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1. Kparkas xapakTepucTHKA JHCHUIIUHBI (MOAYJIs1)

Pabovas mporpamma ITUCHMIUIMHBI (MOIYJsl) «AHAIN3 HA MHOTOOOpa3usiX» COCTaBIICHA B
COOTBETCTBUHM C (ellepalbHbIM TI'OCYyJapCTBEHHBIM O0pa30BaTEIbHBIM CTAHJAPTOM BBICIIErO
oOpa3oBanus — OakanaBpuar no HanpasiaeHuto 02.03.01 «MaremMaTuka U KOMIBIOTEPHBIC HAYKH,
npodmib «l[IpukiagHOi HCKYCCTBEHHBIM HHTEIUIEKT», YTBEP)KACHHbIH prkazoM MuHHCTEpCTBA
HayKH ¥ BbIciiero oopaszoBanus Poccuiickoit @enepanuu Ne 807 ot 23.08.2017 rona.

N3yuenne aMcUUIUIMHBL (MOAYyNs) «AHaIM3 Ha MHOrooOpasusx» NpeAoCTaBiseT
(byHaaMeHTaNbHbIe MHCTPYMEHTHI JUISI OMHMCAHUS M HMCCIIEOBAHUS CIOKHBIX T€OMETPUYECKHX
CTPYKTYp, KOTOpbIE JI€KaT B OCHOBE COBPEMEHHOW TeopeTruueckoil ¢usuku (obmas Teopus
OTHOCHUTEJIbHOCTH, KBAaHTOBAsl I'PAaBUTALM ), TOIIOJIOTUHU, TEOMETPUUECKMX METOJIOB B MAIIUHHOM
o0yuyeHMM M KOMIbIOTepHOHW rpaduke. be3 riayOokMx npeAcTaBiIeHUH O TONOJIOTHH,
muddepeHMaIbHOl  TeOMETPUM W TEH30PHOM  HCUMCIEHHM HEBO3MOXXHO KOPPEKTHO
dopMynupoBaTh W peliaTh 3aJadyd, CBA3aHHbIE C KPUBU3HOM INPOCTPaHCTBA-BPEMEHU,
ONTUMH3AIMEH Ha HEJIMHEHHBIX MMOBEPXHOCTAX WM MOCTPOSHHEM invariant-mozeneil B
uHpopmaTuke.

MecTto tucUIIMHBI (MOAYJISA) B CTPYKTYpe 00pa3oBaTe/IbHOM MPOrpaMMbl

Hacrosimas nucuunianHa (MOyJib) BKJIOUEHA B y4€OHBIH IIJ1aH 10 MPOorpaMMe MOArOTOBKH
OakanmaBpuata o HampasieHuo 02.03.01 «MaremaTnka U KOMIBIOTEPHBIE HAYKH», MPOQPHIH
«IIpukagHOM MCKYCCTBEHHBI MHTEUIEKT» M BXOIUT B BapHaTUBHYK 4acTh bioka 1
dopMEpyeMy0 yIacTHHKaMH 00pa30BaTEIbHBIX OTHOUICHUH KaK AUCIUILTHHA IO BEIOODPY.

JucuumiuHa  (Moaynlp)  AOCTYHHa  Julsi M3ydeHus Ha 3 w4 Kypce
B 6, 7, 8 ceMmecTtpax Ha BBIOOp mocie YCIENIHOTO OCBOCHHUS JWCIUIUIMH (MOIYJICH):
«Maremarndeckuii anamm3. Yacte 1», «Marematnueckuii aHanu3. Yacte 2» m «JIuHehHas
anreOpa u reomerpusa. Yacte 1», «Jluneitnas amrebpa u reomerpus. Yacte 2» wim
«Marematnueckuid anHanu3. lIpoaBunyThlii ypoBeHb. Yacth 1», «MaremaTH4yecKuil aHaIM3.
[IponBunyTHIiA ypoBeHb. YacTs 2» U «JIuHeliHas anreOpa u reometpus. [I[poIBUHYTHIN YpOBEHB.
Yacts 1», «JIuneitnas anredpa u reomerpus. [IpoaBunyThIil ypoBeHb. HacTb 2».

Heab u3yyeHHs] AMCHUILVIMHBI (MOAayJs): (OPMHpPOBAHHE Y CTYAEHTOB LEJIOCTHOTO
MIPEACTABJICHUS O TOMOJIOTHYECKOM U AuddepeHIInaTbHOM aHaM3e MHOT000pa3uid, a Takke
HAy4YUTh UX IIPUMEHSATH [I0JIyY€HHBII MaTEMAaTUYECKNH arnapar Jjsl IOCTPOECHHUS M UCCIIEA0BaHUs
[JIaJJKUX T€OMETPUUYECKUX MOJIEJIel B TEOPUU OTHOCUTENIBHOCTH, (PU3NYECKUX MPUIOKEHUIX U
COBPEMEHHBIX BBIUNCIUTEIbHBIX METOJAX.

3agauu u3yyeHusi AMCUUIIMHBI (MOAYJIA):

— W3yYUTh OCHOBHBIE MOHSATHUS OOIEH TOIMOJIOTUH (TOMOJIOTMYECKHE MPOCTPAHCTBA,
HENPEPbIBHOCTb, KOMIIAKTHOCTh, CBSI3HOCTh) M MX CHELMAIM3ALHUI0 U TIaJKUX MHOT000pa3ui,
BKJItoUast Auppeomopdusmel, Teopemy Capaa U CBONCTBA IJIaIKUX OTOOpaXKEHMUI;

— HaY4MTbCS BBIUUCISATH KacaTelbHbIE IPOCTPAHCTBA, pa0OTATh C BEKTOPHBIMH MOJISIMU U
ckoOKkoif JIu, a Takke ¢ TEH30pHBIMU MOJISMHU, KOBAPHAHTHBIMH [TPOU3BOJIHBIMUA UHBIMU TUIIAMU
CBS3HOCTEH,

— yMeTh 33JaBaTh METPUKY Ha MHOrooOpa3uu, HaxoAuTh cUMBOJBI Kpuctoddens,
pemaTh ypaBHEHHsS] T'€0Je3UYECKUX U BBIYHCIATH TEH30phl KpuBU3HBI (Pumana, Puyun,
CKaJISIPHYIO);

— HCHOJB30BaTh MaTeMaTHUECKUH ammapar B 3a7adax TEOpPEeTHUecKo (Gpu3uku (MoJenb
MIPOCTPAHCTBA-BPEMEHH, YpaBHEHUS DUHIIITEHHA), TEOMETPUISCKON ONTUMHU3AINH (OTITUMAIIBHOE
pasMellleHHe Ha HEeNMHEHHBIX MOBEPXHOCTSAX) M COBPEMEHHBIX BBIYHCIUTEIBHBIX 001aCTIX
(reomeTpuueckoe  MamlMHHOe oOyueHue, Trpaduka, oOOydyeHHe MpeJICTaBICHUSIM  Ha
MHOT000pa3usix).
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B pe3yabTare 0cBOCHUS TUCHUILIAHBI (MOYJIf1) 00YYAKOIIMIACS T0JI5KEH:

3Hamb:

— OCHOBHBIC TMOHATHSA  OOWIEH  TOHOJOrMHM  (TOMOJIOTMYECKHE  IMPOCTPAHCTBA,
HENPEPHIBHOCTh, KOMITAKTHOCTD, CBSI3HOCTh) U UX MPUMEHEHHE K MHOT000pa3usiM;

— OompeneNeHus TJIAJKUX MHOTO0Opasuii, MIaIkux oToopakenui, nuddeomMophru3MoB u
UX KIIOUEBBIC CBOMCTBA;

— TEOpHIO KacaTelbHbIX MPOCTPAHCTB, BEKTOPHBIX MoJeH, ckoOku JIu M uX poinp B
nuddepeHIaIbHON TEOMETPUH;

— OCHOBBI TEH30PHOT'O UCUMCIICHUS: TUIIBI TEH30POB, ONEpallMi C HUMH, KOBapUaHTHAs
NPOM3BOJIHAS U CBSI3HOCTH;

— OCHOBHBIE OOBEKTHl PUMAHOBOW TE€OMETPHUU: METPHUKY, T'€0/e3MYECKHE, KPHUBH3HY
(Ten3zopsl Pumana, Puuun, ckanspHyro KpuBH3HY);

ymembw:

— QaHaNM3MpOBATh  TOIOJIOTUYECKHUE CBOMCTBAa MPOCTPAHCTB W  MHOrooOpasuii
(xaycaopdoBOCTh, KOMIIAKTHOCTh, HAIMYUE TIIAJAKON CTPYKTYPBI);

— paboTaTh C TIAJKUMH OTOOPAKEHUSMHU, CTPOUTH TUPPEOMOPPUIMBL, TPUMEHSITDH
teopemy Capna;

— BBIYUCJIATH KacaTelIbHbIE BEKTOPBI, HCCIENOBAaTh BEKTOpPHBIE MOJs, paboTaTth Co
ckoOkoii JIu;

— ONEpUpOBaTh TEH30PHBIMH TOJSMH, BBIYHACIATH KOBAapUAHTHBIC IPOU3BOJHBIE,
MIPOBEPSTH CBOWMCTBA CBA3HOCTEH;

— pemath ypaBHEHHUS Te0[e3WYECKUX, BBIUMCIATH CUMBONIBI Kpucroddens u TeH30pbl
KPUBU3HBI JIJIS 33]JaHHBIX METPHK;

enademp:

— MaTeMaTHYecKuM amnmnapatoMm obmed u auddepeHnnanbHoi TOMOJIOTHH 7S aHallu3a
TEOMETPHUYECKUX CTPYKTYP;

— Metogamu  auGepeHuaNbHOW  TeOMETPUHM,  BKJIIOYas  KOOPAMHATHBIE U
0eCKOOpAMHATHBIE BHIYHCIICHUS;

— HaBBIKAMH DPA0OTHI C TEH30paMU W PUMAHOBBIMH METPUKAMH B (PU3UYECCKUX H
TEOMETPUUECKUX TMPUTIOKEHUSX;

— CIOCOOHOCTHIO TIPUMEHSATH MOJyYCHHbIE 3HAHWS JUISI PEHICHUS 3aJady B TEOPHH
MHOTr000pa3uii, o01iell TeEOpuu OTHOCUTEIBLHOCTH U CMEXHBIX 00JIaCTAX.
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2. IlepeyeHb MJIAHUPYEMBIX Pe3yJbTATOB 00yUYeHMsI

Komnerennuu, ¢opmupyemble B pe3ylibTaTe OCBOSHHS TUCHMIUIMHBI (MOIYJS) TpU
IPOBE/ICHUH Y4EOHBIX 3aHATUH B (popMe KOHTAKTHON paboThl 00YYarOLIMXCS € IeJarornd4ecKUMu
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

Kon u conep:xanue
KOMIIETEeHIINH

HNaankaTop KOMIeTeHIHH W NepedeHb MJIAHUPYeMbIX
pe3yJbTaToB 00y4eHHs M0 AUCHHILIHHE (MOAYJIIO)

VK-1. Cnocoben
OCYIIIECTBIIATH MOUCK,
KPUTHUYCCKHIA aHAJIU3 U CUHTE3
nH(pOpMAIUH, IPUMEHSITh
CHCTEMHBIH ITOAXO0I IS
PEIICHUS TTOCTaBICHHBIX 3a7a4

VK-1.1. 35aeT METOIBI ITOMCKA U aHAIH3a HHPOPMAIIUK B 00JIaCTH
pa3pabOTKH, OCHOBHBIC TTPUHITUIIBI KPUTHUECKOM OIICHKH
HMCTOYHUKOB MH()OPMAITUHU U UX PEIICBAHTHOCTH.

VK-1.2. YMeeT KpUTHYECKH OLICHHBATh HCTOYHUKH MH(OPMAIIUH H
CHUHTE3UPOBATh JaHHBIC U3 PA3IMUYHBIX UCTOYHUKOB JJISl PEIICHUS
3a/1a4, IPUMEHSATh CUCTEMHBIN MOIX0/ K aHAINU3Y U PEIICHUIO
KOMIIJIEKCHBIX MPOOJIeM.

YK-1.3. ImeeT npakTUIEeCKHiA OTBIT pabOTHI C COBPEMEHHBIMH
WHCTPYMEHTAMH U TEXHOJIOTHSIMHU 7151 00paboTku nHpopmanuy,
(bopMynUpOBaHUU U CTPYKTYPUPOBAHMY 3a/1a4 HA OCHOBE
MTOJTYICHHON HH()OPMAITHH.

VYK-2. CiocobeH onpeaensTb
KpYT 3a[a4 B paMKax
TIOCTaBJICHHOM IIEJTH 1
BBIOUPATH ONTUMAITLHBIC
CIOCOOBI MX PEIICHHUS, UCXOIS
U3 ACUCTBYIOIINUX MPABOBBIX
HOPM, UMCIOIIIUXCST PECYPCOB U
OTpaHUYCHUI

VK-2.1. 3naer neiicTBytoIIME MPABOBbIE HOPMBI, PETYIUPYIOIINE
JeSTEeIBHOCT B 00JIACTH pellieHHs 3a7a4, OCHOBHBIE METO/BI U
HOAXOMBI K OIIPEICICHHIO KPyTa 33/1a4.

VK-2.2. YMeer onpenensaTs Kpyr 3aa4 B paMKax IOCTaBJICHHON
oeiu, BBI6I/IpaTb OIITHUMAaJIbHBIE CIIOCOOBI pelCHuA 3aaa4, yIUTbIBas
MMEIONIHECS PECYPChl U OTPAHUYECHHSL.

VK-2.3. UMeeT npakTUYECKUN ONBIT IPUMEHEHUS 3HAHUH O
IIPaBOBBIX HOPMAX U PECYpcax B PEATbHBIX CUTYaLMAX, Pa3paboTKu
" pcajin3dannuu peHICHI/Iﬁ B COOTBCTCTBUU C YCTAHOBJICHHBIMU
OrpaHHUYCHHSIMU.

OIIK-1. CnocoGen
KOHCYJIFTUPOBATH U
WCTOJIB30BaTh
($byHIaMeHTaIbHbIE 3HAHUS B
00J1IacTH MaTeMaTHYECKOT0
aHaJm3a, KOMIDIEKCHOTO U
(YHKLIHMOHAIBHOTO aHaIN3a
aJreOpbl, aHATUTUIECKON
TCOMETPHH,
mddepeHInaTEHOR
TE€OMETPHHU U TOTIOJIOTHH,
G hepeHInanbHBIX
YPaBHEHU, JUCKPETHOMN
MaTeMaTHKH U
MaTeMaTHYECKOMN JIOTHKH,
TEOPUH BEPOSTHOCTEM,
MaTeMaTHYECKOH CTATHCTHKH
U CIy4allHBIX MIPOLIECCOB,
YHCJICHHBIX METOJIOB,
TEOPETUYECKON MEXaHUKU B
npodeccuoHaIbHON
JeSITeNbHOCTH

OIIK-1.1. 3HaeT OCHOBHBIE IOHATHUSA, METOMBI M PE3YIBTATHI
MaTeMaTHYEeCKOTO aHAIN3a, KOMIUIEKCHOTO B ()yHKIIMOHAIEHOTO
aHanm3a, areOphl, aHATTMTUIECKOH U TU(PepeHInaATEHOR
r€OMETPHH, TOTIOJIOTUH, AU(PepeHIHATbHBIX YPaBHEHUH,
JUCKPETHOM MaTeMaTHKH U MaTEMATHYECKON JIOTUKH, TEOPHH
BEPOSITHOCTEN, MaTEMaTUYECKOM CTATUCTUKH U CIIy4alHbIX
MIPOLIECCOB, YHCIEHHBIX METOAOB U TEOPETUYECKON MEXaHUKH.

OIIK-1.2. Ymeer npuMeHsTH QyHIaMEHTaIbHbIE MaTEMAaTHUECKHE
3HAHUSI K METOJIBI JIJISl aHAJIN3a U PEelIeHUs TPO(EeCCHOHATBHBIX
3ajad.

OIIK-1.3. meeT npakTHUECKHUH ONBIT BEIOOPA, pa3pabOTKU U
peanu3anuy MaTeMaTHIeCKUX MOZEJIeH U METO0B NP PEeLLICHUN
3aj1a4 MPoeCCUOHAIBHOM JIEATSIILHOCTH.

OIIK-6. Crrocoben
pa3pabaTheIBaTh AITOPUTMBI U
KOMITBIOTEPHBIE TPOTPaMMBI,
TIPUTOJTHBIE JIJISI

OIIK-6.1. 3HaeT NpUHIIUIIBI ANTOPUTMH3AINH, OCHOBHBIE CTPYKTYPBI
JTAHHBIX, TTAPATUTMbI IPOTPAMMHUPOBAHUS, METOJIBI Pa3pabOTKH,
TECTUPOBAHMSI M OTIAIKH KOMIIBIOTEPHBIX IPOTPaMM.

OIIK-6.2. YMmeer pazpaOarbIBaTh, JOKYMEHTUPOBATh, TECTUPOBATH U
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MPAKTUYCCKOTO MPUMCHCHU A

OTJQKUBATH AITOPUTMBI M KOMITBIOTEPHBIC TIPOTPAMMBI, TPUTOIHBIC
JUTS IPAKTHYECKOTO IPUMEHEHHUSI, C HCTIOIh30BAaHUEM COBPEMEHHBIX
SI3BIKOB U Cpejl pa3pabOTKH.

OIIK-6.3. meeT npakTHUECKHUl OMBIT pa3paboTKu U
CONPOBO’KACHHS KOMIBIOTEPHBIX IIPOrPAMM U TIPOT PAMMHBIX
KOMIUIEKCOB JUIS PEIICHHUS MPUKIAIHBIX 33/1a4.
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3. Temaruueckuii njiax

Nen/
I HaumenoBanue
pa3iena TUCHHNIHHBI
(Moays)

TpynoeMKocTh, akageMuYecKHe Yachl

Ounas gpopma

Aynuro

Hasi padoTa

Jleknun

IIpakTHyec
KHe
3aHATHS

KonTtposn

CamocrosTe
JbHAsA
padora

TKY
(Tekymui
KOHTPOJIb

ycrneBaeMocCTH)

1 Tomomnorus

5

18

Jlomarninee
3aJjaHue
AynuropHas
pabora

2 I'magkas crpykrypa

18

Jlomarninee
3aJlaHue
AynuropHas
pabora

3 KacarensHoe
MIPOCTPAHCTBO

18

Jlomarninee
3aJlaHue
KonTponbhas
pabota
AynutopHas
pabota

4 BexTopabie mons

18

Jlomarninee
3a/laHue
AynuropHas
pabota

5 HuddepenunpoBanue

18

Jlomarninee
3ajaHue
AynuropHas
pabora

6 PumanoBs MHOTOOOpa3ust

18

Jlomaninee
3aJjaHne
JlaboparopHnas
pabota

7 WnTterpuposanue

16

Jlomaninee
3a/1aHue

3auem c oueHkoul

Hroroas pabora

Hmozo:

30

30

[ep}

124

Obvem oucyunaunsvt (mooyns) (6
ax. 4.)

190

Obvem Ooucyunaunvt (mooyns) (e
3au. eo.)
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4. CopepxaHue TMCUUILTHHBI (MOTYJIs)

Nen/nn | HammeHoBaHme pa3aesa Coaepxxanne TMCHUIVINHBI (MOAYJIS) IO TeMaM

JMCHMIJIMHBI (MO1YJIs1)

1. | Tomonorus

Tononoruyeckoe MPOCTPAHCTBO U TOMOJIOTUIECKUE MHOT000pa3HsI.
I'omemophr3MBI 1 HEMPEpBIBHBIE 0TOOpaskeHms. Orepauy Hal
TOMOJIOTHYSCKUMU MPOCTPAHCTBAMU

2. | I'magkas cTpykTypa

[Monsitue xapThl U aTinaca. [ magkue MmHOro0Opasus. [Ipumepsr
MHOT000pa3Hii.

Mopdusmel MEOTOOpasui, muddheomopdusm. Panr oToOpaxeHwms.
OT0oOpaXkeHMsI TOCTOSHHOTO PaHTa M MOJIMHOT000pasus

Jlemma Cappa u TeopeMbl 00 anmpOKCHMAITHH.

3. | KacaremnsHoe
MPOCTPAHCTBO

Tpu onpenenenus kacareabHOro Bektopa. [IpousBoanas Jlu.
Hduddepenuman otobpaskeHus.

4. | BekTopHBIE OIS

BeKTOpHI)IC 1 KOBCKTOPHBLIC I10JI, OTICPATOPHBIC I10JIA, IIOJIA

(hopMBI.
[onstne nuddepentmansuoit Gopmbl. Onepanun Hax

muddepennmansabeME hopmamu. JnddepernmrpoBanne.
IIpumepbl TEH30PHBIX MOJIEH U ONepalii HaJ HUMHU.

5. | duddepennupopanue

KosapuantHoe muddepenimporanue. CumBobl Kpucrodens u ux
BBIYHCIICHHSI

6. | PumanoBsr MHOTOOOpa3us | Merpuka n PumanoBa MHOro0Opasue. PumanoBa CBS3HOTH.

KonTponbHas pabora
[TapannenbHbIi NEPEHOC U TOEIE3UUECKUE

7. | UuterpupoBanne

[InoTHOCTH ¥ UHTETPUPOBAHUE IIJIOTHOCTEN

OpueHnTanus Ha MHOT00Opa3nu. MHOT00Opasue ¢ KpaeM u
WHAYLHUPOBaHAask OPUEHTALNS

WnterpupoBanue nuddepeHInaIbHBIX HopM.
WnuTerpuposanue quddepeHmanbHbIX GopM.

DNEeKTPOHHBIA JOKYMEHT

OunMHENHHbBIX U KBaxpaTHuHbIX opm. [lepBas u Bropast KBagpaTHUHbIE




5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

VYHuBepcUTET  pacrojaraeT IOJHBIM  HA0OpOM  JIMIEH3HMOHHOTO M CBOOOJHO
pPacHpoCTPaHsIEeMOro IPOTPaAMMHOTO O0ECHEeYeHHs, BKJIIOYas MPOAYKTHl OTCUYECTBEHHOTO
IIPOU3BOACTBA.

Kaxaplii cTyJeHT B Te4eHHE BCEro Inepuojga OOydYeHHs MOJIydaeT WHAWBUAYaTbHBINA
HEOTPAaHWYEHHBIH  JOCTYH K  DJEKTPOHHO-OMONMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
MH()OPMAIIMOHHO-00pa30BaTENFHON Cpele YHHMBEPCUTETa. OJTH CHUCTEMBl IIPEIOCTABISIOT
BO3MOXHOCTH JIOCTYIIa K pecypcamM 3 Jr000i TOUYKH, TJIe eCTh NOJKII0UeHHe K ceT VHTepHer,
KaK Ha TEPPUTOPUU YHUBEPCUTETA, TaK U 3a €T0 IPEICIIaMH.

Crynentam o0ecriedeH yJalleHHBIH JOCTYIl K COBPEMEHHBIM MpOo(eCcCHOHATBHBIM 0a3am
JAHHBIX U MH(OPMALMOHHBIM CIIPAaBOYHBIM CHCTEMaM.

Ocnosnas numepamypa:

1. Mycun, }O. P. Tenzopubiii aHanu3. BBOIHBIN Kypc C NPHIOKEHUSMU K aHAIH3Y U
reomeTpun : yueOHuk mns By3oB / 1O. P. Mycun. — 2-e u3zn., mepepad. u mom. — Mocksa :
WznatenbctBo FOpaiit, 2026. — 184 c. — (Bricuiee oOpazoBanue). — ISBN 978-5-534-06198-7.
— Tekcr : oanekrponsbli // OOpa3oBartenbHas 1miatrdopma HOpaiit [caiit]. — URL:
https://urait.ru/bcode/585823

2. Canpgpaxosa, E. B. Tuddepenuuansubie opMbl Ha TIAAKUX MHOTOOOPA3UsX : y4eOHUK
st By3oB / E. B. Cannpakosa, E. B. Cymun. — 2-e uzn. — Mocksa : U3narensctBo KOpaiiT,
2025. — 138 c. — (Bwicmiee oOpazoBanme). — ISBN 978-5-534-10988-7. — Tekcr
utekTpoHHBIH  //  OOpaszoBarenpHass  miatdpopma  FOpaiit  [caiit] —  URL:
https://urait.ru/bcode/565616

/Jlonoanumensvhasn numepamypa:

1. Jluneiinas anreOpa ¥ aHAIMTHYECKAass TEOMETPHUS | YUCOHMK M TPAKTUKyM IS BY30B /
E.T'. IlnotuukoBa, A.Il. UBanoB, B. B.JlorunoBa, A.B.Mopo3oBa; mnox penakuuein
E. I'. IlnoTHUKOBOM. — 2-€ u3., mepepad. u gon. — Mocksa : M3natensctBo FOpaiit, 2026. —
416 c. — (Boiciiee oOpazoBanme). — ISBN 978-5-534-18887-5. — Tekct : >neKTpOHHBIH //
O6pasosarenbHas wiathopma KOpaiit [caiit]. — URL: https://urait.ru/bcode/583462

6. MartepuajbHO-TeXHHMYeCKOe o0ecreyeHne

VYHuBepcuTeT pacrnojaraeT MaTepualbHO-TEXHUYECKOM 0a30i, COOTBETCTBYIOLIEH
JIeMCTBYIOIMM MPOTUBOIIOKAPHBIM MPaBUIaM U HOPMaM U 00ecleuHBaroIei MpoBeieHHE BCeX
BUJIOB JIUCUUIUIMHAPDHOW W MEXIUCUUIUIMHAPHOW IOATOTOBKM, MPAKTUYECKOW U Hay4dHO-
UCCIIEI0BATEIbCKON PaboT 00ydaromuxcs, NpeayCMOTPEHHBIX YU€OHBIM IIJIaHOM.

[TomenieHus1, KOTOpBIE MPEACTABISAIOT COO0H yueOHbIE ayIUTOPUH [T IPOBEACHUS 3aHATHI
JEKIIMOHHOTO THUMA, 3aHATUH CEeMMHApCKOro (MpakTU4YeCKOro) THMA, TPYIIOBBIX H
VMHAUBUAYaAJIbHBIX KOHCYJIbTALIMN, TEKYIIIETO KOHTPOJISI U MPOMEKYTOUHON aTTECTalllH, a TaKkKe
MOMEIIEHUS Il CAMOCTOSATENBHOM paboThl U MOMEIIEHUS Il XpaHEHUS U MPO(UITAKTUIECKOTO
obcimyxuBaHusl yaeOHOTO 000pynoBaHus. [TomMemeHns: yKOMIUIEKTOBaHbI CIIEIIUATN3UPOBAHHOM
MeOenbl0 U TEXHUYECKHMMHU CPEICTBAMH OOYUYEHHsI, CIyXKAIlUMH JUIs MPEICTaBICHUS y4eOHOH
uH(popMaluu 60JbIION ayIUTOPUH.

N3yuenne qUCUUIUIMHBI (MOAYIA) oOecTieunBaeTCsl B y4eOHBIX ayIUTOPHSX, OCHAIIEHHBIX:

— CTOJIaMH U CTYJIbSIMU;

— KOMIIBIOTEPHOU TEXHUKOU;

— MEXaHWYECKUMU KaJIbKyJIATOPaMH,

—  CHENHUAIU3UPOBAHHBIM 000pYyI0BaHUEM, BKIIIOYAs IEMOHCTPAIIMOHHOE 000PYI0BaHHE.

[TomerieHus 1711 CaMOCTOSATENBHOM paboThl 00yUarOIKXCsl, B TOM YUCIIE IPUCITIOCOOTICHHBIE
JUISL MCTIONBb30BaHMsI MHBAJIMIAMH M JIMLIAMU C OTPAHMYEHHBIMU BO3MOXXHOCTSMH 3J0POBbSI,
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OCHAIIIEHbl KOMIBIOTEPHON TEXHHMKON C BO3MOYKHOCTBIO HOJKIIOUEHHs K ceTn «/HTepHEeT» u
o0ecrieyeHHEM  JIOCTyNa B  3JEKTPOHHYIO  MH(POPMALMOHHO-O0pPA30BATEIbHYIO  CPENy
YHuBepcurera.

OOyyaromuMcesl IPENOCTaBIAETCA JOCTYIl (B TOM 4YHCIE YJAIEHHBIN) K pecypcam
MH(POPMALIMOHHO-TEIIEKOMMYHUKAIIMOHHON ceTH «VHTepHeT», 3JeKTPOHHBIM pecypcaM (B TOM
YHCJI€ AIEKTPOHHBIM OMOIMOTEYHBIM CHCTEMaM, COBPEMEHHBIM NpOQecCHOHATIBHBIM 0azam
JAHHBIX 1 UH(OPMALIMOHHBIM CIIPABOYHBIM CUCTEMaM):

Ne HaunmMeHoBaHue noprasna Cceblika
(M3nanus, Kypca, 10KyMeHTa)
1. | Hayunas snexkrponnas oudmauoteka elibrary.ru https://elibrary.ru/defaultx.asp
OnbIHOTEKA
2. | baza mannbeix g I T-crienuaancTos https://habr.com
3. | basa mannsex ScienceDirect https://www.sciencedirect.com
4. | OdunmanbHbIi caiT MUHUCTEPCTBA HAYKH U https://minobrnauki.gov.ru/

BEICIIIEro oopasoBanus Poccutickoit @eneparum

5. | ®enepanbhsiii moprai «Poccuiickoe oopasosanue" | https://www.edu.ru/

6. | Mudopmanuonnas cucrema "Eannoe okHo nocryma | http://window.edu.ru/
K 00pa3oBaTeNbHBIM pecypcam"

7. | Enunas xomnekiums nudposix oOpazoBatenbubix | http://school-collection.edu.ru/
pecypcoB

8. | ®denepanbHblii IEHTP HHPOPMALMOHHO - http://fcior.edu.ru/
00pa3oBaTeILHBIX PECYPCOB

[lepeueHbr WHGOPMAIIMOHHBIX TEXHOJIOTUH, WCIOJIB3YEMbIX MPH  OCYHICCTBICHUU
00pa3oBaTeNbHOIO MpoIecca Mo AUCIUIUIMHE (MOIYJE), B TOM YHUCIE KOMIUIEKT JTUIIEH3MOHHOTO
IPOrPaMMHOTO  OOECIICYCHHSI, COBPEMEHHbIE TMPOPECCHOHANIbHBIE 0a3bl  JaHHBIX H
UH(POPMALMOHHBIE CIIPABOYHBIEC CHCTEMBI:

HaumenoBanmue 110 IIponsBoacTeo JInnensuonnoe / cBOGOIHO
pacnpocTpaHsieMoe

OnepanMoHHBbIE CHCTEMBI:
Microsoft Imagine (Windows Client, Server) | sapy6exmtoe | nuuensnonHOe
Bpay3sepbI:
Sunexc.Bpaysep OTEYECTBEHHOE | CBOOOJHO PacIpoCTpaHsIeMoe
Google Chrome 3apyOeKHOe CBOOOJIHO pacrpocTpaHsIeMoe
OducHble NPUIIOKEHNS:
Microsoft Imagine (Visio, OneNote) 3apy0exHOe JIMIEH3HOHHOE
TeXstudio 3apyOexHoe CcBOOOIHO pacIpocTpaHsieMoe
Adobe Acrobat Reader 3apyOeKHOe CBOOOJIHO pacrpocTpaHsIeMoe
IIporpaMmmHoe oGecniedeHne 115l IVIAHMPOBAHUS M Y4eTa BPeMEHM:
Toggle app | 3apyOexHoe | CcBOOOHO pacIpocTpaHsieMoe
CucteMsbl ynpapjeHHs] TPOEeKTAMM:
Microsoft Imagine (Project) | sapy6exnoe | nurensnonnoe
Cucrembl ynpapJjeHusi 6a3aMu TaHHBIX:
Microsoft Imagine (SQL Server) | 3apy6exHoe | muuensnonHoe
Cucrtemsl peseppHOro konuposanus (backup):
Acronis Backup Advanced for HyperV | sapy6exnoe | nurensnonnoe
CnpaBo4YHO-TPABOBBIE CHCTEMBI:
Koncynsrantllinroc: cipaBoyHO-IIpaBoBast OTEYECTBEHHOE | JIMIICH3UOHHOE
cucTeMa
CpencrBa aHTMBHPYCHOM 3aIIMTHI:
Kaspersky Endpoint Security mist 6usneca OTEUYECTBEHHOE | JIMLIEH3UOHHOE
Cranpaprasii Russian Edition
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Cpensl pa3padoTKu:

Visual Studio Code 3apy0exHOe CcBOOOJTHO PACIIPOCTPAHIEMOE
Bash (Unix shell) 3apy0exKHOE CcBOOOJIHO PACIIPOCTPAHIEMOE
Anaconda 3apyOexKHOE CBOOOIHO pacIpOCTpaHsIEeMOe
Robotic Operating System 3apy0exHoe cBOOOJTHO PACTIPOCTPAHIEMOE
CopelliaSim 3apyOeiKHOe CBOOOJIHO pacrpocTpaHsieMoe
Google Colaboratory 3apy0eIKHOE CBOOOJTHO PACIIPOCTPAHIEMOE
IlakeThl NPOrpaMMHBIX CPEICTB H OMOJIHOTEK:

AutoPsy 3apyOexKHOE CBOOOHO pacIpOCTpaHsIeMOe
Interactive Disassembler (IDA) 3apyOexkHOE CBOOOHO pacIpOCTpaHsIEMOe
Cucrtembl ynpaJjeHusi ouéanorpaduyeckoii uHdopmanueii:

Zotero | 3apy0OeKHOE | CBOOOJTHO pacIpocTpaHsIeMoe
CepBuCHI H CJTYKOBI:

Bind 3apyOexKHOE CBOOOIHO pacIpOCTpaHsIEeMOe
Docker 3apyOexkHOE CBOOOHO pacIpoCTpaHsIeMOe

7. MeToanuyecKkue H OIleHOYHbIE MATEPHAJIBI
MeToauyeckue yKazaHus sl 00y4alOUIUXCS 10 OCBOEHUIO TUCHHILIMHBI (MOYJIs1)

B mpouiecce m3ydeHus MUCHUILUIMHBI (MOIYJs) «AHAIM3 HA MHOTOOOpa3UsX» B paMKax
TEKYIIEro KOHTPOJISI YCIIEBAEMOCTH HCIIONB3YIOTCS Takue BUABI YU4eOHOW pabOThI, KaK JICKIIMS,
CEeMHHApbI, ayAUTOpHas paboTa, KOHTPOJIbHBIE paboThl, JabopaTopHble pabOThl, a TakKke
pa3inuyHble BHIBI CAMOCTOSATEIBHOW pPabOTHl OOy4YaroOmMXCsl MO 3aJaHHUI0 IPEroJaBaTels,
HaIpPaBIIEHHBIC HA Pa3BUTHE HABBIKOB MIPO(HECCUOHATLHON JIEKCUKHU, 3aKPEIUICHUE MTPAKTHUYECKUX
MPOPECCHOHAIBHBIX KOMIETEHIIUHN, TTOOLIPEHIE NHUITUATHB.

Jlekyuss — CHUCTEMaTH4YECKOE, IIOCJIEIOBATEIbHOE, MOHOJIOTMYECKOE  U3JI0KCHUE
IpernoaaBaTenaeM y4eOHOro MaTepHana, Kak IpaBmuilo, TEOPETHYECKOTO XapaKTepa.

B mpouecce nexuuii peKOMEHAYETCS BECTH KOHCIIEKT JICKLHMH: KPaTKO U CXEMaTUYHO
(¢uKcUpoBaThb OCHOBHBIE WJIEU, BBIBOJBI M OOOOIIEHMS JIEKIMH; BBIIEISATh BaXKHbIE MBICIH,
KJIIOYEBbIE CJIOBa U TepMUHBL. Heo0X0onMMo OTMETUTh BONPOCHI WM MaTepuanbl, KOTOpHIE
BBI3BIBAIOT 3aTPYHEHHUs, U MONBITATHCS HAUTU OTBETHI B PEKOMEHJIOBAaHHOW nuTeparype. Ecin
pa3oOpaThCsi B MaTepuane He YAaercsi, ClieAyeT c(OpMYIMpPOBaTh BONPOC M 3a7aThb €ro
IIpenoaaBaTesio Ha KOHCYJIbTALUK WM BO BPEMsI CEMUHAPCKOTO (ITPAKTUYECKOI0) 3aHATHSI.

Cemunap — 310 (hopma yueOHOM NeATeNbHOCTH, IPOBOIUMAs B y4eOHOM 3aBEJICHUU O]
PYKOBOJCTBOM TIpenojaBareis, TIJe CTYACHTbl aKTUBHO Y4YacCTBYIOT B O0OCYXIEHUSX,
NPaKTUYECKHX 3a/IlaHUSAX U IpYTUX (popMax B3aMMOAEHCTBHSL.

Jlns ycrienHoi moAroToBKU K CEMUHApPY PEKOMEHAYETCS 3apaHee 03HAKOMUTHCS C TEMOM
3aHATUS M OCHOBHBIMHM MaTepHajaMM, YTOObl MMETh BO3MOKHOCTh aKTHBHO Yy4acTBOBaTh B
oOcyxxaeHuu. Takxe MoJIe3HO MOATOTOBUThH BOIPOCHI U UJIEU JUIsl 0OCYKIEHUS, YTO IMOMOKET
ri1y0Ke MOHATh MaTepHuaj U MPOJAEMOHCTPUPOBATH 3aMHTEPECOBAHHOCTb.

Ayoumopnas paboma — akTuBHas paboTa CTyJeHTa Ha CEMHHApE, €ro OTBETHI HA BOIPOCHI
MpEenoiaBaresisi U y4acTHe B IUCKYCCHH.

Jls ycnemHoro yyacTvsi B CEMMHApe CTYAEHTaM PEKOMEHIYETCs 3apaHee 03HaKOMUTHCS C
TEMOU OOCYXKIEHHs, MPOYUTAaTh HEOOXOAUMBIE MaTepUalbl U MOATOTOBUTH BOIPOCHL. BaxkHO
AKTHBHO CJTYIIIATh U BOBJIEKATHCS B IUCKYCCHIO, BHICKA3bIBas CBOM MHEHHS U apTyMEHTHUPYS HX.
[Ipu oTBeTax Ha BOMPOCHI MPEMOJABATENS CTOUT OBITH YBEPEHHBIM, YETKUM U JIOTUYHBIM,
OTMUPAasICh HA U3YYEHHBIN MaTeprall. Takke MOJIE3HO MOACPKUBATH TUATIOT ¢ OJHOKYPCHUKAMHU,
9TOOBI 000TaTUTH OOCYXKIACHHE U PACITUPUTH CBOU 3HAHMUSI.
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Jlomawnee 3a0anue — HabOPp 3a/1a4 1O TEMaM HEJICIIH.

HpI/I pa60Te Had AOoOMalllHUMHU 3aJaHUSIMHW BaXHO BHHUMATCIIBHO O3HAKOMUTLBCI C
TpeOOBAaHUSAMHU U CPOKAaMH BBINOJIHCHHs. PeKoMeHyeTcss pa30MBaTh 3aJaHHs HA 3Tarbl, YTOOBI
n30exarh Meperpy3kd M JIydllle YCBOUTh MaTepHall, UCIOJIb30BaTh Pa3JIMYHbICE HUCTOUHHKU
uH(pOpMaIKH, BKIIOYas YIeOHUKH U OHJIAHH-PECyPChI, I 00Jiee rITyOOKOro MOHUMAaHHMSI TEMBI.

Koumponvnas paboma — nuceMeHHasi pabota ¢ HabopoM 3a/1a4, KOTOPbIC HYXKHO PEIIUTh 3a
OrPaHUYCHHOE BPEMSI.

L{enb KOHTPOJIBHOUM PabOTHI - MOTYYUTh CHEIUAIBHBIC 3HAHUS 110 OAHON MM HECKOJIBKUM
TEeMaM TUCHHUIUIMHBI (MOYJIs) U TIPOJEMOHCTPUPOBATh HABBIKH UX MPAKTHYCCKOTO TPUMEHEHHUSL.

Jlabopamopnas paboma — 310 GpopMa yu4eOHOU NeATeTLHOCTH, TJI€ CTYACHTHI BBIITOJIHSIOT
NpaKTHYECKHE 3aJaHusl MMOJl PYKOBOJICTBOM IpErogaBaTelis IS 3aKPEIUICHHS TEOPETHUYSCKHX
3HAHUH U PA3BUTHUS HABBIKOB.

Jlnst yCTeniHo# MOArOTOBKU K JIaOOpaTOpHOW paboTe PEeKOMEHIyeTCs 3apaHee H3YyduThb
TEOPETUYCCKHI MaTepHaJl, MOJATOTOBUTh HEOOXOIUMbIC HHCTPYMEHTBI (HalpruMep, IPOrpaMMHOE
obecrieueHre WA JaHHbIC) ¥ aKTUBHO SKCICPHUMEHTHPOBATh C 3a1adyaMu, 4T0O0bI 3()(HEeKTUBHO
petaTh MpodJIEMbl U IEMOHCTPUPOBATH TOHUMAHHUE JUCIUTUIHHBIL.

Camocmosmenvnas paboma — paboTa CTYJEHTOB, HaIpaBICHHAs Ha YIIIyOJEHHOE
U3y4eHHE OTICIBHBIX TEM M BOIPOCOB YIeOHOW JUCIUTUIMHBI (MOIYIIS).

B nporecce camoctosTensHON pabOThI CTYAEHTHI B3aUMOJIEHCTBYIOT C PEKOMEH1I0BaHHBIMU
MaTepHrajaMH P MUHUMAIFHOM YYaCTHHU MPEToiaBaTels. 3a1aun CTyIeHTa BKIIOYAOT paboTy
C KOHCIEKTaMH JIeKIui (00paboTka TeKCTa), MIOBTOPHOE U3yYeHUE YUEOHBIX MAaTEepUAIOB IJIAHOB
U TE3MCOB OTBETOB, U3YUEHHUE JOMOJHUTEIBHBIX TEM, BHIIIOJHEHNE YI€OHO-NCCIIEAOBATEIBCKUX
3alaHUU U Ipyroe.

Cucrema OLlCHUBAHUSA PE3YyJbTATOB oﬁyqe}mﬂ o JTUCHUIIJIMHE (MOI[y.TIlO)

Kpurepun nosy4eHusi ypoBHA M OLCHHBAHUA C(POPMHUPOBAHHOCTH KOMIICTCHIMI 110
AUCHUILINHE (MO/yJie) «AHAJIM3 HA MHOT000pa3usax»

OrneHuBaHue YpOBHsS Y4eOHBIX JOCTHKEHHH, oOydaromuxcs Mo AUCHUIUIMHE (MOIYIIO),
OCYIIIECTBIISIETCS B BUJE TEKYIIET0 KOHTPOJISl yCIIEBAEMOCTH U MTPOMEXYTOUYHOM aTTeCTalliH.

IIpoMeskyTouHasi aTTecTanMs MO JUCHUIUIMHE (MOJYJIO) OCYILECTBISETCS B (opme
3auema ¢ OWEHKOU, TPU STOM TPOBOJUTCSA OLEHKA KOMIETEHIMH, cHOpMHpOBaHHBIX IO
JUCLIUILINHE.

s oleHMBaHMS TEKYIIETO KOHTPOJS YCIEBAaEMOCTH M IPOMEKYTOUHOM aTrTecTaluu
UCTIONb3YyeTCsl JiecaTuOaulbHas IIKaja OLIEHWBAHUS, KOTOpas COOTHOCHTCS C TPaTUIIMOHHOMN
nATUOATUTPHON IIKAJION CIEAYIOIMM 00pa3oM, €ClId MHOE HE YKa3aHO B CUJIIa0yce UCITUTUTHHBL:

JecaTubannbuas IlaTtudamnbHas OO0mas xapakTepucTHKA pe3yJibTaTa
Ouenka 3a 3a4eT
OLIEHKA OLICHKA o0y4eHuUs MO TUCHUTINHE (MOILYJII0)
10 OTnnyHO 3auTeHo CTyZIeHT MOJIHOCTBIO BJaJeeT 3HAHUSAMU,
9 OTIUYHO 3ayTeHo U3JI0O)KCHHBIMH B pa60qe1‘/'1 nporpaMmme, u
8 OTIM4EO 3auTeHo rIy0OKO  ocMbIcisieTr aucuuriuHy. OH

CaMOCTOSITEITHHO u JIOTHYECKH
MOCIIEI0BATEIIEHO OTBEUYAET Ha BCE BOMPOCHI,
aKIIGHTUpYS BHUMaHWEe Ha  HauOoiee
BAYKHOM. YMmeer aHaJIU3UPOBATh,
CpaBHHBATH, KJIacCU(UIIUPOBATH, 000011aTh,
KOHKPETH3UPOBaTh U CHUCTEMaTHU3MPOBATH
W3YYCHHBI MaTepHal, BBIACISS KIIOUEBbIC
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JlecaTnboanabHas
OIleHKA

IIaTnéananLuasn
OILICHKA

OneHka 3a 3a4yert

OO0mast xapakTepucTHKA pe3yJibTaTa
00yuyeHus 1o JUCHUILIAHE (MOYJII0)

MOMEHTHI W YCTaHaBIIMBas IMPUYUHHO-
CJIeJICTBEHHBIE CBs3H. YeTko (Gopmynupyer
OTBETEHI, YBEPEHHO HMHTEPIPETUPYET
pe3yIbTaThI aHaJIN30B u JIPYTUX
HCCIICIOBAHNIN, a TaKXKe PEIIacT CIOKHBIC
3amaun. CTyIEHT XOpOIIO 3HAKOM C
METOJAaMH HCCIIEIOBAHUS, HEOOXOIMMBIMU
JUTSL TIPAKTUYECKON NEATSIBHOCTH, U YMEET
CBSI3BIBATh TEOPETUYCCKUC ACIIEKTHI
JTUCIUIUTAHBL  (MOIyJIsl) C TPaKTHYECKUMHU
3a/1a4aMH.

Xoporo

3auTeHo

Xopomo

3auTeHo

Crynent oOmajgaeT 3HaHMSAMHU MpeaMeTa
MOYTH B TIOJHOM o0beMe pabodeid
mporpaMmbl 1 CaMOCTOATCIIBHO, JIOTUYCCKU
MOCJIEeIOBAaTeIFHO U BCECTOPOHHE OTBEYAET
Ha BCE BONPOCHI, aKICHTHPYSI BHUMAHHE Ha
HaunOoJee 3HaUMMBIX MOMeHTax. OH ymeeT
aHAJIHM3HUPOBATH, CpaBHHBATb,
KJIACCU(HUIMPOBATD, 0000maTh,
KOHKPETU3UPOBaTh M CUCTEMaTH3UPOBATH
U3Y4YECHHBIH  MaTepuaj, BBIACIAS €ro
KIITOUYEBbIC ACIICKThI u yCTaHaBJIMBas
NPUYUHHO-CIICICTBEHHbIC CBSI3M.
DOopMyIUpyET CBOM OTBETHI, YBEPEHHO
HHTEPIIPETUPYET PE3YIbTAaThl AHAIU30B U
JOPYTHX HCCIEIOBaHUI, a TaKkkKe pelaer
CJIOKHBIE CUTYallnoOHHBIC 3aaaun. CTymeHT
XOpOIIO 3HAKOM c METoJlaMU
UCCIIEZIOBaHUS,  HEOOXOOMUMBIMH  JUIS
HpaKTH‘IeCKOfI ACATCIIBHOCTH, W YMECT
CBSI3BIBATH  TEOPETUUECKHE ACIICKTHI
npeaMeTa ¢ IPaKTHYECKUMH 33a4yaMH.

Y 10BIETBOPUTENBHO

3auTeHo

Y 10BIETBOPUTENBHO

3auTeHo

CryneHT oOnamaer 0a30BBIMHU 3HAHHSIMH
0 JTUCHHUIUTHHE (MOJIYJII0), HO HCTIBITHIBAET
TPYAHOCTH TIPU CAMOCTOSTENFHBIX OTBETAX
1 WCITOJIB3YET HETOYHBIE (hOPMYITHPOBKHU. B
X07I¢ OTBETOB OH JOMYCKAeT OIIMOKH,
Kacarorquecst cyTH BompocoB. CTyaeHT
CHOCOOCH peliaTh TOJBKO CaMble MPOCTHIC
3aJa4d M BIAAEET JIHIIb MHUHHMAIbHBIM
HaOOpPOM METOJIOB HUCCITETOBAHNS.

He cnaun

He 3aureno

He cnan

He 3auteno

He cnan

He 3auteno

CrymeHT He OBIazel 00s13aTeIbHBIM
MUHUMYMOM 3HAaHUM MO NpeaMeTy U He
MOXET OTBETHTHb Ha BOTMPOCHI, JAXKE ECIIH
MPENoIaBaTeNb 3aJacT JONOJHUTEIbHbIC
HaBOJSIIINE BOIPOCHI.
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Jucuumnimza (MOlyb) «AHAJIN3 Ha MHOTO0OPa3HUsIX» OIIEHUBACTCS CIETYIOIUM 00pa3oM:

AKTHBHOCTH Bec |KoanuectBo Onucanue

Homamrnee 3amanue | 15% 14 ®opma NpoBEpKHU 3HAHUHN, PU KOTOPOH CTYJACHT OTBEYACT
Ha BOTIPOCHI ITperoJiaBares B YCTHOH (opme,
JIEMOHCTPHUPYS CBOU 3HAHUS U TIOHUMAHHUE TEMbI

AynutopHas pabora | 15% 1 AxTuBHas paboTa CTyJIeHTa Ha 3aHATHH

Koutponbhas pabora | 30% 1 [Mucermennas pabota ¢ HabopoM 3aad, KOTOPBIE HYKHO
PEIIUTH 32 OTPaHUYCHHOE BPEMS

JlaboparopHas 10% 1 [IpakTrueckoe 3aianue, HaNPaBJICHHOE Ha MPUMECHEHUE

pabora TEOPETUYCCKUX 3HAHMI TTPU PEIICHUM KOHKPETHBIX 33j1a4,
BBIMOJTHSEMOE O] PYKOBOJICTBOM IMPEOIaBaTest

3ader ¢ OIeHKOM 30% 1 Hrorosas pabora - mucbMeHHas paboTa ¢ HaOOpOM 3aaad,

KOTOPBIC HY?>KHO PCHINUTD 34 OTPAaHUYCHHOC BPEMI,
BO3MOXKCH I[OHOJ'IHI/ITGJ'II;HI;IfI yCTHLIfI 9K3aMCH

®opmyJia pacyéra HMTOIOBOM OLEHKH IO JUCUMILIMHE (MoayJe) «AHAJIM3 Ha
MHorooopa3usax»: «0,15x cpennee 3a qomamnee 3aganue + 0,15 x aynuropnas pabora + 0,3 x
KOHTpOJIbHBIE pa0oThI + 0,1 X maboparopHas padota + 0,3 X 3a4eT ¢ OLIEHKOW».

Texkyummii KOHTPOJIb ycIIeBAeMOCTH 00y4AKOIIUXCH M0 AUCHUIIINHE (MO/yJIe)
IIpuMepHbIe JOMALIHHE 3aJaHUS

1. Jlaiitre gopmanbHOE OMpenereHrne TOMOJIOTHYECKOTO MPOCTPAHCTBA, MEPEUUCIUTE TPH
OCHOBHBIX CBOIMCTBa, KOTOPHIMH OHO JJOJDKHO 00J1aaaTh, M OOBSCHHUTE, IIOYEMY U3 ITHX CBOMCTB
cienyeT xaycnophoBocTh, €Cit K JII000 Iape TOUeK MOXKHO ITOA00paTh OTIACISIONINE OTKPBITHIC
MHO)KECTBA.

Ooicudaemwiti pesynomam : HeOOJbIIas MUCbMEHHas BIepkKa (=150 ci1.); mpoBepsieTcs MoJIHOTa
OTIpeieNIeHus 1 JIOTHKA JI0Ka3aTeIbCTBA.

2. Tokaxwure, 4TO JFOOOW TIAAKUH KOMITAKTHBIH MHOTOOOpaszue 0e3 rpaHuilbl 00sagaet
KOHEYHBIM aTjlacoM. YKaXuTe, TIJe B J0Ka3aTeIbCTBE MCIOJIB3YEeTCS KOMIAKTHOCTD.
Ooicudaemviii pezyromam : GopMaabHOE T0Ka3aTeabCTBO (=10 CTPOK) ¢ CCHUIKOW HA TEOPEMY O
KOHEYHOM THOJIOKPBITHH.

3. Bosemure chepy S2CR3 B cranmapTHBIX cheprudeckux koopauHartax (6,p). BeiBenute
bopMyIIBl U METpUYECKOro TeH3opa (, cumBosioB Kpucroddens Tijk u tenszopa Puuun Rij.
Ooicudaemviii pezyromam : Habop Ghopmyd, mpoBepeHHbIX B SymPy (dain-HoyTtOyk Jupyter).

4. C nomorpto 6ubmmorekn Manifold (uam coOcTBeHHOrO KO/a) peanu3yiTe GYHKIIHUIO,
MPUHUMAIOIIYIO TOUKY P Ha IBYMEPHOM TOPE U BO3BpAILaoLyt0 0a31c BEKTOPHBIX noJiel {06,0p
} B koopauHatax (0,¢). IlponemoHcTpupyiite paboTy QyHKIMHM Ha IATH CIydallHBIX TOUYKaX.
Oorcudaemviii pezyromam . JUPYLEr-HoyTOyK ¢ oObsiBIeHHEM (YHKIIMH, BBIBOJOM 0a3uCOB U
KOPOTKHM IOSICHEHHEM.

5. B HECKOJIBKHX TPEITOKEHHUSIX ONMUIINTE, KaK TeH30p PrMaHa mosBisieTcst B ypaBHEHUSX
oOriell TeOpUH OTHOCUTEIBHOCTH M KaKyl0 (PM3MYECKYI0 BEIMYUHY ONHCBHIBAET €ro CKaspHas
KpHBH3HA R.
Oorcudaembiiti pesynvmam : TekeT (=200 ci1.) ¢ yka3aHueM ypaBHEHUH DHHIITelHa.

IIpumepHbIe 3a1aHUA 1JIs1 CEMMHAPOB
1. 3agansl mapameTpbl mnoBepxHOocTH MeEOmyca. Kaxknas rpynma JoikHa HalTH
KacaTeJbHOE IPOCTPAHCTBO B IMPOM3BOJIBHOM TOYKE, IOCTPOUTH BEKTOPHOE IIOJIE «I10

HAIpaBJICHUIO IIOJIOCKH», TIIOCTPOUTH BCKTOPHOC TIIOJC, TMCPINCHAUKYIAPHOC IIOJOCKE, H
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BBIUMCIUTh CKOOKY JIu Mexnay Humu. ['pynma mpeacraBisieT pelieHHe Ha JTOCKE M JIeJaeT
KOPOTKUH (=5-MUHYTHBIN) TOKJIAT.

2. O6cynute, kak TeopeMa Capaa MoOKeT OBITH KCIOJNb30BaHA MPU JIOKA3aTEIbCTBE
CyILIECTBOBaHUS pellieHU ypaBHeHUH Ditnepa—Jlarpanxa Ha riajkoMm MHOrooopasuu. CTy1eHTbI
(GOpMUPYIOT CIUCOK TE€3UCOB (< 6 MYHKTOB) U apTyMEHTUPYIOT KK/l U3 HUX.

3. IocTpouTte Teone3nvecKkylo Ha TUepOOIMYecKoil riockoctu (Monenb Ilyankape) c
HavanbHbIMH yeroBusamH (X0,y0)=(0,0),x"0=1,y ' 0=0. CpaBHHTE MOy4EHHOE YHUCICHHOE PELICHHE
(Runge-Kutta) ¢ ananutudeckoit popmoii u npeacraBbTe rpaduK U TAOIHUIY OMIHOOK.

4. «ITouemy coBmecTuMOCTh MeTpuku VQ=0 BaxkHa 1t pu3uku?». CTYIEHTHI TPUBOIST
IpUMEphl, B TOM UYHUCJIE HEJIUHEWHYIO CBSI3HOCTb B OOIICH TEOPUM OTHOCUTEIBHOCTH, U
(UKCUPYIOT CBOM BBIBOJBI B MPOTOKOJE cemuHapa (=150 ci.).

5. Jlano mpocTtpaHcTBO KoHbuUrypanuid manumyistTopa-podora SO(3)xR3. Tpebyercs
chopMynMpOBaTh 3a/ady IUIAHUPOBAHUS TPACKTOPUH B TEPMHUHAX TEOJE3WYECKHUX. [ 'pymIbl
TOTOBSIT CXEMaTUYECKUIl IJ1aH perieHus (IICEeBIOKO] + KOPOTKOE 0ObICHEHNUE).

IIpumepHbIe 3a1aHUsA VISl KOHTPOJIbHOMH PadoThI

1.  Onpenenenue KapThl — JaiiTe onpeaeneHue MATKoi KapThl (chart) u mepeunciaute
JIBa 00s13aTEIIHHBIX CBOMCTBA €€ 00paTHOTO 0TOOPasKEHHS.

2.  Metpuka Topa — B koopauHatax (#,p) Ha Tope T2=S1xS1 3anummre METpUICCKUN
TEH30p {, €CIIHM Pafnychl 00enX OKPYKHOCTEH paBHHI 1.

3. Cumsou Kpucroddens — Beruncinure ['ppl nns ykazaHHOM METPUKHU TOpA.

4.  Teopema Capaa — chopmynupyiite e€ B OJJHOM MTPEITIOKESHUH.

5. /HBapHaHTHOCTb CKAJSIPHOI KPUBU3HBI — IOKAXKHUTE, YTO CKAJSpHAs KpUBU3HA R
ocTaércs HEM3MEHHOHM NpH Mepexoje K JPYrMM KOOpAWHATaM Ha MPOU3BOJIBHOM JIBYMEPHOM
PUMaHOBOM MHOT00Opa3uHu.

6. YpaBHeHHe reoxe3mveckux Ha cepe — sanummure cucremy OJLY mis (6(t),p(t)) Ha
chepe S2.

IIpumepHbIe 3a1aHu 1J151 1a00PaTOPHOIT padoThI

1. Co3nanue KJjacca MHOrooopasusi — peanusyiite kiacc Manifold ¢ momssmu dim,
charts (cniucok dynkumii-kapt) u transition_maps. Berpourte mpoBepky COBMECTHMOCTH atiiaca
(T1aIKOCTh MePEXOHBIX PYHKIINM).

2. TeH30pHBIH MOIYJIb — HAMUIIUTE QYHKLIUK JUTS 3aaHusi MeTprku Metric(g_ij), eé
0o0paTHOW METPUKH M BhIUMCIIEHHS cuMBOJIoB Kpucrtoddens meporo poaa I'ijk mo dopmyie
Kpucrodpdens-II.

3. KpuBH3HA — Ha OCHOBE IMOJYYCHHBIX CHMBOJIOB PEAU3yHTe BBIYUCICHHE TEH30pa
Pumana Rijkl, Tensopa Puuun Rij u ckanspHo#t kpusm3abl R=QijRij. BeiBenute moayueHHbIe
MAacCHBBI.

4.  Teone3mueckue — chopmynupyiite cucremy OJlY reoxmesnyeckux, pemmute e€ ¢
noMoIneio SCipy.integrate.solve_ivp ans BeIOpaHHOW MeTpuKH (HarpuMep, THrepOoInyecKast
IUIOCKOCTh B MoJienu [lyankape).

5. Bu3yaim3anmsi — TOCTPObTEe TpadUKU MOJYYCHHBIX TE€OJC3MUSCKHX MMPU Pa3HBIX
HAYalbHBIX yCIOBUAX, ucnonb3ys mMmatplotlib wmu plotly. Jlns cpaBHenus otoOpasute
reojie3MuecKue Ha cepe u Ha Tope.

6.  Otuér — opopmute PDF-10KyMeHT, BKIIIOUAIOIINIA:

—  Kparkoe TeopeTnyeckoe onrMcaHne peann3yemMbix GopMyi;

—  OcHOBHBIE OJIOKH KOJIa ¢ KOMMEHTapHUSIMH;

—  Tabnuuel 3HaueHudt cumBosioB Kpuctoddens, TeH30poB KpuBHU3HBI U TpaduKH
re01e3MUECKHX;
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— AHanM3 TONyYeHHBIX YHCICHHBIX pe3ylbTaTOB (CpaBHEHHWE CO W3BECTHBIMU
AHAJTUTHYECKUMH 3HAYCHUSMU, HAlIpUMeEp, CKaJIIpHas KpuBU3Ha cepsl = 1).

33[[31-[1/[5[ IJIA HpOMe)l(yTO‘lHOﬁ aTTeCTallui 110 JMCHUIIJINHE (MOlIyJIIO)

Ne 3amanme OT1Ber Komnerenuuss | Unaukartop
n/n
1. VYkaxure 1Ba CBONCTBA, KOTOPBIMU JOJKHA BuextuBHOCTH / YK-1 YK-1.1
obmamaTh kapTta (chart) B ompeneneHum I'mamkocTs
IJIAJIKOTO MHOT000Pa3HsL. o0OpaTHOTO
0TOOpaKCHHUS
2. Kak Ha3bIBaeTcs ycioBue, Mpu KOTOPOM CoBMECTUMOCTD YK-1 YK-1.2
ceMeicTBO KapT oOpa3yer atiac? Kapt / I'majkast
COTJIACOBAHHOCTD
3. HazoBute mpuMep TOMOIOTHIESCKOTO [IpoctpancTBO C OIlK-1 OIlK-1.1
npoctpancTBa, KoTopoe HE siBnsiercs TPUBHAJIBHON
Xayc10phOBBIM. TOTOJIOTHEH /
IIpsimas ¢ nByms
HYJISIMU
4, YKaxkuTe cBOHCTBO, TapaHTUpYIOLIee KommnaktHOCTS / OIIK-1 OIIK-1.1
MOKPBITHE KOMITAKTHOT'O MHOT000pa3us CoiictBo
KOHEYHBIM YHCIOM OTKPBITHIX MHOKECTB. KOHEHHOro
TTOITTOKPBITHS
5. [TpuBeaute GOpMyTUPOBKY TEOPEMBI O06pa3 MHOKECTBa OIIK-1 OIIK-1.2
Capﬂa (KpaTKO). KPUTHYCCKHUX TOYECK
TJIIKOTO
0TOOpaXKEHUSI UMEET
Mepy HYJIb
6. Kak Ha3bIBaeTCsA NpOCTPAHCTBO BCEX Kacarensnoe OIlK-1 OIlK-1.1
KacaTeJbHBIX BEKTOPOB B ToUuke p € M? npocrpancTo T,M
7. 3anuiuTe OnpeaeIeHUe BEKTOPHOTO MOJIs I'mankoe ceuenue OIlK-1 OIlK-1.2
Ha TJ1aJIKOM MHOTO00pa3uHu. KacaTeJIbHOTO
paccrnoenus /
Orobpaxenue p —
T,M
8. B kaxoii KOHCTPYKIIMH OTIpesieNsieTcs KommyraTtop OIIK-1 OIIK-1.1
ckoOKka JIu 1ByX BEKTOPHBIX MTOJICH? BEKTOPHBIX MOJICH /
JIu-cko0Oka [X,Y]
9. Ykaxure, Kak Ha3bIBACTCs JIMHEHHOE KoBapuantnas OIIK-1 OIlK-1.1
otobpaxenue V.Y, rane V— CBA3HOCTD. IIPOU3BOHAA
10. | Kakoii TeH3op u3mepsier TeH30p KpUBU3HBI OIIK-1 OIIK-1.2
HEKOMMYTAaTHUBHOCTh KOBapHAaHTHBIX Pumana
TIPOU3BOTHBIX ?
11. | IMpuBeaute popmyiy sl CHMBOJIOB I = " gkl(Oigi + Oigi! OIlK-1 OIIK-1.2
Kpucroddens Broporo posna B 10KaIbHBIX — d'gi)
KOOpJIMHATaX.
12. | Kak Ha3bIBaeTCs ypaBHEHUE, VYpaBHeHue OIIK-1 OIIK-1.1
OIIPEAEIIAIONIEE T€OAE3NUECKUE JIMHUU Ha FGOHGSH‘IGSKHX [V

PUMaHOBOM MHOTO0Opa3uu?
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13. | HanwumiuTe yciioBUe, KOTOPOE AOJDKHA CummMmeTpuyHast OIlK-1 OIlK-1.1
YAOBJIETBOPATH PUMAaHOBA METPUKA B TTOOKATCIIBHO
K10 TOUKeE. R
OwnuHeitHas Gopma
Ha T,M
14. | Yro BeruucnsioT cuMBoibl Kpucroddens B Koadpummentst OIIK-1 OIlK-1.2
PHMAaHOBOH reoMeTpHH? csisHOCTH JleBu-
Uusura
15. | Ykaxure, Kakoi TEH30p MoaydaeM 1o CkansipHasi KpUBH3HA OIIK-1 OIIK-1.1
TIOJIHOMY CBEPTHIBAHHUIO TeH30pa PuMana. / Tensop Praan
16. | Kak Ha3pIBaeTCs TeopemMa o Teopema o YK-2 YK-2.2
KIJTACCU(UKAITIH KOMIAKTHBIX KIaccuuKanuu
OPHEHTHPYEMBIX 2-MEPHBIX TOBEPXHOCTEH
MHOT000pa3nii?
17. | B kako# KaTeropuu HaXoAsTCsl TEH30PbI KoBapuanTtHsie OIIK-1 OIIK-1.1
tuma (0,2)? TEH30pPBI BTOPOTO
panra
18. | Hanumure dopmyity i KOBapHAHTHON Vigij= 0 (ycnoBue OIlK-1 OIIK-1.2
IIPOU3BOTHON METPHKHU. COTIIACOBAHHOCTH)
19. | Kak naswiBaercs onepatop Af = div grad f Jlanmac-benprpamu / OIIK-6 OIIK-6.1
Ha pUMaHOBOM MHOT000pa3uu? Jlannacuan
20. | Ykaxute GU3NUECKYIO TEOPHIO, TJIe TCH30D Oobmast Teopus YK-2 YK-2.2

Puuuu urpaet kio4eByro poJib.

OTHOCHUTEJIBHOCTH /
YpaBHeHUs
DHHIITEHA
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