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JlabopaTopHbie padoThI

7 cemecTp - 16 yacos;
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MPOBOJIUTCHA B paMKaX 4YaCoB ayIUTOPHbIX 3aHSATHH

CamocTrosiTesibHasi padoTa

7 cemecTp - 79,7 yaca;

B ToM unciae Ha KII/KP

He MPeyCMOTPEeHO YUeOHbIM MJIAHOM

HNnasa koHTakTHas padora

MPOBOAUTCS B PAMKAX YaCOB Ay/IMTOPHBIX 3aHATHI

BKJIIOYAS:
TecTtupoBanue

IIpome:kyTouHast aTTecTALUS:

3auyer

7 cemectp - 0,3 uaca;
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1. HEJIN U 3AJIAYU OCBOEHUSA JUCHUITIJIMHBI

Lesb ocBOeHHsI THCHMILIHHBI: 3aKITI0YaeTCs B ((OPMUPOBAHUH CUCTEMBI 3HAHHUN U MTPAKTHYECKUX
HABBIKOB CTYJCHTOB B O0JaCTH MAaIIMHHOTO OOYYCHHS C y4UTelleM W 0e3 HEero Ha OCHOBE TITyOOKHX
UCKYCCTBEHHBIX HEHWPOHHBIX CETEH MJIs pEelICHUs 3ajad paclo3HaBaHHWsS H300paKCHUH, CHTHAJIOB U
00pa30B B IPYrux MPEJAMETHBIX 00JaCTsIX.

3agaun TUCHHIIHHBI

- OCBOCHHEC OCHOBHBIX HGprOCGTeBBIX MOIICHGP’I U MCTOAOB, UCIIOJIb3YCMbIX B HHTCJIJICKTYAJIbHBIX

cucremax (MC);;

- OBJIQJICHUE COBPEMEHHBIMH CIIOCOOaMU 00pabOTKU M aHaINM3a N300pakeHH, CUTHAJIOB U

JaHHBIX MHBIX BUJOB;,

- (hopMHpOBaHKE CITIOCOOHOCTH CAMOCTOSATENILHO PeIlaTh 331a4u OUCKa, 00paOOTKH U aHATN3a

JaHHBIX Pa3JIMYHbIX BUIOB..

dopmupyembie y 00ydaronierocs KOMneTeHIHH 1 3alJIaHUPOBAaHHBIE Pe3yJIbTaThl 00yUeHHs 110
JTUCHHUIIIINHE, COOTHECEHHBIE C HHAMKATOPAMHU JOCTHKEHUS KOMIIeTeHIHIi !

KOI[ U HAMMCHOBAHHUEC
KOMIICTCHIIMH

Koa 1 HamMeHOBaHHUeE
HHIMKATOPA T0CTHXKEHUS
KOMIIETEeHI{UH

3annaHupoBaHHbIE Pe3yJbTATHI 00y4eHH s

[1K-2 Cniocoben
pa3pabaThIBaTh CUCTEMBI 1
TEXHUYECKHUE CPEICTBA
ABTOMATH3AINH U
yIpaBJICHUS] HA OCHOBE
COBPEMEHHBIX
POTPAMMHBIX U
anmapaTHbIX CPEICTB

N J1-3nk-2 demoHcTpupyet
3HAaHUE PA3JIIUYHBIX CIIOCOOOB
MAIIMHHOTO O0Y4eHHsS 1
CIIOCOOHOCTBH IPUMEHSATh UX Ha
NpaKTHKE

3HATh:

- METO/IbI HEUPOCETEBOTO aHAIIN3A
M300paXKeHUI, CUTHAJIOB M IAaHHBIX HHBIX
BUJIOB.

YMETh:
- opMupoOBaTH BEIOOPKH U300paKEHUH,
CUTHAJIOB M JAHHBIX UHBIX BUJIOB U
MPUBOANTH UX K MATEMaTHYECKOMY BH]TY.

TIK-2 Cnocoben
pa3pabaThIBaTh CUCTEMBI U
TCXHNYCCKHUC CpeI[CTBa
aBTOMAaTH3allNHU U
YIIpaBJICHNS Ha OCHOBE
COBpPEMEHHBIX
MPOTPaMMHBIX U
anmapaTHbIX CPEICTB

U T-4nk-2 Ucnons3yer
CTaHAapTHOE POTPAMMHOE
o0ecrieueHue U
CIeUaTN3UPOBaHHbIC
Ooubanorexu st 00paboOTKU U
aHaJM3a JaHHBIX

3HATH:
- COBpEMEHHbIE OMOINOTEKU U
IpOorpaMMHBIE CpeACTBAa O0yUEHHS
ri1yOOKHX HEMPOHHBIX CeTeH.

YMETB:
- HCTOJIb30BATh COBPEMEHHbIE ONOINOTEKN

Y TIpOrpaMMHBIE CPEJCTBA JJIs1 O0yUeHUs
ri1yOOKHX HEUPOHHBIX CETeH.

2. MECTO JUCIHMUILIMHBI B CTPYKTYPE OBPA30OBATEJBHOM ITPOT'PAMMBI BO

JucuumnirHa OTHOCHUTCS K  (paKyJabTaTUBHBIM JUCHMIIMHAM OCHOBHOW IpodeccCHOHaIbHON
oOpa3oBaTenbHOI nporpamMMe CHUCTEMBI U TEXHUYECKHE CPEJICTBA aBTOMATU3allUK U YIpaBlIeHUs (Jajnee
— OIIOII), nanpasnenuss noaroroBku 27.03.04 VmpaBieHue B TEXHHUYECKHUX CHUCTEMaX, YpPOBEHb
o0Opa3oBaHMs: BBICIIEe 00pa3oBaHue - OaKagaBpHar.

basupyertcs Ha ypoBHE cpeHETO 0011ero 00pa3oBaHMsL.

Pe3ynbrarhl 00yueHUs, MOIY4EHHbIE IPU OCBOEHUH HUCHUIUIMHBI, HEOOXOIUMBI NIPU BBITTOJIHEHUN
BBIITYCKHON KBaTM(PUKAIIMOHHOMN pabOoTHI.




3. CTPYKTYPA U COAEPKAHUE JUCHUIIJINHbI

3.1 CTpyKTypa THCHUNIHHBI
OO01as TpyJI0eMKOCTh JUCHUTUTMHBI COCTABIISIET 4 3a4eTHBIX eMuHUIIbI, 144 yaca.

Pacnipenenenue Tpy10eMKOCTH pa3zena (B 4acax) MO BHJaM y4eOHOH paboThI

Pasesb1/TeMbl § 5| & <
Ne JTUCIUTUTAHBL/ (D OPMBI g 2|8 OHTaKTHas pabora cp CopneprkaHue caMOCTOSTENTFHON paboThl/
/i [POMEIKYTOIHOM o &| 3 Koncynbranus UKP PaGora B [Toxroroska k METOIMYECKHE YKA3ZaHUs
aTTECTALIN 8 g | © |Jlex | Jlab | Ip KIIP K VKK | TK ITA cemectpe | ATTECTAIH
A P /KOHTPOJIb
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 TeopeTnueckne OCHOBBI 40 7 8 4 4 - - - - - 24 - Tloozomoexa Kk meKywemy KOHmpoio:
r1yOOKHMX HEHPOHHBIX [ToBTOpEHHE MaTepUana 1o pasiaeny
cereit "TeopeTudeckue OCHOBBI ITTyOOKHUX HEHPOHHBIX
1.1 | BBenenue B MalIMHHOE 5 1 1 - - - - - - 3 - ceteit"
oOy4eHue. Camocmoamenvroe usyuenue
1.2 BeposTHOCTHEIE 6 1 - 1 - - - - - 4 - meopemuueckozo mamepuana: N3ydenne
MOAXOMBI K JIOTIOTHUTENBHOTO MaTepHaa o pa3zieiny
MAaIIuHHOMY "TeopeTndeckre OCHOBBI TTyOOKHX HEHPOHHBIX
00yUICHHIO. ceteit"
1.3 dopmanmzanys e 5 1 1 - - - - - - 3 - Ilodzomoeka k n1adopamopnoit padome: Jns
MaIIMHHOTO 00y4YeHNs BBITIOJTHEHHS 33/1aHUH 110 J1abopaTopHOi padore
Ha [IPUMEPE PErPeCcCHH. HEOOX0ANMO TPEIBAPUTEIEHO U3YUHTh TEMY U
1.4 dopMaU3aIys e 4 1 - 1 - - - - - 2 - 3aJ1a49¥ BBITIONHEHUS JJabopaTopHOM paboThl, a
MaIIMHHOTO 00y4YeHNs TaK K€ U3y4YUTh BOIPOCHI BAPUAHTOB
Ha TIprMepe 00pabOTKH Pe3ysIbTAaTOB 110 U3YYCHHOMY B
Ki1accudukanmu. pazzgene "TeopeTHueckre OCHOBBI ITTyOOKHX
15 Beenenue B 5 1 1 - - - - - - 3 - HEHPOHHBIX ceTeil" MaTrepuaty.
HCKYCCTBEHHBIE Ilod20mogxa K KOHmMPOILHOU padome:
HEWPOHHBIE CETH. N3ydyenune marepuaioB 10 pas3zieiry
1.6 O6yucHue 4 1 1 - - - R - - 2 - TeopeTndeckre OCHOBBI TITYOOKMX HEHPOHHBIX
MHOTOCJIOHHBIX ceTell U IMOoIroToBKa K KOHTPOJILHOM padoTe
HCKYCCTBEHHBIX H3zyuenue mamepuanos iumepamypHsix
HEUPOHHBIX CETEN. UCMOYHUKOB:
1.7 IIpakTuueckue 4 1 - 1 - - - - - 2 - [1], ctp. 15-17,94-98,227-232
COOGPaKEHNS TIpH [3], ctp. 17-22,63-69,176-192
00y4eHun HelpoceTeH.
1.8 | Apxurexrypa riry0boKnux 7 1 - 1 - - - - - 5 -

HEIPOHHBIX ceTeil.




2 MopenupoBanue u 38.0 6.0 24 Ilo0dz0mogKa K meKyuiemy KOHmpoio:
o0y4eHHe TITyO00KHX [ToBTOpEeHe MaTepuaa o paszaety
HelpOHHBIX ceTeil "MozenupoBaHue U 00ydeHHe IIIyOOKHX
2.1 MonenupoBaHue u 6 1 3 HEWPOHHBIX ceTei"
o0OyueHne TITyO0KHX Ilodzomogexa k nabopamopuoit padome: Jns
HEHPOHHBIX ceTeit BBITIOJTHEHHA 3alaHUH 110 1a00paTopHON padoTte
2.2 Yckopernue 6 1 4 HEOOXOANMO MPEIBAPUTENBEHO U3YIHTh TEMY 1
BBIYUCIICHUH TITyOOKHX 3a71a9M BBITIOHEHMS TaOOpaToOpHOil paboThI, a
HEHPOHHBIX CETEH. TaK )K€ U3y4UTh BOIIPOCHI BAPMAHTOB
2.3 CrpykTypa riry0oKoit 7 1 5 00paboTKH pe3yIbTaToOB [0 U3yYEHHOMY B
HEIPOHHOM CETH. pazzgene "MogenupoBaHue 1 o0yueHHue
2.4 Oco6ennoctu THC. 5 1 3 rIyOOKMX HEMPOHHBIX ceTeil" MaTepuany.
25 I'pady BEIUHCTEHNI 1 35 05 2 Iloozomoska K KOHmMpobHOU pabome:
nugpdepeHuupoBaHIe W3yueHne maTepuaoB Mo pas3zaeiny
HAa HEM. MopenupoBaHue U 00yUeHHE ITyOOKHX
2.6 | Ilpencrasieuue THC B 5 1 3 HEWPOHHBIX CETEH M MOATOTOBKA K
BHze Tpada KOHTPOJILHOH paboTte
BBIYHCIICHHIA Camocmoamenvhoe usyuenue
27 TIporpaMMHbIe 1 55 05 4 meopemuyueckozo mamepuana: Vzyaenne
anmaparHble CpecTBa ﬁ[OHOJ‘[HI/ITCJ‘ILHOFO MaTepuaa 1o pasieny
1 peannsaruu THC. MogenupoBaHue u 00ydeHHE IIIyOOKHX
HEHpPOHHBIX ceTei"
H3yuenue mamepuanog 1umepamypHbix
UCIMOYHUKOG:
[2], cTp. 67-78, 101-109, 114-142
[3], ctp. 97-99
[4], cTp. 179-196, 373-379
3 IoaroroBka u 25.7 6 11.7 Ilodz0mosKa K meKyuwiemy KOHmMpoJio:
00paboTKa TaHHBIX B IToBTOpEHNe MaTepuaa Mo paszaety
rITyOOKMX HEWPOHHBIX "[lonroToBka U 00pabOTKa JAHHBIX B TITyOOKIX
CeTsAX HEHUpPOHHBIX ceTsx"
3.1 Metoast 8 2 4 Camocmoamenvroe usyuenue
HPE/ICTaBICHUS JaHHBIX meopemuueckozo mamepuana: VIsyaenue
B (hopMe, NPUTOTHOM JIOTIOJTHUTEIBHOTO MaTepHaa o pasjieny
qutst oopabotku ['HC. "TTonroToBka u 06pabOTKa JAHHBIX B TTyOOKHX
3.2 IMoka3arenu kauecTBa 9.7 2 4.7 HEWPOHHBIX CeTAX"
METOJI0B MAaIIUHHOTO Iloozomoexa Kk KOHmMpoNbLHOU padome:
00y4eHwusl. W3yyenue marepuaiios 1o paszzeny [loaroroska
3.3 HaGops! JaHHbIX A5t 8 2 3 1 00paboTKa JaHHbBIX B ITyOOKHX HEHPOHHBIX
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o0yuenust THC.

CeTsIX U MOJTr0TOBKa K KOHTPOJILHOM padoTte
Ilodzomoeka K nadopamopnoit padome: Jlns
BBITIOJTHEHHS 33/1aHUH 110 JTabopaTopHOW padore
HEo0XOAMMO MPEeABapUTEIILHO U3YIUTh TEMY U
3a[auH BBITIOJTHEHUS Tab0paTOpHOI paboTEHI, a
TaK e M3y4UTh BOIIPOCH BAPUAHTOB
00pabOTKK pe3yNbTaTOB 10 H3YYCHHOMY B
paszene "lIloaroroBka u 00pabOTKa TaHHBIX B
TITyOOKIX HEHPOHHBIX CeTAX'" MaTepHay.
H3yuenue mamepuanog 1umepamypnoix
UCIOYHUKOB:

[1], ctp. 121-148

4 CoBpeMeHHBIC 40.0 12 40 | 4.0 - 20 Camocmoamesibhoe uzyuenue
APXUTEKTYPHI TITyOOKHX meopemuueckozo mamepuana: N3ydenne
HEWpPOHHBIE CEeTeM JIOTIOJIHUTENIBHOTO MaTepurala 1o pasaeiny
4.1 CBepTouHBIe 8 2 1 1 - 4 "CoBpeMeHHbIe apXUTEKTYPHI INTyOOKHX
HEHUpOCceTU U HelpoHHBIE ceTen"”
pacIio3HaBaHHE Ilo020mo6Ka K KOHmMPONLHOU padome:
n300paKEeHHH. N3ydyenune maTtepuaioB IO pas3zierry
4.2 PexyppentHbie 7.5 2 1 0.5 - 4 CoBpeMeHHBIE apXUTEKTYPHI TITyOOKHX
HEWpOHHBIE CETH U HEeWpOHHBIE CeTeH U MOJATr0TOBKA K
npesicKa3aHne KOHTPOJIBbHOI! paboTe
MTOCJICIOBATEILHOCTEH. Ilodzomoeka k nadbopamopnoit pagome: Jlns
4.3 CrienuannsupoBaHHbIe 8.5 3 1 0.5 - 4 BBITIOJTHEH U 33/IaHUH 10 TabopaTopHOi paboTe
apxurektypsl LSTM, HEO0XOIUMO NPEABAPUTEIHHO U3YIUTh TEMY H
GRU. 3aJ1a4¥ BBITIOJHEHUS 1abopaTOpHO# paboTsl, a
4.4 ATtaku Ha 7.5 2 0.5 1 - 4 TakK YK€ U3Y4YUTh BOIIPOCHI BAPUAHTOB
HelipoceTeBble 00paboTKH pe3yIbTaTOB 110 N3YYEHHOMY B
KJ1acCH()MKATOPEL paznene "CoBpeMEHHbIE apXUTEKTYPbI
45 ABTOKOJTUPOBIINKHU U 8.5 3 0.5 1 - 4 rTyOOKHX HEHPOHHBIE CeTeii" MaTepHaIy.
oOHapyKeHue Iloozomoeka K meKkyuwiemy KOHmMpoJiio:
aHOMAaJIHIA. [ToBTOpEHNEe MaTepuaa o pasziery
"CoBpeMeHHbIE apXUTEKTYPBI ITyOOKHX
HelipoHHBIE ceTel"
H3yuenue mamepuanos 1umepanmypHsix
UCOYHUKOG:
[1], cTp. 272-281
[2], cTp. 176-211
3auer 0.3 - - - 0.3 -




Bcero 3a cemecTp 144.0 32.0 16.0 16. - - - - 0.3 79.7 -

0

16. - - 0.3 79.7

Hroro 3a cemecTp 144.0 320 | 16.0
0

Ipumeuanue: Jlex — nexuuu; JIab — naboparopusie padboTsl; [Ip — npaktudeckue 3ausatust; KIIP — aynuTopHble KOHCYIBTALUU IO KYPCOBBIM
npoekTtam/padoram; MKKII — nnauButyanbHble KOHCYIbTALUK 110 KypcOBBIM IIpoekTaM/pabotam; I'K- rpymnmnoBsie KOHCYIbTallMK IO pa3zienam
muctumunael, CP — camocrositenbHas pabota crynenrta; MKP — unast konraktHas padota; TK — Texymuit koHTpoiis; [TA — npoMexyrodHas

aTTcCTanuAa




3.2 KpaTkoe coaep:kaHue pa3iejioB
1. Teopemuueckue 0cHogul 21YO0OKUX HEUPOHHbIX cemell

1.1. BBenenue B MalmmHHOE 0OYYCHHE.

HckyccTBEeHHBIE HEHPOHHBIE CETH, HICKYCCTBEHHBIM MHTEIIEKT M MaluHHoe oOyuyenne. Kiaccel
3aJa4, pEIlaeMbIX C IOMOULIbI0 HCKYCCTBCHHBIX HEUPOHHBIX ceTed. BakHelnue pe3yiabTaTbl
TEOPHH HCKYCCTBEHHBIX HEHPOHHBIX CETeH, HM3BECTHBIE NPOOJIEMBI M IMPAKTHUYECKUE ACHEKTHI
peanu3anuu HeMpoceTeil..

1.2. BeposiTHOCTHBIE TOAXOAbI K MAIIMHHOMY OO Y4EHHIO.
Teopus BeposTHOCTEH B MamuHHOE oOydeHune. Popmyna wim TeopeMa baiieca. baiiecoBckuii
MOJIXO/JT B KJIaCCH(DHUKAIUH. .

1.3. ®opmanu3zanus eI MAIIMHHOTO O0y4YEHHS Ha IPUMEPE PETPECCUU.
MammaHOe 00y4deHHE ¢ MO3UIMU OaiilecoOBCKOTO Noaxoaa. DyHkus omuoku. Perynspusarus..

1.4. ®opmanu3anms e MaTMHHOTO 00YYEHUs Ha TpUMEpe KIacCu(UKAIUH.
Oyukmus ommbOku Ui kinaccudukamuu. DHTpormst W paccrosiHue KynwOaka—JleiOnepa.
Jlorucruieckas perpeccusl..

1.5. BBeneHue B UCKYCCTBEHHbBIE HEHPOHHBIE CETH.
BBeneHue B MICKyCCTBEHHBIE HEUPOHHBIE CETH..

1.6. OGyueHue MHOTOCIOMHBIX UCKYCCTBEHHBIX HEHPOHHBIX CETEH.
ApXHUTEKTypa U MPSIMOE PACIpOCTPaHEHHE CUTHAJIOB B MHOTOCIOMHOM MeplenTpoHe. 3anaya
00ydeHHUsI MHOTOCIIOIHOTO Tiepuentpona. O0paTHOE pacpoCTpaHCHUE ONIHOKH. .

1.7. IlpakTuyeckue cooOpakeHust pu 00yuyeHUH HelpoceTeil.
[ToaroroBka nannbix. [lakeTHoe u oOHalH-0Oy4deHue. OpraHuzanus mpolecca OO0ydeHHUs.
YckopeHue rpaiueHTHOro crycka. Beruucienue npon3BoHON (pyHKIIUN aKTHBAIUH. .

1.8. ApxurekTypa riry0OKuX HEHPOHHBIX CETEH.

[Tpobnematuka mnosBIEHUS TIyOOKHMX HEHpOHHBIX ceTred. OCHOBHBIE 33JayM TITYOOKHX
HeliponHsix cereid (I'HC). Onpenenenus u ¢opmanusmsel, ucnoiaszyemsie ans 'HC. @ynxkiumn
aKTUBAIMU TTTyOOKUX HEUPOHHBIX CETEH..

2. Moodenuposarnue u obyuenue 21y00KuUx HeUPOHHbIX cemeul

2.1. MogenupoBaHue U 00y4eHHe TTyOOKHX HEHPOHHBIX ceTei
MHorokitaccoBas Joructudeckas perpeccus. [ myOokast HefiponHas ceTh co ciioem RelLU..

2.2. YckopeHHe BIYUCIECHUH MTyOOKMX HEMPOHHBIX ceTeil.
Tuner ganHeix SIMD wmHeTpykuuii coBpeMeHHbIX mponeccopoB. [Ipumenenne GPGPU c
SIMD..

2.3. CtpykTypa riry0oKoi HEHPOHHOM CETH.
[Tpumep riyOokoii HEMPOHHOM CETH..

2.4. Ocooennoctu ['HC.



OyHKIMKU cToMMOCTH. DYHKIMM aKTUBAaUWH. Perynspuzanus M HHULHAIM3ALHUS BECOBBIX
koa(urmentoB. Moaudukanuu rpaIu€HTHOTO CITYCKa..

2.5. I'pad Boruncnenuit 1 qudepeHmpoBaHne Ha HEM.
AnropuTM 00paTHOTO pacrpocTpaneHus. [IpHHIUIBI TPUMEHEHMUSL.

2.6. IIpencrasnenne 'HC B Buze rpada BeIYUCICHUN
BeraucnurensHas cioxxHOCTh peanu3anuy 1 o0ydenust ['HC, MeTopl €€ HOHKEHHUS. .

2.7. IlporpammubIe U annapatHbie cpenctra s peanusanuu ['HC.
Hasnauenne u ocHOBHBIE XapakTtepuctuku oubamorek Keras, TensorFlow, CUDA u ap..

3. IlHoozomosxa u obpabomka oannvix 8 21yOOKUX HEUPOHHBIX Cemsx

3.1. MeToab! npeacTaBiaeHus JaHHBIX B popMe, mpuroaHoi 11 oopadorku 'HC.
[IpencraBnenne n300pakeHUH, CUTHAJIOB U JaHHBIX WHBIX BUJIOB..

3.2. [loka3zarenu kauecTBa METOIOB MAIIMHHOTO O0y4YEHHUSI.
Onenka xadecTBa B mpouecce o0ydenus. [lokasarenn xauectBa kiaccudukanmu. [lokazarenn
kauecTBa perpeccun. [lokazarenu ycroituuoctu (EDCA)..

3.3. HaGopsr gannbix amst ooyaenus I'HC.
O6menpusnanusie Habops! AanHbX: KDD, MNIST, ImageNet u ap..

4. Cospemennvle apxumeKkmypbl 21VO0KUX HeUpPOHHblLe cemell

4.1. CBepTouHbIC HEHPOCETU U paclo3HaBaHUE N300PAKECHUM.
[Tonsitue cBepTouHoro cios. ITymuHr..

4.2. PexyppeHTHbIE HEHPOHHBIE CETU U NPeJICKa3aHue MMOCIe10BaTeIbHOCTEH.
Apxurekrypa RNN. Ucueszarouuii rpaineHT..

4.3. CnenunanusupoBanusle apxutektypel LSTM, GRU.
SAueiixu LST, GRU. Ilpumep npeackazanusi 1ociae10BaTENbHOCTH. .

4.4. Ataku Ha HellpoceTeBble KIacCUPUKATOPBHI.
Cocta3arenbHble HelipoceTd. OLieHKa YCTOMYMBOCTH KJIACCU(UKALIUKA HEHPOCETH ISl 3aLUThI
OT aTax..

4.5. ABTOKOIMPOBIIUKY U OOHAPYKEHUE aHOMAJIUH.
[Tpuniunsl BbIOOpa apXUTEKTYpbl. AHAJIOTMHM C KJIACCMUYECKUMH METOAAMHU IOHMKEHHS
pa3sMEpHOCTH..

3.3. TeMbl NIpaKTHYECKUX 3aHATHI
1. 3amuTa HEMPOHHBIX CETEHl OT aTak Ha dTanax o0y4eHHUs U KIacCHU(PUKALUY;
2. MeToibl MOATOTOBKH U OLIM(POBKH JAHHBIX;
3. ApxutekTypa 6ubnrorex oOydeHus riryOOKUX HEUPOHHBIX CeTell;



4. IIpoexTpoBaHKUE apXUTEKTYPHI TITyOOKONH HEHPOHHOU CETH.

3.4. TeMbl 1a00paTOPHBIX padoT
1. Pacno3naBaHue 1oCie10BATENBHOCTEN;
2. PacniozHaBaHue pyKONMCHBIX CUMBOJIOB;
3. OGHapyKeHHE aHOMAJIUH;
4. Apxutektypa 1 00ydeHue riry0oKuX HeHpOHHBIX CeTeH.

3.5 Koncyabranumn

Ipynnoewle koncyremavuuu no pazoeaam oucyuniunsl (I°'K)

1. OOGcyxneHne MaTepuanioB To Keiicam pasnena "TeopeTHdyeckre OCHOBBI TIIYOOKHX
HEUPOHHBIX ceTei"

2. OOcyxneHne mMaTepuajoB Mo Kelicam paszzaena "MopenupoBanue M oOydeHHe TITyOOKHX
HEUPOHHBIX ceTei"

3. OOcyxaenue MarepwalioB 1o keiicam pasnmena "llogroroBka m oOpaboTKa JaHHBIX B
rI1yOOKUX HEMPOHHBIX ceTAX"

4. OOcyxaeHue marepuajioB 1o keiicam paszgena "CoBpeMEHHbIE APXUTEKTYpPbI IITYyOOKHX
HEeUpOHHbIE ceTei"

3.6 TemaTnka KypcoBBIX NPOEKTOB/KYPCOBBIX padoT
KypcoBoii npoekt/ pabota He IPeayCMOTPEHBI
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3.7. CooTBeTCTBHE Pa3/1eJIOB IHCHHMILIMHBI U OpMHUPYEMBbIX B HUX KOMIIeTEHIIU

Howmep paznena

OHCHO‘IHOC CpEaACTBO

3ammaHupOBaHHBIC PE3yAbTATHl 00YUEHUS IO TUCITUTUINHE Konbr JUCLUIUINHEI (B (TN ¥ HAUMEHOBAHUE)
(B COOTBETCTBUH C pa3aeiioM 1) WHIMKATOPOB | COOTBETCTBUU C 1.3.1)
1 [ 2 ]3] 4
3HaTth:
METO/IbI HEWPOCETEBOTO aHAIN3a U300PAKEHH, CHTHAJIOB M JAHHBIX HHBIX TectupoBanue/Tect Ne 2
BHUJIOB W1-3nk-2 + +
TectupoBanue/Tect Ne 4
COBpEMEHHBIC OMOTMOTEKH U TPOTPAMMHBIC CPEJICTBA O0YUCHUS TITyOOKHUX — N N TectupoBanue/Tect Ne 1
HEHPOHHDIX ceTen A2 TectupoBanue/Tect Ne 3
Ymersb:
(dhopMUPOBaTh BEIOOPKH M300paKeHUI, CUTHAJIOB U JIAHHBIX WHBIX BUIOB U I3 . N TectupoBanue/Tect Ne 1
MPUBOAUTH UX K MATEMAaTHYECKOMY BUIY A-3nk-2 Tectuposanme/Tect Ne 4
MCIIOJIb30BaTh COBPEMEHHBIC OMOIMOTEKH U TPOrPAMMHBIC CPEIICTBA IS 14 . TectupoBanue/Tect Ne 2
-4nk-2

00y4yeHUs IITyOOKMX HEMPOHHBIX ceTei

TectupoBanue/Tect Ne 3
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4. KOMIIETEHTHOCTHO-OPUEHTAPOBAHHBIE OIIEHOYHBIE CPEJICTBA JUISA
KOHTPOJISI OCBOEHMS PE3VJIbTATOB OBYUEHMS 11O JUCIMUIIIMHE
(TEKYIIU KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUYHASI ATTECTALMSA
1O JUCLMILINHE)

4.1. Tekymuii KOHTPOJIb yCIIeBA€MOCTH
7 cemecTp

®dopma peanuzanuu: buneTsl (MUCEMEHHBIN OTIPOC)
1. Tect Ne 1 (TectupoBanue)
2. Tect Ne 2 (TectupoBanue)
3. Tect Ne 3 (TectupoBanue)
4. Tect Ne 4 (TectupoBanue)

banmibHO-peHTUHIOBasA CTPYKTYpa AUCLUILINHBI SBIISETCS NPUIOKEHUEM A.

4.2 TIIpoMe:KyTOYHASI ATTECTAIUSA MO AUCHHUIJINHE

3auem (Cemecmp Ne7)
OueHka ompenensieTcss B COOTBETCTBUU ¢ IlomokeHneM o OaTbHO-PEUTHHIOBOM CHUCTEME IS
crynearoB HUY «MOW»

B nunnom BeICTaBIsIETCS OICHKA 32 7 CEMCCTD.

Ipumeuanue: ONieHOYHBIC MAaTEPUATHI TI0 JUCIUILIMHE TPUBEICHBI B (DOH/IEC OIICHOYHBIX
marepuasioB OITOII.

5. YYEBHO-METOANYECKOE OBECIHEYHEHUE JUCHUIIJINHBI

5.1 ITeyaTHbIE U IJIEKTPOHHbIE U3TAHNS:

1. OcoBckuit, C. Heliponnsie cetu s 00padoTku naopmanuu : niep. ¢ noi. / C. OcoBckuii . — M.
: ®unancel 1 ctatucTtuka, 2002 . — 344 ¢. - ISBN 5-279-02567-4 .;

2. Anrtonuo [l., Cymxut I1.- "bubnuorexa Keras — unctpyMeHT riybokoro ooydyenus. Peanuzanus
HEHpOHHBIX ceTeli ¢ moMotbio oubmmotek Theano u TensorFlow", U3natensctBo: "JIMK Ilpecc",
Mocksa, 2018 - (294 c.)

https://e.lanbook.com/book/111438;

3. llTanes-1IBapi 1., ben-Hdasualll. - "Unen mammuunoro ooyuenus", MU3garenscrro: "JIMK
[Tpecc", Mockasa, 2019 - (436 c.)

https://e.lanbook.com/book/131686;

4. 'yndennoy A., benmxuo U., Kypsumis A.- "T'nybokoe oOyuenue", (2-e u3a.), M3naTenscTBo:
"IIMK IIpecc", Mockaa, 2018 - (652 c.)

https://e.lanbook.com/book/107901.

5.2 JIunieH3M0HHOe ¥ CBOOOHO pacnpocTpaHsieMoe MPOrpaMMHOe odecrneyeHHe:
. Office / Poccuiickuii makeT 0pHUCHBIX MPOrpamMm;

. Windows / OniepanimonHas cuctema cemeiictpa Linux;

Python;

. Jupiter Notebook;

Keras;

. Libre Office;

. Spyder;

. TensorFlow;

. Theano;

© 0 ~NDUTAWN —
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10. OC Linux.

5.3 UuTepHeT-pecypcsl, BKJIIOYast NpodeccHOHAIbHBIE 0a3bI JaHHBIX U HH(POPMAIIHOHHO-
CIIPAaBOYHbIE CHCTEMbI:

1. 3BC Jlans - https://e.lanbook.com/

2. 3BC "YHuBepcuTeTcKasi 0M0JMOTEKAa OHJIAlNH" -
http://biblioclub.ru/index.php?page=main_ub_red

3. Hayunas s;1ekTpoHHas 0udamoreka - https://elibrary.ru/

4. ba3a nannbix Web of Science - http://webofscience.com/

5. ba3za gaunbix Scopus - http://www.scopus.com

6. HaimonasibHasi 3JieKTPpOHHAsi oudmoTeKa - https://rusneb.ru/

7. Daexrponnasi oudauoreka MOU (36 MDMN) - http://elib.mpei.ru/login.php

8. IlopTan oTKpBITHIX TaHHBIX Poccuiickoii @exepanun - https://data.gov.ru

9. ba3a oTKpBITHIX JaHHBIX MUHHCTEPCTBA TPY/AAa U COUMATbHOM 3a1IUTHI PD -
https://rosmintrud.ru/opendata

10. ba3a oTKpPBITHIX JaHHBIX NPO(ecCHOHAIBHBIX CTAHAAPTOB MUHNCTEPCTBA TPYAA U
conuaabHoi 3anmthl P® - http://profstandart.rosmintrud.ru/obshchiy-informatsionnyy-
blok/natsionalnyy-reestr-professionalnykh-standartov/

11. ba3a oTKpBITHIX JaHHBIX MHHHCTEPCTBA IKOHOMUYECKOro pa3putust P@ -
http://www.economy.gov.ru

12. Ba3a oTKpbITHIX 1aHHBIX PocuamonuTopunra - http://www.fedsfm.ru/opendata

13. DnexkTpoHHas oTKpbITas 6a3a naHHbIX '"Polpred.com O630p CMHU" -
https://www.polpred.com

14. Uudopmanmnonno-cnpapounas cucrema «Kogexc/Texakenepr» - Hitp:\\proinfosoft.ru;
http://docs.cntd.ru/

15. HanmoHabHbBI# MOPTAJ OHJIAlH 00yuenus «OTKpbITOE 06pa3oBanue» - https://openedu.ru
16. Opunnanbubiii caiit @eepaabHOr0 areHTCTBA M0 TEXHUYECKOMY PeryJInpoBaHHIO U
MmeTposoruu - http://protect.gost.ru/

17. OTkpbiTas ynuBepcuterckas nHgpopmannonHas cucrema «POCCHUS» -
https://uisrussia.msu.ru

18. Opunmanbubiii caiit MUHMCTEPCTBA HAYKH U BbIcLero odopasosanusi Poccuiickoii
®enepanuu - https://minobrnauki.gov.ru

19. Opunnansusiii caiit @eepanabHOil cJy:KO0bI 10 HAA30pY B cepe 00pa30BaHUS M HAYKH -
https://obrnadzor

20. ®enepanabHblii moptasu "Poccuiickoe o6pazoBanue’ - http://www.edu.ru

6. MATEPUAJIBHO-TEXHUYECKOE OBECHHEYEHHUE JUCHUITJIMHBI

Tun nomeneHust Homep aynuropumn, OcHamenune
HAHMEHOBAaHHe
Y4eOHble ayAUTOpUU IS M-307, YueOHas CTOJI TIPeTo/iaBaTess, CTON yueOHbIH,
MPOBEICHUS JIEKIITMOHHBIX ayAUTOpHUs CTYJI, TOCKa MEJI0Bas, MyJIbTUMETUMHBIN

3aHATHH U TCKYLICTO

IIPOEKTOP, IKpaH

KOHTPOJIA K-120, MammHHBIN 321 cepBep, KOHAULUOHED
UBI],
Y4eOHble ayAUTOpUH IS M-307, YueOHas CTOJI TIPET0/IaBaTes, CTOJ yU4eOHBIH,
MPOBEICHUS ayAUTOpHUs CTYJI, IOCKa MEJIOBasi, MyJbTUMEIUAHBIN
MPaKTUYECKHUX 3aHITHH, MIPOEKTOP, IKpaH
KP u KII K-120, MammHHBIN 321 cepBep, KOHIAUIMOHEP
HBI],
VYueOHbBIC ayIUTOPUU IJIS M-304a/1, Yuebnas CTOJI TIPENOIaBaTelIs, CTOJ
MIPOBEJICHUS naboparopus KOMIIBIOTEPHBIM, CTYJI, KOMIIbIOTEpHAs
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1a00paTOPHBIX 3aHATUN

MOACIIMPOBAHUSA CUCTEM
KU a”HaJIn3a JaHHBIX

CeTh ¢ BBIXOJOM B MIHTEpHeET, Tocka
MapKepHasi, KOMIIBIOTEP NEPCOHAIBHBIN

K-120, MammHHBIN 3a71

cepBep, KOHIUIIUOHEP

MBI
VYyeOHbIC ayIUTOPUU IJIS M-307, YuebHnas CTOJI TIPENO/IaBaTelIs, CTOJI YYCOHBIH,
IPOBEACHUS ayIUTOpUs CTYJI, I0CKa MEJIOBasl, MYJbTUMEIUAHBIN
IPOMEKYTOUHOM POEKTOP, IKPaH
aTTecTauuu K-120, MamuHHbIH 3a1 cepBep, KOHIUIMOHEP
NBI
ITomemenus nis HTB-303, CTOJI KOMITBIOTEPHBIN, CTYJI, CTOJ
CaMOCTOSITENIbHOM pabOThI KommbrotepHsiit NUCHbMEHHBIN, BEIIaIKa JJIs O IbI,

YUTaIbHBIN 3aJ1

KOMITBIOTEPHAs CETh C BBIXOJOM B
HNHTepHeT, KOMIbIOTEP MEPCOHATIbHBIN,
MIPUHTEDP, KOHJIUIIMOHED

Ilomemenus st
KOHCYJIbTUPOBAHUS

M-304a/2, YueOnas
naboparopus
MOJICJTUPOBAHUS CUCTEM
Y aHaJIM3a JaHHBIX

Kpeciio pabodee, CTOJ MPernoaaBaTes,
CTOJ Y4eOHBIH, CTYI, mKad st
JTOKYMEHTOB, IIKad VIS OIEKIbL,
KOMITBIOTEPHAsSI CETh C BBIXOJIOM B
HHTepHEeT, KOMIIBIOTEP MEPCOHATBHBIN

[Tomerienust st XpaHeHUs
00opynoBaHus U y4eOHOTO
WHBEHTAPS

M-309, Knamosas

CTOJI, CTYJI, KA 175 XpaHEHUS
UHBEHTapsI

M-301/1, KnagoBas

CTYI
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IIpunoxenne A

BAJJIBHO-PEUTUHITOBAS CTPYKTYPA JIUCHOUILJIAHBI

HHTGJIJIGKTyaHI)HBIC CHCTCMBI

(Ha3BaHME AUCIMILIMHBI)

7 cemecTp

Hepeqenb KOHTPOJIBHBIX MePOHpHﬂTHﬁ TEKYIIET0 KOHTPOJIA yCII€BAEMOCTH MO JUCHUIIJIMHE:

KM-1
KM-2
KM-3
KM-4

Tect Ne 1 (TectupoBanue)
Tect Ne 2 (TectupoBanue)
Tect Ne 3 (TectupoBanue)
Tect Ne 4 (TectupoBanue)

Buj npome:xyTo4HOI aTTecTanmu — 3a4er.

Wnpnexc KM- | KM- | KM- | KM-
Howep Paszpen nucnurninmHbl KM: L 2 3 4
pasnena Henens 4 8 12 14
KM:
1 Teopernueckre OCHOBBI ITYOOKUX HEHPOHHBIX ceTel
11 Brenenue B MammHHOE OOy4UeHHE. + +
1.2 BeposiTHOCTHBIE TOIX0/IBI K MAITUHHOMY O0YYEHUIO. + +
13 dopmanu3anys HeId MaITHHHOTO 00YYeHUs Ha IpUMeEpe + +
' perpeccun.
14 dopmanu3zanys Helu MalliHHOTO 00y4eHUs Ha IpUMepe + +
' KJIaCCU(UKAIUU.
1.5 BBenenue B MCKyCCTBEHHBIE HEHPOHHBIE CETH. + +
16 OO0yueHue MHOTOCIOWHBIX UCKYCCTBEHHBIX HEHPOHHBIX + +
] CeTeH.
1.7 [TpakTuyeckue cooOpakeHus pu 00yueHUH HelpoceTeil. + +
1.8 ApPXUTEKTYpa IITyOOKHX HEHPOHHBIX CETEH. + +
2 MozenupoBaHue U 00ydyeHue riryooKux HeHpOHHBIX ceTei
2.1 MonenupoBanue u 00ydeHre riIy0OKUX HEHPOHHBIX ceTel + +
2.2 YckopeHue BEIUMCIIEHUH ITyOOKUX HEMPOHHBIX CeTeil. + +
2.3 CrpykTypa riryboKkoil HelpoHHOI ceTH. + +
2.4 OcoGennoctu 'HC. + +
2.5 I'pad BeIunceHM U AU PEepeHInPOBaHNE HA HEM. + +
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2.6 [Ipencrasnenne 'HC B Buze rpada BerarciaeHuit + +
97 [IporpaMMHBbIe U anmapaTHbIe CPeICTBA AJIs peau3alun + +
' I'HC.
3 [TonroroBka u 00pabOTKa NaHHBIX B INTYOOKHUX HEUPOHHBIX
CeTsIX
31 MeTo/b1 ipeicTaBiICHHs TaHHBIX B (hopMe, TPUTOTHON + +
' qutst oopabotku ['HC.
3.2 [Tokazarenu kauecTBa METOJIOB MAILIMHHOTO O0YYECHHUS. + +
3.3 Ha6ops1 nannbix ais ooydenus ['HC. + +
4 CoBpeMeHHBIC apXUTEKTYPhI IITyOOKHX HEUPOHHBIC CETEH
4.1 CBepTouHble HEHPOCETH U pacro3HaBaHUE U300PAKEHUH. + +
4.9 PexyppeHTHBIE HEMPOHHBIE CETH U NPEICKA3aHUE + +
) IOCJIEN0OBATEILHOCTEH.
4.3 CrneuunanusupoBannble apxurekrypsl LSTM, GRU. + +
4.4 ATaku Ha HelpoceTeBbIe KIACCU(DUKATOPHI. + +
4.5 ABTOKOAMPOBIIMKY U OOHAPYKEHHE aHOMAIINH. + +
Bec KM, %: | 25 25 25 25
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