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1. esab ocBOeHMS JUCUMILIIHHBI

Henp aucuumuivHbl cOPMHUPOBATH Y OOYYAIOIIUXCS CHCTEMHBIE 3HAHUS M MPAKTUYECKHE
HaBbIKM pa3pabOTKH, BHEAPEHUS M OKCIUIyaTalluM pelIeHHH MallMHHOrO OOydeHus B
MIPOM3BOJICTBEHHBIX Ipolleccax, BKJOYas aHalU3 JaHHBIX, BHIOOp M IMOCTPOEHUE MOJENEH, HX
MHTETpaIfIo B IPOrpaMMHBIE CHCTEMBI, OLICHKY (P (QEKTUBHOCTH U oOecriedeHne KauecTBa paboThl
NN -KOMIIOHEHTOB B YCJIOBUSX PEabHBIX IPOU3BOICTBEHHBIX CPE.

2. Mecrto aucunmimabl B ctpykrype OIIOII BO

I[I/ICLII/IHJII/IHBI U TPAKTHUKHU, Ha OCBOCHHUH KOTOPBIX 6a3preTc;1 JaHHass JUCIMIIIIMHA:

TectupoBanne u Bepu¢ukanus cucreM c¢ HMM-koMnoHeHTamy,

CucreMbpl HUCKYyCCTBEHHOI'O

MHTEJUIEKTa, APXUTEKTYpa HHPOPMALIMOHHBIX CHCTEM U METObI MHTETPALIUH.

I[I/ICI_II/IHJ'II/IHBI U IPaKTUKH, OJId KOTOPBIX OCBOCHUC HaHHOﬁ JUCHUITIINHBI HCOGXOI[I/IMO KakKk

npenuiectsytoniee: IlponsBoacTBeHHas npakTvkKa (MpeJAMIIIOMHAs INpAKTHKa), BelnonHeHue u

3alIUTa BBITYCKHON KBAIM(UKAITUOHHONW PaOOTHI.

3. I[l.ianupyemblie pe3yJibTaThl 00y4YeHUsI

dopMupyemblie U
KOHTPOJIMpYyeMble
KOMTIeTEeHI[HH
(Ko 1 HAMMEHOBAaHUE)

NHauKaTopbl 10CTHKEHUS
KOMIIeTeHIH
(K01 1 HAUMEHOBAHUE)

IInanupyemble pe3yabTaThl
o0yueHust

I1K-6 Criocoben
pa3pabaTbIBaTh MPOrpaMMHBIE
MIPOAYKTHI CO BCTPOCHHOM
AHAJIUTHKOM OOJIBIINX JAaHHBIX

[IK-6.1. 3naet nousarue
OOJIBIIKMX JTAHHBIX, METObI
paboThI ¢ OONTBITUMU
JTAHHBIMH

3HaTh: TEXHOJIOTUH U
UHCTPYMEHTBI JJ1s1 pabOTHI C
OOJBIINMH JAHHBIMU
YMmeTs: BIOUpaTh
NOJIXOJAIINE TEXHOJIOTUH IS
XpaHeHus 1 00paboTKU
601X 00BEMOB JTAaHHBIX.
Buianers: HaBbIKaMu
IIPOEKTUPOBAHUS MOJIETIEN
JAHHBIX JUISl aHAJTUTHYECKUX
3a1a4.

[1K-6.2. YMmeer
aHAJTM3UPOBATH OOJIBIIIHE
JlaHHbIE, pa3pabaTbiBaTh
MPOTPaMMHBIE TTPOTYKTHI

3HaTh: KaK HUHTETPUPOBATh
AQHAIUTUYECKUE MOJYJIU B
OCHOBHO€ MPHIIOKEHHUE.
YMeTh: IpOeKTUPOBaThH
apxurektypy 110, koTopas
HOJIIEP’KUBAET cOOp,
00paboTKy 1 aHaIu3 OOJIBIIINX
JTAaHHBIX.

Brnagets: HaBbIKaMu CO3AaHUS
IPOTOTHIIOB aHAIMTUYECKUX
GbYHKITHIA.

I1K-6.3. Biageet HaBLIKAMU
CO3JaHus IIPOrPAMMHBIX
MPOAYKTOB CO BCTPOECHHOU
AHAJIUTUKOMN OOJIBIINX JAHHBIX

3HaTh: 0COOCHHOCTH
peau3aiy aropUTMOB TS
pacnpeneeHHON 00paboTKu
JTAHHBIX.

YMeTh: peanu3oBbIBaTh
KOMITOHEHTHI JUIsl aHAJTUTHKH




dopmupyembie U
KOHTPOJINpyeMble
KOMIIeTeHI[UH
(Ko ¥ HAMMEHOBAHUE)

HNHaukaTopbl 10CTHKEHUS
KOMIIeTeHIN I
(KO ¥ HAUMEHOBAHUE)

[lnanupyembie pe3yJbTaThl
o0yueHust

OOJIBLIINX JIAHHBIX HA
NpaKkTUKe.

Brnanets: HaBbIkaMu pabOTHI C
bpeitMBOpKaMHu 715t
BCTPAaMBAHUS AHATUTHKH B
TPUIOKEHUSI.

ITIK-7 Cnocoben
paszpabaThIBaTh CEPBUCHI HA
OCHOBE aHAITUTHUKH OOJIBIINX

JTAHHBIX

[IK-7.1. IloHMMaeT NpUHIHUIIBI
pa3pabOTKH CEPBUCOB,
MIPUEMbI AaHATTUTUKU OOJTBIINX
JTAHHBIX

3HaTh: NPUHLMIIBI pa3padOTKH
CEPBHUCOB; METO/Ibl aHATUTUKHU
(neckpunTUBHaS,
JMAarHOCTUYECKas,
PEIUKTUBHAS,
IpeAnKChIBarOIIas
aQHAJTUTHKA).

YMeTh: NpoeKTUPOBATH
CEPBHUCHO-OPUEHTHUPOBAHHYIO
ApXUTEKTYpY.

Bnanets: HaBbIKaMu
npoektupoBanusa API pis
AQHAIUTUYECKUX CEPBUCOB.

[1K-7.2. Ymeer
pa3pabaTrhiBaTh CEPBUCHI HA
OCHOBE aHAJIUTHKH OOJIBIINX
JTAHHBIX

3HaTh: KaK paboTaTth ¢
ITOTOKOBBIMHM JIAHHBIMH.
YMeTb: pa3pabaTbiBaTh
MHKPOCEPBHUCHI, KOTOPBIE
NPEIOCTABIISIOT
aHaTUTHYeCKHe (QyHKINN
(HampuMep, PEeKOMEHTAITHH,
MIPOTHO3UPOBAHUE).
Brnazmets: mpakTHUeCKUMU
HaBBIKAMHU CO3JaHUA BEO-
CEPBHUCOB C MHTETpaIie
AHAJIUTHYECKUX OMOIHOTEK.




4. CTpyKT

Pa 1 COACPKAHUEC TUCHUIIIIUHBI

DopMBbI TEKYLLIET0

Moayanb B N HauMeHoBaHMe TeM 3aHATHI Oo0bem, HNHuTepakTus, KOHTPOJIA
yueOHoit . Cemectp Banabi
(pa3nein) A60ThI (y4eOHoIi paboThI) q. q, (HauMeHOBaHUe
P OICHOYHOI'0 cpencTBa)
Monys 1. Tlex 1 Tema 1. [Ipou3BoACTBEHHBIC JAHHBIC U 3a7a4U 8 2 -
MarunsHO® K ML B NpOMBIIIEHHOCTH
06yuenne s Tewma 2. [Ipeno6paboTka 1 0UMCTKA 8 7 -
POM3BOJCTBCHHRIX [IPOU3BOJICTBEHHBIX AaHHBIX. DUIbTpanus,
Tporeccos Cp peceMITHpOBaHKe, 3alI0JTHEHUE IPOITYCKOB,
BBIOPOCHI.
Cp Tema 3. bazoBsie Mmogenu ML B 8 7 -
nmpou3BoAcTBe. JlepeBns, ancamo,
JMHEHHBIE MOJIENN, BBOJ B MOACIH AJIs
BPEMEHHBIX PSAJIOB.
Cp Tema 4. Monenu oOHapyKeHHS aHOMaJIHH B 8 7 -
MPOU3BOJICTBEHHBIX CHCTEMAX
Isolation Forest, AutoEncoder,
CTaTUCTUYECKUE METOIBI.
Cp I1P1. AHanu3 NpOMBIIUIEHHOTO JaTaceTa 8 8 8 - Otd4er 1o npaKTHIeCKON
(maT4uKu, BpeMEHHBIE PSIIIbI pabote 1
Cp [TP2. IToaroTroBKa MPOW3BOACTBEHHOTO 8 8 8 B Otuer no npakTieckoi
naracera (feature engineering). pabote 2
Cp TIP3. O6yu4enue nepBoii MosIeH (Ka4eCTBO 8 8 8 - OTyeT 10 NpaKkTHIECKOi
NPOXYKIMH / 0TKa3 060pyI0BAHNS). pabore 3
Cp [TP4. OGHapyx)eHHE aHOMANUH B 8 8 8 - OT4er no npakTUIecKon
TEXHOJIOTHYECKOM MPOLIECCE. pabote 4
Monyns 2. Tema 5. ML-cepBuc: apxurexrypa u APIL. 8 2 -
MuTerpanus u Jlex 2 REST, gRPC, cTtpykrypa cepBuca, cepBuc-
brcrryarauus ML mojenb, ML-node.
B Cp Tema 6. Konretinepusarus ML-mMonenei. 8 7 -
MPOU3BOJCTBEHHBIX Docker, cTpykTypa o0pa3za, OnTUMH3ALIHS,
NT-cucremax reproducibility.
Cp Tema 7. MLOps 1 MOHUTOpPHUHT MoJenel 8 7 B




DopMBbI TEKYLLET0

Moayab Bux . HaumeHnoBaHnmne TeM 3aHATHI Oonbem, HNurepakTus, KOHTPOJISA
y4eOHoii . Cemectp Bbanabt
(pasznen) ABOTEI (y4eOHoOii paboThI) q, q, (HaMMeHOBaHUe
P OLIEHOYHOI'0 CPeICTBA)
ML flow, drift, degrade, nepeoOy4eHue.
Cp Tema 8. Hagéxuocts u 6e3omacHocts ML B 8 7 -
MPOU3BO/ICTBEHHBIX CHCTEMAX
nmoruposanmue, fault-tolerance, 3amura API,
pecypcHasi ONTUMHU3ALINSL.
Cp ITP5. Coznanue mpoctoro ML-API (FastAPI/ 8 8 8 - OTyYeT Mo NpaKTUIECKOM
Flask / Spring). pabote 5
(xmaccuduKaIus/peKoMeH TN )
Cp [1P6. Coznmanue Docker-o6paza ML-cepBuca. 8 8 8 p())agcl)eTTe 1;0 HparctHecion
Cp [1P7. Monutopunr mojenu u drift-nerexmms. 8 10 6 ) OTHeT 110 MPaKTHYECKOi
[TP8. ML-cepBuC aJi1 MPOU3BOJACTBEHHOTO padore 7 N
npotecca. 6 OT4er no npakTudecKon
abote 8
ITA IIpomexxyTouHas aTTecTanus 8 0,25 -
Kontpoas 3a4er 8 3,75 40 - Hrorosslii Tect
Hroro:] 180 100

Cxema pacuera UTOroOBOIo0 HaJLa:
Texymuii peUTUHT (BCe 3aHATUSA U IPOMEKYTOUHBIE TECTHI) + Pe3ypTaT UTOrOBOTO TECTA.



5. O06pa3oBaTe/ibHbIE TEXHOJIOTHH
[Tpu U3yyeHUH TUCIUIUIMHBI UCIIOJIb3YIOTCS CeyIONIe 00pa30BaTEeIbHbIE TEXHOIOTHU:

— TEXHOJIOTMH TPaAULHOHHOrO0 O00y4YeHHUs] — JIEKIIMH, NPAKTHUYECKUE 3aHATHA U
camocTrosiTeNbHas paboTa OOy4aroUIMXcs, HaNpaBlieHHblE Ha OCBOCHHE MPHUHIIMIIOB
MAaIIMHHOTO 00y4eHHUsl, 0COOEHHOCTEH MPOM3BOJACTBEHHBIX NaHHBIX, METOJOB aHajIH3a U
WHTETpali MOJICIICH;

— TeXHOJIOTMsl NPOEKTHOro o0y4YeHMsl, IpeaycMaTpuBamoLias pa3paboTKy (parMeHTOB
MpPOU3BOACTBEHHBbIX ~ ML-pemenuii: moaroroBka jgaracetoB, OOydYeHHE  MoJenei
MPOTHO3UPOBAHUS OTKA30B, CO3[JaHUE CEPBUCOB Il OOHAPY>KEHHUsS aHOMAJIMH, pean3aius
APl wu «xonreiinepuzamuss ML-moxynei. OOydJaromiuecs 3allWIIalOT  Pe3yiabTaThl
NPaKTUYECKUX paboT U IEMOHCTPUPYIOT pabOTOCIIOCOOHOCTh CO3/JTaHHBIX IPOTOTHIIOB,;

— NPaKTHKO-OPMEHTHPOBaHHOe oOO0y4eHHe, OCHOBAHHOE Ha BBIMOJIHEHUHU pEAIbHbIX
MH)KEHEPHBIX 3aJlad: MOJrOTOBKA JaHHBIX MPOMBIIUICHHOTO Ipolecca, pa3paboTka u
TECTUpOBaHUE Mojenel, noctpoenne ML-cepBucoB, uHTerpamusi Mojene c¢ BeO-
uHppacTpykTypol, pabora ¢ Docker, aHamu3 KOPPEKTHOCTM HWHTETpalul U
(GYHKIIMOHUPOBAHUSI aJITOPUTMOB B YCIIOBUSIX ITPOU3BOJCTBEHHON CPEJIBI.

TexXHOJIOrMM TPaJUIIMOHHOTO OOYYEHHUS BKIIOYAIOT OOBSICHUTENHHO-WILUTFOCTPATUBHBIN (opmar,
MPUMEHSIEMbI TpHU M3YYEHHUH TEOPETUYECKUX OCHOB MAIIMHHOTO OOydYeHHus, OcOOeHHOCTel
IIPOU3BOJCTBEHHBIX [JaHHBIX, MOJEIEH M aJIrOPUTMOB aHAJINW3a, NPUHLHUIIOB MocTpoeHus ML-
cepBucoB U uHTerpanun MM-KoMIoHeHTOB.

Opranuzanusi y4eOHOrO TIpolecca NpeArnosaraeT akTHUBHOE BOBJICUCHHE OOYYaIOLIUXCS B
MPaKTUYECKYIO JCSITEIBHOCTD: BBITIOJHEHHWE pabdoT 1Mo 00paboTKe MPOW3BOJCTBEHHBIX JTAHHBIX,
oO0yuyeHuto mojenel, peanusauuu API, xoHTeiiHepu3aumMu perieHui, HacTpolike MHUHU-MLOps-
MPOIIECCOB, aHATN3Y OIMMOOK U PaboTe C MOHUTOPHUHTOM.

Ha npakTHuecKux 3aHATHIX 00yYaromuecs:

—  JIEMOHCTPUPYIOT pPabOTOCTIOCOOHOCTH pa3paboTaHHbIX ML-Mo/esneit u cepBHCOB;

— 00OCHOBBIBAIOT BBIOpAHHBIE METOABI NPEAOOPAaOOTKM IaHHBIX, apXUTEKTypy CepBHCA H
BapHaHT WHTETrpaliy;

—  00CYXJar0T BO3HUKAIOIINE TEXHUUECKUE NMPOOJIEMBI U IyTH UX PELICHUS;

—  TPOBOJAT MUHH-3AIIUTY BBITOJIHEHHOW PabOTHI.

WToroBasi arrectanysi IpoBOIUTCA B (hopMe 3K3aMeHa, BKIIIOYAIOIIErO OICHKY TEOPETHYECKHX
3HAaHUU M MPAKTHUECKUX HABBIKOB pa3pabOTKHU M MHTErpaliy Mojesieil MallMHHOTO O0y4YeHus JUIs
IIPOU3BOJCTBEHHBIX IPOLIECCOB.

6. MeToauueckne YKazaHusd 10 OCBOCHUI0 TUCHUIIJIMHBI

6.1. PexoMeHAa1IMM 110 OATOTOBKE K NPAKTHYECKUM 3aHATHAM
OOyuaromumcst CleayeT:

—  HCTOJB30BaTh MPHU MOATOTOBKE HE TOJIBKO MaTEpUabl JICKIUI U y4eOHYIO TUTEpaTypy, HO U
obUIMaTbHYI0 JIOKYMEHTAllMI0 M0 OuOMMoTekaM MamuHHOTO oO0yueHus (scikit-learn,
PyTorch/TF mnpu HeoOXoAMMOCTH), WHCTPYMEHTaM OOpaOOTKM JaHHBIX, CpEACTBAM
KOHTeHepu3auuu u ¢ppelMBOpKam A peanuzanuu ML-cepBucoB;

— 3apaHee O3HAKOMUThCA ¢ ¢opMaTaMu MPOU3BOJCTBEHHBIX JAHHBIX (BPEMEHHBIC PSIbI
JTATYUKOB, TEXHOJIOTHUECKHE COOBITHS, TapaMeTpbl 000pyA0BaHuUs), IPUMEPAMH UCXOIHOTO
Kofa, cTpykTypoit APl u ocoOeHHOCTSIMU Tiepeaun JaHHbIX K ML-monenu;

— B Hayaje 3aHATUS YTOUHUTH y MPENoJiaBaTesi BONPOCH, BHI3BABIINE 3aTPyIHEHUS, YTOObI
n30exaTh OMIMOOK MpH MpeaodpaboTke NaHHBIX, 00yUYEHHUH MOJENH, OCTPOCHUN CEpBHCA
i uHTerpauun ML-monyns;



—  CTPEMUThCS JOBOJUTH KaXKAOE€ MPAKTHYECKOE 3a/laHue 10 MOJIHOCTBIO PabOTOCIIOCOOHOTO
COCTOSIHMSI, YMEThb MPOJEMOHCTPUPOBATH KOPPEKTHOCTh pabOThl MOJENIM M CEpBHCA,
OOBSICHUTH NPUHATHIC HH)KEHEPHBIE U APXUTEKTYPHbIE PEILICHHS.

[IpakTyeckre 3aHSATHS TECHO CBSI3aHbl C JIGKIMOHHBIM MaTepHalloM: OCOOEHHOCTSIMH
MIPOM3BOJICTBEHHBIX JAHHBIX, METOJAaMHM MAIIMHHOTO OOy4YeHHs, NMPUHLIMIAMH TOcTpoeHus ML-
CEpBHCOB, MEXaHM3MaMU HMHTETpallid M KOHTEHHepu3aluu, a TakKe OCHOBAMHM MOHMUTOpPUHIA
Mozened. TonbKkO IOCiIE OCBOCHHS JTHUX TEOPETHYECKUX OCHOB BO3MOXKHO KauyeCTBEHHOE
BBIITOJIHEHHE 3aJaHUH 10 pealn3allii JaHHBIX U CEPBUCHBIX MOAYJIEH.

[Tpu camocTosTeNEHON paboTe HAJ| 3a1aHUSIMH HEOOXOIUMO:

— 00OCHOBBIBaTh KaX/IbIil 3Tan pa3paboTKH, BKIItOYask BEIOOp MeTo1a Mpe1o0paboTKH TaHHBIX,
apXUTeKTypsl MozenH, cxembl AP, cnoco6a nnterpanun ML-Moyss, cTpaTerui 00paboTKu
OIIMOOK U CTPYKTYpPBI XpaHEHHsI TaHHBIX;

—  aHaJM3MPOBATH HECKOJIBKO BAPUAHTOB pelICHHs (Hanpumep, NpsiMOi BBI30B MOJIENIN U3 BEO-
cepBHca WK BbIHECeHUE €€ B OTAeNbHbIM ML-y3en) u BoIOMpaTh Hanbosee paluoHaIbHbINA
BapHUaHT C TOYKHU 3pEHUS IPOU3BOAUTEIBHOCTH, 0TKa30yCTOMYNBOCTH, MACIITAOMPYyEMOCTH U
ya00CTBa MOAICPKKH,

— TPEABAapUTEIbHO COCTABISATh IUIAH peald3alluM, BKIIOYas CTPYKTYpY IPOEKTa,
B3aMMOJICHCTBYIONINE KOMIIOHEHThI, UCTOYHUKU JAHHBIX, MOCIEAO0BATEIbHOCTh IIaroB H
TOYKH MHTErpalluy;

—  COIPOBOXK/JATh pPEHICHHUS KOMMEHTapHUsIMH, CXeMaMH, AuarpaMMaMH MOTOKOB JaHHBIX WU
apXUTEKTYpHBIMU ICKH3aMH, €ClIM TpeOyeTcsi MOSICHUTh CTPYKTYpPY CepBUCA WM JOTHKY
paboTHI MOJIETIH.

Kaxnas npaktrueckas paboTa J0JKHA 3aBepLIaThCs MOTyYeHUEM (PYHKIIMOHUPYIOIIETro pe3ybTara
— ML-monyns, Monenu wid BeO-cepBHCA, TOTOBOTO K TECTUPOBAHWUIO, MOHUTOPHHTY WIH
pa3BEpTriBaHnI0. OOyUarOMUNACS T0JIKEH CaMOCTOSATENILHO TPOBEPUTH pa3pabOTaHHBIN KOMIIOHEHT:
IIPOTECTUPOBATH OCHOBHBIE MApIPYThl API, KOppEKTHOCTH B3aMMOIEHCTBHSI C MOJENBIO, [IOBEICHHUE
[IPY HEKOPPEKTHBIX JTAHHBIX U YCTOMYHMBOCTD K OIIHOKAM.

Pa3BuTHE HaBBIKOB HHKEHEPUN MAIIMHHOTO O0YYEeHHUS IOCTUTAETCs PETYJIIPHON CaMOCTOSTEIbHOM
IIPAKTUKOM, aHAIIM30M IIPUMEPOB, SKCIIEPUMEHTUPOBAHUEM C MOZCIISIMU U apXUTEKTYpaMH, a TaKkKe
U3y4YeHHEeM  MpodeccHoHalbHOM  JNOKyMEHTalluh W PEeKOMEHJanmuii mo  pa3paboTke
IIPOU3BOACTBEHHBIX ML-cucrem.

6.2. PekoMeHaauM 1O MOATOTOBKE K 3a4eTy

[MoarotoBka Kk 3a4éTy HalpaBiieHa Ha CHUCTEMATHU3AIllMIO, 3aKpelUieHHe W 0000IeHue
TEOPETUYECKUX 3HAHWI M MPAKTUYECKUX HABBIKOB, MOJIYYECHHBIX B XOJI€ M3YUYECHUS JTUCHUILIAHBI.
3auét mpoBepseT CcPOPMUPOBAHHOCTH JJIEMEHTOB KOMIIETCHIIM, CBS3aHHBIX C aHAIU30M
MIPOM3BOJCTBEHHBIX JaHHBIX, pa3pabOTKON MoJelell MaIIMHHOTO O0y4eHus, mocTpoeHuemM ML-
CEpBHCOB U 00eCTIeueHnEM X KOPPEKTHOM pabOThI B MPOU3BOJICTBEHHOM Cpeie.
Jns  ycnemrHOW TMOATOTOBKH  OOYYarolIUMCs PEKOMEHIYETCS IOCJIEI0BATEIbHO TOBTOPHTH
KJIFOYEBBIE TEMBI JIEKIIMOHHOTO Kypca:

—  OCOOEHHOCTH TMPOM3BOJCTBEHHBIX AAHHBIX (IATYMKH, BPEMEHHBIC PSJbI, TEXHOJIOTUYECKHE

COOBITHSA);

— MeTofbl MpenoOpaboTKU IaHHBIX, YCTpaHEHHE BBIOPOCOB M MPOIYCKOB, (OPMUPOBAHUE
IIPU3HAKOB;

— 0a30Bble AITOPUTMbl MAIIMHHOTO OOYy4YeHUS M HMX NpPUMEHEHHE K MPOU3BOJCTBEHHBIM
3aja4aM;

—  MeTobl OOHAPYXKEHUSI AHOMAJIUN U IPOTHO3UPOBAHUSI OTKA30B;

— apxutekTypa ML-cepBucoB u npuHIuUIel MpoekTupoBanus API;

— ocHOBBI koHTeltHepu3anuu (Docker) u pa3BEpThiBaHUS MOJEINEH;

—  OCHOBBI MOHUTOpHHTa Mojenei, drift-neTekimu 1 KOHTPOJIs KauecTBa.
PexoMenayeTcs mpoaHalIu3upoBaTh BBHITIOJHEHHBIE TPAKTHUECKHE PaOOThI, YJ€JIUB BHUMAHUE:



KOPPEKTHOCTH MOJATOTOBKU JAHHBIX U (HOPMUPOBAHMIO 00yUaroIiel BEIOOPKH;
KadecTBY peayim3oBaHHBIX ML-Mozenelt 1 000CHOBaHUIO BRIOPAHHBIX METO/IOB;
criocobaMm Inepeauu JaHHBIX MEX]y CEpBUCOM U MOJETbIO, cTpykType API;
- pabore ML-cepBuca n KOppeKTHOCTH 00paOOTKH 3aMpPOCOB;
—  CO3JaHUIO U UCTONb30BaHUI0 Docker-KoHTetHEpOB;
HaCTPOMKE OKPYKEHHUs, yCTAHOBKE 3aBUCHMOCTEN U UCIOJIb30BAHUIO TOKYMEHTAINN.
Takxe Ba)KHO IEpECMOTPETH MpUMEPHI MHTErpaunn ML-Mozaenel, u3yueHHble B X0J€ Kypca:

—  CX€MbI B3auMo/ieicTBuUs BeO-cepBuca 1 ML-monyns;

—  0COOEHHOCTHU IPeAoOpabOTKH MPOU3BOACTBEHHBIX JTaHHBIX;

—  pacmpocTpaH€HHbIE OIIMOKHU MHTETPAI[MK U CIIOCOOBI UX YCTPAHEHUS;

—  METOZbI NOBBILIEHHS] YCTOWYMBOCTH CEPBHUCA U YJTyULICHHS KAY€CTBA MOJIEIIH.
Jns cucrematuzanuy 3HaAHUM PEKOMEHAYETCS ITOBTOPUTH OCHOBHBIE APXUTEKTYPHBIC DPEIICHHS,
IIPUMEHSIEMBbIE IIPU IOCTPOeHUU ML-cepBUCOB:

— TPOEKTUPOBAHUE CEPBUCOB C YUYETOM OCOOCHHOCTEN MPOU3BOJICTBEHHOM Cpeibl;

— pazgeneHue (QYHKIMOHAIBHOCTH MEXIy KOMIIOHEHTaMHu (00paboTka JaHHBIX, 0OydeHue,

uH(epeHc);

— TUNOBBIE TOYKU OTKa3a, CIOCOOBI MX MUHUMHU3AILIUH, JTOTMPOBAHUE U MOHUTOPHHT.

[ToaroTroBka k 3a4€Ty AOJKHA MPOBOJMUTHCS HA MPOTSIKEHUU BCero cemectpa. JKemareabHO
aKTHBHO Y4YacTBOBAaTh B OOCYX/JICHUSIX Ha 3aHATHUSAX, BBINOJIHATH NMPAKTHYECKUE PabOThHI B MOJTHOM
00BéMe, aHAIM3UpPOBaTh MpHUMEphl peanu3anuu ML-cepBucoB U peryisipHo oOpamarscsi K
JIOKYMEHTAIUH IO MCIIONIb3yeMbIM OuOnmuorekaM. Takas pabota Gpopmupyer riry0okoe moHMMaHue
MaTepuaia U 00ecredrBaeT yCelHoe MPOX0KIeHHE 3auéTa.

7. OueHo4YHbBIE CPeACTBA

7.1. IlacnopT OLIEHOYHBIX CPEACTB

Cemectp Kon koHTpO/IMpYeMOii KOMIIeTeHIMHI HaunmenoBanue
(MM ee YaCTH) OLIEHOYHOI'0 CPeJACTBA
8 [K-7 TecrtoBsie 3aganus 1-450
[1K-6 Bomnpocs! k 3auety 1-80
OTtyeTsl 0 MpaKTUUECKUM padboTam 1-8

7.2. TunoBblie 3alaHusl WJIN UHBIC MaTEepUaJibl, H606X0)]I/[Mble AJIA TEKYIIEro KOHTPOJIsA

7.2.1. IIlpuMep NpaKTHYIECKOH PA0OTHI

ens paboTsl
W3y4uTh CTPYyKTYpy TUIHYHBIX MPOMBIIIIEHHBIA TAHHBIX (AaTYUKOB U COOBITHI), HAYUUTHCA
BBITIOJIHATh TIEPBUYHBIA aHAJIM3 BPEMEHHBIX PSAJOB, OIPENENATh OCHOBHBIE XapaKTEPUCTHKH
TEXHUYECKOTO Tpollecca U BBISABISATH IMOTCHIMAIbHBIE MPOOJIEMBbI JAHHBIX: BBIOPOCHI, MIYM,
MIPOITYCKH, C/IBUTH.
Hcxonnbie qanHbIe
Vcnionb3yeTcst myOIMYHBIN TPOMBIIIIJICHHBIH 1aTaceT OHOTO U3 CIEAYIOIIUX TUTIOB (TIPETIo1aBaTelb
BBIOMpACT 3apaHee):
e NASA Turbofan Engine Degradation Dataset (C-MAPSS) — BpeMeHHBbIE psiJibl TaTYUKOB
JIBUTATETIS.
o SECOM Manufacturing Sensor Dataset — moka3aHus JaTYMKOB 000y IOBaHHUS.
o Kaggle: Pump Sensor Data / Bearing Failure Data — BuGpauuu, TemnepaTtypa, Harpy3KHu.



(I)OpMaT JaHHBIX

CSV /TSV
Conepxut: timestamp, sensor_1 ... sensor N, operational settings.

3ananus AJ1s BBIIOJIHEHUS
3ananue 1. 3arpy3ka U IepBUYHBIN IPOCMOTP
1. 3arpy3urs natacer (CSV).

O O 0 Wi

Beiectu nepsbie 10 cTpok.
Onpenenuts:

KOJIMYECTBO JaTUYHUKOB,
KOJIHUYECTBO 3aIIUCEil,
BPEMEHHOMN OXBaT JaHHBIX.

3ananue 2. AHan3 BpEMEHHOU CTPYKTYpbI

1.

o
o
2.

[IpoBeputh Hamuuue nporyckoB (NaN) 1 3alI0JTHUTH TaOJIULLY:

«KonnuecTBo npoIrycKoB Ha KaKIbIH TaTUUK»

«ons nmpomyckoB B %o»

[TpoBepuTh paBHOMEPHOCTHh BPEMEHHOTO I1ara (Harmpumep, eCTh JIU MPOITYCKH MO0 BPEMEHH ).

3ananue 3. BoisBieHue BHIOPOCOB

OOO!\)OO[—‘

Jlnst 2—3 BbIOpaHHBIX JATYMKOB TOCTPOUTH:
rpaduK BpeMEHHOT0 psi/a;

boxplot.

CnenaTb BBIBOJIBL:

€CTb JIU BBIOPOCHI;

cTabuipHa U paboTa JaTIYUKOB;
MIPUCYTCTBYET JIM Apei 3HauUeHU .

3ananue 4. IlepBUUHBIN aHaIU3 KOpPEIALUN

1.
2.
o
o

[TocTpouTh KOPPENAIUOHHYIO MATPHUILY MEXKY JaTIYHKAMH.
Onpenenurs:

KaKHe JaTYMKH HauOoJiee CBsI3aHbl,

€CTb JIM IPU3HAKU U30BITOYHOCTH.

3amanne 5. @opMynupoBKa HAOIIOICHHIA
3anucaTh KpaTKHE BBIBOJIbI MO KAXKJIOMY ITYHKTY:

AW N~

5.

O0COOCHHOCTH JJAHHBIX;

oOHapyXEeHHbBIE TIPOOIEMBI;

IATYUKH CO CTAOMILHONW/HECTAOMIBLHON TUHAMHUKOMN;
BO3MO>KHBIE TUTIOTE3BI O paboTe 000PYTOBaHUS.

. Borpocsr 1st 06cyxaenus

. [loueMy nMpoM3BOICTBEHHBIE JATACETHI YACTO COAEPIKAT IITYM U BBIOPOCHI?

. Uem oTnnyaroTCs «IpOIMYCKH JAHHBIX» OT «HEPABHOMEPHOTO BPEMEHHOTO 111ara?
. Kakue nmatamku MoryT ObITh HanOoJIee BAXKHBIMHU JIJIS1 IPOTHO3a OTKa3a?

. [louemy xoppensus MexIy naTdYMKaMu oMoraet B feature engineering?

OTtuét 1o paboTte (ITO CAAET CTYJCHT)

OT4éT JOJDKEH BKIIIOYATD:

l.
2.
3.
4.

Kpartkoe onucanue naracera.

Tabmuiry mpoIrycKoB.

I'paduxu BpeMeHHBIX paa0B (2—3 Aart4yuka).
Koppensaunonnyro Marpuiry.



5. BeiBOABL:

0KauyeCTBO JJaHHBIX;

o HalIeHHbIE NTPOOJIEMBI;

o MHTEpIpeTaLus TUHAMHUKH JaTYUKOB.
®opmart otuéra: PDF niu DOCX.

6. MUHUMAaNBHBIA KOJ-MIA0I0H (11 TPAKTUKH)
Tonbko cTpyKTypa, 6€3 TUITHUX JeTalieii — 4TOOBI CTYJACHT MOT 3aITyCTUTh U JIOTIOTHHUTD.

import pandas as pd
import matplotlib.pyplot as plt
import seaborn as sns

# 1. 3arpy3ka JaHHBIX
df = pd.read csv("dataset.csv")

# 2. IlepBu4HBINl OCMOTP
print(df.head())
print(df.info())

# 3. AHanu3 NIpoIyCKOB
print(df.isna().sum())

# 4. [locTpoeHre BPEMEHHOTO PsiJia 10 BBIOPaHHOMY JaTYUKY
plt.figure(figsize=(12,4))

plt.plot(df]"sensor_1"])

plt.title("Sensor 1 Time Series")

plt.show()

# 5. Boxplot
sns.boxplot(x=df["sensor 1"])
plt.show()

# 6. KoppensauuronHas Matpuiia
plt.figure(figsize=(10,8))
sns.heatmap(df.corr(), annot=False, cmap
plt.show()

viridis")

TpebdoBanus k opopmiIeHHIO
OT4eT nOIDKEH cojJepkaTh MOAPOOHOE omucaHue (BKIOYas womocTtpanuu). OTuér mo
MPAaKTUYECKOMY 3aHSATHIO BBITIOJIHIETCS Ha CTpaHUIax Gpopmarta A4 B 3JI€KTPOHHOM BUJIE.
[Tpu odopmieHnn 0TYETa UCTIONB3YETCSl CKBO3HASI HyMEpalus CTPaHUI], CYUTAsT THTYJIbHBINA
JMCT TepBoi cTpanuiieil. HoMep cTpaHUIBI Ha TUTYJIBHOM JIUCTE HE cTaBUTCsA. Homepa cTpaHUIlbI
CTaBSTCS TI0 IICHTPY BBEPXY.
[Tpu opopmiennn otuéra cobIOAATH CIECAYIONINE TPEOOBAHUS:
e Jlnis 3ar0JIOBKOB: MOJIY>KUPHBIH pUu@T, 14 0T, HEHTPUPOBAHHBIMN.
e ]Iy OCHOBHOTO TEKCTa: HEXHUPHBINA WPHUPT, 14 1T, BEIpaBHUBAHUE I10 IIHPUHE.
e Bo Bcex ciyvasx tun mpudta — Times New Roman, orctym a63ama 1.25 cM, mosyTopHbIi
MEXTyCTPOUHBIA UHTEPBAJ.
e Ilonsa: neBoe — 2 cM, IpaBoe, BEpXHEE U HUXKHEE — 1 cM.




IIpouneaypa oueHuBaHus
OneHka BBIMOTHEHHON MPAaKTUYECKOM pabOoThI MPOBOAUTCS MO CAEAYIOIIUM KPUTEPHUSIM:
1. Hanuume Bcelt cymecTBeHHOI nH(popMalu o padore

IRl e

ToOYHOCTH ¥ TOTHOTA MPEAOCTABISIEMbIX CBEICHUI

HenpoTtuBopeunBocTh MPUBOIUMOM HH(DOpMALIUN

[IpaBUIBEHOCTH UHTEPTIPETALINIA U BBIBOJIOB, KOTOPBIC CIIETAHBI 110 PE3yJIbTaTaM paboThl
CremneHb JOCTHXKEHUS 00YyJarOIUMCS TOCTABICHHON ETH

OO60CHOBaHHOCTH MPUMEHSIEMOTO PEIIECHUS

7. T'pamoTHOCTH (coaepxaTenabHast) UCIOIb3yeMbIX (POPMYIHPOBOK
Kputepun oneHk# 3a 0OTYETHI IO IPAKTUUECKUM paboTam:

DopMbl TEKYyLIET0

Kpurtepuu u HOpMbI OLleHKH

KOHTPOJIf

OTueTnl 1o | 8 0a/IoB — 3aJaHK€e BEHITIOJHEHO B ITOJHOM 00BbEMe 0€3 3aMedaHmit
MPAKTUYECKUM 6-7 GauioB — 3aJaHUE BBIMOJHEHO B TOJHOM OOBEME, MPHCYTCTBYIOT
paboram 1-6 3aMeYaHus

4-5 0aoB — 3aaHKe BLITOJIHEHO B 006EMe 70%

1-3 0ayuta — 3aaHue BLIIOIHEHO B 00bEMe MeHee 50%

0 6amI0B — 3aJaHK€e HE BBHIIOIHEHO.
OTtueTsl o | 5-6 6ayUIOB — 3aaHNE BBIIIOJIHEHO B [IOJTHOM 00BEME 0O€3 3aMevyaHnii
MPAKTUIECKUM 3-4 Gamna — 3ajaHye BBIIOIHEHO B 00bEMe 70%,
paboram 7, 8 1-4 Gann — 3amaHue BBIIOIHEHO B 00bEMe MeHee 50%,

0 OayI0B — 3aJ1aHM€E HE BLIOIHEHO.

7.2.2. TecToBbI€E 3a1aHUA

1. Kakwue naHHbBIC Yalie BCEro BCTPEYAIOTCS B IPOMBIIIIICHHOCTH?
a) N300paxkeHus

b) Ayauno

c) BpemeHnHbIe psaibl JATYHKOB
d) TekcToBBIC TaHHBIC
2. Yo sBIsIeTCS pacpoCTPaHEHHOM MPoOIeMOi IPONU3BOACTBECHHBIX JTAHHBIX ?
a) CIMIIKOM MHOTO H300paKeHui
b) lllym 1 BeIOpOCHI
¢) Masast mupuHa TabJIuIl
d) MHoro kareropuii
3. Yro Takoe BeIOpOC?
a) OTCYTCTBYIOIINI MPU3HAK
b) IToBTOpsitOIIIEECS 3HAUCHUE
¢) 3HaveHMe, Pe3K0 OTIHYAIONIeecs 0T HOPMAJTbHBIX
d) Jlumauit cronoery
4. Kakoii alropuT™ MOAXOMUT AJIsi OOHAPYKEHHSI aHOMAJTHIA?
a) Random Forest
b) Logistic Regression

¢) KNN

d) Isolation Forest

5. Yro Takoe feature engineering?
a) [lepenmenoBanue ¢aitios
b) Co3nanue HOBBIX NMPU3HAKOB




c) Hacrpoiika rpadukos
d) Konreitnepuzanus
6. Yro o3HauaeT npenoOpadoTKa JAHHBIX?
a) Hactpoiika API
b) Ouncrka, HOpMaau3anms, 00padoTKa MPONYyCKOB
c¢) [ToaroroBka unTepdeiica
d) O6yuenune moaenu
7. Tun 3agaun Ui IPOTHO3UPOBAHUS OTKA30B 000PYI0BaHMUS:
a) Knacrepuzanus
b) CermenTanus
c) Kinaccuduxanus
d) I'eneparus taHHBIX
8. Uro Takoe BpeMeHHOM psn?
a) CimyuyaiiHble COOBITHS
b) Kareropuu
c) [MocsienoBaTeIbHOCTH 3HAYEHHIT BO BpeMeHH
d) HemoanucaHHbIE TaHHBIC
9. Auroputm miist nporaoza RUL:
a) GAN
b) CNN
c) Jluneiinasi perpeccusi / Gradient Boosting
d) DBSCAN
10. YTo BBIABISIET IPOITYCKU?
a) Dockerfile
b) Boxplot
c¢) I'papuxu
d) isna()
11. Yro noka3bIiBaeT KOppesanus?
a) Pazmep mamstu
b) Bpons 06opynoBaHus
c) CBfA3b MKy NPU3HAKAMH
d) Bpems paGoTsr

Kpurepun oneHkm 3a npoiiiICHHBIN TeCT:
e 40 OGamoB BBICTABIIIETCS 0Oy4YaIOLIEMYCsl, €CIIM OH OTBETWJI NMPAaBMWIBHO HA BCE BOIPOCHI
paHmoMHOI BEIOOPKHU 30 TECTOBBIX 3aJaHMIA;
e (-39 6am10B BBICTABIISIETCS 00YyYAIOLIEMYCs B 3aBUCUMOCTH OT KOJINYECTBA BEPHBIX OTBETOB
Ha BOIPOCHI paHIOMHOM BbIOOpKH 30 TECTOBBIX 3aaHUIA.

7.3. OueHo4Hble CpeaCTBA IJS MPOMEXKYTOUHOIl ATTECTAMH MO WUTOraM OCBOEHUS
AUCHHUILTMHBI

7.3.1. Bonnpochl K IPOMEKYTOYHOM aTTecTalun

Cemectp 7
Ne Bomnpocsl Kk 3auery
1. UTo OTHOCHUTCS K IPOU3BOJICTBEHHBIM JTaHHBIM?
2. Kaxoii Tun 1aHHBIX Yallle BCEro NpeCTaBlIeH BpEMEHHBIMU psiaMu?
3. Uro sBIIsIETCS pacipOCTpaHEHHOM MPOOIEMON TaTIUKOB?




Bomnpocsl k 3a4ery

4. Yro Takoe BEIOPOC B JaHHBIX?

5. Uto Takoe nponmycku TaHHBIX?

6. Yro yarie Bcero BhI3bIBACT Apeid TaHHBIX?

7. Yto Takoe BpeMEHHOM IIar BpEMEHHOT0 psiga’?

8. Kaxkoit meTon ucnonb3yeTcst 11t OOHAPYKEHUST aHOMaJTHI?
9. Kaxoii anroputm siBnsieTcst ancaMOyeBbIM?

10. Kaxkoit anroput™ moaxoauT AJis MPOTHO3a 0TKa30B 000py10BaHUs?
1. Kakoit ¢popmar ucnonb3yeTcs Ui XpaHeHUsI BpeMEHHBIX PsIIOB?
12. Uro Takoe feature engineering?

13. Uro sABiIsIeTCS NPEUMYILIECTBOM HOPMAJIM3AIUU JTAHHBIX ?
14. Urto noka3sIBaeT KOppEIAIMOHHAs MaTpuLia?

15. Kaxkoit MmeTos moMoraer BbIIBUTh 3aBUCUMOCTb MEK/y 1aTYUKAMU?
16. Urto takoe ML-mMonens?

17. Uro siBnsieTcs 1eeBOM epeMeHHOM ?

18. Yro npuHumaeT Ha BxoJ /predict?

19. Uro Takoe API?

20. Urto takoe REST-cepBuc?

21. Kakoit popmar nannsIx ncnosns3yercs B API?

22. Uro takoe ML-cepBuc?

23. Kakoii anemenT obecnieunBaeT 0OMEH JaHHBIMU B cepBrce?
24, Uro Takoe endpoint?

25. Uro nenaet xonrteiinep Docker?

26. Uro conepxxut Dockerfile?

27. Yro nemaet koMmanaa docker build?

28. Jns gero ucnonb3yercs docker run?

20. 3adeM HMCIOIB30BaTh requirements. txt?

30. Uro obecneunBaet reproducibility?

31. Yro nenaet MLflow?

32. Uro Takoe skcriepument B MLflow?

33. Uro Takoe nmapameTp Mojenu?

34. Uro Takoe MeTpHKa KauecTa?




Bomnpocsl k 3a4ery

35. Urto nokassiBaeT accuracy?

36. Yro nokazsiBacT MAE?

37. Yro Takoe oOydvaromias BEIOOpKa?

38. Yro Takoe TecToBasi BEIOOpKA?

39. Urto o3nauaer overfitting?

40. Uro o3nauaet underfitting?

41. UTto Takoe kpocc-Bamuaamus’?

42. Kakue nannbie Ha3bIBaIOTCS MPOU3BOICTBEHHBIMU?
43, Urto takoe SCADA?

44, Uro takoe [loT?

45. Urto uzMepsieT qaTdauk BuOparmm?

46. Uro noka3siBaeT TeMreparypa o0opyaoBaHus?
47. 3aueM aHaAIM3UPOBATh TPEH/IBI TaHHBIX ?

48. Urto Takoe Aerpanamnus Moaeau?

49. UYro sBrseTcs mpuauHOM drift?

50. Yro takoe data drift?

51. Uro Takoe concept drift?

52. 3aueM Hy)K€H MOHUTOPUHT MOJICITHN?

53. Uro nenaet alert B MOHUTOpUHTE?

54. Yo Takoe jorupoBaHue?

55. UYro o6b1aHO JorHpyercs B ML-cepBuce?
56. Uro Takoe ommbka 500 B API?

57. Uro o3Hauaet ommbka 400?

58. Uro takoe JSON?

59. Uro Takoe timestamp?

60. Jns gero HyxeH pandas?

61. s gero ucnonb3yercsa matplotlib?

62. Yewm nonesnsl boxplot?

63. Uro noka3eiBaeT rpaduk BpeMEHHOTO psija?
64. UTto Takoe OKHO CTIIaKMBaHHs (moving average)?
65. UTo moMoraer BhISIBUThH PE3KUE CKAYKH?

66. Uro Takoe baseline-mMoxens?




Ne Bonpocs! k 3auery
67. Uro sBasieTcs 3aaayeit kinaccuduxanmu?
68. Uro siBasieTcs 3aj1aueid perpeccun’?
69. Yro Takoe oOydeHHass MOIeIb?
70. UTto Takoe nmpeackazaHue MOACIIH?
71. Uro nenaet @pynkuus predict()?
72. Uro Takoe cepranuzanus JaHHBIX?
73. Urto Takoe MoeNbHBIN pipeline?
74. 3ayeM pa3ieabHO XPAHUTh MOJIENb U JaHHbIE?
75. Uro takoe apxutekrypa ML-node?
76. Uro Takoe latency?
77. Uro Takoe throughput?
78. s gero ucnonsiyercs Docker Compose?
79. Uro nenaet healthcheck ms cepsuca?
80. Uto siBisieTcs 1ento uHTerpauud ML B Mpou3BOICTBEHHBIE TPOLIECCHI?

7.3.2. Kputepuu u HOpMbI OLEHKH

dopma
NpoBe/IeHUs!
Cemectp . Kpurepuu u HoOpMbI OLIEHKH
MPOMEKYTOYHOM
aTTrecTannuu
8 3auger «3a4TEHO» 55-100 6amioB
«HE 3aYTEHO» Menee 55 0ayuioB




8. YueOHO-MeTOoAMYeCcKOEe M HH(POPMALIMOHHOE 00eceuyeHUe TUCIUIIMHBI

8.1. O6s13aTesbHAsA JIUTEpPATypa

Tun (yueOHuk, ydyedHOe

KoanuecTBO B
HAYYHOI

Ne ABTOpBI, nocodue, yuedHO- Ton
n/n COCTABUTEN 3araasue (3aro;1080k) MeTOoAHYECKOe ocodue, | W3AaHUS Oubmorexe /
EpAKTHEYM, 1p.) HanmenoBanue
IbC
1. | Aammua M. JL. AnmnHa M. JI. ApXUTEeKTypa NPUIOKEHUN U JaHHBIX yaeOHoe mocodue 2025 9BC
[DmexTpoHHEI pecypc] : yaeOHOe mocodue / M. JI. «JIanby»
AnmmHa. — M. : MUPDA — Poccuiickuii
TEXHOJIOTMUECKUN yHUBepcuTeT, 2024.
2. | Typueuxkas, E. JI. TecTupoBaHUE U KOHTPOJIb KAYECTBA IPOIPAMMHOIO ydeOHoe mocodue 2023 9BC
obecnieuenus : yaueobnoe nocodue / E. JI. Typuenkas, A. «JIanby»
B. Arpanosckuii, A. A. CennoB. — CankTt-IletepOypr :
I'VAIL 2023. — 118 c. — ISBN 978-5-8088-1891-
0. — TexkcT : aneKTpoHHBIH // JIaHb : 3J1eKTpOHHO-
6ubanoreunas cucrema. — URL:
https://e.lanbook.com/book/461498 (nata oOpamieHus:
28.11.2025)
3. | IO. A. AnTOoXUHa, HckyccTBeHHbIi HHTEIIEKT. IHHOBaTHKA : yueOHOe yuebHoe nocodue 2023 9bC
M. JI. KpuueBckuii, | mocoobue / FO. A. Auroxuna, M. JI. Kpuuesckuii, 1O. A. «JIaHb»
1O. A. MaptsiHoBa, | MaptbiHOBa, A. A. OBoaenko. — Cankr-IletepOypr :
A. A. OBoaeHKo I'VAIL 2023. — 320 c. — ISBN 978-5-8088-1830-
9. — TexkcT : 3neKTpoHHBIHN // JIaHb : 3JIeKTpOHHO-
6ubanoreunas cucrema. — URL:
https://e.lanbook.com/book/341003 (nata oOpamieHus:
28.11.2025).
4. | bananos, A. H. MammHHOe 00y4eHHe U UCKYCCTBEHHBIN HHTEIJICKT : 2025 9bC
yueOHoe mocobue 1 By3oB / A. H. bamanos. — 2-¢ «JIanby»

u3n., crep. — Cankrt-IlerepOypr : Jlans, 2025. — 172 c.
— ISBN 978-5-507-52891-2. — TekcT :
INEeKTPOHHBIH // JIaHb : 2IeKTPOHHO-OMOINOTeUHAs

YuebHoe mmocobdue




Tun (yueOHuk, ydyedHOe

KoaunyecTtBO B

Ne ABTOpBI, nocodue, yue0HO- Ton HayHHon
n/n COCTABUTEIN 3araasue (3aro;1080k) MeTOoAHYECKOe ocodue, | W3TaHUS Oubmorexe /
EpAKTHEYM, 1p.) HaumenoBanmue
IbC
cuctema. — URL: https://e.lanbook.com/book/462248
(mara oopamenus: 28.11.2025).
5. | Mapan, M. M. Mapan, M. M. IIporpammHast uH)XeHepus : YueOHoe 2022 9bC
nocobue 11t By30B / M. M. Mapaun. — 3-e uzj., ctep. «JIanby»
— Camnkr-IlerepOypr : Jlanb, 2022. — 196 ¢. — ISBN
978-5-8114-9323-4. — TekcT : anmeKkTpoHHbIH // JIaHb : VYuebHoe nmocobue
3JIEKTPOHHO-O0ubMoTeynas cucrema. — URL:
https://e.lanbook.com/book/189470 (nata obparmeHus:
28.11.2025).
8.2. lonosiHHUTeIbLHAS JTUTEpPaTypa
Tun (yueOHHMK, ydeOHOE KO.J'II/I'leCT]io i
Ne nocooue, yueoHo- Hay=nou
u/n ABTOpBI, COCTABUTEJIHN 3arsnaBue (3aroJji0BoK) MeTOHUIECKOE OCOHeE, I'ox u3nanus oudamnoTexe /
npaKTHKYM, 1p.) HaumeHnoBanue
IBC
1. | by6nog, A. A. by6HoB, A. A. TectupoBanue y4yeOHoe rocodue 2024 9bC
MIPOTPaMMHOT0 oOecrieueH s : yueOHoe «IPRbooks»
nocobue / A. A. byonos, C. A. byonos, B.
B. Tumikuna. — Psazans : PIPTY, 2024. —
164 c. — ISBN 978-5-7722-0421-4. —
Texcrt : anexTpoHHbIi // JIaHb : 37€KTPOHHO-
6ubnnoreunas cuctema. — URL:
https://e.lanbook.com/book/494540 (nata
obpamienus: 28.11.2025).
2. | Typueuxkas, E. JI. Typneuxas, E. JI. ITporpammuas ydebHoe rmocodue 2025 9BbC
nHXeHepus. TecTUpoBaHWE B KOHTPOJIb «IPRbooks»




Tun (yueOHHMK, ydeOHOE

KoaunyecTtBO B

Ne nocooue, yueoOHo- HayHHon
ABTOpBI, COCTABUTEJIHN 3arsiaBue (3aroJjioBoK) Tox u3nanus oudbauoTexe /
n/n MeTOoANYecKoe mocoome,
HpAKTHEYM, 1p.) HaumenoBanmue
IbC
Ka4yecTBa MPOrPaMMHOTO 00ECTICUCHHS
yaebHoe mocooue aist By3oB / E. JI.
Typnenxas, A. B. ArpanoBckuii. — CaHKT-
[lerepOypr : Jlans, 2025. — 172 c. — ISBN
978-5-507-51677-3. — TekcrT :
AJIEKTPOHHBIH // JIaHb : 2IEKTPOHHO-
o6ubnnoreunas cuctema. — URL:
https://e.lanbook.com/book/455672 (nara
obpamienus: 28.11.2025).
3. | Pomanos, E. JIL. Pomanos, E. JI. IIporpammHas uH>xeHepus : yaebHoe rmocodue 2017 9bC
yuebHoe nocobue / E. JI. PomanoB. — «IPRbooks»

Hosocubupck : HI'TY, 2017. — 395 ¢c. —
ISBN 978-5-7782-3455-0. — Tekcr :
ANEKTPOHHBIN // JIaHb : 3IEeKTPOHHO-
o6ubnnoreunas cuctema. — URL:
https://e.lanbook.com/book/118221 (nara
obpamtenusi: 28.11.2025).




8.3. Ilepeyens mpogeccMOHAIBHBIX 0a3 JaHHBIX M MH(OPMALMOHHBIX CIIPABOYHBIX
cucTreM

Ne
11011

HaunmeHoBaHue

CcblIka

1

Springer Nature (ITomHOTEKCTOBAS

KOJUIEKILIUS KYpPHAJIOB)

https://www.springernature.com/gp/products

Springer eBooks (ITomHOoTEkcTOBAs
KOJUIEKIIUS JICKTPOHHBIX KHUT M3aTEIbCTBA
Springer Nature)

https://link.springer.com/

3 | «Konmekey https://kodeks.ru/
4 ELIBRARY.RU (anexktponnass 6ubmuoreka | http://elibrary.ru
HAYYHBIX ITyOJINKAIHiT)
5 |"Tapant" https://www.garant.ru/
6 | "Koncynsrantllmoc" https://www.consultant.ru/
7 | Texakcnept https://cntd.ru/
8.4. [lepeuenb mporpaMMHOro odecrneyeHust
Ne Haumenosanue MO PexBU3UTHI norOB?pa
n/n (nata, HoMep, CPOK JAelCTBHS)
1 | Python — si3b1x mporpammupoBanus ainst | PSF - License  (Python Software Foundation
a”aJiM3a JaHHbIX 1 ML License (cBo6oaHoe u OecrmatHoe [10)
2 | Scikit-learn — knaccuueckue BSD 3-Clause License (cBo0oHOE 1 OecriaTHOE
anroput™Mbl ML 110)
3 | Pandas — o0OpaboTka TabIMIHBIX BSD 3-Clause License (cBo6oHOE 11 OecTiaTHOE
JAHHBIX ¥ BDEMEHHBIX PSI0B 110)
4 | NumPy — ynclieHHbI€ BBIYHCICHUS BSD License (cBo6oHoe u 6ecmiatHoe [10)
5 | Matplotlib / Seaborn — Buzyanu3zamus Matplotlib — PSF/MIT; Seaborn — BSD
JTAHHBIX
6 . BSD 3-Clause License (cBoO01HOE 1 OeCIUIaTHOE
PyTorch — neiiponnsie cetu 110)
7 | TensorFlow/Keras — ML u neliponnsie | Apache License 2.0 (cBoOomHOe U OecruiaTHOE
CeTH I10)
8 | MLflow — ynpasienue | Apache License 2.0 (cBoOomHoe u OecruiatHoe
skcnepuMenTamu, MLOps 110)
9 | FastAPI — co3nanne REST-cepsucoB | MIT License (cBo6oaHOe 1 6ecruiatHoe [10)
10 FlaSlf — MMHMMQIMCTHSHBIH - BEO- BSD License (cBo6onnoe u 6ecratHoe [10)
bpeiiMBOpK
11 | Docker Desktop (Community Edition) | becmatnass nuuensus [uis o0pa3oBaTeIbHBIX
— KOHTEMHEepHU3auus yupexaenuit (Docker Personal / CE)
12 | Docker Engine — cepBepHast uacTb | Apache License 2.0 (cBoOomHOe u OecruiatHoe
KOHTCHHEpHU3aIuu I10)
13 | Git— cuctema KOHTPOJISI BepCUi GPL v2
14 t(i}églub ~ XocTHHT penosuTopues (free becrutatnas nuniensus GitHub Free
15 | VS Code — penaktop koaa MIT License (cBoboaHoe u 6ecrmatroe [10)



https://cntd.ru/
https://www.consultant.ru/
https://www.garant.ru/
http://elibrary.ru/
https://kodeks.ru/
https://link.springer.com/
https://www.springernature.com/gp/products

8.5. Onucanne MarepHaJbHO-TEXHHYECKOH 0a3bl, HEOOXOAMMON 1JIs1 OCYLIeCTBJICHHSA
o0pa30BaTe/IbLHOIO NMpoLecca Mo JUCUHIIIMHE

HaumeHoBaHue 000py10BAHHBIX YU4eOHBIX
Ka0MHETOB, Ja0opaTopuii, MACTEPCKUX U

Ne Jp. 00bEKTOB /1JIsl IPOBeIeHUs
. IlepeyeHb 0OCHOBHOTO 000pPY10BAHMSA
N/ | NMPaKTHYeCKHX U JA00PaTOPHBIX 3aHATHIA,
NOMeEIeHUH JJIS CAaMOCTOATEILHOMI
padoThl 00y4yaomuxcs (HoMep ayAuTOPHH)

1 Kommbrorepnsiii knacc. YueOnas ayautopus | Komnberotep (monutop DEXP DF27NI,

JUTS TIPOBEACHUS 3aHSATUH JICKIIMOHHOTO TUNa. | cucteMublii 0ok Intel Core 17-12700,
VYuebnas ayauropus aiis nposenenus 3anatuii | 2100MI'n, 16 T'6 RAM, UHD Graphics
CEeMHUHApPCKOro Tumna. Y4eOHas ayautopus st | 770), CTOJIBI  YYEHHUYECKHE, CTOJI
MpoBeJIeHUs 1a00opaTOpHBIX paboT. YueOHas | mpernoaaBaTeIbCKui, CTYJIbS,
ayJUTOpUsl JUISI KypCOBOTO INPOEKTUPOBAHMS | aKyCTHUYECKasl TaHElb.
(BBIMIOJTHEHUSI KYPCOBBIX paboT). YueOHas
ayJUTOPUSL ISl TIPOBEACHHS TPYMIIOBBIX H
WHAUBUAYAIbHBIX KOHCYJbTaluil. YueOHas
ayIUTOpUSL  JUISL  TPOBEICHUS  3aHITHA
TEKYyIIET0 KOHTPOJIA M  IPOMEXKYTOUHOM
arrectaiuu. (UTII-211)

2 [Tomemienue st CaMOCTOSITETLHOU PabOTHI Croubl, cTyINbs, CTEIIaXH (B T.4.
obyuaromuxcs (YJIK-105). BBICTABOYHbBIE) C KHUTAMH, KOMIIbIOTEPHI,

MOOuUJIbHBIE paboune MecTa.
3 [Tomenienune 1151 CaMOCTOSITENBHOM paboThI CroJbl KOMIBIOTEPHBIE, CTYJIbSA,

obyuatomuxcs (YJIK-406).

MHUKPOKOMITBIOTEPHI raspberry pi 32 bit.
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