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1. EJIb OCBOEHMA JUCIIUITJIMHbI

Jucumrumna «Artificial Neural Networks (Deep Learning)» BXOAUT B HporpaMmy
Maructparypol «lIpoekTupoBaHHe KOCMHUYECKUX MHUCCUUA M cuctem» 1o Hampasienuto 01.04.02
«[IpuknagHas MaTemMaTka U UHGOpMaTHUKa» U U3ydaeTcs Bo 2 cemectpe 1 kypca. Jducuuminny
peanuzyet Kadenpa MexaHuKH U MPOLIECCOB yrpaBieHus. JJUCIUIUIMHA COCTOUT U3 6 pa3/iesioB U
15 Tem 1 HanpaBiieHa Ha u3ydenue methods for constructing automatic control systems based on
artificial neural networks, mastering methods for solving basic control problems using neural
networks.

Ilenpro ocBocHMS AMCHMILUIMHBI siBistercst teaching students methods of constructing
artificial neural networks.

2. TPEBOBAHUA K PE3YJIBTATAM OCBOEHUSA JUCIUIIJINHbI
OcBoenne nucnuminabl «Artificial Neural Networks (Deep Learning) / HMckyccTBeHHBIE
Heriponasle cetu (I'myOokoe oOydyeHue)» HampaBieHO Ha (OPMHPOBAHHE y OOYYarOIUXCs

CJIEIYIOIIUX KOMITETEHIIUN (YaCTH KOMIIETEHIINHN):

Tabnuya 2.1. Ilepeuenv komnemenyutl, Gopmupyemvix y 00yYAOWUXCL NPU OCBOCHUU
OUCYUNTIUHBL (Pe3VTbmambvl 0C80EHUS OUCYUNTUHDL)

I/IHZ[I/IKaTOp])I JOCTHIKCHUS KOMIICTCHIUHN

Iudp Komnerennus N
(B paMKax JaHHOUW NHUCUMUTUIMHBI)

ITK-1.1 Obnanaer GpyHIaMEHTAIbHBIMU 3HAHUSAMH, TIOJyYCHHBIMH
B 00J1aCTH MaTEeMaTHYECKUX U (WIM) €CTECTBEHHBIX HayK,
MPOrPaMMHUPOBAHUS U HHPOPMAIIHOHHBIX TEXHOJIOTHIA;;

ITK-1.2 YMmeer HaxoquTh, GOPMYIUPOBATh U peIlIaTh CTaHIAPTHbIE
3a/1a4d B COOCTBEHHOMN HAayYHO-HUCCIICA0BATEIbCKON ACATEIIEHOCTH
B 00J1aCTH NPUKITATHOW MaTeMaTHKH U HHPOPMATHKH,
BBIYHCIINTEIHHON TEXHUKH M COBPEMEHHBIX TEXHOJIOTUH
POTPaMMHPOBAHUS;;

[IK-1.3 UmeeT npakTU4YECKUI ONBIT HAYYHO-HCCIIEI0BATENbCKOM
JIESITEIIFHOCTH B 00JIACTH NPHUKJIAHON MaTeMaTHKU 1
MH()OPMATHKH, BEIYUCINTETHHON TEXHUKH M COBPEMEHHBIX
TEXHOJIOTHH POrpaMMHUPOBAHHSL.;

Crioco0eH GpopMyIupoBaTh LEIH,
3a/1aud HayYHBIX HCCIICAOBAHUIA B
obnacTu nMpuKIagHON
MaTeMaTHKH 1 HHPOPMATHKH,

TIK-1 BBIYHCIIUTCILHON TEXHUKH B
COBPEMCHHBIX TEXHOJIOTHI
MIPOTPaMMHPOBAHHUSI, BEIOUPATH
METOJIBI ¥ CPEIICTBA PELICHHUS
3a1a4

Crioco0OeH NpUMEHATh I1K-2.1 3HaeT coBpeMEeHHbIE TEOPETUIECKUE I
COBpPEMEHHBIE TEOPETHUECKUE U |IKCIEPHUMEHTAIBHBIE METO/IBI Pa3padOTKN MaTEMaTHIECKUX
SKCHEPUMEHTAIBHBIE METOIBI | MOJIeNel, HHHOBAIMOHHBIE HHCTPYMEHTAJIBHBIE CPEACTBA
pa3paboTKN MaTEeMaTUYECKUX  |POEKTUPOBAHMSA U 3JIEMEHTHI apXUTEKTYPHBIX PEIIeHUi
MoJIeIell HCCeayeMBIX 00BEKTOB |MH(POPMAIIMOHHBIX CHCTEM;;
[K-2 u mporeccoB, oTHocsmuxes k- |[IK-2.2 YMeeT pa3pabaTeiBaTh U peai30BBIBATh ATOPHTMEL
npodeccHoHAIBEHOM MaTeMaTHYECKUX MoJiesied Ha 6a3e sI3BIKOB U MAKETOB MTPUKIAIHBIX
JIEITEIIFHOCTH 110 HAlPaBJICHUIO |TIPOrpaMM MOJAEINPOBAHMUS;;
MOATrOTOBKH M ydacTBoBaTh B X |[1K-2.3 MMeeT mpakTudeckuii OMBIT pa3pabOTKH BApHAHTOB
peannzaiyy B BUIC peanuzanyy HHYOPMAILIOHHBIX CUCTEM C MCIIOJIb30BAHUEM
IIPOTrPaMMHBIX ITPOJIYKTOB WHHOBAIIMOHHBIX HHCTPYMEHTAJIBHBIX CPEACTB.;

3. MECTO JUCIIMIIJIMHBI B CTPYKTYPE OII BO

Hucuumnuna «Artificial Neural Networks (Deep Learning) / VckyccTBeHHbIE HEHPOHHBIE
cetu (I'mybokoe oOyueHune)» OTHOCUTCS K YacTH, GOpMUPYEMOM ydyaCTHUKaMU 00pa30BaTEIbHbBIX
otHomeHUH Osoka 1 «/lucuumausabl (MOxynM)» 0OpPa30BaTENbHOM IMPOrpaMMBbl  BBICHIETO
oOpazoBaHws.

B pamkax o0Opa3zoBaTesbHOM NporpamMmbl BBICIIET0 00pa30BaHHS OOydYarOIIMECs TaKxKe
OCBaMBAIOT JIpyrMe JWCUMIUIMHBI W/WIM  TPAKTUKH, CIIOCOOCTBYIOIME  JIOCTUKEHHUIO




3alUIaHMPOBAaHHBIX pe3ynbTaToB ocBoeHus nucuuiuimHbl «Artificial Neural Networks (Deep
Learning) / ckyccTBeHnHbIe HelipoHHbIe ceTH (I my0okoe oOydeHwme)».

Tabnuya 3.1. Ilepeuenv komnonenmos OIl BO, cnocobcmeyrowux oOocmudiceHuro
3AN1AHUPOBAHHbLX pe3)1bmamoe OC60€HUA auCI/[ul’lJlqul
IIpepmecrByromue Ilocaenyromue
g Haumenosanne Plcpl/llilJII/IHbI;,MOm JIH e nnnnill}ll,l/;auo JIH,
p KOMIIETEHIINH FHCH *Hy ’ JRHCH *Ily ’
NPAKTHKH NMPAKTHKH
CoBpeMeHHbIE METOIbI
MEXaHUKH KOCMUYECKOTO
noJseTa;
Hckyccmeennvle Hetiponnble
cemu (Obyuenue c
CrocobeH GpopMynupoBaTh CoBpeMEHHBIE METOABI MEXaHUKH so%en
€1, 33291 HayJHbBIX KOCMHYECKOTO IT0JIETa,; ROOKpenenuen)™;
N ! \ . - Artificial Neural Networks
HCCITeTOBaHUH B 00IaCTH Machine Learning and Big Data - NN
N e (Reinforcement Learning)**;
MIPUKITaTHOW MaTeMaTHKH U Mining**; .
Dynamics and Control of
nHpopmatuky, Mawunnoe odyuenue u ananus )
MK-1 . sk Space Systems;
BBIYHCIINTEIBHON TEXHUKHU U bonbuux OanHbix **;
N I'eonHpopmManoHHbIE
COBPEMCHHBIX TCXHOJIOTUU COBpeMeHHLIe METOAbI
CHUCTEMBI U UX IPUMECHCHUC,
nmporpaMMupOBaHusd, JAUCTAHIUOHHOT'O 30HANPOBAHU
PazpaboTka u 6e301macHOCTb
BBIOMPATh METOJIBI U 3emiu; o
BeO-TIPUII0KECHUH;
Cpe/CTBa pelIeHHs 3a/1a4
Hayuno-uccnenoBatensckas
paborta;
TexHomorn4yeckas MpaKkTHKa;
[IpenmumiomMHas NpaKkTHKa,
Crmoco0OeH MpUMEeHATh Hckyccmeennvle netiponnvie
COBpPEMCHHBIC cemu (Obyuenue c
TEOpPETHICCKHE U nookpennienuem) **,
9KCIIEPUMEHTAIIbHbIC Artificial Neural Networks
METO/bI pa3paboTKH . . . Reinforcement Learning)**;
AR Pasp . Machine Learning and Big Data ( . 9)
MaTeMaTHYeCKUX MOeei Mining**: Dynamics and Control of
HCCIIEYEMbIX OOBEKTOB U ' Space Systems;
IK-2 Mawunnoe obyuenue u ananuz
MPOLIECCOB, OTHOCSIITMXCS K s I'eonHdpopmanroHHbIE
. bonbuux OanHoblx **,
npodeccHoHaIbLHON CHCTEMBI U X IPUMEHEHHE;
JeSITEIILHOCTH 110 Hayuno-uccnenoBarensckas
HAaIpaBJICHUIO TTOJITOTOBKH 1 pabora;
y4acTBOBAaTh B MX TexHomorn4yeckas MpaKkTHKa;
peannzaiyy B BUIC [IpengmumiiomMHas MpakTHKa,
IIPOTrPaMMHBIX ITPOJIYKTOB

* - 3aMONHSAETCS B COOTBETCTBUH ¢ MaTpuiei kommnerernuii u CYII OI1 BO

** - 3JIeKTUBHBIC AUCIMIUINHBI /TIPAKTUKH




4. OFbEM JUCHUILIVMHBI U BUJIbI YYEBHOM PABOTHI

O6mas TpynoeMkocth nucuumuinHbl «Artificial Neural Networks (Deep Learning)» coctaBiisieT «5» 3a4€THBIX €IMHHII.
Tabnuya 4.1. Buowl yuebHOU pabomvl no nepuooam 0cC80eHUsi 00paA308amenbHOl NPOSPAMMbL 8blCUIC20 00pA308aHUsL OJisi OUYHOU (DOpPMbL
0OyueHusl.

Buja yueOHoii padoThl BCETIO, ak.u. CeMec2T pCED)
Koumaxmmnas paboma, ax.u. 36 36
Jlexrun (JIK) 18 18
Jlabopartopusie pabotsl (JIP) 18 18
IMpaktryeckue/cemunapckue 3ansatus (C3) 0 0
Camocmosmenvras paboma 00y4arOWuxcs, ax.u. 117 117
Koumponw (ax3amen/3auem c oyenkoil), ax.u. 27 27
OO01asi TPYI0E€MKOCTh THCHHILTHHBI aK.4. 180 180
3a4.e/1. 5 5




5. COAEPKAHUE JUCIUITVINHBI

Tabauya 5.1. Cooepoicanue oucyuniunsvt (MOOYis) no 8udam y4ebHou pabomol

Homep
pa3nena

HaunmenoBaHnue
pasaena
JTUCIHUILIHHBI

Conep:xanue pazaesa (TeMbl)

Bupn yueOHoii paGoThI*

Paznen

Basic concepts.
Typology of
problems solved
by machine
learning
methods.
Multilayer
perceptron

11

Definitions, history of
development and main
trends of artificial
intelligence.

JIK, JIP

1.2

Biological neuron and its
mathematical model. Types
of activation functions.
Neural networks and their
classification. Mathematical
models of specialized
neurons.

JIK, JIP

1.3

Multilayer neural networks.
Representation of regression,
approximation,
identification, control, data
compression problems in a
neural network logical basis.
Multilayer perceptron.

JIK, JIP

Pazgen
2

Evolutionary
Teaching
Methods

21

Backpropagation algorithm
and its modifications.

JIK, JIP

2.2

Selecting optimal network
parameters

JIK, JIP

Paznen
3

Types of neural
networks

3.1

Neural network with general
regression.

JIK, JIP

3.2

Probabilistic neural network.

JIK, JIP

3.3

Neural networks with radial
basis functions.

JIK, JIP

3.4

Neural network and
Kohonen self-organizing
maps

JIK, JIP

Pazgen

Evolutionary
teaching
methods

41

Backpropagation algorithm
and its modifications.
Multilayer perceptrons.
Selection of optimal network
parameters

JIK, JIP

Paznen

Feedback neural
networks

5.1

Hopfield neural networks.
Neural network methods for
solving optimization-
combinatorial problems.
Hamming neural networks.
Pattern recognition using
distances.

JIK, JIP

5.2

Bidirectional Associative
Neural Networks.
Perceptron-Based Feedback
Neural Networks

JIK, JIP

Paznen

Specialized
neural networks

6.1

Deep neural networks.

JIK, JIP

6.2

Convolutional neural
networks.

JIK, JIP

6.3

Recurrent networks.

JIK, JIP

* - sanmonHsgeTcs Toibko 1o OUHOM dopme obyuenus: JIK — aexyuu, JIP — nabopamopuvie pabomut, C3 —
nPpaKmu4ecKue/CeMunapcrue 3aHsimusl.

6. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJINHBI



Tabnuya 6.1. MamepuaneHo-mexnuueckoe obecneueHue OUCYUNIUHbL

CrnenuaJu3supoBaHHoOe
yueOHOe/1adopaTopHoOe
odopyanoBanmue, [10 u
MaTepuaIbl 1J1s1 0CBOECHHSA
AUCHUTLITUHBI
(mpu HeOOXOAUMOCTH)

Tun aynuropun OcHaleHue ayauTopun

AymuTopus Ui IPOBEICHUS 3aHITUN
JICKIIMOHHOI'O TUIIa, OCHAallICHHAas
JlekiroHHast KOMILUIEKTOM CIEIHaTH3UPOBAHHON MeOeIIH;
JIOCKOM (3KpaHOM) U TEXHUYECKUMU
CpeACTBaMU MYJIbTUMEINA TIPE3CHTAIUN.

KommnbrorepHslii Kinacc 11l IPOBEICHUS
3aHATUH, TPYNIOBBIX U UHANBUYAIBHBIX
KOHCYJIbTaIMH, TEKYIEro KOHTPOJIS U
KoMnbroTepHslil | MPOMEXYTOUHOM aTTECTALlUU, OCHAILIEHHAS

KJ1acc [IEPCOHAIBHBIMU KOMIIBIOTEPAMH (B
konmuecTBe [I[lapamerp] miT.), JOCKOM
(?KpaHOM) U TEXHUYECKUMHU CPEICTBAMHU
MyJIbTUMEANA NPE3CHTAUN.

Aynuropus Ui CaMOCTOSTEIbHON pabOThI
o0yyaromuxcs (MOXeT UCIOIb30BAThCS IS

st o
A . | IpoBeIeHUsI CEMUHAPCKUX 3aHSATHI U
CaMOCTOSITEIIbHON 9
KOHCYJIbTAIIHi ), OCHAIICHHAS KOMILIEKTOM
paboThI

CHeIMaTU3UPOBAHHON MeOeH U
KoMmnbroTepamu ¢ goctynom B JUOC.

* - ayAuTOPHs I CAMOCTOATEIILHON paboThl 00yvatoniuxcs ykasbiBactcss OBA3ATEJIBHO!

7. YAEBHO-METO/JUMYECKOE 1 UH®OOPMAIIMOHHOE OBECIIEYEHHUE JTUCIIUIIJINHbBI

OcHosHas iumepamypa.

1. C.XaiikuH. HelipoHHBIE ceTH: MOIHBIN Kypc. 2-¢ u3a. M., "Bunbsamc", 2006.

2. A.H.Bacunbes, /I.A.TapxoB. HeiipocteBoe monenupoBanue. [IpuHIMNIBI. ANTTOPUTMBI.
[Tpunoxenus. CII6.: M3a-Bo [Monutexn. YH-Ta, 2009. ISBN 978-5-7422-2272-9

3. Mohamad H.Hassoun. Fundamentals of Artificial Neural Networks. MIT Press,
Cambridge, Massachusetts, 1995.

4. 1.A.Tapxos. Heiiponnslie cetu. Moaenu u anroputmsl. M., Pagnorexnuka, 2005.
(Hayunas cepus "Helipokomnbroreps! 1 ux npumenenue", pen. A.M.Ianymkus. Ku.18.)

5. C.C.Aggarwal. Neural Networks and Deep Learning. A Textbook. Springer
International Publishing
Jlononnumenvuasn numepamypa:

1. D.E.Rumelhardt, G.E.Hinton, R.J.Williams. Learning representations by back-
propagating errors. Nature, 1986, V.323, pp.533-536.

2. Caudill, M. The Kohonen Model. Neural Network Primer. Al Expert, 1990, 25-31.

3. J.J.Hopfield. Neural networks and physical systems with emergent collective
computational abilities. Proceedings of National Academy of Sciences of USA, 1982, V.79,
No.8, pp.2554-2558.
Pecypcuol ungpopmayuonno-menekommyruxkayuourou cemu « Mnmepremy:

1. O9bC PYIH u croponnue 3bC, Kk KOTOPBIM CTyI€HTBl YHUBEPCUTETA UMEIOT JOCTYII
Ha OCHOBAHUH 3aKIIFOYCHHBIX TOTOBOPOB

- DnekTpoHHo-ombmuoTeunas cucrema PYJIH — 9bC PYJIH

http://lib.rudn.ru/MegaPro/Web




- OBC «YHuBepcurerckas Oubauorexa onnan» http://www.biblioclub.ru
- OBC IOpaiit http://www.biblio-online.ru
- OBC «KoncynbraHT cTryfentay www.studentlibrary.ru
- OBC «Tpounkuit MOCT»
2. ba3bl JaHHBIX U TOMCKOBBIE CHCTEMBI
- QJIGKTPOHHBIN (POH]I TPABOBOI U HOPMATUBHO-TEXHUYECKOH TOKYMEHTAIIUU
http://docs.cntd.ru/
- mouckoBas cuctema Snnekc https://www.yandex.ru/
- mouckoBas cucreMa Google https://www.google.ru/
- pecdepatuBHas 6a3a nanasix SCOPUS
http://www.elsevierscience.ru/products/scopus/
Yuebno-memoouueckue mamepuanvt 05 camMoCmosmenbHol pabomol 0OYUaAOWUXCS NPU
0CB80EHUU OUCYUNTUHBL/MOOYIS*:
1. Kypc nekiuit mo mucumminne «Artificial Neural Networks (Deep Learning) /
HckyccTBeHnble HelipoHHble ceTH ([ myOokoe o0yuenue)».

* - Bce y4eOHO-METOIUYCCKUE MATePUANTBI JJII CAMOCTOSITEIIBHONH PabOThl 00yUJarOmUXCsl
pa3MeIIarTcs B COOTBETCTBUHU C ACHCTBYIOUINM MOpsiAKoM Ha cTpanulle aucuuruinasl B TYUC!



PABPABOTYMUK:

CanteikoBa Onbra

HoueHt AnekcanapoBHa
Jonoxcnocms, BYIT Tloonuce Damunus 1. 0.
PYKOBOJUTEJIb BYII:
Paszymusrii FOpuit
3aBenyromuii kadeapoit Hukonaeuu
Jonoscnocmo BYIT Tloonuce Damunus U.0.
PYKOBO/JUTEJIb OII BO:
Pazymusiii FOpuit
ITpodeccop Hukonaesnu
Honxcnocmo, BYITT Ioonuce Damunus U.0.



