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Hxﬂeiﬂoe NpoCTPAHCTBRo "
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§44. Onpenesenne H OCHOBHEIE cBoMCcTRA

Iycrs aawe noxe P H‘"f"n
aexTnopNbLI npnmiﬂx:':“; iy
meEst B!J:;)‘Tpellﬂ'ﬁ"- 3 oot x
K3 noas P, yaopreTROpRAIILING

a, 8

sioxecTao V' HAIKIBACTCR a4y
c?:aac.u | ecaH HA ITOM M"O"“‘C':r?tm’"' i
o VL x W = V', nasmmaemuri oo nnp%ll
W — V', na3skiBAEMEIR YMHOXenyey, fu;m z
CAEnYIOUIHM AKCHOMAM: SIS A106kx P ;1‘(-' it
|

v

EPrP
Natb=0+a; ey
2)(a+b)+c=a+ Eli . ., ny e
3)) i:mecisyzr onesenT § € V' TARON, NTO 4 +8=0+a=q, .
4) zax amboro anesenTa a € V cyUIECTBYET INEMENT —a €
o+ (-a)=(-a)+a=0;
5)1-a=ua;
6) a(da)} = (af)a;
7) (e +,9)a=oa+.‘i‘a;
8) afa +8)=aa+ ab.
Jluncinoe npocTpancTBO Hal MOAE
aem B - sewecmaennbin, @ Hajl NOACM
emeom.

Takoy
) Yy

1] HaswBaeTCcd pauuormnhum

M
C - KoMNAEKCHBIM AUNEdNbIy 1y A

Npaog A ng,

Mpay,

Hous+xs AxEcRHON 3aBNCHMOCTH, GaINC3 H PRIMEDHOCTH THHER oy

CTPAHCTSA, SKHeRHOro NOANPOCTPAHCTEA W AMHERHOTO MHOTO06pasyg

= e v Pace;
e i JHHEHHBIM NpoCT . Mo,
TPeHHEE NPHMCHHTEALHO K BeUeCTBCHH POCTPAaHCTRay b5

pe IV wacru |, cOXpARAIOTCK M B AMHEMHOM MPOCTPAHCTBE Haj |1pr)u330nb"n"
noses. ITpaxTHdecks BERIMEHHBIME OCTAIOTCH M BCE TEOPEMLI (a Takwe = hly

K2IATEALCTEE), KECAIOLINCCK ITHX HONATHH. Heanaunrensnoe HaMenenye |
HETCE ARIE QGOPMYAKPUBOK: B HHX AoBABHTCE YTOMNEHHE, KAaKoe HMenno O¢-
paccumaTpBasTcs. DBeaycAoBHo, 3TO CXOACTBO C BELUCCTBEHH LMK f'"'":in._,"!
NPOCTPAHCTBAME OTHOCKTCE K TeM obuIMM CBORCTBAM JHHEHH LI X Npoey Pancy
KOTOpLIC ONNPAKTCE SMIUL HA AKCHOML NONA. YacTHeie we acobeigery "0;\,
(tul:, HANpHMED, KAK KOHEYHOCTL NOAR MM OTJMYKE OT HYAR ero Xapak e "ll
t'rl’l:l) MOTYT CHACARTE CHORCTHA AMHERNOIO NPOCTPANCTDA HCKJKOYY T 4
(npustep 44.4, sagawn 44.11-44.15, 44.93, 45.26, 45.48),
PHBCAFM TEREps HEKOTOPEE JONOAHKTCALHLIE NONATHA H daxTwy,
RBIE C ANNERNLIME NPOCTPAHCTHAMMN HAZ NPOHIBOILHEIN 1TOJCM
JuncHnc HeIABNCHMES NMOJCHCTEMA CHCTEMB BEKTOPOB, Mepes
BUpEMECTCR MODOR PEXTOP CHCTEME, HAILBACTCN (Gaso
BEKTOPOB.
T!OPEHI 44.1. llodcucmesa cucmesnt sexmopos s viemca Guggq
CUCMEMM SEKIMOpPos Mo20a U MoAkko mozda, xoada ofpasyem sman UMaABHyY
Aunedwno weIgaucumyno nodeucmeny.

LTI
CBusay.

KOTOpYio P
ITOR CHOTeMy

§44. Onpeneneiine u ocHoBHse csoficraa

i
Caedemeue. Hee faam oduod
uucad 8 pos, MAKCUM LD =P us oduma-
BEKMOPOS CUCTEMEI, i 2

KOO BEKTOpOR Baskl HaskiBaeTca pansom o
PANT CHCTEMBL HEKTOpOR pasen MAKCHM AN bH oM
BUKTOPOD CHETEMEL. Ofo3snavienwe: rg(ay an)
1 Ay :
Ilne cucTemnn BEXTOPOB AKHEAROTO NPOCTPANCTHA HASLIBAWYTCR IKausaAenm
HBMU, ECIM JOGOR BERTOP Kam oK HA ITHX cucTen NUHEHHO BRpamasTea lu'.pe_-]

apyryws cucremy. Ma ONpeleneHns CIEnyeT, 4 1o fiaan o
HOAEHTING CAMOT CUememe, . FUCTEMBE BERMOpOn JxBU-

Teopema 44.2. Eeau cuemema BEXMOpOn
seaemecs weped by, .. b, ma rglar, ..., 00 < (b =2 i

Cacdemesue 1. Panzu axausascenmmniz cucmes m‘mnaamom.

Cardemoue 2. Orxausaqesmusie AUREINO HeaaouCUMbIE CUCT EMbT seR-
mMOopos cOCIMOoAm u3 ﬂﬂulla’coaozo uucaa BEXMOpOG.

Fosopa®, 4o cucmema sexmopos e, .
noposxxdaem npocmpawcmeo V', ecnu no6oi
KOMOHHALKEH €1,...,€n .

B aTol TepMunonorum Gaiuc NWHeRHOro npocTpakcTsa V — aTo Aunerkuo
HEAANMCHMARN CHCTeMa BEKTOPOB, NOPOXKIAIOIIAR BCe IIPOCTPAHTTRO V.

eopema 44.3 (o HenoaroM Gayuce). B n-mepuom MpOCMpaHETiEEe
Aby0 aunelno neaasucumylo cucmemy us k, zde k < n, sexmopos Momeno
donoanurns do Gasuca.

[Ipumep 44.1. Apudmerndecxoe npocTpancree P llycrs P
- noae, a P — MHOMECTBO BCEBOAMOMHLIX YNOPAADUEHHEIY HAGOPOE M YHCED W3

nons P, v.e. P" = {a = (a1,d3,...,a0)| 0: € Pi =T n}. s apudmetuaccxux

ucmeMet sexmopos. Ouesnnnun,
¥ MMCHY MUMERHO HEIRBRCMMEIX

-y Bk AuMelino abipa-

-+ En AMHEHHOCG NPOCTpAaRCTRA V
BEKTOD T € V asnseTcd auuennck

BexTopa @ = (ay,a2,...,8,) u b = (b1, bz, ... ,bn) HasEiBATCR panwmMW, ecnk
ay = bi, 1 =1,n. Beegem 8 P™ onepauus no cAefyionium mpanuaan:
a) ecmu a = (@3, a2,...,8,), b= (b1, ba,... ,ba); TO

a+b=(a1+b,az +ba,...
6) nna nwboro yucna o € P
oo = (oo, 0ag,. .., ®6n)-
Herpyao nposeputs, yro P™ — nrueRsoe npocTpancrso wajx nones P.
EfuHusHEIe BEKTOPRL

10+ ba);

e = (100, ..., 0), e =000 . 0N - = O R (44.1)
ofpasyor Gaaue P™ (cm. npumep 17.2); HadWBAEMLIA ECTMECTAEKHBIM fiazucom
npocTpancTea P", KoOpAMHATAMHM BEKTOpPA a = (@1 02y.-4 ,Gn) B ECTECTBEHHOM
Haance CAYMKAT ero KOMNOHEHTHL (1, 03, .., bn. ot

B uactnocry, C" - xomniaekcuoe AMHERHOE NPOCTPAHCTED, dimi” =n#
pekToph! (44.1) obpasyoT ero Gaske.

: Ch HeR-
[Ipumep 442, ApudMeTnuecKkoe NPOCTPARCTRO Lig. B nw

b 5 d X0

wom mpocrpaicrae C" BEKTOPH YMHOKAKTCH HA KOMIIEKCHBIE “'1:;15)-?::“

MOMKHO Bbi10 BLl O pAHMUKTECH YMUOKERHEM TOJALKO Ha aemecw:“qxx‘“ o

npK 3TOM P TAT yMHOKEHHN, HECOMHEHHO, OCTaHETCA apudMe v

ropom Ha C" . Do o3nadaer, NTO BHELIHKH JAKOR KOMTIOIHIMA no?(n)(: L

i i J . e K rofpasenue v .

KAK YMHOMKENHE HA HellleCTReHIbE YHCAE, T.¢. KAK 0TO0R g A
CumBoaom L'lk Gynen oboanavarTs MuomecTo L, B KO Opo

~n
" — C", Herpyano NpoBepaTh, WIO LiQ

xomnosuiuy onpeaeaen kax K x
BELLECTHENHOE JI HHEHNOE NPOCTRANRCT BO
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e pe HaA TPOMSBORE e
J on
By

Onpenenenye u ocHoBHEE cHOMcTBA

A BE Gﬁ BeETORE o= D oy By

paeT ropan TOTLKO Ll L TR L

rrx BEE n¢"¢1uqccxuu BEXTOD @ o Moy
; (a, 1

97
Fl’!:ll’.‘".’_.—:—" Jlofapis X BEKTORan (44,1)
LU

- oM = I,
aoxnas oIy NKTH € B k=0 I e
e R R R LR
e 0--"'*"3' f’_’:(a"'ﬂl L ennd1ye e fn 0BPRIYET 5,
wcrehs BERTOPOD Sl Ly pexTapOn C "‘”‘""“BE""H:“ID&.
Ky,

i e =0

n

(i eeo0n +180)
+ 1A (44.2)

LI

TONBKO TOFHa
_,0) woraa H T
= {0vxen) ) — 1,n. Cunenomavenpuq Ve
= U " O NOpOMAAWT BCE Npoey Ehuph

Iﬁauc.“!

HexTOPY
AR e ok = WML
30 HEIADRE

-.pun:'; = Lm T o
i = 0, & =7 (e, . ‘ Ha c
;f:...—.l-:.-ﬁ.«—-uf"_‘“ rop (a1 + ifliy-aen t ‘ﬁ;)nec'rnejlp?m OfMlacHa (4 ’
Cn - rax max M50 BeKT et SHX BEKTOPOB € 1 1M M KOJ%HL; )
L i KoMOHH Ko
aaxcTCa GEACHHON -
e T R
Lo e =n. WHATH KAK Beleg
Hrax, dim £ sose C MoXHO pncgrr:" S n em.ECTE;(Il':FHHug i
B vacTHocTH, CEM "Cm_ B atom crydze R THEIM G

- OTOPOM ONMepal =
s = 101}, BEaToP Palthy Oy,

EEER
x (ofofo]
ERNEN

Jax HETPYAHO NPOBEPHTE, MOKe. Kax w miopoe oo
EI

COOTBETCTHENHO, @Pﬂi’:bunp“ﬁ,w HAL CAMHM COBOR.
OKO EEINETCH AHHCHHE e ecTs NNHTO MHOE Xak ToJe Biueton (C) o
§3 KAaccoB MPEACTaB A

e asc B JEH CHBOMM 37eMenToy
¥ 7, BBedeHHl 10 NPaBHIAM: fie-
o feNeHHA OBBIMHOK CYMMBI M + p o 2
)

sonyaio 2, B ROTOPOM

JALMN CHOMCHRE H YMHOXEHHE B
X ) cymma m M 0 eCTE OCTATOK

ey ecTh OCTATOK OT AefeHHd obmiuHoro PO 3B ey

2) nponspeaenne m ¥ 1
CHOMEHRE (_vuuomeuu:_) HASWHACTCA CADICENUEM (Coorygey

mn na 2.
Takas onepauss
) i wueM) N0 Modyaw 2 ¥ 0G03HANBETCR (m + n) mod 2 (cooTper.
creento (mn)mod 2).
':&‘._:{la'l.‘-‘l".-J 5

Hycrs M= {ﬂ]'dz., L Bn] = MHOXECTHO, COCTORee n
, BCEX €ro NOMMHOMECTH V Qlpeneium l""f'paun"

oM CHYRAT HCIA 1n0r
Hpusmep 44.3. Mm’;?:;uu
W yMHOREHNE BLMOAHAOTCS
GRH
rifi]o]

naM

MoryT BLITH BBEACHE! AATEGPAHUECKHE Ollepayyy |

Hpumep 44.4.
eHME 3 yMHOMENHS NA WHCAs W3 noax Zp (oM. MpeALAyUME npumep) ng

g

Herpyano nposepurh (Hanpumep,
ONnepauMi MHoXecTno V' ssagere
OTMeTHM, 4T0 B 3TOM npocrpascTne =

obpasyoT Gasuc V. Bo-nepnuix,
Tak KAk WHKAKAN HETPHBMANLHAR AMHEHMAR KOMOWHALWA (_Te.
Xig +1 Xip+ ... %

TaMH, PREHEIMM 1) STHX TMoAMHOMECTH we pasHa 6: 1.
EAK CAENYET W3 NOCACNMEra pa-

1- Xy = {84, ...
BEHCTBA, J1000e NOAMHOKECTRD ARMACTCA AHNEH

Xy, Xayoooy X

X 4+Y = (Xu¥j\(Xny
1. X =X, va(tlﬁ.).
"a Kpyrax Dinepa), 4To OTHOCKTEILND STHX
A MUKEAHLIM NPOCTPARCTIOM WAL Toaem e
{ﬂﬂ‘ Xz = faafiees; Xa = {an)
cTeMy,

INokaxem, wro nonmuomecTsa Xy =
OHHM 0DpAsYIOT Aunerno MEARKCHMY IO oW
© xoshhIHeR-

v, } # P. Bo-sropux,
HOK KOMBMHAIMER NONMEDKeCTS

Takum obpasom, dim V. = n.
OTMeTHM TAKKE, YTO YKC/IO BCEX BEKTOPOB B npocTpakeTse V xomeso u

pasna 27,
Mpumep 14.5. [lokasaTh, 4To AHHeiHoe npocTpancTao 'NLQ BeNIecTREN-
HBIX YHCeJ] Ha nojaem PALHOHANBHBEIX YHTER Secﬂollc‘iHUMepKQ\
Tlokamem, 9TO MAR MOG0T0 HATYPANEHOTO THCNA T MOMHEG

Pemenne.
YKa3aTh n BENIECTREHHUBIX YHCE], NHHEHHO HEIABACAMEIX Han nonesm L.
TycTe p1,pa, ..., Pn — NPOMIBONLRLIE PAIIHMHEIE MPOCTHIE YHCAR K
1 Ty =0F: Pas

zy =log,;p1, za=log,pa, ...

(44.3)

15y +aaza ..ok anta=0
iOny TO O = 03 =

Toxamem, ¥TO ecan
JJA HEKOTOPBIX PAUHOHAABHLIX KOoadPHUHEHTOB o, &2,

v = Oy =
soit wactyu (44.3) nenne: a; = ki € Z, 1 = 1, n (» npoTuenom cayuae, Te. ecaw

=
Bes orpannyedis oGLIHOCTH MOKHO CHWTATE, YTD BCE KOMDHPAUNEHTHL B Ae-
ki €Z,m; € N, i=1 n, 10cTATOYHO YMHOKATS 0BE JaCTH PABEHCTEA

oy = =
LLLT
(44.3) wa naumenniuee ofiilee XpaTHOE 3HAMEHATENLH Ty, My, . mig). Takws

(44.4)

0Bpa3ocM, BHEIOAHEHO PABEHCTEO
kilogy pi + kalogapa +... + knlogapa =10
MJIH, 4TO TOXE camoe, .
ki kK o

Py P e Pa = (44.5)

Ecax nce nokasatenn crenenw ki, ka, ... kn B JEBOM HacTH (44.5) neoTpu-
LaTeNBHE!, TO TAK Kak p; £ 1, i=1n, oki=k=...= ka=00
., kn €CTH OTpHUATEABHEE — HANPAMED,

Ecan #e cpean wuncen ki, ..
k1 <0, ..., ks <0, Koy 20, .00y k20

k ky |
kn _ I.lWll___pl’ ¢

To u3 (44.5) caenyer, 4TO
v P =R

k41
Pasa

YTO NPOTHHOPEYHT EAHHC IPREHHOCTH Pa3jloXeHHR H

CTHIE MHOMHTETH. ;
Takum o6paioM, PABEHCTHO (44.3) © :
HANBHEIMH KOA(DhMIHENTAMM BOIMOMHO TOrAA W TO

0apPHUHEHT R HYJIEBRIC, &

1AaTYPAINLHOLO YHCAS Ha npo-

UeNEIMHA, 3 CNeJOBATEABHO, H € paune-
NBKO TOr[A, RO BEE ITH
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44.1. Jloxasats, 410 B AKHERHOM NPOCTPANCTRE Hall noney p

Ty :
" e Beimomenya pasencTsa of + 0y = fz +ay, rie o, € p ,
& b1 BpOCTPAHCTEA, HEOBXOIHMO # MOCTATOYHO, YTofy ’Jméo

YACH myTaTKBHO.ETbIO CJTO}KS!]!HH Be"'l‘opoa!

_npa?ﬂpnoaomumn H HYJeBOH JEMEeHT L] ﬁy-
- '\! m EKOMMYTaTHBHOCTE CJOXeHHA BEKTopop
AKCHOM JHHEHHOIO NPOCTpalcT Ba,

IR yOpALONeHHEIX AP NeiicThuTep iy

CHOKEHHA 110 NpaBHIy:
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§44. Onpenenenwe n ochonnue cBoHcTRa

EC"T“‘I':("““?)“b=(b|.bz),ruu+b={u TS .
BBECTH ONMEPaIMio yMHOKENRA 1t (81 + by, a3 + ba). .
UHCIO & TAK, YTOBhL: apht (1,1, ;) Ha necTauTenENOE

a) GHITM BHINONHEHEl BCE AKCHOMBT # TR
JMHERHOTO TipocT )
KpOME aKCHOMBL S
l:a=a, VYaeR%
6) GEIIM BLINONHENH! BCE AKCHOMLL IMHERHONO NpPOCTRAnCTRA,
KpOMe aKCHOMEL g

(e + B)a = an + Bb, Va €B, Yo, €W,
44.5. Ha muoxecrre B* ynopsamouenusix Nap mecTBATeNERM |
HHCEe]l BRENEHBT Cllenymommne Ollepanuu:
ecan @ = (ay,a3) ® b= (by,bs), To a4 b = (a, + by, aq + Ba);
IIE 0GOTO KOMILIEKCHOTO SHea & = X+ ip (A, pe R)
afay,as) = (Nay + pag, —pa, + Aay).
llokasaTk, yto Muoxecrso B? ¢ Tak BRemenmmw OHEepANKINR
ABIAETCH KOMIJIEKCHEIM JTHHeHH LiM TPOCTPDAHCTBOM.
44.6. Ha muoxecrre B? ynopancuenumx nap feflcTRATeNLREK
YHCeJl BReleHd OlepalnA CIOMEeHWN Mo npaBliy:
ecnu a = (ay,a;) u b= (by,hy), 10 a +b = (@, + by,ay + by).
BpecTu onepalmio yMuoxKenns napsl (ay, ;) Ha KOMIIEKCHOE 93~
CJI0 @ TAK, YTODE GHUIM BEITOJHEHE! BCE AKCHOME! JTWREAHONO NPO-
CTpalcTBa, KpoMe aKCHOMEL
a(fBe) = (ef)a, Vo€ B Ya,f eC.

44.7. B xoMmjexkcHoM JuHelHOM npocTpancTRe V' onpepene-
Ha HOBAS ONEPAIM YMHOXKEHHS Ha YUCJO [0 NPABKIY @O0 T = G,
V¥ € C. JlokasaTh, uto V sBiieTcs KOMIJIEKCHBIM JHHEHHBIM MPO-
CTPAHCTBOM OTHOCHTENBHO CTAPOR ONEPAINH CIOKEHNA BEKTOPOR 1
HOBOH ONEPAMH YMHOKEHAA HA THCIO.

44.8. MHaiitu owmbky B cuenyomen ”loKasaTenbeTse” TOIO,
yTo axenoma 1-a = a Ya € V BhiTexaeT ¥3 IpPYIHX AKCUOM AWHeH-
Horo npocTpancTea: " llycTh a = ab, rorna l-a = 1{ab) = (1-a)b=
ab=n

44.9. Ha muoxecTse [, TONOKATENbHAIX NEHCTBUTENBILIX i
ceJl OTpejielieHk! CIelyoiye onepalnu: :

a) "cnoxenne” T@Y=1TY (7.e. ofHUHOE yMHOKEHWE T 1 y)s

— o
6) "yMHOXKeHWe Ha [IeHCTRHTCNLHOE acao” @z = z* (Te

BO3BEIEHHE & B CTEIEHB ).
TloKa3aTh, WTO MHOXKECTBO Ry OTHOCHTELHO YKASaHHEX ONERE

unit obpasyeT BellecTBEHHOe JIMHelHoe TPOCTPAHCTRO.




















































































































































































































































