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AHHOTANMA
B kxypce paccmarpuBaroTcss HHCTPYMEHTBI, METObI, METOIOJIOTHH, HEOOXOAUMBIE Ui pa3paboTKu HU(POBBIX
pOAYKTOB Ha 0cHOBe I B IpOMBIIIEHHOCTH.

Ha nexumsx m ceMmHapax pa30OMpaloTCsi peasibHble NPOMBINUICHHbIE 3a4add M Kelcwl. OOyuaromuecs
3HakoMsATcsl ¢ Tunamu Data Science (DS) 3amadu, ocHoBamH s3blka mporpammupoBanust Python, ocHoBamu
KOHTpOJIS Bepcuil kofa (git). M3yuaroTcst ocHOBHBIE OMOIMOTEKH st paboThl ¢ JaHHBIME (pandas, numpy,
matplotlib), MmeTogon0rUKM U UHCTPYMEHTHI Ui BeaeHus DS mpoexkToB, OMOIMOTEKH MAIIMHHOTO OOYy4eHHus,
MPOEKTUPOBAHKE U pa3paboTka MHTEPQECcOoB A MOJIenel MallMHHOTo 00y4ueHus, web APIL.

B Teuenne Bcero kypca oOyuarommuecss OyayT paboTaTb B IpyInmax HaJ peaJbHBIMH 3aJadaMu, 3alura
KOTOPBIN IPOMJIET B KOHLIE Kypca 00yueHHsI.

1. leau u 3apauun

eap AUCUMNIIMHBI
Lenpio IUCUUITMHBL ABJSIETCS MOBBILICHHE OOLIEH OCBEJOMIIEHHOCTH O COBPEMEHHBIX MOAXOAax MO
pa3paboTke ¥ YIpaBICHUIO MPOEKTaMK U Ipoaykramu Ha ocHoBe UN. TIpu 3ToM Kypc HampaBieH Ha
MOJIyY€HHE NMPAKTHUUECKUX 3HAHWU I PEIICHUs peajbHBIX MPOMBINUICHHBIX 3a]ad, aKTyalbHBIX Ha
npou3BoficTBax Pocatoma. Takke Kypc HampaBieH Ha (opMUpOBaHHE KIFOUEBBIX KOMIIETEHIIMHA B
00JIacTsIX:

° HpI/IMCHeHI/Ie texaonoruu U B IMPOMBIINIJICHHBIX 3aJa4ax

* BeneHue npoekToB MO CO3AaHMIO PEIIECHUI W MpPOAyKTOB Ha ocHoBe MU ¢ Toukm 3penus Data
science CrenMaIMCTOB
» Texnonoruu NN, Tpebyembie aiisi pelieHns peajbHBIX TPOMBIIIJICHHBIX 334

3agauu AU CHUILIHHBI

» CdopmupoBarh MpecTaBIeHHE O MPOIEcce MPOSKTUPOBAHUS U Pa3pabOTKU MPOAYKTOB HA OCHOBE
nn

*  CdopmupoBarh TpEICTaBICHUE O IMPOIECCE BEJECHUS MPOEKTOB IO pa3pabOTKe MPOAYKTOB HaA
ocHose 1

* CdopmupoBars npeIcTaBICHNE O KOMaHIHBIX MPUHIIAIIAX Pa0OThl U HHCTPYMEHTAX pa3paboTKu

» CdopmupoBars TOHUMaHKE CIIEKTpa 3a/1a4, peraeMbix MM B IpOMBIIIIICHHOCTH

» CdopmupoBaTh NOHUMaHHE 0a30BBIX HABBIKOB M TEXHOJOTHM, TpeOyeMBbIX IJisl pEIICHUs 3ajad C
nomomsro NN

* Ilony4yuTh HaBBIKK BEJAEHUA MPOEKTOB, KOTOPbIE OCHOBaHbI HA TpuMeHeHnu NN

* [onmyuutsp HaBeiku npumeHeHuss UM uist co3nanusi uu@poBbIX NPOAYKTOB Ul HPOMBIIIIICHHBIX
HPUIOKEHUI

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-1.1 Ananusupyet 3aaady, BRI 3TaIlbl €€ PelIeHus,
NeMCTBUS IO PELICHUIO 3a1a91

VK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON

YK-1 CriocobGeH oCcymiecTBIsITh MOKCK, saaan

KpI/ITI/I‘IeCKI/Iﬁ aHaJIn3 U CUHTEC3 I/IH(I)OpMaLII/II/I,

N VYK-1.3 PaccmarpuBaeT pa3iuuyHble BapHaHThl PELLEHUS
MPUMEHSATh CUCTEMHBIH MTOXOJ TS PELICHUS

3a1a4u, OICHUBACT UX MPCUMYIICCTBA U HCAOCTATKU

[TOCTABJICHHBIX 3a/1a4
YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO

(dhopmupyeT cOOCTBEHHBIE CYKJICHHS U OLIEHKH

VYK-1.5 Ormpenenser W  OLEHHBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSL BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1.1 CrocobeH aHanmM3upoBaTh MOCTABICHHYIO 3ajady,

OIIK-1 CniocobeH npuMeHSITh HAMEHATh TIyTH €€ PENICHHs

(dyHIaMEHTAIbHbBIC 3HAHUS, MTOJTyUYCHHBIC B
obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)

ALATANTDATITIT TV TTAXIT, TT TIATIATIT DADATT TIV D

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKUe MOJIENH,
MPOU3BOIUTH KOJIMUECTBEHHBIC PACUETHl M OLICHKH




VUILVULVIDUVIINDIA na_y DNy ¥1 YIV1IIWVJIDOUDALD YIA D

MPO(ECCHORATBHOM MESTETBHOCTH OIIK-1.3 CnocobeH ompeaensTs TpaHUIBl TPUMEHHUMOCTH

MOJIYYCHHBIX PC3YJIbTATOB

OIIK-4.1 Bnameer MerogamMM HAay4yHOTO IIOMCKA H
MHTEJUIEKTYaJbHOTO aHalu3a MH(GOPMAIMM IIPU PELICHUH

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U .
3a7a4 npodeccuOHABHOM eSITeTbHOCTH

00pabOoTKy HayYHO-TEXHUYECKOH U (M)
TEXHOJIOTHYECKOH MH(OPMAIINH ISl PELICHHS
(yHIaMEHTAIBHBIX U MPUKIIAJHBIX 3349

OIlK-4.4 Bnaneer HaBbIKaMU pabOTHl C KOMIBIOTEPOM H
KOMITBIOTEPHBIMH CETSMH C IEIbIO MMOTYYCHUS, XPAaHCHHUS U
00pabOTKM HAy4YHOW (TEXHHUYECKOW, TEXHOJIOTHUYECKOM)
uHpopManun

[1K-4.1 3Haer 4nciIeHHBIE TOPSAKA BEIMYUH, XapaKTEPHBIX

[TK-4 CriocoOeH KpUTHYECKH OLICHUBATh o N
JUISL COOTBETCTBYIOIIEH MpodeccHoHaIbHON 00nacTu

IMPUMCHUMOCTD HUCIIOJIB3YEMbIX METOJUK U
MCTOOOB

[MIK-4.3 CnocobeH 0060CHOBaTh NPUYUHHO-CIICACTBEHHBIE
OTHOIIICHHS UCTIONB3YEMbIX TOHITUH U MOJesei

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOIYJII0)
B pesynbsrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:

* Hanpasnenus u keiicel npuMeneHuss I B npoMBIlIIEHHOCTH

» Tumsr Data Science (DS) 3agau.

* Mojenu MamuHHOTO 00yUeHMsI ¥ OeH3NaifHOBbIC MOJCITH JUIsl PA3IMYHbIX 33/1a4.

*  Buxael 1 MOZATBHOCTH JAHHBIX B 33/1a4aX MAIIUHHOTO OOYYEHUs: CTPYKTYPHUPOBAHHBIC TaOIHIIbI,

TEKCThI, 1300paskeHus, 3ByK u T1. [Ipu3Haku.

* DS merpuku ans pa3nuyHbeIx TUIOB DS 3amad.

* Tumnosyio cTpykTypy DS-mipoekra.

* OcCHOBHI 513bIKa TIporpaMmmupoBanus Python. THITbI qTaHHBIX, IIMKIIBL, YCIOBUS, (QYHKIIUH, KIACCHI.

* [lpunanunel cOopku python okpyKeHHSs, yCTaHOBKH HEOOXOAMMBIE MAKEThI, 3aImycKa jupyter-lab.

» OCHOBBI KOHTPOJISA Bepcuid Koza (git).

* OcHoBHBIC OUOMMOTEKH sl pabOTHI ¢ JaHHBIMHE (pandas, numpy, scipy).

* OcHoBHbIC OMOMMOTEKH 7151 BU3yasln3aluu JaHHbIX (matplotlib, seaborn).

* OcHoBuble Metononorun Beaenus DS-npoekros (CRISP-DM, TDSP, LeanDS).

* OcHoOBHBIE 3TaIlbl peanu3anui DS-poeKTOB U KpUTEPUH IEpexoaa MEXIy dTarnaMu.

* [Ipunnuns! GopmupoBanus u 3amonHeHus apredakTtoB: User story map, Al canvas, dek-1mcT 1o

MPOEKTY, KapTouKa JlaTacera.

*  TunoByio CTpyKTypy OT4eTa O Pa3BEAOYHOM aHAJIN3E JAHHBIX, a TAKKe LEIM U 3aJa4d €ro

MIPOBEICHUS.

* [IpunHnune nexoMno3unuu ouznec- u DS-rumores.

» Hucrpymenrsl task tracking, kanban na npumepe trello, npuauunmner GopmMupoBaHue J0CKH IPOEKTA.

*  OcHoBbl mporiecca mojenupoBanus (feature extraction, train/test split, cross validation, hyper

parameters tuning, automl).

» bubnunoteky sklearn u apyrue 6MOIMOTEKN C METOJAMH U MOJICIISIMA MAIIMHHOTO O0y4eHUsI.

* MounurtopuHr mozeneil. UHCTpyMeHTs! BU3yanu3auuy U co3aanus aamoopaos (Grafana, Tableau).

» PaszpaboTka npuiiokeHuid ¢ momMonipio GpetimBopka Flask.

* [lpunnumme u cpeacTa co3aanus HHTepGEHCOB I MOJIeNel MaMHHOTO 00yueHus, web APIL.
YMETh!

[TpumensaTs Ha mpakTtuke TexHoiorun MU muis pemeHns: peaibHBIX MPOMBIIIICHHBIX 3a/1a4, a TaKkKe
BECTH MPOILIECC CO3[AaHUS MPOAYKTOB M PELICHUs 3a1ad ¢ TOYKM 3peHust DS-cnenmanucros. Takxke
oOyyJaromuecsi JODKHBI yYMeTh BbIOWMparh craBuTh DS-3amaum, BbIOMpars DS-merpuku, cobuparb
python okpykeHUs JUIsi KOHKPETHBIX DS-NpoekToB, MONb30BaThcs OMOMMOTEKAMHU Ui pabOThI C
JaHHBIMH W OMOJMOTEKaMH ¢ METOAaMHU W MOJCIISIMH MAaIlMHHOTO OOyd4eHus, 3anoyiHsATh User story
map, Al canvas, 4eK-IHUCT 1O MPOEKTY, IPOBOAUTH Pa3BEJOYHBIN aHAJIM3 JAHHBIX, JIEKOMIIO3UPOBAThH
OousHec- 1 DS-rumoressl, mMoap30BaThCsi MHCTPYMEHTAMH TPAIKMHTA 33/1ad, CO3JaBaTh NMPUIIOKEHUS U
uHTEepECH s MOJIeNel MaIllMHHOTO 00yYeHHMSI.
BIIAJICTh!

* OCHOBHBIMU IpUHIMIIAMU BeleHUs! DS-IIpoeKTOB Ha OCHOBE MOMYJISIPHBIX METOJOIOI M.

. OCHOBHBIMH TEXHOJIOTUSIMH, WHCTPYMEHTam#, (peHMBOpKaMH W OUOIMOTEKaAMH MAIIMHHOTO
o0yueHHs M aHAJIN3a TaHHBIX, HEOOXOAMMBIX JUISl peIleHHs NPOMBIIIICHHBIX DS-3a1au.

» CpezactBaMu CO3JaHMA MIPHIOKECHUN, HHTEP(EHCOB Al Moesel MammuHHOro obyuenus, web APl u
MOHUTOPHUHIa METPHUK.



4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOYIIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATHH, BKITIOUAs
CaMOCTOSTENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
| Beenenue B MM  u  HampaBieHus 4 4 4
npumeHeHnst UM B IpoMBINIIIEHHOCTH
2 busnec ananus B npoekrax ¢ U 4 2 2
3 PazBenounsrit ananms nanueix (EDA) 2 4 4
4 Co3nanue Mojenen MAaIIUuHHOTO 3 3 3
oOydeHus
5 Coznanne npoaykTa 2 2 2
Nroro yacos 15 15 15
[loaroroska k sK3aMeHy 0 gac.
OO01mas TpynoEMKOCTh 45 yac., 1 3au.ex.

4.2. CopaepxaHue AUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 7 (OceHHmii)
1. Beenenune B U1 u nanpasnenus npumenenust N1 B npomsitiuieHHOCTH

Axryanprocth DS m WUU. Keiicbl. Crparerus. Tumbr Data Science (DS) 3agau. DS 3amaum:
Kinaccuukanus, perpeccus, KilacTepu3alus, recsys, NOHUCK aHomMaiud. Moxpenu. Bugsl u
MOZAAJIBHOCTH JAHHBIX B 3a7adaX MAIIMHHOTO OOy4YeHUs: CTPYKTYpPHPOBaHHBIE TAOIMIbI, TEKCTHI,
nzobpaxkenusi, 38yk u TaA. [Ipusnaku. DS merpuku. OcHOBHI si3bka mporpammupoBanust Python.
Tunsl TaHHBIX, UKIIBL, YCIOBUSA, QYHKIUH, Kiacchl. OCHOBBI KOHTPOJIS Bepcuil koza (git). Tunoas
cTpykrypa DS-mpoekra. OcHoBHbIe OuOnmoreku st paboThl ¢ JaHHBIMH (pandas, numpy, scipy).
OcHoBHBIC OMONMOTEKH ISl BU3yanu3aluu JaHHbIX (matplotlib, seaborn). OcHOBHBIE METOHOIOTHH
Beaenus: DS-mpoektoB (CRISP-DM, TDSP, LeanDS). OcHoBHble 3Tarbl peanu3anuu DS-npoekTos.
Kpurepuu nepexona Mexay dTanam.

2. buznec ananus B npoekrax ¢ U1

[Mpunumns!l popmupoBanus U 3anonHeHus apredaxroB: User story map, Al canvas, 4ek-JUCT IO
npoekty. [IpeanpoexrHas mpopaboTka Kedca W THIIOTE3: METPHKH, CBsI3U Om3Hec u DS MeTpuk,
JaHHBIE, BaIU 1AL

3. Pa3zBenounslii aHanu3 ganHbeix (EDA)

MotuBanuss npoBoauth EDA, crpykrypa, npumepbl. ®opMmupoBaHue O3Kiora W3 Jara/METON
runote3. Jexomnosuuusa runore3. O030p mHCTpyMeHTOB task tracking, BBenmenuwe B kanban Ha
npumepe trello, hopmupoBanue 10CKH.

4. Coznanue Mojiesieid MallIMHHOTO O0y4eHust

OcHoBbl mponiecca MonenupoBanust (feature extraction, train/test split, cross validation,
hyperparameters tuning, automl). bubnuoreka sklearn. bazossie (baseline) monenu.




5. Coznmanue npoyKTa

Cosnanune uaTepdeiica s Monenel MmammHHOro 00yueHus. Web API.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaTEIHLHOIO
npouecca 1no JUCHUILINHE (MOIYJII0)

Y4eOHas aynuTopusi, OCHAIIIEHHAs! MEJIOBO# nockoit niau White Board, kommbroTepoM u
MYJIBTUMETUHHBIM 000pyZI0BaHUEM (TIPOEKTOP, 3ByKOBasi CUCTEMA).

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas 1uTeparypa
1. UckyccTBennsrii naTeiuiekt: CoBpeMeHHbIH moaxon [Tekcer] : [yde6. mocobue mst By30B] / C.
Paccen, I1. Hopsur ; [mep. ¢ anrn. nox pen. K. A. IItunpina] .— 2-e uza. — M. : Bunesamc, 2007 .—
1408 c.
2. BBeneHne B HCKYCCTBEHHBINH HHTEIUIEKT [ TeKCT| : KOHCIEKT JISKIUH : [[UIs CTY/IEHTOB, aCIIUPaHTOB
By30B]| / JI.B.Cmonuna .— M. : ®usmariurt, 2004 .— 208 c.

JlomonHuTenpHas IUTEparypa
1. Hastie, T., Tibshirani, R., Friedman, J. The elements of statistical learning: Data Mining, Inference,
and Prediction. — Springer, 2009. — 745 pp.
2. Bishop C. M. Pattern Recognition and Machine Learning. — Springer-Verlag New York Inc., 2006.
3. Azevedo, A. and Santos, M. F. (2008); KDD, SEMMA and CRISP-DM: a parallel overview. In
Proceedings of the IADIS European Conference on Data Mining 2008, pp 182-185.
4. Introduction to Machine Learning with Python: A Guide for Data Scientists, Sarah Guido, Andreas

C. Mueller, O'Reilly Media

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

https://docs.microsoft.com/en-us/azure/machine-learning/team-data-science-process/overview
https://miro.com/app/board/09] 1VgyZjg=/

https://www.the-modeling-agency.com/crisp-dm.pdf
ftp://ftp.software.ibm.com/software/analytics/spss/documentation/modeler/14.2/en/CRISP_DM.pdf

https://guides.github.com
. https://www.edx.org/course/introduction-to-computer-science-and-programming-7

https://realpython.com/

SV NSRS

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JMCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedeHunst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

Ha nekunoHHBIX 3aHATHIX HCIIONB3YIOTCS MYIBTUMEIUIHBIE TEXHOIOTUH, BKIIOUasl AEMOHCTPALHIO
MpEe3EHTALUN.

B npouecce camocTosTebHOM PabOThI 00YUaIONIUXCs MPEIIONaraeTcsi HCIOIb30BaHUE TaKUX
MPOrpaMMHBIX CPEACTB, Kak Jupyter notebook, Jupyter lab, oTkpbiThIe OMOIMOTEKN U PpEHMBOPKHU
python, B KOTOpBIX peain30BaHbl MOJICIH U METO/IbI MAIIMHHOTO 00y4deHus (pandas, numpy, matplotlib,
sklearn u gp.), Trello, sa3b1ka nporpamMmMupoBanus python 3.4+.

9. MeToauyeckue yKazaHus AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOILYJIs1)
YcnemHoe 0CBOSHHE Kypca TpeOyeT HanpshKEHHOW caMOCTOSITENILHON padoThl cTyneHTa. B mporpamme

Kypca IpHBEICHO MUHUMAIbHO HEOOX0AMMOE BpeMs Juisi pabOoThI CTyACHTa Hajl TEMOH.
CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:



*  mpopaboTKy y4ueOHOro marepuana (10 KOHCIIEKTaM JIEKIMH, Y4eOHOW WM Hay4dHOH JuTeparype),
MOATOTOBKY OTBETOB Ha BOIIPOCHI, IIPETHA3HAYECHHBIX JUIS CAMOCTOSTEIIBHOTO H3yUeHHS;

* TIOArOTOBKY K MPAKTUYECKUM 3aHSATHSIM, PETYISIPHOE BBIOJTHEHHE HHIMBHUIYAIBHBIX M TPYIIIOBBIX
JIOMaITHUX 3a/laHUN.

[TpoMeKyTOYHBI KOHTPOJb 3HAHWI NMPOBOIUTCS B BHIE OMPOCOB MO Teopuu. Kpome 3TOro B XOzI€
OCBOGHHS Kypca CTYACHT JOJDKEH BBIIOJIHUTH TPYIIOBOM IIPOEKT, COIEPXKALIMHA HECKOIbKO
B3aUMOCBSI3aHHBIX 3/IaHHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPaBJIEHHIO: IIpuknagaple MaTeMaTHKa U (pU3NKa

npo¢ujib NOATOTOBKH: PannorexHuka 1 KOMIIBIOTEPHBIE TEXHOJIOTHU
Oustex-mkona Paguorexuuku nu Komnerorepubix TexHonoruii
kadeapa QU3NKO-TEXHUIECKOH HH(OPMATUKH

Kypc: 4

KBaJU(PUKAHA: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: 7 (oceHHuil) - JluddepeHpoBanHblii 3a4eT

Pa3paborunk: N.B. MakcuMOB, aCCUCTEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-1.1 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK, saaan

KpI/ITI/I‘IeCKI/Iﬁ aHaJIn3 U CUHTEC3 I/IH(I)OpMaLII/II/I,

N VYK-1.3 PaccmarpuBaeT pa3iuuyHble BapUaHThl PELLCHUS
MPUMEHSATh CUCTEMHBIH MOXOJ TS PELICHUS

3alauu, OICHUBACT UX MPCUMYIICCTBA U HCAOCTATKU

[TOCTABJICHHBIX 3a/1a4
YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO

(dhopmupyeT cOOCTBEHHBIE CY)KICHHS U OLIEHKH

VYK-1.5 Ormpenenser W  OLEHHBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,

OIIK-1 CniocobeH npuMeHSITh HAMEHATh TITH €€ PENICHHs

(bYHZ[aMeHTaJ'ILHLIG 3HaHUWA, [TOJTYYCHHBIC B

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKue MOJIENH,
obnact GpU3NKO-MaTeMaTHUECKUX U (HITH)

MPOU3BOAUTDH KOJIMYCCTBCHHBIC PACUCTLI U OLICHKHA

CCTCCTBCHHLIX HAYK, U UCIIOJIb30BAThH UX B

MPODECCHOHATBHOM MEATETBHOCTH OIIK-1.3 CnocoOeH omnpenensiTs I'paHULbl MPUMEHUMOCTH

IIOJIyYEHHBIX PE3yJbTaTOB

OIIK-4.1 Brmageer weTromaMu Hay4HOrO IIOMCKa |
WHTEJUIEKTYyaJlbHOTO aHalin3a WHGOpMalHud MpH PEIICHUN

OIIK-4 CriocobeH ocymecTBIsITh cOop U 9
3a/1a4 MPoQeCcCHOHANBHOM e TeIbHOCTH

00pabOTKy HAYYHO-TEXHUIECCKOH U (VITH)
TEXHOJIOTUYECKON MH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX M IPUKJIAJHbIX 33134

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSMU C LIEJbIO NOJIyUEHUs], XpaHEHUs U
00pabOTKM Hay4yHOW (TEXHHYECKOW, TEXHOJOTHYECKOMN)
nHpopMaIun

[IK-4.1 3naer ymnciieHHbIe MOPSIIKN BEITWYHH, XapaKTEPHBIX

[MK-4 Crioco0GeH KpUTHYECKH OIIEHUBATh o o
JUIS COOTBETCTBYIOLIEH MpodeccnoHaIbHON 00acTu

NPUMCHUMOCTDB UCITIOJIB3YCMBIX MCTOJAUK U

[IK-4.3 Cnocobern 000CHOBaTh NPUIHMHHO-CIICIACTBEHHBIC
METO/IOB

OTHOLLUEHHUSI UCIOJIb3YEMBIX IIOHATUI U MOJENEHN

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare nsyuyenms mucumiuinHbl «Pa3paboTka muppoBBIX HPOJYKTOB HAa OCHOBE HCKYCCTBEHHOTO
WHTEJUIEKTa B IPOMBIIIJICHHOCTH» 00y4YalOUIUICS JOJKEH:

3HAThb:




* Hanpasnenus u keiicsl npuMeHeHns M B IpOMBIIITIEHHOCTH

» Tumnsl Data Science (DS) 3agau.

* Mogenu MamMHHOTO 00yUueHHs ¥ OeH3IaiiHOBbIE MOACIH JUIsl Pa3IMYHbIX 3a1a4.

* Buzael 1 MOAANbHOCTH JAHHBIX B 33/1a4aX MAIIMHHOTO OOY4EHHs: CTPYKTYpUpPOBAHHBIC TaONUIIbI,

TEKCTBI, U300pakeHus, 3BYK U T1. [Ipu3Haku.

* DS merpuxu ans paznuaHbeix TUHIOB DS 3amay.

* Tunosyto crpykrypy DS-npoekra.

* OcHOBHI s13bIKa IporpammupoBanus Python. TUnbl JaHHBIX, IMKIIBL, YCIOBUS, (QYyHKIIUH, KIACCHI.

* Ilpunnunsl cOopku python okpyskeHHs, yCTaHOBKM HeOOXOAMMBIE MAKETHI, 3aImycka jupyter-lab.

*  OCHOBBI KOHTPOJIS BepcHil koja (git).

* OcHoBHBIE OMOMMOTEKH 7151 paboTHI ¢ JaHHBIMH (pandas, numpy, scipy).

* OcHoBHBIC OMOMUOTEKM JIJIsl BU3yaIn3aluu nanHbx (matplotlib, seaborn).

* OcHoBHble Metonosorun Beaenus: DS-npoekros (CRISP-DM, TDSP, LeanDS).

* OcHOBHBIE 3Tamnbl peanu3anny DS-poeKkToB 1 KpUTEpUH MEPEXoa MEKIY dTaramH.

* Ilpunnunsl GopmupoBanus u 3amnonHeHus apredakrtoB: User story map, Al canvas, yek-1ucT 1o

MPOEKTY, KapTOuKa JaTracera.

*  TumoByw CTpPyKTypy OT4eTa O pa3BEJIOYHOM aHalM3€ AAHHBIX, a TaKKe LEeId U 3aJadd ero

MIPOBECHUSI.

* Ilpunnune! nexomno3uuuu O6usznec- u DS-rumores.

» Uncrpymenrsl task tracking, kanban na npumepe trello, npuanumer GopMupoBaHHEe TOCKU POEKTA.

* OcnoBbl mponecca moaenupoBanus (feature extraction, train/test split, cross validation, hyper

parameters tuning, automl).

» bubnunoteky sklearn u npyrue 6uOIMOTEKH C METOAAMH U MOJAEISIMA MAIIMHHOTO O0y4eHUsI.

* MounuTtopuHr Mozeneit. MHCTpyMeHThI BU3yanu3auu U co3faanus aamoopaos (Grafana, Tableau).

» PaszpaboTka npunoxkeHuii ¢ nomouibio gpeiimBopka Flask.

* [IpuHIUNbI 1 cpefcTBa co3anusi nHTepdencoB It Mojielneil MaimmmHHOro 00y4enus, web API.
yMeThb:

[TpumensiTe Ha npakTuke TexHomoruu MU mist penieHus peanbHbIX NPOMBIIUICHHBIX 3a/a4, a TaKkKe
BECTH MPOIIECC CO3MAaHUsS NMPOAYKTOB M PEUICHUS 3a1ad ¢ TOYKH 3peHus DS-cnenmamucro. Takke
oOydJaroruecs: JOJDKHBI YMETh BBIOMparh cTaBuTh DS-3agaum, BbIOMpars DS-merpuku, cobuparb
python OkpyxeHHs [UIi KOHKpPETHBIX DS-poeKToB, MONB30BaThCs OMOMMOTEKAaMH ISl PabOTHI C
JTaHHBIMU U OMOJNMOTEKaMH C METOAaMHM M MOJENSIMHA MAIlMHHOTO 00yd4eHwus, 3anonHsaTh User story
map, Al canvas, 4eK-JIHCT 10 TPOEKTY, IPOBOIUTH Pa3BEJOYHBINA aHAJIHM3 JAHHBIX, JIEKOMIIO3UPOBATH
OuzHec- U DS-runoresbl, Moib30BaThCsl MHCTPYMEHTAMH TPAKHMHTA 33jad, CO3/1aBaTh IPHIOKCHUS H
uHTepdENCH UIT MoeNel MallIMHHOTO 00y4YeHUs.

BJIA/IETh:
* OCHOBHBIMU MIPUHIMIIAMH BeileHHs DS-ITpOeKTOB Ha OCHOBE MOIMYJISIPHBIX METOIOJIOTHIA.
*  OCHOBHBIMH TEXHOJOIMSIMH, MHCTPYMEHTaMH, (peiiMBOpKaMH M OMOIMOTEKAaMM MAIIMHHOTO
oOyueHHs M aHAJIN3a TAaHHBIX, HEOOXOAMMBIX JUIS pPeIIeHHs NPOMBIIUICHHBIX DS-3a1a4.
» CpezactBaMu CO3JaHUs MIPHIOKCHAN, HHTEP(EHCOB /sl MOjieNiel MalMHHOTo 00yueHwus, web APl u
MOHUTOPUHTA METPUK.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB, 3aJaHHIi, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C menbro KOHTPOJS OCBOEHHUSI OoOydaromuMucs ydeOHOro marepuana npoBoautcs koporkuid (10-15
MHUHYT) OIPOC 110 MaTepuaty MPOMIeIINX 3aHsITUH B YCTHON WIIM MTUCbMEHHOH (opme.

I'pynnoBble/MHANBHUIya bHBIE 331aHUS U1 TEKYIIIETO KOHTPOJIS B paMKax Kypca:
1. busnec ananu3 B paMKax keiica

2. Pa3senounsiii aHanu3 nanubeix (EDA) mis ketica

3. Co3manue Mojeneld MallmHHOTO 00yYeHMsI

4. Co3naHue mpoayKTa

Texymuii KOHTPOJIb BKJIIOYAET B ceOsl MPE3CHTAIMIO PE3y/IbTaToB OM3HEC-aHalM3a U Pa3BEJOYHOIO
aHaJM3a JaHHBIX, a TAK)KE BOIPOCHI 110 MHCTPYMEHTaM sl paboTsel DS-crienuanicToB, Mpe3eHTaIuo
pe3ynbTaroB paboTel Mojneneld MamuHHOTO 00yueHus, APl paspabarbiBacMOro mpoaykTa, a Takxke
BOIIPOCHI TI0 TPOLECCY MOJCTUPOBAHHS U Pa3paOb0TKH PEIICHHS.

3a KaXa0¢€ 3aJaHUC CTYACHT MOJIYy4acT OLCHKY B COOTBCTCTBHU C Ta6J'IPII.ICI>i KpUTCpUA OLICHHUBAHUS.



3ajaHus CTYJCHTHI BBINOJHSIOT B TPYIIE, OLEHMBACTCS BKJIAJ KaKAOTO YICHA I'PYHIBI B OOIIMIA
pe3yJbrar.

3agaHus BBINONHSIOTCS B paMKaxX Kypca Ha OCHOBE Keica (TeMbl), BBIOOpP KOTOPOTO MPOHCXOAMT B
Hayvase Kypca.

CrHcoK KelicoB ¢ HabopaMH JIaHHBIX IPEOCTABIICTCS B HaYalle Kypea.

Keiic npencrasnsier coboit HAOOp MaHHBIX U GOPMYITUPOBKY OM3HEC-TIPOOIEMBI JIJIsi TPOPAOOTKH.
Pesynbrarsl OlleHKH 33/1aHUH MOTYT OBITh YYTECHBI B PE3YJIBTHPYIOLICH OLIEHKE 110 KypCy.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

Hepequb KOHTPOJIBHBIX BOIIPOCOB IJId CAa4H ,I[I/I(I)(l)epeHLII/IpOBaHHOFO 3a4cTa:

1. Benenue B U1 u HanpaBnenus npumeHeHus M B npoMbIuIEHHOCTH

- Tumer Data Science (DS) 3amad. Ocobennoctu DS-3amau: kmaccuduikauusi, perpeccus,
KJIaCTepU3alNs, recsys, TOMCK aHOMAJIHH.

- Buzael 1 MOZANbHOCTH JaHHBIX B 33Ja4aX MAIIMHHOTO OOYYEHUS: CTPYKTYPHUPOBAHHBIE TaOIHUIHI,
TEKCTBI, U300pakeHus, 3BYK U T1. [Ipu3Haku.

- DS merpuxu u1st pa3HbIX TUIIOB 3aa4.
- OcHoBBI KOHTpOIIS Bepcuid koaa (git). OCHOBHBIE KOMaHbI.

- OcnoBHuble MeToponoruu BeneHust DS-npoektoB (CRISP-DM, TDSP, LeanDS). OcHoBHBIE 3TaIlbl
peanuzanuu DS-nipoextoB. Kputepun nepexona Mexay dTanamu.

2. busnec ananus B npoekrax ¢ U

[punanmmne! hopMupoBanus U 3amnonHeHus apredaxra User story map.

[Mpunanmne! hopMupoBanus U 3amonHeHus apredakra Al canvas.

[IpennpoekTHas mpopaboTKa Keiica M THIOTE3: METPUKH, CBSI3M Ou3Hec- 1 DS-MeTpuK, JaHHEIE,
BaJIUAALIMSL.

3. PazBenounsiii ananu3 ganueix (EDA)

- DS-runoressr. ®opmynupoBanue runores3. Jexommnoszunus runores3. @opMupoBaHue 03kiiora u3
JaTa/MeTo/ TUIIOTE3.

- MoruBanus npoonuth EDA, cTpykTypa, OCHOBHBIE pa3ieibl.

4. Co3manue Mojienel MallmHHOTO 00yYeHUs

- OcHOBBI poLIecCa MOJCTUPOBAHMS: IPEABapUTENIbHAsA 00paboTKa TaHHbBIX
- OcHOBBI TIpoIIECCa MOJIEIUPOBaHUs: train/test split, cross validation

- OcHOBBI poLIecca MOJETUPOBaHM: hyperparameters tuning

- Baseline mogenu ans paznuunbix DS-3ama4u

5. Coznanue npoaykra
- Co3pnanue unTepdetica st MoJieNiel MAITUHHOTO O0yUYCHMS.
- Web APL

6. IlpakTHdeckue BOMPOCHI:

*  Apredakr Al canvas uisi KOMaHJHOTO TpoeKTa (Kekca): MPUHIIMIILI 3aIOJIHEHUs, OCHOBHEIC
HEOTIPEICIIEHHOCTH, BBIBOJIBI.

* Tun DS-3agaun u Ga3oBas mozens (baseline) B komaHZHOM mpoekTe (Keiice): mpuunHa BbIOODA,
pe3yabTat, BBIBOJbI, CIEAYIOIINE IIary.

* EDA nyis koMaHTHOTO MPOEKTa (Keiica): OCHOBHBIE MHCANTHI, CTeHEPHUPOBAHHBIE THIIOTE3bI, BBIBOBI.
*  busnec-merpuka, DS-merpuka, JeKoMmmo3uius OuzHec-MeTpUKH B DS-MeTpuKy B KOMaHJIHOM
poexTe (kerice)

. Boknor DS-rumore3 misi KOMaHAHOTO TpoekTa (Keica): pes3ysbTarThl MPOBEPKH, MPHHIUIT
¢dbopmupoBanus, oT4eTsl 10 DS-runore3am, BHIBOIBI.

* IloaroroBka JaHHBIX B KOMaHJHOM IPOEKTE (Keice): OCHOBHBIE ATaIlbl, UCIOIb3yEeMbIE METOIbI,
BBIBOJIBI, IEMOHCTpALUs (PUHAIBLHOTO JaTaceTa.



» Ilpunoxkenue Ui JEMOHCTPAIIMK PE3YJIBTATOB PEIICHUS 3a/Iaud C MMOMOIIBI0 MOJICIH MAIIHHHOTO
oOyueHwusl.

Kpurepuu onieHuBanus
Ouenka ommnyHO (10) BeICTaBIIsICTCS CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHUE, CUCTEMATH3MPOBAaHHEIC,
nryOoKue 3HaHMS yuyeOHOH MporpaMMbl JUCHUIUTUHBI, MPOSBISIONIEMY HHTEpEC K IaHHOM NMpeaMeTHOH
o0nacT, NpoJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKH MPUMEHSTh UX HA MPAKTHKE MPH
pelLIeHNN KOHKPETHBIX 3aJ1a4, CBOOOHOE U IPaBIIbHOE 000CHOBAHNE IPUHATHIX PEIICHHH.
Ouenka oTMaHO (9) BBICTABISICTCS CTYIEHTY, ITOKAa3aBIIEMy BCECTOPOHHHE, CUCTEMAaTH3MPOBAaHHEIC,
n1yOoKHe 3HaHHS y4eOHOM MPOrpaMMBbl JUCHUILIMHBI M YMEHUE YBEPEHHO IMPUMEHATh X HA MPAKTHKE
NPY peIICHUN KOHKPETHBIX 3a/1a4, CBOOOIHOE ¥ MPAaBUIIbHOE 000CHOBAHHE PUHATHIX PELICHUIA.
OueHnka OTIIMYHO (8) BBICTABIAECTCS CTYACHTY, [IOKa3aBIIEMy CHCTEMaTH3MPOBAaHHbIE, NTyOOKHEe 3HAHUS
y4eOHOW TpOorpaMMbl JAUCIHMIUIMHBL H YMEHHE YBEPCHHO NMPHMEHSTHh MX HAa MPAKTHUKE HPU PELICHUH
KOHKPETHBIX 33714, IPaBUIbHOE 000CHOBAHNE NPUHSTHIX PEIICHNUH, C HEKOTOPBIMU HEJ0UeTaMu.
Ouenka xopomo (7) BBICTABISAETCS CTYICHTY, €CIIM OH TBEPAO 3HAET Marepuall, TPaMOTHO H IO
CYILECTBY M3JIaraeT €ro, ymeeT HPUMEHATh IOJY4YCHHbIC 3HAHUS Ha NPAKTHKE, HO HEAOCTATOYHO
IpaMOTHO 00OOCHOBBIBAET IOYYCHHBIE PE3YIJIBTATHI.
Omnenka xopomio (6) BBICTABISETCS CTYACHTY, €CIM OH TBEPIO 3HACT Marepual, TPaMOTHO W TI0
CYILECTBY M3JIaraeT €ro, yMeeT NPUMEHATh NOIyUYeHHbIC 3HAHUS Ha MPAKTHKE, HO JIOMYyCKaeT B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Omenka xopomio (5) BBICTABISETCS CTY/ACHTY, €CIIM OH B OCHOBHOM 3HAeT MarepHuall, IpaMOTHO U IO
CYILECTBY M3JIaraeT ero, yMeeT NPUMEHATh NOITyuYeHHbIC 3HAHUS Ha MPAKTHKE, HO JIONYyCKaeT B OTBETE
WM B PEIICHNH 3a]1a4 JOCTATOYHO OOJBIIOE KOJTMYECTBO HETOUHOCTEH.
OmueHka yIOBIETBOPHUTENBbHO (4) BBICTABISICTCS CTYACHTY, NOKa3zaBIieMy (parMeHTapHbIi,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapYUICHUS JOTUYECKOU IOCIIEOBATEILHOCTH B U3JIOKEHHU TPOrPAMMHOTO Marepuala, HO TIPU dTOM
OH OCBOWJI OCHOBHBIC Pa3Jieiibl yueOHOW NMpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pa3ily B CTAHJAPTHOW CHTYaIlHH.
OmueHka yIOBIETBOPHUTENbHO (3) BBICTABISICTCS  CTYACHTY, IOKa3zaBIIieMy (parMeHTapHbIi,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (GOpMyIrpoBKax 0a30BBIX MOHATHH,
HapyUICHUS JIOTHYECKOW IOCIEIOBAaTEIbHOCTH B W3JIOKECHUH IPOTPAMMHOTO Marepuaia, ciado
BJIaJIeET OCHOBHBIMHU pa3jeslaMH y4eOHO! MporpaMmbl, HEOOXOANMBIMHE JUTS JaJIbHEHIero o0y4eHus 1
C TPYAOM IIPUMEHSET MMOTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.
OreHka HEYJOBJICTBOPHUTENIHLHO (2) BBICTABISCTCS CTYICHTY, KOTOPBIH HE 3HAeT OOJbIIeH 4YacTH
OCHOBHOTO COAEp)KaHUs y4eOHON IpOorpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmMOKH B
(bOpMyITHPOBKaX OCHOBHBIX NMPHHIUIIOB U HE YMEET UCIIOJIb30BaTh ITOJyYCHHBIC 3HAHHS TP PEIICHUN
THUIIOBBIX 33/a4.
Ouenka HeyaoBIeTBOPUTENLHO (1) BBICTaBISETCA CTYAEHTY, KOTOPBI HE 3HAaeT OCHOBHOTO
coziep)KaHusl yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKd B (popMyITupOBKax
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTHYECKHX
3ajad.

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(Wy1M) oNbITA AESITEILHOCTH

JuddepeHnmpoBaHHbIN 3a4€T MPOBOIUTCS B YCTHOH Qopme.

ITpu npoBexenun muddepeHInpoBaHHOrO 3aueTa oOydvaromemycs npenocrapisercs 20 MUHYT Ha
noAroToBKy. Onpoc o0yvaromierocsi MpoBOAUTCS B TedeHne 30 MUHYT.

Bo Bpems mpoBenenus auddQepeHIpOoBaHHOTO 3adera OOydaloummecs MOTYT —IOJIb30BaThCs
HPOrpaMMO¥ TUCIMIUIUHEL

JuddepeHunpoBaHHbIN 3a4€T MOXET IPOBOAUTHCS 110 UTOTaM CHAuHl 33JaHU{ M IIyT€M OpraHHu3aluu
JIEMO-/HS, TJIE YYaIluecs MPEACTaBISIOT CBOU IPOCKTHI (PEIICHHBIE KEHCHI).

[Tpu npoBeneHun TUQPEPeHINPOBAHHOTO 3a4eTa TPYIIE 00YYAIOIINXCS MOXKET MPEAOCTABIATHCS 10
30 MHHYT Ha ITPE3EHTAIMIO IIPOEKTa C CEKIUEH BOIPOCOB OT MPEIoJaBaTeieii U ayAuTOPUH.



