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I. U3omophuzm

B npenbiiyiinx pasaenax Mbl M3ydasu OTIAEAbHO B3SITOE JIMHEWHOe
npocTpaHcTBO. B COOTBETCTBUM C JIOTMKOH Pa3BHUTHUSI HAyYHbIX TEOPHH
(CM. BBeJIeHHE), OJTHO U3 €CTECTBEHHbIX HanpaBJeHUH AaJbHEHIIUX HC-
CJIe/IOBAaHUN COCTOMT B MePeXo/ie K H3YUEHHIO cucmemol JTUHERHBIX MPO-
cTpaHcTB. 1151 TOro HaM cJielyeT onpeaeMTh Ha COBOKYMMHOCTH pa3J/jivu-
Hble OTHOLLUEHUS (MPearKaThl) U PYHKIMHU (B UACTHOCTH, ajrebpanuecKkue
orepaumu).

MbI HauHEM C OTHOILIEHHSI, HTpalolllero 0coOyI0 POJib B TEOPUH JIMHEMN -
HbIX MMPOCTPAHCTB — OTHOILIEHUS U30MOP(HHOCTH.

Paccmorperh npumep?



I. U3omophuzm

B npumepe paccmaTpuBaemble JiMHEWHbIe NMPOCTPAHCTBA C TOUYKH
3peHUsI TEOPUH JIMHEHHBIX TPOCTPAHCTB SABJISIIOTCS «KaK Obl OJJMHAKOBbI-
MHU», HO OTJIMYAIOTCS TOJIBKO OCOOEHHOCTSIMU HOocuTesied. MHbiMU ciio-
BaMHM, C TOUKH 3PEHUS TeX 0COOEHHOCTEN, KOTOPbIe SIBJISIIOTCS 3HAYMMbI -
MU JJI51 TEOPUM JIMHEHHBIX TIPOCTPAHCTB, T JiBA JIMHEHHbIX MPOCTPaH-
CTBA OJIMHAKOBBI, TTOCKOJIbKY Ha 0COOEHHOCTH HOCUTEJISI pacCMaTpUBae-
Masi TEOpUsl KBHUMaHUS He oOpalaer».



I.1. JInneitHas pyHKLUS
[Iyctb onepauus «cjoxenue» B U

o603HauaeTcst yepesz o, a B V' — ue-
/ U\ 8 \ pe3e.
g CyMMOH 3JIEMEHTOB & U Y SIBJISIETCS
3JIEMEHT
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I.1. JInneitHas pyHKLUS

(Vo f@) )

\zoy" /

\ ST

fx) e f(y)

[lycTh onepauusa «cjoxeHue» B U
o603HauaeTcs yepe3 o, a B V' — ue-
pe3 e.

CyMMOH 3JIEMEHTOB & U Y SIBJISIETCS
3JIEMEHT X O .

Cymmoii snemenToB f(z) U f(y) aB-

asiercst f(x) o f(y).

Torna o6pas BekTopa x o y, T.€.



I.1. JInneitHas pyHKLUS

(Vo f@) )
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\ ST
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[lycTh onepauusa «cjoxeHue» B U
o603HauaeTcs yepe3 o, a B V' — ue-
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CyMMOH 3JIEMEHTOB & U Y SIBJISIETCS
3JIEMEHT X O .

Cymmoii snemenToB f(z) U f(y) aB-

asiercst f(x) o f(y).

Torna o6pas Bektopa x o y, T.e. f(x o y)



I.1. JInneitHas pyHKLUS
[Iyctb onepauus «cjoxenue» B U

o603HayaeTcst yuepez o, a B V' — uye-

/ U\ 8 f(ZL‘) \ pe3e.

/ CyMMOH 3JIEMEHTOB & U Y SIBJISIETCS

T
y‘\\i.(}&‘ 3JIEMEHT X 0 1.
. Cymmoii snemenToB f(z) U f(y) aB-
./

oy JWTW) ] aseren f(x) o f(y).

Torna o6pa3 Bekropa x o y, T.e. f(x o y) N0JKEH COBMACTb C




I.1. JInneitHas pyHKLUS
[Iyctb onepauus «cjoxenue» B U

o603HayaeTcst yuepez o, a B V' — uye-

/ U\ 8 f(ZL‘) \ pe3e.
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VW)
/ /\"‘ Cymmoii snemenToB f(z) U f(y) aB-
\eoy™ ) 270 aneren f(z) o (5).

Torna o6pa3 Bektopa xoy, T.e. f(roy) NOMKEH COBMNACTb

¢ f(z)e f(y):




I.1. JInneitHas pyHKLUS
[Iyctb onepauus «cjoxenue» B U

o603HayaeTcst yuepez o, a B V' — uye-

/ U\ 8 f(ZL‘) \ pe3e.

/ CyMMOH 3JIEMEHTOB & U Y SIBJISIETCS

9JIEMEHT I O V.

VW)
/ /\"‘ Cymmoii snemenToB f(z) U f(y) aB-
\eoy™ ) 270 aneren f(z) o (5).

Torna o6pa3 Bektopa xoy, T.e. f(roy) NOMKEH COBMNACTb

¢ f(z)e f(y):

floy) = f(z)e f(y).



I.1. JInneitHas pyHKLUS
[Iyctb onepauus «cjoxenue» B U

o603HayaeTcst yuepez o, a B V' — uye-

/ U\ 8 f(ZL‘) \ pe3e.

‘ » | CyMMO# 3JIEMEHTOB X W Y SIBJISIETCS
W / 3JIEMEHT T O Y.
/ //\"‘ Cymmoii snemenToB f(z) U f(y) aB-
,/ f(z)e f(y)

xoy \ ) nsietest f(x) e f(y).

Torna o6pa3 Bektopa xoy, T.e. f(roy) NOMKEH COBMNACTb
c f(z)e f(y):
flxoy) = f(x)e f(y).
B nasnbuefiiem Mbl CyMMY BEKTOPOB B ripocTpancTBax U u V 6ymem 060-
3HAUATh OJHUM CHMBOJIOM -+, 4 HE O U @, HECMOTPSI Ha TO, UTO ITH Ollepa-
LIMK MOTYT ObITh PA3JIMUHBIMU, KaK 3TO ObLIO B [1pUMEpE.



I.1. JInneitHas pyHKLUS

Onpenenenue 1. [lycmo U u'V — aunetnsie npocmpancmea Hao
noaem K u f — ¢ynrkyus ¢ D(f) C U, E(f) C V. Toeda f nasoisa-
emcs AMHeHOn pyHKIMel, ecau 049 110001 AHeUHOU KoMOuHayuu
AUy + .o A s uy, € D(f) makoil, umo u; € D(f), umeem mecmo
pPaBeHCmao

fOL-ur+ .o+ A ) =AM fu)+ oo+ A f(um) . (1)

OTtMeTuM, 4TO, BOOOLlE FOBOPS, onepalu + U \;- MOTYT ObITh pa3-
JINYHBIMU B JIEBOH W MPABOM YACTSAX MOCJEJHEr0 paBeHcTBa. Hanpumep,
B JICBOM YACTH ITOTO PABEHCTBA MOXKET CTOATb CJIOKEHHWE MATPHULL, a B
npaBoy — CJI0XKEHHE, JIONYCTUM, MHOTOUJIEHOB. TeM He MeHee, Mbl OyjieM
UCIT0JIb30BATh JIJIS1 HUX OJIHH U Te »Ke 0003HaueHUs1, MOCKOJIbKY U3 KOH-
TEKCTA FICHO, KaKas HMEHHO Olepalids UMeeTCs B JAHHOM CJlyyae B BU/LY.



[.2. Onpenenenune uzomopdusma. UsomopdHbie npocrpaHcTBa

Onpenenenue 2. Usomoppusmom auneitinozo npocmpancmea U
8 AUHelHoe npocmparcmso V Ha3618aemcs JvHeNHoe 83AUMHO

odno3navnoe omobpascenue npocmpancmsa U 8 npocmpar-
cmeo V.




[.2. Onpenenenune uzomopdusma. UsomopdHbie npocrpaHcTBa

Onpenenenue 2. Usomoppusmom auneitinozo npocmpancmea U
8 AUHelHoe npocmparcmso V Ha3618aemcs JvHeNHoe 83AUMHO

odno3navnoe omobpascenue npocmpancmsa U 8 npocmpar-
cmeo V.

Onpepneaenue 3. Jlunetinole npocmpancmsea U u V' Hazeiearomces
M3oMopdHbIMU moeda u moavko moeda, Koeda cyuwecmsyent U30-
mopusm f auneiinoeo npocmparcmsa U Ha AuHetiHOe npOoCmpaH-
cmso V, mo ecmo y 8cakoeo sekmopa y € V. ecmo npoobpas 8 U,
mo ecmo maxot sekmop x 8 U, umo f(x) =y. Hsomoghrnocmo npo-
cmpancms U u'V obosnavaemca kak U ~ V.,



1.3. Jlemma 06 oOpa3e HyJ1eBOIro BEKTOpa
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8 AUHelHoe npocmparcmso V Ha3618aemcs JvHeNHoe 83AUMHO

odno3navnoe omobpascenue npocmpancmsa U 8 npocmpar-
cmeo V.

JlemMa 1 (06 o6pase nyaesoro sekropa). Ecau f — uzomopguam auneiirno-
eo npocmparcmaa U 8 auneiinoe npocmparcmso V., mo f(0y) = 0y.
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T = OU)



1.3. Jlemma 06 oOpa3e HyJ1eBOIro BEKTOpa

Onpenenenue 2. Usomoppusmom auneitinozo npocmpancmea U
8 AUHelHoe npocmparcmso V Ha3618aemcs JvHeNHoe 83AUMHO

odno3navnoe omobpascenue npocmpancmsa U 8 npocmpar-
cmeo V.

JlemMa 1 (06 o6pase nyaesoro sekropa). Ecau f — uzomopguam auneiirno-
eo npocmparcmaa U 8 auneiinoe npocmparcmso V., mo f(0y) = 0y.

Joka3aTeabcTBO. Bocnob3yemcst Kputeprem HYJIEBOTO BEKTOPA.
Hano nokasatb, uTo /it HEKOTOPOTO BeKTOpa y € V HMeeT MeCTO paBeH-
ctBoy + f(0y) = v.

BosbMeM Mnpou3BoJibHBIA BekTOp x € U (MOXKHO, Hanpumep, B3SIThb
x = 0y ). B cuny siuHeiiHocTH oToOpaxkeHust f

= f(CL'—i—OU) =



1.3. Jlemma 06 oOpa3e HyJ1eBOIro BEKTOpa

Onpenenenue 2. Usomoppusmom auneitinozo npocmpancmea U
8 AUHelHoe npocmparcmso V Ha3618aemcs JvHeNHoe 83AUMHO

odno3navnoe omobpascenue npocmpancmsa U 8 npocmpar-
cmeo V.

JlemMa 1 (06 o6pase nyaesoro sekropa). Ecau f — uzomopguam auneiirno-
eo npocmparcmaa U 8 auneiinoe npocmparcmso V., mo f(0y) = 0y.

Joka3aTeabcTBO. Bocnob3yemcst Kputeprem HYJIEBOTO BEKTOPA.
Hano nokasatb, uTo /it HEKOTOPOTO BeKTOpa y € V HMeeT MeCTO paBeH-
ctBoy + f(0y) = v.

BosbMeM Mnpou3BoJibHBIA BekTOp x € U (MOXKHO, Hanpumep, B3SIThb
x = 0y ). B cuny siuHeiiHocTH oToOpaxkeHust f

= f(x +0y) = f(z) + f(Op).



1.3. Jlemma 06 oOpa3e HyJ1eBOIro BEKTOpa

Onpenenenue 2. Usomoppusmom auneitinozo npocmpancmea U
8 AUHelHoe npocmparcmso V Ha3618aemcs JvHeNHoe 83AUMHO

odno3navnoe omobpascenue npocmpancmsa U 8 npocmpar-
cmeo V.

JlemMa 1 (06 o6pase nyaesoro sekropa). Ecau f — uzomopguam auneiirno-
eo npocmparcmaa U 8 auneiinoe npocmparcmso V., mo f(0y) = 0y.

Jloka3areabcTBO. Bocnosbayemcest Kputepuem HyJIEBOIO BEKTOPA.
Hano nokasatb, uTo /11 HEKOTOPOTO BEKTOpa ¢y € V HMeeT MeCTO paBeH-
ctBoy + f(0y) = v.

Bo3sbMeM npou3BoJsibHbIE BeKTOp x € U (MOXKHO, Hanpumep, B3siTh
x = 0y ). I'lo akcrome 3 iMHERHOTO MPOCTPAHCTBA

flx) = f(x+0y) = f(x) + f(Op).



1.4. Jlemma o TPaH3UTUBHOCTH OTHOLIEHUS H3OMOP(HOCTHU

Jlemma 2 (OTpaH3MTMBHOCTM OTHOLIEeHUs U3oMop(dHoCcTH). Ecau f — U30Mop-
¢pusm aunetinoco npocmparcmsa U 8 aureliHoe APOCMPAHCMBO
V, u g — uzomopgusm aunelinoeo npocmparncmsa V 8 AuHeli-
noe npocmparcmso W, mo cynepnosuyusa (komnosuuyus) fog
Gynkyui f u g a8a9emcs u30MOpPHUIMOM AUHELHO20 NPOCIPAH-
cmea U g aunedrnoe npocmparcmso W,



1.4. Jlemma o TPaH3UTUBHOCTH OTHOLIEHUS H3OMOP(HOCTHU

Jlemma 2 (OTpaHSMTVlBHOCTM OTHOLIEeHUs U3oMop(dHoCcTH). Ecau f — U30Mop-
¢pusm aunetinoco npocmparcmsa U 8 aureliHoe APOCMPAHCMBO
V, u g — uzomopgusm aunelinoeo npocmparncmsa V 8 AuHeli-
noe npocmparcmso W, mo cynepnosuyusa (komnosuuyus) fog
Gynkyui f u g a8a9emcs u30MOpPHUIMOM AUHELHO20 NPOCIPAH-
cmea U g aunedrnoe npocmparcmso W,

Jloka3aTteabCcTBO. JIMHEUHOCTb W B3auMHasi OJIHO3HAYHOCTh MPO-
BepstoTCs «6e3 nMpodJieM», MPSIMO MO ONPEJCJIEHHIO.



1.4. Jlemma o TPaH3UTUBHOCTH OTHOLIEHUS H3OMOP(HOCTHU

Jlemma 2 (OTpaH3MTMBHOCTM OTHOLIEeHUs U3oMop(dHoCcTH). Ecau f — U30Mop-
¢pusm aunetinoco npocmparcmsa U 8 aureliHoe APOCMPAHCMBO
V, u g — uzomopgusm aunelinoeo npocmparncmsa V 8 AuHeli-
noe npocmparcmso W, mo cynepnosuyusa (komnosuuyus) fog
Gynkyui f u g a8a9emcs u30MOpPHUIMOM AUHELHO20 NPOCIPAH-
cmea U g aunedrnoe npocmparcmso W,

Joka3areabcTBo. Hanpumep, npoBeprM JIMHEMHOCTb:
foghx+puy) =
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Jlemma 2 (OTpaH3MTMBHOCTM OTHOLIEeHUs U3oMop(dHoCcTH). Ecau f — U30Mop-
¢pusm aunetinoco npocmparcmsa U 8 aureliHoe APOCMPAHCMBO
V, u g — uzomopgusm aunelinoeo npocmparncmsa V 8 AuHeli-
noe npocmparcmso W, mo cynepnosuyusa (komnosuuyus) fog
Gynkyui f u g a8a9emcs u30MOpPHUIMOM AUHELHO20 NPOCIPAH-
cmea U g aunedrnoe npocmparcmso W,

Joka3areabcTBo. Hanpumep, npoBeprM JIMHEMHOCTb:
foghx+puy) =

=Afog(x)+ufogly).
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Jlemma 2 (OTpaH3MTVlBHOCTM OTHOLIEeHUs U3oMop(dHoCcTH). Ecau f — U30Mop-
¢pusm aunetinoco npocmparcmsa U 8 aureliHoe APOCMPAHCMBO
V, u g — uzomopgusm aunelinoeo npocmparncmsa V 8 AuHeli-
noe npocmparcmso W, mo cynepnosuyusa (komnosuuyus) fog
Gynkyui f u g a8a9emcs u30MOpPHUIMOM AUHELHO20 NPOCIPAH-
cmea U g aunedrnoe npocmparcmso W,

Joka3areabcTBo. Hanpumep, npoBeprM JIMHEMHOCTb:
fOQXV+mH:g(wa+uw>=

=Afog(x)+ufogly).
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Jlemma 2 (OTpaH3MTVlBHOCTM OTHOLIEeHUs U3oMop(dHoCcTH). Ecau f — U30Mop-
¢pusm aunetinoco npocmparcmsa U 8 aureliHoe APOCMPAHCMBO
V, u g — uzomopgusm aunelinoeo npocmparncmsa V 8 AuHeli-
noe npocmparcmso W, mo cynepnosuyusa (komnosuuyus) fog
Gynkyui f u g a8a9emcs u30MOpPHUIMOM AUHELHO20 NPOCIPAH-
cmea U g aunedrnoe npocmparcmso W,

Joka3areabcTBo. Hanpumep, npoBeprM JIMHEMHOCTb:
foghe+py) =g (f(AfE + uy)> =9 (Af(w) + uf(y>) =
= Afog(x)+pufogly).



1.4. Jlemma o TPaH3UTUBHOCTH OTHOLIEHUS H3OMOP(HOCTHU

Jlemma 2 (OTpaH3MTVlBHOCTM OTHOLIEeHUs U3oMop(dHoCcTH). Ecau f — U30Mop-
¢pusm aunetinoco npocmparcmsa U 8 aureliHoe APOCMPAHCMBO
V, u g — uzomopgusm aunelinoeo npocmparncmsa V 8 AuHeli-
noe npocmparcmso W, mo cynepnosuyusa (komnosuuyus) fog
Gynkyui f u g a8a9emcs u30MOpPHUIMOM AUHELHO20 NPOCIPAH-
cmea U g aunedrnoe npocmparcmso W,

Joka3areabcTBo. Hanpumep, npoBeprM JIMHEMHOCTb:
foghz+py) =g (f(AfE + uy)> =g (Af(w) + uf(y>) =
=g (f($)> + pg <f(y)) = Afog(x)+ufogly).



1.4. Jlemma o TPaH3UTUBHOCTH OTHOLIEHUS H3OMOP(HOCTHU

Jlemma 2 (OTpaHSMTMBHOCTM OTHOLIEeHUs U3oMop(dHoCcTH). Ecau f — U30Mop-
¢pusm aunetinoco npocmparcmsa U 8 aureliHoe APOCMPAHCMBO
V, u g — uzomopgusm aunelinoeo npocmparncmsa V 8 AuHeli-
noe npocmparcmso W, mo cynepnosuyusa (komnosuuyus) fog
Gynkyui f u g a8a9emcs u30MOpPHUIMOM AUHELHO20 NPOCIPAH-
cmea U g aunedrnoe npocmparcmso W,

Jloka3aTeJabCTBO B3aUMHOMW OJJHO3HAYHOCTMU.



1.4. Jlemma o TPaH3UTUBHOCTH OTHOLIEHUS H3OMOP(HOCTHU

Jlemma 2 (OTpaHSMTMBHOCTM OTHOLIEeHUs U3oMop(dHoCcTH). Ecau f — U30Mop-
d)usm AUHEILHO20 rnpocmpancmea U 8 auneiinoe npocmpaHcmeso
V, u g — usomopd)usm AUHEILHO20 npocmpaHcmsa V' 8 auneil-
HOe npocmpaHcmso W, mo cynepno3uuua (KOMIlOSuLgu}Z) f cg
qbyimquii f U g AaAsasiemca LLSOMOprLLBMOM AUHCUHOCO npocmpaH-
cmea U g aunedrnoe npocmparcmso W,

Jloka3aTeabCTBO B3aUMHOMN OJIHO3HAYHOCTH.
CdopmynupyeM TeopeMy Ha «53bIKe PABEHCTB U HEPABEHCTBY:



1.4. Jlemma o TPaH3UTUBHOCTH OTHOLIEHUS H3OMOP(HOCTHU

Jlemma 2 (OTpaHSMTMBHOCTM OTHOLIEeHUs U3oMop(dHoCcTH). Ecau f — U30Mop-
d)usm AUHEILHO20 rnpocmpancmea U 8 auneiinoe npocmpaHcmeso
V, u g — usomopd)usm AUHEILHO20 npocmpaHcmsa V' 8 auneil-
HOe npocmpaHcmso W, mo cynepno3uuua (KOMIlOSuLgu}Z) f cg
qbyimquii f U g AaAsasiemca LLSOMOprLLBMOM AUHCUHOCO npocmpaH-
cmea U g aunedrnoe npocmparcmso W,

Jloka3aTeabCTBO B3aUMHOMN OJIHO3HAYHOCTH.
CdopmynupyeM TeopeMy Ha «53bIKe PABEHCTB U HEPABEHCTBY:

{f(a)f(ﬂ) & a=p,



1.4. Jlemma o TPaH3UTUBHOCTH OTHOLIEHUS H3OMOP(HOCTHU

Jlemma 2 (OTpaHSMTMBHOCTM OTHOLIEeHUs U3oMop(dHoCcTH). Ecau f — U30Mop-
¢pusm aunetinoco npocmparcmsa U 8 aureliHoe APOCMPAHCMBO
V, u g — uzomopgusm aunelinoeo npocmparncmsa V 8 AuHeli-
noe npocmparcmso W, mo cynepnosuyusa (komnosuuyus) fog
Gynkyui f u g a8a9emcs u30MOpPHUIMOM AUHELHO20 NPOCIPAH-
cmea U g aunedrnoe npocmparcmso W,

Jloka3aTeabCTBO B3aUMHOMN OJIHO3HAYHOCTH.
CdopmynupyeM TeopeMy Ha «53bIKe PABEHCTB U HEPABEHCTBY:

{f(a)f(ﬁ) & a=0,
g(s) =g(t) & s=1



1.4. Jlemma o TPaH3UTUBHOCTH OTHOLIEHUS H3OMOP(HOCTHU

Jlemma 2 (OTpaHSMTMBHOCTM OTHOLIEeHUs U3oMop(dHoCcTH). Ecau f — U30Mop-
¢pusm aunetinoco npocmparcmsa U 8 aureliHoe APOCMPAHCMBO
V, u g — uzomopgusm aunelinoeo npocmparncmsa V 8 AuHeli-
noe npocmparcmso W, mo cynepnosuyusa (komnosuuyus) fog
Gynkyui f u g a8a9emcs u30MOpPHUIMOM AUHELHO20 NPOCIPAH-
cmea U g aunedrnoe npocmparcmso W,

Jloka3aTeabCTBO B3aUMHOMN OJIHO3HAYHOCTH.
CdopmynupyeM TeopeMy Ha «53bIKe PABEHCTB U HEPABEHCTBY:

{f(a)f(ﬂ) & a=p,

(s = glt) & s=t (fog(fv):fog(y)@x=y>-



1.4. Jlemma o TPaH3UTUBHOCTH OTHOLIEHUS H3OMOP(HOCTHU

Jlemma 2 (OTpaHSMTMBHOCTM OTHOLIEeHUs U3oMop(dHoCcTH). Ecau f — U30Mop-
¢pusm aunetinoco npocmparcmsa U 8 aureliHoe APOCMPAHCMBO
V, u g — uzomopgusm aunelinoeo npocmparncmsa V 8 AuHeli-
noe npocmparcmso W, mo cynepnosuyusa (komnosuuyus) fog
Gynkyui f u g a8a9emcs u30MOpPHUIMOM AUHELHO20 NPOCIPAH-
cmea U g aunedrnoe npocmparcmso W,

Jloka3aTeabCTBO B3aUMHOMN OJIHO3HAYHOCTH.
CdopmynupyeM TeopeMy Ha «53bIKe PABEHCTB U HEPABEHCTBY:

{f(a)f(ﬁ) & a=p,

o) =) o st = (@) =glfw) & v =y).



1.4. Jlemma o TPaH3UTUBHOCTH OTHOLIEHUS H3OMOP(HOCTHU

Jlemma 2 (0 TPAH3UTUBHOCTY OTHOLIEHUS U3oMOp(PHOCTH). Ecau f — U30Mop-
d)usm AUHEILHO20 rnpocmpancmea U 8 auneiinoe npocmpaHcmeso
V, u g — usomopd)usm AUHEILHO20 npocmpaHcmsa V' 8 auneil-
HOe npocmpaHcmso W, mo cynepno3uuua (KOMIlOSuL;u}Z) f cg
qbyimquii f U g AaAsasiemca LLSOMOprLLBMOM AUHCUHOCO npocmpaH-
cmea U g aunedrnoe npocmparcmso W,

Jloka3aTeabCTBO B3aUMHOMN OJIHO3HAYHOCTH.
CdopmynupyeM TeopeMy Ha «53bIKe PABEHCTB U HEPABEHCTBY:

{ gég)zgﬁ)ﬁ)@@s O;? bs (9(f(95)) =9(f(y) & z= y) .

Jloka3aTeabCTBO OJHO3HAYHOCTH:

rT=y =



1.4. Jlemma o TPaH3UTUBHOCTH OTHOLIEHUS H3OMOP(HOCTHU

Jlemma 2 (0 TPAH3UTUBHOCTY OTHOLIEHUS U3oMOp(PHOCTH). Ecau f — U30Mop-
d)usm AUHEILHO20 rnpocmpancmea U 8 auneiinoe npocmpaHcmeso
V, u g — usomopd)usm AUHEILHO20 npocmpaHcmsa V' 8 auneil-
HOe npocmpaHcmso W, mo cynepno3uuua (KOMIlOSuL;u}Z) f cg
qbyimquii f U g AaAsasiemca LLSOMOprLLBMOM AUHCUHOCO npocmpaH-
cmea U g aunedrnoe npocmparcmso W,

Jloka3aTeabCTBO B3aUMHOMN OJIHO3HAYHOCTH.
CdopmynupyeM TeopeMy Ha «53bIKe PABEHCTB U HEPABEHCTBY:

{ gég)zgﬁ)ﬁ)@@s O;? bs (9(f(95)) =9(f(y) & z= y) .

Jloka3aTeabCTBO OJHO3HAYHOCTH:

r=y = f(x)=fy) =



1.4. Jlemma o TPaH3UTUBHOCTH OTHOLIEHUS H3OMOP(HOCTHU

Jlemma 2 (0 TPAH3UTUBHOCTY OTHOLIEHUS U3oMOp(PHOCTH). Ecau f — U30Mop-
d)usm AUHEILHO20 rnpocmpancmea U 8 auneiinoe npocmpaHcmeso
V, u g — usomopd)usm AUHEILHO20 npocmpaHcmsa V' 8 auneil-
HOe npocmpaHcmso W, mo cynepno3uuua (KOMIlOSuL;u}Z) f cg
qbyimquii f U g AaAsasiemca LLSOMOprLLBMOM AUHCUHOCO npocmpaH-
cmea U g aunedrnoe npocmparcmso W,

Jloka3aTeabCTBO B3aUMHOMN OJIHO3HAYHOCTH.
CdopmynupyeM TeopeMy Ha «53bIKe PABEHCTB U HEPABEHCTBY:

{f(oz)f(ﬁ) & a=0,
g(s) =g(t) & s=1

Jloka3aTeabCTBO OJHO3HAYHOCTH:

=y = f(x)=fly) = g(f(x)) =9(f(y))

= (9(f@) = 9(fy) & = =y).



1.4. Jlemma o TPaH3UTUBHOCTH OTHOLIEHUS H3OMOP(HOCTHU

Jlemma 2 (OTpaHSMTMBHOCTM OTHOLIEeHUs U3oMop(dHoCcTH). Ecau f — U30Mop-
d)usm AUHEILHO20 rnpocmpancmea U 8 auneiinoe npocmpaHcmeso
V, u g — usomopd)usm AUHEILHO20 npocmpaHcmsa V' 8 auneil-
HOe npocmpaHcmso W, mo cynepno3uuua (KOMIlOSuLgu}Z) f cg
qbyimquii f U g AaAsasiemca LLSOMOprLLBMOM AUHCUHOCO npocmpaH-
cmea U g aunedrnoe npocmparcmso W,

Jloka3aTeabCTBO B3aUMHOMN OJIHO3HAYHOCTH.
CdopmynupyeM TeopeMy Ha «53bIKe PABEHCTB U HEPABEHCTBY:

{ gég)zgﬁ)ﬁ)@@s O;? bs (9(f(95)) =9(f(y) & z= y) .

JlokazaTeabCTBO B3AMMHOM OIHO3HAUYHOCTU:

9(f(x) =9(fly) =



1.4. Jlemma o TPaH3UTUBHOCTH OTHOLIEHUS H3OMOP(HOCTHU

Jlemma 2 (OTpaHSMTMBHOCTM OTHOLIEeHUs U3oMop(dHoCcTH). Ecau f — U30Mop-
d)usm AUHEILHO20 rnpocmpancmea U 8 auneiinoe npocmpaHcmeso
V, u g — usomopd)usm AUHEILHO20 npocmpaHcmsa V' 8 auneil-
HOe npocmpaHcmso W, mo cynepno3uuua (KOMIlOSuLgu}Z) f cg
qbyimquii f U g AaAsasiemca LLSOMOprLLBMOM AUHCUHOCO npocmpaH-
cmea U g aunedrnoe npocmparcmso W,

Jloka3aTeabCTBO B3aUMHOMN OJIHO3HAYHOCTH.
CdopmynupyeM TeopeMy Ha «53bIKe PABEHCTB U HEPABEHCTBY:

{f(oz)f(ﬁ) & a=0,
g(s) =g(t) & s=1

JlokazaTeabCTBO B3AMMHOM OIHO3HAUYHOCTU:

g(f(x)=9g(fly) = flx)=fly) =

= (9(f@) = 9(fy) & = =y).



1.4. Jlemma o TPaH3UTUBHOCTH OTHOLIEHUS H3OMOP(HOCTHU

Jlemma 2 (OTpaHSMTMBHOCTM OTHOLIEeHUs U3oMop(dHoCcTH). Ecau f — U30Mop-
d)usm AUHEILHO20 rnpocmpancmea U 8 auneiinoe npocmpaHcmeso
V, u g — usomopd)usm AUHEILHO20 npocmpaHcmsa V' 8 auneil-
HOe npocmpaHcmso W, mo cynepno3uuua (KOMIlOSuLgu}Z) f cg
qbyimquii f U g AaAsasiemca LLSOMOprLLBMOM AUHCUHOCO npocmpaH-
cmea U g aunedrnoe npocmparcmso W,

Jloka3aTeabCTBO B3aUMHOMN OJIHO3HAYHOCTH.
CdopmynupyeM TeopeMy Ha «53bIKe PABEHCTB U HEPABEHCTBY:

{f(oz)f(ﬁ) & a=0,
g(s) =g(t) & s=1

JlokazaTeabCTBO B3AMMHOM OIHO3HAUYHOCTU:

9(f(x) =9(fy) = flx)=fly) = z=y.

= (9(f@) = 9(fy) & = =y).



1.4. Jlemma o TPaH3UTUBHOCTH OTHOLIEHUS H3OMOP(HOCTHU

Jlemma 2 (OTpaH3MTMBHOCTM OTHOLIEeHUs U3oMop(dHoCcTH). Ecau f — U30Mop-
¢pusm aunetinoco npocmparcmsa U 8 aureliHoe APOCMPAHCMBO
V, u g — uzomopgusm aunelinoeo npocmparncmsa V 8 AuHeli-
noe npocmparcmso W, mo cynepnosuyusa (komnosuuyus) fog
Gynkyui f u g a8a9emcs u30MOpPHUIMOM AUHELHO20 NPOCIPAH-
cmea U g aunedrnoe npocmparcmso W,

JleMMa JlokasaHa.



[.5. OcHOBHO¥ Bonpoc annapara JUHEHHON aareopbl

Tak kak «npaBay» Mbl Bcerga OyjieM «McKaTb» B pocTpaHcTee R™, To
OTHbIHE IJIABHOW Hallled 3aJauel NMpU U3YYEHHUHU ITOW TEOPHH SIBJIACTCH
OTBET Ha BOTIPOC:

KCZK ma uad UHAA KOHCMPYKUUA <«B8bLPA-
HCAECICA» B «cmaﬂdapmﬂom» npocmpaHcriisee
Mampuq-cm()/zéqog (npocmpaﬂcmee Koopdu—

Ham)?



1.6. Teopema 06 o6pa3e cucTreMbl BEKTOPOB Npu U3omopdusme

Teopema 1 (06 o6pa3e cucTeMbl BEKTOPOB Npu usomoppusme).

[Tycmo f — uzomopusm auneiinoeo npocmparcmsa U 8 aurnetinoe
npocmpancmso V. Toeda cucmema sexkmopos A = {uy,us, ..., u;}
Aurelrnoeo npocmparcmsa U auneilno He3asucuma moeoda u moao-
KO moeda, Koeda MHEUHO He3aB8UCUMOL ABAAEMC CUCTIeMA BEK-

mopos B = {f (u1), f (u2), ..., f(u)}.



1.6. Teopema 06 o6pa3e cucTreMbl BEKTOPOB Npu U3omopdusme

Teopema 1 (06 o6pa3e cucTeMbl BEKTOPOB Npu usomoppusme).

[Tycmo f — uzomopusm auneiinoeo npocmparcmsa U 8 aurnetinoe
npocmpancmso V. Toeda cucmema sexkmopos A = {uy,us, ..., u;}
Aurelrnoeo npocmparcmsa U auneilno He3asucuma moeoda u moao-
KO moeda, Koeda MHEUHO He3aB8UCUMOL ABAAEMC CUCTIeMA BEK-

mopos B = {f (u1), f (u2), ..., f(u)}.

MoxxHo nepedopmyHpoBaTth Teopemy o6pasHo: Ceoiicmaso bvimo au-
HellHO He3aBUCUMOLL cucmeMOoll Hacaedyemcs npu nepexooe K u3o-
moppHomy obpasy.



1.6. Teopema 06 o6pa3e cucTreMbl BEKTOPOB Npu U3omopdusme

Teopema 1 (06 o6pa3e cucTeMbl BEKTOPOB Npu usomoppusme).

[Tycmo f — uzomopusm auneiinoeo npocmparcmsa U 8 aurnetinoe
npocmpancmso V. Toeda cucmema sexkmopos A = {uy,us, ..., u;}
Aurelrnoeo npocmparcmsa U auneilno He3asucuma moeoda u moao-
KO moeda, Koeda MHEUHO He3aB8UCUMOL ABAAEMC CUCTIeMA BEK-

mopos B = {f (u1), f (u2), ..., f(u)}.

JloKa3aTeJbCTBO.



1.6. Teopema 06 o6pa3e cucTreMbl BEKTOPOB Npu U3omopdusme

Teopema 1 (06 o6pa3e cucTeMbl BEKTOPOB Npu usomoppusme).

[Tycmo f — uzomopusm auneiinoeo npocmparcmsa U 8 aurnetinoe
npocmpancmso V. Toeda cucmema sexkmopos A = {uy,us, ..., u;}
Aurelrnoeo npocmparcmsa U auneilno He3asucuma moeoda u moao-
KO moeda, Koeda MHEUHO He3aB8UCUMOL ABAAEMC CUCTIeMA BEK-

mopos B = {f (u1), f (u2), ..., f(u)}.

Hoka3areabctBo. Hano npoBeputh, uto Ay f(u1) + ... + N\ f(u,) = Oy
BO3MOXKHO TOJIbKO MPU A\ = ... = A\, = (.



1.6. Teopema 06 o6pa3e cucTreMbl BEKTOPOB Npu U3omopdusme

Teopema 1 (06 o6pa3e cucTeMbl BEKTOPOB Npu usomoppusme).

[Tycmo f — uzomopusm auneiinoeo npocmparcmsa U 8 aurnetinoe
npocmpancmso V. Toeda cucmema sekmopos A = {uy,us, ..., u;}
Aurelrnoeo npocmparcmsa U auneilno He3asucuma moeoda u moao-
KO moeda, Koeda MHEUHO He3aB8UCUMOL ABAAEMC CUCTIeMA BEK-

mopos B = {f (u1), f (u2), ..., f(u)}.

JA-Bo. M3 ninHeiHOCTH f 1 leMMbl 006 0O6pa3e HYyJIeBOro BEKTopa:

f()\1u1 + ...+ )\nun) =0y =



1.6. Teopema 06 o6pa3e cucTreMbl BEKTOPOB Npu U3omopdusme

Teopema 1 (06 o6pa3e cucTeMbl BEKTOPOB Npu usomoppusme).

[Tycmo f — uzomopusm auneiinoeo npocmparcmsa U 8 aurnetinoe
npocmpancmso V. Toeda cucmema sekmopos A = {uy,us, ..., u;}
Aurelrnoeo npocmparcmsa U auneilno He3asucuma moeoda u moao-
KO moeda, Koeda MHEUHO He3aB8UCUMOL ABAAEMC CUCTIeMA BEK-

mopos B = {f (u1), f (u2), ..., f(u)}.

JA-Bo. M3 ninHeiHOCTH f 1 leMMbl 006 0O6pa3e HYyJIeBOro BEKTopa:

f()\lul + ...+ )\nun) =0y = f(OU)



1.6. Teopema 06 o6pa3e cucTreMbl BEKTOPOB Npu U3omopdusme

Teopema 1 (06 o6pa3e cucTeMbl BEKTOPOB Npu usomoppusme).

[Tycmo f — uzomopusm auneiinoeo npocmparcmsa U 8 aurnetinoe
npocmpancmso V. Toeda cucmema sekmopos A = {uy,us, ..., u;}
Aurelrnoeo npocmparcmsa U auneilno He3asucuma moeoda u moao-
KO moeda, Koeda MHEUHO He3aB8UCUMOL ABAAEMC CUCTIeMA BEK-

mopos B = {f (ul) f (UQ) S (uk)}
JA-Bo. M3 ninHeiHOCTH f 1 leMMbl 006 0O6pa3e HYyJIeBOro BEKTopa:
f()\lul + ...+ )\nun) =0y = f(OU)

Tak kak f — B3auMHO oJlHO3HauUHas1 (DYHKIMS, TO U3 pAaBEHCTBA
f(Aur + ... + Nuy) = f(Op) nonyyaem, uto  A\jug + ... + Ayu, = Oy,



1.6. Teopema 06 o6pa3e cucTreMbl BEKTOPOB Npu U3omopdusme

Teopema 1 (06 o6pa3e cucTeMbl BEKTOPOB Npu usomoppusme).

[Tycmo f — uzomopusm auneiinoeo npocmparcmsa U 8 aurnetinoe
npocmparncmso V. Toeda cucmema sekmopos A = {uy, us, ..., u;}
Aurelrnoeo npocmparcmsa U auneilno He3asucuma moeoda u moao-
KO moeda, Koeda MHEUHO He3aB8UCUMOL ABAAEMC CUCTIeMA BEK-

mopos B = {f (u1), f (u2), ..., f(u)}.

JA-Bo. M3 ninHeiHOCTH f 1 leMMbl 006 0O6pa3e HYyJIeBOro BEKTopa:
f()\lul + ...+ )\nun) =0y = f(OU)

Tak kak f — B3auMHO oJlHO3HauUHas1 (DYHKIMS, TO U3 pAaBEHCTBA
f(Aur + ... + Nuy) = f(Op) nonyyaem, uto  A\jug + ... + Ayu, = Oy,

B cuny aivHeiHoi He3aBucMMOCTH CHCTeMbl BeKTOPOB By MeeM
AM=X=...=),=0.



1.6. Teopema 06 o6pa3e cucTreMbl BEKTOPOB Npu U3omopdusme

Teopema 1 (06 o6pa3e cucTeMbl BEKTOPOB NpuU usomoppusme).

[Tycmeo f — uzomopusm auneiinoeo npocmparcmsa U 8 aurnetinoe
npocmpancmso V. Toeda cucmema sekmopos A = {uy,us, ..., u;}
Aaureuroeo npocmparcmsaa U aurneiHo Hezasucuma moeda u moao-
KO moeda, Koeda MHEUHO He3aB8UCUMOL ABAAEMC CUCTIeMA BEK-

mopos B ={f(w1), f(uz),...,f(up)}

J1-Bo. 13 n1uHeiHOCTH f 1 JieMMbl 00 00pa3e HYJeBOIro BEKTOpa:
f()\1u1 + ...+ )\nun) =0y = f(OU)

Tak kak f — B3aumHo oHO3HauHas PyHKILMS, TO U3 PABEHCTBA

f(Aur + ...+ Nuy) = f(Op) nonyyaem, uto  A\jug + ... + Ayu, = Oy,
B cuny inHe iHOM He3aBUCUMOCTHU CUCTEMbI BeKTOPOB by umeem

A1 = Ao =...= )\, = 0. 3nauut, cucrema by = {f(u1), ..., f(u,)} au-

HEMHO He3aBUCUMA, UTO U TPeOOBAJIOCh 10KA3AaTh.



1.7. Kputepuit u3oMophHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB

Teopema 2 (Kpmepuﬁ M30MOP(PHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB). Ecau U u'V
— KOHEUYHOMEepHblLEe AUHELLHbLe npocmpaHcmesa HaO noaem K, moU u

V uzomopgnor moeda u moabko moeda, Koeoda y Hux 00UHAKOBAS
pasmepHoCcmo.

CJIMLIKOM MHOTO CJIOB B (DOPMYJIMPOBKE. ..



1.7. Kputepuit u3oMophHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB

Teopema 2 (Kpmepuﬁ M30MOP(PHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB). Ecau U u'V
— KOHEeUHOMEPHbLE AUHelHbLe npocmpaHcmesa HaO noaem K, mo

U~V & dimU =dimV. (2)

Jloka3aTtejabcTBo. Heo6xoaumocTs.



1.7. Kputepuit u3oMophHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB

Teopema 2 (Kpmepuﬁ M30MOP(PHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB). Ecau U u'V
— KOHEeUHOMEPHbLE AUHelHbLe npocmpaHcmesa HaO noaem K, mo

U~V & dimU =dimV. (2)

Hoxka3zareabctBo. Heob6xoaumoctb. Ilycts f: U — V — wuso-
Mopcdu3M JIMHEeHHOro npocTpaHcTBa U Ha JIMHEHHOE MPOCTPAHCTBO
V. BosbMeM NpOM3BOJbHBIM ©Oa3uc JHHEHHOro mnpocTtpanctBa U

by ={ei,...,en}.



1.7. Kputepuit u3oMophHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB

Teopema 2 (Kpmepuﬁ M30MOP(PHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB). Ecau U u'V
— KOHEeUHOMEPHbLE AUHelHbLe npocmpaHcmesa HaO noaem K, mo

U~V & dimU =dimV. (2)

Hoxka3zareabctBo. Heob6xoaumoctb. Ilycts f: U — V — wuso-
Mopcdu3M JIMHEeHHOro npocTpaHcTBa U Ha JIMHEHHOE MPOCTPAHCTBO
V. BosbMeM NpOM3BOJbHBIM ©Oa3uc JHHEHHOro mnpocTtpanctBa U
by ={e1,...,e,}. TlpoBepum, uto By = {f(e1),..., f(e,)} — 6asuc
JINHEUHOT O MpoCTpaHcTsa V.



1.7. Kputepuit u3oMophHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB

Teopema 2 (Kpmepuﬁ M30MOP(PHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB). Ecau U u'V
— KOHEeUHOMEPHbLE AUHelHbLe npocmpaHcmesa HaO noaem K, mo

U~V & dimU =dimV. (2)

Hoxka3zareabctBo. Heob6xoaumoctb. Ilycts f: U — V — wuso-
Mopcdu3M JIMHEeHHOro npocTpaHcTBa U Ha JIMHEHHOE MPOCTPAHCTBO
V. BosbMeM NpOM3BOJbHBIM ©Oa3uc JHHEHHOro mnpocTtpanctBa U
by ={e1,...,e,}. TlpoBepum, uto By = {f(e1),..., f(e,)} — 6asuc
JIUHEHHOTO mnpocTpancTBa V. [l sToro, no Kputeputo 6a3uca, Halo
MPOBEPUTH, UTO By, BO-NEpBbIX, JUMHEHHO HE3AaBUCHUMAs CUCTEMA, U, BO-
BTOPbIX, UTO KaXKJbld BEKTOP U3 V' dBJsETCHA JIMHEHHOU KOMOUHALMEH
BEKTOPOB U3 by,



1.7. Kputepuit u3oMophHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB

Teopema 2 (Kpmepuﬁ M30MOP(PHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB). Ecau U u'V
— KOHEeUHOMEPHbLE AUHelHbLe npocmpaHcmesa HaO noaem K, mo

U~V & dimU =dimV. (2)

Hoxka3zareabctBo. Heob6xoaumoctb. Ilycts f: U — V — wuso-
Mopcdu3M JIMHEeHHOro npocTpaHcTBa U Ha JIMHEHHOE MPOCTPAHCTBO
V. BosbMeM NpOM3BOJbHBIM ©Oa3uc JHHEHHOro mnpocTtpanctBa U
by ={e1,...,e,}. TlpoBepum, uto By = {f(e1),..., f(e,)} — 6asuc
JIUHEHHOTO mnpocTpancTBa V. [l sToro, no Kputeputo 6a3uca, Halo
MPOBEPUTH, UTO By, BO-NEpBbIX, JUMHEHHO HE3AaBUCHUMAs CUCTEMA, U, BO-
BTOPbIX, UTO KaXKJbld BEKTOP U3 V' dBJsETCHA JIMHEHHOU KOMOUHALMEH
BEKTOPOB U3 by,

JIMHelHast He3aBUCUMOCTh cucTeMbl by, ciietyeT u3 reopembl 06 oOpase
CHUCTEMbl BEKTOPOB MPU H3OMOPPHU3ME.



1.7. Kputepuit u3oMophHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB

Teopema 2 (Kpmepuﬁ M30MOP(PHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB). Ecau U u'V
— KOHEeUHOMEPHbLE AUHelHbLe npocmpaHcmesa HaO noaem K, mo

U~V & dimU =dimV. (2)

Hoka3areabctBo. Heooxoaumocts. [lycts f: U — V — uzomop-
dusm, by = {ey, ..., e,} — 6asuc auneitnoro npoctpanctea U. [1poBe-
puM, uto By = {f(e1), ..., f(e,)} — 6asuc suneliHOrO MpOCTpaHcTBa V.

OcTtaJjiocb MPOBEPUTb, TMOJHOTY cHucTeMbl By, TO ecTh TOT
dakt, uto J1060H BekTOp Yy M3 V MOXKHO TMpeACTaBUTb B BHJE

y=Mfler)+ ...+ A\flen).



1.7. Kputepuit u3oMophHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB

Teopema 2 (Kpmepuﬁ M30MOP(PHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB). Ecau U u'V
— KOHEeUHOMEPHbLE AUHelHbLe npocmpaHcmesa HaO noaem K, mo

U~V & dimU =dimV. (2)

Hoka3areabctBo. Heooxoaumocts. [lycts f: U — V — uzomop-
dusm, by = {ey, ..., e,} — 6asuc auneitnoro npoctpanctea U. [1poBe-
puM, uto By = {f(e1), ..., f(e,)} — 6asuc suneliHOrO MpOCTpaHcTBa V.

OcTtasiochb MPOBEPUThb, TMOJHOTY cucTeMbl by, TO ecTb TOT
dakt, uto J1060H BekTOp Yy M3 V MOXKHO TMpeACTaBUTb B BHJE
y=Afler)+ ...+ N\.f(e,). Bodbmem npousBosibHblil BeKTOp ¢y € V.



1.7. Kputepuit u3oMophHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB

Teopema 2 (Kpmepuﬁ M30MOP(PHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB). Ecau U u'V
— KOHEeUHOMEPHbLE AUHelHbLe npocmpaHcmesa HaO noaem K, mo

U~V & dimU =dimV. (2)

Hoka3areabctBo. Heooxoaumocts. [lycts f: U — V — uzomop-
dusm, by = {ey, ..., e,} — 6asuc auneitnoro npoctpanctea U. [1poBe-
puM, uto By = {f(e1), ..., f(e,)} — 6asuc suneliHOrO MpOCTpaHcTBa V.

Ocrajiocb MPOBEPUTb, TMOJHOTY cucrteMbl By, TO ecTb TOT
dakt, uto J1060H BekTOp Yy M3 V MOXKHO TMpeACTaBUTb B BHJE
y=Af(e)+...+ N\, f(e,). Bosbmem mnpousBo/ibHbI BekTOp y € V.
Tak kak f — otoGpaxkenue npoctpanctea U Ha V|, TO y BeKTOpa y €CTh
npoobpazx € U: y = f(x).



1.7. Kputepuit u3oMophHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB

Teopema 2 (Kpl/lTepm?’l M30MOP(HOCTH KOHEUHOMEPHbIX POCTPAHCTB). Ecau U u'V
— KOHEUHOMEpHblLe AUHelHbLe npocmpaHcmesa Hao noaem K, mo

U~V & dimU =dimV. (2)

Hoka3areabctBo. Heo6xoaumocts. [lycts f: U — V — uzomop-
dusm, by = {ey, ..., e,} — 6asuc auneitHoro npoctpanctea U. [1poBe-
pum, uto By = {f(e1),..., f(e,)} — 6Gasuc suneliHoro npoctpancrea V.

OcTajiocb MPOBEPUTb, TMOJHOTY cHucTeMbl by, TO ecTb TOT
dakr, uto J060H BekTOp Yy M3 V MOXKHO TMpeACTaBUTb B BHJE
y=Mfle1)+...+ A f(e,). BosbMem npousBosibHBIH BekTOp y € V.
Tak kak f — oTobGpakeHue npoctpanctsa U Ha V, TO y BeKTOpa Yy €CTh
npoo6paz x € U: y = f(x). Ocranoch 3ameTuTh, uto By — 6asuc, To,
Mo KpuTeputo 6asuca, HauayTCst KOIOPUUUEHTHI Aq, . . ., Ap, UTO

= f(x) = f(her+ ...+ Aen) =



1.7. Kputepuit u3oMophHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB

Teopema 2 (Kpl/lTepm?’l M30MOP(HOCTH KOHEUHOMEPHbIX POCTPAHCTB). Ecau U u'V
— KOHEUHOMEpHblLe AUHelHbLe npocmpaHcmesa Hao noaem K, mo

U~V & dimU =dimV. (2)

Hoka3areabctBo. Heo6xoaumocts. [lycts f: U — V — uzomop-
dusm, by = {ey, ..., e,} — 6asuc auneitHoro npoctpanctea U. [1poBe-
pum, uto By = {f(e1),..., f(e,)} — 6Gasuc suneliHoro npoctpancrea V.

OcTajiocb MPOBEPUTb, TMOJHOTY cHucTeMbl by, TO ecTb TOT
dakr, uto J060H BekTOp Yy M3 V MOXKHO TMpeACTaBUTb B BHJE
y=Mfle1)+...+ A f(e,). BosbMem npousBosibHBIH BekTOp y € V.
Tak kak f — oTobGpakeHue npoctpanctsa U Ha V, TO y BeKTOpa Yy €CTh
npoo6paz x € U: y = f(x). Ocranoch 3ameTuTh, uto By — 6asuc, To,
Mo KpuTeputo 6asuca, HauayTCst KOIOPUUUEHTHI Aq, . . ., Ap, UTO

y=flz)=fAer+ ...+ \en) =



1.7. Kputepuit u3oMophHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB

Teopema 2 (Kpl/lTepm?’l M30MOP(HOCTH KOHEUHOMEPHbIX POCTPAHCTB). Ecau U u'V
— KOHEUHOMEpHblLe AUHelHbLe npocmpaHcmesa Hao noaem K, mo

U~V & dimU =dimV. (2)

Hoka3areabctBo. Heo6xoaumocts. [lycts f: U — V — uzomop-
dusm, by = {ey, ..., e,} — 6asuc auneitHoro npoctpanctea U. [1poBe-
pum, uto By = {f(e1),..., f(e,)} — 6Gasuc suneliHoro npoctpancrea V.

OcTajiocb MPOBEPUTb, TMOJHOTY cHucTeMbl by, TO ecTb TOT
dakr, uto J060H BekTOp Yy M3 V MOXKHO TMpeACTaBUTb B BHJE
y=Mfle1)+...+ A f(e,). BosbMem npousBosibHBIH BekTOp y € V.
Tak kak f — oTobGpakeHue npoctpanctsa U Ha V, TO y BeKTOpa Yy €CTh
npoo6paz x € U: y = f(x). Ocranoch 3ameTuTh, uto By — 6asuc, To,
Mo KpuTeputo 6asuca, HauayTCst KOIOPUUUEHTHI Aq, . . ., Ap, UTO

y=flx)=fher+...4+ Xen) = ifle) +... 4+ A fen).



1.7. Kputepuit u3oMophHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB

Teopema 2 (Kpmepuﬁ M30MOP(PHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB). Ecau U u'V
— KOHEeUHOMEPHbLE AUHelHbLe npocmpaHcmesa HaO noaem K, mo

U~V & dimU =dimV. (2)

Jloka3arejbcTBO. JlOCTaTOYHOCTbD.



1.7. Kputepuit u3oMophHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB

Teopema 2 (Kpmepuﬁ M30MOP(PHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB). Ecau U u'V
— KOHEeUHOMEPHbLE AUHelHbLe npocmpaHcmesa HaO noaem K, mo

U~V & dimU =dimV. (2)

Hoka3areabctBo. JdocrarouHoctb. IlycTh pasmepHOCTb TpO-
ctpaHeTtB U u V' paBHa n.



1.7. Kputepuit u3oMophHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB

Teopema 2 (Kpmepuﬁ M30MOP(PHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB). Ecau U u'V
— KOHEeUHOMEPHbLE AUHelHbLe npocmpaHcmesa HaO noaem K, mo

U~V & dimU =dimV. (2)

Hoka3areabctBo. JdocrarouHoctb. IlycTh pasmepHOCTb TpO-
crpanctB U u V paBua n. [lycts By = {ey, ..., e,} — 6asuc nuneitHoro

npoctpanctea U, by = {fi,..., fu} — 6asuc jquHefHOrO poCTpaHCTBA
V.



1.7. Kputepuit u3oMophHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB

Teopema 2 (Kpmepuﬁ M30MOP(PHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB). Ecau U u'V
— KOHEeUYHOMepHble AUHelHbLe npocmpaHcmesa HaO noaem K, mo

U~V & dimU =dimV. (2)

Hoka3areabctBo. JdocrarouHoctb. IlycTh pasmepHOCTb TpO-
crpanctB U u V paBua n. [lycts By = {ey, ..., e,} — 6asuc nuneitHoro
npoctpanctea U, by = {fi,..., fu} — 6asuc jquHefHOrO poCTpaHCTBA
V. Ham Hano nokasatb, uto cyulectByet usomopduam U +— V| To ecTb
JIMHEHHOEe B3aMMHO OJlHO3HaYHOe oToOpaxkeHue f : U — V.



1.7. Kputepuit u3oMophHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB

Teopema 2 (Kpmepuﬁ M30MOP(PHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB). Ecau U u'V
— KOHEeUHOMEPHbLE AUHelHbLe npocmpaHcmesa HaO noaem K, mo

U~V & dimU =dimV. (2)

Hoka3areabctBo. JdocrarouHoctb. IlycTh pasmepHOCTb TpO-
crpanctB U u V paBua n. [lycts By = {ey, ..., e,} — 6asuc nuneitHoro
npoctpanctea U, by = {fi,..., fu} — 6asuc jquHefHOrO poCTpaHCTBA
V. Ham Hano nokasatb, uto cyulectByeT ugomopdusm U — V| To ecThb
JIMHEHHOe B3aMMHO OJlHO3HauHoe oToOpaxeHue f : U — V. Mbl 3a-
naaum f saBHol dopmysiof. Mues noctpoenust nudomopdusma f oueHb
MPOCTA: B PA3JIOKEHHUU Aje + ...+ Aye, Mbl [IPOU3BEIEM <ITOJMEHY>:
3aMeHHUM BEKTOpHI €; Ha f;.



1.7. Kputepuit u3oMophHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB

Teopema 2 (Kpmepuﬁ M30MOP(PHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB). Ecau U u'V
— KOHEeUHOMEPHbLE AUHelHbLe npocmpaHcmesa HaO noaem K, mo

U~V & dimU =dimV. (2)
Jloka3arejbcTBO. JlOCTaTOYHOCTbD.

Aer + Xges + Ases + ...+ e,



1.7. Kputepuit u3oMophHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB

Teopema 2 (Kpmepuﬁ M30MOP(PHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB). Ecau U u'V
— KOHEeUHOMEPHbLE AUHelHbLe npocmpaHcmesa HaO noaem K, mo

U~V & dimU =dimV. (2)
Jloka3arejbcTBO. JlOCTaTOYHOCTbD.

€1 + Xges + Ases + ...+ e,

!
A1+



1.7. Kputepuit u3oMophHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB

Teopema 2 (Kpmepuﬁ M30MOP(PHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB). Ecau U u'V
— KOHEeUHOMEPHbLE AUHelHbLe npocmpaHcmesa HaO noaem K, mo

U~V & dimU =dimV. (2)
Jloka3arejbcTBO. JlOCTaTOYHOCTbD.

Ater + Xges + Ases + ...+ A\en

! !
AMfi + Aafy +



1.7. Kputepuit u3oMophHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB

Teopema 2 (Kpmepuﬁ M30MOP(PHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB). Ecau U u'V
— KOHEeUHOMEPHbLE AUHelHbLe npocmpaHcmesa HaO noaem K, mo

U~V & dimU =dimV. (2)
Jloka3arejbcTBO. JlOCTaTOYHOCTbD.

Ater + Xges + Ases + ...+ A\en

! ! !
AJ1 + Aafa + Asfs +



1.7. Kputepuit u3oMophHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB

Teopema 2 (Kpmepuﬁ M30MOP(PHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB). Ecau U u'V
— KOHEeUHOMEPHbLE AUHelHbLe npocmpaHcmesa HaO noaem K, mo

U~V & dimU =dimV. (2)
Jloka3arejbcTBO. JlOCTaTOYHOCTbD.

Aer + Xges + Ases + ...+ e,

! ! !
Mfi + Xafa + Asfs + oo+



1.7. Kputepuit u3oMophHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB

Teopema 2 (Kpmepuﬁ M30MOP(PHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB). Ecau U u'V
— KOHEeUHOMEPHbLE AUHelHbLe npocmpaHcmesa HaO noaem K, mo

U~V & dimU =dimV. (2)
Jloka3arejbcTBO. JlOCTaTOYHOCTbD.

Aer + Xges + Ases + ...+ A\en

! ! ! !
AMfi + Nafe + A3fs + o0+ At



1.7. Kputepuit u3oMophHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB

Teopema 2 (Kpmepuﬁ M30MOP(PHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB). Ecau U u'V
— KOHEeUHOMEPHbLE AUHelHbLe npocmpaHcmesa HaO noaem K, mo

U~V & dimU =dimV. (2)

Joka3zareabctBo. JloctatouHocTb. HeTpynHo noHsth, uto f, onpe-
JleJIeHHbIH hopMyJioi

f()‘161+---+)\n6n):Alfl—i_---"i_)\nfm

OyeT U30MopPU3MOM.



1.7. Kputepuit u3oMophHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB

Teopema 2 (Kpmepuﬁ M30MOP(PHOCTH KOHEYHOMEPHBIX MPOCTPAHCTB). Ecau U u'V
— KOHEeUHOMEPHbLE AUHelHbLe npocmpaHcmesa HaO noaem K, mo

U~V & dimU =dimV. (2)

Joka3zareabctBo. JloctatouHocTb. HeTpynHo noHsth, uto f, onpe-
JleJIeHHbIH hopMyJioi

f()‘161+---+)\n6n):Alfl—i_---"i_)\nfm

oynet usomoppuamom. HerpyaHo nokasatb, uto otoOpazkeHue f, BCAKO-
MY BEKTOPY & = Aieq + ...+ A€, € U cTaBsliiee B COOTBETCTBHE BEKTOP

f()\lel + ...+ )\nen) = )\1f1 + ...+ )\nfn, (3)

siBJsieTCsl HBoMopduaMoM. BaanmHuas 0j1H03HaUHOCTE CJelyeT U3 Teope-
Mbl O €IMHCTBEHHOCTH Pa3JioxKeHHUs o 6a3ucy, a JIMHEHHOCTb OYEBUJIHA.



I.8. Teopema o crangapTHOM u3omodusme B R”

Teopema 3 (o cranpaptHom usomodusme B R"). Omobpasxcernue f,

Kaxoomy 8eKkmopy cmasaujee 8 coomsemcemasue cmoabey eeo Ko-
opouram 8 6basuce U:

Iy
f Z xie; | = = Z Ti€i| (4)
i=1 Y i=1 b
In

ABALNC UBOMOPDUSMOM.

Jloka3aTeJbCTBO.



I.8. Teopema o crangapTHoM udomogusme B R”

Teopema 3 (o cranpapTHom uzomodusme B R"). Omobpancernue [, Kawdomy
seKkmopy cmassuiee 8 coomaemcemaue cmoabey eco koopduram 8 basuce U:

n 'Tl n
X2
f E Li€; | = = 5 x| (4)
i=1 i=1 b
T

ABASLeMCS UBOMOPDHUSMOM.

Jloka3ateabcTBO. JIHHEeAHOCTb 0TOOpakeHus f oueBuaHa. Hano nokasath, 4To

/ (04 i rie; + 3 i yiei) =
i=1 i=1



I.8. Teopema o crangapTHoM udomogusme B R”

Teopema 3 (o cranpapTHom uzomodusme B R"). Omobpancernue [, Kawdomy
seKkmopy cmassuiee 8 coomaemcemaue cmoabey eco koopduram 8 basuce U:

n 'Tl n
X2
f E Li€; | = = 5 x| (4)
i=1 i=1 b
T

ABASLeMCS UBOMOPDHUSMOM.

Jloka3ateabcTBO. JIHHEeAHOCTb 0TOOpakeHus f oueBuaHa. Hano nokasath, 4To

f (a S +03- ye) — of (zl :ce) T (; ye) |

1=



I.8. Teopema o crangapTHoM udomogusme B R”

Teopema 3 (o cranpapTHom uzomodusme B R"). Omobpancernue [, Kawdomy
seKkmopy cmassuiee 8 coomaemcemaue cmoabey eco koopduram 8 basuce U:

1

f(Zwiei) = 3:2 = [inez'] 3 (4)
i=1 . i=1 b

ABASLeMCS UBOMOPDHUSMOM.

Jloka3ateabcTBO. JIHHEeAHOCTb 0TOOpakeHus f oueBuaHa. Hano nokasath, 4To

f (a S +03- ye) — of (; :ce) T (; ye) |

JleBasi yactb: f <a znj xie; + 0 i yiei> =f (i (Oél‘z' + 5,%‘) 61’) —
i=1 i=1 i=1



I.8. Teopema o crangapTHoM udomogusme B R”

Teopema 3 (o cranpapTHom uzomodusme B R"). Omobpancernue [, Kawdomy
seKkmopy cmassuiee 8 coomaemcemaue cmoabey eco koopduram 8 basuce U:

f(Zwiei) = 3:2 = [inez'] 3 (4)
i=1 . i=1 b

AB8AeMCsL UB0OMOPDUIMOM.
Jloka3ateabcTBO. JIHHEeAHOCTb 0TOOpakeHus f oueBuaHa. Hano nokasath, 4To
n n n n
f (Od Z ZT;€; + 5 Z yiel) = Oéf (Z ZCiei) + ﬁf (Z y162>
i=1 i=1 i=1 i=1
ary + By
n n n
JleBasi vacthb: f <oz dSwie;+ 0> yiei> =7 (Z (ax; + By;) eZ) _ | ot Oy
i=1 i=1 i=1 e
ary, + Byn



I.8. Teopema o crangapTHoM udomogusme B R”

Teopema 3 (o cranpapTHom uzomodusme B R"). Omobpancernue [, Kawdomy
seKkmopy cmassuiee 8 coomaemcemaue cmoabey eco koopduram 8 basuce U:

f(Zwiez’) = 3:2 = [inez'] 3 (4)
i=1 . i=1 b

AB8AeMCsL UB0OMOPDUIMOM.
Jloka3ateabcTBO. JIHHEeAHOCTb 0TOOpakeHus f oueBuaHa. Hano nokasath, 4To
n n n n

f (Od Z ZT;€; + 5 Z yiei) = Oéf (Z :cz-eZ) + ﬁf (Z y162>

i=1 i=1 i=1 i=1
Ty Y1
X2 Y2

+ 0

Ln Yn

[TpaBasi yactb: o f (Z :zsieZ) + 06f (Z yiez-) =«
i=1 i=1



I.8. Teopema o crangapTHoM udomogusme B R”

Teopema 3 (o cranpapTHom uzomodusme B R"). Omobpancernue [, Kawdomy
seKkmopy cmassuiee 8 coomaemcemaue cmoabey eco koopduram 8 basuce U:

f(Zwiez’) = 3:2 = [inez'] 3 (4)
i=1 . i=1 b

AB8AeMCsL UB0OMOPDUIMOM.
Jloka3ateabcTBO. JIHHEeAHOCTb 0TOOpakeHus f oueBuaHa. Hano nokasath, 4To
n n n n
f (Od Z ZT;€; + 5 Z yiei) = Oéf (Z :cz-eZ) + ﬁf (Z y162>
i=1 i=1 i=1 i=1
azy + By
n n
[IpaBasi yactb: a.f (Z :zsieZ) + 6f (Z yiez-) _ | ot Oy
i=1 i=1 e
ary, + Byn



I.8. Teopema o crangapTHoM udomogusme B R”

Teopema 3 (o cranpapTHom uzomodusme B R"). Omobpancernue [, Kawdomy
seKkmopy cmassuiee 8 coomaemcemaue cmoabey eco koopduram 8 basuce U:

f(Zwiez’) = 3:2 = [inez'] 3 (4)
i=1 . i=1 b

ABASLeMCS UBOMOPDHUSMOM.

Joka3areabcTBo. TakuM 06pa3oM, JUHEHHOCTb OTOOpaXkeHus [ JoKa3aHa:
ary + By

/ (04 é zie; + 3 é yiei> = .a.x'g By =af (é xiez‘) +6f <§1 yiei>-

axy, + Byn



I.8. Teopema o crangapTHoM udomogusme B R”

Teopema 3 (o cranpapTHom uzomodusme B R"). Omobpancernue [, Kawdomy
seKkmopy cmassuiee 8 coomaemcemaue cmoabey eco koopduram 8 basuce U:

n xl n
X2
f E Li€; | = = 5 x| (4)
i=1 i=1 b
T

ABASLeMCS UBOMOPDHUSMOM.

Joka3areabcTtBo. Takum 00pasom, JIMHEHHOCTb OTOOpaXKeHUs f J0Ka3aHa:

azy + By
f (04 i xie; + i yiei> = [ ¢ oy =af (i il?i@z') +06f (i yiei>-
i=1 i—1 e i=1 i=1
axy, + Byn

B3auMHas 0IHO3HAUHOCTb CJEAYeT M3 TCOPEMbl O €JIMHCTBECHHOCTH PABJIOKEHUS 110
Oasucy. Teopema noka3aHa.



I.8. Teopema o crangapTHoM udomogusme B R”

Teopema 3 (o cranpapTHom uzomodusme B R"). Omobpancernue [, Kawdomy
seKkmopy cmassuiee 8 coomaemcemaue cmoabey eco koopduram 8 basuce U:

X
n n
X2
f Ewiei = = Exiei ) (4)
i=1 i=1 b
T

ABASLeMCS UBOMOPDHUSMOM.

[Ipu stom uzomopduame corsiacHo Gopmyisie, ornpeessionield cTogaden KoopauHart
BCKTOPA, UMEEM

f(el):f(1'61—|—0'62+0'€3—|—...): 0 ,



I.8. Teopema o crangapTHoM udomogusme B R”

Teopema 3 (o cranpapTHom uzomodusme B R"). Omobpancernue [, Kawdomy
seKkmopy cmassuiee 8 coomaemcemaue cmoabey eco koopduram 8 basuce U:

n xl n
X2
f E Li€; | = = 5 x| (4)
i=1 i=1 b
T

ABASLeMCS UBOMOPDHUSMOM.

[Ipu stom uzomopduame corsiacHo Gopmyisie, ornpeessionield cTogaden KoopauHart
BCKTOPA, UMEEM

—_
)

f(el): 0 7f(e2):f(0'61—|—1'€2+0'63—|—..,):

)



I.8. Teopema o crangapTHoM udomogusme B R”

Teopema 3 (o cranpapTHom uzomodusme B R"). Omobpancernue f, Kamdomy
geKkmopy cmassuiee 8 coomaemcemaue cmoabey eco koopduram 8 basuce U:

X
f <Z lUiez') = 2= [Z fliiez'] ’ (4)
i=1 x i=1 b

AeaemcA LLSOMOp(f?LlSMOM.

[Ipu stom uzomopduame corsacHo GopmyJsie, ornpesessionield cTog0en KoopauHaT
BCKTOPA, UMEEM

—
e
e

0 1 0
fler)=1 0 |, flea)=1] 0 [, fles)=1] 1 [,

Paccmorpetb npumep?



I1. MaTpuua nepexona B Apyrom 6asuc

Kak corsiacoBbIBaTh pesysibTathl, MoJiyueHHble B pa3Hbix 6asucax? Ha-
npumep, Kak cpeJICTBaMU MAaTPUUHOH aJireOpbl HAUTH KOOPIMHATbI BEKTO-
pa B ipyrom 6asuce?
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Kak corjiacoBbIBaTh pe3yJ/ibTaThl, 0JydeHHble B pa3Hbix Oasucax? Ha-
NpUMep, Kak CpeJICTBAMU MaTPUUHOM aare6pbl HAUTH KOOPIMHATBI BEKTO-
pa B ipyrom 6asuce?

$lcHo, uTO HaO 3HATH CBsI3b Mexkay Oasucamu b u B’. Hano sty cBsi3b
3a7laTb CTaHAAPTHbIM 00paszoM. UTo B34Th B KauecTBe cTaHaapTa?
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Kak corjiacoBbIBaTh pe3yJ/ibTaThl, 0JydeHHble B pa3Hbix Oasucax? Ha-
npUMep, KAk CpeJICTBAaMU MaTPUUHOU ajireOpbl HAUTH KOOPJUHATHI BEKTO-
pa B ipyrom 6asuce?

$lcHo, uTO HaO 3HATH CBsI3b Mexkay Oasucamu b u B’. Hano sty cBsi3b
3a7laTb CTaHAAPTHbIM 00paszoM. UTo B34Th B KauecTBe cTaHaapTa?

Mbl noroBopuJinch Bee npobJemsl petiats B R”. [TosTomy ecTecTBeHHO
3a(puKCUpPOBaTh



I1. MaTpuua nepexona B Apyrom 6asuc

Kak corjiacoBbIBaTh pe3yJ/ibTaThl, 0JydeHHble B pa3Hbix Oasucax? Ha-
npUMep, KAk CpeJICTBAaMU MaTPUUHOU ajireOpbl HAUTH KOOPJUHATHI BEKTO-
pa B ipyrom 6asuce?

$lcHo, uTO HaO 3HATH CBsI3b Mexkay Oasucamu b u B’. Hano sty cBsi3b
3a7laTb CTaHAAPTHbIM 00paszoM. UTo B34Th B KauecTBe cTaHaapTa?

Mbl noroBopusiuch Bee npooOJsiembl petiath B R™. TTostomy ectecTBeH-
HO 3aPUKCUPOBATb PABAONHCEHIE BeKMOPO8 0OH020 basuca 8 0py2om
basuce.



I1.1. OnpeneneHne maTpuubl Nepexoaa B Apyrou 6asuc

Onpepneaenue 3. [lycmo b ={ey,...,e,}, B'={€e},...,e,} — 0dsa

basuca aureliHoeo npocmparcmsa U. MaTpuuei nepexojaa u3 oa-
b

suca b 6 6asuc B’ nasvsaemes mampuya T =Ty g = (tji)nxn, KO-

ahhuyuenmor KOmopoti onpedesstomca pageHCcmaaml:

6; = Ztﬁej. (5)
j=1



I1.1. OnpeneneHne maTpuubl Nepexoaa B Apyrou 6asuc

Onpepneaenue 3. [lycmo b ={ey,...,e,}, B'={€e},...,e,} — 0dsa

basuca aureliHoeo npocmparcmsa U. MaTpuuei nepexojaa u3 oa-
b

suca b 6 6asuc B’ nasvsaemes mampuya T =Ty g = (tji)nxn, KO-

ahhuyuenmor KOmopoti onpedesstomca pageHCcmaaml:

6; = Ztﬂej. (5)
j=1

Takum o6pasom, i-1i cmoabey mampuyst nepexoda us b 6 6asuc b’
npedcmasisiem coboti cmoabey koopduram sexkmopa e, 8 basuce b.
PaccmoTperb npumep?



[1.2. Teopema 0 KoopauHaTax BEeKTOpa B pa3HbIX 6a3ucax

Onpepeaenue 3. [lycmo b ={ey,...,e,}, B'={€e},..., e} — 0dsa

basuca aurneiinoeo npocmparncmsa U. MaTtpuuei nepexoaa us3 oa-
b

suca b 6 6asuc B’ nasesaemes mampuya T =Ty g = (tji)nxn, KO-

aghpuyuernmor KOMoOpot onpedesitoncs pageHCcmBamu:

;=) tie;. (5)
j=1

[lepBas 3amaua, B KOTOPOHU Mbl IPUMEHUM MATPHUILy NTePEeX0aa U PaBEH-
CTBO (D), 6y/eT 3aj1aua 0 KOOPAWHATAX BEKTOPA.

TeopeMa 4 (0 KOOpJMHATaX BEKTOpa B pa3HbIX 6a3ucax). Ecau TB—>B’ — mam-
puua nepexoda uz oasuca b 8 6azuc b’, 0aa ro0b6oeo sexkmopa x
cnpasedausa hopmyara

[:z:]B, = TI;LB’ : [33}5 (6)



[1.2. Teopema 0 KoopauHaTax BEeKTOpa B pa3HbIX 6a3ucax

Teopema4 (0 KOOpJIMHAaTaX BEKTOpa B pa3HbiXx 6a3ucax). Ecau TB—>B’ — mam-
puua nepexoda uz oasuca b 8 6aszuc b’, 0aa ro0boeo sexkmopa x
cnpasedausa hopmyaa

[z]gr = TI§1_>B’ -[z]p- (6)

«CT&HD,&])THOC» A0Ka3aTE€JbCTBO HCIIOJbL3YET TOJILKO OIIpeAC/JICHHUS].



[1.2. Teopema 0 KoopauHaTax BEeKTOpa B pa3HbIX 6a3ucax

Teopema4 (0 KOOpJIMHAaTaX BEKTOpa B pa3HbiXx 6a3ucax). Ecau TB—>B’ — mam-
puua nepexoda uz oasuca b 8 6aszuc b’, 0aa ro0boeo sexkmopa x
cnpasedausa hopmyaa

_ -l
z]g = TB—>B’ z)p. (6)
«CtaHaapTHoe» 10Ka3aTeabCTBO. Ham Hano HallTH CBSA3b MEXKTY KO-
opIMHaTaMu BekTopa = B 6azucax b = {ey,...,e,} ub' ={¢e},.... e }.

[To OIIpeAe/JIEHHUIO KOOPAHUHAT, UMEEM



[1.2. Teopema 0 KoopauHaTax BEeKTOpa B pa3HbIX 6a3ucax

Teopema4 (0 KOOpJIMHAaTaX BEKTOpa B pa3HbiXx 6a3ucax). Ecau TB—>B’ — mam-
puua nepexoda uz oasuca b 8 6aszuc b’, 0aa ro0boeo sexkmopa x
cnpasedausa hopmyaa

[z]gr = TI§1_>B’ -[z]p- (6)

«CranpgapTHoe» 10Ka3aTeqabCTBO.
[To onpenesieHn0 KOOPAMHAT, UMEEM

n

n

I ! _ .

g )\iei—x—g Aje;.
j=1

1=1



[1.2. Teopema 0 KoopauHaTax BEeKTOpa B pa3HbIX 6a3ucax

Teopema4 (0 KOOpJIMHAaTaX BEKTOpa B pa3HbiXx 6a3ucax). Ecau TB—>B’ — mam-
puua nepexoda uz oasuca b 8 6aszuc b’, 0aa ro0boeo sexkmopa x
cnpasedausa hopmyaa

[z]gr = TI§1_>B’ -[z]p- (6)

n n
«CtaHgapTHOE» 10Ka3aTeJdbCTBO. Y Ne, =1 = Y \je;.

i=1 j=1
HMcnonb3ys onpenesienrie MaTpuliibl Nepexo/a, noJgyyaem

n

i Nej =Y Nej = i A itjiej = i i Aitji | €;.
=1 -1 =1

i=1 j=1 \i=1



[1.2. Teopema 0 KoopauHaTax BEeKTOpa B pa3HbIX 6a3ucax

Teopema4 (0 KOOpJIMHAaTaX BEKTOpa B pa3HbiXx 6a3ucax). Ecau TB—>B’ — mam-
puua nepexoda uz oasuca b 8 6aszuc b’, 0aa ro0boeo sexkmopa x
cnpasedausa hopmyaa

[z]gr = TI§1_>B’ -[z]p- (6)

n n
«CtaHgapTHOE» 10Ka3aTeJdbCTBO. Y Ne, =1 = Y \je;.

i=1 j=1
HMcnonb3ys onpenesienrie MaTpuliibl Nepexo/a, noJgyyaem

n

i Nej =Y Nej = i A itjiej = i i Aitji | €;.
=1 -1 =1

i=1 j=1 \i=1

n
Xoresioch Obl OTCIOA MOJMYUUTb PABEHCTBO A; = ) | Aitj;. OnHako...
i=1



[1.2. Teopema 0 KoopauHaTax BEeKTOpa B pa3HbIX 6a3ucax

Teopema4 (0 KOOpJIMHAaTaX BEKTOpa B pa3HbiXx 6a3ucax). Ecau TB—>B’ — mam-
puua nepexoda uz oasuca b 8 6aszuc b’, 0aa ro0boeo sexkmopa x
cnpasedausa hopmyaa

—1

z]g = TB—>B’ z)p. (6)
«CtaHgapTHOE» 10Ka3aTeJdbCTBO. Y Ne, =1 = Y \je;.
i=1 =1

n
Xoresoch Obl OTCIOAA MOJMYUUTb PABEHCTBO A; = Y | Ait;;. OjHako, Bo-
i=1

o0l111e TOBOPSI, U3 TOTO, UTO PaBHbI CYMMbI, He CJIE/IyeT, YTO PABHbI cJ1ara-
emble. Hanpumep, 3-4+5-2=2-44+7-2,H03#2ud #7.



[1.2. Teopema 0 KoopauHaTax BEeKTOpa B pa3HbIX 6a3ucax

Teopema4 (0 KOOpJIMHAaTaX BEKTOpa B pa3HbiXx 6a3ucax). Ecau TB—>B’ — mam-
puua nepexoda uz oasuca b 8 6aszuc b’, 0aa ro0boeo sexkmopa x
cnpasedausa hopmyaa

[z]gr = TI§1—>B’ -[z]p- (6)

n n
«CtaHgapTHOE» 10Ka3aTeJdbCTBO. Y Ne, =1 = Y \je;.
i=1 j=1

n n n
— / .. . —
Ho B paBenctBe ) Aje; = > (Z )‘it]l) e; Mbl HMeeM J[Ba PasJio
YKEHHUsT BEKTOpa = 10 OJHOMY M ToMy Ke 6aaucy. [103ToMy paBeHCTBO

n
Aj = > Mtj; cliedyeT M3 TeopeMbl 0 € IMHCTBEHHOCTH Pa3J0XKeHHs 1o
i=1
0asucy. Imo paccyrcdernue 18A1emcs cmanHoapmmusim npu 00Ka3a-

meaocmee rmeopem meopuu AUHCLHbLX npocmpaHcmes.



[1.2. Teopema 0 KoopauHaTax BEeKTOpa B pa3HbIX 6a3ucax

Teopema4 (0 KOOpJIMHAaTaX BEKTOpa B pa3HbiXx 6a3ucax). Ecau TB—>B’ — mam-
puua nepexoda uz oasuca b 8 6aszuc b’, 0aa ro0boeo sexkmopa x
cnpasedausa hopmyaa

[z]gr = TI§1_>B’ -[z]p- (6)
«CtaHgapTHOE» 10Ka3aTeJdbCTBO. Y Ne, =1 = Y \je;.
i=1 j=1

n
_ /
JlokazaHHOe PaBEHCTBO \; = thﬂ-)\i B MaTPUYHOM BHJE 3alMIIETCS],
1=
Kak [z]g = Tp_p’[*]p’- Y3 9TOro pasencrsa nosyuaem J0KasblBaeMylo

(opmy.y (6).



I1.2. Teopema 0 KoopaMHaTax BEKTopa B pa3HbIX 6a3ucax

Teopema4 (0 KOOpJIMHAaTaX BEKTOpa B pa3HbiXx 6a3ucax). Ecau TB—>B’ — mam-
puua nepexoda us dbasuca b 8 6aszuc b’, 0aa roboeo sexkmopa x
cnpasedausa hopmyaa

ol

z]g = TB—>B’ z]p. (6)

JloKa3aTeJbCTBO C MOMOLLbIO YMHOMKEHHUsT MATPULL «HA MaKPO-
YPOBHE», DTO J0Ka3aTe/JIbCTBO OCHOBAHO Ha TeopeMe O CTaHAdpHOM

nsomocdusme B R” u popmydie u3 onpenaeneHusi usomopcgusma B R”, a
TaK»Ke YMHOXKEHHH MaTPHULL «Ha MAaKPOYPOBHE.



I1.2. Teopema 0 KoopaMHaTax BEKTopa B pa3HbIX 6a3ucax

Teopema4 (0 KOOpJIMHAaTaX BEKTOpa B pa3HbiXx 6a3ucax). Ecau TB—>B’ — mam-
puua nepexoda us dbasuca b 8 6aszuc b’, 0aa roboeo sexkmopa x
cnpasedausa hopmyaa

[z]gr = TI;LB’ -[z]p- (6)

Jloka3aTeJbCTBO C MOMOILbIO YMHOMKEHUS] MATPULL «HA MAKPO-
ypoOBHE»., DTO JI0KA3aTeJbCTBO OCHOBAHO HAa TeOpeMe O CTaHIAPHOM
nzomocusme B R” u hopmysie u3 onpeneneHus usomopcpusma B R", a
TaKXKe YMHOXKEHHHU MaTpHIL «HAa MaKpoypoBHe». B camom nene, TOT dhakr,

o
uto [z]gr = | ... |, o3Hauaer, cornacHo (hopmyJe U3 onpejeneHus

/

L,

CTOJIﬁLla KOOpJAHHAT, 4TO



I1.2. Teopema 0 KoopaMHaTax BEKTopa B pa3HbIX 6a3ucax

Teopema 4 (0 KOOpJMHATaxX BeKTopa B pa3Hbix 6a3ucax). Ecau TB—>B’ — mam-
puua nepexoda us dbasuca b 6 6aszuc b’, 0aa roboeo sexkmopa x
cnpasedausa hopmyia

2lp=T5' g 7] (6)

JloKa3aTeJbCTBO € MOMOILbIO YMHOMEHUS MATPHUL, «HA MaKpO-

ypoOBHEe»., DTO J0KA3aTeJbCTBO OCHOBAHO Ha TeOpeMe O CTaHAapPHOM

usomodusme B R"” u hopmyJe u3 onpenenenusi usomoppusma B R", a

TaK»Ke YMHOXKEHHH MaTpHULL «Ha MakKpoypoBHe». B camom nesie, ToT hakr,
)

uto [z]g» = | ... |, o3Hauaer, cormacHo (popmyJe U3 onpeaeseHus

/

L,

CTOJA0LA KOOPAUHAT, UTO

/N /AN



I1.2. Teopema 0 KoopaMHaTax BEKTopa B pa3HbIX 6a3ucax

Teopema4 (0 KOOpJIMHAaTaX BEKTOpa B pa3HbiXx 6a3ucax). Ecau TB—>B’ — mam-
puua nepexoda us dbasuca b 8 6aszuc b’, 0aa roboeo sexkmopa x
cnpasedausa hopmyaa

1

z]g = TB—>B’ z)p. (6)

JloKa3aTe/JbCTBO C MOMOILbIO YMHOMKEHUS MATPUIL «HA MaKpO-

yposHe». [lepeiinem B paBeHcTBe x = zi€| + ... + x/ e/ K 06pa3aM Bek-

TOPOB TPHU CTAHAAPTHOM H30MOpdhHU3Me, MopoxjaeHHoM 6asucom B, mo
copmyJie u3 onpeneneHus usomoppusma B R":

[z = [zhe1 + ... +ae g =21 el)g +---+ 2, el -



I1.2. Teopema 0 KoopaMHaTax BEKTopa B pa3HbIX 6a3ucax

Teopema 4 (0 KOOpJIMHAaTaX BEKTOpa B pa3HbiXx 6a3ucax). Ecau TB—>B’ — mam-
puua nepexoda uz oasuca b 8 6aszuc b’, 0aa ro0boeo sexkmopa x
cnpasedausa hopmyaa

[z]gr = TI§1—>B’ -[z]p- (6)

JloKa3aTeqbCTBO C MOMOLLbIO YMHOMEHUsST MATPUL, «HA MaKpo-
YPOBHE>.

[z]g = [rle1 + ... +ze g =21 lel)g +--- + 2, elp -

C MOMOIBI0 YMHOXKEHHST MATPULL HA MAKPOYPOBHE, MOJyUAEM:
/ / / /
g =1 lellg + -+, [e)p



I1.2. Teopema 0 KoopaMHaTax BEKTopa B pa3HbIX 6a3ucax

Teopema 4 (0 KOOpJIMHAaTaX BEKTOpa B pa3HbiXx 6a3ucax). Ecau TB—>B’ — mam-
puua nepexoda uz oasuca b 8 6aszuc b’, 0aa ro0boeo sexkmopa x
cnpasedausa hopmyaa

[z]gr = TI§1—>B’ -[z]p- (6)

JloKa3aTeqbCTBO C MOMOLLbIO YMHOMEHUsST MATPUL, «HA MaKpo-
YPOBHE>.

[z]g = [rle1 + ... +ze g =21 lel)g +--- + 2, elp -

C MOMOILIbIO YMHOXKEHUST MATPULL HA KMAKPOYPOBHE», MOJIyUAEM:
/
x
1



I1.2. Teopema 0 KoopaMHaTax BEKTopa B pa3HbIX 6a3ucax

Teopema4 (0 KOOpJIMHAaTaX BEKTOpa B pa3HbiXx 6a3ucax). Ecau TB—>B’ — mam-
puua nepexoda us dbasuca b 8 6aszuc b’, 0aa roboeo sexkmopa x
cnpasedausa hopmyaa

1
z]g = TB—>B’ z)p. (6)
JL0Ka3aTeqbCTBO € MOMOILLIO YMHOMKEHHUS MATPHUILL «HA MAKPO-
ypOBHE>.
[z]g = [rle1 + ... +ze g =21 lel)g +--- + 2, elp -
C NMOMOLLBI0 YMHOXKEHHS MATPHULL HA <MaKPOYPOBHE», TT0JyYaeM:

g =Tp p " [*lp’
OTKyJa cjeayeT Tpebyemasi hopmyJa (6). Teopema nokasana.
Paccmorperbh npumep?



Cnacub6o

3a
BHUMAaHUue!

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

BepHyTbcsl K CIUMCKY NMpe3eHTalun?
BepHyTbcs K orjiaBiaeHuio pasjaena «JInHerdHble MpocTpaHCcTBa»?
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