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1. IEJIb TPOI'PAMMBI

B COBpPeMEHHBIX YCIO0BUAX CNeLUaJMCThbi-aHA/IMTHKKU OTPAC/IEBbIX npeAnpUATHH,
BbIpabaThIBaKOLIHe PellleHUs N0 ONTUMHU3alUK TIPOU3BO/ICTEA, BCE 6osbLIe U HOJbLIE UC-
[0JIb3YIOT B CBOEH MpodecCHOHaNbHOM AeATebHOCTH HOBBIE NPOrpaMMHbIe CPE/ICTBA, B
KOTOPBIX peasn30BaHbl QYHKIMH MCKyCCTBEHHOTO MHTE/JIEKTa U MCNONb30BaHHE KOTO-
pBIX TPeByeT 6oJiee I/Iy60KUX 3HAHUH MaTeMaTHYeCcKON CTaTHCTHKH, MalIMHHOTO 00y4e-
HH, TPOrPaMMHUpPOBAHMUS, U B I1€/I0M, 6oJiee BbICOKOr0 06pa3oBaTe/IbHOr0 ypOBHA. B ces-
31 C 3TUM KO0JIOCCA/IbHOE pa3BUTHE U IIPOMBILJIEHHOE BHE/IpEHHE NOJydr/a AUCHUILTHHA,
rnoJy4MBIIas Ha3BaHWe HayKH o JaHHbiXx — Data Science, BOT/IOTHBLIAA B cebe Bce MHOIO-
06pa3ue METO/0/I0TMH 06HAPYKeHUsS 3aKOHOMEPHOCTeH B JaHHBIX ¥ U3BJIEUCHHE 3HAHUHU
U3 JJaHHBIX B 06061EHHOM popMe.

I[lporpaMMHasi cpejia BbI4HCI€HUH C OTKPBITBIM HCXOAHBIM KOZOM R aBnaercsa 6e3-
YCJIOBHBIM JIU/IEPOM CpeJid HHCTPYyMeHTOB JJisi Data Science, 0 4eM CBHAETE/LCTBYIOT 110~
cTosTHHO pacTymui uHAekc nonyaspHoctu TIOBE, a Takxe moAAepikKa R co cTopoHEI
KPYIHEHIINX NPOM3BOAUTE/NEH KOPIOPAaTHBHOrO MPOrpaMMHOr0 obecrnevenuss [BM,
Microsoft, Oracle, Google u ap. BeJylye YHUBEpCHTETE MHPA, AaHAJIATUKK KPYMTHEHIIHX
KOMIAHHI U UCCJIe/I0BATENbCKHX EHTPOB PEryIAPHO UCNOAb3YIT R B Hay4HO-TeXHUIe-
CKHX pacyeTax M CO3/\aHiH KPYNHBIX HHQOPMALMOHHBIX IPOEKTOB. B CBSA3HM C 3THM A3bIK R
K HAacTOsILIEMy BPEMEHU CTajl OBLieNPH3HAHBIM CTAHJAAPTOM JAe-QaKTO Kak B HAYIHbBIX
ny6IMKaLyAX, TaK U NIpy HepopManbHOM OOLIEHHH CTIEL{HaTHCTOB M0 Data Science.

Ile/1b10 HACTOSIMEH 06pa30BaTe/IbHOM NTPOrpaMMbl AB/AETCA QOPMUPOBAHHUA Y CIIY-
maresel TBEPAOro KOHIENTYaJbHOr0 ¥ METOAMYECKOTO OCHOBAHHA /JI HCNO/IE30BaHHA
B cBOE# NpodeccHoHaNMbHON AesATeIbHOCTH Hauboiee BXKHBIX U 9QPEKTUBHBIX HHCTPY -
MeHTOB Data Science jJist aHa/IM3a IIMPOKOT0 CNEKTPa TEXHOJIOIHYeCKUX IaHHBIX B KOKCO-
XUMHYECKOH MpOMBIIIJIEHHOCTH, Ha yryenepepabaTbiBalOUUX NMPeJNpHATHAX, B HOBBIX
TeXHOJIOTHAX ITy6OKOM nepepaboTKH yIJisl U YI/IENoJ00HbIX BELECTB.

2. OBJIACTb TPUMEHEHMA

OT/iM4UTe/IbHAs 0COGEHHOCTh MPOTPaMMbl 3aKJKOUYAeTCs B CTPeMJIEHWH MaKCH-
MaJIbHO I0POGHO M3/I0XKUTh NPAKTUKY W IPUBHUTH HABBIKM PaboThl B Hanbo/Iee nparMa-
TUYHOMN, OT/IAXKEHHOMH, 06I[e/[0CTYTHOM cpeZie R, oGecneunBanoiiei BbICOYAHIIHH B CBOEM
KJ1acce YpOBeHb HarIsiJHOCTH, YJ06CTBA W NPOW3BOAHTE/IbHOCTH MNPH MCNO/Ib30BaHKH B
o6mupHoii chepe Data Science Kak HauMHAIOWHUMH, TaK U ONMBITHBIMU CHELHATHCTAMH.
[IporpaMMa COCTaBJ/IeHa C y4€TOM ONBITA UCCIe/J0BAHUHI ¥ NPOMBIIIIEHHOr0 BHEJAPEHHMA
Mo/ieJiel MPOrHo3a Ka4yecTBa ChIpbA M NMPOAYKIKH, TEXHOJIOTHYECKUX PeXXHMOB Npe/npu -
TUH yro/ibHOM, yryienepepabaThiBaOLeH MTPOMBIIIIEHHOCTH U META/IJIyPrUH.

Ipu paspaboTrke IIIK yuyTeHbI Tpe6oBaHUA NPOPECCHOHATBHBIX CTAH/AAPTOB 1 YPOBHH
KBa/IMGHUKALMH /Il COOTBETCTBYIOIIMX 06061eHHbBIX TPYAOBBIX QYHKIMH (TabMLa i)
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[IpodeccHoHaNbHbIE CTAHAAPTRI, HCTI0J/Ib3yeMble MPU CO3JaHUH MK

Tabnuna 1

[TpodeccroHaNbHBIA CTAHAAPT YpoBeHb KBa/TMPHUKALMH
Koxg  |HasBanue 06061eHHas TpyAoBas GyHKuUsa |McxoHbIA |[loCTHIAEMbI
%}
08 02'2 Cratuctudeckasg |06paboTKa CTATHCTHYECKHX 6 7
' JesATeNbHOCTD JIaHHBIX
llpoBeAeHME UCCE0BAHU M
Hccnegosanue ¢H3HUYECKHUX CBOUCTB KEPHOBOTO
19.050 GU3NIeCKUX MaTepuasa HeQTerasoBbixX 6 -
' CBOMCTB FOPHBIX  |MECTOPOX/JEHUH U nupponsas
MOPOA 06paboTKa MoyYeHHBIX
neTpoPU3nIeCcKHX JaHHbBIX
[ToacueT M
e [loaroToBKa reosoro-
19,023 |Y"P reoU3UIECKUX JJaHHBIX K 6 7
3anacamu
MOACYETY 3anmacoB
YTJIEBOJI0POJIOB

[IporpaMma peKoMeH/j0BaHa /iJisl CleLHa/IMCTOB OTPaCc/IeBbIX npeANpUATHH, 3aHH-
MaIOIMXCS CUCTEMHBIM aHa/IM30M IpPH NPOEKTUPOBAaHHH, BHE/IpEHHH, KOHTPOJIE, aBTOMa~
THU3alMH TEXHOJIOTHYECKUX H GU3HEeC-TIPOLeCCOB, MMEIUIMX BhICHIee o6pa3oBaHue U ONbIT
pa6oThl ¢ mporpaMMHbIM o6ecnedeHreM ERP- u MES-ypoBHA npeAnpHsTUs.

B COOTBETCTBHH C peecTpoM ob6aacTeil ¥ BUAOB NpodeccHOHaNbHON JiesTe/IbHO-
CTH POrpaMMa HaleJIeHa Ha C/lyluaresied B T UM HHOH CTeNeHH 0CYLECTBIIIOLIHNX

- npodeccHOHANBHYI0 [1eATe/IbHOCTb B 06J1aCTH pa3paboTKy, BHEAPEHHUA U IKCILIY-
aTallMy aBTOMATU3UPOBAHHbBIX CHCTEM YIpaB/AeHHUA NPOU3BOACTBOM (xon: 40.057);

- npodeccHoHaNbHY0 AeATeNbHOCTh B 06/1aCTH yNpaB/AeHHA Ka4ecTBOM IPOAYK-
uuu (koa: 40.062);

- KOMILIOTEPHOE NPOEKTUPOBaHKHE TEXHOIOTHYECKHX NIPOLECCOB (kom: 40.083).

3. XAPAKTEPUCTHKA [MIOACOTOBKH T10 [TPOI'PAMME

06'5eM 06pa30BaTe/IbHOM NPOrpaMMbl paccuuTaH Ha 40 4acoB (nATh pabouux JHeH
10 BOCEMb 4acOB — C MOJIHBIM OTPLIBOM OT NpPOW3BOACTBA, Wik 10 paboyux AHEH Mo
YeThIpe 4aca — C YaCTHYHBIM OTPIBOM OT NMPOU3BOACTBA) U MO/pa3aeNAeTca Ha AeBATh
3TalNoB-TeM, peasusyeMbix B dopme JeKuMH. B cocTaB mporpaMMel TaKKe BKJ/IIOYEHDI
KOHCY/IbTAL[MH 110 TEMaM MPOrpaMMbl 0611eH POJO/DKUTEIbHOCTBIO 10 BOCbMH HacoB.

PopMoOi TOABEAEHHsS MTOTOB Peajsu3alMd [OMOJHUTETbHOH o6pasoBaTe/bHOH
porpaMMBbl IBAAETCA 3a4€eT, IPOBOAHMELH B opMe coGecejoBanus. CylaTessaM, yCrem -
HO OCBOMBIIMM NpOrpamMMmy o6y4eHHUs U CAABLIMM 3a4€T, BbIAAeTCA yAOCTOBEpEHHE yCTa-
HOBJIEHHOTO 06pasiia.
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4, PE3YJ/IBTATHI OCBOEHHUA IMPOI'PAMMDbI

B pesysbraTe 06y4eHHUs [0 06pasoBaTe/IbHOM NporpamMMe C/ylaTe/d usydar 6aso-
Bble KOHIIENIMY U aKTyaIbHble METO/BI PaboThl C JAHHBIMH, 06be/INHACMBIMU MOHATHEM
Data Science, ¥ CMOTyT PacUIMPUTh CBOM BO3MOXKHOCTH B peLIeHUH KOMIJIEKCHBIX 3aAadt,
ynpoujas ru6Kyi0 HHTErpanuio UCKYCCTBEHHOrO MHTE//IEKTa B TeXHOJIOTHIECKHE 1 ous-
HeC-IPOLecChl IPeANPHUATHS C HCII0/Ib30BaHKEM cpe/ibl R.

B pesynbrare ocsoeHus [1IIK ciymarenn J0/DKHBL yMETD:

- OpPUEHTHUPOBAThCA B HHTEpDerice MHTErpUpOBaHHO# cpefbl paspaboTku RStudio;

- C03/1aBaTh H BECTH B MHTEIPUPOBAHHOM cpe/ie paspaboTKH RStudio pazin4HbIE
BU/IbI IPOEKTOB, BKJIt0Yas R-scripting ¥ NpOeKThI 10 TEXHOJIOTHH Reproducible Research;

- OCYIIECTBJISATh MOKCK, CTPYKTYPUPOBaHHE 1 3arpysKy AOTIOHHTE/IbHBIX CRAN-
naKeToB 06paboTKH JJaHHBIX;

- IporpaMMHpOBaTh Ha A3bIKe R B QyHKIHOHA/TLHOM CTHIIE;

- BBIGUPATD U KOHCTPYMPOBATh 3/leKBaTHbIE anreGpanyecKne THIbI 418 XpaHEHUA
1 UCTO/Ib30BaHUS TeXHOJIOTHYECKHUX IaHHbIX B cpefie R;

- BbI6MpATh U IPOrpaMMHpPOBaTh Ha si3bIKe R afeKBaTHbIE dopMbI BU3yanu3aluu
OZIHOMEPHBIX 1 MHOrOMEPHbBIX TEXHOJIOTHYECKUX JIAHHDIX;

- ONMCBIBATD Ha A3bIKe R peleHns 6a30BbiX 3a/ja4 MallHHHOTO 00y4eHHA B IPH-
MEHEHHH K KOHKPETHBIM TeXHOJIOrMYeCKUM JJaHHbIM, T10/1y4aeMbIM NPH aBTOMATH3ALHH,
yrpaBJieHHH, KOHTPOJIe KayecTBa NPOU3BO/ICTBA;

- UHTETPUPOBaTh paspaboTaHHbIe TPOrPaMMbl B IPOM3BOACTBEHHbIE CUCTEMBI
ERP- 1 MES-ypoBHA npegnpHATHA.

Takxke B pesynbrare ocsoenus [IIK caymaTe v Z0/KHbI SHATE!

- 06mue GopMyTUPOBKHY 33/1a4 aHa/M3a AaHHBIX B Data Science, BK/I104as KOHLEN-
nuu Data Mining, Chemometrics, Machine learning, Big Data;

- 3/leMeHThl JIuHelHo# (MaTpru4HO#) anre6pel B R-mpeAcTaBaeHUH;

- anrebpanyecKue CTPYKTYPhl AaHHBIX 1 0CO6EHHOCTH No-SQL 6a3 gaHHBIX;

- CUHTaKCHYeCK1e KOHCTPYKIMH A3bIKa R ¥ IPaKTHYeCKHe prueMbl QyHKIHOHA/Ib-
HOTr0 MporpaMMHUpOBaHHSA;

- MeTO/Ibl MALIHHHOTO 06y4eHUs, BK/II0Uas HCKYCCTBEHHbIe HeHPOHHbIE CEeTH,
Bagging u Boosting;

- IPUHLMINBI paboThl ¢ BOJIBIIHMHU JAaHHBIMH.

TIIK crioco6cTBYeT GOPMUPOBAHHIO CIEAYIOUIMX 06 IIHX (OK) u npodeccroHab-
HbIX ([1K) KOMNeTeHIHH:

- OK 1. OCyulecTBATh OMCK W MCII0/Ib30BaHne HHPOPMaIHH, Heo6X0AMMOH A
BbINOJIHEHHA MPodeccHOHAIBHBIX 33/1a4, TPO(GEecCHOHANBHOrO U JIMMHOCTHOI0 Pa3BATHA;

- OK 2. Ucronib30BaTh aKTyanbHble MHPOpMALMOHHEIe TexHonoruy u IT-uHdpa-
CTPYKTYpe B IpodeccCHoHaNbHON AesATENbHOCTH;

- OK 3. CaMOCTOSTeIbHO ONpe/e/sATh 3a/a41 NpoPeCcCHOHAIBHOIO U IMYHOCTHOTO
pa3BUTHs, 3aHUMATbCA CaMOOOPa30BaHUEM, 3G dEKTUBHO NJIAHUPOBATh NOBBILIEHHE CBO-
el kBasubUKaLUH;

- OK 4. YcnellHoO OpMEHTHPOBAThLCA B HOBBIX IOCTOAHHO Pa3BUBAIOILHXCA uHdoOp-
MalHOHHBIX TEXHOJIOTHAX, HCTIO/IB3YEeMbIX B POGECCHOHANIBHON JeATe/IbHOCTH.

Crp.5u38
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NOBBIIEHHA KBATHPHKALHH
Data Science: aHaTHTHKA TEXHOMOIHYECKAX

AAaHHBIX B cpege R

- [IK 1. Paspa6aTbIBaTh CTPYKTYPY XpaHEHHs U [10C/1e/I0BaTE/IbHOCTD 06paboTKH
TEXHOJIOTHYECKHX JaHHBIX;

- [IK 2. Co3aaBaTh NPHUJI0KEHHS], aBTOMAaTH3UpYol{He 06paboTKy TeXHOJIoruye-
CKMX JJaHHBIX Ha NPeiNpUATHY;

- [TIK 3. B3auMo/ieiicTBOBATH CO ClelHa/TMCTaM| CBOEro NpeAnpHuATHSA IpH paspa-
BOTKe METO/0B, CPE/CTB ¥ TEXHOJIOTHIl NPUMEHEeHHs 06bEKTOB npogeccuoHalbHOM Jes-
TEebHOCTH.

5. YYEBHO-TEMATHYECKHWH IJIAH (COAEP>KAHME) TPOT'PAMMBI

Nen/m

HauMeHOBaHHE TEMBI

Konu4ecTBO
Yacos

Beesenue B Data Science - obujue TepMHHEBI, ONpejeseHus,
koumenuu: Data Mining, Chemometrics, Machine learning, Big
Data. TexHOJIOrM4YecKHe JlaHHbIX IpeJIpHATHIH yroJbHO! 1 Me-
Ta/IIypruvecKoil MpOMbILIJIEHHOCTH B aclHeKTe MeTO0A0/I0THH
Data Science. 0630p 33/ja4 aHa/iM3a AAHHBIX, BOSHUKAIOLKX Ha
pasHbIX YPOBHAX MPOU3BOJCTBEHHOM CTPYKTYphl NMpeANpHus-
THS.

R - A3bIK ¥ Cpefia CTaTHCTHYECKHUX pacyeToB H rpaduku. 0630p
peanuzaliii R: OTKpbITOE MPOrpaMMHOe oGecreyeHHe 1 KOMMep-
yecKue CUCTeMbl JAJIsl MPOMBILJIEHHOH 3KcmyaTalui. R-KoHcop-
nuyM. UHTerpupoBaHHas cpejia paspaboTKy U aHa/IM3a RStudio.
BasoBblii nakeT R u o6mupHas cucrema naketros CRAN. CepTu-
duxaiua R 1 ero npuMeHeHUe B OTBETCTBEHHbIX IIPUJIOIKEHHSAX.

BazoBele CTPYKTYpbl AaHHBIX B R M MaHUNyIALMH C HUMH:
THUIIbI U3MEPHTE/bHBIX WKaJ, IMHeitHaa (MaTpruyHas) anre6pa
W oflHOMepHas craTucTuka, 06paboTKa ¥ BU3yasu3alUH O{HO-
MepHBIX TeXHOJIOTMYECKHUX JaHHBIX B aCMeKTe CUCTEMBL MEX/y-
Hapo/HbIX cranAapTos ISO/TC 69.

MHoroMepHble JaHHble: Npeo6pasoBaHus, KOBApHaLKs H KOP-
pensuus, Mepbl Pa3lMYMA M CXOACTBA, MeTPHYECKHEe Mpo-
CTPAHCTBa, UGHTUUKAIMA MHOTOMEPHbIX BbIGPOCOB, MPOEK-
LIMK Ha JIaTeHTHble CTPYKTyphbl (PLS), rnaBHbIE KOMIOHEHTHI
(PCA). ComyTcTBylole MeTOABI pa3Be/loYHOro aHaju3a AaH-
HBIX.

[oMCK 3aKOHOMEPHOCTEH B JaHHBIX, PerpeccHoHHbIe MOJIe/IH U
MOJe/IM pacro3HaBaHusl o6pasos. Kpurepuu KayecTBa Mo/e-
neit. TlepexpectHas Banupauus (cross validation) n camoHa-
crpoiika (bootstrap).

Ctp. 613 8
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Ne m/m KonuuyecTso
HauMeHOBaHHE TEMBI
yacoB

MeTtox MHK. Po6acTHas perpeccusi. MeTozbl peryjisipusanuy 1
BbIGOp NepeMeHHbIX. PerpeccHsa Ha IVIaBHble KOMIIOHEHTDI
6 (PCR). Perpeccus Ha jaTeHTHbIe CTPYKTYpsI (PLS). MHOromep- S
Hasg Ka/nubpoBka: onblT cuHTesa QSPR-mMozeny B XUMUYECKOH
texHonoruu B coorsercrBuu ¢ OCT 32246.

0630p MeTOJ0B MalIMHHOro 06yyeHHs B R: MCKyCCTBEHHbIE
ueiiponHsle cety (Artificial neural networks), MeTo/; ONOpPHbIX
BeKTopoB (SVM), AepeBbsl pelleHWH W CBsS3aHHbIE METOJbI. 5

7 . ;

I'pynnosble MeToabl: Bagging u Boosting. OmbiT pa3paboTKH
MoJieJieli MpOrHo3a KadecTBa KOKca METOAaMH MallHHHOTO
06yueHus.

Pacrnio3HaBaHHe 06pa3soB W KjIaccuouKauudA. JIMHeWHbIH Juc-

8 KPMMHHAHTHBIH aHanus, KnacTepHsll aHanu3. OnbIT npuMeHe- 4
HUsI METO/I0B pacro3HaBaHHs 06pa3soB ANA HEHTHOHKALHH
IJIACTOBBIX P0G e40PCKOro YroJibHOTO 6accerHa,

9 AHanuTHKA GoNbIIUX AaHHbIX (Big-data analytics) B R. 0630p 2
pelieHuit 1 TPOMbIIIJIEHHOT'O HCII0Ib30BaHHA.

KoHcynbTanuu 4
UTOr'0 _ 40

6. METOAWYECKOE OBECIIEYEHHE

MuuuMaabHoe TexHuudyeckoe obecrneuenue [TK nogpasymeBaet

- Ha/MuMe ydye6Horo KabuHeTa miomaabio 20-30 M2, OTBEUAIOIEro COOTBETCTBYIO0-
UM TPeGOBaHUAM CAHUTAPHO-3MK/EMHOIOTMYECKHX HOPM M TI0XKapHO#i 6€30MacHOCTH;

- TeXHUYECKON BO3MOMHOCTH pasMelleHUsl ¥ TOAK/IIOYEHHS K JIOKAJbHOH CeTH H
ceTy IHTEPHET /10 CeMH NepCOHAIbHBIX KOMIIBIOTEPOB M0/1b30BaTe/eH (HOYyTOYKOB);

- My/IbTUMEAKUA-IPOEKTOPa, YNPaBaAeMOro ¢ NOMOLIbI0 NepPCOHANBHOr0 KOMIbIO-
Tepa npenojiaBaTesia (HoyToyKa).

UudopmanunonHoe obecrnederye IIK BxatoyaeT:

- pa3/laTouYHBIM MaTepuas B BUJE ClelyanbHo paspaboTanHbix B pamkax MK nH-
dopMaLHOHHBIX 6POIIIOD;

- y4e6HO-MeTOAUYECKUI MaTepHasl B BU/ie 3/IEKTPOHHBIX MPe3eHTalNH;

- Crie1MaibHO MOA06PaHHY0 Hay4YHYI0 IUTEPaTypy.

KOHTpOJIb M OlleHKA pe3y/ibTaTOB OCBOEHUsI TEéM Kypca OCYIIeCTB/IAETCA Npenoaa-
BaTe/ieM B Npoliecce MPOBeAEHHs MPAaKTHYECKHX 3aHATUI C HCIIOIb30BaHWEM UHANWBUAY-
abHBIX B QPOHTANbHBIX onpocos. PopMoii nmoABesenua uroroe peanusanuu K aB-
JITeTCA 3a4eT, IPOBOAUMbIH B popMe cobece;0BaHHS,

Ctp.7 u3 8
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