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I. A1 nporpamMmmsl «MarucTp 3KOHOMHKH»

MareMaTu4YecKuid aHa/IN3

1. dnieMeHTHI TEOPHUH MHOXKECTR

MNMoHATMEe 0O MHOXKECTBaX U UX INEeMeHTaXx. MNoamHoxecTsa. Onepaunn Hag MHOXeCTBamu:
Oﬁb&AMHEHMe, nepece4yeHune, pasHoctb. [lekapToso npomsseaeHue ABYX " 6onee MHOXecCTB,
NpoeKunn anemeHTa 4eKapTosa npousseaeHus.

OtobpaxeHne 04HOr0 MHOXeCTBa B Apyroe; 061acTb onpegeneHws, 061acTb 3HaueHui, rpaduk
oTobpaxkeHna. ToxaecTBeHHOe 0TObpaXKeHne MHOXeCTBa B ceba. 06pa3s anemeHTa uam
MHoOKecTBa 13 obnactn onpegeneHus; (NoaHbIM) NPoobpas anemMeHTa NN MHOXKeCTBa U3 06aacTu
3HadyeHui. Komnosunuusa (cynepnosmuma) otobpaxeHuii.

B3anmHO oAHO3HauHble 0TOBpaXkeHUa (BNOXKEHMA) U OTOBparKeHUs «Ha» (HakpbiTua). ObpaTtHoe
otobpaeHune. PaBHOMOLLHbIE (3KBMBANIEHTHbIE NO MOLHOCTH) MHOXecCTBa. KOHeuHble 1
CYeTHbie MHOXecTBa. CYETHOCTb MHOXECTBa paLMOHaNbHbIX Yncen. MowHOCTb NOAMHOMXKECTBa
CY4ETHOro MHOXecTBa. MOLWHOCTb KOHEYHOTO NN CHETHOrO 06bEAMHEHMUA CYETHBIX MHOXECTB.

2. Yncnopasa npsamas R v apudmernyeckoe npocTpaHCcTBo RN

BeuwecTBeHHble (aeicTBUTENbHBIE) YNCNA. OTKPBITLIN, 3aMKHYTbIM, NONYOTKPLITbINA OTPe3Ku. MoHATHE
MaXXopaHTbl (BepxHel rpaHuLbl) U MMHOPAHTbI (HUXKHEN rpaHuLbl) MOAMHOMXKECTBA BeLLEeCTBEHHbIX
ynucen, orpaHUYeHHoro (CBepxy, CHU3Y) MHOMECTBa, HauboNbLLEro U HAUMEHbLLEro 31eMeHTa
MHOXecTBa, (TOYHO) BepXHElN U HUKHEN rpaHeil.

CBOMCTBO NONHOTbI YUCNOBOW NPAMO: TEOPEMa O CYLLECTBOBAHWUM BEPXHEN (HUXKHEN) rpaHn 1 Teopema

0 HenycToTe nepeceyeHns BNOXKEHHbIX OTPe3KOoB. [TN0THOCTb MHOXKecTBa PaunOHaNbHbIX YUCEN KaK
NoA4MHOXeCTBa YNCNOBOW ﬂpﬂMOﬁ. HecuetHocTb OTpe3Ka ymcnosom HpﬂMOﬁ; MOLLHOCTb KOHTUHYYMa.

n
Apudmetunyeckoe (Wucnosoe, KOOPAUHATHOE) NPOCTPAHCTBOR . OnNepauun CAOXKEHUA I1EMEHTOB
n n
(BeKkTOpOB, TOUEK) R M yMHOXEHUA UX Ha Yncno. MOHATUE OrpaHUYEHHOrO MHOXecTBa B R .

3. CBOMCTBA MHOXKECTB HA YHCJIOBOH NpAMOi U B rRM

[ToHATHE €-OKPECTHOCTM TOUKM Ha YUCNOBOI NpAMON. OTKPLITLIN Nnapannenenunes, s R Kak
[EeKapTOBO Npou3BeeHMe OTKPbITbIX YUCIOBbIX OTPE3KoB. ObLIee NOHATUE OKPECTHOCTU TOYKM
n

YMCNOBOW NPAMOI 1 TOYKM NPOCTPaHCTBa R . CUCTEMbI KYBUUYECKMX U LWaPOBbIX E-OKPECTHOCTEN.

BHyTpeHHWe, BHeWHWe n rpPaHNYHbIe TOYKU MHOXeCcTBa. BHYTPEHHOCTb, BHELWHOCTb U rpaHuua
MHoOecTBa. N30nnpoBaHHble U npeaenbHble TO4KU MHOXKeCTBa. OTKprTbIe U 3aMKHYTble MHOXXeCTBa.
Teopembl 06 06be,D,MHEHMM 1 nepecevyeHnm OTKPbITbIX U 3aMKHYTbIX MHOXECTB. 3aMblKaHue
MHoOXecTBa. [IonoNHEHUA K OTKPbITbIM U 3dMKHYTbIM MHOXXeCTBam.

n
Teopema 0 HenycToTe NepeceveHun BOKEHHBIX 3aMKHYTbIX Napannenenunesos (noaHota R ). Mowatue
n

KOMMNAKTHOro (T. €. OrpaHU4YeHHoOro n 3aMKHYTOI'O) MHOXecTBa B R 1 Ha yucnhoson npﬂmoﬁ. Henyc‘ro1‘a
nepecevyeHuA BNOXKEHHbIX HEMYCTbIXKOMMAKTHbIX MHOXeCTB. Teopema 0 Bblae/IeHUN KOHEYHOro
n

OTKPbITOrO NOKPBLITUAKOMNAKTHOIrO MHOXecTsa B R (Ha uncnosoii npamoli R).



4. llpeaen nocyieA0BaTE/NLHOCTH
n
MNoHsaTMe nocneaosaTenbHOCTU Touek R (Mau Touek uncnosoli npamoii R) v ee npegena.

NognocnenosaTtenbHOCTU U NpeAebHbIE TOYKKM (YacTUuHble npeaens). Npegen NoANOCAEeA0B aTeNbHOCTU
CXOAALLENCA NocneaoBaTeNbHOCTU. Teopema BonbluaHo—BeliepluTpacca O BblgeNeHUM CXOAALLENC
n

noAnocNeA0BaTENbHOCTU U3 OrpaHUYEHHOM NOCNea0BaTENbHOCTM ToYeK R
. NoHaATHe pyHAameHTanbHON Nocnef0BaTENBHOCTH (NOCAEA0BATENLHOCTM KOLWK). SKBUBANEHTHOCTD
n

NOHATUIA cxoaAwWwelica u dyHAaMeHTanbHOM nocneaosaTeNbHOCTM B R .

Yucnosble Nocnef0BaTe/IbHOCTU: CYLLLECTBOBAHUE NPEAENa y MOHOTOHHOMN OrpaHU4YeHHOIM
nocneAoBaTeNbHOCTU; NPeAenbHbIA NePexos B HepaBEHCTBAX; MOHATUE BEPXHETO U HWKHETO Npeaena.
Teopembl 0 Npeaene CyMmbl, pasHOCTH, NPOU3BEAEHUA, YACTHOTO ABYX NOCNEA0BaTENbHOCTEN .

5. lpepen pyuxkuuu. HenpepbiBHOCTh yHKHI (0TO6paskeHHT)
n
Yucnosble (ckanapHble) GyHKLMM KaK OTOBpaKeHUs NOAMHOXKECTB R AU YNCAOBOI NPAMOI B

uncnosyto npamyto. Onpeaenenue npeaena GyHKLUK B TOUKE Ha A3bIKE «E—8»; NOHATME NpeAena Ha
6eckoHeuHOCTU. ApudmeTndeckue onepaumn Hag GyHKuMamu c obueit 061acTbio onpeaeneHus.
Teopembi 0 Npesene Cymmbl, pasHOCTW, NPOMU3BEAEHUA, YACTHOTO ABYX GYHKLMIA. NpeaenbHbIii nepexos,
B HEPABEHCTBAX.

OnpeaeneHne HENPEPLIBHOCTU GYHKLMM Ha A3bIKe «E—6», B TEpMUHaX npeaena GyHKUUM U Ha A3biKe
nocneA0BaTeNbHOCTEN; UX IKBUBANEHTHOCTb. HenpepbIBHOCTb CYNepno3nLMn HeNpepbIBHbIX GYHKLMIA.

OrpaH14eHHOCTb HeNpPepbLIBHOM YUCNOBOIN GYHKLMM 1 JOCTUKEHUE e10 CBOEro HaubonbLero 1
HaUMEHbLUEro 3Ha4YeHN Ha KOMNaKTHOM MHOKecTBe B Rn (Teopembi Beiiepwtpacca).

n 1
MoHATHE paBHOMEPHOI HENPEPbIBHOCTU YNCAOBON GYHKLMM Ha HEKOTOPOM MHOMecTse B R uamn R .

PasHOMeEpHasA HeNPepbIBHOCTb HENPEPLIBHOMN GYHKLUMN HA KOMNAKTHOM MHOMECTBE.

®yHKUMOHaNbHbIE NOCNeA0BaTENLHOCTU. [TOTOYEYHanA N PaBHOMEPHARA CXOAUMOCTb GYHKLMOHANbHOM
nocneposaTeNbHOCTU. HenpepbiBHOCTb GyHKUMM, ABAAIOWENHCA NOTOYEYHBIM NPEAENOM PaBHOMEPHO
cxoAAuwenca Nocnea0BaTeNbHOCTU HenpepbiBHbIX GYHKLMIA.

6. HucnoBbie GyHKUMN OAHOIO (MHCIOBOro) aprymenTa

OaHoCTOpOHHME Npeaensl M KnaccuduKauma Touek paspbisa. MoHATUE Npesena Ha —oo U +oo,
MOHOTOHHbIE PyHKUMK; BUAbI Pa3pbiBOB MOHOTOHHOM GyHKUMKU. TeopemMa O CyLecTBOBaHUM
1 HenpepbIBHOCTU 06 paTHON DYHKUMN.

Npeaensl

sin 1 WiEi(1+ ) -1 (1+)-1

tim—0 -0
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HenpepbiBHOCTb 3N1e€MEHTapHbIX GYHKLWIA.

Teopema 0 NPOMEKYTOUHbIX 3HaYEHUAX GYHKLMM, HEMPEPbIBHOI Ha oTpeske (Teopema Kown).

7. luddpepenuupoBanue GyHKIui B R}‘

MNpoun3soaHan, ee reoMeTpUHECKUn U pU3NYECKUIA CMbICN; OLHOCTOPOHHME NPOU3BOAHbBIE,
GeckoHeuHble Npon3BoAHble. HenpepbiBHOCTL GyHKLMM, UMeloLLel Npou3BoaHYo. Mpon3soaHan
CYMMbI, MPOU3BEAEHUA, HAaCTHOro ABVX GVHKUMIA. MPon3BoaHAA CNOMKHON dvHKUMN. MpounssoaHble



Teopembl Ponns, Nlarpaxa v Koww. Mpasuno Slonutans. MponssoaHbie BbICLIMX NOPAAKOB. ®dopmyna
Teitnopa (Maknopera). PasnoxeHue no opmyne MakniopeHa HEKOTOPbIX 3N1eMEHTaPHBIX GYHKLMWIA.
NpumeHenne dopmynbl Teiinopa Ana NPUBANKEHHBIX BBIMUCNEHUM 3HAUEHUN GyHKUMM. MPU3HAKK
BO3pacTaHua u ybbisaHWA GyHKLMK. MOHATUE NNOKANBbHOTO U rN06aNBbHOTO 3KCTpemMyma. CTaLmMoHapHble
TOUKK. [lOCTaTOUHbIE YCNOBUA IKCTpemyma. Cnyyail OTCYTCTBMA NPOU3BOAHbIX B OTAENbHbIX TOYKAX.
Bbinyknbie n BOrHyTbie GpyHKUMK, UX rpaduku. Touku nepernba. Pelwerue npocteiumx
3KCTPeMasbHbIX 3a4au.

8. llponzsoubie u guddeperupuasl GyHKIMH HECKOIBKIX NepeMEeHHBIX (B
R

YactHble npoussogHble. Auddeperumpyemocts. Nepsoiit audpdepeHuman. Ceasb
AnddepeHuMpyemocTy n HenpepbiBHOCTU. Heobxoaumoe ycnosue anddepeHumpyemocTy,
B[OCTaTouHOE ycnosue anddepeHunpyemMocTy (B TEpMUHAX CYLLLECTBOBAHUA U CBOICTB YaCTHbIX
npou3BoAHbIX). KacaTenbHaa NNOCKOCTb U HOPMasib K MOBEPXHOCTU. [POM3BOAHAA NO HaNPaBAEHMIO.
lpapvieHT. OPTOroHaNbHOCTL rpaguneHTa MHOXeCTBY YPOBHA. [uddepeHumnpoBaHue CNoKHON GyHKLMM.
YHacTHble Npon3BoAHbIE BbICLINX NOPAAKOB. [JOCTAaTOYHbIE YCNOBUA PaBEHCTBA CMeLIaHHbIX
NPOU3BOAHbIX.

®opmyna Telinopa. Teopema o0 HEABHOM GyHKUMN.

9. MeToabl OOTHMM3AIHHU B R

MoHATUe 3KCTpeMyMa (N0KaNbHOTO MaKCUMYMa UM IOKANBHOTO MUHUMYMa). IKCTPEMYM MpU
OTCYyTCTBMU OrpaHquHMﬁ; HEOGXOAMMbIe N AOCTaTOYHbIe YCNOBUA IOKA/IbHOIO 3KCTpemyma.
IKCTPEMYM MPU HANNYMK OTPaHUYEHUI B popMe ypaBHEHUI (YCNO0BHbIN 3KCTpeMyM); meTog,
MHOXUTEeneun I'IarpaHx(a; AOCTAaTOYHbIE YCN0BUA IKCTPEMYMA NPU HaNUYUU OrpaHMHEHMVI. anMGHeHMe
MeToAa MHOXWTeNel JlarpaHka Ana Noucka Hambonbluero (HaMMeHbLero) 3HaYeHna GYHKLUM Ha
OorpaHN4YeHHOM 3aMKHYTOM MHOXecTBe, 3a4aHHOM cucTtemon ypaBHeHVIﬁ.

10. HeonpepeneHHbIH HHTErpa

NoHatne nepsoobpasHoit u HeonpeaeneHHOro nHTerpana. CBoNCTBa HeonpeaeNeHHOro
UHTerpana, Tabnnua MHTErpanos snemeHTapHbIX GyHKUMIA. MpremMbl MHTErPUPOBaHWA.
UHTerpuposaHue paumoHanbHbix Apobeil, npocTewmnx MppaLmoHanbHbix GyHKLMIA, NPOCTEMLLINX
TPaHCLEeHAEHTHbIX QYHKUMIA.

11. OnpejesieHHBIN UHTErpal

3aAa4a OTbICKaHUA NIOWaAN KPUBOAMHENHOM Tpaneuun. OnpeaeneHHbIit UHTerpan Kak npeaen
UHTerpanbHbix cymm. Cymmol [lapby. Kputepuii MHTErpupyeMocTn. UHTerpupyeMocTb HenpepbiBHbIX
GYHKUMIA, MOHOTOHHbIX OrpaHNYeHHbIX GYHKLUMIA, GYHKLMI C KOHEYHBIM YACAIOM TOYEK PaspblBa.
CsoiucTBa onpeaeneHHoro nHterpana. Teopema o cpegHem. CylectsoBaHue NepsoobpasHoil
HenpepbiBHOM dyHKUUK. Popmyna HbloToHa—/leitbHULa. 3ameHa nepeMeHHOI NoA 3HAKOM UHTerpana.
NHTerpMpoBaHue No YacTam.

12. Yucnosble 1 QYHKIHOHAIbHBIC PAJbI

MoHaTHe uncnosoro paga u ero cymmel. Cxogatumecs u pacxoaswmecs pagsl. Mpumepsl. Heobxoaumoe
ycnosue cxoamumocTu paga. Kputepuin Kown cxoanmoctu paga. 3HaKonoCcToAHHbIE U
3HaKonepemeHHble paapl. MpusHaku cpaBHeHna paaos. NMpusHaku cxogumoctu Janambepa n Koww.
UHTerpanbHbIi npusHak Kowwu. MpusHak /leiibHuLa Ana 3Hakouepeayowmxca pagos. AGCOMOTHO U



YCNOBHO cxoAsalmecs pagbl. Teopema 0 nepecTaHOBKe YIEHOB YCI0BHO CXOAALLErocs paaa (Teopema
PumaHa).

MoToyeyHan M paBHOMEPHaA CXOAUMOCTb GYHKLUMOHANbHbIX PAA0B. Heobxoammoe u AocTatouHoe
ycnosue paBHOMEPHOMN CXoANMOCTH. MPU3HaKN paBHOMEPHOW CXOAMMOCTH. Teopembl O PaBHOMEPHO
CXOAAWMXCA GYHKLMOHANbHbIX PAAAX.

13. CrenenHbie paabl

Paanyc n NpoMexxyTok CX04MMOCTU CTeNeHHOro paaa. Popmynbl ANA onpeaeneHus paguyca
cxogumoctu. NouneHHoe auddepeHuMpoBaHne N MHTErPUPOBAHUE CTENEHHbIX PAAOB, HEU3MEHHOCTb
paguyca cxoaumocTu. PasnoxeHune aneMeHTapHbIx GyHKLMI B cTeneHHble pagbl. Teopema
Beviepwrpacca 0 NnpubAMKeHUN HenpepbiBHbIX GYHKLWI MHOFOYNEHAMM.

14. O6biKHOBEHHbIE A PepeHaibHble YPABHEHH ePBOro NOPsAKa

Onpeaenexve guddepeHuManbHOro ypaBHeHUA Nepeoro nopaaka. MoHaTre obLero u YacTHoro
peweHunA. Teopema CyLecTBOBaHUA M €ANHCTBEHHOCTU PeLeHUA. YPaBHEHWUA C Pa3Aensio WMMNUCA
nepemeHHbIMK U CBOAALLMECA K HUM. JIHEHbIe OHOPOAHbIE U HEOAHOPOAHbIE YPaBHEH UA.
YpasHeHuA B NONHbIX guddepeHumanax.
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JluneiHas anre6pa

1. MaTpuIbl W OepaLMy ¢ HUMH

MNoHATHE NPAMOYroNbHON MaTPULbL; ONEpPaLUm CIOKEHNA MATPUL, YMHOMXEHWA MaTpuULbl Ha YUCAO,
n

YMHOXeHUA MaTpuu,. EAnHUYHan u Hynesaa maTpuubl. TpaKTOBKa NPOCTPaHCTBa R Kak NpocTpaHcTea
BEKTOPOB-CTON6L0B UM NPOCTPAHCTBA BEKTOPOB-CTPOK. YMHOMKEHNE MaTpuLbl Ha CTON6EL, U CTPOKM Ha
MaTPUL KaK YacCTHbIH Cyyail YMHOXeHUA MaTpuL. CBOMCTBA accOUMaTMBHOCTU U ANCTPUBYTUBHOCTM
onepauuit c matpuuamu. Onepauya TPaHCMOHUPOBAHWA; TPAHCMOHUPOBAHME CYMMbI U NPOU3BELEHUA
maTpuu,. MOHATUE CUMMETPUYHON MaTPULbI.

2. BeKTOopHBIC NPOCTPAHCTBA

Obuwee onpeaeneHue (BelWeCTBEHHOrO) IMHEMHOTO NPOCTPaHCTBA; NpUMepb!. MOHATUE cuCTEMBI
BeKTOPOB. /InHeliHbie KOMBUHALUN CUCTEMbI BEKTOPOB; MOHATUE IMHENHOM 3aBUCUMOCTH U
HEe3aBMCMMOCTU CUCTEMbI BEKTOPOB. YC/10BME COXPaHEHWUA IMHEMHOW HE3aBUCMMOCTH NpU
pacwmpeHnn cucTembl BEKTOPOB. Teopema 0 IMHENHOI 3aBUCUMOCTU CUCTEMbI BEKTOPOB, IMHENHO
BbIPAXKaIOLLMXCA YEPE3 CUCTEMY C MEHLLIMM YUCNOM BEKTOPOB. MOHATUE PaHra CUCTEMbI BEKTOPOB.

MoHAaTue 6a3unca BeKTOpHOro NpocTpaHcTBa. KoHeuHoMepHble npocTpaHcTea. Mpumepsl 6asucos.
PaBHOMOWHOCTL 6a31COB (B KOHEYHOMEPHOM NPOCTPAHCTBE) U NOHATUE pasMepHOCTU. SInHeliHas
33aBUCMMOCTb CUCTEMDI M3 N + 1 BEKTOPA B N-MEPHOM NPOCTPaHCTBE. BO3MOMHOCTb 4ONOAHEHUA
A0 6asnca 11060 AMHeRHO HE3aBUCMMOM CUCTEMbI BEKTOPOB. Basnc Kak MakCcMMasibHan INHENHO
He3aBnUCHMMan cucTema BeKTopos. O4HO3HAYHOCTb Pa3/IoKEHUA BEKTOPA NO AaHHOMY basucy;

KoopamHaTbl. COOTBETCTBUE MEXAY BEKTOPAMU U MX KOOPAMHATaMM. TPaKTOBKa KOOPAMHAT KaK
n
31eMeHTOB (KOOPAUHATHOrO) NpocTpaHcTea R . CoxpaHeHme ANHEHOM 3aBUCUMMOCTH U

HE3aBUCUMOCTM NpU Nepexoae OT CUCTEMbI BEKTOPOB K CUCTEME NX KOOPAUHAT.

MoHATME NoANpPOCTPaHCTBa, COBCTBEHHOrO NOANPOCTPaHCTBA. KOHEYHOMEPHOCTb NOANPOCTPAHCTBA
KOHEYHOMEPHOI0 NPOCTPAHCTBA; HEPABEHCTBO MeX 4y UX pasmepHocTAMM. JInHeliHaa obonouka
CUCTEMbI BEKTOPOB KaK NOANPOCTPaHCTBO. PaHr cucTembl BEKTOPOB M Pa3MEPHOCTb €ro NMHEHOM
060/104KH. JInHelHbIe (apPrHHbIE) MHOrOO6Pa3uaA Kak CABUIM NOANPOCTPAHCTB; aHANOTUA C NPAMbIMMU
1 MJIOCKOCTAMU B TPEXMEPHOM reOMeTPUYECKOM NPOCTPaHCTBe.

Onepauuu ¢ NoANPOCTPaHCTBaMM: NepeceyeHne U BEKTOPHaA Cymma. MoHATUE NpAMOi cymmbl AByX (1
6onee) nognpocrpaHcTs. CBA3b pa3mepHOCTEN CyMMbl 1 NepeceyeHuns ¢ pasmepHOCTAMM UCXOAHbIX
(£BYX) NOANPOCTPAHCTB; CAyyalt NPAMON CYyMMbI.

3. Cucremsl JinHelnpIX {anre6panyecKux) ypaBHeHH I
I'Ipep,CTaBneHue COBOKYMHOCTU HEU3BECTHbIX CUCTEeMDbI NINHENHbIX ypaBHeHmﬁ n npasblX Yyacren Kak

BEKTOPOB B Rn (8 popme BEKTOPOB-CTONBLLOB MAM BEKTOPOB-CTPOK). MaTpuua cMCTEMBI M MaTPUYHO-
BEKTOPHanA ee 3anuceb. NpeacTtasneHne NPAMOYronbHOM MaTpULbl B BUAE CEMENCTBa ee CTONBL0B uam
CeMeICTBa CTPOK; Teopema 0 COBNaAeHUM PaHroB 3TUX CEMEIACTB (Teopema O paHre MaTpuubl); paHr
MaTpuLbl, paHr CMCTEMbI YpaBHEHWA. MOHATUE O MaTPMLLAX NOTHOrO paHra. BbipoxaeHHble 1
HEBbIPOXAEHHbIE KBaApaTHble MaTPULLbl. TPAKTOBKA CUCTEMbI IMHENHBIX YPaBHEHMI KaK 3a4a4m o
Pa3NoXeHnn NPaBom YacTu No cToNbLam MaTpULbl CUCTEMbI. YCI0BUE CYLLECTBOBAHUA PELEHUA Npu



ntoboit NpaBou YacTu (ANA AaHHON MaTPULbI CUCTEMBI) U YCNOBUE EAUHCTBEHHOCTU MW OTCYTCTBUA
peweHuna B TepMUHaX paHra maTtpuubl. Teopema KpoHekepa—Kanennu.

n
MHOKecTBO pelleHunit 04HOPOAHON CUCTEMbI IMHEIHBIX YPaBHEHWIA Kak NOANPOCTPaHCTBO B R, ero

pasmepHOCTb; 6a3uc noanpocTpaHCTBa peweHuit (GpyHaameHTanbHanA cMcTeMa pelleHuil) 1 3anuck
obuwero peweHns 8 Gopme MHeNHON KOMBUHALMK C HeoNpeAeNeHHbIMU KO3GPULMEHTaMM.
Bo3moxkHOCTb 3a4aHunA Nto60ro NnoaNpocTpaHCcTBa B RN Kak MHOXECTBA peLleHuit HEKOTOPOI CUCTEMDI
NUHEWHbIX O4HOPOAHBIX YPaBHEHWIA.

CBA3b MHOXECTBa peleHnin COBMECTHOM HeOAHOPOAHOM CUCTEMBI U COOTBETCTBYIOLLEN el
n
OAHOPOAHOM cMCTEMBI; 3anUCb 0buwero peweHus. MpAMas U rMNepNAoCKkocTb BR BO3MOMKHOCTb
n

3agaHua noboro nuHeliHoro (apduHHOro) mHoroobpasma B R Kak MHOXecTBa pelweHuin
HEKOTOPOW CUCTEMBI IMHENHbIX YPaBHEHWA.

CucTemMbl IMHERHbIX ypaBHEHWIA C KBaAPATHOM HEBbIPOXKAEHHON MaTPULIEN; CyLLeCcTBOBaHME U
€/AUHCTBEHHOCTb peweHus. MoHATUe 06paTHON MaTPULbI; ee CyLWeCTBOBAHUE U €ANHCTBEHHOCTb 4NN
Nto60ii HEBLIPOXKAEHHON MATPULBI N OTCYTCTBUE ANA BLIPOXKAEHHON MaTPULLbl. HEBbIPOXKAEHHOCTL
06paTHON MaTpuLbl; NOBTOPHOE O6paLLeHne. YMHOKEHNE CUCTEMbI IMHENHbIX YPaBHEHUI Ha
HEBbIPOXAEHHYIO KBaApaTHYIO MaTPULLY Kak aKBUBaNEHTHOE npeobpa3osBaHue CUCTEMBI.
Ucnonb3osaHune sKBUBaNEHTHbIX Npeobpa3oBaHuii ANA BLIMUCAEHWUA PaHra MaTPMLbI U NOMCKa obLuiero
peLeHna CUCTeMbl IMHENHBIX YPaBHEHWIA.

4. Onpepenure/ib MATPHIBI

Onpepenutensb KBagpaTHOM MaTpULbl. HEM3MEHHOCTb ONpeaenUTens Npm TPaHCNOHMPOBAHUM
MmaTtpuubl. CMeHa 3Haka onpeaenntens Npyu nepectaHoOBKe ABYX CTPOK MAW ABYX CTONBLOB MaTpuLibl.
JnHeiHOCTL ONpesiennTeNa No KaXAo0M CTPOKE M Kaaomy cTonbuy. PaseHCTBO HyAlo onpeaenutens
Kak HeobxoAMMoe 1 JOCTaTOuHOE YCNIOBUE BbIPOXKAEHHOCTH MaTpULbl. OnpeaenuTenb NPOU3BeAEHUSA
maTtpuu, onpeaenvTens 06paTHON mMaTpuLbl.

lMoHATMe MMHOPa NPOM3BO/LHOTO NOPAAKA; ONpeAeneHne PaHra MaTPULb B TEPMUHAX MUHOPOB.
Anrebpaunyeckne AONONHEHNA 3N1€MEHTOB MaTPULLbl U GOPMYJIbI Pa3NOKEHUA ONPeAENUTENA NO CTPOKE
unu ctonbuy. Popmynbl Kpamepa Ana pewweHna CUCTEMBI IMHERHBIX YPaBHEHWI C KBaAPaTHOM
HEeBbIPOXKAEHHOM MaTpULEi.

MNpucoeanHeHHan MaTpuLa 1 ee CBA3bL ¢ 06paTHOIA.

Bbluncnenune onpeaenutens nytem npeobpasosaHna maTpuupl.

5. JlnneiliHbie onepaTopsl

NnHeiiHbii onepaTop Kak AMHeiHoe oTo6pakeHWe BEKTOPHOro NPOCTPaHCTBa X B BEKTOPHOE
npocrtpaHcTeo Y; npumepsl. CoBokynHocTb L(X, Y) Bcex mHeliHbIx onepaTopos 13 X B Y Kak BEKTOpHOe
npocTpaHcTeo. 06pa3s u AP0 NnHeliHoro onepaTtopa. Cynepnosnumusa AMHeiHbIX ONepaTopos.

MaTpuua nuHeitHoro onepatopa 13 X B Y AnA pUKCUpOBaHHbIX 6a3MCOB 3TUX NPOCTPAHCTB.
CootseTcTBue Mexay AeWCTBMAMM Ha, ONepaTopamMm U HaZ UX MaTPULLaMKM; MaTpuLa Cynepnosnumum
oneparopos. MaTpuupl nepexoaa npu cMeHe 6a3uncos B X 1 Y, UX HEBbIPOXKAEHHOCTb; NpeobpasoBaHue
MaTpULLbl AMHEMHOro onepaTopa nNpu cmeHe 6a3ncos.



6. JlnHeiiHbie Npeo6pa3oBaHUs BEKTOPHBIX HPOCTPAHCTE

JlvHeiHble onepaTopbl, AEMCTBYIOLME U3 BEKTOPHOrO NPOCTPAHCTBa X B ceBA; TOKAECTBEHHbII
onepatop; npeobpasosaHue NoA06UA Ana X MaTpuL, Npu cmeHe 6asuca B X. O6paTHbIN onepatop u ero
MaTpuua; ycnosme obpaTMMOCTH onepaTtopa B TepMUHax ero agpa u obpasa.

WHBapuaHTHble NOANPOCTPaHCTBa onepaTopa. MHBapuaHTHOCTL obpasa u agpa onepaTtopa.

CobcTBEHHbIE BEKTOPbI U COBCTBEHHbIE YMCNA IMHEIMHOTO ONEpPaTopa U ero MaTpPMLbl. XapaKTe pucTuyeckmii
MHOro4/ieH MaTpuLbl ONEepaTopa, ero HeM3MEHHOCTbL NPy NpeobpasosBaHnKu Nogo6us. CnekTp onepatopa
MaTpuLpl, €ro COBNAAEHNE C MHOKECTBOM HyJleil XapaKTepucTUYecKoro MHorouyneHa. Co6cTBeHHoe
NOANPOCTPAHCTBO, COOTBETCTBYIOWEE JaHHOMY COBCTBEHHOMY YUCAy.

JInHeiHan He3aBUCUMOCTb cUCTEMbI COBCTBEHHbIX BEKTOPOB, COOTBETCTBYIOLMX Pa3HbIM COBCTBEHHBIM
uncnam. Matpuupl (MHeliHble onepaTopbl) NPOCTOM CTPYKTYPbI; AUArOHaNbHbIN BUA, maTtpuubi B 6asuce
13 co6CTBEHHbIX BEKTOPOB (NpUBEAEHNE MATPULbI NPOCTOMN CTPYKTYPbI K AMaroHanbHOMY Buay
npeobpasosaHnem noaobusa). CobeTBeHHbIE UMCNA M COBCTBEHHbIE BEKTOPbI ONepaTopa
NPOEKTUPOBaHUA.

7. EBK/IMJ0BBI IPOCTPaHCTBA

MoHATHe 6unnHeiiHo dpopmbl. CkanapHoe NponsseaeHne; eBKAMA0BO NPOCTPAHCTBO. CTaHAapTHOe
n

CKanapHoe npousseaeHue 8 R ; npumepsl Apyroro Bbibopa ckanapHoro nponsseaequs. JavHa
BEKTOPA U YroN MeXay BEKTopamm (Npu AaHHOM BbI6Ope CKanApHOro npousseaeHus). HepaseHcTso
Kowwun— ByHakosckoro (HepaseHcTso Lsapua).

lMoHATME OPTOrOHaNbHOCTU BEKTOPOB; NUHEHHAA HE3aBUCUMOCTb CUCTEMbI HEHYNIEBbIX NOMAaPHO
OPTOroHaNbHbIX BEKTOPOB. MpoLecc OpTOroHanUsaLmm U CyLwecTBoBaHne OPTOHOPMUPOBAHHOIO
6a3suca. BolpaxkeHune CKkanApHOro NPOU3BEAEHNA ABYX BEKTOPOB Yepes X KOOPANHATI B
OpPTOHOPMWUPOBaHHOM 6a3nce. OpTOroHaNbHOE AONONHEHME NOANPOCTPAHCTBA; OPTOTOHANbHbIM
NPOoEKTop.

JnHeiHble onepatopsl, coxpaHAowWMe CKanapHoe NpousseaeH1e (ML3OMETPUA eBKAUA0BbIX
MPOCTPAHCTB); UX MaTPULLbl B OPTOHOPMUPOBAHHOM Ba3uce (OPTOroHaNbHbIe MaTpULLbl).
HeBbIpOXXAEHHOCTb OPTOrOHaNbHbLIX MaTpUL, coBNageHne 06paTHOI M TPaHCNOHMPOBAHHOW,
npousBeAeHne OpTOroHanbHbIX MaTpuu,. OnpeaenuTen U cO6CTBEHHbIE YMC/Ia OPTOrOHANBHOM
MaTpuubl. MaTpuLbl NepectaHoBKM, MaTPULIbl BPALWEHMUA, MaTPULLbl OTPaXKEHUA.

CamoconpsxeHHble (CMMMeTPUYHbIE) ONepaTopbl, CUMMETPUUHOCTb MX MaTPUL, B
OpTOHOpMUPOBaHHOM 6a3nce. OpTOroHaNbHOCTb COBCTBEHHbIX BEKTOPOB, COOTBETCTBYIOLLMX
pa3nnyHbIM cOBCTBEHHBIM Yncnam. CylecTBoBaHUe OPTOHOPMMPOBAHHOTO 6asunca, COCTOALLLEro U3
cO6CTBEHHDBIX BEKTOPOB CUMMETPUYHOTO Onepatopa. NpuseaeHne CUMMETPUYHON MaTPULLbI K
AunaroHanbHoii popme npeobpasosaHem NoA06UA C OPTOroHaNbHOM MaTpuULeil nepexoaa.
CamoconpsaeHHOCTb OPTOrOHaNbHOTO NPOeKTOPa. Knaccupukaumua CUMMETPUUHBIX MaTPUL, NO UX
CMEKTPY: NONOKNTENLHO (OTPULATENBHO) ONpeAeNeHHbIe; HEOTPULATENBHO (HENONOKMUTENBHO)
onpegeneHHble AKn nonyonpegeneHHble; HeonpeaeneHHsble.

8. Kraaparuvusie GopMmsl

KBagpatudHas popma. 3agaHne KBagpaTUYHON GOPMbI NPYU NOMOLLM CUMMETPUYHON MaTPULbI.
NpeobpasosaHune maTpuubl KBaAPaTUYHON GOPMbI NPU 3ameHe nepemeHHbIx. Mpuseaexne



KBaApaTMYHOM GOPMBbI K KAHOHUYECKOMY BUAY (C AnaroHanbHOM maTpuueii)
npeobpazoBaHMem nepeMeHHbIX C OPTOrOHANbHOM MaTpULeli Nnepexosa.
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1.

JJis nporpammbl «@HHAHCHI, HHBECTHIMH, GAHKH»

Teopus BeposiTHOCTE}H

IKCIIEPUMEHTCOCITy 4aiiHBIM HCXOZIOM M eromMareMaTuueckoe onucanue. [Tonstie
NpPOCTPAHCTBA 3JIEMEHTAPHBIX UCXOZIOB, CITyYaiHBIX COOBITHIH K BEPOSTHOCTH.
AnnutuBHOCTE BeposTHOCTH. [IpocTeiiiune BepOSTHOCTHBIE MOZIEIH.

besycnoBHas u ycioBHas BeposTHOCTS. He3aBUCHMOCTB COGBITHIA.

®opmyna nonHoit BepostHocTH. Dopmyiia Baiieca.

Cayyaiinbie Benuuunbl. PacnpeneneHue. YncnoBbie XapakTepUCTHKH Cy4aifHbIX BETHYHH.
[IpuMeps! IMCKPETHBIX U HENPEPBIBHBIX CITy4YaiHBIX BETUUHH.

OcHoBHble ~ pacrpelienieHHs: DaBHOMEDHOE —pacnipefielieHe, —pacnipefenenue [ aycca,
OMHOMMAILHOE  pacTpefieNieHHe, — [EOMETPUYECKOE  paclpelieNieHHe,  MOKa3aTelbHOE
pacmnpeaesienue, pacnpenenesue [Tyaccona.

CoemecTHOE pacnipesienieHue. Y CJIOBHOE pacrnpeieiieHue.

3akoH bosibLKMX uKcen. LleHTpanbHas npeaenbHas Teopema.

OcHoBHbIe NOHATHA U3aJaun cTaTUCTHKY. OLeHUBaHUe TapaMeTpoB. CBOMCTBAOLIEHOK.
JloBepHUTeNbHBIbIE HHTEPBAJIBI.

Tectuposanue runores. OKUOKH NEPBOro U BTOPOro poaa.

MaremaTu4eckuii aHaIM3

CaoiicTBamMHOXecTBHauKCIOBOH IpsaMoi B R". [Tpenen nocnenosatenshocth. [penen
(byHKLMH, HeNPepBHIBHOCTD QYHKLIMH.

[Ipoussoausie GyHkMH onHOMN nepemenHoit. ®opmyina Teiinopa.

HWurerpan Pumana, HeonpenenéHHbli HHTErpaJl.

Yucosbie M GyHKLHOHAIBHBIE OCIIEOBATEILHOCTH U PS/IbI.

DyHKUMMHECKONIbKUX nepeMeHHbIX. [IpousBoubie n aud deperumans:. Teopemao
HESIBHOM (PYHKLIMH.

BesycnoBHas vycioBHas onTuMu3anus B R”, HeOGXOXMMBbIE U IOCTATOYHBIE yCIIOBHS.

JInneiinas anre6pa

JIuneiinsienpocrpancTBanMaTpyLbl. CHCTEMBUIMHEHHBIX aIre6pauueckuXy paBHEHHA.
Ksanpatheie MmaTpuLpl. Onpenenurenu, COGCTBEHHBIE YHUCA.

JluneiHble onepaTopsl ¥ MX MaTpULEL CrieHalIbHbIe BUB MATPHL K OTIEPATOPOB
(opToroHaibHbBIE MATPHLIBI, IPOEKTOPBI, MATPHLIBI [IPOCTOM CTPYKTYPhI).

IpocTpancTsa co ckanspHeiM npousBeneHHeM. CaMOCONpPsKEHHbIE ONEPATOPh U
CUMMETPHYHBIE MaTPHLIBL.

KBaaparuunsie popmbl.

JInTepatypa

Simonand Blume, Mathematics for Economists (MaTeMaTiueckuii aHanu3 utHeRHAs
anrebpa)

Ross, A FirstCourse in Probability (teopus BeposTHOCTe# 1 MaTeMaTHYECKAs CTATUCTHKA)
Marnyc, Karbiwes, [lepeceukuii, Oxonomerpruka: HauanbHbiii Kype (1uHeiiHas anre6pa, Teopus
BEPOSTHOCTEH U MaTeMaTH4eCcKas CTATUCTHKA - IPUIIOXKEHHS, 1. 2)



