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1. Mecto nucuummabl (Moayiis) B ctpykrype OITOIT BO:
JucuumnirHa (MOLyJib) OTHOCHTCS K YaCTH JTUCLMIUIMH OCHOBHOM npogdeccroHanibHoi 00pa3oBa-
TEJIBHOM IporpamMMsl, (GOPMUPYEMBIX YyUaCTHUKAMU 00pa30BaTeIbHbIX OTHOILIECHHUH

2. Bxoanple TpeOoBaHuUs U1 OCBOCHUS JUCHUILIMHEI (MOJIYJIS), IPEIBApUTEIbHbIEC YCIOBHS (€cin
eCTb):

M3y4yeHne qUCHUILTNHBI O0a3upyeTcs Ha 3HAHHUAX 110 MAaTEMAaTHYECKOMY aHaJIHU3y, TEOPHU BEPOSTHO-
CTEii, MaTeMaTHYECKON CTATUCTHKE, ONITUMHU3AIMH B 00bEME, COOTBETCTBYIOLINX OCHOBHBIM 00Opa-
30BaTEJILHBIM ITPOrpaMMaM OakajIaBpHaTa Mo yKpyINHEHHBIM TPYIIIaM HApPaBICHUH U CIICIHAIb-
Hocreit 01.00.00 «Maremaruka u mexanuka», 02.00.00 «KommnbrorepHbie 1 HHOOPMaAIIHOHHBIE
HaYKN»

3. Pe3ynbraThl 00y4eHus M0 IUCHUILTHHE (MOIYIIIO):

Ili1anupyemble pe3yabTaTbl 00y4eHHUs M0 JUCHHILVIHHE (MOTYJII0)

®opmupyemblie KOM-

neTeHUNHU Pe3yabTaThl 00y4yeHus1
(k00 u Haumenosanue (BHanusn, ymenus)
KOMnemenyuu)

[TK-3. CniocobeH pa3-
pabaTbiBaTh U MPUME-

I1K-3.1. CtaBuT 3agauu 1o pa3zpabOTKe WM COBEPIIEHCTBOBAHUIO METO-
JIOB ¥ QJITOPUTMOB JUUISI PEICHHs KOMILIEKCa 33/1a4 IPEJAMETHOH 00I1acTH.

HSTh METOJIBI U QJITO-
PUTMBI MAIIMHHOTO
00yueHust 1y1s perie-
HUS 3aJ1a4.

[TK-3.2. PykoBOJUT HcCIe10BaTENbCKON TPYMION IO pa3paboTKe UK CO-
BEPILICHCTBOBAHUIO METOJIOB M AJITOPUTMOB JIJI PELIECHUS] KOMILIEKCa 3a-
Jla4 MpeIMeTHOM 00JacTH.

4. O6beM DUCHUILTUHBL (MOIYJISl) COCTAaBIAET 5 3.€., B TOM uucie 24 akaJeMHYeCKHX 4Yaca KOH-
TaKTHas padoTa ¢ mpemnojaBaresieM - 12 akaqeMHUYecKuX Jaca 3aHATHN JISKIIMOHHOTO Thma, 12 aka-
JIEMHYECKHX YaCOB 3aHATUH MPaKTHUECKOro TUMa, 156 akageMn4eckux 4acoB Ha CAaMOCTOSITEIbHYIO
paboty oOyJaronuxcs.

5. ConeprkaHue MTUCIHUIUIAHBI (MOJIYJIsI), CTPYKTYpHUPOBAHHOE 1O TeMaM (pa3jienam) ¢ yKazaHueM
OTBEJICHHOTO Ha HUX KOJMYECTBA aKaJeMHUYECKHX YacOB U BUIbl YUEOHBIX 3aHITHIA:

5.1. CtpykTypa TuCHUIUIMHBI (MOIYJIs) IO TeMaM (pa3fenam) ¢ yKazaHueM OTBEJACHHOTO Ha HUX
KOJIMYECTBA aKaJeMUUECKHUX YaCOB M BHUJIbI YUEOHBIX 3aHATUH (B CTPOTOM COOTBETCTBUU C Y4EOHBIM
IJTAHOM)

HaumeHoBaHue HomuHnanbHble TPpya03aTpaThl 00y4ao- Bcero aka-
pa3aeyioB U TeM merocst aeMuye-
JUCHMIIJIMHBI (MO- KonTakTHast padora CKHX 4acOB

ayJast), (paborta BO B3ammopeii-

CTBHUM C MpenoaaBare- ®opma Te-
®opma npomexy- JIem) Camocrosi- KYIIEero
TOYHOI aTTecTa- Buabl koHTaKkTHOI pado- | TeJIbHas pa- KOHTPOJIsA

UM 110 JUCIH- ThI, AKaJleMHYecKHe yacpl | 00Ta o0y4a- ycnesaemo-
IUIMHE (MOIYJII0) HLIErocs, cTu®
aKaJaeMuye- (HauMeHo-
3aHaTHs
[Ipaktu- CKHe Yachl BaHHUe)
JIeKITH-
YeCKHUe
OHHOT'O
3aHATHS
THTIA
Tema 1. Cucremaru- | 2 2 4 24 KOHTpPOJIbHAs




3anus 3a1a4 U Me- pabota

TOJIOB MAIlIMHHOTO

00yueHus

Tema 2. bazoBbie 2 2 4 24 KOHTPOJIbHAs

TEXHOJIOTHUHI pabota

Tema 3. CoBpemeH- 2 2 4 24 KOHTPOJIbHAs

HBIC TEXHOJIOTHUHI pabota

Tema 4. 3amauu ¢ KOHTPOJIbHAs

IEJIEBBIM MIPU3HA- 2 2 4 22 pabota

KOM

Tema 5. 3agauu 6e3 KOHTpPOJIbHAs
2 2 4 22

1[EJIEBOT0 MTPH3HAKA pabota

Tema 6. Cna- pedepar

OOCTpYKTYypHpOBaH- | 2 2 4 20

Hasi “HQOpMAIHsI

[pyrue Buael camo-

CTOSITENIBHOM pabo- | — — 20 20 —

THI (OTCYTCTBYIOT)

IIpomexxyTounas

arrecramnus (dK3a-

MEH)

Hroro 12 12 44 156 —

5.2. Coneprxanue paszieioB (TeM) TUCITUTIIIHNHBI

No HaumenoBanwue pasienoB (Tem)

n/o TACHMIIINHEI

Copnep:xanue pa3aenoB (TeM) AUCHUTUINH

1. Tema 1. Cucremarusanus 3aga4d u

METOJ0B MAIlIMHHOT'O 06yquH$1

OcHoBaHMsI cUCTEMaTH3aIMU: TI0 [[EJIEBOMY MPU3HA-
KY, 110 BBIXOJIHOMY MPU3HAKY, 110 JTJOCTYITHOCTH pac-
MpeIelIeHH, TI0 CTPYKTYPE JaHHBIX, I10 pa3METKe
00yueHus

BUJIbI MOJIETICH: TUCKpUMUHATUBHAS (YHKIIHS, TUC-
KpUMUHATHBHAS! MOJICIIb, TCHEPATHBHAS MOJICITb

2. Tema 2. ba3oBbie TEXHOJIOTHH

bubnuorexa numpy, MoAenb AaHHBIX ndarray, Mexa-
Hu3M broadcasting, BHyTpeHHee MpeICTaBICHUE MO-
Jlenen JaHHbIX

bubnuoreka pandas, UHIEKCHI Ha CTPOKax U CTOJIO-
ax, Mojenb JaHHbeIX dataframe

bubnuoreka matplotlib, mporpaMMHbIil nHTEpPEiic
pyplot

bubnuoTtexka scikit-learn: pa3nen classification, pas-
JIeN regression

bubnuoreka scikit-learn: pazaen model selection
bubnmnoteka scikit-learn: paszen clustering, pazgen
dimensionality reduction

bubnuoreka scikit-learn: paznen preprocessing, pas-
nen feature extraction

3. Tema 3. CoBpeMeHHBIE TEXHOJIO-

T'nn

bubnuoreka tensorflow
bubnuoreka u nporpammubli nHTEpdetic keras

4, Tewma 4. 3agauu ¢ 11€JEBBIM TIPH-

3HAKOM

OuHapHas Kiaccupukaius
MHOT'OKJIACCOBAs! KJIACCU(UKALIHSI




4

¢dynkus noreps: 0-1-loss, meanabsoluteerror,
meansquarederror, cross-entropy

CPEHUM pUCK

OaiiecOBCKUH Ki1accupukaTop

OMIIUPUYECKUN PUCK

oIHOKIIaccoBas kinaccudukarus, P-classification
KJIaCCU(UKALIUSA C TIEPECEKAIOIUMUCS KIIaCCaMH
(multi-label, multi-output)

JETCKIUS

UIEeHTU(DUKAITAS

BepHUpUKaLUs

JIOKAJTM3aIHsI

SVM kak qucKpuMUHATUBHAS (PyHKIUSA

kNN Kak TUCKpUMHHATHBHAS MOJIEIb

JMHEWHBIE MOJICTTH, UX BEPOATHOCTHASI MHTEPIIPETa-
U

po0JieMa CMEIeHUs-UCIIEPCUU

aHcaMOIM Ki1acCu(UKaTOPOB

S. Tema 5. 3agaun 6e3 11€51€BOTO Boccranonenue mioTHOCTH
MpU3HaKa KDE kak reHeparuBHas MOAENb
METO/I TJIaBHBIX KOMITOHEHT
ABTOJHKOJIEPHI
KJIaCTEepU3ALIMS
CerMeHTalus
6. Tewma 6. C1aboCTpyKTypUpOBaH- [TpencraBieHne N300paKCHUIA
Hasi ”HGopMaIus CBepTouHble HEHPOHHBIE CETU

IIpencraBnenue nociaeq0BaTEIbHOCTEN

TekcT Kak ocie0BaTeaIbHOCTh

[TpencraBieHne TEKCTOB B BHIE Metka ciioB. tf-idf
Mopensb a3bika. N-rpaMMBl.

PexyppeHTHBIE HEHPOHHBIE CETH

IIpencraBieHue 2IEMEHTOB ONIUCAHUS KaK TOYEK B
JUHENHOM npocTpaHcTBe (embeddings)

6. ®onn onenouHsIx cpencts (POC, oeHOYHBIE M METOMUECKUE MAaTEPUAITbI) ISl OLCHUBAHHS
pe3yNbTaToOB 00yUYEHUS MO AUCHUILTUHE (MOIYIIIO).

6.1. TunoBsie KOHTPOJIBHBIC 3alaHUA WJIA UHBIC MAaTCPpUAJIbl JJISI TIPOBCACHUSA TCKYUICTO KOHTPOJIA
YCI€BAEMOCTHU, KPUTCPHUHU U HIKAJIbl OUCHUBAHUA (B OTCYTCTBUC YTBCPKACHHBIX COOTBETCTBYIOLIUX
JIOKAJIbHBIX HOPMATHBHBIX aKTOB Ha q)aKy.HBTeTe)

Bormpockl kK KOHTPOJTBHBIM paboTaM

1. Tlokazarenp X B kiaccax K1 u K2 pacnpenenén HopmansHo ¢ mapamerpamu: B K1 marema-
TUYECKOE 0’KMJIaHHE 2, CTAaHAApTHOE OTKJIOHEeHUE 4; B K2 MmaTeMaTnuyeckoe oxkujianue 3,
CTaHJapTHOE OTKJIOHEHHE 1. BbIaenuTs Ha YuCI0BOM OCH 3HaYEHUH TToKazaTesst X 001acTu
OTHeceHus OaifecoBCKUM kiaccudukaropom K kinaccam K1 u K2. AnpuopHsie BEposSTHOCTH
kiaccoB K1 u K2 pasubr 0.6 u 0.4 cOOTBETCTBEHHO.

2. Kaxnplit Tox Bapan nmoapacraeT Ha A% OT cBOero Beca B Havaje rojaa. A — ciy4aiiHas Be-
JUYMHA C M3BECTHBIMU MaTOXHJIaHUEM S5 U aucrnepcueit 1 (oHa 1 Ta e 715 BCeX BapaHOB
BO Bce Tojibl). B Hauasne sxu3HM Kax /bl Bapan umeert Bec 1. [Toctpouts GaitecoBckuii kiac-
cudukaTop JUIs ONpeeIICHHs BO3pacTa BapaHa (ITOJTHBIX JIET) TI0 €T0 BECY, MUHUMHU3HPYIO-




6.

7.

8.
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vt yactoty omuOku. [Ipeanonoxute, 4To pacro3HaBaThCs OyAyT «IOCTaTOYHOY B3pOC-
JIbICe BapaHBbI.

Bri6opka 00bexToB U3 Ki1acca 1 u kiacca 2 onpezensercs TabauamMu HKe. YKa3aTh TYIH-
KOBBI€ TECTHI.

X1 | X2| X3 | X4 X1| X2 X3| X4
06.1 0 11 0 06.10 [1 /0 |O
06.2 0 0|1 1 0621 |0 |1 |0
06.3 1 010 1 0630 [1 /0 |0
06.4 1 0|1 1 0641 |10 |0

TecTupoBanue B 6aHKE CUCTEMBI paCcIlO3HABAHUS ISl ONIPEACIICHHUS] HETOOPOCOBECTHBIX 3a-
EMIIIUKOB BBISIBUJIO CBSI3b MEXK/Y YyBCTBUTEIBHOCTBIO U JIO)KHOU TPEBOTOM, MOKA3aHHYIO B
tabnuie. OnpeneanTs, TPUBEAET JTU IKCILTyaTalys CHCTEMbI K YBEJIMUEHHUIO JI0XOI0B OaH-
ka. OnpenenuTs BO3MOXKHBIN MPUPOCT JO0XO0Aa B pacu€Te Ha OJIHY MOJIaHHYIO 3asBKy. 13-
BECTHO, YTO J0X0J 0aHKa Ha ogHoro 3aéminuka cocrasigeT 40000 neHeKHBIX €IUHULL, I10-
TEpU B pe3yJIbTaTe OTKa3a 3aéMIluKa oT miaTexxen cocrasisator 120000 equnun. Hons He-
JI0OPOCOBECTHBIX 3aéMIIUKOB COCTaBISAET 7%.

YyscCT. Jlox. Tp.
0.02 0.0001
0.12 0.003
0.23 0.05
0.38 0.12
0.47 0.16
0.58 0.19
0.67 0.23
0.78 0.34
0.89 0.52
0.97 0.72

1 0.87

B tabnuie ganbl 3HaueHUs epeMeHHbIX X U Y ISl 4eThIpEX IKcnepuMeHToB. Haiitu ko-
3 GUIMEHT KOPPEISILUU U 3HaYeHU KO3 PUIIUEHTOB a U b JUIs ONTUMAIBHON IO METOAY
HAaUMEHBIINX KBAaJPaTOB JMHEHHON Mogenu Y=a +b*X.

X Y
0.12 52
0.23 37
0.35 17
0.46 2

PaccmarpuBaercs 3a1a4a kiaccuuKanyuy Ha JiBa KJ1acca: MOJOKUTEIbHBINA U OTPUIIATENb-
HBIN. B x01€ TecTupoBanus KiaccupuKkaTopa NolyyeHsl CIeIyoINe Pe3yIbTaThl: MOJHOTA
coctaBisieT 75%, o0mias TouHocTh coctaBiseT 80%. Kakue 3HaueHUs MOXXET MPUHUMATh
TOYHOCTb?

MarazuH cobpail cBeieHus 0 TIOKyIKax (TpaH3akiuu B (haitne). bbuin mocTpoeHs! accorua-
TUBHbIE npaBuia. Kakoe mpaBuiio, copep:xaiiee B yCJIOBHH 2 3JIeMEHTa, UMEeT HauOoJIb-
Y10 TOJJIEPXKKY?

INocynapctBenHast uzbuparenpHas KoMUCCHs 3aUKCUPOBAJIa Pe3yIbTaThl BHIOOPOB 110 Tap-
THUSIM U 10 perruoHaMm (Tabauna B daiine). TpebyeTcs KiacTepu30BaTh PErHOHbI 110 MPaBUITY
K-cpennux s uncia kiaactepoB K ot 1 1o 12. Jlst kakaoro uncina kiaacrepoB K Haiitu
MaKCHUMaJIbHBIN paaunyc kinactepa. [loctpouts rpaduk stoit Benuuunsl ot K. Ha ocHoBanuun
rpaduka npeArnoaokKuTh, CKOJIbKO IPYII PETHOHOB Pa3yMHO BBIIEIUTD [0 UTOTaM BbIOO-
pOB.



9.

10.

NoakownE
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B anroputme BbIunciIeHHs OLEHOK HanmucaTh GOpMyITy JUJIsl UMCIIa FOJIOCOB, €CIIU CUCTEMA
OTIOPHBIX MHOKECTB COCTOUT M3 BCEX HEIYCTHIX MOJAMHOXKECTB, a QyHKIUS OIU30CTH OMpe-
JENISeTCS TOJIBKO OPOTaMH €y, ..., €n.

O6ocHyiiTe crioco0 MOCTPOCHHSI BCEX TYMUKOBBIX TECTOB Yepe3 MPUBEACHUE CUCTEMBI Te-
CTOBBIX ypaBHEHHM K Heymnpomaemon [JHD.

Tems1 i pedeparon

Pacrnio3naBanue pyKONMCHBIX (P, HAMTUCAHHBIX PA3HBIMU JIIOJIbMHU.
Brienenne Ha n300pakeHUH CETMEHTOB KOXKU.

Ileproapl MOKOS U M3BEPKEHUSI T€H3EPOB.

AHanu3 3aBUCUMOCTH BPEMEHU BbLIETa peiica OT MyHKTa Ha3HA4YEHUs.
Amnanmu3 pesyabTaToB EI'D 1o pernonam.

CBs3b CTOMMOCTH IIPOCMOTpPA (PUIIbMA € €r0 XapaKTePUCTUKAMH.
CBsI3b CTOMMOCTH MOHUTOPA C €r0 XapaKTePUCTUKAMH.

6.2. TunoBsie KOHTPOJIbHBIC 3a/IaHWA UKW UHBIC MAaTCpUAJIbl JJIA ITPOBCACHU S HpOMe)KYTOqHOﬁ aT-
TECTAlUU 11O JUCHUIIIIMHC, KPUTCPHUU U IIKAJIbl OLICHUBAHUA

Bomnpocsl k 3x3ameny

1.

o

10.

Mecto u ponb MAJl B COBpeMEHHOM CTPYKTYype 4yesioBeueckon aesteiabHoct. Mecro A
B IIepeJjaye HayYHOr' O 3HaHHs. Y POBHU TEXHOJOTUN aHAIN3A JaHHBIX, UX HA3HAYEHUE, Me-
cto MAJI B rexnonorusix AJl. [lonsiTue 0 MoJIeIMpOBaHUM pPeaJbHOIO MUpa B Hayke. Ouzu
yeckas Mojiennb. Mojens “pematens’”’. MadopmarimonHas Moieib. OBpUCTUYECKAST MOJIEIb.
OcnoBHnast ocooenHocts A/ (0OydeHue u 3KCIuTyaTalus 3BpUcTHYeCKON HH(POPMAIIMOH-
HOM Mozenn). [ToHsATHE O MalIMHHOM O0y4YEHUH.

Ocuosuble Mozenu nanaeix (dataframe, multidimensional, similaritytensor, transactional).
Nx Ha3HaueHHe Hay4HOE, TEXHOJOTHYECKOe. | OMOT€HHBIE U T€TEPOre€HHBIE MOJCIIH.
dynnamentanbHble 331a4u Al 1 OCHOBHBIE HHCTPYMEHTHI CTaTUCTUKHU. [Ipukiannas
xu3Hb MAJl: nekoMmno3uIus coiepKaTenbHBIX 33/1a4 MpeaMeTHoli obnactu. Hayunas
xu3Hb MAJL: cBeneHue K 3aqauaM GpyHIaMeHTaNbHONH MaTeMaTuku. O0yueHue u SKCITya-
Tauus B (QyHAaMeHTalIbHbIX 3a/1a4aX. OCHOBAaHUS TAKCOHOMUH (CIIOCOOBI TPYNITUPOBAHMUS)
(dbyHIaMeHTaNbHbBIX 33/1a4. TaKCOHOMUS M0 HAJTMYUIO B UCXOHBIX JaHHBIX I€JIEBOTO TIPH-
3HaKa. TakCOHOMUS IO MOJENSAM JAHHBIX: B pa3pe3e HCXOAHBIX IAHHBIX, B pa3pe3e pe3yJib-
TaToB.

Monenb 1aHHBIX «IIPU3HAKOBOE ONUcaHue 00beKTOBY. [IoHsATHE O MIKanax 3Ha4eHU aTpu-
oytos. [IpencraBneHune pesiiIHOHHBIMA TEXHOJIOTHSAMHU. CXEMBI «3BE3a» U «CHEKHHKAY.
MHoromepHast MoJieNb JaHHBIX. [ pynnupoBaHue 00bEKTOB KakK Nepexo]] K MHOTOMEPHOM
MOJIEJIA JaHHBIX. AHAIMTUYECKUE MTpocTpaHcTBa. 3mepenus u kareropuu. [lokazarenu.
Heranuzanus. OyHKUUHM arperupoBaHusl, TUIBI TOKA3aTEIEH MO arperupoOBAHUIO.
Tpan3akinoHHast MoJieb JaHHBIX. CBsI3aHHBIE C HEH 3a7auH.

O6mras 3anava knaccudukamnuu. [loustre 06 oOydeHnn u ucnoiab3oBanun. OOBEKT, MO-
Jelb, AITOPUTM-KIaccuukaTop. Y HUBepcalbHbIe OTPaHHYCHUSI.

JlokanbHblie orpannyeHus. ONTUMU3ALMOHHBIN 0oAX0 . PYHKIIMOHAJIBI KAYECTBA HA pa3Me-
4eHHOU BbIOOpKe. YacToTHRIE PyHKIIMOHATBI KadecTBa. Ciyuait OMHapHOU KilacCH(pUKAIIUU.
CroumocTtHble PyHKIIMOHAIBI KauecTBa. HecooTBeTCTBHE YaCTOTHBIX M CTOMMOCTHBIX
(YHKIIMOHAJIOB KayecTBa YeJI0BEYECKOMY MOBEICHUIO.

[Toaxoapl K MHOTOKPUTEPUAIIBHON ONTUMHU3ALIH.

[TonsiTre GaliecoBCKOro KiacCu(pUKaToOpa Kak ONTUMAIBHOTO aJITOPUTMA pacTiO3HABAHMUS.
Krnaccudukaropbl, o0CHOBaHHbBIE HA UCIIOJIb30BaHUU (opMyibl Baiteca. JInHelHbIi nucKpu-
MuHaHT Puiepa. Jlorucrtuyeckas perpeccus.



11.
12.
13.
14.
15.
16.
17.

18.
19.

20.

21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.

35.

36.

37.

38.

39.

Metpudeckre METOIbl pacro3HaBanms o0pa3oB. Meton k Onmxaitmux coceneii. B3pemien-
HO€ roJI0cOBaHuE. MeTo1 Map3eHOBCKOr0 OKHA.

MeTtpuueckue MeTobl pacro3HaBaHus 00pa3oB. Saposas ouenka miaotHoctH (kernel
density estimation), cBsi3b ¢ MeTO1aMu K OKalIMX COceIed U Map3eHOBCKOTO OKHA.
Merpudeckue METO/IbI pacio3HaBanus 00pa3oB. [Ipokisitue pasmeproctu (curse Of
dimensionality).

®opmarsl npeacTasienus nHdopmanuu. TekcToBble (aiinel, ux aTpulOyTHl, Mpobdiaema
orpeiesieHus aTpuOyTOB.

TexkcroBbie hopmathl peacTaBieHus Tabaui: separate dvalues, delimitedtext. Dxpanupo-
BaHUE CUMBOJIOB.

@®opMathl IpeICTABICHUS TPAH3aAKIMOHHBIX JaHHBIX.

Juarpammsbl 711 HAOOPOB TOUEK U3 KOHEUHOMEPHBIX €BKJIMI0BBIX IPOCTPAHCTB.
JlnarpaMMmsbl 111 MHOTOMEPHOW MOJENN JaHHBIX. CUCTEMBI OTYETHOCTH.

3asiaya BOCCTAHOBJICHUS PETPECCUN: AIIITPOKCUMALIMOHHBIN MOJX0/l, CTATUCTUYECKUH MO~
xox. [Ipocras perpeccusi. MHOecTBeHHast perpeccus. [lonck koaddunmentor mo MHK.
Henocratku MHK. TpéxxoMIOHEHTHOE pa3oKeHHEe OMTHOKHA PErPECCHOHHBIX MOJICIICH.
Perynspuzamnus no TuxoHoBy. ['peOHeBas perpeccusi, jJacco, 3JaCTHUHBIE CETH.

Mozenb 1aHHBIX «KMETPUUECKHUE TEH30PbI», TOMOTE€HHBIE U T€TEPOre€HHbIE MHOIOMEPHbBIE
MaTpHUILIbl CX0/CTBa. ['pymnnupoBanre 00bEKTOB KaK KJIACTEPU3AIIHs 10 METPUUYECKIM OIHU-
caHusAM. [ 'oMoreHHast KilacTepu3alus, OMKIacTepu3alys, MyJIbTHKIAcTepu3alms. OCHOB-
HBIE TUIIBI PE3YJITATOB KJIacTEepHU3aliy (IIJI0CKasl, MOCleoBaTeIbHas MIIOCKas, HepapXude-
CKasl, HeuéTKas, CTOXaCTHUEeCKasl, paHroBast).

[Tnockast knactepusanus. 3agaya u Metoa k-means.

[TocnenoBarenbHas miuockas kinacrepusauusa. Merog @OPEJIb.

Uepapxuueckas kinactepusanus. [JuBuzuBHas. AriiomepaTuBHas, GyHKIIMOHAIBI CBI3U
(linkage).

ROC ananus.

Jluneiinas mozeinb. JInneliHas MalmHa Kak METo1 00yUYeHUs TMHEHHON MOJIeH.
JIuneitnas Moaens. MeToa OOPHBIX BEKTOPOB.

Mopaens nepuentpona Pozenbnarra. Meton ero ooyuenus. Teopema HoBukona. Ilepexon
OT CABUTA K (PUKTUBHOMY MPU3HAKY.

MHorocnoiiHsle nepuenTpoHsl. Metoa o0paTHOro pacnpocTpaHeHus: oluoku. OyHKIUU
aKTUBAIIUH, YIOOHBIE /Ul PACIPOCTPAHEHHSI OIITHOKH.

MHorocnoiiHsle nepuenTpoHbl. BO3MOXHOCTB pa3ieeHrs MHOXKECTB ISl IEPLENTPOHOB
pa3HOM TITyOHHBI.

Pemaromue nepesbs.

AJTOpUTMBI, OCHOBaHHBIE Ha TOJIOCOBAHUS MO0 HAOOpaM 3aKOHOMEPHOCTEH.

Bagging. Boosting. Pemarommesneca (random forest).

JIuneiiHbIe METO/IBI pacnio3HaBaHus 00pa30B. JInuHelHas perpeccust METO10M HaUMEHbIINX
kBazpatoB. Jloructuueckas perpeccus. BeposTHOCTHas MHTepIpeTalus METO0B.
[TepeoOydenue. Perynspuzamms. OCHOBHBIC METOABI PETYIISPHU3ANNN JTUHEHHBIX MOICIICH
(L2, L1, elasticnet), nx cBoiicTBa. Mexanu3m rpeGHeBoi perpeccun noapoodHo. Bepost-
HOCTHAs UHTEPIIpETAIs perysipu3aiiy.

SVM. IlocTanoBka 3a1a4u, BUJ] pellIeHus, TOHATHE OMOpHOTo o0bekTa. Henmnueiinoe 0600-
menre SVM (kernel trick), onpenenenue sapa, IpuMepsbl.

Pemaromue nepebst. KaqHbli aropuT™ NOCTPOEHUS pelaroniero aepesa. Kpurepun
BETBJICHUS (SHTPONUNHBIN, J>KUHN), X 0OOCHOBaHUE.

Komnozunum pemaromux npaBuil. byCTHHT: TOoCTaHOBKA 3aa4u, UJes XKaIHOTO aJlTOPUTMA.
AdaBoost, rpaguentssiii OycTuHr, AnyBoost.

Kommosurun pemaromux mpaBui. CToxacTuueckue MeTobl: bagging (+ bootstrap), RSM.
Cayuaiinsle teca. OO0CHOBaHHE CTOXaCTHUYCCKHX METOI0B: bias-variance decomposition.
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40. Heliponnsle cetu. Yucno cio€B u anmpoKCUMallMOHHBIE BO3MOKHOCTH CETH, TPUUUHBI TITY-
6okoro obyuenus. Metox obpatHoro pacrpoctpaneHus omuoku. Dropout, batch
normalization.

41. Ananu3 uzo0Opaxxennii. CBEpTOUHBIC HEUPOHHBIE CETH, PEIICHHUE 3a/1a4l KIaCCU(PUKAIIH.
3ajaua cerMeHTaIuy N300paKeHH: TTOCTaHOBKA, uaes pemenus. Upsampling (moaxomsl).

U-net.

42. Ananu3 n3obpaxenuii. CBEPTOUHBIC HEHPOHHBIE CETH, PEIICHHE 33/1a41 KITacCH()UKAIHIH.
3amaya JIOKaJIM3aluu 00beKTa Ha N300pakeHUH: TOCTAaHOBKA, U/Ies PELICHUS.

43. Ananu3 n3obpaxeHuidi. CBEPTOUHBIC HEHPOHHBIE CETH, PEIICHHE 33/1a41 KITacCH()UKAIIH.
3anaga oOHapy)KeHUs 00BEKTOB: OCTaHOBKA, o1x0bI K pemenuto (R-CNN, FastR-CNN,
FasterR-CNN).

44. Ananmu3 TexcToB. [IpencraBienue TekcToB B Buze Merka cioB. tf-idf. Moaen psasbika. N-

I'paMMBI.

45. Ananu3 TekcToB. CKpbIThIE MapPKOBCKUE MOJENHN, AIrOpUTM ButepOu. Ilpumenenue ckpbl-
TBIX MAapKOBCKUX MOJEJIEH ISl BBIIEICHUS YaCTeH PEUn.

46. Ananu3 nocienoBarenbHOCTEH. PekyppeHTHbIe HelipoceTH, pa3Hble KOHQUTYPALMU BXO1a U
BbIxoJ1a. O0y4yeHue reHepaTopa TeKcTa. 3ajada ONnucaHus H300pakeHUH MpeI0KEeHUSIMU
Ha €CTECTBEHHOM SI3BIKE.

47. PexyppentHble HelipoceTu. [IpoGnema B3pbiBa U 3aTyxaHus rpaaueHToB. LSTM.

HIKAJIA U KPUTEPUU OHEHUBAHUSA pe3yabtratoB 00ydyenus (PO) no gucnuninne

OueHka
BHUJIBI OLIEHOY-
HBIX CPEICTB

2 (HE 3a4TEHO)

3 (3auTeHo)

4 (3a4TEHO)

5 (3a4TeHo)

3HaHusA OtcyrcTBHE @parmMeHTapHbIE OOmwme, HO HE CdhopmupoBaHHbIe
(6u0dbl  oyeHou- 3HaHUH 3HaHUS CTPYKTYPHUPOBaHHBIC | CHCTEMAaTUYCCKHE
HbIX  cpeocme: 3HAHUS 3HAHUS
onpoc, mecmui)
Ymenust OrtcyTcTBUE B nenom ycnem- | B menom ycnemHoe, | YCHEMIHOE U CH-
(6uovl  oyeHou- YMEHHH HOE, HO HE CH- HO coJiepxKallee oT- CTeMaTHYECKOe
HbIX — Ccpeocme: CTEeMaTHYeCKOe JeNTbHBIC TIPOOEIThI yMEHHUE
npakmuyecKue yMEHHE yMeHue (JoImycKaer
3a0aHus) HETOYHOCTH He-

MPUHIIUITAATBHOTO

XapaxkTepa)

HaBbikn OtcyTtcTBUE Hanuuue ot- B nenom, chopmu- | ChopmupoBaHHbIe
(B1anenus, HaBBIKOB (BNIa- | JICJHHBIX HABBI- pOBaHHBIC HABBIKU HaBBIKY (BIIaje-
ONBIT JesiTeJb- | JICHUH, OTbITA) KOB (Haln4ue (BajeHwus), HO UC- HUS), IPUMEHsIe-
HOCTH) (bparmeHTapHOTO MOJIb3yeMbIe HE B | MbI€ TIPH PEIICHUHN
(6udbi  oyenoy- OTIBITA) aKTUBHOHU (opme 3a1a4y
HbIX  cpedcms.

8bINOIHEHUEe U
3awuma  Kypco-

6ot pabomuol,
omuem no
npakmuke,  om-

yem no HUP u
m.n.)

7. PecypcHoe o0ecrieueHue:

7.1. IlepeueHb OCHOBHOM M IONIOJIHUTEILHOM JINTEPATyPhl

OcHoBHas nuTeparypa
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1. ®nax I[1. MammaHOe 00yueHnne. Hayka 1 MCKyCCTBO MOCTPOCHHS aJITOPUTMOB, KOTO-
pble u3BieKaroT 3HaHus u3 AaHHbX. — M: JIMK Ilpecc. — 2015. — 400 c. ISBN 978-5-97060-
273-7 (Flach P.Machinelearning: theart and science of algorithms thatmakesense of data. —
Cambridge University Press, 2012)

JononHuTenpHas IMuTeparypa
1. Bishop C. M. Pattern recognition and machine learning. — Springer, 2006

2. .Kooaneo JI. II., Puuapt B. IloctpoeHue cucteM MalIMHHOTO OOyYEHHsI Ha SI3bIKE
Python. — M: JIMK IIpecc. — 2016. (Coelho L. P., Richert W. Building machine learning
systems with Python. — 2nd ed. — Packt Publishing Ltd, 2015.)

3. Max Kuhn, Kjell Johnson. Applied Predictive Modeling. — Springer, 2013.

4. Hastie, T., Tibshirani R., Friedman J. The Elements of Statistical Learning: Data Mining, In-
ference, and Prediction. — 2nd ed. — Springer-Verlag, 2009. — 746 p. — ISBN 978-0-
387-84857-0.

5. Kypasnes 1O. U., Pszanos B. B., Cenbko O. B. «PacnioznaBanue». MatemaTuieckue MeTo-
nel. [Iporpammuas cucrema. IIpaktuueckue npumenenus. — M.: ®@asuc, 2006. ISBN 5-
7036-0108-8.

6. 1.H. Witten, E. Frank Data Mining: Practical Machine Learning Tools and Techniques. —
2nd ed. — Morgan Kaufmann, 2005 ISBN 0-12-088407-0

7. lnesunrep M., ['maBau B. [lecsaTh nekuuii Mo CTaTUCTUYECKOMY M CTPYKTYPHOMY pacmo-
snaBannio. — Kues: HaykoBa qymka, 2004. ISBN 966-00-0341-2.

7.2. llepedeHb JHMIIEH3MOHHOTO MPOTPAMMHOTO OOECHEYEHHUs, B TOM YHCJE OTCUYECTBEHHOTO
IIPOU3BOJICTBA
[Tpu peanuzanuy AMCHUIUIMHBI MOXKET OBITh HCHOJIB30BAHO CIEYIOLIEe IPOrpaMMHOe obecrie-
YEeHHE:

Onepannonnas cucreMa ALT Linux MATE Starterkit 9 aunensus GPL
Oneparmonnas cucrtema Microsoft Windows 10 Education akagemudeckas qTuiieH3us
[Tporpammusiinpoaykr Python 3.5.1 (64-bit)Python Software Foundation
Craructuueckuii naker MATLAB (unu cBoOonHbIM ananor Octave)

el N

7.3.  Ilepedens npodeccnoHaIbHBIX 0a3 TaHHBIX U HHOOPMAIIMOHHBIX CITPABOYHBIX CHCTEM
1. http://www.openet.ru - Poccuiickuii mopTai OTKPBITOro 00pa3oBaHus

2. http://www.mon.gov.ru - MunHCTepcTBO 00pa3oBanus U Hayku Poccuiickoit denepa-

101207
7.4. llepeueHb pecypcoB HH(OPMALIMOHHO-TEIEKOMMYHUKAIMOHHON ceTH « THTepHeT»
1. mmp.cs.msu.ru
2. www.machinelearning.ru

7.5.  Omnucanue MaTepUalIbHO-TEXHUYECKOTO 00ecIeueHusl.

OO6pa3zoBarenbHas OpraHMU3alus, OTBETCTBEHHAS 3a peanu3anuio JaHHoi [IporpaMmel, pacronaraer
COOTBETCTBYIOIIEH MaTepUaTbHO-TEXHUYECKON 0a30H, BKIIIOYask COBPEMEHHYIO BBIYMCIUTENbHYIO
TEXHUKY, OOBEIMHEHHYIO B JIOKAJbHYIO BBIUMCIUTEIBHYIO CETh, UMEIOIYIO BbIXOA B MHTEpHeT.
Hcnonp3yroTes crenuaan3upoBaHHbIE KOMIIBIOTEPHBIE KJIACChI, OCHAIICHHBIE COBPEMEHHBIM 000-
pyaoBanueM. MarepuasnbHas 6a3a COOTBETCTBYET JEHCTBYIOIIMM CAHUTAPHO-TEXHUYECKUM HOpMaM
U o0ecreurBaeT MPOBEIEHUE BCEX BUJOB 3aHATHH (Ja00paTopHOM, MpakTUYeCKOW, AUCIUILITHHAD-


http://www.machinelearning.ru/
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HOM M MEXIUCHUIUIMHAPHOW MOATOTOBKH) M HAYYHO-HCCIIEIOBATENbCKON paboOThl 00yUarommxcs,
MPEyCMOTPEHHBIX YICOHBIM IIJIAHOM.

8. CootBercTBHE pe3ynbTaToB 00ydeHus mo ganHomy snemeHTy OIIOII pesynbTaram ocBOEHUS
OIIOII yka3ano B O6mieit xapakrepuctuke OITOIT.

9. Pabouas nmporpamma BHeJIpeHa B cooTBeTcTBUU ¢ CoralleHueM O MpeJoCTaBIeHUuH U3 dene-
panmbHOrO OrO/KETa TpaHTOB B (hopMe cyOcuamii Ha pa3pabOTKy Mmporpamm OakanaBpuara U
IporpaMM MarucTpaTypsl IO NPOQUII0 «UCKYCCTBEHHBIM MHTEIUIEKT, a TAK)Ke Ha MOBBIIICHUE
KBaJTM(HUKAIMY MEAarOrHuecKuX pabOTHUKOB 00pa30BaTEeNbHBIX OpraHU3alMii BBHICIIETO 00pa-
30BaHMS B cpepe MCKYCCTBEHHOTO MHTEIIEKTA, 3aKIFOYEHHBIM «29%» ceHTsops 2021 r. Ne 075-
15-2021-1036 mexay MI'Y umenu M.B.JlomonocoBa 1 Munoopuayku Poccuu.



