[loKyMeHT NoAnucaH NpoCToil 3NeKTPOHHOM NOANMUCHI0
NHbopmaums o Bnagenbue:

OMO: fictpebip e paR KRB ¢y napcTBeHHOd aBTOHOMHOE 06pa30BaTeIbHOE YUpeKIeHHE BbICIIEro 06pPa30BaHHs

LlomkrocTb: PekTop «Poccuiicknii yHuBepcurtet aApyx061 HapoaoB umMenu [arpuca Jlymymobn»
[ata nognucanus: 20.05.2024 16:03:54 y P 24 P P ymy

YHUKanbHbI MPOrpaMMHbIA KIKOY:

2104001 N07Z£Q070LT7ZNTO~£1 000 10 H eHep aﬂ a ane ﬂ
ca953a0120d891683f93596750/8ef1a989dae 18
(HANMEHOBAHME OCHOBHOTO yueOHoro noapazaenenus (OVYII)-pazpadorunka OI1 BO)

PABOYASA NTIPOTPAMMA JTUCHUIIJIMHBI

HUCKYCCTBEHHBIE HEHPOHHBIE CETU (IJTYBOKOE OBYUYEHMUE)

(HauMEHOBaHUE JUCIUIUIAHBI/ MOJTYJIs)

PexomennoBana MCCH ajis1 HanpaBJieHUs1 MOATOTOBKH/CIeHAJIbHOCTH:

01.04.02 ITPUKJIATHAA MATEMATUKA U UH®POPMATHUKA

(KO,H 1 HAUMCHOBAHUEC HAIIPABJICHUA HOZ[FOTOBKI/I/CHC]_II/IaJ'ILHOCTI/I)

OcBoeHne  JHCHMIUIMHBI  BeleTcsl B  paMKax  peaju3aldd  OCHOBHOM
npodeccuoHAIBLHON 00pa30oBaTeIbHOM NporpamMmMbl Bbicuiero oopasoanus (OII
BO):

BAVIMCTUYECKOE NIPOEKTUPOBAHUE KOCMHNYECKHUX
KOMIVIEKCOB 1 CUCTEM

(manmeHoBanue (npodmis/cnenuanusanus) OI1 BO)

2024 r.



1. EJIb OCBOEHUMA JTUCIIUITJIMHbI

Hucuunnmuna «MckycctBennble Heliponnble cetu (I'myOokoe oOydeHue)» BXOIUT B
nporpaMmy MarucTparypbl «bamuctuyeckoe MpPOEKTUPOBAaHME KOCMUYECKUX KOMIUIEKCOB U
cuctem» 1o HampasieHuto 01.04.02 «IIpukianHas maTemMaTika U HHPOPMATHKa» M U3y4aeTcs BO
2 cemectpe 1 kypca. ducnummuny peanusyer Kadenpa MexaHukd M MpOLECCOB yIpaBIICHUS.
JlucumiimHa coCTOUT U3 6 pa3fenoB U 15 TeM u HalpaBiieHa Ha W3Y4YEHHE METOJIOB MOCTPOCHUS
CHUCTEM aBTOMATUYECKOTO YNPABJICHHUS HA OCHOBE MCKYCCTBEHHBIX HEHPOHHBIX CETEH, OCBOCHHE
METOJIOB pelIeHHs] OCHOBHBIX 33/1a4 YIIPABJICHUS C UCIIOJIb30BAaHUEM HEHMPOHHBIX CETEHl.

[lenpto OCBOCHMSI AMCIMIUIUHBI SBJISETCS OOYYEHHE CTYACHTOB METOJAaM MOCTPOCHHUS
HCKYCCTBEHHBIX HEUPOHHBIX CETEH.

2. TPEBOBAHMA K PE3YJIBbTATAM OCBOEHUMA JUCIHUITJIMHDbI

OcBoenne nucuuruinHbl «VckyccTBenHble HeiipoHHble cetu (['myOokoe oOyueHue)»
HampaBJIecHO Ha (opMHpoBaHWE Yy OOydYalONIMXCA CISAYIOMUX KOMICTCHIMNA (4acTH
KOMITCTCHITHH ):

Tabnuya 2.1. Ilepeuenv komnemenyuil, opmupyemvix y 00V4arOWuxcs npu 0c60eHuu
OUCYUNTUHDBL (Pe3YTbmambl 0C80EHUS OUCYUNTIUHDL)

HHZ[HKaTOp]:I JAOCTHIKCHHUS KOMIIETCHIIMHA

Hugp Komnerenuus N
(B paMKax JaHHOH THCUUTUIMHEI)

[IK-1.1 O6nanaeT ¢pyHIaMEHTaTBHBIMHA 3HAHUSAMH, TTOTyYCHHBIMHU
B 00J1aCTH MaTeMaTHYECKHX 1 (WJIN) ECTECTBEHHBIX HAaYK,
MPOTPaMMHUPOBAHUS U HH(POPMAIIMOHHBIX TEXHOJIOTHH;;

[IK-1.2 YMmeer Hax0aUTh, GOPMYITHPOBATH U PEIIaTh CTAHAAPTHHIC
3a/1a4d B COOCTBEHHOMN HAay4YHO-HUCCIICI0BATEIbCKON IEATSILHOCTH
B 00J1aCTH NPUKJIAHOW MaTeMaTHKH U MHDOPMATHKH,
BBIUYUCIUTEIIFHON TEXHUKH U COBPEMEHHBIX TEXHOJIOTUI
MIPOTPaMMHPOBAHHUS;;

I1K-1.3 Nmeet npakTHUECKUil ONBIT HAyYHO-HUCCIEI0BATEIbCKON
JIESITETIBHOCTH B O0JIACTH MIPUKIIAHOW MaTeMaTHKH U
MH()OPMATHKH, BBIYHCINTEIBHON TEXHUKH U COBPEMEHHBIX
TEXHOJIOTMH NPOrpaMMHUPOBAHHUSL.;

CrmocobeH GpopMynupoBaTh LEIH,
3a[jaui HayYHBIX HCCIICAOBAHUIA B
obnacTu MpUKIa HON
MaTEeMAaTHKH 1 HHPOPMATHKH,

IK-1 BBIYUCIIUTENIbHONW TEXHUKU U
COBpPEMEHHBIX TEXHOJIOTHI
[IPOrPaMMHPOBAHHSI, BEIOUPATH
METO/IbI ¥ CPECTBA PELICHHS
3amadq

CrocoOeH MpUMEeHTh [IK-2.1 3Haet coBpeMeHHbIE TEOPETUUECKUE U
COBPEMEHHBIE TEOPETUUECKHE U | IKCIICPUMEHTAIbHBIE METOBI Pa3pabOTKH MaTeMaTH4YeCKIX
SKCHEPUMEHTANBHBIE METOABl  |MOAENEH, HHHOBALIMOHHBIE HHCTPYMEHTAIBHBIE CPECTBA
pa3pabOTKN MaTeMaTHYEeCKUX  |[IPOEKTUPOBAHUS U SJIEMEHTHI apXUTEKTYPHBIX PELICHUH
MoJIeJIeil HCCIeayeMBIX OOBEKTOB |MH(POPMAIIMOHHBIX CHCTEM;;
IK-2 U mporieccoB, oTHocsmuxesa k- |[IK-2.2 YMmeet pa3pabaTeiBaTh U peai30BhIBATE AITOPHTMEI
po¢eCcCHOHATBHOM MaTeMaTHYECKUX Mojierieil Ha 6a3e S3bIKOB U MTaKeTOB MTPHUKIIATHBIX
JIESITEIFHOCTH TI0 HAMPABJICHUIO |IPOTPaMM MOJECITUPOBAHUS;;
MOATOTOBKH W y4acTBOBaTh B ux |[1K-2.3 MmeeT mpakTHUECKHid ONBIT pa3pabOTKH BApUAHTOB
peanu3anyy B BUIE peanu3anuy HHPOPMAITMOHHBIX CHCTEM C HCIIOJIb30BaHUEM
IIPOrpaMMHBIX IPOIYKTOB UHHOBAIMOHHBIX HHCTPYMEHTAJIBHBIX CPE/CTB.;

3. MECTO JUCIMIIJIMHBI B CTPYKTYPE OII BO

Hucuunnuna «MckyccTBeHHble HelpoHHble cetu (I'myOokoe o0ydeHHe)» OTHOCHTCS K
qyacTd, (GopMHUpyeMOW ydaCTHMKaMH OOpa30BaTENIbHBIX OTHOWIEHMHA Onoka 1 «/lucummiarHbl
(Momynw)» 006pazoBaTeIbHON MTPOTPaAMMBI BBICIIIETO 00pa30BaHUS.

B pamkax o0pa3oBaTeNbHOW MPOTpaMMBI BBICIIETO OOpa30BaHUs OOyYaronIuecs TakkKe
OCBauBaKOT Apyruc JUCHUITIIINHBI I/I/ 501070 IMPAaKTHUKHU, CHOC06CTBYIOH_II/IC JOCTUXKXECHUIO




3alUIaHMPOBAHHBIX PE3YJIbTATOB OCBOCHUS JUCHMIUINHBI «VICKyCCTBEHHbIC HEHpPOHHBIC CETH
(I'myGokoe oOydeHue)».

Tabnuya 3.1. Ilepeuenv komnonenmos OI1 BO, cnocobcmeyrowux 00CmMuiceHur
3ANIAHUPOBAHRHbLX PpE3)1bmamoe OC60E€HUA ducuunﬂqul
HpenmecrByromue Mocaenyromue
HaumenoBanue
Iu HCIUTUTAHBI/ MO TH HCHUTTHHBI/ MOTYTH
bp KOMIIETeHIIHH et *ﬂy i et *Hy ’
NPAKTUKH NPAKTHKHU
CoBpeMeHHBIE METOIBI
MEXaHUKHA KOCMHYECKOTO
noJjera;
Hckyccmeennvle Heliponnble
cemu (Obyuenue ¢
CriocoGeH popMyIHpoBaTh CoBpeMeHHbIE METOIBI MEXAHUKH s
nookpennenuem)**;
LEeJTH, 3a/1a4d HAYYHBIX KOCMHYECKOTO OJIETa; Artificial Neural Networks
HCCIIeI0BaHUH B oOnacTu Machine Learning and Big Data (Reinforcement Learning)**:
MIPUKIJIaIHOW MaTeMaTHKH 1 Mining**; Dvnamics and Control O% '
uHpopmaruky, Mawunnoe odyuenue u ananus y )
MK-1 . s Space Systems;
BBIYHCIIATEIBHOW TEXHUKHU U bonbUUX OaHHBIX ¥,
. I'eonHpOpMaAIIMOHHbIE
COBPEMEHHBIX TEXHOIOTHI CoBpeMeHHbIE METO/IbI CHCTEMAL 1 X HIDHMEHEHIE:
MPOTrpaMMHUPOBAHUS, JIMCTAHIMOHHOTO 30HANPOBAHUS Paspaboria u G er; OHaCHOCTI’:
BBIOMPATh METOMBI U 3emuy; P .
Cpe/ICTBA PEIICHHS 33/1a4 Be0-npOKeHHi,
P p HayuHo-uccnenoBaTenbekas
paborta;
TexHoMOrHYECKas MPAKTHKA;
IIpennunioMHas NpakTUKa;
CnocobeH NPUMEHSTh Hckyccmeennvle Hetiponnvle
COBPEMEHHBIE cemu (Obyyenue ¢
TEOpPETHICCKHE U nookpennienuem) **;
JKCIEPUMEHTAIIbHbIC Artificial Neural Networks
METOIbl Pa3paboTKH . . . Reinforcement Learning)**;
/bl Pasp . Machine Learning and Big Data ( . 9)
MaTeMaTHYECKUX MOJIeIIei Mining**: Dynamics and Control of
UCCIelyeMbIX 0OBEKTOB U ;
y 0 ' Space Systems;
1K-2 MPOLIECCOB, OTHOCSIIITUXCS K Mawunnoe obyserue u ananus I'eonHpOpMaIIMOHHbIE
K . Oonbuiux OanHblx **;
npodeCcCHOHANTBLHON CHCTEMBI U MX IPUMEHEHUE;
JIEATELHOCTH TI0 HayuHno-uccrnemnoBarensckast
HAIMpPaBJIEHUIO MOTOTOBKH 1 pabora;
Y4acTBOBATh B X TexHoMOrHYECKas MPAKTHKA;
peayu3aly B BUIE [peaaumnioMHas MPaKkTHKA,
[POTrPaMMHBIX ITPOJIYKTOB

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

** - 3NIeKTUBHBIC TUCIUIUIMHEI /TIPAKTHKH




4. OFBEM JJVCHUILJIMHBI U BUbI YYEBHOH PABOTHI

OO01mmas Tpya0eMKOCTh TUCHUIUTHHBI «IckyccTBeHHBIC HelipoHHBIe ceTH (I mybokoe 00yueHHe)» COCTABISIET «S5» 3a4€THBIX SMHHII.
Tabauya 4.1. Buowvl yuebHoli pabomvl no nepuooam 0C80eHUs 00pA308aAMENbHOU NPOSPAMMbL BbICULIE20 00PA308AHU Ol OYHOU Dopmbl
00yuenus.

Buja yue6Hoii padoThI BCEI'O, ak.u. CEMeczT pCeD)
Konumaxmmnas paboma, ax.u. 36 36
Jlexuuu (JIK) 18 18
JlaGopartopusie pabotsl (JIP) 18 18
IMpaktuueckue/cemunapckue 3ansatus (C3) 0 0
Camocmosmenvras paboma 0by4arowuxcs, ax.u. 117 117
Koumponw (sx3amen/3auem c oyenkou), ax.u. 27 27
OO01Iasi TPYT0EMKOCTh THCIHILTAHBI aK.v. 180 180
3a4.e/l. 5 5




5. COAEPKAHUE JUCIUIIJINHBI

Tabauya 5.1. Codeporcanue oucyuniunsl (Mo0yis) no euoam y4ebHou pabomuol

Bun
Homep | HammeHnoBaHue pasnena "
Copep:xanue pa3aesia (TeMbl) yueOHoit
pa3neia AUCUMITHHBI «
padoThI
11 OmnpeneneHus, HICTOPHSI Pa3BUTHS U TJIaBHBIC K. TIP
' TPEHJIbI HICKYCCTBEHHOTO MHTEIUICKTA. ’
Buonorunueckuil HEHPOH U €ro MaTeMaTu4ecKast
OCHOBHBIC MIOHATHS. Mozenb. Tumsl pyHkunit akTuBanuii. Hefipocern n
Tunosorus 3aga4y, 1.2 ’ y ’ P JIK, JIP
nX Kkinaccupukanusa. MaTeMaTHIecKue MOJIeIH
pelIaeMbIX METOaMU 9
Paznen 1 CHCIMATU3UPOBAHHBIX HCHPOHOB.
MAaIIMHHOTO O0YYCHUS. > =
N MHorocnoiiabie HelfipoHHbIe ceTh. [IpencTaBieHue
MHorocnoiHsIi
3a/1a4 perpeccuu, anmpoKCUMAaIuu
MepCEnTPOH Jlatt perp ’ p 1T,
1.3 UICHTU(DUKAIINY, YIPABICHUS, CKATHUS JAHHBIX B JIK, JIP
HEMPOCETEBOM JIOTHUECKOM Oasuce.
MHoOroc0iiHbIN NepcenTpoH.
AnroputM 006paTHOTO paclpoCTpaHEHHs OIIHMOKY U
DBOJIIOLIMOHHBIE METOIBI 2.1 P P pacrpoctp JIK, JIP
Pa3znen 2 ero Moau(UKaIHH.
00yUeHHS
2.2 BrI00p onTUMAaNbHBIX TAPAMETPOB CETH JIK, JIP
3.1 HetlipoHHas ceTh ¢ 001Iei perpeccueii. JIK, JIP
3.2 BeposTHOCTHAsI HEHPOHHAS CETb. JIK, JIP
. N HeifiporHsie ceTr ¢ pagnanbHBIMHA Oa3UCHBIMA
Pasnen 3 |Buabl HellpoHHBIX ceTeit 3.3 P pal JIK, JIP
(OYHKITHAMH.
HeifiporHas ceTh 1 cCaMOOPTaHU3YIOMIAECS KapThI
3.4 JIK, JIP
KoxoneHna
AJTOpUTM 00PaTHOTO PacCIpPOCTPAHEHUSI OIIHOKH U
DBOIIOIIMOHHBIE METOIBI .
Pasnen 4 - 4.1 ero moaugukai. MHOrocnoiHsie nepcentponsl. | JIK, JIP
Y Br10op onTHMambHBIX TAPAMETPOB CETH
Heiipocern Xondunma. HelipoceTeBbie METOIBI
pelIeHNs ONITUMHU3AIOHHO-KOMOMHATOPHBIX 3a/1ad.
5.1 . JIK, JIP
. Heiipocetn Xsmmunra. PaciosHaBanme o0pas3oB ¢
HelipoHHsle cetu ¢ o
Paznen 5 MIOMOUIbIO PACCTOSIHUIA.
00paTHBIMU CBSI3IMU —
JIByHanpaBJICHHBIC aCCOIIMATUBHBIC HEHPOCETH.
5.2 Heiipocetu ¢ 00paTHBIMU CBS3sIMH Ha Oa3e JIK, JIP
MepCcenTpoHa
6.1 I'myGokue HeHpOHHBIE CETH. JIK, JIP
Crienmanu3upoBaHHbIC " =
Pazpmen 6 | 6.2 CBépToYHbIC HEHPOHHBIE CETH. JIK, JIP
HeipoceTn
6.3 PekyppeHTHBIE CEeTH. JIK, JIP

* - 3anonHsgercs Toibko o OUHOM dopme obyuenust: JIK — aexyuu, JIP — nabopamopuvie pabomut, C3 —
nPpaKmuiecKue/CeMunapcrue 3aHsamusl.

6. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUME JUCHUIIJINHBI

Tabnuya 6.1. Mamepuanbno-mexuuieckoe obecneuere OUCYUNIUHBL

Crnenunanu3npoBaHHoOe
yueOHOe/1adopaTopHoe
o0opynoBanme, IO u
Tun aynuropuu OcHaleHue ayIMTOPUH
MAaTepHaJIbI J1JI51 0CBOEHUS
AMCUMILINHBI
(mpu HEOOXOAUMOCTH)
JlekunoHHas
KoMnbrorepHsii
KJ1acc
Jns
CaMOCTOSITEIIBHOU
paboThI




* - ayIUTOpHS AJIsl CAMOCTOSITENIbHOI padoThl 00yuaronuxcs ykaspiBaercs OBA3ATEJIDBHO!

7. YHEBHO-METOJUYECKOE U TH®OPMAIIMOHHOE OBECHHEYEHHUE JUCHUITJIMHBI

Ocnoenas numepamypa:
1. C.XaiikuH. HelipoHHbIE ceTH: MOIHBIN Kypc. 2-€ u3a. M., "Bunbesamc", 2006.
2. A.H.Bacunses, /I.A.Tapxos. HeiipocteBoe moaenupoBanue. [[puHIUIIBI. AITOPUTMBI.
[Tpunoxenus. CI16.: U3a-Bo [Tonurexn. YH-Ta, 2009. ISBN 978-5-7422-2272-9
3. Mohamad H.Hassoun. Fundamentals of Artificial Neural Networks. MIT Press,
Cambridge, Massachusetts, 1995.
4. JI.A.Tapxos. Heitponnsie cetu. Moaenu u anroput™bl. M., Panuorexnuka, 2005.
(Hayunas cepus "Helipokomnbtorepsl U ux npuMmenenue", pen. A.M.INanymkus. Ku.18.)
5. C.C.Aggarwal. Neural Networks and Deep Learning. A Textbook. Springer
International Publishing
Hononnumenvnas 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.
Pecypcwi ungopmayuonno-menexomMmyHuKayuoHHou cemu « Mnmepuemy»:
1. ObC PYIH u ctoponnue ObC, Kk KOTOPBIM CTYJEHTBl YHUBEPCUTETA UMEIOT JOCTYII
Ha OCHOBaHMUH 3aKJIHOYEHHBIX JJOTOBOPOB
- DnekTpoHHO-O0MOMMoTeunas cucrema PYJIH — ObC PYJIH
http://lib.rudn.ru/MegaPro/Web
- OBC «YHuBepcuteTckas 0ubnnoTeka onnaitn» http://www.biblioclub.ru
- OBC IOpaiit http://www.biblio-online.ru
- OBC «KoHcynbTaHT cTyaeHTa» www.studentlibrary.ru
- OBC «Tpounxkuii MmocT»
2. ba3pl JaHHBIX U TOMCKOBBIE CUCTEMBI
- OJIEKTPOHHBIN (POH]T TPABOBOM M HOPMATUBHO-TEXHUYECKON IOKYMEHTAIIUH
http://docs.cntd.ru/
- mouckoBas cuctema fAnnekc https://www.yandex.ru/
- nouckoBas cucrema Google https://www.google.ru/
- pedepatuBHas 6a3a nanasix SCOPUS
http://www.elsevierscience.ru/products/scopus/
Yuebno-memoouueckue mamepuanvt 051 camocmosamenbHou pabomul 0OY4aAOWUXCsL NPU
0CB8OEHUU OUCYUNTUHBL/MOOYIA*:
1. Kypc nexuuit no qucuuminune «MckycctBenHble HelipoHHble ceTH (Imybokoe
oOyueHwue)».

* - Bce yueOHO-METOANYECKHE MaTepHallbl Uil CaMOCTOATENbHOM paboThl 00yJaromuxcs
pa3MeIialTcs B COOTBETCTBUHU C ACHCTBYIOLIUM NOpsiAKoM Ha cTpanule aucuuiuinasl B TYUC!

8. OIEHOYHBIE MATEPHAJIBI Y BAJUILHO-PEUTHUHTOBASI CHCTEMA
OLIEHUBAHMSI YPOBHSI C®OPMHUPOBAHHOCTM KOMIETEHIUI TIO
JTUCHUIJIMHE

OneHouHble MaTepuasibl U OaUIbHO-PEUTHMHIOBas cHCTeMa™ OICHUBAHHUS YpPOBHS
c(OpPMUPOBAHHOCTH KOMIMETCHIIMN (YaCTH KOMIIETCHIIUI) MO0 WUTOraM OCBOEHUS UCIIUTUIHMHBI



«WckyccTBennpie HeiipoHHble cetu ([myOokoe oOyuenue)» mpencrabieHsl B [IpunokeHnn k
Hacrosmei Paboueil mporpamMmme qUCHUTUIMHEI.

* - OM u BPC dpopmMupyroTcss Ha OCHOBaHUHU TPeOOBAaHUN COOTBETCTBYIOIIETO
JIOKaJIbHOTO HOpMaTuBHOro akra PY J1H.



PA3BPABOTYMUK:

CanteikoBa Onbra

HoueHt AnekcanapoBHa
Jonoxcnocmo, BYIT Tloonuce Damunus 1. 0.
PYKOBOJIUTEJIb BYII:
Paszymusiii FOpuit
3aBenyromuii kadeapoit HukonaeBuu
Jonoscnocmo BYIT Tloonuce Damunus U.0.
PYKOBOJIUTEJIb OII BO:
Pasymusii FOpuit
ITpodeccop Hukonaesnu
Honxcnocmo, BYTT Ioonuce Damunus U.0.



