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PaGouas mporpamma mucuunimnel paspaGotaHa B COOTBETCTBHH C npukazom MuHucTEpCTBA
obpasosanus «O6 yrBepKacHHU (eaepabHbIX rOCY/IapCTBEHHBIX TpeboBaHuii...» Ne 951 ot 20
okTs0pst 2021 1., TpeOOBAHMIME K OCHOBHBIM NPOIPAMMAM TOFOTOBKH HAYYHBIX M Hay4YHO-
HEIarorutCekux  KaZpoB,  CaMOCTOSATENbHO  YCTAHABJIMBAEMBIMH B MOCKOBCKOM
FOCYIAPCTBCHHOM YHHBEPCUTCTE, YTBEPIKICHHBIME TIPpHKa3oM pextopa MI'Y 24 nosabps 2021 r.
Ne 1216, nacioprom HaydHOM CrIEMHATLHOCTH.

1. Kpatkas anHoTanus:
Cneyuanvnocmo

Ltk u3y4enus MCIUILTHHBI — 1aTh 00YYar0IuMCs MaTeMaTH4eCKyI0 OCHOBY JUIsl IIPOBEIECHUS
Hay4HBIX HCCIICIOBAHUN B paMKaX Hay4HOii crienuanbHocT 1.1.2. Takoil OCHOROI SIBIISIOTCS
(GyHKIMOHANBHBIH aHAIIM3, TEOPHS 0OBIKHOBEHHBIX i epeHIHaNTBHBIX YPaBHEHUH U TEOPHS
YPaBHEHUH B YaCTHBIX IIPOU3BOAHBIX. BIIOK, cOOTBETCTBYIOMIMIA BapHAIIMOHHOMY HCYMCIEHHIO H
OUTHMAILHOMY YIPABJICHUIO, BKIIOYEH [Uls OCBOSHHUS HTUX PA3AEIIOB, MMEIOIIHX BAKHOE
SHAYCHHE JUIA NPHIIOKCHUS. HANIpaBIeHHH ucceienosanuit 1.1.2. Biok, cooTBETCTBYOMHIA
MCXAHHKE KOCMIYIECKOTO T0JIETa, TPEOyEeTes JUlsl TOHMMAHUS OCHOBHBIX STAIIOB IIPHMEHEHMUS
MaTEeMaTHYeCKO# 0asbl B MPHIOXKEHUAX Hanpasienus 1.1.2.

2. YPOBEHE BBICLIETO 0GPa30BAHMS— [0/I'OTOBKA HAYYHBIX M HAYUHO-TIEArOIHUECKHX KaJIpoB
B acIUpaHType

3. Hayunas crienmanbiocts: 1.1.2 — «/luddpepennuannupie YPABHEHHS H MaTeMaTHYeCKAs
puzukay»
0bsacTh Hayku: GpU3MKO-MaTeMaTHYCCKHE HAYKH

4. MecTo uctumuMHbl (MOAYIISA) B CTPYKTYpe [IporpaMmsI acriupanTypsl:
CrienmanbHocTs — 9ran 1.3 yuebHoro miana IIPOTPaMMBbl aCIIUPAHTYPhI.

5. ObbeM nuCHUILIMHBL (MOZYJIs1) B 3aUETHBIX €THHMIIAX C yKa3aHHeM KOJIMYeCTBa
AKaJICMHIECKHX UIIH ACTPOHOMUYCCKHX YaCOB, BbIIETEHHBIX HA KOHTAKTHYIO paboTy
00y4aroMXcsl ¢ TIPeno @apareseM (1o BUIaM yaeGHbIX 3aHSTHH) ¥ HA CAMOCTOSITENIBHYIO paboTy
00YYaKOIHXCS:

Obvem oucyuniunvt (MoOyns) cocmaensiem 3 3auemipix eounuywl, 6ceeo 108 uacos,
U3 Komopulx __ 83 uaca cocmasisem konmaxmuas paboma cmydenma ¢ npenooasameiiem
(__65_ uacos sansmus rexyuonnozo muna, 20 yacos MEPONPUSIMUSL MEKYUe20 KOUMPOis
yeneeaemocmu u npomMedicymounou ammecmayuu), 25 uaca cocmasisem
camocmosmensHas paboma yuauye2ocs.

6. Bxozuble TpeGoBamus Jisi OCBOCHHS JIMCITHTITHHET (MOJYJIs), [IPE/IBAPUTENLHBIE YCIIOBUSL.

B crieunanurere / Marucrparype Ha IPeBIAYIMX YPOBHSX BBICIIETO 00pa3oBaHusI JOJIKHI
OBITh OCBOEHBI O0IIME KYPCHI:

1. JlononHuTeIbHBIE INIaBbl MATEMATHYCCKOTO AHAIHN3A
2. Jluddepenpaibbie ypaBHeHHS
3. Bapuannonnoe HCUHCICHHE U ONTHMAIIBHOE YIPABICHHE
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8. ObpazoBaTe/ibHbIE TEXHOIOTHH.
[IpoBoasres nekunu ¢ ucrnonbs3oBannem MYJIbTUMEIMHHOM TEXHUKM; JIEKLMH-AEMOHCTPALIUHN U m. .

9. YuebHO-METOAMYECKHE MATEPHAITBI JUIS CAMOCTOSITE/LHOI padoThl 10 AUCLMUILIMHE (MOIYJIH0):

ACNMPaHTaM [PeJIOCTABIIACTCS NPOrpaMMa Kypea, M1aH 3aHsTHH 1 3a1aHus AJIsl CAMOCTOATENBHOM paboThi,
PE3CHTALMHU K JIEKIMOHHBIM 3aHATHUSIM.

10. PecypcHoe obecrieuenue:

[lepeuenb ocHOBHOM 1 BerioMoraTebHoit Y4eOHOM JINTepaTyphl KO Beemy Kypey

Ocnopnasi 1uTeparypa:

1.

10.

11.

AH. Konmoropog, C.B. ®omun. aemenmoi meopuu yHkyull u PYHKYUOHANbHO20 aHAAU3A.
CeabMoe uzganue. MockBa: ®usmartauT. 20109,

B.H.  Boraués, O.I. Cmonanos. Jeiicmeumenvuoli u PYHKYUOHAALHBIT — GHAAU3.
Yrusepcumemckuii Kypc. Mocksa: Perynsipasi n xaoTHueckast AuHamuKka. 2009,

ASl. Xenemckuii. Jlekyuu no PYHKYUOHAALHOMY AHAAU3Y. Bropoe usnanue. Mocksa: MIIHMO.
2014.

P. Surenbkunr. O6was monosozus. Mocksa: Mup. 1986.

H.LI. T'ox6epr, M.I. Kpelin. BsedeHue @ Meoputo AUHELHbIX HeCaMOCONPANCEHHbLIX onepamopos.
MockBa: ®uamaTauT. 1965.

B.M. Jlesuran, U.C. Caprcsn. Onepamopui mypma-Jluyeunna u fupaxa. Mocksa: Mup, 1988.

M.A. Haiimapk. Jluneiinbte dugbgheperyuanbHoie onepamopul, Mocksa: Ilporpecc-Tpagunua
2010.

¥

JL.C. TlonTpsarun O6bikHOGeHHbIe dudheperyuansroie ypasrenus, M.: YPCC, 2019 .
0.A. Onelinuk. Jlekyuu 06 ypagHeHUsIX ¢ YacmHbIMu nhpouseodHsimu, Mocksa, Bunowm, 2005.

B.H. Macnennuxosa. Jupgepenyuanshvie ypasHenus e uacmiuoix npoussodHuix, Mocksa, PY/[H,
1997.

B.IL. Muxaitnos, AK. Tymun. JonoawumensHuie 2aaebi Kypca «YpaeHeHusi mamemamuyueckoll
¢husuku», Mockga, 2007,

Jomonnurensnas aurepartypa:

1.

K. Hocupa @ynkyuonanshoili anaauz. Mocksa: URSS. 2007.
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2. AM. CaBuyk, M.B. CajoBHHuas CnekmpanbHoill aHaau3z 00dHOMepHOIT cucmeMbl HAupaka ¢

CyMMmupyemblm nomexyuasom u onepamopa lmypma-Jluysunis c Koaghpuyuenmamu -

pacnpedeaenusimu. CoBp. MaTeMaTHKa. ®yny. Hanpassienns. T. 66 Ne 3, 2020, c. 373-530.

3. B.W. ApHoubj O6bikHOBEHHDIE duggepenyuansroie ypasHenus, M.: Hayxka, 2014 r.
4. W.I'. Tletporckuit Jexyuu 06 ypasnenusx ¢ wacmupimu npouseoonvimu, Mocksa, @usmariur, 2009,

[lepeuens ucrnonbzyembix MH(OPMALMOHHBIX TEXHOJIOTHH, HCIIONIB3YEMbIX MPH OCYLECTBICHU M
00pa3oBaTeNLHOTO NpoLecca, BKIKUas NporpamMMHoe obecneuenne, HHYOPMALMOHHbIE CIIPAROYHEIE
CHCTEMBI (IIpH HEOOXOUMOCTH):

Onucanune MaTepranibHO-TEXHUYECKOI 6asbl.
3aHsTUS IPOBOJATCS B ayIMTOPHH, OCHAIIEHHOI MYJIbTHMEMIHBIM 9KPaHOM

u m.o.

I'1. SI3eik npenojaBanus — pycckuii

12. Tlpenopasarenu:

Lhe B i B e

. h.-m.u. 3a6.xaghedpoit Cadosenuvan Huna Buxmopoena., ivsad@yandex.ru

H.p.-m.n., npogeccop Casuyx Apmém Maprosuu, artem_savchuk(@mail.ru

H.p.-m.n., dexan Cazonos Bacunui Buxmoposuu, sazonov@cosmos.msu.ru

K.p.-m.n., ooyenm Camwinoscruii Hean Anexcanoposuy, ivan.samylovskiv@cosmos.msu. ru

Donanl OUEHOYHBIX CPEICTR, HGOGXOHHMHG JJIsl OHEHKH Pe3yJIbTATOB oﬁyqe}mﬂ

Obpasiibl JoMalHKX 38 aHUii:

Bornpocer aia npomeskyrounoit atrectanuu — 3agera (ax3amena):
[loHsiTe MeTpUUecKOro M HOPMHPOBAHHOIO npoctpancrea. [Monnora. [Mpumepsr npocrpancrs:

MPOCTPAHCTBa nocnenosarenbHocTel Ip, ¢,c0, npoctpancTsa GyHKIHI Lp, C.

CTpyKTYpbl  HOPMHPOBAHHBIX MPOCTPAHCTB:  MOANPOCTPAHCTBA  (3AMKHYTOCTB,  CymMa,
AOTIOJIHAEMOCTD), MPUONIMIKEHUE BEKTOPA 10 [IOANPOCTPAHCTBY, SNCUIOH-NIEPIEHIUKYIAP.
[Tonsatue runsbeprosa npoctpancrsa. [losHora. [pumepsl npoctpancre: 12, L2, knaccuueckue
npocrpancTa CoboJiesa. [Tonnora.




10.

11

13,

16.

L.

18.

[Monnpocrparcrsa B runsGeprosbix MIPOCTPAHCTBAX, OPTOrOHANLHOE JIONIOJIHEHHE, €r0 CBOICTBA,
OTPONPOEKLIHS.

Oproronansusie u OPTOHOPMHUPOBAHHEIC CHCTEMBI, Ga3uChl, TeopeMa Pucca-®uiepa. Tpumeps)
6asucos B 12, L2 u xnaccuuecknx npocrpancrBax Cobonera.

Komnaxkthocts u  Brnosne OPPAHHHYEHHOCTh B HOMMPOBAHHLIX [POCTPAHCTBAX. Kpurepuii
Xaycnopda. Kputepuu komnakthocTy B KOHKpETHBIX npocrpancrsax: Ip, C, Lp, npoctpancrsa
Cobonega.

Jluneiinble  HenpepbiBubie  (yHKUMOHANL B HOPMHPOBAHHBIX MpocTpaHcTBax. (OCHOBHbIE
cBoficTea. Teopembl 06 o6iem Bue (yHKuHOHANOB rUABGEPTOBBIX fpocTpanersax, B Ip, C, Lp.
npocrpancTeax Cobonesa. Onucanue compsikeHHbIX MPOCTPAHCTR.

Jluneiinble HenpepbiBHbIE OHEPATOPBI B HOPMUPOBAHHLIX NPOCTPaHCTBAaX. OCHOBHbIE CBOMCTRA.
[Ipumepst. [TpocTpancrso onepatopos. Crnabast 1 CHIbHAs CXOAMMOCTD BEKTOPOB, (DYHKIIMOHAJIOR
1 OIIEpaToOpoB,

Obparumocts oneparopos — Teopema Banaxa. Criektp orpannuensoro orneparopa (pazjiMuHas
Ki1accu(puKallns), ero cBOMCTBA. [Tpumepi.

KomnakrHsie oneparopsr, vx croiicTea. CrieKTp KOMIakTHOro oneparopa. Teopembl ©penrosibma.
IIpumeps! (MHTErpanbHbIe OTIEPATOPEI).

- OPMHTOB CONpSIKCHHBIH onepatop. [lousTie HEOrpaHMYeHHOro oneparopa. 3aMKHYTOCTE M

3aMbIKACMOCTb,  pacllMpeHue M cyskenue. CONpsIKEHHbIH HEOrpaHUYCHHBIH  omneparop.
CHMMETPHUHOCTB 1 CAMOCONPSIKEHHOCTD. Criextp conpsikeHHoro onepatopa. Unekch] nedexra.

- Homyrpynnel oneparopos u nx reneparopel. Teopema Xumne-Hocuapl, Teopema CroyHa.

["onomopdueie monyrpynrsi. Teopema Karo. I[Tpumepbr.

. Oneparop Ilrypma-Jlnysunns na orpeske. Heosmyienubiii oneparop. Perymsipisie 1 cuibHo

Pery/iipHbie Kpaesble ycioBus. Omneparop Llrypma-Jluysuins c pas/ieleHHBIMU  KPAaeRbIMH
ycsoBuamMH, CylECTBOBAHHE M €IHHCTBEHHOCTL pewenus 3anaun Komu. Acumnroruueckoe
npeacrasieHue GpyHkuumii @CP,

. O0o6eHHbIE  POU3BOIHbIE. Hepagencreo ®pumpuxca. Cren (yukuuit u3 npocrpancTs

CoGonea.  O606mennas 3anaua Jlupuxie ¢ OfHOPOAHBIMH  TpPaHHUHBIMY YCJIOBHSAMH.
Bapuaunonnblit  metos  nokasatenscrsa TCOPEMBI  CYUIECTBOBAHMA W €JUHCTBEHHOCTH
00001IeHHOr0 pelleHus 3a1aun Hupuxie.

3anaua Jlupuxie c HCOMHOPOAHBIMU  IPaHUYHBIMM  yclioBHAMM. HepaBeHcTso [ lyanxkape.
Pasperinmocts 2-0ii u 3-eii kpaesoii 3a1aun Ans ypaBHenus [lyaccona

Bapuaunonnsit npunumin mis cobereHnbix byskumii oneparopa Jlannaca. Tounas nocrosHuas
B HepasercTse @puspuxca. Teopema 0 mepBoil coGeTBeHHOM (ynxuuun oneparopa Jlanaca.
Teopema Penuxa

ObGocHoBanne merosa Dypbe 115 runepboMUecKmnx ypaBHeHuii B npocrpancree Co6oepa.
Ob6ocnosanue metona @ypoe s HEOHOPOIHOTO rUNEPOONMIECKOTO YpaBHEHH S

CucreMbl  OGBIKHOBEHHBIX JupdepenumuanbbiX  ypaBHeHHil. Teopema cyiecrpoBanus u
CAMHCTBEHHOCTH pemleHus 3ajaud Koy, ABTOHOMHbBIE CHCTEME] ypaBHenuit. [lpenensubie
LHHIKIIBL, TOJI0KEHHS PABHOBECHS, NIEPBBIE MHTETPATbI.

- Bapuauus gpynxunn u sapuanms gyuxumonana. Cunbubii i Cl1abbli MUHUMYMBbI.
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20.

21

22,

25,
24,

25

26.

3ajaua  BApUALIMOHHOTO WCUMCIICHHS B dopme 3ajaun onruManLHOrO ynpasjieHHs. 3ajaua
ONTHUMAJILHOTO YIIPABIIeHHs B MOHTPSATHHCKO# (opue. [Mpunuunn makcumyma.

[lpumenenune Teopun OJIV HPOrHOSHPOBAHMU JIBHIKCHUS KOCMHYECKHMX armapaTos. [TepBrie
MHTETPAJIbl CUCTEMBI YpaBHEHUIT ABMKEHMs. Y paBHeH1e Kennepa.

Heposmymennoe u Bosmywmennoe ABMIKCHHE, WHEPLUAILHBIE M HEHHEPLMANbHBIE CHCTEMB
KOOPJHMHAT.

Cucrema ypasnenuii s OCKYJIMpYIOLKX d/ieMeHTax. OCHOBHBIE [IOHATHS, BHIBOJL.

Bpamarensnoe apmxenne. Bosmymaromue daxrops. Kunemaruka u gunamuxa BpallaTeaLHOro
ABWKEHUS. Ykl Diinepa, KBaTepHUOHbI, yribl Kpelnosa.

ManeBpbl  KocMuYeCKuX  arnnapatos. MaHeBpel 11 U3MEHEHHS OPBUTANLHBIX SIIEMEHTOR.
OnTnmanbHast cMeHa OpGHTANLHBIX 1EMEHTOR.

[orenunansuas dopma sanucu YPaBHCHUH NIBIKCHMS KOCMMYECKOro anmnapara. Pasioskerue
noreHuuana B psa. Ilpumepst paznoxenus. Kanubposka momenu norenimana kak npumep
MPUMEHEHNA UHCIICHHBIX METONOB MOKCKAa MHHUMYMA (DYHKLHH KOHEUHOO YHCia MEPEMEHHBIX.

MeToauueckne maTepuaisn as TIPOBEACHHUSI IIPOLEYD OUEHUBAHUS Pe3yILTATOB 06y YeHUs

3auer (9K3aMeH) NPOXOAUT 1O GuseTam, BIJIOYAIOIIEM 2 BOTpoca. Y poBeHb 3HaHMIT acIMpanTa 1o
KaXxN0MYy BOIIPOCY OLEHMBACTCS HA «OTIIHYHOY, «XOPOLLIO», «YIOBJIETBOPUTEILHOY,
«HEYNOBIICTBOPHTENBHO. MITOrOBAs OLIGHKA CTaBUTCS KaK CpejiHee apU(METHUECKOE OLEHOK 3a BOTIPOCHI ¢

OKpYTJIEHHEM B OOJIbLIYIO CTOPOHY.

UTkana oleHHBaHMS 3HAHMIA, YMEHHWH M HaBBIKOR

Kpﬂ'repuu H IIOKA3aTe/H OHCHUBAHNS OTBETA HA IK3aMeEeHe

[Ipe/iCTaBJIeHHS 0
BHYTPEHHEH JIOTHKE U
10C/IeI0BaTE/NIBHOCTH
13JI0’KeHHS OCHOBHBIX
DaszesIoB MaTeMaTHKH
HHQOPMATHKH,
OTHOCHALHUXCS K
COOTBETCTBYIOLLEH
CrelMalbHOCTH

HENOJIHbIE 3HAHHSA O
BHYTPEHHEH JIOTHKe U
NOC/Ie0BaATE/IbHOCTH
M3JI0XKEHHS OCHOBHBIX
Pas/ie/ioB MaTEMaTHKH M
HHPOPMaTHKH,
OTHOCALIUXCS K
COOTBETCTRBYIOLLEH
CHenHaTbHOCTH

OT/EJIbHBIE NPOo6eib
3HAaHUS 0 BHYTPEeHHEH
JIOTHKE U
MOC/IeJ0BaTe/NbHOCTH
H3JI0KEHHU S OCHOBHBIX
pasjiesoB
MaTeMaTHKH 1
MHQOPMATHKH,
OTHOCSLIMXCA K
COOTBETCTBYIOLEH
CHRLHANTBHOCTH

E 2 3 o
Heynorsersopurennho Yaoriereopureibuo Xopouio Orianuno
OrcyTcTBHE 3HAHMI U B nesom ChdopmuposanHble, HO CdopmupoBanHkie
bparmeHTapHble chopMHpOBaHHEIe, HO cojepaaliye CUCTEMATHYECKHE

3HaHUA 0
BHYTPEHHeH JIOruKe
1%}
MOCJ/Ie/{0BaTEe/ILHOCT 1
H3JI0MEHH S
OCHOBHBIX pPas/ie/ioz
MaTeMaTHKH U
MHOOPMaTHKH,
OTHOCHLIUXCH K
COOTBETCTBYIOIel
CnelnHasbHOCTHA
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