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1. He.m;, 3ala4YM U IVIAHUPYEMBbIC PE3yJabTaThbl Oﬁy‘leHI/Iﬂ no IMCIUIIJIMHE
(Lens u 3a0auu ocsoenus oucyuniunsl, coomeememayiowue yeau OII)

L[GJ'IBIO OCBOCHUA  JUCHUIIIIMHBI I/IH)KGHepI/I}I CUCTEM  HCKYCCTBCHHOI'O
HHTCIICKTA ABJISACTCA L[CJ'H)IO OCBOCHHA OUCHUIIIIMHBI «I/IH}KCHepI/IH CHUCTEM
HCKYCCTBCHHOTI'O MHTCIIJICKTA» ABJIAACTCA (1)0pMI/IpOBaHI/I€ Y CTYACHTOB TCOPCTHYCCKUX
H IIPAKTUICCKUX 3HAHUM O COBPCMCHHBLIX HAIIPABJICHHUAX, MCTOHOJIOTHAX U IIOAXO0OAAX,
OTHCCCHHBIX K TCXHOJIOTHAM HUCKYCCTBCHHOI'O HHTCJIJICKTA.

3ajayaMu  IUCIUIUIMHBI  SIBISIIOTCS:  3ajjadyaMyd  U3YYEHUS]  JTUCIUIUIMHBI
«mKxeHepus CHCTEeM HCKYCCTBEHHOTO HWHTEIUICKTa» SBISIIOTCA: - (HOPMHpPOBAaHUE
0a30BOTr0 MOHSATUMHOIrO armapara MPUHIMIOB (PYHKIMOHUPOBAHMUS HMCKYCCTBEHHBIX
HEHPOHHBIX CeTe M METOJOB HUX OOYYEHHUS;, - M3YUYECHHE CPEACTB pa3padOTKu U
MPOEKTUPOBAHMS UCKYCCTBEHHBIX HEMPOHHBIX CETEH; - 3HAKOMCTBO C COBPEMEHHBIMU
TEXHOJIOTUAMHU HCKYCCTBEHHOTO WHTEJUIEKTA, IO CIEAYIOIIMM HAIMpaBICHUSIM -
KOMITBIOTEPHOE 3peHue; - 00paboTKa €CTECTBEHHOTO SI3bIKA; - PACIIO3HABAHUE U CUHTE3
peuu; - MHTEJUIEKTyalbHbIE CHUCTEMbl NOAJCPKKU TNPUHATHAS PELICHUNA. -
dbopMHUpoBaHUEe YMEHUI M HAaBBIKOB PEIICHUS MPAKTUYECKUX 3a7ad C MPUMEHEHUEM
TEXHOJIOTUNA UCKYCCTBEHHOTO MHTEJUICKTA.

KomnereHumy 1 MHIMKATOPBL, (pOpMUpyeMbIe Y 00yHaroIUXCsl:

KO[[ 1 HAUMCHOBAHUEC KOMIICTCHIIUHU KOII U HAMMCHOBAHUC HHAWKATOpPA

[TK-2.1 Crioco0OeH K MpOeKTUPOBAHUIO
MaTEMaTHYECKOT0 U POrPaMMHOI0
[1K-2 Cnoco6eH K MpOeKTUPOBAHUIO U | 0OecrieueHus: HeHpOCETEBBIX TEXHOJIOTUU

pa3paboTke MaTeMaTHYECKOe U [TK-2.2 Cnoco6eH k pa3paboTke
IpOrpaMMHOE 00ecriedeHIe CHCTEM MaTeMaTHYECKOTO U TPOTPaMMHOTO
MCKYCCTBEHHOI'O MHTEIJIEKTA JUIs o0ecreyeHns CUCTEM UCKYCCTBEHHOTO
pereHust 3a1a9 IPeANPUSITHS MHTEJUIEKTa

[TK-2.3 CriocoGeH compoBOX/1aTh CUCTEMBI
HMCKYCCTBEHHOTO MHTEJIJICKTA

2. Mecto nucuunnHbl B cTpykrype OII
[IpenmecTByromue AMCUUILIUHBL (Moaynn), npaktuku, HUP, np.
[Tocnenyromme qucuuminabl (Moaynn), npaktuku, HUAP, ap.

3. CTpyKTypa M cofep:KaHue U CHUILTHHbI
3.1. CTpykTypa IMCUMILINHBI
JL1st ouHOM popMBbI 00yUeHHUS

Bun yuebHoit paboTbl Beero | Beero | CoMecTP(t)
3E JacoB 7
OBLIAS TPY JOEMKOCTbH AUCIUITJIMHBI 6 216 216
KOHTAKTHAS PABOTA
AYJIUTOPHAS PABOTA 1,89 68 68
Jlexun 0,94 34 34




[IpakTrueckue (CeMUHAPCKUE) 3aHATUS 0 0 0
JlaGopaTopHbie paboThI 0,94 34 34
CAMOCTOSTEJIBHAS PABOTA OBYYAIOIIETOCA 411 148 148
[IpopaboTka yueGHOro MaTepuana 2,11 76 76
KypcoBoii mpoexT 0 0 0
Kypcosas pa6ora 1 36 36
IToAroToBKa K MPOMEKYTOUHOMN aTTECTaluK 1 36 36
KP
[TpoMeXyTOUHas aTTECTALUSL: 5

3.2. Coaep:xkanue TUCIHHUIIMHBI, CTPYKTYPHMPOBAHHOE 10 pa3/ieiaM U BUAAM

3aHATHH
Paznensi Pacnpenenenue ®opmel 1 | UHAEKCH MHANKATOPOB
JUCLHUTIIIUHBI 2 TPYJOEMKOCTH BH/I dbopMUpyeMBbIX
§ 10 BU/JaM y4€OHOM paboThl | KOHTPOJIs KOMIIETEHIU
© ) : o
HEIREIE R
3 . X :
2| 8] 5| 3
Pazgen 1 70 16 16 38 TK1 NnK-2.1, NK-2.2, NK-2.3
Paznen 2 74 18 18 38 TK2 NK-2.1, NK-2.2, NK-2.3
KypcoBasi paboTa 36 72 OM1 MNK-2.1, NK-2.2, NK-2.3
JK3amMeH 6 0 OM1 |MK-2.1,TK-2.2,MK-2.3
MK-2.1, NK-2.2, NK-2.3
UTOI'O 216 | 34 | 34| 0 148

3.3. Conep:kaHue IMCUUIIMHBI

Cemctp 7

Pa3znen 1. BeeneHue B HEMPOHHBIE CETH

Tema 1.1 OcHoBBI HENPOHHBIX ceTel u cucteM NN

[TonsATHE UCKYCCTBEHHOTO UHTEIUIEKTA. VICTOpUSA pa3BUTHUS TEXHOJIOTUMI
HMCKYCCTBEHHOTr'0 MHTEJUIEKTAa. COBPEMEHHBIE TEXHOJIOTUUA UCKYCCTBEHHOTO
VHTEJUICKTA MO0 CIEAYIOLIUM HAPaBICHUAM

. KOMIIBIOTEPHOE 3PCHHE;

. 00paboTKa €CTECTBEHHOTO SI3BIKa;

. pacro3HaBaHKWE U CHHTE3 PeUH;

. HUHTEIJICKTYaJbHbIe CUCTEMBI TOIICPIKKU IPHUHATHS PEIICHUI;

OCHOBBI HEUPOHHBIX ceTe. bruosornueckne aceKkTbl HEPBHOW JAESTENBHOCTH.
Heiipon. Akcon. Cunarc. PednektopHas nyra. LlenTpanbHas HepBHas cucTema.




Monenu nckycctBeHHOro HelipoHa. dyHkuuu aktuBanuu. bazoBas apxutektypa
HEHpOHHBIX ceTeil. O0yueHue ¢ yuureneM. OCHOBHAs TEPMUHOJIOTHSL.

Tema 1.2 IlomHOCBSI3HBIE CETH NMPAMOTO PACTIPOCTPAHEHUS

[ToTHOCBSI3HBIC CETH TPSAMOTO pacrnpocTpanenus. [IpeomoneHne mpooIeMbl
XOR. O6y4enne HEHPOHHOM CETH C TIOMOIIBIO AJTOPUTMa OOPATHOTO
pacnpocTpanenus omnoku. [Tonsitue oOydaroriero kousetiepa (Pipeline).

Tewma 1.3 CBepTouHbIE HEHPOHHBIE CETU

Onepanus cBeptku. Bzaumuas koppemsauus. Penentusroe nose. Kackan
cBeptok. I'pynmupoBka (pooling).

Tewma 1.4 IIpoaBuHyTEIE METOBI OOYUYEHUS

MeTtoapl 60prOBI ¢ IepeoOyueHneM. AyrMeHTanus JaHHbiX. baty-
HopManm3anus. Perynspuzanus TuxoHoBa. Lasso perynspuzauus. Dropout.

Pa3nen 2. TexHONOTUH UCKYCCTBEHHOTO UHTEIIIICKTA
Tema 2.1 Texunomoruu nepenaun ooyuenus Transfer Learning

Texnonoruu nepegaun 3uanuii Transfer Learning / Domain adaptation.
JlooOyueHue ceTH, moCTpoiika mapameTpoB Fine Tuning. Mcrnonb3oBBanne
npeno0ydeHHbIX ceTeil. COBpEMEHHBIE CBEPTOYHBIE APXUTEKTYPHI

Tema 2.2 ABTOSHKOJAEPHI.

ABTOKOJIMPOBIIMKU. ApXUTEKTYpa dHKoIep-AeKkoaep. OOHapykeHHEe aHOMATTUN
B JJAHHBIX C TOMOIIBIO aBTO3HKOepa. ['eHepatuBHble MoAenu. BapuanuoHHsie
aBTo3HKOAEpHl VAE.

Tema 2.3 I'eneparuBnbie moaenu MU

CoBpemenHble apxuTekTypbl. [Topoxnaronue (reHepaTUBHbBIE) COCTA3ATEIbHbIE
HelpoHHble ceTu. ['eneparop. Juckpumunarop.

Tewma 2.4 Texunonoruu U B 06paboTKe €CTECTBEHHOTO S3bIKA

O06paboTKa eCTeCTBEHHOTO S3bIKA C TIOMOIIBI0 HEUPOHHBIX CETEH.
Knaccudukanus tekcra. PekyppenTHbie HelipoHHbIe ceTu. Apxutektypsl LSTM
(Long Short-Term Memory) u GRU (Gated Recurrent Unit).

Tema 2.5 IlepcieKTUBHBIE MOAEIHN HCKYCCTBEHHOTO MHTEIIJIEKTA.

MexaHn3M BHUMaHHS. ApXUTEKTypa TiTyOOKUX HEUpOHHBIX ceteit Transformer
JUTsl paboThI € TIOCTIE0BATENBHOCTIMHU. MOENIb HCKYCCTBEHHOTO MHTEIJIEKTA
Generative Pre-trained Transformer.



3.4. TemaTuyeckni MJIAH NPAKTUYECKUX 3AHATHI

JlaHHbIiA BUA padOTHI HE MPEYCMOTPEH YUYEOHBIM IIAHOM.

3.5. TemaTu4yeckuii NJIaH JJaDOPaTOPHBIX padoT

1. Texnomoruu pa3paboTku U oOyueHus: HeHpoHHBIX ceTeil. [Iporpammuas
pa3paboTka ¢ MCHOJIb30BAaHUEM OOJAYHBIX HWHCTPYMEHTOB. 2. BBeaenue B
dbpeiimBopku raybokoro ooydenuss Pytorch /Tensorflow. Tenzopsl. 3. Apxurekrypa
IIOJIHOCBSI3HOM  HEMpOHHOM ceTu W ee o0ydeHue. AJTropuTM  0OpaTHOro
pacnpocTtpaHeHus: omnoku 4. [IpenckasarenpHas aHAIUTUKA JUIsL IPOU3BOICTBEHHBIX
u OusHec mpoueccoB. S. HHTemnekTyaabHble TEXHOJIOTMM  paclo3HaBaHUs
n3oopaxenuid. 6. Texnomorun Transfer Learning. 7. Texunomornu M1 B muarHocTuke
3a0oneBanuil. 8. Texnonoruu MU nns monuropunra nansueix. 9. Texnonorun MU B
00pabOTKEe €CTECTBEHHOTO SA3BIKA. 10. I'eHepaTuBHbBIE MOJIETU HCKYCCTBEHHOTO
VHTEJUIEKTA. 11. WuxeHepuss mNporpaMMHOrO oOOecCHedYeHHus ISl CHUCTEM
UCKYCCTBEHHOI'O MHTEIIICKTA.

3.6. KypcoBoii mpoekT /KypcoBasi padota

I. Cucrembl pacno3HaBaHus Tmarojoruid B MeaunuHe. 2. CHCTEMBI
aBTOMAaTUYECKOTO pacro3HaBaHus Jmil. 3. MammHHbI nepeBox Tekcra. Neural
Machine Translation. 4. Tpanchopmepsl: apxuTekTypa Heipocereil aias paboOThI ¢
IIOCJIEA0BATENBHOCTAMHU. 5. Pacrio3HaBaHWe pedyr Ha OCHOBE HEMPOHHBIX ceTel. 0.
O6HapyxeHue oOBbEKTOB Ha U300pKEHUSAX. 7. ATaku Ha HEHPOHHBIC CETU U 3aIUTA
or Hux (Adversarial attacks) 8. «RealWorld» Wudepenc HeiipoHHBIX ceTeil Ha
pa3nuuHbIX ycTpoiictBax 9. IlepeHocumocth HedpoceteBoix Mojener (ONNX).
ONNX Zoo Models. 10. Ontumwuzanus/akcenaepanus HHPEpeHca TITyOOKOro
oOyuenusi. NVIDIA TensorRT 11. ['erepaniusi mnporpaMMHOTO KOJia TI0 OITUCAHUIO

4. OueHUBaHUE Pe3yJIbTATOB 00y4YeHUsI

OueHuBanue pe3yabTaTOB O0YyUEHHUS 110 AUCIUIUIMHE OCYILIECTBIIIETCS B paMKax
TEKYLIErO0 KOHTPOJS W MPOMEXKYTOYHOM aTTeCTalMd, MPOBOJUMMBIX MO OaJlJIbHO-
peiitunrosoit cucteme (bPC).

[IIxana orleHKH pe3yJbTaTOB OOYUYEHUS MO AUCHUTLIINHE:

YpoBeHb chOpMUPOBAHHOCTH UHIUKATOPA KOMITETEHIIHH
. N Hmxe .
Belicoknii Cpennuii Husknii
CpEIHETO
Kon Kon 3armianu-
KOMII WHIUKATO pOBaHHEIE ot 85 a0 100 ot 70 o 84 oT 55 o 69 ot 0 0 54
e- a €3VIILTAThI
p pesy. IITxana oneHUBaHUA
TEHII | KOMIETeH | OOy4YeHHs 1O
7051 195041 JTUCIUIIINHE HEY/I0B-
YIIOBJIET-
OTJINYHO XOpPOIIO JIETBOPH-
BOPUTEIBHO
TEIBHO
3aureHo HE 3a4TEHO
3HaTh:
[IK-2 | IIK-2.1 - OCHOBBI 'myGoxo n XOpOIIO 3HaeT | 3HaeT 0a30BbIC HE 3HAET
TEOpUU [IOJIHO 3HAET OCHOBHEIE IMOHSTHS 0a30BBIX
HEUPOHHBIX MaTeMaTU4eCcK | MaTeMaTHYeCK HEUPOHHBIX MOHATHH, HE




CEeTeM, B TOM Ue CTPYKTYPHI | W€ CTPYKTYPHI CeTel, 3HaeT 3HAET KakK
qpciIe B OCHOBE B IIOCTPOCHHUH aJIrOPUTM obyuaercs
pasIn4YHbIE TOCTPOEHMUS HEHPOHHBIX backprop, HefpoHHas
APXUTEKTYPHI HEHPOHHBIX CeTeM, 3HaeT OCHOBHEIE CeTh, HE 3HAET
HEUPOHHBIX ceTei, 3HaeT aJTOpUTM METPUKH KaK OLICHUTh
ceTel u AITOPUTM o0OpaTHOTO Ka4eCTBO
QITOPUTMBI HIX o0OpaTHOTO pacnpoctpaHe o0ydeHus
o0yueHus; pacnpocTpaHe | HUsI OIIUOKH, MOJIETU
- HMS OLINOKH, HEKOTOPbIC
MaTEMaTHYCCK | COBPEMECHHBIC | COBPEMEHHBIC
W€ CTPYKTYPBI | apXHTEKTYPhl, | apXUTEKTYpHI,
Y IPUHIUIIBI METPHKH OCHOBHEIE
X 0000ImeH s KavecTBa, METPHUKH
Ha TIOCTPOCHHE
BBIYHCIINUTEILH
BIX OJIOKOB
HEHPOHHBIX
CceTew;
YMeTh:
yMeer
aHATU3UPOBAT
b
MOCTaBJICHHYIO
3a/1auy u yMeeT
- npejyiaraTh aHATU3UPOBAT
aHATM3UPOBATh | PpEIICHUs Ha b
HE yMeeT
MOU(PHUKAIINA OCHOBE MOCTABJICHHYIO yMeer 016D
. moaouparTn
Y HOBBIE HEHPOCETEBBIX 3a1auy u o10MpaTh P
N . aJICKBaTHYIO
CpelcTBa TEXHOJIOTHIA; npejiaraTh HEHPOCETEBYIO .
HEHPOCETEBYIO
MPOrPaMMHOIO Ymeer pelIeHus Ha TEXHOJIOTHIO
TEXHOJIOTHIO
obecrieyeHusi | 0OOCHOBBIBATH OCHOBE JUTSL PEIICHUS
“ . N JUTSL PEIICHUS
IUISL CO3TaHus CBOi1 BEIOOD HEHPOCETEBBIX | IOCTABICHHOMN N
o N ITOCTAaBJIEHHOMN
HEHPOCUCTEM U | apXUTEKTYpbl TEXHOJIOTHIA, 3a7a4u. sana
JTa4n.
UHTEIUIEKTYallb | ¥ TEXHOJIOTHH | 0OOCHOBBIBATH
HBIX CUCTEM o0OydeHus; CBOi1 BEIOOD
VYmeet APXUTEKTYPBL;
HWHTEPIIPETUPO
BaTh BEIXOJIBI
MOJIETH
Brnanets:
Bnageer Bnangeer Bmageer
- cpesctBamu | IPOJBHHYTHIM OCHOBHBIMH OCHOBHEIMU
1 cpe He Bnameer
CO3JTAHUS 1 peACTBaMU cpelcTBaMu CpelCcTBaMHU
0byUenHs CO3/1aHuUs Cco3/1aHus CO3/1aHus CpeACTBAMH
- Heil < o CO3IaHus U
HEHPOHHBIX POHHBIX HEHPOHHBIX HEHPOHHBIX .
cereit cereit cereit ceteii 6a30BBIX 00yHCHHA
HEWUPOHHBIX
PasIMUHBIX Pa3TUYHBIX Pa3TUYHBIX APXUTEKTYP. p N
THIIOB APXUTEKTYP. APXUTEKTYP. Bnaneer ceren
Bnangeer Bnangeer 0a30BBIMU
MPOJABHUHYTHIM | CTaHAAPTHBIMU CpeacTBaMHU




U CpeCTBaMHU CpeacTBaMu o0y4eHus u
oOydueHUs u oOyueHUs u TECTHPOBAHUSA
TECTHPOBAHHS | TECTUPOBAHHS ceTe.
ceTen. CeTel.
3HaTh:
BBIYUCITUTEIHH
bIE CPEJICTBA U
p OTnaHO
KOMILJICKCHI, XOPOILIO 3HAET
3HAET S3bIK HE 3HaeT
MpUMEHSIEMBbIC s3b1K Python 3HAEeT OJIUH U3
Python mimn N BBIYUCITUTEIHH
pu i C++ | (b peliMBOPKOB
C++, . BIX CPEOCTB,
pa3paboTke N (bperMBOpKHI riry0OKOro
(bpeiMBOpKH MPUMEHSIEMBIX
MIPOEKTOB rIIyOOKOTO o0yueHus,
. . rIIyOOKOro npu
HelpoceTel u o0y4eHus, TaKk#e Kak
oOyueHwus, pa3paboTke
WHTEIUICKTYyalb TaKHe KaKk PyTorch u
TaKue Kak MPOEKTOB
HBIX PyTorch n Tensorflow, . .
PyTorch u HelipoceTel 1
CHCTEM,; Tensorflow, o0auHbIe
. Tensorflow, HHTEIUIEKTYaI
-pperiMBOpKH o0J1auHbIC TIaT(HOPMBI
o0JauHbIe BHBIX
[1yOO0KOTo m1aT(opmel U151 paboTEHI €
miatdopmbl . CHCTEM;
o0yd4eHus, JUTSL pabOoTHI C HeHpoceTsIMH
JUTs pabOoTHI C N
TaKue Kak . HelpoceTsIMH
HelpoceTsIMu
PyTorch u
Tensorflow
YMers:
[K-2.2 — CO3/1aBaTh,
MPOBOJIUTH
OTHAAKY Ymeer
MPOTPaMMbI CO3J1aBaTh,
oL MIPOBOIUTH
MOCTaBJICHHYIO OTJaJKy Ymeer
3ajauy C MPOTPAMMBI C CO3/1aBaTh Ymeer HE yMeeT
YUETOM HCHOJB30BAaHU | TPOTPAMMBI C c03/1aBaTh C03/1aBaTh
MOCIIETHUX eM WCIOJNB30BaHU | TMPOrpaMMbI C | MPOrpaMMbI C
TEOPETUYECKUX | COBPEMEHHBIX eM WCTIOJIb30BaHKUE | HCIIOJIB30BaHU
" WHTEJUIEKTYal | COBPEMEHHBIX M eM
NPaKTUIECKUX BHBIX WHTEJUIEKTyan | HEHpOCeTEeBBIX | HEHpOCETEeBBIX
NOCTH)KEHUN B TEXHOJIOTHH, BHBIX Moaeen MoJieJIen
obnactu ONNX (Open | TtexHosOTHit
HCKYCCTBEHHOT Neural
0 WHTEJUIEKTA U Network
HEWpPOCeTEeBbIX Exchange )
TEXHOJIOTU
Bnaners:
- TEXHOJIOTHEN OTtnu4aHO BJaJeeT BIIazeeT HE BIaIceT
00BEKTHO- BJajeeT OCHOBHBIMH 0a30BBIMU OCHOBHBIMHU
OPHEHTHPOBAH | TEXHOJOTHSMHU | TEXHOJOTHUSMH | TEXHOJOTHSMH | TEXHOJOTHUAMHU




HOTO cOopKH U cOopKH U cOopKH U cOopku u
MIPOrPaMMHUPOB 3aIycKa 3aIrycKa 3aIrycKa 3aIrycka
aHWs Ha S3BIKE IIPOTPaMM C IIPOTPaMM C MPOTPamMM C MPOTpamMM C

Python nnu WCTIONIF30BAaHMU | WCIIOJI30BAaHU | HCIIONB30BAHWE | WCIIOIH30BAHH
C++ st eM eM M eM
pa3paboOTKU U | HEMPOCETEBBIX | HEWPOCETEBBIX | HEWPOCETEBBIX | HEWPOCETEBBIX
TECTUPOBAHUSA MOZYJIEH, MOAYyJIEH, MOJYJIEN. MoAynen
Mojenen
MaIInHHOTO
o0yJeHmus;
3HaTh:
- HE 3HAeT
MpOrpaMMHBIC MPOTPaMMHBIX
porp OTanaHOo Y nosnerBopure porp
" XOPOIILIO 3HAET u
3HaeT JBHO 3HAET
BBIYHCITUTEIIBH pOrpaMMHbBIE BBIYUCITUTEIbH
MIpOrpaMMHBIE MPOrpaMMHBIC
b€ CPE/ICTBA U cpencTBa U BIX CPEJICTB,
cpencTea u CpEeICTBA H
1aThOPMBI o0navyHbIe MPUMEHSEMBIX
o0JauHbIe obOnadHbIe
TUTS mat(opmel npu
IaTGOPMBI I1aTHOPMEI
MOHHUTOpPHHTA JUTst paboTHI C COTIPOBOX/ICH
JUTs pabOoTHI C N JUTSE pabOTHI C
CHUCTEM N HEHPOCETIAMHU . WU CUCTEM
HelpoceTsIMu HelpoceTsIMU
HCKYCCTBEHHOT HCKYCCTBEHHO
0 WHTEJUIEKTa r'O MHTEJJICKTA
YMers:
Ymeer HE yMeeT
Ymeer MPOBOAUTH Ywmeer Y
—TIPOBOJIUTH MTPOBOJIUTH
I1K-2.3 pOBOJUTH MOHUTOPHUHT IpOBOJUTH
COTIPOBOX/ICHU COIIPOBOXK/ICH
BHEJIPEHUE H IIPOTPaMM C COTIPOBOXICHU
e ue MporpamMmm
COTIPOBOX/ICH | WCIOJB30BaHU | € IMPOTpaMM C
cucTeM c
ne ONNX ( eM HCITOJIb30BaHUE
HCKYCCTBEHHOT WCTIOJIb30BaHH
Open Neural | coBpeMeHHBIX M
0 WHTEJUIEKTa . eM
Network UHTEJUIEKTYall | HEHpOCeTeBBIX N
. HEHPOCETEBBIX
Exchange ) BHBIX MoJieneit .
N Moesei
TEXHOJIOTHH
Bnaners:
OTinyHO BIIaJIeeT BIIaJIEET HE BIIaJIeeT
— cpelcTBaMu
BJaJeeT OCHOBHBIMH 0a30BBEIMHU OCHOBHBIMU
COIIPOBOXKJ/ICHU .
TEXHOJIOTHEW | TEXHOJIOTUSMHU | TEXHOJOTHUSIMHU | TEXHOJOTHSIMH
s
HEDOCETEBAIX nH(pepeHca,Ha | uH(pepeHca,Ha | WHpepeHca,Ha | MH(epeHca,Ha
pocete mp., ONNX | mp., ONNX p., ONNX mp., ONNX
Mo/ieIell B
RUNTIME, RUNTIME, RUNTIME, RUNTIME,
pexxume
WHCTPYMEHTaM | MHHCTPYMEHTAM | HHCTPYMEHTaM | HHCTPYMEHTaMm
unepenca. Py Py py Py

u Tensorboard

u Tensorboard

u Tensorboard

u Tensorboard

5. Y4eOHO-MeTOIM4YecKoe U HH(POPMALMOHHOE o0eciedeHne JUCHUILIHHbI

5.1. YueOGHO-MeTOANYECKOE 00ecIIeueHue

5.1.1. OcHoBHas nuTeparypa




1) MacnennukoBa, Onbra EBreHpeBHa. OCHOBBI HCKYCCTBEHHOTO HHTEIUICKTA :
yuebHoe nocobue / O. E. Macnennukosa, U. B. I'aBpuniosa, 2019. - 282 c. - Teker :
anextponHbiii. URL: https://ibooks.ru/bookshelf/337972, OBC ibooks.ru

2) Cupopkuna U. I'. CuctemMpl HCKyCCTBEHHOIO UHTEIJIEKTA : Y4yeOHOe
nocobue / W. I'. Cunopkuna, 2017. - 245 c. - Tekcr : anekrponusiii. URL:
https://www.book.ru/book/920005/

3) Octpoyx, Aunpeit Biagumuposud. CHCTEMBI HCKYCCTBEHHOTO HHTEIUICKTA :
moHorpadus / A. B. Octpoyx, H. E. Cypxoga, 2019. - 228 c. - TeKCT : 2JIeKTpOHHBIH.
URL.: https://e.lanbook.com/book/113401

4) PoctoBueB B. C. UckyccTBeHHbIe HelipoHHBIE ceTH : yueOHuk / B. C.
PoctoBies, 2023. - 214 c. - Tekcr : anektponHsbiif. URL:
https://e.lanbook.com/book/310184, OBC Jlaun

5.1.2. JlomorHUTENBbHAS TUTEpaTypa

1) Adpounun B. JI. UnTennekryanbHbie pOOOTOTEXHUYECKUE CUCTEMBI : yUeOHOE
noco6ue / B. JI. Abonun, B. A. Makymikun, 2016. - 222 c. - TekcT : 37€KTpOHHBIH.
URL.: https://e.lanbook.com/book/100607

2) bapckuii, Apkaauii benunonosuy. Jlornueckrne HEUPOHHBIE CETH : yueOHOE
nocobue / A. b. bapckuii, 2016. - 492 c. - Tekcr : anextponnbiii. URL:
https://e.lanbook.com/book/100630

3) PytkoBckas, Jlanyrta. HeitpoHHbIe ceTH, FTeHETUYECKHE aJITOPUTMBI U
HEUYETKHE CUCTeMBbI : HayuHoe uznanue / J[. PyrkoBckas, M. ITununbckuid, JI.
PytkoBckuii ; ep. ¢ nmon. W. JI. Pynunckoro, 2013. - 384 c. - TeKCT : 31€KTPOHHBIIA.
URL: https://ibooks.ru/bookshelf/334029, 3BC ibooks.ru

5.2. UudopmanumonHoe odbecneyeHme

5.2.1. DNeKTpOHHBIE U UHTEPHET-PECYPCHI

HauMmeHoBaHUe CcblLIka

Name URI

5.2.2. Tlpodeccuonanbible 0a3pl  gaHHbIX /[ MH(OpMaMOHHO-CIIPABOYHBIC
CUCTEMBI
Ilpusooumcs nepeyens

5.2.3. JIunileH3uoOHHOe W CBOOOJHO  pacHpoCTpaHsieMoe  IMPOTrpaMMHOE
oOecrieueHne AUCIUTUIMHBI



IIpusooumcs nepeuens

6. MaTepHaJH)HO-TeXHH‘IeCKOG o0ecrneueHue AUCHUIIIMHBI

HanmenoBanue BHUaa

HaumeHnoBanue y4ueOHOM

yaeOHOH paboThI ayJIUTOPHH, [lepeuens HeoOxoaUMOTO 000PYIOBAHUS U
CIIeMaIM3TPOBAHHON TEXHHYECKUX CPEICTB OOyICHHS
naboparopuu
Jlexumu Y4eOHas ayquTopus Jis Crnenuanu3upoBaHHas yaeOHas MeOelb,
IIPOBEACHUA 3aHATHA TCXHUYCCKUE CpCACTBA 06y‘IeHI/I$[, ClIyKamue OJisd
JEKIHOHHOI'0 TUIA MIPEICTABJICHHS yaeOHOMI uHpopManuu
Oompmiol  aymuTopuM  (MYJIBTHMEIHIHBIHN
MPOCKTOp, KOMIIBIOTEp (HOYTOYK), SKpaH),
JIEMOHCTPAIIMOHHOE 00O0pYIOBaHUE, Y4eOHO-
HarJsiAHbIe TOCOOUS
[IpakTuyeckue Vuebnas  ayauropus s | Crienuanu3upoBaHHAs yueOHas Mebenb,
3aHATUA MIPOBCIICHUA 3QHATUH | TeXHUYECKUE cpeacrsa 06yquH;1
CCMUHAPCKOT0 THNA, | (MyITbTUMEAUMHBIA  HPOEKTOpP, KOMIIBIOTEP
TpyHnIioBbIX n I/IHI[I/IBI/II[}:' (HOYT6YK), 3KpaH) u ap.
AJIBHBIX KOHCYJIbTAllWH,
TCKYHICTO KOHTPOJIA u
IMIPOMEXKYTOUYHOU aTTCCTAlUN
JlaboparopHsbie YyeOHnas maboparopus Crienmann3upoBaHHON nabopatopHoe
paboTHI « », 00opyIoBaHue MO NMPOQUIIIO JIA00OPATOPHH:
KoMIproTepHBIii Ki1acc ¢ Crenuanu3upoBaHHas yueOHast MeOelb,
BBIXOZ0M B MHTEpHET TEXHUYECKHE cpencTea 00y4eHwust
(MyTbTUMEIUUHBI ~ TPOEKTOP,  KOMIBIOTED
(HOYTOYK), 9KpaH), JUIIEH3UOHHOE
IporpaMMHoe o0ecreyeHne
KomnbrorepHplii Ki1acc ¢ CrnenuanusupoBaHHas y4deOHass MeOenb Ha 30
BeixonoM B MuTeprer B-600a | mocagounsix  mMect, 30  KOMIBIOTEPOB,
TEXHUYECKHUE CpeACTBAa 00y4deHUs (MyJbTHME-
JUMHBIM MPOEKTOp, KOMIbIOTEp (HOYTOYK),
JKpaH), BUJICOKaMepHlI, IpPOrpaMMHOE
o0ecreyeHue
CamocrostenpHas | KommbroTepHslii kiace ¢ Crenman3upoBaHHas y4deOHas mebens Ha 30
pabora BbIxoztoM B MuTepHer B-600a | mocamounsix  mect, 30  KOMIBIOTEPOB,

TEXHUYECKHE CpeACTBa O00y4deHUs (MyJIbTHME-
JUHHBIM  MPOEKTOp, KOMIbIOTEp (HOYTOYK),
9KpaH), BUJICOKaMEPHI, IPOTPaMMHOE
obecreyeHne

YuTanbHBIN 321
OnOIIMOTEKH

Crnenunanm3upoBaHHas MeOelb, KOMITbIOTEpHAs
TEXHHKA C BO3MOXXHOCTBIO BbIX0J1a B IHTepHET U
obecnieuenuem noctymna B JUOC, skpaH,
MYJIbTUMEAUHHBIN TPOEKTOP, MPOTPaMMHOE
obecrieueHue

VYuebHast ayauTopust 1Jist
BBITTOJIHEHHST KyPCOBOTO
mpoexTa (KypcoBoi paboThl)

(YkazpiBaeTcs mpu
nammann KP/KIT u takoit
ayIATOPHH)

Crenn

HU3UpOBaHHAA MCGGHB, KOMIIBIOTCPHASA TCXHUKA
C BO3MOXHOCTBIO BbIXOna B VIHTepHET W
obecrnieueHreM JOCTyTIa B BUOC,
MporpaMMHOE o0ecIieueHre

7. OCO0eHHOCTH OPraHU3aNuMu 00pPa30BaTebHON AeATeJILHOCTH AJIsl JHUIL C




OrpaHu4¢HHbIMHA BO3MOKHOCTAMM 310POBbS H HHBAJIU/I10B

JIviia ¢ OrpaHUYEHHBIMH BO3MOKHOCTSIMU 3710poBbsi (OB3) U MHBaIUIBI UMEIOT
BO3MOKHOCTh OECIPEMSITCTBEHHO MEpeMenaTbcsi M3 OJHOr0 yueOHO-JIabopaToOpHOro
KOpIyca B JpYyroi, MOTHATHCS HA BCE JTaXHU Y4eOHO-TAOOPATOPHBIX KOPITYCOB,
3aHUMAaThC B Y4EOHBIX W HHBIX TIOMEUICHHSX C YY4E€TOM OCOOCHHOCTEH
NCUXO(U3NICCKOTO PA3BUTHS U COCTOSIHUS 37I0OPOBBSI.

Jist o0yuenuss i ¢ OB3 ¥ MHBaNMIOB, MMEIOLIMX HAPYIICHHS OMOPHO-
JIBUTATEILHOTO ammapaTa, 00ecreueHbl YCIOBHsI OECIIPEMsITCTBEHHOTO JOCTYTa BO BCE
yaeOHble TomenieHus. Mubopmarus o CHenuanbHbIX YCIOBHSX, CO3MaHHBIX IS
oOyuaromuxcst ¢ OB3 u wuHBamuaoOB, pa3MellleHa Ha CcailTe yHUBEpCUTETa
www//kgeu.ru. FimeeTcst BO3MOKHOCTb OKa3aHHUsI TEXHUUECKOM IMOMOIIM aCCHCTEHTOM, a
TaKXe YCIYT CYpJIOTEePEBOTUUKOB U TU(HIOCYPAONIEPEBOTUMKOB.

Jlnst amantanuu K Bocnpusituio JuiiamMu ¢ OB3 u uHBanmuaamMu ¢ HapylIEHHBIM
CIIyXOM CIPAaBOYHOTO, Y4e€OHOro MaTepuaia [0 JUCHUIUIMHE 00eCIeunBarOTCs
CJIEYIOIKE YCIOBUSL:

- JUIS JIy4dIlleld OpUEHTAIMU B ayJIMTOPUH, IPUMEHSIOTCSI CUTHAJIBI OMOBEIICHUS
O HayaJie U KOHIIE 3aHsTHUs (CIOBO «3BOHOK» MHUIIETCS HA JIOCKE);

- BHUMaHHEe cjabocplmanmero o0ydJalomerocs TMPUBICKAETCS IEAarorom
KECTOM (Ha IJIeY0 KJIaIeTCs pyKa, OCYIIECTBISETCS HEPE3KOe MOXJIONbIBAHHE);

- pasroBapuBas C 00yJarOIMUMCs, TIeAarOrMIecKuii paOOTHHK CMOTPUT HA HETO,
TOBOPHUT SICHO, KOPOTKUMU TIPEIJIOKEHUSIMH, 00€CTieunBasi BO3MOXHOCTh YTCHUS TIO
ryoam.

Kommencanusi 3aTpyIHEHHI pPEYeBOr0 W HMHTEIUICKTYaJIbHOTO Pa3BUTHUS
C1a00CIBIIAIINX 00YYAOITUXCS IPOBOAUTCS MTYTEM:

- HCTIOJIb30BAaHUS CXEM, JUarpaMM, PUCYHKOB, KOMITHIOTEPHBIX MPE3CHTAINM C
TUIEPCChUIKAMU, KOMMEHTHUPYIOIIMMU OTJIEIbHBIE KOMITOHEHTHI H300PaKEeHNUS,

- PETYJISIPHOTO TMPUMEHEHMsI YIpaXHEHUH Ha rpaduyecKkoe BbIICICHUE
CYIIIECTBEHHBIX MPU3HAKOB MPEIMETOB U SBIICHU;

- obecriedeHrs BO3MOXKHOCTH Il OOydYaromierocs TMOJIYYUTh aJApPECHYIO
KOHCYJIBTAIIHMIO TI0 AJIEKTPOHHOH MOYTE 10 MEpe HEOOXOAMMOCTH.

Jlnst agantaruu K BocnpusTHio Jiiiamu ¢ OB3 u nHBaMaaMu ¢ HapyImIeHUSIMH
3peHUs CIPABOYHOTO, Y4EOHOTO, MPOCBETUTEIHCKOTO MaTepualia, MpeaIyCMOTPEHHOTO
o0Opa3oBaTeNbHONl IPOrpaMMoil MO BBIOPAHHOMY HAMPABICHUIO MOATOTOBKH,
00€eCTIeUNBAIOTCS CIEAYIONINE YCITOBHUS:

- BeJIeTcs amanTais oQpUIIMaIbHOTO caiiTa B ceTH MHTEpHET ¢ y4eTOM 0COOBIX
NOTPEeOHOCTEW MHBAIKIOB MO 3PEHUI0, 00ECTICUNBACTCS HATMYNUE KPYMHOIIPU(TOBOI
CIIPaBOYHOM MHGOPMAIINH O PACTIMCAHUH YUSOHBIX 3aHSITHIA,

- IeJlarOTHYeCKuid  pabOTHUK, ero coOecemHUK (MIPU  HEOOXOIUMOCTH),
MPUCYTCTBYIONINE HA 3aHSITHH, MPEICTABISIOTCS OO0YUYaIOIMIUMCS, MPU 3TOM KaxXIbIA
pa3 Ha3bIBACTCS TOT, K KOMY MEIarornueckuii pabOTHUK oOpaliaercs;

- IEUCTBUSI, JKECThI, MEPEMENICHUS TEeAArorunueckoro pabOTHHKAa KOPOTKO U
SICHO KOMMEHTUPYIOTCS;

- meyaTHass MHQpOpMalMs MpPeaocTaBisieTcs KpynHbIM 1mpudrtom (oT 18
MYHKTOB), TOTAJILHO 03BYYHBAETCS;

- oOecrieunBaeTCsi HEOOXOIMMbIN YPOBEHb OCBEUIEHHOCTH MOMEIIECHUH;



http://www.kgeu.ru/

- IPEJOCTABIIIETCS BO3MOXKHOCTh HCIOJIB30BaTh KOMITBIOTEPHl BO BpeMs
3aHSATUN U MPABO 3aIUCU 00BSICHEHUM Ha TUKTOMOH (110 JKEJIIaHUIO0 00yUYarOITUXCs).

dopma MpOBEACHUA TEKyIIeW W  TPOMEXKYTOYHOM  arTecTaluu s
oOyuaronuxcss ¢ OB3 u MHBaNUIOB ompenensieTcss NMeJarorndieckuM pabOTHUKOM B
COOTBETCTBUM C Y4eOHBbIM mmiaHoM. [Ipu HeoOxomumoctu obyudaromiemycs ¢ OB3,
WHBAJIHMY C YY€TOM HMX WHAMBHAYAIBHBIX MCUXO(U3HMUECKUX OCOOCHHOCTEH IaeTCs
BO3MOXXHOCTh TPOWTH MPOMEKYTOUHYIO aTTECTAIlMI0 YCTHO, MUChMEHHO Ha Oymare,
MMCEMEHHO Ha KOMIIbIOTEpE, B (hOpME TECTUPOBAHUSA U T.II., TUOO MPEIOCTABIIACTCS
JOTIOJTHUTEIHHOE BpEeMS JIJIsl TIOJITOTOBKH OTBETA.

8. MeToauyeckue peKOMeHIAUMU /sl NpenogaBarelieii Mo OpraHu3anuu
BOCIIMTATEJbHOH PA0OTHI ¢ 00yYAKIMMHUCH.

Meroanueckoe o0ecriedeHue Mmpolecca BOCHUTaHUSI 00YYarOIUXCsl BHICTYAeT
OHUM W3 ONpeAcHsiomux (akTOpoB  BBICOKOTO  KadecTBa  0Opa3oBaHUS.
[IpenonmaBatens By3a, JAEMOHCTPUPYS BBICOKHH MPO(ECCHOHAIN3M, JPYIUIIHIO,
YETKYIO TPaKIAHCKYIO TO3UIHI0, CAMOIUCITUIIINHY, TBOPUYECKUHN MOAXO] B PEIICHUN
npodeCCUOHANIBHBIX 3a/lady, B XOJe O0O0pa30BaTeNbHOrO Mpoliecca CIOCOOCTBYET
(GhOpMHUPOBAHUIO TAPMOHUYHON JTUIHOCTH.

[Ipn peanm3anuu  JUCIUIUIMHBI  MPEMOAABATEh MOXKET  HCIOJIb30BaTh
CJIEIYIONTUE METOJIbl BOCIIUTATEIbHON PaOOTHI:

- METOJbl (POPMHUPOBAHUSI CO3HAHUS JMYHOCTH (Oecena, MMCIYT, BHYIICHHE,
WHCTPYKT@X, KOHTPOJIb, OOBSICHEHHE, NpPHUMEpP, CaMOKOHTPOJb, paccKa3, COBET,
yoexxaeHue u ap.);

- METOJIbl OpTaHM3aIuU JEATETLHOCTH W (OPMUPOBAHUS OIbITA TOBEICHUS
(3amaHue, OOIIECTBEHHOE MHEHHWE, IIeJlarOTHYecKoe TpeOoBaHWEe, IIOpPYUYCHHE,
pUy4YeHne, CO3aHNe BOCITIMTHIBAIOIINX CUTYAIMi, TPEHUHT, YIPOKHEHHE, U JP.);

- METOJbl MOTHBAIIMHM JACATCIBPHOCTH W TOBeIeHUs (0q00peHue, TMOOIIPECHHE
COIIMAJIbHON aKTHUBHOCTH, TOpPHUIlAHWE, CO3JaHUE CHUTyallMil ycrexa, CO3/aHue
CUTYaIIMH JIJI1 SMOIIMOHATLHO-HPABCTBEHHBIX TIEPEKUBAHUI, COPEBHOBAHUE U JIP.)

[Tpu peanu3anuu TUCITUTIIMHBI MPETIOAABATENb JOKEH YUUTHIBATh CIICTYIOIIHEC
HaIpaBJICHUS BOCIIUTATCIIBHON JIEATEIbHOCTH:

I'pasicoanckoe u nampuomuueckoe 6ocnumaHnue:

- popmupoBaHre y OOyYarOmMMXCs IIEJIOCTHOTO MHPOBO33PEHUS, POCCHICKOM
WJICHTUYHOCTH, YBOKEHUS K CBOCH CeMbe, OOIIECTBY, TOCYIapCTBY, MIPUHSATHIM B CEMbE U
O0IIIeCTBE AyXOBHO-HPABCTBEHHBIM U COIMOKYJIBTYPHBIM IIEHHOCTSIM, K HAIIMOHATBHOMY,
KyJIbTYPHOMY ¥ HCTOPUYECKOMY HACIeIuio, (OpMUpOBAaHHME CTPEMIICHHSI K €ro
COXPaHEHUIO U PA3BUTHIO;

- popMupoBaHKe y 00yUYaArOMIUXCS aKTUBHOW TPaKIAHCKOW TMO3MIIMH, OCHOBAaHHOMN
Ha TPAJWIIMOHHBIX KYJbTYPHBIX, AYXOBHBIX M HPABCTBCHHBIX IEHHOCTSX POCCHHCKOTO
oOIIecTBa, JIsi TOBBIIICHUS CIIOCOOHOCTH OTBETCTBEHHO pPEAIM30BBIBATH  CBOH
KOHCTUTYIIMOHHBIE MIPaBa U 00s13aHHOCTH;

- pa3BUTHUE MPABOBOM U MOJUTUYECKON KYJIbTYpbl 00YYaIOIIUXCS, PACHIUPEHUE
KOHCTPYKTUBHOTO y4YacTHsi B TPHUHATHUM PEIICHHWM, 3aTparuBarolIux HX INpaBa u
UHTEPECHI, B TOM YHUCJI€ B Pa3IMYHBbIX (GOpMAX CAMOOPTraHU3aIMH, CAMOYIPABIICHUS,
OOIIECTBEHHO-3HAYMMOM JIeATeTbHOCTH;



- popmMupoBaHUE MOTHUBOB, HPABCTBEHHBIX U CMBICIOBBIX YCTAaHOBOK JIMYHOCTH,
HO3BOJIIIOIMX IPOTUBOCTOATH HSKCTPEMHU3MY, KCEHOPOOUH, ITUCKPUMHUHALMM 10
COLIMAJIBHBIM, PEIMTUO3HBIM, PACOBBIM, HALIMOHAJIBHBIM IIPU3HAKAM, MEKITHUYECKON
U MEXKOH(PECCHOHAIBHON HETEPIUMOCTH, JPYTUM HETaTUBHBIM  COLMAIbHBIM
SIBIICHUSIM.

Llyxoeno-upascmeennoe socnumanue:

- BOCIIUTAHUE YYyBCTBA JOCTOMHCTBA, YE€CTH M YECTHOCTH, COBECTIMBOCTH,
YBOKEHUS K POAUTENSAM, YUATEISAM, JIFOASAM CTAPILIErO MOKOJICHHUS;

- opMupoBaHUE TMPHUHIMIIOB KOJUIGKTUBU3MAa M COJUAAPHOCTH, JyXa
MUJIOCEpAUSl M COCTPAJaHus, NPUBBIYKK 3a00TUTHCA O JIOJSAX, HAXOMSIIUXCSA B
TPYIHOW )KU3HEHHOU CUTYallVH;

- popMHUpOBaHUE COJIUIAPHOCTH U YYBCTBA COLIMAIBHONW OTBETCTBEHHOCTH IIO
OTHOILIEHUIO K JIOIAM C OTPAHMYEHHBIMH BO3MOKHOCTSIMU 310pPOBbS, IIPEOIOJICHHUE
IICUXOJIOTUUECKUX 0apbepoB IO OTHOIIEHUIO K JIIOAIM C OrPaHUYCHHBIMU
BO3MOYKHOCTSIMU;

- popMupOBaHHE SMOLIMOHAIBHO HACBHIILIEHHOTO UM JTYXOBHO BO3BBIIIEHHOI'O
OTHOUIEHUSI K MHUpY, CHOCOOHOCTH M YMEHHUs IepelaBaTh APYIMM CBOM 3CTETUYECKUI
OIIBIT.

Kynemyphno-npoceemumenvckoe gocnumanue:

- popmMHUpoOBaHUE 3CTETUUECKON KapTHUHBI MUPA;

- popMuUpOBaHUE YBKEHUS K KYJIbTYPHBIM IIEHHOCTSM POJHOTO TOPOJa, Kpas,
CTpaHBI;

- IOBBITIICHUE TIO3HABATEILHOW aKTUBHOCTH O0YYarOIIHXCS.

Hayuno-obpazosamenvnoe socnumanue:

- hopMupoBaHue y 00y4aromuXxcs HAYYHOTO MUPOBO33PEHHUS;

- popMUpOBaHUE YMEHHS TOTy4aTh 3HAHUS;

- popMUpOBaHNE HABBIKOB aHAIM3a W CHUHTE3a MH(GOpMAIMK, B TOM YHUCIE B
npodeCCHOHAIBHOM 001acTH.

BHocuMmble H3MEeHeHHs U YTBEPKICHHUS HA HOBBI y4eOHbIH roj
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Ipunosicenue x paboueii
npozpamme OUCYUNIUHbL

MUHUCTEPCTBO HAYKU U BBICIIEI'O OBPABOBAHU ST POCCUMCKON OEJJEPALINU
®denepasibHOE rOCyIapCTBEHHOE OIOIKETHOE 00pa30BaTe/IbHOE
yupe:KIeHHe BbICIIEro 00pa3oBaHus

KI'DY  (KA3AHCKHII rOCYJAPCTBEHHBII SJHEPTETUYECKUIl YHUBEPCHUTET»
(®TBOY BO «KI'DY»)

OLHEHOYHBIE MATEPUAJIBI
10 AMCIUILINHE

b1.B.JZ12.01.01.02 NHxxenepusi CUCTEM HCKYCCTBEHHOT'O MHTEIUIEKTA

(HauMeHosaHue duct;unﬂunbl 6 coomeemcmeuu Cy‘{e6HblM I’l/laHOM)

Hanpasnenue noarotoBku 01.03.04 IlpukmagHasg MaTeMaTHKA

(K00 u naumeHosanue HanpasieHus nOO20MOBKIL)

Ksanudukamms OakayiaBp
(Baxanasp / Mazucmp)

r. Kasansb, 2023



OreHovHbBIC MaTepuaibl MO AUCIUIUTMHE MHXKEHEpHsl CUCTEM HMCKYCCTBEHHOTO
UHTCIJICKTa , NpeJHA3HAYCHHBI I OICHUBAHUS pE3yJbTaToOB OOYy4YCHHS Ha
COOTBETCTBUE MHIUKATOPAM JOCTHKCHHUS KOMITCTEHITHIA.

OneHuBaHue pe3yabTaTOB O0yUEHHUS 110 AUCIUIUIMHE OCYIIECTBIISIETCS B paMKax
tekymero KoHTposst (TK) u mpoMexXyTodHO# aTTecTanuu, IpOBOAUMBIX IO OAJIIIHHO-
peritunroBoii cucreme (BPC).

1. TexHnoJsiornyeckasi KapTa
o Cemectp /

PeliTuHrOBEIC NTOKA3aTSIIN
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HaumenoBanue paznena A E* g L g 5
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=
Paznen. "BBenenue B HelipoHHbBIE CETH" TK 25 0 0-25
Pa3zpnen. "TexHOnOrum HCKyCCTBEHHOTO TK
" 30 0 0-30
MHTEIEKTA
IIpome:kyTouHas aTTecTanus (3a4eT, IK3aMEH, oM 0-45
KII, KP)
3ajanue MpoMeXKyTOUHON aTTECTaIlun 0-15
B nucemenHoit popme no 6uneram 0-30

Texnonocuveckas kapma @opmupyemcsi ONsl KAHCO020 BUOA NPOMENCYMOYHOLUL
ammecmayuu ( 3a4ema,’K3amMeHd, Kypcoeozo npoekxma uiu pabomot)

2. OueHOYHBbIe MATEPHAJIBI TEKYIIIET0 KOHTPOJISI K IPOMEKYTOUHOM aTTecTAlH
[IIxana orleHKH pe3yJbTaTOB OOYYEHUS MO AUCHUTLIINHE:

YpoBeHb chOpMUPOBAHHOCTHA UHIUKATOPA KOMIIETEHITUN
. . Hmxe .
Beicoknii Cpennuii Husknii
CpEeIHEro
Kon Kon 3armianu-
KOMII WHIUKATO pOBaHHEIE ot 85 a0 100 ot 70 o 84 oT 55 o 69 ot 0 0 54
e- a e3yJILTATHI
p pesy, IITxana oneHUBaHUA
TEHII | KOMIETeH | OOy4YeHHs 1O
5051 15054 WCIUIUINHE HEYI0B-
I et YIOBJIET- Y
OTJINYHO XOpouIo JICTBOPU-
BOPUTEIBHO
TCJIIBHO
33‘{TCHO HEC 3a4TCHO
3HaTh:
IIK-2 | IIK-2.1
- OCHOBBI FJ'Iy6OKO u XOpouIO 3HacT 3HACT 6aBOBBIe HC 3HACT
TCOpUHU IIOJTHO 3HACT OCHOBHBIC IIOHATHUA 6330BBIX




HEWPOHHBIX MaTeMaTHYeCK | MaTeMaTH4ecK HEWPOHHBIX TIOHSTHI, HE
CeTeil, B TOM | W€ CTPYKTYpbI | W€ CTPYKTYPBI cereil, 3HaeT 3HAET KaK
qHCIe B OCHOBE B MOCTPOCHHHU AITOPUTM o0ydaeTrcs
pasIn4YHbIE TOCTPOEHMUS HEHPOHHBIX backprop, HefpoHHas
APXUTEKTYPbI HEHPOHHBIX cereif, 3HaeT OCHOBHBIC CeTh, HE 3HACT
HEWPOHHBIX ceTeil, 3HaeT AIITOPUTM METPHKH KaK OILICHUTD
cereit u AIITOPUTM oOpaTHOTO Ka4eCTBO
AIITOPUTMBI HX oOpaTHOTO pacmpocTtpaHe o0yueHus
00y4eHHs; pacnpocTpaHe | HUs OLIHOKH, MOJIeIH
- HHUS OIIHOKH, HEKOTOpbIE
MaTeMaTHYeCK | COBPEMEHHBIC | COBPEMEHHBIC
Ue CTPYKTYPhI | apXUTEKTYPBI, | apXUTEKTYPBI,
Y TIPUHITATIBI METPHUKH OCHOBHBIC
nx 00001eHUA Ka4yecTsa, METPUKH
Ha MOCTPOCHHE
BbIYUCINTCIIbH
bIX OJIOKOB
HEUPOHHBIX
ceTew;
Ymers:
yMeeT
aHaJIM3UPOBAT
b
MOCTABJICHHYIO
3a7a4y u yMeer
- npeiarath AHAJIM3UPOBAT
aQHaJIM3UPOBaTh | pEIICHHS Ha b
HE yMeeT
MOAU(PUKATTHH OCHOBE MOCTABJICHHYIO yMeer HOXGUPATH
Y HOBBIC HEeHpOCeTeBhIX 3a7a4y u 1o0upaTh P
. . aJIEKBaTHYIO
cpencTaa TEXHOJIOTHIA; npeiarath HEWPOCETEBYIO .
HEWPOCETEBYIO
MPOrPaMMHOT'O Ymeer pelieHus Ha TEXHOJIOTHIO
TEXHOJIOTHIO
obecrieyeHusi | 0OOCHOBBIBATH OCHOBE JUTSL PEIICHUS
. . . | Ui pereHus
JUTSL CO3/IaHHMS CBOH BBIOOp | HEHpPOCETEBBIX | IMOCTABICHHOMN .
. . MOCTABJICHHOM
HEHPOCHCTEM U | APXUTEKTYPbl | TEXHOJOTHIA, 3a/1a4H. sana
aqu.
VHTEJUIEKTYallb | ¥ TEXHOJIOTUH | 00OCHOBHIBATH
HBIX CUCTEM o0y4eHus; CBO# BBIOOD
YnMmeer APXUTEKTYPHI;
HUHTEPIPETHPO
BAaThb BBIXObI
MOJIEIH
Bmaners:
Buiangeer Buangeer Biageer
~ CPeACTBAMU | hoBUHYTBIM |  OCHOBHBIMH OCHOBHBIMH He Bnaseer
CO3/IaHUs U
U CpPeICTBAMU | CpEICTBAMH CpencTBaMu cpezcTBaMu
oby4erus CO3/aHus CO3/1aHUs CO37aHusl CO3IaHMs H
HCHPOHHBIX HEHUPOHHBIX HEHUPOHHBIX HEHPOHHBIX 0byueHUs
ceren cereii cereii cereif 6a3oBBIX | yejiponnbix
A3JINYIHBIX .
p pa3IUYHBIX Ppa3IUYHBIX ApPXUTEKTYP. ceTeil
THIIOB ApXUTEKTYP. ApXUTEKTYP. Brnageer
Bnageer Brnageer 6a30BBEIMHI




NPOABUHYTHIM | CTAHJAPTHBIMU | CpPEACTBAMH
U CPEACTBAMU CpeacTBaMu o0y4eHHs 1
oOydueHUs u oOyueHUs u TECTHPOBAHUSA
TECTUPOBAHMS | TECTHPOBAHUS cereil.
CceTeil. CeTeil.
3HaTh:
BBIYHCIIUTEIbH
BI€ CpE/ICTBA U
P OTnaHO
KOMILJICKCHI, XOPOILIO 3HAET
3HAET S3BIK HE 3HaeT
MpUMEHSIEMBbIC s3pIK Python 3HAET OJIUH U3
Python min N BBIYUCIUTEIbH
pu i C++ | (b peliMBOPKOB
C++, . BIX CPEOCTB,
pa3paboTke . ¢bpeliMBOpKHI rIIyOOKOro
(bpeiMBOpKH MPUMEHSIEMBIX
MIPOEKTOB rIyOOKOTO o0yueHus,
. . rIIyOOKOro npu
HelpoceTel n o0y4eHus, TakHe Kak
o0y4eHus, pa3paboTke
WHTEIUICKTYyalb TaKHe KaKk PyTorch u
TaKHe KaKk MPOEKTOB
HBIX PyTorch n Tensorflow, o o
PyTorch u HelpoceTei u
CHCTEM,; Tensorflow, 0o0auHbIE
. Tensorflow, MHTEIUIEKTYaJl
-pperiMBOpKH oOJayHbIC m1aTQOpPMBI
oOnavyHbIe BHBIX
[1yOO0KOTo m1aT(opmel U151 paboTEHI €
miat(opmbl . CHCTEM;
o0OyueHwus, JUTst paboTHI C HENPOCETSIMH
JUTsE pabOTHI C N
TaKHe KaK . HeHpoceTsIMH
HelpoceTsIMu
PyTorch u
Tensorflow
YMers:
[1K-2.2
— Cc03/1aBarth,
MPOBOJIUTH
OTHAAKY Ymeer
MPOTPaMMBI CO3J1aBaTh,
noJ MIPOBOJUTH
MOCTaBJICHHYIO OTIAJKY Ymeer
3amady ¢ HPOTPaMMBI C cO3/1aBaTh Ymeer HE yMeeT
y4eTOM HCHOJB30BAaHU | TPOTPAMMBI C co3/1aBaTh c03/1aBaTh
MOCIIETHUX eM WCIOJNB30BaHU | TMPOrpaMMbl C | MPOrpaMMbI C
TEOPETUYECKUX | COBPEMEHHBIX eM WCTIOJIb30BaHKE | HCIIOJIB30BAHU
u WHTEJUIEKTYal | COBPEMEHHBIX M eM
MPaKTUIECKUX BHBIX WHTEJUIEKTyan | HEHpOCeTeBBIX | HEHpOCETEeBBIX
NOCTH)KEHUN B TEXHOJIOTHH, BHBIX Moaeen MoJieJIer
obnactu ONNX ( Open | TtexHoxOTHit
HCKYCCTBEHHOT Neural
0 MHTEIJICKTA U Network
HEWPOCETEeBbIX Exchange )
TEXHOJIOTU
Bnaners:
- TEXHOJIOTHEN OTtnu4aHO BJaJeeT BIIazeeT HE BIaIceT
00BEKTHO- BJaJeeT OCHOBHBIMH 0a30BBIMU OCHOBHBIMHU




u Tensorboard

u Tensorboard

u Tensorboard

OPHEHTHUPOBAH | TEXHOJOTHSAMHU | TEXHOJOTHUSMH | TEXHOJOTHMSMH | TEXHOJOTHUAMHU
HOTO cOOpKH U cOOpKHu U cOOpKHu U cOOpKH U
POTrPaMMHUPOB 3amycka 3amycka 3amycka 3aIycKka
aHMS HA S3BIKE | TMPOTPaMM C MIPOTPAMM C MPOTPaMM C MPOTPaMM C
Python nnu WCTIONB30BaHN | UCIIOJIb30BAaHU | HMCIOJIH30BAHUE | WCIIOJNB30BaHH
C++ s eM eM M eM
pa3paboOTKU U | HEMPOCETEBBIX | HEWPOCETEBBIX | HEWPOCETEBBIX | HEWPOCETEBBIX
TECTUPOBAHUSA MOZYyJEH, MOAYyJIEH, MOJYJIEN. MoAyien
Mojenen
MAaIIMHHOTO
o0yJeHmus;
3HaTh:
- HE 3HaeT
MpOrpaMMHBIE MPOTrPaMMHBIX
porp OTan4Ho Y noBnerBopute porp
" XOPOIILIO 3HAET u
3HAET JHHO 3HAET
BBIYUCIIUTEIbH nporpaMMHbIe BBIYUCITUTEIHH
MPOTrpaMMHBIC MpOrpaMMHbBIE
b€ CPE/ICTBA U cpencTBa u BIX CPEJICTB,
cpeacTBa u Cpe/CcTBa U
m1aT(opmbl o0JadHbIe MIPUMEHSEMBIX
o0navyHbIe o0ayHbIe
TUTS m1aT(opmel npu
TIaTOPMBI I1aTHOPMEI
MOHHUTOPHHTA JUTSL pabOoTHI C COIIPOBOXKICH
JUTsE pabOTHI C N JUTS pabOTHI C
cucTeM . HelpoceTsIMH . U CUCTEM
HelpoceTsIMu HelpoceTsIMU
HCKYCCTBEHHOT HCKYCCTBEHHO
0 WHTEJUIEKTa r'O MHTEJJICKTA
YMers:
Ymeer HE yMeeT
Ymeer MPOBOAUTH Ywmeer Y
—TPOBOJIUTh MPOBOJIUTH
[1K-2.3 MPOBOJIUTH MOHHUTOPHHT MPOBOJUTH
COIIPOBOXKICHU COIIPOBOXK/ICH
BHEJIPCHUE U MpOrpaMM C | COIIPOBOXKICHU
e ue MporpamMmm
COIPOBOX/ICH | HCIOJB30BAHU | € MPOrpaMM C
cucTeM c
ne ONNX ( eM HCITOJI30BaHUE
HCKYCCTBEHHOT WCTIOJIb30BaHH
Open Neural | coBpeMeHHBIX M
0 WHTEJUIEKTa . eM
Network UHTEJUIEKTYal | HEHpOCeTeBBIX .
. HEeHpOCeTEeBhIX
Exchange ) BHBIX MoJieneit .
. Mojeneit
TEXHOJIOTHH
Buagers:
OTtnuaHO BJaJeeT BJIaJieeT HE BIIaJIeeT
— cpelcTBaMu
BJaJeeT OCHOBHBIMH 0a30BBIMHU OCHOBHBIMHU
COIIPOBOXKJ/ICHU .
N TEXHOJIOTHEH | TEXHOJIOTHSIMH | TEXHOJIOTHSIMH | TEXHOJIOTHSIMH
R nHpepeHca,Ha | uHpepeHca,Ha | nHpepeHca,Ha | UH(epeHca,Ha
pocete mp., ONNX | mp., ONNX p., ONNX mp., ONNX
MoJieIell B
RUNTIME, RUNTIME, RUNTIME, RUNTIME,
pexume
WHCTPYMEHTaM | UHCTPYMEHTaM | WHCTPYMEHTaM | MHCTPYMEHTaMm
unepenca. Py Py Py Py

u Tensorboard

OueHka «OTJMYHO» BBICTABISETCA 3a BBINOJIHEHUE NOIHOE GbINOJHEHUE
1abopamopHuix pabom 6 cemecmpe; 21yO0KOe NOHUMAHUE NPUHYUNOE NOCMPOeHUs,
Memo008 U MexHoA02Ull 00yYeHUsl HePOHHBIX cemeli, NOHUMAaHUe MempuK 00yyeHus,

3HAHUE

OCHOBHbIX

MexHoN02Ul

UCKYCCMBEHHO20

urmesliekma,

noJjiHvle U




cooepocamenvHble OMEembl HA 8ONPOCHL buiema (meopemuyeckull U NPaKmuiecKull
80NpOCYbL)

OneHka  «XOpOLIO»  BBICTABISIETCS 32  BBIMOJHEHUE  BbINOJHEHUE
1abopamopHuix pabom 6 cemecmpe,; NOHUMAHUE OCHOBHBIX NPUHYUNO8 NOCMPOEHUS U
Memooo8 00yueHUsi HeUpOHHLIX cemell, NOHUMAaHUue Mempux oOy4eHus, 3HaHue
MEeXHOI02ULl UCKYCCMBEHHO020 UHMEIIEKMA, CO0epicamebHble OmEembl Ha 60NPOCHL
ounema (meopemudeckutl U NPAKmMu4ecKuli 60Npocul)

OneHka «yJA0BJIE€TBOPUTEJIbHO» BBICTABJISICTCS 32 BBINIOJHEHUE GblNOJIHEHUE
nabopamopuelx pabom 8 cemecmpe, YaACMUyHOe NOHUMAHUE OCHOBHBIX NPUHYUNOS
HOCMPOEHUs. U Memo008 00yUeHUsl HeUPOHHbIX cemell, 3HAHUe MempuKx 00y4eHus,
omeemsl HA 8ONPOCHL Obulema (meopemudecKuil U NPAKmu4eckKull 60Npocsl)

OneHka «Hey/I0BJIETBOPUTEJIbHO» BBICTABIAECTCA 3a cjlaboe U HEMOJHOE
BBINIOJIHEHUE JIa0OpAaTOPHBIX U MPAKTUYECKUX paboT B CEMECTpe; HE3HaAHUE U
HENOHMMaHue O0a30BbIX INPHUHIMIIOB IMOCTPOCHMUSI HEUPOHHBIX CETEH; HENOJHOE U
HESICHOE BBINIOJHEHHE TEOPETUUYECKOT0 BOIpOca OuiieTa; HECIIOCOOHOCTh OOBSICHUTH
MPOTrPaMMHBIN KOJT IO MPAKTHYECKOW YacTH OuseTa.

3. IlepeyeHb O1LIEHOUYHBIX CPEICTB

Kpatkas xapakTepucTHKa OLICHOYHBIX CPEACTB, MCIOJIb3YEMbIX HPH TEKYILIEM
KOHTPOJIE YCIIEBAEMOCTH M IPOMEKYTOUYHOM aTTecTauuud oOydarouierocs Io
JTUCUUTUINHE:



4. IlepeueHsb

KOHTPOJIbHBIX

3aJJaHUl WM HHBbIE

MaTepuabl,

HeoO0XoauMble VISl OLleHKH 3HAHMI, YMEHHIl M HABBIKOB, XapaKTePU3YIOIIUX
Tanbl GopMHUPOBaAHHUS KOMIIETEHINH B MpoLecce 0CBOEHUS TUCHUIIINHBI

Jas Tekymero kourpoJs TK1:

HpOBepﬂeMaﬂ KOMIICTCHIIM .

[TIK-2.1:

MATEMAaTUYCCKOT'O U ITPOrpaMMHOI'O oOecreueHus HCI?IpOCGTE?BBIX TCXHOJIOTHH

Tect

CnocobeH K MPOEKTUPOBAHUIO

Bonpoc

Ba PWaHTbI OTBETA

OTBET

MoAa NCKYCCTBEHHbIM
nHTennekTom B Poccum
NoHMMaeTcA

KOMMNJIEKC TEXHO/IOTMYECKUX peLLIeHMVI, I'IO3BOI'IF|IOIJ.I,Mﬁ
MMUTUPOBATb KOTHUTUBHbIE d)YHKLI,MVI YyesioBeKa

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

KOMMNJIEKC TEXHO/TOTNMYECKUX peLLIEHMﬁ, I'IO3BO!1‘r'|IOLLI,Ml7‘1
nony4yatb Npn BbINOJIHEHUN KOHKPETHbIX 3a4a4 pe3ynbTaThl,
COMoCTtaBMMble, KaK MUHUMYM, C pe3y/ibTaTaMu
MHTenﬂeKTyaﬂbHOVI AeATENbHOCTU YeNOoBEKa

BCe BbllWleONMMUCaHHOE

HelipoceTteBbimu
TEXHONOTMAMMU Ha3bIBaAOT

KomMmnnaekc MHd)OpMaLI,VIOHHbIX TeXHOﬂOFMVI, OCHOBAHHDbIX
Ha NPUMeHEeHNN KOMMNbIOTEPHbIX ceten

TEXHONOrnM,
MCKYCCTBEHHDbIX

KomMnaeKc MHPOPMALMOHHbDIX
OCHOBaHHbIX HAa  NPUMEHEHUMU
HepPOHHbIX ceTen

MHd)OpMaLI,VIOHHbIe CUCTEMbI NMOUCKa

MHGOPMALMOHHbIE TEXHO/IOTUM YNPABAEHUSA

Anroputm o0byyeHuns
WMCKYCCTBEHHOM  HEMPOHHO
CeTU 3aKaHUYMBAETCA, Koraa

AOCTUTHYTO  3aflaHHOe  3HayeHue cpeaHen  (Mam

MUHWMA/IbHOM) OLINBKMK

CeTb Mcyepnana BO3IMOKHOCTU 0byyeHUn (ownbKa
nepecTana yMeHbLIATbCA OT 3MOXM K 3Moxe)

npoﬁp,eHo onpegeneHHoe Koan4yecTtso anox

Nno6bon oTBeT U3 NepevyncNeHHbIX

Kakune GpyHKLMM BbINONHAET
NpOorpamMmHan peanmsauma
BXOZ4HOrO C/10A

BbluMcaseT NponsBoaHY0 418 anroputMa obpaTHOro
pacnpocTpaHeHUs OWMBKMN.

MepepaeT BXO4HOW BEKTOP CUTHANOB HA NepBbii

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

MHOTOC/I0MHOro CKPbITbIN CNON.

nepcenTpoHa? Ypanaet "wym" us curHana.
TpaHcAnMpyeT cMrHan Ha BbIXOAHOW CI0OM MHOFOC/IOMHOrO
nepcenTpoHa.

HeWpoH j nonyunn Ha Bxop, -1.8485

CUTHaA OT YeTblpex ApYyrux 0,5

HEMpPOHOB YPOBHMU -0,4621

BO3OYXKAEHUA, 3HAUYEHUA 0,2449




j-ro HellpoHa B cny4yae, ecim
bYHKLMA aKTUBaLMK
HEeMPOHOB eCTb
rmnepboanNYeCcKnin TaHreHC.
BbibepuTe NnpaBubHbIA OTBET:

MporpammHo
HeMpOHHanA

peanunsosaHa
cetb C OoAHMM
CKpbITbIM cnoem 7]
aKTMBALMOHHOWM byHKUMEN
curmompa. Y cetm 1 Bxopg, 3
HEMPOHA B CKPbITOM CNOE WU
oauH BbIxod. YTo OyaeT Ha
BbIXO4e CeTU B C/ay4vae, eciu
Ha Bxoge 1, Bce Beca paHbl 1 u
cmeweHue 0.

AN,
GL~@—D
B

0,7311

2,1932

Yto npeactaBndaetr  coboi
anropuT™ «0byyeHus
WCKYCCTBEHHOM  HEMWpPOHHOM
cetn»?

npoueaypy NoACTPOMKM CUTHAI0B HEMPOHOB

npoueaypy NOACTPONKMN BECOBbIX 3HAYEHMIA

npoueaypy BblYMC/IEHMA MOPOroBbiX 3HAYEHWUM
bYHKLMI aKTUBALMM

ana

MporpammHan peanunsaumn
O4HOC/IOHOMO NepcenTpoHa
Nno3BONAET pellaTb 3a4a4u

annpoKcMmauum GyHKumi

pacno3sHaBaHua 0bpas3os

KnaccndpuKaummn

Kakas apxuTekTypa | MHOroc/IonHbI NepcenTpoH
MCKYCCTBEHHON  HEMWpPOHHOM | PeKyppeHTHble HelPOHHbIe ceTh
cetn bonbwe noaxoAuT ANA | CBEPTOYHbIE HEMPOHHbIE CeTH
pa3paboTKu aNropmMTMOB
aHanu3a €CTeCTBEHHbIX
A3bIKOB (TEKCTOoB).
Ona  ¢yHKumMn  aktuBauuu | -1
rmnepbonnyeckni TaHreHc | 0
th(z) = S 1
BbIYNCANTE, | Mpepen He cywecTeyeT

lim th(x)
yemy paBeH z—— ?
Ona paspabotkm anroputmos | ResNet
M nporpammHbix cpeacts gna | YOLO
OeTekuMn n  TpeKuHra B | SSD
cucTemax BuaeoHabaogeHun, | GAN
NCNoNb3yoTCA HENpPOHHbIE
cetn
Kakoin ¢penimBopk rnybokoro | CNTK
obyueHna umeet wuHTepdeic | Tensorflow




ana pa3paboTku
NPOrpPammHbIX CpeacTB  Ha
A3blKe  MPOrpamMmMupoBaHuUA
Python pna ob6yyeHua wu

3anycka MHC?

PyTorch

Bce nepeuncneHHble

BxoaHoe nsobpaxeHue nmeet
pasmep 32 Ha 32. Kakoro
pa3mepa nosyunTca pesynbrat
CcBEPTKU B PyTorch 5 Ha 5 Ges
padding, co stride=(1,1), ecau
Ha BbIXOA4E AO/MKHO ObiTb 6
KaHanoB?

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
nsobparkeHnto? He cuntaite
CNOWN aKTMBALUK, He
yuuTbIBanTe bias.

3 napameTpa: CTO/NIbKO e, CKOJIbKO N KaHa/108

9 Bcero: mbl HaknagbliBaem OAHY U Ty e CBEPTKY Ha
Ka)l-(ﬁ,bll‘a M3 TpEX KaHanosB

9 VYHMKanbHbIX -- BCEro 27, HO ANA BCeX KaHanos
napameTpbl O4NHAKOBblE

27 napameTpoB: 3X3 ANA KaXKA0ro U3 Tpex KaHanoB

Ona  KakoW  apXMTEeKTypbl
CBEPTOYHON HEWPOHHOM ceTn
XapaKTepHo obxoaHble
coeanHeHusn

(skipconnections),
npobpacbiBatowme rpagmeHT
ownbKM B 06X04 CBEPTKM

VGG

AlexNet

ResNet

GoogleNet

YKaxkute owmnbky npu paborte
¢ ontumusatopom B PyTorch
npu pas3paboTke nporpammbl
06y4eHnA HelMpoHHOM ceTw.

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

optimizer.step()

optimizer.zero_grad()

optimizer.backward()

Bomnpocel

1. ®yHKIMSA NOTEPh U ONTUMHU3ALMUS MApaMeTpoB HeWpoHHOU ceTH. BoiBog DI

n3 MCTOAa MaKCHUMAJIbHOT'O HpaBI[OHOI[O6I/I$I.

CCTHU C ITIOMOIIBIO ajJiropurma

OueHka KauecTBa HeMpoceTeBbIX Mozeneil. OCHOBHbIE METPUKHU.
CBépTouHble HepoHHBIE ceTu. Onepannsi CBEpTKH, KacKaj CBEPTOK.
ApXUTEKTYpPbl HEUPOHHBIX CETEH ISl MYJIBTHUKIACCOBBIX Mojesieil. OyHKIus

6. ApXUTEKTYpbl HEUPOHHBIX CETEH I MoJiesel OMHapHOH KilaccupuKaIuu

nepIEenTPOH.
[Ipeononenre orpaHUYeHUs] TUHEHHON Pa3IeIMMOCTH U pelIeHUE MPOOIEMBbI

[IpencraBnenne  OyJeBBIX

HCKIIOYAIIICTO «HUIN». TeopeMa KOJIMOFOpOBa.

2. OOyueHue HeHpOHHOU
BO3HUKHOBEHUS.

3.

4.

5.
Softmax.

7. MHOTOCIIOWHBIN

8.

Omneparnus aexonBosroruu. Transposed convolution layer.
9. Axaroputm 00paTHOTO pacmpocTpaHeHUs: OMMOKU. JI0OCTOMHCTBA M HEJOCTATKH

oOpaTHOrO
pacnpocTpaHeHuss OmuOKK. I[loHATHE TmapanWua CETH M IPHYHUHBI  €ro

GYyHKUIUH.



anroputMa. [loHdaTre napannya ceTH U MPUYKUHBI €r0 BOZHUKHOBEHHS.
10. BazoBas apxutekTypa HEMpOHHBIX ceTel. [Ipunnunbl nocrpoerusi. OCHOBHBIE
(GyHKIMY aKTUBALIUU.

i Tekymero kourpoJs TK2:

[IpoBepsiemas komnerenuus: [1K-2.2: Cnocoben K pa3zpaboTke
MaTEMaTUYeCKOro M MPOrPaMMHOTO OOECHEYEHUs] CHUCTEM MCKYCCTBEHHOTO
unremnekra; [IK-2.3: CnocoGeH conmpoBOXIaTh CHUCTEMBI HCKYCCTBEHHOIO
WHTEJIJIEKTa

Bompoc BapuanTts! oTBeTa OTBET

B KaKHux obnacTax OICHKA BCPOATHOCTH 6aHKpOTCTBa;

DKOHOMUKHM  NPHUMEHSIOTCA | pacrio3HaBaHuE 00pa3oB (TEKCTa, MOAMKICH);

QITOPUTMBI ~ HAa  OCHOBE | 33Jjaud KJIACCU(PUKAIMU M CErMEHTALUU 3KOHOMUYECKHUX
HCKYCCTBEHHBIX HEUPOHHBIX | 00BEKTOB

cerei? BCe NepevncJeHHbIe
[IporpammHO peann3oBaH 0,9951

HEHpOH ¢ pyHKIMEH 1

AKTUBAIlUU TUIIA -1

runepOoaMYecKuii TaHreHe ¢ | 0,9981
TpeMsl BXOJaMH U HEHpOH
cMmeleHus. Bxoael Bce

paBHBI | U Bce Beca Takxke
paBHbI 1, a cmemenue 0,5.
Yemy OyzaeT paBeH BBIXOJ

HelpoHa?

B nporpamme HeipoHHOM 0,25
CETH HEHWPOH j TIONyYHII Ha 0,6225
BXOJ, CUT'HaJI OT YEThIpEX 0,3775
IPYrUX HEMPOHOB YPOBHU -1,5415

BO30YX/ICHHUS, 3HAYCHUS
KoTophIx paBHbl 10, -20, 5, 4
¥ COOTBETCTBYIOIIHE Beca
cBsa3elt paBHel 0.8, 0.5, 0.7 u
-0.5 COOTBETCTBEHHO.
Beruncnute curnan Ha
BBIXOJI€ ]-TO HEellpoHa B
ciydae, ecnu (QyHKIUS
AKTUBAIIMU HEUPOHOB €CTh
JIOTUCTUYECKAsi CUTMOU/IA.
Bri6epute npaBuiibHbIN
OTBET:

B mporpamMMHON peanu3anyy | eciiy HaiIETCs TAKOW HEHPOH J, YTO
. .

OJTHOCJIOMHOI0 TepcenTpoHa Sawi <0

Ha BXOJ TIIOJAeTCA BEKTOP | il

(X1..Xn). B xakom ciy4ae | ecam mId Kaaoro Helpona j OyaeM UMeTh
|,

BbIXOJ0M 6y,£[eT HYJICBOU Za;-wfr <]

i=]




BEKTOP?

€CJIU JIJIs1 KaXK/I0T0 HellpoHa j OyieM nMeTh
kil .
Sawl <O

i=I

€CJIM HaWJIeTCsl TAKOW HEUPOH J, UTO

n )
Sawl =6
i=]

Haitaure npou3BoaHy0 3TOM
(GYHKITUY aKTUBAIIUU
th(z) = -

e"—e
ett+e *

U BBIpA3UTE
pe3ynbTar uepe3 (YHKIUIO

th(x)

1-th’(x)

1+th?(x)

th(x)-1

th’(x)

Kakas apXUTEKTypa
HUCKYCCTBEHHOM HEUPOHHOU
CEeTH OosblIe BCErO
MOAXOIUT JUIsl pa3pabOTKu
QJITOPUTMOB U MPOTrPaMMHBIX
CpeACTB pacro3HaBaHUs
o0pazoB u aHaim3a
M300paKeHMIA?

ITonmHocBsA3Hag
NIEPCENTPOH)

HEeWpOHHAas  CceTh  (MHOTOCJIOWHBIN

CBeprovHasi (KOHBOJIIOIMOHHAS) HEHPOHHAS CeTh

PexyppeHTHas HEMpOHHAs CETh

[Tyctb B
aBTOMATHYECKOTO
pacro3HaBaHMs PYKOIUCHBIX
mpp or O 1m0 9
UCIIOJIb3YETCS CNN c
aktuBanuei softmax. Kakyro
GbyHKIHIO oTephb BBI
BBIOEpETE?

nporpaMmme

MSE

MAE

CE (Cross Entropy)

BCE (Binary Cross Entropy)

AyrMeHTaIus JaHHbIX
MIPUMEHSETCS 1151

yBeIn4eHusi 00bemMa 00y4aouieil BbIOOPKH

YBEJIMUYEHUS] CKOPOCTH 00YUEHHUS

HOpMaJIU3aIIN
00pbOBI ¢ epeodyyeHneM

C MTOMOIIIBIO kakoro | 1

MUHHUMAaIIbHOTO yucna | 3

HEHWPOHOB B CKpBITOM cloe€ | 4

MHOT'OCJIOMHOTO 5

nepcenTpoHa peraercst

npobnema XOR ?

Jiis pa3pabotku anroputMoB | GAN

U MporpaMMHBIX cpencts aia | ResNet

peleHus 3agaud | LSTM

knaccupukanuu B cucremax | VGG

KOMITHIOTEPHOTO 3peHUst

UCIIONB3YIOTCS ~ HEUPOHHBIE

CeTH

IIpu nocrpoenuun
QITOPUTMOB O0yUYEHUS
HEHPOHHOM CeTU OOBIYHO
naTtaceT OEJIAT Ha 2

gactu train u test unm Ha 3
yacTu: train, validation,
test. Jlis 4ero Hy»KHO Takoe

Ecnmu O6yanBCH Ha ITIOJTHOM AaTaC€TC M Ha HEM KE ACJIATh
BaJIngalino, TO MOKHO HEC 3aMCTUTH r[epe06yqu1/I5{

Validation HyxHa, 4T0ObI TOAOOpPaTh THIIEPIAPAMETPHI
ceTn

Test HyXeH a1 (QUHAIBHOM OIIGHKM KadecTBa pPalOTHI
ceTn

Bce BbllIenepeyncaeHH0e




neixenue?

Kakas nporpammHuas | Tensorflow

OoubiMoTeka He mpuMeHsieTcs | Torch

IS TITyOOKOTO 00y4eHus? NLTK

CNTK

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

PyTorch kakas omeparus ¢ c%d

TeH30pamu C, d c.shape
¢ = torch.ones([5,4]) d+c
d =torch.Tensor([[1,2,3,4],

[5,6,7,8],

[9,10,11,12],

[13,14,15,16],

[17,18,19,20]))
MO3BOJISIET TTOJTYYUTh
CJIEIYIOIIUNA BBIBOJ?
tensor([[O., 1., 1., 1.],

[1,1.,1,1],

[1,1,1.,1],

[1,1.,1,1],

[1.1.,1,1]])
[TycTh MaTpHLIa IPU3HAKOB [[-4, 3],
paBHa [-9.,5]]
[[41 2, '1]; [[3’ '4] )
['6’ O’ 5]’ ['9 ,5]]
[3.2,2]], [[-9, 5],
a AIpo CBEPTKHU — [3,-4]]
[[0, 1, 2], [[-4, 3,1],
[1,-1,0], [1,0,-2]]
[1,0,-2]]

Kaxkos Oyner pe3ynbrar
MIPUMEHEHHSI CBEPTKHU CO
stride=2, padding=1?

B mporpamme na PyTorch | 13

ucxonubiii torch.tensor 6wu1 | 169

pazmepom 13x13x384. | 384

Ckonbko (UIBTPOB JOIDKHO | 64896

ObITb B CBEPTKE, KOTOpas

BBITAET torch.tensor

pazmepoM 13x13x3847

Bonpocut
1. Perynspuzanust  HeiiponHoit cetu: "weight decay". Perymspuzarus
Tuxonosa, Lasso — perynspusanus
2. Perynsapuzanus u npopexuBanue HelpoHHOU ceTu. [Ipsimoil u oOpaTHBI
Dropout.
3. Metonet  rmyOokoro  obyuenus. Hopmamuszammst — ganHbix.  batu-
HOpMaJIU3aLHsl.

4. Texnomorus mnepenaun oOyuenusi Transfer Learning. Vcmons3oBanue



npenoOy4YeHHBIX CeTeHl.

5. AmrosHkogepbl. OCOOCHHOCTHM apXWUTEKTypbl W OOYYEeHHS DSHKOJEpa W
JeKoIepa.

6. PexyppentHbie Heliponnbie cetu. Apxutekrypa GRU (Gated recurrent unit).
7. PexyppentHbie HeiiponHbie ceTu. Apxurektypa LSTM (Long Short-Term
Memory).

8. I'eneparuBHO-cocTsizatenbHble HelipoceTu (GAN) u style transfer.

9.  O@peiimMBopk rayb6okoro ooydenus Tensorflow

10. ®peitmBopk rirybokoro odyuenus Pytorch

JlJist MpOMEeKYTOYHOM aTTeCTAllUN:

ba3oBbI€ BOIIPOCHI K 3K3aMEHY

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

2. TexHOJIOTHH UCKYCCTBEHHOT'O MHTEIIEKTA, 00JIaCTH IPUMEHEHHUS M PelIacMble 3a/1auH.

3. bazoBas apxurektypa HeilpoHHBIX ceTeil. [Ipunuunel nocrpoenus. OCHOBHBIE (YHKIIMH
AKTHBALIUU.

4. llepuentpon Poszenbnarra u mnpaBuno Xe60a. TeopemMa 0 CXOZUMOCTH alropuTMa
oOydeHus NepuenTpoHa A TMHEHHO-pa3aeauMbix MHOkecTB. [IpoGiema XOR.

5. MmHorocnoiubiii  nepuentpoH. IIpencraBnenune OyneBbix ¢ynkiuil. Ilpeomonenue
OTpaHUYEHUS JIMHEWHON pa3IeNMMOCTH M PEHICHHE MPOOJIEMbl HCKIIOYAIOIIETO «HIIH.
Teopema Konmoroposa.

6. OOydeHue HEUPOHHOU CETH C MOMOIIBIO ANTOPUTMA OOPATHOTO PACIIPOCTPAHEHUS OILIMOKH.
[TonsTHE Mapanuya ceTH ¥ MPUYUHBI €r0 BOZHUKHOBEHUS.

7. @OyHKUUA TOTEPh M ONTUMHU3ALMUS MapaMeTpoB HEWpOHHOU ceTu. BriBox ¢yHKIMHU MOTEph
U3 METO/1a MaKCUMAaJIbHOTO IPaB0N0100usl.

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

9. OO6yuenue ¢ momoInkio backpropagation va ocuose anropurma RMSProp.

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

11. TIpoGiema ucuesaromiero U B3pbIBaromierocs rpaauenta. [lonstue «ymupatommuii» ReLU.

12. Onenka kauecTBa 00ydeHuss. OCHOBHBIC METPHKH 33724 KJIaCCH(PUKAITIH.

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

14. [locTaHoBKa U pelieHue 3aaunu OMHAPHON KJIacCU(UKALIUU C TIOMOIIBbIO HEHPOHHBIX CETEH.

15. ApxuTeKkTypbl HEHPOHHBIX CETeH IJii MHOIOKJIACCOBBIX Mozeneil. BeposTHocTHas mepa
MPUHAJJIEKHOCTH K Kiaccy. OyHkius Softmax.

16. Ceéprounbie HelipoHHble cetu. Omepanus ceeptku (1D, 2D). fAnpo ceprku. Kackan
CBEPTOK.

17. bazoBble NPUHIIMIIBI TOCTPOEHUS CBEPTOUYHBIX HEUPOHHBIX CETEH.

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

19. Apxurektypa ResNet (residual 6:10k). Skip-connection.

20. ITepeoOyuenne u metosl 00psOBI ¢ HUM. AyrmenTanus. Early stopping

21. Perynspuzanusi HediponHou cetu: "weight decay". Perymsapusanus Tuxonoma, Lasso —
perynspuzanus.

22. Perynsipuzanus ¥ MpopekuBaHue HEMPOHHOM ceTr. Dropout.

23. Hopmanu3zarus ganubix - batch-mopmanumzanus (batch_norm, layer_norm). Beruncienue
CTaTHUCTHK MPH 00yueHuu u Banuaammu (train/eval).



24.
25.

26.

217.

28.
29.
30.

31.
32.
33.
34.
35.

36.

37.
38.

Texnomorus “nepenaun 3uanuii” Transfer Learning (fine tuning, feature extraction)
CeMaHTHYecKasi CEerMEHTAIUs C MOMOIIBIO r1y0okoro oO0ydyenus. [lonHocBepTOUHbBIE CETH
(FCN). Omepanus nekonBoroiuu. Transposed convolution layer.

Apxwurektypa SegNet, Unet. @ynkiuu notepr Ha ocHoBe koddduimenta Jlaiica u focal
loss.

Meroabl MacmrTabupoBanus uiss omepamuu  upsampling u  downsampling. Dilated
convolution.

['eHepaTuBHBIE MOJIEIH U ABTOIHKOJIEPHI.

Bapuanmonnsie aBrosukoaeps! (VAE). [luseprennust Kynn6aka-Jleiionepa.
I'enepatuBHO-cocTsA3aTenbHble HeHpoHHbIE ceTH (GAN) M HEHpOHHBIM CTWIb IEepeladyu
oOyuenus (Ha mpumepe style transfer).

PexyppeHTHBIC HEHPOHHBIE CETH U CIIEIU(HKA UX 00ydeHUsI.

['my6oxoe ooyuenne B NLP. Knaccudukarus TexctoB ¢ momornipio CNN 1 RNN.
Apxwurektypst LSTM (Long Short-Term Memory) u GRU (Gated Recurrent Unit).
Mexanusm BauManus (Attention).

OpeiimBopk  Timybokoro oOyuenust PyTorch. Apromarmueckoe auddepenunpoBanue.
[Mpunmunel noctpoenus HelpoHHbIX ceteid B PyTorch: ¢yHKunoHambHBI M 0OBEKTHBIN
MOJIXO/I.

OpeliMBopk Taybokoro ob0ydenuss Tensorflow. Boruncnurtensubsiii rpad. Iloctpoenue
HEWPOHHO# ceTH U ee oOydeHue. Tensorboard.

Nudepenc netipoceteBbix Mozeneir. ONNX.

Mexanu3m BHUMaHus. ApxuTekrypa Transformer.

TunoBrwle 3a1a9n:

1.

2.

PeanuzoBath M 0Oy4MThb CETh AJsl MpeACKa3aHUs JIOSUIBHOCTH KIMEHTOB
COTOBOTI'O OmepaTopa (J1aTaceT y mpernoaaBaTesis)

PeanuzoBaTh CBEPTOUHYIO CETh, OOYUUTh CETh U MPOBECTU KiIacCU(PUKAIIIO
torchvision.datasets.FakeData. CoctaBute confusion matrix. [locTtpoutsb
rpaguku accuracy u loss Ha Bamumpanuu. IlpoBectn aHanmu3. YMeTh
OOBSICHUTH CBOM KOJI.

PeanmzoBath ResNetl8 nns CIFARI1O ( torchvision.datasets).

N3 O6ubnuorexku torchvision (ctaBuTcs BMecTe ¢ pytorch), MoxHO
ummnoptupoBaTh ResNetl8 komanmoit from torchvision.models import
resnetl8

Ho6aBbTe L2-perynspuzanmio. B PyTorch ona aktuBupyercs ¢ momoIbsto
napamerpa weight decay B ontumuzarope. 3HaueHUE OOBIYHO BHIOUPAIOT U3
[1le-3, 1e-4, 1e-5]. TIpumep:

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

CocraButh confusion-matrix. I'pa¢uku accuracy u l0SS Ha Banuaanuu.
[IpoBectu ananu3 oO0yueHus. Y METh OOBSICHUTH CBOM KO/I.

C nomomipio ¢perimBopka PyTorch mist pemenust 3agaun Kiaccupuramu
peann3oBaTh HeMpoHHYIO ceTh apxuTekTypsl VGG. [IpoBectn oOyueHue Ha
natacere EMNIST (torchvision.datasets) B Google Collaboratory.



10.

[Toctpouts rpaduxu accuracy u loss Ha BamuAaLNU.

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

C nomompto ¢peiimBopka PyTorch st pemenus 3agaun kiaccudukanuu
peanu3oBaTh HEHPOHHYIO Ce€Th apXUTeKTypsl MobileNet. IlpoBecTu
oOyuenne Ha pnartacete FashionMnist ( torchvision.datasets) B Google
Collaboratory. [ToctpouTs rpaduku accuracy u loss Ha BaMIaINH.
[IpoBecTn aHaiM3 BIAMSHUS THIEpriapaMeTpoB (Ha BbIOOp 1 mapamerp) Ha
oOyuenne nocrpoennor MHC.

Peanu3oBath CBEpTOUHYIO CETh, O0OYYNUTh CETh M MPOBECTH KJIACCU(PUKAIIUIO
torchvision.datasets.FakeData. Iloctpouts rpaduku accuracy u loss Ha
BAJIUIALINH.

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

C mnomompio ¢peiimBopka PyTorch peannmszoBate HEHPOHHYIO CETh
apxutektypsl  DenseNet. Pemmuts 3amauy  kiaccupukanuu s
FashionMNIST u3 6ubnuotexu torchvision.datasets. CoctaButh confusion-
matrix. ['paduxu accuracy u loss nHa Bamumanuu. [IpoBecTn anamus
00yueHus. YMeTb 0ObSICHUTD CBOM KOJI.

[IpoBectn OuHapuyro kiaccupukamuio B ML-3agaue (matacer vy
npenogaBaresns). Paznaenuts BbIOOPKY Ha OOydYarollyl0 M KOHTPOJIBHYIO.
OO6yuuTh ceTh. OLIEHUTH KaueCTBO OOyUCHHUS.

Pemenne 3amaum perpeccuu ¢ MOMOIIbIO HEHPOHHOW ceTu (HaTtaceTr y
MPEeno1aBaTess).

OOyuuTh HEHUPOHHYIO CE€Th IS 3aJauyd MpeAcKa3aHus 3a00JIEBAHMUS.
[Toctpouts rpadguku accuracy u loss Ha Bamupanuu. IIpoBectu anamus.
YMeTb 00BSICHUTH CBOM KO/I.



		2023-08-28T11:00:26+0300
	ФГБОУ ВО "КГЭУ",КГЭУ,КАЗАНСКИЙ ГОСУДАРСТВЕННЫЙ ЭНЕРГЕТИЧЕСКИЙ УНИВЕРСИТЕТ"




