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1. HEJIb OCBOEHUA AU CHUITJINHBI

Hucrunmuaa «OOpaboTka W aHaNMM3 HM300paKEHUH W BHJACO C IOMOIIBIO METOJIOB
MCKYCCTBEHHOTO MHTEIUICKTa» BXOAMUT B MporpaMmy OakanaBpuara «VICKyCCTBEHHBIN HHTEIICKT:
pa3paboTka U O0yYeHHE HMHTEIIEKTYyaJbHBIX CHCTEM» IO HampaBieHusM moarotoBku 02.03.02
@OynnamentanbHast uHGoOpMatuka U uHpopMamoHHble TexHonmorun u 09.03.03 IlpuknamHas
nHpopmatuka, W wu3ydaerca B S5 cemectpe 3 kypca. JucnumimHy peanmm3yer Kadenpa
IIPUKJIAJHOTO MCKYCCTBEHHOI'O MHTEJUIEKTa. JlucuumimHa cocTouT u3 4 pas3nenoB u 34 Tem u
HaIpaBJieHa HA W3YUYEHHUE MTPOJABUHYTHIX METOJIOB IIyOOKOTO 00ydYeHUs Jisi 0OpaOOTKH M aHAIH3a
BHU3YaJbHBIX TAaHHBIX: APXUTEKTYP M MPAKTHK O0yUYEHUS MOJeNel KiIacCuPUKaIi n300paskeHui
(EfficientNet, ConvNeXt, Vision Transformer), nerekmuu o0wsektoB (YOLO, RT-DETR),
CEMaHTHYECKOM, dK3eMIUTIpHON U maHontuyeckoir cermeHTtaruu (U-Net, Mask R-CNN, SAM),
aHajM3a  BHUJCOIOCIEAOBATEILHOCTEN  (TPEKMHT  OOBEKTOB, Kiaccu(ukanus JICHCTBUH,
ONTUYECKUH TIOTOK), TEHEpaluu M penakTupoBaHus uzoOpaxkeHuit (GAN, nuddys3noHHbIC
MOJIETI), a TaKK€ METOJIOB OLIEHKM KauecTBa, HMHTEPHpPETAlud U pa3BEPTHIBAHUSA CUCTEM
KOMITBIOTEPHOTO 3pEHUS JAJIs1 TPOMBINIICHHBIX MPUIIOKESHUN.

Llenpto OCBOEHHS NUCLUIUIMHBI SIBISETCS (OPMHUPOBAHUE y CTYICHTOB MPAKTHUUECKUX
HABBIKOB TIPOEKTUPOBAHUS, 00YUCHHUS U Pa3BEPTHIBAHUS HEUPOCETEBBIX MOJETCH sl IIHPOKOTO
CIeKTpa 3a7a4 o0paboTKH N300paKEHHUI M BHJIEO, BKIIFOYAsl CIIOCOOHOCTh BHIOMpATh U 1000yYaTh
ApPXUTEKTYPy JUIsI KOHKPETHOW MPUKIATHOW 3a7ad, MOATOTABIMBATh U pa3MeuyaTh BHU3yalbHBIC
JaHHBIC, OIICHUBATh KauyeCTBO MOJEJCH 1Mo crenuann3upoBaHHbiM MeTpukam (mAP, IoU, FID),
aHAIM3UPOBATH OIMIUOKYU M OTPaHUYCHHSI, KPUTUIECKHU OLIEHUBATH 11€J1eCO00pa3HOCTh MPUMEHEHUS
NN x Bu3yanbHBIM JaHHBIM, a Takke (OpPMYIHpPOBaTh KPUTEPUH TNPUEMKU CUCTEM
KOMITBIOTEPHOTO 3pEHUSI.

2. TPEBOBAHMUS K PE3YJIBTATAM OCBOEHUA U CHUIIVIMHBI

OcBoenne quctuIuinHbl «O0padoTKa 1 aHaTN3 U300paKEHUI U BUIEO C IIOMOIIBIO METOI0B
HMCKYCCTBEHHOTO HHTEIIJIEKTa» HaNpaBlIeHO Ha (OPMHPOBAHHE Y OOYYAIOIIMXCS CICTYIOIINX
KOMIIETEHIIMH (4aCTU KOMIIETECHIIN ):

Tabnuya 2.1. Ilepeuenv kommemenyui, Gopmupyemvix y 00yuarowuxcia npu o0c60eHuu
OUCYUNTUHBL (Pe3YTbMAaMbl 0C80EHUSL OUCYUNTIUHBL)

Indp Kommeremums HNupnkaTtopsl AOCTH:KEHHS KOMMETeH N
(B pamMKax JaHHOW JUCITUILTUHEI)
Crnioco6eH pa3pabaTbiBaTh U
DCAHSOBBIBATS CTPATCTHH [1K-3.1 Bepudunupyer tpedosanus k I10 cucrem MU, onpenensier
IK-3 TECTUPOBAHUS U KOHTPOJIA N .
TpeOOBaHUS K TECTAM U KPUTCPUHU MPUEMKH;
Ka4yecTBa IPOTrPaMMHOTO
obecneuerns cucrem 1IN
CriocoOeH IpUMEHATH U (HITH) DL-1.12 [Ipumensier, aganTupyeT 1 pa3padaThiBaeT METObI
DL-1 pa3pabaTeIBaTh apXUTEKTYPHI JI000ydeHUs] HEUPOHHBIX ceTel st 2P PEKTUBHOMN alanTaiuu
NIyOOKHX HEMPOHHBIX ceTei MoJeJeH K HOBBIM 3aJa4yaM U JIOMEHaM,
DL-3.1 IlpumensieT (MpoBos BEIOOP W IKCTICPUMEHTHI) H3BECTHBIC
aJTOPUTMBI U OMOTUOTEKH KOMITBIOTEPHOTO 3PEHUS,
penoOyvIeHHbIE TITyOOKHEe HEHPOCETEBbIE MOICIN IS
NPUKJIAIHBIX 33/1a4 aHAJIN3a N300paXKCHUH U BUICONOTOKA, TIPU
CriocoOeH PUMEHSTH U (W) HEOOXOIUMOCTH T000YyYasi U BaJIHIUPYs HA COOCTBEHHBIX HAOOpax
DL-3 pa3pabaTbIBaTh ATOPUTMEL, JTAaHHBIX;
METO/Ibl U TEXHOJIOTUU DL-3.2 OnpenensieT cTek TEXHOJIOTUN, METOAOB U aJITOPUTMOB ISt
KOMIBIOTEPHOTO 3PCHUS MOCTPOCHHUS MPOITYKTOB C KOMITBIOTEPHBIM 3PCHUEM (CHCTEMBI
BUJICOAHATTUTUKH, IIOUCKOBEIC CUCTEMBI IO N300PaKEHUSIM U T.11.);
DL-3.3 UMIuieMeHTHpPYET U3BECTHBIE AITOPUTMBI, apXUTEKTYPhI H
MOJIENTN KOMITEIOTEPHOTO 3PEHHS Ha PeaibHBIX JaHHBIX, CTPOUT
MadTUIaliHBl 00YYeHMSI MOJICJISH M pa3BePTHIBAHMSI CEPBHUCOB




I/IHIH(IKaTopr JAOCTHIKCHHSI KOMIICTCHIIMHA

Mudp Komnerennus N
(B paMKax JaHHOW JMCIMIUIMHBI)
KOMIIBIOTEPHOTO 3pEHUsl B IPOAYKTHUBHOH cpernie;
CriocoOeH IPOBOJIUTH TIEPEOBbIC
FC-2 HCCIIeI0BaHMs B 00IaCTH FC-2.2 Uccnenyer u pazpabarbiBaeT 1udhy3HOHHBIE U IpYTHE
(byHIaMEHTAIbHBIX U MOJIENU 7151 HECUMBOJIBHBIX aHHbIX;
TeHEPATUBHBIX MoJeNei
SS-3.1 YuutsiBaeT B paboTe KOTHUTHBHBIC HCK)KEHHS YEIOBEKA U
Crioco0eH K KpUTHYECKOMY NpUMEpHI UX NPOSBIEHUs Npu padote ¢ naHHbIMu 1 1, BeIsBISIeT
353 aHaIHU3y, MeTapeIeKcuu 1 npeassaToctu cucteM M, apryMeHTHPOBaHHO OIICHUBAET

TIePEHOCY 3HAHMIA MTPHU padoTe C
cucremamu N

HAJIeKHOCTh JIAHHBIX U Bbiiaun MU, npumensier 6a3oBbie
MPUHIUIIBI KPUTHYECKOTO MBILIUICHUS (OLIEHKAa HCTOYHUKOB,
MIPOBEpKa apryMEHTOB, OTINYHE (aKTa OT HHTEPIIPETAIHH);

3. MECTO JUCIMIIJIMHBI B CTPYKTYPE OII BO

Hucrunmuaa «OOpaboTka W aHaNMM3 HM300paKEHUH W BHJACO C IIOMOINBIO METOJIOB

HUCKYCCTBEHHOTO WHTEJUICKTa» OTHOCUTCS K OJIOKy Mo BBIOOpY OJoKa

MIPOrpaMMBbI BBICHIETO 0OPa30BaHHUS.

o0Opa3oBaTenbHOMI

B pamkax o0pa3oBaTeNbHOW MPOTrpaMMbI BBICIIETO 0Opa30BaHUS OOyYaronIuecs TakkKe

OCBauBarOT

JIpyrue  JUCLUIUTUHBI

/WM TPaKTHKH,

CIOCOOCTBYIOITHE

JOCTHXXCHHIO

3aIJIaHUPOBAHHBIX PE3yJIbTaTOB OCBOEHUS JUCHUUIUIMHBI «O0paboTKa M aHAINU3 M300paxKeHU U
BHJIEO C TIOMOUIBI0 METOJIOB UICKYCCTBEHHOT'O UHTEIIIICKTaY.

Tabnuya 3.1. Ilepeuenv komnonenmos OI1 BO,

3AN1AHUPOBAHRHbLX pe3)l1bmamoe OC60E€HUA ()uCL;uI’lJZqul

CROCOOCMBYIOWUX  OOCMUNCEHUTO

IIpepmecrByromue Iocaenyromue
Mudg Haumenosanue Ilﬂcﬁl/ll'l.l'llfll-[bl}/MOZ[ JIN Ilﬂcul/ll'l.l'llfll-[)l])l/MOZ[ JIN
p KOMIIETeHIIHH . ¥y, . ¥y,
NMPAKTHKHA NMPAKTHKHA
[penuruioMHas MpaKkTUKA;
TexHosornyeckas (poOEKTHO-
TEXHOJIOTUYCCKAs) TPAKTHUKA
Teopwust BeposiTHOCTEH M (mpou3BOACTBEHHAS);
MaTeMAaTHYCCKasl CTATUCTUKA; DKCIUTyaTallMOHHAS PAKTUKA
OrHKa 1 6€301MacHOCTb (Ipou3BOACTBEHHAS);
HCTIOIB30BaHUS HCKYCCTBEHHOTO MeToabl MalIMHHOTO
HHTEJUIEKTA; 00yJeHHS;
CTaTuCTHIEeCKHE METOIBI 1 Heiiponnsie cety;
[IEPBUYHBII aHAIU3 JAHHBIX; BbesonacHocTh cucreM
CriocobeH pa3pabaTsiBaTh U
[IporpammupoBaHue Ha SI3BIKE HCKYCCTBEHHOTO MHTEIJICKTA;
pean30BEIBaTh CTPATETHH
Python; MLOps u npoMbllLIeHHAS
IK-3 TECTUPOBAHUS U KOHTPOJLS .
MeTombl pa3pabOTKU pelICHUH Ha pa3paboTka cucTeM
Ka4yecTBa MPOrPaMMHOIO
OCHOBE HCKYCCTBEHHOTO HCKYCCTBEHHOTO MHTEIJICKTA;
obecrnieuenus cucrem MU .
untemiekra (Git, Docker); [IpoexTupoBanue u
TexHosornyeckas (poOEKTHO- pa3paboTka cucTeM
TEXHOJIOTUYCCKAs) TPAKTHUKA KOMITBIOTEPHOTO 3pPEHHUS;
(yueOHnas); [IpakTukym o od6padboTke
DKcIuTyaTainoHHas MPaKkTHKa ecrecTBeHHOTO s13b1Ka (NLP);
(yueOHnasn); Onrumuzanys Moaenei
MaITHHHOTO 00YYCHNS;
[IpakTndeckas mOATOTOBKA Ha
MIPOEKTaX OTPACIEBBIX
WHIyCTPUAILHBIX TAPTHEPOB;
DKCIUTyaTallMOHHAS PAKTUKA DKCIUTyaTallMOHHAS TPAKTUKA
Cnoco0eH K KpUTHIECKOMY
(yueOHast); (Ipou3BOACTBEHHAS);
aHau3y, METapeQICKCUH U .
SS-3 Teopus BeposTHOCTEN U TexHosornyeckas (poOEKTHO-

NEePEeHOCY 3HaHUM pu
pabote ¢ cucremamu M1

MaTeMaTHYeCKasl CTATUCTUKA;
W cKycCTBEHHBINM HHTEIUIEKT U

TEXHOJIOTHYCCKAS) TPAKTHUKA
(mpou3BOACTBEHHAS);




HIngp

HanmenoBanue
KOMIIeTEHIIHH

IIpenmecrByomue
AUCHHILTAHBI/MOYJIH,
NMPaKTHKU*

Mocaenyrwomue
AUCHHILTAHBI/MOYJIH,
NMPaKTHKU*

KOTHUTHBHAS IICUXOJIOTHS,
DTHKa 1 6€30I1aCHOCTh
HCIOJIb30BaHUS UCKYCCTBEHHOTO
HHTEIICKTA,

CTraTHCTHYECKHE METOBI 1
TIEPBUYHBIN aHATN3 JaHHBIX;
IIpaBoBenenue;

BBenenue B HCKyCCTBEHHBIN
HHTEJUIEKT;

BBeeHre B KOMIIBIOTEPHOE 3PEHHE;

[MpepaumioMHas MpakTHKA,
MeToabl MalIMHHOTO
00y4eHus;

Heliponnsie cetu;
besonacHocTh cucteM
HCKYCCTBEHHOTO UHTEILICKTA;
Baiibo-kooune**;
OnrruMu3anys Moenei
MaITHHHOTO 00YYEHNS;
MLOps 1 npoMbITIICHHAS
pa3paboTka cucteM
HCKYCCTBEHHOTO MHTEIIJICKTA;
[IpakTHuveckas MOArOTOBKA Ha
MPOEKTAaX OTPACIEBBIX
WH/TyCTPUAIBHBIX TAPTHEPOB;
[IpoekTupoBanue u
pa3paboTKa CUCTEM
KOMITBIOTEPHOTO 3PEHHUS;
[IpakTukym o obpadboTke
ecrecTBeHHOTO s13b1Ka (NLP);
OcHosbl pobomomexnuku **;
Lughposvie 0sotinuxu**;
HUngopmayuonneiii nouck**;
Pexomenoamenvuvie
cucmemvl ¥¥;

Obpabomka cueHanog**;
AHanu3z gpemennbix psoog**;
Bonvuue sizvikosvle
Mmooenu**;

DL-1

Crnoco0eH NpUMEHSITh U
(unm) pa3pabaTbIBaTh
APXUTEKTYPHI ITyOOKHX
HEUPOHHBIX ceTen

[IpenumioMHast MpaKkTHKa;
TexHonoruueckast (MpOESKTHO-
TEXHOJIOTHYECKAs) MPAKTHKA
(Ipon3BOACTBEHHAS);
OCHOBBI TNTyOOKOTO 00yUEeHHUS
Heliponnsie cetu;
[IpakTuveckas MOArOTOBKA Ha
MPOEKTAaX OTPACIEBBIX
WHTyCTPUAIBHBIX TAPTHEPOB;
[IpoekTupoBanue u
pa3paboTKa CUCTEM
KOMIBIOTEPHOTO 3PEHHUS;
T'enepamusnuvle modeau**;
[IpakTukym o od6padboTke
ecrecTBeHHOTO s13b1Ka (NLP);
bonvuue asvikogvle
Mmooenu**;

MLOps u npoMbllLIeHHAS
pa3paboTka cucteM
HCKYCCTBEHHOTO MHTEIICKTA;

>

DL-3

Cnoco0eH NpUMEeHsITh 1
(unm) pa3pabaTbIBaTh
QIITOPUTMBI, METOJIBI U
TEXHOJIOTUH
KOMIIBIOTEPHOTO 3pECHHS

BBeneHue B KOMIIBIOTEPHOE 3PEHHUE;

[IpoekTupoBanue u
pa3paboTka cucteM
KOMIBIOTEPHOTO 3PCHUS;
[peaaumioMHas MpakTUKA,
DKCIUTyaTalMOHHAsS TIPAKTHKA
(Ipon3BOACTBEHHAS);

FC-2

CriocobGeH poBOIUTh
nepe1oBbIe UCCIICA0BAHNUS B
obnactu pyHIaMEHTATHHBIX
Y TeHEPATUBHBIX MOJEICH

JIMHrBUCTHYECKUE OCHOBBI aHAJIN3a
€CTECTBEHHOTO SI3bIKA;
BBezieHue B KOMIIBIOTEPHOE 3pEHHE;

[peaaumioMHas MpakTUKa,
TexHonoruueckast (MpOESKTHO-
TEXHOJIOTUYECKast) MPAKTUKA
(Mpou3BOCTBEHHAS);
[TpakTuky™m 110 00paboTke




IIpenqmecTBYIOIITE IMocaexywomme
HIngp HanvenoBanue III/ICIP;I/Il:IJIMHLI?,MOI:IIyJII/I HHCHHHHM?[iI/ﬁIOHyJIH
9 9
KoMmeTenim NpaKTHKH* NpAKTHKH*

ecTecTBeHHOro s3bika (NLP);
Bonvuue aszvixosvie
Mmooenu**;

OcHOBBI ITyOOKOT0 00Y4EHHS;
Heiiponnsie cety;
IIpoexktupoBanue u
pa3paboTKa CUCTeM
KOMITBIOTEPHOTO 3PEHHUS;
Tenepamusnuvle modenu**;
[MpakTuyeckas MOArOTOBKa Ha
IIPOEKTaX OTPACIEBBIX
WHTyCTPUAIILHBIX TAPTHEPOB;

* - 3aI0JIHSIETCS] B COOTBETCTBUM ¢ MaTpuueil komnerenimidi u CYII OIT BO
** - 3JIEKTHBHBIC TUCUUIUIMHBI /IPAKTHKH




4. OFBEM JJUCIHUIIJIMHBI U BUAbI YYEBHOMN PABOTHI

OOmiasi Tpya0eMKOCTh IUCHUIUIMHBI «OO0paboTka W aHanu3 W300paXKeHW M BUACO C IMOMOIILI0 METOJO0B HMCKYCCTBEHHOTO HWHTEIICKTa)

COCTaBJISICT «4» 3a4eTHBIC CAVHUIIBI.

Tabnuya 4.1. Buowl yuebHOU pabomvl no nepuooam O0C8OeHUs 00PA308amMeNbHOU NPOSPAMMbL Gblcuie20 00pa308anus O0isl OYHOU (HOpMbl

00yyeHusl.
Bun yue0Hoii padoTsl BCEI'O, ak.u. CeMecST p(-n)
Konmaxmmnas paboma, ax.u. 68 68
Jlexmu (JIK) 0 0
JlaGopatopusie padotsl (JIP) 0 0
[Tpaktuaeckue/cemunapckue 3aaatus (C3) 68 68
CamocmosmenvHnas paboma 00y4aowuxcs, ax.u. 49 49
Koumponw (ax3amen/3auem c oyenkoit), ax.u. 27 27
O01mas TpyA0eMKOCTh AHCIMIITHHBI aK.4. 144 144
3a4.e/l. 4 4




5. COAEP)KAHUE JUCIIAITJIMHbI

Tabnuya 5. 1. Coodeporcarue oucyuniunsl (Mo0yis) no eudam y4ebHou pabomol

Bug | ®opmup
Homep | HammenoBaHme pa3geina y4eOHOli | yembIe
HaumeHoBaHHE TeMBbI Copep:xaHue TeMbI
pa3nea JHCIMIIIMHBI padoThl | HHAUKA
* TOPBI
0630p sBomorn: VGG — ResNet — EfficientNet —
ConvNeXt — ViT. EfficientNet: compound scaling (depth,
width, resolution). ConvNeXt: monepuuzanms ResNet
1.1 COBPEMEHHLIC apXHTEKTY Pl aneMeHTaMu Tpanchopmepa. Vision Transformer: pazouenue Ha C3 DL-3.1,
KIacCuUKaIN o FC-2.2
naryuy, class token, nmozuunonHoe koauposanue. DeiT: data-
efficient training. CpaBaenre CNN u ViT: inductive bias,
TpeOOBaHUs K IaHHBIM, MaCIITAOUPYEMOCTh
Crpateruu: feature extraction, linear probing, full fine-tuning,
progressive unfreezing. AnddepennupoBannsiii learning rate.
12 Transfer learning u fine-tuning s CV- Pretrained monemu: torchvision, timm (PyTorch Image Models). 3 DL-3.1,
' 3aj1au 3arpyska Mozesei u3 timm: timm.create_model, list models. DL-3.2
[Ipaxruka: fine-tuning EfficientNet-B0 Ha mons30BaTeIpcKoM
natacere (200-500 n3o0paskeHni Ha Ki1acc)
COop naHHBIX: BeO-CKpeHnuHT, open datasets, CHHTETHIECKHE
[IpomsuHyTas nanaHble. Pasmerka: LabelStudio, Roboflow. Ayrmenranus:

Paszen 1 KJIacCU(UKAIINS 13 IToaroroBka u ayrMeHTalus JaHHBIX JJIS Albumentations (gegmetric, color, goise, dropqut). ' 3 DL-3.2,
M300paKeHUH U N3BIICUCHHE ()% RandAugment, TrivialAugment. Mixup, CutMix, Mosaic. Test- DL-3.1
MIPU3HAKOB Time Augmentation (TTA). IIpakTuka: co3ganue nanmaiitHa

AyTMCHTAIIVH, OLICHKA BJIUSHISI HA MCTPHUKH
Top-1, Top-5 accuracy. Per-class precision, recall, F1.
Confusion matrix: aHaINU3 CUCTEMATHYCCKUX OLIHOOK.
1.4 MeTpuKH U OLIEHKa MOJeNen Calibration: reliability diagram, ECE. Robustness: oneHka Ha 3 DL-1.12,
' kiaccudukanun caBuHyThIX naHHBIX (ImageNet-C, 0630p). Latency n IK-3.1
throughput: 3amepst Ha CPU u GPU. IIpakTuka: KoMIieKcHast
OIIEHKA MOJEIIH [0 MHOYKECTBY KPUTEPHEB
Grad-CAM, Grad-CAM++: Bu3yanu3anusi BHUMaHHUS MOJIEIIH.
Attention maps st ViT. AHanu3 ommOOK: TUIMHMYHBIC TATTEPHBI
(confusion Mexay MOX0KUMHU Kiaccamu, (POHOBBIE apTe(haKThl, DL-1.12,
1.5 |Murepnperanns u anamis ommbox CNN bias mo ocemennio). Adversarial examples: FGSM, PGD c3 SS-3.1
(memoncTpanus). [IpakTrka: MONHBIN aHATH3 OIHOO0K
00y4eHHOI MojienH, GOPMYJIMPOBAHUE PEKOMEHIAITII
1.6  |M3Bneyenue npusHakoB u3 nmpenodydeHHbx | CNN kak feature extractor: u3BiedeHHE IPOMEKYTOUHBIX C3 DL-3.1,




Bupg | ®opmup
Homep | HammeHoBaHue pa3sgesa yueOHoOIi | yemble
HanmeHoBaHue TeMBI Coaep:xanue TeMbl
pa3nena JTHCIUTIIHHBI padéoThl | HHAHKA
* TOPbI
Mozenei axtuBanmii (register_forward hook). Embedding space: FC-2.2
Busyanu3ais t-SNE/UMARP. [Touck moxoxux u300paKeHUu:
cosine similarity, FAISS (0630p). [Ipakruka: noctpoenue
CHCTEMBI IOMCKaA IIOX0XKUX M300pakeHuit Ha 6aze ResNet/ViT
9MOEIMHTOB
3agava: o0y4eHHe IpeCTaBIeHH, a He KiaccoB. Triplet loss:
anchor, positive, negative, mining strategies. Contrastive loss DL-3.1
1.7  |Metric learning u KoHTpacTHOE O0yUYCHHE (SimCLR, 0630p). ArcFace (0630p). [Ipumenenus: face C3 )
. 0 . . . FC-2.2
verification, image retrieval, few-shot classification. [Ipakruka:
obyuenne mozenu c triplet loss s 3agadu image retrieval
Few-shot learning: Prototypical Networks, Matching Networks
(0030p). Meta-learning: learning to learn (0630p). Zero-shot
1.8 |Few-shot i zero-shot knaccnukams classification: CLIP (OpenAl) — o0y4eHue Ha mapax 3 FC-2.2,
n300paKeHHe-TeKCT, zero-shot 4epe3 TEeKCTOBBIC MPOMIITHI. DL-3.1
Ipakruka: zero-shot knaccudukanus ¢ CLIP, cpaBaenue c fine-
tuned MozienbI0
CKkBO3Has 3a/1a4a: MMOJIb30BATEIbCKHIA JaTaceT — pa3MeTKa —
ayrMmeHranus — fine-tuning (timm) — onenka (accuracy,
o DL-3.2,
1.9 MWUHH-TIPOCKT: CUCTEMA KITACCUPUKAIINU calibration, Grad-CAM) — ananu3 ommbox — 3 K31
’ M300paKeHU I (hopMyHpoBaHUE KPUTEPHUEB MPUEMKHA —> DKCITOPT MOJIEIH. 2
DL-1.12
JoxymentupoBanue: Model Card, onrcanne naracera,
METPHUKH T10 TIOATPYIIIaM
ITosTopenue: IoU, NMS, anchor boxes. J/IByxctanuitasie: Faster
R-CNN (RPN + ROI pooling). Oxrocraaniiasie: YOLO (v5,
21 ADKHTCKTYDE 1CTEKIIH OGEEKTOR v8, v11), SSD. Anchor-free: FCOS, CenterNet. Transformer- 3 DL-3.1,
' p yprl AiCTeRI based: DETR, RT-DETR. Metpuku: AP, mAP@50, DL-3.2
mAP@50:95. COCO evaluation protocol. CpaBHeHue: accuracy
i 6 vs. latency
Paznen 2 C::;ggf;[ z:eKTOB " Ultralytics: ycranoBka, ¢popmar naHsbIx (images + labels B
H YOLO format), data.yaml. Pasmerka: Labellmg, Roboflow.
O06yuenne YOLOVS/v11 Ha O0yuenue: yolo detect train. [Tapamerpsl: epochs, imgsz, batch, DL-3.2,
2.2 : . . C3
M0JIb30BaTEILCKOM JaTaceTe augmentation. Ouenka: mAP, confusion matrix, PR-curve. DL-3.3
[IpaxTrka: geTeknus 00bEeKTOB Ha TOIb30BATEILCKOM JJaTaceTe
(2050 xmaccoB)
2.3 |AHanu3 omuOOK JeTeKIMU 1 onTuMu3aius | Tunsl ommOoK: false positives (poH kak 00bekT), false C3 DL-1.12,
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negatives (mpomycku), localization errors (HeTouHbIi bbox), SS-3.1
classification errors (BepHbIit bbox, HeBepHBIH Kilacc). AHanu3
yepe3 TIDE (0030p). Yiy4iienue: 0oJbIle JaHHBIX,
ayrmenranus (Mosaic, MixUp), nactpoiika confidence
threshold. IIpakruka: neranbublii anann3 ommook YOLO,
(hopMyIHpOBaHKE CTPATETHH Yy IIICHHS
IToBTOpEHNE: cCeMaHTHYECKasT CerMEeHTanus (TIMKCENb — KIIacc).
U-Net: encoder-decoder, skip connections. DeepLab v3+: atrous
24 CemanTtuueckas cermenranust: U-Net u convolution, ASPP, encoder-decoder. Metpuxku: pixel accuracy, 3 DL-3.1,
’ DeepLab mean loU, Dice coefficient. [Ipaktuka: o6yuenue U-Net / DL-3.2
DeepLabV3 na naracere cermenraruu (Cityscapes subset /
Pascal VOC)
Instance segmentation: Mask R-CNN (Faster R-CNN + mask
head). Panonrnueckast: stuff + things. Merpuku: mask AP, PQ
2.5 OK3CMILIAPHAA H NAHONTHYCCKas (Panoptic Quality). SAM (Segment Anything): apxutekrypa, C3 DL-3.1,
CerMeHTalus . FC-2.2
prompt-based segmentation. [Ipaktuka: ncnonszopanue Mask
R-CNN (Detectron2) u SAM 1151 9K3eMIUISIPHOM CerMEeHTaluu
®opmartsr annoranuii: COCO JSON, YOLO txt, Pascal VOC
XML, mask images. Uactpyments! pazmerku: CVAT,
26 IToaroroBka MaHHBIX UISI CETMEHTALIMA 1 LabelStudio, Roboflow. Ctpaternn npu Mmaaom oobEme 3 DL-3.2,
’ ETEKIINN JMaHHBIX: ayrMeHTanwus, pseudo-labeling, active learning. DL-3.3
Cunretndeckue nanubie (0030p). [IpakTrka: pa3meTka mataceTra
JUTSL CeTMEHTALINH, KOHBepTaus (opMaToB
MeTpuKH 10 Kjaccam u B 1ienoM: per-class AP, mAP, mloU.
OrieHKa 1o MOATPYIIaM: MEJIKHe/CpeIHIe/KPYITHbIE 0OBEKTHI
OlieHKa 1 KPHTCPHH TIPHEMKH CHCTEM (COCO splits). Ouenka Ha edge cases: MepeKphITHE, MK-3.1,
2.7 oOpe3aHHbIe 00BEKTHI, HEOOBIYHBIH pakypc. PopmynupoBanue C3
ACTeKIHH/CerMEHTaINH KkputepreB npuéMkn: «mAP@50 > 0.75, recall Ha MenKux DL-1.12
o0bekTax > 0.5». [IpakTrka: cocTaBlIeHHE IJIaHA TECTUPOBAHUS
JIeTEeKTOpa
Oxcnopt YOLO B ONNX u TensorRT. FastAPI cepsuc:
3arpy3ska usobpaxenus — nerekius — JSON ¢ bbox u
N . DL-3.3,
2.8  |Pa3BépTHIBaHNE MOJENH ACTEKIIUN kinaccamu. Docker-xonreitaep. barunpoBanue 3ammpocos. C3 DL-3.2

IIpakruka: pa3sépTriBanne aerekropa kak REST API,
HATrpy309HOE TECTHPOBAHHE
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CkBO3Has 3a/1a4a: MPUKIIAIHAS 3a7a4a (AeTCKIUs NePCKTOB,
MUHU-TIPOCKT: CUCTEMa CErMEHTALUS MEUIIMHCKUX N300paKeHHUH, IETCKIIHSI HA IPOHE) DL-3.2,
2.9 ) — pa3metka — o0yuenne YOLO / U-Net — onenka (mAP / C3 IK-3.1,
JIETEKIIMK/CErMEHTAIIUU .
mloU) — ananu3 ommoOoK — pa3BEPTHIBAHUE — KPUTEPUU DL-3.3
npuéMku. JJOKYMEHTUPOBAHKE U MPE3CHTAIUS
Buneo xak nocnegoBarenabHOCTh KaapoB: FPS, paspeenue,
konexu. Urenne Bugeo: OpenCV VideoCapture, decord,
3] O6paboTka BUICO: OCHOBHI U torchvision.io. [Ipeno6paboTka: u3BIeUEeHNE KAAPOB, 3 DL-3.1,
’ npenoopaboTKa pecammuinpoBanue FPS, resize, Hopmanmzanus. XpaHeHue: DL-3.3
BHJIEO VS. U3BJICUEHHBIE KaJiphl. [IpakTrka: malmiiaiH 3arpy3Ku
1 IpeoOpabOTKH BUIEO
ITokanposas gerekmus: YOLO Ha kaxxaoMm kanpe. [TpoGiemsr:
mepuanue bbox, moreps ID. Tpekunr: SORT (Kalman filter +
Hungarian algorithm), DeepSORT (appearance features + DL-3.1,
3.2 |Mlerexuus 0OHEKTOR Ha BUJCO 1 TPEKHHT motion), ByteTrack, BoT-SORT. Metpuku tpexunra: MOTA, 3 DL-3.3
MOTP, IDF1, HOTA. [IpakTuka: qeTexkius + TpeKUHT Ha
BUICO (MCIIEXO/Ibl, TPAHCIIOPT), BU3YAJIU3aIHs TPEKOB
OnTHyeckuii MOTOK: ONPEACICHHE, YPABHECHHUE IPKOCTHOTO
nocrosiHcTBa. Knaccuueckue meronsr: Lucas-Kanade,
Paszen 3 | Ananmus Bizeo 3 Farnebéck. HeiipocereBbie: RAFT (0630p). Busyanmzanus: DL-3.1,
3.3 OITHYECKAN TTOTOK U aHAJIN3 IBHKEHUS [IBETOBAs KapTa moToka. [[puMeHenus: ctadmim3anus, slow C3 DL-3.3
motion, TeTEKIUs ABWKYIIIXCS 00bekTOB. [IpakTrka: ’
BBIYHCIICHUE U BU3yau3aIus ontuiaeckoro motoka (OpenCV,
RAFT)
IToaxompr: mokampoBas knaccupukanus + arperanus, 3D CNN
(C3D, I3D), Two-Stream (spatial + temporal), SlowFast
34 |Knacoudmrauns aeiictsuii B Bujieo Networks, Video Trapsfqrmers (TimeSformer, VideoMAE, 3 DL-3.1,
' 0030p). Jaracersr: Kinetics, UCF101. [Ipaktuka: FC-2.2
knaccudukanus neiicreuit Ha UCF101 ¢ ucrons3oBaHneM
npenoOydeHHoH Mosienu (torchvision.models.video)
3amava: BRIABICHUAC HETUIHMYHBIX cOOBbITHI. [Tomxombr:
reconstruction-based (autoencoder Ha HOpMaJIBHBIX KaJpax,
. . . . DL-3.3,
3.5 |OOGHapyxeHHe aHOMaNi B BUICOMIOTOKE anomaly = high reconstruction error), prediction-based C3 3531

(mpenckazanue CleyroIero Kajapa, aHOMaJIUs = BBICOKas
ommbOKa). Practical considerations: Be1OOp mopora, false alarm
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rate. [Ipaktuka: oOHapyXeHHe aHOMAJIMH B BUJI€0 HAOJIIOACHHS
Ouenka no3sl: top-down (erexius yenoBeka — keypoints) u
bottom-up (Bce keypoints — rpynnupoBka). Monenu:
3.6 | OueHKa 0351 H CKEICTHHIC MOCIH OpenPose, MediaPipe, MMPose, ViTPose. Keypoints: COCO 3 DL-3.1,
' A (17), MPII (16). Metpuku: PCK, AP nns keypoints. DL-3.3
[Ipumenenus: criopt, peabuiuranus, 6e3onacHocTb. [pakTuka:
oIleHKa 1036l Ha BUeo ¢ MediaPipe / MMPose
Herexmus ym: MTCNN, RetinaFace, MediaPipe Face.
BripaBauBanwue (alignment). Om6exnuarn nwm: ArcFace,
FaceNet. Be arst: cosine similarity, mopor.
PacriozHaBaHue JIMIT: JETEKITHS, prpuiaLs ¥, mopor. DL-3.1,
3.7 Wnentudukanus: 1:N mouck. ITHUECKUe acleKTh: bias C3
BepU(pUKAINSA, dTHKA " N SS-3.1
(pacoBbIii, TeHIEPHBIN ), MPUBATHOCTD, PETYIUPOBAHUE.
[pakruka: naimaiin face detection + verification, o6cyxnenue
9THYECKUX OTpaHUYEHHH
CkBo3Hasl 33/1a4a: IPUKJIaqHAas 3a1a4a (TPEKUHT JIFo/IeH,
Kiaccudukanys 1eiHCcTBUM, aHOManuy, pose estimation) — DL-3.3
3.8 | Munn-npoekr: cucrema anammsa Biico 00paboTka BHe0 — IPUMEHEHHE MOJIEIH — MT0CcTOOpaboTKa 3 TK-3.1,
— BU3yaJM3alys Pe3yJIbTaTOB — OLIEHKA Ka4eCTBa — aHaJIM3 DL-3.2
orpanudeHuil. JlokyMeHTHpOBaHKE: ONUCAHNE TaliIaliHa, '
METPHKHU, KPUTEPUH MPUEMKH
GAN (noBtopenue): StyleGAN, ycinoBHas renepanust (CGAN,
Pix2Pix). Metpuku: FID, IS. Iuddy3uoHHbIe MOIETN: MIPSIMOM
N nporiecc (ro0aBieHue nrymMa), 00paTHBIH mporece (AeHOU3HHT).
I'enepa 300paxennii: GAN e FC-2.2
4.1 HCPATIHA 300PaXCHIH " DDPM. Stable Diffusion: apxutekrypa (U-Net, text encoder, C3 ’
nnhGy3noHHBIE MOICTH DL-3.1
VAE). I'enepanus o TekcroBomy mpomnty. ControlNet
N (0630p). IIpakTuka: reHepanus n300paxxeHuit co Stable
I'eneparus n3o0pakeHu, A . .
MY THMONAEHEIC MOLEIH Diffusion (diffusers library)
Paznen 4 Y A A Neural Style Transfer: ontumuzanus koHTeHTa u cris (Gatys
U MIPOMBIIIUICHHOE . . .
HDHMCHCHHE et al.). Fast style transfer: oOyuennas cets. Image-to-image:
p 49 [Tpeobpa3oBanue n3odpaxenuii: style Pix2Pix (paired), CycleGAN (unpaired). Super-resolution: 3 FC-2.2,
' transfer u image-to-image ESRGAN. Inpainting: 3arnosHenue yjanéHHbIX o0sacTeil. DL-3.1
[Ipakruka: style transfer, super-resolution u inpainting c
HCIIOJIb30BaHUEM NTPEA0OyUCHHBIX MOJCTICH
43 Mynsrumonansasie Mmogenu: CLIP, BLIP, |CLIP: contrastive learning TexcT-m3o00paxenue, zero-shot 3 FC-2.2,
) GPT-4V kiaccudukanus, image retrieval mo Texcty. BLIP / BLIP-2: DL-3.1
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image captioning, visual question answering. GPT-4V / LLaVA
(0630p): multimodal LLM. IlpakTuka: image captioning ¢
BLIP, visual QA, nouck nu300pakeHH! 110 TEKCTOBOMY
onucanuto ¢ CLIP
Monocular depth estimation: MiDaS, DPT (0630p). Stereo
vision: npununel, disparity map. Point clouds: ocHOBHI,

44  |3D-spenne n depth estimation (0630p) PointNet (0630p). NeRF (Neural Radiance Fields, 0630p): 3 FC-2.2,
CHHTE3 HOBBIX BUIIOB 10 (hoTorpadusim. [Ipumenenns: AR, DL-3.1
poOOTOTEXHHNKA, aBBTOHOMHOE BOXAeHHE. [IpakTrka: monocular
depth estimation ¢ MiDaS Ha n300paXxeHHIX ¥ BHJICO
Optical Character Recognition: apxuTexTypa (IeTeKIHIs TEKCTa
— pacniozHaBanue). Mogenu: Tesseract, EasyOCR,

PaddleOCR, TrOCR. Jlerekuus tekcta: EAST, CRAFT. DL-3.3,

4.5 |OCR u aHanu3 JOKyMEHTOB i . ) C3
Amnanus 1okyMeHTOoB: layout analysis, table extraction. DL-3.1
Ipakruka: naitmaitn OCR 171 ckaHOB TOKYMEHTOB (JICTCKITHS
— pAacro3HaBaHHE — CTPYKTYPUPOBAHUE)

OCOOCHHOCTH METUIIMHCKUX JAHHBIX: MaJIbId 00BEM,
JcOaliaHe, BEICOKHE TPEOOBAHUS K KAUEeCTBY, PErYJISITOPHBIC
MeuiHCKue u306paKeHus u OrpaHUYCHUs. AyrMEHTAIMs UT MEIUIMHCKHUX NaHHbIX. U-Net DL-3.2,

4.6 CTICHHATH3MPOBAHHBIE OMEHb] st cermenTanuu (pentred, MPT, ructonorus). MeTpuku: C3 3531
Dice, Hausdorff distance. Otuxka: bias, explainability, ’
OTBETCTBEHHOCTS. [IpaKkTHKa: cCerMeHTaMs MEIUITTHCKUX
M300paXeHM, aHAJIM3 METPUK U OIHUOO0K
[Iporecc: 6u3HEC-3aMa49a — aHAIN3 OCYIIECTBUMOCTH —

TpeOOBaHUS K TaHHBIM M KA4eCTBY — BBIOOD apXUTEKTYpPHI —
v7 [Oomesae T spees | (e v sdgo e e | e
mpuémic CV-cncrenmst TUIaH TeCTHpOBaHus. [IprMepsl U3 MPOMBINUICHHOCTH DL-1.12
KOHTPOJIb KAY€CTBa, aBTOHOMHOE BOXKJICHHUE, PUTCHII.
ITpakruka: cocrasienue T3 myss CV-cuctemsl
OuHaNbHAS UHTETPAIHS: BEIOOP PUKIIATHON 3a1a4n DL-3.2
Virorosbiii mpoekr: nprkajas CV- (TIpOMBIIUTCHHAS] MHCTICKIIHS, METUIIMHA, PUTCII, DL-33.

4.8 cncTeMa 0€30TMacHOCTb, CIIOPT, IKOJIOTHSI) — COOP/TTOATOTOBKA JaHHBIX C3 MK-3 1

— BBIOOD 1 00ydeHne MoJIenH (JeTeKIysl / cerMeHTaIns / DL-1 '15

Kiaccudukanys / BuaeoaHann3 / reHepanus) — OIeHKa 1o

12
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CHELaIN3UPOBAHHBIM METPUKAM — aHaJU3 OIMOOK —
uHTepnperanys — paspéproiBanue (API + Docker) — T3 u
kpurepuu npuéMku. Jlokymenruposanue: Model Card, mian
TECTUPOBAHU, apXUTEKTypHas quarpamma. [Ipesenranus u
peer review

* - 3anmonasetcs Toiapko o QUHOMW dopme oOyuenus: JIK — nexyuu; JIP — nabopamopuvle pabomot, C3 — npaxmuueckue/ceMunapcKue 3ansamusi.
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6. MATEPUAJIbHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJIMHBI

Tabnuya 6.1. Mamepuanvho-mexnuyeckoe obecneverue OUCYUNIUHbL

CrneuunajJn3upoBaHHOe
yueOHOe/1adopaTopHoe
obopynosanue, I[1O u
MAaTepHAaJIbI 1JI51 0CBOCHHS
AUCHUILTUHBI
(mpu He0OXOAUMOCTH)

Tun aynuropum OcHamenue ayauropuu

Aynutopus U1 TPOBEICHUS 3aHATUN
CeMI/IHapCKOFO THIIA, prnHOBBIX nu
WHIABUAYAJIbHBIX KOHCYJILTAILIUH, TEKYILETO
AUBHUJTY YbTAIMH, TCKYIL IlepconanbHbIE
KOHTpOJ’I}I n HpOMe)KyTOLIHOI/I aTTeCTraluu,
CemuHapckas KOMIIBIOTEPHI,
OCHAIILIEHHAS KOMIIJIEKTOM

. Heobdxomumoe I1O
CHCL[I/IaHI/ISI/IPOBaHHOI/I M€6€JII/I n
TEXHUYECKUMH CPEJICTBAMU MYJIbTUMEINA

IIPE3CHTALAMN.

AyauTopus ISl CaMOCTOSATEILHON pabOThI
oOydaronuxcst (MOKET UCTIOIb30BaThCS ISt

Js N IIepconanbHble
., | IPOBEIEHUS CEMMHAPCKUX 3aHATHI U
CaMOCTOSITENIbHOM . KOMITbIOTEPHI,
KOHCYJIbTaIMi ), OCHAILLEHHAs! KOMIJIEKTOM
paboTbI HeoOxonumoe 110

CIeIUaJIu3uPOBAHHON MeOeH 1
KoMibroTepamu ¢ goctynoM B OUOC.

* - ayanTopus Ul CaMOCTOsTEeIbHON paboThl oOyyatomuxcs ykaspisaercsi OBS3ATEJ/IBHO!

7.  VYEBHO-METOAWYECKOE ¥ WH®OPMAIIMOHHOE OBECIEYEHME
TACHMTLTAHGI

OcHosnas tumepamypa:

1. Censakun, B. B. KomnbiotepHoe 3penne. AHanus u o6paboTtka nzoodpaxenuii / B. B.
Censakud. — 3-e u3., crep. — Cankr-IlerepOypr: Jlansp, 2023. — 152 ¢. — ISBN 978-5-507-
45583-6. — Tekcr: anexkTpoHHbIH // Jlanb: snekTpoHHO-0uOMoTeyHas cucrema. — URL:
https://e.lanbook.com/book/276455

2. SlpsimieB C.H., PeokoBa B.A., Texnomoruu riry6okoro o0y4eHus: 1 HEHPOHHBIX ceTei
B 3a/1auax Buzjcoananuza — CI16: Yausepcuter UTMO, 2022. — 82 c.

Hononnumenvnasa numepamypa:

1. Akunun M. B., Hukudopos M. b., Taranos A. . HelipoceTeBbie cucTeMpl
HCKYCCTBEHHOT'O MHTEJIEKTA B 3aa4ax 00paboTku n3odpaxkeHuii. - M.: 'opsiuast TuHuUs -
Tenekom, 2017. -152 c.: un. ISBN 978-5-9912-0537-5
Pecypcwi ungopmayuonno-menexomMmyHuKayuoHHou cemu « Anmepunemy»:

1. ObC PYIH u croponnue 9bC, Kk KOTOPbIM CTYJE€HTbl YHUBEPCUTETA UMEIOT JOCTYT
Ha OCHOBAHUH 3aKJIFOUYEHHBIX JTOTOBOPOB

- DnektpoHHo-OnbmoTeuyHas cuctema PYJIH — O6C PY JIH
https://mega.rudn.ru/MegaPro/Web
- OBC «YnuBepcuteTckas Oubnuoreka onnaia» http://www.biblioclub.ru
- OBC «lOpaiir» http://www.biblio-online.ru
- OBC «Koncynbrant crygeHTay www.studentlibrary.ru
- OBC «3nannym» https://znanium.ru/
2. ba3bl JaHHBIX ¥ TOMCKOBBIE CUCTEMBI
- Sage https://journals.sagepub.com/
- Springer Nature Link https://link.springer.com/
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- Wiley Journal Database https://onlinelibrary.wiley.com/

- HaykomeTpuueckas 6a3a nanueix Lens.org https://www.lens.org
Yuebno-memoouueckue mamepuanvt 051 camoCmosmenbHol pabomol 00YUAIOWUXCA NPU
0CB80EHUU OUCYUNTUHBL/ MO0V ™!

* - Bce y4eOHO-METOAMYECKUE MaTepUaibl JIJII CAMOCTOSITEIIBHOM pabOThl 00YUYaIOIMIUXCS
pa3MelarTCsl B COOTBETCTBUM C JEHCTBYIOIUM NOPSAAKOM Ha cTpaHule aucuuiiuHsl B TYHUC!
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