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1. O6mue cBeaeHus O JUCHUIUIUHE (MOJTYJIE).

Jucuumnnuaa «MamuHHOe o0ydeHue M HEUPOHHBIE CeTW» (POPMHUPYET Y
CTYJEHTOB KOMIIETEHIINH, KPUTUYECKH BOCTPEOOBAHHBIE HA COBPEMEHHOM PBIHKE
Tpyna B cdepe pa3paboOTKuM mporpaMMHOro obOecrnedeHuss U U POBOI
TpaHcopmanu TpaHcopTHOM oTpaciu. Kypc oTBedaer Ha OCTphIM KaJIpOBBIii
aepuut ML-uHXEHepoB, CHOCOOHBIX HE TOJBKO O0OydaTh MaTeMaTHYECKHE
MOJEJIM B H30JUMPOBAHHBIX CpeNax, HO W OECIIOBHO HWHTErPUpPOBaThH HUX B
KOpIopaTuBHbIE HMH(OPMALIMOHHBIE CHUCTEMBl. B paMKax  JIUCIUIUIMHBI
paccMaTpuBalOTCAd  KJIACCUYECKHME  aITOPUTMBI  MAIIMHHOTO  OOydeHwus,
aApPXUTEKTYpPhI ITyOOKMX HEHPOHHBIX ceTeil i1 paboThl ¢ TAOJUYHBIMU JAHHBIMH,
BPEMEHHBIMU DsSIaMU U HM300pPAKEHUSIMH, a TaKXKE COBPEMEHHBIE IPAKTUKU
UHXXEHEPUHM HCKYCCTBEHHOTO HHTEUIEKTa. CTyNEHTHl Ha INPAKTHKE OCBaUBAOT
MOJIHBIN KU3HEHHBIN UK MHTEJUIEKTYaJIbHOTO KOMIIOHEHTA — OT (hopManu3anuu
Ou3Hec-3alayd U KOHCTPYHMPOBAHUS MPU3HAKOB JI0 SKCIOpPTa MOJENel B
MPOMU3BOJICTBEHHBIE (hOpMaThI, co37aHus Behicokonmpou3BoauTeabHbix REST API u
KOHTEWHEPU3ALMH MHUKPOCEPBUCOB C MCIOJIb30BAHUEM OTEYECTBEHHOTO H
OTKpBITOIO IPOTPAMMHOI0 oOecriedeHusl. BBIMyCKHUK MOJIy4YaeT HAaBBIKU
IPOEKTUPOBAHUS OTKA30yCTOMYMBBIX CHCTEM NPEIUKTUBHOM AHAIUTUKU W
KOMIIBIOTEPHOI'O ~ 3pEHHs, TOTOBBIX K  BHEAPEHUID B  KPUTHYECKYIO
UHOPACTPYKTYPY.

[{enpt0 OCBOCHMS MCUHUILIMHBI ABISETCS (DOPMUPOBAHHUE Yy OOYUYaIOIIHUXCS
CUCTEMHBIX TEOPETUYECKUX 3HAHUU W NPUKIAJHBIX HHKEHEPHBIX HAaBBIKOB B
00J1aCTH MAILIMHHOTO O0y4Y€HHUs U ITyOOKHUX HEUPOHHBIX CETEeH, HEOOXOIMMBIX JJIS
CaMOCTOSITEJIbHOTO MPOEKTUPOBaHUS, OOyUYEHHUs, ONTUMHU3ALMUU U OECIIOBHOU
UHTErpallid  KOMIIOHEHTOB  MCKYCCTBEHHOIO  MHTEJUIEKTa B  pEajbHbIC
IpOrpaMMHBIE TPOIYKTHI U KOPIOPATUBHBIE HH()OPMALIMOHHBIE CUCTEMBI.

JInst TOCTMO>KEHMS TOCTABJIECHHOM LIEM B PaMKax JUCLUIUIMHBL PEIIAETCS
KOMIUIEKC 3a/lay, HampaBJEeHHbIX Ha (QOpMHUpPOBaHUE Yy OOyYarOIIMXCs
CIIOCOOHOCTH: aHaJU3UpOBaTh OM3HeC-TpeOoBaHUs U (HOPMAIU30BaTh UX B BUJE
MaTeMaTUYECKUX IOCTAHOBOK 3aJlad MAaIIMHHOTO OOy4YeHHMs, KOHCTPYUPOBATh
OTKa30yCTOMYUBbIE KOHBEHEphl MpenoOpadOTKM MHOTOMEPHBIX JAaHHBIX H
BPEMEHHBIX PSAOB, BbIOMpaTh M 00y4aTh KIACCHUYECKHE aJNTOPUTMBI H
aHcamMOJieBbIe METOABI C Y4eToM JucOaiaHca KJIacCoB M IIEHbI OIIMOKH,
MIPOEKTUPOBATH U PETYJIAPU3UPOBATH APXUTEKTYPbI CBEPTOUHBIX U PEKYPPEHTHBIX
HEHUPOHHBIX CEeTell I 3aJady KOMIIBIOTEPHOIO 3pEHUS U MPOTHO3UPOBAHUSA,
AKCTIOPTUPOBATH O0YUEHHBIE MOJIENU B KpoccIiaThopMeHHbIEe (POpMAThI, a TaKxKe
pa3pabaTbiBaTh, TECTUPOBATh U KOHTEHHEPU3UPOBATH BHICOKOIPOU3BOAUTEIIbHbBIE
mMukpocepBuchl Ha 6aze REST API nist mpoMBIIIIIEHHOTO pa3BepThIBAHUS.



2. Ilnanupyembie pe3ynbTaTbl 00yYeHUs M0 JUCHUILIMHE (MOIYJIIO).

[Tepeyerr GopMHUpPYEMBIX pe3yJbTaTOB OCBOCHHS  00pa3oBaTEIBHOM
porpaMmbl (KOMIIETEHIIUIM) B pe3yJIbTaTe OOyUYEHUS 110 JUCHUTUIMHE (MOIYJIIO):

IIK-6 - CnocobeH MpoeKTUpOBaTh U pa3padaThIBaTh MOJAEIU U CHCTEMBI
HUCKYCCTBEHHOTO HMHTEIUIEKTa C IPUMEHEHHUEM COBPEMEHHBIX OHOIMOTEK,
(GpEeMBOPKOB ¥ METOIOJIOTHI MAIITMHHOTO 00YYEHUSI.

OOyueHue 1Mo JUCIUTLIMHE (MOJTYIIIO ) TIPEIIToIaraet, 4To 1o ero pe3yibTaTaM
oOyuJarormuiicst Oyier:

3HaTh:

- KOHUEMNTYyaJlbHbIE OCHOBBI W JKA3HEHHBIM WLUKI pa3pabOTKH CHCTEM
MamuHHOro o0y4eHus, Merogonorus CRISP-DM;

- MAaTEeMaTUYECKUH anmnapar JUHEWHOW M HEIMHEMHOM PErpecCur, METOMbI
ONTHUMH3ALIUU U TPAIUEHTHOTO CIyCKa;

- TEOPETUUYECKUE OCHOBBI 3a/1a4 KJIACCU(UKALIUH, JTOTUCTUYECKAsE pErpeccust
U METO]I OTIOPHBIX BEKTOPOB (SVM);

- aJITOPUTMBI TIOCTPOCHHUS IEPEBHEB PEIICHUN, KpUTEPUU UHHOPMATUBHOCTH
Y METPUYECKUE METO]IbI KJIacCU(PUKALINH;

- AapXUTEKTypa U MaTeMaTU4YeCKOe OOOCHOBAaHHE AaHCAMOJIEBBIX METO/OB
(OarruHr, ciy4aitHblii J€c, rpaueHTHBIA OyCTHHT);

- METO/Ibl 0O0y4eHHsI 0€3 yuuTens, alrOPUTMbI KJIACTEpU3aLlMU U TOHMKEHUS
pa3MepHOCTH npocTpaHcTBa mpusHakoB (PCA);

- CTaTUCTUYECKHE METPUKHM OLEHKHM KadyecTBa MOJENEH, CTpaTernu Kpocc-
BaJMIAllMd W KOMIIPOMHCC MEKIY CMelneHueM u aucrnepcuei (bias-variance
tradeoff);

- apXUTEeKTypa KOHBelepoB o0paboTku maHHbIX (Scikit-Learn Pipeline) u
METO/bl IpeIoTBpalieHus yreuku nupopmanuu (data leakage);

- MaTeMaTuyeckas MoOJIeJb HCKYCCTBEHHOTO HEHPOHA, apXUTEKTypa
nepruenTpoHa W aIrOpUTM  OOpaTHOTO  pACIpPOCTPAHEHUS  OIIUOKH
(backpropagation);

- TMPUHITUIBI TTOCTPOSHUS TITyOOKUX MHOTOCIONHBIX ceteit (MLP), kmaccer
GbyHKIUN akKTHBAIMU U QYHKIIUU TTOTEPD;

- MeTOoJbl OOphOBI C TMEepeoOydYeHUEM HEHUPOHHBIX CETEeH, TEeXHUKHU
perynsipuzauuu (Dropout, L2) u naketnoit Hopmanuzaiuu (BatchNorm);

- ApXMTEKTYpHbIE MPUHUUIIBI CBEPTOYHBIX HEeHpoHHBIX ceTeil (CNN),
KOHIICTIIIUSI PEIENTUBHBIX TIOJICH W CIIOW IyJMHTa IS 337ad KOMIIBIOTEPHOTO
3peHus;



- Meroaonorus mepeHoca oOyuenus (Transfer Learning) u crpareruun
aJlanTanuy Npeao0yueHHBIX MOJIENIeH Mo MPUKIIAHbIE 3a1aUH;

- apxutekTypa pekyppeHTHbiXx cered (RNN, LSTM, GRU) mna ananuza
MOCIIE0BATEIHLHOCTEH U MPOTHO3UPOBAHUS BPEMEHHBIX PS/IOB;

- METO/Ibl ONTUMU3ALINH, CKATHUSI U KBAHTOBAHUSI HEUPOCETEBBIX MOJIETICH 1St
pa3BepThiBaHUs Ha nepudepuiinbix ycrporcrax (Edge Al);

- CTaHIAPThl CEpUATTU3ALINM, SKCIIOPTA U KPOCCIIIaTHOPMEHHOT0 HH(pEpEeHca
ML-moneneii (ONNX, pickle, SavedModel);

- apXUTeKTypHble naTTepHbl npoektupoBanus REST API n mukpocepBrcos
11t OecioBHOM nHTErpanuu M -koMnoHeHTOB;

- TEXHOJIOTUU KOHTEHMHEpHU3allMu, M30JIALUN 3aBUCUMOCTEH M MOJATOTOBKU
Cpelbl Ul IPOMBIIITIEHHOTO pa3BepThiBaHus (Docker);

-  TOpUHIMNOB  WUHXKEHepuu  MamuHHOro  oOyuenuss  (MLOps),
BEPCUOHUPOBaHUE apTe()aKTOB U MOHUTOPUHT Jpei(a TaHHBIX B IPOJIAKILICHE.

Ymersb:

- MPOEKTUPOBaTh apxuTekTypy ML-naiimnaitna npu nomomu Scikit-Learn
Pipeline u DAG-cxem B ycIoBUSIX 0OecCleueHUs BOCHPOU3BOAMNMOCTH
AKCIIEPUMEHTOB U NIPEIOTBpalIeHUs] YTeUKH JTaHHbIX (data leakage);

- KOHCTPYHPOBATh IPU3HAKU U3 BPEMEHHBIX PSA0B TEIEMETPUU MPU IIOMOILU
Pandas, NumPy u meTon10oB ckomnb3simux okoH (rolling features, Fourier transform)
B YCJIOBHSIX paOOThl C MHOTOMEPHBIMU JAHHBIMH JTaTYMKOB IMOJABUKHOTO COCTABA;

- BeIOMpaTh W 00y4yaTh AJITOPUTMBI PErpeccCUd M KIaCCU(PUKAIMHU TIPH
nomomu Scikit-Learn (Logistic Regression, SVM, Decision Trees) B ycnoBusix
yueTa quchanaHca KJIaccoB U CrieUu(PUKY TPaHCIOPTHOM 3a7a4u;

- npuMeHsATh aHcambiieBble MeTo bl (Random Forest, Gradient Boosting) npu
oMo CatBoost u Scikit-Learn B ycoBusiX HaCTpOKU runeprnapaMeTpoB yepe3
KpOCC-BaMIalIIO ¢ BpeMeHHbIM pazouenueM (TimeSeriesSplit);

- OLIEHUBATh KaYeCTBO MOJEJIEH C UCIOJIb30BAaHUEM CHELM(PUUHBIX METPUK
npu momom ROC-AUC, Precision-Recall, Confusion Matrix u aHanmm3a
CTOMMOCTH OIIMUOOK B YCJIOBHUSIX 00OOCHOBaHMs BhIOOpa METPUKHU Tiepes Ou3Hec-
3aKa34HUKOM;

- MPOEKTUPOBATh U 00y4yaThb MHOTrOCIHOHbIE HelpoHnHble cet (MLP) npu
nomoin TensorFlow/Keras unu PyTorch B ycnoBusix mpuMeHeHHs METO/IOB
perymspusanuu (Dropout, BatchNorm, L2) u panueit ocranosku (Early Stopping);

- pa3pabateiBaTh cBepTouHble HeWpoHHble cetu (CNN) mis 3amau
KOMITBIOTEPHOT'O 3pEHHUs TpU MOMOUIM CcoBpeMeHHBIX apxuTekTtyp (ResNet,
EfficientNet) u Transfer Learning B yclnoBusix JeTekuuu JePeKToB Ha
N300paKCHUSX TPAHCIOPTHOU HHPPACTPYKTYPHI;



- npumeHsath pekyppeHtHole ceth (RNN/LSTM/GRU) nns ananmza
nocneaoBarenbHocTed npu nomomu TensorFlow/Keras B ycrmoBusix paboTsl C
BPEMEHHBIMU psAJlaMH TEIEMETPUU U TPOTHOZUPOBAHUSI OCTATOYHOIO pecypca
y3JI0B;

- OKCIIOPTUPOBATH 0OYYEHHBIE MOJICNIM B MIPOU3BOICTBEHHBIE (hOpPMATHI TIPU
nomomn ONNX Runtime, pickle u SavedModel B ycnoBusix mnpoBeneHus
OEHUYMAapKOB CKOPOCTH UHGEpeHca 1 KpoccraThoOpMEeHHOU COBMECTUMOCTH;

- uHTerpupoBatb ML-mMonenu B nmporpaMMubie poaykTel uepe3 REST API
npu nomomu FastAPI u Bammpmaruu BxoaHwix nmaHHBIX (Pydantic) B ycioBusx
oOecrieueHuss  o0OpabOTKM  HeKoppekTHeIX  3ampocoB (HTTP  400) w
nokymeHTupoBanus endpoints gepe3 OpenAPl/Swagger;

- KOHTelHepu3upoBaTb ML-cepBUCHI i1 pa3BEpPThIBAHUS MPU TMOMOIIU
Docker u Docker Compose B yCIOBUSX H3OJSIUU  3aBUCUMOCTEM,
BOCITPOM3BOJIMMOCTH OKPY>KeHHS U toAroToBku k CI/CD-naiiaiiny.

Baagern:

- MTHCTPYMEHTAPUEM KOHTEUHEPU3ALUHA U OPKECTPALIMM MUKPOCEPBUCOB IS
M30JIMPOBAHHOTO Pa3BEPTHIBAHUSI KOMIIOHEHTOB HCKYCCTBEHHOTO MHTEIIEKTA,;

- METOJIaMU JKCIOpTa U KpocciuiaThopMeHHOTO UHPEpeHCa HEUPOCETEBBIX
MOJIEJIE B IPOU3BOACTBEHHBIX CPENAX;

- HaBbIKAMHU HACTPONKHU KOHBEWEPOB Mpeao0pabOTKU TaHHBIX C TapaHTUEH
OTCYTCTBHUS YT€UKU UH(DOpMAIUY;

- IpreMaMu OTJIaJIKH U TipodummpoBanus npousBoaureasHoctd REST API,
00CITyKUBAIOIIETO 3aMPOChl K MOJCIISIM MAllTMHHOTO O0y4YECHUS;

- METOJIMKaMH CTaTUCTUYECKOW BaIuallMid U MOHUTOPUHTA Jiperda JaHHBIX
BHEAPSEMbBIX UHTEJUICKTYJIbHBIX KOMIIOHEHTOB.

3. O6beM AUCITUTIIUHBI (MOTYJIs).
3.1. O6m1as Tpy10€MKOCTh AUCIUTLIAHBI (MOMYJIs).

OO0mast TPyIOEMKOCTh AUCIUIUIMHBI (MOIyJis) coctaBisieT S5 3.e. (180
aKaJeMHYEeCKuX Jaca(oB).

3.2. O06bem guctuIUIMHBL (MOAyJsi) B (opMe KOHTAKTHOM pabOThHI
oOydaronmxcss € MEJAarorM4YecCKUMH  padOTHUKaAMU U (WIKM)  JHIAMH,
MIPUBJIEKAEMBIMH K pean3anui 00pa3oBaTebHON MPOrpaMMbl Ha MHBIX YCIOBHSX,
IIPU MTPOBEICHUH YICOHBIX 3aHATHH:

KonuuectBo yacos

Tum yueOHBIX 3aHATHI
Bcero | Cemectp Ne6

KonrakTHas paboTa Ipu npoBeIleHHN y4eOHBIX 3aHATHI (BCEro): 96 96




B Tom uucie:

3aHATUA JTEKLIUOHHOTO TUIIA 32 32

3aHATHSI CEMUHAPCKOTO TUTIA 64 64

3.3. O06beM auCHUIUIMHBL (MOIyYJiA) B (OpMEe CaMOCTOSITENIbHOM padOThI
oOyyarommxcsi, a Takke B (opMe KOHTAKTHOH pabOThl OOydYaroOlmIUXCs C
neAarornyecKuMu pabOTHUKAMU U (WJIH) JIMIIAMU, IPUBJIEKAEMbBIMH K peaTn3aliu
oOpa3oBaTeNpbHOM MpOrpaMMbl HA HWHBIX YCIOBUSIX, TMPU MNPOBEACHUU
MIPOMEKYTOYHOM aTTECTAIIMU COCTABIIAET 84 akaJleMHUYECKUX yaca (OB).

3.4. ITpu oOy4eHuu o UHAUBUAYATLHOMY Y4€OHOMY ILJIaHY, B TOM YHCJIE IPU
YCKOPEHHOM O0Y4YE€HHH, 00BEM JTHUCHMUILUIMHBI (MOJYJIsI) MOXKET OBITh peaIn30BaH
HOJHOCTBIO B (hOpME CaMOCTOATEIbHON pabOThl 00yJaromuxcs, a Takxke B popme
KOHTaKTHOW padOThl OOy4YaIOMIMXCA C MEJAaroruuecKuMu pabOTHUKAMHU U (WJIN)
JUIAMH, TIPUBIIEKaEMbIMH K peau3allii 00pa30BaTeIbHON MPOrpaMMbl HAa MUHBIX
YCIIOBUSIX, TP MPOBEICHUU TPOMEXKYTOUHOM aTTECTAIIHH.

4. ConeprkaHue JUCIUTUIUHBI (MOIYJIA).

4.1. 3aHITHA JTEKOIUOHHOTO THUIIA.

/ TemaTuka NTEKIIMOHHBIX 3aHATUM / KPATKOE COEPKaHNE
n/n

1 |BBenenue B MalimHHOE 00y4YeHHE U )KU3HEHHBIN IIMKI ML-mipoekToB
PaccmarpuBaembie BOIIPOCHL:

- KOHLIENTyaJIbHbIE OCHOBBI MAIIMHHOT'O O0YUEHHMS KaK MH)KEHEPHOM JMCIMIUINHBI;
- meromonorus CRISP-DM wu 3tansl pazpadborku ML-cucrem;

- posib ML-unxxenepa B U'T-komaHie 1 MHTErpalysi MOJIEIEH B IPOTYKTHI;

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

2 |JluneitHas M HETMHEWHAs perpeccus: MaTeMaTHYECKUH armapaT U ONITUMHU3AIHsT
PaccmarpuBaembie BOIPOCHL:

- MaTeMaTu4ecKast MOZejb JIMHEWHON Perpeccuy U METO/l HAaUMEHBIINX KBa/IPaTOB;

- IPaJIMeHTHBIH ciryck u ero moaudukauu (SGD, Adam);

- IOJIMHOMUaJIbHAs perpeccus u peryisipusauns (Ridge, Lasso);

- HHTEPIPETHPYEMOCTh MOJIeNeil 1 aHau3 KO3 PUIMEHTOB.

3 [3amaum KmaccUpUKAIMK: OT JOTHCTHIECKOH perpeccuu 10 SVM
PaccmaTprBaemble BOIIPOCHIL:

- JIOTUCTHYECKAasl perpeccusi U CHIMOM/IHAs (PYHKINS aKTHBAlNY;

- METOJ] ONIOPHBIX BEKTOPOB (SVM) u KOHIeNIHs MaKCUMAaJIbHOTO 3a30pa;

- simepHbIi Tprok (kernel trick) gyt HeTMHEHHOTO pa3aeNeHUS;

- MHOTOKJIACCOBas Kiaccupukanus (one-vs-rest, one-vs-one).

4 |[lepeBbsl peIICHUI U METPUIECKUE METOIbI KIacCU(PUKAITUN
PaccmarpuBaembie BOIPOCHL:

- aTOpPUTMBI TocTpoeHus epeBbeB pentenuii (ID3, C4.5, CART);

- KpuTepun nHGopMaTUBHOCTH (FHTpOMHS, MHJIEKC JIKMHN);




Temaruka NTEKIIMOHHBIX 3aHATHH / KpaTKOE COJEpIKaHUE

n/m
- METOJIBI OTCeUeHHs (pruning) st 60psOEI ¢ epeoOyUeHHEM;
- Metpryeckue kinaccuduratopsl (KNN) 1 BBIOOp METPUK pacCTOSHHUS.
5 |AHcamOyieBbIe METOBI: OT O3TTHHTA JI0 TPAJUEHTHOTO OYCTHHTA

PaccmarpuBaembie BOIIPOCHL:

- IPUHIMN O3ITHHTA U apXUTEKTypa ciay4daiinoro seca (Random Forest);

- koHnennus Oycruara U AdaBoost;

- rpaguenTHbIi Oyctuar (GBM) u ero peammsamim (XGBoost, LightGBM, CatBoost);
- HHTEPIIPETanys BaKHOCTH IIPU3HAKOB B aHCAMOJIIIX.

OO6yuenue 0e3 yuuTes: KjaacTepu3anus U MOHMKEHUE Pa3MEPHOCTH
PaccmarpuBaembie BOIIPOCHL:

- anropuT™ k-means u MeTO/IpI BBIOOpPA urcia kiaactepoB (elbow method, silhouette);
- HepapxXu4ecKas KIacTepu3alus U IeHAPOTPaMMbI;

- MeTo/1 raBHbIX KoMIOHEHT (PCA) u ero reoMeTpudeckas HHTEPIIPETALUS;

- t-SNE 1 UMAP a5 BU3yanu3alud MHOTOMEPHBIX JaHHBIX.

Onenka kauecTBa MOZI€JIEH U CTpaTEruu Balulalluu

PaccMaTprBaeMble BOTIPOCHI:

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

- Precision-Recall kpuBas st 3a1a4 ¢ 1ucOagaHCOM KJIACCOB,;

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

- KOMIIPOMHKCC MEXIY cMelenneM u aucnepcueii (bias-variance tradeoff).

Konsetiepsl 00pa0OTKHU JaHHBIX U NPeJOTBpAlleHNEe YyTeUKH HHPOpMaIuu
PaccmarpuBaeMbIe BOIIPOCHL:

- apxutektypa Scikit-Learn Pipeline u ero npenmymiectsa;

- KOHIeTIINs yTeukn AaHHBIX (data leakage) u e€ mocnencTus;

- IpaBIJIbHAS MOCJICOBATEIFHOCTh NIPeNO0OpadOTKU BHYTPH NaiIIaiiHA;

- montk3oBatesbekue Tpanchopmepsl (FunctionTransformer, BaseEstimator).

I/ICKYCCTBGHHHG HeﬁpOHHLIe CCTU: OT NEpUCITPOHA K FJIY6OKI/IM APXUTCKTypaM
PaccmarpuBaembie BOIPOCHL:

- MaTeMaTudeckasl MoJieNlb HeipoHa U meplenTpoH Pozenbriarra;

- anropuT™ 00paTHOro pacmpoctpaneHus omunoku (backpropagation);

- MHOTOCTIONHBIH nepuenTtpor (MLP) u yHUBepcanbHas TeopeMa armpoKCHMAIIHH;

- ¢yukmun aktuBammn (ReLU, sigmoid, tanh) u mpoGirema rc4e3aronix rpaIueHToB.

10

Perynspuszanus u 0opbba ¢ nepeo0yueHneM HEUPOHHBIX ceTeil
PaccmarprBaeMbIe BOIIPOCHI:

- L1 u L2 perynsapusanus BecoB HEHPOHHOH CETH;

- Metox Dropout 1 ero croxactudeckas IpHpoa;

- maketHast HopMmanu3aius (Batch Normalization) u €€ BiausiHUEe HAa CXOTUMOCTb;
- pannsist ocranoBka (Early Stopping) u monutopusr validation loss.

11

CBépTOLIHBIe HCﬁpOHHBIC CCTU IJId 3aa4 KOMIIbIOTCPHOT'O 3pCHUA
PaccmarprBaeMbie BOTIPOCHI:

- KOHIICTIIIUS CBEPTKU M PELICITHBHOTO ITOJIS;

- apxutekTypa CNN: cBEPTOYHBIC CIIOH, YJIMHT, TOJTHOCBSI3HBIC CIIOM;

- spourrorust apxuTekTyp (LeNet, AlexNet, VGG, ResNet, EfficientNet);

- TEXHUKH ayIrMEHTAIMU JaHHBIX U1 H300paKeHHUI.

12

[lepenoc o0yuenus u ajanTanus NpeaoOyUeHHBIX MOeTeH
PaccmarpuBaemble BOIPOCHL:

- xonmenmus Transfer Learning u e€ nmpeumyiecTsa;

- ctpareruu fine-tuning u feature extraction;
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n/m
- pabota ¢ npenoOydeHabME MoersiMu 13 TensorFlow Hub u PyTorch Hub;
- ajanTanys Mojiesel mox crnenyuuIHbIe TPAHCIIOPTHBIE 3aJauH.
13 |PexyppeHTHBIC HEHPOHHBIE CETH ISl aHAIM3a MTOCIIEI0BATeILHOCTEH

PaccmarpuBaembie BOIIPOCHL:

- apxurekTypa RNN 1 npoGiiema 101rocpovHbIX 3aBUCHMOCTEH;

- LSTM u GRU kak pemeHus mpodjIeMbl HCIE3af0NIX TPaueHTOB;

- IByHAIIpaBJICHHBIE peKyppeHTHbIe cetr (BILSTM);

- npuMeHenre RNN 11715 mMporHo3upoBaHusl BPEMEHHBIX PSIOB TEIEMETPUH.
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OnTumu3zaiys 1 SKCIOPT MO B POU3BOACTBCHHBIE (JOPMATHI
PaccmarpuBaembie BOIIPOCHL:

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

- opmar ONNX u ero npeumyiecTsa it KpoccruiarOpMeHHOCTH;

- KBaHTOBaHUe U cxatue mojene i Edge Al;

- OEHYMapKHUHT CKOPOCTH HH(EpPEeHca U ONTUMH3ALMS IO LENEBOE HKee30.
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Apxurexkrypa REST API nns unrerpauun ML-moneneit
PaccmaTpuBaemble BOTIPOCHI:

- mpuaunsl REST u npoextupoBanue endpoints st ML-cepBHCOB;

- ppeiimBopk FastAPI u Bammnmanms qanHex gepes Pydantic;

- 0bpabotka omubdok u HTTP-koxabr 0TBETOB;

- aBTOMAaTUYeCKas reHepaiius qokymenraun dyepe3 OpenAPI/Swagger.

16

Konreiinepusanus u ocHoBbl MLOps AJi IPOMBILITIEHHOTO pa3BePThIBAaHUS
PaccmaTrpuBaeMble BOIIPOCHI:

- KOHLIENIHMS KOHTeHHepu3auy u npenMyniectsa Docker;

- marmucanue Dockerfile mnst ML-cepBuca n ontumu3anus pasmepa oopasa; - Docker Compose mis
OpKeCTpaIi MHOTOKOMITOHEHTHBIX CHCTEM;

- ocHOBEI MLOps: BepCHOHNPOBAaHNE MOIEIICH, MOHUTOPUHT Apeiida TaHHbIX.

4.2. 3aHATHS CEMUHAPCKOTO THUIIA.

JlaGopatopHbie pabOThI

o/

HaumenoBanue 1abopatopHbIX paboT / KpaTKoe CoepKaHue

Hactpoiika cpeabl pa3paOoTKH U BEpCHOHUPOBAHHUE JAaHHBIX

CryzneHT pa3BopauuBacT JIOKAJIbHYIO Cpely pa3pabOTKH ¢ HACTPOHKON BUPTYaIbHOIO OKPYKEHHS U
CHCTEMBI KOHTPOJISI Bepcuid. [Iumercst 6a30BbIi CKPUNT U1 3arpy3KH U IEPBUYHOTO Pa3BEIOYHOTO
aHalIM3a TeJIeMEeTPUYECKUX NaHHbIX. HacTpanBaeTcs cTpyKTypa KaTajaoroB MpoeKTa it 00ecedeHus!
BOCIIPOM3BOIMMOCTH SKCHIEPHMEHTOB.

Peanmzanus Scikit-Learn Pipeline ¢ kactromHbIMu Tpanchopmepamu

CryneHT nporpaMMHpyeT KOHBelep npeno0paboTKH ¢ UCIOIb30BaHUEM 00bEKTHO-OPUEHTUPOBAHHOIO
noaxoza 1 6a3oBbIX KiaccoB Oubmmorexu Scikit-Learn. Co3arorcst mosnbp3oBaTeabckre TpaHchopMeps
JUISL N3BJICUSHUSI CTATUCTUYECKUX NIPU3HAKOB U3 MHOTOMEPHBIX BPEMEHHBIX psoB. [IpoBoxutcs
TeCTHpOBaHHE KOHBEIlepa Ha IIpeMeT OTCYTCTBHS YTEUKU JaHHBIX IPU KPOCC-BATHAALINN.

[IporpammHas peanusanus rpaiu€HTHOTO CITycka U 00y4YeHHe JTMHEHHBIX MoJIeseit
CryIeHT peanusyeT aJroOpuTM I'PaJnEeHTHOTO CIyCKa C HyJIS C HCIOJIh30BAaHUEM MAaTPUYHBIX OIIEpaItii
6ubmmorekn NumPy. OOy4atoTcs Moenu JIMHEHHOI perpeccun ¢ npumenenueM L1 n L2 perynspuzanun
Ha MOATOTOBJIEHHOM Habope AaHHbIX. [IpoBOAMTCS BU3yann3anys CXOJUMOCTH aJITOPUTMa U
AQHAIM3NPYETCsl BIMAHUE CKOPOCTH 0OyUYCeHNUS HA CTaOWMIIBHOCTD ONTHMH3ALIUH.

OO0ydeHne KI1acCu(PUKATOPOB M BU3YATH3AINS PA3ICTSIOMIUX THIIEPIIOCKOCTEH
CryzaeHt oOydaeT MOJIEIH JJOTUCTHUECKON PErpecCuy M METO/1a OTIOPHBIX BEKTOPOB HA TAOJWIHBIX TAHHBIX
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0 COCTOSTHUHM HH(PACTPyKTypHL. [IporpaMMHO BH3yanH3UpyIOTCS pa3AeNsOne THIEPIUIOCKOCTH U
00J1acTH MPUHSATHS PEILICHNI B IPOCTPAHCTBE MPU3HAKOB. [IpoBoAMTCS aHANM3 BIMSHUS ITapaMeTpa
peryJspH3aliy Ha IUPUHY 3a30pa M KaYeCTBO KIIACCU(PHKALIIH.

OO6yuenue nepeBbeB pernieHuii 1 KNN ¢ aHamM30M runepnapamMmeTpoB

CryneHT o6ydaeT AepeBbs peleHuil 1 MeTo k-Ommkaiimx coceieil ¢ aBTOMAaTHISCKUM ITOA00POM
THIeprapaMeTpoB Yepes IIOUCK 10 ceTke. [IpoBoauTes BU3yann3anus CTPYKTYPBI IOCTPOSHHOTO AepeBa 1
aHaIIN3 BIMSHUS TIyOWHBI Ha OIMOKY 0000meHwst. OTieHnBaeTCs BEIYUCIUTENbHASI CTOMMOCTE HH(EepeHca
METPUIECKOTO Kiaccu(pukaTopa Ha TECTOBOH BEIOOPKE.

OOyuenne ancaMOJiel M aHAITU3 BAKHOCTU Npu3HaKoB uepe3 SHAP

CTyZIeHT 06yqaeT MOJCIIHN cnyqaﬁHoro Jieca U rpaJUCHTHOT O 6yCTI/IHFa Ha IMOArOTOBJICHHBIX TaOJIMYHBIX
JaHHBIX. HpOFpaMMHO BBIYHCJIAIOTCA U BUSYAJIU3UPYIOTCA METPUKU BA)KHOCTU NPU3HAKOB C
HCIIOJIb30BAHUCM aJIrOpUTMa SHAP. HpOBOL[I/ITCH CpaBHI/ITeJ'II)HBIﬁ aHaJIn3 CKOPOCTU o6yqumI M KadyeCTBa
Npe/icKa3aHni pa3IMyHbIX aHCaMOJICeH.

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

CTyneHT peains3yeT pa3InIHbIe CTPATEeTHH KPOCC-BaTMJAINN M BEIYMCISICT MATPHIIBI OITHOOK Ha
BaMIAMOHHEIX O10Kax. Ctpostcst ROC-kpuBsie u Precision-Recall kpuBblie ¢ pacdeToM IUIOMAAH O
HUMH I BCeX O0YYICHHBIX Mojeinel. [I[poBoanTCS cTaTHCTUYECKUH TECT HAa 3HAYNMOCTh Pa3IHdIHid B
Ka4eCcTBE MEKAY KOHKYPUPYIOIIAMH alTOPUTMAMH.

[TporpamMmmupoBanue U 00yueHUE MHOTOCIOWHOTO MEePIENTPOHA

CTyAeHT mporpaMMUpPYET apXUTEKTYPY MOJHOCBSI3HON HEMPOHHOMN CETH C UCTIOIh30BAaHHUEM TEH30PHBIX
orepanuii coBpeMeHHOro (ppeiiMBopka. Peanusyercs Uk 00ydeHUs ¢ JOTHPOBAHUEM 3HAYCHUN (QYHKITUH
MOTEePh U METPUK HA TPEHUPOBOUHOM U BamuAallMOHHON BbIOOpKax. [IpoBoAHUTCS DKCIIEPUMEHT 11O
BIIMSIHUIO pa3Mepa MUHH-0aT4da i BRIOOpa ONTUMHU3ATOpa Ha CKOPOCTH CXOAUMOCTH CETH.

Brenpenue MeTo10B peryisipu3alii U aHaIu3 KPUBBIX 00YUYEHUS

Cryznent BHenpseT cion Dropout 1 makeTHOW HOpMalM3alluy B apXUTEKTYpy paHee 00yueHHOMH
HEWpOHHOM ceTH. Peannsyercss MexaHU3M paHHEI OCTAaHOBKH C COXPaHEHHEM JIyUIINX BECOB MOJEIH Ha
OCHOBE BaJIMJALMOHHON MeTpuKuU. [IpoBOANTCS CpaBHUTENbHBIN aHANIN3 KPUBBIX O0YUYEHUs [0 U TIOCIIE
NPUMEHEHUS METOJI0B PEryJIIpU3aIiH.
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OO6yuenue CNN ¢ HyIsI 1 IpUMEHEHHE ayrMEHTalluK U300paXKeHu i

CryIeHT mporpaMMHUpPYET CBEPTOUHYIO HEHPOHHYIO CeTh C HyJISI U HACTPAaWBaeT IeHEePaTOPhl ayTMEHTAINH
n300pakeHNH B peanbHOM BpeMeHH. [IpoBoauTcst oOydeHune ceTn ¢ BU3yanu3alyeil KapT akTHBaluu
MPOMEXXYTOYHBIX CBEPTOUYHBIX CI0€B. AHAIN3NUPYETCS BIUSHUE apXUTEKTYPHBIX PELICHUH Ha TOYHOCTD
JIOKaJIN3anny 1e(peKTOB Ha TECTOBBIX N300PaKECHHUSX.

11

AnanTanus npeao0yyeHHOH MOJIEH MO/ TPAHCIIOPTHYIO 3a1auy

CTyzeHT 3arpysxaeT peio0y4eHHYI0 MOJIeNb U3 O()UIUATIBHOTO PEHO3UTOPHS U 3aMEHSET e¢
KJIaCCU(DUKAIMOHHYIO TOJ0BKY. [IpoBoaUTCS HUKII 1000Y4EHHUS € 3aMOPO3KOl BECOB CBEPTOYHOTO
OCHOBAHHS M MOCIIENYIONIEH TOHKON HacTpOiKoH Bcex cioeB. CpaBHHUBAETCA Ka4eCTBO U CKOPOCTh
00yd4eHHs MOJyuYeHHOW MOJIENN C apXUTEKTYpOi, 00yUYEeHHOI C HyJIsl.
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OO6yuenue LSTM-cetn /1 IpOrHO3UpOBaHUS OCTAaTOYHOTO pecypca

CryneHt peanusyeT apxuTekTypy cetu ¢ LSTM-suelikamu 1 HacTpauBaeT reHepaTop
HOCJIE0BAaTEIbHOCTE U3 MHOTOMEPHBIX BPEMEHHBIX PsioB. [IpoBoautrcs oOyueHue MOIEIH C
UCIOJIb30BAaHUEM T€XHHUKHU IIPUHYIUTEIBHOIO 00y4eHHs U aHAIU3UPYeTCs IUHAMUKA CKPBITBIX COCTOSIHUM.
Busyanusupyrorcs npejckazaHHble TPAeKTOPUH Jerpaiallul 000pyI0BaHUA B CPABHEHUH C PEAIbHBIMU
HOKa3aHMAMH JaTYHKOB.
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Kounsepramus mozgeneit B ONNX u 6eHUMapKUHT HH}eEpeHca

CryneHT sKkcnopTupyeT o0ydeHHbIe MOJIENN 1 HEHPOHHBIE CeTH B YHUBEpcanbHBIH (opmar ONNX.
IIporpammHO 3amepsieTcst BpeMst HHpEpeHca U oTpeOIeHe ONepaTUBHON MaMATH JJ1T HATUBHBIX U
9KCIIOPTHPOBAHHBIX Bepcuit Mozenelt. [IpoBoanTcs BepudUKaIis YNCICHHOW 3KBUBAIEHTHOCTH
Hpe/IcKa3aHui 10 ¥ MOCJIe KOHBEPTALIUH.
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Pa3pabotka mukpocepsuca Ha FastAPI ¢ Bannanueit taHHbIX

CryzneHT pa3pabaTbiBaeT aCHHXPOHHBIH BeO-cepBep Ha 0asze FastAPI ¢ peanusanueii cipoeKTHPOBaHHBIX
endpoints. BHenpsieTcst cTporas Bauaanus BXOAHBIX TaHHBIX C HCIIONB30BaHUEM Mojenel Pydantic u
renepupyercsi OpenAPI-noxkymentanus. [IpoBoautcsa Harpy3ounoe tectupoBanue API ¢ ncnonp3oBanuem
CIICHHUAJIU3UPOBAHHBIX YTUIIUT AJId OLICHKH HpOHyCKHOﬁ CIIOCOOHOCTH.

15

Co3anne HHTEPAKTUBHOTO BEO-TIpHIIOKEHHs Ha Streamlit

CryneHT mporpaMMHpyeT HHTEPaKTHBHOE BeO-TIpIIIoKeHHe Ha 6a3e Streamlit, cBsI3pIBatomee
moJp30BaTeNnbekuit mHTEpdetic ¢ ML-cepBrcoM. Peanmn3yroTces BUIKETHI I 3arpy3KH (aifiaoB
TEJIEMETPUH U N300paXCHUH C MMOCTIe Iy oISl BU3yann3anuei pe3ynpTaToB nHpeperca. [Iposoautcs
uHTerpanys ¢ panee pazpadoranaeiM REST API n HacTpamBaercs 00paboTKa CeTEBBIX OIIHOOK.
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VYnakoka ML-cepBuca B Docker u opkectpanysi KOMIOHEHTOB

Cryznent mumet ontumusupoBanubiid Dockerfile u cooupaer 00pas koHTeliHepa ¢ yCTaHOBIEHHBIM CTEKOM
MammrHHOTo 00yuenus. Coznaercst kondurypanus Docker Compose ai1st oqHOBpeMeHHoOro 3amycka API-
cepBepa u 0a3bl PostgreSQL. [IpoBoauTCs TECTOBOE pa3BepTHIBAHUE CUCTEMbI B H30JUPOBAHHOM Cpe/e U
MMPOBEPACTCA KOPPCKTHOCTH B3aPIMOI[eI>iCTBH?[ BCE€X KOMIIOHCHTOB.

[IpakTrueckue 3aHATHS

Temarnka MpakKTHYECKUX 3aHATHI/KPATKOE COJIEPIKaHUE

dopmanuzanus Ou3Hec-3a1a4uu U IPOSKTUPOBAaHUE apXUTeKTypbl ML-naiinnaiina
CryzneHT aHanM3upyeT Ou3Hec-TpeOOBaHMs K CUCTEME NMPEIUKTUBHOM TUarHOCTHKH U (popMallu3yeT ux B
BHUJIC MATEMAaTHUYCCKOM TOCTAHOBKY 3a/1a4l MaIIMHHOTO 00y4enus. B cpene P7-Oduc opopmisercs
TEXHUYECKOE 33JaHHE C ONMCAHUEM IIEJIEBBIX METPHK U KPUTEPHUEB IPUEMKH MoJenH. PaspabaTeiBaeTcs
KOHIIETITyaJIbHAs CXeMa apXUTEKTYphI Oy IyIIero mporpaMMHOTO POAYKTa U IIOTOKOB TaHHBIX.
PesynpraToM pabOTHI SIBISIETCS] YTBEP>KACHHBIN TIaH pa3pabOTKH U crennuuKanus TpeOoBaHMH K
BXO/IHBIM JTaHHBIM.

[TpoexTrpoBaHue KOHBeNepa MpeaoOpabOTKH TaHHBIX U KOHCTPYMPOBAHUE MIPU3HAKOB
CTyIeHT MPOSKTHPYET MOCIEA0BATEILHOCTh IIATOB MPEA00PaOOTKU ChIPHIX JaHHBIX U KOHCTPYHPOBAHUS
MPU3HAKOB M3 BPEMEHHBIX Ps0B. DOPMUPYETCs cXeMa CKOJIB3SIIUX OKOH U BRIOUPAIOTCSI
MaTeMaTHYeCKue (DYyHKITHH JJIs arperaiuy TeJeMeTpUIeCKuX mokasatesneii. PaspabaTeiBactest cTparerus
00pabOTKHU MPOITYCKOB U BHIOPOCOB C yUETOM (PU3HUYCSCKON MPUPOIBI TATUUKOB. Pe3yibTaToM sIBIIsICTCS
650K-cxeMa KOHBeliepa 00pabOTKH JaHHbBIX JJIsl OCIEAY OIS TPOrpaMMHOI peann3aliuu.

AHanuTHueckuil BEIOOpP alrOpUTMOB PETPECCUU U METO/I0B ONITUMU3ALINU

CryIeHT IPOBOIUT aHATUTHYECKOE CPABHEHHE AJITOPUTMOB JIMHEIHON U IONMHOMHUAIBHON PErpeccuu AJis
3aJ1a4M OLIEHKH M3HOCca 000pyJoBaHMs. BEIOMparoTcst METOABI PETyIIpHU3aliii U CTPaTerny ONTUMHU3ALNN
¢yHKIMK T0Teph. OLEHUBAETCS HHTEPIPETUPYEMOCTh MOJIENIeil U BIMSAHNE MYJIbTHKOJUINHEAPHOCTH
npusHakoB. PopMupyeTcs 000CHOBaHUE BbIOOpa 0A30BOr0 AJITOPUTMA IS TAIBHEHIIEr0 YCI0KHEHHUS
APXUTEKTYPHI.

[TpoexTrpoBaHue Mozenel Kiaccu(pUKaluy ¢ y4eToM SAepHBIX (QYHKIMH

CTyHeHT MMPOCKTUPYET MOACTIN Knaccn(bmcaunn JUIA 3aga49u 6I/IHapHOFO OIIpEAC/ICHNA NPEAOTKA3HOT'O
COCTOSIHUSA Y3JIOB. AHaJ'[I/BI/IpyeTCSI MPUMEHHUMOCTb METO/Ia OTIOPHBIX BEKTOPOB C PA3JINYHBIMU SIACPHBIMU
(I)yHKL[I/IHMI/I JJIA HEJIMHEHHO Ppa3acIMMbIX TaHHBIX. Pa3pa6aTBIBaeTCH CTpaTerust KOANPpOBaHUs
KaTeropuajbHbIX IPU3HAKOB U MaCIHTa6I/IpOBaHI/I${ YHCJIOBBIX MEPEMEHHBIX. HOHFOT&BHI/IB&CTCH
CHGL[I/I(I)I/IKaHI/ISI JJIA HpOFpaMMHOﬁ peajin3ani MHOT'OKJIACCOBBIX KJ'IaCCI/I(I)I/IKaTOpOB.

AHanu3 1epeBbEB PEIICHUN U CTPATETUN OTCEUECHMUSI

CTyIeHT aHATM3UPYET CTPYKTYPY AEPEBbEB PEUICHUH 1 (OPMYIHPYET MpaBHiia OCTAHOBKU POCTa JUIA
MpeOoTBpaIIeHUs epeodydeHns. BerouparoTes kpurepruu HHPOPMATUBHOCTH [UIS 3a7ad PErPecCcruu U
KJaccu(UKaIiy TeleMeTPHUECKNX Nokaszartene. [Ipoektupyercs crpaTerus HCIONb30BaHUS METPUIECKUX
KJ1accH(UKaTOPOB IS 33/1a4 ¢ BBICOKOH pa3MepHOCTBIO MPOCTpaHcTBa. PopMuUpyeTcst MaTpHlia CpaBHEHUS
AJITOPUTMOB I10 BEIYUCIIUTENLHON CII0)KHOCTU M UHTEPIPETUPYEMOCTH.
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[IpoexTrpoBanue aHcaMOJIEBBIX MOJIEIECH U CTPATEruy OYCTHHTa

CTy)leHT MPOCKTUPYCT apXUTCKTYPY aHcaMOJIEBEIX Mo;[enef/i JJIA IIOBBIIICHU A YCTOﬁqHBOCTH
npe,ucxa3aHI/H71 K IIyMY B JaHHBIX JaTYUKOB. AHaJ’II/IBI/IpyIOTCH TMIPUHIUIIBI OdrruHra u CTpaTerun
MOCTPOCHUSA cnyqaﬁﬂoro Jieca € aexoppenauneﬁ JACPCBLCB. BI)IGI/IpaeTCH AJITOPUTM I'PaAUCHTHOI'O
6yCTI/IHFa u (bopMmepyeTcsI IJ1IaH n0)160pa €To runeprapamMmeTpoB. Pa3pa6aTLIBaeTc>1 METOAO0JIOTUA
HMHTEPIIPCTAllMU BKJIaJga OTACIIbHBIX ITPU3HAKOB B HUTOTOBBIN MPOTrHO3.

CrarucTruueckuil aHaIM3 KauecTBa MOJIEJIeH U BBIOOpP CTpaTErvy BaIMIALNH

CryzneHT pa3pabaTbIBaeT CTPATEruI0 CTATHCTHIECKON OIIEHKH KauecTBa MOJIENICH C yU4eTOM CHeU(pHUKN
BPEMCHHBIX PAIOB. BEIOMparoTCss METPUKH, YyBCTBUTENBHBIE K JUCOATAHCY KIIACCOB U LIEHE OLINOOK
MIEPBOTO M BTOPOTO poja. IIpoekTupyercs cxema Kpocc-BaauIaluy ¢ OJIOKMPOBKOH Oy IyIIero s
Mpe0TBPAIIEHHS ONTUMUCTUYHOTO cMeleHns. @opMupyercs mabaoH HTOroBOTO oT4eTa Juisi OU3Hec-
3aKa34rKa C BU3yalM3aluell HeonpeeneHHOCTH peCKa3aHuil.

APXUTEKTYpPHOE TPOCKTUPOBAHUE MHOTOCIIOMHOTO MEPIENTPOHA

CTyZeHT IPOCKTUPYET apXUTEKTYPy MHOTOCJIOHHOTO IepLENTPOHa AJIsl 3aa4H KIacCU(UKAIIMU CIO0XKHBIX
HEJIMHEIHBIX TATTEPHOB B TeJIEMETpHH. BriOupatoTcst GyHKIMH aKTHBAIMHN U CKPBITHIX CIIOEB U
o0ocHOBBIBaeTCs BEIOODP (hyHKIMH OTepb. DopMynupyeTcst cTpaTerus HHUNUATU3alui BECOB U Hoabopa
apXHUTEKTYpHI ceTH. Pa3pabaTpiBaeTcs Ii1aH MOHHUTOPHHTA TIpoliecca 00ydeHNUS UIsl CBOEBPEMEHHOM
JVarHOCTHKH MPOOJIEM CXOIMMOCTH.

[IpoekTupoBaHuE CTPATETUU PETYISPU3ALNNA HEUPOHHBIX CETEM

CTyneHT aHaIU3UPYeT KPUBbIe 00yUeHU HEHPOCETH U NPOEKTUPYET KOMIUIEKCHYIO CTPAaTErHio OOPHOBI C
nepeoOyueHueM. BpIOnparoTcst METOABI CTOXACTUYECKOM PeryIapU3alui U CTpaTeruy HOpMalu3aluu
BHYTPEHHUX NPEICTaBICHUHN ceTH. POPMYNHUPYIOTCS KPUTEPUH U1 aBTOMAaTHYECKOH OCTAaHOBKH IIpoLiecca
o0ydeHus pu Jerpajalliy KauecTBa Ha Baauganun. PaspabaTeiBaeTcs M1aH ayrMeHTalUU JaHHBIX IS
HCKYCCTBEHHOTO PacIIMpEeHNUs 00yJarone BHIOOPKH.
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ApPXHUTEKTYpPHOE TIPOSKTUPOBAHUE CBEPTOYHOMN CETH IS JETCKITUH JIe(DeKTOB

CTyZeHT IPOEKTUPYET apXUTEKTYPY CBEPTOYHON HEHPOHHON CETH AT 3a7a4H ACTEKIINU BU3YaIbHBIX
JedexToB Ha M300paKeHNIX HHPPACTPYKTYPHI. AHAIN3UPYETCs BIMSHIE pa3Mepa spa CBEPTKH U 11ara
CTpaiifia Ha pelenTHBHOE IoJIe ceTH. BrIOupaeTcs cTpaTerus MyIHHTa U CTPYKTypa MOJTHOCBA3HOM
roJIOBKH Kiaccugukaropa. PazpabaTsiBaercs riaH NpocTpaHCTBEHHOW ayrMeHTAaluU n300pakeHUH JIst
TMOBBIIICHUS UHBAPUAHTHOCTU MOJICIIN.
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HpO@KTI/IpOBaHI/Ie CTpaTeruu nepeHoca O6y‘ICHHH

CryzneHT pa3pabaTbIBaeT CTpATEruIo epeHoca 00yUIeHus U1 MUHUMHU3AaIMH BEIYMCIUTENBHBIX 3aTpaT IpH
MaJioM 00beMe pa3MeUeHHBIX JaHHBIX. BeiOupaercs 6a3oBas npeioOy4eHHas apXUTEKTypa U
(opmysupyeTcs IIaH afanTayuy e€ cIO0eB 0] LENEBYI0 3a1a4y. AHAIU3UPYIOTCS 10JIX0/IbI TIOJIHOTO
J000YYEHHs M UCTIOJIb30BAHMS CETH KaK SKCTPAKTOpa Mpu3HaKoB. POpMuUpyeTcst KpUTEPH OCTAHOBKH
J000Y9EHHs ISl TPEAOTBPAIICHHUS KaTacTPO(PHUIECKOTO 3a0bIBaHMA.

12

HpO@KTI/IpOBaHI/Ie peKyppeHTHoﬁ CCTU I NPOTHO3UPOBAHUA BPEMCHHBIX PAIOB

CTyIeHT IPOEKTHPYET apXUTEKTYPY PEKyPPEHTHOHN CeTH JUIsl IPOTHO3UPOBAHUS OCTATOYHOTO pecypca
000pyIOBaHUS 110 TTOCIEA0BATEIHFHOCTSIM MTOKAa3aHUN TaTYNKOB. AHAIN3UPYETCS CIIOCOOHOCTh Pa3IUIHbIX
TUIIOB SY€EK yJIaBIUBATh IOJITOCPOYHBIE BpEMEHHBIE 3aBUCUMOCTH. BrIOupaeTcs cTpaTerus
(hopMHpOBaHUS CKOJB3SIIMX OKOH JUIS IIOAa4H II0CIIeI0BaTeIbHOCTEH Ha BXO ceTH. Pa3pabaTpiBaercs
METO0JIOTUSI OLEHKH KauecTBa MPOTHO3a HA pa3IMYHBIX BPEMEHHBIX TOPU30HTAX.

13

[TpoexTrpoBaHKEe CTPATErHUH SKCIIOPTAa U OEHUMapKUHTa MoJiejel

CryzneHT aHanu3upyeT TpeOoBaHUA K 3a/iepKKaM HHpepeHca B peanbHoi U T-uHppacTpyKkType 3aKa3unka
1 BBIOMpaeT ¢opmar cepuanusanun Mojeneil. [Ipoextupyercs crparerus KBaHTOBAHHUS M CXKATHS BECOB
JUTA pa3BEepPTHIBAHUS Ha Mepu(epuifHbIX ycTpoiicTBax. PaspabareiBaeTcs miaH OeHIMapKUHTa
MPOU3BOUTEIHLHOCTH Ha TeJIeBOM 000pyaoBaHuu. DopMupyercs ceruuKaius s nepeaaan Moaenei
komanze backend-pa3zpaboTku.

14

ApxurekrypHoe npoektupoBanue REST API u cxembl 6a3bl JaHHBIX
Crynent npoektupyeT apxutektypy REST API nns unrerpauun ML-moneneil B KopnopaTHBHYIO




/ TemaTuka NpakTHUYECKUX 3aHATUI/KpPATKOE colepKaHue
n/m

nH(opMannoHHYIO cucTeMy. PazpabaTsiBacTcs cxeMa BaluAAINMK BXOISIINX 3alIPOCOB H CTPYKTYpa
JSON-oT1BeTOB ¢ KOo1amMu omnbok. PopMyIHpyIOTCs TpeboBaHMs K Oe3onacHocTH endpoints U cTpaTeruu
ayTeHTH(]UKaMK KIMeHTOB. [IpoeKTupyeTcs cxema JOTUpOBaHUsI 3alIPOCOB U MpeACKa3aHuil B 6a3y
JIAHHBIX JJIsI TOCJIEAYIOIET0 MOHUTOPHHTA Ipeida.

15 |[IpoekTupoBaHuE MOJIB30BATEIBCKOTO HHTEPdEkica 1 gamobopaa

CTyzIeHT MPOEKTHPYET MOIb30BATENBCKHI HHTep(elC AT AEMOHCTPALMH PadOThl HHTEIICKTYalIbHOTO
MHUKpOcepBHca OM3Hec-3aKka3unKy. Pa3pabaTeIiBaeTcs CTpPYKTypa HHTEPAKTUBHOTO Jambopaa ¢
BU3YyaJIM3alliell BXOJIHBIX JAaHHBIX M YBEPEHHOCTH Npenckazanuii Moaenu. @opMynpyoTes TpeOoBaHus K
OT3BIBUMBOCTH MHTEp(detica m 00paboTke COCTOSHUIA 3arpy3Kku. BeiOupaercs crpaTrerus K3IMHUPOBaHH
Pe3yIbTaToB U ONTUMHU3ALIH I10JIb30BATEIBCKOTO OIIBITA.

16 |[IpoekTHpoBaHUE CTPATETUH KOHTCHHEPU3AIMH H JICTIIIOS

CTyAeHT MPOeKTUPYET CTPATETHIO U30JISIIUU 3aBUCUMOCTEN U TIOJTOTOBKU CPEIbI ISl IPOMBIIILIICHHOTO
pa3BepThIBaHUS CUCTEMBI. Pa3pabaThiBacTCs MHOTOATAHAS cOOpKa KOHTCHHEpA JJI1 MUHUMU3AIHH
pa3mepa puHaIBHOrO 00paza. DopMyUpyeTCs cXxeMa OpKecTpaluy B3auMo aeicTeus ML-cepBurca 1 6a3bl

JaHHBIX. PaSpa6aTbIBaCTCSI HUHCTPYKIUS IO 3aITyCKY CUCTEMbI U1 HHIKCHEPOB SKCIUTYyaTalluu.

4.3. CamocrosiTenbHas paboTa 00ydarOIMuXCs.

Ne Bua camocrostenbHOM paboThI
n/m

1 |H3ydeHue peKOMEHIOBAaHHOW JIUTEPATYPHI.

2 [[ToaroroBka k 1aGOpPaTOPHBIM paboTaM.

3 | BeimomHeHne KypcOBOTO MPOEKTA.

4 | IloarotoBka K MPOMEKYTOYHOW aTTECTALIUU.

5 | [loaroroBka k TeKyIiemMy KOHTPOIIO.

4.4. IlpuMepHBIN NTEPEYEHb TEM KYPCOBBIX POEKTOB

[IpoexTupoBanne otkazoycronunBoro ML-mainnaiina (Scikit-Learn) mms
00pabOTKM MHOTOMEPHBIX TEIEMETPUUECKUX TaHHBIX C IPEAOTBPAILIEHUEM YTEUKU
uH(bOopMaIuu.

KoHcTpynpoBaHue TMpU3HAKOB W3 BPEMEHHBIX PAJOB  TEIEMETPHH
MOJABMKHOTO COCTaBa C MCMOJB30BAHMEM CKOJIB3SIIIMX OKOH M MpeoOpa3oBaHUS
dypse.

Ouenka u3Hoca 00OpYJIOBaHUS TPAHCHOPTHOTO MPEANPHUATHS HA OCHOBE
rpaguentHoro 0ycrunra (CatBoost) ¢ unTepnperanueii npuznakos uepe3 SHAP.

Knaccudukanus npeqoTkazHbIX COCTOSIHUN y3J10B TP CUIIBHOM AucOanaHce
KJIACCOB: MOAOOP METPUK U YUET LEHBI OIMOKM NEPBOTO U BTOPOTO POJa.

[Torck aHomManuii B TMOKa3aHUSIX AATYUKOB HMH(PPACTPYKTYypbl METOJaMHU
oOyuenus 0e3 yuurens (kiaacrepusanus, PCA, t-SNE).

[IpumeHenue mMeToja ONMOpHBIX BEKTOPOB (SVM) ¢ siiepHbIM TPIOKOM JIs
OuHapHOH KJacCu(UKAIMU COCTOSHUN KPUTUUECKUX TPAHCHIOPTHBIX y3JI0B.



[IporHo3upoBaHue OCTaTOYHOTO pecypca O0OOpPYIOBaHUS IO JaHHBIM
TEJIEMETPHUH C UCIIOJIBb30BaHUEM PEeKyppeHTHBIX HepoHHbIX ceTeit (LSTM/GRU).

JleTekusi BU3yaJIbHBIX JAC(PEKTOB TPAHCIOPTHONH HHPPACTPYKTYPHI C
MIPUMEHEHUEM CBEpPTOUHbIX HeWpoHHbIX cereid (CNN) um mpocTpaHCTBEHHOM
ayrMEHTallUH.

Crpaterust mnepenoca o0yuenusi (Transfer Learning) nns apanranuu
npenoO0yUYeHHbIX MOJENe Moj 3aJaud MOHUTOPUHTA KEJIE3HOJIOPOKHOTO WU
aBTOMOOUIILHOTO TOJIOTHA.

ApXUTEKTypHOE TNPOEKTHPOBAHUE U PEryJSIpU3alMs MHOTOCIONHOrO
nepuentpoHa (MLP) mist BBISBICHUS CIOXKHBIX HEJIMHEHHBIX NATTEPHOB B
TEJIEMETPHH.

Pa3paboTka u koHTelHepu3anus BbicokompousBoautensHoro REST API
MUKpOCEPBHUCA MPEIMKTUBHOM nuarHocThky Ha 6a3e FastAPI u Docker.

DKCnopT, KBAaHTOBaHHUE U KpoccIuiarGpopMeHHbIi 6eHuMapkuHr ML-mozeneit
B hopmat ONNX st 3agau Edge Al na nepudepuitHpix ycTpoiicTBax.

Co3naHue MHTEPAKTUBHOTO aHajJuTH4YecKoro nmamobopnaa (Streamlit) nms
OeciioBHOM uHTerpauuu ML-Moen B KOPIOPATHBHYIO HWH(DOPMALMOHHYIO
CUCTEMY.

Buenpenue mnpaktuk MLOps: BepcuonupoBanue apredaxtoB (DVC) u
MOHUTOPHUHT Jipeiida JaHHBIX B MPOJIAKIIICH-CUCTEME MPEAUKTUBHON aHATUTHKU.

CpaBHUTENBHBIN aHAM3 CTPATEruil KPOCC-BAIMIALMU BPEMEHHBIX PSAJIOB
(TimeSeriesSplit) u  onTuMu3anusg TUNEpPHapaMeTpoOB  aHcamMOJed IS
MIPOTHO3UPOBAHUS COOEB.

5. IlepeueHb wu3MaHMI, KOTOpPBIE PEKOMEHAYETCS MCIOJIb30BATh IIPH
OCBOCHMH TUCUUILTUHBI (MOAYJIs).

Ne
) Bubnuorpaduueckoe omicaHne Mecro nocrymna
/i
1 | ®nax, [1. MammuHoe 00yuenune. Hayka u nuckycctBo | JlaHb : 271eKTpOHHO-OMOIMOTE U HAS
HIOCTPOEHHS AITOPUTMOB, KOTOPBIE U3BJIEKAIOT cucrema. — URL:
3HaHus U3 gaHHbx / [1. ®nax. — Mocksa : IMK https://e.lanbook.com/book/69955

Tpece, 2015. — 400 c. — ISBN 978-5-97060-273-7. | (1ara odpatenns: 19.06.2026)
— Texcr : 351eKTpOHHBIN

2 Mursikos, E. C. IcKycCTBEHHBIN UHTEIUIEKT U JlaHb : 31€eKTPOHHO-OMOIHOTEYHAS
MalIuHHOE 00ydeHue : yueGHoe nocobue mis By3os / | cucrema. — URL:

E. C. Mursikos, A. T. llImenesa, A. . Jagsinun. — | Nitps://e.lanbook.com/book/507451
2-e u31., crep. — Cankr-TlerepGypr : Jlann, 2026, — | (#4aTa odpamens: 19.06.2026)
252 ¢.— ISBN 978-5-507-51198-3. — Teker :

3JIEKTPOHHBIN

3 | Apremos, M. A. MamuHHOe 00yueHue : yueOHo- JlaHb : 2JIEKTPOHHO-OHOIHOTeYHAs

MeToandeckoe nocodue / M. A. Apremos, C. B. cucrema. — URL:




3onorapes, E. C. Bapanosckwuii. — Boponex : BI'Y, | https://e.lanbook.com/book/455024
2021. — 22 ¢. — TeKcT : DIEKTPOHHBIN (maTa obparmenust: 19.06.2026)

6. IlepedueHb COBpPEMEHHBIX MPOQPECCHOHANBHBIX 0a3 MaHHBIX U
WH(POPMAITMOHHBIX CIPABOYHBIX CHUCTEM, KOTOPBIE MOTYT HCIOJB30BaThCS IPH
OCBOCHUU JUCHUIUIUHBI (MOIYJIA).

OBC UznatenscrBa «Jlansy» — https://e.lanbook.com/

SBC «Opaiit» — https://urait.ru/

Odunmanpaas gokymenrtaus Scikit-learn — https://scikit-learn.org/stable/

Odunmansaas nokymenraius CatBoost — https://catboost.ai/docs/

Odunmanbuas nqokymenraius FastAPI — https://fastapi.tiangolo.com/ru/

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

7. IlepedyeHp  JHIIEH3BMOHHOTO M  CBOOOJHO  PacCHpOCTPAHIEMOTO
MpPOrpaMMHOr0 OO€CTe4YeHUs, B TOM YHCJIE OTEUECTBEHHOI'O MPOU3BOJICTRA,
HEO0OXOIMMOTrO /I OCBOCHHUS TUCITUTLIIUHBI (MOIYJIs).

Omnepanronnsie cuctembl — Astra Linux / ALT Linux / PEJT OC.

Oducueie maketsl — P7-Oduc / MoiOduc (ayis moAroTOBKM OTUETOB U
npesentaruit mo 'OCT).

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

Cuctemsl kouTposist Bepeuit — GitVerse / GitFlic.

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

PaGota ¢ API u cersmu — FastAPI, Uvicorn, Postman / Hoppscotch
(OTKpBITHIN aHasor), curl.

CYBJ] — Postgres Pro (B peectpe 11O P®) / PostgreSQL, pacuupenue
PostGIS.

Pasmerka nanasix — CVAT / Label Studio.

JHam6opasl u Bu3yanu3sarms — Streamlit / Dash.

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

8. OmnucaHue MarepuaJbHO-TEXHUYECKOW 0a3bl, HEOOXOAMMOM IS
OCYILIECTBJICHUSI 00pa30BaTEILHOrO Mpoliecca Mo TUCIUILUTHHE (MOIYJIIO).

VYyebHbIe aymuTOpUH JUIsl TPOBEACHUS YUYEOHBIX 3aHSATHN, OCHAIEHHBIC
KOMITHIOTEPHOU TEXHUKON ¥ HabOpamMu JI€MOHCTPAIMOHHOTO 000PY/T0BaHMSI.



I[JISI IMPAaKTUYCCKUX U H€a60paT0pHBIX 3aHIATHN — HAJIW4Ue INEPCOHAIBbHBIX
KOMIIBIOTCPOB BBIYHUCIUTCIBLHOTO KJIaCcCa.

9. ®opma MPOMEKYTOUYHOU ATTECTALINU:

KypcoBoii ipoekT B 6 cemecTpe.
Dk3ameH B 6 ceMecTpe.

10. OueHouHbIE MaTEPHAIIBI.

OHCHO‘IHLIE? MaTCpuaiibl, IPUMCHACMBIC IIPpU ITPOBCACHUU HpOMG)KYTO‘IHOﬁ

aTTeCTallui, pa3padaThIBAlOTCA B COOTBETCTBUHU C JIOKAJIbHBIM HOPMATHUBHBIM
aktom PYT (MUUT).
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