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[locranoBKka 3agauu

B Teopun JMHEHHBIX OMEPATOPOB B KOHEUHOMEPHBIX JIMHEUHBIX MPO-
CTPAHCTBAX LIEHTPAJIbHYIO POJib UrpaeT TeopeMa o6 u3omMopdusme aJj-
reOpbl JIMHEHHBIX OMIEPaTOPOB U ajre6pbl MaTpull. OHAKO, KAK H3BECTHO,
TaKUX H3OMOP(PHU3MOB CYILIECTBYET MHOTO ( BO BCIKOM CJlyuae, Jisl JMHeH -
HbIX ipocTpaHcTB HAL R u C), To eCTb OHOMY U TOMY 2Ke OIlepaTopy, Kak
MpaBUJIO, MOXKHO TTOCTABUTH B COOTBETCTBHE MHOIO MAaTpHILL, B 3aBUCH-
MOCTH OT TOT0, Kako# 6asnuc 3a)MKCUPOBaH B JIMHEHHOM MPOCTPAHCTBE.
JIroOble 1Be MaTpPHULLbI A51 " AB2’ COOTBETCTBYIOLLME JIMHEHHOMY Ollepa-

Topy A B pasHbix 6a3ucax by u by, conpsikeHbl ¢ MOMOILBIO MaTPUILbI
nepexoja, To eCTh
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3HAUUT, MaTPHULLbI A51 U A52 nojo6Hbl. OTHOILIEHHEM MOJ00UST MHOXKEe-

CTBO BCEX MATPHLL pa30UBAETCA HA HEeMepeCceKarluecs Kaacchl Moaoo-
HBbIX MaTpULl. B ¢cBSI3W ¢ 3TUM yacTo BcTaeT npobJeMa Bbibopa B Kax-



JIOM KJ1acce MoJI0OHBIX MATPULL €« CTAHJAPTHOTO MPEACTaBUTENs1» . MOXKHO
MPEIIOKUTh HECKOJIbKO PA3JIMUHBIX MPABUJI BbIOOPA TAKHUX «CTAHIAPT-
HbIX MPeACTaBUTe el ». B naHHO! paboTe Mbl PACCMOTPUM OJIMH U3 BaxXK-
HEeHIIUX TUIMOB TAaKUX MPEJCTaBUTENeNH: HOPMaJIbHYIO KOPJAaHOBY (hopMy
MaTPHULLbI.



Onpeneﬂeﬂuﬂ U OCHOBHbIE€ PE€3YyJbTaTbl

Onpepnenenue 1. )KopaaHOBOM KNeTKOW pa3MepPHOCTHU k, OTBeYalo-
leid coOCTBEHHOMY 3HAUEHMIO (1, HA3blBACMCS KBAOPAMHASL MANL-

puya suda Ji(p) =
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Onpepneaenue 2. [osopam, umo mampuya M umeern HOpMaJdbHYIO
XopaaHoBy dopmy, ecau M umeem KaemouHo-0ua2oHasbHoLLl 810
ede Jp. (uj) —
[ Tk (1) Opy sy Ok sy -+ Ok kp\ mopaakit(ge)a
Oky x ke Thp(h2) Oky x kg -+ Oky x &, | k2emra  pas-
M= 0p « &y Oy x &y JkS(ILL:),) O, k, |Meprocmi ki,
omseuarouas
T (1) cobcmseHHOMY
P BHAUEHLIO [L;,

\ Ok, x k1 Ok, x &y Ok, 5 ks -+

Oki x |; T HyAesas mampuya pasmeprocmu ki x k;.



Onpepneaenue 2. [osopam, umo mampuya M umeern HOpMaJdbHYIO
XopaaHoBy dopmy, ecau M umeem KiemouHo-0UAOHANbHBLI 810
ede Jp. (uj) —
[ Tk (1) Opy sy Ok sy -+ Ok kp\ mopaakit(ge)a
Oky x ke Thp(h2) Oky x kg -+ Oky x &, | k2emra  pas-
M= 0p « &y Oy x &y JkS(ILL:),) O, k, |Meprocmi ki,
omseuarouas
T (1) cobcmseHHOMY
P BHAUEHLIO [L;,

\ Ok, x k1 Ok, x &y Ok, 5 ks -+
0% « k; T HUACBAS MAMPUYA pasHePHOCL ki x k.

B stom Oolpejae/JeHMn HE nNpeanoJara€Tcsd, 4yTo BCE€ (; Pa3JIMYHDbI.



[Ipumep HOpMaJIbHOM XKOPAAHOBOW (DOPMbI MAaTPHULLbI

(-1 1.0 0000
0 —1 1 0000
00 =10 000
00 0 —1000
00 0 0200
000 0 0021

L0 0 0 0002

JTa MaTpulla UMeeT HOPMaJIbHYIO KOPAaHOBY (OpMY.



[Ipumep HOpMaJIbHOM XKOPAAHOBOW (DOPMbI MAaTPHULLbI

(-1 1 0 000
0 -1 1 0 000
0 0 =10 000
00 0 —1000
00 0 0200
000 0 0021
L0 0 0 0 002)
DTa MaTpyLa UMEEeT HOPMAJILHYIO XKOPAAHOBY (GOpMY.



Teopema 1 (o xopnanosoii popme). Ecau U — auneiiHoe npocmpaHcmso
nao noaem K, A — auneiinoii onepamop npocmparcmsa U u xa-
PAKMepuUcmiLyeckiul NOAUHOM onepamopa A snoare npusodum Hao
noaem K, mo ecmo umeem 8ud (A — ,ul)kl()\ - ug)kQ (A= ,um)km,
mo cyujecmsyem makot 6asuc b npocmparncmsa U, 8 komopom
nampuya Ag onepamopa A umeem nopmarvryio aopdanosy dop-
Mmy. Ima xcopodarosa HopmasbHas opma onpedeasemcs 00HO-
BHAUHO C MOUHOCMbIO 00 NEPECmaHOBKU HOPOAHOBLLX KACMOK.
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A

3ameuanue. basuc, B KoTopom maTpuiia onepatopa A U3 Teope-
Mbl 1 HMeeT HOpMaJIbHYIO XKOPAaHOBY (hopMy, Ha3biBaeTCsi KAHOHUYE-
CKUM 0a3uCOM.
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Jloka3aTeabCTBO 3TOH TEOPEMbI NTPEABAPSAETCS PSJIOM JIEMM.
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Jlemma 1 (0 KOPHEeBOM NOJANPOCTPAHCTBE). Hycmb A — aunedHoLll onepa-
mop AUHEUHOO npocmpadcmesea U, n — cobcmeerHoe 3HaueHue

amoeo onepamopa. Toeda muoxcecmso | J Ker (A — uE)" asasemcs
neN
nodnpocmparcmeom npocmparcmsa U (mouree, Hocumeaem noo-

npPoOCMpPaHcmsa).

JloKa3aTeJbCTBO.
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Onpeneaenue 3. [lycmov A — aunetiHoLil onepamop AUHeHO20 NPo-
cmparncmsa U, u— cobcmeernnoe 3HaueHue 3mo2o onepamopa. To-

eda mroacecmso U(A, ) = |J Ker (A — pE)" Hasbieaemcs KopHe-
neN
BbIM MOANPOCTPAHCTBOM, COOTBETCTBYIOILMM COOCTBEHHOMY 3Haye-

HUIO (4.



Jlemma 2 (0 nosiMHOMax oneparopoB A u A — ,uE). Ecau f()\) — xapak-
mepucmu4eckui noAuUHOM onepamopa A, mo xapak-
mepucmuueckuii. noaunom g(A) onepamopa A-— ,uE paseH
g(A) = f(A+p). B wacmrnocmu, ecai spec (A) = {v1,vs, ..., v}, mo
spec (A — puE) ={v1 — p,vo — p, ..., Vs — i}

Jloka3aTeJbCTBO.



Jlemma 2 (0 nosiMHOMax oneparopoB A u A — ,uE). Ecau f()\) — xapak-
mepucmu4eckui noAuUHOM onepamopa A, mo xapak-
mepucmuueckuil.  noAuHoMm  g(N) onepamopa A-— ,uE paseH
g(A) = f(A+ p). B uacmnocmu, ecau spec (A) = {1, v,..., 05}, mo
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ILOKasaTe.anTBo HyCTb b — 6asuc JauHerHoro npoctpanctea U,
A= AB,B A ,LLE B = BB Toma
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MHOKECTB HaJl0 TPOBEPUTH, UTO JieBasi YaCTh PABEHCTBA SIBJSIETCS 101~
MHO>KECTBOM MPaBOK YaCTH U HA0OOPOT.
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O6parhoe Bkmouenne spec (A — pE) D {vy — p,vo — i, ..., vs — pi}
oueBUAHO. JIeMMa foKa3aHa.



Jlemma 3 (06 MHBAPUAHTHBIX MOANPOCTPAHCTBAX ONEPATOPOB AnA-— ME). [lo0-
npocmpaHcmeo V < U sasasemcs A—LLHBCL[?LLCLHmeLM ecau, U

moavko ecau V. sasasemcs (A — /LE)—LLHBCLleaHmeLM. Ecau npu

IMOM |1 — coBcmBenHoe 3Hauenue AuHeliHo2o onepamopa A, mo
U(A,u) =U(A— AE, u — ) 044 1106020 \.

Jloka3aTreabCTBO.
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HOKaSaTe.HbCTBO. DTO CJIedCTBUE U3 OHpeﬂeﬂeHHﬁ.
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U(A,u) =U(A— AE, u — ) 044 1106020 \.
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Joka3zareabcTBo. B camom nene, nycts V — A-uHBapuaHTHOE MOJ1-
MPOCTPaHCTRBO.
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Joka3areabcTBOo. B camom nene, nyctb V' — A-uHBapuaHTHOE MOJI-
MPOCTPAHCTBO. Bo3bmeM BeKTOp X U3 V.
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Joka3areabcTBOo. B camom nene, nyctb V' — A-uHBapuaHTHOE MOJI-
npocTpaHcTBO. Bo3dbmem BekTop X U3 V. Torna, no onpeaeaeHuIo caoxe-
HHSI OTIEPATOPOB U YMHOXKEHHS OTIepaTtopa Ha CKaJsp,
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IMOM |1 — coBcmBenHoe 3Hauenue AuHeliHo2o onepamopa A, mo
U(A,u) =U(A— AE, u — ) 044 1106020 \.

A

Joka3areabcTBOo. B camom nene, nyctb V' — A-uHBapuaHTHOE MOJI-
npocTpaHcTBO. Bo3dbmem BekTop X U3 V. Torna, no onpeaeaeHuIo caoxe-
HHSI OTIEPATOPOB U YMHOXKEHHS OTIepaTtopa Ha CKaJsp,

A

(A=) (x) = Ax) = pB(x) = A(x) = px € V,

TaK Kak V — nognpoctpancTso H A(x) € V, —ux € V.
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A

Jloka3areabcTBo. B camom nene, nycth V' — A-uHBapuHaHTHOE MOJI-
MPOCTPAHCTBO.
OcraJgioch okazath paBeHCTBO U (A, 1) = U(A — AE, n — \).
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Jloka3areabcTBo. B camom nene, nycth V' — A-uHBapuHaHTHOE MOJI-
MPOCTPAHCTBO.

Ocragioch nokasatb paBeHCTBO U (A, ) = U(A — AE, 1 — X). Ml 10-
KasblBaeM pagercmaso mHoacecmas. Hano nokasatb, uto



Jlemma 3 (06 MHBAPUAHTHBIX MOANPOCTPAHCTBAX ONEPATOPOB AnA-— ME). [lo0-
npocmpaHcmeo V < U sasasemcs A—LLHBCL[?LLCLHmeLM ecau, U

moavko ecau V. sasasemcs (A — /LE)—LLHBCLleaHmeLM. Ecau npu

IMOM |1 — coBcmBenHoe 3Hauenue AuHeliHo2o onepamopa A, mo
U(A,u) =U(A— AE, u — ) 044 1106020 \.

A

Jloka3areabcTBo. B camom nene, nycth V' — A-uHBapuHaHTHOE MOJI-
MPOCTPAHCTBO.
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{er(A,méer(A—AE,ﬂ—A),
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Jloka3areabcTBo. B camom nene, nycth V' — A-uHBapuHaHTHOE MOJI-
MPOCTPAHCTBO.

Ocragioch nokasatb paBeHCTBO U (A, ) = U(A — AE, 1 — X). Ml 10-
KasblBaeM pagercmaso mHoacecmas. Hano nokasatb, uto

XxcUA p) =xecUA—-NE, 1 — N,
XcUA-NE,n— N =xecU(A,p).
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Joka3areabcTBOo. B camom nene, nyctb V' — A-uHBapuaHTHOE MOJI-
MPOCTPAHCTBO.
Hrtak, nycthb
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A

Jloka3arteabcTBO. B camom zene, nyctb V' — A-MHBapHaHTHOE MOJI-
MPOCTPAHCTBO.
Hrak, nycts x € U(A, u). Torna
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A

Jloka3aTeabcTBO. B camom nente, nyctb V' — A-uHBapuaHTHOE MOJI-
MPOCTPAHCTBO.
Urak, nycth x € U(A, p). Torna st HeKoToporo k numeem

R N
xEKer(A—uE) =
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U(A,u) =U(A— AE, u — ) 044 1106020 \.

A

Jloka3aTeabcTBO. B camom nente, nyctb V' — A-uHBapuaHTHOE MOJI-
MPOCTPAHCTBO.
Urak, nycth x € U(A, p). Torna st HeKoToporo k numeem

R N
xEKer(A—uE) =

R R R A\ k
:Ker(A—)\EJr)\E—uE) _
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Urak, nycth x € U(A, p). Torna st HeKoToporo k numeem

R N
xEKer(A—uE) =

k

)

= Ker (A= AE 4 XE — ) = Ker (A= A — (i~ ME)

CJIe10BATEJIbHO,
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R N
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k

)

= Ker (A= AE 4 XE — ) = Ker (A= A — (i~ ME)

A

caesoBatesbto, X € U(A — ME, jp — \).
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A

Joka3areabcTBo. B camom nene, nyctb V' — A-WHBapUHaHTHOE MO/ -
MPOCTPAHCTRBO.
Urak, nycts x € U(A, u). Torna nsis Hekotoporo k umeem

R N\ K
XEKer(A—uE) =
. . . N R R N
:Ker(A—)\E—F)\E—,uE) :Ker(A—)\E—(,u—)\)E> :
CJICJIOBATE/bHO, X € U(fl —\E, i — A).

OO6paTHoe yTBep:KJeHHe JOKa3blBaeTCsl aHaJorMuHo. Jlemma nokasa-
Ha.



A

Jlemma 4 (0 npsiMmou cymme A-MHBapuaHTHblx NOANPOCTPAHCTB). HyCIﬂb A — au-
HellHbLil onepamop auretinoeo npocmpancmsea U &V, edeU uV —
A-unsapuanmmoie noonpocmparcmsa. Ecau g(\) u h(\) — xapak-
mepucmuuecKue NOAUHOMbL 02PAHUYCHUS Onepanopa AnaUu, co-
omgemcmeenHo, Ha 'V, mo xapakmepucmuuecKkut NoOAUHOM onepa-

mopa A pasen g(\) - h(\).

JloKa3aTeJbCTBO.



A

Jlemma 4 (0 npsiMmou cymme A-MHBapuaHTHblx NOANPOCTPAHCTB). HyCIﬂb A — au-
HellHbLil onepamop auretinoeo npocmpancmsea U &V, edeU uV —
A-unsapuanmmoie noonpocmparcmsa. Ecau g(\) u h(\) — xapak-
mepucmuuecKue NOAUHOMbL 02PAHUYCHUS Onepanopa AnaUu, co-
omgemcmeenHo, Ha 'V, mo xapakmepucmuuecKkut NoOAUHOM onepa-

mopa A pasen g(\) - h(\).

Jloka3aTteqabcTBO. Kak M3BECTHO, XapaKTepucTuyeCcKum noJuHOM
JUHEMHOro onepaTopa paBeH XapakTe pucTU4eCKOMY MOJMHOMY €ro
Matpuilbl B Jt006om 6azuce (Ko3hUUMEHTbl MOJHHOMA SIBJASIIOTCS UH-
BapUAHTAMM JIMHEHHOTO OMepaTopa, MNo3TOMY MOJIMHOM |AB — )\E] He 3a-
BUCHUT OT BbiOOpa 6asuca b).
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Jlemma 4 (0 npsiMmou cymme A-MHBapuaHTHblx NOANPOCTPAHCTB). HyCIﬂb A — au-
HellHbLil onepamop auretinoeo npocmpancmsea U &V, edeU uV —
A-unsapuanmmoie noonpocmparcmsa. Ecau g(\) u h(\) — xapak-
mepucmuueckie nOAUHOMbL 02paHuYerus onepamopa A na U u, co-
omgemcmeenHo, Ha 'V, mo xapakmepucmuuecKkut NoOAUHOM onepa-
mopa A pasen g(\) - h(\).

Hoka3areabctBo. [lycts By = {e, ey, ..., e,,} — 6asuc nuneitHOTO
npoctpanctBa U u by = {emH, €t2, - - en} — 6asuC JIMHEHHOTO MPo-
cTpaHcTBa V, npudyem AB — MaTpHlia OrpaHUdYeHust oriepaTtopa AnalU

B 6asuce by u AB — MaTpuLia orpaHnuenns oneparopa A na V B Gasuce
2
b-.
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Jlemma 4 (0 npsiMmou cymme A-MHBapuaHTHblx NOANPOCTPAHCTB). HyCIﬂb A — au-
HellHbLil onepamop auretinoeo npocmpancmsea U &V, edeU uV —
A-unsapuanmmoie noonpocmparcmsa. Ecau g(\) u h(\) — xapak-
mepucmuueckie nOAUHOMbL 02paHuYerus onepamopa A na U u, co-
omgemcmeenHo, Ha 'V, mo xapakmepucmuuecKkut NoOAUHOM onepa-
mopa A pasen g(\) - h(\).

Hoka3areabctBo. [lycts By = {e, ey, ..., e,,} — 6asuc nuneitHOTO
npoctpanctBa U u by = {emH, €t2, - - en} — 6asuC JIMHEHHOTO MPo-
cTpaHcTBa V, npudyem AB — MaTpHlia OrpaHUdYeHust oriepaTtopa AnalU

B 6asuce by u A52 — MaTpuLia orpaHnuenns oneparopa A na V B Gasuce
bs.

Torna, oueBuaHo, cucrema BekTopoB b = {ei,.... e, €,1,...,€,}
ABJIIETCS 6A3UCOM JIMHEHUHOTO nipocTpaHcTBa U @ V',
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Jlemma 4 (0 npsiMmou cymme A-MHBapuaHTHblx NOANPOCTPAHCTB). HyCIﬂb A — au-
HellHbLil onepamop auretinoeo npocmpancmsea U &V, edeU uV —
A-unsapuanmmoie noonpocmparcmsa. Ecau g(\) u h(\) — xapak-
mepucmuuecKue NOAUHOMbL 02PAHUYCHUS Onepanopa AnaUu, co-
omgemcmeenHo, Ha 'V, mo xapakmepucmuuecKkut NoOAUHOM onepa-

mopa A pasen g(\) - h(\).

Hoka3areabctBo. b={ey,... . e, e, .1,...,e,} — 0azuc g
UaV, A% u AE — MaTpuubl orpaHuueHui oneparopa A Ha U u,
1 2
COOTBETCTBEHHO, Ha V.
CorJlacHO KpUTepuio noJypacrnapiieicss MaTpuilbl, MaTpUlia Ore-

A A% Omx(n—m)
patopa A B Oasuce b umeer Bui1 Ag = 0, )1 AE
n—m)xXm 9
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Jlemma 4 (0 npsiMmou cymme A-MHBapuaHTHblx NOANPOCTPAHCTB). HyCIﬂb A — au-
HellHbLil onepamop auretinoeo npocmpancmsea U &V, edeU uV —
A-unsapuanmmoie noonpocmparcmsa. Ecau g(\) u h(\) — xapak-
mepucmuuecKue NOAUHOMbL 02PAHUYCHUS Onepanopa AnaUu, co-
omgemcmeenHo, Ha 'V, mo xapakmepucmuuecKkut NoOAUHOM onepa-

mopa A pasen g(\) - h(\).

Hoka3areabctBo. b={ey,... . e, e, .1,...,e,} — 0azuc g
UdV, AL un Agr — MarTpulbl orpaHuuenuii ornepatopa A Ha U W,
b, © "'b;
COOTBETCTBEHHO, Ha V.

A — A[Uil Omx(n—m) L A 6 B
B = O(R_m)xm AE MaTpHla oneparopa B Oa3UCe D.
2

[Io CBOHCTBY AeTepMHUHAHTA NOJypacnaBllecs MaTPULLbI
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mopa A pasen g(\) - h(\).

Hoka3areabctBo. b={e;,... . e, e, .1,...,e,} — 0Oazuc g
UdV, AL n Agx — Marpuibl orpaHuuenuii ornepatopa A Ha U w,
b, © "'b;
COOTBETCTBEHHO, Ha V.

A — Agl Omx(n—m) L A 6 B
B = O(n_m)Xm AE MaTpHla oneparopa B Oa3HUcCe D.
2

[To CBOI;,ICTBy J€TEPMHHAHTA nonypacnaBmeﬁCﬂ MaTpHUL bl

Ap — AExn| =
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2

[To CBOI;,ICTBy J€TEPMHHAHTA nonypacnaBmeﬁCﬂ MaTpHUL bl

U |4
‘AB - )\Enxn| = |A51 - Amem‘ : ‘ABQ - )\E(n—m)x(n—m) —
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mopa A pasen g(\) - h(\).
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2

[To CBOI;,ICTBy J€TEPMHHAHTA nonypacnaBmeﬁCﬂ MaTpHUL bl

‘AB - )\Enxn| = |A%1 - AEme‘ ' ‘AEZ - )\E(n—m)x(n—m) — g()‘> ) h()‘>7
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mepucmuuecKue NOAUHOMbL 02PAHUYCHUS Onepanopa AnaUu, co-
omgemcmeenHo, Ha 'V, mo xapakmepucmuuecKkut NoOAUHOM onepa-

mopa A pasen g(\) - h(\).

Hoka3areabctBo. b={e;,... . e, e, .1,...,e,} — 0Oazuc g
UdV, AL n Agx — Marpuibl orpaHuuenuii ornepatopa A Ha U w,
b, © "'b;
COOTBETCTBEHHO, Ha V.

A — Agl Omx(n—m) L A 6 B
B = O(n_m)Xm AE MaTpHla oneparopa B Oa3HUcCe D.
2

[To CBOﬁCTBy J€TEPMHHAHTA nonypacnaBmeﬁCﬂ MaTpHUL bl
— U — . 14 — — .
‘AB - )\Enxn| = |A51 >\Em><m| ‘ABZ AE(n—m)x(n—m) g()‘> h()‘>7

YTO U TPEOOBAJIOCH 10KA3ATh.



Jlemma 5 (0 cymMMe KOpHeBbIX l'lO}lﬂpOCTpaHCTB) B ycaosusiax meopeMbt 1
U=UA 1)@ ... 0 U(A, un), 20e {p1, . .., pm} = spec A.

JloKa3aTeJbCTBO.



Jlemma 5 (0 cymMMe KOpHeBbIX l'lO}lﬂpOCTpaHCTB) B ycaosusiax meopeMbt 1
U=UA 1)@ ... 0 U(A, un), 20e {p1, . .., pm} = spec A.

Joka3areabcTBO. MHAyKIMs N0 pa3MepHOCTH MpPocTpaHcTBa. basa
MHYKLIHH



Jlemma 5 (0 cymMMe KOpHeBbIX l'lO}lﬂpOCTpaHCTB) B ycaosusiax meopeMbt 1
U=UA 1)@ ... 0 U(A, un), 20e {p1, . .., pm} = spec A.

Joka3areabcTBO. MHAyKIMs N0 pa3MepHOCTH MpPocTpaHcTBa. basa
uHayKuuu — dim U = 1 — oueBuaHa.



Jlemma 5 (0 cymMMe KOpHeBbIX l'lO}lﬂpOCTpaHCTB) B ycaosusiax meopeMbt 1
U=UA 1)@ ... 0 U(A, un), 20e {p1, . .., pm} = spec A.

Joxka3zareabctBo. [lyctb dimU =n > 1 u jaig 106010 JIMHEHHOTO
NPOCTPAHCTBA MEHbILIEH PA3MEPHOCTH YTBEPKJIEHUE JIEMMbI BEPHO.



Jlemma 5 (0 cymMMe KOpHeBbIX l'lO}lﬂpOCTpaHCTB) B ycaosusiax meopeMbt 1
U=UA 1)@ ... 0 U(A, un), 20e {p1, . .., pm} = spec A.

Hoxka3zareabctBo. [lycte dimU =n > 1 u ang 106010 JIMHEHHO-
ro MPOCTPAHCTBA MeHbLUEH PA3MEPHOCTH YTBEPXKIEHHE JIEMMbI BEPHO.
[Tyetb g — cobceTBeHHOe 3HaUeHHe OrepaTopa A, U(A, 1) — Kophe-
BOE MOAMPOCTPAHCTBO JINHEHHOTO Onepatopa A, COOTBETCTBYIOLIEE UHC-
Jy py. Torna



Jlemma 5 (0 cymMMe KOpHeBbIX l'lO}lﬂpOCTpaHCTB) B ycaosusiax meopeMbt 1
U=UA 1)@ ... 0 U(A, un), 20e {p1, . .., pm} = spec A.

Hoxka3zareabctBo. [lycte dimU =n > 1 u ang 106010 JIMHEHHO-
ro MPOCTPAHCTBA MeHbLUEH PA3MEPHOCTH YTBEPXKIEHHE JIEMMbI BEPHO.
[Tyetb g — cobceTBeHHOe 3HaUeHHe OrepaTopa A, U(A, 1) — Kophe-
BOE MOAMPOCTPAHCTBO JINHEHHOTO Onepatopa A, COOTBETCTBYIOLIEE UHC-
Jy py. Torna

A

U(A, up) = Ker (fl — ,ulE)n = Ker (121 — ,ulE) 2n. (1)

B camowm nene,



Jlemma 5 (0 cymMMe KOpHeBbIX l'lO}lﬂpOCTpaHCTB) B ycaosusiax meopeMbt 1
U=UA 1)@ ... 0 U(A, un), 20e {p1, . .., pm} = spec A.

JloKa3aTeJbCTBO.
N ~ A\ T ~ A\ 2n
U(A, ) = Ker (A — ,u1E> = Ker (A — ,ulE) : (1)

B camom Jesie, nycTh

{0} < Ker (121 — M1E> < ... < Ker <121 — ,ulE)k = Ker (A ,ulE)

k+1



Jlemma 5 (0 cymMMe KOpHeBbIX l'lO}lﬂpOCTpaHCTB) B ycaosusiax meopeMbt 1
U=UA 1)@ ... 0 U(A, un), 20e {p1, . .., pm} = spec A.

JloKa3aTeJbCTBO.
U(A, ) = Ker (fl - ,ulf'?)n = Ker (A — ,ulE) Qn. (1)

B camom Jesie, nycTh
{0} < Ker (121 — M1E> < ... < Ker <121 — ,ulE) = Ker (A ,ulE) kH.

Torna ¢ nomolb HHAYKIMH 110 s > 1 1oJiydaem, 4To

k+s

Ker (A — ulE)k =...=Ker (A ,LL1E>



Jlemma 5 (0 cymMMe KOpHeBbIX l'lO}lﬂpOCTpaHCTB) B ycaosusiax meopeMbt 1
U=UA 1)@ ... 0 U(A, un), 20e {p1, . .., pm} = spec A.

ILOKasaTe.anTBo.
U(A, 1) = Ker (fl - M1E>n = Ker (A — ,ulE) 2n. (1)
B camom jesie, nycTh
{0} < Ker (A — ulE) < ... < Ker (121 — MlE) = Ker (A ,ulE) kH.
Torna ¢ nomouIb0 MHAYKLIMH 110 s > 1 1oJyuaem, uTo
Ker (121 — ,ulE)k =...=Ker (A ,ulE) k+8.
Tax kak mo k-ro mara BKJIIOUMTEILHO Pa3MEPHOCTH MOANPOCTPAHCTB

~ ~ 1
Ker (A—ME) YBEJUUUBAJJIUCH, HO PA3MEPHOCTH IMOJIPOCTPAHCTBA

R A\ k
Ker (A — ,ulE) He 6oJibllie n = dim U, TO



Jlemma 5 (0 cymMMe KOpHeBbIX l'lO}lﬂpOCTpaHCTB) B ycaosusiax meopeMbt 1
U=UA 1)@ ... 0 U(A, un), 20e {p1, . .., pm} = spec A.

ILOKasaTe.anTBo.
U(A, 1) = Ker (fl - M1E>n = Ker (A — ,ulE) 2n. (1)
B camom jesie, nycTh
{0} < Ker (A — ulE) < ... < Ker (121 — MlE) = Ker (A ,ulE) kH.
Torna ¢ nomouIb0 MHAYKLIMH 110 s > 1 1oJyuaem, uTo
Ker (121 — ,ulE)k =...=Ker (A ,ulE) k+8.
Tax kak mo k-ro mara BKJIIOUMTEILHO Pa3MEPHOCTH MOANPOCTPAHCTB

~ ~ 1
Ker (A—ME) YBEJUUUBAJJIUCH, HO PA3MEPHOCTH IMOJIPOCTPAHCTBA

R A\ k
Ker (A — ,ulE) He 6oJiblie n = dim U, 10 k < n.

Paenctsa (1) nokasaHsi.



Jlemma 5 (0 cymMMe KOpHeBbIX l'lO}lﬂpOCTpaHCTB) B ycaosusiax meopeMbt 1
U=UA 1)@ ... 0 U(A, un), 20e {p1, . .., pm} = spec A.

JloKa3aTeJbCTBO.
N ~ A\ T ~ A\ 2n
U(A, ) = Ker (A — ,u1E> = Ker (A — ,ulE) : (1)

[Tonoxkum W = (121 — ,ulf?)n (U).



Jlemma 5 (0 cymMMe KOpHeBbIX l'lO}lﬂpOCTpaHCTB) B ycaosusiax meopeMbt 1
U=UA 1)@ ... 0 U(A, un), 20e {p1, . .., pm} = spec A.

JloKa3aTeJbCTBO.
N ~ A\ T ~ A\ 2n
U(A, ) = Ker (A — ,u1E> = Ker (A — ,ulE) : (1)

[Tosoxxkum W = (121 — ,ulf?)n (U). Hokaxem, uto U = U(A, t) & W,



Jlemma b (0 cymMMe KOpHeBbIX l'lO}lﬂpOCTpaHCTB) B ycaosusiax mBOPBMbl 1
U=UA 1)@ ... 0 U(A, un), 20e {p1, . .., pm} = spec A.

JloKa3aTeJbCTBO.
N ~ ~ 2n
U(A, 1) = Ker (A — M1E> = Ker (A ,ulE) : (1)

[Tosoxxkum W = (121 — M1E> (U). Hokaxem, uto U = U(A, t) & W,
Jlns1 3T0TO, B CHJTy TEOpEMbl O CyMMe paHra u jaedekra JUHEHHOTo
oneparopa, 10CTaTOUHO MPoBepuTh, uto U (A, u1) N W = {0}.



Jlemma b (0 cymMMe KOpHeBbIX l'lO}lﬂpOCTpaHCTB) B ycaosusiax mBOPBMbl 1
U=UA 1)@ ... 0 U(A, un), 20e {p1, . .., pm} = spec A.

JloKa3aTeJbCTBO.
N ~ ~ 2n
U(A, 1) = Ker (A — M1E> = Ker (A ,ulE) : (1)

[ToJsioxkum W = (121 — ,ulff?)n (U). Hokaxem, uto U = U(A, t) & W,
Jlnist 3TOrO, B CHJIy TEOpeMbl 0 CyMMe paHra U aedekra JUHEHHOro
orepaTopa, J0CTaATOUHO POBEPUTD, uTo U (A, p11) N W = {0}.
BosbmeMm



Jlemma b (0 cymMMe KOpHeBbIX l'lO}lﬂpOCTpaHCTB) B ycaosusiax mBOPBMbl 1
U=UA 1)@ ... 0 U(A, un), 20e {p1, . .., pm} = spec A.

JloKa3aTeJbCTBO.
N ~ ~ 2n
U(A, 1) = Ker (A — M1E> = Ker (A ,ulE) : (1)

[ToJsioxkum W = (121 — ,ulff?)n (U). Hokaxem, uto U = U(A, t) & W,
JIJ1s1 3TOTO, B CHJIy TEOpeMbl O CyMMe paHra u aedekra JUHEHHOro
orepaTopa, J0CTaATOUHO POBEPUTD, uTo U (A, p11) N W = {0}.
BosbMeM x € U(A, i) N W



Jlemma b (o cymMMe KOpHeBbIX l'lO}lﬂpOCTpaHCTB) B ycaosusiax mBOPBMbl 1
U=UA 1)@ ... 0 U(A, un), 20e {p1, . .., pm} = spec A.

JloKa3aTeJbCTBO.
~ ~ ~ 2n
U(A, ) = Ker (A — M1E> = Ker (A ,ulE) . (1)

[Tosoxxkum W = (121 — ME) (U). Hokaxem, uto U = U(A, t) & W,
Jlist 5TOTO, B CHJIY TEOPEMBI O CYMMe paHra u Ae(ekTa JUHEHAHOro
orepaTopa, J0CTaATOUHO POBEPUTD, uTo U (A, p11) N W = {0}.

n

BosbMem X € U(A, i) NW. Tak kak x € W = (A ,LL1E) (U), To

Ha#WJeTCsl TAKOH BEKTOP Y, UTO X = (A — ,LL1E) (y).



Jlemma b (o cymMMe KOpHeBbIX l'lO}alOCTpaHCTB) B ycaosusiax mBOPBMbl 1
U=UA 1)@ ... 0 U(A, un), 20e {p1, . .., pm} = spec A.

JloKa3aTeJbCTBO.
~ ~ ~ 2n
U(A, ) = Ker (A — ,u1E> = Ker (A ,ulE) . (1)

[Tosoxxkum W = (121 — ME) (U). Hokaxem, uto U = U(A, t) & W,
Jlist 5TOTO, B CHJIY TEOPEMBI O CYMMe paHra u Ae(ekTa JUHEHAHOro
orepaTopa, J0CTaATOUHO POBEPUTD, uTo U (A, p11) N W = {0}.

BosbMem x € U(A,)NW. Tak kak xe€ W = (A ,ulE)n(U),

= (A — ,ulE) (y). Cornacno paBenctBam (1), umeem

0= (A=) (0 = (A=mB) " w)



Jlemma b (o cymMMe KOpHeBbIX l'lO}alOCTpaHCTB) B ycaosusiax mBOPBMbl 1
U=UA 1)@ ... 0 U(A, un), 20e {p1, . .., pm} = spec A.

JloKa3aTeJbCTBO.
~ ~ ~ 2n
U(A, ) = Ker (A — ,u1E> = Ker (A ,ulE) . (1)

[Tosoxxkum W = (121 — ME) (U). Hokaxem, uto U = U(A, t) & W,
Jlist 5TOTO, B CHJIY TEOPEMBI O CYMMe paHra u Ae(ekTa JUHEHAHOro
orepaTopa, J0CTaATOUHO POBEPUTD, uTo U (A, p11) N W = {0}.

BosbMem x € U(A,)NW. Tak kak xe€ W = (A ,ulE) (U),
= (A — ,ulE) (y). Cornacno paBenctBam (1), umeem
A N n A\ 21
0= (A—mE) ()= (A-mE) ()

O\ 2n

Takum oOpasom, y € Ker (121 — ,ulE)



Jlemma b (o cymMMe KOpHeBbIX l'lO}alOCTpaHCTB) B ycaosusiax mBOPBMbl 1
U=UA 1)@ ... 0 U(A, un), 20e {p1, . .., pm} = spec A.

JloKa3aTeJbCTBO.
~ ~ ~ 2n
U(A, ) = Ker (A — ,u1E> = Ker (A ,ulE) . (1)

[ToJsioxkum W = (121 — ME)n (U). Hokaxem, uto U = U(A, t) & W,
Jlist 5TOTO, B CHJIY TEOPEMBI O CYMMe paHra u Ae(ekTa JUHEHAHOro
oneparopa, J10CTaTOUHO NpoBepuTh, uto U(A, 1) N W = {0}. Boab-
mMemx € U(A, ) NW, x= (A ,ulE) (y).

N O\ 2n
Hrak, y e Ker (A—,ulE) . W3 paenctB (1) noJsyuyaem

A A~

y € Ker (fl - ME)n. CneroBaTeibHO, X = <A - M1E> (y) = 0. Utak
Ker (A - ME)” n(4- ME)” (U) = {0Y.



Jlemma b (0 cymMMe KOpHeBbIX l'lO}lﬂpOCTpaHCTB) B ycaosusiax mBOPBMbl 1
U=UA 1)@ ... 0 U(A, un), 20e {p1, . .., pm} = spec A.

JloKa3aTeJbCTBO.
N ~ A\ T ~ A\ 2n
U(A, 1) = Ker (A — M1E> = Ker (A — ,ulE) : (1)

[Tosnoxum W = (121 — ,ulff?)n (U). Mbl 1oKasaJu uTo
Ker (/Al — ulE)n N <121 — ME)n (U) ={0}.

Kak oTmeuaJioch Bhblllle, U3 TeopeMbl 0 cymme paHra u aedekra au-
HelHOIo oneparopa cJeayeT, YTo



Jlemma b (0 cymMMe KOpHeBbIX l'lO}lﬂpOCTpaHCTB) B ycaosusiax mBOPBMbl 1
U=UA 1)@ ... 0 U(A, un), 20e {p1, . .., pm} = spec A.

JloKa3aTeJbCTBO.
N ~ A\ T ~ A\ 2n
U(A, ) = Ker (A — M1E> = Ker (A — ,ulE) : (1)

[Tosnoxum W = (121 — ,ulff?)n (U). Mbl 1oKasaJu uTo

A ~\ TN N ~\ N
Ker (A — ,ulE) N <A — ,ulE) (U) ={0}.
Kak oTmeuasioch Bhillle, M3 TEOpeMbl 0 CyMMe paHra v aedekra Jiu-
HEHOro oneparopa cJeayer, uTo

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



Jlemma 5 (0 cymMMe KOpHeBbIX l'lO}lﬂpOCTpaHCTB) B ycaosusiax meopeMbt 1
U=UA 1)@ ... 0 U(A, un), 20e {p1, . .., pm} = spec A.

JloKa3aTeJbCTBO.

A ~ A\ 2n
U(A, p1) = Ker (A—M1E> = Ker (A /uE) : (1)
U = Ker (A — ,LL1E) EB(A — ,ull?) (U) = U(A, ,LL1)@(A — ,ulE) (U).
(2)
B cusy ycsioBusi 10Ka3bIBaeMOU JIeMMbl U JIEeMMbl O MPsIMOK cymMMe A-
MHBAPUAHTHBIX MOANPOCTPAHCTB XapPAKTEPUCTUUECKHUH TOJMHOM OTPaHH -

ueHus onepatopa A Ha (A — ,ulE) (U) siBasieTcsi BIIOJIHE TIPUBOIUMbIM.



Jlemma 5 (0 cymMMe KOpHeBbIX l'lO}lﬂpOCTpaHCTB) B ycaosusiax meopeMbt 1
U=UA 1)@ ... 0 U(A, un), 20e {p1, . .., pm} = spec A.

JloKa3aTeJbCTBO.

A ~ A\ 2n
U(A, p1) = Ker (A—M1E> = Ker (A /uE) : (1)
U = Ker (A — ,LL1E> EB(A — ,ull?) (U) = U(A, ,LL1)@(A — ,ulE) (U).
(2)
B cusy ycsioBusi 10Ka3bIBaeMOU JIeMMbl U JIEeMMbl O MPsIMOK cymMMe A-
MHBAPUAHTHBIX MOANPOCTPAHCTB XapPAKTEPUCTUUECKHUH TOJMHOM OTPaHH -

ueHus onepatopa A Ha (A — ,ulE) (U) siBasieTcsi BIIOJIHE TIPUBOIUMbIM.

A~ ~ n
[To nmpennosioxKeHuo MHAYKLIMH MOANPOCTPAHCTBO (A - ,u1E> (U) pas-
JlaraeTest B MpsIMYI0 CYMMY KOPHEBBIX MOIIPOCTPAHCTE OFPAHHUCHHS

oneparopa A na (A ulE) (U).



Jlemma 5 (0 cymMMe KOpHeBbIX l'lO}lﬂpOCTpaHCTB) B ycaosusiax meopeMbt 1
U=UA 1)@ ... 0 U(A, un), 20e {p1, . .., pm} = spec A.

JloKa3aTeJbCTBO.

A ~ A\ o N\ 21
U(A, ) = Ker (A - ,u1E> = Ker (A — ,ulE) : (1)
U = Ker (A — ,LL1E> EB(A — ,ull?) (U) = U(A, ,LL1)@(A — ,ulE) (U).
A N (2)
[To npeanooKeHro MHAYKIUH MOANPOCTPAHCTBO (A — ,LL1E> (U) pas-
JlaraeTcs B MpsMylo CyMMy KOPHEBBIX MOMMPOCTPAHCTB OrpaHHyeHns

oneparopa A na (A ,ulE) (U).



Jlemma 5 (0 cymMMe KOpHeBbIX l'lO}lﬂpOCTpaHCTB) B ycaosusiax meopeMbt 1
U=UA 1)@ ... 0 U(A, un), 20e {p1, . .., pm} = spec A.

JloKa3aTeJbCTBO.

A ~ A\ 2n
U(A, p1) = Ker (A—M1E> = Ker (A /uE) : (1)
U = Ker (A — ,LL1E> EB(A — ,ull?) (U) = U(A, ,LL1)@(A — ,ulE) (U).
A N (2)
[To npeanooKeHro MHAYKIUH MOANPOCTPAHCTBO (A — ,LL1E> (U) pas-
JlaraeTcs B NpsMYyIo CyMMy KOPHEBBIX MOMMPOCTPAHCTB OrpaHHyeHHns

A

oneparopa A H <A M1E> (U). DTH moanmpocTpaHCTBa SIBJSIOTCS

KOPHEBBIMU U JUJIA omeparopa A. Takum oOpasom, mnoJyuyaeM Tpeoye-
MOe€ pasJioKeHue npocTtpancTBa U B NPAMYIO CYMMY KOPHEBbIX MTOANPO-
CTPAHCTB.

Jlemma nokasana.



CJIeﬂCTBl/le 1 (0 pa3MepHOCTU KOPHEBOT0 NOANPOCTPAHCTBA). Ecau xapaxkrepu-
cmuueckuil noaurom f(\) onepamopa A snoane pasnioxncum, mo
ecmo npedcmasun g sude f(A) = (A — ul)kl()\ — ,ug)kQ (A= ,um)km,
mo 045 106020 1 ¢ ycarosuem 1 <1 < m umeem mecmo paseHcmso
dim U(A, i) = k;. Hroimu crosamu, pasmeprocmos KOPHEB020 no0-
APOCMPAHCMBA, OMBEUAOUe20 COOCMBEHHOMY 3HAUEHUIO [i;, PAB-
Ha KPAMHOCMU KOPHA [t; MHO204AeHA f(N).

Jloka3aTeabCcTBO. ITO OUEBUJIHOE CJIEJICTBUE W3 JieMMbl O CyM-
Me KOPHEBbIX MOAMPOCTPAHCTB U U3 JeMMbl 0 NPSAMOA cymme A-
MHBAPUAHTHbIX NOANPOCTPAHCTB.



CJleﬂCTBl/le 1 (0 pa3MepHOCTU KOPHEBOT0 NOANPOCTPAHCTBA). Ecau xapaxkrepu-
cmuueckuil noaurom f(\) onepamopa A snoane pasnioxncum, mo
ecmo npedcmasun g sude f(A) = (A — ul)kl()\ — M2>k2 (A= ,um)km,
mo 045 106020 1 ¢ ycarosuem 1 <1 < m umeem mecmo paseHcmso
dim U(A, i) = k;. Hroimu crosamu, pasmeprocmos KOPHEB020 no0-
APOCMPAHCMBA, OMBEUAOUe20 COOCMBEHHOMY 3HAUEHUIO [i;, PAB-
Ha KPAMHOCMU KOPHA [t; MHO204AeHA f(N).

Jloka3areabcTBo. J1eso B TOM, UTO ec/in B — orpaHuyeHue oneparopa
A Ha KOpHeBOe MOANPOCTPAHCTBO U(A 11;) orepatopa A, To xapakre-
PHCTHUECKHUIT [TOJTMHOM OrepaTopa B He HMeeT APYrux KOpHeli, KPOMe /i.



CJleﬂCTBl/le 1 (0 pa3MepHOCTU KOPHEBOT0 NOANPOCTPAHCTBA). Ecau xapaxkrepu-
cmuueckuil noaurom f(\) onepamopa A snoane pasnioxncum, mo
ecmo npedcmasun g sude f(A) = (A — ul)kl()\ — M2>k2 (A= ,um)km,
mo 045 106020 1 ¢ ycarosuem 1 <1 < m umeem mecmo paseHcmso
dim U(fl, i) = k;. Hroimu crosamu, pasmeprocmos KOPHEB020 no0-
APOCMPAHCMBA, OMBEUAOUe20 COOCMBEHHOMY 3HAUEHUIO [i;, PAB-
Ha KPAMHOCMU KOPHA [t; MHO204AeHA f(N).

Joka3areabcTBO. Eciin Obl Hale/icst KOpeHb 6 # |1 XapaKTepUCTHUEe-
CKOro MoJIMHOMA onepaTtopa 3, To Jijisl HEro B 3TOM KOPHEBOM TMOANPO-
CTpaHCTBe Haulesicst Obl COOCTBEHHbIA BEKTOP X. OJIHAKO UHYKLMS JaeT

R N
(A — ,uE> (x) = (6 — p)*X, 4TO HM IPK KAKOM HATYpaNLHOM k HE PABHO
HYJIEBOMY BEKTOPY. DTO POTHBOPEUUT TOMY, UTO



CJleﬂCTBl/le 1 (0 pa3MepHOCTU KOPHEBOT0 NOANPOCTPAHCTBA). Ecau xapaxkrepu-
cmuueckuil noaurom f(\) onepamopa A snoane pasnioxncum, mo
ecmo npedcmasun g sude f(A) = (A — ul)kl()\ — M2>k2 (A= ,um)km,
mo 045 106020 1 ¢ ycarosuem 1 <1 < m umeem mecmo paseHcmso
dim U(fl, i) = k;. Hroimu crosamu, pasmeprocmos KOPHEB020 no0-
APOCMPAHCMBA, OMBEUAOUe20 COOCMBEHHOMY 3HAUEHUIO [i;, PAB-
Ha KPAMHOCMU KOPHA [t; MHO204AeHA f(N).

Joka3areabcTBO. Eciin Obl Hale/icst KOpeHb 6 # |1 XapaKTepUCTHUEe-
CKOro MoJIMHOMA onepaTtopa 3, To Jijisl HEro B 3TOM KOPHEBOM TMOANPO-
CTpaHCTBe Haulesicst Obl COOCTBEHHbIA BEKTOP X. OJIHAKO UHYKLMS JaeT

(fl — uE) ' (x) = (6 — p)*X, 4TO HM IPK KAKOM HATYpaNLHOM k HE PABHO
HYJIEBOMY BEKTOPY. DTO MPOTUBOPEUHT TOMY, UTO X MPUHAJJIEKHUT KOP-
HEBOMY MOANPOCTPAHCTBY orepatopa A (U, 3HaUHT, KOPHEBOMY MOATNPO-
CTpPAHCTBY orepatopa B), 0TBeuaioleMy COGCTBEHHOMY 3HAYEHHIO [i.



Onpene.}leHl/le HUJAbIMOTEHTHOIO onepartopa

JlemMmMa 00 MHBapMaHTHbIX MOANPOCTPaHCTBaxX omneparopoB A

U (A — ,uE) HJeMMa 0 CYMME€ KOPHEBBIX NMOANPOCTPAHCTB CBOAUT

3aj7iauy NOCTPOEHUS KAHOHWYECKOro 6a3uca K CUTyalluH, KOrjaa Bce Mnpo-
CTPAaHCTBO — KOPHEBOe.



OnpeneneHre HUIbMOTEHTHOrO oneparopa
JlemMmMa 00 MHBapMaHTHbIX MOANPOCTPaHCTBaxX omneparopoB A

U (A — ,uE) HJeMMa 0 CYMME€ KOPHEBBIX NMOANPOCTPAHCTB CBOAUT

3aj7iauy NOCTPOEHUS KAHOHWYECKOro 6a3uca K CUTyalluH, KOrjaa Bce Mnpo-
CTPAaHCTBO — KOPHEBOe.

A

Onpepnenenue 4. Jluneiinoiil onepamop A AUHELHOCO NPOCHIPAH-
cmsa U Hasvieaemcsi HAWJIbNOTEHTHBIM 1m1020a U MoAbKO moeda, KO-

eda U sasasemcsi KopHesolM NOONPOCMPAHCMBOM onepamopa A,
omseuarouum coocmsenHomy anateruro 0.



OnpeneneHre HUIbMOTEHTHOrO oneparopa
JlemMmMa 00 MHBapMaHTHbIX MOANPOCTPaHCTBaxX omneparopoB A

U (A — ,uE) HJeMMa 0 CYMME€ KOPHEBBIX NMOANPOCTPAHCTB CBOAUT

3aj7iauy NOCTPOEHUS KAHOHWYECKOro 6a3uca K CUTyalluH, KOrjaa Bce Mnpo-
CTPAaHCTBO — KOPHEBOe.

A

Onpepnenenue 4. Jluneiinoiil onepamop A AUHELHOCO NPOCHIPAH-
cmsa U Hasvieaemcsi HAWJIbNOTEHTHBIM 1m1020a U MoAbKO moeda, KO-

eda U sasasemcsi KopHesolM NOONPOCMPAHCMBOM onepamopa A,
omseuarouum coocmsenHomy anateruro 0.

Hrak, nuHeitHbiil onepatop A siBAsieTCsl HUJBIIOTEHTHBIM €CJIM U TOJIb-
KO €CJIM JIJIs1 HEKOTOPOT0 HATyPaJIbHOTO UKca k UMEeT MeCTO PABEHCTBO

AR(U) = {0}.



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau A — Huab-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-

cmparncmsa U, mo umeemcs KaHOHUUYeCcKuUl 6asuc AuHeiHoeo npo-
cmparcmsa U.

Jloka3aTeJbCTBO.



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau 121 — HUJb-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-
cmparncmsa U, mo umeemcs KaHOHU4eckutl 6a3uc MHelHo2o npo-
cmparcmsa U.

Jloka3zateabcTBO. [lycTh k& — HauMeHblllee Takoe HaTypaJb-
Hoe umucso, uto AF(U) = {0}. BuiGepem Gasuc {eii,..., €, 1} s
AU < Ker (A).



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau 121 — HUJb-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-
cmparncmsa U, mo umeemcs KaHOHU4eckutl 6a3uc MHelHo2o npo-
cmparcmsa U.

Jloka3zateabcTBO. [lycTh k& — HauMeHblllee Takoe HaTypaJb-
noe uucso, uro AF(U) = {0}. BuiGepem Gasuc {e,...,e, 1} A1s
AU < Ker (A).MMeeM 10} = AMU) < A U) < ... < A(U) < U
[03TOMY



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau 121 — HUJb-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-
cmparncmsa U, mo umeemcs KaHOHU4eckutl 6a3uc MHelHo2o npo-
cmparcmsa U.

ILOKaSaTe.HbCTBO. HyCTb k — HauMeHblllee Takoe HaTypaJib-
Hoe umucso, uto AF(U) = {0}. BuiGepem Gasuc {eii,..., €, 1} s
AU < Ker (A).MMeeM 10} = AMU) < A U) < ... < A(U) < U
nosromy {0} = Ker(A) N A¥(U) < Ker(A) N A" 1(U) <



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau 121 — HUJb-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-
cmparncmsa U, mo umeemcs KaHOHU4eckutl 6a3uc MHelHo2o npo-
cmparcmsa U.

Jloka3zateabcTBO. [lycTh k& — HauMeHblllee Takoe HaTypaJb-
Hoe umucso, uto AF(U) = {0}. BuiGepem Gasuc {eii,..., €, 1} s
AU < Ker (A).MMeeM 10} = AMU) < A U) < ... < A(U) < U

nostomy {0} = Ker(A) N A¥U) < Ker(A) N AF1(U) <
< Ker(A4) N A2(U) <



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau 121 — HUJb-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-
cmparncmsa U, mo umeemcs KaHOHU4eckutl 6a3uc MHelHo2o npo-
cmparcmsa U.

ILOKaSaTe.HbCTBO. HyCTb k — HauMeHblllee Takoe HaTypaJib-
Hoe umucso, uto AF(U) = {0}. BuiGepem Gasuc {eii,..., €, 1} s
AU < Ker (A).MMeeM 10} = AMU) < A U) < ... < A(U) < U
nosromy {0} = Ker(A) N A¥(U) < Ker(A) N A" 1(U) <

A

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



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau 121 — HUJb-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-
cmparncmsa U, mo umeemcs KaHOHU4eckutl 6a3uc MHelHo2o npo-
cmparcmsa U.

Jloka3zateabcTBO. [lycTh k& — HauMeHblllee Takoe HaTypaJb-
Hoe umucso, uto AF(U) = {0}. BuiGepem Gasuc {eii,..., €, 1} s
AU < Ker (A).MMeeM 10} = AMU) < A U) < ... < A(U) < U

nostomy {0} = Ker(A) N AHU) < Ker(A) N AF(U) <
< Ker(A) N A2(U) < ... < Ker(A) N A(U) < Ker(A).



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau 121 — HUJb-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-
cmparncmsa U, mo umeemcs KaHOHU4eckutl 6a3uc MHelHo2o npo-
cmparcmsa U.

Jlokasateabcto. {0} = Ker(A) N A¥(U) < Ker(A) N AF1(U) <
< Ker(A) N A2(U) < ... < Ker(A) N A(U) < Ker(A).
[TosToMy MO2KHO BbIOpaTh Takoi Oa3uc npoctpancTBa Ker A

{elﬂ,...,eW”J,eW”+1J,...,ewmﬂ,...,en%_2+1i,...,en%_b1},
WN)HHHIQDKHOFO])BGKTOPBIeW%+L1V..,en%+L1ﬂOHOHHHHﬂ“683HC
{el,la e Cm 11 Cmg 1y - e emp_1+1,17 SR emp,l}

JuHerinoro npoctpanctsa Ker(A) N A*P(U) no 6asuca
{61,1, ceey eml,l, emﬁl,l, Ceey em271, ceey empH,l, ceey emp+1’1}

JMHefiHoro npoctpatcrsa Ker(A) N AF—r=1(U).



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau 121 — HUJb-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-
cmparncmsa U, mo umeemcs KaHOHU4eckutl 6a3uc MHelHo2o npo-
cmparcmsa U.

Joka3areabcTBo. [Tosoxum mgy = 0. Iy KaxKabIX ¢,7 C YCJOBHSI-
1<i1<k—1
MU ,
1 <7 <mj—m;
CHPOBaHHble NPOOOPA3bl BEKTOPOB €, ,+j1 OTHOCHTEJIbHO IEHCTBHS
Nk—i—1 Ak—i—1 _
A . Takum o6pasom, A (€, (+jk—i) = €m,_,+i1-

0003HAUYUM YePe3 €, | k—; HEKOTOPble (UK~



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau 121 — HUJb-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-
cmparncmsa U, mo umeemcs KaHOHU4eckutl 6a3uc MHelHo2o npo-
cmparcmsa U.

Joka3areabcTBo. [Tosoxum mgy = 0. Iy KaxKabIX ¢,7 C YCJOBHSI-
1<i1<k—1
MU ,
1 <7 <mj—m;
CHPOBaHHble NPOOOPA3bl BEKTOPOB €, ,+j1 OTHOCHTEJIbHO IEHCTBHS
Nk—i—1 Ak—i—1 _
A . Takum o6pasom, A (€, (+jk—i) = €m,_,+i1-

0003HAUYUM YePe3 €, | k—; HEKOTOPble (UK~

1< <k—1
JInst KaxKabIX 4, 7,1 ¢ yesoBusiMM ¢ 1 < 7 < m; — m;_1 TOJIOXKHUM
1<t<k-—1
= AT i) (3)
emi—1+]7t emi—1+j7k_z

(151t = 1 3TO paBEHCTBO BBIMNOJIHAETCS aBTOMATHUECKH ).



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau 121 — HUJb-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-
cmparncmsa U, mo umeemcs KaHOHU4eckutl 6a3uc MHelHo2o npo-
cmparcmsa U.

Joka3areabcTBO. /I HATJISAHOCTH TMPOUJIIIOCTPUPYEM CHUTYAaLHIO
CJIC/IYIOLLICH CXEMOMU:

€1k-1 --- Cmik—1
€1k—2 -+ Cpmik—2 Cmit1k-—2 .- Cmyk-—2

€11 e €mi,1 €mi+1,1 ce €mo,1 oo €01 o €y 1,

NpUUYEM B 3TOH «TabJINIIE» BEKTOPbI, CTOSALIHME CTPOKOKH HUXKE, SIBJISIOTCS
06pa3oM, OTHOCUTEIbHO A, COOTBETCTBYIOLLLETO BbILIECTOSILIETO BEKTOPA.



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau 121 — HUJb-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-
cmparncmsa U, mo umeemcs KaHOHU4eckutl 6a3uc MHelHo2o npo-
cmparcmsa U.

Jloka3aTeJbCTBO.

8171 Ce eml,l em1+171 e emQ’l Ce e emk7271 . emk7171

(. s
g

Ker(A)NAk=1(U)

-~

Ker(A)NAF—2(U)

~~

Ker(A)NAk—i(U)

Ker(A)NA(U)

-
A

Ker(A)



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau 121 — HUJb-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-
cmparncmsa U, mo umeemcs KaHOHU4eckutl 6a3uc MHelHo2o npo-
cmparcmsa U.

ILOKaSaTe.HbCTBO. Tenepb OCTaJIOCb A0KA3dTb, UTO

b= {61,k—1, €1k—2,---5€11,€2%-1,---,C€my 15, C€my_1.1, }

— HCKOMbIH KaHOHWYeCKUH 6aszuc. HeTpuBHaJIbHBIM 3/1€Ch SIBJSETCS
TOJILKO JI0Ka3aTesbCTBO TOro ¢akra, uto b — 6asuc.



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau A — Huab-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-

cmparncmsa U, mo umeemcs KaHOHUUYeCcKuUl 6asuc AuHeiHoeo npo-
cmparcmsa U.

ILOKaSaTe.HbCTBO. ﬂOKa)KeM CHaydaJia, UyTO CUCTEMA

b= {61,k—1, €1k—2,---5€11,€2%-1,---,C€my 15, C€my_1.1, }

JUHEMHO He3aBHUCHUMA.



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau A — Huab-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-
cmparncmsa U, mo umeemcs KaHOHU4eckutl 6a3uc MHelHo2o npo-
cmparcmsa U.
k—1 mp k—p
Hoka3areabctBo. [lycth > > > \;e;; = 0, npuuem HekoTO-
p=li=m, 1+1 j=1
pble KOO(P(MHULHEHTBI \;; — HEHyJIeBble U ¢ — HAaUOOJbLLIMH TAKOK HOMEP,
uTO Ajy 7 0 I HEKOTOPOTO 4.



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau 121 — HUJb-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-
cmparncmsa U, mo umeemcs KaHOHU4eckutl 6a3uc MHelHo2o npo-
cmparcmsa U.
k—1 myp k—p
HokasateabctBo. [Iycts Y, > > \je;; = 0, npuuem HeKoTo-
p=li=m, 1+1 j=1
pble KOO(P(MHULHEHTBI \;; — HEHyJIeBble U ¢ — HAaUOOJbLLIMH TAKOK HOMEP,
uTO Ajy 7 0 I HEKOTOPOTO 4. A
[ToneficTByeM Ha JIEBYIO M TPABYIO YACTH PaBeHCTBA onepaTopom A¢—1,
MOJYYUM



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau A — Huab-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-
cmparncmsa U, mo umeemcs KaHOHU4eckutl 6a3uc MHelHo2o npo-
cmparcmsa U.
k—1 mp k—p
Hoka3areabctBo. [lycth > > > \;e;; = 0, npuuem HekoTO-
p=li=m, 1+1 j=1
pble KOO(P(MHULHEHTBI \;; — HEHyJIeBble U ¢ — HAaUOOJbLLIMH TAKOK HOMEP,
uTO Ajy 7 0 I HEKOTOPOTO 4.

k—1 mp max{q,k—p}

= A (0) = Z Z A@]Aq H(e; J) =

p=11i=my 1+1



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau A — Huab-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-
cmparncmsa U, mo umeemcs KaHOHU4eckutl 6a3uc MHelHo2o npo-
cmparcmsa U.
k—1 mp k—p
Hoka3areabctBo. [lycth > > > \;e;; = 0, npuuem HekoTO-
p=li=m, 1+1 j=1
pble KOO(P(MHULHEHTBI \;; — HEHyJIeBble U ¢ — HAaUOOJbLLIMH TAKOK HOMEP,
uTO Ajy 7 0 I HEKOTOPOTO 4.

max{q,k—p}

k—1 mp
0=A"" (0) = Z Z Z A@]Aq e ) =

p=11i=my 1+1



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau A — Huab-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-
cmparncmsa U, mo umeemcs KaHOHU4eckutl 6a3uc MHelHo2o npo-
cmparcmsa U.
k—1 mp k—p
Hoka3areabctBo. [lycth > > > \;e;; = 0, npuuem HekoTO-
p=li=m, 1+1 j=1
pble KOO(P(MHULHEHTBI \;; — HEHyJIeBble U ¢ — HAaUOOJbLLIMH TAKOK HOMEP,
uTO Ajy 7 0 I HEKOTOPOTO 4.

max{q,k—p}

0= A 0= 3 > -

p=11i=my 1+1

Z )‘quq Heig) =

=my_1+1

Il MQ



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau A — Huab-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-
cmparncmsa U, mo umeemcs KaHOHU4eckutl 6a3uc MHelHo2o npo-
cmparcmsa U.
k—1 mp k—p
Hoka3areabctBo. [lycth > > > \;e;; = 0, npuuem HekoTO-
p=li=m, 1+1 j=1
pble KOO(P(MHULHEHTBI \;; — HEHyJIeBble U ¢ — HAaUOOJbLLIMH TAKOK HOMEP,
uTO Ajy 7 0 I HEKOTOPOTO 4.

max{q,k—p}

0= A 0= 3 > -

p=11i=my 1+1

—q Mp
)\Zqu eZ q )\iqei,l.

=my_1+1

Il MQ



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau 121 — HUJb-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-
cmparncmsa U, mo umeemcs KaHOHU4eckutl 6a3uc MHelHo2o npo-
cmparcmsa U.

Joka3areabcTBo. [Tosyuniu

k—q mp
0= Z Z )\iqem.

p=1 i=m,_1+1
Ho cucrema BekTOpoB
{6171, e L ey - G 1 - - emk_271, Ceey emk_l,l}

JUHEHHO He3apucuma, IMpoTUBOPEYHUE.



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau 121 — HUJb-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-
cmparncmsa U, mo umeemcs KaHOHU4eckutl 6a3uc MHelHo2o npo-
cmparcmsa U.

Joka3areabcTBo. [Tosyuniu

k—q mp
0= Z Z )\iqem.

p=1 i=m, 1+1

Ho cucrema BekTOpoB

{61’1, Ceey eml,l, emlﬂ,l, ceey em271, ceey emk_271, Ceey emk_l,l}

JMHEWHO He3aBUCUMa, IPOTUBOPEUHE,
3HauuT, Bce \;; paBubl 0, To ecTb cuctema b innenno nesasucuma.



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau 121 — HUJb-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-
cmparncmsa U, mo umeemcs KaHOHU4eckutl 6a3uc MHelHo2o npo-
cmparcmsa U.

ILOKaSaTe.HbCTBO. Tenepb OCTaJIOCb A0KA3dTb, UTO

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

— HCKOMbIA KAHOHUUYECKUH Oasuc.
Tenepb nokaxxem, uto cuctema BekTopos b noJsiHa, To ectb 1060 BeK-
TOP ABJSICTCS JIMHEHMHOU KOMOUHALMEH BEKTOPOB 3TOM CUCTEMBI.



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau A — Huab-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-

cmparncmsa U, mo umeemcs KaHOHUUYeCcKuUl 6asuc AuHeiHoeo npo-
cmparcmsa U.

Joka3areabcTBO. [IycTh



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau A — Huab-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-

cmparncmsa U, mo umeemcs KaHOHUUYeCcKuUl 6asuc AuHeiHoeo npo-
cmparcmsa U.

Joka3areabcTBo. [lycth x € U.



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau 121 — HUJb-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-
cmparncmsa U, mo umeemcs KaHOHU4eckutl 6a3uc MHelHo2o npo-
cmparcmsa U.

JlokasareabcrBo. [Tyets x € U. Mmeem A" 1(x) € Ker <121> N A=YU)

TO, 110 TeopemMe O JHUHEeWHbIX KOMOMHAUMSAX 0a3UCHbIX BEKTOPOB,
HalLyTCsA TaKue KOS(MMULHUEHTBI A 1, YTO

mq

ik—1

A (X) = A p—1€11 + Aop—1€21+ .+ Ay pm1€my 1 = g Ajk—1€j1.
J=1



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau 121 — HUJb-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-
cmparncmsa U, mo umeemcs KaHOHU4eckutl 6a3uc MHelHo2o npo-
cmparcmsa U.

JlokasareabcrBo. [Tyets x € U. Mmeem A" 1(x) € Ker <121> N A=YU)

TO, 110 TeopemMe O JHUHEeWHbIX KOMOMHAUMSAX 0a3UCHbIX BEKTOPOB,
HalLyTCsA TaKue KOS(MMULHUEHTBI A 1, YTO

mq

ik—1

A (X) = A p—1€11 + Aop—1€21+ .+ Ay pm1€my 1 = g Ajk—1€j1.
J=1

~ mi ~ A
[Tostomy A*=2 | x = >" N4 1€-1 | € Ker (A) N A2(U).
=1



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau 121 — HUJb-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-
cmparncmsa U, mo umeemcs KaHOHU4eckutl 6a3uc MHelHo2o npo-
cmparcmsa U.

Jlokasateabctso. [Tycts x € U. Umeem A~1(x) € Ker <fl) N A=YU)

TO, MO TeopeMe O JUHEHWHbIX KOMOMHaUUsAIX Oa3UCHBIX BEKTOPOB,
HalLyTCA TaKue KOS(MMULHUEHTBI A 1, YTO

mi
1h—1
AH(X) = A g—1€11 + Aogk—1€21+ ..+ Ay 1€y 1 = E Ajk—1€j1.
j=1

) my ) )
[Tostomy A2 [ x — S" X\ 1€;41 | € Ker (A) N A¥=2(U). Orciona
i

k—2 _
IN\jro A X— D> Njr-1€jk-1 | = D Ajr2ej1.
j=1 J=1



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau A — Huab-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-

cmparncmsa U, mo umeemcs KaHOHUUYeCcKuUl 6asuc AuHeiHoeo npo-
cmparcmsa U.

Joka3areabcTBo. Takum o6pasom,

my mo
k-3
A X — E Ajh—1€j k-1 — g Ajr—2€jr—2 | =
J=1 J=1

2 my

= Ak—?) X — Z Z )\j,k—iej,k—i € Ker <A) M Ak_Q(U)

i=1 j=1



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau A — Huab-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-

cmparncmsa U, mo umeemcs KaHOHUUYeCcKuUl 6asuc AuHeiHoeo npo-
cmparcmsa U.

Joka3areabcTBo. Takum o6pasom,

my mo

k-3

A X — E Ajh—1€j k-1 — g Ajr—2€jr—2 | =
J=1 J=1

2 my
= Ak—?) X — Z Z )\j,k—iej,k—i € Ker <A) M Ak_Q(U)

i=1 j=1

[Tponomxas 3ToT mpolece, B KOHILE KOHIIOB MOJYyYUM TaKod Habop Ko-
k—1 m;

5 ULHEHTOB, UTO BbINOJHAETCS PABEHCTBO X — >, > Aj i€ = 0.
i=1 j=1



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau A — Huab-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-

cmparncmsa U, mo umeemcs KaHOHUUYeCcKuUl 6asuc AuHeiHoeo npo-
cmparcmsa U.

Hoka3areabcTBo. Takum o6pasom,

mi meo
AF? X‘_'ZE:«X%k—lefk—l j{:'x%k—2e%k—2 =
7=1 7=1
2 my;
— A3 [ x — Z Z )\J k—i€jik—i | € Ker (121) M Ak_2<U>.

i=1 j=1
k—1 my;
U3 x—> > Aiejr—i=0 caexyer TpebyemMoe  pPaBEHCTBO
i=1 j=1
k—1 m;
X=2, > Njk—i€ ki

i=1 j=1



Jlemma 6 (0 KaHOHHYECKOM 6a3uce KOPHEBOIro NOANPOCTPAHCTBA). Ecau 121 — HUJb-
NOMEHMHbLIL AUHEUHbLL ONnepamop HeHYyaeB8020 AUHEUHO020 NpOo-
cmparncmsa U, mo umeemcs KaHOHU4eckutl 6a3uc MHelHo2o npo-
cmparcmsa U.

ILOKaSaTe.HbCTBO. HOJIYIIHJH/I TpeGyeMoe COOTHOIIIEeHHue
k—1 m;

X= 2,2 Ajh-i®k—i-

i=1 j=1
PasymeeTtcs, nocJjie/inee paccyzkiaeHue cyaenoBao Obl opopMHUTH ¢ T10-
MOLLbIO MaTEMaTHUECKOW UHIYKIMH. Teopema JoKasaHa.



Hekotopble nogae3Hble paKThbl

e PasMepHOCTb KOPHEBOIO MOJNPOCTPAHCTBA JIMHEHHOTO oniepaTopa A,
OTBeYarolIero COOCTBEHHOMY 3HAUEHHUIO 4, PABHA KPATHOCTH KOPHS [t
XapaKTepUCTUUECKOr0 MHOTOUJIeHa onepatopa A.



Hekotopble nogae3Hble paKThbl

e PasMepHOCTb KOPHEBOIO MOJNPOCTPAHCTBA JIMHEHHOTO oniepaTopa A,
OTBeYarolIero COOCTBEHHOMY 3HAUEHHUIO 4, PABHA KPATHOCTH KOPHS [t
XapaKTepUCTUUECKOr0 MHOTOUJIeHa onepatopa A.

e B HopMasibHOHN KopaaHOBOH popMe MaTpHllbl JIMHEHHOTO OrepaTo-
pa A KOJIMUECTBO KOPJAHOBbIX KJIETOK, OTBEUAIOLIMX COOCTBEHHOMY
3HAUEHUIO (4, PABHO pa3MepHOCTH siipa oneparopa A — uk.



Hekotopble nogae3Hble paKThbl

e PasMepHOCTb KOPHEBOIO MOJNPOCTPAHCTBA JIMHEHHOTO oniepaTopa A,
OTBeYarolIero COOCTBEHHOMY 3HAUEHHUIO 4, PABHA KPATHOCTH KOPHS [t
XapaKTepUCTUUECKOr0 MHOTOUJIeHa onepatopa A.

e B HopMasibHOHN KopaaHOBOH popMe MaTpHllbl JIMHEHHOTO OrepaTo-
pa A KOJIMUECTBO KOPJAHOBbIX KJIETOK, OTBEUAIOLIMX COOCTBEHHOMY
3HAUEHUIO (4, PABHO pa3MepHOCTH siipa oneparopa A — uk.

e bosiee Toro, mia J060ro HaTypasibHOrO 4ucyaa k B HOPMAaJbHOH
JKOPHAHOBOH hOpMe MaTPHLIbl JTMHEHHOTO orepaTopa A KOJIHUeCTBO
YKOPJAHOBBIX KJIETOK, OTBEUAlOLIMX COOCTBEHHOMY 3HAUEHHUIO (i U
UMEIOLLIUX He meHee k CTPOK, paBHO Pa3MEPHOCTH siipa OnepaTo-

pa (4 - ME)k.



Hekotopble nogae3Hble paKThbl

e MakcumasbHbIH pasmep JKOPJLAHOBOM KJIETKH, OTBE-
yarumed g, paBeH  MHUHUMaJbHOMYy Takomy k € N, u4TO

Re ((A _ uEf) Ry ((A _ ME)’““).



[MlocTpoeHue KaHOHHUUYeCKOro 6a3uca

B COOTBETCTBUM C JIOTHKOW JI0KA3aTeJbCTBA TEOPEMbI O »KOPJAaHOBOK
dopme, I HaXOXKJIAEHUST KAHOHHUUECKOrO 0a3uca KOPHEBOTO MOANPO-
crpancrsa U (A, ,u) MbI TIEPEXOIUM K PAaCCMOTPEHHIO JIMHEHHOTO Orepa-
TOpAa B = A — pE, Tax Kak, COrJIacHo JeMMe 06 MHBAPUAHTHbBIX 101~

npoctpancTBax onepatopoB A u A — k), UMeeT MeCTO PaBEHCTBO
U(A,u) =U(A—puFE,0) =U(B,0). Mbl HaiileM KaHOHHUECKHH 6asuc

{e,...,e.} KOPHEBOTO MOANPOCTPaHCTBa U(B,0), B Hem MaTpHLa Orpa-
HHYeHHs1 orlepaTopa B Ha nHBapuanTHoe noanpoctpanctso U (B, 0) ume-
J 0 ... 0 010 ..0
001 ..0
0 J ... 0 ~looo ..o | _
eT BUJL , Tne Jp = JKOPJIaHOBA
000 ....1
0 0 ... Jg 000 ...0

KJIETKA.



[TocTpoeHue KaHOHMUECKOTO 0a3uca

Torna, corsnacHo Teopeme 06 H30MOP(HOCTH JUHEHHOTO MPOCTPaAH-
CTBA JIMHEHHBIX OMEpaTopoB W JIMHEHHOrO MPOCTPAHCTBA MAaTpHLl, MaT-
pHla OrpaHHYeHHs] omeparopa A Ha HHBapHAHTHOE MOANPOCTPAH-

70 ... 0
A o J, ... 0
ctBo U(A, ) umeer B 3ToM 6asuce BMJI 2 . TJe
00 .. J
w10 .0
0 p 1 ... 0
1 0 0 p 0
Jp =
000 ... 1

o

o

o
=



[locTpoeHne KaHOHMYECKOTrO 0a3uca

3 f r ™ \ €3
BB A E G L
59 - ~ €o. 6/2
Ker B A E - G
N e1
K B 0 .’
“ A B C D€ E
Puc. 2.

Ha puc. 2 Mbl M306pasuin KopHesoe momnpoctpanctso U(B,0).
3/1eCb TOPU30HTANBLHBIMU OTPE3KaMU U300PaXKeHbl sijipa JIMHEHHBIX OTe-
patopos: otpe3ok [A, E] — sto Ker B, otpesok [F, G] — 3to Ker B2, ot-
pesok [K, L] — sto Ker B2. TIpu stom otpesok [B, E| nso6paxaer mHo-
»KECTBO BCEX T€X BEKTOPOB M3 sJIpa, y KOTOPBIX €CTh MPOOOPa3bl OTHOCH-
TesbHO B, 10 ecth [B, E] u3oGpaxaer muoxkectso B(Ker B2). Otpesok
[C, D] uzo6paxaer muoxectso B2(Ker B).



[locTpoeHne KaHOHMYECKOTrO 0a3uca

3 K r ™ \ €3
BB A E G L
59 - ~ €o. 6/2
Ker B F A E G
N el
K B - .,
o A B C D€ E
Puc. 2.

O6pasHo roBops, y Kaxkoro sjaementa u3 [B, E| ectb «nana» (npoo6-
pa3 OTHOCHTeJIbHO B), ipuueM y saementos u3 [C, D] — naxe «aeayii-
ka» (MpooGpas OTHOCHTEIbHO B?), a BOT Kaxiblil sseMent u3 [A, B] —
«CHpOTa».



[locTpoeHne KaHOHUYECKOro 6a3uca

Eciu {ei,ey,...,€;.} — 06Gasuc KOpAAHOBOH KJIETKH, TO €CTb Ta-
Ko# 6a3uc UHBAPUAHTHOTO MOANPOCTPAHCTBA, B KOTOPOM MaTpHlla Orle-
patopa B uMMeeT BHJ KODIAHOBOH KJETKH (CTPOro roBoOpsi, peub Ha-
0 BecTH He 06 orepatope B, a 0 ero orpaHuueHHM Ha 5TO HHBA-
pHAHTHOE MOANPOCTPAHCTBO), TO B [elicTBYeT Ha GA3UCHBIE BEKTOPDI
TaK: E(ek) =€l _ 1, -, B(e;) = 0. 3uaunrt, 115 HAXOK/ICHUA GA3H-
Ca »KOPJAHOBOM KJIETKH JOCTATOYHO BLIOPATh BEKTOP €1 U3 Ker B, B3sITb
B KAYeCTBE €, P006Pa3 BEKTOPA €1 OTHOCUTENLHO B H MPOI0/IKATD B
TaKOM 2Ke JlyXe «BbIpalllMBaTh» 3TOT 6A3UC JI0 TeX Mop, MOKa y BEKTOpa
e} He OKaxkeTcs npooOpasa. OHAKO TyT eCTh 0Ha npobaema. [leno Bot

B YEM.



[TocTpoeHue KaHOHMUECKOTO 0a3uca

Boobriie roBops, He y KaxKJ10ro s/1eMeHTa U3 siipa eCTh «Npefok». bo-
Jee Toro, ecii B Ker B eCcTb «CHPOTbI» (BEKTOPbI, HE UMeloLIHe MPoos-
pasa OTHOCHUTEJIbHO B ), TO <ITOUTH KaxKJbli» 3jieMeHT U3 Ker B — «cu-
pota». B camom nedne, ecaim, HanpuMep, Ker B — IJI0CKOCTb, B KOTOPOH
€CTb KCUPOThI» (HO Y HEKOTOPbIX BEKTOPOB €CTh «Marbl» ), TO MHOKECTBO
BEKTOPOB, y KOTOPbIX €CTb 1PO0GPA3 OTHOCHTENBHO B, 06pasyloT 0HO-
MepHOe MOANPOCTPAHCTBO — MPAMYIO, B TO BpeMs KaK BCe OCTaJibHbIe
BEKTOPbI 3TOM MJOCKOCTH — «CUPOThI».



[TocTpoeHue KaHOHMUECKOTO 0a3uca

[TosTomy nocTtpoeHue 6A3UCOB «MaJIEHbKHUX KJIETOK» OOBIYHO HE Bbl-
3bIBAET TPYAHOCTEN: KAK MPABUJIO, HAyraJl BBIOPAHHBIM «ChIHOK», TO €CTh
BeKTOp U3 Ker B, 160 BOOGLLE He HMEET «TIPEAKOB», MO0 €ro «reHe-
aJloTHuecKoe JpeBo» sipjsieTcsl KOPOoTKUM. CJiefloBaTe/IbHO, B CUTYaLMH,
KOTI'JIa HE Y BCEX BEKTOPOB U3 Ker B «reHeasiornieckoe JIPEBO>» OJIMHAKO-
BOW JIJIMHBI, TIPH MOCTPOCHUHU KAHOHUUECKOT0 0a3Uca 0J1HA U3 BAXKHEHUILIUX
3a/1a4 COCTOHUT B TOM, 4TOObI HaiiTh B Ker B «caMble POJIOBUTBIE» BEKTO-
pbl, Y KOTOPBIX UMEIOTCS KaK MOXKHO 00Jiee «J1aJeKue TTPEIKU».



[locTpoeHne KaHOHMYECKOTrO 0a3uca

3 (- ~ N €3
BB A E G L
32 C N € e
Ker B F A E G
N el.'.
K B - .,
o A B C D€ E
Puc. 2.

Hanpumep, Takum siBsisieTcs U306paKeHHbIH HA PUCYHKE 2 BEKTOD €.
Bekrop e’ nMeeT Mpoo6Pasbl TOJLKO OTHOCHTENBHO JIEHCTBUS oTlepaTopa
B, HO OTHOCHTEJIbHO AefCTBUs onepatopa B2 npooGpasos y HEro Her.



Cnacub6o

3d

BHUMaHue!

e-mail: melnikov@k66.ru, melnikov@r66.ru
cauthbl: http://melnikov.k66.ru, http://melnikov.web.ur.ru

BepHyTbcsl K CIUCKY Npe3eHTalun?
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