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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. ucuuruimny peanusyer JlenapraMeHT MEXaHUKHU U MPOIECCOB YIIPABICHHUS.
JlucumiimHa coCTOUT U3 6 pa3fenoB U 15 TeM u HalpaBiieHa Ha W3Y4YEHHE METOJIOB MOCTPOCHUS
CHUCTEM aBTOMATUYECKOTO YIPABJIICHHUS HA OCHOBE MCKYCCTBEHHBIX HEHMPOHHBIX 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 nuctuiuinHbl  «VckyccTBeHHbIe HelpoHHble cetd ([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)

IIK-1.1 ObnanaeT GpyHIaMEHTaTbHBIMHA 3HAHUSAMH, TTOTYICHHBIMHU
B 00J1aCTH MaTeMaTHYECKHX 1 (WJIN) ECTECTBEHHBIX HAaYK,
MPOTPaMMHPOBAHUS U HHPOPMAITMOHHBIX TEXHOJIOTHH;

ITK-1.2 YMmeer Hax0auTh, OPMYIHPOBATH U PEIIaTh CTAHAAPTHHIC
3a/1a4ud B COOCTBEHHOMN HAayYHO-HUCCIICI0BATEIbCKON NCATCILHOCTH
B 00J1aCTH NPUKJIaIHOW MaTeMaTHKH U HH(POPMAaTHKH,
BBIUYUCIUTEIIFHON TEXHUKH U COBPEMEHHBIX TEXHOJIOTUI
MIPOTPaMMHUPOBAHHUS;

I1K-1.3 Nmeet npakTHUeCKUil ONBIT HAYYHO-HUCCIEA0BATEIbCKON
JIESITETIBHOCTH B O0JIACTH MIPUKIIAHOW MaTeMaTHKH U
MH()OPMATHKH, BBIYHCINTEIBHON TEXHUKH U COBPEMEHHBIX
TEXHOJIOTHH NpOrpaMMHUpPOBaHUS;

CmocobeH GpopMynupoBaTh eI,
3a[jaui HayYHBIX HCCIICAOBAHUIA B
obnacTu MpuKIagHON
MaTeMAaTHKU 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
9KCIIEPUMEHTAIIbHbIE METOBl  |MOJIeIel, THHOBAlMOHHBIE MHCTPYMEHTAIBHBIE CPEICTBA
pa3pabOTKN MaTeMaTHYEeCKUX  |[IPOEKTUPOBAHUS U SJIEMEHTHI apXUTEKTYPHBIX PELICHUH
MoJIeNIel HCCIeyeMBIX 0OBEKTOB |HH(POPMALMOHHBIX CUCTEM;
IK-2 U mporieccoB, oTHocsmuxesa K- |IIK-2.2 YMmeet pa3pabaTeiBaTh U peai30BbIBATh AITOPUTMEI
npohecCHOHAILHON MaTeMaTHYECKUX Mojierneil Ha 6a3e A3bIKOB U MTaKeTOB NMPHUKJIATHBIX
JIESITEIPHOCTH TI0 HANPABJICHUIO |[IPOTPaMM MOJECITHUPOBAHNUS;
MTOJTOTOBKH M ydacTBoBaTh B uX |[IK-2.3 VimeeT npakTudeckuii ONbIT pa3paboTKH BApHAHTOB
peanu3aiyy B BUIC peanu3anuy HHPOPMAITMOHHBIX CHCTEM C HCIIOJIb30BaHUEM
IIPOrpaMMHBIX IPOIYKTOB MHHOBAIMOHHBIX HHCTPYMEHTAIBHBIX CPE/ICTB;

3. MECTO JUCIMIIJIMHBI B CTPYKTYPE OII BO

Hucuunnmuna «MckyccTBenHble HelpoHHble cetu (I'myOokoe o0ydeHue)» OTHOCHTCS K
qyacTd, (GopMHUpyeMOW ydaCTHMKaMH OOpa30BaTENIbHBIX OTHOWIEHMHA Onoka 1 «/lucummiarHbl
(Momynw)» 006pazoBaTeIbHON MTPOTPaAMMBI BBICIIIETO 00pa30BaHUS.

B pamkax o0Opa3zoBaTesbHOM NporpamMmbl BBICIIET0 O00pa30BaHUS OOyYarOIIMECs TaKxKe
OCBaMBAIOT  JIpyr'Me€ JWCLUUIUIMHBI W/WIM  TPAKTUKH, CIIOCOOCTBYIOIIME  JIOCTHKEHHUIO




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
IpenmecrByrommue Mocaenyromue
HaumenoBanue
Iu HCIUTUTAHBI/ MO TH HCHUTTHHBI/ MOTYTH
bp KOMIIETeHIIHH et *ﬂy i et *Hy ’
NPAKTUKH NPAKTHKHU
CoBpeMeHHbBIE METOIBI
MEXaHUKHA KOCMHYECKOTO
noJjera;
Hckyccmeennvle HelipoHtble
cemu (O6yuenue ¢
CriocoGeH popMyIHpoBaTh CoBpeMeHHbIE METOIBI MEXAHUKH s
nookpenienuem) **;
LEJTH, 3a/1a41 HAYIHBIX KOCMHYECKOTO M0JIeTa; Artificial Neural Networks
HCcClleI0BaHuH B obnactu Machine Learning and Big Data (Reinforcement Learning)**:
MIPUKIJIaIHOW MaTeMaTHKH 1 Mining**; Dvnamics and Control 0% '
uHpopmaruky, Mawunnoe odyuenue u ananus y .
MK-1 . e Space Systems;
BBIYHCIIATEIBHOW TEXHUKHU U bonbUUX OaHHBIX ¥,
. I'eonHpoOpMaIIMOHHbIE
COBPEMEHHBIX TEXHOIOTHI CoBpeMeHHbIE METO/IbI )
CHCTEMbI U UX IPUMCHEHUE;
MPOTrpaMMHUPOBAHUS, JIMCTAHIMOHHOTO 30HANPOBAHUS PasDaBOTKA i Ge30MACHOCTL
BBIOMPATh METOMBI U 3emuy; P .
Cpe/ICTBA PEIICHHS 33/1a4 Be0-npuOKeHHi,
P p Hayuno-uccnenoBarensckas
pabora;
TexHoMOrHYECKas MPAKTHKA;
IIpenaunioMHas NpakTUKa;
CnocobeH NPUMEHSTh Hckyccmeennvle HelipoHHble
COBPEMEHHBIE cemu (O6yuenue ¢
TEOpPETHICCKHE U nookpennenuem) **;
JKCIEPUMEHTAIIbHBIC Artificial Neural Networks
MeTO/IbI Pa3paboTKH ; ; ; Reinforcement Learning)*>;
/bl Pasp . Machine Learning and Big Data ( . 9)
MaTeMaTHYeCKUX MoJesei Mining**: Dynamics and Control of
HCCIIEYEMBIX O0BEKTOB H ' Space Systems;
1K-2 MPOLIECCOB, OTHOCSIIITUXCS K Mawunnoe obysenue u ananus I'eonH(pOpMaIIMOHHbIE
K . Oonbuux OanHoblx **;
npodeCcCHOHANTBLHON CHCTEMBI U MX IPUMEHEHUE;
JIEATELHOCTH TI0 Hayuno-uccremnoBarensckast
HAIMpPaBJIEHUIO MOTOTOBKH 1 pabora;
Y4acTBOBATh B X TexHoMOrHYECKas TPAKTHKA;
peayu3aly B BUIE [peaaumioMHas 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 pabomol

Bun
Homep | HammeHnoBanmue pazaesa .
Copep:xanue pa3aesia (TeMbl) yuyeoHoM
pa3neia AUCUMITHHBI «
padoThl
11 OnpenesneHus, HICTOPHS Pa3BUTHS U TTTaBHBIC TIK. TIP
' TPEHIBI NICKYCCTBEHHOTO WHTEIUICKTA. ’
Buonoruueckuiit HEHPOH U €ro MaTeMaTHIECKAs
OCHOBHEIE NORATHA. Mozenb. Tunsl pyHKIni aktuBanuii. Heifpocern n
Tunosorus 3agay, 1.2 ’ Y ) p JIK, JIP
uX Kinaccupukanys. MareMaTHuecKie MOJIeIn
pelIacMbIX METOIAMHU .
Paznen 1 CHCIHATM3UPOBAHHBIX HEHPOHOB.
MAIIMHHOTO O0YYCHUSI. > =
N MHorocnoiinsie HeliponHsle cetu. [IpeacraBnenue
MHorocnoiHsIi
3aj71a4 perpeccui, anmpoKCUManuu
IIEpPCENTPOH Jlatt perp ’ P TUHH,
1.3 WICHTU(DUKAIINY, YIPABJICHHUS, CKATHS JAHHBIX B JIK, JIP
HeWpoCceTeBOM JIOTHYECKOM Oasuce.
MHOroc0iiHbIi NepCEeNnTPOH.
Anroput™ 00paTHOIO PaCIPOCTPAHCHUS OIUOKH U
DBOIIOLHOHHBIE METOIBI 2.1 P P pacrpoctp JIK, JIP
Pazgen 2 ero Moau(UKaIHH.
o0yueHus
2.2 BrI100op onTHMaIbHBIX MTAPAMETPOB CETH JIK, JIP
3.1 HetipoHHas ceTh ¢ 00IIeH perpeccuei. JIK, JIP
3.2 BeposTHOCTHAs HEHPOHHAS CETh. JIK, JIP
N . Heiiponnsie cetn ¢ panguanbHBIMU 0a3UCHBIMU
Paznen 3 | Buabl HelipoHHBIX ceTeit 3.3 P pal JIK, JIP
QYHKIIHUAMH.
HeiiporHas ceTs 1 CaMOOPTaHU3YIOMHNECT KapThl
3.4 JIK, JIP
Koxonena
Anroput™ 00paTHOTO PacIPOCTPAHEHUS OIINOKH U
DOBONIOIMOHHBIC METOBI .
Paznen 4 OGVICHMSL 41 ero moauukamun. MaorocnoiiHsie nepcentponsl. | JIK, JIP
Y Br16op onTHMaNBHBIX TAPAMETPOB CETH
Heiipocern Xondunna. HefipoceTeBbie MeTOABI
peIIeHHs ONITHMHU3AIIMOHHO-KOMOMHATOPHBIX 3a1ad.
5.1 ., JIK, JIP
. Heiipocern Xammunra. PacnoznaBanue o0pa3oB ¢
HelipoHHsle ceTu ¢ o
Pa3znen 5 IOMOUIbIO PACCTOSIHUM.
00paTHBIMU CBSI3SIMH "
JIByHanpaBJICHHBIE aCCOI[MATHBHBIE HEHPOCETH.
5.2 Hetfipocetu ¢ o6paTHBIMU CBS3sIMH Ha Oa3ze JIK, JIP
HepcenTpoHa
CHe A3 HDOBAHHbIE 6.1 I'my6okue HeHpOHHBIE CETH. JIK, JIP
MeIUaTH3HPOBAHHBI " =
Pazmen6 | p 6.2 CBEpTOYHbIC HEHPOHHbIE CETH. JIK, JIP
HelpoceTH
6.3 PekyppeHTHBIC CETH. JIK, JIP

* _ sanonusiercst Toabko 1o QUHOM dopme obyuenus: JIK — nexyuu; JIP — na6opamopusie pa6omul; C3 —

CEMUHAPCKUe 3aHAmMuUA.

6. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUME JUCHUIIJINHBI

Tabnuya 6.1. Mamepuanvho-mexnuueckoe obecneuenue OUCYUNIUHBL

Tun aynuropuu

OcHamenue ayiuropuu

Crnenmnann3npoBaHHoOe
yueOHOe/1abopaTopHoe
obopynoBanme, I1O u
MaTepHaJIbl 1151 0CBOCHHSA
AMCUMILINHBI
(Ipu HEOOXOTUMOCTH)

Ayautopust 1S POBEACHUS 3aHATUN
JIEKIIMOHHOT'O TUIIA, OCHAILICHHAS

JlexunroHHas KOMIUIEKTOM CHEeMaIU3UPOBAHHON MebenH;
JIOCKOH (9KpPaHOM) U TEXHHYECKUMU
CPEACTBAMU MYJIbTUMEINA NIPE3CHTALIMIM.
Komnerorepuslii | KoMnbroTepHsIi Ki1ace sl IPOBEICHUS




Crnennann3npoBaHHoOe
yueOHoe/1adopaTopHoOe
obopynoBanme, I1O u

Tun aynuropun OcHameHue ayauTopun MATepHABI 151 0CBOCHHSI
AMCUMILTUHBI
(Ipu HEOOXOTUMOCTH)
KJ1acc SaHSITI/IfI, TpYHIIOBBIX U HHAWBUAYAJIbHBIX

KOHCYJIbTAIMi, TEKYIIET0 KOHTPOJIS U
IIPOMEXYTOYHOH aTTeCTalluy, OCHAILEHHAs
MEepPCOHANBHBIMU KOMIIBIOTEPaMU (B
KoJimyecTBe 15 mrT.), AocKoi (3KpaHoM) 1
TEXHUYECKUMHU CPEICTBAMU MYJIbTUMEANA
IIPE3CHTALMM.

Aynuropus JUisi CaMOCTOSITEIbHON pabOThI
o0yyaromuxcs (MOKET UCTIOIb30BATHCS IS

st .
A . | IpOBEIEHUS CEMUHAPCKUX 3aHATHH U
CaMOCTOSITEIIbHON 9
KOHCYJIbTAITUH ), OCHAIIIEHHAS KOMIUIEKTOM
paboThI

CIIeMaIM3UPOBAHHON MeOenu 1
KoMibroTepami ¢ gocrynoM B SUOC.

* - ayauTOpHs I CAMOCTOATEIILHON paboThl 00yvatonuxcs ykaspiBaetcss OBSA3ATEJIBHO!

7. YAEBHO-METOJUYECKOE 1 UH®OPMAIIMOHHOE OBECIIEYEHHUE JTUCHIUIIJIMHbBI

OcHosHnas numepamypa.
1. C.XaiikuH. HelipoHHble ceTH: NOIHBIN Kypc. 2-¢ u3a. M., "Bunbamc", 2006.
2. A.H.Bacunswes, /I.A.TapxoB. HeiipocteBoe moaenupoBanue. [[puHIUIIBI. AITOPUTMBI.
[Mpunoxenus. 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. 1.A. TapxosB. Heliponnsle cetu. Monenu u anroputmsl. M., Pannorexnuka, 2005.
(Hayunas cepus "HelipokoMmbroreps! U ux npumenenue", pea. A.M.T'anymxkun. Ku.18.)
5. C.C.Aggarwal. Neural Networks and Deep Learning. A Textbook. Springer
International Publishing
Llononnumenvnas rumepamypa:
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.
Pecypcuvl ungpopmayuonno-menekommynuxkayuonnou cemu « nmepnemy:
1. ObC PY1H u croponnne ObC, Kk KOTOPBIM CTyI€HThl YHUBEPCUTETA UMEIOT JOCTYII
Ha OCHOBaHHUH 3aKJIIOYEHHBIX JJOTOBOPOB
- DnekTpoHHo-6ubmoteunas cuctema PY/IH — 9bC PYIH
http://lib.rudn.ru/MegaPro/Web
- OBC «YHuBepcurerckas Oubnuorexa onnan» http://www.biblioclub.ru
- OBC IOpaiit http://www.biblio-online.ru
- OBC «Koncynbrant cryaenray www.studentlibrary.ru
- OBC «Tpourknii MOCT»
2. ba3bl JaHHBIX ¥ TOMCKOBBIE CUCTEMBbI
- DJIEKTPOHHBIN (POH]T TPABOBOI 1 HOPMATHBHO-TEXHUYECKOHN IOKYMEHTAIIUH
http://docs.cntd.ru/




- mouckoBas cuctema Sunekc https://www.yandex.ru/

- mouckoBas cucreMa Google https://www.google.ru/

- pecdepatuBHas 6a3a nanabix SCOPUS
http://www.elsevierscience.ru/products/scopus/
Yuebno-memoouueckue mamepuanvt 051 cCAmMoCmosamenbHou pabomol 0OYUaAOWUXCSL NPU
0CB80EHUU OUCYUNTUHBL/MOOYIS*:

1. Kypc nexnuii no aucuurummae «MckyccrBeHHbie HelipoHHbIe ceth (ImyOokoe

o0y4eHue)».

* - Bce y4eOHO-METOIUYECKUE MATePUANTBI JJII CAMOCTOSITEIIBHONH PabOThl 00ydJaromuXcst
pa3MeIarTCs B COOTBETCTBUU C ICUCTBYIOIIMM HOPsAIKOM Ha cTpaHulle guciuuruimasl B TYUC!

8. OIIEHOUYHBIE MATEPHAJIbI U BAJLJIBHO-PEUTUHIOBASI CUCTEMA
OIIEHUBAHHMS VYPOBHSI C®OPMHUPOBAHHOCTHA KOMIETEHIOUNA TIO
JUCIHUIIVIMHE

OneHouHble MaTepuanbl U OaUIbHO-pEHTHHIOBas cUcTeMa® OLEHUBAHUSA YPOBHS
c(OpMUPOBAHHOCTH KOMIETEHUMN (YaCTH KOMIIETEHLIMH) IO UTOraM OCBOEHUS JIUCLUIUIMHBI
«HMckycctBennble HelipoHHble cetu (ImyOokoe oOyuenue)» mpexacraBieHsl B llpunoxeHun k
HacTosweil Paboueli mporpaMMe AUCHUIIIINHBL.

* - OM u BPC ¢popmupyrorcs Ha OCHOBaHMM TPeOOBaHUI COOTBETCTBYIOIIETO
JIOKaJIbHOTO HOpMaTuBHOro akra PY J1H.



PA3BPABOTYMUK:

KaparynoB Makcum

JlouieHT OneroBuy
Jonoxcnocmo, BYIT Tloonuce Damunus 1. 0.
PYKOBOJUTEJIb BYII: )
ya
g Paszymubiit FOpuii
Hupextop AMITY HukonaeBuu
Jonoscnocmo BYIT Tloonuce Damunus U.0.
PYKOBOJMUTEJIb OII BO:
/
(_ Pasymusii FOpuit
ITpodeccop / Hukonaesnu
Honxcnocmo, BYTT Ioonuce Damunus U.0.
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