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1. KOMHeTeHIII/II/I H HWHIUKATOPbBI HUX [JdOCTH)KCHHUS, MNMpOBEepACMbIC¢ JTaHHLIMH
OLCHOYHBIMU MaTepUaiaMu

Lenbto OCBOEHMSI JUCHIUIUIMHEI SBIsIETCS (POPMHUPOBAHKE CIIEAYIOMIUX KOMIIETSHIUI:

OIIK-3 CrnocobeH aHanu3upoBaTh MpodeccrnoHalbHy0 HH(OPMALNIO, BBIICIITh B HEH
IJIABHOE, CTPYKTYpUpPOBaTh, O(GOPMIIATH M TPEJICTaBIATh B BHUJE AHAIUTHYECKUX 0030pOB C
000CHOBAHHBIMH BBIBOJAAMH U PEKOMEHIALUSIMU;.

VYK-1 CnocoGeH ocymecTBiIsTh KPUTUIECKUIA aHaIU3 MpOOJIEMHBIX CUTYalMii HA OCHOBE
CHUCTEMHOTI'0 MI0JIX0/1a, BbIpadaThIBaTh CTPATETHUIO JEHCTBHIA.

PesynpTaTramMu 0CBOEHUS IUCLUIUIMHBI SBIISIOTCS CIEAYIOLUIME WHANKATOPBI JOCTHKEHHUS
KOMIIETEHIIM:

NOIIK-3.1 OcymectBusger c6op, 00pabOTKYy W aHaIM3 HAYYHO-TEXHUYECKOU
nH(popManry, HeOOXOAUMOM AJIsl pelIeHUs MPOPECCHOHATBHBIX 3a/1a4

NVYK-1.1 BeisBaser mnpoOJEMHYI0 CHTyalldi0, Ha OCHOBE CHCTEMHOIO TOAX0Ja
OCyLIECTBIIsIET €€ MHOTO(aKTOPHBII aHAJIU3 U IUarHOCTUKY.

NVYK-1.2 OcymecTBiseT TMOMCK, OTOOp M CcHCTeMaTH3aluio HHGOpMaLuu s
orpeziesieHus aIbTEPHATUBHBIX BAPUAHTOB CTPATETUUYECKUX PEIICHUH B IPOOJIEMHON CUTYALINH.

NVYK-1.3 Ilpemiaraer 1 000CHOBBIBAET CTPATETHIO JEHCTBHI C YyYETOM OrpaHUYCHHH,
PHUCKOB M BO3MOYKHBIX MOCJIEICTBUM.

2. OneHoYHbIe MaTepPHAJIbl TEKYIIEr0 KOHTPOJISI H KPUTEPHUH OLlCHUBAHHSA

DJeMEeHThI TEKYIIETO KOHTPOJIA:

— pedepar.
- mabopatopHbIe PabOTHI

[Ipumepst Tem pedeparos: (OIIK-3, YK-1)

o CoBpemMeHHbIE HEHpOHHBIE CeTH B 00pabOTKe MaHHBIX (M300pa)KEHUH, BHIEO,
TEXHOJIOTHUYECKUX CUTHAJIOB, MY3BIKH U T.II.)

o CoBpeMeHHbIE alTOPUTMBI KJIacCH(PUKAIUHU (M300paXKeHUi, TEKCTOB U T.I1.)

° HNurennexryanpHass oOpaboTka AaHHBIX B ... (MPOMBINIJIEHHOCTH, MEIMIIMHE,
Ou3Hece, MHAYCTPHUH pa3BIeUYeHUN, 10CyTa U JIp.)

o W3Bneuenune 3HaHUI U3 TEKCTOB

o JleTexTupoBaHUE aHOMAIHI

. Pa3HoBUIHOCTH  CBEPTOYHBIX HEUPOHHBIX CceTel (HAa TmpuMepe  OHOM
apxutekTypbl: BERT)

o WuTennekTyanbHbie aITOPUTMBI B PaHHEH TUarHOCTUKE 3a00JIeBaHUiIA

o HNHrennexTyanbHble aarOPUTMBI B IEPCOHATUZUPOBAHHON MEAUIIMHE

o HNurennexryanbHble alrOPUTMBI B POOOTOTEXHHUKE, TPAHCIIOPTHBIX CHCTEMaxX M
T.I1.

. WuTennekryanpHbie aTOPUTMBI B 0AaHKOBCKOM JIeJIe/CTpPaXOBaHHH/ . . .

Kpurepun onienuBanus:

Pe3ynbpTaThl MOATOTOBKY M 3aIIUTHI pedepara onpeAesstoTCsa OICHKAMU «3aUTEHOY, «HE
3a4TEHOY.

OrneHka «3a4TeHO0» BBICTABIISETCS, €cliu pedepaT MOArOTOBIEH HA JOCTATOUYHO BHICOKOM
METOJMYECKOM YPOBHE, a TEMa B JIOCTATOUYHOM CTENIEHU PACKPHITA B MOSICHUTEIHLHOM 3aIKCKE.

[Tpumeps! 3a1annii 1a0OPaTOPHBIX pabOT:

3ananue Nel: IlpoBeneHue pa3Be1o4HOr0 aHAJIN3A JAHHBIX.

Heab: [IpoBecTu pa3BeqoyHbIN aHAINU3 BRIOPAaHHOTO HAOOpa JaHHBIX.

3agaun: BeiOpats HaOop TaONMMYHBIX JaHHBIX (HanmpuMmep Ha caiite kaggle.com), Habop
JAHHBIX JOJDKEH cojaeprxaTh He MeHee 10 ctonooB u 1000 cTpok pa3audHBIX THIIOB.
Ornpenenuth XapakTepUCTUKU Ha00pa JaHHBIX (TUIIBI IaHHBIX, pa3Mep Ha0opa JaHHBIX, HATUYHE
MPOMYCKOB, TyOIHKATOB, KATETOPUAIBHBIX NTEPEeMEHHBIX). [I[poBeCTH KOPPENSIIUOHHBIN aHATTN3



IIPU3HAKOB U BBIBECTU KOPPEJIALMOHHYIO MaTpully. IlocTponTs pasinuHble BU3yanus3anuu JUist
MpU3HAKOB (HEe MeHee 3 pa3nuuHbIX). CrenaTh BHIBOABI MO MOJYUYEHHBIM PE3yJIbTaTaM.

Onucanme otvera: HazaBanme «NeJlabopartopHoit @ M UM Nerpynms», oOT4eT B
¢dopmare html/pdf nomxen coaepkaTh UCXOAHBIN KO, MOTYYEHHbIE PE3YJIbTaThl, KOMMEHTApUH,
BBIBO/JIBI.

3aganue Ne2: [IpenBapuresbHasi 00padoTKa JaHHBIX H ONTUMHU3ALMS
NMPHU3HAKOBOI0 MPOCTPAHCTBA.

Ilesb: mpoBecTH NpeBapUTEIbHYI0 00pabOTKY U ONTUMHU3HPOBATH PU3HAKOBOE
MIPOCTPAHCTBO.

3agaum: BeIOpaTh HaOOp TaOJMYHBIX JaHHBIX (Hampumep Ha caiire Kaggle.com), Habop
JAHHBIX JIOJDKCH COJIEpXKaTh MPONMYCKH W KaTerOopHajbHbIE mepeMeHHble. OIEeHUTh HaIH4He
IPOIMYCKOB, 1yOJIMKAaTOB, KaTerOpHaIbHBIX MEPEMEHHBIX M HUX XapakTepucTuku. IlocTpouts
KOPPEIIIUOHHYI0O MAaTPHILY, OIICHUTh BO3MOXKHOCTH HCIIONB30BATh €€ Il OTOOpa NMPU3HAKOB.
3amoMHUTh NPOMYCKM B JaHHBIX (MMOMpoOOoBaTh 3 paszaMuHBIX crocoba). 3aKoaupoBaTh
KaTeropuajibHble TepeMeHHbIe (TompoOoBaTh 3 pa3iaMYHBIX crocoOa). OIEeHUTh HaIudue
BBIOPOCOB (Z-OLIEHKa WM SIIUK C yCaMmM), YAaJduTh BBIOpPOCHL. MCHOJb3yr0 METOJ TIJIaBHBIX
KOMIIOHEHT, C)XaTh MPH3HAKOBOE TPOCTPAHCTBO (0 3X KOMIIOHEHT), BH3YaJIH3HPOBATH
pe3yabTaT OTHOCUTEIBHO LEJIEBOM MEPEMEHHOM (eCiy 1eJIeBOi EPEMEHHOM HET, TO B KauecTBe
€e B3ATh OJUH U3 KaTerOPHAIBHBIX MpH3HAKOB). CrenaTh BBIBOJIBI IO TOJTYYEHHBIM
pesyJbTaram.

Onucanue oruyera: HazaBanue «NeJlaGoparopuoit @ M M Nerpynmbl», OT4eT B
¢dopmare html/pdf nomken copepkaTh UCXOIHBINA KO/, OTYUYCHHbIE pE3yIbTaThl, KOMMEHTAPHH,
BBIBOJIBI.

3aganue Ne3: Kunaccudukanus nanabix. Hekonrpoaupyemasi kinaccupukanus
(kIacTepu3anus).

Hean: [IpoBecTu KnacTepu3aInio re0JaHHbIX U KIacCU(PUKAITUIO TAOJIMYHBIX TAHHBIX.

3agaum: 1715 pelieHus 3a1a4n KJacTepu3aly BbIOpaTh HaOOp coaeprKaluii reojlaHHbIe
(xoopauHatel) (HanpuMmep Ha caiite Kaggle.com). [IpoBecTu kiiacTepusaliio 3TUX JaHHBIX
(IByMs MOZIEISIMH), HACTPOUTH TUIIEPIIAPAMETPhI, OLIEHUTh KaUYeCTBO KJIaCTepU3allui,
BU3YaJTU3UPOBATH PE3YIbTAT C UCIIOIB30BaHUEM KapThl. J{Jis pemeHus 3a1aun Kiaccuukanuu
BBIOpaTh HA0OP TaOJIMYHBIX JaHHBIX, 00YUUTH TPU MOJIENIN, HACTPOUTD THIIEpIIapaMeTphbl
Mojtener (ncnonp3oBath grid-search/random-search), OIeHHTH KaueCTBO KJIacCHU(DUKAIIAH,
HOCTPOMTH TOC-KPUBYIO, BHIOpATh JTyUIIyt0 Mojeib. ClenaTh BHIBOJIBI IO MOJTYUYEHHbBIM
pe3ynbTaram.

Onucanne oruera: Hazpanue «NeJlabopatoproit @ M U Nerpynmei», oTd4er B popmare

html/pdf momken conepkath UCXOIHBIN KO, TOJy9YEeHHBIE PE3yJIbTaThl, KOMMEHTAPHH, BBIBOJIBI.

Kputepuu oniennBanust 1abopaTopHbIX padoT:
OneHka «3a4TeHO0» BBICTABIISAETCS, €CIIU JIaOOpaTOPHbIE PAOOTHI BHIMOIHEHBI U
3alUIIeHBI B TIOJHOM O0BEME.

3. OueHoYHbIe MATEPHATbI HTOTOBOI0 KOHTPOJISI (POMEKYTOYHON aTTecTanuu) v
kputepuu ouennsanus (OIIK-3, YK-1)

Bunom npomexyTOYHOW aTTECTAllMM SIBISAETCS 3a4€T C OLICHKOW. DK3aMEHAIlMOHHBIN
OuseT cocTouT M3 TPEX YacTel, Kaxaas B BUJAE BOIPOCA MO OJHOM M3 TeM, OCBEIEHHOH Ha
nekiusax. K 3adery ¢ OIeHKOH Jomyckaercs OOyYaroIUiiCs, YCIEIIHO BBIMOJHUBIIMKA BCe



nabopaTopHble pabOThI, MOATOTOBUBIINKN M 3alIUTUBIINKA pedepar Mo Teme, COrjlacOBaHHOU ¢
IpernoaaBaTeIeM.

TeMbl TEeKITMOHHBIX MOJTyJIel (BOTIPOCHI 7S 3a4€Ta C OLIEHKOM):

Beenenne. OcnoBHble moHATHA. Tepmunonorus. O0macTi ¥ IpUMEpPbI TPUMEHEHHS
Oransl Data Science

MammuHHOe 00y4eHue, o0mrast mocTaHOBKA 3aa4n

CRISP-DM

Perpeccus, nepeodyuenue

Tonosioruu HeMpoceTeil M 3a1aun Il HUX

Heiipoceresas knaccudukanms, Deep Learning

CBepToUHbIC HEHPOHHBIE CETH

Knacrepuzanus (k-means)

MeTtpuku pacCTOSHUI

Kpurepun Tounoctu (Kappa, ROC, RMSE), omm6xu I/11 poga, runoreza A/B
. IIpenBaputenbHas 00paboTKa JaHHBIX

OnTuMu3zaIys NpU3HAKOBOTO MPOCTPAHCTBA

Knaccudukanms (nepeBbs perieHui)

Knaccudukanus (cratuctudeckas, 0aiieCOBCKUN MOAXON)

SVM (MeTo1 OOpHBIX BEKTOPOB)

Perynspusanus (L1, L2)

. AccolMaTHUBHBIE AJITOPUTMBI (acCOIMAIMS, TOCIIEJOBATEIbHAS aCCOLUAIN)
Bricokonpou3BoauTenbHast 00pad0TKa JTaHHBIX (IPUHIIUITE K MOJIEIIH )
Kpurepuu s pextuBrHOCTH

MHoroypoBHeBOe MalIMHHOE 00yueHue. Buzyanu3zarus

O6paboTKa eCTeCTBEHHOTO SI3bIKA

[Tporpammusie cpennl u cepBuckl (Hadoop, MapReduce, Spark, Yarn, Cassandra)
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Kpurepuu onienuBanus:

Pesynprarel 3aueta ¢ OLICHKOM OIPENENSIOTCS OLCHKAMHU «OTIMYHO», «XOPOIIO»,
«YIOBJIETBOPUTEIILHOY, «HEYIOBIETBOPUTEIILHOY.

O1eHKa «OTIMYHO» BBICTABIISIETCS, €CJIN JaHbl IPaBUJIbHBIE OTBETHI HA BCE BOIPOCHI 0€3
OLINOOK.

OneHka «XOpoIlo» BBICTABISETCS, €CIM HMMEIOTCS HE3HAYUTEIbHbIE HETOYHOCTH B
OTBETaxX WJIN HE3HAYUTEIbHBIN Ne(UIHT B I€TAIN3ALUN OTBETA.

OneHka  «yAOBIETBOPUTEIBHO»  BBICTABIACTCSA, €CIM  HMMEIOTCS  3HAYUTEIbHBIC
HETOYHOCTHU B OTBETAX WJIU 3HAYUTEIbHBIN NEUIUT B ACTAIN3ALUN OTBETA.

OneHka «HEYIOBJIETBOPDHUTEIBHO» BBICTABIIACTCS, €CIM OTCYTCTBYET IIOHMMAaHHE
IpeaMeTa.

4. OueHouyHbIe MaTepHAaJIbI IS NMPOBEPKH OCTATOYHBIX 3HAHUI
(chpopmupoBannoctu komnerenuuii) (OIK-3, YK-1)

Tect
1. Bribepure Bce BepHbIC YTBEPKIACHUS:
a) IlocnenoBaTelbHOCTh UMEET MECTO B CIIydae, €CIIM HECKOIbKO COOBITHI
CBSI3aHBL IPYT C APYTOM.
0) OtHeceHnne HOBOTO 0OBEKTA K KAKOMY-THOO M3 CYIIECTBYIONIUX KJIAaCCOB
BBIITOJHACTCA IIYTEM K.IIaCCI/I(bI/IKaI_II/II/I.
B) B ciyuae, eciu HECKOIBKO COOBITHIA CBSI3aHBI APYT C APYTOM BO BPEMEHH,
HUMECT MCCTO THII 3aBUCUMOCTHU, HMeHyeMBIﬁ acconuanus.
r) XpaHuMasi peTpocreKTHUBHasI UH(QOpMaIMsl TO3BOJISIET ONPEACIIUTD €IIE OJHY
3aKOHOMEPHOCTb, 3aKTFOYAIOIIYIOCS B TOMCKE CYIIECTBYIONIUX KIIACTEPOB.



2. BbIsgBICHHE JOAIBHBIX WA HENOSJIBHBIX JepiKaTelell KPeIUTHBIX KapT OTHOCUTCS K
3ajaye
a) Kmaccuduxammm
0) Accommanuu
B) IIpornosupoBanus
r) Knacrepuzammn
3. Jlns mocTpoeHus anropuTMa MaltuHHOTO 00y4eHHs TpeOyeTcst TPU THIla BEIOOPOK:
a) OOyuarorast
0) BamumnanmonHas
B) TecroBas
r) CrpatuduuupoBaHHas
n) Ksornas
4. HeiipoceTeBble KIaCCHPUKATOPHI OTHOCSAT K:
a) Ilapamerpuueckum moaxomaam
0) Hemapamerpuyeckum nmoaxoaam
B) I[Iparmatmdeckum moaxomam
r) OKJIEKTUYECKHUM MOIX0
5. WHAyKTUBHBIA NOAXOJ ...
a) K UCCIEJOBAHUIO JAHHBIX MMO3BOJISET TUIIOTE3Y U HAUTH C €€ MMOMOILbIO HOBBIE
MyTH AaHATUTUYECKUX PEIICHUI
0) K MCCIIEJIOBAaHUIO JAHHBIX MPEroaraeT Halu4rue HEKOTOPOoil
c(hopMyIMPOBAHHOM TUIIOTE3bI, TIOITBEPKIACHUE WIIH OMTPOBEPIKEHUE KOTOPOU
MIOCJIE aHAJIM3a JIJAHHBIX M103BOJIAET MOJIYYUTh HEKOTOPHIEC YACTHBIE CBEJICHUS

Kiroun: 1 B) 2 1) 3 2)0)B) 40) 5 a)

HNudopmanus o paspaborunkax

3amatuH Anekcanap Bnaaumuposud, 1-p TexH. Hayk, nmpogeccop, aupextop UIIMKH TI'Y.
Kapes Casarocina BacuibeBud, accCUCTEHT Kadeapbl TEOPETHUECKUX OCHOB MH()OPMATHUKH
HUIIMKH TT'Y.



