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Knura "Kak ¢ momoripio Hefipocereit 3apadoratb 500+ Thicsid pyoneit”
Npe/CTaBIsieT COOON PYKOBOACTBO, B KOTOPOM PACKPbIBAIOTCS] BO3MOXKHOCTH
UCIIOIb30BaHM s KICKYCCTBEHHOTO MHTEJJIEKTA B pa3iIMuHbIX cepax OnsHeca ¢
EJTIBI0 TIOTyYeHU sl 3HAYUTETBHOTO 1I0X0/1a. ABTOP KHUTH JIEJIUTCS] YHUKAJTbHBIMU
METOMKAMU U CTpaTerusiMu, 0OOCHOBBIBAS, KAK COBPEMEHHBIE TEXHOJIOTHH
MOTYT CTaTh BalllUM HA/ICKHBIM MAPTHEPOM B JIOCTHKEHUM (DMHAHCOBBIX YCIIEXOB.
Ha cTpanuniax 3Toro u3anusi YnutaTear OOHapykar NoagpoOHO U3JI0KEHHbBIE
KOHIICTIIIUM CO3JJaHUsI ¥ TPEHUPOBKU HepoceTel, KOTOpble MOKHO aJanTHPOBaTh
IUIs1 pellieHusI KOHKPETHbIX Ou3Hec-3a1ay. Kuura oxBaTeiBaeT MIMPOKUIA CIIEKTP
npusioxeHnit UM — ot aBToMaTu3anuu pyTUHHBIX TIPOIIECCOB JI0 pa3padOTKU
CJIOKHBIX MTHHOBAITMOHHBIX TTPOIYKTOB. Takke B TEKCTe COAEPKUTCS P
NPAaKTUYECKHX COBETOB O TOM, KaK HayaTh paboTy ¢ HeMpoceTsiMu Jlaxe 0e3
DIyOOKMX 3HAHUU B IIPOrpaMMHUPOBAHUN
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Oxkcana M, AI U
Kak 3apa0oTaTh ¢ IOMOIIbIO
Heiipoceten 500+ ThICSY pyoJIei

"HcTopusi ¥ pa3BUTHE HEMPOHHBIX CETEll HAYMHAETCS C TMOMBITOK TOHUMAaHUsI PabOThl Yeso-
BEYECKOI0 MO3Ia U IOMBITOK MOAEIMPOBATh €ro (pyHKIMOHMpoBaHWe. CerogHsi HEMPOHHBIE CETU
UCHOJIb3YIOTCS B CAMBIX Pa3HBIX 00JACTSX — OT aBTOMATHMUYECKOro MepeBoyia U Pa3lo3HaBaHUs U300-
pakeHHH JI0 yIpaBIeHUs] aBTOMOOWIISIMU M PACIIO3HABAHMSI PEUH.

Pannssa ucropust (1943-1960)

NccnenoBanus B 00acT HelpoceTel HaYaIuch ¢ MyOnuKarmu padboTel YoppeHa Makkaylioka
u Yonrepa [Turrca B 1943 rony, rie Ob1a mpeasioxeHa MaTeMaTuiecKasi Mojiesib HepoHa, UTo MoJI0-
KHUJIO HAYAJIO Pa3BUTUIO HEeHpOHHBIX cetedl. B 1950-x rogax ®psuk PoszeHOmarT pazpadoran mep-
LETITPOH — MEPBYIO0 YYeOHYI0 MOJieTb HelipoHHOM ceTu. [leprienTpoH criocoden o0yuyaTbcsi Ha OCHOBE
JaHHBIX W TIPUHUMATh PEleHHs], CKaXeM, O KJIacCH(PUKAIU OObEKTOB.

3arunmbe (1960-1980)

HccenenoBanusi B 0061aCTH MICKYCCTBEHHBIX HEPOHHBIX CETe NIePEKIIIN CEPhEe3HbIN CTIa/l OCTe
nyonukarmu kauru Mapsuna Muncku u Ceiimypa [anepra "Tlepuentponst” (1969), kotopast yka-
3bIBajla HA OCHOBHBIE OTPAaHMYEHUsI MIPOCTHIX MOJENEH, TaKUX KaK HEBO3MOKHOCTh MEPILENTPOHOB
pemars 3a1aqy XOR. D10 nepron, 4acTo Ha3bIBaeMbIl «3UMOW MCKYCCTBEHHOTO UHTEIIJIEKTa», ObLI
BpPEMEHEM CHIDKEHHS MHTepeca U (PMHAHCUPOBAHUSI UCCIIEIOBAHUH.

Bo3po:xaenune (1980-1990)

Cy1miecTBeHHbIN TIEpesioM B MCCIIEJOBAHUSX MPOU3OIIET C TPUMEHEHUEM METOJOB OOPaTHOTO
pacnpocTpaneHust omOku B 1986 romy, ocymiecTieHHbIM Ha padoTtax [IaBuna Pymensxapra u apy-
rux. ITO MO3BOIUJIO 00ydaTh MHOTOCIOWHBIE CETH, 3HAUUTEIBHO YBEIWYMBAsI UX MPAKTUUYECKYIO
9(pHeKTUBHOCTD U AKTUBU3UPOBAJIO JAJIbHEHIIINE UCCTIeJOBAHKS B 3TOM OOJIACTH.

Bypnoe pazButue (1990-nacrosinee Bpemsi)

C pocTOoM BBIUMCIUTETBHBIX MOIIHOCTEN M OOBEMOB JAHHBIX HAYMHACTCSI HOBBIM 3Tall B pa3-
BUTUU HeWpoHHBIX cetedl. B 1997 rony nosiensiercst LSTM (Long Short-Term Memory), cets, crio-
coOHasi MOMHUTh MH(OPMAIUIO HA UTUTEIBHOE BPEMsi, YTO ObUIO OOJBIIIMM IIarOM B pa3padoTke
PEKYPPEHTHBIX HEUPOHHBIX CETEM.

B 21 Beke npoucxoauT B3pbIBHOM POCT MHTEpeca K HEMPOHHBIM ceTsM. B 2012 rony Ha KOH-
Kkypce ImageNet Large Scale Recognition Challenge cetb AlexNet 3HauMTeNILHO MPEB30IILIA BCE
MIpebIAYIIIE PE3YJIbTAThl B 33/1a4aX pPaclio3HABaHUsI M300pakeHU. DTO COOBITHE YacTO pacCMaTpu-
BaeTCs KaK HavaJio 3pbl IIyOOKOro 00y4eHUsI.

C Tex nop OoJbIINe TOCTHKEHUS TPOU3OIILIY B PA3TMUHBIX 00IACTIX: aBTOMAaTUYECKUH Tiepe-
BOM, 0OpadoTKa ecrectBeHHoro si3bika (BERT, GPT-3), kommbiorepHoe 3penue (ResNet, VGG),
ABTOHOMHBIE TPAHCIIOPTHBIE CPEACTBA U MHOTHE JIPYTHE.
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HepCHeKTI/IBbI H BBI30OBbI

Ha ceropusiHuii eHb HEHPOHHBIE CETH MPOIOJIKAIOT Pa3BUBATHCS, UCTIONB3YsI BO3MOKHOCTH
OOJIBIINX JAHHBIX ¥ BO3POCIIHMX BBIYMCIUTEIBHBIX MOITHOCTEH. OHAKO OCTAIOTCS BHI3OBBI: HEOOXO-
JAMMOCTb B OOJIBIINX 00bEMaX MOMEUCHHBIX IAHHBIX, IIPOOJIEMBI ¢ 00bSICHUMOCTBIO IIPUHSATHUS pellie-
HUII HEMPOCETSMHU U BBICOKHME TpeOOBaHMs K SHepronorpedieHuo. Bmecte ¢ TeM, WayT aKTUBHbIE
pa3paboTKu B 001acTH 3HEProaheKTUBHBIX HEUPOCETEN M METOOB MAIIMHHOTO OOyUeHH S ¢ 00paT-
HOW CBSI3bI0, YKa3bIBAIOILME HA TO, YTO IyTh IBOJIOLMU TEXHOJOTUH €1E JaJIeKO He 3aKOHYEH."

HeiipoHHbie ceTH MPeJICTaBISIIOT COOO0H CIIOKHBIE MOJIC/T UCKYCCTBEHHOTO MHTEIIJIEKTA, BIOX-
HOBJIEHHBIE CTPOCHUEM YeJIOBEYECKOTrO MO3ra, KOTOPbIE MUCHOJB3YIOTCS /ISl PEIlieHrs] pa3HOOOpas-
HBIX 3314, OT PaClO3HABaHKs 00pa30B JI0 aHAJIM3a TEKCTA U MPOTHO3MPOBAHUS JaHHBIX. 17151 OHMU-
MaHus pabOThl HEMPOHHBIX CETei HEOOXOIMMO MPEICTABUTH OCHOBHBIC X KOMIIOHEHTHI M ITPUHITUIIBI
(pyHKUIMOHMpPOBaHUS.

### OCHOBBI HEHPOHHBIX CETel

1. UckyccTBeHHbIe HelipoHbI: HelipoHHbIE ceTH COCTOAT U3 Y3J10B, WM "HEUPOHOB", KOTO-
pble CBSI3aHBI IPYT C APYrOM U NiepeialoT curHajbl. Kaskaplii Takoi HeMpOH NPUHUMAET BXOIHbIE J1aH-
HBle, 00padaTeIBaeT UX U MepeaeT Aajblie Mo CeTH.

2. Beca: Cps3u Mex 1y HEipOHaMHU UMEIOT Beca, KOTOPbIE YIPABJISIIOT CUJION BIIMSIHUS OJHOTO
HelipoHa Ha JIpyroil. Bo Bpems oOydyeHus: HEHPOHHOM CETH 3TU Beca aganTUPYIOTCS [UIsl JIydIero
pelleHus 3a/1auu.

3. dynkuusa akTuBamuu: Kaxapiil HelipoH npuMeHseT (PyHKIMIO aKTUBALIMKU K CBOEMY BXOJ-
HOMY CHTHaJTy. DTO MOXKET ObITh IpocTast (PyHKIIHS, Takast Kak curmona win ReLLU, kotopast momo-
raeT CeTU pelIaTh HeJIMHEMHBIE 33/1a4H.

4. Ilepuentpomn: [Ipocreiimii TUIT HEUPOHHOUN CETU — TO MEPLIETITPOH, KOTOPHIN COCTOUT U3
OJTHOTO WJIM HECKOJIbKMX BXOTHBIX HEHMPOHOB M OJHOTO BBIXOIHOTO HewpoHa. OH CcrocoOeH perarh
OTHOCHUTEJILHO MPOCTHIE 3aJauu.

### OOyueHre HEMPOHHBIX CeTel

1. O6yuaromuii Ha6op AaHHbIX: {15 00yueHUs] HEMPOHHOM CEeTH MCIOb3YIOT HaOOp JaH-
HBIX, B KOTOPOM KaXJIOMY BXO/ly COOTBETCTBYET KeJlaeMbli BbIXOH. Takum obpaszom, ceTpb "yuutcs”
Ha IIpHMepax.

2. IIpsimoe pacnpocTpanenne: CUrHaibl IPOXOAAT YEPE3 CETh OT BXO/A K BBIXOLY, ITPU 3TOM
KaX[plil HePOH 00padaThIBaeT BXOIHbBIE JaHHBIE COITIACHO CBOMM BecaM U (DyHKIIMH aKTHBAIIH.

3. ®ynknusa norepb: Onpenessercs pa3HULA MEXK/1y TPEICKa3aHHBIM BBIXOIOM CETH U JKeJla-
eMbIM. DYHKIMS MOTEph (HAIPUMEp, CPEAHEKBAIPATUYHOE OTKJIOHEHUE) TIOMOTaeT U3MEPUTh 3Ty
OIIUOKY.

4. OopaTHoe pacnpocTpaneHue: [Iporiecc KOPPEKTUPOBKU BECOB CETH C IIeJIbI0 MUHUMU-
3anuu omuoOKY. Beca M3MEHSIIOT B 0OpaTHOM HAIlPaBJICHUH OT BBIXOJIOB K BXOJaM, MICTIONb3YsI METO/,
HarpumMep, rPaJUeHTHBIN CITyCK.
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5. IloBTopenue: Ilporiecc IpsAMOro U 0OPaTHOTO PacHpOCTPaHEHHs TOBTOPSIIOTCS MHOTO-
KpaTHO Ha Pa3HBIX MpUMepax u3 olyyaroiiero Habopa, 4To MO3BOJISIET CETH MOCTENEHHO YIyYInaTh
CBOIO TOYHOCTb.

### [IpumeHeHre HEMPOHHBIX CeTel

HetipoHHble ceT HaXOIAT MPUMEHEHHE B CAMBIX Pa3HBIX OOACTSIX, OT aBTOMATUYECKOTrO Iepe-
BOJIa U F'€HepalMy TEKCTa JJO CUCTEM YITPABJIEHUsI aBTOHOMHBIX TPAHCIIOPTHBIX CPEACTB U MEAULIMH-
CKMX AMArHOCTUYECKUX CHCTeM. VX CrocOOHOCTh M3BJIEKATh 3aKOHOMEPHOCTH U3 OOJIBIINX MacCH-
BOB JIAHHBIX M 00y4aThCsl Ha MPUMepax JejaeT UX HEOLEHUMBIM MHCTPYMEHTOM B 3TOXY OOJBIINX
JAHHBIX.

#4## SakimoueHue

HeiipoHHble ceT — 3TO MOIIHBI MHCTPYMEHT B apceHajleé COBPEMEHHBIX TexHosoruil. OHu
MOJIPaXkaloT padoTe YeIOBEYECKOr0 MO3ra M CIIOCOOHBI CITPABJISITHCS € 3aJa4aMH, KOTOPbIE TPAHIIH-
OHHO CUMTAJIMCh CJIOXKHBIMHU IJIs1 KOMITBIOTEPOB. [10 Mepe TOro Kak TeXHOJIOTMU pa3BUBAIOTCS, 00Ma-
CTU NPUMEHEHUSI HEMPOHHBIX CETe MPONOJIKAT PaCHIMPATHCS, BHOCS 3HAYMTENIbHBINA BKJIaJ] B IPO-
rpecc ¥ MHHOBAIIMA BO MHOTHMX cepax.

UckycctBennbie Heliponuble cetd (MHC) — 310 Mopenu, BOOXHOBJICHHBIE OMOJIOTUMYeCKUMU
HEHPOHHBIMU CHUCTEMaMH, TAKUMHU Kak Mo3r. OHU HCTONB3YIOTCS JIJIsl PellieHus] Pa3sHOOOpa3HBIX
3aj1a4, CBSI3aHHBIX C MPE/ICKa3aHUsIMU, KJIacCU(PUKAIIMEH, paclioO3HaBaHUEM 00pa30B Y MHOTHIM JIPY-
ruM. B 310it cTathe MBI Oojiee TIOAPOOHO PACCMOTPUM TaKue THITI HEWpoceTel, KaKk CBEPTOUYHbIC
Heiipocetu (CNN), pexyppentHbie Heiipocetu (RNN), reneparuBHo-coctsizarenbubie cet (GAN),
Y y3HaeM O MpUMepax Ux MpUMEHEHHUSI.
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasinen OO0 «JIutpec».

IIpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB II0OJHYIO JIETaJIbHYIO 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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