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1. OOue cBeaeHus 0 JUCHUILIMHE (MOTYJIE).

Huctunnuna «MaimmHHoe oOydeHHe W HEUpOHHBbIE ceTu» (OPMHUPYET Y
CTYJIEHTOB KOMIIETEHIIMH, KPUTUYECKH BOCTPEOOBAaHHBIE HA COBPEMEHHOM PBIHKE
Tpyna B cdepe pa3paboTKu MporpaMMHOTO obecrmedeHus u  HU(PPOBOI
TpaHcpopMaIu TpaHCIOPTHOW oTpaciu. Kypc oTBedaer Ha OCTpBIM KaapOBHIii
neduuut ML-UHXEHEepPOB, CIOCOOHBIX HE TOJIBKO 00y4YaTh MaTeMaTHYeCKHe
MOJIEIA B HW30JUPOBAHHBIX CpellaX, HO U OECIIOBHO HWHTErpUpOBaTh HX B
KOpHOpaTUBHbIE HMHGOPMAIIMOHHBIE CHCTEMbl. B paMkax JHUCHUILIUHBI
paccMaTpUBAIOTCS  KJIACCMYECKHE  alITOPUTMbl  MAIIMHHOTO  OOyYeHWUS,
aApPXUTEKTYpPHI ITyOOKHUX HEHPOHHBIX CETEH i1 padOThI C TAOJIUYHBIMU JAHHBIMH,
BPEMEHHBIMU pSAJaMU U M300paKEHUSMH, A TaKKE€ COBPEMEHHBbIE MPaKTUKH
WHXEHEPUU HMCKYCCTBEHHOTO HHTEIIEKTa. CTyAeHThl Ha NPAKTUKE OCBAaWBAIOT
MOJIHBIN KU3HEHHBIN UKJI HHTEIUIEKTYaIbHOTO KOMIIOHEHTa — OT (hopMalih3aliiu
Ou3Hec-3alayl M KOHCTPYUPOBaHHUS IPU3HAKOB JI0 OHKCIOpTAa MOAENeH B
IPOU3BOJICTBEHHBIE (DOpPMATHI, CO3/1aHus BbiIcOKOTpon3BoauTeabHbIX REST API u
KOHTEHHEPU3allUd MUKPOCEPBUCOB C MCIHOJB30BAaHUEM OTECYECTBEHHOTO H
OTKPBITOTO TMPOTPAMMHOIO oOecnedeHusl. BBIMyCKHUK MOJy4aeT HaBbIKH
MPOEKTUPOBAHUST OTKA30yCTOMUYUBBIX CHUCTEM TNPEAUKTUBHON aHATUTUKU U
KOMITBIOTEPHOTO ~ 3pEHMs, TOTOBBIX K  BHEIPEHUIO B  KPUTHYECKYIO
UH(DpacTpyKTypy.

[{enbto OCBOCHMS AUCHMILIUHBI SBIsETCS (POPMUPOBAHHUE Y OOYUYaIOLIUXCS
CUCTEMHBIX TEOPETHUYECKUX 3HAHUM W TPUKIATHBIX WHKCHEPHBIX HABBIKOB B
00JIaCTH MAIIMHHOTO O0yUYeHUS U TITyOOKHUX HEUPOHHBIX CETEH, HEOOXOIUMBIX JIJIS
CaMOCTOSITEJIbHOTO TMPOEKTUPOBaHUS, OOYyYEHMs, ONTHUMHM3AaUMU U OECHIOBHOU
MHTErpallid  KOMIIOHEHTOB  HCKYCCTBEHHOIO  HMHTEIUIEKTa B  peajibHbIe
MPOTPaMMHBIE MPOIYKTHI U KOPIOPATUBHBIE HH(POPMAITMOHHBIE CUCTEMBI.

JInst TOCTM>KEHMsI TOCTaBJIEHHOM 1€ B paMKax JUCUUIUIMHBI PEIIaeTcs
KOMIUIEKC 3a/lad, HampaBJICHHBIX Ha (OPMHpPOBAHHWE Yy OOyJarouuxcs
CIIOCOOHOCTH: aHAJU3UPOBATh OM3HEC-TpeOoBaHUs U (HOPMATU30BaTh UX B BUJIC
MaTeMaTUYeCKNX IMOCTAHOBOK 3aJlad MAIIMHHOTO OOYYeHWs, KOHCTPYHUPOBAThH
OTKa30yCTOWYMBBIE KOHBEHEpbl MNpeaoOpadOTKM MHOTOMEpPHBIX JaHHBIX U
BPEMEHHBIX pPSAIOB, BBIOMpaTh W 00y4yaTh KIACCUYECKHE AITOPUTMBI H
aHcaMOJieBble METOJbl C YYETOM JaucOajaHca KJIAacCOB W LIEHBI OIIUOKH,
IIPOCKTUPOBATH U PETYIISPUZUPOBATH APXUTEKTYPhl CBEPTOUHBIX U PEKYPPEHTHBIX
HEHWPOHHBIX CETEH JUIs 3aJad KOMIIBIOTEPHOIO 3pEHUs M IPOTrHO3UPOBAHMS,
AKCIIOPTUPOBATH O0YUEHHBIE MOJIENN B KpoccIiaThopMeHHbIe (POpPMAThI, a TAKKE
pa3pabaThiBaTh, TECTUPOBATh U KOHTEHHEPU3UPOBATH BHICOKOIIPOU3BOIUTEIbHBIC
MukpocepBuchl Ha 6aze REST API nyist npoMbIIsieHHOTO pa3BepThIBAHUA.



2. [Inanupyemble pe3yabTaThl O0yUeHUS MO0 AUCHUILTHHE (MOAYIIO).

[lepeuenp (GopMUpYEMBIX pPE3yJbTaTOB OCBOCHHUS 0Opa30BaTEIbHOMN
porpamMmsbl (KOMIIETEHIIMI) B pe3ysbTaTe 00y4eHHUs 110 AUCLUIUIUHE (MOIYIIO):

IIK-6 - CrnocobeH MpoeKTUpOBaTh W pa3padaThiBaTh MOJEIH U CHCTEMbI
UCKYCCTBEHHOTO MHTEIJIEKTa C TPUMEHEHHUEM COBPEMEHHBIX OUOIHOTEK,
(GbpeiiMBOPKOB ¥ METOJIOJIOTMI MAIIIMHHOTO 00YYEHUSI.

OOyueHnue 1Mo JUCIUIUTHHE (MOTYIIIO ) TIPEIIToIaraeT, 4YTo 1Mo ero pe3yabTaTaM
oOydaromuiics Oyaer:

3HaTth:

- KOHIIETITyaJIbHbIE OCHOBBI W JKU3HEHHBIM IUKI pa3pabOTKU CHUCTEM
MalrHHOTO o0y4eHus1, Metoaosiorus CRISP-DM;

- MaTEMaTUYECKUN armapar JUHEMHOW UM HEJIMHEMHOM PErpeccur, METOJIb
ONTUMH3ALIMU U TPATUEHTHOTO CITyCKa;

- TEOPETUUYECKHE OCHOBBI 33/1a4 KJIacCU(UKALINH, JTJOTUCTHUECKAs pEerpeccus
Y METOJ1 ONIOPHBIX BEKTOPOB (SVM);

- aJITOPUTMBI TIOCTPOCHMS IEPEBHEB PEIICHUN, KpUTSPUU HHHOPMATHBHOCTH
U METPUYECKHE METOJIbI KIacCU(PUKAIINH;

- apXUTEKTypa U MaTeMaTH4YeCcKoe OOOCHOBaHHME aHCaMOJIEBBIX METOOB
(6orruHr, ciry4aitHbIi Jec, rpaueHTHBIN OYCTHUHT);

- METO/IbI O0yUeHUs 6€3 yUUTesl, AITOPUTMBI KJIACTEPU3AINH U TTOH>KEHUS
pasmMepHOCTH npocTpancTBa mpu3HakoB (PCA);

- CTaTUCTHYECKHWE METPUKH OIICHKH KadecTBa MOJIEJEH, CTpaTernu Kpocc-
BAIMJAIIMA U KOMIIPOMHCC MEXAy CMelneHueMm u aucrepcueii (bias-variance
tradeoff);

- apXuTeKTypa KoHBeilepoB o0paboTku manubix (Scikit-Learn Pipeline) u
MeTO/IbI IpeoTBparieHus yreuku nadopmanuu (data leakage);

- MaTeMaTh4yeckas MOJieJlb HCKYCCTBEHHOTO HEWpOHa, apXUTEKTypa
NepuenTpoHa W ajJropuTM  OOpaTHOTO  PACIPOCTPAHEHHUS  OUIMOKH
(backpropagation);

- TIPUHIMIBI TOCTPOEHUS TITyOOKUX MHOrocioiHbIx cereit (MLP), knaccel
(GyHKUMNA aKTUBAUU U QYHKIUU TOTEPD;

- MeToabl OOpbOBI C TepeoOydeHUEM HEUPOHHBIX CeTeH, TEeXHUKH
perymspusanuu (Dropout, L2) u maketHoi Hopmanu3aiuu (BatchNorm);

- ApPXHUTEKTypHBbIC TPHUHIIUIBI CBEPTOYHBIX HEUpoHHBIX ceTeil (CNN),
KOHIIETMS PELEeNTUBHBIX MOJEH W CIOU MyJWHTa s 3a7a4 KOMITbIOTEPHOIO
3peHus;



- meronosorusi mepeHoca oOydenusi (Transfer Learning) wm crparerum
azanTaiuy npeaoOy4eHHbIX MoJIeNied 01 PUKJIaAHbIC 3a/1a4u;

- apxutekTypa pekyppeHTHbix cered (RNN, LSTM, GRU) mns ananuza
NOCJIEN0BATENBHOCTEN U TPOTHO3UPOBAHUS BPEMEHHBIX PSJIOB;

- METO/Ibl ONTUMHU3AIMH, CKATHUS U KBAHTOBAHUSI HEUPOCETEBBIX MOJIETICH JIJIst
pa3BepThiBaHUA Ha niepudepuitbix ycrpoictBax (Edge Al);

- CTaHJAPThI CepUATHM3AIIIH, SKCIIOPTA U KPOCCIIaTHOPMEHHOTO HH(EpEeHca
ML-moneneii (ONNX, pickle, SavedModel);

- apXUTeKTypHbIe narrepHsl npoektupoBanuss REST API u MmukpocepBucon
115 6ecoBHOM uHTErpanuu NMM-koMImoHeHTOoB;

- TEXHOJIOTMM KOHTEMHEPHU3ALNH, U30JSLHUN 3aBUCHUMOCTEN M IMOJATOTOBKHU
Cpelbl Jis MPOMBIIUIEHHOTO pa3BepThiBanus (Docker);

-  NOpUHLOMOBl  WHXEHepuu  MamuHHOro  obywyenuss  (MLOps),
BEPCUOHUPOBAHKE ApTE(HAKTOB M MOHUTOPHUHT Apeiida TaHHBIX B MPOAAKIICHE.

Ymersb:

- MPOEKTUPOBaTh apxuTekTypy ML-naimnaitna npu momomu Scikit-Learn
Pipeline u DAG-cxem B ycioBusix oOecleueHuss BOCIPOU3BOJUMOCTH
AKCIIEPUMEHTOB U IIPEeIOTBpaIeHUs yTeukH aHHbIX (data leakage);

- KOHCTPYHUPOBATH MPU3HAKU U3 BPEMEHHBIX PSJIOB TEIEMETPUU ITPH TIOMOIIH
Pandas, NumPy 1 MeTo10B ckomb3smux okoH (rolling features, Fourier transform)
B YCIIOBUSIX PabOThI ¢ MHOTOMEPHBIMU JAHHBIMH JATYMKOB TTOIBM)KHOTO COCTABA;

- BpIOMpaTh W 00y4aThb AJITOPUTMBI PErpeccud M KiacCU(pUKALMKU TpH
nomomtu Scikit-Learn (Logistic Regression, SVM, Decision Trees) B ycioBusx
ydeTra qucOaianca KJIaccoB U Crielu(PrKy TpaHCTIOPTHOM 3a1a4u;

- mpuMeHsTh ancambiieBbie MeTo bl (Random Forest, Gradient Boosting) mpu
nomoiu CatBoost u Scikit-Learn B yciioBusiX HaCTpOWKH rureprnapamMmeTpoB Yepes
KpOCC-BaIMIAINIO ¢ BpeMeHHBbIM pazouenueM (TimeSeriesSplit);

- OIIEHUBATh KaYECTBO MOJEINEH C MCTOIB30BAHUEM CHEIM(PUUHBIX METPHK
npu momom ROC-AUC, Precision-Recall, Confusion Matrix u aHanmm3a
CTOMMOCTHU OIIMOOK B yCIIOBUSX OOOCHOBAHHSI BHIOOpAa METPHKH Tepe]; Ou3Hec-
3aKa34YUKOM;

- MPOCKTUPOBATh U 00y4aTh MHOTOCIHIONHBIE HelipoHHbIe ceTH (MLP) mpu
nomout TensorFlow/Keras mnn PyTorch B ycnoBusx npumeHeHHsT METOIOB
perynspuzauuu (Dropout, BatchNorm, L.2) u panneii ocranosku (Early Stopping);

- paspabateiBaTh cBepTOuHble HeWponHble cetn (CNN) s 3amau
KOMIBIOTEPHOTO 3pEHHUs TMPH TOMOIIM CcoBpeMeHHBIX apxuTekTyp (ResNet,
EfficientNet) u Transfer Learning B ycnoBusix neTekuuu 1e(eKToB Ha
M300paXeHUSIX TPAHCIIOPTHON HH(PACTPYKTYPHI;



- mnpumensath pekyppeHtHoie cetd (RNN/LSTM/GRU) nns anamusa
nocnenoBarenbHocTel npu nomouu TensorFlow/Keras B ycinoBusix pabotsl ¢
BPEMEHHBIMHU psIIaMU TEJIEMETPUM U NPOTHO3UPOBAHUSA OCTATOYHOIO pecypca
y3JI0B;

- DKCIIOPTUPOBATH O0YyUYEHHBIE MOJICIH B MPOU3BOACTBEHHBIE (OpPMATHI MPHU
nomout ONNX Runtime, pickle u SavedModel B ycnoBusx mnpoBeaeHHs
OeHUMapKOB CKOPOCTH HHGEpEHca U KPOCCIIaT(hOPMEHHONH COBMECTUMOCTH;

- uaTerpupoBath ML-monenu B nporpaMMubie npoAyKTsl uepe3 REST API
npu nomontu FastAPI u Bamupmanum BxoaHbiXx maHHbBIX (Pydantic) B ycimoBusix
obecrieyeHuss  00paOOTKM  HEKOppekTHbIX  3ampocoB (HTTP 400) wu
nokymeHTupoBanus endpoints uepe3 OpenAPl/Swagger;

- KOHTelHepus3upoBaTb ML-cepBUCH i pa3BepThIBAaHWA NPHU TMOMOIIU
Docker u Docker Compose B yCIOBUSX M3OJSILUM  3aBUCUMOCTEM,
BOCITPOM3BOAMMOCTHU OKpYKeHHsI U oArotoBku Kk CI/CD-naitnuaiiny.

Baaners:

- UHCTPYMEHTAapUeM KOHTEHHEPU3ALUU U OPKECTPALIUM MUKPOCEPBUCOB IS
U30JIMPOBAHHOIO Pa3BEPTHIBAHKS KOMIIOHEHTOB UCKYCCTBEHHOI'O UHTEIIIEKTA,;

- METOJIaMHU FKCIIOpPTa U KPOCCIIaTGOPMEHHOTO UH(pEpEeHca HEHPOCETEBBIX
MOJENEN B MPOU3BOJICTBEHHBIX CPENAX;

- HaBbIKAMHM HACTPOMKH KOHBEWEPOB MpeAoOpabOTKHU JAHHBIX C FapaHTHEH
OTCYTCTBUS yT€UKU UHPOPMAIUH;

- IpueMaMu OTJIaIKu U TipoduaupoBanus npousBoautenbHoctd REST API,
00CTY>KHUBAIOIIETO 3aMPOCHI K MOJIEIISIM MAllTMHHOTO O0y4YeHUS;

- METOJIMKAMH CTaTUCTUYECKOW BAJIUJAIIMKA 1 MOHUTOPUHTA Aperida TaHHbIX
BHEAPSEMbBIX HHTEJUIEKTYAJIbHBIX KOMIIOHEHTOB.

3. O0beM TUCHUTUTUHBI (MOJTYJIS).
3.1. Ob6mas Tpy10eMKOCTb TUCITUTITNHBI (MOTYJIS).

OO6mast TPyJIOEMKOCTh AUCIUILIUHBI (Moaynsi) coctaBisier 5 3.e. (180
aKaJeMUYeCKUX Jaca(oB).

3.2. O6bem aucuMmUidHbL (Monaynsi) B (opMe KOHTAaKTHOM paboOThI
oOyJammmxcss ¢ MENarorTMYecCKUMH  padOTHUKaAaMU U (WIKM)  JIHUIAMH,
IPUBJIEKAEMBIMU K peain3aluy 00pa3oBaTesIbHOM MporpaMMbl Ha UHBIX YCIOBHSIX,
IIpU MIPOBEICHUH YUEOHBIX 3aHATUM:

KomnaecTBo yacoB

Tun y4eOHBIX 3aHATHH
Bcero | Cemectp Ne6

KonrakTHas paboTa Ipu npoBeleHUN YUeOHBIX 3aHATHI (BCEro): 96 96




B tom uncie:

3aHATHSA JIEKIIHOHHOTO THIIA 32 32

3aHATHSI CEMUHAPCKOTO TUIIA 64 64

3.3. O6peM auCHUIUIMHBI (MOAYJs) B (hOpMe CaMOCTOSITENBHOM pPabOTHI
oOydJarormuxcsi, a Takke B (opmMe KOHTAKTHOW pabOThl OOyYarOIIMXCS C
He1arornyecKuMu pabOTHUKAMU U (MJTN) JIMLIaMU, IPUBIIEKAEMBIMU K pean3aluu
o0pa3oBaTeNbHOW MPOrpaMMbl HAa HHBIX  YCJIOBHUSIX, NpPU MPOBEACHUU
MPOMEKYTOUHOM aTTeCTAIlK COCTaBJsIeT 84 akaeMUuecKux yaca (oB).

3.4. ITpu oOy4eHnH 0 MHAUBUAYAIBHOMY YYEOHOMY IIJIaHY, B TOM YHCJIE IPU
YCKOPEHHOM OOy4€HHH, 00bEM NUCIUILUIMHBI (MOIYJIs1) MOXKET OBITh peain30BaH
MOJIHOCTBIO B (POPME CaMOCTOSTENBHON padOThl 00yYaromuxcs, a Takke B (hopme
KOHTAaKTHOM pabOThl OOYyYalOIIUXCSl C MEAAroruHuecKuMu paOOTHUKaMU U (WIIH)
JUIAMH, TIPUBJIEKAEMBIMH K pealiu3alii 00pa30BaTeIbHON MPOrpaMMbl Ha MHBIX
YCIIOBUSAX, IPH NPOBEACHUH IIPOMEXKYTOYHOM aTTECTALIUN.

4. ConeprxaHue JUCHUTUIUHBI (MOIYJIA).

4.1. 3a”HATHA TEKIIMOHHOTO THUIIA.

/ TemaTuka NTEKIIMOHHBIX 3aHATUM / KPAaTKOE COEPKaHNE
n/n

1 |BBenenue B MammHHOE 0O0yUYEHHE U KU3HEHHBIN MK ML-ipoexkToB
PaccmarpuBaemble BOIPOCHL:

- KOHLIENTyaJIbHbIE OCHOBBI MAIIMHHOT'O O0YUEHHMS KaK MH)KEHEPHOM JIMCIMILINHBI;
- metogoinorus CRISP-DM wu stansl pazpadbotku ML-cucrem;

- posib ML-unxeHnepa B U'T-komanie 1 MHTErpauusi MoJiee B POIYKThI;

- IOCTaHOBKA On3Hec-3a/1a4u 1 e€ popmanuzaiys B TepMuHax ML.

2 |JluneitHas U HETMHEWHAs perpeccus: MaTeMaTHYECKUH armapaT U OIITUMHU3ALHS

PaccmarpuBaemble BONIPOCHI:
- MaTeMaTH4ecKasi MOJIeNb IMHEWHOW PErpecCHy U METO/l HANMEHBIITNX KBaJpaTOB;

- TPaZMeHTHBIH ciryck u ero Moandukammu (SGD, Adam);

- MONTMHOMUANTbHAS perpeccust u peryisapusanus (Ridge, Lasso);

- HHTEPIPETUPYEMOCTD MOJIeNIel 1 aHaN3 KO3 PHUITMESHTOB.

3 [3amaum KmaccUpUKAIMK: OT JOTHCTHIECKOH perpeccuu 10 SVM
PaccmarpuBaeMbie BOIPOCHI:

- IOTUCTUYECKasl PErpeCcCrs U CHTMOUIHAS (PYHKIUS aKTHBAIUH;

- METOJ, OIIOPHBIX BEKTOPOB (SVM) 1 KOHIENIHsI MAKCUMaJIBHOTO 3a30Da;

- saepHbii Tpiok (kernel trick) ams HeMHEHHOTO pa3aeNeHS;

- MHOT'OKJIACCOBas Kiaccupukanus (one-vs-rest, one-vs-one).

4 I[epCBLH pCIJ_ICHI/Iﬁ U MCTPUYICCKUEC MECTO/AbI Knaccmbnxaum{
PaccmaTpuBaemble BOIPOCH:

- aITOPUTMBI IocTpoeHus aepeBbeB peutenuii (ID3, C4.5, CART);

- KpuTepuy MHGOPMATUBHOCTHU (FHTPOMUS, UHJEKC JKUHN);




TemaTuka JTEKIMOHHBIX 3aHATUHN / KpAaTKOE COJIEpKAHNE

/1
- METOIBI OTceueHus (pruning) st 60prObI ¢ IepeodyUeHHEM;
- Metpuyeckue kinaccudukaTopsl (KNN) 1 BBIOOp METPUK pacCTOSHHUS.
5 |AHcamOyeBbIe METOBI: OT O3TTHHTA JI0 TPAJUEHTHOTO OYCTHHTA

PaccmaTpuBaemble BOIIPOCHI:

- IPUHIMI O3TTHHTA U apXUTEKTypa ciydaiinoro sneca (Random Forest);

- koHnennus Oycruara U AdaBoost;

- rpaguenTHBIH Oyctuar (GBM) 1 ero peammsamm (XGBoost, Light GBM, CatBoost);
- HHTEPIIPETaLHs BAXXHOCTH IIPU3HAKOB B aHCAMOJISX.

OOydenne 0e3 yUuTeINs: KIaCTepU3aIis ¥ MOHIKEHNUE Pa3MEPHOCTH
PaccmaTpuBaemble BOIPOCHI:

- anropuT™ k-means u MeTo/16I BeIOOpa uncina kiiactepos (elbow method, silhouette);
- HepapxuiecKast KJacTepu3anus U IeHIpOrpaMMmBbl;

- MeTo[ rMaBHEIX KOMIIOHEHT (PCA) 1 ero reomeTpuyeckast HHTEPIIpeTarys;

- t-SNE nu UMAP a5 BU3yanu3aliid MHOTOMEPHBIX JaHHBIX.

Ornenka KauyecTBa MOJIENICH M CTPATETUN BAIUAALINN

PaccMaTpuBaembie BOIPOCH:

- metpuku perpeccun (MAE, MSE, RMSE, R?) u knaccudukanuu (Accuracy, Precision, Recall, F1);
- ROC-kpuBas u miomans mox kpusoit (ROC-AUC);

- Precision-Recall kpuBas mist 3a1a4 ¢ 1ucOaIaHCOM KIIACCOB;

- ctpareruu kpocc-Banmuaanuu (k-fold, stratified, TimeSeriesSplit);

- KOMIIPOMHKCC MEXIY cMeleHneM U aucrniepeueii (bias-variance tradeoff).

Konsetiepsl 00paOOTKU JaHHBIX U MPeJOTBpAlleHre yTeUKH HHHOpMaIuu
PaccmarpuBaeMble BOIIPOCHL:

- apxutektypa Scikit-Learn Pipeline n ero mpenmymiectsa;

- KOHIIeTIIINS yTeuku AaHHBIX (data leakage) u e€ mocnencTsus;

- IpaBHIIbHAS MOCJIEIOBATENLHOCT NPe0OpadOTKU BHYTPH NalIIaiiHa;

- monp30Batebekue Tpancpopmepsl (FunctionTransformer, BaseEstimator).

I/ICKYCCTBGHHBIC HeﬁpOHHLIe CCTHU: OT MEPUCIITPOHA K FHY60KI/IM APXUTCKTypaM
PaccmarpuBaemble BOIPOCHL:

- MaTeMaTu4eckas MOJIeNIb HelipoHa U nepuenTpoH Po3enbnarra;

- agropuT™ 00patHOro pacmpocrpaneHus omuoku (backpropagation);

- MHOTOCTOHHBIH nepuentpor (MLP) u yHuBepcanbpHas TeopeMa anmpoKCUMAaINY;

- pynxmum aktuBammn (ReLU, sigmoid, tanh) u mpoGiemMa rc4e3aronix rpaIueHToB.

10

Perynspusamnus u 6ops6a ¢ nepeoOyueHueM HEUPOHHBIX ceTel
PaccmaTpuBaemble BOIIPOCHI:

- L1 u L2 perynsapusanus BecoB HEHPOHHOH CETH;

- MeTox Dropout 1 ero croxactudeckas Ipupo/a;

- makeTHast Hopmanu3anus (Batch Normalization) u e€ BIusiHHE Ha CXOJIUMOCTB;
- parHas ocraHoBka (Early Stopping) u mornTopusr validation loss.

11

CBépTOLIHBIe HCﬁpOHHBIC CCTU IJId 3a1a4 KOMIIbIOTCPHOT'O 3pCHUA
PaccmartpuBaeMbie BOIIPOCHL:

- KOHIICTIIXS CBEPTKU U PELICNITHBHOTO MOJIS;

- apxutekTypa CNN: cBEpTOUHBIC CIIOH, ITyJIMHT, HOJTHOCBS3HBIEC CIIOH;

- apoumtonst apxutekTyp (LeNet, AlexNet, VGG, ResNet, EfficientNet);

- TEXHUKY ayTMEHTAIINH JaHHBIX IS H300paKeHUIA.
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HCpCHOC O6y‘-ICHI/I$I Hn aganTanus Hpe[[06yquHLIX MOI[CJ'ICI‘;I
PaccmarpuBaeMble BOIIPOCHI:

- kornenuus Transfer Learning u e€ npenmyIecTna;

- crpaterud fine-tuning u feature extraction;
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- pabora c npenoOyuerHpIME Moaenssmu u3 TensorFlow Hub u PyTorch Hub;
- ajanTanys Mojiesel mox crnenyuIHbIe TPAHCIIOPTHBIE 3aJauH.
13 |PexyppeHTHBIC HEHPOHHBIE CETH ISl aHAIM3a MTOCIIEI0BATEILHOCTEH

PaccmarpuBaeMblie BOpOCHI:

- apxurekTypa RNN 1 npoGiiema 101rocpo4HbIX 3aBUCHMOCTEH;

- LSTM u GRU kak pemeHus mpoOIeMbl HCYE3af0NINX TPaUueHTOB;

- IByHaIpaBJICHHBIE peKyppeHTHbIe cetr (BILSTM);

- mpuMeHeHre RNN 1171 mporHo3upoBaHusl BPEMEHHBIX PAIOB TEIEMETPHUH.
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OnTumu3zanus 1 3KCIOPT MOJIeNIeH B MPOU3BOACTBEHHBIE (JOPMATHI
PaccmatpuBaembie BOIPOCHI:

- cTaHmapThl cepuanusanuu moaenei (pickle, joblib, SavedModel, .h5);

- opmat ONNX u ero npeuMyIecTBa it KpoccriaTGopMeHHOCTH;

- KBAaHTOBaHHUE U Cxatue moaenei st Edge Al

- OCHUMApPKUHT CKOPOCTU UH(EpeHca U ONTUMHU3AIKSI IO IIEJICBOE JKETIe30.
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Apxurekrypa REST API nns unrerpauun ML-moneneit
PaccmaTpuBaemble BOTIPOCH:

- mpuanunsl REST u npoextupoBanue endpoints mist ML-cepBHCOB;

- ppeiimBopk FastAPI u Bammnmanms qanHbx gepes Pydantic;

- 00pabotka omubdok 1 HTTP-koxabl 0TBETOB;

- aBTOMAaTHYECKas reHepalius qokymenramun yepe3 OpenAPI/Swagger.
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Konreiinepusanus u ocHoBbl MLOps AJi IPOMBILIIIEHHOTO pa3BePThIBAaHUS
PaccMarpuBaeMble BOIIPOCHL:

- KOHIIENINS KOHTeHHepH3auy 1 npenMymiectsa Docker;

- Harmucanue Dockerfile mimst ML-cepBuca u ontumusanus pasmepa oopasa; - Docker Compose mis
OpKeCTpaIii MHOTOKOMITOHEHTHBIX CHCTEM;

- ocHOBEI MLOps: BepCHOHHpPOBaHUE MOJETICH, MOHUTOPHHT Apeiida JaHHBIX.

4.2. 3aHATHS CEMUHAPCKOTO THUIIA.

JlabopaTopHbie paboThI

o/

HanmenoBanue nabopatopHbix paboT / KpaTKoe coepKaHue

Hacrpoiika cpeabl pa3paOoTKH U BEpCUOHUPOBAHHUE JAHHBIX

CryIeHT pa3BOpadMBacT JOKAIBHYIO Cpely pa3paboTKH ¢ HACTPOHKOW BUPTYaJIbHOTO OKPYKCHHS U
CHCTEMBI KOHTPOJISI Bepcuid. [Inmercst 6a30BBIH CKPUNT IS 3aTPY3KH W IEPBUYHOTO PA3BEOTHOTO
aHaM3a TeJIeMeTPUIEeCKUX JaHHbIX. HacTpamBaeTcs CTpyKTypa KaTajJoroB MpOeKTa A oOecriedeHus
BOCIIPOU3BOAUMOCTH SKCIEPUMEHTOB.

Peanuzanus Scikit-Learn Pipeline ¢ kactromHbIMU TpaHchopMepamu

CryneHT nporpaMMHpyeT KOHBelep npeno0paboTKH ¢ UCIOIb30BaHHEM 00BEKTHO-OpPUEHTUPOBAHHOIO
noaxozaa u 6a3oBbIX KiaccoB Oubnmmorexku Scikit-Learn. Co3matorcst mosnbp3oBaTeabckre TpaHchopMeps
JUIS N3BJICUSHUSI CTATUCTHYECKUX NIPU3HAKOB U3 MHOTOMEPHBIX BPEMEHHBIX psoB. [IpoBomutcs
TeCTHpOBaHHUE KOHBEIlepa Ha IIpeMeT OTCYTCTBHS YTE€UKU JaHHBIX IPH KPOCC-BATHAALNY.

[IporpammHas peanusanus rpaiu€HTHOTO CIIycka U 00y4YeHHe JIMHEHHBIX MoJIesei
CryneHT peannsyeT aJroOpuTM I'PaJREeHTHOTO CITyCKa C HyJIS C HCIOJIh30BAaHUEM MAaTPUYHBIX ONepaIiii
6ubmmorekn NumPy. OOy4aroTcst Moienu JIMHEHHOH perpeccun ¢ npumeneHneM L1 u L2 perynspusanuu
Ha MOATOTOBJIEHHOM Habope AaHHbIX. [IpoBOAMTCS BU3yann3anus CXOAUMOCTH aJITOPUTMa U
AQHAJIM3UPYETCSl BIMSAHUE CKOPOCTH 0Oy4YeHHUs HA CTaOWIIBHOCTD ONTHMH3ALIUH.

OO0yueHne KI1acCu(PUKATOPOB M BU3YATH3AIIUS PA3ICIISIONMINX THIEPILIIOCKOCTEH
CryneHt o0ydJaeT MOJENHN JIOTHCTUIECKOI PerpecCHil U METO/1a OITIOPHBIX BEKTOPOB Ha TAOJIMYHBIX TaHHBIX
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0 COCTOSTHUHM HH(PACTPYKTYpHL. [IporpaMMHO BH3yaIH3HpyIOTCS pa3AeNsIomne THIEPINIOCKOCTH U
00J1acTH MPUHATHS PEIIeHNI B IPOCTPAHCTBE MIPU3HAKOB. [IpoBOAMTCS aHANM3 BIMSHUS ITapaMeTpa
peryisipu3aliii Ha IUPUHY 3a30pa U Ka4eCTBO KIIaCCU(PHKALIIH.

OO6yuenue nepeBbeB pernieHuid 1 KNN ¢ aHamM30M runepnapaMmeTpoB

CryneHT obydaeT nepeBbsi pemeHuil u MeTo k-0mmkaiiimmx coceaeif ¢ aBTOMaTHISCKUM 110460poM
THIeprapaMeTpoB Yepes3 IOUCK 10 ceTke. [IpoBoauTes BU3yaan3anus CTPYKTYPBI IOCTPOCHHOTO AepeBa 1
aHANIN3 BIMSHUS TIyOWHBI Ha OMMOKY 0000meHws. OTleHNBaeTCs BEIYUCINUTENFHAS CTONMOCTh HH(EepeHca
METPUIECKOTO Kiaccu(puKkaTopa Ha TECTOBOM BEIOOPKE.

OOyuenue ancamOreil U aHaIU3 BaKHOCTH MpH3HaKoB yepe3 SHAP

CryneHT 0o0y4aeT MOJEIH CIy4aiHOro jleca U TpailueHTHOro OyCTUHIa Ha MOATOTOBICHHBIX Ta0INYHbBIX
JaHHBIX. [IporpaMMHO BBIUUCIISIOTCS U BU3YaJIU3UPYIOTCS METPUKH BaKHOCTU NIPU3HAKOB C
ucnons3oBanueM anropurma SHAP. IIpoBoauTces cpaBHUTEIBHBII aHAIN3 CKOPOCTH 00YUEHUS U KauecTBa
npecKa3aHuil pa3nuuHbIX aHcaMOJIeH.

Peanmaunﬂ KpOoCC-BaJInAalMU U PacyCT CHeI_II/I(I)I/I‘{HBIX MCTpPHUK

CTyIeHT peains3yeT pa3InIHbIe CTPATEeTHH KPOCC-BATHIAINN M BEIYMCISIET MATPHIIBI OITHOOK Ha
BanuIaMOHHEIX O10Kax. Ctpostcs ROC-kpussie u Precision-Recall kpuBble ¢ pacdeToM IUIOMAAH O
HUMH IS BCeX 00YICHHBIX Moaeiel. [I[poBoANTCS CTaTHCTUYECKUH TECT HAa 3HAYNMOCTh Pa3IHIHi B
Ka4eCcTBE MEXKAY KOHKYPUPYIOIIAMH aJTOPUTMAMHU.

[TporpamMmmupoBanue U 00y4yeHHUE MHOTOCIOWHOTO MEPLENTPOHA

CTyAeHT nmporpaMMUpPYET apXUTEKTYPY MOJHOCBSA3HON HEMPOHHOMN CETH C UCTIOJIb30BAaHUEM TEH30PHBIX
orepanuii CoBpeMeHHOTo (ppeiiMBopka. Peanusyercs Uk o0y4eHus ¢ JOrMPOBAHUEM 3HAYCHUHN (PYHKITUH
MOTEPh U METPUK Ha TPEHUPOBOUYHOHN M BaIHIAIIMOHHOI BeIOOpKax. [IpoBOIUTCS IKCIIEPUMEHT IO
BIIMSIHUIO pa3Mepa MUHH-0aTda i BBIOOpa ONTUMHU3ATOpa Ha CKOPOCTH CXOIUMOCTH CETH.

Bnenpenue MeTof0B peryaspu3aiii U aHAJIU3 KPUBBIX 00ydeHUs

CryznenT BHenpseT cion Dropout 1 makeTHOH HOpMalIM3aliK B apXUTEKTYpy paHee 00ydeHHOH
HEeWpOHHOM ceTH. Peannsyercst MexaHU3M paHHEH OCTaHOBKH C COXPaHEHHEM JIyUYIINX BECOB MOJIETIH Ha
OCHOBE BaJIMJALMOHHON MeTpuKu. [IpoBOANTCS CpaBHUTENbHBIN aHANIN3 KPUBBIX 00YYEHUs [0 U TOCIe
NPUMEHEHUS METOJI0B PEryJIIpH3aIHu.
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O06yuenue CNN ¢ Hynsd 1 IpUMEHEHUE ayTMEHTalluU H300paXeHni

CryIeHT mporpaMMHpPYET CBEPTOUHYIO HEHPOHHYIO CeTh C HYJISI U HACTPAaWBaeT IeHEePaTOPhl AyTMEHTAIIH
n300pakeHNH B peanbHOM BpeMeHH. [IpoBoauTcst oOydeHune ceTn ¢ BU3yanu3alueil KapT akTuBaluu
MPOMEXXYTOYHBIX CBEPTOUYHBIX CI0EB. AHAIN3UPYETCS BIMSHUE apXUTEKTYPHBIX PEICHUH Ha TOYHOCTh
JIOKaJIN3anny 1e(peKTOB Ha TECTOBBIX N300PAKEHHUSX.
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AnanTanus npeao0ydeHHONH MOJIEH MO/l TPAHCIIOPTHYIO 3a7a4y

CryzneHT 3arpyxaeT npeso0yueHHY0 MOJIENb U3 OQUIINAaIbHOTO PEHO3UTOPHS U 3aMeHsIeT e€
KJIaCCU(DUKALMOHHYIO TOJ0BKY. [IpoBOANTCS LUKII OOOYUEHUS C 3aMOPO3KOI BECOB CBEPTOYHOT'O
OCHOBAHHS M MOCIIEAYIONIEH TOHKOH HaCTpOHKOH Bcex cioeB. CpaBHUBAETCA Ka4eCTBO U CKOPOCTh
00y4eHHUs MOTYIEHHON MOJIENN C apXUTEKTYPOi, 00y4eHHOMU C HYJISI.
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O6yuenne LSTM-cetu /uist TPOTHO3UPOBAHUSI OCTATOYHOTO pecypca

CryneHt peanusyeT apxutekTypy cetu ¢ LSTM-suelikamu 1 HacTpauBaeT reHepaTop
MIOCJIE/IOBATENILHOCTEH N3 MHOTOMEPHBIX BpEMEHHBIX psnoB. [IpoBoanTces 00yueHune Moienu ¢
MCIIOJIb30BaHUEM TEXHHKH IPUHYIUTEIEHOTO 00yUeHHNS ¥ aHAIN3UPYETCS IMHAMUKA CKPBITBIX COCTOSTHUH.
Buzyanusupytores mpecKa3aHHble TPACKTOPUH JETPalaliii 000py/J0BaHUs B CPABHEHUH C peallbHBIMU
MOKAa3aHMUSAMH TaTYNKOB.
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Kongepranus moneneit B ONNX u GeHUMapKUHT HH(pepeHca

CTyIeHT SKCTIOpTHPYET 00y4eHHbIe MOJIENN 1 HEWPOHHBIE ceTH B YHUBepcabHbIi (hopmar ONNX.
IIporpammHO 3amepsieTcst BpeMs HHpEpeHca U oTpeOIeHe ONepaTUBHOMN MaMATH JJ1T HATUBHBIX U
OKCIIOPTUPOBAHHBIX Bepcnﬁ MOHGHeﬁ. HpOBOI[I/ITCH BCpI/I(bI/IKaHI/IH YHCIICHHOH YKBHUBAJICHTHOCTH
Hpe,HCKEBaHI/Iﬁ J0 U OCJIC KOHBECPTALINH.
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Pa3pabotka mukpocepsuca Ha FastAPI ¢ Bannnanueit 1aHHbIX

CryzneHT pa3pabaTbiBaeT aCHHXPOHHEIH BeO-cepBep Ha 0asze FastAPI ¢ peanusanueii cipoeKTHpOBaHHBIX
endpoints. BHeL[pHeTCSI CTporas BajuJalus BXOAHBIX JaHHBIX C UCIIOJIb30BAHUEM MO[[eﬂeﬁ Pydantic n
reHepupyercs OpenAPI-noxkymentanus. [IpoBoautcsa Harpy3ounoe TectupoBanue API ¢ ucnonb3oBanueM
CIICHHUAJIU3UPOBAHHBIX YTUIIUT AJI OLICHKHN HpOHyCKHOﬁ CIIOCOOHOCTH.
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Cozlanue MHTePaKTUBHOTO BeO-TIpriioskeHus Ha Streamlit

CryneHT mporpaMMHpPYeT HHTEPaKTHBHOE BeO-TIpIuIoKeHre Ha 6a3e Streamlit, cBsI3pIBatomee
MOJIB30BaTeNbCKui MHTEpPetic ¢ ML-cepBrcoM. Peanmn3yroTcess BUIKETHI I 3aTpy3KH (aiiiioB
TEJIEMETPUH U N300paXCHUH C MOCTIeIy OISl BU3yann3auei pe3ynbpTaToB nHpeperca. [Iposoautcs
uHTerpamnys ¢ panee paspadoranasiM REST API u HactpanBaercst 06paboTka cEeTEBBIX OMIHOOK.
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VYnakoka ML-cepsuca B Docker u opkectpaiiysi KOMIOHEHTOB

CryznenT mumet ontTumusupoBanubiid Dockerfile u codupaer 00pas koHTelHepa ¢ YyCTaHOBJICHHBIM CTEKOM
MamuHHOro 0oyuenus. Cosngaercs kougurypaius Docker Compose 17t oiHOBpeMeHHOTO 3amycka API-
cepBepa u 0a3bl PostgreSQL. [IpoBoauTCs TECTOBOE pa3BEePThIBAHUE CUCTEMBI B U30JIMPOBAHHOM cpelie u
HpOBepsieTCs KOPPEKTHOCTH B3aMMOACHCTBHUS BCEX KOMIIOHEHTOB.

Hp AKTHYCCKHUC 3aHATHA

/o

Temarnuka MPaKTUUYECKUX 3aHITHI/KPATKOE COJIEpIKaHUE

dopmanuzanus OM3Hec-3aJa41 U IPOSKTUPOBaHUE apXUTeKTypsl ML-maiinnaiina
CryzneHT aHanu3upyeT OuzHec-TpeOOBaHMs K CHCTEME NMPEAUKTUBHOMN JUAarHOCTHKY M (JOPMaIM3yeT UX B
BHUJIC MATEMAaTHUYCCKOM IOCTAHOBKY 3a/1a4l MaIMHHOTO 00y4enus. B cpene P7-Oduc opopmisercs
TEXHUYECKOE 33JaHHE C ONMCAHUEM IIETIEBBIX METPUK U KPUTEPHEB IPHUEMKH MoJienH. Pa3padaTeiBaeTcs
KOHIIETITyaJIbHas CXeMa apXUTEKTYpBhI OyIyIIero mporpaMMHOTO MPOAYKTA M TOTOKOB JaHHBIX.
PesynbraTom paboTHI SIBISIETCS] YTBEPKICHHBIN TJIaH pa3pabOTKH U criennuKanus TpeOoBaHmH K
BXOJIHBIM JTaHHBIM.

[TpoexTrpoBaHue KOHBeNepa MpeaoOpaObOTKH TaHHBIX U KOHCTPYHPOBAHUE IPU3HAKOB
CTyIeHT IPOEKTHPYET MOCIEA0BATEIbHOCTh IIATOB MPEA00PaOOTKH ChIPHIX JaHHBIX M KOHCTPYHPOBAHHS
MIPU3HAKOB U3 BPEMEHHBIX psA0B. DopMupyercst cxema CKOJIB3SIINX OKOH U BRIOHMPAIOTCS
MaTeMaTHYecKue (pyHKINH IS arperalyn TeJeMeTpUIecKuX rmokasateneil. PazpabaTeiBaeTcs cTpaTerus
00pabOoTKH MPOITYCKOB U BEIOPOCOB C yUETOM (PU3MUECKON IPUPOABI JTaTYUKOB. Pe3ynpTaToM gBiseTcs
650K-cXeMa KoHBelepa 00pabOTKH JaHHBIX IS MOCJIEAYIONIEeH TPOrpaMMHOI peann3aiyy.

AHaATUTAYECKHI BBIOOP aJTOPUTMOB PETPECCUU U METOJIOB ONITUMHU3AIIHU

CTyIeHT IPOBOAUT aHATTUTHYECKOE CPABHEHUE AITOPUTMOB JIMHEIHOM U MOJIMHOMUATBHOM PErpeccuu Jiist
3aj1a4M OLCHKU M3HOCA 000py10BaHus. BRIOUPAOTCSs METOBI PETYIISIPU3AIMN U CTPATETHU ONITUMU3AIMN
¢yaxunn noteps. OLIEHMBAETCS HHTEPIIPETUPYEMOCTD MOJIENEH U BIHSHNAE MYJIbTHKOJUIMHEAPHOCTH
npu3HakoB. @opmupyercss 000CHOBaHKE BEIOOpA 6a30BOTO aNTOpUTMA IS JATBHEUIIIETO YCIOKHEHHSI
APXUTEKTYPBI.

[IpoexTupoBanue Moaeneil KIacCuPpUKAIMU C YIeTOM SACPHBIX (PYHKITHIA

CTyHeHT MPOCKTUPYET MOACIN KJ'IaCCI/I(bI/IKaIII/II/I JUIA 3a1a4n 6I/IHapHOFO OIIpCACIICHUSA TPEAOTKA3HOT'O
COCTOSIHHUSA Y3JIOB. AHaJ'[I/BI/IpyeTCSI MNPUMEHUMOCTb METO/Ia OIIOPHBIX BEKTOPOB C PA3JIMYHBIMU SIICPHBIMU
(I)yHKL[I/IHMI/I JJIA HEJIMHEHHO pa3acIMMbIX TaHHBIX. PaSpa6aTBIBaGTCH CTpaTerus KOANpoOBaHUs
KaTeropuajbHbIX IPU3HAKOB U MaCHITa6I/IpOBaHI/I$I YHCJIOBBIX IICPEMEHHBIX. HOHFOTEIBJ'II/IBE[GTCH
CHGL[I/I(I)I/IKaHI/ISI JJIA HpOFpaMMHOﬁ peajin3dai MHOT'OKJIACCOBBIX KHaCCI/I(I)I/IKaTOpOB.

AHanu3 AepeBbEB PEIICHUIN U CTPATETUN OTCEYECHMUSI

CTyIeHT aHATU3UPYET CTPYKTYPY ACPEBBEB PEIICHUH U GOPMYITHPYET MpaBUiIa OCTAHOBKU POCTA JIIS
MpeOoTBpaIIeHUs epeodydenus. Beibuparotces kpurepun HHGOPMAaTHBHOCTH IS 33124 PETPECCHH U
KIacCH()MKAINU TEJIEMETPUIECKUX MoKa3arteneil. [IpoekTupyercs cTpaTerus NCIoIb30BaHUsI METPUUECKUX
Ki1accu(UKaTOpOB IS 33]1a4 ¢ BBICOKOH pa3MepHOCTBIO IIpocTpaHcTBa. PopMHUpyeTCcss MaTpHULIa CPABHEHHUS
AJITOPUTMOB I10 BEIUUCIUTENLHON CIIOKHOCTH U UHTEPIPETUPYEMOCTH.
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[IpoexTpoBanue aHcaMOJIEBBIX MOJICTICH U CTpaTeruy OYCTHHTa

CTy}leHT MPOCKTUPYCT apXUTCKTYPY aHcaMOJIEBBIX MO[[eJ'Ieﬁ JJIA IIOBBILICHUA yCTOI‘/II‘II/IBOCTI/I
npe,ucxa3aHI/H71 K IIYMY B JaHHBIX JaTYUKOB. AHaJ’II/BI/IpyIOTCH MTPUHIUIIBI OdrruHra u CTpaTerun
MOCTPOCHUSA cnyqaﬁﬂoro Jieca € aexoppenauneﬁ JACPCBLCB. BI)I6I/IpaeTC£[ AJITOPUTM I'PaAUCHTHOI'O
6yCTI/IHFa u (bopMmepyeTc;I IJ1IaH n0)160pa €To runeprapamMmeTpoB. Pa3pa6aTLIBaeTc51 METOA0JIOTUA
HUHTEPIIPCTAllMU BKJIaJa OTACIIbHBIX ITPU3HAKOB B HUTOTOBBIN IPOrHO3.

CrarucTruueckuil aHaIM3 KauecTBa MOJIEJIeH U BBIOOpP CTpAaTErvy BaJIMIAINH

CryzneHT pa3pabaTbIBaeT CTPATEruI0 CTATUCTHIECKON OIIEHKH KauecTBa MOJIENICH C yUeTOM CHEeU(pHUKN
BPEMCHHBIX PAIOB. BEIOMparoTCss METPUKH, YyBCTBUTENBHBIE K JUCOATAHCY KJIACCOB U LIEHE OLINOOK
MIEPBOTO M BTOPOTo poja. IIpoekTupyercst cxema Kpocc-BaIuIaluy ¢ OJIOKMPOBKOH OyIymIero s
MpeOTBPAIIEHHS ONTUMUCTUYHOTO cMeleHns. @opMupyeTcs madaoH HTOrOBOTO oT4eTa [uisi Ou3Hec-
3aKa34rKa C BU3yalH3aluell HeonpeaeneHHOCTH MTpeICKa3aHui.

ApXI/ITeKTypHOC IMPOCKTUPOBAHHEC MHOT'OCJIOMHOT'O INCPUCIITPOHA

CTyZIEHT IPOCKTUPYET apXUTEKTYPy MHOTOCIOIHHOrO NepLeNnTpOHa AJIsl 3aa4H KIacCH(UKAIIMU CIO0XKHBIX
HEJIMHEIHBIX TaTTEPHOB B TeJIEMETPHH. BpiOupatoTcst GyHKIMH aKTHBAIMHN U CKPBITBIX CIIOEB U
o0ocHOBBIBaeTCs BEIOODP (hyHKIMH NoTepb. DopMynupyeTcst cTpaTerus HHUIUAIN3alui BECOB 1 Hoabopa
apXUTEKTYpHI ceTH. Pa3pabaTpiBaeTcs IiiaH MOHHUTOPHHTA TIpoliecca 00ydeHNUs Ul CBOEBPEMEHHOM
JVarHOCTHKH MPOOJIEM CXOIMMOCTH.

[IpoekTupoBaHue CTpPATETUU PETYISIpU3aMU HEUPOHHBIX CETEH

CTyzeHT aHaIU3UPYeT KPUBbIe O0yYEeHHU HEHPOCETH U NPOEKTUPYET KOMIUIEKCHYIO CTPAaTErHio OOPHOBI C
nepeoOyueHueM. BriOuparoTcs MeTobI CTOXaCTUYECKOH perysipu3aluy U CTpaTerui HOpMalU3aLuu
BHYTPEHHUX NPECTaBICHUN ceTH. DOPMYNHUPYIOTCS KPUTEPUH I aBTOMAaTHYECKOHW OCTAHOBKH IIpoLiecca
o0yueHUs IpH AeTrpafalliy KauecTBa Ha Baauaanuu. Pa3spabarbiBaeTcs M1aH ayrMEHTAIIUU JAHHBIX JJI
HCKYCCTBEHHOTO PacIIMpeHus 00yJaroniel BHIOOpKH.
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ApPXUTEKTYpPHOE TPOCKTUPOBAHUE CBEPTOYHOM CETH ISl JETEKIIUH 1e(PEKTOB

CTyZIeHT IIPOEKTUPYET apXUTEKTYPY CBEPTOYHON HEHPOHHON CeTH AJI 3a7a4M ACTEKIINU BU3YaJIbHBIX
JedexToB Ha M300paKeHNIX HHPACTPYKTYPHI. AHAIU3UPYETCs BIMSHUE pa3Mepa spa CBEpTKH U 11ara
CTpaiifia Ha pelenTHBHOE IoJIe ceTH. BrIOupaeTcs cTpaTerus MynuHTa U CTPYKTypa MOJTHOCBA3HOM
roJIOBKH Kiaccuukaropa. PazpabaTsiBaercs riaH MpoCTpaHCTBEHHOW ayrMeHTallMU U300paKeHUi 1St
TMOBBIIICHUSA UHBAPUAHTHOCTU MOJICIIN.
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HpO@KTI/IpOBaHI/Ie CTpaTeruu nepeHoca O6y‘leHI/IH

CryzneHT pa3pabaTbIBaeT CTPATEruIo epeHoca 00y4IeHus! U1 MUHUMHU3aIMH BEIYMCIUTENBHBIX 3aTPpaT IpH
MaJjioM 00beMe pa3MeUeHHBIX IaHHBIX. BeiOupaercs 6a3oBas npeoOyvyeHHas apXUTEKTypa U
(hopmynupyeTcs IIaH afanTayy e€ CIO0eB 0] LENEBYI0 3a1a4y. AHAIU3UPYIOTCS 1TOJIXO0/IbI TIOJIHOTO
J000YYEHHs U NCTIOJIB30BAHMSI CETH KaK SKCTPAKTOpa Mpu3HaKoB. PopMupyeTcs KpUTEpHi OCTAHOBKH
JI000y4eHHs JJIsl TPEAOTBPALCHHUS KaTacTpO(PHUIECKOT0o 3a0bIBaHMS.

12

HpOCKTI/IpOBaHI/IC peKyppeHTHoﬁ CCTU I NPOTHO3UPOBAHUA BPECMCHHBIX PSAIO0B

CTyIeHT MPOeKTHPYET apXUTEKTYPY PEKYPPEHTHOHN CETH JUIsI IPOTHO3MPOBAHUS OCTATOYHOTO pecypca
000pyI0BaHUS 110 TTOCTIEAOBATEIHFHOCTSIM TOKA3aHAN TaTINKOB. AHAIN3UPYETCS CIIOCOOHOCTh Pa3INIHBIX
TUIIOB SY€EK yJIaBIHUBATh IOJITOCPOYHBIE BpEMEHHBIE 3aBUCUMOCTH. BpiOupaeTcs cTpaTerus
(hopMHpOBaHUS CKOJB3SIINX OKOH JUIS IIOAa4H IT0CIIe/I0BaTeIbHOCTEH Ha BXO ceTH. Pa3pabarbiBaercs
METO0JIOTUS OLIEHKH KauecTBa MPOTHO3a HA pa3IMYHBIX BPEMEHHBIX TOPU30HTAX.

13

[TpoexTrpoBaHKEe CTPATErHH SKCIIOPTA U OEHUMapKUHTa Mojieje

CryzneHT aHanu3upyeT TpeOoBaHUA K 3a/iepKKaM HHpepeHca B peanbHoi M T-nHppacTpykType 3aKa3unka
1 BBIOMpaeT ¢opmar cepuanusanyn Mojeneil. [Ipoextupyercs crparerus KBaHTOBAHHUS U CXKAaTHS BECOB
JUTS pa3BepThIBaHMS Ha niepudepuitHbIX ycTpoicTBaxX. Pa3spabarpiBaeTcs miiaH OeHUMapKUHTa
MIPOM3BOUTEILHOCTH Ha TeJIeBOM 000pynoBaHuU. DopMUpyeTCs CieIMUKAIIS s TIepeaun Moaemei
koMmanze backend-pa3paboTku.

14

ApxutektypHoe npoektupoBanre REST API u cxembr 6a3bl JaHHBIX
Crynent npoektupyet apxutekTypy REST API nns unrerpaunun ML-moneneit B KopnopaTUBHYIO




/ TemaTuka MpaKTHYECKUX 3aHATUI/KpAaTKOe CollepKaHHe
n/n

nH(pOopManHOHHYIO cucTeMy. PazpabaTsiBacTcs cxeMa BaIUAAN BXOJSIINX 3alIPOCOB U CTPYKTypa
JSON-oT1BeTOB ¢ K0o1amMu omnboK. PopMysHpyroTes TpeboBaHus K Oe3onacHocTH endpoints U cTpaTeruu
ayTeHTH(]UKaIMK KIMeHTOB. [IpoeKTHpyeTcs cxema JOTUPOBaHUs 3alIPOCOB U MpeacKa3aHuii B 6a3y
JIAHHBIX JJIsI TOCJIEAYIOIET0 MOHUTOPHHTA peida.

15 |[IpoekTupoBaHuE MOJIB30BATEIBCKOTO HHTEPdEkica 1 gamobopaa

CTyzIeHT MPOEKTHPYET MOJIB30BaTENbCKHI HHTep(enC A AEMOHCTPALMH PadOThl HHTEIICKTYaIbHOTO
MHUKpOcepBHrca OM3Hec-3aka3unKy. PazpabaTeIiBaeTcs CTpyKTypa HHTEPAKTUBHOTO damoopaa ¢
BU3YyaJIM3alliell BXOAHBIX JAaHHBIX M YBEPEHHOCTH Npenckazannii Moaenu. @opMynupyroTes TpeOoBaHuUs K
OT3BIBUMBOCTH MHTEp(detica m 00paboTKe COCTOSHUIA 3arpy3Kku. BrrOupaercs crpaTterus K3IMAPOBaHH
Pe3yIbTaTOB JUIS ONTUMHU3ALIH IT0JIb30BATEIBCKOTO OIIBITA.

16 |[IpoekTHpoBaHUE CTPATETUH KOHTCHHEPU3AIMH H JICTIIIOS

CTy)ZLeHT MIPOCKTUPYET CTPATCTUIO U3OJIALINN 3aBUCUMOCTEN U TMOATOTOBKHU CPCbI AJId TPOMBIIIJICHHOTO
pa3BepThIBaHUs CHCTeMBL. Pa3pabaTbiBaeTcss MHOTOATaHAasi cOOpKa KOHTeHHepa Ui MUHUMU3aIuu
pa3mepa puHaIBHOrO 00paza. DopMyIUpyeTCs cXeMa OpKeCTpalluy B3auMo ieicTeus ML-cepBurca u 6a3bl

JaHHBIX. Pa3pa6aTLIBaeTc;{ HUHCTPYKIUS IO 3aIlyCKY CUCTCMbI JI HHIKCHEPOB SKCIUTyaTalluu.

4.3. CamocrosiTenbHas padoTa 00y4Jaromuxcs.

Ne Bunx camocrosTensHOM paboTh
n/m

1 |W3ydeHue peKOMEHIOBAHHOMU JIUTEPATYPHI.

2 [[ToaroroBka k 1aGOpPaTOPHBIM paboTaM.

3 | BeimomHeHHE KypCOBOTO MPOEKTA.

4 | IloarotoBka K MPOMEKYTOYHOU aTTECTALIUU.

5 | [loaroroBka k TeKyIeMmy KOHTPOJIIO.

4.4. IIpumepHbIi IEpEUYEHb TEM KYPCOBBIX POEKTOB

[IpoexktrpoBanue oTkazoyctoiunBoro ML-maitnnaiina (Scikit-Learn) ms
00pabOTKM MHOTOMEPHBIX TEJIEMETPUUECKUX JAHHBIX C MPEJOTBPALLIEHUEM YTEUKU
uH(popmanuu.

KoHcTpynpoBanue mNpuU3HAKOB W3 BPEMEHHBIX PAJOB  TEJIEMETPUH
MOJIB’KHOTO COCTaBa C HMCIOJb30BAaHUEM CKOJB3SALIMX OKOH M NMPeoOpa3zoBaHMs
Qypse.

Omnenka u3HOCa OOOPYIOBaHUS TPAHCIHOPTHOTO MPEANPHUATUS HA OCHOBE
rpaguentHoro Oyctunra (CatBoost) ¢ nnTepnperanueii npuznakos uepe3 SHAP.

Knaccudukanus npeaoTkazHbIX COCTOSHUIA y3J10B NMPU CUIILHOM JincOanaHce
KJIACCOB: MOI00p METPUK U YUET LIEHBI OLIMOKH MEPBOTO U BTOPOI0 POJIa.

[Touck aHomanuii B MOKa3aHUSAX JATYMKOB HHEOPACTPYKTYpPhl METOAAMHU
oOyuenus 6e3 yunrtens (kaacrepusanus, PCA, t-SNE).

[IpumeHeHne MeToga OMOpPHBIX BEKTOPOB (SVM) C siiepHBIM TPIOKOM IS
OMHApHOM KJIacCU(PUKALUN COCTOSTHUN KPUTUYECKUX TPAHCTIOPTHBIX y3JIOB.



[IporHo3upoBaHue OCTATOYHOTO pecypca OOOpYyIOBaHUS IO JaHHBIM
TEJIEMETPUH C UCTIOIb30BAHUEM PEKYPPEHTHBIX HepoHHBIX ceTeit (LSTM/GRU).

Jletexkuuss BU3YyalbHBIX JEPEKTOB TPAHCHOPTHOM HMHPPACTPYKTYpPHI C
npUMEHEHUEM CBepTOYHBIX HelpoHHbIX ceTedt (CNN) M mpocTpaHCTBEHHOU
ayrMEHTallUH.

Crpaternsi mepenoca oOyuenus (Transfer Learning) nmns amanranum
npeao0yYEeHHbIX MOJENEN MoJ 3aJaull MOHHUTOPHHIA KEJIE3HOIOPOKHOTO WIIH
aBTOMOOMJIBHOTO MTOJIOTHA.

ApXUTEKTYpHOE TMPOEKTUPOBAHUE M PETYJSPU3ALMUS  MHOTOCIOHHOIO
nepuentpoHa (MLP) ayis BBISIBACHHS CIOXHBIX HEJIWHEHWHBIX IATTEPHOB B
TEJIEMETPHH.

Pazpabotka u koHTeliHepu3alus BbicokornpousBoautenbHoro REST API
MUKpOCEpBHUCa IPEIUKTUBHOMN nuarHocThky Ha O6a3e FastAPI u Docker.

DKCHopT, KBAHTOBAaHUE U KpOCCIIaTPOPMEHHbIN OeHuUMapkuHT ML-moaeneit
B (popmat ONNX s 3anau Edge Al Ha nepudepuilHbIX ycTpoiicTBax.

CozllaHve MHTEPAaKTUBHOTO aHaJIUTUYeCKoro pamdopna (Streamlit) mis
OeciioBHOM uHTEerpanuu ML-Moznenu B KOPIOPATUBHYIO HH(OPMALMOHHYIO
CUCTEMY.

Buenpenue mnpaktuk MLOps: BepcuonupoBanue apredaktoB (DVC) u
MOHUTOPUHT Jipei(a JaHHBIX B MPOJAKIIEH-CUCTEME MPEIUKTUBHON aHATUTUKH.

CpaBHUTENBHBIN aHAN3 CTPATETMN KPOCC-BAIMAALMU BPEMEHHBIX PSIOB
(TimeSeriesSplit) u  onTumuzaluMs TUNEprapaMeTpoB  aHcamOyew  aJis
IPOTHO3UPOBAHUS COOEB.

5. llepeueHp wu3HaHUN, KOTOPHIE PEKOMEHIYETCS WCHOJIB30BaTh IIPH
OCBOCHHH JTUCUUTLITUHBI (MOIYJIs).

No

i Bubnuorpaduueckoe onucanue Mecro noctymna

1 | ®nax, I1. MammaHOe 00yuenne. Hayka u nckycctBo | JlaHb : 351eKTpOHHO-OMONIMOTEUHAsE
TIOCTPOEHHUS AITOPUTMOB, KOTOPHIE H3BJIEKAIOT cucrema. — URL:
3HaHus 13 gaHuelx / [1. ®oax. — Mocksa : JJMK https://e.lanbook.com/book/69955
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E. C. Mursikos, A. T. llImenesa, A. U. Jagsiun. — | Nitps://e.lanbook.com/book/507451
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3onorapes, E. C. Bapanosckwuii. — Boponesx : BI'Y, | https://e.lanbook.com/book/455024
2021. — 22 ¢. — TeKCT : HIeKTPOHHBII (nata oGpawennus: 19.06.2026)

6. IlepedueHb COBpPEeMEHHBIX MNPOQPECCHOHANBHBIX 0a3 JaHHBIX U
WH()OPMAITMOHHBIX CIPABOYHBIX CHUCTEM, KOTOPHIE MOTYT HCIIOJIL30BATHCS MPH
OCBOCHUU JUCHUILIUHBI (MOYJIA).

OBC UznarensctBa «Jlanw» — https://e.lanbook.com/

3BC «tOpaiit» — https://urait.ru/

Odunmanbaas gokymenraius Scikit-learn — https://scikit-learn.org/stable/

Odurmansuas qoxkymenraius CatBoost — https://catboost.ai/docs/

Odwurmaneras nokymenraus FastAPI — https://fastapi.tiangolo.com/ru/

Crermudpukanus ONNX — https://onnx.ai/onnx/

7. llepedyeHb  JHUIEH3UOHHOTO M  CBOOOJHO  PacHpoCTPaHSIEMOIO
IPOrpaMMHOr0 00€CIeYeHUsl, B TOM YHCIE OTEYECTBEHHOIO IPOU3BOJICTBA,
HEOOXOUMOTrO ISl OCBOCHUS JUCIIUILIMHBI (MOJTYJIs).

Onepanuonnsie cuctembl — Astra Linux / ALT Linux / PEJI OC.

Oducupsie maketsl — P7-Oduc / MoitOduc (s moAroToBKM OTYETOB U
npesentauuii mo 'OCT).

Cpena pazpabotkun — VS Code Community Edition (oddnaiin-sepcun),
GIGA IDE.

Cuctemsl koHTpoJis Bepeuit — GitVerse / GitFlic.

Texnonornueckuii crek MM u Data Science — Python 3.10+, Pandas, NumPy,
Matplotlib, Seaborn, Scikit-learn, CatBoost (pa3pabotka SHnekca), PyTorch,
ONNX Runtime.

Pa6ora ¢ API um cersmu — FastAPI, Uvicorn, Postman / Hoppscotch
(OTKpBITHIN aHasnor), curl.

CYBJl — Postgres Pro (B peectpe 110 P®) / PostgreSQL, pacumpenue
PostGlIS.

Pasmetka nanusix — CVAT / Label Studio.

Ham6opas! u Bu3yanusanus — Streamlit / Dash.

KonTteitnepuzanus u MLOps — Docker, Docker Compose, DVC, MLflow.

8. OmmcaHne MaTepuUaJbHO-TEXHUYECKOW O0a3pl, HEOOXOJAMMOM IS
OCYIIECTBJICHHUSI 00pa30BaTEIHLHOTO MPOIecca MO AUCIUTUTHHE (MOIYIIIO).

YueOHble ayIUTOPUU ISl MPOBEACHUS Y4YEOHBIX 3aHATHM, OCHAILCHHbBIC
KOMITBIOTEPHON TEXHUKON 1 HA0OpaMH JIEMOHCTPALIMOHHOTO 000PY10BaHUS.



Jlis mpakTHYecKuX W JeabopaTOPHBIX 3aHATUN — HAJIWYUE MEPCOHATIBHBIX
KOMIIBIOTEPOB BBIUUCIUTEIBHOIO KJIacca.

9. ®opma nMpoMeKYTOUHOU aTTEeCTaIUU:

KypcoBoii npoexT B 6 cemecTtpe.
DK3aMeH B 6 ceMecTpe.

10. OueHouHbIe MaTEpHUATIBI.

OrneHoYHBIE MaTepUANIbl, TPUMEHSIEMBIE TIPU MTPOBEACHUH TPOMEKYTOUHOM
aTTECTaIlMH, pPa3padaThIBAIOTCA B COOTBETCTBHH C JIOKAIHHBIM HOPMATHBHBIM
aktom PYT (MUUT).



ABTODBI:

CTapIIUi pernoaBarenb KaQeapsol
«udpoBbie TEXHOTOTHH YIPABICHUS
TPAaHCHOPTHBIMU MPOLECCAMI)

CoryiacoBaHo:

3aenyrommii kadeapoi LITYTII

[Ipencenarens yueOHO-METOIUUYECKOM
KOMUCCHUU

A.1O. Kpemnen

B.E. HyroBnu

H.A. AunpusiHoBa



