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1. Heasb, 32124 ¥ IVIAHUPYEMBbIe Pe3yJIbTATHI 00yUeHHs 0 AUCHUIINHE
(Lenv u 3a0auu oceoenust oucyuniunsi, coomeemcemeayiouue yeau OIT)

[lenbr0 OCBOEHWS NUCHUIUIMHBI TEXHOIOTMM MCKYCCTBEHHOI'O WMHTEIIJIEKTA
aBisieTcs Llenpro 0CBOCHUS NUCHUIUIMHBI « T€XHOIOTHN UCKYCCTBEHHOTO UHTEIIEKTA
ABJISIETCST (DOPMUPOBAHHUE Yy CTYJICHTOB TEOPETUUYCCKUX W MPAKTUICCKUX 3HAHUHA O
COBPEMEHHBIX HANpPABIICHUAX, METOMOJIOTUSIX W MOAXO0JAaX, OTHECEHHBIX K
TEXHOJIOTUSIM UCKYCCTBEHHOI'O MHTEJIJICKTA.

3ajayaMy  JUCLMIUIMHBI  SBISIIOTCA:  3aJadaMM  W3Y4YEHUS JUCLUILIMHBI
«TexHOJIOrMM UCKYCCTBEHHOI'O MHTEJIEKTa» SIBISAIOTCA: - (OpMUPOBaHHE 0a30BOroO
MOHSATUWHOTO armnapara NPUHIUNIOB (YyHKIIMOHUPOBAHUS MCKYCCTBEHHBIX HEHPOHHBIX
CeTell U METOJOB MX OOYUYEHHUS; - U3yUECHHE CPEICTB pa3padOTKU U MPOEKTUPOBAHUS
VCKYCCTBEHHBIX HEHPOHHBIX CETEH; - 3HAKOMCTBO C COBPEMEHHBIMH TEXHOJOTHSMHU
UCKYCCTBEHHOTO HWHTEJUIEKTa, MO CIEAYIOIIUM HAMpaBiICHUSIM - KOMIIBIOTEPHOE
3peHue; - o0paboTKa €CTECTBEHHOIO $3bIKA; - PACIIO3HABAHME W CHUHTE3 pEYH; -
WHTEJUIEKTYaJIbHbIE CHCTEMBI MOJJICPKKUA MPUHATUS pEIIeHU. - (HOPMHUPOBAHUE
YMEHUH M HaBBIKOB PEIICHUS MPAKTUYECKUX 3alad C MPUMEHEHHUEM TEXHOJOTUn
VCKYCCTBEHHOI'O MHTEJUIEKTA.

KommnereHnmu u MHIMKATOPhI, POopMUpYEeMbIe Y 00yUYaIOIIUXCS:

Koa u HauMeHoBaHME KOMIIETEHIINH Kon v HanMeHoBaHMe WHIMKATOpa
[1K-2.1 BeibupaeT COBpeMEHHYIO apXUTEKTYpy U
cpeny pazpabotku [10
TTK-2 CriocoGen paspaotats TIO 3aau gg-Z.Z [TpoexTupyet 6a3y JaHHBIX U UHTEpdeiic

CHUCTEM VIIPABICHUA
yip [1K-2.3 Co3znaer xox I10 ¢ ucmnonap3oBaHueM

SI3bIKA TIPOTPAMMHUPOBAHHS
IT1K-2.4 Tectupyer xox I10

2. Mecto aucuuninHbl B cTtpykrype OIl
[IpeamecTByromuye TUCUUIUIMHBL (Moaynn), mpaktuku, HUP, np.
[Tocnenyromue qucuumuinebl (Moaynn), npaktuku, HUAP, ap.

3. CTpyKTypa H coJep:KaHue TUCIUIITHHBI
3.1. CTpyKTYypa AHCHMILINHBI
Jlnst ouHOM hopMbI 00yUCHUS

Bun yuebHoli paboThl B:c;%ro E;:(I;Z CeMeng(H)

OBIIAS TPYJIOEMKOCTb AUCLIUTLIMHBI 586 | 211 211
KOHTAKTHAS PABOTA

AVJIUTOPHAS PABOTA 1,33 48 48
Jlexkuun 0,44 16 16
[TpakTHyeckue (CeMUHAPCKUE) 3aHATUS 0 0 0
Jla6opaTopHble paboThI 0,89 32 16
CAMOCTOATEJIBHASA PABOTA OBYYAIOIIET'OCA 4,53 163 163
ITpopaboTka yueGHOro MaTepHana 3,56 128 128
KypcoBoif mpoekT 0 0 0




Kypcosas pa6ora 0 0 0

IToAroTOBKA K IIPOMEXKYTOYHON aTTeCTALIUM 0,97 35 35

IIpomesxyTouHast arrecTanus: 3

3.2. Conep:xanue IMCUMIJIMHbI, CTPYKTYPHPOBAaHHOE 10 pa3iejiaM U BHAaM

3aHATHH
Paznenbl Pacnpenenenue @opmbl U1 | THIEKCHI MHAMKATOPOB
JACITUTUTAHBI a TPYAOEMKOCTH BUJI (hopMUpPYyEMBIX
§ 10 BUaM y4eOHOM paboThl | KOHTpOJIA KOMIIETEHIIUH
o} =~ (e} : O
2 3 E 2
Pasnen 1 0 TK1
Pasnen 2 0 TK2
DK3aMeH 35 35 OMI1
Hroro 3a 3 cemectp 0 0 0 0 0
UTOro 0 0 0 0 0

3.3. Coaep:xkanue AUCHUTLTHHBI
Cemctp 3

Pa3nen 1. BeeneHue B HEMPOHHBIE CETH
Tema 1.1 OCHOBBI HEHPOHHBIX CETEM

[ToHsiTHE UCKYCCTBEHHOTO UHTEIUIEKTA. MICTOpHUS pa3BUTUS TEXHOJIOTUIA
HMCKYCCTBEHHOT'O MHTEIUIEKTa. COBpPEMEHHBIE TEXHOJIOTMUA UCKYCCTBEHHOTO
MHTEJUICKTA MO CIEIYIOIIAM HAPaBJICHUSM

. KOMITBIOTEPHOE 3PCHHE;

. 00paboTKa €CTECTBEHHOTO S3bIKA;

. pacro3HaBaHKWE U CUHTE3 PEUH;

. WHTEIICKTYaJIbHBIC CHCTEMBI TTOIICPIKKH TPHHATHS PEIICHUM;

OCHOBBI HEUPOHHBIX ceTel. bUOTOrMUecKre acreKThl HEPBHOM AESATEIbHOCTH.
Heiipon. Akcon. Cunanc. PedgnexropHas nyra. [lenTpaibHast HEpBHasi CUCTEMA.
Mogenu HCKyCCTBEHHOTO HepoHa. dyHKIMK akTUBaUKMK. bazoBas apxuTekrypa
HelpoHHBIX cetel. OOyuenue ¢ yuuteneM. OCHOBHas TEPMHHOJIOTHSL.

Tema 1.2 IlomHOCBSI3HBIE CETH NMPAMOTO PACHPOCTPAHEHHS

[TonHOCBSI3HBIE CETH MPSAMOTO pacrnpocTpanenus. [IpeogoneHue mpoodIeMsbl
XOR. O0OyueHrie HEMPOHHOM CETH € MTOMOILBIO AITOPUTMA 0OPATHOTO
pacripoctpaneHus omuoOku. [Torstue oOyuaromiero kouseiiepa (Pipeline).

Tema 1.3 CBepTOUHbIC HEHPOHHBIE CETH

Omnepanus cBepTku. B3aumuas koppersius. PenentuBaoe nosie. Kackan
cBeptok. I'pyrmupoBka (pooling).



Tema 1.4 TlpoaBuHyTHIE METOIBI OOYUYEHUS

Metoabl 60prObI ¢ IepeoOyueHneM. AyrMeHTanus JaHHbIX. batd-
HOopMaym3anus. Perynspuzanus TuxoHosa. Lasso perynspuzanus. Dropout.
CoBpeMEHHbIE CBEPTOUHBIE APXUTEKTYPbI

Pa3znen 2. TexHONOTMM UCKYCCTBEHHOTO MHTEIIJIEKTA
Tema 2.1 Texnonoruu nepenaun ooydenus Transfer Learning

Texnonoruu nepegaun 3Hanuii Transfer Learning / Domain adaptation.
JlooOydeHwue ceTH, MmoAcTpoiika mapameTpoB Fine Tuning. Mcnons3oBBanue
peno0yUeHHBIX ceTeld. ABTOKOAMPOBIINKH. APXUTEKTypa SHKOEP-ACKOIEP.
OO6HapyxeHue aHOMaJIMK B TAHHBIX C TTOMOIIBIO aBTO3HKOiepa. BapuarrionHbie
aBTO3HKOAEpHl VAE.

Tema 2.2 I'enepatuBnbie moaenu NN

CoBpemenHble apxUTEKTYpbl. [lopoxkaatomue (reHepaTUBHbBIE) COCTSA3AaTEIbHbBIE
HEUpOHHBIE ceTu. I 'eneparop. AuCKkpuMHUHATOP.

Tewma 2.3 Texnonoruu MU B 00paboTKe €CTECTBEHHOTO SI3bIKA

O06paboTKa €CTECTBEHHOTO A3bIKa C TOMOIIbIO HEUPOHHBIX CETEM.

Knaccuduxkanus tekcra. PekyppentHsie HelipoHHbIe ceTu. ApxutekTypsl LSTM
(Long Short-Term Memory) u GRU (Gated Recurrent Unit).

Tema 2.4 TlepcieKTUBHBIE MOJEIHN UCKYCCTBEHHOTO MHTEJIJIEKTA.

MexaHnu3m BHUMaHUsS. ApXUTEKTypa rIyOOKUX HEHpOHHBIX ceteit Transformer
JU1s1 pabOTHI € TTOCJIEI0BATEILHOCTIMUA. MOJIeh UCKYCCTBEHHOTO MHTEJUICKTa
Generative Pre-trained Transformer.

3.4. TeMaTH4YeCKH IVIAH NPAKTHYECKHUX 3aAHATHI

JlanHbIiA BUA pabOTHI HE MPETyCMOTPEH YUSOHBIM IJIAHOM.

3.5. TemaTuyeckuii Mj1aH JabOPaATOPHBIX padoT

1. TexHomoruu pa3pabOTKu W OOyueHHUsT HEHpOHHBIX ceTei. [Iporpammuas
pa3paboTka C WCIOJB30BaHWEM OOJIAYHBIX HWHCTPYMEHTOB. 2. DBBenenue B
dbpeiimBopku Tiyookoro ooyuenust Pytorch /Tensorflow. Tensopsl. 3. Apxurekrypa
MOJHOCBSI3HOM  HEMpOHHOW ceTh W ee o0ydeHue. AJNropuT™M  OOpaTHOTO
pacnipoctpanenus omuOku 4. [IpeackasarenbHas aHAIUTUKA JJI POU3BOJICTBEHHBIX
u OuszHec mponeccoB. 5. HHTemnekTyanbHble TEXHOJIOTMH  PAaclO3HABaHUS
n3o0pakenuit. 6. Texuonoruu Transfer Learning. 7. Texuonorun MM B quarHoctuke
3aboneBanuii. 8. Texnomorun MU nns monutopunra nanueix. 9. Texunomorun MU B
00pabOTKE €CTECTBEHHOTO S3bIKA. 10. I'enepaTuBHBIE MOJAETU MCKYCCTBEHHOTO
unTeimekra. 11. PazpaboTka mporpaMMHOro obecreueHusi, B KOTOPOM UCTOIb3YIOTCS
TE€XHOJIOTUH UCKYCCTBEHHOIO MHTEIIJIEKTA.

3.6. Kypcosoii npoekT /kypcoBasi padora



JlaHnHbIi BUA pabOThI HE MPEyCMOTPEH YUYEOHBIM IJIAHOM.

4. OueHuBaHHE Pe3y/IbTATOB 00y4eHUs!

OHCHI/IBaHHC PE3YJIbTAaTOB O6Y‘-ICHI/ISI 10 AUCHUILINHE OCYHICCTBIIACTCA B paMKaXx

TEKYIIETO KOHTPOJII M TPOMEKYTOUYHOW aTTeCTallid, MPOBOJUMBIX IO OaJTbHO-
peritunroBoii cucreme (BPC).

Illxana OIICHKH PC3YJIbTATOB O6y‘{eHI/ISI 11O AU CHUIIJINHC.

YpoBeHb CHhOPMUPOBAHHOCTH WHIUKATOPA KOMIETCHITUN
Bricokuit Cpenuui . Huzkni
Kon Kon 3ariagu- pen CpEIHErO
KOMII | MHAUKATO POBaHHBIC ot 85 mo 100 ot 70 mo 84 oT 55 no 69 or 0 nmo 54
c- pa pe3yabTaThl IIxama oneHuBanusa
TEHI[ | KOMIIETEH | OOydYeHUs 10 HEYOB-
VIOBIIET-
5044 O1H JUCHUITIIINHE OTJIUYHO XOpOoIIo JIETBOpH-
BOPUTEIHHO
TEJILHO
3adTeHo HE 3a4TEHO
3HATh:
COBPEMEHHBIE
cpeabt
pa3paboTKy u
bpeitMBOpKH
Pytorch, HE 3HAET
rIy0OKO U XOPOIILIO 3HAET
Tensorflow 3HaeT 6a30BbIE 0a30BbIX
IIOJIHO 3HAET OCHOBHEIE
- OCHOBBI 3JIEMEHTHI Cpe 3JIEMEHTOB
cpepl cpept
TEOPUH pa3paboTKy U cpen
. pa3paboTKu U | Pa3pabOTKU U .
HEHPOHHBIX N N (bpeitMBOpPKOB pa3paboTKH U
< bpeitMBOpKH (bpeiiMBOpKH .
ceTel, B TOM Pytorch, (bpeliMBOpKOB
qucie Pytorch, Pytorch, Tensorflow Pytorch
Tensorflow Tensorflow y ’
pas3IuyHbIe Tensorflow
APXUTEKTYPBI
HEUPOHHBIX
ceTer u
ANTOPUTMBI UX
o0y4eHus;
[IK-2 | [IK-2.1 ’
VYMeTh:
ymeeT
AHAJIM3UPOBAT
AHAJTU3UPOBAT . yMeer
b aHATU3UPOBAT
MOCTABJICHHYIO
Moau(UKaAAN b
3a7a4dy u HE yMeeT
U HOBBIE MTOCTABIIEHHY IO yMeer
npeaiaraTh noI0NpaTh
cpencTBa 3a/1a9y " MoI0MpPaTh
pelieHus Ha a/IeKBaTHYIO
MPOTPaMMHOTO npe/yiaraTh TEXHOJIOTHIO
OCHOBE TEXHOJIOTHUIO
obecrieueHus . pelieHus Ha HCKYCCTBEHHOT
TEXHOJIOTAN HCKYCCTBEHHO
IUTS CO3/IaHMS OCHOBE 0 UHTEJIJIEKTA
HCKYCCTBEHHO . ro UHTEJUIEKTA
HMHTEIUICKTY A TEXHOJIOTHI JUTSL PEIICHUSI
ro . JUTSL PETIIEHIUS
BHBIX CUCTEM C ) HCKYCCTBEHHO | TOCTaBJICHHOM N
MHTEJUIEKTA; [IOCTAaBJIEHHON
HCIOJB30BaHA ro 3a/1a4n.
Ymeer 3a7a4u.
eM HHTEIIEKTA,
. 000CHOBBIBATH
TEXHOJIOTHUMI o 000CHOBLIBATE
CBOH BBIOOD .
HCKYCCTBEHHO CBO BEIOOD;
TEXHOJIOTHH;
I0 MHTEJUIEKTA




Braners:

Bnaneer Bnaneer
MIPOJIBUHY THIM OCHOBHBIMH Bmaneer
U CPEJICTBAMHU cpelcTBaMu OCHOBHBIMH
CO3IaHUs CO3TaHUs CpelcTBaMu
- CpeJCTBaMH HEUPOHHBIX HEHUPOHHBIX CO3JaHUs
pel P o p N . A He Bnageer
CO3[IaHus U ceTen ceTen HEUPOHHBIX
% cpeicTBaMu
oOydeHus Pa3IMYHBIX Ppa3IUYHBIX ceTeli 0a30BBIX S
HEHPOHHBIX APXUTEKTYP. APXUTEKTYP. APXUTEKTYP.
N o0yueHus
ceTel Bnaneer Bnaneer Bnaneer o
HEHPOHHBIX
Pa3TMIHBIX MIPOJBUHYTHIM | CTAaHAAPTHBIMHU 0a30BEIMH cereil
THUIIOB U CpPEeICTBAMH cpencTBaMu CpelcTBaMu
o0ydeHus u o0y4eHus u o0y4eHus u
TECTUPOBAHMS | TECTUPOBAHHSA | TECTHPOBAHUS
ceTel. ceTen. ceTei.
3HATh:
- OCHOBBI
MIPOEKTUPOBAH
ns 0a3 JaHHBIX
u HE 3HaeT
nHTepdericoB TIIyOOKO | 3HaeT 0a30BLIE OCHOBHBIX
XOpOIIIO 3HAET N
10 MHOJHO 3HAeT HOHSTHUSA MOHATHH
OCHOBBI 0a3
JUTSL CO3JaHus OCHOBBEI 0a3 AHHBIX 11 OCHOBEI 0a3 MPOSKTUPOBAH
MHTEIICKTYa IaHHBIX U IAHHBIX U ns 0a3 JaHHBIX
MPOrPaMMHBIX
BHBIX CHCTEM C | TIPOTPaMMHBIX . MPOTPaMMHBIX 5
9 uHtepdericon . .
WCIIONIb30BaHU | HMHTEpQeicoB uHTepdericoB unTepdericor
eM 10
TEXHOJIOTUH
HCKYCCTBEHHO
ro MHTEJUIEKTA
VYMeTh:
aHaAJIM3UPOBAT
. yMeeT
aHaJTU3UPOBAT yMeeT
MO pHKALHH b aHAIU3UPOBAT
[1IK-2.2 U HOBBIE P
MTOCTaBIICHHYIO b
cpencTBa HE yMeeT
3amaqdy u MTOCTABIICHHYO yMeer
MIPOEKTUPOBaH oJI0NpaTh
npeiaraTh 3a/1a9y u MoI0MpaTh
nst 0a3 JaHHBIX aJICKBaTHYIO
pelieHus Ha mpeJyiaraTh TEXHOJIOTHIO
" TEXHOJIOTHIO
o OCHOBE penieHus Ha HCKYCCTBEHHOT
nHTepdericoB N HCKYCCTBEHHO
TEXHOJIOTHI OCHOBE 0 MHTEJUIEKTA
110 . ro UHTEIUIEKTA
HCKYCCTBEHHO TEXHOJIOTUI JUTSL PEIICHUS
JUTSL CO30aHUS . JUTSL pEIIeHUS
TO HCKYCCTBEHHO | TIIOCTaBICHHOW o
WHTEJUICKTYal [IOCTaBIIEHHOM
HHTEIIEKTA,; ro 3aa4H.
BHBIX CHCTEM C 3aa4H.
Vmeer WHTEJIJIEKTA,
HCIIOIB30BaHI
on 000CHOBBIBATh | 0OOCHOBEIBATH
o CBOW BEIOOD CBOI1 BBIOOD;
TEXHOJIOTHI
TEXHOJIOTHH;
HCKYCCTBEHHO
o MHTEJUIEKTA
BnaneTs:
- CpeCcTBaMHU Bnageer Bnangeer Bnangeer He Bmageer
co3manus 0a3 | MPOJIBHHYTHIM OCHOBHBIMH OCHOBHBIMHU cpeacTBaMu
JAHHBIX U U CpeICTBaMH cpencTBaMu METOIaMH CO3aHUs U
nHTepdericor co3gaHus U CO3JaHMs U HCIOJIL30BAaHMS | HCIIOJIb30BaHU
I10 KCIIOJIB30BaHN | HCIOJIBL30BAHUA 0a3 IaHHBIX U s1 0a3 JaHHBIX




s 0a3 JaHHBIX

s1 0a3 DaHHBIX

HHTEpQEHcoB u
u u 1o uHTepdericor
uHTEepdeiicoB | HHTEpdEHcoB o
110 1o
3HaTh:
BBIYUCITUTEIHH
b€ Cpe/ICTBA U
KOMIUIEKCHI, OTnuaHO Y noBnerBopute
XOPOIIIO 3HAET HE 3HaeT
MpUMEHSIEMbIC 3HAET S3bIK JHHO 3HAET
361K Python MIPOTPaMMHBIX
npu Python mnu it Gt si3pIk Python, "
pa3paboTke C++, . ' 3HAET OJIUH U3
M bpeliMBOpKH . BBIYUCITUTEIBH
IIPOEKTOB bpeiiMBOpKH bpeiiMBOpKOB
. o rIIyOOKOTO BIX CPEIICTB,
HelpoceTei u TIIyOOKOTO riryOoKoro
o0yueHus, MPUMEHIEMBIX
HWHTEJUIEKTY A o0yueHus, o0y4eHus,
TaKHe KaK npu
BHBIX TaKue Kak TaKue Kak
) PyTorch u pa3paboTke
CHCTEM; PyTorch u PyTorch n
N Tensorflow, MPOEKTOB
-(hpeiiMBOpKH Tensorflow, Tensorflow, " o
o0J1auHbIC HelpoceTel u
rIyOOKOTO o0rayHbIC o0JadHbIe
1aThOPMbI WHTEIUICKTYa
o0yueHus, m1aThOpMbI 1aThOPMBI
JUTst paboTHI C BHBIX
TaKkHe Kak JUTsE pabOoTHI C 9y JUTsE pabOTHI C
. HelpoceTIMU . CHUCTEM;
PyTorch n HelpoceTs MU HENpOCeTAMH
Tensorflow
YMeTs:
— CO3/1aBaTh,
IIPOBOJUTH Ymeer
OTIaIKy CO0311aBaTh,
IPOrpaMMBbl MPOBOJIUTH
noJ OTJIAJIKYy
MOCTABJICHHYIO | TPOTPaMMBI C
23 Y borp Ywmeer
ITK-2. 3ajady ¢ UCTIOJIb30BaHU
C03/1aBaTh Ymeer HE yMeeT
y4eToM eM
MIPOTPAMMBI C CO3J1aBaTh c03/1aBaTh
MOCIETHUX COBPEMEHHBIX
HCTONB30BaHU | TPOTPaMMbI C | MPOTPAMMbI C
TEOPETUYECKU | WHTEJUICKTyall
eM UCIIOJIb30BaHHUE | HCIIOJIB30BAHU
XU BHBIX
. COBpPEMEHHBIX M eM
MPAKTUYECKUX | TEXHOJIOTHH, . .
. WHTEJUIEKTYal | HEHWPOCETEBBIX | HEWPOCETEBBIX
JOCTH>KEHUH B VYwmeer . o
BHBIX Mojenei Mojeneit
obnactu MPOBOJIUTH N
TEXHOJIOT Ui
HCKYCCTBEHHO BHEJIpEHHE
ro uaresiekra | ONNX ( Open
" Neural
HeHpoceTeBbIX Network
TEXHOJIOTHt Exchange )
Brnaners:
OtnuaHO BJIAJIEET
BIIaJICCT OCHOBHBIMHU BIIaJIeeT HE BJIaJIeeT
— TEXHOJIOTUEH | TEXHOJOTUSMHU | TEXHOJIOTHSIMH 0a30BBEIMHU OCHOBHBIMU
cOopkH U cOopku u cOopKH U TEXHOJIOTHSIMHM | TEXHOJIOTHSIMH
3arycka 3arrycka 3aIrycKa cOOpKH U cOopKH 1
HEHPOCETEBBIX | TPOTPaMM C IIPOrpaMM C 3aIrycKa 3arrycka
MoJieIelt B WCITIOJI30BaHH | WCTIOJIB30BaHU MIPOTPaMM C MPOTPaMM C
pexxume eM eM WCTIOJIb30BaHKE | HCIIOIB30BAHU
0oOy4eHUS M | HEHPOCETEBBIX | HEHPOCETEBBIX M eM
uHdepeHca. MOJTyJIEH, MOJTyJIeH, HEUPOCETEBBIX | HEMPOCETEBBIX
BJIaJIEET BIIaJIe€T MOJTyJIEH. MOJTyJIeit
TEXHOJIOTHEH TEXHOJIOTHEH




uH]pepeHca,Ha nHpepeHca.
np., ONNX
RUNTIME
3HaTh:
- OTIIUYHO 3HAET
XOPOIIO 3HAET
BBIYHCIUTENBH | TPOLEAYPHI
MPOTIEAYPBI
BIC CPENCTBA M | TecTMpoBamms | . CC | 3HACT OJMH U3 HE 3HACT
KOMIUIEKCHI, | KOJa Ha A3bIKe xoxa }r[)a J3BIKe (peMBOPKOB | BBIYHCIHATEIHH
TIpUMEHSIEMBIC Python mnu Pvthon rIyOoKOTO BIX CPEACTB T
npu C++, y Cit o0Oy4eHwus, METOJIOB,
TECTUPOBaHUH | (HPEHMBOPKHU o eﬁMBc; - o0JauHbIC MPUMEHSEMBIX
KOJ1a TIPOCKTOB TIIyOOKOTO 131 601<or;o mIaThOPMBI pu
HelpoceTel u o0y4eHwus, o 6y eI JUTst pabOThI C | TECTUPOBAHUS
WHTEIICKTyal TEXHOJIOTHU y ’ HEHPOCETAMU KOJIa;
WHCTPYMEHTHI
BHBIX TECTHUPOBAHUSA
Tensorboard
CUCTEM; Tensorboard
YMeTs:
Ymeer
CO3/1aBarhb,
—IIPOBOJIUTH YMmeer
IIPOBOJUTH
pedakTopuHr, oTIANKY 1 IIPOBOJIUTH Ymeer HE yMeeT
TECTUPOBAHUC TECTUPOBAHUC IIPOBOJUTH IIPOBOAUTH
[1K-2.4 P TECTHPOBAHKE P POBOA POBOA
Koza xoxa MPOrPaMMBI C | TECTHPOBAHUE | TECTUPOBAHUE
MIPOTPaMMBI C WCTIONB30BAaHU | TIPOTPAMMBI C | MPOTPaMMBI C
MPOrpaMMEI C
Y4EeTOM eM WCTIONTF30BAaHUE | HCIIONIb30BaHU
N WCTIONTb30BaHH
JOCTUXKCHHNU B eM COBPCMCHHBIX M €M
obnactu WHTEJUICKTYall | HEHpOCETEBBIX | HEUPOCETEBBIX
COBPEMEHHBIX N o
HCKYCCTBEHHO BHBIX MoJienen MojIeTei
HHTEIUICKTya N
T'0O HHTCJIJICKTA TEXHOJIOI'nn
BHBIX
TEXHOJIOTUH
Brnanets:
N OTIIUYHO BIIa/IeeT BIIa/IeeT HE BIIaJIeeT
— TEXHOJIOTHUEH
c6ODKH 1 BJIaCCT OCHOBHBIMH 6330BBIMI/I OCHOBHBIMHU
3anp cKa TEXHOJIOI'NsAMHA TEXHOJIOTUAIMHN TEXHOJIOTUAMU TEXHOJIOTUSIMHU
Jany TECTUPOBAHMS | TECTHPOBAaHWS | TECTUPOBAaHUS | TECTUPOBAHUS
HEHPOCETEBBIX
Moxereii B MPOTrpamM ¢ IIPOTPaMM C IIPOTPaMM C MPOTrpamM ¢
WCIOJIb30BaHU | HMCIIOJIB30BAHU | HCIIOJB30BAaHUE | MCIIOJIb30BaHU
pexuMe
eM eM M eM
TECTUPOBAHHMS . . N .
i undeperica HEHPOCETEeBhIX | HEMPOCETEBHIX | HEWPOCETEBBIX | HEUPOCETEBBIX
P MOJTyJIe MOJTyJIe MOJTyJIEN. MOJTyJIei

5. Y4eOHO-MeTOoIMuYecKoe U HH(POPMAMOHHOE o0eciedeHne JUCHHILIHHbI
5.1. YueOHO-MeTOAMYECKOE O0ecieueHne

5.1.1. OcHoBHas nuTeparypa
1) Cotnuxk C. JI. [IpoexkTupoBaHrE CUCTEM UCKYCCTBEHHOTO MHTEIUIEKTA :

yueonoe nocooue / C. JI. Cotnuk. - Tekcr : anextponnsiii. URL:
https://e.lanbook.com/book/100395

2) MacnennukoBa, Onbera EBreabeBHa. OCHOBBI HCKYCCTBEHHOI'O MHTEIIJIEKTA !
yuebHoe nmocobue / O. E. Macnennukosa, 1. B. I'aBpuiiosa, 2019. - 282 c. - Tekcer :
anekrpornbiii. URL: https://ibooks.ru/bookshelf/337972, OBC ibooks.ru



3) PocrosiieB B. C. NckyccTBeHHBIC HEeMpoHHBIE ceTH : yueOHuk / B. C.
PocToBues, 2023. - 214 c. - Tekcr : anektponHsbiii. URL:
https://e.lanbook.com/book/310184, ObC Jlanb

5.1.2. JlomoHUTENBbHAS TUTEpaTypa

1) bapckuii, Apkaauii benuuonosud. HelipoHHbIE CE€TH: paclO3HaHUE,
yIpaBJieHHUe, IPUHIATHE PEIICHUH : Tpou3BoicTBeHHOE u3anue / A. b. bapckuii, 2004.
- 176 c. - TekcT : HemoCpPeACTBEHHBIM.

2) PyTtkoBckas, [lanyTta. HelipoHHbIe C€TH, TCHETUYECKHUE aJITOPUTMBI U
HEUYETKHUE CUCTeMbI : HayuHoe u3nanue / JI. PyrkoBckas, M. [Tununbckuid, J1.

PyTtkoBckuii ; ep. ¢ mon. W. JI. Pynunckoro, 2013. - 384 c. - TeKCT : 31€KTPOHHBIA.
URL.: https://ibooks.ru/bookshelf/334029, 3BC ibooks.ru

5.2. UudopmanmonHoe odecnevyeHue

5.2.1. DneKTpOHHBIE U HHTEPHET-PECYPCHI

5.2.2. TlpodeccuonanpHpie 0a3pl  gaHHbIX /[  HMHMOpMaMOHHO-CIIPaBOYHBIC
CUCTEMBI

5.2.3. JIuniecH3MOHHOe W CBOOOJHO  pacHpoCTpaHseMOe  IPOTrpaMMHOE
obecrieueHue JUCIUILINHBI

6. MaTepHaJibHO-TEXHUYECKOE o0ecneueHue T CHUIIMHbI

HaumenoBanue Buja HaumeHnoBaHue y4ueOHOM
y4eOHOU pabOThI ayIUTOPHH, [Tepeuennr HEOOXOIMMOTO OOOPYAOBAHUS U
CIEIHATM3TPOBAHHON TEXHUYIECKUX CPEJICTB 00yUCHHUS
naboparopuu
Jlexnun YuebHas ayauTopus st Crnenmanu3upoBaHHAS yuaeOHas MeOenb,
NPOBEICHUS 3aHATUH TEXHUYECKUE CPEJCTBA OOyUeHHMs, CIyKaiiue IS
JEKIMOHHOI'0 TUIIA MIpEeACTaBICHUS yueOHOM uH(popMauu
Oompmio  aynuTopuM  (MYJIBTHUMEIUMHBIHN
MPOEKTOp, KoMIbloTep (HOYTOYK), 3KpaH),
JEMOHCTpAIlMOHHOE 00OpyI0oBaHue, Yy4eOHO-
HaTrIAgHbIE TOCOOUS
[IpakTuueckue Yuebnas  ayauropus i | Crieluaau3upoBaHHAs yaeOHast Mebens,
3aHATHS HPOBEACHUA 3aHATUH | TeXHUYECKHE cpencraa o0ydeHus
CEMUHAPCKOTO TAMA, | (MyIbTUMEIUHHBIA  NPOEKTOpP,  KOMIIBIOTEP
TPYHIIOBBIX u I/IHJII/IBI/I)I}:' (HoyT6yK), 3KpaH) u Hp
AITbHBIX KOHCYJIbTAINH,
TEKYIIIETO KOHTPOJISI "
MIPOMEXKYTOUYHOU aTTECTALIMU
JlaboparopHsble YyeOHas maboparopus Crneunanu3upoBaHHOM nabopaTopHoe
« », o0opyioBaHue MO NMPOQUITIO JIA00OPATOPHH:




paboThI KommbroTepHsblii Ki1ace ¢ CrneunanusupoBaHHas yueOHas Meberb,

BBIXOZIOM B IHTepHET _ | TexHMYeckue cpencraa oOyueHus
(MyIbTUMEIUNUHBIM  MPOEKTOP,  KOMIIBIOTEP
(HOYTOYK), JKpaH), JIUIIEH3UOHHOE
IporpaMMHOe obecrieueHue

KomrmbroTepHblii Kiace ¢ CrneuunanusupoBanHas yuyeOHas mebenp Ha 30

Bbixoziom B MuTepuer B-600a | nmocamounsix  mect, 30  KOMIBIOTEPOB,

TEXHUYECKHE CpelcTBa oOydeHus (MyJIbTHUME-
TUHHBIA  TPOEKTOP, KOMIBIOTEP (HOYTOYK),

9KpaH), BUJICOKaMEPHI, IPOTPaMMHOE

obecrieyeHue
CamocrositenbHas | KommbroTepHslii kiace ¢ Cnenumanmu3upoBaHHas yueOHass meOenp Ha 30
paboTa Bbixoziom B MuTepuer B-600a | nocamounsix  mect, 30  KOMIIBIOTEPOB,

TEXHUYECKHUE CpelcTBa OOydeHHs (MyJIbTHME-
JTUWAHBIA  TPOEKTOpP, KOMIIbIOTEp (HOYTOYK),
JKpaH), BUJICOKaMEDPHI, POTPaMMHOE
o0ecrnieueHue

CHCL[I/IaJII/ISI/IpOBaHHaH MG6CJ'IB, KOMIIBXOTCpHAaA
TCXHHUKA C BO3MOXHOCTBIO BBIXO/14a B I/IHTepHCT n

YuTanbHBIN 3al1
obecnieuenueM goctymna B DUOC, skpaH,

OnoOINOTEKHU ..
MYJIbTUMEIUHHBINA TIPOEKTOP, MPOTPAMMHOE
obecreueHue
VYuebHast ayAMTOPHUS IS Crnen

BBIIIOJIHEHHSI KypCOBOT'O
npoekTa (KypcoBoi paboThl) | y3ppopanHas MeOeib, KOMIBIOTEPHAS TEXHHKA
—(Iz;?IiIF[BaeTCH TP | ¢ BO3MOXHOCTBIO BBIXOJa B WHTEpHET W
HaJIM4nun 1 TaKOHU
an aKo oOecrieueHreM JIOCTYyTIa B OUOC,
ay TN TOPHUH )
IporpaMMHoe o0ecreyeHne

7. Oco0eHHOCTH OpPraHU3aNuM 00pPa30BaTEbHON JAeATeJILHOCTH AJIs1 JHUIL ¢
OrpaHN4YeHHbIMHU BO3MOKHOCTSIMHU 3/I0POBbsI  MHBAJIU/I0B

JIuma ¢ orpaHUYeHHBIMU BO3MOXKHOCTSMU 310poBbsi (OB3) 1 MHBaIMIBI UMEIOT
BO3MOYKHOCTh OECHPENATCTBEHHO TNEpEeMEeIaThCsl U3 OJHOr0 y4eOHO-1a00paToOpHOTo
KOprmyca B JIpYroi, MOJHSTHCS Ha BCE H3TaXH Y4eOHO-JIAOOPATOPHBIX KOPITYCOB,
3aHUMAThC B YYEOHBIX M HWHBIX TOMEHICHHSIX C Y4Ye€TOM OCOOCHHOCTEH
NICUXO(U3NIECKOTO PA3BUTHS U COCTOSIHUS 3/I0POBBSI.

Hnst o6yuenuss s ¢ OB3 u MHBaNWIOB, MMEIONIUX HAPYIICHHUS OIMOPHO-
JIBUTATEIFHOTO ammapara, 00ecredeHbl YCIOBUS OECIPENsSITCTBEHHOTO JTIOCTYTa BO BCE
yueOHble momenieHus. Mudopmaius o cCrenuanbHbIX YCIOBHSX, CO3MaHHBIX IS
oOyuaroruxcst ¢ OB3 u wHBamuaoB, pa3MelleHa Ha CailTe YHUBEpPCUTETA
www//kgeu.ru. Imeercst BO3MOKHOCTH OKa3aHUSI TEXHUYECKON ITOMOII aCCUCTEHTOM, a
TaKXe yCIYT CYPIOTIEPEBOTIUKOB U TU(HIOCYPAOTIEPEBOTIUKOB.

Jns agantanuu K BocnpusiThio Juiamu ¢ OB3 u uHBaIMIaMu ¢ HApPYIICHHBIM
CIIyXOM CHpPaBOYHOr0, Y4YEOHOro MaTephaia MO JUCIMUIUIMHE OOECIeUnBaIOTCS
CJICAYIOIIUE YCIOBUS:

- IIs1 Ty4IlIed OpUEHTAlMU B ayJUTOPUM, MIPUMEHSIOTCS CUTHAJIBI OMOBEIICHUS
O HayaJie U KOHIIE 3aHsTHUs (CIOBO «3BOHOK» IMHUIIETCS HA JIOCKE);

- BHUMaHHE CJIa0OCIBIIIAIIEero O0Yy4YarIIerocss IMPHUBICKAETCS IeJaroroMm
JKeCTOM (Ha IIJIeHO KJIaJeTCs PyKa, OCYIECTBIISIETCS HEPE3KOe MOXJIONbIBAHKE);



http://www.kgeu.ru/

- pa3zroBapuBasi ¢ 00y4arIUMCs, IeJaroruueckuii pabOTHUK CMOTPUT HA HETO,
TOBOPUT SICHO, KOPOTKUMHU NPEIJIOKEHHUSIMH, OOecrieunBasi BO3MOXXHOCTb YTEHUS MO
ry0am.

KoMmneHcanyst 3aTpyAHEHMI pPEYEBOr0 W HMHTEIUIEKTyaJIbHOTO PAa3BUTHUA
caboCbIIAINX 00yYarOUUXCSl TPOBOAUTCS ITyTEM:

- HCTIOJIb30BAaHUS CXEM, JUarpaMM, PUCYHKOB, KOMIIBIOTEPHBIX MPE3EHTAIUI C
TUIEPCCHIIKAMH, KOMMEHTHPYIOIIUMU OTAEJIbHbIE KOMIOHEHTBI U300paKEeHHUS;

- PEryJIIpHOTO NPUMEHEHUs YHPAXHEHUMM Ha rpauueckoe BBIJICICHHE
CYLLECTBEHHBIX PU3HAKOB IPEIMETOB U SBJICHUI;

- oOecriedeHs BO3MOXKHOCTH Il OOydYaromierocs MOJIY4YUTh aJpPECHYIO
KOHCYJIBTAIIUIO 110 JIEKTPOHHOM MOYTE 110 MEPE HEOOXOAUMOCTH.

JUtst agantanuu K BocupusaTHio JinnamMu ¢ OB3 v MHBaIMaaMu ¢ HapyLICHUSIMU
3pEHUs CIPABOYHOI0, Y4€OHOTO, MPOCBETUTEIBCKOTO MaTepualia, IpeyCMOTPEHHOTO
o0pa30oBaTeNbHONl IPOrpaMMoil MO BBIOPAHHOMY HANpPAaBICHUIO MOATOTOBKH,
00€eCIeynBalOTCs CIEIYIOUIUE YCIOBUS:

- BeZleTcd ajanTanusi opUIManbHOro caidta B ceTh HTepHEeT ¢ y4eToM 0COOBIX
NOTPEOHOCTEN MHBAIMIOB IO 3PEHUI0, 00ECTIEUNBACTCS HAIMYKUE KPYMHOMIPU(TOBOI
CIPaBOYHOM MH(POPMALIMM O PACIUCAHUU YUYEOHBIX 3aHSTHIA;

- IEIarOrM4eckuii  pabOTHUK, €ro cobeceAHUK (MpU HEOOXOIUMOCTH),
IPUCYTCTBYIOIIME HA 3aHITUH, MPEICTABISAIOTCS OO0YYaIOIIMMCS, MPU 3TOM KaxIbIi
pa3 Ha3bIBAETCs TOT, K KOMY II€1arorH4ecKuil paboTHUK oOpaliaercs;

- IEUCTBUS, KECThl, MEPEMEIICHUs MEeAarornyeckoro paboOTHUKAa KOPOTKO H
SCHO KOMMEHTHPYIOTCS;

- meyaTHass HWHGpOpPMAIMS TPEAOoCTaBisieTcs KpymHbIM 1mpudtom (oT 18
IIYHKTOB), TOTAJIbHO 03BYYMBAETCS;

- oOecrieunBaeTCsi HEOOXOIMMBIN YPOBEHb OCBEIIEHHOCTH MTOMEIICHUH;

- IPEAOCTABIIAECTCS. BO3MOXKHOCTh HCIOJIb30BaTh KOMIIBIOTEPHI BO BpeMs
3aHSTUN U MPABO 3aNUCU 00BSICHEHUI Ha AUKTODOH (110 JKEIAaHUI0 00yJaroITUXCs).

dopma TPOBENEHHUsS TEKyIIEW MW IMPOMEXKYTOYHOW  aTTECTAUMHA  JUJIA
oOyuvaronuxcs ¢ OB3 u MHBaNMIOB ompenensieTcss NeJarorndieckuM pabOTHUKOM B
COOTBETCTBUM C Yy4yeOHbIM miiaHoM. IIpu HeoOxomumoctu oOyvatomemycs ¢ OB3,
MHBAJIMIY C YYETOM HUX WUHAMBUIAYAIBHBIX NMCHUXO(PU3HUYECKUX OCOOCHHOCTEW HaeTcs
BO3MOYKHOCTh MPOUTH MPOMEKYTOUHYIO aTTECTAIMI0 YCTHO, MUCbMEHHO Ha Oymare,
NUCHPMEHHO Ha KOMIIbIOTEpE, B (popME€ TECTUPOBAHHUSA M T.II., JINOO MPEIOCTABISAETCS
JOTIOJTHUTENBHOE BpEMs JIJIsl IOJATOTOBKHU OTBETA.

8. Metoanueckne peKOMeHIANUM JJIs1 TpenojaBarejed Mo OpraHu3aunu
BOCIIUTATEJbHOI PadoThl ¢ 00y4AOIUMHUCS.

Meroanueckoe obOecriedeHre mpoiecca BOCIUTAHUS 00YYaIOIUXCsl BHICTYAET
OIHUM W3 omnpeAensionmx ¢(akTopoB  BBICOKOTO  KadyecTBa  0Opa3oBaHUS.
[IpenonaBarens By3a, JAEMOHCTPUPYS BBICOKHM MPO(ECCUOHAIN3M, JPYIUIIHUIO,
YETKYI0 TPAXKIAHCKYIO MO3UIINI0, CAMOJUCIUILINHY, TBOPUYECKHUI MOAXOJl B PEIICHUU
npodecCHOHANBHBIX 3a7ad, B XoAe 00pa30oBaTelIbHOTO IMpoliecca CHOCOOCTBYET
(GhOpMHUPOBAHUIO TAPMOHUYHON JTUYHOCTH.



[Ipu peanuzanuu JUCHUIUIMHBI  MPENOAABATENb MOXET  MCIOJIb30BATh
CJIEIyIOLIME METO/Ibl BOCIIUTATEIbHOM PaOOTHI:

- MeToasl (OPMUPOBAHUS CO3HAHWUS JMYHOCTH (Oecema, AWCHYT, BHYIICHHE,
UHCTPYKTaX, KOHTpOJIb, OOBSICHEHWE, NpPHUMEpP, CAMOKOHTPOJb, pPAaCCKa3, COBET,
yOeXIeHre U ap.);

- METOJBl OpTaHM3AIUU JEATCTLHOCTH W (OPMUPOBAHUS OIBITA IOBEICHUS
(3amaHue, OOIIECTBEHHOE MHEHHUE, TMeAarorudeckoe TpeOoBaHHe, TOpYyUYEHHE,
npUyYeHue, Co3JaHNe BOCIIUTHIBAIOIIMX CUTYAIINi, TPEHUHT, YIPaXKHEHHE, U P.);

- METOJbl MOTHUBAIIMM JCSATEIBHOCTH U MOBeJeHUs (0700peHue, MOOUIpEeHHE
COLIMAJIbHOM aKTHUBHOCTH, TOpHUIAHUE, CO3JaHUE CHUTyalluil ycrexa, CO3[aHue
CUTYaIMH JIJIs1 SMOLIMOHATILHO-HPABCTBEHHBIX NIEPEKUBAHUMN, CODEBHOBAHUE U JIP.)

[Ipu peanu3zanuy IUCHUIUIMHBI TPENOAABATEND JIOJHKEH YUUTHIBAThH CIICIYIOIINE
HaIlpaBJICHUS BOCIIUTATEIIBHON JIEATEIIbHOCTH:

I'pasxcoanckoe u nampuomuueckoe 6ocnumanue:

- opmupoBaHre y OOyYaromMXcs LEIOCTHOTO MHPOBO33PEHUS, POCCHUICKON
UJCHTUYHOCTH, YBAKCHUS K CBOEH CeMbe, OOILIECTBY, FOCYIapCTBY, IPUHATHIM B CEMbE U
OOIIIeCTBE TyXOBHO-HPABCTBEHHBIM U COILMOKYJIBTYPHBIM IIEHHOCTSM, K HAI[MOHAILHOMY,
KyJIbTYPHOMY W HWCTOPUYECKOMY HACIEIUI0, (POpPMUPOBAHHE CTPEMIIEHHSI K €ro
COXPaHEHHIO U PA3BUTHIO;

- (hopMUpOBaHKE Y OOYYAIOIIUXCSl AaKTUBHOW TPaKTAHCKOW TMO3UIIMH, OCHOBAHHOM
Ha TPAJUIUOHHBIX KYJIbTYPHBIX, TyXOBHBIX W HPABCTBEHHBIX IEHHOCTSIX POCCHKCKOTO
oOImiecTBa, JIsl TOBBIIICHUS CIIOCOOHOCTH OTBETCTBEHHO PpEAM30BBIBATH  CBOU
KOHCTUTYIIMOHHBIE TIPaBa U 00513aHHOCTH;

- pa3BUTHUE MPABOBON U MOJUTUYECKON KYJIbTYpbl O0YUYaOIIUXCS, PACIIUPEHUE
KOHCTPYKTUBHOI'O Yy4YacTHSl B MPUHITUU PELICHHUM, 3aTparMBarOllMX HMX INpaBa H
WHTEPECHI, B TOM YHUCJI€ B Pa3IMYHBIX (OpMAX CaMOOPTaHU3AIUH, CAMOYMPABIICHUS,
OOIIECTBEHHO-3HAUNMOM JICATCIIbHOCTH;

- hopMUpOBaHNE MOTHUBOB, HPDABCTBEHHBIX U CMBICJIIOBBIX YCTAaHOBOK JIMYHOCTH,
MO3BOJISIIOIIUX TPOTHUBOCTOSTH AKCTPEMU3MY, KCeHODOOWU, TUCKPUMHUHALIMHU TIO
COIIMATILHBIM, PEUTHO3HBIM, PACOBBIM, HAIlMOHAIBLHBIM MpPHU3HAKAM, MEXKITHUUYECKOU
U MEXKOH(ECCHOHATBHON HETEPIUMOCTH, JPYTUM HETAaTUBHBIM  COLHUAJIBHBIM
SIBJICHUSIM.

Jlyxoeno-upascmeennoe socnumanue:

- BOCIIUTAaHHE YYBCTBA JOCTOMHCTBA, YE€CTH W YECTHOCTH, COBECTIIMBOCTH,
YBAKEHUS K POAUTENSM, YUUTEIISIM, JIFOASIM CTApPILIETO MOKOJICHHUS;

- opMUpOBaHWE TMPUHIUIOB KOJUIGKTUBU3MA W  COJUIAPHOCTH, JIyXa
MUJIOCEpIUST M COCTPaJiaHusi, MPUBBIUKK 3a00THTHCS O JIIOMASIX, HAXOISIIMXCS B
TPYAHOM KU3HEHHOMN CUTYaLUU;

- popMUpOBaHUE COJUIAPHOCTH U YYyBCTBA COIMAIBHOW OTBETCTBEHHOCTH TIO
OTHOIIICHHUIO K JIIOJIIM C OTPAaHUYEHHBIMU BO3MOKHOCTSIMU 37I0POBbS, MPEOJI0JICHUE
MICUXOJIOTUYECKUX OaphbepoB 1O OTHOIIEHHWIO K JIIOJASIM C OTPaHUYCHHBIMU
BO3MOXXHOCTSIMU;

- opMHpOBaHHE SMOIMOHAIBHO HACBIIIEHHOTO M JAYXOBHO BO3BBIIIEHHOTO
OTHOILEHUSI K MHUPY, CIIOCOOHOCTH M YMEHHS TepeaaBaTh APYTMM CBOM ACTETUUECKUN
OIIBIT.



Kynemypno-npoceemumensckoe socnumanue:
- popmMupoBaHUE 3CTETUUECKON KapTHUHBI MUPA;

- popMupOBaHUE YBOKEHHUS K KYJbTYPHBIM IIEHHOCTSM POJHOTO TOPOJa, Kpas,
CTpaHBI;

- IOBBIIICHUE TIO3HABATEILHOW aKTUBHOCTH O0YYaFOIIIHXCA.

Hayuno-obpazosamenvnoe socnumanue:

- hopmupoBanue y 00ydaromuxcss HAy9HOTO MHUPOBO33PCHUS;

- popmupoBaHuEe yMEHUS TIOTydaTh 3HAHUS;

- popMupoBaHUE HABHIKOB aHaW3a W CHHTE3a WH(GOpMAIlMH, B TOM YHCIEC B
npodecCUOHAIBHOM 001acTH.



BHocuMmble n3MeHeHUsI M YTBEPKAeHUsI HA HOBbII Y4eOHbIi roj
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Ipunooicenue k paboueti
npozpamme OUCYUNIUHbL

DenepajibHOE TOCYIAPCTBEHHOE 0K0IXKeTHOE 00pa3oBaTe/ibHOe
yupe:K/ieHHne BhICHIEro 00pa3oBaHus
KI'9Y  (KA3AHCKMIii TOCYIAPCTBEHHBII DHEPTETUYECKUII YHUBEPCUTET»
(®PI'bOY BO «KI'2Y»)

@ MHWHUCTEPCTBO HAVKH U BBICILIET'O OFPA3OBAHU S POCCUMCKON ®EJIEPALIMNA

OLHEHOYHBIE MATEPHUAJIbBI
10 JUCHHILINHE

b1.B.J13.01.02 TexHOJIOTMH UCKYCCTBEHHOT'O HHTEIUIEKTA

(Haumenosanue oucyuniunvl 8 COOMEEmMcmeuu ¢ y4eOHbiM HiIaHOM)

Hanpanenue nmoaroToBKM  MarucTparypa 1o HanpaiieHU0 noarotoBku  09.04.01

I/IHd)ODMaTI/IKa M BBIYMCJIUTCJIbHAA TCXHUKA
(Koo u naumenosanue HanpasieHus nOO2OMOBK)

KBanudukanus MarucTp
(Baxanaep / Mazucmp)

r. Kazans, 2023



OneHouyHble MaTepuaibl MO JUCHMILUIMHE TEeXHOJOIMHM MCKYCCTBEHHOTO
UHTENIEKTa , MpEeAHA3HAYEHHBbl Ui OLEHUBAHUS PE3yJIbTaTOB OOyYEHHs Ha
COOTBETCTBHE MHIUKATOPAM JOCTUKEHUS KOMIIETEHIIHMM.

OneHnBaHue pe3ynbTaToOB 00yUEHUS MO AUCIUILTUHE OCYIIECTBISIETCS B paMKax
tekymero KoHTpods (TK) u npomexxyTo4uHOH aTTecTalyu, MPOBOJUMBIX MO OaJIbHO-
peritunrosoit cucrteme (bPC).

1.TexHosiornyeckasi Kapra
o Cemectp 3

PeliTuHrOBBIE TOKA3aTEIN
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HaumenoBanue pasjiena 3 E S S g =
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g =
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Paznen. "BBenenue B HelipoOHHBIE CETH" TK 25 0 0-25
Pa3zpnen. "TexHonorum HCKyCCTBEHHOIO TK
" 30 0 0-30
MHTEIJICKTa
IIpome:xyTouHasi arrecTanus (3a4eT, IK3aMeH, OM 0-45
KII, KP)
3amanue MPOMEKyTOYHOHN aTTeCTaIllH 0-15
B nuceMenHoi# hopme 1o Ouriietam 0-30

Texnonoeuueckas

Kkapma Gopmupyemcsi
ammecmayuu ( 3a4ema,’K3amMeHa, Kypcoso2o npoekma uiu pabomet)

0I5l KaxHc0020 68U0d NPOMEHCYMOUHOU

2. OueHOYHbIE MATEPHAJIBI TEKYIIEr0 KOHTPOJISI U IPOMEKYTOYHOM aTTecTaluu
[IIkana oneHKH pe3yabTaTOB O0YUEHHUS 110 AUCITUIUIMHE:

YpoBeHb chOpMUPOBAHHOCTH MHIMKATOPa KOMIETECHIIUU
B . C . Hwxe H N
Kon Kon 3aruranu- bICOKHH eI CpPEIHETO i
KOMII | MHAWUKATO POBAHHBIC ot 85 mo 100 ot 70 no 84 oT 55 no 69 or 0 nmo 54
c- pa pE3yIbTaTBI [IIxana oneHnBaHUs
TEHI[ | KOMIIETeH | OO0ydYeHus 1o HEY10B-
YIOBJIET-
2174 187878 AACIMIITIMHE OTJINYHO XOPOLIO JIETBOPU-
BOPHTEIILHO
TEJILHO
3a4TeHo HE 3a4TCHO
3HaTh:
- riry0oKo U XOpOIIO 3HaeT | 3HaeT 0a30BbIE HE 3HaeT
COBpPEMEHHBIE | TIOJHO 3HAET OCHOBHBIE 3JIEMEHTHI Cpe] 0a30BBIX
bl bl bl a3paboTKH U MEHTOB
K-2 | IK-2.1 cpexn cpen cpexn pasp: JJIEMEHTO
pa3paboTKu U | pa3pabOTKH U | pa3paboTku u | (QpPeHMBOPKOB cpen
bpeliMBOpKHI (dperiMBOpKH (bpeliMBOpKHI Pytorch, pa3paboTKH 1
Pytorch, Pytorch, Pytorch, Tensorflow (hperiMBOPKOB
Tensorflow Tensorflow Tensorflow Pytorch,




- OCHOBBI Tensorflow
TEOPHUH
HEUPOHHBIX
CeTel, B TOM
YHCIIE
pa3InIHbIC
APXUTCKTYPBI
HEUPOHHBIX
ceTer u
AJTOPUTMBI UX
o0yueHus;
VYMeTh:
yMeeT
aHaJTU3UPOBAT
aHaJIN3upOBaT . yMeer
b aHAIM3UPOBAT
MTOCTaBIICHHYIO
Moan(HUKaAN b
3aauy u HE yMeeT
Y HOBBIE MTOCTABJICHHYIO yMeeT
mpenjaraTh moI0upaTh
cpencTBa 3amavy u moI0NpaTh
pelreHus Ha aJICKBaTHYO
MIPOTPaMMHOTO mpeJiaraTh TEXHOJIOTHIO
OCHOBE TEXHOIOTHIO
obecrieyeHust . pelieHus Ha HCKYCCTBCHHOT
TEXHOJIOTHI HCKYCCTBEHHO
JUTSL CO3JaHus OCHOBE 0 MHTEJUIEKTA
HCKYCCTBEHHO " ro UHTEJUIEKTA
WHTEIDIEKTyal TEXHOJIOTHI JUTSL PETIEHUS
ro N JUTSL pEIICHUS
BHBIX CHCTEM C HUCKYCCTBEHHO | IIOCTaBIICHHOM o
HHTEJIICKTA; IIOCTaBJIEHHOM
HCIIOJIb30BaHU ro 3aa4H.
VYmMmeer 3aJ1aqm.
eM HHTEJIIEKTA,
. 000CHOBBIBATh
TEXHOJIOTHI N 000CHOBBIBATH
CBOI1 BEIOOD .
HCKYCCTBEHHO CBOIi BBIOOD;
TEXHOJIOTHH;
ro MHTEJUIEKTA
Bnanets:
Bnaneer Bnaneer
MIPOJIBUHY THIM OCHOBHBIMH Baaneer
Y CpeJICTBAaMHU CpelcTBaMu OCHOBHBIMH
CcO3IaHus CO3IaHus cpelcTBaMu
- cpeacTBaMu HEUPOHHBIX HEUPOHHBIX CO3JIaHHUs
P P N P . o He Bmageer
CO3IaHus U ceTei cerei HEHPOHHBIX
o CpelcTBaMHU
00yueHus Pa3IMYHBIX Pa3IUYHBIX ceTell 0a30BBIX SN
HEHPOHHBIX APXUTEKTYD. APXUTEKTYP. APXUTEKTYP.
9 00yueHus
ceren Bmageer Bnaneer Bnaneer %
HEHPOHHBIX
Pa3TMIHBIX MIPOJIBUHYTHIM | CTaHAaPTHBIMHU 0a30BBIMH cereit
THIIOB U CpeICTBaMH cpelcTBaMu CpelcTBaMu
0o0ydeHUs " o0yueHus 1 oOy4eHus u
TECTUPOBAHMS | TECTUPOBAHMSA | TECTHPOBAHUS
ceTel. ceTel. ceTe.
3HAaTB:
- OCHOBBI
MIPOCKTHUPOBAH HE 3HAeT
s 0a3 JaHHBIX TIyOOKO U 3HaeT 0a30BbIE OCHOBHBIX
XOpOILIO 3HAET o
H IIOJIHO 3HAET MOHATHS MOHSITHI
. OCHOBBI 0a3
[K-2.2 uHTEpPEHcoB OCHOBEHI 0a3 AHHBIX 1 OCHOBBI 0a3 MIPOEKTHPOBaH
I10 JTaHHBIX U JAHHBIX U nst 0a3 JaHHBIX
MPOrPaMMHBIX
JUTSL CO3JaHUS | TIPOTPAMMHBIX Ny MPOrPaMMHBIX 3
. nHTepdeiicoB N .
VHTEIJICKTYan | WHTepdeicoB nHTepdeiicoB nHTepdericoB
BHBIX CHCTEM C I10

HCII0JIb30BaHNU




eM
TEXHOJIOTHH

HCKYCCTBEHHO

o MHTEJUIEKTA

VYMeTh:

aHaTU3UPOBAT
. yMeeT
aHaJIM3UPOBAT yMmeeT
MOIUGUKATIIHI
b aHATU3UPOBAT
Y HOBBIC
[TOCTaBIICHHYIO b
cpeacTsa HE yMeeT
3ajauy u MOCTaBJICHHYIO ymeeT
MIPOCKTHPOBAH moaoupaTh
npeiarath 3a1ady u noaouparb
us 0a3 JaHHBIX a/IeKBaTHYIO
pelreHus Ha npeJIaraTh TEXHOJIOTHIO
u TEXHOJIOTHIO
. OCHOBE pemIeHus Ha | WCKYCCTBEHHOT
nHTepericoB . HCKYCCTBEHHO
TEXHOJIOTHIA OCHOBE 0 WHTEJUICKTA
1O N IO UHTEIUIEKTa
HUCKYCCTBEHHO | TEXHOJOTHH JUTSL PETIEHUS
TUISL CO3JTaHHS . | U pereHus
TO HCKYCCTBEHHO | TIIOCTaBICHHOU N
WHTEJUIEKTYal MOCTaBJICHHON
WHTEJICKTa, ro 3a7a4i.
BHBIX CHCTEM C 3a/1aum.
VYmMmeet HWHTEJICKTA,
WCTIONBb30BaHH
om 000CHOBBIBaTh | 0OOOCHOBBIBATH
o CBOH BBIOOD CBOIi BBIOOD;
TEXHOJIOTHHA
TEXHOJIOTHH;
HCKYCCTBEHHO
T'0 MHTEIUICKTa
Buagers:
Bnaneer Bnaneer
A A He Bnageer
MPOJIBUHYTHIM | OCHOBHBIMH Bnaneer
CpelcTBaMHu
- CPEeJICTBaMHU | U CpEICTBAMU CpeJcTBaMu OCHOBHBIMH O
co3manus 0a3 CO3/1aHus U CO3aHUA U METOJIaMHU
WCTIOJIb30BaHH
JAHHBIX H WCTIOJIb30BaHM | WCTIONB30BAaHHU | WCIIOJIb30BaHHMS
" s1 0a3 JaHHBIX
uHTepdeiicor s 0a3 TaHHBIX s 0a3 TaHHBIX 0a3 JaHHBIX U u
1o u u uHTEepdeicos .
. . uHTEpdeiicoB
uHTepdeiicoB | uHTEpdEHcoB 1o 1o
1o o
3Harh:
BBIYHCIUTEIHH
b€ CpeJICTBA H
KOMILIEKCHI, OTnaHO Y noBneTBopuTe
XOpOIIIO 3HAET HE 3HAeT
MIPUMEHSIEMbIE 3HAET S3BIK JHHO 3HAET
si3pIK Python MPOTPaMMHBIX
npu Python nnn ot G s3pIk Python, "
pa3zpaboTke C++, o ’ 3HAET OJUH U3
o (bpeiMBOPKH . BBIYUCITUTEIHH
MIPOEKTOB (hpeiiMBOpKH (dpeiMBOPKOB
% o riryOoKoro BIX CPEJICTB,
HelpoceTel u TIyOOKOTO rIy0OKOTO
o0yueHus, MIPUMEHSEMBbIX
WHTEJUICKTYal o0yueHus, o0y4eHus,
TaKue Kak npu
BHBIX TaKHue Kak PyTorch u TaKHue KaKk A3paGOTKE
I1K-2.3 CHCTEM; PyTorch u PyTorch u pasp
. Tensorflow, MIPOEKTOB
-(pperiMBOpPKH Tensorflow, Tensorflow, o o
oOauHbIe HelpoceTel U
rIyOOKOTO o0JTayHbIC oOJayHbIC
IaThOpMbI WHTEIJIEKTyall
o0yueHus, m1aThopMbl IaThOPMBI
JUTs paboTHI C BHBIX
TaKHe Kak JUIsT pabOTHI C N I1st pabOoTHI C
. HelpoceTsIMH . CHUCTEM;
PyTorch u HEUPOCETIMU HEUPOCETAMU
Tensorflow
YMers:
— CO3/1aBaTh, Ymeer Ywmeer Ywmeer HE yMeeT
MPOBOJUTH CO03/1aBaTh, cOo311aBaTh cOo311aBaTh c03/1aBaTh
OTIAJIKY MIPOBOJIUTh MPOTPaMMBI C | TPOTPAMMEI C | MPOTPaMMBbI C




MPOTrpPaMMBbl OTJaJKy WCIOJNB30BaHU | UCIONB30BaHHE | HCIOIB30BAHU
noJ IIPOTpaMMBl € eM M eM
MOCTAaBJICHHYIO | MCHOJB30BAaHM | COBPEMEHHBIX | HEHpPOCETEBBIX | HEHPOCETEBBIX
3a7aqy eM HUHTEIUIEKTYall MOZEIIEeH MoAeIen

y4eToM COBPEMEHHBIX BHBIX
HOCIIETHUX UHTEJUICKTYaJl | TEXHOJIOTUM
TEOPETUICCKU BHBIX
X A TEXHOJIOTH,
MPaKTUYECKHUX VYmeer
JOCTIDKEHHN B MPOBOJUTH
obmactu BHEIpEHHE
uckyccreerno | ONNX ( Open
IO UHTEJUICKTa Neural
u Network
HEHpOCeTEBBIX Exchange )
TEXHOJIOTHH
Biagers:
OTnuuHO
BJIaz€eT BJaJeeT
TEXHOJIOTHSIMA | OCHOBHBIMH
BJaJeeT HE BIIaeeT
N COOpKH U TEXHOJIOTHSIMH
— TEXHOJIOTUEH 0a30BBIMU OCHOBHBIMU
3aIrycka cOOpKHU U
cOOpKH 1 TEXHOJIOTHSIMUA | TEXHOJIOTHSIMH
MPOTPaMM C 3arycKa
3arrycka cOOpKHU U cOOpKH 1
. UCTIOJIb30BaHH | TPOTPaMM C
HelpoceTeBbIX 3amycKa 3aIycka
. eM HCIOJb30BaHH
MoJieeit B . pOTpamMM ¢ MPOTPaMM C
HEHPOCETEeBbIX eM
pexxume . . HCHOJB30BaHUE | HMCIIOIB30BAHU
MOJTYJICH, HEMPOCETEeBBIX
oOydeHus u . M eM
BJIas€eT MOJyJIeH, . .
uHpepeHca. . HEMpOCETEeBBIX | HEHPOCETEBBIX
TEXHOJIOTHEH BJaJeeT . .
. MOJTyJIEH. MOJyJIeH
WH]epeHca,Ha | TEXHOJOTHen
mp., ONNX uHdepeHca.
RUNTIME
3HaTh:
- OTJIMYHO 3HAET
XOPOIIO 3HAET
BBIYUCIUTENBH | TMPOLEAYPHI
MPOIIEe Ty PBI
bl€ CPEACTBA U | TECTUPOBAHUS 3HAET OJIUH U3 HE 3HaeT
TECTUPOBAHUS "
KOMITJIEKCHI, | KOJ/a Ha sI3bIKe (peMBOPKOB | BBIUYUCIUTEIHH
KO/1a Ha SI3bIKe
MPUMEHSIEMBbIE Python wum Python mm riry0OoKoro BIX CPEICTB T
pu C++, Cit o0OydeHwus, METO/IOB,
TECTUPOBaHUH | (HpEeHMBOPKHU o CﬁMB(; - oOauHbIe HIPUMEHSIEMBIX
KOJIa IPOEKTOB TIIyOOKOTO rIjI 601(01;0 IaThOopMbI npu
HelpoceTel U o0yueHus, o 6y N JUIs paboOTBl C | TECTUPOBAHHUS
WHTEJUIEKTYal | TEXHOJIOTUU Y ’ HelpoceTsIMu KOJa;
BHBIX TECTUPOBAHUS HHCTPYMEHTL!
[1K-2.4 Tensorboard
CHCTEM; Tensorboard
YMersb:
—IIPOBOJIUTH Ymeer Ywmeer
pedakTopuHr, CO03/1aBaTh, MIPOBOJHUTH Ymeer HE yMeeT
TECTUPOBaHHE MIPOBOJUTD TECTHPOBaHHE MIPOBOJHUTH MPOBOJHTH
KoJ/1a OTJAJKy U MPOTPaMMBI C | TECTUPOBAaHHE | TECTHPOBAHHE
NPOTPaMMBI C | TECTUPOBAHWE | WCIOJIB30BAHH | MPOTPAMMBI C | MPOTPAMMBI C
y4eTOM Koza eM HCHOJBb30BaHUE | HCIIOIb30BAHU
JOCTIDKEHUH B | MPOTPAMMBI C | COBPEMEHHBIX M eM
oOnactu UCITIOJIb30BaHM | MHTEJUIEKTyall | HEMpOCETEeBBIX | HEHpOCeTeBhIX
HCKYCCTBEHHO eM BHBIX Mojenei MoJienei
IO MHTEJJICKTa | COBPEMEHHBIX TEXHOJIOTHIA




HWHTEIUIEKTyall
BbHBIX
TEXHOJIOTHUI
Brnaners:
N OTJIMYHO BIIaJIe€T BIIaJIe€T HE BiIajieeT
— TEXHOJIOTUEH
BODKIL 1 BJIaJIEET OCHOBHBIMHU 0a30BBIMH OCHOBHBIMU
3anp cKa TEXHOJIOTUSIMUA | TEXHOJIOTUSAMHU | TEXHOJOTHUSIMHU | TEXHOJOTHUSIMHU
any TECTUPOBAHUS | TECTUPOBAHUS | TECTUPOBAHUS | TECTUPOBAHUA
HEUPOCETEBBIX
Mozereii B MPOTPaMM C MPOTrpamMM C MPOTrpamMM C MPOTrpamMm C
WCTIOJIb30BAHU | UCIOJIB30BAaHU | HWCIOJIB30BAHUE | HCMOJIB30BaHU
pexxume
eM eM M eM
TECTUPOBAHUSA . o . N
W Hdepenca HEUPOCETEBBIX | HEUPOCETEBBIX | HEUPOCETEBBIX | HEHMPOCETEBBIX
P MOJyJIEN MOJIyJleN MOJTyJIEN. MOJyJIEN

OrneHka «OTJIHYHO

BBICTABJIICTCA 3a BBIIIOJIHCHHUEC HOJIHOE 6blNOJIHeHUe

J1aO0pamopHblX pabom 6 cemecmpe, 21yO0Koe NOHUMAHUE NPUHYUNOB NOCMPOEHUS,
Memo008 U MexHOI02Ull 00YUeHUsl HeUPOHHBIX cemeli, NOHUMAHUe MempuK 00yyeHus,
MexXHON02UU

3HAHUE  OCHOBHBIX UCKYCCMBEHHO20 — UHMENIeKma, NOJHble U
cooepoicamenvibie 0OMEemvl HA BONPOCHL bulema (meopemudeckutl U npaKmudeckuil
80NpPOCYbL)

OneHka  «XOpPOLIO»  BBICTABISIETCS 32  BBIMOJHEHUE  GbINOJHEHUE

nabopamopuslx pabom 6 cemecmpe, NOHUMAHUE OCHOBHLIX NPUHYUNOE NOCMPOEHUs U
Memooo8 00y4eHUs: HeUpOHHLIX cemell, NOHUMAaHUue Mempux oO0y4eHUs, 3HAHUe
MEeXHON02Ul UCKYCCMBEHHO20 UHMENNEeKMA, co0epicamenbHble Omeembl Hd 60NPOChl
ounema (meopemudeckutl U nNPaKmu4ecKuli 60Npocol)

OrneHKa «y/JA0BJIE€TBOPUTEIbHO» BBICTABIISICTCS 32 BBITIOJHEHUE BblNOJIHEHUE
1abopamopHelx pabom 6 cemecmpe, YACMUYHOE NOHUMAHUE OCHOBHbLIX NPUHYUNOS
HOCMPOEHUsL U Memo008 00yUeHUs HeUPOHHLIX cemell, 3HAHUe MempuK 00y4eHus,
omeemsl HA 8ONPOCHL Obulema (meopemudecKuil U nPaKmuyecKuil 60Npocyl)

OreHKa «HEY/OBJIETBOPUTEIBLHO» BBICTABIACTCS 3a ClIaboe W HEMOJHOE
BEITIOJITHCHHUE JTA0OPATOPHBIX M TMPAKTHUYECKHX pabOT B CEMECTpe; HE3HaHUE U
HEMMOHUMaHue 0a30BbIX MPHUHIIUIIOB IOCTPOSHUS HEUPOHHBIX CETEH; HEMOJHOE M
HESCHOE BBITIOJIHEHUE TEOPETHUYECKOTr0 BOIMpoca OujeTa; HECIMOCOOHOCTh OOBSICHUTH
MPOrpaMMHBIN KOJT IO MPAKTHYECKOW YacTH OusieTa.

3. IlepeueHb O1IEHOYHBIX CPEICTB

Kpatkas xapakTepucTuKa OIIEHOYHBIX CPEJCTB, HCHOJIB3YEMBIX IPHU TEKYILEM
KOHTpOJIE yCIEBAEMOCTH U TMPOMEKYTOUYHOW aTTecTaluu oOydYaromerocs 1o
JTUCLUIUINHE:



4. Ilepeyennb

KOHTPOJIBHBIX

3aJaHUid  WJHU  HHBIE

MaTepHAaJbl,

HCOﬁXOI[I/IMLle AJIAT OICHKH 3HaHHﬁ, yMeHl/Iﬁ H HAaBbLIKOB, XapaKTCPU3yrOIux
ITAIlbI (l)OpMI/IpOBaHI/Iﬂ KOMHeTeHHI/Iﬁ B IIpouecce OCBOCHUA NTUCIHUIIJINHBI

s Trekymero kourpoJs TK1:

[Iposepsiemast kommierenuust:  [1K-2.1: BriOupaer COBPEMEHHYIO
apXUTEKTYpYy U cpeny pazpadborku [10
[1K-2.2: Tlpoektupyet 0a3y nanHbix U uatepdeiic [10
Tect
Bonpoc BapuaHTbl oTBETa oTBeT

Mopg MCKYCCTBEHHbIM
MHTennekTom B Poccuum
NOHMMaETCA

KOMMNJIEKC TEXHO/TOTNMYECKUX peLUEHMVI, I'IO3BO!1HIOIJ.I,MI7‘I
MMUTUPOBATb KOTHUTUBHbIE d)YHKLI,MVI 4yesioBeKa

caM006yqume N NONCK peLLIQHMVI 6es 3apaHee 3agaHHOro
a/IrTopUTMa

KOMMNEKC TEXHONOMMYECKMX PELLUEHWNI, NO3BONAIOLLNIA
noJsly4aTb NPU BbINOJIHEHUM KOHKPETHbIX 33434 pe3ynbTaThl,
COMNOCTaBMMblEe, KaK MMHUMYM, C Pe3y/ibTaTamMu
NHTENNIeKTYaIbHON AeATeIbHOCTM YesloBeKa

BCe BbllLeonncaHHoe

HelipoceTteBbimu
TEXHONOTMAMMU Ha3bIBaAOT

KomMmnnaekc MHd)OpMaLI,VIOHHbIX TEXHOI]OFVIVI, OCHOBAHHDbIX
Ha NpUMeHeHUN KOMNbIOTEPHbIX ceTen

TEXHONO0rum,
MCKYCCTBEHHDbIX

KOMNJIEKC MHPOPMALMOHHDbIX
OCHOBAHHbIX Ha  MPUMEHEHUU
HelPOHHbIX ceTen

VIHd)OpMaLI'VIOHHbIe CNCTeMbIl MONCKa

MHPOPMALMOHHbIE TEXHO/IOTUM YNPaBAEHMUSA

Anroputm oby4eHunn
WMCKYCCTBEHHON  HEWPOHHOM
CeTU 3aKaHYMBAETCA, Koraa

AOCTUTHYTO  3aflaHHOe  3HayeHue cpeaHen  (Mam

MUHUMAIbHOW) OLLIMOKM

CeTb Mcyepnana BOSMOXKHOCTM 06y4eHus (owmbka
nepecTtana YMeHbLUATbCA OT 3MOXM K 3noxe)

npoﬁp,eHo onpegeneHHoe Koan4yecTtso anox

Nno6bon oTBeT U3 NepeuyncNeHHbIX

Kakne ¢pyHKLMM BbINONHAET
nporpaMmHan peasnmsauus
BXOZ4HOrO C/10A

BbluncnaeT npon3BOAHYO 418 anroputma obpaTHOro
pacnpoCcTpaHeHUs OLWMBKMN.

MepepaeT BXOAHOW BEKTOP CUrHA/IOB Ha NepBblid

KoTopbix paBHbl 10, -20, 5, 4 u
COOTBETCTBYHOLLMNE BECA
cBaAsen pasHbl 0.8, 0.5,0.7 n

MHOTOCNOMHOTO CKPbITbIN CNOA.

nepcenTpoHa? Ypanset "wym" us curHana.
TpaHcAnpyeT CMrHan Ha BbIXOAHOW C/IOM MHOTMOC/IOMHOIO
nepcenTpoHa.

HeWpoH j nonyynn Ha Bxop, -1.8485

CUTHAN OT YeTbIpex APYrux 0,5

HEeMpPOHOB YPOBHM -0,4621

BO3DOYXAEHUNA, 3HaUEeHUA 0,2449




-0.5 cooTBeTcTBEHHO.
Bbluncnmte cmrHan Ha Bbixoae
j-ro HeMpoHa B cny4yae, ecan
bYHKLMA aKTUBaLMK
HENPOHOB eCTb
rmnepboanNYeCcKnin TaHreHC.
BbibepuTe NnpaBubHbIA OTBET:

MporpammHo
HEeMpPOHHanA

peanunsoBaHa
CeTb C OAHMM
CKPbITbIM cnoem "
aKTUBALMOHHOM bYHKUMEN
curmomnpa. Y cetm 1 Bxopg, 3
HEeMpPOHa B CKPbITOM CNOE WU
oauH Bbixod. YTo OyaeT Ha
BbIXO4e CeTU B C/aydae, ecau
Ha Bxoge 1, Bce Beca paHbl 1 #
cmeweHue 0.

N

0,7311

2,1932

3
Yto npeactaBndetr coboli | npoueaypy NOACTPONKN CUTHANOB HEMPOHOB
anroputm «obyyeHuns | npoueaypy NOACTPOUKM BECOBbIX 3HAUYEHUIH
MCKYCCTBEHHOW  HEMPOHHOM | npoueaypy BbIYUCAEHWUA MOPOroBbIX 3HAYEHUN And
cetn»? bYyHKUMI akTMBaLUK

MporpammHan peannsaums
O4HOC/IOHOTO NepcenTpoHa
Nno3BONAET pellaTb 3a4a4n

annpoKcumaumm GpyHKumi

pacno3sHaBaHuWa 0bpas3os

Knaccudpukaumm

Kakas apxuTekTypa | MHOroc/IonHbI NepcenTpoH
MCKYCCTBEHHOM  HEWPOHHOW | PeKyppeHTHble HEMPOHHbIE CeTh
cetT 6onble noaxoauT ANA CBepTOYHbIE HEMPOHHbIE CETU
pa3paboTKu aropmuTMOB
aHanu3a €CTeCTBEHHbIX
A3bIKOB (TEKCTOoB).
Ona  ¢yHKumMn  aktuBauuu | -1
rmnepbonnyeckni TaHreHc | 0
th(z) :': 1
BbIYNCINTE, | Mpepen He cywecTeyeT
lim th(z) N

Yyemy paBeH =+ x

Ona pa3paboTkM anropuTmos
M NPOrpamMMmHbIX CpPeacTs AnA
AETEKUMM U TPEeKMHra B
cuctemax BuAaeoHabnoaeHus,
MCMNONb3YIOTCA HEWpPOHHbIEe
cetu

ResNet

YOLO

SSD

GAN




Kakoi ¢perimBopk rnybokoro
obyyeHnA nmeeT uHTepdenc

ans pa3paboTKku
NPOrPamMMHbIX CpPeacTB  Ha
A3blKe  MPOrpamMmMmnpoBaHMA
Python pna obyyeHna wu

3anycka MHC?

CNTK

Tensorflow

PyTorch

Bce nepeuncneHHble

BxoaHoe nsobpaxeHne nmeet
pasmep 32 Ha 32. Kakoro
pasmepa nosyuymTca pesynbTtat
cBEPTKM B PyTorch 5 Ha 5 6e3
padding, co stride=(1,1), ecnun
Ha BbIXxo4e AO/IKHO ObiTb 6
KaHanos?

torch.Tensor pasamepom 6 Ha 14 Ha 14

torch.Tensor paamepom 28 Ha 6 Ha 6

torch.Tensor pasamepom 6 Ha 28 Ha 28

torch.Tensor paamepom 6 Ha 5 Ha 5

CKO/IbKO NapameTpos B
cBepTKe pasmepom 3x3,
KOoTopasa NnpumeHAeTca K
TpexKaHaNbHOMY
n3obparkeHnto? He cuntaiite
CNOW aKTMBAUUK, He
yuuTbIBanTe bias.

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

9 Bcero: mbl HaknagbliBaem OoAHY U Ty e CBEPTKY Ha
Ka)l-(ﬁ,bll‘a M3 TPpEX KaHa/10B8

9 VYHMKanbHbIX -- BCero 27,
napameTpbl O4MHAKOBbIe

HO ANnA BCeX KaHa/0B

27 napameTposB: 3X3 ANA KaXKA0ro U3 Tpex KaHanoBs

Ona  KakoW  apXuTeKTypbl
CBEPTOYHON HENPOHHOM ceTu
XapaKTepHo obxoaHble
coeanHeHus

(skipconnections),
npobpacbiBatowme rpagmeHT
ownbKM B 06X04 CBEPTKM

VGG

AlexNet

ResNet

GoogleNet

YKaxkute owmnbky npu paborte
¢ ontummusatopom B PyTorch
npu pa3paboTke nporpammbl
0byyeHNA HEMPOHHOM ceTu.

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

optimizer.step()

optimizer.zero_grad()

optimizer.backward()

Bomnpocsr

1. ®yHKIMSA NOTEPh W ONTUMHU3AIMUS MapaMeTpoB HelpoHHoU ceTu. Brion DII

Hn3 MCTOAa MaKCHUMAJIbHOI'O HpaBJIOHO)IO6I/IH.

2. OOyueHue

BO3HHUKHOBCHUS.

B w

Softmax.

HEUPOHHOU
pacnpocTtpaHeHuss owmuOku. IloHsATHE mMapanuya ceTM W NPUYUHBI  €ro

CCTHU C ITOMOIIIBIO alropuTtma

Ouenka kadecTBa HeHpoceTeBbIX Moaenel. OCHOBHbIE METPUKH.
CBépTOouHbIe HEWPOHHBIE ceTh. Onepanns CBEPTKH, KacKaj CBEPTOK.
5. ApXHUTEKTYpbl HEUPOHHBIX CETEH ISl MyJIbTHKIACCOBBIX Mojened. DyHkuus

6. ApXHUTEKTYpbl HEHPOHHBIX CETEH JJI MOJIENIe OMHAPHOM KiTacCH(pUKAIINH

=~

MHOTOCITOWHBIN

MEPLEITPOH.
[Ipeogonenue orpaHMYEHUs] TUHEHHON pa3AEIMMOCTH U pEIIeHHEe MPOOIeMbl

[IpencraBnenne  OyneBBIX

ucKiIroyaroniero «wim». Teopema KonmMoroposa.

oOpaTHOro

GbyHKITHA.



8. Omeparus aexonposroiuu. Transposed convolution layer.

9. Auroputm o0OpaTHOTO pacnpocTpaHeHUs OMUOKU. JIOCTOMHCTBA M HETOCTATKH
anroputMa. [loHATHE Mapannya CeTH U NPUYKHBI €r0 BOZHUKHOBEHMUS.

10. bazoBas apxutekTypa HeHpoHHBIX ceTei. [Ipunimnel nocrpoenus. OCHOBHBIC
GYHKIIUN aKTHBAIIH.

Jast Tekymero kourpoJs TK2:
ITposepsiemast komnerenuus: 11K-2.3: Cozgaer xox I1O ¢ ucnonb3oBaHUEM
a3bIka nporpammupoBanus; [1K-2.4: Tectupyet xkox 110

Bomnpoc Bapuants! oTBeTa OTBET

B KaKHX 00JacTsAX | OIIEHKA BEpOSITHOCTH OAHKPOTCTBA;

OKOHOMUKHM  IPHUMEHSIOTCA | pacrio3HaBaHUE 00pa3oB (TEKCTa, MOAMKUCH);

AJITOPUTMBbI Ha OCHOBC | 3aga4yu KJIaCCI/I(i)I/IKaHI/II/I n CErMCHTAlMHM 3KOHOMHMYCCKHUX
HCKYCCTBCHHBIX HeﬁpOHHLIX 00BEKTOB

cereit? BCe NepevyucJeHHbIe
[IporpamMmMHO peann3oBaH 0,9951

HEHPOH ¢ QPyHKIHEH 1

AKTUBAIIMH THIIA -1

runepOoIn4ecKuil TaHreHe ¢ | 0,9981
TpeMs BXOAAMHU U HEMPOH
cMmenieHus. Bxonsl Bce

paBHBI | 1 Bce Beca Takxke
paBHbI 1, a cmemenue 0,5.
Yemy OyJeT paBeH BbIXOJ

HelpoHa?

B nporpamme HelipoHHOM 0,25
CETH HEUPOH | TIOJyUYHIT Ha 0,6225
BXOJl CUTHAJI OT YETBIPEX 0,3775
APYIrux HEHPOHOB YPOBHU -1,5415

BO30Y>KIEHUS, 3HAUCHUS
KoTophIX pasHbl 10, -20, 5, 4
U COOTBETCTBYIOLIUE Beca
cBs3elt paBuel 0.8, 0.5, 0.7 u
-0.5 COOTBETCTBEHHO.
Breraucnure curaain Ha
BBIXOJI€ j-TO HElipoHa B
ciydae, eciid QyHKIUs
aKTUBAIlMU HEHPOHOB €CTh
JIOTUCTHYECKAasg CUTMOHMIA.
Bribepure npaBuIIbHBIN
OTBET:

B nporpammHON peanu3anuy | €Clid HaWJIeTCs TaKOW HEWPOH T, 4TO
. .

OJIHOCJIOMHOI'0 IEPCENTPOHA Sawi <

Ha BXOJ TMOJAETCA BEKTOD | i=

(X1..Xn). B kakom ciydae | eciu Ui KaXA0TO HelipoHa j Oynem uMeTh
.

BBIXOJIOM OyAeT HyJieBOH Sawi <1

BEKTOP? =

eCJIM Il Ka:KI0ro HeilipoHa j OyaeM UMeTh




n .
Sawl <o
i=I

€CJIM HalIeTCs TaKOW HEUPOH J, UTO

I .
Dawl =6
i=I

Haitaure npou3BoaHy0 3TOM
(GYHKIIUU aKTUBAIIUU

thilz) ==
RS A BBIpasuTe
pe3ynbTar 4Yepe3 (YyHKIUIO

th(x)

1-th’(x)

1+th?(x)

th(x)-1

th?(x)

Kakas apXUTEKTypa
HUCKYCCTBEHHOM HEUPOHHOU
CeTH OosiblLIe BCErO
MOAXOIUT JUIsl  pa3paboTKu
QJITOPUTMOB U NPOTrPaMMHBIX

ITonmHoCBsI3HAS CCTh

IIEPCENTPOH)

HEeUpOHHAs (MHOTOCITIOWHBIN

CBeproyHasi (KOHBOJIIMOHHAS) HEHPOHHASA CETh

PexyppeHTHast HEMPOHHAs CETh

CpeacTB pacro3HaBaHU
o0pa3oB u aHanmsa
M300paKeHMI?

[Tycto B nporpamme | MSE
ABTOMAaTHUYECKOIO MAE

pacnio3HaBaHUA PYKOIIHMCHBIX

CE (Cross Entropy)

mapp or 0 go 9| BCE (Binary Cross Entropy)
UCIOJIb3YEeTCS CNN c

aktuBanuen softmax. Kakyro

GYHKIHIO oTepPh BBI

BBIOEpETE?

AyTMeHTaIus JaHHbIX
MIPUMEHSETCS 151

yBeJIn4eHusi 00bemMa o0yuawniei BbIOOPKH

YBEJIMUYEHUS] CKOPOCTH 00YUEHHUSI

HOpMaJIU3alluu
00pbHOBI ¢ epeodyyeHneM

C MOMOILIBIO Kakoro | 1

MHUHHUMaJIbHOTO yucna | 3

HEHUPOHOB B CKPBITOM CIlo€ | 4

MHOTOCJIOMHOTO 5

nepcenTpoHa pemraercs

npooiema XOR ?

s pa3pabotku anroputmoB | GAN

U MpOorpaMMHBIX cpenctB aia | ResNet

pelenus 3agaud | LSTM

Knaccnq)mcaunn B cucremax | VGG

KOMITHIOTEPHOTO 3peHUst

UCIIONB3YIOTCS ~ HEUPOHHBIE

CeTH

IIpu nocrpoenuun
QITOPUTMOB O00YUYEHUS
HEHPOHHOI CeTH OOBIYHO
JaTaceT JeJAT Ha 2

yactu train u test unm Ha 3
yacTu: train, validation,
test. Jlis 4ero Hy’>KHO Takoe
neaeaue’?

Ecnmu 06yanLc>1 Ha ITIOJJTHOM AaTaC€TC U Ha HCEM XK JICJIaThb
BaJIn a0, TO MOKHO HC 3aMCTUTH Hepe06yquI/I${

Validation HyxHa, 4TOOBI TOAOOpPaTh THIIEpPHAPAMETPHI
ceTn

Test HyxeH i1 (QUHAIBHOM OIIEHKM KadecTBa palOTHI
ceTu

Bce BbIIenepeynciaeHHoe




Kakas nporpammHuas | Tensorflow
OoubiMoTeka He mpuMeHsieTcs | Torch
TSt TIIyOOKOro 00yueHus? NLTK
CNTK
[Tpu nanmcanuu nporpamm B | d[0] + c[2]
PyTorch kakas omeparus ¢ c%d
TeH30pamu C, 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]))
MO3BOJIACT ITOJYUUTDH
CJIE YOI BBIBOJ?
tensor([[0., 1., 1., 1.],
[1.1.,1.,1],
[1,1.,1,1],
[1.,1.,1., 1],
[1,1.,1,1]D
[TycTh MaTpHIla MPU3HAKOB [[-4, 3],
paBHa [-9,5]]
[[41 21 '1]! [[3! '4] ,
[-6, 0, 5], [-9,5]]
[3! 2! 2]]; [['91 5] )
a AIpo CBEPTKHU — [3,-4]]
[0, 1, 2], [[-4, 3,1],
[1,-1, 0], [1,0,-2]]
[1,0,-2]]
Kaxkos Oyner pe3ynbTat
MMPUMCHCHUSA CBEPTKU CO
stride=2, padding=1?
B mnporpamme nHa PyTorch | 13
uCcXoHbIN torch.tensor 6wt | 169
pasmepom 13x13x384. | 384
Ckonpko (UIBTPOB JODKHO | 64896
ObITb B CBEPTKE, KOTOpas
BBITAET torch.tensor
pazmepoM 13x13x3847?
Bonpocut
1. Perymsapuzauuss HeWpOHHOU Perynsapuzanus
TuxonoBa, Lasso — perymsapuzanus
2. Perynspuzanus u npopexuBanue HelpoHHOU ceTu. [Ipsimoit u oOpaTHBIi
Dropout.
3. Mertoasl  raybokoro  obyueHus.  Hopmanmzanus
HOpMaJIM3aLus.
4. Texnonorus mnepenaun oOyuenusi Transfer Learning. Hcnonbp3oBanue

npenoOyYeHHBIX CeTeHl.




5. AsrosHkonepbl. OCOOEHHOCTHM apXWUTEKTypbl W OOYYEeHHS DSHKOJEpa W
JeKoiepa.

6.  PekyppentHsie HeilponHble ceTH. Apxutektypa GRU (Gated recurrent unit).
7. Pexyppentubie Heliponnbsie cetu. Apxutektypa LSTM (Long Short-Term
Memory).

8. I'enepatuBHO-cocTs3atenbHble HeipoceTu (GAN) m style transfer.

Q. OpeiiMBopk raybokoro ooydenus Tensorflow

10. ®peiitmBopk rirydokoro ooyueHus: Pytorch

Jsi IpOMesKyTOYHOM aTTeCTAUM:

bazoBble BONIPOCHl K 3K3aMEHY

1. Maremaruueckasi MOCNIb OMOJIOTHYECKOTO HelpoHa. JleHApUTHI, aKkCOHBI, CHHAIICHI.

2. TexHOJOTHH NCKYCCTBEHHOT'O MHTEIIEKTA, 00JIaCTH IPUMEHEHUS M pelIacMble 3a/1auH.

3. bazoBas apxutexTypa HEeWpoHHBIX cerell. [IpuHiunsl moctpoeHus. OCHOBHbBIE (YHKINU
AKTUBAIIHH.

4. Tlepuentpon PoszenOnarra um mnpaBwio Xe066a. Teopema 0 CXOAMMOCTH anropuTMa
o0OydeHus NepuenTpoHa A TMHEHHO-pa3aeauMbix MHOkecTB. [Ipo6nema XOR.

5. Mpmuorocnoinbiii  nepuentpos. IlpeacraBienune OyneBbix (ynkuuil. I[Ipeomonenue
OTpPaHUYEHUS JIMHEHMHOM pa3fearMMOCTH W pelIeHHe MPOoOIEeMbl HCKIHOYAIOLIETO «HIIN».
Teopema Konmoroposa.

6. OOyueHue HEMPOHHON CETH C MOMOILBIO AITOPUTMA OOPATHOIO PACIIPOCTPAHEHUS OILIMOKH.
[ToHsTHE Mapaanya ceTH U MPUYUHBI €r0 BOZHUKHOBEHUS.

7. @yHKUUA TOTEPh M ONTUMHU3ALUS MapaMeTpoB HEWpOHHOU ceTu. BriBox ¢yHKIMH mOTEph
U3 METO/1a MaKCUMAaJIbHOTO IPaB0No100us.

8. IIpobnema 0Bpa)xHOCTH MOBEPXHOCTH (PYHKIIMOHAJIA OMIMOKHY M €€ YaCTUYHOE IPEO10JICHHE
¢ momMotkio BBeaeHUs: MmomeHTa (Nesterov momentum).

9. OO6yuenue ¢ momoInkio backpropagation va ocuose anropurma RMSProp.

10. O6yuenue c¢ momormipio backpropagation wa ocHoBe anroputma Adaptive moment
estimation.

11. TIpoGnema ucuesaromiero U B3pbIBaromierocs rpaauenta. [lonstue «ymuparommuiin» ReLU.

12. Onenka kauectBa o0y4deHust. OCHOBHBIE METPHKH 3319 KJIacCH(UKAITUH.

13. [TocTaHOBKA M peIICHUE 3a/1a9U PETPECCHH C TIOMOIIBIO HEHPOHHOM CETH.

14. [locTaHoBKa U pelieHue 3aauu OMHAPHOW KJIaCCU(UKALIUU C TTOMOILBIO HEHPOHHBIX CETEH.

15. ApxutekTypbl HEMpPOHHBIX CETeW AJii MHOTIOKJIAcCOBBIX Mozeneil. BepostHocTHas mepa
NPUHAIIEKHOCTH K Kinaccy. OyHkius Softmax.

16. Ceéprounbie HelipoHHble cetn. Omepamnus ceeptku (1D, 2D). fAnpo ceprku. Kackan
CBEPTOK.

17. bazoBble MPUHIIMIIBI TOCTPOEHUS CBEPTOUYHBIX HEUPOHHBIX CETEH.

18. Apxurektypa Inception (inception 6yiox). Training head.

19. Apxutektypa ResNet (residual 6:o0k). Skip-connection.

20. ITepeoOyuenne u meTo el 00psOBI ¢ HUM. AyrmenTanus. Early stopping

21. Perynapuzanust HelipoHHOM cetu: "weight decay". Perynspusaums TuxonoBa, Lasso —
perysipu3anus.

22. Perynspu3zanust ¥ IpopeXxnuBaHue HeEHPOHHOH ceTu. Dropout.

23. Hopmanu3zarus ganubix - batch-mopmanuzanus (batch_norm, layer_norm). Beruncienue
CTaTUCTHK MPH 00yueHuu u Banuaamnuu (train/eval).

24. Texnonorus “nepenaun 3HaHui” Transfer Learning (fine tuning, feature extraction)



25.

26.

27.

28.
29.
30.

31.
32.
33.
34.
35.

36.

37.
38.

CemaHTHUeCKasl CErMEHTAIMsI ¢ IOMOIBIO TIyOokoro o0yuenus. IloaHocBepTOUHBIE CETH
(FCN). Onepanus aekonBosroiuu. Transposed convolution layer.

Apxutektypa SegNet, Unet. dyukiuu noreps Ha ocHoBe koddduuuenra Jlaiica u focal
loss.

Metoapl MaciitabupoBanusi s omepauuu upsampling u downsampling. Dilated
convolution.

['enepaTuBHBIC MOAETH U ABTOIHKOJEPHI.

Bapuannonnsie aBTosakoaepsl (VAE). luseprennus Kynn6aka-Jleitonepa.
I'enepatuBHO-cocTsA3aTenbHble HelpoHHbIE ceTH (GAN) M HEHPOHHBIM CTWIb IEpeladyu
oOyuenus (Ha nmpumepe style transfer).

PexyppeHTHBIC HEHPOHHBIE CETH U CTICU(HUKA UX 00YUCHUSI.

I'my6okoe o0yuenne B NLP. Knaccudukarus TexctoB ¢ momorisio CNN 1 RNN.
Apxurektypsl LSTM (Long Short-Term Memory) u GRU (Gated Recurrent Unit).
Mexanusm BHuManus (Attention).

OpeiimBopk  Timybokoro oOyuenus PyTorch. ABromarmueckoe muddepenunpoBanue.
[Tpunmunel noctpoenus HelpoHHbIX ceteld B PyTorch: ¢yHKumMoHambHBIN M OOBEKTHBIN
MOJIXO/I.

OpeiimBopk  iryookoro obyuenusi Tensorflow. Breramcnurensnsiii rpad. Iloctpoenme
HEWPOHHOI1 ceTu U ee oOyuenue. Tensorboard.

Wudepenc neitpoceressix mogeneit. ONNX.

Mexanu3m BHUMaHus. Apxutekrypa Transformer.

Tumnossie 3aJa4n:

1.

2.

Peanu3oBath m 00y4nTh CeTh AJsl TpencKa3aHHUs JOSILHOCTH KIHEHTOB
COTOBOTO omepaTopa (JaTaceT y mpenoaaBaTers)

Peann3oBath CBEpPTOUHYIO CE€Th, 00YUYUTh CETh U MPOBECTU KJIACCUPUKAIINIO
torchvision.datasets.FakeData. CoctaBute confusion matrix. I[locTtpouts
rpaduku accuracy u loss Ha Bamumanuu. IlpoBectn anHanmu3. YwmeTb
O0OBSCHUTH CBOM KOJI.

PeanuzoBars ResNetl18 ais CIFAR10 ( torchvision.datasets).

N3 Oubmuorexku torchvision (ctaBuTcs BMmecTe ¢ pytorch), MoxHO
ummnoptupoBaTh ResNetl8 komanmoit from torchvision.models import
resnetl8

Ho6aseTe L2-perynspusanuio. B PyTorch ona aktuBupyercss ¢ momMouibro
napamerpa weight decay B ontumuzarope. 3HaueHUuE OOBIYHO BBIOMPAIOT U3
[1le-3, 1e-4, 1e-5]. Ilpumep:

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

CocraButh confusion-matrix. I'padguxu accuracy u 0SS Ha Bamumanmw.
[IpoBecTu ananu3 o0ydeHus. YMeTb OObSICHUTH CBOM KO/I.

C momompio ¢peiimBopka PyTorch st pemenust 3agaun kiaccupuKamum
peann3oBaTh HelpoHHYIO ceTh apxutektypbl VGG. [IpoBectu oOyueHue Ha
natacete EMNIST (torchvision.datasets) B Google Collaboratory.
[Toctpouts rpaduxu accuracy u loss Ha BaTuAALNM.



10.

[IpoBecTn aHanu3 BAMSHUS TUIEpriapaMeTpoB (Ha BbIOOp 1 mapamerp) Ha
oOyuenue nocrpoennor MHC.

C momompio ¢peiimBopka PyTorch mis pemenus 3agaun kinaccudukanuu
peain30BaTh HEWPOHHYIO ceTh apxuTekTypbl MobileNet. Ilposectu
oOyuyenne Ha pnartacete FashionMnist ( torchvision.datasets) B Google
Collaboratory. IToctpouts rpaduku accuracy u loss Ha BaJuIaIny.
[IpoBecTn aHayiM3 BIMSHUS THIEpriapaMeTpoB (Ha BbIOOp 1 mapamerp) Ha
oOyuenue nocrpoennort MHC.

Peanu3oBarh CBEpTOUHYIO CETh, O0OYUUTh CETh U MPOBECTH KIIACCUPUKAIIUIO
torchvision.datasets.FakeData. Iloctpouts rpaduku accuracy u loss Ha
BaJUaIIH.

[IpoBecTn aHanu3 BAMSHUS TUIEpriapaMeTpoB (Ha BbIOOp 1 mapamerp) Ha
oOyuenue nocrpoennoit MHC.

C nomompbio ¢petimBopka PyTorch peanuzoBaTh HEUPOHHYIO CETh
apxutektypel ~ DenseNet.  Pemmts 3amauy  ki1accUpuUKamUM Ui
FashionMNIST wu3 6ubmmoreku torchvision.datasets. CoctaButb confusion-
matrix. I'pa¢puxu accuracy u loss Ha Bammpanuu. IlpoBecTn ananu3
00yueHus. YMETh 00bSICHUTD CBOM KOJI.

[IpoBectn OuHapHyro knaccupukanuo B ML-3agadye (maracer y
npenojasaressi). Pazgenuts BHIOOPKY Ha OOYYarollyl0 M KOHTPOJIBHYIO.
OOyuntsb ceTb. OLIECHUTh KaUYeCTBO OOYyUEHHUS.

Pemenue 3amaum perpeccud ¢ NOMOIIbIO HEHPOHHOW CeTH (JaTacer y
penoaaBaTes).

OOyunTh HEHPOHHYIO CE€Th U 3aJauyd NpeJCKa3aHus 3a0o0JieBaHUS.
[Toctpouts rpaduxu accuracy u loss Ha Banmupanuu. [lpoBectu ananus.
VYMeTh 00BACHUTH CBOU KOJI.
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