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1. Kparkas xapakTepucTHKA JUCHUIIUHBI (MOAYJIs1)

Pabouas nmporpaMMa JUCHUMIUIMHBI (MOAYJISl) «AHAJIN3 HA MHOrooOpa3usix» COCTABIICHA B
COOTBETCTBUM C (ellepanbHbIM TI'OCYJapCTBEHHBIM OOpa30BaTENIbHBIM CTaHAAPTOM BBICILETO
oOpazoBanusi — OakanaBpuar mo HampasieHuo 38.03.05 «busznec-undopmarukay, npopuib
«bu3sHec-aHaMUTHKA», YTBEP>KACHHBIH MpUKa30M MUHUCTEPCTBA HAYKU U BBICILIET0 00pa30BaHUs
Poccuiickoit ®eneparum Ne 838 ot 29.07.2020 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 INPOCTPAHCTBA-BPEMEHH,
ONTUMH3AIME Ha HEJIMHEHHBIX MOBEPXHOCTAX WM IOCTPOSHHEM invariant-moaeneil B
uHpopmaTuke.

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

Hacrosimas nucuuninHa (MOyJib) BKJIOUEHA B y4e€OHBIH IJ1aH 10 MPOorpaMMe MOArOTOBKH
OakamaBpuata mo Hampasieauio 38.03.05 «busHec-undopmatuka», npodpwib «busHec-
aHAJIUTHKa» W BXOJUT B BapUaTUBHYI0 uacTb bioka 1 ¢opmupyeMyro ydyaCTHUKaMU
00pa30BaTeNbHbIX OTHOIIEHNUH KaK TMCHIUIUIMHA IO BEIOODY.

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», «JIuneiinas anredpa u reomerpus. [IpoaBunyThIN ypoBeHb. YacTb 2».

Heab u3yyeHHs] AMCHUILVIMHBI (MOAyJs): (OPMHPOBAHHE Y CTYAEHTOB LEJIOCTHOTO
MIPEACTABJICHUS O TOMOJIOTHYECKOM U AuddepeHIInaTbHOM aHaM3e MHOT000pa3uid, a Takke
HAYy4YUThb UX IIPUMEHSTH [10JIy4€HHBII MaTEMAaTUYECKUH alapar sl HOCTPOEHUS U UCCIIEI0BAHUS
[JIaJJKUX T€OMETPUUYECKUX MOJIETEeH B TEOPUU OTHOCUTEIIBHOCTH, (PU3NYECKUX MPUIOKEHUIX U
COBPEMEHHBIX BBIUMCIUTEIBHBIX METOAX.

3agauu u3yyeHusi AMCUUIIMHBI (MOAYJIA):

— W3yYUTh OCHOBHBIE MOHATHUS OOIIEH TOMOJIOTUU (TOMOJOTUYECKUE MPOCTPAHCTBA,
HENPEPbIBHOCTb, KOMIIAKTHOCTh, CBSI3HOCTh) M MX CHELHATM3ALUI0 JUIS TIaJKUX MHOT000pa3ui,
BKJItoUast Auppeomopdusmel, Teopemy Capzia U CBONCTBA IJIaIKMX OTOOpaXKEeHHUI;

— HaY4HUTbCS BBIYUCIATH KacaTelbHbIE IPOCTPAHCTBA, PA00OTATh C BEKTOPHBIMU MOJISIMU 1
ckoOKkoif JIu, a Takke ¢ TEH30pHBIMU MOJISMHU, KOBAPHAHTHBIMH [TPOU3BOJIHBIMUA UHBIMU TUIIAMU
CBS3HOCTEH,

— yMeThb 3ajJlaBaTh METPUKY Ha MHOT000pa3uu, HaxoAuTh cuUMBOJIBI Kpuctoddes,
pelaTh YypaBHEHHs] T'€0Je3UYECKUX U BBIYHCIATH TEH30phl KpuBU3HBI (Pumana, Puyun,
CKaJISIPHYIO);

— HCHOJB30BaTh MaTeMaTHUECKUH ammapar B 3a7ayax TEOpPEeTHYecKor (pu3uku (Mojenb
MPOCTPAHCTBA-BPEMEHH, YPaBHEHUsI DUHINITEHHA), TEOMETPUIECKON ONTUMHU3AITIH (O TUMATBHOE
pasMelleHHe Ha HEeNMHEHHBIX MOBEPXHOCTSAX) M COBPEMEHHBIX BBIYMCIUTEIBHBIX 001aCTIX
(reomeTpuueckoe MallMHHOE oOOyueHue, Trpaduka, OOydeHHe NpPEICTaBICHUSAM 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 JIlu u uxX ponp 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.
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2. IlepeyeHb MJIAHUPYEMBIX Pe3YJbTATOB 00y4YeHMsI

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:

Komnerenuus Copep:xanue HNupukatop [epeuens njIaHMpyeMbIX
KOMIIeTeHLIMH KOMIIETeHLIMH pe3y/1bTaTOB 00y4eHHs 10
JMcCUHMILIMHE (MOAYJIIO0)
VK-1. Crioco0eH OCyIIECTBIIATh VK-1.1. 3HaeT METOALI IOMCKA U aHAJIN3a
MTOMCK, KPUTHICCKUI nHpopMaIuy B 001aCTH
aHaJN3 ¥ CUHTE3 HCKYCCTBEHHOT'O MHTEJJIEKTa, OCHOBHBIE
MHQOPMALUH, TPUMEHSATh MPUHIUIBI KPUTHYECKOH OLIEHKH
CHCTEMHBII OIXOA AJIS HUCTOYHUKOB HHGOPMALIUH U UX
peLeHHs OCTaBICHHBIX PEJIEeBaHTHOCTH.
3a1a4 YK-1.2. YMeeT KpUTHYECKH OLICHHBATh
HCTOYHUKHU MH(OpMaNU U
CHHTE3UPOBATh JaHHBIE U3 PA3TUIHBIX
HMCTOYHUKOB [UIS PELICHUs 3a1ad,
MIPUMEHSTH CUCTEMHBIH MOIXO0 K
aHaJN3y U PEIICHUI0 KOMITUIEKCHBIX
pooeM
YK-1.3. Nwmeet npakTudeckuii OmbIT paboTHI C
COBpPEMEHHBIMH HHCTPYMEHTAMH U
TEXHOJIOTHAMH JJ1s1 00pabOTKH
uHpopMayu, GOpPMYyJIUPOBAHUH U
CTPYKTYPUPOBAHUH 33124 HA OCHOBE
TIOJTy9eHHOU WHOPMAITIH
OIIK-4. CriocobeH moHUMAaTh OIIK-4.1. 3HaeT OCHOBHBIC MTPUHIHITEI Pa0OTHI
TPUHIMIEL PA0OTHI UHQOPMAITMOHHBIX TEXHOJIOTUH U UX
MH(POPMALUOHHBIX BIIMSIHUE HA OM3HEC-TIPOLIECCHI
TEXHOJIOTHI; UCIIOJIF30BaTh OIIK-4.2. YMeeT UCIoIb30BaTh METOBI U
UHGOPMAITUIO, METOJIbI U IIpOrpaMMHBIE CPEJICTBA I cOopa,
NpOrpaMMHBIE CPEJCTBA €€ 00paboTKu 1 aHaM3a HH(HOPMAITUH,
cOopa, 00paboTKH U oOecrnieurBas KA4YECTBCHHYHO
aHanmm3a Juis HHPOPMAIMOHHO-aHATTUTHIECKYIO
MH()OPMAIIIOHHO- MOJAEPIKKY
aHaJIMTHYECKOM OIIK-4.3. VimeeT npakTHYECKHil OTIBIT B
NOJ/ICP’KKU TIPUHATHUS MPUMEHEHUHU aHATUTHYECKUX
YIPaBJIEHYECKUX PEIICHUI UHCTPYMEHTOB JUISI TIOAJIEPKKHI
NPUHSATHS YIIPABJICHYECKHUX PEIICHUN B
OpraHu3alMiX
[K-2. CrniocoGeH uCIonp30BaTh IK-2.1. 3HaeT OCHOBHBIE MAaTEMaTHIECKHE
COOTBETCTBYIOIIHI METOIbl M MHCTPYMEHTAIILHBIE CPEJICTBA,
MaTeMaTHYEeCKHH anmapat MpUMeHsieMbIe AJ1s1 00paboTKu U
W HHCTPYMEHTAJIbHbIC aHanm3a nHpopManuu
cpezcTBa Juist 00paboTKH, [1K-2.2. Ymeer 3¢ pekTHBHO UCTIONB30BATH
aHaJM3a U CUCTEeMaTU3alun MaTeMaTHYECKHUH anmapar st
WHPOPMAITUH IO TEME CHCTEMaTH3al[UH JaHHBIX U PEIICHUS
WCCIICIOBAHUS JIJISI mpod)ecCHOHANBHBIX 3a1a4
pelIeHus 3a1a4 [K-2.3. NwmeeT npakTudeckuii ombIT paboTHI C

npodeCCHOHATEHOM
JIeSITEIIbHOCTH

WHCTPYMEHTaMH aHalln3a HHpOpMaIuu
B paMKaX UCCIIEI0BATEIbCKUX IPOEKTOB
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3. Temarunueckuii nJiau

Neqr/
HaumeHnoBanue

pa3aena AUCUMNIHHBI
(Moays)

TpynoeMKocTh, akageMH4YecKHe Yachl

Ounas ghopma

Aynuro

Hasi padoTa

Jleknun

CeMuHapBI

KonTtposan

CamocrosTe
JbHAA
padora

TKY
(Texyumii
KOHTPOJIb

ycIeBaeMoCTH)

1 Tomnonorus

5

5

18

Jlomarninee
3a/laHue
AynutopHas
pabota

2 I'magkas cTpykrypa

18

Jlomarninee
3a/laHue
AynutopHas
pabota

3 KacarensHoe
MPOCTPAHCTBO

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 WnTterpuposanue

16

Jlomaninee
3a/IaHHe

3auem ¢ oueHKoil

Hrorosas pabora

Hmozo:

30

30

124

Obvem oucyunaunst (mooyns) (¢
ax. 4.)

190

Obvem Ooucyunaunvt (mooynsn) (e
3au. eo.)
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4. CopepxkaHue TUCHUILTHHBI (MOTYJIs)

Nen/nn | HammeHoBaHme pa3aesa Coaepxxanue TMCHUIUINHBI (MOAYJIS) IO TeMaM

JMCHMIJIMHBI (MO1YJIs1)

1. | Tomonorus

Tononoruyeckoe MPOCTPAHCTBO U TOMOJIOTUIECKUE MHOT000pa3HsI.
I'omemophr3MBI 1 HEpephIBHBIE 0TOOpaskeHmsI. Orepatuy Hal
TOMOJIOTHYSCKUMU MPOCTPAHCTBAMU

2. | 'magkas cTpykTypa

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

Mopdusmel MEOTOOpasui, muddheomopdusm. Panr oToOpaxeHws.
OT0oOpaXkeHMsI MOCTOSHHOTO PaHTa M MOJIMHOT000pa3us

Jlemma Cappa u TeopeMbl 00 anmpOKCHMAITHH.

3. | KacaremnsHoe
MPOCTPAHCTBO

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

4. | BekTopHBIE OIS

BeKTOpHI)IC 1 KOBCKTOPHBLIC I10JId, OTICPATOPHBIC I10JIA, I1OJIA

(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
HWHAYLMPOBaHAasi OpUEHTALINS

WnterpupoBanue nuddepeHInaIbHBIX HopM.
WnuTerpuposanue quddepeHmanbHbIX GopM.
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5. Yu4eOHO-MeTOAMUYECKOE O0ecIIeYyeHue

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 Cpelie YHHUBEPCUTETa. OJTH CHUCTEMBl IPEIOCTABISIOT
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. Mycwun, FO. P. TenzopHbiii aHanu3. BBOAHBIN Kypc C NPHIOKEHUSMHU K aHAIU3y U
reomMeTpun : ydeOHuk mns By3oB / 1O. P. Mycun. — 2-e u3n., nmepepad. u nom. — Mocksa :
WznatenbctBo FOpaiit, 2026. — 184 ¢. — (Boiciiee oOpa3oBanue). — ISBN 978-5-534-06198-7.
— Tekcr : oanekrponHsld // OOpazoBartenbHas mmiatdopma HOpaiit [caiir]. — URL:
https://urait.ru/bcode/585823

2. Canpgpaxosa, E. B. Tuddepenuuansubie (opMbl Ha TTaAKUX MHOTOOOpa3HsIX : y4eOHUK

st By3oB / E. B. Canapakosa, E. B. Cymun. — 2-e uzn. — Mocksa : U3narensctBo KOpaiiT,
2025. — 138 c. — (Bwicmiee oOpazoBanme). — ISBN 978-5-534-10988-7. — Tekcr
ulekTpoHHBIH  //  OOpaszoBarenpHas  mwatgpopma  HOpaiit  [caiit]. —  URL:

https://urait.ru/bcode/565616

/Jlonoanumensnan numepamypa:

1. Jluneiinas anreOpa ¥ aHAIMTHYECKAass TEOMETPHUS | YUCOHMK U 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. — (Briciiee oOpazoBanme). — ISBN 978-5-534-18887-5. — Tekct : 3neKTpOHHBIHA //
Oo6pasoBarenbHas wiathopma KOpaiir [caiit]. — URL.: https://urait.ru/bcode/583462

6. MartepuajbHO-TeXHHYeCKOe o0ecreyeHne

YHUBEpCUTET pacrojaraer MaTepualibHO-TEXHUYECKOM 0a30i, COOTBETCTBYIOIICH
JIeMCTBYIOIMM MTPOTUBOIIOKAPHBIM MPaBUIaM U HOPMaM M 0OecrieunBaroleil MpoBeieHUe BCexX
BUJIOB JIUCUUIUIMHAPDHOW W MEXIUCUUIUIMHAPHOW IOATOTOBKM, MPAKTUUYECKOW U Hay4dHO-
UCCIIEI0BATEIbCKON PaboT 00yHaromuxcs, NpeyCMOTPEHHBIX YUEOHBIM IIJIaHOM.

[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;

— MEXaHUYECKUMH KaIbKYJISITOPAMU;

—  CHENHMAIU3UPOBAHHBIM 000pyI0BaHUEM, BKIIIOYAs IEMOHCTPAIIMIOHHOE 000PYIOBaHHE.

[TomerieHus 1711 CaMOCTOSATENBHOM paboThl 00yUarOIKXCs, B TOM YUCIIE TPUCTIOCOOTICHHbIE
JUISL MCTIONBb30BaHMsI MHBAJIUIAMH M JIMLIAMU C OTPAHMYEHHBIMU BO3MOYKHOCTSMH 30POBBS,
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OCHAIIIEHbl KOMIBIOTEPHON TEXHHMKOH C BO3MOYKHOCTBIO MOAKIIOUCHMs K ceTH «VHTepHeT» u
o0ecrieyeHHEM  JIOCTyNa B  3JEKTPOHHYI0  HH(POPMALMOHHO-00pPA30BATENbHYIO  CpEdy
YHuBepcurera.

OOyuaromMess TPEAOCTaBIseTCS JAOCTyn (B TOM 4HCIE YIAJeHHBIH) K pecypcam
MH(POPMALMOHHO-TEIEKOMMYHUKAMOHHON ceTH «VIHTepHeT», 3JeKTPOHHBIM pecypcaM (B TOM
YHCJI€ AIEKTPOHHBIM OMOIMOTEYHBIM CHCTEMaM, COBPEMEHHBIM NpOQecCHOHATIBHBIM 0azam
JTAHHBIX U UH(OPMALIMOHHBIM CIIPABOYHBIM CUCTEMAM):

Ne HaunmMeHoBaHue noprasna Cceblika
(M3nanus, Kypca, 10KyMeHTa)
1. | Hayunas snektponHas oudmauoteka elibrary.ru https://elibrary.ru/defaultx.asp
OnbIHOTEKA
2. | baza mannbeix g I T-crenuaancTos 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 oopazosanue" | https://www.edu.ru/

6. | Mudopmanuonnas cucrema "Exannoe 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, WCIOJNB3YEMbIX TMPH  OCYIICCTBICHUU
00pa3oBaTeNbHOIO MpOoIecca Mo AUCIUIUIMHE (MOIYJIE), B TOM YUCIE KOMIUIEKT JTUIIEH3MOHHOTO
IPOrPaMMHOTO  OOECIICYCHHSI, COBPEMEHHbIE TMPOPECCHOHANIbHBIE 0a3bl  JaHHBIX H
MH(POPMALMOHHBIE CIIPABOYHBIC 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 NIPUIIOKEHNSI:
Microsoft Imagine (Visio, OneNote) 3apy0exHOe JIMIEH3HOHHOE
TeXstudio 3apyOexHOoe 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 | nunensnonnoe
CucreMbl ynpaBJjeHusi 6a3aMu IaHHBIX:
Microsoft Imagine (SQL Server) | 3apy6exHoe | muuensnonHoe
Cucrtemsl peseppHOro konuposanus (backup):
Acronis Backup Advanced for HyperV | sapy6exnoe | nuiensnonnoe
CnpaBo4YHO-TPABOBBIE CHCTEMBI:
KoncynpranTlnroc: cipaBoyHO-IIpaBoOBast OTEYECTBEHHOE | JIMIICH3UOHHOE
cucTeMa
CpencrBa aHTMBHPYCHOM 3aIIMTHI:
Kaspersky Endpoint Security ans 6usneca OTEUYECTBEHHOE | JIMLIEH3UOHHOE
Cranpaprasii Russian Edition
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Cpensl pa3padoTKu:

Visual Studio Code 3apyOexHOe CcBOOOJTHO PACIIPOCTPAHIEMOE
Bash (Unix shell) 3apyOexHOE CcBOOOJIHO PACIIPOCTPAHIEMOE
Anaconda 3apy0OexxHOe CBOOOIHO pacIpOCTpaHsIEeMOe
Robotic Operating System 3apy0exHOe cBOOOJTHO PACTIPOCTPAHIEMOE
CopelliaSim 3apyOeKHOE CBOOOJIHO pacrpocTpaHsieMoe
Google Colaboratory 3apyOeKHOE CBOOOJTHO PACIIPOCTPAHIEMOE
IlakeThl NPOrpaMMHBIX CPEICTB H OMOJIHOTEK:

AutoPsy 3apyOexxHOe CBOOOHO pacIpOCTpaHsIeMOe
Interactive Disassembler (IDA) 3apyOexxHOe CBOOOHO pacIpOCTpaHsIEMOe
Cucrtembl ynpaJjeHusi oudanorpaduyeckoii uHpopmanueii:

Zotero | 3apyOeKHOE | CBOOOJTHO pacIpocTpaHsIeMoe
CepBuCHI H CJTYKOBI:

Bind 3apy0OexxHOe CBOOOIHO pacIpOCTpaHsIEeMOe
Docker 3apyOexxHOe CBOOOHO pacIpoCTpaHsIeMOe

7. MeTtoauyeckue H OlleHOYHbIE MATEPHAJIbI
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 NTyOOKOr0o TOHMMAHHUS TEMBI.

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

HCHB KOHTpOHbHOﬁ paGOTBI - [IOJIYYUTH CIICHUAJIbHBIC 3HAHUA T10 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 OTIECIbHBIX TEM U BOIIPOCOB YUEOHON AUCLMILIUHBI (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-HUCCIIEI0BATENbCKUX
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
Ouenka 3a 3a4eT
OLIEHKA OLICHKA o0y4eHuUs MO TUCHUTINHE (MOILYJII0)
10 OTnnyHO 3auTeHo CTyZneHT MOJIHOCTBIO BIaAeeT 3HAHUSAMU,
9 OTIUYHO 3ayTeHo U3JI0O)KCHHBIMH B pa60qe1‘/'1 nporpaMmme, u
8 OTIM4EO 3auTeHo rmy0oKo  ocMeicisier  aucuuiuiuHy.  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
3a/1a4aMH.

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
HNPUYUHHO-CIICICTBEHHbIC CBSI3M.
DOopMyIUpYET CBOM OTBETBI, YBEPEHHO
HMHTEPIIPETUPYET PE3YIbTAaThl AHAIU30B U
JOPYTHX HCCIEIAOBAHUH, a TaKkKe pelaer
CJIOKHBIE CUTYyallnoOHHBIC 3amaun. CTyaeHT
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 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
MperoaaBaTeib 3aJlaeT JOIMOJIHUTEIbHbIC
HABOJAIINE BOIIPOCHL.
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Jucuumnimza (MOlyib) «AHAJIN3 Ha MHOTO0OPa3HUsIX» OI[EHUBACTCS CIEIYIOIUM 00pa3oM:

AKTHBHOCTH Bec |KoanuectBo Onucanue

Homamrnee 3amanue | 15% 14 ®opma NpoBEepKHU 3HAHUHN, PU KOTOPOH CTYJECHT OTBEUAET
Ha BOTIPOCHI ITperoJiaBares B YCTHOH (opme,
JIEMOHCTPHPYSI CBOUM 3HAHUS U TIOHUMAHHUE TEMbI

AynuropHas pabora | 15% 1 AxTuBHas paboTa CTyIeHTa 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 MPETOIaBaTeNs

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

KOTOPBIC HY?KHO PCIINTD 3a OTPAHUYCHHOC BPEM,
BO3MOXKCH I[OHOJ'IHI/ITGJ'II;HI;IfI yCTHLIﬁ OK3aMCH

®opmyJia pacyéra HMTOrOBOM OLEHKH IO JAUCUHMIUIMHE (MoayJe) «AHAJIM3 Ha
MHorooopa3usax»: «0,15x cpennee 3a qomamnee 3aganue + 0,15 x aynuropnas pabora + 0,3 x
KOHTpOJIbHBIE pa0oThl + 0,1 X maboparopHas padota + 0,3 X 3a4eT ¢ OLEHKON».

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

1. Jlaiitre gopmanbHOE OMpenereHrne TOMOJIOTHYECKOTO MPOCTPAHCTBA, MEPEUUCIUTE TPH
OCHOBHBIX CBOICTBa, KOTOPBIMH OHO JOJDKHO 00J1a7aTh, M OOBSCHHUTE, IIOUYEMY U3 ITHX CBOHCTB
cienyeT XaycaoppoBoCTh, €CIU K JIF000# Mmape ToYeK MOKHO T0J00paTh OT/IEISIFOIINE OTKPHITHIC
MHO)KECTBA.

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

2. Tokaxwure, 4TO JFOOOW TIAAKUH KOMITAKTHBIH MHOTOOOpaszue 0e3 rpaHuilbl 00sagaet
KOHEYHBIM aTjlacoM. YKaXuTe, TIJe B JOKa3aTeIbCTBE MCIIOJIB3YyeTCsS KOMITAKTHOCTb.
Ooicudaemviii pezyromam : GopMaabHOE T0Ka3aTeNbCTBO (=10 CTPOK) ¢ CCHUIKOW HAa TEOPEMY O
KOHEYHOM THOJIOKPBITHH.

3. Bosemure chepy S2CR3 B cranmapTHBIX cepruieckux koopauHarax (6,9). BeBenute
bopMyIIBl IsT METpUYecKoro TeHsopa g, cumBosioB Kpucroddens Tijk u tenszopa Puuun Rij.
Ooicudaemviii pezynromam : Habop Ghopmyd, mpoBepeHHbIX B SymPy (dain-HoyTOyk Jupyter).

4. C nomorpto 6ubmmorekn Manifold (uam coOcTBeHHOrO KO/a) peanu3yiiTe GyHKIHUIO,
MPUHUMAIOIIYIO TOUKY P Ha IBYMEPHOM TOPE U BO3BpAILaIOLyt0 0a31c BEKTOPHBIX NoJiel {00,0p
} B koopauHatax (6,¢). IlponemoHcTpupyiiTe paboTy (QyHKUIMHM Ha HATH CIyYalHBIX TOUKAaX.
Oorcudaemviii pezyromam . JUPYter-HoytOyk ¢ oObsiBIeHHEM (YHKIIMH, BBHIBOJAOM 0a3uCOB H
KOPOTKHM IOSICHEHHEM.

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

IIpumepHbIe 3a1aHUA 1JIs1 CEMMHAPOB
1. 3agansl mapameTpbl TnoBepxHOocTH MéEOmyca. Kaxnmas rpynna JoipkHa HailTu
KacaTeJbHOE IPOCTPAHCTBO B IMPOM3BOJIBHONM TOYKE, IOCTPOUTH BEKTOPHOE IIOJIE «II0

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 Capaa MoOKeT OBITH KCIOJIb30BaHa MpPU JI0OKA3aTEIbCTBE
CyILIECTBOBaHUS pellICHUN ypaBHeHUH Dinepa—Jlarpanxka Ha riaakomM MHOrooOpasuu. CTyeHTbI
(GOpMUPYIOT CITUCOK TE€3UCOB (< 6 MYHKTOB) U apTyMEHTUPYIOT KaXKIbIi U3 HUX.

3. IocTpoute reone3ndeckyro Ha runepOoIudeckoil miockoctu (Monens Ilyankape) c
HavanbHbIMH yestoBusamH (X0,y0)=(0,0),x"0=1,y 0=0. CpaBHHTE MOy4EHHOE YUCICHHOE PELICHHE
(Runge-Kutta) ¢ ananutudeckoit popmoit u npeacraBbTe rpaduk U TaOIUILy OIIHOOK.

4. «Ilouemy coBmecTuMocTh MeTpuku VQ=0 BaxkHa it pu3uku?». CTYIEHTHI TPUBOISIT
IpUMEpPhl, B TOM UYHCJIE HEJIMHEWHYIO CBSI3HOCTb B OOIICH TEOPUM OTHOCUTEIBHOCTH, U
(UKCUPYIOT CBOM BBIBOJBI B MPOTOKOJE ceMuHapa (=150 ci.).

5. Jlano mpocTpaHCcTBO KoHbuUTrypanui Manumyssitopa-podora SO(3)xR3. Tpebyercs
chopMyIMpoBaTh 3aJavy IUIAHUPOBAHUS TPACKTOPUNM B TEPMHUHAX TI'eOJIC3MUECKUX. [ pymmbl
TOTOBSIT CXEMaTUUECKH IJ1aH perieHus (CeBAOKO + KOPOTKOE 0OBICHEHHE).

IIpumepHbIe 3a1aHUsA VISl KOHTPOJbHOMH PadoThI

1.  Onpenenenue kapThl — jJaiiTe onpeaeneHue MiIrkou kaptel (chart) u nepeuncnure
JIBa 00s13aTEIHHBIX CBOMCTBA €€ 00paTHOTO 0TOOPasKEHHUS.

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

3. Cumsou Kpucroddens — Berunciure I'ppl nns ykazaHHOM METPUKHU TOpA.

4.  Teopema Capaa — chopmynupyite e€ B OJJHOM MPEITIOKESHUH.

5. /HBapHaHTHOCTb CKAJSIPHOI KPUBU3HBI — IOKAXKHUTE, YTO CKAJspHAs KpUBU3HA R
ocTaércs HEM3MEHHOH NpH Mepexoje K JIPyruM KOOpAWHATaM Ha TPOU3BOJIBHOM JIBYMEPHOM
PUMaHOBOM MHOT00Opa3uHu.

6. YpaBHeHHe reoxe3umveckux Ha cpepe — sanumure cucremy OJLY mis (6(t),p(t)) Ha
chepe S2.

IIpumepHbIe 3a1aHuA 11 1a00PATOPHOI padoThI
1. Co3nanme KJjacca MHOroodopasusi — peanusyiire kiacc Manifold ¢ momsmu dim,

charts (cniucok ¢ynkumii-kapt) u transition_maps. Berpourte mpoBepky COBMECTHMOCTH atiiaca
(T1aIKOCTh MePEXOIHBIX (PYHKIIHM).

2. TeH30pHBIH MOIYJIb — HAMUIINTE QYHKIUK JUTS 3aJaHusi MeTpuku Metric(g_ij), eé
00paTHOW METPHKH W BBIYHCICHUS cUMBOJIOB Kpucroddens nepsoro pona I'ijk mo dopmye
Kpucrodpdens-I1.

3. KpuBu3HaA — Ha OCHOBE MOJYYCHHBIX CUMBOJIOB pEaU3ylTe BBHIYMCICHHE TCH30pa
Pumana Rijkl, Tensopa Puuun Rij u ckanspHo#t kpusm3abl R=QijRij. BeiBenute moaydeHHbIe
MAacCHBBI.

4.  Teone3mueckue — chopmynupyite cuctemy OJIY reoxmesnyeckux, pemure e€ ¢
oMotk SCipy.integrate.solve_ivp mns BeIOpaHHONW METpUKH (HampuMep, THrepOoIndecKas
IUIOCKOCTh B MoJienu [lyaHkape).

5. Bu3yaim3anmsi — TOCTPObTEe TpadUKU TMOJYYCHHBIX T'€OJC3MUSCKHX IMPU pa3HbIX
HAYalbHBIX YCJIOBUAX, ucnoib3dys matplotlib wmu plotly. Jlns cpaBHenus otoOpasute
reojie3nveckue Ha cepe u Ha Tope.

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

—  Kparkoe TeopeTrueckoe onucaHue peaan3yeMbix GopMy;

—  OcHOBHBIE OJIOKH KOJIa ¢ KOMMEHTapHUSIMH;

—  Tabnuuel 3HaueHudt cumBosioB Kpuctoddens, TeH30poB KpuBHU3HBI U TpaduKH
r€0/Ie3NYECKUX;
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— AHanu3 TOJNyYEeHHBIX YMCIEHHBIX pe3yJbTaToB (CpaBHEHHE CO H3BECTHBIMU
AHAJTUTHYECKUMH 3HaYCHUSIMU, HallpUMep, CKaJIsIpHas KpuBU3Ha chepsl = 1).

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

Ne 3ananue OTtBeT Komnerenuus
n/n
1 | Yro onpenensieT HAOOP OTKPBHITHIX Tomonorus / Akcnombl YK-1
MHOECTB B TOTIOJIOTHIECKOM TOIOJIOTHH
MIPOCTPAHCTBE?
2 | Kakoe cBOICTBO OTOOpaKEHHsI COXPAHSET I'omeomopduzm / YK-1
TOIIOJIOTUYECKYIO CTPYKTYpPY IIpU HenpepsiBHOCTH €
Npeo6pazoBaHmi? HETPEPHIBHBIM 00PAaTHBIM
3 | Kakoe yciaoBre HEOOXOIUMO TSt I'magkocTe nepexoaHbIX I1K-2
COBMECTHMOCTH JBYX KapT B ariace? yrxumit / Choo-
COTJIACOBAHHOCTH
4 | Yro yrBepxkaaet Teopema Capja o Mepa nyns / O6pa3 [IK-2
KPUTHUYECKUX 3HAUEHUSX TJIaJKOTO KpHUTHYECKHUX TOYCK UMECT
oTOOpaKeHus? MEpy HYIIb
5 | Kakoe orpanuucHie HaKIaIbIBACT OTnenuMocTh TOYEK / VK-1
xayc0phOBOCTh HA BEIOOP TOIIOJIOTHN CymectBoBanue
MHOT00Gpasus? HETePECeKALOIIIIXCS
OKpECTHOCTEH
6 | Kak uHTEpIpeTHpyeTCs KacaTeIbHbIH Omneparop [1K-2
BEKTOp 4epe3 AudQepeHIupoBaHne mubdepenimpoBanms /
DyHKLHI? BriBoHAs B TOUKE
7 | Kakoii 00beKT npeacTaBisieT co0oi JluneitHoe oTOOpaskeHHE IK-2
nmud hepeHnran riaaKkoro 0TOOpaXeHus B KacaTelbHbIX [POCTPAHCTB /
TOouKe? df_p
8 | Kakas oneparnus xapakrepusyer Cko06ka JIu / KommyTtaTop [1K-2
HEKOMMYTAaTHBHOCTb IIOTOKA BEKTOPHBIX [X, Y]
nojueu?
9 | Kakoii aHas0r BEKTOPHOTO MOJIs I'pasueHT BEKTOPHOTO OIS / [1K-2
HCIIOJIB3YETCS B I'PaJIMEHTHBIX METOAAX AHTUTPAIMEHTHBIH TOTOK
onTUMM3AINA?
10 | Yro sBiseTcs pe3yabTaTOM BHELIHETO JuddepennmansHas popma [1K-2
muddepernnpoBanus 1updepeHIHaATbHON BbICLICH cTenenu / do
bopmbI?
11 | Jlnst gero BBOAATCS CUMBOJIBI Y4ET KpUBU3HBI [1K-2
Kpucroddens B koBapuantHOU npOCTpaHCTBa /
NPOM3BOJIHOI? KoaddummenTts! cBsi3HOCTH
12 | Kakoe cBO#CTBO CBA3HOCTH HA3bIBACTCS KoBapuaHTHas TpOU3BOTHAS [K-2
METPUYECKON COBMECTUMOCTBIO? METPHKHU paBHa Hyio / Vg =
13 | Kakoit TeH30p 3a1aéT reoMeTpuIo MeTtpuueckuii TeH30p / [K-2
pPUMaHOBa MHOTOOOpa3usl B KaX 101 TOUKe? HonoxurensHo
omnpenesnéHnas popma
14 | Kakoe ypaBHEHHE OITUCHIBACT KPHUBBIC VYpaBHEHHE Te0Je3NUECKHX / [1K-2
HaMMEHbILEH JUIMHBI Ha IOBEPXHOCTH? Vy'y'=0
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15 | Kak kpuBH3Ha MHOI000pa3us BIMSET Ha Brusier Ha nanmmadr OIIK-4
CXOJAUMOCTh aITOPUTMOB MAILIMHHOTO (ynxuuu noreps / Ycnosue
00yueHus? ancna

16 | Kakas TeopeMa CBS3bIBaCT HHTETPAI IO Teopema Croxca / OIIK-4
MHOT000pa3HI0 C UHTETPAJIOM TI0 €T0 Ob600mEnHas Gpopmyna
rpammie? Herorona-JleitOuuria

17 | Kakoe ycioBue HEOOX0AUMO ISt TpHUBHANBHOCTD PACCIOCHUS VK-1
CyLIECTBOBaHUS II00ANBHON OPHEHTALUU opuenTanmii / OtcyTcTBHE
Ha MHOTr000pa3uu? macTos Médnyca

18 | Kakwuie mporpaMMHbIC TAKEThI SymPy / SageMath / OIIK-4
NPUMEHSIOTCS ISl CHMBOJIMYECKOTO Mathematica
HHTETpUpoBaHusI hopm?

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

JIOKaJbHOCTH
20 | Kakoli MeTO/1 BBIOMpACTCSI JIsI BEIYMCIICHUS YuciaeHHoe UiIn VK-1
aHATUTHYIECKOE

MHTerpajia B 3aBUCIMOCTH OT pa3MEpHOCTH
MpocTpaHcTBa?

uHTerpupoBanue / Beibop
MeTO/1a KBaIpaTyp
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