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PABOYASA NPOrPAMMA YYEEHOW OAUCLUUMITUHDI

B1.0.12 CoBpeMeHHble HernpoceTeBble TEXHOSIOrMun

1. Wndp n HammeHoBaHMe HanpaBrieHUss NOoAroToBKU/cneumnanbLHOCTH:
02.04.02 dyHpaameHTanbHasa nHopMaTuka n UH(popMaLMOHHbIE TEXHONOrnun
2. NMpocdunb nogroToBku/cneymanmsayum. MallMHHOE ObOyYeHue U
MHTenneKkTyanbHble MH(POPMaLMOHHbIE TEXHONOINMU; TeXHONOrMn paspadoTku
MOOUIbHBLIX NPUSTOXKEHUN

3. KBanudumkauma (cteneHb) BbINYCKHUKA: MarncTp

4. dopma ob6pa3oBaHUA: O4Has

5. Kachepnpa, oTBeyarLan 3a peanmsaumio gucumniumHbl: MatemaTnyeckmx
MeTOA0B UCCreaoBaHWs onepauun

6. CoctaButenu nporpammbl:  KawwmpuHa VpuHa JleoHnaoBHa, AOKTOP. TEXH. HayK,
npod. Kadeapbl MaTeMaTM4ECKMX METOO0B UCCNeaoBaHUs onepaunn

7. PekomeHgoBaHa: HMC cdakynbTteTta npuknagHon MmatemMmaTukn, UHOOPMaTUKn m
MexaHukn, npotokon Ne8 ot 15.04.2022

8. YuebOHbIM roa: 2023/2024 Cemectp(-bl): 3



9. Llenn 1 3apgayum y4ye6HON ANCLUNIIUHDI:

Llenb n3yyeHunsa gucumnnmHbi:

dopMupoBaHMe Yy OOYyYalLIUXCH OCHOB TEOPETUYECKMX 3HaHUW W NPaKTUYeCKUX
HaBbIKOB paboTbl B 06nactm yHKUMOHMPOBAHMA WM UCMOMb30BaHUS HEMPOCETEBLIX
TEXHONOMMA B NPUKNagHbIX WM HaydHou cpepax. B pamkax gucumnnuHbl
paccMaTpuBaloTCs TeopeTUyeckne OCHOBblI MOCTPOEHUA MCKYCCTBEHHbIX HEWPOHHbIX
ceTeun, a TakkKe npakTuyecknme BOMPOCHI UCMNOMb30BAHUA HENPOCETEBbLIX TEXHOMOMMN C
uenbto pa3paboTkMm COBPEMEHHbBIX WMHHOBALMWOHHBbIX METOAOB pPELUEeHUs NPUKNagHbIX
3agay B obnactu npodeccnoHanbHON 4esaTenbHOCTH.

3agaum yyebHon gMCUMNANHBI

- O3HaKOMJSIEHMEe C COBPEeMEHHbIM COCTOSHMEM uccrnegoBaHMi B obnactu
MCKYCCTBEHHbIX HEWPOHHbIX CeTen U HeupoceTeBbIMM MeTodamu aHanusa,
BM3yanusauumn n obpaboTkn pasnnyHbIX TUNOB MHOPMaLNK;

- npuobpeTeHne 3HaHWN N NPaKTUYECKOro ornbiTa B 06r1acTu Teopun HEMpPOHHbIX
ceTeun, pPasfMYHbIX apXUTEKTYP U CNocoBOB MX HACTPOMKKM, OBOCHOBaHMS  BbIBOAOB,
pa3pabaToTkuM pekoMeHgaumn No NX UCNOSNb30BaHMIO;

- N3y4yeHne BO3MOXHOCTEN MPUMEHEHUS WCKYCCTBEHHbLIX HEWPOHHbIX CeTen K
3agavam aHanmsa JaHHblX, 06paboTKM TEKCTOB, 3BYKa N N3006paxXeHun;

- BblpaboTka YMEHUN M HaBbIKOB MCMNONb30BaHUA GmMbnunotek a3bika Python ans
pa3paboTku HENPOCETEBbLIX MPUMOXEHUA C BO3MOXHOCTBKO  WHTepnpeTaummu
NonyYeHHbIX pe3ynbTaTbhl UCCNefOBaHNUN,

10. MecTo y4ebHoM ancumnnuHel B cTpyktype OOIT:

yyebHasa gucumnnmHa oTHoCcUTCA K obssaTenbHom Yactu bnoka 1.

11. MnaHunpyemble pe3ynbTaTbl O0yYeHMA MO AUcuUNIMHe/MoAaynio (3HaHuUA,
YMEeHUsl, HaBblKU), COOTHECEHHble C NNaHUPyeMbiMU pe3yfbTaTaMu OCBOEHUs
obGpa3oBaTesibHOM NporpamMmmbl (KOMNEeTeHUUAMMU BbINYCKHUKOB):

Kon Hazpanue Kon(st Wunukatopsi(bl) [Inanupyemsble pe3ysbTaThl
KOMITETEHIIUU ) 00yueHus




OIIK- | Cnocoben OIIK- | OIIK-1.3 Pa3pabaTbiBaer | 3HaTh:
3 MPOBOANTH aHamm3 | 3.3 MHHOBAIIMOHHBIE ~ METOJBI | OOIIME CBEACHUS O IPHHIKIIAX
MaTeMaTHYECKUX pelieHus MPUKJIATHBIX | (PYHKIIMOHUPOBAHUS
MoJIeIIeH, 3a1a4 B 00JIaCTH | UCKYCCTBEHHBIX HEHPOHHBIX
CO3/1aBaTh PO eCCHOHATTEHOM ceTel; OCHOBHBIE APXUTEKTYpPBI
WHHOBAIIMOHHBIE eI TeTFHOCTH. HEHPOHHBIX CeTel; OCHOBHBIC
METOABI peIeHHS crnocoObl W MpaBWiIa OOyYeHHS
MPUKIIATHBIX HEWPOHHBIX CETEM;
3amaq YMETB:
npo¢ecCuoHaNbHO MOJIb30BATECSl  allapaTHBIMU |
W JesTeIbHOCTH B MPOrpaMMHBIMHU CpeAcTBaMH
obmactu CO3/1aHUsl HEUPOHHBIX CeTel Ipu
WHOPMATHKH | pelIeHn IPUKIaIHbIX 3a7ad.
MaTeMaTHYECKOT0 BJIaJETh!
MOJIETTUPOBAHUS COBPEMEHHBIMHA HEHPOCETEBBIMH
TEXHOJOTHSIMA KaK CPEICTBOM
MOJy4YeHUs] HOBBIX 3HAaHUH B
Pa3NIUYHBIX MPEIMETHBIX
obnacTsx.
HaBBIKAMU NpUMEHEHUSI
COBPEMEHHOTO MaTeMaTH4ecKOro
amnmapara HCKYCCTBEHHBIX
HEWUPOHHBIX cerei JUIS
peuIeHrs TPUKIAJHBIX 3a71a4
[IK-3 | Crocoben [K- WnTepniperupyer 3HaTE! METOABl  00pabOTKH
00pabaThIBaTh, 3.2. [IOJIyY€HHBIE  pe3yNbTaThl | JAHHBIX €  HCIOJb30BaHHEM
HWHTEPIPETUPOBAT HCCIIEAOBAHUM, JleaeT | HBMPOHHBIX  ceTel;  oOmactu
b, opopMIIATH U BBIBONBI,  pa3pabaThiBaeT | MPUMEHEHUS] HEWPOHHBIX CeTel,
MPeaCTaBIsITh PEKOMEH/IAIUH. HBIHEIITHEE COCTOSIHUE u
npoeccnoHaIbHO MIEPCIIEKTUBEI pa3BUTHS
My OOIIECTBY MPOTPaMMHBIX W ammapaTHBIX
pe3yabTaThl peanu3zanuit HCKYCCTBEHHBIX
IIPOBEICHHBIX HEWPOHHBIX ceTel
WCCIIeIOBaHUN. YMeTh:  aHaIM3HPOBATH u
WHTEPIPETUPOBATh  TONTyYEHHEIC
pe3yJIbTaThl B o0sacTu
HUCKYCCTBEHHOTO WHTEIUIEKTa W
HEUPOCETEBBIX TEXHOIOT UM
Bnaners: aJropuTMaMu
HEHpPOCEeTeBOTro aHam3a u
00paboTku JTAHHBIX
(u300paKEHUIA, TEKCTOBBIX
JAHHBIX, TAOJIMYHBIX JAHHBIX) H
HaBBIKAMHU MpeICTaBICHUS
mpo(ecCHOHaIbHOMY  OOIIIECTBY
pe3ynbTaTOB NPOBEJICHHBIX
HUCCIIEIOBAHUMI

12. CTpyKTypa 1 cogepxaHue y4e6HON ANCLMNIIUHDI:

O6bem gucumnnmHbl B 3a4eTHbIX eanHuLax/qyacax B COOTBETCTBUM C y‘-le6HbIM nrnaHom

—5/180

13 Buabl yye6HOM paboThI:

Bug yyebHon pabothbl

TpygoemKkocTb (Yachl)

Bcero |

Mo cemecTtpam




3 cem.
AyanTopHble 3aHATUSA 48 48
B TOM vuUcne: nekuum 32 32
npakTnyeckme
nabopaTtopHble 16 16
CamocTtosiTensHasi pabota 96 96
Wroro: 144 144
dopma NPOMEXYTOYHOM aTTecTaumnn 3K3ameH 36

13.1. CopepxaHue AUCLMNIUHBI

n/n Peanusauuns

HanmeHoBaHue pasaena
ONCUUNNUHBI C

pasgena CopgepxaHve pasgena QUCUUNIvHLI FOMOLLIBIO

ANCUUNNNHBI N

OHnamnH-Kypca,

QYMK *

1. NNekumn

1.1 BepneHune. OcHoBHble | KpaTkuii nctopudeckmin o63op. Knaccol 3agau, CoBpeMeHHble
NMOHSATMSA Kypca. peLlaeMblX HEMPOHHBIMU CETSIMU: MPOrHO3NPOBaHNE HenpoceTeBble
MaTtemaTnyeckum Ha (PUHaHCOBbIX PbIHKAX; annpoKcuMauuns; TEexHomnorum
HEVpPOH N HENPOHHAas | NOCTPOEHME PYHKLUKN MO KOHEYHOMY Habopy
ceThb. 3Ha4YeHWI; ONTUMU3aLNS; KnacTepumsauus; NoCTpoeHne

OTHOLLIEHWIA HA MHOXECTBE OOBbEKTOB;
pacnpegeneHHbIv NONCK MHpopmaumn 1
accoumaTMBHag NamsaTh; hunbTpauns; cxaTmne
WHpopmaunm; naeHTudmnKaums MHaMmUYeCKNX cucTeM
W ynpaBneHue UMu; HempoceTesas peanusauus
Knaccuyecknx sagad n anroputmMoB BbIYUCIINTENBHON
MaTemaTukn. buonormyecknin HEMPOH un ero
MaTemaTu4eckas Moaenb Kak

anemeHTapHas CTpyKTypa HeMpOHHON ceTu. MoHdATre
C/Hancm4eckoro Beca. Buabl aktBauMoOHHbIX
dYHKUMIA.

Henpocetun. Knaccudukaums n cBoMcTBa HeMpoceTeNn.
Teopema Konmoroposa -ApHonbga.

1.2 lMepcenTpoH OpHocrnonHbin - nepcenTpoH.  Anroputm  06ydeHus | CoBpeMeHHble

Po3eHbnartTta OAHOCIIOMHOro nepcenTpoHa (oenbTa-npasuno) | HempoceTeBble
lMoHATHe nNuHerHON pasgenuMocTVM U NEePCEnTPOHHOW | TeXHOoru
npeacTaBnseMocTu. Teopemsl 06 oby4eHun
nepcentTpoHa W OrpaHUYEHHOCTU NEepPCenTPOHHOW
npeacTaBnseMocTu. Anroputm 06y4eHus
OLHOCIMOMHOro nepcenTpoHa.

1.3 MHorocnonHbIn OO0yyeHVe HeMpOHHON CeTu Kak 3agada MuUHMMM3auun | CoBpeMeHHble
nepcenTpoH 1 yHKLUMOHaNa owmnbkun. Mcnonb3oBaHMsa rpagueHTHbIX | HerMpoceTeBble
anropuTm obpaTHOro | METOAOB ONTMMM3aUuM Ans  OOy4YeHWst HEMPOHHbIX | TEXHONOrMn
pacnpocTpaHeHus. ceten. BbiBOg OpMyNn KOPPEKTUPOBKM  BECOBbIX

KoapdhuumeHTtoB  cetn.  HepoctaTkM — anropuTtma
obpaTHOro pacnpoctpaHeHus owunbku. Mogndumkaumm
anroputma: anroput™ RProp, Metog MOMEHTOB.

1.4 MocTtpoeHue n otbop | UN3BneveHue npusHakos (Feature Extraction). CoBpeMeHHbIe
NpPU3HaKkoB MpeobpasoBaHusi npusHakos (Feature HenpoceTeBble

transformations): kogupoBaHWe HEYUCNOBLIX AaHHbIX, | TEXHONOru

HOpMMpPOBKa M KannbpoBKa, 3anofiHeHne NpPonyckoB
Bbibop npusHakoB (Feature selection): ctatuctuyeckue
nogxodel, BU3yanu3aums, OTOOp C MCNOMb3oBaHWEM
Moaenen




1.5.

MeToapbl
HenpoceTeBomn
Knaccudgukaumm u
KnacTtepusaumm
JaHHbIX

O6yueHune HerpoHoB KoxoHeHa. Micnonb3oBaHue cetu
KoxoHeHa ans knaccudukauum o6pasos.
Mcnonb3oBaHune kapTbl KOXOHeHa Ansa knactepmsaumm
OaHHbIX. Packpacky kapTbl. ANroputmbl 06ydeHns ceTn
KoxoHeHa u kapTbl KoxoHeHa. HelipoHbl ['poccbepra.
CTpyKTypa ceTu BCTPEYHOro pacnpoCTpaHeHNs.
Anroputm oby4eHunsi cCeTn BCTPEYHOIrO
pacnpocTpaHeHus. CeTn paguanbHbix 6a3nCHbIX
dyHKUNn. BeposTHOCTHasA HelpoHHas ceTb. CeTb
ART — knactepusaumnsi AaHHbIX B PEXMME OHIaNH.
Ounemma ctabunbHOCTUN- NNacTUYHOCTU. MexaHnam
06y4yeHust u cTpykTypa cetn APT-1 ¢ BuHapHbIMn
BXOAHbIMY curHanamu. APT-2, Fuzzy APT -cetnc
HenpepbIBHbIMW BXOAHBIMW 3HAYEHUSIMMU.

CoBpeMeHHbIe
HenpoceTeBble
TEXHOMormm

1.6

Knaccuyeckue
HEeMpPOHHbIE CEeTU C
oBpaTHbIMK CBA3SAMMU.

Cetb Xondwunga. ObyyeHune cetn Xondunga. PyHkumsi
3Heprumn cetn Xondwunga. EMkocTb ceTn. YBennyeHme
€MKOCTM C NOMOLLIbHO MeTo4a OpToroHanM3aumum
BXOAHbIX AaHHbIX. [Ipobnema BO3HNKHOBEHNST NTOXHbIX
o6pa3zoB B namsATn cetn Xongunga. Cetb XaMMuHra —
HelipoceTeBas MoAenb acCoUMaTUBHOW NaMsTw,
OCHOBaHHas Ha BbIYUCIIEHUN PACCTOSHUSA XEMMUHra.
Cetb JAl (oByHanpaBneHHasi accoumaTvBHast
namsaTb).CeTb AnbMaHa kak npumMep MHOrOCNOMHOro
nepcenTpoHa ¢ obpaTHbIMK CBA3SMMU.

CoBpeMeHHble
HenpoceTeBble
TEXHOMNormmn

1.7.

CoBpeMeHHble
peKkyppeHTHble
HENPOHHbIE ceTH

MpocTtas pekyppeHTHas HenpoHHasa ceTb RNN.
Apxutektypa cetn LSTM (Long Short-Term Memory
— ponras KpaTKocpoyHas namsTth). [pumeHeHne
LSTM B 3agayax pacnosHaBaHWA peyn U MallMHHOIo
nepesoga. Apxutektypa cetn GRU (Ynpasnsemble
pekyppeHTHble HeripoHbl, Gated Recurrent Units).

CoBpeMeHHble
HeripoceTeBble
TEXHOMOrnM

1.8

CBepToYHble
HENPOHHbIE ceTH

ApxuTektypa u npuHumn pabotsl CNN. MpumeHeHne
CBEPTKM Ha YPOBHE HENMPOHHON ceTu. [ynuHr nnn cnomn
cybanckpetusauun. PyHkumm aktmeaumm (ReLU, ELU,
PReLU, SELU). MNonHoceA3HbIn cnon. ObyyeHne ceTn.
lMpumeHeHne: pacno3HaBaHne N300paxeHuin; 3agaym
OEeTeKLMM 1 cermeHTaumu.

CoBpeMeHHble
HenpoceTeBble
TEeXHOMNormmn

19

'eHepaTuBHbIE CETU

AsToaHkogep. DCGAN. MNpeumyliectsa n HeaoCTaTku
GAN. TlepeHoc ctung (Domain transfer network). Text
to Image.

CoBpeMeHHble
HeMpoceTeBble
TEeXHONOrnn

1.10

Henpo-HeueTkue
cetu

MaTemaTtnyeckme oCHOBbI HEYETKNX cucTeM. HeveTkme
MHOXecTBa.JIMHrBuCTUYEeCKME nepemeHHsle. HeveTkue
npasuna BbiBoga. CucTeMbl HeYeTKoro BblBOAA
Mamganun-3age. ®dasudukatop. [HedasudukaTop.
Mopenb MampaHu-3age Kak yHUBepcanbHbI
annpokcumatop. Heyvetkne cetn TSK (Takaru-CyreHo-
KaHra). TvbpugHbln anropytMm OOy4YeHUs HeYeTKMX
ceten. [MpeumyllecTBa MWCMNOMb30BaHUA  HEYETKUX
HENPOHHbIX CeTeN

CoBpeMeHHble
HenpoceTeBble
TeXHonornn

111

BenBneT-ceTteBble
Moaenu

BeegeHne B BenBneT-npeobpasoBaHue. basoBble
BenBrneT-gyHkunn. PaguanbHo-6a3ucHasa HerpoHHas
ceTb c BeuBnet-yHKumamu. [lpeumyllecTtsa
MCNONb30BaHNA  BEWBMNETOB B KOMOWHauum ¢
HENPOHHbIMKU ceTaMU. PelleHve 3agad aHanusa u
NPOrHO3npoBaHMs BONbLUMX MOTOKOB AAHHBIX.

CoBpeMeHHble
HenpoceTeBble
TEeXHOMnormun

2 JlabopamopHbie pabombi

2.1

O0630p OCHOBHbIX
HeobxoaMMbIX
onbnnoTek A3bika
Python

Bubnmoteka  NumPy gna onTMMMW3MPOBaHHbLIX
BbIYMCMEHUA Had MaccvBamu OaHHbiX. BBegeHvne B
MaccuBbI oubnuoTtekn NumPy. BbinonHeHue
BbluMCIEeHUA Hag MmaccuBamu 6ubnuotekm NumPy,
yHuBepcanbHble pyHkumn Onepauun Hag AaHHbIMU B
6ubnuoteke Pandas. O6paboTka OTCYTCTBYHOLUMX
AaHHbIX. ArpermpoBaHne 1 rpynnupoBKa.

CoBpeMeHHble
HemnpoceTeBble
TEXHOMOorm




Busyanusauua c nomouibio 6ubnuotekn Matplotlib.
JInHenHble rpadoukn,  guarpammebl paccesiHus,
rMCTOrpamMmbl, TPpEXMEpHble rpadumkn. 3HAKOMCTBO C
OMbnMoTeKon MaluMHHOro o0y4yeHusi  Scikit-Learn.
'vnepnapameTpbl M NpOBEpKa KAa4ecTBa MOAenu
2.2 MepcenTpoH MogenupoBaHue, nporpaMM1MpoBaHune n | CoBpeMeHHble
PoseHbnatTa nccrnegoBaHve BO3MOXHOCTEWN MPOCTENLLEro | HeMpoceTeBble
nepuenTPOHHOIO HEMPOHA. TEXHOMNormmn
2.3 MpakTnyeckne MNpepobpabotka gaHHbIX. KogupoBaHue BxogoB- | COBpeMEHHbIE
pekoMmeHgaumm no BbixoaoB. MacwtabuposaHue. Perynapusaums (L1, L2, | HempoceTeBble
nNporpaMMmnpoBaHnio Dropout). O6yyeHune HeCKOmNMbKMX HeWpoceTerd C | TeXHONormu
HenpoceTen pasnuyHon apxutektypon. OT6op onTUManbHbIX CETEN.
OueHka
3HAYUMMOCTV NpeacKas3aHnm.
2.4 MHOrocnoHbIv CoBpeMeHHble
i —— MogenvpoBaHue n oby4eHne ceTn obpaTHOro HelpoCeTeBble
pacnpocTpaHeHns € NOMOLLbH0 OMBNMOTEK A3blka
anroputm obpartHoro Python TEXHOMormmn
pacnpocTpaHeHust.
2.5 CoBpeMeHHble _ | CoBpeMeHHble
DEKYPPEHTHBIE MquenmquaHme W  UCCNedoBaHWE  PEKYPPEHTHOM HelpoceTeBble
) HENPOHHOW CETU C NOMOLLIbI0 BubnMoTek si3bika Python
HENPOHHbIE CEeTH TEXHOMOormm
2.6 CBepToyHble MogenvpoBaHue 1 uccregosaHne  cBepTodHou | CoBpeMeHHble
HENpOHHbIE CeTu HENPOHHOW CETM C NOMOLLILI0 BubnuoTek s3bika Python | HempoceTesble
TEXHOMOormm
13.2 Pasgenbl AMcuunnuHbl 1 BUAbl 3aHATUMN:
No Buapl 3aHaTMI (HacoB)
p HanmeHoBaHue pasgena CamocTos
n/ MpakTtnye | JlabopaTopH
o ONCUNNITUHDI Jlekumm ke Lie TenbHas Bcero
paboTa
Bepenne. OcHOBHblE NOHATUA
1 Kypca. MaTemartunyeckun 2 6 8
HEMPOH 1 HEMPOHHasA CeTb.
OB630p OCHOBHbIX
2 Heobxoanmbix GUbNMoTek 4 6 10
a3blka Python
3 | NepcenTtpoH Po3eHbnaTra 4 2 4 10
MHOrocrnonHbIn NepcenTpoH n
4 | anroputm obpaTtHoro 6 2 8 16
pacrpocTpaHeHusl.
MeToabl HenpoceTeBoOM
5 | knaccudmkaumm un 2 12 14
KracTtepusaumm gaHHbIX
6 Knaccudeckne HelpoHHble 2 8 10
ceTn ¢ obpaTHLIMN CBA3AMMU.
7 Co?pemeHHble peKyppeHTHbIe 12 20
HEeNPOHHbIE ceTu
8 | CBepTo4HbIE HEMPOHHbIE CETU 4 12 20
9 | leHepaTMBHbIE CETH 4 10 14
MpakTuyeckme pekomeHgaLmm
10 | no nporpaMmmunpoBaHuIo 2 6 8
HenpoceTemn
11 | Henpo-He4veTKkne cetn 2 6 8
12 | BenBneTt-ceTeBble Moaenu 2 6 8
Wtoro: 32 16 96

14. MeToamnyeckme ykazaH1a ans obyvyarowmxcs no 0OCBOEHUIO AUCLUNIIUHBbI




PekomeHayeTca paboTa C KOHCNeKTamu NEKLMN, Npe3eHTaumnsiM1, BbINOSIHEHNE MPaKTUYECKUX
3aJaHun ona camocTosTenbHOM paboThl, BbIMONHEHME NnabopaTopHbIX paboT, NcnonbL3oBaHue
PEKOMEHA0BAHHOW NUTEpPaTypbl 1 METOAMYECKNX MaTEPMAnoB, B TOM YMCNe pa3MeLLEeHHbIX Ha
cTpaHuue kypca «CoBpeMEHHblE HeMpoceTeBble TEXHOMOMMUY Ha nopTane «ONeKTPOHHbIN
yHuBepcuteT BIMY» https://edu.vsu.ru/course/view.php?id=2017 , astop KawwnpuHa W.J1.

B pamkax obwero obbema 4yacoB, 0TBEAEHHbIX AN U3yYeHUS ANCLMNINHDI,
npeaycMaTpuBaeTCs BbINONHEHME CeayoLWwmx BUAOB CaMOCTOATENbHbIX paboT CTyaeHTOB
(CPC): nsyyeHue TeopeTn4eckoro matepuana, HanucaHvue nporpaMmm no Temam, n3ydeHHbIM
Ha NEKUMOHHBIX N MPAKTUYECKNX 3aHATUAX

15. TlepevyeHb OCHOBHOM W [OOMOJSIHUTENBLHOM nUTepaTypbl, PeCypCoOB WHTEpHeT,
HeobXoANMbIX ANA OCBOEHUSA AUCLIUMITUHbI

a) OCHOBHas nuTepaTypa:

Ne n/n NcToYHuK

lNyodennoy, A. nybokoe oby4venne / A. N'yadennoy, U. Bengxuo, A. Kypsunns ;
nepesog ¢ aHrnunckoro A. A. CnuHkuHa. — 2-e ns3g. — Mockea : IMK lpecc, 2018. —
652 c. — ISBN 978-5-97060-618-6. — TeKCT : aNIEeKTPOHHbIN // J1aHb : 3NEeKTPOHHO-
omnbnunotevHas cuctema. — URL: https://e.lanbook.com/book/107901

AHTOHWMO, [1. Bubnuoteka Keras — MHCTpyMeHT rnybokoro oby4eHus. Peanusaums
HENPOHHbIX ceTen ¢ nomMoLbio 6udnmotek Theano u TensorFlow / [1. AHTOHWO, M. CymKuT ;
2 nepesog ¢ aHrnunckoro A. A. CnimHknH. — Mockea : [JMK lNpecc, 2018. — 294 c. — ISBN
978-5-97060-573-8. — TeKCT : 3NeKTPOHHbIN // JlaHb : 3NIeKTPOHHO-6MBIMoTEYHas
cuctema. — URL.: https://e.lanbook.com/book/111438

dnax, . MawmnHHoe o6yyeHne. Hayka 1 UCKYCCTBO NMOCTPOEHNS arnropuUTMOB, KOTOpbIe

3 n3BnekawT 3HaHMsa 13 gaHHbix / M. ®nax. — Mocksa : AMK Mpecc, 2015. — 400 c. — ISBN
978-5-97060-273-7. — TeKCT : 9NEeKTPOHHbIN // JlaHb : aNeKTpOHHO-6MbNIMoTeYHas
cuctema. — URL: https://e.lanbook.com/book/69955

Pawwka, C. Python n MmawmHHoe oby4eHune: kpaiHe Heobxoanmoe nocobue No HOBENLLIEN

npeackasaTensHon aHanuTuke, obasatensHoe ana 6onee rny6okoro NOHMMaHUA

4 METOAOMOorMM MallMHHOro obydeHus : pykosoacTeo / C. Pallka ; nepeBoa ¢ aHrnunckoro A.
B. lNlorynoBa. — Mockea : [JMK lNpecc, 2017. — 418 c. — ISBN 978-5-97060-409-0. —

TeKkCT : aneKTPOHHbLIV // JlaHb : aneKTpoHHO-6MGnmMoTeyHasa cuctema. — URL:

https://e.lanbook.com/book/100905

ManywkuH, A. N. HenpoHHbie cetu: ocHoBbl Teopun / A. . ManywkuH. — Mocksa : Nopsiyas
5 nuHuna-Tenekom, 2017. — 496 c. — ISBN 978-5-9912-0082-0. — TeKCT : 9NEKTPOHHbIN //
JlaHb : anekTpoHHO-6nbnmnotedHas cuctema. — URL: https://e.lanbook.com/book/111043

0) gononHuTEnbHaa nNuTepaTypa:

Ne n/n MCTOYHMK

6 ®. YoccepmaH, HelipokomribromepHas mexHuka: Teopus u npakmuka, M. Mup, 1992.-
320 c.

7 *KepoH, OpenbeH. MNMpuknagHoe mawmnHHoe obydeHne ¢ nomollbio Scikit-Learn un

TensorFlow: KoHLENUMW, MHCTPYMEHTbBI U TEXHUKM ANS CO34aHUS MHTENNEKTyarnbHbIX
cuctem. lNep. ¢ anrn. - Cnb.: OO0 "Anbda-kHura': 2018. - 688 ¢

nybokoe oby4eHne B Omonorun n meanumHe / 6. Pamcyngap, M. Mctman, M. Yontepc, B.
MaHge ; nepesopg ¢ aHrnuiickoro B. C. AueHkoBa. — Mockea : MK [Mpecc, 2020. — 202 c.

8 — ISBN 978-5-97060-791-6. — TeKCT : 9NeKTPOHHbIN // JlaHb : 9NeKTpOHHO-6MGNMoTeYHas
cuctema. — URL.: https://e.lanbook.com/book/131725
BeccmepTHbI, . A. Cucmembi uCKyccmeeHHO20 uHmernnekma : y4ebHoe nocobue

9 ons eysoe /W. A. beccmepmHbil. — 2-e u30., ucnp. u 0on. — Mockea .

U3Bamernbcmeo KOpalim, 2020. — 157 ¢. — Tekcm : anekmpoHHbit // O6C KOpadm
[caim]. — URL.: https://urait.ru/bcode/451721

B) MHGOPMAaLMOHHbIE 3NEKTPOHHO-00pa3oBaTenbHble pecypchbl (0duLmanbHble pecypchbl
NHTEpHeT)™:

Ne n/n MNCcTOoYHUK

10 https://lib.vsu.ru/ anekmporHas 6ubnuomeka 3HE Bl'Y;



https://edu.vsu.ru/course/view.php?id=2017
https://urait.ru/bcode/451721
https://lib.vsu.ru/

11 https://lib.rucont.ru/search HayuoHanbHbIU yughposol pecypc «PYKOHT»

12 https://www.studentlibrary.ru/ 36C «KoHcynbmaHm cmydeHma»

13 https://biblioclub.ru/index.php?page=static&id=25 35C « YHusepcumemckas
bubniuomeka onliney

14 https://e.lanbook.com/search?query=HelpoHHble % 20cemu&block=booksName&page=
1&limit=10 36C JlaHb — KHU2U MO HEUPOHHBLIM CEMSIM
Kypc «CospemeHHble Hellpocemesble mexHo02uu» Ha rnopmarne «neKmpoHHbIU

15 yHusepcumem BI'Y», asmop KawupuHa W.11.
https://edu.vsu.ru/course/view.php?id=2017

16 http://neuropro.ru/ -fpakmuyeckoe ucnosib308aHUE HEUPOHHbIX cemel

17 http://www.statsoft.ru/statportal/tablD __52/DesktopDefault.aspx - Helipocemesol
rnopmars calima nakema Statistica

18 http://neuralnetworksanddeeplearning.com/index.html - Neural Networks and Deep
Learning

19 http://MachineLearning.ru Pecypc, nocesueHHbIl MawuHHOMY 06y4eHUro,
pacrio3HasaHur 0bpa3os u UHmMesnnekmyasabHOMy aHanu3y OaHHbIX.
https://www.kaggle.com/

20 Kaggle — amo nnamapopma 0nsi uccnedosamerieli pasHbIX ypogHel, 20e OHU Moaym
ornpobosamp ceou mModesiu aHanu3a aHHbIX U MaWUHHO20 06y4YeHUs1 Ha CEPbe3HbIX U
aKkmyarbHbIX 3a0a4ax.

UCI Machine Learning Repository — peno3umoputi Habopog daHHbIx Orisl 8bIMO/IHEHUS

21 nabopamopHbix pabom o Kypcy CoepeMeHHbIe Helipocemeabie mexHosio2uu -

http://archive.ics.uci.edu/ml/

16. lMepeyeHb y4yeOHO-meTOAMYECKOro obecneyeHUs ANA CaMOCTOATENbHOM paboThbl
(y4ebHo-memoduyeckue pekomeHOauuu, rocobusi, 3adadvyHUKU, MemoOUYECKUE yKalaHusl 10
8bIMOJTHEHUIO MPAKMUYECKUX (KOHMpPOsibHbIX) pabom u 0p.)

Ne n/n MCcTOYHMK

1 KawwnpwuHa W.J1. IckyccTBeHHbIE HENMPOHHbIE ceTn, BopoHex, MN3-so BI'Y, 2014-96 c.
Mnac Ox. Bangep Python ona cnoxHeix 3agad: Hayka o0 faHHbIX U MalUMHHOEe

2 obyyeHne. — CI16.: MNMutep, 2018. — 576 c.

Mamepuarnei k KHuee: hitps://github.com/jakevdp/PythonDataScienceHandbook

17. O6pa3oBaTesibHble TEXHONOMMU, UCNOoJib3yeMble Npu peanusauum yuebHomn
AUCLMNIUHbI, BKIHOYasa AUCTaHUMOHHbIe oGpa3oBaTenbHble TexHonoruu (AOT),
anekTpoHHoe obyyeHue (J0), cmewaHHoOe 0by4eHMe)

OdvcunnnuHa peanuayetca C MPUMEHEHWEM 3MNEKTPOHHOrO 00y4YeHUss U AUCTaAHUMOHHbIX
obpasoBaTenbHbiX TeXHONornn. [Ons opraHusaumm camocTosTenbHoM paboTbl obyyarowmxcs
MCNonb3yeTcsi OHNanH-kypc «COBpEeMEHHbIE HEMPOCETEBLIE TEXHOSMOMNNY, Pa3MELLEHHbIN Ha
nnatdopme INeKkTpoHHOro yHueepcuteta BIY (LMS moodle), a Takke WHTepHeT-pecypchl,
npueeaeHHble B N.15B.

18. MaTtepuanbHO-TeXHU4YeCKoe obecneyeHne QUCLUUNIMNHLI:

JlekunoHHas aygutopuss AomkHa OblTb OCHALLEHHOW COBPEMEHHBLIM KOMMBIOTEPOM C
NOAKMOYEHHBIM K HEMY NPOEKTOPOM C BUAEOTEPMUHANA Ha HAaCTEHHbIV 3KpaH. lNMpakTnyeckune n
nabopaTtopHble 3aHATMSA OOSMKHbI NPOBOANUTLCS B CELManmM3npoBaHHOW ayantopuu,
OCHALLEHHOW COBPEMEHHbLIMM NEePCOHanbHbIMU KOMMLIOTEPAMI 1 NMPOrpamMMHbIM obecneyeHnem
B COOTBETCTBMM C TEMaTUKOM M3y4aemoro matepuana - Python 3 ¢ noaknioyeHHbIMU
6ubnunotekamm (anctpubytmes Anaconda). Yncno pabounx mMecT B ayauTopun JOMKHO BbiTb
Takum, YTobbl obecneymBanach MHaMBMAyanbHas paboTa CTygeHTa Ha oTAeNbHOM
nepcoHanbHOM KoMmnbloTepe. PekomeHayemble nabopatopumn Ans NnpoBeaeHnst 3aHATUN:
NaGopaTtopusa mawmHHoro oby4yeHus (kopnyc 1, aya. 407n)

KomnbtoTep B coctase (16 wT.): cuctemHbin 6nok: npoueccop Intel(R) Core(TM) i7-7700 CPU
@ 3.60GHz, onepaTtue-Hasa namatb 16 6, SSD 256 6, HDD 1T6, Bu-geokapta NVIDIA
GeForce GTX 1080 Ti; mo-Hutop DELL S2419HN; KomnbtoTtep B coctaBe (1 wrT.):



https://lib.rucont.ru/search
https://www.studentlibrary.ru/
https://biblioclub.ru/index.php?page=static&id=25
https://e.lanbook.com/search?query=нейронные%20сети&block=booksName&page=1&limit=10
https://e.lanbook.com/search?query=нейронные%20сети&block=booksName&page=1&limit=10
https://edu.vsu.ru/course/view.php?id=2017
http://neuropro.ru/
http://www.statsoft.ru/statportal/tabID__52/DesktopDefault.aspx
http://neuralnetworksanddeeplearning.com/index.html
http://machinelearning.ru/
https://www.kaggle.com/
http://archive.ics.uci.edu/ml/
https://github.com/jakevdp/PythonDataScienceHandbook

cucteMHbln 6nok: npoueccop Intel(R) Core(TM) i7-7800X CPU @ 3.50GHz, onepa-TnBHas
namaTtb 96 6, SSD 1T6, HDD 4T6, Bu-geokapta NVIDIA GeForce RTX 2080 Ti (2 wr.);
mMoHuTop DELL S2419HN; UcTtouHnk 6ecnepeboinHoro nutadms APC Back-UPS BV1000I-GR,
line-interactive, mow-HocTb:1000BA, 600BT (16 wT.); McTouHmk 6ecnepebonHoro nutaHuns
Legrand KEOR LINE RT 1500BA (1 wT.); KommyTtaTtop HP 2530-24G Switch (Managed,
24*10/100/1000 + 4 SFP, 19"); HTepakTnBHasa gocka SMART SBM685 (87 grorimos, MO
SMART SLS) ¢ naccusHbIM noT-koMm; MNMpoektop Vivitek DH758UST (ynbTpakopoT-KOOKYCHbIN,
DLP, Full HD 1080p (1920 x 1080) , 3500 ANS, 10000:1, nonHas nogaepxka 3D)
Na6opaTopusa nckycctBeHHoro uHtennekra (kopnyc 1, aya. 124)

KomnbtoTep B coctase (17 wrT.): cuctemHbin 6nok: npoueccop AMD Ryzen 7 3800X 8-Core
Processor, onepatueHasa namsatb 320, HDD 1T6, SSD 25616, Buaeokapta NVIDIA GeForce
GTX 1050; monuTtop: Dell S2419H; NHTepakTneHasa gocka SMART SBM685 (87 gtorimos);
MynbTumeamna-npoektop Vivitek ynbTpako-poTkodoKycHbIN; NcTouHmk 6GecnepeboHoro
nutaHusa Legrand Keor SPX 1000 BA IEC C13 (16 wT.); UcTouHuk 6ecnepebonHoro nutaHus
Legrand Keor Line RT 1000 BA (1 wrT.); Kommytatop HP 2530-48G Switch (1 wrT.)

19. OueHo4HbIe cpeacTBa ANA NPOBeAEHUA TeKyLWen U NPOMEXYTOYHON
aTtrecTauum

Mopsnok OLEeHKM 0CBOEHMS oByYatomMMmucs y4eGHoro matepuana onpegensieTcs
coaepXaHueMm crieayrLLUmx pa3aenos ANCUUNIUHBIL:

HanmeHoBaHune NuankaTop(bl
r’,\}gn pasgena guCUUnuvHbI KZ“&Z?;?“ .EltflCTMmel-rl)lSIﬂ) OueHouHble cpeacTea
(moayns) KOMMeTeHLMn
Bepenne. OcHoBHblE
MOHATUSA Kypca.
1. | MaremaTtuyeckumn OIIK-3 OIIK-3.2 Tect 1
HEMPOH 1N HEMPOHHaA
CETb.
0O630p OCHOBHbIX
HEeobxoaNMbIX 3apaHue ansa nabopaTtopHom
2. | BUBNMOTEK SI3bIKA IIK-3 ITC3.2. : gaGOTbI 1p P
Python
MepcenTtpoH 3apaHue ansa nabopaTtopHom
3 | Posen6narra OIIK-3 OIIK-3.2 A gaGOTbI 2p P
MHorocnovHbin
nepcenTpoH n 3apaHue ansa nabopaTtopHom
4 anropuTM ob6paTHoro TIK-3 IIK-3.2. A gaGOTu 3p g
pacnpocTpaHeHus:.
MeToabl
HenpoceTeBom
5 Knaccudumkaummn n OIIK-3 OIIK-3.2. Tect 1
KnacTtepusauum
JaHHbIX
Knaccuueckue
6 | HerpoHHble ceTn OIIK-3 OIIK-3.2 Tect 2
06paTHLIMKN CBA3SMMN.
CoBpeMeHHbIe .
7 | pekyppeHTHblE [1K-3 IK-3.2. Saparue ans nabopaTopHoi
- paboTbl 4
HEMPOHHbIE CeTu
CBepToYHble
HEMPOHHbIE CETH OIIK-3 OIIK-3.2 Tect 3
"eHepaTuBHbIE CETH I1K-3 I1K-3.2 Tect 3
lMNpakTnyeckue 3apanue ans nabopaTopHO
10 pekoMeHJaLmm no IIK-3 IIK-3.2. A f')a60Tb| 4p P




HanmeHoBaHve NHaukaTop(bl)
rll\}gn pasgena guCUUNuHbI Ko“&';?;)e"' OOCTUXEeHUsA OueHouHble cpeacTaa
(moaynsa) H KOMMNeTeHLmMn
nporpaMM1MpoBaHUIo
HenpoceTen
11 | Helpo-HeveTkne cetu OIIK-3 OIIK-3.2. Tect 4
BeneneTt-ceTeBble
12 Mogenu OIIK-3 OIIK-3.2. TecT 4
lNpomexyToyHaa aTTecTauus lNepeyeHb goripocos
dopMa KOHTPOMS - 9K3aMeH

20 TunoBbIe OLeHO4YHbIE CpeaAcTBa U MeToAnYecKMe MaTtepuanbl, onpeaensirowme
npoueaypbl OLeHUBaHUA
20.1 TeKyM KOHTPOSb YyCNeBaeMocCcTun
KoHTporb ycneBaemMocTu No AUCLMUNIIMHE OCYLLECTBIISETCA C NOMOLLBIO CneayoLwmnx
OLIEHOYHbIX CPEeACTB:

— TecCThbl

— nabopaTopHble 3agaHus

TecToBble 3agaHns
Tecm Ne 1

1. Kakyto obnacTtb 3Ha4YeHuIn umeeT nornctnyeckasn OyHKUMSA akTuBaumm HempoHa?
a) (-1,1)
b) (0,1)
c) {0,1}
d) [0,1]

2. Kakoe 3HauyeHue OygeT nony4yeHo Ha BbIXOAE HEMPOHA C MOPOroBOM akTUBALMOHHOWN
dyHkument (nopor ® =0.5) ¢ Becosbim Bektopom W = (—0.3, 3.1, 0.5) npu nogaue Ha
exoa Bektopa X =(0.3,0.1,0.3)

a) 1

b) O

c) 0.25
d) 05

3. Toukm {(4,-1), (8,-2), (1,1), (3,6)} npuHagnexat k knaccy A, a Touku {(-8,4), (-2,-3), (-1,-1),
(2,-9)} — knaccy B. Kakon 6yget MuHumanbHas ceTb, NPaBUbHO Knaccuduumpyowasa atu
TOYKN?

a) HenpoH ¢ oByma Bxogamw.

b) HelpoH ¢ 4yeTbipbMs BXOOAMWN.

c) OpHocrnorHas ceTb U3 ABYX HEWPOHOB C YEThLIPbMS BXO4AMW.

d) [ByxcroriHas ceTb C ABYyMS BXO4aMK, ABYMS HEMPOHAMM B CKPbITOM Croe 1 OOHUM
HEeNpOHOM B BbIXOOQHOM Crloe.

4. Yemy paBHO 3HaueHue hyHKLMOHaNa oWmnbKN Ans HEKOTOPOro BXOAHOro BeKkTopa X B CETU

obpaTHoro pacnpocTtpaHeHus, ecnm ee peanbHbil Beixoa Y = (0.87,0.23), a uenesoi
(tpebyembiii) Bbixog D =(0.58,0.2)?

a) 0.32
b) O
c) 05
d) 0.425
5. Kakue 3HavyeHns MoryT npuHuMmaTb BeCOBbIe KO3 ULUMEHTLI B CETU 0OpaTHOro
pacnpocTpaHeHns?
a) TonbKo NoNoXuTenbHbIe
b) Kak nonoxutesnbHble, Tak U oTpULaTenbHble



c) Tonbko oTpuuaTenbHble

0504
6. K kakomy knaccy cetb KoxoHeHa ¢ Becoson matpuuen W =| 0.6 0.2 | otHeceT BxogHom

0.8 0.5

sektop X =(0.8,0.7,0.4), ecrn maciutabrposaHie AaHHbIX He MPOBOANTCA?

a) K nepsomy
b) Ko BTopomy
¢) Hwn k ogHomy 13 AByX

0.6 0.1
7. Ha Bxon cetn KoxoHeHa ¢ Becoson matpuuen W =| —4 —1 | nocrynaet obyuatomii

7.0 2.2

sektop X =(0.2, —1.4, 2.3) . MacwrabnposaHne AaHHbIX He NPoBOAMTCA. YTo

npousongeT co 3HaYeHnsiMM BToporo ctonbua matpuusl W B pedynbTaTte wwara npoueaypbl
06yueHns (koaddmumeHT ckopoctu obydeHns o =0.5)?

a) He namensatcs

b) MpumyT BNA: (0.15, -1.2, 2.25)

c) [lNpumyTt BKA (0.3, -2.2, 5.5)

d) Mpumyt BNA (0.11, -1.1, 2.21)

TecT 2.

1. Kakown 6yget BecoBas matpuua cetn Xondunga, 3anoMnHaoLen eqUHCTBEHHbIN BEKTOP

X=@1-111)~

1-11 1 0-111 0-11 1
-1 1 -1-1 — 1-1 -1 0-1-1
a) W= by W = c) W =
1-11 1 01 1 -1 0 1
1-11 1 -110 1 -11 0
2. Hamgute yctonumBoe cocTosiHMe (Bbixon) ceTu Xondunga ¢ BeCOBON MaTpuuen
0-2 2
W =| -2 0 —2 |, Ha Bxog koTopoi noctynaet sektop X = (1,—1,—1)
2-20
a) (-1,1,-1)
b) (1,-1,1)
c) (1,-1,-1)
d (-1,-1,-1)

3. Ckonbko 06pasLoB MOXHO COXpaHUTb B ceTn Xondunga (He ucnonb3ys npouenypy
OpTOroHanu3auum), ecnv pa3amepHoOCTb BXOAHOrO BekTopa pasHa 107
a 1
b) 2
c) 4
d) 10
4. OTMeTbTe NepeMeHHbIe, OT KOTOPbIX 3aBUCUT 3HAYEHWNE CKPbITOro cocTosHMA hS Ha ware 5 B
KnacCcn4ecKkom pPEKYPPEHTHOM CeTu.
a) Bxop Ha nepsom Lware x1
b) CkpbITOoe cocTosiHMe Ha WwecToM ware hé
c) Bxop Ha wecTom ware x6



d) CkpbiToe COCTOsIHME Ha YeTBEpPTOM Lare h4
e) Bxog Ha natom ware x5
5. Kakne BeHTUNM cogepxut sderika LSTM?
a) BbixogHon BeHTUIMb
b) BxogHown BeHTUIb
c) BeHTunb 3abbiBaHMs
d) BeHTunb 3anoMuHaHus

Tect 3
1. Kakne 3Ha4yeHMsa MoryT npMHUMaTh BECOBbIE KO3 ULMEHTbI MONHOCBA3HON ceTn? Buibepute
OAVH OTBET:
a) Tonbko uenble
b) Jltobble BewecTBEHHbIE 3HAYEHWS
c) TonbKo NONOXUTENbHbIE
d) Tonbko oTpuuaTenbHble
2. OyHKUMEN aKTMBAL MM HEMPOHA Ha3bIBAETCS:
BbibepuTte oguH oTBeET:
a) noructnyeckas yHKUnUS
b) HenwuHenHbI NnpeobpasoBaTenb cMrHana Ha BbIXO4Ee HEMPOHA
c) BasBelleHHas cymma BXOOOB HENMPOHA
d) Anroputm oby4eHus cetu
3. laHa maTpuua

12 3 %
-1 9 1 2
2 0-2 -1
1 5 4 3

BbinonHute onepauuio cybamckpetmsaumm (nynunHra) dyHKUMEN Makcumyma 2x 2
Bbibepute oguH OTBET:

(—01 _12)

W

e
(0.5 2.5)

d ‘2 174
4. Kakue cnou BXoOsT B apXUTEKTYpY CBEPTOYHOW CETU
BbibepuTe oauH nnmn HECKOSbKO OTBETOB:
a) MNOJSIHOCBSA3HbIN Croun
b) cnoi ¢ obpaTHbIMK CBA3AMMU
C) CBEPTOYHbIV CIION
d) cybavckpeTnsnpyoLwmn crom (Cron nynuHra)
5. Ha kapTuHke npeactaBneHo n3obpaxeHue n a4po cBepTkun (Ha bonee TeMHOM doHe). Yemy
paBeH pe3yabTaTt CBEPTKN?

a)

b)




a)

b)

MepeyeHb 3agaHnn Ansa nabopaTtopHbIX padoT

JlabopamopHast paboma Ne 1 (no meme OG30p OCHOBHbLIX HEOOXOAUMBIX GUBNMOTEK A3blKa
Python)

OTBeTbTe Ha BOMpockl 0 AaHHbIX No aBmMapercam B CLUA 3a ssHBapb-anpens 2008 roga.
Mo ccbinke pacnonoxeHbl JaHHbIe U X OnucaHne
1) CumtanTte BbIGOPKY M3 harina npu nomowm yHkumMm pd.read_csv n oTBETbTE Ha cneayoLlimne
BOMPOCbI:

- WmetoTcs nn B gaHHbIX NponyLLEeHHblE 3HaYeHNA?

—  CkonbKko BCEero nponyLleHHbIX 3f1IEMEHTOB B Tabnuue "obbekT-npuaHak™?
Ckonbko 00BHEKTOB MMEIT XOTst Obl OANH NPONYCK?
CKOnbKO NpPMU3HAKOB MMEKT XOTSA Obl 0QHO NPONYLEHHOE 3Ha4YeHne?
2) [lpeobpasynte kaxabin npuaHak FeatureName n3 ykasaHHbIX B Mapy HOBbIX MPU3HAKOB
FeatureName_Hour, FeatureName_Minute, pa3genve kaxgoe U3 3Ha4eHui Ha Yacbl U MUHYTHI.
He 3abygbTe npu 3TOM MCKMOYUTD UCXOAHbIN NpU3HaK u3 Bblbopku. B cnyyae, ecnu 3HayveHne
npu3Haka OTCYTCTBYET, 3HAYEHUSA ABYX HOBbIX MPU3HAKOB, €0 3aMEHSOLWMX, TakkKe OOSMKHbI
OTCYTCTBOBATb.
3) HekoTopble 13 NpM3HaKoB, OTMIMYHBLIX OT LeNeBOo NepeMeHHON, MOryT OKasbiBaTb Yepecyyp
3Ha4YMMOEe BNUSAHME Ha MPOrHO3, MOCKOSbKY MO CBOEMY CMbICNy copepaT 6onbluyto A0nt0
WHOopMaLMM O 3HAYEeHUM LieneBOor nepeMeHHOW. M3yunte onucaHwe gartaceTta U UCKNIYuUTe
NPU3HaKn, CUNbHO KOppenupyLwme ¢ otBeTamn. Baw BbIGOp NpM3HAKOB ANSA UCKNOYEHUSA U3
BbIOGOPKM 0BOCHYMTE.
4) TllpuBeaunTe AaHHble K BMAY, NpurogHomMy Ansg obyyeHusa nuHerHbIX mogernen. [Ona artoro
BELEeCTBEHHbIE MPU3HAKM Hado oOTMaclwTabupoBaTb, a KaTeropuanbHble — MPUBECTU K
yncrnoBomy BuAy. Takke Hago YCTPaHWTb MPOMYCKM B AaHHbIX. PeanuaynTte QyHKUMIO
transform_data, kotopas npuHumaetr Ha Bxoag DataFrame c¢ npusHakamu M BbINOSHSAET
cnegyowime warm:

— 3ameHa nponyLeHHbIX 3Ha4YeHWI Ha HyNU A4S BELWECTBEHHbIX NPU3HAKOB M Ha

CTPOKM 'nan' ons KkateropunarnbHbiX.
— MacwTaburpoBaHue BeLLECTBEHHbBIX MPU3HAKOB ¢ noMolbio StandardScaler.
— One-hot-kogmpoBaHWe KaTeropuanbHbIX NPU3HaKoB ¢ NoMoLbto DictVectorizer nnm
dyHKumm pd.get dummies.

MeTton pomxeH Bo3BpalwaTb npeobpasoBaHHbIn DataFrame, koTopbIM OOMMKHA COCTOATb U3
MacwTabnpoBaHHbIX BELLECTBEHHbIX MNPU3HAKoOB W  3aKOOUPOBAaHHbIX  KaTeropuarnbHbIX
(ncxogHble NpU3HaKM OOIMKHbI BbITb UCKMOYEHbI U3 BbIOOPKN).
5) Pasbeite BbIGOPKY M BEKTOP LENIEBON NepeMeHHOn Ha 0bydYeHne U KOHTPOSb B OTHOLLUEHWN
70/30 (onsa aTOro MOXHO MCNOMb30BaTb PyHKUMIO train_test split).

JlabopamopHas paboma Ne 2 (no meme lNepcenTpoH PoseH6naTTa)


https://www.dropbox.com/s/dvfitn93obn0rql/2008.csv?dl=0
http://stat-computing.org/dataexpo/2009/the-data.html
http://scikit-learn.org/stable/modules/generated/sklearn.preprocessing.StandardScaler.html
http://scikit-learn.org/stable/modules/generated/sklearn.feature_extraction.DictVectorizer.html
http://pandas.pydata.org/pandas-docs/stable/generated/pandas.get_dummies.html
http://scikit-learn.org/stable/modules/generated/sklearn.cross_validation.train_test_split.html
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Puc. 1. Mogenb nepcentpoHa, pasgensoLwero “kpectmkn” ot “Honmkos”

Hanmwute nporpammy, oOy4alowytd OAHOHEWPOHHBLIN  MEPCENTPOH  pacrno3HaBaHWIO
n3obpaxeHnn “kpectnkoB” n “HonukoB”. BxogHble obpasbl (10-15 wTyK) npeacraBnsaoT cobown
rpadpuyeckne n3obpaxerHus. Kaxgoe nsobpaxeHne pasdbuTto Ha KBagpatbl (MNn NUKCenu) n ot
Kaxgoro KBagpata Ha mepcenTpoH nogaetcs Bxod. Ecnv B kBagpate nmeetca NUHUA (Mnu
MUKCEnNb OKpaLLEH B YepHbI LUBET), TO OT HEro NogaeTcs eamHuua, B NPOTUBHOM Crlydae — HOSb.
MHoXeCTBO KBagpaToB Ha M306paxeHun 3agaeT, TakuMm 06pas3oM, MHOXECTBO Hynen 1 eanHuL,
KOTOpOe M nogaeTcsl Ha Bxogbl nepcentpoHa (puc. 1). Llenb coctout B TOM, YTOObI Hay4YnTb
nepcenTpoH AaBaTb €OUHUYHbLIA BbIXOA NPW nogade Ha HEero MHOXecTBa BXOAOB, 3aJatoLLmX
“KpecTuK’, 1 HYNEeBOW BbIXO B Cryyae “Honuka’.

JlabopamopHasi paboma Ne 3 (no meme MHO20C10UiHbLIU NepcenmMpoH U arzopumm
obpamHo20 pacnpocmpaHeHuUsl.)

— Hanuwwute nporpammy, oby4aowyto MHOrocnovHbIN NepcenTpoH pacrno3HaBaHUIO
PYKOMUCHBIX u30bpaxkeHnin uudp. BbixogHon crnon cetu pormkeH cogepxatb 10
HenpoHOB. Kaxablii HEMPOH BbLIXOAHOrO Crios AOSMKEeH AaBaTb €AWHUYHBIA BbIXO4 Mpwu
nogade Ha BXOZ M300paxXeHusi, COOTBETCTBYHOLLErO ero NopsiAkOBOMY HOMEPY, U HyNeBOM
AJ151 BCEX OCTasbHbIX N306pakeHnn.

JlabopamopHasi paboma Ne 4 (no meme CoBpeMeHHble PeKyppPEHTHbIEe HEUPOHHbIE CETH)

Llencto pgaHHOMm paboTbl sBndetca paspaboTka anropuTMOB Ans  aHanusa
TOHaNbLHOCTU TEKCTa Ha OCHOBE PEKYPPEHTHOW  HEWPOHHbIX CeTen, a Takke
CpaBHeHMe uX 3(EKTUBHOCTM C ApYruMM  Knaccudukatopamu. B kavecTse
obyvarowien BbIOGOPKK HeobxoaAMMO MCMNONb30BaTh peueH3nn Beb-canTa
RottenTomatoes— Habop 13 5331 no3uTuBHbIX U 5331 HeraTMBHbLIX peueH3unn. Ons
pa3paboTkn Heobxoammmo wucnonb3oBaTb 6ubnuotekn Pandas, Scikit-Learn wu
PyMorphy2, a Takke ppenmBopk TensorFlow kak cpeactso aHanumaa.

20.2 NMpomexyToyHasa aTTecTauums

lMpomexyToyHas atrectauus nNo AUCUUNINHE OCYLLECTBISETCA C NOMOLLBK CneayroLmnx
oueHouHbIX cpeacTtB: CobecegoBaHne MO  9K3amMeHaUMOHHbIM  BunetaM. KoHTpomnbHO-
n3MepuTernbHble mMaTepuanbl NMPOMEXYTOYHOW aTTecTauun BKMNYaT B cebs TeopeTnyeckue



BOMPOCHI, MO3BOSISIOLINE OLIEHUTb YPOBEHb MOMYYEHHbIX 3HAHWMW W MpaKTMYEecKue) 3agaHus,
No3BOSALLNE OLEHNTb CTENEHb COOPMUPOBAHHOCTN YMEHUI N HABLIKOB.

lMpomexyTouHaa aTTecTauua nNpoBOAUTCA B COOTBeTCTBUM C  [lonoxeHnem o
NPOMEXYTOYHOW aTTecTaumm obyyaroLmMxcsa no NporpaMMam BbiCLLEro 06pa3oBaHUS.
MepeyeHb BONPOCOB K 3K3aMeHY

1. OgHocnonHbIn nepcenTpoH. lMOHATME NUMHEWHOW pa3fennMocTM U NepcenTpPOHHOM
NpeacTaBnseMocCTy.

2. Teopembl 06 o00Oy4yeHMM nepcenTpoHa W  OrpaHMYEHHOCTM MNEepPCEenTPOHHON
npeactaensaeMoctu. Anroputm oby4eHms 0gHOCNONHOro nepcenTpoHa.

3. Oby4yeHne HEWPOHHOW CeTM KaK 3ajada MUHUMM3aUUM QYHKUMOHaNa OLIMOKWN.
Mcnonb3oBaHue rpagMeHTHbIX MeTo40B ONTUMMU3aumMm Ans o6y4eHnss HEMPOHHbLIX CeTEN.

4. BbiBog OpMyn KOPPEKTUPOBKM BeCOBLIX KoadhduumeHToB ceTu. HepoctaTtku
anropuTma obpaTHOro pacnpoCTpaHeHnst OLINGKK.

5. Mogudukauumn anroputMa obpaTHOro pacnpocTpaHeHnsa owmnbku: anroput™m RProp,
MeTo4 MOMEHTOB.

6. CeTb Xondumnga. ObyyeHne cetn Xondunga. PyHKUMs aHeprum cetn Xondunaa.

7. MNpocTasa pekyppeHTHas HerpoHHasa ceTb RNN. ApxutekTtypa cetn LSTM (Long Short-
Term Memory — gonras KpaTkoCpo4Has NnamsTb).

8. NpumeHeHne LSTM B 3agadax pacnosHaBaHWs peyn 1 MalLMHHOIO nepesoja.

9. Apxutektypa cetu GRU (Ynpaensiemble pekyppeHTHble HenpoHbl, Gated Recurrent
Units).

10.ApxutekTtypa n npuHumn padotbl CNN. MNpumeHeHne cBepTkM Ha ypOBHE HENPOHHOMN
cetun. MynuHr nnn cnon cybamckpetmsaumm. PyHkumm aktmeauumn (ReLU, ELU, PReLU, SELU).
[MOoNHOCBA3HBIN CITON.

11. O6y4yeHune cetn CNN. lNprmeHeHne: pacno3HaBaHne N3obpaxxeH; 3agaymn AeTeKUmm
N cermMeHTaumn.

12.AsToaHkogep. DCGAN. MNpeumyiectsa n Hegoctatkn GAN.

13. MNMepeHoc ctuna (Domain transfer network).

[Ona oueHMBaHua pesynbTaToB OOy4YeHMS Ha 3K3aMeHe MWCMOomb3ylTCca creaylwme
nokasatenu:
1) 3HaHWe y4yebHOro marepvana n BnageHue NOHATUNHBIM annapaToMm TEOPUN HENPOHHbLIX
ceTen;
2) yMeHMe aHanuM3MpoBaTb MHOrOMEpHble AaHHble W MpeoforieBaTbh BbIMUCIUTENbHbLIE
npobnemsbl, CBA3aHHLIE C BbICOKOW pa3MepHOCTbIO AaHHbIX;
3) yMeHue NPpUMEHATb MeTOAbl HEWPOHHbLIX CEeTEN MNpU pelleHUun 3agad B pPasfiMyHbIX
npuKnagHbix obnacrsx; ;
5) BnageHve HaBblkaMW UCMonb3oBaHUsa GubnunoTtek ssbika Python ans noctpoeHus
cuctem, oby4varoLmxcs no npeueaeHTam
6) BnageHne HaBblKaMy MOCTPOEHNS U NPOBEPKN Ka4yeCTBa HEMPOCETEBLIX MoAeNen;
7) BNageHne HaBblkaMy WHTepnpeTauMm MOSyYeHHbIX pe3ynbTaTtoB B TEpMUHAaX MpPUKIIagHON
obnacTu ¢ Lenbio NonyyYeHnsa HOBbIX 3HaHWI U BbIBOAOB.
[ns oueHnBaHns pe3ynbTaToB 00y4YEeHMs Ha 9k3aMeHe ucnonb3yeTcs 4-6annbHas wana:
KOTIIMYHOY», «XOPOLUOY», «YAOBIIETBOPUTEITbHOY, KHEYOOBNETBOPUTENBHOY.

OueHka «OTNUYHO» - CTYAEHT AEMOHCTpUpYEeT rnybokoe NoHMMaHue TeMbl U OEMOHCTpUpyeT
yMEHME NPUMEHATb METOAbl HEMPOHHbIX CETEN NPU peLleHnn 3a4a4d B pasnmyHbIX NPUKIagHbIX
obnacTsax.

OueHka «XopoLoy» - CTYAEHT AEMOHCTPUPYET NOHMMaHME TEOPETUYECKUX MOMOXEHUI TEMbI U
6a30BbIX MOHATWUMA, HO [JOMycKaeT HETOYHOCTM B OTBETax, WUCNbITbiIBAET 3aTpyAHEHUs B
NPUMEHEHUN 3HAHUIN K PELLIEHMIO MPaKTUYECKNX 3adau.

OueHka «yooBNeTBOPUTENBHOY» - CTYAEHT OTBEYaEeT He Ha BCE NPeAnoXeHHble BOMPOChI, HO He
MeHee, YeM Ha MONTIOBUHY U3 HUX; HE AEMOHCTPUPYET CMNOCOOHOCTM NPUMEHEHNS TEOPETUYECKNX
3HaAHWUI NS pelleHnst NPaKkTUYeCcKMX 3aaau.



OueHka «HeyooBNEeTBOPUTENbHO» - CTYAEHT AEMOHCTPUPYET HEerNOHWMaHWe TeopeTU4ecKux
OCHOB 1 6a30BbIX MOHATUI Kypca.



