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1. EJIb OCBOEHMA JUCIIUITJIMHbI

Huctmrummna «MckyccrBeHnnble HelpoHHble cetu (ImyOokoe oOyueHue)» BXOIUT B
IIpOrpaMMy MarucTpaTypsl «AHaIM3 OOJBIINX JAAHHBIX U TEXHOJOTHH 3aLIUThl HHPOPMALUU 110
HanpasiieHuto 27.04.04 «YnpapineHue B TEXHUUECKUX CHUCTEMax» M M3ydyaercs BO 2 cemectpe |
Kypca. JQucuunnuny peanusyer Kadeapa mMexaHUMKHM M IPOLECCOB ynpasieHHd. JucuuminHa
COCTOUT M3 6 pa3fenoB U 15 TeM M HampaBleHAa Ha M3Y4EHUE METOJOB IIOCTPOCHHS CHCTEM
aBTOMATUYECKOI'0 YNPABIEHUS Ha OCHOBE NCKYCCTBEHHBIX HEHPOHHBIX CETEH, OCBOCHUE METO0B
peLIeHUsT OCHOBHBIX 3a/1a4 YIIPaBJIEHUs C UCIIOJIb30BAHUEM HEUPOHHBIX CETEH.

Ilenpt0 OCBOEHUS IUCLMIUIMHBI SIBJISIETCS OOyYEHHE CTYAECHTOB METOAAaM IOCTPOEHUS
HCKYCCTBEHHBIX HEHPOHHBIX CETEH.

2. TPEBOBAHMUS K PE3YJIBTATAM OCBOEHMUSA JUCHUIIVIMHbI

OcBoenne nuctuminabl  «VckycctBenHsie Heiiponnbie cetn  (I'myOokoe oOyueHue)»
HampaBlIeHO Ha (QopMUpoBaHME Yy OOYy4alOIIMXCS CIEAYIOIIMX KOMIIETEeHUMH (4acTu
KOMIICTCHITNH ):

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)

I1K-1.1 3HaeT MeTOBI M CpPENICTBA PELICHUS 3a7jad HaAy4YHBIX
uccie0BaHui B 00J1aCTH 3al1UThl HH)OPMALIIH;;

ITK-1.2 YMmeet GhopMynupoBaTh 1Eb U 33129l HAYIHBIX
HCCIIeI0OBaHM B TIPO(ECCHOHAILHON 00JIACTH, TOTOBUTH K
MyOIMKALMK Pe3yJIbTaThl HAYYHBIX HCCIIEI0BaHUI U HOPMHUPOBATH
JIOKYMEHTBI JJIsl [T0JJa4uM 3asiBKM Ha H300peTeHue;;

Crioco0eH GpopMyIupoBaTh LEIH,
3aJ]a4y HayYHbBIX HCCIICJI0OBAHUI B
IIK-1 obnacTy 3ammThl HHOOPMALIUH,
BBIOMPATh METO/BI U CPEICTBA
pemeHus 3a1a4d

CnocobeH NpUMEeHATh METO/BI 1
TEXHOJIOTUH 3aIIUTHI
uHpopmanmu g penienns 3aga4d |[1K-2.1 3HaeT coBpeMeHHBIE TEOPETHUESCKIE U

K-2 YIpaBJIeHUS TPOEKTAMH B 9KCIIEPUMEHTAIILHBIE METO/IbI, TPUMEHSIEMbIE IS pa3pabOTKH
obnactn HHGOPMAITMOHHBIX TEXHOJIOTHH 3aINThl HHPOPMAIUH U TPOLIECCOB
TEXHOJIOTHH B YCIIOBHAX npodeccrnoHANBLHOM NeATeNbHOCTH;;
HEOIIPECIIEHHOCTE! U PUCKOB
nH(OPMALMOHHBIX YIPO3;
CriocobeH ompenensiTh yrpo3bl
6e3omacHOCTH HHPOPMAIUU U
BO3MOJKHBIC IYTH €€ 3alllUThl HA
IIK-3.1 YMmeeT npoBOAUTE aHATIHU3 CTPYKTYPHI U COJEPKAHUS
OCHOBE aHajIn3a CTPYKTYpPBI U N
IK-3 MHPOPMAIMOHHBIX MPOIIECCOB 1 0COOEHHOCTEH

coJiepkaHus MHPOPMAITMOHHBIX
MIPOLIECCOB U OCOOEHHOCTEH
(YHKIMOHAPOBAHUS
MH(OPMALMOHHOM CHCTEMBI

(1)yHKL[I/IOHI/Ip0BaHI/I$I I/IH(l)OpMaL[I/IOHHLIX CHUCTEM;,

3. MECTO JUCIIMIIJIMHBI B CTPYKTYPE OII BO

Hucuumnuna «WckyccTBeHHble HelpoHHble ceTd (I'myOokoe oOydeHue)» OTHOCHTCS K
4acTH, (HOpMHUPYEeMON yYacTHHKaMH OOpa30BaTeIbHBIX OTHOIIEHUN Onoka 1 «/lucuurminHb
(Momynm)» 00pa3oBaTeNbHOM MPOTrPaMMBI BBICIIIETO 00OPa30BaHMUS.

B pamkax o0Opa3zoBaTenbHON MpOrpamMMbl BBICIIETO O0pa30BaHHUS OOYYAIOIIMECS TaKXKe
OCBaWBAIOT JIpYyrH€ JWCUWIUIMHBI W/WIM  TPAKTUKH, CIIOCOOCTBYIOIIUE  JIOCTHKCHHUIO
3aIlJTaHUPOBAHHBIX PE3YJIIbTATOB OCBOCHHUA IUCHHUILIMHBI ((I/ICKYCCTBGHHBIC HeﬁpOHHBIC CE€THU
(I'myGokoe oOydeHuE)».




Tabnuya 3.1.

Ilepeuenv komnonenmos OIl BO,

3ANIAHUPOBARHbLX pe3)1bmamoe OC60E€HUA aI/lCI/[I/H’lJZMHbl

CnocooCmeyrouuUx — O0CMUICEHUIO

IIpepmecrByromue Ilocaenyromue
Hludp Haumenosanne )II/ICIP;I/I?[JIHHBI;,MOI;II)’JIH, nncuunnnill}ll,l/;auouynn,
KOMIEeTeHIUH . .
NMPAKTHKH MPAKTHKH
Hckyccmeennvle Heliponnbvle
cemu (Obyuenue ¢
CriocobeH GpopMynupoBaTh noQKp _engeHueM) 5
HeAW, 3a71atH HayqHbIX Artl_f|C|aI Neural Netvv_orks
’ . (Reinforcement Learning)**;
WCCIIeIOBaHUHN B 00IacTh
TIK-1 HayuHo-mccnemoBarenbckas
3aIIUTH HHPOPMALINH,
BEIOMPATh METOJIBI U padota (noxysenue
CpeJICTBA pellicHus 3a1ad TIEPBIHBIX HABBIKOB Haquo.-
HCCIIeIOBATEIBCKON paboTHI);
[IpenoumioMHast MpaKTHKA;
Hayuno-uccredosamenvcras
paboma (nonyuenue
NEePEUYHBIX HABLIKOS HAYYHO-
uccne008amenbekou
CriocoOeH MPUMEHSATh pabomul);
METOJIBI ¥ TEXHOJIOTHH Hayuyno-uccreoosamenvcras
3aIUTH HH)OPMAIHHA IS paboma,
peIIeHNs 3a1a4 yIpaBIeHAS Ilpeodunnomnas npakmuka,
K-2 MPOEKTaMH B 00JIaCTH Kpunmonozus u npaxmuka
HHPOPMAINOHHBIX wupposanus;
TEXHOJIOTHH B YCIOBHAX Humennexmyanvroie
HEOINpEeIeICHHOCTEN unpopmayuontvle
PHUCKOB HH(POPMAIIMOHHBIX cucmemvl *¥*;
yIpo3; Intelligent Information
Systems**;
3awuwennoe npozpammmoe
obecneueHue;
Jlunamuka u ynpagnenue
KOCMUYECKUMU CUCTIEMAMU,
Hckyccmeennvle netiponnvie
CriocoOeH onpenensTh cemu (Obyuenue c
YTPO3bI 0€301MacHOCTH nookpenuenuem)**;
nHpopMaLnKU U BOZMOXKHBIE Artificial Neural Networks
MYTH €€ 3allIUThl HA OCHOBE (Reinforcement Learning)**;
K-3 aHaJM3a CTPYKTYphI U Hayuno-uccredosamenvcras

COZIepKaHuUs
MHPOPMALTMOHHBIX
MIPOLIECCOB U OCOOEHHOCTEH
(YHKIIMOHHPOBaHUS
MH()OPMALMOHHOM CHCTEMBI

paboma (nonyuenue
NEPEUYHBIX HABLIKOG HAYYHO-
uccie008amenbcKoll
pabomul);
Hayuno-uccredosamenvckas
paboma,

Ilpeoodunnomunas npakmuka,

* - 3aMOJHSACTCS B COOTBETCTBUM ¢ MaTpuiei kommnereHuii u CYII OI1 BO
** - 3NIeKTUBHBIC TUCIUIUIMHEI /TIPAKTHKH




4. OFbEM JUCHUILIVNHBI U BUJIbI YYEBHOM PABOTHI

OOmast TpynoeMKoCTh aucuruinHbl «VckyccTBeHHBIEe HelipoHHbBIE ceT (I'my0okoe 00ydeHune)» COCTABIISET «S5» 3aUeTHBIX CAHHUII.
Tabnuya 4.1. Buowl yuebHOU pabomuvl no nepuooam 0c80eHUs 00pA308amMeNIbHOlU NPOSPAMMbL BblCUe20 00pa308anus Oisli OYHOU @HopMbl
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 JTUCIUIIJIMHbI

Tabauya 5.1. Codepoicanue oucyuniunvl (MoOYas) no 8U0am y4eonol pabomoi

Bun
Homep HaumenoBanmue pazaesna "
HaunmeHnoBanue TeMbl Copep:xaHue TeMbl yueOHoit
pasiena AUCHHUTLIUHBI %
padoThI
XapaKTepHCTHKA HCKYCCTBEHHOTO MHTEJIEKTA KaK 001acTH HAYKH,
3aHUMAIOIIECHCS CO3aHUEM CHUCTEM, CITOCOOHBIX BBITIOJIHSATH
3aJia4yu, TpeOYIOIIMe HHTEIIEKTa YeaoBeka. Onucanue NCTOpUH
11 OnpeneneHus, UICTOPUS pa3BUTHA U TJIaBHBIE | pa3BUTHUSA: 3aposkaeHue B 1950-x rogax, mepuos 3um JIK. JIP
TPEHIBI HICKYCCTBEHHOT'O HHTEIUICKTA. UCKYCCTBEHHOTO MHTEJUIEKTA, BO3POXKICHHE C TOSABICHUEM METO/IOB ’
MAaIIMHHOTO 00yueHus. [ TaBHbIC TPEH IBI: TITyOOKOE 00yUeHHE,
GoJIbIIE SA3BIKOBBIC MOJIEIH, TEHEPATUBHbBIE HEHPOCETH,
0OBSICHUMBIN HCKYCCTBEHHBIH MHTCIIIEKT.
Omnncanne OMOJIOTMIECKOTO HEHPOHA KaK KIETKH, IPUHUMAIOIICH 1
TIepeIAIOIIEH AMEKTPHUECKNAE CUTHAIIBI Yepe3 NCHIPUTHI, TEJIO
N KJIETKU M aKCOH. MaTeMaTH4ecKkast MoJesib HeHpoHa:
OCHOBHBIE TIOHATHSL. Buonornaeckuii HEHPOH U €To
. CYMMHpPOBaHHE BXOJHBIX CUTHAJIOB C BECOBBIMH KO3(PHINCHTaMH,
Turnonorus 3ajad4, pemaemMpIx Maremarudeckas Mozenb. Tunsl GpyHKIui N
. N no06aBieHNe CMEIIeHNs, TPUMEHEeHNEe HeJIMHEIHOW QyHKIMN
Pasnen 1 |MeTomaMu MalIMHHOIO 1.2 aktuBanuid. Hefipocetn u ux xnmaccudukarus. N JIK, JIP
oo akTuBanuu. Tunbsl GYHKIMI aKTHBAIMH: TOPOTOBa,
00y4deHuss. MHOTOCTIOWHBIHI MaremaTtnueckue MOJEIu M
. CUTMOHUJANIbHAS, THIIEPOOTHMYECKUI TAHT€HC, BRITIPSIMIICHHAS
MepCenTpoH CHeNHaTU3UPOBAaHHBIX HEHPOHOB. . N N
nvHeliHas eanHuna. Kinaccudukaims HEHPOHHBIX CeTei: 1o
apXHUTEKType NMPSIMOTO PAaCIPOCTPAHEHHS U PEKYPPEHTHEIE, 110
croco0y 00y4YeHHUs C yUUTENIeM 1 0€3 yUuTes.
[IpencraBnenue 3aaa4 perpeccuy, aunpOKCUMAIHIH,
MHorocioiiHble HEPOHHBIE CETH. UICHTH()UKALINY, YIPABICHUS U C)KAaTUsI TaHHBIX B HEHPOCETEBOM
[TpencraBnenue 3aaaq perpeccum, norudeckoM Gasuce. OnrcaHne MHOTOCIIOWHOTO MIEPCENTPOHA KaKk
13 |dnmpoKcHMalmH, UAEHTH(UKAINY, HEHPOHHOM CETH C OZJHUM WJIN HECKOJIBKUMH CKPBITBIMHU CIOSIMU JIK. JIP
' YIpaBJIEHUs, CKATUSA JaHHBIX B HEHPOCETEBOM |MEXy BXOAHBIM U BBIXOAHBIM CIOSMH. XapaKTEpUCTHKA ’
sornueckoM Oasuce. MHOTOCIONHBIN CIIOCOOHOCTH MHOT'OCJIOMHOTO TIEPCENTPOHA arpoOKCUMHUPOBATH
HEepCenTPOH. mo0yI0 HenpepbIBHYIO (yHKIMIO. [IprMenenue s 3ana4y
KJIaCCH()MKAITUH, PETPECCHH M TPOTHO3UPOBAHHSI.
Omnwucanue anropuT™Ma 00paTHOTO PaCIPOCTPAHEHHS OIIMOKH Kak
OCHOBHOTO M€TOJ1a 00y4eHUs] MHOTOCTIOHHBIX IEPCENTPOHOB.
OTansl anropuT™Ma: MpSIMOM MPOXOA ISt BEIYHCICHHS BBIXOIOB
DBOJIOIMOHHBIE METOIBI Anroput™M 00paTHOTO PACTIPOCTPAHEHHUS .. .
Paznen 2 21 CeTH, pacuéT OMMOKHN Ha BBIXOJHOM CJI0€, 0OpaTHBIA MPOXOT IS JIK, JIP
o0ydeHus OIMMOKHU ¥ eT0 MOAN(UKAITUH.
pacrpoCcTpaHEeHUs OIMIMOKH K IMPEABIIYIINM CI0SM, KOPPEKTHPOBKA
BECOB I10 TPaANEHTY (YHKINHU OIMIMOKH. MoauduKanuy alropurma;
METOJ] UIMIYJIbCa AJISl YCKOPEHHsI CXOAUMOCTH, aJaITUBHBIC METOJIbI




Homep
pasnena

HaumeHnoBaHnue pa3aeia
JUCHUIIINHBI

HaumeHoBaHue TeMBbI

Coaep:xanue TeMbl

Bun
y4eOHoi
padoThr*

HU3MCHCHHS TCMIIa 06y‘{eHI/I$[, METOAbI C y‘-IéTOM BTOPBIX
TIPOU3BOJHBIX.

2.2

Br100p onTUMaNbHBIX TAapaMeTPOB CETH

XapakTepHuCTHKA IPOOIEMBI BEIOOPA KOJTUIECTBA CIOEB U YHCIIa
HEHpPOHOB B KaKIoM cioe. Onrcanue nogdopa TeMmna oOoydeHus,
MOMEHTa UMITyJIbCa 1 KOJMYECTBa 310X o0ydeHus. [Ipobiema
NepeoOyUeHHMS: KOT/Ia CeTh 3alIOMHHAET 00yJaroIie NpuMephl, HO
TepSET CIIOCOOHOCTH K 00001meHm0. MeToabsl 60prOEI ¢
nepeoOydeHUEM: PErYIIIpHU3aIHs, paHHSS OCTaHOBKA 00y4ICHUS,
UCKJIFOUCHHE HEHPOHOB, yBeIUUCHHE 00hEMa 00yJaromeit
BbIOOpKHU. Kpocc-Banuaanus ajst oneHKH o6o0maromnien
CIIOCOOHOCTH CETH.

JIK, JIP

Pasnen 3

Bupl HelipoHHBIX ceTeit

3.1

HeiiponHnas ceTs ¢ 001mIeit perpeccue.

Onucanne HEHPOHHOM CeTH ¢ O0ILEeH perpeccueil Kak ceTy,
npesHa3HaYeHHO IS annpoKCUManuy GYHKIUHA 1
perpeccroHHOro aHanu3a. IIpuHIuN paboThl: UCTIOIb30BAaHHUE
panuanbHBIX 0a3uCHBIX (DYHKIMH JUTA alpOKCHMAIINH LIEJIEBOH
¢GyHKIMH. XapaKTepuCTHKA CTPYKTYPBI: BXOIHOHU CIIOH,
paAnaANBHBINA CIIOH, CYMMAIIMOHHEIH ci10i. BeicTpoe 00y4eHue, HO
6oJbII0N 00BEM NaMATH IJIsl XpaHEHHS 00Y4aOINX IPUMEPOB.

JIK, JIP

3.2

BeposiTHOCTHAsI HEUPOHHAS CETb.

Onucanue BEpOSITHOCTHOW HEHPOHHOM CETH KaK CETH JIJIsl pELICHUS
3a/a9 KIacCU(pUKAINH, OCHOBAHHON Ha OIIEHKE TIOTHOCTH
BepOSATHOCTH. [IpUHIHIT paOOTHI: UCTIONB30BaHME SICPHBIX OIIEHOK
IUTOTHOCTH BEPOSITHOCTH JUISI KAXKAOTO Kilacca. XapaKTepUCTHKA
CTPYKTYPBI: BXOAHOH CIIOH, CJIOW CyMMUPOBAHUS ISl KaX10I0
KJ1acca, BEIXOJHOM CJIOH ¢ BBIOOPOM KJlacca ¢ MaKCHMAaJILHOM
BEpOATHOCTHIO. [IpenmyrnecTBa: OpicTpoe 0OyueHHe, yCTOWIMBOCTD
K BBIOpOCaM, BO3MOXKHOCTb MOJTYISHHS allOCTEPHOPHBIX
BEPOSITHOCTEN.

JIK, JIP

3.3

HeiipoHHsle ceTH ¢ paauaabHBIMU 0a3HCHBIMU
(hyHKIHAMU.

Onucanune paanalbHBIX 0a3UCHBIX CETEH KakK CeTeH,
HCTIOJNB3YIONINX B CKPBITOM CJIOC paJidalibHbIC (PYHKIINY,
3aBHUCSAIINE OT PACCTOSHUS MEXy BXOJHBIM BEKTOPOM U LIEHTPOM
¢yHKIMH. XapaKTepUCTHKA CTPYKTYPbI: BXOJHOH CJI0H, CKPBITHIH
CJIOH C paaraJbHBIMU 3JIEMEHTAMU, BBIXOJHOM JIMHEHHBIHN CIIOM.
CriocoObI BEIOOpA IIEHTPOB: CIYYalHBIA BBIOOD, KIIACTEPHU3ALIHS,
oOyuenwne ¢ yantenem. [IpuMeHeHne s annpoKCHMAauy (GyHKITIHA
U KJIACCU(PUKAIINH.

JIK, JIP

3.4

HeiiponHas ceTb 1 caMOOpPraHU3YIOIIHECs

Omnncanue caMOOPTaHN3YIOMHUXCSA KapT KaK HEHPOHHBIX ceTel 6e3

JIK, JIP




Homep
pasnena

HaumeHnoBaHnue pa3aeia
JUCHUIIINHBI

HaumeHoBaHue TeMBbI

Coaep:xanue TeMbl

Bun
y4eOHoi
padoThr*

kapTel KoxoHeHna

YUUTENs, TPEeHA3HAYSHHBIX ISl BU3YaJIM3allil MHOTOMEPHBIX
JaHHBIX Ha IIPOCTPAHCTBE HU3KOU pasMepHocTH. [IpuHIum paboThL:
KOHKYpEeHTHOE 00y4deHwme, IIPH KOTOPOM HEHPOH-TI0OeTUTEIh
HacTpanBaeT CBOM Beca M Beca COCEIHUX HEHPOHOB.
XapaKkTepuCTHKa TOIOJIOTHH KapThl: NPSIMOYTOJIbHAS HITH
rekcaroHajbHas ceTka. [IpuMeHeHue U1 KIacTepu3anuH,
CHWDKCHUSI Pa3MEPHOCTH, BU3YAJIM3aIlMU JAHHBIX.

Pasnen 4

DBOIOLHOHHLIE METOIBI
o0yueHus

41

ANropuT™M 00paTHOTO PacpoOCTPAHEHUS
OHMOKH U ero Moaudukau. MHoOrocioiHeie
nepcenTpoHsl. BEIOOp onTHManbHbIX
MapaMeTPOB CETH

OmnmcaHue anropuT™Ma 00paTHOTO PacCIPOCTPAHEHHS OITHOKH KaK
IPaJIMeHTHOTO MeTojia 00y4YeHus. XapaKTepUCTHKa IIPOOIEMBI
BBIOOPA HAYAIbHBIX BECOB: BaXXHOCThH MPAaBUILHOM MHUITUAIU3AINH
JUTS CXOMUMOCTH. Mo IudHuKanny anropuTMa: METO CONPSKEHHBIX
rpaaueHToB, MeTo] JleBenOepra-MapkBap/Ta, alropuTMBbI ¢
aJlalTUBHBIM TeMIioM o0yueHus. Onrcanue mpoOieMbl JTOKAIbHBIX
MUHUMYMOB Ha ITOBEPXHOCTH OIMMHOKH. MeTOAbI BRIX0O/Ia U3
JIOKaJbHBIX MUHAIMYMOB: T0OaBJIeHHE ITyMa K TPaJUCHTY,
CITyJafHBIH Iepe3aryck 00ydeHus, HCII0Ib30BaHUEe
CTOXaCTHYECKOTO TPaIMCHTHOTO cirycka. [Togbop apXuTeKTypbl
CEeTH KaK OTJeNbHas 3a]]a4a ONTHMH3AIINH.

JIK, JIP

Pazgen 5

Heiiponnsle cetu ¢
00OpaTHBIMU CBSI3IMH

51

Heiipocetn Xondunma. HeitpoceTeBbie
METOABI PEIICHNUA ONITUMHU3AIIUOHHO-
KOMOHMHATOPHBIX 3a/1a4. Heitpocetn
Xommunra. PacroznaBanne o0pa3os ¢
MIOMOUIbIO PACCTOSIHUM.

Omnwucanue HeHPOHHOW ceTn Xomnduiga Kak peKyppeHTHOH CeTH ¢
OOpATHBIMU CBSI3SMH, TI€ KaXKIbIH HEHPOH CBSI3aH CO BCEMH
OCTaJIbHBIMU. XapaKTepUCTUKA QYHKIIUH YHEPTUU: CETh
3BOJIIOIMOHUPYET K MUHUMYMY SHEPTHH, UTO COOTBETCTBYET
BOCCTAaHOBJIEHHIO 3TaJIOHHOTO 00pa3a. [IpuMeHenue ams
acCcOLMATUBHOI NMaMATH: BOCCTAHOBIIEHUE 3aIIyMJIEHHBIX 00pa30B.
Pemenne onTUMU3aIMOHHO-KOMOMHATOPHBIX 33a]a4 Ha IPUMeEpe
3aa9i KOMMUBOsDKEpa. Onncanne HepoceTH XIMMHHTA KaK CeTH,
BBIUUCIIAIOUIEH PACCTOSHUE XIMMUHIA MEXY BXOAHBIM BEKTOPOM
1 3TaJIOHHBIMU 00pa3amu. Pacrio3HaBanne 00pa3oB ¢ MOMOIIBIO
METPUK PaCCTOSHHUSL.

JIK, JIP

52

JIByHaTmIpaBJICHHBIC aCCOIIMATUBHEBIC
HelipoceTn. HelipoceTn ¢ 00paTHBIMU CBS3SIMHU
Ha 6a3e mepcenTpoHa

Onucanue IByHanpaBiIeHHbIX aCCOLMATUBHBIX HEHpOceTel KaK
ceTeil, OCYIIECTBISIONINX 0TOOpaKEHHE MEXKTY ABYMS
MHOKECTBaMHU BEKTOPOB B IPSIMOM M 0OPaTHOM HAIpPaBJICHUSIX.
XapakTepucTHKa CTPYKTYpPHI: JBa CJI01 HEMPOHOB, COEIMHEHHbBIE
JABYHAIIPABJICHHBIMU CBA3SIMMU. HpI/IMeHeHI/Ie JJIs1 aCCOHHaTHBHOﬁ
nmaMsATy nap o06pa3oB: Mo 0JTHOMY 00pa3y BOCCTaHABIMBACTCS
CBSI3aHHBIN ¢ HUM NapHBIA 00pa3. Onucanmne HeifpoceTei ¢

JIK, JIP
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0OpaTHBIMU CBSI3IMH Ha 0a3e MepcenTpoHa: PeKyppeHTHbIE BEPCUU
MHOTOCJIOHHBIX NTEPCENITPOHOB.

Pasnen 6

Crnennanu3npoBaHHbIE
HelpoceTn

6.1

I'mybGokue HeHpOHHBIE CETH.

Omnwmcanue riry0OKNX HEMPOHHBIX CETeH Kak ceTel ¢ OOIbIINM
KOJIMYECTBOM CKPBITBIX CIIOEB, CIOCOOHBIX N3BJIEKAThH
HepapxudecKue MPeICTaBICHUS JaHHBIX. XapaKTePUCTHKA
MIPpoOIEMBI HCUE3aI0IIETO IPaUEeHTa IPH 00yIEHUH TITyOOKHX
cereil. MeTobl MpeojoeH s : TIPeIBapUTEIbHOE 00yUCHUE CIOEB
0e3 yuuTens, NCIoab30BaHNe (DYHKIIMH aKTUBAMH THUIIA
BBINPSAMIICHHAA JIMHEMHAs €AHNIA, IMTaKCTHasA HOpMaInu3alus,
IpoIycKaroIue coenHeHus. IIpumenenue riny0bokux cereit B
KOMITBIOTEPHOM 3pEHHH, 00pabOTKE €CTECTBEHHOTO SI3bIKa,
pacno3HaBaHUH PEUH.

JIK, JIP

6.2

CBEpTouHble HEUPOHHBIE CETH.

Omnucanue cBEPTOUHBIX HEHPOHHBIX CETEH Kak ceTeil, CriennanbHo
pa3paboTaHHBIX Uil 00pabOTKHU JaHHBIX C CETYATOU CTPYKTYPO,
TaKMX KaK N300pakeHHs. XapaKTepPUCTHKA KITIOUEBBIX OIIEpaIlHii:
CBEPTKA C (QMIIbTpaMH /I BBIJEIICHUS IPU3HAKOB, TTOIBBIOOPKA /IS
YMEHBIICHUS pa3MEPHOCTH, 00beIMHEHUE M0 KaHanaM. THITbI
CJIOEB: CBEPTOYHBIE CJION, CIIOM TIOABBIOOPKH, TTOJTHOCBSI3HBIE CIIOU.
[IpenmyiecTBa nepes NOITHOCBA3HBIMU CETSMU: JIOKAIIbHOCTh
CBsI3ei, oOmMe Beca, MHBAPUAHTHOCTD K cABUraM. [IpumeHenue ams
pacrio3HaBaHusi 00BEKTOB, CETMEHTALUHN U300paKEHNH,
JIETeKTUPOBAHMSI IPaHMII.

JIK, JIP

6.3

PexyppeHTHbIE ceTu.

OmnucaHue peKyppeHTHBIX HEHPOHHBIX CeTel Kak ceTel ¢
OUKINYECKUMHU CBA3AMU, COXPAHAIOIINX BHYTPEHHEE COCTOSIHUE BO
BpeMeHH. XapaKTePUCTHKA CITIOCOOHOCTH 00padaThIBaTh
MOCJIEIOBATEILHOCTH TIEpeMEHHOM TiHEL. [Ipobiema
JOJTOCPOYHBIX 3aBUCUMOCTEN U 3aTyXaHus rpaJuCHTA. Ommcanue
APXUTEKTYP C JOJIFOM KPATKOCPOUHON MaMsThIO M YIIPABIISIEMbIX
PEKYPPEHTHBIX OJIOKOB, pELIAIONINX NPOOJIeMY 3aTyXaHus
rpajyeHTa Yyepe3 CleluallbHble BEHTUIbHbIE MEXaHU3MBI.
[Ipumenenue s MalIMHHOTO NIEPEBO/IA, aHAIM3a BPEMEHHBIX
PsA0B, TeHEepallMu TEKCTa, paclO3HABAHUS PEUH.

JIK, JIP

* - 3anosnHsercs Toasko 1o OUHOM dopme obyuenus: JIK — aexyuu,; JIP — nabopamopnvie pabomel; C3 — npaxmuyeckue/ceMunapcrue 3ausamusi.




6. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUME JUCHUIIJINHBI

Tabnuya 6.1. MamepuaneHo-mexnuueckoe obecneuerue OUCYUNIUHbL

Cneuunajau3supoBaHHoe
yueOHoe/1adopaTopHoe
obopynoBanme, IO u
MaTepuabl 1J1s1 0CBOCHHSA
AUCHUTLTAHBI
(mpu HE0OXOAUMOCTH)

Tun aynuropun OcHaleHue ayauTopun

Aynuropus JUIs IPOBEICHUS 3aHATUI
JICKIIMOHHOTO THIIa, OCHAIICHHAS
JleximonHast KOMIUICKTOM CIEIUATH3UPOBAHHON MEOeIH;
JIOCKOH (9KpPaHOM) U TEXHHYECKUMU
CpeJICTBAMU MYJIbTHMEIHA MTPE3CHTAIIHIA.

KoMnbroTepHslii K1acc Uisl IPOBENEHUS
3aHSTUN, TPYNIIOBBIX U MHIAWBUIYaJIbHBIX
KOHCYJIbTaIMi, TEKYILEr0 KOHTPOJIS U
KoMIbroTepHBIN | MPOMEKYTOYHON aTTECTALNH, OCHAILICHHAS

KJ1acc NEePCOHATIBHBIMU KOMIIbIOTEPAMH (B
KOJIMYECTBE  IIT.), JOCKOW (3KpaHOM) U
TEXHUYECKUMHU CPEICTBAMHU MYJIbTUMEINA
IIPE3CHTALMM.

AyIuTOpHS JUIS CAMOCTOSITEIILHOU PaOOTHI
oOyJaronuxcs (MOXKET UCIOJIb30BATHCA IS

TSt .
A . | IpOBeIeHUs] CEeMHUHAPCKUX 3aHATHI U
CaMOCTOSITEIIbHON 9
KOHCYJIBTAITNH ), OCHAIIIEHHAS KOMIUIEKTOM
paboTsl

CreLMaNIN3UPOBaHHON MeOenu U
KoMibroTepami ¢ goctynoM B QUOC.

* - ayIUTOPHS JJIsL CAMOCTOSTENbHOM paboThl oOyuaromuxcs ykassiaetcs OBA3ATEJIBHO!

7.  YYEBHO-METOJAMYECKOE W HWH®OPMAIIMOHHOE OBECNEYEHME
JTACHMIUINHBI

Ocnoenas numepamypa:

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

2. A .H.Bacunses, /I.A.Tapxos. HelipocteBoe monenuposanue. [IpuHIMnIbI. AIropuT™BI.
[Mpunoxenns. CI16.: U3a-Bo [TommtexH. 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. Heiiponnsle cetu. Mogenu u anroputmsl. M., Pagnorexnuka, 2005.
(Hayunas cepus "Heilipokommbroreps! u ux npumenenue", pen. A.M.INanymkun. Ku.18.)

5. C.C.Aggarwal. Neural Networks and Deep Learning. A Textbook. Springer
International Publishing
Jlononanumenvuasn aumepamypa:

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.
Pecypcovr ungpopmayuonno-menekommynuxayuonuou cemu « Mumepremy»:




1. ObC PY1H u croponnue ObC, Kk KOTOPBIM CTYI€HThl YHUBEPCUTETA UMEIOT JOCTYII
Ha OCHOBaHHH 3aKJIFOYCHHBIX JIOTOBOPOB
- DnekTponHo-6ubmmorTeunas cucrtema PY/IH — ObC PYIH
http://lib.rudn.ru/MegaPro/Web
- OBC «YHuBepcurerckas Oubauorexa onnan» http://www.biblioclub.ru
- OBC IOpaiit http://www.biblio-online.ru
- OBC «KoncynbraHT cryfenra» www.studentlibrary.ru
- OBC «Tpounkuit MOCT»
2. ba3bl JaHHBIX U TOMCKOBBIE CHCTEMBI
- QJIGKTPOHHBIN (POH]I] TPABOBOM U HOPMATUBHO-TEXHUYECKOH TOKYMEHTAIIUU
http://docs.cntd.ru/
- mouckoBas cuctema Sunekc https://www.yandex.ru/
- mouckoBas cucreMa Google https://www.google.ru/
- pedeparuBHas 6a3a nanubix SCOPUS
http://www.elsevierscience.ru/products/scopus/
Yyebno-memoouueckue mamepuansvl 0151 camocmosmenbHol pabomol 00y4aArOWUXC NPU
0CB80EHUU OUCYUNTUHBL/MOOYIS*:
1. Kypc neknuii no mucuuruinae «VckyccrBenHbie HeliponHbie cetu (Imybokoe
oOyudeHue)».

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

CanteikoBa Onbra

HoueHt AnekcanapoBHa
Jonocnocms, BYIT Tloonuce Damunus 1. 0.
AccucreHnr Jam Ban Heutb
Jonoxcnocms, BYIT Tloonuce Damunus 1.0
PYKOBOJIUTEJIb BYII:
Pazymusiii FOpuit
3aBenyromnmii kKageapoit HukonaeBuu
Honocnocmo BYIT Ioonuce Damunus U.0.

PYKOBOJUTEJIb OII BO:

[Ipodeccop

Pazymubrii FOpuit
Huxomaesnu

Honoxcnocms, BYIT

ITloonucw

Damunus U.0.
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