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1. HEJIM U 3AJAYN TNCIUTITJINHBI

1.1. Ieau AuCHMNJINHBI

cDOpMI/IpOBaHI/IC Y CTYACHTOB CHCTEMHOI'O IIPCACTABJICHHUA O COBPECMCHHBIX
HJ'IaT(bOpMaX AHAJIMTUKU 1 MAallITHMHHOT'O O6y‘{CHI/I}I, a TaK)K€ OCBOCHUEC MHCTPYMCHTOB,
HCO6XO,Z[I/IMBIX JJIA IMPOCKTUPOBAHUA, IMOCTPOCHUA, paBBépTBIBaHI/I}I )41
COIMPOBOXKIACHHA pCIIICHI/Iﬁ Ha OCHOBE HCKYCCTBCHHOI'O HMHTCIIJICKTA B pPa3JIMYHBIX
IMPUKIIaIHbIX 001acTIX.

1.2. 3agaum ocBoOeHHUSA TUCIHHUIIIHHBI

— O3HAaKOMJIEHHE CTYJIEHTOB C apXUTEKTypoll W (PYHKIIMOHAJIOM COBPEMEHHBIX
mw1atopm IS aHaTu3a JAHHBIX U MAIIMHHOTO O0y4YeHUSI.

— U3y4YeHHE WHCTPYMEHTOB [UJIsl BU3yalM3allMM JIaHHBIX, aBTOMATH3AlUU
IPOLIECCOB MOCTPOEHUSI MOJENIEN U Pa3BEPTHIBAHUS PELIICHUM.

— (dbopMHUpOBaHNE IPAKTUYECKUX HABBIKOB PAOOTHI C 00JIAYHBIMU U JIOKAJIbHBIMU
ML-mnatdopmamu.

— pa3BUTHE YMEHHS BBIOMPATh MOAXOJALINE MHCTPYMEHTHI M MIAT(HOPMBI MOA
KOHKPETHBIE 3aJ]a4H.

— yray0ieHne NOHUMAaHUS )KU3HEHHOTO IIUKJIa MOJETH MalTMHHOTO O0OyUYeHUs U
stannoB MLOps.

2. MECTO JUCIHUIIJIMHBI B CTPYKTYPE OIIOII

Hucrumnaa «IlnardopmMbl aHATUTHKY 1 MAIIMHHOTO O0YYCHUS» OTHOCHUTCS K
TUCIUIIIMHAM 4YacTH, (OPMHUPYEMOH Y4aCTHUKAMH OOpa30BaTEIIBHBIX OTHOIICHHMA
(muctmmvHA 110 BRIOOPY) 6s10Ka B1.

3. IEPEYEHD INTAHUPYEMBIX PE3YJIbTATOB OBYYEHUS 1O
TUCHUTILIAHE

[Iponiecc m3yuenust mucnuiuinHbl «llmaThopmpl aHATUTUKA W MAINTUHHOTO
o0y4eHus» HarmpaBiieH Ha (GOPMHUPOBAHUE CICAYIOMNUX KOMITCTCHITUN:

[TIK-7 — CriocobeH ucnoib30BaTh 3HAHUE OCHOBHBIX METOJIOB HCKYCCTBEHHOTO
UHTEUIEKTa B TMOCienyromed npopecCuoHaNbHOW JIeATeTbHOCTH B KadyecTBe
HAy4YHbIX COTPYAHHUKOB, MpernojaaBaTesiel o0pa3oBaTebHbIX OpraHU3alldii BHICIIETO
00pa3oBaHMsl, UH)KEHEPOB, TEXHOJIOTOB.

Pe3yabTaThl 00y4eHusi, XapakTepusyouue
c()OpMHUPOBAHHOCTH KOMIIETEHIIUH

IIK-7 3HaTb OCHOBHBIE NPUHLHUIIBI TOCTPOEHUS IJIAaTPopM

AaHAJIMTUKA W MalIMHHOTO 00yueHus; coBpemeHHble ML/AI

mwiatpopmel: Azure ML, AWS SageMaker, Google Vertex

Al, DataRobot, H20.ai u ap.; npunuumnst AutoML u MLOps;

crocoObl pa3BEPTHIBAHUS MOJIENIE 1 MOHUTOPUHTA Ka4eCTBa

Komnerenuus




yMeTh paboTaTh C OOJAYHBIMM U JIOKaJbHbIMU ML-
aTGopMaMu; HaCTpanBaTh MalIIaiftHbl 00paOOTKH JaHHBIX
u oOydeHuss Mojeliei; wucnoiab3oBaTh AutoML s
aBTOMAaTHU3alMK T000pa MOJENei; MHTETPUPOBATh MOJICIH B
MIPUKJIAIHBIC PEIICHUS

BJa/ieTh HaBbIKaMH mocTpoeHms end-to-end pemieHuid Ha
ocHoBe Al-tutardopm; WHCTpyMEHTaMU MJisi BU3YaIU3allUH,
MOHUTOPUHTA U YIPaBJICHUS KU3HEHHBIM IUKJIOM MOJIEIIH;
MPaKTUKaMH TMOBTOPHOTO OOYYEHHsI M KOHTPOJIS KauyecTBa
MoOJIeIeH

4. OBBbEM JUCHUIIVINHBI

06111351 TPYAOCMKOCTb AUCIHUILIINHBI ((HJ'IaT(i)OpMBI AHAJIMTUKHM WU MAalllMHHOI'O
06y‘ICHI/I}I» COCTaBJIACT i 3a4CTHBIC CAMHMUIIBI.
PaCHpCI[CJICHI/IC TPYAOCMKOCTH NUCHUIIIIMHBI I10 BUAaM 3aHSATHM:

Ounasi gopma o0yueHust

. Bcero | Cemectpsl

Bun yaeOHOM paboThI HACOB 2
AyauTopHbIe 3aHATHS (BCEro) 54 54
B Tom uucre:
Jlexiuu 18 18
JIaboparopusie pabotsl (JIP) 36 36
CamocrosiTesibHasi padbora 54 54
Bupl mpoMeKyTOUYHOW aTTeCTAIUU - 3a4ET + +
O61mas TpyA0EMKOCTb: 108 108
AKaIEMHNYCCKHUE YacChl 3 3
3a4.CH.

5. COJIEP’)KAHUE TUCHUTIIMHBI

5.1. Copaep:kanue pa3aejioB JUCHMINIMHBI U pacnpeaeeHue TPYJI0eMKOCTH 110
BHUaM 3aHATHH

ouyHas opma o0yueHust

Ne HaumeHoBaHue JIa0. Bcero,
Coaep:xkaHue pasagea Jlekn CPC
n/n TeMblI 3aH. yac
Bgenenue B ITonsiTue mmaThopMbl aHATUTHKA 1 ML;
IaT(GOPMBI Pa3BUTHE YKOCHUCTEM aHAJUTHKH JaHHBIX;
AHATUTHKH U Pa3HOBUIHOCTH ILUTATHOPM: 00IaYHbIE,
1 MalIMHHOIO JIOKaJIbHBIE, Open-source; pob mwiarhopm 2 4 6 12
00y4YCHHS. B JXKM3HEHHOM IMKIe ML-Moneneii;
Knaccudukanus u CIICHAPHUH TIPUMEHEHUS TIATGOPM B
0030p WH]IyCTPUH
ApxuTexTypa Kommnonentsl ML-mardopm: ot coopa
) wiathopm JIAaHHBIX JIO BBOJIA B DKCILTYaTaIHIO; ) 4 6 12
aHanuTUKU 1 ML: HHPPACTPYKTypa: CepBEPhI, KOHTEHHEPHI,
KOMITOHEHTBHI, obnaka; XpaHWIHIIA TaHHBIX, QUIH-




uHdpacTpyKTypa,

UHXXEHEepUs, TpaHC(HOPMALIH; KOHIETIIHS

W N — W

TaATUTAHbBI pipeline; mpuMepsl apxuTekTyp: Vertex
Al, AWS SageMaker, Kubeflow.
TTonstne AutoML; kommonenTsr AutoML:
AutoML: . . .
ABTOMATH3AIIT feature engineering, model selection,
HOCTDOCHIS hyperparameter tuning; 0630p AutoML-
3 poc mratpopm: Google AutoML, DataRobot, 2 4 6 12
Mo/Iesen.
H20 AutoML; gpenmyiecTBa u
Ilpunuune! u )
— orpanundeHust AutoML; npumepst
NPaKTHYECKOTO MCII0Ib30BaHHSI.
O61mue yeptsl 00maunbix ML-atdopm;
Oo6nauHbie 00630p Azure ML: Workspace,
wiatdopmbl: 0630p | Experiments, Pipelines; O630p AWS
4 Azure ML, AWS SageMaker: Studio, Notebooks, 2 4 6 12
SageMaker, Google | Endpoints; O630p Vertex Al: Pipelines,
Vertex Al Feature Store, Model Registry; cpaBHeHHE
miatopm.
Open-source 3xocructema ML; MLflow:
Jlokaneable u open- | Tracking, Projects, Models, Registry;
5 source Tuiargopmel: | H20.ai: AutoML, Explainable AI, H20 ) 4 6 12
MLflow, H20.ai, Wave; Kubeflow: opkectpanus, Pipelines,
Kubeflow, DVC Katib; DVC: Bepcust TaHHBIX U MOJECTICH,
unTerpamys ¢ Git.
Pazmuuus mexny DataOps, DevOps u
DataOps u MLOps: | MLOp; >kxu3HeHHBII UK MOJETH B
CI/CD ansa ML, MLOp; CI/CD nast ML: uHCTpYMEHTHI,
6 | ympaBieHue Jenkins, GitHub Actions; ynpasienue 2 4 6 12
MOJICTISIMU 1 apredakTaMu: MOJICIIN, METaIaHHEIC,
METPHKaMH MOHHUTOPHHT; UCTIONb30BaHue Model
Registry u ML Metadata Store.
Crioco0sI pa3BEépThIBaHUS MOeNei: batch,
.. online, real-time; REST API u gRPC:
PazpéprriBanne
. co3zmaHme To4ek nocryma; Docker-
mopeneit: REST . o o
KOHTeHHepbl: cOOpKa, HACTPOIKA, ACTUION;
7 | APL, . 2 4 6 12
KOHTCHHEDHBALIS ML-cepsepst: TensorFlow Serving,
PH3AILI, TorchServe, BentoML; npumepst
CEpBUHT
UHTETPAIUH C TIPUIOKCHUSIMH U
MHKPOCEPBUCAMHU.
[Tpon3BOANTENBHOCTD U HAJIEIKHOCTB;
Momuropusr Tunsl apeiida: data drift, concept drift;
. METPHUKH MOHHUTOpHUHra: precision, latency,
MoJiesel B e )
] IpoTyKTHEHOH confidence, stability; ”HCTpYMEHTHI: ) 4 6 12
. . Evidently AI, WhyLabs, Prometheus +
cpene: drift, quality, Grafana; peakus Ha Aerpagannio:
feedback loops ana, peaki JICTPAIAILHIO:
retraining, ajiepThl, aBTOMaTHYECKHE
NanIuIaliHbL.
nrerpatus Pons ML-mutatdhopm B udpoBoit
TpaHcopmaiu Ou3Heca; BCTpauBaHKE B
miatdopm ¢ )
9 SusHeC- cymectBytomue [T-cuctemsr; 2 4 6 12
HDOLECCaMH 3aKOHO/IATEJIbCTBO M PETYJINPOBAHUE:
pont GDPR, WH-akTsi EC.
Hroro: 18 36 54 108
.2. IlepedeHb 1a00paTOpPHBIX padoT

0O630p u ycranoBka MLflow.
DKCHEpPUMEHTBI U METPUKHU.
[Toctpoenue naitmnaiina Ha H20.ai: 0T JaHHBIX 10 MOJEIH.




4.  Aptomatuzanusi BbiOopa monenu ¢ AutoML (manmpumep, DataRobot wmm
Google AutoML).

WNurterpanust moaenu B BeO-nipuiioxkenue yepe3 REST APL.

Opxkectpanus nanmiaiina ¢ Kubeflow Pipelines.

KonTposs Bepcuit gaHHbIX U Mojelien ¢ moMolbio DVC.

PazséptriBanue mozaenu B kouteiHepe ¢ Docker + FastAPI.

MouHuTopuHT MojeNn: oTciexuBanue drift, aneptsl, retraining..

© 00N W

6. IPUMEPHAS TEMATHUKA KYPCOBBIX ITPOEKTOB (PABOT) U
KOHTPOJIBHBIX PABOT

B coorBercTBMM ¢ y4eOHBIM IUIAHOM OCBOSHHE JUCIUIUIMHBI HE
IPEyCMAaTPUBAET BBITIOJIHEHUE KYpPCOBOTO MpoeKTa (paboThl) WM KOHTPOJIBHOM
paboTHI.

7. OLIEHOYHBIE MATEPHAJIBI IS IPOBEIEHUS
MPOMEXYTOYHOI ATTECTALIMM OBYYAIOIIMXCS 1O
JTUCHMUIIIAHE

7.1. Onucanme mnokaszarejeil M KpPUTEepPUEB OLEHUBAHUSA KOMIIETEHUHH Ha

Pa3JIMYHBIX 3Tanax ux GopMUpoOBaHMs, ONIMCAHNE IIKAJ OLlEHUBAHUS
7.1.1. Tan TeKymero KOHTPOJIA

Pe3ynbTaThl TEKyIIEro KOHTPOJS 3HAHMM M MEXKCECCHOHHOM aTTeCcTalluH
OIIEHUBAIOTCSI TIO CIISAYIOLIEH CUCTEME:
«aTTECTOBAHY;

«HE€ aTTCCTOBAH).

Pe3yabTaThl 00y4eHus,

XapaKTepusyouue Kpurepuu
KoMmnerennus chopmupoBanHoCTH P — ATTECTOBaAH He aTTecToBan
KOMIIETCHIUH
TIK-7 3HATH OCHOBHBIC akTuBHas paboTa Ha BBIMOJIHEHHE PA0OT | HEBBIOJIHCHHE

MPUHIHUIIBI TOCTPOCHUA MPAKTUYCCKUX 3aHATUAX B CPOK, pa60T B CPOK,

miatopmel: Azure ML,
AWS SageMaker, Google
Vertex Al, DataRobot,
H20.ai u ap.; npuHIKIBL
AutoML u MLOps;
CIIOCOOBI Pa3BEPTHIBAHUS
MoJiesield ¥ MOHUTOPHHI'a
Ka4yecTBa

WIaThOPM AHAIUTHKHI U MPEIyCMOTPEHHBIN B | IPEIYCMOTPEHHBIN
MAaIIMHHOTO 00yUeHUST; paboumux B pabounx
coBpemenHbie ML/AI mporpaMMax porpaMMax

yMeThb paboTath ¢

00y4eHHS MOJIETICH;
HCITOJb30BaTh AutoML mis
aBTOMAaTH3AIH oA00pa
MoOJieNiei; IHTETPUPOBATh
MOJICJIY B TIPUKJIATHBIC

peuIieHue CTaHAaPTHBIX

BBIMOJIHEHHUE PA0OT

HCBBIIIOJIHCHUC

00JJaYHBIMH U JIOKATBHBIMA | TIPAKTHYCCKUX 3a]a4 B CPOK, paboT B CPOK,
ML-mnaTdopmamu; MPEAYCMOTPEHHBIN | MPEyCMOTPEHHBIN
HaCTpauBaTh MaNTIIAHbI B pabounx B pabodmx
00paboTKH TaHHBIX H porpaMMax MporpaMmax




peuieHus

BJaJeTh HaBBIKAMH
noctpoenust end-to-end
pemreHuii Ha ocHOBe Al-
wiatgopwm;
HHCTPYMEHTAMU JIJIsSt
BU3YaIIU3aIUH,
MOHUTOPHHIA U
yIPaBJICHUS KU3HCHHBIM
LUKJIOM MOJICIIH;
MIPaKTHKaMH{ IIOBTOPHOTO
00y4YeHHS U KOHTPOJIS
KadyecTBa MOJeJIEH

pelIeHne MPUKITATHBIX
3a71a4 B KOHKPETHOM
MpeIMETHOM 00J1acTH

BEITIOJTHEHHE padoT
B CPOK,
MIPEe1yCMOTPEHHBIN
B pabouunx
nporpaMMax

HEBBITTOJTHEHHE
paboT B CPOK,
MpeyCMOTPEHHBIHI
B pabouunx
porpamMmax

7.1.2. DTan npoMeKyTOYHOT0 KOHTPOJIsl 3HAHUI

Pe3ynbTaThl MpOMEXKyTOYHOTO KOHTPOJISI 3HAHHWKA OIICHHBAIOTCS B BOCHMOM
cemMecTpe it 09HOM hopMbl 0OYUICHHS TI0 TBYXOAIITLHOU CHCTEME:

«aTTCCTOBAHY,
«HEC aTTCCTOBAH».

Pe3yabTaThbl 00yuyeHus,

XapakTepu3yloume Kpurepuu
Komnerennus chopMHPOBAHHOCTE P —— ATTecTOBaH He aTTecToBan
KOMIIeTEHI MU
TIK-7 3HATh OCHOBHBIC Tect BrmonHeHne TecTa Ha | BeImotHeHHE MeHEee

TIPUHIAIEI TIOCTPOSHUS
WIATGOPM aHATUTHKHI H
MAaIIMHHOTO 00y4YeHNS;
coBpemenHbsie ML/AI
wiatdopmbl: Azure ML,
AWS SageMaker, Google
Vertex Al, DataRobot,
H20.ai u op.; mpuHIAIIBI
AutoML u MLOps;
CIIOCOOBI Pa3BEPTHIBAHUS
MOJIEJIe U MOHUTOPUHTA
KagyecTBa

70-100%

70%

yMeTb paboTaTh C
00JaYHBIMU 1
JIOKAJIbHEIMH M-
waThopmMamu;
HacTpauBaTh MAWIIIalHBI
00pabOTKU TaHHBIX U
00yUCHHS MOJICIICH;
HCTI0JIb30BaTh AutoML
I aBTOMAaTH3aI|u1
moi0opa MoJIeNei;
WHTETPUPOBATH MOJICITH B
TIPUKJIATHBIC PETICHUS

Pemenne cranmapTHbIX
MIPaKTUYECKUX 3a]a4

IIpogemoncTpupoBan
BEPHBIN X071
peleHus B
OOJIBIIMHCTBE 33124

3aa4u He pPeIIeHBI

BJaJeTh HaBBIKAMH
noctpoenust end-to-end
peuienuii Ha ocHoBe Al-
wiatdopm;
HHCTPYMEHTAMU JIJISt
BU3YaIIU3aIUH,
MOHUTOPHHIA U
YIpaBJICHUS )KU3HEHHBIM
IIUKIIOM MOJEJIH;
MIPaKTHKaMH{ IIOBTOPHOTO
00y4YeHHS U KOHTPOJIS
KadyecTBa MOJeJIer

Pemenne npukiaaHbx
3a71a4 B KOHKPETHOM
MPEIMETHOM 001acTH

IIpogemoncTpupoBan
BEPHBIN XO1
peuieHus B
OOJIBIIIMHCTBE 3a/1a4

3aa9u He PeIIeHBI




7.2. IlpumepHblii NepevYeHb OIEHOYHLIX CPeACTB (THUNOBbIE KOHTPOJIbHBIE
3aJJaHUsl WIH HHbIe MAaTepHajbl, He00XOAUMBbIEe [JIsl OLUECHKHM 3HAHWUI,
YMEHU, HABBIKOB U (MJIN) ONbITA J€ATEJIHLHOCTH)

7.2.1. IlpumepHbIi NepeyeHb 3aJaHNH 1151 MOATOTOBKH K TeCTUPOBAHUIO

l.

Uro Takoe miaTgopMa aHaTUTUKA U MAITMHHOTO O0Yy4EeHUS?

a) TonbKO MHCTPYMEHT BU3YaJIU3ALNH

b) KomiuiekcHasi cucremMa Uil OATOTOBKH JIaHHBIX, 00y4YeHUsA
MoJeJiel M UX pa3BépThIBAHNUSA

c) [Iporpamma 17151 peAaKTHPOBaHUS KO/

d) CpeacTBo MOHUTOpPUHTA

Kaxoit KOMIIOHEHT OTBEYAET 32 aBTOMATUYECKYI0 00paboTKy TarmoB ML?
a) XpaHuIulle JaHHbIX

b) ML pipeline

c) API-unrepdeiic

d) REST-cepBuc

Yro nemaer AutoML?

a) Coznaér API niist monenu

b) ABTOomMaTu3upyeT BHIOOP MO/, €€ HACTPOMKY M 00y4eHHue
¢) CrangapTusupyer JaHHbIE

d) Caeaut 3a mpon3BOAUTEILHOCTHIO

Kakas nnaTdopma BXOIUT B CIIUCOK OOJAUYHBIX PEIICHU?

a) MLflow

b) Google Vertex Al

¢) Kubeflow

d) DVC

Kakas u3 mnatdopm — open-source U UCTONb3yeTCs Jis yIpaBICHUS
KU3HEHHBIM LIUKJIOM MOJeNn?

a) Azure ML

b) Amazon SageMaker

¢) MLflow

d) Google Vertex Al

Uto Takoe MLOps?

a) Meroa HOpManu3aluy MPU3HAKOB

b) Iloaxoa k aBTOMATH3ALMHU M YIIPABJICHUIO )KU3HEHHBIM HUKI0M ML
¢) Bun Heitpocetn

d) O6maunsiii API

Kakoii uncTpymeHT yaie Bcero ucnoinssyetcs anst CI/CD B ML?
a) Tableau

b) AutoML

¢) Kubeflow Pipelines

d) Pandas

Urto o3HayaeT pa3BEPTHIBAHUE MOJIETH?

a) [lepeBox MoesI B IPOAYKTUBHYIO Cpeay Il PeajbHOro
HCI0JIb30BaHUSA



9.

10.

b) ApxuBanus MOJeIH

¢) O6yueHure HOBOM MOJCIH

d) CoxpaneHnue BecoB

Urto takoe "drift" B MOHUTOpUHTE MOAEECH?

a) OO0HOBIEHHE OMOIMOTEKU

b) U3meHeHue pacnipeaesieHusI JAHHbBIX BO BpeMEHHU

¢) Omubka cepBuca

d) Poct 06Bb€Ma TaHHBIX

Yrto U3 nepedyrcieHHoro — ueib uarerpanuu ML-miardopm ¢ 6uznecom?
a) Co3naHue oT4ETOB

b) O6HOBICHUE MOENCH

¢) Ucnosb3oBanue ML B NPUHATHH pPelIeHU U OM3HeC-ONepanusx
d) CHmxeHre CTOMMOCTH 00JJaYHOTO XPAHMIIUIIA

7.2.2. IlpuMepHbIii NepevyeHb 3aJaHNH ISl pellleHUs CTAHAAPTHBIX 33124

l.

Br1 noctpounnu pipeline ans o6yuenus moaenu. Kakoii criemyromuii mar?
a) O4nCTKa TaHHBIX

b) Bei6op dpeiimBopka

¢) PazBéprbhiBanue Moesin

d) AyrmenTarus

V Bac Bo3HUK drift B qanabpix. UTO BBl JOKHBI CAeIaTh?

a) Y 1anuTh MOJACIb

b) O0HOBUTH MM EPE0OYUYNTH MOJeJIb

c¢) Uruopuposars

d) YBeanuuth 00bEM JIOTOB

Mopenb moxo paboTaeT Ha Mpojie, HO OTIAMYHO Ha TecTe. Bo3moxkHas
IPUYHMHA:

a) Drift uim concept shift

b) Xoporas renepanuzaus

¢) CAuIIKOM NpOCTON aIrOpUTM

d) Ommbka B moruke REST API

Kaxoit ”HCTpyMEHT N03BOJISIET OTCIACKUBATH TAPAMETPhl U METPUKHU
monaenu?

a) Docker

b) MLflow Tracking

¢) Kubernetes

d) Numpy

Bbl xoTHTE aBTOMATU3MPOBATh 00YUYEHHUE MOJIETH KX bl 1eHb. UTO
IPUMEHUTH?

a) CI/CD najinyiaiid ¢ pacnucanueM (Hanpumep, Airflow)

b) Jupyter Notebook

¢) bakan qaHHbBIX

d) PDF-o1uéThI

Uto HEOOX0aAMMO Jis pa3BEPThIBaHUS Moaenu uyepe3 API?

a) Tonbko Mozenb



b) Web-cepaep u Git
¢) CepBep, konTeitnep (Hanpumep, Docker), REST-unrepdeiic
d) HTML-cTpanuna
7. Kakue MeTpuKu ciaeayeT OTCIekKUBATH B Mpojie?
a) Jlorapudm QyHKIMM TOTEPH
b) KauecTtBo moxesn, latency, KoJ1u4eCTBO 3aNPOCOB
¢) Ko ommbku
d) Pa3zmep xona
8. B AutoML BsI BeiOpanu 5 mozaeneii. Kak BeIOpath mydiryro?
a) Ilo pazmepy kozna
b) CriyuaiineiM 006pazom
¢) Ilo meTpuKe HA BATHIANMOHHOM BBIOOPKeE
d) Ilo Ha3zBanuto
9. Ilpu ucnonp3oBanuu Kubeflow maitrmaitn 3apepimiics ¢ omuokoi. Uto
nenarob?
a) Ilepe3anyctuthb cepBep
b) IlepeoOyuuts MOJIETH
¢) [IpoBepuTh JIOTH ¥ 3aBUCHUMOCTH KOMIIOHEHTOB
d) YcranoButs npyroit Python
10. ¥ Bac H20.a1 o6yuaer 10 moneneii. Kak BoiOpaTh onTuManbHyO?
a) ITo pasmepy (aitna
b) Ilo meTpuxe (Hanpumep, AUC, LogLoss)
¢) Ilo umenu ¢aiina
d) [To Bpemenwu 3amycka

7.2.3. IlpuMepHbIii epeYeHb 3aJaHNI 1JIs1 pelleHus MPUKJIAAHbIX 32124

1. B xomnanuu XoTAT uHTErpupoBaTh ML B mporuo3s cnpoca. Kakue
erucTBUs?
a) YcranoButh Excel
b) IlocTpouTs MOE/b, MPOTECTUPOBATH, BCTPOUTH B ERP uepe3 API
c¢) Kymutsb ceprep
d) Coznatp cnaiin

2. baHk BHenpsiet ckopuHr. Kak peanu3oBaTe MOHUTOPUHT?
a) Jlenatb OTY€THI BPYyUHYIO
b) HacTtpouth aBTOMAaTH4YeCKHII MOHUTOPUHT MeTPHK U drift-
AHAJIMTUKY
¢) 3anpainBaTh MOJIb30BaTENCH
d) Xpanuts nanusie B Excel
3. B npou3BOACTBE UCIONIB3YETCSI MOJIEND IO pacnio3HaBaHuio Opaka. Kak eé
peryJsipHO OOHOBISATH?
a) Y 1ansiTh CTapyro MOJENb
b) Ucnoabs3oBars CI/CD naimiaiH ¢ HOBbIM 00y4eHHEM
c¢) Coxpanste B JSON
d) ExxemecsiuHO mucaTh KO/ BPYUHYIO



4. Heo0xoaumo OBICTPO IPOTECTUPOBATH PA3HbIE MOENN 0€3 Py4HOTO
noabopa napameTpoB. UTo BeIOpaTh?
a) Pandas
b) AutoML-miargpopmy (Hanmpumep, H20, Vertex Al)
c) REST API
d) Matplotlib
5. B opranuzamuu HeT obnaka. Kak pa3BepHyTh miatdopmy?
a) Azure ML
b) Google Colab
¢) Open-source pemenue: MLflow, Kubeflow, DVC
d) SQL Server
6. HyxnHo npenoctaButh OU3HECY MOJENb Kak cepBuc. Kakoi moaxon
BbIOpaTh?
a) OrnpaButh Excel
b) OTkpeITh Jupyter
¢) O6epuyTs Moaenb B REST API u pa3BepHyTh B KOHTeiiHepe
d) OctaButs JSON-aiin
7. Kak BcTpouts ML-MozA€Ib B MOOMIIBHOE MPUIIOKEHKE?
a) HeBo3moxHO
b) Ucnons3zoBats CSV-daiin
¢) Uepes obsnaunbiii REST API nin gokansubiii inference SDK
d) Yepe3 CKpUHILIOTHI
8. BbI xoTUTE CeANTD 32 yXYALIEHUEM MPOU3BOAUTEIHLHOCTH MOJIENH B
peaibHOM BpeMeHHU. YTo ncnosb30Bath?
a) Jupyter
b) baza nanHBIX
¢) MounuTopunr + gamoopx + feedback loop
d) ApxuB moaeneit
9. busnec npocUuT 00BICHUMOCTbh MOJIENH. UTO UCTIOJIB30BaTh?
a) XGBoost
b) AutoML
¢) SHAP, LIME u meTpUKM Ba’)KHOCTH MPU3HAKOB
d) TensorFlow
10. HyxxHo nnterpupoBate ML B cuctemy 3aka3oB. UTo BaxHO?
a) Otuét B PowerPoint
b) O6paboTka u3o00pa>keHu
¢) Uurerpanuss REST API, npoBepka 0e301aCHOCTH, MOHMTOPHHT
d) YcranoBka 6ubnamorexku pandas

7.2.4. IlpumepHBbIii epevyeHb BONPOCOB /IS MOATOTOBKH K 3a4€Ty

1. UYro Takoe muaTdopmMa aHATUTUKYA U MAIIMHHOTO OOYYCHHUS, U KaKhe
OCHOBHBIC 33/1a4¥ OHA peraeT?

2. Onwummre apxutekTypy ML-mnatdopmel. Kakre KOMIOHEHTBI BXOJST B
tunnaHbid ML pipeline?
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10.

Yro takoe AutoML? Kakue stansr ML-nipoiiecca MOxkHO
aBTOMATU3UPOBATH C €r0 OMOIIBIO?

[lepeuncnure ocHOBHBIE 00J1auHbie ML-11aThopMbl U yKaXKUTE UX
0COOEHHOCTH.

Kakue BO3MOXHOCTH NMPEJOCTABISIIOT Open-source miaTgopMbl (Hanpumep,
ML flow, Kubeflow, DVC)?

Uto takoe MLOps u kak oH cBsizan ¢ CI/CD B mammmHHOM 00y4ueHUH?
Kakue noxoapl IpUMEHSIOTCS AJisl pa3BEPTHIBAHUS MOJIENIEH B
IPOIYKTUBHOM cpene?

Yro takoe drift B KOHTEKCTE MOHUTOPUHTA MOJIETIEH U KaK €ro MOYKHO
0OHaPYXKUTH?

Kak npoucxonut unrerpauns ML-nnatdopm ¢ busHec-mpouieccaMu U
KaKHe 1IeJI1 OHa MpecieayeT?

OnuirTe TUIMMYHBIA )KU3HEHHBIA MK ML-Mozaenu Ha ruiatdopme: oT
UJIEU 10 pa3BEPTHIBAHUS U MOHUTOPHUHTA.

7.2.5. IlpuMepHblii NepevyeHb BOMPOCOB /ISl MOATOTOBKHU K IK3aMeHY

He npenycMoTpeHO yueOHBIM TUIaHOM.

7.2.6. MeToauka BBICTABJICHHU S OLICHKH npu NMPOBeJeHUHU

NMPOMEKYTOUYHOM aTTeCTAUN

3ader NPOBOJUTCS MO TECT-OMsieTaM, KaxIblii M3 KOTOpPBIX coiepkut 20
BonpocoB. Kaxplii mpaBuiIbHBIA OTBET HAa BOIMPOC B TECTE OLleHMBaeTcs 1 Oammom.
MakcumanbHOE KOJUYECTBO HaOpaHHBIX 0autoB — 20.

1. Onenka «He 3auTeHO» CTaBUTCS B Cilydae, €Ciu CTyAeHT HaOpai meHee 15
0anos.
2. OmneHka «3auTeHO» CTABHTCS B CiIydae, €Clid CTyAeHT HalOpai oT 15 mo 20
0anoB.

7.2.7. IlaciopT OLIEHOYHbIX MATEPHAJIOB

Kox xonTposmpyemoit

Ne Kountposnpyemsblie pa3iennbl HaumenoBanmue
KOMIIeTeHIIUN (WJIN ee
n/n (TeMbl) JTUCHUTLIHHBI OLIEHOYHOI0 CPeACTBA
4acTH)
BBenenue B miaTgopmbl
AHAJIUTUKU ¥ MAIIUHHOTO TECT, cramjapTHeIe
1 TIK-8 IpaKTHYECKHUE 3a1auH,
obyuenus. Knaccuduxarms u
MPUKJIaAHBIC 3aJa4n
0030p
ApxutekTypa miarhopm
AHATUTHKHA 1 ML: TECT, cTaHAapTHBIC
2 IIK-8 NpaKTHYECKHE 3a/1a4H,
KOMITOHEHTHI,
. . MIPUKJIAHBIC 3aJa91
nHQpacTpyKkTypa, NauniaitHel
AutoML: aBromartuzanus TECT, CTaHAapTHBIE
3 MOCTPOEHUS MOJICIICH. ITK-8 NpaKTHYECKHUE 3a/a4H,
IIpyuHIUIIBI 1 UHCTPYMEHTHI HPHKJIAIHBIC 331291
O6smaunblie IaTGOPMBI: TECT, CTamapTHbie
4 0030p Azure ML, AWS IK-8 TpaKTHYECKUE 3aatH,
SageMaker, Google Vertex Al TNIPUKJIAJIHBIC 331491
5 JlokasbHBIE M Open-source IIK-8 TECT, cTaHAapTHEIE




matdopmer: MLflow, MPaKTHYCCKHUC 3aa4H,
H20.ai, Kubeflow, DVC TPHKJIAZHEIC
DataOps u MLOps: CI/CD TECT, cTaHapTHEIE
6 st ML, ynipaBienue [K-8 PAKTHYECKUE 3a/[auH,
MOACIISIMU U MCTPUKaMHU NPUKJIaHBIC 3a1a491
PazBéprriBanue Moaenen: TECT, CTaHJAPTHBIE
7 REST API, IIK-8 NpaKTHYECKHUE 3a/1a4H,
KOHTEWHEpU3alusl, CCPBUHT TIPUKIIA/IHBIC 33/1a4H
MOHI/ITOpI/IHF MO,I[CJ'ICI/I B TeCT, CTaHLlapTHLIe
8 POAYKTUBHOH cpene: drift, [K-8 PAKTHYECKUE 3a/[auH,
quality, feedback loops TIPUKJIAJIHBIC 33/1a91
Wurerparms miatdopm ¢ TCCT, cTaHlapTHEIC
9 SU3HEC-DOLLCCCAMIL [1K-8 NPaKTHYECKHE 3a/1a4H,
pon IPUKJIJIHBIE 331441

7.3. MeToaudyeckue MaTepHajibl, ONpeaeasilONIHe NPOUEeIYPhl OlEeHUBAHUSA
3HAHUH, YMEeHHUI1, HABBIKOB U (MJIH) ONBITA AeSITeJILHOCTH

TectupoBanue ocymecTBiseTcs, IM00 MPU MOMOIIM KOMITBIOTEPHON CHCTEMBI
TECTUPOBAHUS, JIMOO C HCIOJB30BAaHHEM BBIIAHHBIX TECT-3a/laHU Ha OyMa)KHOM
Hocutene. Bpems TectupoBanust 30 MHH. 3aTeM OCYILECTBIISETCS IPOBEPKA TECTa
HK3aMEHATOPOM U BBICTABIIAETCS OI[EHKA COTJIACHO METOJMKH BBICTABICHHS OLIEHKH
IIPU MIPOBEJICHUU MPOMEKYTOUYHOM aTTECTALINH.

Pemenne craHmapTHBIX 3a4ad  OCYIIECTBISETCS, MO0 TMpU  MOMOIIU
KOMIBIOTEPHON CHUCTEMbI TECTHUPOBAHUS, TUOO C MUCIHOJIH30BAHUEM BBIJAHHBIX 3a7a4
Ha OymakHOM Hocutene. Bpems pemenus 3agad 30 MuH. 3aTeM OCYLIECTBISETCS
NpOBEpKa pEIIeHHUs 3aJad4 HSK3aMEHATOPOM M BBICTABISETCS OICHKA, COTJIACHO
METOAMKH BBICTABICHHSI OILICHKH ITPH MTPOBEACHNUN IIPOMEKYTOUHON aTTECTAIUH.

Pemienne mnpukinamHeIX 3adad  OCYIIECTBIISETCS, JUOO TpU  MOMOIIU
KOMITBIOTEPHON CHCTEMBI TECTUPOBAHUS, TUOO C MCIOIB30BAaHUEM BBIIAHHBIX 3a/1a4
Ha OymakHOM Hocutene. Bpems pemenust 3amad 30 MuH. 3aTeM OCYIIECTBISETCA
NpOBEpKa pELIeHHUs 3aJady HSK3aMEHATOPOM M BBICTABISETCS OICHKA, COTJIACHO
METOJIMKU BBICTABJICHUS OLICHKH MPHU MPOBEACHUH MPOMEKYTOYHON aTTeCTallUU.

8. YYEBHO-METOANYECKOE U HTH®POPMALIMOHHOE
OBECIIEYEHME JUCIIUITJINHBbI

8.1. Ilepeyenbr y4eOHOUM JHMTEPATYpPbl, HEOOXOAUMOH [Isi OCBOECHUSA
AUCUMILTHHBI

1. Tuxonos, J[. B. UndopmanrionHsie TEXHOIOTUHA B HUPPOBOM HSKOHOMHUKE :
yaeOHnoe nocobue / JI. B. Tuxonos, M. O. Epmonenko, O. 10. PycunoBa. —
MockBa : ®unaHcoBblii yHuBepcuter, 2024. — 144 c. — ISBN 978-5-
6048031-7-2. — TekcT : aneKTpoHHbIN // JlaHb : 3JE€KTPOHHO-OMONIMOTEUHAS
cuctrema. — URL: https://e.lanbook.com/book/431087. — Pexum moctymna:
JUTSL aBTOPU3. MOJIH30BATENECH.

2. Poinauna, C. B. I[udpoBas Tpanchopmanuss Ou3HEca: UCIOIb30BAHUE
aQHAJIMTUKU Ha OCHOBE OOJBIINX JAaHHBIX : yueOHoe nmocodue / C. B. PriHauHa.



— Ilensa : III'Y, 2019. — 182 ¢. — ISBN 978-5-907262-04-1. — Tekcr :

ANEKTpOHHBIN // Jlanb : »neKkTpoHHO-OMOMMoTeuHas cucrema. — URL:
https://e.lanbook.com/book/162301. — Pexum goctyma: 1y aBTOpHU3.
I10JIb30BAaTEIIEH.

3. Pak, U. II. Texnonorun oOGjiauyHbIX BBIYKCIEHUN : yueOHOoe mocobue / U. II.

Pak, A. B. ITnaténkun, D. B. CricoeB. — Tamo6oB : TI'TY, 2017. — 82 ¢c. —
ISBN 978-5-8265-1826-7. — TekcT : 31eKTpOoHHbIN // JlaHb : 3JEKTPOHHO-
oubmuoteunast cuctema. — URL: https://e.lanbook.com/book/319742. —
Pexxum nocrtyna: 11 aBTopu3. NOJIb30BaTEEH.

8.2. IlepeyeHr HWH(POPMALNMOHHBIX TEXHOJIOTMiH, MCHOJb3yeMbIX MPH
OCYLIeCTBJICHHMH 00pPa30BaTeJbHOI0 Mpouecca Mo AMCUHMILINHE (MOAYJII0),
BKJIIOYasi MepeYeHb JIMIEH3HMOHHOr0 MNPOrpaMMHOIO olecrne4yeHus,
pecypcoB MH(OPMALMOHHO-TEJIEKOMMYHUKANUOHHON ceTu «UHTepHeT»,
COBPEeMEHHBIX NnpodeccHOHAIBHbIX 0a3 JaHHBIX M HMH(OPMALMOHHBIX
CIIPABOYHBIX CHCTEM

Ba3el TaHHBIX ¥ TOMCKOBLIE CUCTEMBL:

— AJIEKTPOHHBIN (DOH]T IPABOBOM ¥ HOPMATUBHO-TEXHUYECKOU JOKYMEHTAI[UH
http://docs.cntd.ru/

- norckoBas cucrema SAunnekc https:/ www.yandex.ru/

— nouckoBas cucrema Google https:// www.google.ru/

— 0a3a 3HAHWK DHIUKIIOTICANS aHalIM3a JaHHBIX
http://www.machinelearning.ru/

9. MATEPUAJ/IBHO-TEXHUYECKAS BA3A, HEOBXOAUMAS J1JI1
OCYHMECTBJIEHUSA OBPA3OBATEJIBHOI'O ITPOOECCA

JIeKIMoOHHAas ayIuTOpUsl C MPOEKLUMOHHBIM O0OpPYIOBAaHUEM, KOMITbIOTEPHBIM
KJIacC € 1OCTynoM Kk cetu «MHTepHET.

10.METOJIMYECKUE YKA3AHUS JJISI OBYUAIOIIUXCS IO
OCBOEHMUIO JTUCHUTIAHBI

[To muctmmmuue «Ilmardopmbl aHATUTUKM W MAIIMHHOTO OOYYEHUS
YUTAIOTCS JIEKLIUU, TPOBOAATCA J1a00paTOpHbIE PaOOTHI.

OcHOBO M3yU€HHUS TUCUUILIUHBI SABIISIFOTCS JICKIIMU, HA KOTOPBIX H3J1araroTcs
HaumOoJiee CYIIECTBEHHbIE U TPYJHBIE BOMPOCHI, a TakXKe BOIPOCHI, HE HAIIEIIINE
OTpaXkeHUsl B yueOHOM JUTepaType.

JlaGopaTopHbie pabOThl BBHIMOJHAIOTCS Ha J1a0OpPaTOPHOM OOOPYTOBaHUU B
COOTBETCTBUM C METOJMKAMHU, IPUBEJICHHBIMU B YKA3aHUSIX K BBIMIOJHEHHUIO padoT.

Bonbiioe 3HaueHHe MO 3aKPErICHUI0 M COBEPLICHCTBOBAHUIO 3HAHUN HMMEET
camocTosiTelbHas paboTta cTyneHToB. MHpopMaruio o Bcex BUIaX caMOCTOSITENbHOM
paboTHI CTYJEHTHI OTYYAIOT Ha 3aHATHSIX.

OcBoeHue AUCIUIUIMHBI OLIEHUBAETCS Ha 3a4eTe.



Bunx yueOnbIx
3aHATHU

I[CHTCJII)HOCTB CTyaACHTa

Jlexusa

Hanucanue koHcnekTa JE€KUMH: KpaTKO, CXEMAaTU4HO, IOCJIEAOBATEIbHO
(UKCUPOBATH OCHOBHBIC MOJIOKEHUS, BBIBOBI, POPMYIUPOBKH, 000OIICHNUS;
IIOMEYaTh BaXKHbIE MBICIIH, BBIACIATH KIIIOUEBBIE CIIOBA, TEpMUHBL. [IpoBepka
TEPMHUHOB, ITOHATHI C TOMOILBIO SHIUKIIONEINI, CIIOBAPEH, CIPABOYHUKOB C
BBINKCBIBAHUEM TOJIKOBaHUH B TeTpaab. OO03HaUE€HUE BOIIPOCOB, TEPMUHOB,
MaTtepuaia, KOTOpbIe BBI3BIBAIOT  TPYIHOCTH, TIIOMCK OTBETOB B
pekoMeHayeMor  smTeparype. Eciam  camMoCTOSTeNbHO HE  ymaercs
pa3o0parbcsi B Marepuaie, Heo0XoaumMo chopMyIHpPOBaTh BOIPOC U 33/1aTh
IPENoJIaBaTel0 Ha JEKIMH WIK Ha MPAKTUYECKOM 3aHSATHH.

JlaGopatopHas
paborta

JlaGopatopHble paOOThHI MO3BOJIAIOT HAYYUTHCS MPUMEHSITh TEOPETHUYECKHUE
3HaHUS, MTOJIYYCHHBIC HA JICKIIUH MPU PEHICHUU KOHKPETHBIX 3a/1a4. YToOBI
HaH6onee pallMoOHaJIbHO W TIOJIHO HCIIOJIb30BaThb BCC BO3MOXKXHOCTHU
7a00paTOPHBIX 1T TIOATOTOBKM K HUM HEOOXOAMMO: cleAayeT pa3oOparth
JICKIIMI0 TI0 COOTBETCTBYIOIICH TEeMe, O3HAKOMHTCS C COOTBETCTBYIOIIUM
pasgenoM ydeOHHMKA, MpOpadOTaTh JOMOJHUTEIBHYIO JUTEpaTypy |
HCTOYHUKHU, PCIIUTH 3aa4Ui U BBIIIOJITHUTH APYTIUC MMCbMCHHBIC 3a/1aHUS.

CamMocTosTenpHast
paborta

CamocTtosTenpHas padoTa CTYJEHTOB CIOCOOCTBYET TTTyOOKOMY YCBOCHHUIO
ydeOHOro  Marepuajga ¢ pPa3BUTHIO  HAaBBIKOB  CamMOOOpPa30OBaHUS.
CamocTtosTenbHas paboTa mpeanoiaraeT ClIeyIIne COCTaBISIONIUE:

- pabora ¢ TekcTamu: y4eOHWKaMH, CIPAaBOYHUKAMH, JOTOJTHUTEILHOU
JUTEPATYPOi, a TaKXKe MPOPaObOTKa KOHCIIEKTOB JICKIIHIA;

- BBITIOJTHEHHUE JIOMAITHHUX 3a/IaHUI U pacyeToB;

- pa60Ta Haa TCMaMu IJId CaMOCTOATCIIbHOI'O U3YUYCHUS

- ydacTre B paboTe CTyIeHYECKUX HAYUYHBIX KOH()EPEHIUH, OJIMMITHA]T;

- IOJArOTOBKA K ITPOMEKYTOYHON aTTECTAlUU.

ITonroroBka K
IIPOMEKYTOUHOU
aTTecTalnu

['oTOBUTBCS K NMPOMEXKYTOUYHOM AaTTECTALMU CIEAYET CUCTEMAaTHYECKH, B
TEUEHUE BCEro cemectpa. MHTEHCHMBHAs MOATOTOBKA JOJKHA HAYaThCs HE
MO3[IHEE, YEM 3a MECAL-IIOITOpAa 10 MPOMEKYTOUYHOM arrectauuu. J[aHHbIE
nepes 3a4eToM Tpu JHS dPPEeKTUBHEE BCETO MCIOIb30BaTh ISl TOBTOPCHHUS
Y CUCTEMaTHU3allui MaTepHaa.
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