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

Iesbro0 0CBOCHMSI JUCLUILUIMHBI ABJsIETCS (POPMUPOBAHUE CIEAYIOIINX KOMIETEHIUI:

OIIK-1 Cnocoben HaxoauTh, (GOPMYNIHPOBATH W peIIaTh aKTyaJbHbIE MPOOIEMbI
IPUKJIAJHON MaTeMaTUKH, (pyHAaMeHTaIbHONM HHOOPMATUKU U MH(POPMALMOHHBIX TEXHOIOTUH.

YK-1 CriocoGeH ocymecTBIsATh KPUTUIECKUNA aHAIN3 MPOOIEMHBIX CUTYallHii Ha OCHOBE
CHCTEMHOTI0 II0JIX0/1a, BBIPA0AThIBATh CTPATETUIO JEHCTBUI.

PesynbraTamMu OCBOCHHUS TUCIMILIMHBI SBISIOTCS CIEAYIOUINE MHIMKATOPHI TOCTHKECHUS
KOMIIETECHIINH:

NOIIK-1.1  Anamm3upyeT 1npoOieMbl B 00NacTd MPUKIAJHON  MaTeMaTHKH,
(byHIaMeHTaJIbHOW MHPOPMATUKU U UH(OPMALIMOHHBIX TEXHOJIOTHH

NVYK-1.1 BeisBuser mnpoOJEMHYIO CHTyallMi0, Ha OCHOBE CHCTEMHOIO TOAXO0Ja
OCYILECTBIIsIET €€ MHOI0()aKTOPHBIN aHAIU3 U AUArHOCTUKY

NVYK-1.2 OcymecTBiseT MOHUCK, OTOOp H CHCTEMAaTHU3alui0 HHOOpMAIUMH s
OIpeIeNIeHNUs alIbTEPHATUBHBIX BAPUAHTOB CTPATErMUECKUX PELIEHUH B IPOOIEMHON CUTYaIUH.

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

2. OneHo4Hble MaTepUuaJIibl TEKYIIECI0 KOHTPOJISA U KPUTEPUHA OLNCHUBaAHUA

ONEeMEHTBI TCKYIICTO KOHTPOJIA:

— pedepar;
—nabopaTopHbIe pabOTHI.

[Tpumepst Tem pedepatos (MOIIK-1.1):

1. CoBpemeHHBIE HEHpOHHBIE CeTH B 00pabOTKE JaHHBIX (M300paKEHHIA, BHIEO,
TEXHOJIOTUYECKUX CUTHATIOB, MY3bIKH U T.I1.)

2. CoBpeMeHHBIE aTOPUTMBI Kiaccu(ukanuu (M300paKeHHid, TEKCTOB H T.II.)

3. HWuremnexryaipHas oOpaboTKa JaHHBIX B ... (IIPOMBILUIEHHOCTH, MEAMLIMHE, OU3HECe,
UHIYCTPHUH pa3BIEUYEHUH, 10Cyra U Jp.)

4. HW3BnedyeHue 3HaHUN 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€/CTPaxOBaHUN/ .. .

SN

= O 0~

Kpurepun onenuBanus:

Pe3ynbTaThl MOATOTOBKY U 3allUTHI pedepaTa ONpeeNnsItoTcs OUEHKAMH «3auTeHO», «He
3a4TEHOY.

O1eHKa «3aYTEHO» BBICTABISETCS, €CIM pedepar MOATrOTOBIEH HA JOCTATOYHO BBHICOKOM
METOJMYECKOM YPOBHE, a TEMA B IOCTATOYHOM CTENIEHU PACKPBITA B MMOSICHUTEIBLHOM 3aITACKE.

[Ipumeps! 3ananuit nadbopatopHeix padot (MOIIK-1.1):

3aganue Nel: IIpoBenenne pasBe04YHOIO aHAJM3A JaAHHBIX.

Hean: [IpoBectu pa3BeqoyHbIl aHAINU3 BRIOPAHHOTO HA0Opa JAHHBIX.

3agaum: BbIOpaTh HaOOp TAOMMYHBIX JAAHHBIX (HampuMep Ha caiite kaggle.com), HaGop
JIAHHBIX JOJDKEH coaeprkaTh He MeHee 10 ctonboB u 1000 cTpok pa3nuuHbiX THHOB. ONpeaeuTh
XapaKTepUCTUKH HaOopa JaHHBIX (TUIIBI TaHHBIX, pa3Mep Habopa aHHBIX, HATUYHE MPOITYCKOB,
TyOIMKaTOB, KaTErOpHUaJbHBIX MepeMeHHbIX). [IpoBecTr KOppensnOHHbBIN aHAIU3 TPU3HAKOB U



BBIBECTH KOPPESALUOHHYIO MaTpully. [IocTpouTs pasinyHble BU3yaau3aluy Ui IPU3HAKOB (HE
MeHee 3 pa3nnyHbix). Crenars BHIBOJBI 110 TOJYUYEHHBIM PE3yJIbTaTaM.

Onucanue ordera: HazaBanue «NeJlaboparoproit @ M WM Nerpymmb», oOT4eT B
dopmare html/pdf nomxen conepkaTb HCXOJHBIN KOJI, HOTYUYECHHBIE PE3YIbTAaThl, KOMMEHTAPHUH,
BBIBO/IbI.

3ananue Ne2: [IpenBapuresibHasi 00padOTKA JAHHBIX M ONITUMM3AIUS IPU3HAKOBOI0
NPOCTPAHCTBA.

Heab: mnpoBecTH MpenBapUTENIbHYI0 00pabOTKy ¥ ONTUMH3UPOBATH MPHU3HAKOBOE
IIPOCTPAHCTBO.

3apaum: BeIOpaTh HAOOP TAOJMYHBIX JaHHBIX (Hampumep, Ha caiite Kaggle.com), Habop
JAaHHBIX JIOJDKEH COJEpKaTh IPOIYCKM M KaTeropuaybHble mnepeMeHHble. OLEHUTh Haaudue
MPOIYCKOB, AYyOJIMKATOB, KAaTErOPHAIbHBIX MEPEMEHHBIX U HX XapakrepucTtuku. llocTpouTh
KOPPENSIUOHHYIO MaTpHILy, OLIEHUTh BO3MOXKHOCTh HCIOJB30BATh €€ JJs 0TOOpa MPU3HAKOB.
3anoMHUTh MPOMYCKH B JaHHBIX (mompoOoBaTh 3  pa3nuyHbIX cHocoba). 3akoAupoBaTh
KaTeropualibHble IepeMeHHble (mompoOoBaTh 3 pa3iau4HbIX crocoda). OUeHUTh HaIuydue
BBIOPOCOB (Z-OIlEHKa WJIM SIIIUK C yCaMH), yJaduTh BBIOPOCHL. MCHONB3yl0 METOJ TIaBHBIX
KOMITOHEHT, C3KaTh MIPU3HAKOBOE MTPOCTPAHCTBO (/10 3X KOMIIOHEHT), BU3YAIU3UPOBATh PE3yJIbTaT
OTHOCHUTEIILHO I1eJIEBOI NepeMEHHOM (eciu 1eNIeBOil MepeMeHHOM HET, TO B KaueCcTBE €€ B3STh
OJIMH U3 KaTeropuaJibHbIX IpU3HaKoB). Clenarh BHIBOBI 10 NOJyUYEHHBIM PE3yJIbTaTaM.

Onucanne oruyera: HaszaBanue «NeJlabGoparoproit @ M W Nerpymmsl», oT4eT B
dopmare html/pdf momken conepkaTb HCXOIHBIN KOJI, TOTYYECHHBIC PE3YIbTAaThl, KOMMEHTAPHH,
BBIBO/IBI.

3apanme Ned: Kuaaccupuxkanmsa ngaHHbix. HekoHTposmpyemasi kjaccupukanus
(ky1acrepusanms).

Ieas: [IpoBecTu KinacTepu3aliio reoJaHHbIX U KJIaCCU(PUKALINIO TAOIMUHBIX JaHHBIX.

3agaum: s pemeHns 3a/1a4n KIacTeprU3alny BEIOpaTh HA0OP CoNEpKAIIuil TeoJaHHbIe
(koopauHatel) (Hanpumep, Ha caiite Kaggle.com). IlpoBectu knacTepusanuio 3TUX JaHHBIX
(IByMS. MojensiMH), HAcCTpOMTh THUIIEpPHApaMETPbl, OLEHUTh KauyecTBO KjacTepU3alluH,
BU3YaJIM3UPOBATh PE3yJIbTaT C UCMOJIb30BaHUEM KapThl. J{JIs pemieHus 3ajauM Kiaccudukanuu
BbIOpaTh HAOOP TAOJIMYHBIX TAHHBIX, 00YUYHUTh TPU MOJIENH, HACTPOUTH TUIIEpIIapaMeTPhl MOJIENIEN
(ucmonb3oBath grid-search/random-search), oreHUTH KauecTBO KiaccuUKaIK, TOCTPOUTH TOC-
KpPUBYIO, BBIOPATh JTyUIIyt0 Mojieib. CenaTh BbIBOABI IO MOJIYYEHHBIM pE3yJIbTaTaM.

Onucanme oryera: Hazpanue «NeJlaboparoproit @ M U Nerpymmel», oTd4er B popmare

html/pdf nomxen copepxkarh HCXOIHBIN KO, MOJIyYE€HHbIE PE3YJIbTAaThl, KOMMEHTApUH, BBIBOIBI.

Kputepuu orieHnBaHus 1a00paTOPHBIX PabOT:
O1ieHKa «3a4TEHOY» BBICTABIISETCS, €CJIH JTa00PaTOPHBIE pAOOTHI BHITIOIHEHBI U 3aIHIIICHBI
B IIOJIHOM OOBEME.

3. OueHo4yHble MATEPHAJIbl HTOTOBOI0 KOHTPOJIS (MPOMEKYTOYHOI aTTecTalu) U
KPUTEPHUHU OLCHUBAHUSA

Bunom mnpoMexyTOYHOW arTrecTalvy SBISETCS SK3aMeH. OK3aMEeHAI[MOHHBIM Ouier
COCTOMUT U3 TPEX YacTel, KaXxasi B BUJIE BOIPOCA MO OJJHOM U3 T€M, OCBEIIEHHOW Ha Jekiusax. K
9K3aMeHy JOIycKaeTcss 0OydaroIIMics, YCHEIHO BBINOJHUBIIUI Bce JTabopaTOpHbIE PabOTHI,
MOJArOTOBUBILIMI U 3aIIUTUBILIUI pedepar 1o TeMe, COTJIACOBAHHOM € MPENoAaBaTeNIeM.

Tembl TeKIMOHHBIX MO TyJIeH (Borpock ytst ok3amena) (MYK-1.1; UYK-1.2; UYK-1.3):
1. Beenenue. OcHoBHbIe MOHATHSA. TepmuHonorus. O6IacTu ¥ MPUMEPHI IPUMEHEHUS



Oransl Data Science

MamwuaHOe 00yueHue, 001Ias TOCTaHOBKA 331a4H

CRISP-DM

Perpeccus, nepeodyucHme

Tonosnoruu HeMpoceTei U 3a1aun ISl HUX

Heiipoceresas knaccudukanms, Deep Learning

CBepTouHbIC HEHPOHHBIE CETH

9. Knacrepuzanus (k-means)

10. MeTpuku paccTossHUA

11. Kpurepun rounoctu (Kappa, ROC, RMSE), omm6ku /Il pona, runore3a A/B
12. TlpeaaputenbHas oOpaboTKa TaHHBIX

13. OnTtumusanus Npu3HAKOBOIO IPOCTPAHCTBA

14. Knaccudukanus (1epeBbs pEIICHHH)

15. Knaccudukanus (cratuctuueckas, 0aiileCOBCKUI MOAXO0N)

16. SVM (MeToj ONOPHBIX BEKTOPOB)

17. Perynspuzauus (L1, L2)

18. AccommaTtuBHbIE AITOPUTMBI (acCOIUAINS, TIOCIEIOBATENbHAS ACCOI[UAIIN)
19. Bricokompou3BoauTenbHas 00paboTKa TaHHBIX (IPUHILIUIIBI M MOJIETIH )

20. Kpurepuu s¢pexTuBHOCTH

21. MHoroypoBHeBO€ MalllMHHOE 00y4yeHue. Busyanuszanus

22. Ob6paboTKa eCTECTBEHHOT'O SI3bIKa

23. IIporpammusie cpensl u cepBuckl (Hadoop, MapReduce, Spark, Yarn, Cassandra)

e I

Kpurepun onenuBanus:

PesynpraTel  3K3aMEHa  ONPEAENAIOTCA  OLCHKAMH  «OTJIMYHO»,  «XOPOIIO»,
«YJIOBJIETBOPUTEIILHO», «HEYIOBIECTBOPUTEIILHOY.

O1eHKa «OTIMYHO» BBICTABIISIETCS, €CJIU JaHbl IPAaBUIIbHbBIE OTBETHl HA BCE BOMPOCHI 0€3
OIOOK.

OneHka «Xxopouio» BBICTABIISAETCS, ECIIM UMEIOTCSI HE3HAYUTEIbHbIE HETOYHOCTH B OTBETAX
WJIM HE3HAYUTENIbHBIN 1eUIUT B IeTalu3ali OTBETA.

OneHka «yI0BIETBOPUTEIBLHO) BBICTABIISETCS, €CIIM UMEIOTCS 3HAUYUTENIbHBIE HETOYHOCTH
B OTBETAX WJIM 3HAYUTENIbHBIN 1e(UIUT B IeTalU3alui OTBETA.

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

4. OneHo4YHbIe MAaTEPHAJIBI AJIS1 IPOBEPKHU OCTATOYHBIX 3HAHUH (cHOPMHUPOBAHHOCTH
KOMIIeTeHI i)

HpOBepKa OCTaTOYHBIX 3HAHUMN IMPOBOAUTCH B (bopMe TCCTA.

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

1. BriOGepute Bce BEpHbIE YTBEPKICHUS:

a) IlocnenoBarelbHOCTE UMEET MECTO B CIIy4ae, €ClIi HECKOJIBKO COOBITUH CBSI3aHbI APYT
C IPyTOM.

6) OTHeceHHe HOBOTO 00BEKTa K KAKOMY-JTHO0 U3 CYIIECTBYIOIUX KJIACCOB BBHIIOIHIETCS
MyTeM KJIacCU(UKALINU.

B) B ciyuae, eciii HECKOJIBKO COOBITHI CBSA3aHBI IPYT C IPYTOM BO BPEMEHH, UMEET MECTO
THUI 3aBUCUMOCTH, IMEHYEMBII aCCOIHAIINS.

r) XpaHumasi peTPOCHEeKTHBHas WHGOpMalKs TO3BOJSAET ONPEeTUTh €Ile OIHY
3aKOHOMEPHOCTb, 3aKITIOYAIOIIYIOCS B TOMCKE CYIIECTBYIOIINX KIaCTEPOB.

2. BruIgBneHME JIOSIIBHBIX WM HENOSUTHHBIX nepncaTeneI‘/'I KpPpEAUTHBIX KapT OTHOCUTCA K
3aJa4dc



a) Kontponupyemoii kimaccuduxanum
0) Acconuanuu

B) [IpornosupoBanus

r) Hexontponupyemoii kiaccudukanuu

3. Jyig OCTPOCHHUSI aNTOPUTMa MAIIMHHOTO O0yUYeHUs TPeOyeTCs TPH TUTIA BRIOOPOK:
a) OOyuaromas

0) Banumanuonnas

B) TecroBas

r) CrparudunupoBanHas

n) KBotHas

4. HeiipocereBbie Ki1acCU()UKATOPHI OTHOCAT K:
a) [lapameTrpuyeckum moaxoam

0) Hemapamerpruueckum moaxoam

B) [Iparmaruyeckum noaxonam

r) DKICKTHYCCKUN MTOAXO]

5. BayKTUBHBIN OAXOX ...

a) K HCCIEJOBAaHUIO JAaHHBIX TIO3BOJISIET CHOPMYJIMPOBATH TUIOTE3Y W HAWTH C €e
MIOMOILIbIO HOBBIE ITyTH aHATUTUYECKUX PELICHUN

0) K HCCICNOBAHUIO JAHHBIX MPEAIOJIaracT HaIWdue HEKOTOPOW CHOPMYIMPOBAHHON
TUIOTE3bI, MOJATBEP)KICHUE WJIM OINPOBEPKEHHE KOTOPOW IOCJE aHaIM3a JaHHBIX IO3BOJISIET
MOJYYHUTh HEKOTOPBIE YACTHBIE CBEICHUS

Kiroun: 1 B) 2 1) 3 2)06)B) 406) 5 a)

HNudopmanus o paspadoTunkax

3amatuH Anekcanap BrmaaumupoBud, 1-p TeXH. Hayk, npodeccop, aupexkrop UTIMKH
TTy.

Kapes Casarocnas BacuibeBud, accucTeHT kadeapbl TEOPETHUYECKUX OCHOB HH()OPMATHUKH
NIIMKH TT'VY.
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