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HEJIN U 3AJAYN OCBOEHUSA IUCLHUTIJIMHBI

Lenu:
N3yuenne moaHoro muKia mocTpoeHus U 3OPEKTUBHOTO BHEIPEHUS HEHPOHHBIX CETEH B IIPHU-
JIOXKEHHUS JJ11 MOOMIIBHBIX YCTPOMCTB

3agaun:

O0630p MoMyISIPHBIX GPEHMBOPKOB JJIsI 00yUEHUST HEUTPOHHBIX CETEH;

W3yuenmne MeToJ0B BHEAPEHHS HEHPOHHBIX CeTel B BEO-TIPUIIOKEHUS;

N3yuenne MmeTonoB BHeAPEeHMs HEMpOHHBIX ceTeld B 10S u Android mpunoxenus;

O0630p METOI0B KOHBEPTAIIMM HEMPOHHBIX ceTell I 3 (HEKTUBHOTO HCIIOIB30BAHMSI PECYPCOB
MOOUIIBHOTO YCTPOMCTBA;

N3ydyeHne MeTo10B BHEAPEHUS HEMPOHHBIX CETEH /711 UCIOIb30BaHUS BO BCTPAUBAEMbIX CHCTE-
Max;

Nzyuenne texnonorun WebGL n yckopeHue HeHpOHHBIX CETel C MOMOIIBIO JaHHOH TeXHOJIO-
THH.

MECTO JUCIUIIVIMHBI B CTPYKTYPE OII BO

2.1. Yuebnas nucnuruinaa « HelipoHHBIE CETH ISl MOOMIIBHBIX MPHIIOKECHUN» (2 Kype MarucTpa-
TYpbI, 3 CEMECTP) OTHOCUTCS K BapUATUBHOM YacTu OJI0KA TUCIUILIMH (MOAYJEH) U SBISETCS TUCIU-
IUTMHOM IO BBIOODY.

2.2. Jlns u3ydeHHs] NaHHON y4eOHOW TUCHUIUIMHBI HEOOXOAMMBI 3HAHHWS, YMEHHS M HaBBIKH,
(bopmMupyeMbIe TUCIUITIMHAMEU MarucTpaTypbl «OCHOBBI HEHPOHHBIX ceTel» u «lIpukiagHoe MamH-
HOE 00y4YeHHEY.

2.3. 3HaHus U HaBBIKY, [TOJYYEHHbIE B XO/€ M3YUYEHHs JTaHHOM IMCUUIUIMHBI, MOTYT MCIIONb30-
BaTbCsA JUIA pelieHus Npo(ecCHOHANbHBIX 3aJad B  HAyYHO-HCCIEAOBATEIbCKOW, Hay4yHO-
MIPOU3BOJICTBEHHON U MPOEKTHON JESITEIBHOCTH, B YaCTHOCTH, NPH Pa3pabOTKe MOOMIBHBIX MPHIIO-
KEHHH, UCTIONB3YIONINX HEHPOHHBIE CETH, B paMKaxX MOJATOTOBKU BBITYCKHOW KBaTH(pUKAIMOHHON pa-
OOTHI.



TPEBOBAHUA K PE3YJIbTATAM OCBOEHUSA JUCIHUIIJIMHBI

[Iporniecc n3yueHusi TUCHIUILIMHBI HAMMPaBlIeH HAa (OPMHUPOBAHKE DJIEMEHTOB CIICYIONTUX KOM-
nerenuuid B coorBeTcTBUU ¢ GI'OC BO u OIl BO no nanHoMy HampaBJ€HUIO MOJITOTOBKH (CHEIH-

AITBHOCTH):

IlepeyeHb MIaAHUPYEMBIX Pe3yJIbTATOB 00y4eHHUs M0 TUCHUILINHE,
COOTHECEHHBIX C IVIAHUPYEMbIMH Pe3yJIbTATAMH 0CBOEHHSI 00pPa30BaTe/JbLHOM NPOrpaMMBbl:

Komnerenuus

NuaukaTopbl KOMIIETEH-
110707

Pe3yabTaTsl 00yyeHus1

[IK-5. CmocobeH pykoBo-
JIMTh TPOEKTAMHU TI0 CO37a-

HUIO, TIMOAACPIKKE HU HC-
I10JIb30BaHHIO CHCTCMbI
HCKYCCTBCHHOI'O HWHTCII-

JIEKTa Ha OCHOBE HeWpoce-
TEBBIX MOJEJIEN 1 METOI0OB

[1K-5.1. PykoBonut pabota-
MH 10 OLEHKE M BBIOODPY
MOJECJIEH  MCKYCCTBEHHBIX
HEUPOHHBIX CETEed H HH-
CTPYMEHTAJIBHBIX  CPEICTB
JUI PELIeHUs TIOCTaBJICHHON
3a1a4u

3HaTh: QYHKINOHATIBLHOCTH COBpE-
MEHHBIX HHCTPYMEHTAJIbHBIX CPEICTB
¥ CUCTEM IPOrPaMMHPOBAHUs B 00J1a-
CTH CO3/1aHUs MOJEJe HCKYyCCTBEH-
HBIX HEUPOHHBIX CeTel

YMeTb: NPOBOAUTH OLEHKY M BBIOOD
MOJIeNIell MCKYCCTBEHHBIX HEWPOHHBIX
ceTell U MHCTPYMEHTAJIbHBIX CPEACTB
JUISL PeIIeHUsl 3a7]a4 MAIIMHHOTO 00Y-
YEeHUs

YMeTb: TpPHUMEHSTH COBPEMEHHBIC
MHCTPYMEHTAJIbHBIE CpPEACTBA U CH-
CTeMbI NPOTPaMMHUPOBAHHS I pas-
paboTku ¥ 00y4eHUs] MOJeTIeil HCKyC-
CTBEHHBIX HEMPOHHBIX CETEN

I1K-5.2. PykoBoaut co3pa-
HUEM CHCTEM MCKYCCTBEH-
HOTO MHTEIJIEKTa Ha OCHOBE
MOJEJIEH  HMCKYCCTBEHHBIX
HEUPOHHBIX CETEeH U HH-
CTPYMEHTAJIbHBIX CPEJICTB

3HaTh: NPUHIMIBI TOCTPOCHUS CH-
CTEM HMCKYCCTBEHHOI'O MHTEJUIEKTa Ha
OCHOBE HCKYCCTBEHHBIX HEHPOHHBIX
ceTeil, MeTOIbl U IOAXOAbI K IUIaHU-
POBAaHMIO M peaau3alyy MPOEKTOB MO
CO3/IAHUI0 CHUCTEM HCKYCCTBEHHOTO
HHTEIJUIEKTa

YMeTh: pyKOBOJUTH BBIITOTHEHUEM
KOJIJIEKTUBHOU IPOEKTHOM JAesATENb-
HOCTH JIJISI CO3/IaHUS, TOAACPIKKU U
HCIIOJIb30BAaHUS CUCTEM HUCKYCCTBEH-
HOT'0 MHTEJIEKTAa HA OCHOBE HCKYC-
CTBEHHBIX HEUPOHHBIX CETEU

[1K-5.3. PykoBoauT mpoek-
TaMu 10 pa3paboTKe CUCTEM
MCKYCCTBEHHOT'O MHTEJIEKTa
Ha OCHOBE MoJeneil riay0o-
KUX HEMPOHHBIX CETEU U He-
YETKUX MOJEJEN U METOJ0B

3HaTh: NIPUHIUIIBI TIOCTPOECHUS MO-
nenei riyOOKUX HEMPOHHBIX ceTell U
rI1yOOKOTO MAIIMHHOTO 00y4YeHus (¢
MOJIKPEIJIEHUEM U 0€3)

3HaTh: IOAXOABI K IPUMEHEHUIO MO-
JleJiell Ha OCHOBE HEYETKOM JIOTUKH B
CHUCTEMAX HCKYCCTBEHHOI'O MHTEIIEK-
Ta

YMerb: pPYKOBOAWUTH BBIIIOJIHEHUEM
KOJUIEKTUBHOM IPOEKTHOW JI€ATEIb-
HOCTH JJIsl CO3JaHMs, NOJNIEPKKU U
MCIIOJIb30BAaHUSI CUCTEM HCKYCCTBEH-
HOT'O MHTEJUIEKTa Ha OCHOBE MOJIEJIEN
ri1yOOKHX HEWPOHHBIX CeTel U HeyeT-
KHX MOJeJIEH 1 METOIOB




TpyaoeMKoCTh TMCHHUIIJIMHBI COCTABJISIET 5 3a4eTHBIX equHuIl, 180 yacoB, u3 HUX 34 yaca JJeKIMOHHBIX 3aHATHII, 34 Yaca J1a0OPaATOPHBIX

COIEPKAHUE U CTPYKTYPA JUCIUIIVIMHBI

3aHSATHH, /6 4aCOB Ha CAMOCTOSITEJIHLHYIO padoTy 1 36 4acoB Ha MOATOTOBKY K IK3aMeHY.
dDopmMa 0TUYETHOCTH: IK3aMeH B 3 ceMecTpe

4.1 Conep:xanue JUCHHUILUIMHBI, CTPYKTYPHPOBAaHHOE N0 TeMaM, C YKa3aHUEM BH/I0B Y4eOHbIX 3aHSITUI U OTBEEHHOI0 HA HUX KOJIMYECTBA aKa-

ACMHYICCKHUX YaCOB

Bugpl yaeOHON pabOThI, BKIIOYAsi CaMo-
CTOATEIBHYIO paboTy 00y4aIOIIUXCS U
TPYAOEMKOCTh
(B qacax) DopmbI TEKYIIETro
o.| KonraktHas paGota npenoja- < KOHTpOJIS ycIeBae-
Ne 3 BaTesA UQ; MOCTH
Paznen aucuummHbl/ TeMbl g S
1/ > ¢ 00y4arOIIMMHUCS = ®dopma npomexy-
© Cemu- 5 8 TOYHOH aTTeCTalllH
Tex. | Hapckue Jlabopa- % 3 (no cemecmpam)
(mpakTu- | TOpHBIE 5
1007051 o)
YeCKHe | 3aHATHSA s
3aHSITHS) S
1 Pa3nea 1. 3nakoMcTBO € MHOKeCTBOM q)peﬁMBOPKOB AJis1 00y- 1 4 0 4 15 Tecrmposanye.
YeHHs M padoThl HEHPOHHBIX CeTEH
11 3nakoMcTBO ¢ ppeitmBopkamu Tensorflow u PyTorch. Buasr 1 2 5 5
' npejcTaBiIeHus rpada HeHPOHHOM ceTH.
12 3HaKOMCTBO ¢ peiiMBOpPKaMH JIJIs1 BHEIPEHUST HEHPOHHBIX CETEH 1 5 5 10
B MOOMJIbHBIE TIPUIIOKEHUS
Brimmonnenue nabo-
2 Pa3zgea 2. TexHoJIOrUM BHeApEHUsI HEHPOHHBIX ceTeil B MOOMIb- 1 6 4 4 o5 paTOpHBIX padoT.
HbIC MPUJIOKCHUSA Brmonaenne I0-
TTOJIHUT. 3aIaHUI
21 CrniocoOsb1 3(h(peKTUBHOTO MEepeHOca apXUTEKTYP HEUPOHHBIX ceTei 1 3 5 5 15
Ha (pelMBOPKH, UCIOJIb3yEMbIE B MOOMIIBHBIX MPHIIOKEHHSIX.
29 TexHOoIornM 1151 yCKOPEHHUsI BBIYMCIEHUN HEMPOHHBIX CETE Ha 1 3 5 5 10
MOOWJIBHBIX YCTPOHCTBaX




Bunbl yue6HOM paboThI, BKIIFOYAs CaMO-
CTOATENIbHYIO paboTy 00y4JaroUIuXcs 1

DOopMBI TEKYILIETO
KOHTPOJIS yCIeBae-

o,
= TPYAOEMKOCTh
Ne 3 by MOCTH
Pazien nucuumniInHb/ TeMbI g (B yacax)
/11 5 = dopma MpomMexy-
O | Konrakrnas pabora npenoga- | .+ & § .
® & o TOYHOM aTTecTanuu
Baress zZ S 2 g
S 5 5 (nocemecmpam)
¢ O0yJaroIIMMuUCs o=
Brinonnenue nado-
2 Pa3znea 3. [Ipumepnl BHeapeHNns1 HEliPOHHBIX ceTeii B MOOHJIbHBIX 1 10 4 18 43 paTOpPHBIX padoT.
NPUJI0KEHUS Brinonuenue j1o-
MTOJIHUT. 3aJaHUI
Peanu3anus mpunoxeHus s KiaccuGuKamy n300paKeHUH s
2.1 S . 1 3 2 4 14
Android u iOS ycrpoiicTB
Peanu3anust mpunoxeHus 171 HaX0XKJICHUS U CETMEHTAIINH 00b-
2.2 cy . 1 3 7 14
ekToB Ha n3o0pakenuu ans Android u i0OS ycTpoiicTs
23 Peanmu3anus npuitoskeHus: ¢ HEMpPoceTeBOi 00padoTKOM N300pa- 1 4 5 7 15
' KEHHI JIJIs1 CEpBEPHBIX PEIICHUN
Brinonnenue nabo-
3 Pa3nen 4. Buenpenue HelipoHHBIX ceTeil BO BCTpanBaeMble YCTPOii- 1 4 4 10 o5 paTopHBIX padoT.
CTBa M1 UTPOBLIC IBUKKH BI)IHOJIHCHI/IC a0-
TTOJIHUT. 3aIaHUI
Peanuzanus nmpunoxeHus ¢ HelpoceTeBoi 00padoTKoM n300pa-
3.1 . L 1 2 2 5 15
xenuit g Nvidia Jetson Nano
Peanm3arus mpunokeHus 71 HaX0KJICHUS M CETMEHTAIIMHA 00b-
3.2 - . 1 2 2 5 10
€KTOB Ha M300paxeHuu uisl ppeiimBopka Barracuda (Unity3D)
Hroro yacoB no kypey 24 12 36 108
IToaroroBKa K 3K3aMeHY 52




4.2 Il;1an BHeayIMTOPHOH CAMOCTOATEJIHHOM PAa00THI 00Y4AKOIIMXCS 110 JMCIUIIIHHE

‘ | CaMocTosiTenbHas paboTa 00yJaroIuXCs Y4eOHo-
METOI4IecKoe odec-
Ce- 0 3arpars Ouenounoe o
a3BaHue pasJelia, TeMbl N -
MecTp pasjena, Bun camocrostensHol | CpoKu BBINOJI- CpPEeICTBO HOCHCHUC CaMOCTOS
BpEMEHHU .
paBGOTEI HeHus P TEJIHHON pabOThI
(qac.)
3HaKOMCTBO ¢ MHOKECTBOM (hPEHMBOPKOB sl 00y4e- Marepuainsl Jek-
HUS ¥ paObOThI HEHPOHHBIX CETEH. Wi, peKOMEH/10-
BaHHas ydeOHas JIn-
Teparypa, MmaTepua-
H3ydenue nexunu u
1 . 4 nenenu 15 TectupoBanue JIbI, BBLIIOKCHHBIEC
y4eOHOM JTUTepaTyphl
Ha UHTEPHET-
CTpaHMLIE Kypca Ha
caire
edu.mmcs.sfedu.ru
TexHonorHM BHEAPEHNSI HEHPOHHBIX CETEH B MOOMIIB- Marepuainsl JeK-
HBIC TIPUIIOIKCHHS. L, peKOMeH;10-
BaHHas yyeOHas Ju-
Uzyuenwue JeKIuu u
. - TepaTrypa, MaTepua-
YCOHOU JINTCPATYPHI OBEPKa BLIIOJI-
1 J PaTypEL, 4 wenenu 25 POBep
BBIMOJIHEHHE JIOTIOJTHU-

TEJILHBIX 3aJlaHui

HCHHBIX 3a,Z[aHHfI

JIbI, BBIJIOKCHHBIC
Ha UHTCPHCT-
CTpaHHUIIC KypCa Ha
calite
edu.mmcs.sfedu.ru




‘ | CamocrosTenpHas paboTa 00yJaronuxcs YuebHO-
METOANYIECK -
Ce- " Cre— OeHouHOE eToandeckoe odec
a3BaHue pasJelia, TEMbl . -
MecTp pasaena, Bun camocrostensHol | CpoKu BBINOJI- CPECTBO HCYCHNE CaMOCTOA
BpEMEHH o
paBOTHI — P TENILHOM PaboThI
(uac.)
[IpuMeps! BHEIPEHHUS HEHPOHHBIX CETEH B MOOMIHHBIX Marepuainbl JeK-
MPUITOKEHUSI. 1, PeKOMEH10-
BaHHas y4ueOHas JIn-
N3yuenue nekuuu u
. 0 TepaTypa, MaTepua-
4eOHOU TUTEepaTypsl OBEpKa BBITION-
1 Y paTypEL, 4 nemenu 43 POBEP . | JIBbI, BBLIOKEHHBIEC
BBIIIOJTHEHUEC OOITOJIHU- HCEHHBIX 3aJaHUN
. Ha UHTEPHET-
TEJLHBIX 33JJaHUH
CTpaHMLIE Kypca Ha
caire
edu.mmcs.sfedu.ru
BnenpeHue HEHPOHHBIX CETEH BO BCTPAUBAEMBbIE Marepuainsl JeK-
YCTPOUCTBA U UTPOBBIE IBUKKH. LW, PEKOMEHIO-
BaHHas yyeOHasl -
Uzyuenwue JeKuu u
_ Teparypa, MaTepua-
y4eOHON TUTepaTypHl, IIposepka BbINON-
1 4 wenpenu 25 . | JIBbI, BEIJIOKEHHBIE
BBIIIOJTHEHUEC OOIIOJIHHN- HCEHHBIX 3aJaHUN
. Ha UHTEPHET-
TEJILHBIX 33J]aHUH
CTpaHUIIE Kypca Ha
caire
edu.mmcs.sfedu.ru
N 108
OO61ast TpyA0EMKOCTh CAMOCTOATEIBHOM PaboThl MO JUCIHUILTUHE (Yac)
bromkeT BpeMeHN caMoCTOATETLHON padOThI, TPETYCMOTPEHHBINA YI€OHBIM TUTAHOM JIJIS TaH- 108
HOM JTUCIMIUIMHEI (Yac)

[ToaroroBka Kk sK3aMeHy

52




| CamocrosTenpHas paboTa 00yJaronuxcs

Y4ebHo-
METOAUYECKOE 00€eC-

Ce- 0 3arpars Onenovynoe
asBaHMe pasjesa, TeMbI . -
MecTp pasaena, Bun camocrostensHol | CpoKu BBINOJI- CPECTBO HCYCHNE CaMOCTOA
BpEMEHH o
PaBOTHI HeHns P TEIBHON PabOThI
(uac.)
OO0mas TpyA0€MKOCTh CAaMOCTOSTEILHON pabOThI B TEUEHHE CEMECTpa M Ha MOJITOTOBKY K K- 11
3aMeHy IO JUCIHUIUTHHE (Yac)
bromker BpeMeHH caMOCTOSTEIbHON pab0Thl B TEUCHUE CEMECTPA U HA MTOATOTOBKY K dK3aMEHY 11

10 TUCIMIUIMHE, TPEAYCMOTPEHHBIM YI€OHBIM TUTAHOM JIJIS JAHHOM TUCIMIUIMHEI (Yac)




4.3 Conepxxanue y4eOHOro MaTepuasa

Paznesa 1. 3HakoMCcTBO ¢ MHOKeCTBOM (PppeiiMBOPKOB [Jisi 00y4eHHsI U PadOThl HeMPOHHBIX
cereil

Tema 1.1. 3nakomcrBo ¢ ppeiimBopkamu Tensorflow nu PyTorch. Buabl npeacraBiienust rpa-
(a HelipoHHoOl ceTH

OpeitMBOpKHU 11 00ydeHHsT HEHPOHHBIX ceTeil. CTaTudeckuid rpad) BbUUCIeHUN. J[nHaMuuecKuii
rpa¢ Beraucinenuit. @peitmBopk Tensorflow. ®peiimBopk PyTorch. ®peiimBopk Keras. CpaBHenue
Tensorflow u PyTorch. Konsepramus mozaeneii. [Tpodiaemsr konBepTamuu mojeneii. @perimpopk ONNX.

Tema 1.2. 3HakoMCcTBO ¢ (ppeiiMBOpPKaMH [IJisi BHeJAPEHHUs] HEHPOHHBIX ceTell B MOOMJIbLHbIE
NMPUJI0KEHUS

VYuuBepcaneHbiii  ppetimBopk  Tensorflow-Lite. Pacmumpenue ¢peiimBopka PyTorch Mobile.
@peiimBopk Tensorflow-JS. Cpaeuenne Tensorflow-Lite u PyTorch Mobile. ®peiimBopk CoreML.

Pa3nea 2. TexHosiorun BHeApeHHUs HEHPOHHBIX ceTell B MOOM/IbHBIE NPUJI0KEHUS

Tema 2.1. Cnioco0bl 3()(peKTUBHOIO NMEePEeHOCa APXUTEKTYP HelPOHHBIX ceTeil HA (peiiMBOp-
KH, HCII0JIb3YyeMble B MOOWJIbHBIX MPUJIOKEHUAX

Kouseprauus moneneit ¢ ¢peitmBopka Tensorflow na Tensorflow-Lite. KonBepranus mozaeneit ¢
dpeiimBopka Keras va Tensorflow-Lite. TpaccupoBka monxenu Ha dpeiimBopke PyTorch. Mcnons3oBanue
PyTorch Mobile. TTepenoc momenu ¢ PyTorch na ONNX. TTepenoc momenu ¢ ONNX Ha Tensorflow-Lite.
IMepenoc moaenu ¢ PyTorch na Tensorflow-Lite. [Teperoc moaenu ¢ PyTorch na CoreML.

Tema 2.2. TexHojoruu Al YCKOPeHHMs] BBIYMCJIEHHI HeHPOHHBIX ceTeil HAa MOOMJIBHBIX
ycTpoiicTBax

Onrummsanus mozaenu B Tenorflow-Lite. KBantuzauus moxenu B Tensorflow-Lite. Kantu3zarms
mozenu B PyTorch Mobile. Texnonorus WebGL.

Pa3znen 3. [Ipumepnbl BHeAPEeHUSI HEMPOHHBIX ceTeil B MOOMJILHBIX MPUJIOKEHMSI

Tema 3.1. Peanu3auus npuiio:keHus 1Js Kiaccupuxkannu uzodpaxenunii 1iasa Android u iOS
YCTpPOIiCTB

Wcnons3zoBanue Oubmmorexku Tensorflow-Lite wa s3bike Java. HMcmonb3oBanue OMOIHMOTEKH
Tensorflow-Lite na si3pike Swift. 3arpyska Tensorflow-Lite mogenu B Android mpoekte. 3arpy3ka Moenu
B Tensorflow-Lite iOS mpoekre. 3arpy3ka CoreML moxenu B i0S mpoekre. 3arpyska PyTorch momenu B
Android npoexkre. 3arpy3ka PyTorch mogenu B iOS npoekte. O6paboTka H300paxkeHHs: HEHPOCETHIO B MO-
OMJIBHOM MPUIIOKEHHH.

Tema 3.2. Peanu3auusi NpuJIo:KeHUs A5 HAXOKIEHUsS] U CerMeHTAlUH 00beKTOB Ha U300pa-
skeHnu 118 Android n iOS ycrpoiicTs

Apxurektypa cermentupytomein HeilponHoir cetu YOLACT. IlpeobpazoBanue YOLACT npns
nognepxxkn PyTorch Mobile. Buenpenne YOLACT B Android npunoxenue. Buenpenne YOLACT B 10S
NPUIIOKECHHE.

Tema 3.3. Peanu3auus npuiioskeHus ¢ HelipoceTeBoii 00padoTKoil n300paxeHuii 1Jis1 cepBep-
HBIX peleHui

Ucnons3zoBanne 6ubmmorexku PyTorch Ha s3pike C++. Ucnons3oBanune 6ubnuorekn Tensorflow Ha
s3pike C++. Pabora ¢ ¢peiimBopkom Flask. Padora ¢ Flask u PyTorch. Mcnons3oBanue Oubamorexku
Tensorflow-JS na s3s1xe JavaScript.

Pa3znen 4. BHenpeHue HelipoHHBIX ceTeii BO BCTpanBaeMble YCTPOICTBA U HTPOBbBIE IBUKKHU

Tema 4.1. Peanmzanus npujioxkeHusi ¢ HelipocereBoil 00padoTkoi n3o0paxenni niast Nvidia
Jetson Nano

Monayas DNN 6ubnuorexku OpenCV. DddexruBnas kommuwisiuus 6ubnuoreku OpenCV s
yctpoiictB Nvidia Jetson. [lepenoc moneneit Ha ¢peiimBopk Caffe. 3amyck ONNX monenu Ha OpenCV



DNN. CpaBHenue npousBoautenbHocTH (ppeiiMmBopkoB Tensorflow u PyTorch Ha ycrpoiictBe Nvidia
Jetson Nano. Ucnons3oBanue 6ubnuorexku Tensorflow-Lite Ha ycTpoiictBe Raspberry Pi.

Tema 4.2. Peanuszanusi NpuJiokeHus 1JIs1 HAXO0KACHHUSI M CErMeHTaluu 00beKTOB Ha n300pa-
skeHuu 1iis ppeiitmBopka Barracuda (Unity3D)

Hcnons3oBanue Helipocereii B urpoBom nBmwkke Unity. @pelimBopk Barracuda. Ilepenoc mozaenu ¢
dpeitmBopka Tensorflow na Barracuda. [lepenoc monenu ¢ ¢ppeitmBopka PyTorch Ha Barracuda. Hcrions-
30BaHHe Helipocereit Ha GppelimBopke Tensorflow B urposom asmxke UnrealEngine 4/5.

Bonpocsbl, BBIHOCHMBIE HA CAMOCTOATEIbHOE H3YyYCHHE
ApPXUTEKTYpbl HEWpOCeTel U KIIaCCH(PHUKAIMKA W300pakeHU. APXUTEKTYpbl HeWpoceTel Ha cerMeHTa-
UK U300paKeHUH. ApXUTEKTYpbI HeilpoceTell A1 Haxox1eH!s: 00BEKTOB Ha U300pakeHuu. bubanoreka
OpenCV. UcnonszoBanue oudbmuorekn OpenCV Ha s3bike Python. Mcnons3oBanue 6ubanorexu OpenCV
Ha s3pIke CH++.

OBPA30OBATEJIBHBIE TEXHOJIOI'MH

[Tpu npoBeneHNnn NEKIMA 1 Ta0OPATOPHBIX 3aHATUN MCIOIB3YIOTCS CIEIyIOIne 00pa3oBaTeIbHbIC
TEXHOJIOTUH:

— MYJIbTUMEIUIHBIE JICKIIUU

— BIIEKTPOHHBIE (POPMBI KOHTPOJIS

— CaMOTECTUPOBAHUE CTYJICHTOB

VYuebublil mponecc 0azupyercs Ha KOHLUENIMY KOMIIETEHTHOCTHOTO 00Y4€HUs, OpUEHTHPOBAHHOIO
Ha (OopMHUPOBaHUE KOHKPETHOTO MepeyHs Mpo(hecCHOHATBHBIX KOMITIETEHIINA, aKTyaIN3alHI0 TOTYyIaeMbIX
TEOpPETUYECKUX 3HAaHUM. Pa3BepThiBaHME KOMIIETEHTHOCTHOW MOAEIM OOydeHMs MpEeAINoJiaraeT LIMpOKoe
IPUMEHEHNE MHHOBALIMOHHBIX CIIOCOOOB OpraHM3allvy y4yeOHOro mpolecca, B T.4. IPUMEHEHUE MeToja
IPOEKTHOr0 00y4eHUs, TEXHOJOTHH YIPaBIseMOro CaMOCTOSATEILHOTO 0OY4YE€HHUsI B TOM 4Hcie OalIbHO-
PEUTHUHIOBOM CHUCTEMBI, & TAK)KE€ BHEAPEHUE CUCTEMbl OHJIAMH-TIOAEPKKH BHEAyIUTOPHON paboThI CTY-
JICHTOB.

JlucuumiuHa MOXeT ObITh peajn30BaHa YaCTUYHO WJIM TOJHOCTBIO ¢ Hcnoib3zoBanuem DMOC
VYuusepcurera (90 u JIOT). AyauropHsle 3aHATHS U Apyrue GopMbl KOHTAKTHOM paboThl 00yUaroIUXCs ¢
nperno/aBaTeaeM MOTYT IPOBOIUTHCS ¢ HCIoab3oBanueM 1uiatdopm Microsoft Teams u MOODLE, B Tom
YHUCIIE, B pEXXUME OHJIAWH-JIEKIIUI U OHJIallH- CEMUHAPOB.

OLHEHOYHBIE CPEACTBA UIA TEKYIIEI'O KOHTPOJISI K
IMPOMEXYTOYHOU ATTECTAIINN

[TonHbBIN KOMITJIEKT KOHTPOJIBHO-OLIEHOYHBIX MaTtepuaaoB (DOH OIEHOYHBIX CPENCTB) odopmils-
eTCsl B BUJIe IPUIIOKEHHUA K pabouell mporpaMMe AUCIUILTHHBL.

YYEBHO-METOINYECKOE OBECIIEYEHHUE JUCHUIIJINHBI

1. OcHoBHas auTepartypa.

1. Tyndennoy, . ['my6okoe o6ydenue / S. I'yndennoy, . benmkuo, A. KypBuiis ; nepeBoj ¢ aH-
riuiickoro A. A. CnunkuHa. — 2-e u3. — Mocksa : JIMK IIpecc, 2018. — 652 ¢. — ISBN 978-5-97060-
618-6. — Tekct : oanekrpoHHbld // Jlawp : osnekTpoHHO-OMOnMoTewyHas cuctema. — URL:
https://e.lanbook.com/book/107901 (mara oOpamenusi: 10.10.2021). — Pexum noctyna: ais aBTOpU3.
II0JIb30BATENECH.



https://e.lanbook.com/book/107901

2. Teopumm, T. 'mybokoe oOyueHune aJig MOMCKOBBIX cucTeM : pykoBoAcTBO / T. Teodwunu ; nepe-
Boj ¢ anrnuiickoro JI. A. benukoBa. — Mocksa : JIMK Ilpecc, 2020. — 318 c¢. — ISBN 978-5-97060-
776-3. — Tekct : osnexktpoHHBA // JlaHb : dJEKTpOHHO-OMOMMoOTe4yHass cuctema. — URL:
https://e.lanbook.com/book/140574 (mara oGpamenusi: 10.10.2021). — Pexum moctyma: ais aBTOPU3.
MOJIb30BaTENEH.

2. JlomoJHHUTE/bHAS JUTEPATypAa.

1. CrankeBuy, JI. A. IHTemneKTyaabHble CUCTEMbI U TEXHOJIOTUH : Y4EOHUK U MPaKTUKYM IJis BY-
30B / JI. A. CrankeBud. — Mockga : M3narensctBo FOpaiit, 2021. — 397 ¢. — (Bricmiee oOpa3oBanue). —
ISBN 978-5-534-02126-4. — Texkcr : anekrponsbiid / OOpazoBatenbHas ruatgopma FOpaiit [caldT]. —
URL: https://urait.ru/bcode/469517 (nata o6pamenus: 10.10.2021).

2. ®nax, I1. MammuaHoe oOyuenne. Hayka v HCKyCCTBO TTOCTPOEHUS aJITOPUTMOB, KOTOPHIE M3BJIE-
KalOT 3HAHUS U3 JaHHBIX [DnekTpoHHbIH pecypc] / [1. @dnax. — Dnexrpon. gan. — Mocksa: JIMK IIpecc,
2015. — 400 c¢. — Pexxum poctyma: https://e.lanbook.com/book/69955.

3. CnMcok aBTOPCKUX METOIMYECKHUX Pa3padoToK.
HET

4. Ilepuoanyeckune U3IAHUSA
HCT

5. llepeyenn pecypcoB cetu UHTepHET, HEOOXOAUMBIX 1JI1 OCBOCHH S N CIIUTIJIMHBI

1. Hayunas anexktponHas 6ubnuoreka. http://elibrary.ru/

2. ®epepanbHOe XpaHwmiie «ExuHas komutekus Tu(poBBIX 00pa30BaTEIBHBIX PECYPCOBY
http://school-collection.edu.ru/

3. YHuBepcurerckas 6ubnuoreka online: http://biblioclub.ru/index.php?page=main_ub_red
MathWorld. http://mathworld.wolfram.com 4. DnexrporHo-6uGnHoTeunas cucrema (O5C) FOPAUT
www.biblio-online.ru.

6. IlporpammHoe oGecnieyeHre HHPOPMALMOHHO-KOMMYHUKAMOHHBIX TEXHOJIOTHii
OneparrionHast cuctema Microsoft Windows (itro6ast Bepcust), maker Microsoft Office (;ro6ast Bep-
cus).

MATEPUAJIBHO-TEXHUYECKOE OBECIIEYHEHHUE JUCIHUIIJIMHBI

1. YuebOHo-s1a00paTopHoe 060pya0BaHuUE

[Tpu npoBeeHUN TUCIMIUIMHBI yYalluecs T0JIKHbBI ObITh 00€CTIeYEeHbI:

1. JIekoHHOM ayauTopuei ¢ MyJIbTUMEIUWHBIM IPE3EHTALIMOHHBIM 000pYy/I0BaHUEM JUIsl JEMOH-
CTpallUU NPE3eHTAlUi U WUIFOCTPATUBHOIO MaTepHala.

2. Aynurtopueit 11 1a00paTOPHBIX 3aHITUN C alapaTHBIMU U IPOrPaMMHBIMU CPEJICTBAMH B CO-
OTBETCTBHH C pealin3yeMoi y4eOHOI TeMaTHKOM.

2. IlporpamMMHBbIe cpeACTBa

Microsoft Windows, Microsoft Office

Cpena nporpammupoBanust PyCharm (sro6ast Bepcust).
Cpena nporpammupoBanus Xcode (Jro6ast Bepcust).

Cpena nporpammupoBanusi AndroidStudio (ro6ast Bepcusi).


https://e.lanbook.com/book/140574
https://urait.ru/bcode/469517
https://e.lanbook.com/book/69955
http://elibrary.ru/
http://school-collection.edu.ru/
http://biblioclub.ru/index.php?page=main_ub_red
http://mathworld.wolfram.com/

Metoanuyeckue ykazaHus JJsi 00y4ar0mmuxcs
10 OCBOEHUIO TN CIUIINHBI

Metoanyeckue yka3zaHusl IPUBEICHBI B YI€OHBIX ITOCOOUSX, IepeYrcIeHHbIX B pasaene VI



YUEBHAS KAPTA JUCHUIIJINHBI
HeilipoHHble ceTH 1J1si MOOMJIbHBIX PUJIOKEHU I

5 3au.en.; ak.u Bcero: 180, B T.4.: 34 nekuuit, 34 1adop., 76 caMOCTOST., 36 Ha MOJATOTOBKY K 9K3aMEHY

IIpenonaBarens Jlemsanenko Slna MuxaiiioBHa Anekceit CepreeBud

Kadenpa npuknannoir MareMaTHKU 1 HHPOPMATUKA

Kypc 2 (maructparypa), cemectp 3

Kon v HanMeHoBaHMe HarpaBiieHus oAroToBky (cnenuansHocTh): 01.04.02 «IIpuknanHas maTemMaTuka u
nHpopmMaTHKa»

Marucrepckas nporpamma: «McKycCTBEHHBIN MHTEUIEKT: MaTeEMaTHUYECKUE MOJIETH U NIPUKJIA/IHbIE pellie-
HUS

Py0e:kHbIi KOHTPOJIb

Ne Buabl KOHTPOJIBHBIX MEPONIPUSTHIA Texkylmuii KOHTPOJIb
(npu nanuuuu)

Paznen 1. 3HaKoMCTBO ¢ MHOXKe- 0 15
CTBOM (ppeiiMBOPKOB /1J151 00yUeHUsI
H padoThl HEHPOHHBIX ceTeil

1. | TectupoBanue 15
Paznen 2. TexHo10ruu BHEPEHHUSA 10 0
HelpOHHBIX ceTeil B MOOMJILHbIE
NPHJIOKEHUST
1. | BeimonHeHue 1a00paTopHbIX padoT 10
Paznen 3. Ilpumepnl BHEAPEHHUS 20 0
HellPOHHBIX ceTell B MOOMIBbHBIX
NPHJIOKEHHUST
1. | BemmonHeHue 1a00paTopHBIX paboT 20
Paznen 4. Buenpenue HeiipOHHBIX 15 0

ceTeil BO BCTpauBaeMble YCTPOM-
CTBA M HTPOBbIE IBUKKH

1. | BemmonHenue 1a00paTopHBIX padboT 15
Bcero 45 15
Bonycubie 6aibl (10 10) 3a BbINOJIHEHHE 10~ Bonycubie 6a/1bI
MOJTHUTEJIbHBIX 3a- (10 10)
JTaHui
IIpomexyTouHas aTTecTALMA 6 1 yacTh — MUChbMEH-
dopme Ix3amena (40 6annos) Has pabora (30 6ai-
JIOB)

2 4acTb — YCTHBIN
otet (10 6amnoB)




[Ipunoxenue
K paboueii mporpamme
(Momymr0)

MuHHCTEPCTBO HAYKU U BhIcIIero odpazoBanus Poccuiickoit denepannu
denepanbHOE rOCyAapCTBEHHOE OI0/PKETHOE 00pa30BaTeIbHOE YUPEKICHHUE BBICIIETO 00-

pa3zoBaHus «POCTOBCKHI rocy1apCTBEHHBIN 3KOHOMUYecKHi yHuBepcuteT (PUHX)»
@DaKynbTEeT KOMITBIOTEPHBIX TEXHOJIOTUN U 3aIIUTH HH(pOpMaITUH
Kadenpa dpynnamenTaabHO#M ¥ MPUKIIATHON MaTEMaTUKH

®OH/I OLIEHOYHbLIX CPEJICTB
MO JUCLHUIUIMHE (MOJY.JIIO)

HEMPOHHBIE CETH JIJII MOBMJIBHBIX ITPUJIOXXKEHUN

Kon 1 HanMeHOBaHME HAaNPaBJICHHS [TOrOTOBKH/CIICIIMATBHOCTH
01.04.02 «IIpuknannas maTemMaTuka U UHGpOpMaTUKa»

YpoBeHb 00pa3oBaHUs:
Maructparypa

Marucrepckast mporpamma:
«VICKyCCTBEHHBIN MHTEIUIEKT: MAaTEMATHYECKHUE MOJICIIN U NMPUKIIATHBIC PEIICHUSD)

dopma 00ydeHus:
Ounas

Poctos-Ha-/lony, 2023



NEPEYEHHb KOMIETEHIINUMN, POPMUPYEMbBIX JUCHOUATIIMHOM
Heiiponnble ceTH 1151 MOOMJILHBIX MPUJIOKEHUI

Kog
KOMIICTCHITH DopMyTupoBKa KOMIETEHIIUN
u
1 2
IIK IHNPO®ECCUOHAJIBHBIE KOMIIETEHIINN
IK-5 CriocoOHOCTh PYKOBOJHMTDH MPOSKTAMHU O CO3/IaHUIO, MOIICPKKE U UCTIONB30-
BaHMIO CHCTEMbI HCKYCCTBEHHOT'O MHTEJUICKTa HA OCHOBE HEHPOCETEBBIX MO-
JIeJIe U METOJI0B
I[MTACITOPT ®OHJJA OIIEHOYHbIX CPEJICTB 11O JUCHUITJIMHE
Heiiponnble ceTH /151 MOOMJIBLHBIX NPUJIOKEHUI
Ne Koumponupyemvie pa3zoenvl | Unouxamop Haumenosanue
n/n oucyuniuHvl * KOHMPOAUpyemou OYEHOUHO20
KOMnemeHyuu cpeocmea™*
1. Pa3nen 1. 3HakoMCTBO ¢ MHO:Ke- [IK-5.1. PykoBomut pabo- | TectupoBanue.
CTBOM (ppeiiMBOPKOB /1J1s1 00yue- TaM{ IO OLIEHKE M BBIOOpY | Beimomnenue nabopa-
HHUS ¥ pa0oThl HeHHPOHHBIX ceTeid MoJieslel  HCKYCCTBEHHBIX | TOPHBIX paboT.
HEUPOHHBIX CETE W WH-
CTPYMEHTAJIBHBIX  CPEACTB
JUISL pELICHUS TOCTABIECHHOM
3a1a4m
2. Pa3nen 2. Texnosiorun BHeapenus | [IK-5.1. PykoBogut pabo- | Beinonnenue  s1abopa-
HelPOHHBIX ceTeil B MOOUJIbHbIE TaMM 110 OLIEHKE U BHIOOpY | TOpHBIX paboT. Beimosn-
NPHJIOKEHUS MOJieNiell  HMCKYCCTBEHHBIX | HEHHE  JONOJHHUTENb-
HEUPOHHBIX CETE M WH- | HBIX 3aJaHUM.
CTPYMCHTAJIbHBIX CpCaACTB
JUISL peLLIeHHsI IOCTABJICHHOMN
3a71a4un
3. Pa3nea 3. [Ipumepsl BHeApeHUSA [IK-5.2. PykoBomut co3na- | Beimonnenue — mabopa-
HeHPOHHBIX ceTell B MOOMJIBHBIX HUEM CHUCTEM HCKYCCTBEH- | TOPHBIX paboT. Beimosn-
NPUJIOKEHUS HOTO WHTEJUIEKTA Ha OCHOBE | HEHHE  JONOJHHUTENb-
MoJielell  HMCKYCCTBEHHBIX | HBIX 3aJaHUH.
HEMUPOHHBIX CETe W WH-
CTPYMEHTAJIbHBIX CPEJICTB
4. Pa3nen 4. Bueapenue Heiiponnbix | [IK-5.3. PykoBonut mnpoek- | Boimonnenue — sabopa-
ceTeli BO BCTpanBaeMble TaMM 10 pa3paboTKe CUCTEM | TOpHBIX paboT. Beimosn-
YCTPOIiCTBa U UTPOBBIE IBUKKH WCKYCCTBEHHOTO WHTEJUICK- | HEHUE  JONOJHHUTEb-
Ta Ha OCHOBE MOjIeJIel ITy- | HbIX 3aJaHuH.
OOKHX HEWpPOHHBIX CeTel U
HEYETKUX MoJIeNIell U METo-
JI0B

* Haumenosanue pazoena ykazwl8aemcs 6 COOmeemcmeuu ¢ pabodel npocpammon OUCYUNIUHbL.
**HaumeHnosanue oyeHOUHO20 CPeOCmea YKa3bl8aemcs 8 COOMEemcmeuU ¢ y4eOHou Kapmou OUCYUNTIUHDL.




MuHHCTEPCTBO HAyKU U BhIcIIero odpazoBanus Poccuiickoit denepannu
denepanbHOE rOCyAapCTBEHHOE OI0PKETHOE 00pa30BaTeIbHOE YUPEKICHHUE BHICIIETO 00-

pa3zoBaHus «POCTOBCKHI rOoCyJapCTBEHHBIN 3KOHOMUYeCcKHi yHuBepcuteT (PUHX)»
@DaKynbTEeT KOMITBIOTEPHBIX TEXHOJOTHIA U 3aIIUTHl HH(OpMaIuu
Kadenpa dpynnamenTaapHO#M ¥ MPUKIIATHON MaTEMaTUKH

Kadenpa npuknaaHoit MaTeMaTuK U TPOrpaMMHUPOBAHUS

MucbmeHHbIe TecTbl

no aucuuiinie «HeiipoHHbIe ceTH /151 MOOMJIbHBIX NPHJIOKEHHIT»

1. Bank TecToB 1O pasaenam

Paznen 1 «3HaKOMCTBO ¢ MHOKeCTBOM (PpeiiMBOPKOB /IJIsl 00y4eHUA U padoThl HEHPOHHBIX ceTe)
B kBagpaTHBIX CKOOKaX YKa3bIBACTCS YHCIIO OAJIIOB 32 MPABHIBHBINA OTBET.

Kakoii u3 ppeiiMBOpKOB HCIIONB3YET TMHAMUYECKOE TIpeicTaBieHue rpada BoranciaeHuin? [1]

PyTorch

Tensorflow

Tensorflow-Lite

Hu onnH u3 nepeyncieHHbIx

Kakoii u3 GppeiiMBOpKOB Hellb3sl HCIIOIB30BaTh uis BHeApeHus B 10S npunoxene? [2]

PyTorch Mobile

Tensorflo-Lite

CoreML

Bce BhleniepeurcieHHbIE TPUMEHUMBI

Yem dpeiimBopk Tensorflow-Lite orauuaercs ot Tensorflow? [2]

Nmeer quHaMudeckoe rnpencTaBieHue rpada BEIYUCICHUN

OpueHTHpOBaH IS 3aIycKa Mojiee Ha MOOUJIBHBIX YCTPOHCTBAX

Hcnomnp3yercs uist 3armycka HEHPOHHBIX ceTel Toipko Ha Android ycTpoiitcBax

SIBsieTcst MPOMEXYTOUHBIM (heMBOPKOM IS SKCopTa Moienu ¢ ¢ppeiimBopka PyTorch wa CoreML
Kakoii (hpeliMBOpK 0OBIYHO MCIIONB3YETCs VIS IKCIopTa Mojieneii ¢ deiimBopka PyTorch wa CoreML u
Tensorflow? [2]

Tensorflow-Lite

MXNet

ONNX

PyTorch Mobile

Kakoii (hpeiiMBOpK SIBIISIETCS] BHICOKOYPOBHEBOW HaJCTpoiikoi Haj dpperimBopkom Tensorflow? [1]
Keras

Tensorflow-Lite

MXNet

Gluon

MoskHo 11 Web-opreHTupoBaHHbIe Moienu ¢ ppeiimBopka Tensorflow-JS ucnonp3oBath B MOOMITBHBIX
npuinokenusx Android u i0S? [2]

Her

Mo3kHO, ecii KOHBEpTUPOBATh MOJIENH B MOIEP>KUBAEMbIE TaHHBIMHU IJIaTGopMaMu GperMBOPKU
JIroOast 1 apXUTEKTypa HelpoHHOM cetn nonaepkuaercst GPU yckopurenem B Android npunoxeHun
npH KCrob3oBaHuu (peiimBopka Tensorflow-Lite? [2]

Ha

Her, Tak xakx yckopurtenem GPU B Android mpuioskeHHsIX MOAIEPKUBACTCS OrpaHUYEHHBINA Ha0Op omepa-
137054

Kakoe 0/1HO 13 OCHOBHBIX TPEUMYIIECTB TUHAMUYECKOTO rpada BeraucaeHuin? [ 1]



CKOpOCTb BBIYUCIICHHI

I'mOkas ornagka pazpabaTbiBaeMOi apXUTEKTYphI CETH

Jlydmast mIepeHOCUMOCTb MOJIETIH

Kakoii n3 ¢ppeiiMBOpKOB Helb3s KCIIOIB30BaTh IS MpriioxeHuit Ha Android? [1]
Tensorflow-Lite

PyTorch Mobile

CoreML

Bce 13 BbIlIe nepeYrCIeHHBIX

Mopenp Ha KaKOM U3 TIEPEYHCICHHBIX (PPEHMBOPKAX J1acT OOJIBIIYIO IPOU3BOAUTEILHOCTD IIPU UCIIOJIb-
30BaHUM B puiioxenuu st I0S?

Tensorflow-Lite

PyTorch Mobile

CoreML

MXNet

2. Kputepuu oueHku:
OIIEHKA «OTINYHOY (15 UTOTOBBIX 0A/IOB) BBHICTABIISCTCS CTYACHTY, €CJIM OH HaOpais oT 12 1o 15 Gamios;

o1ieHKa «Xxopouio» (12 uToroBeIx 0amioB) BHICTABISETCS CTYJICHTY, €clii OoH HaOpani oT 10
no 12 6amos;

OIICHKA «yJIOBJIETBOPUTEIHHOY (8 UTOTOBBIX 0AJIOB) BHICTABISIETCS CTYICHTY, €CITH OH
HaOpai ot 7 10 8 0aios;

OIICHKA «YJIOBJIETBOPUTEIHHO» (6 UTOTOBBIX Oalljia) BBICTABIISIETCS CTYACHTY, €CIIH OH
HaOpai ot 1 10 6 Gaios;

OIICHKA «HEYOBICTBOPUTEIHHOY» () UTOTOBBIX OAJIJIOB) BHICTABIISIETCA CTY/ACHTY, €CJIM OH
HaOpan meHee 1 Oana.

K KOMMJIEKTY TEeCTOB NPpn1aratoTca KAo4u.

1 a
2 d
3 b
4 c
5 a
6 b
7 b
8 b
9 C
10 c







MuHHCTEPCTBO HAyKU U BhIcIIero odpazoBanus Poccuiickoit denepannu
denepanbHOE rOCyAapCTBEHHOE OI0PKETHOE 00pa30BaTeIbHOE YUPEKICHHUE BHICIIETO 00-

pa3zoBaHus «POCTOBCKHI rOoCyJapCTBEHHBIN 3KOHOMUYeCcKHi yHuBepcuteT (PUHX)»
@DaKynbTEeT KOMITBIOTEPHBIX TEXHOJIOTUN M 3aIIUTH HH(POpMAITUH
Kadenpa dpynnamenTaapHO#M ¥ MPUKIIATHON MaTEMaTUKH

JlabopaTopHbie padoThI 0 TUCHUILIAHE
«HelpoHHBbIE ceTH 11 MOOWIBHBIX NPUJI0KEHUID)

1.TemaTnka 1adopaTopHbIX padoT MO pa3aejiaM U TeMaM
MpunBeaeH oanH 13 BapnaHTOB NabopaTopHbIX paboT. [Apyrue BapuaHTbl COAEpPKaAT TaKoe

e Koanm4yectso OAHOTUNMHDBbIX 3aAaHMl;'1.
Pa3znen 2. TexHoJI0oruM BHeJIPeHUs HEPOHHBIX ceTeil B MOOMJIbHbIE ITPUJIOKEHU S

Tema 2.1. Cnoco6b1 3(p(peKTHBHOI0 NEpPeHoca APXUTEKTYP HEHPOHHBIX ceTeil Ha GppeliMBOPKH, HC-
N0JIb3yeMble B MOOMJIbHBIX NPUJIOKEHUAX

NabopaTtopHan paboTa 1 (2 6anna)

TpebyeTcsa nepeHecTn oaHy U3 NpeaobydyeHHbIX Moaenel Ana Knaccupukaymm us soonap-
Ka moaenen ¢ppemeopka PyTorch Ha ppelimBopK 418 MOBUNBHBIX NPUNOMKEHU
Tensorflow-Lite n CoreML ncnonbsya pperimsopkn ONNX u Keras.

NabopaTtopHan paboTa 2 (3 6anna)

TpebyeTca nepeHecTV oaHY M3 NpefobyvyeHHbIX Mogenen ansa cCermeHTaumMm U3 300MapKa
mogaenei dperimsopka PyTorch Ha ¢ppeimBOpPK A1 MOBUNBHBIX NPUNOMNKEHUI
Tensorflow-Lite n CoreML ncnonbsya pperimsopkn ONNX u Keras.

NabopaTopHan paboTta 3 (3 6anna)

TpebyeTca nepeHecTn oaHy U3 npeaobyyeHHbIx moaenen ana obHapyXKeHua o6 bEeKTOB M3
300napKa mogenen pperimsopka PyTorch Ha dppelimBopk a1 MOBUNbHBIX NPUIOKEHWI
Tensorflow-Lite n CoreML ucnonb3ya ¢ppenmeopkn ONNX u Keras.

Tema 2.2. TexHosoruu 1y yCKOPpeHHsl BBIYMCICHUH HEHIPOHHBIX ceTeil HAa MOOMJIb- HBIX
yCTPOMCTBAX

JTabopaTtopHas paboTa 4 (2 6anna)



TpebyeTca yCKoOpUTb HEMPOHHYIO CETb U3 NepBoi 1abopoTopHOM PaboTbl Ha ppemBOpKe
Tensorflow-Lite ncnonb3ya KBaHTMU3aLUMIO.

Mcnonb3oBaHMe A0MNONHUTENbHbIX ONTUMM3ALUNA HEMPOHHOM CeTU NPWU KOHBEPTALMK Ha
¢dpenmaopk Tensorflow-Lite. (Heobs3aTenbHOE AONONHUTENBHOE 33/laHME)

Paszgea 3. [Ipumepnl BHeApeHNs HEMPOHHBIX ceTeil B MOOMJIbHBIX NPHJIOKEHU S
Tema 3.1. Peanusanusi npuiioxkeHus 1Jis1 Kiaaccupuranun nu3odpakenui 1js Android u iOS
YCTPOMCTB

NNabopaTtopHas pabota 5 (5 6annos.)

TpebyeTca 3anycTUTb KnaccupumumpyoLlyto mogens Ha ppenmsopke Tensorflow-Lite nam
PyTorch Mobile B npunoxenun ana Android yctpoitctsa.

Pa3paboTka n obyyeHmne cob6CTBEHHOM apXMUTEKTYPbl HEMPOHHOM CETU U €€ UHTerpaums B
MobunbHoe npunoxeHune Ha cuctemax Android nam i0S. (Heobs3aTenbHOE AONONHUTE N b-
Hoe 3a4aHue)

Tema 3.2. PeaJII/I3aIII/Iﬂ NPUWIOKEHUSA NJIH HAXO0XKICHUA U CETMCHTAIlUN 00BLEKTOB HA n306pame1mn
a1 Android u iOS ycrpoiicTB
JTabopaTtopHas paboTa 6 (5 6annos)

Tpebyetca 3anyctutb YOLOVS moaens Ha dperimsopke Tensorflow-Lite nan PyTorch
Mobile 8 npunoxenuum ana Android yctpoitctsa.

Tema 3.3. Peanu3zanusi NpuJiokeHHus ¢ HeilipoceTeBoil 00padoTKoN M300paKeHHH I CepBePHBIX
peuieHui

JNabopaTopHas pabota 7 (10 6annos)

TpebyeTca peannsoBaTtb cepBepHoe pelleHne Ha ppenmeopke Flask c ucnonbsosaHmem
HEeMpPOHHbIX ceTelt Ha dpeinmBopkax PyTorch naum Tensorflow.

Pa3znen 4. Buenpenue HelipoHHBIX ceTeii BO BCTpauBaeMble YCTPOICTBA M HTPOBbIE IBUKKH
Tema 4.1. Peanu3anus npuiioxkeHus ¢ HeiipoceTeBoii 00padoTkoii n3o6pazkenuii aas Nvidia Jetson
Nano



NabopaTtopHasn paboTa 8 (5 6annos.)

TpebyeTca BHeapuTb Moaenb Ha pperimeopke Caffe 8 OpenCV npunoxeHue ¢ nomoLbto
moayna DNN.

NabopaTtopHas paboTta 9 (10 6annos)

TpebyeTca peann3oBaTb U pa3BepHYTb pelleHne ana obHapyKeHMa 1L, Ha BCTPanBaeMom
yctpoinctee Nvidia Jetson Nano.

2. MeToan4yeckue peKOMEH/IAIMHU 0 BHINOJHEHHUIO JIA00PATOPHBIX padoT
eab 1adopaTopHbIX padoT

[enpro mabopaTOpHBIX pabOT ABISETCS CaMOCTOSATENbHAS peaTU3aIlHsl MPOEKTa MOOMIEHO-
r0 NPUJIOKEHHUS WK CEPBEPHOTO PEIICHUS, UCIIONIB3YIOIIEeT0 (peMBOPKHU TIIyOOKOT0 00Y-
YCHUS.

Opranuszanus caMOCTOATEIbHON PadOThI

e [lpu noaroroBke Kk 1abopaTopHOM paboTe HEOOXOAMMO U3YUUTh JEKIIUOHHBIE MaTe-
pHaJbl [0 TeMaM U3 COOTBETCTBYIOIIEH TaO0paTOpHOU paboTe TIIaBHI.

e Bce nabopatopHbie pabOThI BBIMOJHSIOTCS Ha onepairoHHon cucteme Ubuntu B
cpene nporpammupoBanusi PyCharm, Android Studio unu AppCode.

3. Kpurepuu oneHKu:

OO11ee KOJIMYeCTBO OAJIJIOB:
e pazmen 2: 10
e paznen 3: 20
e pasznen4: 15



JK3aMEeHAUMOHHAS IPOrPaMMa 110 JUCHHUILIMHE
«HeiipoHHbIe ceTH 1JIs1 MOOMJIBLHBIX MPUJIOKEHHIN»

. OpeliMBOpKH 1l 00y4YeHUS HEUPOHHBIX ceTed. CTaTudeckuil rpad) BEIYUCICHUI.
Junamudeckuii rpad serauciennii. dpeiimBopk Tensorflow. dpeitmBopk PyTorch.
OpeiimBopk Keras. CpaBuenue Tensorflow u PyTorch. KonBeprauust moaeneil.
[TpoGnembl kouBepTanuu mojeneit. dpeitmBopk ONNX.

. YauBepcanpHblid (hpeitmBopk Tensorflow-Lite. Pacimpenue ¢peiimopka PyTorch
Mobile. ®peitmBopk Tensorflow-JS. CpaBuenue Tensorflow-Lite u PyTorch Mobile.
®peitmBopk CoreML.

. KonBepranus moneneit ¢ pperimBopka Tensorflow Ha Tensorflow-Lite. KouBeprarus
mozedneit ¢ ppeitmBopka Keras Ha Tensorflow-Lite. TpaccupoBka mojaenu Ha GpeiiM-
Bopke PyTorch. McnonszoBanue PyTorch Mobile. Ilepenoc monenu ¢ PyTorch Ha
ONNX. ITepenoc mogenu ¢ ONNX na Tensorflow-Lite. [Teperoc monenu ¢ PyTorch
Ha Tensorflow-Lite. [lepenoc moaenu ¢ PyTorch na CoreML.

. Oorumuszanums moneiu B Tenorflow-Lite. KBantusanus moaenu B Tensorflow-Lite.
KBanTtuzauus mogenu B PyTorch Mobile. Texnonorus WebGL.

. Ucnonp3oBanue oudamorexu Tensorflow-Lite Ha si3bike Java. Mcnons3oBanue 610-
muoteku Tensorflow-Lite Ha si3p1ke Swift. 3arpyska Tensorflow-Lite mogenu B
Android npoexkre. 3arpy3ka moaenu B Tensorflow-Lite 10S npoekre. 3arpy3ka
CoreML monenu B 10S mpoekre. 3arpy3ka PyTorch monenu B Android npoexre. 3a-
rpy3ka PyTorch monenu B 10S mpoekte. OOpaboTka n300paxeHust HeHPOCEThIO B
MOOWMIIBHOM TIPHIIOKEHUH.

. Apxutektypa cermentupytomiei Heriponroi cetn YOLACT. [IpeobpazoBanue
YOLACT nns nognepxku PyTorch Mobile. Buenpenue YOLACT B Android npu-
noxenue. Buenpenue YOLACT B 10S mpunoxenue.

. Ucnonb3oBanue 6udnuorexku PyTorch Ha si3pike C++. Mcnosib3oBanue OMOIUOTEKH
Tensorflow Ha si3pike C++. Pabota ¢ ppeiimBopkom Flask. PaGota c Flask u
PyTorch. Vcnons3oBanue 6ubamoreku Tensorflow-JS Ha si3pike JavaScript.

. Moayns DNN 6u6nuorexku OpenCV. DddekTrBHas KOMIUIALUA OMOIHOTEKH
OpenCV nns ycrpoiictB Nvidia Jetson. [lepenoc moaeneit Ha ¢ppeiimBopk Caffe. 3a-
nyck ONNX monenu Ha OpenCV DNN. CpaBHeHue IpOU3BOAUTEIBHOCTH (peiim-
BopkoB Tensorflow u PyTorch na yctpoiictBe Nvidia Jetson Nano. Mcnions3oBanue
oubnuotexu Tensorflow-Lite Ha ycTpoiictBe Raspberry Pi.

. Ucnonw3oBanue Helipocereii B urpoBom JBmkke Unity. @peiimBopk Barracuda. Ile-
penoc Mozenu ¢ ¢pperimBopka Tensorflow Ha Barracuda. Ilepenoc moaenu ¢ ppeiim-
Bopka PyTorch na Barracuda. Micnions3oBanue HelipoceTrei Ha ppeiiMBOpKe
Tensorflow B urpoom asumxke UnrealEngine 4/5.



10. ApxuTtexTypbl HelipoceTel I KiaccupuKauy n300paKeHU. ApXUTEKTYPbI
HEHpoceTel Ha CerMEHTaluu N300paKeHNI. ApXUTEKTYPbl HEUPOCETEM 111 HAX0XK-
neHust 00bekToB Ha m3o0paxennu. buommoreka OpenCV. Ucnons3oBanne 6uOImMo-
teku OpenCV Ha s3bike Python. Ucnons3oBanue 6ubnanorexku OpenCV Ha si3bike
C++.

JK3aMeHAUMOHHBbIN Oustet Ne 1
no gucuuiuvinie «HelipoHHble ceTH /151 MOOWIbHBIX MPUJI0KEHUIN
KBanTuzamust mogenu B PyTorch Mobile.
[Tepenoc moaenu ¢ PyTorch na Tensorflow-Lite.
3. Ucnonws3zoBanue HelipoceTeil B UrpoBom nBrkke Unity.

A

Kpurepuu oueHku

DK3aMeH MPOBOAUTCS B JIBYX 4acTsAx: 1 yacth — nmuchMeHnHas padora (30 6amioB), 2 4acTh —
ycTHbIi oTBeT (10 6ason).

3a Kax bl BOIPOC MUChbMEHHON YaCTH MOYKHO TOJIYYHUTh J10 6 OaJIOB, KOJIMYECTBO OaslIOB
3aBUCHUT OT IOJIHOTHI OTBETA:

10 GasioB - OTBET MOJIHBIN U MPABUJIBHBIN; MaTepUall U3JI0KEH B OMPEIEICHHON JIOTUYe-
CKOM TMOCJIeIOBATEILHOCTH, JTUTEPATYPHBIM S3BIKOM; OTBET CAMOCTOSITEIIbHBIN;

7-9 0anmioB - OTBET MOJHBIA U MPABWIbHBIN; MaTEpUaNl U3JI0KEH B OINPECICHHON JIOTHYe-
CKOH MOCJIeI0BaTEIbHOCTH, MIPH 3TOM JOMYIIEHBI JBE-TPU HECYIIECTBEHHBIE OMIMOKU, UC-
IpaBJI€HHbIE 10 TPEOOBAHUIO MPENOIABATENIS;

4-6 0ayIoB - OTBET MOJHBINA, HO MIPU 3TOM JIONYILEHA CYIIECTBEHHAs OIMOKA, HJIA HEMoJ-
HbIM, HECBSA3HbIN,

1-3 6aina - mpu oTBeTE 0OHAPYKEHO HEIOHUMaHUE 00YUYaIOIIMMCS OCHOBHOT'O COJIEPKAHUS
y4e0OHOT0 MaTepHalia, Win JOMYIICHbI CYyIECTBEHHbIC OMIMOKH, KOTOPHIE 00YJarOIINiics HE
CMOT HCIIPABUTD MPU HABOJISIIUX BOMIPOCAX MPETogaBaTels;

0 6aJIoOB - OTBET OTCYTCTBYET.

B ycTHyr0 yacth BXOJAT 5 BONPOCOB IO MpOrpaMMe, MPEAINoIararoiux KOPOTKHUE OTBETHI.
3a yCTHYIO 4aCTh MOHO MOJTYy4YuTh 10 10 6aitoB. 3a KaxAblid BOIIPOC MOXKHO TIOJIYYHTh J10
2-X 0aI0B, KOJTUYECTBO 0AJUIOB 3aBUCUT OT IOJHOTHI OTBETA:

2 Gasia - OTBET IOJIHBIA U MPABUIIBHBIN; OTBET CAMOCTOSTEIIbHBIN;

1 Gann - OTBET MOJIHBIN, HO MPU FTOM JOMYIIEHA CYIIECTBEHHAs OUIMOKA, UM HETOJHBIN,
HECBSI3HBII;

0 6ayoB - IpU OTBETE OOHAPYKEHO HEMOHWMAaHUE 00YUYarOIIUMCSI OCHOBHOTO COJIEPKAHUS
y4eOHOro Marepuasia, Win JIOMyIIeHbI CYIIIECTBEHHbIC OIIMOKH, KOTOPhIE O0yJaroIIuics He
CMOT MCITPaBUTh MPU HABOAAIIUX BOMPOCAX MPENOAaBaTelisi WM OTBET OTCYTCTBYET



