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AHHOTANMA
JucuuiivHa cCoCTOUT U3 JBYX MOAYJICH:
Monyns 1. Aranu3 nanabix B Python u BBe/ieHue B MalimHHOE O0y4YeHIE
Monyns 2. MammnaHOe 00yueHHe

[To uroram oOydenust obyuaromuiicst Oyaer crnocodeH GopMann30BaTh U aNTOPUTMHU3UPOBATH TOCTABIICHHYIO
3ajaqy, Hamucarb MPOTPAMMHBIAKOJ C WCIIOJIb30BAaHHEM S3BIKOB MPOTPaMMHPOBaHHSA, O(QOPMUTH KO B
COOTBETCTBUH C YCTAHOBJICHHBIMU TPEOOBAHUSIMHU.

1. lean u 3apa4un

]_le.]'lb JAUCHUIIINHBI

- (QopMHpOBaHHE/COBEPIICHCTBOBAHUE  KOMIIETCHLMH  CiyliareJell B 00JacTd  pereHHs
npodeccHoHaNBHBIX 3a/1ad M0 paboTe ¢ JaHHBIMHU C MOMOIIBIO KaK OCHOBHBIX, TaK M HPOIBHHYTHIX
METO/I0OB MAIIMHHOTO 00YYEeHHS, a TAK)KE METOJ0B IITyOOKOTO 00yUeHHSI.

33)13‘11/[ JAUCHUIIINHBI
- HAYUYUTBCA UCIIOJIb30BATh OUOIHOTEKH PythOl’l JUIA pa6OTBI C JaHHBIMH,
- C(i)OpMHpOBaTB YMCHHUC HAITIAAHO NPCACTABIIATE PE3YJIbTAThI pa6OTBI C JaHHBIMH,
- HAYUYUTBCA pCUIaTh MPOCTHIC 3aa9 MAILTUHHOT'O O6yLICHI/I$I C YYUTCJICM U oe3 YUUTCIIA,
- C(i)OpMHpOBaTB YMCHHUC pCHIATh IMPUKIIAAHBIC 3a/1a91 MAIlIMHHOTO 06y‘leHI/I$[;
- HAYUYUTHCA pCIIATh NPUKIIAJHBIC 3a1a491 FJ'IY6OKOFO OGy‘iCHI/ISI.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronux KOMHeTeHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHI[I/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

VYK-3.1 Opranuszyer u KOOpAMHUPYET pabOTy y4acTHHKOB
VK-3 CriocoGeH 0Opranu30BbIBaTh U PyKOBOAMTE [[IPOEKTA, CIOCOOCTBYET KOHCTPYKTHBHOMY HPEOIOJICHHUIO
paboTO KOMaH 1B, BHIPA0ATHIBAs KOMAH/HYIO |BO3HMKAIOIIMX PA3HOIIACHH U KOHQIMKTOB

CTPATETHIO JUISl TOCTUKCHHS TI0CTaBICHHON VK-3.4 CnocoleH I1ulaHMpOBaTh KOMaHIHYIO paborty,

neJim pacnpeaeaTh MOPYyYCHHUs YICHAM KOMaHJbl, OPraHM30BaTh
00CyXJIeHUE pa3HBIX UJICH 1 MHEHHUI

OIIK-6 Criocoben BbIOupath u (MIn) OIIK-6.2 CnocobeH pa3pabaTbiBaTh U MOJCPHU3UPOBATH

pa3pabaThIBaTh MOAXO/BI K PEIICHHIO TUIIOBBIX |[IPOrpaMMHOE U arraparHoe obecrieueHne

1 HOBBIX 33724 B 001acT HHQOPMATUKH U WH(POPMALIMOHHBIX U aBTOMaTU3UPOBAHHBIX CUCTEM

BBIYUCIIUTEIILHOMN TCXHUKU, YUUTLIBAA
O0COOCHHOCTH U OrpaHU4YCHUA Pa3JIMYHBIX
METOHOB PCIICHUA

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHHUILIHHE (MOIYJII0)
B pesynbsrare oCBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:




— BO3MOXKHOCTH OCHOBHBIX OMOJIMOTEK, UCTIONB3YEMbIX /U1l aHAIN3a JaHHBIX;

— kak Oubnmorexka NumPy moMoraer B Hay4YHBIX BBIYUCICHHUAX U 00pabOTKe JaHHBIX;

— TOHATHS BEKTOpPAa M MAaTpPHUIbl, BEKTOPHOTO MPOCTPAHCTBA, HOPMBI BEKTOPA, OPTOrOHAIBHOCTH U
THIIEPIUIOCKOCTH;

— Kak BBITNOJIHATH 0Aa30BbIE ONEpalvi HaJl BEKTOPAaMH U MaTPUIIAMU;

— B Kak®X c(hepax NpUMEHSETCS MAallHHHOE 00y4eHHE;

— OCHOBHBIE MOHATHS MAIIMHHOIO 00y4eHUs: 1araceT (BbIOOpKa), OOBEKT, IPU3HAK, TAPTeT, MaTpHLA
O0BEKT-NIPU3HAK, MAITHHHOE 00YYEHHUE C YUHUTEIIEM, TapreT, MOJeIb, pecKa3anue, QyHKIHS MOTepb,
napamerp, Tunepnapamerp;

— (opMaIbHYIO TIOCTAHOBKY 33/1a4¥ MAIIMHHOTO OOYYEHHS C YUUTEIIeM;

— OCHOBHBIE TIOHSTHUS TEOPHU BEPOATHOCTEH;

— TIOHSTHE YCIOBHOW BEPOSTHOCTH, TUCKPETHBIX H HETIPEPBHIBHBIX CIyYaiHBIX BEJIHYHH;

— ILEHTpalbHYIO IPENEIBbHYIO TEOPEMY U TeopeMy baiieca;

— B KaKHX 33Ja4ax MOXXHO IPUMEHHUTH HauBHbBII baliecoBckuii kiaccugukarop;

— BUJbI, HCTOYHUKH U CTIOCOOBI XpaHEHHS JaHHBIX (CSV, tsv-(hainbl u apyrue);

CTPYKTYPBI JaHHBIX W HMHCTPYMEHTHI, NpefocTaBisieMble OuOmuorekor Pandas mis pabotsr ¢
TAHHBIMH;

— TEPMHUHOJIOTHIO, UCTIONIE3YEMYIO B MAIIMHHOM OOY4CHHH;

— BUJBI JIMHEHHBIX MoJIeNiel 00yUeHUs, METPUKHA U3MEPEHUS KaueCTBa JTMHEHHBIX MOJIEICH;

— 0azoBble cBeleHH 00 aHCaMOJIEBBIX MOJCIISIX;

— TIPOU3BOJUTENBHOCTH aHCAMOJIEBBIX MOZIETICH;

— B KaKHX 33Ja4ax MAIIMHHOTO O0yYeHHS UCIIONb3YIOTCS JTMHEHHBIC MOJICIIH;

— TteopeMy ['aycca-Mapkoga;

— 9TO TaKo€ TPaueHT QyHKIINY;

— METO/bI ONITUMH3ALINH;

— TIOHSTHUS MPABIONOA0OUS B 3aJa4aX MAIIMHHOTO O0yUCHHS;

— Kak HCIOJIb30BaTh MOJIENb JIOTUCTHYECKOW perpeccud B 3ajlauaX OWHAPHOW M MYJIBTHKIACCOBON
KJIaCCU(HUKALIUH;

— Ppa3IMYHbIC METPHKH OLIEHKH KaueCTBa KIACCHU(PUKAIIHN;

— KOTHUTHBHBIC 3aKOHBI U TIPHHLUITEI BOCTIPUSTHS HH(OPMAIIH YEITOBEKOM;

— BHJBI TpadUIECKOro MPEACTAaBICHHUS JaHHBIX U CUTYallul UX UCIIOJIb30BAHUS;

- METOIbl KJIACTEPH3aLMH W METOAbl TOHWKEHHS pPa3MEPHOCTH, NPUHIUIBI TTOCTPOCHUS
PEKOMEH/IaTEIbHBIX CUCTEM;

— METOJI OTIOPHBIX BEKTOPOB, UCIIOIb3YEMBbIii IS 3a/1a4 KJIaCCU(UKALIUU U PErPECCHOHHOTO aHAIIN3a;
— cnocob co3aHMs HETMHEHHOTo KIacCHU(UKaTopa ¢ MOMOIIBIO TaK HA3bIBAEMOTO SJEPHOTO TPIOKA
(kernel trick);

— METPUKH OLICHKH KauecTBa KIacCH(PUKAIIH;

— ROC-AUC;

— apxutektypy Transformer;

— TPUHLUIT TO3UIUOHHOTO KOAHPOBAHHUS;

— Kak paboraet nexoxep B Transformer;

— wmoxens ELMo;

— wMogaens BERT;

— 3a/1a4y S3BIKOBOTO MOJICIIMPOBAHUS;

— CBOIiCTBa HOPMAJILHOTO PACIIpEICIICHHS;

—  KakK UCIoib30Barh Oubmmorexu Python st aHanmM3a MaHHBIX B HEKOTOPBIX 3a7adyaX MAalIMHHOTO
o0y4eHust;

— TEPMHUHOJIOTHIO, UCTIONIB3YEMYIO B HEHPOCETSIX;

— apXUTEKTYpbl HEUPOHHBIX CETEM;

OCHOBHBIEe OnbHMoTeku Python, ncnonb3yemsie 11st pabOTHI ¢ HEHUPOCETSIMU;

BO3MOXKHOCTH OnOnmoreku matplotlib 11 mocTpoeHust pa3aMyHBIX BUJOB TpadUKOB M HACTPOUKH
UX OTOOpaKeHHS;

— 00 MHCTpYMEHTAaxX JUIsl BU3yaln3alliy JaHHBIX, HCIOIb3YEMBIX B pa0OTe aHATUTHKA;

—  (yHKIHMOHAJbHBIE BO3MOXXHOCTH cepBuca Yandex Datalens ans mocTpoeHHs M HaCTPOWKH
rpauKoB;

KpUTEpUU HH(POPMATUBHOCTH: SHTPOIUIO U KpuTepuil KuHuM;

Kak MCII0JIb30BaTh PEIIAIOIINe JICPEBbs B 3aJa4€ PErpeccu;

9TO TAKOE MEXaHW3M BHHMaHHS;

— 0COOEHHOCTH MOJIeN TyboKoro oOyueHus Seq2Seq, U Kak ee MCIIONB3YIOT B 3aja4e MallMHHOTO
oOyueHus;

— Self-Attention;

— Multi-Head Attention;

— Ppa3iIMYHbIC TEXHUKH aHCAaMOIMPOBAHUS U TEOPETHYECKHE MPEANOCHUIKY K X IPUMEHEHHIO;



YMETb:



—  HCHOJNB30BaTh 0a30BBbIC ONEPALUH 10 PadOTe C MACCHBAMH, MaTEMAaTHYE€CKHE U CTaTUCTUYCCKUE
¢byHknnu 6ubmuorexu NumPy i peneHust npuKiIaIHbIX 3a/1a4;

—  pematb CUCTEMBl JIMHEHHBIX ypaBHeHHH B Python maTpuuHbIM MeTOnOM, pemiath 3aJadu C
[IOMOILBI CUCTEMBI JIMHEHHBIX YPaBHECHUH;

— mnpumeHsaTh NumPy 11 paboThI ¢ BEKTOpaMH ¥ MAaTPHILIAMH;

—  BBIYUCIIATH KOCHHYCHYIO Mepy OJM30CTH BEKTOPOB M HMCIIOIb30BaTh €€ sl HAXOXKICHUS Pa3HUIIbI
MEXIY CJIOBaMH;

— mnpumeHaTh Metoq kNN aist penienns 3a1a4 MalnHHOTO 00y4eHMs;

— BBINOJIHATH BHITPY3KY JaHHBIX C HCIOJIb30BaHUEeM OuOmrorekn Pandas;

—  TPOBOAMTH MpPEBAPUTEIBbHYI0 00pabOTKY IaHHBIX C HCIIONb30BaHWEM Oubnmuorekn Pandas —
noiy4dars uH(opmanuio o DataFrame, paborars co CTpOKaMu U CTOIOLAMH;

— OCYLIECTBIIATH IPYMIIUPOBKY M arperanuio Tabiaul ¢ ucrons3oBanueM Pandas;

— CTPOUTH MOJEIH JIMHEHHOW M JIOTUCTHYECKOM PErPeCCHH C UCTIONb30BaHKeM Onbdimnorexk Python;

— PpacCUUThIBaTh METPUKY KaueCTBA JUHEHHOMN U JIOTUCTUYECKON PErPECCHY;

— CTpOUTH aHCAMOJIEBBIC MOJICIH — PEIIaroIIee AEPEBO, CITyYaifHbIi Jiec, TPaAUueHTHBINA OyCTHHT;

— (hopMaJIbHO MTOCTABUTH 3aJ]a4y JIMHEHHON perpeccuy;

— wucnoib3oBark L1- u L2-perynsipusanmu [uis penieHus 3a1a4 MalliHHOTO 00y YeHHUS;

— pelaTh 337a4u ONTUMHU3AINU IPAIUEHTHBIMU METOIaMH;

— peumiath 331a4u JTMHEHHOH KiIacCH(UKAIMU B MAIIUHHOM OOyYCHHH;

— BBINONHATH MpaKTUYECKUE 3aJa4H U IPOSKTHI B KOMAH/IE;

—  monyuuth uMH(popmanuio o DataFrame, BBIYMCIUTH OmnmcaTeIbHBIE CTATUCTHKU JUIS YHCIOBBIX
JAHHBIX, 00paTUThCA K 31eMeHTaM DataFrame mo mHIEKCy U OpSAKOBOMY HOMEPY, H3MEHHUTh HHJECKC;

—  BBINOJHATH MOKCK, (PUIBTPAINIO U cOpTUpOoBKY DataFrame ¢ mpumeHeHneM MeTOl0B OHOIUOTEKH
Pandas;

—  BBIYHCIATH CTATHCTHKY II0 NPH3HAKaM, MPUMEHATh (YHKIHMU K JAHHBIM, PAaCCUMTHIBATH HOBBIC
3HAYCHNS;

— paboTaTb ¢ HECKOJIBKUMHU TaOJIMLIaMH C TOMOILBI0 MHCTPYMEHTOB Oubnuoreku Pandas;

—  peaJn30BaTh METOIbI KJIACTEPHOTO aHAlIM3a Ha NPHMEPE HCKYCCTBEHHBIX IAHHBIX, BBIOIHHUTH
pacdeT OICHOK KayecTBa KJacTepu3aliy ¢ moMonibio oudmrorek Python;

— peann3oBaTh METO/bI IIOHWKEHUS Pa3MEPHOCTH IPUMEHHUTENBHO K AaTaceTy ¢ nmomouibio Python;

— COCTaBHTb MaTPUILy PEUTUHIOB C MOMOLIbI0 Python n BRIONHATH onepanyuu ¢ Hel;

— HCIIOIb30BaTh METO/ KPOCC-BATMIALINY JUIS OLIEHKH KauyecTBa MOJICIIH;

— wucnoib3oBarh self attention ms Transformer;

— KoxmupoBaTh dHKoAep Transformer;

— wucnoib3oBark Metox t-SNE B 3agade CHIKEHUS pa3MEPHOCTH;

—  OTIMYaTh M NOHUMAaTh 0a30Bble CTATUCTHYECKHE KOHIENIMM — TE€HepalbHas COBOKYITHOCTb,
BBIOOpKa;

— BBIYHUCIINTH TOUYEUHBIE OLICHKU U JOBEPUTEIbHbIC HHTEPBAJIbI, HHTEPIIPETUPOBATH UX;

—  TPOBEpATh CTATUCTUYECKUE THIIOTE3bl C HCIOJIB30BAHUEM TECTOB Ha HOPMAJIBHOCTH JTAHHBIX,
PaBEHCTBO TUCIIEPCHUil, CPaBHEHUE CPEAHUX, B3aUMOCBSI3b IIEPEMEHHBIX;

—  HammcaTh MPOTrpaMMy JUIS BBIYUCIICHHS pe3yJbTaTa CUTMOMIATBHON (DYHKIMH aKTHBALUH JUIS
3aJJaHHBIX BXOIHBIX JIaHHBIX;

— HammMcaTh KO, Pean3yONIHid CBEPTKY U300paKEeHUS U PHIBTPA;

— peanu30BaTh MPOCTYIO HEHPOCETh, COCTOSALIYIO U3 OJHOTO BXOAHOTO CIIOS, OTHOTO CKPBITOTO CJIOS U
OJTHOTO BBIXOIHOTO CIIOS;

— IPUMEHATh (YHKIMU AT TOCTPOEHHSI OCHOBHBIX BHIOB Ipa)MKOB M HACTpaMBaTh BHEIIHHN BUJ
rpa¢ukoB (IIBET, HOAIHNCH, JIETEH/Ia, CETKA);

—  crpouth 3D-nzobpaxkeHus ¢ momornipio Oubmuorek Python um ucmonk3oBarh WX Ul 3ama4y
KOMITBIOTEPHOTO 3PSHHUS;

— CTpPOUTH HEKOTOpPbIE BUIKI IpadukoB B Yandex Datalens;

— CTpOUTH rpadMKu U JUarpaMMbl ¢ TOMOILIBI0 OubnuoTeku Altair, 100aBIsATh B rpadMKN HHTEPAKTHB
Y BBITIOJIHATH UX HACTPOMKY;

— CTPOUTH CTATUCTUYECKUE TUAarpaMMBbI C UCIIOIb30BaHHEM Onbmmoreku Seaborn;

— HCIIOJIb30BaTh PEIIAIOIIUE JePEBhs B 331a4aX MAIIMHHOTO 00yYeHus;

— o0y4arb cBepTOUHYIO HeHpoHHYIO ceTh (CNN);

— UCHOJNB30BaTh CBEPTOYHYIO HEHPOHHYIO CETh ISl 00pa0OTKH M300paKeHUH;

CO3/1aBaTh MPE3CHTAIlMM Ha OCHOBE JMAarpaMM C IOMOIIBIO JBIDKKa Reveal.js, BcTpauBas B Hero
nuarpamMMmel U3 Yandex Datalens;

— Co31aBaTb MHTEPAKTHUBHBIC HH(oNaHenH, mpuMeHss pyHKIuoHa Oubnnorexku Altair;

— BbIOpars OubmMoTexu Python s pemenus 3aaumn aHanu3a JaHHBIX;

—  BBINOJHATH AHAJHM3 JAHHBIX M3 OJHOTO M HECKOJBKHX HCTOYHUKOB C HCIOJIB30BAHUEM SI3BIKA
Python;

— CTPOUTH M aHAIM3UPOBATH MaTpHIly Koppesiiuu Ha Python;



BJIAJIETh:

- CTaHJAPTHBIMU CTPYKTYpaMu IaHHBIX B Python, ymenuem nucars gyHkumu Ha Python, mpumeHsTh
(dyHKIIMOHATILHBIE 0COOEHHOCTH $I3bIKa, padOTaTh ¢ QaiiyiaMu ¢ TOMOIIbIO s3bika Python;

- MEXaHW3MaMH1 HACJICAOBaHMUs, CO3/IaBaTh KJIACCHI M paboTaTh C HUMH, 00padaThIBaTh NCKIIIOYCHHUS;

- HaBBIKaMH BBIOOpA MOAXOMAAIIET0 METO/a ONTUMH3ALMHK JUI KOHKPETHOH 3a/1auW;

HaBbIKAMU MpuMeHeHHus: Oubmuorexku Python ans moctpoenuss Momenu JMHEHHOW perpeccud,

pEIIaloNNX JIEPeBbEB U KOMITO3UIIMN aJITOPUTMOB, JJIsi OOYyUCHHS] METPUUYECKHX alTOpUTMOB, SVM,
0aiieCOBCKHUX MOJIEJIEH.

4. Conep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpymoeMKOCTb IO BUJaM YUCOHBIX 3aHATHH, BKIIIOYAS
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
Anamu3 manseix B Python u BBenmeHue B
1 2 y A 15 30 90
MalHHoe 00ydYeHHe
2 MammHHOe o0y4eHne 15 30 90
Hroro wacos 30 60 180
[loaroroska k sK3aMeHy 0 gac.
OO01mas TpynoEMKOCTh 270 yac., 6 3au.en.

4.2. CopaepxaHue AUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemectp: 1 (Ocennwii)

1. Ananu3s nansbix B Python u BBezieHHE B MallTMHHOE 00yUeHHUE

1.1. Python ans ananu3sa 1aHHBIX

1.1.1. bubnmoreka NumPy

Jlexnus

BBenenue B aHanu3 JaHHBIX U MalIMHHOE 00y4YeHne

Berancnurensabie Gynkipm 6nbnmmoreku NumPy. MaccuBbl

Bexkropsl. Penienue nMHENRHBIX ypaBHEHHUN

UcnonpzoBanne NumPy B 3amadax o06paboTku qanHbIX. [eHepaus Menoanii
Pabora ¢ TabIMYHBIMU TaHHBIMU M BEKTOPaMU

Pabora ¢ nuzobpaxxeHuem c ucnonb3oBanrneM NumPy

[IpakTuyeckas pabora

Cemunap "bubmoreka NumPy"

CamocrositensHast pabota

JloTIOJTHUTENbHBIE MaTePHAIbI

bubmuorexka NumPy

[Tpumepst pabotsl ¢ NumPy

Tect w1t camonpoBepku

3amaHus 1Sl CaMOIIPOBEPKH

1.1.2. [Tonyuenue u npenodbpadboTka nanubix. [lepudnas padora ¢ oobekTom DataFrame
Jlexnus

Bubl 1 HICTOYHUKY TaHHBIX




[Ipeno6paboTka maHHBIX

[epBuunas pabora ¢ natagpeiimom

BBenenue B arpernpoBaHye U CBOAHBIE TAOIHIIbI

[IpakTuyeckas pabora

Cemunap "Ilomyuenue u npenodbpaborka qannbix. [lepBuunas padora ¢ o6bekTom DataFrame"
CamocrositensHast pabota

JloTIOJTHUTEbHBIE MaTePHAaIbI

[Monyuenne u npenodpabOTKa JaHHBIX
Hcnons3yemble HaOOpBI TaHHBIX

Tect w1t camonpoBepku

3amaHus sl CaMOIIPOBEPKU

1.1.3. OnucarenpHast cTaTUCTUKA. AHAIU3 JaHHBIX ¢ TomoIbio Pandas
Jlexnus

OmnucarenbHas CTaTUCTUKA

bazoBeie onepanuu ¢ DataFrame

Pabota ¢ mpomyckaMu u onepanyy HaJ JaHHBIMU
Pabora ¢ HeckonbkuMu Tabuamu (Join)
[TpakTrnyeckas pabora

Cemunap "OmnucarenbHas CTaTUCTHKA. AHAIN3 JAHHBIX ¢ moMonipio Pandas”
CamocTostenbHas pabora

JloTIOJTHUTEbHBIE MaTePHAaIbI

Amnanus nanseix ¢ Pandas

Tect w1t camonpoBepku

3amaHus sl CaMOIIPOBEPKH

1.1.4. Craructuka BeIBOJIA

Jlexnus

Bri0opka u reHepasibHas COBOKYITHOCTh

Pacnpenenenus

Onesku

TectupoBanue runores

OmnpeneneHne HEUCIIPABHOCTEN B MOJIINITHUKAX Y€Pe3 aHATN3 SKCIEPUMEHTAIbHbIX TaHHbBIX
[TpakTrnyeckas pabora

Cemunap "Craructuka BeIBoOgA"

CamocrositensHast pabota

JloTIOJTHUTEbHBIE MaTePHAaIbI

CrarucTuka BbIBOJA

TectupoBanue runores

OmnpeneneHne HEUCIPABHOCTEN B MOIINITHUKAX
Hcnons3yemble HaOOPBI JaHHBIX

Tect w1 camonpoBepku

3amaHus 1Sl CaMOIIPOBEPKH

1.2. Buzyanuzanust JTaHHBIX

1.2.1. Beenenue B Buzyanusamnuio. budnnorexa matplotlib
Jlexnus

Kaxk mbI BocipuHrMaeM HH(OpMaLuio

Meronpl BU3yanu3anuu

bubmuoreka Matplotlib

3D-Buzyanu3anust rpaduKy A1 MAITHHHOTO 00yYEeHHS
[TpakTrnyeckas pabora

Cemunap "Bsenenue B Buzyanuzanuto. bubnnoreka matplotlib"
CamocrositensHast pabota

JloTOJTHUTEbHBIE MaTepHAIbI

bubnmuoreka matplotlib

Hcnonp3yembiii HA0Op TaHHBIX



[Ipumepsr 3D-Buzyanuzauu
Ucxonubie nanusie 11 3D-Busyanuzamnuu
Tect w1t camonpoBepku
3amaHus 1Sl CaMOIIPOBEPKH
1.2.2. IlpuknaaHble ”HCTPYMEHTHI BU3yaJIN3allii JaHHbBIX
Jlexnus
Yandex Datalens. mocrpoenue auarpamm 0e3 IporpaMMHPOBaHUS
Ucnonp3oBanue 6ubmanorek Python mis Buzyanuzanuu. bubnuoreka Altair
Ucnonp3oBanue 6ubmanorek Python mis Buzyanuzanuu. bubnuoreka Seaborn
[TpakTtrudeckas pabora
Cemunap "llpuknagHsie HHCTPYMEHTHI BU3yaIU3alllK JAHHBIX "
CamocrositensHast pabota
JloTIOJTHUTEbHBIE MaTePHAIIbI
bubmuoreku Altair, Altair Bep. 5, Seaborn
Hcxonneie nanuble U1 Bu3yaauzauuudaiin
Tect w1t camonpoBepku
3amaHus 1Sl CaMOIIPOBEPKH
1.2.3. lnarpaMMbl B KOHTEKCTE: WH(OMAHENN U MPE3SHTAIIN
Jlexnus
VHTepaKkTUBHbBIE CPEACTBA U CBA3aHHBIC NIPECTABICHUS
ITpe3zenTannu Ha ocHOBe nuarpamm. OOmMe NpaKTUKN
[Moaroroska nHpomnanenei u npezeHTanuii ¢ momoripio Yandex Datalens
[Moaroroska nH(pomanenel U Mpe3eHTAIMN ¢ TOMOIIBbIO OnbIHoTeKH Altair
[TpakTtrudeckas pabora
Cemunap "/IlnarpaMMbl B KOHTEKCTE: WH(OMAHENN U pe3eHTanun"
CamocrositensHast pabota
JloTIOJTHUTEbHBIE MaTePHAIbI
Ham6opas! B Altair, B Altair Bep. 5
Hcxoaneie nanHble U1 Bu3yaauzauuudaiin
Tect w1t camonpoBepku
3amaHus 1Sl CaMOIIPOBEPKH
WunuBunyanbHOE 3aaHUE-IPOEKT 10 TeMe «Busyanu3amus JaHHBIX»
1.2.4. Ilpumeps! uctionb3oBanus 6udnuorek Python
Jlexnus
[MpumMep ananu3a qaHHBIX ¢ TOMOIIBIO OubHoTekn Pandas
[Tpumep ananu3a JaHHBIX U3 HECKOJIBKUX HCTOYHUKOB
Pabora ¢ marpurieii koppessimn
Co3naHne MHTEPaKTUBHBIX I'Pa(UKOB
Kareropuszauus Ha npumepe aHaau3a JaHHBIX JIEKTPOABTOMOOUIEH
[TpakTtrndeckas pabora
Cemunap "IIpumeps! ucnonb3oBanus oudianorek Python”
CamocrositensHast pabota
JloTIOJTHUTENbHBIE MaTePHAIbI
[Tpumeps! ucnons3oBanus 6ubmorek Python
VcxonmHble JaHHBIE ISl IPUMEPOB
Tect w1t camonpoBepku
3amaHus 1Sl CaMOIIPOBEPKH
1.3. Benenne B MammmHHOE 00y4eHUE
1.3.1. Benenue B mMHEHHYIO anreOpy AJisi MAITUHHOTO O0yUYCHHS
Jlexnus
Bekrtopsl. OCHOBHBIE ONEpaIy HaJl BEKTOpaMu
Marpuisl. OCHOBHBIE OTIEpalluyl Ha/l MaTpUiaMu
Jluneiinas anre6pa B NumPy
[TpakTrndeckas pabora



Cemunap "BBenenue B IMHEHHYIO anreOpy AJisi MAITMHHOTO 00y4YeHHs"
CamocrositensHast pabota

JloTOJTHUTEbHBIE MaTepHAIbI

Jluneiinas anre6pa At MAITUHHOTO O0yUYEHMSI
Tect w1 camonpoBepku

3amaHus 1Sl CaMOIIPOBEPKH

1.3.2. MammnHoe 00y4YeHHe ¢ yUuTeneM
Jlexnus

BBenenue B ManmHHoOe 00yueHHE

JInnelnele Monenun

N3mepenue kauecTBa MoieIu

Ancam0i1eBble MOzIEH

[TpakTtrudeckas pabora

Cemunap "MammnHoe oOy4yeHue ¢ yuurenem"
CamocrositensHast pabota

JloTOJTHUTEbHBIE MaTePHAIIbI

MamHHOe 00yueHHe C yuuTenaeM

Tect w1 camonpoBepku

3amaHus sl CaMOIIPOBEPKH

1.3.3. MammnHoe oOy4yeHue 6e3 yanTes
Jlexnus

Oo6yuenue 6e3 yuurens. Knacrepuzanus
MeTozbl TOHMKEHHS Pa3MEPHOCTH
PexomeHnaTenbHbIE CHCTEMbI
CamocTostenbHas pabora

JloTIOJTHUTEbHBIE MaTePHAIIbI

Tect w1 camonpoBepku

3amaHus 1Sl CaMOIIPOBEPKH

1.3.4. OcHOBBI HEHPOHHBIX CeTel

Jlexnus

OcCHOBBI HEHPOHHBIX ceTel

ApPXHUTEKTYpbI HEHPOHHBIX CeTei
[IpakTuyeckas pabora

Cemunap "MammHHoe oOy4yeHue O6e3 yuuTens u HelipoceTu"
CamocrositensHast pabota

JloTIOJTHUTEIbHBIE MaTePHAIbI

Tect w1t camonpoBepku

3amaHus 1Sl CaMOIIPOBEPKH

Cemecrtp: 2 (Becennuit)
2. MamuHHOe o0y4eHne

2.1. Knaccuueckoe oOydeHne C yauTeneM

2.1.1. Brenenue B MammHHOe o0y4yeHne. MeToa Onmmkalmx coceneit
Jlexnus

Beenenne. Chepbl npuMEeHEHUST MAITHHHOTO 00yUYeHHS

HNHCcTpyK1Ms 10 HACTPOUKE JIOKAJIbHOM MallUHbL

WHcTpykius o paboTe ¢ pa3InuHbIMU OHJIAHH-CpeaMHy 7151 HOyTOYKOB
OCHOBHBIE OHATHS MALTMHHOTO 00YYEeHUs

dopmanbHas 331a4a MAIIMHHOTO O0Y4EHHS C YUUTeIeM

Merton k 6mmxkaiimmx cocenei



Metpuku KiaccupuKanium

Peanmzanms kNN B Python

[TpakTrnyeckas pabora

Beinonnenue 3azanus Ha IpPOrpaMMHUPOBaHUE
CamocrositensHast pabota

JlononHuTEeIbHBIE MaTEpUAIIb]

3ajaHue Ha IPOTPpaMMHUPOBaHKE

2.1.2. Cny4aiinocts. HauBHeblit BaliecoBckuii kiaccudukarop
Jlexnus

BepositHocTh. CBOMCTBa BEPOSTHOCTH

YcnoBHas BeposTHOCTh. Teopema baiieca

Hausnbiii baliecoBckuii knaccudukatop

Peanuzanus nanBHOro OaliecoBckoro kiaccupukaropa
OMmnupuyeckre QyHKIMN pacrpeeeHus

[IpakTuyeckas pabora

Beinonnenue 3azaun Ha IpOrpaMMHUPOBAHUE 110 TEME YPOKa, TECTUPOBAHUE
CamocrositensHast pabota

JlononHuTEIbHBIE MaTEpUAIIb]

3ajaHue Ha IPOTPpaMMHUPOBaHKE

2.1.3. MeToap! ONTHMHU3AINH U PETPECCUOHHOTO aHAIIN3a
Jlexnus

IIpousBonHas u ee NpUMEHEHUs

I'panuentnas onTuMu3aLus

Ycil0BHAs ONITHUMU3ALUSA

Pemienue 3anaun onTuMHU3aluy rpail€HTHBIMU METOAAMHU
JluneliHbIe MOJIENTM MAITUHHOTO O0yUYeHHUSI

JInneiinas perpeccust

Teopema I"'aycca-MapkoBa

L1 u L2 perynspuszanus

PewieHne nuHEHHON pErpeccuu U aHaluu3 yCTOWUNBOCTH PEILEHUS
[TpakTrndeckas pabora

Beinonnenue 3azaun Ha IpOrpaMMUPOBAHUE 110 TEME YPOKa, TECTUPOBAaHUE
CamocrositensHast pabota

JlononHuTEeIbHBIE MaTEpUAIIb]

3ajaHue Ha IPOTpaMMHUPOBaHUE

2.1.4. 3apava nuHelHON Kinaccupukanuu. JlorucTuueckas perpeccus
Jlexnus

3a/iaua TMHEHHOM KilacCU(UKaIUN

[Ipasnomnonobue

Jloructrnueckas perpeccust

MynbTHKIIacCOBast KIaCCUPUKAIM

[IpakTuyeckas pabora

BelnonnHeHue 3aaHuil 110 TEME JIEKIIAN

CamocrositensHast pabota

JlononHuTeIbHBIE MaTEpUAIIb]

3ajaHue Ha IPOTpaMMHUPOBaHUE

2.1.5. Meton onopHbIX BeKTOpoB. OlleHKa KauecTBa KIacCU(PHUKAINU. MeTOoIbI KpOCC-BaiIaIuH
Jlexnus

Merton OOpHBIX BEKTOPOB

HenvHelHbI METO OITIOPHBIX BEKTOPOB

OueHka KauecTBa KJIacCUPHUKALUH

Mertozbl Kpocc-Baaugauuu

Cross-validation riddle

[IpakTuyeckas pabora



BeinonHenue 3aaun Ha IpOrpaMMHUPOBAaHKE TI0 TEME YPOKa, TECTUPOBAHHE
CamocrositensHast pabota

JloTOJTHUTEbHBIE MaTepHAIbI

3ajaHue Ha IPOTpaMMHUPOBaHUE

2.1.6. Pemaromiue nepeBns

Jlexnus

Pewmaromue nepeBbs

[Ipouenypa nocTpoeHus AepeBa peLICHUN

Kputepun nnhopmaruBHOCTH: DHTPOIHUS

Kpurepunit [Jxuan

Kpurepun B 3agaue perpeccun. YceueHHe 1epeBbEB
Cnennguueckue CBOWCTBA IEPEBbHEB

[Ipaktrka 1o nepeBbsmM

[IpakTuyeckas pabora

BrinonHenue 3a1aun Ha IpOrpaMMHUPOBAaHKE TI0 TEME YPOKa, TECTUPOBAHHE
CamocrositensHast pabota

JloTOJTHUTEbHBIE MaTepHAIbI

3ajaHue Ha IPOTpaMMHUPOBaHUE

2.2. AHcambOieBble METOJIBI M KJIaccHueckoe o0ydeHne 6e3 yauTens
2.2.1. Cry4aiiHbIi1 Jiec ¥ OLIEHKa 3HAYUMOCTH MPU3HAKOB
Jlexnus

Texauka aHcamMOIUPOBaHUS

RSM

JunneMma cmeleHust

CwMmemmBaHue

CrexuHr

AHcamOnu JiepeBbeB

Ornenka 3HaYMMOCTH TIPU3HAKOB

Feature importances

[IpakTuyeckas pabora

BelnonnHeHue 3aaHuii 110 TEME JIEKIIAA
CamocrositensHast pabota

JloTIOJTHUTEbHBIE MaTePHAIbI

3anaHus Ha IPOrpaMMUPOBAHNE

KomruiexkcHas 3anaua

2.2.2. I'pamueHTHBIN OyCTUHT

Jlexnus

Byctunr

I'panuenTHbIN OyCcTHHT

Busyanuzanus rpagneHTHOr0 OycTHHTa

CatBoost

CpaBHeHME TPaJUEHTHOTO OyCTHHTA C IPyTUMH aHCAaMOJIEBBIMU METOAAMHU
Peanuzanus rpaguentHoro Oyctunra B Python
[IpakTuyeckas pabora

BeinonHenue 3ajauy Ha IPOrpaMMHUPOBAaHKE TI0 TEME ypOKa
CamocrositensHast pabota

JloTIOJTHUTEbHBIE MaTePHAIbI

3ajaHue Ha IPOTpaMMHUPOBaHUE

2.2.3. Knacrepuzarus

Jlexnus

BBeznenue B Kiacreprsanuio

Pa3znooOpasue 3a1a4 KiacTepu3aniu

K-Means

EM-anroputm



ArniomepaTrBHas nepapxuyeckas KiacTepu3anus

I'pads! 1 MeTOBI HA OCHOBE TIOTHOCTH TOUEK

Br16op MeTona kinacrepuzanuu

OueHka KauecTBa U peKOMEHIAINH

[IpakTuyeckas pabora

BrinonHenue 3aaun Ha IpOrpaMMHUPOBAaHKE TI0 TEME YPOKa, TECTUPOBAHHE
CamocrositensHast pabota

JloTIOJTHUTEIbHBIE MaTePHAIbI

3ajaHue Ha IPOTpaMMHUPOBaHKE

2.3. Hetipocetn u rirybokoe o0ydeHue

2.3.1. Brenenue B m1yookoe oOydeHne

Jlexnus

Hcropus ucKyCcCTBEHHBIX HEHPOHHBIX CETEH

HeiiponHsble cetu

Mexanu3m 006paTHOTO PacIPOCTPaHEHUSI OIINOKU

OYHKIMY AKTUBALUN

HNHuTepakTuBHOE NEMO

Heiiponnsie cetu. Utorn

[pocreitmas Heiipocers Ha PyTorch

[IpakTuyeckas pabora

BeinonHenue 3aaun Ha IPOrpaMMHUPOBAaHKE TI0 TEME ypOKa
CamocrositensHast pabota

JloTOJTHUTEbHBIE MaTePHAIbI

3ajaHue Ha IPOTpaMMHUPOBaHKE

2.3.2. SGD nopabotku

Jlexnus

SGD nopabotku

Perynspuzanus 8 DL

[IpoGnema nepeoOyueHus

AyrmeHTanus 1 UTOTU

PyTorch: moznens ¢ perynspusarueit

[IpakTuyeckas pabora

BeinonHenue 3aaun Ha IPOrpaMMHPOBAaHKE TI0 TEME ypOKa
CamocrositensHast pabota

JloTIOJTHUTEbHBIE MaTePHAaIbI

3ajaHue Ha IPOTpaMMHUPOBaHUE

2.3.3. BexTopHbIe IpeCTaBICHUS CIIOB

Jlexnus

Bsenenne B NLP

[pensapurenbHas 00padoOTKa TeKCTa

N3Bnedenne npu3sHakoB

BexkropHoe npencrasnenne cioB ( Word Embeddings)
Bexropnsbie npeacrasienus cinoB. Busyanuzanus. (Word embeddings visualization)
Buzyanu3zanus B Python

Busyanu3zanus B Python Ha nmpumepe BEKTOPHBIX TPEICTABICHUH CIIOB
[IpakTuyeckas pabora

BeinonHenue 3aaun Ha IPOrpaMMHUPOBAaHKE TI0 TEME ypOKa
CamocrositensHast pabota

JloTOJTHUTEbHBIE MaTepHAIbI

3anaHus Ha IPOrpaMMUPOBAHNE

3amanue Ha porpaMmMupoBanue "l'enepanus moszun"

2.3.4. PexyppentHbie HeliporHble ceTH. [Ipobnema 3aTyxaroiero rpaueHTa
Jlexnus

S13BIKOBOE MOZIETMPOBAHUE



PexyppeHTHBIE HEHPOHHBIE CETH

RNN

LSTM

ITpoGiema 3aTyXaromux rpaJieHToB

[TpoGiiema B3pBIBAIOIIMXCS TPAIUCHTOB

S3pIKOBOE MOZIeTMpOBaHue: peaiu3anus B Python
[MpakTuyeckas pabora

BelnonnHeHue 3aaHuil 110 TEME JIEKIIAN

CamocrositensHast pabota

JloTIOJTHUTEIbHBIE MaTePHAaIbI

3ajaHue Ha IPOrpaMMHUPOBaHUE

2.3.5. O6paborka n3zodpaxkennii. CBepTOYHBIE HEHPOHHBIE CETH
Jlexnus

CBepToYHbBIE CIIOU

HHTepakTUBHAS AEMOHCTpAIUs

Padding, Strides, Pooling

0O030p apXUTEKTYp

Ceeptku [yt n300pakeHuid. ba3oBwiii 0030p, MPUMeEPHI
[IpakTuyeckas pabora

BrinonHenue 3aaun Ha IPOrpaMMHUPOBAaHKE TI0 TEME ypOKa
CamocrositensHast pabota

JloTIOJTHUTEIbHBIE MaTePHAIbI

3ajaHue Ha IPOTpaMMHUPOBaHKE

2.3.6. MexaHu3M BHUMaHUs

Jlexnus

Mexann3m BHUMaHus Attention. O630p

MexaHu3M BHUMaHHs B MaTeMaTHYECKOH Gopme
Mexanusm Baumanus Self Attention

Mexanusm BuuManus Multi-Head Attention

Peanuzanus mexanu3ma BHuManus Ha Python
[IpakTuyeckas pabora

BeinonHenue 3aauy Ha IPOrpaMMHUPOBAaHKE TI0 TEME ypOKa
CamocrositensHast pabota

JloTIOJTHUTEbHBIE MaTePHAIbI

3ajaHue Ha IPOTpaMMHUPOBaHUE

2.3.7. Apxurektypa Transformer. BERT B 3ana4e knaccudukanmm TeKkcToB
Jlexnus

00630p Tpanchopmepa

[To3umonHoe KoaupoBaHue

Hopmanu3zanus ciioes

[TpeoGpazoBatens nexoaepa

ELMo

00630p monenu BERT

3amava a3pIK0BOr0 MonenupoBanus mogenu BERT
Texaunueckue neranu pabotsl Mmogenu BERT
[IpakTuyeckas pabora

BeinonHenue 3aaun Ha IPOrpaMMHUPOBAaHKE TI0 TEME ypOKa
CamocrositensHast pabota

JloTOJTHUTEbHBIE MaTepHAIbI

3ajaHue Ha IPOTPaMMHUPOBaHUE

2.3.8. BompocHO-0TBETHBIE U PEKOMEHAATENHHBIE CUCTEMBI
Jlexnus

3aja4ya IOCTPOCHUS BOIPOCHO-OTBETHBIX CHCTEM

SQuAD u SberQuAD



[Toaxoas! K MOCTPOEHUIO 334K BOIIPOCHO-OTBETHBIX CHCTEM
BomnpocHo-oTBeTHas cuctema it OTKPBITOTO KOHTEKCTa
GPT-2 u GPT-3

[onpobuee o GPT

[IpakTuyeckas pabora

BrinonHenue 3aaun Ha IPOrpaMMHUPOBAaHKE TI0 TEME ypOKa
CamocrositensHast pabota

JloTIOJTHUTEIbHBIE MaTePHAIbI

3ajaHue Ha IPOTpaMMHUPOBaHKE

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIEeHHNS 00pa30BaATEJILHOIO
npouecca 1no JUCUUILInHE (MOIYJII0)

Cucrema JUCTaHIMOHHOTO OOY4EHUSI:

OOyuatromieMycss He0OXOANMO HAJIMYUE JOCTYIA B CETh HHTEPHET, KOMIIBIOTEP.

[IpenonaBarento Kypca HEOOXOAUMO HAIMYHUE JOCTYIa aAMUHUCTPATOpa Kypca 1 000pynoBaHHe AJist
MPOBECHNUS TUCTAHIIMOHHBIX CEMUHAPOB (BEOMHAPOB), KAUECTBEHHBIN OTKAa30yCTOWYMBLIM JOCTYI B
CETh UHTEPHET.

6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. Python u ananu3 naHHbIX, DJIEKTPOH. BepcHsl ned. myonukauun / Y. Makkuan. — Mocksa, JIMK
[Ipecc, 2020

2. Python u ananu3 nanusix, [lepBuyunas 06paboTka gaHHBIX ¢ IpruMeHeHneM pandas, NumPy n
[Python / Y. Makkunu. — Mocksa, JIMK Ilpecc, 2020.— URL: https://e.lanbook.com/book/131721
(mara obpamenus: 26.01.2021). - [omusrit Teket (Pexum nocryna : u3 cetu MOTU / YnanenHsii
JOCTYTI)

3. Kypc nuddepennnanpaoro u uHTErpagbHoro ucunciaeHus : B 3 T. T. 1 : y4eOHHK JUTst By30B : PeK.
M-Bom ob6pazoBanus Poc. ®eaeparuu / I. M. @uxrteHToNbI ; ipes. u npuM. A. A. OIOpUHCKOTO .—
8-e m3a. / .— M. : dusmariaurt, 2001, 2003, 2006, 2007 .— 680 c.

4. Kypc aHaMTHYECKOM TeOMETPHH U JIMHEHHOM anreOps [ Texct], yueOnuk asns By30B /J1. B.
Bexnemumes. -CII06., JIans, 2019

5. Jlexkuu o MaTeMartudeckoMy aHanuzy. B 3 dactax, Hacts 1, DyHKINN OJHON TEPEMEHHOM,
yueOHUK 111 By30B/S. M. JIpiMapckwuii ,-Mocksa, MOTH, 2020

6. Python u mammnHoe oOyuenue [Tekcr], kpaiiHe HeoOXOAMMOE U3JaHHUE IO HOBEHUIIEH

npecKa3are’IbHON aHaJUTHKE JIsl OoJiee TTyOOKOTO TOHUMAaHHS METOIOJIOTHH MAallIMHHOTO
o0yuenus/C. Pamka, -M., JIMK Ilpecc, 2017



Jlureparypa u3 cpeacTs kadeapsr:

1. Think Python [Onekrponnsiii pecypc]| — Pexxum nocrymna -
https://greenteapress.com/wp/think-python-2e/

2. Automate the Boring Stuff with Python [DnexTponsstii pecypc] — Pexxum gocryna -
https://automatetheboringstuff.com/

3. Dive Into Python 3 [Qnekrponnslii pecypc]| — Pexxum noctyna
-http://diveintopython3.problemsolving.io/

4. Problem Solving with Algorithms and Data Structures using Python [OnexTponHsIit pecypc] —
Pexxum gocryna -https://runestone.academy/runestone/static/pythonds/index.html

5. Swaroop Chitlur. A Byte of Python [Dnexrponnslii pecypc]| — Pexxum gocryna -
https://wombat.org.ua/AByteOfPython/AByteofPythonRussian-2.02.pdf —2020.

6. Mapp, b. MckyccTBeHHBIN MHTEIUIEKT Ha MpakThKe: 50 KeliCOB yCHemHbIX koMmanuii / bepHapa
Mapp, Mot Yopg; niep. ¢ aHr.

E. ITerpoBoii. — M.: Mann, UBanoB n ®epbep, 2020. — 316 c.

7. Mum, L. Kak Alibaba ncmonbs3yer HCKyCCTBEHHBII HHTEIIEKT B Ou3Hece: CeTeBoe B3auMOACHCTBUE
W aHanu3 jgaHHbix / 1390 MuH; niep. ¢ kut. — M.: Aneniuna [Ma6mumep, 2022. — 360 c.

8. Awmeiizen 3. Cozganue NpuiIoKEHU MAIIMHHOTO OOYYEHHUS: OT HJIEH K IPOIYKTY.

[lep. ¢ aam.— CII6.: [Turep, 2023. — 272 c.

9. Bratsis, I. The Al Product Manager's Handbook: Develop a product that takes advantage of machine
learning to solve Al problems. — Packt Publishing Ltd, 2023 . — 250 p.

10. JIytn, Mapk. M3yuaem Python: aBroputeTHBIN Kypc 00BEKTHO-OPUEHTHPOBAHHOTO
nporpammupoanus / Mapk JlyTi; nepeBox ¢ anrmuiickoro FO. H. Apremenko. — 5-e uza. — Mockaa:
Huanextuka; Cankr-IlerepOypr: duanektuxka, 2020.

11. Reitz, K., Schlusser, T. The Hitchhiker's Guide to Python: Best Practices for Development. —
O'Reilly, 2016. — URL: docs.python-guide.org

12. Kevin Patrick Murphy. Probabilistic Machine Learning: An Introduction. MIT Press, March 2022.
URL.: https://probml.github.io/pml-book/book1.html

13. Dn6on K. Mammnnoe oOy4yenue ¢ ucronb3oBanueM Python.

Co6opnuxk penenitos: Ilep. ¢ aar. — CI16.: BXB-IlerepOypr, 2020. — 384 c.

14. Jaitzenpot M., @eiizan A., On Y. Maremaruka B mamuaaoM o0yuennu. — CI16.: I[Turep, 2023. —
512 c.

JomnonHurenbpHas auTeparypa

1. BBesieHre B TeOpHIO BEPOSTHOCTEH U ee mpuiioxkeHus [Teker] : B 2 T : yue6. mocobue st By3oB. T. 1
/ B.®emnnep ; nep. ¢ nepecmotp. 3-ro anri. uzg. FO. B. [Ipoxoposa ; [mpunecn. A. H. Koamoroposa] .—
M. : Mup, 1984 .— 528 c.

2. AHanmuTHYeCKasi TeOMeTpus U JInHelHas anreopa [Tekcr] : B 2 4. : yue0. mocobue st By30B. Y. 1/
A. E. YMHOB ; M-Bo 00pa3zoBanus u Hayku Poc. denepanmn, Mock. pu3nKo-TeXH. UH-T (TOC. YH-T .—
2-e n3n., uecnp. u gon. — M. : M3n-so MOTU, 2006 .— 272 c.

JlononHuTeIbHAS IUTEPATYPa U3 CPEACTB Kadeapso:

1. bappu I1. M3yuyaem nporpammupoBanue Ha Python [Tekcr] / I1. Bappu. — 2017.

2. CasenbeB B. Craructuka u xotwku [Texct] / Bmagumup CasenbeB. — 2018.

3. bocnas C. Craructuka s Bcex [Tekcr] / Capa bocnas. — 2015.

4. Xamunynnus P. [. Teopus BeposiTHOCTEH 1 Matemarnueckas ctaructuka [Teker] / P.A.
Xamuaymud. — 2020.

5. CopaBounuk no ¢pyHkuusm DAX [DnexktpoHHbli pecypc]| — Pexum nocrymna -
https://docs.microsoft.com/ru-ru/dax/dax-function-reference

6. Tanep P. Nudge. Apxutexrypa BbiOopa [Texcr] / Puuapa Tanep. — 2017.

7. Kenszubl k. [oBopH Ha si3bike quarpaMM [Tekcr]| : mocoOue 1Mo BU3yaIbHBIM KOMMYHHUKAITUSM /
Joxun Kenazuer. — 2020.

8. ®emopos JI. OcHOBBI IporpaMMHUpOBaHUs Ha IpuMepe si3bika Python [Tekct] : yuebHnoe mocobue /
. ®enopos. - 2018.

9. Caeiirapt 3. ABroMaTH3aius PyTHHHBIX 3a/1a4 ¢ moMonipio Python [Tekct] : mpaktudeckoe
pyKoBozaCTBO /i HaunHaoumx / O Ceeirapt. — 2017.

10. Jomunroc, [lenpo. BepxoBHBIH alropuT™: Kak MallTMHHOE 00y4eHUe n3MeHUT Hart Mup / I1.
Jomunroc; tiep. ¢ anri. B. [opoxoBa. — M. : Mann, UBanoB u ®epbep, 2016. — 336 c.

11. Kengann M., Creroapt J[>x. MHOTOMEPHBIH CTaTUCTUYECKUN aHAIN3 U BPEMEHHBIE psAIbl. — M.
Hayka, 1976. — 736 c.

12. Koke ., Xunkinu JI. Teopetuueckas cratuctuka. — M.: Mup, 1978, — 560 c.

13. Bishop C.M. Pattern Recognition and Machine Learning. Springer, 2006



7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCUHMILIUHBI (MOLYJIs1)

1. MokymenTanus Postgres npo cpaBHEHHE CTPOK —
https://postgrespro.ru/docs/postgrespro/9.5/functions-matching

2. JloxymenTarnus Postgres npo npyrue GyHKIUU pabOThl CO CTPOKAMH -
https://postgrespro.ru/docs/postgrespro/9.5/functions-string

Tecrep perynsapHbIX BeIpaXeHUH - https://www.regextester.com

UnTepaktuBHbiil yaeOHuK 1o SQL - http://www.sql-tutorial.ru/ru/content.html

Brenenuve B ananu3 gaHHbIX ¢ moMotibio Pandas - https://habr.com/ru/post/196980/
Urposoii Tpenaxep mo Python: py.checkio.org

https://numpy.org/doc/stable/
https://new.pythonforengineers.com/blog/audio-and-digital-signal-processingdsp-in-python/

I

. https://www.kaggle.com/code/gabrielmilan/mp3-to-numpy-and-back

10. https://github.com/

11. https://dataverse.harvard.edu/

12. https://pandas.pydata.org/pandas-docs/stable/user guide/index.html

13. https://pbpython.com/pandas-pivot-table-explained.html

14. https://proglib.io/p/moem-dataset-rukovodstvo-po-ochistke-dannyh-v-python-2020-03-27
15. https://pandas.pydata.org/docs/

16. https://pandas.pydata.org/docs/getting_started/comparison/index.html

17. https://pbpython.com/groupby-agg.html

18. https://tproger.ru/articles/pandas-data-wrangling-cheatsheet

19. https://docs.scipy.org/doc/scipy/reference/stats.html

20. https://www.scribbr.com/statistics/confidence-interval/

21. https://www.enago.com/academy/evaluate-statistical-hypothesis-testing/

22. https://machinelearningmastery.com/statistical-hypothesis-tests-in-python-cheat-sheet/

23. TllpodeccronansHbii THPOPMATUOHHO-AaHAIUTHYECKUN PECypC, MMOCBSIICHHBIA MAITUHHOMY
00y4eHHI0, paCIIO3HABaHUIO 00Pa30B M MHTEIUICKTYaJIbHOMY aHAIN3Y JAHHBIX —
http://www.machinelearning.ru/

24. Python Numpy Tutorial - https://cs23 1n.github.io/python-numpy-tutorial/
25. Learn Git Branching - https://learngitbranching.js.org/?locale=ru_RU

26. https://www.deeplearningbook.org/

27. https://mml-book.github.io/book/mml-book.pdf

28. https://unbiasedresearch.blogspot.com/

29. https://habr.com/ru/articles/264241/

30. https://scikit-learn.org/stable/supervised learning.html#supervised-learning

31. Knactepusyem Jtydiie, 4yeM «MeToj JOKTs» / Xabp (habr.com)
https://habr.com/ru/companies/jetinfosystems/articles/467745/

32. Knactepuzanus - scikit-learn https://scikit-learn.ru/clustering/

33. https://uproger.com/10-bibliotek-python-dlya-mashinnogo-obucheniya/?ref=vc.ru

34, TensorFlow https://www.tensorflow.org/?hl=ru

35. Keras: Deep Learning for humans https://keras.io/

36. PyTorch https://pytorch.org/

37. Caffe | Deep Learning Framework (berkeleyvision.org) https://caffe.berkeleyvision.org/

38.

https://towardsdatascience.com/ml-impossible-train-a- 1 -billion-sample-model-in-20-minutes-with-vae
x-and-scikit-learn-on-your-9¢2968e6£385

39.
https://pub.towardsai.net/python-pandas-vs-vaex-dataframes-a-comparative-analysis-5171636b4eel

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 oldecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)



HoxymenTtanus Postgres npo cpaBHEHHE CTPOK -
https://postgrespro.ru/docs/postgrespro/9.5/functions-matching

Joxymenranus Postgres npo npyrue GyHKIHHA paboThl CO CTPOKAMHU -
https://postgrespro.ru/docs/postgrespro/9.5/functions-string

Tectep perysipHbIX BeIpaXKeHHH - https://www.regextester.com

NurepaktuBHbiil yaeOnuk o SQL -http://www.sql-tutorial.ru/ru/content.html

BBenenwne B aHanmu3 AaHHBIX ¢ ToMoInkio Pandas - https://habr.com/ru/post/196980/

Hauano pa6otsl ¢ Power BI -
https://docs.microsoft.com/ru-ru/power-bi/fundamentals/desktop-getting-started
[Ipodeccuonanbublil HHGOPMAIIMOHHO-AaHATTUTHYECKUH pECypC, MOCBSIIEHHBIH MAITHHHOMY
00y4YeHHIO, pacIIO3HaBaHUIO 00PAa30B M MHTEIUICKTYyaIbHOMY aHAIM3y NaHHBIX —
http://www.machinelearning.ru/

Nudopmanmonnas cucrema «Exnnoe okHo focTyna k oopazoBareibHbM pecypcam» (MC «EnuHoe
OKHO») — http://window.edu.ru/

9. MeToauyeckue yKazaHus AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CamocrostenpHas paboTa Mompa3ieisercs Ha ayJUTOPHYI0 W BHEAYIUTOPHYIO. AYIUTOPHYIO
CaMOCTOSATENIbHYIO paboTy COCTaBIIAIOT NPAKTHYECKHE 3aJaHNs, KOTOPBIE BHIMOIHSIIOTCS CIIyIIATEII MU
BO BpeMs YYeOHBIX 3aHSATHH, pe3yiabTaTbl €€ BBINOJHEHUS NPOBEPSAIOTCS H  OLECHHBAIOTCS
IpernojaBaresieM B yueOHOM Iporiecce.

BheaynnTopHas camocTosTenbHas paboTa BKIIIOYaeT (YOPMbI: H3ydeHHE AOIOIHUTEIBHON JIUTEPaTypHl,
MOJTrOTOBKA UTOTOBBIX IPOEKTOB 10 MOAYJISIM, ITOATOTOBKA MPOEKTA.

OCHOBHBIMH KPHUTEPHUSMHU KadeCTBa OPraHU3alUH CaMOCTOATENBbHOM pPalOOThI CIy>KUT HaIU4yle
KOHTPOJIS PE3yJIbTAaTOB CaMOCTOSITEIbHON pabOTHI.

OCHOBHBIMU COBPEMEHHBIMHU (pOpMaMU OpPraHU3ALNH CaMOCTOSTEIbHON paOOThI SBIISAIOTCS TBOPUECKHUE
pabotsl u padora ¢ UHGOPMALTMOHHBIMU KOMITBIOTEPHBIMH TEXHOJIOTHSMH.
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1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-3 CnocobGeH oprann30BbIBaTh H PYKOBOJIUTD
paboToii KoMaH/Ibl, BEIpa0aThIBasi KOMaHIHYTO
CTpATETHIO LIS JOCTHKECHUS IMOCTAaBICHHOMN
HeH

VYK-3.1 Opranuzyer u KOOpAMHUPYET pabOTy y4aCTHHKOB
MPOEKTa, CHOCOOCTBYET KOHCTPYKTUBHOMY IPEOIOJICHHUIO
BO3HMKAIOIINX PA3HOIIACHI U KOH(IMKTOB

VYK-3.4 CnocobeH miaHupoBaTb KOMaHAHYIO padoTy,
pacnpenensaTh HOpy4eHUsl 4ieHaM KOMaHIbl, OpraHW30BaTh
o0CyXJIeHUE pa3HBIX UJIeH 1 MHCHHMA

OIIK-6 Criocoben BbIOMpaTh 1 (MIIN)
pa3pabaThIBaTh MOIAXO/BI K PEIICHHIO THITOBBIX
Y HOBBIX 337124 B 001acTH HHQOPMATUKH U
BBIYHMCIIMTEIILHON TEXHUKH, YYUTHIBAS
0COOCHHOCTHU M OIPaHUYCHUS PA3TUYHBIX
METOJIOB PEeIICHHS

OIIK-6.2 CnocobeH paspabaTbiBaTh W MOJCPHU3UPOBATH
pOrpaMMHOE u anrmapaTHoe obecrnieueHue
MH()OPMAIIMOHHBIX M aBTOMAaTU3UPOBAHHBIX CHCTEM

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynsrare nsyuenus aucuumuinHbl «IIpoaBHHYTBIE MeTOIBI MAIIMHHOTO OOYy4YeHHUs» O00ydarouuics

JIOJKEH

3HAThb:




— BO3MOXKHOCTH OCHOBHBIX OMOJIMOTEK, UCTIONB3YEMbIX /U1l aHAIN3a JaHHBIX;

— kak Oubnmorexka NumPy moMoraer B Hay4YHBIX BBIYUCICHHUAX U 00pabOTKe JaHHBIX;

— TOHATHS BEKTOpPAa M MAaTpPHUIbl, BEKTOPHOTO MPOCTPAHCTBA, HOPMBI BEKTOPA, OPTOrOHAIBHOCTH U
THIIEPIUIOCKOCTH;

— Kak BBITNOJIHATH 0Aa30BbIE ONEpalvi HaJl BEKTOPAaMH U MaTPUIIAMU;

— B Kak®X c(hepax NpUMEHSETCS MAallHHHOE 00y4eHHE;

— OCHOBHBIE MOHATHS MAIIMHHOIO 00y4eHUs: 1araceT (BbIOOpKa), OOBEKT, IPU3HAK, TAPTeT, MaTpHLA
O0BEKT-NIPU3HAK, MAITHHHOE 00YYEHHUE C YUHUTEIIEM, TapreT, MOJeIb, pecKa3anue, QyHKIHS MOTepb,
napamerp, Tunepnapamerp;

— (opMaIbHYIO TIOCTAHOBKY 33/1a4¥ MAIIMHHOTO OOYYEHHS C YUUTEIIeM;

— OCHOBHBIE TIOHSTHUS TEOPHU BEPOATHOCTEH;

— TIOHSTHE YCIOBHOW BEPOSTHOCTH, TUCKPETHBIX H HETIPEPBHIBHBIX CIyYaiHBIX BEJIHYHH;

— ILEHTpalbHYIO IPENEIBbHYIO TEOPEMY U TeopeMy baiieca;

— B KaKHX 33Ja4ax MOXXHO IPUMEHHUTH HauBHbBII baliecoBckuii kiaccugukarop;

— BUJbI, HCTOYHUKH U CTIOCOOBI XpaHEHHS JaHHBIX (CSV, tsv-(hainbl u apyrue);

CTPYKTYPBI JaHHBIX W HMHCTPYMEHTHI, NpefocTaBisieMble OuOmuorekor Pandas mis pabotsr ¢
TAHHBIMH;

— TEPMHUHOJIOTHIO, UCTIONIE3YEMYIO B MAIIMHHOM OOY4CHHH;

— BUJBI JIMHEHHBIX MoJIeNiel 00yUeHUs, METPUKHA U3MEPEHUS KaueCTBa JTMHEHHBIX MOJIEICH;

— 0azoBble cBeleHH 00 aHCaMOJIEBBIX MOJCIISIX;

— TIPOU3BOJUTENBHOCTH aHCAMOJIEBBIX MOZIETICH;

— B KaKHX 33Ja4ax MAIIMHHOTO O0yYeHHS UCIIONb3YIOTCS JTMHEHHBIC MOJICIIH;

— TteopeMy ['aycca-Mapkoga;

— 9TO TaKo€ TPaueHT QyHKIINY;

— METO/bI ONITUMH3ALINH;

— TIOHSTHUS MPABIONOA0OUS B 3aJa4aX MAIIMHHOTO O0yUCHHS;

— Kak HCIOJIb30BaTh MOJIENb JIOTUCTHYECKOW perpeccud B 3ajlauaX OWHAPHOW M MYJIBTHKIACCOBON
KJIaCCU(HUKALIUH;

— Ppa3IMYHbIC METPHKH OLIEHKH KaueCTBa KIACCHU(PUKAIIHN;

— KOTHUTHBHBIC 3aKOHBI U TIPHHLUITEI BOCTIPUSTHS HH(OPMAIIH YEITOBEKOM;

— BHJBI TpadUIECKOro MPEACTAaBICHHUS JaHHBIX U CUTYallul UX UCIIOJIb30BAHUS;

- METOIbl KJIACTEPH3aLMH W METOAbl TOHWKEHHS pPa3MEPHOCTH, NPUHIUIBI TTOCTPOCHUS
PEKOMEH/IaTEIbHBIX CUCTEM;

— METOJI OTIOPHBIX BEKTOPOB, UCIIOIb3YEMBbIii IS 3a/1a4 KJIaCCU(UKALIUU U PErPECCHOHHOTO aHAIIN3a;
— cnocob co3aHMs HETMHEHHOTo KIacCHU(UKaTopa ¢ MOMOIIBIO TaK HA3bIBAEMOTO SJEPHOTO TPIOKA
(kernel trick);

— METPUKH OLICHKH KauecTBa KIacCH(PUKAIIH;

— ROC-AUC;

— apxutektypy Transformer;

— TPUHLUIT TO3UIUOHHOTO KOAHPOBAHHUS;

— Kak paboraet nexoxep B Transformer;

— wmoxens ELMo;

— wMogaens BERT;

— 3a/1a4y S3BIKOBOTO MOJICIIMPOBAHUS;

— CBOIiCTBa HOPMAJILHOTO PACIIpEICIICHHS;

—  KakK UCIoib30Barh Oubmmorexu Python st aHanmM3a MaHHBIX B HEKOTOPBIX 3a7adyaX MAalIMHHOTO
o0y4eHust;

— TEPMHUHOJIOTHIO, UCTIONIB3YEMYIO B HEHPOCETSIX;

— apXUTEKTYpbl HEUPOHHBIX CETEM;

OCHOBHBIEe OnbHMoTeku Python, ncnonb3yemsie 11st pabOTHI ¢ HEHUPOCETSIMU;

BO3MOXKHOCTH OnOnmoreku matplotlib 11 mocTpoeHust pa3aMyHBIX BUJOB TpadUKOB M HACTPOUKH
UX OTOOpaKeHHS;

— 00 MHCTpYMEHTAaxX JUIsl BU3yaln3alliy JaHHBIX, HCIOIb3YEMBIX B pa0OTe aHATUTHKA;

—  (yHKIHMOHAJbHBIE BO3MOXXHOCTH cepBuca Yandex Datalens ans mocTpoeHHs M HaCTPOWKH
rpauKoB;

KpUTEpUU HH(POPMATUBHOCTH: SHTPOIUIO U KpuTepuil KuHuM;

Kak MCII0JIb30BaTh PEIIAIOIINe JICPEBbs B 3aJa4€ PErpeccu;

9TO TAKOE MEXaHW3M BHHMaHHS;

— 0COOEHHOCTH MOJIeN TyboKoro oOyueHus Seq2Seq, U Kak ee MCIIONB3YIOT B 3aja4e MallMHHOTO
oOyueHus;

— Self-Attention;

— Multi-Head Attention;

— Ppa3iIMYHbIC TEXHUKH aHCAaMOIMPOBAHUS U TEOPETHYECKHE MPEANOCHUIKY K X IPUMEHEHHIO;



yMeThb:



—  HCHOJNB30BaTh 0a30BBbIC ONEPALUH 10 PadOTe C MACCHBAMH, MaTEMAaTHYE€CKHE U CTaTUCTUYCCKUE
¢byHknnu 6ubmuorexu NumPy i peneHust npuKiIaIHbIX 3a/1a4;

—  pematb CUCTEMBl JIMHEHHBIX ypaBHeHHH B Python maTpuuHbIM MeTOnOM, pemiath 3aJadu C
[IOMOILBI CUCTEMBI JIMHEHHBIX YPaBHECHUH;

— mnpumeHsaTh NumPy 11 paboThI ¢ BEKTOpaMH ¥ MAaTPHILIAMH;

—  BBIYUCIIATH KOCHHYCHYIO Mepy OJM30CTH BEKTOPOB M HMCIIOIb30BaTh €€ sl HAXOXKICHUS Pa3HUIIbI
MEXIY CJIOBaMH;

— mnpumeHaTh Metoq kNN aist penienns 3a1a4 MalnHHOTO 00y4eHMs;

— BBINOJIHATH BHITPY3KY JaHHBIX C HCIOJIb30BaHUEeM OuOmrorekn Pandas;

—  TPOBOAMTH MpPEBAPUTEIBbHYI0 00pabOTKY IaHHBIX C HCIIONb30BaHWEM Oubnmuorekn Pandas —
noiy4dars uH(opmanuio o DataFrame, paborars co CTpOKaMu U CTOIOLAMH;

— OCYLIECTBIIATH IPYMIIUPOBKY M arperanuio Tabiaul ¢ ucrons3oBanueM Pandas;

— CTPOUTH MOJEIH JIMHEHHOW M JIOTUCTHYECKOM PErPeCCHH C UCTIONb30BaHKeM Onbdimnorexk Python;

— PpacCUUThIBaTh METPUKY KaueCTBA JUHEHHOMN U JIOTUCTUYECKON PErPECCHY;

— CTpOUTH aHCAMOJIEBBIC MOJICIH — PEIIaroIIee AEPEBO, CITyYaifHbIi Jiec, TPaAUueHTHBINA OyCTHHT;

— (hopMaJIbHO MTOCTABUTH 3aJ]a4y JIMHEHHON perpeccuy;

— wucnoib3oBark L1- u L2-perynsipusanmu [uis penieHus 3a1a4 MalliHHOTO 00y YeHHUS;

— pelaTh 337a4u ONTUMHU3AINU IPAIUEHTHBIMU METOIaMH;

— peumiath 331a4u JTMHEHHOH KiIacCH(UKAIMU B MAIIUHHOM OOyYCHHH;

— BBINONHATH MpaKTUYECKUE 3aJa4H U IPOSKTHI B KOMAH/IE;

—  monyuuth uMH(popmanuio o DataFrame, BBIYMCIUTH OmnmcaTeIbHBIE CTATUCTHKU JUIS YHCIOBBIX
JAHHBIX, 00paTUThCA K 31eMeHTaM DataFrame mo mHIEKCy U OpSAKOBOMY HOMEPY, H3MEHHUTh HHJECKC;

—  BBINOJHATH MOKCK, (PUIBTPAINIO U cOpTUpOoBKY DataFrame ¢ mpumeHeHneM MeTOl0B OHOIUOTEKH
Pandas;

—  BBIYHCIATH CTATHCTHKY II0 NPH3HAKaM, MPUMEHATh (YHKIHMU K JAHHBIM, PAaCCUMTHIBATH HOBBIC
3HAYCHNS;

— paboTaTb ¢ HECKOJIBKUMHU TaOJIMLIaMH C TOMOILBI0 MHCTPYMEHTOB Oubnuoreku Pandas;

—  peaJn30BaTh METOIbI KJIACTEPHOTO aHAlIM3a Ha NPHMEPE HCKYCCTBEHHBIX IAHHBIX, BBIOIHHUTH
pacdeT OICHOK KayecTBa KJacTepu3aliy ¢ moMonibio oudmrorek Python;

— peann3oBaTh METO/bI IIOHWKEHUS Pa3MEPHOCTH IPUMEHHUTENBHO K AaTaceTy ¢ nmomouibio Python;

— COCTaBHTb MaTPUILy PEUTUHIOB C MOMOLIbI0 Python n BRIONHATH onepanyuu ¢ Hel;

— HCIIOIb30BaTh METO/ KPOCC-BATMIALINY JUIS OLIEHKH KauyecTBa MOJICIIH;

— wucnoib3oBarh self attention ms Transformer;

— KoxmupoBaTh dHKoAep Transformer;

— wucnoib3oBark Metox t-SNE B 3agade CHIKEHUS pa3MEPHOCTH;

—  OTIMYaTh M NOHUMAaTh 0a30Bble CTATUCTHYECKHE KOHIENIMM — TE€HepalbHas COBOKYITHOCTb,
BBIOOpKa;

— BBIYHUCIINTH TOUYEUHBIE OLICHKU U JOBEPUTEIbHbIC HHTEPBAJIbI, HHTEPIIPETUPOBATH UX;

—  TPOBEpATh CTATUCTUYECKUE THIIOTE3bl C HCIOJIB30BAHUEM TECTOB Ha HOPMAJIBHOCTH JTAHHBIX,
PaBEHCTBO TUCIIEPCHUil, CPaBHEHUE CPEAHUX, B3aUMOCBSI3b IIEPEMEHHBIX;

—  HammcaTh MPOTrpaMMy JUIS BBIYUCIICHHS pe3yJbTaTa CUTMOMIATBHON (DYHKIMH aKTHBALUH JUIS
3aJJaHHBIX BXOIHBIX JIaHHBIX;

— HammMcaTh KO, Pean3yONIHid CBEPTKY U300paKEeHUS U PHIBTPA;

— peanu30BaTh MPOCTYIO HEHPOCETh, COCTOSALIYIO U3 OJHOTO BXOAHOTO CIIOS, OTHOTO CKPBITOTO CJIOS U
OJTHOTO BBIXOIHOTO CIIOS;

— IPUMEHATh (YHKIMU AT TOCTPOEHHSI OCHOBHBIX BHIOB Ipa)MKOB M HACTpaMBaTh BHEIIHHN BUJ
rpa¢ukoB (IIBET, HOAIHNCH, JIETEH/Ia, CETKA);

—  crpouth 3D-nzobpaxkeHus ¢ momornipio Oubmuorek Python um ucmonk3oBarh WX Ul 3ama4y
KOMITBIOTEPHOTO 3PSHHUS;

— CTpPOUTH HEKOTOpPbIE BUIKI IpadukoB B Yandex Datalens;

— CTpOUTH rpadMKu U JUarpaMMbl ¢ TOMOILIBI0 OubnuoTeku Altair, 100aBIsATh B rpadMKN HHTEPAKTHB
Y BBITIOJIHATH UX HACTPOMKY;

— CTPOUTH CTATUCTUYECKUE TUAarpaMMBbI C UCIIOIb30BaHHEM Onbmmoreku Seaborn;

— HCIIOJIb30BaTh PEIIAIOIIUE JePEBhs B 331a4aX MAIIMHHOTO 00yYeHus;

— o0y4arb cBepTOUHYIO HeHpoHHYIO ceTh (CNN);

— UCHOJNB30BaTh CBEPTOYHYIO HEHPOHHYIO CETh ISl 00pa0OTKH M300paKeHUH;

CO3/1aBaTh MPE3CHTAIlMM Ha OCHOBE JMAarpaMM C IOMOIIBIO JBIDKKa Reveal.js, BcTpauBas B Hero
nuarpamMMmel U3 Yandex Datalens;

— Co31aBaTb MHTEPAKTHUBHBIC HH(oNaHenH, mpuMeHss pyHKIuoHa Oubnnorexku Altair;

— BbIOpars OubmMoTexu Python s pemenus 3aaumn aHanu3a JaHHBIX;

—  BBINOJHATH AHAJHM3 JAHHBIX M3 OJHOTO M HECKOJBKHX HCTOYHUKOB C HCIOJIB30BAHUEM SI3BIKA
Python;

— CTPOUTH M aHAIM3UPOBATH MaTpHIly Koppesiiuu Ha Python;



BJIAA€Th:

- CTaHJAPTHBIMU CTPYKTYpaMu IaHHBIX B Python, ymenuem nucars gyHkumu Ha Python, mpumeHsTh
(dyHKIIMOHATILHBIE 0COOEHHOCTH $I3bIKa, padOTaTh ¢ QaiiyiaMu ¢ TOMOIIbIO s3bika Python;

- MEXaHW3MaMH1 HACJICAOBaHMUs, CO3/IaBaTh KJIACCHI M paboTaTh C HUMH, 00padaThIBaTh NCKIIIOYCHHUS;

- HaBBIKAMM BBIOOPA MOIXOSIIETO METO/Ia ONTUMH3ALNH [Tl KOHKPETHOH 3a1a4u;

- HaBBIKAaMH TpHMEHEHUs OuOnamorekn Python Ui mMOCTpoeHMS MOJENM JIMHEHHOW pPErpeccHH,
peLIaoNNX JePeBbEB M KOMIIO3UIMK aJITOPUTMOB, Ui OOYYEHUS METPHUUECKUX alIropuTtMoB, SVM,
0alieCOBCKUX MOZEIEH.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

[Ipumepsl 3agaHKi HA TPOrPAaMMHUPOBAHUE

3ananue 1. ba3oBeie onepaunu ¢ maccuBamu NumPy

VY Bac ecTh /1Ba OZHOMEPHBIX MACCHBA:

e array = np.arange(10) ** 4 — maccuB ruaTexeil Mo urpam 13 cepBUCa;

e array 2 =np.arange(10) ** 3 — maccuB uiaTekeil Mo nmoanMcKaM B CEpBHCE.

BrimonauTe mocinenoBaTensHo CIEAYIOUINE 3aJaHus IPUMEHUTEIIBHO K MCXOAHBIM MAaCCHBAM:

1. Onmnpenenute o0mIyl0 CyMMy JI0XO[a cpasy IO ABYM MHOTOKaMm. [yl 3TOro cHadana CIOXKHTE
MOJTyYeHHbIE MAaCCHUBBI, IIOCJI€ YEro MOJy4yuTe CyMMYy BCEX 3JEMEHTOB. Pesynbrar coxpaHuTe B
[IEPEMEHHYIO array sum.

2. Borumcnure, HaCKOJILKO OOJbINE JICHET MPUHECHA MPOojiaXka WIp 3a YKa3aHHBIA mepuof. Pe3ynbrar
coxpaHHTe B iepeMeHHy1o array_difference.

3. Coxpanure 2-ii 3J€MEHT MacCHBa I10 IJIaTeXaM UIp B IEPEMEHHYIO game_payments2.
4. CoxpaHuTe MMOCIIEAHNHN 3JIEMEHT MacCHBa I10 IJIaTeXaM MOJINICOK B TIepeMeHHY10 subscription_last.

OOparure BHMMaHWE: B 3aJaHUSX HE TPeOyeTcs BBINOJIHATH BBIBOJ IOJYYCHHBIX PE3yJbTaTOB Ha
9KpaH.

3ananue 2. bazossie oneparuu ¢ DataFrame

Bam komnera co3nan df — o6bext DataFrame u nepenan B paboTy Bam:
I I I

0 1,0 5,0 NaN

1 2.0 6.0 NaN

2 3.0 NaN 7.0

3 4.0 NaN 6.0

BemonHauTe cnenyromye onepanui MPUMEHATENBHO K TaHHOMY 00bekTy df:

1. 3aMeHHTEe MHIEKCHI CTPOK Ha MOCIEI0BATEIbHOCTh YHUCeN OT 1 10 4, UCIOb3Ysl COOTBETCTBYIOIMINN
Mmeton onbnuoreku Pandas.

2. llepeumenyiiTe Ha3BaHHS KOJOHOK B mocienoBarensbHocTh OykB A, B, C, wucnonssys
COOTBETCTBYIOIINI MeTo Onbimoreku Pandas.

3. 3aMmeHuTe MPOITyIIEHHbIE 3HAYEHHUS YUCTIOM 55.
OOpartuTe BHUMaHNE: HUKaKUE Pe3yabTaThl PabOTHI TPOTpaMMBbl HEe TPeOyeTCsl BRIBOIUTH Ha YKPaH.

3aganue 3. PacueT cTaTUCTUYECKUX MOKA3aTelIEd MOAIMCYNKOB COLIHAILHON CETH

Bam manbl mokazarenu npupocTa MoAnucYrKoB 3a Mecal B 300 akkayHTax COIMAIbHOM CETH, KOTOpBIE
coxpaHenbl B 00bekT DataFrame ¢ nmenew list_metrics:

IIpupoct

0 -34

1 778

2 888

3 -70

4 322

2951

296 261

297 104



298 638
299 280
300 rows x 1 columns

BrinonauTe CJICAYIOMNE 3aaHus MIPUMEHUTCIIbHO K UCXOAHBIM JJaHHBIM!

1. PaccuuTaiite craHapTHOE OTKJIOHEHUE NIPUPOCTa IOANUCUYHUKOB. Pe3ynpTar oKpymure 10 BTOPOro
3HaKa [0CJIe 3aMATOH U COXPaHHUTE B IEpEMEHHY0 resultl.

2. PaccumraiiTe pazmax NnpupocTa MOANMCYMKOB. Pe3ynmprar OKpymmTe 0 BTOPOrO 3HAKa MOCHe
3aISITONM ¥ COXpaHUTE B IEpEeMEHHYIO result2.

OOparure BHHMMaHHE: B 3aJaHUSAX HE TPeOyeTCsl BBHINOJIHATH BBIBOJ IOJYYECHHBIX DPE3yJbTaTOB Ha
JKpaH.

3ananue 4. Pacuet pazmepa BeIOOpKU

Omnpenenure pa3Mep BBIOOPKH Ul MCCIEIOBaHUS C TOBEPUTEILHBIM YPOBHEM B 99% u ommbOKoil He
6onee 1%. Ilpu ToM yTO MBI HE 3HaeM, uyTo 80% reHepanbHON COBOKYHMHOCTH O0JaJalOT LIEJIEBBIM
npu3HakoM. Pesynbrar pacuera (11eoe 4rciao) COXpaHuTe B IIEPEMEHHYIO size.

OOparure BHMMaHHE: B 3aJaHUSAX HE TPeOyeTcCsl BBHIMOJHATH BBIBOJ IOJYYECHHBIX DPE3yJbTaTOB Ha
JKpaH.

Brenenue B MmammaHOE 00yueHue. MeToy OmmKkalmx cocenen
3amanue 5. [loncuer paccrosauit mus kNN

B pamkax oroii 3amaum HeoOxomumo 3amonHUTH ¢ain  k nearest neighbor.py B mamke
(https://github.com/girafe-ai/ml-course/tree/22f basic/homeworks/assignment0 01 knn) ans perrenus
COOTBETCTBYIOIIEr0 HOYTOYKa. BBl MOKeTEe OTKPBHITH €r0 JIOKAJIbHO WM JKE BOCIIOIB30BATHCS CCBHUIKOW
Ha Colab B manke BbimIE.

[Tocse BHIMOTHEHUS BCEX IIArOB B HOYTOYKE M IMIPOXOKIACHUS JIOKAJIbHBIX TECTOB, COXPAHUTE JIOKAJIbHO
W OTHPAaBbTE MOTYUYUBILUKCS .py (aii.

Buumanue! Bep,Z[I/IKT OK O3HAYacT, YTO Balll KO 3aITy CTHJICA.

MCTOZ[LI ONTUMU3AINU U PCTPECCUOHHOIO aHAJIN3a
3aﬂaHI/Ie 6. Beruucienue IMPONU3BOAHBIX

B pamkax oToM 3amauM  HEOOXOAMMO  3amoimHUTH  Qaiin  ‘derivatives.py’ B mamke
(https://github.com/girafe-ai/ml-course/tree/23s dd ml/homeworks/hw03 derivatives) u ormpaBuTh
MOy YUBIIUHNCS .py (haii.

Baumanue! Bepauxt OK o3Hadaert, 4To Baim KoJ| 3ayCTHIICS.

Pemtenne nomkHo paborarh B python 3.5 u He MCHOIB30BaTh HUKAKWX BHEIIHUX OHOIMOTEK Kpome
numpy u scipy.

MeTton onopHbIX BeKTOpoB. O1ieHKa KadyecTBa KilacCupukanui. MeTobl Kpocc-Baluaanuu
3amanue 7. Snpa nna SVM

B  pamkax 9TOM  3amayMm = HEOOXOAMMO  3amONHUTH  (aiin  Ssvm.py 1O  CCBUIKE
(https://contest.yandex.ru/contest/45298/problems/) 1 oTIpaBUTH MOTYUYUBIIUNCS .py (Daiil.

Baumanue! Bepaukt OK o3Hadaert, 4To Bai KoJ| 3ayCTHIICS.

Pemtenne nomxHo paborarh B python 3.5 u He MCHOIB30BaTh HUKAKWX BHEIIHUX OMOIMOTEK Kpome
numpy, scipy u PyTorch.

Crnyuaiinocts. HauBnbIil baliecoBckuii kitaccudukarop

3ananue 8. Pacnpenenenue Jlamaca

B  pamkax o9ToH 3amaun  HeoOXoOMMO  3amonHUTH  (aiin  distribution.py B mamke
(https://github.com/LXDMIPT/ml-course/tree/23s_dd ml/homeworks/hw02 laplace) mist perieHus
COOTBETCTBYIOLIETO0 HOYTOyKa. Bbl MOXeTe OTKPBITh €ro JIOKaJIBbHO HIIM K€ BOCIHOJIB30BATHCS CCHIIIKON
Ha Colab B mamnke BbImIE.

[Tocse BHIMOMHEHUS BCEX IIArOB B HOYTOYKE M IMPOXOKICHUS JIOKAJIbHBIX TECTOB, COXPAHUTE JIOKAJIbHO
W OTHPAaBbTE MOTYUYUBILUKCS .py (aii.

Buumanne! Bepaukr OK o3Hauaert, 4To Ball KOA 3aIlyCTHIICA.

Pemienue nomxno paborars B python 3.9 u He MCHoOiB30BaTh HUKAKUX BHEIIHUX OMOIMOTEK Kpome
numpy. VMcnonb30BaHne roTOBOTro pacipeneieHus U3 scipy 3aIperieHo!



4. lepeyens TUNOBBIX (MPUMEPHBIX) BONPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

HpI/IMepBI TECTOBLIX BOIIPOCOB

bu6naunorexa NumPy

1.

3.

e o o o IV

Uro noxka3zeiBaeT arpuOyT ndarray.size?
KonmuecTBo sneMeHTOB MaccuBa
Yucno usmMepeHnii MaccuBa

®opmy MaccuBa

Twurbl 31eMEHTOB MaccuBa.

Uro BeIBezeT Ha dKpaH Kox print(np.array([1,2,3,4])[-1])?
None

False

1

4

Bawm nan cnenyrommii pparMeHT koja:

print(np.arange([ 1,2,3,4,5,6]).reshape(2, x)).
Ha uto HeoOxonnumo 3aMeHUTH X, YTOOBI Mporpamma pabdorana?

e o 0o o

1
2
3
4

Uro OyneT pe3ynbTaroM npuMeHeHHus GyHKIuHU transpose() K OTHOMEPHOMY MacCUBY?
None

1

Omnbxa

WcxonHelil MaccuB

BBenenue B nmuHeiHyt0 anreOpy A MalIMHHOTO 00yYeHHS

1.

e o 0o 0 o IV

e o 0 0 o W

Uto sBAsETCS pe3ybTaTOM CKAIIPHOTO MTPOU3BENCHUS BEKTOPOB?
Ckansip

Bexkrop

Marpuua

Touka B JeKapTOBBIX KOOpIUHATAX

[Ipu KakuxX yCIOBUSX HOPMa BEKTOpa paBHA HYJIO?

Eciu nnuna BekTopa paBHa HYJIIO

Ecnu Bce KoopAMHATEI BEKTOPA PaBHBI HYJIIO

Ecnu yron mMexny BEKTOPOM U OChIO KOOPJINHAT paBEH HYIIO
Ecnu npoexius BekTopa Ha 0Chb KOOPAWHAT paBHA HYJIIIO
Ecin cymma koopauHaT BEKTOpa paBHA HYJTIO

UTto Takoe OpTOTOHANIFHAS TIPOSKIIHSI BEKTOpa U Ha BEKTOp V7
YacTp BEKTOpa U, COHAIIPABJICHHAS C BEKTOPOM V

CxayisipHOE MPOU3BEACHUE BEKTOPOB U U V

Pa3HocTh BEKTOPOB U U V

[IpousBenenue BEKTOPOB U U V

YacTp BEKTOpa U, NEPICHIUKYIISIPHAS] BEKTOPY V



Kakoii Oynet pa3MepHOCTh TPAHCTIOHUPOBAHHOW MaTPHUIIHl pa3MEPHOCTH m X n?
nxm
m-+n
m-n

e o 0o o

n-m

5. llpeamnonoxenwue i.i.d (He3aBUCUMBbIE OJJUHAKOBO pacipesieliecHHbIE) OOBIYHO MPUMEHSETCS K ...
HaOJIIOIeHUSAM

IpU3HaKaM

3HAUEHUSIM LIEJIEBOU IEPEMEHHOU

6. B 3amade knaccudukanuy renesas nepeMeHHas . ..
MPUHUMAET TOJIBKO IIeJIOYNCIICHHBIE 3HAYCHUS

SIBJISIETCS] BEKTOPOM U3 AEHCTBUTENIBHBIX YHCEI
NPUHUMAET 3HAYCHNE U3 KOHEYHOTO MHO)KECTBA OTBETOB

7. Beibepute npaBuiibHbIie yTBEep)KAeHHS 0 ROC-KpHBOIA.

ROC-kxpuBas noctpoena B ocsix TPR u FPR

Knaccudurarop ¢ ROC AUC == 0,55 cnocobeH sydine pa3iensaTh KIAcChl, YeM KIACCU(PHUKATOP C
ROCAUC == 0,05

ROC kpuBas nocrpoena B ocsix TounocTH (Precision) n monnots! (Recall)

ROC AUC mokeT ObITh ONITHMU3UPOBAHA HAIIPSMYIO C TOMOIIBIO TPAJIMCHTHBIX METOIOB

ROC xpuBas onpeneneHa Kak Al 3aa4d OMHAPHOH KiIacCH(MKAIINK, TaK U IS 3a/1a4H PETPECCHU

8. BriGepuTe npaBuiibHbIC YTBEpKAeHUS 0 PR-kpuBOii.

PR-xpuBas nocrpoena B ocax TPR u FPR

Knaccudurarop ¢ PR AUC == 1.0 moxer obnagats ROC AUC menbme 1.0

PR-kpuBas noctpoena B ocsix Tounoctu (Precision) u nonHotsl (Recall)

PR AUC moxeT ObITh ONTUMHU3UPOBAH HAIPSMYIO C TOMOIIBIO TPAJAUEHTHBIX METOIOB

PR kpuBas onpezneneHa Kak uis 3aa4i OMHApHOW Kiaccu(UKaluu, TaK U 715 3a/1a41 PEerpeccuu

9. Pemafonme ACPCBbi 0OBIYHO CTPOATCA C UCTIOJIb30BAHUCM MCTOOB...
OINITUMHU3AINU TICPBOIO MOPAIKA

ONTUMHU3AIIUU BTOPOI'O MOPAJAKa

)KaI[HOfI OIITUMH3AIIH

cnyqaﬁHoro IIOHUCKa

TFCHCTUYCCKOIO aJiIroOpuT™Ma

10.B CJIy4ac HAJIN4YMs MPOITYCKOB B JAHHBIX PCIIAIOIINC JCPCBbA. ..
Tpe6y10T NpeaABApPUTCIILHOTO 3aIll0JIHCHUS IPOITyCKOB

CIIOCOOHBI ABTOMATHYECKH 3aIOJHHUTh IIPOITYCKH

CITOCOOHBI CAcCIaTb NPCACKA3aHUC JAXKE IIPU HAJINYUU IIPOITYCKOB B JaAHHBIX
HC JOJIZKHBI IIPUMCHSATBCA

11. Ucnonp3osanue SGD ¢ Momentum MO3BOJISET...

YCKOPHUTH CXOAMMOCTh B HEKOTOPBIX CITydasix.

n30exaTh HEKOTOPHIX JIOKATBHBIX MUHUMYMOB.

H30€KaTh CEIJIOBBIX TOUEK.

MOJTyYUTh aHATUTHYECKOE PEIICHIE TPOMEKYTOUHON ONTUMU3AMOHHON 33]1auu.

12. HefipoHHble ceTr MOTYT OBITh IIPEJCTABICHBI B BHI€ KOMOWHALHH. .
PEILAIOLINX IEPEBbEB U JIMHEHHBIX (DyHKIIHM.
JUHEHHBIX (YHKUUN 1 HEIMHEHHBIX aKTUBALUH.



peLIAIINX JEPEBbEB U HEIMHEVHBIX aKTHBALU.

Kpurepun onennBanus

MakcumanbHasi CymMMa, KOTOPYI0 MOXHO HaOpaTh, YCIEIIHO BBHIMOJIHUB BCE KOHTPOJBHBIC
Meponpustusi, cocrasiser 100 Oammos. s TONyYeHUS TONOKUTEILHOW OICHKU «3a4TEHOY
Heo0xommuMo HaOpath He MeHee 30 OamioB.

OneHka «3a4TeHO» BBICTABIIAETCS CTYAEHTY, €CJIU OH II0Ka3aJl BCECTOPOHHHE, CUCTEMAaTU3UPOBaHHbIE,
1yOOKHe 3HaHUS y4eOHOM mporpaMMBbl TUCHHUILIMHBI 1 YMEHUE YBEPEHHO NPUMEHSTh UX Ha MPAKTHKE
IIPU peIIeHUN KOHKPETHBIX 3a]1a4, CBOOOIHOE U IIPAaBUIILHOE 000CHOBAaHHE MPUHATHIX PELICHUI.

OueHka «HE 3aUTEHO» BBICTABISIETCSl CTYJICHTY, KOTOpPBHIH HE 3HaeT OoJblIed YacTH OCHOBHOTO
copepkaHusi y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, AOMYCKaeT rpyOble OmuOKH B (OPMYIHPOBKAX
OCHOBHBIX IMOHSATUH IUCLMIUIMHBI MU HE YMEET MCIIOJIb30BaTh IIOIY4YEHHBbIE 3HAHUSA IPU pPELICHUU
TUIOBBIX MPAKTUYECKUX 3aad.

COCTaBJ’IﬁIOH.[I/Ie nponecca 06yquH${, KOTOPBIC OLCHUBAIOTCA B XOAC O6y‘leHI/I$I, N WX BKJIaJ B 3a4€T
MMPEACTAaBJICHBI HUXKE!

Monynb Bknan B 3a4et,%
Onenka 3a moxyins 1 40
Onenka 3a moxyis 2 40
3ager 20

5. MeTonuyeckne MaTepuaJbl, onpeaesiiome NpoueIypbl OlleHMBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

Bo BpCEMs IIPOBCACHUA 3a4CTa o6yanomHec5{ MOTYT IMOJIb30BATbHCA HpOl"paMMOI\/'I JUCIHUITIINHBI.



