Yo,

= ’
ATV ACATTSA

g

XaupysuiaeB UcmaTtysia HypysiiaeBu4

A aATAL T https://doi.org/10.5281/zenodo.7445352

AND € OMPUTER S 1EMES

.

Received: 06th December 2022 B 3adauax ¢usuku meepdozo mesa [1]. keaHmosoll

Accepted: 16 December 2022 meopuu nosasa [2] u cmamucmuueckoii ¢usuxu [3]

Online: 16" December 2022 BAXCHYI0 poab  uzpaem Uucc1e008aHUe CNeKmpos

2dMUJ/1IbIMOHUAHO8 c HeCcoxXpaHArnWuUMCA

Heo2paHUu4eHHbIM YucaoM yacmuy. OOHUM U3 OCHOBHbIX
Memodos, NPUMEHSEMbIX NpPU U3YYEHUU 3Imux 3ada4
se/a55emcsi  meopusi 803MYUWEHUU CAMOCONPSAHCEHHBIX
onepamopos. Ilosmomy  Heob6xo0umo  nodpobHoe
u3y4yeHue cnekmposg 2aMu/bmoHUAHO8 C 02PAHUYEHNbIM
yucsaoM Keasuvacmuy, m. e. U3yYeHUe CheKkmpos
cyJceHull onepamopos, delicmeyuwux 8 HOKOBCKOM
npocmpaHcmeae, Ha 00HOYACMUYHOM, 08YX4ACMUYHOM U
m. d. n-4acmu4yHoOM noONPoCMpPAHCmMeax Uuau HA «Nn-
Yacmu4YHoM 06pe3aHHOM» nhodnpocmpaHcmae [1-3].

B 3azjauax ¢u3uku TBepAoro tesa [1]. KBAHTOBOM TeOpUHU NoJs [2] U cTaTUCTUYECKOH
¢usukr [3] BaKHYI poOJib HWrpaeT MCCAeJOBaHUE CIEeKTPOB TaMUJIbTOHUAHOB C
HECOXPAHSAIMMCA HeOrpaHWYEeHHbIM YMCIOM 4acTull. OJHHM M3 OCHOBHBIX METO/OB,
NpUMeHsIeMbIX TNpPU  HU3YYeHHH ITUX 337ay  SIBJSETCS  TeOopUsl  BO3MYLIEHUU
CaMOCONPSKEHHbIX onepaTopoB. [loaToMy Heo6xoAMMO NOAPOOGHOE H3yyeHUE CIEKTPOB
raMUJIbTOHUAHOB C OrPAaHUYEHIIBIM YHUCJIOM KBAa3UYACTHUI], T. €. U3yYeHUE CIIEKTPOB CY>KeHHUU
OMepaTopoB, [JeHCTByHOUMX B (OKOBCKOM NPOCTPAHCTBE, HA  OJHOYACTUYHOM,
JIBYX4YaCTUYHOM U T. /. N-4aCTUYHOM NOJNPOCTPAHCTBAX UM HA «N-4ACTUYHOM 06 pe3aHHOM»
noanpocrtpaHcTtse [1-3].

B HacTosel paboTe paccMaTpUBaeTCsl HEKOTOPbIM MOJeJbHbIM ONepaTop 3HEpPruu C

HECOXPaHSAUIMMCS OTPaHUYEHHBIM YHUCJIOM YacTHUL, Ha «0Ope3aHHOM Tpex4yacTUYHOM»

HOAIPOCTPAHCTBE U OMUCHIBAETCS NOJIHASL CUCTEMA COOCTBEHHBIX BEKTOPOB.

[lycte TV-°-mepubiéi Top, (TY)* TVXTYX:-XTV ekapToBo npousBeneHue L,(TY)"-
n

TMJIbLOEPTOBO TMPOCTPAHCTBO KBaJIpaTUYHO WHTerpupyembix ¢yHkuui na (TV)", C'-

OJIHOMepHOe KoMIuiekcHoe mpocTtpaHctBo u L3 ((TY)™) < L,((TY)™)-noapocTpaHCTBO,

coceosiliee M3 cuMMeTpuuHbix O¢yHkuui. Ilycte H = Hy @ H; © H, npsamas cymma
runb6epToBbIX npoctpaHcTB Ho = C', Hy; = Ly(TY),H, = L5(TY)?, 1. e. “obpesanHoe”
npoctpaHcTBo Poka.

PaccMoTpuM onepaToOpHYI0 MAaTpULy
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A= (Alo An A12> (1)
0 Az Az

3nece omeparopbl Aj:H; » H;, i >j (cooTBeTcTBeHHO i< j) SABJAITCA oOnepaTopamu

poxaeHUs (COOTBETCTBEHHO YHUUTOXEHUS) U ONIPelesIIIOTCS CeAyIIUMU GopMyIaMHu:

(Ao1f1)o = fb(P’)fl(p’)dP', (A1ofo)1 = b(D)fo,
TV

1
e = [ b@LE.0V,  Annfds =5 B@OAD + D@ @)

T
a onepatopbl A1 U Ay, AEUCTBYIOT B rT/Ib6epTOBBIX MpocTpaHcTBax Hy u H, no dopmynam

(A11f1)1 = a1 (p) va1(P')f1(P')dP"

(af) = @) [ &0 L0 + 6@ [ @) f,0.02dq"
TV T
rae ynkuuu aj, b € L,(TY) j = 1,2. y10BI€TBOPAIOT yCI0BUAM

f a1 (p)ay (p)dp = f o (b(p)dp =0, j=12.
TV

TV
OdeBugHO, 4yTO uyuca0 z = 0 ABiAETCA COOCTBEHHBIM 3HayeHUeM onepartopa Ay =0 ¢
KPaTHOCTbI0 PaBHOW pa3MepHOCTHU mpocTpaHcTBa H m omepatop A paccMmaTpuBaeTcs Kak
BO3MYILleHUe oniepaTopa Ag.
Jlemma. Onepartop A, onpeze/iseMblil OlepaTOPHOM MaTpHULeH, ABJIAeTCA OrpaHUYeHHBbIM U
CaMOCONPS)KEHHBIM 0llepaTOpOM, IeHCTBYOLIMM B IMJbOEpPTOBOM pocTpaHCcTBe H.
Jloka3aTeJbCTBO 3TOM JIeMMbl OCHOBAaHO Ha OIpe/ieJIeHHWUU U 3JIeMeH- TapHbIX CBOMCTBAX
HOPM U COINPS)KEHHOT0 ollepaTopa.
[IycTb

1
Opp =121 =0, z; = llaall®>, 234 = i—ZIIbII. zse = 1/ 2||bll, 2

la,llI? £ /llaylI* + 1IB]I?
2 )

= 2||az||2. Zgg9 ==

llazll? £ /lla;ll* + [Ib]|?
Z10,11 — > ,

rae ||b||- Hopma annemenTa b € L,(TV).
Temnepb onuieM CO6CTBEHHbIE BEKTOPHI olepaTopa A, COOTBETCTBYIOILI[HE €ro COGCTBEHHBIM
3HAYEHUAM.
BeckoHeYHOKpaTHOMY COGCTBEHHOMY CEMEMCTBO COGCTBEHHBIX BEKTOPOB: 3HAYEHMIO Z = Z;
COOTBETCTBYET CEMEMCTBO COGCTBEHHBIX BEKTOPOB:

Po = (0'0' fZ(p' q)) (2)

rae f; € L5((TV)™) yaoBJeTBOPSIET CAEAYIOLUIUM YCIOBUSM:
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[ v fada =0 w [ @) h6odg =0

T
Y COOCTBEHHbIA BEKTOP

_ b(p)b(q)
1= (110'_W) (3)

CoOCTBEHHOE 3HA4yeHUWe Z = Z, TaKXKe 6ECKOHEYHOKPATHOE U COOTBETCTBYIOLIEE €My
CeMeHCTBO COGCTBEHHBIX BEKTOPOB HMeeT BU/|

0, = (0 0 a,(p)a(q) + az(q)a(p)>
2 - [ )

(4)

lla|I?
rie ynkuusa a € L,(TY) u f, € L ((T")?) yA0oBI€TBOPAET YCAOBUAM
(a,a;) =0, (a,b)=0.
CoOCTBeHHble 3HA4YeHUsl Z =23 U Z =2, SBJIAKTCI 6GECKOHEYHOKPATHbIMU U UM
COOTBETCTBYIOT COGCTBEHHbIE BEKTOPHI

2

P3 = 1,f1(p),%(b(p)f1(q) + fi(0)b(9)) |, )
2

Ps = O,fl(P),%(b(p)fl(q) + fi(0)b(9)) |, (6)

rae o¢yHkuus fi;(p) € L,(TV) ymoBaetBopsieT yciaoBusiMm (aq, f1) = (ay, fi) = (b, f1) = 0.
Co6CTBEHHbIE 3HAYEHUS] Z = Zs,Z = Zg U Z = Z; IPOCTbIE K UM COOTBETCTBYIOT COGCTBEHHBIE
BEKTOPbI

_ (. V2b(®) b(p)b(q)
o= (V) @
(. V2b(®) b(p)b(q)
<"6‘<1' Bl b ) ®)
_ a;(p)a;(q)
¥s = (0'0' AR ) ©)
IycTh zg, Zg, Z1g, Z11 NPOCThIE U UM COOTBETCTBYIOT COOCTBEHHbIE BEKTOPBI
_ <o a;(p) a,(p)b(q) +b(p)a1(q)> (10)
L S PATER PATAR '
_ [, ai(p) a;(p)b(q) + b(p)a;(q)
“’9‘<°' a2 2zllall? ) b
(. a2(p) a;(p)b(q) + b(p)a;(q)
‘”1°‘<°'||a1||2' I TADIIAE ) (12)
_ (. az(p) a;(p)b(q) + b(p)a,(q)
P11 = <°'||a2||2' 2201 — DN ) (13)

Teopema. MHOXeCTBO COGCTBEHHbIX 3HaYeHHUH 0y, (A) COBMAJaeT C MHOXECTBOM Oy, T.e.
— R

0pp(A) = 0'ppu COOTBETCTBYIOIUME COGCTBEHHblEe BCKTOpbI ¢;(i = 1,11), ompegenswTca

bopmynamu (2) — (13).
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