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BBepneHue

BriepBble NOHATUE NCKYCCTBEHHbIX HEMPOHHbIX ceTen (MHC) BO3HMKIIO Npu NonbiTKe
cMoennpoBaTh NpoLecChl FOJIOBHOrO Mo3ra. lNepBbIM cepbe3HbIM NMPOPLIBOM B 3TOWU
chepe MOXXHO CHUTaTb co3fgaHue Moaesin HEMPOHHbLIX ceTein MakKannoka- NntTtca B
1943 roay. YyeHbiMu Bnepsble Obina pa3paboTaHa Moaesnb MCKYCCTBEHHOIO HEMPOHa.
Nmun Takxe 6blna NnpensioxxeHa KOHCTPYKLUMA CETU U3 3TUX 3/IEMEHTOB AJ15 BbIMOJIHEHUS
Nornyeckmx onepaumn. Ho camoe rnaBHoe, y4eHbiMum 6bIs10 AOKa3aHo, 4To NogobHas
ceTb cnocobHa obyyvaTbCs.

Cnepyrowmm BaXKHbIM LLArom cTana paspaboTka JoHanbaom Xebbom nepBoro
anropuTtMa BblumcieHnsa NMHC B 1949 roay, KOTOpPbIA CTajsl OCHOBOMOJ1AratoLwem Ha
HECKOIbKO nocneaywwmx gecatunnetmn. B 1958 rogy ®paHkom Po3eHbnaTToM Obin
pa3paboTaH NapuenTpoH — cucTeMa, UMUTUPYOLWasa NpPoLecchl roJI0BHOro Mo3ra. B csoe
BpeMs TEXHOI0MMA He MMesia aHasIoroB 1 A0 CUX MOop ABJIAETCA OCHOBOMOJ1arawLwen B
HenpoOHHbIX ceTax. B 1986 roay npakTnyeckm ogHoBpeMeHHO, He3aBUCUMO ApPYr OT
Apyra aMmepukKaHCKMMN N COBETCKMMN y4eHbIMU Bbln cyliecTBeHHO gopaboTaH
oCHoBoOMoNarawLwun meto oby4yeHnss MHOrocsIOMHOrro nepuenTtpoHa. B 2007 rogy
HEeNpPOHHbIE CeTU rnepeHecsIn BTopoe poxaeHue. bpntaHckmun nHpopMmaTuk Oxxeddpu
XNHTOHOM BnepBble pa3paboTan anropnt™M rnybokoro oby4yeHns MHOrOCA0NHbIX
HENPOHHbIX CeTen, KOTOPbIA cenyac, HanpuMep, Ncrnonb3yeTcs Ansa paboTol
becnnnoTHbIX aBTOMoObMNen.

KOpOTKO O rsjiaBHOM

B obwiem cMmbicne cnoBa, HEMPOHHbIE CETU — 3TO MaTeMaTU4Yeckme Moaenu,
paboTatowime no NPUHLUMNY CETEN HEPBHbIX KIETOK XXWUBOTHOI0 opraHnima. NHC moryT
ObITb peasin3oBaHbl KakK B MporpaMMmnpyemble, Tak U B anmnapaTHble peweHuns. Ons
MPOCTOTbl BOCMPUATNSA HEUPOH MOXXHO NMpefcTaBUTb, KaK HEKYIO A4YEUKY, Y KOTOPOW
NMMeeTCsqd MHOXXECTBO BXOAHbIX OTBEPCTUN U O4HO BbixogHoe. Kakum obpa3om


https://www.evkova.org/#evkova

MHOIOYMNC/IEHHbIE BXOASALME CUMHANbI POPMUPYIOTCHA B BbIXOAALWNIN, KaK pa3 n
onpenenseT aJropmuTM BbliNCTeHUsA. Ha Kaxabl BXOo4 HEMPOHA NofatoTCA AENCTBEHHbIE
3Ha4YeHns, KOTopble 3aTeM PacnpPoOCTPAHAIOTCHA N0 MEXXHENPOHHbIM CBA3SM
(cnHoncucam). Y cmHancoB eCcTb OAMH napamMeTp — Bec, 6arogapsa KOTopoMy BXoAHas
NHOPMaLIMA N3MEHSAETCA Npu nepexone oT 04HOro HeMmpoHa K apyromy. Jlerye Bcero
npuHUMn paboTbl HENPOCETEN MOXXHO NPeacTaBUTb Ha NpUMepe CMeLeHns LBETOB.
CnHWK, 3eNeHbl U KpaCHbIW HEMPOH NMEIDT pa3Hble Beca. MHopMaumnsa Toro HeMmpoHa,
BecC koToporo 6onblwe byaetT 4OMUHUPYIOLLEN B CefyouemM HenpoHe.

Cama HenpoceTb npeacTtaBnsgeT cobon cucteMy M3 MHOXKECTBa TaKNX HEMPOHOB
(npoueccopoBs). Mo OTAENBHOCTY 3TU NPOLECCOPbI 4OCTAaTOYHO NPOCTbI (HAMHOro nNpotLue,
4yeM MpoLueccop NnepcoHasibHOro KoMnbtoTEpa), HO Byayyn coegnHEHHbIMU B 60bLLYIO
CUCTEMY HENPOHbI CNOCOBHLI BLIMOJIHATL O4E€Hb CJIOXKHbIE 3a4auyN.

B 3aBncnMMocTn OoT ob61acTn NnpuMeHeHNs HEMPOCETb MOXKHO TPaKTOBaTb MO-Pa3HOMY,
Hanpumep, € TO4KKN 3peHnsa MawmnHHoro obyyvyeHns MHC npepcrtasnsgeTt cobon meTon
pacno3HaBaHusa obpa3os. C MaTeMaTUYECKON TOYKM 3PEHNA — ITO
MHOronapameTpuyeckas 3agada. C TOYKKN 3peHns KnbepHeTukn — monesib aganTUBHOIO
ynpasnaeHusa poboToTeXHNUKOW. [Ana NCKYCCTBEHHOro nHtennekta MHC — 310
OCHOBOMOJM1araLlee cocTtaBngoLee as19 MOAENNPOBaHUA eCTECTBEHHOIN0 MHTEeNNeKTa C
MOMOLLbIO BbIYNUCIUTESIbHbLIX aJITOPUTMOB.

OCHOBHbIM MPENMYLLLIECTBOM HerpoceTen Haf 06blYHbIMM arOPUTMaMU BblYUCIIEHNS
SABNAETCSA UX BO3MOXXHOCTb 06y4yeHuns. B obuiem cmbicne cnoBa obyyeHune 3akJ04aeTcs B
HaXO0XXOEHUN BEPHbIX KO3MMULIMEHTOB CBA3M MEXOY HEMPOHaMM, a TakxXe B 0606LLeHnn
NAHHbIX U BbISBJIEHNWN CJIOXXHbIX 3aBUCMMOCTEN MeXXOy BXOAHbIMU U BbIXOAHbIMUN
curHanamu. ®akTn4eckn, yagadHoe obyyeHne HeMpoCceTn 03HaAYaeT, YTO cuctema bynert
cnocobHa BbISIBUTb BEPHbIN pe3ysibTaT Ha OCHOBAHUM AaHHbIX, OTCYTCTBYOLNX B
obyyatowien soibopke.

CerogHsiLLLHee NOoJIoXKeHue

N kKakon 66l MHOroobellatowen He bblsia Obl 3Ta TexHonorus, noka 41o NHC ewe o4eHb
Aanekn oT BO3MOXKHOCTEN YeNI0BEeYEeCKOro Mo3ra 1 MbilIeHUs. TeM HE MeHee, yXe
cenyac HENpPOCEeTM NPUMEHSIOTCA BO MHOMMX cpepax AesaTesIbHOCTW YenoBeKka. Noka 4To
OHMN He cNoCObHbI NPUHUMATb BbICOKOMHTENNEKTYasIbHbl€ PEeLUEeHNS, HO B COCTOSHNM
3aMeHNTb YeNoBeKa TaM, rae paHblue oH 6bi1 Heobxoaum. Cpean MHOMOYUCIEHHbIX
obnacten npumeHeHnss NHC MOXXHO OTMETUTbL: Co3AaHMe CaMoOoby4aloLWnXCa CNCTEM



MPOnN3BOACTBEHHbIX MPOLLECCOB, 6eCcnnIoTHbIE TPAaHCMOPTHLIE CPeACTBa, CUCTEMBI
pacrno3HaBaHMA N306pa)KeHnin, NHTeNNIeKTyasrbHble OXPaHHbIE CUCTEMBbI,
poboTOTEXHMKA, CUCTEMbI MOHUTOPUHIA KayeCcTBa, F0J1I0COBbIE MHTeP(ENChI
B3aMMOAENCTBMUSA, CUCTEMbI aHAIMTUKN U MHOroe gpyroe. Takoe LWnpokKoe
pacnpocTpaHeHne HenpoceTen NOMNMO NpoYero obycsioBAEHO NOABEHMEM Pa3JINYHbIX
cnocoboB yckopeHus obyveHunsa NHC.

Ha cerogHAWHMN AeHb PbIHOK HEMPOHHbIX CeTeN OrpoMeH — 3TO MUaavapabl u
MUAAVapabl 4ONNapoB. Kak rnokasbiBaeT NpakTuka, 601bLWNHCTBO TEXHONOM NI
HenpoceTeun rno BCeMY MUPY MaJsio OT/INYaOTCA ApYyr OoT Apyra. OgHako npnMeHeHune
HenpoceTen — 3TO OY4EeHb 3aTpPaTHOE 3aHATME, KOTopoe B BONbLUNHCTBE C/ly4aeB MOryT
Mno3BoJINTb cebe TONbKO KpynHble KoMnaHuu. Ons pa3dpaboTkn, obyyeHns u
TeCTUPOBaAHNA HENPOHHbIX ceTen TpebytoTca bosbliMe BblYUCUTESIbHbIE MOLLHOCTM,
04YeBUAHO, 4TO 3TOro B AOCTAaTKe NMeeTCs Y KPYMNHbIX NTPOKOB Ha pbiHKe UT. Cpeaun
OCHOBHbIX KOMMaHWN, BeayLmnx pa3paboTkm B 3Ton 061aCTN MOXXHO OTMETUTb
nogpasgeneHne Google DeepMind, nogpasgeneHune Microsoft Research, komnaHun IBM,
Facebook n Baidu.

KoHe4yHO, BCe 3TO XOPOLLUO: HEMPOCETN Pa3BMBAOTCHA, PbIHOK PACTET, HO MOKa 4TO
rnaBHasi 3aflaya TakK U He pelwleHa. YenoBe4yecTBY He yaasloCb CO34aTb TEXHOJIOM IO,
XOTA 6bl NPNBANIXKEHHYIO MO BO3MOXKHOCTSAM K 4YesiloBe4YeckoMy Mo3ry. [laBanTe
PacCMOTPUM OCHOBHbIE Pa3NyMa MEXAY Ye/I0BEYECKUM MO3rOM U UCKYCCTBEHHbLIMU
HempoceTsMMN.

NMoyeMy HeMpoOCeTU eLle AaJsieKM 00 4YesioBe4yecKoro
Mo3ra?

CaMbIM r/1aBHbIM OTAIM4YMEM, KOTOPOE B KOPHE MeHAeT NPUHLUMN N 3PPeKTUBHOCTb
paboTbl CUCTEMbI — 3TO pa3Hasa nepenaya CUrHasOB B UCKYCCTBEHHbIX HEMPOHHbIX CeTSAX
n B bronorm4yeckom cetm HempoHoB. [leno B ToM, 410 B MMHC HelpoHbl NepeaatoT
3HaYeHUs, KOTopble ABMIAITCA AENCTBUTE/IbHbIMU 3HAYE€HUAMU, TO €CTb Yncaamu. B
YyesloBe4YeCKOM MO3re OoCyLlecTBAATCA nepesadya MMMNyJbCoOB C PUKCUPOBAHHOM
AMMINTYOON, NPUYEM 3TN UMMYJIbCbl MPAKTUYECKN MFHOBEHHbIe. OTClofla BblTEKaeT
uenbi paa NnpenmyLecTs YesloBe4eckom CeTn HEMPOHOB.

Bo-nepBbiX, MMHUX CBA3U B MO3re HaMHOro appeKTuBHee U SKOHOMU4YHee, 4eMm B IHC.
Bo-BTOpbIX, UMMNYyJIbCHas cxemMa obecneymBaeT NPOCTOTY peannsaumn TEXHONOrNN:



OOCTaTO4YHO NCMNMOJIb30BaHMNE aHaJIOTOBbIX CXeM BMeCTO CJIOXKHbIX BblHNCINUTEJIbHbIX
MexaHW3MoB. B KOHe4YHOM cyeTe, UMNYJIbCHble CeTU 3aluLieHbl OT 3BYKOBbLIX MOMeX.
[encreeHHbIe Ynucna noaBep>xeHbl BJIMAHNIO LUYMOB, B pe3yJibTaTe 4Yero rnoBbilUaeTCA
BEPOATHOCTb BO3HUKHOBEHWA owmnbKuN.

Utor

Be3ycnoBHO, B NnocnefHee gecatuaeTme npomsowen Hactoawmm 6ym pa3ssntums
HEeNpPOHHbIX ceTen. B nepByto o4epenb 3TO CBA3aHO C TeM, 4TO npouecc obyvyeHnsa MHC
CTan HaMHoro bbicTpee 1 npoule. TakXXe CTaan akTUBHO pa3pabaTbiBaTbCA TakK
Ha3blBaeMble «npenobyvyeHHble» HEMPOCETU, KOTOPbIE MO3BONAKT CYLLECTBEHHO
YCKOPUTb NPOLLEeCcC BHegPEHNA TeXHONOrnm. N ecnm noka 4To paHoO roBOpUTb O TOM,
CMOryT JIN KOrga-To HEMpPoOCeTn NOJSIHOCTbIO BOCMPONU3BECTU BO3SMOXXHOCTU
4yesloBe4YeCKOro Mo3ra, BepoaTHOCTb TOro, 4To B bnvxxanwee gecatunetme NHC cmoryT
3aMEeHUTb YesI0OBEeKa Ha YeTBepTu CyLlecTByoWmMx npodeccuin Bc€ 6osnblue CTaHOBUTCSA
MOXOXXWM Ha npasny.

Cnucok nutepaTtypbl
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