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IIporpamma rocyjapcTBeHHOTr0 3K3aMeHa 110 creruanbHocTd 1-31 03 01 MaTemaTuxa
(o0 HampapjeHMsIM), HalpaBiieHwe crenuanbHoctd 1-31 03 01-01 Maremaruka
(Hay4YHO-TIPOU3BO/ICTBEHHAS JEATENILHOCTD ) pa3zpaboTaHa Ha OCHOBE
00pa3o0BaTeIbHOTO CTaHIAPTA BBICIIEr0 06pa3oBaHUs IS crienuansHocty 1-31 03 01
Maremarrka (110 Hanpasienuam) OCBO 1-31 03 01-2021; y4eGHBIX mporpamm o
y4eOHbIM nuctmmrHaM: Anre6pa u reopust uncen, Ne V]I — 10349/y4. ot 02.07.2021;
Ananurndeckas reomerpus Ne V]I — 10183/y4. ot 02.07.2021; Juddeperrmansuas
reomerpust U Toroorus Ne VI — 11628/y4. ot 08.07.2022; MatemaTudeckuii aHaus
Ne V][ —10481/yq. ot 02.07.2021; Teopust hyHKIMIA KOMILIEKCHOTO TIepeMeHHOT0 Ne
Y — 11428/y4. ot 20.12.2022; ®ynkunoHansHbli anams Ne V]I — 12317/y4. ot
05.07.2023; Teopus BeposTHOCTE# 1 MaTeMaTHIecKas craTucTrka No V][ — 12467 /yuq.
oT 29.06.2023; Jlupdepennuansusie ypasuenus Ne V[ — 11172/y4. ot 08.07.2022;
YpaBHenust wmartemarumueckoift ¢umsmku Ne V]I — 12718/y4. ot 05.07.2023;
Uccnenosanne onepanuit Y] — 12322/yu. ot 05.07.2023; DKCTpeMalbHBIE 3a1a9u
Y - 12325/y4. ot 05.07.2023; BapuarnonHoe ucuucienne Ne V]I — 13482/y4. ot
15.07.2024.

COCTABUTEJINA:

C.M.bocsKkoB, JlekaH MEeXaHHMKO-MaTeMaTHYecKoro (GakyabTeTa, HOKTOp (u3.-Mar.
HayK, IIpogeccop;

J.®.baspuieB, 3aBenyromuit Kapeapoi Fe€OMETPUHU, TOIIOJOTHUM U METOLUKHA
IIPETIo/IaBaHusl MaTEMATHKH, KaHAUJAT (HU3.-MaT. HayK, JOLEHT;

H.B.bposka, sasenyrommii kabenpoil Teopuu GyHKIHH, JOKTOp Mex. HayK,
npodeccop;

A.JLT'mazkoB, 3aBefyromui kadepoil HHTEIUIEKTYAbHBIX METOIOB MOJIENINPOBAHHS,
JOKTOp (hH3.-MaT. HayK, mpodeccop;

JLJLonyGeBa, 3aBemyromuit kabenpoit nudepeHUMaNbHBEIX — YpaBHEHHH ©
CUCTEMHOI'0 aHaJIN3a, KaHIUAAT (hU3.-MaT. HayK, JOIEHT;

B.I'Kporos, mnpodeccop xabempsl Teopur (yHKUMH, HOKTOp (M3.-MaT. Hayk,
rpodeccop;

C.B.TuxoHoB, 3aBemyromuil xadeqpoit BeICIIEN aire6psl W 3aIMTH HHBOPMALIH,
KaHAUJAT (Gu3.-MaT. HAyK, JOIEHT;

H.B.SI60nCKas, moLeHT Kadenps! o0Iiell MaTeMaTHKY U MH(GOPMATHKH, KaHIHMIAT
¢u3.-MaT. HAYK, JOIEHT

PEKOMEH/IOBAHA K YTBEPXKXJIEHUWIO:

CoBeToM MeXaHHKO-MaTeMaTHUeCKOro (GaKyIbTeTa

(mpotokoist Ne 5 ot 27.01.2026);

IIpencenarens Cosera (/é_/g C.M.BbocsixoB
Hay4no-meronuueckum coseToM BI'Y (mpotokosn Ne 6 ot 28.01.2026)




MNOSICHUTEJBbHAS 3AIITMCKA

["ocymapCTBEHHBIN SK3aMeH SIBIISIETCS OJJHOU U3 0013aTEIBbHBIX COCTABIISAIOIIUX
UTOTOBOM aTTecTalluM CTYAEeHTOB. IIporpaMma rocynapCTBEHHOIO 3K3aMeHa II0
cnenuansgocty 1-31 03 01 Marematuka (110 HampaBieHHUsIM), HalpaBleHUE
cinermangbHoctt 1-31 03 01-01 Maremaruka (Hay4HO-IIPOM3BOJICTBEHHAS
JEeSTENIbHOCTD) pa3paboTaHa B COOTBETCTBHM C TPeOOBaHUSIMU [OCYNAPCTBEHHOIO
00pa3oBaTeapbHOr0 CTaHmapTa | CTymeHu BhICIIEro oOpa30BaHUS U [NEHCTBYIOIIUMU
[IpaBuitaMy TIPOBENEHUS aTTECTallMd CTYAEHTOB, KypCaHTOB, CIyLIaTeNed IIpU
OCBOEHHH COZEP)KaHUA 00pa3oBaTeIbHBIX POTrPaMM BEICLIIETO 00pa30BaHusl.

[Iporpamma rocygapCTBEHHOTO 3K3aMe€Ha ONpPENeNseT W PEeriIaMeHTUPYET
CTPYKTYPY ¥ CoJiep>KaHHe TOCYAapCTBEHHOr0 3K3aMeHa 1o crenuansHocTy 1-31 03 01
Marematuka (110 HampaBJIeHHWSIM), HampapieHue crenuanbHoctd 1-31 03 01-01
MatemaTuka (Hay4IHO-TIPOU3BOICTBEHHAS IEATEIBHOCTD).

B nporpammy rocynapcTBEHHOTI0 3K3aMeHa BKIIIOUAIOTCS clelylolue yueOHble
IUCHMIUIMHBL:  ajarebpa W TeOpus  4YHCEN, AaHaIuTH4YecKas  TIeOMEeTpus,
nudepeHanbHas reoMeTpUsi M TOIOJIOIMS, MaTeMaTU4YeCKUW aHalu3, TEOPHUs
(GYHKIIMA ~ KOMIUIEKCHOTO —TIEPEMEHHOro, (DyHKLUMOHAJIbHBIA aHalu3, TEOpus
BEPOSTHOCTEH W MaTeMaTHhdecKas CTaTUCTHKa, Iu¢pdepeHlranbHble YpaBHEHUS,
ypaBHEHHUs] MaTeMaTHYeCKOW (GHU3UKH, HCCIEIOBAaHHE ONEPAIHi, dKCTpeMalbHbBIE
3a/1aud, BapUallMOHHOE UCUUCIICHHE.

['ocynmapcTBeHHBIM 5K3aMEH MIPOBOJAUTCS Ha 3acelaHUU TOCYNapCTBEHHOU
9K3aMEHAI[MOHHOU KOMUCCHH.

Ilenp mpoBemeHUs] TOCYapCTBEHHOTO 5K3aMEHa [0 CIEeHUAJIbHOCTH —
BBISIBJICHHE KOMIIETEHIINM CTIeI[UaINCTa, T. €. TEOPETUUECKUX 3HAHUM U MPAKTHIECKUX
yMeHUH, HEOOXOIMMBIX JUISI PEUICHHS TEOPETHUEeCKUX U MPaKTHUYECKUX 3ajad
CIIEI[MaIMCTa C BBICIIUM 00pa30BaHUEM.

[Tporpamma roCcyJapCTBEHHOTO 9K3aMeHa HOCHUT CHUCTEMHBIH,
MEXIVCLUUAIUIMHAPHBIA XapaKTep M OPUEHTHUPOBAaHA Ha BBISBICHHE y BBIITYCKHUKA
ob1enpodecCHOHANBHBIX U CIIEIUATbHBIX 3HAHUN U yMEHUN. BBITYCKHUK TOKeH:

3HATh:

— OIpeleNIeHrs] MaTeMaTUUYeCKUX TOHSITUM, Y4acTBYIOIUX B (GOPMYITHPOBKAX
TeopeM, KOTOpbIe€ OH H3JIaraer;

— TOUHbIE (HOPMYIUPOBKY MATEMATUIECKUX TEOPEM;

— (hOPMYITUPOBKH JIEMM U TEOPEM, UCTIOJIB3YEMBIX IIPH J0Ka3aTeIhCTBAX.

yMeTh:

— IPUMEHSTh TEOPHUIO K PELICHUIO 3a/ady U MIUIFOCTPUPOBATH OINpPEHEICHUS
MaTeMaTUYeCKUX MOHATUH 1 (OPMYITMPOBKH TEOPEM IPOCTHIMH IIPUMEPaAMU;

— TPOBEPATH BBHIIIOJHAUMOCTb YCJIOBUM TeOpeM, MpUMEHSEMbIX IIpHU
J0Ka3aTeIbCTBaX.

BJa/1eTh:

— crnocobamMu UCIIOJIb30BaHUSI MaTEMAaTHUECKOIo ammapara il MPOBEeACHUS
MCClIeloBaHui B 00J1acTh MaTeMaTHUKH.

OcBoeHre 00pa3zoBaTeNIbHOM MpOrpamMMbl  BBICHIETO OOpa3oBaHHsA IIO
cnequanbHoctd 1-31 03 01 Maremartuka (IO HampaBieHUsIM), HaIlpaBleHUE



cnenmmansHoctt  1-31 03 01-01 Marematuka (Hay4HO-IIPOM3BOACTBEHHAS
IEeATEILHOCTD) JOJDKHO 00ecrieunTh (GOPMUPOBAHUE CIEAYIOIUX KOMIIETEHIUN:

Ynueepcanvnovle komnemenyuu

Brnanmers ocHOBaMHU HCCIIEIOBATENbCKOM IESITEIBHOCTH, OCYIIECTBIATH IIOUCK,
aHAJIN3 U CUHTE3 HH(]OpMaIIu.

bazoevle npogheccuonanvrvle KomnemeHyuu

Hcnonp3oBaTh IOHATHS YW METOJbl BEIIECTBEHHOI'0, KOMIUIEKCHOIO H
(YHKIIMOHAIFHOTO aHaIM3a U MPUMEHSTh UX IS U3Yy4YEHHsI MOJIENIEH OKPY KAIOILLEro
MUpa;

[IpuMeHATh OCHOBHBIE anredpanyeckue U T[eOMETPUYECKHE IIOHATHS,
KOHCTPYKIIMM ¥ METOABl JUISI pELIeHUs] TEOPETUYECKUX U  IPUKJIAIHBIX
MaTeMaTUYECKUX 3a]1ay;

CrpouTs U aHATU3UPOBATH AU(PEepeHIIuaNbHbIE MOJEIH.

Cneyuanu3zuposannsle KOMREeMeHYuu:

ITpuMeHATh OCHOBHBIE AJITOPUTMBI KOMIIBIOTEPHOM r€OMETPUU U COBPEMEHHBIE
MaTeMaTUYeCKHUe CPEACTBA BU3yalU3allui U300paKEHUI 1 aHUMAIUH.

AHanu3upoBaTh  OCHOBHBIE  3aKOHOMEPHOCTH  CIy4yalHBIX  SIBJICHUH,
pa3pabaTbiBaTh BEPOSTHOCTHO-CTATUCTAYECKUE MOJIENH JJIsl IPUKIIAHBIX 3a7a4.

[IpuMeHATh OCHOBHbBIE TOHSITHS, YTBEPXKIECHUS U METOABl PEIIeHUs] 0a30BbIX
3a/1a4d IUCKPETHON MaTeMaTHUKHU.

OcymiecTBnsiTh 060CHOBaHHBIM BBHIOOpP pallMOHAIBHOW YMCIEHHOM METOMUKHU
JUISL pElIeHus] TUIIOBBIX MaTeMaTHYEeCKMX 3a/ad, IIPOBOJUTH €€ pealn3aluio ¢
UCIIOJIb30BAaHUEM  COBPEMEHHBIX  IPOTPAMMHBIX  CPEICTB  KOMIIBIOTEPHBIX
BBIYUCIIEHUN, OI[EHUBATh KOPPEKTHOCTD MOJyUEHHBIX PE3yIbTaTOB U aHAIU3UPOBATH
BO3MO>XHOCTH aJIbT€PHATUBHBIX ITOAXO/0B.

IMOPSIOK ITPOBEJAEHUS TOCYIAPCTBEHHOT'O SK3AMEHA

Ox3aMmeH (OTBETHI CTYAEHTOB M Oecefla C K3aMEeHYIOIUMUCS ) TIPOBOJIUTCS Ha
pPYCCKOM MM GEJI0PYCCKOM SI3BIKE. |

B xozme moarotoBku, S3K3aMEHYIOIIMECS UMEIOT MPaBO KCIOJIB30BaTh yUYeOHBIE
IpOrpaMMbl COOTBETCTBYIOLIMX AUCLHUIUIMH. Takxe B MpOIlecce MOJrOTOBKUA MOXKET
OBITh  HUCIIOJNIB30BAaH  I8PUCMUYECKUI  NOOX00, KOTOPBI  TIpeIoJiaraeT:
OCYLIECTBJIEHUE CTYAEHTaMH JUYHOCTHO-3HAYMMBIX OTKPBITUM OKPYIKAIOIIET0 MUPA;
IEMOHCTPAILIMI0 MHOT000pa3us peleHrui OOoNbIIMHCTBA MPO(PECCHOHANBHBIX 331a9 1
KU3HEHHBIX MpoOJIeM; TBOPUECKYIO CaMOpealM3aldio O0ydaroluXxcs B Ipoliecce
co3maHusl 00pa3oBaTeNbHBIX TNPOAYKTOB, HWHAMBUIAyalM3allUi0 OOydeHUs dYepes
BO3MOXXHOCTh  CaMOCTOSITEJIbHO CTaBUTh I€JM, OCYIIECTBIATh  pedIieKCcHio
cOOCTBEHHOM 00pa3oBaTeNbHOM AESITENbHOCTH.

Ha nonroToBky k OTBETY Ha roCyJIapCTBEHHOM 3K3aMeHe 00ydJaronieMycs Ipu
OCBOGHHMH COZEpXKaHUs 00pa3oBaTeNbHbIX MPOTPaMM BBICIIEr0o 0Opa3oBaHus |
CTYIEHHU OTBOAMTCS He MeHee 30 MUHYT He OoJiee 0JIHOT0 aCTPOHOMHYECKOI0 Hyaca, Ha
clady TOCyIapCTBEHHOIO 3K3aMeHa OTBOAUTCS 0 30 MUHYT.



CTPYKTYPA 35K3AMEHAIIMOHHOI'O BUJIETA

Bompocs! sk3aMeHaIMOHHOTO OmiieTa Mo y4eOHBIM JAUCHMIUIMHAM: anredpa u
TEOpHsl YHCEN, aHaJUTHYecKas reoMeTpus, OudQepeHluanbHas TeOMETpUs U
TOTIOJIOTHSI, MATEMATUIECKUH aHAIN3, TeOPHs QYHKIIMI KOMIUIEKCHOTO IEPEMEHHOTO,
(YHKIIMOHAJBHBIA aHallU3, TEOPHUs] BEPOSITHOCTEH M MaTeMaTH4ecKas CTaTHUCTHKA,
muddepeHnragbHble  yYpaBHEHHUS,  ypaBHEHHsS  MaTeMaTHueckod  (u3uKy,
HCCIIEIOBaHUE OIepaluif, 3KCTpeMalibHble 3aJaud, BapHAllMOHHOE HCUYUCIICHUE
OTPaXKAIOT COJiepXKaHhe 00pa3oBaTENbHON IIPOrpaMMbl BBICIIET0 OOpa30BaHUS IO
cinerangbHoctt 1-31 03 01 Maremaruka (1o HampaBlIEHUSIM), HaIpaBJeHHUE
cnermanbHoct  1-31 03 01-01 Marematuka (Hay4HO-IPOM3BOJCTBEHHAS
JESTEIILHOCTD ).

OK3aMeHAIlMOHHBIA OWJIET COCTOMT H3 TpPeX TEOPETUUECKUX BOIIPOCOB,
TI03BOJISIONINE OLIEHUTD ITOyYeHHBIE B Mpoliecce OOyUeHUs 3HaHUs U IPaKTUUECKHe
HaBbIKA. BoOIIpochl,  BBIIEJICHHBIE JKAPHBIM  IIPUPTOM,  H3JararoTcs C
IO0Ka3aTebCTBAMH.

XapakTepucTAKa TEOpeTHYecKOoW vacTH: (OpMyJIHMpoBKa BOIpoca B
9K3aMEHAIMOHHOM OMJIeTe SBISIETCS KpaTKo# (B BUE IOCTAaHOBKU BOIIPOCA).

Jlnst yTouHeHMsI SK3aMeHallMOHHOM oTMeTku uieHsl ['OK moryr 3anmaBathb
oOydaroIeMycss JTOMOJIHUTENbHBIE BOMIPOCHl B COOTBETCTBUUM C IPOrpaMMou
rOCyIapCTBEHHOTO 3K3aMeHa. KoiauuecTBO TOTOJHUTENbHBIX BOIIPOCOB HE JOJKHO
IPEBBIIIATD TPEX.



COAEPKAHUE ITPOT'PAMMBI 'OCYAAPCTBEHHOI'O DK3AMEHA

Paspeu 1. YyeOnasi nucuuniauHa «Anaredpa u TeOpUsi YHCeE»

Tema 1. ApudmMeTura HeJbIX YHCET

JlenuMoCTh LienbIX yucen U ee cBoicTBa. Teopema O JEJIEHHUH C OCTATKOM.
Hanbonpmnit oOuuit menurens. Anroput™m EBximpma u samuce HOJl B Buze
LEJIOYMCICHHON JHMHEWHOM KOoMOMHanuu. B3auMHO mpocThle dmHCIa, KPUTEPHil
B3aMMHOH IIpocToThl. Haumensiee obiee kpatHoe. [IpocThie U COCTaBHEBIE YMCIIA,
0ECKOHEYHOCTh MHOXECTBA POCTHIX uuces. OCHOBHasI TeopemMa apu(METHUKH.

Tema 2. [Tojie KOMIJIEKCHBIX YHCE

Ompenenenue KOMIUIEKCHBIX uucesl. Anrebpandeckas (opMa KOMIUIEKCHOIO
uncia. KommnekcHoe conpspbkeHue. KoMruiekcHast miiockocTb. MoJyiib U apryMeHT
KOMIUIEKCHOIO 4ucia. TpuroHomerpuyeckas ¢opma KOMIUIEKCHOTO —YHCIIA.
YMHOXEHHE M JENEeHUE KOMIUIEKCHBIX YHCEI B TPHUIOHOMETPHUECKOH (opMe.
®opmyna Myaspa. V3BnedeHne KOpHs U3 KOMILUIEKCHOT'O YHCIIA.

Tema 3. MHoOro4/aeHsbI

KonpLio MHOTO4JIEHOB OT OJTHOM NepeMeHHoM Ha moieM. CTereHs MHOTOWIEHa
U ee CBOMCTBa. TeopeMa o HENEHUU C 0CTATKOM Il MHOrowieHoB. Teopema Besy u
cinencTBus u3 Hee. HempuBoauMele MHOrOWwIeHBl. TeopemMa O pas3lloKEHHH
MHOTO4JIeHa Ha HEIPUBOJUMBIE MHOXUTENX. JHAaUEHUE MHOTOUYJIEHA B TOYKE, KOPEHb
MHorouseHa. KpaTHOCTh KOpHSI MHOTOYJIEHA. |

Tema 4. MaTpuubl 4 onepanu HaJa HUMH

IlonsTre Marpuupl pasMepa mxn . Bumel marpuii kBagpaTHas MaTpuUlia,
IUaroHajbHas MaTPMIA, BEPXHAA U HIKHAS TPEYToJbHAs MaTpWIla, e€IMHUYHAs
MaTpulla, HyjlIeBas MaTpulla, BEKTOP-CTpOKa, BekTop-cToiben. Onepauuud Haj
MaTpULaMK: CIIOXKEHHE U YMHOXXEHHE MAaTpPHUL, YMHOXEHHE MAaTpHIbI Ha CKaJsp,
TpaHcionupoBanue. CpolicTBa omepanuit Hajx Matpunamu. O6paTHas Marpuia,
KPUTEPUN CYyLIECTBOBAHUS U METOJIbI €€ BEIYUCIIEHUA.

Tema S. Onpenenurenn

Onpenenurend BTOPOrO U TPEThero MOpsnkoB. OmpemenuTens KBaJpaTHOM
MaTpULBl ~ MPOM3BOJIBHOIO  IOpsAAKa W ero  cBodctBa.  OmpenenuTens
TPaHCIIOHUPOBAHHOW MaTpuibl. MuHOpPEI 1 anrebpandeckue fonoxHeHus. Teopema
Jlarumaca. Pasnoxxenue ompenenuTens II0 CTpoke u crojbiy. Ompenenurens
[IPOU3BELECHUS KBaIPATHBIX MaTPHII.

Tema 6. Cuctembl THHEHHBIX YpaBHEHHH

MartpuyHas 3amuce CHCTEMBl JNUHEHHBIX ypaBHeHuil. Teopema Kpomexepa-
Kamemnmu. Metoner T'aycca u  Kpamepa. OmHOpOIOHBIE CHCTEMBI, yCIOBHE
CYIIECTBOBaHMS HETPUBUAILHOTO peleHus. OyHnaMeHTanbHas CUCTEMa PEIIEHHI.

Tema 7. BekTOopHbIe mpocTpaHCcTBA

Ompenenenue wu mnpuMepsl. Cucrema 00pasyroux, KOHEYHOMEPHEIE
NpoCTpaHCcTBa. JIMHelHas 3aBUCUMOCTb U HE3aBHCHMOCTh BEKTOPOB. baswuc,
pasmepHocTh. KoopanHaTel BeKTOpa, UX U3MEHEeHHUe IPpY U3MeHeHun Gasuca. Marpuna
nepexofia 0T 0AHOro 6asuca K Apyromy, npeodpazoBaHue KoopauHat Bekropa. Cymma
U IIepeceueHre MIOANPOCTPAHCTB. PaHT MaTpHIlbI.

Tema 8. J/InHeiinbIe 0TOOPaAKEHUS
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Jluneitnoe oroOpaxkeHue, ero supo U obpas. Anrebpandeckue DeHCTBHS Ha
JIMHEHHBIMA OTOOPAXEHUAMH: CyMMa, YMHOXEHHME Ha KOHCTAHTY, KOMIIO3HIHSL.
JIvHeW I onepatop u ero MaTpuIla. M3sMeHeHHe MaTpHIILl OlepaTopa IpHU MePexoe
K Apyromy 6asucy. MaTpuiia KOMIIO3HIMK U CyMMBI JIAHERHBIX OIEPaToOpOB.

Tema 9. buinneiinbie n kBagpaTHuHbIe (HOPMBI

bununeiinas gopma Ha BEKTOPHOM IIPOCTPAHCTBE, €€ MaTpula. VM3MeHeHue
MaTPHULBl OMIMHEHHOR popMBI TPy M3MeHeHUH Gasuca, panr GopMbl. Keamparudmas
dopma u ee marpuna. Kanonuueckuii BUI OUIMHEHHON u KBaZApPaTUYHON (HOPMEI.
Anroput™ Jlarpatka NpuBefieHHs KBaJPATUYIHOM (OPMbI K KAHOHMYECKOMY BHIY.
HopmaneHbI B BEWIECTBEHHOH M KOMIUIEKCHOM KBaApaTMUHBIX (OPM. 3aKoH
WHEPUMHU BELIECTBEHHBIX KBaJPATHYHBIX (hOpM. 3HAKOOIPEAEIeHHbIE KBa[paTUIHbIe
bopmel, kputepuii CusbBecTpa.

Tema 10. EBkinaoBbI npocTpancTBa

EBkmunoBbl  mpoctpancTBa. [lnmua  Bektopa. HepasenctBo — Kormmwm-
ByHsikoBckoro. Yron mexmy Bexropamu. OpTOrOHaIbHBIN U OPTOHOPMHUPOBAHHEIH
6asuc. OpTOroHaNIbHOE NOMOTHEHHE K IIOIPOCTPAHCTBY. PasioxkeHue mpocTpascTBa
B [IPSIMYIO CyMMY IIOAIIPOCTPAHCTBA M €T0 OPTOrOHAILHOTO JOIIOJTHEHHUS.

Tema 11. I'pynnsi

Ompenernenne rpynmbl, moarpynmsl. I'omomopdusm, uzomopdusm. Iopszox
djaeMeHTa rpynnbl. luknuueckue mnoAarpymmel.  llukinwdeckwe Trpymmsl, uX
kinaccuuxanmst. CMeXHBIE KIacChl 110 HOATPYIINE, UHAEKC MOArPYIIIIHL. Teopema
Jlarparmka u cineznctsus us Hee. Hopmanbsnas noarpynma. ®@axroprpymmna. OcHoBHAS
TEOpeMa 0 roMoMop(pU3Max IPyIIIL.

IlpumepHbId nepedeHs BompocoB no Pasgeay 1. Qi1 mOATOTOBKH K
rocy1apcTBEHHOMY 3K3aMeHY:

1. Teopema o memeHMM C OCTAaTKOM ISl LiENbIX 4Yucel. AnroputM EBkimna.
IIpocTsle 1 cocTaBHBIE UKCIIa, 6ECKOHEYHOCTh MHOYKECTBA MPOCTHIX urcen. OCHOBHAS
TeopeMa apu(METHKH.

2. KommexcHble umena. AnreGpamueckas W TpUTOHOMeTpHUecKas (opma
KOMILTIEKCHOT'O YUCTIa. Y MHOKeHHE KOMILIEKCHBIX YHCe] B TPHTOHOMETPHYeCcKOoi
dopme. Dopmyna Myaspa.

3. Matpuupl u onepanuu Hax HuMU. Bumsl matpun. OGpartHas MaTpHlia,
KPUTEPUH CYIIECTBOBAHMS U METOLBI €€ BBIUUCIICHMUS.

4. OnpenenuTeny, UX OCHOBHBIE CBOMcTBa. Teopema Jlamutaca. PasnoxeHue
ONPENEIUTEN II0 JJIEMEHTaM CTpoKHM (crosnbua). OmpemenurTens IIPOM3BENEHHUS
MaTpHIL.

5. Cucrembl nunelHbIX ypaBHeHuil. Teopema Kponekepa-Kanenau. Metomp!
I'aycca u Kpamepa. CHCTeMbI 0MHOPOAHBIX IMHEHHBIX YpaBHEHHIA.

6. MHOro4eHsl 0T OIHOM mepeMeHHOH. TeopeMa 0 [Je€HUM MHOTOYIEHOB C
OCTaTKoM, Teopema besy. KopeHnb MHOrouneHa, KpaTHOCTb KOpHS, YHCIO KOpHeit
MHorowieHa. Henpusogumele MEHOTOWwIeHBI. TeopeMa 0 Pa3sIoXeHHH MHOTOYJIEHA B
IIPOU3BEAECHUE HEIIPUBOAUMBIX MHOI'OUYJIEHOB.



7. BekTopHble mpocTpaHCTBa. JIMHEHHAs 3aBUCHMMOCTh M HE3aBHCHMOCTD
BeKTOPOB. basuc, pasMepHOCTB, KOOpAMHATH BekTopa. MaTpulia repexoja OT 0JHOI0
0asuca K ipyromy. PaHT MaTpHITEL.

8. JlumeiiHoe oTOOpakeHHE BEKTOPHBIX IPOCTPAHCTB, €ro SApo M 06pas.
Marpunia nuHeWHOro omeparopa. Marpulla CyMMbl W IIPOM3BENEHMS JTUHEHHBIX
onmeparopoB. CoOCTBEHHOe UHCIO M  COOCTBEHHBIH BEKTOpP  OIIEparopa.
XapaKTEpUCTUYECKUM MHOTOWIEH OIlepaTopa U MaTPHUIL.

9. bununeiinele u xBagpaTuuHble (hopmbl. KaHOHMUECKM BU KBaIpaTUYHON
Gopmer.  Aaropurm JlarpaH:ka mnpuBefeHHs] KBaJpPaTH4YHOH dopmMbl K
KAHOHHYEeCKOMY BHUAY.

10. Omnpenenenwe rpynmsl, OoAarpynnsl. ['omoMopdusm, H30MOPGHU3M.
[Muxknuyeckue noarpynmnsl. [{ukamyeckue rpymmbl, ux kiaccupukanus. CMexHbIe
KJIACChI, MHIEKC NoArpynnsl. Teopema Jlarpanxa v CIEACTBUS U3 HEE.

11. EBxnupoBel mpoctpanctBa. Jlnuua Bekropa. Hepasencrso Komu-
bynsikoBckoro. OpToroHajabHbIM U OPTOHOPMHpPOBaHHBIM 6aszuc. OpToroHanbHOE
JOINOJHEHUE K MOJIPOCTPaHCTBY. PasjoXKeHHWe NIpOCTpaHCTBA B IPSIMYIO CYMMY
IIOJAINIPOCTPAHCTBA U €r0 OPTOTOHAILHOTO AOTIOHEHMS.

Pazgen 2. YyeOHas AHCHUIIINHA «AHAJIMTHYECKAS] F€OMETPHUA»

Tema 1. BexTopsbl

[MTonstve BekTopa B mpoctpanctBe K. JIMHeHHO 3aBHCHMblE ¥ JTHHEHHO
HE3aBUCHMBIC CHUCTEMBI BEKTOPOB, 6a3uchl U aduHHBIEe penepsl. KoopauHaTel
BEKTOPOB M TOYEK, CKAJIPHOE, BEKTOPHOE M CMEIIaHHOE IIPOU3BEICHUS] BEKTOPOB.

Tema 2. Appunnas reomerpusi

YpaBHEHHUS IPSIMBIX Ha IIOCKOCTH E2, IpAMBIX U MIIOCKOCTEH B IIPOCTPAHCTBE
E’. Tlonsitue adgdunnoro mpocrpancta A" aduHHbIE penepsl B A". k -MepHbBIE
TUIOCKOCTH B A", CIIOCOOBI MX 3a/laHMsl, B3aMMHOE PACIIOJIOMKEHUE ABYX IUIOCKOCTEH.
['pynmel apdunubX npeobpasoBanuit miockoctu E? u mpocrpanctsa E3, apdunnas
reoMeTpus.

Tema 3. EBkJINI0BBI NPOCTPAHCTBA

IlonsiTve  eBKIMZOBA TOYEYHOrO MPOCTpaHCTBA E", OpPTOroHaNbHOCTDH
miockoctedd B E". PaccrosHme MexIy IBYMS IUTOCKOCTSMH. ['pPYIIIBI JBUKEHU
miockoct E? 1 mpocrpanctsa E3, eBxiumosa reoMerpus.

Tema 4. KpuBbie 1 NOBEPXHOCTH BTOPOI0 MOPSAKA

Onnuncel,  runepbosbl,  1MapaGoJikL. ONIUNcouspl,  TUNEPOOIOUIEI,
napaboJon/ibl, UMIMHAPE! K KOHYCHI BTOPOTO MOPsIAKa B mpocTpaHcTse K. Duryps!
BTOPOTO MOpsiAKa B IpocTpancTBax A" u E”.

IIpumepnsblii nepeyeHbs BompocoB mo Pasgeny 2. aasi MOATOTOBKH K

rocy1apcTBEHHOMY 3K3aMeHY:

1. Bektopsl B mpocrpanctBe E3, ckangpHoe, BEKTOpDHOE H CMEIIAHHOE
IIPOU3BEICHHUSI.

2. YpaBHEHUS [IPSIMBIX HA MIOCKOCTH E2, IpAMBIX 1 IUIOCKOCTEH B IIPOCTPAHCTBE
E3

3. Onnurc, runepbora, mapaboia, UX ypaBHEHHS U CBOMCTBA.
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4. KpuBble BTOPOro nopsiika Ha miockocru E2,

5. Ilonsatue ad¢unHOrO mMpocrpancTBa A", mpumepsl. Ilmockoct B A", ux
YPaBHEHUS ¥ B3aUMHOE PacIoJIoKEeHHUE.

6. IlomaTme eBKIMAOBa TOYEUHOTO TIpocTpaHcTBa E". OpToroHaabHOCTSH
mockocteld B E". PaccTosiHue OT TOYKH 10 MJIOCKOCTH.

Pazpen 3. YueOnas aucuuniauna «Auddepenuuansuas reomerpus u
TONOJIOT U

Tema 1. KpusBslie

ITonstve xpuBod. HatypanbHas napamerpuzaius kpuBoil. Pemep ®@pene.
®opmynsl Ppere. KpuBusHa u KpydeHHE KPUBOH.

Tema 2. IloBepxHocTH

Iloustie nosepxHoctu. IlepBas ¢dyHmameHTanmbHAs GoOpMa IOBEPXHOCTH.
Btopas QynmamenTanbHas QopMa moBepxHOcTH. HopMmanbHas ~— KpMBHU3HA
roBepxHocTH. IlonHas u cpeqHsst KpUBU3HBL. THUITBI TOYEK HA TOBEPXHOCTH.

Tema 3. MeTpuyecKkue H TONOJOTHYeCKHE MNPOCTPAHCTBA

IloHATHA METPHUYECKOIO U TOIIOJIOTUYECKOTO IIPOCTPAHCTB. 3aMBLIKaHHE,
BHYTPEHHOCTh X TIpPaHHMI@ MHOXECTBA B METPUUYECKOM M TOIIOJIOTHYECKOM
npoctpancTBax. [lonHoe MeTpuieckoe npocTpaHcTBO. HenpepbiBHbIE 0TOGpaXKeHM .
["'omeomopdusm.

Tema 4. KomnakTHOCTB U CBA3HOCTD

Ilonstne  xommakTHOCTH.  KpuTepum  KOMIOAKTHOCTH ~ METPHYECKOIO
npoctpaHcTBa. CBsi3HOCTh. [loHSTHE CBS3HOH KOMIIOHEHTHEI TOIIOJIOTMYECKOTO
IIPOCTPaHCTBA.

IIpumepHbii nepeyeHb BompocoB mo Pasgeay 3. misi NOATOTOBKH K
rocyaapcTBEHHOMY 3K3aMeHY:

1. Kpussle Ha mrockoctu E? u B mpoctpanctee E3, crioco6b! 3amaHus KpHBBIX.
HatypanbHas napaMmeTpu3anus KpUBOI.

2. KpuBusHa M Kpy4eHHE KPUBOH, HX I'€OMETPHYECKHH CMbICI. ®opmMy.abI
Ppene.

3. Tlosepxuoctu B E* 1 cioco6sl ux 3ananmus. KacaTensHas IIOCKOCTD M HOPMaJlb
B TOYKE ITOBEPXHOCTH.

4. Ilepasi pyngamenTaabHass ¢opMa NOBEPXHOCTH U 3a/1a4H, peliaemMble ¢
ee IOMOUIbIO.

5. HopmanbHas KpHBH3Ha IOBEpXHOCTH. Bropas ¢yHmameHTanbHas (opma
nosepxHocTH. IlonHas (rayccoBa) KpUBU3HA.

6. Ilonarue Tomonoruueckoro mnpoctpancrBa. CrnocoObl 3aJaHMs TOIOJIOTHI,
CpaBHEHHME TOIOJOrMi. BHyTpeHHOCTh, 3aMblKaHWe, TpaHMIlA MHOXKECTBA B
TOIIOJIOTUYECKOM MTPOCTPAHCTBE.

7. HenpepsIBHBIE 0TOOPaXEHHS TOTIOJIOTHYECKUX MIPOCTPAHCTB M MX CBOHCTBA.
Kputepuu HenpepsiBHOCTH. ['OoMeoMop husM.

8. KommakTHele ¥ CBA3HBIE TOIOJIOTMYECKHE MPOCTpaHcTBa. Kputepun
KOMIIAKTHOCTH METPUYECKOTO MPOCTPAHCTBA.



Pazgen 4. Yueonas qucnunianna «MaTeMaTHYeCKHIl aHATH3Y

Tema 1. MHoxecTBa U QpyHKI UM

IIoHATHE MHOXECTBA, OTHOLICHHS BKJIIOYEHUS M PABEHCTBA MHOMKECTB,
onepanuy HaJl MHOXecTBaMH. OTHOIIEHUS, OTHOIIIEHHE SKBUBaIeHTHOCTH. ObImee
NOHATHE (PYHKLMM, 00passl M IPOOOpasbl dIEMEHTOB M MHOXeCTB. KoMmosuims,
CIOPBEKIIMS, MHBEKLIMSA, OueKnus, obpatHas GpyHKIUsI. MOIHOCTh MHOYKECTBA.

Tema 2. Yncia 1 nocjieoBaTeIbHOCTH

MHOX€eCTBO BEIECTBEHHBIX YHCEN, €ro BaKHEHIHe MOAMHOXeCTBA. ToUHbIe
TpaHUlbl YUCIOBBIX MHOXKECTB. OnpeieNnenre npeselia ociea0BaTelbHoCTH. Ilpener
MOHOTOHHOH IT0CJIEZ0BATENBHOCTH, Yucio Oinepa. Kputepuit Komm cxomumocTu
[I0CJIEIOBATENIbHOCTH. Pasnuynble (GopMbl MOMHOTEI MHOXECTBA BEIECTBEHHBIX
uuces. YacTUYHbIe IIPEEbl OCTIEN0BATEIbHOCTH, BEPXHUN 1 HIDKHUI [IPe/Ielbl.

Tema 3. ®ynxuuu ofHOMN nepeMeHHOH M PAABI

Onpenenenne mpenena GyHKIMHA B Toyke. IISTh 3aMeyaTebHBIX IIpEEIIoB.
Onpenenenne HeNpepbIBHOCTH (DYHKIMHM B TOYKE M HA MHOXecTBe. OCHOBHBIE
TeOopeMbl 0 (PYHKIMSIX HETIPEePhIBHBIX Ha oTpeske (Beltepmtpacca i bonsiano-Komm).
Ilonsitne paBHOMEpHOM HempephlBHOCTH, TeopemMa KaHTopa. Onpenenenne
MPOM3BONHOM ¥ nuddepenimyana GyHKIME OXHOM IepeMeHoOH, TaGiuia
NPOM3BOAHEIX. OCHOBHBIE TeOpeMsI 0 AUM(GEPEHIUPYEMBIX (YHKIHIX (Depma,
Jlarpamxa, Kowm). IIpaBuna Jlomurans. ®opmyna Teitnopa ¢ ocrarkamu Ileano u
Jlarpamxa. VccnenoBanme (yHKUMH ¢ TIOMOIIBIO HPOM3BOIHOMN (9KCTpEMyMBI,
MOHOTOHHOCTB, ~BBINYKJIOCT). IloHATHE IepBOOGpPA3HOW U HEONMPENENISHHOTO
MHTerpana, Tabuua uaTerpanos. Onpenenerne unterpana Pumana. CyMmmbr Hap0Oy,
KPUTEPHH MHTETPUPYEMOCTH, KIACCHl HHTErPUPYEMBIX  (DYHKIHIA. ®opmyna
Hstotona-Jlelibnuna. HecoGcTBeHHbBIE MHTErPATIEI TEPBOTO 1 BTOpOTO poxa. [Toustue
YHCJIOBOTO Psna. AGCONIIOTHAS M YCIIOBHASL CXOAMMOCTD YMCIIOBBIX PSIOB. IIpuznaku
CXOIMMOCTH IOJIOXKUTENBHBIX PsinoB (anambepa, Komm, Paabe, ['aycca). [Tpusnaku
HAupuxne u AGens. Pan ®ypbe, ycioBus cXomuMoCTH psiza Oypre (B TOuke u
paBHOMepHO#). CBOHCTBA CyMMBI (YHKUHMOHAIBHOTO psiia (HeTIpephIBHOCTS,
1 epeHIpyeMOCTh, HHTETPUPYEMOCTE).

Tema 4. ®DyHKIHUH MHOTHX TepeMeEHHBIX

Honstue nuddepeniupyemoct QyHKUMH MHOTHX IepeMeHHbIX. UacTHble
IIPOM3BOAHbIC, TMPOU3BOJAHAS 110 HANPABJIEHUIO, TPANUEHT M €ro INeOMeTPUHUECKHUi
cmbIcn. Matpuna Slko6u. Teopemsl o HesiBHOM U 06paTHOH (yHKIHML. OKCTpeMyMbI
$yHKUME MHOTEX IepeMeHHbIX. Heo6XOmHMOe YCIOBHE, JOCTATOUHbIC YCIIOBUS
CYIIECTBOBAHMS SKCTPEMyMa.

Tema S. KpaTnble, KpuBO/IMHEHHbIE H IOBEPXHOCTHbIE HHTerpaJibl

Onpenenenve wuHTerpasa PuMaHa Ha  eBKIMIOBHIX IIPOCTPaHCTBAX.
Omnpenenenne KPUBONUHEHHBIX HHTETPAIOB 1-T0 U 2-T0 pona. ®opmyna ['puna.

IlpumepHbIii nepeyeHs BONPOCOB MO Paszgeny 4. pjas moaroroBku K
rocy1apcTBEHHOMY 3K3aMeHy:

1. MHOXeCTBO BEILECTBEHHBIX uucell. BaxHeie IIOJMHOXXECTBA B R M uX
MouHocTh. Teopema KanTopa 0 HeCUeTHOCTH MHOKECTBA BEIECTBEHHBIX YHCEIL.
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2. YucnoBble MHOXECTBA U UX TpaHuIbl. Teopema JleneknHaa o CYILIIECTBOBAaHUH
TOYHBIX TPaHUII.

3. Ilpexmen mocien0BaTENbHOCTH M €r0 CBOMCTBA (EAMHCTBEHHOCTD, ONEPAIUH
HaJl I10CIE€N0BAaTEeIbHOCTSIMH, MPEAEIbHBIA IIepexos B HepaBeHCTBax). Teopema o
npejeJjie MOHOTOHHOI Moc/eA0BaTebHOCTH. Yucio Ditnepa.

4. Kputepnii Komm CXOAMMOCTH MOCIEROBATENbHOCTH. IlpefenpHas Touka
MHOXeCTBa B R, nemma bosbnano-BelepinTpacca o CylecTBOBaHMHU IIpeelbHOM
TOYKH.

5. Teopema Kanropa o cTaruBarommeicst Iocien0BaTelbHOCTH 0Tpe3KkoB. Jlemma
bopeas-Jlebera o mOKPBLITHIX OTPe3KAa HHTEPBaJaMH.

6. Ilpemen GyHKIME B TOUKE M HEIPEpPHIBHOCTh. OCHOBHBIE TEOPEMBI O
HETPEePBIBHEIX ~ QyHKUMAX (OBe TeopeMbl bomsuano-Komm, pgBe Teopembl
BeiiepmiTpacca).

7. Ilpomssonnas u muddepeHupyeMocts, npasuna audepeHIIpoOBaHs.
[Ipown3BoHAs KOMIIO3UIIUY, IIPOU3BOAHAS OOPATHON (DYHKIUH.

8. Teopemsr ®epma, Pomns, Jlarpanska (0 KOHeYHbIX mpupamenusx), Komm
(00 OTHOLIEHUN IpUpPAIIEHUI).

9. IlpaBuna Jlonutajs pacKpbITHS HeonpeaeJeHHOCTeN.

10. ®opmyna Teitnopa ¢ ocratkamu B popme ITeano u Jlarpamka.

11. Onpenenenue wunTerpana Pumana mmst QyHKUME OnHOM ITepeMEHHOI.
Heobxonumoe ycnosue unTerpupyemoctu. Cymmel Jlap6y u ux cBOCTBa, KpuTepuit
HHTETpUpyeMOCTH. Kitacchl HHTETpUpyeMbIX (yHKIIWA.

12. TuppepenunpyeMocTs MHTErpala C I€PEMEHHBIM BEPXHHM HPEICIOM.
CywecrBoBanne mnepBooOpa3sHOl AJs HempepbiBHOH (yHKUHMH, popmyna
Hblorona-JleiiGnuna. VHTerpupoBaHHe IO 4YacTsAM U 3aMeHa IePeMEHHBIX B
OTIpEZIEJICHHOM HHTETpaJIE.

13. IloHsITHE YNCIOBOTO psiNa, CXOJAIIMECS U PACXOASIMecs paabl. Kpurepnii
Ko cxonumocTy 9ucnoBbIX psanos. [Ipu3HaKy CXOAMMOCTH TOJ0KHUTEIBHEIX PSIOB
(Kommu ¢ xopreMm, [anambepa, I"aycca).

14. AGcomoTHast W yCNOBHas CXOJUMOCTb YHCIOBBIX psmoB. Ilpu3Haku
Hupuxne u AdeJst.

15. OyHKIMOHATBHBIE PS/IBI M IOCIEAOBATEIbHOCTH. PaBHOMEPHAS CXOIMMOCTD.
Kpurepuii Komu paBHOMepHO# cxomumoctu. IIpu3HaKu Beiepitpacca, Abens u
Jvpuxie 11 paBHOMEPHOM CXOAMMOCTH.

16. VuTerpainbHble NpeCTaBIEHUs YACTHYHBIX CyMM TPMIOHOMETPUUYECKOIO
psna @ypbe. Jlemma Pumana-JleGera. IlpuHIMO JOKamu3amuu. Y CIIOBHUS
CXOAUMOCTH psifioB Pyphe (B TOUKE M paBHOMEPHOIA).

17. uddepenuupyeMocTs M dYacTHBIE NPOU3BOAHBIE (YHKIMH MHOTHX
IEPEMEHHBIX, IPOU3BOJHAS IO HAIPABJIEHHIO, I'paJWeHT. [IpOoM3BOIHBIE BBICIINX
nopsnKoB, Teopema [IBapia o paBeHCTBE CMEIIAHHBIX IPOU3BOHBIX.

18. JloxkanbHble SKCTpeMyMbl (YHKIMM OIHOM M MHOIHX [IEPEMEHHBIX.
HeobxoMble yCI0BUS U IOCTATOYHBIE YCIOBHS JIOKAILHOTO SKCTPeMyMa (hYHKIIHH.

19.  Teopembl o0 HesBHOM U o0OpaTHOM (YHKIMAX, YCIOBHS HUX
11U hepeHIIPyeMOCTH U (HOPMYIIBI IS IPOM3BOLHEIX.
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20. Mepa XKoprmana B R™ u ee cBoicTBa: MOHOTOHHOCTb, AJJAUTHBHOCTS,
Cy0aIIUTUBHOCTb.

21. Unterpan Pumana B R™ 1 ero cBOHCTBRa. Csenenne nnrerpana x IIOBTOPHOMY
(Teopema OyOuHK), 3aMeHa ITepeMeHHOl B KpaTHOM HHTerpaJe.

22. KpuBosuHeHHbIE UHTErPaIBI K MX OCHOBHBIC CBOMCTBA. ©®opmyna ['puna.

Paznen 5. Yuebnas gucuuniuna «Teopus pyHxumii KoMIIEKCHOTO
nepeMeHHOI0»

Tema 1. Ananurnueckue pyHkuuu

IIpousBonHast (GyHKIMM KOMILIEKCHOTO IIEPEMEHHOT0 M €€ I'€OMETPUYECKHIA
cMbIci. YcnoBust Komu-Pumana. Ananutudeckast ¢ynkuums. MHTerpansHas Teopema
Kowm. MnTerpansuas Gpopmyna Ko,

Tema 2. Crenennnie PAABI K BbIYEThI

CrenenHolt psin, panmyc CXOIHMOCTH, (opmyna Kommu-Anamapa ms panuyca
cxomumoctH. Psin Teitnopa. Psin Jlopana. MsonupoBanHble 0COOBIE TOUKH M HX
Kiaccupuranus. OCHOBHAs TeopeMa O BHIYETAX.

IlpumepHblii nepeyenns Bompocos Mo Pasgeny S. nas moaroroBkm K
roCy1apcTBEHHOMY 9K3aMeHy

1. IlpousBogHast OT GyHKIIMM KOMIUIEKCHOTO IIEPEMEHHOTO ¥ €€ T€OMETPUYECKHUT
cMbICIL. YcnoBus Komu-Pumana.

2. OJIEeMEHTapHbIE  AHATUTHYECKUE QyHKIMM  (9KCTIOHeHNHanbHas,
norapu(MuyecKas, CrerneHHas, TPUTOHOMETPUYCCKME M TUNEPOOIUYECKHE U
0OpaTHbIE K HUM).

3. WnrerpansHas Teopema Koy, Nurerpanbuast popmyna Kowmn.

4. Crenennsle psasl. QopMyiia Koum-Anamapa. Pasnoxenue amanuruueckoii
dynxuuu B psix Tetinopa. CBOHCTBA aHATUTHIECKUX byHKIMIA,

5. Pa3jio:keHHe aHAJHTHYECKOI ¢yuxunn B psg Jopana. H3onuposannsle
0COObIe TOUKM U HX KIacCU(HKAIHs.

6. BbI4eTsl U HhOpMyJIEI IS MX BBEIYUCIICHUSL, Teopema Komu o Bergerax. Beruer
B OECKOHEYHO yJaJIeHHOH TOUKe. Teopema o nosHOM cyMMe BBIUETOB.

Pazpnes 6. YuyeOnas nucuuminna «DYHKIHOHAIBHBIH aHAJTIN3Y
Tema 1. Mepa u unrerpas Jlebera
Koibua, anrebpsr, o -anre6pbl MHOXKeCTB. Mepa Ha KOJBLE MHOXECTB. o -
AIINTHBHAS Mepa Ha KOJNbLle MHOXeCTB. bopeieBckue MHOXecTBa, IIPOJOJKEHHE
Mepsl 110 JIebery. VizamepumMsble MHOMeCTBA. zmepumple Gpyrximun. UaTerpan JleGera.
Tema 2. Merpuueckue u HOPMHPOBAaHHLIE IPOCTPAHCTBA
Cxolsmascs  OCIeN0BaTeIbHOCTS, rnocnenoBaTesibHOCT,  Komu B

METPUUYECKUX IIPOCTPAHCTBAX. CxomumocTs (GyHKIHOHANBHBIX
TIOCNIC/IOBATENBHOCTEH:  TOYEYHAS CXOAMMOCTb, CXOOMMOCTH IIOYTH BCIOJTY,
PaBHOMEpHAs  CXOAMMOCTb.  OTOOpaXKeHMS:  HeHpepbIBHEIE, PaBHOMEPHO

HEIPEPLIBHBIC, YNOBICTBOPSIOIIME YCIOBUIO Jlummuma. IlomHoe METPHUUECKOE
IPOCTPanCTBO. IIpuHumn cxxuMarommux oTobpaxenuit. ITomonHe e METPHUYECKOIO
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npocTpaHcTBa. Berogy miotHoe MHOXkecTBO. Hopma Ha BEKTOPHOM IMPOCTPAHCTBE.
BbanaxoBo nmpocTtpancTBo. [IpocTpancTBa CyMMUpPYeMbIX (QYHKITHIA.

Tema 3. JIuHeliHble onepaTopbl

JIuHeiHbI oOrpaHWYeHHBIA omepartop. Hopma nuHEWHOro OrpaHUuYeHHOIO
onepatopa. JInHeliHble UHTErpalbHbIe onepaTtopbl. O6pa3, sapo, TpaduK JIUHEHHOTO
onepatopa. O6patumslii onepatop. CoOCTBEHHBIE 3HAYSHUS K COOCTBEHHBIE BEKTOPBI
nuHeWHoro oneparopa. CriekTp JMHEMHOro oneparopa.

Tema 4. I'nab0epToBBI NIPOCTPAHCTBA

CkansipHoe mnpowusBenenue. ['mipbepToBo mMpocTpaHcTBO. OpPTOroHANBHEBIE
BeKTOpEL. IIpoeknus BexTopa. bazuc B HOpMUPOBaHHOM BEKTOPHOM IIPOCTPAHCTBE, B
runs0epToBOM npocTpaHcTBe. Psn @ypse 1O OPTOHOPMHPOBAHHOW CHCTEME B
I'MILOEPTOBOM MIPOCTPAHCTRE.

Tema 5. ConpsizkeHHO€ IPOCTPAHCTBO

JInHelHbId OrpaHWYeHHBIA (QyHKIMOHANI. [IpocTpaHCTBO, CONpPSHKEHHOE K
HOPMHPOBAaHHOMY BEKTOPHOMY IpoCTpaHCTBY. CONpsSKEHHBIM omeparop K
JINHEWHOMY OIPaHUYEHHOMY OIIEpaTopy.

Tema 6. KomnakTHble onepaTopsbl

IIpeIKOMIIaKTHBIE, KOMIIaKTHbIE MHOXXECTBAa B METPHUYECKOM IIPOCTPAHCTBE.
KomnakTHbIe oniepaTopsl.

IlpumepHbIli nepedyeHb BompocoB mno Pasgeny 6. ajisi mMOAroToOBKH K
rocyapcTBeHHOMY 3K3aMeHy:

1. IloynHbIe MeTpHUYECKUE TpOCTpaHCTBa. [IpuHIMIT BIOXEHHBIX I1apoB. Teopema
bapa.

2. HepaBencta lOura, I'enbaepa, Munkosckoro. Ilpoctpanctsa L,[0,1] ux

IIOJIHOTA.
3. IIpypHIUN CXKUMAIOIIUX OTOOpAaKEHHIH.
4. IlpuMmeHeHHe IPUHIMIIA CHXHMMAIOIIUX OTOOPaXeHUH K HHTETrpalbHBIM

ypaBHEHHUSM B IpocTpaHcTBax Cla,b|u L, (T, ).

5. BexropHrie IIPOCTPaHCTBA. ITonsTHe TOIIOJIOTUYECKOTO
BEeKTOpHOronpocrpancTea. Hopma u nonynopma. HopmupoBaHHEBIE IPOCTpaHCTBA.

6. JluneiiHple orpaHuMYeHHble omneparopbl. Hopma omeparopa. MHTerpanbHble
omepaTopsl B pocTpaHcTax C[0,1] u L, [0,1].

7. CkansgpHoe npousBesieHue. [ miIb0epTOBbI MPOCTPAHCTBA.

8. Teopema 0 nmpoeK UM B rHIb0EPTOBOM NPOCTPAHCTBE.

9. Teopema 00 06paTHMOCTH oNepaToOpa, GJAM3KOro K eTMHUYHOMY.

10. CoGcTBeHHBIE 3HAYeHHsI H COOCTBEHHbIE BEKTOPHI CAMOCONPSIKEHHOI0
omepartopa.

Pasnen 7. YueOnas pucuuninna «Teopusi BeposiTHOCTe H MaTeMaTHYecKas
CTATHCTHKA»
Tema 1. BeposiTHOCTB
OnemeHTapHOE COOBITHE, CIydaifHOe COOBITHE, MPOCTPAHCTBO SJIEMEHTAPHBIX
cobpTuii. Anrebpa u o -anrebpa -coObiThit. BeposSTHOCTHOE IPOCTPaHCTBO,
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BeposTHOCTh.  Kiaccumueckoe,  KOHEYHOE,  JUCKPETHOE,  I€OMETPUYECKOE
BEPOSTHOCTHBIE MPOCTPAHCTBA. YCJIOBHAS BEpPOSITHOCTh, HE3aBUCHUMOCTH COOBITHH.
Cxema bepnymnu.

Tema 2. Cnyuaiinble BeJINUMHBI U HE3aBUCHMOCTD

Crnyualinas BenmuuunHa, ee GyHKIUs pacnpenenenus. JJuckpeTHsie U abCoMOTHO
HEeNpepbIBHBIE paclpeliesieHus], IJIOTHOCTh BEPOSITHOCTH. O -alirebpa, MmopoxaeHHas
CllydyallHOM BeNW4YMHOU. PacmpeneneHue BepOSITHOCTEN, HE3aBUCUMOCTh CIIy4alHbIX
BeJIMYMH. MareMaTuueckoe OXHUIaHue, IUcIepchs, KOod()QUIMEHT KOppessiuu.
Xapakrepuctuuyeckas QYHKIUS CIIyIalHON BETUIHHEI.

Tema 3. IlocsienoBaTeIbHOCTH CJIYyUYAHHBIX BeJTHYHH

IlenTpanbsHas npeaesbHast TeopeMa, 3aKOH OOJIBIINX YHCell, YCUIEHHBIA 3aKOH
Oonpimx uyucen. [loHsTwe o ciydyallHOM TpoIlecce, MyaCCOHOBCKUM CITydalHBIN
npolecc, Ciay4aiHbIi mpoiecc 6poOyHOBCKOTO JIBHXKEHUS.

Tema 4. MaTemaTH4ecKasi CTATUCTUKA

Bribopka, BapHAIlMOHHBIM pST BBIOOPKH, CTAaTUCTHKA. HeCMeIeHHOCTb,
COCTOSITENIBHOCTh, ONTUMANBHOCTh, S(PPEKTUBHOCTh CTATUCTHYECKOM OI[CHKHU.
JocTaTouHasi CTaTHUCTMKA, CTaTUCTHYECKas TUIIOTe3a, MapaMeTpuyeckas TUIIoTe3a,
JIMHENHas perpeccus, METOJl HAaMMEHBIINX KBaJIPaToB.

IlpumepHblii mepedeHb BompocoB mno Pasgeny 7. oyt MOATrOTOBKH K
rocyiapcTBeHHOMY 3K3aMeHY:

1. Akcuomaruka Konmoroposa. Y clioBHbIE BEPOSTHOCTH.

2. UwucnoBple XapakTEpPUCTHKU CIydallHBIX BEJIMYMH — MaTeMaTHIecKoe
OXUJaHue, JUCTIePCHsl, KO3(DPUIMEHT KOPPENSILUY U UX CBOUCTBA.

3. Kpurepunm He3aBHCHUMOCTH CJIy4YaiiHbIX BeJHYUH (IMCKPETHBI,
a0COJIIOTHO HenpepbIBHBIM).

4. IlenTpanbHas npefelbHasi TeopeMa AJs OJHMHAKOBO pacrpeaeleHHbIX
cjaraeMbix.

5. 3axoH GONBIINX YHCEIL.

6. HepaBenctBo u TeopeMsl Konmoroposa.

Paspen 8. YueOnas qucunniauna «/Audgdepennuanbubie ypaBHeHUSD

Tema 1. OcHOBHbBIE IOHATHS

OObIkHOBEeHHBIE AU (epeHLuaIbHbIe YpaBHEHHUS, I[I0JI€  HaIpaBJICHUH,
pelllenue, UHTerpaibHas KpuBas, 3agada Ko,

Tema 2. YpaBHeHus 1-ro nopsiaka

OObIkHOBeHHBIE AU depeHLnanbHble ypaBHEHHsS IIEPBOTO IOPSAKA C
pa3meNIONMMUCSA  I[IEPEMEHHBIMM, JIMHEWHble, PuUKKaT® W B  IIOJHBIX

nud GepeHranax.
Tema 3. Cucrembl 1 ypaBHEeHHS] H—T'0 MOPSAKA
@dyHaMeHTaIbHas cucrema pereHui OJTHOPOIHBIX JIUHEHHBIX

nudepeHIuanbHbIX YpaBHEHHN #-T0 TMOpsaka. MeToa BapualMy IPOM3BOJILHEIX
IIOCTOSIHHBIX [JI1 HEOOHOPOJHBIX JIMHEHHBIX AU(QPEpeHIHaTbHBIX YpaBHEHUN #-TO
TOpsIAKA.

Tema 4. OcoOble TOUKH U YCTOHYHBOCTh
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Oco0Ople TOYKM aBTOHOMHBIX CHCTEM: Yy3el, ceajio, (oKyc, ILEHTp.
YcroluuBocTs pemeHuit no JlismyHoBy, Gyskiuu JlsnyHosa.

IIpumepnplii nepedyeHb BompocoB mo Pazgeny 8. gist moaroroBkm K

rocyJapcTBEHHOMY 3K3aMeHYy:

1. Kpurepnii ypaBHeHHSs B HOJHBIX AU} depeHnunaax.

2. basuc nppocrpaHcTBa pelleHMii JuHeidHOro guddepeHuHaILHOrO
ypaBHEeHHs N—TO NOPSAKA.

3. Teopema cylecTBOBaHMS U €IUHCTBEHHOCTH pelreHus 3agaurd Komw mis
cucreM UG hepeHInaNbHBIX YPaBHEHHH.

4. Jlunelinble omHOponHble MuddepeHIManbHble ypaBHEHUS 2-TO IMOPSIKA.
KonebaTenbHbI# XapakTep peleHu.

5. JluHelinble ypaBHEHUs] B YAaCTHBIX IPOM3BOJHBIX MEPBOTO IOPsAAKA. 3amada
Komm. Cxema e€ pereHusl.

6. JInneiHbIe OMHOPOAHBIE CUCTEMEI C IOCTOSIHHBIME K03 uIenTaMu. MeTox
Ditnepa.

7. Ocobble TOYKM aBTOHOMHBIX CUCTEM: Y3ell, CeT0, DOKYC, IIEHTP.

8. Ilonarue ycroiumBocTH pemeHuil AudbepeHInalbHbEIX YpaBHEHHH. MeTox
¢ynxiuit JIsmyHoBa.

Pazgen 9. Yyebnas qucuuminHa «YpaBHeHHs] MATeMATHYECKOH (PUIMKH»

Tema 1. Beenenue B ypaBHeHUsI MATEMATHYECKOI (PU3HKH

OcHoBHBIE ompeneneHus u(DepeHINANBHbIX YPaBHEHUH C YaCTHBIMH
nponsBoaHeIMU. Knaccupukanus nuddepeHInanbHbIX ypaBHEHUM C YacTHBIMU
IIPOU3BOAHBIMU BTOPOIO MOPSIIKA.

Tema 2. I'nnep6osinyeckne ypaBHeHHSs

Perenne 3amaun Komm [yl OZHOPOZHOTO ypaBHEHHs KOJeGaHMI CTPYHBI
MeronioM xapakrepuctuk. @opmyia [lanambepa.

Tema 3. Ilapabonuyeckune ypaBHeHHS

IIpuHIMIT MUHUMyMa H MakCHUMyMa JUIS YpPaBHEHHS TEILIOIPOBOHOCTH.
EnuHCTBEHHOCTS pentenus 3aga4un Kommw ayst ypaBHEHUS TEIIOIPOBOLHOCTH.

Tema 4. daaunrTuyeckne ypaBHeHUs

OcHoBHBIE KpaeBble 3ajaudl Juis ypaBHeHus Ilyaccona. CBolicTBa
rapMOHHYECKUX (YHKITUH.

IlpumepHblii nepedeHb BompocoB mo Paszgeny 9. aasi MOAroTOBKH K

rocy1apcTBEHHOMY SK3aMeHYy:

1. Knaccupuxanus  mguddepeHIManbHBIX  ypaBHEHHMH C  YaCTHBIMH
IPOU3BOJHBIMU BTOPOTO ITOPSIAKA.

2. Pemienue 3apauu Kouu 17151 0iHOPOAHOT0 YpaBHEHHUsI KOIeGaHUIl CTPYHBDI.
®opmyaa lanambepa.

3. IlppHUMI MUHEMYMa H MAKCHMYMA [JIs1 ypaBHEHHUSI TEILIONPOBOJIHOCTH.

4. Teopema eIMHCTBEHHOCTH peIIeHUs 3amaur KoM 1y ypaBHEHHS
TEIIONPOBOIHOCTH.

15



5. OcHOBHEIE KpaeBble 3a1auu AJis ypaBHeHus [Iyaccona.
6. CBoiicTBa rapMOHUYECKUX (HYHKIMH.

Pazgen 10. YueoHas nucuuniuna «MceneqoBanue onepanuinn»
Tema 1. UccneqoBanue onepauui
Teopema 0 MakCUMaJIbHOM ITOTOKE U MHUHUMaJIbHOM pa3pese. HeoOxonumele u
JOCTAaTOYHbIE YCJOBUs CYIIECTBOBaHHMs diiepoBa Ikia B TIpage. Teopema o
Pa3I0XKEHUH MOJIOKUTEIBHOIO IIOTOKA.

IIpumepHublii nepeyenb BonpocoB no Pasgeay 10. aasi moAroTroBKH K
rocylapcTBeHHOMY 3K3aMeHY:
1. Teopema 0 MAKCUMAJBLHOM NOTOKEe H MUHUMAJIBHOM pa3pese.
2. Heo6xomumble U TOCTATOUHbIE YCIOBUS CYLECTBOBAHUS JilllepoBa LIUKIIA B

rpade.
3. TeopeMa 0 pa3ioOKeHHUHU MOJOKHUTEIBHOTO ITOTOKA.

Pa3zgen 11. YueOHasi AUCHUIUIMHA «JKCTPeMabHble 3aJaUumn»

Tema 1. MeToabl ONITUMHU3ALUH

OKCTpeMyM, JIOKQJIBHBIA OSKCTPEMYM, YCJOBHBIM BKCTpeMyM (GYHKIIHH.
Oynkiuga Jlarpamka. Meton MHOxuTenei Jlarpanxa.

Tema 2. JIuHeiiHOe NpOrpaMMHUpPOBaHUE

JIuneiinas skcTpeMaiibHas 3a1ada. CUMIIIEKC-METO.

Tema 3. Boinykiiasi onTUMH3aLH s

Brinmykiible MHOXECTBa, BBINMYKJble (YHKLUHH, BBIIYKJIbIE 3KCTpeMajbHbIe
3anaun. Teopema Kyna-Taxkkepa.

IIpumepnbiii nepedeHb BompocoB no Pazgeny 11. s moAroroBkm K

rocyAapcTBEeHHOMY dK3aMeHy:

1. JloxanpHbli u rioGanbHBIl MuHMMYMBL JluddepenuupyeMocts 110
HalpaBJICHUSIM, TIOJIHAs] IPOU3BOIHAS.

2. Ilpunuun Jlarpamxa s 3agad C OrpPaHUYEHUSIMA THUIIA PABEHCTB MU
HEpaBEHCTB.

3. JIuneiinas skcTpeManbHas 3a1a4a. CUMILIEKC-METO/.

4. BeinykJjible MHOKecTBa U pyHkHU. UX 0CHOBHbIE CBOMCTBA.

5. Beimyknas 3amada onTUMHU3aluU. YcinoBHe peryisipHoctd Creitepa u
Kputepuid ontuMmanbHocTH Kyna—Takkepa.

Paznen 12. YueOnas aucuumiuHa «BapuaumonHoe ucyuciaeHue»
Tema 1. Bappanuonsoe ucumcieHue
Bapuanuonnas 3apmava. IIpousBomHble B BEKTOPHBIX MOPOCTPAHCTBAX:
IIPOU3BOJHAs IO HANpaBIeHUIO, Bapuanusi 1o Jlarpanxy, ypaBHeHue Oinepa-
Jlarpanxa. YcnoBus Jlexxannapa u Sxko6u.
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IIpumepHbIii NepedeHb BOMNPOCOB IO Pazpeny 12. piasi MOArOTOBKH K
rocyJapcTBeHHOMY dK3aMeHy:

1. IIpousBogHbie B BEKTOPHBIX npocTpaHcTBax (IpousBoAHas MO
HANIpaBJICHUIO, BapUalusl 110 JlarpaH:Ky, NpoOu3BOAHAs 110 I'ato, mpou3BoaHAasl N0
®peme). CBsA3H MexKITy NPOUIBOAHBIMH.

7. HeoOxomumoe YCJI0BHE 3KCTpeMymMa B Kjaccu4ecKkoil BapHAIMOHHOM
jajaue --- ypaBHeHue Jijepa — Jlarpamska. BbiBoA ypaBHEHMS Ditaepa --
JlarpaHoxa.

3. Bropas Bapualys HHTEIpajbHOIo dyHkumoHana. Heobxomumble yCIOBHs
Jlexxanzpa u SIko6u.
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