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I. J/Iuneiinble onepaTophbl U CKaJsIpPHOE NPOU3BeAeHUE

Buoime Mmbl oboratu/in JuHeiiHoe MPOCTPAHCTBO HOBOI KOHCTPYKIINEH —
CKaJIsIpHBIM 1Ipon3BejieHneM. OTMeTHM, YTO IOMUMO €BKJINI0BBIX IPO-
CTPAHCTB, UMEIOTCA JIpyrue KOHCTPYKIIMU, HaIlpUMep, CKaJISIpHOe IIPO-
n3BeJIeHNe B CUIIEKTUYECKUX [IPOCTPAHCTBAaX U JIP.



I.1. ConpsizKeHnblii onmepaTop

B ¢Bs3u ¢ BBeieHreM HOBOM KOHCTPYKINHU, KaK 0OBITHO, IPOOIeMATHKA
TEOpUN 3HAUNTEbHO oboralaercd. Mbl ceiiuac pacCMOTPUM TOJILKO O/1-
HY cepuio IpoOJieM, CBSI3aHHBIX CO «B3anUMO/JEHCTBUEM> JIMHEHHBIX Olle-
pPaATOPOB U CKAaJIsIPHOI'O IPOUBBEJIEHNSI B €BKJINIOBBLIX U YHUTAPHBIX
npocTpancTBax. IIpu 5ToM, Kak Mbl YBUJJIMM, HEOXKUJIAHHO IIOSIBJISIOTCSI
HOBBIE OTHOCHTEIHHO IPOCTHIE PEIieHnsl HEKOTOPBIX «IIOCTOPOHHUX» (HO
OYeHb aKTyasbHBIX!) TTpob/ieM.



I.1. ConpsizKeHnblii onmepaTop

B ¢Bs3u ¢ BBeieHreM HOBOM KOHCTPYKINHU, KaK 0OBITHO, IPOOIeMATHKA
TEOpUN 3HAUNTEbHO oboralaercd. Mbl ceiiuac pacCMOTPUM TOJILKO O/1-
HY cepuio IpoOJieM, CBSI3aHHBIX CO «B3anUMO/JEHCTBUEM> JIMHEHHBIX Olle-
pPaATOPOB U CKAaJIsIPHOI'O IPOUBBEJIEHNSI B €BKJINIOBBLIX U YHUTAPHBIX
npocTpancTBax. IIpu 5ToM, Kak Mbl YBUJJIMM, HEOXKUJIAHHO IIOSIBJISIOTCSI
HOBBIE OTHOCHTEIHHO IPOCTHIE PEIieHnsl HEKOTOPBIX «IIOCTOPOHHUX» (HO
OYeHb aKTyasbHBIX!) TTpob/ieM.

B ganHOM ciydae pedb IOMJIeT O «IepedpachbiBaHUU» OllepaTopa 13
IIEPBOTO MHOXKUTEJIST CKAJIIPHOTO IIPOUBBEJIeHI Ha BTOPOii. TouHee, B psi-
JIe CUTyalllil HeoOXOIUMO IIPEJICTABUTD UNCJIO (fl(:c), y) B BUJIE CKaJIsAP-
HOI'O IIPOU3BEJIEHUSI, B KOTOPOM BEKTOD T CTOUT <«HE II0J] OIIEPATOPOM»,
TO ecTh B Bujie (x, z). OKasbiBaeTCs, ClipaBe/[IuBa CIeJYIONas TeopeMa



1.2. Teopema o cyIiecTBOBaHINN CONPSAXKEHHOTO oIllepa-
TOpa

Teopema 1. [lus 4106020 aunetinozo onepamopa A xoneunomepnozo e6-
KAUD0BA UAU YHUMAPHO20 npocmpaHcmaea U cyuecmsyem, npu-

wem eduHcmseenmnvil, maxold onepamop B, wmo das a00vx 6exmopos
x,y € U umeem mecmo paserncmeo

(A@),y) = (+.B).



I.2. Teopema o cyniecTBOBaHIM COIIPSA?KEHHOTO ONepa-
TOpAa

Teopema 1. /lasa 06020 aunretinozo onepamopa A KOHEUHOMEPH020 €6~
KAudo8a usu yHumapHoz2o npocmparHcmaea U cywecmsyem, npu-
wem eQUHCMBEHHDIT, MaKxotll onepamop 3, YMmo Onsf A00bLT 8EKMOPO8
x,y € U umeem mecmo paserncmeo

(A@),y) = (+.B).

Jloka3aTeJabCTBO 3TOi TeopeMbl Mbl IIPUBEIEM TI03:Ke, T0C/e MOJTY-
JeHust POPMYIIbI JJIsI MATPUIIHI COIPSIKEHHOTO OllepaTopa.



I.3. Onpenesienne conpsak€HHOTO onepaTopa

A

Ompenesierne 1. /laa aunetinozo onepamopa A woneuromeprozo ee-
rAUdosa us YHumapHozo npocmparcmaea U conpsizKeHHbIM
OIIEPATOPOM HA3BLBALTNCA MAKOU AUHETHDIT onepamop A*, YMo OAA NH0-
ovix sexmopos x,y € U umeem mecmo pasencmeo

(A@).y) = (= 4"w). (1)



I.3. Onpenesienne conpsak€HHOTO onepaTopa

A

Ompenesierne 1. /laa aunetinozo onepamopa A woneuromeprozo ee-
rAUdosa us YHumapHozo npocmparcmaea U conpsizKeHHbIM
OIIEPATOPOM HA3BLBALTNCA MAKOU AUHETHDIT onepamop A*, YMo OAA NH0-
ovix sexmopos x,y € U umeem mecmo pasencmeo

(A@).y) = (= 4"w). (1)

B kakmx HallpaBJIeHUSIX pa3BUBATL MCCJIE0BaHKIE”



I.3. Onpenesienne conpsak€HHOTO onepaTopa

Ompenesierne 1. /laa aunetinozo onepamopa A woneuromeprozo ee-
raudosa usu YHumapHozo npocmpaHcemaea U colmpsizKeHHbIM
OIIEPATOPOM HA3BLBALTNCA MAKOU AUHETHDIT onepamop A*, YMo OAA NH0-
ovix sexmopos x,y € U umeem mecmo pasencmeo

(A@).y) = (= 4"w). (1

Kak 00bIYHO, OJINH M3 IEPBBIX BOIPOCOB IIOC/IE BBEJCHUS HOBOI'O I10-
HATHUA: KaK «peain30BaThby 3TY KOHCTPYKIIMIO B «IIPOCTPAHCTBE KOOP/IU-
HaT», To ecThb B R". B mannom ciydae, MOCKOIBKY Pedb UJIeT O JUHEHHOM
orepaTope (COHpﬂ)KGHHbH‘/’I oreparop — 3TO JIMHENHbIN onepaTop!), 9TOT
BOIIPOC TpaHcOPMUPYETCs B MTPOOJEMY BBIUNCIEHUS MAMPULDL CONPA-
otcenno2o onepamopa. OTBET Ha 9TOT BOIPOC OPOPMUM B BUJIE CJICIYIO-
1eil TeOpeMbI.



I.4. Teopema o MmaTpuiie COIPsA?KEHHOT'O olepaTopa

Teopema 2. Ecau Ag — mampuua aunetinozo onepamopa A 6 basuce
B esxaudosa usu ypumaproz2o npocmparcmaa U, mo mampuia
A*B conpsadHceHHoz20 onepamopa A* umeem 6ud

A =T AETB. (2)

3decv X — onepayus nokoMnoHEHMHO20 KOMINAEKCHO20 CONPAIHCE-
HUA (Tpg + 1WYpg)pscn = Tpg = Woa)pun, L — Mampuua I'pama. B
cayuae, xkozda U — esraudoso npocmparcimeo, 6 culy mozo, 4mo
KOMNAEKCHOE CONPANCEHUE HA MHOHCECMEE BEUWECTNEEHHBIT YUCEA AG-

AAEMCA MONCICCMEENHBIM NPEOdPA30SaHUEM, PABENCMEO (2) HeckoavKo
YNPoULaEeMMCA:

¥ _ 1—1 5t



I.4. Teopema o MmaTpuiie COIPsA?KEHHOT'O olepaTopa

Teopema 2. Ecau Ag — mampuua aunetinozo onepamopa A 6 basuce
B esxaudosa usu ypumaproz2o npocmparcmaa U, mo mampuia
A*B conpsadHceHHoz20 onepamopa A* umeem 6ud

A*B = F]_SlAziSFB' (2)

B obo3naueHusx, IPUHATHIX B SJIEKTPOHUKE, TjAe MHUMAas eJIUHU-
1a 0003HAYaeTCsd CHUMBOJIOM jJ, 9TO PaBEHCTBO 3allUCHhIBACTCA TakK:

(qu + quC])nxn = (:BPC] o ijQ)nxn'




I.4. Teopema o MmaTpuiie COIPsA?KEHHOT'O olepaTopa

Teopema 2. Ecau Ag — mampuua aunetinozo onepamopa A 6 basuce
B esxaudosa usu ypumaproz2o npocmparcmaa U, mo mampuia
A*B conpsadHceHHoz20 onepamopa A* umeem 6ud

A =T AETB. (2)

Jloka3zaTeJabCTBO OCHOBAHO Ha UCIOJIL30BAHNE TUIIOBBLIX CIIOCOO0B
IIpe/icTaBjieHnsI 00beKTOB B R.



I.4. Teopema o MmaTpuiie COIPsA?KEHHOT'O olepaTopa

Teopema 2. Ecau Ag — mampuya aunetinozo onepamopa A 6 basuce
b esxaudosa uiu ypumaproz2o npocmparcmaea U, mo mampuuya

A*B conpsadHceHHoz20 onepamopa A* umeem 6ud

A*B = F]_SlAziSFB' (2)

JloKa3aTeabCTBO.
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A =T AETB. (2)

JloKa3aTeabCTBO.

= (A@),y) = (2. 4") =

CortacHo TCOpEMEC O BbIIMUCJ/ICHUUN CKaAJIAPHOI'O ITPpOMU3BEeJCHU...
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= [A@)|  TElE =

= (A@),y) = (2. 4") =
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A =T AETB. (2)

JloKa3aTeabCTBO.

= (A@),y) = (2. 4") =

CoracHO TeopeMe O KOOpJAnHaTaX obpa3a BeKTOpaA...



I.4. Teopema o MmaTpuiie COIPsA?KEHHOT'O olepaTopa

Teopema 2. Ecau Ag — mampuua aunetinozo onepamopa A 6 basuce
B esxaudosa usu ypumaproz2o npocmparcmaa U, mo mampuia
A*B conpsadHceHHoz20 onepamopa A* umeem 6ud

A =T AETB. (2)

JloKa3aTeabCTBO.

= (Agllp) TlYB

= (A@),y) = (2. 4") =

CorsacHO TeopeMe O KOOpAMHATaX obpa3a BeKTopa...
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CortacHo TCOpEMEC O BbIMUCJ/ICHUUN CKaAJIAPHOI'O ITPOMU3BEJACHU. ..
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5 A5 BB = (4BlB) Tl = |A()|  TBlE =

= (Ate).v) = (v A°W) = s T [ A7), = bl TR AR .

CorjacHO TeopeMe O KOOpAMHATaX obdpa3a BeKTopa...



I.4. Teopema o MmaTpuiie COIPsA?KEHHOT'O olepaTopa
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B esxaudosa usu ypumaproz2o npocmparcmaa U, mo mampuia
A*B conpsadHceHHoz20 onepamopa A* umeem 6ud

Hoxkazarenbcrso. Utax, 2] ARI'BlYIE = 2]g AR IB-
5 AR BB = (ABllB) TEUE = |A()|  'BlE =

— (A(x),y) = (a:,zzl*(y)> = [xﬁS FBM = [lﬁa FB%%'
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Hoxkazarenbcrso. Utax, 2] ARI'BlYIE = 2]g FBA”]‘S vB-
Ypa?
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MozKHO J1 «COKPATUTH Ha [:L’HS n Ha [y|g»”?



I.4. Teopema o MmaTpuiie COIPsA?KEHHOT'O olepaTopa

Teopema 2. Ecau Ag — mampuya aunetinozo onepamopa A 6 basuce
B esxaudosa usu ypumaproz2o npocmparcmaa U, mo mampuia
A*B conpsadHceHHoz20 onepamopa A* umeem 6ud

A*B = F]_SlAziSFB' (2)

Hoxkazarenbcrso. Utax, 2] ARI'BlYIE = 2]g FBA”]‘S vB-

t
MozkHo s «coxkpatutb Ha [z 1 Ha [y|g»7
Hesb3za:

(1 2)(? _g):(o 0)=(0 o)(f _;l).
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A*B conpsadHceHHoz20 onepamopa A* umeem 6ud

A*B = F]_SlAziSFB' (2)

Hoxkazarenbcrso. Utax, 2] ARI'BlYIE = 2]g FBA”]‘S vB-

MozKHO J1 «COKPATUTH Ha [:L’HS n Ha [y|g»”?
Henbzsa, no...

(1 2)(_? _g):(o 0)=(0 o)(_? _;l)



I.4. Teopema o MmaTpuiie COIPsA?KEHHOT'O olepaTopa
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A*B conpsadHceHHoz20 onepamopa A* umeem 6ud

A =T AETB. (2)

Hoxkazarenbcrso. Utax, 2] ARI'BlYIE = 2]g FB%MB'

IIo memmMe o COKPpameHn1 Ha IIPON3BOJIbBHYIO MAaTPHUILy 110/ Iy9acM
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IIo memmMe o COKPpameHn1 Ha IIPON3BOJIbBHYIO MAaTPHUILy 110/ Iy9acM

Apl'p =T'p4g



I.4. Teopema o MmaTpuiie COIPsA?KEHHOT'O olepaTopa

Teopema 2. Ecau Ag — mampuua aunetinozo onepamopa A 6 basuce
B esxaudosa usu ypumaproz2o npocmparcmaa U, mo mampuia
A*B conpsadHceHHoz20 onepamopa A* umeem 6ud

A =T AETB. (2)

Hoxkazarenbcrso. Utax, 2] ARI'BlYIE = 2]g FBA”]‘S vB-

IIo memmMe o COKPpameHn1 Ha IIPON3BOJIbBHYIO MAaTPHUILy 110/ Iy9acM

ARl =TpAy = A5 =TEARIB

Teopema JjioKazaHa.



I.5. /Ioka3aTe/ibCTBO TeopeMbl O CYIIECTBOBAHUU CO-
MPs>KEHHOI'0 olepaTropa

13 TeopeMbl 0 MaTpuiie COIPSI2KEHHOTO oepaTopa U TeopeMbl
00 n30MOpP(HOCTN NPOCTPAHCTBA JUHENHBIX OMEPaTOPOB 1 IIPO-
CTPAHCTBA MATPUIIL CJIeJlyeT CyIeCTBOBaHNe 1 e UHCTBEHHOCTL COIPs-
>KEHHOT'0 ollepaTopa, CM. TEOPEMY O CYIIIeCTBOBAHUU COIIPS>KEH-
HOTI'O onepaTopa.

Paccmorpum nipumep?



I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa

(A ) - B A"

2. ( ) A* + B*.

3. ()x ) = AA*. Takuu obpa3oM, JIjis €BKJIMJAOBBIX HPOCTPAHCTB
(M) =24

4. Teopema ®@pexaromsma: A(U)+ = Ker A*,
5 (A7) =4



I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa
JloKka3aTebCTBO.

A A\ K A A
1) (AB) — B A"
[To onpenelieHnIO CONPAKEHHOI'0 OllepaTopa U OIpeIeJIeHUIO

IIPOM3BE/ICHNS OIepaTOPOB (/13 (a:),y) =



I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa
JloKka3aTebCTBO.

1) (AB) — B*A*.
[To onpeneeHNIO CONPSI)KEHHOI'O OIlepaTopa U OIPEe/Ie ICHIIO
IIPOU3BEeACeHNIs OIIEPATOPOB (/13 (a:),y) = (121 (f)’(x)) ,y) =



I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa
JloKka3aTebCTBO.

1) (AB) — B*A*.
[To onpeneeHNIO CONPSI)KEHHOI'O OIlepaTopa U OIPEe/Ie ICHIIO
IIPOU3BEeACeHNIs OIIEPATOPOB (/13 (a:),y) = (A (E(x)) ,y) =

A

= (B@). &'w)) =



I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa
JloKka3aTebCTBO.

D (4B) = Bi-
[To onpeneeHNIO CONPSI)KEHHOI'O OIlepaTopa U OIPEe/Ie ICHIIO
IIPOU3BEeACeHNIs OIIEPATOPOB (/IB (a:),y) = (121 (E(x)) ,y) =

A

= (Bla), A'(y)) = (2, 5" (A'(n)) ) =



I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa
JloKka3aTebCTBO.

D (4B) = Bi-
[To onpeneeHNIO CONPSI)KEHHOI'O OIlepaTopa U OIPEe/Ie ICHIIO
IIPOU3BEeACeHNIs OIIEPATOPOB (1213 (a:),y) = (121 (E(x)) ,y) =

A

= (Ba), A'(y)) = (. B (A') ) = (2. B"A(y)) .



I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa
JloKka3aTebCTBO.

D (4B) = Bi-
[To onpeneeHNIO CONPSI)KEHHOI'O OIlepaTopa U OIPEe/Ie ICHIIO
IIPOU3BEeACeHNIs OIIEPATOPOB (1213 (a;),y) = (121 (E(x)) ,y) =

= (Ba), A'(y)) = (. B (A') ) = (2. B"A(y)) .

C 1pyroit cTOpPOHHI,



I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa
JloKka3aTebCTBO.

D (4B) = Bi-
[To onpeneeHNIO CONPSI)KEHHOI'O OIlepaTopa U OIPEe/Ie ICHIIO
IIPOU3BEeACeHNIs OIIEPATOPOB (1213 (a;),y) = (121 (E(a:)) ,y) =

= (Ba), A'(y)) = (. B (A') ) = (2. B"A(y)) .

C 1pyroit cTOpPOHHI,



I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa
JloKka3aTebCTBO.

D (4B) = Bi-
[To onpeneeHNIO CONPSI)KEHHOI'O OIlepaTopa U OIPEe/Ie ICHIIO
IIPOU3BEeACeHNIs OIIEPATOPOB (1213 (a:),y) = (121 (E(x)) ,y) =

= (Ba), A'(y)) = (. B (A') ) = (2. B"A(y)) .
C 1pyroit cTOpPOHHI,

13 TeopeMbl O CyIIeCTBOBAHUM U € IMHCTBEHHOCTH COIIPSI?KEHHO-
ro oneparopa cJjejyeT JIoKa3blBaeMoe PaBEeHCTBO.



I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa
JloKka3aTebCTBO.

D (4B) = Bi-
[To onpeneeHNIO CONPSI)KEHHOI'O OIlepaTopa U OIPEe/Ie ICHIIO
IIPOU3BEeACeHNIs OIIEPATOPOB (1213 (a;),y) = (121 (E(x)) ,y) =

= (Ba), A'(y)) = (. B (A') ) = (2. B"A(y)) .

C 1pyroit cTOpPOHHI,

I3 TeopeMbl O CyIIeCTBOBAHUU U €WHCTBEHHOCTH COIPSI?KEHHO-
ro OoIepaTopa Cjejlyer JIOKAa3bIBAEMOe PABEHCTBO.
2) JloKa3aTebcTBO AHAJIOTHTHOE.



I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa
JloKka3aTebCTBO.

D (4B) = Bi-
[To onpeneeHNIO CONPSI)KEHHOI'O OIlepaTopa U OIPEe/Ie ICHIIO
IIPOU3BEeACeHNIs OIIEPATOPOB (1213 (a;),y) = (121 (E(a:)) ,y) =

= (Ba), A'(y)) = (. B (A') ) = (2. B"A(y)) .

C 1pyroit cTOpPOHHI,

/13 TeopeMbl O CyIIIeCTBOBAHUY U €IMHCTBEHHOCTH COIPSIYKEHHO-
ro orepaTopa cjejlyeT JOKa3biBAeMOe PaBeHCTBO.

2) JlokazaTe/ibcTBO aHAJIOTHIHOE.

3) JlokazarebcTBO AHAJIOTHIHOE.



I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa
JloKka3aTebCTBO.
4) Teopema Dpearoasma: A(U)+ = Ker A*.
Hano nokaszarh



I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa
JloKka3aTebCTBO.
4) Teopema Dpearoasma: A(U)+ = Ker A*.
Haio nmokazaTth pasencmeo MHOXKeCTB. g 3Toro Hago



I.6. CBoiicTBa COIPAKEHHOr0 OIlepaTopa
JloKka3aTebCTBO.
4) Teopema Dpearoasma: A(U)+ = Ker A*.
Hano soxasars paserncmeo muoxkecrs. [t T0ro Hajlo nokasars jsa
sismodenus: A(U)T C Ker A* u A(U)* D Ker A*,

BosbMmeMm



I.6. CBoiicTBa COIPAKEHHOr0 OIlepaTopa

JloKka3aTebCTBO.

4) Teopema Dpearoasma: A(U)+ = Ker A*.

Hano soxasars paserncmeo muoxkecrs. [t T0ro Hajlo nokasars jsa
sismodenus: A(U)T C Ker A* u A(U)* D Ker A*,

Bosbmenm Bektop © € A(U)L. Tlo onpeesienio oproronaibuoro j1o-
IOJTHEHU ST, COMPSI2KEHHOTO omepaTopa u obpasa IIPOCTPAHCTBa, [T
moboro Bekropa u € U umeem

= (A(u), CIZ> =



I.6. CBoiicTBa COIPAKEHHOr0 OIlepaTopa

JloKka3aTebCTBO.

4) Teopema Dpearoasma: A(U)+ = Ker A*.

Hano soxasars paserncmeo muoxkecrs. [t T0ro Hajlo nokasars jsa
sismodenus: A(U)T C Ker A* u A(U)* D Ker A*,

Bosbmenm Bektop © € A(U)L. Tlo onpeesienio oproronaibuoro j1o-
IOJTHEHU ST, COMPSI2KEHHOTO omepaTopa u obpasa IIPOCTPAHCTBa, [T
moboro Bekropa u € U umeem

0= (A(u),az) =



I.6. CBoiicTBa COIPAKEHHOr0 OIlepaTopa

JloKka3aTebCTBO.

4) Teopema Dpearoasma: A(U)+ = Ker A*.

Hano soxasars paserncmeo muoxkecrs. [t T0ro Hajlo nokasars jsa
sismodenus: A(U)T C Ker A* u A(U)* D Ker A*,

Bosbmenm Bektop © € A(U)L. Tlo onpeesienio oproronaibuoro j1o-
IOJTHEHU ST, COMPSI2KEHHOTO omepaTopa u obpasa IIPOCTPAHCTBa, [T
moboro Bekropa u € U umeem

0= (A(u),az) = (u, A*(az)) :



I.6. CBoiicTBa COIPAKEHHOr0 OIlepaTopa

JloKka3aTebCTBO.

4) Teopema Dpearoasma: A(U)+ = Ker A*.

Hano soxasars paserncmeo muoxkecrs. [t T0ro Hajlo nokasars jsa
sismodenus: A(U)T C Ker A* u A(U)* D Ker A*,

Bosbmenm Bektop © € A(U)L. Tlo onpeesienio oproronaibuoro j1o-
IOJTHEHU ST, COMPSI2KEHHOTO omepaTopa u obpasa IIPOCTPAHCTBa, [T
moboro Bekropa u € U umeem

0= (A(u),az) = (u,fl*(az)) :

3uaunt, BekTop A*(x) opToronasen K JioboMy BeKTOpy mpocTpaHcTsa U.



I.6. CBoiicTBa COIPAKEHHOr0 OIlepaTopa

JloKka3aTebCTBO.

4) Teopema Dpearoasma: A(U)+ = Ker A*.

Hano soxasars paserncmeo muoxkecrs. [t T0ro Hajlo nokasars jsa
sismodenus: A(U)T C Ker A* u A(U)* D Ker A*,

Bosbmenm Bektop © € A(U)L. Tlo onpeesienio oproronaibuoro j1o-
IOJTHEHU ST, COMPSI2KEHHOTO omepaTopa u obpasa IIPOCTPAHCTBa, [T
moboro Bekropa u € U umeem

0= (A(u),x) = (u,fl*(az)) :

3uaunt, BekTop A*(x) opToronasen K JioboMy BeKTOpy mpocTpaHcTsa U.

B gacTHOCTH, OH OpTOrOHAJICH K cCAMOMY cebe: (A*(x), A*(:U)) =0, o1-

kyta A*(z) = 0. Suaunt, z € Ker A*.



I.6. CBoiicTBa COIPAKEHHOr0 OIlepaTopa

JloKka3aTebCTBO.

4) Teopema Dpearoasma: A(U)+ = Ker A*.

Hano soxasars paserncmeo muoxkecrs. [t T0ro Hajlo nokasars jsa
sismodenus: A(U)T C Ker A* u A(U)* D Ker A*,

Bosbmenm Bektop © € A(U)L. Tlo onpeesienio oproronaibuoro j1o-
IOJTHEHU ST, COMPSI2KEHHOTO omepaTopa u obpasa IIPOCTPAHCTBa, [T
moboro Bekropa u € U umeem

0= (A(u),x) = (u,fl*(az)) :
Buaunurt, BekTop A*(x) oproronasen  soboMy BeKTopy npocTpancTsa U

B qacrHocTn, oH opTOroHasieH K caMomy cebe: (A*(:z:), A*(x)) =0, or-

kyta A*(z) = 0. Suaunt, z € Ker A*.
Wrak, jokasano prmouenne A(U)+ C Ker A*.



I.6. CBoiicTBa COIPAKEHHOr0 OIlepaTopa
JloKka3aTebCTBO.
4) Teopema Dpearoasma: A(U)+ = Ker A*.
Ocrasioch JloKasaTh obparHoe BK/oderne, 10 ecth A(U)L D Ker A*.



I.6. CBoiicTBa COIPAKEHHOr0 OIlepaTopa
JloKka3aTebCTBO.
4) Teopema Dpearoasma: A(U)+ = Ker A*.
Ocrasioch jlokasarh obparHoe Brjodenne, 10 ecth A(U)T D Ker A*.
DTO elle IPOoIIe.



I.6. CBoiicTBa COIPAKEHHOr0 OIlepaTopa
JloKka3aTebCTBO.
4) Teopema Dpearoasma: A(U)+ = Ker A*.
Ocrasioch JloKasaTh obparHoe BK/oderne, 10 ecth A(U)L D Ker A*.
[TycTh



I.6. CBoiicTBa COIPAKEHHOr0 OIlepaTopa
JloKka3aTebCTBO.
4) Teopema Dpearoasma: A(U)+ = Ker A*.
Ocrasioch JloKasaTh obparHoe BK/oderne, 10 ecth A(U)L D Ker A*.
[Tycts z € Ker A*. Torna



I.6. CBoiicTBa COIPAXKEHHOIO OllepaTopa
JloKka3aTebCTBO.
4) Teopema Dpearoasma: A(U)+ = Ker A*.
Ocrasioch JloKasaTh obparHoe BK/oderne, 10 ecth A(U)L D Ker A*.
[lycts z € Ker A*, Torna jiist j1roboro BekTopa u u3 U umeem, ¢ 0JHOM

(u, 121*@3)) =

CTOPOHBI:



I.6. CBoiicTBa COIPAXKEHHOIO OllepaTopa
JloKka3aTebCTBO.
4) Teopema Dpearoasma: A(U)+ = Ker A*.
Ocrasioch JloKasaTh obparHoe BK/oderne, 10 ecth A(U)L D Ker A*.
[lycts z € Ker A*, Torna jiist j1roboro BekTopa u u3 U umeem, ¢ 0JHOM
CTOPOHBI:

(u, 121*@3)) = (u,0) =



I.6. CBoiicTBa COIPAXKEHHOIO OllepaTopa
JloKka3aTebCTBO.
4) Teopema Dpearoasma: A(U)+ = Ker A*.
Ocrasioch JloKasaTh obparHoe BK/oderne, 10 ecth A(U)L D Ker A*.
[lycts z € Ker A*, Torna jiist j1roboro BekTopa u u3 U umeem, ¢ 0JHOM
CTOPOHBI:

(u, 121*@3)) = (u,0) = 0.

C Jpyroii CTOPOHBI,

(u, A*(CC)) =



I.6. CBoiicTBa COIPAXKEHHOIO OllepaTopa
JloKka3aTebCTBO.
4) Teopema Dpearoasma: A(U)+ = Ker A*.
Ocrasioch JloKasaTh obparHoe BK/oderne, 10 ecth A(U)L D Ker A*.
[lycts z € Ker A*, Torna jiist j1roboro BekTopa u u3 U umeem, ¢ 0JHOM
CTOPOHBI:

(u, A*(llﬁ)) = (u,0) = 0.
C 1pyroit ¢cTOpPOHLI,
(u, A*(x)) — (A<u),x) .

SHAYUT,



I.6. CBoiicTBa COIPAXKEHHOIO OllepaTopa
JloKka3aTebCTBO.
4) Teopema Dpearoasma: A(U)+ = Ker A*.
Ocrasioch JloKasaTh obparHoe BK/oderne, 10 ecth A(U)L D Ker A*.
[lycts z € Ker A*, Torna jiist j1roboro BekTopa u u3 U umeem, ¢ 0JHOM
CTOPOHBI:

(u, A*(llﬁ)) = (u,0) = 0.

C 1pyroit ¢cTOpPOHLI,
(u, A*(x)) — (A<u),x) .

SuaduTt, g Joboro BekTopa u € U uMeeT MecTO paBeHCTBO

(A(u), x) =0, 10 ectb € A(U)L



I.6. CBoiicTBa COIPAXKEHHOIO OllepaTopa
JloKka3aTebCTBO.
4) Teopema Dpearoasma: A(U)+ = Ker A*.
Ocrasioch JloKasaTh obparHoe BK/oderne, 10 ecth A(U)L D Ker A*.
[lycts z € Ker A*, Torna jiist j1roboro BekTopa u u3 U umeem, ¢ 0JHOM
CTOPOHBI:

(u, A*(llﬁ)) = (u,0) = 0.

C Jpyroii CTOPOHBI,

(u, A*(x)) — (A<u),x) .
SuaduTt, g Joboro BekTopa u € U uMeeT MecTO paBeHCTBO
(A(u), x) =0, 10 ectb € A(U)L

Teopema PpejrosbMa goKasaHa.



I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa
JloKka3aTebCTBO.

5) (A*)* ~ A



I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa
JloKka3aTebCTBO.

5) (A*)* ~ A

st mobbix BekTopoB o,y € U (121(:1:), y) = (CE,



I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa
JloKka3aTebCTBO.

5 (A) =4
st mobbIX BeKTOpOB X,y € U (121(33), y) = (JU, fl*(y

— (A(y).2) =



I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa
JloKka3aTebCTBO.

5 (A) =4
st mobbIX BeKTOpOB X,y € U (121(33), y) = (ﬂU, fl*(y))

= (A7) = (5 (A) @) =




I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa

JloKka3aTebCTBO.

5) (A*)* ~ A

st mobbix BekTopoB o,y € U (121(:1:),




I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa

JloKka3aTebCTBO.

5) (A*)* ~ A

st mobbix BekTopoB o,y € U (121(:1:),




I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa
JloKka3aTebCTBO.

5) (A*)* ~ A

st mobbix BekTopoB o,y € U A(z),




I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa
JloKka3aTebCTBO.

5) (A*)* — A

st mobbix BekTopoB o,y € U A(z),

CieioBaTeILHO,

0= (A).y) = (A7) @)y) = (Aw) - (A7) (@),9).

D10 pPaBEHCTBO BbLIIIOJIHACTCHA JIJIA JIIOOBIX BEKTOPOB T, Y.



I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa
JloKka3aTebCTBO.

5) (A*)* — A

st mobbix BekTopoB o,y € U A(z),

CieioBaTeILHO,

0= (A).y) = (A7) @)y) = (Aw) - (A7) (@),9).

D10 pPaBEHCTBO BbLIIIOJIHACTCHA JIJIA JIIOOBIX BEKTOPOB T, Y.

[Tonoxum y =



I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa
JloKka3aTebCTBO.

5) (A*)* ~ A

st mobbix BekTopoB o,y € U A(z),

CieioBaTeILHO,

0= (A).y) = (A7) @)y) = (Aw) - (A7) (@),9).

D10 pPaBEHCTBO BbLIIIOJIHACTCHA JIJIA JIIOOBIX BEKTOPOB T, Y.

ooy y = A(x) — (A*)* (z). Torma



I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa
JloKka3aTebCTBO.

5) (A*)* — A

st mobbix BekTopoB o,y € U A(z),

CieioBaTeILHO,

0= (A).y) = (A7) @)y) = (Aw) - (A7) (@),9).

D10 pPaBEHCTBO BbLIIIOJIHACTCHA JIJIA JIIOOBIX BEKTOPOB T, Y.

ooy y = A(x) — (A*)* (z). Torma

0= (A(x) - (A*)* (2), A(z) — (A*)* (@)



I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa
JloKka3aTebCTBO.

5) (A*) — A
0= (A(x) _ (A*) (z), A(z) — (A*) (x)) .
I/IS AKCHMOM €BKJINAOBA 1 YHUTAPHOI'O IIPOCTPAHCTB I10JIy4YacM, 94TO

~ ~ *
Alz) — (A*) (x) = 0, TO ecTb UMEeT MECTO TOXKJIECTBO



I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa
JloKka3aTebCTBO.

5) (A*) — A
0= (A(x) _ (A*) (z), A(z) — (A*) (x)) .
I/IS AKCHMOM €BKJINAOBA 1 YHUTAPHOI'O IIPOCTPAHCTB I10JIy4YacM, 94TO

~ ~ *
Alz) — (A*) (x) = 0, TO ecTb UMEeT MECTO TOXKJIECTBO

A

Aw) = (A7) ()

qTOo 1 Tp€6OB8JIOCb J0Ka3aTb.



I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa
JloKka3aTebCTBO.

) (A1) = (A*)_l.
A (,21—1)* . (A—IA)* — B =F



I.6. CBoiicTBa conps>kKeHHOIro oliepaTopa
JloKka3aTebCTBO.

K N
6) (A1) = (47)
A A * A A * A A
A (A—l) :(A—lA) —E=F.
Hcnonb3ya omnpeaeneHne oOpaTHOIl MaTpuibl U TeopeMy 00
OJTHO3HAYHOCTH OOpaTHOIl MATPUIIBI, IO0JydaeM JJ0Ka3aTbiBaeMoe

pPaBEHCTBO <121_1) - <121*> _1.



II. HopmaJjabHbIe onnepaTophbl
Kakne BapnaHThl B3anMOAEHCTBIS JTUHENHOTO OllepaTopa ¢ CONPAKEH-
HBIM €My OIlepaTOpoM HauboJiee MepCleKTUBHbI JIJIsd M3yUeHns !



II. HopmaJjabHbIe onnepaTophbl

Ompepesnerue 2. Jlunetnwvid onepamop A esxaudosa uiu yHumap-

Ho20 npocmparcmea U Hasvieaemcs HOPMAJIbHBIM OIIEPATOPOM 10~
20a u moavko moeda, xoeda AA* = A*A.



II.1. CBoiicTBa HOpMAaJILHBLIX OIIEPATOPOB
3decv A — HOPMAJIbHBIN OIIEPaTOP eBKJ/IN/I0BA WIK YHATAPHOI'O
npoctpancTsa U.

1) JIuneiinelii onepatop A €BKJINI0BA WIK YHUTAPHOI'O IPOCTPAH-
ctBa U gBjgeTcs HOPpMaJIbHBIM OIlePaTOPOM TOT/la W TOJLKO TOTja,
KOT' /14 A—)\E — HOPMAaJIbHBIIA oepaTop.



II.1. CBoiicTBa HOpMAaJILHBLIX OIIEPATOPOB
3decv A — HOPMAJIbHBIN OIIEPaTOP eBKJ/IN/I0BA WIK YHATAPHOI'O
npoctpancTsa U.

1) Jluneitablit onepaTop A eBKJINIOBA WM YHUTAPHOTO MPOCTPAH-
ctBa U gBjgeTcs HOPpMaJIbHBIM OIlePaTOPOM TOT/la W TOJLKO TOTja,
KOT' /14 A—)\E — HOPMAaJIbHBIIA oepaTop.

2) Bekrop v € U sBisiercss COOCTBEHHBIM BEKTOPOM HOPMAJIbHOTO
omepaTopa 121, OTBEYAIONINM COOCTBEHHOMY 3HAYCHHUIO O TOTJIa U TOJIHKO
TOIJIa, KOIJIa U SIBJISIETCs] COOCTBEHHLIM BEKTOPOM JIMHEHHOI'O OliepaTo-
pa A*, OTBEYAIONINM COOCTBEHHOMY 3HAYEHUIO p.



II.1. CBoiicTBa HOpMAaJILHBLIX OIIEPATOPOB
3decv A — HOPMAJIbHBIN OIIEPaTOP eBKJ/IN/I0BA WIK YHATAPHOI'O
npoctpancTsa U.

1) Jluneitablit onepaTop A eBKJINIOBA WM YHUTAPHOTO MPOCTPAH-
ctBa U gBjgeTcs HOPpMaJIbHBIM OIlePaTOPOM TOT/la W TOJLKO TOTja,
KOT' /14 A—)\E — HOPMAaJIbHBIIA oepaTop.

2) Bekrop v € U sBisiercss COOCTBEHHBIM BEKTOPOM HOPMAJIbHOTO
omepaTopa 121, OTBEYAIONINM COOCTBEHHOMY 3HAYCHHUIO O TOTJIa U TOJIHKO
TOIJIa, KOIJIa U SIBJISIETCs] COOCTBEHHLIM BEKTOPOM JIMHEHHOI'O OliepaTo-
pa A*, OTBEYAIONINM COOCTBEHHOMY 3HAYEHUIO p.

3) Eciin u, v € U — cobeTBeHHbIE BEKTOPHI HOPMAJILHOTO OTIepaTopa

A

A, OoTBeYarolye pa3HbIM CcOOCTBEHHDLIM SHa4Y€HUuAM, TO U 1 U — OPTOI'O-
HaJIbHDBI.



I1.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB
4) Ecm U — yuuraproe npocTpancTBo, To cymecrsyer OHB u3
COOCTBEHHBIX BEKTOPOB HOPMaJIbHOI'O JIMHEIHOTO olrepaTopa A

4MEcim U — eBKJAWAOBO MPOCTPAHCTBO U XapaKTEePUCTU-
JecKUil IOJMHOM HOPMAJBHOT'O oOIlepaTopa A IpeJICTaBIM
B Buge |[Ag—AE[=A—p)™" .. (A=pp)'m, 1tne p€R  aus
Beex ¢ =1,2,...,m, 1o cymecrsyer OHB eBximjoBa npocrpan-
cra U, cocrosiimuii 13 cOOCTBEHHBLIX BEKTOPOB JIMHEHHOI'O ollepa-

A

Topa A.



II.1. CBoiicTBa HOpMAaJILHBLIX OIIEPATOPOB
5) Ecin A — HOpMaJIbHBII OoItlepaTop eBK/I110Ba pocTpancTa U,
T0 cyniecrsyer Takoit OHB B npocrpancrsa U, uto marpuiia Ag nveer

Dy 0 ... O

. _ 0O Dy, ... O
KJIETOYHO-INarOHaJbHBIN Bl  Ap = , [Ipyu4eM Jgua-

0O 0 ... D

roHaJTbHbIE KJIETKH (TO ecTh MaTpurbl D;) OO MMEIT pasMepHOCTh

1 x 1, 1mubo umeror Buj D; = ( Cgi —b )
i



I1.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

1) Jluneiinbiit oneparop A eBknmmoBa wm VHUTAPHOTO [IPOCTPaH-
crBa U sBiisieTcst HOpMaJIbHBIM OIIEPATOPOM TOIJIa U TOJILKO TOIJIA,
korma A — \E — HOPMAJILHBIIA OoIlepaTop.

JloKka3aTebCTBO.
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korma A — \E — HOPMAJILHBIIA OoIlepaTop.

ZLOKa3aTeJIBCTBo ﬂOKa}KeM cHagaJsa, 9TO eCJIN A HOPMAaJIbHbI
omepaTrop, TO A — \FE toxe HOPMAJILHEBIA oIlepaTop.



I1.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

1) Jluneiinbiit oneparop A eBknmmoBa wm VHUTAPHOTO [IPOCTPaH-
crBa U sBiisieTcst HOpMaJIbHBIM OIIEPATOPOM TOIJIa U TOJILKO TOIJIA,
korma A — \E — HOPMAJILHBIIA OoIlepaTop.

ZLOKa3aTeJIBCTBo ,ZLOK&}KGM cHagaJsa, 9TO eCJIN A HOPMAaJIbHbI
omepaTrop, TO A — \FE toxe HOPMAJILHEBIA oIlepaTop.

[To cmoficTBaM COIPSIKEHHOI'O OIlepaTopa W ONIPeJe/IeHNI0 HOPMAaJIb-

HOTr'O oneparopa <fl — AE)* (fl — )\E) —
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= A*A — NA*E — NEA+ MEE = AA* — \FA* — NAE + \\E =
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HOTr'O oneparopa (fl — AE)* (fl — )\E) —

:<A*—XE)(A—AE):(A*—XE)(A—)\E):
= A*A — NA*E — NEA+ MEE = AA* — \FA* — NAE + \\E =
A )( )\E>:(A—)\E)(A*—XE):

= (121 —\E (A — )\E) . r.e. A— A\E — HOpMAaJIBHBII omepaTop.



I1.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

1) Jluneiinbiit oneparop A eBKIIMIOBA WM YHUTADHOTO MPOCTPAH-
crtBa U gBjIsieTcss HOPMAJIbHBIM OIIEPATOPOM TOTJIa U TOJIBKO TOLJIA,
korna A — A\ — HOpMAaJIbHBII omepaTop.

JokazareabcTBo. ObparTHOE CIeayeT U3 TOro, YTO eCJIH A—\E —
HOPMAJIbHBIN OIEePATOP, TO KaK MbI y2Ke JOKa3aJ/Ii, JIMHEeHBI orepa-
TOD

A=
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1) Jluneiinbiit oneparop A eBKIIMIOBA WM YHUTADHOTO MPOCTPAH-
crtBa U gBjIsieTcss HOPMAJIbHBIM OIIEPATOPOM TOTJIa U TOJIBKO TOLJIA,
korna A — A\ — HOpMAaJIbHBII omepaTop.

JokazareabcTBo. ObparTHOE CIeayeT U3 TOro, YTO eCJIH A—\E —
HOPMAJIbHBIN OIEePATOP, TO KaK MbI y2Ke JOKa3aJ/Ii, JIMHEeHBI orepa-
TOD

A= (A _ )\E) (- NE



I1.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

1) Jluneiinbiit oneparop A eBKIIMIOBA WM YHUTADHOTO MPOCTPAH-
crtBa U gBjIsieTcss HOPMAJIbHBIM OIIEPATOPOM TOTJIa U TOJIBKO TOLJIA,
korna A — A\ — HOpMAaJIbHBII omepaTop.

JokazareabcTBo. ObparTHOE CIeayeT U3 TOro, YTO eCJIH A—\E —
HOPMAJIbHBIN OIEePATOP, TO KaK MbI y2Ke JOKa3aJ/Ii, JIMHEeHBI orepa-
TOD

A= (A _ )\E) (- NE

ABJIAETCA HOPMaAJIbHBIM OIlepaTOPOM.



I1.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

1) Jluneiinbiit oneparop A eBKIIMIOBA WM YHUTADHOTO MPOCTPAH-
crtBa U gBjIsieTcss HOPMAJIbHBIM OIIEPATOPOM TOTJIa U TOJIBKO TOLJIA,
korna A — A\ — HOpMAaJIbHBII omepaTop.

JokazareabcTBo. ObparTHOE CIeayeT U3 TOro, YTO eCJIH A—\E —
HOPMAJIbHBIN OIEePATOP, TO KaK MbI y2Ke JOKa3aJ/Ii, JIMHEeHBI orepa-
TOP

A= (A _ )\E) (- NE
SIBJISIETCSI HOPMAJIbHBIM OIIEPaTOPOM.
B nokazannoMm panee yTBEPXKJIEHUH BMECTO A bepeMm A—\E , 1 BMECTO

A — aucyio (—N\).



I1.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

2) Bektop v € U sBiisieTcst cOOCTBEHHBIM BEKTOPOM HOPMAJIBHOTO
omepaTopa fl, OTBEYAIOIINM COOCTBEHHOMY 3HAUYEHUIO P TOTJIa U TOJIHKO
TOrJla, KOrJa U SIBJISIeTCsl COOCTBEHHBIM BEKTOPOM JIMHEHHOI'O oliepaTo-
pa 121*, OTBEYAIONIM COOCTBEHHOMY 3HAYEHUIO p.

JloKa3aTeabCTBO.



II.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

2) Bektop v € U sBiisieTcst cOOCTBEHHBIM BEKTOPOM HOPMAJIBHOTO
oreparopa A, OTBEYAIOIINM COOCTBEHHOMY 3HAUYEHUIO P TOTJIa U TOJIHKO
TOrJla, KOrJa U SIBJISIeTCsl COOCTBEHHBIM BEKTOPOM JIMHEHHOI'O oliepaTo-
pa 121*, OTBEYAIONIM COOCTBEHHOMY 3HAYEHUIO p.

JokazareabcTBO. OUeBU/IHO, UTO A apnstercs HOPMAJILHBLIM OIIe-
paTOpPOM TOrla U TOJBKO TOrJa, KOrjla HOPMAJbHBIM OII€PATOPOM
apysercs A*.



II.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

2) Bektop v € U sBiisieTcst cOOCTBEHHBIM BEKTOPOM HOPMAJIBHOTO
oreparopa A, OTBEYAIOIINM COOCTBEHHOMY 3HAUYEHUIO P TOTJIa U TOJIHKO
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pa 121*, OTBEYAIONIM COOCTBEHHOMY 3HAYEHUIO p.

JokazareabcTBO. OUeBU/IHO, UTO A apnstercs HOPMAJILHBLIM OIIe-
paTOpPOM TOrla U TOJBKO TOrJa, KOrjla HOPMAJbHBIM OII€PATOPOM
apysercs A*. .

[ToaTomy, B cuiy cBoiicTBa A= (A*) CONPsI>KEHHOT'0 oIlepaTopa,

JIOCTATOYHO JOKA3aTh TOJIbKO HEOOXOIUMOCTD.



I1.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

2) Bektop v € U sBiisieTcst cOOCTBEHHBIM BEKTOPOM HOPMAJIBHOTO
oneparopa A, orBevaronum cOOCTBEHHOMY 3HAUYEHUIO P TOTJIA W TOJIHKO
TOrJIa, KOTJla U SIBJIAETCA COOCTBEHHBIM BEKTOPOM JIMHEHHOI'O OIepaTo-
pa 121*, OTBEYAIONIM COOCTBEHHOMY 3HAYEHUIO p.

JlokazaTreabcTBO. llTak, nycth v € U — cobcTBeHHbIN BEKTOD, OT-
Bevaroluii cobcTBeHHOMY 3HavdeHuto p. Toria



I1.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

2) Bektop v € U sBiisieTcst cOOCTBEHHBIM BEKTOPOM HOPMAJIBHOTO
orepaTopa A, oTBedaIoNIMM COGCTBEHHOMY 3HAMEHHIO 0 TOTJIa U TOJILKO
TOI'JIa, KOIJIa U SIBJIsIeTCs] COOCTBEHHBIM BEKTOPOM JIMHEIHOI'o oleparo-
pa 121*, OTBEYAIONIM COOCTBEHHOMY 3HAYEHUIO p.

JlokazaTreabcTBO. llTak, nycth v € U — cobcTBeHHbIN BEKTOD, OT-
Bevatonmi coberennoMy snadeniio p. Torga A(v) =



II.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

2) Bektop v € U sBiisieTcst cOOCTBEHHBIM BEKTOPOM HOPMAJIBHOTO
orepaTopa A, oTBedaIoNIMM COGCTBEHHOMY 3HAMEHHIO 0 TOTJIa U TOJILKO
TOI'JIa, KOIJIa U SIBJIsIeTCs] COOCTBEHHBIM BEKTOPOM JIMHEIHOI'o oleparo-
pa 121*, OTBEYAIONIM COOCTBEHHOMY 3HAYEHUIO p.

JlokazaTreabcTBO. llTak, nycth v € U — cobcTBeHHbIN BEKTOD, OT-
BedaloNi cobeTBerHoMy sHadenuio p. Torma A(v) = pv,
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2) Bektop v € U sBiisieTcst cOOCTBEHHBIM BEKTOPOM HOPMAJIBHOTO
omepaTopa A, OTBEYAIOIINM COOCTBEHHOMY 3HAUYEHUIO P TOTJIa U TOJIHKO
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pa 121*, OTBEYAIONIM COOCTBEHHOMY 3HAYEHUIO p.

JlokazaTreabcTBO. llTak, nycth v € U — cobcTBeHHbIN BEKTOD, OT-
BeJaloIii cobcTBeHHOMY 3HadeHuio p. Torma A(v) = pv, OTKYZa

(A _ pE) (v) =
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pa 121*, OTBEYAIONIM COOCTBEHHOMY 3HAYEHUIO p.

JlokazaTreabcTBO. llTak, nycth v € U — cobcTBeHHbIN BEKTOD, OT-
BeJaloIii cobcTBeHHOMY 3HadeHuio p. Torma A(v) = pv, OTKYZa

(fl — pE) (v) = 0.



II.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

2) Bektop v € U sBiisieTcst cOOCTBEHHBIM BEKTOPOM HOPMAJIBHOTO
omepaTopa A, OTBEYAIOIINM COOCTBEHHOMY 3HAUYEHUIO P TOTJIa U TOJIHKO
TOIJIa, KOIJIa U SIBJISETCS COOCTBEHHBIM BEKTOPOM JIMHEHHOI'O OllepaTo-
pa 121*, OTBEYAIONIM COOCTBEHHOMY 3HAYEHUIO p.

JlokazaTreabcTBO. llTak, nycth v € U — cobcTBeHHbIN BEKTOD, OT-
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(%Al — pE) (v) = 0. Obo3HATUM OTIIEPATOD A — pF uepes B.
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CJiej10BaTe/IbHO, B CUJIY JIOKA3AHHOI BbINIE HOPMAJILHOCTH OIIepATOPa
B, nosyyaem

A

- (B(v),f?(v)) —
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CJiej10BaTe/IbHO, B CUJIY JIOKA3AHHOI BbINIE HOPMAJILHOCTH OIIepATOPa

B, nosyyaem

A A

0 = (B(v),f?(v)) — (U,B*B(U)> —
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CiteloBaTe/IbHO, B CUJIY JIOKA3aHHOI BBIIIE HOPMAJILHOCTH OllepaTopa
B, nosyyaem

0= (B(),B®)) = (v, B'Bv)) = (v, BB'(v)) =
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JlokazaTreabcTBO. llTak, nycth v € U — cobcTBeHHbIN BEKTOD, OT-
BeJalolnii coOCTBEHHOMY 3HadeHuio p. Torma A(v) = pU, OTKYJIa

(%Al — pE) (v) = 0. Obo3HATUM OTIIEPATOD A — pF uepes B.
Torsa B(v) = 0.

CiteloBaTe/IbHO, B CUJIY JIOKA3aHHOI BBIIIE HOPMAJILHOCTH OllepaTopa
B, nosyyaem

0= (B@),B(v)) — (U,B*é(v)) — (U,BB*(U)) — (B*@),B*@)) .



II.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

2) Bektop v € U sBiisieTcst cOOCTBEHHBIM BEKTOPOM HOPMAJIBHOTO
oneparopa A, oTBevaroNIM COOCTBEHHOMY 3HAIEHHIO 0 TOTJIA 1 TOJIBKO
TOIJIa, KOIJIa U SIBJISETCS COOCTBEHHBIM BEKTOPOM JIMHEHHOI'O OllepaTo-
pa 121*, OTBEYAIONIM COOCTBEHHOMY 3HAYEHUIO p.

JTokazareabcTBo. A(v) = pu, (A — pE) (v) =0, B=A-—pFE,

B(v) =0,

A A

0= (B@),B@)) — (U,B*B(v)) — <U,BB*(U)) — (B*(v),B*(u)) .

[To akcmomam cKaJITpHOTO Mpou3BejieHus nosydaem B*(v) = 0.



II.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

2) Bektop v € U sBiisieTcst cOOCTBEHHBIM BEKTOPOM HOPMAJIBHOTO
omepaTopa A, OTBEYAIOIINM COOCTBEHHOMY 3HAUYEHUIO P TOTJIa U TOJIHKO
TOrJla, KOrJa U SIBJISIeTCsl COOCTBEHHBIM BEKTOPOM JIMHEHHOI'O oliepaTo-
pa 121*, OTBEYAIONIM COOCTBEHHOMY 3HAYEHUIO p.

JTokazareabcTBo. A(v) = pu, (A — pE) (v) =0, B=A-—pFE,
B(v) =0,

0= (B@),B@)) — (U,B*B(v)) — <U,BB*(U)) — (B*(v),B*(u)) .
Ilo akcmomaM CKaJIgpHOTO IPOU3BEAEHNUS I10JIy4aeM B*(v) = 0.

~ ~ X
3HaunT (A — pE) (v) =0, TO ecTb, B CUJIY CBOWCTB COIPSIZKEHHOIO

olrepaTopa,



II.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

2) Bektop v € U sBiisieTcst cOOCTBEHHBIM BEKTOPOM HOPMAJIBHOTO
omepaTopa A, OTBEYAIOIINM COOCTBEHHOMY 3HAUYEHUIO P TOTJIa U TOJIHKO
TOrJla, KOrJa U SIBJISIeTCsl COOCTBEHHBIM BEKTOPOM JIMHEHHOI'O oliepaTo-
pa 121*, OTBEYAIONIM COOCTBEHHOMY 3HAYEHUIO p.

JTokazareabcTBo. A(v) = pu, (A — pE) (v) =0, B=A-—pFE,
B(v) =0,

A

0= (B@),B@)) — (U,B*B(v)) — <U,BB*(U)) — (B*(v),B*(u)) .
Ilo akcmomaM CKaJIgIpHOIO NPOU3BEAEHNUS 10y daeM B*(v) = 0.

~ ~ X
3HaunT (A — pE) (v) =0, TO ecTb, B CUJIY CBOWCTB COIPSIZKEHHOIO

OLIePATOPA, (/21* — ﬁE) (v) = 0, oTKy/1A



II.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

2) Bektop v € U sBiisieTcst cOOCTBEHHBIM BEKTOPOM HOPMAJIBHOTO
omepaTopa A, OTBEYAIOIINM COOCTBEHHOMY 3HAUYEHUIO P TOTJIa U TOJIHKO
TOrJla, KOrJa U SIBJISIeTCsl COOCTBEHHBIM BEKTOPOM JIMHEHHOI'O oliepaTo-
pa 121*, OTBEYAIONIM COOCTBEHHOMY 3HAYEHUIO p.

JTokazareabcTBo. A(v) = pu, (A — pE) (v) =0, B=A-—pFE,
B(v) =0,

A

0= (B@),B@)) — (U,B*B(v)) — <U,BB*(U)) — (B*(v),B*(u)) .
Ilo akcmomaM CKaJIgIpHOIO NPOU3BEAEHNUS 10y daeM B*(v) = 0.

~ ~ X
3HaunT (A — pE) (v) =0, TO ecTb, B CUJIY CBOWCTB COIPSIZKEHHOIO

OLIePATOPA, (/21* — ﬁE) (v) = 0, oTKy/1A A*(v) = V.



II.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

2) Bektop v € U sBiisieTcst cOOCTBEHHBIM BEKTOPOM HOPMAJIBHOTO
omepaTopa 121, OTBEYAIOIINM COOCTBEHHOMY 3HAUYEHUIO P TOTJIa U TOJIHKO
TOrJla, KOrJa U SIBJISIeTCsl COOCTBEHHBIM BEKTOPOM JIMHEHHOI'O oliepaTo-
pa 121*, OTBEYAIONIM COOCTBEHHOMY 3HAYEHUIO p.

JTokazareabcTBo. A(v) = pu, (A — pE) (v) =0, B=A-—pFE,
B(v) =0,

0= (B@),B@)) — (U,B*B(v)) — <U,BB*(U)) — (B*(v),B*(u)) .

Urak, A*(v) = pv. )
Tak Kak v — HeHyJIeBO# BeKTOp (OH — cOOCTBEHHBIH Jiyist A), TO v —
cobcTBEHHBIN BEKTOD jist A*, 9T0 1 TpebOoBaI0Ch JOKA3aTh.



I1.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB
3) Eciin u, v € U — cobeTBeHHbIE BEKTOPBI HOPMAJILHOTO OTIIepaTopa

A

A,

HaJIbHDBI.

OTBEYarolne pa3HbIM CcOOCTBEHHBIM SHa4Y€HNAM, TO U 1 U — OPTOI'O-

JloKka3aTebCTBO.



II.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

3) Eciin u, v € U — cobeTBeHHbIE BEKTOPBI HOPMAJILHOTO OTIIepaTopa
A, orBeuaone pasHbIM COOCTBEHHBIM 3HAYEHUSAM, TO U W U — OPTOTO-
HAJIbHBI.

HokazareabcTBO. [lycth uw € U — cobeTpenibili BeKTOp HOPMaJlb-
HOTO orepaTopa A, OTBeHaONIil COBCTBEHHOMY 3HAUEHNIO v U v € U —
COOCTBEHHBII BEKTOD HOPMAJIBHOTO oneparopa A, oTsedaronuii cob-
CTBEHHOMY 3HavYeHuio 3, npudyem « # (. Torya, ¢ 0JHOII CTOPOHBI,



II.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

3) Eciin u, v € U — cobeTBeHHbIE BEKTOPBI HOPMAJILHOTO OTIIepaTopa
A, orBeuaone pasHbIM COOCTBEHHBIM 3HAYEHUSAM, TO U W U — OPTOTO-
HAJIbHBI.

HokazareabcTBO. [lycth uw € U — cobeTpenibili BeKTOp HOPMaJlb-
HOTO orepaTopa A, OTBeHaONIil COBCTBEHHOMY 3HAUEHNIO v U v € U —
COOCTBEHHBII BEKTOD HOPMAJIBHOTO oneparopa A, oTsedaronuii cob-
CTBEHHOMY 3HavYeHuio 3, npudyem « # (. Torya, ¢ 0JHOII CTOPOHBI,

(A(u), v) = (au,v) =



II.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

3) Eciin u, v € U — cobeTBeHHbIE BEKTOPBI HOPMAJILHOTO OTIIepaTopa
A, orBeuaone pasHbIM COOCTBEHHBIM 3HAYEHUSAM, TO U W U — OPTOTO-
HAJIbHBI.

HokazareabcTBO. [lycth uw € U — cobeTpenibili BeKTOp HOPMaJlb-
HOTO orepaTopa A, OTBeHaONIil COBCTBEHHOMY 3HAUEHNIO v U v € U —
COOCTBEHHBII BEKTOD HOPMAJIBHOTO oneparopa A, oTsedaronuii cob-
CTBEHHOMY 3HavYeHuio 3, npudyem « # (. Torya, ¢ 0JHOII CTOPOHBI,

(A(u),v) = (au,v) = au,v).



I1.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

3) Eciin u, v € U — cobeTBeHHbIE BEKTOPBI HOPMAJILHOTO OTIIepaTopa
fl, OTBeYAIONINE PAa3HBIM COOCTBEHHBIM 3HAYEHUSIM, TO U U U — OPTOTO-
HAJbHBI.

HokazareabcTBO. [lycth uw € U — cobeTpenibili BeKTOp HOPMaJlb-
HOT'O oliepaTopa fl, OTBeYaIoNNii coOOCTBeHHOMY 3HaUeHno a nv € U —
COOCTBEHHBII BEKTOP HOPMAaJIbHOTO omnepaTopa 121, OTBEYalONINil co0-

CTBEHHOMY 3HavYeHuio 3, npudyem « # (. Torya, ¢ 0JHOII CTOPOHBI,

(A(u),v) = (au,v) = au,v).

C jpyroit CTOpOHBI, 1O JIOKA3AHHOMY CBOMCTBY 2) HOPMAJILHOTO
orepaTopa,

(fl(u), v) =



I1.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

3) Eciin u, v € U — cobeTBeHHbIE BEKTOPBI HOPMAJILHOTO OTIIepaTopa
fl, OTBeYAIONINE PAa3HBIM COOCTBEHHBIM 3HAYEHUSIM, TO U U U — OPTOTO-
HAJbHBI.

HokazareabcTBO. [lycth uw € U — cobeTpenibili BeKTOp HOPMaJlb-
HOT'O oliepaTopa fl, OTBeYaIoNNii coOOCTBeHHOMY 3HaUeHno a nv € U —
COOCTBEHHBII BEKTOP HOPMAaJIbHOTO omnepaTopa 121, OTBEYalONINil co0-

CTBEHHOMY 3HavYeHuio 3, npudyem « # (. Torya, ¢ 0JHOII CTOPOHBI,

(A(u),v) = (au,v) = au,v).

C jpyroit CTOpOHBI, 1O JIOKA3AHHOMY CBOMCTBY 2) HOPMAJILHOTO
orepaTopa,

(fl(u),v) = (u, A*(v)) =



I1.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

3) Eciin u, v € U — cobeTBeHHbIE BEKTOPBI HOPMAJILHOTO OTIIepaTopa
fl, OTBeYAIONINE PAa3HBIM COOCTBEHHBIM 3HAYEHUSIM, TO U U U — OPTOTO-
HAJbHBI.

HokazareabcTBO. [lycth uw € U — cobeTpenibili BeKTOp HOPMaJlb-
HOT'O oliepaTopa fl, OTBeYaIoNNii coOOCTBeHHOMY 3HaUeHno a nv € U —
COOCTBEHHBII BEKTOP HOPMAaJIbHOTO omnepaTopa 121, OTBEYalONINil co0-

CTBEHHOMY 3HavYeHuio 3, npudyem « # (. Torya, ¢ 0JHOII CTOPOHBI,

(A(u),v) = (au,v) = au,v).

C jpyroit CTOpOHBI, 1O JIOKA3AHHOMY CBOMCTBY 2) HOPMAJILHOTO
orepaTopa,

(A(u),v) = (u, A*(v)) = (u, Bv) =



I1.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

3) Eciin u, v € U — cobeTBeHHbIE BEKTOPBI HOPMAJILHOTO OTIIepaTopa
fl, OTBeYAIONINE PAa3HBIM COOCTBEHHBIM 3HAYEHUSIM, TO U U U — OPTOTO-
HAJbHBI.

HokazareabcTBO. [lycth uw € U — cobeTpenibili BeKTOp HOPMaJlb-
HOT'O oliepaTopa fl, OTBeYaIoNNii coOOCTBeHHOMY 3HaUeHno a nv € U —
COOCTBEHHBII BEKTOP HOPMAaJIbHOTO omnepaTopa 121, OTBEYalONINil co0-

CTBEHHOMY 3HavYeHuio 3, npudyem « # (. Torya, ¢ 0JHOII CTOPOHBI,

(A(u),v) = (au,v) = au,v).

C jpyroit CTOpOHBI, 1O JIOKA3AHHOMY CBOMCTBY 2) HOPMAJILHOTO
orepaTopa,

(fl(u),v) = (u, A*(v)) = (u, Bv) = B(u,v).



I1.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

3) Eciin u, v € U — cobeTBeHHbIE BEKTOPBI HOPMAJILHOTO OTIIepaTopa
fl, OTBeYAIONINE PAa3HBIM COOCTBEHHBIM 3HAYEHUSIM, TO U U U — OPTOTO-
HAJbHBI.

HokazareabcTBO. [lycth uw € U — cobeTpenibili BeKTOp HOPMaJlb-
HOT'O oliepaTopa A, OTBeYaIoNNii coOOCTBeHHOMY 3HaUeHno a nv € U —
COOCTBEHHBII BEKTOP HOPMAaJIbHOTO omnepaTopa 121, OTBEYalONINil co0-

CTBEHHOMY 3HavYeHuio 3, npudyem « # (. Torya, ¢ 0JHOII CTOPOHBI,

(A(u),v) = (au,v) = au,v).

C jpyroit CTOpOHBI, 1O JIOKA3AHHOMY CBOMCTBY 2) HOPMAJILHOTO
orepaTopa,

(fl(u),v) = (u, A*(v)) = (u, Bv) = B(u,v).

Buauut, a(u,v) = B(u,v), orkyia (o — f)(u,v) = 0.



I1.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

3) Eciin u, v € U — cobeTBeHHbIE BEKTOPBI HOPMAJILHOTO OTIIepaTopa
fl, OTBeYAIONINE PAa3HBIM COOCTBEHHBIM 3HAYEHUSIM, TO U U U — OPTOTO-
HAJbHBI.

HokazareabcTBO. [lycth uw € U — cobeTpenibili BeKTOp HOPMaJlb-
HOT'O oliepaTopa A, OTBeYaIoNNii coOOCTBeHHOMY 3HaUeHno a nv € U —
COOCTBEHHBII BEKTOP HOPMAaJIbHOTO omnepaTopa 121, OTBEYalONINil co0-

CTBEHHOMY 3HavYeHuio 3, npudyem « # (. Torya, ¢ 0JHOII CTOPOHBI,

(fl(u), v) = (au,v) = au,v).

C Jpyroit CTOPOHBI, 10 JOKA3AHHOMY CBOWCTBY 2) HOPMAaJIbHOTO
omeparopa,
(fl(u),v) = (u, A*(U)> = (u, Bv) = B(u,v).

Buauut, a(u, v) = B(u,v), orkyna (o — B)(u,v) = 0. Tak kak o« — 3 # 0,
TO



I1.1. CBoiicTBa HOpMaJIbHBIX OIIEPATOPOB

3) Eciin u, v € U — cobeTBeHHbIE BEKTOPBI HOPMAJILHOTO OTIIepaTopa
fl, OTBeYAIONINE PAa3HBIM COOCTBEHHBIM 3HAYEHUSIM, TO U U U — OPTOTO-
HAJbHBI.

HokazareabcTBO. [lycth uw € U — cobeTpenibili BeKTOp HOPMaJlb-
HOT'O oliepaTopa A, OTBeYaIoNNii coOOCTBeHHOMY 3HaUeHno a nv € U —
COOCTBEHHBII BEKTOP HOPMAaJIbHOTO omnepaTopa 121, OTBEYalONINil co0-

CTBEHHOMY 3HavYeHuio 3, npudyem « # (. Torya, ¢ 0JHOII CTOPOHBI,

(fl(u), v) = (au,v) = au,v).

C Jpyroit CTOPOHBI, 10 JOKA3AHHOMY CBOWCTBY 2) HOPMAaJIbHOTO
omeparopa,
(fl(u),v) = (u, A*(U)> = (u, Bv) = B(u,v).

Buauut, a(u, v) = B(u,v), orkyna (o — B)(u,v) = 0. Tak kak o« — 3 # 0,
10 (u,v) = 0, 970 U TPeOOBAIOCH JJOKA3ATD.



I1.1. CBoiicTBa HOpMAaJbLHBIX OIEPATOPOB
4) m 5) — 6e3 JI0Ka3aTE/IHLCTBA.



I1.2. CamocornpsizkeHHbIE 1 9PMUTOBBI OIlEePATOPLI

Omnpenenenne 3. Jlunetnoii onepamop A eswaudosa (coomeem-
cmeenio, YHumapHozo) npocmparcmea U nazvieaemces caMOCOIPsi-
2KEHHBIM OIIEPATOPOM  (COOMBEMCMEENH0, SPMUATOBBIM OLEPATO-
poM ) mozda u moavko mozda, kozda A* = A.



I1.3. CBoiicTBa caMOCONPSIZKEHHBIX 1 SPMUTOBBIX OIle-
pPaToOpoOB

1) CamoconpsizKeHHBIHl (9PMUTOB) ONEPATOD SIBJIACTCS HOPMAJIb-
HBIM OIIEPATOPOM.



I1.3. CBoiicTBa caMOCONPSIZKEHHBIX 1 SPMUTOBBIX OIle-
pPaToOpoOB

1) CamoconpsizKeHHBIHl (9PMUTOB) ONEPATOD SIBJIACTCS HOPMAJIb-
HBIM OIIEPATOPOM.

2) XapaKTepuCTHIeCKUH MOJMHOM CAMOCOTIPSIZKEHHOTO  (9PMUTOBA)
onepaTopa A HpeicraBuM B Bie
[Ag = AE| = (A= p))™ .. (A = pp)Tm,
rae p; € R g1 Becex ¢ = 1,2,...,m. B yacTHOCTH, CIIEKTD CAMOCOIIPSI-
JKEHHoro (spMurosa) oreparopa A Bkiodaercs B R.



I1.3. CgoiicTBa caMOCOIPSIXKEHHBIX 1 SPMUTOBBLIX OIIe-
PaTOPOB

3) Eciu criekTp caMoconpsizKeHHOTo (9pMUTOBA) oriepaTopa A cocrour
TOJIBKO 13 HEOTPULATE/IBHBIX MHCEI, TO CYHIECTBYET TaKOH CaMoconpsi-
YKEeHHbII ollepaTop B qro A = BB (rOBOPSIT errfe, 9TO B 9TOM CJIydae u3
A useneraemen keadpammnit Kopens).



I1.3. CgoiicTBa caMOCOIPSIXKEHHBIX 1 SPMUTOBBLIX OIIe-
PaTOPOB

3) Eciu criekTp caMoconpsizKeHHOTo (9pMUTOBA) oriepaTopa A cocrour
TOJIBKO 13 HEOTPULATE/IBHBIX MHCEI, TO CYHIECTBYET TaKOH CaMoconpsi-
YKEeHHbII ollepaTop B qro A = BB (rOBOPSIT errfe, 9TO B 9TOM CJIydae u3
A useneraemen keadpammnit Kopens).

4) Ecmm CAMOCONPSZKEHHBII OnepaTop A obJ1aj1aeT CBOMCTBOM MJIeM-
IIOTEHTHOCTH, TO €CTh AA = A t0 A — 16O TOKIECTEEHHDBIL OIIepaTop
(to ectb A = E), 60 A — oneparop opToroHaibHOro IpoeiipoBas.



I1.3. CBoiicTBa caMOCONPSIZKEHHBIX 1 SPMUTOBBIX OIle-
pPaToOpoOB

1) CamoconpsizKeHHBIHl (9PMUTOB) ONEPATOD SIBJIACTCS HOPMAJIb-
HBIM OIIEPATOPOM.

JokazareabcTBo. OUeBUIHOE CIEICTBUAE U3 ONPEe/ICHHIL.



I1.3. CgoiicTBa caMOCOIPSIXKEHHBIX 1 SPMUTOBBLIX OIIe-
PaTOPOB

2) XapakTepuCTHICCKUiT TOJIMHOM CaMOCOIPSI?KEHHOTO  (9PMUTOBA)
oneparopa A npeacraBuM B B

[Ag — AE| = (A— p)™ ... (A~ py)m,

rie p; € R g seex ¢ = 1,2, ..., m. B qacTHnocTn, CrieKTp caMOCOIps-
JKEHHOTO (9PMUTOBA) OllepaTopa A Brmouaercs B R.

JokazareabcTBo. CHadasa cBelleM JOKA3aTeILCTBO K CIydaio 3p-
MuTOBa oneparopa. Ecian U — yuurapHoe npocTpancTBo, TO I0JI0-

xum V = U.



I1.3. CBoiicTBa caMOCOIIPSAKEHHBIX 1 SPMUTOBBLIX OIle-
paToOpoB

2) TokazaresibcTBO. CHavaa CBEJIEM JIOKA3aTeIbCTBO K CIy a0 p-
MUTOBa oneparopa. Keau U — yHuTapHoe npocTpaHcTBO, TO IOJIO-
xum Vo= U. CHauaja cBejieM JIOKa3aTeIbCTBO K CYyYai0 SPMHUTOBa, OIle-
paTtopa. [Iyctb Tenteps U — eBKJII/10BO TTpocTpancTBo. [IpoBemem Tak
HA3BIBAEMYIO KoMmniekcudurayuro eBKanaoBa mpocrpanctsa U. Tou-
Hee, TMOJOKIM

V={u+iw|uet,ie{1,2},

1 Ha MHOXKecTBe V' orepanun +, (A +iAg) - U cKajspHoe Ipou3Be-
JgeHne (...,...);, oupejaesauM hopMyIaMu:



I1.3. CBoiicTBa caMOCOIIPSAKEHHBIX 1 SPMUTOBBLIX OIle-
paToOpoB

2) TokazaresibcTBO. CHavaa CBEJIEM JIOKA3aTeIbCTBO K CIy a0 p-
MUTOBa oneparopa. Keau U — yHuTapHoe npocTpaHcTBO, TO IOJIO-
xum Vo= U. CHauaja cBejieM JIOKa3aTeIbCTBO K CYyYai0 SPMHUTOBa, OIle-
paTtopa. [Iyctb Tenteps U — eBKJII/10BO TTpocTpancTBo. [IpoBemem Tak
HA3BIBAEMYIO KoMmniekcudurayuro eBKanaoBa mpocrpanctsa U. Tou-
Hee, TMOJOKIM

V= {u1+7§u2ui cl, ic {1,2}},
1 Ha MHOYKecTBe V' onepaiiun +, (A + iAg)+ U CKAJsPHOE MPOU3Be-
Jgenne (...,...);, omnpejaeauM hopMyIaMu:

(u1 + iUQ) + <U3 + iU4> =
()\1 + Z)\Q) (u1 + ’iUQ) =
((U1 + iUQ) , (U3 + ’iU4))V =



I1.3. CBoiicTBa caMOCOIIPSAKEHHBIX 1 SPMUTOBBLIX OIle-
paToOpoB

2) TokazaresibcTBO. CHavaa CBEJIEM JIOKA3aTeIbCTBO K CIy a0 p-
MUTOBa oneparopa. Keau U — yHuTapHoe npocTpaHcTBO, TO IOJIO-
xum Vo= U. CHauaja cBejieM JIOKa3aTeIbCTBO K CYyYai0 SPMHUTOBa, OIle-
paTtopa. [Iyctb Tenteps U — eBKJII/10BO TTpocTpancTBo. [IpoBemem Tak
HA3BIBAEMYIO KoMmniekcudurayuro eBKanaoBa mpocrpanctsa U. Tou-
Hee, TMOJOKIM

V= {u1+7§u2ui cl, ic {1,2}},
1 Ha MHOYKecTBe V' onepaiiun +, (A + iAg)+ U CKAJsPHOE MPOU3Be-
Jgenne (...,...);, omnpejaeauM hopMyIaMu:

(u1 + iUQ) + <U3 + iU4> = (Ul + ’LL3> + 1 (UQ + ”LL4) ,
()\1 + Z)\Q) (u1 + ’iUQ) =
((U1 + iUQ) , (U3 + ’iU4))V =



I1.3. CBoiicTBa caMOCOIIPSAKEHHBIX 1 SPMUTOBBLIX OIle-
paToOpoB

2) TokazaresibcTBO. CHavaa CBEJIEM JIOKA3aTeIbCTBO K CIy a0 p-
MUTOBa oneparopa. Keau U — yHuTapHoe npocTpaHcTBO, TO IOJIO-
xum Vo= U. CHauaja cBejieM JIOKa3aTeIbCTBO K CYyYai0 SPMHUTOBa, OIle-
paTtopa. [Iyctb Tenteps U — eBKJII/10BO TTpocTpancTBo. [IpoBemem Tak
HA3BIBAEMYIO KoMmniekcudurayuro eBKanaoBa mpocrpanctsa U. Tou-
Hee, TMOJOKIM

V= {u1+7§u2ui cl, ic {1,2}},
1 Ha MHOYKecTBe V' onepaiiun +, (A + iAg)+ U CKAJsPHOE MPOU3Be-
Jgenne (...,...);, omnpejaeauM hopMyIaMu:

(u1 + iUQ) + <U3 + iU4> = (Ul + ’LL3) +1 (UQ + ”LL4) ,
()\1 + Z)\Q) (u1 + ’iUQ) = ()\1’&1 — )\QU,Q) + 1 ()\Qul + )\1u2) ,
((U1 + iUQ) , (U3 + Z"UJ4))V =



I1.3. CBoiicTBa caMOCOIIPSAKEHHBIX 1 SPMUTOBBLIX OIle-
paToOpoB

2) TokazaresibcTBO. CHavaa CBEJIEM JIOKA3aTeIbCTBO K CIy a0 p-
MUTOBa oneparopa. Keau U — yHuTapHoe npocTpaHcTBO, TO IOJIO-
xum Vo= U. CHauaja cBejieM JIOKa3aTeIbCTBO K CYyYai0 SPMHUTOBa, OIle-
paTtopa. [Iyctb Tenteps U — eBKJII/10BO TTpocTpancTBo. [IpoBemem Tak
HA3BIBAEMYIO KoMmniekcudurayuro eBKanaoBa mpocrpanctsa U. Tou-
Hee, TMOJOKIM

V= {u1+7§u2ui cl, ic {1,2}},
1 Ha MHOYKecTBe V' onepaiiun +, (A + iAg)+ U CKAJsPHOE MPOU3Be-
Jgenne (...,...);, omnpejaeauM hopMyIaMu:

(u1 + iUQ) + <U3 + iU4> = (Ul + ’LL3) + 1 (UQ + ”LL4) ,
()\1 + Z)\Q) (u1 + ’iUQ) = ()\1’&1 — )\QU,Q) + 1 ()\Qul + )\1u2) ,
((U1 + iUQ) , (U3 + Z"UJ4))V = (ul, U3) + (UQ, U4) + 1 ((UQ, U3) — (ul, U4)> .



I1.3. CBoiicTBa caMOCOIIPSAKEHHBIX 1 SPMUTOBBLIX OIle-
paToOpOB

(’LL1 + iUQ) + (U3 + iU4) = (U1 + U3) +1 (’LLQ + U4)
()\1 + Z)\Q) (u1 + iUQ) = ()\11&1 — )\2U2) + 1 ()\Qul + )\1u2) ,
(w1 +dug) , (ug + iug)),, = (w1, ug) + (ug, ug) + @ ((uz, uz) — (u1, us)) .

Herpynao npoeputhb, uTo V' ¢ 3TUMU onepanusMi 1 TaKIM CKaJIIPHLIM
IIPOU3BEJIEHUEM SABJISETCST Y HUTAPHBIM IIPOCTPAHCTBOM, KOTOpoe (cefi-
qac paceMarpuBaercs ciydail, Korjga U — eBKIII0BO TPOCTPAHCTRO)
Ha3bIBaeTCsl KOMILIeKcudpukanmeii esxiinjosa npocrpancrea U.
[Totozxum



I1.3. CBoiicTBa caMOCOIIPSAKEHHBIX 1 SPMUTOBBLIX OIle-
paToOpOB

(’LL1 + iUQ) + (U3 + iU4) = (U1 + U3) +1 (’LLQ + ’LL4)
()\1 + Z)\Q) (u1 + iUQ) = ()\11&1 — )\2U2) + 1 ()\Qul + )\1u2) ,
(w1 +dug) , (ug + iug)),, = (w1, ug) + (ug, ug) + @ ((uz, uz) — (u1, us)) .

Herpynao npoeputhb, uTo V' ¢ 3TUMU onepanusMi 1 TaKIM CKaJIIPHLIM
IIPOU3BEJIEHUEM SABJISETCST Y HUTAPHBIM IIPOCTPAHCTBOM, KOTOpoe (cefi-
qac paceMarpuBaercs ciydail, Korjga U — eBKIII0BO TPOCTPAHCTRO)
Ha3bIBaeTCsl KOMILIeKcudpukanmeii esxiinjosa npocrpancrea U.
[Totozxum

A

B (u + iup) = A (wy) + 1A (u) .



I1.3. CBoiicTBa caMOCOIIPSAKEHHBIX 1 SPMUTOBBLIX OIle-
paToOpOB

(’LL1 + iUQ) + (U3 + iU4> = (’Uq + Ug) +1 (UQ + U4)
()\1 + Z)\Q) (u1 + iug) = ()\11&1 — )\2U2) + 1 ()\Qul + )\1u2) ,
(w1 +dug) , (ug + iug)),, = (w1, ug) + (ug, ug) + @ ((uz, uz) — (u1, us)) .

B (uy +iug) = A (wq) + 1A (us) .
Hetpyano mpoBepuTh, 4TO B spnsiercs SPMUTOBBIM oriepaTopom. I1ycTn
B = {ey, ..., ey} — 6asuc eBkimmoBa npocrpancrsa U. O4deBuiHo,
4TO yHopsijodeHHas cucreMa sekTopos B’ = {e; +10, ..., e, +1i0} sb-
nsteTca 0asucoM yHUTapHOro npocrpancrsa V, npudem Ap = BB"
B wacTHOoCTH, XapaKTepucTniecKnili IOJINHOM ollepaTropa B cosra-
JaeT ¢ XapaKTepUCTUYECKUM IIOJIMHOMOM OIlepaTopa A.



I1.3. CBoiicTBa caMOCOIIPSAKEHHBIX 1 SPMUTOBBLIX OIle-
paTopoB

2) JlokazaresibcTBO. VTak, ocTasioch JJ0Ka3aTh, 4TO BCE KOPHH Xa-
PAKTEPHUCTHYECKOTO ITOJNHOMA IPMUTOBA ornieparopa. B yHUTaP-
HOTO TTPOCTPAnCTBA V SBJSIOTC BEIIECTBEHHBIMI YUCIaMU. XapaKTe-
PUCTUYECKUI TIOJIMHOM, COIVIACHO OCHOBHOII Teopeme aJiredpbl, BIIOJIHE
mpuBouM. 1IycTh p — KOpeHb XapaKTepPUCTUIECKOTo MOJINHOMA, ¥
— cODCTBENIbLINT BEKTOD JIMHEIHOrO olepaTopa B , OTBevalonii coo-
CTBeHHOMY 3HadeHuio p. CorjacHo cBoiicTBaM CONPSIZKEHHOT'O OMePATOPa,
U SBJIFAETCA COOCTBEHHBIM BEKTOPOM OllepaTopa B* OTBEYAOIIUM COD-
CTBEHHOMY 3HadeHuio p. Ho B*=B , TIO9TOMY

A

— B(v)=B*(v) =



I1.3. CBoiicTBa caMOCOIIPSAKEHHBIX 1 SPMUTOBBLIX OIle-
paTopoB

2) JlokazaresibcTBO. VTak, ocTasioch JJ0Ka3aTh, 4TO BCE KOPHH Xa-
PAKTEPHUCTHYECKOTO ITOJNHOMA IPMUTOBA ornieparopa. B yHUTaP-
HOTO TTPOCTPAnCTBA V SBJSIOTC BEIIECTBEHHBIMI YUCIaMU. XapaKTe-
PUCTUYECKUI TIOJIMHOM, COIVIACHO OCHOBHOII Teopeme aJiredpbl, BIIOJIHE
mpuBouM. 1IycTh p — KOpeHb XapaKTepPUCTUIECKOTo MOJINHOMA, ¥
— cODCTBENIbLINT BEKTOD JIMHEIHOrO olepaTopa B , OTBevalonii coo-
CTBeHHOMY 3HadeHuio p. CorjacHo cBoiicTBaM CONPSIZKEHHOT'O OMePATOPa,
U SBJIFAETCA COOCTBEHHBIM BEKTOPOM OllepaTopa B* OTBEYAOIIUM COD-
CTBEHHOMY 3HadeHuio p. Ho B*=B , TIO9TOMY

pv=B(v)=B"(v) =



I1.3. CBoiicTBa caMOCOIIPSAKEHHBIX 1 SPMUTOBBLIX OIle-
paTopoB

2) JlokazaresibcTBO. VTak, ocTasioch JJ0Ka3aTh, 4TO BCE KOPHH Xa-
PAKTEPHUCTHYECKOTO ITOJNHOMA IPMUTOBA ornieparopa. B yHUTaP-
HOTO TTPOCTPAnCTBA V SBJSIOTC BEIIECTBEHHBIMI YUCIaMU. XapaKTe-
PUCTUYECKUI TIOJIMHOM, COIVIACHO OCHOBHOII Teopeme aJiredpbl, BIIOJIHE
mpuBouM. 1IycTh p — KOpeHb XapaKTepPUCTUIECKOTo MOJINHOMA, ¥
— cODCTBENIbLINT BEKTOD JIMHEIHOrO olepaTopa B , OTBevalonii coo-
CTBeHHOMY 3HadeHuio p. CorjacHo cBoiicTBaM CONPSIZKEHHOT'O OMePATOPa,
U SBJIFAETCA COOCTBEHHBIM BEKTOPOM OllepaTopa B* OTBEYAOIIUM COD-
CTBEHHOMY 3HadeHuio p. Ho B*=B , TIO9TOMY

pv = B (v) = B* (v) = pv,



I1.3. CBoiicTBa caMOCOIIPSAKEHHBIX 1 SPMUTOBBLIX OIle-
paTopoB

2) JlokazaresibcTBO. VTak, ocTasioch JJ0Ka3aTh, 4TO BCE KOPHH Xa-
PAKTEPHUCTHYECKOTO ITOJNHOMA IPMUTOBA ornieparopa. B yHUTaP-
HOTO TTPOCTPAnCTBA V SBJSIOTC BEIIECTBEHHBIMI YUCIaMU. XapaKTe-
PUCTUYECKUI TIOJIMHOM, COIVIACHO OCHOBHOII Teopeme aJiredpbl, BIIOJIHE
mpuBouM. 1IycTh p — KOpeHb XapaKTepPUCTUIECKOTo MOJINHOMA, ¥
— cODCTBENIbLINT BEKTOD JIMHEIHOrO olepaTopa B , OTBevalonii coo-
CTBeHHOMY 3HadeHuio p. CorjacHo cBoiicTBaM CONPSIZKEHHOT'O OMePATOPa,
U SBJIFAETCA COOCTBEHHBIM BEKTOPOM OllepaTopa B* OTBEYAOIIUM COD-
CTBEHHOMY 3HadeHuio p. Ho B* =B , TIO9TOMY

pv = B (v) = B* (v) = pv,

nostomy p = p. CrejloBaTe/IbHO, p — BENeCTBEHHOE YHCJI0, YTO U TPedo-
BaJIOCH JIOKA3aTh.



I1.3. CBoiicTBa caMoconpsizKeHHBIX W SPMHUTOBBIX OIle-
paTopoB

3) Eciu criekTp camMocorpsizKeHHOTO (SpMUTOBa) OllepaTopa A cocro-
UT TOJBKO M3 HEOTPUIATE/IbHBIX YKCeJ, TO CYIIEeCTBYeT TaKoil caMOCo-
NpsiZKeHHblii onepatop B, uto A = BB.

Jloka3zaTeabcTBO. [oKa3aTe/IbCTBO 9TOI0 CBOMCTBA IIPEICTABIISIET CO-
Ooil yIadHBI MIpUMep HCIOJIB30BaHUA TeopeMmbl 00 m3oMopdusme
ITPOCTPAHCTBA JIMHEIHBIX OIIepaTOPOB M IIPOCTPAHCTBA MAaTPMUIL,
Mgl Tak repeiijeM B IPOCTPAHCTBO MaTPHI], YTO OTBET TaM CTaHET Ode-
BUJIHBIM, & II0TOM C 1100€/10i1 BepHEMCs «JIOMOii», B «POJHOE» €BKJINI0BO
nmpocTpaHcTBO U.



I1.3. CBoiicTBa caMoconpsizKeHHBIX W SPMHUTOBBIX OIle-
paTopoB

3) Eciu criekTp camMocorpsizKeHHOTO (SpMUTOBa) OllepaTopa A cocro-
T TOJIBKO M3 HEOTPHIATE/IBHEIX HHCEN, TO CYHIECTBYET TaKO# caMoco-
IIpsizKEHHDII oliepaTop B qro A = BB.

JlokazareabcTBo. [0 cBoiicTBaM HOPpMAaJILHOI'O OIlepaTopa Cyle-
creyer OHB B u3 cobcrBeHHBIX BEKTOPOB OllepaTopa A.



I1.3. CBoiicTBa caMoconpsizKeHHBIX W SPMHUTOBBIX OIle-
paTopoB

3) Eciu criekTp camMocorpsizKeHHOTO (SpMUTOBa) OllepaTopa A cocro-
T TOJIBKO M3 HEOTPHIATE/IBHEIX HHCEN, TO CYHIECTBYET TaKO# caMoco-
IIpsizKEHHDII oliepaTop B qro A = BB.

JlokazareabcTBo. [0 cBoiicTBaM HOPpMAaJILHOI'O OIlepaTopa Cyle-
creyer OHB B u3 cobcrBeHHBIX BEKTOPOB OllepaTopa A.

B arom Gasuce marpuia A oneparopa A gmaronanbHa, npuueM Ha
JIMaroHaJ/ii CTOSIT HEOTPUILlATEeIbHBIE YNCIa A1, ..., Ap.



I1.3. CBoiicTBa caMoconpsizKeHHBIX W SPMHUTOBBIX OIle-
paTopoB

3) Eciu criekTp camMocorpsizKeHHOTO (SpMUTOBa) OllepaTopa A cocro-
T TOJIBKO M3 HEOTPHIATE/IBHEIX HHCEN, TO CYHIECTBYET TaKO# caMoco-
IIpsizKEHHDII oliepaTop B qro A = BB.

JlokazareabcTBo. [0 cBoiicTBaM HOPpMAaJILHOI'O OIlepaTopa Cyle-
creyer OHB B u3 cobcrBeHHBIX BEKTOPOB OllepaTopa A.

B arom Gasuce marpuia A oneparopa A gmaronanbHa, npuueM Ha
JIMaroHaJ/ii CTOSIT HEOTPUILlATEeIbHBIE YNCIa A1, ..., Ap.

Ob6o3HauNM Yyepes B oreparTop, MaTpuiia B KoTtoporo B Oasuce b nna-
rOHaJIbHA, IPUYUEM Ha, JUArOHAJM CTOAT YUCIA /A1, . . ., v/ .



I1.3. CBoiicTBa caMOCOIIPSAKEHHBIX 1 SPMUTOBBLIX OIle-
paTopoB

3) Eciu criekTp camMocorpsizKeHHOTO (SpMUTOBa) OllepaTopa A cocro-
UT TOJBKO M3 HEOTPHIATETBHBIX HHCEN, TO CYHIECTBYET Takoif camoco-
IIpsizKEHHDII oliepaTop B qro A = BB.

IHoxkazareabcTtBo. B — OHDB u3 cobcrBenibix BeKToposB A.

A 0 ... 0 Va0 ... 0

0 X ... O 0 VAo ... 0
AB: o« o o ’BB: o« o o ’

0 0 ... \, 0 0 ... vV\

AB = BB . BB =
Ilo Teopeme 00 m3oMOpdHOCTU MPOCTPAHCTBA OMNEPATOPOB U
IIPOCTPAHCTBA MAaTPMHII...



I1.3. CBoiicTBa caMOCOIIPSAKEHHBIX 1 SPMUTOBBLIX OIle-
paTopoB

3) Eciu criekTp camMocorpsizKeHHOTO (SpMUTOBa) OllepaTopa A cocro-
UT TOJBKO M3 HEOTPHIATETBHBIX HHCEN, TO CYHIECTBYET Takoif camoco-
IIpsizKEHHDII oliepaTop B qro A = BB.

IHoxkazareabcTtBo. B — OHDB u3 cobcrBenibix BeKToposB A.

A 0 ... 0 Va0 ... 0

0 X ... O 0 VAo ... 0
AB: o« o o ’BB: o« o o ’

0 0 ... \, 0 0 ... vV\

A

ABZBB-BB = AIBE
Ilo Teopeme 00 m3oMOpdHOCTU MPOCTPAHCTBA OMNEPATOPOB U
IIPOCTPAHCTBA MAaTPMHII...



I1.3. CBoiicTBa caMOCOIIPSAKEHHBIX 1 SPMUTOBBLIX OIle-
paTopoB

3) Eciu criekTp camMocorpsizKeHHOTO (SpMUTOBa) OllepaTopa A cocro-
UT TOJBKO M3 HEOTPHIATETBHBIX HHCEN, TO CYHIECTBYET Takoif camoco-
IIpsizKEHHDII oliepaTop B qro A = BB.

JokazareqbcTBo. b — OHDB 13 coberBeniibix BeKTopos A.

A 0 ... 0 Va0 ... 0

0 X ... O 0 VAo ... 0
AB: o« o o ’BB: o« o o ’

0 0 ... \, 0 0 ... vV\

A A A

ABZBB-BB = A=B-B.

CaMOCOIPsIZKEHHOCTH OlIepaTopa B caenyeT u3 (popMyJsbl JJI BbI-
qUCJIEHNsI MATPUIILI COIIPSI2KEHHOTO olepaTopa u Toro haxTa, 4To
vatpuiia I'pama OHB B — eaqunnanas.



I1.3. CBoiicTBa caMOCOIIPSA>KEHHBIX W SPMUTOBBIX OIIe-
paTOpPOB
4) Ecmm CaMOCOIIPSIZKEHHBIH o1epaTop A o0JiajlaeT CBOMCTBOM MJIEM-
norentHocTH, T0 ecth AA = A, To A — 1160 TOXKIECTBEHHDI orepaTop
(to ecrb A = E), 160 A — oneparop opToroHaNbHOO IPOCIHPOBAHISI.
JlokazaTejbcTBO. J/lokazaTebcTBO 3TOro pakTa MbI HPUBOJNTEL HE
oyIeM.



I1.4. OpToronajibHble 1 YHUTAPHbIE OIIEPATOPbI

Omnpenesienune 4. Jlunetnwi onepamop A esraudosa (coomeems-
cmeenno, YHumapHozo) npocmpancmea U nazvieaemcs OPTOrOHA b

HBIM OIEPATOPOM (COOMBEMCMEeHH0, YHUTAPHBIM OIIepaTOpPOM )
mozda u moavko mozda, xoeda A* = A7



I1.5. CBoiicTBa OpTOroHAJIbHBIX M YHUTAPHBIX Ollepa-
TOPOB

1. OpTorona/bHbIil orepaTop sBIsSeTCs HOPMAJIbLHBIM OIIEPATOPOM.

2. Kpurepnii opTOroHaJIbHOCTH HOPMAaJbLHOI'O omeparopa. JIu-
HeltHpIil onepatop A eskumosa npocrpanctsa U gBISeTcs op-
TOIOHAJBHBIM TOLJI& ¥ TOJBKO TOLJA, KOIJa OH, BO-IIEPBBIX, HOP-
MaJIbHBIH, 1, BO-BTOPLIX, cyiiecTByeT Takoit OHB eskimosa mipo-
crpancrsa U, B KOTOPOM MATpuUia oneparopa A KiIerodHo-
JMaroHa/ibHa, IpudeM KJaeTKu uMetor iyl jinbo (1), mubo (—1), mmbo

COS @ —sIn
sing cosp )

3. B mobom basuce B jierepvunanT marpuisl A 0pTOroHaIbHOIO
ontepatopa A pasen 1 win (—1).



I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Omnpenenenue 5. Onepamop A HOPMUPOBAHH020 NUHETHO20 NPOCNPAH-
cmea U Hasvisaemcs MI3OMETPUYUECKNM mo20a U moabko mozda, xozda
das 1100020 sexmopa T umeem mecmo pasencmso ||x|| = [|A(x)]||.



I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Oupenesienne 5. Onepamop A HOpMUPOBAIH020 AUNHETHO20 NPOCTNPAH-
cmea U nazvieaemces M30OMETPUIECKUM 1mo2da u Moavko mozda, Ko2da
das a0bozo eexmopa x umeem mecmo paserncmeo ||x|| = ||A(x)]].

Teopema 3. Jlunetinwi onepamop A esraudosa (yHumapHozo)
npocmparcmea U asasemea U30MeMPUUECKUM 0MHOCUMENLHO HOD-

mol ||z|| = A/ (z,2) moeda u moavko mozda, Ko2da on 0pPMO2OHANLHBIT
(yHumapHoii).

JloKa3aTebCTBO.



I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Juneinwdi onepamop A eexaudosa (yrumaprozo)
npocmpancmea U A6AA€MCA USOMETMPULECKUM OMHOCUMENDHO HOD-
moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

Hoka3zaresibcTBO. 113 oproronajbHoCTH (YHUTAPHOCTH) M30METPUY-
HOCTb OTHOCHTEBHO YKA3AHHO! HOPMBI CJIEJIyeT ¢ OUeBHIHOCTHIO:

A

(A(@,A(@) —



I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Juneinwdi onepamop A eexaudosa (yrumaprozo)
npocmpancmea U A6AA€MCA USOMETMPULECKUM OMHOCUMENDHO HOD-
moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

Hoka3zaresibcTBO. 113 oproronajbHoCTH (YHUTAPHOCTH) M30METPUY-
HOCTb OTHOCHTEBHO YKA3AHHO! HOPMBI CJIEJIyeT ¢ OUeBHIHOCTHIO:

A

(A(:z:),fl(x)) _ (x,A* (A(x))) _



I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Juneinwdi onepamop A eexaudosa (yrumaprozo)
npocmpancmea U A6AA€MCA USOMETMPULECKUM OMHOCUMENDHO HOD-
moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

Hoka3zaresibcTBO. 113 oproronajbHoCTH (YHUTAPHOCTH) M30METPUY-
HOCTb OTHOCHTEBHO YKA3AHHO! HOPMBI CJIEJIyeT ¢ OUeBHIHOCTHIO:

A

(A(@,A(x)) — (x,A* (A(x))) — (x,A—lA(:[;)) —



I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Juneinwdi onepamop A eexaudosa (yrumaprozo)
npocmpancmea U A6AA€MCA USOMETMPULECKUM OMHOCUMENDHO HOD-
moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

Hoka3zaresibcTBO. 113 oproronajbHoCTH (YHUTAPHOCTH) M30METPUY-
HOCTb OTHOCHTEBHO YKA3AHHO! HOPMBI CJIEJIyeT ¢ OUeBHIHOCTHIO:

A

(fl(:z:),fl(x)) = (x,fl* (fl(x))) = (ZU,A_lA(ZE)) = (z,z),



I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Juneinwdi onepamop A eexaudosa (yrumaprozo)
npocmpancmea U A6AA€MCA USOMETMPULECKUM OMHOCUMENDHO HOD-
moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

Hoka3zaresibcTBO. 113 oproronajbHoCTH (YHUTAPHOCTH) M30METPUY-
HOCTb OTHOCHTEBHO YKA3AHHO! HOPMBI CJIEJIyeT ¢ OUeBHIHOCTHIO:

A

(fl(:z:),fl(x)) = (x,fl* (fl(x))) = (ZU,A_lA(ZE)) = (z,z),

T0 ecTh ||A(Z)|| =



I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Juneinwdi onepamop A eexaudosa (yrumaprozo)
npocmpancmea U A6AA€MCA USOMETMPULECKUM OMHOCUMENDHO HOD-
moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

Hoka3zaresibcTBO. 113 oproronajbHoCTH (YHUTAPHOCTH) M30METPUY-
HOCTb OTHOCHTEBHO YKA3AHHO! HOPMBI CJIEJIyeT ¢ OUeBHIHOCTHIO:

A

(fl(:z:),fl(x)) = (x,fl* (fl(x))) = (ZU,A_lA(ZE)) = (x, ),
T0 ecTh ||A(Z)|| = \/(A(gc),fl(g;)) -




I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Juneinwdi onepamop A eexaudosa (yrumaprozo)
npocmpancmea U A6AA€MCA USOMETMPULECKUM OMHOCUMENDHO HOD-
moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

Hoka3zaresibcTBO. 113 oproronajbHoCTH (YHUTAPHOCTH) M30METPUY-
HOCTb OTHOCHTEBHO YKA3AHHO! HOPMBI CJIEJIyeT ¢ OUeBHIHOCTHIO:

A

(fl(:z:),fl(x)) = (x,fl* (fl(x))) = (ZU,A_lA(ZE)) = (x, ),
10 ectn ||A(z)|| = \/(A(x),fl(a:)) = \/(z,2) =




I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Juneinwdi onepamop A eexaudosa (yrumaprozo)
npocmpancmea U A6AA€MCA USOMETMPULECKUM OMHOCUMENDHO HOD-
moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

Hoka3zaresibcTBO. 113 oproronajbHoCTH (YHUTAPHOCTH) M30METPUY-
HOCTb OTHOCHTEBHO YKA3AHHO! HOPMBI CJIEJIyeT ¢ OUeBHIHOCTHIO:

(fl(:z:),fl(x)) = (x,fl* (fl(x))) = (ZU,A_lA(ZE)) = (z,z),
wo ccrs [[A@)] = \/ (Alw). Atw)) = /] = el




I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Juneinwdi onepamop A eexaudosa (yrumaprozo)
npocmpancmea U A648eMcA U3OMEMPULECKUM OMHOCUMENDHO HOD-
moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

Hoka3zaresibcTBO. OcTasoch MPOBEPUTH OPTOrOHATBLHOCTH (yHHUTAD-
HOCTB) M3METPUIECKOTO OMEPATOpa. ITO JIOKA3ATEIbCTBO, B OTJIHIHE OT
OOJIBIIMHCTBA MPEIbIIYIINX, TpedyeT crennduieckoro mpuema.



I1.6. Teopema 006 OpTOroHAJILHOCTUA M30METPUIECKOIO
omeparopa

Teopema 3. Juneinwdi onepamop A eexaudosa (yrumaprozo)
npocmparncmea U A6A4eMeA USOMEMPUHECKUM OMHOCUMEALHO HOD-
moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

Jokazareabcto. Ilyers A — msomerpuaeckmii (0THOCHTEIBHO
VKa3aHHOW HOPMBI) OIIepATOp €BKJIM/I0Ba (YHUTAPHOTO) MPOCTPAHCTBA.
Torma st TOOBIX BEKTOPOB &, Y U CKAJIsIpa A

(fl(x —\y), Az — Ay)) = (x — Ay, z — \y). (3)



I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Jlunetinwi onepamop A esraudosa (yHumapHozo)
npocmparcmea U asisemca U3omMempueckuMm omHocumesvto Hop-

moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

Jok-Bo.

- (Al = 2y), Az = M) = (& = A,z — Ny (3)



I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Juneinwdi onepamop A eexaudosa (yrumaprozo)
npocmpancmea U A6AA€MCA USOMETMPULECKUM OMHOCUMENDHO HOD-
moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

Jok-Bo.

- (Al = 2y), Az = M) = (& = A,z — Ny (3)

A

= (A@), A@) =2 (Al). A()) =X (A(2), Ay) ) 2% (Aly). Aly) ) =



I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Jlunetinwi onepamop A esraudosa (yHumapHozo)
npocmparcmea U asisemca U3omMempueckuMm omHocumesvto Hop-

moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

Jok-Bo.

- (Al = 2y), Az = M) = (& = A,z — Ny (3)
~ (Afa), Alx)) -2 (Aly), () x(A< ). Al)) XX (A(y), Ay)) =

A

= (z,x) — A(A ), Ay ) )Jr)\X(y,y).




I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Jlunetinwi onepamop A esraudosa (yHumapHozo)
npocmparcmea U asisemca U3omMempueckuMm omHocumesvto Hop-

moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

A

Jlok-80. (z,2) — )\(A(a:), A(y)) Y (A@:), A(y)) N (y,y) =

= (121(:1: —\y), A(x — Ay)) = (z — Ay, z — A\y) = (3)



I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Jlunetinwi onepamop A esraudosa (yHumapHozo)
npocmparcmea U asisemca U3omMempueckuMm omHocumesvto Hop-

moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

A

Tox-so. (z,2) = A(A(x), Aly)) = X (A(2), Aly)) + X (3,9) =
= (121(:6 — \y), Az — Ay)) =(z = Ay, x — \y) = (3)

= (z,2) = Ay, z) = Az, y) + M (y,9) =



I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Jlunetinwi onepamop A esraudosa (yHumapHozo)
npocmparcmea U asisemca U3omMempueckuMm omHocumesvto Hop-

moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

A

Jlok-80. (z,2) — )\(A(a:), A(y)) Y (A@:), A(y)) N (y,y) =

= (121(:6 —\y), Az — Ay)) =(z— Ay, — Ay) = (3)
= (z,2) = Ay, z) = Az, y) + M (y,9) =
= (z,2) — Mz, y) — Xz, y) + A\ (y,).



I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Jlunetinwi onepamop A esraudosa (yHumapHozo)
npocmparcmea U asisemca U3omMempueckuMm omHocumesvto Hop-

moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

Jlok-80. (z,2) — A(A(@, A(y)) Y (A@:), A(y)) N (y,y) =

= (z,2) — Mz, y) — Xz, y) + A\ (y,9).

Orcrona



I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Jlunetinwi onepamop A esraudosa (yHumapHozo)
npocmparcmea U asisemca U3omMempueckuMm omHocumesvto Hop-

moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

Jlok-80. (z,2) — A(A(@, A(y)) Y (A@:), A(y)) N (y,y) =

= (z,2) — Mz, y) — Xz, y) + A\ (y,9).

Orcrona




I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Jlunetinwi onepamop A esraudosa (yHumapHozo)
npocmparcmea U asisemca U3omMempueckuMm omHocumesvto Hop-

moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

JTok-Bo. )\(A(a:), A(y)) + A (fl(x), A(y)) = ANz,y) + Xz, y). (4)

[Tostoxxum A = 1. Torya paBerctBo (4) mpeobpasyercs K BuLy



I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Jlunetinwi onepamop A esraudosa (yHumapHozo)
npocmparcmea U asisemca U3omMempueckuMm omHocumesvto Hop-

moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

JTok-Bo. )\(121(:17), A(y)) + A (A(x), A(y)) = ANz,y) + Xz, y). (4)

[Tostoxxum A = 1. Torya paBerctBo (4) mpeobpasyercs K BuLy

A

(A@), Aly)) + (Ale), A)) = (@) + (@),




I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Jlunetinwi onepamop A esraudosa (yHumapHozo)
npocmparcmea U asisemca U3omMempueckuMm omHocumesvto Hop-

moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

JTok-Bo. )\(121(:17), A(y)) + A (A(x), A(y)) = ANz,y) + Xz, y). (4)

[Tostoxxum A = 1. Torya paBerctBo (4) mpeobpasyercs K BuLy

A

(A@), Aly)) + (Ale), A)) = (@) + (@),

TO ecTb Re (A(x), A(y)) = Re (z,y).




I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Juneinwdi onepamop A eexaudosa (yrumaprozo)
npocmpancmea U A6AA€MCA USOMETMPULECKUM OMHOCUMENDHO HOD-
moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

JTok-Bo. )\(121(:17), A(y)) + A (A(x), A(y)) = ANz,y) + Xz, y). (4)
Re (121(1'), A(y)) = Re (x,y).

Ecin U — yauTapHoe NnpocTpaHCTBO, MOJOKUM A = ¢. Torma paBeH-
cTBO (4) umeer BHJL




I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Juneinwdi onepamop A eexaudosa (yrumaprozo)
npocmpancmea U A6AA€MCA USOMETMPULECKUM OMHOCUMENDHO HOD-
moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

JTok-Bo. )\(121(:17), A(y)) + A (A(x), A(y)) = ANz,y) + Xz, y). (4)
Re (121(1'), A(y)) = Re (x,y).

Ecin U — yauTapHoe NnpocTpaHCTBO, MOJOKUM A = ¢. Torma paBeH-
cTBO (4) umeer BHJL

A

i(A@), Aw)) =i (A@), Aly)) = ile,y) ~ i (2,9).




I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Junetmwd onepamop A eexaudosa (yHumaproeo)
npocmparcmeda U ACBAAECTNCA USOMETNPUHECKUM OMMHOCUTMENOHO HOD-

moe ||z|| = /(z,2) moeda u moavko mozda, Ko2da on opMOONAALIBIL
(yHumapHviii).

JTok-Bo. )\(121(:17), A(y)) + A (A(x), A(y)) = ANz,y) + Xz, y). (4)
Re (fl(az), A(y)) = Re (x,y).

Ecin U — yauTapHoe NnpocTpaHCTBO, MOJOKUM A = ¢. Torma paBeH-

cTBO (4) umeer BHJL
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I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Juneinwdi onepamop A eexaudosa (yrumaprozo)
npocmpancmea U A6AA€MCA USOMETMPULECKUM OMHOCUMENDHO HOD-
moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

JTok-Bo. A(fl(:z:),fl(y)) + A (A( ), Aly )) Az, y) + Xz, y). (4)
[Ipu A =1 umeem Re (fl(a:),fl(y)) = Re(x,y). llpu A =1 umeem
Im (A(a:), A(y)) = Im (x,y).

Taxum 00pa3soM y KOMIIIEKCHBIX HCe)I (A(:U),A(y)) u (x,y) cosma-

JdaloT 1 ILefICTBHTeﬂbeIe, n MHUMBIEC HaCTU.



I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Juneinwdi onepamop A eexaudosa (yrumaprozo)
npocmpancmea U A6AA€MCA USOMETMPULECKUM OMHOCUMENDHO HOD-
moe ||z|| = /(z,2) moeda u moavko mozda, Ko2da on opMOONAALIBIL
(yHumapHviii).

JTok-Bo. )\(A(az), A@)) T\ (A(x), A(y)) Az, )+ Az, y). (1)

[Ipu A =1 umeem Re (A(a:),fl(y)) = Re(x,y). llpu A =1 umeem
Im (A(a:), A(y)) = Im (x,y).

TakuM 00pa3soM y KOMILIEKCHBIX YHCeT (A(zc),fl(y)) u (x,y) cosma-

JdaloT 1 II‘eI‘/JICTBI/ITeJTbeIe7 n MHUMBIEC HaCTU.

[Tosromy (A(w),fl(y)) = (z,y).



I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Jlunetinwi onepamop A esraudosa (yHumapHozo)
npocmparcmea U asisemca U3omMempueckuMm omHocumesvto Hop-

moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

A

ok-Bo. (A(:U),fl(g)) = (z,y), OTKy/1a <:U,A*A(y)> = (z,y).



I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Jlunetinwi onepamop A esraudosa (yHumapHozo)
npocmparcmea U asisemca U3omMempueckuMm omHocumesvto Hop-

moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

ok-Bo. (A(m),fl(y)) = (z,y), OTKy/1a <:U,A*A(y)> = (z,y).

Creposaressio, (x, A*A(y) — y) = 0. [Tosoxkum x =



I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Jlunetinwi onepamop A esraudosa (yHumapHozo)
npocmparcmea U asisemca U3omMempueckuMm omHocumesvto Hop-

moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

ok-Bo. (A(m),fl(y)) = (z,y), OTKy/1a <:U,A*A(y)> = (z,y).

A

CieioBaTe LHO, (x, A*A(y) — y) — 0. Homowum x = A*A(y) — y.



I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Juneinwdi onepamop A eexaudosa (yrumaprozo)
npocmpancmea U A6AA€MCA USOMETMPULECKUM OMHOCUMENDHO HOD-
moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

Jok-Bo. (A(m),fl(y)) = (z,y), OTKy/1a <CL’,A*A(@/)> = (z,y)

A

CieioBaTe LHO, (x, A*A(y) — y) — 0. Homowum x = A*A(y) — y.

(fl*fl(y) —y, AAly) — y) =0 =



I1.6. Teopema 006 OpTOroHAJILHOCTUA M30METPUIECKOIO
omeparopa

Teopema 3. Jlunetinwi onepamop A esraudosa (yHumapHozo)
npocmparcmea U asisemca U3omMempueckuMm omHocumesvto Hop-

moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

ok-Bo. (A(m),ﬁ(y)) = (z,y), OTKy/1a (x,A*A(y)) = (z,y).

CieioBaTe LHO, (:C, A*A(y) — y) — 0. Homowum x = A*A(y) — y.

(fl*fl(y) —y, AAly) — y) =0 =

B cuny moJjioKuTeJIbHOI onpeae/IeHHOCTU CKaJISIpHOTO IIPOu3Be-
JNEeHUM. ..



I1.6. Teopema 006 OpTOroHAJILHOCTUA M30METPUIECKOIO
omeparopa

Teopema 3. Jlunetinwi onepamop A esraudosa (yHumapHozo)
npocmparcmea U asisemca U3omMempueckuMm omHocumesvto Hop-

moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

ok-Bo. (A(m),ﬁ(y)) = (z,y), OTKy/1a (x,A*A(y)) = (z,y).

CieioBaTe LHO, (:C, A*A(y) — y) — 0. Homowum x = A*A(y) — y.

(fl*fl(y) —y, A" A(y) — y) =0 = A*A(y)—y=0.

B cuiy moJioKuTeJIbHOI onpeae/IeHHOCTU CKaJISIpPHOTO IIPOu3Be-
JNEeHUM. ..



I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema 3. Jlunetinwi onepamop A esraudosa (yHumapHozo)
npocmparcmea U asisemca U3omMempueckuMm omHocumesvto Hop-

moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

ok-Bo. (A(m),fl(y)) = (z,y), OTKy/1a <CL’,A*A(@/)> = (z,y).

CieioBaTe LHO, (x, A*A(y) — y) — 0. Homowum x = A*A(y) — y.

(fl*fl(y) —y, A" A(y) — y) =0 = A*A(y)—y=0.

A

Cnenosarenbno, A* = A~!

. TeopeMa, JIoKa3aHa, X0Tsl PpUHA MOXKHO OBLIO
IIPOBECTU MHAYE:



I1.6. Teopema 06 OpTOroHaAJHLHOCTU M30METPUIECKOI'O
omeparopa

Teopema, 3. Jlunetinwd onepamop A eeraudosa (yrnumaprozo)
npocmpancmea U A648eMcA U3OMEMPULECKUM OMHOCUMENDHO HOD-
moe ||z|| = /(z,2) moeda u moavko mozda, Ko2da on opMOONAALIBIL
(yHumapHviii).
ok-Bo. (A(:U),A(g)) = (z,y), OTKy/1a <:U,A*A(y)> = (z,y).
[Tepeiinem Ha s3bIK MaTpuil. st 9TOr0 HaJ0 cHadasa 6uOpambv Oa-
suc B ={ey,...,e,} npocrpancrea U. Torja joxkazanHoe TOXKJIECTBO

<a:, A*A(y)) = (x,y) npeobpasyercsi K BUJLY

25 BARABLIE = 25T B VB



I1.6. Teopema 006 OpTOroHAJILHOCTUA M30METPUIECKOIO
omeparopa

Teopema 3. Juneinwdi onepamop A eexaudosa (yrumaprozo)
npocmpancmea U A6AA€MCA USOMETMPULECKUM OMHOCUMENDHO HOD-
moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

Jlok-Bo. (a:,A*A(y)) = (x,y), oTKya

25 TBARABLIE = 25T B VIE:
Marpuipl [z]g # [y]|5 — HPOU3BOJIBHBIC, IOITOMY IO JIEMME O CO-
KpalleHn Ha IIPOMU3BOJILHYIO MATPHUILY HMEEM FBA*BAB =g,

OTKY/a, B CHJIY HEBBIPOMKIEHHOCTH MAaTpuiibl |'pama, mogydaem

A*BAB = FE, 10 ectb A}y = A]_Sl.



I1.6. Teopema 006 OpTOroHAJILHOCTUA M30METPUIECKOIO
omeparopa

Teopema 3. Juneinwdi onepamop A eexaudosa (yrumaprozo)
npocmpancmea U A6AA€MCA USOMETMPULECKUM OMHOCUMENDHO HOD-
moi ||x]| = v/ (z,2) moeda u moavko mozda, koeda on opmozonabILL
(yHumapHviii).

Jlok-Bo. (:U,A*A(g)) = (x,y), oTKya

t t
ZlgI'BARABIYIB = 2B lYIB-
I
B A
IIo Teopeme 006 m3omopdusme IPOCTPAHCTBA MATPUI| U IIPO-
CTPAHCTBA JIMHEHHBIX OIIEPATOPOB IIOJIyYaeM A= A1 , TO €CTb Olle-
patop A — opTOroHANbHBI (yHUTApHDI).

Teopema ngoxaszaHa.



I1.7. Teopema 06 oproronanbHoM omneparope m OHDB
(KpuTepuii OpTOrOHAJBHOCTHU OIEpaTOpa)

Teopema 4. Jlunetinwvii onepamop A eaxaudosa npocmparcmaea U
ABAACNCA OPMO20HAALHBLM 0204 U MOALKO moz0a, Koz2da on nepesodum
OHBE 6 OHB. Tounee, 2x68U6aAHMMBL CACOYIOULUE YMBEPHCOCHUA:

1. A aeasemcsa opmo2oHasbHbLM ONEPATMOPOM;

2. cywecmeyem OHB B = {ey, ... e,} maxot, wmo cucmema 6exmo-
P06 {A (e1),...,A (en)} ABAAECMCA OPMOHOPMUPOSAHHYIM OA3UCOM;

3. 0aa mobozo  OHBE B ={e,...,e,} cucmema  sexmopos

{A (e1),..., A (en)} ABAACNCA ODMOHOPMUPOCUAHHHIM DAZUCOM.

bes nokazarenncrsa.



I11. IIpumenenune K MaTpuvHoOIi ajrebpe

B paccMOTpeHHBIX BBIIIE TeOpeMaxX MbI, B OCHOBHOM, ITPUMEHSIIN MaT-
PUUHYIO aIredpy JIsd JoKa3aTeIbCTBa YTBep:KleHnii 06 oneparopax. Ho,
pas3yMeeTcs, ¢ YCIIeXOM OCYIIECTBISETCS 1 «OOpaTHBIN ITPOIeces: ¢ I0-
MOTIIBIO aJIredPhI OIIepaTOPOB JTOKA3BIBAIOTCS YTBEPXKICHNS JIJI aJIreOphl
matpuil. OJHO W3 TaKMX YTBEpKJIeHUil MBI ceitdac paccmorpuM. CHa-
JaJia, OTMETUM, UYTO OKa3bIBAETCd YAOOHBIM IePEHEeCTH «OIepPaTOPHYIO»
TEPMUHOJIOIMIO Ha A3bIK MaTPUIl, 1 BBECTU IOHITUE HOPMAaJIbHOI, OPTO-
FOHAJILHON 1 YHUTAPHON MaTPUIILI.



I11. IIpumenenune K MaTpuvHoOIi ajrebpe

Omnpenesienne 6. Mampuuya A nazvieaemces HOPMAJIbHOM (coomeem-
cmeenHo, OPTOTOHAJILHOW, YHUTAPHOW /AU IPMUTOBOI) ecau u
MOABKO €CAU OHA ABAAEMCA MAMPUUET, 00HOUMEHHO20 ONEPa-
MOPa, 8 HEKOMOPOM OPTMOHOPMUPOBAHHOM DA3UCE.



I11. IIpumenenune K MaTpuvHoOIi ajrebpe

Omnpenesienne 6. Mampuuya A nazvieaemces HOPMAJIbHOM (coomeem-
cmeenHo, OPTOTOHAJILHOW, YHUTAPHOW /AU IPMUTOBOI) ecau u
MOABKO €CAU OHA ABAAEMCA MAMPUUET, 00HOUMEHHO20 ONEPa-
MOoPa 6 HEKOMOPOM OPMOHOPMUPOBAHHOM basuce.

Mcnonb3ys ToT dakT, yro MmaTpuiia I'pava opToHOPMUPOBaHHOIO Oa-
3UCa — eJIMHUYHAs, MOYKHO JaTh YHCTO MATPUIHYIO XapaKTepPU3alllio
STUX MaTpuil: Marpuia A — wopmaavras Toriga n TOJILKO TOrJA, KOTIA
A'A = AA", marpuna opmozonanvnas (yHUTapHas, SpMUTOBA) TOrJA 1
TOJIbKO TOra, Korma Al = A~L.
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Teopema 5. /Jlaa 1100010 Hopmanvroti mampuus, A ¢ eeuecmseenmnvim
CNERMPOM Haldemces makxas opmo2oHarvHas mampuya T', wmo mam-
puye T-YAT — duazonanvras mampuya.

YTBepKeHNe 0 BeIeCTBEHHOCTH CIIeKTpa MaTpuilbl A o3Havaer, 9To
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Teopema 5. /Jlaa 1100010 Hopmanvroti mampuus, A ¢ eeuecmseenmnvim
CNERIMPOM HAUIEMCA MAKAA 0PMO20HANOHAA Mampuua T, wmo mam-
puye T-YAT — duazonanvras mampuya.

YTBepKeHNe 0 BeIeCTBEHHOCTH CIIeKTpa MaTpuilbl A o3Havaer, 9To
BCe KOPHU XapPaKTePUCTUYICCKOTO TOJIMHOMA KOTOPOH SABJISIOTCS JIeii-
CTBUTEJILHBIMHA IUCIaAMU
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Teopema 5. /Jlaa 1100010 Hopmanvroti mampuus, A ¢ eeuecmseenmnvim
CNERMPOM Haldemces makxas opmo2oHarvHas mampuya T', wmo mam-
puye T-YAT — duazonanvras mampuya.

JlokazaTeabCcTBO. PaccMOTpM €BKJINIOBO TTPOCTPAHCTBO, BO3b-
meM B HemM OHDB B, u paccMmorpum nnneitHbIi orepaTop fl, UMeronil B
basuce b marpuny A: Ag = A.
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Teopema 5. /Jlaa 1100010 Hopmanvroti mampuus, A ¢ eeuecmseenmnvim
CNERIMPOM HAUIEMCA MAKAA 0PMO20HANOHAA Mampuua T, wmo mam-
puye T-YAT — duazonanvras mampuya.

JlokazaTeabCcTBO. PaccMOTpM €BKJINIOBO TTPOCTPAHCTBO, BO3b-
meM B HemM OHDB B, u paccMmorpum nnneitHbIi orepaTop fl, uMeromuit B
basuce b marpuny A: Ag = A.

Torna A — HOPMAaJIBHBII OIlepaTop.
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meM B HeM OHDB B, u pacemorpuMm jimHeiHBIN oiepaTop fl, uMeromuit B
basuce b marpuny A: Ag = A.

Torna A — HOPMAaJIBHBIN OoIlepaTop.

[To cBolicTBaM HOPMAaJILHOT'O OIIEPATOPA, B YCJIOBUIX JOKA3BIBAEMOI
teopembl Haiijiercs OHB B u3 cobcTBeniinbix BeKTOpoB olieparopa A.
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CNERIMPOM HAUIEMCA MAKAA 0PMO20HANOHAA Mampuua T, wmo mam-
puye T-YAT — duazonanvras mampuya.

JlokazaTeabCcTBO. PaccMOTpM €BKJINIOBO TTPOCTPAHCTBO, BO3b-
meM B HeM OHDB B, u pacemorpuMm jimHeiHBIN oiepaTop fl, uMeromuit B
basuce b marpuny A: Ag = A.

Torna A — HOPMAaJIBHBIN OoIlepaTop.

[To cBolicTBaM HOPMAaJILHOT'O OIIEPATOPA, B YCJIOBUIX JOKA3BIBAEMOI
teopembl Haiijiercs OHB B u3 cobcTBeniinbix BeKTOpoB olieparopa A.

O6oznaumm vyepes 1" maTpuiy nepexoja n3 b B 6aszuc B.
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Teopema 5. /Jlaa 1100010 Hopmanvroti mampuus, A ¢ eeuecmseenmnvim
CNERIMPOM HAUIEMCA MAKAA 0PMO20HANOHAA Mampuua T, wmo mam-
puye T-YAT — duazonanvras mampuya.

JlokazaTeabCcTBO. PaccMOTpM €BKJINIOBO TTPOCTPAHCTBO, BO3b-
meM B HeM OHDB B, u pacemorpuMm jimHeiHBIN oiepaTop fl, uMeromuit B
basuce b marpuny A: Ag = A.

Torna A — HOPMAaJIBHBIN OoIlepaTop.

[To cBolicTBaM HOPMAaJILHOT'O OIIEPATOPA, B YCJIOBUIX JOKA3BIBAEMOI
teopembl Haiijiercs OHB B u3 cobcTBeniinbix BeKTOpoB olieparopa A.

O6oznaumm vyepes 1" maTpuiy nepexoja n3 b B 6aszuc B.

Torma T 'AT gaBnsiercs MaTpHIleil ollepaTopa B 6asmce n3 coOCTBEH-
HBIX BEKTOPOB, TO €CTh JIMaroHaJIbHOU MaTPUIIEI.
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Teopema 5. /Jlaa 1100010 Hopmanvroti mampuus, A ¢ eeuecmseenmnvim
CNERMPOM Haldemces makxas opmo2oHarvHas mampuya T', wmo mam-
puye T-YAT — duazonanvras mampuya.
JTokaszareabcTBo. T AT apnderca maTpuiieii oneparopa B Oasmce
13 cOOCTBEHNLIX BEKTOPOB, TO €CTh JUArOHAJIBLHON MaTpUIei.
OcraJjioch JoKazarhb, 4To 1" — opTOroHajbHasl MaTpPUIIA.
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[TycTh T — nuneiiHblit orieparop, nMmeromuit B 6azuce b marpumny 7.
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Teopema 5. /Jlaa 1100010 Hopmanvroti mampuus, A ¢ eeuecmseenmnvim
CNERMPOM Haldemces makxas opmo2oHarvHas mampuya T', wmo mam-
puye T-YAT — duazonanvras mampuya.
JTokaszareabcTBo. T AT apnderca maTpuiieii oneparopa B Oasmce
13 cOOCTBEHNLIX BEKTOPOB, TO €CTh JUArOHAJIBLHON MaTpUIei.
OcraJjioch JoKazarhb, 4To 1" — opTOroHajbHasl MaTpPUIIA.
[TycTh T — nuneiiHblit orieparop, nMmeromuit B 6azuce b marpumny 7.
Torna T nepesoguT OHB B B OHB B, nostomy T— OPTOrOHAJILHBII
oreparTop.
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Teopema 5. /Jlaa 1100010 Hopmanvroti mampuus, A ¢ eeuecmseenmnvim
CNERMPOM Haldemces makxas opmo2oHarvHas mampuya T', wmo mam-
puye T-YAT — duazonanvras mampuya.

JTokaszareabcTBo. T AT apnderca maTpuiieii oneparopa B Oasmce
13 cOOCTBEHNLIX BEKTOPOB, TO €CTh JUArOHAJIBLHON MaTpUIei.

OcraJjioch JoKazarhb, 4To 1" — opTOroHajbHasl MaTpPUIIA.

[TycTh T — nuneiiHblit orieparop, nMmeromuit B 6azuce b marpumny 7.

Torna T nepesoguT OHB B B OHB B, nostomy T OPTOTOHAJIHHBIH
orepaTop.

CitestoBare/ibHO, MaTpulia 1, Kak MaTpHUIla OPTOIOHAJIBLHOI'O OllepaTopa
B OHDB, sBigercsa oproronajibHoil MaTpuUIeil.

Teopema joKkazana.



Cracu6o
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BHUMaHUue!

e-mail: melnikov@k66.ru, melnikov@r66.ru

caiiter: http://melnikov.k66.ru, http://melnikov.web.ur.ru

BepuyThca K cnucKy npe3eHTanmii?
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