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IIporpamma rocynapcTBEHHOTO 3K3aMeHa 1o cnenuaneHocT 1-31 03 01 MaTtemaTuka
(10 HampaBieHWsM), HampaBieHHUe cnennansHocTd 1-31 03 01-02 MaremaTuka
(Hay4HO-TIeIarormyeckast ACATENBHOCTB) paspaboTaHa Ha OCHOBE 06pa30BaTebHOIO
CTaH/apTa BBICIIETO 00pa3oBaHms st crenuanbHocTd 1-31 03 01 Maremaruka (o
HanpasnenuaM) OCBO 1-31 03 01-2021; yue6upix IporpaMM IO Yy4eOHBIM
AMCUMIUIMHAM: AsreOpa M Teopust umcen, No Y - 10349/y4. ot 02.07.2021;
Ananutudeckast reomerpus Ne VI — 10183/y4. ot 02.07.2021; duddepennmansuas
reomerpus u Tonosorus Ne V[ —11627/y4. or 08.07.2022; MareMaTHuecKuit anaius
Ne V]I - 10480/y4. ot 02.07.2021; Teopust (GyHKIME KOMIUTEKCHOTO TTepeMeHHOro No
Y — 11427/y4. ot 20.12.2022; ®yHKIMOHANBHBH aHamm3 No V]I — 12316/yu4. ot
05.07.2023; Teopust BeposTHOCTEH M MaTeMaTHYeCkas CTATHCTIKA No V]I —12333/yu.
ot 05.07.2023; Muddepennuansusie ypasrenus Ne V]| — 11184/y4. ot 08.07.2022;
YpaBHenus MareMaThueckod dmsmku Ne V][ — 12874/y4. ot 05.07.2023;
Hccnenosanue onepanwuit V]I — 13413/y4. ot 15.07.2024; OKCTpeMalbHbIE 33[]a4U 1
Bapuanuonnoe wucumciaenne Ne V]I — 12393/yu. or 05.07.2023; Meronuka
npenofaBanusg MareMatuku Ne VI — 12000/y4. ot 29.06.2023.

COCTABUTEJIM:

C.M.BbocsiKoB, JiekaH MeXaHHKO-MaTeMaTHYeCKOTo daxynprera, KOKTOp (H3.-MAaT.
HayK, IIpodeccop;

[1.®.basbuies, 3aBenyromuit kaeApoll TeOMETPHH, TONONOTMM ¥  METOIHKH
[IPENIOJaBaHUs MaTeMaTHKHU, KaHAUAAT QU3.-MaT. HayK, JOLEHT;

H.B.bposka, 3aBemyromuit xadempoit Teopmm GyHKIM, JIOKTOp IIefl. Hayk,
npodeccop;

A.JLT'nankoB, 3aBemyromuii Kadeapoit HHTETEKTyaIbHBIX METO/IOB MOJIEIIUPOBAHHS,
HOKTOp (hH3.-MaT. HayK, mpodeccop;

JL.JL.I'ony6eBa, 3aBenmyromuit kadempoit muddepeHIHATBHBIX YpPaBHEHUH H
CHCTEMHOTI'0 aHalli3a, KaHAuAaT Gu3.-MaT. HayK, JOICHT;

B.I''Kpotos, mnpodeccop kadempsr Teopum ¢yHKImIA, JOKTOp (u3.-MaT. Hayk,
npodeccop;

C.B.TuxoHoB, 3aBenyrouiuii kapenpoil BICIIeH anreGpsl ¥ 3aIMUTHI uH(popMaIuu,
KaHAUIAT (PU3.-MaT. HayK, JOLEHT;

H.b./I6nonckas, noueHt xadempsl obImeil MaTeMaTHKH W UHPOPMATHKH, KaHIUAAT
(Gu3.-mat. HayK, HOLEHT

PEKOMEH/IOBAHA K YTBEPX/JIEHUIO:
CoBeToM MeXaHUKO-MaTeMaTHIECKOTo (GaKynbTeTa

(mpoToxoin Ne 5 ot 27.01.2026); (—'——
IIpencenarens CoBera éi—f——-g C.M.bocsxkos
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Hay4uHo-meTonuueckum coBetom BI'Y (mpotokon Ne 6 ot 28.01.2026)



IIOS[CHI/[TEJII)HASI 3ATIUCKA

FocynapCTBeHHmﬁ sK3aMeH SBJIACTCH onHoi 13 00s3aTeBHBIX COCTaBJIAIOIIHX
ATOrOBOM aTTeCTalH CTYJIEHTOB. [TporpamMma rocy1apCTBEHHOTO sK3aMeHa II0
crielaJIbHOCTH 1-31 03 01 MaremaTnka (mo HanpaBneHn;{M), HalpaBJICHAC
crielajibHOCTH 1-31 03 01-02 MaTeMaThKa (Haquo-nenaromqecxaﬂ JeSITeNHHOCTD)
paszpaboTaHa B COOTBETCTBUHU C TpeGoBaHUAMU rocyapCTBEHHOTO 06pa3oBaTebHOTO
crapmapra 1 CTYHCHA priciiero 00Opa30BaHMA 1 NeHcTBYIOIMA [IpaBuiIaMu
npoBEICHUS qrTecTaluy  CTYy[ISHTOB, KypCaHTOB, ciymarened TpH OCBOCHUH
coflepKaHUA o6pa3oBaTelIbHbIX IpOrpaMM BBICILIETO 00pa3oBaHysL.

[Tporpamma roCy/IapCTBEHHOTO sx3aMeHa ompefenseT H periaamMeHTHpyeT
CTPYKTYpPY ¥ cofiepKaHue rocyIapcTBEHHOTO sK3aMeHa TI0 CTeaNbHOCTH 1-31 03
01 Maremaruka (110 HaHpaBJ'IeHI/IS{M), HaITpaBJICHUC crielalbHOCTA 1-31 03 01-02
MaremaTuKa (Haquo-nenaromquKaﬂ e TeHLHOCTD).

B nporpamMMy roCyIapCTBEHHOTO sK3aMeHa BKIF04aroTCs CleMyIoIIne y4yeOHbIe
JVACIUTLIAHBL anreGpa W TEOPHH gpcen, ~ AHANWTHYCCKad reoMeTpus,
g pepeHpanbHad reoMeTpusi U TOIOJIOTHA, MaTeMaTHIecKuil aHalIu3, Teopus
yHKIIH KOMILIEKCHOTO  TePEMCHHOTO; q)yHKm/IOHaJILHmﬁ aganu3, TeopHd
peposTHOCTEH 1 MaTeMaTadeckas CTaTHCTHKA, i pepeHIEaIbHbIC ypaBHEHHUS,
ypaBHEHUS MaTEMATIHIeCKoH GU3UKH, pccieIoBaHue oTepalui, HKCTPEMAIbHbBIC
3ajiauy U BapHalOHHOC JAcUmnclieHne, MeTOANKA TIperoiaBatus MAaTEMAaTUKH.

FocynapCTBeHHmﬁ sK3aMeH TPOBOJMTCS Ha 3aceJaHy rocynapCTBeHHoﬁ
>K3aMEHAIMOHHON KOMACCHHL.

[lens TPOBENCHWA roCcyIapCTBEHHOTO sK3aMeHa 110 CIIEITUANIBHOCTA  —
BBIBJICHUE KOMITETEHIIH CIIENHATICTa, T. e. TeOPeTUIECKIX sHaHMM U IPAKTAIECKHAX
yMEHWH, HEoOXOIUMBIX A peleHus TeopeTUUecKux 1 IpaKTAYECKUX 3alatd
crielMaucTa ¢ BpICIIAM 06pa3oBaHUCM.

[Tporpamma rocy/1apCTBEHHOTO sK3aMeHa HOCHT CHCTEMHBIH,
Memnﬂcunnnnﬂapﬁmﬁ XapakTep H opueHTHpOBaHa Ha BLISIBJIEHKE y BBIITYCKHHKA
oGenpodeccnoHANBHBIX 1 CrieLMabHBIX 3HAHUA 1 yMeHuH. BBITYCKHHAK IOIDKEH:

3HATh:

— ompeneneHus MaTeMaTHIECKUX OHSTH, yIacTBYIOHUX B hopMyIupoOBKax
TeopeM, KOTOPbIC OH M3J1aracT;

— TouHbie HOPMYTUPOBKA MATeMATAIECKUX TEOPEM,

— hopMyTEPOBKI JIEMM ¥ TEOPEM, HCIIONB3YCMBIX TIpy 0Ka3aTeNbCTBax.

ymeTh:

— [PUMEHATb TEOPHIO K peleHni0 3371 1 AILTIOCTPUPOBATh onpeeeHAs
MaTeMaTHYeCKHUX nousTHit 1 GopMyITAPOBKH TeopeM IPOCTHIMA npuMepaMH;

—  mpoBepATh BBITIOTHUMOCTD ycyoBUd  TEOPEM, npEMeHsIeMBIX  TIPY
JI0Ka3aTeNbCTBAX.

BJaJieTh:



— CIOCO0aMHU HCIIONB30BAHUS MATEMaTHYECKOTO armapata JUIs [IPOBEICHHUS
UCCIIEIOBaHUN B 00J1aCTH MaTEMaTHKH.

OcBoeHre 00pa3oBaTeNbHON TMPOTPaMMBI  BBICIIEr0  O0Opa3oBaHus — II0
CIeLXaIbHOCTH BhIcIIero oopazoBanus 1-31 03 01 Maremartuka (110 HaIIpaBICHUIM),
HarnpasiieHue crnenyainbHocty 1-31 03 01-02 Marematuka (HaydHO-II€IarorHuecKas
JESTEeNILHOCTD) NOIDKHO 00eCIeYlTh (YOPMUPOBAHHE CIIEAYIOIINX KOMIIETEHIIMIA:

Ynueepcanvnvie komnemenyuu

Biiazers ocHOBaMM HcCClIEOBaTENbCKOHN JIEATETLHOCTH, OCYIIECTBIISATE IIOKCK,
aHaJIU3 U CUHTE3 HH(DOpMAIHH.

basoevie npogpeccuonanvnvie komnemenyuu

Wcnonp30BaTh MOHATUS X METOABI BEIIECTBEHHOTO, KOMILIEKCHOTO |
(yHKIIMOHANBPHOTO aHAIN3a U IPUMEHSATh UX JUIS U3yYEeHHUs MOJENEH OKPYKAIOLIEro
MUpa;

IIpuMeHATE OCHOBHBIE aiureOpaldeckue ¢ TeOMETPUYECKHE ITOHSTHS,
KOHCTPYKIMM W METOABl JUIsl PELIEHUsS TEOPETHYECKUX W  IPUKIATHBIX
MaTeMaTUYECKHX 3aJ1a4;

Crpouts 1 aHaNM3UpPOBaTh AUPPepeHIINATbHbIE MOEH.

Bnamers knaccudueckuMM U COBPEMEHHBIMH METOIAMHU  IIPEIOaBaHMs
MaTeMaTUKU U UHHOPMATHKH.

Cneyuanuszuposantsle KOMnemeHyuu:

AHaJIM3MPOBAaTh  OCHOBHBIE  3aKOHOMEPHOCTH  CIIy4alHBEIX  sIBJICHHUH,
pa3pabaTeIBaTh BEPOSATHOCTHO-CTATUCTUIECKUE MOIENH JUIS IPUKIaJHEIX 3aa4.

IIpuMeHATE OCHOBHBIE NOHATHS, YTBEPIKICHUS U METOMbI PEIleHMs 6a30BBIX
3a/1a4 JUCKPETHON MaTeMAaTHKH.

MMOPAAOK INTPOBEAEHUSA 'OCYJAPCTBEHHOI'O DK3AMEHA

Ok3aMeH (OTBETHI CTYAEHTOB U Oecesia ¢ 3K3aMEHYIOIIMMUCS) POBOLUTCS HA
PYCCKOM HIIH G€JI0PYCCKOM SI3BIKE.

B xolte moarotoBky, 3Kx3aMeHYIOIIMECS UMEIOT IIPaBO UCIIONIb30BaTh YYeOHbIE
IIPOrpamMMbl COOTBETCTBYIOIIMX AUCLUIUIMH. Taxke B MPOIEcce IMOATOTOBKA MOXET
OBITb  WCIOJIB30BaH  J6PUCHIUYECKUII  HOOX00, KOTOPBIA  IpEIIoNaraer:
OCYIIECTBJICHUE CTYIEHTAMH JTMYHOCTHO-3HAYMMBIX OTKPBITHH OKPYKAIOIIEr0 MUPA;
JOEMOHCTPAII0 MHOrooOpas3usl pelleHni O0NbITMHCTBA NMPO(ECCHOHANLHBIX 33134 U
KU3HEHHBIX IPOOJIEM; TBOPYECKYIO CaMOpEalH3allMi0 00yJaroIuXcs B IIPOLECCE
co3nanusi 00pa3soBaTENbHBIX IPOJAYKTOB;, HHAWBHIyAJIH3aIlMI0 OOydYEeHUS uepes
BO3MOXHOCTb ~ CaMOCTOSITENIbHO ~ CTaBUTh LENH, OCYIIECTBIATh  pPeIIEKCHIO
COOCTBEHHOM 00pa30BaTEeIbHOM AeITETBHOCTH.

Ha moarorosky k 0TBeTy Ha roCyapCTBEHHOM dK3aMeHe 00yJaroleMycs Ipu
OCBOCHHUH COJEpXaHUs 00pa3oBaTeNbHBIX IIPOrpaMM BhICIIEro 0OpazoBaHms |



CTYIIEHH OTBOOUTCI HEe MeHee 30 MUHYT HEC Ooiee OMHOI'0 aCTPOHOMHYECKOI'0 Haca,
Ha Clagy rocy1apCTBEHHOI'O SK3aMeHa OTBOOUTCA OO 30 MHUHYT.

CTPYKTYPA DK3AMEHAIITMOHHOI'O BUJIETA

Bonpock! sx3aMeHannoHHOro GHUJIETa MO YUeOHBIM JUCIHTIIAHAM: anrebpa u
TEOpHUsA  HHCeN, aHaNIUTHYECKas TreoMeTpus, nuddepeHnUanTbHas TeoMeTpUs |
TOIOJIOTHS, MATEMATHIECKHH aHAIU3, TeOPHUs (YHKIH KOMIUIEKCHOTO ITepeMEeHHOTO,
(pyHKUMOHATBHBIA aHANM3, TEOPHS BEPOSTHOCTEH W MATeMaTHIECKAs CTaTUCTHKA,
AudepeHIManbHBIE  YPABHEHMS,  YpaBHEHHS  MAaTeMATHYECKOi ¢bu3nky,
HCCIIC/0BAHUE OTIEpalli, SKCTPEMalbHbIE 33fa4dl W BapHAHOHHOE HCUHCICHUE,
METOZIMKa IIPENofaBaHus MaTeMATHKH OTPAXalOT COJep)KaHHe 00pa3oBaTENIbHOM
IPOTpaMMBI BhICIIIEr0 00pa3oBaHMs M0 crenuanbHocTd 1-31 03 01 MaremaTuka (o
HaIlpaBJI€HUsAM), HallpaBiieHue crienuanbHocTy 1-31 03 01-02 MaTemaruka (may4HoO-
[IeIarOTUYeCKas AeATeIbHOCTB).

OK3aMEHAIMOHHEIH OHIET COCTOUT M3 Tpex TEOPETUYECKUX BOIPOCOB,
TIO3BOJIAIONINE OLCHHUT MOJTy4EHHBIE B MPOIECCE 00YIEHUS 3HAHUS U MPAKTUUESCKHE
HaBBIKM.  BOIpOCBL,  BBIIETIGHHBIE  JKUPHBIM  IIPHGTOM, WM3NATAIOTCS  C
JIOKa3aTeJIbCTBaMH.

XapaKkTepucTHKa TEOPETHYECKOH  YacTu: GopMynupoBka Bompoca B
9K3aMEHALMOHHOM OHIIeTe ABIISETCS KPAaTKO (B BIE IOCTAHOBKH BOIIPOCA).
JUist yTOYHeHMS 9K3aMeHAlMOHHON OTMEeTKH wieHsl I DK MOTYT 3aJaBaTh

00y4aromemMycs NOIOJIHHUTENbHbIE BOIPOCHI B COOTBETCTBHH C IIPOTpaMMOK
FOCYIapCTBEHHOTO JK3aMeHa. KonnuecTBO NOMONHUTENBHEIX BOIPOCOB HE JOJKHO
IPEBBIIIATh TPEX.



COJIEPKAHUE ITPOT'PAMMBI TOCYJAPCTBEHHOI'O 9K3AMEHA

Pa3nen 1. YueOnasi AMCHUIUIAHA «ANredpa U TeopUsi YuceD

Tema 1. ApudpmeTnka meabix Yuces

JlenTMMOCTb IEIBIX YHCeNl M ee CBOMCTBa. lTeopema O IEIEHHH C OCTATKOM.
Hambonpmmii obmuit memuresb. AnroputMm Epkimmpa u 3anuce HOJl B Buzme
[{e/IOUMCIIEHHON JIMHeHHOW KoMOHMHAnMW. B3alMHO MpOCTHIE YHCIA, KPUTEPHH
B3aMMHOH mpocToTsl. Hanmenblnee obiee kpatHoe. IIpocTbie U cOCTaBHBIE YHCIA,
6EeCKOHEYHOCTh MHOXKECTBA IIPOCThIX yncell. OCHOBHAS TeopeMa apu(pMETHKH.

Tema 2. [Tosie KOMIJIEKCHBIX YHCEN

Omnpenelenre KOMIUIEKCHBIX dHCell. Anrebpanyeckas (popma KOMIIIEKCHOTO
yucna. KomimiekcHoe conpspkenue. KoMIniekcHas IIOCKOCTh. Moynb U apryMeHT
KOMIUIEKCHOTO ~4uclia. TpuroHoMeTpudeckas (opMa KOMIUICKCHOTO — YHCIIA.
VMHOKEHHE W JeJeHie KOMIUIEKCHBIX YHCel B TPUTOHOMETPHYECKOH (opme.
®opmyna Myaspa. V3BnedeHue KOpHs 13 KOMIUIEKCHOTO YUCIIA.

Tema 3. MHOro4jieHbI

KOoJIbI[0 MHOTOYWJICHOB OT OHOM IepeMeHHo# Haj| noneM. CreleHh MHOTOUIeHa
u ee cBoiicTBa. TeopeMa o JIeJIEHUH ¢ OCTaTKOM I MHorowieHos. Teopema besy u
crmencTBus. W3 Hee. HempuBoauMMble MHOTOWIEHBL. TeopemMa O pPasoXEHUM
MHOTOUJIEHA Ha HENPUBOJUMBIE MHOXKHUTENH. 3HAYEHIE MHOTOYIECHA B TOYKE, KOPEHb
MHorowIeHa. KpaTHOCTh KOpHS MHOTOUJICHA.

Tema 4. MaTpuubl 4 onepanuyd HajJ HUMH

[ToHsTHE MaTpHIBl pa3Mepa mxn . Buabl MaTpull: KBajpaTHas MaTpHIa,
IMaroHajbHas MaTpHIla, BEPXHSSI W HWKHAA TPEyrojibHas MaTpuua, €IUHUIHAS
MaTpHIla, HyleBas MaTpHlia, BEKTOP-CTpOKa, BekTop-croiben. Omepanud Haj
MaTpHI[AMH: CIIOXKEHHE M YMHOXXEHHME MAaTpHIl, YMHOXXCHHE MaTPHUUbI Ha CKaJsip,
TpaHcrionupoBanue. CBolcTBa omeparmii Han MaTpunamu. OOpaTHas MaTpula,
KPUTEPUH CyIIECTBOBAHMS U METOJIbI €€ BEIYHCIICHHS.

Tema 5. Onpeaenureau

OmpesieNuTeIM BTOPOTO U TPEThero MopsiakoB. OmpesenuTens KBaApaTHOU
MaTpHIbl  TIPOM3BOJNBHOTO ~ MOpsifka M ero  ceodcrBa.  Ompenenurenb
TPaHCIIOHMPOBAHHON MaTpHIBL. MHUHOpPHI U anrebpandeckue HomnonHeHus. Teopema
Jlarmaca. PasnokeHne OIpefeNnMTeNs IO CTpoKe M cTonbmy. Omnpenenutens
IIPOU3BE/ICHUS KBaJPaTHBIX MaTPHIIL.

Tema 6. CucTeMbl JHHEHHBIX YPaBHEHHH

MaTpudHas 3amlich CHCTEMbl JIMHEHHBIX ypaBHenmid. Teopema Kpomekepa-
Kamemin. Mertogsl T'aycca u  Kpamepa. ORHOpPOAHBIE CHUCTEMBI, YCIIOBHE
CYILECTBOBAHMUS HETPUBUAILHOTO pelrenust. PyHIaMeHTaIbHas CHCTeMa PEIICHHH.

Tema 7. BekTopHbI€ IPOCTPAHCTBA



Onpenenenne u npuMepbl. Cucrema 00pasyromux, KOHEYHOMEPHBIE
mpocTpaHCTBa. JIWHelHas 3aBHCHMOCTH M HE3aBHCHMOCTb BEKTOpOB. basuc,
pasMepHOCTh. Koop/iuHATEI BEKTOPA, X M3MEHEHHE IpU H3MeHeHnH 6asrca. Martpuia
Tepexoyia OT OJIHOTo 6asuca K APYroMy, Ipeodpa3oBaHue KoopArHaT Bekropa. Cymma
U TepecedeHre IOAIPOCTPAHCTB. PaHr MaTpHUIBL.

Tema 8. JIuHeiinble 0TOOpasKEeHUs

JIugeitHOe oTOOpaxkeHMe, ero sapo U obpa3. AnreOpanyeckue ISHCTBUS HaJ
JIMHEUHBIMU OTOOpaXEHWSIMH: CyMMa, YMHOXXEHHE Ha KOHCTaHTY, KOMIIO3UIIMA.
JIuHelHBIN onepaTop U ero MaTpuna. ViaMeHeHre MaTpHIlbl oTiepaTopa IIpy Iepexose
K Jpyromy 6aszucy. MaTpuiia KOMIO3HIMA K CyMMbI JIMHEHHBIX OII€PaTOPOB.

Tema 9. BuinHeiinbie 4 KBaApaTHYHbIE opMBbI

BuivHe#Has (GopMa Ha BEKTOPHOM IIPOCTPAHCTBE, €€ Marpuia. M3meHeHue
MaTpHIbl OUIHMHEHHON GOPMBI IIPU M3MEHEeHHH 0a3suca, panr Gpopmbl. KBagpaTnyHas
dopma u ee marpuna. KaHoHudeckuil BuJ OMIMHEHHON M KBaJpaTHYHON (hOopMBL.
Anroputm Jlarpanya mpuBeAeHHs KBaJpaTHIHOH (OPMBI K KAHOHUYECKOMY BUIY.
HopMambHBIH BHJI BENIECTBEHHOM M KOMIUIEKCHOM KBaJpaTUYHBIX (opM. 3aKoH
MHEPLUY BEIECTBEHHBIX KBaJPATUUHBIX (POPM. 3HAKOOIIPECNCHHBIC KBaIPaTUIHBIC
dopmer, kputepuil CuibBecTpa.

Tema 10. EBKJINI0BBI NPOCTPAHCTBA

EBKimmoBsl  mpocTpaHcTBa. JlyimHa  BekTopa.  Hepasencrto — Komm-
ByHSKOBCKOro. Yron Mexay Bekropamu. OpTOrOHaNbHBEIA W OPTOHOPMHPOBAHHBIMN
6azuc. OpTOroHaIbHOE JOMONHEHNE K IOATIPOCTPAHCTBY. PasiioxeHne NpoCcTpaHCcTBa
B IPSAMYIO CYMMY HOATIPOCTPAHCTBA U €r0 OPTOrOHATBHOTO NOTIOIHEHMS.

Tema 11. I'pynnel

Omnpe/iesieHUe TPYNIbI, MOArPynibl. I'oMomopdusM, uzomoppusm. [Topsnox
sneMeHTa rpymmsl.  [{ukimpdeckue HoArpymmel.  [{ukiowdyeckue TIPyINBl, HX
kiaccudukanys. CMeXHbIE KIacChl MO MOATPYIIe, MHAEKC MOArpymmsl. Teopema
Jlarpamxa u cnencTBus u3 Hee. HopmanbHas moarpynmna. ®akroprpynma. OCHOBHAS
TeopeMa 0 roMoMopdu3Max IpyIil.

Ipumepublii nepeyeHs BompocoB mo Paszgemy 1. aasi MOAroTOBKH K
rocyAapcTBEHHOMY 3K3aMeHy:

1. TeopeMa O JelE€HMH C OCTATKOM JUIS LENBIX udMcell. Anroput™ EBkiuna.
IIpocThie ¥ COCTaBHBIE YHCIa, 6ECKOHEYHOCTh MHOXKECTBA IPOCTHIX vrcesl. OCHOBHAS
TeopeMa apu(PMETHKH.

2. KoMruiekcHble uymcia. AnrebpaWveckas W TPUTOHOMETpUYecKas (opma
KOMILIEKCHOTO YHC/Ia. Y MHOKEHHe KOMIIEKCHBIX YHcel B TPHIOHOMETPUYeCKOH
dopme. Popmyna Myaspa.

3. Marpuipl ¥ omepanuy Hajg HAMH. Bupsl matpun. OOGpaTHas MmaTpula,
KPUTEPUHU CYIIECTBOBAHHUS U METOJILI €€ BRIYMCIICHUSI.
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4. Ompenenutenu, ux OCHOBHBIE cBolictBa. Teopema Jlammaca. PasmoixeHue
OINPEACNUTEIISL M0 3JI€MEHTaM CTPOKH (cronbua). OupenesnuTens IPOM3BENCHHUS
MaTpHIL.

5. Cucrems! nuHelHBIX ypaBHeHui. Teopema Kponexepa-Kameann. Metos
I"aycca n Kpamepa. CucteMbl 0MHOPOIHBIX IHHEHHBIX YpaBHEHUH.

6. MHOrouneHs! OT ofHOM HepeMenHOH. TeopeMa O JeJE€HUH MHOTOWICHOB C
OCTaTKoM, Teopema besy. KopeHb MHOrowieHa, KpaTHOCTb KOpPHS, YHCIO KOpHeN
MHoroueHa. Henprsonumble MHEOrowteHsl. TeopeMa 0 pasIoeHHH MHOTOWIEHA B
IIPOU3BEJIEHHE HENIPUBOJUMBIX MHOTOWIEHOB.

7. BekropHele TpocTpaHCTBa. JIMHEHHAs 3aBHCHMOCT M HE3aBHCHMOCTD
BEKTOPOB. basuc, pasMepHOCTE, KOOPAMHATE BeKTOpa. MaTpHIia epexoja OT OJHOTO
6asuca x apyromy. Paur MaTpumsl.

8. JluHedHOe OTOOpaXKeHHE BEKTOPHBIX HPOCTPAHCTB, €ro A0po U obpas.
Marpuia nuHeliHOrO omepatopa. MaTpuua CyMMBI ¥ MPOM3BEEHHS JMHEHHBIX
omepaTopoB.  COOCTBEHHOE 4YHCIO U COGCTBEHHBIH  BEKTOp oreparopa.
XapaKTepUCTUYECKHI MHOTOYWICH OIIEpaTopa U MaTPHIIBL.

9. bununelinbie u kBagparuuHsie Gpopmbl. KaHOHMYECKUH Bu KBaJpaTUYHOU
¢opmbl.  Anropurm Jlarpamxka HpuBeaeHHs KBaApaTHYHOH opMbI K
KAHOHHYECKOMY BH]Y.

10.  Omnpenenenme rpymmel, HoArpymmsl.  ['omoMopdusm, U30MOPGhU3M.
Huknnyeckne noarpynnsl. [{uknvdeckue TpymIel, ux knaccupukanyst. CMexHbIe
KJIaCChl, MHJIEKC moArpymmsl. Teopema Jlarpamxa 1 ciencTBuUs U3 Hee.

11. Esxmuposbl mpoctpancTBa. JnuHa BekTopa. HepasenctBo Kommn-
ByHnsikoBekoro. OpTOroHaNbHBIN ¥ OPTOHOPMHPOBAHHEIN Ga3HcC. OproronansHoe
JICIIOJIHEHUE K TOANPOCTPAHCTBY. PasioxeHwe mpocTpaHCTBA B HPSMYIO CyMMY
IIOATIPOCTPAHCTBA M €r0 OPTOTOHAJILHOTO JOIIOJHEHHUS.

Pazgen 2. YueOHas nucuunminaa «AHATUTHYECKAS reoMeTpHus»

Tema 1. BexTopni

Ilousitue BekTOopa B mpoctpanctBe E’. JIMHeHHO 3aBWCHMBIE M IJTHHEHHO
HE3aBUCUMBIC CHCTEMBI BEKTOpOB, Oasuchl U adduHHBE pernepsl. KoopauHats
BEKTOPOB 1 TOUEK, CKAIAPHOE, BEKTOPHOE U CMEMIAHHOE [IPOU3BEEHUS BEKTOPOB.

Tema 2. Apdunnas reomerpus

YpaBHeHUs IPAMBIX Ha MI0CKOoCTH E2, IpsAMBIX U IIOCKOCTEH B IIPOCTPAHCTBE
E?. Towmstue addunnoro npocTpancTBa A" addunnble perepsr B A". k -MepHbIe
IUIOCKOCTH B A", CIIOCOOBI MX 3a/IaHHS, B3aHMHOE PACTIONOXEHHE ABYX ILIOCKOCTEH.
['pynmer adhdunHEBIX MpeobpazoBanuii miockoct K2 1 npoctpanctea E3, apdunnas
r€OMETPUS.

Tema 3. EBK/INA0BBI IPOCTPaHCTBA



IloHsTHe eBKIMOOBA TOYEYHOro MpOCTpaHcTBa K", OpPTOrOHAIBHOCTE
miaockocteit B E". Paccrosnme Mexmy ABYMs IUTOCKOCTSMH. | pyImbl IBHKEHHE
mwiockoctu E2 u npoctpancta E3, esximnosa reOMETpPHS.

Tema 4. KpuBble u NOBEpXHOCTH BTOPOI0 MOPAIKA

OJUTHIICEL, rUIepOoIIbI, napaboJIbl. OIIAIICOU/IEL, runepOoJIOU I,
napaboJIOu/bl, MIMHAPBI U KOHYChI BTOPOro Mopsiaka B npocTpancte E3. duryps
BTOPOT0 MopsiaKa B IIpocTpancTBax A" u E”.

IlpumepHbIii nmepeyennr BompocoB mo Pazmeny 2. aisi moAroTroBKM K

rocy1apcTBEHHOMY SK3aMeHY:

1. Bexropsr B mnpoctpanctBe E3, ckanspHoe, BEKTOPHOE M CMeEIIaHHOE
[IPOU3BEICHUS.

2. YpaBHeHHs IPSIMBIX Ha ITOCKOCTH E2, IPSIMBIX M MIIOCKOCTEH B POCTPAHCTBE
E’.

3. Dnaric, runepboia, mapaboiia, UX YpaBHEHHUS U CBOHCTBA.

4. KpuBble BTOPOro mopsiika Ha miockocru E2,

5. Ioustue addununoro mpocrpancrBa A", mpumepsl. Ilmockoctd B A", ux
YPaBHEHHS U B3aUMHOE PACITOJIOXKEHHE.

6. IloHATHE €BKIMAOBA TOYEUHOTO IpocTpaHcTBa E". OpTOrOHANBHOCTE
mtockocTel B E". PaccTosinne 0T TOYKH 40 I0OCKOCTH.

Pasnen 3. YueOnas nucnunianna «Iuddepenunanbuas reomerpus u
TOIOJIOTHSI»

Tema 1. KpuBsble

Ionsitne xpuso#. HaTypampHas mapamerpusanms kpusoit. Pemep ®pewe.
®opmyiel @pene. KpusnsHa u KpydeHue KpUBOiL.

Tema 2. IloBepxHocTH

Honsitne mosepxuoctu. Ileppas (yHmaMeHTanbHas (oOpMa HOBEPXHOCTH.
Bropas  dyHnamenranbhas  ¢opma moBepxHocTH. HopmanbHas — KpHBH3HA
NOBEPXHOCTH. [lonHas u cpennss KpuBU3HEL. THITBI TOUEK HA TIOBEPXHOCTH.

Tema 3. MeTpu4eckne 1 TONOIOrHYecKHe POCTPAHCTBA

IIoHATHS. METPUYECKOr0 M TOIOJIOTHYECKOr0 IIPOCTPAHCTB. 3aMBIKAHUE,
BHYTPEHHOCTb W TIpaHHUIa MHOXECTBA B METPHUYECKOM M TOIOJOTHYECKOM
npoctpaHcTBax. IToHoe MeTpuieckoe mpocTpaHcTBO. HenpepriBHbIE 0TOGPAXKEHHS.
I'omeomopdusm.

Tema 4. KoMnakTHOCTD M CBA3HOCTh

Ilonsitme  xommakTHOCTH.  KpuTepun  KOMIAKTHOCTH — METPHYECKOrO
npoctpancTBa. CBsasHOCTb. IlOHATHE CBSA3HOM KOMIIOHEHTHI TOIIOJIOTHYECKOTO
IIPOCTPAHCTBA.



IIpumepnblii mepedyeHh BompocoB mo Pasmeny 3. g1 MOATOTOBKH K
rocy1apcTBeHHOMY 3K3aMeHY:

1. Kpussre Ha mtockoctu E? u B mpoctpanctse E3, crioco6sr 3amanus KPUBBIX.
HarypansHas napameTpusanms KpuBou.

2. KpuBu3Ha ¥ KpydyeHHE KPHBOM, HX TEOMETPHYECKH CMBICT. DopMyIbl
®dDpemne.

3. Ilosepxuocty B E? u crioco6s! ux 3amanms. KacarensHas miockocTs u HOpMaJib
B TOYKE [TOBEPXHOCTH.

4. IlepBas pynaamenTanbHas opMa OBEPXHOCTH M 3aJa4UH, pellaeMble ¢
ee MOMOIIbI0.

5. HopmanbHasi kpuBusHa moBepxHocTH. Bropas dymmamenTtansHas dopwma
noBepxHoctu. [Tonnast (rayccoBa) kpuBu3Ha.

6. llousTre TOmONOrMYEcKoro mpocrpancTBa. Croco6bl 3afaHUs TOOJOTHUI,
CpaBHEHHE TOINOJIOTMA. BHYTpeHHOCTb, 3aMmbIkaHMe, TI'paHHIA MHOXXECTBA B
TOIIOJIOTHYECKOM IIPOCTPAHCTBE.

7. HempepbiBHBIE 0TOOPaXXEHHUs TOIIOJOTMYECKHMX MPOCTPAHCTB M MX CBONCTBA.
Kpurepun nenpeprbiBHocTH. ['oMeoMopdusm.

8. KowmmakTHble M CBS3HEIE TONOJIOTMYECKHE IIPOCTPAHCTBA. Kpurepun
KOMITaKTHOCTH METPUYECKOTO IIPOCTPAHCTBA.

Pasnen 4. YyeOnas qucuuminna «MaTeMaTHYeCKH i aHAIU3»

Tema 1. MHoxkecTBa 1 (PyHKIMH

IloHsiTHe MHOXECTBA, OTHOLICHHS BKIIOYEHHS H DPABEHCTBA MHOXKECTB,
OIepanyy HaJl MHOXXeCTBaMu. OTHOILIECHHWS, OTHOINEHHME >KBHBaneHTHOCTH. O6Imee
MOHATHE (YHKLMH, 06passl U MPooGPassl IEMEHTOB W MHOXeCTB. Kommosmuus,
CIOPBEKIINS, MHBEKIINS, OUeKIHs, oOpaTHas QyHKIHA. MOITHOCTD MHOYECTBA.

Tema 2. Uncna u nocjieq0BaTeJJbHOCTH

MHOXeCTBO BEeIECTBEHHBIX YKCEN, €r0 BaKHEHIINE TOMHOKECTBA. TOouHbIE
TPaHHUIBI YMCTIOBBIX MHOXKECTB. OlpeieNieHne npeiena MocieaoBaTenbHocTy, Ipemern
MOHOTOHHOH IIOCJI€I0BATeNbHOCTH, ducio Jitnepa. Kputepuit Komu cxomumoctr
II0CJIEI0BATeIPHOCTH. PasnuyHble (GOPMBI TONHOTEI MHOKECTBA BEIECTBEHHBIX
yucen. HacTHYHBIe IPE/IeNbl TOCIEN0BATEIBHOCTH, BEPXHUM M HIDKHHH IPE/elbl.

Tema 3. ®ynkuun oqHo# nepemMeHHoi n pPAabI

Omnpenenenve npenena GpyHKIEE B TOYKe. IISTh 3aMedaTeNbHBIX IPEIENOB.
Omnpenenenre HempepbIBHOCTH (GYHKIMM B TOUKE W Ha MHOXeCTBe. OCHOBHBIE
TEOPEMBI 0 (pYHKIHMSIX HEIPEPHIBHBIX Ha o0Tpe3ke (BeltepmTpacca u bonsnano-Komn).
Ilonstie paBHOMEpHOM HempepblBHOCTH, TeopeMa KaHTopa. Ornpenenenue
MPOM3BOAHOM ¥ nubdepeHumana QyHKIME ONHOW IepeMeHOM, TaGuuia
Mpou3BOAHBIX. OCHOBHBIE Teopembl o muddepeHnupyembix QyHKuax (Depma,
Jlarpatka, Komm). IpaBuia Jlommrans. ®opmyna Telnopa ¢ ocrarkamu Ileano u
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Jlarpamxa. Hccnenosanue QyHKIME C IOMOIIBIO TPOM3BOJHOM (3KCTPEMYMB,
MOHOTOHHOCTB, BBINYKIIOCTE). IloHATHE mepBOOOpasHON ¥ HEOIpENENIeHHOTO
MHTerpaia, Tabimia unrerpanos. OnpeneneHue uuterpaia Pumana. Cymmsr Jap6y,
KPUTEPUH HHTETPUPYEMOCTH, KIAacChl MHTEIPUPYEeMbIX (QyHKIumi. DopMyna
Herorona-JleliGnuma. HecobcTBeHHBIC HHTETpaIbI TIEPBOrO U BTOPOro poxa. [ToHsTHe
YHCIIOBOrO psiia. AGCONIOTHAS M YCIIOBHAS! CXOAUMOCTB YHCIIOBBIX psioB. IIpu3Haku
CXOJIMMOCTH IOJIOXHUTEIbHBIX psanoB (anambepa, Ko, Paabe, aycca). IIpusnaku
Hupuxne u AbGensa. Pan ®ypse, ycrnoBust cxomumoctu psna ®Pyppe (B TOUKe U
paBHOMepHO#). CBOHCTBA CyMMBI (YHKIMOHAIBHOTO psiga (HEHIpPepsIBHOCTD,
i GepeHIupyeMOCTb, UHTErPUPYEMOCTD ).

Tema 4. DyHKUMM MHOTHX MEpEeMEHHbIX

Ioustne nudpdepeHnrpyeMocT (DYHKIMM MHOIUX IE€pPEeMEHHBIX. UacTHEbIE
IIPOM3BOJHBIC, NPOU3BOJHAS IO HAIPABJIEHUIO, 'PAJUEHT M €ro I'eOMETPUYECKUM
cmeici. Matpuna Slko6u. TeopeMs! o HeslBHOU U 06paTHOM (GyHKIMHE. DKCTPEMYMbI
(yHKUME MHOTMX nepeMeHHBIX. HeoGxomumoe ycioBHe, NOCTaTOYHBIE YCIOBHUS
CYILIECTBOBAHMUSI 3KCTPEMyMa.

Tema S. KpaThble, KpUBO/IHHEIHbIe H IIOBEPXHOCTHBIE HHTErPAJIb

Omnpenenenne wuHTerpana PumaHa Ha  €BKIMOOBBIX — IPOCTPAHCTBAX.
OmnpezerneHne KpUBOIMHENHBIX HHTErPATIOB 1-ro 1 2-ro poma. Gopmyna ['puHa.

IlpumepHbIii mepeuyeHb BompocoB mo Pasmenay 4. A1 NMOATOTOBKHM K
rocy1apcTBEHHOMY 3K3aMeHY:

1. MHO>XeCTBO BEIECTBEHHLIX YKCENl. BaKHeiIme MoIMHOKeCTBA B R U X
MoInHocTh. Teopema KanTopa 0 HECYeTHOCTH MHOXECTBA BEIECTBEHHBIX YUCE]L.

2. YnciioBble MHOXECTBA U UX TPAHULIEL. Teopema JleneknHaa o CynecTBOBaHUA
TOYHBIX FPAHHUII.

3. Ilpemen mocnaenoBaTeNbHOCTH U €0 CBOMCTBA (€MHCTBEHHOCTB, omnepaiuu
HaJ[ IIOCIEN0BATEIPHOCTAMY, TPENENbHBIA IIepexon B HepaBeHCTBax). Teopema o
npejesne MOHOTOHHOM MOC/eA0BaTeIbHOCTH. Yncio Ditnepa.

4. Kputepmit Komm cXOZUMOCTH IOCJIEIOBATEILHOCTH. IlpenenvHas TouKa
MHOXeCTBa B R, neMma BonbnaHo-Beiepuirpacca o cymecTBoBaHHH npez[eJILHoﬁ
TOYKH.

5. Teopema Kanropa o cTarusarommeiics ocaef0BaTensHOCTH 0Tpe3koB. Jlemma
bopeasi-JleGera o NOKPBITHSIX 0OTPe3KAa HHTEPBAJIAMH.

6. Ilpemen QyHKIMM B TOYKE W HENPEpHIBHOCTh. (CHOBHBIE TEOPEMBI O
HeNpepeIBHBIX  QYHKIUIX (nBe TeopeMsl bBompunano-Komm, rBe TeopeMblI
BeliepmTpacca).

7. IlpomsBopnas u muddepeHIpyeMocTs, npaBuwia JudhepeHITHPOBAHIL.
IIponsBoHas KOMIIO3UIHH, IPOU3BOIHAS 0OGPATHOM (GyHKIHH.

11



8. Teopembr ®epma, Pomtst, Jlarpanika (0 KOHeUHBIX npupamenusx), Kommu
(06 oTHOIICHNY TIpUpAILEHNE).

9. IlpaBuaa JlonuTansi pacKpbITHS HeoNpe/e/eHHOCTEI.

10. ®opmyna Tettnopa ¢ ocrarkamu B hopme ITeano u Jlarpamnxa.

11. Omnpenenenve wunrerpana Pumanma nms ¢yHKomit omHOM IIEPEMEHHOM.
Heobxomumoe ycnosue unrerpupyemMocts. CyMMBI HapOy u vx cBoMcTBa, KpUTEpHit
UHTEerpupyemMoctu. Kiaccel nHTerpupyeMsix GpyHKmuil.

12. MuddepernupyeMocts HHTerpaga ¢ NepeMeHHBIM BEPXHUAM IIPEICIIOM.
CymecTrBoBanne mnepBooOpa3Hoii ajs HenpepbIBHOMW ¢ynkuun, ¢opmya
Herorona-Jleli6nnna. VuTerpupoBaHHe 1o uacTIM W 3aMeHa IIEPEMEHHBIX B
OTIpEeIEJIEHHOM HHTeTpalle.

13. IToHATHE YHUCIIOBOTO psna, cxoxdmuecs u pacxonsamuecs psaasl. Kpurepuii
Ko cxonumocTy 4uciioBsix psinos. [Ipu3HAKE CXOMUMOCTH TIOJI0KUTEIIbHEIX j93;01():
(Kouwm ¢ xopuem, anambepa, Iaycca).

14. AOGcomoTHas U yCIOBHAs CXOIMMOCTH YHCIOBBIX psanos. Ilpusnaku
JAupuxie u Adens.

15. ®yHKIMOHANBHBIE PALKI U TOCIEN0BATEIBHOCTH. PaBHOMeEpHas CXOQUMOCTB.
Kpurepuit Komm paBHOMepHOH cXomumocT. ITpusnaku Beitepurpacca, Abenst u
Hupuxie 171t paBHOMEPHOM CXOIUMOCTH.

16. HMuTerpanbHble MpeCTaBIEHHS YaCTUYHBIX CyMM TPHUT'OHOMETPHUYECKOIO
pana ®ypve. Jlemma Pumana-Jlebera. IlpuHuwn noxkamusanud. Y CIoOBHS
CXOIUMOCTH psifioB Dyphe (B TOUKE U PaBHOMEPHOH).

17. IuddepenuupyeMocTs W 4YacTHBIE IPOU3BOIHBIE GYHKIIMM  MHOTHX
[ICPEMCHHBIX, MPOU3BOJHAS IO HANPABICHMIO, TPafWeHT. [IpOM3BOMHBIE BBICIINX
IOPsIIKOB, TeopeMa IlIBapiia 0 paBeHCTBE CMEIIAaHHbBIX IPOM3BOHBIX.

18. JloxaneHple SKCTpeMyMbl (YHKIHH OJHOW W MHOIHX IIEPEMEHHBIX.
HeobxonnuMble yCTOBUS U JOCTATOYHEIE YCIOBHS JIOKAIBHOTO 9KCTpeMyMa (DYHKIIHH.

19. Teopembr o HesBHOW wu o6parTHO QyHKIHSIX, yCIOBHS — HX
nub GepeHInpyeMOCTH U HOPMYJIBI IS IPOU3BOHBIX.

20. Mepa Xopmana B R" u ee CBOHCTBA: MOHOTOHHOCTH, aJJUTUBHOCT,
cyOanqUTUBHOCTb.

21. Murerpan Pumana B R" u ero cBoiictBa. CBeieHue HHTErpajia K IIOBTOPHOMY
(Teopema Oy6OuHN), 3aMeHa IEPEMEHHOM B KPATHOM HHTErpae.

22. KpuBoMHEHHbIE HHTErPANIbl U X OCHOBHbIE CBOMCTBA. ®opmyna ['puna.

Pasgen S. YueGnas aucuuniuuna «Teopust GpyHKumii KoMIIeKCHOro

IepeMeHHOr0»
Tema 1. AnHanurnueckne bynxkumun
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IlpousBonnas GyHKIUHM KOMIUIEKCHOTO IEPEMEHHOTO U ee reOMETPUIECKUN
cMbIcn. YenoBust Komn-Pumana. Ananutudeckas Gynkuus. MaTerpansHast TeopemMa
Komm. MuTerpansuas Gpopmyna Kormn.

Tema 2. CreneHnble psaabl U BbIYETHI

CrenenHol psn, panuyc cxomumoct, dopmyia Kormm-Anamapa s panguyca
cxonumocTu. Psn Tednopa. Pan Jlopana. M3onmupoBaHHBIE 0COObIE TOUKM M HX
Kiaccuukanys. OCHOBHAS TeopeMa O BHIUETAX.

IlpumepHbId nepedeHs BOHMPOCOB Mo Pasmeny 5. aiasi HOATOTOBKH K
rocyAapcTBEeHHOMY 3K3aMeHy:

1. IIpousBozHas 0T GyHKIME KOMILIEKCHOTO [IEPEMEHHOTO 1 €€ FeOMETPHUYECKHUiA
cMmbIci. YcenoBus Komu-Pumana.

2, ONleMeHTapHble  aHATUTHYECKHe  (QYHKIUE  (9KCIOHEHIMANbHA,
norapuMudeckas, CTeNeHHas, TPUTOHOMETPHYCCKHE U rUIepOoInYeckre |
oOpaTHEIE K HUM).

3. UnTerpanesHas Teopema Komm. MaTerpaabnas ¢opmyaa Komru.

4. Crenennble psaapl. Popmyna Koum-Anamapa. Pasnoxenue aHaluTHIecKoi
yrkmu B psig Teitnopa. CBoMCTBA aHATHTHYECKAX byHKIHA.

5. Paznoxenne ananutudeckoii gpyuxuun B psig Jopana. M3onmpoBaHHbIe
0COOBIE TOYKM U UX KITaCCH(UKAIHS.

6. Beruetsr u Gpopmynsl nist ux Beraucnenus. Teopema Komw o Beruerax. Beraer
B OECKOHEYHO y/1aneHHot Touke. Teopema 0 MONHOM CyMMe BBIYETOB.

Pazgesn 6. YueOnas nucuumiuna «OyHKIHOHATLHBIN AHAIH3Y
Tema 1. Mepa n unterpasn JleGera
Kosbua, anrebpsl, o -anreOGpsl MHOXeCTB. Mepa Ha KOJIbIIE MHOXKECTB. O -
aIITUBHAST MEpa Ha KOJIbLE MHOXECTB. bopeneBckue MHOXeECTBA, MPOXOIDKEHUE
mepsl 110 Jlebery. Msmepumble MHOXKecTBa. MI3MepuMBle QYHKIHN. Wurerpan Jlebera.
Tema 2. MeTpuyeckne H HOPMHPOBAHHbIE IPOCTPAHCTBA
Cxopslliascs  TOCIHEROBAaTeNbHOCTh,  IOCICHOBATENBHOCTE  Komm B

METPUYECKUX IIPOCTPAHCTBAX. CxonumocThb (YHKIIMOHAIBHEIX
MOCNE/IOBATEILHOCTEH:  TOYCYHAs ~CXOAUMOCTB, CXOAUMOCTH TMOYTH BCIOZY,
paBHOMEpHAst ~ CXOAMMOCTB.  OTOOpaXeHMS:  HeNpephIBHBIE,  PaBHOMEPHO

HEIPCPBIBHBIC, YIOBIETBOPsomue yciuoBuio Jlunmuna. IlosmHoe MeTpuyeckoe
npoctpancTso. IpuHnun cxumaromux orobpaxenuil. [omoNHeHHe METPHIECKOro
npoctpancTBa. Bcelony ruioTHoe MHOxecTBO. Hopma Ha BEKTOPHOM HpOCTpaHCTBE.
banaxoBo npocTpancTBo. [IpocTpancTBa CyMMHUpPYeMBIX GbyHKIHI.

Tema 3. JInneiinblie onepaTopnl

JIuHeiinbi orpaHnueHHsI oneparop. Hopma JmHeiHOTO OrPaHUYEHHOTO
orepatopa. JIMHelHble HHTerpanbHble onepatopsl. O6pas, Sapo, rpauK THHEHHOTO
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onepatopa. Obparumsrii onepatop. Co6CTBEHHbIE 3HAYCHILS ¥ COOCTBEHHBIE BEKTOPBI
JIAHEHHOTO onepaTopa. CHeKTp JIMHEHHOTro oIepaTopa.

Tema 4. I'nanGeproBwl NPOCTpaHCTBA

CkansapHoe npoussenenme. I HIBEOEPTOBO  IIPOCTPAHCTRO. OproroHasnsHbIe
BEKTOpEL. IIpoeknust Bekropa. Basuc B HOPMHPOBaHHOM BEKTOPHOM IIPOCTPAHCTBE, B
THIIEOEPTOBOM IIpocTpaHCcTBe. P Dypbe 1O OPTOHOPMHPOBAHHOH CHCTeMe B
THIIBOEPTOBOM IPOCTPAHCTBE.

Tema 5. Conpsizkennoe NMPOCTPAHCTBO

JIMHEHHBIN oOrpaHMYeHHbIiH dynxumonan. IpocrparcTso, COIIPSDKEHHOE K
HOPMHPOBaHHOMY — BEKTOPHOMY  IIPOCTPAHCTBY. CompsokeHHEI  omepatop K
JIMHEHHOMY OTrpaHHYEHHOMY oreparopy.

Tema 6. Komnakrubie onepaTopsbl

IIpenkomMmaKTHbIe, KOMIAKTHBIE MHOKECTBA B METPHUYECKOM IIPOCTPAHCTBE.
Komnakrasre oneparopst.

IlpumepHblii nepedenn BonpocoB mo Pasgeny 6. gasm moaroroBkm K
rocy1apcTBeHHOMY 5K3aMeHy:

1. IlonHBIE MeTpHUeckue pocTpaHcTBa. [IpuHIUI BOXKEeHHbIX urapos. Teopema
bapa.

2. Hepasencta IOwnra, I’ enpepa, MUHKOBCKOTO. IIpocTpancraa L,[0,1] mx

ITOJTHOTA.
3. IpuHUHMN cxxuMaomux 0TOOpasKeHHI.
4. Tlpumenenne npuHIHIa CKEMAROIUX OTOOpaXEHH K WHTerpalbHBIM
YPaBHEHWAM B IpocTpancTBax Cla,b]u L, (T, u).

3 BexTopnrie IIPOCTPAHCTRBA. ITonsiTre TOIIOJIOTHYECKOTO
BeKTOpHOTOIIpoCTpancTBa. Hopma 1 momysopma. Hopmuposanusie npocrpancrsa,

6. JluHeilHbIe OrpaHHYeHHbIE omeparopsl. Hopma omeparopa. HuTerpansHbre
OTIepaTOpEI B pocTpanctsax C[0,1] u L, [0,1].

7. CxanspHoe npomssenenve. I HIIEOEPTOBBI IPOCTPAHCTBA.

8. Teopema o npoexuuu B THJIB0EPTOBOM NPOCTpaHCTBe.

9. Teopema 06 o6paTumocrn omepartopa, 0JIH3KOro K eIHHHYHOMY.

10. CoGcTBennbIe 3HAYEHHS U COGCTBEHHbIE BEKTOPBI CaMOCONPSKEHHOT0
onepaTopa.

Pasnen 7. YueGnas qucuunminna «Teopus BeposiTHOCTEl M MaTeMaTHYecKast
CTAaTHCTHKA)»
Tema 1. BepositHocTn
OJeMeHTapHOe COOBITHE, CIIy4aiiHOe COOBITHE, MPOCTPAHCTRO 3JIEMEHTaPHBIX
CoObITUH. Anrebpa u o -anredpa coObITHH. BeposTHOCTHOE MIPOCTPAHCTBO,
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BepoATHOCTE.  Kiaccuueckoe,  KOHEYHOe,  IHMCKPETHOE, reOMETPUYECKOe
BEPOATHOCTHBIE MPOCTPAHCTBA. YCIOBHAs BEPOSTHOCTb, HE3aBUCHUMOCTH COOBITHIA.
Cxema bepnyiu.

Tema 2. CiryyaiiHble BeJHYHHBI M HE3aBUCHMOCTD

Cryualinas BenuduHa, ee QYHKUUS pacnpeneneHus. JJUcKpeTHbIe i aGCOIIOTHO
HEMPEPHIBHBIE PACIPENeNIeHUs], IIIOTHOCTh BEPOSTHOCTH. O -airebpa, MopoxKIeHHas
CIly4aiHOH BeMMYMHOM. Pacripenenenuie BepoSTHOCTEHN, HE3ABUCUMOCTh CIIYYalHBIX
BelNU4YMH. Matemarnieckoe OXHUIaHUe, AUCHepCHs, KoI(GOUIHMEHT KOppesiHH.
XapakTepucTudeckast QyHKITHS CIIy4aiHON BEIUIHMHEL.

Tema 3. ITociienoBaTe IbHOCTH CIyYaHBIX BeJHYHH

LleHTpainbHas npenenpHas TeopeMa, 3aKOH GOJIBIIUX YUCEN], YCHISHHBIH 3aK0H
Gompuinx vucen. IlomaTue o ciydaliHoM mpolecce, MyacCOHOBCKHIA CIIy4alHbIN
MIPOIIECC, CIIyYalHBIN ITPOIeCC OPOYHOBCKOTO ABUXKECHHUSL.

Tema 4. MaTemaTH4ecKasi CTATHCTHKA

BeiGopka, BapHalMOHHBIA psI  BBIGOPKH, CTATHUCTHKA. HeCMEIeHHOCTS,
COCTOAATEIPHOCTh, ONTHUMAJIIBHOCTh, 3(P(PEKTUBHOCTH CTATUCTUYECKON OI[EHKH.
JloctaTouHas CTaTUCTHKA, CTATHCTHYECKas THIOTe3a, MapaMeTpUYecKas THIOTE3a,
JIMHEHHAsI perpeccus, MeTO HaNMeHBIIIUX KBaIPaToB.

IIpumepnblii mepedeHs BompocoB mo Pasgeny 7. 4 HOATOTOBKH K
roCyAapCcTBEHHOMY 3K3aMeHY:

1. Axcnomatuxa Kosmmoroposa. YcnosHsle BEPOSITHOCTH.

2. UYucnoBble XapaKTepHCTHKU CIyYalHBIX BEIMYMH — MATeMaTHYECKOe
OXKUJIaHHe, TUCTIEPCHS, KOI(DDULIINEHT KOPPEISIUU U UX CBOUCTBA.

3. Kpurepum He3aBHCHMOCTH CJIy4aliHbIX BeJUYUH (aMcKpeTHBDII,
a0COJIIOTHO HeNpepPbIBHBI).

4. llenTpajbHas NpegebHAS TeOpeMa AJs OJHHAKOBO pacnpeaeseHHbIX
cjaraemMspix.

5. 3aK0H OOJIBIIUX YHUCE.

6. HepaseHnctBO 1 Teopembl KosMoroposa.

Pasgen 8. Yuebnas aucuuninna «/Iuddepennuanbupie ypaBHeHH»

Tema 1. OcHOBHBIE NOHATHS

OGbIkHOBeHHBIE  nu(depeHIHaIbHble ypaBHEHHs, TIOJle  HAIpaBIICHHIA,
pelIeHne, nHTerpaabHas KpuBasi, 3amada Kommy.

Tema 2. YpaBHenus 1-ro mopsiaka

O6bIKHOBeHHbIE (D (EepeHIHaNbHBE yPaBHEHUS IIEPBOTO  IODPSAKA C
PasfCIAIOIUMUCS ~ MEPEMEHHBIMU,  JIMHEHHBle, PHKKATH © B IIOJHBIX
muddepeHnuanax.

Tema 3. Cucrembl H ypaBHEHHsI H—T0 MOPSIAKA
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QyHpaMeHTanbHas cucreMa peleHui OTHOPOJIHBIX JIAHEUHBIX
AuQdepeHINaNBHBIX YPaBHEHHI #-I0 TOpsiAKa. MeTos BapHaliy IIPOM3BOJIEHBIX
ITOCTOSIHHBIX JJIS1 HEOJAHOPOJHBIX JTHHEWHBIX NU(D(DEpPeHINATbHBIX YPAaBHEHUHA #-TO
IOpsIIKA.

Tema 4. OcoOble TOYKH H YyCTOHYHBOCTH

Ocobble  TOYKM aBTOHOMHBIX CHCTEM: y3eNl, Cemio, (OKyC, LEHT.
YcToiunBocTh pemennit o JIsmyHoBy, Gyukuuu JIamyHoBa.

IlpumepHblii mepeyeHs BompocoB mo Pasmeny 8. 11 NMOArOTOBKH K

roCyAapcTBEHHOMY 3K3aMeHYy:

1. Kputepuii ypaBpHeHHs B HOIHBLIX quddepeHnnanax.

2. basuc mpocTpaHCTBa pelreHHil JuHeliHOro A depeHHATLHOIO
YPaBHEHHS h—TO MOPSAAKA.

3. Teopema cymecTBOBaHMS U €AWHCTBEHHOCTH pelleHus 3amaun Kommw s
cucteM audPepeHInaNbHbIX YPaBHEHUM.

4. JluueidiHble omHOpPONHBIE AM(GEpeHInaIbHbE yPaBHEHUS 2-TO IOPSIKa.
KonebaTenpHbIi XapakTep pelneHu.

5. JIuneiiHble ypaBHEHMs B YacTHBIX HPOM3BOIHBIX IIEPBOTO MOPSAKA. 3ajaua
Komm. Cxema e€ perenus.

6. JInHelHbIe OHOPOHEIE CHCTEMBI C [IOCTOSTHHBIME KodddunrerTamu. MeTto
Ditepa.

7. Ocobble TOYKM aBTOHOMHEIX CHCTEM: Y3€ll, ceo, GoKyc, HEeHT.

8. IloHsiTHE yCTOMYMBOCTH pelueHuil audhepeHIManbHEIX ypaBHEeHHH. MeToj
Gynkuuit JisnyHnosa.

Pasgen 9. YyeOnasi nucuuminna «YpaBHeHHS] MaTeMaTHYECKOI puzukm»

Tema 1. Beenenne B ypaBHeHHsI MaTeMaTH4YeCKOH (PUIHKH

OcHoBHble ompezieneHUs AU(GGEPEHINANBHBIX YPAaBHEHHH C YaCTHBIME
npousBoAHbIMU. Kiaccudukanus auddepeHunanbHeIX ypaBHEHUH C YacTHBIME
IIPOM3BOJIHBIMU BTOPOTO MOPSIIKA.

Tema 2. I'mnep6onyeckune ypaBHeHust

Pemenne sajaun Komw 1y oZHOPOZHOTO ypaBHEHWsS KONeGAHMI CTPYHEI
MeToJ oM xapakTepuctuk. @opmyia [Jarambepa.

Tema 3. IlapaGosinueckne ypaBHeHHUsI

IIpyHIMI MMHMMYMa ¥ MaKCHMyMa Uil YpPaBHEHHs TeIIOIPOBOJHOCTH.
EnuHcTBeHHOCTS pemtenus 3anaun Kommm 1y ypaBHEeHHUs TeTIoNpOBOJHOCTH.

Tema 4. JnaunTudeckne ypaBHeHust

OcHoBHBIE ~KpaeBble 3amadd [y ypaBHeHMs Ilyaccoma. CaoiicTsa
rapMOHUYECKUX (HYHKIIHIA,

16



IlpumepHrblii nepedeHs BompocoB mo Pasmeny 9. Qs NOATOTOBKHM K

rocy1apcTBEHHOMY 3K3aMeHy:

1. Kiaccupukamus  nuddepeHuuansHpx — ypaBHEHHM ¢ YacTHBIMH
MIPOU3BOJHBIMU BTOPOTO TOPSIAKA.

2. Pemenne 3anayuu Kou 15151 0JHOPOAHOT0 ypaBHeHHs KoJ1e6aHUi CTPYHBI.
®opmyia lanamobepa.

3. IIpyHIAN MUHEMYMA H MAKCHMYMa JJIsl YpaBHEHHs TEIJIONPOBOHOCTH.

4. Teopema eNMHCTBEHHOCTH pelieHHs 3amauu KoM s ypaBHEHHS
TEIIONPOBOJHOCTH.

5. OcHOBHBIE KpaeBBIe 3afaun Uist ypaBHeHus [lyaccoHa.

6. CBoiicTBa rapMOHHUYECKHX (DYHKIHIA.

Paspen 10. Yye6nas aucuunianna «ccnenopanue onepamuii»
Tema 1. UccneqoBanue onepauuii
Teopema 0 MakCHMaNTbHOM IIOTOKE U MHHUMATBHOM paspese. HeoGxomaumere u
AOCTATOYHbIE yCIIOBUs CYIIECTBOBAaHMA SHiepoBa LuKiIa B rpade. Teopema o
PasIoKEHUH IOJIOXKUTEIHLHOTO IIOTOKA.

IIpumepnrlii nepeyens BompocoB mo Pasgeny 10. gisi HOATOTOBKH K
roCyAapcTBEHHOMY 3K3aMeHy:
1. Teopema 0 MakcuMaILHOM NOTOKe H MHHAMAJIBLHOM pa3pese.
2. HeobXomumele ¥ MOCTAaTOYHBIE YCIOBHS CyIECTBOBAHHUS JHIIEpOBa LKA B
rpade.
3. Teopema 0 pa3IoXeHUH MMOJIOKUTENBHOTO TIOTOKA.

Pazgesn 11. YueGnas tucuuninna «JKecTpemMaibHbIe 321240 H BaPHALHOHHOE
HCYHCIEeHHEe)

Tema 1. MeTtoabl onTHMH3anHMH

OKCTpEMyM, JIOKaNbHBIA JKCTPEMyM, YCIOBHBIH SKCTpeMyM (YHKIUH.
Oynkius Jlarpamka. Meron muoxwureneit Jlarpamxa.

Tema 2. JIuneiinoe nporpaMMupoBaHue

Jlunetinas skctpeManbHas 3a1a4a. CHMILIEKC-METOI.

Tema 3. Boimykias onrumusanus

BEINyKIIbIe MHOXECTBA, BBIIYKIbIe (YHKIMH, BBIIYKILIE SKCTPEMATbHbIE
3anaun. Teopema Kyna-Takkepa.

Tema 4. BapuannonHoe ucuuciaenne

Bapuaruonnas  3anada. IIpOM3BOAHBIE B BEKTOPHBIX HPOCTPAHCTBAX:
MPOU3BOJHASsL 110 HANpaBJICHUIO, Bapuanus 1o Jlarpamxy, ypaBHeHue Diinepa-
Jlarpamxa. ¥ cnoBust Jlexanapa u Sko6u.
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IIpumepHblii nepeyens BonpocoB mo Paspeny 11. gas moaroroBku K
roCy1apCTBEHHOMY K3aMeHy:

I. Jloxanpubli M rIOGaIBHBIH MHUHUMYMBL.  [uddepenimpyeMocts 1o
HalpaBJICHUSM, I10JIHAS TPOU3BOIHAS.

2. Tlpuamun Jlarpamxka mis 3amag c OrPaHUYCHUSIMH THUIIA PABEHCTB U
HEPABEHCTB.

3. JluneitHas skcTpeMabHas 3a1a4a. Cummnekc-meroy.

4. BelnykJjible MHOKECTBA H ¢ynkuuu. Ix ocHOBHBIE CBOJicTBA.

5. Boimyknas samava ontumumszanmu. Yciosme peryisapHoctu Crelitepa u
KPUTEPUU ONTUMAIBLHOCTH Kyna—Taxxkepa.

6. IlpousBogHble B BEKTOPHBIX OpOCTpaHCTBaX (NMPOM3BOAHASI MO
Hanpag/enulo, Bapuanus no Jlarpamky, npoussoanas no Iaro, NPOH3BOAHASA 110
Dpewe). CBsi3H MKy NPOH3BOIHBIMH.

7. Heob6xonumoe ycioBue IKCTpeMyMa B KJIACCHYECKOH BapHAIHOHHOI
3ajaue --- ypaBHeHHWe Jiaepa — Jlarpamxa. Brnison YpPaBHeHuss Jiinepa --
Jlarpamnka.

8. Bropas Bapuaiyus HHTErpaibHOrO ¢ynxnuonana. Heobxomumble YCIIOBUS
Jlexxannpa u Sxo6wu.

Pazpen 12. Yuebnas aucumminua «MeToanKa NpenogaBaAHU MATEMATH KD
Tema 1. MeToambl HAyYHOro NO3HAHUSA B O0YYE€HHH MaTeMaTHKE
OMIIApUYECKHEe METOBI TIO3HAHMUS: HaOJII0/IeHrE, OIIBIT, HU3MEpEeHue, OIIUCAHHUE.
Jlorudeckrie METOMBI TO3HAHUS: aHallu3, CUHTE3; CpaBHEHUE, aHAJIOTHsT; 00006IIeH e,
abcTparupoBaHue, KOHKPETH3alWsl; MHAYKIKS, NeNyKIUs. MareMaTudecKie MeTobI
MMO3HAHUS.

Tema 2. O6meanaakTuyeckne MeTOAbl 00yYeHHUsI MaTeMATHKE

Knaccudukanus wmeronos oOyueHnus. O6L$1CHI/ITeJH>Ho-HJIJIIOCTpaTHBHLIﬁ
MeToA. PenpoxykTuBHBIN MeTon. MeTosl IPOOJIEMHOTO OOyYeHHUS: npooJieMHOE
U3JIOXKEHHUE, YaCTHYHO-ITIOMCKOBBII (3BpUCTHYECKHH) MeTo, HCCIIEIOBATENBCKUM
METOJI B 00YUYEHUN MaTeMaTHKe.

Tema 3. Meroanka H3yYEeHHMSI MATEeMATHYECKHUX MOHATHIA

Conepxanne u 06bBEM TOHSTHSL Ompenenenvie mousTHS. JlorHueckas
CTpyKTypa onpeneneHuit. [Ipasuna onpenenenus mousTui. Kiaccubukanus moustuii.
Omubku  yuamuxcs NIpH  ONpENENCHUH NOHATHH. MeToauka bopmupoBanus
MaTeMAaTUYECKUX TOHSTHIL.

Tema 4. Meronuka nsyuenus TeopeM

Jloruueckas crpykrypa TeopeM. Bunel popmynmuposok TeopeMbl. Bunbl Teopem.
Heobxomumele W mocrarounbie ycnoBus. CyIIHOCTh IIOHSTHS OKA3aTEIbCTBA.
CTpyxTypa noxazaTenncTBa TeopeMbl. MeToIbl JoKa3aTelIbCTRA TEOPEM B IIKOJHHOM

18



Kypce MaT€MaTUuKHU. MGTOI[I/IKa O6Y‘I€HH$I ydJamuxcda — TeopeMam H ux
AOKa3aTeJIbCTBaM.

IIpumepnblii Nepeyennr BONPOCOB IO Pasgeny 12. mius moaroroBku K
rocyapCcTBEHHOMY 3K3aMeHy:

1. Kinaccupuxamuu meromoB o6yueHwms. OObACHUTENEHO-MILTIOCTPATHBHBIIH,
PCeTPONYKTUBHEIH, YaCTHYHO-TIOUCKOBBIA, MpOONEMHBIH W  HCCIeoBaTelbCKHiL
METOZbI 00yUYEeHHST MaTeMaTHKe.

2. OMIUpHYecKHe MeTOABl IO3HAHMUS: HaOJlIONIeHNe, OIBIT, W3MEpeHHe,
onucanue. Jlorndeckue MeTONBI NO3HAHMS: AHAIU3, CHHTES, CpaBHEHWE, aHaJIOIHs;
00001enre, abCTparupoBaHne, KOHKPETH3AIHS, MHIYKIMS, Aefykuus. [Ipumepsr
NPUMEHEHHUS 3TUX METOJOB IIPY U3yYEeHUH MATeMAaTUKH.

3. Houstue. Conmepxanue u 06beM IIOHSTHS, 3aBUCHMOCTS MEXIY HUMHU. Bujs
ONPELENEHUH M HX JIOTU4ecKas CIpyKTypa. KiaccHukamus MaTeMaTHdeckux
MOHATHH. Bunpr kmaccuduxanuit. [Tpumepsr KJ1accuuKaIuii.

4. CrocoGbl BBEIEHHST M METONMKA M3yYEHHS MATEMATHYCCKHX MOHSTHH B
cpenHe mkose. Ommbkw, AOMyCKaeMbIe  y4YaIllUMHUCS B  OMNPENENICHHSIX
MaTeMaTHYECKUX ITOHSITHIA.

5. Jlormueckas cTpykTypa TeopeM. Busl TeopeM. Bugel dopmymmposok
TeopeMel. CTpyKTypa J0Ka3aTelbcTBa TeopeMbl. MeTo/Ibl TOKa3aTelbCTRa TEOpEM B
[IKOJIPHOM ~ Kypce MaTeMaTHKU.  JloKa3aTenbCTBO OT NPOTHUBHOTO. ITpumepsr
AOKa3aTeIbCTB YTBEPXKCHUH METOJIOM OT IIPOTUBHOTO.

6. Meroxel NpsSMOro OKa3aTeNbLCTBA TEOpPEM: METOABI BOCXOMSAIIEr0 U
HHUCXOMAIICro aHann3a, CHHTETHYeCKUH MeToA. [TomHas uaayKIms. MarteMaTudeckast
uHAYKUHUA. IIpruMepsr MokasaTebCeTB yTBEPIKIEHNIH STHME METOTaMH.
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