AKTYAJIIUBUPOBAHO
Pemennem Yuenoro copera ULITI KI'DY
IIpoTtoxoa Ne7 ot 19.03.2024

DenepajibHOE TOCYIAPCTBEHHOE 0K0IXKeTHOE 00pa3oBaTe/ibHOe
yupe:kleHue BbIcuiero o0pa3oBaHus

@ MHWHUCTEPCTBO HAVKH U BBICILIET'O OEPA3OBAHU S POCCUIMCKON ®EJIEPALIMNA
KI'9Y  (KA3AHCKMIii TOCYIAPCTBEHHBII SHEPTETUYECKUII YHUBEPCUTET»

(®PI'bOY BO «KI'2Y»)
Hommican: ®I'BOY BO «KA3ZAHCKUI .
I'OCYJIAPCTBEHHbIM SHEPTETUYECKHN
VYHUBEPCUTET»
Buanener: bensie Dyapa Upekosuy
Kray Jlupexrop MHCTHTYTa IMPOBBIX TEXHOJIOTHIt H SKOHOMHKH yTBEP}KI[AIO
Cepruduxar: 01E4B4530091B044A4464D6BBC379A8EBA
Jleiicramrernen ¢ 04.10.2023 mo 04.10.2024 I[I/IpeKTOp I/II_[T3

9.U. bensieB

«30» maga 2023 .

PABOYASA TIPOI'PAMMA JTUCHUIIJIMHBI

b51.B.J[2.01.01.02 Unoicenepus cucmem uckyccmeenHno20 uHmellekma

Hanpagsnenune nogrorokun _01.03.04 [MpuknaaHas MaTteMaTuka

Keanudukamms Oakajas

r. Kazansb, 2023



[Iporpammy paszpabdoran(u):

HanmeHnoBanue JIOIKHOCTB, OdUO
Kadeapsl Y4.CTENECHb, Y4.3BaHUE pa3paboTynka
Jlo1eHT, AOnynuH Anenb
HCM KaHauaaTt cbmmco- I/Inbj:[yCOBHq
MaTEMAaTHYECKUX HAYK

Haumenosanue No
CoracoBanue Hara IMoamnuce
no/ipa3iesieHuUs MIPOTOKOJIA
OnoOpena Kadenpa ICM 19.05.2023 5 3aB.xadenpoit [ICM,
K.(].-M.H., JOLICHT
10.H. CmupHoB
YuebHo-
CornacoBana METOANYECKUI 30.05.2023 7 Hupexrop,
COBET MHCTUTYTA K.T.H., TOLIEHT
D.1. bensieB
OnoGpena YHCHBI COBET | 1 o5 5093 9 Tapexop,
UHCTUTYTA
K.T.H., TOLIEHT
D.1. bensieB




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

[lensr0 OCBOEHUA AUCHMIUIMHBL WHXEHEpUsT CHCTEM HCKYCCTBEHHOTO
UHTEIUIEKTa sBisgeTcs Llenbro ocBoeHuss aucuumuiviHbel  «MHXeHepuss cucrem
HCKYCCTBEHHOTO MHTEJUICKTa» SABJSETCS (DOPMUPOBAHHUE Y CTYICHTOB TEOPETUUYECKHUX
Y TIPAKTUYECKUX 3HAHWW O COBPEMEHHBIX HAIPABJICHUIX, METOAOJIOTHUAX U MOAXO0AaX,
OTHECEHHBIX K TEXHOJOTUSAM UCKYCCTBEHHOI'O MHTEIIJICKTA.

3ajayaMy  JUCLMIUIMHBI  SBISIIOTCA:  3aJadaMM  W3Y4YEHUS JUCLUILIMHBI
«HXeHepus CHCTEM HCKYCCTBEHHOTO WHTEIUIEKTa» SBISAIOTCA: - (OPMHUPOBAaHUE
0a30BOr0 MOHATUWHOTO ammapaTra MPUHIHUNOB (YHKIIMOHUPOBAHHS HCKYCCTBEHHBIX
HEHPOHHBIX CeTEll W METOAOB HMX OOyuYeHHS; - H3yUYEHUE CPEACTB pPa3padOTKH U
IIPOEKTUPOBAHNS UCKYCCTBEHHBIX HEMPOHHBIX CETEH; - 3HAKOMCTBO C COBPEMEHHBIMHU
TEXHOJIOTUAAMH HCKYCCTBEHHOTO MHTEJUIEKTA, IO CIEAYIOIIAM HAIPABICHUIM -
KOMITBIOTEPHOE 3pEHUE; - 00pabOoTKa €CTECTBEHHOTO SI3bIKa; - PACIO3HABAHUE U CUHTE3
peuyu; - HHTEJUIEKTyaJdbHbIE CHUCTEMBl NOANEPKKH MPUHATHAA PEIICHUWA. -
(GopMHpOBaHWE YMEHUI M HAaBBIKOB PEUICHUS MPAKTUYECKUX 3a7ad C NPUMEHEHUEM
TEXHOJIOTUH UCKYCCTBEHHOI'O UHTEIUIEKTA.

KomnereHmu u UHIMKATOPBI, PopMUpyeMble y 00y4aromuxcsi:

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIHN KOI[ N HAMMCHOBAHUEC HHIAMKATOPA

[TK-2.1 CriocoGeH K TpOeKTUPOBAHUIO
MaTEeMaTHYECKOTO U MPOTrPAMMHOTO
obecrneueHns HeHPOCETEBBIX TEXHOIOTUU
[TK-2.2 CniocobeH k pa3paboTke
MaTeMaTHYECKOTO U MPOTrPaMMHOTO
o0ecrevYeHns CHCTEM HCKYCCTBEHHOTO
MHTEIJIEKTa

[TK-2.3 CriocoGeH conpoBOXAaTh CUCTEMBI
HCKYCCTBEHHOT'O MHTEIJIJIEKTa

I1K-2 Crioco6eH Kk MpOeKTUPOBAHUIO U
pa3paboTKe MaTeMaTUYECKOE U
porpaMMHOe oOecrieueHre CUCTEM
HCKYCCTBEHHOI'O MHTEJIJIEKTA JJIs1
pelIeHns 3a1a4 NPEATPUATUS

2. Mecto aucuuninHbl B cTtpykrype OIl
[IpeamecTByromume TUCUUIUIMHBL (MoaynH), npaktuku, HUP, np.
[Tocnenyromue aucuUIUIMHEbL (MoaynH), npaktuku, HUP, np.

3. CTpyKTypa M cojep:KaHue JUCIHUIIHHbI
3.1. CTpyKTYypa AUCHMILINHBI
Jlnist ouHOM popMbI 00yUCHUS

Bun yuebHoli paboThl Bg%ro E::g;) CeMe;Tp(H)

OBIIAA TPYJOEMKOCTDb JUCHUITJIMHBI 6 216 216
KOHTAKTHAA PABOTA

AYJIUTOPHAS PABOTA 1,89 68 68
Jlexkuun 0,94 34 34
[IpakTuueckue (CeMUHAPCKUE) 3aHATUS 0 0 0
Jla6opaTopHble paboThI 0,94 34 34
CAMOCTOSTEJIBHAA PABOTA OBYYAIOIIET'OCA 4,11 148 148




ITpopaboTka yueGHOro MaTepHana 2,11 76 76
KypcoBoii IpoexT 0 0 0

KypcoBas pa6ota 1 36 36
IToAroTOBKA K IIPOMEKYTOUHON aTTECTALUM 1 36 36
[IpoMexKyTOouHas aTTeCTaIUsL: K3P

3.2. Conep:kaHue IMCHUIJIMHBI, CTPYKTYPUPOBAHHOE 10 pa3jiejaM U BHAaM
3aHATHN

Pasnensl Pacnipenencuue ®opmbl 1 | IHIEKCHI HHIUKATOPOB
JIUACIIUILINHBI 2 TPYJAOEMKOCTH BUJT bopMHpyeMbIX

§ 10 BUIaM y4eOHOM paboThl | KOHTpOJIA KOMIIETEHIIU I
o) el : O
T BB BB

Pazgen 1 0 TK1

Pazgen 2 0 TK2

DK3ameH 36 36 OM1

Kypcosas Pabora 36 36 OM1

Hroro 3a 7 cemectp 0 0 0 0 0

HUTOT'O 0 0 0 0 0

3.3. Conep:kaHue IMCUUIIHMHBI
Cemctp 7

Pa3znen 1. BeeneHue B HEMPOHHBIE CETH
Tema 1.1 OcHoBBI HEMpOHHBIX ceTeit u cucteM NN

[ToHsiTHE UCKYCCTBEHHOTO UHTEIUIEKTA. FICTOpUS pa3zBUTHS TEXHOJIOTUIA
HMCKYCCTBEHHOTO MHTEJUIEKTa. COBpEeMEHHbIE TEXHOJIOTMU UCKYCCTBEHHOTO
MHTEJUIEKTA MO CJICAYIOIIMM HAIPaBJICHUSIM

. KOMITBIOTEPHOE 3pCHHE;
. 00paboTKa €CTECTBEHHOTO SI3bIKA;

. pacrio3HaBaHHWE U CHHTE3 PeUH;

. WHTEIUICKTYaJIbHBIC CHCTEMBI TTOIICPIKKH TTPUHSITHS PEIICHHUIA;

OCHOBBI HEMPOHHBIX ceTeH. broslornueckne acreKThl HEPBHOM AEATEIBHOCTH.
Heiipon. Akcon. Cunarc. Pednexropnas nyra. LlenTpanbHas HepBHas CUCTEMA.
Moaenu HCKyCCTBEHHOTO HepoHa. dyHKIMK akTUBalUKMK. bazoBas apxuTekrypa
HeHWpoHHBIX ceTeil. O0yuenue ¢ yunreneM. OCHOBHAS TEPMUHOJIOTHS.

Tema 1.2 TloHOCBSI3HBIE CETU MPAMOTO PACHPOCTPAHECHHUS

[TonHOCBSI3HBIE CETH MPSAMOTO pacrnpocTpanenus. [IpeogoneHue mpoodIeMsbl
XOR. O0OyueHrie HEMPOHHOM CETH € MTOMOILBIO AITOPUTMA 0OPATHOTO
pacnpocTpanenus omnoku. [Tonstrue oOyvarorero kousetiepa (Pipeline).

Tema 1.3 CBepTOUHbIC HEHPOHHBIE CETH



Oneparust cBepTku. B3anmuas xoppemnsius. PenenturHoe nosie. Kackan
cBepTok. [ 'pyrmmpoBka (pooling).

Tewma 1.4 IlpoasuHyThIE METOABI OOYUEHUS

Metoab! 60prObI ¢ IepeoOyueHneM. AyrMeHTanus JaHHbIX. batd-
HopMaym3anus. Perynspuzanusa Tuxonosa. Lasso perynspuzanus. Dropout.

Pa3nen 2. TeXHOJIOTHH HCKYCCTBEHHOTO MHTEJUICKTA
Tema 2.1 Texnonoruu nepegaun ooydenus Transfer Learning

Texnonoruu nepenauu 3nanmii Transfer Learning / Domain adaptation.
JlooOyueHue ceTH, oACTpoiika mapameTpoB Fine Tuning. Mcnionb3oBBanne
npe1o0yvYeHHbIX ceTeil. COBpeMEHHBIC CBEPTOYHBIC apXUTCKTYPBI

Tema 2.2 ABTO3HKOJEPHI.

ABTOKOIHMPOBIIUKH. APXUTEKTypa SHKOAEp-AeKkoaep. OOHapykeHne aHOMaIHi
B JJAHHBIX C IIOMOIIBIO aBTO3HKOAepa. ['eHeparuBHble Mofeny. BaprnannoHHbie
aBTO3HKOAEpHl VAE.

Tema 2.3 I'enepatuBnbie monenu MU

CoBpemenHble apxUTEKTYpbl. [lopoxkaatomue (reHepaTuBHbBIE) COCTA3AaTEIbHbBIE
HEWpOHHBIE ceTu. [ 'eneparop. AMCKpuMHUHATOP.

Tewma 2.4 Texnonorun M1 B 00paboTKe €CTECTBEHHOTO SI3bIKA

O06paboTKa eCTeCTBEHHOTO SA3bIKA C TIOMOIIBI0 HEUPOHHBIX CETEH.
Knaccuduxkanus tekcra. PekyppeHTHbie HelipoHHbIE ceTu. ApxutekTypsl LSTM
(Long Short-Term Memory) u GRU (Gated Recurrent Unit).

Tema 2.5 TlepcieKTUBHBIE MOJIENIM HCKYCCTBEHHOTO MHTEIIJIEKTA.

MexaHnu3m BHUMaHUs. ApXUTEKTypa rIyOOKHUX HEHpOHHBIX ceteid Transformer
JJ1s1 pabOTHI € TTOCJIE0BATEILHOCTAMUA. MOJIeh UCKYCCTBEHHOTO MHTEJICKTa
Generative Pre-trained Transformer.

3.4. TeMaTu4yeCKHii IVIAH NPAKTHYECKHUX 3aAHATHI

JlauHbIiA BUA pabOTHI HE MPEYCMOTPEH YUEOHBIM TIAHOM.

3.5. TemaTuyeckuii Mj1aH JJabOPATOPHBIX padoT

1. TexHomoruu pa3zpabOTKM W OOyueHHUsT HEHWpOHHBIX ceTei. [Iporpammuas
pa3paboTka C HCMOJb30BAaHUEM OOJIaYHBIX HWHCTPYMEHTOB. 2. BBenenue B
dbpeiimBopku Tiybokoro ooyuenust Pytorch /Tensorflow. Tensopsl. 3. Apxurekrypa
MOJHOCBSI3HOM  HEMpOHHOW ceTh W ee o0ydeHue. AJNropuT™M  OOpaTHOTO
pacrnpoctpanenus omuOku 4. [IpeackaszarenbHas aHAIUTUKA JJI POU3BOJICTBEHHBIX
u OumzHec mpoueccoB. S. HHTennekTyalbHble TEXHOJOTHM  Ppaclno3HaBaHUS
n3zoopaxenwmid. 6. Texunomorun Transfer Learning. 7. Texunomornu M1 B quarHocTuke



3aboneBanuil. 8. Texnomoruu MW nns monutopunra nanueix. 9. Texnomoruu UU B
00pabOTKE €CTECTBEHHOTO S3bIKA. 10. I'eHepaTuBHBIE MOJEIN HCKYCCTBEHHOTO

MHTEJUJIEKTA. 11. HWuxeHepuss mNporpaMMHOrO OOECHEYEHHS JUIsl CHUCTEM
MCKYCCTBEHHOTO MHTEJICKTA.

3.6. KypcoBoii npoekT /KypcoBasi padora

I. Cucrembl pacno3HaBaHus Tmarojoruidi B MeaunuHe. 2. CHCTEMBI

aBTOMATHUYECKOTO pacrio3HaBaHus Jwil. 3. MamwHHBI TnepeBoa Tekcrta. Neural
Machine Translation. 4. Tpanchopmepsl: apxuTekTypa Heipocereil aisi paboOThI ¢
nocjeA0BaTeIbHOCTAMU. 5. Pacrio3HaBaHue pedyr Ha OCHOBE HEHUPOHHBIX ceTed. 6.
Oo6HapyxeHue 00bEKTOB Ha M300paKECHUIX. 7. ATaKu Ha HEHPOHHBIC CETH W 3allUTa
or uHux (Adversarial attacks) 8. «RealWorld» Wudepenc HeWpoHHBIX ceTel Ha
pasauuHbiXx ycrpoiicTBax 9. IlepeHocumocTh HeiipoceTeBbix Moaencii (ONNX).
ONNX Zoo Models. 10. Onrtummuzaius/akcenaepaius HHpEpeHca IIyOOKOro
oOyuenusi. NVIDIA TensorRT 11. ['enepaniust nporpaMMHOTO KOJia IO OITUCAHUIO

4. OueHuBaHUE Pe3yJIbTATOB 00y4eHUsI

OrneHnBaHMEe PE3yIbTATOB O0YUCHHUS 110 AUCITUIUIMHE OCYIIECTBIIACTCS B paMKax
TEKYIIEro KOHTPOIS W TPOMEKYTOYHOW aTTECTAIlMH, MPOBOJUMBIX TIO OaJTLHO-
petituaroBoii cucteme (bPC).

[11kana OIeHKH pe3yJIbTaTOB OOYUYCHUS 110 JUCITUTIINHE:

YpoBeHb CHOPMHUPOBAHHOCTH HHIUKATOPA KOMIICTCHITUU
Bricokwnit Cpennuit Huxe Huskmii
KOI[ KOI[ 3annanu- pen CpEIHETO
KOMII | MHIHWKATO POBaHHBIE or 85 10 100 | or 70 mo 84 ot 55 o 69 or 0 mo 54
c- pa pe3ybTaThl IIIxana oneHUBaHUI
TEHI[ | KOMIETeH | OOy4eHHs 1o Hey[0B-
YJIOBJICT-
nn o JAVCHUIUINHE OTJINYHO XOpOo1IOo JIETBOPU-
BOPHUTEIHHO
TEJILHO
3auyTeHO HE 3a4TEHO
3HaTh:
= OCHOBBI
TeopHun
HEUPOHHBIX
9 I'my6oko u XOPOIIIO 3HAET
CETEU, B TOM
[TOJIHO 3HAET OCHOBHBIE
qucIie
MaTEMATUYCCK MaTEMATHUYCCK
pasnYHbIC e CTDVKTYORL | He CTOVKTVDEI HE 3HaeT
APXUTEKTYPHI TPYKTYD PYKIYP 0a30BBIX
. B OCHOBE B TOCTPOCHHM | 3HAET 6a30BbIC o
HeI/IpOHHBIX o IIOHATHH, HE
o HOCTpOeHI/ISI HCI/IpOHHLIX IIOHATUSA
cereil U o 9 N 3HAET KaK
HCI/IpOHHI)IX CE€TCH, 3HACT HCI/IpOHHBIX
aHFOpI/ITMI)I nux o o o6yqaeTcsI
I[IK-2 | IIK-2.1 ceTell, 3HaeT AJITOPUTM ceTel, 3HaeT M
o0yJeHus; HEWPOHHAS
AITOPUTM 00paTHOTrO AITOPUTM
- CETh, HE 3HAET
ob6paTHOTO pacmpocTpane backprop,
MaTeMaTHYECK Kak OIIEHWUTH
pacmnpocTpaHe | HHsI ONIHOKH, OCHOBHBIE
H€ CTPYKTYpPBI Ka4eCTBO
HHS OIIMOKH, HEKOTOPHIE METPUKH
U MIPUHITATIBI o0yueHus
COBpPEMEHHEBIE | COBPEMEHHBIE
X 0000IIeHUS MOJIEIU
APXUTEKTYpPBI, | APXUTEKTYPHI,
Ha IOCTPOCHHUE
METPUKH OCHOBHBIE
BBIUHCIUTEILH
Ka4yecTBa, METPUKH
BIX OJIOKOB
HEUPOHHBIX
CeTeH;




YMmers:

yMeer
aHaATU3UPOBAT
b
MIOCTABIICHHYIO
3a1a4qy u yMeeT
- npeasiaraTh aHATU3UPOBAT
aHATM3UPOBATh | PpEIICHHUS Ha b
HE yMeeT
MO IU(DUKAIIAN OCHOBE MOCTaBIICHHYIO ymeeT TOGHPaTH
Y HOBBIE HeHpoceTeBhIX 3a1ady u moJI0MpaTh a[leKBa”?H o
cpencTsa TEXHOIIOTHIA; npeiaraTh HeHpoceTeByIO . Y
HEHpOCeTeBYIO
MPOTPaMMHOTO Ymeer pelieHus Ha TEXHOJIOTHIO
TEXHOJIOTHIO
obecreyenus | 0OOCHOBBIBATD OCHOBE JUISL peLICHUSI R ——
JUISL CO3/TaHUS CBOI1 BEIOOD HEUPOCETEeBBIX | MOCTaBJIECHHOM P N
. o MOCTaBJICHHON
HEHPOCHUCTEM M | APXUTEKTYPBl | TEXHOJIOTHH, 3a7a4i. A
UHTEIUIEKTyallb | ¥ TEXHOJOTHH | 00OCHOBBIBATH '
HBIX CUCTEM 00y4eHus; CBOW BBIOOD
YwMmeer APXUTEKTYPBHI;
HHTEPIPETHPO
BaTh BBIXO/IbI
MOJIENN
Bnaners:
Buageer
Buiageer
OCHOBHBIMH Bnageer
MIPOJABUHYTHIM
cpeacTBaMu OCHOBHBIMHU
W CPEJICTBAMHU
CO3JIaHMs cpeacTBaMu
CO3JIaHMs o
- CpeaCcTBaMu - HEHPOHHBIX CO3JIaHMUs
HEUPOHHBIX . o He Bnageer
CO3JIaHHs U . ceTeit HEHPOHHBIX
cetei . cpeJcTBaMu
00yueHus Ppa3IUYHBIX ceTelt 0a30BBIX
o Pa3IMYHBIX CO3JIaHus U
HEHPOHHBIX APXUTEKTYP. ApPXUTEKTYP.
N ApXUTEKTYP. 00yueHus
ceren Bnangeer Bnaneer %
Bnaneer HEHPOHHBIX
Pa3INIHBIX CTaHAPTHBIMU 0a30BBIMU .
MPOJIBUHYTHIM ceteit
THITOB CpeJcTBaMu CpeACTBaMu
U CpeJICTBAMHU
o0y4eHus U 00y4eHus U
o0y4JeHus U
TECTHPOBAaHHS | TECTHPOBAHWS
TECTHPOBAHHUSI . .
9 ceTen. ceTen.
ceTen.
3HaTh:
BBIYUCITUTEIbH
bl€ CPEACTBA U OTnyHO
XOPOILIO 3HAET
KOMILJIEKCHI, 3HAET SA3BIK HE 3HaeT
s3p1K Python 3HAET OJIUH U3
MIPUMEHSIEMbIC Python mnu . BBIYUCITUTEIHH
nnu C++ (bpeliMBOPKOB
pu C++, N BIX CPE/ICTB,
. bpeliMBOpKH r1yOOKOro
paspaboTke (bperiMBOpKHI MIPUMEHAEMBIX
rIyOOKOTO o0ydeHwus,
MIPOEKTOB riry0OoKoro npu
o o o0yJeHmMs, TaKue Kak
I1K-2.2 HelpoceTeii u 00yueHwusl, pa3pabotke
TaKue KaKk PyTorch u
WHTEJUIEKTYaNb TaKue Kak MIPOEKTOB
PyTorch n Tensorflow, o o
HBIX PyTorch u HelpoceTel U
Tensorflow, o0JiauHbIe
CHCTEM; Tensorflow, WHTEIUICKTya
., o0na4yHble m1aThopMbI
-pperiMBOpKH obnayHbIC BHBIX
1aThOPMBI U151 paboTEHI € .
rI1yOOKOTOo T1aTHOPMBI . CHUCTEM;
IU1s1 pabOTHI C HEUPOCETSIMHU
o0yueHus, JUTs paboTHI C .
. HelpoceTsIMH
TaKue Kak HelpoceTsIMH
PyTorch u

Tensorflow




YMmers:

— CO3/1aBaTh,
MTPOBOJIUTH
OTHaAKY Ymeer
IIPOrPaMMbI CO37aBaTh,
oz, MTPOBOJIUTH
MTOCTABJICHHYO OTIaIKy VYmeer
3aja4y ¢ IIPOrPaMMBI € CO31aBaTh Vmeer HE yMeeT
y4eTOM WCIIOJIb30BAaHU | TMPOrPaMMBI C C03/1aBaTh C03/1aBaTh
MOCIIETHUX eM HCIIOJB30BAaHU | MPOrpaMMbl C | IPOrPaMMBbI C
TEOPETHUYECKUX | COBPEMEHHBIX eM HCITOJIb30BAHUE | HCIIOJIB30BAHU
u WHTEIJICKTYal | COBPEMEHHBIX M eM
MIPAKTHYECKUX BHBIX VHTEIJICKTYal | HEHpPOCETEBBIX | HEWPOCETEBBIX
JOCTIDKCHUH B TEXHOJIOTHH, BHBIX Mozelei Mojenein
oOmactu ONNX (Open | TtexHojOTHiIt
HCKYCCTBEHHOT Neural
0 MHTEJICKTA U Network
HEHUpPOCETEBBIX Exchange )
TEXHOJIOTHI
Brnaners:
- TEXHOJIOTHUEH
00BEKTHO-
OTau4HO BIIAJCET BIIAZiCeT HE BajeeT
OPUEHTUPOBAH
Horo BIIafEET OCHOBHBIMH 0a30BLEIMU OCHOBHBIMH
TCXHOJIOTUSIMHU TCXHOJIOTUSIMHU TCXHOJIOTUSIMHU TEXHOJIOTUSIMHU
POTrPaMMHUPOB
cOopKH U cOopKH U cOopKH U cOopkH 1
AHHA Ha ALK 3aIycKa 3amyckKa 3amycka 3amycKa
Python wiu Y Y Y Y
C+ s MPOTPaMM C MPOTrpaMM C MPOTrpaMM ¢ MPOTrpaMM C
HCIIONIB30BAHU | HCITONB30BAHU | WCIOJIB30BAHHE | MCIOJIb30BAHH
pa3paboTKu u
eM eM M eM
TECTUPOBAHMUSI . . . N
N HEHPOCETEBBIX | HEMPOCETEBBIX | HEHPOCETEBBIX | HEHPOCETEBBIX
MOJIyJIeH MOJTyJIeH MOJTyJIeH. MOJTyJIeH
MAaIIUHHOTO AYIIEH, AYIIEH, y oy
o0yueHus;
3HaTh:
- HE 3HaeT
IIporpaMMHBIC IIPOrpaMMHBIX
porp OTiIM4YHO Y noBnerBopute porp
u XOPOIIO 3HAET u
3HAET JILHO 3HAET
BBIYNCIIATEILH MPOTrpaMMHbBIC BBIYMCIIATEILH
HpOFpaMMHBIe HpOFpaMMHBIe
bI€ CPEJICTBA H cpencTBa u BIX CPE/ICTB,
cpencTBa u CpeJICTBA U
1aThOPMBI obnayHbIe MIPUMEHSIEMBIX
00J1auHbIE o0navHbIe
TS I1aThOpMbI npu
IaThOPMBI 1aThOpMBI
MOHHUTOpPHHTA JUTst pabOoTHI C COTPOBOXKJICH
JUTSE paboTHI C . IUTst paboTHI C
CUCTEM o HCI/IpOCGTHMI/I o U CUCTEM
HEHpOCEeTIMHU HeHpoceTsIMH
HK 2 3 I/ICKYCCTBCHHOI‘ I/ICKYCCTBCHHO
' 0 MHTEJIJICKTA T'0 MHTEJJICKTA
YMeTh:
Vmeer HE yMeeT
VYmeer Ywmeer Y
—IIPOBOJIUTH MPOBOTUTH MTPOBOJIUTH
IIPOBOJUTH IIPOBOJUTH
COIPOBOX/ICHU MOHHUTOPHHT COTPOBOXKJICH
BHEJIPEHUE H COIPOBOXICHU
e IPOrpamMm ¢ He IMporpamMm
COTIPOBOXKJICH € TIporpaMM C
CHCTEM HCIIONB30BaHU c
e ONNX ( HCIIOIb30BaHHE
HUCKYCCTBEHHOT eM HCITOJIB30BaHU
Open Neural M
O MHTEIIJICKTA COBPEMEHHBIX . eM
Network HeHpoceTeBhIX .
HMHTEIICKTYa . HEHPOCETEBBIX
Exchange ) MoIeei .,
BHBIX MOJCIICH




TEXHOJIOIHH |
Bnaners:
OTinyHO BIIaJICCT BIIQJICCT HE BJIJICCT
— cpelncTBaMu
BJIaJICCT OCHOBHBIMHU 0a30BBEIMHU OCHOBHBIMU
COIIPOBOXK/ICHU .
N TEXHOJIOTHEH | TEXHOJIOTHUSIMH | TEXHOJIOTHUSIMH | TEXHOJIOTHUSIMH
N nH(peperca,Ha | uH(pepeHca,Ha | WHpepeHca,Han | WH(epeHca,Ha
HeHpoceTeBhIX
Moereii B mp., ONNX mp., ONNX p-» ONNX mp., ONNX
RME RUNTIME, RUNTIME, RUNTIME, RUNTIME,
mf(be cHca WHCTPYMEHTaM | UHCTPYMEHTaM | WHCTPYMEHTaM | HHCTPYMEHTaM
P ' u Tensorboard | u Tensorboard | u Tensorboard | u Tensorboard

5. Y4eOHO-MeTOIM4YecKoe U UH(POPMAMOHHOE o0ecTiedeHHe JUCHUILIHHbI
5.1. YueO0HO-MeTOOHYECKOE 00ecIIeueHne

5.1.1. OcHoBHas nuTeparypa
1) MacnennukoBa, Onbra EBrenbeBHa. OCHOBBI UCKYCCTBEHHOI'O UHTEILJICKTA :

yueoHoe nmocobue / O. E. Macnennukosa, U. B. I'aBpuiiosa, 2019. - 282 c. - Teker :
anextponHbiii. URL: https://ibooks.ru/bookshelf/337972, OBC ibooks.ru

2) Cupopkuna U. I'. Cuctembl HCKYCCTBEHHOTO UHTEIJIEKTa : Y4eOHOe
nocobue / . I'. Cunopkuna, 2017. - 245 c. - Tekcr : anekrponHsiii. URL:
https://www.book.ru/book/920005/

3) Octpoyx, Aunpeit Bnagumuposud. CHCTEMBbI HCKYCCTBEHHOIO MHTEJUIEKTA !
monorpadus / A. B. Octpoyx, H. E. Cypkosa, 2019. - 228 c. - TeKcT : 31eKTpOHHBII.
URL.: https://e.lanbook.com/book/113401

4) PocroBues B. C. MckyccTBenHble HelipoHHbIE ceTH : yueOoHuk / B. C.
PocToBues, 2023. - 214 c. - Tekcr : anektponHsbIii. URL:
https://e.lanbook.com/book/310184, OBC Jlann

5.1.2. JlononHUTENbHAS TUTEpaTypa

1) Adponun B. JI. UnTemnekryansHbie pOOOTOTEXHUYECKUE CUCTEMBI : yueOHOe
noco6ue / B. JI. Abonun, B. A. Makyuikus, 2016. - 222 c. - TekcT : 3JeKTpOHHBIH.
URL.: https://e.lanbook.com/book/100607

2) bapckuii, Apkaauii benunonosud. Jlornueckrue HeUPOHHBIE CETH : yueOHOE
nocobue / A. b. bapcknii, 2016. - 492 c. - Tekcr : anextponnsiit. URL:
https://e.lanbook.com/book/100630

3) PytkoBckas, Jlanyta. HelipoHHble ceTH, TEHETUUECKUE AJITOPUTMBI U
HEUYETKHE CUCTeMbl : HayuHoe uznanue / JI. PyrkoBckas, M. [Tununbckuid, JI.

PyTtkoBckuii ; nep. ¢ moat. U. JI. Pyaunckoro, 2013. - 384 c. - TeKCT : 3JIEKTPOHHBIN.
URL.: https://ibooks.ru/bookshelf/334029, BC ibooks.ru



5.2. MudopmanuonHoe odecnedeHune

5.2.1. DNeKTpOHHBIE U UHTEPHET-PECYPCHI

HauMmeHoBaHue

CcblIKa

Name

URI

5.2.2. IlpodeccuonanpHpie 0a3pl  JnaHHBIX /[  HMH(OpManmOHHO-CIIPaBOYHBIC

CHCTCMBbI

IIpusooumcs nepeuens

5.2.3. JluneusnoHuoe wu

obecrieueHue JUCHUITIITMHBI
IIpusooumcs nepeuens

CBOOOIHO

pacrpocTpaHsieMoe  MpOTPaMMHOE

6. MaTepuaJbHO-TEXHUYECKOE o0ecneuyeHue T CHUIIMHbI

HaumenoBanue Buga

HaumeHnoBanue y4ueOHOIM

y4eOHOU PabOTHI ayIMTOPHH, [lepeuens HEOOXOIUMOTO OOOPYAOBAHUS H
CIIELUAIU3TPOBAaHHON TEXHUYECKUX CPENICTB OOyUCHUS
naboparopuu
Jlexnun YyeOHas ayquTOpHs I Crienmanu3upoBaHHAS yaeOHas Me0ers,
NPOBEICHUS 3aHATHIH TEXHHYECKUE CPEeACTBa OOYUEHHs, CiyxKamue IJIs
JEKIIMOHHOI'0 TUIa IpEJICTaBICHUS y4eOHOI uHpOpMan
OonpiIoON  ayautopud  (MYyJIBTUMETUNHBIN
MPOEKTOp, KOoMIblOTEp (HOYTOYK), 3KpaH),
JEMOHCTpAIlMOHHOE 00OpyI0oBaHue, Yy4eOHO-
HarIsIHbIE TOCOOHS
IIpakTnueckue Vuebnas  aynuropus  juist | Crenuanu3upoBaHHAs yueOHas Mebenb,
3aHATUA HPOBEACHNA 3aHATUH | TeXHUYECKHE cpencraa o0y4eHus
CEMUHAPCKOTO TAMA, | (MyJIbTUMEIUHHBIA  NPOEKTOpP, KOMIIBIOTED
TPYNNIOBBIX W MHIMBHIY- | (goyT6yK), SKpaH) U Jp.
AJIbHBIX KOHCYJIbTAllUH,
TEKYLICTO KOHTPOJIA u
HpOMC)KyTO‘lHOﬁ arTrecrangumn
ﬂa60paTopHLIe YyeOHas maboparopus Crneunanu3upoBaHHON nabopatopHoe
paboTh « », 000pyioBaHHE 1O MPOMUIIIO JIA00OPATOPHH:
KoMnbroTepHbIii Ki1ace ¢ Crenuanu3upoBaHHas yueOHas Me0erb,
BbIX0JIOM B MHTEpHET TEXHUYCCKHE cpeacTBa o0yuyeHHs
(MyIbTUMEIUUHBIM ~ MPOEKTOP,  KOMIIbIOTEP
(HOYTOYK), JKpaH), JULEH3UOHHOE
IporpaMMHOe obecreyeHue
KommbroTepHslii K1ace ¢ CneunanusupoBanHas ydeOHas mebenb Ha 30
Bbixoztom B MuTepuer B-600a | nocamounsix  mect, 30  KOMIIBIOTEPOB,
TEXHUYECKHUE CpeAcTBAa OO0yuyeHHs (MyJIbTHMe-
TUWAHBIA  TPOEKTOpP, KOMIIBIOTEP (HOYTOYK),
3KpaH), BHJIEOKAMEDHI, IIPOrpaMMHOE
o0ecrnieueHue
CamocrostenpHas | KommbroTepHsiii kiacc ¢ Crneunanu3upoBanHas yyeOHas mebens Ha 30
pabora Bbixoziom B MuTepuer B-600a | mocamounsix  mect, 30  KOMIBIOTEPOB,

TEXHUYECKHUE CpeAcTBa OO0yuyeHHs (MyJIbTHME-
JTUWHBIA  TPOEKTOP, KOMIIBIOTED (HOYTOYK),
JKpaH), BHJICOKAMEPHI, IPOrpaMMHOE




oOecrieueHne

CHGHI/IaJ'II/BI/IpOBaHHaH Me6eJ'II), KOMIIBXOTCpHAA
TCXHHUKA C BO3MOXHOCTBIO BBIXO/14 B I/IHTepHeT )41

YuTabHbIN 321
obecnieuenuem noctymna B JUOC, skpaH,

OMOINOTEKH e
MYJIbTUMEAUNHBIN MPOEKTOP, TPOrPaMMHOE
obecrieueHne
YyeOHas ayuTopus Jis Croen

BBITIOJIHEHUA KYPCOBOI'O

npoeKTa (KypcoBoi paboTel) | yzppopamHas MeGenb, KOMIBIOTEPHAS TEXHUKA
4%?713(%336“’1 IPH | ¢ BO3MOKXHOCTBIO BEIXOJa B MHTEepHET WU
HaaIn4yumn 1 TaKOHU
al aKo obecrieyeHneM JOCTYyTIa B SUOC,
ayINTOPHH )
IPOrpaMMHOE 00ECIICUCHHE

7. OcO0eHHOCTH OpraHU3aNuM 00pPa30BaTEbHON AeATEJILHOCTH AJIs1 JHUIL C
OrpaHUYEeHHBIMH BO3MOKHOCTSIMH 3I0POBbSI 1 HHBAJIMI0B

JIuma ¢ orpaHUYEHHBIMU BO3MOXKHOCTSIMU 370poBbsi (OB3) 1 mHBaIMIbl UMEIOT
BO3MOKHOCTh OECHPENATCTBEHHO TNEPEeMEIIaThCsl U3 OJHOT0 Yy4eOHO-1a00paTOpHOTO
Koprmyca B JIpyroid, MOJHSATBCS Ha BCE OSTaXHM Y4eOHO-TAaOOPATOPHBIX KOPITYCOB,
3aHUMaTbCd B YYEOHBIX M HHBIX [OMELIEHHSIX C YYETOM OCOOEHHOCTEH
NCUX0(U3NYECKOTO PA3BUTHS U COCTOSIHUS 3/I0POBBA.

Jns oOyuenus nunl ¢ OB3 W uHBaNIMAOB, MMEIOLIMX HAPYIICHUS OIOPHO-
JIBUTATEJIHLHOTO ammapara, 00ecredeHbl YCI0BUs OECIPENsITCTBEHHOTO JIOCTYTa BO BCE
yueOHble momernieHus. Mudopmarms o crenuanbHBIX YCIOBHSX, CO3JIaHHBIX JUIS
oOyuaronuxcst ¢ OB3 u wuwHBamuaOB, pa3MelleHa Ha CailTe YHUBEpPCUTETA
www//kgeu.ru. MiMeercss BO3MOKHOCTh OKa3aHHS TEXHUYECKOM ITOMOILMA aCCUCTEHTOM, a
TaKXe yCIYT CYpIOTEPEBOTIUKOB U TU(DIOCYPIOTIEPEBOTUHNKOB.

Jns agantauuu K BocnpusThio Junamu ¢ OB3 u uHBaMIaMy ¢ HApPYIIEHHBIM
CIIyXOM CHpPaBOYHOT0, Y4YEOHOro MaTepuaia MO JUCIMUIUIMHE OO0ECIeUnBaIOTCS
CJIEIIOIUE YCIIOBUS:

- 11 Ty4Illed OpUEHTAlMU B ayJUTOPUH, PUMEHSIOTCS CUTHAJIBI OMOBEIICHUS
O HayaJie U KOHIIE 3aHTHUs (CJIOBO «3BOHOK)» IMHUIIETCS HA JIOCKE);

- BHUMaHHME CJIa0OCbIIIAIEero 00y4YarIIerocss MPHUBICKAETCA IMeJaroroMm
YKECTOM (Ha IIJIeHO KJIaJEeTCsl PyKa, OCYIIECTBIISIETCS HEPE3KOE MOXJIONBIBAHUE);

- pa3roBapuBas ¢ 0Oy4aroluMCsl, MeAarorudeckuii paboOTHUK CMOTPHUT Ha HETOo,
TOBOPUT SICHO, KOPOTKUMHU MPEJIOKEHUAMH, 00€CTIeurnBasi BO3SMOKHOCTh YTCHHSI T10
ryoam.

KomneHcanusi 3aTpyIlHEHUIl pEUEBOr0 U HHTEIUIEKTYaJIbHOTO Pa3BUTHUA
C1a0O0CBIIAIIIX 00YYaIONTUXCS IPOBOAUTCS MTYTEM:

- UCTIOJIb30BAaHUSI CXEM, JUarpamM, pUCYHKOB, KOMIIBIOTEPHBIX MPE3EHTALHM C
TUMEPCCHUTKAMU, KOMMEHTUPYIOITUMU OT/ICIbHBIE KOMIIOHEHTHI N300paKEeHNS;

- pEeTYJISIPHOTO TPUMEHEHHS yOpaXHEHUW Ha rpaduueckoe BbIJEICHUE
CYIIECTBEHHBIX ITPU3HAKOB MPEIMETOB U SIBJICHUH;

- o0ecrieueHUs BO3MOXHOCTH IS OOYyYaromerocs TMOJMYYUTh aJIpEeCcHYIO
KOHCYJIBTAILIUIO TIO 3JIEKTPOHHOM MOYTE 10 MEPE HEOOXOUMOCTH.

Jns agantanuu k BocnpusTuio aunaMu ¢ OB3 n nHBaMIaMu ¢ HapyIeHUsIMH
3peHHUs CIPABOYHOTr0, y4eOHOI0, MPOCBETUTENILCKOTO MaTepuana, mpeyCMOTPEHHOTO
o0pa3oBaTeNbHON MPOrpaMMoil MO BBIOPAHHOMY HAMPABICHUIO MOATOTOBKH,



http://www.kgeu.ru/

00€eCIeynBalOTCs CIEIYIOUIUE YCIOBUS:

- BeJIeTCs ajanTaius opUIMAIbHOTO caiiTa B ceTu MIHTEpHET ¢ y4eToM 0CcOoObIX
NOTPEOHOCTEN MHBATUAOB IO 3PEHUI0, 0OECTIEYNBACTCS HAIMYKME KPYMHOIIPU(TOBOIA
CIIPaBOYHOM MHGOPMAIINH O PACTIMCAHUH YUCOHBIX 3aHSITHIA,

- IeTaTOTHYECKUd  pabOTHUK, ero cobecemHWK (MpU HEOOXOIUMOCTH),
INPUCYTCTBYIOIIME HA 3aHITUH, MPEICTABISAIOTCS OOYYarOIIMMCS, MPU 3TOM Ka)IbIi
pa3 Ha3bIBAETCS TOT, K KOMY ME€Iarorndyeckuii paboTHUK oOpalaercs;

- IEUCTBHUSI, JKECThI, MEpPEMEUICHUSI MEeAaroruyeckoro pabOTHHKAa KOPOTKO U
SICHO KOMMEHTUPYIOTCS;

- meyaTHass HMHQpOpMAILMsS TPEAOoCTaBisieTcs KpynHbIM 1mpudtom (oT 18
MYHKTOB), TOTAJILHO 03BYUYMBAETCS,

- oOecrieunBaeTCsl HEOOXOIMMBIM YPOBEHb OCBEILIEHHOCTH OMEILEHUI;

- IPEAOCTABIIAETCS.  BO3MOYKHOCTh HCIIOJIB30BAaThb KOMIIBIOTEPBI BO BpeMs
3aHSTUN U MPABO 3aIUCH O0BSICHEHUM Ha TUKTO(DOH (IO JKEITaHUIO0 00yJarOITUXCS).

dopMa TpOBENECHUS TEKyIIEH MW  MPOMEXKYTOUYHOM  aTrTecTalnu  JUIA
oOyuaronuxcs ¢ OB3 u MHBaNUIOB ompenensieTcss NeJarorndieckuM pabOTHUKOM B
COOTBETCTBUM C Y4yeOHbIM IaHoM. IIpu HeoOxommmoctu oOywatomemycs ¢ OB3,
WHBAIMIY C YYETOM WX WHAMBUIYAIbHBIX MCUXO(DHU3UYECKUX OCOOEHHOCTEW Naercs
BO3MOKHOCTh MPOUTH MPOMEXKYTOUHYIO aTTECTALMIO0 YCTHO, MUCBMEHHO Ha Oymare,
NUCbMEHHO Ha KOMIIbIOTEPE, B (hOpME TECTUPOBAHUSA U T.II., TUOO MPEIOCTABISAETCS
JOTIOJIHUTENBHOE BpeMs ISl IOJATOTOBKH OTBETA.

8. MeTtoauyeckue pexkoMeHJAalMH [JIsl NpenojaBaTejedl M0 OPraHU3alUH
BOCIIMTATEJbHOMH PA00OTHI C 00yYAOIMMHUCH.

Meroanueckoe obOecriedeHue Mmpolecca BOCIUTaHUS 00yYarolUXCsl BHICTYAET
OJHUM U3  OIpenestonmx  (akTOpoB  BBICOKOIO  KauecTBa  0Opa3oBaHUS.
[IpenogaBaTtens By3a, JAEMOHCTPUPYS BBICOKMH NPOPECCHOHAIMU3M, 3PYIULHIO,
YETKYH0 IPAKIAHCKYIO MMO3ULHUI0, CAMOAUCIUIUIMHY, TBOPYECKHUI MOJIXO0 B PELICHUU
npoecCHOHANBHBIX 3a7ad, B XojA€ 00pa3oBaTeNIbHOTO Ipoliecca CHOCOOCTBYET
(OpMHUPOBAHNIO TAPMOHUYHOMN JINYHOCTH.

[Ipn peanmzanuu JUCUUIUIMHBI  MPENOAABATENb MOXKET  HMCIOJIb30BaTh
CJIEYIOIIE METO/Ibl BOCIUTATENbHOU PabOThI:

- MeToAbl (POPMHUPOBAHUSI CO3HAHUSA JUYHOCTU (Oecena, MUCIYT, BHYIICHHE,
UHCTPYKTaX, KOHTpOJIb, OOBSICHEHUE, NpPHUMEpP, CAMOKOHTPOJb, pPaccKa3, COBET,
yOexKaeHue U ap.);

- METOJbl OpraHu3aluu JEATEIbHOCTH U (POPMHUPOBAHUS OIbITA IMOBEICHUS
(3amaHue, OOIIECTBEHHOE MHEHHME, IMeJaroruieckoe TpeboBaHUE, MOPYUYEHUE,
NpUyYEHUE, CO3aHNE BOCIIUTHIBAIOIIMX CUTYAINI, TPEHUHT, YIPAXKHEHHE, U Ap.);

- METOJbl MOTHBALIMU MAESITENILHOCTH U TMOBEACHUA (0A00peHue, MOOoIIpeHHe
COLIMAJIBHOM aKTHUBHOCTH, TOpPULAHWE, CO3JaHUE CHUTyalMil ycrnexa, CO3JaHue
CUTYALMH 711 SMOLIMOHAJIbHO-HPABCTBEHHBIX NIEPEKUBAHUI, CODEBHOBAHUE U JP.)

[Ipu peanuzanuu IUCHUIUIMHBI TPENOAABATENb JIOJHKEH YUUTHIBAThH CIICIYIOIIHNE
HaIlpaBJIEHUs] BOCIUTATEIbHON NEATENbHOCTH:

I'pasxcoanckoe u nampuomuueckoe 6ocnumanue:

- popmupoBaHre y OOy4aroOIIMXCsSl IIEJIOCTHOIO MHPOBO33PEHHUS, POCCUHCKOMN



UJIGHTUYHOCTH, YBKEHUS K CBOEH ceMbe, OOIIECTBY, rOCYIapCTBY, MPUHSATHIM B CEMbE U
OOIIeCTBE TyXOBHO-HPABCTBEHHBIM U COLMOKYJIBTYPHBIM LICHHOCTSM, K HAI[MOHAILHOMY,
KyJbTYypHOMY M HCTOPUYECKOMY Haciequio, (OpPMUPOBAHUE CTPEMIICHHUSI K €ro
COXPAHECHHUIO U PA3BUTHIO;

- popmupoBaHKe y 00yUYarOMIUXCS aKTUBHOW TPaKIAHCKOW TO3MIIMH, OCHOBAHHOMN
Ha TPAJAMLMOHHBIX KYJIbTYPHBIX, JYXOBHBIX M HPABCTBEHHBIX IIEHHOCTSIX POCCHICKOrO
oOImIecTBa, Myisl TIOBBIIICHUS CIIOCOOHOCTH OTBETCTBEHHO PEAIM30BBIBATH CBOH
KOHCTUTYIIMOHHBIE TIPaBa U 00513aHHOCTH;

- pa3BUTHE MPABOBOM U MOJUTUYECKON KYJIbTYypbl 00YUYaIOIIUXCS, PACHIMPEHUE
KOHCTPYKTUBHOI'O Yy4YacTHSl B MPUHITUU PEIICHHM, 3aTparMBarOllMX HMX NpaBa H
UHTEPECHI, B TOM YHUCJIE€ B Pa3IMYHBIX (POpPMAaX CaMOOpPraHHU3aIMU, CAMOYNpPAaBIICHUS,
OOIIECTBEHHO-3HAYMMOM JIeATeTLHOCTH;

- popMUpOBaHUE MOTHUBOB, HPABCTBEHHBIX U CMBICJIIOBBIX YCTAHOBOK JIMYHOCTH,
MO3BOJIIIONIUX TPOTHUBOCTOSTH AKCTPEMU3MY, KCeHO(DOOWU, IUCKPUMHUHALIMHU TI0
COLMAJIBHBIM, PEJIMTUO3HBIM, PACOBBIM, HAIMOHAIBHBIM MPU3HAKAM, MEKITHUUECKOU
U MEXKOH(ECCHOHATBHON HETEPIUMOCTH, JPYTUM HETAaTUBHBIM  COLHUAJIBHBIM
SABJICHUSIM.

/LlyxoeHo-npascmeennoe gocnumanue:

- BOCIIMTAHUE YyBCTBAa JOCTOMHCTBA, YECTH M YECTHOCTH, COBECTIIMBOCTH,
YBAXKEHUSI K POAUTEIIAM, YUUTEISM, JIFOJSM CTAPIIEro NOKOJICHHUS;

- opMUpOBaHUE TMPUHIUIOB KOJUIGKTUBU3MA U  COJUJAPHOCTH, JIyXa
MUJIOCEpJIUSl M COCTpaJlaHus, MPHUBBIUKK 3a00TUTHCS O JIOJAX, HAXOMSIIUXCS B
TPYAHOM )KU3HEHHOMN CUTYaLUU;

- popMUpOBaHUE COJUIAPHOCTH U YYBCTBA COIMAIBHOW OTBETCTBEHHOCTHU TIO
OTHOUIEHUIO K JIIOASIM C OIPaHUYCHHBIMU BO3MOXHOCTSIMU 3I0POBBsI, ITPEONOJIEHUE
MICUXOJIOTUYECKNX OapbepoB MO OTHONIIEHWIO K JIIOJISAM C OrPAaHHUYCHHBIMU
BO3MOKHOCTSIMU;

- )OpMUpPOBAHKE AMOIMOHAIBHO HACBIIIEHHOTO U JYXOBHO BO3BBIIIEHHOTO
OTHOIICHUSI K MHUPY, CIIOCOOHOCTH W YMEHHMsI MepeAaBaTh IPYTUM CBOM ACTETHUECKUMA
OTIBIT.

Kynomypno-npoceemumensckoe sochumanue:

- hopMUPOBaHUE ICTETUUECKON KapTUHBI MUPA;

- popmMupoBaHuE yBaXK€HUS K KyJIbTYPHBIM LIEHHOCTSM POJHOTO ropoja, Kpas,
CTpaHBI;

- IOBBIILICHUE TO3HABATEILHOM aKTUBHOCTH O0YYaIOIINXCA.

Hayuno-obpazosamenvrnoe éocnumanue:

- popmupoBaHue y 00yyaroluxcst HAyYHOTO MUPOBO33PEHMUS;

- popMupoBaHuE YMEHUS NOTy4YaTh 3HAHUS;

- popMupoBaHuE HABHIKOB aHajdM3a W CHHTE3a WH(GOpMAIlMK, B TOM YHCIE B
npodeccuoHanbHOi 001acTH.
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OneHouyHble MaTepualbl MO JUCUUIUIMHE MH)KEHepHsl CUCTEM 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
e Cemectp /

PeiiTuHroBsie nokazaTenu
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Paznen. "BBenenne B HeMpOHHBIE 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

Texnonocuueckas kapma @opmupyemcs  ONsl KAHCO020 BUOA NPOMENCYMOYHOU
ammecmayuu ( 3a4ema,’K3amMeHa, Kypcoso2o npoekma uiu pabomet)

2. OueHOYHbIE MATEPHAJIBI TEKYIIEr0 KOHTPOJISI U IPOMEKYTOYHOM aTTecTaluu
[IIkana oneHKH pe3yabTaTOB O0YUCHHUS 10 AUCIUIUIMHE:

YpoBeHb chOPMUPOBAHHOCTH MHIUKATOpa KOMIETCHIIUU
o . Hmxe .
Kox Kox TN — Bricoknii Cpennuit CpOMHETO Husknii
KOMII | MHAUKATO POBAHHBIC ot 85 no 100 ot 70 no 84 oT 55 no 69 or 0 nmo 54
c- pa pe3ybTaThl [IIxana oneHuBaHus
TEHI[ | KOMIETeH | OOy4eHHs 1Mo Hey[0B-
yIOBJIET-
15071 1805070 NUCIAIINHE OTJINYHO XOPOLIO JIETBOPH-
BOPHTEIILHO
TENBHO
3auTeHo HE 3a4TEHO
3HaTh:
- OCHOBBI ['ny6oko u XOPOLIO 3HAET | 3HAET 0a30BbBIE HE 3HAET
TEOPUH IOJIHO 3HAET OCHOBHBIE MTOHATHS 0a30BBIX
[IK-2 | IK-2.1 HCI\/'II\)‘OHHBIX MaTEMATHYECK | MaTeMaTHYECK Hemzonﬁmx MOHATHH, HE
ceTel, B TOM He CTPYKTYPHI | He CTPYKTYPHI ceTel, 3HaeT 3HAeT KaK
quce B OCHOBE B IIOCTPOEHHUH AJITOPUTM obyuaercst
pas3IuyHbIe MOCTPOCHHUS HEMPOHHBIX backprop, HEWpOHHAs
APXUTEKTYPHI HEHPOHHBIX ceTel, 3HaeT OCHOBHBIE CEeTb, HE 3HAET




HEHPOHHBIX CeTei, 3HaeT AITOPUTM METPHUKH KaK OILICHUTH
ceTeit u aNTrOPUTM obpaTHOTO KauecTBO
QJITOPUTMBI HIX o0OpaTHOTO pacmpocTpaHe o0yueHus
00y4eHus; pacmpocTpane | HHsI OIIUOKH, MOJICITH
- HHUS OIIHOKH, HEKOTOpbIE
MaTeMaTHYeCK | COBPEMEHHBIE | COBPEMEHHBIC
W€ CTPYKTYPBl | apXHUTEKTYpHI, | apXUTEKTYPHI,
Y TIPUHITUITBL METPUKH OCHOBHBIC
X 0000IeH s KavecTBa, METPHUKH
Ha MOCTPOEHHE
BBIYUCITUTEIHH
BIX OJIOKOB
HEUPOHHBIX
CeTeH;
YMeTs:
yMeer
aHaATM3UPOBAT
b
MTOCTaBIICHHYIO
3a1ady u yMeeT
- npesiaraTh aHAIM3UPOBAT
aHATM3UPOBATh | PpELICHHUs Ha b
HE yMeeT
MO U(DUKALIUN OCHOBE MOCTaBIICHHYIO yMeeT S
1 HOBBIE HeHpoceTeBhIX 3a1ady u moI0MpaTh aneKBaEH o
cpencTBa TEXHOJIOTHIA; npeiaraTh HEHPOCETEBYIO o Y
HEHPOCETEBYIO
MIPOrPaMMHOIO Ymeer pelIeHus Ha TEXHOJIOTHIO
TEXHOJIOTHIO
obecrieyeHust | 0OOOCHOBBIBATH OCHOBE IUTSI pETICHUS N ——
JUTSL CO3IaHHUS CBOH BBIOOD | HEHpPOCETEBBIX | IMOCTABICHHOMN P N
. . MOCTaBJIEHHON
HEHPOCUCTEM M | APXUTEKTYPBI TEXHOJIOTHH, 3aJauM. -
UHTEIUIEKTyallb | Y TEXHOJIOTHH | 00OCHOBBIBATH '
HBIX CHCTEM 00y4eHHUsT; CBOi1 BEIOOD
YmMmeer APXUTEKTYPHI;
HWHTEPIIPETUPO
BaTh BBIXO/IbI
MOJIEIH
Bnaners:
Buiageer
Buiageer
OCHOBHBIMHU Brnaneer
MIPOJIBUHY THIM
CpelcTBaMu OCHOBHBIMHU
Y CPEJICTBAMHU
CO3JIaHUsI CpeCcTBaMHU
CO3JIaHUsI -
- CpeaCcTBaMu - HEHPOHHBIX CO3/1aHus
HEUPOHHBIX . o He Bnageer
CO3JIaHHS U . cerei HEHPOHHBIX
cerei . CpelcTBaMU
o0yueHus Ppa3IUYHBIX ceTeit 0a30BBIX
o Pa3IUYHBIX CO3JIaHHS U
HEHPOHHBIX aApXUTEKTYP. APXUTEKTYP.
N APXUTEKTYP. o0ydeHMs
ceTen Bmaneer Brnaneer o
Bnageer HEHPOHHBIX
Pa3IMYHBIX CTaH/IapTHBIMU 0a30BBIMHU .
MPOJIBUHY THIM cereit
THUTIOB cpeJcTBaMu cpecTBaMu
U CpeJICTBAMHU
o0yueHus u o0y4eHus U
0o0y4eHUs 1
TECTUPOBAHMS | TECTUPOBAHUS
TECTUPOBAHHUS . N
9 ceTen. ceTen.
ceTe.
3HaTh:
- OTinyHO XOpOIIO 3HAeT | 3HACT OJIMH U3 HE 3HaeT
[1K-2.2 BBIYHCIIUTEIHH 3HAET SI3BIK s3p1k Python (peMBOPKOB | BBIYUCIUTENbH
BI€ CpEACTBA U Python mmn ni C++ | rTy0OKOTO BIX CPEICTB,
KOMILIEKCHI, C++, (bperiMBOpKHI o0yueHus, MPUMEHSIEMBIX




MpUMEHseMbIe | (pPEeHMBOPKHU IyOOKOTO TaKHe Kak npu
pu rIy0oKOTO o0yJeHMS, PyTorch u pa3paloTke
pa3paboTke oOy4eHwus, TaKHe KaK Tensorflow, MPOEKTOB
MIPOEKTOB TaKue Kak PyTorch u WNERIAE HelpoceTel u
He#poceTeit u PyTorch u Tensorflow, m1aT(hOPMEI HHTEIUIEKTYaI
uHTeIUIeKTYans | Tensorflow, 00J1auHbIE UL paboTHI ¢ BHBIX
HBIX o0J1auHbIC miatopmel HeHpoceTsIMH CUCTEM,;
CUCTEM; miat(opmbl JUTsE pabOTHI C
-ppeMBOpKHN | I pabOTHI C | HEUPOCETIMHU
rIyOOKOTO HEHpOCEeTIAMHU
o0ydeHwus,
TaKue Kak
PyTorch u
Tensorflow
YMeTh:
— CO3/1aBaTh,
MTPOBOJIUTH
OTJIaJKY YwMmeer
MPOTPaMMBI CO3/1aBaTh,
o1 MPOBOJIUTH
MTOCTABJICHHYO OTIaIKy Ymeer
3aa4y ¢ MIPOrPaMMBI € CO03/1aBaTh Ymeer HE yMeeT
Y4eTOM KCIIOJIb30BAaHU | IMPOrPaMMBI C co37aBaTh cO3/1aBaTh
MOCJICTHUX eM WCTONB30BaHU | TMPOrPaMMBI C | MPOTpaMMBI C
TEOPETUYECKUX | COBPEMEHHBIX eM WCTIONIb30BaHKUE | HMCIOJIb30BAHU
" MHTEIJICKTYal | COBPEMEHHBIX M eM
MPAKTHYECKUX BHBIX WHTEJUICKTYan | HEHpPOCETeBBIX | HEHPOCETEBBIX
JOCTHMKEHUN B | TEXHOJIOTHH, BbHBIX MoJiesen MoJieen
oOmactu ONNX (Open | TtexHosOTHiIt
HCKYCCTBEHHOT Neural
0 WHTEJUIEKTA U Network
HEWPOCETEBBIX Exchange )
TEXHOJIOTUM
Brnanets:
- TEXHOJIOTHEH
00BEKTHO-
OT1nu4aHO BJIaJieeT BIaseeT HE BlIaJiceT
OpPUEHTHPOBAH
Horo BJIaJieeT OCHOBHBIMH 0a30BBIMU OCHOBHBIMHU
TEXHOJIOTHSIMH | TEXHOJIOTHUSIMH | TEXHOJOTHSIMH | TEXHOJIOTHAMHU
MPOrpPaMMHUPOB
AHISE Ha SI3BIKE cOOpKHU U cOOpKHU U cOOpKHU U COOpKH U
Python 3arycka 3aIrycKa 3arrycka 3arrycka
Cr+ s MIPOrpamMm ¢ IPOrpamMm ¢ MIPOrpamm ¢ MPOrpamm ¢
KCIIOJIb30BAHU | MCIIOJIb30BAHU | KMCIIOJIB30BAHUE | HCIIOJIb30BaHU
pa3paboTKu U
TECTUPOBAHUS LM LM .M oo
vonereii HEHPOCETEBBIX | HEHPOCETEBLIX | HEHPOCETEBBIX | HEHPOCETEBBIX
MALIHHHOTO MOJIyJICH, MOJIyJICH, MOJTyJICH. MOTyJIeH
00yJeHMS;
3HaTh:
- OTinyHO XOpOIIO 3HaeT | YIOBIETBOPHUTE HE 3HAeT
MIPOrpaMMHbBIC 3HaeT MIPOrpaMMHbBIC JILHO 3HAEeT MPOrPaMMHBIX
[K-2.3 u MIPOrpaMMHbBIC cpencTBa u MIPOrpaMMHbBIC u
BBIYUCIIUTEIHH cpencTBa u o0JauHbIC CpEeJICTBA U BBIYHCIUTEIHH
BI€ CpEACTBA U obagHbIC mIaThOPMBI o0auHbIC BIX CPEICTB,
1aThOPMBI m1aThOPMBI IU1s1 pabOTHI C m1aTGopMbI MIPUMEHSIEMBIX
JUIS JUtst paboThI C | HEHWpOCETAMU JUtst pabOoTBHI C npu




MOHHUTOPHHTA | HEHPOCETAMH HEHpPOCETSIMH | COMPOBOXKICH
cucTeM WU CUCTEM
HCKYCCTBEHHOT HCKYCCTBEHHO
0 MHTEJIEKTA 0 UHTEJJICKTA
YMeTh:
ymeer HE yMeeT
Ymeer MIPOBOTUTH Ymeer Y
—TPOBOJIUTH MPOBOJIUTH
MPOBOJIUTH MOHHUTOPHHT MIPOBOJIUTH
COIIPOBOXKJICHU COTIPOBOXKICH
BHEJIPCHUE U MPOTpaMM C | COIIPOBOXKICHU
e He MporpamMmm
COTIPOBOYK/ICH | WMCIOJB30BAHU | € MPOrpaMM C
CUCTEM c
ne ONNX ( eM KCIIOJIb30BaHUE
HCKYCCTBEHHOT HCTIONb30BaHH
Open Neural | coBpeMeHHBIX M
0 WHTEJUIEKTa . eM
Network HHTEJUIEKTYan | HEHpPOCETEBBIX .
N HEeHpOCeTeBhIX
Exchange ) BHBIX MoJienei .,
. MoJieNen
TEXHOJOTHH
Bnaners:
OTnuyHO BJajeeT BIIaJCeT HE BIIajieeT
— cpelncTBaMu
BJIaJiceT OCHOBHBIMH 0a30BBIMU OCHOBHBIMU
COTIPOBOKICHH .

. TEXHOJIOTHEH | TEXHOJIOTUSIMH | TEXHOJIOTHUSIMH | TEXHOJIOTHUSIMH
HEHDOCETERLIX uH(pepeHca,Ha | uHpepeHca,Ha | nHpEpeHca,Hal | MH(epeHca,Ha
Mg;[eneﬁ s mp., ONNX mp., ONNX p., ONNX mp., ONNX

CRIME RUNTIME, RUNTIME, RUNTIME, RUNTIME,
p HHCTPYMEHTaM | MHCTPYMEHTaM | MHCTPYMEHTaM | MHCTPYMECHTaM
nH(epeHca.
u Tensorboard | u Tensorboard | u Tensorboard | u Tensorboard

OueHka «OTJMYHO» BBICTABIIAECTCS 3a BBINOJHEHUE NOJIHOE BbINOJHEHUE
nabopamopuelx pabom 8 cemecmpe, 21yO0Koe NOHUMAHUE NPUHYUNO8 NOCHMPOEHUs,
Memo008 u mexHoN02Ull 00yYeHUsI HeUPOHHBIX cemeli, NOHUMAHUe Mempux o0y4eHus,

3HAHUE  OCHOBHBIX  MEXHONO2ULl  UCKYCCMBEHHO20 — UHMENIeKMd, NOoJHble U
cooepoicamenvbivie 0OMEemvl HA BONPOCHL Ouiema (meopemuyeckutl U nPaKmu4eckull
60NpPOCYLL)

OneHKka  «XOpPOIIO»  BBICTABISICTCS 3@  BBINOJHCHHE  GbIHOJHEHUE

1a60pamopHbix pabom 6 cemecmpe, NOHUMAHUE OCHOBHBIX NPUHYUNO8 HOCMPOEHUS U
Memo008 00y4eHUs HeUPOHHbIX cemell, NOHUMAHUe Mempux oOy4eHus, 3HaHue
MeXHOI02ULl UCKYCCMBEHH020 UHMEILIEKMA, CO0epicamenvhble omeenvl Ha 60NPOCHl
bounema (meopemuveckutl U NPaAKmu4ecKuli 60NPocol)

OreHKa «yA0BJIETBOPHUTEIbHO» BHICTABJISACTCS 32 BBITIOJHEHUEC BblNOJIHEHUE
1abopamopHbiX pabom 6 cemecmpe, YACMUYHOE NOHUMAHUE OCHOBHBIX NPUHYUNOS
nOCMpOoeHUss U Memooo8 00yYeHUs] HEeUPOHHBIX cemell, 3HAHUe Mempux 00yueHus,
omeemuvl Ha 80NPOCHL buiema (meopemudeckuli U nPaKmudeckuli 60npocsl)

OrneHKa «HEY/0BJIETBOPUTEIBLHO» BBHICTABISETCS 3a Cllalo€ W HEMOJHOE
BBITIOJTHEHHE J1a0OpaTOPHBIX M TPAKTHYECKUX pabOT B CEMECTpe; HE3HAHUE M
HEMMOHUMaHue 0a30BbIX MPHUHIIMIIOB ITOCTPOCHUS HEUPOHHBIX CETEH; HEMOJHOE M
HESCHOE BBITIOJIHEHHE TEOPETHYECKOTO BOIMpOca OujieTa; HECIOCOOHOCTh OOBSICHUTH
POrpaMMHBIN KOJT IO MPAKTHYECKOW YacTH OuseTa.

3. IlepeyeHb O1LIEHOYHBIX CPEICTB



KpaTkass xapakTepuCTHKa OLIEHOYHBIX CPEACTB, HUCIOJIb3YEMBIX IMpPHU TEKYLIEM
KOHTpOJIE YCIIEBAEMOCTH M IPOMEXKYTOYHOM aTTecTaluyd oO0ydaromerocs 1o
JTUCUUIUINHE:



4. Ilepeyennb

KOHTPOJIBHBIX

3aJaHUid  WJHU  HHBIE

MaTepHAaJbl,

HCOﬁXOI[I/IMLle AJIAT OICHKH 3HaHI/Iﬁ, yMCHI/Iﬁ N HABbBIKOB, XapaKTCPU3YOIINX
ITAIlbI (l)OpMI/IpOBaHI/Iﬂ KOMHeTeHHI/Iﬁ B IIpouecce OCBOCHUA NTUCIHUIIJINHBI

s Trekymero kourpoJsa TK1:

IIpoBepsiemass KOMIETEHLHS:

[IK-2.1:

MAaTCMaTU4ICCKOTO U IIPOrpaMMHOIO oOecIreyeHus HCﬁpOCCTeBBIX TCXHOJIOTHH

Tect

CrnocobeH K MPOEKTUPOBAHUIO

Bonpoc

Ba PWaHTbl OTBETA

OTBET

Mo NCKyCcCTBEHHbIM
MHTennekTom B Poccum
noHMMaeTcA

KOMIMJIEKC TEXHOI0TMYECKMX PELLEHUI, NO3BONAIOLLNI
UMUTUPOBATb KOTHUTUBHbIE YHKLMN Yen0oBEKA

caMooby4eHuMe 1 NoUCK pelleHnin 6e3 3apaHee 3a4aHHOI0
anroputma

KOMMJIEKC TEXHOJIOTMYECKUX PELLEHM, NO3BOAIOLLNIA
NoJly4aTb NPU BbINOJHEHNUN KOHKPETHbIX 3334 pe3y/bTaTbl,
COMNOCTaBMMblEe, KaK MMHUMYM, C Pe3y/ibTaTamu
NHTENNIeKTYaIbHON AeATeIbHOCTM Yel0BeKa

BCe BbllLeonncaHHoe

HelipoceTteBbimu
TEXHONOTMAMMU Ha3bIBaAOT

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

TEXHONOrum,
MCKYCCTBEHHDbIX

KOMNIeKC MHPOPMALMOHHbIX
OCHOBaHHbIX HAa  NPUMEHEHUMU
HepPOHHbIX ceTen

MHd)OpMaLI,MOHHbIe CUCTEMbI NONCKaA

MHPOPMaALMOHHbIE TEXHO/IOTUM YNPaBAEHMUA

Anroputm oby4eHunn
WMCKYCCTBEHHON  HEWPOHHOM
CeTU 3aKaHYMBAETCA, Koraa

AOCTUTHYTO  3aflaHHOe  3HayeHune cpeaHen  (Mau

MUHUMAIbHOW) OLINOKM

CeTb Mcyepnana BO3MOKHOCTU 0byyeHUs (ownbKa
nepecTana yMeHbLIATbCA OT 3MOXM K 3Moxe)

npoﬁp,eHo onpegeneHHoe Koan4yecTtso anox

no6bon oTBeT U3 NepevyncNeHHbIX

Kakue dyHKUUM BbINONHAET
nporpamMmmHas peanmnsaumsa
BXO/HOIO C/105
MHOTOC/N0MHOrO
nepcentpoHa?

BblumcnseT nponsBoAHyHO ANA anroputma obpaTHoro
pacnpocTpaHeHns oWmnbKMN.

MepepaeT BXO4HOW BEKTOP CUIHANOB Ha NepBbIi
CKpPbITbI CNON.

Ypanset "wym" us curHana.

TpaHcAnpyeT CMrHan Ha BbIXOAHOW C/IOM MHOTMOC/IOMHOIO

KoTopbIx paBHbl 10, -20, 5, 4 u
COOTBETCTBYHOLLMNE BECA
cBaAsen pasHbl 0.8, 0.5,0.7 n
-0.5 cooTBeTCcTBEHHO.
Bblumcante curHan Ha Bbixoae

nepcenTpoHa.
HeWpoH j nonyunn Ha Bxop, -1.8485
CUTHaN OT YeTblpex ApYyrux 0,5
HEeMpPOHOB YPOBHMU -0,4621
BO3OYXKAEHMA, 3HAYEHMA 0,2449




j-ro HeMpoHa B cny4yae, ecam
bYHKLMA aKTUBaLMK
HEMPOHOB eCTb
rmnepboanYeCcKnin TaHreHC.
BbibepuTe NnpaBubHbIA OTBET:

MNporpammHo
HEeMpPOHHanA

peanunsoBaHa
CeTb C OAHMM
CKpbITbIM cnoem "
aKTUBALMOHHOM byHKumen
curmompa. Y cetm 1 Bxopg, 3
HEMPOHA B CKPbITOM CNOE WU
OAMH Bbixog. YTo Oyaer 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 «obyyeHuna | npoueaypy NOACTPOUKM BECOBbIX 3HAUEHUIK
MCKYCCTBEHHOW  HEMPOHHOW | npoueaypy BbIMUC/IEHMA MOPOrOBbIX 3HAYEHWUN ANA
cetn»? bYyHKUMI akTMBaLUK

MporpammHan peanusaums
O4HOC/IOMHOTrO NepcenTpoHa
Nno3BONAET pellaTb 3a4a4u

annpoKcumaumm GpyHKumit

pacno3sHaBaHuna 0bpas3os

Knaccudukaumm

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

lim th(z)
yemy paBeH =+ x t?
Ona paspabotkm anroputmos | ResNet
M nporpammHbix cpeacts gna | YOLO
OeTekuMn n  TpeKWHra B | SSD
cucTemax BupgeoHabaogeHus, | GAN
NCNONb3yoTCA HEeNpPOHHbIE
cetn
Kakoin ¢penimBopk rnybokoro | CNTK
obyueHns wumeet uHTepdeic | Tensorflow




ana pa3paboTku
NPOrPamMHbIX CpPeacTB  Ha
A3blKe  MPOrpamMmmMmpoBaHMA
Python pna obyyeHna wu

3anycka MHC?

PyTorch

Bce nepeuncneHHble

BxoaHoe nsobpaxeHne nmeet
pasmep 32 Ha 32. Kakoro
pa3mepa nosyunTca pesynbrat
CcBEPTKU B PyTorch 5 Ha 5 6es3
padding, co stride=(1,1), ecnun
Ha BbIXO4e AO/MKHO 6biTb 6
KaHanos?

torch.Tensor pasamepom 6 Ha 14 Ha 14

torch.Tensor pasmepom 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
TpexXKaHaNbHOMY
n3obparkeHnto? He cuntaiite
CNOW aKTMBALUUK, 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 TpeEX KaHanoB

9 VYHMKanbHbIX -- BCcero 27,
napameTpbl 04MHAKOBbIe

HO AnA BCEX KaHa/iosB

27 napameTposB: 3X3 ANA KaXKA0ro U3 Tpex KaHanos

Ona  KakoW  apXuTeKTypbl
CBEPTOYHON HEWPOHHOM ceTn
XapaKTepHo obxoaHble
coeanHeHus

(skipconnections),
npobpacbiBatowme rpagmeHT
ownbKM B 06X04 CBEPTKM

VGG

AlexNet

ResNet

GoogleNet

YKaxkute owmnbky npu paborte
¢ ontummusatopom B PyTorch
npu pas3paboTke nporpammbl
06y4eHnA HeMPOHHOI ceTu.

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

optimizer.step()

optimizer.zero_grad()

optimizer.backward()

Bomnpocsr

1. ®yHkius nMoTeph U ONTUMM3AIMUS MapaMeTpoB HeWpoHHOU ceTu. BoiBog PII

n3 MCTOAa MaKCHUMAJIbHOT'O HpaBI[OHOI[O6I/IH.

2. OOyueHnue

BO3HHUKHOBCHUS.

B w

Softmax.

o

7. MHOTOCJIOUHBIH

HEUPOHHOU
pacnpocTtpaHeHuss owmuOku. IloHsATHE mMapanuya ceTM W NPUYUHBI  €ro

CCTHU C ITOMOIIIBIO alropuTtma

OrueHka kadyecTBa HeEHpoceTeBbIX Mojenel. OCHOBHBIE METPUKH.
CBépTouHbIe HEWPOHHBIE ceTh. Ornepanns CBEPTKH, KacKal CBEPTOK.
5. ApXHUTEKTYpbl HEUPOHHBIX CETEH ISl MYJIbTHKIACCOBBIX Mojened. DyHKuus

ApPXHUTEKTYpbl HEHPOHHBIX ceTel ISl MOJIeNie OMHAPHOM Ki1acCH(UKAINH
MEPLIENTPOH.
[Ipeonmonenne orpaHUYCHUS JTUHEHHON Pa3IeIMMOCTH U PEIIeHUE MPOOIEMBI

[IpencraBnenne  OyJeBbIX

MCKIII0Yaroero «wm». Teopema Kommoroposa.
8. Omeparnus nexonposroruu. Transposed convolution layer.

©

ANTOpUTM 00paTHOTO pacrpocTpaHeHus: OMOKU. [JJoCTOMHCTBA U HEOCTATKU

oOpaTHOro

byHKITUH.



anroputMa. [loHsTHE napanuya CeTU U MPUYUHBI €70 BOZHUKHOBEHMUS.
10. bazoBas apxutekTypa HeHpoHHBIX ceTei. [Ipunimnel nocrpoenus. OCHOBHBIC
GYHKIIUN aKTHBAIIH.

Jast Tekymero koutpoJs TK2:

[IpoBepsiemast kommnerenuus: [1K-2.2: Cnocoben K pa3paboTke
MaTE€MaTUYeCKOro M MPOrpaMMHOrO0 OOECHEYeHUs] CHUCTEM HCKYCCTBEHHOIO
untesekra; [IK-2.3: CnocoGeH conmpoBOXIaTh CUCTEMBI HCKYCCTBEHHOI'O
UHTEIJIEKTa

Bomnpoc Bapuants! oTBeTa OTBET

B KaKHUX 00JacTsX | OIIEHKA BEpOSITHOCTH OAHKPOTCTBA;

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

AJITOPUTMBbI Ha OCHOBC | 3aga4u KJIaCCI/I(i)I/IKaHI/II/I n CErMCHTAMHM 3KOHOMMHYCCKHX
HCKYCCTBCHHBIX HeﬁpOHHLIX 00BEKTOB

cerei? BCe MepeuncJeHHble
[IporpamMmMHO peaii3oBaH 0,9951

HEHPOH ¢ PyHKIHMEH 1

AKTUBAIIMH THIIA -1

runepOoIn4YecKuil TaHreHe ¢ | 0,9981
TpeMs BXOAAMHU U HEHPOH
cMmenieHus. Bxonsl Bce

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

HelpoHa?

B nporpamme HelpoHHOM 0,25
CETH HEHPOH ] MOTY4YuJI HA 0,6225
BXOJl CUTHAJI OT YETBIPEX 0,3775
APYIrux HEHPOHOB YPOBHU -1,5415

BO30YXK/I€HUs, 3HAUCHUS
KoTophIX paBHbl 10, -20, 5, 4
U COOTBETCTBYIOILIME BECa
cBasel paBHel 0.8, 0.5,0.7 n
-0.5 cOOTBETCTBEHHO.
Beruucnure curnan Ha
BBIXOJIE -T'O HelpoHa B
ciydae, eciid QyHKIUs
aKTUBALlUU HEHPOHOB €CTh
JIOTUCTHYECKAsi CHTMOU/IA.
Bribepure npaBuIIbHBIN
OTBET:

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

OJIHOCJIOMHOI'0 IEPCENTPOHA Sawi <

Ha BXOJ MOJACTCA BEKTOP | il

(X1..Xn). B kakom ciydae | eciu Ui KaXA0TO HelipoHa j Oynem UMeTh
o,

BBIXOJIOM OyAeT HyJeBOi Sewi <1

i=]




BEKTOP?

€CJIU IJIs1 KaXK/I0Tr0 HellpoHa j OyeM umMeTh
kil .
Sawl <O

i=I

€CJIM HalIeTCs TaKOW HEUPOH J, UTO

H .
Saw =6
i=]

Haiinure npon3BoaHy0 3TOU
(GYHKIMU aKTUBALUU

th{z)

e e

of | %

U BBIpa3HTe
pe3ynbTar Yepe3 (YyHKIUIO

th(x)

1-thy(x)

1+h?(x)

th(x)-1

th?(x)

Kakas apXUTEKTypa
HMCKYCCTBEHHOM HEWpPOHHOU
ceTu Ooub1ie BCETO
HNOJIXOAUT JUIsL pa3pabOTKH
QITOPUTMOB U IIPOTrPAMMHBIX

[TonHocBs3HAs
MIePCENTPOH)

HEWpPOHHAs CEThb (MHOTOCTOMHBIN

CeproyHasi (KOHBOJIIOIIMOHHAS) HEHPOHHAS CeTh

PekyppenTHas HelipoHHAs CETh

Cpe/CTB pacro3HaBaHHs
o0pa3oB " aHaJIM3a

n300pakKeHUI?

[lyctsb B nporpamme | MSE

aBTOMATHUYECKOTO MAE

pacnosHaBanus pykonucHbiXx | CE (Cross Entropy)

uapp or 0 no 9| BCE (Binary Cross Entropy)
UCTIOJIB3YyETCs CNN c

aktuBarmen softmax. Kakyro
GyHKIUIO OTEPh BBI
BbIOepeTe?

AYFMCHTaIII/ISI JaHHBIX
MMPUMCHACTCA IJIA

yBeJIH4eHusi 00bemMa odyuarouieii BbIOOpKH

YBCIIMUCHUA CKOPOCTHU 06yquH${

HOpMaJIH3aIuu
00pbHOBI ¢ epeodyyeHneM

C MIOMOIIBIO kakoro | 1

MUHHUMAJIBHOTO gucia | 3

HEWPOHOB B CKpPBITOM cloe€ | 4

MHOT'OCJIOTHOTO 5

nepcenTpoHa pemraercs

npooema XOR ?

s pazpabotku anroputmon | GAN

Y MpOTpaMMHBIX cpenctB 1 | ResNet

pelenus 3amaun | LSTM

kinaccuukanuu B cucremax | VGG

KOMITBIOTEPHOTO 3peHUst

HCIIONB3YIOTCS  HEUPOHHBIE

CeTH

[Ipu nocrpoenun
ITOPUTMOB O0YUYEHUS
HEUPOHHOU CeTH OOBIYHO
JaTaceT AeJAT Ha 2

yacTtu train u test uiu Ha 3
yacTu: train, validation,
test. Iy1s1 4yero HyHO Takoe

Ecmu 06yanBC$I Ha IIOJTHOM AaTac€TC U Ha HEM XKE JICJIaTh
BaJInJalii0, TO MOKHO HC 3aMCTUTH HCpCO6y‘-ICHI/IH

Validation HyXHa, 4TOOBI MOAOOpPATh THUIEpPHApaMETPhI
ceTu

Test HyxkeH nis (UHATBHON OILIEHKH KadecTBa PaOOTHI
CeTH

Bce BbllenepeyncieHHoe




neneHue?
Kakas nporpammHas | Tensorflow
Ooubnuoteka He mpuMeHsiercs | Torch
TSl TIIyO0KOTO 00yueHus? NLTK
CNTK
[Tpu nanmcanuu nporpamm B | d[0] + c[2]
PyTorch xakas oneparus ¢ c%d
TeH3opami 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]])
MO3BOJISICT MOJIYYHTh
CJIeIYIOILUN BBIBOJ?
tensor([[0., 1., 1., 1.],
[1,1.,1,1],
[1.,1.,1.,1],
[1,1.,1,1],
[1.,1.,1.,1])D
[TycTh MaTpHIIa IPU3HAKOB [[-4, 3],
paBHa [-9,5]]
[[4’ 2’ '1]’ [[3! '4] )
[-6, 0, 5], [-9.,5]]
[31 21 2]]’ [['91 5] )
a PO CBEPTKH — [3,-4]]
[[0, 1, 2], [[-4, 3,1],
[1! '11 0]! [1, 0 ,-2]]
[11 01 '2]]
KakoB Oyzer pe3yabTat
MPUMEHEHHSI CBEPTKH CO
stride=2, padding=1?
B mporpamme na PyTorch | 13
ucxonubii torch.tensor 6wur | 169
pazMepom 13x13x384. | 384
Ckonpko (GUIBTPOB AOKHO | 64896
ObITh B CBEpPTKE, KOTOpAs
BBIIAET torch.tensor
pa3zmepom 13x13x3847?
Bonpocut
1. Perymsapuzanuss HeWpOHHOMN Perymapuszanus
TuxoHoBa, Lasso — perymsapu3zanus
2. Perynspuzamnus u npopexuBanue HeWMpoHHOU ceTu. [Ipsimoit m oOpaTHBII
Dropout.
3. Mertoasl  raybokoro  obyuenus.  Hopmanmzanus
HOpMaJIN3alu:i.

4, Texnonoruss mnepegaun oOydeHuss Transfer Learning.

Hcnonbs3oBanue



npeno0yUYEHHBIX CETEH.

S. ABTO3HKOZEPHl. OCOOCHHOCTH AapXUTEKTYphl M OOydYeHHUs SHKOAepa U
JeKozepa.
6.  Pekyppentnsie HeilponHble ceTH. Apxutektypa GRU (Gated recurrent unit).

7. Pexyppentubie Heliponnbsie cetu. Apxutektypa LSTM (Long Short-Term
Memory).

8. I'enepatuBHO-cocTs3arenbHble HeipoceTu (GAN) u style transfer.

9. ®dpeitMBopk riaybokoro odyuenus Tensorflow

10. ®peiimBopk rirybokoro ooyuenus: Pytorch

sl IpOMesKyTOYHOM aTTeCTAlUM:

ba3oBbie BOMPOCH! K 9K3aMeHY

1. Maremaruueckasi MOCIIb OMOJIOTHYECKOTO HeHpoHa. JIeHApUTHI, aKCOHBI, CHHAIICHI.

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

3. bazoBas apxurtektypa HeilpoHHBIX ceTeil. [Ipunuunel nocrpoeHus. OCHOBHBIE (YHKIHH
AKTHBALIUU.

4. llepuentpon Poszenbnarra u mnpaBuno Xe60a. Teopema 0 CXOAMMOCTH alropuTMa
o0Oy4eHus NepuenTpoHa A TMHEHHO-pa3aeauMbix MHOkecTB. [Ipo6nema XOR.

5. Mmuorocnoiubiii  nepuentpoH. IIpencraBnenune OyneBbix ¢yHkuuit. IIpeogonenue
OTpaHWYCHUS JIMHEWHON pa3eNMMOCTH M PEHIeHHE MPOOJIeMbl HCKIIOYAIOIIETO «HIIH.
Teopema Konmoropoga.

6. OOyueHue HEMPOHHOW CETH C MOMOIBIO ANTOPUTMA OOPATHOTO PACIIPOCTPAHEHUS OIIMOKH.
[TonsTHE Mapanuya ceTH ¥ MPUYUHBI €T0 BOZHUKHOBEHUS.

7. @OyHKUUSA TOTEPh M ONTUMHU3ALUS MapaMeTpoB HEWpOHHOU ceTu. BriBox ¢yHKIMU mOTEph
U3 METO/1a MaKCUMAaJIbHOTO IPaB0No100usl.

8. TIpobnema OBpa)XHOCTH MOBEPXHOCTH (DYHKIIMOHAJIA OMIMOKHY M €€ YaCTHYHOE TIPEOI0JICHHE
¢ momMotkio BBeaeHUs: MmomenTa (Nesterov momentum).

9. OO0yuenue ¢ momMoInkio backpropagation va ocuose anropurma RMSProp.

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

11. TIpoGiema ucuesaromiero U B3pbIBaroIierocs rpaauenta. [lonstue «ymuparommuiin» ReLU.

12. Onenka kauectBa o0y4deHust. OCHOBHBIE METPHKH 331249 KJIacCU(UKAITUH.

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

14. [locTaHoBKa U pelieHue 3aaun OMHAPHON KJIacCU(UKALIUU C TIOMOIIbIO HEHPOHHBIX CETEH.

15. ApxuTeKkTypbl HEHpPOHHBIX CETEeW MAJsi MHOTOKJIACCOBBIX Mojeneld. BeposTHocTHas mepa
MPUHAJJIEKHOCTHU K Kiaccy. 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 6;iox). Training head.

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

20. ITepeoOyuenne u MmeTo 6l 00pHOBI ¢ HUM. AyrmenTanus. Early stopping

21. Perynspuzanust HelipoHHOW cetn: "weight decay". Perymspusamms TuxonoBa, Lasso —
peryisipu3anus.

22. Perynsipuzanus ¥ MpopekuBaHue HEMPOHHOM ceTu. Dropout.

23. Hopmanu3zaius ganubix - batch-mopmanumzanus (batch_norm, layer_norm). Beruncienue
CTaTUCTHK MPH 00yueHuu u Banuaamnuu (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)
CemaHTHYecKast CErMEHTAIMSI ¢ IOMOIIBIO TIy0okoro o0yuyenus. IlogHOCBEpTOUHBIE CETH
(FCN). Omepanus nekonBoroiuu. Transposed convolution layer.

Apxutektypa SegNet, Unet. dyukiun noreps Ha ocHoBe Koddduuuenra Jlaiica u focal
loss.

Metoapl MaciitabupoBanusi s omepauuu upsampling u downsampling. Dilated
convolution.

['enepaTuBHBIC MOAETH U ABTOIHKOIEPHI.

Bapuarnmonnsie aBrosukoaeps! (VAE). [luseprennust Kyns6aka-Jleiionepa.
I'enepatuBHO-cocTsA3aTenbHble HelpoHHbIE ceTH (GAN) M HEHpOHHBIM CTWIb IEpeladyu
oOyuenus (Ha nmpumepe style transfer).

PexyppeHTHBIC HEHPOHHBIE CETH U CTIEU(HUKA UX 00YUCHUSI.

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

OpeiimBopk  Timybokoro oOyuenus PyTorch. ABromarmueckoe muddepenunpoBanue.
[Mpunmune!l noctpoenus HelpoHHbIX ceteld B PyTorch: ¢yHKuMoHAmbHBIN M OOBEKTHBIN
MOJIXO/I.

OpeiimBopk riryookoro obydenusi Tensorflow. Breramcnurensnsiii rpad. Iloctpoenme
HEWPOHHOI ceTH U ee oOyuenue. Tensorboard.

HNudepenc netipocereBbix Mogenein. ONNX.

Mexanu3m BHUMaHus. Apxutekrypa Transformer.

TunoBwle 3a1a4u:

1.

2.

Peanu3oBath m 00y4nTh CeTh AJsl TpencKa3aHUs JOSILHOCTH KIHEHTOB
COTOBOTO omepaTopa (JaTaceT y mpenoaBaTers)

Peann3oBath CBEpPTOUHYIO CE€Th, 00YUYUTh CETh U MPOBECTU KJIACCUPUKAIINIO
torchvision.datasets.FakeData. CoctaBute confusion matrix. I[locTtpouts
rpadguku accuracy u loss nHa Bamupanuu. IlpoBectn aHanmu3. YMeTh
O0OBSCHUTH CBOM KOJI.

PeanuzoBars ResNetl18 ainsa CIFAR10 ( torchvision.datasets).

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

HobaBbre L2-perynsapuzanuto. B PyTorch ona akTtuBupyeTcs ¢ mOMOIIBIO
napameTrpa weight decay B ontumuzatope. 3HaueHHE 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.
[IpoBecTun ananu3 o0ydeHus. YMeTb OObSICHUTH CBOM KO/I.

C momompio ¢peiimBopka PyTorch mist pemenust 3amaun kiaccupukammum
peann3oBath HelpoHHYIO ceTh apxutektypbl VGG. [IpoBectu oOyueHue Ha
natacere EMNIST (torchvision.datasets) B Google Collaboratory.



10.

[TocTpouTs rpaduku accuracy u loss Ha BamuaIuu.

[IpoBecTn aHaiM3 BIAMSHUS THIEpapaMeTpoB (Ha BbIOOp | mapamerp) Ha
oOyuenue nocrpoennor MHC.

C momompio ¢peiimBopka PyTorch mis pemenus 3agaun kinaccudukanuu
peain3oBaTh HEWPOHHYIO ceTh apxutekTypbl MobileNet. IlpoBectu
oOyuyenne Ha pnatacete FashionMnist ( torchvision.datasets) B Google
Collaboratory. IToctpouts rpaduku accuracy u loss Ha BajuIaIny.
[IpoBecTn aHanu3 BAMSHUS TUIEpriapaMeTpoB (Ha BbIOOp 1 mapamerp) Ha
oOyuenue nocrpoennort MHC.

Peanu3oBath CBEpTOUHYIO CETh, O0OYUUTh CETh U MPOBECTH KIIACCUDPHUKAIINIO
torchvision.datasets.FakeData. Iloctpouts rpaduku accuracy u loss Ha
BaJUAIUH.

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

C nomompbio ¢petimBopka PyTorch peanuzoBaTh HEUPOHHYIO CETh
apxutektypel ~ DenseNet. Pemmts 3amady  kinaccUpuUKamUu Ui
FashionMNIST wu3 6ubmmoreku torchvision.datasets. CoctaButb confusion-
matrix. I'padpuxu accuracy u loss Ha Bammpanuu. [lpoBecTn ananu3
00yueHust. YMETb 00bSICHUTD CBOM KOJI.

[IpoBectn OuHapHyro knaccupukanuo B ML-3agadye (maracer y
npernoaasarens). Paznenuts BbIOOpPKY Ha OOydarollyl0 M KOHTPOJIBHYIO.
OOyuutsb ceTb. OLICHUTh KaUYeCTBO OOYyUEHHS.

Pemienne 3amaunm perpeccud C TOMOIIBID HEUPOHHOW ceTH (Jartacer y
penojaaBaTess).

OOyunTh HEHPOHHYIO CE€Th U 3aJauyd TNpeJCKa3aHus 3a0o0JieBaHUS.
[Toctpouts rpaduxu accuracy u loss Ha Banmupanuu. [lpoBectn ananus.
VYMeTh 00BACHUTE CBOU KOI.
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