JInneiinas aaredopa
Moaynnb 1. Jlunefinble n eBKJINJIOBBI
IpocTpaHcTBa. JInHelinble onepaTopsl B
JIMHETHOM HPOCTPaHCTBe
Jlektimga 1.3

AnHOTaIIA

OpronopMupoBaHHbIil 6a3uc, ero cBoiicTBa m mpuMepbl. [Iporecc op-
roronanusanuu ['pama - IlImuara. JIuneitnble onepaTopbl 1 UX MATPHITHL.
JlefictBust Haj JimHeHBIMU ornlepaTopamu. [Ipeobpa3zoBanne MaTpPUIlbI JTU-
HEIHOI'0 ollepaTopa, NHBAPUAHTHOCTD ee onpeaennTess. [logo0Hbie MaTpu-

IIBI.

1  OproHopMupoBaHHbLIII Da3uc

Onpedenenue
Basnc eBK/InI0Ba IpoCTpaHCTBA €71, €9, . . . , €, Ha3bIBAETCsl OPTOrO-
HAJILHBIM, €CJIH €r0 9J1eMEHTHI 00Pa3yioT OPTOrOHAIBLHYIO CHCTEMY.

Onpedenenue

Basuc eBK/I10Ba IPOCTPAHCTBA €1, €9, . . . , €, HA3BIBAETCS OPTOHOP-
MHUPOBAHHBIM, €CJIII €0 3JIEMEHTHI 00Pa3yI0T OPTOHOPMUPOBAHHYIO CH-
cTemy.

IIpumepve OpMOHOPMUPOBAHHBLT OA3UCOS:

1. B npocTtpancTse V5 BEKTODHI 7, j.

2. B apudmernaeckom npocrpanctse R Bekroper e; = (1;0;...;0),
eo =(0;1;...;0), ..., e, =(0;0;...;1).
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

Teopema
B j11060M KOHEYHOMEPHOM EBKJIMJIOBOM IPOCTPAHCTBE CYIIECTBYET
OPTOHOPMUPOBAHHLIH Oa3uC.

Onpedenerue
[Iporecc nostyuenust u3 Jjiroboro daszuca f1, fo, ..., fr JuHeitHONl 000-
noaku L (f1, fo, ..., fr) oproHopMupoBaHHOTO 6asuca €y, €, . . ., € TOM

JKe JINHeH oI 000JIOUKHN Ha3bIBaeTCs MPOIECCOM OPTOTOHAJIN3AINN
I'pama-IIIMmuara:

)gi=fi,e1= i;
g1]]
[p)
2) g2 = f2 — (f2,€1) c €1, € = —]
92| "
3) g3 = fzs— (fs,e1) -e1 — (fs,e2) - €2, €3 = m;
3
k) g ngk — (fr,e1) - e1 — (fr,e2) -ea — ... — (fr—1,€k-1) - €k—1,
)
e = ——
| g%
3/1eCh BEKTOPHI §1, §2, - - . , §j ABJSIOTCS BCIIOMOTATEILHBIMY.

Ceoticmea opmoHOPMUPOSaAHH020 ba3uCa
T
[lycte X = (2129 ... x) , Y = (Y1 Y2 ... Yn) - KOOpJUHATHBIE
CTOJIOIBLI BEKTOPOB T U Y €BKJINJIOBA IPOCTPaHCTBa F B OPTOHOPMEPO-
BAHHOM Oasuce e, es, . .., e,. lorua
L (z,y) = x1y1 + To2Y2 + - . . + TpYn.
2. x; = (z,€).

)T

2 JIunHelinblii onepaTop

[TycTb nano orobpazkenue A quHeitHoro nmpocrpancTsa Ly B TuHeitHOE
IPOCTPAHCTBO Lo, CONOCTABJISIONIEE JIIOOOMY 3JeMEHTY & € L1 HEKOTO-
pbiii 3emenT (06pa3) Ax € Lo.
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

Oboznauenue: A : Ly — Ly - orobpazkenue A, jefictyromiee u3 Ly
B LQ.

Onpedenenue

Orobpazxkenne A : L1 — Lo Ha3bIBaeTcd JUHENHBIM ONepaTo-
PpOM, ecjii JIId BCeX 3jeMeHTOB X,y € L1 m VA € R BbIIOIHAIOTCA
COOTHOIIEHUSI

1) A(x+y) = Az + Ay,

2) A(Ax) =\ Az,

Ymeeporcdenue

JIMHEeNHbIN olepaTop coxpaHsieT JuHeliHbie KOMOUHAIIMHT, TO €CThb I1e-
PEBOJINT JIMHEHHYIO KOMOMHAIINIO BEKTOPOB B JINHEHHYIO0 KOMOMHAIINIO UX
00pa30B ¢ TeMHU ke KO3 UImeHTaMu:

1=1 )

=1

VYmeeporcdenue
JIMHEHbII ollepaTop MepeBOJUT HYJIEBO 9JIEMEHT ITPOCTPaHCTBa L4
B HYJIEBOIl 9/IEMEHT MPOCTPaHCTBa Lo.

Ymeeporcdenue
JluHeHbIii orlepaTop MepeBoJUT JTMHEHHO 3aBUCHMbIe (HEe3aBUCUMbIE)
BekTOpa u3 L1 B JIMHEHHO 3aBHCHMbIe (He3aBHCHMBIE) BeKTOpa u3 L.

Onpedenenue
Omneparop I : L — L, aefictBytomuit corsiacHo npasuiy lr = x
Vx € L, Ha3biBaeTcsl TOXKJAECTBEHHBIM W11 € IMHUIHBIM.

Onpedenerue
Omneparop O : L; — Ly Ha3wBaoT HyJaeBbIM, eciin Qx = 6.
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

Onpedenerue

JIuneiinblit onepaTop A Ha3bIBAIOT HEBBIPOXKIEHHBIM, €CJIN U3 pPa-
BencrBa Ax = 0 cienyer, uro x = 6. B nporusHoM ciiydae oreparop A
HA3LIBAIOT BHIPOXKIEHHBIM.

ITpumepnvl aunetinbr onepamopos:

1. Ilpeobpasosarue nodobus: Ax = Ax, Vo € L, X # 0.

2. Onepamop Jugpepenuyuposarus %, JIefiCTBYIOMNI B JIMTHEHHOM
npoctpancTse P, [x] MHOrOWIEHOB CTEleHN, He MPEBOCXOAIIC Trncia
n.

PaccmoTpum jeiicrBue Jinneitnoro oreparopa A : I — L Ha Bek-
Topbl Oasuca {e} = (e, €9, ..., €e,). Pasnokum Bekroper Aey, Aes, ... |
Ae,, 1o bazucy {e}:

Ae; = ajie; +ag1ea + ..+ apiep,

AQQ = (v12€1 + 9269 + ... + Qpaey,

Ae, = a1 + aopes + ...+ appen -

Koadpdunpentnl o;; arux pasiozxenuii oopasyiorT MaTpuIly

a1 12 ... O1p

Q91 Qg2 ... (9
A= L I

Ap1 Op2 ... Opp

KOTOPYIO Ha3bIBalOT MaTpUIleil JimHeiiHOTO onepaTopa A B 6a3uce
{e}. Baech i-blit cTobeI] MATPHUITBI JUHEHHOTO oriepaTopa A sBjisgeTcs
KOOPJMHATHBIM CTOJIOIIOM BeKTOpa Ae;.

Teopema
[lycts jmambl smneitnbiii omepatop A @ L — L u 6asuc {e} =
(e1,€2,...,e,) B L. Torga Bekrop Ax B Gasuce {e} umeer KoopjuHa-
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

et A+ X, ryie A - marpuna jimseitnoro omnepartopa A B 6asuce {e}, X -
KOODJIMHATHBII cTosiber BekTopa = B 6asuce {e}.

3  eiicTBug Haa JUHENHLIMHI ollepaTopaMu

Onpedenerue
Omneparopnl A : L1 — Lou B : L; — Ly Ha3bIBaOTCsI paBHBIMU,
ecin Ar = Bz Vo € L.

Onpedenerue

Cymmoii ortepaTtopoB A : Ly — Lo u B : L; — Lo Ha3biBaeTcst
oreparop (A + B) : L1 — Lo , neficrytontuit mio npasuiy (A + B) x =
Ax + Bx Vx € L.

Ce0tlicmea onepayuu CA0ACEHUA ONEPAMOPOS:
)A+B=B+A,
2) (A+B)+C=A+ (B+C),
3) A+ (—A) =0, rie (—A) — TPOTUBOMOJIOKHDI OIEPATOD.

Onpedenenue

ITpouzBenenuem omneparopa A : L; — Lo Ha JelficTBUTEIIb-
HO€ YMCJIO A HasbiBaeTcs orepatop (AA) : Ly — Lo, neficTBytomiuii
o mpaBuiy (AA)x = - Ax Vo € L.

Ceoticmsa onepayul, YMHOHCEHUSA ONEPAMOPOE Ha YUCAO:
L. a(BA) = (af) A.
2. (a4 B)A = aA + PA.
3. a(A+B) =aA + aB.

Onpedenerue
[Ipousseennem omeparopoB A : Ly — L3 u B : Ly — Ly

HasbiBaercs ornepatop (AB) : Ly — Ls, jeflcTByIoOnmii Mo mpaBmy
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

(AB)x = A (Bz) Vo € L.

Csoticmea onepayul, YMHOHCEHUA ONEPAMOPOG
1. (AB)C = A(BC).
2. (A+B)C=AC+BC, C(A+B)=CA+CB.

Samevarue
YMHOZKEHNE JIMTHEHHBIX OIIEPATOPOB HE KOMMYTATHBHO.

Ymeeporcdernue

B koHeYHOMEPHBIX JTHHEHHBIX IPOCTPAHCTBAX IPOU3BEIEHUIO JIMHE-
HOT'O OIlepaTopa Ha 4YNC/I0, CYMMe JIMHEITHBIX OIepaToOpoB U IPON3Be ie-
HUIO JINHEHHDLIX OIIEpaTOPOB COOTBETCTBYIOT TaKWe K€ JIEHCTBUSI C UX
MATPUIIAMHU.

4 Ilepexona K HOBOMY Oa3ucy

[lycts A : L — L - sumueitabiii onepatop, {e} = (e1,e9,...,6€,) 1
{f} = (fi, fas ..., fn) — 1Ba Gasuca npocrpancrsa L; A, u Ay - marpuripl
qmHeitHoro onepartopa A B 6asucax {e} u {f}.

Teopema
Marpunst A, 1 Ay muneitnoro oneparopa A : L — L B pa3/IIuHbIX
basucax {e} u {f} cBazanbl cooTHONICHTEM

Af:Tif.Ae.Te_f]% (1)

e

rie T,y - MaTpuIa epexoa or basuca {e} x 6asucy {f}.

Onpedenenue
Kpaapatubie marpuibl A 1 B mopsijika n Ha3bIBAIOTCS MOJOOHBIMU,
ecJI CYIIEeCTBYeT TaKasl HEBBIPOXKICHHAs MaTpuia P, aTo

P ' A-P=0B. (2)
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

Caedcmeue

Dopmysia (1) o3HATAET, YTO MATPUIIBI, TPEJICTABJISIONIIE OJIH U TOT
JKe OlepaTop B Pa3HbIX Dasncax, ABJIAIOTCS 10,1000HbIMI. BepHo nm obpat-
HOE, ecyiit JiBe Marpuiibl A u B 1mof00HbI, TO €CTh BBITIOTHSETCsT (2), TO UX
MOXKHO pacCMaTpUBaTh, KAK MATPUIILI OJHOTO OllepaTopa, HO B PA3HbBIX
basmcax.

Onpedenenue
OmnpejieuresieM JIMTHEHHOTO ollepaTopa Ha3bIBACTCs ONPEJICTUTE/b €0
MaTPUIIbl B KAKOM-I100 Oasuce.

Teopema
Ecan marpuier A n B nongobusr, To detA = detB.

Caedcmeue
Onpegeanreb MATPHUIILI JTHHEIHOIO OIepaTopa He 3aBUCUT OT BBIOO-
pa Oasuca.
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