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1. EJIb OCBOEHMA JUCIIUITJIMHbI

JucuumumHa «MckyccTBeHHbIe HeWpoHHBIE ceTH (O0ydeHne ¢ MOAKPEIUIEHUEM )» BXOIHUT B
nporpammy mMaructparypsl «lIpoekTupoBaHre KOCMUYECKUX MUCCUN U CUCTEM) 10 HAIPABJICHUIO
01.04.02 «IIpuknagnas mMaTemaruka W WH(OpPMATHKa» W M3ydaeTcs B 3 ceMecTpe 2 Kypca.
Jucuumnuny peanusyet Kadeapa MexaHuky U IpoIieccoB ynpasiieHus. IUCIUIINHA COCTOUT U3
4 paznenoB u 10 TeM U HampaBiieHa HA U3YYEHUE METOJIOB MOCTPOCHUSI CUCTEM aBTOMATHYECKOTO
YOpaBJI€HUS HA OCHOBE HCKYCCTBEHHBIX HEMPOHHBIX CETE€H, OCBOCHUE METOJOB pEUICHUS
OCHOBHBIX 3aJa4 YIPABJICHUSA C HCIIOIb30BAHMEM HEHWPOHHBIX CETEH, APXUTEKTYpP HEUPOHHBIX
ceTel

Ilenpt0 OCBOGHUSI TUCHMIUIMHBI SBJISETCS OOyYEHHE CTYACHTOB METOJaM IOCTPOSHUS
HMCKYCCTBEHHBIX HEPOHHBIX CETEH.

2. TPEBOBAHMA K PE3YJIbTATAM OCBOEHUMA JUCIUITJIMHDbI

OcBoenne  jmucummumiHbl  «MckyccTBeHHble  HeiipoHHble  cetd  (OOydeHme  C
MTOJIKPETIJICHHEM )» HAIIPaBJICHO Ha (OpPMHUpPOBAHUE Y OOYUYAIOIMIUXCS CIACAYIONINX KOMICTCHIIHIA
(4acT KOMITCTCHITUH ):

Tabnuya 2.1. Ilepeuenv komnemenyuil, Gopmupyemvix y 00yHarOWuxcs npu 0C80eHuu
OUCYUNTUHDBL (Pe3YIbMaAmbl 0C80EHUS OUCYUNTUHDL)

HNHankaTopsl J0CTHKEHHS] KOMIETEHIINT

Hugp Komnerenuus o
(B pamMKax JaHHOW IHUCIUILIIHEI)

IIK-1.1 ObnanaeT GpyHIaMEHTaNbHBIMHA 3HAHUSAMH, TTOJTYICHHBIMHU
B 00J1aCTH MaTeMaTHYECKHX 1 (WJIN) €CTECTBEHHBIX HayK,
MPOTPaMMHUPOBAHUS U HH(POPMAIIMOHHBIX TEXHOJIOTHH;;

ITK-1.2 YMmeer Hax0quTh, OPMYIHPOBATH U PEIIaTh CTAHAAPTHHIC
3a7a4M B COOCTBEHHOH HayYHO-HCCIIEA0BATEILCKON NEITEIFHOCTH
B 00J1aCTH NPUKJIAIHOW MaTeMaTHKH U HH(POPMATHKH,
BBIUUCIUTENIFHON TEXHUKU U COBPEMEHHBIX TEXHOJIOTUI
MIPOTPaMMHPOBAHHUS;;

I1K-1.3 Nmeet npakTHUeCKUil ONBIT HAYYHO-HUCCIEI0BATEIbCKON
JIESITETIHHOCTH B O0JIACTH MIPUKIIAHOW MaTeMaTHKH U
MHPOPMATHKH, BEIYNCIUTENIFHON TEXHUKH U COBPEMEHHBIX
TEXHOJIOTHH IPOrpaMMHUPOBAHMUSL.

CrocobeH GpopMyIupoBaTh LEIH,
3a[jaui HayYHBIX HCCIICAOBAHUIA B
00J1acTH MPUKIIATHON
MaTeMAaTHKU 1 HHPOPMATHKH,

IK-1 BBIYUCIIUTENILHON TEXHUKU U
COBpPEMEHHBIX TEXHOJIOTHH
[IPOrPaMMHPOBAHHSI, BEIOUPATH
METO/IbI ¥ CPECTBA PELICHHS
3a1a4

CrocoOeH MpUMEeHTh [IK-2.1 3Haer coBpeMeHHbIE TEOPETUUECKUE U
COBPEMEHHBIE TEOPETHUECKHE U | IKCIICPUMEHTAIbHBIE METOBI Pa3pabOTKH MaTeMaTH4YeCKIX
9KCIIEPUMEHTAIIbHbIE METOBl  |MOJIeIel, HTHHOBAlMOHHBIE MHCTPYMEHTAIBHBIE CPECTBA
pa3pabOTKM MaTEeMaTHYEeCKUX  |[IPOEKTUPOBAHUS U SJIEMEHTHI apXUTEKTYPHBIX PEIICHUH
MoJIeTIel HCCIIelyeMBIX 0OBbEKTOB |MH(OPMALMOHHBIX CUCTEM;;
IK-2 U mporieccoB, oTHocsmuxesa K- |IIK-2.2 YMmeer pa3pabaTeiBaTh U peaain30BhIBATh AITOPUTMEI
npohecCHOHAILHON MaTeMaTHYECKUX Mojienieil Ha 6a3e A3bIKOB U MTaKEeTOB MPHUKJIATHBIX
JIESITETIHHOCTH TI0 HANPaBJICHUIO |IPOTPaMM MOJETUPOBAHUS;;
MOATOTOBKHY M ydacTBoBaTh B X |[1K-2.3 MmeeT mpakTudeckuii ONMbIT pa3paboTKH BApUAHTOB
peanu3alyy B BUJC peanu3anyuy HHPOPMAIMOHHBIX CUCTEM C HCIIOJIb30BaHUEM
IIPOTPaMMHBIX IPOTYKTOB MHHOBAIIMOHHBIX HHCTPYMEHTAJIBHBIX CPE/ICTB.;

3. MECTO JUCIMIIJIMHBI B CTPYKTYPE OII BO

Juctunmuaa «MckyccTtBennble HelipoHHbIE ceth  (OOydeHHE C  TOAKPETUICHHEM ))
OTHOCHUTCSI K 4acTd, (GOpMUPYEeMOH YyYacTHHKaMH OOpa3oBaTeNbHBIX OTHOIIEHUN Onoka 1
«Aucuummmael (MOTynn)» 00pa3oBaTEIHLHON MPOTPaMMBbI BBICIIIETO OOpa30BaHMUS.

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




3aIlJTaHUPOBAHHBIX PE3YJIbTATOB OCBOCHHUSA IUCHHUILIUHBI ((I/ICKyCCTBeHHBIC HeﬁpOHHBIe CETHU
(ObOyueHue ¢ MOIKPEIICHUEM ).

Tabauya 3.1. Ilepeuenv xomnonenmos QOII BO, cnocobcmsyrouux 00CMUICEHUIO
3AN1AHUPOBAHHbLX pe3)1bmamoe OC60€HUA auCI/ﬂ/H’lJlqul
IIpepmecrByromue Ilocaenyromue
Mud Haumenonanmue Plcpl/llilJII/IHbI;,MOm JIK HC nnnnill}ll,l/;auo JIK
p KOMIIETEHIINH FHCH *Hy ’ JRHCH *Ily ’
MPAKTHKH MPAKTHKH
CoBpeMeHHbIE METOIbI MEXaHUKH
KOCMHYECKOTO I10JIETa;
Hcxyccmeennvie netiponnvle cemu
Tyboxoe obyuenue) **;
CriocobeH GpopMynupoBaTh ( - ’
bopmymp Artificial Neural Networks (Deep
TeNTH, 3a/1a91 HayIHBIX s
WCCIIeIOBaHUHN B 00IacTu . Leam.mg) Do
N Machine Learning and Big Data
MIPUKIIATHOW MaTeMaTHKH U S )
Mining**; TexHONOTHYECKAsI MPAKTHUKA;
WHPOPMATHKH,
IK-1 . Mawunnoe obyuenue u ananus IIpennumninomMHas NpaKkTHKa;
BBIYUCITUTEIIFHON TEXHUKH U s
M, Oonbuux Oannoblx **,
COBPEMEHHBIX TEXHOJIOTHIA
CoBpeMeHHBIE METOIbI
POrpaMMHPOBAHUS,
JMCTaHIIMOHHOTO 30HANPOBAHUS
BBIOMPATH METOJBI U .
Cpe/CTBa pelIeHUs 3a71au Semm;
p Hayuno-uccnenoBarenbckas
paboTa;
TexHOMOTHYECKAasI MPAKTHKA;
Crnoco0OeH MpUMEeHATh
COBpPEMCHHBIC Hckycemeennvie Hetiponnbvle cemu
TEOpPETHICCKHE U (I'nybokoe obyuenue)**;
IKCIEPUMEHTAIIbHBIC Artificial Neural Networks (Deep
METO/IbI Pa3pabOTKH Learning)**;
MaTeMaTHYCCKUX MOJIeNIei Machine Learning and Big Data
P, TexHonoruueckas MpaKTUKA;
UCCIeyeMbIX 00BEKTOB U Mining**;
[K-2 [IpenaumnnomMHas npakTHKa;

TPOIIECCOB, OTHOCSIIUXCS K
poeCCHOHATBHOMI
ACATCIBbHOCTH I10
HaMpaBJICHUIO TOATOTOBKU U
y4acTBOBATH B UX
pean3aIiy B BUIE
MPOTPAMMHBIX TIPOTYKTOB

Mawunnoe obyuenue u ananus
Oonbuux OanHoblx **;
Hayuno-uccnenoBarenbckas
pabora;
TexHONMOTHYECKAasI MPAKTHKA;

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

** - 3NIeKTUBHBIC TUCIUIUIMHEI /TIPAKTHKH




4. OFbEM JUCHUILIVMHBI U BUJIbI YYEBHOM PABOTHI

OOmiast TpPy10eMKOCTh AUCHUILTHHBI «VIcKyccTBeHHBIE HEHpOHHBIE ceTH (OOy4eHHUE ¢ IOJKPEITICHUEM )» COCTABIISIET «5» 3a4€THBIX CTUHHII.
Tabnuya 4.1. Buowl yuebHOU pabomvl no nepuooam 0C80eHUs 0OPA308aMeNIbHOU NPOSPAMMbL 8bICUIE20 00paA308aHUst Oisl OYHOU (HOopMbl
0OyueHusl.

Buja yueOHoii padoThl BCETIO, ak.u. CeMecBT 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

Bun
Homep | HammeHnoBaHue pasnena .
Conep:xanue pasaesa (TeMbl) yueOHOM
pasaena AACHHILTAHBI %
padoThI
CrpykTypa aaropurmMa oOydeHHUs C
1.1 PYKTYp P y JIK, JIP
TOIKPETIIICHUEM.
1.2 Arent. OyHKIMS TOTUTUKU. DYHKIUS [IGHHOCTH. JIK, JIP
Monens. Tumbsl cpen 00yueHHs €
Beenenue B 00yueHue ¢ A peL oy
Paznmen 1 MOAKPEIICHUEM : IeTEPMUHUPOBAHHAS,
MOJKPETIICHUEM. . M
13 CTOXACTHUYECKasl C IOJTHOW U HEMOJIHOU JIK. TIP
' uHpopManuel, TUCKPETHAS M HEIIPpephIBHAS, ’
SMHU30MYECKas ¥ He SIU30IUIECKasi, OJHOATCHTHAS
¥ MHOTOAreHTHasl.
21 MapxkoBckue nenu 1 MapkoBCKUE IPOLIECCHI. TIK. JIP
' MapkoBCKu# npoliecc NPUHITHI pEIICHUH. ’
OYHKITNH IEHHOCTH COCTOSHUSA, Q- yHKIIHS.
2.2 VpaBuenue bennmana v onTuManbHOCTh. BeIBOK JIK, JIP
ypaBHeHHs bennmmana.
Teoperueckie 0CHOBEI 1 JuHamMugeckoe mporpaMMrApoBaHme. MeTo sl
Paznmen 2 |MeToms! 00ydeHNUs C 2.3 porp P ’ JIK, JIP
Mounte-Kapno u Teopust urp.
MOIKpeTIICHHEM =
OOyueHHe Ha OCHOBE BPEMCHHBIX pa3IHuuit
24 (Temporary Differences). TD npornosupoBanue. JIK, JIP
TD obyuenue.
Q obyuenue. Anroputm SARSA. (State-Action-
25 - JIK, JIP
Reward-State-Action)
Tporpavroe ITakeTs! porpamMm Ais peanu3aluuu HEHPOHHBIX
Pasnen 3 |obOecrnieucHue 00ydeHHUS C 3.1 TPI IIPOTD p p JIK, JIP
cereil. Tensor Flow
MIOIKpETIJICHHEM
Pa3BuTHE UCKYCCTBEHHBIX I'eneTnyeckoro nporpaMMupoOBaHUE, JEKAPTOBO
HEHPOHHBIX ceTei. TEHETUYECKOE MPOTPaMMUPOBAHHE, METO]I CETEBOTO
Pasnien 4 Lo P y 4.1 POTPAMMIP A CCTEBOTO | 1K, JTP
MeTonpl CHMBOIIBHOH orepaTopa, BapHalliOHHBIE METOIBI CUMBOIBHOM
perpeccuu perpeccuu

npaKmuquKue/ceMuHapCKue 3AHAMUAL.

6. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHME JUCHUIIJINHBI

Tabnuya 6.1. Mamepuanvho-mexnuueckoe obecneuenue OUCYUNIUHBL

* - 3anonmstercst Toabko 1o QUHOM dopme obyuenus: JIK — nexyuu; JIP — nabopamopuvie pabomul; C3 —

Tun aynuropuu

OcHaleHue ayIuToOpuu

Crnenunanu3upoBaHHoOe
yueOHOe/1adopaTopHoe
odopynoBanue, [10 u
MaTepuabl 1J1s1 0CBOECHHS
AUCHUTLTAHBI
(mpu He0OXOAMMOCTH)

JlexumonHas

KomnerorepHslit
KJ1acc

Jns
CaMOCTOSITEIbHON
paboTHI

* - ayIUTOPHS AJIsI CAMOCTOSATENIbHOM paboThl oOyuaromuxcs ykassiaercs OBA3ATEJIbHO!

7. YYEBHO-METO/JUYECKOE 1 TH®OPMAIIMOHHOE OBECIIEYEHUE JUCHUAIIJINHbBI

OcnosHas tumepamypa:




1. Carron Puuapp C., bapro Dunpro I'. O6yuenue ¢ noakpemnienueM = Reinforcement
Learning. — 2-¢ u3manue. — M.: JIMK npecc, 2020. — 552 ¢. — ISBN 978-5-97060-097-9.
2. PozenOnart, ®. [Ipuauuns! HeiponquHamuku: [leprenTpoHbl U TeOpHus MEXaHU3MOB
mosra = Principles of Neurodynamic: Perceptrons and the Theory of Brain Mechanisms. — M.:
Mup, 1965. — 480 c.3.
3. A.H.Bacuines, [[.A.TapxoB. HeiipocreBoe moaenupoBanue. [IpuHIUIIBI. AITOPUTMBI.
[Tpunoxenus. CI16.: U3a-Bo [Tonurtexn. Yu-Ta, 2009. ISBN 978-5-7422-2272-9
4. C.C.Aggarwal. Neural Networks and Deep Learning. A Textbook. Springer
International Publishing
5. .A. TapxoB. Heliponnsle cetu. Monienu u anroputmsel. M., Paguotexnuka, 2005.
(Hayunas cepus "Helipokomnbtoreps! 1 ux npumenenue", pen. A.M.INanymkun. Ku.18.)
HononnumenvHnas 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 CTYIEHTBI YHUBEPCUTETA UMEIOT JOCTYII
HA OCHOBaHUH 3aKJIIOYEHHBIX JOTOBOPOB
- DnekTpoHHO-O0mOMoTeuHas cucrema PYJIH — ObC PYJIH
http://lib.rudn.ru/MegaPro/Web
- OBC «YHuBepcuTeTcKas 6ubaroreka onnaita» http://www.biblioclub.ru
- OBC IOpaiit http://www.biblio-online.ru
- OBC «KoncynbTaHT cTyfeHTa» www.studentlibrary.ru
- OBC «Tpounkuii MmocT»
2. ba3bl JaHHBIX U TOMCKOBBIE CHCTEMBI
- DJICKTPOHHBIN (HOH/T TPABOBON ¥ HOPMATUBHO-TEXHUICCKOU JJOKYMEHTAITUU
http://docs.cntd.ru/
- mouckoBas cuctema SAunekc https://www.yandex.ru/
- mouckoBas cucteMa Google https://www.google.ru/
- pedepatuBHas 6a3a nanasix SCOPUS
http://www.elsevierscience.ru/products/scopus/
Yuebno-memoouueckue mamepuanvt 01 camocmosamenbHou pabomol 00YUAOWUXCS NPU
0C80eHUU OUCYUNTUHBL/MOOYIA™:
1. Kypc nexuuii no aucturummae «MckyccTBeHHbIE HeMpoHHBIE ceTn (O0ydeHue ¢
MOAKPETICHUEM ).

* - Bce yueOHO-METOANYECKHEe MaTepHalibl Uil CaMOCTOATENbHOM paboThl 00yJaromuxcs
pa3MenarTcsl B COOTBETCTBHUHM € JAEHCTBYIOIUM NOpsAKOM Ha cTpanule aucuuiuinasl B TYHUC!



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.



