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Bce npasa 3awuuenol. /Jannas 31eKmpoHHAs. KHU2A NPEOHA3HAUEHA UCKAIOUUMENLHO ON5
UACMHO20 UCNOAL30BAHUSL 8 MUUHBLX (HEKOMMEPUECKUX) UeAsIX. DNeKMPOHHAS KHUZ2aA, ee uacmiu, ppaz-
MEHMbL U INeMEHNbL, BKAIOUASL MEKCH, UB00PANCEHUSL U UHOE, He NOONEHCAN KONUPOBAHUIO U MH000OMY
OpY20MYy UCNONL308AHUIO Oe3 paspeutenust npasooonradamens.. B uwacmunocmu, 3anpewero makoe
UCNOAB306AHUE, 8 Pe3YAbmame KOMopozo 3NeKMPOHHAsL KHU2d, ee 4acmb, Ppazmenn Ual SNeMeHm
CMAaHym OOCMYNHbIMU 0ZPAHUMEHHOMY UM HEONPEOeNCHHOMY KpYey AUul, 8 MOM YUCAe ROCPEOCEOM
cemu UHmMepHenl, He3A8UCUMO OM Mozo, Oyoem npedoCmaAsiMbCs OOCMYN 3a NAAMY UAu 0e3603-
Me30HO.

Konuposanue, socnpouzsedenue u unoe ucnonb308anue 1eKmpoHHOLL KHU2l, ee uacmeli, gppaz-
MEHMO8 U INEMEHMO8, 8bIX00sIUee 34 NPedeabl YACMHO20 UCNOAL308AHUSL 8 MUUHBIX (HEKOMMepUe-
CKUX) Ueasix, 6e3 coenacusi npagoodoNadamenst si8ASemcs He3AKOHHbIM U 81euen YeonoeHyr, aOMu-
HUCIPAMUBHYIO U 2DANCOAHCKYIO OMBEMCEEHHOCHTb.

%k % %
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BBenenne

«OTKpoH ABepb MOLYJIBHOrO orceka, Xai!» B ¢unbme «2001 rog: Kocmuyeckas ogucces»
HAL 9000, cBepxpa3yMHbIil KOMIBIOTEp, YIPABIAIOIIMI padb0TOl KOCMUYECKOro Kopalis, OTKa3bl-
BAeTCs1 OTKPhITh JIBEPh MOAYJIBHOTO OTceka acTpoHaBTy [eiiBy boymeHny. B atoil npamarnueckoil
CLIEHe — BCSl Tpareusl UCKYCCTBEHHOIO MHTeJUIeKTa. MBIC/sIas MalliHa 000pauyuBaeTcs MpoTrB
yeJIoBeKa, KOTOpbIi ee caM ke paspadorail. UTo 310: (haHTa3us Wi 000cHOBaHHbIE onaceHus ? CTouT
JIM TPEBOKHUTBCS O TOM, YTO OHAK/Ibl HAIIIUM MUPOM OYIYT YIIPABIATh TEPMUHATOPBI — HICKYCCTBEH-
HBIE TYMAHOM/IBI C [IOYTH HEOT PAHUYEHHBIMH BO3MOKHOCTSIMUA M TEMHBIMU 3aMBICJIaMU ? DTOT BOIIPOC
JIOM 33/1a10T BCE Yallle M Yalle cefiuac, Korjaa Mbl IepekKMBaeM HECIIbIXaHHYIO PEBOJTIOLIMIO B MHTEJI-
JIEKTYaJIbHBIX TEXHOJIOTHSX, KOTOPYI0 HUKTO HE MOT BOOOpasuTh cede erle nosiBeka Hazan. Mckyc-
CTBEHHBII MHTEJUIEKT, M3YUEHHUIO KOTOPOTO $1 TIOCBSTIJI MHOTO JIET, MEHSIET BCe Hallle OOIIECTBO.

4l permmn HanMcaTh 3Ty KHUTY, YTOOBI OOBSICHUTH ONpPE/eIeHHbI HA0Op METOIOB U IIPUEMOB
B 9TOM 00JIaCTH, HE CKpbIBasi Bcell ee CIoKHOCTU. [IOHATh 3TO HE Tak MPOCTO, KaK HAYYUThCS UTPATh
B IIAIIKH, HO 5 IyMAIO, YTO 9TO HEOOXOAUMO /17151 (POPMHUPOBAHUS API'yMEHTHPOBAHHOTO MHEHHU S 110
BOIPOCAM, CBSI3aHHBIM C UCKYCCTBEHHBIM MHTEJIeKTOM. Hallle MeananpocTpaHcTBO NECTPUT TAKUMMU
TepPMHUHAMU KaK «IITyOOKOe 00yUeHHe», «MalTMHHOE 00yUYeHHe» WU «HEHPOHHbIE ceT» ... 51 Xouy,
IIar 3a I1aroM, NpoJIUTh CBET Ha HAYYHBIA MOAXOM, KOTOPHIN paboTaeT Ha CThIKE BBIYMCIUTEILHON
TEXHUKH 1 HEHPOOHOJIOTHH, He Mpuoerasi pu 3TOM K KaKUM-J1u00 Metadopam.

Bo Bpems Haiero norpyxeHusi B OCHOBbI paOOThI BHIYMCIIMTEIbHBIX MAIIUH 51 Oy/ly MCTIONb-
30Barh JiBa crocoda u3noxeHus nHgopmauuu. [IepBblil U3 HUX — TPAJULIMOHHBIN: 51 paccKa3bIBalo,
ONMCHIBAIO ¥ aHATM3UPYI0. BpeMst oT BpeMeHHM 1151 TeX, KOMY MHTEPECHO, 51 Oyay NMpUBOAUTH Ooee
CJIO;KHBIE IPUMEPBI U3 MATEMAaTUKU U KOMITBIOTEPHBIX HaYK.

HNckyccrBennsiil uutesuiekT (M) no3possieT MarivHe paciio3HaBaTh U300pakeHu s, TPAHCK pU-
OUpOBaTh TOJIOC C OJHOTO SI3bIKA HA APYroM, MepeBOAUTb TEKCThl, aBTOMATU3UPOBATh yIIPABJIEHHE
aBTOMOOMJIEM WJIM KOHTPOJIMPOBAaTh MPOU3BOICTBEHHBbIE IMpolecchl. Ero mmpokoe pacrpocrpaHe-
HHE B TOCJIEJHUE TOIbl CBSI3aHO C METOIOM, MMEHYeMbIM IITyOOKMM OOy4YeHHeM, KOTOpoe TO3BO-
JISIeT He MTPOCTO NPOrpaMMUPOBATh MAIIMHY JJ1s1 BHITIOJTHEHHS ONPe/IeNIeHHOM 3a/1auu, a 00ydJaTh ee
pelIeHuio 6oJiee IMMPOKOTo Kpyra CXOAHbBIX 3a1a4. [Irybokoe 0OydeHre MpuMeHsIeTcsl K TaK Ha3bIBa-
€MbIM UCKYCCTBEHHBIM HEPOHHBIM CETSM, apXUTEKTYpa U (PyHKIIMOHUPOBAHUE KOTOPHIX BIOXHOB-
JIEHBI YCTPOMCTBOM Y€JIOBEYECKOTO MO3ra.

Harr Mo3r coctont u3 86 MuumapioB HEMPOHOB, HEPBHBIX KJIETOK, CBSAI3AHHBIX APYT C IPYTOM.
VckyccTBeHHBIE HEPOHHBIE CETH TAKKE COCTOAT U3 MHOXKECTBA €IMHULL, MaTeMaTUUeCKUX (DyHKLUA,
MOJOOHBIX OYEHb YIPOIIEHHBIM HellpoHaM. B Mo3ry oOy4eHre n3MeHsieT CBSI3H MEKy HeHpOHAMU;
TO K€ CaMO€ ITPOMCXOIUT U C UCKYCCTBEHHBIMU HEPOHHBIMU CeTAMU. [TOCKOJIBKY 3TH €AMHULIBI YaCTO
OpraHU30BaHbI B HECKOJIBKO CJIOEB, Mbl TOBOPHM O «CETSIX» U «TJIIyOOKOM» OOYYEHHH.

Poib McKycCTBEHHBIX HEIPOHOB COCTOUT B TOM, YTOOBI BHIYUCIHUTH B3BEILICHHYIO CYMMY BXO[I-
HBIX CUTHAJIOB M CO3/1aTh BBIXOJHOW CUI'HAJI, €C/IM 3Ta CyMMa IpeBbIIIAeT onpeiesieHHsbi nopor. Ho
MCKYCCTBEHHBII HEHPOH — 9TO He OOJIbIIE ¥ He MEHbIIIE, YeM MaTeMaThndecKas (PyHKIs, pacCUUTaH-
Hasl KOMITBIOTEPHOU IporpaMmMoin. OJHaKO MBI HE CITy4allHO IIPUMEHSEM K MCKYCCTBEHHBIM CETSIM T
K€ TEPMHHBI, YTO ¥ K peaJbHbIM HEHpOHaM, — Be/Ib UMEHHO OTKPHITUS B 00JIACTH HEWPOOHOTIOrHU
TMIOCITYKWJIM CTUMYJIOM MCCleIoBaHUAM B oOnactu M.

B 310l KHHUre s Takxke XOouy MpPOCJTEAUTbh CBOM MHTEUIEKTYaJIbHBI MyTh B PaMKax 3TOrO
HEOOBIYHOIO HAyYHOro MPUKJII0YEeHUs. Moe uMs Mo-NIpexkHEMY CBSI3aHO C TAK Ha3bIBAEMbIMU «CBEp-
TOYHBIMM» HEWPOHHBIMHU CETSAMHM, KOTOpBIE MOAHSUIM PACO3HABAaHUE OOBEKTOB KOMIIBIOTEPOM Ha
HeOBIBATYIO BHICOTY. BIOXHOBJIEHHBIE CTPYKTYPOil M (PYHKIIMEN 3pUTENIBHOIN KOPbI TOJIOBHOTO MO3Ta
MJIEKOTUTAIOIINX, OHU MOTYT 3(PeKTUBHO 00padaThBaTh N300pakeHUsI, BUIEO, 3BYK, FOJIOC, TEKCT
U JIpyrve TUIbl CUTHAJIOB.
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B uem cocrout gesitennbHOCTD MccenoBarensa? OTkyaa Oepytes ero unen? Yro kacaercst MeHs,
TO s yAEJSII0 MHOTO BHUMAaHMSI MHTYUTUBHBIM Jjoragkam. Jlanblie HacTynaeT oyepeb MaTeMaTHKH.
4l 3Ha10, UTO Jpyrue yueHsle AEHCTBYIOT AMaMETPAIbHO IPOTUBOIIONIOKHBIM 00pazoM. A mpoenupyio
B CBOIO TOJIOBY MOTPaHWYHBIE CITydad, KOTOpble DUHINTEH HA3bIBAJl «MBICICHHBIMU SKCIIEPUMEH-
TaMu», Oarogapsi KOTOPHIM Bbl CHavYasIa MPE/ICTaBIIsSIeTe CUTYAIHIO, a 3aTeM MbITAeTeCh PACCMOTPETh
ee CJIeACTBUS ISl JIyYIIero MOHUMAaHHUs MPOOIeMBbI.

Mosi MHTYUIMS TOANMUTHIBAETCS UTEHWEM KHMT. §I mpocTo Mokupao KHUr". § mccremyio
PaboTHI TeX, KTO ObLT 0 MeHs1. Bbl HUKOI/1a HUYETro He CO3/1aAuTe B OAMHOUKY. Mien KuByT, qpem-
JIOT, U OHW BO3HUKAIOT B YbEH-TO TOJIOBE, MOTOMY UYTO MPUILIO BpeMsi. Tak pokIaioTcsi UCCaeno-
BaHMsi. OHU MPOJIBUTAIOTCSI HEPABHOMEPHO, TO MPbIKKAMH, TO MIaXKaMH, a TIOPOH — JaKe MSATSACh.
Ho nesrenpHOCTD 3Ta Beerga KoieKTUBHA. OOpa3 OMMHOKOTO MCCIIeA0BATEN s, IENAONIEero B CBOeH
71abopaTopry MUPOBOE OTKPHITHSI, — He OoJiee, UeM poMaHTHuecKast (paHTacTUKa.

[Tyt pazpadoTku riaydokoro obyuyeHus: He Obul pocThiM. [IpruxoanIock GOPOTHCS CO CKeTl-
THKaMu BcexX macTell. CTOPOHHHMKM «KJIACCHUECKOT0» HUCKYCCTBEHHOTO MHTEJUIEKTa, OCHOBAHHOTO
MCKJIIOYMTEIIFHO Ha JIOTUKE U PYKOMMCHBIX MPOrpaMMax, MPOPOUIIIN HaM mpoBat. Jlioau, 1oOuBIIH-
ecsl ycriexa B TPaJUIIMOHHOM MAaIlIMHHOM OOyYeHHH, TIOKa3bIBAIM HA HAC MAJbIIAMU, XOTs TIIyOOKOe
oOydJeHue, HaJl KOTOPHIM Mbl pabOTasH, U OBUIO TIO CYIIECTBY HAOOPOM OINpEe/ICHHbIX METOJIOB B
6osee MUPOKO 00IACTH MAIIMHHOTO 00yueHrst. OIHAKO TOT THUIT MAIIIMHHOTO 00y4YeHHMsI, KOTOPbIN
TMO3BOJISLT MAIIIMHE PeIaTh 33/1a4y MyTeM CpaBHEHUsI KOHKPETHBIX TIPUMEPOB BHYTPHU MacCHBa JaH-
HBIX, a HE MPSIMBIM UCTIOJTHEHUEM HATMCAHHOM IPOTr PAMMBI, TOXE MMEJT CBOU Tpeiesibl. MbI IbITAIICh
ux npeoposerb. CpeAcTBOM [Isl STOrO MOCTYKWIN ITyOOoKHe HelpoHHble ceTh. OHM ObUIM OYEHb
3(ppeKTUBHBIMU, HO MPU STOM CJOKHBIMU B MaTeMaTHUYECKOM aHau3e U B peanu3aiuu. [lostomy
MBI TIPOCJTBUIA YyTh JI HE ATXUMHUKAMH. . .

CTOPOHHUKY TPAJUIIMOHHOTO MAIIMHHOTO OOYUeHHU s IEPECTaI BHICMEUBATh HEMPOHHBIE CETH
B 2010 r., Korga nocjaegHre HAKOHEL TPOJEMOHCTPUPOBAIN CBOIO 3(P(PEeKTUBHOCTD. JIMUHO 1 HUKO-
I71a He COMHeBaJIcs B ycrexe. f Bcera ObuUT yOeskJIeH, UTO YeJIOBEUECKHA MHTEJIEKT HACTONIBKO CJI0-
KE€H, 4TO JJIs1 TOTO, YTOOBI €r0 CKOIMPOBATh, HY’)KHO CTPEMHUTHCSI TIOCTPOUTH CAMOOPIaHU3YIOIIYIOCS
CHUCTEMY, CIIOCOOHYIO YUUTHCSI CAMOCTOSITENIBHO, Yepe3 OIIBIT.

Ceronus 3Ta (hopMa UCKYCCTBEHHOTO MHTEJUIEKTA TaK M OCTajlach HarOosee NMepCcreKTUBHOM,
Oarogapsi JOCTYITHOCTHU OOJIBINMX 0a3 JAHHBIX M TIPOTPeccy B pa3padoTke 000py/I0BaHMU s, HATIPUMED
rpapuYecKuxX MpoIecCOPOB, HAMHOTO YBEIUYMBIIMX BEIYUCIUTEIBHYIO MOITHOCTh KOMITBIOTEPOB.

Mo okoH4aHMM y4eOs! 5 MTaHMPOBAJ MPOBECTH HECKOMNBKO JieT B CeBepHoii AMepuke. U s Bce
emte Tam! [loce HEKOTOPBIX KU3HEHHBIX MEpUNeTuil s nomnai B kKommnanuio Facebook, Biageoryo
CalTOM C 2 MIUJIJTMAP/IAMH aKTHBHBIX TIOJIB30BaTENEH, YTOOBI BECTH (DyHIAMEHTAIbHbIE UCCIISIOBAHUS
B oOnacti IM. Dt0 — ToXe yacTh Moeit myOomiuHoi Ouorpaduu. S He Xouy CKpbIBaTh HUYETO U3 TOTO,
YTO MPOUCXOAUT B Komranuu Mapka LlykepOepra, kotopoii B 2018 r. ObUTH NpeIbsIBICHBI CEPbE3HBIC
OOBHMHEHUsI, U Ube Oe3rpaHINYHOE PACIIMPEHUE BHI3BIBACT OraceHre. B modoM ciryyae — s CTOpOHHUK
OTKPBITOCTH.

B mapre 2019 r. g 6bu1 ynocroeH npemun Triopuara 3a 2018 r. o Acconmanyiv BEIYUCITH-
TEJIbHON TeXHUKH — cBoero poaa HobeneBckoii mpeMurt B KOMITBIOTEpHOM 00acTu. $1 pasuenu 3Ty
Harpajy ¢ AByMsl APYTHMH CTIEIMATMCTAMU TI0 TTyOoKoMy 06yuennio, Momrya Benmxuo u JTxeddpu
XMHTOHOM, MOMMH MapTHEPaMH, C KOTOPHIMU Mbl MHOTO CIIOPHWJIM, HO BCET/Ia CXO/IMJIUCH B TTIABHOM.

Sl MHOTMIM 00s13aH BCEM STUM BCTpeYaM, MECTY, KOTOPOE 51 CO BpEMEHEM 3aHsLT B COOOIIECTBE
0e3yMHBIX HACJIETHUKOB KHOepHEeTHKU 1950-X IT., He yCTaBaBIIMM 33/1aBaTh JIPYT JPYTY «AETCKUE»
Ha BUJ, HO ITyOOKHe IO CYTH BONPOCH], Bpoje: «Kak momyyaercsi, YT0O HEUPOHbI, OYEHb MTPOCTHIE
OOBEKTHI, COSAUHSISICH APYT C JPYTOM, ITPOM3BOASIT HOBOE CBOMCTBO, KOTOPOE HA3bIBAETCSI MHTEIICK-
TOM ?»

Tenepp 3Ta Hay4YHAs1 aBAHTIOPA MOPOXKIAET HOBbIE BaKHbIE BONPOCH. OTinyaercs: m padorta
MAIMHBI, KOTOPast pacrio3HaeT aBTOMOOMIIb TIOCPEICTBOM BbIJICIEHUSI TAKMX JIEMEHTOB, KaK Kojeca,
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7000BOE CTEKJIO U T. . OT padOThl HAEW 3PUTEILHON KOPHI MPY MICHTU(PHUKAIUKM TOH ke caMOoil
MamuHel? YTo fenaTth ¢ HaOMoaeMbIM CXOICTBOM MeXIy paOoTON MaIlMHbI ¥ MO3TOM 4YeIOBEeKa
i kuBoTHOro? O61acTh UCCIeAOBaHUS Oe3rpaHIyHA.

[NocMoTpuM mpaB/e B r1a3a: MAIIMHBL, KAKUMH Obl MOIITHBIMU U CJIOKHBIMUA OHUM HU OBUIH, TIO-
MPEeXHEMY OUeHb y3KOCTIeIMaIn3upoBanbl. OHU ydatcst MeHee 3(h(PEKTUBHO, UeEM JTIOJIU U )KUBOTHBIE.
Ilo ceit aeHb y HUX HET HU 3JPaBOroO CMbICTa, HU coBecTH. [lo kpaitHent Mepe, noka! HecomHeHHo,
OHU TIPEBOCXOJISAT JIIOZIEH B OMpeIeSIeHHbIX 33/1a4aX: HalpuMep, MoOEkKIA0T UX B IO M B IIaXMaTax;
OHU TIEPEBOSAT COTHU SI3BIKOB, OHU Y3HAIOT PACTEHHMSI MJIM HACEKOMBIX, OH OOHAPYKHBAIOT OITyXOJH
Ha MEJUIIMHCKUX N300pakeHusx. Ho uenoBeueckuii MO3r COXpaHseT 3HAYUTEIbHOE TPEUMYIIECTBO
riepes; MalvHaMy B TOM, YTO OH OoJiee YHUBEpCaieH U THOOK.

CMoryT Jiu MalliMHbI JOTHATh HAC, U €CJU J1a — TO KaK CKOpO?
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I'maBa 1
PeBouonust B MICKyCCTBEHHOM HMHTEJLIEKTE

I/ICKYCCTBCHHHﬁ HUHTEJUIEKT ITPOHUKACT BO BCE CEKTOPbI 9QKOHOMUKU, CBA3U, 3APABOOXPAHCHUA
" JaXKE€ TpaHCIoOpTa — 6J1aronap;1 CO3JaHUIO OECIIMJIOTHBIX aBTOMOOWIEH. .. MHorue Ha6J'IIOI[aTCJ'II/I
TOBOPAT YK€ HE O TEXHOJIOTHYECKON 9BOJIIOLNH, a O PEBOIIIOINU.
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Be3aecymuil MCKyCCTBEHHbIN HHTEJLIEKT

«Aunekca, kakas norojia B bysHoc-Aiipece?» MeHee uem 3a CEKYHAYy «yMHas» akycTUYecKasi
CHCTEMa 3alKChIBAET BOMPOC, Niepeaer ero yepes qomaiHuii Wi-Fi Ha cepepbl Amazon, KOTOpble
TPAHCKPUOMPYIOT ¥ UHTEPIIPETUPYIOT €ro. 3aTeM OHU MOMy4yaloT WH(GOPMAIMIO OT METEOpOJIOTHye-
CKOM CITy’KObI ¥ BO3BPAILAIOT OTBET, KOTOPHI AJIEKCa 03BYYMBAET MPUATHBIM rojlocoM: «B HacTos-
miee BpeMsi B bysHoc-Aiipece, ApreHTrHa, Temreparypa Bozayxa 22 °C. ITacmypHo».

B oduce UM — npunesxupiii moMoniHuk. OH paboTtaer ObICTPO, U €r0 He MyraloT MOBTOPSIO-
muecs 3aga4n. OH MOXET MPOCMOTPETh MUJIJTMOHBI 3aruceil B 6a3e JICHHBIX B IMOWCKAX LUTATHI U
HAWTH HYKHYIO 32 JIOJIO CEKYH/IbI O1aroiapsi BO3MOKHOCTSIM COBPEMEHHBIX KOMITBIOTEPOB, CKOPOCTh
BBIYMCIICHUH Y KOTOPBIX C/IeJIallach MOYTH HEBEPOSITHOM.

OavH U3 NepBHIX MPOrPaAMMUPYEMBIX EKTPOHHBIX KommbioTepoB, ENIAC, noctpoeHHbI B
1945 r. B YauBepcutete [leHcHIbBaHNHM 11 pacyeTa TPAeKTOPHH MOJIeTa CHAPSIOB, BHITIOIHSLI IIPH-
Om3uTesbHO 360 YMHOKEHUH B CEKYHILY JUIS IecITU3HAYHbIX 1udp. Ceiuac 3Ta MaIliMHa BHITISIAT
HETIOBOPOTJIMBBIM JOMCTOPHUECKUM UyauiieM. [Iporieccopbl HBIHEITHUX MEPCOHATBHBIX KOMIThIOTE-
POB B MUJLTHAp] pa3 ObicTpee. OHU MMEIOT IPOU3BOAUTENBLHOCTD B cOTHH ruraduiornc . I'papuueckue
MIPOLIECCOPHI, MCTOMb3yeMble HAIIIMMHU KOMITBIOTEPAMH ISl BU3YTU3AIIMHU, UMEIOT TTPOU3BOIUTEIIb-
HOCTb B HECKOJIBKO JIECATKOB Tepaduionc. [ uraHTckue urcnia ¢ BevyaT/IsIioNMI Ha3BaHUSIMU.

Ux yxe He ocraHoBUTH! COBpEeMEHHBIE CYNEPKOMITBIOTEPB OOBEIUHSIOT JECATKU THICSY ITUX
rpapuYecKuX MpOIECCOPOB M JIOCTUTAIOT CKOPOCTH B COTHU THICSIY Tepadpiioric, MPOU3BO/s KOJIOC-
caJibHble OOBEMbI BBIUKCIICHUI J1s BCEBO3MOKHBIX CUMYJISLIMI: MPOrHO3UPOBAHUSI TTOTO/IbI, MOJIE-
JIMPOBAHUs KJIMMAaTa, pacyeTa BO3AYIIHOTO MOTOKA BOKPYr caMosieTa WM KoHpopMmanuu Oenka,
MOJIEIMPOBAHUST TAKUX TOJOBOKPYKUTEIBHBIX COOBITHI, KaK TepBble MIHOBEHHSI CYIIECTBOBAHUS
BcenenHoii, cMepTh 3Be3/1bl, SBOJIOIHS TATAKTUK, CTOJTKHOBEHHSI JIeMEHTAPHBIX YACTHII WX sep-
HBIA B3pbIB.

Takue cUMyJISUMM BKJIIOYAIOT YMCIEHHOE pelleHue Iup¢epeHIraIbHbIX ypaBHEHUN WU
yYPaBHEHUI B YaCTHBIX MPOU3BOAHBIX — 3TO 33/1a4a, KOTOPYIO B MPOLUIOM MaTeMaTHKaM MpPUXOIH-
JIOCh peniaTh Bpy4HyI0. M Bce e — Tak JIM yMHBI 9TU BBIYUCIUTEIIbHBIE TUTAHTHI, KAK MAaTeMaTHKH
nponuisix Jier? Het, KOHeYHO. .. BO BCSIKOM ciyvae, noka. OJjHa U3 3a/1a4 pa3BUTHSI UICKYCCTBEHHOTO
MHTEJUIEKTA 3aKJII0YAETCSl B TOM, YTOOBI KOT/1a-HUOY/Ib HAYYUTh MAIIIUHBI MCTIONB30BATh UX OTPOMHYIO
BBIYUCITUTENIBHYIO MOITHOCTD IJIs1 PEIICHUs] MHTEJIEKTYaJIbHBIX 33/1a4, CEfYac MO/IBJIACTHBIX TOJBKO
JKUBOTHBIM U JIIO/ISIM.

He crout cyauTh TonbKO 1o BHEMIHOCTH. [Iporpammbl MCKYCCTBEHHOTO MHTEJUIEKTA YMEKOT
XOPOIIIO YUUTHCS, HO JIMIIb A0 onpeneaeHHoro Momenta. B 2017 r. po6or Hopuko Apau — crienua-
mucta Tokuiickoro yHuBepcuTeTa, usydasiiero siavsHue UT Ha oOmiecTBo, yCIenHo caan BCTyIH-
TEJIbHBIA 9K3aMeH B OJMH U3 SATOHCKHUX YHUBepcUTeTOB. [Iporpamma, nonmyumsiias HazBanue Todai
(Ha3BaHMe YHUBEPCUTETA), CJIaJla 9CCE, IK3aMEHbI 10 MaTeMaTUKE U aHTJIMICKOMY sI3bIKY Jtyditie 80 %
abutypueHToB. Ho 3T0 He 3HaUMT, YTO ccTeMa ObllTa YMHOM: Ha caMOM Jiejie poOOT BOOOIIIE He ITOHU-
MaJl, 4TO OH muieT! Ycrnex mporpaMMbl CKOpee TOBOPHT O HECOBEPIIEHCTBE KaK BCTYIUTEIbHBIX
WCIIBITAHUI B BBICIIIUE YCTICIITHbIE 3aBeeHuUs SIMOHMY, TaK U MAIIIMHHOTO MHTEJUIEKTa. Mbl ObUTH ObI
pazpl, ecii, B KOHEYHOM cuete, Todai npoBayutest Ha Oosiee MpoayMaHHO OPraHU30BAHHBIX IK3aMe-
Hax.

' FLOPS (06o3Hauaercst Takke Kak flops, flop/s, mpon3HOCUTCs MO-pycCcKU Kak «IIonc») — akpoHuM ot aHrl. Floating-point
Operations Per Second (uncio omnepanumii ¢ raBaiolieil Toukoii B cekyHay). [Ipeacrapisier co0oii BHECUCTEMHYIO SAMHUILY U3Mepe-
HUsI TPOU3BOMTENIBHOCTY KOMIThIOTepOB. [IpaBoriicaHue ¥ CKJIOHEHHEe TEPMUH B PYCCKOM sI3BIKE ellle He YCTOSIOCh: MHOIIA MHIIYT
«ion», uHorga «ornc». — Ipum. peo.
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U cKyCcCTBEeHHBIA HHTEJLIEKT B HCKYCCTBE

WckyccTBEHHBIN MHTEIJIEKT MOXKET OBITh XOPOIIUM XyIO0KHUKOM, TOUHEe — KormuucToM. OH
MAaCTEepPCKH CO3/IaeT IPOU3BEACHHUS «B CTUJIe». OH COcOOeH MpeBpaTHTh JIIo0yIo (hoTorpaduio B Kap-
TUHY MOHe, c/ieiaTh U3 3MMHETO Tei3axa BECCHHUI> UM 3aMEeHUTH JIOIa I» 3e0poii Ha Buieo. Octe-
peraiitech paspiiuBbIX BUaeopoaukos! bonee Toro: B 2017 r. komaHga Axmena nbrammana us3
Vuusepcutera Pytrepca (CIIA) pa3paborana cuctemy, CO3JA0NIYI0 KAPTUHBI, TAK TIOXOXKKE HA OPH-
T'MHAJIbHBIE TBOPEHUST HEKOTOPBIX XYIOKHHUKOB, UTO IKCIIEPTH HE MOTYT OTJIMYUTh UX OT peabHBIX
KapTUH TeX ke XyJOKHUKOB’.

My3blKa — TOXe He HUCKIoueHre. MHOrue UCCiIei0BaTe I UCIOIb3YI0T METOIbl MCKYCCTBEH-
HOTO MHTEJIJIEKTA JJIsl CAHTE3a 3ByKa U My3bIKaJIbHOU KoMno3uliuu. Tak 21 mapra 2019 r. B uecTsb qHs
poxnenus Moranna CeOactbsina Baxa cBszannbIid ¢ Google* mpoekT Magenta aHOHCHPOBAT HOBYIO
cructeMy, HazBaHHYI0 Google Doodle’, koTopas no3BossieT JO0MY MOIh30BATENI0 COUNHATH M ApaH-
KUPOBATh MEJIOJUIO B CTUJIE U3BECTHOTO Kommo3utopa. Bcnomuum Takxke, uto 4 ¢peppans 2019 r.
B Jlonnonckom koHueprHoM 3aiie Cadogan Hall 66 My3bikaHTOB aHrmiickoro opkecrpa «English
Session Orchestra» myoIMIHO UCMOMHUINA HOBYIO Bepcuio Cumdponuu Ne 8 Illydepra, M3BECTHYIO Kak
«HEOKOHYEHHash». B TOT Beuep oHa cTasa 3akonueHHoH. [locrie aHam3a IByX CyIIECTBYIOIIMX YacTen
CHCTEMa UCKYCCTBEHHOT'O MHTEJJIEKTa, pa3padoTanHasi komranueil Huawei, co3nana 1Be HepocTao-
IIMe YacTH MY3bIKaJIbHOTO IIpou3BeAeH s (BIpoueM, kommnosutopy Jlykacy Kantopy Bce-Taku npu-
IIJIOCh HAaNMCaTh MAPTUTYPY IS OPKECTPA).

2 https://github.com/junyanz/pytorch-Cycle GAN-and-pix2pix.
3 https:/arxiv.org/abs/1706.07068.

4 https://ai.google/research/teams/brain/magenta/.

5 https://www.google.com/doodles/celebrating-johann-sebastian-bach.
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I'ymanonapi? Huuero mogooHoro!

Codust — KpacwBasi AEBYIIKA CO CTPUKKOH «IOJ HOMb», 3araJOvHON YJIBIOKOW U KpH-
CTaJIbHO-YUCTBIMHU IJ1a3aMHU, CTajla HacTostien 38e310i 2017 r. «Bbl cMOTpUTE CJUIIIKOM MHOTO TOJI-
JIMBYJICKUX (PUIIBMOB!» — yCMEXaeTcsi OHa B OTBET JKYPHAJIMCTY, KOTOPBIM BBIPA3UII OECIIOKONCTBO O
TOM, YTO OJHAXIbl POOOTHI 3aXBaTAT 3eMio. Ee mosiBieHne BhI3BAJIO TaKOW OOIIECTBEHHBIN pe3o-
HaHc, 4To B ToM ke rogy CaynoBckasi ApaBusi MpefoCcTaBuiIa el rpaxkaaHctBo. Ha camom jene
9TO MPEKPaCHOE CYIIECTBO ObLIO BCEro JIMIIb MAPUOHETKOM, IJIsi KOTOPOW MpPOrpaMMHUCTBI HAITU-
caym Habop CTaH/IAPTHBIX OTBETOB HA CaMble pa3Hble BOMPOCHL. To, 4To eii roBopsT, 00padaThiBaeTCs
CHUCTEMOM COTIOCTABJIEHH 1, KOTOPast BHIOMPAET U3 KaTaiora BO3MOKHBIX OTBETOB HanOoJIee OIXO/sI-
IIUH K JJAHHOMY CJTyYalo.

Codnst ooMaHbIBaeT cBolo aynutoputo. Ona He ymHee, yem Todai B Tokuo. [Tpocto y Hee Oonee
BBIpQXXEHHAS U )KMBAsi MUMHKA, U MBI, JIIO[M, BIIEYaTJICHHbIE 9TON aHUMaIiiel, BEpyM B HAIUYKE Yy
YeJIOBeKOOOPa3HOro podoTa HACTOSAIIETO yMa.
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«Crapbiii 100pbIil» HCKYCCTBEHHbIH HHTEJIEKT...

Mup UCKYCCTBEHHOI'O MHTEJUIEKTa MeHseTcsA. Ero rpanuiibl noctossHHO pacimpsiores. Korga
Ta WIK UHas TpodieMa peleHa, OHa MOKUAaeT cpepy MCKYCCTBEHHOTO MHTEIUIEKTAa M TIOCTENEHHO
MePEeXOIUT B KJIACCUYECKUI HAOOp UHCTPYMEHTOB.

Hampumep, npeo6pazoBanue MareMaTrueckux (popMysl B MHCTPYKIIMH, BBIIOIHSIEMbIE KOM-
MBIOTEPOM, OBUIO JEJIOM HMCKYCCTBEHHOTO MHTe/UIeKTa jmiib B 1950-x rT., Korma mH(pOpMaThKa
TOJILKO 3apokjanach Kak Hayka. CeromHs — 310 oOblYHASI (DYHKIMSI KOMITUISITOPOB — MTPOTPAMM,
KOTOpbIEe MPeoOpasyioT MPOrpamMMbl, HAlMCAaHHbIE WHKEHEpaMH, B HAOOPbl MHCTPYKIIMH, KOTOpHIE
HENOCPEICTBEHHO UCTIOHSIOTCS MAIIMHOM. A KOMITWJISALMS KaK [TpeJMET MPErnoJaeTcsi BCEM CTY/IEH-
TaM-KOMIIbIOTEPIIMKAM.

Wnm Bo3pMeM 3aauy noucka Mapiipyta. B 1960-e oHa siBHO mpuHayiexana k oonacru UN.
CeroniHst — 3TO OMNATH BCETO JIMIIb CTAaHAAPTHBIM MHCTPYMEHT, Kakux MHOro. CyiectByloT 3¢ dek-
TUBHbIE AJITOPUTMBI [TOMCKA KpaTYaiIlero Myt B rpage (CeTy B3aMMOCBS3aHHBIX y3JI0B), TAKHE KaK
anroput™m Jevikerpel 1959 1.6 wim anroputm A* («A 3Be3aa») Xapra, Hunbccona u Padasns 1969 .7
C noscemectHbIM pacripocTpaHenueM GPS sra 3amaua naneko oTolia ot nepegHero Kpast HayKu.

SAnpom uckyccrBenHoro untesiekta B 1970-x u 1980-x rr. 6611 HaOOp METOIOB aBTOMaTHye-
CKOTI'0 PacCyXIEHUsl, OCHOBAHHBIX Ha JIOTUKE U MAaHUITYJIMPOBAaHUM cUMBOJIaMU. C HEKOTOPOU U3/EB-
KOU aHIJIOSI3BIYHBIE CTOPOHHMKY 3TOTO IMOAXOJ1a Has3biBaloT NopoOHble crcteMbl GOFAIL (a00peBu-
arypoit ot Good Old-Fashioned Artificial Intelligence, To ecTb «cTapblii JOOPBI UCKYCCTBEHHbIN
WHTEJUIEKT» ).

[epeiinem Tenepb Kk SKCIEPTHBIM CUCTEMAM, 1€ MaIllMHA BbIBOJA IPUMEHSIET MpaBuiia K (hak-
TaM U BHIBOIUT U3 HUX HOBBIE (pakThl. B 1975 r. MYCIN, Hanpumep, T0/KeH ObUT TOMOYb BpayaM
BBISIBJISITh OCTPble MH(EKIMY, TaKUe KaK MEHUHIUT, ¥ Ha3HAYaTh JIeUeHne aHTHONOTUKamMu. B Hem
ob110 okos10 600 npasui Bpoae: «ECJIV nH(pEKIMOHHBII OpraHi3M rpaMoTpuIiaTe bHbii, Y opra-
HU3M MAJTOYKOBUAHBIA, W opranusm anaspoOHbiil, TO 3TOT opraHusm siBisieTcsi (C BEPOSTHOCTHIO
60 %) GakTepuei».

s cBoero Bpemenn MYCIN Obuta MHHOBAIIMOHHOW cucTeMol. Ee mpaBuiia BKJIOYQIU B
TOM uucie U (paKTOpPHl JTOCTOBEPHOCTH, KOTOPbIE CHUCTeMa OOBEOVHSIIA Ui TONy4YeHUsI OLEHKH
o011eli 10CTOBepHOCTH pesynbrara. OHa ObLT 000py/IOBaHA TaK Ha3bIBAEMbIM MEXaHM3MOM BBIBOJIA C
«0OPaTHOM CBSI3bI0», IIOCPEACTBOM KOTOPOTO CUCTEMA BBIIBUTAJIA OTHY WJIM HECKOJIBKO TUarHOCTAYe-
CKHUX THIIOTE3 M pacclpalliyBaja IPaKTUKYIOIIEro Bpaya 0 CUMIITOMax nanueHTa. B npouecce sroro
CHCTEMa YTOUHsLJIa TMIIOTE3bl B 3aBUCUMOCTH OT OTBETOB U CTaBWJIa JUArHO3, U, HAKOHEL, Ha3Havyasla
AHTUOMOTHUK U TO3UPOBKY (C TOW WJIM UHOH CTENIEHBIO YBEPEHHOCTH).

UroObl co3maTh TaKyl0 CUCTEMY, BPau-9KCHEPT JODKEH ObUT CUAETh PSIOM C MHKEHEPOM U
MOJIPOOHO PacCKa3bIBaTh WHKEHEPY O CBOMX pacCykleHusx. Kak OH AuarHOCTUpyeT anreHJuiuT
v meHuHruT? Kakue npu atom OpiBator cumntombl? Tak y MYCIN nosiBisivics npasuna. Muave
rOBOps, €CJIU Y NMAIMEHTa UMEETCsl ONPENIENICHHbI CUMIITOM, TO CYIIECTBYET TaKasi-TO BEPOSITHOCTD
anrneHIMIuITa, Takas-T0 BEPOSTHOCTh HEMPOXOJUMOCTHY KUILIEUHUKA U TaKasl-TO BEPOSTHOCTD I10YEY-
HOH KOJMKU. VIHXKeHep BpyYHYIO 3aIiChIBAN 3TU MpaBuia B Oa3y.

Hapnexnocts MYCIN (v ee nmpeeMHUKOB) ObLTa JOBOJIBHO Herioxoi. Ho OHM Tak M He BHIIUIA
3a paMKu 3KcriepuMeHTa. KommbloTepusaiys B MEAMILIMHE TOTJa TOJBbKO 3apOXKAaliach, a MpoLece
BBOJIA JIAHHBIX OBbUI YTOMUTEJIbHBIM. B KOHIIE KOHIIOB, BCE TU IKCIEPTHHIE CUCTEMBI, OCHOBAHHBIC
Ha JIOTHKE U JIePEeBbsIX MOUCKA, OKA3AIMCh CIIMIIKOM TSDKEJIBIMHU U CIOXKHBIMU B pa3padorke. OHU

6https://fr.wikipcdia.org/wiki/Alﬂorithmc de_Dijkstra.
7 https://fr.wikipedia.org/wiki/Algorithme A*.
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BBIIIIJIA U3 yHOTp€6HCHI/IH, HO OCTalOTCA 3TAJIOHOM H ITPOAOJIKAIOT OIMUCBIBATHCA B y‘le6HI/IKaX 10
UCKYCCTBEHHOMY MHTEJUIEKTY.

Tem He MeHee padoTa HaJ JIOTUKOM MPHBEJA K TOSBICHUIO HEKOTOPBIX BaKHBIX IPUJIOKEHUN:
K CUMBOJIbHOMY PELIEHUIO YPABHEHUI 1 UCUMCIIEHUIO MIHTETPAJIOB B MaTEMaTHKeE, a TAKKE K aBTOMa-
THUYECKOM MpoBepke nporpamm. Hanpumep, ¢ ero nomoriipio kommnanus Airbus nmposepsieT TOUHOCTb
Y Ha/IS)KHOCTh CBOETO MTPOrPaMMHOTO 00eCTIeYeHH s ISl YIIPaBIeHHs] MACCAKUPCKUMU CAMOJIETaMH.

Yactb uccnenoBareibeckoro coodmmecrsa MW nponomkaer padoTaTh Haa STUMH TeMaMu. Jpy-
TYe CMEeIMAINCThl, K KOTOPBIM MPHUHAJIEKY U 51, TOCBATUINA ceOsl COBEPIIEHHO JPYTMM TOIXOIaM,
OCHOBAaHHBIM Ha MalllUHHOM O6y‘I€HI/II/I.
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... IJIM 3Ke MaIHHHOE 00y4eHue?

Paccyxnenust — 310 uIb Majias 4acTh YeJOBEUECKOro pasyMma. Mbl yacTo JymaeM 1o aHajio-
T'H, MBI ICWCTBYeM MHTYUTUBHO, ONIMPAsICh Ha IMPECTABIEHHS O MUPE, TOCTENIEHHO PHOOpeTaeMble
yepe3 onbIT. BocnipusTie, MHTYHUIIMS, OBIT, HAOOPH! YCBOGHHBIX HABBIKOB — BCE 3TO PE3y/bTaT 00Y-
YEHUsI.

B Takux ycnoBusix, €cl Mbl XOTHM MOCTPOUTH MAIIMHY, UHTEJJIEKT KOTOPOH OyaeT mpuonu-
JKEH K YeJI0BEYEeCKOMY, MbI JOJUKHBI CAENIATh ee TOXKe CIIOCOOHOM K 00ydeHmo. YenoBeueckuit MO3r
COCTOMT U3 86 MJIp/1 B3aUMOCBSI3aHHBIX HEPOHOB (MJTM HEPBHBIX KJIETOK ), 16 MJIp/1 U3 KOTOPBIX HAX0-
JSATCS B KOpe FOJIOBHOTO Mo3ra. B cpeHeM kaxapiid HeripoH oopasyeT mout 2000 apyrux coevHe-
HUI C IPYTUMU HEUPOHAMH — TaK HA3bIBAEMBIX CHHATICOB. OOyUYeHue MPOMCXOAUT IyTeM CO3/IaHUS
CHUHAIICOB, yAaJeHHs] CHHAIICOB WM M3MeHeHus ux 3¢ dexkruBHocTH. [ToaToMy, Mcnonb3ys camblid
M3BECTHBIN MOAXO] K MAalIMHHOMY OOYUYeHHUIO, Mbl CO3[]a€M MCKYCCTBEHHbIE HEHPOHHBIE CETH, MPO-
1iecc oOyueHrst KOTOPBIX U3MEHsIET CBSI3M Mexk 1y HeripoHamu. [IpuBesieM HECKOIbKO OOIIMX MPUH-
IIUIIOB.

MarmvHHOe 00yueHre BKJIIOYAeT MEepBBI 3Tan oOydeHUsl WM TPEHUPOBKM, KOTJa MalluHa
MIOCTETNIEHHO «yYHTCS» BHITIOJIHSATH 3a/1a4y, M BTOPOH 3TAIl — peaTU3aInIo — KOTIa MAIllMHA 3aKOHYMJIA
oOydJeHue.

UroObl HAyYUTh MAIIMHY ONPEEIIsATh, CONEPKUT JIM N300pakeHne aBTOMOOWIIb WJTH CaMOJIET,
MBI JIOJKHBI HAUaTh C MPEACTABICHUS] €i ThICSY M300paXEeHUH, COIepKalliX CaMOJIeT UM aBTOMO-
ownb. Kakaplil pas, Korjua Ha BXOJE CUCTEMe JaeTcs M300pakeHne, HeMpOHHAsI CeTh (MM «HEHpo-
CeTh»), COCTOSIIIAS M3 COCMHEHHBIX MEXy COOOM MCKYCCTBEHHBIX HEMPOHOB (B JIEHCTBUTEIILHO-
CTH — 3TO MHOKECTBO MAaTEMAaTHUECKHX (DYHKIIMH, BBIYUCIISIEMBIX KOMITBIOTEPOM ), 00padaThIBaET 3TO
n300pakeHre 1 BbIIAeT BBIXOAHOM OTBeT. ECii OTBET MpaBWIIbHBIN, MBI HIYETO He JeJIaeM U IIepexo-
IMM K cliefyoleMy n300paxenuio. Ecim oTBeT HeBepHBI, Mbl HEMHOTO KOPPEKTHPYEM BHYTPEHHHUE
napaMeTpbl MallMHBI, TO €CTh CHJTY CBSI3EH MEX/1y HePOHAMM, YTOOBI €€ BBIXOJHOM CHTHAJ IPUOIIH-
Kaycs K kemaemomy otBeTy. Co BpeMeHeM CHUCTeMa HACTPauBaeTCsl U B KOHEYHOM UTOTE CMOXKET
pacrno3Harhb Ji1o0oi 00beKT, Oy/ib TO N300pakeHre, KOTOPOE OHA BHUJIENIA paHee, WK JIIoOoe JAPyroe.
ITO HA3BIBACTCS] CIOCOOHOCTHIO K 000OIIEHHIO.

CpaBHeHue 3TOM CIOCOOHOCTH HeMPOCeTel ¢ COOTBETCTBYIONIMMH (DYHKIIMSIMA MO3Ta TOBOPUT

1 ©
0 TOM, 4YTO MalllMHaM J0 Hac ele ganeko. [Ipusenem Hekotopsle nmdpel. B mosre 8,6-10 0 HEUpo-

HOB, CBSI3aHHBIX MEXIy coOOi mpumepHo 1,5- 10'* cunancamu. KaxkIplit CHHAIC MOKET BBIIONHATD
«BBIYUCJIEHUE» COTHU pa3 B CEKYHNY. JlaHHBIN CUHAIITUYECKUI pacueT SKBUBAJIEHTEH COTHE 1 po-

o 1 o
BBIX OIlEpalvii Ha KOMIBIOTEPE (YMHOXEHHE, CI0KEHUE U T. 1.) i 1,5-10 8 olepaluii B CEKyHIy
IJIS1 BCErO MO3ra, XOTsI B AGHCTBUTEILHOCTH JIMIIb YacTh HEHPOHOB aKTHBHA B JIIOOO MOMEHT Bpe-

menu. [lns cpaBuenusi, kapra GPU (rpaduueckoro mporeccopa) MOKeT BBITIOTHSATh 10" oreparuii
B CeKyHAy. YToObI MPUOIU3UTHCS K MOIITHOCTH Mo3ra, iotpedyercst 100 000 Buneokapt. U TyT ecThb
OJIHA 3arBO3/IKA: YEJIOBEUECKUI MO3T IOTPeOIIsieT MOIIHOCTh, 9KBUBaJIeHTHYI0 25 BT. Kapra ¢ omHuM
GPU (rpadwudeckoro mpoiieccopa) morpediseT B AecATh pa3 Oodpiie, T. €. 250 BT. DnekTpoHHbIE
IeNY B MAJUTMOH pa3 MeHee 3(P(eKTHUBHBI, YeM OMOJIOTHYECKHe.
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KokTeiJib 13 CTaporo 1 HOBOro

CerofgHsIIHNE TPUIOKEHUS, KaK MPABUJIO, UCIIONB3YIOT COUETaHNE MAIIUHHOTO OOydYeHWUS,
GOFALI u k1accMuecKux BBIYUCIICHUIA. PaccMOTpUM MalliiHy, CIIOCOOHYIO YIIPaBISTh aBTOMOOUIIEM
6e3 Bogutensi. boproBas cuctema BU3YaJbHOTO pacrio3HaBaHMs, 00y4eHHas pacrio3HaBaTh BU3yasib-
Hble OOBEKThl U CUTHAJIBI, TIPUCYTCTBYIOIIHE HA JOPOre, UCIONb3yeT OINpPEe/CHHYIO apXUTEKTypy
HEMPOHHOM CETH, Ha3bIBAEMYIO «CBEPTOUYHOM ceThio». Ho pelenue, Kotopoe NprHUMAeT aBTOIMUIIOT
ABTOMOOWJISI, KOTJIa OH «BUJIUT» Pa3METKY TOJIOCH! ABMKEHUSI, TPOTYap, MPUIMAPKOBAHHBIA aBTOMO-
OWUJTb WM BEJIOCHIIE/I, 3aBUCUT OT TPAJWIIMOHHBIX CHUCTEM IUIAHUPOBAHMS TPACKTOPUM JIBUKEHHUS,
C IIpaBWJIaMH, HAIMCAaHHBIMU BPYYHYIO, UJIU K€ CUCTEM, OCHOBAHHBIX HA MpaBUJaX, KOTOPbIE OTHO-
carcs k oonmactu GOFAL

[ToHOCTBIO aBTOHOMHBIE TPAHCIIOPTHBIE CPEJICTBA HAXOASITCS BCE €I1Ie Ha STare TECTUPOBAHUSI,
HO psii KOMMEpYEeCKMX aBTOMOOWIer, momoOHbIX «Tesla» 2015 r., yXke UMEIT CUCTEMBI MIOMOIIIN
BOJIUTEJTIO C UCTIOIb30BAHUEM CBEPTOYHBIX CeTel. Peryssitoppl CKOpOCTH, OCHAILIEHHbIE CUCTEMAMU
TEXHUYECKOTO 3peHus1, OepyT TPAaHCIOPTHOE CPEICTBO O] AaBTOHOMHOE YIpaBJIeHHe Ha aBTOCTPae,
YAEPKUBAIOT €ro B Mpejesiax MOoJIOChl IBUKEHUs WU aBTOMATUYECKU MEHSIOT ee MOCie TOro, Kak
BOJUTENIb BKJIIOYACT CHTHAJ TMOBOPOTA, W MPU ITOM CJICAAT 3a HAJTMYMEM JIPYTUX aBTOMOOUJIEH
BOKpYT.

17



d. JlexyH. «Kak yunrcs mamuHa. Peposmornus B 001aCTH HEMPOHHBIX CeTel U IITyOOKOro oO0yueHu s»

Tect Thropunra

Mp1 6yniem nucarh 0 BO3MOKHOCTSIX U MPHJIOKEHUH UCKYCCTBEHHOTO MHTEJUIEKTA Ha MPOTSIKe-
HUM BCEH 9TOW KHUTH, HO cefuac MpHIILIO BpeMsl C/IeNaTh mar Ha3al. Kak onpenenuts oO1ye yepThl
BCEX ITUX MHTEJUIEKTYaJIbHbIX MaIlIVH?

1 GBI cKazal, YTO MCKYCCTBEHHBI MHTEJUIEKT — 9TO CIIOCOOHOCTh MAIIIMHBI BBIIOJHSATH 33/1a4H,
OOBIYHO BHITIOJTHsIEMbIE )KUBOTHBIMU U JIIOIBMU, TO €CTh BOCHPUHUMATh, PACCYKIATh U IEUCTBOBATD.
ITH CBOICTBA HEOTAEIUMBI OT CIIOCOOHOCTH YUUThCS, KAK 9TO HAOMIONAETCS] Uy XKUBBIX CYIIECTB.
Cucrembl UCKYCCTBEHHOIO MHTEJUIEKTa — 3TO MPOCTO OYEHb CJIOKHBIE NEKTPOHHBIE CXEMBI U KOM-
nbploTepHbIe TporpaMMbl. Ho BO3MOXHOCTH XpaHeHUs1 MH(pOPMAIMY, AOCTYIl K MaMsTH, CKOPOCTb
BBIYMCIICHUI ¥ BOBMOXKHOCTH OOYYEHHSsI TO3BOJISIOT UM «a0CTparupoBaThCsi» OT KOHKPETHBIX TPH-
MEPOB, COACPKAIICHCS B OTPOMHBIX 00beMax JTaHHBIX.

Bocnipunumars, paccyxaaTth U AeMcTBoBaTh. AJlaHa ThIOpMHIa — aHIVIMIICKOTO MaTeMaTuKa,
OKa3aBILIEro CYIIECTBEHHOE BIMSIHUE Ha pa3BUTHE MH(OpMATHKU U pacumdpoBasiiero Enigma —
cucteMy mH(pPOBaHUS COOOUIEHUI HEMEIKON apMuM BpeMeH BTopoll MHpOBOW BOWHBI, MOXKHO
Ha3BaTh MEPBBIM «IIPOPOKOM» OOydJarormxcsi MamuH. OH yke MPOHHUKCS BKHOCTHIO OOyUeHHUS,
KOrja Hamucail: «BMecTo Toro 4troObl MBITAThCS CO3AATh MPOrpamMmy, UMHUTHPYIONIYI0 CO3HAHHUE
B3pOCIIOTO, TIOUeMy OBl He MOTBITaThCSl CO3/aTh TaKylo, KOTOpasi UMUTUpPYET YM pebeHka. Benp ecnu
yM peOeHKa MoTyJaeT COOTBETCTBYIOIIEE BOCITUTAHNE, OH CTAHOBUTCS YMOM B3POCJIOTO YesIoBEKa» 5.

Nmsa Anana TeloprHra cBsi3aHO, KpOME TOr0, CO 3HAMEHUTBIM TECTOM, CyTh KOTOPOI'O CBOIUTCS
K IUAJIOTy MEX/Iy UYeJIOBEKOM M JIByMsI COOECEIHMKAMH, KOTOPBIX OH HE BUAUT: KOMIIBIOTEPOM U
ere oqHUM YesoBekoM’. Ecii 1o ucteueHnn HEeKOTOPOro 3aaHHOTO BPEMEHH YelIOBEK He ompejie-
JISIeT, KTO U3 JIByX «COOECETHUKOB» SIBJISIETCS MAIIIMHOM, 3HAYMT, MAIIMHA YCTIEITHO MPOIIUIA TECT.
Ho noctmxenus B oomacti UM ceromHst TAKOBBI, UTO SKCIIEPTHI OOJIbITIe HE CYMTAIOT TecT ThIoprHTa
appexTrBHBIM. CITIOCOOHOCTD BECTH OCMBICJICHHBIN AUAJIOT SIBJISETCS JIMIIb OTHON U3 (pOpM MHTE-
JIEKTa, ¥ 3[€Ch UCKYCCTBEHHBIN MHTEIUIEKT JIETKO MOXET OOMaHyTb JlaKe OIBITHOTO SKCIIepTa: s
3TOro MaIlMHE JOCTATOYHO BHIIATH ce0sl 32 PACCESTHHOTO U CJIerKa ay TMYHOTO MOAPOCTKA, MJI0XO 3Ha-
OLLIEr0 aHTJIMACKUI SI3BIK, YTOOBI OOBICHUTH HEAOCTATOYHOE IOHUMAHUE coOeceJHUKA 1 OIIIMOKU B
COOCTBEHHOU peyH.

8 Alan Turing, Computing machinery and intelligence, Mind, october 1950, vol. 59, n236.

° To xe.
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ITocTosIHHOE COBEpPIIEHCTBOBaAHUE

S yBepeH, 4to riyOoKoe oOyueHue — 3TO HeoThemyieMasl 4acTb OyHyIero MCKYCCTBEHHOTO
uHTesUiekTa. OHAKO Ha CErOMHSIIHUN JIeHb 9T CHCTEMbl He CIIOCOOHBI K JIOTUYECKUM PacCyxk/ie-
HUAM. B 1O Xke BpEMS MOAXOIbI K I/H/I, OCHOBAHHBIC Ha JIOT'NMKE, B HBIHENITHEM UX COCTOSIHUUN HECOB-
MecTUMBbI ¢ 0OydeHreM. Harra BaxkHeliias 3aqa4ya Ha OJvKaiiime rofpl — CesaTh 3TH JIBa MOIXoua
COBMECTHMBIMH JIPYT C IPYTOM.

Takum oOpa3zom, TIy0oKkoe 0OydeHHe MOKa OCTAeTCS OUeHb MOIIHBIM. .. U OUYeHb OrPaHUYCH-
HBIM UHCTPYMeHTOM. Peub He uaeT o ToM, 4ToObl 3aCTaBUTh MAIIIMHY, OOyYEHHYIO UTPe B IIaXMaThl,
pabotarh, 1 Ha000poT. OHA BHIMOJHSET JEUCTBHSI, HE MMesl HM MAJICHIIIrO MPEJICTABICHUsI O TOM,
YTO JIeJIaeT, ¥ He 00J1a/1aeT 37]paBbIM CMBICTIOM. Eciin Obl CHCTEMBI UCKYCCTBEHHOTO MHTEJUIEKTA ObLIN
MOMEIIIeHbI Ha IIKAITy UHTEJUIEKTYaJIbHBIX CIIOCOOHOCTEH OT MBIIIIH JIO YeIOBEKa, TO OHU OKa3aJIiCh
Obl HAMHOTO OJTMKE K MBIIIH, YeM K YeJIOBEKY — M 9TO HECMOTPSI Ha TO, UTO MTPOU3BOIUTENLHOCTh N
B TOYHBIX U Y3KOCIICHUATIU3NUPOBAHHBIX 3aJa4ax ABJIACTCA CBCqueHOBequKOﬁ.
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Moryiecrso ajropurmMa

AJITOpPUTM — 3TO MOCJIEA0BATEIbHOCTh MHCTPYKIIMA. BOT 1 Bce. B 3TOM Het Huuero Bomeo-
Horo. Huuero HenonsrtHoro. [Ipusenem npumep. Bo3bMem crivcok 1ugp, KOTOpbIe 51 XOuy paccra-
BUTb B MOPSAKE BO3pacTaHUs. S MUy KOMIBIOTEPHYIO IPOrpamMMmy, KOTOpasi CUMTBHIBAET MEpPBOE
YHCIIO, CPABHUBAET €ro CO CIEAYIOIIMM M MEHSIeT MX TMOJIOXKEHUE, eClIU TepBoe OOJbIlie BTOPOTO.
3areM s CpaBHMBAIO BTOPOE U TPEThE U TIOBTOPSIO TY K€ ONEPALMIO 10 MOCIEJHETO YUCia B CIIMCKE.
3ateM 51 BO3BpAlIAIOCh K CIMCKY CTOJBKO Pa3, CKOJIBKO HEOOXOAMMO, TTOKA MPU OYEePEIHOM POXOe
YKCJIO MPOU3OIIEAIINX 3aMEH HE CTAHET PaBHBIM HYJIIO.

JIaHHBIII QJITOPUTM COPTUPOBKU CIIMCKA YMCEN HA3bIBAETCS «COPTHUPOBKOW ITy3BIPKOM». S
MOT'y TIEpEBECTH €T0 B CEPUIO TOUHBIX MHCTPYKIIMI Ha BBIMBIIIIJIEHHOM sI3bIKE TIPOrpaMMHUpoBaHus .

CopTupoBka nyavpbkoM (Tabnuua T)

###nna i B muUanasoHe oT (3Hauenwe T) -1 mo 1
######nna J B muanasorHe ot 0 mo 1 -1
f######tt#ttecan T[J+1] < T[]]
#tHE#########00Mennars (T, J+1, 7J)

Bo3bMmute onHO 3HaYeHHe, CPAaBHUTE €r0 C JPYruM, MpHOaBbTe €ro K TPETheMy, BBITIOTHHUTE
TaKKMe-TO U TaKHe-TO MaTeMaTHUYeCKHe ONepalliy, IIUKJIbl, IPOBEPbTE, SBJISIETCS JIM YCIOBUE UCTUH-
HBIM WM JIOKHBIM U T. . AJITOPUTM — BCE PaBHO, UTO KYJMHAPHBIA PELETIT.

Msi 06b19HO TOBOpHM 00 «anroputMme PeiicOyka» mmm «anroputme ['yrma». 1o Hempa-
BUIbHO. CKOpee, alropuTMOM (TOYHee, HaOOPOM aJITOPUTMOB) SIBJISIETCS MEXaHU3M, 00ECTIeUnBAaIO-
M padoTy TIOMCKOBOTO CaiiTa, KOTOPBIM CO3/aeT CITUCOK BCEX CAWTOB, CONEPXKAIIUX MMOUCKOBHIN
TEeKCT. TakMx callTOB MOXKET ObITh COTHH, IaXKe ThICSUr! 3aTeM KakJIOMy U3 3TUX CAUTOB ITPUCBaNBa-
ercst psij OAJJIOB, MOTYYEHHBIX C TIOMOIIBIO IPYIHX aJTOPUTMOB, HAIMCAHHBIX BPYYHYIO WJIM BBIpa-
OOTaHHBIX CAMOU MAIIMHOM B Iporiecce 00ydeHus. DT OaJIbl OLEHUBAIOT MOIMYJISIPHOCTh CaliTa, ero
HaJIeKHOCTh, PEIEBAHTHOCTh €0 COIEepKaHWsl, HaJTU4Yhe OTBETa, CM MOMCKOBast (ppasa sABiIsieTCs
BOIIPOCOM, & TaKke COOTBETCTBUE COJIEPKaHUsI MHTepecaMm Moib30Batesl. JJoBOIBHO CJIOKHOE AEO.

OpnHako, 4TO Kacaercsi 00ydaeMbIX CHCTEM, TO MPOrpaMMHbIA KO, KOTOPbIN 3aCTaBIIseT UX
paboTaTh U BEIYUCIISIET OAJLTbI, JOCTATOYHO IPOCT U MOT OBl YMECTUTHCS B HECKOJIBKUX CTPOKAX, €CITH
Obl HAC HE MHTEPECOBaJIa CKOPOCTh €r0 BHITIOTHEHU S (Ha caMOM JieJie TpeOOBaHM s K ObICTPOIEHCTBUIO
MIPUBOMST K €ro YCJIOKHEHHIO). PeasibHasi CIOKHOCTh CUCTEMBI 3aKJIIOYAETCS HE B KOJIE, KOTOPHIH
BBIYUCIISIET €€ BBIXOJHBIE JaHHbIE, @ B CBA3SIX MEXKAY HEMPOHAMH CETH, KOTOphIE, B CBOIO OUYepe/b,
3aBUCST OT APXUTEKTYPHI STOU CETH U ee 00yUeHHUS.

[Tpexne yem Mbl ¢ BaMH HCCIIelyeM BHYTPEHHee YCTPOMCTBO MHTEJUIEKTYaJIbHOW MAaIUHBbI,
s1 X04y 0OpHCOBaTh UCTOPUIO UCKYCCTBEHHOTO MHTEIUIEKTA, HAaUMHAsI ¢ cepeuHbl XX Beka. ITo —
3axXBaTHIBAIONIAs HICTOPHS, B KOTOPOH 51 IPUHUMAIO YYacTHE YKe JJOBOJIBHO JIABHO, U KOTOPAsi COCTOUT
U3 TIPe/IBUJICHUI U AUCKYCCHUM, CKAUYKOB BIIEpe[l ¥ IEPHOOB 3aCTOs, IIe MEKILy COOOM CTOIKHYJIHCH
yueHble, BepsIye B MAIIMHHYIO JIOTUKY, U T, KTO, OIUPAsCh HA HEMPOOUOIOTHIO U KMOSPHETHKY,
padoTaIoT, KaK U s, HAJl Pa3BUTHUEM CIIOCOOHOCTEH MAIIMH K 00yJYEeHUIO.

10 https://fr.wikipedia.org/wiki/Tri_a_bulles.
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I'maBa 2
KparTkast ucTopusi HCKYCCTBEHHOI'O
HHTEJJIEKTA... H MOEro KapbepHOro myTu

BeuyHblln mOMCK

Awmepukanckuil aprop [lamesna Makkopaak 3ameTnia Kak-To, YTO UCTOPUsl UCKYCCTBEHHOTO
VHTEJUIEKTa HAUMHAETCS C «A3BEYHOIO JKeJIaHUsA urparb B bora». 31aBHa yesioBek MbITAETCS CKOH-
CTpyMpOBaTh YCTPOWCTBA, CO3AAIOIIME WLTO3MIO KU3HU. B XX Beke AOCTMKEHMS HayKd [Jav
HaJek/ly Ha MEXaHU3aLUI0 MBICTUTEIbHOTO rporecca. C rnosiBjeHUEM MepBbIX POOOTOB U KOMITBIO-
TepoB B 1950-X IT. HEKOTOpBIE YTOMUCTHI MPEACKA3bIBAIN, YTO BBIYMCIHUTEIbHBIE MAIIMHBI OBICTPO
JOCTUTHYT YPOBHS YEJIOBEYECKOTO MHTEJUIEKTA. PaHTACThl ONMUCAIM TAKME KOMIIBIOTEPBI BO BCEX
NOIPOOHOCTSIX, HO Ha CETOAHSIIHUIA IeHb MBI €I1le JaJeKH OT UX BOIUIOIIEHHS B PEabHOCTb.

[Tporpecc Ha 3TOM AOJITOM ITyTH 3aBUCUT OT TEXHUYECKMX MHHOBALMIA: OoJiee ObICTpBIE MPO-
1ieccopsl, Oonee eMkue ycrpoiictBa nmamati. B 1977 r. y cynepkommnbiorepa Cray-1 BHIYHCTHTEb-
Hast MouHocTh coctaBisia 160 MFLOPS (meragmornc). On Becun 5 1, motpednsn 115 kBru u
cron 8 MiIH go/utapoB. Ha ceroguAmHug aeHs urposas Buigeokapra crouMmocteio 300 eBpo, KOTo-
PYIO MOKHO HaliTH B KOMITBIOTEPE Y KaK/IOr0 BTOPOTO YBJIEYEHHOTO BUCOUT PaMH IIIKOJIBHUKA, 00ec-
neunBaet ckopocth 10 TFLOPS (tepadonc), mmm B 60 000 pa3 6ombire. Ckopo m000i cMapTdoH
CMOKET NIOXBACTaThCs TAKOM MOIIHOCTBIO.

Hcropusi MCKyCCTBEHHOTO MHTEJIEKTa B COBPEMEHHOM IOHMMaHUU OepeT Havaso ¢ JapTMyT-
CKOT'O CEMMHApa, Ha KOTOPOM BIIEPBBIE M INPO3BYydYasl CaM TEPMHUH <«UCKYCCTBEHHBI WMHTEJUIEKT».
Cemunap npoxogui jetoM 1956 r. B lapTMyTCKOM KOJLIEAKe Hefaneko oT I'anHoBepa, mrat Heo-
[mnimump, u OblT OpraHU30BaH ABYMs uccieaoBaressMu — MapeuHoM Muncku u IxoHom Mak-
Kapt. MapBun MuHCKM OblLT yBJIeUeH KOHLENIMen camooOyyarorneiics Mamuael. B 1951 r. oH
B KOMIIaHWH €Ille OJHOTO CTy/eHTa U3 [IprHCTOHA MOCTPOMII OHY M3 NEPBBIX MOJAOOHBIX MAIIVH,
SNARC, HeOoJIbIIIYI0 EKTPOHHYIO HEHPOHHYIO ceTh ¢ 40) «CHHarcaMu», CIIOCOOHYIO K JIeMeHTap-
Homy oOydenmio. [Ixon MakKapru, B cBolo ouepenp, nzoopen LISP, s3pik mporpamMupoBanus,
IMPOKO UCTIONb3YyeMblii B pa3padotke NN.

Jxony MakKapTu Takske NpUIucsBaOT IpUMEHEHUE rpadoB 1 CO3AaHMU A IaxXMaTHBIX I1PO-
rpamMM. B pabote cemunapa npuHsuio yyactue okoso 20 uccrnenosateneit, B Tom uucie Kinon Ilen-
HOH, WH)KEHEep-JIEKTPOTeXHUK U MateMatuk u3 Bell Labs (laGopartopuu rurantckoit tenedoHHOM
komnanuu AT&T B Heto-IIxepen), Haran Pouectep uz IBM u Pair Conomonodhd — 0CHOBONOIOXK-
HUK KOHIIENIIMY MAIIMHHOTO 00yYeHusl.

VyactHukM OypHO 00CYXAanu 0OJacTH, JABMKUMBIE 3apOKJAIOIIMMUCA aBTOMATU3MPOBAH-
HBIMU BbIUMCIEHUSIMUA U KUOEPHETUKOI: M3yUeHHe TPAaBUJI B €CTECTBEHHBIX U MICKYCCTBEHHbIX CHUCTe-
Max, cJIo’kHasi 00paboTKa MH(OPMAIINH, UCKYCCTBEHHBbIE HEHPOHHbIE CETH, TEOpHUsI aBTOMAToB. .. Ha
3TOM HEOOJIBIIIOM CEMUHApE ObUTH Pa3padOTaHbl U AEKJIAPUPOBAHbl OCHOBHBIE IIPUHLMITBI U TOAXO/bI
K CO31aHUI0 UCKYCCTBEHHOI0 MHTeJuleKTa. CaM TepMMH NPedJIokn Bee ToT ke ko MakKapru.
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Jloruka npessbiiie BCero

B Hacrosiiee Bpemsi 4acTh yYEHBIX IPEICTABIISIET cebe MHTEIUIEKTYaIbHbIe MAIlIUHbI, padoTalo-
IIIM€ TOJILKO Ha OCHOBE JIOTUKU U UCTIOJB3YIOIIHE [Tl STOTO IEPEBbsI IOMCKA U SKCTIEPTHBIE CHCTEMBI.
WHsxeHep BBOAUT B CUCTEMY JIaHHBIE U MTPaBUJIa X 0OPaOOTKH, a CUCTEMa U3BJIEKAET U3 HUX PE3YIib-
TaThl BBIYMCIICHUI WM aHaIM3a. boree mupokas 1e1b yYeHbIX 3aKJII0YaeTcsl B CO3JaHUU MallIiHBbI,
CITOCOOHOW 3aMEHUTh YeJIOBEeKa B CIIOKHBIX paccyxaeHusx. Atan Hetoamn u TepOepr CaiiMoH u3
Vuusepcutera Kapaeru-Mesnona B [TuttcOypre nepeeimu pazpadotanu mporpammy Logic Theorist
(«JIornyeckuit TEOPETUK» ), KOTOpasi yMea JOKa3bIBaTh MPOCTHIE MaTEMAaTHUECKIE TEOPEMBI, HCCIIe-
Iysl IepeBO TOUCKA, COCTAaBJIEHHOE M3 TIPeoOpa3oBaHMii MaTeMaTHUecKuX (hopMyit. DTo ObLIO Mpe-
KpacHoe BpeMmsl.

OpnHako uepe3 HekoTopoe Bpems TeMatuka MW Hamonro nmorpy3uiack B cnsiuky. B 1970 r.
ArenrtctBo Munucrepcra o6oponst CIIIA ARPA!! cokpartmiio GomxeTsl (pyHIaMeHTaTbHBIX UCCIIe-
noBanuii B oonactu M. Tpu roga crycts, nocie otuéra JIaTxusa, KOTOpblid JaJl KpaiHe TIeCCUMU-
CTUYECKHE MPOTHO3bI TSI OYIYIIMX UCCIISAOBAHUI B 00JIACTH UCKYCCTBEHHOTO MHTEJIeKTa, Benmko-
OputaHus caenaia To ke camoe. Her ieHer — HeT Mcclie/IoBaHu. . .

[Mpouecc capunysicsi ¢ MepTBO# Touku B Havyase 1980-x. B To Bpemst Gomblie HaiesK/1bl 1ojia-
BaJIM IKCIEPTHBIE CHCTEMBI, U SIMOHUs 3amycTuiia aMOMIIMO3HBIN MPOEKT MO CO3AAHHMI0 «KOMITBIO-
Tepa MATOTO MOKOJICHHUs1», KOTOPBIN JOJIKEeH ObUT MHTET PUPOBATh HABBIKK JIOTMYECKOTO MBIIIIJICHUS B
camy ero KoHcTpykiuio. OH Jo/KeH ObUT yMeTh BecTH Oecely, epeBOANTb TEKCThI, HHTEPIPETHPO-
BaTh N300paXEeHUs U, BOBMOKHO, JIaXKe paccykaaTh, Kak denoBek. K coxanenuio, 3ta uaes ceds He
ornpapaania. PazpaboTka 1 KoMMepIMaIr3aIys IKCIepTHLIX cucteM, Takux kak MYCIN, o kotopoi
MBI YK€ TOBOPHIIH, OKA3aJIMICh HAMHOTO CJIOKHEE, YeM 0KUAATOCh.

Wpes mocTaBuTh psAOM C BpayuaMH WM WHKEHEpaMU KOTHUTOJIOTOB (CIIEIMATIMCTOB 10 BOC-
MPUATHIO ¥ TIO3HAHMIO), TIHITABIIMXCS 3aNMCaTh XOJ MX MBICJIEH WM PACCyXkJEHUI B MpoIiecce Aua-
THOCTUKM OOJIE3HM WJIM HEUCIIPAaBHOCTH, He cpadoTaia. DTO ONsTh OKA3aJoCh CIOXKHEE, TOPOKe U
BOBCE HE TaK Ha/Ie)KHO, KaK MPEAINONarajioch BHaYasIe, ¥ K TOMY e YIIPOIIAJIo 3HAHKS 1 OTIbIT, HAKOTI-
JIEHHbIE CTIEIMAITCTOM, 0 IPUMHUTHUBHOTO HA0Opa MPaBHIL.

C 3TUM «KJIACCMYECKUM>» MHTEJIIEKTOM, KOTOPBIN TaK TPYIHO BOCIIPOM3BECTH, CBSI3aHbI AJITO-
pUTMBI Ha rpadax, KOTOpbIE TOXKE UMEJM B CBOE BpeMsl OTITYIIUTEbHbINA YCIIeX.

! Arenterso MEePCIEKTUBHBIX UCCIIEI0BATENBLCKUX MTPOEKTOB, KoTopoe B 1972 r. nepenmenoBan B DARPA (ArenTcTBo nepcrnek-
THBHBIX OOOPOHHBIX MCCIIEOBATEIbCKHX ITPOEKTOB), ABJISETCA areHTCTBOM MUHHCTepcTBa 0O0POHSI M0 (PUHAHCHPOBAHUIO IPOEKTOB
uccneoBanui u paspadorok (HMOKP).
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Urposoit Mmup

B 1997 r. uemnuona mupa 1o maxmaram appu Kacraposa npurmacum B Helo-Vopk npusaTh
yuyacTue B MaTue U3 1iectu naptuii mpotuB Deep Blue, cynepkomripiorepa, CO3IaHHOTO TpaHCHAIU-
OHaJIbHOU Koproparuenr IBM, — MoHcTpa BeicoToM mouty 2 M 1 BecoM 1,4 T. B 1iectoi, 3akmoun-
TEJIbHON MapTUM MaTya, KOTOPYIO MPEeABApsUIM TPH HUYBM U MO OIHOHM MoOese ¢ KaXI0i CTOPOHBI,
Iappu Kacnapos crasicst yxe Ha aBagiatom xoay. OH nmpu3HajCs, 4To ObUT MOpakeH U MoOeskKIeH
BBIYUCITUTENIBHON MOIIBIO MAIITHBL.

JlaBaiiTe Ha MUHYTKY OCTaHOBHMMCsI Ha ycTpoiictBe Deep Blue. B kommbiotepe 6610 30 mpo-
[IECCOPOB, JIOMOTHEHHBIX 480 cXeMamH, CHIeUaabHO pa3paOOTaHHBIMU JJIsl IPOBEPKHU MO3MLIMI Ha
maxMarHoi gocke. O0anas Takol BEIYMCIUTEIBHON MOIIHOCTBIO, MAIlIMHA MOIJIA OLIEHUBATh Kaye-
ctBO nipuMepHO 200 MITH MO3UIMI Ha JIOCKE B CEKYH]1y, UCTIONb3Ysl KJIACCUYECKUE aJITOPUTMBI JIepe-
BbEB TOUCKA.

Heckonpko ner cyers, 14, 15 u 16 deppans 2011 r., nocse Tpex payHIOB UIpbl KOMIIBIOTED
IBM Watson onepsxai rnodery B aMepuKaHCKON Urpe-BUKTOpHHE — Jeopardy! ABatap KOMIIbIOTEpA,
Pa3MeIeHHBIN MeX Ty IByMsI YUeMITMOHAMH, TTPECTABIISII COOOM 3eMHOM IIap, MTOK PHITHI CBETOBBIMU
aydamu. [IporpaMma, HanvcaHHasi y4eHBIMU-KOMITBIOTEPIIMKAMY, yIaisijia U3 BOMPOca HEHYXKHBIE
cJI0Ba (apTUKJIM, IPEJJIOTH. . . ), OTpe/iesisijia 3HaYMMble CJI0Ba M ICKaJIa STH CJI0BAa B OTPOMHOM KOJIH-
YyecTBe TEKCTOB, Nopsiaka 200 MJIH CTpaHUL, ONpeAess TaM Te MPeIIOKEeHUs], B KOTOPbIX MOKHO
ObLIIO HAWTH OTBET.

OTH TEKCThl, 2 UMEHHO BCsl BuKMIIenusi, SHIMKIIONEANH, CJIOBApH, Te3aypyChl, COOOIIEHHUS
MH(POPMAIIOHHBIX ar€HTCTB, IUTEpaTypHbIE MPOM3BEICHNUS, XPAHUINCH B €r0 ONePaTUBHON MaMSITH
o0beMoM 16 TepadaiiT!'? (keCcTKue AUCKU ObUTH ObI CJIMIIIKOM MeIEHHBIMH JIJIs1 TaKuX 3a1a4). COTHU
THICSTY OOBEKTOB U UMEH COOCTBEHHBIX C(DOPMUPOBAIIM OOJBIION CIMCOK 3alMCei, Kak1as U3 KOTO-
PbIX OTHOCHJIACH K OIpeJeIeHHOW cTaThe Bukunenuu, BeO-CTpaHuIle WM TEKCTY, Tie OHA TOSIBU-
nack. .. Cucrema Watson mpoBepsiia, CyIIECTBYET JId JOKYMEHT, B KOTOPOM IPUCYTCTBYET YacTh KJTIO-
YeBbIX TEPMHUHOB Borpoca. [locrie 3Toi mpoBepkH npodiemMa CBOAUIACHh K HAX0XKJEHHUIO PaBUIBHOTO
OTBETa B CTaThe.

Hampumep, ecu 6b1 Bonpoc 3Byuan Tak: «[me pomwics Bapak O6ama?», cucrema Watson
3HaJIa, YTO OTBETOM OyZeT Ha3BaHKe MecTa. B ee 6a3e qaHHBIX ObLT CIICOK BCEX JIOKYMEHTOB, B KOTO-
peix ynomunascs bapak Ob6ama. [Tostomy rae-HuOyab 00sI3aTeIbHO HaIIach OBl CTaThs CO CIIOBAMU
«Obama», «pommicsi» u «[aBaitn». 3aTeM MalMHe MPOCTO HYKHO OBbUIO BBIOpaTh cioBO «[aBaiin»,
COOTBETCTBYIOIIIee OTBEeTY. Watson, 1o CyTH, COCTOsUIa U3 CUCTEMBI OBICTPOro MOMCKa MH(pOPMAIN
B COUETAHUU C XOPOIllel nHAeKcanuen qanHbix. Ho 3Ta ciucreMa He moHMMana cMeicia Borpoca. OHa
BeJsa ce0s KaK MIKOJIBHUK, BBITIOJMHSIONIMI JIOMAIIIHee 3aJaHUe C OTKPBHITOM KHUTOW (MJTH OTKPBITOM
Bukunenueii!). Ha 3a1aHHBIN BOIIPOC OHA MOXET HAWTH MPABUIIBHBIN OTBET B yueOHHMKE U TIepertu-
caTh ero, HI4Yero He MOHUMasi B TOM, UTO TTHIIET.

B 2016 r. nosBisercs emie ogHo goctukeHue. B Ceyne 10:)KHOKOPENHCKUI YEMITMOH 110 Urpe
B T0 ObUI TIOOEXKIEH CBOMM KOMIBIOTEPHBIM MPOTHBHUKOM AlphaGo, BHYIIMTENIBHON CHCTEMOA,
pazpadoranHoit DeepMind, noyepHeii kommanuein Google. BoceMHaIIiaTUKpaTHBINA YEeMITMOH MUPa
JIu Ceponb mpourpail MalvHe yeTsipe Urpbl u3 nsati. B ommune ot Deep Blue, AlphaGo Obina
«00yueHa». OHa TPEeHUPOBAJIACh, UTPasi MPOTUB caMou ceOsl, CoueTast IPU 3TOM HECKOJIBKO XOPOIIO
M3BECTHBIX METOJIOB: CBEPTOUYHBIE CETH, yCUIeHHOe oOydyenune u meron Monre-Kapmo uis oucka B
AepeBe, METOl] «PaHIOMU3UPOBAHHBIX JIEPEBLEB MOMCKa». Bripouem, He Oyznem 3aderath BIepe].

12 TepabaiiT — 3TO eMHULIA U3MEPEeHHsI KoryecTBa U POBOH MH(BOPMALIIH, 3/1eCh UCTIONB3YeTCS B Ka4ecTBE eANHHLbI U3Mepe-
Hust oobema namsati. OH coctaBisier 240 6aitt. OnuH 6aiiT MOXET UMeTh 256 pa3INYHbIX 3HAYCHHUIL.

23



d. JlexyH. «Kak yunrcs mamuHa. Peposmornus B 001aCTH HEMPOHHBIX CeTel U IITyOOKOro oO0yueHu s»

HelipoOunosorus u nepuentTpoH

B 1950-x rr., KOra «BeJIMKUE MarucTpbl» KJIaCCUYECKOTO UCKYCCTBEHHOTO MHTEJUIEKTa, OCHO-
BaHHOTO Ha JIOTWKE U rpadax, pa3fABUHYIM T'PAHUIIBI €r0 MPUMEHEHUs, MTHOHEPhl MAIIUHHOTO 00Y-
YyeHus1 chopMyIUPOBAIN abTepHaTUBHbIC uaeu. OHU ObUTH yBEPEHBI, YTO JIOTHMKHM HEJOCTATOYHO,
YTOOBI KOMITBIOTEPHBIE CUCTEMBI OBLTH CIIOCOOHBI PeliaTh CIOKHbIE 3a1auu. HeoOxoaumo ObLIo mpu-
OMM3UTHCA K (DYHKIIMOHUPOBAHHIO MO3Ta M TEM CaMbIM CENATh CUCTEMBI CITIOCOOHBIMH MTPOTPAMMHU-
poBarth camux cebs1, ONMpasich HA MEXaHU3MbI 00y4YeHHS MO3ra. DTO HallpaBJIeHHe OCHOBAHO Ha TaK
Ha3bIBAEMOM «IITyOOKOM 00yueHnn» (deep learning) v ICKYCCTBEHHBIX HEHPOHHBIX CETSIX, — IMEHHO
B 9TOi1 oOactu s u padoraro. Ha monoOHBIX MexaHU3Max OCHOBaHa padoTa OOJNBIIMHCTBA MPOIBH-
HYTBIX COBPEMEHHBIX TIPUJIOKEHUH, BKJII0Yasi aBTOHOMHBIE aBTOMOOWIIH.

[TpoucxoxaeHre MeTona OTHOCUTCS K cepeuHe Iporuioro Beka. Eme B 1950-x rr. nuoHepsl
MCKYCCTBEHHOTO MHTEJUIEKTA TIOIIePKUBAIA TEOPHUH, pa3padoTaHHbie [JoHanbaom XeO00oM, KaHa-
CKHMM TICUXOJIOTOM M HEPOOUOIOrOM, KOTOPBIM, B YACTHOCTH, Pa3MBIILISIT O POJIM HEHPOHHBIX CBSI-
3eil B 00yueHnH. BMecTo Toro 4to0bl BOCIPOU3BOJUTH JIOTMUECKHE LIETIOUKY YeJIOBEUYECKIX PACCykK-
JeHuH, ToueMy Obl He MICCIIE/IOBATh MX HOCHUTEIb, STOT MOTPSCAOIIUN OMOIOTMYECKUI TIPOIIeCCcop,
KOTOPBIM $IBJISIETCS MO3I'?

Takum 00pa3oMm, UCCIIeI0BaTENN BEIYMCIICHUN CKOHLIEHTPUPOBAIUCH HA HEPOHHOM CIIoco0e
00paboTku MHGpOpPMAIMK B OTIMYME OT paHee MPUMEHSBIIEHCS JIOTMYECKON, WM «IOCTIeI0Ba-
TeJIbHOI», 00paboTku. OHM HALETWINCh Ha MOJETMPOBAHUE OMOIOTMUYECKUX HEMPOHHBIX LETIeH.
MarmmHHOe 00y4eHue, Ha KOTOpoe ObLTH HANpaBJIeHbl UX YCHUJIHSI, OCHOBBIBJIOCH HA OPUTHMHATBHOM
ApXUTEKType, CETH MaTeMaTUYeCKUX (DYHKIIMH, KOTOPBIE MO aHAJIOTUU HAa3bIBAIOT «MCKYCCTBEHHBIMU
HEHpOHAMM».

OHHM ynaBIMBAIOT BXOJAHOW CHUTHAJI, M HEHPOHBI B CETH 00padaThIBAIOT €ro TAKMM 00pa3oM,
YTO Ha BBIXO[E ITOT CHrHaji uaeHTtuduimpyercs. CI0KXHOCTh ONepaluy, HarpuMep, pacro3HaBa-
HHUEe 00pa3oB, MOJIePKUBACTCS KOMOMHIPOBAHHBIM B3aMMOJICUCTBUEM OYEHb MPOCTHIX JIEMEHTOB,
a IMEHHO MCKYCCTBEHHBIX HelpoHOB. Tak M B HallleM MO3re B3auMOJCHUCTBUE OCHOBHBIX (DYHKIIMO-
HAJIbHBIX €JMHUI] — HEPOHOB — MOPOJK/IAET CJIOKHbBIE MBICIIH.

BosHukHOBeHue onuchiBaeMoi KoHteniuu gatupyercst 1957 r.: B Tom xe roay B KopHenbckom
yHuBepcutete rcuxonor ®psnk Po3eHONATT, BIOXHOBIEHHBII KOTHUTHBHOW Teopued [loHanmbaa
Xe60a, MoCTPOMI MEPIENTPOH — EPBYIO OOYYAIOIIYIOCS MalliuHy. MBI pacCCMOTPUM ee B CJIeTyIoIIein
I71aBe, TaK KaK OHa SIBJISIIOTCS] STAJIOHHOW MOJIEJTBIO MallIMHHOTo 00y4eHus. [Tocie oOydyenus nepiien-
TPOH CHOCOOEH, HAIIPUMeEp, Pacrio3HaBaTh 00pa3kl (reoMeTprudeckre (PUrypol, OyKBHI U T. 11.).

B 1970-x rr. aBa amepukaniia, Pudapn [dyna, B To Bpemsi mpodeccop 3/1eKTPOTEXHUKU B
Vuusepcutere Can-Xoce (Kamgopnus), u [Tutep Xapr — yuensiii-komnsiorepiuk u3 SRI (Cran-
doprckoro uccnenoBaresibckoro MHCTUTYTa) B Menno-Ilapke (Kamudopuus), odcyxaan Bce 3Tu
TaK Ha3bIBaeMble METO/bI «PACIIO3HABAHUS CTATUCTUYECKUX (hOPM '3», TPUMEPOM KOTOPBIX SIBJISIETCS
neprentpoH. C caMoro Havyajaa Ux pyKOBOJCTBO CTajl0 MHUPOBBIM 3TajoHOM, bubmnmeit pacro3HaBa-
HUS1 00pa30B /JIs1 BCEX CTYAEHTOB. .. W JIsi MEHsI TOXKeE.

Ho nepuenTpon ganeko He BcecusieH. CrucTemMa, COCTOSINAs U3 OHOTO CJIOSI UCKYCCTBEHHBIX
HEMPOHOB, UMEET «BPOXKIECHHBIE» OrpaHruueHus. VccnenoBaresy NbITaluch YBEIMIUTh €ro 3Ppdek-
THUBHOCTb, BBOJIS1 HECKOJIBKO CJIOEB HEPOHOB BMecTo onHoro. Ho 6e3 anropurma oOyueHust CIOeB,
KOTOpPBII K TOMY MOMEHTY ellle He ObUT U3BECTEeH, TAKME MAIIIMHBI BCE €Ille OCTABATINCh OYEHb MaJIo-
3(ppeKTUBHBIMHU.

13 Richard O. Duda, Peter E. Hart, Pattern Classification and Scene Analysis, Wiley, 1973.
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9noxa 3acrosa

[epeiinem k KoMy BpemeHH, korna B 1969 r. Ceitmyp Ilanept 1 MapBun MuHCKM — TOT CaMBbli,
KOTOpbIA B 1950-X IT. yBiIeKajacs UCKYCCTBEHHBIMUA HEMPOHHBIMH CETSIMH, MPEXAE YEM OTPEUbCs
OT HUX, OnmyOMKoBaiu KHUTY «[leprienTponsl: BBeeHre B BHIYMCIUTENBHYIO TEOMETPHIO» 4. OHM
MaTeMaTU4YeCcKH J10Ka3ay Mpeesibl BO3MOKHOCTEN MEepLENTPOHA, U HEKOTOPbIE U3 JOKa3aHHBIX UMY
OrpaHUYEHHI TIO CYTH MMOCTABUJIM KPECT Ha UCTIONIB30BAHUM ITOW M MOJOOHBIX MAIIIHH.

Kazanoce, pazBute ynepsioch B HEIIPEOLOIUMYIO CTeHY. DT J1Ba npodeccopa Maccauycer-
CKOT'O TEXHOJIOTMIECKOTO0 MHCTUTYTA MOJIb30BAIUCH OOBIIMM aBTOPUTETOM, TaK YTO UX padoTa Haje-
Jlajla MHOTO IIyMa. ATEHTCTBa, (PMHAHCHPYIOIIKE UCCIIEI0OBAHMUS, TPEKPATUIIN MOJIEPKKY UCCIIEI0-
BaTeJIbCKUX padoT B 310l obnactu. Kak u uccnenosanus B GOFAL uccnenoBaHust HEHPOHHBIX ceTei
MePEeKUIN CEPbE3HBIN 3aCTOM.

B 3TOT nepron 60NBIIMHCTBO YUEHBIX MepecTaid FOBOPUTh O CO3JaHUM YMHBIX MaIlIH, CIO-
COOHBIX K 00yuyeHuto. OHM MPEANOYUTAIN OrPAaHUYMBATh CBOM aMOUITMM Oosiee MPU3eMJICHHBIMU
npoekTamu. Vcnoins3ysi MEeTO/Ibl, YHAC/IEIOBAHHBIE OT HEMPOHHBIX CETEl, OHU CO3/aJIM, HallpUMep,
«aJalITUBHYIO (PHIIbTPALIAIO» — IIPOLIECC, JIEKAIUNA B OCHOBE MHOIMX KOMMYHHUKAIIMOHHBIX TEXHOJIO-
Uil B coBpeMeHHOM mupe. [Ipexe ¢pusnueckue cBoicTBa MPOBOAHBIX JIMHUI CBS3U CUJIBHO Orpa-
HUYMBAIU TEPeiavy BHICOKOYACTOTHBIX CUTHAJIOB, IPUBO/S K MX CYILIECTBEHHBIM MCKAKEHUSIM YKe
Ha pacCTOSIHUM HECKOJIBKUX KWJIOMETPOB. Tenepb CUrHajl BOCCTaHABIMBAETCS C TIOMOLIBIO a1alITUB-
Horo usbTpa. Vcrions3yembiii anroputm HasbiBaeTcst Lucky’s Algorithm B uecTs ero nzoOperaresns
Boba Jlaku, kotopeiii B koHIle 1980-x pykoBoaun otaenom Bell Labs, roe Torma padorano okosio
300 yenoBeEK. B TOM YHUCIIE U f1.

Be3 aganTuBHON (bWIIBTpaIK y HAC He ObLIO OBl Tesie(hOHa C TPOMKOM CBSI3bI0, KOTOPBIN T03-
BOJISIET BaM TOBOPHUTh B MUKPO(OH Oe3 caMOBO30YXIEHUS, TPOUCXOASIIETO OT YCHIICHUsT MUK PO-
(poHOM 3ByKa rpOMKOrOBOpUTENsl (KOrJa 3TO CIy4aeTcsi, Mbl CJIBIIIMM I'POMKUNA BOW WK CBUCT). B
9XOKOMIIEHCATOPAX, KCTaTH, UCHONIB3YIOTCS AJITOPUTMBbI, OYEHb ITOX0KUE Ha AJITOPUTM MEPLENTPOHA.

He nosiBusicst 661 63 9TOM TeXHOIOTUU U MoAieM >, DT0 YCTPOKCTBO TO3BOJISIET OJHOMY KOM-
MBIOTEPY KOMMYHULIMPOBATH C JPYyTrMM KOMIBIOTEPOM 110 TeIe(POHHOMN JIMHUU WU MHOM JIMHUU CBSI3U.

4 Marvin L. Minsky, Seymour A. Papert, Perceptrons: An Introduction to Computional Geometry, The MIT Press, 1969.

15 yerpoiicerso, coctosiee U3 MOIYIIATOpa 1 AEMOY/IATOPA, NPEIHASHAYCHHOE Vs Tlepeiaun U POBBIX JAHHBIX 110 Tele)OHy
WM [0 KOAKCHAILHOMY KaOetio.
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IIpenannbie nmociaenoBaTen

Tem He MeHee, 1 Bo BpeMeHa 3actost B 1970-x u 1980-x rr. HEKOTOpbIE yueHbIe MPOAOIIKAIN
paboTaTh HaJ HEMWPOHHBIMH CETSMH, XOTsI HAy9HOE COOOIIECTBO CUMTANIO UX CyMACHIEANINMH, YyTh
m He (panatrkamu. S nvero B By TeyBo KoxoHeHa, (pHHA, KOTOPBIN HAamMcaT 00 «accOIMaThB-
HBIX BOCIIOMUHAHMSIX» — TeMe, OJTM3KOM K HEMPOHHBIM CeTsIM. § TakXke rOBOpIO M O TpyIIe SMOH-
1eB — B SINOHMY CyIIEeCTBYET N30JIMPOBaHHAsI MHKEHEPHAsl 9KOCUCTEMA, OTJIMYHAS OT 3aaJHoM, — U
cpenu Hux o Maremaruke CyH-Utin Amapu u uccreioBaresie UICKyCCTBEHHOTo uHTeiekTa KyHuxuko
dykycuma. [locneqauii padoTasl Ha/l MAIIUHOM, KOTOPYIO OH Ha3BaJl «KOTHUTPOHOM», TI0 aHAJIOTHU
C TEPMHMHOM «IlepuenTpon». OH co3all ABe ero BepCUU: «KOTHUTPOH» 1970-X U «HEOKOTHUTPOH»
1980-x. Kak u Pozen6nart B cBoe Bpemsi, Pykycrma OblT BAOXHOBJIEH TOCTHKEHUSIMU HEHPOOUOJIO-
I'MH, OCOOCHHO OTKPHITUAMHU ameprKaHiia [[apuga Xetooena u meega Topcrern H. Busens.

Oty aBa Helipoduosora monyuru HobeneBckyto mpemuio 1o ¢pusuonorun B 1981 1. 3a cBOIO
paboTy Haj 3pUTeNbHON cucteMoi Komek. OHM OOHAPYKUJIH, YTO 3peHHe BO3HUKAET B pe3yJbTare
MIPOXOXKIEHU S BU3YaJbHOI'O CUTHAJIA YE€PE3 HECKOJIbKO CJI0EB HEMPOHOB, OT CETYATKH JO IEPBUYHON
3pUTENILHON KOPBI, 3aT€M B APYTrue 00IaCTH 3pUTEILHOM KOPBI, U, HAKOHEII — B HIPKHEBUCOYHYIO KOPY.
HelipoHbl B KaK/IOM U3 9TUX CJIOEB BHIIOIHSIOT 0cOObIe (DYyHKIMU. B mepBUYHON 3pUTETHHON KOpe
KaX[IbIil HEMPOH CBSI3aH TOJIBKO C HEOOJTBIIION 00IACTBIO OIS 3peHH s, 8 UMEHHO CO CBOMM PeLenTop-
HBIM 11071eM. Takue HelPOHbI Ha3bIBAIOTCS «IPOCTBIMUY». B ciieyromieM cioe apyrvue HelMpOoHsbl BKIIIO-
YaloT aKTUBAIMIO TIPEBIIYIIEro CIOsl, YTO TIOMOTAeT MOIePKUBATh TMpecTaBIeHNe N300paXkeH s,
eci OObEKT HEMHOTO TiepeMeniaeTcs B nojie 3peHust. Takue HeMpPOHbBI HA3BIBAIOTCS «CIJIOKHBIMIY.

Takum oOpazom, Pykycrma ObLT BIOXHOBJIEH UAEEH MEpBOro CIIOsI MPOCTHIX HEHPOHOB, KOTO-
pble OOHAPYKMBAIOT MTPOCTHIE Y30Pbl B HEOONBIIINX PELENTOPHBIX MOJISX, BBIAIIINX N300paKeHue,
¥ CJIOXKHBIX HEHPOHOB B CIIE/lyIoNIeM ciioe. Bcero B HEOKOTHUTPOHE ObLIO MATH CJIOEB: MPOCTHIE HEl-
POHBI — CJIOKHbIE HEMPOHBI — MPOCThIE HEMPOHBI — CJIOKHBIE HEMPOHBI, U 3aTEM «KJIACCU(PUKAIIOH-
HBIA CJIOW», TIOMOOHBIN TieprenTpony. OH, 0Y4eBUIHO, UCTIONBH30BAJ IJIsI TIEPBBIX YEThIPEX YPOBHEU
HEKOTOPBIA aITOPUTM O0yUeHHsI, HO TIOCTIEAHUI ObLIT «<HEKOHTPOJIMPYEMBIM», TO €CTh OH HE MPUHU-
MaJl BO BHUMaHUe KOHEUHYIO 3a1auy. Takue ciou o0ydanuch «Bcienyio». TONbKO NOCAeHUN CIIOM
oOyuasicst of, HaOmoaeHueM (Kak 1 neprentpoH). Y PykycuMbl He ObUIO alropuTMa OOydeHHs,
KOTOPBII PEryrmpoBajl Obl apaMeTpbl BCEX CJI0EB €ro HEOKOrHUTpoHa. OTHAKO ero ceTh Mo3BOJIsIa
pacrno3HaBaTh JOBOJBHO POCThIE (DOPMBI, HATPUMED, CUMBOJIBI YHCEJT.

B navane 1980-x rr. unen ®yKycumbl NOAJIEPKUBAIM U Ipyrue yueHsle. Hekotopsie ceBepo-
aMepUKaHCKHE UCCIIeIOBATENIbCKHE IPYIITHI TAKKe paboTai B 3ToM odnacTu: ricuxonoru ket Mak-
kiemuang v JIssua Pymenxapr, ouodusuku Jxon Xondunn u Teppu CeHOBCKH, U yUeHbIE-KOM-
MBIOTEPIIUKY, B YacTHOCTH [l xedpdpru XUHTOH — TOT camblil, C KOTOPbIM 1 BIIOCJIEACTBUM Pa3JeIio
ITpemuto Trlopunra, npucyxaeHsyio B 2019 r.
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Moii BbIX0/1 HA CI[EHY

S1 Hayanm uHTepecoBaThesl BceMu STUMU TemMaMu B 1970-x rr. Bo3MoXkHO, JTI0OOMBITCTBO K HUM
3apoIMIIOCh BO MHE ellle, KOria sl Habmoaas 32 MOUM OTIIOM, aBUAIIMOHHBIM HHXEHEPOM M MacTEpPOM
Ha BCe PyKH, KOTOPBII B CBOOOIHOE BPeMsI 3aHUMAJICS NEKTPOHUKOM. OH CTPOMII MOJIENTU CAMOJIETOB
C IMCTAHIIMOHHBIM yIpaBjieHueM. $1 MOMHIO, KaK OH ClieJial CBOUM MEPBBIN MYJbT ISl YIIPABJICHUS
HeOOJBIIION MAIIMHOW M JIOAKON BO BpeMsl 3a0acToBOK B Mae 1968 r., Koraa OH MPOBOAMI MHOTO
BpeMeHHU Joma. $1 He eJMHCTBEHHBIN B CEMbe, KOMY OH Tepeiasl CBOIO CTPACTh K JOOMMOMY Jey.
Moii Opat, KOTOpBIH Ha IIECTh JIeT MIIAIIIE MEHSI, TOXe C/IeNajcs yIeHbIM-KoMITbioTepiukoM. [Tocie
aKaJeMUUYeCKOU Kapbepbl OH CTaJl uccieioBaresieM B Kommanuu Google.

C camMoro paHHero JIeTcTBa MeHsI MAaHWJIA HOBbIE TEXHOJIOTMH, KOMITBIOTEPU3alIMsl, IOKOPEHHE
Kocmoca. .. Ele s MeuTalt ctarh NajIeOHTOIONOM, TIOTOMY UTO MEHSI OYeHb MHTPUTOBAJI YesioBeYe-
CKHMI MHTEJJIEKT U ero 3Bomonus. [laxke ceromHs s mo-rmpexHeMy Beplo, 4YTo padoTa HaIllero Mo3ra
OCTaeTcsl CaMoy 3arajIouHoi Bemibio B Mupe. 51 nmomMHio, kak B [lapuke Ha OOJBIIOM KpaHe s BMe-
CTe C MOUMHU POIUTEJISIMU, a TaKxkKe AsAer U TeTell — «paHataMu» Hay4dHOU (PaHTACTUKHU, CMOTpEIl
dunbem «2001: Kocmuueckast onguccesi». MHe ObUTO TOTIa BOceMb JieT. PHiibM 3aTpOHYI BCe, UTO
TOOUJT: KOCMUYECKHE Ty TelIeCTBY S, Oy/IyIliee YeTOBeueCcTBa U BOCCTAHNE CYTIEPKOMIThIOTepa « X3JT»,
KOTOPBIN TOTOB OBUT YOUMBaTh pajyi COOCTBEHHOTO BBIKMBAHUS M yCIIeXa MUCCHH. YKe TOrjaa MeHs
BOJIHOBAJI BOIIPOC O TOM, KaK BOCITPOM3BECTH YEJIOBEUECKUI MHTEJUIEKT B MAIIMHE.

HeynuButenbHO, 4TO MOCE MIKOJBI 51 3aXOTe] BOIUIOTUTH 3TU MEUTHl B u3Hb. B 1978 r.
s noctyman B [TapuskcKyIo BEICITYIO IKOJTY 371eKTpoHHoi nixenepun (Ecole Supérieure d'Ingénieurs
en Electrotechnique et Electronique, ESIEE) B KOTOPYI0 MOXHO I0JaBaTh 3asiBICHHE Cpasy T0C/e
TMOJTyYeHUsI CTeNeHn OakasiaBpa, 0e3 3aTpaT BpeMeH! Ha IOTIOTHUTESIbHYIO MOATroToBKY. (OTKpOBEHHO
rOBOpS, JJTMHHAS yueOa — He eIMHCTBEHHBIN CITOCO0 TIOOUTHCS ycriexa B Hayke. S1 Mory To nmoarsep-
IWTh HA CBoeM mpumepe.) A nockonbKy yueOa B ESIEE mpenocTtaBiisieT CTyieHTy HEKOTOPYIO CBO-
601y, s1 CyMeJl BOCIIOIb30BaThCSI STHM.
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IL1010TBOpPHOE UTEeHME

MeHs BOOIYIIIEBMIIM HOBOCTH O jieOatax Ha KoHdepeHwu Cerisy 0 BpOKJISHHOM U TTpuodpe-
TeHHOM 3HaHuM ', mpounTanHbie MHOIO B 1980 1. JIuareuct Hoam XoMcKu MOATBEPAWI, YTO B MO3Te
CYILIECTBYIOT MUCXOJHO 3aJI0)KEHHBIE CTPYKTYPBbI, IIO3BOJISIIONINE YEJIOBEKY HAYyUUThCs s3bIKY. [lcuxo-
7ior JKan [unaske 3anminan uaero o ToM, 4to Jodoe 00ydeHHe 3a/1eHCTBYET onpeieIeHHbIE, YKe CyIlle-
CTBYIOIIME CTPYKTYpPbl MO3Ta, ¥ UTO OBJIQJIEHUE SI3BIKOM OCYIIECTBJISIETCS TOITAITHO IO Mepe TOro,
Kak (hopMuUpyeTcs MHTEIUIEKT. TakuM 00pa3oM, MHTEJUIEKT OyJeT pe3yIbTaToM 00yUYeHHsI, OCHOBAH-
HOTO Ha oOMeHe nH(popMaIel ¢ BHEIITHUM MUPOM. Ta ujiess MHE TIOHPABUIIACh, 1 MHE CTAJIO MHTE-
PECHO, KaK ee MOXHO MTPUMEHUTh B OTHOLIIEHUH MalllMHbL. B 3TOi JUCKyCCHM MPUHUMAIH y4acThe
MMEHUTHIE yueHble, B ToM uucie Ceiimyp [lanept. B Hell OH BocXBasisiji nepUenTpoH, KOTOPbIM ONU-
ChIBAJI KaK MPOCTYIO MAIMHY, CIOCOOHYI0 00y4aThCsl CJIOKHBIM 3a7a4aM.

Tak 51 1 y3HaJ O CyIIeCTBOBaHUM 00YyJaIOIIeCs MaIlIMHbL. DTa TeMa MeHsI IPOCTO oyapoBaa!
IMockonbKy 51 He yuwJics 1O cpeJaM Iociie o0efa, sl Havyal phicKaTh 1Mo mojkaM ononuorekn Harm-
OHAJILHOTO MHCTUTYTa KOMITBIOTEPHBIX M aBTOMaTU4YeCKUX uccrnenoBaHuii B Pokkenkype (National
Institute for Research in Digital Science and Technology, cokpariento «Inria»). ¥ atoro yupexne-
HUS caMblil 6oratbiii Onomroteunsiii poua UT-mureparypst B Winb-ge-Ppanc. S BApyT MOHsLI, 4TO HA
3amnae OoJbllie HUKTO He padoTaeT ¢ HEMPOHHBIMU CETSMU, U C ellle OONBIIMM yAUBJICHUEM O0Ha-
PYKWJI, YTO KHUTA, TIOJIOKUBIIIAsT KOHEI MCCIIEIOBAHUSIM TepIENTPOHA, IPUHAIJICKUT TPy TOTO Ke
camoro Ceitmypa ITanepra!

Teopus cucreM, KOoTopyio B 1950-X IT. Mbl Ha3bIBAJIM KMOSPHETHKOM, M KOTOpast M3yJaeT ecTe-
CTBEHHBbIE (OMOOrMUYECKHe) U MICKYCCTBEHHBIE CHCTEMBI — €I1Ie OJIHa MOsI CTpacTb. Bo3bmeM, Harpu-
Mep, CUCTEMY PeryJlMpoBaHus TEMIIEPATYPHI TeJla: OPraHU3M YeJIoBeKa MOAACPKUBAET TEMIIEPaTypy
37 °C 6naropapst HUIMYHKIO CBOGOOPA3HOTO «TEPMOCTaTa», KOTOPBIA KOPPEKTUPYET PA3HUILY MEXITY
CBOEU TemrepaTypoi 1 TeMIepaTypoi CHapyKHU.

MeHs1 yBieKJIa ujesi caMOOpraHu3alu cucteM. Kakum oOpa3oM OTHOCHTENBHO IPOCTHIE
MOJIEKYJIBl WJIM OOBEKTH MOTYT CIIOHTAHHO OPTaHU30BBIBATHCS B CJIOKHBIE CTPYKTYphl? Kak Moxer
MOSIBUTHCS] MHTEJUIEKT U3 OOJIBIIIOro Habopa MPOCTHIX B3aMMOJEHUCTBYIOIINX HEHPOHOB?

S u3yuan maremarrueckue padoThl IO TEOPUH aJTOPUTMHUYECKON ciokHOCTH Kosmmoropoga,
ConomonoBa u Yaiituna. Kuura dynst u Xapral’, 0 KOTOpO# 51 yke YHOMHHAJI, CTaja JJIsl MEHs
HacTonbHOM. $1 untan xypHan «buonornyeckas kudepretnka» («Biological Cybernetics. Advances
in Computational Neuroscience and in Control and Information Theory for Biological Systems»,
M3JATeNILCTBO Springer), MOCBSIIECHHBII MaTeMaTHUECKUM MOJEIsM pabOThl MO3ra WM JKUBBIX
CHUCTEM.

Bce 311 BOnpockl, ocTaBieHHbIe 0e3 OTBEeTa B PO/, 3aCTOSsI UCKYCCTBEHHOTO MHTEIJIEKTa, He
BBIXO/IMJIA Y MEHSI U3 TOJIOBBI, U Y MEHs TIOCTENEHHO CTaJI0 (DOPMHUPOBATHCS YOSKACHUE: €CTTH MBI
XOTHM CO371aBaTh WHTEJJIEKTYaJIbHbIE MAIIUHBI, HEJIOCTATOUYHO, YTOOBI OHM PabOTaIM TOJIBKO JIOTH-
YECKHU, OHU JIOJKHBI OBITh CIIOCOOHBIMU YUUTHCSI, COBEPILIEHCTBOBATHCS HA COOCTBEHHOM OIIbITE.

UYurasi Bce 3TU TPyIpl, s MOHUMAJI, YTO YacTh HAyYHOrO COOOIIECTBA pasjieliseT MOe Buje-
Hbe MpoOeMbl. Bckope st mosHakoMuics ¢ padotamu PyKyCHMMBI U 33[yMajicsl O ClIoco0ax IMOBbI-
1ieHus1 3(ppeKTUBHOCTH HEMPOHHBIX ceTeil HeokorHuTpoHa. K cuacteio, ESIEE npenocrasinsit cry-
JEHTaM KOMITbIOTEpPbI, KOTOPBIE /JIs1 TOTO BpeMeHH ObLTM OY€Hb MOIIHBIMH. MBI IIHCATN TPOTPAMMBI
¢ ®wmnne MeTcy, HMIKOIBHBIM JIPYTOM, JIIOOUTEIEM MCKYCCTBEHHOTO MHTEJUICKTa, KaK U s, XOTs
ero OoJbllle MHTEPeCcOBaIa MCUXOJIOTHs 00yuyeHus nereit. [IpernogaBaresin MaTeMaTHKK COTJIACHIIUCDH

16 Théories du langage, théories de 1'apprentissage: le débat entre Jean Piaget et Noam Chomsky, d.bat recueilli par Maximo
Piatelli-Palmarini, Centre Royaumont pour une science de 'homme, Seuil, Points, 1979.
17 Richard O. Duda, Peter E. Hart, Pattern Classification and Scene Analysis, p. 6.
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3aHMMAThCS C HAMHU JIOTIOJTHUTEIbHO. BMecTe Mbl IbITaJIMCh MOJEIMPOBATh HeMpoHHbIE ceTh. Ho aKc-
MEPUMEHTBl OTHUMAJI OYEHb MHOT'O CHJI: KOMIBIOTEPBI HE TSHYJIM HAIM SKCIEPUMEHTHI, a Haluca-
HHE TIPOrpamMM ObLJIO CIUIONTHOW TOJIOBHOM OOJIBIO.

Ha uerBeprsiii rog o0yuenust B ESIEE, onepkiMbIil 9TUM HCCIEIOBAHUEM, 51 JOTaJaJICs O He
COBCEM MaTeMaTH4eCKd OOOCHOBAHHOM TpaBujie O0Oy4YEeHUs] MHOTOCIOWHBIX HEWPOHHBIX ceTeil. f
MIPE/ICTABII AJITOPUTM, KOTOPBIH OyJeT pacpoCTPaHsTh CUTHAJIBI B OOpaTHOM HaIlPaBJICHUH TI0 CETH,
HAYMHAS C BBIXOIHOTO CJIOsI, YTOOBI 00yYaTh CeTh OT Hauasia A0 KoHua. 5 Ha3zeai atot asroputv HLM
(ot Hierarchical Learning Machine)'3.

41 ouenb ropauics coeit uneeid... HLM sBisiercst npeaiecTBeHHUKOM alropuTMa «o0par-
HOTO PacrpOCTpaHEeHUsI TPAAUEHTa», KOTOPBIA CErofiHsl IOBCEMECTHO MCIIONb3YeTCs Ui O0yUeHuUsI
CHCTEM IITyOOKOro o0y4eHusi. BMmecto pacripoctpaneHust 0OpaTHBIX IPaIMEHTOB B CETH, KaK TO MPo-
ucxonut cerogdsi, HLM pacnpoctpaHsil xenaemble COCTOSIHUS AJIsi KaKIOro HeMpoHa. DTO MO3-
BOJISUJIO MCTIONb30BaTh OMHAPHBIE HEHPOHBI, YTO SIBJISUIOCH PEUMYIIIECTBOM, YUUTHIBAS MEJTUTEIIb-
HOCTh KOMITBIOTEPOB TOTO BPEMEHH [Isl BHIMIOMHEHHsT yMHOXeHus. HLM Obl1 mepBbIM Iarom B
00yYeHUH MHOTOYPOBHEBBIX CETEH.

18 Cwm. maBy 5 «Moit HLM!».
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KoHHEKIIMOHUCTCKHE MOIeJH 00yUeHusI

Jlerom 1983 r. s momy4ms Beiciliee 0Opa30BaHUE TIO CHEIUABHOCTH «HHXeHep». Toraa xe s
HATKHYJICSl HA KHUTY, B KOTOPOHM paccKa3blBAIOCh O padoTe HEOONBIION Irpynibl (hpaHITy30B, UHTE-
PECYIOIIMXCS CAaMOOPraHU3YIOLIIMMUCS CUCTEMaMU U CETSIMU aBTOMATOB. OHU SKCIIEPUMEHTH POBAIN
B ObiBIIEM ToMertieHnr [lomurexHudecko mKkoisl Ha XoinMe Cesitoir JKeHeBbeBbl B [laprke. DTa
naboparopus cereBoit tuHamukn (Laboratoire de dynamique de réseau, wim LDR) 6buta He3aBucH-
MOWM, XOTS e WIeHbl 3aHUMAaJIH JIOJDKHOCTH B Pa3HbIX BBICHIMX YYEOHBIX 3aBEJCHUsIX. Y HUX ObUIO
MaJIO JIeHeT, He OBbUIO IJIAHOBOTO OIOIKETa, a X KOMIBIOTEp HYKAAJICSA B pEeMOHTE. DTO 03HAYAIIO,
YTO MCCIIEAOBAHUS MAITMTHHOTO 00yuYeHust Bo PpaHIyy BUCAT HA BoJocke! f permsi mpruMKHYTh K
HUM. §l MOT peajbHO MOMOYb MM, TIOTOMY UYTO TH yUYeHble HE 3aHUMAJIUCh U3YUYEeHHEM CTapbIX IyO-
JIMKAIUI 10 HEMPOHHBIM CETSAM, KaK 3TO JeJia 5.

Sl pemmn OOBACHUTH UM, YTO MEHSI MHTEPECYET 3Ta TeMa M UTO B CBOEH MHKEHEPHOM IIKOJIe
s 3aHMMAIOCh CXOKeH TeMaTukou. 51 paboTtast B UX rpyIme, npojporkas yueOy B aCIHpaHType B YHU-
Bepcutere [Ibepa u Mapuu Kiopu. B 1984 r. MHe HyXHO ObLJIO TIOATh 3asiBJIEHUE HA 3aIUTY JIOK-
TOPCKOI1 fuccepranyu. S 3aHMMan 10/KHOCTh Mitaiero Hayynoro corpyanuka ESIEE no rpanry,
HO MHE HYKHO OBUTO HaliTH cebe HaydyHOro pykoBomgutess. MHOro BpeMeHH s1 padoTan ¢ ®paHcy-
azoil ®orenpman-Cyre (ceituac Cynu-Porenbman), KOTOpast B TO BpeMsl ITpernojiaBaia KOMITbIOTEp-
Hble HayKH B YHuBepcutete [laprk-V u, 1o JIoruke Beleid, IMEHHO OHA JIOJKHA Obl1a Obl KypUpo-
BaTh MOIO JTUCCEPTAIMIO, HO Y Hee He ObLIO Ha 3TO MOJTHOMOYMA, TIOCKOJIBKY OHA €llle He MpOoIILia
rOCY/IapCTBEHHYIO CEpTH(HKAIIMIO HA MTPABO PYKOBOAUTH acIMpaHTaMu (HEOOXOIMMYI0 BO MHOTHX
€BPOINENCKUX CTpaHax).

[oatomy 51 0OpaTHiICs K eTMHCTBEHHOMY WIeHY J1ab0paTopuu, KOTOPHIA MOT KypHpOBaTh JHIC-
ceprauuio no uHgopmaruke, — Moprcy Munrpamy, npoeccopy napopmatiku u uHxenepuu Tex-
Hojoruyeckoro yHuepcutera Kommbena. OH cormnacwicsi, HO Jajl TOHSITh, YTO HE CMOXKET MHE
CUJIbHO TIOMOYb, TIOTOMY YTO HUYETro He 3HAET O HEMPOHHBIX CETsIX, HO s U Tak ObUT Oe3MepHo Omna-
rogapeH emy 3a 3Ty nomopb. [Toatomy s nocesatui ceoe Bpems ogHoBpemeHHo ESIEE (u ee moui-
HbIM KoMmIibioTepam) U LDR (1 ee unTesuiekTyaapHoOM cpenie). S monan Ha paHee HEM3BECTHYIO MHE
TEPPUTOPHIO, U 3TO OBUIO UHTEPECHO.

3a pyOexoM uccieoBaHus, ONMM3Kre K MouM, Habupanu odopothl. Jletom 1984 r. g compo-
Box a1 @pancyazy Porenbman B KandopHuio, r1e npoiiesn MECIYHYI0 CTaKUPOBKY B U3BECTHOM
MHOrum Jaboparopun Xerox PARC.

B 10 Bpems, 51 mOMHI0, B MUpe ObLIO /IBA YeJIOBEKA, C KOTOPBIMH 51 MEUTaJl BCTPETUThCS: Teppu
CeitHoBCKY — OM0U3MK U Heripoouosor u3 Yausepcutera [IxoHa Xonkuhca B bantumope, u [Ixed-
¢pu Xunton 3 Yausepcurera Kapuern-Menon B ITuTTcypre — ToT camslit, K10 nogeut ¢ Horya
Benmxuno u muoii [Tpemuto Trioprara B 2019 1. B 1983 r. XunTton 1 CeifHOBCKM OITyOJIMKOBAIIH CTa-
ThIO O MamMHax BospiiManal®, koTopasi conepkuT mporeaypy oOydeHusl ceTeil CO «CKPBITHIMU HEell-
pOHaMM», TO €CTb HEMPOHAMHU B POMEKYTOUYHBIX CJIOSIX MEXKy BXOIOM M BBIXOAOM. fl yBieKcs 3Ton
cTaThell IMEHHO MOTOMY, YTO B HEl FOBOPUJIOCH 00 OOYUYEHUH MHOTOCTIOMHBIX HEHPOHHBIX CETEH.
«['maBHBI#» BOIPOC B MOe# padoTe! DTH JIOAM CHINPaJId BaXKHYIO POJIb B MOEH JKU3HU !

19 Marmroit BosblMana HasblBaeTCs OQUH U3 BULOB HEeWpPOHHBIX ceTeid. — [Ipum. peo.
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Jle3-Ym

Mos npodeccuoHanbHast kU3Hb U3MeHWIach B peBpasie 1985 r. Bo Bpemsi KoH(epeHIun B
Jle3-Yi, B Anbniax. Tam s BCTpeTusics ¢ JIydlMMU NPEeICTaBUTENSIMU MUPOBOW HAyKU, UHTEPECY-
IOIIMMUCS] HEHPOHHBIMU CeTSAMU: (PU3UKAMU, MHKEHEPaMH, MaTeMaTUKaMH, HelpoOHOJIoramMH, TICH-
XOJIOTaMH U, B YACTHOCTH, WICHAMH HOBOW Pa3BUBAIOIIEICS UCCIIEIOBATEIBCKOM IPYIIbI B 00IACTH
HEWPOHHBIX ceTel, KoTopasi chopMHUpoBasiachk BHYTpH JiereHaapHou gadoparopuu Bell Labs. Yepes
TPU rofia s MomaJi B 3Ty rpymmy Onarogapsi 3HaKOMCTBaM, KOTOpble ipuoopen B Jle3-V.

Bcerpeua Obita opranu3zoBana TeMu hpaHIly3ckuMu uccienoBarensvu u3 LDR, ¢ kotopbivu
s yxe padotan: ®paHcyaszor, ee TorgamHUM MyxeM JKepapom BaiicOyxom, mpodeccopom pusuku
ENS, 1 9nu BuHeHImTokoM — HelpoOHOIOroM-TeopeTukoM, padotasimM B To Bpemsi B CNRS. Kon-
dbepenis codpana BMecTe (PH3MKOB, MTHTEPECYIOIIUXCS «CITMHOBBIMU CTEKJIAMI», A TAKKe BETYIIUX
(bU3KKOB 1 HEHPOOHOIOTOB.

CnviH — 9TO CBOMCTBO JIEMEHTAPHBIX YACTHII M aTOMOB, KOTOPOE MOXHO OIHCATh MO aHAJIOTUH
C MaJICHbKUMH MarHUTamMH, ¢ 0OpaIlieHHBIMU BBEPX WJIM BHU3 TOJIOCAMU. DTH JIBa 3HAYCHUSI CIIMHA
MOHO CPaBHUTD C COCTOSTHUSIMU CKYCCTBEHHOTO HEMPOHA: OH JIMOO aKTUBEH, MO0 HeakTuBeH. OH
MOTYMHSIETCS] TeM ke ypaBHeHUsIM. CIIMHOBBIE CTEKJIa TIPENICTABIISIOT COOOM CBOETO pojia KPUCTAILT,
B KOTOPOM MPHMECHBIE aTOMbI UMEIOT MAarHUTHBIA MOMEHT. Kaxplii CiiH B3aMMOZICHCTBYET C JApY-
T'MMU CIIMTHAMU Ha OCHOBE CBSI3aHHBIX BECOBBIX TIOKA3aTeJIeH.

Ecnu BecoBoit Koa(ppUIIMEHT MOMOKUTETbHBINA, OHU, KaK MMPABUJIO, BHICTPAUBAIOTCS B OJIHOM
HaripasyieHnd. Eciv Bec oTpuIiaTebHbliA, OHU MPOTUBOMOCTABIIAIOTC. MBI CBSI3bIBaEM 3HAYCHUS +1
CO CITUHOM «BBEpX», a —1 CO CIIMHOM «BHM3». KaskAbIil MPUMECHBII aTOM MPUHUMAET OPUEHTAITHUIO,
KOTOpas sBJseTcs (PyHKIMEN B3BELIEHHOW CyMMbl OPUEHTALMI COCEJHUX ITPUMECHBIX aTOMOB. [lpy-
TYMU CJIOBaMH, (DYHKIHSI, onpe/iestsiioniasi, OyaeT Jiv CIIMH UATH BBEPX WJIM BHU3, AaHAJIOTUYHA (DYyHK-
IIH, KOTOPasi IeIaeT UCKYCCTBEHHBI HEWPOH aKTMBHBIM UM HEAKTHBHBIM.

[Nocne ocroBononaratoieit crarbu Ixxona Xorduinga?’, B KOTOpoi ObLIMA ONMUCAHBI AHAJIOTUN
MEX/1y CIIMHOBBIMM CTEKJIaMH U MCKYCCTBEHHBIMU HEPOHHBIMH CETSIMH, MHOTHE (PM3UKH HAYaIH
MHTEPECOBATHCS M CAMUMU CETSIMH, M MX 0O0yUYeHHEM — TeMaMHU, MO-TIPEekKHEMY He MPUBETCTBOBAB-
[IUMUCS UX KOJJIETaMH — MHKEHEPAMH U KOMITBIOTEPIIKAMHU.

B Jle3- Vi 51 6bU1 OTHUM U3 CAMBIX MOJIOABIX UCCIIEIOBATENIEH, M MHE MPUIIIOCh OOIIAThCS Ha
AHTJIMACKOM sI3bIKE O MHOTOYPOBHEBBIX ceTsX U anroputme HLM, Moem mnpemiecTBeHHUKE aro-
PUTMOB 0OpPaTHOTO pacnpocTpaHeHus. S TOIBKO Havasl MOArOTOBKY CBOEH AMCCEpTalliK, U HEPBHU-
yaJl, BbICTYIIasl IIepe]] CTOJIb UMEHUTOMN ayIuTOpUEN.

Mens ocobeHHO mpuBiekIn qBe auaHocTH: Jlappu Ixekern, raBa otaena Bell Labs (mo3xe
MHE caMOMY JIOBEJIOCh paboTaTth B 3TOM oT/ene) u xoH JleHkep — HacTosmuil KoBOOM U3 ApH30HbIL:
TKUHCOBBIM KOCTIOM, OO0JThIIIe OakeHOap/Ibl, KOBOOMCKHE CalloT!. .. TOT He OUYeHb MIOXOKUI Ha yue-
HOT'O YeJIOBEK, TOJIBKO UYTO 3AIUTUBIIMI AMCCEPTAIMIO, ObUT HEBepOsATHO yBepeH B cebe! Korma Ha
HEro HaXOAWJIO BJOXHOBEHHE, OH MOT ObITh YEPTOBCKHM YOeOUTENIeH U M300peTaTesIbHO OTCTauBa
CBOIO TOUKY 3peHUsI, MpuueM Oe3 arpecCHH M 4acTo BIOJMHE 000cHOBaHHO. PpaHcyasa Porensman
ropopuiia MHe: «Y pe0aT u3 Bell Labs orpomHoe npeumyiiiectBo. Koraa Bel TOIBKO XOTUTE ClieNaTh
YTO-TO HOBOE, TO BBISICHSICTCS, UTO 3TO JIMOO yxke Obuto cienano B Bell Labs necats et Hazam, oo
9TO MPOCTO He padoTraer». Yept Bo3bmH!

20 John J. Hopfield, Neural networks and physical systems with emergent collective computational abilities, Proceedings of the
National Academy of Sciences, 1982, 79 (8), p. 25542558, DOI:10.1073/pnas.79.8.2554.
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

[IpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB IIOJHYIO JIEraJbHYIO Bepcuio Ha JlutPec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
COOOM.
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