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1. KpaTkasi xapakTeprucTHKA JUCUMILIHHBI (MOTYJIA)

Pabouas nmporpaMMa JUCHUMIUIMHBI (MOAYJISl) «AHAJIN3 HA MHOrooOpa3usix» COCTABIICHA B
COOTBETCTBUM C (ellepanbHbIM TI'OCYJapCTBEHHBIM OOpa30BaTENIbHBIM CTaHAAPTOM BBICILETO
oOpa3oBanus — Oakanaspuar no HanpasiaeHuio 02.03.01 «Maremarrka 1 KOMIIbIOTEPHBIE HAYKHY,
npopmiib «VCKyCCTBEHHBI HMHTEIIEKT», YTBEPXKIEHHBIH NpHKa3oM MUHHMCTEpCTBA HAayKH U
BeIciero oOpasoBanust Poccuiickoit deneparu Ne 807 ot 23.08.2017 roaa.

N3yuenne AucLUIUIMHBL (MOAYyJNs) «AHAIUM3 Ha MHOrooOpasusx» NpeAoCTaBIseT
(dyHIaMeHTaJIbHbIe UHCTPYMEHTHI JUISI OIMCAHUS M HUCCIEIOBAHUS CIOXKHBIX T€OMETPUUYECKUX
CTPYKTYp, KOTOpbIE JIEKaT B OCHOBE COBPEMEHHOW TeopeTudeckoil ¢u3uku (obmas teopus
OTHOCHUTEJIbHOCTH, KBAaHTOBAsl IPAaBUTALM ), TOIIOJOTUHU, TEOMETPUUECKUX METOJI0B B MAlIUHHOM
o0yuyeHMM M KOMIIbIOTepHOW rpaduke. be3 riayOokux npeAcTaBIeHUH O TONOJIOTHH,
muddepeHnaIbHOl  TeOMETpUM W TEH30PHOM  MCUMCIIEHMH HEBO3MOXKHO  KOPPEKTHO
dopMynMpoBaTh W pelaTh 3aJadyd, CBA3aHHbIE C KPUBU3HOM NPOCTPaHCTBa-BPEMEHHU,
ONTUMHU3AIME Ha HEJIWHEHHBIX MMOBEPXHOCTSIX WJIM IOCTPOEGHHEM  invariant-mMojeneid B
uHpopmaTuke.

MecTto iucuuIIMHBI (MOAYJIfA) B CTPYKTYpe 00pa3oBaTe/ibHOM MPOrpaMMbl

Hacrosimas nucuuninHa (MOyJib) BKJIOUEHA B y4e€OHBIH IJ1aH 10 MPOorpaMMe MOArOTOBKH
OakanaBpuata o HampasieHuio 02.03.01 «MaremaTnka U KOMIBIOTEPHBIE HAYKH», MPOQHIH
«McKycCTBEHHBIH MHTEIJIEKT» M BXOJUT B BapHaTUBHYIO 4YacTh bioka 1 dopmupyemyro
YYaCTHUKaMHU 00pa30BaTEeIbHBIX OTHOIICHUH KaK JUCIHUIUIMHA 110 BBIOODY.

JucuuminHa  (Moaysp)  JAoCTynHa Juid  u3ydeHus Ha 3 wiu 4 Kypce
B 6, 7, 8 ceMmecTtpax Ha BBIOOp mocie YCIENIHOTO OCBOCHHUS JWCIUILIMH (MOIYJICH):
«Martemarnueckuii anamm3. Yacte 1», «Marematnueckuii a"Hanu3. Yacte 2» u «JIuHelHas
anreOpa u reomerpus. Yacte 1», «Jluneitnas amre6pa u reomerpus. Yacte 2» wim
«Marematnueckuid anHanu3. IIpoaBunyThlii ypoBenb. Yacth 1», «MaTemaTudyeckuil aHaius.
[TponBunyThIil ypoBeHb. HacTb 2» u «JIuneiinas anredpa u reomerpust. [IpoaBUHYTHINH YpOBEHb.
Yacts 1», «Jlunelinas anrebpa u reomerpus. [IpoaBuHyThIi ypoBeHb. YacTb 2».

Heap u3yyeHuss OAMCHUNIMHBI (MOAyJs): (GOPMUPOBAHHE Yy CTYACHTOB IIEIOCTHOTO
MIPEACTABJICHUS O TOMOJIOTHYECKOM U AuddepeHIInaTbHOM aHaM3e MHOT000pa3uid, a Takke
Hay4YUTh UX IPUMEHSTH MMOJTYUYEHHBII MaTEMaTUYECKHUM annapar JJis IOCTPOCHUS U UCCIIEAOBaHUS
[JIaJJKUX T€OMETPUUYECKUX MOJIETEeH B TEOPUU OTHOCUTEIIBHOCTH, (PU3NYECKUX MPUIOKEHUIX U
COBPEMEHHBIX BBIYMCIUTEIIBHBIX METOJIAX.

3agauu u3yyeHus AMCHUILIHHBI (MOAYJIsST):

— W3yYUTh OCHOBHBIE MOHATHUS OOIIEH TOMOJIOTUU (TOMOJOTUYECKUE MPOCTPAHCTBA,
HENPEPHIBHOCTh, KOMIAKTHOCTb, CBSI3HOCTh) U MX CIEIUANTHU3AIHIO IS TJaJIKMX MHOroo0pa3ui,
BKJItOUast Auppeomopdusmel, Teopemy Capza U CBONCTBA ITaIKMX OTOOpaKEHUIH;

— HaY4HUTbCS BBIYUCIATH KacaTelbHbIE IPOCTPAHCTBA, PA00OTATh C BEKTOPHBIMU MOJISIMU 1
ckoOKko# JIu, a Takke C TEH30PHBIMH TMOJISIMU, KOBAPUAHTHBIMU MPOU3BOJIHBIMUA HHBIMU THTIAMU
CBSI3HOCTEI;

— YMeTh 3aJaBaTh METPUKY Ha MHOrooOpaszuu, HaxoauThb cuMBONBl Kpucroddens,
pemaTh ypaBHEHHUS TE€OJIC3UYECKUX M BBIYUCISITH TEH30pbl KpuBWM3HBI (Pumana, Puyum,
CKaJISIPHYIO);

— HCMOJBh30BaTh MaTeMaTHYECKUIl ammapaT B 3ajadyax TeopeTudeckoil Gpusuku (Moenb
MPOCTPAHCTBA-BPEMEHH, YPaBHEHUSI DUHINITEHHA), TEOMETPUICCKON ONTUMHU3AINH (OITUMAIBHOE
pa3MeIrieHne Ha HEIWHEHHBIX TOBEPXHOCTSIX) M COBPEMEHHBIX BBIYHCIUTENBHBIX 00JacTsIX
(reomeTpuyeckoe MamMHHOE OOydeHHe, Tpaduka, oOydeHHe TMpeACTaBICHUSIM  Ha
MHOT000pa3usIx).
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B pe3yabTare 0cBOCHUS IUCHUILIAHBI (MO1YJIfA) 00YYAKOIIMICS T0JIKEH:

3HaAmb:

— OCHOBHBIC TMOHATHSA  OOWIEH  TOHOJOrMHM  (TOMOJIOTMYECKHE  IMPOCTPAHCTBA,
HEIPEPBIBHOCTh, KOMITAKTHOCTH, CBSI3HOCTh) U MX IPUMEHEHHE K MHOTOO0Pa3HsIM;

— OompeneNeHus TJIAJKHX MHOTO00pasuii, MIaIkux oToopakenuil, mudpeomMophru3MoB u
X KJIIOUEBBIC CBOMCTBA;

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

— OCHOBBI TEH30PHOI'O UCUMUCIICHHS: TUIIBI TEH30POB, ONEPALUK C HUMH, KOBapHAHTHAsI
NPOM3BOJIHAS U CBSI3HOCTH;

— OCHOBHBIE OOBEKTHl PHUMAHOBOW TE€OMETPHUU: METPHUKY, T'€0AC3MUYECKHE, KPHBH3HY
(Ten3zopsl Pumana, Puuun, ckanspHyto KpuBU3HY);

ymemp:

— QaHaNM3MpOBATh  TOIOJIOTUYECKHUE CBOMCTBAa MPOCTPAHCTB W  MHOrooOpasuii
(xaycnophoBOCTh, KOMIAKTHOCTb, HAJTUYHE TIIaJAKON CTPYKTYPBI);

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

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

— OIepPUPOBATh TEH3OPHBIMH TIOJSIMH, BBIYMCISATH KOBAapHAHTHBIC TIPOM3BOIHEIC,
MIPOBEPSTH CBOWMCTBA CBA3HOCTEH;

— pematbh ypaBHEHHUS T€0Je3WYECKUX, BBIUUCIATH CUMBONBI Kpucroddens u TeH30pbl
KPUBU3HBI JIJIS 33]JaHHBIX METPHK;

enademsp:

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

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

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

— CIOCOOHOCTBIO TIPUMEHATH TOJyYEHHBIC 3HAHWS JJIS PEUICHHs 3a1a4 B TEOPHUHU
MHOTr000pasuii, o011el TeOpUU OTHOCUTEIBLHOCTH U CMEXKHBIX 001aCTSX.

DNEeKTPOHHBIA JOKYMEHT



2. IlepeyeHb MJIIAHUPYEMBbIX Pe3yJIbTATOB 00y4YeHUs

Komnerennuu, ¢opmupyeMbie B pe3ylbTaTe OCBOSHHUS IUCHMIUIMHBI (MOIYJS) MpH
IPOBE/ICHUH yUEOHBIX 3aHATUH B (hOpMe KOHTAKTHOM paboThl 00yYarOLIMXCs € eJarorn4ecKuMu
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHON PaOOThI 00yUYarOIINXCA:

Kommnerenuus Copep:xanue HNupukatop [epeuens njIaHMpyeMbIX
KOMIIeTeHIIMH KOMIIETeHLIMH pe3y/1bTaTOB 00y4eHHs 10
JMcCUHMILIMHE (MOIYJIIO)
YK-1. Criocoben YK-1.1. 3HaeT MEeTObI TIOMCKA U aHaIu3a
OCYILIECTBIIATH MOUCK, nHpOpPMAaLUH B 001aCTH
KPUTUYECKUH aHANN3 U HCKYCCTBEHHOT'O MHTEJJIEKTa, OCHOBHBIE
CHHTe3 HH(popMauy, IIPUHIMIIBI KPUTUYECKOH OLIEHKH
HIPUMEHSTh CUCTEMHBIH HUCTOYHUKOB HHGOPMALIUH U UX
MOJXOJ TSl peIIeHHUs PENEeBaHTHOCTH.
IIOCTaBJICHHLIX 3aJ1a4 VYK-1.2. YMeeT KpUTUUECKH OLIEHUBATh
HCTOYHUKHU MH(OpMANU U
CHUHTE3UPOBATh AAHHBIC U3 PA3TUYHBIX
WCTOYHMKOB JUIs pelleHus 3a/1ad,
NPUMEHSATh CHCTEMHBIN TOAXO0]] K
aHaJIM3y U PELICHUIO KOMIUIEKCHBIX
pooyeM
YK-1.3. Hmeet npakTHUECKHIA OTIBIT pabOTHI €
COBpPEMEHHBIMH HHCTPYMEHTAMH U
TEXHOJIOTHSAMH U 00pabOTKU
nH(popMaIuu, GOpMyITHPOBAHUH H
CTPYKTYPUPOBAHUH 3a/1a4 HA OCHOBE
noJjy4eHHol nHdopmamu
YK-2. CriocobeH onpeiensTh YK-2.1. 3HaeT ACWCTBYIOIINE PABOBBIE HOPMBI,
KpYT 3aJa4 B paMKax PETYIUPYIOLIUE ACSITEIbHOCTD B
MOCTaBJICHHOH LIeJIN U 001acTH peuIeHus 3a/1a4, OCHOBHBIE
BBIOUPATH METOJIbI ¥ TIOAXO/IbI K OIIPEIEIIEHUI0
ONTUMAJIBHBIE CIIOCOOBI KpyTa 3a/1a4
UX pELIEHUs, UCXOs U3 YK-2.2. YMeeT onpenenars Kpyr 3a1a4 B paMKax
JEHCTBYIOIINX [IOCTaBJICHHOH LIeJH, BEIOUPATh
MPaBOBBIX HOPM, ONITUMAJIbHBIE CIOCOOBI pelieHHs 3a1a4,
HUMEIOIINXCS] PECYpPCOB U YUUTBIBAS UMEIOIINECS PECYPCHI U
OTpaHUYEHUI OIpaHUYCHUSA
YK-2.3. NmeeT npakTU4eCKUA OMBIT
MIPUMEHEHUS 3HAHUH O MPaBOBBIX
HOpMax U pecypcax B pealbHbIX
CUTYyaIusX, pa3paboTKU U peaan3anun
pEILIEHNI B COOTBETCTBUH C
YCTaHOBJICHHBIMHU OTPaHUYCHUSIMH
OIIK-1. Crioco0eH HaxOauTh, OIIK-1.1. 3HaeT OCHOBHBIE METOIBI U ITOAXOIBI K
bopmyupoBaTh U PEIICHNIO 33129 MPUKIIATHON U
pelaTh aKTyalbHbIE U KOMIIBIOTEPHOM MaTeMaTHKH, BKJIIOYast
3HaYMMBbIe TPOOIEMBI ITOPUTMBI, MATEMATHYECKOE
MIPUKJIAHON U MOJICIIUPOBAHUE U TEOPHIO
KOMITBIOTEPHON ONITHMU3AIINH, a TAK)KE COBPEMEHHBIE
MaTeMaTHKH WHCTPYMEHTHI U TEXHOJIOTHH,
HCHOJIb3yeMbIE B 3TOH 001aCTH
OIIK-1.2. YMeeT aHanu3upoBarh U
(dhopMyIHpoOBaTh MaTEMaTHICCKHE

DNEeKTPOHHBIA JOKYMEHT




3a1a4H, IPUMEHSTh COOTBETCTBYIOIIIUEC
METO/IBI ¥ AITOPUTMBI JUTS KX PELICHUS,
a TaKkKe HHTePIPETUPOBATh U
MPEACTABISATh PE3yIbTAThI B TIOHSITHOM U
JOCTYIHOH hopme

OIIK-1.3. Hmeet nmpakTHYECKUN OTIBIT pabOTHI HAL
MIPOEKTaMH HJIH UCCIIEIOBAHUSIMU B
001acTH MPUKIaTHON M KOMITBIOTEPHON
MaTeMaTHKH, BKJIIOYasl y4acTHe B
KOHKYpCax, OJMMIINAIaX WM HAy9HBIX
Ty ONMKAIUSIX, TJe ObUTH pEeIIeHbl
aKTyasJbHbIC U 3HAYNMBIC 3a1a4H
TIK-1. Crocoben IIK-1.1. 3HaeT METOBI U TTOIXOIBI K
(hopMymupoBaTh 331241 (hopMynHpoBaHUIO 337124, a TAKKe
C MaTeMaTH4eCcKOn OCHOBHBIEC PUHIUITE MATEMAaTHYECKOTO
TOYHOCTBIO, JIOKa3aTesIbCTBA U aHAIHN3a PE3YJIbTaTOB.
000CHOBHIBATH IK-1.2. YMeeT KOppEeKTHO CTaBUTh U
YTBEPKICHUS CTPOTO H (dhopMyIHpOBaTh MaTEMaTHYCCKHE
aHAJIM3UPOBATH 3a7a4M, IPUMEHSATH CTPOTHE METO/IBI
HOJTyYeHHBIE JI0Ka3aTeIbCTBA M aHAIM3UPOBATh
pe3yJbTaThl B 00JIacTH NOJTy4YeHHBIE PE3yIbTATHI.
MaTeMaTHUKHU U TIK-1.3. HmeeT onbIT paboTHI ¢ 3371a4aMH B
KOMITBIOTEPHBIX HAyK 00JIaCTH MaTEMaTUKH U KOMITBIOTEPHBIX
HayK, BKITFOYasi IPUMEHEHUE
MaTeMaTHYECKHX METOJIOB JIJIsl peILICHHs
NPaKTUYECKUX 3a/1a4
[K-2. Crioco0eH pemrats [K-2.1. 3HaeT OCHOBBI HH(OPMAIIOHHON U
TUTIOBBIE 331391 oubarorpaduIecKkoit KyIbTypHl, a
npodecCHOHANTEHON TaKXe MPUHIMITEI THPOPMAIIMOHHOH
JIeSITETbHOCTH B 0€30MacHOCTH W IPUMEHEHHSI
obnactu nH()OPMaMOHHO-KOMMYHHUKAIIMOHHBIX
HCKYCCTBEHHOTO TEXHOJIOTHH B TPO(ECCHOHAIBLHOM
MHTEIUIEKTa, ONHPAsiCh JEATeIILHOCTH
Ha HH(POPMAIIMOHHYIO U IK-2.2. Ymeer 3¢ hekTHBHO UCTIONB30BATH
oubnmorpaduveckyro UHQOPMAITHOHHO-KOMMYHHUKAIIMOHHEIE
KyJbTYpY, UCTIONIB3YS TEXHOJIOTHH JUTS PEIICHHS CTaHJaPTHBIX
UH()OpPMALTMOHHO- 3a1a4 npodeccuoHaTBHOM
KOMMYHHKAIMOHHBIE JeSITEIIbHOCTH, YIUTHIBAs TPeOOBaHMUSI
TEXHOJIOTHH U UHQOPMAIMOHHOH 0e30MTaCHOCTH
YUYUTBIBasi OCHOBHBIE I1K-2.3. Wmeer ombIT paboThI €

TpeOoBaHU
MH(QOPMAITIOHHON
Oe3omacHoCcTH

HHPOPMALMOHHBIMU PECypcamu U
TEXHOJIOTHSIMHM B 00JIaCTH
HUCKYCCTBEHHOI'O MHTEJIEKTA, BKITFOYas
co0JIr0IeHre HOPM HH(DOPMAITMOHHOM
0c30IacHOCTH
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3. TemaTnueckuii NJIan

Neqr/
HaumeHnoBanue

pa3aena AUCUMNIHHBI
(Moays)

TpynoeMKocTh, akageMH4YecKHe Yachl

Ounas ghopma

Aynuro

Hasi padoTa

Jleknun

CeMuHapBI

KonTtposan

CamocrosTe
JbHAA
padora

TKY
(Texyumii
KOHTPOJIb

ycIeBaeMoCTH)

1 Tonomnorus

5

5

18

Jlomarninee
3a/laHue
AynutopHas
pabota

2 I'mankas crpykrypa

18

Jlomarninee
3a/laHue
AynutopHas
pabota

3 KacarensHoe
MIPOCTPAHCTBO

18

Jlomarninee
3a/laHue
Kontponbshas
pabota
AynuTtopHas
pabota

4 BekropHsle nos

18

Jlomarninee
3a/laHue
AynuTtopHas
pabota

5 JuddepenuupoBanue

18

Jlomarninee
3a/laHue
AynuTtopHas
pabota

6 PumanoBs MHOTOOOpa3mMs

18

Jlomarninee
3aJjaHKe
JlaboparopHnas
pabota

7 WNuterpupoBanue

16

Jlomaninee
3a/IaHHe

3auem ¢ oueHKoil

Hrorosas pabora

Hmozo:

30

30

124

Obvem oucyunaunst (mooyns) (¢
ak. 4.)

190

Obvem Ooucyunaunvt (mooynsn) (e
3au. eo.)
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4.

Conep:kanue TUCHHUILIAHBI (MO1YJIA)

Nen/m | HammeHoBanue pasjiena Conep:xanue TUCHUILTHHBI (MOYJIs1) IO TeMaM
JMCHMIJIMHBI (MO1YJIs1)

1. | Tononorus Tormomornyeckoe MPOCTPAHCTBO M TOMOJIOTHYECKHE MHOT000pa3usl.
I'omemophr3MBI 1 HEMPEpBIBHBIE 0TOOpaskeHms. Orepauy Hal
TOIOJIOTHUECKIMHU IPOCTPaHCTBAMHU

2. | 'mangkas cTpykTypa [onsTe kaptol U atiaca. [ magkue muorooopasust. [lpumepst
MHOT000pa3Hii.
Mopdusmel MEOTOOpasui, muddheomopdusm. Panr oToOpaxeHwms.
OTtobpaskeHHs MOCTOSHHOTO paHra v MOAMHOT000pa3ust
Jlemma Cappa u TeopeMbl 00 anmpOKCHMAITHH.

3. | KacaremsHoe Tpu onpenenenus kacareabHOro Bektopa. [IpousBoanas Jiu.

MTPOCTPAHCTBO Juddepeniman orodpaxeHusl.

4. | BexTopHbIe O BekTopHble 1 KOBEKTOPHBIE TIOJIS, ONEPATOPHBIC OIS, OIS
OMITMHEHHBIX U KBaJpaTUIHBIX (opM. [lepBast 1 BTopast KBapaTHUIHBIE
(hopMBI.
[onstne nuddepentmansuoit Gopmbl. Onepanun Hax
muddepennmansabeME hopmamu. JnddepernmrpoBanne.
IIpumepbl TEH30PHBIX MOJIEH U ONepalii HaJ HUMHU.

5. | AuddepenuupoBanue Kosapuantnoe nuddepennmposanre. Cumponbsl Kpucrodens u nx
BBIYUCIICHUA

6. | PumanoBsr MHOTOOOpasus | Merpuka n PumanoBa MHOrooOpasue. PumaHoBa CBS3HOTH.
KonTponbHas pabora
[TapannenbHbIi NEPEHOC U TOEIE3UUECKUE

7. | UuTerpupoBanue [InoTHOCTH ¥ UHTETPUPOBAHUE IIJIOTHOCTEN

OpueHnTanus Ha MHOT00Opa3nu. MHOT00Opasue ¢ KpaeM u
MHIIyIIPOBAHAsl OPUEHTAIINS

WnterpupoBanue nuddepeHInaIbHBIX HopM.
WnuTerpuposanue quddepeHmanbHbIX GopM.

DNEeKTPOHHBIA JOKYMEHT




5. YyeOHo-MeTOOHUYECKOE 00ecreueHue

VYHuBepcUTET  pacrojaraeT IOJHBIM  HA0OpOM  JIMIEH3HMOHHOTO M CBOOOJHO
pPacHpoOCTPaHsIEMOro IPOTPAMMHOTO O0ECHEeUYeHHs, BKJIIOYAas MPOAYKTHl OTCUYECTBEHHOTO
IIPOU3BOACTBA.

Kaxaplii cTyJeHT B TedeHHE BCEro Inepuoja OOydYeHMs NOIydaeT WHIWBULYaJTbHBINA
HEOTPAaHWYEHHBIH  JOCTYN K  DJIEKTPOHHO-OMONMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
UH()OPMAIIMOHHO-00Pa30BaTENFHON Cpele YHHMBEPCUTETa. OJTH CHUCTEMBl IIPEIOCTABISIOT
BO3MOXHOCTH JIOCTYIIA K pecypcaM 3 Jr000i TOUYKH, Tlie eCTh NOJAKII0OUeHHe K cetu VHTepHer,
KaK Ha TEPPUTOPUU YHUBEPCUTETA, TAK U 3a €T0 IPEICIIaMH.

CrynentaMm oOecreyeH yIaleHHBIH JOCTYI K COBPEMEHHBIM MPO(ecCHOHAIBHBIM 0a3aM
JAHHBIX U HH(GOPMAITMOHHBIM CIIPABOYHBIM CHCTEMaM.

Ocnosnas numepamypa:

1. Mycun, 0. P. Tenzopubiii aHanu3. BBOgHBIN Kypc ¢ NPWIOKECHUSIMU K aHAIU3Y U
reomMeTpun : yueOHuk mus By3oB / 1O. P. Mycun. — 2-e uzn., mepepad. u mom. — Mocksa :
UznatensctBo FOpaiit, 2026. — 184 ¢. — (Briciiee oOpazoBanue). — ISBN 978-5-534-06198-7.
— Tekcr : oanekrponHsld // OOpasoBartenbHas mmiatdopma HOpaiit [caiir]. — URL:
https://urait.ru/bcode/585823

2. CannpaxoBa, E. B. Jluddepennmansusie popmbl Ha TIaIKUX MHOTOOOpa3usixX : yueOHHUK
st By3oB / E. B. Canapakosa, E. B. Cymun. — 2-e uzn. — Mocksa : U3narensctBo KOpaiiT,
2025. — 138 c¢. — (Beicmiee oOpazoBanme). — ISBN 978-5-534-10988-7. — Tekcr
uiekTpoHHBIH  //  OOpaszoBarenpbHas  miatdopma  FOpaiit  [caiit]. —  URL:
https://urait.ru/bcode/565616

/Jlonoanumensnan numepamypa:

1. Jluneitnas anreOpa M aHATMTHYECKAsh TCOMETPHS : YICOHUK M MPAKTUKYM JUIsI BY30B /
E.T'. IlnotuukoBa, A.Il. UBanoB, B. B.JlorunoBa, A.B.Mopo3oBa; mnox penakuuein
E. T'. I[InotHuKOBOM. — 2-¢ 3., epepad. u mpon. — Mocksa : U3narensctBo FOpaiit, 2026. —
416 c. — (Bsicmiee obpazoBanue). — ISBN 978-5-534-18887-5. — TekcT : »neKTpOHHBIN //
O6pazoBarenpHas miatdopma FOpaiit [caiit]. — URL: https://urait.ru/bcode/583462

6. MarepuajJbHO-TEXHHYECKOE o0ecneyeHue

VYHUBEpCUTET pacrojaraer MaTepualibHO-TEXHUYECKOM 0a30i, COOTBETCTBYIOIICH
JIeMCTBYIOIMM MTPOTUBOIIOKAPHBIM MPaBUIaM U HOPMaM M 0OecrieunBaroleil MpoBeieHUe BCexX
BUJIOB JIUCUUIUIMHAPDHOW W MEXIUCUUIUIMHAPHOW IOATOTOBKM, MPAKTUUYECKOW U Hay4dHO-
UCCIIEI0OBATEIbCKON PaboT 00yHaromuxcs, NpeayCMOTPEHHBIX YU€OHBIM IJIaHOM.

[TomenieHus1, KOTOpBIE MPEACTABIAIOT COO0H yueOHbIE ay IUTOPUH [Tl IPOBEACHUS 3aHATUI
JEKIMOHHOTO THUMA, 3aHATUH CEeMMHApCKOro (MpakTU4YeCKOro) THMA, TPYMIOBBIX H
VHAUBUAYAIbHBIX KOHCYJIbTAIMH, TEKYLIETO KOHTPOJIS U MPOMEKYTOYHON aTTEeCTAaIH, a TaKkKe
MOMEIIEHUS Il CAMOCTOSATENBHOM pabOoThl M MOMEIIEHUS Il XpaHEHUS U MPO(UITAKTUIECKOTO
obcimyxuBaHus yaeOHOro o0opynoBanus. [loMereHns yKOMIUIEKTOBaHbI CIICIUATN3UPOBAHHOM
MeOenbl0 U TEXHUYECKHMHU CPEICTBAMH OOYUYEHHsI, CIy>KaIllUMH JUI MpEeACTaBICHUs y4eOHOH
uH(popMalnu 60JIbIION ayAUTOPHH.

N3yuenune qUCUUIUIMHBI (MOIYIIsT) 0OecTieyMBaeTCsl B y4eOHBIX ayIUTOPHSX, OCHAILICHHBIX:

— CTOJIaMH U CTYJIbSIMU;

— KOMIIBIOTEPHOW TEXHUKOM;

— MEXaHUYECKHMHU KaJbKYJISITOPaMU;

—  CHENHMAIU3UPOBAHHBIM 000pyI0BaHUEM, BKIIIOYAs IEMOHCTPAIIMIOHHOE 000PYIOBaHHE.

[TomerieHus 1711 CaMOCTOSATENBHOM paboThl 00yUarOIKXCs, B TOM YUCIIE TPUCTIOCOOTICHHbIE
JUISL MCTIONBb30BaHMsI MHBAJIMIAMH M JIMLIAMU C OTPAHMYEHHBIMU BO3MOXXHOCTSMH 3J0POBbSI,
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OCHAIIIEHbl KOMIBIOTEPHON TEXHHMKOH C BO3MOYKHOCTBIO MOAKIIOUCHMs K ceTH «VHTepHeT» u
o0ecrieyeHHEM  JIOCTyNa B  3JEKTPOHHYIO  HH(POPMALMOHHO-00pPA30BATEIbHYIO  Cpedy
YHuBepcurera.

OOyuaromMess TPEAOCTaBIseTCS JAOCTyn (B TOM 4HCIE YIAJeHHBIH) K pecypcam
MH(POPMALMOHHO-TEIIEKOMMYHUKAIMOHHON ceTH «VIHTepHeT», 3JIeKTPOHHBIM pecypcaM (B TOM
YHCJI€ AIEKTPOHHBIM OMOIMOTEYHBIM CHCTEMaM, COBPEMEHHBIM NpOQecCHOHATIBHBIM 0azam

JaHHBIX 1 I/IH(bOpMaI_[I/IOHHI)IM CIIpaBOYHbBIM CI/ICTCMaM)Z

Ne HaumeHoBaHue nmopraja CchbliIka
(M3nanus, Kypca, 10KyMeHTa)

1. Hayunas snekrponnas oubnuoreka elibrary.ru https://elibrary.ru/defaultx.asp
Ooubnmoreka
baza mannerx misg [T-cnenmanuctos https://habr.com

3. | ba3a mannsix ScienceDirect https://www.sciencedirect.com

4. | OdunmanbHbIi caiT MUHUCTEPCTBA HAYKH U https://minobrnauki.gov.ru/
BEICIIIEro oopasoBanus Poccutickoit @eneparum

5. | ®enepanprbrii mopran «Poccuiickoe odbpa3zoBarme” | https:/www.edu.ru/

6. | Uadopmannonnas cucrema "EnuHoe okHO mpocTyma | http:/window.edu.ru/
K 00pa3oBaTeNbHBIM pecypcam"

7. | Ennnas komekuus udpoBeix oOpa3oBaTenbHBIX | http://school-collection.edu.ru/
pecypcoB

8. | denepanbHbIil IEHTP HHPOPMALIMOHHO - http://fcior.edu.ru/
00pa3oBaTeILHBIX PECYPCOB

[lepeueHbr WHGOPMAIIMOHHBIX TEXHOJIOTUH, WCIOJNB3YEMbIX TMPH  OCYIICCTBICHUU
00pa3oBaTeNbHOIO MpoIecca Mo AUCIUIUIMHE (MOIYJIE), B TOM YHUCIE KOMIUIEKT JTUIIEH3MOHHOTO

IPOrpaMMHOTO  OOecleyeHus, COBpPEMEHHble mpodeccuoHanbHble 0a3bl  JaHHBIX U
WH(OPMAIIMOHHBIE CIIPABOYHBIC CHCTEMBI:
HaumenoBanmue 110 IIponsBoacTeo JInnensuonnoe / cBOGOIHO
pacnpocTpaHsieMoe
OnepanuoHHbIE CHCTEMBI:
Microsoft Imagine (Windows Client, Server) | 3apy0exkHOoe | JIMIIEH3UOHHOE
Bpay3sepbI:
SAnnexc.bpaysep OTEUECTBEHHOE | CBOOOHO pacHpoCTpaHsIeMoe
Google Chrome 3apyOexHoe cBOOOJTHO pacpOCTpaHsIeMOe
OducHble IPUIOKEHUS:
Microsoft Imagine (Visio, OneNote) 3apy0exkHOoe JIMIIEH3UOHHOE
TeXstudio 3apyOexHOoe CcBOOOIHO pacIpocTpaHsieMoe
Adobe Acrobat Reader 3apyOexHoe cBO0OJTHO pacpOCTpaHsIeMOe
IIporpamMmHoe odecnieuenne s IVIAHUPOBAHHUS U YUETA BPEMEHH:
Toggle app | sapyGexmnoe | cBOGOIHO pacipocTpansieMoe
CucteMsbl ynpapjeHHs] TPOEeKTAMM:
Microsoft Imagine (Project) | 3apy0exkHOoe | JIMIIEH3UOHHOE
Cucrtembl ynpasJieHusi 0a3aMul JaHHBIX:
Microsoft Imagine (SQL Server) | 3apy6exHoe | muuensnonHoe
Cucrtemsl peseppHOro konuposanus (backup):
Acronis Backup Advanced for HyperV | 3apyOexHoe | JIMLEH3UOHHOE
CnpaBo4YHO-TPABOBBIE CHCTEMBI:
KoncynpranTlnroc: cipaBoyHO-IIpaBoOBast OTEYECTBEHHOE | JIMIICH3UOHHOE
cucremMa
CpencrBa aHTMBHPYCHOM 3aIIMTHI:
Kaspersky Endpoint Security mist 6usneca OTEUECTBEHHOE | JIMIIEH3MOHHOE
Crangaptabid Russian Edition
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Cpensl pa3padoTKu:

Visual Studio Code 3apyOexKHOE CBOOOHO PaCIIPOCTPAHACMOE
Bash (Unix shell) 3apyOeKHOE CBOOOJTHO pacIpocTpaHsIeMoe
Anaconda 3apyOexHoe cBO0OOTHO pacIpOCTpaHsIeMOe
Robotic Operating System 3apyOexxHOe CBOOOHO pacIpOCTpaHsIEeMOe
CopelliaSim 3apyOexHoe cBOOOJTHO pacIpOCTpaHsIeMOE
Google Colaboratory 3apyOexxHOe CBOOOJIHO pacIpocTpaHsIeMoe
IlakeThl NPOrpaMMHBIX CPEICTB H OMOJIHOTEK:

AutoPsy 3apyOexHoe cBOOOJTHO pacpOCTpaHsIeMOe
Interactive Disassembler (IDA) 3apyOexxHOe CBOOOHO pacIpOCTpaHsIEMOe
Cucrtembl ynpaJjeHusi oudanorpaduyeckoii uHpopmanueii:

Zotero | 3apyOeKHOE | CBOOOJTHO pacIpocTpaHsIeMoe
CepBuCHI H CJTYKOBI:

Bind 3apyOeKHOE cBOOOJTHO pacIpOCTpaHsIeMOe
Docker 3apyOexxHOe CBOOOHO pacIpoCTpaHsIeMOe

7. MeToan4eckue M ONEHOYHbIE MATEPUAJIbI
MeToauyeckue yKazaHus s 00y4alOUIUXCS 10 OCBOEHUIO TUCHHILIMHBI (MOYJIs1)

B mpouecce u3zydyeHus TUCHUIUIMHBI (MOIYJsl) «AHaIM3 HA MHOTOOOpasUsX» B paMKax
TEKYIIEro KOHTPOJISl YCIEBAEMOCTH MCIOJB3YIOTCS TaKU€ BHUJIbI YUEOHON palOThI, KaK JIEKLIHS,
CEeMHHApbI, ayAUTOpHas paboTa, KOHTPOJbHBIE paboThl, JabopaTopHble pabOThl, a TakKke
pa3nuyHbBle BHIBI CAMOCTOSITENILHOW pPa0OThI OOyYaroIIMXCs MO 3aJaHUI0 TPEnojaBaTeds,
HAIPaBIIEHHBIC HA Pa3BUTHE HABBIKOB MPO(ECCHOHATBEHOM JIEKCUKH, 3aKPEIIIICHHE MPAKTHYECKIX
pohecCHOHANBHBIX KOMIIETEHIIUN, TOOIIPEHNUE UHULIUATHB.

Jlexyus ~— CUCTEMAaTHYECKOE, IIOCIEA0BATEIBHOE, MOHOJIOTUYECKOE  HM3JI0KEHUE
npernoiaBaTeseM yueOHOTo MaTepurana, Kak paBuiio, TEOPETUYECKOTO XapaKTepa.

B mponecce nekuuii peKOMEHIYETCsl BECTHM KOHCIEKT JIEKIMH: KPaTKO M CXEMaTHU4HO
(UKCUPOBATh OCHOBHBIC HJIEH, BBIBOJBI U OOOOIIEHHUS JICKIIMHU; BBIIEISATH Ba)KHBIC MBICIH,
KIIFOYEBBIE CIIOBAa M TEpPMHUHBI. HeoOXOAMMO OTMETHTHh BOMPOCHI WM MaTepHalbl, KOTOpHIE
BBI3BIBAIOT 3aTPYAHEHHUS, U TIONBITATHCS HAUTHU OTBETHI B PEKOMEHIOBAaHHOMW JuTeparype. Ecimu
pa3obpaThCcsi B MaTepuane He yAaercs, cleayeT chopMmyiaupoBaTh BOINPOC H 334aTh €ro
MPETNO/IaBaTelt0 Ha KOHCYIbTAIlUU WU BO BPEMsI CEMHUHAPCKOTO (MIPAKTUYECKOTO) 3aHATHSL.

Cemunap — 310 (hopMa y4eOHOM eATENbHOCTH, IPOBOIUMAs B yUeOHOM 3aBEICHUU O]
PYKOBOJICTBOM TpenojaBatreis, TIJe€ CTYAEHTbl AaKTUBHO YYacTBYIOT B OOCYXIEHUSX,
NPaKTUYECKHX 3a/IlaHUAX U IPYTUX popMax B3aUMOAEHCTBHSL.

Jlns ycrnenHoi MoAroToBKU K CEMUHApPY PEKOMEHAYETCs 3apaHee O3HAKOMUTHCS C TEMOM
3aHATUS M OCHOBHBIMH MaTepHajaMH, 4TOObl MMETh BO3MOXHOCTh AKTHBHO YYacTBOBATh B
oOcyxeHuu. Takxe MoJIe3HO MOATOTOBUTH BOIPOCHI M HUJIEU JUIsl 00CYKJIEHUS, YTO MOMOKET
riry0xe MOHATh MaTepHal U MPOJAEMOHCTPUPOBATH 3aMHTEPECOBAHHOCTb.

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

JIst ycTienmHoro y49acTrsl B CEMUHApE CTYACHTaM PEKOMEHIYETCs 3apaHee 03HAKOMUTHCS C
TEMOU OOCYXKIEeHHS, MPOYUTATh HEOOXOAUMBbIE MaTepUalbl U MOATOTOBUTH BOIMPOCHL. BaxHO
aKTHBHO CITYIIIATh M BOBJIEKATHCS B IUCKYCCHIO, BBICKA3bIBasi CBOM MHEHHS U apTYMEHTHPYS HX.
[Ipu oTBeTax Ha BOMPOCHI MPENOJABATENSI CTOUT OBITH YBEPEHHBIM, YETKUM U JIOTUYHBIM,
OTMUPAasICh HA W3YUYEHHBIN MaTeprall. Takke MOJE3HO MOJICPKUBATH TUATIOT ¢ OJHOKYPCHUKAMU,
9TOOBI 000TaTUTH OOCYKICHHUE U PACITUPUTH CBOU 3HAHMUSI.
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Jlomawnee 3a0anue — HabOP 3a/1a4 1O TEMaM HEJICIIH.

HpI/I pa60Te Had AOoOMalllHUMHU 3aJaHUSIMHW BaXHO BHHUMATCIIBHO O3HAKOMUTLBCI C
TpeOOBAaHUSAMHU U CPOKAaMH BBINOJIHCHHs. PeKoMeHyeTcs pa30MBaTh 3aaHHs HA dTallbl, YTOOBI
n30exarh Meperpy3kd M JIydille YCBOUTh MaTepHall, UCIOJIb30BaTh pPa3jU4YHbIe HCTOYHHKHU
uH(pOpMaIKH, BKIIOYas YIeOHUKH U OHJIAHH-PECYPCHI, I 00jIee NTyOOKOr0 TOHMMAHUS TEMBI.

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

HCHB KOHTpOHbHOﬁ paGOTBI - [IOJIYYUTH CIICHUAJIbHBIC 3HAHUA I10 O[[HOﬁ NN HECKOJIBKUM
TEeMaM TUCHHUIUIMHBI (MOYJIs) M POIEMOHCTPUPOBATh HABBIKH UX MPAKTHYCCKOTO TPUMEHEHHUSL.

Jlabopamopnas paboma — 310 GhopMa yueOHOH AeITeTLHOCTH, TJI€ CTYACHTHI BBITOIHSIIOT
NpPaKTHYSCKHE 3aJaHusl MMOJl PYKOBOJICTBOM IPENOAaBaTelis s 3aKPEIUICHUS TEOPETHUYCCKUX
3HAHUH U PA3BUTHUS HABBIKOB.

Jlnst yCHenrHo# MOArOTOBKH K JIabopaTopHOW paboTe PeKOMEHAYeTCsl 3apaHee H3yduTh
TEOPETUYCCKHI MaTepHaJl, MOJATOTOBUTh HEOOXOIUMbIE HHCTPYMEHTBI (HalprMep, IPOrpaMMHOE
obecrieueHre WM JaHHbIC) ¥ aKTHBHO SKCICPHUMEHTHPOBATh C 3aJadyaMu, 4ToObl 3()(HEKTHBHO
petiaTh MpoOJIEMbI U IEMOHCTPUPOBATH IOHUMAHUE TUCIIUILTHHBI.

Camocmosmenvuasa paboma — paboTa CTYJIEHTOB, HaIpaBiCHHAs Ha YriayOJeHHOe
U3Y4YEHHE OTIEIbHBIX TEM U BONPOCOB YUEOHON AUCHMILIUHBI (MOIYJIs).

B npouecce camoctosTensHON paboThI CTYJEHTHI B3aUMOJICHCTBYIOT C PEKOMEH1I0BaHHBIMU
MaTepuaiamMy pU MUHUMAJIBHOM y4YacTHH MpernoaBarenis. 3a1aun CTyIeHTa BKIIOYaoT padoTy
C KOHCIEKTaMH JIeKIui (06paboTka TeKcTa), IOBTOPHOE U3yUYeHHE YUEOHbIX MaTepUAJIOB IJIAHOB
U TE3UCOB OTBETOB, U3YUYEHUE JIONOJHUTENIBHBIX TEM, BBIIOJIHEHHE YU€OHO-UCCIIEI0BATENbCKUX
3aJJaHU| U IpyToe.

Cucrema OL¢cHUBaHUSA PE3yJbTATOB oﬁyqe}mﬂ o JTUCHUIIJINHE (MOI[y.TIlO)

Kpurepun nmosy4eHusi ypoBHA M OLCHHBAHUA C(POPMHUPOBAHHOCTH KOMIICTCHIMI 1O
AUCHUILINHE (MO/yJie) «AHAJIM3 HA MHOT000pa3usax»

OrneHuBaHue YpOBHS Y4E€OHBIX JAOCTHXKEHHH, 00y4aromuXcs MO JAUCHUILIUHE (MOIYIIO),
OCYILECTBIISIETCA B BUJIE TEKYIIET0 KOHTPOJIS YCIIEBAEMOCTH U IIPOMEKYTOYHOM aTTECTALINH.

IIpoMeskyTouHasi aTTecTanMs MO JUCUUIUIMHE (MOJIYJIO) OCYILECTBISETCS B (opme
3aquema ¢ OYEHKOU, TIPU HTOM IPOBOJUTCA OLIGHKA KOMIETEHUUH, C(HOPMUPOBAHHBIX IO
JUCLHUTIIINHE.

Jns OoueHMBaHUSA TEKYLIErO KOHTPOJSA YCHEBAEMOCTH M IPOMEXKYTOYHOM AaTTECTALMH
UCTIONb3YyeTCsl JiecaTUOaUIbHAs ILIKaja OLIEHWBAHUS, KOTOpas COOTHOCHTCS C TPaTUIIMOHHON
NATHOAIIIBHOM IIKAIOH CIeIyIOIUM 00pa3oM, €CIM HHOE He yKa3aHo B cuilIadyce AUCHUILINHBL

JecaTubannbuas IlaTtudamnbHas O0mas xapakTepucTHKA pe3yJibTaTa
OneHka 3a 3a4eT
OLIEHKA OLICHKA o0y4eHuUs MO TUCHUTINHE (MOILYJII0)
10 OTtnuyHo 3aureHo CTyIeHT MOJHOCTBIO BIAJCET 3HAHUSIMU,
9 OTIUYHO 3ayTeHo U3JI0O)KCHHBIMH B pa60qe1‘/'1 nporpaMmme, u
g OTIM4EO 3auTeHo rIyOOKO  OocMbIcisgeT guciuiinHy. OH

CaMOCTOSITEITHHO u JIOTHYECKH
MOCIIEI0BATEIIEHO OTBEUYAET Ha BCE BOMPOCHI,
aKIIGHTUpYsT BHUMaHWE 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, YBEPECHHO HMHTEPIPETUPYET
pe3yNbTaThl aHaJIN30B u JIPYTHUX
HCCIICIOBAHNIN, a TaKXKe PEIIAacT CIOKHBIC
3amaun. CTyIEHT XOpOIIO 3HAKOM C
METOJAaMH HCCIIEIOBAHUS, HEOOXOIMMBIMU
JUTSL TIPAKTUYECKOHN NIEATSIILHOCTHA, U YMEET
CBSI3BIBATh TEOPETUYCCKUC ACIIEKTHI
JTUCIUIUTAHBL  (MOIyJIsl) C TPaKTHYECKUMHU
3aayaMu.

Xopoo

3auTeHo

Xopowo

3auTeHo

Crynent oOnagaeT 3HaHUSAMHU MpeaMeTa
MOYTH B TIOJHOM o0beMe pabodeid
mporpaMmbl 1 CaMOCTOATCIIBHO, JIOTUYCCKU
MOCJIEeIOBAaTeIFHO U BCECTOPOHHE OTBEYAET
Ha BCE BONPOCHI, aKICHTHPYSI BHUMAaHUE Ha
HaunOoJee 3HaUMMBIX MOMeHTax. OH ymeer
aHAJIHM3HUPOBATH, CpaBHHBATb,
KJIACCU(HUIMPOBATD, 0000maTh,
KOHKPETU3UPOBaTh M CUCTEMaTH3UPOBATH
U3y4YEeHHBI  Marepuaji, BBLACIAS  €ro
KIITOUYEBbIC ACIICKThI u yCTaHaBJIUBas
NPUYUHHO-CIIEICTBEHHbIC CBSI3M.
DOopMyIUpYET CBOM OTBETBI, YBEPEHHO
HMHTEPIIPETUPYET PE3YIbTAaThl AHAIU30B U
JOPYTHX HCCIEIAOBAHUH, a TaKkKe pelaer
CJIOKHBIE CUTYallnOHHBIC 3amaun. CTyaeHT
XOpOIIO 3HAKOM c METoJlaMU
UCCIIEZIOBaHUS,  HEOOXOOMUMBIMH  JUIS
HpaKTH‘IeCKOfI ACATCIIBHOCTH, W YMECT
CBS3BIBATh  TEOPETHYECKUE  ACITIEKTHI
npeaMeTa ¢ IPaKTHYECKUMH 33a4yaMH.

Y 10BIETBOPUTENBHO

3auTeHo

Y 10BIETBOPUTENBHO

3auTeHo

CryneHT oOsamaer 0a30BBIMH 3HAHHSIMU
0 JTUCHHUIUTHHE (MOJIYJII0), HO HCTIBITHIBAET
TPYAHOCTH TIPH CAMOCTOSTENFHBIX OTBETAX
1 MCITOJIB3YET HETOYHBIE (hOPMYITHPOBKU. B
X07I¢ OTBETOB OH JOMYCKAeT OIIMOKH,
Kacarorquecst cyTH BorpocoB. CTyaeHT
CHOCOOCH peliaTh TOJBKO CaMble MPOCTHIC
3aJa4d M BIAAEET JIMIIb MHUHHMAIbHBIM
HaOOpPOM METOJIOB HUCCITETOBAHMS.

He cnaun

He 3aureno

He cnan

He 3auteno

He cnan

He 3auteno

CtyneHT He OBIQfen 00sS3aTeIbHBIM
MHUHUMYMOM 3HaHUU MO TPEIMETy U He
MOJKET OTBETUTh Ha BOIPOCHI, JaXKE €CIIH
MperoAaBareib 3aJlaeT JOIMOJHUTEIbHBIC
HABOJAIINE BOIIPOCHL.
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JuctumimHa (MOAYJh) « AHAJIN3 HA MHOTOOOPA3MUsIX» OLIEHUBACTCS CIETYIOIIMM 00pa3oM:

AKTHBHOCTH Bec |KoanuectBo Onucanue

Homamnee 3amanue | 15% 14 ®opma MpOBEPKU 3HAHUM, TPU KOTOPOU CTYJIEHT OTBEYAET
Ha BOIIPOCHI MpeToaBaTess B YCTHOH dopme,
JIEMOHCTPUPYS CBOU 3HAHUS ¥ TIOHUMAHUE TEMbI

AynuropHas pabora | 15% 1 AxtuBHas paboTa CTy/IeHTA Ha 3aHATHH

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

JlaboparopHas 10% 1 [IpakTuueckoe 3aganue, HAMPaBICHHOE HA IPUMEHEHUE

pabora TEOPETUYCCKUX 3HAHMI TTPU PEIICHUM KOHKPETHBIX 33j1a4,

BBITIOJIHAEMOC I10J] pYKOBOACTBOM IIPENIOAaBaTEIIA

3a4eT ¢ OLEHKON 30% 1 Hrorosas pabora - mucbMeHHas padoTta ¢ HabopoMm 3azad

9
KOTOPBIC HYXKHO PELIUTH 32 OTPaHHUCHHOE BPEeMS,
BO3MOJKEH JIOTIOJTHUTEIBHBIN YCTHBIN 3K3aMeH

®opmyJia pacyéra HMTOrOBOM OLEHKH IO JAUCUHMIUIMHE (MoayJe) «AHAJIM3 Ha
MHorooopa3usax»: «0,15% cpennee 3a qomamnHee 3aaanue + 0,15 x aynuropHas pabora + 0,3 x
KOHTpOJIbHBIE pa0oThl + 0,1 X maboparopHas padota + 0,3 X 3a4eT C OLEHKON.

Texkymmii KOHTPOJIb ycIIeBAeMOCTH 00y4AOIIUXCH M0 AUCHUIINHE (MO/yJIe)
IIpuMepHbIe JOMAlIHUE 3aJaHUS

1. Haiite dopmampHOE ONpEAENICHHE TOMOJIOTHYECKOTO MPOCTPAHCTBA, MEPEUUCIIUTE TPU
OCHOBHBIX CBOMCTBA, KOTOPBIMU OHO JOJDKHO 00J1afaTh, U OOBACHUTE, [TIOUYEMY U3 3TUX CBOWCTB
cienyeT XaycaoppoBoCTh, €CIU K JIF000# Mmape ToYeK MOKHO T0J00paTh OT/IEISIFOIINE OTKPHITHIC
MHOX€ECTBA.

Ooicudaembiii pesynrbmam : HeOOJbIIAs MUCbMEHHas BbIepkKa (=150 ci1.); mpoBepsieTcs MoJHOTa
OTIpeieNIeHus 1 JIOTHKA JI0Ka3aTeIbCTBA.

2. TlokaxwuTte, yTo OO0 TIaJAKUNA KOMITAKTHBIM MHOTO0Opa3ue 0e3 rpaHullbl o0iamaer
KOHEYHBIM aTjlacoM. YKaXuTe, TIJe B JOKa3aTeIbCTBE MCIIOJIB3YyeTCsS KOMITAKTHOCTb.
Ooicudaemviii pezyromam : GopMaabHOE T0Ka3aTeNbCTBO (=10 CTPOK) ¢ CCHUIKOW HAa TEOPEMY O
KOHEYHOM THOJIOKPBITHH.

3. Bosbmure chepy S2CR3 B cranmapTHbIX cepudeckux koopauHatax (6,p). BeiBenure
bopMybl IS METpHUecKoro TeHzopa g, cuMBosioB Kpucroddens I'ijk u tenzopa Puuun Rij.
Osicudaemviti pezyromam : HaOop hopMyIl, mpoBepeHHbIX B SymPy (¢aiin-HoyTtOyk Jupyter).

4. C nomompto 6ubmnorexku Manifold (nam coOcTBeHHOTo Koja) peanusynTe QpyHKIUIO,
MPUHUMAIOIIYIO TOUKY p Ha IBYMEPHOM TOPE U BO3BpAILaolyto 0a31c BEKTOPHBIX noJiel {00,0p
} B koopauHatax (0,p). IlponemoHcTpupyiiTe paboTy (QyHKIMM Ha IATH CIyYalHBIX TOUYKAaX.
Oorcudaemviii pezyromam . Jupyter-HOyTOyK ¢ oObsiBIeHHEM (DYHKIIMH, BBHIBOJAOM 0a3uCOB H
KOPOTKHM IOSICHEHHEM.

5. B HECKOJIBKHUX MPEMTOKEHHUSIX ONMUIINTE, Kak TeH30p PruMaHa mosBisieTcsi B ypaBHEHUSIX
oO0riell TeOpUH OTHOCUTEIBHOCTH M KaKylo (PM3NYECKYIO BEJIMUYMHY OMMCBHIBAET €ro CKajspHas
KpHBH3HA R.
Oorcudaemviii pesynvbmam : TekeT (=200 ci1.) ¢ yka3aHueM ypaBHeHUI DHHIITEeHHA.

IIpumepHbIe 3a1aHUA I CEMHUHAPOB
1. 3amanpl mapaMeTpsl moBepxHocTH MeéEOuyca. Kaxmas rpynma pomkHa HaWTH
KacaTelIbHOE IIPOCTPAaHCTBO B IIPOU3BOJIBHOM TOYKE, IIOCTPOUTH BEKTOPHOE IIOJIE «IIO

HAIpaBJICHUIO IIOJIOCKH», IIOCTPOHUTH BCKTOPHOC TIIOJC, MCPINCHAUKYIIAPHOC IIOJOCKE, U
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BBIUMCIUTH CKOOKY JIu mexny Humu. ['pynma mpeacTaBisieT pelieHHE Ha JIOCKE U JesaeT
KOPOTKUH (<5-MUHYTHBIN) TOKJIA.

2. O6cynute, kak Teopema Capra MOXXeT OBITh HCIOJIb30BaHa MPU JI0OKA3aTEIbCTBE
CyILIECTBOBaHUS pellICHUN ypaBHeHUH Dinepa—Jlarpanxka Ha riaakomM MHOrooOpasuu. CTyeHTbI
(GOpMUPYIOT CITUCOK TE€3UCOB (< 6 MYHKTOB) U apTyMEHTUPYIOT KaXKIbIi U3 HUX.

3. IlocTpoute TeoAe3nUvecKyr0 Ha THUIEpOOIMUecKol miockoctu (Monenb Ilyankape) c
HavaibHBIMH ycroBusaMH (x0,)0)=(0,0),x 0=1,y"0=0. CpaBHHTE NOJyYECHHOE YHCICHHOE PEIICHNE
(Runge-Kutta) ¢ ananmutuyeckoit popmoii U peacTaBbTe rpa@uk U TAOIHITY ONTHOOK.

4. «Ilouemy coBMecTUMOCTh MeTpuku Vg=0 BaxkxHa st pusuku?». CTYIEHTHI TPUBOIST
IpUMEpPhl, B TOM UYHCJIE HEJIMHEWHYIO CBSI3HOCTb B OOIICH TEOPUM OTHOCUTEIBHOCTH, U
(UKCUPYIOT CBOM BBIBOJBI B MPOTOKOJE ceMuHapa (=150 ci.).

5. laHo mpoCTpaHCTBO KOHpuUrypamui manumnyisropa-pooora SO(3)XR3. Tpebdyercs
chopMyIMpoBaTh 3aJavy IUIAHUPOBAHUS TPACKTOPUNM B TEPMHUHAX TI'eOJIC3MUECKUX. [ pymmbl
TOTOBSIT CXEMaTUUECKH IJ1aH perieHus (CeBAOKO + KOPOTKOE 0OBICHEHHE).

IIpumepHbIe 3a1aHUsA VISl KOHTPOJbHOMH PadoThI

1. Omnpexaenenune KapThl — JaiiTe onpeaeneHne MATKOi kaptel (chart) u mepeuyncnure
JIBa 00s13aTEIHHBIX CBOMCTBA €€ 00paTHOTO 0TOOPasKEHHUS.

2.  Merpuka Topa — B koopauHaTax (6,9) Ha Tope 72=S1xS1 3anummre MeTpuyecKuit
TEH30p g, €CIIN PainyChl 00enX OKPYKHOCTEH paBHHI 1.

3. CumBoa Kpucroddens — Boruucnure ['ppf niia ykazanHoit METpuku Topa.

4.  Teopema Capaa — chopmynupyiite €€ B OTHOM MPEIIOKCHUH.

5. VIHBapHaHTHOCTb CKAJISIPHON KPUBHM3HBI — JOKAXKUTE, YTO CKaIspHAs KpUBHU3HA R

OCTA€TCsl HEU3MEHHOW INpU IEepexoJe K JIPYyrMM KOOpAMHATaM Ha IIPOU3BOJIBHOM JIBYMEPHOM
PUMaHOBOM MHOT00Opa3uHu.

6. YpaBHeHmHe reoje3nyeckux Ha cepe — samumute cucremy OIY mus (6(¢),p(¢)) Ha
cthepe S2.

IIpumepHbIe 3a1aHuA 11 1a00PATOPHOI padoThI

1. Co3nanue kiaacca MHOroodpasus — peanmusyiite kiacc Manifold ¢ monsmu dim,
charts (cnucok ¢yHkIMii-kapT) u transition_maps. BctpouTe npoBepky COBMECTUMOCTH atjaca
(T1aIKOCTh MePEXOIHBIX (PYHKIIHM).

2. TeH30pHBIH MOAYJIb — HaMUIIUTE QYHKIUH JJIs 3alaHUS] METpUKU metric(g_ij), eé
o0paTHON MeTpHKU W BbIYHciIeHus cumMBosioB Kpuctoddens nepBoro pona ['ijk mo dopmyine
Kpucrodpdens-II.

3.  KpuBHu3Ha — Ha OCHOBE MOJIyYEHHBIX CHMBOJIOB PEAM3yHTE BBIYMCIECHUE TEH30pa
Pumana Rijkl, Tenzopa Puuyun Rij u ckansipHOM KpuBU3HBI R=gijRij. BbiBeauTe moaydeHHBIE
MaCCHBBI.

4. Teope3nueckue — chopmynupyiire cucremy OJ[Y reomesmueckux, pemmure e€ c
noMmouibio scipy.integrate.solve ivp /s BeIOpaHHOI MeTpuku (Hampumep, runepOosnyeckas
II0CKOCTh B Mozenu ITyankape).

5. Busyanu3zauusi — mOCTpobTe TpaduKW TONYYCHHBIX TE€OJE3MUYECKUX TMPH Pa3HBIX
HayalbHBIX YCJIOBUAX, HcHoib3ys matplotlib wnu plotly. Jlns cpaBHeHus otobOpasute
reojie3nyeckue Ha cepe u Ha Tope.

6.  Ot4ér — opopmute PDF-10KyMeHT, BKIIIOUAIOIINIA:

—  Kpatkoe Teopernyeckoe onrcanue peaauzyeMbix GopMyit;

—  OcHoBHBIE OJIOKH KOJIa C KOMMEHTAPHUIMU;

—  Tabnuuel 3HaueHudt cumBosioB Kpuctoddens, TeH30poB KpuBHU3HBI U TpaduKH
re0JE3NYECKUX;
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AHAJTUTHYECKUMH 3HaYCHUSIMU, HallpUMep, CKaJIsIpHas KpuBU3Ha chepsl = 1).

— AHanu3 TOJNyYEeHHBIX YMCIEHHBIX pe3yJbTaToB (CpaBHEHHE CO H3BECTHBIMU

33[[31-[1/[5[ IJIA l'[pOMe)KyTO‘lHOﬁ aTrTeCTalum 1Mo JTMCHMIIIMHE (MO)IyJ'IlO)

Ne 3ananue OTtBeT Komnerenuus
n/n
1 | Yro ompenenseT HAOOP OTKPHITHIX Tomonorus / AKCHOMBI VK-1
MHO’KECTB B TOIIOJIOTHYECKOM TOIOJIOTHH
MIPOCTPAHCTBE?
2 | Kakoe cBOICTBO OTOOpaKEHUS COXpaHICT I'omeomopduszm / YK-1
TOIIOJIOTUYECKYIO CTPYKTYpPY IIpU HenpepsiBHOCTH €
Npeo6pazoBaHmi? HETPEPHIBHBIM 00PAaTHBIM
3 | Kakoe ycinoBre HEOOXOAMMO JIJIst I'magkocTe nepexoaHbIX OIIK-1
COBMECTHMOCTH JBYX KapT B ariace? yrxumit / Choo-
COTJIACOBAaHHOCTh
4 | Yro yrBepxaaet Teopema Capa o Mepa nyns / O6pa3 OIIK-1
KPUTHUYECKUX 3HAUEHUSX TJIaJKOTO KpHUTHYECKHUX TOYCK UMECT
oTOOpaKeHus? MEpy HYIIb
5 | Kakoe orpanndeHue HaKJIabIBaCT OTnenuMocTh TOYEK / YK-2
xayc0phOBOCTh HA BEIOOP TOIIOJIOTHN CymectBoBanue
MHOT00Gpasus? HerepeceKaoHXcs
OKpECTHOCTEH
6 | Kak unrepnperupyercs KacaTelbHbIH Omneparop OIIK-1
BEKTOp 4epe3 AudQepeHIupoBaHne mubdepenimpoBanms /
DyHKLHI? BriBoHAs B TOUKE
7 | Kakoii 00beKT npeacTaBisieT co00i JluneitHoe oTOOpaskeHHE OIIK-1
nmud hepeHnran riaaKkoro 0TOOpaXeHus B KacaTelbHbIX POCTPAHCTB /
TOuKe? df_p
8 | Kakas oneparus xapakTepusyer Cko06ka Jlu / KommyTtaTop OIIK-1
HEKOMMYTAaTHBHOCTb IIOTOKA BEKTOPHBIX [X, Y]
nosiei?
9 | Kaxoii aHaior BEKTOPHOTO OIS I'pasueHT BEKTOPHOTO OIS / [K-1
HCIIOJIB3YETCS B I'PaJIMEHTHBIX METOAAX AHTUTPAIMEHTHBIH TOTOK
onTUMM3AINA?
10 | Yro sBIsieTCs pe3ysIbTaTOM BHEIITHETO JuddepennmansHas popma OIIK-1
muddepernnpoBanus 1updepeHIHaATbHON BbICLICH cTenenu / do
bopmbI?
11 | [ast yero BBOASITCS CUMBOJIBI Y4ET KpUBU3HBI OIIK-1
Kpucroddens B koBapuantHOU npOCTpaHCTBa /
NPOM3BOJIHOI? KoaddummenTts! cBsi3HOCTH
12 | Kakoe CBOMCTBO CBSI3HOCTH Ha3bIBACTCS KoBapuantHas nmpou3BoiHas OIIK-1
METPUIECKON COBMECTUMOCTBIO? METPHKH paBHa Hyio / Vg =
0
13 | Kaxo#i TeH30p 33/1aET reOMETPHIO MeTtpuueckuii TeH30p / OIIK-1
pPUMaHOBa MHOTOOOpa3usl B KaX 101 TOUKe? HonoxurensHo
omnpenesnéHnas popma
14 | Kakoe ypaBHEHHE ONHICHIBACT KPUBBIE VYpaBHEHHE Te0Je3NUECKHX / OIlK-1

HauMEHbBIICH JJIMHBI Ha HOBCpXHOCTI/I?

Vyy=0
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15 | Kak kpuBHU3Ha MHOTOOOpa3us BIUSCT Ha Brusier Ha nanmmadr IK-1
CXOJAUMOCTh aITOPUTMOB MAILIMHHOTO (ynxuuu noreps / Ycnosue
00yueHus? ancna

16 | Kakas Teopema CBSI3bIBaCT MHTETPAI MO Teopema Croxca / OIIK-1
MHOT000pa3HI0 C UHTETPAJIOM TI0 €T0 Ob600mEnHas Gpopmyna
rpammie? Herorona-JleitOuuria

17 | Kakoe ycinoBue HEOOXOAMMO IS TpHUBHANBHOCTD PACCIOCHUS YK-2
CyLIECTBOBaHUS II00ANBHON OPHEHTALUU opuenTanmii / OtcyTcTBHE
Ha MHOTr000pa3uu? macTos Médnyca

18 | Kakue mporpaMMHBbIE TaKeThI SymPy / SageMath / [1K-2
TIPUMEHSIIOTCS JIJISI CAMBOJINYECKOTO Mathematica
HHTETpUpoBaHusI hopm?

19 | Kak cooTHOCSTCS JTOKAJIbHBIE KapThl 1 Uepes CKIEHKY JTOKAIBHBIX YK-1
rIo0ampHas CTPYKTypa MHOT00Opa3us? AaHHbIX / [puHimn

JIOKaJbHOCTH
20 | Kakoii MeTo/1 BBIOUpASTCS JIUIsl BBIYMCICHHSI YuciaeHHoe UiIn YK-2
aHATUTHYIECKOE

MHTerpajia B 3aBUCIMOCTH OT pa3MEpHOCTH
MpocTpaHcTBa?

uHTerpupoBanue / Beibop
MeTO/1a KBaIpaTyp
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