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1. OOue cBeaeHus 0 JUCHUILIMHE (MOTYJIE).

[lenbto OCBOEHUS JaHHOM JUCLMIUIMHBI SBISETCS IOJIy4€HUE O0a30BBIX,
TEOPETUYECKUX 3HAHUM M HaBBIKOB B 00JaCTU pabOThI C TaHHBIMU M MPUMEHEHUS
MPOrPaMMHBIX CPEJCTB paOOTHI C JAHHBIMU IS BBITIOJHEHUS MpeoOpa3oBaHUiA
JNAHHBIX, AHAJIIN3a JAHHBIX U BU3YAJIN3aLUN PE3YyJIbTAaTOB.

B pavkax guciumuinHel |y oOywaroumxcs (GopMupyrorcs 0a3oBble
IpPEICTaBICHNS M 3HAHUSA O >KM3HEHHOM LIMKJIE pa3pabOTKU MOJENel aHaiu3a
JAHHBIX U MAalIMHHOTO OOYYEHHs, JIyUIIUX MPAKTUKAX aBTOMATU3ALUU [TPOLIECCOB
aHaJM3a JaHHBIX B COOTBETCTBUM ¢ MeTtohosoruei MLOps.

3amavell TUCUUILIMHBI SBIsSETCS (OpMUpPOBAHUE Yy OOYHAONIMXCSI HABBIKOB
paboThl ¢ MHCTpyYMEHTaMu cOOpa M MOJATOTOBKM JAHHBIX, KOHTPOJISI BEpPCHUH,
ONTHUMH3alUMU, OOYYEeHMs, pa3BEPTHIBAHMS M MOHUTOPHHIAa MOJEJIC aHaau3a
JaHHBIX U MAIIMHHOTO O0y4YeHUsl.

2. [Inanupyembie pe3ybTaThl 00y4EHUS M0 TUCIUILTHHE (MOIYIIIO).

[lepeuenb GopMUpPYEMBIX pe3yJbTaTOB OCBOCHUS 00pa3oBaTEIbHOU
porpamMmsbl (KOMIIETEHIIUI) B pe3ysbTaTe 00y4eHUs 10 AUCHUILUIUHE (MOIYIIO):

IK-2 - CnocobeH ocymiecTBUTh COOp, OYMCTKY, MOATOTOBKY W Pa3METKY
JTAHHBIX HUCcoNb3yst MeTonosioruto ETL s nmanbHeimero oOydeHuss Mojeseit
HMCKYCCTBEHHOTO MHTEJIJICKTA;

IIK-3 - CmocobeH crpoeKkTupoBath, pa3padoTarh, OOY4YHTH, OIICHUTH H
pPa3BepHYTh MOJIETM HMCKYCCTBEHHOTO HHTEIJICKTAa B  COOTBETCTBHHU  C
Mmetoaonorueir MLOps.

OOyueHue 1Mo JUCIUILTNHE (MOJIYIIIO ) IIPEIIoIaraet, 4YTo 1o ero pe3ybTaTaM
oOyyJarommuiicst Oyier:

Ymern:

- pa3pabarbiBaTh TpeOOBaHUS K IKCIUTyaTallMud MOJENICH aHain3a JaHHBIX U
MaIIMHHOTO O0y4YEeHHS;

- ICTIOJIb30BaTh CUCTEMBI KOHTPOJIS BEPCUH ISl BEPCUOHUPOBAHUS MOJIEIICH
Y JTaHHBIX;

- ucnoib3oBaTh Apache Airflow nns opranuzanuu BOCITPOU3BOJIUMOTO
KOHBeiepa MalliMHHOTO 00Yy4YeHUS;

- ICMIOJIb30BAaTh CPEJICTBA MOHUTOPUHTA Pa0OTHI MOJIeNIeH aHaIN3a JaHHBIX U
MaIIUHHOTO OOyUYEHHS.

3HaTh:
- 0COOEHHOCTH TOCTAaHOBKU OM3HEC-TPEOOBAHUIN K aHANIM3Y JaHHbIX;



- OCHOBBI JOKYMEHTUPOBAaHUSI 3TAIOB MPOIECCa aHAIN3a JaHHBIX;

- OCHOBHBIE (pOpMaThl MOJIEJICH aHaIN3a TaHHBIX U MAIIMHHOTO 00Y4YEeHMUS;
- OCHOBBI pa0OTHI C XPAaHUJIUIIIAMH MOJIENEH;

- 0CHOBBI paboThl B MLOps uHCTpyMeHTax u miatopmax.

Buaangers:

- HaBBIKAMHU PAOOTBI C WHCTPYMEHTAMH cOOpa, XpaHEHHS] W TOATOTOBKU
JIAaHHBIX B COOTBETCTBUU C KoHIemuei ETL;

- HaBBIKAMH ONTUMHU3AIMU TUIEPHapaMETPOB MOJICIEH aHaIu3a AaHHBIX U
MaIMHHOTO O0YyYEeHUS;

- HaBBIKAMU pabOTHI ¢ HHCTPYMEHTaAMHU 00YUYEHUsI MOJCIICH aHaIn3a TaHHBIX
¥ MaIllMHHOTO OOyYCHUSI;

- HaBblKamu paboThl ¢ ¢peitmBopkoM Flask m FastAPI nns peanuzaumu
pa3BepPTHIBAEMBIX CEPBUCOB MO/ICTIEH;

- HaBbIKaMU MHTETPALIMKU MOJIEJICH B TEKYIITUX IU(PPOBBIX UHTEIIEKTYaJIbHBIX
CHCTEMaXx.

3. O6beM AUCIUTLIUHBI (MOTYJIS).
3.1. O0mias TpyA0€MKOCTb JUCUUILIMHBI (MOJTYJIST).

OO0mast TPyIOEMKOCTh AMCIHUIUIMHBI (MOIyJisA) coctaBisier 4 3.e. (144
aKaJeMHYECKUX vaca(oB).

3.2. O6bem paucuMIUIUHBL (Monaynsi) B (OpME KOHTAaKTHOW pabOThI
oOyJarommxcsi C  MeJarorM4ecKuMM  paboTHUKaMU HW  (WIM)  JIMIIAMH,
MPUBJIEKAEMBIMU K peaau3alii 00pa30BaTEIbHONW MPOrpaMMbl Ha UHBIX YCIOBUSAX,
IIPU MIPOBEJICHUH YUEOHBIX 3aHATUM:

KomnuectBo yacos

Tun y4eOHbIX 3aHATHI
Bcero | Cemectp Nel

KonrtakTHas paboTa mpu npoBeieHIH yIeOHBIX 3aHATHH (BCETO): 32 32
B ToMm uncne:

3aHATHSA JIEKITMOHHOTO THITA 16 16
3aHATUS CEMUHAPCKOTO THIA 16 16

3.3. O6bemM auCHMIUIMHBI (MOAYJsl) B (opMe caMOCTOATENbHOU pPabOThI
oOyyarommxcsi, a Takke B (opMe KOHTAKTHOH pabOThl OOydYArOUIUXCSA C
MeJarorn4ecKuMU pabOTHUKAMHU | (WJTH) JTUI[AMU, TIPUBJICKAEMBIMH K peaTi3aiiu
oOpa3oBaTrenpHON TpOrpaMMbl Ha HWHBIX YCIOBUSX, TPH MPOBEICHUU
IIPOMEKYTOUYHOM aTTecTalu coctasiisier 112 akagemuyeckux vaca (0B).




3.4. Ilpu 0Oy4eHnu no MHANBUAYAIBHOMY Y4eOHOMY IIJIaHy, B TOM YHCIIE IIPH

YCKOPEHHOM O0YYeHHH, 00BEM JUCHHUIUIMHBI (MOJYJIsI) MOXKET OBITh peaan30BaH
MOJTHOCTHIO B (hOpME CaMOCTOATEIHHON paboThl 00yJarommxcs, a Takxke B hopme

KOHTAKTHON pabOThl 00YYarOIMIMXCs C MeAarorndyecKuMU paOOTHUKAMHU M (VUM )

JIMaMu, IPpHUBJICKACMBbIMU K pCaJIn3alilun O6p330B3TCJ'IBHOI>i nporpaMmbl Ha MHBIX

YCIIOBUAX, IIPU IPOBCACHUN HpOMe)KYTOqHOfI aTTeCranuu.

4. ConepkaHue JUCHUTUIUHBI (MOIYJIA).

4.1. 3aHATHA TEKIIMOHHOTO THUIIA.

/o

TemaTnka JEKIMOHHBIX 3aHATUH / KpaTKO€ COACPIKAHUC

ITocTanoBka 3a7a4n U aHAJIN3 JAHHBIX.

PaCCManI/IBaeMHe BOIIPOCHI:

- BBEJICHUC B 6H3HeC-Tpe6OBaHI/I$I K aHaJIM3y JaHHbIX, CHeL[I/I(I)I/IKaLII/IﬂM u Tpe6OBaHI/IﬂM K SKCITyaTaliun
pa3pa6aTLIBaeM0171 HHTGJ’IJ’ICKTyaJ’IBHOﬁ CUCTEMBI,

- JOKYMCHTHUPOBAHUEC 3TAIIOB IMTPpOLECCa aHaJIn3a JaHHbIX, pa3pa60TKM 1 pa3sBEPTHIBAHUA
UHTEJIEKTYaJIbHOM CUCTEMBI;

- )KU3HEHHBIN UK aHaJIn3a JaHHBIX U UX CBA3b C MHCTPYMCHTAMU aHaJIn3a JaHHBIX.

COop, XxpaHeHHEe U TOJITOTOBKA JaHHBIX.

PaccmarpuBaeMbie BOTIPOCHI:

- BBEJICHHE B TIOHATHE cOOpa, MalfHIUHTA TAaHHBIX, OYHCTKA TAHHBIX, OaTaHCUPOBKA TAHHBIX;
- konnernmusa ETL;

- OaHKM ¥ 0a3bl TaHHBIX, 1aTa-CETHI, OTKPHITHIC TaHHEIC,

- 0030p HHCTPYMEHTOB cOOpa, OUHUCTKH, OaTaHCUPOBKH U XpaHEHUS JaHHBIX;

- BBC€JICHHUC B IIOJATOTOBKY JaHHBIX, PasMETKY JaHHBIX;

- 0030p MHCTPYMEHTOB Pa3METKH JaHHBIX.

KonTpons Bepcuii.

PaccmarpuBaemble BOIPOCHL:

- BBEJICHHE B IPOOIIEMATUKY BOCIIPOU3BOIMMOCTH B aHAIIM3E JaHHBIX;

- BEpCHOHHPOBAHUE KaK JAQHHBIX, TaK U MOJIEJIEH, IPUHLIMIIBL H TTOIXO/IBL;
- 0030p UHCTPYMEHTOB KOHTPOJISI BEPCHH IS JAaHHBIX U MOJEIEH.

OnTtumusanys rurnepnapameTposB.

PaccmarpuBaemble BOIPOCHI:

- MOJIEJTM MAIIMHHOTO OO0YYEHUs W aHaJN3a JTaHHBIX U MX ITapaMeTpEhl;

- [IOHATHUE TUIIEPIIAPAMETPOB, OIIPEIEICHUE U HACTPOMKA rMIIepIIapaMeTpOB;

- IPUHIMIBI U TOAXO/IBI: TIOUCK MO peméTKe, CIyyalHbIi oKCK, baliecoBckas onTuMu3anus,
ONTUMM3ALYSI HA OCHOBE I'PAJMEHTOB, 3BOJIIOLMOHHAs ONTUMU3ALINS;

- 0030p MHCTPYMEHTOB JUISl ONITHMH3AINs TUIIEPIIapaMeTPOB.

OO0yueHne MOJIeNIei.

PaccmarpuBaeMbie BOIPOCHI:

- pa3paboTKa MOJeNei aHaIn3a JaHHBIX, MAITHHHOTO 00YYCHUS,;
- Jupyter Notebook, smpa, Python, Google Colab;

- cpena paspabotku Spyder, DataSpell, Anaconda;

- popmaThl MOJIETICH, XpaHUIIHIIA MOJIEIICH.

Kongeiiep MammHHOTr0 00ydeHus.
PaCCManI/IBaeMI)IC BOIPOCHI:




/o

TemaTuka JTEKIMOHHBIX 3aHATUHN / KpAaTKOE COJIEpKAHNE

- ITIOHATHUE OPKECTPAaluu MOI[GJICI\/'I MAaIIMHHOT O 06y‘-IeHI/I$[ " aHaJIn3a JAaHHBIX,
- IOCTPOCHUC U aBTOMATU3AllUA KOHBeﬁepOB MalIMHHOTI'O O6y‘leHI/IH;

- MLOps - Machine Learning Operations;

- 0630p HWHCTPYMCHTOB aBTOMAaTHU3allAg KOHBeerpOB " OpKECTpalu.

Pa3BepTbiBaHuE MOJIETIEH.

PaccmarpuBaeMbie BOTIPOCHL:

- TpeOOBaHMS K IKCIUTyaTalluy MOZEIIeH MAaIIHHHOTO OOYYICHHUS U aHATN3a TaHHBIX;

- Cpe,I[LI O6y‘lCHI/IH U BBIIIOJIHCHUA MO,I[eHefI MAIIUHHOI'O O6y‘-IeHI/I$I W aHaJIn3a JAHHBIX,
- BapI/IaHTLI HUCIIOJIB30BaAHUA MOHeHeﬁ, BHU/BI pa3BCpTBIBaHI/I51;

- 0030p HHCTPYMEHTOB pa3BEPTHIBAHHUSL.

Nuterpanus Moaeneii ¥ MOHUTOPHHT.

PaccMarpuBaeMble BOIIPOCHL:

- 0COOEHHOCTH MHTETPaLUK MOJIeIel MalllMHHOro 00Y4eHHs U aHaJIM3a JaHHbIX B PaCHpeIeIeHHBIX
CHCTEMAX;

- TUIIOBAA apXUTCKTYypa CEPBUCOB IJIA O6y‘IeHI/I$I U BBITIOJITHCHU S Moz[eneﬁ MAIIUHHOTO 06yquI/m 158
aHaJIu3a JaHHbIX,

- MPOEKTUPOBAHKE M PeaH3alHs MPUKIaTHOTO HHTEepdeiica;

- OCO6eHHOCTI/I MOHUTOPUHIA MOI[eHeﬁ MAIlIMHHOT'O O6y‘I€HI/I$I W aHaJIM3a JaHHBIX,

- MCTPHUKH, OLICHKA U [IOKa3aTCJIN Moz(enef/i;

- JJIOTUPOBAHHUC 1 aHAJIU3 JIOT'OB;

- 0030p HHCTPYMEHTOB MOHUTOPHHIA MOJIENIEH.

4.2. 3aHATHS CEMUHAPCKOTO THUIIA.

JlabopaTopHbie paboThI

/o

HaunmeHoBaHue 1a60paTopHBIX paboT / KpaTKoe coiepikaHue

IToctranoBka 3aJa4 U aHaJIu3 JaHHBIX.

B pesynbTate BeINIOTHEHHS Ta00PATOPHOH pabOTHl CTYJEHT 3HAKOMUTCS C 0COOCHHOCTSIMU TIOCTaHOBKH
Ou3Hec-TpeOOBaHMI K aHAIN3y AaHHBIX, CHEIU(PHUKAISIM 1 TPeOOBAHUSIM K 3KCIUTyaTaluu
pa3pabaTbIiBaeMOi HHTEIJIEKTYaIbHOW CHCTEMBI.

COop, XxpaHeHHUE U MOJTOTOBKA TaHHBIX.
B pesynprare BRIIOITHEHUS 1a60paTOPHOIT pabOThI CTYACHT MOTy4aeT HaBBIK paOOTHI C HHCTPYMEHTaMU
cOopa, XpaHEHHUS ¥ TIOATOTOBKHU JIaHHBIX.

KonTpoas Bepcuii.
B pesynbTaTe BBIIOIHEHHS 1a00PaTOPHOU padOThI CTYJEHT MOJIy4aeT HaBBIK BEPCHOHUPOBAHHUS JAHHBIX U
MoJenel ¢ nomoleto nHCTpyMenToB Data Version Control u Liquibase.

OnTtumusanys rurnepnapameTposB.
B pesynbTate BBINIOIHEHHS 1TA0OPATOPHOM pabOTHI CTYJEHT MOy4aeT HaBbIK ONTUMH3ALUH
runepnapaMmerpoB mMozenei ¢ nomouso HyperOpt u Optuna.

OO0yuenne Mozenei.
B pesynprare BRIIOTHEHHUS 1aO0OpaTOPHOI pabOTHI CTYIEHT MOyJYaeT HaBBIK paboTsl ¢ Jupyter Notebook,
Spyder, DataSpell, Anaconda u Google Colab.

Konseiiep MammmHHOT0 00y4eHHUS.
B pesynbTate BbIOIHEHHS 1a00paTOPHON paboThI CTYIEHT MOy4aeT HaBbIK paboTel ¢ Apache Airflow n
Kedro mis oprannzanun BoCpou3BOAMMOIO KOHBEHEpa MalIMHHOTO 00Y4eHHS.




HanmenoBanue 1a60paTopHBIX paboT / KpaTKoe coepikaHue

7 |Pa3BepteiBaHue Mozeneid. Python.
B pesynbTate BIOIHEHHS 1a00PAaTOPHON pabOThl CTYJEHT MOy4aeT HaBbIK paboThl ¢ (peiiMBOPKOM
Flask u FastAPI s peann3anuu pa3BepThIBa€MBIX CEPBHCOB MOJIEIICH.

8 |PasBepreiBanue Mozenei. MuTerparus. MOHUTOPHUHT.

B PE3YIbTATC BBINIOJTHCHUSA na60paTopH017I pa6OTI)I CTYACHT NOJY4acT HaBbIK MHTETpaAllUN Mo;[enei/’[ B
TEKYIIUX MHU(PPOBHIX MHTEIUIEKTYaIbHBIX CHCTEMaX M Pa3BEPTHIBAHUS CPEICTB MOHHUTOPHHTA PaOOTHI
Mozene.

4.3. CamocrosiTenbHas paboTa 00y4Yaromuxcs.

Ne Bu camocTosiTebHO#M paOboThI
n/m

1 |M3y4yeHue peKOMEHI0OBAHHOM JIUTEPATYPHI.

2 |[ToaroroBka K MPaKTUYECKUM padboTaMm.

3 | [loaroroBka K MpOMEXYTOYHON aTTECTAILIUH.

4 | TloaroToBKa K TEKyIIeMY KOHTPOJIIO.

5. Ilepedenr wu3maHuii, KOTOpHIC PEKOMEHAYETCS HCIIOIb30BaTh IIPH
OCBOCHUU JUCHUIUIUHBI (MOIYJIA).
Ne | bubnuorpaduu

n/ €cKoe Mecro nocryna
1| onucaHue
1 | Xamnke, X. https://e.lanbook.com/book/241088 (nata odpamenus: 10.04.2025)

Pa3pabotka

KOHBEHEPOB
MaIIMHHOTO
oOy4deHus :
PYKOBOJICTBO /
X. Xarmke, K.
Hemnscon ;
MepeEBOJI C
AHTJIMHACKOTO
H. B.
KennoBoit. —
Mockaa : JIMK
IIpecc, 2021.
—346 ¢c. —
ISBN 978-5-
97060-886-9.
— Tekcr :
3JIEKTPOHHBIN




baitmyparos,
H. P. Metoasl
aBTOMAaTH3alH
¥ MAIIMHHOTO
00yJeHus :
yaeOHOe
nocobue / U.
P.
baitmyparos.
— CaHkr-
[TerepOypr :
HNY UTMO,
2020. — 40 c.

https://books.ifmo.ru/book/2388/metody_avtomatizacii_mashinnogo_obuchen
iya:_uchebnoe posobie..htm (gara oOpamenus: 10.04.2025)

XapeHcinak, b.
Apache
Airflow u
KOHBEMNEPHI
00paboTku
JaHHbIX / B.
XapeHncinak, P.
H. ne;
MEepPEBOJ C
AHTJIMHACKOTO
. A.
bennkosa. —
Mockga : JIMK
[Ipecc, 2022.
—502c¢c.—
ISBN 978-5-
97060-970-5.
— Tekcer :
3JIEKTPOHHBIN

https://e.lanbook.com/book/241133 (nata obpamienus: 10.04.2025)

[Tapnen, b.
KpynHomacr
abHoe
MalTuHHOE
oOydeHue
BMECTE C
Python :
yuebHoe
nocobue / b.
[Tapnen, JI.
Maccapom, A.
bockertn ;
NIEPEBOJ] C

https://e.lanbook.com/book/105836 (mara obpamenwus: 10.04.2025)




AHTJIMHACKOTO
A.B.
JloryHoBa. —
Mockga : JIMK
IIpecc, 2018.
— 358 c. —
ISBN 978-5-
97060-506-6.
— Tekcr :
AJIEKTPOHHBIN
5 | Pamka, C. https://e.lanbook.com/book/100905 (mata oopamenus: 30.09.2025)
Python u
MaIlIMHHOE

oOyueHue:
KpanHe
HeoOXxoaumoe
rmocooue 1mo
HOBCHIIICH
npeJicKa3aTelb
HOM
aHAJIUTHKE,
00s13aTeIbHOE
U1 Oostee
rJ1y0OKOTo
MMOHUMAaHUS
METOI0JI0TUH
MAaITHHHOTO
00yJeHus :
PYKOBOJICTBO /
C. Pamxa ;
MEePeBOJI C
aHTJIUHMCKOTO
A. B.
JloryHoBa. —
Mockaa : [IMK
IIpecc, 2017.
—418 c. —
ISBN 978-5-
97060-409-0

6. IlepeueHb COBpeMEHHBIX TPOPECCHOHANBHBIX 0a3 JaHHBIX U
WH()OPMAITMOHHBIX CIPABOYHBIX CHUCTEM, KOTOPHIE MOTYT HCIIOJIL30BATHCS TIPH
OCBOEHUU JUCUUILUIUHBI (MOYJIA).



OnexTpoHHO-0MbMoTeyHass cuctema HaydHo-TexHMueckoil OHOIMOTEKU
PYT (MUUT) (http://library.miit.ru/)

DNEeKTPOHHO-ONOIMOTeUHAS cucTema U3/IaTeIIbCTBA «JlaHbY
(http://e.lanbook.com/)

DnexTpoHHO-0MOmMoTeuHas cuctema ibooks.ru (http://ibooks.ru/)

Otkperteie nekiuu (https://sphere.vk.company/materials/video/#6)

Otkperteie nekiun (https://sphere.vk.company/materials/video/#7)

Otkperteie neknuu (https://sphere.vk.company/materials/video/#12)

7. IlepedyeHb  JHUIIEH3MOHHOTO M  CBOOOJHO  PacHpOCTPaHIEMOTO
POTPpaMMHOr0 OOECIICYeHUsI, B TOM YHCJIE OTEUECTBEHHOI'O IPOU3BOJICTBA,
HEO0OXOIMMOT0 /I OCBOCHUS JUCIUTLIMHBI (MOTYJIs).

Bbpaysep Microsoft Internet Explorer nnu ero ananoru
[Taket oducubix nporpamm Microsoft Office unu ero ananoru
Python 3.6 u BriiIE

Anaconda

Data Version Control

Liquibase

HyperOpt

Optuna

Spyder

DataSpell

Apache Airflow

MLflow

Kedro

8. Ommcanme MaTepHATBHO-TEXHUYECKOW 0a3bl, HEOOXOTUMON IS
OCYIIECTBJICHHUSI 00pa30BaTEIHLHOTO MPOIecca MO AUCIUTUTHHE (MOIYIIIO).

YyeOHble ayIUTOpUM JUIsl MPOBEACHUS YUYEOHBIX 3aHSATUN, OCHAILECHHBIE
KOMITBIOTEPHOM TEXHUKOW ¥ HA0OpaMH IEMOHCTPALIMOHHOTO 000PY10BaHUS.

Jns mpakTUYEeCKHX 3aHATHN — HAJIWMYHE NEPCOHAIBHBIX KOMIBIOTEPOB
BBIYMCIIUTEIBHOTO KJIacca.

9. ®opMa NpoMEeKyTOUHOU aTTECTAIUU:

3auer B 1 cemectpe.

10. OueHouHbIE MaTEPHUAIIBI.



OrneHOYHBIE MaTEePUANTBI, TPUMEHSIEMBIE TIPU TIPOBEICHUHA TPOMEKYTOTHOM
aTTecTanuu, pa3pabaThIBalOTCS B COOTBETCTBUU C JIOKAJIBHBIM HOPMATHBHBIM
aktoM PYT (MUUT).
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