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

HCJ'IBIO OCBOC€HUA  JUCHOUIIIIMHBI I/IH)KeHepI/IH CUCTEM  HMCKYCCTBCHHOTI'O
HHTCIIJIICKTA ABJIACTCA HCJ'IBIO OCBOC€HHUA JUCHUIIIIMHBI ((I/IH)KeHepI/IH CUCTEM
HNCKYCCTBCHHOT'O MHTCIIJICKTA» ABJIACTCA q)OpMI/IpOBaHI/Ie Y CTYACHTOB TCOPCTUYCCKHX
N IPAKTUICCKUX 3HAaHUM O COBPCMCHHBIX HAIIPABJICHUAX, MCTOOOJIOTHUAX U IMOAXO0IA4X,
OTHCCCHHBIX K TCXHOJIOTHUAM HUCKYCCTBCHHOI'O MHTCIIJICKTA.

3ajayaMy  JIUCLMIUIMHBI  SBISIIOTCA:  3aJadyaMHd  M3Yy4YeHUS JHUCLUILIMHBI
«HXeHepus CHCTEM HCKYCCTBEHHOIO HMHTEIUIEKTa» SBIAIOTCS: - (OPMUPOBAaHUE
0a30BOr0 MOHATUHWHOTO amnmnapaTa MPUHIMUIOB (YHKIIMOHUPOBAHMS HCKYCCTBEHHBIX
HEHPOHHBIX CETEel W METOJOB UX OOydYeHHUs; - H3yUYEeHUE CPEACTB pPa3pabOTKU U
IIPOCKTUPOBAHMS UCKYCCTBEHHBIX HEMPOHHBIX CETEH; - 3HAKOMCTBO C COBPEMEHHBIMHU
TEXHOJIOTUAMH HCKYCCTBEHHOIO MHTEIUIEKTA, IO CIEAYIOIIMM HAIPaBICHUAM -
KOMIIBIOTEPHOE 3pEHHE; - 00pabOTKa €CTECTBEHHOTO S3bIKA; - pACMO3HABAaHUE U CUHTE3
peuyu; - HHTEUIEKTyaJbHbIE CUCTEMBl NOAJECPKKH NPUHATHS  PEIICHUH. -
¢bopMUpOBaHNE YMEHUN M HAaBBIKOB PELICHUS MPAKTUYECKUX 3a]ad C MPUMEHEHUEM
TE€XHOJIOTUI UCKYCCTBEHHOTO MHTEJIJIEKTA.

KomnereHumu u UHIMKATOPBI, HOpMUpPYEMBIE Y 00YUaIOIIUXCS:

Kox 1 HauMeHoBaHHE KOMITETEHIIUU Kon n HanmMeHoBaHMe WHIUKAaTOpa

[1K-2.1 Crioco0OeH K MpOeKTUPOBAHHUIO
MaTEeMaTUYeCKOro U MPOrpaMMHOI0
[TIK-2 Crioco6eH K MPOSKTUPOBAHUIO U | 00ECTICUCHHSI HEHPOCETEBBIX TEXHOJIOTHU

pa3paboTke MaTeMaTHYeCKoe 1 [1K-2.2 Cnioco6eH k pa3paboTke
HpOrpaMMHOE 00ECIIeYeHUE CHCTEM MaTeMaTHYeCKOT0 U IPOrPaMMHOTO
HUCKYCCTBCHHOI'O MHTCJJICKTA JJIA obecreyeHnst CUCTEM HCKYCCTBCHHOI'O
pelIeHH s 3a1a4 MPEAIIPUSITUS VHTEIUICKTA

[TK-2.3 CriocoGeH conmpoBOXAaTh CUCTEMBI
HCKYCCTBEHHOI'O MHTEJIJICKTA

2. MecTo aucuuniauHbl B cTpykrype OIT

[IpeamecTByromme TUCIUTIIUHBL (MOaysH), ipaktuku, HUP, np.: O6bexTHO-
OPUEHTUPOBAHHOE MTPOrPaMMHUPOBAHUE.

[Tocnenyromume qucuuIuIMHbL (MOyH ), ipakTuku, HUP, np.: Beimonnenue u
3alUTa BBITYCKHON KB (PUKAIITMOHHON paOOTHI.

3. CTpyKTypa U coaepkaHue TUCUMUIINHBI
3.1. CTpyKTypa IMCHUILIAHBI
JLiist ouHOM popMBbI 00yUeHUs

Bun yuebnoit paboTbl ngo Egg}g CeMe<7:Tp (1)
OBLIAA TPYJOEMKOCTDH JUCHUITJIMHBI 6 216 216
KOHTAKTHASA PABOTA - 103 103
AYJIUTOPHAS PABOTA 1,89 68 68
Jlexuun 0,94 34 34
[IpakTrueckue (CeMHUHAPCKUE) 3aHATH 0 0 0




JlaGopaTopHbie paboTHI 0,94 34 34
CAMOCTOSATEJIBHAA PABOTA OBYYAROIIET'OCA 4,11 148 148
IpopaboTka yueGHOro MaTepuana 2,11 76 76
KypcoBoii mpoext 0 0 0

Kypcosas pa6ora 1 36 36
[ToaroToBKa K IIPOMEKXYTOUHOM aTTeCTaluu 1 36 36
[TpoMeKyTOUHAs aTTECTALUSL: K9P

3.2. Conep:xxaHue IMCUMILINHBI, CTPYKTYPHPOBAHHOE 0 pa3jejaM U BHIaAM
3aHATHI

Paznenbr Pacnpenenenue ®opmbl U1 | HIEKCHI MHIUKATOPOB
JUCITUTIIAHBI 2 TPYJAOEMKOCTHU BU]I (hopMUpyeMbIX
§ 10 BUJIaM y4eOHOM paboThl | KOHTpOJIA KOMIICTCHITHH
o = o o
| ElE|E|E
Paznen 1 72 17 17 38 TK1 1IK-2.1,3YB
[1K-2.2, 3YB
I1K-2.3, 3YB
Pa3nen 2 72 17 17 38 TK2 IIK-2.1,3YB
TK-2.2, 3YB
I1K-2.3,3YB
DK3aMeH 36 36 OM1 IIK-2.1,3YB
TK-2.2, 3YB
I1K-2.3,3YB
Kypcosas Pabora 36 36 OM1 1IK-2.1, 3YB
[1K-2.2, 3YB
I1K-2.3, 3YB
HToro 3a 7 cemecTp 216 34 34 148
UTOro 216 34 34 148

3.3. Conep:xkanme TMCIHUINIAHBI
Cemctp 7

Paznen 1. Benenue B HEHpPOHHBIE CETH
Tema 1.1 OcHOBBI HEMPOHHBIX ceTel u cuctem MU

[TonsiTue HCKYCCTBCHHOT'O MHTCIIJICKTA. I/ICTOPI/I}I Pa3BUTHA TEXHOJIOT UM
HCKYCCTBCHHOT'O MHTCJIJICKTA. COBpCMCHHBIC TEXHOJOI'n1 NCKYCCTBCHHOI'O
HWHTCJIJICKTA 110 CJICAYIOIIUM HaIIPpaBJICHUAM

. KOMITBIOTEPHOE 3PCHUE;

. 00paboTKa €CTECTBEHHOTO SI3bIKA;

. pacro3HaBaHWE U CHHTE3 PEUH;

. WHTEJUICKTYaJIbHBIC CUCTEMBI MOJIICPIKKH MIPUHSTHS PEIICHUN;

OCHOBBI HEMPOHHBIX ceTel. bronornueckue acneKkTbl HEPBHOM J€ATEIbHOCTH.
Heiipon. Akcon. Cunarc. Pednexropnas nyra. LlenTpanbHas HepBHas cUCTEMa.
Mopaenn uckyccTBeHHOro HelpoHa. @yHKIMK akTuBaluu. bazoBas apxurekrypa
HelpoHHBIX ceteid. O0ydenue ¢ yunteneMm. OCHOBHAsI TEPMUHOJIOTHUSI.



Tewma 1.2 IToTHOCBA3HBIE CETU MPSIMOTO PACTPOCTPAHEHUS

[TonmHOCBSA3HBIE CETH MPSIMOTO pacnpocTpaHenus. [Ipeogonenne npoodaembl
XOR. O6yuenue HEMPOHHOM CETH C TOMOIIBIO AITOPUTMA 0OPATHOTO
pacnpoctpanenus omuoku. [lonstue odyuaromero kouseriepa (Pipeline).

Tewma 1.3 CBepTouHblE HEHPOHHBIE CETH

Omnepanus cBepTku. Bzanmuas xoppemsius. Penentusnoe nosne. Kackan
cBepTok. [ pynnuposka (pooling).

Tema 1.4 [IpoaBuHyThIE METOABI O0yUYEHUS

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

Pa3nen 2. TexHOIOTUU HCKYCCTBEHHOTO MHTEIICKTA
Tema 2.1 Texnonoruu nepenauu ooydenus: Transfer Learning

Texnonoruu nepenaun 3Hanmii Transfer Learning / Domain adaptation.
JooOyuenue cetu, nojcrpoiika mapameTpon Fine Tuning. Mcrions3oBBaHue
npeno0ydeHHbIX ceTeil. COBpEeMEHHbBIE CBEPTOUHBIE apXUTEKTYPhI

Tema 2.2 ABTO3HKOJAEPHI.

ABTOKOJIMPOBIIMKU. ApXUTEKTypa HKoAep-AeKkoaep. OOHapyKeHUue aHOMAJIUN
B JJAaHHBIX C IOMOIIIBIO aBTO3HKOAEpA. ['eHepaTuBHBIE MONlenn. BapuanmonHsie
aBTO3HKOJephl VAE.

Tema 2.3 I'enepatuBHbie Mmoaenu A

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

Tema 2.4 Texnonorun MM B 06paboTKe €CTECTBEHHOTO S3bIKA

O06paboTKa eCTECTBEHHOTO S3bIKa C MOMOIIIbI0 HEHPOHHBIX CETEH.
Knaccuduxanus texcra. PekyppeHTHble HelpoHHbIE ceTh. ApxuTekTypbl LSTM
(Long Short-Term Memory) u GRU (Gated Recurrent Unit).

Tewma 2.5 IlepcieKTUBHBIE MOJIETN UCKYCCTBEHHOI'O MHTEIIIEKTA.

MexaHu3M BHUMaHUsI. APXUTEKTypa riyOOKuX HEHPOHHBIX ceTel Transformer
JUTsl pabOoTHI C TIOCTIEIOBATEIHPHOCTAME. MOICNIb NCKYCCTBEHHOTO HHTEIIJICKTA
Generative Pre-trained Transformer.

3.4. TemaTuyeckni IJIaH NPAKTHYECKUX 3aHATHI
JlanHbli BUA pabOThI HE MPEYCMOTPEH YUEOHBIM ILJIAHOM.
3.5. TemaTuyeckui 1JiaH JadOPATOPHBIX padoT



1. Texnomoruu pa3paboTku u oOydeHHs HEHUPOHHBIX cerel. [Iporpammuas
pa3paboTKka C HCHOJB30BAaHWEM OOJIAYHBIX MHCTPYMEHTOB. 2. BBeneHue B
bperiMBopku Tiryookoro ooyuenusi Pytorch /Tensorflow. Tenzopsl. 3. Apxurekrypa
IOJIHOCBSI3HOM  HEHpOHHOW ceth u ee o0yueHue. AJTOpuTM  OOpaTHOroO
pacnpocTtpaHeHus ook 4. [IpenckazaTenbHas aHaIMTHUKA U1 TPOU3BOJCTBEHHBIX
u OumzHec mpormeccoB. 5. HHTennekTyalbHble TEXHOJOTHH  Paclo3HABaHUS
u3zoopaxenuii. 6. Texnonorun Transfer Learning. 7. Texunomorun MU B nuarnoctuke
3aboneBanuil. 8. Texnomorun MU nns monutopunra nanueix. 9. Texnomorun MU B
00pabOTKE €CTECTBEHHOTO S3bIKA. 10. I'enepaTuBHBIE MOJAENU HMCKYCCTBEHHOTO

WHTEJUIEKTA. 11. HWuxeHepuss mNporpaMMHOIO OOECHeYeHHs JUisl CHUCTEM
MCKYCCTBEHHOI'O UHTEJUICKTA.

3.6. Kypcogoii npoekT /kKypcoBasi padora

1. Cucrembl pacno3HaBaHusi mnarojorud B MenunuHe. 2. CuHCTeMbI

aBTOMAaTUYECKOr0 pacro3HaBaHus Jjuil. 3. MammnHbll nepeBoa Tekcra. Neural
Machine Translation. 4. Tpancdopmepsl: apxuTekTypa HelpoceTeil ans paboTsl ¢
MOCJIeA0BaTEILHOCTAMU. 5. Pacrno3HaBaHWe peyd Ha OCHOBE HEHPOHHBIX ceTeill. 6.
OObHapy>xeHue 00bEeKTOB Ha M300paxkeHUsIX. 7. ATaku Ha HEHPOHHBIC CETU U 3alluTa
or Hux (Adversarial attacks) 8. «RealWorld» Mudepenc HelipoHHBIX ceTeil Ha
paznuuHbix ycrpoiictBax 9. IlepeHocumocts HeipoceTreBbix Mogeneit (ONNX).
ONNX Zoo Models. 10. Ontummzanus/akcenepanusi uHPepeHca TTyOOKOro
oOyuenusi. NVIDIA TensorRT 11. I'enepanus nporpaMMHOTO KOJa O OITUCAHUIO

4. OueHuBaHue pe3yJIbTATOB 00y4eHUsI

OrneHrBaHMe pe3yabTATOB O0YUECHHUS 11O JUCITUTUTHHE OCYIIECTBIISIETCS B paMKaX
TEKYIEro KOHTPOJIS W TPOMEXKYTOYHOM aTTECTAIlMU, MPOBOJUMMBIX 1O OaJLTLHO-
peritunrosoit cucreme (bPC).

[IIkaya o1eHKH pe3yabTaTOB O0YUCHHUS MO AUCIUILIMHE:

YpoBeHb cHhOPMUPOBAHHOCTH MHIUKATOPA KOMITETEHIIUH
Bricoknii Cpennuit Huie Hu3sknii
KOI[ KOI[ 3aniaaHu- pea CpEIHETO
KOMII | MHAMKATO pOBaHHbIC ot 85 10 100 | ot 70 no 84 ot 55 1o 69 ot 0 no 54
c- pa PC3yJIbTATHI Ixana oreHuBaHusd
TEHII | KOMIETeH | OOy4YeHHs 1O HEYI0B-
YJIOBJICT-
ni o JAVCHUIUINHE OTJIHUYHO XOPO1IO JICTBOPU-
BOPHUTEILHO
TEJBHO
3auTeHo HE 3a4TEHO
3HaTh:
- OCHOBBI I'my6oko u XOPOIIIO 3HAET
HE 3HAET
TEOPHH MIOJTHO 3HAeT OCHOBHBIC
- 0a30BBIX
HEHPOHHBIX MaTeMaTHYeCK | MaTeMaTHdecK | 3HaeT 6a3oBbIC HOHSTHIL He
ceTeil, B TOM | We CTPYKTYPBI | HE CTPYKTYpPbI TIOHATHS sHaeT K;K
qrcie B OCHOBE B IOCTPOCHHUH HEHPOHHBIX
o 9 oOy4aercs
[K-2 | ITIK-2.1 pasIuYHbIC HOCTPOCHHS HEHPOHHBIX ceTel, 3HaeT HeHDOHHAS
APXUTEKTYPBI HEHPOHHBIX ceTel, 3HaeT AITOPUTM P
. 9 CETb, HE 3HAET
HEHPOHHBIX CeTeM, 3HaeT ITOPUTM backprop,
. KaK OIICHUTh
cerel u ITOPUTM obpaTHOTO OCHOBHbBIC CAUECTEO
AITOPUTMBI UX 00OpaTHOTO pacnpocTpaHe METPUKH
o0yueHus
o0y4eHus; pacnpocTpaHe | HUSI OIIUOKH, -
- HUS OIHOKH, HEKOTOphIE




MaTEeMaTHYECK | COBPEMEHHBIE | COBPEMCHHBIC
Ve CTPYKTYPBl | apXWTEKTyphl, | apXUTEKTYpHI,
Y TIPUHITUITBL METPUKH OCHOBHBIC
nX 00001IeHUS KauecTBa, METPUKH
Ha TIOCTPOEHHE
BBIYHCIIUTEIHH
BIX OJIOKOB
HEUPOHHBIX
ceTel;
YMeTs:
yMeeT
aHAJIM3UPOBAT
b
MOCTaBJICHHYIO
3amavy u yMeer
- npejaraTh aHAJIM3UPOBAT
aHAIM3UPOBATh | PpEIICHUs Ha b
HE yMeeT
MOTUPUKAIINT OCHOBE MOCTaBJICHHYIO yMeer HOAGHPaT
Y HOBBIC HeHpoceTeBbIX 3aauy u mooupaTh P
.. . aJICKBaTHYO
cpeacTsa TEXHOJIOTHIA; npeJyiaraTh HENPOCETEBYIO .
HEHPOCETEBYIO
MPOrPaMMHOTO Ymeer pelIeHns Ha TEXHOJIOTHIO
TEXHOJIOTHIO
obecneueHust | 0OOCHOBBIBATH OCHOBE IUTSL pEICHUS N ——
JUISL CO3IaHUS CBOI1 BEIOOD HEUPOCETEBBIX | MOCTAaBIECHHOMN P .
N o MOCTaBJICHHOMN
HEMPOCUCTEM M | APXUTEKTYPBl | TEXHOJOTHIA, 3aJa4u. -
UHTEIUIEKTyallb | ¥ TEXHOJIOTHH | 00OCHOBHIBATH ’
HBIX CHCTEM o0y4eHus; CBOI1 BEIOOD
Ymeer APXUTEKTYPHI;
WHTEPIIPETUPO
BaTh BBIXO/IBI
MOJIEIH
Brnanets:
Biageer
Biageer
OCHOBHBIMU Braneer
MIPOJBUHY THIM
CpelcTBaMu OCHOBHBIMHU
U CpeJICTBAMH
CO3/IaHus cpencTBaMu
CO3JIaHUS o
- CpeaCcTBaMu - HEHPOHHBIX Co3/aHus
HEUPOHHBIX N o He Brnaneer
CO3/IaHus 1 . ceTeit HEHPOHHBIX
ceTeit o CpeacTBaMu
o0yueHus Pa3INYHBIX ceTelt 6a30BBIX
o Pa3IMYHBIX CO3/IaHUs U
HEHPOHHBIX APXUTEKTYD. APXUTEKTYP.
N APXUTEKTYP. 00y4eHHUs
ceTer Bnaneer Bmaneer %
Bnageer HEHPOHHBIX
Pa3IMIHBIX CTaHIapTHBIMHU 06a30BBIMHU N
MIPOABUHY THIM ceTeit
THUTIOB CpelCcTBaMHU CpeacTBaMu
U CpEJCTBAMH
o0ydeHus u o0yueHus 1
oOydeHus u
TECTUPOBAHUS | TECTHPOBAHUS
TECTUPOBAHHS . N
. ceTeil. ceTel.
ceTe.
3HaTh:

- OTinyHO XOPOIIIO 3HACT | 3HAET OJVH U3 HE 3HACT
BBIYHCITUTEIHH 3HAET S3BIK 361K Python (peliMBOPKOB | BBIYUCIUTEIBH
BI€ CPEACTBA U Python mnu nwin C++ TIyOOKOTO BIX CPEJICTB,

[IK-2.2 KOMILIEKCHI, C++, (hpeiiMBOpKH o0OydeHwus, MIPUMEHSIEMBIX
' MpUMEHseMbIe | (PEeHMBOPKH rIIyOOKOTO TaKue Kak npu
pu rIyOOKOTO 00yueHus, PyTorch u pa3paboTke
pa3paboTke o0y4eHwus, TaKue KaKk Tensorflow, MIPOEKTOB
IIPOEKTOB TaKue Kak PyTorch n o0ayHbIe HelpoceTel u
HehpoceTel u PyTorch u Tensorflow, m1aTGOpPMbI HHTEJUICKTYa




UHTEIUICKTYanb | Tensorflow, o0JauHbIC JUTsE pabOTEHI C BHBIX
HBIX o0JiavyHbIe TIATOPMBI HelpoceTsIMH CHUCTEM;
CUCTEM; 1aTopmbl JUTSE pabOoTBHI C
-ppeiMBOpKH | I pabOTHI ¢ | HEUPOCETAMU
rIyOOKOTO HEHpoCceTIMH
o0yJeHms,
TaKHe Kak
PyTorch n
Tensorflow
YMeTs:
— CO3/1aBaTh,
MPOBOJIUTH
OTNaaKy YmMmeer
MPOrPaMMBbI CO3/1aBaTh,
(i} MTPOBOJIUTH
MOCTaBJICHHYIO OTJIaJIKy YmMmeer
3a/1a4y ¢ MIPOTPaMMBI C cO3/1aBaTh YmMmeer HE yMeeT
y4eTOM WCITIOJNIB30BaHK | TPOTPaAMMEI C CO3/1aBaTh CO03/1aBaTh
MOCJIEAHUX eM WCTIOJNIb30BaHK | TMPOrPaMMBI C | MPOrPaMMBI C
TEOPETUYECKUX | COBPEMEHHBIX eM UCTIOJIb30BAaHUE | UCIOJIb30BAHH
u HMHTEIJICKTYa]l | COBPEMEHHBIX M eM
MPAKTHYECKUX BHBIX WHTEJUICKTYan | HEHpOCeTeBbIX | HEHPOCETEeBBIX
IOCTIDKEHUN B TEXHOJIOTHH, BHBIX MoJenen MoJenen
oOmactu ONNX ( Open | TexHOMOTHI
HCKYCCTBEHHOT Neural
0 MHTEJJICKTA U Network
HEUPOCETEBBIX Exchange )
TEXHOJIOTUM
Bnaners:
- TEXHOJIOTHEH
00BEKTHO-
OTinyHO BIa/ieeT BIIa/IeeT HE BIIAJICCT
OpPHEHTHPOBaH
Horo BIa/iceT OCHOBHBIMU 0a30BBIMU OCHOBHBIMU
TEXHOJIOTHSIMH | TEXHOJOTHSMH | TEXHOJIOTMSMH | TEXHOJOTHUSIMHU
MPOrPaMMHUPOB
cOopku 1 cOopku 1 cOopku 1 cOOpKH 1
AHIL Ha ASBIKE 3arycka 3arrycka 3aIrycKa 3arycKka
Python mnm Y Y Y Y
Ct s MPOTPaMM C MPOTPaMM C IIPOrpamm ¢ pOrpamm ¢
HCIIOJIb30BAaHU | MCIIOJIb30BAHU | KCIIOJIb30BAHUE | HMCIIOJIB30BaHU
pa3paboTKH u
eM eM M eM
TECTHPOBAHHUS . . . .
vonenei HEHPOCETEBBIX | HEUPOCETEBBIX | HEHUPOCETEBBIX | HEMPOCETEBBIX
MOJTyJiei MOJTyJiei MOJTyJEH. MoayJein
MAIlIUHHOTO AYACH, AYACH, Y Y
o0yueHus;
3HaTh:
- HE 3HACT
pOrpaMMHbBIE MPOTPaMMHBIX
porp OTinyHO Y noeneTBopuTe porp
u XOPOIIIO 3HAET u
3HAeT JILHO 3HAET
BBIYMCITUTEITHH MPOrpaMMHBIC BBIYMCIIUTEIHH
MpOTrpaMMHBIE MPOrpaMMHBIC
b€ CPEJICTBA U CpeJcTBa U BIX CPEJICTB,
CpencTBa u Cpe/cTBa U
[1K-2.3 m1aT(hOPMBI obtayHbIe TIPUMEHSIEMBIX
o0auHbIe o0JIauHbIC
TUIS 1aTopmbl pu
wiaTdopmbl 1aThOPMBI
MOHHUTOpPHHTA JUTsE paboTHI C COTPOBOX/ICH
IUTs paboThI € . 1151 paboTBhI C
CHUCTEM . HEHpoCceTIMH 9 WU CUCTEM
HeHpoceTsIMH HelpoceTsIMU
HCKYCCTBEHHOT UCKYCCTBEHHO

O MHTCIIJICKTA

'O HHTCIIJICKTA

VYMeTh:




Ymeer HE yMeeT
Ymeer MPOBOJUTH Ymeer Y
—TPOBOJIUTH MPOBOJUTH
MPOBOIUTH MOHHUTOPUHT MPOBOJIUTH
CONPOBOK/ICHH COMPOBOXKICH
BHEJIPCHUE U NpOrpaMM C | COTPOBOXICHU
e He MporpamMmm
COTIPOBOXJICH | HCIOJB30BaHU | € IIPOTpaMM ¢
cUCTEM c
ne ONNX ( eM HCIIOJIB30BaHUE
HCKYCCTBEHHOT UCIIOJIb30BaHU
Open Neural | coBpeMeHHBIX M
0 WHTEJUICKTa . eM
Network HHTEJUIEKTYan | HeHpOCEeTEeBBIX .
. HEHPOCETEeBBIX
Exchange ) BHBIX Mojenei .
. Mojenei
TEXHOJIOTHI
Brnanets:
OTtnuaHO BJIaJiceT BJIaJieeT HE BIIQJICeT
— CpeACTBaMHU
BIIaJICCT OCHOBHBIMU 0a30BBIMU OCHOBHBIMHU
COITPOBOXK/ICHH .

. TEXHOJIOTHEH | TEXHOJOTHSIMU | TEXHOJOTHSIMH | TEXHOJOTHIMU
HEHDOCETEBAIX uHdepeHca,Ha | uHpepeHca,Ha | uHpepeHca,Han | HH(epeHca,Ha
M(I: —— mp., ONNX mp., ONNX p-, ONNX np., ONNX

RIME RUNTIME, RUNTIME, RUNTIME, RUNTIME,
qu)e eHea HHCTPYMEHTaM | HHCTPYMEHTaM | WHCTPYMEHTaM | HHCTPYMEHTaM
P ' u Tensorboard | u Tensorboard | u Tensorboard | u Tensorboard

5. YueOHO-MeTOAN4YEeCKOe U MHPOPMALIMOHHOE 00ecTieYeHue TUCIMILTAHBI
5.1. YueOHO-MeTOAMUYECKOE 00€ecIeueHue

5.1.1. OcHoBHas nuTepaTypa

1) MacnennukoBa, Onbsra EBrenbeBHa. OCHOBBI HCKYCCTBEHHOTO HHTEJUIEKTA !
yuebHoe nmocobue / O. E. MacnennukoBa, 1. B. I'aBpuiioa, 2019. - 282 c. - Tekcr :
anektponnbiii. URL: https://ibooks.ru/bookshelf/337972, 3BC ibooks.ru

2) Cupopkuna 1. I'. CucreMbl HCKYyCCTBEHHOTO MHTEJIEKTa : YueOHOe
nocob6ue / U. I'. Cugopkuna, 2017. - 245 c. - Teker : anexkrponnslil. URL:
https://www.book.ru/book/920005/

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

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

5.1.2. JlononHuTenbHAsA TUTEpPATypa

1) Adonun B. JI. UnrennekryanbHble pOOOTOTEXHUUECKUE CUCTEMBI | yueOHOe
nocobue / B. JI. Abonun, B. A. Makymikus, 2016. - 222 c. - TekcT : 37eKTpOHHBIH.
URL: https://e.lanbook.com/book/100607

2) bapckuii, Apkanuii benunonoBud. Jlornueckre HEMPOHHBIE CETHU : YUeOHOe
nocobue / A. b. bapckuii, 2016. - 492 c. - Teker : anextponnsiif. URL:
https://e.lanbook.com/book/100630




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

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

5.2. UudopmanuonHoe odecneyeHmne

5.2.1. DNeKTpOHHBIE U HUHTEPHET-PECYPCHI

HaumMmeHoBaHue

CcblLIka

Name

URI

5.2.2. Ilpodeccuonanbubie 6a3pl  gaHHBIX / HpOpManmoHHO-CIpaBOYHbIE

CHCTEMBI

IIpusooumcs nepeuens

5.2.3. JINIeH3UOHHOE U

obecrieueHne TUCIUTUIAHBI
Ilpusooumcs nepeuens

CBOOOIHO

pacmpocTpaHsieMoe — MPOTpaMMHOE

6. MaTepuaJbHO-TeXHHYECKOE o0ecnevyeHne TUCIUIINHBI

HaumenoBaHue Buma

HanmenoBanue yueOHO#M

y4eOHOU pabOTHI ayIUTOPHH, [lepeuens HEOOXOIUMOTO OOOPYAOBAHUS H
CTICIMATM3TPOBAHHOM TEXHHYECKUX CPEICTB O0YUCHHUS
nabopaTopuu
Jlexumu YuebHas ayquTOpUs TSI Crienman3upoBaHHas yueOHas MeOeb,
NPOBEICHNUS 3aHATUH TEXHHYECKUE CPEICTBA OOYYEHHMs, CIIyXKalue JJIs
JIEKIIMOHHOT'O THIA MIpeACTaBICHUS y4eOHOU nHpopmaruu
Oompmiod  aynutopuu  (MyJIBTHUMEIMHHBIN
MPOCKTOpP, KOMIIbIOTEp (HOYTOYK), DKpaH),
JEMOHCTPAIIMOHHOE 00OpyI0BaHUE, Y4eOHO-
HarJsIIHBIE TOCOOUS
[IpakTuueckue Vuebnas  ayauropus i | Crienuanu3upoBaHHAsS yaeOHas MeOeb,
3aHATHA HIPOBEACHNA 3aHATHI | TeXHMYECKUE cpeacrsa o0yJeHus
CEMUHAPCKOTO TATA, | (MyIbTUMEIUHHBIA  MPOEKTOpP, KOMIIBIOTEP
TPYMIOBBIX M MHAMBUAY- | (yovr6yK), SKpaH) i Ap.
AITbHBIX KOHCYJIbTalU,
TEKYIEro KOHTPOJIS u
MIPOMEXKYTOUYHON aTTeCTALIMU
JlaboparopHsble YueOHas maboparopus Crneunanu3upoBaHHOM J1ab0paTOpHOE
padoThI « », o0opyaoBaHKe 10 NPOQUITIO Ta00PATOPUH:
KomnbroTepHsIii Kiacc ¢ Cneuuanu3upoBaHHas y4yeOHast MeOeIb,
BBIX0ZI0M B MHTEpHET TEXHUYCCKHC cpeacTBa o0yueHHS
(MyJTbTUMEIUMHBIA  TPOEKTOP, KOMITBIOTED
(HOYTOYK), JKpaH), JULEH3UOHHOE

IporpaMMHOE 00ecrieueHre

KomnrerotepHslii kiacc ¢
BbIx0JI0M B MHTEepHET B-600a

Crnenuanu3upoBaHHas y4deOHas mebenb Ha 30

IMOCAIOYHBIX MECT, 30 KOMIBIOTEPOB,




TEXHUYECKHE CpefcTBa OOyueHUs (MyJIbTHME-
TUWAHBIA  TPOEKTOP, KOMIIBIOTEP (HOYTOYK),

9KpaH), BUJICOKAMEPHI, POrpaMMHOE

obOecrieueHume
CamocrostenpHas | KommbroTepHsiii kiace ¢ Crenunanu3upoBanHas yueObnas mebens Ha 30
pabora Bbixoziom B MuTeprer B-600a | nocamounsix  mect, 30  KOMIBIOTEPOB,

TEXHUYECKHE CpeAcTBa OOyueHHUs (MyJIbTHME-
TUWHBIA  TPOEKTOP, KOMIBIOTEP (HOYTOYK),
9KpaH), BUJICOKaAMEPHI, MPOrpaMMHOE
o0ecrnieueHue

CrienmanuzupoBaHHas MeOeib, KOMIIbIOTEpHAsI
TEXHHMKA C BO3MOXHOCTBIO BbIX0za B FIHTepHET 1

YuranbHblid 3a1
obecnieuenueM nocryna B DMOC, skpaH,

OMOINOTEKHU e
MYJIbTUMEAUHHBIA POEKTOP, TPOTPAMMHOE
obecrieyenne
YyeOHas ayJuToOpHs IIs Crnen

BBITTIOJIHCHUS KypCOBOT'O

npoeKTa (KypcoBoi paboTel) | ysppopaHHas MeGeIb, KOMIBIOTEPHAS TEXHUKA
- (Iz’;?é}l’_l[‘aaem” TP | ¢ BO3MOXHOCTBIO BBIXOAA B MHTEpHET H
HATAIH H TaKou obecrieueHnEM J0CTyIa B PUOC,
ayJUTOPHUH)

IporpaMMHoOe o0ecrieueHue

7. OCO0eHHOCTH OpPraHM3alun 00pPa30BATEILHON NeATEeJbHOCTH IJIS JIMI C
OrPpAaHNY€HHBIMHU BO3MOKHOCTSMHU 3I0POBbSI U MHBAJIU/IOB

Jluma ¢ orpaHMYEHHBIMH BO3MOXKHOCTSMH 3/10poBbsi (OB3) M MHBaIMIIBI UMEIOT
BO3MOYKHOCTb OCCIIPEISITCTBEHHO TEepPEeMeIarbcss M3 OJHOTO y4eOHO-JIAO0PATOPHOTO
KOpITyca B JIPyrod, TOTHATBCS Ha BCE OSTaAXKU Y4eOHO-Ta00OpaTOPHBIX KOPITYCOB,
3aHUMaThC B YYEOHBIX HM HMHBIX IIOMCIICHHSX C YYETOM OCOOECHHOCTCH
NCUX0(U3NIECKOTO Pa3BUTHUS U COCTOSHHS 37I0POBBSL.

Jis oOydenuss muiy ¢ OB3 w WHBaIMIOB, MMEIOIIUX HAPYIICHHS OTOPHO-
JIBUTATEIHLHOTO armapara, 00eCIeUYeHbl YCIOBHS OSCIPENATCTBEHHOTO JIOCTYIa BO BCE
ydeOHble momernieHus. MHpopManus o CHEUaIbHBIX YCIOBUSAX, CO3MAaHHBIX IS
obOyuaromuxcst ¢ OB3 w wuwHBaIMIOB, pa3MelieHa Ha calTe yHUBEpPCHTETa
www//kgeu.ru. MiMeercss BO3MOKHOCTh OKa3aHMS TEXHUYECKOHN ITOMOIIM aCCUCTSHTOM, a
TaKKe YCIIyT CYpIOIIEPEBOTIUKOB H TH(IOCYPAOTIEPEBOIINKOB.

Jlis agantanuu K BoctpusaTio JmiamMu ¢ OB3 u WHBamMaaMu ¢ HapyIICHHBIM
CIIyXOM CIIPaBOYHOI0, YYEOHOrOo MaTepuaja I10 JUCHUILIMNHE OOCCICUMBAIOTCS
CJICTYIOIINE YCIIOBHUS:

- IS Ty4IIeH OpUCHTAIIMU B ayIUTOPHH, IIPUMEHSIOTCS CUTHAJIBI OTIOBCIIICHHUS
0 HayaJjie M KOHIIC 3aHATHS (CJIOBO «3BOHOKY» ITHUIIIETCS Ha JIOCKE);

- BHUMaHUE CJIA0OCIBINIANIET0 OOyYaroIIerocss IPHUBICKACTCS  IEJarorom
KecToM (Ha IJICUO0 KJIaJIeTCs pyKa, OCYIIEeCTBISETCS HEPE3KOe MOXJIONbIBAaHHUE);

- pasroBapuBas ¢ 00yJarOIIMMCS, TISTarOTHICCKU PaOOTHIK CMOTPHUT Ha HETO,
TOBOPHUT SICHO, KOPOTKUMH IPEIJI0KECHHSIMH, 00CCIICUrBasi BO3MOXKHOCTh YTCHHUS TI0
rybam.

KoMmnieHcarusi 3aTpyJHEHHH pEUYeBOT0 MW  HWHTCIUICKTYyaJIbHOTO — Pa3BUTHS
ci1aboCbIIaNMX 00yYaloIUXCsl IPOBOJUTCS Iy TEM:

- ACTIOJIB30BAHUS CXEM, JHarpaMM, PUCYHKOB, KOMIBIOTEPHBIX MPE3CHTAINN C



http://www.kgeu.ru/

TUIIEPCCHIIIKaMU, KOMMEHTHUPYIOIIKUMHU OTJEIbHBIE KOMIIOHEHThI H300paXeHMs;

- PETYyJISIPHOTO TPUMEHEHHs] YIOpaKHEHUH Ha rpaduyeckoe BblACIICHUE
CYILIECTBEHHBIX IPU3HAKOB IIPEAMETOB U SIBJICHUI;

- obecrieyeHUs BO3MOXKHOCTH JJIi  OOYyYaromierocst IMOJYy4YUTh aJpPECHYI0
KOHCYJIBTAIIUIO M0 AJIEKTPOHHOM MOYTE 10 Mepe HEOOXOIUMOCTH.

JUts agantanuu K BocupusThio Jimuamu ¢ OB3 v nHBaIngaMu ¢ HapylICHUSIMU
3peHusl CIPaBOYHOTO, YYEOHOI0, MPOCBETUTENHCKOTO MaTepuana, MpelyCMOTPEHHOTO
o0pa3oBaresbHOM MporpaMMoil 1O BBIOPAaHHOMY HAIpPaBJICHUIO MOJATOTOBKH,
00€ecTeunBatOTCs CIEIYIOIINE YCIOBUS:

- BeJIeTcsl ajanTtauus opuuuaIbHOro caiita B cetu MHTepHeT ¢ yueToM 0coObIX
NOTPeOHOCTEN MHBAIMAOB MO 3PEHUI0, 00ECIEUNBAETCS HAJIMUYKME KPYMHOIIPUPTOBOM
CIpaBOYHOM MH(OPMAIIUU O PACTTUCAHUHN YUE€OHBIX 3aHSITHIH;

- IeJarOTUYecKuii  pabOTHUK, €ero cobecelHUK (MpU HEOOXOAMMOCTH),
IPUCYTCTBYIOIIME Ha 3aHSATHH, MPEACTABISIOTCS OOydYaloLIUMCS, MPU ITOM KaxabId
pa3 Ha3bIBAETCs TOT, K KOMY I€IarOTHYeCKHil pabOTHUK oOpaliaeTcs;

- IEUCTBUS, KECThbl, MEPEMEUICHHs IMeJarornyeckoro padOTHUKA KOPOTKO H
SICHO KOMMEHTHPYIOTCS;

- meyatHas uWHGOpMAIMS TPEAOCTaBiIseTcs KpynHbIM Tmmpudrom (oT 18
MYHKTOB), TOTAJIbHO O3BYYHBAETCS;

- obecnieunBaeTcss HEOOXOAMMBINA YPOBEHb OCBEIIEHHOCTH MOMEIIICHUI;

- PEOCTABIISIETCS  BO3MOYKHOCTh MCHOJB30BaTh KOMIIBIOTEPHI BO  BpEMs
3aHSATUN U MPABO 3aMKMCH 00BICHEHUH HA AUKTO(OH (110 KeTaHU0 00yJaroIuXCs).

®opma POBENEHHsS TEKyIIEW MW MPOMEXYTOUYHOW  aTTECTAlUH  JUIA
oOyyatomuxcst ¢ OB3 u MHBaNMIOB ONpeneNsieTcs MeJarorndyeckuM pabOTHHKOM B
COOTBETCTBUM C yueOHbIM IutaHoM. [Ipum HeoOxoammoctu obOyuaromemycs ¢ OB3,
WHBAIMIY C YYETOM WX WHIAUBUIYAIbHBIX MCUXO(U3UUECKUX OCOOEHHOCTEW aercs
BO3MOXKHOCTb NMPOUTH MPOMEXKYTOUHYIO aTTECTAllMI0 YCTHO, MUCbMEHHO Ha Oymare,
NUCBMEHHO Ha KOMIIbIOTEpE, B (pOpME€ TECTUPOBAHHUS M T.I., JIMOO MPEIOCTABISAETCS
JOTIOJTHUTENBHOE BPEMsI JUJISl IOATOTOBKHM OTBETA.

8. MeToanyeckue peKOMeHIAUMU /sl MpenojgaBaresieii M0 OPraHu3aNuH
BOCIIUTATEJbHOI PadoThl ¢ 00y4AIOIIUMMCS.

MeTtoauueckoe obecrieueHre MpoIecca BOCIUTAHUS O00yYalOMIMXCsl BBICTYIAET
OIIHUM U3  OMNpEeAeNsommMX (aKTOpOB  BBICOKOTO  KadyecTBa  OOpa30BaHUA.
[IpenogaBaTens By3a, JAEMOHCTPUPYS BBICOKHH NpPOGECCHOHAIN3M, 3PYIUIHIO,
YETKYIO IPakKIaHCKYI0 MO3ULHUI0, CAMOJUCUUIINHY, TBOPUECKUN MMOAXO B PELICHUH
npodecCHOHANBHBIX 3a7lady, B XO0jA€ 00pa30oBaTENBHOIO MpoIlecca CIOCOOCTBYET
(OopMHUPOBAHKIO TAPMOHUYHOMN JIMYHOCTH.

[Ipu peanuzanuu JUCHUIUIMHBL  MPENOAaBaTelb MOXKET HMCIOJIb30BaTh
CJIEIYIOLIME METO/Ibl BOCITUTATENbHON PabOTHI:

- MeToJibl (OpPMHPOBAHHUS CO3HAHMS JHMYHOCTH (Oecenma, AUCHYT, BHYLIEHUE,
UHCTPYKTaX, KOHTpOJIb, OOBSICHEHUE, NIpPUMEpP, CAMOKOHTPOJIb, pPacckKa3, COBET,
yOexIeHUE U p.);



- METOJIbl OpraHu3aluu JEITEIPHOCTH W (DOPMUPOBAHUS OIBITA TOBEACHUS
(3amaHue, OOIIECTBEHHOE MHEHHE, I[eJaroTHYecKoe TpeOoBaHWE, TMOpPYyUYCHHUE,
MpPUYYECHHUE, CO3JJaHNE BOCHUTHIBAIOIINX CUTYALIUM, TPEHUHT, YIIpaXKHEHUE, U Jp.);

- METOAbl MOTHBALIMM JACSATEILHOCTH M TOBEIEHUS (0JI00peHHE, MOOIIPEHUE
COLMAIBHOM AaKTUBHOCTH, IIOPUIIAHUE, CO3JaHUE CUTyalMd Yycroexa, CO3JaHue
CUTYallUi [ SMOILIMOHAIIbHO-HPABCTBEHHBIX MEPEKUBAHNM, COPEBHOBAHUE U JIP.)

[Ipu peanuzanuu AUCHUIUIMHBI IPENOAABATENb T0KEH YUYUTHIBATH CJIECAYIOIINE
HamnpaBJICHUS] BOCIUTATEIIbHON JEATEIBbHOCTH:

I'pasicoanckoe u nampuomuyeckoe 80CHUMAaHue.

- hopMUpOBaHUE Yy OOYYarOIIMXCS 1EJIOCTHOIO MHUPOBO33PEHUS, POCCUMCKOM
UJCHTUYHOCTH, YBAKECHUS K CBOEH CeMbe, OOILECTBY, FOCYIapCTBY, IPUHATHIM B CEMbE U
OO0IIIeCTBE JTyXOBHO-HPABCTBEHHBIM M COLIMOKYJIBTYPHBIM IICHHOCTSIM, K HAIMOHAIBHOMY,
KyJIbTYypHOMY W HCTOPHUYECKOMY Hacjenuio, (HOpMHUpPOBaHHE CTPEMJICHUS K €ro
COXPAHECHHUIO U PA3BUTHIO;

- opMHUPOBaAHKE Y OOYYAFOIIMXCS aKTUBHOM TPaKIAHCKOW ITO3UIIMH, OCHOBAHHOM
Ha TPAAWLMOHHBIX KYJIbTYPHBIX, JYXOBHBIX M HPABCTBEHHBIX IIEHHOCTSX POCCHMCKOIrO
oOImiecTBa, JJisi TOBBIIIEHUS CIIOCOOHOCTM OTBETCTBEHHO PEAIM30BBIBATH CBOU
KOHCTUTYIIMOHHBIE TIPaBa U 00S3aHHOCTH;

- pa3BUTHE MPABOBOM M MOJUTUYECKOW KYJIBTYphbl OOYYAIOIIMXCS, PACIIUPEHHE
KOHCTPYKTUBHOTO Y4YacTHsi B NPUHATUU PEUICHWH, 3aTpardBaroliMX HMX IIpaBa U
MHTEPECHl, B TOM YHCJI€ B Pa3IuyHbIX (opMax camMoOOpraHu3alliu, CaMOYIpaBJICHHUS,
OOIIECTBEHHO-3HAUNMOU JICATCIILHOCTH;

- hopMUpPOBaHUE MOTHUBOB, HPABCTBEHHBIX U CMBICIOBBIX YCTAHOBOK JIMYHOCTH,
MO3BOJISIIOIIUX MPOTUBOCTOSITh AKCTPEMU3MY, KCeHO(DOOUU, TUCKPUMHUHALIMHU TIO
COLMAIIBHBIM, PEIIMTHO3HBIM, PACOBBIM, HAIIMOHAJIBHBIM MPU3HAKAM, MEKITHUUYECCKOU
U MEXKKOH(DECCHOHATBLHON HETEPIUMOCTH, JIPYTUM HETaTUBHBIM  COITHAIBHBIM
SBJICHUSIM.

JlyxoeHo-HpascmeernHoe eocnumanue:

- BOCIIMTAHUE YYyBCTBA JOCTOMHCTBA, YECTU W YECTHOCTH, COBECTJIUBOCTH,
YBaKEHUS K POAUTEIISIM, YUUTEISAM, JIFOJAM CTAPIIECTO MOKOJCHHUS;

- bopMUpPOBAHUE TMPHUHIMIIOB KOJUICKTUBHU3MA M  COJUIAPHOCTH, JiyXa
MUJIOCEPAUST U COCTPaJIaHHs, MPHUBBIYKKA 3a00TUTHCS O JIIOJSAX, HAXOJMSIIMXCS B
TPYJIHOM KU3HECHHOW CUTYAIUH;

- popMHUpOBAHUE COJTMIAPHOCTH U UYyBCTBA COIMAIBHOW OTBETCTBEHHOCTH IIO
OTHOIIEHHUIO K JIFOASM C OFPAaHUYCHHBIMHA BO3MOHOCTSAMH 310POBBS, IMPEOIOJICHUE
MICUXOJIOTUYECKNX OapbepoB 1O OTHOIICHWIO K JIFOASM C OTpaHUYCHHBIMU
BO3MOKHOCTSIMU;

- popMHUpOBaHHE 3MOITMOHAIBHO HACBHIIIEHHOTO ¥ JYXOBHO BO3BBIIIICHHOTO
OTHOIIIEHUSI K MHPY, CIIOCOOHOCTH M YMEHHS TIE€peaBaTh JPYTUM CBOW ACTETUYCCKUN
OTIBIT.

Kynemypno-npoceemumensvckoe eocnumanue:

- hopMUPOBaHUE ICTETUUECKON KapTUHBI MUPA;

- popMUpOBaHUE YBAXKEHUS K KYJbTYPHBIM LIEHHOCTSM POJHOTO TOpoja, Kpas,
CTpaHbl;



- MOBBIIIICHHUE TIO3HABATEIBHOW AKTHBHOCTH O0YYaIOLITHXCS.

Hayuno-obpazosamenvroe éocnumanue:

- popmupoBaHUe y 00y4arOMUXCSI HAYYHOTO MHUPOBO33PEHUSI;

- popMupoBaHUE YMEHHSI MTOJTy4aTh 3HAHHUS;

- popMupoBaHNE HABBIKOB aHAM3a W CHHTE3a WHPOpPMAIMU, B TOM YHCIE B
npodeccuoHaIbHOM 00JIaCTH.
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OueHouHble MaTepuaisl M0 AUCUMIUIMHE MHXKEHEpHs CUCTEM HCKYCCTBEHHOTO
UHTEIJICKTa , NpeJHA3HAYeHHbl [UIS OLEHUBAHUS pe3yJbTaTOB OOyuYeHUs Ha
COOTBETCTBUE UHIAUKATOPAM TOCTUKEHHS] KOMIIETECHIIUU.

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

1.TexHosiornyeckasi kKapra
e Cemectp 7

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

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

2. OueHOYHbIE MATEPHAIIBI TEKYLIEr0 KOHTPOJISI M IIPOMEKYTOYHOM aTTeCTAIUN
[11xaa OIleHKH pe3yJIbTaTOB O0OYUYEHHS MO JUCHUILIMHE:

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




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




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




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

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

3HAHUE OCHOBHBIX MEXHONO2UN  UCKYCCMBEHHO20  UHMENIeKma, NoJHble U
cooepoicamenibible 0OMeemvl Ha BONPOCHL buiema (meopemuyeckul U nPaKmudecKull
80NPOCYLL)

OmeHka  «XOpPOIIO»  BBICTABISETCS 32  BBIMOJHEHUE  BbINOJHEHUE

n1abopamopHbix pabom 6 cemecmpe,; NOHUMAHUE OCHOBHBIX NPUHYUNO8 HOCIPOEHUS U
Memo0o8 00OyueHus HeUPOHHLIX cemell, NOHUMAHUEe Mempux O0OV4eHus, 3HaHUue
MexXHOI02Ull UCKYCCMBEHHO020 UHMELLEeKMA, CO0epiIcamenbHble OMEembl Ha 60NPOChL
ounema (meopemudeckutl U NPaKmu4ecKuii 60Npocol)

OrneHKa «yJA0BJIE€TBOPUTEIbHO» BBHICTABIISICTCS 32 BBITIOJHEHUE BblNOJIHEHUE
1abopamopHelx pabom 6 cemecmpe; YACMUYHOE NOHUMAHUE OCHOBHbLIX NPUHYUNOS
HOCMPOEHUs. U Memoo08 00VUeHUsl HeUPOHHbIX cemel, 3HaHue MempuK 00yUeHUs,
omeenuvl Ha 8ONPOCHL bulema (meopemudecKuti U NPaKmuyecKuti 60npocyl)

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

3. IlepevyeHb OLIEHOYHBIX CPEICTB



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



4. Ilepeuenn

KOHTPOJIBHBIX

3aJaHUd WJIM HHbIE

MaTepHAaJIbl,

Heo0XoAuMbIe sl OLEHKH 3HAHMI, YMEHMI M HABBIKOB, XapPAKTEPHU3YIOLIHX
3Tanbl GOpMUPOBAHMSA KOMIIETEHIUH B IpoLiecce 0CBOCHHUS IMCUMIINHBI

Jist Tekymero kourpoJisa TK1:

IIpoBepsiemass KOMIETEHLMS:

[1K-2.1:

MaTEeMaTUYECKOTO U MIPOTPAaMMHOTO 00eCIIeueHHUsT HEHPOCETEBBIX TEXHOJIOTHUHU

Tect

CriocobeH K TPOEKTUPOBAHUIO

Bonpoc

BapuaHTbl oTBeTa

oTBEeT

MNMoAa NCKYCCTBEHHbIM
MHTennekTom B Poccum
NoHMMaeTcA

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

camoobyuyeHne 1 NouCK pelleHunii 6e3 3apaHee 3a4aHHOrO
anroputma

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

BCe BbllleonncaHHoe

HelpoceTteBbimu
TEXHONOTMAMM Ha3bIBAKOT

KoMnaeKc MHGOPMALMOHHbBIX TEXHONOTMIMA, OCHOBAHHbIX
Ha NPUMEHEHMM KOMMbIOTEPHbIX CEeTEN

TEXHONOrum,
MCKYCCTBEHHDbIX

KoMnneKc MHPOPMALMOHHbIX
OCHOBaHHbIX  Ha npUMMeHeHuun
HepPOHHbIX ceTen

MHGOPMALMOHHbIE CUCTEMbI NOMCKA

MHPOPMaALMOHHbIE TEXHONOTUWN YNPaBAEHUS

Anroputm obyyeHus
NCKYCCTBEHHOM HEMPOHHOM
CeTM 3aKaH4YMBaeTcA, Korga

AOCTUTHYTO  3aflaHHOEe  3HayeHue cpeaHen  (Mam

MMWHUMANbHOM) OLLINBKMK

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

nponaeHo onpeaeneHHoe KOMYECTBO 3MoX

nobon oTBeT U3 NepeunCcNeHHbIX

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

BbluncnseT NpoM3BOAHYIO ANA anropuTma obpaTHoro
pacnpocTpaHeHns oWmnbKMN.

MNepepaet BXOAHOW BEKTOP CUrTHA/NIOB Ha NepPBbii
CKpPbITbIi CNON.

Ypansaet "wym" us curHana.

TpaHCAMpPYEeT CUrHaN Ha BbIXOAHOM CNO MHOFOC/I0MHOTO

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

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




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

MporpammHo
HEeMpPOHHanA

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

o
Q—@—
©

0,7311

2,1932

Yto npepcTasnset  cobon
anroputm «obyyeHunn
MCKYCCTBEHHOW  HEWPOHHOM
cetm»?

npoueaypy NoACTPOMKM CUTHANOB HEMPOHOB

npoueaypy NoACTPOIKKN BECOBbIX 3HAYEHUI

npoueaypy BblYUC/NEHMA MNOPOroBbIX 3HAYEHUN
bYHKUMIM aKTUBaL MM

ans

MporpammHas peanunsaums
OAHOCNOHOro NepcenTpoHa
No3BO/IAET PeLlaTh 3a4a4m

annpoKkcMmauumn GpyHKUUn

pacno3HaBaHUA o6pa303

Knaccupukauyum

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

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




ana pa3paboTku
NPOrPamMMHbIX CpPeacTB  Ha
A3blKe  MPOrpamMmmMmupoBaHMA
Python pna obyyeHna wu

3anycka MHC?

PyTorch

Bce nepeuncneHHble

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

torch.Tensor pasamepom 6 Ha 14 Ha 14

torch.Tensor pasamepom 28 Ha 6 Ha 6

torch.Tensor pasmepom 6 Ha 28 Ha 28

torch.Tensor paamepom 6 Ha 5 Ha 5

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

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

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

9 VYHMKanbHbIX -- BCero 27,
napameTpbl O4MHAKOBblE

HO AnAa BCEX KaHaios

27 napameTpoB: 3X3 ANA KaXKA0ro U3 Tpex KaHanos

Ona  KakoW  apxuTeKTypbl
CBEPTOYHON HENPOHHOW CeTu
XapaKTepHo obxoaHble
coeguHeHun

(skipconnections),
npobpacbiBalowme rpagueHT
ownbKM B 06x04 CBEPTKM

VGG

AlexNet

ResNet

GoogleNet

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

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

optimizer.step()

optimizer.zero_grad()

optimizer.backward()

Bormpocsl

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

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

2. OOyueHue HEHPOHHOU
BO3HHKHOBEHHUSI.

3.

4.

5.

Softmax.

CCTHU C IIOMOIIBIO aJIropuTtMa

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

6. ApPXUTEKTYpbl HEUPOHHBIX CETEH I MoJieNield OMHAapHON KilacCU(UKAIIUN

7. MHOTrOoCIOWHBIHI

MEPLETTPOH.
[IpeonosieHre OrpaHUYCHUs JIMHEHHON pa3AeIMMOCTH U pelIeHUue MPOoOIeMbl

[IpencraBienne  OyJeBBIX

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

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

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

GyHKLIMA.



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

Jlist Tekymero kourpoJsa TK2:

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

Bomnpoc Bapuants! oTBeTa OTBET

B KaKHX 00J1aCTSX | OLIEHKA BEPOSITHOCTH OaHKPOTCTBA,;

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

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

cerei? BCe MepevHciIeHHbIe
[IporpammHo peanuzoBaH 0,9951

HEHpOH ¢ PpyHKuMeH 1

AKTHUBAaI[UM THUIIA -1

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

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

HelpoHa?

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

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

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

OJTHOCJIOMHOIO TIEepcenTpoHa Sawi <

Ha BXOJ IIOJAeTCi BEKTOP | i

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

BBIXOJIOM OyAeT HyJIEeBOH Sawi <1

1=l




BEKTOP?

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

i=I

€CJIM HaeTCs TAKOM HEUPOH J, 4TO

n .
Saw =6
i=]

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

e"—e
ett+e *

U BBIpasuTe
pe3yabTar uepe3 (PyHKIHIO
th(x)

1-th*(x)

1+th?(x)

th(x)-1

th?(x)

Kaxas apXUTEKTypa
HWCKYCCTBEHHON HEWPOHHOH
ceTH OobIie BCETO
MOAXOAUT Il pa3pabOTKu
QJIITOPUTMOB U TPOTPAMMHBIX
CpEICTB pacro3HaBaHUs
o0pa3oB " aHanm3a
n300paKeHUI?

ITonaocBsI3Has
MePCENTPOH)

HEWpPOHHAs CeThb (MHOTOCTIOMHBIH

CBeprouyHasi (KOHBOJIKIMOHHAS) HEIIPOHHASA CeTh

PexyppeHTHast HEHPOHHAs CETh

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

porpaMme

MSE

MAE

CE (Cross Entropy)

BCE (Binary Cross Entropy)

AyrmeHTanus JaHHBIX
MPUMEHSIETCS JJIST

yBesIn4eHusi 00bemMa odyuawuieil BLIOOPpKH

YBEJIMYEHUS] CKOPOCTH 00YUEHHUSI

HOpMaJIU3aIuN

00pbHOBI ¢ mepeodydeHneM

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

permaeTcst

1

3
4
5

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

GAN

ResNet

LSTM

VGG

IIpu nocrpoenuun
ITOPUTMOB O0yUYCHUS
HEHPOHHOU CeTH OOBIYHO
naTaceT OEJIAT Ha 2

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

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

Validation HyxHa, 4T0OBI TOAOOPaTH THIEpHAPAMETPHI
ceTu

Test Hyx)eH I (UHATHEHOW OIICHKM KadecTBa pPabOTHI
ceTn

Bce BbllIenepeynciaeHHoe




negeaue’?

Kakas nporpammHas | Tensorflow

oubnmoreka He npumensiercst | Torch

TSt TIIyO0KOTO 00yUueHus? NLTK

CNTK

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

PyTorch kakas oneparus ¢ c%d

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

[5,6,7,8],

[9,10,11,12],

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

IlycTe MaTpuIia IPU3HAKOB (-4, 3],

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

[1,0,-2]]

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

B mnporpamme na PyTorch | 13

HCcxXonHblil torch.tensor ObwuT | 169

pazmepom 13x13x384. | 384

Ckoyibko (UIBTPOB JIOJDKHO | 64896

ObITb B CBEPTKE, KOTOpas

BBLIAET torch.tensor

pazmepoM 13x13x3847?

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

4. Texnonorus mnepenaun oOyuenusi Transfer Learning. Mcnons3oBanue



npen00yUEHHBIX CETEH.

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

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

8. ['eneparuBHO-cocTs3aTtenbHbie HelipoceTH (GAN) u style transfer.

0. ®dpeitmBopk riydookoro odyuenus Tensorflow

10. ®peitmBopk riaybokoro odyuenus Pytorch

J1sl MpOMesKyTOYHOM aTTeCTAIUU:

ba3oBbie BONPOCH K 3K3aMEHY

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

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

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

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

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

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

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

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

OO6yuenue ¢ nomorisio backpropagation Ha ocHoBe anroputma RMSProp.

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

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

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

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

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

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

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

17. ba3oBble MPUHIUITBI TOCTPOCHUS CBEPTOUYHBIX HEUPOHHBIX CETEH.

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

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

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

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

22. Perynsipusanus U IpopeKuBaHue HepoHHOU ceTH. Dropout.

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



24.
25.

26.

27.

28.
29.
30.

31.
32.
33.
34.
35.

36.

37.
38.

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

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

Metoapl MacmitabupoBanusi Juis  omepauuu upsampling u  downsampling. Dilated
convolution.

['eHepaTUBHBIC MOAETH U AaBTOIHKOJEPHI.

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

PexyppeHTHBIC HEHPOHHBIE CETH U crieU(pUKA UX 00yUEHUSI.

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

OpeiimBopk  Timy6okoro oOyuenust PyTorch. Asromaruueckoe muddepenunpoBanue.
[Mpunuunsl noctpoeHust HeHpoHHBIX ceTel B PyTorch: ¢yHKimonanbHelii 1 00BEKTHBIN
HOJXOI.

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

HNudepenc netipoceteBbix Mogaenein. ONNX.

Mexanusm BHUMaHus. Apxutektypa Transformer.

TwunoBwle 3a1a9n:

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

Peanu3oBath CBEpTOUHYIO CETh, 00OYUUTH CETh U MIPOBECTH KJIACCUDPHUKAIINIO
torchvision.datasets.FakeData. CoctaBute confusion matrix. Iloctpouts
rpaguku accuracy u loss Ha Bamumpanuu. IlpoBectn aHanu3. YMeTb
00BICHUTH CBOI KOJI.

PeaimmzoBath ResNetl8 nis CIFARI10 ( torchvision.datasets).

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

Ho6aBbTe L2-perynsapuzanuio. B PyTorch ona akTtuBupyercs ¢ momoIibko
napametpa weight decay B onmtummu3zarope. 3HadeHrE OOBIYHO BHIOMPAIOT U3
[1e-3, le-4, 1e-5]. IIpumep:

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

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

C nomompio ¢peiimBopka PyTorch mnst pemienus 3amaun kiaccugukanuu
peann3oBaTh HEMPOHHYIO ceTh apxuTeKTyphl VGG. [IpoBecTn o0yueHnue Ha
natacete EMNIST (torchvision.datasets) B Google Collaboratory.



10.

[TocTpouTs rpaduku accuracy u loss Ha Bauganuu.

[IpoBecTn aHanu3 BIWSHUS TUIepnapaMeTpoB (Ha BeIOOp 1 mapamerp) Ha
oOyuenue noctpoennoit UHC.

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

Peann3oBath CBEpTOYHYIO CE€Th, OOYUYUTH CETh U MPOBECTH KJIaCCHU(PUKAIINIO
torchvision.datasets.FakeData. Iloctpouts rpaduku accuracy u loss Ha
BaJIMJAI1H.

[IpoBecTn aHanu3 BIMSHUS TUIEprapaMeTpoB (Ha BbIOOp 1 mapamerp) Ha
oOyuenue nmocrpoennoit MHC.

C mnomompio dpeitmBopka PyTorch peanu3zoBath HEWPOHHYIO CETh
apxutekTypel  DenseNet. Pemmth 3amauy  kjnaccupukarum IS
FashionMNIST u3 6ubnuotexu torchvision.datasets. CoctaButh confusion-
matrix. ['paduxu accuracy u loss nHa Bamupanuu. [Ipoectn anamus
0o0yueHus. YMeTb 00bSICHUTD CBOM KOJI.

[IpoBectn OuHapuyro kiaccudpukamuioo B ML-3agaue (martacer vy
npenojaBaresis). Pa3aenuTh BbIOOPKY Ha OOyYarollyld W KOHTPOJBHYIO.
OO0yuuTh ceTb. OUEHUTH KaueCTBO OOYUYEHHUS.

Pemenne 3amaum perpeccud € TMOMOIIbIO HEUPOHHOW CETH (JaTaceT y
MPEnoIaBaTes).

OOyunTh HEHUPOHHYIO CE€Th JUIS 3ajJayd TpeAcKa3aHusi 3a00JIeBaHUS.
[Toctpouts rpaduku accuracy u loss Ha Bammpmanuu. [IpoBecTn anamus.
YMeTb 00BSICHUTH CBOM KOJI.
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