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IlocTanoBka 3a1laI1

B Teopuu JuHelHBbIX OIEpaTOPOB B KOHEUYHOMEPHBIX JIMHEHHBIX IIPO-
CTPaHCTBaX IEHTPAJILHYIO POJIb UI'PacT TeopeMa 00 n3oMopdusme aared-
pbI JIMHEHHBIX ollepaTopoB u ajaredpnl Marpuil. OHAKO, KaK M3BECTHO,
TAKUX H30MOPQU3MOB CYIIECTBYET MHOTO (BO BCSIKOM CJTydae, Jijist JInHedi-
HbIx npoctpancTs HaJl R u C), To ecThb 0JJHOMY U TOMY K€ OIepaTopy,
KaK [IPaBUJIO, MOXKHO IIOCTaBUTb B COOTBETCTBUE MHOI'O MATPUI], B 3aBU-
CUMOCTH OT TOI'0, KaKoil ba3uc 3abuKCUPOBaH B JIMHEHHOM IIPOCTPAHCTBE.

A UMeHHO, KaK MbI 3HAEM...



ITocTanoBka 3a1laI1
JI100bIe JiIBe MaTpUILbI AB1 10} ABQ, COOTBETCTBYIOIINE JIMHECHHOMY Olle-

patopy A B pasnbix Oazucax By u By, conpskeHbl ¢ MOMOIBIO MaT-
pUIlbl IIepexojia, TO eCThb
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pUIlbl IIepexojia, TO eCThb

AB TBl—>B2 ABI .TBlﬁBz'



ITocTanoBka 3a1laI1
JI100bIe JiIBe MaTpUILbI AB1 10} ABQ, COOTBETCTBYIOIINE JIMHECHHOMY Olle-

patopy A B pasnbix Oazucax By u By, conpskeHbl ¢ MOMOIBIO MaT-
pUIlbl IIepexojia, TO eCThb

AB TBl—>BQ AB1 .TBl—>B2'

SHAYUT, MaTPUIIE AB1 u A52 rog00ubl. OTHOIIeHnEeM 101001 MHOKE-
CTBO BCEX MaTpull pa3OuBaeTcs Ha HelepeceKalolnecs: KJacchl 110J100-
HBIX MATPHUIl. B ¢BA3M ¢ 3TUM YacTO BCTaeT MpodseMa BhIOOpa B Kark-
JIOM KJlacce OJJOOHBIX MATPUIL «CTAHAPTHOrO IpejcTaBuTe sy, MoyKHO
IPEeJIJIOZKUTH HECKOJIBKO Pa3/INUHBLIX HMPABUJI BRIOOPA TAKMX <«CTaHIapT-
HBIX IIpejcTaBuTesneii». B gannoit pabore Mbl pacCMOTPUM OJIMH 13 BarK-
HEeMIINX TUIIOB TAKUX IIPEJICTaBUTE el HOPMAJIbHYIO KOPJAHOBY (hopMYy
MATPUIIEL.



Ol'[pe,Z[e.TIGHI/ISI 1N OCHOBHBIE PE3YyJlIbTaTbl

Omnpepnenienne 1. 2KopaaHoBoOIl KJIEeTKOII pa3MepHocTu k, oTBe-

qaroIlieii COOCTBEHHOMY 3HAYEHUIO [i, HA3bIBACMNCA KEaOPaMmHaL

mampuya suda  Jp.(p) =

cmoAb108.
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Omnpenenenue 2. [osopam, wmo mampuva M umeem HOPMAJIbHYIO

KopaaHoBy dopMmy, eccau M umeem xaemouro-0uazonasvroili 6ud
2de  Jp. (1)

( Ty (1) Oky s key Oy kg -+ Oky x Ky \ orcopdarosa

0]{32 X kq J]CQ(/”LQ) 0](72 X /€3 Okg X k}p rAEMKA pa3s-

M= O x k; Ok x Ky Jk.3(,LL3) o O k, | meprocmu ki,
OMBEUAOUAA

\Ok‘p s Ok‘p % ko Okp W ky o Jk‘p(ﬂp) ) cobcmeennomy
BHANEHUIO (L,

0 ki x k; — MWYACBAA MAMPUYA PASMEPHOCTIU ki x k.



Ompenesierne 2. [osopam, wmo mampuya M umeem HOPMAJIBLHYIO

KopaaHoBy dopMmy, eccau M umeem xaemouro-0uazonasvroili 6ud
ede J ;

( Ty (1) Oky s key Oy kg -+ Oky x ky \ mopdfziﬁeia

Oky x ke Thy(H2) Oky x iy -+ Oy x &, | temma  pas-

M= O x k; Ok x Ky Jk.3(,LL3) o O k, | meprocmu ki,

0OMBEUANULAA

\Ok‘p s Ok‘p % ko Okp W ky o Jk‘p(ﬂp) ) cobcmeennomy
BHANEHUIO (L,

0 ki x k; — MWYACBAA MAMPUYA PASMEPHOCTIU ki x k.

B sTtoMm ompejiesiennn He mpeAnoJjiaraeTcs, YTo BCE [i; PA3INIHbI.



IIpumep HOpMAaJIBHOI »KOpAaHOBOII (POpPMblI MaTPUIIBI

(—1100000
0 =1 1 0 000
0 0 —1 0 000
0 0 0 —1000
0 0 0 0 200
0 0 0 0 021

\0000002)

DTa MaTpulla UMeeT HOPMaJbHYIO YKOPJIaHOBY (POpPMY.



IIpumep HOpMAaJIBHOI »KOpAaHOBOII (POpPMblI MaTPUIIBI

(-1 1 0 000
0 -1 1,0 000
0 0 —1/0 000
0 0 0 |-1]000
00 0 0200
0 0 0 0 0[21

\ 0 0 0 0 002

DTa MaTpHUlla UMeeT HOPMAaJIbHYIO »KOPJAHOBY (hOpMY.



Teopema 1 (o xopmanosoii popme). Feau U — aunetinoe npocmpancmeo
nad nosem K, A — aunetinwti onepamop npocmpancmea U u zapaxmepu-
cmuveckut noaurom onepamopa A enoane npusodum nad nosem K, mo
ecmo umeem 6ud (X — ,ul)kl()\ — ,ug)k2 (A= ,um)km, mo cyw,ecmaeyem
maxoti basuc B npocmpancmea U, 6 xomopom mampuua Ag onepamopa
A umeem HOPMAALHYIO HCOPOAMHOB8Y hopMmy. Ima Hcopdarnosa HOPMANb-
Has popma onpedeasemcs 00HO3HAYHO ¢ MOYHOCNBIO 00 NEePecmMarosKu

OfCOpdCLHOGbLCE RAETMOK.



Teopema 1 (o xopmanosoii popme). Feau U — aunetinoe npocmpancmeo
nad nosem K, A — aunetinwti onepamop npocmpancmea U u zapaxmepu-
cmuveckut noaurom onepamopa A enoane npusodum nad nosem K, mo
ecmo umeem 6ud (X — ,ul)kl()\ — ,ug)k2 (A= ,um)km, mo cyw,ecmaeyem
maxoti basuc B npocmpancmea U, 6 xomopom mampuua Ag onepamopa
A umeem HOPMAALHYIO HCOPOAMHOB8Y hopMmy. Ima Hcopdarnosa HOPMANb-
Has popma onpedeasemcs 00HO3HAYHO ¢ MOYHOCNBIO 00 NEePecmMarosKu
AHCOPOAHOBHIL KAECMOK.

3amMmeuanmue. Bazuc, B koropom MaTpuiia oeparopa A m3 TeopeMsbl 1
nMeeT HOPMAaJIbHYIO YKOpJIaHOBY (OpMYy, Ha3bIBaeTCs KAHOHUYIECKIM
0a3mcoM.



Teopema 1 (o xopmanosoii popme). Feau U — aunetinoe npocmpancmeo
nad nosem K, A — aunetinwti onepamop npocmpancmea U u zapaxmepu-
cmuveckut noaurom onepamopa A enoane npusodum nad nosem K, mo
ecmo umeem 6ud (X — ,ul)kl()\ — ,ug)k2 (A= ,um)km, mo cyw,ecmaeyem
maxoti basuc B npocmpancmea U, 6 xomopom mampuua Ag onepamopa
A umeem HOPMAALHYIO HCOPOAMHOB8Y hopMmy. Ima Hcopdarnosa HOPMANb-
Has popma onpedeasemcs 00HO3HAYHO ¢ MOYHOCNBIO 00 NEePecmMarosKu

OfCOpaCLHOGbLCE RAETMOK.

Jloka3aTeJabCTBO 3TOIl TEOPEMBI NIPEABAPSIETCA PAJIOM JIEMM.



Jlemma 1 (0 KOPHEBOM IO/IIIPOCTPAHCTBE). Hycmb A — aunetnv onepamop
AUHETHO020 npocmparcmaea U n— COOCMBEHHOE 3HAYEHUE IMO20 onepa-

mopa. Tozda mnoscecmeo | Ker (A — pE)" asasemea nodnpocmpan-
neN

cmeom npocmpancmea U (mounee, mocumerem noonpocmpancmesa,).

JloKa3aTeJabCTBO.
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mopa. Toeda mnoorcecmeo | ) Ker (A ,uE) ABAAECNCA NOONPOCTPAH-
neN
cmeom npocmpancmea U (mounee, mocumerem noonpocmpancmesa,).

Jloka3aTesbCTBO. DTO OUYECBHIIHOE CJICJCTBHE KPUTEPUs I10/IIPO-
crpancrsa u Toro ¢gaxta, uro Ker (A — uE)" C Ker (A — pE)"*,
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A

Ompepesieane 3. [lycmv A — aunelinwil onepamop AUHETHO20 NPO-
cmpanemea U, p — cobcmeennoe 3nwaverue moz20 onepamopa. 1o-

2da mrootcecmeo U(A, ) = |J Ker (A — pE)" nasvisaemcs KOpHEBBIM
neN
HOJIMPOCTPAHCTBOM, COOTBETCTBYIOIIMM COOCTBEHHOMY 3HAave-

HUIO (L.



Jlemma 2 (o HOJIMHOMAaX OIIEpaTOPOB Au A- ME) Eeau f()\) — ra-
paxmepucmuveckuli noaunom onepamopa A, mo za-
paxmepucmuveckuts  noaunom  g(\)  onepamopa A — pE  pasen
g\ = fON+ ). B wacmnocmu, ecau spec (A) = {v,va,...,v5}, mo

spec (A — pB) = {v1 — p,vo — 1, .., vs — p}.

Jloka3aTeabCTBO.
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paxmepucmuveckuts  noaunom  g(\)  onepamopa A — pE  pasen
g(A) = f(A+p). B nacmnocmu, ecau spec (A) = {v1,1m, ..., vs}, mo
spec (A — ulE) ={v1 — p,vo — pt, ..., vs — pi}.

,ZLOKaBaTeJIBCTBO HyCTb b — 06asuc nmneitnoro npoctpancrsa U,

A= AB,B A— ,LLEB Bg. Torna
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,Z[0Ka3aTeJIBCTBO HyCTb b — 06asuc nmneitnoro npoctpancrsa U,

A= AB,B A— ,LLEB Bg. Torna
g(A)=[B=AE|=|A—pE - AE|=|A— (A+pE| = f(A+p).
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MHOZKECTBOM IIpaBOil 4acTu 1 HAOOOPOT.



Jlemma 2 (o HOJIMHOMAaX OIIEpaTOPOB Au A- ME) Eeau f()\) — ra-

A

paxmepucmuveckull, NoAuUHOM onepamopa A, mo xa-
paxmepucmuveckuli  noaunom  g(A)  onepamopa A — pE  pasen
gA) = f(A+p). B wacmnocmu, ecau spec(A) = {v1,10,...,v5}, mo
spec (A — pB) = {v1 — p,vo — 1, .., vs — p}.
,Z[0Ka3aTeJIBCTBO HyCTb b — 06asuc nmneitnoro npoctpancrsa U,
A= Ag, B=A- ,LLE B = Bg. Toraa
g(A)=[B=AE|=|A—pE - AE|=|A— (A+pE| = f(A+p).

OcTaJioch JIoKa3aTh, 9TO SPec (121 — ,LLE) ={v1 — vy — py ... Vs — i}
Ecim 6 € spec (121 — uE), TO ecThb # — KopeHb MHorowieHa g(\), To

0=g(0) = f(0 + p). Buaunr, 6 + p = v; 17151 HEKOoTOpOro HoMepa 4. Ciie-
JloBaTebHO, O =
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0=g(0) = f(0 + p). Buaunr, 6 + p = v; 17151 HEKOoTOpOro HoMepa 4. Ciie-
JIOBaTeIbHO, 6 = v; — L,
10 ectb spec (A — uF) C{vy — p,vo — iy ..., Vs — i}
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Ocrasoch joKazath, 410 spec (A — pF) = {v) — 1,0 — i, ..., vy — pt.
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MHOKECTBOM ITIPaBOil 9acT U HA0OOPOT.

O6parnoe Brmouenne spec (A — uk) D {vy — p,vo — i, ..., vs — i}
oueBnJIHO. JleMMa jgoKaz3aHa.



JIlemmMma 3 (06 MHBAPUAHTHBIX IIOAIPOCTPAHCTBAX omepaTopoB A u A — ,uE). [1oo-
npocmpancimeo V < U sasasemces A-UHGCLP’LLCZHWH?)LM ecau, U Monsv-

ko ecau Vo asaaemcs <A—,LLE) ~unesapuarnmmuoim.  Feau  npu

IMoM L — cobcmeennoe 3navenue Aunetinozo onepamopa A, mo

U(A, 1) = U(A = AE, u— \) dan mobozo \.

JloKa3aTeabCTBO.



JIlemmMma 3 (06 MHBAPUAHTHBIX IIOAIPOCTPAHCTBAX omepaTopoB A u A — ,uE). [1oo-
npocmpancimeo V < U sasasemces A-UHGCLP’LLCZHWH?)LM ecau, U Monsv-

ko ecau Vo asaaemcs <A—,LLE) ~unesapuarnmmuoim.  Feau  npu

IMoM L — cobcmeennoe 3navenue Aunetinozo onepamopa A, mo

U(A, 1) = U(A = AE, u— \) dan mobozo \.

Jloka3aTeJIbCTBO. JTO CJIEJICTBUE U3 ONPEICICHMII.
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JlokazarebcTBO. B camom jeste, nyctb V' — A-uHBapraHTHOE 110/I-
ITPOCTPAHCTBO.
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ko ecau Vo asaaemcs <A—,LLE) ~unesapuarnmmuoim.  Feau  npu
IMoM L — cobcmeennoe 3navenue Aunetinozo onepamopa A, mo

U(A, 1) = U(A = AE, u— \) dan mobozo \.

JlokazarebcTBO. B camom jeste, nyctb V' — A-uHBapraHTHOE 110/I-
mpocTpancTBo. BosbMeM BekTOp X n3 V.
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JlokazarebcTBO. B camom jeste, nyctb V' — A-uHBapraHTHOE 110/I-
mpocTpaHcTBO. BosbMmeM BekTOp X n3 V. Toryia, 1o omnpe/jiesieHuio cioxe-
HUs OIIEPATOPOB U YMHOYKEHUS ollepaTopa Ha, CKaJIdp,
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npocmpancimeo V < U sasasemces A-UHGCLP’LLCZHWH?)LM ecau, U Monsv-

ko ecau Vo asaaemcs <A—,LLE) ~unesapuarnmmuoim.  Feau  npu
IMoM L — cobcmeennoe 3navenue Aunetinozo onepamopa A, mo

U(A, 1) = U(A = AE, u— \) dan mobozo \.

JlokazarebcTBO. B camom jeste, nyctb V' — A-uHBapraHTHOE 110/I-
mpocTpaHcTBO. BosbMmeM BekTOp X n3 V. Toryia, 1o omnpe/jiesieHuio cioxe-
HUs OIIEPATOPOB U YMHOYKEHUS ollepaTopa Ha, CKaJIdp,

(A= pE) (x) = AGx) — pE(x) = A(x) - px € V,

Tak Kak V' — IOJIIPOCTPAHCTBO U A(X) eV, —uxeV.
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ko ecau Vo asaaemcs <A—,LLE) ~unesapuarnmmuoim.  Feau  npu

IMoM L — cobcmeennoe 3navenue Aunetinozo onepamopa A, mo

U(A, 1) = U(A = AE, u— \) dan mobozo \.

JlokazarebcTBO. B camom jeste, nyctb V' — A-uHBapraHTHOE 110/I-
ITPOCTPAHCTBO.

Ocragoch jokasarh pasenctso U(A, p) = U(A — ANE, u— ).
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IMoM L — cobcmeennoe 3navenue Aunetinozo onepamopa A, mo

U(A, 1) = U(A = AE, u— \) dan mobozo \.

JlokazarebcTBO. B camom jeste, nyctb V' — A-uHBapraHTHOE 110/I-
ITPOCTPAHCTBO.

Ocrasiock jokazath paseHcTBo U(A, 1) = U(A — AE, ;n — A). Mot j0-
KazbIBAEM pasencmeo muoocecme. Hajio mokazars, 9To
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ko ecau Vo asaaemcs <A—,LLE) ~unesapuarnmmuoim.  Feau  npu

IMoM L — cobcmeennoe 3navenue Aunetinozo onepamopa A, mo

U(A, 1) = U(A = AE, u— \) dan mobozo \.

JlokazarebcTBO. B camom jeste, nyctb V' — A-uHBapraHTHOE 110/I-
ITPOCTPAHCTBO.

Ocrasiock jokazath paseHcTBo U(A, 1) = U(A — AE, ;n — A). Mot j0-
KazbIBAEM pasencmeo muoocecme. Hajio mokazars, 9To

xeU(A,p) =xecUA-NE, un—N),
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ko ecau Vo asaaemcs <A—,LLE) ~unesapuarnmmuoim.  Feau  npu

IMoM L — cobcmeennoe 3navenue Aunetinozo onepamopa A, mo

U(A, 1) = U(A = AE, u— \) dan mobozo \.

JlokazarebcTBO. B camom jeste, nyctb V' — A-uHBapraHTHOE 110/I-
ITPOCTPAHCTBO.

Octasocs jtokazathb pasenctso U(A, u) = U(A — AE, i — A). MsI j0-
KasbIBAEM pasencmeo muooicecme. Hao mokasars, 9ro

xeU(A,p) =xecUA-NE, un—N),
x e UA=XNE,u—)\) =xeU(A,p).
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ko ecau Vo asaaemcs <A—,LLE) ~unesapuarnmmuoim.  Feau  npu

IMoM L — cobcmeennoe 3navenue Aunetinozo onepamopa A, mo

U(A, 1) = U(A = AE, u— \) dan mobozo \.

JlokazarebcTBO. B camom jeste, nyctb V' — A-uHBapraHTHOE 110/I-
ITPOCTPAHCTBO.
MTak, mycrhb
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IMoM L — cobcmeennoe 3navenue Aunetinozo onepamopa A, mo

U(A, 1) = U(A = AE, u— \) dan mobozo \.

JlokazarebcTBO. B camom jeste, nyctb V' — A-uHBapraHTHOE 110/I-
ITPOCTPAHCTBO.

A

Urak, mycrs x € U(A, p). Torna
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ko ecau Vo asaaemcs <A—,LLE) ~unesapuarnmmuoim.  Feau  npu

IMoM L — cobcmeennoe 3navenue Aunetinozo onepamopa A, mo

U(A, 1) = U(A = AE, u— \) dan mobozo \.

JlokazarebcTBO. B camom jeste, nyctb V' — A-uHBapraHTHOE 110/I-
ITPOCTPAHCTBO.

Urak, nycrs x € U (121, p). Torga mst Hekotoporo k mmeem
R N
x € Ker (A — ,LLE> =
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ko ecau Vo asaaemcs <A—,LLE) ~unesapuarnmmuoim.  Feau  npu
IMoM L — cobcmeennoe 3navenue Aunetinozo onepamopa A, mo

U(A, 1) = U(A = AE, u— \) dan mobozo \.

JlokazarebcTBO. B camom jeste, nyctb V' — A-uHBapraHTHOE 110/I-
ITPOCTPAHCTBO.

Urak, nycrs x € U (121, p). Torga mst Hekotoporo k mmeem
R N
x € Ker (A — ,LLE> =

R R R N\ k
zKer(A—)\EJr)\E—uE) _
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ko ecau Vo asaaemcs <A—,LLE) ~unesapuarnmmuoim.  Feau  npu
IMoM L — cobcmeennoe 3navenue Aunetinozo onepamopa A, mo

U(A, 1) = U(A = AE, u— \) dan mobozo \.

JlokazarebcTBO. B camom jeste, nyctb V' — A-uHBapraHTHOE 110/I-
ITPOCTPAHCTBO.
Urak, ycrs x € U(A, p). Torma mjist HeKoTOporo k nmeem

R A\ Kk

XGKer(A—,uE> =
R R R A\ Kk R R A\ Kk
:Ker(A—)\EJr)\E—uE) :Ker(A—)\E—(u—)\)E),

cJieJIoBaTe IbHO,
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ko ecau Vo asaaemcs <A—,LLE) ~unesapuarnmmuoim.  Feau  npu

IMoM L — cobcmeennoe 3navenue Aunetinozo onepamopa A, mo

U(A, 1) = U(A = AE, u— \) dan mobozo \.

JlokazarebcTBO. B camom jeste, nyctb V' — A-uHBapraHTHOE 110/I-
ITPOCTPAHCTBO.
Urak, ycrs x € U(A, p). Torma mjist HeKoTOporo k nmeem

R A\ Kk

XGKer(A—,uE> =
R R R A\ Kk R R A\ Kk
:Ker(A—)\EJr)\E—uE) :Ker(A—)\E—(u—)\)E),

A

creoBarenbio, X € U(A — NE, i — \).
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ko ecau Vo asaaemcs <A—,LLE) ~unesapuarnmmuoim.  Feau  npu

IMoM L — cobcmeennoe 3navenue Aunetinozo onepamopa A, mo

U(A, 1) = U(A = AE, u— \) dan mobozo \.

JlokazarebcTBO. B camom jeste, nyctb V' — A-uHBapraHTHOE 110/I-
ITPOCTPAHCTBO.
Urak, ycrs x € U(A, p). Torma mjist HeKoTOporo k nmeem

R A\ Kk

XGKer(A—,uE> =
R R R A\ Kk R R A\ Kk
:Ker(A—)\EJr)\E—uE) :Ker(A—)\E—(u—)\)E),

ciaejoBaresibio, X € U(A — AE, u — \).
ObpaTHoe YTBEprKJIeHNE JJOKA3bIBACTCS aHAJIOTHIHO. JIleMMa jokasaHa.,



JIlemma 4 (0 OpsaAMOii cymMmMe A-I/IHBapI/IaHTHbIX ITOIIIPOCTPAHCTB). Hycmb 121 —
AUHETHbLT onepamop aunetinozo npocmpancmea U @V, 2de U u'V —
A-unsapuanmume noonpocmpancmea. Ecau g(\) u h(X) — zapaxmepu-
CIuMecKue NoAUHOMDL OZPQHU%BHUH,OHEPQWMn%L14 na U u, coomeem-
cmeenno, wa V', mo xapaxmepucmuseckuts nosuHOM 0NePamopa A pasen

g(A) - h(A).

JloKka3aTebCTBO.



JIlemma 4 (o OpsaAMOii cymMmMe A-I/IHBapI/IaHTHbIX MO/IITPOCTPAHCTB). Hycmb 121 —
AUHETHbLT onepamop aunetinozo npocmpancmea U @V, 2de U u'V —
A-unsapuanmume noonpocmpancmea. Ecau g(\) u h(X) — zapaxmepu-
CINUYECKUE NOAUHOMDL 02PAHUYEHUA ONEPATOPa A na U u, coomeem-
cmeenno, wa V', mo xapaxmepucmuseckuts nosuHOM 0NePamopa A pasen

g(A) - h(A).

Jloka3zaTeJabCTBO. Kak U3BecTHO, XapaKTepuCTUIeCKl TTOJIMHOM
JIMHEIHOTO omepaTropa paBeH XapaKTePUCTUIECKOMY HOJIMHOMY
ero MaTpuiibl B J1000M basuce (Ko3DOUIHEHTHI TTOJTHHOMA ABJISTIOTCST
MHBapUAHTaMI JIMHEHHOTO ollepaTopa, MO3TOMY TOJMHOM }AB — )\E‘ He
3aBUCHT OT BbIOOpa Oasnca B).



JIlemma 4 (0 OpsaAMOii cymMmMe A-I/IHBapI/IaHTHbIX ITOIIIPOCTPAHCTB). Hycmb 121 —
AUHETHbLT onepamop aunetinozo npocmpancmea U @V, 2de U u'V —
A-unsapuanmume noonpocmpancmea. Ecau g(\) u h(X) — zapaxmepu-
CINUYECKUE NOAUHOMDL 02PAHUYEHUA ONEPATOPa A na U u, coomeem-
cmeenno, wa V', mo xapaxmepucmuseckuts nosuHOM 0NePamopa A pasen

g(A) - h(A).

HHokazarenbctBo. [lycte By = {ej, e, ..., €,} — basuc nuneiinoro
npocrpancrsa U nu By = {em+1, €mni2s - - en} — Gasuc JmHeHOro 1po-
cTpaHcTBa V', npudem AB — MAaTpHulla OrpaHuYeHNs orepaTopa A na

U B bazuce By u AB — MaTpuIa orpanuuenus oneparopa A wa V B
basuce Bs.



JIlemma 4 (0 OpsaAMOii cymMmMe A-I/IHBapI/IaHTHbIX ITOIIIPOCTPAHCTB). Hycmb 121 —
AUHETHbLT onepamop aunetinozo npocmpancmea U @V, 2de U u'V —
A-unsapuanmume noonpocmpancmea. Ecau g(\) u h(X) — zapaxmepu-
CINUYECKUE NOAUHOMDL 02PAHUYEHUA ONEPATOPa A na U u, coomeem-
cmeenno, wa V', mo xapaxmepucmuseckuts nosuHOM 0NePamopa A pasen

g(A) - h(A).

HHokazarenbctBo. [lycte By = {ej, e, ..., €,} — basuc nuneiinoro
npocrpancrsa U nu By = {em+1, €mni2s - - en} — Gasuc JmHeHOro 1po-
cTpaHcTBa V', npudem AB — MAaTpHulla OrpaHuYeHNs orepaTopa A na

U B bazuce By u AB — MaTpuIa orpanuuenus oneparopa A wa V B
basuce Bs.

Torma, odeBnjno, cucrema BektopoB B = {eq, ... e, €n11,...,€,}
sIBJIIeTCsT Da31coM JinHeiHoro npocrpanctea U @ V.



JIlemma 4 (o OpsaAMOii cymMmMe A-I/IHBapI/IaHTHbIX ITOIIIPOCTPAHCTB). Hycmb 121 —
AUHETHbLT onepamop aunetinozo npocmpancmea U @V, 2de U u'V —
A-unsapuanmume noonpocmpancmea. Ecau g(\) u h(X) — zapaxmepu-
CINUYECKUE NOAUHOMDL 02PAHUYEHUA ONEPATOPa A na U u, coomeem-
cmeenno, wa V', mo xapaxmepucmuseckuts nosuHOM 0NePamopa A pasen

g(A) - h(A).

HokazarenbctBo. b ={ei,...,e,,en01,...,6,} — 0Oasuc Jyis
UaV, A%l i A%Q — MaTpuibl orpannyennii oneparopa A ma U mu,
COOTBETCTBEHHO, Ha V.

CortacHO KPUTEPUIO II0JIyPaCIIaBIIEiCs MAaTPUIIbI, MAaTPUILIA, OIle-
A% Omx(n—m)

1

atopa A B 6azuce B nmeer B AR =
P P b O(n—m)xm AV )



JIlemma 4 (o OpsaAMOii cymMmMe A-I/IHBapI/IaHTHbIX ITOIIIPOCTPAHCTB). Hycmb 121 —
AUHETHbLT onepamop aunetinozo npocmpancmea U @V, 2de U u'V —
A-unsapuanmume noonpocmpancmea. Ecau g(\) u h(X) — zapaxmepu-
CINUYECKUE NOAUHOMDL 02PAHUYEHUA ONEPATOPa A na U u, coomeem-
cmeenno, wa V', mo xapaxmepucmuseckuts nosuHOM 0NePamopa A pasen

g(A) - h(A).

HokazarenbctBo. b ={ei,...,e,,en01,...,6,} — 0Oasuc Jyis

UaV, A% i A% — MaTpuibl orpannyennii oneparopa A ma U mu,
1 2
COOTBETCTBEHHO, Ha V.

U
AB _ ABl Omx(n—m)

v — MaTpuIla orneparopa A B 6azuce B.
O(n—m)xm A]32

[To cBolicTBY JeTepMmMHaAHTa HOJIypacHaBHieiicd MaTpPUIlbI



JIlemma 4 (o OpsaAMOii cymMmMe A-I/IHBapI/IaHTHbIX ITOIIIPOCTPAHCTB). Hycmb 121 —
AUHETHbLT onepamop aunetinozo npocmpancmea U @V, 2de U u'V —
A-unsapuanmume noonpocmpancmea. Ecau g(\) u h(X) — zapaxmepu-
CINUYECKUE NOAUHOMDL 02PAHUYEHUA ONEPATOPa A na U u, coomeem-
cmeenno, wa V', mo xapaxmepucmuseckuts nosuHOM 0NePamopa A pasen

g(A) - h(A).

HHokazarenbctBo. b ={ey,...,e,,en11,...,6,} — 0Oazuc jyis
UV, A%l 7 A%Q — MaTpHIbl OIpaHUYEHUIi oreparopa Awa U u,
COOTBETCTBEHHO, Ha V.

A%1 Omx(n—m)
O-myxm  Ap,

[lo cBolicTBY JleTepMMHaAHTa MOJIypacHaBiieiicd MaTpPuUIlbl

Ap = — MaTpuiia orneparopa A B 6asuce B.

AR — AE,| =
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AUHETHbLT onepamop aunetinozo npocmpancmea U @V, 2de U u'V —
A-unsapuanmume noonpocmpancmea. Ecau g(\) u h(X) — zapaxmepu-
CINUYECKUE NOAUHOMDL 02PAHUYEHUA ONEPATOPa A na U u, coomeem-
cmeenno, wa V', mo xapaxmepucmuseckuts nosuHOM 0NePamopa A pasen

g(A) - h(A).

HHokazarenbctBo. b ={ey,...,e,,en11,...,6,} — 0Oazuc jyis
UV, A%l 7 A%Q — MaTpHIbl OIpaHUYEHUIi oreparopa Awa U u,
COOTBETCTBEHHO, Ha V.

A%1 Omx(n—m)
O-myxm  Ap,

[lo cBolicTBY JleTepMMHaAHTa MOJIypacHaBiieiicd MaTpPuUIlbl

Ap = — MaTpuiia orneparopa A B 6asuce B.

AB - )\Enxn‘ —

U 4
1A]31 - )\mem"‘AB2 - AE(n—m)x(n—m) —
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AUHETHbLT onepamop aunetinozo npocmpancmea U @V, 2de U u'V —
A-unsapuanmume noonpocmpancmea. Ecau g(\) u h(X) — zapaxmepu-
CINUYECKUE NOAUHOMDL 02PAHUYEHUA ONEPATOPa A na U u, coomeem-
cmeenno, wa V', mo xapaxmepucmuseckuts nosuHOM 0NePamopa A pasen

g(A) - h(A).

HHokazarenbctBo. b ={ey,...,e,,en11,...,6,} — 0Oazuc jyis
UV, A%l 7 A%Q — MaTpHIbl OIpaHUYEHUIi oreparopa Awa U u,
COOTBETCTBEHHO, Ha V.

A%1 Omx(n—m)
O-myxm  Ap,

[lo cBolicTBY JleTepMMHaAHTa MOJIypacHaBiieiicd MaTpPuUIlbl

Ap = — MaTpuiia orneparopa A B 6asuce B.

AB - )\Enxn‘ —

U |%
AR, = B | AR, = My | = 90ROV,



JIlemma 4 (o OpsaAMOii cymMmMe A-I/IHBapI/IaHTHbIX ITOIIIPOCTPAHCTB). Hycmb 121 —
AUHETHbLT onepamop aunetinozo npocmpancmea U @V, 2de U u'V —
A-unsapuanmume noonpocmpancmea. Ecau g(\) u h(X) — zapaxmepu-
CINUYECKUE NOAUHOMDL 02PAHUYEHUA ONEPATOPa A na U u, coomeem-
cmeenno, wa V', mo xapaxmepucmuseckuts nosuHOM 0NePamopa A pasen

g(A) - h(A).

HHokazarenbctBo. b ={ey,...,e,,en11,...,6,} — 0Oazuc jyis
UV, A%l 7 A%Q — MaTpHIbl OIpaHUYEHUIi oreparopa Awa U u,
COOTBETCTBEHHO, Ha V.

A%1 Omx(n—m)
O-myxm  Ap,

[lo cBolicTBY JleTepMMHaAHTa MOJIypacHaBiieiicd MaTpPuUIlbl

Ap = — MaTpuiia orneparopa A B 6asuce B.

AB - )\Enxn‘ —

U |%
AR, = B | AR, = My | = 90ROV,

qTO U TPebOBAJIOCH JIOKA3ATh.



Jlemma 5 (o CyMMe KOPHEBBIX IOJIIIPOCTPAHCTB). B YCAo6UAT mBOPBM’bL 1

U=UA,m)&...0U(A, un), 20e {1, ..., pm} = spec A.

Jloka3aTeJabCTBO.



Jlemma 5 (o CyMMe KOPHEBBIX IOJIIIPOCTPAHCTB). B YCAo6UAT mBOPBM’bL 1

U=UA,m)&...0U(A, un), 20e {1, ..., pm} = spec A.

HokazareabcTBO. VHIyKINS 10 pasMepHOCTH MIpocTpaHcTBa. basa
VHTY KA



Jlemma 5 (o CyMMe KOPHEBBIX IOJIIIPOCTPAHCTB). B YCAo6UAT mBOPBM’bL 1

U=UA,m)&...0U(A, un), 20e {1, ..., pm} = spec A.

HokazareabcTBO. VHIyKINS 10 pasMepHOCTH MIpocTpaHcTBa. basa
nHayKiun — dim U = 1 — odeBugHa.



Jlemma 5 (o CyMMe KOPHEBBIX IOJIIIPOCTPAHCTB). B YCAo6UAT mBOPBM’bL 1

U=UA,m)&...0U(A, un), 20e {1, ..., pm} = spec A.

HoxkazatreabcTBo. [lycth dimU =n > 1 n g goboro guHeiiHoro
IIPOCTPAHCTBA MEHbBIIEH Pa3MEepPHOCTH YTBEPKJICHNE JIEMMbI BEPHO.



Jlemma 5 (o CyMMe KOPHEBBIX IOJIIIPOCTPAHCTB). B YCAo6UAT mBOPBM’bL 1

U=UA,m)&...0U(A, un), 20e {1, ..., pm} = spec A.

HoxkazareabcTBo. [lycth dimU =n > 1 un jaua Jyroboro jguHEHO-
ro IPOCTPAHCTBA MEHBIIEH pPasMepHOCTH YTBEPXKJACHUE JIEMMbl BEPHO.
[Iycrhb 11 — cobeTBeHHOE 3HAUYEHUE OllepaTopa AU (A, {t1) — KOpHEBOe
IOJITPOCTPAHCTBO JIMHEITHOTO OIIepaTopa A, COOTBETCTBYIOIIEE TUCTY [4].
Torna



Jlemma 5 (o CyMMe KOPHEBBIX IOJIIIPOCTPAHCTB). B YCAo6UAT mBOPBM’bL 1

U=UA,m)&...0U(A, un), 20e {1, ..., pm} = spec A.

HoxkazareabcTBo. [lycth dimU =n > 1 un jaua Jyroboro jguHEHO-
ro IPOCTPAHCTBA MEHBIIEH pPasMepHOCTH YTBEPXKJACHUE JIEMMbl BEPHO.
[Iycrhb 11 — cobeTBeHHOE 3HAUYEHUE OllepaTopa AU (fl, {t1) — KOpHEBOe
IOJITPOCTPAHCTBO JIMHEITHOTO OIIepaTopa A, COOTBETCTBYIOIIEE TUCTY [4].
Torna

U(A, ) = Ker (/1 — ,ulE> = Ker (A ,ulE) 2n. (1)

B camowm jeite,



Jlemma 5 (o CyMMe KOPHEBBIX IOJIIIPOCTPAHCTB). B YCAo6UAT mBOPBM’bL 1

U=UA,m)&...0U(A, un), 20e {1, ..., pm} = spec A.
Jloka3aTeJabCTBO.
A ~ A\ N ~ A\ 2n
U(A, ) = Ker (A - ,u1E> = Ker (A — ,ulE) : (1)

B camom jieste, mycTh

{0} < Ker (A — ulﬁ) < ... < Ker (121 — MlE)k = Ker (A ,ulE)

k+1



Jlemma 5 (o CyMMe KOPHEBBIX IOJIIIPOCTPAHCTB). B YCAo6UAT mBOPBM’bL 1

U=UA,m)&...0U(A, un), 20e {1, ..., pm} = spec A.

Jloka3aTeJabCTBO.

U(A, 1) = Ker (fl - ,ulf'?)n = Ker (A — ,ulE) 2n. (1)

B camom jieste, mycTh

{0} < Ker (A — ulﬁ) < ... < Ker (121 — MlE)k = Ker (A ,ulE)

Torga ¢ nmoMombI0 UHAYKINHA 110 § > 1 mojrydaeM, ITo

k+1

n AN\ Kk k+s
Ker <A — ,ulE) =...= Ker (A ,LL1E> :



JlemMa 5 (o cymme kopuesbix nognpoctpancrs). B yCcA06UAL meopembL 1
U=UA,m)&...0U(A, un), 20e {1, ..., pm} = spec A.

,ZLOKasaTeJIBCTBo.

U(A, ) = Ker <121 — M1E>n = Ker (A — M1E) 2n. (1)
B camom jieste, mycThb
{0} < Ker (121 — M1E> < ... < Ker (121 — /“E) = Ker (A ,ulE) kH.
Tora ¢ MOMOIIBIO HHAYKIMK 110 S > 1 MOJIyyYaeM, 9To
Ker (121 — mE)k =...= Ker (A ,ulE) k+s.

Tax kak /10 k-ro mara BKJIIOYHTEIBHO Pa3MEPHOCTU HOAINDPOCTPAHCTB

AN A /I/
Ker (A—,ulE) VBEJNYUBAJIUCH, HO PasMEpPHOCTH IOJIIPOCTPaHCTBA

R A\ Kk
Ker (A — ,ulE) He Oosibiie n = dim U, To



JlemMa 5 (o cymme kopuesbix nognpoctpancrs). B yCcA06UAL meopembL 1
U=UA,m)&...0U(A, un), 20e {1, ..., pm} = spec A.

,ZLOKasaTeJIBCTBo.

U(A, ) = Ker <121 — M1E>n = Ker (A — M1E) 2n. (1)
B camom jieste, mycThb
{0} < Ker (121 — M1E> < ... < Ker (121 — /“E) = Ker (A ,ulE) kH.
Tora ¢ MOMOIIBIO HHAYKIMK 110 S > 1 MOJIyyYaeM, 9To
Ker (121 — mE)k =...= Ker (A ,ulE) k+s.

Tax kak /10 k-ro mara BKJIIOYHTEIBHO Pa3MEPHOCTU HOAINDPOCTPAHCTB

AN A /I/
Ker (A—,ulE) VBEJNYUBAJIUCH, HO PasMEpPHOCTH IOJIIPOCTPaHCTBA

R A\ Kk
Ker (A — ,ulE) He Oosibiie n = dim U, To k < n.

Pagenctsa (1) nokasamb.



Jlemma 5 (o CyMMe KOPHEBBIX IOJIIIPOCTPAHCTB). B YCAo6UAT mBOPBM’bL 1

U=UA,m)&...0U(A, un), 20e {1, ..., pm} = spec A.
Jloka3aTeJabCTBO.
A ~ A\ N ~ A\ 2n
U(A, ) = Ker (A - ,u1E> = Ker (A — ,ulE) : (1)

A

[Tostozxum W = (A = ,ulE)n (U).



Jlemma 5 (o CyMMe KOPHEBBIX IOJIIIPOCTPAHCTB). B YCAo6UAT mBOPBM’bL 1

U=UA,m)&...0U(A, un), 20e {1, ..., pm} = spec A.

Jloka3aTeJabCTBO.

U(A, 1) = Ker (fl - ,ulf'?)n = Ker (A — ,ulE) 2n. (1)

A

[Tosoxkum W = (A — ,ulE)n (U). Hokasewm, uro U = U(A, i) & W.



Jlemma 5 (o CyMMe KOPHEBBIX IOJIIIPOCTPAHCTB). B YCAo6UAT mGOPGM’bL 1

U=UA,m)&...0U(A, un), 20e {1, ..., pm} = spec A.

Jloka3aTeJabCTBO.
N ~ ~ 2n
U(A, 1) = Ker <A — ,u1E> = Ker (A ,ulE) : (1)

~ ~\ 1 ~
[Tosoxkum W = (A — ,ulE) (U). Hokaxem, aro U = U(A, u1) & W.
J1J1s1 3TOrO, B CHJIy TEOPEMbI O CyMMe paHra u gedeKra JIMHEeiiHOro
orrepaTopa, J0CTaTouHo mpoeputhb, uto U(A, uy) N W = {0}.



Jlemma 5 (o CyMMe KOPHEBBIX IOJIIIPOCTPAHCTB). B YCAo6UAT mGOPGM’bL 1

U=UA,m)&...0U(A, un), 20e {1, ..., pm} = spec A.

Jloka3aTeJabCTBO.
N ~ ~ 2n
U(A, 1) = Ker <A — ,u1E> = Ker (A ,ulE) : (1)

[Tosoxkum W = (121 — ,ulE)n (U). Hokasewm, uro U = U(A, i) & W.
J1J1s1 3TOrO, B CHJIy TEOPEMbI O CyMMe paHra u gedeKra JIMHEeiiHOro
orepaTopa, JJOCTATOYHO IIPOBEPUTL, 4To U (121, pu1) "W = {0}.
BosbMmem



Jlemma 5 (o CyMMe KOPHEBBIX IOJIIIPOCTPAHCTB). B YCAo6UAT mGOPGM’bL 1

U=UA,m)&...0U(A, un), 20e {1, ..., pm} = spec A.

Jloka3aTeJabCTBO.
N ~ ~ 2n
U(A, 1) = Ker <A — ,u1E> = Ker (A ,ulE) : (1)

[Tosoxkum W = (121 — ,ulE)n (U). Hokasewm, uro U = U(A, i) & W.
J1J1s1 3TOrO, B CHJIy TEOPEMbI O CyMMe paHra u gedeKra JIMHEeiiHOro
orepaTopa, JJOCTATOYHO IIPOBEPUTL, 4To U (121, pu1) "W = {0}.
Bosbyem x € U(A, ) N .



Jlemma 5 (o CyMMe KOPHEBBIX IOJIIIPOCTPAHCTB). B YCAo6UAT mGOPGM’bL 1

U=UA,m)&...0U(A, un), 20e {1, ..., pm} = spec A.

Jloka3aTeJabCTBO.
N ~ ~ 2n
U(A, ) = Ker <A — ,u1E> = Ker (A ,LL1E) : (1)

~ ~\ "N ~
[Tosoxkum W = (A — ,ulE) (U). Hokaxem, aro U = U(A, u1) & W.
Jlnst 3TOTO, B CUJly TEOPEMBI O CyMMe PaHra u JiepeKTa JMHEeHHOro
OIepATOPA, JOCTATOUHO IPOBepuTh, o U(A, i) N W = {0}

Bosbmem x € U(A, 1)) N W. Tak kax x € W = (A ,ulE) (U), To

HaiijleTca Takoil BEKTOp Yy, 4TO X = (A - ,ulE) (y).



Jlemma 5 (o CyMMe KOPHEBBIX IOJIIIPOCTPAHCTB). B YCAo6UAT mGOPGM’bL 1

U=UA,m)&...0U(A, un), 20e {1, ..., pm} = spec A.

Jloka3aTeJabCTBO.
N ~ ~ 2n
U(A, ) = Ker <A — ,u1E> = Ker (A ,LL1E) : (1)

~ ~\ 1 ~
[Tosoxkum W = (A — ,ulE) (U). Hokaxem, aro U = U(A, u1) & W.
J1J1s1 3TOrO, B CHJIy TEOPEMbI O CyMMe paHra u gedeKra JIMHEeiiHOro
orrepaTopa, J0CTaTouHo mpoeputhb, uto U(A, uy) N W = {0}.

Bospmem x € U(A, ) NW. Tak kak x€ W = (121 - MlE)n (U),

X = (121 — ,ulE) (y). Cormacno pasencram (1), nmeem
0



Jlemma 5 (o CyMMe KOPHEBBIX IOJIIIPOCTPAHCTB). B YCAo6UAT mGOPGM’bL 1

U=UA,m)&...0U(A, un), 20e {1, ..., pm} = spec A.

Jloka3aTeJabCTBO.
N ~ ~ 2n
U(A, ) = Ker <A — ,u1E> = Ker (A ,LL1E) : (1)

~ ~\ 1 ~
[Tosoxkum W = (A — ,ulE) (U). Hokaxem, aro U = U(A, u1) & W.
J1J1s1 3TOrO, B CHJIy TEOPEMbI O CyMMe paHra u gedeKra JIMHEeiiHOro
orrepaTopa, J0CTaTouHo mpoeputhb, uto U(A, uy) N W = {0}.

Bospmem x € U(A, ) NW. Tak kak x€ W = (121 - MlE)n (U),

= (121 — ,ulE)n (y). Cormacno pasencram (1), nmeem
A A\ T A AL
= (A - M1E> (x) = (A — mE) (¥)-
2n
Takum obpazom, y € Ker (A ,LL1E> :



Jlemma 5 (o CyMMe KOPHEBBIX IOJIIIPOCTPAHCTB). B YCAo6UAT mGOPGM’bL 1

U=UA,m)&...0U(A, un), 20e {1, ..., pm} = spec A.

Jloka3aTeJabCTBO.
N ~ ~ 2n
U(A, ) = Ker <A — ,u1E> = Ker (A ,LL1E) : (1)

[Tosoxkum W = (121 — ,ulE)n (U). Hokasewm, uro U = U(A, i) & W.
J1J1s1 3TOrO, B CHJIy TEOPEMbI O CyMMe paHra u gedeKra JIMHEeiiHOro
oreparopa, J0CTaTOYHO HPOBEPUTH, 4To U (A,ul) NW = {0}. Bosb-
mem x € U(A, i) "W, x= (A — ,ulﬁ)n (y).

A A\ 2n
Urak, y € Ker (A — ,ulE) . Uz pasencts (1)  mnosydaem

A A

y € Ker (121 — ulﬁ)n. CrenoBaTeibHO, X = (A — ,ulE)n (y) = 0. Urax
Ker (A — ,ulE) N (A — ,ulE) (U) ={0}.



Jlemma 5 (o CyMMe KOPHEBBIX IOJIIIPOCTPAHCTB). B YCAo6UAT mGOPGM’bL 1

U=UA,m)&...0U(A, un), 20e {1, ..., pm} = spec A.

Jloka3aTeJabCTBO.
A ~ A\ ~ A\ 2n
U(A, 1) = Ker <A — ,u1E> = Ker (A - ,ulE) : (1)

[Tostozxum W = (121 = ,ulE) (U). M jiokazajm 4To

A ~\ 1 N ~\ N
Ker (A — ,ulE) N <A — ,ulE) (U) ={0}.
Kak oTMedasioch BBIIIE, 13 TEOPEMBI O CyMMe panra m jgedexTa
JINHEHOTO ollepaTopa CJIeayeT, YTO



Jlemma 5 (o CyMMe KOPHEBBIX IOJIIIPOCTPAHCTB). B YCAo6UAT mGOPGM’bL 1

U=UA,m)&...0U(A, un), 20e {1, ..., pm} = spec A.

Jloka3aTeJabCTBO.
A ~ A\ ~ A\ 2n
U(A, ) = Ker <A — ,u1E> = Ker (A - ,LL1E) : (1)

[Tostozxum W = (121 = ,ulE)n (U). M jiokazajm 4To
Ker (fl — ulﬁ)n N <121 — mE)n (U) ={0}.

Kak oTMedasioch BBIIIE, 13 TEOPEMBI O CyMMe panra m jgedexTa
JINHEHOTO ollepaTopa CJIeayeT, YTO

U = Ker (A — ,ulE)n@(A — ,ulﬁ)n (U) = U(A, ,ul)@(fl — ,ulE)n (U).
(2)



Jlemma 5 (o CyMMe KOPHEBBIX IOJIIIPOCTPAHCTB). B YCAo6UAT mBOPBM’bL 1

U=UA,m)&...0U(A, un), 20e {1, ..., pm} = spec A.

Jloka3aTeJabCTBO.
U(A, ) = Ker (fl — M1E>n = (A /uE) " (1)

N ~\ 7N ~ ~\ N ~ N ~\ N
U = Ker (A - ME) @(A - ME) (U) = U(A, m)@(A - ME) ().
(2)
B cuny ycnoBust pokaspiBaeMoii JieMMbl U JIEMMbBI O HpsiMOii cymme A-
NHBapUaHTHBIX ITOJIIPOCTPAHCTB XapaKTepMCTquCKI/{H ITIOJINHOM OI'DaHU-

YeHUd oleparopa A na (A ,u1E> (U) siBisieTcst BIOJTHE TPUBOUMBIM.



Jlemma 5 (o CyMMe KOPHEBBIX IOJIIIPOCTPAHCTB). B YCAo6UAT mBOPBM’bL 1

U=UA,m)&...0U(A, un), 20e {1, ..., pm} = spec A.

Jloka3aTeJabCTBO.
U(A, ) = Ker (fl — M1E>n = (A /uE) " (1)

N ~\ 7N ~ ~\ N ~ N ~\ N
U = Ker (A - ME) @(A - ME) (U) = U(A, m)@(A - ME) ().
(2)
B cuny ycnoBust pokaspiBaeMoii JieMMbl U JIEMMbBI O HpsiMOii cymme A-
NHBapUaHTHBIX ITOJIIPOCTPAHCTB XapaKTepMCTquCKI/{H ITIOJINHOM OI'DaHU-

YeHUd oleparopa A na (A ,u1E> (U) siBisieTcst BIOJTHE TPUBOUMBIM.

A A n
[To npeno/10sKennio MHYKIUE HOIIPOCTPAHCTBO (A — ,ulE> (U) pas-
JIAraeTcsl B IPAMYIO CYMMY KOPHEBBIX IIOAIPOCTPAHCTB OIPaHIYEHUs Olle-

paropa A Ha (121 — ulﬁ)n (U).



Jlemma 5 (o CyMMe KOPHEBBIX IOJIIIPOCTPAHCTB). B YCAo6UAT meope./wu 1

U=UA,m)&...0U(A, un), 20e {1, ..., pm} = spec A.

Jloka3aTeJabCTBO.
A ~ A\ ~ A\ 2n
U(A, 1) = Ker (A - ,u1E> = Ker (A — ,ulE) : (1)

U = Ker (4- ulE)”@(A - ME)” (V) = U(A, m)e (A - ME)” ().

~ ~ n
[To npeano10sKennio MHIYKIUE TOIIPOCTPAHCTBO (A — ,ulE) (U) pas-
JIArAeTCs B IPAMYIO CyMMY KOPHEBDLIX HOIIPOCTPAHCTB OIPAHUYEHUST OlIe-
~ ~ ~ n
paropa A Ha (A — ,ulE) (0).



Jlemma 5 (o CyMMe KOPHEBBIX IOJIIIPOCTPAHCTB). B YCAo6UAT meope./wu 1

U=UA,m)&...0U(A, un), 20e {1, ..., pm} = spec A.

Jloka3aTeJabCTBO.
U(A, 1) = Ker (121 — mE)n = (A /uE) 2n, (1)

A~ ~\ N ~ ~\ N ~ ~ ~\ N
U = Ker (A _ ME) @(A _ ME) (U) = U(A, m)@(A _ ME) ().
)
[To npeano10sKennio MHIYKIUE TOIIPOCTPAHCTBO (A — ,ulE) (U) pas-
JIATACTCA B HPAMYIO CYMMY KOPHEBBIX HO/[HPOCTPAHCTE OTPAHITCHISA OTie-
paTopa A ua (A ,ulE) (U). DTu moAmpocTpancTBa, SIBJISTIOTCST KOPHEe-
BBIMU U JIJIs OllepaTopa A. Takuwm obOpas3oM, ToJiydaeM TpedyeMoe pasJio-

yKeHue npocTpaHcTBa U B IPIMYIO CyMMY KOPHEBBIX MOAIIPOCTPAHCTB.
JlemMa j1okazaHa.



CJ’IG,Z[CTBI/IG 1 (0 pa3MepHOCTH KOPHEBOTO IMO/IIPOCTPAHCTBA). Eeau raparme-
pucmuyeckuts noaunom  f(X\)  onepamopa A enoane PA3NOAHCUM, O
ecmo npedecmasum 6 sude f(A) = (X — ,ul)kl()\ — ,u,g)k2 (A= ,um)km,
mo oas mobozo 1 ¢ ycrosuem 1 <1 < m umeem MeECMo pPaseHcmso
dim U (fl, i) = ki. Hnvimu caos6amu, pasmeprocms KopHec020 nodnpo-
CMPANCMEa, 0MGEEUANUL20 CODCMEEHHOMY SHAMEHUIO (L, PAGHA KPATM-
HOCTRU KOPHA [1; mHo204aena f(N).

Jloka3zaTeJabCTBO. DTO OYEBUJIHOE CJIEJACTBUE M3 JIEMMbBI O CyMMe
KOPHEBBIX IIOJIIPOCTPAHCTB U U3 JIEMMbBI O HPSMOIl cymMme A-
MHBAPUAHTHBIX MOJIIPOCTPAHCTB.



CJ’IG,Z[CTBI/IG 1 (0 pa3MepHOCTH KOPHEBOTO IMO/IIPOCTPAHCTBA). Eeau raparme-
pucmuyeckuts noaunom  f(X\)  onepamopa A enoane PA3NOAHCUM, O
ecmo npedecmasum 6 sude f(A) = (X — ,ul)kl()\ — ,ug)k2 (A= ,um)km,
mo oas mobozo 1 ¢ ycrosuem 1 <1 < m umeem MeECMo pPaseHcmso
dim U (fl, i) = ki. Hnvimu caos6amu, pasmeprocms KopHec020 nodnpo-
CMPANCMEa, 0MGEEUANUL20 CODCMEEHHOMY SHAMEHUIO (L, PAGHA KPATM-
HOCTRU KOPHA [1; mHo204aena f(N).

rZLOKa?,aTe.mDCTBo Ieno B ToM, 9TO ec/in B— OrpatieHie OnepaTo-
pa A na KOPHEBOE H0/{IIPOCTPAHCTBO U (A [4;) OTIepaTopa A TO XapaKTe-
PUCTUYECKUIT TOJIMTHOM ollepaTopa B He nmeer JIPYTUX KOPHEl, KPpoMe (4.



CJ’IG,Z[CTBI/IG 1 (0 pa3MepHOCTH KOPHEBOTO IMO/IIPOCTPAHCTBA). Eeau raparme-
pucmuyeckuts noaunom  f(X\)  onepamopa A enoane PA3NOAHCUM, O
ecms npedemasum 6 cude f(A) = (A — ,ul)kl()\ — ,ug)k2 (A= ,um)km,
mo oas mobozo 1 ¢ ycrosuem 1 <1 < m umeem MeECMo pPaseHcmso
dim U (fl, i) = ki. Hnvimu caos6amu, pasmeprocms KopHec020 nodnpo-
CMPANCMEa, 0MGEEUANUL20 CODCMEEHHOMY SHAMEHUIO (L, PAGHA KPATM-
HOCTRU KOPHA [1; mHo204aena f(N).

JlokazarebcTBO. Ecim Obl Halescss KopeHb 6 # 1 XapaKTepucTu-
4eCcKOro IOJIMHOMa olepaTopa /B, TO Jijisi HEro B 3TOM KOPHEBOM I10/I-
IIPOCTPAHCTBE HalleJcss Obl COOCTBEHHBI BeKTOp X. OJIHAKO MHIYKIIHSI

X N
JaeT (A — ,uE) (x) = (6 — p)*x, uTo Hu npu KakoM HAaTypasbHOM k He

PABHO HYJIEBOMY BEKTOPY. DTO NPOTHUBOPEUUT TOMY, YTO



CJ’IG,Z[CTBI/IG 1 (0 pa3MepHOCTH KOPHEBOTO IMO/IIPOCTPAHCTBA). Eeau raparme-
pucmuyeckuts noaunom  f(X\)  onepamopa A enoane PA3NOAHCUM, O
ecms npedemasum 6 cude f(A) = (A — ,ul)kl()\ — ,ug)k2 (A= ,um)km,
mo oas mobozo 1 ¢ ycrosuem 1 <1 < m umeem MeECMo pPaseHcmso
dim U (fl, i) = ki. Hnvimu caos6amu, pasmeprocms KopHec020 nodnpo-
CMPANCMEa, 0MGEEUANUL20 CODCMEEHHOMY SHAMEHUIO (L, PAGHA KPATM-
HOCTRU KOPHA [1; mHo204aena f(N).

JlokazarebcTBO. Ecim Obl Halescss KopeHb 6 # 1 XapaKTepucTu-
4eCcKOro IOJIMHOMa olepaTopa /B, TO Jijisi HEro B 3TOM KOPHEBOM I10/I-
IIPOCTPAHCTBE HalleJcss Obl COOCTBEHHBI BeKTOp X. OJIHAKO MHIYKIIHSI

JaeT (A — ,uE)k (x) = (6 — p)*x, uTo Hu npu KakoM HAaTypasbHOM k He
PABHO HYJIEBOMY BEKTOPY. DTO MPOTHBOPEUUT TOMY, ITO X MPUHAJTIEIKUT
KOPHEBOMY TO[ITPOCTPAHCTBY oneparopa A (1, SHAYNT, KODHEBOMY T0/I-
HPOCTPAHCTBY oOlepaTopa B), oTBedaiommeMy coGCTBEHHOMY 3HAYEHHUIO L.



Onpenernienne HUJIBIOTEHTHOIO OIlepaTopa

A

JIemMa 00 NMHBaApPHUaHTHbBIX IIOAIIPOCTPaHCTBaX OIIEPaTOpPOB A

u (A — ,uE) 1 JJeMMa O CyMMe KOPHEBBIX IOJITPOCTPAHCTB CBO-

AT 3aJ1a9y IOCTPOCHUS KAHOHMYIECKOTO Das3nca K CUTyallud, KOTjia BCe
[IPOCTPAHCTBO — KOPHEBOE.



Onpeaesnienne HUJIBIIOTEHTHOIO OIIepaTopa

A

JleMMa 00 MHBapmMaHTHBIX HOANPOCTPAHCTBaX ollepaTopoB A
u (A — ,uE) 1 JIEMMa O CyMMe KOPHEBBIX ITOAIIPOCTPAHCTB CBO-

AT 3aJ1a9y IOCTPOCHUS KAHOHMYIECKOTO Das3nca K CUTyallud, KOTjia BCe
[IPOCTPAHCTBO — KOPHEBOE.

Omnpenesierue 4. Jlunetinvii onepamop A aunetirozo npocmparncmea U
Ha3bl8aEMCA HAJIBIIOTEHTHBIM mo2da u moavko mozda, xo2da U A6~

eMmca KOPHESHLM NOONPOCMPaHCMeom onepamopa A, omeeuarowum coo-
cmeeHHoMy 3naveruro 0.



Onpeaesnienne HUJIBIIOTEHTHOIO OIIepaTopa

A

JleMMa 00 MHBapmMaHTHBIX HOANPOCTPAHCTBaX ollepaTopoB A
u (A — ,uE) 1 JIEMMa O CyMMe KOPHEBBIX ITOAIIPOCTPAHCTB CBO-

AT 3aJ1a9y IOCTPOCHUS KAHOHMYIECKOTO Das3nca K CUTyallud, KOTjia BCe
[IPOCTPAHCTBO — KOPHEBOE.

Omnpenesierue 4. Jlunetinvii onepamop A aunetirozo npocmparncmea U
Ha3bl8aEMCA HAJIBIIOTEHTHBIM mo2da u moavko mozda, xo2da U A6~

eMmca KOPHESHLM NOONPOCMPaHCMeom onepamopa A, omeeuarowum coo-
cmeeHHoMy 3naveruro 0.

Urax, nHeiinblii orteparop A siBjsieTcst HUJIbIIOTEHTHBIM €CJIM U TOJIBKO
ecJIu JIJId HEKOTOPOro HATypaJbHOI0 YUCIa k WMeeT MeCTO PaBeHCTBO

AF(UY = {0}



A

JIlemMma 6 (0 KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Feauw A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-

cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

JloKa3aTeabCTBO.



A

JIlemMma 6 (0 KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Feauw A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-
cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-

cmea U .
HokazareabcTBo. Ilycth k£ — HamMmeHblllee TakKoe HaTypaJb-
noe uucio, uro AF(U)={0}. Buibepem Gaznc {eyi,...,en, 1} s

AU < Ker (A).



A

JIlemMma 6 (0 KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Feauw A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-
cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-

cmea U .
HokazareabcTBo. Ilycth k£ — HamMmeHblllee TakKoe HaTypaJb-
noe uucio, uro AF(U)={0}. Buibepem Gaznc {eyi,...,en, 1} s

AU < Ker (A) Mveem {0} = ARU) < AN U) < ... < A(U) < U

[IO3TOMY



A

JIlemMma 6 (0 KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Feauw A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-
cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

HokazareabcTBo. Ilycth k£ — HamMmeHblllee TakKoe HaTypaJb-
noe uucio, uro AF(U)={0}. Buibepem Gaznc {eyi,...,en, 1} s

AU < Ker (A) Mveem {0} = ARU) < AN U) < ... < A(U) < U
nosromy {0} = Ker(A) N A¥(U) < Ker(A) N AF1(U) <



A

JIlemMma 6 (0 KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Feauw A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-
cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

HokazareabcTtBo. Ilycts k HaMEeHbIIlee TaKoe HaTypaJb-
noe uucio, uro AF(U)={0}. Buibepem Gaznc {eyi,...,en, 1} s
AU < Ker (A) Mveem {0} = ARU) < AN U) < ... < A(U) < U
nosromy {0} = Ker(A) N A¥(U) < Ker(A) N AF1(U) <
< Ker(A4) N AF2(U) <



A

JIlemMma 6 (0 KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Feauw A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-
cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

HokazareabcTtBo. Ilycts k HaMEeHbIIlee TaKoe HaTypaJb-
noe uucio, uro AF(U)={0}. Buibepem Gaznc {eyi,...,en, 1} s
AU < Ker (A) Mveem {0} = ARU) < AN U) < ... < A(U) < U
nosromy {0} = Ker(A) N A¥(U) < Ker(A) N AF1(U) <

A

< Ker(A)nAF2(U) < ... < Ker(A) N A(U) <



A

JIlemMma 6 (0 KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Feauw A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-
cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

HokazareabcTtBo. Ilycts k HaMEeHbIIlee TaKoe HaTypaJb-
noe uucio, uro AF(U)={0}. Buibepem Gaznc {eyi,...,en, 1} s
AU < Ker (A) Mveem {0} = ARU) < AN U) < ... < A(U) < U
nosromy {0} = Ker(A) N A¥(U) < Ker(A) N AF1(U) <
< Ker(A) N A2(U) < ... < Ker(A) N A(U) < Ker(A).



A

JIlemMma 6 (0 KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Feauw A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-
cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

JTokaszareasbctso. {0} = Ker(A) N A%(U) < Ker(A) N AF1(U) <
< Ker(A) N A2(U) < ... < Ker(A) N A(U) < Ker(A).

[TosroMmy MOXKHO BeIOpaTh Takoii basuc npocrpaHcTsa Ker A

{8171, . ,eml,l, em1+1’1, . ,emz,l, . ,emk_2+171, e ,emk_hl} ,
49TO JJIAd KazK/I0I'0 P BEKTOPDI empﬂ,l, . ,emp+1’1 JOITOJIHAIOT basuc
{el,la e 1, Cmy 115 - - €mg 1y - - 7emp_1+1,17 ) emp,l}

mnedtHoro npocrpanctsa Ker(A) N A¥P(U) 1o 6asuca
{61’1, ce ,eml,l, emﬁl?l, e ,emz,l, ce ,empH’l, ceey emp+171}

nmneiinoro mpocrpancrsa Ker(A) N A1),



A

JIlemMma 6 (0 KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Feauw A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-
cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

HokazareabcTBo. Ilomoxkum mg = 0. 1 KaxKapIX ¢,] € YCJIO-

1< <k-1 .
BUSIMU , 0603HATNM 9epe3 €,. . +ip_; HEKOTOPbIE
1<y <m;—m PES Cmiy 4k P
dbukcupoBatHble IPOOOPA3bI BEKTOPOB €y, 1.1 OTHOCHTEJILHO JleficTBusI

Ne—i—1 Nk—i—1 _
A . Takum obpaszom, A (€m; 1+jk—i) = €m;_14j.1-



A

JIlemMma 6 (0 KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Feauw A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-
cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

HokazareabcTBo. Ilomoxkum mg = 0. 1 KaxKapIX ¢,] € YCJIO-

1< <k-1 .
BUSIMU , 0603HATNM 9epe3 €,. . +ip_; HEKOTOPbIE
1<y <m;—m PES Cmiy 4k P
dbukcupoBatHble IPOOOPA3bI BEKTOPOB €y, 1.1 OTHOCHTEJILHO JleficTBusI

Ne—i—1 Nk—i—1 _
A . Takum obpaszom, A (€m; 1+jk—i) = €m;_14j.1-

1< <k—1
s KaxKapIx ¢, 7,t ¢ yesgopuaMu § 1 < 9 < m; — m;_1 TOJIOXKUM
1<t<k-—1
o= A e ) (3
emi71+]7t emi71+]7k_7f

(1t t = 1 9TO PABEHCTBO BBIMOIHSIETCS ABTOMATUICCKH ).



A

JIlemMma 6 (o KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Feauw A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-
cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

JHokazareabcTBO. i HATVISIIHOCTH HNPOULIIOCTPUPYEM CUTYAIIIIO
CJICJIYIOIIC CXeMOIL:

€1k—1 -+ ©€my k-1
€1k-2 -+ Cmik—2 Cmi+1k—2 - Cmyk-2
€11 Ce €mi,1 €mi+1,1 . [STP e €01 -ee €y 1,

IIpUIeM B 9TOI «TabJNIE» BEKTOPHI, CTOSIINE CTPOKON HUXKE, SABJISAIOTCS
00pa30M, OTHOCUTEIBHO A, COOTBETCTBYIONIETO BBIMIECTOSAIIEIO BEKTOPA.,



JIlemMma 6 (0 KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Eeau

A

A

HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-
cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-

cmea U.

JloKa3aTeabCTBO.

€11

€mi,1 | Emi+1,1

-~

Ker(A)NAk—1(U)

emg,l

~~

Ker(A)NAk—2(U)

-

Ker(A)NAk—i(U)

-~

Ker(A)NA(U)

€my_o,1

Cmy_1,1

-~

Ker(

A

)



A

JIlemMma 6 (0 KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Feauw A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-
cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

Hoka3aTeqbcTBO. Ternepb 0CTaI0Ch JIOKA3aTh, UTO

b= {61,k—1, Clk—25---5€11,€2%-15---,C€my 155 Cmy_q.1, }

— HCKOMBIIl KaHoHUYecKuil Oasuc. HerpupuajabHbIM 37€Chb SIBJISIETCsI
TOJILKO JIOKa3aTe/IbCTBO TOro dakra, 4To B — Oazuc.



A

JIlemMma 6 (o KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Eeau A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-

cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

Hoka3zaTenabcTBO. /lokarkeM cHadaJjia, YTO CUCTEMa,

b= {61,k—1, Clk—25---5€11,€2%-15---,C€my 155 Cmy_q.1, }

JIMHEeNHO He3aBUCUMA.



A

JIlemMma 6 (0 KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Feauw A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-
cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

k—1 myp k—
HokazarenbctBo. [lycts > ) Z Aijei j = 0, npudeM HEKOTO-
p=li=m, 1+1 j=1
pble KoabDUIUEHThI \;; — HeHyJeBble U ¢ — HauOOJIbINNiT TaKoil HoMep,

4TO Aig # 0 J1s1 HEKOTOPOTO 4.



A

JIlemMma 6 (0 KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Feauw A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-
cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

k—1 myp k—
HokazarenbctBo. [lycts > ) Z Aijei j = 0, npudeM HEKOTO-
p=li=m, 1+1 j=1
pble KoabDUIUEHThI \;; — HeHyJeBble U ¢ — HauOOJIbINNiT TaKoil HoMep,

4TO Aig # 0 J1s1 HEKOTOPOTO 4.
. ig—1
[TojeiicTByeM Ha JIEBYIO 1 IIpaBYIO YaCTH paBeHCTBa orepaTopom A4+,
IOJIY UM



A

JIlemMma 6 (0 KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Feauw A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-
cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

k—1 myp k—
HokazarenbctBo. [lycts > ) Z Aijei j = 0, npudeM HEKOTO-
p=li=m, 1+1 j=1
pble KoabDUIUEHThI \;; — HeHyJeBble U ¢ — HauOOJIbINNiT TaKoil HoMep,

4TO Aig # 0 J1s1 HEKOTOPOTO 4.



A

JIlemMma 6 (0 KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Feauw A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-
cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

k—1 myp k—
HokazarenbctBo. [lycts > ) Z Aijei j = 0, npudeM HEKOTO-
p=li=m, 1+1 j=1
pble KoabDUIUEHThI \;; — HeHyJeBble U ¢ — HauOOJIbINNiT TaKoil HoMep,

4TO Aig # 0 J1s1 HEKOTOPOTO 4.



A

JIlemMma 6 (0 KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Feauw A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-
cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

k—1 myp k—
HokazarenbctBo. [lycts > ) Z Aijei j = 0, npudeM HEKOTO-
p=li=m, 1+1 j=1
pble KoabDUIUEHThI \;; — HeHyJeBble U ¢ — HauOOJIbINNiT TaKoil HoMep,

4TO Aig # 0 J1s1 HEKOTOPOTO 4.

k—q  myp X
=303 AT ery) =

p=1i=mp_1+1



A

JIlemMma 6 (0 KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Feauw A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-
cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

k—1 myp k—
HokazarenbctBo. [lycts > ) Z Aijei j = 0, npudeM HEKOTO-
p=li=m, 1+1 j=1
pble KoabDUIUEHThI \;; — HeHyJeBble U ¢ — HauOOJIbINNiT TaKoil HoMep,

4TO Aig # 0 J1s1 HEKOTOPOTO 4.

= Z Z )\Zqu 1 el q Z Z )\zqez 1-

p=1i=mp_1+1 p=11i=my_1+1



A

JIlemMma 6 (o KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Eeau A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-

cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

HokazareabcTBo. [lonyumnn

k—q  mp
0= Z Z )\iqem.

p=1i=my_1+1

Ho cucrema BekTOpOB

{81’1, ceey eml,l, emlH,l, ce ,em%l, Ce ,emk_%l, Ce ,emk_l,l}

JIMHENHO He3aBUCuMa, TPOTUBOPeYHe.



A

JIlemMma 6 (o KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Eeau A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-

cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

HokazareabcTBo. [lonyumnn

k—q  mp
0= Z Z )\Z-qem.

p=1i=my_1+1

Ho cucrema BekTOpOB

{81’1, ceey eml,l, emlH,l, ce ,em%l, Ce ,emk_%l, Ce ,emk_l,l}

JIMHEITHO He3aBUCUMa, IPOTUBOPEYNE.
3uauut, Bce \;; pasubl 0, To ectb cucrema b jmmneiino nesasucuma.



A

JIlemMma 6 (0 KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Feauw A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-
cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

Hoka3aTeqbcTBO. Ternepb 0CTaI0Ch JIOKA3aTh, UTO

b= {el,k—la €1k—2,---,€11,€2k—1,---,€my1y---, emk,1,1}

— UCKOMBIIl KaHOHUYeCKNil ba3uc.
Terepsb J0KaxKeM, 9TO crucTeMa BeKTopoB B 1oJsiHa, To ecTh 1100011 Bek-
TOp SIBJIAETCS JIMHEHHOM KoMOMHAIEH BEKTOPOB 9TOI CUCTEMBI.



A

JIlemMma 6 (0 KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Feauw A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-

cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

HokazareabcTBo. llycrh



A

JIlemMma 6 (0 KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Feauw A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-

cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

Ioka3zareabcTBo. [lycts x € U.



A

JIlemMma 6 (o KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Eeau A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-
cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

JTokazarenbcrso. [lyers x € U. Nmeem AP (x) € Ker (A) n AU

TO, II0 TeOpeMe O JIMHEMHBbIX KOMOMHaNusAX 0a3uCHBIX BEKTOPOB,
HafilyTcd Takue Koap@UIUEHTbl Ajj_1, YTO

mi
Ak—1
A" (x) = Alk—1€11+ Aog—1€21 + ...+ A k—1€my 1 = E Ajk—1€51.
j=1



A

JIlemMma 6 (o KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Eeau A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-
cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

JTokazarenbcrso. [lyers x € U. Nmeem AP (x) € Ker (A) n AU

TO, II0 TeOpeMe O JIMHEMHBbIX KOMOMHaNusAX 0a3uCHBIX BEKTOPOB,
HafilyTcd Takue Koap@UIUEHTbl Ajj_1, YTO

mi
Ak—1
A" (x) = Alk—1€11+ Aog—1€21 + ...+ A k—1€my 1 = E Ajk—1€51.
j=1

~ mi ~ ~
HOE)TOMy A2 [ x — Z )\j7k_1ej,k_1 € Ker (A) M Ak_Q(U)

J=1



A

JIlemMma 6 (o KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Eeau A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-
cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

Jokazareabcrso. [Iyers x € U. Nveem A" 1(x) € Ker (A) n AU

TO, II0 TeopeMe O JIMHEMHBbIX KOMOMHaIusAX 0a31uCHBIX BEKTOPOB,
HafilyTca Takue Koap@UIUUEHTbL Ajj_1, YTO

mi
Ak—1
A" (x) = Alk—1€11+ Aog—1€21 + ...+ A k—1€my 1 = E Ajk—1€51.
j=1

R m R R
[Tostomy AF2 | x — S Ajk—1€jk—1 | € Ker (A) N A¥2(U). Orciona
j=1

k—2 _
INjro A X — > Ajp-1€h-1 | = X Ajr—2€;1.
j=1 7=1



A

JIlemMma 6 (0 KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Feauw A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-

cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

Hoka3aTeabcTBO. TaknM 006pa3oM,

A

mi ma

k—3 § : E
A X = )\j,k—lej,k—l - >\j,k:—2€j,k:—2

J=1 J=1

2 my

= Ak—?) X — Z Z )\j’k_ie]’,k_i € Ker (A) M Ak_Q(U)

i=1 j=1



A

JIlemMma 6 (0 KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Feauw A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-

cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

Hoka3aTeabcTBO. TaknM 006pa3oM,

A

mi ma

k—3 § : E
A X = )\j,k—lej,k—l - >\j,k:—2€j,k:—2

J=1 J=1

2 my
= Ak—?) X — Z Z )\j’k_ie]’,k_i € Ker (A) M Ak_Q(U)

i=1 j=1

[Tpojto/zKast 3TOT MPOIECe, B KOHIIE KOHIIOB MOJIyYUM Takoil Habop Koad-
k—1 m;

(bUIHEHTOB, YTO BBIIOJIHSIETCA PABEHCTBO X — > Y Aj i€ = 0.
i=1 j=1



A

JIlemMma 6 (0 KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Feauw A —
HUADNOMERMHBLT  AURETUHBIT  onepamop HEeHYACE020 NUHETUHO20 NPO-

cmparcmsa U, mo umeemes xanonuveckuti 6asuc Auretino2o npocmpan-
cmea U.

JokazareabcTBO. TakuMm 006pasoM,

A

mi mo
k—3 § : E
A X = )\j,k:—lej,k:—l - )\j,k:—er,k:—Q

2 my;
= Ak;—?) X — Z Z )\j’k_iejﬁ_i € Ker (A) M Ak_Q(U)
1=1 j=1

—1 m;

Nz x-— Z Yo Ajk—i€jr—i =0 cuenyer  Tpedyemoe  DaBEHCTBO
1=1 j=1
k—1 m;
X =2, 2 Ajk—i€jk—i-

i=1 j=1



A

JIlemMma 6 (0 KAHOHMYEeCKOM 6a3mce KOPHEBOTrO IOAIMPOCTPAHCTBA). Eeau A

HUADNOMEHMHOL  AUHETUHDIT  0Nepamop  HEHYAL6020  AUHETHO20

npocmpancmea U, mo umeemcsa ranonuveckull 06a3uc AUMeTH020
npocmparcmea U .

Jloka3aTeJabCTBO. [Tomyunmm TpebyeMoe COOTHOIIICHHE
k—1 m;

X =2, 2 Ajk—i€ik—i-

i=1 j=1
Pazymeercs, nociennee paccyzKjaeHue caeoBaao 66l opopMUTH € IIO-
MOIIIHIO MaTeMaTUIecKol NHAYKINKA. Teopema JoKa3aHa.



Hexkoroprblie ntojie3ubie hpaKThI

e PazMepHOCTH KOPHEBOI'O IOJIIPOCTPAHCTBa JIMHEHHOTO omeparopa A,
OTBEYalONIero COOCTBEHHOMY 3HAYEHUIO [i, paBHa KPATHOCTH KOPHS 4
XapaKTepruCcTHIecKoro MHOTOUIeHa, oriepaTopa A.



Hexkoroprblie ntojie3ubie hpaKThI

e PazMepHOCTH KOPHEBOI'O IOJIIPOCTPAHCTBa JIMHEHHOTO omeparopa A,
OTBEYalONIero COOCTBEHHOMY 3HAYEHUIO [i, paBHa KPATHOCTH KOPHS 4
XapaKTepruCcTHIecKoro MHOTOUIeHa, oriepaTopa A.

e B HOpMaJIbHOIT »KOPJaHOBOI (opMe MaTPUIlLI JIMHEHHOIO OllepaTo-
pa A KOJIM4IecTBO »KOP/IaHOBBIX KJIETOK, OTBEYAIONNX COOCTBEHHOMY
3HAYEHUIO (4, PABHO pa3MepPHOCTH sjipa oneparopa A — uk.



Hexkoroprblie ntojie3ubie hpaKThI

e PazMepHOCTH KOPHEBOI'O IOJIIPOCTPAHCTBa JIMHEHHOTO omeparopa A,
OTBEYalONIero COOCTBEHHOMY 3HAYEHUIO [i, paBHa KPATHOCTH KOPHS 4
XapaKTepruCcTHIecKoro MHOTOUIeHa, oriepaTopa A.

e B HOpMaJIbHOIT »KOPJaHOBOI (opMe MaTPUIlLI JIMHEHHOIO OllepaTo-
pa A KOJIM4IecTBO »KOP/IaHOBBIX KJIETOK, OTBEYAIONNX COOCTBEHHOMY
3HAYEHUIO (4, PABHO pa3MepPHOCTH sjipa oneparopa A — uk.

e DoJjiee Toro, g 0b60ro HaTypajbHOTO 4Yuciaa k B HOpMaJbHOMN
YKOPJIaHOBO# (bopMe MaTpullbl JHHEHHOTO oneparopa A kosmdecTBo
YKOPJIAHOBBIX KJIETOK, OTBEYAIONNX COOCTBEHHOMY 3HAUYEHUIO [l 1
UMEIOINX He MeHee k CTPOK, paBHO PasMEpPHOCTH sjipa OIepaTo-

pa (A ME)k.



Hexkoroprblie ntojie3ubie hpaKThI

e MakcuMa bHbII paszmMmep JKOP/IAHOBOI KJIETKH, oTBeYa-
formeit  p, paBeH  MHHUMaJbHOMY — Takomy k€N,  uro

R ((A _ Mﬁ)k) Re ((A _ uE)‘““).



IlocTpoenune KanoHnYeckoro d6a3uca

B coorBercTBUN € JIOMHMKOI JI0Ka3aTeILCTBA TEOPEMbl O KODJIAHOBOI
dbopme, JId HaAXOKJIEHU KAHOHUYECKOIO 0a3uca KOPHEBOI'O IOJIIPO-
crpancrsa U (fl,u), MBI [IEPEXOJINM K PACCMOTPEHUIO JIMHEHHOro orre-
patopa B = A — uF, Tak Kak, cOMIacHO JieMMe 00 MHBAPUAHTHBIX

A

IOJIIPOCTPAHCTBAX ONEPATOpOB A n A — pF, maeer mecto paset-
cro U(A, ) = U(A — pE,0) = U(B,0). Mui Hall/leM KaHOHH1eCKuit Oa-

3uc {ef,..., e} KOPHCBOTO TO/ITPOCTPAHCTBA U (B 0), B HEM MaTpHIA
orpanmdenns onepaTopa B na MHBapPUAHTHOE MOAIIpocTpaicTBo U (B 0)
J 0 ... 0 010 ..0
001 ..0
0O J, ... O ~looo ...0
UMeeT B/l , e Jp = — JKOp/laHOBa
000 ...1
0O 0 ... Js 000 ...0

KJIEeTKa.



IlocTpoenune KanoHnYeckoro d6a3uca

Torna, corytacHo TeopeMme 00 M30MOP(MHOCTH JUHEHHOIO IPOCTpaH-
CTBa JINHEHHBIX OIEPaTOPOB U JIMHEHHOTO NPOCTPAHCTBA MaTPUIL, MaT-
pulla, orpaHuveHus] olepaTopa A ua NHBapuaHTHOE IIOJIIPOCTPaH-

J 0 ... 0
. o J,... 0
crBo U(A,u) wmeer B sTOM 0Oasuce BuJ 2 , TJe
00 ...J
w1 0 0
0 p 1 0
A R 0
Jp =
00 0 1

o

o

o
=



IlocTpoenune KanoHnYeckoro d6a3uca

33 (¢ N N €8
Ker B F A D G L

Ker B2

/ . ..
f\A E_ 7+ ~G
. e
Ker B A

B C D€ E
Puc. 2.

Ha puc. 2 mb1 nzobpasun kopaesoe noinpoctpanctso U(B, 0). 3ech
IOPUBOHTATBHBIMU OTPE3KAMK U300parKeHbl s1Ipa JIMHEHHbBIX OIIePaTOPOB:
orpesok [A, E] —sro Ker B, orpesok [F, G] — s1o Ker B?, orpesok [K, L]
— 310 Ker B T B, E] u306

510 Ker B°. IIpu sTom orpesok |B, E| nzobpazkaeT MHOXKECTBO BCeX TeX
BEKTOPOB U3 siJIpa, Y KOTOPhIX €CTh IIPO0OPa3bl OTHOCUTEIBHO B, TO ecTh

[B, E] uso6pazkaer muoxkectso B(Ker B2). Orpesok [C, D] nzo6pazaer
muozkectso B?(Ker B?).



IlocTpoenune KanoHnYeckoro d6a3uca

33 (¢ N N 8
Ker B F A B G L

Ker B2

/ . = .
f\A E7 G
. e
Ker B A

B C D€ E
Puc. 2.

Ob6pasHo roBops, y Kaxkj0ro s1ementa u3 [B, E] ects «mama» (11poobd-
pa3 orHOCHTE/IbHO B), npudem y sementoB u3 [C, D] — maxke «je/yii-

Ka» (mpooOpas oTHocuTe bHO B?), a BOT KaxK/blil siement us [A, B] —
«CHpOTAY.



IlocTpoenune KanoHnYeckoro d6a3uca

Ecm {ei, ey, ..., e} — Oasuc KopaanoBoii KJeTKH, TO €CTh TaKoil
0as3uc MHBAPUAHTHOIO MOJANPOCTPAHCTBA, B KOTOPOM MATPHUIA Olepa-
Topa B uMeeT BUI KOPIAHOBOM KJETKH (CTPOrO TOBODS, pedb HAJO
BecTH He 00 oneparope B, a 0 ero orpaHHueHHH HA 3TO WHBAPHAHT-

A

HOE TIOJIIIPOCTPAHCTBO), TO B JeficTByeT Ha OasHCHBIE BEKTOPHI TakK:

A

Bley) =ep _ 1, ..., B(e) = 0. 3naunr, j/1s HaxoxKieHns 6a3uca Kop-
JIAHOBOH KJIETKH JIOCTATOUHO BBIOPATH BeKTOp €1 u3 Ker B, B3ATh B Ka-
HeCTBE €9 PO0OPA3 BEKTOPA €] OTHOCUTENbHO B 1 [POJIOJIZKATD B TAKOM
Ke JlyXe «BBIpaluBaTh» 3TOT Da3uC JI0 TeX 10p, MoKa y BEKTOpa ef. He
oKazKercst npoodbpaza. OJHAKO TYT eCcTh OJiHa IIpodJieMa. [esio BOT B UeM.



IlocTpoenune KanoHnYeckoro d6a3uca

Boobiiie roBopst, He y KayKJ0r0 3JIeMeHTa U3 Spa eCTh «IIPeJoKy. boee
Toro, eci B Ker B ecTb «CUPOTHI» (BeKTOpBI, He MMEIOTIIE TPOoOpa3a
OTHOCHTE/IBHO B ), TO «IOYTH KazK/Iblit> s/1ement n3 Ker B — «cuporas. B
caMoM JieJie, ecin, Hampumep, Ker B — 1J10CKOCTb, B KOTOPOIl eCThb «CHPO-
ThI» (HO y HEKOTOPBIX BEKTOPOB €CTh «IAIIBI» ), TO MHOKECTBO BEKTOPOB,
Yy KOTOPBIX €CTh IPoodpa3 OTHOCUTEIHHO B , 00pa3yIoT 0JHOMEPHOE T10/I-
IPOCTPAHCTBO — MPSAMYIO, B TO BPeMsl KaK BCE OCTaJbHbIe BEKTOPHI 9TOM
IIJIOCKOCTH — «CHUPOTHI».



IlocTpoenune KanoHnYeckoro d6a3uca

[TosTomy nocTpoenne 0A3MCOB «MaJIeHLKUX KJIETOK» OOBIUHO HE BbI3bI-
BaeT TPYJIHOCTEl: KaK HpaBUJIO, HayraJ BbIODAHHBIN «CHIHOK», TO €CTb
BeKTOp 13 Ker B, 00 BOODIIE HEe MMeeT «IIPeJIKOB», JIU0O ero «IeHe-
AJIOMMIECKOe JIPEBO» siBjIsteTcss KOpoTKuM. ClieloBaTesibHO, B CUTYAIUH,
KOI'JIa He y BceX BeKTOpoB u3 Ker B «TeHeasornuecKoe JIpeBos OJIiMHAKO-
BOI1 JIUIMHBI, IIPY TOCTPOEHUN KAHOHUIECKOrO Da31ca oj1Ha U3 BayKHeHIIX
3a/1a4 COCTOUT B TOM, 4To0bI HaliTh B Ker B «camble POJIOBUTBIE» BEKTO-
PhI, Y KOTOPBIX UMEIOTCSI KaK MOXKHO D0JIee «JIajleKue IIPeIKI».



IlocTpoenune KanoHnYeckoro d6a3uca

33 (¢ N N 8
Ker B F A B G L
52 la . €. €
Ker B A E G
Rer B A B C DO E
Puc. 2.

Hanpumep, Takum gBJisiercst n300parkKeHHbIN Ha PUCYHKE 2 BEKTOD €1.
BeKTop €| nmeeT poobpPaszkl TOJIBKO OTHOCHTEIBHO JICHCTBHUS OIIEPATOPa
B HO OTHOCHUTEJILHO JIeICTBUS OllepaTopa B? Ipoo0dpas30B y HEro HeT.



Cracu6o

3a

BHUMaHUe)!
e-mail: melnikov@k66.ru, melnikov@r66.ru

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

BepuyThca K cnucKy npe3eHTanmii?



	Ïîñòàíîâêà çàäà÷è
	Îïðåäåëåíèÿ è îñíîâíûå ðåçóëüòàòû
	Îïðåäåëåíèå ÆÍÔ
	Ïðèìåð íîðìàëüíîé æîðäàíîâîé ôîðìû ìàòðèöû
	Òåîðåìà î æîðäàíîâîé ôîðìå
	Ëåììà î êîðíåâîì ïîäïðîñòðàíñòâå
	Ëåììà î ïîëèíîìàõ îïåðàòîðîâ  è -
	Ëåììà îá èíâàðèàíòíûõ ïîäïðîñòðàíñòâàõ îïåðàòîðîâ  è -
	Ëåììà î ïðÿìîé ñóììå -èíâàðèàíòíûõ ïîäïðîñòðàíñòâ
	Ëåììà î ñóììå êîðíåâûõ ïîäïðîñòðàíñòâ
	Ñëåäñòâèå î ðàçìåðíîñòè êîðíåâîãî ïîäïðîñòðàíñòâà
	Îïðåäåëåíèå íèëüïîòåíòíîãî îïåðàòîðà
	Ëåììà î êàíîíè÷åñêîì áàçèñå êîðíåâîãî ïîäïðîñòðàíñòâà
	Íåêîòîðûå ïîëåçíûå ôàêòû
	Ïîñòðîåíèå êàíîíè÷åñêîãî áàçèñà

