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1 Henu u 3a1a49M U3y4YeHUs] AU CHUATIIAHBI (MOILYJIA)

1.1 Ileab ocBOeHUS TUCUUILIHHBI
Hens nucuumumzel — uzydyenue metogoaoruu DataOps u MLOps.

1.2 3agauu AUCHUILIHHBI

1. HUsyuenue metomonoruu DataOps u MLOPps.

2. Wsyuenue npomeccoB Continuous Traning Ha mpumepe MLFlow.

3. TlomyueHue mpakTUYECKOTO OIbITa pa3BepThIBaHUs UHGPACTPYKTYphl pa3pabOTKH, MOI-
JEPKKH U HETIPEPHIBHOTO OOYYCHHS MPUIIOKEHUHN C MCIOIH30BAHHEM MAITUHHOTO 00Y-
YEHHUS.

1.3 MecTo AuCUMIIMHBI (MOXYJIs]) B CTPYKTYpe 00pa3oBaTe/ibHOM MPOrpaMMbl
Hucuunmuna «DataOps u MLOps» OTHOCHTCS K AMCHMIUIMHAM 10 BBIOOPY, KO
b1.B./IB.03.01.

JlucuuninuHa B 3HAUYMTENIBHOM CTENEHU B3auMoJeicrByer s (opMupoBaHHs

KOMHeTeHHHﬁ C JUCHMITIIMHAMUK

DevOps;

O6pabotka nanHbix Ha Python;

WEB-nporpamMmmupoBaHue;

AJIMHHUCTPUPOBAHKE HHPOPMALIMOHHBIX CETEH;

['eHepaTHBHBIC HEUPOHHBIC CETH;

[ToaroToBka JaHHBIX MAITMHHOTO OOYYEHUSI.

TpeboBaHHeM K «BXOJHBIMY» 3HAHUSM SIBJIICTCS TIOHUMAHUE OCHOB aJIMHHHUCTPHPOBAHUS

cereit u Linux, pabotel ¢ Docker, pa3paboTku ¢ MCHoIb30BaHHEM MAIIMHHOTO OOydeHHUs Ha
Python.

1.4 IIpogeccnonabHBIC POJIM B CTPYKTYpe 00pa30BaTe/IbHONH NPOrPaMMbl

Poss 1: Data Engineer (Mu:keHep Mo JaHHbIM)
3agaun:

OO WN PR

IIpoextuposanue u nocrpoenre ETL-nipoueccos

Coznianue ¥ oNTUMH3AIUS XPaHUINL] TaHHBIX

ObecneueHne KayecTBa U IOCTYITHOCTH JAHHBIX

Hacrpoiika nuandpactpykTypsl a1 00paO0OTKU OOJIBIINX JTaAHHBIX
WuTerpanus pa3po3HEHHBIX HCTOYHUKOB JTaHHBIX

Pabora ¢ nanHBIME B 00J1aCTH IPUPOIONONB30BAHUS, MEULIUHBI, CBS3U U
TEJIEKOMMYHUKALUN

Posb 2: ML Engineer (Uuxenep MO)

3agaun:

Peanusanusa ML-monenel B IPOLYKTUBHBIX CUCTEMAX
OnTumu3zanus IpoU3BOAUTEILHOCTH U MaclITaOUpoBaHUe MoieNei
Pa3paborka ML-naiiruiaitHOB 1 aBTOMaTH3a1Ms POLIECCOB
MOHUTOPUHT KauyecTBa MOJEIIEH B MPOAYKTUBE

Wuterpanus ML-pemenuii ¢ Ou3Hec-npuiioXeHUsIMHA

g b wN -

Posb 3: MLOps (Cnenuanuct no 3xcmayatanuu UN)
3agaun:

1
2

ABTOMaTH3aIMs IPOLIECCOB O0YUYEHHUS U pa3BePThIBAaHUS MOJIeNIeiH
MounutopuHr npousBoautenbHoctd ML-cuctem



3 VYmpaBieHue BepCcUsIMU MOJIETIEN U TJAHHBIX
4 Ob6ecneuenue CI/CD ans ML-npoekToB
5 OnTtumuzanus BEIYUCIUTEIBHBIX PECYPCOB

1.5 IlepeyeHb MJIAHMPYEMbIX Pe3yJbTATOB 00y4YeHHs] MO JUCHHUILIMHE (MOAYJIIO),
COOTHECEHHBIX C IVIAHUPYEMbIMH Pe3yJIbTATAMHU O0CBOEHHs 00pa30BaTeIbHOM MPOTrPaMMBbl

W3ydenune naHHO# y4eOHOH TUCIMIIMHBI HAIIPABICHO HAa (POPMUPOBAHHE Y

00y4YaroOUXCs CIETYIOMNX KOMITETCHITHN:

Koa u HauMeHOBaHMe nHmeaTopa*

Pei%y.]'leaTbl Oﬁy‘leHI/lﬂ o JTUCHUIIJINHE

BD-2 (3) Cnocoben onpedenamo mpedbosanusn K

Habopam OAHHBIX 0N peuleHus 3a0ay

MAMUMUHHO020 o6yltemm npoeodumb pasmemKy u anaiu3 Haﬁopoe OAHHBIX oueHueambs
Kauecmeo OaHHLIX 00ecneuusams HenpepovleHyI0 uHmezpayuro OQHHBIX

BD-2.3 IIpumeHseT HHCTPYMEHTHI U IPAKTUKU
HenpepbIBHON MHTerpanuu ganHeix (DataOps)

Opranusyer npoiecc HempepbIBHON
unTerpanun nanueix (DataOps)

UCKYCCME6EHHO020 UHme/uiekma

LC-3 (IT) Cnocoben npoekmuposams u noo00epiHcueamsy apXumeKmypy cucmem

LC-3.1 Co3naer u pa3BHBaeT apXUTEKTYPHI
cuctembl I Ha Bcex dTanax »KH3HEHHOTO
[UKJTa

IIpuMmensieT pa3nuyHble IPUHLAIIBL U ATTEPHBI
IIPU IIPOEKTUPOBAHUU APXUTEKTYPBI CUCTEM
nn

LC-4 (I1) Cniocob6en ynpaBJisiTh Ipo1eccoM :KiU3HeHHOro nukjia UM-npoaykra

LC-4.1.1 OcymuiecTBisieT 3aIyCK U BeICHUE
npoekTa B obsactu UM, B Tom uncie
IJJAHUPOBAHUE U KOHTPOJIb 3a7a4, OLEHKY

pecypcoB

OcymiecTBisieT BeieHUE (3aITyCK U
yIpaBJieHUe) MPoeKToB B oOiactu MU, B Tom
qrCIIe TIOJ00P KOMaH/IbI, TUTAHUPOBAHUE U
KOHTPOJIb 3314, OLIEHKa PECYPCOB
[Ton6upaetr metogomnoruto (CRISP-DM,
CRISP-ML(Q)) mox orpaHuyeHus 3aa9u 1
pecypcHoe obecriedeHre 1 OpraHu3yeT
npoiiecc pazpabotku cucrtembl MU no
BBIOpaHHOI METOJI0JIOTUU

LC-5 (3) Cnocoben npumensamso u (uiu) npoekmuposams paziudHvle UHCHPYMEHMbL U
UHJICEHEPHbIEe NPAKMUKU RPOMbLUIEHHOU paspadomKku cucmem HH, pazeepmuieanus u
CONPOBOIHCOCHUA MOOeNell MAUUHHO20 00yUeHUs 8 NPOOYKMUBHOU cpede

LC-5.1 OcyuiecTBasieT BHIOOP HHCTPYMEHTOB
Y MH)KEHEPHBIX MTPAKTUK MTPOMBIIICHHOH
pa3pabotku cucreM MU, pa3BepThiBaHMs U
CONPOBOXKICHUS MOJIETIEH MAIIMHHOTO
o0y4yeHHs B IPOAYKTUBHOM cpesie

Pa3paOaTbIBaeT crenuaan3upoBaHHbIe
WHCTPYMEHTHI M WH)KEHEPHBIE IPAKTUKU
IPOMBIIIIEHHOH pa3zpaboTku cucteM U,
pa3BEPTHIBAHUS M COTPOBOXKICHHS MOIEIIEH
MalmHHOTro 00y4yeHus B paboueii Bepcuu 110

LC-5.2 OcymecTBnsieT BEIOOp HHCTPYMEHTOB
Y MH)XEHEPHBIX MPAKTHK MO YIPABICHUIO
JTAHHBIMH C HEOOXOIMMBIM YPOBHEM JIOCTYTIA,
KOHTPOJISI Ka4eCTBa, PE3ePBUPOBAHUS U
CKOPOCTBIO BBITTOJTHEHUSI 3aITPOCOB

Kacromuzupyer u papabatbiBaeT
CHeNHaTU3UPOBAHHBIE HHCTPYMEHTHI
YIIPaBJICHUA JaHHBIMU

OAHHBIX

ML-8 (II) Cnocoben npumenamso ancopummol 00yueHus Ha HECMAHOAPMHBIX 00bEMAx

ML-8.1 O60CcHOBBIBaET CIIOCOOBI I BApHAHTHI

Bri6upaeT u ananTUpyeT aaropuTMbl




MPUMEHEHHSI AITOPUTMOB O0Y4EHHUs Ha
HECTaHIapTHBIX 00bEMax JaHHBIX B 337a4ax
WU, Bxmrovas ux npeodpazoBaHue U
aanTaIuio K CrenupuKe 3a1a4u

(manpumep, transfer learning, few-shot
learning, federated learning) ¢ yuerom
crenupUKA HECTAHIAPTHBIX 00BEMOB JTAHHBIX
U TpeOOBaHMI K 3aj1a4e.

OO60CHOBBIBAaET BHIOOP METO/IOB MOBBIIICHUS

s dexTuBHOCTH U 00001IaeMOCTH (HATTpUMED,
peryJsipu3anus, yMEHbIICHUE Pa3MEPHOCTH
mozenu, domain adaptation, HCTIOJIb30BaHUE
Pa3HOCTHBIX METOJIOB THIIA CHAMCKHX CETeH,
few-shot learning, GaiiecOBCKHE METOIBI).

2. CTpyKTypa M cofepKaHue AUCHUILTHHBI
2.1 Pacnipenesienne TPyA0EMKOCTH IMCHUILJIMHBI 110 BUIaM padoT
OOmast TpyA0EMKOCTh IUCIUILTUHBI COCTaBISAET 4 3au. en. (144 vaca), ux pacmpeneneHue

10 BUgamM pa60T IMPEACTABJICHO B Ta6J'II/II_IC

Cemectpsl
Buj yueOHoii padoThI Beero (4acnl)
4acoB v
KonrakTHasi pa6oTa, B TOM YHCJIe: 72,3 72,3
AynuTopHBIE 3aHATHS (BCEro): 68 68
3aHATHA JIEKIUOHHOIO TUIA 34 34
JlaGopaTopHble 3aHITHS 34 34
3aHATHUSI CEMUHAPCKOTO TUIIA (CEMUHAPBI,
MPAKTUYECKHE 3aHSITHSI)
HNnas koHTaKkTHas1 padora: 4,3 4,3
KoHnTtpoisb camocTositenpHoM padoTel (KCP) 4 4
[Tpomexyrounas arrectauus (MKP) 0,3 0,3
CamocrositesibHas padoTa, B TOM 4HcIe: 36 36
BrinosiHeHUE MHIUBUAYAIbHBIX 3aJaHUN 35,7 35,7
IToAroToBKa K TEKYIIEMY KOHTPOJIIO 0,3 0,3
KonTpoJis: 35,7 35,7
[TonroToBKa K 9K3aMEHY 35,7 35,7
Jac. 144 144
B TOM 4YHCJIe
O0mas Tpy10eMKoCTb KOHTaKTHAaS 72,3 72,3
pabora
3a4. e/l 4 4

2.2 CTpyKTypa AMCUHMIIIMHBI

Pacnpenenenne BugoB yueOHOM pabOThI U UX TPYJTOEMKOCTH IO pa3/iesiaM JUCIUIITUHBL.
Pa3nensl (TeMbl) TUCHUIUIMHBI, U3yYaeMbI€ B 7 CEMECTpE

KoamuecTBo yacos
BHeayn
° HTOpPHA
Ne HaumenoBanue pa3jesnos (TemM) Beero AyauTopHas padora a
padora
J 13 JIP CPC
1 2 3 4 5 6 7
1. | BBexmeHue U OCHOBEI 18 6 6 6
2. | DataOps u ympaBieHHe TaHHBIMH 26 8 8 10
3. | MLOps 1 pOMBILIEHHOE pa3BepPThIBAaHHUE 38 14 14 10
4. | TpeHppl, UTOTH U 3alIMTA MPOSKTOB 22 6 6 10




KoaunyecTBO yacoB
Bueayn
. UTOpHA
Ne HaunmenoBaHnue pa3jesioB (Tem) Beero AyauTopHas padora a
padora
Ja 3 JIP CPC
1 2 3 4 5 6 I
HUTOTI'O no pa3aenaM AUCUUITHHBI 104 34 34 36
KoHnTtposb camocTositenbHOM padoThl (KCP) 4
[Tpomexxyrounas arrecrauus (MKP) 0,3
IToAroToBKa K TEKYIIEMY KOHTPOJIIO 35,7
OO0masi TPy10eMKOCTDb MO TMCHHUILIHHE 144

Ipumeuanue: JI — nexyuu, 113 — npaxmuueckue 3anamus/cemunapsei, JIP — nabopamophvie 3anamus, CPC —
camocmoamenvhas paboma cmyoeHma

2.3 Conep:xaHue pa3aesioB (TeM) THCHHILIAHBI

2.3.1 3aHATHA JeKINOHHOI0 THIIA

HaumenoBaHue pa3jesa (TemMmbl)

Copep:xanue pa3jesa (TeMbl)

K

TeKyIIero

®opma

OHTPOJISI

2

3

4

BBenenue 1 OCHOBBI

BBenenue B npomblInuieHHbINH ML.
Kusznennsrit nukn Al-npoxykra.
[TpoGnemsr "nomuubl cmepT" ML-
MOJCIICH.

0630p meromonoruii: CRISP-DM, CRISP-
ML(Q).

Beenenne B MLOps u DataOps kak Habop
MPAKTUK JIJI1 aBTOMAaTH3AIMU U YIIPABICHUS
JKU3HEHHBIM IIMKJIOM.

JIP

BBenenue u OCHOBEBI

VYnpasnenue Bepcusimu B ML: kox, naHHbIe,
MOJIETIH.

Git: nyumune npaktuku Uit ML-ipoextoB
(git-flow, feature branches).

[Mousitue Data Version Control (DVC).
[TpuHIMIB pabOTHI, MHTETPALIUS C
00J1aUHBIMH XPAHUJIUIIIAMHU.

JIP

BBenenue u OCHOBEBI

BOCHpOI/IL’.BOI[I/IMOCTB OKCIICPUMCHTOB.
[Tpo6aema BocnipousBoauMocTy B ML.
HNHCTpyMEHTBI JUIsl TPEKUHTA
skcnepuMeHToB (0030p MLflow, Yandex
DataSphere).

Beenenne B MLflow: Tracking, Projects,
Models, Registry.

JIP

DataOps u ynpasnenue
JTAHHBIMH

Nnxenepust nanubix st ML. DataOps.
COop TaHHBIX U3 Pa3pPO3HEHHBIX
ucTouyHUKOB (API, 6a3b1 maHHBIX, (halIIbI).
[Tporeccrl MPOBEPKHU JaHHBIX Ha
KOPPEKTHOCThH (BaTUAALINS CXEMBI,
aHOMAaJIHH, TIPOITYCKH). [TpUHITUIIBI
Continuous Integration JuIst JaHHBIX.

JIP




HaumenoBaHue pa3aena (TeMbl)

Copep:xanue pa3jesa (TeMbl)

®opma
TeKyIlero
KOHTPOJIsI

2

3

4

DataOps u ynipaBiienue
JAHHBIMU

OO0ecrieueHne KaueCcTBa JaHHBIX.

MeTo bl U MHCTPYMEHTHI IS pa3METKH
JaHHbIX. OpraHu3arys KpayacopCHHIOBOM
pasmetku. [IpodunupoBanue 1aHHBIX U
aBTOMAaTHYECKOE OOHapyKeHue apeida
nanHbix (Data Drift).

JIP

DataOps u ynipaBiienue
JAHHBIMU

Nudpactpykrypa nanubix s Al
TexHonoruu opraHu3auuu
uHppactpyktypsl b1 (SQL vs NoSQL,
KOJIOHOYHbIE XpaHunuiua). dopMupoBanue
CTeKa JJisi pabOoThI C OOJIBUIMMH TAHHBIMU
(na mpumepe sxocucteMsl Yandex Cloud:
YDB, ClickHouse, Apache Spark).
ITarTepHs! 1oCTyNa K 1aHHBIM B ML-
MIPUIIOKEHUSX.

JIP

DataOps u ynpasnenue
JTAHHBIMH

[IponBuHyTHIE METOIBI PAOOTHI C JAHHBIMH.
Crpaterun paboThI ¢ MaJIBIMH U
HecOaaHCUPOBAaHHBIMH BEIOOpKaMU
(oversampling, undersampling, SMOTE).
Tpancheproe odyuenue (Transfer
Learning) u o0y4yeHune ¢ HEMHOTUMU
npumepamu (Few-Shot Learning).

JIP

MLOps 1 npoMbIIUIEHHOE
pa3BepTHIBAHUE

Konteltnepuzanus ML-nipuioxxeHui.
Coznanne 3 dexruBabix Dockerfile mst
ML-npoekros. Best practices (MynbTH-
CTauitHbIe COOPKH, MUHUMAJIbHBIE
6a30BbIe 00pa3bl).

JIP

MLOps 1 npoMBbIIIIIIEHHOE
pa3BepThIBaHUE

OpxkecTpaliusi KOHTEHHEPOB C MTOMOIIIBIO
Kubernetes. Apxurexrypa Kubernetes-
KJIacTepa. YIpaBJIE€HUE COCTOSHUIMU
npunoxkenuit (StatefulSet) u
koHurypamusmu (ConfigMap, Secret).

JIP

10.

MLOps 1 npoMBIIIIIEHHOE
pa3BepTHIBAHUE

[TpoexTrpoBaHue apXUTEKTYphl cucTeM Al
¢ Continuous Training. [TarTepHsl cepBuHra
mozedneit (online, offline, batch).
Apxurekrypnble narrepasl MLOps:
naiinnaitn nepeoOyueHwusl, 111a0JI0H
"TpenupoBka-CepsuHr". IIpoektrpoBanue
OTKa30yCTOMYMBBIX U MacIITaOUPyeMbIX
CHUCTEM.

JIP

11.

MLOps 1 npoMBIIUIEHHOE
pa3BEpTHIBAHUE

HenpepriBHast UHTerpalys U NocTaBka
(CI/CD) nns ML. Ipunnumns: CI/CD/CT.
[Tpoextuposanue GitLab CI/CD/CT
nanmiaiiia g ML-nipoekra. Orarsl:
TEeCTUpOBaHue, cOOpKa, TPEHUPOBKA,
TECTUPOBAHUE MOJIENIH, PA3BEPTHIBAHUE.

JIP

12.

MLOps u npoMbIIIITIEHHOE
pa3BepThIBaHUE

Monutopuar ML-cuctem u HaIe)KHOCTb.
MonuTopunr uappactpykrypst (CPU,
RAM) u OusHec-MeTpuK. [leTekTupoBaHue

JIP




HaumenoBaHue pa3aena (TeMbl)

Copep:xanue pa3jesa (TeMbl)

®opma
TeKyIlero
KOHTPOJIsI

2

3

4

npeiida konuenuuid (Concept Drift) n
nansbix (Data Drift). Metoabl moBbieHus
YCTOMYMBOCTHU M O€30MaCHOCTH MOJIEeH
(araku Ha Mojienu, adversarial robustness).

13.

MLOps u npoMBIILIEHHOE
pa3BepTHIBAHUE

VYrpasieHue MOACISIME B TIPO/IAKIIICHE.
MLflow Model Registry:
BEpCHOHUPOBaHME, cTanuu (Staging,
Production, Archived). Ctparerun
passepteiBanus: Blue-Green, Canary. A/B
TECTUPOBAHUE MOJCIICH.

JIP

14.

MLOps u npoMBIILIEHHOE
pa3BepTHIBAaHUE

be3onacHocTh u 00BsicHUMBIN Al (XAI).
bazoBble npuHIUnbl JoBepeHHOro Al.
Mertonapl 00bsicHeHus Moaenei (SHAP,
LIME). 3ammura ot arak (adversarial
examples), mpoBepKka Ha YCTOWYUBOCTb.

JIP

15.

TpeHapl, UTOTH U 3aIUTa
MPOEKTOB

OOyueHne Ha HECTAaHIAPTHBIX 00beMax
nanubiX. [IpoasuHyThIe TexHUKH: Federated
Learning, Active Learning, Human in the
Loop, HumanEval. Pa6ora ¢ skcTpeManbHO
oompmmu nanaeiMu (Big Data) u
CTpaTEeruy PaclpeICIICHHBIX BHIYHUCICHUH.

JIP

16.

TpeHapl, UTOTH U 3alUTa
MIPOEKTOB

CoBpemennsble TpeHab! B MU u ux BnusHue
Ha umkeHepuro. Generative Al u Large
Language Models (LLMS) kak BbI30B /15t
MLOps. Vector Databases u RAG-
aApPXUTEKTYphl. DBOJIOLUS CTEKa
texHoaoruii MLOps.

JIP

17.

Tpenapl, UTOrH U 3aIIKTa
IIPOEKTOB

3amuTa KOMaHIHbIX IPOEKTOB.
ITogBenenue utoros Kypca. Beictymninenue
KOMaHJ ¢ IPEe3eHTalMel apXUTEKTYPhl U
paboTatomum 1eMo. OTBETHI Ha BOIPOCHI
MPEINOJABATENCH U TPUTIIAIICHHBIX
sKkcnepToB. OOCyKIeHNEe KapbepHbIX MyTel
B obnactu DataOps/MLOps.

Hpumeuanue: JIP — omuem/3awuma nabopamopHou pabomot, KII

- gvlnoHenue Kypcosoco npoekma, KP -

Kypcosou pabomet, PI'3 - pacuemno-epaghuneckozo sadanus, P - nanucanue pegpepama, 3 - scce, K - KOILOKSUYM,
T — mecmupoganue, P3 — pewenue 3adau.

2.3.2 3aHATHSA CEMMHAPCKOI0 THIIA

He npenycmoTrpensl

2.3.3 JlaGopaTopHble 3aHATHS

®opma
Ne HaumenoBanue pasgena (TeMbl) HaumenoBanue 1a60paTopHBIX padoT TeKyliero
KOHTPOJIs
1 2 3 4
1. BBenenne u 0CHOBBI Hacrpoiika pabodero okpy>xkeHus. JIP
3nakomcTBO ¢ Yandex DataSphere. Pa6ora
¢ Git, cozranue peno3uTOpHsl 7Sl IPOEKTa.
2. BBenenue u 0CHOBEI BBenenue 8 DVC. Uaumuannsauugs DVC 8 | JIP




HaumenoBaHue pa3aena (TeMbl)

HaumeHoBaHMe J1aGOPAaTOPHBIX padoT

®opma
TeKyIlero
KOHTPOJIsI

2

3

4

npoekte. HacTpoiika ynaaeHHOro
xpanwmia (Yandex Cloud).
BepcuonupoBaHue 1aTaceToB U MOJEIIEH.

BBenenue u OCHOBEBI

Hacrpoiika u 3HakomcTBO ¢ Mlflow.
Coznanme npoctoro ML-skcnepumenTa.
JlorupoBaHue mapameTpoB, METPUK U
apredaktoB ¢ momompo MLflow Tracking.

CpaBHeHHE HECKOIbKUX 3amyckoB B Ul
MLflow.

JIP

DataOps u ynpasienue
JTAHHBIMHU

Coznanue ETL-naiinnaiina ¢
ucrnonb3oBanueM Yandex Datasphere Jobs.
Hanucanue ckpurmita s 3arpy3Ku U
NEPBUYHON OYHMCTKH JaHHBIX. HTErparus
naimnaiina B DVC mis
BOCIIPOU3BOAMMOCTH. Mcrionb30Banme
OoubIMoTeK /it 00padOTKU TaHHBIX.

JIP

DataOps u ynpaBineHue
JTAaHHBIMHU

Banupanus nannsix ¢ momomnsio Great
Expectations. Hanncanue oxxuganuii aist
naracera. VIHTerpamus BaauIanuy JaHHbIX
B naiiraitn DVC/MlIflow.
ABTOMaTHYeCKasi IPOBEPKa HOBBIX JTAHHBIX
Ha COOTBETCTBHUE JTAJIOHY.

JIP

DataOps u ynpaBneHue
JTAaHHBIMHU

Pabora ¢ o0OiauyasIMu O0a3amMy JaHHBIX.
[Moaxmrouenue k Managed Service for
PostgreSQL wmu YDB B Yandex Cloud.
Hanucanue 3anpocoB 1t BBIOOPKH JaHHBIX
1utst 00ydenusi. CTpaTeruu K3IIMpPOBaHUS U
MIPEABAPHUTEIILHON arperaiuu.

JIP

DataOps u ynpasnenue
JTAHHBIMH

O0paboTka HecOaTaHCUPOBAHHBIX JAHHBIX.
[Ipumenenue texuuk SMOTE, ADASYN.
Hcnonp3oBanue 6ubanorexku imbalanced-
learn. CpaBHeHHe KauecTBa MOJICIH JI0 U
nociie 6amaHcHUpOBKU ¢ ToMoIbio MLflow.

JIP

MLOps 1 npoMBIIIIIEHHOE
pa3BepTHIBAHUE

Co3nanue Docker-o0Opasa s mogenu.
Hanucanue Dockerfile nns o6eptku
o0yuennoit mogenu B REST API cepsuc (¢
ucnons3zoBanueM FastAPI). Coopka oOpaza
U €Tr0 3aITyCK Ha JIOKAIbHOW MallluHe.
[Ty6nuxkarus obpasa B GitLab Container
Registry.

JIP

MLOps 1 npoMBIIUIEHHOE
pa3BEpTHIBAHUE

PasBeprriBanue moaenu B Kubernetes.
Hanucanne manudecro Deployment u
Service ms ML-cepBuca. PazBepTeiBanue
NPUJIOKEHHUs B KiacTepe (Hampumep, B
Yandex Managed Service for Kubernetes).
[TpoBepka JOCTYITHOCTH CepBHCA.
WnTerpamms c MLFlow.

JIP

10.

MLOps 1 npoMBIIIIIEHHOE
pa3BepTHIBAHHE

ABroMaru3anus naiiiaiiaa ¢ MLflow
Projects. YnakoBka kojia o0yueHus B

JIP




®opma

Ne HaumenoBaHue pa3aena (TeMbl) HaumeHnoBaHue 1a00paTOpHBIX padoT TeKyl1ero
KOHTPOJIsI
1 2 3 4

MLflow Project. 3amyck npoekra
nporpamMMmHo 1 yepe3 CLI. Hactpoiika

CI/CD.
11. | MLOps 1 npOMBIIIICHHOE Hammcanue ".gitlab-ci.yml’. Ortan JIP
pa3BepThHIBAHUE TECTHPOBaHUs Koja (pytest) U TMHTHHTA

(flake8). DTam TpeHUPOBKU MOJEINH C
ucnonszoBanueM DVC u Mlflow.

VY cnoBHBIN 3aIlyCK NalIUIaliHA [IPU
M3MEHEHUHU JAHHBIX.

12. | MLOps 1 npOMBIIIIECHHOE Buenpenune MmonuTopuHra aperda. JIP
pa3BepThIBaHUE Hanucanue ckpurita asisi BBIYUCICHUS
CTaTUCTKH PacHpeesIeHNs BXOIHbIX
naHHbIX. CpaBHEHUE C 3TaTOHHBIM
pacnpenenenuem (PSI, KS-tecr).
WNuTterpanus npoBepKu B NAWIUIAMH 1
OTIOBEIICHHE O JIpeiide.

13. | MLOps u npoMBbIIIEHHOE Pab6ora ¢ MLflow Model Registry. JIP
pa3BepThIBAHUE Perucrpanus HOBOI BEpCUM MOJEIH B
Registry. [lepexon Monenu MexIy
craausmu (Staging -> Production) gepe3
CI/CD. Hactpoiika aBTOMaTUYECKUX

YBEJIOMJICHUH.
14. | MLOps 1 npOMBIILIEHHOE MoHuTOpUHT ITpuioKeHus. MeTpuku JIP
pa3BepThIBAHUE OILIEHKH Ka4eCTBAa M CTAOMIBHOCTH MOJICIIH

Ha HOBBIX JaHHBIX (accuracy, F1, ROC-
AUC, HumanEval).

15. | TpeHubl, UTOTH | 3alIUTa Pacnipenenennas oOpaboTka JTaHHBIX. JIP
IIPOEKTOB Pa6ota ¢ PySpark u Yandex Data
Processing.
16. | TpeHnbl, UTOTH U 3aIIUTa 3nakomctBo ¢ Federated Learning JIP
IIPOEKTOB (cumyssiuust). cnionp3oBanue OMOIMOTEKN

PySyft nnst cumymnsiuuu FL-ciienapust.
CpaBHeHHE KauecTBa IEHTPAIN30BaHHOTO U
¢denepatuBHOro 00yueHUs..

17. | Tpennpl, UTOTH U 3aIIUTa [Tpumenenne SHAP s 00bsicHeHus JIP
[IPOEKTOB npenckasanuil. Uarerpanus SHAP B
MLflow asns norupoBaHusi OObSICHEHUH.
Busyanusanus Ba;XHOCTH IIPU3HAKOB.
AHanu3 NpuMepoB, I11€ MOJEIb MOKET
omubaTkCsl.

Ipumeuanue: JIP — omuem/3awuma nabopamopnoti pabomei, KII - evinoinenue xypcogozo npoexma, KP -

Kypcosotl pabomul, PI'3 - pacuemno-epaghuuecrkozo 3adanus, P - nanucanue peghepama, 3 - scce, K - xonnoxeuym,
T — mecmuposanue, P3 — pewenue 3adau.

2.3.4 IlpuMepHasi TeMaTHKa KypCOBBIX padoT (IIPOEKTOB)



KypcoBas pabGora He mpemycmoTpeHa. B kauecTBe KypcoBOro MpOEKTa CTYAEHTHI
3alUIIAI0T HHPPACTPYKTYPY MPOEKTa BEO-TIPUIIOKEHUS C HCIoNIb3oBaHneM ML 1o 3aiaHuio ot
WHAYCTPHAJILHOTO MapTHepa.

2.4 llepeyeHb yueOHO-METOAUYECKOT0 o0ecnevYeH sl HJIA CAMOCTOSATEILHOH padoThI
00y4yarIuXCcs Mo JUCHUILINHE (MOIYJII0)

ITepeuyenpb yueOHO-METOAMUECKOTO 00ECIeUYeHH s JUCIUILIUHEI
Ne Bun CPC T10 BBITIOJIHEHHIO CAMOCTOSITEIbHON paboThI
1 2 3
1 |U3yuenue Mertoauueckue ykazaHHs II0 OPraHMU3AlMHM CaMOCTOSITEIBHOU
TEOPETUYECKOIO paboThI CTYJIEHTOB, YTBEPKACHHbIE kadenpoit
Marepuaia nH(pOpMaMOHHBIX TeXHOJoTH, TpoTokoa Nel ot 30.08.2019
2  |Pemenwue 3amau Meronuueckue yKa3aHHs II0 OpPraHM3alld CaMOCTOSATEIBHOU
paboThI CTYJEHTOB, YTBEPKICHHbBIE kadenpoit
MH(OPMaLMOHHBIX TeXHONOruH, mpoTokos Nel or 30.08.2019

VY4eOHO-MeTOIUYECKNE MaTepuasbl JUIsl CaMOCTOSITENIbHOM pPabOThl 0OyYaroIIUXCS U3
YHCJIa MHBAIK/IOB U JIMI C OTPAHUYEHHBIMU BO3MOXKHOCTSIMHU 3/10poBbst (OB3) mpenocrasinstorcs
B (hopMax, aJanTUPOBAHHBIX K OTPAHUYCHUSAM UX 37J0POBbS U BOCHPUATHS HH()OPMAITIH:

JUst T ¢ HapyIIEeHUsIMU 3pEHUS:

— B I1€4aTHOW (hopMe YBEIMYCHHBIM HIPUPTOM,

— B (hopMe 2IEKTPOHHOTO TOKYMEHTA,

— B opMe ayauodaiina,

— B IIeyaTHOM opMe Ha s3bIke bpaiins.

JUist i1 ¢ HapyIIEHUSIMH CITyXa:

— B I1e4aTHOM (opme,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

Jist i ¢ HapyIIEHUSIMH OTIOPHO-/IBUTATEIBHOTO arnapaTa:

— B TIle4aTHOU opme,

— B (hopMe 2IIEKTPOHHOTO TOKYMEHTA,

— B ¢popMe ayauodaiina.

JlaHHBINA TepeyeHb MOXeET OBbITh KOHKPETH3MPOBAH B 3aBUCHUMOCTH OT KOHTHHI€HTA
oOyyJaronuxcs.

3. O0pa3zoBaresibHbIC TEXHOJIOTHH
B cootBerctBuu ¢ TpedoBanusimu @PI'OC B mporpamma JTUCHUIUIMHBI IPEIyCMaTpUBAET
UCIIOJIb30BaHUE B YUEOHOM IpoLiecce CIEAYIONMX 00pa3oBaTeNbHbIe TEXHOIOIUU: YTEHUE
JIEKIUH C UCTIOJIb30BAaHUEM MYJIbTUMEIUIHBIX TEXHOJIOTUI; METO MaJIbIX TPYIIL, pa3doop
IIPAKTUYECKUX 3a7a4 U KEHCOB.

ITpu 00yueHnH UCTIONB3YIOTCS CIEAYIOIINE 00pa30BaTeIbHbIE TEXHOIOTUN:

TexHONOrMsI KOMMYHHMKaTHMBHOTO OOyueHHMs — HampaBieHa Ha (opMupOBaHUE
KOMMYHHMKAaTUBHOW KOMIIETEHTHOCTHU CTY/AEHTOB, KOTOpas siBJsieTcsl 6a30BOM, HEOOXOIMMOM AJist
aJlaNTalluy K COBPEMEHHBIM YCIIOBUAM MEXKYJIbTYPHON KOMMYHHUKALUH.

TexHonorust pa3sHOypoBHEBOro (IuddepeHpoBaHHOr0) 00y4YeHHs] — TMpeAroIaraeT
OCYILIECTBJICHUE I103HABATEIbHON JEATEIBHOCTU CTYIEHTOB C YYETOM MX HMHAWBHIyaIbHBIX
CHOCOOHOCTEHM, BO3MOXKHOCTEH M HMHTEPECOB, MOOMIPSAS UX PEaTU30BbIBATE CBOM TBOPYECKUI
noreHuuan. Co3laHue W HCIOJIb30BAaHME JUArHOCTMUECKHUX TECTOB SIBISIETCS HEOTHEMIIEMOMN
YaCThIO JAHHOW T€XHOJIOTHH.



TexHomoruss MOIYJBHOTO OOy4YeHUS — TMpeaycMaTpUBAET JIeJIEHHWE COJepKaHUs
JTUCITUIUIMHBL HA JIOCTATOYHO ABTOHOMHBIC pa3feNibl (MOAYJIH), WHTETPHUPOBAHHBIC B OOIIWI
Kypc.

HNudopmannonno-koMmmyHukanuonnsie  texuonoruu (MKT) - pacmmpsiior pamku
00pa3oBaTeNbHOIO MpOIecca, MOBHIMIAsS €r0 MPAKTUYECKYI0 HaINPaBJIEHHOCTh, CIIOCOOCTBYIOT
WHTCHCU(PHUKAIIUH CAMOCTOSITENILHOW pabOThl yYalIUXCS M TOBBIMICHUIO [MO3HABATEIBHON
aktuBHOCTH. B pamkax UKT Beiaensitorcst 2 Buga TEXHOJIOTUIA:

TexHONOTHsI MCHOJIb30BAHUS KOMITBIOTEPHBIX IMPOrpaMM — TO3BOJILeT 3(deKkTuBHO
JIOTIOJIHUTB IIporiecc 00yUeHHUsI A3bIKY Ha BCEX YPOBHSX.
VMHTEpHET-TEXHOJIOTUN — MPEAOCTABIIAIOT IIUPOKUE BO3MOKHOCTU Ul ITOMCKA

uH(pOpMaLuy, pa3pabOTKU Hay4YHbIX IIPOEKTOB, BEICHHs HAyYHBIX UCCIICIOBAHUIM.

TexHONOTHsST MHIUBUAyATU3alUN OOY4YeHHS — IOMOTaeT peajr30BBIBATH JIMYHOCTHO-
OPUEHTUPOBAHHBIA TOAXOJ, YYMTbIBas HHIUBHIyaJbHble OCOOEHHOCTM M IOTPeOHOCTH
y4aluxcs.

[lpoekTHass TEXHOJOrMs — OPHEHTUPOBAHA Ha MOJCIMPOBAHHE COLUAIBHOIO
B3aMMOJICHCTBUS YyYalllUXCsl C LEJbI0 pEUIeHMs] 33Jayd, KOTOpas OIpeleisieTcss B paMKax
npodecCOHATBHON MOATOTOBKH, BBIAEISSA Ty UM HHYIO IPEIMETHYIO 00JIaCTb.

TexHonorust 0Oy4eHUs B COTPYJHHUYECTBE — pEAM3yeT HICI0 B3aMMHOTO OOydeHWUs,
OCYILECTBIISAI KaK HHIMBHUIYaJbHYIO, TaK M KOJJICKTUBHYIO OTBETCTBEHHOCTb 3a pEIlEHHE
y4eOHBIX 3a7a4.

WrpoBasi TeXHOJIOTUS — MO3BOJISICT Pa3BUBATh HABBIKU PACCMOTPEHUS Psiia BO3MOXKHBIX
CIO0CO00B peleHus Mpo0ieM, aKTUBU3UPYS MBIIIJICHUE CTYJIEHTOB M PacKphIBasl JTMUYHOCTHBIN
HNOTEHIMAJ KaXKJJ0r0 y4alerocs.

TexHosorust pa3BUTUS KPUTHUECKOI'O MBILIUIEHUS — CIIOCOOCTBYET (HOPMHPOBAHUIO
Pa3sHOCTOPOHHEH JMYHOCTH, CIOCOOHOM KPUTHUYECKHM OTHOCUTBbCS K HH(POPMALUHU, YMEHUIO
oTOMpaTh HHOOPMAIHIO [T PEIICHHS TOCTABICHHOW 3a1a4u.

KommekcHoe ucrnosib3oBaHuEe B y4yeOHOM IPOLIECCE BCEX BBILICHA3BAHHBIX TEXHOJIOTHI
CTUMYJIUPYIOT JIMYHOCTHYIO, WHTEJUIEKTYaJlbHYIO aKTHBHOCTh, Ppa3BHBAIOT I103HABATEJIbHBIE
IpOIECChl, CHOCOOCTBYIOT (OPMHUPOBAHUIO KOMIIETEHIMH, KOTOPBIMH JOJDKEH 00J1aaaTh
OyIyIIMi CIICIIMAIHCT.

OcCHOBHbBIE BU/Ibl HHTEPAKTUBHBIX 00pa30BaTEIbHBIX TEXHOJIOTUN BKIIIOYAIOT B CEO0SI:

paboTa B MalbIX rpynmnax (KOMaHJe) - COBMECTHasl JIE€ATEIbHOCTh CTYJIEHTOB B IpYyIIIE
0]l PYKOBOJICTBOM JIMJIEpa, HAIpaBJCHHAs Ha pelIeHue oOuiei 3agauu myTéM TBOPYECKOTO
CJIOKEHMSI Pe3yJIbTAaTOB MHIMBUYaJIbHOW pabOThl YJIEHOB KOMaH/IbI C J€JIEHUEM MTOJIHOMOYUI U
OTBETCTBEHHOCTH,

MPOEKTHAasl TEXHOJIOTHUS - MHAUBUAYaIbHAS WK KOJUIEKTHUBHAS JESTENbHOCTD 110 0TOODY,
paclpeesIeHUI0 U CUCTEMAaTU3allii MaTepuaa Mo ONPEEIIEHHON TeMe, B pe3ysbTare KOTOpOn
COCTaBJISIETCSI POEKT;

aHaJIM3 KOHKPETHBIX CUTyallUd - aHAJM3 PealbHbIX MPOOJIEMHBIX CUTYalUi, UMEBIIUX
MECTO B COOTBETCTBYIOIIEH 00JacTH NPO(ECCHOHANBHON AEATEeIbHOCTH, U MOMCK BapHaHTOB
JTYUIINX PELIEHU;

pa3BUTHE KPUTHUECKOTO MBIIUICHUS — oOpa3oBaTeNbHasi AESTeIbHOCTb, HalpaBlIeHHAs
Ha Pa3BUTHE Yy CTYAEHTOB Pa3yMHOIO, pe(IEKCHBHOTO MBIIUIEHUS, CIOCOOHOTO BBIIBUHYTh
HOBBIE UJIEU U YBUJIETh HOBbIE BO3MOKHOCTH.

[Toaxon pa3dopa KOHKPETHBIX 3a7a4 M CUTYaIUI IIMPOKO UCTIONb3YETCs KaK MPEroaaBaTeieM,
TaK U CTyJ€HTaMH BO BpeMsl JIEKIIUiA, JTa0OpaTOPHBIX 3aHATUHN U aHaIN3a pPe3yIbTaToB
CaMOCTOSITENIbHON PaboThl. TO 00YCIOBICHO TEM, UTO IIPU UCCIETOBAaHUU U PEIIEHUH KaXKI0H
KOHKPETHOM 3aJ]aul UMeeTCsl, KaK IIPaBHJI0, HECKOJIBKO METO/I0B, a 3TO TpeOyeT pazbopa 1
OLICHKH 11€JI0M COBOKYITHOCTH KOHKPETHBIX CUTYalUH.



KOJIUY€eCTBO
Cemect Hcnonb3yemMble HHTEPAKTHBHbBIE
Buj 3ansaTus HHTEPAKTUBHBIX
p o0pa3oBaTe/bHbIE TEXHOJIOTHHU
4acoB

[IpakTuyeckue 3aHSATHUS B pexxumax
7 JIP B3aMMOJICHCTBUS «IIPENOAABATENb — CTYIEHT» U 46

«CTYJICHT — CTYJICHT»

HToro 46

Hpumeuanue: JI — nexyuu, 113 — npaxmuueckue 3anamus/cemunapel, JIP — nabopamopuuvie zansmus, CPC —
camocmosimenvHas paboma cmyoeHma

Tembl, 3a1aHusi U BOMPOCHI ISl CaMOCTOSTENILHOM PabOThl MpU3BaHBI CHOPMUPOBATH
HaBBIKM TIOWCKAa HWH()OPMAIMHM, YMEHHUS CaMOCTOSTEIbHO PpAaCIIUPSITh W YIIyOJATh 3HAHHS,
MOJIyYCHHBIE B XO/1€ JICKIIMOHHBIX U MPAKTHYECKUX 3aHATHA.

[Momxon pa3dopa KOHKPETHBIX CHTyallMid IIMPOKO HCIOJB3YETCs KaK IPErojaBaTesieM,
TaK ¥ CTyJIEHTaMH IPU MPOBEJCHUN aHAIIN3a PE3yJIbTaTOB CAMOCTOSTEILHON paOOTHI.

Jlnst AuIl ¢ OrpaHUYEHHBIMH BO3MOXKHOCTSIMH 3JI0POBBSI MIPEIYCMOTPEHA OpraHM3allus
KOHCYJIBTAIMH C MCIIOJIb30BAaHHEM DJIEKTPOHHON TIOYTHI.

J1J1s1 JIT C HApYIICHUSIMH 3PEHHSL:

— B I1€4aTHOW (hOpMe YBEIMYCHHBIM HIPUPTOM,

— B (popMe 3IIEKTPOHHOTO IOKYMEHTA.

JUist i1 ¢ HapyIIEHUSIMH CITyXa:

— B IIeYaTHOM opme,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

J1J1s1 JII C HApYIICHUSIMH OTIOPHO-JIBUTATEIBHOTO arapara:

— B mieyaTHOU hopme,

— B (hpopMe 3IIEKTPOHHOTO IOKYMEHTA.

Jist auI ¢ OrpaHMYEHHBIMH BO3MOXKHOCTSIMH 3/I0POBBSI IIPEIYCMOTPEHA OpTaHHU3alus
KOHCYJIBTAIMH C UCIIOJIb30BAHUEM DJICKTPOHHOH ITOYTHI.

JIaHHBII TIepeYeHbh MOXET OBITh KOHKPETH3HPOBAaH B 3aBHCHMOCTH OT KOHTHHTEHTA
00y4aromuxcs.

4, OIICHO‘-IHLIC H METOAUYECCKHUE MaTePHUAJIbI
4.1 OueHoyHble cpeacTBa [Jsl TeKyHero KOHTPOJsS YCHeBaeMOCTH U
NPOMEKYTOYHOM aTTecTALMHU

OneHouyHble CpeAcTBa MpeIHa3HAYeHbl JJIsi KOHTPOJS M OLEHKM 0oOpa3oBaTeIbHBIX
JOCTMDKEHUH 00ydaroMXcsi, OCBOMBIIUX Mporpammy ydeOHoU auciumiunabl «DataOps & ML
Ops».

OneHouHbIEe CpencTBa BKIKOYAET KOHTPOJIBbHBIE MAaTEpHaibl JUIsl IPOBEACHNS TEKYyUIero
KOHTPOJIAA B popMe OLIEHKH J1a00paTOPHBIX pabOT K MPOEKTa K IK3AMEHY.

OneHouHble CpeAcTBa JUIsl MHBAJIMAOB M JIMII C OrPAaHUYEHHBIMH BO3MOXHOCTSMU

3JI0pPOBBSI BEIOUPAIOTCS C YYETOM MX UHAMBHUIYAIbHBIX CUXO(U3UUECKUX 0COOEHHOCTEH.

— NpH HEOOXOAMMOCTH HHBAJIMAAM M JIMIAM C OrPAaHUYEHHBIMH BO3MOXXHOCTSIMHU
310pPOBbS IPENOCTABISAETCS JOMOJHUTEIBHOE BPEMS LIS ITIOATOTOBKH OTBETA HA DK3aMEHE;

— IIpU MPOBEJICHUH TPOLEIYPHI OIICHUBAHUS PEe3yIbTaTOB 00yUeHHs] HHBAIUIOB U JIUIL C
OTPAaHNYEHHBIMU BO3MOXKHOCTSIMHU 3J0POBBS IPEAYCMATPUBAECTCS MCIIOJIb30BAHUE TEXHUYECKHUX
CpeACTB, HEOOXOIUMBIX UM B CBSI3U C UX WHAWBUIYAIbHBIMA OCOOEHHOCTSIMH;

— IIpU HEOOXOAUMOCTH JJIsl 00YyHAIOIIMXCS C OTPAHUYEHHBIMUA BO3MOXHOCTSIMU 3/10POBbS
U MHBAJIWAOB TpOILEAypa OLCHUBAHUS pE3yJNbTAaTOB OOYYEHHUS IO JAUCHUIUIMHE MOXKET
IIPOBOJIUTHCS B HECKOJIBKO 3TAIOB.

[Iponienypa oneHMBaHUsI PE3yJIbTaTOB OOYUYEHHMsS WHBAIMIOB U JIUI] C OrPaHUYEHHBIMU
BO3MOXHOCTSIMM 3JI0POBbsSI 110 JUCHUIUIMHE (MOJYJIO) IpelycMaTpuBaeT IpeloCTaBICHUe



uHpopManuu B ¢opMmax, aJanTUPOBAHHBIX K OrPAaHUYEHHSIM HMX 3J0pPOBbS M BOCIPUSATHUS

uHpOpMaLUu:
JInst L ¢ HapyIIeHUSIMH 3PSHUS:

— B [1€4aTHOW (hopMe YBEIUYCHHBIM HIPUPTOM,

— B (popMe 3IIEKTPOHHOTO TIOKYMEHTA.
Jis I ¢ HapyIICHUSIMH CITyXa:

— B IIeYaTHOM ¢opme,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

HJ’I?I JIMI C HAPpYUICHUSAMHU OIIOPHO-ABUI'aTCIBHOIO allrapara:

— B mieyaTHoi opme,
— B (hopMe DIICKTPOHHOTO IOKYMEHTA.

I[aHHBIfI MNEpCUCHb MOXKCT OBITE KOHKPCTU3UPOBAH B 3aBUCHUMOCTU OT KOHTHHICHTA

oOyyJaronuxcs.

CTpyKTYypa OllEHOYHBIX CPEICTB AJIs TEKYLIeld U MPOMEKYTOYHOM aTTeCTAIMU

N Haumenosanue
Ne Kontpomupyemsie Kon xoHTpOIMpyemoi
OIIGHOYHOT'O CPEeICTBRA
/ pa3zaensl (TeMbl) KOMIIETEHIINH (UJIH ee
* N IIpomexyTounas
I JUCIUTUTHHBI 4acTH) Texymmii KOHTPOJIb
aTTecTalus
BBenenune 1 0CHOBEI BD-2 JIP 1-3 IIpoexm c xeiicom om
1 UHOYCIMPUATILHO20
napmuepa
DataOps u LC-3,LC-4 JP 4-1 IIpoexm c keticom om
2 YHOpaBJICHUC UHOYCMPUATLHOZ0
JaHHBIMHA napmuepa
MLOps u LC-5, ML-8 JIP 8-14 IIpoexm c keiicom om
3 | NpOMBIIIICHHOE UHOYCMPUATLHO20
Pa3BCPTHLIBAHUC napmuepa
Tpenasl, utoru u BD-2, LC-3, LC-4, JIP 15-17 IIpoexm c xeticom om
4 | 3ammTa mpoeKToB LC-5, ML-8 UHOYCMpUAnbHO20
napmuepa

Ioka3aTes, KPpUTEPHHU U LIKAJIA OLEHKH C(POPMHUPOBAHHBIX KOMIIETEHIUI

COOTBETCTBHE

IIoporoBoMy  YpOBHIO

OCBOCHUA KOMIIETCHITUI IJIaHUPYEMbIM

e3yJIbTaTaM O0YUYCHHS U KPUTEPUSIM MX OllCHMBAHHUS (OIICHKA: Y/A0OBJETBOPUTEIbHO):

Koa u HauMeHOBaHMe uﬂnnKaTopa*

Pe3y.111)TaT1,1 OﬁyquHﬂ Mo JTMCHMIIJIMHE

BD-2 (3) Cnocoben onpedensamo mpedosanus K Habopam OAHHbIX 01 peuleHus 3a0ay
MAUWIUHHO20 00YyYeHUs NPOGOOUMb PA3MEMKY U AHAIU3 HADOPOE OAHHBIX OUEeHUBAMD
Kauecmeo 0aHHbIX 00ecneuusams HenpePLIGHY0 UHMeZPauulo OaHHbIX

BD-2.3 [IpumeHsieT MHCTPYMEHTHI U IPAKTUKA
HenpepbIBHON MHTerpanuu ganHeix (DataOps)

Opranu3yeT nporecc HempephIBHOM
uHTerpauuu nanubix (DataOps)

UCKYCCMEBEHHO20 UHmMe/llekma

LC-3 (I) Cnocoben npoekmuposams u noo0epiHcusamsy apxXumeKmypy cucmem

LC-3.1 Co3naet u pa3BUBaET apXUTEKTYPHI
cucteMbl MU Ha Bcex aTamax )KU3HEHHOTO
UKJIa

IIpuMeHsieT pa3uyHble IPUHLAIIBL U ATTEPHbI
IIPU IPOEKTUPOBAHUH APXUTEKTYPBI CUCTEM
4041

LC-4 (IT) Cnioco6eH ynpaBJisiTh MPOIECCOM ;KHU3HeHHOro nukjia UM-npoaykra

LC-4.1.1 OcymiecTBisieT 3aMyCK U BeIEHUE

Ocy1iecTBiseT BeJeHe (3amycK u




npoekTa B obnactu MU, B ToM uuncie
IUTAHUPOBAHKUE M KOHTPOJIb 33/1a4, OLCHKY

pecypcoB

yIpaBiieHue) mpoekToB B obiactu MU, B Tom
qrciie To00p KOMaH/Ibl, IIIAHUPOBAHUE U
KOHTPOJIb 3314, OLIEHKA PECYPCOB
[Togbupaer merononoruto (CRISP-DM,
CRISP-ML(Q)) nox orpanuueHus 3a1a494 1
pecypcHoe o0ecrieueHrne U OpraHu3yeT
nporecc pazpabotku cuctemsl MU mo
BBIOpaHHOW METOJI0JIOTUU

LC-5 (3) Cnocoben npumenamso u (unu) npoekmuposams paziudHvle UHCHPYMEHMbL U
UHMCEHEPHble NPAKMUKU RPOMblULIeHHOU pa3pabomku cucmem HUH, pazeepmuieéanusn u
CONPOBOIHCOEHUA MOOeNell MAUUHHO20 00YyUeHUA 6 NPOOYKMUGHOU cpede

LC-5.1 OcymecTBisieT BBIOOp HHCTPYMEHTOB
Y MH)XCHEPHBIX MPAKTUK MPOMBITIICHHOM
pa3pabotku cucrem MU, pa3BepThiBaHMs U
CONIPOBOXKICHUS MOJIETIEH MAILIMHHOTO
00y4YeHHs B IPOJAYKTUBHOM Cpejie

Pa3pabarbiBaeT criennaan3upoBaHHbBIE
WHCTPYMEHTHI U MHKEHEPHBIC MMPAKTUKU
MIPOMBIIIICHHOM pa3paboTku cucteM NU,
Pa3BEPTHIBAHUS M COIIPOBOXKICHUS MOJIEIICH
MalIMHHOTO 00y4deHus B paboueit Bepcuu [10

LC-5.2 OcymecTBnsieT BEIOOp HHCTPYMEHTOB
Y MH)KCHEPHBIX MPAKTHK 0 YIPABICHUIO
JaHHBIMH C HEOOXOIUMBIM YPOBHEM JIOCTYIIA,
KOHTPOJIsSI KAUeCTBa, PEe3CPBUPOBAHUS U
CKOPOCTBIO BBITTOJTHEHUSI 3aIIPOCOB

Kactomusupyer u pa3pabaTsiBacT
CHeUaIn3UPOBaHHBIE HHCTPYMEHTHI
YIpaBJIE€HUS JaHHBIMU

ML-8 (II) Cnocoben npumenamso ancopummosl 00y4eHUA HA HECMAHOAPDMHBIX 00bEMAx

OAHHBIX

ML-8.1 O60ocHOBBIBaET CIIOCOOBI M BApHAHTHI
IIPUMEHEHHMSI AITOPUTMOB O0YUYEHHUs Ha
HECTaH/IapTHBIX 00bEeMax JIaHHBIX B 3aJja4ax
WU, Bxitoyast ux npeodbpa3zoBaHue 1
aJlanTanuio K crenuuke 3a1auu

Bri0upaeT u amanTupyeT aaropuTMbI
(manpumep, transfer learning, few-shot
learning, federated learning) ¢ yuerom
cnenupuKA HECTaHIAPTHBIX 00HEMOB JIaHHBIX
U TpeOoBaHMH K 3a/1aye.

O60cHOBBIBAaET BHIOOP METOIOB MOBBIIIICHUS
s dexTuBHOCTH U 000011aeMOCTH (HATTpUMED,
perynispusaius, yMeHbIIEHUE pa3MEPHOCTH
mozenu, domain adaptation, HCTIOJIb30BaHUE
Pa3HOCTHBIX METOJIOB THIA CHAMCKHX CEeTEeH,
few-shot learning, 6aiiecOBCKHE METOIBI).

CootBercTBHE 0230BOMY YPOBHIO OCBOCHMS KOMIIETEHLUH IUIAHUPYEMBIM pE3yJIbTaTaM
00YYCHUS M KPUTESPHUSIM UX OlICHUBaHHMS (OI[CHKA: XOPOLIO):

Koa u HauMeHOBaHMe m{)lmcaTopa*

Pe3y.111)TaT1,1 OﬁyquHﬂ Mo TMCIHMIIJIMHE

BD-2 (3) Cnocoben onpedensamo mpedosanus K Habopam OAHHBIX 01 peuleHus 3a0ay
MAUWIUHHO20 00YyYeHUs NPOGOOUMb PA3MEMKY U AHAIU3 HADOPOE OAHHBIX OUEeHUBAMD
Kauecmeo 0aHHbIX 00ecneuueams HenpepvleHy0 UHMeZPayuio OaGHHbIX

BD-2.3 [IpumeHsieT HHCTPYMEHTHI U IPaKTUKA
HenpepbIBHON MHTerpanuu ganueix (DataOps)

Opranu3yeT nporecc HempephIBHOM
uHTerpauuu nanubix (DataOps)

LC-3 (IT) Cnocoben npoekmuposams u noo0eplHcueams apXumeKmypy cucmem

UCKYCCMEEHHO020 UHmeJlleKma

LC-3.1 Co3naet u pa3BUBaeT apXUTEKTYPHI
cucrembl I Ha Bcex aTamnax >KM3HEHHOTO
UKJIa

[TpumeHnsieT pa3iauyuHble MPUHIUIBI U TATTEPHBI
IIPYU IPOEKTUPOBAHUH APXUTEKTYPBI CUCTEM
nn




LC-4 (II) Crioco0eH ynpaBJiasiTh NPOLecCOM KHU3HeHHOro nukiaa UU-npoaykra

LC-4.1.1 OcymiecTBiseT 3aIlyCK U BEICHHUE
npoekTa B obnactu MU, B ToM uuncie
IUIAHUPOBAHUE U KOHTPOJIb 33124, OIICHKY

pecypcoB

OcyiecTBiigeT BeJeHe (3aIycK u
yIpaBiieHue) MpoekToB B obnactu M, B Tom
qrciie To00p KOMaH/Ibl, IIIAHUPOBAHHUE U
KOHTPOJIb 33/1a4, OLIEHKA PECYPCOB
[Togbupaer merononoruto (CRISP-DM,
CRISP-ML(Q)) nox orpanuueHus 3a1a494 1
pecypcHoe o0ecrieueHrne U OpraHu3yeT
nporecc pazpabotku cuctemsl MU mo
BbIOpaHHOW METOJI0JIOTUH

LC-5 (3) Cnocoben npumenamso u (unu) npoekmuposams paziudHvle UHCHPYMEHMbL U
UHMCEHEPHble NPAKMUKU RPOMbLULIeHHO pa3padomku cucmem HUH, pazeepmuieéanusn u
CONPOBOIHCOEHUA MOOeNell MAUUHHO20 00YyUeHUA 6 NPOOYKMUGHOU cpede

LC-5.1 OcymiecTBisieT BBIOOP HHCTPYMEHTOB
Y MH)KEHEPHBIX MTPAKTUK MTPOMBIIICHHON
pazpadotku cucrem MU, pa3BepThiBaHUS U
CONIPOBOXKICHUS MOJIETIEH MAILIMHHOTO
00yd4eHUsI B IPOTyKTUBHOH cpefe

Pa3pabartbiBaeT ciennaau3upoOBaHHbBIE
MHCTPYMEHTBI U HHKEHEPHBIE TPAKTUKH
MIPOMBIIIICHHOM pa3paboTku cucteM U,
Pa3BEPTHIBAHUS U COMTPOBOKACHUS MOJIEIIECH
MalIMHHOTO 00y4deHus B paboueit Bepcuu [10

LC-5.2 OcymecTBnsieT BEIOOp HHCTPYMEHTOB
Y WH)KCHEPHBIX MPAKTHK [0 YIPABICHUIO
JaHHBIMH C HEOOXOIUMBIM YPOBHEM JIOCTYIIA,
KOHTPOJIsSI KAUeCTBa, PE3CPBUPOBAHUS U
CKOPOCTBIO BBITTOJTHEHUSI 3aIIPOCOB

Kactomusupyer u pa3padaTsiBaeT
CIeUaIN3UPOBaHHBIE HHCTPYMEHTHI
YIpaBJIE€HUS JaHHBIMU

ML-8 (II) Cnocoben npumenamo anzopummosl 00yUeHUA HA HECMAHOAPMHBIX 00beMax

OAHHBIX

ML-8.1 O60cHOBBIBaET CIIOCOOBI I BApHAHTHI
MIPUMEHEHHsI AITOPUTMOB O0YUYEHHUs Ha
HECTaH/IapTHBIX 00bEeMax JIaHHBIX B 3aJja4ax
WU, Bxitoyast ux npeodbpa3zoBaHue 1
aJlanTanuio K crenuuke 3a1auu

BriOupaer u agantupyeT anropuTMbl
(nanpumep, transfer learning, few-shot
learning, federated learning) ¢ yuerom
cnenn(UKu HeCTaHAAPTHBIX 00BEMOB JTAHHBIX
U TpeOOBaHMH K 3a/1a4e.

OO00CHOBBIBAaET BBIOOP METO/IOB MOBBIIIEHUS
s dexTuBHOCTH U 000011aeMOCTH (HATTpUMED,
peryispusanus, yMEeHbIICHHE Pa3MEPHOCTH
mozenu, domain adaptation, HCTIOJIb30BaHUE
Pa3sHOCTHBIX METOJIOB THIIa CHAMCKHX CeTeil,
few-shot learning, 6aiiecOBCKHE METO/IBI).

CooTBeTcTBHE HPOJABMHYTOMY VYPOBHI) OCBOCHHS KOMIIETCHITUIH IJIaHUPYEMbIM

e3yJIbTaTaM O0YYCHUsSI U KPUTSPHSIM UX OI[CHUBAHHUs (OIICHKA: OTJIMYHO):

Kox u HaumeHoBaHMe MHAMKATOpPa™

Pe3yabTarsl 00y4yeHus: 0 JUCHUIIHHE

BD-2 (3) Cnocoben onpedensamo mpedosanus K Habopam OAHHBIX 01 peuleHus 3a0ay
MAUWIUHHO20 00YyYeHUs NPOGOOUMb PA3MEMKY U AHAIU3 HADOPOE OAHHBIX OUEeHUBAMD
Kauecmeo 0aHHbIX 00ecneuueams HenpePbleHYI0 UHMeZPayulo OaGHHbIX

BD-2.3 [IpumeHsieT HHCTPYMEHTHI U IPaKTUKA
HenpepbIBHON MHTerpanuu ganueix (DataOps)

Opranu3yeT nporecc HempephIBHOM
uHTerpauuu nanubix (DataOps)

LC-3 (IT) Cnocoben npoekmuposams u noo0ep Hcusams apXumeKmypy cucmem

UCKYCCMEEHH020 UHmeJlieKma




LC-3.1 Co3naer u pa3BUBaET apXUTEKTYPHI
cuctembl I Ha Bcex ATanax »KH3HEHHOTO
UKJTa

ITpumeHsieT pa3iavyuHble NIPUHIUIBI U TATTEPHBI
IIPU IPOEKTUPOBAHUH APXUTEKTYPbI CUCTEM
nn

LC-4 (II) CniocobeH ynpasJjsiTb IpoLeccoM ;Ku3HeHHoro uukiaa UM -npoaykra

LC-4.1.1 OcymuiecTBisieT 3ayCK U BeIeHUE
npoekTa B obsmactu U, B Tom uncie
IUIAHUPOBAHHUE U KOHTPOJIb 3a/1a4, OLICHKY

pecypcoB

Ocy1iecTBiseT BeJeHUE (3aIyCcK 1
yIpaBiieHue) npoekToB B obnactu MU, B Tom
qrclie TO00P KOMaH/IbI, TUIAHUPOBAHUE U
KOHTPOJIb 33/1a4, OLIEHKa PeCcypcoB
[Ton6upaer metonomnoruto (CRISP-DM,
CRISP-ML(Q)) mox orpaHu4eHus 3a1a49u |
pecypcHoe o0ecrieueHrne U OPraHu3yeT
nporiecc pa3pabotku cucteMbl MU no
BBIOpAHHOM METOJI0JIOTUU

LC-5 (3) Cnocoben npumenamso u (unu) npoekmuposams paziudtvle UHCHPYMEHMbL U
UHMCEHEPHbIEe NPAKMUKU RPOMBLULIEHH O pa3padomKku cucmem UH, pazeepmuieanus u
CONPOBOIHCOCHUA MOOeNell MAUUHHO20 00yUeHUs 8 NPOOYKMUBHOIL cpede

LC-5.1 OcymecTBnsieT BEIOOp HHCTPYMEHTOB
Y MH)XEHEPHBIX MPAKTHK ITPOMBIIILICHHON
pa3pabotku cucrem MU, pa3BepThIBaHUS U
CONPOBOXKJCHUS MOJIENICH MAaIIMHHOTO
00y4YeHHs B IPOAYKTUBHOH cpeie

Pa3pabarbiBaeT criennaan3upoBaHHbIE
MHCTPYMEHTBI U HH)XEHEpHbIE IPAKTUKU
MIPOMBIIIICHHOM pa3pabotku cuctem U,
pa3BepTHIBAHUS U COMPOBOXKJICHHS MOIEIeH
MaIIMHHOTO 00y4YeHus B paboueii Bepcuu 110

LC-5.2 OcymectBnsieT BEIOOp HHCTPYMEHTOB
Y WH)KCHEPHBIX MPAKTHK 0 YIPABICHUIO
JaHHBIMH C HEOOXOUMBIM YPOBHEM JIOCTYIIA,
KOHTPOJIsSI KAUeCTBa, PEe3CPBUPOBAHUS U
CKOPOCTBIO BBITTOJTHEHUSI 3aITPOCOB

Kactomusupyer u pa3pabaTsiBaeT
CHeUaIn3UpOBaHHBIE HHCTPYMEHTHI
YIpaBJIE€HUS JaHHBIMU

ML-8 (II) Cnocoben npumename anzopummeol 00yuenus Ha HECMAHOAPMHBIX 00bEMax

OAHHBIX

ML-8.1 OGocHOBBIBaeT Cr1OCOOBI U BapUAHTHI
MPUMEHEHHSI aITOPUTMOB O0YYEHHUS Ha
HECTaHJAPTHBIX 00BbEMax JaHHBIX B 3a7ayax
NU, Bxiroyas ux npeodbpasoBaHue u
aJlanTalyIo K cnenuduke 3agauu

BriOupaer u agantupyet anropuTMbl
(manpumep, transfer learning, few-shot
learning, federated learning) ¢ yuetom
cnenupuKyd HECTaHIaPTHBIX 00BEMOB JIaHHBIX
U TpeOOBaHMH K 3ajaye.

O60CcHOBBIBAaET BHIOOP METO/I0B MOBBIIICHUS
3P PEKTUBHOCTH U 0000IIaeMOCTH (Hanpumep,
perynsipu3anysi, yMEHbIICHHE Pa3MEPHOCTH
mojenu, domain adaptation, UCTIOIb30BaHHE
Pa3HOCTHBIX METOJIOB THITA CHAMCKHX CETEH,
few-shot learning, GaifecoBckue METOIbI).

TunoBble KOHTPOJIbHBbIE 3aJaHUSA WJIM HHbIe MAaTepHajibl, HeO0OXOAUMbIE JIsl
OLICHKM 3HAHWI, YMEHNH, HABBIKOB U (MJIH) ONbBITA JeSITEeIbHOCTH, XaPAKTePU3YIOUIUX
Tanbl GOpMHUPOBAHNS KOMIIETEHIMH B Mpolecce 0CBOEHUsI 00Pa30BaTeJILHON NMPOrPaMMbl

Ilpakmuueckue 3a0anus 01 1a60OpamopHbvIX paoom




BriGepute npunokeHne — paHee pa3pabOTaHHOE BaMH BEO-TIPUIIOKEHHE WA BEO-CEPBUC C
NPUMEHEHUEM MAIIMHHOTO 00y4eHUsl, pa3BEpPHYTOE B 00JIaKe Ha MPEAbLAYIIEM Kypce 1o
DevOps.

1. YcranoButre MLFlow.

2. HacrpoiiTe BepcuonnpoBanue qanHbix ¢ momombio DVC u GitLab.
3. Hacrpoiite BepcuonnpoBanue mozeneir B MLFlow.

4. Hactpoiite meTpuku o0yuenus B MLFlow.

5. I[IpoBeauTe HACTPONKY HEMPEPHIBHOTO O0YUYEHUSI.

6. HpOBeI[I/ITe HCCICO0BAaHNEC BIUMAHNA Ka4€CTBA JaHHBIX HA METPUKH MOJCIIN.

Ilpumep nadopamopnoi pabomaot
Jlabopamopnas paboma Nel: Paboma ¢ DataSphere Dedicated u GitLab

Lenv pabomui:
Hayuutbcs ucnons3obars Yandex DataSphere ¢ GitLab.

3aoauu:
Hacrpoiika Yandex DataSphere 11 npoBeeHns! S5KCIIEPUMEHTOB C JJAHHBIMH,
kpansimumrcs B GitLab.

Ooicudaemvie pe3yromamol.
Anroputm MammHHOTO 00yueHus 3amyckaercs B DataSphere Dedicated na naHHBIX,
xpansuxcs B GitLab.

Xoo pabomul

1. Ha nnatgopme Yandex DataSphere npucoenunurecs K cooOuiecTBy Baieil rpymnimsl,
co3JaiTe MPOeKT, HanmpuMmep Ha 6aze HoyTOyka Getting Started with DataSphere ¢ oOyuenuem
pacrio3HaBaHMs LUGp Ha JaTaceTe mnist.

2. PasBeprure GitLab Ha oOTHenbHOW BHPTyallbHOW MalIWHE, HCMONB3Ys Yandex
Managed Gitlab niu ncnonb3yiTe roToByt0 yCTaHOBKY B O0JI1ake.

3. Ony6nukyiiTe apxuB gaTaceta B myomuyHoM pernozutapuu Gitlab.

4. Moauduuupyite Koj Tak, uToObl Aaracet 3arpysxainca no HTTP, nanpumep tak

DATA_URL = ‘https://kubsu.gitlab.yandexcloud.net/sin/datasest/-
/raw/main/mnist.npz?inline=false’

path = tf.keras.utils.get_file('mnist.npz', DATA_URL)

with np.load(path) as data:
X_train = data['x_train']
y_train = data['y_train']
X_test = data['x_test']
y_test = data['y_test']
5. TlpoBenuTe 0OyueHue, M3yuynTe METPUKH HArisigHO B TensorBoard, KOTOphIii MOXHO
OTKPBITH CO CTaPTOBOM cTpaHullbl mpoekta DataSphere.



6. HacTtpoiite mpuBaTHBIN PEMO3ZUTOPUI C laTaceToM, 100aBbTe aerioi TokeH B GitLab
U CKJIOHHpYHTe ero ¢ momoruibio MeHo Git, ykazaB HTTPS URL, ums u TokeH B KauecTBe
JIOTUHA U MapoJIsl.

7. IloBTOpuTe maru 4 u 5 ¢ JaTaceToM U3 NPUBATHOTO PEHO3UTOPUSI.

8. CocraBbTe OTYET M 3arpysute B Moodle.

Tpebosanus k omuemy
1. TUTYNbHBIN JIUCT
Haspanwme pabotsr, ®UO cryaenra, rpymnia, aara.

2. Beenenue
Ienpb u 3a1aun paboOTHI.
Onucanue NpuIoKEHUS.

3. Teopetnueckas 4acTb
Kpartko onucath cyTh pabOTHI.

4. Peanuzanus
Kon ma Python.

5. Pe3ynbratsl
CxkpuHIIOTHI pabOTHl HOYTOYKa U MeTpukHu 00yueHus B TensorBoard.

6. BeiBonI
[IpoGneMbl, BOSHUKIIINUE MTPU BHITIOJHEHUHN 3a/IaHUS.

Kpumepuu oyenxu

3auteHo: Mojenp oOydeHa Ha CKayaHHOM H3 myOnuuyHoro u mnpuBaTHoro GIT-
peno3urapus gatacere, METpUKH 0oToOpaxkatorcst B TensorBoard.

He 3auteno: O6ydenue Ha natacerax u3 GIT He pabotaer.

Pexomenoyemvie uncmpymenmol
- GitLab, GIT, Yandex DataSphere.
3a‘IeTHO-3K3aMeHaHI/IOHHLIe MaTepHajabl IJIAA leOMG)KyTO‘IHOﬁ aTrrecralumn
(3x3ameH)

Ornucanre KOMaHHOTO MPOEKTa

Ha3Banwue: "Pa3paboTka u pa3BepThIBaHHE CAMOOOYYAIOMIEHCsI CHCTEMBI KJIaCCU(UKAITIN
tekcToB ¢ Continuous Training Pipeline"

Llens: CripoeKTHpOBaTh, peajin30BaTh U Pa3BepHYTh HH(PpacTpykTypy 1t ML-mpoekTa,
KOTOPBIN CITIOCOOEH aBTOMAaTHUECKU J000ydaThCsl Ha HOBBIX JIaHHBIX, O0ecIeuynBasi OCTOSTHHOE
BBICOKOE Ka4e€CTBO IIPEICKA3aHUM.

3agaun kKoMaH bl (3-4 yenoBeka):

1. AHanu3 npeaMeTHOI 00IacTH U MPOSKTUPOBAHUE APXUTEKTYPHI:
- BeiOpaTs mpeMeTHyI0 001acTh (CM. 3a/1a4u UHIYCTPUATIBHBIX TAPTHEPOB).



- ChopmynupoBaTh TpeOOBaHUA K cUCTeME: (YHKIIMOHAIBHBIE (TOYHOCTD, latency) u
HE(QYHKIHNOHATIbHBIE (BOCIIPOM3BOANMOCTD, MACIITAOMPYEMOCTb ).

- CipoeKTUPOBaTh BEICOKOYPOBHEBYIO APXUTEKTYPY CUCTEMBI C UCIIOJIb30BAHUEM JUArpaMm
(C4, UML), BbIgeTMB KOMIIOHEHTHI JUIs cOOpa JaHHBIX, UX IPOBEPKH, 00yUCHHS, CEpBUHTA U
MOHHUTOPHHTA.

- O6ocHoBaTh BEIOOp cTeka Texnonoruii (MLflow, Docker, Kubernetes, GitLab CI/CD/CT)
JUTSL KQKJIOTO KOMITOHEHTA.

2. PazpaboTka u HacTpoiika HHPPaCTPYKTYypHI:

- Coznatp GitLab-peno3uropuii ¢ mpaBuiIbHO# cTpyKTypoi nanok (data, models, src,
pipelines, docker, kubernetes).

- Hactpouts DVC 1111 BepcMOHNPOBaHUS JaHHBIX U MOJIEJIEN, UHTEIPUPOBAB €0 C
yaaneHHbpIM xpanuiuineM (Yandex Cloud).

- PeanmzoBats konBeiiep CI/CD B GitLab, koTopbrii:

- 3armycKaeT TeCThl KOJa U IaHHBIX MPH KaXKJI0M KOMMHUTE.

- 3armyckaeT TPeHUPOBOYHBIHN MaWTUIaiiH IPH U3MEHEHHUH JAHHBIX MU KOJIa MOJICIH
(Continuous Training).

- Cobupaer Docker-o0pa3 ¢ Mo/iebi0 U BBIKJIABIBACT €ro B Registry.

- ABTOMaTHYECKHU pa3BepThiBacT 0OHOBICHHYIO MOJielb B Kubernetes-knacrepe (Harpumep, B
Yandex DataSphere nnu Yandex Managed Service for Kubernetes) nocie ycrnerHoro
MPOXOKJICHHUS TECTOB KAUueCTBA MOJICIIH.

3. Peanuzanus ML-naitmuiaitHa ¥ MOHUTOPHUHT:

- Peanm3oBaTh CKpHITHI 151 cOOpa M CUMYJISIIIFH ITOTOKA HOBBIX JIAHHBIX.

- Ucnonb3oBate MLflow aiis TpekuHra SKCriepuMeHTOB, JIOTUPOBAHUSI METPHK, ITAPAMETPOB U
apTedakToB.

- Peann3oBaTh ckpunt npoBepKu KadecTBa HOBBIX AaHHbIX (Data Validation) u
nerexktupoBanus aApeida konuenuuii (Concept Drift).

- HacTtpouTs MOHUTOPUHT pabOTHI MOJIENH B TPOAAKIIIEHE (JIOTHPOBAHUE MIPE/ICKa3aHul,
METPHUK IPOU3BOIUTEITHHOCTH).

Pesynbrar: Komanaa npeacrasisier paboTaromuii MPOTOTHUII, JOKYMEHTAITUIO 110 apXUTEKTYPeE,
PEMO3UTOPHIA ¢ KOJAOM U MalIiIaifHaMu, a TaKKe OTYET MO Pe3yJIbTaTaM pabOThl CUCTEMBI B
pexume Continuous Training.

Ilepeuens komnemenyuil (vacmu KoMnemenyuu), NPOGEPAEMbIX OUEHOUHBIM CPEOCEOM
BD-2, LC-3, LC-4, LC-5, ML-8

4.2 Metoanueckue MaTepuaJbl, ONpeaesiiome Npoueaypbl OHeHUBAHUS 3HAHUIA,
YMeHHUil, HABbIKOB W (WIH) ONbITA [AeATEJbHOCTH, XAPaKTePHU3YKOLIUX ITAMbI
(opMupoBanus KOMIETEHUM I

Mertoanyeckue peKOMEHIALMH, ONpeNesiiole Npoueaypbl OLCHUBAHUS Ha
IK3aMeHe:

[Ipouenypa mpoMeKyTOYHON aTTECTAMU MPOXOAUT B COOTBETCTBHU C [losoxkeHuem o
TEKYIIIeM KOHTPOJIE U MPOMEXYTOUHOH arTtectanuu odyuatoniuxcss @PI'BOY BO «Kyol'Y».

Utorosoii ¢opMoit KOHTpOds cHOPMHUPOBAHHOCTU KOMIIETEHIUH Yy OOy4aromuxcs Mo
JTUCLUIUIMHE siBisgeTcs 3aueT. CTyAeHThl 00s3aHbI c1aTh 3a4eT B COOTBETCTBUHU C pAaCIMCAaHUEM U
y4e€OHBIM IJIAaHOM.

@®OC mnpoMexyTOYHOM aTTeCTallud COCTOMT M3 3aJaHuil U PE3yJIbTaTOB TEKYIIETO
KOHTPOJIA.



dopma poBeACHUS IK3aMEHA: YCTHO (3aInTa MPOSKTa).
[IperoaBaTento MpenoCTaBIseTCS MpaBO 337aBaTh CTYJIEHTaM JIOTIOJHUTEIIbHBIC
BOIIPOCHI 110 Bcel y4eOHO! MporpaMMe TUCIUILIMHBL.
PesynbraT caaum 3auera 3aHOCUTCS IMPEOaBaTeNieM B AK3aMEHAIIMOHHYIO BEJOMOCTb U
3a4ETHYI0 KHUXKKY.
OneHrBaHuE ypOBHS OCBOCHHS JMCHUIUIMHBI OCHOBBIBAETCS HA KAYECTBE BBIMOIHEHUS
CTYAECHTOM 33aJJaHUH TEKYLIEro KOHTPOJIS U IIPOEKTa.
Kpurtepuu ouenku:
VY 10BJIETBOPUTEIBHO — BBINOJIIHEHO 60% J1a00paTOpHBIX padOT U BBIIOJIHEH IIPOEKT.
Xopo110 — BBIMOIHEHO 75% 11a00paTopHBIX pabOT U BBIIOJIHEH MPOEKT C UCIOIH30BAHUEM
MLFlow.
Otnuuno — BeIoMHEHO 90% 1a00paTOpHBIX paOdOT U BHIMOIHEH MPOEKT C UCHOJIH30BAHUEM
MLFlow B xmactepe Kubernetes.
He ynoBnerBoputenbHo — BeIOIHEHO MeHee 60% 1a0opaTopHbIX paObOT MM HE BBIITOJIHEH
IPOEKT.

Memoouueckue  pexomenoauyuu,  onpeoenarouiue  npoyeodypvl - OUEHUBAHUS
aadbopamopuuix padom:

[Ipouenypa oueHuBaHUS J1a0OPATOPHBIX pabOT MPOXOJUT B COOTBETCTBUU C
[TonoxxenneM o TEKyIIeM KOHTPOJIE U IPOMEKYTOUHOM arrectanuu odydaromuxces @I'bOY BO
«KyOI'V».

[To xaxmoit mabopatopHoii padote odopmisiercs ordeT. OTYETHI CAAFOTCS HA MPOBEPKY
PYKOBOJUTENO B TEYEHHE Kypca IO Mepe HMX BBINOJHEHHS, U 3alUIIAIOTCS CTyJICHTAaMHU B
YCTaHOBJICHHOM ITOPSIIKE.

[Tpu 3amuTe oTYETa CTYICHTY MOTYT OBITh 33JaHbl BOIPOCHI U IOTIOJHUTENLHBIC 3a/1aHuUs
Mo CyTH JIa0OpaTOpHOM palbOThl, B TOM YUCIIE W3 CIUCKA KOHTPOJBHBIX BOIMPOCOB K JIAHHOU
naboparopHoit pabdote. [Ipu HeyZOBIETBOPUTENBHOM OLIEHKE 3HAHHUM CTy/I€HTa MO0 TeMe JaHHOTO
OT4YeTa, CTYJEHT BO3BpAIlaeTCsl K TMOBTOPHOMY H3YUYEHHIO COOTBETCTBYIOIIMX MAaTEPHAJIOB,
MOCJIE YEro JIOMYyCKaeTcs K MOBTOPHOM 3amuTte. HeyaoBIETBOPUTENBHO BBIMOJHEHHBINM OTYET
TaK>ke BO3BpaIIaeTCs Ha 10paboTKY.

OT4der MOMKEH COJEp>KaTh 3arojioBOK, TeMy JabopaTopHOW paboThl, Lenb, 3aJaHue,
WHIUBUIYATbHYIO TE€MY, OINKMCAHME XOJla BBIMOJHEHUsS pPabOThI, HEOOXOAUMBIC MPHUKIIAIHBIC
MaTepuanbl (CXeMbl, MaKeThl JIOKyYMEHTOB M T.Nl.), B COOTBETCTBHH C TpPEeOOBAHUSIMH K
COJIEpXKAHUI0, U BBIBOJIBI 110 paboTe.

OueHouHble CcpencTBa Il MHBAJIUAOB M JMI[ C OTPAHUYEHHBIMH BO3MO>KHOCTSIMH
37I0POBBSI BHIOMPAIOTCS C YUETOM X UHIUBHUIYAJIbHBIX MICUXO(PU3MUECKIX OCOOCHHOCTEH.

— TpU HEOOXOJUMOCTH HWHBAIMIAM M JIMIAM C OTPAaHUYCHHBIMH BO3MOKHOCTSIMH
37I0POBBSI TIPEAOCTABIISACTCS IOMOJIHUTEIILHOE BPEMS JUIsI TIOJITOTOBKU OTBETA HA DK3aMEHE;

— MPU MPOBEICHUU MPOLIETYPHI OLICHUBAHUS PE3yIbTATOB 00yUEeHUs MHBAIUIOB U JIUII C
OTPAaHUYEHHBIMH BO3MOXKHOCTSIMHU 3JI0POBBS MPEIYyCMATPUBACTCS UCIIOIB30BAHUE TEXHUYECKUX
CPEICTB, HEOOXOAUMBIX UM B CBSI3H C UX HHAWBUIYaTbHBIMA OCOOCHHOCTSIMHU;

— MPU HEOOXOIMUMOCTH I O0YUYaIOIIMXCS C OTPAHUICHHBIMH BO3MOXXHOCTSIMHU 3/I0POBBS
W UWHBaJWAOB IIpOLleypa OILICHUBAHUS pE3ylbTaTOB OOYYEHHUS 1O JUCIHUILIUHE MOKET
MIPOBOJIUTHCS B HECKOJIBKO ITAIOB.

[Ipouenypa oleHUBaHUsI Pe3yabTATOB OOYYEHUS WHBAIWIOB U JIHI] C OTPAaHHUYEHHBIMH
BO3MOKHOCTSIMHU 3JIOPOBBS 110 JUCIUIUIMHE MPEyCMaTPUBACT MPEOCTaBIeHUE HH(POPMAITUU B
dbopMax, afanTUPOBAHHBIX K OTPAHUYCHHSIM HX 37J0POBBS 1 BOCIIPHUATHS UH(pOpMAIIHH:

JIyist i1r ¢ HapyIIeHUSIMH 3PEHUS:

— B IIe4aTHOU (hopMe yBETHMUEHHBIM HIPUDTOM,

— B (hopMe PIIEKTPOHHOTO JOKYMEHTA.

Jis U1 ¢ HapyIIeHUSIMH CTyXa:

— B TIe4aTHOU opme,



— B (popMe 3IIEKTPOHHOTO TOKYMEHTA.

Jist U1 ¢ HapyIIeHUSIMA OTIOPHO-BUTATEIILHOTO armapara:

— B IIeYaTHOM ¢opme,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

JlaHHBII TepeYeHb MOXET OBbITh KOHKPETH3MPOBAH B 3aBUCHMOCTH OT KOHTHHICHTA
oOyyarouuxcsi.

4.3.

MeToaudyecKue YKazanus mo Oopranu3anvu BBIYHCJIUTEIbHOM

HHPPACTPYKTYPHI

YcaoBua NPUMEHECHUS

Kypc paccunTan Ha cTyieHTOB 4-T0 TOAa 00yUYeHHUS.

Hanuuune noctyna k BeIMHCIUTEIBHBIM pecypcam (o6mako Yandex.Cloud nam
cloud.ru).

WudpacTpyKkTypa BKIIIOYAET BUPTYaJbHbIE MAIIMHBI IS Pa3BEPTHIBAHUS CEPBEPOB a
taxxe Managed xiactep Kubernetes.

Hesn, 3a1a4n U 02KHaeMble Pe3y/IbTAThI:

Hean:

ObecneunTh CTYy/IEHTOB MHCTPYMEHTaMU Ul pa3BepThiBaHus U T-uHPpacTpyKTypbl
IIPOEKTA.

3ajauu npenogaBaTeisi:

1
2
3

CoznaHue y4eTHbIX 3anucei B o0iake.

Hacrpolika nmpas nocryna.

[ToaroroBka HHCTPYKLUI MO paboTe ¢ 0OJIAYHBIMU pecypcamH.

O:xugaemMble pe3yabTaThl CTY/ICHTOB:

YmMmenue pabotath 001auHON MH(PPACTPYKTYypOil Ha YpOBHE KOH(PUTYPUPOBAHHS U
pa3BepThIBaHMs MpUIIOKeHHH B kKiaactepe Kubernetes.

YmMmenue ucnonszoBarh Yandex DataSphere.

Ymenue ucnonb3zoBath MLFlow 1151 yripaBieHus JaHHBIMU OOyUYeHUSI M MOAEIISIMHU.

[Mouumanue CI/CD/CT-nporeccos.

IHopsanok peanusanmuu:

CO3I[aHI/IC YUCTHBIX 3amucei B o0Jake.

Kaxxnprit CTyIeHT moJTy4aeT akkayHT B 00JIake Kypca.

Hacrpolika npaB nocryna.

CTYJIGHTI:I MoJIy4JaroT AOCTYIl K CO3JaHHMIO BUPTYAJbHBIX MAIIWMH W AOOCTYII K KIACTCPY

Kubernetes B o0maxe.

[ToaroroBka HHCTPYKIMHU MO pabOTE ¢ 0OJAYHBIMU pecypcamMH.

I/IHCprKI_II/Iﬂ COACPIKUT TOCICAOBATCIBHOCTL IIIAroB, HCO6XO,[[I/IMLIX JJI HaCTpOﬁKH

BUPTyaJlbHOW oOsauHoil uHppacTpykTypsl MU mpoexkToB Ha OCHOBE NpeAOCTaBICHHBIX

IIPUMEPOB.

IMopsanok npoBepKH KOPPEKTHOCTH:

Hanu4aue AKKAaYHTOB U JOCTYIIOB B oOJtaxe Y BCCX CTYACHTOB.

Wuctpykuus no pabdore ¢ obiaakoM u npumepamu B popmare README.md.



4.4. MeTonnueckne yKa3aHus 10 OPraHU3aluM J1a0opaTOPHBIX padoT

Yciaosua NPUMEHECHUS

Kypc paccunTan Ha cTyieHTOB 4-10 TOAa 00yUYCHHUS.

Hanuuue noctyna k 061a4HbIM pecypcam.

]_[e.]m, 3ala4YM U OKUJJaceMbI€ pe3yJ/ibTaThbl:

ean:

[IpakTrueckoe ocsoenue Meroaonorun MLOps u DataOps.

[
1.
2. Opranuzanus Git-uHGPaCTPYKTYPHI.

=

3agauu npenogaBaTeisi:
Pa3zpaboTka mana mabopaTopHbIX padoT.

OxugaemMblie pe3yJabTaThl CTYI€HTOB:
YMenue npuMeHsITh Metoonoruto DevOps [uis pa3BepThIBAHUS U COMPOBOMKICHHS
npoektos, CI/CD.

. YMmenue npumeHsaTh Metoaoaoruto MLOps [uist BEpCHMOHUPOBaHMSI TaHHBIX U

MO/I€TIEN MAITMHHOTO O0Y4YEHHUS.

HOpﬂIlOK peajim3anuu:

1.

Ilnan 1adopaTopHbIX padoT:
Bxirouaer:

Paboty ¢ Yandex DataSphere u DVC.
Hacrpoiiky CT GitLab.

Hactpoiiky MLFlow.

IMopsaaok NpoBepKH KOPPEKTHOCTH:

Hanuyue BeinosHeHHBIX 3a7jaHui B Git-pero3uTOpHsIX.
Hanuuune HacTpoeHHO# 00s1auyHON HHPPACTPYKTYPHI C pa3BEPHYTHIMU
MHIVBUAYAIbHBIMU IIPOEKTaMHU.

OT4eThI C aHAIIN30M PE3yJIbTATOB.

4.5. Meroauueckue YKa3aHUsl 10 OPraHU3alMH TPOEKTHOH /esITeIbHOCTH

CTYJ€HTOB

YciioBus NpUMEHEHHA:

Kypc paccunTan Ha cTy1eHTOB 4-T0 roa o0yueHHUs.
Bpems Ha npoekT: 10 30 yacoB Ha CTyIE€HTA.

Hcnonb3yroTes Keichl OT MHAyCcTpUaibHbIX apTHepoB (Coepbank, AVA LAB).

He.]'ll/l, 3aJa4YM U 0’KHAAaceMbl¢ pe3yJ/bTaThbl:

ean:
PazBepTriBanue BUPTYabHON 00J1a4HON HMHPPACTPYKTYPHI TSI PEIICHUS 3a71a4 C
npumeHennem M.
3agaum npenogaBaTeis:
1. ®opmuposanue TpedoBanuit k UT nndpacTpykType NpoeKToB.
2. VHTerpanus pe3yabTaToB pa3BEepThIBAHUS IPOEKTa B UTOTOBYIO OLICHKY.

O)Kl/l)laeMbIe pe3yabTaThbl CTYACHTOB:

1. Peanuzanus UT-undpacrpyxrypst UU npoekrta ¢ CI/CD/CT.



=

10.

11.

2. HaBbiku paboThl B KOMaH/I€ U MPE3EHTAlUHU PE3yIbTaTOB.
[Mopsinok peanuzanuu:

1. Ilpumepsl KeiicoB:

e ['eHepauusi MHBECTHIHOHHBIX 0030poB (COepOaHK):
UcnonszoBanne GPT-3 i co3nanus aHAIUTUYECKUX OTYETOB Ha OCHOBE
CTPYKTYpPUPOBAHHBIX JTAHHbBIX.

e ApToMaTu3auus o0padoTKHU IOpUAnYeCKUX 10KyMeHTOB (AVA LAB):
Fine-tuning BERT nj1s1 u3BjIeYeHUs KIIFOUEBBIX YCIOBUI M3 IOTOBOPOB.

2. T3 nas mpoekra:
3apaua: Paspabotka UT-undpacTpykTypsl poekra.

Jdranbl:

¢ [IpoekTupoBanue HHPPACTPYKTYPHI.

e Hacrpoiika nadpactpyktypsl ¢ momomisto Terraform, Ansible.

e PasBeprriBanue uepe3 Kubernetes.

e CI/CD/CT na 6a3e GitLab, MLFlow.

3. Kputepuu oneHkmu:

e ['OTOBHOCTH HHPPACTPYKTYPHI.

e PaboTOoCIIOCOOHOCTP MPOEKTA.

e JlokyMeHTalMs U Mpe3eHTAIIHS.

IMopsi1ok NpoBepKH KOPPEKTHOCTH:
e Hanunune peannzoBanHoro npoekra B Git-perno3utopuu 1 odJiake.
e OTuer c aHaJIM30M pPEe3yJIbTATOB.

e [Ipe3eHTanys NpoekTa Ha 3a4ere.

5. Ilepedennb y4eOHOM JuTEpaTyphbl, HHPOPMALHOHHBIX PECYPCOB U TEXHOJIOTHH
5.1. YueOHasi aiuteparypa

Docker. BBonusrii kypc. 3-e uzn. Keiin las. AJIMCT 2024. ISBN 978-601-09-7541-5
Kubernetes nist pazpabotunkos. Jenauc Yunbsam. ITurep 2025. ISBN 978-5-4461-4129-
6

[TporpammupoBanue uHppacTpykTypsl. 2-¢ nzn. Moppuc K. BXB 2024. ISBN 978-5-
9775-1901-4

3amyckaeM Ansible. Xoxmreitn Jlopun, Mozep Pene. JIMK, 2023. ISBN 978-6-01763-
867-2

Huyen C. Designing machine learning systems. — O'Reilly Media, Inc., 2022.

The MLflow Handbook: End-to-End Machine Learning Lifecycle Management. Robert
Johnson. HiTeX Press 2025.

PykoBoactBo mo DevOps. JIxun Kuwm, Ilatpux [ebya, xon Yummuc, Jxe3 XamoOu.
Mug 2018. ISBN 978-5-00100-750-0

Kubernetes B aeticteun. Mapko Jlykma. M3narensctBo JIMK. 2019. ISBN 978-5-97060-
642-1.

Docker na mpaktuke. Man Mumn. Oiinan Xob6con Ceitepe. U3narenscto AMK. 2019.
ISBN 978-5-97060-772-5

DyHIaMEHTAIBHBINA MOAX0/ K ITporpaMMHON apxutekrype. [Iutep, 2023. Mapk Puuapc
u Hun ®@opa. ISBN 978-5-4461-1842-7

JoxymenTanus GitLab.



12. loxymenranus Terraform.

13. HoxymenTanus Ansible.

14. Jloxymenrtanust MLFlow.

15. loxymeHnTarust o0maunbix cepBucoB cloud.ru, yandex.cloud.

5.2. Ilepuoanyeckue U31aHUA:
Bassl nannsix komnanun «ct Beroy http://dlib.eastview.com
2. Dnextponnas 6ubmmoreka GREBENNIKON.RU https://grebennikon.ru/

=

5.3. UuTepHeT-pecypchbl, B TOM YHcJ/ie COBpeMeHHbIe NPodecCHOHATIbHBIE 0a3bl
JAHHBIX U I/lH(l)OpMaIl](IOHHbIe ClIpaBOYHbIC CHCTEMbI
Dnekmponno-oudbauomeunwvle cucmemsi (IbC):
B3BC «HOPAMT» https://urait.ru/
9bC « YHUBEPCUTETCKA S BUBJIMOTEKA OHJIAVH» http://www.biblioclub.ru/
3BC «BOOK.ru» https://www.book.ru
3BC «ZNANIUM.COM» www.znanium.com
3BC «JIAHb» https://e.lanbook.com
Ilpogheccuonanvuvie 6azvl OaHHbIX
1 Scopus http://www.scopus.com/
2 ScienceDirect https://www.sciencedirect.com/
3 Xypuans uzgarenscrea Wiley https://onlinelibrary.wiley.com/
4
5

u b WN R

Hayunas anekrponnas oudnnoreka (HIb) http://www.elibrary.ru/
[ToTHOTEKCTOBBIC apXUBBI BEAYIIUX 3alaHbIX HAYYHBIX )KypHAIOB Ha Poccuiickoii
wiatdopme HayuHbIX xypHanoB HOMKOH http://archive.neicon.ru
6 HauuonanbHas oSnekTpoHHas OubnuoTeka (HOCTYm K DIEKTPOHHOM  OuOIHMOTEKE
nucceprauuii Poceuiickoit rocynapcrsentnoit ounbnuorexu (PI'B) https://rusneb.ru/
7 Ilpesunentckas 6ubanorexka uM. b.H. Exbruna https://www.prlib.ru/
8 baza manapix CSD KemOpumkckoro neHTpa kpuctamiorpaduaeckux ganaeix (CCDC)
https://www.ccdc.cam.ac.uk/structures/
9  Springer Journals: https:/link.springer.com/
10 Springer Journals Archive: https://link.springer.com/
11 Nature Journals: https://www.nature.com/
12 Springer Nature Protocols and Methods:
https://experiments.springernature.com/sources/springer-protocols
13 Springer Materials: http://materials.springer.com/
14 Nano Database: https://nano.nature.com/
15 Springer eBooks (i.e. 2020 eBook collections): https:/link.springer.com/
16 "Jlexropuym TB" http://www.lektorium.tv/
17 YuuBepcuterckas unpopmarronnas cuctema POCCHUS http://uisrussia.msu.ru

Becniamuvle 0bpazosamenvhvle pecypcbl
1 Jupyter Notebook — nHTEepakTHBHBIC BEIUHCIICHUS
2 Visual Studio Code — pemakrop xoxa ¢ moaaepxkoii Python
3 Google Scholar/arXiv — goctyn k Hay4HBIM ITyOIHKAIUSIM

Pecypcor c60600n020 0ocmyna

1 KwubepJlenunka http://cyberleninka.ru/;

2 AwmepuKaHCKas maTeHTHas 0a3a mJaHHbBIX hitp://www.uspto.gov/patft/

3 MunucTepcTBO HayKH U BhIciiero oOpasoBanusi Poccuiickoit deneparuu
https://www.minobrnauki.gov.ru/;

4  ®enepanbHbiil IopTai "Poccuiickoe oopazoBanue” http://www.edu.ru/;
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5 Wudopmarmonnas cucrtema "EnnHoe okHO 1ocTyna K 00pa3oBaTelbHBIM pecypcam”
http://window.edu.ru/;

6 Enunas xoyekius udpoBbIX 00pa3oBaTelIbHBIX pecypcoB hitp://school-collection.edu.ru/ .
7 Ilpoext I'ocygapcTBEHHOro MHCTUTYTA pycckoro si3bika uMeHu A.C. Ilymkuna
"O6pa3zoBanue Ha pycckom" https://pushkininstitute.ru/;

8 CnpaBouyHo-uH(pOpMaIMOHHBIN TTopTai "Pycckuit si3pik" http://gramota.ru/;

9 Cnyx0a TeMaTHYECKHX TOJIKOBBIX clioBapei hitp://www.glossary.ru/;

10 CroBapwu u sHImKIONeUK hitp://dic.academic.ru/;

11 OoOpa3zoBatenbHbIi mopTan "Yueba" http://www.ucheba.com/;

12 3akononpoekt "O6 obpa3zoanuu B Poccuiickoii denepanun". Borpocsr 1 orBeTs http://xn--
273--84d1f.xn--plai/voprosy_i_otvety

Cobcmeennvie 3n1ekmponHble 00pasoeameinbHble U UHGopmayuortole pecypcol Kyol'V

1 DnextpoHHbIH KaTanor Hayunoit 6ubmuorexku Kyol'yY
http://megapro.kubsu.ru/MegaPro/Web
2 DnexTpoHHas 6ubanoreka TpyaoB yueHbix Kyol'y
http://megapro.kubsu.ru/MegaPro/UserEntry?Action=ToDb&idb=6
3 Cpena moayiabpHOro auHammuueckoro ooyuenus http://moodle.kubsu.ru
4  ba3za y4eOHbIX IUIaHOB, yU€OHO-METOUYECKUX KOMIUIEKCOB, ITyOIMKalui 1 KOH(pEpeHIHi
http://infoneeds.kubsu.ru/
5 bubnuoreka nHGOPMALMOHHBIX PecypcoB Kadeapbl HH(OPMALIMOHHBIX 00pa30BaTENbHBIX
TexHosoru# http://mschool.kubsu.ru;
6 OnexrponHsbIii apxuB gokymentoB KyoI'Y_http://docspace.kubsu.ru/
7 DnexTpoHHBIE 0Opa3oBaTeNbHBIE pecypchl Kadenpbl WHGOPMAIMOHHBIX CUCTEM U
TexHosoruii B oOpazoBanun KyOI'Y u HayuHo-meronmueckoro >xypHana "IIIKOJIBHBIE
T'OJbI" http://icdau.kubsu.ru/

5.4 Ilepeyenb HUHPOPMATMOHHO-KOMMYHHKANMOHHBIX TEXHOJIOTH
1. O6naunble MIATHOPMBI U CEPBUCHI
cloud.ru,YandexCloud, AWS/GCP/Azure— o6nadnble BEIYUCICHUS

2. CucteMsl yIpaBJIeHUs BEPCUSIMH U KOJU1abopaun
Git/GitHub/GitLab — koHTpoJIb BepcHii Kojia 1 COBMECTHasI pa3paboTka

4. Cuctema yrpaBiieHUs] 00y4eHUEM
Moodle — cnaua padot

5.5 TlepeueHb JMIEH3UOHHOTO W CBOOOJHO PACHPOCTPAHSIEMOr0 NMPOrPaAMMHOIO
odecneueHus

1. Crobomuoe 1O (Open Source)
GitLab, GIT, MLFlow, Docker, Kubernetes, Terraform.

6. MerToanueckue YyKazaHusi I OO0y4YAOIIUXCHA IO OCBOEHHMIO

AUCHHUILIUHBI (MOIYJIs1)

IIo Kypcy npemycCMOTPEHO NPOBEACHHE JIEKIUOHHBIX 3aHATHUN, HA KOTOPBIX NIAeTCs
cucTeMaTu3upoBaHHblii Marepuan no MLOps, DataOps. B xone nekuuil paccMaTpUBarOTCs
KIItoueBble KoHUenuuu. Ilociie kakaon JEKIUU PEKOMEHAYETCSl BBIOIHEHHE MPAKTHYECKHX
3alaHui AJIs 3aKPEIIEHNs KJIFOUEBbIX OHITHA U METOJIOB.

JIaGopaTopHbIe 3aHATHUS Kypca MOCBSIIEHbI IPAKTHYECKOMY OCBOEHUI0 MeToZ0B MLOps,
DataOps. Ha 3aHATHSAX CTYAEGHTBl pEaIM3yIOT OCHOBHBIE JJIEMEHTBl  APXUTEKTYpPbI
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uHpopmarnmonHoit cuctemsl ¢ CI/CD/CT B o6maunbIX cpefax, MPeAOCTaBICHHBIX MapTHEPAMH.
3a ocHOBY Oepercsi BeO-IIpHIIOKEHHE, UCTIONB3YIOIIee MAIIMHHOE 00yUeHHUe s peIIeHus 3a1a4
OT HHIYCTPUAIBHBIX TAapTHEPOB, pa3padOTaHHOE paHee B paMKax TUCHHMIUIMHBI Web-
pa3paboTtka, OOpaboTka €CTECTBEHHOTO s3bIKa JHOO JAPYIMX IJUCHUIUIMH WM TPOEKTHOM
paboTHI.

IIpu camocrosiTenbHON paboTe CTyneHTaM HEOOXOIUMO H3y4yaTh PEKOMEHOBAHHYIO
JUTEpaTypy B BHIE ODUIIMAIBHONW JOKYMEHTAIIUH K MCIIOJIb3YEMBIM OTKPBITHIM HPOTPAMMHBIM
npoayKTam, 00IavyHbIM MmaTdopmam.

BaxxHelmiM KOMIIOHEHTOM Kypca SIBJISIETCSl CAMOCTOsITeNIbHAS MPOEKTHAs paboTa, B
X07Ie KOTOPOH CTY/IEHT pa3BOPAUYMBACT 3aKOHYCHHOE PEIICHHE C YPOBHEM TEXHOJIOTUYECKOM
rotoBHOCTH (YTT') 5-9 ¢ npumenenuem CI/CD/CT nns pemenust 3aaa4 (KecoB)
WH/IyCTPHATIbHBIX TAapTHEPOB. JlomycKaeTcsi BHIOIHEHNE IPOSKTOB B KOMaHIaXx.

Keiicol ITAO «COepOank»

1. 'enepaTtuBHbiii UU 151 aBTOMAaTH4YeCKOr0 COCTABJICHUS HHBECTHLIMOHHBIX 0030pOB
Onucanue:

Anamutiku Coepa exXeTHEBHO COCTABIISIOT ACCATKH aHATUTUICCKUX U MHBECTUIIMOHHBIX
0030pOB 10 pbIHKaM, KOMITAHUSM, MAaKPOIKOHOMHUKE. 3a7ada — UcclieoBaTh npumeHenue LLM
JUIsl TEHEpalliy KPaTKUX CBOJIOK U aHAIIMTUYECKUX OTUETOB Ha OCHOBE BXOJIHBIX JAHHBIX:
OupIKEeBbIE KOTUPOBKH, MAKPOIKOHOMUYECKHUE ITOKA3aTENU, PHIHOYHBIE COOBITHUS.

Henan:

Pa3paboraTh HHCTPYMEHT, CHOCOOHBIH 1O CTPYKTYPUPOBAHHBIM JaHHBIM U KPATKOMY OIHCaHUIO
(opMHUpPOBATHh NHBECTULIMOHHBIN 0030p B AEJIOBOM CTHIIE.

O:xupaemblii pe3yJbTar:

Mopnens, renepupyroias aHanutudeckue TekcTsl anuHon 500—1000 cnoB ¢ pa3aenamu «0630p
COOBITHIT», «PEKOMEHIAIIUNY, KIIPOTHO3BD», 0hopMIIeHHBIE B hopMaTe OaHKa.

2. HJIIT-ananan3 ka/jiod KJIMEHTOB B cB0OOAHOM Gopme

Omnucanue:

B pamkax knuentckoro cepruca COepOaHk 0OpabaTbiBaeT 0OpalieHusl U3 4aTOB, MOOMIIBHOTO
NPUIIOKEHUs U KaoOHOM (popMmbl. TpebyeTcs HOCTPOUTh MOJIENIb CEMAHTUUYECKOTO aHAIIN3A,
BBIJIETISIIOLIYIO CYTh OOpaIEHHs], ONIPEENISIIOIIY0 TOHAIBHOCTD U TOTEHIIMAIbHYIO CEPbE3HOCTh
MHINJICHTA.

Henn:

ABTOMaTH3UPOBAThH KJIACCH(PHUKAIIMIO 0OpalieHnuit Al yCKOPEHUS MapIIpyTH3AIUU U BBISIBICHHS
MOBTOPSIOUINXCS OOJIEBBIX TOYEK B MPOAYKTAX U MPOIIEccax.

OsxkupaeMblii pe3yabTar:

[TporoTun Mozenu, aBTOMaTHUECKH BBIACISIONIEH TEMBI 5kajlo0 (Hampumep, «onrokKa B
NPUIIOKEHUNY, «IBOMHOE CIIMCAHUEY ), UX SMOLIMOHATIBHYIO OKPACKY U KPUTUYHOCTb.

3. I'enepanusi cueHapveB (PMIIHHIOBBIX MUCEM /1Jisl 00y4eHHS COTPYAHUKOB

Onucanue:

bank npoBoauT kubepyueHusi, BKIOYasi pacChUIKY TECTOBBIX (PUIIMHIOBBIX MMHUCEM COTPYIHUKAM
JUISI TIOBBIILIEHUS UX YCTOMYMBOCTH K COLIMAIBHBIM aTakaM. [IpoekT npeamnonaraer
HCIIOJIb30BaHUE TeHEPATUBHON MOJIEIH JIJIsl CO3JaHUS PEATUCTUYHBIX (PUIIMHIOBBIX MHCEM
pa3INyYHBIX TUIOB (ToanenbHble cueta, HR-3ampocsl, UT-moanepxka).

Henn:

Co3natb reneparop, CiocoOOHBINM Ha OCHOBE 33/IaHHBIX NTapaMETPOB (TeMa, CTHIIb, YPOBEHb
yTPO3bI) CO3/1aBaTh TEKCThI (PUILIMHTA JJIsI TPEHUPOBOK.

OsxupaeMblii pe3yabTar:

Ha6op paznoob6pa3Hbix mpuMepoB (pHUIIUHTA U OIIEHKA WX 3(P(HEKTUBHOCTH MO PEAKIINH
COTPYAHMKOB, a TaKXke Kiaccuukanus Mojeneit yrpos.

4. MyJbTUMOJQJIbHBIN ACCUCTEHT VIl 0AHKOBCKHUX OT/IeJIeHUil



Onucanue:

Ousnueckue otaeneHuss Coepdanka BHEAPSIIOT MHTEPAKTUBHBIX KOHCYJIBTAHTOB.
IIpenmnonaraercsa cozganue MynbTUMoAansHoro M-accucrenTa, KOTOPhIM BOCIPUHUMAET PEUb
Y BU3YaJIbHO OPUEHTUPYETCS B IPOCTPAHCTBE (PACIO3HAET KIMEHTA, JOKYMEHTBI, 0aHKOMAThI), a
TaK)K€ OTBEYAET I'OJIOCOM.

Henn:

Pa3pabotats 0a30BbIi MPOTOTUIT, UMUTHPYIOIINH (YHKIIMOHAIBHOCT IOMOIIIHMKA: OTBETHI HA
TUIIOBBIE 3aIIPOCHI, BU3yaJIbHBIE [10/ICKa3KU, HABUTALIUS 110 OTAEIICHUIO.

Oxuaemblii pe3yJbTar:

WHaTepakTBHAS MOJIENb, 00bEMHSIONIAS TOIOCOBON BBO/I, 3pUTEIIBHOE BOCTIPUATHE (HAIIpUMED,
QR-xon macnopTa), TEKCTOBBIN BBIBOJI M JKECTOBYIO PEAKIIMIO.

5. O0bACHUMOCTb M KOHTPOJIb T'eHepPaTHBHBIX MoJeJiell B 0ankoBckom U

Onucanue:

bank aktuBHO ucnonb3yer LLM u NLP-cepBucs! (B yar-60Tax, reHepaiuy nmadioHOB OTBETOB,
aBTOOTBETaX Ha e-mail), OJHaKO BCTAaeT BOIIPOC: KaK OOBSICHATh U KOHTPOJIUPOBATH [TOBEJICHHE
TaKUX MOJIENIEH, 0COOEHHO B IOPUINYECKU 3HAUMMbIX KOMMYHUKALUAX ?

Hean:

HccnenoBath noaxoabl K TpaccupoBke pemeHuit LLM (Hanpumep, yepes JorupoBaHue
reasoning chain, mocT-GuIbTPALUIO OTBETOB, BCTPOCHHBIE MPABUIIA).

O:xunaemblii pe3yJbTar:

Konnenmus cucrems! explainability + compliance-momysisi, 06ecredynBaronero COOTBETCTBHE
reHepaluy CTaHaapTaM OaHKa U peryisTopa.

6. 'eHepanus mMoJib30BaTEIbCKUX ClIeHAPUEB Pad0Thl B MOOMJIbHOM NMPUJI0KEHUN
Onucanue:

bank xouer ucnonb3oBaTh reHepatuBHbIi M 17151 GbICTPOM CUMYIISIMU OIB30BATEIbCKUX
CIICHapHEB — HaNpUMep, KaK KIUEHT 0(pOPMIIET BKIIAJ, IEPEBOIUT CPEICTBA, MOIyIaeT
YBEAOMJICHHE O PUCKE MOIIEHHUYECTBA.

Henn:

Pa3paboTtaTh reHepaTop MOMIATOBBIX CLIEHAPUEB MOJIb30BATENILCKOTO MOBEIEHHS €
BapHaTUBHOCTHIO (MOJIOJION KIIMEHT, neHcuonep, UII).

OsxkupaeMplil pe3yabTar:

Hab6op aBToMaTnuecku crenepupoBanHbix UX-ciieHapueB, 0pOPMIIEHHBIX B BUJIE CIIEHAPUEB
s QA wmm UX-ucciietoBaHui, ¢ JJOTUKON ACHCTBUN U THTUYHBIMH OITMOKAMU TTOJIH30BATE.
7. 'enepanus synthetic data 1y 6ankoBcKkHX Mojeeit

Onucanue:

Mogenu B Coepe TpeOyroT 001p1I0T0 00bEMa TPAH3aKIIMOHHBIX U KIIMEHTCKUX JTAHHBIX,
KOTOpbIE HENb3s UCIIOJIb30BaTh HANpsAMYI0 u3-3a TpedboBanuii LIb nu ®3-152. 3anaua —
pa3paboTaTh METO/ FeHepalluy CUHTETUYECKUX OAHKOBCKUX JIaHHBIX, MAKCUMAJIbHO OJIM3KUX K
pPEAIBHBIM I10 PaCHpPENEICHUAM U ITOBEICHHUIO.

Henn:

Co3pnatp 6e3omacHblil pipeline reHepanuu J1aHHBIX (HapUMep, TpaH3aKIUH, Tpoduiieit
KJIMEHTOB, IIA0JIOHOB PACX0JI0B) ISl O0yUEHHUSI MOJIETICH.

OsxupaeMblii pe3yabTar:

CuHTeTHYeCKHil 1aTaceT U OTYeT O MeTpukax npuommkénHoctu Kk peasibHomy (TSNE, K-L
divergence u fp.), C OLIEHKON MPUTOAHOCTHU JJIsi O0OYUEHHUsI CKOPUHTOBBIX WJIM aHTU(POI-
MOJEIIEH.

8. Moaesb aHAIN3a MHBECTUIIMOHHOM MPHUBJIEKATEIbHOCTH MAJIOr0 OM3Heca

Onucanue:

baHK akKTMBHO pa3BHUBAET KPEAUTOBAHUE U NHBECTULIMOHHBIE HHCTPYMEHTBI I Majoro u
cpennero npennpuanmMarensctBa (MCII). Tpebyercs co3natk MOJENb, KOTOpas HA OCHOBE
OTKPBITHIX 1 OAaHKOBCKMX JITAHHBIX (BBIPYUKa, PACXO/IbI, TUII AEATEIbHOCTH, OT3BIBbI, OHJIAIH-
AaKTHBHOCTbH) OIICHHBAEeT UHBECTULIMOHHYIO MpHBiekareabHocTh MCII.



Henn:

Pa3pabotars crucremy pedTHHIOBOM OLIEHKH KOMITAaHWI MaJIoro OM3HECa ¢ BO3MOKHOCTBIO
BU3yalu3aluy (pakToOpoB U AMHAMUKY IT0Ka3aTeseH.

OsxupaeMblii pe3yJbTar:

Mouenb, nprcBanBaroIas KOMIAHUH HHBECTUIIMOHHBIH peiiTuHr (Hanpumep, A—E),
00BsCHSIONIAS KIOYEBbIE TapaMEeTPhl U A01asi PeKOMEHJAINH JIJIsl HHBECTOPA.

9. NHauBUaYaIbHAS OLEHKA KPEIUTOCIOCOOHOCTH KJIMEHTA HA OCHOBE MOBeIeHYeCKHX
JTAHHBIX

Onucanue:

CoBpeMeHHBIN KPEIUTHBIA CKOPUHT BBIXOIHUT 32 PaMKH (DMHAHCOBBIX TaHHBIX. Heo0xo1mmo
HCCJIEIOBATh, KaK TIOBEJICHYECKIE U TU(POBBIE ClIebI (4acTOTa BX0/1a B MOOUIIBHBIN OaHK,
CHOCOOBI OILIATHI, Teorpadusi, BpeMst OTKIIMKA) BIUSIOT Ha TIEPCOHAIBHYIO OIICHKY PHCKA.
Henan:

Pazpaborate ML-Moz€mh, OIICHUBAIOIIYIO BEPOSTHOCTD Ie(OTA MO0 HECTAHAAPTHHIM
MOBEICHYCCKUM TIpHU3HAKaM (BO3MOXHO — ¢ explainable Al).

O:xupaemblii pe3yJbTar:

[TpoToTHIT CKOPHHTOBOW MOJIEIH, KOTOpPasi, TIOMUMO CTaHJAPTHBIX JAHHBIX, yUUTHIBACT
uuppoBoit npoduib KiueHTa u 00bsicuser pemenus (SHAP, LIME u np.).

10. IIpennKkTHBHASA AaHAJTUTHKA BO3BPATAa HHBECTUIUI 110 HHPPACTPYKTYPHBIM MPOEKTAM
Onucanue:

B psazae ciayuyaeB CoepOaHK BBICTYIAET Y4aCTHUKOM/UHBECTOPOM B PErHOHATBHBIX
MH(PPaCTPYKTYPHBIX MPOEKTAX (3KUIIBIE MACCHUBBI, TOPOTH, TEXHOMIAPKH). 3a7a4a — OLICHUTh
MPOrHO3UPYeMYH0 3((HEKTUBHOCTD BIOKEHHI ¢ y4ETOM IeMorpadpuu, MUTPALIUH,
HKOHOMUYECKON aKTUBHOCTH.

Henan:

Pazpaborate Mozenb, nporuosupytomryto ROI Ha ropuszonte 3—5 €T, UCTIOIB3Ysl BHEIIIHHUE
ucrtoununku gaHHeix: Poccrat, ET'PIOJI, kagactp, coumenna.

O:xupaemblii pe3yJbTar:

AHanuTHuYecKas MOJIeTb C BO3MOXKHOCTBIO T€OBH3yalU3allii U CIIEHAPHOTO aHanu3a (poct/cnaj,
roCTporpaMMbl, CMeHa Tpaduka u T.11.).

11. Ananu3 noBeeHusI MOJIb30BaTeIeil B IKOcCUCcTeMe HU(PPOBOro pyodJist

Onucanue:

COepbaHK ydacTByeT B MUJIOTHBIX IPOEKTaX MO BHEAPEeHHUIO LuppoBoro pyoss. MuTepec
MPEJICTaBIISIET UCCIIeI0BaHUE MOIb30BATENIbCKUX NATTEPHOB: KaK U3MEHSAIOTCS MOJIETTU
noTpelsIeHus, CKOPOCTH OIepaluii, ypOBEeHb JJOBEPHs, CPABHEHHE C KIIACCHUECKUM O€3HAJIOM.
Henn:

[TocTpouth MO/IETH aHANTM3A MTOBEACHUS KIIMEHTOB, YUACTBYIOIIMX B TPAH3aKIUAX C IU(DPOBBIM
pyOJieM: yacToTa, CpeJHUM Y€K, KOHTEKCTHI.

OsxupaeMblii pe3yabTar:

Otuér u ML-Monens, kinaccuuuupyroas THIbI OJIb30BaTeNeH U BhISBIISIONIAs KIIOUEBbIE
pa3iuuus B MPEANOYTEHUAX U Oapbepax u(POBO BATIOTHI.

12. CpaBHenmue text2video / text2img mopaeei

Onucanue:

COepOank 3anHTEpeCcOBaH B cpaBHeHHH text2video / text2img Moaeneil (OTKpbIThIE MOJIENH,
0co0eHHO KuTaiickue). 3ajadya TpedyeT NpUMEHEHHUs 00JIaYHbIX PECYpPCOB apTHepa JUIs
MaImMHHOro o0yudeHus. OT cTyIeHTOB TpeOyeTcsl HaBbIK 3aIlyCcKa OTKPBITBIX MOJIENIEH,
TUTAHUPOBAHMUS, CTPYKTYPUPOBAHUS M IOTUPOBAHUS IKCIIEPUMEHTOB, COBMECTHOW PabOTHI.
3amaya MOKeT OBITh pacrapalijiesieHa AJisi CPaBHEHUSI MHOXKECTBA MOJIeJIel He3aBUCHMO B
IpyIIe CTyAEHTOB.



Henn:

[TpoBectu cpaBHEHHE PaOOTHI AKTyalIbHBIX OTKPBITHIX Mozeneil text2video / text2img.
OxxuaemMblii pe3yJabTaT:

Tabnuua ¢ pe3yabTaTaMu SKCIIEPUMEHTOB MOJIEINb / pero3uTopuii / pyHkmoHan / tpeboBanus /
OIICHKA MPOM3BOIUTENHHOCTH / X MPUMEPOB TeHepanuii (0b110/cTano), human eval mo
IPUHLINITY apeHbl (Kakasi JTy4lie)

Keiicol or «<ABAJIAB»

1. LLM u RAG pas BI-cucremsnl Fastboard

Onucanue:

s pa3pabareiBaeMoii komranueit Bl-cuctemsl Fastboard TpeGyercs pazpaborats nnTepderic
Ha €CTECTBEHHOM SI3bIKE JUISI TOCTPOSHHS OTUETOB Ha OoJbinux MaccuBax naHHbIX B ClickHouse.
C nmomoripro LLM HeoOx0oauMo Ki1acCu(PHUITMPOBATh 3aIIPOCHI MTOJIb30BATENCH Ha €CTECTBEHHOM
S3BIKE M U3BIICKATh (PaKTHUECKHUE MapaMeTphl Ui AaJbHEHIIEero BEI30Ba Be0-cepBrCa OTYETOB.
Henan:

Pa3zpaborars mpoMIITHI TS KIIACCH(PUKAIIMU U 00paOOTKH 3ampocoB moJib3oBareneii LLM u
npeoOpa3oBaHus UX K BBI30BAM THUIIOBBIX OTYETOB C (PAKTUUECKUMHU ITapaMeTpaMH,
M3BJIEKAEMBIMH U3 3aIpoca.

O:xupaemblii pe3yJbTar:

WNucTtpymeHnT Ha ocHOBe LLM, nmo3Bosisironuil 3arpammuBaTh JaHHbIE O IPOJaXKax.

2. Ananu3 oopamennii kiueHToB 1 CRM-nepenucku

Onucanue:

B ciy»0e KIMeHTCKOTO cepBrca 3aCTPOMIINKa eKeAHEBHO 00pabaThIBAIOTCS I€CATKH
oOparenuii (e-mail, 3BOHKH, MecceHKephI). TpedyeTcs peaan3oBaTh CHCTEMY CEMaHTUYSCKOTO
aHanuza u kiaccuukanuu NLU: BBISIBIATE CyTh 00OpaIlleHUid, ypOBEHb YOBIECTBOPEHHOCTH,
OTCJICKUBATh IOBTOPSIOLINECS 3aIIPOCHI.

Henan:

ABTOMaTH3UPOBATH NEPBUUHBIN pa30op ¥ MapIIpyTHU3AIMIO 3aIIPOCOB 110 TEMATUKE (cAaua
00BeKTa, OTAeNKa, JOKYMEHTHI, kanoba u T.11.).

O:xupaemblii pe3yJbTar:

[TpoToTHI, KOTOPBIH BBIIEISET CYTh OOpalieHuil u popMHUpyeT AaOOp 10 TEKYIIUM «OOISIM»
KIJIMEHTOB.

3. I'eneparusubiii MU nuist co3nanust npoekTHOM fokymMenTanuu no T3

Onucanue:

B pamMkax npoekTupoBaHus 0OBEKTOB JIE€BEIONEPCKON KOMITAHUM apXUTEKTOPbI U HH)KEHEPHI
TPaTST 3HAUUTEJILHOE BPEMs Ha MOJrOTOBKY TEKCTOBOM MPOEKTHON JOKYMEHTALUH
(o6ocHOBaHME pELICHUH, TOSCHUTEIbHbIE 3aIIUCKU, OMUCAHUS MHKEHEPHBIX CUCTEM). 3a/laya —
HCCJIEI0BATh BO3MOXKHOCTb Ucnofib30Banus LLM i reHepanium 4epHOBUKOB MPOEKTHOM
JOKYMEHTAIlMU Ha OCHOBE UCXOJHBIX JIaHHBIX: ATAKHOCTh, MAaTEpUabl, KIMMAT, HA3HAYCHHE,
HOPMBI.

Hean:

Pa3paboTraTh IpOTOTUI TEKCTOBOI'O T€HEPATOpa, KOTOPBIH MOMOTraeT crienuaiiucTaM ObicTpee
(dbopMHpOBaTh JOKYMEHTAIMIO B COOTBETCTBUU C IIa0JI0OHAMH U HOPMATUBAMH.

O:xupaemblii pe3yJbTar:

HNuctpymenT Ha ocHoBe LLM, co3maroniuii JIOrndecKu CTPOHHBIA U HOPMAaTUBHO I'PaMOTHBII
TEKCT, IMOIAOITUICS OBICTPON peIaKType HHKEHEPOM.

4. MyJbTHMOAAJIBHBIN areHT VIS AHAJHM3a CTPOUTEJIbHBIX IVIOINAI0K

Onucanue:

00O «ABA JIAB» pa3pabatbIBaeT cUCTEMY JIi MOHUTOPHHIA CTPOUTEIBHBIX 00BEKTOB.
Tpebyetcst co3naTh TPOTOTUTT MyJIbTHMO1aTbHOTO N -arenTa, cmocoOHOT0 aHATM3UPOBATh
u300pakeHust co cTpoitmionanku (B1aeo/GpoTo), a Takke NPUHUMATh TOJIOCOBBIE U TEKCTOBBIE
3arpockl (HalpuMep, «IIPOBEPh MOHTAX MEPEKPBITUS HA 5 ATaKEN).



Henn:

OO0BeAMHUTH BO3MOXKHOCTH KOMITBIOTEPHOTO 3peHHs (PacliO3HABaHUE CTAAUU CTPOUTEIILCTBA,
TexHukH, Hapymennii) u HJIIT (mornmanue 3arpocoB, OTYETOB).

O:xunaemblii pe3yJbTar:

HHTepakTUBHBIN areHT, KOTOPBIN Ha 3alpoC CIIeHUaTUCTa MOXKET MTOKa3aTh HY>KHBIM y4acToK,
IPOKOMMEHTHPOBATH IPOTPeCcC, 3apUKCUPOBATH HAPYIICHHUS.

4. I'eHepanusi peKJIAMHOI0 KOHTEHTA VISl JKMJIbIX KOMILJIEKCOB

Onucanue:

«ABA I'PVYIIIT» perynsipHO 3amycKaeT MApKETUHIOBbIC KAMITAHUU IS )KUJIBIX KOMIUJIEKCOB.
HeobxomuMo uccnenoBaTh UCTIONb30BaHUE NU(DPY3HOHHBIX MOJIENEH [Tl TeHepaIluu
M300pakeHHUH (BU3yaIn3allid HHTEPhEPOB, OKPECTHOCTEH, BUIOB M3 OKOH) 1 LLM — st
OTMCaHMI KBAPTHP, IPEUMYIIECTB paliOHa, HHPPACTPYKTYPHI.

Henan:

Co31atb HHCTPYMEHTHI JUT OBICTPOM FeHEepaluy MPOJAOIINX MaTepUaIOB 0€3 IPUBICYCHUS
IU3aiiHEPOB U KOMMPAaUTEPOB Ha MEPBHIX dTarax.

O:xunaemblii pe3yJbTar:

Habop creHeprupoBaHHBIX KapTOUEK 0OBEKTOB C TEKCTOM, H300paKEHUEM U JIOTHKOU GKUBOT0»
PEKJIaMHOT'O COOOIIIEHUS.

6. I'enepanust JOKyMEHTALMH M IIA0JI0HOB I0T0BOPOB

Onucanue:

KOpuanueckuii fenapTaMeHT perysipHO paboTaeT ¢ JOrOBOPAMHU JI0JIEBOTO yUaCTHsl, aKTaMH
npuéma-nepesauu u ApyruMu JokyMmentamu. Mcenonb3oBanue LLM moxeT 3HaunTenbHO
COKpPATUTh BPEeMsl Ha MOATOTOBKY YEPHOBHKOB — JIOCTATOYHO BBECTH IMapaMETPhI CIICIKH.
Henn:

Coznath cucteMy, KOTOpasi TeHepUpyeT alallTUPOBAHHBIE TEKCThI IOKYMEHTOB IO BBOJHBIM
JAHHBIM (THI 00BEKTa, ATaX, momaas, U0, cpoku u mp.).

O:xupaemblii pe3yJbTar:

['eneparop nokymenToB B popmate Word unu PDF ¢ aBTomaTtnueckoii mojacTaHOBKON
napaMeTpoB U COOJIIOJCHUEM OPUINYECKOTO CTHIIA.

7. Mopeib NPOrHO3UPOBAHMSA CPOKOB C1a4H 00bEKTOB HA OCHOBE TEKCTOBBIX M
BU3YAJbHBIX JAHHBIX

Onucanue:

JeBenonepckas KOMIIaHUs BEAET AHAIUTUYECKHI apXUB MO CPOKaM cTpouTenbeTBa. C
MOMOIIbIO0 MYJIBTUMOJIATIBHBIX MOJI€NIEHN (TEKCTOBbIE OTUETHI + (POTO CTPONUKH) MOKHO
MIPOTHO3HPOBATH BEPOSTHOCTH OTKIIOHEHHSI OT TpaduKa caauu.

Henn:

Pa3paboTtaTs MOz€b, KOTOPas MO TEKyIIEeMy cTaTtycy oobekTa (poto, oTuér CMP) onlenuBaer
PHUCKH 3aJIepiKeK.

OsxkupaeMblii pe3yabTar:

[TpoToTum, KOTOPBIN MOKA3bIBAET BEPOSITHOCTh OTKJIIOHEHUH U AA€T TEKCTOBBIE OSICHEHUS
(ocHOBaHHBIE Ha PACTO3HAHHBIX MMPU3HAKAX — «HE 3aBEPIICHHI (acaHbie pabOoThD», «KMOHTAK
WHKEHEpUU He HayaT»).

8. OoparTnasn renepanuss — UM -noMomHUK 1J1s1 NOKyNaTeJIeil KBAPTHP

Onucanue:

Bynymiue nokymnarenu 4acTo 3aJal0T TUIIOBBIE BOIIPOCHI O KBAPTHPAX, IUIAHUPOBKAX, UIIOTEKE,
akmusx, cpokax. Bmecro call-tieaTpa npemaraercs peammsoats LLM-60Ta, KoTOpHIit
o0OpabaThIBaeT TEKCTOBBIE U TOJIOCOBBIE 3aMIPOCHI, MOKa3bIBACT MIIAHUPOBKH, cchiiaeTcs Ha PDF-
JIOKYMEHTBI U MOXKET «OOBSICHATH» HHPOPMAIUIO IPOCTHIM S3bIKOM.

Hean:

YIpocTuTh KOMMYHHUKAIIMIO C KIIMEHTaMH Ha 3Tare BbIOOpa KBapTUPHI U OBBICUTH KaYeCTBO
MEePBUYHOTO KOHTAKTA.



Oxumaemblil pe3yJibTar:
Jlemo-060T, cIIOCOOHBIH OTBEYATh HA BOMPOCHI O KHJIOM KOMILIEKCE, OPUEHTHPYSICh B €T0
XapaKTePUCTHKAX U MAPKETHUHTOBBIX JOKYMEHTAaX.

Jlisi  CTYIEHTOB C OTrPaHWYCHHBIMH BO3MOXHOCTSIMH  3JIOPOBBS  IPEIYyCMOTPEHBI
JOMOJIHUTCIIbHBIC HWHAWBUAYAJIBHBIC KOHCYJIbTALlMW, HAa KOTOPBIX IMIPEIIOoAaBaTCIib HOI[p06HO
Pa3bSCHSET CIIOKHBIC ACTICKTHI JUCIUIUIMHBI, TOMOTACT aJallTUPOBATh PAKTUYCCKUE 3aJaHHS U
o0OecrieunBaeT CHENHUATBHBIC YCIOBHS I OCBOCHHS METOJOB pPA0OTHI C CHCTEMaMu
UCKYCCTBEHHOTO HWHTEIUICKTa. VHAWBUAYyaIbHBIA TOAXOJ TO3BOJSET TaKUM CTYJICHTaM
MOJIHOIICHHO Y4YacTBOBAaTh B Y4YeOHOM TMporecce W JOCTHUTaTh TPeOyeMBIX pe3yJIbTaToOB
00yueHusl.

7. MarepuajibHO-TEXHUYECKOE o0ecnevyeHue Mo JUCUMIIMHE (MOTYJII0)

Buptyansueie mamunbsl, kmactep Managed Kubernetes u pecypcst GPU B obnake
npenocTasiseTcst uHAycTpuaibHbIM napTHepoM [TAO «Coepbank»:

Kon-
BO E
No [TponykT [TapameTpsl mpoayKTa Kon-Bo |koHd mi’
Uryp '
anui
Bupryanenas | Bupryanenas mammna 10% vCPU 2

1 wammma  |[VCPU 4 RAM 160 ) U
OC Ubuntu 22.04 1 116,

Cucremnslii nuck SSD 1 It

10 o

Apenpna nyoauusoro IP 1 I

BUDTVAILHAS Bupryanenas mammna ¢ GPU
2 D apy | NVIDIA® Tesla® V1002 GPU 8 1 1 | Ui
vattiia © vCPU 128 T'b RAM

OC Ubuntu_24.04 1 116,

Cucremusnii muck SSD 1 T

2000 o

Juck SSD 1 It

4096 o

Juck SSD 1 It

4096 o

Apenna my6muganoro [P 1 It




3 K8S Master node 8 vCPU 16 RAM 1 1 It
Worker node 10% moxnst 4 vCPU 32
RAM 5 T
Worker node SSD-NVME 64 I'
Apenna nyoauynoro IP 1 T
ML Inference
4 Instance Type |Bpewms paboTsl B MecsIy 40 1 4
GPU
Nucrance 8§ x NVIDIA® H100
NVLink PCle 160 vCPU 1520 GB 1 116
RAM
KonuuectBo 3anpocoB k ML- 1 MuH.
MOJIEIISIM T
Kom ML-moneneit 160 o
5 LLM Tokensl GigaChat 2 Max 50 l\fﬁf
. MuH.
Toxenst Embeddings 400 Tt

JlononmHuUTENbHBIE 00JIaUHBIE PECYPCHI MPEIOCTABIISAIOTCS TEXHOJIOTHIECKAM apTHEpoM Y andex

Cloud.
No Brjt paGor HaumeHoBaHue yueOHON ayTMTOPUH, €€ OCHALIICHHOCTh
000py/I0BaHUEM U TEXHHUUYECKUMHU CpeIcTBaMHU 00yUEHHUs
1 JIekunoHHBIE 3aHATUS | AyAUTOpHS, YKOMILUIEKTOBaHHAs CHenualIn3upoBaHHON
MeOeJIbI0 U TEXHUYECKUMU CPEACTBAMH 00YUESHHUSI
2 JIaGopatopHble 3aHATHS | AyTUTOpHUS, YKOMIUIEKTOBaHHAs CHeUaIN3UpOBaHHON
MeOenpl0 M TEXHUYECKHMMHM  CpeACTBaMH  OOyuyeHwus,
KOMITbIOTEPAMHU, IPOEKTOPOM, IPOTPAMMHBIM 00eCIeYeHUEM
3 I'pynnoBsie Aypauropus, YKOMIUIEKTOBaHHAas CHeUalIn3upOBaHHON
(MHIUBH Ty aJIbHBIE) MeOenbl0 M TEXHHYECKUMH  CpeACTBaMH  O0ydeHus,
KOHCYJIbTaIlU! KOMIIBIOTEPaMH, IPOrPaMMHBIM 00ecrieyeHuEM
4 Texymuii ~ KOHTpOJIb, | Aynuropus, YKOMILUIEKTOBaHHAsI CHeUaIN3UpOBaHHON
MIPOMEXYTOYHAs MeOenpl0 M TEXHUYECKHMMHM  CpeAcTBaMH  OOyuyeHwus,
aTTecranus KOMIIbIOTEPAMHU, POTPAMMHBIM 00ecTIedeHUEM
5 CamocrosTenbHas Kabuner s camMocTOSITENbHOM  pabOThl, OCHAIIEHHBII
pabora KOMIIBIOTEPHON TEXHHMKOW C BO3MOXHOCTBIO MOIKIIOYEHUS K
cetn «lHTepHeT», mporpamMmol 5KpaHHOIO YBEIUYEHUS U
00€CMEeYeHHbI JOCTYNIOM B 3JEKTPOHHYI HH(OPMAIMOHHO-
00pa30BaTENIbHYIO Cpely YHUBEPCUTETA.

[Ipumeuanue: Konkperusanus ayaquropuil u ux ocHamenue onpeaensercss OIIOIL.
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