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1
UYTo Takoe HelipoceTb

HelpoceTun, TakyKe N3BECTHbIE KaK HEMPOHHbIE
ceTn, ABNAKTCS YOUBUTENbHBIM MHCTPYMEHTOM
B UCKYCCTBEHHOM WHTENNEKTe, BALOXHOBNEHHBIM
paboToln venoBeuveckoro mosra. OHM cOCTOAT
N3 CNOXHOW CETU UCKYCCTBEHHbIX HEMPOHOB, KO-
Topble obpabaTbiBatOT MHPOPMALMIO U LOCTUTrAOT
YOMBUTENbHbIX pe3ynstatoB. HenpoceTn obnagatoT
CMoCcOBHOCTbIO aHaNM3MPOBaTb U KacCUguULMpo-
BaTb M306paxkeHns, pacno3HaBaTb U NEPeBOANTb
peyb, reHepupoBaTh TEKCTbI M JaXe CO34aBaTb HO-
Bble NPOV3BELEHNS UCKYCCTBA.

OgHUM N3 yHOaMeHTaNbHbIX MPenMyLLeCTB
HenpoceTen ABNAETCA Ux cnocobHocTb obyyarbes
Ha OCHOBE [aHHbIX. ATOT MPOLLECC, U3BECTHbIN KaK
MaLlMHHOe 0byyeHne, M03BONAET HEMPOCEeTAM U3y-
YaTb LWabnoHbI 1 3aKOHOMEPHOCTU B OFPOMHbIX 06b-
emMax nHdopmaunn. bnarogaps aTomy, oHM MOryT
henaTb NpeAcKasaHus, BblAaBaTb peKoMeHaaumm
1 NOMOraTh B MPUHATUN BAXHbIX PELUEHUN.

HepoceTn Takxe 06nafaoT BbIYMCIUTENbHBIMU
BO3MOXHOCTAMM, NPEBOCXOAALMMM YENIOBEYECKNA
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YTO TAKOE HEMPOCETb

WMHTENNEKT B HEKOTOPbIX 0bnacTtax. OHM cnocobHbl 0bpabaThbl-
BaTb M aHaIM3MPOBaTb OrPOMHbIe 06bEMbI AAHHbIX U BbIMONMHATD
CNOXHble BbIYMCNEHUS 32 CUMTAHHbIE CEKYHAbI. ATO NpuaaeT
UM OFPOMHbIV MOTEHLMaN B MeguLmMHe, HayKe, (hMHaHCcax u opy-
rux cpepax.

OfHaKo pa3BUTME HEMPOCETEN CTaNIKMBAETCS C HEKOTOPbIMU
npenaTcTBusMu. OHM TPebYOT BbICOKON BbIMMCINTENBHON MOLLL-
HOCTU 1 Bonblnx 06bEMOB faHHbIX AN 0byveHus. MHTepnpe-
Tauns NPUHNMAEMbIX HEMPOCETbIO PELLUEHWNI MOXKET BbITb CITOXK-
HOW, TaK Kak UX BHYTPEHHMWE NpOoLLecChl He BCeraa nosiHOCTbio
NOHATHbI. KpoMe Toro, BONpochl 3TUKK M 6e30MacHOCTH UrpatoT
BaXKHYI0 POJib B Pa3BUTUN U UCMOJSIb30BAHWM HENPOCETEN.

B apxuTeKkType HEMPOHHbIX CeTEN UMUTUPYETCA CTPYKTypa
yenoBeyeckoro Mosra. OHM COCTOAT U3 UCKYCCTBEHHbIX HEW-
POHOB, KOTOpble 06pasyoT CNOXHbIE B3AaUMOCBA3M 1 NepeaaroT
3MIeKTPUYECKMe curHanbl gns 06pabotkm nHopmaymun. Hei-
POHHbIE CETN MOTYT UMETb Pa3/INyHble C/TIOU, TaKME KaK BXOL,HOM
CNOW, CKPbITbIE CNOM W BbIXOAHOW CMON. BXOAHOW CAOW NPUHKN-
MaeT BHELUHWE faHHble, CKPbITble c/ion obpabaTtbiBatoT M aHaNm-
3UPYIOT 3TW AaHHbIe, a BbIXOLHOW C/OM BblAaeT OKOHYATE bHbIN
pesynbTaTt unu pelleHue.

Inybokune HeMpPOHHbIE ceTU NpencTaBnsatoT cobon ocobbin
TN HenpoceTen C 6ONbLWNM KOIMYECTBOM CKPbITbIX C/OEB,
4YTO MO3BOJSISET MM YUMTbLCS U pacno3HaBaTb bosiee CNoXxHble
3aKOHOMEepPHOCTU. OHU CTAHOBATCSH 0COBEHHO 3 hEKTUBHBIMK
npu paboTe c n3obpaxkeHnamK, ayamo n TeKCTOBbIMU AaHHbIMU.
Inybokoe obyyeHmne aBNSeTCS Ko4YeBbIM (hakTOPOM B pasBUTUN
HempoceTeln 1 NO3BONSET OOCTUIaTb BNeYaTAOWMX Pesyb-
TaToB.



KAK NOAb30BATbCA HEMPOCETbIO

HelipoHHble CeTU HaLLMK WNPOKOEe NPUMEHEHME BO MHOMMX
oTpacnsax, TaKUX Kak MeMLLMHa, MapPKETUHT, (hMHAHCbI, 3Hepre-
TuKa v gpyrve. OHM NPOAOIIKAIOT PA3BUBATLCS M Yy4LLIATbCS,
N UX BIUSIHWE Ha Hally XW3Hb OyneT TONbKO pacTu.

Bupbl HelipoceTel

HelpoceTn npeactaBnstoT cobor pasnmyHble Mogenu, mc-
NONb3yHoLLME UCKYCCTBEHHbIE HEMPOHBI AN 06paboTkuM nHgop-
Mauuu U NPUHATUS pelleHnin. PasnnyHble TUNbl HeMpoceTen
paspaboTaHbl AN pelleHns pasHblx 3a4a4y 1 obnafarwT yHU-
KaslbHbIMW CBONCTBaAMW. PacCMOTPMM HEKOTOPbIE U3 HUX:

1. MerPUENTPOH (MHOTOCNOWMHBIN MEPLEEMTPOH):
MepuenTpoH sBnseTcs 6a30BbIM TUMNOM HENPOCETH U COCTO-
UT N3 OOHOTO UM HECKOMBbKNX C/I0EB HEMPOHOB, Ha3biBaeMbIX
nepuentpoHamu. OH UMeeT NPSAMYI0 CTPYKTYPY, roe Kaxnabli
HeMpOH B OAHOM CJl0€e CBA3aH C HeMPOHaMM ClIeAyHOLLEro Crosl.
MepuenTpoHbl xopoLo paboTatoT ¢ 3agadamu Kraccudmkalmm
1 pacrno3HaBaHusi 06pasoB. OHM MoryT obpabaTbiBaTh bosblUne
06beMbl laHHbIX 1 co3faBaTtb rmMbkmne Mogenu, UCNosb3ys pas-
JIMYHblE OYHKLMW aKTUBaLUN.
XapakTepucTuKu nepuenTpoHa:
= 06paboTka CTPyKTYPUPOBaHHbIX AaHHbIX, TAKMX KaK Tabnuubl
WY BEKTOPbI;
e CcnocobHocTb 0byyaTbcs Ha 6onblNx 06beMax faHHbIX;
e MbKocTb B BbibOpe DyHKLMIN aKTUBALUN U apXUTEKTYPbI
Mozenu.



YTO TAKOE HEMPOCETb

2. CBePTOYHAS HENPOHHAS ceTb (CHC):

CBepToYHas HelMpoHHas ceTb ABnseTcs ah(heKTUBHbIM TUMOM
HeMpoceTu, KOTOPbIV creumanbHo paspaboTtaH ana obpaboTku
OAaHHbIX C MPOCTPAHCTBEHHOW CTPYKTYPOM, TaKMX Kak nsobpaxe-
Husi. OHa UCMOb3yeT CBEPTOYHbIE C/TIOM, KOTOPbIE aBTOMaTHYe-
CKW N3BNIEKAIOT MPU3HAKKN U3 M306paXkeH I, Haxons WabnoHbl
1 o6bekTbl. CHC 061apaeT MeHbLUeR YyBCTBUTEbHOCTbIO K M3-
MEHEHWSIM B MOJIOXKEHUWN 0OBbEKTOB Ha M306paXKEHUN N MOXKET
6bITb yCMELHO NpYMeHeHa B 06/1aCTAX KOMMbIOTEPHOI0 3peHus,
pacnosHaBaHus 06pa3oB 1 aHanmMsa n3obparkeHun.

XapaKTepUCTUKMN CBEPTOUHON HEMPOHHOI CeTu:

« 0b6paboTka nzobpaxkeHnn n Apyrnux gaHHbIX C NPOCTPaH-

CTBEHHOW CTPYKTYPON;

e V3BMEYEHME NPU3HAKOB M pacno3HaBaHWe WaboHOoB;
e VMHBAPWAHTHOCTb K U3MEHEHWNSIM B MOJSIOXKEHNN 0ObEKTOB.

3. PEKYPPEHTHAS HEMPOHHAS ceTb (PHC):

PekyppeHTHas HelipoHHas ceTb NpegHasHaveHa a1g paboTbl
c nocnepoBaTeslbHbIMU flAaHHbIMU, FOE KaXKAbl 3NeMEHT nMeeT
3aBMCMMOCTb OT Npeablaywmx. PHC obnapaet cBassmum c obpat-
HOW CBA3b0, KOTOPbIe MO3BONAT NepenaBaTbh MHGOPMaLUIO
OT NpeablayLmx waroB 06paboTkn. ITo NO3BONSET MOAENNPO-
BaTb [,0/ITOCPOYHbIE 3aBUCKMMOCTM B NociefoBaTeNIbHbIX AaHHbIX
1N UCMOMb30BaTb KOHTEKCTHYO MH(OPMaLNIO ANA MPUHATUS pe-
weHui. PHC wnpoko npuMeHsatoTca B 3agavax 06paboTku ecte-
CTBEHHOrO f3blKa, reHepau M TeKCTa 1 MallMHHOMOo NepeBoaa.

XapaKTepuUcTUKU peKyppeHTHON HEMPOHHOI ceTu:
« 06paboTka nocnepoBaTefibHbIX JaHHbIX C 3aBUCUMOCTAMU;
« MOAenMpoBaHVe fONIFOCPOYHbIX 3aBUCMMOCTEN;
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KAK NOAb30BATbCA HEMPOCETbIO

MCNONb30BaHNE KOHTEKCTHON MH(opMaLMK s NPUHATUS
peLleHui.

Mpumepbl HelpoceTei:

. Mpsamoe pacnpocTtpaHeHne (Feedforward Neural Networks):
MHorocnonHbI nepuentpoH (Multilayer Perceptron)
rny6okue HelpoHHble ceTn (Deep Neural Networks)

. CBepTouHble HenpoHHble ceTu (Convolutional Neural Net-
works):

LeNet-5

AlexNet

VGGNet

GooglLeNet (Inception)

ResNet

. PekyppeHTHble HelipoHHble ceTu (Recurrent Neural Networks):
MpocTbie peKyppeHTHble HenpoHHble ceTn (Simple RNN)
LSTM (Long Short-Term Memory)

GRU (Gated Recurrent Unit)

. CBepTOYHbIE peKyppeHTHble HelipoHHble ceTn (Convolutional
Recurrent Neural Networks):

CRNN (Convolutional Recurrent Neural Network)

. ABTOKOAMpOBLLMKM (Autoencoders):

MpocToi aBToKoAMpoBLWMK (Simple Autoencoder)
BapuaunoHHbIli aBTokoaupoBwuk (Variational Autoencoder)
. TeHepaTumBHble cocTasaTtenbHble ceTu (Generative Adversarial
Networks):

GAN (Generative Adversarial Network)

DCGAN (Deep Convolutional Generative Adversarial Network)
CycleGAN

StyleGAN

10



YTO TAKOE HEMPOCETb

7. CeTn ponron kpatkocpoyHou namsatu (Long Short-Term

Memory Networks):

« LSTM (Long Short-Term Memory)

« BLSTM (Bidirectional Long Short-Term Memory)

« GRU (Gated Recurrent Unit)

8. NpeobpasoBatenu TpaHcopmepsbl (Transformer Networks):

« Transformer

- BERT (Bidirectional Encoder Representations from Trans-
formers)

« GPT (Generative Pre-trained Transformer)

o T5 (Text-to-Text Transfer Transformer)

370 NNLWb HEKOTOPbIe NPUMEpPbI HEMPOCETEN, 1 CyLLeCTBYeT
MHOXECTBO APYrMX BULOB U UX MOANMDUKALMNIA, KaXK bl U3 KO-
TOpPbIX NOAXOAMUT OJ1 onpeaeneHHbIX 3agay 1 obnacrten npu-
MeHeHus.

KaxxObl U3 3TUX TUMOB HEMPOCETEN MMEET CBOM OCOBEHHOCTU
1 MPenMyLLLEeCTBa, YTO No3BoNSET BbibpaTb Hanbonee nogxons-
LY MOLENb AN PeLUeHNst KOHKPETHOWM 3a4a4n B COOTBETCTBUM
c ee TpeboBaHUAMU M XapaKTEPUCTMKAMM BXOLAHbIX OAHHbIX.

[nsa yero Ucnonb3yoT HEUpoceTU
M B KaKux cpepax

HenpoHHbIe CeTU NCNOSIb3YHTCS BO MHOXeECTBe cdhep 1 3aaau.
BOT HeKOTOpble U3 HUX:

1. KoMnbloTepHOe 3peHne: HEMPOHHbIE CETU MPUMEHSAIOTCS
015 pacrnosHaBaHus 1 knaccudmkaunm nsobpaxeHmin, obHapy-
XeHNs 06bEeKTOB, CerMeHTaLnm N30bpaxkeHni, pacnosHaBaHus
nnu, 1 obpaboTkm BUAEO. ITO MOXKET bBbITb NONIE3HO B MEOULMHE,

"
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aBTOMOBUWIbHONM NPOMbILWIEHHOCTH, cucTeMax besonacHoCTK
n opyrmux obnacTsx.

2. ObpaboTKa eCTeCTBEHHOrO A3blKa: HEMPOHHbIE CETU UC-
nonb3yrTCa 09 aBTOMaTUMYECKOro nepeBoaa, pacnosHasa-
HUS N reHepaunn TeKCTa, onpeneneHns ToHalbHOCTN TEKCTa,
aHanusa CeHTMMeHTa, 4YaT-60ToB 1 ApYyrux 3afau, CBA3aHHbIX
C 3bIKOM.

3. PekoMeHaaTebHble CUCTEMbI: HEMPOHHbIE CETU MOMOratoT
npenckasbiBaTh U PEKOMEHA0BATb MPOAYKThI, (hUSIbMbI, My3bIKY
W Opyrve npennoYTeHns nofb3oBaTesnst Ha OCHOBE ero npenbl-
OYLWMX OEeNCTBUI U OaHHbIX.

4. AHanu3s paHHbIX U NPOrHO3MPOBaHNE: HEMPOHHbIE CETU
NCNosb3YTCA A1 aHanmMsa 60/bluMX 06beMOB AaHHbIX, BbiSiB-
JNIeHNs 3aKOHOMEPHOCTEN M TPEHO,0B, NPOrHO3MPOBaHUS Bpe-
MEeHHbIX pOoB, PMHAHCOBOro MOAENMPOBAHUS 1 APYrMX 3a4ad,
CBSI3aHHbIX C MPOrHO3MPOBAHMEM.

5. ABTOHOMHbI€ CUCTEMbI: HEMPOHHbIE CETU UIPAOT BAXKHYHO
posib B pa3paboTke aBTOHOMHbIX CUCTEM, TaKMX KaK aBTOMNMUIIO-
Tbl 015 aBTOMOBMNENR, APOHbI, PO6OTbI U CUCTEMbI yNIPaBAEHMUS.

6. MeguunHa n bruonorus: B MeguumHe HeMPOHHbIE CeTU Npu-
MeHSATCa ANa AnarHoctTukm 3aboneeaHunit, obpaboTkn megu-
LMHCKNX n306paXkeHunin, NporHo3npoBaHna 3abonesaemocTu
N 3NMAEMUNONOTNYECKUX OaHHbIX. B 61MONOrMmM OHM MCNonb3ytoTcs
0J15 MOOENMPOBAHNS FreHHbIX CETEN, aHanmn3a nocnenoBaTtesib-
HocTel OHK 1 opyrmx 6uonornyecknx gaHHbIx.

7. ®UHAHCbI: HEMPOHHbIE CETU NPUMEHSIOTCS OJ1S NPOrHo-
3UpOBaHNSA PMHAHCOBbIX PbIHKOB, PUCK-aHann3a, ynpaeneHns
noptdenem, KpeaAnTHOro CKOpUHra U geTeKLunm MoleHHnYe-
cTBa.
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YTO TAKOE HEMPOCETb

8. Urpbl 1 pasBneyeHunsa: HEMPOHHbIE CETU UCMOMb3YHTCS
011 CO30aHUSA UHTENNIEKTYaNbHbIX areHTOB B KOMMbHOTEPHbIX
urpax, reHepaLlmm KOHTEHTa, aHan13a nosefeHns nosb3osaTe-
Nen v Apyrux 3agad, CBA3aHHbIX C pas3BieyeHrem.

9. ABTOMaTM3aLmns NPOLLECCOB: HEMPOHHbIE CETU NPUMEHS-
I0TCS ANS aBTOMaTU3aLMM Pa3nnYHbIX MPOLLECCOB, YyyLleHUs
3(hheKTMBHOCTN 1 ONTUMM3ALMM 3a0a4 B Pa3HbIX OTPACaX.
Hanprmep, oHM MOryT MCMNONb30BaTLCA A1 aBTOMATUYECKOrO
yNpaBfieHNs NPON3BOACTBEHHbBIMU CUCTEMAMMU, MPOrHO3MpPOBa-
HUWS cnpoca Ha ToBapbl, ONTUMM3ALMW NTOFMCTUYECKMX NPOLLeC-
COB U ApYrux 6U3Hec-npunoXeHun.

10. AHanu3 coumanbHbIX ceTer 1 megma: HEMPOHHbIe CeTu
MOryT OblTb MCMOMNb30BaHbl 419 aHanM3a akTUBHOCTU B CO-
LmanbHbIX ceTax, 06paboTKM TEKCTOBbIX AAHHbIX, BbISBAEHUS
TPEHAO0B, Knaccuukaumm MHEHUA N OLEHOK MONb30BaTeNen.
370 MOXKeT BbITb NONE3HO A1 MapPKETUHIOBbIX UCCNEA0BAHUNA,
COLMANbLHOr0O MOHUTOPUHTA, aHann3a obLLeCTBEHHOIO MHEHNS
1 pa3paboTKM NepcoHaNn3npPoBaHHbIX PEKOMEeHAAL NN,

11. PO60TOTEXHMKA: HEMPOHHbIE CETY UIPaOT BAXKHYHO POJb
B PasBUTUN POBOTOTEXHMKU, FOe OHU MOMYT UCMOMb30BaThCS
ona obyyeHus poboToB B3aMMOOENCTBOBATb C OKPYXKAtoLLLEN
CpeLfon, pacnosHaBaTb 06beKTbI, NIAHUPOBATb ABUXEHWS U Bbl-
nonHeHne 3agau.

12. Kpuntorpagus n 6e30nacHoCTb: HEMPOHHbIE CETU NpU-
MeHsTCS B obnactu kpuntorpadum ons aHanmsa v 3aluThl
nHopmaunn. OHM MOTryT UCMNOb30BaThCsA AN 0O6HAPYXKEHUS
aHOManui B ceTeBOM Tpadnke, pacno3HaBaHWs BPeLOHOCHbIX
nporpamm, ayTeHTudukaLmm nonb3oBarenen n paspaboTku
KpunTorpapuyeckmx anropuTmMoB.
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