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1. Heab, 3a1a44 ¥ IVIAHUPYEMbI€e Pe3yJbTATHI 00y4YeHHs M0 JUCHHUILITIMHE
(Lenv u 3a0auu oceoenus oucyuniunvi, coomsemcemeayiouue yeau OIT)

[lenbro ocBOEHUS AuCHMIUIMHBL HelpoceTeBble TEXHONOTUM sBIsAeTCA Llenbro
OCBOCHHMSI TUCIUIUTHHBI «HelpoceTeBbie TEXHOIOTUNY» SABISIETCS (OpMUpOBaHHE Y
CTYJAEHTOB TEOPETUYECKUX W MPAKTUYECKUX 3HAHUUA O COBPEMEHHBIX HEUPOCETEBBIX
TEXHOJIOTUSAX, OCHOBAX MPOEKTUPOBAHUS APXUTEKTYPbl HEUPOHHBIX CETEU, METOAAX
rIIyOOKOTro 00yUYeHUsI.

3ajayaMy  JUCLMIUIMHBI  SBISIIOTCA:  3aJadaMM  W3Y4YEHUS JUCLUILIMHBI
«HelipoceTeBble TEXHOIOTMM» SIBISIOTCS: -(hOpMHpOBaHHE 0a30BOr0 MOHATUHHOIO
anmapata NPUHIUNOB (DYHKIMOHHUPOBAHUS HMCKYCCTBEHHBIX HEHPOHHBIX CETEH H
METOJI0OB MX OOydYeHHs; -3HAKOMCTBO C COBPEMEHHBIMM  HEHPOCETEBBIMU
TEXHOJIOTUSIMH; - U3YUEHUE CPEACTB Pa3pabOTKH M MPOEKTHUPOBAHUS MCKYCCTBEHHBIX
HEHPOHHBIX ceTel; -(OPMUPOBAHHE YMEHUH W HAaBBIKOB PEIICHUA MPAKTHUYECKHX
3aJa4 ¢ IPUMEHEHUEM TITyOOKOro 00y4YeHHs.

KomnereHumu u UHIMKATOPBI, PopMUpyeMble y 00yUaromuxcs:

Koza u HauMeHoBaHNE KOMIIETEHIIUH Kon v HanMeHoOBaHME HHIMKATOpa
OIIK-2 CnocobeH pa3pabaTbIBaTh OIIK-2.1 Pa3pabaTbiBaeT aropuT™Mbl JJis
OpPUTHMHAJIbHBIE AITOPUTMBI U peleHus npoecCUOHANIbHBIX 3a1a4
IIporpaMMHbIe cpencTBa, B ToM umciie ¢ | OIIK-2.2 Pa3pabaTsiBaeT nporpaMMHbIe
HCIOJIb30BAHUEM COBPEMEHHBIX CpeZCTBa pelleHus NpopecCuOHAIbHbBIX 33/1ay, B
MHTEJJIEKTyaJIbHbIX TEXHOJIOTUM, JJIs TOM YHCJIE C UCTIOJIb30BAaHUEM COBPEMEHHBIX
peneHust mpoecCHOHANBHBIX 3a/1a4; MHTEJUIEKTYaJIbHBIX TEXHOJIOTHM

2. Mecto nucuuninHbl B cTpykrype OII
[IpeamecTByromme TUCIUIUIMHBL (MoaynH), mpaktuku, HUP, np.
[Tocnenyromue qucuumuinebl (Moaynn), npaktuku, HUAP, ap.

3. CTpyKTypa M coep:KaHue JUCIHUITHHBI
3.1. CTpyKTYpa THCHMILIHHBI
JList ouHOM popMBbI 00yUEHHUS

Buy yueGHOM paboTHI Bcero | Beero | Cemectp
3E 4acoB 2
OBIIAA TPYJOEMKOCTDB JUCITUTIJIMHBI 6 216 216
KOHTAKTHA PABOTA* _ 72 72
AYJIMTOPHAA PABOTA 1,5 53 53
Jlexun 0,4 16 16
[TpakTyeckue (CeMUHAPCKUE) 3aHITHUS 0,4 16 16
JlaGopatopHbie pabOThI 0,4 16 16
Koncynprammu 0,12 2 2
KonTtpoas camocrosiTenbHON paboThl U MHAS 0.12 5 5
koHTakTHas padota (KCP) ’
KonTtaktHbie yackl Bo BpeMs artectaiuu (KIT1A) 0,06 1 1
CAMOCTOSITENIbHASI PABOTA OBYYAIOIIETOCS | 45 | 163 | 163




[TpopaboTka yueOHOTO MaTepuaa 3,5 128 128
KypcoBoii mpoekt 0 0 0
KypcoBas pa6ota 0 0 0
[ToaroroBka Kk NpOMeEKYyTOUHOU aTTECTALIUN 1,0 25 25
[IpomMexxyTouHas aTTecTaius: -
C)
Jiis 3a04HOi (hOpMBI 00YUEHHS
Bun yueGHOM paboThI Bcero | Beero | Cemectp
3E 4acoB 3
OBILIAA TPY JOEMKOCTD JUCIHHUIIIMHBI 6 216 216
KOHTAKTHA I PABOTA* ] 42 42
AYJIMTOPHAA PABOTA 0,4 15 15
Jlexun 0,1 4 4
[IpakTnueckue (CGMI/IHapCKI/Ie) 3aHATUA 0,06 2 2
JlaGopatopHbie pabOThI 0,1 4 4
Koncynpsrarmm 0 0 0
KoHTposb caMocTosITeIbHON paOOThI U MHAS 01 4 4
koHTakTHas padota (KCP) ’
KonTakTHpie yackl Bo BpeMs artectaruu (KIT1A) 0,04 1 1
CAMOCTOSITEJIbHASI PABOTA OBYUAIOIIETOCSL | 56 | 201 | 201
[IpopaboTka yueOHOTrO MaTrepuaia 5.4 193 193
KypcoBoit mpoekt 0 0 0
KypcoBas pabdota 0 0
[ToaroroBka K MpoOMEKYTOYHOM aTTeCTaluU 0,2 8 8

[IpomexxyTouHast aTTecTalus: -

3.2. Conep:kaHue QUCHUIIMHBI, CTPYKTYPUPOBAHHOE 0 pa3jieiaM U BUAaM
3AHATHN

Paznensl Pacnipenenenue ®opmbl 1 | THIEKCHI THOUKATOPOB
JMCIIUTUTHHEI a TPYAOEMKOCTH BHUJI dbopMupyeMbIx
§ 10 BUIaM y4eOHOM paboThl | KOHTpOJIA KOMITCTCHITHM
] ~ O X O
S Bl BB
Pasnen 1 7 5 3 -1 TK1
Pasnen 2 0 TK2
DK3aMeH 35 35 OM1
Hroro 3a 2 cemectp 7 5 3 -1 0
HUTOI'O 7 5 3 -1 0




3.3. Conep:kaHue IMCUUIIHMHBI
Cemctp 2

Pa3znen 1. BeeneHue B HEMPOHHBIE CETH

Tema 1.1 OCHOBBI HEHPOHHBIX CETEM

Hcropust pa3BUTUS HEHPOCETEBBIX TEXHOJIOTUI. 3aaut, pEIIaeMble ¢ TOMOILBIO

HEUPOCETEBBIX TEXHOJIOTUH.

OcCHOBBI HEUPOHHBIX ceTel. bruosiornueckne aceKTbl HEPBHOW JAESATENBHOCTH.
Heiipon. Akcon. Cunarc. PednekropHas nyra. LlenTpanbHas HepBHas cUcTeMa.
Mopenu uCKycCTBEHHOr 0 HelipoHa. @yHKIMKU akTUBaUuK. ba3oBas apxurtekrypa
HeHpOoHHBIX ceTeil. O0yuenue ¢ yuureneM. OCHOBHAs TEPMUHOJIOTHS.

Tema 1.2 IlomHOCBSI3HBIE CETH NMPAMOTO PACIPOCTPAHEHUS

[TonHOCBSI3HBIE CeTH MPAMOTO pactpocTpanenus. [Ipeogonenne mpoOiaemMbl
XOR. O0y4eHue HEHPOHHOM CETH C MOMOIIBIO AITOPUTMa OOPATHOTO
pacnpoctpanenus omunoku. [Torstue oOy4aroiiero kouseiiepa (Pipeline).

Tema 1.3 CBepTouHbIE HEHPOHHBIE CETU

Omnepanusa cBeptku. B3aumuas koppensanus. PenentuBnoe nosie. Kackan
ceeptok. ['pynmuposka (pooling).

Tema 1.4 IlpoaBuHyThIe METOABI OOYUEHUS

Metoabl 00prOBI ¢ TepeodyueHrueM. AyrmeHTanus 1aHHbix. batu-
HopManu3anus. Perymspusanus Tuxonosa. Lasso perymnsipusanus. Dropout.

Pa3znen 2. HeiipoceTeBble TEXHOJIOTUA
Tema 2.1 Texnonmoruu nepenaun ooyuenus Transfer Learning

Texnonoruu nepenauu 3uanmii Transfer Learning / Domain adaptation.
JlooOydeHue ceTH, MoAcTpoiika mapameTpoB Fine Tuning. Mcnons3oBBanue
npeno0yueHHbIX ceTeil. COBpEMEHHBIE CBEPTOUHBIC APXUTEKTYPhI

Tema 2.2 ABTO3HKOJIEpHl. BapuaninoHHbIE aBTOSHKOIEPHI.

ABTOKOJIMPOBIIMKU. ApXUTEKTypa 3HKoep-AeKkoaep. OOHapyKeHHe aHOMATIUI

B JJAHHBIX C TIOMOIIBIO0 aBTOdHKOIepa. ['eHepaTtuBHbIe MOoAenu. BapuanmoHHbie
aBTosHKOIephl VAE.

Tewma 2.3 I'eHepaTUBHBIE TEXHOJIOTUU

CoBpemenHble apxuTekTypsl. [lopoxnaroniue (reHepaTUBHBIE) COCTA3ATEIbHBIC

HelpoHHble ceTu. ['eneparop. Juckpumunarop.



Tema 2.4 HeitpoceteBbie TexHosoruu B NLP

O6pa60TKa CCTCCTBCHHOI'O A3bIKAa C IIOMOIIIBIO HeﬁpOHHBIX CETEH.

Knaccudukanus texcra. PekyppentHbie HelipoHHble ceTu. Apxutektypsl LSTM
(Long Short-Term Memory) u GRU (Gated Recurrent Unit).

3.4. TemaTu4yecKui NJIAH NPAKTUYECKHUX 3aHATHI

1. TexHonmoruu pa3pabOTKu U 0O0y4eHUS HEHPOHHBIX ceTed. 3HAKOMCTBO C C
00JauHBIMU MHCTPYMEHTaMHU. 2. PelieHue 3a1aun perpeccuu ¢ NOMOIIbI0 HEHPOHHON
cetu. 3. [IpenckazarenpHas aHAJIMTUKA HA OCHOBE HEMPOHHBIX cerel. 4 TexHonoruu
pacro3HaBaHMsl ~ HM300paKEHUH Ha OCHOBE CBEPTOYHBIX HEHPOHHBIX ceTed. 5
HeiipocereBbie TEXHOJOTMM B aHadu3e OWOMEAUIIMHCKUX JaHHBIX. 6. AHanu3
BPEMEHHBIX PSAIOB C IMOMOIIBI0O HEMPOHHBIX CETEW. BhIsABICHNE aHOMAINN B JAHHBIX.
7. HeiipocereBbie TexHosornu B NLP. 8. TexHonmoruu mHdepeHca HEUPOCETEBBIX
MOJENEN.

3.5. TemaTuyeckuii MJ1aH JJa0OPATOPHBIX padoT

1. Peanuzanus nepcentpoHa u ero oOydeHue. 2. BBeneHue B (ppeliMBOpKH
riybokoro ooyuyenus Pytorch /Tensorflow. Tensopsl. 3. ApXuTeKTypa MOJHOCBI3HON
HEHPOHHOMU ceTu U ee o0yueHue. AIropuT™M 00paTHOrO pacIpOCTPAHEHUs OIIHOKH. 4.
Onepanusa CBEpTKU. APXHUTEKTYpa CBEPTOUYHBIX HEMPOHHBIX cereil. 5. CermeHTanus
nu300pakeHnid ¢ momomiblo HelpoceTeBbix apxutektyp FCN, Segnet, Unet 6.
ABTO3HKOAEPHI. BapuanmoHnHusie aBTOSHKOAEPHI. 7. PEKyppeHTHbIE HEMPOHHBIE CETH
(RNN, LSTM, GRU) 8. I'eHepaTUBHO-COCTSA3aTEIIbHBIC HEHPOHHBIC CETH.

3.6. KypcoBoii mpoekT /KypcoBasi padota

JlaHHbIN BUA pabOThI HE MPEAYCMOTPEH YUEOHBIM IJIAHOM.

4. OueHuBaHUE Pe3yJIbTATOB 00y4eHUsI

OrneHnBaHME PE3yIbTATOB O0YUCHHUS 110 AUCITUILUIMHE OCYIIECTBIISACTCS B paMKax
TEKYIIEro KOHTPOJIS W TPOMEXKYTOYHOM aTTeCTAIlMH, MPOBOJUMBIX TO OaJUTbHO-
petitunroBoii cucteme (bPC).

[IIkaya o1eHKH pe3yIbTaTOB O0YUCHHUS 11O AUCITUTLIHHE:

YpoBeHb c(hOPMUPOBAHHOCTH MHIMKATOPa KOMIIETCHIIUU
. o Huxe 8
Kox Kox 3arTan- Beicoknii Cpennnii CpENHETO Husknii
KOMIT | HHOUKATOP POBaHHBIC ot 85 mo 100 ot 70 no 84 oT 55 o 69 or 0 nmo 54
c- a pe3yabTaThI IIxkama oneHUBaHUA
TEHI] | KOMIETeH | OOydYeHHus 1o HEyLOB-
i 07071 JIMCIIATUTHHE OTJINYHO XOPOLIIO YAOBJICT JNIETBOPH-
BOPUTEIBLHO
TCJIIBHO
3a‘-ITCHO HEC 3a4YTCHO
3HAaTB:
- OCHOBBI riy6oKo u XOPOIIIO 3HAET 3HAeT HE 3HaeT
OHK TCOpUHU IIOJITHO 3HACT OCHOBHBIC 63,30BLI€ 63.30BLIX
2 OIlIK-2.1 HEUPOHHBIX MaTEMaTUYECK | MaTeMaTH4YECK TIOHATHS MIOHATHUH, HE
CETeM, B TOM W€ CTPYKTYPBI | W€ CTPYKTYPhl | HEHPOHHBIX 3HAET KaK
YUCJIC B OCHOBC B IMOCTPOCHUU ceTeﬁ, 3HACT 06yqaeTc;1
Pa3JINYHBbIC MOCTPOCHUA HCprOHHBIX AITOPUTM HeﬁpOHHaﬂ




APXUTEKTYPBI HEHPOHHBIX ceTei, 3HaeT backprop, CeTh, HE 3HACT
HEUPOHHBIX ceTei, 3HaeT aJTOPUTM OCHOBHBIE KakK OLICHUTh
ceTel u aJITOPUTM o0OpaTHOTO METPUKH Ka4eCTBO
QITOPUTMBI HIX o0OpaTHOTO pacnpocTpaHeH 00y4eHus
o0OydeHus; pacrpocTpaHeH | U OUTHOKH, MOZCIH
- YIS OIIHOKH, HEKOTOpEIE
MaTEMaTHYECKU | COBPEMCHHBIC | COBPEMCHHBIC
€ CTPYKTYPBl M | apXWUTEKTYpPbI, | apXUTCKTYpHI,
TIPUHITATIBI UX METpPUKH OCHOBHBIE
0000mIeHus Ha Ka4yecTna, METPUKHU
IIOCTPOCHUE
BBIYHCIIATEIHH
BIX 0JIOKOB
HEHUPOHHBIX
ceTew;
- OCHOBHEIE
METO/JIbI U
aJITOPUTMBI
rIIyOOKOTO
00y4eHUSI.
YMeTs:
yMeeT
aHAJIM3UPOBATH
MOCTaBJICHHYIO
3amavy u
y yMeeT
- mpenjaraTh
aHAIM3UPOBATH
aHaAJIM3UPOBATh pelIeHus Ha
ITOCTaBIICHHYIO yMeeT HE yMeeT
Moau(UKaAIIA OCHOBE
o 3a7a4y u noadupaTh noadupaTh
1 HOBBIE HEHpPOCEeTEeBhIX N
o npejiaraTh HEHpPOCETEeBY | aJIeKBaTHYIO
cpeacTsa TEXHOJIOTHA; o
pelieHus Ha 10 HEHpPOCEeTEeBYIO
IPOrpaMMHOr0 YMmeer
OCHOBE TEXHOJIOTHIO | TEXHOJIOTHIO
obecrieueHUs 000CHOBBIBATh N
N HEHPOCETEBbIX | IS PEUICHUS | IS PELICHMUSI
JUTSL CO3IaHHS CBO¥ BEIOOD o N
. TEXHOJOTHH, | TMOCTABIEHHO | TOCTaBJICHHOM
HEHUPOCUCTEM U | apXUTEKTYPhI U .
000CHOBEIBATh i 3amaum. 3aJIa4H.
WHTEIIEKTyalhb TEXHOJIOTHH N
CBOi1 BEIOOD
HBIX CHCTEM o0OydeHus; APXUTCKTYDLL:
Ymeer P M
HHTEPIIPETUPO
BaTh BBIXOIbI
MOJICTTH
BnaneTs:
Bnaneer
Bnageer Bnaneer
MIPOJIBUHY THIM
OCHOBHBIMHU OCHOBHBIMHU
U CpeJCTBaAMHU
CpeCcTBaMHU CpelcTBaMHU
CO3/1aHuUs
o CO3/1aHus CO3/1aHus
- cpecTBaMuU HEHPOHHBIX . -
N HEHPOHHBIX HEHPOHHBIX He Bnaneer
CO3/IaHus U ceteit . N
ceTeit ceteit CpelcTBaMHU
o0Oy4JeHus Pa3IUYHBIX
o Pa3IMYHBIX 0a30BbIX CO3/IaHus U
HEHPOHHBIX APXUTEKTYP.
. APXUTEKTYP. APXUTEKTYP. o0y4eHus
ceTen Brnaneer %
Bnaneer Bnaneer HEUPOHHBIX
Pa3IMYHBIX MIPOJBUHYTHIM .
CTaHAapPTHBIMHU | 0a30BBIMU ceTeit
THTIOB Y CPEJICTBAMH
CpeICcTBaMHU CpelCcTBaMU
o0ydeHus u
o0OyueHHs U o0yueHus u
TECTUPOBAHHUS
. TECTHUPOBAHMS | TECTHPOBAHU
CETei. o N
CceTei. s ceTel.




OIIK-2.2

3HaTh:
BBIYUCIIUTEIBH
bie cpeacTtBa 1 | OTIAMYHO 3HAET | XOPOILIO 3HACT
3HAET OJIUH
KOMILIEKCHI, 361K Python 361K Python s HE 3HaeT
IpUMEHSICMBIC w C++ | wm C++ | o BBIYHCIUTEIBH
. . (hpeitMBOpKO
npu pazpabotke | QpeiiMBOpKH ¢bpeliMBOpKH B IIVOKOMO BIX CPEJICTB,
MIPOEKTOB TIIyOOKOTO rIIyOOKOTO o6 yqum MIPUMEHSEMBIX
HeHpoceTel u o0OydeHus, oOydeHwus, TaI}:PIe KaK’ pu
WHTEIUICKTYallh TaKue Kak TaKue Kaxk pa3paboTke
PyTorch u
HBIX PyTorch u PyTorch u IIPOEKTOB
Tensorflow, . o
CUCTEM; Tensorflow, Tensorflow, 0BIAUHbLe HeipoceTeii u
-pperiMBOpKH o0J1auHbIC WNERIAE HHTEJUICKTYallb
m1aThOPMBI
riryOoKoro IaTHOPMBI 1aThOPMBI U151 paGOTHL ¢ HBIX
o0OydeHwus, JUTsE paboTHI C TSt paboTHI C AP CHUCTEM;
N . HelpoceTsIMU
TaKkue Kak HEHPOCETIMH HeHpoceTsIMH
PyTorch u
Tensorflow
YMeTs:
— CO3/1aBaTh,
MIPOBOJIUTH
P YMmeer
OTIAAKY
CO0311aBaTh,
MPOTPaMMBI
o1 MIPOBOJIUTH
OTJIAIKy Ywmeer
[IOCTaBJICHHYIO YmMmeer
MIPOTPAMMBI C c03/1aBaTh HE yMeeT
3amaqy ¢ CO3/1aBaTh
WCTIONIb30BAaHUE | TPOTPaAMMBI C CO3/aBaTh
y4eToM IPOrpamMMBbl
M WCTIONIb30BaHUE MPOTPaMMBI C
MOCIIETHAX c
COBpPEMEHHBIX M WCTIONIb30BaHHE
TEOPETHIECKUX WCTIOJh30BaH
" VHTEIJIEKTYalh | COBPEMEHHBIX e M
HBIX WHTEIJIEKTyallhb . HeHpOoCeTeBbIX
MPaKTUIECKUX . HelpoceTeBbl N
OCTHIKEHHH B TEXHOJIOTHH, HBIX X MOZEeHt Moieneit
ONNX ( Open TEXHOJIOTHid
obnactu
HCKYCCTBEHHOT Neural
Y Network
0 WHTEIJIEKTA ’
. Exchange )
HEHPOCETEBBIX
TEXHOJIOTUI
Buiangers:
- TEXHOJIOTHEHN
00BEKTHO-
OPUEHTUPOBAHH OTnuaHO
oro BJaJeeT BJIaJieeT
MPOTPAMMHUPOB | TEXHOJIOTHUSMH OCHOBHBIMHU
BJIaJeeT HE BIIaJIeeT
aHMA Ha S3bIKE cOopku u TEXHOJIOTHSIMU
0a30BEIMU 0a30BBIMHU
Python nin 3arycka cOOpKH U
TEXHOJIOTHSIM | TEXHOJOTHIMHU
CH++ s MIPOrpaMM C 3aIycKa
1 cOOpKH U cOOpKH U
pa3paboOTKU M | UCIIOJIL30BAHKE | TPOTPAMM C
3aIycka 3aIycka
TECTUPOBAHUS M WCTIOJIb30BaHHe
. . MPOTPaMM C MPOTPaMM C
MoJiesel HEHpOCETEeBbIX M
. . UCIIOJIb30BaH | MCTIOJIB30BaHKE
MAaIIMHHOTO MOJTYJICH, HeHpoceTeBhIX em "
00yYeHHS; BJIa/ieeT MOJIYJIEH, . .
N . HEHPOCETEeBBl | HEUPOCETEBBIX
— TEXHOJIOTHEH | TEXHOJOTHEeH BIIQJICCT ., N
. X MOJyJIEi. MoTyJen
cOOpKH U nH(pepeHca,Hall | TEXHOJIOTHEH
3aIycKa p., ONNX uHdepeHca.
MOJyJIeH CIOeB RUNTIME
HEHpOHHOU
CETH B PeXKHUME




o0Oy4eHus u
nH(pepeHca.

5. Y4eOHO-MeTOoIMYecKoe U HH(POPMALIMOHHOE o0ecniedeHHe JUCTHILIHHbI
5.1. YueOHO-MeTOANUYECKOE 00ecIeUeHHue

5.1.1. OcHoBHas nuTeparypa

1) PoctoBues B. C. MckyccTBeHHbIe HelipoHHbIe ceTu : yueOHuk / B. C.
PocroBues, 2023. - 214 c. - Tekcr : anektponnsiid. URL:
https://e.lanbook.com/book/310184, OBC Jlann

2) XnuHenko JI. B. TIpaktruka HelipoceTeBOro MOIEIUPOBAHUS : yueOHOE
nocobue / JI. B. XnuBaenko, ®@. A. ITstakoBuy, 2023. - 197 c. - TekcT : 31eKTPOHHBII.
URL.: https://e.lanbook.com/book/173811, OBC Jlaus

5.1.2. JlomorHUTENBbHAS TUTEpaTypa

1) Octpoyx, Aunpeit BnagumupoBud. CHCTEMBbI HCKYCCTBEHHOTO MHTEIUIEKTA :
monorpadus / A. B. Octpoyx, H. E. Cypkosa, 2019. - 228 c. - TeKCT : 37eKTPOHHBII.
URL.: https://e.lanbook.com/book/113401

2) IonsxoB A. E. OCHOBBI TEOpUHM MHTEJUIEKTYaJIbHOTO YIIPaBICHUS
sHeprocoOeperarmmmu pexxumamu : yaeonoe nocooue / A. E. [lonskos, M. C. BanoB
; mox pen. A. E. ITonskona, 2022. - 282 c. - TekcT : anekTporHbii. URL:
https://e.lanbook.com/book/261242, SBC Jlaub

5.2. Uudopmannonnoe odecneyeHue

5.2.1. DneKTpOHHBIE U HHTEPHET-PECYPCHI

HauMmeHoBaHUe CcbLIKa
Name URI

5.2.2. llpodeccronansupie  0a3pl  gaHHbix [/  MHDOpMaIMOHHO-CIIPaBOYHBIC
CUCTEMBI
Ilpusooumcs nepeuens

5.2.3. JIuniecH3nOHHOE W CBOOOJHO  pacHpoOCTpaHsAeMOe  IPOrpaMMHOE
oOecrieueHne TUCIUILINHEI
Ilpusooumcs nepeyens

6. MaTepua/JibHO-TeXHHYeCKOe o0ecneyeHue JUCIUNIMHBI




HaumenoBanue BHUaa

HaumeHnoBanue yueOHOIM

y4eOHOU PabOTHI ayIMTOPHH, [lepeuens HEOOXOUMOTO OOOPYAOBAHUS H
CHGHI/I&J’II/BTPOB&HHOﬁ TCXHUYCCKUX CPEACTB 06yquI/1;1
snaboparopuu
Jlexnun YyeOHast ayquTopus it Crienmanu3upoBaHHAS yueOHas Me0ers,
TPOBEICHUS 3aHATHI TEXHHUYECKUE CpPEeACTBa OOYUEHHs, CiyxKamue IJIs
JEKLHOHHOr0 TUIa IIPEICTaBICHUS yueOHOi uHpopMauu
Oonpmio  aymutopur  (MYJIBTHMEIUHHBIN
MIPOEKTOp, KOMIbIOTEep (HOYTOYK), JKpaH),
JEMOHCTpAllMOHHOE 00O0py/I0BaHue, Yy4yeOHO-
HarJIsAHbIE TOCOOUS
[IpakTuueckue Vuebnas  ayauropus s | Crienuanu3upoBaHHAs yueOHast Meberb,
3aHATUA HPOBEACHHA 3aHATHH | TeXHUYECKHE cpeacrsa o0yueHus
CCMHHAPCKOTO THIA, | (MyIbTUMEIUIHBIA  MPOEKTOP, KOMIIBIOTEP
TPpYyHOIIOBBIX n I/IH,I[I/IBI/II[}:- (HO}’T6YK), 3KpaH) " I[p-
AJIBHBIX KOHCYJIbTAIlNH,
TEKYILEro KOHTPOJIS u
MIPOMEKYTOUHOM aTTecTaluu
JlaGoparopHsbie YyeOHas maboparopus Crienmann3upoBaHHON nabopatopHoe
paboTh « », 000pyToBaHKE MO MPOMUIIIO JIA0OPATOPHH:
KoMIbroTepHsIii Ki1acc ¢ Crenuanu3upoBaHHas ydueOHast MeOellb,
BBIXOJIOM B MIHTEpHET TEXHUYECKHUE cpencrsa oOyueHus
(MyIbTUMEIUNUHBIM  MPOEKTOP,  KOMIBIOTED
(HOYTOYK), 9KpaH), JIUIIEH3UOHHOE
IporpaMMHO€E 00ecIiedeHHe
KommnbrorepHblii Kiace ¢ CneunanusupoBanHas ydeOHas mebenb Ha 30
BbixoztoM B Mutepuer B-600a | nocamounsix  mect, 30  KOMIIBIOTEPOB,
TEXHUUYECKHE CpeNcTBa oOydeHus (MyIbTUME-
JTUWAHBIA  TPOEKTOpP, KOMIIbIOTEP (HOYTOYK),
9KpaH), BHJIEOKAMEDHI, IpOrpaMMHOE
o0ecrnieyeHue
CamocrostensHas | KomnbroTepHslil kiacce ¢ CrneuunanusupoBanHas yyeOHas mebens Ha 30
pabora BeixogoM B MuTeprer B-600a | mocagounsix  mect, 30  KOMIBIOTEPOB,

TEXHUUYECKHE CpelNcTBa oOydeHus (MyIbTUME-
JTUWAHBIA  TPOEKTOpP, KOMIIbIOTEP (HOYTOYK),
9KpaH), BUJICOKaMepHI, pPOrpaMMHOE
o0ecrnieueHue

YuTanbHbIN 341
oubInOTEKU

Crennanu3upoBanHasi MeOesb, KOMITbIOTepHAas
TEXHUKA C BO3MOXKHOCTBIO BbIX0/a B MIHTEpHET 1
obecnieuenueM goctyma B DUOC, skpaH,
MYJIbTUMEAUNHBIN IPOEKTOP, MPOTPaMMHOE
obecrieueHne

YuebHas ayIuTopus st
BBITIOJTHEHHS KYPCOBOTO
poekTa (KypcoBOH paOOThI)

(yka3bIiBaeTcs pu
nanuunr KP/KIT u rakoit
ayJUTOPHUH)

Crenn

HU3UpOBaHHAA Me6eﬂb, KOMITBIOTCPHAA TCXHUKA
C BO3MOXXHOCTBIO BbIXona B VIHTEepHET W
o0ecrieueHreM JIOCTyTIa B OUOC,
porpaMMHoOe obecrieueHue

7. Oco0eHHOCTH OpraHU3aNuM 00Pa30BaTEbHON AeATeILHOCTH IJIs JIUI C
OrPAHUYEHHBIMH BO3MOKHOCTSIMH 3/I0POBbSI M HHBAJINI0B

JIviia ¢ orpaHUYEeHHBIMH BO3MOXHOCTSIMU 3710poBbsi (OB3) ¥ MHBaNIUIBI UMEIOT
BO3MOKHOCTh OECIPEMSITCTBEHHO MEepeMenarbcs M3 OJHOr0 y4eOHO-IadopaTopHOro




KOpIyca B JIpyrod, NOJHATbCS Ha BCE JTaXU Yy4eOHO-T1a00paTOPHBIX KOPITYCOB,
3aHUMaTbCd B YYEOHbIX M HHBIX IIOMELIEHHSX C YYETOM OCOOEHHOCTEU
NICUXO(U3NICCKOTO Pa3BUTHS U COCTOSIHUS 37I0POBBSI.

Jns oOyuenus nauny ¢ OB3 W uHBaNWAOB, MMEIOLIMX HAPYIICHUS OIOPHO-
JBUTATEIHHOTO armapara, 00ecredeHbl YCIOBUS OSCIPENsITCTBEHHOTO JTOCTYIIa BO BCE
yueOHble TomerieHus. Mubopmaruss o CHenuanbHbIX YCIOBHSAX, CO3MaHHBIX IS
oOyuatomuxcs ¢ OB3 u wuHBaiMaoB, pa3MmelleHa Ha cailiTe yHHBEpCUTETa
www//kgeu.ru. FimeeTcst BO3SMOKHOCTb OKa3aHHsI TEXHUUECKOM MOMOIIM aCCHCTEHTOM, a
TaKXe YCIYT CYpIONEePEeBOTUUKOB U TU(HIOCYPAONIEPEBOTIUKOB.

Jnst anantanuu Kk Bocnpustuio aunamMu ¢ OB3 u uHBanmuaamMu ¢ HapyluIeHHBIM
CIIyXOM CIPAaBOYHOTO, Y4eOHOro Marepuaia MO0 JUCIHUIUIMHE O00ecleuynBaroTCs
CJIEIYIOILUE YCIIOBHUS:

- JUIS JIy4IIed OpUEHTAIlMU B ayIUTOPHUH, IPUMEHSIOTCS CUTHAJIBI OMOBEIICHUS
O HayaJie U KOHIIE 3aHsTHUs (CIOBO «3BOHOK» MUIIETCA HA JIOCKE);

- BHUMaHUE CJIa0OCTbIIAEero O0ydYarollerocsi MpUBJIEKACTCd MeAaroroM
KECTOM (Ha IJIEYO KJIAJETCS pyKa, OCYIIECTBIISETCS HEPE3KOE MOXJIONbIBAHUE);

- pasroBapuBas ¢ 00y4aromumMcsi, MeAarorudyeckuii pabOTHUK CMOTPUT Ha HETO,
TOBOPUT SICHO, KOPOTKUMHU TPEAJIOKEHUSIMHU, 00ecTieurBas BO3MOKHOCTh UYTCHUS 110
ry0am.

Komnencanusi 3aTpyiHEHUIl pEUEBOr0 U HHTEIUIEKTYaJIbHOTO Pa3BUTHUSA
c1abOoCIBIIAIIMX 00yYarOITUXCs TPOBOIUTCS ITyTEM:

- HCTIOJIb30BaHUS CXEM, JUarpaMM, PUCYHKOB, KOMITHIOTEPHBIX MPE3CHTAINM C
TUMEPCChUIKAMU, KOMMEHTUPYIOITUMU OT/IEIbHBIE KOMIIOHEHTHI H300payKEeHNS;

- pETyJSIpHOTO TMPUMEHEHMsI YIpakKHEHWH Ha rpaduyecKkoe BbIICICHUE
CYIIIECTBEHHBIX MPU3HAKOB MIPEIMETOB U SBIICHU;

- oOecriedeHs BO3MOXKHOCTH JUIsl  0OydYaromierocs TOJyYUTh aJPECHYIO
KOHCYJIbTAIIMIO TI0 JICKTPOHHOM MOYTE M0 Mepe HEOOXOUMOCTH.

Jns apanranuu K BoctpusTuio JunamMu ¢ OB3 u uHBanuaaMu ¢ HapylmeHUsIMUA
3peHHs CIIPAaBOYHOTO, yUeOHOr0, MPOCBETUTEILCKOTO MaTepuaia, IpeayCMOTPEHHOTO
o0pa30oBaTeNbHONl IPOrpaMMoil MO BBIOPAHHOMY HAMpPAaBICHHUIO MOATOTOBKH,
00€eCIeynBalOTCs CIEIYIOUIUE YCIOBUS:

- BeJleTCs afanTanusi ouImaIbsHOro caifta B ceTd HTEpHET ¢ y4eToM 0COOBIX
MOTPEOHOCTEN MHBAIMIIOB MO 3PEHUI0, 00ECIEUNBACTCA HAIMYUE KPYMHOMPUPTOBOM
CIIPaBOYHOM MHGOPMAIINK O PACTIMCAHUH YUCOHBIX 3aHSTHIA,

- IelaroTHYecKkuii  paboOTHUK, ero coOecemHUK (MIPU  HEOOXOIUMOCTH),
MPUCYTCTBYIOIINE HA 3aHATHH, MPEICTABISIOTCS OO0YYarOIIMMCS, MPU 3TOM KaXIbIN
pa3 Ha3bIBACTCS TOT, K KOMY TeIaroruueckuii pabOTHUK oOpariaercs;

- IEUCTBUSI, JKECThI, MEPEMENICHUSI TEeAAroruueckoro pabOTHHKAa KOPOTKO U
SICHO KOMMEHTHPYIOTCS;

- meyaTHass MHQpOpMaLMs TPEeAoCTaBisieTcs KpynHbIM 1mpudrtom (oT 18
MYHKTOB), TOTAJIbHO 03BYUYHBAETCS;

- oOecrieunBaeTCsi HEOOXOIMMbIN YPOBEHb OCBEUIEHHOCTH MOMEIIEHUH;

- IPEAOCTABIIACTCS BO3MOXKHOCTh HCIOJIb30BaTh KOMIIBIOTEPHl BO BpeMs
3aHSATUN U MPABO 3aIUCU 00BSICHEHUH Ha TUKTOMOH (110 JKEJIIAaHUI0 00YYarOITUXCs).

dopMa mpoBeACHUS TEKyUIEd W IPOMEXKYTOYHOM  aTTecTaluu s



http://www.kgeu.ru/

obyuaromuxcs ¢ OB3 u nHBanuaoOB ompezaensieTcs MeAarornueckuM paOOTHUKOM B
COOTBETCTBUHM C y4eOHBIM riaHoM. [Ipu HeobxommmocTu obyuatomiemycs ¢ OB3,
UHBAJIUy C YYETOM HMX WHAMBHAYAIbHBIX MCUXO(U3MUECKUX OCOOCHHOCTEH aeTcs
BO3MOXXHOCTh MPOUTH MPOMEXKYTOUHYIO aTTECTAllMI0 YCTHO, MUChMEHHO Ha Oymare,
NUCHPMEHHO Ha KOMIIbIOTEpE, B (popME TECTUPOBAHHUSA H T.I., JIMOO MPETOCTABISAETCS
JIOTIOTHUTEIBHOE BPEMsI JIJIsl TIOJTOTOBKU OTBETA.

8. MeToau4yeckue peKOMeHIAUMU /sl NpenogaBarelieii Mo OpraHu3anuu
BOCIIUTATEJbHOI PadoThl ¢ 00y4AIOIUMMUCS.

Meroanueckoe o0ecriedeHue Mmpolecca BOCIUTAHUSI 00YYarOIUXCsl BBICTYIAET
OJHUM U3  OMNpenessionmx  (akTOpoB  BBICOKOTO  KauecTBa  0Opa3oBaHUS.
[IpenonaBarens By3a, JAEMOHCTPUPYSA BBICOKHM Mpo(eCCHOHANN3M, 3PYIULHIO,
YETKYI0 TPaKJAaHCKYIO MO3UIMI0, CAMOAUCLIMIIINHY, TBOPUECKUI MOIXOJ B PELICHUU
npo(ecCHOHANBHBIX 3a7ad, B Xo0jA€ 00pa3oBaTeNIbHOTO Ipoliecca CHOCOOCTBYET
GbopMHUPOBAHUIO TAPMOHUYHON JTUYHOCTH.

[Ipu peanuzanuu JUCHUIUIMHBI  TMPENOAABATEb MOXKET  HCIOJIb30BaTh
CJIEYIOILE METO/Ibl BOCIUTATENbHOU PabOTHI:

- MeTonabl (OPMUPOBAaHUS CO3HAHMS JIMYHOCTU (Oecena, OUCHYT, BHYILIEHUE,
UHCTPYKTaX, KOHTPOJb, OOBSICHEHHE, NpPUMEp, CaMOKOHTPOJIb, paccKa3, COBET,
yOexaeHue u ap.);

- METOJbl OpTraHW3alMu JEATEIBHOCTH U (HOPMHUPOBAHHS OIbBITA MOBEACHUS
(3amaHue, OOIIECTBEHHOE MHEHHME, IMEJaroruieckoe TpeOoBaHUE, MOPYyYEHUE,
NpUyYEeHHE, CO3/IaHNEe BOCTIMTHIBAIONINX CUTYallM, TPEHUHT, YIIpaXKHEHUE, U 1. );

- METOJbl MOTHUBAIMM JACSATENbHOCTH U MOBeJeHUs (0a00peHue, MOOUIpPEeHHE
COLIMAJIBHOM aKTUBHOCTH, MOpPULAHWE, CO3JaHUE CHUTyallMil ycrexa, CO3[JaHue
CUTYAIMH JIJIs1 IMOIIMOHATILHO-HPABCTBEHHBIX TIEPEKUBAHUIN, COPEBHOBAHUE U JIP.)

[Tpu peanuzanuu TUCHUTUIMHBI MPETIOAABATENb JOJKEH YUUTHIBATH CIEIYIOIINE
HaIpaBJICHUS] BOCITUTATEIILHON e TEIbHOCTH:

I'pasxcoanckoe u nampuomuueckoe ocnumanue:

- popMupoBaHKE Yy OOYYarOMIMXCS IIEJIOCTHOIO MHPOBO33PEHHS, POCCUHMCKOM
UJICHTUYHOCTH, YBAXXCHUS K CBOEH ceMbe, OOIIECTBY, TOCYJapCTBY, MIPUHSTHIM B CEMbE U
O0IIIeCTBE AyXOBHO-HPABCTBEHHBIM M COIMOKYJIBTYPHBIM IIEHHOCTSIM, K HAIIMOHATBHOMY,
KyJIbTYPHOMY W HWCTOPUYECKOMY HACJeIuto, (POpMUPOBAHME CTPEMIICHHSI K €ro
COXPaHEHUIO U Pa3BUTHIO;

- bopMUpPOBAHKE Y OOYYAIOIIUXCS AaKTUBHOM TPaKTAHCKOW IMO3UIIMU, OCHOBAHHOM
Ha TPaAJUIIMOHHBIX KYJIBTYPHBIX, JYXOBHBIX M HPABCTBCHHBIX IIEHHOCTSX POCCHHUCKOTO
oOImiecTBa, ISl TOBBIIIEHUS CIIOCOOHOCTM OTBETCTBEHHO pEATM30BHIBATH  CBOU
KOHCTUTYIIIOHHBIE TIpaBa v 00SI3aHHOCTHY;

- pa3BUTHE MPABOBON U TOJUTUYECKON KYJIbTYypbl 00YUYaIOIIUXCS, PACITUPECHUE
KOHCTPYKTUBHOTO yYacTHS B TPHHITHH PEIICHHWM, 3aTparuBarolIMX HX TpaBa u
MHTEPEChl, B TOM YHCJE B Pa3NUYHBIX (opMax caMOOpraHU3allMU, CaMOYIPABIICHUS,
00IIIECTBEHHO-3HAUYNMOM JIESITCILHOCTH;

- popmMupoBaHUE MOTHUBOB, HPABCTBEHHBIX U CMBICJIOBBIX YCTAHOBOK JINYHOCTH,
MO3BOJIAIOIIMX TMPOTUBOCTOATH JSKCTPEMHU3MY, KCEHO(POOWH, TUCKPUMHUHAIMH IIO
COLIMAJIbHBIM, PEIMTHO3HBIM, PACOBBIM, HAIIMOHAIBHBIM MPHU3HAKAM, MEXKITHUYECKOM



U MEXKOH(ECCHOHaIbHON HETEepPNUMOCTH, JPYTUM HETaTUBHBIM COLIMAJIbHBIM
SABJICHUSIM.

/[lyxoeHo-npascmeennoe gocnumanue:

- BOCIINTAHUE YyBCTBAa JOCTOMHCTBA, YECTM M YECTHOCTH, COBECTIIMBOCTH,
YBQXXEHUSI K POAUTEIIAM, YUUTEISAM, JIFOJSM CTAPIIEro NOKOJICHHUS;

- popMHUpOBaHWE TMPUHIUIOB KOJUIGKTUBH3MA W  COJUIAPHOCTH, JIyXa
MUJIOCEPAUS M COCTPAJlaHMsl, MNPUBBIUKKA 3a00TUTHCS O JIOJAX, HAXOISIIUXCS B
TPYJIHOM KU3HEHHOW CUTYAllUH;

- popMUpOBaHUE COJUAAPHOCTH U YYBCTBA COLMAIBHOW OTBETCTBEHHOCTHU IIO
OTHOILLIEHHUIO K JIOJSAM C OTPAHMYEHHBIMU BO3MOKHOCTSIMU 3J0pPOBbS, MPEOJOJICHUE
MICUXOJIOTUYECKUX OapbepoB MO OTHOIICHHIO K JIIOJSAM C OrPAaHHUYECHHBIMU
BO3MOYKHOCTSIMU,;

- opMHpOBaHME HSMOIMOHAIBHO HACBHIIICHHOTO M JYXOBHO BO3BBLIIIEHHOTO
OTHOIIICHUSI K MHUPY, CIIOCOOHOCTH W yYMEHHMsI MepeaaBaTh JPYTUM CBOM ACTETHUECKUMA
OTIBIT.

Kynomypno-npoceemumensckoe socnumanue:

- hopMUPOBaHUE ICTETUUECKON KapTUHBI MUPA;

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

- IOBBIIIICHUE TIO3HABATEILHOM aKTUBHOCTH O0YYarOIINXCA.

Hayuno-obpazosamenvroe socnumanue:

- popMupoBaHUE y 00YUaIOIIUXCSI HAYYHOTO MUPOBO33PEHUS;

- popMUpOBaHUE YMEHHS TIOTy4aTh 3HAHUS;

- popMUpOBaHHE HABBIKOB aHAM3a W CHUHTEe3a MHGOpPMAIMK, B TOM YHUCIE B
npodeCCHOHAIBHOM 001acTH.



BHocuMmble n3MeHeHUsI M YTBEPKAeHUsI HA HOBbII Y4eOHbIi roj
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DenepajibHOE TOCYIAPCTBEHHOE OK0:KeTHOE 00pa3oBaTe/ibHOe
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(Koo u naumenosanue HanpasieHus n0OO20MOBK)

KBanudukanus MarucTp
(Baxanasp / Mazucmp)

r. Kazans, 2023



OneHouyHble MaTepualibl 1O JAucuuIUIMHE HelpoceTeBble TEXHOJIOTUH
NpPEIHA3HAYEHHbl [UIsl OLICHMBAHUS PE3YJbTaTOB OOyYEHHUS HAa COOTBETCTBUE
WHIUKATOPaM JIOCTHUKEHUS KOMITETEHLINN.

OneHnBaHue pe3ynbTaToOB 00yUEHUS MO AUCIUILTUHE OCYIIECTBISIETCS B paMKax
tekymero KoHTpods (TK) u mpomexxyTo4yHOH aTTecTalyu, NPOBOJUMBIX MO OaJIbHO-
peritunrosoit cucrteme (bPC).

1.TexHosiornyeckasi Kapra
o Cemectp 2
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Pa3nen. "BBenenue B HelipoHHbIE ceTH" TK 20 0 0-20
Paznen. "HeiipocereBbie TeXHOTOTHH" TK 35 0 0-35
IIpome:xxyTouHasi aTTecTanus (3a4eT, IK3aMeH OM
’ ’ 0-45
KII, KP)
3amanue MPOMEKyTOYHOM aTTeCTaIllH 0-15
B nuceMenHoi hopme 1o Ouiietam 0-30

Texnonocuueckas kapma @opmupyemcs  ONsl KAHCO020 BUOA NPOMEHCYMOYHOU
ammecmayuu ( 3a4ema,’K3amMeHd, Kypcoso2o npoekma uiu pabomeot)

2. OueHOYHbIE MATEPHAJIBI TEKYIIEr0 KOHTPOJISI U IPOMEKYTOYHOM aTTecTaluu
[IIkaya o1eHKH pe3yabTaTOB O0YUCHHUS 110 AUCIUIUIMHE:

YpoBeHb c(hOpMUPOBAHHOCTH MHJIMKATOpa KOMIIETCHIIUU
N . Huxe .
Kox Kox 3arTan- Beicoknii Cpennuit CpENHETO Husknii
KOMIT | HHOUKATOP POBaHHBIC ot 85 mo 100 ot 70 no 84 oT 55 o 69 or 0 nmo 54
c- a pE3yNbTATEI [ITkana oueHUBaHUs
TEHI] | KOMIETeH | OOydYeHHus 1o HEY10B-
YJIOBJICT-
nu oun JOHUCIHUILINHE OTJIMYHO XOpOLIO JIETBOPU-
BOPUTEIHHO
TEJILHO
3auTeHo HE 3a4YTCHO
3HaTh:
- OCHOBBI rIy0oKO U XOPOIIIO 3HACT 3HaeT HE 3HaeT
TeopHun MOJTHO 3HAET OCHOBHBIC 0a3oBbIe 0a30BBIX
HEHPOHHBIX MaTeMaTHYeCK | MaTeMaTHUYeCK TOHATHS MOHATHH, HE
OIIK OIK-2.1 ceTelf, BTOM | M€ CTPYKTYPBbl | He CTPYKTYyphl | HEHpPOHHBIX 3HaeT Kak
-2 ' qHcIe B OCHOBE B MOCTPOCHHUM | CETEH, 3HAeT obyuaercs
pasnuYHbIC MOCTPOCHUS HEHPOHHBIX AITOPUTM HeHpoHHAsA
ApPXUTEKTYPHI HEHPOHHBIX ceTeld, 3HaeT backprop, CETh, HE 3HAET
HEUPOHHBIX ceTei, 3HaeT aJTOPUTM OCHOBHBIE KaK OLICHUTh
cetel u ANTOPUTM 00paTHOTrO METPUKH KaueCcTBO




QITOPUTMBI HIX oOpaTHOTO pacnpocTpaHeH 00y4eHus
o0OydeHus; pacIpocTpaHeH | U OUTHOKH, MOZCIH
- Ul OIIUOKH, HEKOTOPbIE
MaTEMaTHYECKU | COBPEMCHHBIC | COBPEMCHHBIC
€ CTPYKTYPBl B | apXUTEKTYpHl, | apXHUTEKTYpHI,
MIPUHIUITBI UX METPUKHU OCHOBHEIC
0000mIeHus Ha Ka4yecTna, METPUKHU
IIOCTPOCHUE
BBIYUCITUTEIHH
BIX OJIOKOB
HEUPOHHBIX
ceTew;
- OCHOBHBIC
METO/JIbI U
ANTOPUTMBI
rIIyOOKOTO
00y4eHUSI.
YMeTs:
yMmeer
aHAJIM3UPOBATH
MOCTaBJICHHYIO
3a1a4dy u
Y yMeeT
- npeajaraTh
aHAITU3UPOBATh
aHAJIM3UPOBATh pelIeHus Ha
MOCTaBJICHHYIO yMmeer HE yMeeT
Moau(hUKATAN OCHOBE
o 3a7a4y u noadupaTh noadupaTh
Y HOBBIE HEHPOCETEeBIX o
. npe/yiaraTh HEWpOoCeTeByY | aJeKBATHYIO
cpeacTsa TEXHOJIOTHA; N
peleHus Ha 10 HEHPOCETEBYIO
MPOrPaMMHOTO Ymeer
OCHOBE TEXHOJIOTHIO | TEXHOJIOTHIO
obecrieueHUs 000CHOBBIBATh N
N HEHPOCETEBbIX | IS PEUICHUS | I PEIICHMUS
I CO3JIaHUS CBOH BBIOOD o o
. TEXHOJIOTHI, | MOCTABICHHO | MOCTABICHHOM
HEHUPOCUCTEM U | apXUTEKTYPhI U 9
000CHOBBIBATh i 3amaum. 3aJIa4H.
WHTEJUICKTYaJTb TEXHOJOTHH .
CBOi1 BEIOOD
HBIX CUCTEM 00yueHHUs; ADXUTEKTVDLL:
Ywmeer P M
HHTEPIPETHPO
BAaTh BBIXOJIBI
MOJICIIH
BnaneTs:
Bnaneer
Bmageer Bnaneer
MIPOJBUHY THIM
OCHOBHBIMHU OCHOBHBIMHU
U CpeJCTBAMHU
CpeCcTBaMHU CpelcTBaMHU
CO3/1aHuUs
. CO3/1aHus CO3/1aHUs
- cpecTBaMuU HEHPOHHBIX . -
N HEHPOHHBIX HEHPOHHBIX He Bnageer
CO3/1aHus U ceteit . N
cerei ceteit CpelcTBaMHU
oOy4JeHus Pa3IUYHBIX
. Pa3IMYHBIX 0a30BbBIX CO3/IaHUS U
HEHPOHHBIX APXUTEKTYP.
. APXUTEKTYP. APXUTEKTYP. o0y4eHus
ceren Buiageer %
Biageer Biageer HEWPOHHBIX
Pa3IMYHBIX MIPOJBUHY THIM N
CTaHJAPTHBIMH | 0a30BBIMHU ceTeit
THIIOB Y CPEJICTBAMHU
CpelcTBaMHU CpelcTBaMU
00ydeHUS U
o0ydeHUs 1 0o0ydeHus n
TECTHPOBAHHUSI
9 TECTUPOBAHHS | TECTHPOBAHH
ceTe. . N
CceTei. s ceTel.
3HaTh:
OIIK-2.2 - OTJMYHO 3HAET | XOPOIIO 3HAET | 3HAET OJMH HE 3HaeT
BBIYHCIUTEIBH | s136IK Python s3b1K Python u3 BBIYHCIUTEIHH




uH]epeHca.

bIE CPEJICTBA U niu C++ nnmu C++ (periMBOpKO BIX CPEJCTB,
KOMILJIEKCHI, (hperiMBOpKH bpeiiMBOpKH B TITyOOKOTO | TPUMEHSEMBIX
MpUMEHsIEMbIC rIy00KOTO riryOoKoro o0yueHus, npu
npu pazpaboTke o0yueHus, o0yueHus, TaKue Kaxk pa3paboTke
TIPOCKTOB TaKue Kak TaKue Kak PyTorch u TIPOCKTOB
HeipoceTeit u PyTorch u PyTorch u Tensorflow, | wmeiipocereii u
WHTEIUICKTYallh Tensorflow, Tensorflow, o0J1auHbIe WHTEIJICKTYallh
HBIX o0J1auHbIC WNERIAE 1aTopmbl HBIX
CUCTEM; 1aThOPMBI m1aThOpMBl | IJIs pabOTHI C CHCTEM;
-(ppeiiMBopKH JUTSL paboTHI C Ui paboTHI ¢ | HelpoceTsIMU
riryOoKoro HEUPOCETIMU HEUPOCETIMU
o0OydeHnwus,
TaKue Kak
PyTorch u
Tensorflow
YMeTs:
— CO3/1aBaTh,
MIPOBOJUTH
POBOI YMmeer
OTIaKy
CO0311aBaTh,
MPOTPaMMBI
- MPOBOJUTH
OTJIAIKy Ywmeer
[IOCTaBJICHHYIO YmMmeer
MIPOTPAMMBI C c03/1aBaTh HE yMeeT
3amady ¢ co3/1aBaTh
WCTIONBb30BaHKEe | MPOrPaMMBbI C c03/1aBaTh
y4eToM IpOTrPaMMBbl
M WCTIOJIb30BaHKe MPOTPaMMBbI C
MOCIETHUX c
COBpPEMEHHBIX M WCTIONIb30BaHHE
TEOPETUICCKUX HCTIONB30BaH
" WHTEJUIEKTYalb | COBPEMEHHBIX em M
HBIX WHTEJUIEKTYaTb . HEHPOCETEeBBIX
MPaKTUIECKUX . HelpoceTeBbl N
OCTHIKEHHH B TEXHOJIOTHH, HBIX X MOZEGHt Moeneit
ONNX ( Open TEXHOJIOT M
obnactu
HCKYCCTBEHHOT Neural
Y Network
0 UHTEJUIEKTA U
. Exchange )
HEHpOCeTEeBhIX
TEXHOJIOTUI
Buiangers:
- TEXHOJIOTUEN
00BEKTHO-
OpPUECHTUPOBAHH
oro OTinyHO
POTPaMMHUPOB BJIaJieeT BIIaJieeT
aHWA Ha A3bIKE | TEXHOJOTHIMHU OCHOBHBIMU
BJIaJeeT HE BIIaJIeeT
Python nin cOopku u TEXHOJIOTHSIMH
0a30BEIMHU 0a30BBIMHU
CH++ nns 3arycka cOOpKH U
TEXHOJIOTHSIM | TEXHOJOTHAMHU
pa3paboTKu 1 MPOTPaMM C 3aIrycka
1 cOOpKH U cOOpKH U
TECTUPOBAHMA | UCIIOJIb30BAaHKUE | TIPOTPaMM C
. 3aIrycka 3arrycka
MoJiesel M WCTIOJIb30BaHHe
. MPOTPaMM C MPOTPaMM C
MAaIIMHHOTO HEHPOCETEeBhIX M
. . UCIIOJIB30BaH | MCHOJIb30BaHHUE
00yYeHHS; MOJTYJICH, HeHpoceTeBhIX e y
— TEXHOJIOTHEH BJaJeeT MOJyJIeH, . .
. HelpoceTeBbl | HEHpOCeTeBhIX
cOopKH U TEXHOJIOTHEH BIIaJieeT . .
. X MOJLyJIeH. Moyjen
3amycKa nH(pepeHca,Hall | TEXHOJIOTHEH
MOJYJIEN CIIOEB p-, ONNX nHpepeHca.
HEHpOHHOU RUNTIME
CETH B PEKUME
0o0yJeHUS U




OneHka «OTJMYHO» BBICTABISIETCS 3a BBIMOJHCHUE MNOJIHOE BbINOJHEHUE
1aOOpamopHbIX U npakmudeckux pabom 8 cemecmpe; 21y00Koe NOHUMAHUE
NPUHYUNOB NOCMPOEHUsl, MemoO08 U MeXHOI02Ull  00Y4eHUs. HelUpPOHHbIX cemell,
HOHUMAHUE Mempux 00yYeHUs, NOJIHble U COOepHCaAmelbHble OMBembl Ha B0NPOCHI
ounema (meopemudeckutl U NPaKmu4ecKuli 60Npocol)

OneHka  «XOpOIIO»  BBICTABISICTCS 3@  BBHITIOJHCHHE  GbINOJHEHUE
1aOOPAMOpPHBIX U NPAKMUYEeCKUxX pabom 8 cemecmpe, HNOHUMAHUE OCHOBHBIX
NPUHYUNOB NOCMPOEHUs. U Memooo8 00yYeHUs. HEeUPOHHLIX cemell, NOHUMAHUE
MempuKk — obyueHus,  codepicamenvHvle  Omeemvl  HA  BONPOCHl  Ouiema
(meopemuyeckuii U NPaAKMuU4ecKUll 60npocsyl)

OrneHKa «yJA0BJIETBOPUTEIbHO» BBICTABIISCTCS 32 BBINIOJHEHUE BbINOJIHEHUE
N1aOOPAMOPHLIX U NPAKMUYECKUX pabom 6 cemecmpe; 4YACMU4yHoOe NOHUMAHUE
OCHOBHBIX NPUHYUNOB NOCMPOEHUSL U MEeMOO08 00YYeHUs HeUPOHHBIX cemell, 3HAHUe
MempuK 00yueHus, omeemvl Ha 8ONPOCHL Oulema (meopemuyecKutl U npaKmuyecKuil
80NpOCYbL)

OlleHKa «HeyA0BJEeTBOPUTEIbHO» BBICTABIACTCS 3a cjlaboe W HEIMOIHOE
BBITIOJTHEHHE J1a0OpaTOPHBIX W TPAKTUYECKUX pabOoT B CEeMeCTpe; HE3HaHUE W
HEMOHUMaHuEe O0a30BBIX IPUHIMIIOB IOCTPOCHUS HEUPOHHBIX CETEH;, HEIMOJHOE H
HESCHOE BBIMIOJIHEHUE TEOPETHUYECKOIr0 BOIMpoca OujeTa; HECMOCOOHOCTh OOBSICHUTH
MPOrpaMMHBIN KOJT IO MPAKTHYECKOW YacTH OuseTa.

3. IlepeyeHb O1IEHOUYHBIX CPEICTB

Kpatkas xapakTepucTHKa OLIEHOYHBIX CPEJCTB, MCIOJB3YEMBIX MPU TEKYLIEM
KOHTPOJIE yCIEBAEMOCTH U MPOMEKYTOUHOM aTTecTauuud oOydYaroumerocs o
JUCLUIUINHE:



4. Ilepeyennb

KOHTPOJIBHBIX

3aJaHUid  WJHU  HHBIE

MaTepHAaJbl,

HCOﬁXOI[I/IMLle AJIAT OICHKH 3HaHI/Iﬁ, yMCHI/Iﬁ N HaBbLIKOB, XapaKTCPU3YIOIIIUX
ITAIlbI (l)OpMI/IpOBaHI/Iﬂ KOMHeTeHHI/Iﬁ B IIpouecce OCBOCHUA NTUCIHUIIJINHBI

s Trekymero kourpoJs TK1:

[IpoBepsiemas

KOMIICTCHII M.
OPUTHHAJIBHBIC  AJITOPHUTMBbI

OIIK-2:
U TNpOrpaMMHBIE CpEICTBA,

Cnoocoben

pa3pabarbiBaTh
B TOM 4YHCJIE C

HCIIOJIB30BAHUCM COBPCMCHHBIX HHTCIIICKTYAJIbHBIX TGXHOJ’IOFHﬁ, A PCIICHUA

npodeCCHOHANIbHBIX 3aJ1a4
Tect

Bonpoc

Ba PWaHTbl OTBETA

oTBET

HelpoceTteBbimu
TEXHO/IOTMAMM HA3bIBAOT

KOmMnnaekc MHd)OpMaLLMOHHbIX TEXHOJ'IOFMI;'I, OCHOBAHHDbIX
Ha NPUMEHEHUNN KOMMNbIOTEPHbIX ceTen

TeXHONOruM,
MCKYCCTBEHHbIX

KOMNEeKC MHGOPMALMOHHbIX
OCHOBAHHbIX Ha  MPUMEHEeHUM
HelpPOHHbIX ceTen

MHd)OpMaLLMOHHbIe CnCTembl MNONCKa

MHGOPMALMOHHbIE TEXHONOTMW YNPaBieHNA

Anroputm obyyeHus
WCKYCCTBEHHOW  HEMPOHHOM
CeTn 3aKaHYMBaAeTCA, Koraa

OOCTUTHYTO  3aJaHHOe 3HayeHue cpeaHen  (uam

MUHWUMAIbHOW) OWNOKM

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

npoﬁ,u,eHo onpegeneHHoe KoOaIM4YeCTBO 3MN0X

No60oi 0TBET U3 NepeuyncNeHHbIX

Kakune yHKLMM BbINONHAET
nporpaMmmHan peanmsaumn
BXOAHOrO C/0S

BbluMcnseT NponsBogHyO 414 anroputma obpaTHoro
PacnpoCTpaHeHMA OLWMBKM.

MepepaeT BXOAHOW BEKTOP CUrHA/IOB Ha NepBblid

MHOTOCNOMHOTO CKPbITbIi CNOIA.

nepcenTpoHa? Yaansaet "wym" u3 curHana.
TpaHCc/MPYET CUrHaM Ha BbIXOAHOW C/IOM MHOTOC/IOMHOIO
nepcenTpoHa.

HelpoH j nonyumn Ha Bxoa, -1.8485

CUTHAN OT YeTbIpex APYrux 0,5

HEeMpPOHOB YPOBHM -0,4621

BO3DOYXAEHUNA, 3HaUEeHUA 0,2449

KoTopbIx paBHbl 10, -20, 5, 4 u

COOTBETCTBYIOLWME BECA

cBsizelt paBHbl 0.8,0.5,0.7 u

-0.5 cooTBeTCTBEHHO.

BbluncanTe cUrHan Ha Bbixoae

j-ro HeMpoHa B cny4dae, ecan

dYHKUMA aKTMBaAL MU

HEMPOHOB eCTb

rmnepboanNYeCcKnin TaHreHC.

BbibepuTe NnpaBUbHbIN OTBET:

MporpammHo peanunsosaHa | 0




HEeMpPOHHas ceTb C OAHUM
CKPbITbIM cnoem n
aKTUBALMOHHOM byHKumen

curmompa. Y cetm 1 Bxopg, 3
HEMPOHA B CKPbITOM cnoe u
oauH Bbixod. YTto Oyger Ha
BbIXOA4E CETU B C/y4dae, ecnu
Ha Bxoge 1, Bce Beca paHbl 1 #
cmeuweHue 0.

AN,
GL~@—D
®

0,7311

2,1932

Yto npepctasnser  cobown
anropuTm «0byyeHun
MCKYCCTBEHHON  HEWPOHHOM
cetmu»?

npoueaypy NOACTPONKN CUTHANOB HEMPOHOB

npoueAaypy NOACTPOIAKM BECOBbIX 3HAYEHMIA

npoueaypy BblYMC/IEHUA MOPOroBbIX 3HAYEHWUM
GYHKUMM aKTUBaL MK

ana

MporpamMmHasn peanusaums
OAHOC/NIOMHOro NepcenTpPoHa
Nno3BoNAET pelaTb 3aa4u

annpoKkcumaumm pyHKumit

pacnosHaBaHus 06pa3os

Knaccudpukaummn

Kakas apxuTeKkTypa | MHOrocnolHblii nepcenTpoH
MCKYCCTBEHHONW  HEWPOHHOW | PeKyppeHTHble HEMPOHHbIEe CeTh
cetn 6onblwe noaxoauT ANA | CBepTOUHbIE HEMPOHHbIE CETH
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——oo

Ona paspabotkm anroputmoB | ResNet

M nporpammHbIX cpegcts ana | YOLO
AETEeKUMM U TpeKkuHra B | SSD
cuctemax BuaeoHabnwogeHus, | GAN
ncnonb3aytoTca HeMpPOHHbIEe

cetm

Kakoin ¢penmBopk rnybokoro | CNTK
obyueHns wunmeet uHTepdeic | Tensorflow
ans pa3paboTku | PyTorch
nporpammHbIX  CpeAcTB Ha | Bce nepeyncneHHble
A3blKe NpPorpammmMpoBaHunsA

Python pgnAa obyyeHua w

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




pa3mepa NoAy4ynTcs pesynbtaT
CcBEPTKU B PyTorch 5 Ha 5 Ges3
padding, co stride=(1,1), ecnu
Ha BbIXxo4e AO0NXKHO ObiTb 6
KaHanos?

torch.Tensor paamepom 6 Ha 28 Ha 28

torch.Tensor pasmepom 6 Ha 5 Ha 5

CKO/JIbKO NnapameTpos B
cBepTKe pasmepom 3x3,
KOTOpasa NpUMeHseTca K
TpexKaHa/libHOMY
nsobparkeHnto? He cuntaiTe
CNOWN aKTMBaALUUK, He
yunTbIBanTeE bias.

3 napameTpa: CTONbKO e, CKOJIbKO M KaHaNoB

9 Bcero: Mbl HaKNagblBAaemM OOHY M Ty e CBEpPTKy Ha
Ka*KAbIN U3 TPeX KaHanoB

9 YHUKA/IbHbIX -- BCEro 27, HO Ana BCexX KaHanos
napameTpbl 0O gUHaKOBbIE

27 napameTpoB: 3X3 gNA KaXKA0ro u3 Tpex KaHanos

Ona  Kakol  apXMTEKTypbl
CBEPTOYHON HEMPOHHOMN ceTn
XapaKTepHoO 06xogHble
CcoeaANHEHUA

(skipconnections),
npobpacbiBatlowme rpagueHT
OWKnBKN B 06X04 CBEPTKM

VGG

AlexNet

ResNet

GoogleNet

YKaxkute owmnbky npu paborte
¢ ontummusatopom B PyTorch
npu paspaboTke nporpammol
06y4eHnA HeMPOHHOI ceTu.

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

optimizer.step()

optimizer.zero_grad()

optimizer.backward()

Bomnpocsr

1. ®yHkius nMoTeph U ONTUMM3AIMUS MapaMeTpoB HepoHHOU ceTu. BoiBog DI

Hn3 MCTOAAa MaKCHUMAJIbHOT'O HpaBI[OHOI[O6I/IH.

2. OOyueHnue

BO3HHMKHOBCHU:.

& W

Softmax.

~N o

MHOTrOoCIOUHBIHN

HEUPOHHOU
pactipocTtpaHeHuss omuOku. I[loHsATHE mMapanuya CceTM W TNPUYHHBI  €ro

CCTHU C ITIOMOIIBIO aJIropuT™Ma

OueHka KauecTBa HEHpPOCeTeBbIX Mojenell. OCHOBHBIE METPUKH.
CBépTouHbIe HEWPOHHBIE ceTh. Ornepanusi CBEPTKH, KacKal CBEPTOK.
5. ApXHUTEKTYpbl HEUPOHHBIX CETEH ISl MyJIbTHKIACCOBBIX Monened. DyHKius

ApXUTEKTYpbl HEUPOHHBIX CETEH NJIs MoJieiel OMHapHOM KilaccupuKaIuu
IIEPLIENTPOH.
[IpeononieHre OrpaHUYECHUS JIMHEHHON Pa3IeIMMOCTH U PEIICHUE MPOOIEMBI

[IpencraBnenne  OyJeBBIX

HCKJIIoYaromiero «mwim». Teopema Konmoroposa.
8. Omepanus aekonBosroiuu. Transposed convolution layer.
9

ANTOPUTM 00paTHOTO PaCIPOCTPAHEHUS OMMUOKU. JIOCTOMHCTBA U HETOCTATKU

ajaropurma. [TonsiTue mapajimia CCTHU U MPUIHNHBI €T'O BOSHUKHOBCHHA.

10. BazoBas apxutekTypa HelpoHHBIX ceTel. [Ipunnumb! moctpoenus. OCHOBHBIC

(GYHKIIUN aKTHUBAIIH.

s Tekyiero kourpoJs TK2:

HpOBepﬂeMaﬂ KOMIICTCHII A

oOpaTHOro

GyHKLIMA.

OIIK-2.2: Pa3pabarbiBaeT NpOrpaMMHbIC
CpellcTBa penieHus: nNpodeccuoHaIbHBIX 3a/lay, B TOM YHUCJE C MCMOJIb30BAHUEM



COBPEMCHHBIX MHTCIIJICKTYaJIbHBIX TEXHOJIOTUH

Bomnpoc

B ApHUaHTHI OTBETA

OTBCT

B KaKuX obnacTax
9KOHOMHKH  MPUMEHSIOTCS
AJIITOPUTMBI Ha OCHOBE
HCKYCCTBEHHBIX HEHPOHHBIX

cerein?

OLICHKA BEPOATHOCTHU 6aHKpOTCTBa;

pacno3HaBaHue 00pa30B (TEKCTa, MOAIUCH);

3aJ1aud KJIACCU(UKAIUNA M CErMEHTALIMA YKOHOMHUYCCKUX
00BEKTOB

BCE NCPCUYNCTCHHBIC

[TporpammHuO peanu3oBan 0,9951
HEUpOH ¢ pyHKIHEH 1
aKTHBALIMHU TUIA -1
anep60JII/IquKI/II7I TaHreHc ¢ | 0,9981
TpeMs BXOAaMH U HEMPOH

cMmenieHus. Bxoasl Bce

paBHBI 1 1 Bce Beca Takxe

paBHbl 1, a cmemenue 0,5.

UYemy OyzaeT paBeH BBIXO]

HelpoHa?

B nmporpamme HepoHHOM 0,25
CETH HEHWPOH | TIOMyYnI Ha 0,6225
BXO/JI CUTHAJI OT YETBIPEX 0,3775
Jpyrux HeﬁpOHOB YPOBHU -1,5415

BO30OYXKICHUS, 3HAYCHUS
KoTopbIx paBHbl 10, -20, 5, 4
Y COOTBETCTBYIOIIUE Beca
cBa3elt paBHel 0.8, 0.5, 0.7 u
-0.5 COOTBETCTBEHHO.
Boruncnute cursan Ha
BBIXO/I€ ]-TO HEMpOoHa B
ciydae, ecinu QyHKIUS
AKTUBAIIMU HEUPOHOB €CTh
JIOTUCTUYECKAsi CUTMOU/IA.
Bri6epute npaBuiIbHBIN
OTBET:

B nporpammHoO#l peanuzanuu
OJTHOCJIOMHOI0 TepcenTpoHa
Ha BXOJ IOJAETCi BEKTOP
(X1...Xn). B xakom ciyuae
BBIXOJIOM OyAeT HyJIeBOH
BEKTOp?

€CJIM HalIeTCs TaKOW HEUPOH J, UTO
n .
Saw! <0

i=l

€CJIH JIJIS1 KaKJI0TO HelpoHa j OyaeM uMeTh

n )
Saw] <1
i=]

€CJIM VI KAaK/10I0 HeilipoHa j OyaeM MMeTh
kil .
Sawl <o

i=I

€CJIM HaWJIeTCsl TaKOW HEMPOH J, UTO

iai w =

i=J
Haiinute npousBoanyro 5toit | 1-th?(x)
(GYHKIMN aKTHBAIUN 1+th?(x)

th(x)-1




ef—e °©

th(W) = e -

BBIpa3UTe
pe3ynbTar uepe3 (yHKIHUIO

th(x)

th?(x)

Kakas apXUTEKTypa
HUCKYCCTBEHHOM HEUPOHHOU
CeTH OosiblLIe BCErO
MNOJIXOAUT JUISL Pa3pabOTKH
QJITOPUTMOB U NPOTrPaMMHBIX

ITonmuocBsA3HAag
NIEPCENTPOH)

HEWpOHHAas  ceTh  (MHOTOCIIOWHBIN

CBeproyHasi (KOHBOJIIOIMOHHAS) HEHPOHHAS CeTh

PexyppeHTHast HEpOHHAs CETh

CPEICTB pacro3HaBaHUs
o0pa3oB u aHagu3a
M300paKeHMit?

Ilycts B nporpamme | MSE
ABTOMATHYECKOTO MAE

pacro3HaBaHUsl PYKOIIHUCHBIX

CE (Cross Entropy)

mpp or 0 g0 9| BCE (Binary Cross Entropy)
UCIOJIb3YEeTCS CNN c

aktuBanuen softmax. Kakyro

bYHKIHEO OTEPh BBI

BEIOEpETE?

AyrMeHTanus JTaHHbIX
MPUMEHSIETCS JIsT

yBeJIu4eHusi 00bemMa odyuaronieii BLIOOpKH

YBEJIMUYEHUS] CKOPOCTH 00YUECHHUS

HOpMaJu3aluu
00pbOBI ¢ IEpeodyYeHneM

C ITOMOIILIO kakoro | 1

MUHHUMAaIbHOTO yyucna | 3

HEHWPOHOB B CKpBITOM cClo€ | 4

MHOT'OCJIOMHOTO 5

MepCcenTpoHa pemaercs

npobnema XOR ?

s pa3pabotku anroputMoB | GAN

Y MpOTrpaMMHBIX cpenctB aid | ResNet

pereHns 3agaud | LSTM

KJ'IaCCI/I(bI/IKaI_II/II/I B cucremax | VGG

KOMIBIOTEPHOTO 3peHus

HCIOJIb3YIOTCSI  HEWPOHHBIE

ceTu

IIpu nocrpoenuun
QITOPUTMOB O0YUYEHUS
HEHPOHHOM CeTH OOBIYHO
JaTaceT JeJAT Ha 2

yactu train u test unm Ha 3
gacTu: train, validation,
test. Jlis yero Hy’>KHO Takoe
Jenenue?

Ecnu 06yanLc>1 Ha ITIOJJTHOM AaTaC€TC U Ha HEM XK JICJIaTh
BaJInJalii0, TO MOKHO HC 3aMCTUTH Hepe06yquI/I${

Validation HyxHa, 4TOOBI MOAOOpPATH THUIEpPHApaMETPhI
ceTu

Test HyxeH nis (UHATBHOW OIICHKHM KadecTBa pPabOThI
ceTu

Bce BbilIenepeYnciaeHHOe

Kakas nporpammiuas | Tensorflow

OubnmmoTeka He mpumensiercst | Torch

TSl TIIyO0KOTO 00yUueHus? NLTK
CNTK

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

PyTorch xakas oneparnus ¢ c%d

TeH30pami C, d

c.shape




¢ = torch.ones([5,4]) d+c
d =torch.Tensor([[1,2,3,4],
[5,6,7,8],
[9,10,11,12],
[13,14,15,16],
[17,18,19,20]])
MO3BOJIACT ITOJYYUTH
CIEAYIOUIMNA BBIBOA?
tensor([[0., 1., 1., 1.],
[1.,1.,1,1]
[1.,1.,1.,1],
[1,1.,1,1]
[1,1,1,1]])
[TycTh MaTpHIia IPU3HAKOB [[-4, 3],
paBHa [-9,5]]
[[4’ 2’ '1]’ [[3’ '4] )
['6! 0! 5]; ['9 !5]]
[3’ 2’ 2]]’ [['91 5] )
a A/IpO CBEPTKU — [3,-4]]
[[0, 1, 2], [[-4, 3,1],
[1, -1, 0], [1,0,-2]]
[1,0,-2]]
Kakos Oynet pe3ynbTat
IMPHUMCEHCHUSA CBEPTKHU CO
stride=2, padding=1?
B mporpamme nHa PyTorch | 13
ucxonubii torch.tensor 6wur | 169
paszMepom 13x13x384. | 384
Ckonpko (GUIBTPOB AOKHO | 64896
ObITh B CBEpPTKE, KOTOpAs
BBIIAET torch.tensor
pasmepom 13x13x3847?
Bonpocut
1. Perymsapuzauuss HEWpOHHOU Perymsapuzanus
Tuxonosa, Lasso — perymsapuzanus
2. Perynspuzanus u npopexuBanue HelpoHHOU ceTu. IIpsimoil u oOpaTHBI
Dropout.
3. Meronsl  timybokoro  oOyuenus.  Hopmamuzamms
HOpMAJIU3aLIUSL.
4. Texnomorus mnepemaun oOyuenusi Transfer Learning. Vcnonb3oBanue
npeoOy4YEeHHBIX CeTeH.
S5. ABTOdHKOAEPHl. OCOOCHHOCTH apXUTEKTYpPhl W OOY4YeHHUs DHKOJAEpa H
JeKozepa.
6. Pexyppentnsie Heiiponnbie cetn. ApxutekTypa GRU (Gated recurrent unit).

7. Pexyppentsie HelipoHHble ceTu. Apxutektypa LSTM (Long Short-Term

Memory).

8. I'enepaTuBHO-cocTsazaTenbHbie HelipoceTu (GAN) u style transfer.
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®dpeitMBopk riaybokoro odyuenus Tensorflow
®peiiMBOpk riaybokoro odydyenus Pytorch

Jl1sl IpOMesKyTOYHOM aTTeCTAlUM:

bazoBrie BOIIPOCHI K 3K3aMCHY
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Matematuyeckasi MoJieib OMOIOIrHYECKOro HelipoHa. JIeHIpUThI, aKCOHBI, CHHATICHI.
Knaccudukanus HelipoHHBIX ceTel, 001acTH IPUMEHEHUS U peliaeMble 3a1auu.

bazoBas apxutekrypa HeWpoHHBIX cereid. [IpuHIunbel moctpoeHus. OCHOBHBbIE (YHKIIHH
AKTHBALIUU.

[lepuentpon PozenOmatra u mnpaBmio Xe06a. Teopema 0 CXOOUMOCTH aJITrOpUTMa
00y4YeHHUs TepIEeNTPOHA TSI TMHCHHO-pa3ieTuMbIX MHOXecTB. [Ipobiema XOR.
MtuorocnoiiHelii  mepuentpos. IlpencraBmenue OyneBbix  QyHkmwmid. [Ipeomonenue
OTPaHUYCHUS JIMHEHHON pa3fAeTMMOCTH W pPEHIeHHE MPOOIEMbl HCKIIOYAIOMIETO «HIIN.
Teopema Kosmmoroposa.

OO0yueHre HEMPOHHOM CETH C MOMOILBIO aJITOPUTMa 0OPATHOI'O PACIPOCTPAHEHUS OLIUOKHU.
[TonsiTve napanuya ceTd U NPUYMHBI €T0 BOSHUKHOBEHMSL.

@yHKIMS MOTEPh U ONTHMHU3ALUS [TapaMETPOB HEUPOHHOH ceTu. BhiBoJ QyHKIUMU MOTEPD
U3 METO/1a MaKCUMAaJIbHOTO TIPaBAONOI00US.

[TpoGiieMa 0Bpa)KHOCTH MOBEPXHOCTU (PYHKIIMOHAJIA OLIMOKHU U €€ YaCTUYHOE MIPE00JICHUE
¢ momonipio BBeaeHus momenta (Nesterov momentum).

Oo6yuenue ¢ momoripto backpropagation na ocuose anroputma RMSProp.

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

[Tpobnema ucuesaromero u B3pbiBarolierocs rpaauenTa. [lousartue «ymuparonmiin» ReLU.
Onenka kauecTBa o0yueHust. OCHOBHbIE METPHUKH 3a]1a4 KJIacCU(UKAIIUH.

ITocraHOBKa 1 pelIEHUE 3a1a4l PETPECCUH € IIOMOILBIO HEHPOHHOM CETH.

[TocTaHoBKa U perieHue 3a1a4d OMHAPHOH KJIacCU(PUKALUU C TOMOIIIBIO HEHPOHHBIX CeTel.
ApPXUTEKTYpbl HEHPOHHBIX CETeHl i MHOTOKJIACCOBBIX Mojeiei. BepostHocTHas mepa
MPUHAJICKHOCTH K Kiaccy. Oynkius Softmax.

Ceéprounble HelpoHHble ceTu. Omepanus cBeptku (1D, 2D). Sapo ceptku. Kackan
CBEPTOK.

ba3oBbIe IPUHIMIIBI TOCTPOEHUS CBEPTOYHBIX HEMPOHHBIX CETEH.

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

Apxurektypa ResNet (residual 6;0k). Skip-connection.

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

Perynspusanus HeifponHoit cetu: "weight decay". Perynspusanus Tuxonosa, Lasso —
peryspu3anus.

Perynspusanus u npopexuBanue HEMpoOHHOM cetu. Dropout.

Hopmanu3zaius nansbix - batch-mopmanumsanus (batch_norm, layer_norm). Beruucienue
CTaTUCTHK NP 00yueHuu u Banuamnuu (train/eval).

Texnonorus “nepenaun 3Hanuit” Transfer Learning (fine tuning, feature extraction)
CemaHTHYecKasi CErMEHTAIMsI ¢ TOMOIIbIO TITyOokoro oOyuenus. [TomHOCBepTOUHBIE CETH
(FCN). Omepanus nekonBosrouu. Transposed convolution layer.

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

Meroapl MacmTabupoBanus it omeparuu  upsampling u  downsampling. Dilated
convolution.
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['eHepaTHBHBIC MOJICIT U ABTORHKO/IEPHI.

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

PexyppeHTHBIE HEHPOHHBIE CETH U CIIeIU(HUKA UX 00ydeHUSI.

I'my6okoe o0yuenue B NLP. Knaccudukarus texctoB ¢ momorisio CNN 1 RNN.
Apxurektypsl LSTM (Long Short-Term Memory) u GRU (Gated Recurrent Unit).
Mexanusm BHuMaHus (Attention).

OpeiimBopk  Timybokoro oOyuenus PyTorch. Apromarnueckoe muddepenunpoBanue.
[Tpunmunsl noctpoeHus HelpoHHbIX ceteid B PyTorch: ¢yHKIMoHaMBHBINA U OOBEKTHBIH
HOJIXO/I.

OpeiimBopk  TiIyookoro oOydenus Tensorflow. Beraucnurensneiii rpad. I[loctpoenwme
HEWPOHHO# ceTn U ee oOyuenue. Tensorboard.

. Uudepenc netipocereBoix moaeneir. ONNX.

TunoBrwle 3a1a4n:

1.

2.

Peanm3oBath M 00y4nTh CeTh AJsl TpencKa3aHHUs JOSJILHOCTH KIHEHTOB
COTOBOTO omepaTopa (JaTaceT y mpenoaaBaTers)

Peann3oBath CBEpPTOUHYIO CE€Th, 0OYUYUTh CETh U MPOBECTH KJIaCCU(PUKALINIO
torchvision.datasets.FakeData. CoctaBute confusion matrix. I[locTtpouts
rpaguku accuracy u loss nHa Bamupanuu. IlpoBectn aHanmu3. YMeTh
O0OBSCHUTH CBOM KOJI.

PeanuzoBars ResNetl18 ainsa CIFAR10 ( torchvision.datasets).

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

HobaBbre L2-perynapuzanuto. B PyTorch onHa akTuBHpyeTcs ¢ MOMOIIBIO
napametpa weight decay B ontumuzaTope. 3HaueHHE OOBIYHO BHIOMPAIOT U3
[1le-3, 1e-4, 1e-5]. Tlpumep:

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

CocraButh confusion-matrix. I'paduxu accuracy u 0SS Ha Bamuaanmw.
[IpoBecTun ananu3 o0ydeHus. YMeTb OObSICHUTH CBOM KO/I.

C nmomompto ¢peiimBopka PyTorch s pemenus 3agaun kinaccudukanuu
peann3oBaTh HEHpOHHYIO ceTh apxuTeKTypsl VGG. IIpoBectn 00yuenue Ha
natacete EMNIST (torchvision.datasets) B Google Collaboratory.
[TocTpouts rpaduku accuracy u loss Ha BaTuaIuu.

[TpoBecTn aHanu3 BAMSHUS THIEpriapaMeTpoB (Ha BbIOOp 1 mapamerp) Ha
obyuenue nocrpoennoit MHC.

C nomompto ¢peiimBopka PyTorch mnst pemenus 3agaun kiaccudukanuu
peanu3oBaTh HEHPOHHYHO CeTh apxuTekTypbl MobileNet. IlpoBectu
obyuenue Ha pnaracete FashionMnist ( torchvision.datasets) B Google
Collaboratory. IToctpouts rpaduku accuracy u loss Ha BaMIaIMH.



10.

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

Peanu3oBath CBEpTOUHYIO CETh, O0OYUNUTh CETh U MIPOBECTH KIIACCU(PHUKAITHIO
torchvision.datasets.FakeData. Iloctpouts rpaduku accuracy u loss Ha
BaJIMJAIMH.

[IpoBecTn aHaiM3 BIAMSHUS THIEpriapaMeTpoB (Ha BbIOOp 1 mapamerp) Ha
oOyuenue nocrpoennor MHC.

C nomompio ¢perimBopka PyTorch peanuzoBaTh HEUPOHHYIO CETh
apxutektypsl ~ DenseNet.  Pemuts 3amauy  kinaccupukanuu A
FashionMNIST u3 6ubnuotexu torchvision.datasets. CoctaButh confusion-
matrix. ['paduxu accuracy u loss Ha Bammmanuu. [IpoBecTn anamu3
00yueHus. YMeTb 00bSICHUTD CBOM KOJI.

[IpoBectn OuHapuyro kiaccudukanuioo B ML-3amaye (matacer vy
npenogaBaresnis). Paznaenuts BhIOOPKY Ha OOydYarolly0 U KOHTPOJIBHYIO.
OO0yuuTh ceTb. OUEHUTH Ka4eCTBO OOyUEHHUS.

Pemenne 3amaum perpeccud ¢ IMOMOIIbIO HEHPOHHOW ceTh (HaTaceTr y
MPENoIaBaTes).

OOyuuTh HEHUPOHHYIO CE€Th ISl 3aJayd MpeAcKa3aHus 3a00JIeBaHUS.
[TocTpouts rpadguku accuracy u loss Ha Bamupanuu. IIpoBectn ananus.
VYMeTh 00BACHUTH CBOM KOI.
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