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1. KOMHeTeHHHI/I U HMHAUKATOPbBI HMX [JOCTHKCHHUSA, IMPOoBEpPsA€MbI€¢ JaHHBIMHA
OICHOYHBIMHA MaTepHaJIaMH

Iesbt0 0CBOEHMSI JUCLUIUIMHEI ABIsIETCA (POPMUPOBAHKE CIEAYIOIINX KOMIETEHIMI:

OIIK-1 CnocobeH pemaTh akTyalbHbIC 337aud (DYHAAMEHTATBHOW W TMPUKIATHON
MaTEeMaTHKH.

YK-1 CriocoGeH ocymecTBIsATh KPUTUIECKUN aHAIN3 MPOOIEMHBIX CUTYallHii Ha OCHOBE
CHCTEMHOTI0 II0JIX0/1a, BBIPA0AThIBaTh CTPATETUIO JEHCTBUI.

PesynbraTamMu OCBOCHHUS TUCIMILIMHBI SBISIOTCS CIEAYIOUINE MHIMKATOPHI TOCTHKECHUS
KOMIIETECHIINH:

NOIIK-1.1 Anamm3upyer mnpoOiembl B oOiacTv (yHIAMEHTAIBHOW M TMPHUKIATHON
MaTEeMaTHKH.

NVYK-1.1 BeisBuser mnpoOJEeMHYIO CHTyallMi0, Ha OCHOBE CHCTEMHOIO TOAX0Ja
OCYILECTBIIsIET €€ MHOIO0()aKTOPHBIN aHAJIU3 U JUArHOCTHKY.

NVYK-1.2 OcymecTBiseT MOHUCK, OTOOp H CHCTEMAaTHU3aluio HHOOpMAIMH s
OIpeieNIeHuUs alIbTePHATUBHBIX BAPUAHTOB CTPATErMUECKUX PELICHUH B MPOOIEMHON CUTYaIUH.

NVYK-1.3 Ilpennaraer 1 000CHOBBIBAET CTPATErHIO JAEHCTBUI C y4€TOM OIpaHUYEHUH,
PHCKOB U BO3MOXKHBIX IOCJIEACTBUH.

2. OneHo4Hble MaTepHuaJIibl TEKYIIECTI0 KOHTPOJISA U KPUTCPUH OLICHUBAHUSA

ONEeMEHTBI TCKYIICTO KOHTPOJIA:

— pedepar;
—nabopaTopHbIe pabOTHI.

[Tpumepst Tem pedepatos (MOIIK-1.1, ©UYK-1.1, UYK-1.2):

1. CoBpeMeHHblE HEHpPOHHBIE CE€TH B 00pabOTKe MJaHHBIX (M300pakeHUU, BUJEO,
TEXHOJIOTUYECKUX CUTHATIOB, MY3bIKH U T.I1.)

2. CoBpeMeHHBIE aTOPUTMBI Kiaccu(ukanuu (M300paKeHHiA, TEKCTOB H T.II.)

3. UutennexryanbHas oOpaboTKa JaHHBIX B ... (MPOMBILIUIEHHOCTH, MEAMILIMHE, OU3HECe,
MHIYCTPHUH pa3BI€UYeHUH, 10Cyra 1 Jp.)

4. HW3BnedyeHue 3HaHUUN U3 TEKCTOB

JleTekTpoBaHKNEe aHOMATUI

Pa3HOBUIHOCTH CBEPTOYHBIX HEHPOHHBIX ceTel (Ha NpuMepe OIHON aApPXUTEKTYpHI:

BERT)

WHTennekTyanbHble alTOPUTMBI B paHHEH TUarHocTHKe 3a00JIeBaHUi

NHTennextyalibHble aIrOPUTMbI B IEPCOHATTM3UPOBAHHON MEIULINHE

WHTennekTyanbHble alrOPUTMBI B pOOOTOTEXHUKE, TPAHCIIOPTHBIX CUCTEMAax U T.II.

0. MHTennexTyaabHble aIrOpUTMbI B 0aHKOBCKOM JI€JI€/CTPaxOBaHUH/ .. .
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Kpurepun onenuBanus:

Pe3ynbTaTsl MOATOTOBKH U 3allUTHI pedepaTa ONpeNeNnsItoTCs OLUEHKAMH «3auTeHO», «HE
3aYTCHO».

O1eHKa «3a4TeHO» BBICTABISETCS, €CIH pedepar MOATrOTOBIEH HA JOCTATOYHO BHICOKOM
METOJMYECKOM YPOBHE, a TEMA B IOCTATOYHOM CTENIEHU PACKPBITA B MMOSICHUTEIBLHOM 3aITACKE.

[Tpumeps! 3ananuit nadbopatopueix pador (MOIIK-1.1, UYK-1.1, UYK-1.2, UYK-1.3):

3aganue Nel: IIpoBenenne pasBe04YHOIO aHAJM3A JaAHHBIX.

Hean: [IpoBectu pa3BeqoyHbIl aHAINU3 BRIOPAHHOTO HA0Opa JAHHBIX.

3apgaum: BbIOpaTh HaOOp TaOIMYHBIX JaHHBIX (Hampumep, Ha caiite kaggle.com), Habop
JTaHHBIX JOoJDKeH cojaepxkarb He MeHee 10 cronbuoB u 1000 cTpok pa3iaMUHBIX THIIOB.
OnpenenuTh XapaKTEPUCTUKH HAOOPa JaHHBIX (TUIBI JaHHBIX, pa3Mep HaOopa JaHHbBIX, HAJTMYUe
IIPOITYCKOB, AyOJIMKATOB, KaTeropHallbHbIX NepeMeHHbIX). [IpoBecTu KOppensuuoOHHBINA aHaIU3



MPU3HAKOB U BBIBECTU KOPPEISIUOHHYIO MAaTpully. [IoCTpOuTh pa3nuuHble BU3yald3alluy JAJs
MPU3HAKOB (HEe MeHee 3 pa3ianuHbIX). CAenarh BHIBOJBI 110 MOJIYYEHHBIM pe3yIbTaTaM.

Onucanue ordera: HazaBanue «NeJlaboparoproit @ M WM Nerpymmb»y, OT4eT B
dopmare html/pdf nomxen conepkaTb HCXOJHBIN KOJI, HOTYUYECHHBIE PE3YJIbTAaThl, KOMMEHTAPHUH,
BBIBO/IBI.

3aganme Ne2: IlpeaBapurtenbHasi 00pa0oTka JaHHBIX W ONTHMH3ALUA
NPHU3HAKOBOI0 MPOCTPAHCTBA.

Heab: mnpoBecTH MpenBapUTENIbHYI0 00pabOTKy ¥ ONTUMH3UPOBATH MPHU3HAKOBOE
IPOCTPAHCTBO.

3apaun: BeIOpaTh HAOOP TAONMMYHBIX JAaHHBIX (Hampumep, Ha caiite Kaggle.com), Habop
JAHHBIX JIOJDKEH COJEpXKaTh MPOMYCKM M KaTeropHajbHble nepeMeHHble. OLUEHUTh HaIn4He
MPOIYCKOB, AYyOJIMKATOB, KAaTErOPHAIbHBIX MEPEMEHHBIX U HX XapakrepucTtuku. llocTpouTh
KOPPENSIUOHHYI0O MaTpHIly, OLIEHUTh BO3MOXKHOCTh MCIOJB30BATh €€ JJIsi 0TOOpa MPHU3HAKOB.
3anoMHUTh MPOMYCKH B JaHHBIX (mompoOoBaTh 3  pa3nuyHbIX cHocoba). 3akoAupoBaTh
KaTeropualibHble TepeMeHHble (TompoOoBaTh 3 pa3iau4HBIX crocoda). OUEeHUTh HaIU4due
BBIOPOCOB (Z-OIlEHKa WJIM SIUIUK C YCaMH), yAaduTh BBIOPOCHL. MCHomp3yl0 METOJ TIaBHBIX
KOMIIOHEHT, CXaTb IPU3HAKOBOE IIPOCTPAHCTBO (10 3X KOMIIOHEHT), BU3YaJIU3UPOBATh
pe3yNbTaT OTHOCUTENBHO LIEJeBON MepeMEHHON (eCiH 1IeJIeBOM MepeMEeHHOI HEeT, TO B KauecTBe
€e B3iATb OJUH U3 KaTerOPHANbHBIX NpHU3HAKOB). CremaTh BBIBOABI 10 IOJyYECHHBIM
pe3ylbTaTam.

Onucanne otuyera: HazaBanme «NeJlabGoparoproii @ M W Nerpymmel», oT4eT B
dopmate html/pdf momxen comepx aTh UCXOAHBIN KO, MOTYYSHHbBIE PE3YIbTAThl, KOMMEHTAPHUH,
BBIBO/IBI.

3aganue Ne3: Kuaccuduxanus nannbix. HexkonTposmmpyemas kiaaccupukanus
(kyacrepuzanms).

Hean: [TpoBecTu KIacTepu3aInio re0JaHHBIX U KIACCU(PUKAIINIO TAOJIMYHBIX TAHHBIX.

3apgaum: 1d peleHus 3a/1a4M KilacTepu3aluy BeIOpaTh HA0Op colieprKalluil reojaHHbIe
(koopauHatel) (Hampumep, Ha caiite Kaggle.com). IlpoBectn kiacTepusainuio 3TUX JaHHBIX
(IByMs MOJENSIMM), HACTPOUTh THUIEpHapaMeTpbl, OLEHUTh KauecTBO KJacTepH3alluy,
BU3YaJIM3UPOBATh PE3YyJIbTAT C MCIOJIb30BaHUEM KapThbl. [ perenus 3agauu KiacCU(pUKaUU
BbIOpaTh HAOOp TAONWYHBIX JAHHBIX, OOYYHUTh TPU MOJEIM, HACTPOUTH THIEpIapaMeTPhbl
Mojener (mcrmosib3oBarh  grid-search/random-search), OICHWTH KadecTBO KIIACCU(DUKAIIHM,
IOCTPOUTh TOC-KPUBYIO, BBIOpaTh Jydllyto Mozenb. CrenaTb BBIBOABI MO TOJTY4YEHHBIM
pe3yibTaTam.

Onucanme oryera: Hazpanue «NeJlaboparoproit @ M U Nerpymmel», oTder B opmare
html/pdf nomxen conepxkath UCXOIHBIN KO, TIOTyYEHHBIE PE3yJIbTaThl, KOMMEHTAPHH, BBIBOJIBI.

Kputepun oniennBanus 1abopaTOpHBIX paboT:
OneHka «3a4T€HO» BBICTABISIETCA, €CIM JlabopaTopHble pPaOOTHl BBHINOJHEHBI U
3alUILIEHBI B TIOJTHOM O00BbEMe.

3. OneHoYHbIe MAaTEPHAJIbI HTOTOBOI0 KOHTPOJISI (IIPOMEKYTOYHON ATTECTALIUM) U
KPUTEPHUHU OLCHUBAHUSA

Bunom mnpoMexyTOUHOW arTecTalvy SBISETCS SK3aMeH. OK3aMEHAI[MOHHBIM Ouier
COCTOMUT W3 TPEX YACTEH, Ka)XKJas B BUJIE BOIPOCA MO OJHOW M3 TEM, OCBEIICHHON Ha JIEKIHX.
VYcenoBueM MOJy4eHHs 3a DK3aMEH IOJIOKUTEIIBHON OLICHKU SIBIIIETCSA YCIEILIHOE BBIITOJIHEHUE
BCEX JIA0OPaTOPHBIX paboT U 3amuTa pedepara 1o TeMe, COrIacoOBaHHOM ¢ IpenojaBaTeseM.



Tembl TeKIMOHHBIX MO TyJIeH (Boripockl Iyt dk3amena) (MYK-1.1; UYK-1.2; UYK-1.3):
Beenenue. OcHoBHble oHATHS. Tepmunonorus. O6IacTu ¥ MpUMepbl MPUMEHEHUS
Oransl Data Science

MammHHOe 00y4eHue, o0miast MoCTaHOBKA 3a/1aun

CRISP-DM

Perpeccus, nepeodyucHme

Tonosioruu HeMpoceTel U 3a1aun Il HUX

Heiipoceresas knaccudukanms, Deep Learning

CBepToUHbIC HEHPOHHBIE CETH

9. Knacrepuzanus (k-means)

10. MeTpuku paccTossHUM

11. Kpurepun rounoctu (Kappa, ROC, RMSE), omm6ku /Il pona, runote3a A/B

12. TlpeaaputenbHas oOpaboOTKa TaHHBIX

13. OnTtumusanus Npu3HAKOBOIO IPOCTPAHCTBA

14. Knaccudukanus (1epeBbs peIICHM )

15. Knaccudukanus (craTuctudeckas, 0aiieCOBCKUI MOAXON)

16. SVM (MeTo[ OTIOPHBIX BEKTOPOB)

17. Perynspuzanus (L1, L2)

18. AcconmaTtuBHbIE AITOPUTMBI (acCOIUAINS, TIOCIEI0BATEIbHAS ACCOI[UAIIN)

19. Bricokompou3BoauTenbHas 00paboTKa TaHHBIX (IPUHILIUIIBI M MOJIETIH)

20. Kpurepuu s¢pexTuBHOCTH

21. MHoroypoBHeBo€ MalllMHHOE 00y4yeHue. Busyanuszanus

22. Ob6paboTKa eCTECTBEHHOT'O SI3bIKa

23. TIporpammusie cpensl u cepucsl (Hadoop, MapReduce, Spark, Yarn, Cassandra)

S Ao

Kpurepun onenuBanus:

PesynpraTel  3K3aMEHa  ONPEAENAIOTCA  OLCHKAMH  «OTIMYHO»,  «XOPOIIO»,
«YJIOBJIETBOPUTEIIBHO», «HEYIOBIECTBOPUTEIBHOY.

O1eHKa «OTIMYHO» BBICTABIISIETCS, €CIIU JaHbl IPAaBUIIbHBIE OTBETHl HA BCE BOMPOCHI 6€3
OIINOOK.

OneHka «XOpoIlIo» BBICTABISETCS, €CIM HMMEIOTCS HE3HAYUTEJIbHbIE HETOYHOCTU B
OTBETaxX WJIM HE3HAYUTEIbHBIN JeDUIUT B IeTAIU3alMU OTBETA.

OneHka  «yJOBIETBOPUTENIBHO»  BBICTABIISAETCSA, €CIOM  HMMEIOTCS  3HAUYUTENbHbBIE
HETOYHOCTHU B OTBETAX WM 3HAYUTEIbHBIA JEPUIUT B IeTAIU3AIMH OTBETA.

OneHka «HEYJOBJIETBOPUTEIBHO» BBICTABISAETCS, €CIM OTCYTCTBYET IOHMMAaHHE
peaMerTa.

4. OueHo4yHbie MaTepHaJIbI I NMPOBEPKH O0CTATOYHBIX 3HAHMH
(chopMUPOBAHHOCTH KOMIIETEHIHIH)

HpOBepKa OCTaTOYHBIX 3HAHUMN IMPOBOAUTCH B (bopMe TCCTA.

ITpumeps! Bonpocos k Tecty (MYK-1.1; UYK-1.2; ©UVK-1.3)

1. BriGepute Bce BepHbIE YTBEPKICHUS:

a) IlocnenoBareIbHOCTE UMEET MECTO B CIIy4ae, €ClIi HECKOJIBKO COOBITUH CBSI3aHBbI APYT
C JIpyrom.

6) OTHeceHne HOBOro OOBEKTa K KaKOMYy-IMOO M3 CYLIECTBYIOIIUX KJIacCOB
BBITTOJTHSICTCS ITyTeM KI1acCH(UKAIIH.

B) B ciyuae, eciim HECKOJIBKO COOBITHH CBSI3aHBI IPYr C JPYyroM BO BPEMEHHU, UMEET
MECTO THTI 3aBUCHIMOCTH, HIMEHYEMBIi aCCOIHAIINS.

r) XpaHumasi peTpOCHEeKTHBHas WHGPOpMAlMs TO3BOJSAET ONPEICTUTh €Ile OIHY
3aKOHOMEPHOCTb, 3aKJIFOUAIOLIYIOCS B [IOMCKE CYIIECTBYIOLINX KIACTEPOB.



3a7aue

2. BrigBneHne IOSIIBHBIX WM HEITOSIBLHBIX I[@p)KﬂTGJ'ICﬁ KPCAUTHBIX KapT OTHOCHUTCA K

a) Kontponupyemoii kinaccuduxanuu
0) Accoluanuu

B) [IpornosupoBanus

r) Hexontponupyemoii kiaccuukanuu

3. Jyig mOCTPOCHHUSI aNTOpPUTMa MAIIIMHHOTO O0yUYeHUs TPeOyeTCs TPHU TUTIA BRIOOPOK:
a) OOyuaromas

0) Banumanuonnas

B) TecroBas

r) CrparudunupoBanHas

n) KBotHas

4. HeiipocereBbie Ki1acCH()UKATOPHI OTHOCAT K:
a) [lapaMmeTrpuyeckum moaxoam

0) Hemapamerpruueckum moaxoam

B) [IparmMarudeckum moaxoaam

r) DKICKTHYCCKUN MTOAXO

5. BAyKTUBHBIN IOAXOX ...
a) K HCCIEJOBAaHUIO JAHHBIX TIO3BOJISIET C(HOPMYJIMPOBATH TUIOTE3Y W HAUTH C ee

MNOMOIIIBIO HOBBIC ITYTU aHAJTTUTUYCCKUX peH_IeHI/Iﬁ

0) K MCCIEeIOBAaHMIO JAHHBIX IPEAINOJIaraeT HaJIMYUe HEKOTOpOoi chopMyTupOBaHHOM

TUIIOTEC3bI, IMOATBCPKIACHUC HIIM OIIPOBCPIKCHHC KOTOpOﬁ II0CJIC aHa/IM3a JaHHBIX IIO3BOJIACT
MOJIYYHUTh HCKOTOPLIC YaCTHBIC CBCACHHUA

Kimroun: 1 8) 2 1) 3 2)06)B) 406) 5 2)

Nudopmauus o paspadoTunkax

3amstuH Anekcanp Biaagumuposud, 1-p TexH. Hayk, mpodeccop, aupexrop MTIMKH TI'Y.
Kapes CasarocnaB BacuibeBuu, accucteHT Kadeapsl TEOPETUYECKHX  OCHOB

unpopmaruku UTIMKH TI'V.
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