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1. leab, 3a1a4M U MUIAHUPYEMble Pe3yJIbTATHI 00yUeHUsI M0 JUCIHUITIHHE
(Lenwv u 3a0auu ocsoenus ducyuniunsl, coomeememayrowue yenu OI)

[lenpro OCBOCHMS MUCHUIUTMHBI HelipoceTeBbie TexHOJOTHU sBIsieTcs: Llembio
OCBOGHUS TUCHUIUINHBI «HelpoceTeBble TEXHOJIOTUN» SIBISETCS (HOPMHUPOBAHHE Y
CTYJACHTOB TEOPETUUYCCKUX U MPAKTUYCCKUX 3HAHUN O COBPEMEHHBIX HEHPOCETEBBIX
TEXHOJIOTHSIX, OCHOBaX IMPOCKTHPOBAHUS apXUTEKTYypbl HEHPOHHBIX CETEH, METOMax
IIyOOKOT0 O0y4eHHUSI.

3ajayaMy  IUCLMIUIMHBI  SBJSIIOTCA:  3aJadyaMHd  M3YYEHHUS JUCUUILIUHBI
«HetipoceTeBble TEXHONOTHM» SIBISIOTCS: -(hopMHpoBaHHE 0a30BOr0 MOHATUHHOTO
anmnapata NPUHIUNOB (PYHKIMOHUPOBAHUS MCKYCCTBEHHBIX HEHPOHHBIX CETEH MU
METOJIOB HMX OOy4YeHMs; -3HAKOMCTBO C COBPEMEHHBIMH HEHpPOCETEBBIMU
TEXHOJOTHSIMH; - U3yUEHUE CPEICTB pa3pabOTKU U MPOEKTUPOBAHUS MCKYCCTBEHHBIX
HEHpPOHHBIX ceTel; -POPMUPOBAHME YMEHUN M HABBIKOB PEIICHUS NPAKTHUECKUX
3a]1a4 ¢ IPUMEHEHUEM TTIyOOKOro 00y4eHHUs.

KoMmnereHnu 1 HHIMKATOPBl, (PopMuUpyeMble y 00yHarouXxcsl:

Koa u HauMeHoBaHNE KOMIETEHIINH Kon v HanMeHoBaHMe WHIMKATOpa
OIIK-2 Cnocoben pa3pabaThsiBaTh OIIK-2.1 PazpabatbIBaeT anropuT™Mbl IS
OpUTHHAJILHBIE AJITOPUTMBI U perieHust IpodecCHOoHANBHBIX 3a7a4
MporpaMMHbIe cpenctBa, B ToM umcie ¢ | OIIK-2.2 Pa3zpabaTsiBaeT mporpaMMHBbIe
WCIIOJIb30BAaHUEM COBPEMEHHBIX Cpe/cTBa pelieHus NpopecCuOHAIBHBIX 33/1a4, B
MHTEJUIEKTYaJIbHBIX TEXHOJIOTUH, AJIs TOM YHCJIE€ C UCIIOJIB30BAHUEM COBPEMEHHBIX
pernieHust TpoecCHOHANIbHBIX 33714, WHTEJUICKTYAJIbHBIX TEXHOJIOTUH

2. Mecto aucuuninHbl B cTtpykrype OIl
[IpeamecTByromuye TUCUUIUIMHBL (MoaynH), npaktuku, HUP, np.
[Tocnenyromue aucuuIuinHebl (Moaynu), npaktuku, HUP, np.

3. CTpyKTYypa M cofep:KaHue AUCHUTLTHHBI
3.1. CTpykTypa IMCUMILINHBI
Jy1st ouHOM hopmBbI 00yUeHUs

Bun yuebHoit paboTbl Beero | Beero | CeVNCCTP(:)
3E 4acoB 2
OBIIIAS TPY JOEMKOCTb JUCLUIIIMHBI 580 | 212 212
KOHTAKTHAS PABOTA 70 70
AYJIUTOPHAS PABOTA 1,33 | 48 48
Jlexuu 0,44 16 16
[IpakTryeckue (CEeMUHAPCKUE) 3aHATHS 0,44 16 16
JlaGopaTopHble paboThI 0,44 16 16
CAMOCTOATEJIBHAA PABOTA OBYUAIOIIET'OCAH 4,56 164 164




[Tpopa6oTka yueGHOro MaTepHana 3,56 128 128
KypcoBoii mpoexT 0 0 0
Kypcosas pabora 0 0 0
[ToAroToBKa K NPOMEKYTOYHOM aTTeCTalun 1 36 36

HpOMe}I(YTOLIHaH aTTcCTalysA.

3.2. Conep:kaHue OMCHUIJIMHBI, CTPYKTYPUPOBAHHOE 10 pa3jiejiaM U BHAaM
3aHATHN

Paznenbl Pacnpenenenue @opmbl 1 | THIEKCHI THAMKATOPOB
JACLUILIAHEL 2 TPYIOEMKOCTH BH]I GopMUpPyEMBIX

§ 110 BUIaM y4eOHOM paboThl | KOHTpOJIA KOMIIETEHIIUH

o ElE e
Pasnen 1 88 8 |8 |8 64 TKl  |ONK-2.V, OIK-2.3,01K-2.B
Paszyien 2 88 8 8 8 | 64 TK2 OIIK-2.V, OIK-2.3,01K-2.B
JK3aMeH 36 36 OM1 OIIK-2.Y, OIIK-2.3,0IIK-2.B
Uroro 3a 2 cemectp | 212 16 |16 |16 164
HUTOI'O 212 16 16 16 164

3.3. Conep:xkanue JUCHUTLTIHHBI
Cemctp 2

Pa3znen 1. BeeneHue B HEMPOHHBIE CETH
Tema 1.1 OCHOBBI HEHPOHHBIX CETEN

Hctopus pa3BuTHs HEMPOCETEBBIX TEXHOJIOTUN. 3a7aul, pEIIaeMbIe C IOMOIIbIO
HEUPOCETEBBIX TEXHOJIOTUH.
OCHOBBI HEUPOHHBIX ceTel. bruoIornuecKkre acreKThl HEPBHOM AESTEIbHOCTH.
Hetipon. Akcon. Cunarc. Pednexropnas nyra. [lenTpanbpHas HepBHas cUCTEMa.
Mozaenu UCKyCCTBEHHOTO HelpoHa. PyHKIMK akTUBaLMU. bazoBas apxuTekrypa
HelpoHHBIX cetel. OOyueHue ¢ yuuteneM. OCHOBHas TEPMHHOJIOTHSL.

Tema 1.2 TloHOCBSI3HBIE CETU MPSAMOTO PACHPOCTPAHECHHUS

[ToHOCBSI3HBIE CETH MPSAMOT0 pacnpocTpaHeHus. [IpeogoneHre mpoodaeMbl
XOR. O0y4eHune HEHPOHHOM CETH C MTOMOIIBIO AITOPUTMa 0OPATHOTO
pacnpocTpanenus omnoku. [Tonsitue oOyvarorero kousetiepa (Pipeline).

Tema 1.3 CBepTOUHbIC HEHPOHHBIE CETH

Onepanus ceeptku. Bzaumuas koppesiuus. Penentusraoe nose. Kackan
cBepTok. I'pynmupoBka (pooling).



Tema 1.4 TlpoaBuHyTHIE METOIBI OOYUYCHUS

Metoabl 60prOBI ¢ IepeoOyueHrneM. AyrMeHTaius JaHHbIX. batd-
HopMaym3anus. Perynspuzanus TuxoHnosa. Lasso perynspuzanus. Dropout.

Pa3znen 2. HeiipoceTeBble TEXHOJIOTUU
Tema 2.1 Texuonoruu nepeaaun ooyuenus Transfer Learning

Texnonoruu nepenauun 3Hanmii Transfer Learning / Domain adaptation.
JlooOyueHue ceTH, oJACTpoiika mapameTpoB Fine Tuning. Mcnonb3oBBanne
npe1oOydeHHbIX ceTeil. COBpeMeHHBIC CBEPTOYHBIC apXUTCKTYPBI

Tema 2.2 ABTrosHKOIEpHl. BapnaninoHHbIE aBTOSHKOIEPHI.

ABTOKOAUPOBIIMKHA. APXUTEKTypa dHKoiep-aekoiep. OOHapykeHHe aHOMaTui
B JJAHHBIX C TIOMOIIBIO0 aBTOdHKOIepa. [ eHepaTuBHBIC MOACIH. BapuarmoHHbIe
aBTO’HKO1epbl VAE.

Tema 2.3 ['eHepaTUBHBIE TEXHOJIOTUA

CoBpeMeHHbIe apxXuTeKTypbl. [lopoxaaromniye (reHepaTUBHBIE) COCTA3ATEIbHBIE
HEUpOHHBIE ceTu. I 'eneparop. AucKkpuMHUHATOP.

Tema 2.4 HeiipoceteBbie TexHosioruu B NLP

O06paboTKa eCTeCTBEHHOTO SA3bIKa C TIOMOIIBI0 HEUPOHHBIX CETEH.
Knaccudukanus tekcra. PekyppeHnTHbie HelipoHHbIEe ceT. ApxutekTypsl LSTM
(Long Short-Term Memory) u GRU (Gated Recurrent Unit).

3.4. TeMaTu4YeCKHil IVIAH NPAKTHYECKHUX 3aAHATHI

1. TexHonmoruu pa3zpaboOTKu U OOy4eHHUS] HEHPOHHBIX ceTed. 3HAKOMCTBO C C
00JaYHBIMU MHCTPYMEHTaMHU. 2. Pelienue 3a1aun perpeccuu ¢ NOMOIIbI0 HEHPOHHON
cetu. 3. IIpenckazarenbHasi aHAJTMTUKA HA OCHOBE HEHMPOHHBIX ceteil. 4 TexHosoruu
pacmo3HaBaHMUsT ~ M300paXEHUW HA OCHOBE CBEPTOYHBIX HEUPOHHBIX CETeH. 5
HeiipoceTeBble TEXHOJOTMM B aHaluW3e OWMOMETUIIMHCKUX JaHHBIX. 6. AHanu3
BPEMEHHBIX PAJIOB C MTOMOIIBK) HEMPOHHBIX CeTel. BhIABIECHNE aHOMAIUI B TaHHBIX.
7. HeiipoceteBbie Texnosoruu B NLP. 8. TexHomoruu mHpepeHca HEUPOCETEBBIX
MoOJenen.

3.5. TemaTuyeckuii IJ1aH J1a0OPATOPHBIX PadoT

1. Peanuzanusi mepcentpoHa u ero oOydenue. 2. Bpenenue B (peliMBOpKU
riybokoro ooydenus Pytorch /Tensorflow. Tenzopsl. 3. ApXuTekTypa MOJIHOCBSI3HON
HEHPOHHOU CeTH M ee 00yueHne. AJTOPUTM OOPAaTHOTO PAaCTIPOCTPAHCHUS OMMNOKH. 4.
Omnepanusi CBepTKU. APXUTEKTypa CBEPTOUYHBIX HEHUPOHHBIX ceTel. 5. CermeHTalus
n300paxkeHnit ¢ momomplo HeipoceTeBbix apxutektyp FCN, Segnet, Unet 6.
ABTO3HKOJEpbl. BapuannonHbeie aBTOHKOJEpHL. 7. PeKyppeHTHbIE HEMpPOHHBIE CETH
(RNN, LSTM, GRU) 8. I'enepatuBHO-COCTSA3aTEIbHBIC HCHPOHHBIE CETH.



3.6. Kypcosoii npoekT /kKypcoBasi padora
JlaHHbIiA BUA padOTHI HE MPETYCMOTPEH YUYEOHBIM ILIAHOM.

4. OueHuBaHHE Pe3yIbTATOB 00y4eHUsI

OHCHI/IBaHHG PE3YJIbTaTOB O6y‘ICHI/ISI 10 AUCHUILINHE OCYIICCTBIIAACTCA B paMKax
TCKYIICI'O KOHTPOJII H HpOMC)KYTO‘IHOﬁ aTTeCTalli, IIPOBOIHUMBIX IIO OaJIIIEHO-

peiitunroBoii cucreme (BPC).
[lIkana oleHKH pe3yabTaTOB OOYUCHHSI 110 THUCITUTUIHHE:

YpoBeHb c(hOPMUPOBAHHOCTH HHIUKATOPa KOMIICTCHIIUN
o . Hwmxe .
Bricokuii Cpennuit Huzkuii
CpEeIHETO
Kon Kon 3ammanu-
KOMII | HHIUKATOP pOBaHHEBIE ot 85 a0 100 ot 70 a0 84 oT 55 a0 69 ot 0 a0 54
e- a €3yJIbTaThl
pesy [IIxama orteHnBanus
TEHI[ | KOMIIETEH | OOYYCHHS 110
HH 15071 HCIIMIIJINHE HEYI0B-
I AmcIL YIOBIIET- Y
OTJIMYHO XOPOIIO JICTBOPH-
BOPHUTEIHHO
TEJILHO
3auTeHo HE 3a4TEHO
3HAaTh:
= OCHOBBI
TEOPUHU
HEHPOHHBIX
CceTeH, B TOM
YHCIIE
pa3Iu4YHbIe
IyOoOKO U XOpOIIIO 3HAET
APXUTEKTYPHI
. IMOJTHO 3HAET OCHOBHBIE
HeI/IpOHHBIX
N MaTeMaTHYECK | MaTeMaTHYeCK
ceTel u HE 3HaAEeT
HE CTPYKTYPLl | H€ CTPYKTYPHI
AJTOPUTMBI X PYKTYP TPYKIYP 3HAET 0a30BBIX
B OCHOBE B TOCTPOCHHUU .
o0yueHus; . 0a3o0BLIE MTOHATHH, HE
HOCTpOGHI/ISI HeI/IpOHHBIX
- . 9 MTOHSATHS 3HAET KakK
OIIK HEHUPOHHBIX CeTeH, 3HaeT o
OIIK-2.1 MaTeMaTHYECKH 9 HEHPOHHBIX obOy4aercs
) CeTeM, 3HaeT aJIrOPUTM 9 2
€ CTPYKTYPHI U CeTeM, 3HaeT HEHpOHHAsI
ITOPUTM obpaTHOTO
TIPUHITATIBI UX aJIrOPUTM CETh, HE 3HAET
oOpaTrHOTO pacnpocTpaHeH
000011IeHNS Ha backprop, KaK OLIEHUTH
pacnpocTpaHeH HsI OLINOKH,
MMOCTPOCHUE OCHOBHEIE Ka4eCTBO
Hsl OIINOKH, HEKOTOPbIE
BBEIYHCIUTEILH METPHUKH o0OydeHus
COBpPEMEHHbBIE COBPEMEHHBIE
BIX OJIOKOB MOJICIU
o APXUTCKTYPhI APXUTCKTYPHhI
HEHUPOHHBIX P YD, p YPPL,
o MeTpI/IKI/I OCHOBHBIC
ceTel;
KadecTBa, MeTpI/IKI/I
- OCHOBHBIE
METOJBI U
AITOPUTMBI
TITyOOKOTO
0o0yJcHMS.




VYMeTh:

TTyOOKOTO

ymMmeer
aHaJIM3UPOBAThH
MOCTaBIICHHYIO
3ajauy u
yMmeer
- npeiarath
aHATU3UPOBATh
aQHAIM3UPOBATh | pEIICHHS Ha
MOCTaBJICHHYIO ymeer HE yMeeT
MOAU(UKAITHH OCHOBE
. 3a/auy U nonouparhb noaouparth
Y HOBBIE HEWPOCETEeBBIX .
. npeasiaraTh HellpoceTeBy | aJeKBaTHYIO
cpencTaa TEXHOJIOTHIA; .
perieHus Ha 10 HEHPOCETEBYIO
IPOrPaMMHOI0 YMmeer
OCHOBE TEXHOJIOTHIO | TEXHOJIOTHIO
oOecrieyeHus | O0OOCHOBBIBATH .
. HEWPOCETEeBBIX | JJIS PELICHHS | UL peIICHUS
JUIA CO3IaHUsA CBO¥ BBIOOD N .
. TEXHOJIOTHH, | IOCTaBJICHHO | IOCTaBJICHHOM
HEWPOCHUCTEM U | apXHUTEKTYphI H .
000CHOBBIBATH il 3a7a4m. 3a/1a9H.
UHTEIUIEKTYallb | TEXHOJIOTHH .
CBOi1 BEIOOD
HBIX CHCTEM o0OydeHus; a ox
XUTCKTYPHI;
YmMmeer P P
UHTEPIPETHPO
BaTh BBIXOJIbI
MOJIENIN
Biagers:
Buiapgeer
Biageer Buageer
MPOJIBHHYTHIM
OCHOBHBIMU OCHOBHBIMHU
U CPEACTBAMU
cpeacTBaMu cpeacTBaMu
CO3JIaHUS
. CO3IaHUS CO3IaHUS
- CpelcTBaMu HEHPOHHBIX 8 -
. HEWPOHHBIX HEWPOHHBIX He Bnageer
CO3JIaHHs U cereit N .
cereit cereit CpencTBaMu
0o0yueHus Pa3IUYHBIX
" Pa3IMYHBIX 0a30BBIX CO3IaHUs U
HEWPOHHBIX APXHUTEKTYP.
. aApPXUTEKTYP. APXHUTEKTYP. o0yueHus
cerei Buiageer ~
Biangeer Biapgeer HEUPOHHBIX
Pa3IMYHBIX MPOJIBHHYTHIM .
CTaHJAPTHBIMH | 0a30BBIMH cereit
THITOB U CPEACTBAMU
cpeacTBaMu cpeacTBaMu
o0yueHUs u
oOydeHus u oOydeHus u
TECTUPOBAHHS
o TECTUPOBAHMS | TECTHPOBAHU
ceTen. . o
ceTel. s ceTeH.
3HaTh:
OTIMYHO 3HAeT | Xopomio 3Haer | SHACT OANH
HE 3HaeT
BBIYHCIIUTEIbH "3
a3bIk Python a3bIk Python BEIUHCIIMTENbH
b€ CPEJICTBA U dpeitMBOpKO
wiu C++ | wm C++ |
BIX CPEJCTB,
KOMILICKCHI, N o B IIyOOKOro
(peiiMBopkH ¢peiiMBOpKH [IPUMEHSIEMBIX
MPUMEHSIEeMbIe oGyueHus
b
OIIK-2.2 ri1y6oKoro rI1yGoKoro pu
' npu paspaboTke TaKue KaK
00yueHus, 00y4eHus, paspaboTke
HPOCKTOB PyTorch u
. . TaKue Kak TaKue KaKk
HelpoceTel u Tensorflow IPOEKTOB
PyTorch u PyTorch u ' i i
HelipoceTei u
UHTEIUICKTYaIlb oGIaYHEIe
Tensorflow, Tensorflow, MHTEIUIEKTyallb
HBIX
6 6 m1aTGOpMbI
o0JyauHbIe o0JlauHbIe
CHUCTEM, IUTs paboTHI ¢ HpIX
. 1aTHOPMBI 1aTHOPMBI CHCTEM:
-hpeliMBOpKH HelpoceTsIMu ’
JUTsL paboTHI C U1 paboTEHI €




oOyueHwus, HEHpPOCETIMHU HeHpoceTsIMH
TaK#e KaK
PyTorch u
Tensorflow
YMeTs:
— CO3/1aBaTh,
MTPOBOJIUTH
P YwMmeer
OTIAAKY
CO3/1aBarhb,
MPOrPaMMBbI
MPOBOJIUTH
o1
OTJIAaAKY Ywmeer
[IOCTaBJICHHYO Ymeer
MPOTPaMMBI C C037aBarth HE yMeeT
3amaqy c CO3/aBaTh
HCIIOJIb30BAHUE | TPOTPaMMBbI C cO3/1aBaTh
Y4eTOM IIPOTPaMMBI
M HCIIOJIb30BaHUE MPOrpaMMBbI C
MOCJICTHUX c
COBPEMEHHBIX M WCTIONTb30BaHHUE
TEOPETHUCCKUX UCIIOJIb30BaH
VHTEIJIEKTyalh | COBPEMEHHBIX . M
u ueM N
HBIX WHTEIJIEKTyallh . HEHPOCETEBBIX
MIPAKTHYECKUX . HEHPOCETEBbI N
OCTIDKEHHH B TEXHOJIOTHA, HBIX X MOJIeITCi MojIeTei
ONNX ( Open TEXHOJIOTHid
obnactu
CKVCCTBOHHO Neural
HCKYCCTBEHHOT
Y Network
0 WHTEIJIEKTA ’
. Exchange )
HEHPOCETEBBIX
TEXHOJIOTUI
Bnaners:
- TEXHOJIOTUEN
00BEKTHO-
OpUEHTHPOBAHH
oro Ot1nnyHO
MPOrPaMMHUPOB BIIa/IeeT BIIaJIeeT
aHWS Ha S3BIKE | TEXHOJOTHUSMHU OCHOBHBIMHU
BIIaJIeeT HE BIIaJIeeT
Python nnn cOOpKH U TEXHOJIOTHSIMU
0a30BBIMHU 0a30BBIMH
C++ nnst 3aIycKa cOopKH U
TEXHOJOTHSIM | TEXHOJOTHUSIMHU
pa3paboTKu u MIPOrpamMM ¢ 3arycka
1 cOOpKH H cOOpKHU U
TECTUPOBAHHUS | UCIIOIB30BAHKUE | IPOrPAMM C
. 3amycKa 3amyckKa
Mojienei M WCIIOJIb30BaHUE
. IPOrpamm ¢ MPOrpamm ¢
MAalIMHHOTO HEHPOCEeTEeBBIX M
. N HCIIOJIb30BaH | UCIOJIb30BAHHE
o0yueHus; MOJTyJIeH, HEHPOCETEBBIX e y
— TEXHOJIOTHEH BJaJCeT MOJyJIeH, . .
. HEHUPOCETEBHI | HEHPOCETEBBIX
cOOpKHU U TEXHOJIOTHer BJIaJIeeT N .
N X MOJYJIEH. Mo TyJIei
3ammycKa nH(pepeHca,Hall | TEXHOJIOTHEH
MOJTyJIeH CIIOeB p-, ONNX uHpepeHca.
HEUpOHHOU RUNTIME
CETH B PEKUME
oOydeHus u
uHpepeHca.

5.1. YueOHO-MeTOANYECKOE 00€ecIeYeHHue

5. Y4eOHO-MeTOIM4YecKoe U HH(POPMALIMOHHOE o0eciedeHne JUCHUILTHHbI



5.1.1. OcHoBHas nuTeparypa

1) Poctogiie B. C. MckyccTBeHHbIE HelipoHHBIE ceTh : yaeOnuk / B. C.
PocToBues, 2023. - 214 c. - Tekcr : anekTponHsbIii. URL:
https://e.lanbook.com/book/310184, ObC Jlanb

2) XmuBHenko JI. B. TlpakTruka HepoceTeBOro MoIeIMPOBaHUS : yueOHOe
noco6ue / JI. B. XnmuBHuenko, ®. A. IIatakoBuy, 2023. - 197 c. - TekcT : 27E€KTPOHHBIN.
URL.: https://e.lanbook.com/book/173811, OBC Jlaub

5.1.2. JlonmoaHUTENBbHAS TUTEpaTypa

1) Octpoyx, Aunpeit Bnagumuposud. CUCTEMbI HCKYCCTBEHHOTO MHTEIIICKTA :
moHorpadusi / A. B. Octpoyx, H. E. Cypxoa, 2019. - 228 c. - TeKCT : 371€KTPOHHBII.
URL.: https://e.lanbook.com/book/113401

2) IlonsikoB A. E. OCHOBBI TEOpPUH UHTEIUIEKTYAJIBHOTO YIIPaBICHUS
sHeprocoOeperarwmmmMu pexxumamu : yaeoHnoe nocooue / A. E. [Tonskos, M. C. iBanoB
; mox pen. A. E. ITonsikosa, 2022. - 282 c. - TekcT : anekTporHbii. URL:
https://e.lanbook.com/book/261242, SBC Jlanb

5.2. Uudopmannonnoe odecneyeHue

5.2.1. DneKTpOHHBIE U HHTEPHET-PECYPCHI

HaumMmeHoBaHUe CcbLIka

Name URI

5.2.2. TlpodeccuonanpHpie 0a3pl  gaHHBIX /[  HMHMOpMaMOHHO-CIIPaBOYHBIC

CHUCTEMBI
IIpusooumcs nepeuens

5.2.3. JIunieH3nOHHOE W CBOOOJHO  pacHpoOCTpaHsSeMOe  IPOrpaMMHOE
oOecrieueHne TUCIUILINHEI
Ilpusooumcs nepeuens

6. MaTepHaJbHO-TEXHUYECKOE o0ecneueHue U CIUIIMHbI

HaumenoBanue Buna HaumenoBanue y4ueOHOIM
y4eOHOH pabOoThI ayJIUTOPUH, [Tepedyersr HEOOXOIUMOTO 0OOPYIOBAHUS U
CHEIUAIN3TPOBAHHOM TEXHUYECKUX CPEJICTB OOyUEHUS
nabopaTtopun
Jlexnuu VYueOnast ayauTopust 1Jist Crienanu3upoBaHHas yueOHas Mebenb,
IIPOBEIEHUS 3aHATUH TEXHUYECKUE CpEeACTBa OOYYEHUs, CIyXamue IJIs
JEKLIHOHHOT0 THIA MpeACTaBICHUS yaeOHOH uHpopManuu
Oompmiod  aymuTopuM  (MYJIBTHUMEIUIHBIHN
MPOCKTOpP, KOMITbIOTEP (HOYTOYK), DJKpaH),




JEMOHCTPAIIMOHHOE 00OpyAOBaHUE, Y4eOHO-
HATJISTHBIC TTOCOOMS

[IpakTnueckue Vuebnas  ayauropus s | Crienuanu3upoBaHHAs yueOHast Mebernb,
3aHATUS [IPOBEICHUA 3aHATUH | TEXHUYECKHE cpeacTBa o0y4eHus
CCMHMHAPCKOTO THIA, | (MyTbTUMEIUUHBIA  MPOEKTOP, KOMIIBIOTED
TPYIIIOBBIX u I/IHﬂI/IBI/IIL}j' (HOYTGYK), 3KpaH) " I[p-
AJIbHBIX KOHCYJIbTAIlNH,
TEKYLICTO KOHTPOJIA n
IMPOMCIKYTOYHOU aTTCCTALIUN
JlaboparopHsble VueGnas 1abopatopust Crieruanu3upoBaHHOM 1abopatopHoe
paboTEI « », o0opynoBaHue 1Mo nMpouITio 1abopaTopuu:
KomnbroTepHsIii Kacc ¢ Crenuanu3upoBaHHas yueOHast Me0eb,
BEIXOZIOM B IHTEpHET __ | TeXHMYECKHE cpeacTsa oOydeHus
(MyIbTUMEIUNUHBI  NPOEKTOP,  KOMIBIOTEP
(HOYTOYK), JKpaH), JIMIIEH3UOHHOE
IpOrpaMMHOE 00€ecIIedeHHe
KoMnbroTepHblIii Ki1ace ¢ Crennanu3upoBaHHas y4deOHass Mmebenb Ha 30
BbixoztoM B MHtepuer B-600a | mocamounsix  mect, 30  KOMIIBIOTEPOB,
TEXHUYECKUE CpeAcTBa oOyueHus (MyJiabTHMe-
JUIHBIA  TPOEKTOp, KOMIbIOTEp (HOYTOYK),
9KpaH), BUJICOKaMepHlI, pPOrpaMMHOE
o0ecrieueHue
CamocrostenbHas | KommbroTepHslii Kiacc ¢ CrneuunanusupoBanHas ydyeOHas mebens Ha 30
pabora BeixogoM B MuTeprer B-600a | mocagounsix  mect, 30  KOMIBIOTEPOB,

TEXHUYECKHE cpeicTBa oOydeHus (MyJIbTHME-
JTUWHBIA  TPOEKTOpP, KOMIIbIOTEP (HOYTOYK),
JKpaH), BUJICOKaMEpHI, IpPOrpaMMHOE
o0ecrnieyeHue

CHeLII/IaJ'II/BI/IpOBaHHaS[ Me6eﬂb, KOMIIBXOTCPHAA
TCXHHUKA C BO3BMOXHOCTBIO BBIXO/1a B HHTepHeT u

UuTanpHbIN 321
obecnieuenueM jaocryna B DMOC, skpaH,

OuoOInOTEKU ..
MYJIbTHMEIMHHBIA TPOSKTOP, TPOrPaMMHOE
o0ecrieuenne
VYuebnast ayauTopust 1uist Crent

BBITIOJIHCHUS KypCOBOT'O

npoeKTa (KypcoBoi paboTel) | ysppopaHHas MeGenb, KOMITBIOTEPHAS TEXHUKA
—(IZ;?IB(II)'I[B%TCH IPH | ¢ BO3MOXHOCTBIO BBIXOHa B WHTEpHET U
Ha/Irqnn 1 TaKkon obecrieueHrem J0CTyma B PUOC,
ayTUTOPHH)

IporpaMMHoOe obecrieueHune

7. OCo0eHHOCTH OpPraHuU3anuu 00pa3oBaTeJLHOMH JAeSITeJbHOCTH JJIs JIUIL C
OrpaHNYeHHbIMH BO3MOKHOCTSIMH 3/I0POBbSI H MHBAJIU/IOB

JIutia ¢ orpaHMYEeHHBIMH BO3MOKHOCTAMU 370poBbsi (OB3) u MHBaMMIBl UMEIOT
BO3MOKHOCTh OECHpPENATCTBEHHO MEepeMEeNIaThcss U3 OIHOro y4eOHO-TabopaTopHOro
KOpIyca B JpYroi, MOTHATHCS HA BCE JTAXH Y4eOHO-TAOOPATOPHBIX KOPITYCOB,
3aHUMAaThCS B YYEOHBIX W WHBIX TIOMEIMIEHWSX C Y4eToM OCOOEHHOCTEH
NCUXO0(U3NIECKOTO PA3BUTHS U COCTOSIHUSA 37J0POBBSL.

Hnsa oOyuenuss mun ¢ OB3 u uHBanIMIOB, MMEIOIIUX HAPYIICHHUS OMOPHO-
JIBUTATEILHOTO ammapaTa, 00ecreueHbl YCIOBHsI OECIIPENsITCTBEHHOTO JOCTYMa BO BCE
yueOHble mnomereHus. MHpopManns O CHEIHalbHBIX YCIOBHUSX, CO3JAHHBIX IS
oOyuatomuxcs ¢ OB3 u wuHBaiMAoOB, pa3MelleHa Ha caiiTe yHHBEpCUTETa




www//kgeu.ru. Imeercst BO3MOXHOCTh OKa3aHUsI TEXHUYECKOHN ITOMOII aCCUCTEHTOM, a
TaKXe YCIYT CYpJONEePEBOTUUKOB U TU(DIOCYPAONIEPEBOTUMKOB.

st amantanuu Kk Bocnpusituio aunamu ¢ OB3 u uHBamuaamMu ¢ HapyUICHHBIM
CIIyXOM CIPAaBOYHOTO, Y4e€OHOro Marepuaia [0 JUCHUIUIMHE 00eCTeunBarOTCs
CJIEIYIOLIUE YCIOBUSA:

- JUIs JIydIlled OpUEeHTAIMU B ayJIUTOPHUH, IPUMEHSIOTCSI CUTHAJIBI OTOBEIICHUS
O HayaJsle ¥ KOHIIE 3aHATHUs (CIOBO «3BOHOK» MUIIETCS HA IOCKE);

- BHUMaHuEe cJabocCplamero oOydJaomerocs TMPUBICKAETCs IEAarorom
YKECTOM (Ha IJIEYO KIJIAJETCS pyKa, OCYIIECTBIIETCS HEPE3KOE MOXJIONBIBAHUE);

- pazroBapuBasi ¢ 00y4arolKMCs, NEAArorn4eckuii pabOTHUK CMOTPUT HA HETO,
TOBOPUT SICHO, KOPOTKUMHU NIPEIJIOKEHHUSIMH, 0OecrieunBasi BO3MOXXHOCTb YTEHUS MO
ryoam.

KommneHncanuss 3aTpyAHEHMI pPEYEeBOr0 W HMHTEIUIEKTYaJIbHOTO PAa3BUTHUSA
cJ1a0OoCTBIIAIINX 00YYaIOIINXCS TPOBOAUTCS ITyTEM:

- ACIIOJIB30BAaHUS CXEM, JUarpaMM, PUCYHKOB, KOMIIBIOTEPHBIX MPE3EHTALUMI C
TUIIEPCChIIIKaMU, KOMMEHTUPYIOIUMU OT/IEIbHbIE KOMIIOHEHThI H300paXeHMs;

- PEryJIIpHOTO TMPUMEHEHMs YOPaXHEHUM Ha TpapuyecKoe BbIIEICHHUE
CYILECTBEHHBIX NPU3HAKOB IIPEIMETOB U SIBJICHU;

- oOecriedyeHrs BO3MOXKHOCTH JJIi  OOydYarollerocs MOJIYYUTh aJpPECHYIO
KOHCYJIbTAIIMIO 10 JIEKTPOHHOM MOYTE 110 MEPE HEOOXOAUMOCTH.

Jns amantanuuy K BocnpuaTuio aunaMua ¢ OB3 1 mHBaIMIaMu ¢ HapylIEeHUSIMH
3peHHUs CIPABOYHOr0, Y4eOHOI0, MPOCBETUTEILCKOTO MaTepuasa, mpeyCMOTPEHHOTO
o0pa30oBaTeNbHONl IPOrpaMMoil MO BBIOPAHHOMY HAMPABICHUIO MOATOTOBKH,
00€eCIeYnBalOTCs CIEIYIONINE YCIOBUS:

- BezleTcd ajanTanusi opUIManbHOro caidta B ceTh HTepHET ¢ y4eToM 0COOBIX
NOTPEOHOCTEN MHBAIMIOB IO 3PEHUI0, 00ECTIEUNBACTCS HAIMUKUE KPYMHOMIPU(TOBON
CIIpaBOYHOM MHGOPMAIIMH O PACTTUCAHUHN YUEOHBIX 3aHSTHI;

- IeJlarOTHYecKuii  paboOTHUK, ero cobOecemqHUK (MIPU  HEOOXOIUMOCTH),
IPUCYTCTBYIOIIME Ha 3aHSATHH, MPEACTABISIOTCS OOyYaOLIUMCS, MPU ITOM Kaxabld
pa3 Ha3bIBaeTCs TOT, K KOMY IeJJaroruyeckuii paboTHUK oOpalaeTcs;

- IEUCTBUS, KECThl, MEPEMEIICHUs MEeAarornyeckoro pabOTHUKAa KOPOTKO HU
SICHO KOMMEHTHPYIOTCS;

- meyaTHass WHGpOpPMAIMS TPEAOCTaBisAeTca KpymHbIM 1mpudtom (ot 18
MYHKTOB), TOTAJILHO 03BYYHBAETCS;

- o0ecrieunBaeTCcs HEOOXOIUMBIM YPOBEHb OCBEIIICHHOCTH TTOMEIICHU;

- IPEAOCTABIIETCSI BO3MOXKHOCTh MCIOJB30BaTh KOMIIBIOTEPHI BO  BpEMs
3aHSATUN U MPABO 3aITUCU 00BSICHEHUM Ha TUKTO(MOH (10 JKEJIAaHUI0 00YUJarOITUXCs).

dopMa 1pOBEIECHUS TEKYyIIEH UM INPOMEXKYTOYHOM  arTecTaluud Ui
oOyuaromuxcsi ¢ OB3 ¥ MHBaIMIOB ONpeNeNsaeTcs] MeJarornyeckuM pabOTHUKOM B
COOTBETCTBUM C y4eOHbIM IiaHoM. [Ipum HeoOxoammoctu obyuatomiemycs ¢ OB3,
UHBAJIHUY C YY€TOM HMX WHAMBHAYAIbHBIX MCUXO(U3MUECKUX OCOOCHHOCTEH aeTcs
BO3MOXXHOCTh MPOUTH MPOMEXKYTOUHYIO aTTECTAllMI0 YCTHO, MUCBMEHHO Ha Oymare,
NUCHPMEHHO Ha KOMIIBIOTEpE, B (pOpME TECTUPOBAHUSA M T.II., JIMOO MPETOCTABIACTCS
JOTNOJHUTENBHOE BpeMs ISl IOJATOTOBKH OTBETA.

8. Metoanuyeckne peKOMeHIANUM JIs1 TpenojaBareed Mo OpraHu3alnnu


http://www.kgeu.ru/

BOCIIUTATEJIbHOH PadoThI C 00y4arOIMMHUCS.

Mertoanueckoe obecrieueHue Mmporecca BOCIUTAHUSA 00yUYarOIIUXCsl BBICTYIIACT
OJIHUM W3  ONpeaeisonmx (GakToOpoB  BBICOKOIO  KadyecTBa  0Opa30BaHUS.
[IpenogaBarens By3a, JEMOHCTPUPYS BBICOKHMUA MpodecCHoHaNn3M, 3PYAULHIO,
YETKYI0 TPAXKIAHCKYIO MO3UIIUI0, CAMOJUCIUIUIUHY, TBOPUYECKHUI MOAXO]l B PEIICHUU
npodecCHOHaNBHBIX 3aJad, B XoJe 00pa3oBaTEebHOTO IIpPoIecca CIIOCOOCTBYET
(GhOpMHUPOBAHUIO TAPMOHUYHON JTMIHOCTH.

[Ipu peanmuzanuu AUCHUIUIMHBI  TPENOJABAaTeIb MOXET HCIO0JIb30BaTh
CJIEAYIOIINE METObl BOCIUTATEILHON PAaOOTHI:

- MeToAbl (POpMHPOBAHUS CO3HAHUS JUYHOCTU (Oecenma, MUCIYT, BHYIICHHUE,
WHCTPYKT@X, KOHTPOJIb, OOBSICHEHUE, NpPHUMEpP, CaMOKOHTPOJb, paccKas3, COBET,
yoexxaeHue u ap.);

- METOJIbl OpTaHHW3alMH JEATCIBHOCTH U (OPMHUPOBAHUS OIBITA IMOBEIACHUS
(3amaHue, OOIIECTBEHHOE MHEHME, IIeJJaroruyeckoe TpeOoBaHHUE, MOPYYCHUE,
MIPUyYEeHHUE, CO3JJaHNE BOCTIUTHIBAIOIINX CUTYAIlUM, TPEHUHT, yIIpaKHEHUE, U AP.);

- METOJIbl MOTHUBAIIMM JCSATEIBHOCTH U TMOBeNeHUs (0J00peHue, MOOIUIpPEeHHE
COLMAIBHOM AaKTHUBHOCTH, IIOPULIAHWE, CO3JaHHE CHUTyalluid ycCIexa, CO3/IaHue
CUTYyalui JIsl SMOIIMOHATLHO-HPABCTBEHHBIX MEPEKUBAHUN, COPEBHOBAHUE U JP.)

[Ipu peanuzanyu AUCUMIUIMHBI PENOAABATEINb JOJHKEH YUUTHIBATh CIECAYIOIINE
HaMpaBJICHHUS] BOCIUTATEIIBHON AEATEIBHOCTH:

I'pasicoancroe u nampuomuyeckoe 60cnumanue.

- opMUpoBaHUE Yy OOYyYarOMIMXCS 1EJIOCTHOIO MHMPOBO33PEHUS, POCCUMCKOM
HJCHTUYHOCTH, YBKCHHS K CBOCH CeMbe, OOILECTBY, TOCYIapCTBY, IPUHSATHIM B CEMbE U
00IIIeCTBE TyXOBHO-HPABCTBEHHBIM M COIMOKYJIBTYPHBIM IIEHHOCTSIM, K HAIlHOHAILHOMY,
KyJIbTYPHOMY ¥ HCTOPUYECKOMY HACIEIUI0, (OpPMUpOBAHHE CTPEMJICHHSI K €ro
COXPAHECHUIO U Pa3BUTHIO;

- hopMHUpPOBaAHKE Y OOYYAFOIIMXCS aKTUBHOM TPaKIAHCKOW ITO3UITMH, OCHOBAHHOM
Ha TPAAUIIMOHHBIX KYJIbTYPHBIX, JTYXOBHBIX M HPABCTBEHHBIX IIEHHOCTAX POCCHMCKOTO
oOmiecTBa, JJis1 TIOBBIINICHHSI CIHOCOOHOCTH OTBETCTBEHHO pEAIM30BBIBATH  CBOM
KOHCTUTYIIMOHHBIE MpaBa U 00S13aHHOCTH;

- pa3BUTHE MPABOBOM U MOJUTUUECKON KYJIBTYPhl 00yUYarOIIUXCs, paclIipeHue
KOHCTPYKTUBHOT'O Yy4YacTHsi B TPUHITHU PEIICHUM, 3aTparvBaroldX HMX TpaBa H
HWHTEPECHl, B TOM YHCJIC B Pa3IUYHBIX (opMax CaMOOPTaHU3AlMH, CaMOYIpaBJICHUS,
00IIIECTBEHHO-3HAYNMOM JIEATCIBHOCTH;

- hopMUpOBaHNE MOTHBOB, HDABCTBEHHBIX M CMBICJIIOBBIX YCTAHOBOK JIMYHOCTH,
MO3BOJISIONINX TMPOTUBOCTOSITH JKCTPEMH3MY, KCEHOGOOWH, TUCKPUMUHAIIMHA T10
COIIMAJIbHBIM, PEJIMTUO3HBIM, PACOBBIM, HAIIMOHAJIBHBIM IMPHU3HAKAM, MEKITHUUECKON
U MEXKKOH(ECCHOHATbHON HETEPNUMOCTH, JPYTUM HETaTUBHBIM  COIIMAIBHBIM
SIBJICHUSIM.

Jlyxoeno-HpagcmeenHoe gochumanue:

- BOCIIMTAaHHE YYBCTBA JOCTOMHCTBA, YE€CTH W YECTHOCTH, COBECTIIMBOCTH,
YBOKEHUS K POAUTEIIAM, YUUTENSAM, JIIOASM CTApIIEro MOKOJIEHUS;

- opMuUpOBaHWE TPUHIIUIIOB KOJUIGKTUBM3MAa U  COJMAAPHOCTH, JyXa
MUJIOCEPAUST M COCTpPaJlaHMsl, MPUBBIUKKA 3a00TUTHCS O JIOJAX, HAXOJISAIIUXCS B
TPYJIHOM KU3HEHHOW CUTYAIlUH;



- popMupoBaHUE CONMAAPHOCTH M UYBCTBA COIMAIBHON OTBETCTBEHHOCTH IIO
OTHOILLICHHUIO K JIOJAM C OTPAHHUYEHHBIMU BO3MOKHOCTSIMU 3I0POBbs, MPEOIOJICHHE
MICUXOJIOTUYECKUX OapbepoB MO OTHOIICHHIO K JIIOJSAM C OrPAaHHUYECHHBIMU
BO3MOXKHOCTSIMU;

- opMHpOBaHME 3MOIMOHAIBHO HACBHIIIEHHOTO M JYXOBHO BO3BBIIIEHHOTO
OTHOILIEHUSI K MHUpPY, CIIOCOOHOCTH M YMEHHS IepeaBaTh JPYTUM CBOW ACTETUUECKUN
OTIBIT.

Kynvmypno-npoceemumensckoe gocnumanue:

- popmMupoBaHUE 3CTETUUYECKON KapTHUHBI MUPA;

- popmMupoBaHuE yBaXKEHUS K KYJIBTYPHBIM LIEHHOCTSM POJHOTO TOpoja, Kpas,
CTpaHBbI;

- IOBBIIEHUE MO3HABATEIbHOM AKTUBHOCTH O0YYarOIIMXCA.

Hayuno-obpazosamenvroe 6ocnumanue:

- popmupoBaHue y 00yyarouxcsi HAy4HOT0 MUPOBO33pEHUS;

- popMUpOBaHUE YMEHHUS MOTy4aTh 3HAHUS;

- popMUpOBaHUE HABBIKOB aHAIM3a W CUHTEe3a MH(GOpMAIMM, B TOM YHUCIE B
npoeccuoHaNbHOM 00J1aCTH.

BHocuMmble M3MeHEHUsI M YTBEPKACHUS HA HOBbIN Y4eOHBbI 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

b1.0.06 HelipoceTreBbie TEXHOJIOTUU

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

Hanpasnenue noAroToBKM  MarucTparypa 1no HanpasjaeHuro noarotoBku  09.04.01

I/IH(bODMaTI/IKa 1 BBIUHCIINTCJIBHAA TCXHUKA
(K00 u naumenoeanue nanpaenenus no020mosKu)

Keanudukamms MarucTp
(Baxanasp / Mazucmp)

r. Kasansb, 2023



OrneHouHbple MaTepuanbl 1O JUCHUIUIMHE HeWpoceTeBble TEXHOJIOTHH
NpeIHa3HAYCHHBl I OIICHWBAaHUSA pPE3yJbTaTOB OOYYCHHsI Ha COOTBETCTBHUE
WHIUKATOPaM JTOCTIKEHHUST KOMIICTCHITHA.

OneHuBaHue pe3yabTaTOB O0yUEHHUS 110 AUCIUIUIMHE OCYIIECTBIISIETCS B paMKax
tekymero KoHTposst (TK) u mpoMexXyTodHO# aTTecTanuu, IpOBOAUMBIX IO OAJIIIHHO-
peritunroBoii cucreme (BPC).
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Paznen. "BBenenue B HelipoHHbBIE CETH" TK 20 0 0-20
Paznen. "HeipoceTeBbie TeXHOIOTHN" TK 35 0-35
ITpomesxyTouHas arrecTanuda (3a4er, IK3aMeH oM
Y ’ ’ 0-45
KII, KP)
3aaHue NPOMEKYTOUHOM aTTecTaliu 0-15
B nucemenHoit popme no duneram 0-30

Texnonocuveckas kapma @opmupyemcsi ONsl KAHCO020 BUOA NPOMENCYMOYHOU
ammecmayuu ( 3a4ema,’K3amMeHd, Kypcoso2o npoekxma uiu pabomot)

2. OueHOYHBbIE MATEPHAJIBI TEKYIIIET0 KOHTPOJISI K IPOMEKYTOUHOM aTTecTAIlMH
[IIxana olieHKH pe3yJbTaTOB OOYUYEHUS MO AUCHUTLIINHE:

YpoBeHb cHhOPMUPOBAHHOCTH MHIUKATOPA KOMIETEHIIUU
o . Hmxe .
Bricokuit Cpennuit Huszkui
CpEeIaHEro
Kon Kon 3armiagu-
KOMII | MHIUKATOP pOBaHHEBIE ot 85 o 100 ot 70 o 84 oT 55 0 69 ot 0 0 54
e- a e3yJILTATHI
pesy. Ixama oneHUBaHUA
TEHII | KOMIIETeH | OOy4YeHUs IO
uu 15054 WCITUTIINHE HEYI0B-
I et YIOBJIET- YA
OTJIMYHO XOopouro JICTBOPU-
BOPUTCJIILHO
TCJIIBHO
3a‘-ITCHO HEC 3a4YTCHO
3HAaTh:
OIIK
») OIlK-2.1 - OCHOBBEI IyOOKO H XOPOIIIO 3HACT 3HAET HE 3HAET
TCOpUHU IIOJIHO 3HACT OCHOBHEIC 6a3OBBIe 6330BBIX
HCﬁpOHHHX MaTEMATHUYCCK MaTEMATUYCCK IIOHATHUA HOHHTI/Iﬁ, HEC




CeTeii, B TOM We CTPYKTYPBl | W€ CTPYKTYpPhI | HEHPOHHBIX 3HAET KaK
qucie B OCHOBE B TIOCTPOEHHUH | CeTeil, 3HaeT obydaercs
pa3Iu4HbIe MOCTPOEHUS HEUPOHHBIX aNropuT™M HeUpOoHHAas
ApXUTEKTYPbI HEHPOHHBIX ceTeld, 3HaeT backprop, CETh, HE 3HAET
HEUPOHHBIX ceTei, 3HaeT aJTOPUTM OCHOBHBIE KaK OLICHUTh
ceTel u aJITOPUTM o0OpaTHOTO METPHUKH Ka4eCTBO
QITOPUTMBI HIX o0OpaTHOTO pacnpocTpaHeH o0ydeHus
o0yueHus; pacnpocTpaHeH | U ONIMOKH, MOJICIH
- U OIIUOKH, HEKOTOPbIE
MaTEeMaTHYEeCKH | COBPEMEHHBIE | COBPEMEHHBIC
€ CTPYKTYPBl B | apXHUTEKTYpbI, | apXHUTEKTYypHI,
TIPUHIIATIBI UX METpPUKH OCHOBHBIE
00001IeHHST HA KadecTBa, METPHKH
MMOCTPOCHUE
BbIYUCINTCIIbH
bIX OJIOKOB
HEHPOHHBIX
ceTew;
- OCHOBHBIE
METOJTBI U
aNTOPUTMBI
rIIyOOKOTo
oOyueHwusl.
YMeTs:
yMeeT
aHAJIM3UPOBATH
MOCTaBJICHHYIO
3aja4y u
yMeer
- npeajiaraTh
aHaJIU3UPOBATh
aHAM3UPOBATH peleHus Ha
MOCTaBJICHHYIO yMeeT HE yMeeT
MOIU(DUKAIAN OCHOBE
. 3a/1auy o I0MPaTh noadupaTh
Y HOBBIE HEHpPOCEeTEeBhIX .
. npeJiaraTh HEHpOCeTeBy aJICKBaTHYIO
CpencTBa TEXHOJIOTHI; .
penieHus Ha 10 HEHpOCEeTEeBYIO
IPOrpaMMHOI0 YMmeer
OCHOBE TEXHOJIOT U0 TEXHOJIOTHIO
obecrieueHuss | 0OOCHOBHIBATH N
N HEHPOCETEBBIX | JUIA PEIICHUS | JUIS PEIICHUS
U1 CO3JIaHUS CBOH BEIOOD . .
. TEXHOJOTHH, | TMOCTAaBICEHHO | TOCTaBJICHHOM
HEUPOCUCTEM U | apXUTEKTYPBI 1 N
000CHOBBIBATh 1 3a7a4u. 3aJ1a4H.
WHTEIUICKTYalb TEXHOJIOTHH N
CBOH BEIOOP
HBIX CHCTEM o0Oy4eHus;
apXUTEKTYPHI;
YwMmeer
HWHTEPIIPETUPO
BAaTh BBIXObI
MOJIeTTH
Bnaners:
- cpelcTBaMu Bnaneer Bnaneer Bnaneer
He Bnageer
CO3/IaHus U MIPOJIBUHYTHIM OCHOBHBIMHU OCHOBHBIMHU
CpelCcTBaMHU
o0OyueHus U CPEJICTBAMHU CpeICcTBaMHU CpeICcTBaMHU
. CO3/IaHuA U
HEHPOHHBIX CO3/1aHus CO3/1aHus CO3/1aHus
N o . . o0yueHHs
ceTeit HEHPOHHBIX HEHPOHHBIX HEHPOHHBIX .
N . N HEHPOHHBIX
Pa3IMIHBIX cereit ceTeit cereit




THTIOB Pa3IUIHBIX Pa3IMYHBIX 0a30BBIX ceTeit
ApXHUTEKTYD. APXUTEKTYP. ApXHUTEKTYP.
Buageer Bnageer Bnageer
MPOJBUHYTHIM | CTAHAAPTHBIMH | 0a30BBIMH
U CpEJICTBAMHU cpeJcTBaMu cpeJcTBaMu
00y4eHUs 1 o0y4eHus u o0y4eHus u
TECTUPOBAHMS | TECTHPOBAHUS | TECTUPOBAaHU
ceTeln. CEeTeH. s1 CETEH.
3HaTh:
BBIYHCIIUTEIbH
bie cpeacTBa U | OTIMYHO 3HAET | XOPOILIO 3HAET
3HACT OJIUH
KOMILIEKCHI, 361K Python 361K Python s HE 3HaeT
17§
TIPUMEHSIEMBbIE niu C++ | wm C++ | . BBIYMCIIUTENIBH
. N (hpeiiMBOpKO
pu pa3pabotke | (ppeiimMBOopKH (bperMBOpKHI 50KOro BIX CPEJICTB,
B T'JI T
MIPOEKTOB rIIyOOKOTO rIIyO0OKOTO o6 Y . MIPUMEHSEMBIX
. N YSHUS
HelpoceTel u o0yueHus, o0y4eHus, Y ’ npu
TaKue KaK
WUHTEIUICKTYab TaKHe KaK TaKue KaK PyTorch i paspaboTke
HBIX PyTorch u PyTorch u MPOCKTOB
Tensorflow, . .
CHCTEM; Tensorflow, Tensorflow, OBAHLL HelipoceTell u
. JIAYHBI
-pperiMmBOpKH o0JauHbIe oOnavHbIe WMHTEIJIEKTyalhb
I1aT(HOPMEI
rIIyO0OKOTO at(opmel m1aTQOpPMBI HBIX
JUTst pabOoTHI C
oOyueHwus, JUTst paboTHI C Ut paboTHI C . CHUCTEM,;
. . HeHpoceTsIMH
TaKue KaKk HelpoceTsIMH HelpoceTsIMU
PyTorch u
Tensorflow
YMeTs:
OIIK-2.2 — CO3/1aBaTh,
MIPOBOIUTh
P YMmeer
OTIaJKy
C03/1aBaTh,
MPOTrPaMMbI
MIPOBOJIUTh
noJ
OTJIAJIKY Ywmeer
MTOCTaBJICHHYIO Ymeer
MIPOTPaMMBI C CO3/aBaTh HE yMeeT
3aj1auy C c03/1aBaTh
WCIIOJIb30BAHUE | TPOTPaMMBbI C cO3/aBaTh
Y4eTOM MIPOrPaMMbI
M WCIIOJIb30BaHUE MPOrpaMMBbI C
MOCIIEeTHAX c
COBpPEMEHHBIX M WCTIOJIb30BaHUE
TEOPETUUECKUX HCTIOJIb30BaH
HMHTEIJICKTYadb | COBPEMEHHBIX M
" ueM N
HBIX HMHTEIICKTYyasIb . HEHPOCETEBbIX
MPAKTHYCCKUX . HEHPOCETEBBI .
N TEXHOJIOTHH, HBIX . MoJieneit
JIOCTHKCHHU B N X Mojenei
ONNX ( Open TEXHOJIOT M
obnactu
CKVCCTBRHHO Neural
HCKYCCTBEHHOT
Y Network
0 WHTEJUIEKTA U
. Exchange )
HEHPOCETEBBIX
TEXHOJIOTUH
Bnaners:
- TEXHOJIOTHEH OTiuyHO BIIQJICCT BIIQJICCT HE BIIaJIeeT
00BEKTHO- BIIa/ICCT OCHOBHBIMHU 0a30BBIMU 0a30BBEIMU




OPUCHTHUPOBAHH | TEXHOJOTUSIMU | TEXHOJOTUSMHU | TEXHOJOTHSAM | TEXHOJIOTHSIMHU
oro cOOpKH H cOOpKHu U 1 COOpPKH H cOOpKHU U
MIPOrPaMMHUPOB 3aIrycKa 3aIrycKa 3aIrycKa 3aIrycKa
aHWs Ha S3BIKE MIPOTpaMM C MPOTPamMM C MPOTPamMM C MPOTpamMM C
Python nnu WCTIONTF30BaHMUE | MCIIOB30BAHNE | WCIOIB30BaH | UCTOJIH30BAHHE
CH++ nns M M HeM M
pa3paboOTKU U | HEMpOCETEeBBIX | HEMPOCETEBBIX | HEHPOCETEBBI | HEHPOCETEBBIX
TECTUPOBAHUSA MOZYyJIEH, MOJYJIEH, X MOJYJIEH. MOAyJen
MOJENeN BIIaJIEET BJIAZIEET
MaIIMHHOTO TEXHOJIOTUEU TEXHOJIOTHEN
o0OyueHus; nHpepeHca,Hai nH(pepeHca.
— TEXHOJIOTUEH p., ONNX
cOOpKHU U RUNTIME
3arycka
MOJIYJIEN CIIOEB
HEUPOHHOU
CETH B peKHMe
oOydJeHus u
nH(epeHca.

OrneHKka «OTJMYHO» BBICTABISICTCS 3a BBIMOJHCHUE NOJHOE BbINOJHEHUE
1ab0OpamopHbiX U NpaAKmudeckux pabom 6 cemecmpe, 21yOOKOe NOHUMAHUE
NPUHYUNOB NOCMPOEHUSl, MemOo008 U MEeXHOJ02Ull 00VUeHUsl HeUPOHHbIX cemell,
NOHUMAHUEe MempuK 00yYeHUsl, NOJHble U COOepIcamenbhble OMEembl HA BONPOCHL
bunema (meopemuveckutl U NPAKmMu4ecKuli 60NPocol)

OrneHka  «XOpoOIIO»  BBICTABIACTCS  3a 8bINOJIHEHUE
1aO0paAmMoOpPHbIX U  NPAKMU4ecKux pabom 6 cemecmpe, HNOHUMAHUE OCHOBHBIX
NPUHYUNOB HNOCMPOEHUsT U Memo008 O0OYHeHUsI HEUPOHHBIX cemell, HOHUMAHUE
Mempux — o0yuenus,  codepoiicamellbHble  Oomeéemvl  HA  8ONPOChl  Oulema
(meopemuueckutl U NPaAKmMuyecKuii 60NpPochol)

OreHKa «yTOBJIETBOPUTEIbHO» BBICTABJISICTCS 3a BBITIOJHCHHUE 6bIHNOJHEHUE
1aO0pamopHbIX U NPAKMUYECKUX pabom 6 cemecmpe, HACMUYHOE NOHUMAHUE
OCHOBHBIX NPUHYUNOE NOCMPOEHUST U MeMO008 00VUeHUs. HEUPOHHBIX cemell, 3HAHUe
Mempux 0OyueHusl, omeemuvl Ha BONPOCHL Oulema (meopemudeckutl U nPaKmudecKuil
60NPOCHI)

OrneHka «Hey/0BJIETBOPUTEIbLHO» BBHICTABISETCS 3a Cllabo€ W HEMOJHOE
BBITIOJTHEHHE J1a00paTOPHBIX M TMPAKTUYECKHUX pabOT B CEMECTpe; HE3HAHHE H
HEIIOHUMaHuEe 0a30BBIX IPUHIMIIOB ITIOCTPOCHUS HEUPOHHBIX CETEH, HEIMOJHOE H
HESICHOE BBITIOJIHCHHE TCOPETHYECKOTO BOIpOCca OMiIeTa; HECIIOCOOHOCTH OOBSCHHUTH
MPOTPAMMHBIN KOJT TIO MPAKTHYECKOM YacTH OusieTa.

BBITTOJIHCHUC

3. IlepeyeHb O1LIEHOYHBIX CPEICTB

Kpatkas xapakTepucThka OLIEHOYHBIX CPEACTB, MCIOJIb3yeMbIX MPHU TEKYIIEM
KOHTPOJIE YCIIEBAEMOCTH U MPOMEKYTOUYHOM aTTecTaluu oOydarouierocs 1o
JTUCHUTUIMHE:




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:

[IpoBepsiemas

OPUTHHAJIBHBIC  aJITOPHUTMBI

KOMIICTCHIIMA .

OIIK-2:
U IPOrpaMMHBIC CPEICTBA,

CnoocobeH

pa3zpabaThiBaTh
B TOM 4YHUCJIE C

HCIIOJIb30BAHUECM COBPCMCHHBIX HHTCIJICKTYAJIbHBIX TCXHOHOFHﬁ, AJ1 pCIICHUA

npohecCHOHANBHBIX 3a7a4
Tect

Bonpoc

Ba PWaHTbI OTBETA

OTBET

HelpoceTteBbimu
TEXHO/IOTMAMM HA3bIBAOT

KOmMnnaekc MHd)OpMaLI,MOHHbIX TeXHOJ'IOI'MVI, OCHOBAHHDbIX
Ha NPUMEHEHNN KOMMNbIOTEPHbIX ceten

TeXHONOruM,
MCKYCCTBEHHbIX

KOMMNEeKC MHGPOPMaLMOHHDIX
OCHOBAHHbIX Ha  MPUMEHEeHUM
HelpPOHHbIX ceTen

MHd)OpMaLI,MOHHbIe CNCTembl NOUCKa

MHPOPMALMOHHbIE TEXHONOTMW YNPaBAeHNA

Anroputm obyyeHus
WCKYCCTBEHHOM  HEMWPOHHOM
CeTu 3aKaH4YMBaeTCcA, Koraa

AOCTUIHYTO  33JaHHOEe  3HavyeHue  cpegHen  (Mam

MUHUMAJIbHOM) OLINOKM

CeTb Mcyepnana BOSMOXKHOCTM 06ydYeHns (owmnbKa
nepecTtana YMeHbLLATbCA OT 3MOXM K 3noxe)

npoﬁ,u,eHo onpegeneHHoe KonNn4ecTtBo anox

Nno60oi oTBET U3 NepeuyncNeHHbIX

Kakune yHKLMM BbINONHAET
nporpaMmmHan peanmsaumn
BXOAHOrO C/10S

BbluMcnseT NponsBoaHYO A8 aNroputMa obpaTHOro
PacnpoCTpaHeHMA OLWMBKM.

MepepaeT BXOAHOM BEKTOP CUrHANOB Ha NepBbii

MHOTOCNOMHOTO CKpbITbI CNOIA.

nepcenTpoHa? Yaansaet "wym" u3 curHana.
TpaHCcAMpyeT CUrHaa Ha BbIXOAHOW C/IOM MHOTOC/IOMHOTO
nepcenTpoHa.

HelpoH j nonyunn Ha BxoA, -1.8485

CUTHanN OT YeTbIpex APYrux 0,5

HelpPOHOB YPOBHM -0,4621

BO3DOYXAEHMA, 3HAYEHUA 0,2449

KoTopbix paBHbl 10, -20, 5, 4 u

COOTBETCTBYIOLWME BECA

cBsizelt paBHbl 0.8, 0.5, 0.7 u

-0.5 cooTBeTCTBEHHO.

BbluncamTe cUrHan Ha Bbixoae

j-ro HelpoHa B cny4yae, ecam

dYHKUMA aKTMBaAL MU

HEeMPOHOB eCTb

rmnepboanNYeCcKnin TaHreHC.

BbibepuTe NnpaBUbHbIN OTBET:

MporpammHo peanunsosaHa | 0




HEMpPOHHAs CeTb C OAHUM
CKPbITbIM cnoem n
aKTUBALMOHHOW byHKUMEN

curmomaa. Y cetn 1 Bxopg, 3
HEMPOHA B CKPbITOM cnoe u
oauH Bbixod. YTto Oyger Ha
BbIXOA4E CETU B C/ay4dae, ec/u
Ha Bxoge 1, Bce Beca paHbl 1 u
cmeuweHue 0.

AN,
GL~@—D
®

0,7311

2,1932

Yto npepctasnser  cobown
anropuTm «0byyeHus
MCKYCCTBEHHOWN  HEWPOHHOM
cetmu»?

npoueaypy NOACTPONKN CUTHANOB HEMPOHOB

npoueaypy NOACTPOIAKMN BECOBbIX 3HAYEHMIA

npoueaypy BblYMC/IEHUA MOPOroOBbIX 3HAYEHWUM
GYHKUMM aKTUBaL MK

ana

MporpamMmHasn peanusaums
OAHOC/NIOMHOro NepcenTpPoHa
Nno3BoNAET pelaTb 3aa4u

annpokcumaummn pyHKumii

pacnosHaBaHuA o6pa3os

Knaccndukaumm

Kakas apxuTeKkTypa | MHOrocnolHbi nepcenTpoH
MCKYCCTBEHHON  HEMWpPOHHOM | PeKyppeHTHble HelPOHHble ceTh
cetn 6onblie noaxoauT ANa | CBepTOUHbIE HEMPOHHbIE CEeTH
pa3paboTKu anropuTMoB
aHanu3a €CTeCTBEHHbIX
A3bIKOB (TeKcToB).
Ons  yHKUMKM  akTMBauuu | -1
rmnepbonnyeckni TaHreHc | 0
th(z) = 72 1
BbIMMCIINTE, | Mpepen He cylecTByeT
lim th(z) 5

Yyemy paBeH z—-x

Ona paspabotkm anroputmoB | ResNet

M nporpammHbIX cpegcts ana | YOLO
AETEeKUMM U TpeKkuHra B | SSD
cuctemax BuaeoHabawgeHus, | GAN
ncnonb3aytoTca HeNpPOHHbIEe

cetm

Kakoin ¢penmBopk rnybokoro | CNTK
obyueHna wumeet wuHTepdeinc | Tensorflow
ans pa3paboTku | PyTorch
nporpammHbIX  CpeAcTB Ha | Bce nepeyncneHHble
A3blKe nNporpammmpoBaHms

Python pgnAa obyyeHua wu

3anycka MHC?

BxogHoe nsobparkeHne nmeet
pasmep 32 Ha 32. Kakoro

torch.Tensor paamepom 6 Ha 14 Ha 14

torch.Tensor paamepom 28 Ha 6 Ha 6




pasmepa nosayyntca pesynbtat | torch.Tensor pasmepom 6 Ha 28 Ha 28

cBépTku B PyTorch 5 Ha 5 6e3 | torch.Tensor pasmepom 6 Ha 5 Ha 5
padding, co stride=(1,1), ecan
Ha BbIXo4e [AO0NXKHO ObiTb 6

KaHanos?

CKoNbKO NapameTpoB B 3 napameTpa: CTO/IbKO e, CKOJIbKO U KaHaN0B

cBepTKe pasmepom 3x3, 9 Bcero: mbl HaKnagbiBaem OAHY WM Ty e CBEPTKY Ha
KOTOpasA NpUMeHseTCca K Ka*KAbIN U3 TPEX KaHaoB

TpexKaHa/ibHoOMy 9 YHWKaNbHbIX -- BCero 27, HO ANA BCeX KaHaNoB
nsobpaxeHuio? He cumtanTe | napameTpbl OANHAKOBbIE

CNOW aKTMBaL MK, He 27 napameTposB: 3X3 ANA KaXKA0ro U3 Tpex KaHanos

yunTbIBanTeE bias.

Ana KaKoW apxutekTypbl | VGG

CBEPTOYHON HelpoHHOMN ceTn | AlexNet

XapakTepHo obxoaHble | ResNet

coegnHeHnA GoogleNet
(skipconnections),
npobpacbiBatlowme rpagueHT
OWKnBKN B 06X04 CBEPTKM

YKaxkute owmnbky npu pabote | optimizer = torch.optim.Adam(net.parameters(), Ir=0.01)

c ontumusatopom B PyTorch | optimizer.step()

npu paspaboTke nporpammbl | optimizer.zero_grad()

06y4yeHMA HEMPOHHOWM ceTu. optimizer.backward()

Bomnpocel
1. ®yHKIMSA NOTEPh U ONTUMHU3ALMUS MApaMeTpoB HeWpoHHOU ceTu. BoiBog DI
13 METOJ1a MaKCUMAaJIbHOT'O IIPAaBIONOA00uS.
2. OOydeHue HEHUPOHHOW CETH C TOMOINBIO  ajJroput™Ma  OOpPaTHOTO
pacnpocTtpaHeHusi omuOku. [loHsATHE mMapanuya ceTM W NPUYMHBI  €ro
BO3HHKHOBEHHUSI.

3. OreHka kayecTBa HeHpoceTeBbIX Mojieeil. OCHOBHBIC METPUKH.
4. CaéptouHble HEMpOHHBIE ceTu. Onepalusi CBepTKU, KacKaj CBEPTOK.
5. ApXHUTEKTYpbl HEUPOHHBIX CETEH ISl MYJIbTHKJIACCOBBIX Mojened. DyHkuus

Softmax.
6. ApXHUTEKTYpbhl HEHPOHHBIX CETEH JJI MOJIENIe OMHAPHOM KiTacCH(pUKAINH

7. Mmuorocnoiinbiii  meprientpoH.  I[lpeacraBnenwe  OyneBbIX  (PyHKITHIL.
[Ipeonmonenne orpaHUYCHUS JTUHEHHON Pa3IEeIMMOCTH U PEIIeHUE MPOOIEMBI
HCKIIIoYarolero «um». Teopema Kommoroposa.

8. Omeparus aexonposroruu. Transposed convolution layer.

9. Axaroputm 00paTHOTO pacnpocTpaHeHus: OIIMOKHU. JIoCTOMHCTBA U HEAOCTATKU
anropurma. IToHsTHE Mapanuya ceTU U NPUYUHBI €10 BOSHUKHOBEHMUS.

10. BazoBas apxurekTypa HeWpoHHBIX ceTel. [IpuHuumnbl noctpoenus. OCHOBHbIE
(YHKIIUM aKTUBALMH.

Js Tekymero koutpoas TK2:
[Iposepsiemass kommerenuus: OIIK-2.2: PazpabarbiBaeTr mnporpammHsbie
CpeICTBa peuieHus MpodeccCuOHANBHBIX 33aa4y, B TOM YHCIE C HCIOJIb30BaHHUEM



COBPCMCHHBIX MHTCIIJICKTYAJIbHBIX TEXHOJIOT Ui

Bomnpoc

Bapuants! oTBeTa

OTBET

B KaK#uX obacTax
SKOHOMHKH  MPUMEHSIOTCS
QIITOPUTMBI Ha OCHOBE
HMCKYCCTBEHHBIX HEHPOHHBIX

cereii?

OILIEHKA BEPOSITHOCTH OAaHKPOTCTBA,;

pacrno3HaBaHue 00pa3oB (TEKCTa, MOIKCH);

3aaud KJIACCU(UKANUYA M CETMEHTAIMH YKOHOMUYECKUX
00BEKTOB

BCE NNCPCUMNCTCHHLIC

[IporpamMmMHO peann3oBaH 0,9951
HEHPOH ¢ PyHKIHUEH 1
aKTUBALIUU TUIA -1
rHIepOoNINYecKuil TaHreHe ¢ | 0,9981
TpeMs BXOJAaMH U HEHPOH

cMenieHus. Bxoael Bce

paBHBI | 1 Bce Beca Takxke

paBHbl 1, a cmemenue 0,5.

UYemy OyzaeT paBeH BBIXOJ

HelpoHa?

B nporpamme HelipoHHO#M 0,25
CETH HEUPOH | TIOyYHIT Ha 0,6225
BXOJ CUT'HaJI OT YEThIPEX 0,3775
APYTUX HEHPOHOB YPOBHU -1,5415

BO3OY>KICHUS, 3HAUCHUS
KoTopeix paBHsl 10, -20, 5, 4
U COOTBETCTBYIOILLIME BECA
cBs3elt paBuel 0.8, 0.5, 0.7 u
-0.5 COOTBETCTBEHHO.
Breraucnure curaaim Ha
BBIXOJI€ j-TO HEeilpoHa B
ciy4dae, eciu QyHKIuUs
aKTUBAIlMU HEHPOHOB €CTh
JIOTUCTHYECKAS CUTMOM/IA.
BriOepure npaBuiIbHBIN
OTBET:

B nporpammuOl peanuzanuu
OJIHOCJIOMHOI'0 IEPCENTPOHA
Ha BXOJ TMOJAaeTcs BEKTOp
(X1..Xn). B kakom ciyuae
BBIXOJOM OyAeTr HyJeBOi
BEKTOp?

€CJIM HalIeTCs TAKOW HEUPOH J, 4TO
n )

Saw! <0

i=l

€CITH JUIs KaXKA0To HelipoHa j OyneM UMeTh

n .
Saw] <1
i=]

€CJIH ISl KA/K0I0 HelipoHa j Oy/eM uMeThb
kil .

Sawl <o

i=I

€CJIM HalIeTCs TaKOW HEUPOH J, UTO

iai w =

i=J
Haiismte npomsBoanyto 31oit | 1-th*(X)
(GYHKIIUY aKTHBALUU 1+th*(x)

th(x)-1




T

th’(x)

_ e"—e
thie) = &= U BBIpa3uTe
pe3ynbrar uepe3 (YHKIUIO
th(x)
Kakas apxutekrypa | [lonHocBA3Has ~ HeWpOHHas CEThb (MHOTOCTOMHBIN
HMCKYCCTBEHHOW HEWPOHHOM | EPCENTPOH )
ceTu OobIe Bcero | CeeproyHasi (KOHBOJIIOIMOHHAS) HE{POHHAS CeTh

MOJIXOAUT JUISL  Pa3pabOTKH
QJITOPUTMOB U MPOrPAMMHBIX
CpeAcCTB pacro3HaBaHHS
o0pa3oB " aHam3a
M300pakKeHMIT?

PexyppeHTHas HEMpOHHAs CETh

[Tycth B
aBTOMATHYECKOTO
pacro3HaBaHHs PYKOIUCHBIX
mpp or O 1m0 9
UCTIOJIB3yeTCs CNN c
aktuBaruen softmax. Kakyro
GbyHKIHIO OTEPh BbI
BBIOCpETE?

nporpaMmme

MSE

MAE

CE (Cross Entropy)

BCE (Binary Cross Entropy)

AyrMeHTaIus JaHHbIX
MIPUMEHSETCS 1151

yBeJM4YeHHusi 00beMa 00y4daruieii BBIOOpPKH

YBEJIMUYEHUS] CKOPOCTH 00YUEHHUS

HOpMaJIu3aliu
00pbOBI ¢ IepeodyyeHneM

C MIOMOIIBIO Kakoro | 1

MUHUMAaJbHOTO gucna | 3

HEHUPOHOB B CKPBITOM CcCIlo€ | 4

MHOT'OCJIOTHOTO 5

IIepCenTpoHa peraercs

npobiema XOR ?

s pazpabotku anroputmon | GAN

U IPOrpaMMHBIX cpeacTB i | ResNet

penieHus 3agaud | LSTM

Kkinaccuukanuu B cucremax | VGG

KOMITBIOTEPHOTO 3peHus

HCIIONB3YIOTCA ~ HEHPOHHBIE

CETH

[Ipu nocrpoenun
QITOPUTMOB O0yUYEHUS
HEUPOHHOU CeTH OOBIYHO
JlaTaceT JIeNAT Ha 2

yacTy train u test mim Ha 3
yacTu: train, validation,
test. J{ist gero Hy»KHO Takoe
nenexue?

Ecmu 06yanI>cs1 Ha IIOJIHOM JaTaCcC€TE€ N Ha HEM XK€ ICIaTh
BaJIngali0, TO MOKHO HC 3aMCTUTD HCpCO6y‘-ICHI/IH

Validation HyxHa, 4TOObI NOAOOpPaTh THIIEpPHAPAMETPHI
ceTn

Test HykeH a1 (QUHAIBHOM OIIEHKM KadecTBa pPalOTHI
CeTH

Bce BblIenepeynciaeHHoe

Kakas nporpammHas | Tensorflow

oubnuroteka He mpuMensiercs | Torch

JUTs TITyOOKOTO 00yueHus? NLTK
CNTK

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

PyTorch kakas omeparus ¢ c%d

TeHzopawmu 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]])
IIO3BOJIACT IIOJYUYUTH
CJIeIYIOLUUA BBIBOJ?
tensor([[0., 1., 1., 1.],
[1.1.,1.,1],
[1.,1.,1,1],
[1.,1.,1.,1],
[1.1,1.,1]])
[TycTh MaTpuLIa IPU3HAKOB [[-4, 3],
paBHa [-9.,5]]
[[41 21 '1]1 [[31 '4] ,
['6’ O’ 5]’ ['9 15]]
[3! 2! 2]]1 [['91 5] ,
a sIIPO CBEPTKHU — [3,-4]]
[[0, 1, 2], [[-4, 3,1],
[1,-1, 0], [1,0,-2]]
[1,0,-2]]
KakoB Oynet pe3yibTar
MMPUMCHCHUSA CBEPTKU CO
stride=2, padding=1?
B mnporpamme Ha PyTorch | 13
UCXOaHBIN torch.tensor Owur | 169
pasmMepoM 13x13x384. | 384
Ckonpko (UIBTPOB JODKHO | 64896
ObITb B CBEPTKE, KOTOpas
BBITAET torch.tensor
pazmepoM 13x13x3847?
Bonpocut
1. Perynsapuzanuss HeWpOHHOUN Perynsapuszanus
TuxoHoBa, Lasso — perynspuzanus
2. Perynsapuzamnus u npopexxuBanue HEWMpoHHOU ceTu. [Ipsimoit m oOpaTHBI
Dropout.
3. Meroasl  rnyOokoro  oOywyenus.  Hopmanuzauums
HOpMAJIU3ALIUSL.
4, Texnonoruss nepemaun oOydeHuss Transfer Learning. Vcnonbs3zoBanue
pen00yUYEHHBIX CETEH.
5. ABTO?HKOAEPHl. OCOOCHHOCTH AapXUTEKTYpbl M OOY4YeHHS DSHKOAepa U
JeKoaepa.
6. Pexyppenthsbie Hetipornabsie cetu. Apxutekrypa GRU (Gated recurrent unit).

1. Pexyppentubie Heliponnbie cetu. Apxutektypa LSTM (Long Short-Term

Memory).

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




9.
10.

®peiiMBopk riaybokoro ooydenus Tensorflow
®dpeitMBOpK riydbokoro odyduenus Pytorch

Jsi IpOMeKyTOYHOM aTTeCTAlUM:

bazoBrie BOIIPOCHI K 9K3aMCHY

1.
2.
3.

10.

11.
12.
13.
14.
15.

16.
17.
18.
19.
20.
21.

22.
23.

24.
25.

26.

27.

MaremaTtnueckast Mojieb OMOJIOIrMUYECKOr0 HepoHa. JIeHApUThI, aKCOHBI, CUHAIICHI.
Knaccugukaius HepOHHBIX ceTel, 00J1aCTH IPUMEHEHHUS U pellaeMble 3a1a4H.

bazoBast apxutekrypa HelWpoHHBIX cereid. [IpuHIunbel moctpoeHus. OCHOBHBbIE (YHKIIUH
AKTHBALIUU.

[Tepuentpon PozenOmarra u mnpasmwio Xe66a. Teopema 0 CXOIMMOCTH alroputMa
o0y4yeHHs IepLUenTpOHa s IMHEHHO-pa3ienuMbIx MHOKeCTB. [Ipobaema XOR.
MmuorocnoiiHelii  mepuentpod. IlpencraBmenue OyneBbix QyHknmid. [Ipeomosienue
OTpaHUYCHUS JIMHEHHON pa3feNMMOCTH W pPEHICHHE MPOOIEMbl HCKIIOYAIOLIETO «HITH.
Teopema Kosnmoroposa.

OOy4eHre HEMPOHHOM CETH € IOMOILBIO aJITOpUTMa 0OPATHOI'O PACIPOCTPAHEHUS OLIUOKHU.
[TonsiTve napanuya ceTU U NPUYUHBI €T0 BOSHUKHOBEHMSL.

@yHKIMS OTEPh U ONTUMHU3ALNS [TapaMETPOB HEWPOHHOI ceTu. BriBoa QyHKIIMHM MOTEPD
U3 METO0J1a MaKCUMAJIbHOI'O IIPAaBI0I0100MUs.

[TpoGiieMa 0Bpa)KHOCTH MOBEPXHOCTU (PYHKIIMOHAJIA OLIMOKHU U €€ YaCTUYHOE MTPE0I0JICHIE
¢ momonipio BBeaeHus momenta (Nesterov momentum).

Oo6yuenue ¢ omoripto backpropagation na ocuose anroputma RMSProp.

Oobyuenne c¢ momoinsio backpropagation Ha ocHoBe amroputma Adaptive moment
estimation.

[TpoGnema ucuesaromero u B3pbiBarolierocs rpaauenTa. [lonsartue «ymupatonmiin» ReLU.
Onenka kauectBa o0yueHust. OCHOBHbIE METPHUKH 3a]1a4 KJIacCU(UKAIIUH.

ITocraHOBKa 1 pelIEHUE 3a1a4l PETPECCUH C TIOMOILBIO HEHPOHHOM CETH.

[TocTaHoBKa U perieHue 3a1a4d OMHAPHOH KJIacCHU(PUKAIUU C TOMOIIBIO HEHPOHHBIX CeTel.
ApXHUTEKTYpbl HEHPOHHBIX CEeTeH i1 MHOIOKJIaCCOBBIX Mozenel. BeposTHocTHas mepa
MPUHAJJIEKHOCTH K Kiaccy. @yHkius Softmax.

Ceéprounbie HelipoHHble cetn. Omeparust cBeptku (1D, 2D). fAnpo ceptku. Kackan
CBEPTOK.

ba3oBbIe IPUHIMIIBI TOCTPOEHUS CBEPTOYHBIX HEMPOHHBIX CETEH.

Apxwurektypa Inception (inception 6;0k). Training head.

Apxwurektypa ResNet (residual 6;1ok). Skip-connection.

[TepeoOyuenue 1 MeToibl 60pHOBI ¢ HUM. AyrmenTanus. Early stopping

Perynsipuzauus HeilponHoit ceru: "weight decay". Perymspusanus Tuxonosa, Lasso —
perysspusanus.

Perynspusanus u npopexuBanue HEMpoHHOU cetu. Dropout.

Hopmanu3zaius nansbix - batch-mopmanumsanus (batch_norm, layer_norm). Beruucienue
CTaTHCTHUK Npu o0y4eHuu u Bamupaimu (train/eval).

Texnomnorus “nepenaun 3Hanui” Transfer Learning (fine tuning, feature extraction)
CemMaHTHYecKasi CerMEHTAIUs C MOMOIIBIO r1y0okoro oO0ydyenus. [lonHoCBepTOUHBIE CETH
(FCN). Omepanus nekonBoroiuu. Transposed convolution layer.

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

Metoapl MacmitabupoBanusi Uit omepauuu upsampling u  downsampling. Dilated
convolution.



28.
29.
30.

31.
32.

33

34.
35.

36.

37

['eHepaTHBHBIC MOAETH U AaBTOYHKOJIEPHI.

Bapuanmonnsie aBrosukoaeps! (VAE). [luseprennust Kynn6aka-Jleiionepa.
I'enepatuBHO-cocTsA3aTenbHble HelpoHHbIE ceTH (GAN) M HEHPOHHBIM CTWIb IEpeladyu
oOydenus (Ha mpumepe style transfer).

PexyppeHTHBIC HEHPOHHBIE CETH U CIIEIU(HKA UX 00ydeHUSI.

I'my6okoe ooyuenne B NLP. Knaccudukarus TexctoB ¢ momornisio CNN 1 RNN.

. Apxurektypsl LSTM (Long Short-Term Memory) u GRU (Gated Recurrent Unit).
Mexanusm BauManus (Attention).

OpeiimBopk  Timy6okoro oOyuenust PyTorch. Asromaruueckoe auddepenunpoBanue.
[Tpunmunsl noctpoenus HeillpoHHbIx ceteid B PyTorch: ¢yHkunoHambHBI M 0OBEKTHBIN
HOJXO/I.

OpeiimBopk  TiIyookoro oOydenus Tensorflow. Beramcnurenshbeiii rpad. I[loctpoenue
HEWPOHHO# ceTH U ee oOydeHue. Tensorboard.

. Uudepenc neitpocereBsix moaeneir. ONNX.

Tumnossie 3aJa4n:

1.

2.

PeanuzoBarh U 00yuuTh CETh JUIsl MpEACKa3aHUs JOSIIBHOCTH KJIMEHTOB
COTOBOTO OIeparopa (JaraceT y mpenoaaBares)

PeanuzoBaTh CBEPTOUHYIO CETh, OOYUUTh CETh U MPOBECTU KiIacCU(PUKAIIIO
torchvision.datasets.FakeData. CoctaBute confusion matrix. [locTtpoutsb
rpaguku accuracy u loss Ha Bamumpmanuu. IlpoBectn aHanu3. YMeTb
OOBSICHUTH CBOM KOJI.

PeanusoBath ResNetl8 nis CIFAR10 ( torchvision.datasets).

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

Ho6aBbTe L2-perynspusanuio. B PyTorch ona aktuBupyercs ¢ moMoOIIbIO
napameTpa weight decay B ontumuzatope. 3HaueHHE OOBIYHO BHIOUPAIOT U3
[1le-3, 1e-4, 1le-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 Banuganuu.
[IpoBectu ananu3 oO0yueHus. Y METh OOBSICHUTH CBOM KO/I.

C nomompio ¢peiimBopka PyTorch mist pemenust 3agaun kiaccudukanuu
peanu3oBaTh HEHPOHHYIO ceTh apxuTekTypsl VGG. IIpoBectn 00yyeHue Ha
natacere EMNIST (torchvision.datasets) B Google Collaboratory.
[Toctpouts rpaduku accuracy u loss Ha Bamualuy.

[IpoBecTn aHanu3 BAMSHUS TUNEpriapaMeTpoB (Ha BbIOOp 1 mapamerp) Ha
oOyuenwne nmocrpoennoit MHC.

C momompio ¢peiimBopka PyTorch mist pemenus 3amaun kiaccupukamum
peann3oBaTh HEWPOHHYIO ceTh apxutektypbsl MobileNet. [Iposectu
oOyuenne Ha naracete FashionMnist ( torchvision.datasets) B Google
Collaboratory. [TocTpouts rpadguku accuracy u loss Ha BaTugaIuu.



10.

[IpoBectn aHanu3 BiIMsHUS TUIepHapaMeTpoB (Ha BbIOOp 1 mapamerp) Ha
oOyuenue nocrpoennoit MHC.

Peanu3oBath CBEpTOUHYIO CETh, O0OYUUTh CETh U MPOBECTH KIIACCUPHUKAIIMIO
torchvision.datasets.FakeData. Iloctpouts rpadukm accuracy u loss Ha
BaJUaIIH.

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

C momompio ¢peiimBopka PyTorch peanm3oBaTe HEHPOHHYIO CETh
apxutekTypel  DenseNet. Pemmts 3amauy  kmaccuduxamuu s
FashionMNIST wu3 6ubanoreku torchvision.datasets. CoctaButh confusion-
matrix. I'pa¢puku accuracy u loss nHa Bamumamuu. IlpoBectn anamms
oOy4eHus. YMETh OOBSICHUTH CBOM KOJ.

[IpoBectn OuHapHyro knaccupukanuo B ML-3agade (maracer y
npenoaasarens). Paznenuts BbIOOpPKY Ha 0Oydarollyl0 U KOHTPOJIBHYIO.
OOyuuthb ceTb. OLIEHUTh KaYECTBO OOYUEHHUS.

Pemenue 3amaum perpeccud ¢ NOMOIIbIO HEHPOHHOW CceTH (JaTacer y
IpernoaaBaTess).

OOyuuTh HEHPOHHYIO CE€Th Ui 3aJaud NpeJCKa3aHus 3a00JeBaHUS.
[Toctpouts rpaduxu accuracy u loss Ha Banmupanuu. IIpoBectu anamus.
YMeTb 00BSICHUTH CBOM KO/I.



		2023-08-28T11:03:00+0300
	ФГБОУ ВО "КГЭУ",КГЭУ,КАЗАНСКИЙ ГОСУДАРСТВЕННЫЙ ЭНЕРГЕТИЧЕСКИЙ УНИВЕРСИТЕТ"




