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PABOYAS MPOrPAMMA YYEEHOW ONCLMMIUHBI

b51.0.12 CoepemeHHble Helipocemesbie mexHonoauu

1. Wndp n HanmeHoOBaHUe HanpaBreHUs NoAroToBKMU/cneunanbHOCTH:
01.04.02 Ilpuxnaounas mamemamuxa u uHpopmamuxa

2. Mpodunb noaroToBkM/cneumanmsayuu.
MaTemaTtnyeckme OCHOBbI 1 NPOrpamMmMnpoBaHne KOMMNbIOTEPHOW rpadouKn
NHbopMaLMOHHbIE TEXHOSOMMM B 3KOHOMUYECKOWN OeATENbHOCTH

3. Keanudwmkauma (cteneHb) BbINYCKHUKA: MarncTp
4. dopma ob6pa3oBaHUA: OYHas

5. Kacdheppa, oTBevyalowlan 3a peanusaumio gucumMniuHbl: Matematmyeckmx
MEeTOo0B UccrneaoBaHNs onepaumi

6. CoctaButenu nporpammbl:  KawmpuHa VpnHa JleoHnaoBHa, AOKTOP. TEXH. HayK,
npod.

7. PekomeHaoBaHa:

HayyHo-MeTOoanYeCKMM COBETOM (paKyfbTeTa NPUKIagHOM MaTeMaTuKn, MHOpMaTUKK
N MEXaHUKK

[MpoTokon o pekomeHgaunu: Ne 6 ot 17.03.2025 r.

8. YuebOHbIK roa: 2026/2027 Cemectp(-bl): 3



9. llenu n 3agayun y4e6HOM AUCLUNIIUHDI:

Llenb nayyeHmst ANCUMNNNHLI:

dopMMpoBaHMEe Yy OOYYalLINXCA OCHOB TEOPETUYECKMX 3HAHUMN W NPaKTUYECKMX
HaBbIkOB paboTbl B 06MacTu (YyHKLMOHMPOBAHUA M UCMONb30BaHUS HENpOCeTEBbIX
TEXHOSOMMA B MNPUKNIagHbIX WM HaydyHou cdepax. B pamkax aOuvcuMnniuHbl
paccMaTpuBaloTCs TEOPEeTUYECKME OCHOBbI MOCTPOEHUSA WCKYCCTBEHHbIX HEWPOHHbIX
ceTeun, a Takke npakTUyecKkne BOMPOCHI MCMOMb30BaHUS HEMPOCETEBbLIX TEXHOMOMMN C
Lenbio pas3paboTkM COBPEMEHHbBIX WHHOBALMOHHBLIX METOAOB peLleHust NpUKNnagHbiX
3agay B obnactu npodeccnoHanbHon AesaTenbHOCTH.

3agayn yyebHOM ANCUNNIINHDI:

- O3HaKOMMNEHME C COBPEMEHHbIM COCTOSIHAEM UCCredoBaHUMM B obnacTtu
NCKYCCTBEHHbIX HEWPOHHbIX CceTel W HeupoceTeBbIMU  MeToLamu aHanusa,
BM3yanusauumn n o6paboTkn pasnnyHbIX TMNOB MHGOPMaLUK;

- npuobpeTeHne 3HaHWN N NPaKTUYECKOro OnbiTa B 0611acTu Teopun HEMPOHHbIX
ceTen, pasnnyHbIX apxXMTEKTyp U cnocoboB MX HACTPOMKW, OBOCHOBaHUSA  BbIBOOOB,
pa3pabaToTkM pekoMeHgaLUmMn No NX UCMONb30BAHNIO;

- N3y4yeHMe BO3MOXHOCTEN MNPUMEHEHNA WCKYCCTBEHHbIX HEWPOHHbIX CeTen K
3agavam aHanmsa gaHHblX, 06paboTkM TEKCTOB, 3BYKa N N306paxXeHUI;

- BblpaboTka YMEeHW N HaBbIKOB UCMNONb3oBaHUA 6ubnuotek Asbika Python ans
pa3paboTku HENPOCETEBbLIX MPUMNOXEHUA C BO3MOXHOCTbLIO WUHTepnpeTaumm
NOJSTyYEeHHbIX pe3ynbTaTbl UCCNeg0BaHUMN,

10. MecTo y4ebHoM ancumnnuHel B cTpyktype OOIT:

yyebHaga gucumnnmHa oTHocuTCcA K obasatensHon Yactu bnoka 1.

11. MnaHupyemble pe3ynbTaTbl O0y4YeHMA nNO AucuunnuHe/mMoayno (3HaHUSA,
YMEHUA, HaBblk1M), COOTHECEHHble C MMaHUpyeMbIMU pe3yrnbTaTaMu OCBOEHMUS
obpasoBaTenbHOW NporpaMmmMbl (KOMMNEeTEeHUUS MU BbIMYCKHUKOB):

Kon HazBanue Kona(wt Nunukatopsi(bl) [InanupyemMbie pe3yabTaThl
KOMITETCHIIHU ) 00y4eHUs
OIIK- | Cnocoben OIIK- | OIIK-1.3 Pa3pabaTbiBaer | 3HaTh:
3 MpOBOIUTH aHaU3 | 3.3 WHHOBAllMOHHbIE ~ METOABI | OOLIME CBENEHUS O MPHUHLIMIAX
MaTeMaTHYECKUX peleHus NPUKIaIHBIX | (QYHKIMOHUPOBAHMS
MOJeIICH, 3a7a4 B 00J1aCTH | UCKYCCTBEHHBIX HEUPOHHBIX
C03/1aBaTh npodeccuoHaANEHON CceTel; OCHOBHBIE apPXUTEKTYpHI
WHHOBAIMOHHbIE NesITEIbHOCTH. HEHPOHHBIX  CETEeH; OCHOBHBIE
METOJIBl  PEIIeHUs crocoObl U TpaBWiIa OOyYeHHS
IIPUKJIaAHBIX HEWPOHHBIX CETEH;
3a7a4 YMETh!
npodecCuOHANBHO MOJIb30BATECSl  allapaTHBIMU |
W JeATeIbHOCTH B MPOrpaMMHBIMHA CpelcTBaMu
obnacTtu CO3/1aHMsI HEHPOHHBIX CETeH INpH
nHPOPMATUKH U peLIeHUY IPUKIAAHbIX 3a/1a4.
MaTEeMaTHYECKOTO BIIAJICTh:
MOACIIUPOBAHUSA COBpPEMCHHBIMHA HeﬁpOCCTeBBIMH
TEXHOJIOTHSIMA ~ KaK  CPeICTBOM
IMOJIYy4€HUSA  HOBBIX 3HAaHUHA B
Ppa3INYHbIX MMPEAMETHBIX
o0macTsx.
HaBBIKAMHU MIPUMEHEHUS
COBPEMEHHOTO MaTEeMaTHYECKOro
amnmapara HACKYCCTBEHHBIX




HEUPOHHBIX ceTen 1A
peIJ_IeHI/ISI HpI/IKJ'IaI[HI:IX 3a1a4

[IK-3 | Cmocoben [K-
00pabaThIBaTh, 3.2.
HWHTEPIPETUPOBAT
b, opopMIIATH U
NIPEICTABIIATE
npodeccuoHaIbHO
My OOIIECTBY
pe3yabTaThI
IMPOBCACHHBIX
HCCIIEAOBAHUM.

WnTepriperupyer 3HATE! METOABl  00pabOTKH
MMOJIY4YCHHBIC PE3YIbTAThl | AAHHBIX C HUCIIOJIB30BaHUEM
HICCIIEIOBAHMI, JlelaeT | HEMpOHHBIX  CETeH; obmacTu
BBIBOJBI,  pa3padaThiBacT | MPUMEHEHUST HEHPOHHBIX CETEH,
PEKOMCHAAIIUH. HBIHCIITHEC COCTOsIHHE u
TMEPCIICKTHUBLI pa3BUTUA
OPOrpaMMHBIX W amlapaTHBIX
peanuzaunit HCKYCCTBEHHBIX
HEHUPOHHBIX ceTel
YMeTb:  aHaIu3UpOBaTh u
MHTEPIPETUPOBATh IONTyYEHHbIE
pe3yJIbTaThl B o0sacTu

HMCKYCCTBEHHOTO HHTEIUICKTA W
HEUPOCETEBBIX TEXHOIOT UM

Bnaners: aJrOpuTMaMHu
HEWpOCeTeBOro aHanu3a u
00paboTku JTAHHBIX
(M300paXKeHUI, TEKCTOBBIX
JAHHBIX, TAOJIMYHBIX JAHHBIX) M
HaBBIKAMHU MPEACTaBICHUS
mpo(ecCHOHaIbHOMY  OOIIIECTBY
pe3ynbTaTOB NPOBEJICHHBIX
HCCIIEA0BAHUM

12. CTpykTypa n cogepxaHme y4eOHOMN AUCLUNSINHDI:
O6bem ancumnMHbl B 3a4eTHbIX eauHNLax/Jyacax B COOTBETCTBUN C y4EOHbIM NnaHoOM

—5/180

13 Buabl yye6HOM paboThI:

Bug yuebHow paboTbl

TpynoeMKocTb (4achl)
Mo cemecTtpam

Bcero
3 cem.




AyanTOpHbIE 3aHATUSA 48 48

B TOM YuCre: nekuum 32 32
npakTuyeckme

nabopaTopHble 16 16

CamocTtosiTenbHas paborta 96 96

Wroro: 144 144

dopma NPOMEXYTOYHOM aTTecTaumnn aK3ameH 36

13.1. CopepxxaHne AUCLUNIIUHLI

n/n Peanusauus

HanmeHoBaHune pasnena
ONCUUNNUHBI C

pasgena CopnepxaHue pasgena QUCUUnnHLI NOMOLLbH0

ANCUUNNNHBI o

OHNawnH-Kypca,

QYMK ™

1. NNekumn

1.1 BeneHune. OcHoBHble | KpaTkuii nctopudecknin o63op. Knaccel 3agau, CoBpeMeHHble
NMOHATUSA Kypca. pellaeMblX HEMPOHHBIMU CETAMU: MPOrHO3NPOBaHNE HenpoceTeBble
MaTtemaTtuyeckui Ha (pMHaHCOBbIX pblHKaX; anfnpokcuMaLms; TeXHonorum
HEWpPOH 1 HEWPOHHasi | NMOCTPOEHME PYHKLUN MO KOHEYHOMY Habopy
ceTb. 3HavYeHuIr; oNTUMU3auUnsg; Knactepusauus; NoCTpoeHne

OTHOLLIEHWIA HA MHOXXECTBE OOBbEKTOB;
pacnpegeneHHbI NONCK MHpopmaumn
accoumnaTMBHag NamsiTb; hunbTpauus; cxaTme
WHpopmaunm; naeHTudnKaums UHaMMUYECKNX CUCTEM
W ynpaeneHve MMu; HempoceTeBasi peanusauus
Knaccuyecknx 3agay u anroputmMoB BbIMUCIIUTENBHON
MaTemaTukn. buonormyecknin HEMPOH un ero
MaTemaTu4eckas Moaenb Kak

anemMeHTapHasi CTpyKTypa HeMpoHHoW ceTu. [NoHaTre
CvHancu4yeckoro Beca. Bugbl aktuBauMOHHbIX
YHKUMNA.

HenpoceTtn. Knaccudgukaums n cBomcTBa HEMPOCETEN.
Teopema Konmoroposa -ApHonbga.

1.2 MepcenTpoH OpHocrnonHbin - nepcenTpoH.  Anroputm  06ydeHus | CoBpeMeHHble

PoseHbnatTa OfHOCIOWHOro nepcenTpoHa (oenbTa-npaBuno) | HenpoceTeBble
[MoHaTHe nuHerHon pasgenuMocTV U NEepPCenTPOHHOM | TeXHOIormu
npeacTaBnsieMocTu. Teopewmsl 06 o6y4eHun
nepcenTpoHa W OrpaHMYEHHOCTM NEPCENTPOHHOW
npeacTaBnseMocTu. Anroputm 06y4eHus
O HOCMOMHOro nepcenTpoHa.

1.3 MHorocnonHbIn O0y4yeHVe HelpOHHON CeTu Kak 3agada MuUHMMM3aumn | CoBpeMeHHble
nepcenTpoH 1 dyHKUMOHaNa owunbku. Mcnonb3oBaHWUs rpagmneHTHbIX | HEMpoCceTeBbIe
anroputm obpaTHoro | METOAOB ONTMMM3aUMM Ans 0by4eHUs HEWPOHHbIX | TEXHOMOrUm
pacnpocTpaHeHus. ceten. BbiBog OpMyNn KOPPEKTUPOBKM BECOBbIX

KoadbpuumeHtoB  cetu. Hepoctatkm  anroputma
obpaTHoro pacnpoctpaHeHus owwmnbku. Mogndmkaumm
anroputma: anroput™ RProp, Metoa MOMEHTOB.

1.4 MoctpoeHue n otbop | U3eneyeHne npusHakos (Feature Extraction). CoBpeMeHHble
NpuU3HaKoB MpeobpasoBaHus npusHakos (Feature HemnpoceTeBble

transformations): kogupoBaHWe HEYMNCINOBLIX AaHHbIX, | TEXHOOMMK
HOpPMMPOBKa 1 KannbpoBka, 3anofIHEHNE MPOMYCKOB

Bbibop npuaHakoB (Feature selection): ctatuctuyeckue

noaxodbl, Bu3yanu3auusi, oTbop C UCNonb3oBaHWEM

Mopaenen

1.5. MeToapl O0y4eHue HenpoHoB KoxoHeHa. Micnonb3oBaHne cetn | CoBpeMeHHbIe
HenpoceTeBoOm KoxoHeHa ans knaccudukauum o6pa3os. HenpoceTeBble
Knaccudukaumm n VMcnonb3oBaHue kapTbl KOXxOHeHa Ans knactepmsaumn | TEXHOMNOorum
KnacTtepusauumu AaHHbIX. Packpacku kapTbl. ANroputMbl 06y4eHns cetu




JaHHbIX

KoxoHeHa n kapTbl KoxoHeHa. HenpoHbl 'poccbepra.
CTpyKTypa ceTu BCTPEYHOro pacnpoCTpaHeHUs.
Anroputm oby4eHunsi cCeTU BCTPEYHOIrO
pacnpocTpaHeHus. CeTu pagmanbHbiX 6a3nCHbIX
dyHKUNA. BeposiTHOCTHasA HellpoHHas ceTb. CeTb
ART — knacTtepusaumsa 4aHHbIX B peXUME OHManH.
Ounemma ctrabunbHOCTU- NNacTM4YHoCTN. MexaHnam
06y4eHust n cTpykTypa cetn APT-1 ¢ BuHapHbIMun
BXOAHbIMY curHanamu. APT-2, Fuzzy APT -cetnc
HenpepbIBHbIMU BXOAHbIMW 3HAYEHUAMMU.

1.6

Knaccuueckue
HEeWpOHHbIE CETU C
obpaTHbIMK CBA3AMM.

Cetb Xondwmnga. ObyyeHne cetn Xondunga. PyHKUMA
3Heprumn cetn Xondwunga. EMkocts cetn. YBennyeHme
€MKOCTM C NOMOLLIbIO MeToAa OPTOroHanM3auum
BXOZAHbIX AaHHbIX. NpobneMa BO3HNKHOBEHUS NTOXHbIX
o6pa3zoB B namsATn cetn Xongunga. Cetb XaMMuHra —
HelipoceTeBas MoAenb accoLuMaTMBHON NaMATH,
OCHOBaHHas! Ha BbIYUCIIEHMN PACCTOSHMUA XEMMUHTa.
Cetb JAI (oByHanpaBneHHasi accoumaTuBHasi
namsitb).CeTb OnbMaHa kak NpumMep MHOTOCITONHOIo
nepcenTpoHa ¢ obpaTHbIMK CBA3AMMU.

CoBpeMeHHbIe
HenpoceTeBble
TexHonornm

1.7.

CoBpeMeHHble
PEKYPPEHTHbIE
HENpOHHbIE CeTu

MNpocTtas pekyppeHTHas HelpoHHasa ceTb RNN.
Apxutektypa cetn LSTM (Long Short-Term Memory
— ponras KpaTkocpoyHas namsTtb). [lpumeHeHne
LSTM B 3agavyax pacno3HaBaHUs peyu n MallMHHOro
nepesoga. Apxutektypa cetn GRU (Ynpaensiemble
pekyppeHTHble HelpoHbl, Gated Recurrent Units).

CoBpeMeHHble
HeripoceTeBble
TEXHOMormm

1.8

CBepToyHble
HENpOHHbIE CeTu

Apxutektypa u npuHumn pabotsl CNN. MNMpumeHeHne
CBEPTKM Ha YPOBHE HEMPOHHOW ceTu. [ynuHr unu cnown
cybauckpetnsaumm. dyHkumm aktnsaumm (RelLU, ELU,
PReLU, SELU). MNonHoceA3HbIn cnon. ObyyeHne ceTn.
MpumeHeHune: pacno3HaBaHVe n3obpakeHui; 3agaym
AEeTEKUNM 1 cermeHTaumm.

CoBpeMeHHble
HeripoceTeBble
TexXHonornm

1.9

reHepaTMBHble ceTn

AsTtoaHkogep. DCGAN. MNpeumyliectsa 1 HeaoCTaTKu
GAN. TepeHoc ctunga (Domain transfer network). Text
to Image.

CoBpeMeHHble
HenpoceTeBble
TEXHOM0orMm

1.10

Henpo-HeueTkune
cetu

MaTemaTnyeckne OCHOBbI HEYETKUX cucTeM. HeveTkne
MHoXecTBa.JIMHrBUCTUYECKME NepemMeHHble. HeveTkne
npasuna BbiBoga. CucTeMbl HeYeTKoro BblBOAA
MamgaHun-3age. ®dasudukatop. [HedasudukaTop.
Mogenbo  MampaHu-3age  Kak  yHMBepcanbHbIV
annpokcumartop. Heuvetkmne cetn TSK (Takarn-CyreHo-
KaHra). vbpugHbln anroputMm OBy4YeHMs He4veTKMX
ceten. [lpeummyliecTtBa WCMOMb30BaHWUA  HEYETKMX
HENPOHHbLIX CEeTEN

CoBpeMeHHble
HenpoceTeBble
TEXHOMormm

111

BenBneT-ceTeBble
Moaenu

BeegeHne B BenBneT-npeobpasoBaHue. basoBble
BenmBneT-pyHkuun. PagnanbHo-6asncHas HenmpoHHas
ceTb Cc BeuBnet-yHkumaAMKU. [lMpeumylulecTtsa
MCMONb30BaHMUs  BEWBNETOB B  KOMOMHauum ¢
HEMpPOHHbIMK ceTaMU. PelueHne 3agay aHanusa wu
NPOrHO3nMpoBaHMs BONbLUMX MOTOKOB AAHHbIX.

CoBpeMeHHble
HenpoceTeBble
TEXHOMNormmn

2 JlabopamopHbie pabombi

2.1

O630p OCHOBHbIX
HeobxoaMMbIX
onbnnoTek A3bika
Python

Bubnmoteka  NumPy gna  onTMMM3MPOBaHHbLIX
BbIYMCMEHUA Had MaccvBamu OaHHbiX. BBegeHvne B
MaccuBbl oubnuoTtekn NumPy. BbinonHeHune
BblYMCIIEHUI Hag maccmBamu Oubnmotekn NumPy,
yHMBepcanbHble PyHKUuMM Onepaunmn Hag AaHHbIMA B
6ubnuoteke Pandas. O6paboTka OTCYTCTBYHOLUMX
OaHHbIX. ArpervpoBaHne 1 rpynnupoBKa.
Busyanusaumss ¢ nomouibto 6mbnmotekn Matplotlib.
JInHenHble rpacoukn,  guarpammebl paccesiHus,
rMMCTOrpaMmbl, TpEXMepHble rpaduki. 3HAKOMCTBO C

CoBpeMeHHble
HemnpoceTeBble
TeXHOoNnornmm




6ubnuotekon MawwmHHOro obyyeHus Scikit-Learn.
'vnepnapameTpbl M NpOBEpPKa Ka4ecTBa MOAenu
2.2 lMepcenTpoH MopgenvposaHue, nporpammMmpoBaHue n | CoBpeMeHHbIe
PoseHbnatTa nccrnegoBaHve BO3MOXHOCTEWN MPOCTENLLEro | HeMpoceTeBble
nepuenTPOHHOTO HEVPOHA. TEXHOMNormmn
2.3 MpakTnyeckme MpepobpaboTtka gaHHbIX. KogupoBaHnve BxogoB- | CoBpeMeHHble
pekomeHaaumm no BbixogoB. MacwTtabupoBaHue. Perynsapusaums (L1, L2, | HempoceTeBble
nNporpaMMmnpoBaHnio Dropout). O6yyeHune HeCKOmNMbKUX HeWpoceTerd C | TeXHONormu
HenpoceTen pasnuyHon apxutektypon. OT6op onTUManbHbIX CETEN.
OueHka
3Ha4YMMOCTN NpeackasaHun.
2.4 MHorocnovHbIn CoBpeMeHHble
NEPCENTPOH 1 MopenupoBaHue n 06ydeHue cetn obpaTHOro HelipoceTeRble
pacnpocTpaHeHnsi C NOMOLLbIO BUBNMOTEK sA3blKa
anroputm obpartHoro Python TEXHOMormmn
pacnpocTpaHeHust.
2.5 CoBpeMeHHble _ | CoBpeMeHHble
DEKYPPEHTHBIE MquenmquaHme W  UCCNedoBaHWE  PEKYPPEHTHOM HelpoCeTeBble
N HEMPOHHOW CeTK C NoMoLLbLo BubnunoTek sisbika Python
HEMPOHHbIE CETU TEXHOM0rMK
2.6 CBepToyHbIE MogenvpoBaHue 1 uccriegoBaHne  cBepTodHou | CoBpeMeHHble
HEeNPOHHLIE CETH HEMPOHHON CeTU C NoMoLLbLo BubnunoTek sisbika Python | HelpoceTeBble
TEXHOM0rMm
13.2 Pasgenbl AucumninHbl 1 BUAbl 3aHATUN:
No Bugbl 3aHATMIA (YacoB)
Y HanmeHoBaHue pasgena Mpaktnye | NaGopaTopH CamocTos
ONCUNNITUHDI Jlekuun TenbHas Bcero
n cKkune ble
paboTta
Benenne. OcHOBHbIE MOHATUSA
1 Kypca. MaTemaTtunyeckun 2 6 8
HEWPOH M HEMPOHHaZA ceTb.
O630p OCHOBHbIX
2 Heobxoanmbix GUGNMoTek 4 6 10
A3blka Python
3 | MNepcentpoH Po3eHbnartTa 4 2 4 10
MHOrocrnonHbIN NepcenTpoH n
4 | anropuTm obpaTHOro 6 2 8 16
pacnpocTpaHeHusl.
MeToabl HenpoceTeBoOM
5 | knaccudmkaumm un 2 12 14
KnacTtepusaumm gaHHbIX
6 Knaccudeckne HelpoHHble > 8 10
ceTn ¢ 0bpaTHLIMI CBA3SMMU.
7 Co?pemeHHble pPeEKYppPEHTHbIE 12 20
HENpPOHHbIE CETU
8 | CBepTo4HbIE HEMPOHHbIE CETU 4 12 20
9 | leHepaTuBHbIE ceTH 4 10 14
MpakTnyeckme pekomeHgaumm
10 | no nporpaMmMunpoBaHuUIO 2 6 8
HenpoceTen
11 | Herpo-He4yeTkne cetu 2 6 8
12 | BenBneT-ceTeBble MOAeN 2 6 8
Utoro: 32 16 96

14. MeTogn4yeckue ykaszaHusa ansa odoy4arowmxcs No 0CBOEHUIO ANCLUMIIUHDI

PekomeHayeTcs paboTa C KOHCMEKTamMu feKUMn, Npe3eHTauusamMmn, BbiMOSTHEHNE NPaKTUYECKUX
3aJaHU ons caMoCTOATENbHOM paboThl, BbIMONHEHNE NnabopaTopHbIX paboT, ncnonb3oBaHue
PEKOMEHAOBAHHOW NUTepaTypbl U METOANYECKMX MAaTepManoB, B TOM Y/CMEe pa3MeLLEHHbIX Ha




cTpaHuue kypca «CoBpeMeHHble HerpoceTeBble TEXHOSOMMU» Ha nopTane «ONeKTPOHHbIN
yHuBepcuteT BIMY» https://edu.vsu.ru/course/view.php?id=2017 , asTop KawwnpuHa W.J1.

B pamkax obuiero o6bema YyacoB, OTBEAEHHbIX ANS U3YYEHUST AUCUUMNAVHDI,
npeaycMaTpuBaeTCs BbINONHEHME CeayoLWwmx BUAOB CaMOCTOATENbHbIX paboT CTyaeHTOB
(CPC): nsyyeHue TeopeTn4ecKkoro matepuana, HanucaHue nporpaMmm no Temam, naydeHHbIM
Ha NEKLMOHHbIX Y NPaKTUYECKUX 3aHATUSIX.

Mpn ncnonb3oBaHUN ANCTAHUMOHHbIX 06pa3oBaTeNbHbIX TEXHOMNOMMIA U 3NIEKTPOHHOIO
obyyeHns cnegyeT BbINOMHATL BCe YKa3aHus npenogasaTensd no pabote Ha LMS-nnatdopwme,
CBOEBPEMEHHO NoAKMyaTbes K online-3aHaTnsam, cobniogate pekoMmeHaaumm no opraHnsauum
camocTosiTenbHOM paboThbl.

15. MNepevyeHb OCHOBHOW W AOMNOSIHUTENILHOM §NUTEpPaTypbl, PECYPCOB WHTEPHET,
Heo6X0AUMbIX ANl OCBOEHUA AUCLMUMNIIUHbI

a) OCHOBHa4da nuTepartypa:

Ne n/n NcTouyHuK

N'yadennoy, A. nybokoe obydenune / A. N'yacdennoy, N. Bengxuo, A. Kypsunnb ;
nepeBog ¢ aHrnuickoro A. A. CnuHknHa. — 2-e usg. — Mockea : [JMK lNpecc, 2020. —
652 c. — ISBN 978-5-97060-618-6. — TeKCT : 31IEKTPOHHBbIN // J1aHb : 3NEeKTPOHHO-
6ubnmoteyvHasn cuctema. — URL: https://e.lanbook.com/book/107901

AHTOHWMO, . Bubnuoteka Keras — MHCTPYMEHT rnybokoro obyyeHus. Peanusauus
HEWMPOHHbIX ceTel ¢ nomoLubio 6ubnunotek Theano n TensorFlow / . AHTOHWO, . CyaxuT ;
2 nepesog ¢ aHrnuunckoro A. A. CnuHknH. — Mockea : IMK Tlpecc, 2018. — 294 c. — ISBN
978-5-97060-573-8. — TeKCT : 3NeKTPOHHbIN // JlaHb : 3aNeKTPOHHO-6MBIMoTEYHas
cuctema. — URL: https://e.lanbook.com/book/111438

dnax, . MawmnHHoe o6yyeHne. Hayka 1 MCKYCCTBO NOCTPOEHUSI arnirOPUTMOB, KOTOpbIe
M3BreKarT 3HaHus u3 gaHHblx / . dnax. — Mockea : JMK lMpecc, 2018. — 400 c. — ISBN

3 978-5-97060-273-7. — TeKCT : 3NEeKTPOHHbIN // JlaHb : 3NeKTPOHHO-6MBNIMoTEYHas
cuctema. — URL: https://e.lanbook.com/book/69955
Pawka, C. Python 1 maluMHHOe oby4eHue: kpariHe Heobxoanmoe nocobue No HoBeuLLEN
npeackasaTenbHoON aHanuTuke, obsasatenbHoe s 6onee rnybokoro NoHMMaHus

4 MEeTOo0orMmM MalLMHHOro 06yyeHus : pykooacTteo / C. Pallka ; nepeBof ¢ aHrnuickoro A.

B. JloryHoBa. — Mocksa : MK [Mpecc, 2019. — 418 c. — ISBN 978-5-97060-409-0. —
TeKCT : aNeKTPOHHbIV // JlaHb : 3NeKTPOHHO-0MbnmMoTeyHasa cuctema. — URL:
https://e.lanbook.com/book/100905

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

6) gononHuTenbHasa nuTeparypa:

Ne n/n NCcTOoYHUK

6 @. YoccepmaH, HelipokomrbromepHasi mexHuka: Teopus u npakmuka, M. Mup, 1992.-
320 c.

XKepoH, OpenbeH. MNMpuknagHoe malmHHoe obyyeHune ¢ nomoLlbio Scikit-Learn n
TensorFlow: KoHLENUMW, MHCTPYMEHTbBI U TEXHUKM ANS CO34aHUS MHTENNEKTyarnbHbIX
cuctem. lMNep. ¢ anrn. - Cnb.: OO0 "Anbta-kHura': 2018. - 688 ¢

7

nybokoe oby4eHne B Omonorun n meanumHe / 6. Pamcyngap, M. Mctman, M. Yontepc, B.
Mange ; nepesog ¢ aHrnuickoro B. C. AueHkoBa. — Mocksa : MK lNMpecc, 2020. — 202 c.
— ISBN 978-5-97060-791-6. — TeKCT : 9NeKTPOHHbIN // JlaHb : aNeKTpoHHO-6MGNMoTeYHas
cuctema. — URL: https://e.lanbook.com/book/131725

BeccmepTHbI, . A. Cucmemsbi uCKyccmeeHHO20 uHmesinnekma : y4ebHoe rocobue
ons eysoe /W. A. beccmepmHbil. — 2-e u30., ucrp. u 0on. — Mockea
n3damernbcmeo KOpalim, 2020. — 157 ¢. — Tekem : anekmpoHHbIl // O6C KOpaim
[calim]. — URL.: https://urait.ru/bcode/451721

B) MH(POPMALMOHHbIE 3NEKTPOHHO-0bpa3oBaTenbHbIE pecypchl (oduLmanbHble pecypcbl
NHTEpHeT)™:

| Ne n/n | McTOuHMK



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

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

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

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

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

14 https.//e.lanbook.com/search?query=HelpoHHbie % 20cemu&block=booksName&page=
1&limit=10 36C JlaHb — KHU2U 10 HEUPOHHbIM CEMSM
Kypc «CospemeHHbIe Helipocemeablie mexHono2uu» Ha rnopmarne « 351eKmpOoHHbIU

15 yHusepcumem BI'Y», asmop Kawupu+a U.J1.
https://edu.vsu.ru/course/view.php?id=2017

16 http://neuropro.ru/ -lpakmuyeckoe ucrnosib308aHUE HEUPOHHbIX cemel

17 http://www.statsoft.ru/statportal/tablD __52/DesktopDefault.aspx - Helpocemeegol
rnopmarn calma nakema Statistica

18 http://neuralnetworksanddeeplearninq.com/index.htmI - Neural Networks and Deep
Learning

19 http://MachineLearning.ru Pecypc, nocesueHHbIl MawUuHHOMY 06y4eHUro,
pacro3HasaHur 0bpa3os u UHmMenneKkmyasabHOMy aHanu3y OaHHbIX.
https://www.kaggle.com/

20 Kaggle — amo nnamapopma 0nsi uccnedosamerieli pasHbIX ypo8Hel, 20e OHU Moaym
onpobosams ceou Modesnu aHanu3a 0aHHbIX U MawUHHO20 0by4YeHUs1 Ha CePbEe3HbIX U
aKkmyarsibHbIXx 3adadyax.

UCI Machine Learning Repository — peno3umoputi Habopog daHHbIx Oris1 8bIMO/IHEHUS

21 nabopamopHbix pabom o Kypcy CospeMeHHble Helipocemesblie mexHoo2uuU -
http://archive.ics.uci.edu/ml/

16. MepeyeHb y4yeOGHO-meTOAMYECKOro obecnevyeHus ANsi CamMOCTOATENbHOM paboThl
(y4ebHo-memoduyeckue pekomeHOauuu, rocobusi, 3adadvyHUKU, MemoOUYECKUE yKalaHus 10
8bIMOIHEHUIO MPaKMU4YecKux (KOHmMpOosbHbIX) pabom u 0p.)

[na obecneyeHns caMoCcTosTENbHOM PaboTbl CTYAEHTOB B 35IEKTPOHHOM KypCce OUCLMNITUHBI Ha
obpasoBaTenbHOM nopTane «OnNeKTpoHHbIA yHMBepcuTeT BlIY» cdopmmpoBaH yyebHoO-
MEeTOANYECKMIN KOMMIEKC, KOTOPbIA BKNOYAeT B cebsi: nporpammy Kypca, yvyebHble nocobus u
CrpaBoOYHble MaTepuvanbl, MeToau4eckMe ykasaHusi No BbINOMHEHUIO NabopaTopHbiX paborT.
CTyaeHTbl nony4yatT AOCTYN K AaHHBIM MaTepuanam Ha nepBoM 3aHSTUM MO AUCLUMITUHE.

Yka3aHHble B y4eOHO-MeToaM4eckoM komnnekce y4ebHble nocobust 1 cripaBoYHble MaTepuarbl
ANS CaMOCTOATENbHON paboThl, NPpUBeAEHbI B TabNULE HUXKE:

Ne n/n MCTOYHMK

1 KawwnpwuHa W.J1. ickyccTBeHHbIe HENMPOHHbIE ceTn, BopoHex, MN3-so BI'Y, 2014-96 c.
Mnac Ox. Bangep Python ong cnoxHeix 3afay: Hayka o JaHHbIX U MallMHHOe

2 o6yyeHne. — CI16.: MNMutep, 2018. — 576 c.
Mamepuarnei k kHueze: https://github.com/jakevdp/PythonDataScienceHandbook

17. Obpa3oBaTenbHble TEXHONOMMU, UCNOJNb3yeMble NPU peanu3aunm y4ebHon
AUCLMNIMHDbI, BKIIOYas AMCTaHUMOHHbIe obpa3oBaTternbHbie TexHonoruu (0OT),
anekTpoHHoe obyyeHue (J0), cmewaHHoOe 0by4eHMne)

AvcumnnuHa peanuadyetcss C MPUMEHEHMEM ONEKTPOHHOro OByyYeHuMs W AUCTaHUMOHHBIX
obpasoBaTernbHbIX TexHonornn. [Ons opraHusaumm camocTosTenbHorm paboTbl obyyaromxcs
NCNonb3yeTcsl OHMarH-kypc «CoBpeMeHHble HenpoceTeBble TEXHOSNOrMU», pasMeLLEeHHbIN Ha
nnatdopme 3nekTpoHHoro yHusepcuteTta BIY (LMS moodle), a Ttakke WHTepHeT-pecypcsl,
npuBedeHHble B N.158.

18. MaTepuanbHO-TexHU4Yeckoe obecneyeHme QUCLUMNIINHDI:

Nekummn: nekunoHHasa ayauTopus, ydyebHas mebenb, komnboTep (HOYTOYK), MynbTUMeaunHoe
obopynoBaHue (NpoeKTop, 3KpaH, CpeacTBa 3BYKOBOCMNPOM3BEAEHWS).



https://lib.vsu.ru/
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

MpakTnyeckne n nabopaTopHble 3aHATUS: chneunanuavMpoBaHHas ayauTopusi, OCHaLLeHHas
y4ebHol Mebenbo U nepcoHarnbHbIMU  KOMMblOTEPaAMU ANs MHAUBUAYanbHOW paboTbl C
BO3MOXHOCTbIO MOAKMIOYEHUA K CceTu «MHTepHeT» (KOMMbIOTEepPHbIe KMacchl, CTyaum),
MynbTUMeauiiHoe o6opyaoBaHue (NPOEKTop, 3KpaH, CPeACTBa 3BYKOBOCMPOM3BEAEHUS).

CamocTtosiTtenbHass paboTta: yyebHas Mebenb, KOMMBIOTEPHLIN Klacc, KOMMbHTEP C
BO3MOXHOCTbIO MOAKIIOYEHUSI K ceTn «VIHTepHeT» 1 nnatgopme INeKTPOHHOro yHMBepcuTeTa
By (LMS moodle).

MporpammHoe obecneyveHue:

- OC Windows 8 (10),

- NHTepHeT-Opay3ep (Mozilla Firefox);

- MO Adobe Reader;

- NakeT CTaHOApPTHbIX OMWCHBIX MPUIOXEHUA Ana paboTbl C AOKYMeHTamu, Tabnuuamm
(MonOduc, LibreOffice);

- cneumanusnpoBaHHoe MO, gonyckaeTca gemoBepcusa nnu BupTyarnbHbln aHanor MO.

19. OueHo4HbIe cpeacTBa ANA NPOBeAEHUA TeKyLEeNn 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 gucUmnniuvHebl 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 TeKyLuM KOHTPOSb yCreBaeMocCTun

MNMepe4veHb 3apaHun ana nabopaTopHbIX paboTt

JlabopamopHasi paboma Ne 1 (no meme MepcenTpoH Po3eHbnarTa)
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Puc. 1. Mogenb nepcentpoHa, pasgenstoLlero “kpectmkn” ot “Honmkos”

Hanuwwute nporpammy, oOyyalolwyld OAHOHENPOHHBLIN  MEPCEenTPOH  pPacno3HaBaHWIO
n3obpaxeHnn “kpectukoB” n “Honukos”. BxogHble obpasbl (10-15 wTyK) npeacrasnsaoT cobown
rpacpuyeckmne nsobpaxeHund. Kaxgoe nsobpaxeHme pas3duto Ha kBagpatbl (MNu nNuKcenu) n ot
Kakgoro KBagpaTta Ha nepcenTpoH nogaetcd Bxond. Ecnu B kBagpaTte mmeeTca nuHua (Mnu
MUKCENb OKpaLLEH B YEePHbIN LUBET), TO OT HEro NogaeTcs eauMHuua, B NPOTUBHOM CrlyYae — HOSb.
MHoxecTBO KBagpaToB Ha M3obpakeHnMn 3agaeT, TakuMm 0bpa3omM, MHOXECTBO HYNen U eguHuL,
KOTOpOe M nogaeTcsl Ha Bxoabl nepcentpoHa (puc. 1). Llenb coctout B TOM, 4TOObI Hay4YnTb
nepcenTpoH AaBaTb €OUHWUYHbBIA BbIXOA NPW nofade Ha HEero MHOXeCTBa BXOAOB, 3aatoLmx
“KpecTuk’, 1 HyNeBoW BbIXOA B criydae “Honuka’.

JlabopamopHasi paboma Ne 2 (no meme MHO20COUHBIU NepcenmMpPoH U arizopumm
o06pamHo20 pacnpocmpaHeHuUsl.)




— Hanuwurte nporpammy, oby4atowyo MHOrocnowmHbI nNepcenTpoH pacno3HaBaHWUIo
PYKOMUCHbIX M300paxkeHnn uudp. BbixogHom cnon cetm pormkeH cogepxatb 10
HenpoHOB. Kaxablii HEMPOH BbLIXOAHOrO Crios AOSMKEH AaBaTb €AMHUYHBIA BbIXod Mpwu
nogaye Ha BXo n3obpakeHns, COOTBETCTBYIOLLLEro ero nopsaKkoBoMy HOMepPY, U HYNeBon
ANS BCEX OCTarnbHbIX N300paXXeHnN.

JlabopamopHasi paboma Ne 3 (no meme CoBpeMeHHble PeKyPPEHTHbIE HEUPOHHbIE CETH)

Llencto pgaHHOm paboTbl sBNAeTca paspaboTka anropuTMOB ANns  aHanusa
TOHaNbHOCTU TEeKCTa Ha OCHOBE PEKYPPEHTHOM  HEWPOHHbIX CceTer, a Takxke
CpaBHEHMEe uX 3(PEKTMBHOCTM C ApYyruMuM  Kknaccudukatopamu. B kavectse
obyvarowien BbIBGOPKK HeobXxoAMMO MCMNONb30BaTh peueH3nn Beb-canTa
RottenTomatoes— Habop 13 5331 no3uTMBHbIX U 5331 HeraTMBHbIX peueH3unn. Ons
pa3paboTkn Heobxoanmmmo wucnonb3oBaTb 6ubnuotekm Pandas, Scikit-Learn wu
PyMorphy2, a Takke ppenmBopk TensorFlow kak cpeactso aHanusa.

20.2 NpomexyTo4Hasa aTrecraums

MpomexyToyHaa aTtTectaums no AMCUMNIIMHE OCYLLECTBISETCA C MOMOLLBbK CreaytLmx
OLeHOYHbIX cpeacTs: CobecenoBaHme No sK3aMeHaUNOHHbIM GuneTtam.

[Mpn BbICTaBNEHUN UTOrOBOW OLEHKM yumTbiBaeTca Gann 3a TecToBble 3a4aHUsa M YUCNO
COaHHbIX NTabopaTopHbIX paboT B COOTBETCTBMM C TabNULEN HMXKE.

MpomexyToyHasa aTtTecTaumsi MNpoOBOAUTCA B  COOTBETCTBMM C  [lonoxeHnem o
NPOMEXYTOYHOW aTTecTaumm obyyatoLmMxcsa no nporpaMmmam BbicLLEro o6pa3oBaHus.
MNepeyeHb BONPOCOB K 3K3aMeHy

1. OgHocnonHbI nepcenTpoH. [NMOHSATME NMHENMHOM pa3genMMocTM U NepcenTPOHHOM
npencTaBnsieMocTy.

2. Teopembl 06 o06ydeHuM nepcenTpoHa W  OFPAHUYEHHOCTU NepcenTPOHHOWN
npeacraenseMoctu. Anroputm oby4eHms ogHOCIIOMHOro NepcenTpoHa.

3. Oby4yeHne HEWPOHHOW CeTM KaK 3ajada MUHUMM3aUUM QYHKUMOHaNa OLLIMOKWN.
Mcnonb3oBaHue rpagneHTHbIX MeTOA40B ONTUMMU3aumMm Anst 06y4eHnss HEMPOHHbLIX CETEN.

4. BbiBog opMyn KOPPEKTUPOBKM BECOBLIX KoadhdumuneHToB ceTu. Hepgoctatku
anroputma obpaTHOro pacnpocTpaHeHUst OLLINGBKN.

5. Mogudukauumn anroputma obpaTHOro pacnpocTtpaHeHnsa owmnbku: anroput™m RProp,
MeTo4 MOMEHTOB.

6. CeTb Xondunga. ObyuyeHne cetn Xondunga. PyHKUMs aHeprum cetn Xondunaa.

7. MNpocTasa pekyppeHTHas HerpoHHasa ceTb RNN. ApxutekTtypa cetn LSTM (Long Short-
Term Memory — gonrasi KpaTtkocpodHas NamsaTh).

8. NpumeHeHne LSTM B 3agadax pacnosHaBaHUsa peyn 1 MalLUMHHOIO nepeeoaa.

9. Apxutektypa cetn GRU (Ynpaensemble pekyppeHTHble HenpoHbl, Gated Recurrent
Units).

10.ApxutekTtypa n npuHuun padotel CNN. NpumMeHeHne CBEPTKM Ha YPOBHE HEWPOHHOM
cetn. MNynuHr nnn cnon cyéauckpetunsaummn. dGyHkumm aktmeaumm (ReLU, ELU, PReLU, SELU).
IMONHOCBA3HbIN CIION.

11. O6y4eHue cetn CNN. lNpumeHeHne: pacno3HaBaHne n306paXkeHnn; 3agayun geTekumm
N cermeHTaumm.

12.AsTosHkogep. DCGAN. MNpeumyiectsa n Hegoctatkn GAN.

13. NepeHoc ctuna (Domain transfer network).

[ns oueHVWBaHWA pe3ynbTaToB OOYyYEHUs HA 3SK3aMeHe wucnonb3yeTcs 4-6annbHas wana:
«OTIMYHOY, «XOPOLLOY, «YAOBNETBOPUTENIBHO», HEYAOBMNETBOPUTENBHOY.

CooTHoLleHMe nokasaTenen, Kputepues U LLKasbl OLUEeHNBaHUA pe3ynbTaTtoB 06y‘-IeHI/1$|.



KpuTepum oueHnBaHus LLkana oueHoK

Obyuarowutca e nonHol Mmepe enadeem MOHAMUUHBIM | OMiu4YHO
annapamom QaHHOU obsacmu Hayku (meopemuyeckumu
ocHogamu OucuyurnnuHbl), cdan ece snabopamopHbie pabomel,
cpedHee Komu4yecmeo [pasusibHbIX 0MmMeemo8 Ha 80rpocChl
mecmoe ripesbiwaem 80%.

Obyuarowutca enadeem oHAMUUHbIM arnapamom JdaHHou | Xopouwio
obnacmu Hayku (meopemu4yecKumMu 0CHo8amMu OUCUUIMIIUHbI), HO
He cOarn o0Hy nabopamopHyto pabomy, cpedHee Konu4ecmeo
rpasursibHbIX 0mMeemos8 Ha 60MpoChbl Mecmo8 Haxodumcsi 8
OuarnasoHe 60-80%.

Obyuarowutcsa  Oemocmpupyem  HeysepeHHoe  eriadeHue | Yooenemeopu-
MOHAMUUHbLIM ~ annapamom  QaHHoU  obrnacmu  HaykKu | mesibHO
(meopemuyeckumu ocHoeamu QucuursiuHbl), He cOan 0ee
rnpaKkmu4yeckux unu  jabopamopHbix pabombl, cpedHee
Konu4ecmeo rpasusibHbIX OMmMeemo8 Ha B60MpoCkl Mecmos
Haxodumcs 8 duana3oHe40-60%.

Obyuyarowutcs demoHcmpupyem ompbi8oYHble, | Heydosnemesopu-
ppasmeHmapHbie 3HaHuUs1, Qoryckaem epybbie owubku, He clan | mesibHO

boniee dsyx npakmuyeckux unu nabopamopHbix pabomel,
cpedHee Konu4ecmeo ripasusibHbIX 0mMeemo8 Ha 80rpoChl
mecmoe meHee 40%.

CTyoeHT, BbINOMHMBLLWI B NOSTHOM 00 bEME NporpamMmy Kypca, flabopaTtopHble paboTbl 3a4TeEHb!,
1 UMerLLNIA nocelaeMocTb 3aHATMI 90% 1 6onee, Ha yCMOTpeHWe npenogaBaTens MOXeT ObiTb
ocBOOOXAEH OT BOMPOCOB K 3k3amMeHy. MToroBasi oueHka B 3TOM Crnyyae, BbICTaBnsieTca B
COOTBETCTBMM TONbKO CO cCpeaHuM 6annom no Tectam.

20.3 ®oHAO OUEHOYHbIX cpeacTB cPOPMUPOBAHHOCTU KOMMNETEHUUNA CTYAEHTOB,
pekomeHAyeMbI AN NpoBeAeHUsl AMarHOCTUYECKUX paboT

KomnemeHuyus-Ne OFIK-3 CrniocobeH nposodumb aHanu3 mamemamudeckux modened,
co3dasamb UHHOBAUUOHHbIE MemoObl pelweHuUsi rpuknadHbix 3adady rnpogheccuoHanbHoOU
OessmenbHOCcMU 8 obsrlacmu UHGhOpMamuKku U MamemMamu4ecKko20 MoOernuposaHust

Bonpochl ¢ BapuaHTamu OTBETOB

1. MaTemaTtundeckas moaenb HempoHa npeacraBnseT cobon HEKOTOPLIN abCTPaKTHLIN SNTEMEHT,
UMERLLINA
a) HECKONIbKO BXOAOB U OAWH BbIXOA
b) oauH Bxoa v oanH Bbixoa
C) MHOXeCTBO BbIXOJ0B 1 ONH BXO[,
d) MHOXeCTBO BXOJO0B U BbIXOJ0B

2. dyHKUMEN akTUBaUMM HEMPOHA Ha3blBaeTCs:
a) Anroputm oby4deHus ceTn
b) HenuHenHbIN Npeob6pasoBaTenb BXOAHOrO CUrHana Ha BbiXoge HeMpoHa
c) BsBelleHHas cymma BXo4oB HEMpPOHa
d) BasBelueHHas cymMma BbIXOOOB HEMPOHA



3. HenpoH NonHOCTLIO onNuckIBaeTCs
a) CUHaNTU4YeCKMMM Becamum U PyHKLMEN aKTUBaLumn
b) uumcnom BxOOOB M aKTMBALMOHHON OyHKLMEN
C) npaBWiioM 00y4YEHMS 1 BECOBbIMU KO DULMEHTAMM
d) 4mcrom BbIX0O0B, BeCaMu CUHAMTUYECKUX CBA3EN U (DYHKLMEN aKTUBaLMM

4. CKOnbKO HacTpavBaeMblx NapameTpoB NMeeT MaTeMaTnyeckasi MoAerb HelpoHa?

a) OawnH

b) Ha ogauH 6onblie, Yem BXxo4oB

c) Cronbko e, CKOMNbKO BXO40B

d) Y matemaTtuyeckonm MOAenu HeMpoHa HET HacTpaMBaeMbIX NapaMeTpoB

5. [Inga yero npu oby4eHNUn HEMPOHHbIX ceTeln ncnonb3yetcsa metog Dropout

a) Ansg 3awuTbl CeTU OT nepeodby4eHus
b) Ana cosgaHnsa NOAHOCBA3HOrO CNos

C) ANS Co34aHMs CBEPTOYHOrO Cros

d) Ons cosgaHus NynMHIOBOrO Cros

6. [nsa yero ucnonb3yetca metog Flatten?

a) 4TOObI HAa OCHOBE KapT NPMU3HaKOB c(hopMUpoOBaTb OQHOMEPHbIN BXOLHOW BEKTOP
ANA NONTHOCBA3HOIO CIosA

b) nns gobaBneHnsi NONHOCBS3HOMO CNos

C) ANS 3aWwuTbl OT NepeobyyeHns

d) ons pobaBneHust CBEPTOYHOrO Crnos

L2 3 +
-101 2
20 =2 =1
7. Dana matpuuya 1 > 4 3 /. Buinonnute onepauuio cybanckpeTusaumm (NynuHra)
dyHKUMEN MaKkcumyma 2% 2
(O.S 2.5)
a) . 1
€ 2
b) 4
=3 3
(o 22)

8. Kakne cnov BXOASIT B apXUTEKTYPY CBEPTOYHOM CeTU (YKaXunTe BCe NpaBuiibHbIE BapyaHTbI)

a) CBepTOUHbIN CIioMn



b) cybauckpeTuaupyrowmm crnom (Crnom nynuvHra)
C) NOSIHOCBA3HbLINA CNON
d) cnown c oGpaTHbIMK CBA3AMM

9. CKonbKo napameTpoB B CBEPTKE pasmMepoM 3x3, KoTopasa NPMMEHSIETCSH K
TpexkaHanbHOMY N306paXKeHnto?
a) 9 Bcero: Mbl HaknagblBaem OfHY M Ty XXe CBEPTKY Ha Kaxabl U3 TpeX KaHarnosB
b) 27 napameTtpoB: 3x3 AnsA Kaxaoro U3 Tpex KaHanos
C) 3 napameTpa: CTOMbKO e, CKOMbKO U KaHanoB
d) 1 napametp

10. Kakoe gencrteune n3 NpanioxXeHHbIX FIornMyHee BCero npeanpuHaTb, €Cnun owmnbkn Ha
obyuvatoLlen n TectoBon BbIGOpKe OOCTUMN TpebyeMbIX ManbiX 3HAYEHNIA?

a) YBENMYUTb YMNCNO HEMPOHOB CKPbITOrO Cros

D) yMEeHbLWUTbL YNCHIO HEMPOHOB CKPLITOrO Cros

C) 3aKOH4YUTb OOGy4YeHue

d) n3MEHUTb apXMUTEKTYpYy CETU U NOBTOPUTL 00y4YeHMe

11. Ansa pyHKUUKM akTMBaUMmM HEMpoHa "rmnepbonnyecknii TaHreHe" BblibepuTe BCe BEPHbIE
yTBEPXOEHUS:

a) Mpwn x =0 dyHKUumna tanh paBHa 0

b) ®yHkuma tanh HenpepbiBHa

c) ®DyHkumsa tanh HeuyeTHas

d) ®PyHkums tanh yeTHaa

e) ®DyHkumsa tanh MOHOTOHHO BO3pacTaeTr

12.
Ha PUCYHKe npuBeneHbl (*)OpMyJ'IbI Ana nepec4yeTa CKPbITOro U BbIXOAHOIO CJ1o4A

hy = tanh(Wyph 1 + Wopay)
Yr = Whyht

a) MHOrocrnovHoOro nepuenTpoHa

b) peKyppeHTHOW HEMPOHHOMN CeTn
C) CBEpPTOYHOW HEMPOHHOM CETU

d) cetn Xondwunga

BOHpOCbI C KPaTKUM TEeKCTOBbIM OTBETOM

1. Kakoe 3HauyeHune GyaeTt NonyyYeHo Ha BbiXxode HEMPOHA C akTUBALMOHHOW (OyHKLUNEN
€aNHNYHOro ckayka c secosbiM Bektopom W=(0, -3, 1, 5) npu nogade Ha Bxog BekTopa X=(1,
0,1) ?

OtBeT: 1

2. MpumeHunTe cBépPTKY ¢ 9apom (-0.5, 0, 0.5) k curHany (1, 1, 2, 3, 3, 3, 2, 1, 1). BxogHyto
nocnegoBaTeribHOCTb He HYXXHO AO0MONHATL Hynsamu. LLar cBépTku (stride ) cumTante paBHbIM
1.

YKaxute pasMepHOCTb MoSTy4YeHHOro BEKTOpa NPU3HaKoB.

OtBeT: 7



3. Mpumenute ceépTky ¢ sapom (-0.5, 0, 0.5) k curHany (1, 1, 2, 3, 3, 3, 2, 1, 1). BxogHyto
nocrneaoBaTesibHOCTb HE HYXXHO AOMOMHATL Hynsimu. Llar ceépTku (stride ) cuntante paBHbiM 1.
YKaxuTe KONMYeCTBO HyNEBbIX KOMMNOHEHT NOTy4EHHOro BEKTOpa NPU3HaKoB.

OtBerT: 1

4. MNonHocBsA3HaA HEMPOHHAasA CeTb TMMa MHOrOCIOMHbLIN NepuenTpoH nMmeeT 4 Bxoaa, 6
BbIXOJ0B U 5 HEMPOHOB B CKPbITOM crnoe. CKOMbKO Y Hee BECOBLIX KO3(hPULUNEHTOB?
OTBeT: 50

5. NonHocBA3Hasa HENMPOHHAA CEeTb TMMa MHOMOCIONHbIN NnepuenTpoH nmeet 10 Bxoaos, 1
BbIXO4 U 5 HEMPOHOB B CKPbITOM crioe. CKOMNbKO y Hee BECOBbIX KO3hULNEHTOB?
OTBerT: 55

KomneteHuua-Ne lK-3 CnocobeH obpabaTbiBaTb, MHTEpnpeTupoBaTb, OOPMNATbL WU
npeacTaBnATb npocpeccmoHanbHOMyY obwecTBy pe3ynbTaTthbl npoBeAeHHbIX
nccnegoBaHumn

Bonpocbl ¢ BapyaHTamu OTBETOB

1. Kakvne 3HauyeHus BblgaeT noporosas (pyHKUNSA akTMBaLMKM HerMpoHa (pyHKUNA eaUHUYHOro
ckadka) ?

a) {0, 1}

b) {-1,1}

c) {0,1,2, 3}

d) Bce BelLeCTBEHHbIE YMcna
2. Kakune 3HayeHnsa MoryT NnpuHMMaTb BeCOBble KOIPPULMEHTbI NONTHOCBA3HOW HENPOHHOM
cetn?

a) TonbKo NONOXUTENbHbIE

b) Tonbko oTpuuaTenbHble

c) Jlrobble BewecTBeHHbIE 3HaYeHUA
d) Tonbko uenvie

3. Kakyto ob6nactb 3Ha4YeHnn uMeeT nornctmdeckas yHKUUS akTmeaLmm HempoHa?

a) (-1,1)
b) (0,1)
c) {0,1}
d) [0,1]

4. Kakoe gencteue (M3 npeasioXeHHbIX) normyHee npeanpuHaTb, ecnu owmbka obyyeHns
MHOrOCIIONHOro nepcenTpoHa Ha oby4yatoLuen Bolbopke bonbLue Tpebyemon?

a) YyBeNMYUTb YNCII0 HENPOHOB CKPbLITOrO CroA

b) yMeHbLINTL YNCIO HEMPOHOB CKPLITOrO CIIoA

C) 3aKOH4YUTb 0ByyeHue

d) Havatb oby4eHue c Havana



5. YKaxute W3MeHEeHHbIN BECOBOW BEKTOP nocne MOCTYynfeHnsa Ha BXxo4 MpoCcToro
nepcenTpoHHoro HerpoHa ¢ W=(0, 1, 2, 3) obGyuatowero Bektopa X=(1; 0; 1), ecrnv npaBunbHbIN
BbIX04 HenpoHa =1, a ckopocTb 00y4yeHus 0.5.

a (0,1,2,3)

b) (0, 1.5, 2,3.5)

c) (0,1,1,2)

d (051,1,2

6. YKaxuTe W3MEHEHHbIN BECOBOM BEKTOp Mocre MnoCTynfneHnss Ha BXo4 MNpOCTOro
nepcenTpoHHoro HerpoHa ¢ W=(-5, 1, 2, 3) oby4atoLero sektopa X=(1; 0; 1), ecnv npaBunbHbIN
BbIX04 HenpoHa =1, a ckopocTb 00y4eHus 0.5.

a) (-4.5,15,2,3.5)

b) (-2,1,1,2)

c) (0,1,1,2

d (-51,2,3)

7. BHewHee Bosgenctene X=(1, 1,1), Beca cuHantudecknx ceazen (0; 0,1; 0,2; 0,3). DyHKUNS
aktuBauumn RelLu. Kakoe 3HauyeHune OygeT Ha BbIXoge HEMPOHa?

a) 0,6

b) 3

c) 0

d 1

8. Ha kapTuHke npeacraBneHo n3obpaxeHve n 94po cBepTkn (Ha bonee TeMHOM hoHe). Yemy
paBeH pe3ynbTaTt CBepTKN?

a) 12
b) 0
c) 3
d 1

BOHpOCbI C KPpaTKUM TEeKCTOBbIM OTBETOM

1. BHewHee BosgenctBue X=(1, 1,1), Beca cuHantnyeckux ceazen (0; 1; -2; 3). OyHKumA
aktuBauumn RelLu. Kakoe 3HaueHune ByaeT Ha BbIxode HENpOHa?
OTBeT: 2

2. Yemy paBHO 3Ha4eHue KBagpaTU4HON (PYHKLMM NOTepb AN HEKOTOPOro BXOAHOMO BEKTOpa
X B HEMPOHHOW CETU, ECINN €€ pearibHbIN BbIX0S, Y= (0.1, 0.6, 0.8) , a ueneson
(Tpebyembin) Bbixoa D=(0, 0.6, 1) ?( PasgenuTtens uenow n opobHON YacTun- Touka)

OTtBeT: 0.05



3. Yemy paBHO 3Ha4eHue kBagpaTUYHOM PYHKUUM NOTEPb  AN1S1 HEKOTOPOro BXOAHOIo BEKTOpa
X B HEMPOHHOW ceTn, ecnu ee pearnbHbin Bbixog Y = (0.2, 0.4), a ueneBon (Tpebyembiin) BbIXo
D =(0.3,0.2)?

OTserT: 0.05
4. CKOmnbKO Cnoes HEMPOHOB UCMONb3yeTcs B ceTn Xondunga?
OtBerT: 1

Kputepun v wkanbl oueHnBaHua 3agaHum ®OC:
[nsa oueHnBaHWs BbINOMHEHUS 3a4aHU Ucnonb3yeTca bannbHas wkana:

1) 3aKpbITble 3aaHng (TECTOBbIE C BapuaHTaMu OTBETOB, CpeHWUI YPOBEHb CNOXHOCTU):

o 1 6ann — ykasaH BEpPHbIN OTBET;

e (0 6annoB — ykasaH HEBEPHbIN OTBET (MOMTHOCTBIO U YaCTUYHO HEBEPHbIN).
2) OTKpbITble 3adaHusa (TeCTOBble C KPaTKUM TEKCTOBbIM OTBETOM, MOBbILIEHHbLIA YPOBEHb
CINOXHOCTW):

e 2 6Ganna — ykasaH BEpHbLIN OTBET;

e (0 6GannoB — ykasaH HEBEPHbIN OTBET (MOMTHOCTBIO U YaCTUYHO HEBEPHbIN).

3apaHua pasgena 20.3 peKoOMeHAYHTCA K MUCNONb3OBaHMIO MNpU  npoBeAeHUuU
ONarHoCcTUYeCKUX paboT C Lenblo OLEHKU OCTaTOYHbIX pe3yribTaTOB OCBOEHUS AAaHHOM
AUCLUMNNUHbI (3HAHUWA, YMEHUW, HAaBbLIKOB).



