fHpekc lNpakTukym

KTO Takue cneumanucTbl
no Data Science

01 B yem CYTb Cneuwnanuctbl no Data Science noMmoratot KOMMnaHWAM NPUHNUMaTb
peLleHnsa Ha OCHOBe AaHHbIX. OHK peLLaloT TEXHNYECKNe 3a4a4m:

npocbeccvwl CO30al0T MOoAENM ANS NPOrHO30B M NoNb3yoTCsA Bonee CNOXHbIMU
MHCTPYMEHTaMM, OCHOBAHHbIMW HAa MaTeMaTUKE.
02 B kakunx cpepax Data Science BocTpebosaHa B MapKeTUHre, purHaHcax,
260TaloT MNPOMBILLNEHHOCTH, pPa3paboTke ntobbix HOBbIX MPOAYKTOB U
P TEXHOJOr M.
03 Kakune 33 REQY BaHK xoueT aBTOMaTU4YE€CKU NPOrHO3MPOBaTb NIATEXECNOCOOHOCTb
eLaloT HOBbIX KNIMEHTOB. Hy>XHO MCNONb30BaTb AaHHbIE O TEKYLLNX
P KnneHTax 6aHka.
[TOMCKOBOMY CEpPBUCY HYXXEH afirOPUTM, KOTOPbIN MOMOXET
onpenenatb oTorpadpum C 3anpeLeHHbIM CoaepP>KaHNEM U
MCKoYaTb UX M3 MOUCKOBOW BblAaum.
OHnanH-KMHOTEeaTp NOCTPOUT PEKOMEHOATENbHYIO CUCTEMY
$dUNbMOB U Cepuanos ans Nonb3oBaTenen.
04 KapbepHbie CornacHo nccnegosaHuio hh.ru cnpoc Ha crneumanmcTos B 0651actu
MallnHHOro oby4yeHus, Data Science 1 aHann3a gaHHbIX BbIPOC
NnepcneKkTmsbl

B 4 pa3a B nepunopa c 2022 no 2025r.

3aprnjiaTHas BUJKa

113000 P 216 000 P 335000+ P

IXyHmnop — onbIT Ao 1 roga Mwupon —onbIT 1-3ropa CuHbOP — onbIT OT 3 neT

Ha Kypce — Bce, YTO HY>XHO,
4YTOObI Ha4YaTb Kapbepy cneuunanuncTta no DS

[nnnom o nepenoaroToBKe HenpepbiBHas npakTuka

MopTdonmo n3 17 npoekToB [TomMoLb B TPYOOYCTPONCTBE



fAHpekc MpakTukym

DATA SCIENCE

[ToyeMy 3TOT KypC NOJONAET cTyaeHTaM 6e3 onbiTa

CBobopgHoe
pacnmcaHue

[loHATHas
Teopu4

[MpakTuKa
B TPEHaXepe

Yyéba Ha peasibHbIX
3aa4ax

KomaHpa
COMPOBOXOEHUS

YnTaTb TEOPUIO U MPAKTMKOBATLCS MOXKHO B Ntoboe Bpems,

rnaBHoe — cobnioaaTtb CPOKM Caa4vm NPOeKToB. Y Hac ecTb
MobBUbHOE NpUNoXeHMe ans y4€DdbI, YTOObI Bbl HE BbI NPUBA3aHbI
K KOMMbIOTEPY.

TepMuHbI 1 NpaBuia NOAKPENNEHbI MPUMEPAMM U3 XXU3HWN.
CnoXXHOCTb 1 AIHA NPOrpPaMMbl KypCca pPacCYmMTaHbl Tak,

YTOObI KaXkKAyto CrieayoLLyo rnaBy Bbl TOHMMaNM BCE NyuLLE.

Mbl NOCTOSAHHO aKTyanM3npyeMm nporpammy: nocreaHee obHoBneHme
Ha AaHHbI MOMeHT — anpenb 2025 roaa.

YuuTecb nncaTb 3anpochl K AaHHbIM, NpegobpabaTbiBaTh U
BM3YaNM3MPOBaTb JaHHble, NUcaTb Koa obyyeHns Mogenu B
TpeHaxepe.

Bac »xayT TMnn4Hble gnga cneymanncTta no data science 3agaym
13 pa3Hbix cpep. Bol peinte nx n cmoxete AobaBnTb B CBOE
nopTtdonuo.

Mbl nogaep>Xxnm, 0O BACHNM CNOXHbIE TEMbI, TOMOXEM YNAYYLLANTDb
MPEOEKTbl N HE NaANM COaTbCA Ha MOJINYTW.

YT06bl HA4ATb YUUTLCA,
He Hy)XeH onbITB IT

Cpean Hawmx BbINYCKHUKOB, KOTOPbIE CTanM aHaNIMTUKaMU OaHHBbIX,
€CTb CMOPTCMEHbI, 3KOHOMWCTbI, TAKCUCTbI U pa3Hopaboune.

[Nocne HalMX KyPCOB aHaNNTUKM HaxogaT paboTy 1 B cTapTanax,

1 B Kopropauusax Bpoae AHgekca, «Jlepya Mepnen», «<Bkycsunna»
n Cbepa.

CTP. 2/20



fAHpekc MNpakTukym

Cneumnanuct no Data Science

13 mecsiueB

NPOAOHKUNTENIbHOCTDL KypCa

17 npoekToB

B nopTdonno

OO0

BsoaHbIN
MoAayb

O1

« OcHoBbl SQL. N3BneveHune

OaHHbIX

« SQL. O6paboTka gaHHbIX
« SQL. AHanus pgaHHbIX

M peweHne ad hoc 3agav

« Wtorosbin npoekT moaynsa 1

02

« OcHoBbl Python

« Python. MpepobpaboTka
OAHHbIX

« MlccnepoBaTtenbCkui aHanus
OAHHbIX U BU3yanm3auyms
c nomoubio Python

« VMIHCTpyMeHTbI pa3paboTkun
anga Data Science

« ToroBbin npoekT moayns 2

O3

+ 3HAaKOMCTBO C MALMHHbBIM

obyyeHunem. JInHenHas
perpeccus

- Jlornctnyeckas perpeccus
- MeTop[, ONOPHbIX BEKTOPOB
« ToroBbin npoekT moayns 3

04

- Pewatouwee nepeBo

- MeTop cnyyanHoro neca

« BYCTUHI M rpagneHTHbIN
OYCTUHT

- ObyyeHue 6e3 yuntens

« WToroBbin npoekT moaynsa 4

05

- BHeppeHue

1 MOHUTOPWUHI Mofenen

« ®opmynnpoBkKa rmnoTes
- AHanu3s pesynbtaToB A/B

TeCTUPOBAHMS C MOMOLLbIO
Python

« MToroBbi npoekT moaynsa 5
« [1ONONHUTENBHbIN CAPUHT:

NnoaroToBka K
cobecepnoBaHuIO

06

BbinyckHoM
NPOeKT

07

- MacTepckas
+ KapbepHbIn Tpek



fAHpekc MNpakTukym

Cneumnanuct no Data Science
[pacwmpeHHbIn Tapud ]

17 mecsiueB

NPOAOHKUNTENIbHOCTDL KypCa

22 npoekTa
B nopTdonno

02 O3

00 01

BsoaHbIN
MoAayb

06

« ObpaboTka bonbLIMX

04

- Pewatouiee nepeBo

- MeTop cnyyanHoro neca

« BYCTUHI M rpagneHTHbIN
OYCTUHT

- ObyuyeHue 6e3 yuntens

« WToroBbin npoekT moaynsa 4

08

BbinycKHOM NPoeKT

« OcHoBbl SQL. N3BneveHune

OaHHbIX

« SQL. O6paboTka gaHHbIX
« SQL. AHanus pgaHHbIX

M pelweHne ad hoc 3agauv

-+ Wtorosbin npoekT Mmoayns 1

05

- BHeppeHue

1 MOHUTOPWUHI MOofenen

« ®opmynunpoBKa rmnoTes
- AHanu3s pesynbtaToB A/B

TeCTUPOBAHMS C MOMOLLbIO
Python

« MToroBbi npoekT moaynsa 5
« [1ONONHUTENBHbIN CAPUHT:

NnoaroToBka K
cobecenoBaHuIO

« OcHoBbl Python
« Python. MpepobpaboTka

AaHHbIX

« MlccnepoBaTtenbCkui aHanus

OaHHbIX 1 BU3yanusayms
c nomoubio Python

« VIHCTpyMeHTbI pa3paboTku

anga Data Science

« ToroBbin npoekT moayns 2

JaHHbIX

« TpPEeKWHr 3KCnepnMeHTOB

B ML flow

- BBepeHue B rnybuHHOE

obyyeHue.
HelnpoHHble ceTn
O U300paxkeHnn

+ HenpoHHble cetun

Ons TeKCTOB

- PekomeHpaTenbHble

CNUCTEMDI

+ 3HAaKOMCTBO C MALMHHbBIM

obyyeHunem. JInHenHas
perpeccus

- Jloructnyeckas perpeccus
- MeTop[, ONOPHbIX BEKTOPOB
« ToroBbin npoekT moayns 3

07

- MacTepckas
- KapbepHbl Tpek



OcHoOBbI aHaNM3a gaHHbIX
c nomMolLbio SQL

O1

9 Hepenb | 90 yacos
3 cnpuHTa
+1TOroBbIN NPOEKT

NMo3HakomuTech ¢ Data Science, kak 061acTbto 3HaHWI U y3HaeTe,
Kakue 3aga4m pelwaet cneumanuct no Data Science. Y3HaeTe, Kak
MOFYT XPaHUTCA AaHHbIE 1 MO3HAKOMMTECH C A3bIKOM 3anpocoB SQL
nns pabotbl ¢ 6azamu gaHHbIX. HanunweTe nepsblie 3anpockl Ha SQL

N HAyunTeChb M3BNEKaTb AaHHble. HayumnTecb NpUMeHSTb NPOABUHYTbIE
MHCTPYMeHTbl SQL (okoHHble dyHKLUMKM) Ang peweHnsa ad hoc 3agay
aHaNNTKUKA PA3HOM CNOXHOCTU. B KOHUE Moayns BbINOMHUTE UTOMOBbI
NPOEKT NO CO34aHMI0 BUTPUHbI AAHHBbIX.

Copep)xaHune moayns

0O1. OcHoBbl SQL.
MN3BneyeHme gaHHbIX

PaboTta c 6a3amMu JaHHbIX.
cyp[

Tunbl JaHHbIX
N X NpeobpazoBaHms

M3BneyeHmne gaHHbIX
13 Tabnuu, n punbTpaums

pynnupoBKa 1 COPTUPOBKA
AAHHbIX

JlomaluHee 3apaHue

PewweHne 3aga4 Ha U3BnevyeHme
JaHHbIX ¢ nomoLbto SQL-
3aMpoCOoB B TPEHAXEpPE

2 Hepenu

BcTpeua c kypaTopom
MNoproTtoBka K 0By4eHuIo 1
3HaKOMCTBO CO CTyAeHTamMu

Bopkwon
Kak pelwatb 3agaym Ha SQL

02. SQL.
Ob6paboTKa AaHHbIX

PaboTa ¢ nponyLeHHbIMU
3HaYeHnsIMK 1 aybnmMkaTamu

MpucoegmnHeHme Tabnuy,

Onepauym MHOXeCTB
1 Nopa3anpochl

KaTeropmusaumsa 3Ha4eHUN.
Co3paHue HOoBbIX cToNbLOB

PaboTa c gato 1 BpeMeHeM

JlomaluHee 3apaHue
HanuncaHune SQL-3anpocos

B paMKax 3a4a4m NoAroToBKum
OAHHbIX

2 Hepenu

BebuHap
PeweHune 3apay4 SQL B DBeaver

03. SQL. AHanu3 gaHHbIX
N peLleHmne
ad hoc 3apav

OKOHHble PyHKLNN.
Arperuvpytowme GyHKLnm
OKOHHble PyHKLNN.

Paryxnpyowme pyHKUnm
N GYHKLMN CMELLEeHNS

NccnepoBaTtenbckuii aHanms
OAHHbIX. AHanuTUyeckmne
PYyHKUNM

Pewenwve ad-hoc 3apauv

MpoekT 3 Hepenu
PelweHune ad-hoc aHanuTmnyeckmx

3anpoCcoB Pa3INYHON

cnoXxHocTtn Ha SQL B pamkax

3a4a4un NccnegoBaTeibCKoro

aHanM3a gaHHbIX

Bopkiion

PelwweHne ad-hoc 3anpocos
B SQL



OcHoOBbI aHaNM3a gaHHbIX
c nomoLubio SQL O1

9 Hepenb | 90 yacos NMo3HakomuTech ¢ Data Science, kak 061acTbto 3HaHWI U y3HaeTe,
3 cnpuHTa Kakue 3agaum pelaet crneumanuct no Data Science. Y3HaeTe, Kak
+ 1 UTOroBbIN NPOEKT MOrYyT XPaHUTCS JaHHbIE U MO3HAaKOMUTECH C A3bIKOM 3anpocos SQL

nns pabotbl ¢ 6azamu gaHHbIX. HanunweTe nepsblie 3anpockl Ha SQL

N HAyunTeChb M3BNEKaTb AaHHble. HayumnTecb NpUMeHSTb NPOABUHYTbIE
MHCTPYMeHTbl SQL (okoHHble dyHKLUMKM) Ang peweHnsa ad hoc 3agay
aHaNNTMKa Pa3HOM CITOXXHOCTU. B KOHLLe MOayns BbIMONHUTE NTOMOBbI
NPOEKT NO CO34aHMI0 BUTPUHbI AAHHBbIX.

Copep)xaHune moayns

NTorosbiin npoekT NToroebin npoekT 2 Hepenwu

Moayns
Co3paHue BUTPUHBI JaHHbIX

¢ nomoLupto SQL-3anpocos

N peLleHne HECKONbKMX
aHannTn4yeckmx ad-hoc 3apauv
Ha eé ocHoBe

Ceccuns BOnpocoB U OTBETOB
C HaCTaBHUKOM.

KaHukyrbl 1 Hepens



AHanuns gaHHbIX ¢ noMoubio Python 02

10 Hepenb | 100 yacos
4 cnpuHTa
+ 1 NTOroBbIN NPOEKT

HauyHETe 3HaKOMCTBO C A3bIKOM MporpamMmmmnpoBaHmns Python:
N3y4nTe OCHOBbI CUHTAKCUCA, paboTy c Bubnmnotekom Pandas.
Hayuuntecb npenobpabaTbiBaTh AaHHbIE M MCNOb30BaTh Python
A9 UccnegoBaHUsS 1 BU3yann3aunm aaHHbiX. PasbepéTech

C OCHOBaMM OMNMUCATENbHOM CTAaTUCTUKN M OCHOBaMM OObEKTHO-
OPUEHTUPOBAHHOIO NporpamMmmMmmpoBaHus. Co3gagnte CBOE
BUPTYaNbHOE OKpYXeHune n Git-penosntopuin.

Copep)xaHune moayns

05. OcHosbl Python

3HaKoMCTBO € Python
Ctpokun. Crincku

Jlornyeckue BblpaXkeHns.
YcnoBHbIV onepaTtop

Lmknbl. CnnckoBble
BKJIOMEHMSA

BnoykeHHble KOHCTpYKLUUK
OyHKUMN
MHoxkecTtBa. Cnosapwu

JlomalHee 3apaHune 2 Hepenm
PelueHne 3agay ona otpaboTku
HaBblka paboTbl c Python B

TPEeHaXepe

BebuHap
PelweHne 3apgay Ha Python

06. Python.
MpenobpaboTka
NaHHbIX

OcHoBbl bMbnmnoTekun pandas.
O630p AaHHbIX

Tunbl paHHbIX. PaboTa c paton
N BPEMEHEM

NHpekcaumsa B patadppenmax.
dunbTpaums AaHHbIX.

PaboTa ¢ nponyLweHHbIMA
3HaYEHUAMMN.

Ob6paboTka oybnnkaTtoB
KaTteropusauus gaHHbIX

MpoekT 2 Hepgenu
[MoaroToBka "cbipbIX” AaHHbIX

ON8 nocneayouero aHanmsa

nomoLubio Python

Bopkuon
MpenobpaboTka gaHHbIX B
pandas

0O7. WccnepoBaTtenbCkumn
aHanu3 JaHHbIX
1N BU3yanm3auyms
c nomoupto Python

Ob6beanHeHne patadpernmMos.
Cpe3bl AaHHbIX

OnucaTenbHas CTaTUCTUKA
B3anmocBsa3b nepeMeHHbIX

Busyanusaums ans nsydveHus
[OaHHbIX

CBopHble Tabnuubl

Mpumep
NCCneaoBaTeNbCKOro
aHanM3a AaHHbIX

MpoekT 2 Hepenu
NccnepoBatenbCckmnim aHanms

[OAHHbIX NS pelieHns busHec-

Kerca M NoaroToBKa OTYETA

No NCCNeaoBaHUIO

Bopkwon
[Mpe3eHTaumnm pesynbTaTos
3aKa3uunky

08. WHCTpyMeHTbI
pa3paboTkun gns Data
Science + OOI1

KomMaHgHas cTpoka
N TEPMUHAN

BupTyanbHoe okpy>xeHue
Git

Mapagurmbl
nporpammmposaHunsa. OOIT
MpuHumnel OO

JlomaluHee 3apaHue 2 Hepenm
Co3paHue Knacca

npenobpaboTkn JaHHbIX,

ncnonb3ysa npuHumnel OOIT.

Pa3melLieHne NnepBoro NpoeKTa

B Git peno3utopumn

BebuHap
BO3MOXHOCTW NCMONb30BaHUSA
IDE



AHanuns gaHHbIX ¢ noMoubio Python 02

10 Hepenb | 100 yacos HauyHEéTe 3HAaKOMCTBO C 93bIKOM NporpaMmmmpoBaHus Python:
4 cnpuHTa N3y4nTe OCHOBbI CUHTAKCUCA, paboTy c Bubnmnotekom Pandas.
+1 NTOroBbIN NPOEKT Hayuuntecb npenobpabaTbiBaTh AaHHbIE M MCNOb30BaTh Python

A9 UccnegoBaHUsS 1 BU3yann3aunm aaHHbiX. PasbepéTech

C OCHOBaMM OMNMUCATENbHOM CTAaTUCTUKN M OCHOBaMM OObEKTHO-
OPUEHTUPOBAHHOIO NporpamMmmmnpoBaHus. Co3pgaanTe CBOE
BUPTYaNbHOE OKpYXeHune n Git-penosntopuin.

Copep)xaHune moayns

NTorosbiin npoekT NToroebin npoekT 2 Hepenwu

Moayns y
ccnepoBaTtenbckuii aHanms

AAaHHbIX Nop, 3anpoc busHeca

C nocneayouwemn sBnsyanmsaumen
C MOMOLLbIO MHCTPYMEHTOB
Python. lNpepocTtasute
pekomMeHaaunm brsHecy

No UTOram NUCCreaoBaHNS

Ceccuns BONpocoB U OTBETOB
C HaCTaBHUKOM.

KaHukyrbl 1 Hepens



OcHoBblI MalLMHHOI 0 0by4yeHus.
JINHenHble mopgenu

O3

8 Hepenb | 80 yacos
3 crnpuHTa
+ 1 NTOroBbIN NPOEKT

Ha4yHeTe cBOE 3HaKOMCTBO C MaLUMHHbIM 0by4eHune. Pa3bepeTtecs, 4To
Takoe MoJesb U Kak OHa oby4aeTcs. [1o3HaKoOMUTECH C IMHENHbBIMU
MOOEeNAMU: NINHENHas perpeccus, NorncTnyeckas perpeccus, MetToq,
OMOPHbIX BEKTOPOB. HauHeTe ocBamBaTb bnbnmnoreky scikit-learn.
HayuunTtech paccunTbiBaTb METPUKM B 330a4aX PErPeccumn n
knaccupukaumm. Obyunte MUHUMYM 6 Moenen 3a 3TOT MOAY/Ib.

Copep>xaHue mopyns

10. 3HakomcTtBo ¢ MO.
[MepBas mogens -
JInHenHasa perpeccus

Y10 Takoe MalunHHoe
obyueHune

Kputepumn kayecTBa Moaenemn

J[1aHHble B MALLMHHOM
oby4yeHnun

Kak obyyaeTca mogenb

JInHenHble Mogenw.
JInHenHasa perpeccus

Bubnuoteka scikit-learn

MpoekT 2 Hepenu
OByu4eHne NMHEeNHON perpeccmm

N PaCYET METPUK 3TON MOaeNu

Ha roToBbIX AaHHbIX

Bopkuwion

MepeBop TpedboBaHU b3Heca
Ha A3blK 334@4 MaALLUNHHOIO
obyueHuns

1. Jlornctmnyeckas
perpeccus

MpepobpaboTka JaHHbIX
ans obyyeHmns mopenen

Kpocc Banupauus

3a4a4m Knaccndpukaumn.
JInHenHasa knaccndukaums

Jlornctnyeckas perpeccus
MeTpukin knaccmbukaumm

MpoekT 2 Hepenu
PeweHune 3apaun

Knaccndpumkaumm ¢ NoaroToBKon

OAHHbIX 1 3KCNEepPUMEHTaMM

C rmnepnapamMeTpamm

Be6uHap
MpenobpaboTka AaHHbIX
ONS NTMHENHbIX Moaenen

12.  MeToa onopHbIX
BEKTOPOB

MeTon ONopHbIX BEKTOPOB,
KaK 3aga4a Knaccmdukaymm

KannbpoBka
KnaccndpukaTopoB

MHoroknaccosast
Knaccndukaums

OT160p Npm3HaKoB

MpoekT 2 Hepenu
[MocTpoeHne HECKONbKNX

NUHENMHbIX Moaenen

N CPaBHEHME NX C TOUKW 3PEHUS

npeacka3aHnsa BEPOSTHOCTU

C nocnegytouien NpoBecTm

KanmbpoBKOM Mogenm

Be6uHap
MHoroknaccoBas
Knaccnpukaums



OcCHOBbI MalULMHHOI O O6yYeHuUS.

JINHenHble mopgenu

O3

8 Hepenb | 80 yacos
3 crnpuHTa
+ 1 NTOroBbIN NPOEKT

Copep>xaHue mopyns

Ha4yHeTe cBOE 3HaKOMCTBO C MaLUMHHbIM 0by4eHune. Pa3bepeTtecs, 4To
Takoe MoJesb U Kak OHa oby4aeTcs. [1o3HaKoOMUTECH C IMHENHbBIMU
MOOEeNAMU: NINHENHas perpeccus, NorncTnyeckas perpeccus, MetToq,
OMOPHbIX BEKTOPOB. HauHeTe ocBamBaTb bnbnmnoreky scikit-learn.
HayuunTtech paccunTbiBaTb METPUKM B 330a4aX PErPeccumn n
knaccupukaumm. Obyunte MUHUMYM 6 Moenen 3a 3TOT MOAY/Ib.

ATOroBbI NpoekT
MOoayNs

KaHukyrbl

NToroBbiv npoeKkT 2 Hepenu

[ns ogHomn Bu3Hec 3agaun
obyunTe Moaenb perpeccum

n knaccnodukaummn. CpaBHuUTE
N MHTEPNPETUPYETE METPUKH,
BbIOpaTh Nyullee peLueHune.
NMoaroToBuTE OTYET NO UTOramM
3KCMNEPUMEHTOB C MOAENAMW.

Ceccuns BONpocoB U OTBETOB
C HaCTaBHUKOM.

1 Hepens



Mopaenun Ha OCHOBe lepeBbeB 04

10 Hepenb | 100 yacos
4 cnpuHTa
+ 1 NTOroBbIN NPOEKT

MpoaomknTe ocBamBaTh Kilaccnmyeckme Mmoaenm MallnHHOro
obyyeHuns: nosHakoMmuTech ¢ MeTpuyeckumm anropmtMmamm (KNN)
N peLlalLWLnMm gepeBbaMu, paszbepéTtech B noaxoaax
aHCcamMbnumnpoBaHus (63rrUHr, CTEKUHT), U3y4YUTE METO[, C/TyYanHOro
neca (Random Forest). OcBonTe anropmnTtmbl OYCTUHra

N rpagueHTHoro byctmnHra. Hayumtecb Mcnonb3oBaTh NONynspHble
onénuoteku (LightGBM, XGBoost, CatBoost).

Obyunte MMHUMYM 8 Moaenen.

Copep>kaHne mopyns

14. Pewatowee
OepeBo

HennHenHubin mopgenn. KNN

HennHenHblie mogenw.
Pewatowme nepeBbs

Kak cTpouTb peluatoLLee
[epeBo

Mpobnema obobLatoLen
cnocobHOCTU oepeBbEB

MpenobpaboTka AaHHbIX AN

pewarwmnx nepeBbeB

MMnepnapameTpbl peLLatoLLmX

nepesbeB. Optuna

MpoekT 2 Hepenu
PelweHue 3agaum perpeccumn

C nomMoubto knn v pelwatoulero

aepeBa c obpaboTkon yepes

KaCTOMHBbIN MannnamH.

Bopkwon
Kak nmcaTtb KaCTOMHbIN KNnacc

15. MeTtog cny4vyanHoro
neca

AHcambnupoBaHue
BarrnHr

Random forest
CT3KUHr

Bannpauusa naHHbIX
C BPEMEHHOW CTPYKTYpPOM

OnpeneneHne BaXXHOCTU
NPU3HaKOB

AwncbanaHc knaccos

MpoekT 2 Hepgenu
OOGyu4eHne oHOro peLlatoLLLero

nepesa (Decision Tree)

1 aHcambns pepesbeB (Random

Forest) Ha JaHHbIX C

ancbanaHcoMm Knaccos

BebuHap

PaboTta c gucbanaHcoM K1accoB:
MeToAbl PaboTbl M Bannpaums
npu gmcbanaHce KNaccos

16. bBycTuHr
N rPagueHTHbIN
OYCTUHI

bycTnHri
lpaaneHTHbIN OYCTUHI

Peanunsauusa rpagueHToro
OyYCTMHra B pa3HbIX
omnbnmoTekax

vinepnapameTpsbl
B ByCTMHrax

NHTepnpeTauma mogenm
rpagneHTHoro OycTuHra

BeKTOpVI3aLI,I/I$I TEKCTOBbIX
OaHHbIX

MpoekT 2 Hepgenu
PelueHne 3agaumn

Knaccndukaumm, NCrnosnb3ys

rPaANEHTHbIN OYCTUHT

BebuHap
MacTep-knacc no bubnmoteke
CatBoost



Mopaenun Ha OCHOBe lepeBbeB 04

10 Hepenb | 100 yacos

4 cnpuHTa
+ 1 NTOroBbIN NPOEKT

MpoaomknTe ocBamBaTh Kilaccnmyeckme Mmoaenm MallnHHOro
obyyeHuns: nosHakoMmuTech ¢ MeTpuyeckumm anropmtMmamm (KNN)
N peLlalLWLnMm gepeBbaMu, paszbepéTtech B noaxoaax
aHCcamMbnumnpoBaHus (63rrUHr, CTEKUHT), U3y4YUTE METO[, C/TyYanHOro
neca (Random Forest). OcBonTe anropmnTtmbl OYCTUHra

N rpagueHTHoro byctmnHra. Hayumtecb Mcnonb3oBaTh NONynspHble
onénuoteku (LightGBM, XGBoost, CatBoost).

Obyunte MMHUMYM 8 Moaenen.

Copep>kaHne mopyns

17. OO6yuyeHune
6e3 yuntens

3apaum obyueHus
6e3 yuntens

3ajaya CHUXeHUA
Pa3MepHOCTU. pca

3ajaya CHUXeHuA
Pa3MepHOCTU. tsne

3apava Knactepmsaumu.

k means

3apava Knactepusauuu.

dbscan

MpoekT 2 Hepenu

PewweHne 3apaumn
Knacrtepusaumm n Bu3yanmsauus
C NoMoLblo tsne

Bopkwon

Cb6op TpeboBaHuMin Bu3sHeca

MTorosbil NpoekT
Moayns

NToroBbi npoeKkT 2 Hepenu

Peannsaumnsa peleHns Ha OCHoBe
OepeBbeEB, 3aa4a YCII0XHUTCA
Tpe6OBaHl/leM OOCTWNYb LENTIEBBLIX
METPUKN MOaENN

Ceccus BOMPOCOB 1 OTBETOB
C HaCTaBHUKOM.

KaHukyrbl

1 Hepens



Banupauwus,
TeCTUPOBaHME Moaeneun 05

10 Hepenb | 100 yacoB
4 cnpuHTa
+1TOroBbIN NPOEKT

OcBouTe NOMHbIN LUK paboTbl C MOaenaMum B peasbHOM busHece —
OT BHEePeHMNSA N MOHUTOPUHIa 40 OLEHKU FrMNoTes3 U aHanmsa
pe3ynbratoB A/B-TecToB. HayuynTtecb NPMMeHsTb CTaTUCTUKY Ha
NPaKTUKe, yBEPEHHO PaboTaTb C 3KCNePUMeEHTaMM U MPUHUMATb
peLleHnsa Ha OCHOBe JaHHbIX. Pa3zbepeTe oCHOBHbIE BOMPOCHI,

C KOTOPbIMU CTONKHETEeChb Ha cobecefoBaHMSAX, MOArOTOBUTECH

K TEXHWYECKMUM cobecejoBaHUAM.

Copep)xaHune moayns

19. BHeppeHune
N MOHUTOPUHT
Moaeneun

BHeppeHune, kak aTtan
YXM3HEHHOrO LMKNa Moaenen

MOHUTOPUHT, Kak 3Tan
YXM3HEHHOrO LMKNa Moaenen

3HakomcTBO C Airflow
batu nHdepeHc B Airflow
MoHuTtopuHr B Airflow

IlomaluHee 3apaHue 2 Hepgenu
Peannsauus MOHUTOPUHTIa

cTabunbHOCTK paboTbl MOaenn

yepe3 AirFlow

Bopkiion
MacTtep-knacc no AirFlow

20. ®dopmynmpoBka
rmnoTes

OcHoBbI TEOPUU
BEepOosATHOCTEN

CnyyarHble BENNYNHBI.
PacnpepneneHnus

lMpoBepka runortes. T-tecT
CTblopeHTa

MHo)ecTBeHHas MpoBepkKa
rmnortes

IlomaluHee 3apaHue 2 Hepgenu
[MpoBepKa CTaTUCTUYECKON
3HAYMMOCTM OAHHbIX

21. AHanusnpyem
pe3ynbTaTbl A/B
TeCTUPOBAHUS
c nomoupto Python

Yt0 Takoe A/B-TecTbl
1N 324€M OHU HYXXHbI

Bbibop MeTpuku ans
NPOBEPKU rMNoTe3bl

PacuyéT pasmepa BbIGOPKM.
Banupaumsa pesynstaTos

MpoBepka pe3ynbtatoB A/B-
TecTa. Tect MaHHa-YUTHW.
Z-TecT nponopummn

AHanu3s pesynbLTaToB
A/B-TecTa: npnmepbl

MpoekT 2 Hepenu
AHanus pe3ynbraToB

nposeneHHoro A/B-Tecta

Mo[esienr C NOMOLLbIO CTaT.

TEeCTOB

Bopkwon
Pazbop kencos Kak
aHanu3unpoBaTb AB-TecTbl

NTorosbiv NnpoeKkT
Moayns

NToroBbin NpoeKkT 2 Hepenu

[lopaboTka roToBOro Koaa
npenobpaboTkn NpU3HaKoB
N peannsauusa nHpepeHca
Mopaenu vyepes Airflow
Ceccuns BONpocoB U OTBETOB
MO UTOrOBOMY MPOEKTY

U MOAynio



Banupauwus,
TeCTUPOBaHME Moaeneun 05

10 Hepenb | 100 yacos OcBowuTe NONHbIN LUK paboTbl C MOOENSIMU B peasibHOM O13Hece —
4 cnpuHTa OT BHEAPEHNSA U MOHUTOPUHIa A0 OLEHKN T’MNOoTe3 1 aHanum3a
+ 1 NTOroBbIN NPOEKT pe3ynbtatoB A/B-TecToB. Hayuntecb NpMMeHaTb CTaTUCTUKY Ha

NPaKTUKe, yBEPEHHO PaboTaTb C 3KCNePUMeEHTaMM U MPUHUMATb
peLleHnsa Ha OCHOBe JaHHbIX. Pa3zbepeTe oCHOBHbIE BOMPOCHI,

C KOTOPbIMU CTONIKHETECb Ha cobeceoBaHMAX, MOArOTOBUTECH

K TEXHUYECKMUM cobecefoBaHUAM.

Copep)xaHune moayns

23. TlloarotoBka - AnropmtmMmyeckume 3agaum Ha [lomaluHee 3agaHune 2 Hepenu
Kk cobecefioBaHMAM Python Pewwerne SQL-3aaay n
- SQL-3apaun anropuTMMYecKmX 3a4a4 Ha
- Ctatuctuka n ab-TtecTbl Python c aBTonpoBepkomn
- Bonpoc no teopmnun ML BopkLuon

CoBeTbl MO NPOXOXAEHUIO
TeXHUYECKUX cobecegoBaHUN

KaHukyrbl 1 Hepens



BbinyCKHOU NpPOeKT

3 Hepenu AVNAOMHbBIN NPOEKT OXBaTbIBAET BECb XXU3HEHHbIN LMK MOAENN
MaLLUMHHOIo oby4eHuns, HaunHasa oT cOopa JaHHbIX M 3aKaH4YMBas
pa3BepTbiBaHMEM NHPepeHca B Airflow.

Copep)xaHune moayns

BbinyckHOW npoekT - Bbibop mopenu, ncxops Ceccusi BOMPOCOB U OTBETOB 3 Hepenu

s 6M3Hec-Tpe§OBaHMM Mo BbIMYCKHOMY MPOEKTY
1 orpaHn4yeHnmn

- Pabota c cbipbimu SQL-
AAHHBIMU U3 HECKONbKMX
Tabnuu,

- Pa3paboTka nannnarnHa
npenobpaboTky,
3KCNEePUMEHTOB
N MHbepeHca.

- 3arpy3ka Koga v Mmogenu
B GitLab ons
BEPCUOHUNPOBAHUS
1M aBTOMaTU3aLUmn



Cneuunanuct no Data Science paclunpeHHbIN COCTOUT U3
6a30BOro Kypca + JononHUTENbHbIX TeEM

[MpoaBUHYTbIE MHCTPYMEHTDI
Data Science
[paclumnpeHHbin Tapud] 06

11 Hepenb | 110 yacoB
5 cnpuHTOB

[orpy3unTech B NPOABUHYTbIE TEMbI: paboTa ¢ 6onbLIMMU JaHHBIMU,
NIOrMpPOBaHME IKCNEPUMEHTOB C MNapaMeTpamMmn Moaenu,
apXuTeKkTypa HempoceTen. Takxxe Bbl U3yumnTe noaxoabl K
NOCTPOEHUIO PEKOMEHJAaTENbHbIX CUCTEM N HAYYUTECH
pa3pabaTbiBaTb peLUeHns, FOTOBbIE K 3aMyCcKy B NPOAAKLLH.

Copep>kaHne mopyns

24. OO6paboTka
©oNbLUMX JAHHbIX

- BBepgeHue B OonblUME AaHHbIe
- ApxutekTypa pyspark

- XpaHeHune 60onbLINX AaHHbIX
- MpepobpaboTtka c Spark

Structured API

- Pabota c SQL B Pyspark
- OntTnMKnzaumsa obpaboTku

OaHHbIX

MpoekT 2 Hepenu
BbinonHeHmne obpaboTkm

OonbLUMX JaHHbIX B pyspark.

MoprotroBKa AaHHbIX

ans obyyeHmnsa mogenu.

BebuHap

Kak ycTpoeHbl pacnpeneneHHbIn
CUCTEMHbIX XPaHEHUS U
0b6paboTkn BoNbLUMNX JAHHbIX

25. TpekuHr
3KCNEepUMEHTOB
B ML flow

« 3HakomcTBO Cc ML flow
- JlornpoBaHme NnapaMeTpoB

N METPUK

- JlornpoaHune mogenu
- CpaBHeHMe 3KCNePUMEHTOB
- Co3gaHune NpoeKkToB

IlomaluHee 3apaHue 2 Hepenu
BbinonHeHmne HeCKonbko

NPaKTUYECKMX 3aJaHNIn

B MLflow c aBTONpOBEpPKON:

NTOrMpoOBaHME NapPaMeTpOoB

N METPUK, NOrMPOBaHNE MOJENN,

CPpaBHEHME 3KCMNEPUMEHTOB,

BEPCMOHMNPOBaHME.

BebuHap
Mpumep pennos B ml flow

26. BBepeHveB

rnybuHHoe obyueHme.

HenpoHHble ceTun
AN N300paxkeHnin

- 3a4ayu rnyobuHHoOro

obyueHuns

« ApXUTEKTYPa HEMPOHHOWN

cetun

 [lonHoOCBA3HbIE HeVIpOHHbIe

cetun

« CBepToYHble HENPOHHbIE

cetun

- ®Openmopk Pytorch

MpoekT 2 Hepenu
PeweHwne 3apaumn

MHOIOK/1aCCOBOM

Knaccndukaumm gpyms

nogxogamu: yepes

NOTHOCBSA3HbIE N Yepes

CBEPTOYHbIE HEMPOHHbIE CETW.

CpaBHeHMe KayecTBa Moaenen

1 BbIOOP NyYLIEro peLeHns

BebuHap
Pa3bop apxmTekTypbl
CBEPTOYHOM CETU



[MpoaBUHYTbIe UHCTPYMEHTbI

Data Science

[pacwumpeHHbi Tapud] 06

11 Hepenb | 110 yacoB

MorpysnTtech B NPOABUHYTbIE TEMBbI: paboTa ¢ 6oNbLLIMMM AaHHbBIMN,

5 CNPUHTOB NIOrPOBaHKeE 3KCNEePUMEHTOB C NapamMeTpamMu Moaenu,
apXUTeKTypa HerpoceTen. Takxe Bbl N3yUymTe Nnoaxoabl K
NOCTPOEHMIO PEKOMEHAATeNbHbIX CUCTEM U HayuUTECh
pa3pabaTbiBaTb pPeLleHns, FOTOBbIE K 3anyCKY B NPOAaKLLH.

Copep)xaHune moayns

27. HenpoHHble ceTun - BekTopHOEe npeactaBneHue
019 TeKCTOB cnos (Word2vec)

« PekyppeHTHble HEUPOHHbIE

CeETN

- ApxuTekTypa TpachopmMepoB

- Mopenu Ha apxuTekType
Tpacdopmepos: bert, gpt

- lcnonb3oBaHue
npenobyyeHHbIX Mogenem

¢ hugging face
28. PekomenpaTenbHble - 3apava pekoMeHaaTesNbHbIX
CUCTEMBI cucTem

« MeTpukun pekomeHgaunm
« KOHTEHTHbIe peK.CUCTEMBI
- KonnabopatmBHas

dunbTpayms

- [MbpuaHbie peK.cUCTEMbI
- NHdepeHc pek. cuctem

KaHukyrbl

MNToroBoe 3agaHue CripuHTa 2 Hepenu
PeweHne 3apaumn

Knaccudukaumm C TEKCTOBbIMU

JAHHbIMU C UCMOJIb30BAHNEM

npenoby4eHHbIX MOAENEN

Bopkwon
icnonb3oBaHue npeaodyyeHHbIX
Mopaenen: pa3dop Kemncos

MpoekT 3 Hepenu
Co3paHune pekoMeHaaTebHOM

CUCTEMBI Yepes

konnabopaTUBHYIO 1 TMOPUOHYIO

mopenb. CpaBHEHME KayecTBa

Mopenen 1 BbiIbop nyyLlero

peLleHns

Bopkuon

Ob6yueHunio pekoMeHgaTeNnbHbIX
CUCTEM C UCMNOJSIb30BAHNEM
ligth fm

BbinonHeHne ob6si3aTtensHOro 4 Hepens
npoekTa B Mactepckomn

1 Hepens



BbinyCKHOM NpPOeKT
paclmnpeHHoro Tapuda

3 Hepenu [MponpeTe BeCb XXU3HEHHbIN UMKN DS-NpoeKkTa 1 CTONKHETECH
C HOBbIMU TEXHNYECKMMM 3aa4aMn: 06paboTkom 6onbLUNX AaHHbIX
Ha PySpark n ynpasneHmnem akcnepmmeHtamm Yyepes ML flow.
Y Bac byneT BbIOOp M3 ABYX JAaTAaCETOB, HA KOTOPbIX BbIMOMHATb
NPOEeKT.

Copep)xaHune moayns

BbinyckHoM npoekT - C6op paHHbIX (AaHHble B SQL Ceccus BOMPOCOB 1 OTBETOB 3 Hepenu

6aze v pyspark) MO BbIMYCKHOMY MPOEKTY
- MpepobpaboTka

- EDA nnsa pekomeHpauum

- [eHepaLms NPU3HAKOB
N3 CbIPbIX AaHHbIX

« DKCNepUMEHTbI C MoaEeNsaMun
+ nornpoBaHue
akcnepumMeHToB B ML flow

« Pacuet meTpuK

- Bbibop nyuluero pelueHuns
- Banunpauunsax

- [loaroTtoBka apTedakTos

- MNoaroToBka MHdpepeHca
Mopaenm

- OdopmneHne npoeKkTa
B Git lab



fHpekc lNpakTukym

[lporpamMmma KapbepHOro pa3BUTUS

[1 -6 mecH Ll,eB] [Mporpamma c noggepxxkor HR-3kcrnepToB: Hay4YnTECh COCTaBNATb
pe3tome, NopThonmo, NoTPeHMpyeTechb NpoxoamnTb cobecegoBaHns,
NoNy4YnTe NAPTHEPCKME BaKaHCUN N KapPbePHYIO MOMOLLb.

TpeK TpyaoyCcTPOUCTBA O1

[4 Hepenu] Y4eBHbIl CMPUHT C MaTepmnanamm Ha nnaThopme, NPaKTUHECKMMMU
3afaHMaMU, feaflainHamu, o6paTHOM CBA3bIO OT PEBLIOEPOB.

TpeK TpyaoyCcTponucTea
Yemy HayumTecb MpakTuka
« Y3HaeTe Npo pPbIHOK TPyAa M KOMMNAHWM, KOTOPbIE FOTOBbI HAHUMATb HanuncaHue pesiome, NnpoBepKun
HaYMHAIOLWMX aHANUTUKOB JAHHbIX oT HR-3KcnepToB, KOHCYNbTAL MK
- lMopgrotoBuTe pestomMme 1 CONPoBOAUTENBHOE MNCbMO B UaTe

- YnakyeTte npoeKkTbl B NOPTHOSINO N HAYUYUTECH NPe3eHTOBaTb cebs

MacTepckas 02

[1 -2 MECFILI,a] TyT Bbl CMOXeTe HabUTb PYKY, BbINOMHASA NPOEKTHbIE PaboTbl
OT pearibHbIX 3aKa34ynKoB. iIMu MoryT ObITb KOMMeEpYeckme
Bopkwion komMmnaHum nnn HKO.

C pa3bopom percoB

Yem nomoxxeT MacTtepckas

Yem nomoxket MacTtepckas MpakTuka
« PeanbHbin npoekT — Bbl NopaboTaeTe B KOMaHAE Hag, NPOEKTOM BbinonHeHWe NpoeKToB.,
OT KOMMaHUN NI HEKOMMEPYECKOWN OpPraHn3aLmnin. nccnepoBaHni, paspaboTtka
« [lomoub HaCTaBHMKA — HaCTaBHMK NPOBEPUT Ball NPOEKT ANs cTpaTterunm ons 3akas4vymkos,
MacTepckon, pUCK OLLMBOK MUHUMU3NPYETCS. obLeHne C 3aKa3ymKom oT
- Kenc B noptdonno — Bbl 4OBEAETE NPOEKT A0 KOHLA 6punda 0o npeseHTaumm pabdor.

« M CMOXETe pacckaszaTb O pe3y/bTaTax B pestomMe, NopTdomo
N Ha cobecenoBaHUMN.

- Bbl GbicTpee HanaETe paboTy — AOMNONHUTENbHbIN PearbHbI NPOeKT
NpMbaBUT BaM KOHKYPEHTHbIX MPENMYLLECTB MNPU NOUCKE BaKaHCUIA
N 3aKa30B.



fHpekc lNpakTukym

Akcenepauumsn 03

[F'.O 6 MECFILI,EB] Bbixo, Ha pbIHOK TPyAa C noaaepykkon [NpakTukyma nocne
MNOArOTOBKM K TPYAOYCTPOWNCTBY.

Kak ycTtpoeHa Akcenepauus

e OpraHM3yeTe NMOUCK pa6OTbI C NOMOLLbIO KapbepHOro Tpekepa MpakTuka

. I'IonquTe OOCTyn K I'IapTHépCKI/IM BaKaHCUAM AKTUBHbIN MOUCK pa6OTbI,

. I'onqaCTByeTe B rpynnoBbIX KapbepHbIX KOHCYJ/bTaUNUAX N I'Iy6J'Il/IHHbIX perynapHbie OTKINKU
CO6ece,D,OBaHVI$IX C peKkpyTepamMmm N NPakKTUKyrowmMm aHalnnTnkKamMmm Ha BakaHCUKM Yepes KapbeprM

- BbinonHuTe npoekTbl MacTepckom OT peasibHbIX 3aKa34nKOB Tpekep, aHanu3 n pasbop

OTJ/IMKOB C KapbepHbIMA
KOHCY/1IbTaHTaMMW.



