JOKYMEHT NOANMMCAH
SNEKTPOHHOWM MOAMUCHIO

-
Ll E H T pAn b H bl M Ceptudwmkat: 0215B0C000D1B3FEB44A37EE631E0C27D4
Bnapeneu: Vsawkesny Eerennii Bacunbesuny
yH M B E Pc M T ET HencTeutener: ¢ 13.01.2026 o 13.04.2027
YTBEPXJIEHA

Pemennem Yuenoro cosera

AHO BO «lleHTpanbHblii YHUBEPCUTET»
«24» urons 2025 r.

[Tpotokom Ne2

Pabouasi nporpamMma JuCHUIIMHBI (MOLYJI51)
«ML System Design (IlpoekTHpoBaHue CHCTEM MALIUHHOTO 00YYeHUsT)»

Hanpasaenue noaroroBku: 02.03.0/ Mamemamuxa u komnvromepHvle HAYKU

HanpagJiieHHoCTh (IPO(HJIBL) OATOTOBKM: MCKYCCMBEHHbIU UHMENTEeKN

Kpaiundukanus (cTenenb) BHINYCKHUKA: OAKa1aep

®opma o0yueHus: ounas

Cpoxk ocBoeHus porpaMmsl: 4 200a

Iox nadopa: 2025

MockBa
2025

DNEeKTPOHHBIA JOKYMEHT



Conep:xkanue

1. Kparkasi XapaKTepuCcTHKA TUCHUTIIHHBI (MOYJIS) ....ooovviiiiinirieiieiniesieesree s snee e snee e 3
2. IlepeyeHb MIAHUPYEMBIX PE3YJIBTATOB OOYUEHMSI .......vveevveeiiieeiiieesineessineessinesssnessssnesssnes 5
3. TEeMATHUECKMI IIAH ......ooiviiiiiiiiieiii et estee st e e et et et et e sse e n e e s b e e e sn e e sme e e reeareeanneenneeenns 7
4. Conep:kaHue TUCHUIITIHMHBI (MOLYIISA) ....vvviiiiieiinieiietasteeesteeesabeeessbeesssseesasseesssseesasseesnneesnnnas 7
5. YYEOHO-METOTMUYECCKOE OOCCIICUECHIIC .......vvvunneeeeereeetstassesesssesssssasssssssssesssttereeeseesrsnanrrreeeses 8
6. MaTepHaTbHO-TEXHUYECKOE ODCCTICUEHHIE ........vveeereeeiireesireesireesssreessseeesseessseessseesssnesssees 8
7. MeTOAUYECKUE U OLEHOUYHBIE MATEPHAIIB .......ooiuviiuiiatieiiieaiteeaieeesteeanteesseessseessesaseessnesseeses 10

DNEeKTPOHHBIA JOKYMEHT



1. Kparkasi XapakTepuCcTHKA TUCHUINIMHBI (MOIYJIs)

Pabouas mporpamma mucumrummabel (Moxyns) «ML System Design (IIpoektupoBanue
CUCTEM MalIMHHOT'O 00y4YEHHs1)» COCTAaBIIEHA B COOTBETCTBUU C (pe/lepaibHBIM IrOCY1apCTBEHHBIM
o0pa3oBaTeNbHBIM CTaHJIAPTOM BBICIIEr0 OOpa3oBaHusi — OakajaBpuaT MO CHEIHAIBHOCTH
02.03.01 MaremaTika ¥ KOMIBIOTEPHBIC Hayku, Npodguiab WMCKyCCTBEHHBI WHTEIUICKT,
YTBEP)KICHHBIN MpHKa3oM MMHUCTEpCTBA HAyKd M BbICIIEr0 oOpa3zoBanus Poccuiickoi
®Oenepanmu Ne 807 ot 23.08.2017 rona.

Wzyuenne mucumrmimasl (Momyms) «ML  System Design (IIpoekTupoBanue cuctem
MAIIMHHOTO 00Y4YeHHs1)» MO3BOJIET CO37aBaTh MHTETPUPOBAHHbBIC PElICHUs, 00eCreurnBaoIre
BBICOKYIO ITPOM3BOJIUTENIBHOCTh U YCTOMYMBOCTh MOJIEEN B peasbHbIX ycioBusx. Kpome toro,
3HAaHHE MPOEKTUPOBAHUS CUCTEM MAIIUHHOTO 00Y4YEHHUS CIOCOOCTBYET ONTUMHU3ALIMU PECYPCOB U
YCKOpSIET BHEIPEHUE MHHOBAIIHMIA B Pa3IMYHBIX cepax.

MecTo TMCHUIIJIMHBI (MOIYJIfA) B CTPYKTYpPe 00pa3oBaTe/IbHOI MPOrpaMMbl

Hacrosimas muciurinHa (MOIyJib) BKJIFOUEHA B YUE€OHBIH IIIaH 110 MPOTrpaMMe MOITOTOBKH
OakanmaBpuata no Hampasieruto 02.03.01 MaremaTnka W KOMIBIOTEpHBIE HAYKH, MPOQUIH
VckycCTBeHHBIH HMHTE/UIGKT W BXOJIUT B BapWaTHBHYIO dacTh biioka 1, dopmupyemyro
Y4aCTHHKaMU 00pa30BaTebHBIX OTHOIICHUH KaK JTUCIUILIMHA IO BBIOODY.

Juctummaa (MoxyIib) u3yvaeTcs Ha 3 v 4 kypce B 6 nim 8 cemectpe Ha BeIOOp. JlocTymHa
K HM3Yy4EHHIO TIOC/IE YCIENIHOTO OCBOCHHWS auciuiuinHbl (Momysst) «Machine Learning
(MammnHOe 00yueHue)»

Heapb u3yyeHusi AMCUMIIMHBI (MOAYJISA): OCBOUTH IPUHIIMIIBI U METObI IPOEKTUPOBAHUS
3¢ (EeKTUBHBIX, MACIITAOUPYEMbIX U HAJEKHBIX CUCTEM MAIIMHHOTO OOYYEHUS Ul peLCHMs
MPAKTUYECKHX 3ajau.

3agauu n3y4eHusi JMCHUILIHHBI (MOAYJISA):

— HW3YYUTb OCHOBHBIE€ NPUHLUIBI M aPXUTEKTYpbl CHUCTEM MAIIWHHOTO OOYy4YeHMS,
BKJIIOYas BBIOOpD QJITOPUTMOB, MHOJATOTOBKY JaHHBIX, HHQPACTPYKTYpPY M HMHTErpaluio ¢
CYILIECTBYIOIIMMHU TEXHOJIOTHSIMH.

— OCBOUTb METOJbl ONTHUMH3ALUU TPOU3BOAUTEIHLHOCTH, YIIPABJICHUS pecypcami,
oOecrieyeHHs 6€30MaCHOCTH U ATUYECKHX aCIIeKTOB B MPOEKTHUpoBaHUU ML-cucrem.

— mnpuoOpecTH TPaKTHUECKHE HABBIKM B pa3paboTke u peanusanun end-to-end
naiIuIaiiHOB MalTMHHOTO O0y4YeHHs, BKJIOUasi MPOTOTUIIMPOBAHUE U pa3BEpThIBAaHUE MOJIENEH B
pEaIbHBIX Cpelax.

— pa3BUTh yMEHUE aHAJTM3UPOBATh U OLleHUBaTh 3(ppekTnBHOCTE ML-crucTem, yauThIBaTh
OrpaHMuYeHUs U TpeOOBaHMs, a TAK)KE€ NPUMEHATh CUCTEMHBIN IMOAXOJA K PEUICHHIO 33713y B
00J1aCTH UCKYCCTBEHHOT'O MHTEJUIEKTA.

B pe3ysbTare 0cBOeHUSI JUCHUILIAHBI (MOXYJIs1) 00y4aIOIMIiCSl 10JIZKEeH

3HamMb:

— 3amauyu npuMeHeHus ML B KOMITaHHSIX ¥ TPOBEACHUH MPEIBAPUTEIHLHOTO aHAIM3a JJIS
OIICHKU HEOOXOAMMOCTH BHeIpeHus: ML-pemeHus,

— KJIIOUEBBIE KOMIIOHEHTHI apXUTEKTYpbl ML cucrewm;

— JTamnsl )XU3HeHHOro uukiaa ML moxenei;

— cnocoOsbl orieHkH ¢ pexra o ML pemenuii;

— TPUHIUIIBI HOJITOTOBKHU KOAA U MOJENEH sl MPOJAKILIEHa;

— MeToabl MoHuTOpUHra ML cuctem B IpoJaKIleHe;

— TMPUHIUIBI 00ecriedeHns] MacTabupyeMoCcTH U HaaexkHocTu ML cucrewm;

ymembp:

— ¢opMynupoBaTh TEXHHYECKYIO MOCTaHOBKY ML 3amaun, BEIOMpPATh METPUKHU KadyecTBa
U Oei3naiy;
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— paspabartbiBaTh KOHIENIUI0 ML cuctemMbl ¢ yueToMm OM3HecC-1eNIel 1 OTpaHuYCHUH;

— paspabatbiBaTh Au3aiiH ML-pemenus, Bkitoyast QyHKIMOHAIbHbIE TPEOOBaHUS U IJIaH
peanu3anuy;

— TMPOEKTUPOBATh APXUTEKTYpY ML cuCTeMBbl, BKIOYasi KOMIOHEHTHI JJIsi 00pabOTKU
JIaHHBIX, 00y4YeHUs U nH(pEepeHca,

— OIIGHHUBATh 3KOHOMUYECKUH 3P PekT oT BHeapeHust ML-nipoexra;

— QopmynupoBath TpeOOBaHUS K HMHPPACTPYKType C y4E€TOM Harpysku H
MacIITaOupoBaHus,

enaoemp:

— HaBBIKOM IIpoekTupoBaHusa ML-cuctem, opueHTHPOBaHHBIX Ha peleHue OU3Hec-3a1ay,
C YY4ETOM TEXHMYECKUX OIPAaHUYEHUN U YCIOBUN JKCILTyaTalluu;

— HaBBIKOM pa3padOTKH KOHIENIMH U apXUTEKTYpHBIX petieHnit ML-crucreM B yciioBusX
OTPAaHUYEHHOI'O BPEMEHU U HEIOJIHBIX TaHHBIX;

— HaBBIKOM IIPOBEPKHU KHU3HECTIOCOOHOCTH ML perienusl.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUs

Komnerennuu, ¢opmupyemble B pe3ylibTaTe OCBOSHHS TUCHMIUIMHBI (MOIYJS) TpU
MIPOBEJCHNH YUeOHBIX 3aHATHI B (hopMe KOHTAKTHOU pabOThI 00YYAIOIIUXCS C IEAArOTHYECKUMU
paboTHUKaMU YHUBEpCUTETa U B (pOpMe CaMOCTOATENILHONU PabOThl 00YyYarOIIUXCS:

Komnerenuus Conep:xanue Nuaukartop IlepeyeHb MJIAHNPYEMBIX Pe3YJbTATOB
KOMIIeTeHIIMH KOMIIeTeHIIMH 00y4yeHMs1 10 JUCHHUILIMHE (MO1YJII0)
VK-1. Crocoben VK-1.1. 3HaeT METOALI IOMCKA U aHAJIN3a
OCYIIECTBIIATH MOUCK, nHpOPMALUH B 00IaCTH UCKYCCTBEHHOTO
KPUTUYECKUN aHAIN3 U HHTEJUIEKTa, OCHOBHbIE IPUHLIUIIBI
CHHTe3 HH(popMauy, KPUTHYECKOH OLIEHKH MCTOYHUKOB
MPUMEHSTH CHCTEMHBIH WHGOPMALIMH U MX PEJIEBAHTHOCTH.
HOJXOZ ATl peLeHUs YK-1.2. YMeeT KpUTHUECKH OLIEHUBATh UCTOUHUKHI
MIOCTaBJICHHBIX 33124 rH(OPMAIINU ¥ CHHTE3UPOBATh JJAHHBIE U3
Pa3IMYHBIX UICTOYHUKOB JJIsl PEILICHHUS
3aja4, MPUMEHSITh CUCTEMHBIN MOIXO0/ K
aHaJM3y U PELICHUIO KOMIUIEKCHBIX
pobaeM
YK-1.3. Hmeet npakTHUECKHIA OTIBIT pabOTHI C
COBpPEMEHHBIMH HHCTPYMEHTAMH U
TEXHOJIOTHSAMH JJIs1 00pabOTKH
uHpopManu, GOpMyITUPOBAHUH U
CTPYKTYpUPOBAaHUH 3a]1a4 HA OCHOBE
MIOJTy9eHHOU MH(pOpMAITIH
YK-2. CriocoGeH omnpenensiTs YK-2.1. 3HaeT JefCTBYIOIINE TTPABOBBIE HOPMBI,
KpYT 33Ja4 B paMKax PETYIUPYIOIIHE ACITEILHOCT B 001aCTH
MOCTaBIICHHOH LIEJIN 1 pelieHus 3a7a4d, OCHOBHBIE METO/BI U
BBIOHPAThH MIOJIXO/IbI K ONpeNIeNICHUIO Kpyra 3aja4
ONITUMAJIbHBIE CIIOCOOBI YK-2.2. YMeeT onpenenars Kpyr 3a/1a4 B paMKax
WX PEUICHUSs, UCXOIS U3 MIOCTaBIICHHOH 11eJIH, BEIOUPATh
JIEHCTBYIOMINX ONITUMAJTBHBIE CTTIOCOOBI PEIICHHS 33/1a4,
MPaBOBBIX HOPM, YYUTHIBasI UMEIOITUECS PECYPCHI H
UMEIOIIIUXCS PECYPCOB U OrpaHUYEHHUSI
OrpaHHYECHHUI YK-2.3. NmeeT npakTH4ECKHii OMBIT IPUMEHEHUS
3HAaHUH O MPAaBOBBIX HOPMAX U pecypcax B
peanbHBIX CUTYaLusIX, pa3padoTKu U
peaii3aluy pEelIEHU B COOTBETCTBUH C
YCTAHOBJICHHBIMH OTPaHUYECHUSIMH
OIIK-1. Crioco0€eH HaxOdUTh, OIIK-1.1. 3HAaeT OCHOBHEIE METOIBI M MMOAXOBI K
bopMmynupoBaTh U PEIICHHMIO 3aj1a4 TIPUKIIATHON U
pelarh akTyalbHbIC U KOMIIBIOTEPHOW MaTeMaTHUKH, BKJIIOYAsT
3HaYMMBbIe TPOOIEMBI ITOPUTMBI, MATEMATHYECKOE
NPUKJIaHON U MOJICJINPOBAHNE U TEOPHIO ONITUMHU3ALNH, &
KOMITBIOTEPHON TaK)Xe COBPEMEHHbBIE HHCTPYMEHTHI U
MaTeMaTHKH TEXHOJIOTHH, HCIIOJIb3yEMBIE B 9TOH
o0nacTu
OIIK-1.2. YMeer aHanM3UPOBaTh U POPMYITUPOBATH
MaTeMaTHYEeCKHe 3a7a4K, TIPUMEHSTh
COOTBETCTBYIOIINE METOBI M aITOPUTMBI
IUISL MX PeIleHHs, a TaKkKe
WHTEPIPETUPOBATH U TPEJICTABIIST
pe3yAbTATHl B MOHSITHOW M JOCTYITHOH
dhopme
OIlK-1.3. Hmeet nmpakTHYECKUN OTIBIT pabOTHI HAL
IIPOCKTaMHU WU UCCIICOBAaHUSAMU B
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00JacTH MPUKIAIHON ¥ KOMIIBIOTEPHOH
MaTeMAaTHKH, BKJIFOYasl YIacTHE B
KOHKYpCaXx, OJIMMITHA/IaX WU Hay9IHBIX
yOIMKAIUX, TJe ObUTH PEIICHBI
aKTyaJbHbIC U 3HAYMMBIC 331a49H

ITK-1. Crocob6eH omnpenemnsiTh IIK-1.1. 3HAET OCHOBHBIE TCOPETHICCKHUE

obmmue GpopMsl U KOHIICTIIH ¥ MIPUHLUIIBI, OTHOCSIINECS K

3aKOHOMEPHOCTH 00acTH MalIMHHOTO 00yUYeHHUs, a TAKKe

001aCTH MaIIMHHOTO KJIIOYEBbIE 3aKOHOMEPHOCTH M MOJIEJIH,

o0yueHus KOTOpBIE [IOMOTAIOT B aHAJIHN3E U
WHTEPIPETALUHN JaHHBIX

IK-1.2. YMeeT npoBOAUTH CUCTEMATHUECKUM
aHajan3 00J1acTH pa3pabOTKH, BRISBIIATH U
(hopMynupoBaTh 00IIHE 3aKOHOMEPHOCTHU U
TEHJICHIINH, & TAK)KE IPUMEHSITH METO/IbI
HCCIICA0BAHMUS ATl TIOJTyYSHUS! HOBBIX
3HaHUI ¥ MOHUMAaHUS
[K-1.3. Hmeer npakTHUECKUIT OMBIT padOTHI B
00JIacTH MAIIMHHOTO 00yYeHHUs, BKIIIOYAsT
y4JacTHe B HayYHbBIX IPOEKTaX,
MCCIIEIOBAHUSX WU MPAKTUYECKUX
3aJJaHUsIX, TJe ObUIH BBISBIICHBI U OMTUCAHBI
o0rmrrie GopMbI 1 3aKOHOMEPHOCTH
ITK-2. Crioco6eH pemrats [K-2.1. 3HaeT OCHOBBI HH(OPMAIIIOHHON U

TUIIOBBIC 3a7a9H OoubrorpauIecKoi KyJbTyphl, a TAKKE

npodeccHoHANBEHON NPUHIMITE THPOPMATHOHHOM

JESITETbHOCTH B 0€30IacHOCTH U IPUMEHEHHS

obnactu UHQOPMAITHOHHO-KOMMYHHUKAIIHOHHBIX

UCKYCCTBEHHOTO TEXHOJIOTHH B MPO(eCCHOHATBHOM

MHTEJIEKTa, OMUPAsCh JeSITENbHOCTH

Ha HH(GOPMALMOHHYIO U [K-2.2. Ymeer 3¢ppekTUBHO UCTIONB30BATH

oubnuorpaduveckyro UHQOPMAITHOHHO-KOMMYHHUKAIIHOHHBIE

KYJIBTYPY, UCIIONb3YSI TEXHOJIOTVH JIJISl PEIICHHs] CTaHAAPTHBIX

MH()OPMAIIIOHHO- 3a1a4 NpoecCHOHAIBLHOM JesITeNbHOCTH,

KOMMYHHKAIIHOHHBIE YUUTHIBas TpeOOBaHMSI HHPOPMAITHOHHON

TEXHOJIOTHH U 0e30macHOCTH

YYUTBIBAst OCHOBHBIE [K-2.3. Nmeet ombiT paboThl ¢ MHGOPMAIIHOHHBIMA

TpeOOBaHUS
UHPOPMAITUOHHON
0€e3011aCHOCTH

pecypcaMu U TeXHOJIOTHSIMH B 00J1aCTH
MCKYCCTBEHHOT'O MHTEIIJICKTA, BKITOYAst
coOuttoieHre HOpM HH(GOPMAIIMOHHON
0e3omacHOCTH
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3. Temaruueckuii njiax

Nen/ TpynoeMkocTh, akageMH4YeCKHEe YaChl
n HaumenoBanue Ounas ¢hopma TKY
pa3aena THCHUILINHBI KonTakTHas padora (Texymui
(MoayJin) Jexkmun | CeMHuHapBI Kontpoun CamocTrosiTen KOHTPOJTL
(MpaKTHYECK bHast padora yCIeBaeMoCTH)
ue 3aHATHS)

1 Beenenue 8 ML System 1 1 18 Homaraue
Design. Tumsr ML 3aJaHUS
3aJ1a4 B Ou3Hece

2 MeTpuKH 1 OLIEHKa 2 2 20 Jomamraue
s dexra g OmzHeca 3aTaHHS

3 Juzaitd, mpopaboTka u 2 2 20 Homaraue
Banuaanusg ML 3alaHUA
pemeHus

4 Pazbop keticoB u3 2 2 20 Jomamrane
HHIYCTpUU 3a7aHus

Ketichl

5 [IpoextupoBanne ML 2 2 20 Jomamrane
CUCTEMBI U pa3padoTka 3aJIaHus
ML npuiioxeHus Keiicbt

6 Ob6ecrieucHue 2 2 20 Jomamaue
HaJe)kHOU paboTer ML 3aJIaHus
MIPUITOKEHUN Ketichl

7 Paz6op keiicoB u3 2 2 20 Jomarinue
HHIYCTpUU 3a7aHus

Ketichl

8 ML System Design 1 1 20 JloManHue
HUHTCPBbLIO 3alaHuA
3auem c oyeHKOll 4 [TpoexT

Hmoczo: 14 14 4 158
Obvem oucyunaunovt (Mooyns) 190
(6 ax. u.)
Obvem Ooucyunaunvt (MoOoyns) 5
(6 3au. eo.)
4. CopepxxaHue TUCHUILIHHBI (MOTYJIs)
Nen/m HanMenoBaHnue pa3gena Coaep:xanue TUCHUILIHHBI (MOAYJIs1) O TeMaM

AUCHUIJIMHBI (MOLYJIs1)

1 Beenenne 8 ML System Design. | Beenenne 8 ML System Design. YUro sto u 3auem? Tumst ML 3am1au B
Tunst ML 3amau B 6u3Hece OM3HECE U MX PEeIIeHUs

2 Mertpuku u ouenka s dexra ans | [IpenBapurenshas onenka addexra
OusHeca

3 Juzaiin, npopaboTka u Solution Design. IlocraHoBka 3azauu, OeH3IaiiHBl W BaJHUIALVsL.
Basinaaiusi ML pemenus T'octeBas nexuusa

4 Pa3bop keiicoB n3 HHAYCTPUHU Juzaiin A/B-tectoB

5 [IpoextupoBanue ML cucremsl u | [lpunoxkenns Ha konenke. System Design anst ML-pemenuii. Kak
paspabotka ML npunoxeHust cienaTh KoJ M Mojielib production-ready

6 Obecnieuenre HajiexKHON paboThl | TecTHpoBaHKE M MOHUTOPHHT. MacmTabupoBaHue, pacyér TpedyemMoi
ML npuiioxeHuit UHPPACTPYKTYPHI M KOCTOB

7 Pa3bop keiicoB U3 HHAYCTPUHU ML System Design keficb

8 ML System Design uHT€pBBIO Tunuyneie omnbku B ML-nipoextax u ML System Design-unTepBsio
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5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

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

Kaxaplii cTyJeHT B Te4eHHE BCEro Inepuojga OOydYeHHs MOJIydaeT WHAWBUAYaTbHBINA
HEOTPAaHWYEHHBIH  JOCTYH K  DJIEKTPOHHO-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 TEPPUTOPUHU YHUBEPCUTETA, TAK U 32 €r0 MpeaesaMHy.

CrynentaMm o0ecriedeH yJaJIeHHBIH JOCTYNl K COBPEMEHHBIM MpOo(ecCHOHATBHBIM 0azaM
JAHHBIX U MH(OPMALMOHHBIM CIIPAaBOYHBIM CHCTEMaM.

OcHosnas numepamypa:

1. Koaneo, JI. [TocTpoeHue cucteM MamHHOTO 00yueHus Ha si3bike Python : mpakTuyeckoe
pykoBojcTBo / JI. Koanwo, B. Puyapr ; nep. ¢ aarn. A. A. CnuakuHA. - 3-€ 3. - Mocksa : JIMK
ITpecc, 2023. - 304 c. - ISBN 978-5-89818-331-8. - Tekcr : smektponHsii. - URL:
https://znanium.ru/catalog/product/2102618.

2. Jlakmmanan, B. MamunHoe oOy4yenue. IlaTTepHBI MPOSKTHPOBAHUS : MPAKTHYECKOE
nocobue / B. Jlakmmanan, C. Poduncon, M. MynH. - Cankt-IletepOypr : BXB-IletepOypr, 2022.
- 448 c¢. - ISBN 978-5-9775-6797-8. - Tekcr : oanekrtponHemi. - URL:
https://znanium.ru/catalog/product/2140204.

3. I'puropres, A. MamuHHOe 00y4enue. [Toprdhosno peaabHbIX MPOEKTOB : MPAKTHUECKOES
pykoBozcTBo / A. I'puropses. - Cankt-IletrepOypr : [Tutep, 2023. - 496 c. - (Cepust «bubdbnmoreka
nporpammuctay). - ISBN 978-5-4461-1978-3. - Tekcr : osaekrponnsid. - URL:
https://znanium.com/catalog/product/2123375.

Jononnumensnan numepamypa:

1. BoicokoHarpyxeHHble  npuioxkeHus.  [IporpammupoBanue,  MacimITaOUpoBaHHE,
noanepxkka. — CII0.: TTurep, 2018. — 640 c.: wir. — (Cepus «bectcemnepsr O’Reilly»). ISBN
978-5-4461-0512-0.

2. bypkoB, A. MmxeHepusi MaIIMHHOTO OOYYEHHUs : NMPAKTUYECKOE PYKOBOJACTBO / A.
Bbypkos ; nep. ¢ anrn. A. A. Cnunkuna. - Mocksa : JIMK Ilpecc, 2022. - 306 c. - ISBN 978-5-
93700-125-2. - Tekcr : anektponubIit. - URL: https://znanium.com/catalog/product/2109491.

3. CrpyxxkuH, H. I1. Bba3sl nanasix: npoektupoBanue. [IpakTukyM : yd4eOHUK JUIsl BY30B /
H. II. Ctpyxxkun, B. B. 'oqun. — Mocksa : U3narensctBo FOpaiit, 2025. — 291 ¢. — (Bricuee
oOpaszoBanue). — ISBN 978-5-534-00739-8. — Texkct : anexkTpoHHbIN // OOpa3zoBarenbHas
wiatdopma FOpaiir [caiit]. — URL: https://urait.ru/bcode/561215.

6. MartepuajbHO-TeXHHYeCKOe o0ecreyeHne

YHuBepcuTeT pacrnojaraeT MaTepualbHO-TEXHUYECKOM 0a30i, COOTBETCTBYIOLIEH
JEMCTBYIOIMM MTPOTUBOIIOKAPHBIM MPaBUIaM U HOPMaM M 00ecrieunBaroNIeii MpoBeIeHUE BCeX
BUJIOB JIUCUUIUIMHAPDHOW W MEXIWCUUIUIMHAPHOW TMOATOTOBKH, MPAKTUYECKOW U Hay4dHO-
UCCIIEIOBATEIbCKON PabOT 00yUaroNMXCsl, MPETYCMOTPEHHBIX YUCOHBIM IITAHOM.

[TomeneHus1, KOTOpBIE MPEACTABISAIOT COO0H yueOHbIE ayIUTOPUH [Tl IPOBEACHUS 3aHATHI
JEKIIMOHHOTO THUMAa, 3aHATUH CEeMHMHAapCKOro (IMpakTUYeCKOro) THIIA, TPYIIOBBIX H
VMHAUBUAYAJIbHBIX KOHCYJIbTALIMNA, TEKYIIIETO KOHTPOJISI U MPOMEKYTOYHON aTTECTalllH, a TaKkKe
MOMEIIEHUS Il CAMOCTOATENBHOM paboThl M MOMEIIEHUS Il XpaHEHUS U NMPO(UIAKTUIECKOTO
o0city’)kuBaHUs yueOHOro obopynoBaHus. IlomeneHnss yKOMIUIEKTOBaHb! ClIEUaIN3UPOBAHHOM
MeOeIbI0 U TEXHUYECKHMHU CPEICTBAMH OOYUYEHHsI, CIyXKAIlUMH Ui MPEACTaBICHUS y4eOHOMH
nHpopMaIuu OOJBIION ayAUTOPHUH.

N3yueHne qUCUUIUTMHBI (MOIYIA) 00eCTIeYnBaeTCsl B y4eOHBIX ayIUTOPHSIX, OCHAILICHHBIX:
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https://znanium.ru/catalog/product/2102618
https://znanium.ru/catalog/product/2140204
https://znanium.com/catalog/product/2123375
https://znanium.com/catalog/product/2109491
https://urait.ru/bcode/561215

— CTOJIaMHU U CTYJIbSIMU;

— KOMITbIOTEPHOU TEXHUKOM;

—  MEXaHUYECKUMHU KaJbKYJISITOPAMU;

— CIEeUUaTU3UPOBAHHBIM 000PYI0BAaHUEM, BKIIFOYAs IEMOHCTPAIMOHHOE 000PYI0BaHUE.

[TomereHust y1st CAMOCTOSITENILHOM pabOTHI 00yUJaAIOIIUXCS, B TOM YUCJIE IPUCTIOCOOTICHHBIS
JUI. UCHOJIb30BaHUS WHBAJIWJAMH W JIMIIAMU C OTPAHUYECHHBIMH BO3MOXHOCTSMH 3J0pPOBbS,
OCHAILEHbl KOMIBIOTEPHON TEXHUKOW C BO3MOKHOCTBIO MOJAKIIOUEHHS K ceTh «HTepHeT» u
obecrieueHHEeM  JOCTyNa B JJCKTPOHHYH  HHGOPMAIIMOHHO-0Opa30BaTEIbHYIO  Cpeay
YHuBepcurera.

OO0yuarmumMcs IpeIocTaBiseTcss 10Tyl (B ToM O0ydarmmMcs IPeIoCTaBIsSeTCs JOCTYIT
(B TOM 4HCIIe YOAICHHBIH) K pecypcaM HWHGOPMAIMOHHO-TEICKOMMYHHKAITMOHHON CETH
«HTEpHET, DICKTPOHHBIM pecypcaM (B TOM YHCIIE JICKTPOHHBIM OHMOIMOTEYHBIM CHUCTEMaM,
COBPEMEHHBIM TMpOo(decCHOHANBHEIM 0a3aM JaHHBIX W WH()OPMAIHMOHHBIM CIIPABOYHBIM
cUCTEMaM):

Ne HaumeHoBaHue moprasia Ccplika
(u31aHusl, Kypca, IOKYMeHTA)
1. Hayunas snextponnas 6ubnuoreka elibrary.ru https://elibrary.ru/defaultx.asp
OuoIMoTEKA
2. baza manneix mis I T-cneruaincTos https://habr.com
3. | Baza mannsix ScienceDirect https://www.sciencedirect.com
4. | OdurmansHbpIi calT MUHHCTEPCTBA HAYKH https://minobrnauki.gov.ru/

BbIcIIero oopasosanus Poccuiickoit @eaeparuu

5. | ®enepanbhsiii moprai «Poccuiickoe oopazoBanue” | https://www.edu.ru/

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

7. | Enunas xomnexiums nudpoBsix oOpazoBatenbubix | http://school-collection.edu.ru/
pecypcoB

8. denepanbHbIi HEHTP UHHOPMAIIMOHHO - http://fcior.edu.ru/
00pa3oBaTesIbHBIX PECYPCOB

[lepeuenp HMHPOPMAIIMOHHBIX TEXHOJOTUHM, HCHOJIB3YEMBIX TIPU  OCYLIECTBJIECHUU
00pa3oBaTeNLHOTO MpoIiecca M0 TUCHUIIMHE (MOAYII0), B TOM YHCIIE€ KOMIUIEKT JIMIEH3HOHHOTO
IPOrpaMMHOr0  OOecleyeHusl, COBPEMEHHble MpodeccuoHalbHble 0a3bl  JaHHBIX U
MH(POPMAaLIMOHHBIE CIIPABOYHBIE CUCTEMBI:

HaunmenoBanue 10 IIpousBoacTBO JluneH3nonHoe / cBOOOHO
pacnpocTpaHsieMoe

OnepanuoHHbIe CUCTEMBbI:
Microsoft Imagine (Windows Client, Server) [ sapy6exsoe | nuuensuonnoe
BpaysepsI:
Slupexc.bpaysep OTEUECTBEHHOE CBOOOJIHO pacrpocTpaHsIeMoe
Google Chrome 3apyOeKHOe CBOOOJIHO pacrpocTpaHsIeMoe
Od¢ucHble NpUI0KEHUS
Microsoft Imagine (Visio, OneNote) 3apy0ekHOoe JIMLIEH3UOHHOE
TeXstudio 3apy0exHoe CcBOOOJTHO PACIIPOCTPAHAEMOE
Adobe Acrobat Reader 3apyOeKHOe CBODOOJIHO pacrpocTpaHsIeMoe
IporpammHoe o0ecneveHne 1Jisl IIAHHPOBAHUS H Y4eTa BPEMEHH:
Toggle app | sapy6exmnoe | cBOGOIHO pacnpocTpansiemMoe
CucTeMBbl YHpaBJeHHsI MPOEKTAMM:
Microsoft Imagine (Project) | sapyGesxHoe | nmuuensnonHoe
CucTeMBbl ynpasJieHHsi 6a3aMH IaHHBIX:
Microsoft Imagine (SQL Server) | sapyGexuoe | muuensnonHOE
Cucrtemsbl pesepBHOro konuposanus (backup):
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Acronis Backup Advanced for HyperV | sapy6exHoe JIMLEH3UOHHOE
CnpaBoYHO-IIPABOBbIE CHCTEMBI:

KoncynprantlLiroc: cripaBoOuHO-IIpaBOBast OTEUECTBEHHOE JIMIICH3HOHHOE

cucTeMa

CpencrBa aHTUBHPYCHOM 3aIIMTHI:

Kaspersky Endpoint Security mist 6usaeca OTEYECTBEHHOE JIMIEH3HOHHOE

Crampmaprasii Russian Edition

Cpensl pa3padoTKu:

Visual Studio Code 3apy0exHoe CcBOOOJTHO PACTIPOCTPAHIEMOE
Bash (Unix shell) 3apyOexkHOE CBOOOIHO pacIpOCTpaHsIEeMOe
Anaconda 3apy0OeKHOE CBOOOJTHO pacIpocTpaHsIeMoe
Robotic Operating System 3apy0exKHOE CcBOOOJTHO PACIIPOCTPAHIEMOE
CopelliaSim 3apyOeKHOe CBOOOJIHO pacmpocTpaHsIeMoe
Google Colaboratory 3apy0exHoe cBOOOJTHO PACTIPOCTPAHICMOE
IlakeTbl IPOrPaMMHBIX CPEeACTB M OMOJINOTEK:

AutoPsy 3apy0eKHOE CBOOOJTHO pacIpoCTpaHsIeMOoe
Interactive Disassembler (IDA) 3apy0eKHOE CcBOOOJIHO PACIIPOCTPAHIEMOE
Cucrtembl ynpapjeHusi onéanorpaguyeckoii HHGpopmManueii:

Zotero | 3apy6exHoe | cBOGOIHO pacIpocTpaHseMoe
CepBuchl U C1yKOBbI:

Bind 3apy0eKHOE CBOOOJIHO PACIIPOCTPAHIEMOE
Docker 3apyOexKHOE CBOOOIHO PaCIpPOCTPaHsIEMOe

7. MeroanyecKue v OlleHOYHbIe MATEPHAJIbI
MeToan4yeckue yKazaHHus I 00y4AIOUIUXCS 110 OCBOCHUIO TUCHHILIMHBI (MOYJIs1)

B mpornecce u3ydenus aucuuminbel (Moaynsi) «ML System Design (IlpoektupoBanue
CHCTEM MAIIMHHOTO OO0YYeHHs)» B paMKax TEKYIEro KOHTPOJS YCIIEBa€MOCTH HCIOJIb3YIOTCS
Takue BHUJIbI y4eOHOHN paldoThl, KaK JEKIUH, CEMUHAPHI, JOMAITHUE 3aJaHusl, KEHChI, IPOEKT, a
TaKXe pa3JIMYHbIe BUJIbI CAMOCTOSITEIbHON pabOThl 00yJaromuXcs M0 3aJaHUI0 TpenojaBaTels,
HaIpaBJIEHHBIE HA Pa3BUTHE HaBBIKOB IPO(ECCUOHATIBHON JIEKCUKHU, 3aKPEIVICHUE TPAKTHUECKUX
npo¢eCCHOHATBHBIX KOMIIETEHIIMH, TOOIPEHNE HHUIATHB.

Jlekyusi — cUCTEMAaTHYECKO€, MOCIEAO0BAaTEIbHOE, MOHOJOTHYECKOE M3JIOKEHUE
npernojiaBaTesaeM yueOHOro Marepuana, Kak IpaBuio, TEOPETUUECKOIO XapaKTepa.

B mpormecce neknmii peKOMEHIYETCsl BECTH KOHCHIEKT JISKIUI: KpPaTKO M CXEMaTHYHO
(GUKCUpOBaTh OCHOBHBIE WIEW, BBIBOJBI M OOOOIIEHUS JIEKIMHU; BBIIENATH BaXXHBIC MBICIIH,
KJIIOYEBBIE CJIOBa W TepMUHBL. HeoO0XO0AMMO OTMETHUTH BONPOCHI HMIIM MaTepHaibl, KOTOpPHIE
BBI3BIBAIOT 3aTPYIHEHMS, U MOMBITATHCS HAMTU OTBETHI B pEKOMEHJ0BaHHOU nuTepatype. Ecimu
pa3oOpaTecsi B Marepuane He yHaercs, cieayeT chopMyiIupoBaTh BONPOC W 337aTh €ro
IPEMNo/IaBaTes0 Ha KOHCYJIbTAI[MH WX BO BPEMsI CEMUHAPCKOTO (IIPAKTHYECKOT0) 3aHATHSL.

Cemunap — 310 (hopma y4eOHOUM NEeATeTHHOCTH, MPOBOANMAs B y4eOHOM 3aBEJICHHUH TIOT
PYKOBOACTBOM TMpEMojaBaTesisi, TI/A€ CTYACHTbl AaKTUBHO YYacTBYIOT B OOCYKICHHSIX,
MPAKTUYECKUX 3aJJaHMsIX U APYrux (popmax B3auMOACHCTBHUS.

Jns ycneurHoi moAroToBKM K CEMUHAPY PEKOMEHIYETCS 3apaHee 03HAKOMUTBHCSA C TEMOM
3aHATUA W OCHOBHBIMH MaTCpHalaMu, 4T00Bl MMETH BO3MOKHOCTH AKTHBHO y4aCTBOBAaTh B
obcyxaeHuu. Takke MOJIE3HO MOATOTOBUTH BOIPOCHI U WU TSl OOCYKIEHUS, YTO MOMOKET
rI1y0ke OHATh MaTepUal U MPOJIEMOHCTPUPOBATH 3aMHTEPECOBAHHOCTb.

HHomawmnee 3a0anue — HAOOp 33724 MO TeMaM HEJIEIH.
[lpu pabGore HaJg IOMAIIHMUMHU 33JaHUSIMH BaXXHO BHHUMATEJIBHO O3HAKOMHTBCS C
TpeOOBAaHUSAMHU M CPOKAMU BBITIOJHCHUS. PeKoMeHayeTcs pa30uBaTh 3aaHusl Ha STArlbl, YTOOBI
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nu30exarb MEperpy3kd U Jydlle yCBOUTh Marepual. lcronb3oBaTh pa3ivyHble UCTOYHUKU
uH(OpMaLKK, BKIIIOYasl YUeOHUKH U OHJIAWH-PECYpCHl, Ui 0osee Tiy00KOro MOHUMAHUS TEMBI.

Pewenue xetica — mnpakTHdeckas paboTa CTYyJEHTOB HAJ  pealbHBIMH MU
CMOJICIIMPOBAHHBIMU 33Ja4aMH, 4TO MO3BOJISIET CTYIEHTY IPUMEHATh TEOPETUUECKHUE 3HAHUS Ha
IIPAKTHKE.

CTyaeHT caMOCTOSTENIBHO pa3padaTbIBacT CTPATETHIO PEIICHUS IIOCTABICHHOM 3a/1a4H, YTO
CHOCOOCTBYET Pa3BUTHIO HABBIKOB KPUTUYECKOI'O MBIIIJICHUS U CaMOCTOSATENIBHOIO MPUHATUS
pemernii. Tako# moaxo/ moMoraer mNoArOTOBUTh OYAYIIMX CIIEIUATUCTOB K PEATbHBIM BBI30BaM
B UX IPO(eCcCHOHATBHOMN e TETbHOCTH.

IIpoexm — uccnenoBaTenbcKas padoTa 1Mo Kypcy U Mpe3eHTalHs pe3yIbTaToB.

Jis ycnemHol MOArOTOBKM K MPOEKTY: YETKO ONpEeNesUTe LEMH M 33Jayd MPOeKTa,
pacopenenuTe pojlud U O0S3aHHOCTH MEXKIYy YYacTHHKaMH, a TaKXKe YCTAaHOBUTE CpPOKHU
BBITIOJTHEHUSI KK 0W 4acTu paboThl. PerynspHo npoBoauTe BCTpeuu AJisg 00CYKACHHs ITporpecca
Y PEIICHHs] BO3HUKAIOIIUX BOIPOCOB.

Camocmosmenvnas paboma — paboTa CTYJEHTOB, HAIpaBICHHAs Ha YIIIyOJEeHHOE
U3y4eHHE OTICIBHBIX TEM M BOIPOCOB YIEOHOW JUCIUTUTMHBI (MOIYIIS).

B nporuecce camoctosTenbsHONM paboThl CTYAEHTHI B3aUMOJICHCTBYIOT C PEKOMEH1I0BaHHBIMU
MaTepHrajaMH NP MUHUMAIFHOM YYaCTHHU MPEToiaBaTels. 3aa4uu CTyIeHTa BKIIOYAIOT paboTy
C KOHCHEKTaMH JIeKui (06paboTka TeKCTa), MIOBTOPHOE U3yYeHUE YUeOHBIX MAaTepUaIOB IJIAHOB
¥ TE3MCOB OTBETOB, U3YYEHHUE JOMOIHUTEIBHBIX TEM, BBIIOJHEHHE Y4eOHO-NCCIICAOBATEIBCKUX
3alaHUM U Ipyroe.

Cucrema OLlCHUBAHUSA PE3YyJbTATOB oﬁyqemm Mo TMCHMIIJIMHE (MO}IyJIlO)

Kpurepun nosy4eHusi ypoBHS M OLCHHBAHUsA C()OPMHUPOBAHHOCTH KOMIICTCHIHMI 11O
aucuumiinae (Moaymaw) «ML System Design (IlpoexkTupoBaHue cucTeM MAaIIHMHHOIO
o0yueHus)»

OueHuBaHue ypoBHS Y4€OHBIX JOCTH)KEHUH, OOy4arolmMXcs MO JUCHUIUIMHE (MOIYIIO),
OCYILIECTBIISIETCS B BUAE TEKYLIETO KOHTPOJIS YCIIEBAEMOCTH U ITPOMEXYTOYHOHN aTTECTalUH.

IIpome:xyTouHasi arrecTalusi 1O AUCHUIUIMHE (MOZYJIO) OCYLIECTBISIETCS B (opme
3auema ¢ OWEHKOU, TIPU HTOM TPOBOJUTCA OIIEHKA KOMIETEHLUH, CcHOPMUPOBAHHBIX I10
JTUCIUIINHE.

Jlns oleHMBaHHS TEKYIIETO KOHTPOJS YCIEBAaEMOCTH M TMPOMEXKYTOUHOW aTTecTaluu
UCTIONB3YETCS IeCATUOAIUTbHAS IIKaJa OLEHUBAHUS, KOTOPask COOTHOCHUTCSI C TPaTUIIMOHHON
nATHOATUTPHON TITKAJION CIIEAYIOIINM 00pa3oMm:

Jecarubannbuas IlarubamnbHas Onenka 3a OO0mas xapakTepucTHKA pe3yJibTaTa
OlleHKAa OlleHKA 3ayer 00y4eHUs MO TMCHUTLINHE (MOYJII0)

10 OTanaHO 3auTeHo CTyneHT TOJMHOCTBHIO BJIAJECET 3HAHUSIMH,

9 OTIMYHO 3a4TeHo W3J0KEHHBIMH B pabodell mporpamme, H

8 OTINYHO 3auTeHo rny0oko  ocmbichsier  aucuumuinHy.  OH
CaMOCTOSITETHHO u JIOTHYECKH
MOCJIEI0BAaTENIFHO OTBEYAET Ha BCE BOIPOCHI,
aKIEHTUPYS BHUMaHUE Ha HanOosiee BaXKHOM.
Ymeer aHAIN3UPOBATh, CpaBHUBATH,
KJ1accu(UIMPOBATh, 000011aTh,
KOHKPETU3HPOBaTb M  CHCTEMAaTH3HUpPOBAThH

H3y‘l€HHBIﬁ MaTcpuall, BBIACIAA KIHOYCBBIC
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JlecaTnboanabHas
OIleHKA

IIaTnéananLuasn
OILICHKA

Onenka 3a
3a4yer

OO0mast xapakTepucTHKA pe3yJibTaTa
00yuyeHusl 1O JUCHUILIUHE (MOYJII0)

MOMEHTBI ¥  YCTaHaBJMBas  MPUYHHHO-
cleNcTBeHHbIE CBs3U. YeTko ¢opmynupyert
OTBETEHI, YBEPEHHO HUHTEPIPETUPYET
pe3yIbTaThI aHaJIN30B u JIPYTHX
HCCIICIOBAHNN, a TaKKe peIIaeT CIIOJKHBIE
3agaun. CTyJICHT XOPOIIO 3HAKOM C METOJaMHU
HCCIIEI0BaHMSI, HEOOXOIMMBIMU JUIS
MPAKTUYECKON  JICATENBHOCTH, U  yYMEET
CBSI3BIBATh TEOPETUYCCKUC ACIIEKTHI
TUCIUIUTAHBL  (MOAYNSA) C TPAKTHYECKUMHU
3a/1a4aMH.

Xopowo

3auTeHo

Xopomo

3ayTeHo

CryneHtT oOnajaeT 3HAHUAMHU [IpeaMeTa
MOYTH B TIOJHOM o0O0BeMe  paboueit
nmporpaMmMmbl 1 CaMOCTOATCIIbHO, JIOTUYCCKH
MOCJIEI0BAaTeIbHO M BCECTOPOHHE OTBEYAET
Ha BCE BOINPOCHI, aKIECHTUPYS BHIMaHHE Ha
HaunboJiee 3HAUYMMBIX MOMeHTax. OH ymeeT
aHAJIHM3HUPOBATH, CpaBHHBATH,
KJIACCU(PHUIMPOBATD, 000011aTh,
KOHKPETU3UPOBaTh M CHUCTEMaTH3UPOBATh
W3y4YEeHHBI  Marepuan, BBIICNSAS  €ro
KIIFOUEBbIC ACIICKTHI u yCTaHaBJIMBast
NPUYUHHO-CIIEICTBEHHbIE CBSI3H.
DopMyIUpyET CBOM OTBETHI, YBEPEHHO
HHTEPIIPETUPYET PE3YJIbTaThl aHAIU30B U
JIPYTHX WCCIEJOBaHUMA, a TaKkKe peraer
CJIOKHBIC CUTYAalMOHHBIC 3aJiavu. CTleeHT
XOpOIIIO 3HAKOM C METOJaMH HCCIIETIOBAHUS,
HE0OX0TMMBIMU JUIst MPaKTHYECKON
JACATCIIBHOCTH, )41 yYMEET CBA3BIBATH
TEOpPETHYECKUE  acleKThl  IpeaMera ¢
NPaKTHYSCKUMHU 3a/1a49aMH.

Y 10BIETBOPUTENBHO

3auyTeHo

Y 10BIETBOPUTENBHO

3auyTeHo

CrynenT obiamaer 6a30BBIMH 3HAHUSIMU TI0
JUcUUIUIMHE (MOAYI0), HO HCIBITHIBAET
TPYAHOCTH ITPU CaMOCTOATECIIBHBIX OTBETaX U
WCIIONIB3yeT HeTo4yHble (opMynupoBku. B
XO0Z€ OTBETOB OH [OIYCKaeT OMIMOKH,
Kacatomquecst CyTtd BompocoB. CTymeHT
CHOCOOEH pelarb TOJBKO Camble IMPOCTHIE
3aJauyd M BIafeeT JUIIb MHHUMAaJIbHBIM
HaOOpPOM METOJIOB HCCIIEIOBAHUSI.

He cnaun

He 3aureno

He cnan

He 3auteno

He cnan

He 3auteno

CrygeHT He oBIagel  00sA3aTeIbHBIM
MUHUMYMOM 3HaHH{A TIO TpEeIMeTy W He
MOJXXET OTBETHTb Ha BOIMPOCHI, JAXKE €CIH
MperoAaBareidb 3a7aeT  JIOTOJHUTEIBHEIC
HABOJSAIIUE BOMIPOCHL.
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Hucnunmuna (Monynb) «ML System Design (IIpoektupoBanne cucteM MammmHHOTO
00y4YEeHHST)» OIICHUBACTCS CIEIYIOIUM 00pa3oM:

AKTHBHOCTBH Bec Onucanmne

Homarmnaue 3aganus | 60% | Habop 3aga4 o Temam Hepeau

IIpoexTsr 30% | UccnenoBarernbckas paboTa Mo Kypcy U Mpe3eHTalHs Pe3yIbTaTOB

Keticer 10% | ITpakTuueckas paboTa CTyICHTOB HaJ pealbHBIMU WU
CMOJICITMPOBAHHBIMHY 33]IJaYaMU

dopmy.ia pacuyéTra UTOroBoi oleHKH Mo AucuumInne (Moayao) «ML System Design
(ITpoexkTHpOBaHME CHCTEM MAIIMHHOTO 00y4eHus1)»: «0,6 X cpeaHee 3a JOMAIIHUE 3aaHus +
0,3 x cpennee 3a mpoekThl + 0,1 X cpenHee 3a KEHCHI».

Texymmii KOHTPOJIb ycIeBAeMOCTH 00y4aKOIIUXCS M0 JUCHUILIHHE (MOAYJII0)
IIpuMepHbIe JOMALIHHE 3aJaHUS

JNomamnee 3a1anue: Beenenue B ML System Design. Tunbl ML 3a1au B Ou3Hece

1. Onpenenure OCHOBHBIE MOHSATHUS MAIIMHHOTO O0Y4YEHUS M COCTaBbTE KpaTkuii 0030p (1-
2 cTpaHMIIbI).

2. Knaccudpunupyiite ML 3agaun mo Tumam (Hampumep, kiaccuuKalus, perpeccus,
KJIAaCTEpHU3aLIMs) U MPUBEIUTE IO 2 TIpUMEpPa JIJIsT KaXKI0M KaTeropuHu.

3. Uccnenyitite u onumure 3 mnpuMmepa HOpuMeHeHHs ML B pasmuyHbIX OTpacisx
(HampuMep, 3apaBOOXpaHeHNE, (PHHAHCHI, MAPKETHHT).

4, HanumwuTte KpaTKUid OTYET O TOM, Kak ML MokeT u3MeHUTh OU3HEC-TIPOIIECCHI B OTHOM
U3 BHIOpPAHHBIX BaMU OTpacieil.

5. [loaroroBere mpe3eHTanuio (5-7 crmaiigoB) o Tumax ML 3amad v X NpUMEHEHHH B
Ou3Hece, BKIII0Yasi IPUMEPHI U BU3YyaTU3aIliH.

Jomamnee 3a1anue: Ouenka 3¢ dexra 1js OusHeca

1. U3yuute u onummure 3 OCHOBHbIE METPUKHU OleHKU 3PdexkTuBHOCTH ML pemenunit
(Hampumep, TOYHOCTh, IOJHOTA, F1-Mepa).

2. Paccuuraiite ROI ans rumoretndeckoro ML mpoekTa, UCMONB3ysl MPENIOCTaBICHHBIE
JIaHHBIE (CIeaiiTe CBOM MPEIOIOXKEHU O 3aTpaTax U J0XoAax).

3. IlpoBenuTe aHamu3 skoHOMHUeckoro 3¢ dekra BHeApeHHss ML B KOHKpeTHOH OuzHec-
obnactu (BbIOEpUTE OTpACIb U 00OCHYITE BHIOOD).

4. TloarotoBbTe 1-2 cTpaHHIBI O TOM, KaK MOXHO HCIOJB30BAaTh METPUKH JUIS OICHKH
ycnexa ML npoekToB B pealbHOM BPEMEHH.

5. Coznaiite TabauIly, B KOTOPOM COMOCTABIEHBI Pa3IMUHbIE METPUKH U UX IPUMEHECHHE B
ML 3apauvax, ¢ mpumMepamu.

Jomammnee 3axanme: /{u3aiin, npopadorka u Banuaanus ML pemenuns

1. Onumure nporecc pazpabotku ML pemienus, BKIro4asi Bce KItoueBble 3Tamnsbl (0T cOopa
JTAHHBIX /10 pa3BEePThIBAHUS MOJIEIIN).

2. PaszpaboraiiTe miaH BaTuAaMA MOJEIH JUIsi KOHKpeTHoro ML mpoekrta (ompemenuTe
METO/Ibl BAIMAALMH U TECTUPOBAHMUS).

3. Hammmmre o mpWHIMIAX MPOEKTHPOBAaHUS (YHKIMOHATIBHBIX TpeOoBaHW it ML
pELICHUs, BKIIIOYast [IPUMEPHI.

4. CozpaiiTe nuarpammy, WUIIOCTPUPYIONIYIO TPOIecC pa3paboTKu W Bamumaruu ML
pELICHUs, BKIIIOYast KIIFOYEBBIE dTAIlbl U B3aUMOICHCTBHS.
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5. IIpoBeauTe aHanW3 YCHENIHBIX W HEYJAYHBIX MPUMEpOB Bamumanuu ML Mopenei,
BBIICJIUB KJIIFOYCBBIC ypOKI/I nu peKOMeHI[aLII/II/I.

IIpuMepHbIe 3a7aHuA VIS KECOB
Keiic-3apauya: [IpoektupoBanue ML cucrembl u pazpadorka ML npusioskeHust

Curyanus: Bol paboTtaeTe B KOMIIaHUU, KOTOPasi XOUET BHEAPUTH CUCTEMY IMPEACKa3aHUs
OTTOKA KJIMEHTOB JIJII CBOETO OHJIalH-cepBHca. Baiia 3aja4ya — CIOPOEKTUPOBATH apXUTEKTYPY
ML cucremsi.

3ananuga:

1. Onumwure OCHOBHBIE KOMIIOHEHTHI apXUTEKTYpbl ML cucTemsl, BKitodasi cOop JaHHBIX,
00paboTKy, 00yueHre MOJIETH U pa3BepThIBAHMUE.

2. IlpennoxuTte, Kak HHTETPUPOBATh HOBYI0O ML cucTeMy ¢ CyIIeCTBYIONMMH CHCTEMaMHU
komnanuu (Hampumep, CRM, 6a3bl JaHHBIX).

3. OnumuTe, KaKue TEXHOJIOTUN M HHCTPYMEHTHI BBl OBl UCTIONIB30BAIH ISl pa3pabOTKH U
pa3BepThiBaHusg ML mnpusioxeHus (Hampumep, S3bIKM MPOTPaMMHPOBAHHS, OHOIMOTEKH,
o0JauHble pelieHus).

4. TloaroroBbTe MiaH MO obecrneyeHno 0e30MacCHOCTH JAaHHBIX B Mpoliecce pa3padoTKu U
pa3BepTHIBAHUS CHCTEMBI.

5. O0GocHyiiTe, KaKk Bbl OyJ€TE TECTUPOBATH U BATHINPOBATH CUCTEMY TIEPE]] €€ 3aIyCKOM.

Keiic-3apaua: Obecneuenne Hage:kHoi padoTsl ML npuiio:kenuni

Curyauus: Bama komnanus passepHyina ML npusioxeHue a1 aBToMaTH3aliy Iporecca
00paboTKM 3asBOK Ha KpeauT. OJHAKO IMOJIb30BaTEeNM Hayald cooOIaTh O cOOSIX M HU3KOH
IIPOU3BOJUTENBHOCTA CHCTEMBI.

3ananusa:

1. Onumure MeToAbl MOHUTOPUHIA, KOTOPBIE Bl Obl MCIIONB30BAJIN JJISI OTCIECKUBAHUS
npou3BoauTeNnsHOCTH ML npusoxkeHust (Hanpumep, METPUKH, JIOTHPOBAHHE).

2. Paszpaboraiite cTpareruto nmoanepku ML cucteMsl, BKITIOYas peryJsipHbIE TIPOBEPKU U
OOHOBJIECHHSL.

3. OOmwsacHHTE, KaK BB Oy/ieTe 00ecTieYnBaTh MaCIITAOMPYEMOCTb MPHIIOKEHUS, YTOOBI OHO
MOTJI0 00pabaThIBaTh YBEIMUUBAIOIIUNCS 00bEM IaHHBIX U 3aIIPOCOB.

4. Onummre, Kak Bbl OyJeTe YIpaBlATh U3MEHEHUSIMU U OOHOBJICHUSIMH MOJEIH, YTOObI
MUHHMH3UPOBATH PUCKU U COOU.

5. IloAroToBbTE OTYET O TOM, KaKHE LIaru ciaeayeT NPeAnpUHATh Uil yCTPAaHEHUS TEKYIIUX
npo6JIeM ¢ MPOU3BOUTEIHLHOCTHIO U HAJIEKHOCTBIO MTPUIIOKEHHUS.

Keiic-3anaua: Unterpanus u passeprbiBanue ML pemenus

CI/ITyaI[HHZ Bama xomaHzga pa3pa60Tana MOZACIIb Jid TIPOTHO3UPOBAHHA CIPOCAa Ha
IMPOAYKTBI B HHTCPHET-MarasvHe. Tenepb HGO6XO}II/IMO HHTEIrpHUpOBaTh 3Ty MOJCIL B
CYHICCTBYIOLICIO CUCTEMY YIIPABJICHHUA 3allaCaMU.

3axanug:

1. Onummre maru, HeoOXoauMble 171 MHTerpanun ML mMonenu B cucteMmy yrpaBlieHUS
3aImmacaMi, BKJIrouas B3aumozehcTere ¢ APl u 6a3zaMu JaHHBIX.
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2. PazpaboraiiTe miaH pa3BepThIBAHWUS MOJIEIH, BKJIIOYas BBIOOP Cpeabl (JIOKaabHAas,
obmaynas) u noaxoasl K CI/CD (HenpepbIBHAst HHTETpaLus U pa3BEPThIBAHUE).

3. OObsicHUTE, KaK BBl OyJeTe TECTHPOBaTh HHTETPALMIO MOJAEIU C CYIIECTBYIOIIMMHU
CHCTEMaMH Ha 3Tare pa3BepThIBAHMUA.

4. Onummre, Kak Bbl Oyzaere oOecrneyuBaTh MOAJAEPKKY M OOHOBJICHHE MOJENIU IOCHe
pa3BepTHIBAHUS, BKIIIOUAs CTPATErMM MOHUTOPHHTA U O0OPATHON CBS3H.

5. [loaroroBbTe Mpe3eHTAMIO ISl 3aMHTEPECOBAHHBIX CTOPOH, B KOTOPOH BBl OOBSACHUTE,
Kak BHenpeHne ML Mozenu MOBIUSET Ha TPOLECCH YIPAaBJICHUS 3allacaMd M TOBBICUT
s dexTuBHOCTH OM3HECA.

IIpumepHoe onHcaHue K MPOEKTY

3aganue 105 npoekra: "PacnpocTpaHeHHble omMOKU B npoekTupoBanun ML cucrem u
MOJAXO0AbI K UX MpPe0TBpPallleHUI0"
Onucanue npoexma
Llenp JaHHOTO MPOEKTa — HCCIENOBATh U MPOAHAIU3UPOBATH PACHPOCTPAaHEHHBIE OIIUOKH,
BO3HUKAIOIINE IPU TPOSKTUPOBAHMM H pa3paboTrke ML cucrem, a TakkKe MPEITIOKUTH
3¢ pexTUBHBIC TOAXOABI U METOBI IS X MPEJOTBPAIICHUS. Y YaCTHUKHU MPOEKTA JOJKHBI OYIyT
BBIOpaTh KOHKPETHBIC ONIMOKH, MPOaHATM3UPOBATh HMX IMPUYMHBI U TIOCICICTBUSA, a TaKKe
pa3paboTaTh peKOMEH/IAIMHU 110 MPEIOTBPALICHUIO 3TUX OMIHOOK B OyayIIeM.
Omansl n0020MOBKU Npoekma
1. BbiOop Tembl U popmyIHpOBaHUE MPODTEMBI
o Hccnenyitte pa3nuunble aceKTsl IpoeKTUpoBanus ML cucrem.
o Bbibepute 3-5  pacmpocTpaHEHHBIX  OIIMOOK, KOTOpbIE BBl  XOTHTE
IPOAHATH3UPOBATE.
o CdopmynupyiiTe OCHOBHBIE BOIPOCHI, HA KOTOPBIE BBl XOTUTE OTBETUTH B IIPOCKTE.
2. Coop nndopmanuu U aHaaIu3
o W3yuute nureparypy UM pecypchl MO BBHIOpAaHHBIM OIIMOKaM (Hay4yHbIE CTaThH,
0J10TH, KHUTH).
o [Ipoananu3upyiiTe mpuMepsl pealbHbIX MPOEKTOB, /i€ TPOU30ILINA OMUOKU, U UX
MOCJIE/ICTBHSI.
o Cobepure nHGOPMAIUIO O MOAX0/1aX K MPEJOTBPAIICHUIO STUX OIIHUOOK.
3. Pa3paboTka pexomMeHaanuii
o Ha ocHoBe cobpanHoil nH(popMaluu pazpaboTaiiTe KOHKPETHBIE PEKOMEHIAINH
0 MPEJIOTBPAILIEHUIO BEIOPAaHHBIX OIIMOOK.
o IloarotoBbTe mpe3eHTALNIO, KOTOpas BKIIOYAET B ce0S OCHOBHBIC BHIBOJBI U
PEKOMEHTallNH.
4. TloaroroBka K 3alUTe NMPOEKTa
o CosznaiiTe cnaiasl 11 IPE3EHTALIMH, BKIFOYasl BU3yAIN3aluy U IPUMEPHI.
o IloaroroBbTech k BOmpocamM U OOCYXKIEHHUSM, KOTOPbIE MOTYT BO3HUKHYTH BO
BpEeMSI 3aIlHTHI.
5. 3amurta npoekra (1 1eHb)
o IlpesentyiiTe cBOI MpOEKT nepen aynutopuei (MoxHo B popmare 10-15 MunHyT).
o OTBeThTe Ha BOIPOCHI U 00CYANUTE IOTyYEHHBIEC PE3yIbTATHI.
Kpumepuu oyenusanus
1. Conep:xanue npoekra (40%)
o ['myOuna aHanu3a BHIOpAHHBIX OLIUOOK.
o IlomHOTa M TOYHOCTH UH(DOPMALIHH.
o KauecTBo npemioxkeHHbIX PeKOMEHIAITHH.
2. Ctpykrypa u opopmiienne (20%)
o JlorH4HOCTH U MOCIIE0BATENBLHOCTD U3JI0KEHUS MaTepuaa.
o KauecTBo cnaiiioB u BU3yanu3aiuil (€ciy UCIONIb3YIOTCS).

DNEeKTPOHHBIA JOKYMEHT



o CootBercTBUE (hopMaTBHBIM TpeOOoBaHUAM (TIpUPT, pazmep, opopmiieHne).
3. IIpe3entamus (20%)

o JSlcHOCTH M Y6G,Z[I/ITCJ'II)HOCTB H3JI0KCHUA.

o YMeHHue oTBeuaTh Ha BOIIPOCKHI U BECTHU JUCKYCCHIO.
o MHcnonbp3oBaHue BpeMeHH (COOTBETCTBUE OTBEJICHHOMY BPEMEHH ).
4. HccaenoBarteibckasi padora (20%)

o YPOBGHB CaMOCTOATCIbHOCTU U OPUTI'MHAJIBHOCTH B UCCJIICIOBAHUN.

o YMeHHe UCTIONIb30BaTh Pa3InYHbIE HCTOYHUKH WH(POPMAIIHH.
o Kpurtudeckoe MblilieHHe U CHOCOOHOCTH J1€1aTh BHIBOJIBI.
LlononnumenvHuvle pekomeHoayuu
PabGoraiiTe B KOMaH i€, €CIIM 3TO BO3MOKHO, YTOOBI 0OMEHUBATHCS UJESIMHU U OIIBITOM.
Perynsipao 06cyxaiiTe mporpecc ¢ mpernoaaBareyeM Wik HAaCTABHUKOM, YTOOBI TOJTyYUTh

00paTHYIO CBSA3b.

He 3a0pIBaiiTe 0 Ba)KHOCTH JOKYMEHTHPOBAHMSI BAIIETO Ipoliecca paboThl U Pe3yJIbTaTOB

JUTSE OyTyIIUX TPOEKTOB.

33}13HI/IH IJIA l'lpOMe)KyTO'lHOﬁ aTTeCTallui 110 JMCHHUIIJINHE (MO)Iy.]IlO)

Ne 3aganue OTtBer Komnerennus

n/n

1. Kakoit u3 cegyromux tuno ML 3aad oTHOCUTCS K b [K-1
KaTerOpHH 33]1a4 KiacCu(pUKamm?
a) [IporHo3upoBaHue 1IEHBI aKIUH
b) Ompenenenne cmama B AIEKTPOHHOM MTOYTE
¢) Kiracreprzanus KJIMEHTOB 110 TIOBEICHHIO
d) INouck aHomanuii B TaHHBIX

2. Kaxoit MmeTo ncions3yeTcs A1 BaTuIaIlui MOJIEICH a OIIK-1
MAIIMHHOTO 00y4eHus?
a) Kpocc-Banmnarus
6) 'mnepmapaMerpudeckast ONTUMU3AITIS
B) OOpaboTka BEIOPOCOB
r) HopManu3anus naHHBIX

3. Kak HaspiBaeTcss mpoIlecc OIEGHKH HIKOHOMHYECKOM ROI /Bo3Bpar OIIK-1
s¢pextuBHOCTH ML mipoekra? MHBECTULHH

4. Kak Ha3plBaeTcst Tmpolecc, MNpH KOTOPOM  MOJENb Bamupanns YK-1
TECTHUPYETCS Ha HOBBIX JaHHBIX ?

5. Kakas meTpuka wuamie BCEro HCIOJB3YETCS IS OLICHKU TouHoCTh TIK-1
OMHApHOM KIaccupUKaIum?

6. Kak naspiBaercsi mponecc cbopa, oOpaboTku M aHamu3a Ananutrka YK-1
JTaHHBIX ?

7. Kakoii TepMuH 0003Hayaer CIOCOOHOCTh  OBICTPO O0ygaeMoCTb YK-2
a1alITUPOBATHCS K HOBBIM 3HAHHSIM?

8. Kakoli Tun apxuTekTypsl HacTo HCHOJB3yeTca i | MuKpocepBUCHAs YK-2
paszpabotku ML mpmioxeHwmit? ApXUTCKTYpa

9. Kakoifi  MHCTpyMEHT  4YacTO  HCHONB3yeTcs Ul Prometheus [K-1
MOHHMTOPHUHTIA ITpou3BoaAuTeNnbHOCTH ML cucrem?

10. Kak wHaspiBaeTcss nmporecc, npu KoTopoM jgaHHble | IIpemoOpaborka OIIK-1
OYHINAIOTCS ¥ TTOATOTABIMBAIOTCS ST O0yICHUS? JAaHHBIX

11. Kakoii meron onenku skoHOMHYEecKOro sddexkra ML Amnanus 3aTpat- IK-1
pEIIeHUI UCTIONB3YETCS IS aHAIK3a 3aTpaT | BBITOJIBI? BBITOZA
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12. Kakoit MeTon wucmoib3yercs s HWHTerpanud ML API [K-2
pEILICHHI C CYIIECTBYIONMMH CUCTEMaMu?

13. Kak Ha3pIBaeTCs IOAXOA, MPH KOTOPOM  MOZEIH Junamuueckoe YK-1
OOHOBJIAIOTCS HA OCHOBE HOBBIX TAHHBIX? 00yueHue
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