[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:
C39533011n,a0mn07cnznr7zn7o £1-00Qd HHmeHepHaﬂ aKaHeMHH

QA~n10
Uuuo J/7IvuoJr7J707 JU( OCT1Ia/0/7uat1iod

HaMMEHOBAHHE OCHOBHOTO yueOHoro moapasaencHus (OYII)-paspadboTuuka OI1 BO)

PABOYASA NTIPOTPAMMA JTUCHUIIJIMHBI

ARTIFICIAL NEURAL NETWORKS (REINFORCEMENT LEARNING) /
WCKYCCTBEHHBIE HEHPOHHBIE CETHU (OBYYEHUE C
MOAKPEIIJIEHUEM)

(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 IPOEKTUPOBAHUE KOCMHNYECKHUX
KOMIVIEKCOB 1 CUCTEM

(manmeHoBanue (npodmis/cnenuanusanus) OI1 BO)

2024 r.



1. EJIb OCBOEHUMA JTUCIIUITJIMHbI

Huctumnmaa «Artificial Neural Networks (Reinforcement Learning)» BXoaut B mporpammy
MarucTparypsl «bamiicruyeckoe NpOEKTUPOBAaHUE KOCMUYECKMX KOMILUIEKCOB U CHUCTEM» IIO
Harnpasienuto 01.04.02 «[Ipukinannas maTemMaTHka ¥ HHOOpPMATUKa» U U3ydaeTcs B 3 cemecTpe 2
Kypca. Jucuunnuny peanusyer Kadenpa mexaHUKH M mporeccoB ympasieHus. JucrurimHa
coctouT u3 4 pazgenoB u 10 TeM M HampaBlieHa HAa U3YyYE€HHE METOJOB IMOCTPOCHUSI CHUCTEM
aBTOMATHUYECKOr'0 yNPAaBJIEHUS Ha OCHOBE MCKYCCTBEHHBIX HEHPOHHBIX CETEH, OCBOEHUE METO/I0B
pelIeHrs OCHOBHBIX 3aJay YNpaBJICHHUS C KCIOJIb30BAaHUEM HEMPOHHBIX CETeHd, apXUTEKTYp
HEHUPOHHBIX CETEN

Lenbto ocBOGHMSI AUCHMIUIUHBI SBISETCS OOy4YeHHE CTYICHTOB METOJaM IOCTPOCHHS
HCKYCCTBEHHBIX HEHPOHHBIX CETEH.

2. TPEBOBAHMUA K PE3YJIBTATAM OCBOEHUSA JUCIHUIIJINHBI
OcBoenne mucrtuminabl  «Artificial Neural Networks (Reinforcement Learning) /
UckycctBennsle Heiiponnsie cetd (OOydeHuMe C TOJKPEIUIGHHWEM)»  HalpaBlIeHO Ha

(bopmupoBaHre y 00yUarOIUXCS CIEAYIONINX KOMIIETCHIIUN (YaCTH KOMITETCHIINN ):

Tabnuya 2.1. Ilepeuenv komnemenyuil, opmupyemvix y 00y4arOWuxcs npu 0c80eHuu
OUCYUNTIUHBL (Pe3VIbMambvl 0C80eHUS OUCYUNTIUHDL)

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

Iudp Komnerenuus N
(B paMKax JaHHOMW NHUCUMUIUIMHBI)

ITK-1.1 Obnanaer GpyHIaMEHTAIbHBIMU 3HAHUSMH, TIOJTy4YSHHBIMH
B 00J1aCTH MaTEeMaTHYECKUX U (WIH) €CTECTBEHHBIX HayK,
MIPOTPAaMMHUPOBAHUS U HH(POPMAITMOHHBIX TEXHOJIOTHIA;;

I1K-1.2 YMmeer HaxoauTh, GOPMYIHPOBATh U PELIaTh CTAHIAPTHbIC
3a71a4M B COOCTBEHHOH Hay4HO-MCCIIEA0BATEILCKON eI TEIEHOCTH
B 00J1aCTH NPUKIIATHOW MaTeMaTHKH U HHPOPMATHKH,
BBIYHCIINTEIHHON TEXHUKH M COBPEMEHHBIX TEXHOJIOTHUI
POTPaMMHPOBAHUS;;

[IK-1.3 meeT npakTU4eCKUil ONBIT HAYYHO-HCCIIEI0BATENbCKOM
JIeSITeIFHOCTH B 00JIaCTH NPHUKJIAHON MaTeMaTHKU 1
MHPOPMATHKH, BEIUNCIUTENIFHON TEXHUKH U COBPEMEHHBIX
TEXHOJIOTHH IPOrpaMMHPOBAHHSL.

Crnoco6eH GpopMyIupoBaTh 1ENH,
3a/1a4l Hay4HbIX UCCIICIOBAHU B
00J1acTH MIPHUKIIATHON
MaTeMaTHUKU 1 HHPOPMATHKH,

TIK-1 BBIYUCIIUTEILHON TEXHUKU U
COBPEMCHHBIX TEXHOJIOTHH
MIPOTPaMMHPOBAHHUSI, BEIOUPATH
METOJIBI ¥ CPEIICTBA PEUICHHUS
3a7a4

Crioco0OeH NpUMEHATh I1K-2.1 3HaeT coBpeMEeHHbIE TEOPETUIECKUE I
COBpPEMEHHBIE TEOPETHUECKNE U |IKCIEPUMEHTAIBHBIE METO/IBI Pa3pabOTKN MaTEMaTHIECKUX
SKCHEPUMEHTAIBHBIE METOIBI | MOJIeNel, HHHOBAIlMOHHBIE HHCTPYMEHTAJIBHBIE CPEACTBA
pa3paboTKN MaTEeMaTUYECKUX  |POEKTUPOBAHUSA U 3JIEMEHTHI apXUTEKTYPHBIX PEIIeHUi
MoJIeJiel HccllelyeMbIX 00bEKTOB |MH(OPMALMOHHBIX CUCTEM;;
[K-2 u nponieccoB, oTHocsmuxcst K- |[1K-2.2 YMeer pa3zpabarsiBaTh 1 peann3oBhIBaTh aJrOPUTMBI
npodeccHoHAIBEHOM MaTeMaTHYeCKUX Mojiesield Ha 06a3e sI3bIKOB U NAaKETOB MPUKIIAHBIX
JeSTEIbHOCTH TI0 HAMPaBJIEHUIO |IPOrPaMM MOJETUPOBAHUS;;
MOATrOTOBKY M yyacTBoBaTh B X |[1K-2.3 MMeer npakTuueckuii onbIT pa3pabOTKH BapUAHTOB
peanusalnyy B BUIE peanuzanyy MHQOPMALIOHHBIX CUCTEM C MCIIOJIb30BaHUEM
IIPOTPaMMHBIX IIPOIYKTOB WHHOBAIIMOHHBIX HHCTPYMEHTAIBHBIX CPE/ICTB.;

3. MECTO JUCIIMIIJIMHBI B CTPYKTYPE OII BO

Hucuumnuna «Artificial Neural Networks (Reinforcement Learning) / MckyccTBeHHBIE
HeripoHsle cetn (OOyueHHWE ¢ TOJIKPEIUIEHHEM)» OTHOCHTCS K dYacTH, (opMupyeMoi
ydacTHUKaMHd  0Opa3oBaTeNbHBIX  OTHOmeHWH  Omoka 1 «Jlucuumnueel — (MOIyNH)»
00pazoBaTebHON MPOTrPaMMBbI BBICIIIETO 00pa30BaHUSI.




B pamkax o0pa3oBaTeNbHOW MPOTpaMMBbl BBICIIETO OOpa30BaHUsI OOyYaronIuecs TakkKe

OCBaMBarOT
3aIlJIaHUPOBAHHBIX  PE3YJIBTATOB

Ipyrue

IUCIUTLINHEI
OCBOCHUS

W/WIM  TPaKTUKH,

JUCHHUILINHBI

CIOCOOCTBYIOIIINE
«Artificial

Neural Networks

(Reinforcement Learning) / MckyccTBeHHbIe HelipoHHbIe ceTh (OO0yUYeHHE C MOAKPEIICHUEM ).

Tabnuya 3.1. Ilepeuenv komnonenmos OI1 BO, cnocobcmeyrouux 00CmMuiceHuro
3AN1AHUPOBAHRHbLX PE3)1bmamoe OC60E€HUA ducuunﬂqul
IIpenmecTBylomue Ilocnenyrommue
Mudg Haumenosanue Hc{)lﬂz:lﬂﬂﬂbl?’MOm JIH ncunnﬂniil/;lou JIH
P KOMIIETeHIIHH e *ﬂy i A . ¥,
NMPaKTHKH NPAKTHKH
CoBpeMeHHbIE METOIbI MEXaHUKH
KOCMHYECKOTO ITOJIETA;
Hckyccmeennvie netiponnvie cemu
Tnyboxoe obyuenue) **;
Cnocob6eH GopmMyIUpOBaTh ( ’
(opy:p Artificial Neural Networks (Deep
1IEITH, 3a/Ia91 HayYIHBIX e
HCCIIeIOBaHUMi B 00J1aCTH . Learn.lng) .
. Machine Learning and Big Data
MPUKJIAHOW MAaTEeMAaTHKH U C2 ]
Mining**; TexHonoruueckas MpakTUKa;
nHpopmaruky,
[K-1 . Mawunnoe obyuenue u ananus IIpepnuninomMHas NpaKTHKa;
BEIYHMCIUTENLHON TEXHUKH U e
" Oonbuux Oannoblx **,
COBPEMEHHBIX TEXHOJIOTHI
CoBpeMeHHbIE METO/IbI
MPOrpaMMHUPOBAHUS,
JIMCTAHIMOHHOTO 30HANPOBAHUS
BBIOMPATh METOBI U i
Cpe/ICTBA PEIICHHS 33/1a4 e,
P HayuHo-uccrnenoBarenbckas
paboTa;
TexHoJIOrHYECKAsI TPAKTUKA;
Cnoco0eH NpUMeHSTh
COBpPEMCHHbBIC Hckyccmeennvie neliponnvie cemu
TEOPETHYCCKHE U (I'nybokoe obyuenue) **;
IKCIEPUMEHTAIbHBIC Artificial Neural Networks (Deep
METO/IbI Pa3paboOTKH Learning)**;
MaTeMaTHYECKUX MOJIeIIei Machine Learning and Big Data
Yk TexHoMOrHYeCcKas MPaKTHKA,
HCCIIEYEMBIX O0BEKTOB H Mining**;
TIK-2 IIpeanumninomMHas NpaKkTHKa;

MPOLIECCOB, OTHOCAIINXCS K
npodeccHoHAIBEHOM
JESTEIbHOCTH MO
HAIPABJICHUIO [TOATOTOBKU U
y4acTBOBAaThb B UX
peanus3anyy B BUJE
MIPOTPaMMHBIX IPOTYKTOB

Mawunnoe obyuenue u ananus
boabuux OauHbix **;
HayuHo-uccrenoBarensckas
pabora;
TexHoJIOrHYECKasl MPAKTUKA;

* - 3aM0NIHACTCS B COOTBETCTBUH ¢ MaTpuuei kommerenuii u CYII OIT BO

** - 3JIEKTUBHBIC JTUCIUIUINHBI /TIPAKTUKH

JOCTHIXCHHIO




4. OFBEM JJVCHUILJIMHBI U BUbI YYEBHOH PABOTHI

O6mas Tpynoemkocts auctumiuabl «Artificial Neural Networks (Reinforcement Learning)» coctaBnsieT «5» 3a4€THBIX €AMHUIL.
Tabauya 4.1. Buowvl yuebHol pabomvi no nepuooam 0C80eHUs 00pA308AMENbHOU NPOSPAMMbL 8bICULIC20 00PA308AHUL Ol OYHOU Gopmbl
00yuenus.

Buja yue6Hoii padoThI BCEI'O, ak.u. CEMech 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
pasgena AUCHHUILTUHBI «
padoThI
CrpykTypa anroput™a o0ydeHus ¢
TIOJKPETIICHUEM.
1.2 Arent. OyHKIHSA TOTUTHKH. DYHKIMS [ICHHOCTH. JIK, JIP
Mogens. Tunsl cpex 00ydeHus ¢
Beenenune B o0ydeHue ¢ a pen oby
Pazpen 1 MOAKPEIIIEHUEM : IeTEPMUHUPOBAHHAS,
MOJIKPETITICHUEM. . M
13 CTOXaCTHYECKas C ITOJTHOW M HETOIHOH TIK. JIP
' nH}opManuei, TMCKpeTHas! M HEeNpEphIBHAS, ’
SMU30UUECKas U He SIMU30JUUECKasi, OAHOATCHTHAs
Y MHOTOAreHTHasl.
21 Mapxkosckue 1enu 1 MapkoBCKUE IIPOLECCHI. JIK. JIP
' MapKkoBCKUH IpoLieCC IPUHSITHSL PELICHU. ’
@OyHKIMY IEHHOCTH COCTOSIHUSA, Q-(QyHKIHS.
2.2 Ypasuenue beixnmana U onTUMaIbHOCTE. BeiBOA JIK, JIP
ypaBHeHus bennmMana.
Teoperucckie 0CHOBLI i JmHaMudeckoe mporpaMMupoBanye. MeTop
Pasnen 2 |MeTos! 00yUeHHs C 2.3 porp P ' JIK, JIP
Mownte-Kapso u teopus urp.
MOJKPETIIICHUEM "
OOyueHne Ha OCHOBE BPEMEHHBIX pa3Ininii
24 (Temporary Differences). TD nporao3upoBanue. JIK, JIP
TD o0yuenue.
Q obyuenue. Anroputm SARSA. (State-Action-
25 - JIK, JIP
Reward-State-Action)
Tporpamutioe [TakeTs! mporpamMM AT peaTn3anuy HeHPOHHbBIX
Pasnen 3 |obecnieueHme o0yueHHs C 3.1 . porp AP 1 P JIK, JIP
cereit. Tensor Flow
MIOJIKPETITICHHEM
Pa3BuTne HCKyCCTBEHHBIX I'eHeTHUeCKOro NporpaMMHUpPOBaHHE, 1EKAPTOBO
HEHUPOHHBIX CETEH. TE€HETUYECKOE ITPOrPaMMUPOBAHUE, METOJ, CETEBOTO
Paznen 4 p . 4.1 porp P > A . JIK, JIP
MeToabl CHMBOJIBHOM oreparopa, BapHallHOHHBIE METO/IbI CUMBOJIBHOI
perpeccuu perpeccuu

* - 3anonHsgercs Toibko 1o OUHOM dopme obyuenus: JIK — aexyuu, JIP — nabopamopuwvie pabomut, C3 —
NPpaKmuiecKue/CeMunapcrue 3aHsamusl.

6. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUME JUCHUIIJINHBI

Tabnuya 6.1. Mamepuanvho-mexnuueckoe obecneuenue OUCYUNIUHBL

Tun aynuropuu

OcHamenue ayiuropuu

Crnenmnanu3npoBaHHoOe
yueOHOe/1adopaTopHoe
o0opynoBanme, IO u
MaTepHaJIbl 1151 0CBOCHHSA
AUCIHUTLTUHBI
(mpu HEOOXOAUMOCTH)

JlexunonHnas

Aynauropus JUTsl IPOBEICHUS 3aHATUI
JIEKIIMOHHOTO TUTIA, OCHAIIIEHHAS
KOMIUIEKTOM CIEIUATU3UPOBAHHON MeOenu;
JIOCKOH (9KpaHOM) U TEXHHYECKUMU
CpeICTBAMU MYJIbTUMENINA MTPE3CHTAIIHIA.

KoMnbrorepHsii
KJ1ace

KomnbroTepHbIi Ki1acc i MpOBEACHUS
3aHATUH, TPYNIOBBIX U MHAUBUIYAJIbHBIX
KOHCYJIbTallMi, TEKYIIETO KOHTPOJIS U
MPOMEXKYTOYHOU aTTeCTAllU, OCHAIICHHAS
MIePCOHAIBHBIMUA KOMIIBbIOTEpamMu (B
konmyecTse [[lapamerp] mirt.), JOocKOM




(3KpaHOM) U TEXHUYECKUMHU CPEACTBAMU
MYJIbTUME/IMA MPE3CHTaUH.

AyIuTOpHs U CAMOCTOSTENIEHONW PabOTHI
oOyuaromuxcs (MOXeT UCIO0Ib30BATHCS IS

TIst .
A . | MpoBeIeHUs] CEMUHAPCKUX 3aHSATHHI U
CaMOCTOSITEIILHOM .
KOHCYJIbTAITUH ), OCHAIIICHHAS KOMIUIEKTOM
paboThI

CHEeIMATM3UPOBAHHON MeOeH 1
KomnbroTepamMu ¢ goctynom B DMOC.

* - ayauTOpHs U CaMOCTOSATENFHON paboThl oO0ydatontixcs ykaspBaercss OBA3SATEJIBHO!

7. YAEBHO-METOJUYECKOE 1 TH®OPMAIIMOHHOE OBECIIEYEHHUE JUCIUIIJINHBI

Ocnoenas numepamypa:
1. Carron Puuapn C., bapro Ouapro I'. OGyuenue ¢ noakpernieHuem = Reinforcement
Learning. — 2-e¢ uznanue. — M.: JIMK npecc, 2020. — 552 ¢. — ISBN 978-5-97060-097-9.
2. Pozen6Omnart, ®. [Tpuanuns HelipoauHamMuky: [leprienTpoHbl U TEOpUS MEXaHU3MOB
mo3ra = Principles of Neurodynamic: Perceptrons and the Theory of Brain Mechanisms. — M.:
Mup, 1965. — 480 c.3.
3. A.H.Bacuibes, JI.A.Tapxos. HelipocreBoe moaenupoBanue. [IpuHIMNIbI. AITOPUTMBI.
[Tpunoxenus. CII6.: M3a-Bo [Moautexn. YH-Ta, 2009. ISBN 978-5-7422-2272-9
4. C.C.Aggarwal. Neural Networks and Deep Learning. A Textbook. Springer
International Publishing
5. A.A.Tapxos. Helipounsie cetu. Moaenu u anroputmsl. M., Pagnorexnuka, 2005.
(Hayunas cepus "Heiipokomnbroreps! u ux npumerenue", pea. A.M.I'amymkun. Ku.18.)
Jononnumenvnasn 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-menekommynuxkayuouro cemu « Mnmepremy:
1. O9bC PYIH u croponnue DbC, Kk KOTOPBIM CTYI€HThl YHUBEPCUTETA UMEIOT TOCTYII
Ha OCHOBAHMH 3aKJIFOUEHHBIX IOTOBOPOB
- DnekTpoHHo-ombmuoTeunas cucrema PYJIH — 9bC PY JIH
http://lib.rudn.ru/MegaPro/Web
- OBC «YHuBepcuteTckas OubnnoTeka onnaitn» http://www.biblioclub.ru
- OBC IOpaiit http://www.biblio-online.ru
- OBC «Koncynbrant cryaenray www.studentlibrary.ru
- OBC «Tpournknii MOCT»
2. ba3bl JaHHBIX U TTOMCKOBBIE CUCTEMBbI
- OJIEKTPOHHBIN (POH]T TPABOBOW M HOPMATUBHO-TEXHUYECKON TOKYMEHTAIINH
http://docs.cntd.ru/
- mouckoBas cuctema Sunekc https://www.yandex.ru/
- mouckoBas cucreMa Google https://www.google.ru/
- pedepatuBHas 6a3a nanasix SCOPUS
http://www.elsevierscience.ru/products/scopus/
Yuebno-memoouueckue mamepuanvt 05t cCamocmosamenbHou pabomovl 0OY4aAOWUXCSL NPU
0CB80EHUU OUCYUNTUHBL/MOOYIA*:
1. Kypc nexnuii mo muctmmanne «Artificial Neural Networks (Reinforcement Learning) /
HckyccTBeHHble HelipoHHBIE ceTr (OOyUYeHHE ¢ TIOIKPEIICHHEM ).




* - Bce yu4eOHO-METOIMYECKUE MATCPUAIIBI JIJII CAMOCTOSITEIHLHON pabOThl 00yUYaIOIINUXCS
pa3MeIaTCs B COOTBETCTBUHU € AEUCTBYIOLIUM NOPsAKOM Ha cTpaHule aucuuiuiiasl B TYHUC!

8. OLIEHOYHBIE MATEPHAJIbI U BAJLIbHO-PEITHHIOBASI CUCTEMA
OLEHUBAHMSI YPOBHSI C®OPMHUPOBAHHOCTM KOMIETEHLUI IO
JTUCHUIJINHE

OneHouHble MaTepuaibl U OaUIBHO-PEUTHMHTOBAs CHCTeMa* OIICHWBAHUS YpPOBHS
c(OpMHUPOBAHHOCTH KOMIETEHIMNA (YaCTH KOMIIETCHIIMI) MO0 UTOraM OCBOEHUS JIUCIUIUIMHBI
«Artificial Neural Networks (Reinforcement Learning) / VckyccTBeHHBbIE HEWpPOHHBIE CETH
(Obyuenue c moakperieHuEM)» TmpeacTaBieHbl B Ilpuinokennn k Hacrosimiedn PaGoueit
nporpamme AUCIUIUIUHBL.

* - OM u BPC dopmMupyroTcss Ha OCHOBaHHHM 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.



