I'maBa 1
Ot Onosornu K nHGOPMATHUKE,

unu We need to go deeper

TL;DR

[lepBas rmaBa — BBozHAsA. B Hell MbI:

y3HAeM, 4TO B MALIMHHOM 00yYeHUN HEJIABHO TIPOM3O0IILIA PEBOJIONUS U PEBOJIIO-
I[1s 9Ta BCe elle AJIUTCS;

BCIIOMHUM UCTOPHIO NCKYCCTBEHHOI'O MHTEJIJICKTA KaK HAyKU;

TTO3HAKOMUMCA C pa3HbIMU 3aJad4aM¥i MAIllTMHHOTO O6y‘{€‘HI/IH, y3HaeM, KaK OHH
CBA3aHbl U YEM OTJIMYAIOTCA APYT OT JIpyTra;

BBISICHUM, [IOYEMY YEJIOBEYECKUN MO3I MOKET CJYKUTH 0OPA3IOM /ISt OAPasKa-
HUSI TIPU CO3/IaHNH UCKYCCTBEHHOTO MHTEJJIEKTa;

IIprUZieM K BbIBO/LY, YTO HeﬁpO6HOJIOFHH TIOKa HE CJIMIIKOM TOYHasl HayKa;

3aKOHYUM KPATKUM 0630POM CaMbIX APKUX TPUMEPOB IIPUMEHEHUSA COBPEMEHHBIX
HEHPOHHBIX ceTell ¥ 06IaCTel, T/Ie UM ellle eCTh YeMY MOYUUThHCS.
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1.1. PeBontouus obyyeHus rnybokux ceteu

— A KaK T0BEpHYJIOCH 1eJ10? — 3ayMYMBO MTPOOOPMOTAJ OH. —
Tpax-ra-6abax! Peosmtorus!

Emy craso Beceso. OH ryioTas maxHyBIIMiA pocoil n s610kaMu
BO3yX U wyMasr: «Ctoub, x1eb, 10M, poxkb, GoIbHUIA, Gasap — CI0Ba
BCe 3HAKOMBIE, a TO BAPYT — Pesomonus! Beiite, 6apabanbi!»

A. Taiidap. Bymbapaw

ITpexae Beero, cpocum cebst, TIOJIOKUB PYKY Ha Ceplie:

— Jla ecTb 1 y HaC ceigac peBOJIIOINS?..

PasBe Ta rHUJIb, TJIYIIOCTB, IPSIHD, KOTIOTH 1 MPaK, 4TO MPOUCXO-
JIUT ceiyac, — pasBe 9TO peBoJonus? PeBosonus — cBepKaoniast
MpeKpacHast MOJIHMsI, PEBOJIONKSA — GOKECTBEHHO KPaCHBOE JIKIIO,
o3apeHHoe THEBOM POKa, peBOJIOIUs — OCJENUTENbHO sPKasi pa-
KeTa, B3JIeTeBINast Pajyroi cpeau cbiporo Mpakal.. [loxoske Ha aTi
cBepKaionme 00pasbl TO, YTO CeHYac IMPOUCXOAUT?..

A. Asepuenxo. /l1oacuna nodceti 8 Cnumy pesomoyuu

Hecarb et Hazag, B cepegune 2000-X 10108, B MAIIMHHOM 00y4EHUN Hadalach PEBOJIIO-
st B 2005-2006 rogax rpymib uccienosaresieii mox pykosoacrsom Jxxeddbpu Xun-
tona (Geoffrey Hinton) B ynusepcurere Toponto u Momya Benmxu (Yoshua Bengio)
B yHUBepcuTere MoHpeaist Hayduanch o0y4arh 2ayboxue Hetiponnvie cemu. V1 ato me-
PEBEPHYJIO BeChb MUP MalIMHHOTO 0OyueHus! Termepb B caMbiX PasHOOOPA3HbBIX MTPE/-
METHBIX 00JIACTSX JIYUIIIHE PE3YJIbTATHI TOJYUIAIOTCS C TIOMOIIIBIO TITyOOKUX HEHPOHHBIX
cereil. OTHUM 13 IEPBBIX TPOMKHUX [TPOMBIIILIEHHBIX YCIIEXOB CTAIO PACIIO3HABAHIE Pe-
un: pazpaboTaHHbie TPYNTION XUHTOHA IIybOKUE CETH 0Y€Hb GBICTPO PAAUKAIBHO YIIyd-
IIUJTU PE3YJIbTAThI PACTIO3HABAHUS 110 CPABHEHUIO C OTTAYMBABIITUMICS €CATUIETUIMU
KJIACCUYECKUMHU TIOAXOIaMK, U CeroHs Jiro00ii paciio3HaBarTelb, BKJIOYAs FOJ0COBbIE
nomotauky Bpoze Apple Siri u Google Now, paGotaer UCKIIOUUTENBHO Ha TIYOOKIX
HEWPOHHBIX ceTsiX. A ceitvac, k 2017 ropy, 01 HAyYUITUCHh 00YYaTh CaMble Pa3HbIe ap-
XUTEKTYPBI TJIyOOKUX HEHPOHHBIX CETEl, M Te PENIAOT aOCOIIOTHO PA3HBIE 33Ul OT
pacro3HaBaHs JIUIL 10 BOK/ICHUS aBTOMOGUIIEH U UTPBI B TO.

Ho uneu 6ospiimHCTBA Takux Mojeseil nosisuiuck eie B 80—90-x rogax XX Be-
Ka, a To 1 panbiie. VlckyccTBeHHDbIE HEHPOHHBIE CETU CTAJIU TIPEIMETOM UCCIeI0BAHUMN
OY€eHb J[ABHO; CKOPO MbI YBU/UM, YTO OHHM ObLIN OJHON M3 TEPBBIX XOPOLIO 0hOpM-
JIEHHBIX HUJIEH MCKYCCTBEHHOTO MHTEJJIEKTA, KOTJA U CJIOB-TO TAKUX — <HCKYCCTBEH-
HBII WHTEJJIeKT» — ellle HUKTO He cabimai. Ho ¢ magama 90-x romoB XX Beka J10 ce-

PEJIHBI HyJIEBBIX 9TOT0! HEfPOHHBIE ceTn GBI, MSTKO TOBOPS, He B Mojie. VI3BecTHbIiT

! MbI HcKkpenHe HajeeMcs, 4TO HaIUCai XOPOITYI0 KHUTY, HO BCe-Taku He Gy/ieM 371ech JeaTh CHelu-
aJTbHBIX OTOBOPOK B pacuete Ha untaTeseit XXII Beka...
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uccienosaresnb HelipoHHbix ceteil Ixxon Herkep (John Denker) 8 1994 roay ckasai:
«HellpoHHBIE CETH — TO BTOPOU JIYUIIHIA cTOcO0 CeaaTh IPAKTUIECKH YTO YTOAHO.
U neficTBUTEBHO, HA TOT MOMEHT YsKe OBLJIO M3BECTHO, YTO HEHPOHHASI CETh TEOPETHYE-
CKU MOXKET IPUOIM3UTH JII00YIO QYHKIINIO M 00y4UTHCS PelaTh Jo0yIo 3a1a4y, a riry6o-
Kasi HeHPOHHast ceTh criocobHa erie 1 6osiee 3 HeKTUBHO PEHIUTh ropasao GoJblie pas-
HbIX 32724... Ho 06y4arh riry6oKe ceTr HUKOMY HE YAaBaJIOCh, APYTHE METO/BI Ha KOH-
KPETHBIX MPaKTHYECKUX IpUMepax padoTaju Jydiie. 3 o61mux METOI0B MAIIHHHOTO
obyueHus 310 ObLIN CHauasa «saepHbie Metosibl» (kernel methods), B wacTHOCTH MeTO
OIIOPHBIX BEKTOPOB, a 3aTeM GalleCOBCKHUE CETU U B IIEIOM TpauuecKre BEPOSITHOCTHBIE
mozes. Ho BooGiie JleHKep Besl peub 0 TOM, 4To GoJiee TIPOCTast BEPOSTHOCTHAS MO-
nesb, pa3paboTaHHast CIENUAIBHO C YYETOM CTIeN(pUKN KOHKPETHOI 3a/1autt, 0OBIYHO
paborasa Jydiiie, YeM HePOHHAS CETh «OOIET0 HA3HAYEHUsT>, TaKe eCJIU BHIOPATH eif
TOIXOATIIYIO [I7TsT 33Ia4H APXUTEKTYPY. A TiyOoKye HelpOHHbBIE CeTH 00yYaThCsT HIKAK
He XOTeJIN; O TOM, TI0YeMY UMEHHO, MbI TIOZPOOHO TIOTOBOPUM B pasiierie 3.5.

Pemenwve, npeasnokentoe rpymnmoil Xuntoua B cepeaune 2000-X T0/0B, MPHIILIO
B BUJIe npedobyuenus 63 yuumeis, KOra ceTb cHayaa obydaeTcst Ha G0JIbInoM Habope
JaHHBIX 6€3 PAa3METKH, a TIOTOM ysKe J00OyJaeTcst Ha pa3MEUeHHBIX TaHHBIX, UCIIOIb3YsI
aT0 mpubsmKeHue, Harmpumep, ecii Mbl XOTHM PACIIO3HABATD Y€TOBEUECKUE JIUIIA, TO
JlaBaiiTe cHavya/a 11000y4aeM HEHPOHHYIO ceTh Ha (hoTorpadusx ¢ JoAbMU BooO1IIe, 6e3
pasMerk (Takux (ororpaduii MOKHO JIErko HaGpaTh CKOJIb YTOAHO MHOTO), & YK€ I10-
TOM, KOT'/Ia CETh «HACMOTPUTCS» Ha HepazMedeHHbIe (hoTorpaduu, 1006yIrM ee Ha UMe-
OII[eMCs pa3MeYeHHOM Habope HaHHbIX. OKa3aJ0Ch, YTO [IPU 9TOM KOHEUHBIH Pe3yIbTaT
CTAaHOBUTCS HAMHOTO JIy4IIle, & XOPOIITHe 1 MHTEPECHbIE TIPU3HAKU CEeTh HAYNHAET BBIJIE-
JISITH €llle Ha arare npenobydenus 6e3 yunresst. VIMEHHO TakuM 06pa3oM MPOU30IIed,
B YaCTHOCTH, IPOPBIB B paclio3HaBaHuy peun. KoHeuHo, 3/1ech TTOKa COBEPIIEHHO HETIO-
HSITHO, YTO CETh COOCTBEHHO JI0JIKHA eJIaTh ¢ 9TUMU HepasMeueHHbIME (hoTorpa M,
U B 9TOM U 3aKJI0YAJICS TPOPBIB CEPEANHBI HYJIEBBIX FOJI0B. M bl HEMHOTO ITOTOBOPUM 00
STUX METOJIAX B pasziesie 4.2, 01HaKO Ge3 MoAPOGHOCTEN, TOTOMY YTO CETO/HSI 9TH METO-
JIBI Y2Ke TTPAKTUYECKN He UCTIOIb3YIOTCS.

[Touemy? IToToMy uTO Bee Hemnoxo paboraer u 6e3 Hux! OKaszaaoch, 4TO ceiiuac Mbl
MOKEM YCIENIHo 00ydyaTh HEPOHHBIE CETH, B TOM YHUCJIE IIyOoKue, (DaKTHIeCKH TeMU
’Ke METOIaMH, KOTOPBIMU PaHbIIle 3TO CeJaTh HUKaK He yaaBaaochk. MeTobl mpenody-
yeHUs1 Ge3 YUUTEJST OKA3AIUCD JIUIITh «CIYCKOBBIM KPIOYKOM» JJIsI PEBOJIIOIMY TIIy(0-
KOTO 00ydeHust. Bropoii BaskHelIeil IpuInHON cTas, COOCTBEHHO, TPOTPECC B BHIYKC-
JIUTEJIBHON TeXHUKe U B pasMepax JOCTYIHBIX A/ 00yderus Habopos ganHbiX. C pas-
BuTreM VIHTepHeTa JaHHBIX CTAHOBHUJIOCH BCe OOJIBINE: HAPUMED, KIaCCUYeCKHil Ha-
60p partbix MNIST, 0 KoTOpOM MbI HauHEM TIOAPOOHBII PasroBop B pasaeie 3.6 u Ha
KOTOPOM JIOOPBIA IECATOK JIET TECTUPOBAICH MOJIEM KOMITBIOTEPHOTO 3PEHMSI, — 3TO
70 Thicstd M3006paKEHUI PYKOMUCHBIX IIUGBP pasMepoM 28 X 28 MUKCETOB, CyMMapHO
okojio 10 M6aliT ZaHHBIX; a COBPEMEHHBII CTaHAAPTHBIN JaTaceT Jist MOJeseil KOM-
nbloTepHOTo 3penust ImageNet conepxkut yxe okoso 1,2 Toaiit usobpaxenuii. B uactu
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BBIUNC/ICHIIT TOMOTaioT 1 3akoH Mypal, 1 Basmble HOBIIECTBA, KOTOPbIE TO3BOJISIOT
obyuatb HelipoHHbIe ceTn ObicTpee. Bes riiaBa 4 GyeT MOCBsIeHa TAKMM HOBIIIECTBAM.
B 0cHOBHOM MbI, KOHEUHO, Gy/IeM TOBOPHUTD O MIPOJBIKEHUSX B CAMUX aJITOPUTMaX 00Y-
YeHUst, HO OyAyT U (PaKTUIECKU YUCTO «IKeJIe3HbIe» TPOABUKEHUS: 00ydeHUe COBpe-
MEHHBIX HEIPOHHBIX ceTeil 00BIYHO IPOUCXOAUT Ha rpaduueckux mpoieccopax (GPU,
TO €CTh 110 CYTH HA BUJEOKAPTAX ), YTO YACTO ITO3BOJISIET YCKOPUTH TIPOIECC B AECITKU
pas... dta ujes nossusach okosio 2006 roga u ctasa BaXKHON YaCThIO PEBOJIONNH TITy-
6oKOro O6yUYeHHsI.

Ho, koHeuHO, cofiep:kaHe PEBOIOIIH TJIyOOKHX CeTell He OTPAHUYNUBAETCSI TEM, UTO
KOMIIBIOTEPBI CTAJIN ObICTPEE, a JAHHBIX cTaso 6oubiie. Eciu 661 5T0 GBIIO TaK, MOKHO
6bITO GBI HUIKAKWX KHUT He MHCATh, a 3aKOHYUTH Pa3roBOP MpsiMo cetivac. TexHmdeckoe
pa3BuUTHE MTO3BOJIUIIO HE TOJBKO BepHYThes K nzesiMm 80—90-x rogos XX Beka, HO 1 IpH-
JIlyMaTb MHOTO HOBBIX HJIET.

Passusasiich u 0611ue MeToibl 06y4eHUsT HePOHHBIX ceTell (0 HUX MBI TOTOBOPUM
B IJ1aBe 4 1 BOOOGIIE B IEPBOI YaCTH KHUTH), U KJIACCUYECKUE aPXUTEKTY Pl HEHPOHHBIX
ceTeif, KOTOPbIM B OCHOBHOM ITOCBSITIIEHA BTOPAst YaCTh, — CBEPTOYHbBIE CETU ¥ AaBTOKO/IU-
posiuky (ryaBa 5), pekyppeutusie cetu (r1aBa 6). Ho mosiBiisiincs u coBepiienHo HO-
Bble APXUTEKTYPBIL: TIOPOKAAIOIINE COCTsI3aTeIbHbIe ceTH (T1aBa 8) CyMeu IpeBPaTUTh
HEWPOHHDIE CETH B OPOKAAIOIINE MOJIENIU, HEHPOHHbIE CETH B 00yYEHUH € OAKPEILIe-
HueM (r1aBa 9) IpuBeIr K HEBUAAHHBIM paHee IPOpbiBaM, HelipobaiieCOBCKIe METOIbI
(tnaBa 10) coenmHMUIN HEMPOHHBIE CETU U KIACCUIECKUI BEPOSITHOCTHBIA BBIBOJI, C TIO-
MOII[bIO BAPUAI[MOHHBIX MPUOJIMKEHNH, a HY Kbl KOHKPETHBIX MPUJIOKEHUN TPUBEIN
B pa3paboTKe TaKUX HOBBIX apXUTEKTYP, KAK ceTH ¢ BHuMaHueM (paszen 8.1) u cetn
C MaMsIThIO, KOTOPBIE YK€ HAXO/ISAT U IPYTUe TPUMEHEHUSI.

[Ipesx /e yeM IBUTATHCS ATIBIIIE, CKAKEM TIAPY CJIOB 00 OCHOBHBIX MCTOYHUKAX. KHur
1o 00yueHUIO TIIyOOKUX ceTell TTIoKa He Tak yik MHoro. HekoTopbie cunTarot, uto ata 06-
JIACTB €ellle He BIIOJHE YCTOSIACh M CUCTEMAaTH3UPOBATh ee TToKa He 00si3aTebHo. Kak
BbI HABEPHSIKA IOTA/IAJIICh, MBI C 9TUM He BIOJIHe corsiacibl. DaKTHUECKU ceiiuac ecTb
TOJIBKO JIBE U3BECTHBIE KHUTH 00 00yueHuu ry6okux cereit: B 2014 rofy BbilIa KHUTA
corpynHukoB Microsoft Research JIu enra (Li Deng) u Joura IO (Yu Dong) Deep
Learning: Methods and Applications [117], B KOTOpOii 0CHOBHO yIIOp JieJIaeTCsl Ha TIPH-
JIO3KEHUS I 00pabOTKK CUTHAJIOB, TO €CTh JJIsl aHA/IN3a U300PaKeHUI U pedr. A co-
BCeM HejlaBHO, B Korile 2016 roga, Beiuia kaura Mana Tyademnioy (Ian Goodfellow),
Monrya Benmwxu n Aapona Kypsumns (Aaron Courville) Deep Learning [184], B koTo-
poii maetcst MOAPOGHOE U el HOE BBEIEHUE B TeMy. XOTsI 9Ta KHUTa, (POPMATBLHO TOBO-
Ps1, HAlll TPSIMOi KOHKYPEHT, MBI €€ BCSTUECKU PEKOMEH/IyeM; KCTaTh, PYCCKUM TEPeBOJT

! Topnou Myp (Gordon Moore) copMyTHpOBaI CBOii 3aKOH, IO KOTOPOMY YHCJIO TPAH3UCTOPOB B HHTe-
IPaJIbHOIT CXeMe YIBAMBACTCST TPUMEPHO KaK/Ible [BA rofIa, a 001I1ast IPOM3BOAUTENbHOCTh CUCTEM — IIPUMEP-
Ho kax/bie 18 Mecsities, etite B 1965 roy (Tounee, TOT/[a OH TIPEICKAa3bIBAJ YABOEHUE KaxK/[blil o1, a B 1975-M
cTas 6osee NecCMMUCTUYHBIM ). KOHEUHO, 9TO He 3aKOH MPUPOJIBL, a IIPOCTO SMITMPUYECKAsA 3aKOHOMEPHOCTD,
HO MOPa3UTEHHO, HACKOJIBKO I0JITO 3TA IKCITOHEHI[HAIbHAST 3aBUCHMOCTD COXPAHSIET CUITY: 3aKoH Mypa B Ha-
1re BpeMsi (2016—2017 rozpr) ninp HEMHOTO 3aMeJITHIICS, C IBYX JIET JI0 JIBYX ¢ nostoBuHOM. [IpaBsa, ceituac
peub HIET ysKe He TOJBKO O YHCJIe TPAH3UCTOPOB B OJIHON CXEME, HO ¥ O YHCJIE sI/IEP B TPOIIECCOPE.
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TOXKE yoKe cytiecTByer. KpoMe Toro, ecTb 1esblil psijt BaXKHBIX G0JIBITHNX 0630pOB, KOTO-
PbIe [I0 cTaTyca KHUT He OTSATHBAOT, HO IAf0T OUY€Hb HIMPOKOE IPECTaBIeHHE O TIy60-
KoM 00yuenun: panauii 0630p Benmku [38] mokassisaet cocrosiaue ge Ha 2009 rog, ero
ske GoJiee O3AHUI 0030p paccMaTpuBaeT rirybokoe o0ydeHue Kak obydeHnue npedcmas-
nenuti (representation learning) [39], 0630p JIu [lenra caenan ¢ yKIOHOM B 00pa6oT-
Ky curtanos [115], a 0630p IOprena IImunxy6epa (Jurgen Schmidhuber) [475] naer
OYeHb TOAPOOHBII AHAJIN3 UCTOPUN OCHOBHBIX UIEH IJIyOOKOT0 06yYeHMs.

Ecrb, koHeuHO, 1 GoJiee crienuaibHble 0030PbI A1 KOHKPETHBIX 001acTeil: 06paboT-
ku m3o6paxenuii [107], 06paboTku ecTecTBeHHBIX sI3bIKOB [ 182] u MHOTHX NpyTuX. U3
cTaTel, B KOTOPBIX pedb uaeT 00 00yuyeHnn riyO0oKuX ceTell «BOoOIe», MOKHO BbIe-
JIUTH TIPOTPAMMHYIO CTaThio B Nature Tpex rJIaBHBIX PEACTABUTENEH TITyboKoro obyde-
nus: Jxeddpu Xunrona, Momrya Benpxn n dna JleKyna (Yann LeCun) [314]. Ha Go-
Jiee Crielnain3uPOBaHHbIE HCTOYHUKHU MBI OY/IEM CChLIAThCS Ha MTPOTSKEHUHT Beel aTON
KHUTH: 00JIaCTh MOJIO/Iast, PA3BUBAETCS OHA OYEHB OBICTPO, U B CITUCKE JIUTEPATYPBI, B KO-
TOPBII MBI CTAPATMCH MOMEIIATH TOJBKO AEHCTBUTEIBHO BaXKHbIE CTAThU, UCTOUHUKOB
yKe HaKOUIoCh HeMaiio. Keratu, ciieinThb 3a MoCJAeIHUMHU HOBOCTSAMU TIIy6OKOro 00y-
deHws JIydine Beero Ha arXiv': HoBbie paGoTHI 10 06YYEHHIO ITyGOKHX CeTell MOsIBIISIOT-
Cs1 TaM TTOCTOSTHHO, U €CJIM BBl He 3aXOAMJIM Ha arXiv Ba-TPH MeCsIa, MOKeT OKa3aThb-
Cs1, UTO B Ballell 06JIaCTH yKe POU3OIILIA KaKas-HUOY/b OUePeIHAS] MUHU-PEBOJIOTINS,
a BBI U HE 3aMETHLIN...

B 2701 KHUTE MBI TOTOBOPUM O Pa3HBIX APXUTEKTYPaX HEHPOHHBIX ceTell, pasbepeM,
KaK UMEeHHO 06yYaTh HEHPOHHBIE CETH, KaKUe 3a/[a91 MOXKHO UMU pemiaTh. bomee Toro,
MBI JIOIEM ¥ 10 TPAKTUKH: TIOYTH KasKIbIi HAIll pacckas Gy/IeT COTPOBOKIATHCS BIIOJHE
pabouyrMy IpUMepaMy KOJa ¢ UCII0JIb30BAHUEM COBPEMEHHbBIX OMOIMOTEK [ 0Oyue-
HUs HelipoHHbBIX cerell, riaBabiM 06pasom TensorFlow u Keras. ITogo6nbie 6ubinorexu
clesaay obydeHne HeMPOHHBIX ceTell OOTIEAOCTYTHBIM U CTAJIN BaXKHON KOMIIOHEHTO
B3PbIBa WHTEPeca 1 GBICTPOTO pa3BUTHA Harieit o6mactu. Hac skieT oueHb MHOTO WHTE-
PecHOTO. A B 9TOH, BBOAHOM, TJTaBe MBI HAYHEM C TOTO, YTO IOTOBOPUM O TOM, YTO BOOOIIIE
TAKOE UCKYCCTBEHHBI MHTEJIJIEKT U MAITUHHOE 06y UYeHIe, KaK OHU TOSIBUJIUCH, KaK Pas-
BUBAJIKCH U KAK UCKYCCTBEHHBIE HEPOHHBIE CETH, KOTOPBIE MBI PACCMATPUBAEM B ATOI
KHUTE, CBSA3aHbBI C eCTECTBEHHBIMHY, C TIOMOIIBIO KOTOPHIX BBI 9TY KHUTY YUTAETE.

! Xpanuuie HaydHbIX IpenpuHTOB arXiv, pacrosioxkenHoe Mo aapecy http://arxiv.org, coaepsKur cra-
TBU I10 MHOTUM HAYYHBIM AucHUIUINHAM. Ho B HeKOTOPBIX 06acTsix arXiv cras ctaHzapToM ae-Ghaxro, Ky-
[1a BBIKJTA/IBIBAIOTCSI IPAKTHYECKH BCE CEPbE3HBIE CTAThI, OGBIYHO elile 110 oduimanbHoii mybankamm. K ta-
KuM 06JIaCTSIM OTHOCUTCS ¥ MAIIMHHOE OOy4YeHue, B 4aCTHOCTH oOydeHue riybokux cereii. IIpasma, crout
OTMETHTBD, 4TO Ha arXiv HeT HUKAKOTO PelleH3NPOBaHMs, TaK YTO COBCEM CBEXKHE CTaThbl TaM MOTYT OKa3aTh-
cst U ¢ omunbkamu, nHoTAa BakHbiMu. Hamprmep, B 2010 roxy HeMasio myMa Hajesaio omnyGIuKOBaHHOE Ha
arXiv peutenue npobaemsl P # NP, npemioxennoe Bunaem [leopanukapom. K coxkanenuio, TpeBora oka-
3aJ1ach JIOKHOM, M B peleHnn Halumch ommoku. A B 2017-m nosiBusioch pemenve HopGepra Bioma, 1, Ko-
I7la MBI IIUIIEM 9TH CJIOBA, PELICHHUE ellle He OIPOBEPTHYTO — BIPOYEM, MIAHCOB Maso: Asekcanap Pasbopos
yIKe YKa3aJ COOOPaKeHHs], TI0 KOTOPBIM 3TO IOKA3aTeNbCTBO HE OKHO PabOTaTh... A HeABHSS MHUIIHATHABA
https://openreview.net/ nenaer Beuw, Ijsl <KIACCAYECKON HAYKU» COBEPIIEHHO HEMBICIMMbIE: TaM My OJIm-
KYIOTCSI CTaThH, ellle TOJIBKO MOJaHHble Ha KOH(epeHIIN, 1 PeIeH3nN Ha HUX.
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