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I A1 nporpamMmel «MarucTp 3KOHOMHKH»

MaremaTu4YeCKUM aHAIU3

1. 31eMeHTBI TEOPHH MHOMKECTB

MoHATHE 0O MHOXECTBaxX U X anemeHTax. MogmMHoxKecTBa. Onepaunn Haj MHOXKECTBaMM:
obbveanHeHue, nepeceyeHune, pasHocTb. [leKapToBo NpousseaeHue Asyx U 6onee MHOXECTB;
NpOeKLUK 3N1eMEHTA AeKapTOBa NPOU3BEAEHUA.

OtobpaxeHue 04HOro MHOXECTBA B Apyroe; 061acTb onpeaeneHus, 061acTb 3HaueHuii, rpaduk
otobpaxenua. ToxaecTBeHHoe oTobpaxeHne MHoMxecTsa B ceba. O6pa3 anemeHTa Unu
MHOecTBa U3 o6nacrtu onpegeneHusn; (NnonHbii) npoobpas anemeHTa UNK MHOXKeECTBa U3 oBnacTu
3HavyeHuit. Komnoauuma (cynepno3anuma) oTobpameHnit.

B3anMHO 0aHO3HauHble 0To6paxkeHuna (BnoxeHMA) n oToGpaKeHnUsa «Ha» (HakpbITUA). O6paTHoe
oTtobpaxeHue. PaBHOMOLUHbIE (3KBUBANEHTHbIE MO MOLWHOCTU) MHOMecTBa. KoHeuHble 1
CYeTHbie MHOMecTBa. CHETHOCTb MHOMECTBA PaLMOHaNbHbIX Yucen. MOLWHOCTb NOAMHOMECTBa
CYETHOro MHOXecTBa. MOLWHOCTE KOHEYHOTO UK CHETHOTO 06bEAUHEHMWA CYETHBIX MHOMECTB.

2. YncnoBas npsaman R v apudmeTHyeckoe NpocTpaHCTBO RN

BewecraeHHble (aeicTBuTeNbHBIE) YMCNa. OTKPLITBIA, 3aMKHYTbIN, NONYOTKPLITLIN OTpe3ku. MoHATUe
MaXopaHTb! (BepXHei rpaHuLbl) U MUHOPaHTbI (HUXHEN rpaHuMLLbl) NOAMHOMXKECTBA BELLECTBEHHbIX
yucen, OrpaHUYEHHOrO (CBEPXY, CHU3Y) MHOMECTBA, HaMBONBLIETo U HAUMEHDLLIErO 31eMeHTa
MHOeCTBa, (TO4HOI) BepxHel U HUKHEN rpaHei.

CBOWCTBO NO/IHOTBI YMCNIOBOI NPAMOIA: TEOPEMA O CYLLECTBOBAHUM BepXHel (HUKHel) rpaHu 1 Teopema

0 HenycToTe nepeceYeHUA BNOKEHHbIX OTPE3KOB. [I0THOCTb MHOMECTBA PaLMOHa/IbHBIX YUCEeN KaK
MOAMHOXKECTBa YMCNOBOW NPAMOIA. HECHETHOCTb OTPE3Ka YUCIOBOM NPAMON; MOLLHOCTb KOHTUHYYMa.

n
ApudmeTuyeckoe (Yucnosoe, KOOPAUMHATHOE) NPOCTPAHCTBOR . ONepaLym CAOKEHUA 3NEeMEHTOB
n n

(seKTOpOB, TOYek) R M YyMHOXKEHUA UX Ha YMCNO. MOHATUE OrpaHMYeHHOro MHoXecTBa B R .

3. CBOMCTBA MHOXKECTB Ha YUCJI0BOH NPAMON U B R1

MoHATME €-OKPECTHOCTM TOUKM Ha YMCNOBOM NpAMOit. OTKPLITbIA Napannenenunes B R KaK
[eKapToBO Npou3BeAeHUe OTKPbITbIX YUCIOBbIX OTPE3KoB, Obuiee NOHATUE OKPECTHOCTU TOUKM
n

YMCNOBOW NPAMOIA 1 TOYKM NPOCTPAHCTBA R . CUCTEMbI KYBUUECKUX W LLIAPOBbIX E-OKPECTHOCTEN.

BHYTpeHHMe, BHELWHME U rPAaHUYHbIE TOYKM MHOXKECTBA. BHYTPEHHOCTb, BHELWHOCTb U rpaHMULa
MHOecTBa. M30/1MpoBaHHbIe U NpeaenbHbie TOYKM MHOXKECTBA. OTKPLITbIE ¥ 3aMKHYTble MHOMECTBa.
Teopembl 06 06begUHEHUM U NEpeceyYeHUM OTKPBITBIX U 3aMKHYTbIX MHOMECTB. 3aMblKaHUe
MHoxecTea. [lonoNHeHWsA K OTKPBITbIM U 3aMKHYTbIM MHOMEeCTBaM.

n
Teopema o HenycToTe NepeceveHns BOKEHHBIX 3aMKHYTLIX Napannenenuneaos (noaHota R ), Mouatue
n

KOMMaKTHOrO (T. . OrpaHMYeHHOr0 M 3aMKHYTOr0) MHOXeCTBa B R 1 Ha uMcnosom npamoi. Henycrota
nepece4eHmA BAOKEHHbIX HEMYCTBIXKOMNAKTHbIX MHOXECTB. Teopema 0 Bbige/IeHUM KOHEYHOro
n

OTKPLITOrO MOKPLITUAKOMNAKTHOrG MHOMXecTBa B R (Ha uucnosoi npamoii R).



4. llpeges noce0BaTe/IbHOCTH
n
MoHaTHe nocnegosaTenbHOCTU ToYEK R (MM Touek uucnosoii npamoit R) U ee npeaena.

MoanocneaoBatensHOCTU W NpeAenbHbIe TOYKK (YacTuuHble npegenst). Npeaen NnoaAnoCc e 0B aTeNLHOCTH
cxopalyeiica nocnegosatensHocTu. Teopema bonbuaHo—BeitepluTpacca o BbigeNeHNM CXOAALLEICS
n

noAnocNef0BaTENbLHOCTH U3 OrpaHUYEHHO NOCNea0BaTeNbHOCTM ToYeK R
. NMoHATHe PyHAameHTanbHOM NocaefoBaTeNbHOCTU (NocneaoBaTeNbHOCTH Kowm). IKBUBANEHTHOCTD
n

NOHATKIA cxoaAwwelica u dyHAaMeHTaNbHOM NocneaoBaTensHOCTU B R .

Yucnosble nocneaosaTeNbHOCTYU: CYLLECTBOBaHME Npeaena y MOHOTOHHOI OrpaHU4YeHHOM
nocneA0BaTeNbHOCTH; NPeAeNbHbIA Nepexos B HepaBeHCTBAX; NOHATUE BEPXHETO U HUKHEro Npeaena.
Teopembl 0 npeaene CyMmmbl, Pa3HOCTH, NPOMU3BEACHWSA, YACTHOTO ABYX NOCNEA0BATENLHOCTE!H .

5. Mpepen pyuxuuu. HenmpepoiBHOCTh GYHKIMIA (0TOGpaKeHMIH)
n

Yucnosbie (ckanapHble) GyHKUMM KaK OTOBPaXKEHUA NOAMHOMKECTB R MM YMCNOBOM NPAMOI B
4ncnosyto npamylo. Onpeaenexue npegena GyHKUMM B TOUKE Ha A3bIKE «E—O»; NOHATUE Npeaena Ha
6eckoHeuHoCTU. ApudmeTtndeckne onepauum Hag GyHKUMAMM ¢ obLueit 061acTbio onpeaeneHus.
Teopembl 0 Nnpeaene cymmbl, PasHOCTW, NPOM3BEAEHUA, YaCTHOTO ABYX GYHKUMIA. MpeaenbHbIf nepexos,
B HepaBeHCTBaXx.

Onpeaenexune HenpepbIBHOCTM GYHKUUM Ha A3bIKe «E—8», B TepMUHAX Npegena GYHKUMN 1 Ha A3bIKe
noc/eA0BaTeIbHOCTEN; UX IKBUBANEHTHOCTb. HENpepbIBHOCTL CYNepnosuLyMmn HenpepbIBHbIX GyHKLMIA.

OrpaHM4eHHOCTb HenpepbIBHOM YUCNOBOM GYHKLMM U JOCTUMEHUE el0 CBOLro Haubonbwero u
HaWMeHbLUEero 3Ha4yeHWit Ha KOMNaKTHOM MHoecTse B Rn (Teopemsi Beitepwtpacca).

n 1
[MoHATME paBHOMEPHOI HeNpPepbIBHOCTU YUCA0BOW GYHKLMU HA HEKOTOPOM MHOMecTee B R uamnR .

PasHomepHan HeMpPepbIBHOCTL HENPepbIBHOIM GYHKUMM Ha KOMNAKTHOM MHOMeCTse.

DyHKUMOHANbHbIE NOCNeA0BaTeIbHOCTM. MOTOYEYHEA U PaBHOMEPHAA CXOAMMOCTb BYHKLMOHANbHOM
nocnes0BaTeNbHOCTU. HenpepbiBHOCTL GyHKUMM, ABNAIOWENCA NOTOYEYHBIM NPeaeNOM PaBHOMEPHO
CXOAALLECA NOCNeJ0BATENLHOCTU HENPEPbIBHLIX QYHKLMIA.

6. YucaoBbie yHKUMU OAHOro (MMCIOBOTO) aprymeHra

OpHOCTOpOHHME Npeaens U KnaccuuKauma Touek paspbisa. MoHATUE npegena Ha ~oo U +oo,
MOHOTOHHbIE PYHKUMK; BUABI Pa3pbiBOB MOHOTOHHOM GyHKUMKW. Teopema O CylL,ecTBOBaHUM
U HenpepbIBHOCTK 06paTHOM dyHKUMK.
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HenpepbIBHOCTL 3aneMeHTaPHbIX GYHKLMIA.

Teopema 0 NPOMENKYTOUHBIX 3Ha4YeHMAX GYHKLMKM, HENPepbIBHOWM Ha oTpeske (Teopema Kolwun).

7. luppepenuupoBanue QyHKUHii B R1

MNpoussoaHan, ee reoMmeTpUYECKUii u GU3N4eCcKUil CMbICN; OAHOCTOPOHHUE NPOU3IBOAHBIE,
BeckoHeuHble Npou3soAHbIe. HenpepbiBHOCTL GYHKLMM, UMEIOLLE NPOU3BOAHYIO. MNpoussoaHan
CYMMbI, NPOU3BEAEHUA, YacTHOro ABYX GVHKUMIA. MPpOM3BOAHAA CAOMHON bvHRUMMK, MNpou3soaHble



Teopembi Ponns, Narparxa u Koww. Mpasuno Nlonutans. Npon3soAaHbIe BbICWWX NOPAAKOB. ®opmyna
Teitnopa (MaknopeHa). Pasnoxenue no popmyne MaknopeHa HEKOTOPbIX 31eMeHTapHbIX GYHKLMA.
MNpumeneHue dopmynbl Teinopa ana NPUBANMKEHHbIX BbIYUCAEHMIA 3HAYEHWIH GYHKLUMK. MprsHaKK
BO3pacTaHuA u ybbiBaHuA GyHKUMK. MOHATME NOKaNbHOTO U rN06anbHOo aKCTpeMyma. CTauuoHapHbie
TOYKM. [JOCTAaTOYHbIE YCNOBMA IKCTpeMyma. Cnyyait OTCYTCTBUA NPOU3BOAHbLIX B OTAEMbHBIX TOUKAX.
Bbinyknbie u BOrHyTbie GyHKUMK, UX rpadukun. Touku nepermba. PelweHune npocTeiumnx
3KCTPEMANbHBIX 33434,

8. llpoussojHbie u AriddepeHyuansl QyHKIHN HECKOIBKAX NIEPEMEHHBIX (B
R

YacrtHble npoussogHble. AuddepeHumpyemocts. Nepsbii auddepeHuman. Ceasb
AnddepeHuMpyemocTy n HenpepblBHOCTU. Heobxoaumoe ycnosue anddepeHumupyemocTy,
A0CTaToyHOoe ycnosue AndPepeHLMpyemMocTy (B TEpPMUHAX CYILLECTBOBAHUA M CBOMCTB YaCTHbIX
NPou3BoAHbIX). KacaTenbHaa NAOCKOCTL ¥ HOPMaNb K NOBEPXHOCTY. [PON3BOAHAA NO HaNPaBNEHMIO.
lpapueHT. OPTOrOHANBHOCTL rPaAUEHTa MHOMKECTBY YPOBHA. AuddepeHumpoBaHne CNOKHOM GYHKLMN.
HacTHble Npou3BOAHbIE BbICLUMX NOPAAKOB. [JOCTaTOYHbIE YCNOBUA PABEHCTBA CMELUaHHbIX
NPOU3BOAHbIX.

®opmyna Teiinopa. Teopema 0 HEABHOM GYHKLMK,

9. MeToAbl OITUMH3ANUY B rA

MoHATUE IKCTPeMyMa (10KaNLHOTO MaKCUMYMa MAKM NOKANLHOTO MUHUMYMa). SKCTPEMYM Mpu
OTCYTCTBUAM OrPaHUYEHNIA; HEOBXOANMbIE U OCTATOMHbIE YCNOBUA IOKANIbHOTO IKCTPEMYMA.
IKCTPEMYM MPU HANNUNK OrpaHuYeHuit B Gopme ypaBHEHUI (YCAOBHBINM IKCTpeMyM); MeToA,
MHOXMUTENeN JIarpaHiKa; AOCTaTOYHbIe YCNOBUA IKCTPEMYMA NPU HAAMYMN OrpaHYeHuid. MpumeHeHue
MeTo4a MHOXUTeNei JlarpaHa ANA Noucka HaubobLiero (HaMMeHbLLEero) 3HaYeHnA GYHKUWM Ha
OrpaHWY4eHHOM 3aMKHYTOM MHOXECTBE, 33laHHOM CUCTEMOM YPaBHEHMIA.

10. HeonpepeieHHbIH HHTETrPAJ

MNoxaTue nepsoobpasHoit u HeonpeaeneHHoro uHTerpana. CeoiicTsa HeonpeaeneHHoro
WHTerpana, Tabauua MHTErpanoB anemeHTapHbiX GyHKUMIA. Mpuembl MHTErpUpoBaHUA.
WUHTerpuposaHue paunoHanbHbix Apobeid, NpocTerwmnx MppaumoHanbHbiX GyHKLMIA, NpocTeimx
TPaHCUEHAEHTHbIX GYHKLUWNA,

11. OnpejeneHHbIN HHTErpa

3aga4a OTbICKAHWA NNOWAAN KPUBONMHEHONW Tpaneuun. OnpeaeneHHbIi UHTErpan Kak npeaen
UHTEerpanbHbix cymm. Cymmel lapby. Kputepuii nHTerpupyemoct. MHTerpupyemocTs HenpepbiBHbIX
GYHKUMIA, MOHOTOHHbIX OrPaHNYEHHbIX GYHKUMIA, GYHKLMI C KOHEYHBIM YUCAOM TOYEK pPa3pbiBa.
CBoicTBa OnpeaeneHHoro uHTerpana. Teopema o cpegHem. CylectsosaHme nepsoobpasHoii
HenpepbIBHOM dyHKUuM. Popmyna HoloToHa—/leitbHMLUa. 3amMeHa NnepemMeHHOM Noa 3HAKOM UHTErpana.
MHTerpupoBaHue No 4acTam.

12. YucnoBbie v QYHKIMOHAIbHBIE PAABI

lMNoHATHE YNCNOBOTO PAAA U ero cymmbl. Cxoaalumecn U pacxoasimecs paasl. Mpumepsl. Heobxoaumoe
ycnosue cxoaumoctu paga. Kputepuid Kowu cxogumocTy paga. 3HaKonoCTOAHHbIE U
3HaKonepemeHHble paapl. [Ipu3Haku cpasHeHusa pagos. MpusHaku cxoawmoctu Janambepa u Kowwm.
WHTerpanbHbiit npusHak Koww. MpusHak SleitbHMUa Ana 3Hakouepeaylowmxca paaos. ABCONOTHO U



YCNOBHO cxoaAwmecs paabl. Teopema 0 NepecTaHOBKe Y1EHOB YC/I0BHO CXOAALLEroca paaa (teopema
PumaHa).

loToueyHan u paBHOMepHas CXoAMMOCTb QYHKLMOHaNbHbIX paaos. Heobxoaumoe u gocTaTtouHoe
ycnosue paBHOMEPHOMN CXO4MMOCTU. MNPU3HAKN PaBHOMEPHOI CXOAUMOCTU. Teopembl O PaBHOMEPHO
CXOAAWMXCA GYHKLUMOHANbHbIX PpAAAX.

13. CreneHHbie pajbl

Pagunyc n npomexyToK cxogumocTu cTeneHHoro psaa. Popmybl 41s onpeaeneHua paamyca
cxoaumocTu. NouneHHoe auddepeHumposaHme U MHTErPUPOBAHWE CTENEHHBIX PALOB, HEU3MEHHOCTb
paguyca cxoAUMOCTU. PasnoxeHue anemeHTapHbIX GYHKUMIA B CTeneHHbIe paabl. Teopema
Beviepwrpacca o npubanKeHUn HenpepbiBHbIX GYHKLUMIA MHOFOYAEHAMMU.

14. O6bikHOBelHHbIe A depeHIHAIbHbIE YPABHEH s IEPBOTo NOPSIIKA

OnpeaenerHvie anddepeHLManbHOro ypaBHEHUA NePBoro nopaaxa. MoHATMe 06LLero v YacTHOro
peweHunA. Teopema CyLecTBOBaHWUA N € AUHCTBEHHOCTU PeLIeHUA. YPaBHEHUA C Pa3eNato WMMUCA
nepemeHHbIMU U CBOAALMECA K HUM. JIMHENHbIe 04HOPOAHbIE U HEOAHOPOAHbIE YPaBHEHUA.
YpasHeHuA B NONHbIX AnddepeHumanax.
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JluneitHas aare6pa

1. MaTpuub! ¥ onepanuu ¢ HUMH

[oHATME NPAMOYTONbHOM MaTPULLbI; ONepaLLui CAOKEHUA MATPULL, YMHOMXKEHUA MaTPULbl Ha YUCAO,
n

YMHOXEHUA MaTpuu. EAMHWYHAA U Hynesaa maTpuubl. TPaKTOBKa NPOCTPaHCTBa R Kak NPOCcTpaHCTBa
BEKTOPOB-CTONGLOB MM NPOCTPAHCTBA BEKTOPOB-CTPOK. YMHOMEHUE MATPULbI Ha CTONBEL, U CTPOKM Ha
MaTpuLy KaK YacTHbIA Cy4aid YMHOXEHUA MaTpuL. CBOMCTBA aCCOLMATUBHOCTH U AUCTPUBYTUBHOCTU
onepauyii ¢ matpuuamu. Onepauma TPaHCNOHWPOBAHUA; TPAHCNOHUPOBAHUE CYMMbI U NPOU3BEAEHUA
MaTpuL,. MoHATME CUMMETPUYHON MaTPULbI,

2. BexTopHble NPOCTPaHCTBA

Obuiee onpeaeneHue (sewecTBEHHOTO) IMHEIMHOrO NPOCTPAHCTBA; NPUMEpbI. MOHATUE CUCTeMbI
BeKTOpOB. JInHelHble KOMBUHALMK CUCTEMBI BEKTOPOB; MOHATUE NMHEHOW 3aBUCUMOCTH U
HE33aBUCMMOCTH CUCTEMBI BEKTOPOB. YC/0BUE COXPAHEHUA NMHEMHOM HE3aBUCUMOCTH NPU
PaclWMpeHnn cMCTEMbI BEKTOPOB. Teopema O NUHERHOM 3aBUCUMOCTI CUCTEMbI BEKTOPOB, IMHEIHO
BbIPAXKAIOLLUXCA Yepes CUCTEMY C MEHbLUMM YMCNOM BEKTOPOB. [TOHATUE paHra CUCTEMBI BEKTOPOB.

MNoHAarue 6asunca BEKTOPHOrO NPOCTPaHCTBa. KOHEeYHOMEpPHbIe NpocTpaHcTBa. Mpumepsl 6a3uncos.
PaBHOMOWHOCTL 6a31COB (B KOHEYHOMEPHOM NPOCTPAHCTBE) U NOHATUE pa3MepHOCTU. JIuHelHan
33aBUCUMOCTb CUCTEMBI M3 N + 1 BEKTOPa B N-MEepHOM NPOCTPAHCTBE. BO3MOMHOCTL JONOAHEHWA
40 6asunca noboit NMMHeHO He3aBUCUMOM CUCTEMbI BEKTOPOB. Basunc Kak makcumanbHas NUHEeNHo
He3aBMCMMan cUCTEMa BeKTOPOB. OAHO3HaYHOCTb Pa3NOKEHMA BEKTOPA NO AaHHOMY 6asucy;
KOOpAuHaTbl. COOTBETCTBME MENAY BEKTOPaMU U UX KOOPAUHATAMK, TPaKTOBKa KOOPAWHAT Kak

n

3NemeHTOoB (KOOpAWUHATHOro) NpocTpaHcTsa R . CoxpaHeHWe NUHeMHOI 3aBUCUMOCTM 1
HEe3aBUCUMOCTM NPU Nepexoae OT CUCTEMbI BEKTOPOB K CUCTEME UX KOOPAMHAT.

MoHATME NoAnNpOoCTpaHCcTBa, cobcTBEHHOro NOANPOCTPaHCTBA. KOHEYHOMEPHOCTb NOANPOCTPaHCTBa
KOHEYHOMEPHOro NPOCTPaHCTBA; HEPABEHCTBO MEXAY UX Pa3mepHOCTAMM. JluHeliHasa 06onouKka
CUCTEMbI BEKTOPOB KaK NOANPOCTPAHCTBO. PaHr CUCTEMbI BEKTOPOB U Pa3MepHOCTb ero NUHeMHOM
o6onouku. fluneiiHbie (adppuHHbIE) MHOrOO6Pa3HUA Kak CABUMM NOANPOCTPAHCTS; aHANOTUA C NPAMBIMMA
U NNOCKOCTAMU B TPEXMEPHOM reOMeTPUYECKOM NpPOoCTpaHCTse,

Onepauuu c NoANpPOCTPaHCTBaMM: NepecedeHne u BeKTOPHaA cymma. MoHATME NPAMON CymMbl AByxX (1
Gonee) nognpoctpaHcTs. CeA3b pa3sMepHOCTEH CYMMbl U NEPECEYEHMUA C Pa3MEPHOCTAMM MCXOOHBIX
(8BYX) NnogNpOCTPaHCTB; CAyyal NPAMOI CYyMMbL.

3. Cucremsl IMHeHHbIX (anre6panyecKux) ypaBHeHUH
rlpe;l,CTaBIIEHHE COBOKYNHOCTHU HEM3IBECTHbIX CUCTEMBI NUHERHbIX ypasueﬂm‘i U NpasbiX yacTen Kak

BEKTOPOB B Rn (8 popme BeKTOPOB-CTONBLOB UM BEKTOPOB-CTPOK). MaTpuLa CUCTEMbI M MaTPUYHO-
BEKTOPHaA ee 3anuce. NpeacTasieHne NpAMOYroNbHOM MaTpuLbl B BUAE CEMEIACTBA ee cTonbLIoB unu
CeMeinCTBa CTPOK; TeOpema O COBNaAeHUM PAHIOB ITUX CEMENCTB (Teopema O paHre MaTpuLbl); paHr
MaTpuLbl, paHr CUCTEMbI YpaBHEHUWIA. [OHATUE O MaTpULLAX NONHOrO paHra. BoipoXaeHHbIe 1
HeBbIPOMAEHHbIE KBapaTHble MaTPULbl. TPAKTOBKA CUCTEMbI IMHEIHBIX YPaBHEHWIM KaK 3a4a4m o
Pa3noXKeHuu NpaBom 4acTy No cTonbuam MaTpuLibl CUCTEMBI. YCIOBUE CYLLECTBOBAHUA PeLleHns Npu



ntoboi Npasoi YacTu (4NA AaHHOM MaTPULLbI CUCTEMBI) U YCIOBUE €ANHCTBEHHOCTW UK OTCYTCTBUA
peweHus B TepMUHax paHra matpuusl. Teopema KpoHekepa—Kanennu.

n
MHOKeCTBO peleHnin 04HOPOAHON CUCTEMbI TMHENHBIX YPaBHEHUI KaK NOANPOCTPaHCTBO B R, ero

pasmepHocTb; 6a3uc nognpocTpaHcTea peleHuii (pyHaameHTanbHan cucTemMa peLLieHuit) 1 3anuch
obuwero peweHuns 8 popme NMHeNHON KOMBUHALMM C HEONpeAeNeHHbIMM KOIPPULMEHTAMMU.
Bo3moXXHOCTb 3aaaHMA N1060ro NoANPOCTPAHCTBA B RN KaK MHOKECTBA PeLleHMii HEKOTOPOM CUCTEMBI
NUHEKHbIX OAHOPOAHbIX YDaBHEHMIA.

CBA3b MHOXECTBa pelueHnii COBMeCTHOW HeOAHOPOAHOM CUCTEMBI U COOTBETCTBYIOLLEN el
n
OAHOPOAHON CUCTEMBI; 3annCh 06w ero pelwenus. MpAMan U r’MNEPNAOCKOCTb BR . BoamoKHOCTS
n

3agaHua noboro nuHeitHoro (adduHHOro) mHoroobpasma B R Kak MHOMecTBa peLlueHuin
HEKOTOPOW CUCTEMBI NMHEIRHBIX YPaBHEHWA.

CucTembl NMHEWHBIX YPaBHEHUI C KBAaAPaTHOM HEBbIPOXAEHHOH MaTPULIEH; CywecTsoBaHue U
€ANHCTBEHHOCTL pewweHus. NMoHATHe 06paTHOM MaTpULLbI; ee CYLECTBOBAHWE N E4UHCTBEHHOCTb AJIA
noBON HEBBIPOKAEHHON MATPULLbI U OTCYTCTBUE ANA BbIPOXKAEHHOM MaTPULbl. HEBLIPOXAEHHOCTL
06paTHOi MaTpuLbl; NOBTOPHOE 06paLLeHne. YMHOMKEHME CUCTEMbI TMHENHHBIX YPaBHEHWIA Ha
HeBbIPOXKAEHHYIO KBAAPATHYIO MaTPULYY KaK 3KBMBaNEHTHOE Npeobpa3oBaHme CUCTEMBI.
WUcnonb3osaHue sKBMBANEHTHDIX NPpeobpasosaHuii ANA BbIYUCAEHWA PaHTa MaTPULLbI M MOMCKa 06Lwero
peweHna CUCTeMbl IMHEHBIX YPaBHEHWIA,

4. OnpeaenuTe/ib MATPHIbI

OnpeaenuTens KBaapaTHON MaTpuubl. HeU3MEHHOCTb ONpeAennTeNs NPKU TPaHCNOHMPOBaHUM
matpuupl. CMeHa 3Haka onpeAenunTens Npyu NepecTaHoBKe ABYX CTPOK MM ABYX CTONBLOB MaTpULibl.
JInHeMHOCTb ONpeaenuTeNs NO KaXKAoi CTPOKE U KAKA0MY CTONBLY. PaBeHCTBO Hy/IO ONpeaenuTens
KaK HeobXxoauMoe 1 A0CTaTOUHOE YCN0BUE BblPOKAEHHOCTH MATpuULbl. OnpeaennTeb NPOU3BEAEHNA
MaTpuu, onpefenutens obpaTHOW MaTpULbl.

lMoHATME MMHOPa NPOU3BONLHOTO NOPAAKA; ONPEAENEHHUE PAHTa MaTPULLbl B TEPMUHAX MUHOPOB.
Anrebpandeckne AONONHEHWA 3N1€MEHTOB MaTPULbl U GOPMY/Ibl Pa3NIOKEHUA ONPeAeNUTENA NO CTPOKE
unu ctonbuy. ®opmynsl Kpamepa Ana peweHns CUCTEMbI IMHEMHbIX YyPaBHEHMUIA C KBaAPaTHOM
HeBbIPOXAEHHOW MaTpULEN.

MpucoeguHeHHana MaTpuua U ee CBA3b C 06PaTHOM.

BbluncneHue onpegenutena nyrem npeobpa3zoBaHUa MaTpULbL.

5. /luHelHHbIe onepaTophbI

JNuHeiiHbIit onepaTop Kak AMHeitHoe oToBpaXeHune BEKTOPHOTO NPOCTPAHCTBa X B BEKTOpHOE
npocTpaHcTeo Y; npumepst. CoBoKyNHOCTL L(X, Y) Bcex nMHelHbIX onepaTtopos 13 X B Y Kak BEKTOpHOe
npoctpaHcTeo. O6pas u aapo MHeliHoro onepartopa. Cynepnosnumua IMHeNRHbIX ONepaTopos.

MaTpuua nuHeinHoro onepatopa U3 X B Y ana GUKCMpOBaHHbIX 6a3UCOB 3TUX NPOCTPAHCTE.
CooTsetcTBue mexay AeWCTBUAMM HaZ, onepaTopamMu U HaA UX MaTPULAMK; MaTpuLa CynepnosuLum
oneparopos. MaTpuupl nepexoga npu cmeHe 6a3ncos B X 1 Y, UX HEBbIPOXKAEHHOCTb; NpeobpasoBaHue
MaTpULBI NMHEIHOro onepaTopa npu cmexe 6asucos.



6. J/inneiiHble NPEeoGPa30BaAHUS BEKTOPHBIX NPOCTPAHCTB

JlnHeiHble onepaTtopbl, AMACTBYIOWME U3 BEKTOPHOrO NpOCTpaHcTsa X B cebA; TOMAECTBEHHbII
oneparop; npeobpaszosaHue noaobua ana ux matpul, Npu cmewe 6asuca B X. O6paTHbIN oneparop u ero
MaTpuua; ycnosue obpaTMMOCTH onepaTopa B TepMUHax ero aapa 1 obpasa.

MHBapuaHTHble NOANPOCTPaHCTBa onepaTopa. MHBapuaHTHOCTL 06pasa u agpa onepaTtopa.

CobcTBeHHbIe BEKTOPbI U COBCTBEHHBIE YMCAA IMHEIHOTO ONEPaToPa U ero MaTpULbl. XapaKTe pucTudeckuii
MHOrO4/NeH MaTpuLbl ONepaTopa, ero HeM3MeHHOCTb Npy Npeobpasosanunmu NoAo6UsA. CnekTp onepaTtopa 1
MaTpuLibl, €ro COBNaaeHe C MHOMECTBOM Hy/1eld XapaKTepUCTUYeCKoro mHoroyneHa. CobcteeHHoe
NoANPOCTPaHCTBO, COOTBETCTBYIOLLEE AaHHOMY COBCTBEHHOMY YUCAY.

JInHeitHan He3aBUCMMOCTb CUCTEMBI COBCTBEHHBIX BEKTOPOB, COOTBETCTBYIOLUMX Pa3HbIM COBCTBEHHbIM
uucnam. MatpuLip (nMHeiHble onepaTopbl) NPOCTOI CTPYKTYPbI; AWAroHaNbHbIN BUA MaTPULLI B 6asuce
13 cobCTBEHHBIX BEKTOPOB (NpUBeAeHNE MaTPULbI MPOCTOM CTPYKTYPbI K AWarOHaNbHOMY BUAY
npeobpasosaHnem noaobus). CobcreeHHble YMcna M COBCTBEHHbIE BEKTOPbI ONepaTopa
NPOEKTUPOBAHUA.

7. EBKINA0BLI NPOCTPaHCTBA

MoHATHe BunnHenHoi Gopmbl. CkanApHOe Npou3BeAEHUe; eBKAMAOBO NPOCTPaHCTBO. CTaHAapTHOE
n

CKanapHoe npousseaeHue 8 R ; npumepbl Apyroro Bbibopa ckanapHoro npoussenerua. JnuHa
BEKTOPa U Yron mexay BeKktopamu (Npu AaHHOM BbiGOpe CKanApHOro nponsseseHus). HepaseHcTeo
Kowu— ByHakosckoro (HepasexcTso LWsapua).

lMoHATME OPTOroHaNbHOCTM BEKTOPOB; /IMHEHHAA HE3aBMCMMOCTb CUCTEMbI HEHYNEBbLIX NOMNAapPHO
OPTOroHaNbHbIX BEKTOPOB. [pouecc opToroHanmMsauum u CywecTBoBaHMe OpTOHOPMMPOBAHHOO
6asuca. BolpaKeHue CKafApHOTO NPOU3BEAEHNA ABYX BEKTOPOB Yepes UX KOOPAUHATbI B
OpPTOHOpPMMpOBaHHOM 6asuce. OpToroHanbHOE AONOHEHWE NOANPOCTPAHCTBA; OPTOrOHaNbHbIN
NPOEKTOop.

JInHelHble onepaTopsl, COXPaHAIOWME CKAaNAPHOE NPOU3BEAEHNE (M30METPUA eBKANAOBbIX
NPOCTPAHCTB); UX MaTPULIbI B OPTOHOPMUPOBaHHOM 6asunce (OPTOroHaNbHble MaTPULLbI).
HeBbIpoXAEHHOCTL OPTOrOHa/bHbLIX MaTPULL, COBMaAeHue 06paTHOMN U TPaHCNOHUPOBAHHOIMA,
npousseAeHne OPTOroHaNbHbIX MaTpuu,. Onpeagenutens U COBCTBEHHbIE YACAA OPTOrOHANbHOIA
MaTpuupl. MaTpuubl NepecTaHoBKM, MaTPULLbl BPALLEHUS, MAaTPULbl OTPaXKEHUA.

CamoconpseHHble (CMMMeTpUYHbIE) ONepaTopbl, CAMMETPUYHOCTbL UX MATPUL, B
OpPTOHOPMUPOBaHHOM 6a3nce. OpTOroHanbHOCTb COBCTBEHHbIX BEKTOPOB, COOTBETCTBYIOLLMX
pasnuyHbIM cobcTBeHHbIM Yucnam. CyulecTsoBaHUe OPTOHOPMMPOBAHHOrO 6asunca, COCTOALLLEro U3
CO6CTBEHHbIX BEKTOPOB CUMMETPUYHOTO Onepatopa. MprBeaeHNe CUMMETPUYHOM MaTPULbI K
AunaroHanbHoi popme npeobpazosaruem noAobus c OPTOroHanbHON MaTpuLeit nepexoaa.
CamoconpAKeHHOCTb OPTOroHanbHOro npoekTopa. Knaccupmrkauma CMMMETPUYHBIX MATPUL, NO UX
CNEeKTPY: NONOKNUTENLHO (OTPULLATENBHO) ONpeaeeHHbIe; HEOTPULATENLHO (HENONOKMTENBHO)
onpegeneHHble AW NonyonpeaeneHHble; HeonpeaeneHHbIe.

8. KBagparuuHsie GopMbl

KsagpatnyHas ¢popma. 3agaHne KBaApaTU4HOM GOPMbI NPU NOMOLLUM CUMMETPUUHOI MaTPULbI.
MNpeobpasoBaHre MaTpULbl KBaAPATUYHON GOPMbI NPKU 3ameHe nepemeHHsbiX. NpusegexHne



KBaApaTMYHOM GOPMbI K KAHOHUYECKOMY BUAY (C AMaroHanbHOM MaTpuueii)
npeobpazosaHuem NepemeHHbIX C OPTOroHanbHOMN MaTpuuei nepexaaa.
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