeilblO 
pa6oT~ RBJlReTCR H3y4eHHe CTPYKTYP~ cneKTPOB H HX 3aBHCHMOCTH 
OT s~6opa o6nacTH onpeAeneHHR onepaTopa H noTeH4Hana saaHMo
AeAcTBHR Me*AY 4aCTH4aMH. 

noKa3aHo, 4TO B o6~eM cny4ae YCTOA4HBoro B3aHMOAeACTBHR 
on e paTOP~ K3 H KP, onpeAeneHH~e AilR COCYAa C KOHe4H~M o6be
MOM, HaPRAY C TO4e4H~M cneKTPOM MoryT HMeTb OCTaT04H~A cneKTP 
H o6o6~eHH~e co6CTBeHH~e 3Ha4eHHR. npH4eM T04e4H~A cneKTp H 
o6o6~eHHble co6CTB€HH~e 3Ha4€HHR cosnaAalOT co MHOmeCTBOM KOMn
neKCH~X 4Hcen ! z11 11:::::_ , rAe ! z1 I i :2:. 1 - sHa4eHHR aKTHBHOCTH, co
OTBeTCTBYIO~He HYilRM donbwoA cTaTHCTH4ecKoA cyMM~ npH saAaHH~x 
perynRpH~X rpaHH4H~X YCilOBHRX BHe COCYAa. YcTaHOBJleHO TaKme, 
4TO npH nepeXOAe K csepxycTOA4HB~M noTeH4HanaM B3aHMOAeACTBHR 
OCTaT04H~A cneKTp MOmeT nponacTb /CHHrynRpH~e noTeH4HaJ1~ 
c TBePAOA cepA4eBHHOA, HeOTpH4aTeJ1bH~e noTeH4HaJ1~/, a OCTaeT
CR JlHWb T04e4HblA cneKTP ! Z1~ i :2'. 1 . 06HapymeHO, 4TO 3TO CBOACTBO 
CBR3aHO C "<t>PeArOI1bMOBOCTbl0 11 ypasHeHHR K3. XoTR OCHOBHaR 4aCTb 
pa6oT~ noCBR~eHa HCCJleAOBaHHIO cneKTpa onepaTopos K3 H KP AI1R 
COCYAa C KOHe4H~M 06beMOM, B 4aCTHOM cny4ae HAeanbHOro raaa, 
3TO MOmH O CAenaTb H B TepMOAHHaMH4eCKOM npeAeJle. 

8 cneAYIO~eM pa3Aene npHBOARTCR OCHOBH~e onpeAeJleHHR H csoA
CTBa on e paTopos H ypasHeHH~ K3 H KP. <t>opMyilHPOBKa pe3yJ1bTaTOB 
H AOKa3aT eJ1bCTBO OCHOBH~X YTBepmAeHHA COAepmaTCR B pa3Aene 3. 
B paaAene 4 06cymAa10TCR nony4eHH~e peayJlbTaT~. 

2 . OCHOBH~E onPEAEnEHl1R 11 CBO ACTBA onEPATOPOB K3 11 KP 

nycTb /1. c R V - COCYA B V -MepHOM npocTpaHCTBe' T. e . OAHO
CBR3HOe MHomecTso , HMeio~ee KOHe4HYIO Mepy mesA = IAI , IX I= fl 

C · } F i ~ ; r t -+; •· 
' ,,~ .. .. 

~· . / ~~ ·1 s ~1' 
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KOH<!>Hfypa41,11,1 OAHHaKOBblX KllaCCH4eCKHX 4aCTH4 B R11
, B3aHMOAe11-

CTBy~rq1,1x nocpeACTB0M /yCTOl14HBoro HllH caepxycTOl14HBOro/ nap-
Horo noTeH4Ha11a '<I>: RV ... R 1 I + 00 J, KOTOpbrl1 RBllReTCR H3Mep1,1Mo11 
<l>YHK4He11, 0611aAa~rqe11· CBOl1CTBOM: <l>(x) =<1>(-x) /CM. /2/ / .nycTb 
nA =0 ~ A - K0H<!>Hrypa41,11,1 BHYTPH C0CYAa A. TorAa nOAMH0lKeCTBO OK 
KOH<!>1-1rypa41,111 nx .. nr,K, rAe ]\ .. R11\A,BHe C0CYAa 6yAeM Ha3blBaTb 
pery11RpHblMH Ill, ec111,1 AllR 11~6011 K0H$Hrypa41,11,1 Xx~-O X cyrqecTey-
eT K0He4HaR BellH4HHa'G(XA)~0 TaKaR, 4TO 3HeprHR B3aHMOAe11CTBHR 

W(X ,Xr)-= I <l>(x-y)~-·G(XJii.)cardXA /2.1/ 
A 1\ x~XA 

y,;;,xA 

AllR 11~6011 K0H<t>1-1rypa41,11,1 X A,;;,n A" no onpeAelleHH~, no11araeM W(,',,Xx= 
= W (X A, ,',)= 0; XA =Xn -=(x1, x

2
, ••• , x n), ec111,1 cardX A=n, 1,1 Xn=O ={,', }. 

60llbWaR CTaTHCTH4eCKaR CYMMa HMeeT T0rAa ClleAY~lql,111 BHA: 

'E({3,z,AIXA-)-= l: !.'.:. f dX e~/3U(Xn)-/3W(Xn,X x> , /2.2/ 
n=O n I An n. 

a yc110BHble Koppe11RL1H0HHble <l>YHK41,11,1 Ip A (z, X m IX Jii.) In> 1 onpeAellR~T-
CR ~TaHAaPTHblM o6pa30M: -

. pA{z,XmlXx)= 
rA (z, Xm IX Jii.) 

E (fl, Z, A I X A ) 

00 

rA(z, X !Xx) ""XA (X ) I 
m m n=O 

zn+m 

nl 

/2.3/ 

f dY e -{3U(YnuXJ-/3W(Ynuxm,XK>, 

An n . 

m mv 
rAe XA(X ) - xapaKTepHCTH4eCKaR <l>YHKL!HR MH0lKeCTBa A CR , 

m {3~ ) Z - aKTHBH0CTb, - TeMnepaTypa, a YnuXm=<Y1,Y2····•Yn,x1' ..• ,xn(_. 
CXOAHMOCTb B /2.2/ 1,1 /2.3/ o6ecne4HBaeTCR YCll0BHRMH pery11RpHo
CTH: Xx<:- 0 k H -)'_G_T0114HBOCTl-1_ B3aHMOAel1CTBHR 121 : 

U(X ) .. I <l>(x 1 -xJ)>-mB, Bio. /2.4/ 
m 15t<J!:m -

B <!>H3H4eCK011 0611aCTH 3Ha4eHH11 aKTHBH0CTH z> 0 1,13 /2.1/-
/2.4/ ~011y4aeM: -

/3(G(X t+-B) m 
P (z, x IX ) < -(X ) (ze ) e zlAI exp {3(G(X x>+ ~) /2. 5/ 

A m K _x A m E ({3, Z, A IX - ) 
A 

no3TOMY AllR HCClleAOBaHHR Koppe11R4H0HHblX <l>YHK4H11 H peweHHR Kop
pe11R4H0HHblX ypaeHeHH11 YA06Ho BBeCTH /2,.4/ BeKT0PHOe npocTpaH
CTBO Ee> 0 6eCKOHe4HblX noc11eAOBaTellbHOCTel1 K0MnlleKCH03Ha4HblX 
H3MepHMblX <l>YHK41,111 {cf, (X rJI m ~ 1 "" cf,: 

Eg={cf,::t/-sllcf,(X
8

)l1L00 (RBVJ =llcf>llg< 00 l, /2.6/ 

2 

K0Topoe RB11ReTCR 6aHaxoBblM oTHOCHTellbH0 HOPMbl II-Ilg, a TaKlKe 
noAnpocTpaHCTB0 E!7Eg, C0CT0Rrqee 1,13 noc11eAOBaTellbHOCTe11 CHM
MeTpH4HblX <!>YHKL!l-111 /l/. 

B np0CTpaHCTBe Eg onpeAellHM <!>0pMallbH0 11HHel1Hbll1 onepaT0P 
K /cM/2/ /: 

(Kcf, )(x 
1

) = I -1- f dY n K<I> (x 1, Y )cf, (Y ) ; 
n=1 nl Rnv n n 

(K¢ )(X m) = e -/3W(x1, Xm x1) 1¢ (Xm \. x1-) + 

/2.7/ 
+ i -1- f dY K,.,(x

1
, Y )cf,(Y u (X \ x 1 )); m> 2; 

n= 1 nl n '¥ n n m -
Rnll 

-{3<1>(xcy) • 
K<I> ( xl' Yn ) = yJIYn (e -1), Xm \. x1 =(x 2 , x 3 , ... , xi) . 

TorAa onepaTop K3 AllR cocyAa AcR 11 c pery11RPHblMH rpaHH4HblMH 

YCll0BHRMH xx,;;,nk HMeeT BHA 
111

: 

~/3W(Xr}" 
K = e 1 ax K · 

A . A ' /2.8/ 
(xAcf,)(X )=xA(X )cf,(X ); m m m 

(W1 (Xx) XA cf,)(Xm) = W(x1,XK)xA (Xm)cf,(Xm). 
- . 

CooTeeTCTBy~rqee ypaBHeHHe K3 npeACTaB11ReTCR e ClleAy~rqeM BHAe: 
... 

-{3W (XX) ,. 
cf,=Ze 1, xAa+zKAcf,, /2.9/ 

rAe a=l1,0,0, ... ,o, ... I 1-1 cf,(,',)=1. 
eTcR e cocyAe AcR 11 onepaTop 

CM. /2.3/. AHa11orH4H0 onpeAe11R
KP 111 : . 

-/3W (XX) ... 
llK A= e 1 X A llK • /2. 10/ 

3AeCb onepaT0P 11: E g ➔ Eg 3aAaeTCR ClleAy~rqHM o6pa30M 11: cf,(Xj-> 
➔ cf, (x U (X \ x )) 1-1 onpeAe11ReTCR yc11oe1-1eM /2/: 

" m " 

W(x
71

,Xm\ x
71

)~ -2B. 

no3TOMY, B OT111-14He OT KA:Eg ➔ Eg 2{3B 
/2. 1 0/ AllR Xx{; n K orpaHH4eH: e 

llllK II < e/3(G(Xx)+2B) e-le'•C(/3)' 
A Eg - . 

/2.11/ 

/2.8/, onepaTop KP 

/2. 12/ 
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ecnH swnonHeHo ycnosHe perynRpHOCTH n~pHoro noTeH4Hana 121 : 

C(f3) = f dxle.;..t3<l>(x) -11-< oo, /2.13/ 
RV -

,[\nR ¢ G-E ~ ypaeHeHHe /2. 9/ c 
B ypaBHeH~e . 

noMO~b~ onepaTopa Il npespa~aeTCR 

-t3w (Xx) A 

cp=Ze Tl xAa+zIIKAcp. /2 .14/ 

lfa 04eHKH /2. 12/ cneAyeT, 4TO pe3omseHTa R,\ (IlKA) =(.\1-IlKA:,1 

AnR n~6o£1 H3. o6nacTeH onpe~neHHR oneparnpa KP: D(IIK A)= EI; ( = 
=ElA)=xAE(), HnH =E!(A)=xAE!, 11·111;- aHanHTH4Ha AnR 

,\ ~ C _(/;)=I,\.; C : I.\I > e/3(G(Xx)+2B),; -ie Cc ({3) l , . /2. 15/ 

T.e. o6nacTb C_(,;)CP (IlKA) - pe3onbBeHTHOMY MHO>KecTBY 
onepaTopa IlKA , EcnH xj\' .;.n 'x H B3aHMOAeHCTBHe YCTOH4HBO 
/2.4/, TOrAa <l>YHK4H~ /2.2/ MO>KHO nPOAOn>KHTb no aKTHBHOCTH z 
B KOMnneKCHY~ nnocKOCTb C, rAe OHa RBnReTCR 4enoH <l>YHK4HeH, 
nopRAOK KOTOPOH He 6onee eAHHH4b1.nycTb N'(E:)=lz.~C:E:(t3,z.,AIX.i\)=OI, 
TOrAa AnR z~ N'(E.) nony4aeM 04eHKY, aHanorn4Hj~ /2. 5/. 

1 
3To 

03Ha4aeT, 4TO a o6nacTH 

c: (/;)= I zG-C: izl<e-/3(G(Xx)+B.) /; I /2. 16/ 

lpA(z,X IX1t)I ~1=PA(zIXlt') ecTb seKTOPH03Ha4HaR 1·11[ MeooMop<)>
HaR <)>ytfK4H~ .. mpA: c:($ ➔ E_tA),non~ca KOTOpOH wcosnaAa°~T C MHO
>KeCTBOM N'(/;)=N'(E.) nc' (/;). ,[\nR aKTHBHOCTeH H3 o6nacrn 

+. + 

C'(/;) =I z <:-C: z-1~ C (/;)!CC'(/;) 
- - + 

/2. 17 / 

s 
peweHHe ypaBHeHHR KP /2.24/ a npocTpaHCTBe E1; eAHHCTBeHHO 
H ll·lle- aHanHTH4HO no z /CM. /2.15//. CneAOBaTemHo, AnR 
cy>KeHHR IlKA t E !(A) H~eeM: 

-t3w" (X A) ~ 
¢(z)=R _ 1 (IlKA)e xAa=pA(z!X.i\). /2.18/ 

z ' 

. npeAno>KeHHe 2. 1 111• EcnH Xx G-Ox, a noTeH4Han napHoro B3aHMo-
AeHcTBHR YCTOH4HB /2.4/ H perynRpeH /2. 13/, TOrAa ypaBHeHHR 
K3 /2.9/ H KP /2.14/ HMe~T a npocTpaHCTBe Ei(A) OAHO H TO >Ke 
eAHHCTBeHHOe peweHHe ¢(z) /2. 18/' KOTOpoe ll-llcaHanHrn4HO 
B o6nacrn C' (/;), , 11-11 I; - MepoMop<!>Ho a o6nacrn C~(/;) H cos--
naAaeT c p A (z IX A) ~ c1e>. 

4 

' 

3aMe4aHHe 2.1. nocKonbKY MHO>KeCTBo N'(E) He 3aBHCHT OT sw-
6opa napaMeTpa /;>0, TO HaH6onbWHH Kpyr aHanHTH4HOCTH peweHHR 

¢(z) cosnaAaeT c 

C~=lzG-C: lz\ <z
0

= min !z 1 \, z 1 &N'(E:)l. 
121 

/2. 19/ 

no3TOMY AnR AOCTaT04HO 6onbWHX ~>O _MHo>KecTso N~(/;) ,/,. l.o l. /cM. 
PHC, 1' rAe T04KaMH o603Ha4eHO MHO>KeCTBO N'(E:), a o6nacTb 

C\C~(/;)3aWTPHXOBaHa/. 

(z) 

~ 

PHC, 1 

3. PE3YJlb TATbl 

HAeanbHWH ra3. 8 3TOM cny4ae HMeeT CMWCn TOnbKO onepaTOP 
K3 /2.8/, KOTOPWH Tenepb npHo6peraeT BHA: 

KA¢= I 0, XA(X 2)¢(X 2\x 1), ... , XA (Xm)cp(Xm\ x 1), ... I. /3. 1/ 

TorAa 

IIK A¢ II ·1; = /;-1 11 ¢ 111; ; ¢ ~ EI; ( ~ El; (A)) • /3.2/ 

5 



no3TOMY AnR 06e1-1x o6nacTei1 onpeAeneHHR D(K A) =E /=E /A>> 
cneKTp a(KA) £. c(g), rAe 

c<e> =IA~C: IAI ~ g-11. /3.3/ 

TeopeMa 3.1. Ecn1-1 cl>(x)=O, TOrAa cneKTP onepaTopa K3 AnR 
D(KA) =Eg (A) RBnReTCR ocTaT04HblM: 

a(KA) =a (KA)= C(e). /3.4/ 
.res 

3aMe4aH1-1e 3.1. OnepaTop /3.1/ noxom Ha onepaTop npasoro 
CABHra B npOCTpaHCTBef 00 , no3TOMY /3.4/ MOmHO AOKa3aTb, MOAH
(f>1,141,1pyR COOTBeTCTBYIOlllHM o6pa30M apryMeHTbl, np1-1BeAeHHble B 15,VI.S/ 

AnR onepaTopa npasoro CABHJ"a B f
00

,H1-1me np1-1BeAeHo AOKa3aTenb
cTso, OCHOBaHHOe Ha APYroi1 HAee. 3Ta HOBaR cxeMa n03BOnReT 
paccMOTpeTb TaKme HeHAeanbHYIO CHCTeMy /CM. TeopeMy 3.3/. 

~OKa3aTenbCTBO TeopeMbl 3.1. KaK l-13BeCTHO, cneKTp n1-1Hei1Horo 
onepaTopa, Hanp1-1Mep KA, RBnReTcR 06beA1-1HeH1-1eM Tpex Henepece
KalOlllHXCR KoMnOHeHT: a (KA)=a (KNva (KA)ua (KN.KpoMe Toro: 
acont(KA)= L(KA)\ (f'(KA) ua p (KA)/ 1-1 aresc(~A) =f'(KA)e~ a P (KA), rAe L(KA) 
1-1 r(KN, cooTseTCTBeHHO, npeAenbHb1i1 cneKTp 1-1 cneKTp cmaTHR one
paTopa KA. KaK cneAyeT 1,13 /3. 1 /, ypasHeH1-1e 

KA¢=,\¢, ¢ E Ee(A) 
HMeeT TOnbKO TPHBHanbHOe peweHHe, no3TOMY T04e4HblH cneKTp 
a (K.A) =1.6 }.PaCCMOTpH'M BHyTpeHHOCTb Kpyra c (t). Ha ypaBHeHHR K3 
ii.Bl cneAyeT, 4TO eAHHCTBeHHoe peweH1-1e HMeeT BHA: 

¢(>..) =IA-m x · (X )l =pA(>..-1). /3.5/ 
A n m~ 1 

~nR IAl<C1 nony4aeM pA(>..-1)~ E.;:CA>, no3TOMY BeKTop x_AaE EeCA) 
He np1-1HaAnem1-1T o6nacrn 3Ha4eHHi1 Ran(>..I-KA) onepaTopa RA(KN~t, 
CM. /2. 8/. 3aMernM, 4TO AnR (f>HKCHPOBaHHOro ,\ ~ C (~)\ ac (t) 
CYUleCTByeT <;'>,; TaKOe, 4TO PA(>,_-l)EEe(A) CM. /3.5/. TorAa no 
TeopeMe 06 OTKPblTOM OT06pameHHl-1 /CM •. , Hanp1-1Mep, /5, 111.5/ / 

(,\I-KA):'IJt,(pA(>,_-i)) ➔ 'IJe' (xA a), rAe .'I.Jg,(.) - OKpecTHOCTb cooT
BeTCTBYIOUlero BeKTopa B npoCTpaHCTBe E p(A). HeTPYAHO noKa3aTb, 
4TO BnoiKeHHe 6aHaXOBblX npocTpaHCTB E e<1':)C E e'(A) AnR t'>f 03Ha-
4aeT, 4TO: a/ noAnPOCTpaHCTBO .E e<A) He RBnReTCR nnoTHblM B 
npocTpaHCTBe Er(A) B Tononorn1-1, onpeAenReMOH HOpMOM ll·lle•; 
6/ ecnl-1 ¢.;;,Et(A), TOrAa 'l1e(¢)0 E,;<A)='Uf<t>) ecTb OKpecTHOCTb ¢ 
B npocTpaHCTBe E e(A). -H3 3TOfo cne~yeT, 4T~ B npocTpaHCTBe 
Ee,(A) CYUleCTByeT •TaKaR OKpeCTHOCTb 1$e'(pA(A l )), 4TO 
1Se • (p A(,\ -l)) n Ee (A)= 1.6 }. Y41-1Tb1BaR' 4TO a (KA) =IQ I, nony4aeM, 4TO 
Ran'(>..f-KJ) He nepeceKaeT OKpeCTHOCTbp . St<xAa)=l(H-KA) X 

xS('(pA(>,_":- ·1 ))I nEtA).CneAoBaTenbHO, C(O\ a.c (f.) · c r(KA).Tenepb 

6 

OCTaeTCR TOnbKO paCCMOTpeTb rpaHHLIY a.C(~. Hcnonb3YR /3.2/,no

ny4aeM: 

11(>..I-KA )¢II,;~ II>.. I -t-1
111¢11 g . 

TorAa L(KA)=ac(e),nocKOnbKY rpaH1-14a cneKTpa acerAa np1-1HaAnem1-1T 
MHomeCTBY L(K A). C APYroi1 CTOpOHbl, AnR >..EaC (g) paCCMOTpHM seK-
TOP p A(>.. - 1) G- Eg (A), CM. /3. 5/. YpaBHeHHe 

-1 
P A(,\ ) = (>..I - KA ) 'P 

HMeeT eAHHCTBeHHOe peweHHe 

ifJ[pAl=IA-(m+t)xA(X ) ~ AnpA(,\-
1
,X )l >l ~ Ec(A). 

m n=O n m_ r., 

CneAoBaTemHo, AnR IA I= g-1 aeKTOP p A (,\-1)~ Ran (,\I-KA) • npeAno
nom1-1M Tenepb, 4m aeKTOP µE-~ ,;,£ (pA (,\-1 ))=I¢~Eg: 11¢-piA-

1 ).11,;<d 
AnR HeKOToporo £> 0, TOrAa 

IRe,\n_µ (Xn)-Re.\npA (,\-1,Xn)I.SCnlµ(Xn )-pA(,\-1,xn )!<£, 

1-1 no3TOMY Re,\nµ(Xn)>1-£, TaKHM o6paaoM nony4aeM: lifJ[µ](Xm)I~ 
~ m(1-£) t m+l , 3TO 03Ha4aeT, 4TO wap :~ t,£ ( P J\ (,\-l )) He nepece
KaeTCR C MHOmeCTBOM Ran(AI-KA ), T .e. ac((}cr(KA),. 1,1 Henpe-
PblBHblH cneKTP a (K .) =Id}, 3ToT peaynbTaT aaaepwaeT AOKaaa-

cont N 
TenbCTBO /3,4/ □. 

CneACTBHe 3,1./TepMOAHHaMH4eCKHi1 npeAen/. B cny4ae HAeanb
Horo raaa onepaTOP K3 B TepMOAHHaMH4eCKOM npeAene HMeeT BHA 
K=KA=Rv /cM. /2. 7/ 1-1 /3.1/, np1-14eM II KIIE(=-IIKAllEfA)" no3TOMY, 

noBTOPRR paccymAeHHR, np1-1aeAeHHble 'ab1we npl-1 AOKa3aTenbCTBe Teo
peMbl 3.1, nony4aeM, 4TO cneKTP onepaTopa K AnR D(K)=Et TaKme 
RBnReTCR OCTaT04HblM /cM. p1,1c.2/ 1,1 -

u (K) = a (K) = a (KA~ Ec(A)). res res r., @ 

P1-1c.2 
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3aMeyaHHe 3. 2. Pe3y!lbTaTbl Te~peMbl 3. 1 He 113MeH.RIOTC.R' eCil11 
Mbt paccMaTp11eaeM cy>KeH11e KAt Ee(A). B To >Ke epeM.R AIi.A pacw11pe
H11.R onepaTopa KA c o6nacTblO onpeAeI1eH11.R D(KA)=Eg /11n11 E( / 
nony4aeM: KerKAit 1¢ =-0 I 11, KaK cneACTe11e, L(KA)n r(K A)=l.~=0 J. 

YcTOH411Bble e3a11MOAeHcie11.R. Tenepb onepaTop K3 /2.8/ e o6~eM 
cny4ae He .RBri.ReTC.R orpaHl14eHHblM H11 B OAHOM 113 npocTpaHCTB Eg, 
Eg(A) ,E!(A·) /CM. pa3Ae!I 2/. no3TOMY Hap.RAY C /2.8/ Mbl 6yAeM 
paccMaTp11eaTb 3AeCb onepaTop KP /2.10/. 

TeopeMa 3. 2. Ech11 X A GO 'j\, a noTeH1..111an napHoro e3a11MOAeHcT
e11.R ~(x)I O ycTOH411B 11 peryn.RpeH, TO AIi.A onepaTopa K3 /2.8/ 
11MeeM: 

(i) ap(KA ~ Eg) 1' Ii, I AIi.A 
I:> 1: _. f3 (G(XJi.)+B) 
~ ~ 0 -z e 0 ; 

/3;6/ 

(ii) ap<KA ~ E((A))C !A1= z~
1

: ziGN'(.E)! 5 N(E); 

(iii) ecn11 cy~ecTByeT y> 0 Tat<oe, 4TO P_N.z)iE~A) AIi.A ZE Gy(fl= 
=lzG,C:lzl>rtl /cM. /2.16//, rnrAa MHo)t{ecTeo · 

ap(KA~ E~(A))=N(E)nGy(e) /3.7/ 

COOTB~TCTByei; o6o6~eHHblM co6CTBeHHblM 3Ha4eH11.RM' 3AeCb °r (e) = 
=IA= z- 1 : zG·G'(t) I • · 

y ' 

,lloKa3aTenbcTeo (i). B pa6oTe
111 

/cM. npeAI10>KeH11e 2;. )/ noKa3a
HO, 4TO ypaeHeH11e 

KA¢ =Ac,b /3.8/ 

. ' 1 
11MeeT HeTpl-1e11aI1bHbte peweH11.R Ir A z i) h~.1 AIi.A Ai= z ~ / cM. 
/2.3//, rAe ziGN'(E). no3TOMY pe3y!lbTaT cneAyeT 113 01..1eHK11 
/2. 16/ 11 3aMe4aHl1.R 2. 1 • (ii) .. KaK YCTaHOBileHO a 111, B npocTpaH
CTBe E[(A) APYrl-1X peweH11H KpoMe lrA(zi)li>l ,zi;:;N'(E),ypaeHeH11e 
/3.8/ He 11MeeT, cneAOBaTeilbHO, AIi.A T04e4Horo cneKTpa nony4aeM 
/3.6/. (iii). ,[III.A lzil>rt. no!ly4aeM:rA-zi)1E!(A) /CM. /2.3//, 
no3TOMY MHO>KeCTBO /3. 7 / COOTBeTCTByeT o6o6~eHHblM co6cTBeHHblM 
3Ha4eHl1.RM AIi.A oneparnpa KA~ E[(A). · □· 

CneACTBl1e 3. 2. nocKOilbKy z o> O /2 .• 19/, a MHO>KeCTBO N(2) Mo
>KeT 11MeTb · T04KY cry~eHl1.R TOilb KO np11 A= o. TO 113 YCIIOBl1.R (iii) 
11 oi.jeHK11 /2. 16/ cneAyeT, 4TO np11 AOCTaT04Ho Manblx t> O 11MeeM: 
ap(KA~ E!(A))= I i,I, T. e. cneKTp onep;nopa ·K3 cocT011T 113 o6o6~eHHbtX 

co6cTBeHHblX 3Ha4eHl1H: o\)(K A~ E/(A))=N(E). 
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TeopeMa 3.3. nycTb BblnOIIHeH~ YCIIOBl1.R TeopeMbl,3.2, TOrAa 
AIi.A oneparnpa KP /2. 10/ c D (IlKA) = E f (A) 11MeeM: 

(i) ap(IlK A) c N(E ); 

(ii) aii(IlKA) = N(E)O Gy(t); 

(iii) a (IlKA)) G (e} \ a (IlKA). res y p 

,lloKa3aTe!lbCTeo. 3a~ernM, 4TO II~ E~=I 11 Kerll=lc,b;=O 1 •. no3TOMY 
nyHKTbl (i) , (ii) A0Ka3blBalOTC.R B nOIIHOH aHanor1111. C (ii), . 11 (iii) 
B AOKa3aTeilbCTBe TeopeMbl 3.2. 

(iii). B c11ny /2. 16/ AIi.A nio6oro z G,Gy (fl\ N' (S) .. cr~ecTByeT 
Ta Koe e>~, 4TO PiZ)i; Ee (A). no;nory 113 npeAIIO>KeHl11!t 2. 1 CileA~eT, 
4TO AIi.A zG°r(e}\ N'(E) onepaTOp (z- I,:- IlKA_)=(Rz•i_(~oT06pa>KaeT 

-f3w (X r) ... 
eeKTop pA(z)~ Ef,(A) e eeKTOP aA ""e 17 1\ xA a~ E,;(A). nocKOilbKY 

onepaTOp (z"1 I- IlKA):Er(A)➔ E /:' (A) orpaH114eH /2. 12/ 'T0° no TeopeMe 
06 OTKPblTOM OT06pa>KeHl111 (z·fI-IlKA):'lle(plz)) ➔ 'lle (aA). rAe 
'lJ<;,(J-_oKpeCTHOCTb COOTBeTCTBYIO~ero eeKTOpa B npOCTpaHCTBe 

E (,(A).HanoMHl1M Tenepb' .4TO 113 BIIO>KeH11.R E(c Ee AIi.A 6aHa~OBblX 
npocTpaHCTB /2.6/ np11,; >,; cneAyeT: a/ ecn11 aA~E,;(A), TO 
'llt, (a N nE((A)= 'llf(a t,) ecTb ,oKpecTHOCTb eekrnpa a A e npocTpaH-
CTee E~ A); 6/ noAnpocTpaHCTBO Et He nIIOTHO e npocTpaHCTBe 
Eg,(A) -~ Tononorn11, onpeAeI1.ReMOH ·HopMOH II-lie . 3To 03Ha4aeT, 
4To e E(•(A) cy~ecTByeT TaKa_.R oKpecTHOCTb "f (•(pA(z)) eeKTopa 
PA(z)(~E,;· (A)). 4TO s,;. (p A(z)) nEgfA)=l 0 I,. T .e. MHO_>KeCTBO 

Ran(z- 11-IlKA) AIi.A z~G;(e>\ N'(l:) He c0Aep>K11_T oKpecrnocrn 

S t(aA ). nocneAHee AOKa3bteaeT, 4TO a res<IlK A)1' I 0 I 11 coAep>Kl1T 
MHo>KecTeo Gy<e) \ aii(IIK A). □ 

@ 

P11c.3 

9 



3aMe4aHHe 3.3. Ha PHC.3 npeACTaBneHa npH6flH3HTeflbHaR CTpyK
Typa C1( IIKAF Ei(A)), 3AeCb C+Cfl =I,\= z- 1 : zi;; C~(f) I. C0= I,\= z"

1
: zi;; CQ I 

CM. /2.16/, /2.19/ H PHC.1 H l· 3awTpHxosaHHaR o6nacTb C'-C+CO 
COAep)l(HT Kpyr Gy(<;)CC1·res (IlKA)U ap(IlKA), a T04KaMH o6osHa4eHo 
MHO)l(eCTBO N(E). Paccy)l(AeHHR B AOKasaTenbCTBe TeopeM 3.2 H 3.3 
He HCKfll04alOT C1·reJilKA) /HnH acont (IlKA) / B Kpyre C'\C_((). 
OHH flHWb rapaHTHPYIOT B o6~eM cny4ae, 4TO npH BKfll04eHHH B3aHMO
AeHCTBHR y onepaTopos K3 H KP noRBnReTCR T04e4H~H cneKTp. 

3aMe4aHHe 3. 4. YcnoBHe (iii) B TeopeMe 3. 2 BblnOflHReTCR 
AflR HAeanbHOrO rasa /CM. /3.5//. B 3TOM cny4ae y=l H Gy(<;) = 
= C(fl, aC(fl /3. 3/. ,QnR ycTOH4HBoro ssaHMOAeHCTBHR nerKo s 

c4>opMynHposaTb AOCTaT04H~e ycnoBHR Ha z i;;,C. KorAa plz!X A)i;;EJA) 
/2.16/. TPYAHee yKa3aTb Knacc HeTpHBHaflbHWX noTeH4Hanos, Afl~ 
KOTOJ)WX BblnOflHReTCR ycnOBHe (iii) / CM / 11 /. 0AHaKO HMeeT 

MeCTO cneAYIO~aR 

TeopeMa 3.4. nycTb noTeH4Han napHoro B3aHMOAeHCTBHR TaKOB, 
4TO <ll(x):2:P, lim ll<lllL,., 

1 
=0, TOrAa ycnosHe (iii) TeopeMbl 3 .2 sb1-

c➔ O r; (ix<£). 
nonHeHO, nPH4eM y=l H aGyW=aC+(<). 

t 

,QoKa3aTeflbCTBO. 3aMeTHM, 4TO seKTOp r izlX x) /2. 3/ CBR3aH 

C seKTOpOM 

m -,BU (Xm )-,8W (Xm,X _if) 
fA(zlX A)=lxiXm) z e I m;;::,1 

/16/ 
npeo6pasosaHHeM /cM. • /: 

rA(zl Xx,)= '}Af A(zl Xj\,) = 

00 1 
=lxA(Xm) ~ - J dYnfA(z,Yn U XmlXA)lm>l. 

n=O n! An - --

3AeCb pit :AEi(A) ➔ Ee(A), H flHHeHHO~ OT06pa)l(eHHe 

PA= e d(xA> , ( d(xA)<f>)(X m)= J dy xA(y)rf,(y u X ), 
RV m 

orpaHH4eHo H o6paTHMO: 
,;IA! 

e !!'YA !IE(= II pit II E(' 

/3.8/ 

/3.9/ 

/3. 10/ 

Ha ycnoBHR Ha napHWH noTeH4Han B3aHMOAeHCTBHR cneAyeT, 4TO 
flz!Xi\_),;;,E!(A) AflR lzl.s.( H fA:z!Xx)~E!(A) AflR!zl>,; /CM./3.8//. 
no3TOMY B CHflY /3.9/, /3.10/ H TeopeMW O 3aMKHYTOM rpa4)HKe 
/CM., HanpHMep, 15,IIl.5/ / 3THM CBOHCTBOM o6naAaeT H BeKTOP 

r A(z!X A). o 
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CsepxycTOH4HBble B3aHMOAeHCTBHR • .QnR CBepxyCTOH4HBblX napHblX 
noTeH4Hanos B3aHMOAeHCTBHR HMeeM 

. m 
U(Xm)>.,..m(B- .!!!.A); 

- IA! 
A >0, B<':.,0, Xm ,;;,A • /3.11/ 

YcnoBHe /3.11/ He sne4eT, B o6~eM cny4ae, orpaHH4eHHOCTH one
parnpa K3 /2.8/, OAHaKo npHBOAHT K TOMY, 4TO rA(zlXA),;;E/(A) 
AflR nio6oro z,;; C /cp. /2. 16/ /. no3TOMY YCflOBHe (iii) TeopeMbl 3. 2 
Tenepb He BblnOflHReTCR, OAHaKo Mbl He MO)l(eM rapaHTHPOBaTb, 4TO 
11yCHneHHe 11 OTTanKHBalO~eH 4aCTH B3aHMOAeHCTBHR /3.11/ npHBOAHT 
K HC4e3HOBeHHIO OCTaT04HOrO cneKTpa y onepaTopoB K3 H KP B 06-
~eM cny4ae. 3Aecb MW AOKa)l(eM 3TO nHWb Afl~ ABYX Knaccos csepx
YCTOH4HBblX noTeH4Hanos, KOrAa Ha OTTanKHBalO~YIO 4aCTb napHoro 
noTeH41,1ana HanaralOTCR AOnonHHTenbHble ycnOBHR: 
/a/ nH6o noTeH4Han CHHrynRpeH H COAeP)l(HT TBePAYIO cepA4eBHHY 
c> O: <ll(x)= + oo AnR I xi< c; 

/6/ flH6o <ll(X)<!, 0 H <ll(x) > 0 AflR HeKOTOPOH OKpeCTHOCTH Ha4ana 
KOOPAHHaT /cp. c TeopeMOH 3-~/. 

3aMeTHM, 4TO Ka)l(AOe H3 3THX ycnoBHH npHBOAHT K csepxycToi1-
4HBOCTH, a BMecTe c ycnosHeM perynRpHocTH /2.13/, sne4eT sa 
C060H orpa~H4eHHOCTb onepaTopa K3 /2.8/ B npOCTpaHCTBe E<;. 

TeopeMa 3. 5. Ecn1,1 X;r ,;; n K, a noTeH41,1an napHoro ssaHMOAeii-
CTBHR <ll(x) csepxyCT0~4HB, perynRpeH H YAOBfleTBOpReT OAHOMY 
H3 AOnOflHHTeflbHblX ycnOBHH /a/ HflH /6/' TOrAa cneKTP onepaTopa 
K3 /2.8/ c D(KA)=El(A) 6yAeT 4HCTo To4e4HWM: 

a(KA) = a/KA)=N(E ). /3.12/ 

,lloKa3aTenbCTBo. KaK noKasaHo s pa6ornx11- 61, onepaTop KA~ E}A) 
C nOMO~blO npeo6pa30BaHHR'73.9/ MO)l(HQ npHBeCTH K KaHOHH4eCKOM}' 
BHAY: 

-1 -f3W(xrX;r oo 1 (PA KAPA<f>)(x1)=-e xjx 1)~ -·J dYn<f>(Yn); 
n=l nl An 

_ 1 -f3W (x1 ,XA)-,8W (x1 ,Xlll'\x 1) 

(PA KAPA<f>)(Xm)= e xt-x 1)q,(Xm\ xJ, 

/3. 13/ 

(m~:2). 
s s · . - a,•1 

nocKOflbKY PA: E~A) ➔ E((A), a. npeo6pasosaHHe noAo6HR KA=J AK/ A 
He H3MeHReT cneKTpa, TO Hawa 3aAa4a CBOAHTCR K HccneAOBaHHIO 
a(K. A) AflR D(K A)=E J<A). nycTb 

oo 1 - n q, =-,~ 7"'"f dY.(KA<f>)(Y.), 
n . l 11 · l 1• l l= . Al 

n :2:.0, <I> i;;,E ?A), /3. 14/ 
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~n 
TOrAa HeTPYAHO nposepHTb, 4TO onepaTOP KA HMeeT BHA: 

~n - -
K A=F n + Hn ' 

. -f3W(x 1,X.A.) -f3W(X2,X rf3U(X2) 
Fn ¢=lxA(x1)e ¢n-1 'XA(X2)e <Pn;,.2'"' 

-{3W(Xn,X A')-(3 U (Xn) 
.. ,,x A(Xn)e ¢ 0 ,0, ••• ,0, ••• I, 

/3. 15/ 

_ -{3W( .Xn+l'Xi\)-{3U(Xn)-/3W(Xn ,xn+t> 
Hn¢=I0, ••• ,0,xA(Xn+1 )e ¢(x n+l ), 

-{3W (Xn+k ,XA)-(3U (Xn )-/3W (Xn,X n+k \ Xn) 
•··•XA(Xn+k )e ¢(Xn+k\ Xn), •• J. 

EcnH noTeH4Han ~(~ YAOBneTBOpReT AOnOflHHTenbHOMY ycno-
BHIO /a/, TOrAa AflR cocyAa Ac Rv cyll\eCTByeT TaKoe 4Hcno nA<c), 
4TO U(Xn)_=+oo AflR n>nA(£\i no3TOMY /cM. /3. 15// AflR n>nA(c) 
onepaTo_p Hn=O: cTeneHb KA 6yAeT pas·Ha 9nepaTopy KoHe4Horo 
paHra _Fn /KOH~~HYIO paaMepHOCTb HMeeT RanFn /, cneAOBaTenb-
HO: d(KA)=c,p(KA) H c,(KN=c,j>CKA)· Ha /3.13/ HeTPYAHO nony-
4HTb /cM./1.6/ /' 4TO MHO)l{eCTBO co6CTBeHHblX aHa4eHHH onepaTo-
pa KA~Ee(A) cosnaAaeT C N(E),KOTOpoe. B AaHHOM c11y4ae KOHe4HO. 
B CHflY csepxyCTOH4HBOCTH ~(~ see co6cTBeHHble seKTOPbl 
lrA(zilXA)li>t. (:Et(A), zi(:N'(E), 4TO AOKaabmaeT BTOpoe Ha 
palot..tiCTB /3 .12/ .. 

[,yCTb Tenepb noTeH4Han ~(x) YAOBneTBOpi:ieT AOnonHHTeflbHOMY 
ycnoBHIO /6/, TOrAa Ha /3. 11/ H /3. 15/ cneAyeT, 4TO AflR nio6oro 
f > 0 CYU\eCTByeT TaKoe 4HCfl0 n(f), 4TO AflR n>n(f) HMeeM: 

nJ - . _ •· -/3 n A/lA! -1 
l!Hn!l 

8 
5:. e e <f. /3.16/ 

Ee-A) 

PaccMOTPHM onepaTop (,\~I- KA_), KOTOPblH YA06Ho npeACTaBHTb B 

BHAe: 

n ~ n n - ~ n Fn ' -n~ 
(A I-KA)=(,\· I-H )-F = (A I- --)(I-,\ H ), . • n n -n - n 

I-X H n 

/3. 17 / 

TOrAa Ha 04eHKH /3. 16/ H KOHe4HOCTH paHr~ onepaTopa Fn cne-
' AYe~, 4TO AflR n>n(f) cneKTP oneparnpa KA ~ E~A) a o6nac-

TH ~;=I,\~ C: I ,\,j > d cocTOHT Ha He 6onee 4eM n -co6cTBeHHblX 
aHa4eHHi1. nycTb w =exp(2rri/n), TOrAa 

n ~ n ~ ~ n-1 ~ 
(X I-K A)=(,\I-K N(,\wI-KA) ... (,\w I-KA). /3; 18/ 

12 

n ~ 
3aMeTHM Tenepb..., 4TO Ha o6paTHMOCTH (,\·I-KA) cneAyeT o6paTHMOCTb 
onepaTopa (,\I-KA), no3TOMY 

((a(KA))n n §)c(c,(K~) O §)=c,p(KA) n §f. /3.19/ 

Ha /3. 19/ TOrAa ciieAyeT, 4TO cneKTP oneparnpa KA l- _E e(A) a 06.: 
nacTH §f cocTOHT Ha KOHe4Horo 4Hcna T04eK, T.e.:(cr(KN·0_§)cap<KN. 
nocKOflbKY f·> 0 npoHaBOflbHO /CM. /3. 16//' TO a(KA) = c,·o(KA) . 
H, cneAOBaTenbHo, c,(KA)=c,p(KA)· BTopoe Ha paseHCTB /3.f2/,Ao~a
ablsaeTcR TaK_)l{e, KaK H B paCCMOTpeHHOM BblWe cny4ae /a/. D 

3aMe4aHHe 3. 5. Ha AOKaaaTeflbCTBa TeopeMbl 3. 5 .. BHAHO' 4T_O 
cneKTpanbHble CBO.::iCTBa onepaTopa. KA~ E~A) RBflRIOTCR cneACT
BHeM ero TononorH4eCKHX CBOi1CTB. 8 cny4ae /a/ - 3TO cneACTBHe 
ero noTeH4HanbHOH KOMnaKTHOCTH: KA= PA F !J' j; 1 ..: RBnReTCR KOM
naKTHblM onepaTopoM AflR CTeneHei1 n>nt~. n a a cny4ae /6/ - Ha 

04eHKH /3. 16/. cneAyeT' 4TO onepaTop KA -aCHMnTOTH4eCKH noTeH-
4HanbHO KOMnaKTHblH B TOM CMblCne' 4TO AflR nio6oro f > o_ CYIJ\eCT.
syeT TaKoe 4Hcno n(f) H KOMnaKTHblH onepaTop Fn(f)=PAFn(f) Pi 1

, 

II K
n(f) F 11 ·· n(f) 18,X,5/ 

4TO A - n(f) E!(A) < f CM. • 

6onee ·T04HO 3TH CBO.::iCTBa MO)l{HQ BblpaaHTb Ha RablKe TeopHH 
onepaTOPOB $peArOflbMa. HanOMHHM /cM., HanpHMep,~/ /, 4TO 
onepaTop lfA(,\)=H-KA RBnReTcR $PeAromMOBblM a T04Ke ,\ ~:c 
/T .e. Ki,\)fe1(E/ (A)) /' ecnH OH MO)l{eT 6b1Tb npeACTasneH B BHAe: 

KA(,\)_=U,\ +T,\, /3.20/ 

s s 
rAe U,\,:Et<A) ➔ E,c(A), H o6paTHM, a onepaTop T,\ - KOMnaK-
TeH. Tor~a senH4~Ha 

p(KA) = inf I !XI: KA(.\) r;,5 (E ;(A))I 
,\~C 

Haab1saeTcR paAHYCOM $peAronbMa one pa To pa KA • .Re Ho, 4TO p (KA) 5:, 

~r(KA), rAe r(KA)= lim J II K/\l!E§...A·~ cneKTpanbHblH paAHYC oneparnpa 
n ➔ oo i;\ ) 

}¼,6onee Toro, HMeeT MeCTO CfleAYIOIJ\aR 

TeopeMa 3. 6. EcnH BbJnOnHeHbl ycnOBHR TeopeMbl 3. 5, TO pa,qHyc 
$peAronbMa oneparnpa K3 c. D(KJV=El(A) paBeH HYfllO. 

,lloKaaaTeflbCTBO. nocKOflbKY cneKTP onepaTopa KA 4HCTO T04e4_; 
HblH H MO)l{eT .HMeTb T04KY cryll\eHHR TOflbKO npH ',\=0 /CM. Teope-
MY 3.5/, TO AflR n~6oro ,\-fe·C HaHAeTCR TaKoe AOCTaT04HO 6onb-

n r,;-;;---, -2 fl Aj /m 
woe 4HCfl0 n;;::;1, 4TO OAHOBpeMeHHO v-11 Hn I IE~A) < j ,\j e • 

k n-1 · ~-
f,\k =w ,\Jk=lctc,(KA ), rAe w=exp(2rri/n). TorAa Ha /3.15/ H 
/3. 18/ cneAyeT, 4TO oneparnp KA(,\) $peAromMoB /CM. /3. 20/ /: 
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KA(A)=( ,\nl-Hn) V~ 
1 
(,\)- F n V: \,\ ); 

V n (,\) = ( Aw I-KA)(,\w2 1-KA) ... (,\w n-l I -KA); 
- -1 - -1 

Fn = PAFnP A; Hn= PAHnP A 

EcnH Tenepb y4eCTb, 4TO npeACTaaneHHe /3.21/ AllR KA(,\) 
nony4HTb AllR rno6oro ,\·/, 0, TO p (K A)=O. □ 

CneACTBHe 3. 3. PeaomeeHTa R,\(KA) KOHe4HOMop<J>Ha a 
<l>PeAronbMoeocrn onepaTopa KA(,\), T. e. AllR ,\·~·C\ Io I 

4. 3AKJll04HTEJlbHblE 3AME4AHH.fl 

/3.21/ 

MO>KHO 

o6nacTH 
CM/8,9; 

CneKTpaJlbHWe CBOHCTBa onepaTopa K3 /HenpepWBHWe H peweT-
4aTwe CHCTeMbl/ AllR COCYAa C nyCTblMH rpaHH4HblMH ycnoBHRMH 6blJlH 
BnepBble paCCMOTpeHbl B pa6oTe nacTypa /6/, npH 3TOM npeAnonara
JlOCb, 4TO D(K A)=:Ds,rAe :Ds C: (~o E}(A) - co6cTBeHHoe noAnpocT
paHCTBO onepaTopa KA . B pa6oTe Ai/' noKaaaHo, 4TO cneKTP a(Ki:D ) 

- s T04e4HblH H coenaAaeT C MHO>KeCTBOM N (t::::), a TaK>Ke 3aMe4eHO, 4TO 
a· npocTpaHCTBe :Ds ypaeHeHHe K3 o6naAaeT CBOHCTBaMH ypaBHeHHH 
<l>peArOJlbMa. HeKOTOpaR nepe<J>OPMYJlHPOBKa peaynbTaToeAi/ Ha cny-
4aH HaJlH4HR BHewHero nonR COAeP>KHTCR B pa6oTe1101, a B pa6oTe11 1/ 
CAenaHa nonblTKa OnHcaTb CTPYKTYPY cneKTpa onepaTopa K3 a TepMo
AHHaMH4eCKOM npeAene. 3aMeTHM, 4TO HaJlH4He HenyCTblX rpaHH4HblX 
YCJlOBHH 3KBHBaneHTHO BHewHeMy nonlO / cp(lO/ H /2. 8/' /2. 9/ /' 
npH4eM OHO He BJlHReT Ha cneKTpaJlbHWe CBOHCTBa, a JlHWb onpeAe
JlReT nono>KeHHe T04eK cneKTpa Ha nnoCKOCTH C.HaKOHe4, cneKTp 
He1<0Toporo 11MOAH<l>H4HPOBaHHoro11 onepaTopa K3 a cocyAe c nycTw
MH rpaHH4HWMH YCJlOBHRMH AJlR <l>HHHTHOro napHoro noTeH4Hana B3aH
MOAeHCTBHR c TBePAOH cepA4eBHHQH HCCJleAOBaJlCR B pa6oTe 1121• 
B 3TOH pa6oTe 6wno noKaaaHo, 4TO HeKoTopaR cTeneHb TaKoro one
paTopa RBJlReTCR KOMnaKTHblM onepaTOPOM, T. e. cneKTP 11MOAH<l>H4H
poBaHHOro11 onepaTopa K3 RBJlReTCR T04e4HblM /BHA cneKTpa HaHAeH 
He 6b1Jl/. 

B HaCTOR~eH pa6oTe /CM. TeopeMy 3,5/ noKa3aHo, 4TO 3THM 
CBOHCTBOM o6naAaeT H 11o6bl4HblH 11 onepaTop K3. 6onee Toro, AllR 

ceepxycTOH4HBWX noTeH4Hanoe, YAOBJleTBOpRIO~HX YCJlOBHRM TeopeMbl 
3.5, noKaaaHo, 4TO T04e4HOCTb cneKTpa onepaTopa K3 RBJlReTCR 

CJleACTBHeM HeKOTOporo ero o6~ero CBOHCTBa, a HMeHHO: ypaBHe-
HHe K3 RBnReTCR <l>PeAronbMOBWM, a onepaTop KA~ E{(A) HMeeT 
paAHYC <l>peArOJlbMa, paBHblH HYJllO. 3TOT peaynbTaT RBJlReTCR 6onee 
o6~HM' 4eM 1181 H 4aCTH4Hd61. YMeHbWeHHe OTTaJlKHBalO~eH 4aCTH no
TeH4Hana B3aHMOAeHCTBHR /yCTOH4HBWe noTeH4Hanw/ npHBOAHT K 

s noReneHHIO y onepaTopa _KP c D(IlKA)=E~(A) ocTaT04Horo cneKTpa 
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• s 
/cM. TeopeMy 3.3/, a 06 oneparnpe K3 c D(KA)=Ef(A) HaM YAa-
nocb BblRCHHTb JlHWb, 4TO ai>(KA)u e7j,(K1') = a·(KA t:D 

8
) /CM. 

TeopeMy 3.2/. Heo6XOAHMO OTMeTHTb, 4TO TaK >Ke, KaK H B Teope
Max 3.5, 3.6, cneKTpanb~~e ceoHcTea onepaTopi K3 a npocTpaH
CTBe :Ds onpeAeJlRIOTCR, B03MO>KHO, ero TononorH4eCKHMH CBOHCT- , 
BaMH/CM. 3aMe4aHHe 3.5/, npH HaAeneHHH :DB eci-ecTBeHHOH TOno
JlOrHeH /CM. 3aMe4aHHe 3.2 B pa6oTe111 /. K 3TOMy eonpocy MW 
e~e eepHeMCR. 

Ci.iHTalO CBOHM npHRTHblM AOJlrOM no6narOAaPHTb Jl.A.nacTypa, 
H.AHrenecKy H A.Caca aa o6cY>KAeHHR H noneaHwe aaMe4aHHR. 
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