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1. O6mue cBeaeHus O JUCHUIUIUHE (MOJTYJIE).

[lenpto ocBOeHUS Y4eOHOM AMCUMIUIMHBI SBISETCS (OPMUPOBAHUE Y
0o0y4Jaronmxcsi CHCTEMHbBIX 3HAHUHN M MPAaKTUYECKUX HaBBIKOB B oOiactu MLOps
Uil pa3pabOTKU M MOHMTOPUHIA MOJIElel MalIMHHOrO OOy4eHHs, BKIIIOYas
nonumanue npuHnunoB CI/CD, meronoB unTerpanuu uHCTpyMeHToB MLOps B
CYILECTBYIOIIYIO HHQPACTPYKTYPY, CHCTEM BEPCHOHUPOBAHUS MOJICNICH U TaHHBIX,
a TaKKe aBTOMAaTH3alMu TepeoOydeHus, MOHMTOpuHra u A/B-TecTupoBanHus
MOJENEN.

3ajayaMy OCBOEHUS JUCLMILIAHBI SBISIOTCA:

dopmupoBaHue  TeopeTHyeckux  3HaHmii o  mpuHimnax — CI/CD
OPUMEHUTENBHO K MOJENSIM MAalIMHHOIO OOy4YeHHs, BKJIIOYas TECTUPOBaHUE,
cOOpKY U pa3BepThIBAaHUE.

OcBoeHMe MpakTUYECKUX HaBBIKOB HacTpoitku CI/CD-naiinnainoB nias ML
C UCITOJIb30BAaHUEM COBPEMEHHBIX NHCTPYMEHTOB.

[IpuoOperenne ymeHuii HMHTErpupoBaTb HHCTpyMeHTHI MLOps B
CYILECTBYIOIYIO HHPPACTPYKTYpPy OpraHU3aLUU.

dopmupoBaHUE KOMIIETEHIUH MO paboTe ¢ CUCTEMaMHM BEPCHOHHPOBAHUSA
MOZIEJIEN U TaHHBIX.

OcBoeHue METOA0B M MHCTPYMEHTOB MOHMTOPUHIA MOJEIEH MAIIWHHOTO
oOy4deHus B IpOJaKIICHE.

[IpnoOpeTeHne HAaBBIKOB aBTOMAaTH3AlMKM TepeoOydeHus moxaened u A/B-
TECTUPOBAHUS PA3BEPTHIBAHU.

@opMHUpOBaHUE KOMIIETEHIIMM MO WMHTETpalyy NPOTPaMMHBIX MOIYJEH H
IpoBepKe pabOTOCHOCOOHOCTH BBITYCKOB MPOTPAMMHOIO MPOJIYKTa B KOHTEKCTE
ML-cucrem.

JlucuunnuHa  mOpeaHazHaueHa  Juis  (OpMHpOBaHUS — KOMIETEHLUH,
HEOOXOAUMBIX ISl peuleHHs] TNpOQPEeCcCCHOHANBHBIX 3a/ad, CBS3aHHBIX C
MIPOEKTUPOBAHUEM W BHEIPEHHEM CHUCTEM aBTOMATH3allMU KU3HEHHOTO LHKIJIA
MAIIMHHOTO O0YYEHUS.

2. Ilnanupyemsble pe3ynbTaThl 00y4eHHs 110 AUCUUIUTHHE (MOJIYJIIO).

[Tepeyerr GopMHUpyeMBIX pe3yJIbTaTOB OCBOCHHS  OOpa3oBaTEIHHOM
nporpamMmbl (KOMIIETEHIIUI) B pe3ysibTaTe 00yUYeHus M0 AUCUMIUTMHE (MOIYIIO):

Al-5 - Cnoco0GeH TpOEeKTUPOBATh M BHEAPSITH CUCTEMbI MOHHUTOPHHTA
KadecTBa JIaHHBIX;

MO-2 - CnocobGeH TMpOEKTUPOBATh U BHEAPSATH CHUCTEMbI aBTOMAaTH3allUU
YKU3HEHHOTO IMKJIa MaHHOro ooyueHus (MLOps).



OOy4eHue 1o JUCHUTUTHHE (MOAYJIIO) IPEIOJIATraeT, YTo IO €ro pe3yJibTaTaM
oOydaroruiicst Oyner:

3HaTh:

[Mpunnuner CI/CD mpuMeHHTENBHO K MOJENSAM MAaIIUHHOTO OOyYeHHS,
BKJIFOYAs TECTHpPOBaHME, COOpPKY M pa3BEepTbIBAHUE, METOAbl HUHTETpalu
uHCTpyMeHTOB MLOpS B cyIIecTBYIOUIYIO HH(PPACTPYKTYpy.

CucreMbl BEpCHOHUPOBAHMS MOJEIEH M JAHHBIX, HUX apXUTEKTypy U
(yHKIIMOHAJIbHBIE BO3MOKHOCTH.

MeTonbl ¥ cpeacTBa UHTErPAaly TPOTPAMMHBIX MOJIYJIEH U KOMIIOHEHTOB, a
TaK)Xe MPOBEPKU UX pabOTOCIIOCOOHOCTH.

Ymersb:

HactpauBare  CIl/CD-maiitumaiiael  JUIsi  MAIIMHHOTO — OOydYeHHUS  C
UCII0JIb30BAaHUEM MHCTPYMEHTOB, Pa3BEPTHIBATh CHCTEMBI MOHUTOPHUHIA MOJEIEH
U aBTOMAaTH3UpOBaTh IHepeoOydueHue Mmojaened ¢ A/B-TectupoBaHuEM
pa3BepPTHIBaHUI.

PaboTathb ¢ cucreMamMu BEpCUOHUPOBAHUS MOJIETIEN U TAHHBIX, UCIIOJIb30BaTh
nHCcTpyMeHTHl MLOps 11 yripaBiieHHs )KU3HEHHBIM UKJIOM MOJETIEN.

BBINTONHATE MHTETPALMIO POTPAMMHBIX MOJTYJIEH U KOMIIOHEHTOB B paMKax
ML-naiinnaitHa 1 mpoBepsTh UX pabOTOCIIOCOOHOCTD.

Baaners:

Happikamn  Hactpoiikm  CI/CD-malirmiaiHOB — JIJIi  aBTOMAaTH3allUH
TECTUPOBaHUs, COOPKHU U pa3BepThiBaHUsT ML-Mmonenei.

HaBpikamMu pa3BepThIBaHHMS CUCTEM MOHHUTOPMHIA MOJENEN W HACTPOWKH
aBTOMATUYECKOTO NEPEOOyUEHHUS.

HaBblkamu ynpaBiieHUs TEXHOJIOTMYECKUMHU PELICHUSIMU, BKIIIOYAsl OLICHKY
CJIOKHOCTH peayin3alui (PyHKIMOHATBHOCTH U CUHXPOHMU3AIUIO TEXHUYECKHUX U
IPOLYKTOBBIX JOPOKHBIX KapT.

3. O6beM TUCIUTIIUHBI (MOTYJIs).
3.1. O6mas Tpy10€MKOCTh AUCIUTIIAHBI (MOIYJIs).

OO0masi TPyIOEMKOCTh AUCIUIUIMHBI (MOIyJisi) cocTaBiusieT 6 3.e. (216
aKaJeMHYEeCKuX Jaca(oB).

3.2. O6bem paucuMmUIdHBL (Moayisi) B (opMe KOHTAKTHOW paboThI
oOydaromxcss € MEJarorM4YecCKUMH  padOTHUKaAaMU U (WIKM)  JIHIAMH,
IPUBJIEKAEMBIMH K peain3alun 00pa3oBaTesIbHOM MporpaMMbl Ha UHBIX YCIOBUSX,
IIpU MIPOBEICHUH YUEOHBIX 3aHATUH:



KomnaecTBo gacoB

Tun y4eOHBIX 3aHATHIA
Bcero | Cemectp Ne7

KonrtaktHas paboTa mpu npoBeieHIH YUeOHBIX 3aHATHH (BCETO): 96 96
B tom uucne:

3aHATHS JIEKIIMOHHOTO TUIIA 32 32
3aHATUS CEMUHAPCKOTO THIIA 64 64

3.3. O6peM auCHUIUIMHBI (MOAYJs) B (hOpME CaMOCTOSITENBHOM pPabOTHI
oOydJarormmxcsi, a Takke B (opMe KOHTAKTHOW pabOTHl OOyYarommxcsi C
He1arornyecKuMu padoOTHUKAMU U (WJTN) JIMLIaMU, IPUBJIEKAEMBIMU K pealn3alnuu
o0pa3oBaTeNbHOW MPOrpaMMbl HAa HHBIX YCJIOBUSIX, NpPU MPOBEACHUU
MPOMEKYTOUHOM aTTecTanuu coctapisier 120 akageMuyeckux 4aca (oB).

3.4. ITpu oOy4yeHUH 0 UHAUBUAYAJIbHOMY YYEOHOMY ILJIaHY, B TOM YHCJIE IPU
YCKOPEHHOM O0y4€HHH, 00bEM NUCIUIUIMHBI (MOYs1) MOXKET OBITh peain30BaH
MOJIHOCTBIO B (POPME CaMOCTOSTENBHOU padOThl 00yUaIoOIUXCs, a TAKKe B (hopme
KOHTaKTHOW paOOThl OO0yyaroluxcs ¢ NEeIaroru4ecKMMHU pabOTHUKaMU U (WJIN)
JUIAMH, TIPUBJIEKAEMBIMH K pealiu3alui 00pa30BaTeIbHON MPOrpaMMbl Ha MHBIX
YCIJIOBHSIX, IPH IPOBEAECHUH IPOMEXYTOYHOM aTTECTALIUN.

4. ConeprxaHue JUCHUTIUIUHBI (MOIYJIA).

4.1. 3aHATHA NTEKIIMOHHOTO THUIIA.

TemaTuka NTEKIIMOHHBIX 3aHATUM / KPATKOE COJEPKaHNE

1 |Tewma 1. BBenenue B MLOps.

PaccmaTprBaemble BOIIPOCHI:

- Ompenenenrie MLOps u ero poib B )XKU3HCHHOM [TUKJIC MAIIMHHOTO O0YYCHUS.
- Otimmamst MLOps ot DevOps.

- Mopnens 3penocta MLOps.

- O630p 3x0cucteMbl MLOpPS-HHCTPYMEHTOB.

- OcHOBHBIE BBI30BHI U IIpo0seMbl BHeApeHHs MLOps.

2 |Tewma 2. XXuzuennsii ki ML-moneneit 1 MLOps.
PaccmarprBaeMbie BOTIPOCHI:

- OTanel ;KU3HeHHoro nukiia ML-Moneneit.

- YpaBieHre KCIIEPUMEHTAMU.

- PazpaboTka u 00y4yeHne mojemnen.

- TectupoBaHue 1 BaIMAALNS.

- Pa3BepTrIBaHIE 1 MOHUTOPHHT.

- [lepeoOyueHne u OOHOBIIEHUE MOIEIICH.

3 [Tema 3. Cuctembl BEpCHOHUPOBAHMS MOJIENIEN M JaHHBIX.
PaccmarpuBaeMble BOIPOCHL:

- Ponb BepcuonupoBanus B MLOps.

- IHCTpyMEHTBI BEepCHOHUPOBAHHUS IAHHBIX.

- YpasneHue BepCUsIMHU MOJIENEH.




TemaTuka JTEKIMOHHBIX 3aHATUHN / KPaTKOE COJIEpKAHNE

/1
- BoccranoBneHnue u3 Bepcuil.
- HTerpanys BepCUOHUPOBAHHUS B NTAUIUIAWHBL.
4 |Tema 4. ITpuniuner CI/CD nnst MarmmHHOTO OOYYEHHS.

PaccmarpuBaembie BOIIPOCHL:

- Ocob6ennoctu CI/CD mist ML-nipoexTos.
- ABTOMaTu3aLus TECTUPOBAHUS MOJEIICH.
- Cbopka 1 ynakoBKa MoJIeIei.

- PasBepTriBanme Monerneii B production.

- CrpaTernn pa3BepTHIBaHUS.

Tema 5. Mactpymentsl CI/CD ans ML.
PaccmarpuBaembie BOIIPOCHL:

- O630p unctpymentor CI/CD.

- Hactpoiika nainnaiiHosB.

- I/IHTeraHI/IH C CUCTEMaMHU BEPCUOHHUPOBAHUA.
- ABTOMaTtH3anus COOPKH M TECTUPOBAHMA.

- [Ipumepst peanmmzarun CI/CD s ML.

Tema 6. Mnrerpauusa unctpymentoB MLOps B cyliecTByrolyto HHQPACTPYKTypy.
PaccMarpuBaeMble BOIIPOCHL:

- Metozs! uaterpannu MLOps-HHCTPYMEHTOB.

- ApXUTEKTYypHBIE IOJXO/Ibl K HHTETPAIUH.

- COBMECTHMOCTB C CYLIECTBYIOIIUMHU CHCTEMaMHU.

- Murpanus Ha MLOps-1miaThopmsl.

- O1eHKa 3aTpat ¥ pUCKOB.

Tema 7. MOHUTOPUHT MOJIEICH MAaTMHHOTO OOYYCHHUS.
PaccmartprBaeMbie BOTIPOCHI:

- 3agaun Mmonuropunra ML-monenei.

- MOHHTOPHHT KauecTBa MpeCcKa3aHmi.

- JletektupoBaHnue ApUQTa JaHHBIX.

- JletektupoBanue ApUQPTa KOHIICIIIUH.

- IHCTpyMEHTBI MOHHUTOPHHTA.

Tewma 8. Hactpoiika cuctreM MOHUTOPUHTa MOJEIIEH.
PaccmarprBaeMbie BOTIPOCHI:

- ApXUTEKTypa CHCTEM MOHUTOPHHTA.

- COop u arperarisi METPUK.

- Hacrtpoiika anepToB U yBeJOMJIEHUI.

- UHrerpanus ¢ nainnaiHamu.

- ABTOMAaTH3AIMsI MOHUTOPHHTA.

Tema 9. ABTOMaTHU3a1Ks IEPeoOyISHHS] MOAETIEH.
PaccmarpuBaembie BOIPOCHL:

- CTtparernu aBTOMaTHYECKOT'O Iepeo0yUeHNSI.

- Tpurreps! it nepeoOydeHus..

- ABTOMaTHYECKHM MOHHUTOPHUHI KaueCTBaA.

- HaTTepHLI aBTOMATHUYCCKOI'O H€p€O6y‘IGHI/IH.

- I/IHCprMCHTH JJIA aBTOMAaTHU3alluu.

10

Tema 10. A/B-tectupoBanne B MLOps.
PaccmarpuBaembie BOIPOCHL:

- [Ipuauner A/B-TecTUpoBaHUS MOAETEH.

- Opranu3anys SKCIIepUMEHTOB.

- COop u aHaNM3 pe3yIbTATOB.




TemaTuka JTEKIMOHHBIX 3aHATUHN / KPaTKOE COJIEpKAHNE

/1
- NaTepnperanus A/B-TecToB.
- IIpuHsaTHE penieHui Ha OCHOBE TECTOB.
11 |Tema 11. Opkectpanus ML-nainiaiHOB.

PaccmarpuBaembie BOIIPOCHL:

- KoHuenuus opkectparum.

- IHCTpyMEHTHI OpKeCTpaIyy.

- YnpaBneHne 3aBUCHMOCTSIMH.

- O6paboTKa OmHUOOK.

- MacmtabupoBaHue nalIuIaifHOB.

12

Tema 12. YnpaBneHue MoaenssMu 1 apTedakTamm.
PaccmarpuBaembie BOIIPOCHL:

- YpasieHue BEpCUAMU MOJEIIEH.

- Perucrpanusa Mmozaenen.

- Ilepexon MexIy cTagusIMU.

- XpaHeHue apTeakToB.

- MaTerpanus ¢ CI/CD.

13

Tema 13. bezonacHocts B MLOps.
PaccmaTprBaemble BOTIPOCHI:

- be3onacHOCTb NaHHBIX U MOJENEH.

- KonTpons nocryma.

- AyauTopcKue Cleabl.

- 3amuTa OT aTaK Ha MOJETIH.

- COOTBETCTBHE PETYIIATOPHBIM TPEOOBAHUSM.

14

Tema 14. MacmrabupoBanue MLOps-perieHuit.
PaccmaTprBaemble BOTIPOCHI:

- [ogxo/p! K MacIITAOMPOBAHUIO.

- OnTuMu3anys MpoOU3BOANTEIHHOCTH.

- YpaBieHue pecypcaMu.

- Pacripenienn€éHHbIEe CUCTEMBI.

- Keiicel macmTabupoBaHus.

15

Tema 15. Kelicel BHenpenuss MLOps Ha TpaHcnopTe.
PaCCManI/IBaeMBIe BOIPOCHI:

- AHaimm3 PCaJIbHBIX KeHWCoB BHCAPCHUA.

- Ycenenasie IMNpaKTUKH.

- TUnUYHBIE OIIHMOKH.

- YPOKI/I " BBIBOJBI.

- [Ipumenenre MLOps B TpaHCIOPTHOM OTpaciH.

16

Tema 16. IlepciektuBsl pazsutus MLOps.
PaccmarpuBaembie BOIPOCHL:

- Tpenns! pazsutust MLOps.

- HoBble MHCTPYMEHTBI ¥ OJXOIBI.

- MHTerpanus ¢ 061avyHbIMy T1aTGOpPMaMH.

- Yuusepcanuzanus MLOps.

- bynymee aBromaruzanuu ML.

4.2. 3aHATHS CEMUHAPCKOTO THUIIA.

[IpakTueckue 3aHsaTHS




/o

TemaTuka MpakTHYECKUX 3aHATUI/KpAaTKOE CoJlepKaHHE

Tema 1. YcranoBka u HacTpoiika MLOpS-HHCTPYMEHTOB.
PaccmarpuBaembie BOIIPOCHL:

- YcraHoBKa 1 HacTpolika HHCTpyMeHToB MLOps.

- Hactpoiika okpyskeHus.

- [IpoBepka paboTocmocoOHOCTH.

- 3HaKOMCTBO ¢ HHTep(heHcoM U QYHKIIMOHATIOM.

Tema 2. PaGota ¢ cucteMamMy BEpCHOHUPOBAHUS JTAaHHBIX.
PaccmaTpuBaemble BOTIPOCHI:

- Hactpoiika HHCTpYMEHTOB BEPCUOHUPOBAHUS NaHHBIX.

- JloGaBrieHne JaHHBIX 1101 BEPCHOHHBIA KOHTPOJb.

- [IepexitoueHre Mexay BEpCUSIMH.

- Unarerpanus c Git.

Tewma 3. YrpaBneHue BepcusiMi MOJEIEH.
PaccmaTtpuBaeMble BOIIPOCHI:

- Perncrpanust monenm.

- YnpaBneHne BepCHUsIMH MOJIEIH.

- [lepexon Mexay craausiMu.

- 3arpy3Ka MOJIETIH U3 peecTpa.

Tewma 4. Hactpoiika CI/CD-natinnaiina qist ML.
PaccmaTrpuBaeMble BOIIPOCHI:

- Cozganne CI/CD-maiiniaitaa.

- OnpeienieHre TANOB MaIIaiiHa.

- HacTpoiika Tpurrepos.

- 3amycK ¥ MOHMTOPHHT BBITIOJTHEHHSL.

Tema 5. ABToMaTudeckoe TectupoBanue mozeneii B CI/CD.
PaccmarprBaeMbie BOTIPOCHI:

- Pa3paboTka TecToB ms Moaerei.

- HTerpanys TeCTOB B NaNILIANH.

- HacTtpoiika noporoBbix 3HaU€HUH.

- AHanu3 pe3yJabTaTOB TECTUPOBAHMUS.

Tema 6. ABTOMaTu4eckas cOopka U yrmakoBKa MOJIEIEH.
PaccmaTpuBaemble BOIIPOCHI:

- Coopka Docker-o6pa3os.

- YnakoBKa MOJIEJIM B KOHTEHHEp.

- [TyGummkanus B peectp.

- [IpoBepka cobpanHoro 00pasa.

Tema 7. Pa3BeptriBanue mozeneit ¢ nomoursto CI/CD.
PaccmarpuBaembie BOIPOCHL:

- Hactpoiika atana pa3BepTbIBaHMsL.

- PazBepThiBaHME B TECTOBYIO Cpeay.

- PazBepreiBanue B production.

- [IpoBepka paboTocrocobHOCTH.

Tema 8. Unrerpauus MLOps-UHCTpYMEHTOB B MUHPPACTPYKTYpy.

PaccmarpuBaeMble BOIPOCHL:

- Hactpoiika B3auMo1eliCTBUS HHCTPYMEHTOB.
- MlHTerpanus ¢ CymecTByIOMMMH CHCTEMaMHU.
- Hactpoiika o01mero KoHTypa yIrpaBJieHusI.

- TectupoBaHue UHTErpaLUy.

Tema 9. PazepTriBaHNE CUCTEMBI MOHUTOPUHIA MOJENEH.
PaCCMa’IpI/IBaCMLIC BOIPOCHI:




TemaTuka MpakTHYECKUX 3aHATUI/KpAaTKOE CoJlepKaHHE

/1
- YcTaHOBKa U HACTPOWKA MHCTPYMEHTOB MOHUTOPHUHTIA.
- Hactpoiixa c6opa MeTpHK.
- Co3ganue famobopaoB.
- IIpoBepka paboTOCIOCOOHOCTH.
10 |Tema 10. Hacrpoiika cOopa METpHK KadyecTBa MOJICIICH.

PaccmaTpuBaemble BOIIPOCHI:

- OnpeneneHre METPHUK JUIT MOHUTOPHHTA.
- Hactpoiixa c6opa MeTpuK.

- Arperanust 1 XpaHEHHE METPHK.

- Buzyanuzanust MeTpuK.

11

Tema 11. Hactpoiika anepToB Ha yXyJIIEHUE Ka4yeCTBa.
PaccmarpuBaembie BOIIPOCHL:

- Onpenenenue NOPOTOBBIX 3HAUCHUH.

- Hactpolika npaBu ajaepTUHIA.

- Hacrtpoiika yBegoMiaeHuil.

- TecTupoBaHHUE aJePTOB.

12

Tema 12. JlerekTrpoBaHue IpudTa TaHHBIX.
PaccMaTprBaeMble BOTIPOCHI:

- HacTtpoiika MOHUTOpUHIa pacipeeeHU.

- Boissnenue Data Drift.

- AHanu3 BIUSTHUS HA Ka4ueCTBO.

- Hactpoiika aneptoB Ha ApuT.

13

Tewma 13. JlerexkTupoBanue aprudra KOHICTIITUH.
PaccmaTprBaemble BOTIPOCHI:

- Hactpoiika MOHUTOpHHIra KayecTBa MpeacKa3aHuil.

- Brinenune Concept Drift.

- AHau3 BIMSHUS Ha OM3HEC-TIOKa3aTelH.

- Hacrpoiika anepros.

14

Tema 14. ABromaTu3zaius nepeody4eHuss Moaesne.
PaccmarpuBaembie BOIPOCHL:

- Hactpoiixa Tpurrepos nepeodydeHus.

- ABTOMaTHYECKHUH 3aITyCK O0YICHUS.

- Banupanusa HOBOW MOJEIH.

- ABTOMaTHueckoe 0OHOBIIEHHE MOJIEIIH.

15

Tema 15. Hactpoiika A/B-TecTpoBaHus MOJIENEN.
PaccmarpuBaembie BOIIPOCHL:

- [InanupoBanue A/B-akcriepumenra.

- Hactpoiika pa3BepTbhIBaHUs JBYX BEPCHIA.

- COop maHHBIX HKCIIEPUMEHTA.

- AHanu3 pe3yJbTaToB.

16

Tema 16. Ananu3 pesynbtaTtoB A/B-TectupoBanusi.
PaCCMa’I‘pHBaGMLIC BOIPOCHI:

- Craructuyeckas o0paboTKa pe3yJIbTaToB.

- Busyanusanus pe3ynbTaTos.

- HTepnperanus 1 BbIBOJBL.

- IIpunsTue pemieHys o pa3BepThIBAHUU.

17

Tema 17. Opkectpanus naimnaitnos ¢ Airflow.
PaccmarpuBaembie BOIPOCHL:

- Hacrpoiika Airflow.

- Coznanue DAG it ML-nadinnaiina.




/o

TemaTuka MpakTHYECKUX 3aHATUI/KpAaTKOE CoJlepKaHHE

- OnpeneneHue 3a1a4 1 3aBUCUMOCTEH.
- MOHHTOPHHT BBITTOJIHEHHSI.

18

Tewma 18. Opkectpanus nanmiaiiHoB ¢ Kubeflow.
PaccmarpuBaembie BOIIPOCHL:

- Hacrpoiika Kubeflow.

- Co3anue mafIuianya.

- OmpeneneHre KOMIIOHCHTOB.

- 3amycK ¥ MOHUTOPHHT.

19

Tema 19. Ynpasnenue moaensmu B MLflow.
PaccmarpuBaembie BOIIPOCHL:

- Peructpanus mozenei.

- YpaBiieHue BEpCUSMU.

- Ilepexon MexXIy cTagusIMU.

- Uurerpanus ¢ CI/CD.

20

Tema 20. YroyOnéHHBI MOHUTOPHHT: IpU(T TAHHBIX M KOHIICTIIIUH.
PaccmaTpuBaemble BOTIPOCHI:

- PaciunpeHHbli aHanu3 pacnpeesieHui.

- ABTOMaTHuecKoe 0OHapyKeHHE aHOMAaN B TaHHBIX.

- Hactpoiika KOMILIEKCHOM CHCTEMbl MOHUTOPHHTA.

- MHTerpanus ¢ cucTeMaMy ONOBEICHUS.

21

Tema 21. ABromartuzanus A/B-tectupoBanus B production.
PaccmaTtpuBaeMble BOIIPOCHI:

- ABTOMAaTHYECKas MapIIPYTU3AIHS TpadHuKa.

- COop METpHK B peabHOM BPEMCHH.

- ABTOMAaTHYECKUH OTKAT MPH yXyIIICHAN METPHUK.

- AHaJIM3 CTaTHCTHYECKOHN 3HAYMMOCTH B aBTOMAaTHYECKOM PEKUME.
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Tewma 22. Security B MLOps: 3amura Mojenel u JaHHBIX.
PaccmarpuBaembie BOIPOCHL:

- YpaBieHue ceKpeTaMy U KIIF0YaMH.

- RBAC B cucteMax OpKecTpaluu.

- bezonacHOCTh KOHTEHEPOB.

- [lluhpoBanme TaHHBIX U MOJIEIICH.

- AyIUTOPCKHE CIICHBI.
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Tema 23. MLOps a1 MOTOKOBBIX JIaHHBIX (Streaming).
PaccmarprBaeMbIe BOIIPOCHI:

- O6paboTKa MOTOKOBBIX JAHHBIX.

- Ucnons3oBanue Spark Streaming.

- OunaifH-uH(pEpeHC Ha MOTOKeE.

- Co3ganne ETL-miponieccos st ML.

- MHTerpanus ¢ cucteMaMu MOTOKOBOH 00pabOTKH.

24

Tewma 24. Cost-ontummzaruss MLOps-uHppacTpyKTyphI.
PaccMaTprBaeMble BOTIPOCHI:

- AHasu3 3aTpaT Ha BBIYHCIIUTEIBHBIE PECYPCHI.

- Onrummzanus ucrons3osanus GPU/CPU.

- ABTOMaTHYECKOE MACIITa0MPOBAHUE.,

- YrpasiieHue 3aTpaTaMy Ha XpaHEHHE JTaHHbIX.

25

Tema 25. Keiic: moctpoerrie MLOps-maTdhopMbl ¢ HYIIS.
PaCCManI/IBaeMBIG BOIIPOCHKHI:

- AHanu3 TpeboBaHui K mIarhopme.

- Bb1O0Op apXUTEKTypBl 1 HHCTPYMEHTOB.




TemaTuka MpakTHYECKUX 3aHATUI/KpAaTKOE CoJlepKaHHE

/1
- [TomaroBas peanu3arnus mwiaThOPMBL
- TeCTPIpOBaHI/Ie Hu BaJIpganus.
26 |Tema 26. MOHUTOPHHT ¥ ONITUMU3ALINS TANTUIAHA.

PaccmarpuBaembie BOIIPOCHL:

- MOHUTOPUHT BBINOJHEHHU MTalIIaiHa.
- AHanu3 BpEMEHU BBIIIOJHEHUS.

- OnTUMH3aIus STAIoB.

- YiyduieHue npou3BOIUTENBHOCTH.
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Tema 27. bezonacHocTh 1 yrpaBieHue goctynom B MLOps.
PaccmarpuBaembie BOIIPOCHL:

- YnpaBneHne ceKpeTaMu U KIIOYaMHu.

- RBAC B cucTeMax OpKecTpaluu.

- besonacHOCTh KOHTEITHEPOB.

- lllnudpoBanue naHHBIX U MOJIEINEH.
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Tema 28. YnpasneHue xu3HeHHbIM [UKI0M ML-Mozeneit.
PaccmarpuBaeMbIe BOIIPOCHL:

- OTCle)KMBaHHE HKCIICPHMEHTOB.

- YnpaBieHue BepCUsIMHU MOJEIIEH.

- YopaBieHue CTausIMu.

- ABTOMaTH3alUs MEPEXOJIOB.
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Tema 29. KoMIJIEKCHBIN MPOEKT: aHAJIUTUKA U IPOESKTUPOBAHUE.
PaccmaTtpuBaeMble BOIIPOCHI:

- ®opMyIMpOBKa 3a/ja4l Ha OCHOBE peasibHOTO Keifca.

- IIpoextupoBanue apxutektypsl MLOps.

- BeiGop nHCTpyMEHTOB.

- [InanupoBaHue 3TaroB BHEIPEHHS.
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Tema 30. KoMIuiekCHBIN MPOEKT: peann3arusl.
PaccmarpuBaembie BOIPOCHL:

- Hactpoiika CI/CD-naiiriaiiza.

- Hactpoiika MOHUTOpUHTA.

- Hactpoiixa aBTOMaTHYECKOTO NIepeo0yyeHHUSI.

- TectupoBaHue pabOTHI CHCTEMBI.
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Tema 31. KoMmuiekCHBIN IPOEKT: TECTUPOBAHUE U OTIAIKA.
PaccmaTpuBaemble BOIIPOCHI:

- KommiekcHoe TecTipoBaHue nanIuiaiHa.

- BrisiBieHne u ycTpaHeHHe y3KUX MecCT.

- IIpoBepka 0TKa30yCTONYMBOCTH.

- OuHanbHAsI HACTPOUKA CUCTEMBL.

32

Tema 32. KoMIUIEKCHBIN IPOEKT: 3alUTA.
PaCCMa’IpI/IBaGMLIC BOIPOCHI:

- HOHFOTOBK& HUTOTOBOr0 OTYETA.

- HOHFOTOBK& Ipe3CHTAllNU.

- leMoHCTpanus paboThl CUCTEMBI.

- 3a1111/1Ta IMPOCKTa U O6CY)K,Z[€HI/I€ PE3yJIbTATOB.

4.3. CamocrosiTenbHas paboTa 00yJarommxcsl.

/o

Bun camocrositensHoi# paboTh

Pabora ¢ 1eKIMOHHBIM MaTepUajIoOM U JOMOJHUTEIBHOM JINTEPATYPOI.




=

Bun camocrosiTensHO#M paboThI

=
=
=

N3yuenue noxkymeHnTanuu no uucrpymentam MLOps.

HOI[I"OTOBK& K IPAKTUYCCKUM 3aHATHAM U BBIIIOJHCHHUE JOMAITHUX SaHaHHfI.

CamocrositenbHas HacTpoiika MLOpPS-MHCTPYMEHTOB.

N3yuenue keiicoB BHeApenuss MLOps Ha TpaHcmiopTe.

BrImmomHeHre KOMIIEKCHOTO IIPOCKTA.

HOI[I"OTOBK& K HpOMC)I(YTO‘IHOﬁ aTTeCTallui U TCKYIIEMY KOHTPOJIIO.

IToaroroBka K MpOMEXyTOYHOM aTTECTALIMH.

O o] Nl O] O | WO DN

[ToaroToBka K TeKyIeMy KOHTPOJIIO.

5. Ilepedenr wu3maHuii, KOTOpBIE PEKOMEHAYETCS HCIOJIb30BaTh IIPHU
OCBOCHUU JUCHUIUIUHBI (MOIYJIA).

No
/o
1 «Domuuesa, C. I'. Metonsl 1 moaenu 3amuthl | https://reader.lanbook.com/book/497537#8
OT COCTSI3aTeNIbHBIX aTakK : yueObHoe nocodue /
C.T. ®omuueBa. — Cankr-IlerepOypr :
['VAIL, 2024. — 126 c.» (Pomuuena, C. I
Mertoabl 1 MOJICIIN 3aIUTHI OT

bubmmorpaduyeckoe onucanue Mecro nocryna

COCTSI3aTeNbHBIX aTak : yueOHoe mocodue / C.
I'. ®omuuena. — Cankr-Ilerepoypr : 'VAIL,
2024. — ISBN 978-5-8088-1963-4. — Texkcr :
ANIEKTPOHHBIH // JIaHb : 3eKTPOHHO-
oubnuoreynas cucrema. — URL:
https://e.lanbook.com/book/497537 (nata
obpamenus: 10.09.2026). — Pexxum goctymna:
JUIsl aBTOpU3. nonb3oBareneil. — C. 8.).

2 Murtsikos, E. C. UckyccTBennsiii mateiutekt u | https://e.lanbook.com/book/507451
MalIMHHOE 00yuyeHue : yueOHoe mocodue st
By30B / E. C. Mutskos, A. I'. [lImenesa, A. U.
JlapptHUH. — 2-€ u3n., crep. — CaHKT-
[TetepOypr : Jlansb, 2026. — 252 ¢. — ISBN
978-5-507-51198-3.

6. IlepeueHb COBpEMEHHBIX MPOPECCHOHANBHBIX 0a3 JaHHBIX U
WH()OPMAITMOHHBIX CIPABOYHBIX CHUCTEM, KOTOPBIE MOTYT HCIIOJIB30BAThCS IIPH
OCBOEHUU JUCUUIUIAHBI (MOAYJIA).

* https://habr.com/ru - 6a3a 3HaHMi1 B BUJE cTaTeil, 0030pOB



 http://library.miit.ru/ - 3JEKTPOHHO-OMOJMOTEUHAsT CHUCTEMa Hay4HO-
TexHuueckoi ondmoreku MUUT

. https://superset.apache.org/user-docs/intro/#documentation —
nokymenTarusi Apache Superset

* https://www.postgresql.org/ - opunmansHas ctpanuiia PostgreSQL

* https://lyandex.cloud/ru/docs/datalens/ - odunmansHas gOKYMEHTAIUsS
Yandex Datalens

* https://docs.docker.com/ - obpunnanpHas gokymeHnTtanus Docker

* https://www.metabase.com/docs/latest/ - odwunmanbHas TOKyMEHTAIHS
Metabase

« https://tableau.pro/ - odpunmansHelii caiit Tableau ¢ Ty4mumMy mpaKTHKaMH
IPOEKTUPOBAHUS JAIOOPI0B

* https://revealthedata.com/blog/ - bnor o Buzyanuzanuu ganHeix u BI-
cUCTeMax

7. IlepedyeHb  JHUIIEH3UOHHOTO U  CBOOOJHO  PacHpOCTPaAHSIEMOTO
MpOorpaMMHOr0 OOecredYeHus, B TOM 4YHUCIE OTEYECTBEHHOIO MPOU3BOCTBA,
HEO0OXOIMMOTO /I OCBOCHHUS AUCITUTLIIUHBI (MOIYJIs).

Python 3.x

MLflow

DVC (Data Version Control)
Apache Airflow

Kubeflow

HNuctpymentst CI/CD
Prometheus

Grafana

Docker

Kubernetes

Cucrema koHTposs Bepeuit Git
OducHbI MakeT NPUIOKEHUI

bpaysep

8. OmmcaHue MarepuaJbHO-TEXHUYECKOW ©0a3pl, HEOOXOJAMMOM IS
OCYIIIECTBJICHUSI 00pa30BaTEILHOTO MPOIecca MO AUCIUTITHHE (MOIYIIIO).

KomrproTep mpemnogaBaTens ¢ JOCTYIIOM K ceTd IHTepHeT
KoMmbproTepsl CTyI€HTOB ¢ ycCTaHOBJICHHBIM Python-okpyxenuem wu
TaOJIMIHBIM TIPOIIECCOPOM



Hoctyn k ydeOHON 0a3e COOBITMMHBIX [TaHHBIX U HKCIEPUMEHTAIbHBIM

BBIOOpPKaM
Hoctyn k PostgreSQL u Bl-cucreme 15 BU3yanu3alnuu pe3yibTaToB
Jloctym k obmayHOM BUPTyanbHOM MammHe uian Docker-koHTeliHepaM st

BOCITPOU3BOAMMOIO aHAJM3a
[IpoexTop U 3KpaH Ajisi MPoeKTOpa
MapxkepHas qocka

9. ®opma MPOMEKYTOUYHOU ATTECTALINU:

DK3aMeH B 7 ceMecTpe.

10. OueHouHbIE MaTEPUAIIBI.

OLeHOYHbIE MATEPHUAIIBI, IPUMEHSIEMBIE TIPU NPOBEICHUM ITPOMEKYTOUYHOU
aTTeCTalMy, pa3padaThIBalOTCA B COOTBETCTBUM C JIOKAJIbHBIM HOPMATHBHBIM

aktom PYT (MUUT).



ABTOpBI:

PYKOBOAMTENH 00pa30BaTENbHOM
IPOrpaMMBl

CoracoBaHo:

Hupexrop
Hupekrop LIC IT - nporpamm BUII

[Ipencenarens yueOHO-METOUUECKOM
KOMHCCHU

O.b. IIponeBuu

J.B. [TapunoB
O.b. IIponeBuu

J1.B. ITapunos



