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1. He.]'lb, 3a/iavi U INIAHUPYEMBIEC PE3yJabTaTbl oﬁyquI/m o AMCIOMIIJIMHE
(Lenv u 3a0auu ocsoenus oucyunaunst, coomsemcemeyrowue yeau OIT)

HCJ'IBIO OCBOC€HUA  JUCHOUIIIIMHBI I/IH)KeHepI/IH CUCTEM  HCKYCCTBCHHOTI'O
HHTCIIJIICKTA ABJIACTCA HCJ'IBIO OCBOCHHUA JUCHUIIJIIMHBI «I/IH)KeHepI/IH CHUCTEM
HNCKYCCTBCHHOT'O MHTCIIJICKTa» ABJIACTCA q)OpMI/IpOBaHI/Ie Y CTYACHTOB TCOPCTHUYCCKUX
" IPAKTUICCKUX 3HAaHUM O COBPCMCHHBIX HAIIPABJICHUAX, MCTOAOJIOTHAX U MOAXOAAX,
OTHCCCHHBIX K TCXHOJIOT'MAM HNCKYCCTBCHHOI'O MHTCIIJICKTA.

3ajayaMy  JIUCLMIUIMHBI  SBIBSIIOTCA:  3aJadyaMH  M3Yy4YEHUS JIUCLUILIMHBI
«HXKeHepus CHCTEM HCKYCCTBEHHOIO HMHTEIUIEKTa» SBIAIOTCS: - (OPMUPOBAaHUE
0a30BOr0 MOHATUHHOTO amnmapaTa MPUHIMUIOB (YHKIIMOHUPOBAHMS HCKYCCTBEHHBIX
HEHPOHHBIX CeTell W METOJOB UX OOydYeHHUs; - H3yUYEeHUE CPEACTB pPa3pabOTKU U
IIPOCKTUPOBAHMS UCKYCCTBEHHBIX HEMPOHHBIX CETEH; - 3HAKOMCTBO C COBPEMEHHBIMHU
TEXHOJIOTUAMH HCKYCCTBEHHOIO MHTEIUIEKTA, MO CIEAYIOIIMM HAIPaBICHUAM -
KOMIIBIOTEPHOE 3pEHHE; - 00pabOTKa €CTECTBEHHOTO S3bIKA; - pACMIO3HABAHHUE U CUHTE3
peuyu; - HHTEUIEKTyaJbHbIE CUCTEMBl NOAJECPKKH NPUHATHS  PEIICHUH. -
dbopMUpOBaHHE YMEHUN M HAaBBIKOB PELICHUS MPAKTUYECKUX 3a]ad C MPUMEHEHUEM
TE€XHOJIOTUI UCKYCCTBEHHOTO MHTEJIJIEKTA.

KomnereHumu u UHIMKATOPBI, HOpMUpPYEMBIE Y 00YUaIOIIUXCS:

Kox 1 HauMeHoBaHHE KOMITETEHIIUU Kon n HanmMeHoBaHMe WHIUKAaTOpa

[1K-2.1 Crioco0OeH K MpOeKTUPOBAHHUIO
MaTeMaTHYECKOTO U TPOTrPaAMMHOTO
o0ecrieyeHHns HEHPOCETEBBIX TEXHOIOTUN
[TK-2.2 CriocoGeH k pa3paboTke
MaTeMaTHYECKOTO U TPOTPaMMHOTO
00eCTeYeHHsI CUCTEM UCKYCCTBEHHOTO
WHTEJUICKTa

[TK-2.3 CriocoGeH conmpoBOXAaTh CUCTEMBI
WCKYCCTBEHHOT'O HHTEJIJICKTA

ITK-2 Crioco6eH kK MPOSKTUPOBAHUIO U
pa3paboTke MaTeMaTUYECKOE U
porpaMMHOE 00eCTIeueHUE CUCTEM
HUCKYCCTBCHHOI'O MHTCJJICKTA JJIA
peleHHs 3a1a9 TPEAPUITHS

2. MecTo aucuuniauHbl B cTpykrype OIT
[IpenmecTByonme AMCUUILIMHBL (Moayn), npaktuku, HUP, np.
[Tocnenyromme qucuuminabl (Moaysin), npaktuku, HUAP, ap.

3. CTpyKTypa U coaepkaHue TUCUMUIINHBI
3.1. CTpyKTYypa I¥CHUTLIAHBI
Jl1s1 ouHoM popMbl 00yUeHUsI

Bun yuebnoit paboTbl Bg%ro E;fgg Ceme;Tp (1)

OBLIAS TPYJOEMKOCTb ANCHHUITJIMHbBI 6 216 216
KOHTAKTHA PABOTA

AYJIUTOPHAA PABOTA 1,89 68 68
Jlexuun 0,94 34 34
[IpakTrueckue (CeMUHAPCKUE) 3aHATH 0 0 0
JlaGopaTopHbie paboTHI 0,94 34 34
CAMOCTOATEJIBHAA PABOTA OBYYAIOUIET'OCA 411 148 148




[TpopaboTka yueGHOro MaTepuana 2,11 76 76
KypcoBoii mpoekT 0 0 0

Kypcosas pa6ora 1 36 36
[ToAroTOBKA K IPOMEXkKYTOUHOM aTTECTALMU 1 36 36
[IpoMexyTOouHas aTTeCTaIUsL: IéP

3.2. Conep:kanue IMCHUIIMHBI, CTPYKTYPHPOBAHHOE 10 pa3jejiaM U BUAaAM

3aHATHH
Paznensl Pacnipenenenue ®opmbl U1 | HIEKCH MHIUKATOPOB
IUCIHATIINHEI 2 TPYAOEMKOCTH BUJI (hopMUpyeMbIX

§ 10 BHJIaM y4eOHO# paboThl | koHTpOIs KOMIICTEHITHI
o) o : )
T Bl E| B| B

Pasnen 1 0 TK1

Pasnen 2 0 TK2

DK3aMeH 36 36 OM1

Kypcosas Pabora 36 36 OM1

Hroro 3a 7 cemectp 0 0 0 0 0

HUTOTI'O 0 0 0 0 0

3.3. Conep:xkanme TMCHUIIAHBI

Cemctp 7

Pa3nen 1. BBenenue B HEHPOHHBIE CETH

Tema 1.1 OcHOBBI HEMPOHHBIX ceTel u cuctem MU

IToHATHE UCKYCCTBEHHOIO HHTEIUIEKTA. FIcTOpHS pa3BUTHSA TEXHOIOTUI
VCKYCCTBEHHOI'0 HHTEJUIEKTa. COBPEMEHHBIE TEXHOJIOIMU UCKYCCTBEHHOTO
VHTEJUJIEKTA 110 CIEAYIOLIIMM HAPABICHUAM

. KOMITBIOTEPHOE 3PEHHE;
. 00paboTKa €CTECTBEHHOTO SI3bIKa;

. pacro3HaBaHUE U CUHTE3 PEUH;

. WHTEJUICKTYJIbHBIC CUCTEMBI MTOJICPKKH MTPUHATHS PEIICHHM;

OcCHOBBI HEUPOHHBIX ceTel. brosornueckrue aceKTbl HEPBHOW JIEATEIIBHOCTH.
Hetipon. Akcon. Cunanc. Pednexkropnas nyra. [lenTpansHas HepBHAs cucTeMa.
Mozaenu ucKycCTBEHHOTO HelpoHa. PyHKIMK akTUBaLMU. ba3oBas apXuUTeKTypa
HelpoHHBIX cetel. O0ydenue ¢ yunrteneMm. OCHOBHAsI TEPMUHOJIOTHUSI.

Tema 1.2 IToTHOCBA3HBIE CETU MPSMOTO PACTPOCTPAHEHUS

[TonmHOCBSA3HBIE CETH MPSIMOTO pacnpocTpaHenus. [Ipeogonenne npoodaembl
XOR. O6yuenue HEMPOHHOM CETH C TOMOIIBIO AITOPUTMA 0OPATHOTO
pacnpoctpanenus omnbku. [lonstie obyvaromero kouseiiepa (Pipeline).

Tewma 1.3 CBepTouHblE HEHPOHHBIE CETH




Omnepanus cBeptku. Bzanmuas xoppemsius. Penentusroe nosne. Kackan
cBepTok. [ pynnuposka (pooling).

Tema 1.4 [IpoaBuHyThIE METOABI O0yUYEHUS

Mertonbl 60psOBI ¢ IepeoOydeHrneM. AyrmeHTalus JaHHbiX. bary-
HopMasm3anus. Perymsapuzanus Tuxonoa. Lasso peryisipusanus. Dropout.

Pa3nen 2. TexHOIOTHU UCKYCCTBEHHOTO MHTEIICKTA
Tema 2.1 Texnonoruu nepenauu ooydenus: Transfer Learning

Texnonoruu nepenaun 3aanmii Transfer Learning / Domain adaptation.
JooOyuenue cetu, nmoacrpoiika mapameTpo Fine Tuning. Mcrions3oBBaHue
npeno0ydeHHbIX ceTeil. COBpEeMEHHbBIE CBEPTOUHBIE apXUTEKTYPhI

Tema 2.2 ABTOSHKOJAEPHI.

ABTOKOJIMPOBIIMKU. ApXUTEKTypa dHKoAep-AeKkoaep. OOHapyKeHUe aHOMAIIUI
B JJAaHHBIX C IOMOIIIBIO aBTO3HKOAEpA. ['eHepaTuBHBIE MOsienU. BapuanmoHHsie
aBTO3HKOJephl VAE.

Tema 2.3 I'enepatuBHbie Mmoaenu A

CoBpeMeHHbIe apXuTeKTyphl. [lopoxaaronine (reHepaTUBHBIE) COCTA3ATEIbHbBIE
HeWpoHHble ceTu. ['eneparop. JuckpumuHarop.

Tema 2.4 Texnonorun M1 B 06paboTKe €CTECTBEHHOTO S3bIKA

O0paboTKa eCTECTBEHHOIO SA3bIKA C TOMOIIbI0 HEMPOHHBIX CETEH.
Knaccudukanus texcra. Pexyppentnslie Heliponnblie cetu. Apxutektypsl LSTM
(Long Short-Term Memory) u GRU (Gated Recurrent Unit).

Tewma 2.5 IlepcieKTUBHBIE MOJIETN UCKYCCTBEHHOI'O MHTEIIIEKTA.

MexaHu3M BHUMaHUsI. ApXUTEKTypa riyOOKuX HEHPOHHBIX ceTel Transformer
JUTsl pabOoTHI C TIOCTIEIOBATENHPHOCTAMH. MOICIIb HCKYCCTBEHHOTO HHTEIIJICKTA
Generative Pre-trained Transformer.

3.4. TemaTuueckni IJIAH NPAKTUYECKUX 3aHATHI

JlanHbli BUA pabOThI HE MPEYCMOTPEH YUEOHBIM ILJIAHOM.

3.5. TemaTuyeckui 1JiaH JadOPATOPHBIX padoT

1. TexHonmorun pa3pabOTKu W 0OyueHUs HEHPOHHBIX ceTel. I[IporpammHuas
pa3paboTka ¢ MCHOJIb30BaHUEM OOJNIAYHBIX HWHCTpyMEHTOB. 2. BBenenue B
¢dpeiimBopku TiyOokoro obyuenust Pytorch /Tensorflow. Tenzopsl. 3. Apxurexrypa
MOJIHOCBSI3HOM  HEUPOHHOW CeTM W ee o0ydeHue. AJTOPUTM  OOpaTHOTO
pacnpoctpanenus omnoku 4. [IpenckazarenpHas aHAIUTUKA JJIs1 TPOU3BOACTBEHHBIX
u OuszHec mpoueccoB. 5. VIHTemnekTyajabHble TEXHOJIOTMM  pPaclO3HaBaHUs
nzo0paxenuit. 6. Texnomoruu Transfer Learning. 7. Texnonoruu N B nuarHoctuke



3aboneBanuil. 8. Texnomnorun MM nns monutopunra nanueix. 9. Texunonorun MU B
00pabOTKE €CTECTBEHHOTO SA3bIKa. 10. I'eHepaTuBHBIE MOJEIN HCKYCCTBEHHOI'O

WHTEJIEKTA. 11. WuxeHepuss mnporpaMMHOrO OOECHEYeHHs JUIsl CUCTEM
HCKYCCTBEHHOT'O MHTEJUICKTA.

3.6. Kypcogoii npoekT /KypcoBasi padora

. Cucrembl pacno3HaBaHusi mnarojorud B MenunuHe. 2. CuHCTeMbI

aBTOMATUYECKOT0 pacro3HaBaHus Jjuil. 3. MammnHbll nepeBoa Tekcra. Neural
Machine Translation. 4. Tpancdopmepsl: apxuTekTypa HelpoceTeil ans paboTsl ¢
MOCJeA0BaTENbHOCTAMH. 5. Pacrno3HaBaHWe peyd HA OCHOBE HEHPOHHBIX ceTeil. 6.
ObnapyxeHrne 00ObEKTOB Ha M300paKEeHUsAX. 7. ATaku Ha HEHPOHHBIE CETH U 3alluTa
or Hux (Adversarial attacks) 8. «RealWorld» WndepeHc HeWpoHHBIX ceTell Ha
pa3nuuHbIX ycrpoiictBax 9. IlepeHocumocTh HeipoceTeBbix Mojened (ONNX).
ONNX Zoo Models. 10. Ontummzanus/akcenepanusi HHPepeHca TITyOOKOro
o0yuenusi. NVIDIA TensorRT 11. I'enepauusi mnporpaMMHOIO KOJIa IO OMUCAHUIO

4. OueHuBaHue pPe3yJbTATOB 00yUeHUsI

OrneHrBaHMe pe3yabTATOB O0YUECHHUS 1O JUCITUTUTHHE OCYIIECTBIISIETCS B paMKaX
TEKYIEro KOHTPOJIS W TPOMEXKYTOYHOM aTTECTAIlMH, MPOBOJUMBIX MO OaJLTEHO-
petitunroBoii cucteme (bPC).

[IIkasna OlleHKH Pe3yIbTaTOB OOYUCHHUS 110 AUCIUTIIINHE:

YpoBeHb chOpMUPOBAHHOCTH UHAUKATOPA KOMIETEHIIMH
Bricokuii Cpennuit Huie Huzkuii
KOI[ KOI[ 3arJiaHu- pea CpEIHETO
KOMII | MHAMKATO pOBaHHbIC ot 85 10 100 | ot 70 no 84 ot 55 1o 69 or 0 5o 54
c- pa PC3yJIbTATHI Ixana oneHuBaHusg
TEHI| | KOMIETeH | OOyd4eHHs 1o HEYJI0B-
yZIOBJIET-
ni o JAUCHUIUINHE OTJIHUYHO XOPO1IO JICTBOPU-
BOPHTEIIEHO
TEJILHO
3auTeHo HE 3a4TEHO
3HaTh:
- OCHOBBI
TEOpuu
HEUPOHHBIX
< I'my6oko u XOpOIIIO 3HAET
ceTeH, B TOM
TIOJTHO 3HAET OCHOBHBIE
qucIe
MaTeMaTH4YecK | MaTeMaTH4ecK
pas3IyHbIe e CTOVKTVDEL | 1e CIpVKTYOLL HE 3HaeT
APXUTEKTYPHI TPYKTYP PYKTYD 0a30BBIX
. B OCHOBE B IIOCTPOEHHMH | 3HAET 0a30BbIC .
HEHPOHHBIX o HOHSATHUH, HE
o MOCTPOCHUS HEHPOHHBIX TIOHSTHS
cerel u . o . 3HAeT KaK
HEHPOHHBIX ceTel, 3HaeT HEHPOHHBIX
ITOPUTMBI UX . 9 o0yJaercs
[IK-2 | ITIK-2.1 ceTeif, 3HaeT aNTOPUTM ceTeid, 3HaeT M
o0y4eHus; HelpoHHasI
ITOPUTM o0paTHOTO ITOPUTM
- CETb, HE 3HAET
o0OpaTHOTO pacnpocTpase backprop,
MaTeMaTHYECK KaK OIICHUTD
pacmpocTpaHe | HUsI OIIUOKH, OCHOBHBIE
HE CTPYKTYPBI Ka4ecTBO
HUSI OITUOKH, HEKOTOpbIE METPHUKHU
Y TIPUHITAIIBI o0yueHus
COBPEMEHHBIE | COBPEMEHHBIE
X 000OmeHHs apXUTEKTYpPbI, | ApPXHUTEKTYpHI Moaem
Ha MOCTPOEHUE P YPBL, p YPL,
MCTPUKH OCHOBHBIC
BBIYHCIIUTEIBH
Ka4ecTBa, METPUKN
bIX OJIOKOB
HEUPOHHBIX
CeTeH;




YMmers:

yMeeT
aQHAJIM3UPOBAT
b
HIOCTaBJICHHYTO
3aja4y u yMeeT
- npearaTh aHAITM3UPOBAT
aHAIM3UPOBATh | PpEIIECHUs Ha b
HE yMeeT
MoAU(UKATUH OCHOBE MIOCTaBJICHHYIO yMeeT HOAGHPaT
Y HOBBIE HeHpoceTeBbIX 3ajaqy u noduparth P
.. . aJIeKBaTHYIO
cpencTaa TEXHOJIOTHIA; npeiaraTh HEeHpoceTeByIO .
HEeHpoceTeByIO
MPOrpaMMHOT0 VYmeer peuIieHus Ha TEXHOJIOTHIO
TEXHOJIOTHIO
obecrieyeHust | OOOCHOBBIBATH OCHOBE JUISL pEILICHUS N —
JUTSL CO3JIaHHUS CBOH BBIOOp | HEHpOCETEBBIX | MOCTABICHHOMN p .
. o TIOCTaBJICHHOM
HEWPOCHUCTEM U | APXUTEKTYPHl | TEXHOJIOTHIA, 3a1a4H. sazam
UHTEIUIEKTYallb | ¥ TEXHOJIOTHH | 0OOCHOBBIBATH
HBIX CHCTEM o0OydeHus; CBO¥1 BEIOOD
YMmeer APXUTEKTYPBHI;
HUHTEPIPETUPO
BaTh BBIXOJIBI
MOJIeNH
Bnaners:
Bnageer
Bnageer
OCHOBHEIMHU Bnaneer
MIPOJIBUHY THIM
CpeAcTBaMHU OCHOBHBIMU
U CpeJICTBAMU
CO3JIaHHS cpencTBaMu
CO3JIaHHS .
- CpeACTBaMHU . HEHPOHHBIX CO3JIaHHS
HEHPOHHBIX . o He Bnageer
CO3JaHHA U . cereit HEWPOHHBIX
cereit 9 CpeAcTBaMH
o0yueHus Pa3IMYHbBIX cereil 0a30BBIX
o Pa3INIHBIX CO3JIaHHs U
HEHPOHHBIX APXUTEKTYP. APXUTEKTYP.
N apXUTEKTYP. 00y4eHus
cereit Bnageer Braneer o
Biangeer HEHPOHHBIX
Ppas3IUYHBIX CTaHJapTHBIMU 0a30BbIMHU N
HPOJIBHHYTHIM cerei
THIIOB CpeacTBaMu Cpe/cTBaMu
U CPeACTBAMHU
o0yueHus u o0y4eHus 1
o0yueHus u
TECTUPOBAHMSA | TECTHPOBAHUS
TECTUPOBAHUS . .
. ceTei. ceTei.
cereil.
3HaTh:
BBIYHCIIUTEIIBH
BI€ CPE/ICTBA U Otan4HO
XOPOIIIO 3HAET
KOMIUIEKCHI, 3HAET SI3BIK HE 3HaeT
s3bIK Python 3HAET OJIMH M3
HpUMEHSeMbIe Python mnu . BBIYHCIIUTEITbH
wm C++ (bpeiiMBOpKOB
npu C++, o BIX CPEJICTB,
M (bpeitMBOpKH r1yboKOro
pas3paboTke (bpeitMBopKu HPUMEHSIEMBIX
rIIyOOKOTO o0OydeHwus,
MTPOEKTOB rIyOOKOTO npu
o o o0yueHus, TaKk#e KaKk
[1K-2.2 HelpoceTei 1 00y4eHws, pa3paboTke
TaKkHe KaKk PyTorch n
WHTEIUICKTYallb TaKue KaK MIPOEKTOB
PyTorch n Tensorflow, N N
HBIX PyTorch n HeHpoceTen n
Tensorflow, 00a4YHbIE
CHUCTEM; Tensorflow, UHTEIUICKTYaJl
. o0avyHbIe iaT(opmbl
-pperiMBOpKHU o0JauHbIC BHBIX
TIaTGOPMBI U151 paboTEHI C )
rITyOOKOTO TIaTOPMBI . CHCTEM;
JU1st paboTHI € HelpoceTsIMn
o0y4eHwus, JUTsE pabOoTHI C N
. HeWpoceTsIMH
TaKHe KaK HeHWpoceTsIMH
PyTorch n

Tensorflow




YMers:

— CO3/1aBaTh,
MTPOBOJIUTH
OTNaAKy Ymeer
MIPOrPaMMBbI CO3/1aBaTh,
ozt MTPOBOJIUTH
MOCTaBJICHHYO OTJaNIKy Ymeer
3amaqy ¢ MIPOTPaMMBI C CO3/1aBaTh YmMmeer HE yMeeT
y4eTOM WCTIONIb30BaHU | TPOTPaMMBI C CO3/1aBaTh CO3/1aBaTh
TIOCTIETHUX eM WCIIOJIb30BAaHU | MPOrpaMMBbI C | TPOTPaMMEBI C
TEOPETHUYECKUX | COBPEMEHHBIX eM UCIIOJb30BAaHUE | UCIOJIh30BAHH
u WHTEIJICKTYal | COBPEMEHHBIX M eM
MIPAKTHYECKUX BHBIX WHTEIJIEKTYal | HEeHpOCEeTeBhIX | HEHPOCETEBBIX
JOCTHKCHHUH B TEXHOJIOTHH, BbHBIX MoJenen MoJienen
obnactu ONNX (Open | TexHOJOTHH
HCKYCCTBEHHOT Neural
0 WHTEIJICKTA ’ Network
HEUPOCETEBBIX Exchange )
TEXHOJIOT U
Brnanets:
- TEXHOJIOTUEN
00BEKTHO-
OTinyHO BJa/ieeT BIIaJIeCT HE BIIaJIeeT
OpPUCHTHPOBAH
Horo BJIaJiceT OCHOBHBIMHU 0a30BBIMHU OCHOBHBIMHU
TEXHOJIOTHSIMH | TEXHOJIOTHSAMH | TEXHOJOTHSAMH | TEXHOJOTHUSIMHU
MIPOrpaMMHUPOB
cOopku 1 cOopku 1 cOopku 1 cOOpKH 1
QUL Ha ASBIKE 3arrycka 3arycka 3aIrycKa 3aIycka
Python unu Y Y Y Y
C+ s MPOTPaMM C MPOTPaMM C IIpOrpamm ¢ porpamm ¢
WCTIONIb30BAHM | HCIIONIE30BAaHU | WCIIOJNIB30BAaHWE | HCIIONB30BaHU
pa3paboTKu u
eM eM M eM
TECTUPOBAHUS . . N .
vonenei HEHPOCETEBBIX | HEUPOCETEBBIX | HEHUPOCETEBBIX | HEMPOCETEBBIX
MOJIYJIEH MOJIYJIEN MOJIYJEH. MOOVIIEN
MAaIIHHHOTO YU, YU, Y Y
o0yueHus;
3HaTh:
- HE 3HAeT
MPOrpaMMHBIC MPOrPaMMHBIX
porp OTanaHO Y noBieTBOopuTE porp
u XOPOIIIO 3HAET u
3HAeT JILHO 3HAET
BBIYMCITUTEIbH MpOorpaMMHBIE BBIYUCITUTEIbH
MPOrpaMMHBIC MpOrpaMMHBIS
BI€ CPEJICTBA U CpeJICTBa U BIX CPEJICTB,
cpencTBa u CpEeICTBA U
miat(opmel o0JauHbIC MIPUMEHSIEMBIX
o0auHbIe 00JIa4HbIC
TUIS 1aTopmbl npu
T1aTGOPMBI 1aThOpPMBbI
MOHHMTOPHHTA JUTs pabOTHI C COMPOBOXK/ICH
IUTs paboTHI € . 1151 paboTBhI C
CUCTEM . HEHpoCeTIMH . WU CUCTEM
HEHpoCeTIMH HEHpoCceTIMH
MK-2.3 HCKYCCTBEHHOT UCKYCCTBEHHO
‘ 0 MHTEIJIeKTa T'0 WHTEIUIEKTa
YMers:
YmMmeer HE yMeeT
Ymeer Ymeer Y
—TIPOBOJIUTH MPOBOJIUTH MIPOBOJINTH
MTPOBOJIUTH MTPOBOJIUTH
COTIPOBOXKIEHU MOHUTOPUHT COTIPOBOX/ICH
BHEJIPEHUE U COTIPOBOXICHU
e MPOTrpamMM ¢ ve IporpamMm
COIPOBOXKICH € IporpaMM C
CUCTEM WCTIOJIb30BaHU c
ne ONNX ( HCTOJIb30BaHHUE
HCKYCCTBEHHOT eM WCTIOJB30BaHH
Open Neural M
0 WHTEIJIeKTa COBPEMEHHBIX . eM
Network HeHpoceTeBbIX .
WHTEIUICKTyal . HEHPOCETEeBBIX
Exchange ) Mozenen N
BHBIX Mojiene




TEXHOJIOTUH |
Bnaners:
OTIn4HO BJIafIEET BIIAJIEET HE BIIAZIEET
— CpeACTBaMHu
BIIaJIEET OCHOBHEIMU 0a30BBIMH OCHOBHBIMHA
COMPOBOXKICHU .

p TEXHOJIOTHEN | TEXHOJOTHAMH | TEXHOJOTHSAMM | TEXHOJIOTHSIMHU
HEHDOCETERbIX uHdepeHca,Ha | uHpepeHca,Ha | uHpepeHca,Han | HUH(epeHca,Ha
Mgﬂeneﬁ " np., ONNX | mp., ONNX p., ONNX mp., ONNX

RUME RUNTIME, RUNTIME, RUNTIME, RUNTIME,
P MHCTPYMEHTaM | MHCTPYMEHTaM | HHCTPYMEHTaM | MHCTPyMEHTaMm
uHpepeHca.
u Tensorboard | u Tensorboard | u Tensorboard | u Tensorboard

5. Y4eOHO-MeTOIMYecKoe U HH(POPMALIMOHHOE o0ecTiedeHHe JUCHUILTHHBI
5.1. YueOHO-MeTOAMUYECKOE 00€ecIeueHue

5.1.1. OcHoBHas nuTEpaTypa
1) MacnennukoBa, Onbsra EBrenbeBHa. OCHOBBI HCKYCCTBEHHOTO HHTEJUIEKTA !

yuebHoe nmocobue / O. E. Macnennukosa, U. B. I'aBpuiiosa, 2019. - 282 c. - Tekcr :
anexktpoHHbIit. URL: https://ibooks.ru/bookshelf/337972, SBC ibooks.ru

2) Cunopkuna U. I'. CucteMbl HCKYCCTBEHHOTO HHTEIUIEKTa : YueOHOe
noco6ue / U. I'. Cugopkuna, 2017. - 245 c. - Teker : anexkrponnbiil. URL:
https://www.book.ru/book/920005/

3) Octpoyx, Auapeit Bnagumuposud. CHCTEMBbI HCKYCCTBEHHOTO HHTEJUIEKTA :
moHorpadus / A. B. Octpoyx, H. E. Cypkosa, 2019. - 228 c. - TeKCT : 2JIeKTPOHHBI.
URL: https://e.lanbook.com/book/113401

4) PoctoBiieB B. C. UckyccTBeHHBIE HElipoHHBIE ceTH : yueOHuk / B. C.
PocroBiies, 2023. - 214 c. - Tekct : anekTpoHHsbiil. URL:
https://e.lanbook.com/book/310184, OBC Jlaub

5.1.2. JlononHUTENbHAS TUTEpATYpa

1) Adonun B. JI. UnTennekTyaibHbie pOOOTOTEXHUYECKUE CUCTEMBI | YU4eOHOE
nocobue / B. JI. Aponun, B. A. Makymikun, 2016. - 222 c. - TekcT : 3IEKTPOHHBIH.
URL: https://e.lanbook.com/book/100607

2) bapckuii, Apkaauii bennnonosud. Jlornueckne HEUPOHHBIC CETH : yUeOHOE
nocodbue / A. b. bapckuii, 2016. - 492 c. - Tekcr : anextpoHHbIi. URL:
https://e.lanbook.com/book/100630

3) PytkoBckas, [lanyTa. HelipoHHBIE CETH, TCHETUYECKHUE AITOPUTMBI U
HEYETKHE CUCTEMBI : HayuHoe u3nanue / JI. PytkoBckas, M. [lununsckuit, JI.

PytkoBckuii ; iep. ¢ mon. W. 1. Pyaunckoro, 2013. - 384 ¢. - TeKCT : 3IEKTPOHHBIN.
URL: https://ibooks.ru/bookshelf/334029, 3BC ibooks.ru



5.2. UudopmanuonHoe odecneyenmne

5.2.1. DNIeKTpOHHBIE U UHTEPHET-PECYPCHI

HauMmeHoBaHUue

CcblLIKa

Name

URI

5.2.2. Ilpodeccuonanbupie 6a3pl  gaHHBIX / HHpOpManmoHHO-CIpaBOYHbIE

CHUCTCMBI

IIpusooumcs nepeuens

5.2.3. JInueH3uoHHOE U

oOecrieyeHne JUCHUITIITMHBI
IIpusooumcs nepeuens

CBOOOTHO

pacrpocTpaHsieMoe  IpOTPaMMHOE

6. MatepuajbHO-TEXHUYECKOE o0ecnevYeHne U CIUTITHHbI

HaumenoBanue BHUaa

HanmenoBanue yueOHOM

y4eOHOM pabOTHI ayIUTOPHH, [TepedyeHsr HEOOXOIUMOTO O0OPYIOBAHHS U
CHCHHaHHBTpOBaHHOﬁ TCXHUYCCKUX CPCACTB 06yquI/151
nabopaTropuu
Jlexumu YuebHas ayquTOpUs TSI Crienman3upoBaHHas yueOHas MeOeb,
IPOBEJICHUS 3aHATHI TEXHUYECKHE CpelncTBa OOydYeHHs, Ciyxamuye IJIs
JICKLIMOHHOrO TUIa IIPEICTaBICHUS y4eOHOI uHpOopMaIUu
Oonpio  ayautopuud  (MYyJIBTHMEIUAHBINA
MPOEKTOp, KOMIbIOTEp (HOYTOYK), DSKpaH),
JEMOHCTPAIIMOHHOE 00OpyAOBaHHUE, Yy4eOHO-
HaTrJIsTHBIC TOCOOMS
[IpakTnueckue Vaebnas  ayaurtopus i | Crienuanu3upoBaHHAs yueOHas Mebernb,
3aHATUA HIPOBEACHNA 3aHATHI | TexHMYECKUE cpeacraa o0OydeHus
CCMHUHAPCKOTO THIA, | (MyIbTUMEIMUHBIA ~ TPOEKTOP,  KOMITBIOTED
TPYNNIOBEIX W MHIWMBHIY- | (goyT6yK), SKpaH) U Ip.
AJIbHBIX KOHCYJIbTallhH,
TCKYLICTO KOHTPOJIA u
MIPOMEXKYTOUYHON aTTeCTAIIMU
JlaGoparopHsbie Yuebnas abopaTopus Crienman3upoBaHHOMN nmabopaTopHOE
paboTEI « », o0opyaoBaHKe 10 NPOQUITIO Ta00PATOPUH:
KoMmbroTepHsIii Kiacc ¢ Cnennanu3upoBaHHas yaeOHas MeOeb,
BBIXOZI0M B IHTEpHET TEXHUYECKUE cpexcraa oOyJeHus
(MyIbTUMEIUNUHBIM  NPOEKTOP, KOMIBIOTED
(HOYTOYK), JKpaH), JUTIEH3UOHHOE
IporpaMMHoOe o0ecrieueHue
KomrbroTepHsblii Kiace ¢ CrneuunanusupoBanHas yueOHas mebenb Ha 30
BbixozioM B MuTepuer B-600a | mocamounsix  mect, 30  KOMIBIOTEPOB,
TEXHUYECKHUE CPEJCTBA 00yueHHUs (MyIbTUME-
OUHHBIA  MPOEKTOp, KOMIBIOTEp (HOYTOYK),
9KpaH), BHJIEOKAMEDHI, IPOrpaMMHOE
obecrieyeHue
CamocrositenbHas | KommbroTepHslii Kiace ¢ Cnenunamu3upoBaHHas yuyeOHass meOenp Ha 30
pabora BeixozioM B MuTeprer B-600a | nmocamounsix  mect, 30 KOMIIBIOTEPOB,

TEXHUYECKHUE CPEJCTBAa 00yueHHUs (MyIbTUME-
OUHHBIA  MPOEKTOP, KOMIbIOTEp (HOYTOYK),

IKpaH), BUJICOKAMEPBI, IPOTPaMMHOE




obecrieueHue

Crneunanu3upoBaHHas MeOelb, KOMIIbIOTEpPHAs
TEXHUKA C BO3MOXKHOCTBIO BbIX0/a B IHTEpHET 1

YuTanbHbIN 3211
obecrieuenuem nocrymna B OUOC, skpaH,

OoubmmoTeKku L
MYJIBTUMEIUNHBIN TPOEKTOP, TPOTPAMMHOE
o0ecnieueHue
YueOHast ayquTopus Jis Crnen

BBITIOJIHEHHUS KypCOBOI'O

npoeKTa (KypcoBoi paboTel) | ysppopanHas MeGelb, KOMIIOTEPHAS TEXHUKA
- (IZ’;;BHB%TC’I IPH | ¢ BO3MOXHOCTBIO BEIXOZA B MHTepHET U
HaIn4Yumn KII u Takoi
° obecrnieueHreM JocTyma B SUOC,
Ay TUTOPHH )
IporpaMMHOE 00ecrieueHne

7. OcoO0eHHOCTH OpraHu3aluu 00Pa30BaATEJbHON AeATEILHOCTH JIsl JIUI C
OrPAHUYEHHBIMH BO3MOKHOCTSIMH 3/I0POBbSI M HHBAJIUI0B

JIvia ¢ orpaHM4YeHHBIMH BO3MOYKHOCTSIMU 3710poBbsi (OB3) m MHBaIMIIbl UMEOT
BO3MOXKHOCTh OECHPEINSATCTBEHHO MEPEMEIIAThCsl M3 OHOTO Y4eOHO-1abopaToOpHOro
KOpIyca B JIpyroil, MOTHATBCA HA BCE ATaXH Y4eOHO-TAOOPATOPHBIX KOPITYyCOB,
3aHUMAThCSI B Y4YeOHBIX M HWHBIX [IOMEUICHUSX C Y4YEeTOM OCOOCHHOCTEMH
NCUXO(U3NIECKOTO PA3BUTHS U COCTOSTHUSA 37I0POBBSL.

Hns oOyuenuss nun ¢ OB3 v uHBaIMIOB, MMEIOIIMX HapyLIEHHUs OMOPHO-
JIBUTATEJIBLHOTO amnmnapara, 00ecreyeHbl YcaoBus OeCpensiTCTBEHHOIO I0CTyNa BO BCE
yueOHble momenieHus. MHdopmanuss o cheuuanbHbIX YCIOBHUSX, CO3JAaHHBIX IS
oOyvatouuxcss ¢ OB3 u wuHBaIMOOB, pa3MmelnieHa Ha cailTe YHHMBEPCHUTETA
www//kgeu.ru. ImMeeTcsi BO3MOKHOCTh OKa3aHUSI TEXHUUYECKOM TTOMOIIY ACCUCTEHTOM, a
TaKKe YCIIYT CypAONEPEBOTYUKOB U TH(PIOCYPAOIEPEBOAUNKOB.

Jia agantauuy K BocnpusaTuio Junamu ¢ OB3 v nHBanmuaaMu ¢ HapyLIEHHBIM
CIIyXOM CIPAaBOYHOTO, y4eOHOro MmaTepuana IO JUCHHUIUIUHE 00ecreynBaroTCs
CJIEIYIOLLUE YCIIOBHUS:

- ISl JTy4lIed OpUEHTAlMu B ayIUTOPUH, PUMEHSIOTCS CUTHAJIBI OMOBEILIECHUS
0 HayaJe M KOHIIE 3aHATHA (CJI0BO «3BOHOK» IMUUIIETCS HA I0CKE);

- BHUMaHHUE CJIa0OCHbIIIaero o0ydJaromerocss MpPUBIEKAETCS IMeAaroromMm
KECTOM (Ha IJIEYO KIIAJETCS pyKa, OCYIIECTBIISIETCS HEPE3KOE MOXJIONBIBAHNUE);

- pasroBapuBas ¢ 00y4aroIIUMCs, Te1aroTHYeCcKiil pabOTHUK CMOTPUT Ha HETO,
TOBOPUT SICHO, KOPOTKUMH MPEAJIOKEHUSIMH, oOecrieunBasi BO3MOKHOCTb YTEHUS 1O
ry0am.

KoMnencauusi 3aTpyAHEHUl pEYEeBOr0 W HMHTEIUIEKTYaJlbHOTO Pa3BUTHS
ciabocbIIanuX 00y4arouuxcs MPOBOAUTCS IMTyTEM:

- HCTIOJIb30BAHMS CXEM, JIMarpamMM, PUCYHKOB, KOMIIBIOTEPHBIX MPE3ECHTALUN C
TUIEPCChUIKaMHU, KOMMEHTUPYIOUIUMU OT/IE€TbHbIE KOMIOHEHTBI U300PaKEHNUS;

- PEryJISIpHOTO TNPUMEHEHHs] yOpakKHEHUHl Ha rpaduyeckoe BbIACIICHUE
CYILLIECTBEHHBIX IPU3HAKOB IIPEAMETOB U SIBICHUI;

- obecrieyeHUs BO3MOXKHOCTH JJIi  0OydYaromierocst TMOJY4YUTh aJpPECHYIO
KOHCYJIbTAIIUIO MO JIEKTPOHHOM MOYTE 10 Mepe HEOOXOAUMOCTH.

Jna agantanuu K BocnpusTio aunamu ¢ OB3 n uHBaNMaamMu ¢ HapyIIeHUsIMU
3peHusl CIPAaBOYHOIO, YYEOHOI0, MPOCBETUTENBCKOIO MaTepuaa, pelyCMOTPEHHOTIO
oOpa3oBaTeNbHON MporpaMmoil 1O BbIOpAaHHOMY HANpaBICHUIO MOJITOTOBKH,



http://www.kgeu.ru/

00€ecTeunBarOTCs CIEIYIONINE YCIOBHUS:

- BeJleTcs ajanTainus ouIuaibHOro caiita B cetu MHTepHEeT ¢ yueToM 0coOBIX
NOTPEOHOCTEN MHBAIMIOB MO 3PEHHI0, 00ECIIEYNBACTCS HAIUYUE KPYITHOIIPU(PTOBOM
CIpaBOYHOU MHGOPMALIMU O PACIIMCAHUN YUEOHBIX 3aHITHIA;

- MeIaroTUYeCKuii  pabOTHUK, ero coOeceMHWK (mpu HEOOXOAMMOCTH),
OPUCYTCTBYIOIIME Ha 3aHSATHH, MPEICTABISIOTCS OOyUYaroIUMCS, MPU ITOM KaxIbld
pa3 Ha3bIBAETCs TOT, K KOMY IeIarOTHYECKHi pabOTHUK oOpalaeTcs;

- IEUCTBHUSI, KECThbI, MEPEMEIIEHUs MEJarorn4eckoro pabOTHUKA KOPOTKO H
SICHO KOMMEHTUPYIOTCS;

- meyatHas uWHGOpMAILMS MpEeAoCTaBisgeTcs KpynHbM mpudrom (or 18
IYHKTOB), TOTAJIbHO 03BYUYMBAETCS;

- obecnieunBaeTcs HEOOXOAUMbIN YPOBEHb OCBEILIEHHOCTH MOMEILIEHUI;

- IPEJOCTABIISIETCS  BO3MOYKHOCTh ~ MCIOJB30BaTh KOMIIBIOTEPHI BO  BpEMS
3aHATHH U MPABO 3aMUCH 00BSICHEHUH Ha TUKTO(OH (IO JKEJIAHUIO0 00YUYaOIINUXCS).

dopMa TpoBeNEHUS TEKyIIEM MW  NPOMEXKYTOYHOM  arTecTaluu ISt
oOyuaromuxcst ¢ OB3 u uHBanuAOB omnpenensercs MeJarornyeckuM pabOTHUKOM B
COOTBETCTBUHM C yueOHBIM TuTaHoM. [Ipu HeoOxommmoctu obOyuaromemycsi ¢ OB3,
MHBAIMY C YYETOM HMX HMHAMBUAYAIbHBIX NMCUXO(PU3NUECKHX OCOOEHHOCTEH Naercs
BO3MOXKHOCTb NPOUTH MPOMEXKYTOUHYIO aTTECTAllMI0 YCTHO, MUCbMEHHO Ha Oymare,
NUCHbMEHHO Ha KOMIIBIOTEpE, B (pOpME TECTUPOBAHHUS M T.I., JIMOO MPEIOCTABISAETCS
JOTMIOJTHUTENBHOE BpEMS JIJIsl IOJAITOTOBKU OTBETA.

8. Metoguyeckue peKoMeHJAlMM IS MpenoaaBaTejieil M0 OpPraHu3anMu
BOCIIUTATEJIbHON PadoThHI C 00y4arOIMMHUCS.

Meroanueckoe oOecriedeHre mpoiecca BOCIUTAHUS 00YYaIONUXCSl BHICTYTIAET
OIHUM W3  OMNpeAensonmx (aKkTOpOB BBICOKOTO  KadyecTBa  OOpa30BaHUA.
[IpemogaBaTens By3a, AEMOHCTPUPYS BBICOKHH MPOQGECCHOHAIN3M, 3PYIHUIHIO,
YETKYI0 TPaXIAHCKYIO TTO3UIUIO, CAMOTUCITUILINHY, TBOPUECKHUMA MOAXO/ B PEIICHUN
npodeCCHOHANIBHBIX 3a/lad, B XOJ€ 00pa30BaTebHOrO Mpollecca CIOCOOCTBYET
(hOpMUPOBAHUIO TAPMOHUIHOMN JIMIHOCTH.

[Ipn peanmm3anuu  TUCHUIUIMHBI  TIPEMOJaBaTeIh MOXKET  HMCIOJIb30BaTh
CJICTYIOTHE METOIB BOCITUTATEIbHONW PaOOTHI:

- MeTonbl (OpMHUPOBAHUS CO3HAHMS JMYHOCTH (Oecema, AUCTYT, BHYIICHUE,
WHCTPYKTaX, KOHTPOJIb, OOBSICHEHWE, NpPHUMEpP, CaMOKOHTPOJb, paccKas3, COBET,
yoexenue u ap.);

- METOJABl OPTaHHW3aIUU JESITEILHOCTH U (OPMHPOBAHUS OIMbBITA MOBEICHUS
(3amanue, OOIIECTBEHHOE MHEHHE, IMeJJarOTHYecKoe TpeOoBaHUE, TMOpPYUYCHHUE,
puy4YeHne, Co3JaHNe BOCTIUTHIBAIOIINX CUTYyAIi, TPEHUHT, YIIPAXKHEHHUE, U JP.);

- METOJIbI MOTHBAIIUU JCATEIHPHOCTH W TOBEICHHS (0q00peHUe, MOOIIPCHHE
COIIMAJIbHOM aKTHUBHOCTH, TIOpHIIAaHWE, CO3JaHWE CHUTyallud ycIexa, CO3/IaHue
CUTYAIIMH JIJIs1 SMOIIMOHATLHO-HPABCTBEHHBIX TIEPS)KUBAHUHN, COPEBHOBAHHE U JI. )

[Tpu peanu3zanuu TUCIUTIIMHBI TIPETIOAaBaTENh JOJKEH YUUTHIBATD CIICTYIOITHE
HaIpaBJICHUS BOCITUTATEIIBHON JIEATEIbHOCTH:

I'pasicoanckoe u nampuomuueckoe socnumanue:

- popmupoBaHre y OOYyYarOIMMXCS IIEJIOCTHOTO MHPOBO33PEHUS, POCCHICKOMN



UJICHTUYHOCTH, YBXKEHUS K CBOEH ceMbe, OOLIECTBY, TOCYIapCTBY, MIPUHSATHIM B CEMbE U
0O0IIECTBE yXOBHO-HPABCTBEHHBIM U COLIMOKYJILTYPHBIM IIEHHOCTSIM, K HAllHOHATBHOMY,
KyJbTYypHOMY M HCTOPUYECKOMY Hacieauio, (OpPMUPOBAHUE CTPEMIICHHUS K €ro
COXPaHEHUIO U PA3BUTHIO;

- hopmupoBaHe y 00yUYarOMIUXCS aKTUBHOW TPaXKIAHCKOW TMO3MIIMH, OCHOBAHHOMN
Ha TPAJUIMOHHBIX KYJIbTYPHBIX, TyXOBHBIX W HPABCTBEHHBIX IEHHOCTSIX POCCHICKOIO
oOIIecTBa, JJIsi TIOBBIICHUS CIIOCOOHOCTM OTBETCTBEHHO PEAIM30BBIBATH CBOU
KOHCTUTYIIMOHHBIE IPaBa U 00s3aHHOCTH;

- pa3BUTHE MPABOBOM U MOJUTHUYECKON KYJIbTYpPbl O0yYarOUINXCSs, pACIIUPEHUE
KOHCTPYKTUBHOTO Y4YacTHsi B NPHUHITUUA PEUICHWM, 3aTparMBarolliuX HMX IIpaBa U
MHTEPECHI, B TOM YHUCJE B Pa3IMYHbIX (OpMax caMOOPTraHHU3alMHU, CAMOYIPABICHHUS,
00IIIECTBEHHO-3HAYMMOM ICATCILHOCTH,

- bopMUpPOBaHUE MOTHUBOB, HPABCTBEHHBIX U CMBICIOBBIX YCTAHOBOK JTUYHOCTH,
MO3BOJISIONIUX TMPOTUBOCTOSITh JKCTPEMHU3MY, KCEHOMOOMH, ITUCKPUMHHAIIMU TIO
COILMAJIbHBIM, PEJIMTUO3HBIM, PACOBBIM, HAIIMOHAJIBHBIM MPU3HAKAM, MEKITHHYECKOMN
U MEXKOH(ECCHOHATbHON HETEPNUMOCTH, JPYTUM HETaTUBHBIM  COIIMAIbHBIM
SIBJICHUSIM.

Jlyxoeno-HpascmeenHoe gocnumanue:

- BOCIIMTAHWE YYyBCTBA JOCTOMHCTBA, YECTHU M YECTHOCTH, COBECTIMBOCTH,
YBAKECHUS K POAUTENSAM, YUUTENSIM, JIFOJSM CTAPILIETO MOKOJICHUS;

- hbopMUpOBaHUE TMPHUHIMIOB KOJUIGKTUBU3MA M  COJUIAPHOCTH, JyXa
MUJIOCEPAUST M COCTPaJlaHus, MPUBBIYKKA 3a00TUTHCS O JIOMSIX, HAXOMSIIUXCS B
TPYAHOU )KU3HEHHOU CUTYALNH;

- OpMHpPOBAaHUE COJUAAPHOCTU M UYBCTBA COLMAIBHOM OTBETCTBEHHOCTH IIO
OTHOUIIEHUIO K JIIOASIM C OIPAaHUYCHHBIMUA BO3MOKHOCTSAMH 300POBBS, MPEOIOJICHUE
MICUXOJIOTUYECKNX OapbhepoB IO OTHOIICHWIO K JIFOASM C OTPaHUYCHHBIMU
BO3MOYKHOCTSIMU;

- bopMUpPOBAHHE HMOIMOHATIBHO HACBHIILIEHHOTO M JYXOBHO BO3BBIIIEHHOTO
OTHOILIEHUS] K MUPY, CIIOCOOHOCTH M YMEHHS Tepe/aBaTh JPYTMM CBOWM ACTETUYECKUN
OTIBIT.

Kynomypno-npoceemumensckoe socnumanue:

- hopMHUpOBAHKE ICTETUUECKON KapTHUHBI MUPA;

- opMHpOBaHNE YBOKECHUS K KYJBTYPHBIM IIEHHOCTSIM POJHOTO TOpoja, Kpas,
CTpaHBbI;

- TIOBBIIIIEHUE TT0O3HABATEIILHON aKTUBHOCTH O0YUaIOIIXCSI.

Hayuno-obpazosamenvroe socnumanue:

- hopMupoBaHre y 00YUYAIOIINXCS HAYYHOTO MUPOBO33PCHHUS;

- hopMHpOBaHUE YMEHUS TIOJTy9aTh 3HAHUS;

- popMUpOBaHNE HABBHIKOB aHAM3a M CHHTE3a MHQOpPMAIMH, B TOM YHUCIE B
npodecCHOHAIBHOM 00J1acTH.
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OueHouHble MaTepuaisl M0 AUCUMIUIMHE MHXKEHEpHs CUCTEM HCKYCCTBEHHOTO
UHTEIJICKTa , NpeJHA3HAYeHHbl [UIS OLEHUBAHUS pe3yJbTaTOB OOyuYeHUs Ha
COOTBETCTBUE UHIAUKATOPAM TOCTUKEHHS] KOMIIETECHIIUU.

OnennBaHue pe3yabTaToB O0yUEHUS MO JUCIHUILIMHE OCYIIECTBISETCS B paMKax
tekymero koutpois (TK) u mpoMexyTodHo#l arTecTaiuu, IpOBOJAUMBIX MO OaJIIbHO-
peritunroBoit cucreme (bPC).

1.TexHosiornyeckasi kKapra
e Cemectp 7

PeiliTuHroBblie mokazarenu
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HanmenoBanue paszena = S S 2 2
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Paznen. "BBenenue B HelipoHHbIE cETH" TK 25 0 0-25
Paznen. "TexHOmOruM NCKyCCTBEHHOTO TK
" 30 0 0-30
WHTEJUIEKTa
IIpome:xxyTouHasi aTTecTanMs (3a4eT, IK3aMeH, oM 0-45
KII, KP)
3aaHue NPOMEKyTOYHOM aTTecTallu 0-15
B mucemenHo# hopme 1o Omretam 0-30

Texnonocuueckass kapma @opmupyemcsi 018 KaAH0020 GUOA NPOMENCYMOUHOL
ammecmayuu ( 3a4ema,dK3amMeHd, Kypco8o2o npoeKma uiu pabomaot)

2. OueHOYHbIE MATEPHAIIBI TEKYLIEr0 KOHTPOJISI M IIPOMEKYTOYHOM aTTeCTAIUN
[11xasa OIleHKH pe3yJIbTaTOB O0YUYEHHS MO JUCHUILINHE:

YpoBeHb cHhOPMUPOBAHHOCTH MHIUKATOPA KOMITETEHIIUH
o o Hmxe .
Kox Kox Tra— Bricokuii Cpennuit P Huzkni
KOMII | UHAWKATO pOBaHHBIC oT 85 1o 100 | ot 70 mo 84 oT 55 o 69 or 0 5o 54
c- pa pe3yIbTaThl IIxana oneHuBaHUA
TEHII | KOMIETEH | OOy4YeHHs 1O HEY/I0B-
YIOBIICT-
ni o JAVCHUIUINHE OTJIHUYHO XOPO1IO JICTBOPU-
BOPHUTEIIHHO
TENBHO
3a4uTeHo HE 3a4TEHO
3HaTh:
- OCHOBBI I'myGoxo n XOpOIIIO 3HAET | 3HAaeT 0a30BEIC HE 3HAET
TEOPHH IOJIHO 3HAeT OCHOBHBIC MOHATHS 0a30BBIX
MK-2 | TIK-2.1 HCI\/'I[‘)JOHHHX MaTeMaTHYECK | MaTeMaTHYECK HeﬁIZOHHHx MMOHATHH, HE
CETeH, B TOM We CTPYKTYPBl | W€ CTPYKTYPHI ceTei, 3HaeT 3HAET KaK
qucie B OCHOBE B TIOCTPOSHUH AITOPUTM obyuaercs
pa3iuyvHbIe MOCTPOEHUS HEUPOHHBIX backprop, HEeWpOHHAas
APXUTEKTYPHI HEHPOHHBIX CETEeMH, 3HAET OCHOBHEBIE CeTh, HE 3HAECT




HEHPOHHBIX CeTeM, 3HaeT AITOPUTM METPUKH KakK OLICHHUTh
cerel n aJITOPUTM o0paTHOro Ka4eCcTBO
QITOPUTMBI KX oOpaTHOTO pacnpocTpaHe o0yueHus
o0yueHus; pacnpocTpaHe | HHS OIIUOKH, MOJIEIN
- HUS OIIHOKH, HEKOTOpEIE
MaTEMaTHYECK | COBPEMEHHBIC | COBPEMEHHBIC
We CTPYKTYPBl | apXHUTEKTYpHI, | apXUTEKTYpHI,
U MIPUHITATIBI METPUKH OCHOBHEIE
nx 00001eHus Ka4yecTBa, METPUKH
Ha TIOCTPOEHUE
BBIYUCTUTEILH
BIX OJIOKOB
HEHPOHHBIX
ceTel;
YMeTn:
yMeeT
aHAJIM3UPOBAT
b
MIOCTaBJICHHYIO
3a/auy u yMeeT
- npeJyiaraTh aHAJIM3UPOBAT
aHAJTM3UPOBATh | PpEIICHUs Ha b
HE yMeeT
Mo IU(UKAIIAN OCHOBE MOCTaBJICHHYIO yMeeT HOAGHPaT
Y HOBBIE HEUPOCETEBBIX 3a/1a9y u MoI0MPaTh P
.. N aJICKBaTHYIO
CpeacTBa TEXHOJIOTHIA; npejiaraTh HEHPOCETEBYIO .
HEHPOCETEBYIO
MPOrPaMMHOTO Vmeer pelieHus Ha TEXHOJIOTHIO
TEXHOJIOTHIO
obecrnieyeHnst | 00OOCHOBBIBATH OCHOBE IUTSL pEIICHUS
N . N JUTSL PETIICHUS
IS CO3TaHUs CBOI1 BBEIOOD HEHPOCETEBBIX | IOCTaBICHHON N
o o IIOCTaBJIEHHON
HEHPOCUCTEM M | apPXUTEKTYpPbI TEXHOJIOTHH, 3aa4H. P
UHTEIUIEKTYallb | Y TEXHOJIIOTHH | 00OCHOBBIBATH ’
HBIX CHCTEM o0OydeHus; CBOI1 BEIOOD
VYmeer APXUTEKTYPHI;
HHTEPIIPETUPO
BaTh BLIXOJIBI
MOJIETN
Bnaners:
Brnaneer
Brnaneer
OCHOBHBIMU Bmaneer
IPOABUHYTHIM
CpelncTBaMHu OCHOBHEIMU
U CpeJCTBAMH
CO3IaHUS cpencTBamMu
CO3IaHUS o
- cpelcTBaMu o HEHPOHHBIX CO3JTaHMS
HEHPOHHBIX . o He Baageer
CO3JIaHMS U N cereit HEHPOHHBIX
cerent . CpeICTBaAMHU
oOy4JeHus Pa3ITUIHBIX ceTrei 0a30BBIX
o Pa3TUYHBIX CO3JIaHMS U
HEHPOHHBIX APXUTEKTYP. APXUTEKTYP.
N APXUTEKTYP. 0o0y4eHus
cereit Brnaneer Bnaneer o
Biapgeer HEHPOHHBIX
Pa3TUYHBIX CTaHIAPTHBEIMHU 0a30BBIMU N
MIPOJBUHYTHIM ceren
THUIIOB CpelCcTBaMu CpeaCTBaMH
U CpEeICTBAMHU
o0yueHus u o0yueHus 1
oOy4deHus u
TECTUPOBAHMS | TECTUPOBAHUS
TECTUPOBAHUSA o o
. ceTei. ceTei.
ceTel.
3HaTh:
- OT1ianaHO XOPOIIIO 3HAET | 3HAET OJHH U3 HE 3HAET
IIK-2.2 BBIYUCIUTENbH 3HAET SA3BIK s361K Python (hpeHMBOPKOB | BBIYUCIIUTENBH
bIC CPEJICTBA U Python nnu i C++ rIIyOOKOTO BIX CPEJICTB,
KOMIIJIEKCHI, C++, (hpeiiMBOpKH 0o0yJeHms, MIPUMEHSIEMBIX




npuMeHsieMble | (GpedMBOPKH rIIyOOKOTO Takue Kak npu
pu TIyOOKOTO oOyJeHwMs, PyTorch u paszpaboTke
pa3paboTke o0yueHus, TaKue KaK Tensorflow, MPOEKTOB
IIPOEKTOB TaKue Kak PyTorch n o0ayHbIe HelpoceTel n
HelpoceTel u PyTorch u Tensorflow, m1aT(opmbl HUHTEJICKTyal
uHTeektyanb | Tensorflow, o0JauHbIC TSt paboTEHI C BHBIX
HBIX o0JauHbIC 1atopmbl HeHlpoceTsIMU CHUCTEM;
cHUCTEM; T1aTGOPMBI JUTst pabOoTHI C
-ppeMBOpKH | I pabOThI ¢ | HEUPOCETAMHU
rI1yOOKOTo HelpoceTsMu
o0Oy4eHwus,
TaKue KaKk
PyTorch u
Tensorflow
YMers:
— CO3/1aBaTh,
MPOBOJHTH
OTJaAKY Ymeer
MIPOTPaMMBI CO3/1aBaTh,
oJ MIPOBOJIUTH
MOCTaBJICHHYIO OTIaIIKy Ymeer
3a/maqy ¢ MIPOTPaMMBI C CO03/1aBaTh YwMmeer HE yMeeT
y4eTOM WCIIONIb30BAaHU | TPOTPaMMBI C CO3/1aBaTh CO3/1aBaTh
MOCIIETHUX eM WCTIONIB30BaHH | TPOTPaMMBI C | MPOTPaMMBI C
TEOPETUYECKUX | COBPEMEHHBIX eM UCIIOJIb30BaHHUE | MCIOJIb30BAHU
u WHTEIJICKTYal | COBPEMEHHBIX M eM
MIPAKTHYECKUX BHEBIX WHTEJUIEKTYan | HeHpOCeTeBBIX | HEHpPOCETEeBBIX
TOCTW)KESHUH B TEXHOJIOTHH, BbHBIX MoJenen MoJenen
obnactu ONNX (Open | TexHOJOTHH
HCKYCCTBEHHOT Neural
0 WHTEIJICKTA ’ Network
HEHpOCeTeBhIX Exchange )
TEXHOJIOTUM
Brnanets:
- TEXHOJIOTUEN
00BEKTHO-
OTnuyHO BJIaJieeT BJIaJieeT HE BIIAJICET
OpPHEHTHPOBaH
BJIaJieeT OCHOBHBIMU 0a30BbIMH OCHOBHBIMHU
Horo TEXHOJIOTHSIMH | TEXHOJOTHSAMH | TEXHOJOTHSAMH | TEXHOJOTHUSIMHU
MIPOrpaMMHUPOB
AHIS Ha S3hIK COOpKH U cOOpKH U cOOpKH U COOpKH U
Python 3arrycka 3arrycka 3aIrycKa 3aIycKka
C+ s MPOTPaMM C MPOTrpamMM C MPOTpamM ¢ MpOrpamm ¢
WCTIONIb30BAaHM | HCIIONIB30BAaHU | WCIIOJNIB30BaHWE | HCIIONB30BaHU
pa3paboTKu U
TECTUPOBAHUS LM LM LM LM
. HEHpOCETEeBBIX | HEMPOCETEBBIX | HEMPOCETEBBIX | HEMPOCETEBBIX
Mr;iii?ro MOAyJEH, MOAYyJEH, MOZYJIEH. Moayiei
00y4eHus;
3HaTh:
- OTnryHO XOpOIIO 3HAaeT | YIOBIETBOPUTE HE 3HAeT
MPOrpaMMHbBIC 3HaeT MPOrpaMMHBIC JBHO 3HAET MPOrPaMMHBIX
[IK-2.3 u MPOrpaMMHBIC cpencTBa u MPOrpaMMHbBIC u
BBIUMCITUTEIHH cpencTBa u o0JauHbIC CpeacTBa H BBIYMCITUTEIHH
BI€ CPE/ICTBA U o0avyHbIe TI1aTGOPMBI o0ayHble BIX CPEJICTB,
1aTHOPMBI T1aTGOPMBI IUTs1 paboTEHI C 1aTOPMBI MIPUMEHSAEMBIX
TUTST JUISL pabOTHI C | HEHPOCETSIMHU JUTs1 pabOTHI C Ipu




MOHUTOPHHTA | HEHpOCeTIMH HEHpOCETSIMH | COMPOBOXKACH
cHcTeM UM CHCTEM
HCKYCCTBEHHOT HCKYCCTBEHHO
0 WHTEJIEKTA T'0 MHTEJJICKTa
YMeTs:
ymeer HE yMeeT
VYmeer MPOBOJHTH Ymeer Y
—TIPOBOJHTH MPOBOJIUTH
MPOBOJIUTH MOHUTOPUHT HPOBOJIUTH
CONPOBOK/ICHH COIIPOBOXKIEH
BHEJIPCHUE H MPOTpaMM C | COIPOBOXKJICHH
e ue MporpamMmm
COIIPOBOX/IEH | MCIOJB30BAaHU | € IIPOTpaMM C
CUCTEM c
ne ONNX ( eM HCTOJIb30BaHHUE
HCKYCCTBCHHOT UCIIOJIB30BaHU
Open Neural | coBpeMeHHBIX M
0 MHTEJUICKTA . eM
Network WHTEJUIEKTYan | HEHpOCeTEeBBIX .
N HEHPOCETEeBbIX
Exchange ) BHBIX Mozenen N
. MoJiesei
TEXHOJIOTHH
Bnaners:
OTtnuaHO BJIajeeT BJazeeT HE BIIaJIeeT
— CpeACTBaMHU
BIIaIeeT OCHOBHBIMH 0a30BBIMHI OCHOBHBIMHU
COIIPOBOXKICHU .
p TEXHOJIOTHEH | TEXHOJOTHAMH | TEXHOJOTHSMU | TEXHOJOTHAMH
N — uHdpepeHca,Ha | uHPepeHca,Ha | uHPepeHca,Han | UHPepeHca,Ha
Mgueneﬁ s mp., ONNX mp., ONNX p-, ONNX np., ONNX
RIME RUNTIME, RUNTIME, RUNTIME, RUNTIME,
qu)e erca WHCTPYMEHTaM | HHCTPYMEHTaM | MHCTPYMEHTaM | MHCTPyMEHTaM
P ' u Tensorboard | u Tensorboard | u Tensorboard | u Tensorboard

OuneHka «OTJMYHO» BBICTABIIETCS 32 BBINOJHEHUE NOJHOE GbINOJHEHUE
nabopamopHulx pabom 6 cemecmpe; 21yO0KOe HOHUMAHUE NPUHYUNOS NOCMPOEHUs,
Memo008 U MexHOoA02Ull 00YYeHUsl HeUPOHHBIX cemeli, NOHUMAaHUe MempuK 00yueHus,

3HAHUE OCHOBHBIX MEXHONO2UN  UCKYCCMBEHHO20  UHMENIeKmd, NOJHble U
cooepoicamenibible 0OMeemvl Ha BONPOCHL buiema (meopemuyecKul U nPaKmudecKull
80NPOCYLL)

OmeHka  «XOpPOIIO»  BBICTABISETCS 32  BBIMOJHEHUE  BbINOJHEHUE

n1abopamopHbix pabom 6 cemecmpe,; NOHUMAHUE OCHOBHBIX NPUHYUNO8 HOCMPOEHUS U
Memo0o8 00yueHus HeUPOHHLIX cemell, NOHUMAHUEe Mempux O0OV4eHUus, 3HaHUue
MEexXHOI02ULl UCKYCCMBEHHO020 UHMELLEKMA, CO0epiHcamenbHble OmMeembl Ha 60NPOChL
ounema (meopemudeckutl U NpaKmu4ecKuii 60NpPocol)

OreHKa «yJA0BJIETBOPUTENbHO» BBHICTABIISICTCS 32 BBITIOJHEHUE BbINOJIHEHUE
1abopamopHblx pabom 6 cemecmpe; YACMUYHOE NOHUMAHUE OCHOBHbLIX NPUHYUNOS
HOCMPOEHUs. U Memoo08 00V4eHUsl HeUPOHHbIX cemel, 3HaHue MempuK 00VUeHUs,
omeenuvl Ha 6ONPOCHL bulema (meopemudecKuti U NPaKmuyecKuti 60Npocyl)

OrneHKa «HEY/0BJIETBOPUTEIBLHO» BBICTABIACTCS 3a CJIa00€ W HEMOJHOE
BBEITIOJIHCHHUE JTA0OPATOPHBIX M TPAKTUYSCKUX pabdoT B CEMECTpe, HE3HaHHE U
HEMOHMMaHuEe 0a30BbIX MPUHIIUIIOB IOCTPOCHUS HEUPOHHBIX CETEW; HEMOJHOE U
HESICHOE BBITIOJIHEHHWE TEOPETUUYECKOTO BOIpoca OuiieTa; HECIOCOOHOCTh OOBSICHUTH
POTPAMMHBIN KOJT TIO MPAaKTUYECKOM YyacTu Ouiera.

3. IlepevyeHb OLIEHOYHBIX CPEICTB



KpaTkass xapakTepuCTHKa OLIEHOYHBIX CPEACTB, UCIOJIb3YEMBIX MPH TEKYILEM
KOHTPOJIE YCIEBAaEMOCTH U TNPOMEXKYTOYHOM aTTecTal OO0yd4aromierocst 1o
JUCLUIUINHE:



4. Ilepeuenn

KOHTPOJIBHBIX

3aJaHUd WJIM HHbIE

MaTepHaJbl,

Heo0XoAuMbIe sl OLeHKH 3HAHM, YMEHMI M HABBIKOB, XaPAKTEPHU3YIOLIHX
3Tanbl GOPpMUPOBAHMSA KOMIIETEHIUH B IpoLecce 0CBOCHHUS IMCUMIINHBI

Jist Tekymero kourpoJs TK1:

IIpoBepsiemass KOMIETEHLMS:

[1K-2.1:

MaTEMaTUYECKOTO U MIPOTPAMMHOTO 00eCIIeUeHHUsT HEHPOCETEBBIX TEXHOJIOTUHU

Tect

CriocobeH K NIPOEKTUPOBAHUIO

Bonpoc

BapuaHTbl oTBeTa

oTBEeT

MNMoAa NCKYCCTBEHHbIM
MHTennekTom B Poccum
NoHMMaeTcA

KOMMNNEeKC TeEXHO/10TNYEeCKUX peLIJE‘HVII\;I, I'IOBBOI'IHIOIJJ,M“
MMUTUPOBATb KOTHUTUBHbIE d)yHKLI,VIVI yesioBeKa

camoobyuyeHne 1 NouCK pelleHunii 6e3 3apaHee 3a4aHHOrO
anroputma

KOMMNNEeKC TeEXHO/10TNUYECKUX peLLIE‘HVIl\;I, I'IOBBOI'IHI'OLLI,MI\&
Nnos1ly4aTb NPU BbINOJIHEHUN KOHKPETHbIX 3a4a4 Pe3y/ibTaTbl,
COMoCTaBMMble, KaK MUHUMYM, C pe3ybTaTaMu
MHTEﬂﬂeKTyaﬂbHOﬁ AeATeNbHOCTU YenoBeKa

BCe BbllleonncaHHoe

HelpoceTteBbimu
TEXHONOTMAMM Ha3bIBAKOT

KoMnaeKc MHGOPMALMOHHbBIX TEXHONOTMIMA, OCHOBAHHbIX
Ha NPUMEHEHMM KOMMbIOTEPHbIX CEeTEN

TEXHONOrum,
MCKYCCTBEHHDbIX

KoMnneKc MHPOPMALMOHHbIX
OCHOBaHHbIX  Ha npUMMeHeHuun
HepPOHHbIX ceTen

MHGOPMALMOHHbIE CUCTEMbI NOMCKA

MHPOPMaALMOHHbIE TEXHONOTUWN YNPaBAEHUS

Anroputm obyyeHus
NCKYCCTBEHHOM HEMPOHHOM
CeTM 3aKaH4YMBaeTcA, Korga

AOCTUTHYTO  3aflaHHOEe  3HayeHue cpeaHen  (Mam

MMWHUMANbHOM) OLLINBKMK

ceTb ucyepnasia BO3MOXKHOCTU 0by4yeHus (owmnbkKa
nepecrtana yMeHbLLATbCA OT 3MOXM K 3noxe)

nponaeHo onpeaeneHHoe KOMYECTBO 3MoX

nobon oTBeT U3 NepeunCcNeHHbIX

Kakune GpyHKUMM BbINONHAET
nporpammHas peanusaums
BXO/ZHOTO c/10A
MHOTFOC/NI0MHOro
nepcenTtpoHa?

BbluncnseT NpoM3BOAHYIO ANA anropuTma obpaTHoro
pacnpocTpaHeHns oWmnbKMN.

MNepepaet BXOAHOW BEKTOP CUrTHA/NIOB Ha NepPBbii
CKpPbITbIi CNON.

Ypansaet "wym" us curHana.

TpaHCAMpPYEeT CUrHaN Ha BbIXOAHOM CNO MHOFOC/I0MHOTO

KoTopbIx paBHbl 10, -20, 5, 4 u
COOTBETCTBYHOLLME BECa
cBsi3elt paBHbl 0.8, 0.5, 0.7 1
-0.5 cooTBeTCTBEHHO.
Bblumncnnte curHan Ha Bbixoae

nepcenTpoHa.
HelipoH j nonyuynn Ha Bxoa, -1.8485
CUFHAN OT YeTbIpex APYrmx 0,5
HEMPOHOB YPOBHMU -0,4621
BO3OYKAEHUA, 3HAYEHUA 0,2449




j-ro HeMpoHa B cny4yae, ecnm
bYHKLMA aKTUBaLMK
HEMPOHOB eCTb
rmnepboanYeCcKnin TaHTeHC.
Bbibepute NnpaBUNbHbIN OTBET:

MporpammHo
HEeMpPOHHanA

peanun3oBaHa
ceTb C OAHUM
CKPbITbIM cnoem 7
aKTUBALMOHHOM byHKumen
curmompa. Y cetm 1 sxopa, 3
HEMPOHA B CKPbITOM CNOE U
OAMH BbIxog. YTOo OyaeTt Ha
BbIXO4e CeTW B C/aydae, ecau
Ha Bxoae 1, Bce Beca paHbl 1 1
cmeweHue 0.

o
Q—@—
©

0,7311

2,1932

Yto npepcTasnset  cobon
anroputm «obyyeHunn
MCKYCCTBEHHOW  HEWPOHHOM
cetm»?

npoueaypy NoACTPOMKM CUTHANOB HEMPOHOB

npoueaypy NoACTPOIKKN BECOBbIX 3HAYEHUI

npoueaypy BblYUC/NEHMA MNOPOroBbIX 3HAYEHUN
bYHKUMIM aKTUBaL MM

ans

MporpammHas peanunsaums
OAHOCNOHOro NepcenTpoHa
No3BO/IAET PeLlaTh 3a4a4m

annpoKkcMmauumn GpyHKUUn

pacno3HaBaHUA o6pa303

Knaccupukauyum

Kakas apxuTeKkTypa | MHOrocnolHbii nepcenTpoH
MCKYCCTBEHHOM  HEWPOHHOW | PeKyppeHTHble HEMPOHHbIe CeTh
cetTn 6onblwe noaxoauT AnA | CBepTOUHbIE HEMPOHHbIE CeTH
pa3paboTku anropuTMoB
aHanu3a €CTeCTBEHHbIX
A3bIKOB (TEKCTOB).
Ona  byHKuumM  aktmBaumm | -1
rmnepbonnyeckni TaHreHc | 0
th(z) = 2 1
BbIMMCIINTE, | Mpepen He cyllecTByeT

lim th(x)
yemMy paBeH z——co ?
Ona paspabotkm anroputmos | ResNet
W nporpammHbix cpeacts ana | YOLO
OEeTeKUMn U TPekuHra B | SSD
cuctemax BuaeoHabnwogeHus, | GAN
NCNO/b3yHoTCA HENPOHHbIEe
cetm
Kakon ¢perimBopK raybokoro | CNTK
obyueHna wumeet uHTepdeinc | Tensorflow




ana pa3paboTku
NPOrPamMMHbIX CpPeacTB  Ha
A3blKe  MPOrpamMmmMmupoBaHMA
Python pna obyyeHna wu

3anycka MHC?

PyTorch

Bce nepeuncneHHble

BxoaHoe nsobpaxeHne numeet
pasmep 32 Ha 32. Kakoro
pa3mepa nosyunTca pesynbrat
cBEPTKKU B PyTorch 5 Ha 5 6e3
padding, co stride=(1,1), ecnun
Ha BbIXo4e AO/IKHO ObiTb 6
KaHanos?

torch.Tensor pasamepom 6 Ha 14 Ha 14

torch.Tensor pasamepom 28 Ha 6 Ha 6

torch.Tensor pasmepom 6 Ha 28 Ha 28

torch.Tensor paamepom 6 Ha 5 Ha 5

CKONbKO NapameTpoB B
cBepTKe pasmepom 3x3,
KOTOpasA NPUMeEHAETCA K
TPexKaHa/lbHOMY
n3obparkeHunto? He cuntante
CNOM aKTMBALUMW, He
y4uTbIBanTE bias.

3 napameTpa: CTO/IbKO e, CKOJIbKO U KaHa/10B

9 BCero: Mbl HaknagblBaeM OAHY M Ty e CBEpPTKY Ha
Kakablii U3 Tpex KaHanoB

9 VYHMKanbHbIX -- BCero 27,
napameTpbl O4MHAKOBblE

HO AnAa BCEX KaHaios

27 napameTpoB: 3X3 ANA KaXKA0ro U3 Tpex KaHanos

Ona  KakoW  apXxuTeKTypbl
CBEPTOYHON HENPOHHOW CeTu
XapaKTepHo obxoaHble
coeguHeHun

(skipconnections),
npobpacbiBalowme rpagueHT
ownbKM B 06x04 CBEPTKM

VGG

AlexNet

ResNet

GoogleNet

YKaxuTte owmnbky npu pabote
¢ ontummusatopom B PyTorch
npu pa3paboTke nporpammol
0b6y4eHnA HEMPOHHOM ceTu.

optimizer = torch.optim.Adam(net.parameters(), Ir=0.01)

optimizer.step()

optimizer.zero_grad()

optimizer.backward()

Bormpocsl

1. ®yHKIUA IOTEPh W ONTUMH3AIMS MMapaMETPOB HEUpOHHOU ceTu. BoiBom PII

n3 MCTOAa MaKCHUMAJIbHOI'O HpaBI[OHO,HOGI/IfI.

2. OOyueHue HEHPOHHOU
BO3HHKHOBEHHUSI.

3.

4.

5.

Softmax.

CCTHU C IIOMOIIBIO aJIropuTtMa

OueHka kayecTBa HelpoceTeBbIX Mojienell. OCHOBHbIE METPUKHU.
CBépTOouHble HEWpOHHBIE ceTu. Onepains CBEpTKH, KacKaj CBEPTOK.
ApXUTEKTYpPbl HEUPOHHBIX CETEH IJIsi MYJIBTHUKIACCOBBIX Mojeneil. OyHKIus

6. ApPXUTEKTYpbl HEUPOHHBIX CETEH I MoJieNield OMHAapHON KilacCU(UKAIIUN

7. MHOTrOoCIOWHBIHI

MEPLETTPOH.
[IpeonosieHre OrpaHUYCHUs JIMHEHHON pa3AeIMMOCTH U pelIeHUue MPOoOIeMbl

[IpencraBienne  OyJeBBIX

UCKJITI0Yaromiero «mwim». Teopema Konmoropoga.
8. Omnepanus aexkonposonuu. Transposed convolution layer.

9. AuropuT™M 00paTHOTO pacnpocTpaHeHUs OMMOKU. JJOCTOMHCTBA U HEAOCTATKU

oOpaTHOTO
pacrnpocTpaHeHuss ommOku. [loHsATHE mapajivya CEeTH W TNPUIWHBI €ro

GyHKLIMA.



anroputMa. [loHsTHE Napaynya CETH U MPUYUHBI €70 BOSHUKHOBEHMS.
10. ba3oBas apxutekTypa HEHpOHHbIX ceTeil. [IpuHuunel noctpoeHusi. OCHOBHbIE
(GYHKIIUM aKTHBAIIH.

Jlist Tekymero kourpoJsa TK2:

[Iposepsiemast komnerenuus: [1K-2.2: Crnocoben K pa3paboTke
MaTEeMaTHYeCKOr0 W MPOrpPaMMHOTO OOECHEYEeHHUS CHUCTEM HCKYCCTBEHHOIO
unremnekra; [IK-2.3: CnocobGeH cOmpoBOXIaTh CHCTEMBI HCKYCCTBEHHOTO
MHTEJUIeKTa

Bomnpoc Bapuants! oTBeTa OTBET

B KaKHX 00J1aCTSX | OLIEHKA BEPOSITHOCTH OaHKPOTCTBA,;

DKOHOMUKHM  NPHUMEHSAIOTCA | paclio3HaBaHUE 00pa3oB (TEKCTa, MOAMHUCH);

AJITOPUTMBI Ha OCHOBC | 3a1auu KJIaCCI/I(bI/IKaI_[I/II/I Hn CErMCHTAlMM 3KOHOMHYCCKHX
HMCKYCCTBEHHBIX HEHPOHHBIX | 0OBEKTOB

cerei? BCe MepevHciIeHHbIe
[IporpammHo peanuzoBaH 0,9951

HEHpOH ¢ PpyHKuMeH 1

AKTHUBAaI[UM THUIIA -1

runepOoIMYecKuil TaHreHe ¢ | (,9981
TpeMs BXOJaMU U HEUPOH
cMenleHus. Bxoael Bce

paBHBI 1 1 BCce Beca Takxke
paBHbI 1, a cmemenue 0,5.
Uemy OyaeT paBeH BBIXO]I

HelpoHa?

B nporpamme HelpoHHOI 0,25
CETH HEUPOH | TIONy4YnI Ha 0,6225
BXOJI CUTHAJI OT YETBIPEX 0,3775
JIPYTUX HEMPOHOB YPOBHHU -1,5415

BO30OYXICHUS, 3HAYCHUS
KOTOpbIX paBHsl 10, -20, 5, 4
¥ COOTBETCTBYIOIIUE Beca
cBsa3elt paBuel 0.8, 0.5, 0.7 u
-0.5 COOTBETCTBEHHO.
Breraucnure cursai Ha
BBIXO/IE J-TO HEHpPOHA B
ciryyae, eciid QyHKIHS
AKTUBAIIMU HEUPOHOB €CTh
JIOTUCTUYECKAs CHTMOMU/IA.
BriGepuTe npaBrIIbHBIN
OTBET:

B nporpamMMmHON peanu3anuy | €CJIM HaWIETCs TaKOW HEUPOH T, 4TO
. .

OJTHOCJIOMHOIO TIEepcenTpoHa Sawi <

Ha BXOJ IIOJAeTCi BEKTOP | i

(X1...Xn). B Kakom ciywae | ecnu A KaXA0ro HelpoHa J OyJaeM UMETh
R

BBIXOJIOM OyAeT HyJIEeBOH Sawi <1

1=l




BEKTOP?

€CJIH [IJIsl Ka)K/I0ro HeiipoHa j OyaeM uMeTh
kil .
Sawl <O

i=I

€CJIM HaeTCs TAKOM HEUPOH J, 4TO

n .
Saw =6
i=]

Haiinure nmpou3BogHyr0 3TOU
(GYHKIMU aKTHBaLUU
th(z) = -

e"—e
ett+e *

U BBIpasuTe
pe3yabTar uepe3 (PyHKIHIO
th(x)

1-th*(x)

1+th?(x)

th(x)-1

th?(x)

Kaxas apXUTEKTypa
HWCKYCCTBEHHON HEWPOHHOH
ceTH OobIie BCETO
MOAXOAUT Il pa3pabOTKu
QJIITOPUTMOB U TPOTPAMMHBIX
CpEICTB pacro3HaBaHUs
o0pa3oB " aHaim3a
n300paKeHUI?

ITonaocBsI3Has
MePCENTPOH)

HEWpPOHHAs CeThb (MHOTOCTIOMHBIH

CBeprouyHasi (KOHBOJIKIMOHHAS) HEIIPOHHASA CeTh

PexyppeHTHast HEHPOHHAs CETh

Ilyctp B
aBTOMATHUYECKOTO
pacmo3HaBaHus PYKOMUCHBIX
mpp or O 1m0 9
HCIIONb3YEeTCs CNN c
akTuBaruen softmax. Kakyto
GYHKITUIO OTEPh BbI
BBIOCpETE?

porpaMme

MSE

MAE

CE (Cross Entropy)

BCE (Binary Cross Entropy)

AyrmeHTanus JaHHBIX
MPUMEHSIETCS JJIST

yBesIn4eHusi 00bemMa odyuawuieil BLIOOPpKH

YBEJIMYEHUS] CKOPOCTH 00YUEHHUSI

HOpMaJIU3aIuN

00pbHOBI ¢ mepeodydeHneM

C MTOMOIUIBIO KaKkoro
MUHHUMAaJIbHOTO yucia
HEUPOHOB B CKPBITOM CJIO€
MHOTOCJIOMHOTO
MepcenTpoHa
npobirema XOR ?

permaeTcst

1

3
4
5

Jlst pa3paboOTKH airOPUTMOB
U NIPOTrPAMMHBIX CPEACTB IS
pelieHus 3aaun
KJIacCU(UKALUA B CUCTEMax
KOMITbIOTEPHOTO 3peHUs
UCIIONB3YIOTC  HEUPOHHBIE
ceTH

GAN

ResNet

LSTM

VGG

IIpu nocrpoenuun
ITOPUTMOB O0yUYCHUS
HEHPOHHOU CeTH OOBIYHO
naTaceT OEJIAT Ha 2

qacTu train u test uiau Ha 3
yacTu: train, validation,
test. J{is 4ero Hy»KHO Takoe

Ecimu 06yanbc;1 Ha IIOJIHOM AJaTaCC€TC U Ha HEM K€ ACJIaTh
BaJIn a0, TO MOKHO HEC 3aMCTUTH nepeo6yquI/m

Validation HyxHa, 4T0OBI TOAOOPaTH THIEpHAPAMETPHI
ceTu

Test Hyx)eH I (UHATHEHOW OIICHKM KadecTBa pPabOThHI
ceTn

Bce BbllIenepeynciaeHHoe




negeaue’?

Kakas nporpammHas | Tensorflow

oubnmoreka He npumensiercst | Torch

TSt TIIyO0KOTO 00yUueHus? NLTK

CNTK

[Tpu nanucanuu nporpamm B | d[0] + c[2]

PyTorch kakas oneparus ¢ c%d

TeH3opamu ¢, d c.shape
¢ = torch.ones([5,4]) d+c
d = torch.Tensor([[1,2,3,4],

[5,6,7,8],

[9,10,11,12],

[13,14,15,16],
[17,18,19,20]])
IIO3BOJISICT HOHy‘II/ITb
CHEAYIOUIMNA BBIBOA?
tensor([[0., 1., 1., 1.],
[1.,1.,1.,1.],
[1.,1.,1.,1.],
[1.,1.,1.,1.],
[1.,1.,1.,1.]D

IlycTe MaTpuIia IPU3HAKOB (-4, 3],

paBHa [-9.5]1]
[[45 25 '1]9 [[37 '4] 5
[-6, 0, 5], [-9.,5]]
[39 25 2]]9 [['95 5] >
a SIAPO CBEPTKU — [ 3 .,-4]]
[0, 1, 2], [[-4, 3,1],
[1, -1, 0], [1,0,-2]]

[1,0,-2]]

KaxkoB Oyner pe3ynbTat
MNPUMCHCHUS CBCPTKHU CO
stride=2, padding=1?

B mnporpamme na PyTorch | 13

HCcxXonHblil torch.tensor ObwuT | 169

pazmepom 13x13x384. | 384

Ckoyibko (UIBTPOB JIOJDKHO | 64896

ObITb B CBEPTKE, KOTOpas

BBLIAET torch.tensor

pazmepoM 13x13x3847?

Bonpocut
1. Perynspuzanuss  HeiiponHoit cetu: "weight decay". Perymspuzarus
TuxonoBa, Lasso — perynsapuzanus
2. Perynspuzanus u npopexuBaHue HeMpoHHOU ceTu. IIpsiMoli u oOpaTHBIN
Dropout.
3. Meronst  tinybokoro  oOyueHus. Hopmanmusanmst — gaHHbIX.  bartu-
HOpMaJIU3aIus.

4. Texnonorus mnepenaun oOyuenusi Transfer Learning. Hcnons3oBanue



npen00yUEHHBIX CETEH.

5. ABrosHkogepbl. OCOOEHHOCTH apXUTEKTypbl W OOYy4YeHHs JHKOJAepa U
JeKoiepa.

6. Pexyppenthsbie Hetipornasie cetu. Apxutektypa GRU (Gated recurrent unit).
7. Pexyppentnbie Heliponnble cetu. Apxutektypa LSTM (Long Short-Term
Memory).

8. ['eneparuBHO-cocTs3aTrenbHbie HelipoceTH (GAN) u style transfer.

0. ®dpeitmBopk riydookoro odyuenus Tensorflow

10. ®peitmBopk riaybokoro odyuenus Pytorch

J1sl MpOMesKyTOYHOM aTTeCTAIUU:

ba3oBbie BONPOCH K 3K3aMEHY

1. MaremaTuueckasi MOJIeNIb OMOJIOTUYECKOTO HEeHpoHa. JIeHApUTHI, aKCOHBI, CHHAIICHI.

2. TexXHOIOTUYU UCKYCCTBEHHOT'O MHTEIUIEKTa, 00JIACTH MPUMEHEHUS U pellaeMble 3a1a4H.

3. ba3zoBas apxuTekTypa HEHpOHHBIX ceTel. [IpuHIMMIBI ocTpoeHUs. OCHOBHBIC (YHKIIUU
aKTHBALUU.

4. Ilepuentpon PozenOmarra u mpaBuino Xe06a. Teopema O CXOIMMOCTH alIropuTMa
00y4eHus IepIenTpPOHa sl TMHEHHO-pa3aenuMbix MHOKeCTB. [Ipobmema XOR.

5. Mmorocnoinpii  mepuentpoH. IlpeacraBnenwe OyneBbix ¢QyHKumid. IIpeomonenue
OTpaHMYEHUSl JMHEWHON pa3/eNMMOCTH U peuieHHe MpPoOJeMbl HCKIIOYAIOMIETO UK.
Teopema Konmoroposa.

6. OOyueHne HEUPOHHOM CETH C TTIOMOIIBIO AIITOPUTMA OOPATHOTO PACIIPOCTPAHECHHSI OIUOKH.
[TonsiTHE Mapannya CeTH U NPUYHUHBI €0 BOSHUKHOBEHHS.

7. @OyHKIUA MOTEPh M ONTUMH3AIMS ITapaMETPOB HEHPOHHOH ceTH. BbiBoa PyHKIIMK TTOTEPH
U3 METO0J1a MaKCUMaJIbHOTO MPaBA0NO0100HUs.

8. Ilpobnema OBpa)XHOCTH MOBEPXHOCTU (YHKIIMOHAJA OIIMOKHU U €€ YaCTHYHOE IPEOI0JICHHE
C IOMOIIBIO BBeieHus MoMeHTa (Nesterov momentum).

OO6yuenue ¢ nomorisio backpropagation Ha ocHoBe anroputma RMSProp.

10. O6yuyenue ¢ mnomompio backpropagation Ha ocHoBe anroputma Adaptive moment
estimation.

11. [Ipobnema ncyesaromero 1 B3peiBaronierocs rpaauenta. [lonstue «ymuparomuiin» ReLU.

12. Onenka xauectBa 00yueHusi. OCHOBHbIE METPUKH 3a/1a4 KJIacCU(pUKaLIUK.

13. IlocTaHOBKA UM pELICHNE 3a]]a4ul PErPECCUU C TOMOLIbI0 HEMPOHHOM CETH.

14. [loctaHOBKa U pelICHUE 33124l OMHAPHON KIacCU(PUKAIIMH C TIOMOIIbI0 HEHPOHHBIX CETEH.

15. ApXUTEKTYypbl HEMPOHHBIX CETEH I MHOTOKJIACCOBBIX Mojeniei. BeposiTHocTHas mepa
NPUHAAISKHOCTH K Kinaccy. @yHkuus Softmax.

16. Ceéprounsle HelipoHHble ceTH. Omepanus cBeptku (1D, 2D). Snpo ceeptku. Kackan
CBEPTOK.

17. ba3oBble MPUHIUITBI TOCTPOCHUS CBEPTOUYHBIX HEUPOHHBIX CETEH.

18. Apxurektypa Inception (inception 6;10k). Training head.

19. Apxurextypa ResNet (residual 610xk). Skip-connection.

20. [TepeoOyuenue u MeTo 16l 00pHOBI ¢ HUM. AyrmeHTtanus. Early stopping

21. Perynsipuzanus HediponHoit cetu: "weight decay". Perymspusamus Tuxonosa, Lasso —
perynsipusanus.

22. Perynsipusanus U IpopeKuBaHue HepoHHOU ceTH. Dropout.

23. Hopmanu3anusi naHHbIX - batch-nopmammsanusa (batch norm, layer norm). Beruncnenue
CTaTUCTHK NMPH 00y4YeHUH U Banuganuu (train/eval).



24.
25.

26.

27.

28.
29.
30.

31.
32.
33.
34.
35.

36.

37.
38.

Texnomnorus “nepenaun 3uanuii” Transfer Learning (fine tuning, feature extraction)
CeMaHTHYeCKasi CETMEHTAIMs C TIOMOIIBIO TTTyOoKoro o0yueHus. [lomHOCBepTOUHBIE CETH
(FCN). Onepamus nexkonBomtonuu. Transposed convolution layer.

Apxutektypa SegNet, Unet. ®yHkiun norepb Ha ocHoBe kod(ddurmenta Jlaiica u focal
loss.

Metoapl MacmitabupoBanusi Juis  omepauuu upsampling u  downsampling. Dilated
convolution.

['eHepaTUBHBIC MOAETH U ABTOIHKOJEPHI.

Bapuanmonnsie aBrosnkoaeps! (VAE). [luseprennus Kyns6aka-Jleitonepa.
I'enepaTuBHO-cocTs3aTenbHble HEWpoHHblE ceTu (GAN) u HEMpOHHBIM CTUIB NEpeadn
oOyuenus (Ha nmpumepe style transfer).

PexyppeHTHBIC HEHPOHHBIE CETH U crieU(pUKa UX 00yUEHUSI.

I'myGoxoe o6yuyenne B NLP. Knnaccudukarus tekctos ¢ momomisio CNN u RNN.
Apxutexktypsl LSTM (Long Short-Term Memory) u GRU (Gated Recurrent Unit).
Mexanu3m BHUMaHUS (Attention).

OpeiimBopk  Timy6okoro oOyuenust PyTorch. Asromarnueckoe auddepenunpoBanue.
[Mpunuunsl noctpoeHust HeWpoHHBIX ceTeil B PyTorch: ¢yHKimonanbHelii 1 00BEKTHBIN
HOJXOI.

OpeiimBopk  rimyookoro obyuenusi Tensorflow. Brrumcnurensusiii rpag. I[loctpoenue
HEHWpPOHHOM ceTu U ee obydenue. Tensorboard.

HNudepenc netipoceteBbix Mogaenein. ONNX.

Mexanusm BHUMaHus. Apxutektypa Transformer.

TwunoBwle 3a1a9n:

Peanu3oBath W 0O0yYWTh CETh ISl MPEACKA3aHHS JIOSUIBHOCTU KIMEHTOB
COTOBOTO omnepaTopa (JaTacet y mpenoaaBaTess)

Peanu3oBath CBEpTOUHYIO CETh, O0OYUUTH CETh U MIPOBECTH KIIACCUDHUKAIINIO
torchvision.datasets.FakeData. CoctaBute confusion matrix. Iloctpouts
rpaguku accuracy u loss Ha Bamumpanuu. IlpoBectn ananu3. YMeTb
00BICHUTH CBOI KOJI.

PeaimmzoBath ResNetl8 nis CIFARI10 ( torchvision.datasets).

N3 Oubnuorexkn torchvision (ctaBuTcs BMecTe ¢ pytorch), MOXKHO
umnoptupoBath ResNetl8 komanmoit from torchvision.models import
resnetl8

Ho6aBbTe L2-perynsapuzanuio. B PyTorch ona akTtuBupyercs ¢ moMoIbo
napametpa weight decay B onmtummu3zatope. 3HadeHrEe OOBIYHO BHIOMPAIOT U3
[1e-3, le-4, 1e-5]. IIpumep:

optimizer = torch.optim.Adam(model.parameters(), Ir=1e-4,
weight decay=1e-5)

CocraButh confusion-matrix. I'paduku accuracy u loss Ha BaduaaIuu.
[IpoBectu aHanu3 00y4yeHus. Y METh OOBSICHUTH CBOM KO/I.

C nomompto ¢peiimBopka PyTorch mnst pemienus 3amaun kiaccudukanuu
peanu3oBaTh HEMPOHHYIO ceTh apxuTeKTyphl VGG. [IpoBecTn o0yueHnue Ha
natacete EMNIST (torchvision.datasets) B Google Collaboratory.



10.

[TocTpouTs rpaduku accuracy u loss Ha Bauganuu.

[IpoBecTn aHanu3 BIUSHUS TUIlepnapaMeTpoB (Ha BeIOOp 1 mapamerp) Ha
oOyuenue noctpoenHoit UHC.

C momompio ¢peiimBopka PyTorch st permenust 3agaun kiaccupuKammm
peain30BaTh HEWPOHHYIO ceTh apxutekrypbsl MobileNet. [Iposectu
oOyuyenne Ha naracete FashionMnist ( torchvision.datasets) B Google
Collaboratory. [TocTpouts rpaduku accuracy u loss Ha BaJMIaIUN.
[IpoBecTn aHanu3 BIAMSHUS TUNEprapaMeTpoB (Ha BbIOOp 1 mapamerp) Ha
oOyuenue nocrpoennoit MHC.

Peann3oBath CBEpTOYHYIO CE€Th, OOYUYUTH CETh U MPOBECTH KJIaCCHU(PUKAIINIO
torchvision.datasets.FakeData. I[loctpouts rpaduku accuracy u loss Ha
BaJIMJAIUH.

[IpoBecTn aHanu3 BIMSHUS TUIEpHapaMeTpoB (Ha BbIOOp 1 mapamerp) Ha
oOyuenwne nmoctpoennoit MHC.

C mnomompio dpeitmBopka PyTorch peanu3zoBath HEWPOHHYIO CETh
apxutektypel  DenseNet. Pemmrts 3amady  kinaccupukamuu — Jis
FashionMNIST u3 6ubnuoteku torchvision.datasets. CoctaButh confusion-
matrix. ['paduxu accuracy u loss nHa Bamupanuu. [IpoBectn anamus
00yueHus. YMETb 00bSICHUTD CBOM KOJI.

[IpoBectn OuHapuyro kiaccudpukamuio B ML-3agaue (martacer vy
npenogasaresis). Pa3aenuTs BbIOOPKY Ha OOyYarollyl0 W KOHTPOJBHYIO.
OO0yuuth ceTb. OUEHUTH KaueCTBO O0OYUYEHHUS.

Pemenne 3amaum perpeccud € MOMOIIbIO HEUPOHHOW CeTH (JaTaceT y
MPEno1aBaTess).

OOyunTh HEUPOHHYIO CE€Th JUIS 3ajJayd TpeAcKa3aHusi 3a00JIeBaHUS.
[Toctpouts rpaduku accuracy u loss Ha Banmmpmanuu. [IpoBecTn anamus.
YMeTb 00BSICHUTH CBOM KO/I.



	РАБОЧАЯ ПРОГРАММА ДИСЦИПЛИНЫ
	Вносимые изменения и утверждения на новый учебный год
	ОЦЕНОЧНЫЕ МАТЕРИАЛЫ

		2026-05-07T14:26:16+0300
	Зайнуллин Радик Рустэмович




