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YpoBeHnb 00pa3oBaHusi: BbiciIee 00pa3oBaHue - faKkajlaBpuaT

®opma o0yuenusi: Ounas

Pabouast nporpaMma QM CHUILIHHBI
UHTEJUJIEKTYAJIBHBIE CUCTEMbI

BJaok: Baok 1 «/Iucuuniunsl (MoxyJim)»
Yacthb 00pa3oBaTebHOI N
Yacrtb, popMupyeMasi y4aCTHUKAMH 00pa30BaTeIbHBIX OTHOII €HHIT
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Ne quCHMIUIMHBI 10 Yy4eOHOM
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TJIaHy:
TpynoeMKOCTh B 3a4€THBIX
py. 7 cemecTp - 4;
eIMHUIAX:
Yacos (Bcero) no yueoHom
( ) oy y 144 yaca

IUIAHY:
Jlekuuu 7 cemecTp - 32 yaca;
IIpakTHyeckue 3aHATHSA 7 cemecTp - 16 yacos;
JlabopaTopHbie padoThI 7 cemecTp - 16 yacos;
KoncyabTanuu NPOBOANTCS B PAMKAX YACOB ayANTOPHbBIX 3aHATHIA
CamocTrosiTesibHasi padoTa 7 cemecTp - 79,7 yaca;

B TOM uncJje Ha KII/KP He MPeyCMOTPEeHO YUeOHbIM MJIAHOM
HNnasa koHTakTHas padora NPOBOJMTCS B PAMKAX YACOB Ay AMTOPHbIX 3aHATHI

BKJIIOYAS:
TecTrupoBanue
JlabopaTopnasi pa6ora
IIpome:kyTouHast aTTeCTAIINS:

3a4er ¢ OLEHKOI 7 cemectp - 0,3 uaca;
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1. IEJIX U 3AJTIAYN OCBOEHUSA JUCHUIIJIMHBI

Ilesb ocBOCHUSI AUCHMIIIMHBI: 3aKI0YAETCs B (POPMUPOBAHUM CUCTEMbI 3HAHUN U MPAKTHUYECKUX
HaBBIKOB CTYACHTOB B OOJIACTH MAUIMHHOTO OOYYEHHUs C y4yHTeJIeM U 0e3 Hero Ha OCHOBE TIYyOOKHX
UCKYCCTBEHHbIX HEHPOHHBIX CETEH MJs pelleHus 3aJad paclo3HaBaHUs H300paKeHWH, CUTHAIOB M
00pa30B B Ipyrux MpeIMETHBIX 001acTX. .

3agaum JUCHMIIIUHBI

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

cucremax (MC);;

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

JaHHBIX MHBIX BUJOB;,

- hopmupoBaHUE CTIOCOOHOCTH CAMOCTOSTEIILHO PEIIaTh 3a/1a4M MMOUCKa, 0OpaOOTKHU U aHAIH3a

JaHHBIX Pa3JIMYHbIX BUIOB..

dopmupyembie y 00ydaronierocs KOMNneTeHIHH U 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

[TK-1 Cnocoben
pa3pabaThiBaTh U
NPUMEHSTh TEXHOJIOTUH
cbopa, 006paboTKH U
aHaJIN3a Pa3HOTUITHBIX
JAHHBIX JUIS pacdera u
NPOCKTHUPOBAHUS CHCTEM H
CPEICTB aBTOMATH3AINH U
yIpaBJICHUS

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

3HATh:

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

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

[IK-1 Cniocoben
pa3pabaTbeIBaTh U
HPUMEHSATh TEXHOJIOTUU
cbopa, 06paboTKH U
aHaM3a pa3HOTUITHBIX
JaHHBIX JJIS pacyera u
IPOCKTUPOBAHUS CUCTEM U
CPE/ICTB aBTOMATHU3AUH U
yIIpaBJICHUS

U I-4nk-1 Ucnonms3yer
CTaHAapTHOE POTPAMMHOE
o0ecrieueHue U
CIeUaTN3UPOBaHHbIC
OoubaroTexu st 00paboTKU U
aHaJM3a JaHHBIX

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

YMETB:
- HCTOJIb30BATh COBPEMEHHbIE ONOINOTEKN

Y TIpOrpaMMHBIE CPEJCTBA JJIs1 O0yUeHUs
rIyOOKHX HEUPOHHBIX CETEH.

2. MECTO JUCIHUILIMHBI B CTPYKTYPE OBPA3OBATEJBHOM ITPOT'PAMMBI BO

JlucuunimHa OTHOCHUTCS K OCHOBHOWM Tpod)eCcCHOHAIbHOW 00pa3oBaTeNpHOM MporpaMme
HHTennexTyalbHble TEXHOJOTUN YIPABICHUS] B TEXHUYECKHX CHUCTEMax, 00pabOTKa W aHaIM3 JaHHBIX
(manee — OIIOII), nanpaBnenust moarotToBku 27.03.04 YmpasieHne B TEXHUYECKHX CUCTEMaX, YPOBEHBb
00pa3oBaHMs: BEICIIEE 00pa3oBaHue - OaKagaBpHar.

basupyercs Ha ypoBHE cpeHETO 001ero 00pa3oBaHMsL.

Pe3ynbrarhl 00y4ueHUs, OIyYEHHbIE IPU OCBOEHUH IUCHUIUIMHBI, HEOOXOIUMBI IPU BBITTOJIHEHUN
BBIITYCKHON KBaTM(PUKAIIMOHHOMN pabOoTHI.




3. CTPYKTYPA U COAEPKAHUE JUCHUIIJINHbBI

3.1 CTpyKTypa THCHUNIHHBI

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

PacnpenencHue TpyoeMKocTH pasjena (B 4acax) Mo BHUIAM YIeOHOH paboThI

Pasesb1/TeMbl § 5| & <
Ne JTUCIUTUTAHBL/ (D OPMBI g 2|8 OHTaKTHas pabora cp CopneprkaHue caMOCTOSTENTFHON paboThl/
n/n POMEKYTOUHOM o & 2 Koncynbranus HKP PaGora B HoxaroroBka k METOMYECKHE YKAa3aHUs
aTTeCTAINH 8 s O | Jlex | JIab | IIp — - VKK | TK 1A CeMECTDE aTTecTaluu
M P /KOHTPOJIb
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 Teoperuueckue OCHOBBI 30 7 8 4 4 - - - - - 14 - IlodzomogKa K neKyuiemy KOHmpoio:
[TyOOKUX HEMPOHHBIX [ToBTOpEHUE MaTEpHAaA TI0 Pa3IEly
cerei "TeopeTudeckue OCHOBBI ITTyOOKHUX HEHPOHHBIX
1.1 | BgeneHue B MalIMHHOE 1 1 - - - - - - 1 - ceteit"
obydeHue. Ilodzomoeka K nadbopamopnoit padome: Jlns
1.2 BeposTHOCTHEIE 1 - 1 - - - - - 2 - BBITIOJTHEHUS 33/1aHUH 110 JJaOOpaTopHOi padoTte
MOAXOMBI K HEOOXOANMO MPEIBAPUTEIBEHO U3YIHTh TEMY 1
MAaIIMHHOMY 3a71a4M BBITIOHEHMS 1TaOOpaTopHOil paboThI, a
00y4eHHIO. TaK K€ N3yYUTh BOIPOCHI BApHAHTOB
1.3 dopmanmzanys e 1 1 - - - - - - 2 - 00paboTKN pe3yIbTaTOB 110 U3YIEHHOMY B
MaIIMHHOTO 00y4YeHNs pasneine "TeopeTnueckre OCHOBBI TITyOOKHX
Ha NIPUMEPE PErPECCUM. HEWPOHHBIX ceTel" MaTepHay.
1.4 dopmanuzanus uesiu 1 - 1 - - - - - 2 - Iloozomosxka K KOHmpoibHOU pabome:
MAaIIAHHOTO O0yUICHUS W3yueHue matepuasnoB Mo pazaeny
Ha NpUMepe TeopeTndeckue OCHOBBI TTyOOKHX HEHPOHHBIX
Ki1accudukanmu. ceTel M MOAr0TOBKa K KOHTPOJIBHOII padoTte
1.5 Baenenue B 1 1 - - - - - - 1 - Camocmoamenvroe usyuenue
VICKYCCTBEHHbIE meopemuyueckozo mamepuana: VIzyaenne
HEHPOHHEIE CETH. JIOTIOJTHUTEIBHOTO MaTepHaa Mo pa3zeiny
1.6 O6yuenue 1 1 - - - _ R R 2 N "TeopeTudecKkrue OCHOBBI TITyOOKHX HEHPOHHBIX
MHOTOCJIOMHBIX cerei"
HCKYCCTBEHHBIX H3yuenue mamepuanog 1umepamypHsix
HEUPOHHBIX CETEN. UCMOYHUKOB:
1.7 IIpakTrueckue 1 - 1 - - - - - 2 - [1], ctp. 15-17,94-98,227-232
COOBPAKEHUS TIPH [3], ctp. 17-22,63-69,176-192
00y4eHun HelpoceTeH.
1.8 | Apxurexrypa riry0boKnux 1 - 1 - - - - - 2 -

HEIPOHHBIX ceTeil.




2 MopenupoBanue u 32.0 6.0 18 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 5 1 3 HEOOXOANMO MPEIBAPUTENBEHO U3YIHTh TEMY 1
BBIYUCIICHUH TITyOOKHX 3a71a9M BBITIOHEHMS TaOOpaToOpHOil paboThI, a
HEHPOHHBIX CETEH. TaK )K€ U3y4UTh BOIIPOCHI BAPMAHTOB
2.3 CrpykTypa riry0oKoit 4 1 2 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 3.5 05 2 Iloozomoska K KOHmMpobHOU pabome:
Z[I/I(b(bepeHHI/IpOBaHl/Ie I/ISy‘-IeHI/Ie MaTepHraIoB IO pa3acity
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 35 05 2 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 Ioaroroeka u 24 6 10 Ilodzomoeka K meKyuiemy KOHmMPOJIio:
00paboTKa TaHHBIX B IToBTOpEHNe MaTepuaa Mo paszaety
rITyOOKMX HEWPOHHBIX "[lonroToBka U 00pabOTKa JAHHBIX B TITyOOKIX
CeTsAX HEHUpPOHHBIX ceTsx"
3.1 MeToant 7 2 3 Iloozomoska K nabopamopnoii pabome: J1ist
HPE/ICTaBICHUS JaHHBIX BBITIOJTHEHUS 33/1aHUH 110 JTabopaTopHOi padore
B (hopMe, NPUTOTHOM HEOOXOAMMO TPEBAPUTEIIEHO U3YUHTh TEMY U
qutst oopabotku ['HC. 3a[1a4H BBITIOJHEHNUS 1Tab0paTOpHOH paboTsl, a
3.2 IMoka3arenu kauecTBa 9 2 4 TaK K€ U3y4UTh BOMPOCHI BAPUAHTOB
METOJIOB MAIIMHHOTO 00paboTKH Pe3yabTATOB IO H3yYEHHOMY B
00y4eHHS. pasnene "lloaroroBka u 00paboTKa JaHHBIX B
3.3 HaGopb! JaHHBIX IS 8 2 3 IyOOKHX HEMPOHHBIX CeTAX" MaTepuaity.
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o0yuenust THC.

Iloozomoska K KOHmMPOLHOU pabome:
W3yuenue maTepuainos mo paszaeny [loaroroBka
1 00paboTKa TaHHBIX B IITYOOKHUX HEHPOHHBIX
CeTSX U MOJrOTOBKA K KOHTPOJIbHOM padboTe
Camocmoamenvhoe uyyuenue
meopemuyuecko2o mamepuana: Vzyuenne
JIOTIOJTHUTEIBHOTO MaTepuaa Mo pasieny
"T[loxroroBka 1 00pabOTKa JAHHBIX B TIITyOOKIX
HEHpPOHHBIX ceTsaX"

H3zyuenue mamepuanog iumepamypHsLx
UCMOYHUKOG:

[1], ctp. 121-148

4 CoBpeMeHHBIC 40.0 12 | 40 | 4.0 - 20 - Iloozomoeka K meKyuwiemy KOHmMpOJIIo:
APXUTEKTYPHI TITyOOKHX [ToBTOpEeHue MaTepuaa no pasziaety
HEUPOHHBIE CETEH "CoBpeMeHHbIe apXUTEKTYPHI INTyOOKHX
4.1 CBepTouHBIe 8 2 1 1 - 4 - HelipoHHBIe ceTe"

HEHUpOCceTU U Ilodzomogxa k nabopamopuoit padome: Jns
pacIio3HaBaHHE BBITIOJTHEHHS 33/IaHUH 110 T1a00paTopHOH padoTte
n300paKEeHHH. HEOOXOANMO MPEIBAPUTEIBEHO U3YIHTh TEMY 1

4.2 PexyppentHbie 7.5 2 1 0.5 - 4 - 3a71a4¥ BBITIOJHEHMS JTaOOpaToOpHOI paboThl, a
HEWpOHHBIE CETH U TaK kK€ N3y4UTh BOIPOCHI BApHAHTOB
npeacKa3aHue 00pabOTKH Pe3ysIbTATOB 110 H3YYCHHOMY B
MOCTICTOBATENBHOCTEH. pazzgene "CoBpeMeHHBIE apXUTEKTYPHI
4.3 | Crneunanu3upoBaHHbIE 8.5 3 1 0.5 - 4 - rITyOOKHX HEHPOHHBIE ceTei" MaTepuaiy.
apxurektypsl LSTM, Ilo0z0mogKka K KOHMPOILHOU padome:
GRU. W3yueHue matepuasnoB Mo pazaeny
4.4 ATtaku Ha 7.5 2 0.5 1 - 4 - CoBpeMeHHbIE apXUTEKTYPhI TITYOOKHX
HelpoceTeBble HEHPOHHBIE CETEH U MOATOTOBKA K
KJ'IaCCI/I(i)I/IKaTOpLI. KOHTpOJ'ILHOﬁ pa60Te
45 ABTOKOAMPOBIIUKH H 8.5 3 0.5 1 - 4 - Camocmoamensinoe usyuenue
oOHapyxeHHe meopemuyueckozo mamepuana: Vzyaenne
AHOMAJIHIA. JIOTIOJTHUTENBHOTO MaTepHaa o pas3zierny
"CoBpeMeHHbIE apXUTEKTYPBI ITyOOKHX
HelipoHHBIE ceTel"
H3yuenue mamepuanos 1umepanmypHsix
UCOYHUKOG:
[1], cTp. 272-281
[2], cTp. 176-211
3aueT ¢ OLEHKON 18.0 - - - 0.3 - 17.7




Bcero 3a cemecTp 144.0 32.0 16.0 16. - - - - 0.3 62 17.7

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.

HckyccTBeHHbIE HEPOHHBIE CETH, HICKYCCTBEHHBIN MHTEIUIEKT U MalllMHHOE 00y4yeHue. Kiaccel
3aJa4, pEIlaeMbIX C IOMOULIbI0 HCKYCCTBCHHBIX HEUPOHHBIX ceTed. BakHelnue pe3yiabTaTbl
TEOPHH HCKYCCTBEHHBIX HEHPOHHBIX CETeH, HM3BECTHBIE NPOOJIEMBI M IMPAKTHUYECKUE ACHEKTHI
peanu3anuu HeMpoceTe..

1.2. BeposSTHOCTHBIE MTOAXO0/IBI K MAIIMHHOMY O0yUYEHHUIO.
Teopus BeposTHOCTEH B MamuHHOE oOydeHune. Popmyna wim TeopeMa baiieca. baiiecoBckuii
MOJIXO/JT B KJIaCCH(DHUKAIUH. .

1.3. ®opmanu3zanus eI MAIIMHHOTO O0y4YEHHS Ha IPUMEPE PETPECCUU.
MammuaHOE 00y4deHHE ¢ MO3UIUU 0aiiecOBCKOTO Moaxoaa. DyHKIws omuoOKu. Perynspu3sarusi..

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

1.5. BeeneHue B HCKYCCTBEHHbIE HEHPOHHBIE CETH.
BBeneHne B HCKyCCTBEHHbBIE HEMPOHHBIE CETH...

1.6. OGyueHue MHOTOCIOMHBIX UCKYCCTBEHHBIX HEHPOHHBIX CETEH.
ApXHUTEKTypa U MPSIMOE PACIpOCTPaHEHHE CUTHAJIOB B MHOTOCIOMHOM MeplenTpoHe. 3anaya
00y4eHus1 MHOTOCIIOMHOTO nepuentpoHa. O0paTHOE paclpoCTPaHEHUE OIINOKHU. .

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

1.8. Apxurektypa riy0OKHX 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 21y00oKux HeupoHHblX cemeil

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 panHeix SIMD wmHeTpykuumii coBpeMeHHbIX mpoueccopoB. IIpumenenne 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
ko3 urmenToB. Moaudukanuy rpalueHTHOTO CITyCKa. .

2.5. I'pad Boruncnenuit 1 qudepeHmpoBaHue 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 anmapartHbie cpeacTsa i peanusanuu [HC.
Hasnauenne u ocHOBHBIE XapakTtepucTtuku 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.
[TpencraBieHne N300paXKeHM, CHTHAJIOB M JAHHBIX HHBIX BHUJIOB..

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 aist ooyuenus ['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.
CoctazarenbHble HelipoceTd. OLieHKa YCTOMYMBOCTU KJIACCU(UKALIMKA 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 HEHPOHHBIX CETeH OT aTak Ha ATarnmax o0y4yeHus U Kiaccudukauu;
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. O6GHapyxeHrne aHOMaJIHii;
2. Apxurtektypa u o0yueHue riry0OKiuX HEMPOHHBIX CETei;
3. Pacnio3HaBaHue 1ociie10BaTeIbHOCTEM;
4. PacriozHaBaHNE€ PYKOIIMCHBIX CUMBOJIOB.

3.5 Koncyabranumn

Ipynnoewle koncyremavuuu no pazoeaam oucyuniunsl (I°'K)

1. OOcyxneHue MaTepuaioB 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. OOcyxaeHre MarepuajoB Mo Keiicam paszzaena "CoOBpeMEHHBIE apXUTEKTYPHI TIyOOKHX
HEeUpOHHbIE ceTei"

3.6 TemaTnka KypcoBBIX NPOEKTOB/KYPCOBBIX padoT
KypcoBoii npoekt/ pabota He IPeayCMOTPEHBI

10



3.7. CooTBeTCTBHE Pa3/1eJiOB IHCHHMILIMHBI U OpMHUPYEMBbIX B HUX KOMIIeTEHIIU

Howmep paznena

OHCHO‘IHOC CpEaACTBO

3arIaHMpOBaHHBIC PE3YAbTAThl 00YUEHUS 110 TUCIUILIMHE Kombt JTUCLIUTUTAHEI (B (THIT ¥ HANMEHOBAHHUE)
(B COOTBETCTBHUU C pa3aesioM 1) WHIMKATOPOB | COOTBETCTBUU C 11.3.1)
1 ]2 ]3] 4

3HaTth:

METO/BI HEHPOCETEBOTO aHAIM3a U300paKEHUH, CUTHAJIOB M JJAHHBIX JlaGoparopHas

WHBIX BHJIOB U-3rik.1 + + + + | pabora/JlabopaTopnas pabota Ne3
Tectuposanne/Tect Ne 3

COBPEMEHHBIC OMOJIMOTEKH U MIPOTPAMMHBIE CPEICTBA O0YUCHUS JlaboparopHas

TIIyOOKHX HEUPOHHBIX ceTei U -4 + + pabora/JlabopaTopHast padora Nel
TectupoBanue/Tect No 2

Ymersb:

(bopmMHpOBaTh BEIOOPKU M300PAKEHHUH, CHTHAJIOB U IAHHBIX WHBIX JlaboparopHas

BUJIOB U MIPUBOJUTH UX K MATEMaTHUYECKOMY BHILY -3k + + pabora/JlaboparopHas padora Ned
TectupoBanue/Tect Ne 1

UCIIOJIB30BaTh COBPEMEHHBIC OMOJIMOTEKH U I aAMMHBI TBa JlaGoparopHas

OITb30 COBpEeMEHHBIE OMOINOTE porp € cpec V-4t + + + 6oparop

U1 00y4eHuUs IIyOOKUX HEMPOHHBIX ceTel

pabora/Jlaboparopnas padbota No2
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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)

Dopma peanuzanuu: KoMrboTepHOE 3a/1aHHE
1. JTaboparopHas padora Nel (JTabopaTopHas pabota)
2. JJaboparopnas padota Ne2 (JIaboparopnas padoTa)
3. JTabopatopHas pabora Ne3 (JIaboparopuast pabota)
4. JTaboparopnas padota Ne4 (JIaboparopHas paboTa)

bamibHO-pedTUHTOBasA CTPYKTYpa AUCLUILINHBI SBISETCS NPUIOKEHUEM A.

4.2 IlpoMe:kyTOoUYHAs aTTeCTALUS MO JUCHUIINHE

3auem ¢ oyeuxoii (Cemecmp Ne7)
OneHka ompenensieTcss B COOTBETCTBUU ¢ IlomokeHneM O OalIbHO-PEUTHHTOBOM CHUCTEME IS
crynenroB HUY «MOW» Ha ocHOBaHUHU CEMECTPOBOM U 3a4ETHOW COCTABJISIONINX.

B nunnoMm BeICTaBIsIETCS OICHKA 32 7 CEMCCTD.

IIpumeuanue: OrieHOYHBIE MaTEpUAbI IO AUCHUILIMHE MPUBEIEHBI B (DOHAE OLIEHOYHBIX
matepuanos OITOII.

5. YYEBHO-METOANYECKOE OBECHHEYHEHUE JUCLHUIIJINHbI

5.1 ITeyaTHbIE U IJIEKTPOHHbIE H3IAHNS

1. OcoBckuit, C. Heliponnsie cetu s 00padoTku nuapopmanuu : niep. ¢ noi. / C. Ocockuii. — M. :
dunancel ¥ cratuctuka, 2002, — 344 ¢. — ISBN 5-279-02567-4.;

2. Anrtonuo [l., Cymxut I1.- "bubnuoreka Keras — unctpyMeHT riaybokoro ooydyenus. Peanuzanus
HEHpOHHBIX ceTeli ¢ moMotbio 0ubmmotek Theano u TensorFlow", U3natensctBo: "JIMK Ilpecc",
Mocksa, 2018 - (294 c.)

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

3. lllanes-1IBapi 1., ben-Hdasualll. - "Unen mammuunoro odyuenus", U3garensctso: "MK
[Ipecc", Mocksa, 2019 - (436 c.)

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

4. 'yndennoy 4., benmxuo U., Kypsumib A.- "T'mybokoe oOyuenue", (2-e u3a.), U3naTenscTBo:
"IIMK IIpecc", Mocksa, 2018 - (652 ¢.)

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

5.2 JIunieH3M0HHOE M CBOOOHO pacnpocTpaHsieMoe MPOrpaMMHOe odecrneyeHHe:
1. Office / Poccuiickuii maket o(hUCHBIX IPOrpamm;

2. Windows / Oniepamrionsast cucrema cemeiictsa Linux;

3. Python;

4. Jupiter Notebook;
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5. Keras;

6. Libre Office;
7. Spyder;

8. TensorFlow;
9. Theano;

10. OC Linux.

5.3 UnTepHeT-pecypchl, BKJIKOYasA NPodeccuoHaTbHbIe 0a3bl JAHHBIX 1 HH()OPMAIHOHHO-
CIIpaBOYHbIE CHCTEMBI:

1. 9BC Jlaub - https://e.lanbook.com/

2. 9BC "YHuBepcurerckas 6u0JM0TEKA OHIANH" -
http://biblioclub.ru/index.php?page=main_ub_red

3. Hayunasi 3siekTpoHHasi oubauoreka - https://elibrary.ru/

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

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

6. HanmoHaibHast 3JIeKTPOHHAst OudmoTeKa - https://rusneb.ru/

7. Dnexrponnas oudmoreka MOU (36 MOMH) - http://elib.mpei.ru/login.php

8. ITopTan oTKpBITHIX AaHHBIX Poccuiickoii ®@exepannu - https://data.gov.ru

9. ba3za oTKpBITHIX JaHHBIX MUHHCTEPCTBA TPYAA U CONMAIBLHOI 3amuTH PO -
https://rosmintrud.ru/opendata

10. Ba3a OTKPBITHIX IaHHBIX MPO(ecCHOHATIBLHBIX CTAHAAPTOB MUHHMCTEPCTBA TPYAA U
conmnajbHoi 3amuThl PA - http://profstandart.rosmintrud.ru/obshchiy-informatsionnyy-
blok/natsionalnyy-reestr-professionalnykh-standartov/

11. ba3a oTKPBITHIX JaHHBIX MUHHCTEPCTBA IKOHOMUYECKOT0 pa3BuTust PO -
http://www.economy.gov.ru

12. ba3a oTKpbITBIX JaHHBbIX PochuumonnTopunra - http://www.fedsfm.ru/opendata

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

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

15. HauMoHaIbHBII mopTAaJl OHIalH 00yyeHusi «OTKpbITOE 0Opa3oBanue» - https://openedu.ru
16. O¢puunaabHblii caiiT @eaepaabHOr0 areHTCTBA M0 TEXHUYECKOMY PeryJHpOBAHUIO H
MeTpoJioruu - http://protect.gost.ru/

17. OrkpbITas yauBepcuterckas nupopmannonnas cucrema «POCCHUSA» -
https://uisrussia.msu.ru

18. OpunnanbHbli caiit MUHMCTEPCTBA HAYKM M Bbiclero odpa3oBanust Poccuiickoii
®denepanuu - https://minobrnauki.gov.ru

19. Opunnanbubiii caiit @enepanbHOIl cJy:KO0bI 10 HAA30pY B cepe 00pa30BAHUSA U HAYKH -
https://obrnadzor

20. ®enepaabHblii moptasu "Poccuiickoe o6pazoBanme’ - http://www.edu.ru

6. MATEPUAJIBHO-TEXHUYECKOE OBECIHHEYEHUE JUCHUITJIMHBI

Tun nomenmeHus Homep aynuropun, OcHamenue
HaAaNMEHOBaHHE
VY4eOHble ayAUTOpUN IS M-307, YuebHas CTOJI IIPEeIo1aBaTessi, CTOJ yueOHbIH,
MPOBEICHUS JIEKITUOHHBIX ayIUTOpHUS CTYJI, IOCKa MEJI0Bast, KOMIIbIOTEPHAs
3aHATHI U TEKYIIETO CETh C BBIXOJIOM B MIHTEpHET,
KOHTPOJIA MYJIBTUMEIUNHBIN TPOEKTOP, IKPaH
K-120, MammHHbIH 3211 cepBep, KOHAULIMOHED
UBI],
Y4eOHble ayAUTOpUN JUIs M-307, YueOHas CTOJI IPETO/IaBaTeNsl, CTOJ yueOHBIH,

13




IIPOBEICHUS
MIPaKTUYECKUX 3aHATUH,

ayIuTOpus

CTYyJ, JOCKa MCJIOBasA, KOMIIBIOTCPpHAaA
CE€Th C BBIXOAOM B I/IHTepHCT,

KP u KII MYJIbTUMEIUIHBIN TPOCKTOP, SKpaH
K-120, MammHHbIM 3ai1 cepBep, KOHAUIMOHED
NBI
VY4deOHble ayTUTOPHH IS M-304a/1, YueOnas CTOJI MPETIoIaBaTesl, CTOJ
IPOBEJCHUS naboparopust KOMIBIOTEPHBIH, CTYI, KOMIIBIOTEPHAS

1a00paTOPHBIX 3aHATUI

MOZACIINPOBAHUSA CUCTCM
1 aHaJIn3a JaHHBIX

CeTh C BbIX0J0M B MHTEpHET, TOCKa
MapKepHas, KOMIbIOTEP MePCOHATbHBIN

K-120, MamuHHBIN 3211

cepBep, KOHIUITUOHED

MBI
VY4eOHble ayAUTOpUHN IS M-307, YuebHnas CTOJI IIPEI0IaBaATENs, CTOJI YyUEOHBIH,
IPOBE/ICHUS ayauropus CTYJI, I0CKa MEJIOBasi, KOMIIbIOTEpHas
IIPOMEKYTOUHOU CeThb C BbIXOAOM B lHTEpHET,
aTTecTalluu MYJIbTUMEAUUHBIA IPOEKTOP, IKPAH

K-120, MamuHHBIN 3a11

cepBep, KOHIUITUOHED

UBI],
Ilomemtenus niist HTB-303, JlekunoHnHas CTOJI KOMIIBIOTEPHBIN, CTYJ, CTOJI
CaMOCTOSITEIIbHOW PabOThI ayIUTOpUs IMMChbMEHHBIN, BEIIaJIKa AJIST OJICKIbI,

KOMIIBIOTEPHAsI CETh C BBIXOJIOM B
HHTepHeT, KOMIIBIOTEP MEPCOHAIBHBIN,
MIPUHTEP, KOHIULIUOHED

Tlomentenus st
KOHCYJIbTUPOBAHUS

M-304a/2, Yuebnas
nabopaTopus
MOJICTTUPOBAHUS CUCTEM
Y aHaJIM3a JTaHHBIX

Kpeciio pabouee, CTOI IIpernoaaBaTels,
CTOJ y4eOHbIil, cTy, mKad st
JOKYMEHTOB, IIKaQ 151 OAEHKIbI,
KOMITbIOTEPHAS CETh C BBIXOJIOM B
HHTepHEeT, KOMIIBIOTEP IEPCOHAIBHBIN

[TomemeHus st XpaHEeHUS
000pyI0BaHUS U Y4€OHOTO
WHBEHTapS

M-309, KnagoBas

CTOJ, CTYI, KA /I XpaHEeHUs
MHBEHTaps

M-301/1, KnagoBas

CTyI
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IIpunoxenne A

BAJJIBHO-PEUTUHITOBAS CTPYKTYPA JIUCHOUILJIAHBI

HHTGJIJIGKTyaHI)HBIC CHCTCMBI

(Ha3BaHME AUCIMILIMHBI)

7 cemecTp

HepequL KOHTPOJIBHBIX MePOHpHﬂTHﬁ TEKYIIET0 KOHTPOJIA yCII€BAEMOCTH MO JUCHUIIJIMHE:

KM-1
KM-2
KM-3
KM-4
KM-5
KM-6
KM-7

Tect Ne 1 (TectupoBanue)
JlaboparopHuas pabota Nel (JTaGopaTopHas pabora)
Tect Ne 2 (TectupoBanue)
JlaboparopHuas pabota Ne2 (JTaGopaTopHas pabota)
JlaGopaTtopHnas pabora Ne3 (JlaGopaTopHas paboTa)
Tect Ne 3 (TectupoBanue)
JIaboparopHas pabota Ned (JTabopatopHas pabora)

Buja npomexyTouHOi aTTecTanMu — 3a4€T C OLICHKOM.

Nunexc KM- | KM- | KM- | KM- | KM- | KM- | KM-
Howmep Pas e AMCHHIIHHS] KM: 1 2 3 4 5 6 7
pasjena Henens 3 4 6 8 10 12 14
KM:
1 Teopernueckne OCHOBBI ITyOOKHX
HEHPOHHBIX CeTel
1.1 BBenenue B mMalinHHOe 00y4YeHHE. + +
19 BeposTHOCTHBIE TOAXO0/BI K + +
' MaIlIMHHOMY 00Y4€HHIO.
13 dopmanu3zanys Helu MaluHHOTO + +
' 00y4eHHUs Ha IPUMEPE perpeccui.
14 dopmanu3amys HeId MamuHHOTO + +
' 00y4yeHHsI Ha pUMepe KJIACCH(PHUKAIIHH.
15 BBve)JeHHe B ICKYCCTBEHHBIC + +
HEHpPOHHBIE CETH.
16 OO0yueHue MHOFOCHvOﬁHBIX } N
UCKYCCTBEHHBIX HEHPOHHBIX CeTeH.
17 [TpakTrueckue coodpakeHus npu + +
] o0y4yeHHH HelpoceTeil.
18 ApXI:ITeKTypa rI1yOOKHUX HEMPOHHBIX + +
CeTeil.
2 MonenupoBanue u 00ydeHue riryOoKux
HEHPOHHBIX ceTel
21 M?ﬂCHHpOBaHHCVH o0y4eHue TIIyO0KUX +
HEHPOHHBIX CeTel
29 YczcopeHHe BBI‘II/IVCJ'ICHI/II\/’I rITyOOKHX 4
HEHPOHHBIX CETEH.
2.3 CtpykTypa ri1yooKoi HEHpOHHON CETH. + +

15




24 Oco6ennoctu 'HC. + +
25 I'pad BeruMCICHUY M + +
¢ depeHIMPOBaHNE HA HEM.
26 Hpe,I[CTaBJ'IevHI/IC I'HC B Buze rpada + +
BBIUMCIICHHIA
27 [IporpaMMHBbIe U anmapaTHbIe CpeICTBA + +
' qu1st peanuzanun THC.
3 [ToaroroBka u 00pabOTKa JaHHBIX B
IyOOKHX HEHPOHHBIX CETAX
MeTo/1bl IpEeICTABICHUS TaHHBIX B
3.1 dbopme, puroHON 11t 00paboTKH + + + + + +
I'HC.
39 [Tokazarenu kauecTBa METOJIOB + + + +
MaITUHHOTO O0Y4EHHSI.
3.3 Hab6opsr nannsix s ooyquennst ['HC. + + + +
4 CoBpeMeHHbIE apXUTEKTYPBI TITYOOKHUX
HEHPOHHBIC CeTeH
41 CBepTOouHbIE HEMPOCETH U + +
' pacrnio3HaBaHHe U300paKEHUI.
49 PexyppeHTHbIC HEHPOHHBIE CETH U } +
npeJcKa3zaHue MoCIeI0BaTEeIbHOCTEH.
43 Criennan3upoBaHHbIE aPXUTEKTYPhI +
' LSTM, GRU.
44 ATaku Ha HEHpPOCETEBbIC +
' KJIACCU(PUKATOPBI.
45 ABTOKOI[EIpOBHII/IKI/I U OOHapyKeHue +
aHOMAJHH.
Bec KM, %: | 10 15 10 15 20 10 20
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