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1. Kparkas xapakTepucTHKA JHCHUIIUHBI (MOAYJIs1)

Pabovas mporpamma ITUCHMIUIMHBI (MOIYJsl) «AHAIN3 HA MHOTOOOpa3usiX» COCTaBIICHA B
COOTBETCTBUHU € (eaepaibHbIM T'OCYJAapPCTBEHHBIM O0pa30BaTEIbHBIM CTAHJAPTOM BBICHIETO
oOpa3oBanus — OakanaBpuar no HanpasiaeHuto 02.03.01 «MaremMaTuka U KOMIBIOTEPHBIC HAYKH,
npoduinp «IIporpamma aByx murmiomoB HUY BIID u LY «lIpuknagHas MareMaTtuka u
uH(pOpMATHKA», YTBEPKACHHBINH MPUKa3oM MMUHHCTEpPCTBA HAyKH W BBICHIETO 0Opa3oBaHUS
Poccuiickoit ®eneparuu Ne 807 ot 23.08.2017 ropa.

W3ydyeHne AuCHMIUIMHBI (MOIynsi) «AHanmM3 Ha MHOTooOpasusx» MPeIoCTaBIsSET
dbyHIaMeHTallbHbIe MHCTPYMEHTHI ISl OMMCAHUS U HCCIEAOBAHUSA CIOXKHBIX T'€OMETPUUYECKUX
CTPYKTYp, KOTOpBIE JI€KaT B OCHOBE COBPEMEHHOW TeopeTHdecKoi ¢m3uku (oOmas teopus
OTHOCHUTEJIbHOCTH, KBAHTOBAsl IPAaBUTAIM ), TOIIOJIOTUH, TEOMETPUUECKIX METOJIOB B MAIIMHHOM
o0OydeHHH © KOMIBIOTEpHOH rpaduke. be3 TIyOOKMX TPENCTaBICHHA O TOIMOJIOTHH,
mubdepeHIManbHOM TeOMETpUM U TEH30PHOM  HMCYHUCIEHHH HEBO3MOXHO KOPPEKTHO
dbopMymupoBaTh ¥ pemIaTh 3a/ladd, CBS3aHHBIE C KPUBH3HOW TMPOCTPAHCTBA-BPEMEHH,
ONTUMM3AIMEH Ha HEJIMHEHHBIX TIOBEPXHOCTSIX WM IOCTPOCHHMEM invariant-mMojesneil B
uH(pOpMaTHUKE.

MecTo AMCHMILIMHBI (MOAYJIs1) B CTPYKTYype 00pa30BaTe/IbHOM NPOrpaMMbl

Hacrosimas nucuumniamHa (Moayiib) BKIOYEHA B Y4EOHBIH IJ1aH 110 POrpaMMe HOArOTOBKU
OakanaBpuata no HampasieHuto 02.03.01 «MaremMaTuka W KOMIBIOTEPHBIE HAyKH», MPOodUib
«[Iporpamma ayx nurmuiomoB HUY BIID u Y «Ilpuknannas mareMaTuka 1 ”HGOpMaTUKa» U
BXOJUT B BapuaTHBHYIO 4YacThb biioka 1 ¢opmupyeMyro ydacTHUKaMH 0Opa30BaTENIbHBIX
OTHOIIEHHI KaK JUCHUIUIMHA 110 BBIOODY.

JucuumiurHa  (Moaynlp)  JAOCTyHHa  Julsi  M3ydeHus Ha 3 w4 Kypce
B 6, 7, 8 cemecTpax Ha BBIOOp TOCIAEe YCIEIIHOTO OCBOCHUS ITUCHUIUIMH (MOIYJEH):
«Maremarnueckuii a"amm3. Yacte 1», «MaremaTtnmuyecknii aHanu3. Yacte 2» u «JImHeiHas
anreOpa u reomerpusa. Yacte 1», «Jluneitnas amrebpa u reomerpus. Yacte 2» wim
«Marematnueckuii aHanus. [Iponsunythlii ypoBeHb. Yacth 1», «Maremarnyeckuil aHaaus.
[TponsunyThIil ypoBenb. HacTb 2» u «JIuneitHas anredpa u reomerpust. [IpoaBUHYTBIH YPOBEHb.
Yacts 1», «JIuneitnas anredpa u reomerpus. [IpoaBunyThIi ypoBeHb. YacTb 2».

Heap u3yyeHuss AMCHUNIMHBI (MOAyJs). (GOPMUPOBAHHE y CTYAEHTOB IIEJIOCTHOTO
MPEACTABJICHUS O TOMOJIOTHYECKOM U AuddepeHIInaTbHOM aHaM3e MHOT000pa3uid, a Takke
Hay4UTh UX IPUMEHSTH MMOTYYEHHBII MaTEMaTUYECKHI annapar AJi HOCTPOCHUS U UCCIIEOBaHUS
IJIaIKUX TEOMETPUUYECKUX MOJIEeH B TEOPUU OTHOCHUTEIBHOCTH, (PU3NYECKUX MPUIIOKCHHUSIX U
COBPEMEHHBIX BBIYUCIUTEIbHBIX METOJIAX.

3anaum u3y4yeHus TUCHUILIMHBI (MOYJIs1):

— U3YYUTh OCHOBHBIC TOHSATHUS OOIIEH TOMOJOTHHU (TOMOJIOTHYECKHE MPOCTPAHCTBA,
HENPEPBIBHOCTh, KOMIAKTHOCTb, CBSI3HOCTh) U MX CIEIUATHU3AIHNIO IS TTaJKMX MHOT000pa3ui,
BKuTOYast auddeomopdusmel, Teopemy Capa U CBOMCTBA IIAAKUX OTOOPAKEHUH;

— HAy4YHUTHCS BBIYUCIIATH KacaTeIbHBIE TPOCTPAHCTBA, pa00OTAaTh C BEKTOPHBIMHU MOJISIMU U
ckoOko# JIu, a Takke C TEH30PHBIMH TMOJISIMU, KOBAPUAHTHBIMU TIPOU3BOIHBIMUA HHBIMH THTIAMU
CBS3HOCTEH,

— yMeTh 3aJaBaTh METPUKY Ha MHOrooOpaszuu, HaxoAuTh cuMBONBI Kpucroddens,
pemaTh ypaBHEHHUS TE€OJIC3HYECKUX M BBIYUCISTH TEH30pbl KpuBWM3HBI (Pumana, Puyum,
CKaJIIpHYIO);

— HCMOJBh30BaTh MaTeMaTHYECKUIl ammapaT B 3a7adyax TeOpeTUYecKor Qpu3uku (MoJenb
MPOCTPAHCTBA-BPEMEHH, YpaBHEHUS DUHIIITEHHA), TEOMETPUUECKON ONTUMHU3AIUH (ONITHMAIBHOE
pa3MeIlieHne Ha HEIWHEHHBIX TOBEPXHOCTSIX) M COBPEMEHHBIX BBIYMCIUTENBHBIX 00JacTIX
(reomeTpuueckoe  MallMHHOE oOOyuyeHue, Tpaduka, oOOydeHHe NpPEICTaBICHUAM Ha
MHOT000pa3usix).
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B pe3yjabTaTe 0CBOCHUA TUCIHHUIIJINHBI (MO}IyJ’[ﬂ) Oﬁy‘lalOHIHﬁCH JOJIZKCH

3Hamb:

— OCHOBHBIE TMOHATHSA  OOWIEH  TOHOJOrMHM  (TOMOJIOTMYECKHE  IPOCTPAHCTBA,
HENPEPBIBHOCTh, KOMITAKTHOCTH, CBSI3HOCTh) U MX IPUMEHEHHE K MHOTOO0Pa3HsIM;

— ompeneseHus TJIAJKHX MHOTO00pasuii, MIaIKuX oToOpakenuil, mudpeomMophru3MoB u
X KIIOUEBBIC CBOMCTBA;

— TEOpHIO KacaTelbHbIX MPOCTPAHCTB, BEKTOPHBIX MoJeH, ckoOku JIu W uMX poib B
nuddepeHIaIbHON TEOMETPHUH;

— OCHOBBI TEH30PHOI'O UCUMCIICHHS: TUIIBI TEH30POB, ONEPALUU C HUMH, KOBapHAHTHAsI
IIPOU3BOIHAS U CBSI3HOCTH;

— OCHOBHbIE OOBEKTHl PHUMAHOBOW T'€OMETPHUM: METPHKY, TI'€OJE3UYECKUE, KPUBU3HY
(Ten3zopsl Pumana, Puuum, ckanspHyto KpuBHU3HY);

ymemb:

— QaHaNM3UpOBATh  TOMOJIOTUYECKHUE CBOMCTBA MPOCTPAHCTB W  MHOrooOpasuil
(xaycmopdoBOCTh, KOMIIAKTHOCTh, HATMYHE TJIAJAKONU CTPYKTYPHI);

— paboTaTh C TIAJKUMH OTOOPAKEHUSMHU, CTPOUTH TU(PPEOMOPPUIMBL, TPUMEHSITDH
teopemy Capna;

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

— OIepPUpPOBATh TEH3OPHBIMH TIOJSIMH, BBIUMCISATH KOBAapHAHTHBIC TIPOM3BOIHBIE,
MIPOBEPSATH CBOWMCTBA CBA3HOCTEH;

— pemath ypaBHEHHUS T€OAe3WYECKHX, BBIUUCIATH CUMBOIIBI Kpucrtoddens u TeH30pbI
KPUBU3HBI JJI5 3aJJaHHBIX METPHK;

enademp:

— MaTeMaTH4eCKHUM ammaparoMm oOmei u nuddepeHInaTbHON TOMOJOTHH I aHAIIN3a
TEOMETPUUECKUX CTPYKTYD;

— werogamu  auddepeHInanTsHO  TeOMeTpUM,  BKJIIOYas  KOOpAWHATHBIE U
0eCKOOpAMHATHBIE BHIYHCIICHUS;

— HaBBIKAMH DPA0OTHI C TEH30paMU M PHUMAHOBBIMH METPUKAMH B (U3NICCKUX U
TEOMETPUUECKUX TMPUTIOKEHUSX;

— CIOCOOHOCTBIO TIPUMEHATH TOJyYCHHBIE 3HAHWS JJIS PEUICHHs 3a1a4 B TEOPHUHU
MHOTr000pa3uii, o011elt TEOpuH OTHOCUTEIBLHOCTH U CMEXHBIX 00JaCTAX.
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2. IlepeyeHb MJIAHUPYEMBIX Pe3yJbTATOB 00yUYeHMsI

Komnerennuu, ¢opmupyemble B pe3ylibTaTe OCBOSHHS TUCHMIUIMHBI (MOIYJS) TpU
IIPOBE/ICHUH Y4EOHBIX 3aHATUH B (hOpMe KOHTAKTHOM paboThl 00yUarOIMXCs € eJarornuecKuMu
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

Komnerenuus Copep:xanue HNupukatop Iepeuens njaHNpyeMBbIX
KOMIIeTeHLIMH KOMIIETeHLIMH pe3y/1bTaTOB 00y4eHHs 10
JMcCUHMILIMHE (MOIYJIIO)
VK-1. Crocoben VK-1.1. 3HaeT METOALI IOMCKA U aHaJIN3a
OCYIIECTBIIATH MOUCK, nHpOpPMAaLUH B 001aCTH
KPUTUYECKUH aHANN3 U HCKYCCTBEHHOT'O MHTEJIIEKTa, OCHOBHBIE
CHHTe3 HH(popMauy, IIPUHIMIIBI KPUTUYECKOH OLIEHKH
HIPUMEHSTh CUCTEMHBIH HUCTOYHUKOB HHGOPMALIUH U UX
MOJXOJ TSl peIIeHHUs PEJIeBaHTHOCTH.
IIOCTAaBJICHHBIX 327124 VK-1.2. YMeeT KpUTHYIECKU OIICHUBATh
HCTOYHUKHU MH(OpMANU U
CHUHTE3UPOBATh AAHHBIC U3 PA3TUYHBIX
MCTOYHHUKOB JIJIsl peIIeHHs 3a7ad,
NPUMEHSATh CHCTEMHBIN TOAXO0]] K
aHaJIM3y U PELICHUIO KOMIUIEKCHBIX
pooyeM
YK-1.3. Hmeet npakTHUECKHIA OTIBIT pabOTHI €
COBpPEMEHHBIMH HHCTPYMEHTAMH U
TEXHOJIOTHSAMH U 00pabOTKU
nH(popMaIuu, GOpMyINPOBAHUH H
CTPYKTYpHUPOBAHUH 3a]1a4 HAa OCHOBE
NOJy4eHHOH nHpopMauu
YK-2. CriocobeH onpeiensTh YK-2.1. 3HaeT JeCTBYIONINE PAaBOBBIE HOPMEI,
KPYT 3aJa4 B paMKax PETYIUPYIOLINE ACSTEIbHOCTD B
MOCTaBJICHHOH LIeJIN U 00J1acTH peuIeHus 3a/1a4, OCHOBHBIE
BBIOUPATH METO/IbI ¥ TIOAXOBI K OTIPEIEIICHUIO
ONTUMAJIBHBIE CIIOCOOBI KpyTa 3aaa4
UX PELICHUs, NCXOIS U3 YK-2.2. YMeer onpeaensaTh Kpyr 3a7ad B paMKax
JeHCTBYIOIINX [IOCTaBJICHHOH LIeJH, BEIOUPATh
MPaBOBBIX HOPM, ONITUMAJIbHBIE CIOCOOBI pelieHHs 3a1a4,
UMEIOIIIUXCS PECYPCOB U YUUTHIBAsI UMEIOIIUECS PECYPCHI H
OTpaHUYEHUI OIpaHUYCHUSA
YK-2.3. NmeeT npakTU4eCKUA OMBIT
MIPUMEHEHUS 3HAHUH O MPaBOBBIX
HOpPMaX U pecypcax B peanbHbIX
CUTYyalusX, pa3pabOTKU U peaan3amnin
pelIeH i B COOTBETCTBUH C
YCTAHOBJIEHHBIMHU OTPaHUYCHUSIMH
OIIK-1. Crioco0eH HaxXOauTh, OIIK-1.1. 3HaeT OCHOBHBIE METOIBI U ITOAXOIBI K
bopMmynupoBaTh U PEIISHHMIO 3aj1a4 TIPUKJIATHON U
pelaTh aKTyalbHbIE U KOMIIBIOTEPHOM MaTeMaTHKH, BKJIIOYast
3HaYMMBbIe TPOOIEMBI ITOPUTMBI, MATEMATHYECKOE
MIPUKJIAHON U MOJICIIUPOBAHUE U TEOPHIO
KOMITBIOTEPHON ONITUMH3AIINH, & TAKIKE COBPEMECHHBIC
MaTeMaTHKH WHCTPYMEHTHI U TEXHOJIOTHH,
HCHOJIb3YEMBIE B 3TOH 001aCTH
OIIK-1.2. YMeeT aHanu3upoBarh U
(dhopMynupoBaTh MaTEMaTHICCKHE

DNEeKTPOHHBIA JOKYMEHT




3a1a49H, IPUMEHSATH COOTBETCTBYIOIIHE
METO/IBI ¥ AITOPUTMBI JUTS KX PELICHUS,
a TaKkKe HHTePIPETUPOBATh U
MPEACTABIATh PE3yJIbTAThl B TIOHSITHOM U
JOCTYIHOM opme

OIIK-1.3. Hmeet nmpakTHYECKUN OTIBIT pabOTHI HAL
MIPOEKTaMH HJIH UCCIIEIOBAHUSIMU B
001acTH MPUKIaTHON M KOMITBIOTEPHON
MaTeMaTHKH, BKJIIOYasl y4acTHe B
KOHKYpCax, OJMMIINAIaX WM HayJHBIX
My OIMKAMsIX, TJe ObUTH pEeIIeHb
aKTyalbHbIC U 3HAYMMBIC 3a1a4H
I1K-1. Crocoben IIK-1.1. 3HaeT METOBI U TTOIXOIBI K
(hopMynupoOBaTh 331241 (hopMynpoBaHUIO 337124, a TAKKe
C MaTeMaTH4eCcKOn OCHOBHBIEC PUHIUITE MATEMAaTHYECKOTO
TOYHOCTBIO, JIOKa3aTeNIbCTBA U aHAJIN3a PE3YJIbTaTOB.
000CHOBHIBATH IK-1.2. YMeeT KOppEeKTHO CTaBUTh U
YTBEPKICHUS CTPOTO H (dhopMynHpoBaTh MaTEMaTHYCCKHE
aHAJIM3UPOBATH 3a7a4M, IPUMEHSATH CTPOTHE METO/IBI
HOJTyYeHHBIE JI0Ka3aTeIbCTBA M aHAIM3UPOBATh
pe3ynbTaThl B 00JIaCcTH NOJTY4YCHHBIE Pe3yIbTaTHL.
MaTeMaTUuKU U [1K-1.3. HmeeT onbIT paboTHI ¢ 3371a4aMH B
KOMITBIOTEPHBIX HAayK 00JTacTH MaTeMaTHKH U KOMITBIOTEPHBIX
HayK, BKJIIFOYasi IPUMEHEHUE
MaTeMaTHYECKHX METOJIOB JIJIsl peILICHHs
NPaKTUYECKUX 3a/1a4
[K-2. Crioco0eH pemrats [K-2.1. 3HaeT OCHOBBI HH(OPMAIIOHHON U
TUTIOBBIE 331391 oubmmorpadudeckoit KyIbTypHl, a
npodecCHOHANTEHON TaKXe MPUHIMITEI THPOPMAIIMOHHOH
JIeSITETbHOCTH B 0€30MacHOCTH W IPUMEHEHHSI
obnactu nH()OPMaMOHHO-KOMMYHHKAITMOHHBIX
HCKYCCTBEHHOTO TEXHOJIOTHH B TPO(ECCHOHAIBLHOM
MHTEIUIEKTa, ONHPAsiCh JEATeIILHOCTH
Ha HH(POPMAIIMOHHYIO U IK-2.2. Ymeer 3¢ hekTHBHO UCTIONB30BATH
oubnuorpaduveckyro UHQOPMAITHOHHO-KOMMYHHUKAIIMOHHBIE
KyJIbTYpPY, UCTIONB3Ys TEXHOJIOTHH JUTS PEIICHHS CTaHJaPTHBIX
UH()OpPMALTMOHHO- 3a1a4 npodeccuoHaTBHOM
KOMMYHHKAIIHOHHBIE JeSITEIIbHOCTH, YUYUTHIBas TPeOOBaHUSI
TEXHOJIOTHH U UHQOPMAIMOHHOH 0e30MTaCHOCTH
YUMTHIBAsi OCHOBHBIE I1K-2.3. Wmeer ombIT paboThI €

TpeOoBaHU
MH(QOPMAITIOHHON
Oe3omacHoCcTH

HHPOPMALMOHHBIMU PeCypcamMmu U
TEXHOJIOTHSIMHM B 00JIaCTH
HMCKYCCTBEHHOI'O MHTEJIEKTA, BKITFOYas
co0JIr0IeHre HOPM HH(DOPMAITMOHHOM
0c30IacHOCTH
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3. Temaruueckuii njiax

Neqr/
HaumeHnoBanue

pa3aena AUCUMNIHHBI
(Moays)

TpynoeMKocTh, akageMH4YecKHe Yachl

Ounas ghopma

Aynuro

Hasi padoTa

Jleknun

CeMuHapBI

KonTtposan

CamocrosTe
JbHAA
padora

TKY
(Tekymui
KOHTPOJIb

ycIeBaeMoCTH)

1 Tomonorus

5

5

18

Jlomarninee
3a/laHue
AynuropHas
pabota

2 I'magkas crpykrypa

18

Jlomarninee
3a/laHue
AynuropHas
pabota

3 KacarensHoe
MPOCTPAHCTBO

18

Jlomarninee
3a/laHue
Kontponbshas
pabota
AynutopHas
pabota

4 BekropHsle nos

18

Jlomarninee
3a/laHue
AynutopHas
pabota

5 JuddepenuupoBanue

18

Jlomarninee
3a/laHue
AynutopHas
pabota

6 PumanoBs MHOTOOOpa3mMs

18

Jlomarninee
3aJjaHKe
JlaboparopHnas
pabota

7 WnTterpuposanue

16

Jlomaninee
3a/IaHHe

3auem ¢ oueHKoil

Hrorosas pabora

Hmozo:

30

30

124

Obvem oucyunaunovt (mooyns) (e
ax. 4.)

190

Obvem Ooucyunaunvt (mooynsn) (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 HEpephIBHBIE 0TOOpaskeHmsI. Orepatuy Hal
TOMOJIOTHYSCKUMU MPOCTPAHCTBAMU

2. | I'magkas cTpykTypa

[Monsitue xapThl U aTinaca. [magkue MHOrO0Opa3us. [Ipumepsr
MHOT000pa3Hii.

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

Jlemma Cappa u TeopeMbl 00 anmpOKCHMAITHH.

3. | KacaremnsHoe
MPOCTPAHCTBO

Tpu onpenenenus kacarelabHOro BekTopa. [IponsBoanas Jlu.
Hduddepenuman otobpaskeHus.

4. | BekTopHBIE OIS

BeKTOpHI)IC 1 KOBCKTOPHBLIC I10JId, OTICPATOPHBIC I10JIA, I1OJIA

(hopMBI.
[onstne nuddepentmansuoit Gopmbl. Onepanun Hax

muddepernmansHeME GopMamu. [IuddhepernrpoBanue.
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.
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5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

VYHuBepcUTET  pacrojaraeT IOJHBIM  HA0OpOM  JIMIEH3HMOHHOTO M CBOOOJHO
pPacHpoCTPaHsIEMOro IMPOTPAMMHOTO O0ECHEeYeHHs, BKJIIOYAs MPOAYKTHl OTCUYECTBEHHOTO
IIPOU3BOACTBA.

Kaxnplii cTyqeHT B TedeHHE BCEro Inepuoja OOydYeHMs NOJIydaeT WHIWBUIYaTbHBIH
HEOTPAaHWYEHHBIH  JOCTYH K  DJEKTPOHHO-OMONMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
UH()OPMAIIMOHHO-00Pa30BaTENFHON Cpele YHHBEPCUTETa. OJTH CHUCTEMBl IIPEIOCTABISIOT
BO3MOXHOCTH JIOCTYIIa K pecypcamM 3 Jr000i TOUYKH, TJIe eCTh NOJKII0UeHHe K ceT VHTepHer,
KaK Ha TEpPPUTOPUHU YHUBEPCUTETA, TAK U 32 €r0 IpeJIelIaMH.

CrynentaMm o0ecriedeH yJaJIeHHBIH JOCTYNl K COBPEMEHHBIM MpOo(ecCHOHATBHBIM 0azaM
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 ¢. — (Bricuiee oOpazoBanue). — ISBN 978-5-534-06198-7.
— Tekcr : oanekrponsbli // OOpa3oBartenbHas 1miatrdopma HOpaiit [caiit]. — URL:
https://urait.ru/bcode/585823

2. Canpgpakosa, E. B. [luddepenunansusie (opMbl Ha TTIaAKMX MHOTOOOPa3HsIX : 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
ulekTpoHHBIH  //  OOpaszoBarenpHass  miatdpopma  FOpaiit  [caiit] —  URL:
https://urait.ru/bcode/565616

/Jlonoanumensvhasn numepamypa:

1. Jluneiinas anreOpa ¥ aHAIMTHYECKAass TEOMETPHUS | YUCOHMK U NPAKTUKYM 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 : 3meKTpOHHBIA //
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 JIMCUUIUIMHAPDHOW W MEXIWCUUIUIMHAPHOW MOATOTOBKH, HPAKTHUYECKOH M HAy4HO-
UCCIIEI0BATEIbCKON PaboT 00ydaromuxcs, NpeayCMOTPEHHBIX YU€OHBIM IIJIaHOM.

[TomenieHus1, KOTOpBIE MPEACTABISAIOT COO0HM yueOHbIE ayIUTOPUH JUIsl IPOBEACHUSI 3aHATUI
JEKIIMOHHOTO THUMA, 3aHATUH CEeMMHApCKOro (MpakTU4YeCKOro) THMA, TPYIIOBBIX H
VMHAUBUAYaAJIbHBIX KOHCYJIbTALIMN, TEKYIIIETO KOHTPOJISI U MPOMEKYTOUHON aTTECTalllH, a TaKkKe
MOMEIIEHUS Il CAMOCTOATENbHOM pabOThl U MOMEIIEHUS Il XpaHEHHs U MPO(PUIAKTHUECKOTO
obcmykuBaHusl yaeOHOTO 000pynoBaHus. [TomMereHns: yKOMIUIEKTOBaHbI CIICHMAT3UPOBAHHON
MeOenbl0 U TEXHUYECKHMMHU CPEICTBAMH OOYUYEHHsI, CIyXKAIlUMH JUIs MPEICTaBICHUS y4eOHOH
uH(popMaluu 60JbIION ayIUTOPUH.

N3yueHne qUCUUIUIMHBI (MOAYIA) oOecTieunBaeTcs B y4eOHBIX ayIUTOPHSX, OCHAILIEHHBIX:

— CTOJIaMH U CTYJIbSIMU;

— KOMIIBIOTEPHOU TEXHUKOU;

— MEXaHWYECKUMU KaJIbKYJIATOPaMH,

—  CHENHUAIU3UPOBAHHBIM 000pYyI0BaHUEM, BKIIIOYAs IEMOHCTPAIIMOHHOE 000PYI0BaHHE.

[TomerieHus 47151 CaMOCTOSATENIBHOM paboThl 00yJaroIuXcs, B TOM YUCIIE IPUCTIOCOOTICHHbIE
JUISL MCTIONBb30BaHMsI MHBAJIMIAMH M JIMLIAMU C OTPAHMYEHHBIMU BO3MOXXHOCTSMH 3J0POBbSI,
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OCHAIIIEHbl KOMIBIOTEPHON TEXHHMKON C BO3MOYKHOCTBIO MOJKIIOUEHHs K ceTH «MHTepHeT» n
o0ecrieyeHHEM  JIOCTyNa B  3JEKTPOHHYIO  MH(POPMALMOHHO-O0pPA30BATEIbHYIO  CPENy
YHuBepcurera.

OOyyaromuMcesl IPENOCTaBIAETCA JOCTYIl (B TOM 4YHCIE YJAIEHHBIN) K pecypcam
MH(POPMALMOHHO-TEIIEKOMMYHUKAIIMOHHON ceTH «HTepHeT», 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. | ®enepanbheiii moprai «Poccuiickoe oopazosanue” | 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
IPOTPaMMHOTO  OOECIICYCHHSI, COBPEMEHHbIE TMpPOPECCHOHANIbHBIE 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 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 OIleHOYHbIEe MATEPHAJIBI
MeToauyeckue yKazaHus sl 00y4alOUIUXCS 10 OCBOEHUIO TUCHHILIMHBI (MOYJIs1)

B mpouiecce m3ydeHus MUCHUILUIMHBI (MOIYJs) «AHAIM3 HA MHOTOOOpa3UsX» B paMKax
TEKYIIEro KOHTPOJISl YCIIEBAEMOCTH MCIOJB3YIOTCS TaKU€ BHJIbI Y4eOHOI paboThl, KaK JIEKLIHS,
CEeMHHApbI, ayAUTOpHas paboTa, KOHTPOJbHBIE paboThl, JabopaTopHble pabOThl, a TakKke
pa3nuyHble BHIBI CAMOCTOSITENIFHOW pPAa0OThI OOyYaroIMXCS MO 3aJaHUI0 TPEnojaBaTels,
HaIpPaBIIEHHBIC HA Pa3BUTHE HABBIKOB MIPO(HECCUOHATLHON JIEKCUKHU, 3aKPEIUICHUE MTPAKTHUYECKUX
MPOPECCHOHAIBHBIX KOMIETEHIIUN, TOOIIPEHNE NHUITUATHB.

Jlekyuss —  CUCTEMAaTH4YeCKOEe, IIOCJIEIOBAaTEIbHOEC, MOHOJIOTUYECKOE  HM3II0KECHUE
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 noBepxHOocTH MéEOuyca. Kaxnmas rpynma JoikHa HailTH
KacaTeJbHOE IPOCTPAHCTBO B IMPOM3BOJIBHOM TOYKE, IOCTPOUTH BEKTOPHOE IIOJIE «I10

HAIpaBJICHUIO IIOJIOCKH», TIIOCTPOUTH BCKTOPHOC TIIOJC, TMCPINCHAUKYIAPHOC IIOJOCKE, H
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BBIUMCIUTh CKOOKY JIu mexny Humu. ['pynma mpeacraBisieT peuieHHE Ha JTOCKE U JeNaeT
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. IMocTpoute reone3ndeckyrd Ha THrepOoIrdeckoi miockoctu (Moaenb I[lyankape) 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 coBmecTuMoCcTh MeTpuku VQ=0 BaxkHa it puzuku?». CTYIEHTHI TPUBOIST
IpUMEphl, B TOM UYHUCJIE HEJIUHEWHYIO CBSI3HOCTb B OOIICH TEOPUM OTHOCUTEIBHOCTH, U
(UKCUPYIOT CBOM BBIBOJBI B MPOTOKOJE cemuHapa (=150 ci.).

5. Jlano mpocTtpaHcTBO KoHburyparuii manumyistopa-podora SO(3)xR3. Tpebyercs
chopMyIMpOBaTh 3aavy IUIAHUPOBAHUS TPACKTOPUNA B TEPMHHAX T'EOJE3MUYECKUX. [ pyIb
TOTOBSIT CXEMaTUYECKUIl IJ1aH perieHus (IICEeBIOKO] + KOPOTKOE 0ObICHEHNUE).

IIpumepHbIe 3a1aHUsA VISl KOHTPOJIbHOMH PadoThI

1.  Onpenenenue KapThl — JaiiTe onpeaeneHue MiIrkou kaptel (chart) u nepeuncnure
JIBa 00s13aTEIHHBIX CBOMCTBA €€ 00paTHOTO 0TOOpasKEHHUS.

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 IIPEITIOKEHUH.

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

6. YpaBHeHHe reoxe3umveckux Ha cpepe — sanummure cucremy OJIY 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
(r1aIKOCTh MePEXOIHBIX (PYHKIIMM).

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. KpuBH3HaA — Ha OCHOBE IMOJYYCHHBIX CHMBOJIOB pEaU3ylTe BBHIYMCIICHHE TEH30pa
Pumana Rijkl, Tensopa Puuun Rij u ckanspHo#t kpusm3abl R=QijRij. BeiBenute moayueHHbIe
MAacCHBBI.

4.  Teone3mueckue — chopmynupyiite cucremy OJlY reoxmesnyeckux, pemmute e€ ¢
oMotk SCipy.integrate.solve_ivp mns BeIOpaHHONW METpUKH (HampuMep, THrepOoIndecKas
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-n0KyMeHT, BKIIIOYAIOIINIA:

—  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
AHATUTHYECKUMH 3HAaYCHUSMH, HaI[pUMeEp, CKaIsgpHasi KpuBu3Ha cepsl = 1).

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

Ne 3amanme OT1Ber Komnerennmus
n/n
1 | Yro onpenenseT HAOOP OTKPBHITHIX Tomonorus / Akcnombl YK-1
MHOECTB B TOTIOJIOTHIECKOM TOIOJIOTHH
MIPOCTPAHCTBE?
2 | Kakoe CBOMCTBO OTOOpaKEHHSI COXPAHSIET I'omeomopduszm / VK-1
TOIOJIOTUYECKYIO CTPYKTYPY IIPU HenpepsiBHOCTH €
Npeo6pazoBaHmi? HETPEPHIBHBIM 00PAaTHBIM
3 | Kakoe yciaoBre HEOOXOIUMO TSI I'magkocTe nepexoaHbIX OIIK-1
COBMECTHMOCTH JBYX KapT B arjace? ynkumit / Choo-
COTJIACOBAHHOCTH
4 | Yro yrBepxkaaet Teopema Capja o Mepa nyns / O6pa3 OIIK-1
KPUTHUYECKUX 3HAUEHUSX TJIaJKOTO KpHUTHYECKHUX TOYCK UMECT
oTOOpaKeHus? Mepy HyIb
5 | Kakoe orpanuucHie HaKIaIbIBACT OTnenuMocTh TOYEK / YK-2
xaycZ0phOBOCTh HA BEIOOP TOIIOJIOTUN CymectBoBanue
MHOT00Gpasus? HETePECeKALOIIIIXCS
OKpECTHOCTEH
6 | Kak uHTEpnpeTHpyeTCs KacaTeIbHbIH Omneparop OIIK-1
BEKTOp 4epe3 AudQepeHIupoBaHne mubdepenimpoBanms /
DyHKLHIL? BriBoHAs B TOUKE
7 | Kakoii 00beKT npeacTaBisieT co0oi JluneitHoe oTOOpaskeHHE OIlK-1
nmud hepeHnran riaaKkoro 0TOOpaXeHus B KacaTelbHbIX [POCTPAHCTB /
TOouKe? df_p
8 | Kakas oneparnus xapakrepusyer Cko06ka Jlu / KommyTtaTop OIIK-1
HEKOMMYTaTHBHOCTb IIOTOKA BEKTOPHBIX [X, Y]
nojueu?
9 | Kakoii aHas0r BEKTOPHOTO MOJIs I'pasueHT BEKTOPHOTO OIS / [K-1
HCIIOJIB3YETCS B I'PaJIMEHTHBIX METOAAX AHTUTPAIMEHTHBIH TOTOK
onTUMM3AINA?
10 | Yro siBisieTcst pe3yabTaTOM BHEIIHETO JuddepennmansHas popma OIlK-1
muddepernnpoBanus 1updepeHIHaATbHON BbICLICH cTenenu / do
bopmbI?
11 | Jlnst gero BBOAATCS CUMBOJIBI Y4ET KpUBU3HBI OIIK-1
Kpucroddens B koBapuantHOU npOCTpaHCTBa /
NPOM3BOJIHOI? KoaddummenTts! cBsi3HOCTH
12 | Kakoe cBO#CTBO CBA3HOCTH HA3bIBACTCS KoBapuantHas nmpou3BoiHas OIIK-1
METPUYECKON COBMECTUMOCTBIO? METPHKHU paBHa Hyio / Vg =
13 | Kakoit TeH30p 3a1aéT reoMeTpuIo MeTtpuueckuii TeH30p / OIlK-1
pPUMaHOBa MHOTOOOpa3usl B KaX 101 TOUKe? HonoxurensHo
omnpenesnéHnas popma
14 | Kakoe ypaBHEHHE OITUCHIBACT KPHUBBIC VYpaBHEHHE Te0Je3NUECKHX / OIIK-1
HaMMEHbILEH JUIMHBI Ha TIOBEPXHOCTH? Vy'y'=0
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15 | Kak kpuBH3Ha MHOI000pa3us BIMSET Ha Brusier Ha nanmmadr MK-1
CXOJAUMOCTh aITOPUTMOB MAILIMHHOTO (ynxun noreps / Ycnosue
00yueHus? ancna

16 | Kakas TeopeMa CBS3bIBaCT HHTETPAI IO Teopema Crokca / OIlK-1
MHOT000pa3HI0 C UHTETPAJIOM TI0 €T0 Ob600meEnHas Gpopmyna
rpammie? Herorona-JleiiOnuia

17 | Kakoe ycioBue HEOOX0AUMO ISt TpHUBHaTHHOCTH PACCIIOCHHUS YK-2
CYLIECTBOBaHUS II00ANBHON OPHEHTALNN opuenTanmii / OtcyTcTBHe
Ha MHOTr000pa3uu? macToB Mébuyca

18 | Kakwuie mporpaMMHbIC TAKEThI SymPy / SageMath / I1K-2
NPUMEHSIOTCS ISl CHMBOJIMYECKOTO Mathematica
HHTETpUpoBaHusI hopm?

19 | Kak cooTHOCSTCS JIOKAIbHBIC KapThl U Uepes CKIEHKY JTOKAITBHBIX YK-1
rIo0ampHas CTPYKTypa MHOT000pa3uns? AaHHbIX / [puHimn

JIOKaJbHOCTH
20 | Kakoli MeTO/1 BBIOMpACTCSI JIsI BEIYMCIICHUS YuciaeHHoe UiIn VK-2
aHATUTHYIECKOE

MHTerpajia B 3aBUCIMOCTH OT pa3MEpHOCTH
MpocTpaHcTBa?

uHTerpupoBanue / Beibop
MeTO/1a KBaIpaTyp
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