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HULl, pYKONUCHbIE CUMBO.IbL, OVKBbL AH2IUIICKO20 ANhasuma.

B cmamve pewaemcs 3a0aua paspabomku c6epmouHoU Hepocemego Moodenu 07l PACNO3HABAHUSL PYKONUCHBIX OVKE aH-
2autickozo angasuma. Paccmampusaiomes ocHogHbie n0OX00bl K pAcno3HABAHUI0 cumeonos. Ommevaemcs, ymo mpaou-
YUOHHbIE MeMOObl ONMUYECKO20 PACNO3HABAHUS MEKCMA, OCHOBAHHbIE HA NPABUNAX U CIAMUCIUYECKUX MOOETAX, YCmy-
narom mecmo 6onee 2uOKUM u IPHeKkmusHbIM Hellpocemesblm nooxodam. /s peanuzayuu maxko2o nooxo0a 6biNOIHeHbl
crnedyroujue 3mansvl. NOIYYeHUe UCXOOHBIX OGHHBIX OISl AHANU3A, NOCHPOEHUE APXUMeKmypbl Helpocemesoti mooenu, ooy-
yeHue Mooenu U OYyeHKa pe3yrbmamos ee pabomuvl. [l nOCMpoeHus Mooenu 8blopar 00uedoCmynHbill HAbop OaHHbIX
EMNIST na nnamgpopme Kaggle, cooepacawuii 88800 uzobpasicenuti pykonucHvix 6yke amenutickozo angasuma. /[ns
HA2NIAOHOCU NPUBEOeH npumep u300pasxcenuti us Habopa oauuvix. Onucana apxumexmypa Heupocemesou mooenu. B xka-
yecmee nuamgopmvl 015 ee 0OyYeHUs: UCnonb308ana cpeoa modenuposanusi MATLAB. /[na oOyuenus nelipoHHOU cemu
ucnonvzosan onmumuzamop Adam ¢ navanvnou ckopocmuio 0oyuenus 0.00 1 u MaKCUMAILHbIM KOIUYECMBOM SNOX, PAG-
noim 10. Pazmep nakema 6vin ycmanosien Ha yposhe 64, umo obecheuusano 6ananc mexcoy cKopocmvio ooyueHus u Ka-
yecmeom 0bHoseHull 6ecos. ObyueHue MOOenu OCyWecmsnanocs ¢ nomowwbio Qyrkyuu trainNetwork, komopas npunu-
Mana noo2omoeieHHuvlll Habop uzoopasceruti u memox. Kascoasn snoxa obyuenus exuouana é cedsa pacyem mouHOCmuU,
4mMo NO360JAN0 CIEOUMb 3d X000M nocmpoeHus mooenu. TouHocmy Hellpocemegoli MoOenu nocie 0OyYeHUss CoCmasuaa
92%. [Qns oyenxu pe3yrsmamos pabomsl HEUpoOCemeso2o KIACCUuKamopa uzoopaxiceHull 6ulia nocmpoena Mampuyd
OwWUOOK, aHAIU3 KOMOPOU NO360IUL COENAmb 8bl600, MO ) Helupocemesol Mooenu 603HUKAIOM mpyOHOCmU ¢ pac-
nosnasanuem 6yke «i» u «l» NOCKONbKY 2mu GYK6bl 0UeHb NOXONCU U, UCXOOS U3 PASHBIX NOYEPKOS U HEDONLUUUX ULYMO8,
CIMAHOBUMCSL HEBOZMONCHVIM ONpedeumsb 6e3 OONOIHUMENbHOU UHpoOpMayuu, Kakas uz 6yke npedcmasieHa Ha uzoopa-
orcenuu. [ npoeepKu yCmouuusocm Mooeau K HeUHUM UCKAMCEHUAM NPOBEOEHO UCCed08anue, eKkouanyee 006a6-
JIeHUe CIYHAUHO20 2aYCCOBCKO20 WYMA K U300padsCeHusm u3 mecmosoi evloopku. Ilocie dobasnenus wyma mouHoCHb
Helipocemesoli knaccugpukayuu chuzunace ¢ 92% oo 88,27%. Omo ykazvieaem na mo, 4mo mMooenb coOXpanaem ommocu-
MENbHO BbICOKYI0 MOYHOCb, HECMOMPS HA HATUYUE 3AUYMIEHHBIX OaHHbIX. Tlocmpoennas modenb noKasaua 8biCOKYIo
MOYHOCHIb PACNOSHABAHUA US0OPANCEHUL AH2IUUICKUX DYKONUCHBIX OYKe. Hecmompsa Ha cHudicenue mounocmu npu 0o-
0asneHUU WYMO8 U UCKAXHCEHUT, MOOeNb NPOOEMOHCIPUPOBATA XOPOULYI0 0000Warwyo cnocooHocmy. Imo ykasvleaem
HA ee a0eK8AMHOCHIb U 603MONCHOCHIL IPPEKMUBHO20 NPAKMUYECKO20 UCHOTb308AHUS.

A. A. Alekseeva, D. V. Kataseva
RECOGNITION OF ENGLISH CAPITAL LETTERS BASED ON CONVOLUTIONAL NEURAL NETWORK

Keywords: convolutional neural network, computer vision, neural network modeling, image recognition, handwritten characters,
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The article solves the problem of developing a convolutional neural network model for recognizing handwritten letters of
the English alphabet. The main approaches to character recognition are considered. It is noted that traditional methods of
optical character recognition based on rules and statistical models are giving way to more flexible and efficient neural
network approaches. To implement this approach, the following steps were performed: obtaining the initial data for analy-
sis, building the architecture of the neural network model, training the model and evaluating the results of its operation. To
build the model, a publicly available EMNIST dataset on the Kaggle platform was selected, containing 88,800 images of
handwritten letters of the English alphabet. For clarity, an example of images from the dataset is provided. The architec-
ture of the neural network model is described. The MATLAB modeling environment was used as a platform for its training.
The Adam optimizer with an initial learning rate of 0.001 and a maximum number of epochs of 10 was used to train the
neural network. The batch size was set at 64, which ensured a balance between the learning rate and the quality of weight
updates. The model was trained using the trainNetwork function, which accepted a prepared set of images and labels.
Each training epoch included an accuracy calculation, which made it possible to monitor the progress of model construc-
tion. The accuracy of the neural network model after training was 92%. To evaluate the performance of the neural network
image classifier, an error matrix was constructed, the analysis of which allowed us to conclude that the neural network
model has difficulties recognizing the letters "i" and "I" since these letters are very similar and, based on different hand-
writings and small noises, it becomes impossible to determine without additional information which of the letters is pre-
sented in the image. To test the model's robustness to external distortions, a study was conducted that included adding
random Gaussian noise to the images from the test set. After adding noise, the accuracy of the neural network classifica-
tion decreased from 92% to 88.27%. This indicates that the model maintains relatively high accuracy despite the presence
of noisy data. The constructed model demonstrated high accuracy of recognition of images of English handwritten letters.
Despite the decrease in accuracy when adding noise and distortions, the model demonstrated good generalization ability.
This indicates its adequacy and the possibility of effective practical use.
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BBeneHune

B mocienHue ronasl HEHpOHHBIE ceTH NpHOOpENH
HMIMPOKYIO0 MOMYJISPHOCTb, CTaB OJHOW W3 KIIFOYEBBIX
TEXHOJIOTHIi B o0ylacTy aHaiu3a aanHbix [1-3], Monenu-
poBanust [4-6] u uckycctBenHoro untesiekra [7-9]. Ha
JAaHHBI MOMEHT MX NPHMEHCHHE OXBAaTBHIBAeT Pa3ivy-
Hble cepsl aesrensrocTr [10-14], BRITFOYas MEAUIUHY,
(MHAHCHI, TPOMBIIUICHHOCTh U MHOTHE IpyTHE.

B HacTosee Bpems akTyalbHOM 3ajauel, periae-
MO ¢ moMOIIBI0 HefpoceTeBbIx Momeneit [15-17], sB-
JSETCS PAclo3HaBaHUE TEKCTOBBIX CHMBOJIOB, KOTOPOE
OPUMEHSETCS JJIsi aBTOMATHYECKOTO YTCHHUS JTOKYMEH-
TOB, 00pabOTKN PyKOIHMCHBIX TEKCTOB B CHCTEMaX dJICK-
TPOHHOTO 00y4eHHs, OMOMETPUYECKOH UACHTU(DUKALIIH
u MHorux npyrux [18-21]. TpaguiuoHHBIE METOABI
OIITHYECKOTO pacro3HaBanHus Tekcta [22, 23], ocHoBaH-
HbIC Ha MPAaBIIAX M CTATHCTHYCCKUX MOJEISX, YCTyma-
0T MecTo Oonee THOKMM U 3((HEeKTUBHBIM HelpoceTe-
BbIM monxonam [24, 25]. HefipoceTeBbie Mojenu mnpe-
JararoT 3(QEKTHBHBIC METOABl PEIICHHS PasIHYHBIX
3amad, Oyaromapsi CBOeH CHOCOOHOCTH O0ydJaThCsS Ha
OonbIIMX 00bEeMax JAHHBIX M BBIBIATH B HUX CJIOXKHBIC
3aKOHOMEPHOCTH.

OCHOBHbI€e TUNbI anropuTtmoB
pacno3HaBaHuA CMMBOJIOB

CymiecTByeT HECKOJIbKO THUIIOB alTrOPHUTMOB PacIo-
3HaBaHUA CUMBOJIOB, CPCIU KOTOPBIX MOYKHO BBIACIIUTH
crenyromue [26-28]:

1) ayropuT™M Ha OCHOBE TIpaMMaTHK (HCIOJb3YIOT
HaOOp MpaBHII IS OTPENEIICHNS CTPYKTYPBl M B3aUMO-
CBSI3€H CHMBOJIOB B TEKCTE, KOTOPBIH IPEICTABIACTCS B
Buze rpada, a CHMBOJIBI aHATM3UPYIOTCS KAaK 3JIEMEHTHI
(opManbHOTO S3BIKA);

2) aNTOpUTM JIMHEWHOro pacmpejesieHust (TeKCT
pa3buBaeTCs Ha CTPOKH, a 3aT€M Ha OT/AEJIbHbIE OYKBHI,
JUIA KaXa0ro CMMBOJIa (bOpMI/IpyIOTCH TUIIOTE3bI, KOTO-
pBI€ OIEHMBAIOTCS C MCIIOJB30BAaHHEM MNPUHIUIIOB Iie-
JIOCTHOCTH, MLEJENOJaraHusl M aJalTUBHOCTH; TaKOM
aNropuTM H03BONIAET 3 PekTHBHO 0OpabaTHIBATH TEKCT,
OJIHaKO TpeOyeT TOYHOW HACTPONKH MapaMeTpoB LIS
JOCTHKEHUS BBICOKOHM TOYHOCTH PAaCIO3HABAHMS);

3) anropuT™M KOHTYPHOrO aHanu3a (MCIONB3yeT MO-
JIeTIM KPUBBIX JUIS TOYHOTO OIpPENENICHNs] TPaHMI] CHM-
BOJIOB, XapaKTE€PHU3YETCsl BEICOKOI CKOPOCTHIO pabOTHI U
MHHUMAJBHBIM BJIMSHHEM BHEIIHHX (pakTOpoB Ha pe-
3y/lbTaThl, OCHOBHOE MPEUMYIIECTBO aJrOPUTMa — €ro
MPOCTOTA, OJHAKO ISl CIOXHBIX CHMBOJIOB M HECTaH-
JapTHBIX MIPUGPTOB ero 3(H(HEKTHUBHOCTD CHUKAETCS);

4) anropuT™ Ha OCHOBE CBEPTOYHBIX HEHPOHHBIX Ce-
Teil (HelipoceTeBast cBepTOYHAs MoJieNb oOydaeTcs Ha
OCHOBE 0O0JIBIIOTO 00BEMa MaHHBLIX U CIIOCOOHA ajanTu-
poBaThCs K Pa3IMYHBIM MIPUQPTAaM U A3bIKaM, 4TO Jea-
eT ee 3((HEKTHBHOM 115l pACIIO3HABAHHS TEKCTA).

Jns pacro3HaBaHHMs TEeKCTa BBICOKOTO KadyecTBa
HanOosee 3(GQEKTUBHBIMU SIBISIOTCS AJTOPUTMBI, OC-
HOBaHHBIE HAa IpaMMaTHKax M JIMHEHHOM pacrpeserne-
HuK. [ pacnozHaBaHust Oojee CIIOXKHBIX, B YacTHO-
CTH, PYKOIMMCHBIX CHMBOJIOB JIYYIIEC MOAXOAAT MCTOIbI
KOHTYPHOTO aHaJIn3a U CBEPTOYHBIC HeﬁpOHHble CCTH.

B nmanHOU pabote mis pelieHus 3aladu pacrio3Ha-
BaHUS PYKOIHMCHBIX OyKB aHTIMHCKOTO ayiaBUTa MPH-
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MeHeH HeitpocereBoit moaxox [29, 30]. ns ero peanu-
3aI[MHU BBIIOJHEHBI CIICAYOIINE ITAIBI:
1) nonyveHre UCXOAHBIX JAHHBIX IS aHATH3A,;
2) IOCTPOCHHE apXUTEKTYPBI HEHPOCETEBON MOJICIIH;
3) 00yueHune HeHpoCeTeBON MOIENH;
4) orleHKa pe3yIILTaTOB PA0OTHI MOJIEITH.
PaccmoTrpuM 31H 3Tans 6osnee moapoOHO.

Mony4yeHne M NOAroToBKa JaHHbIX
ONsl NOCTPOeHNs HepoceTeBOW Moaenu

Juis mocTpoeHust MOZIETH BBIOpaH OOIIeTOCTYITHBIH
Habop manHbix EMNIST [32] ma mmatdopme Kaggle
[32], comepxammit 88800 mM300paskeHUH PYKOIMHMCHBIX
OykB B yepHO-OenoMm (opmare pazmepoM 28x28 mukce-
NieH, coiepIKaIIiii 3arIaBHBIC U CTPOYHBIC OYKBBL

Ha pucynke 1 mpencraBineHsl mpUMeEpsl H300paxe-
HHUI PYKOIHCHBIX OYKB M3 HabOpa JaHHBIX.
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Puc. 1 — Ilpumepsnl u300paxeHuii u3 HaGopa JTAHHBIX

Fig. 1 — Example images from the dataset

Monens mpUHEMaeT Ha BXOJ M300pakeHUs pa3Me-
poM 28x28 mukcened ¢ OIHUM LBETOBBIM KaHanoM. Ha
MEPBOM 3Tafe JaHHbie 3arpyxkatorcs u3z CSV-odaiina,
MOCJIE Yero OHM Pa3lelSIOTCS Ha METKH M MUKCEIH
n3o0paxkenus. [Iukcenn n3obpaskeHuil npeodbpasyroTCs
B opmat 28x28x1 1 HOpMATH3YIOTCSI, YTOOBI 3HAUCHHMS
HaxXoAWIUCh B Auamna3one oT 0 mo 1. Metku mpeobOpa-
3yIOTCSI B KaTEeTOPHAJbHBIN (opMar, 4TO IO3BOJSET
MoJieN paboTaTh ¢ 26 KiIaccaMH, COOTBETCTBYIOUUMHU
OykBaM aHrIMiicKoro ajdasuta oT A 110 Z.

ApXUTeKTypa HepoceTeBOW Mogenu

ApXHTEKTypa MOJENN BKIIOYaeT HECKOJBKO CIIOEB
[33]. BxoaHoii cioii mpuHUMaeT U300paXeHust U mepe-
JIaeT MX B MEPBBIM CBEPTOUYHBIN CIIOH, KOTOPBIA coaep-
*uT 16 GuUIbTpoB pazmepoMm 3x3 ¢ HCHOIH30BAHUEM
HyJneBoro gononHeHus (padding='same'). D10 mMO3BOIIA-
€T COXpaHHUTh Pa3MEPHOCTb BXOJHOTO H300paKeHUs,
YTO BaYKHO IS JaJIbHENIIe 00pabOTKH.

[Tocne mepBOro CBEPTOYHOTO CJOS IMPHUMEHSETCS
CJIOM IAKETHOW HOpMaJMu3aluy, KOTOPbIiI HOPMAIU3yeT
BBIXOJIHBIE JaHHBIE W IOMOTAeT YCKOPHTH MpoIecc 00y-
YeHHs, yIydiias CTaOMIbHOCTh MOJIEIIH.

Hanee cnenyer cioit aktuBauumu ReLU, koTopslii
BBOJIUT HEJIMHEHHOCTH B MOJENb, IO3BOJISI €if 00y-
4aThbCs 00JIee CIOKHBIM (QYHKITHSIM.

ITocne 3Toro ucnomb3yercss CIOW MaKCUMAalbHOTO
MyJUIMHTa C pa3sMepoM OKHa 2Xx2 ¥ Imarom 2, 4to
YMEHBIIAET Pa3sMEPHOCTh BBIXOJHBIX JaHHBIX U BBIJE-
nsier HamOoJsiee 3HAYMMbIE NPHU3HAKH, IPEIOoTBpalias
nepeoOydeHue.
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Bropoii cBepTouHbIil ciol couepkuT 32 GuiabTpa
pasmepoM 3x3 C HyJEBBIM [OMOJIHEHHEM. DTOT CIIOM
u3BIIEKaeT 0ojee CIIOKHBIE PU3HAKN U3 M300paKEHUH.
CHoBa HpUMEHSETCS CIOW MaKeTHOW HOpMaldu3alluu U
axktuBanuu ReLU mis ynyumenus mporecca oOyueHHs.
Bropoli cnoii MakCUMaJIBHOIO IIYJUIMHIa  TakKke
YMEHBIIAeT Pa3MEPHOCTb BBIXOJHBIX JAHHBIX.

Ha 3aBepmaromem sTane apXUTEKTypbl HAXOOUTCA
TIOJTHOCBSI3HBIN CIIOH, KOTOPBIN COAEPKUT 26 HEHPOHOB,
COOTBETCTBYIOLINX Ki1accaM OyKB OT A 10 Z. DTOT cloi
(hopMHpyeT OKOHUYATENbHBIC MPEACTABICHUS A KJlac-
cu(uKay Ha OCHOBE U3BJICUCHHBIX IPH3HAKOB.

3aBepuraeT apxXuTeKTypy cioi Softmax, BBITOJHS-
I0IMI KiacCU(UKAIMIO, BbIIaBas BEPOSTHOCTH NpH-
HaJUIS)KHOCTH U300paXKeHHUS K KaXKIOMY M3 KIIacCOB.

O6yueHune HeMpoceTeBOro
KnaccudcmkaTtopa nsobpaxeHumn

B xauectBe minatopMbl JUIs TOCTPOEHHs Helpoce-
TEBOM CBEPTOYHOW MOJENH HCIIOIb30BaHA Cpesia MOje-
mupoBanusi MATLAB [34]. [lns o6y4eHus HeHpOHHOM
CeTH MWCIONB30BaH onTuMu3atop Adam ¢ HadaabHOU
ckopocthio 00yueHus 0.001 u MakcHMaNBHBIM KOJIHYe-
CTBOM 310X, paBHBIM 10. Pa3mep makera ObLT yCTaHOB-
JeH Ha ypoBHe 64, uTo obecneuynBano OalaHC MEXIY
CKOPOCTBHIO O0YYCHHUS M Ka4eCTBOM OOHOBJICHUI BECOB.
JlanHble 1711 IPOBEPKU OBUTH BBIAEIECHBI U3 TECTOBOTO
Habopa M300paKEHUIA, YTO MO3BOJISIIO KOHTPOJIUPOBATh
Ka4yecTBO MOJIEJIM Ha JIaHHBIX, KOTOpPbIE OHA HE BHAEJA
BO BpeMsi 00y4eHUsL.

OO6yyeHne MOJeNd OCYHIECTBISJIOCH C MOMOIIBIO
¢yakoun trainNetwork, koTopas mnpHHHMAana MOATO-
TOBIICHHBIN Habop m300pakeHWit W MeTok. Kakmas
snoxa OoO0y4eHHs BKJIOYanga B ce0sl pacyeT TOYHOCTH,
YTO ITO3BOJISLIO CIEANTH 32 XOJIOM IIOCTPOCHHUS MOJICITH.

Ha pucynke 2 npencrasiieH rpaduk oOydeHus cep-
TOYHOH HEMPOCETEBON MOJENH.

Accuracy (%)

poch 1 Epoch I2 Epoch 3 Epoch 4 Epoch 5 Epclnch 6 Epoch 7 Epoch 8 Epoch 9‘Epoch 10

0 2000 4000 6000 8000 10000
Iteration

Puc. 2 - I'padux o0y4yeHus HelHPOHHOH ceTH
Fig. 2 — Neural network training schedule

[Tocne 3aBepiienus 0O0y4eHHsI MOJIENb Obla MPOTe-
CTHPOBaHA Ha OTJIOKEHHOM HabOope AaHHbIX JJIsl OLIEH-
ku ee angekBarHocTH [35]. st 3TOro NpUMEHSIIACH
¢ynknusa classify, xoropas ompeaenseT Kiacchl s
TECTOBBIX M300paXkeHUi. TOYHOCTH MOJENM PacCUNUTHI-
BaJIaCh Kak CpeJlHee 3HaYCHWE INPaBHIBHBIX PE3yJIbTa-
TOB KJaccH(UKaNUH 10 CPaBHEHHIO C PealbHBIMH MET-
KaMH KJIacCOB B TECTOBOM Habope NaHHBIX. TOYHOCTH
Mozeau coctaBuia 92%.

OueHka pe3ynbTaToB Knaccudukaumm

st OueHKH pe3ynbTaToB PabOThl HEHPOCETEBOTO
Kiaccupukaropa M300paKeHUil Oblja MOCTPOEHA Mat-
puia omubok [36], mpeacraBieHHas Ha pUCYHKE 3.
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Puc. 3 — Marpuna kiaccupuxanuu
Fig. 3 — Classification matrix

JluaroHanbHble 3JIEMEHTHI MaTPHLBI ITOKa3bIBAIOT
MIPaBUJIbHBIE PE3YJIbTAaThl KIACCH(DUKAIIMH, a8 DJIEMEHTHI
BHE JJMaroHajy — ONIMOKH KiIaccuUKaImy.

W3 mpeacraBneHHOW MaTpUIbl MOXHO 3aMETHTh,
YTO Yy HEMPOCETEBOM MOJENIM BO3HUKAIOT TPYAHOCTH C
pacrio3HaBaHueM OYKB «i» M «l» MOCKOJNBKY 3T OyKBEI
OYEHb TOXO0XH M, MCXOMAS M3 Pa3HBIX NOYEPKOB U He-
OOJNIBIINX IYMOB, CTAHOBUTCS HEBO3MOXKHBIM OIIpEJie-
T 0€3 TOTIOTHNTENbHOW HH(DOPMALINH, KaKkas U3 OyKB
MIPEACTaBICHA HA H300pAKEHUH.

Ha ocHOBe MaTpwIsl MOXKHO CAENaTh BBIBOJ, YTO
OOJIBIIMHCTBO OLIMOOK TMPOUCXOAUT B Cilydae pacro-
3HaBaHUs OYKB, UIMEIOIIUX CX0Kyto Gopmy. Hanpumep,
«O» 1 «Q» mwin «i» 1 «l» — BU3yaJbHO CX0XHE OYKBBI,
Y MOJIETIb MHOT/Ia MyTaeT UX. JTO MOXKET OBITh CBSI3aHO
C HEAOCTATOYHOW OOYYEHHOCTBIO MOJENM Ha TaKUX
HNpUMepax MK ¢ 0COOEHHOCTSIMU U300pakeHnH (HeueT-
KH€ TPaHMIBI, HEeIOCTaTOYHAsl KOHTPACTHOCTB).

Jnst IpoBEpKH YCTOWYMBOCTH MOJIENH K BHEIITHUM
NCKaKeHUSIM TIPOBEJICHO HCCIIEI0OBAHUE, BKIIOUAOIIee
JnobaBieHre ciyyaiHoro rayccoBckoro myma [37] x
n300pakeHIsIM U3 TecTOBOH BBIOOpKHU. [lIym mobGasisii-
Csl 17Is1 MOZICIMPOBAHUS PEANIbHBIX YCIIOBHUI, B KOTOPBIX
JIaHHBIE MOT'YT OBITh UCKa)KEHBI M3-3a INIOXOT0 KauecTBa
U300pAKCHUH, 3aCBETOB UJIH JAPYTUX (haKTOPOB.

Ha pucynke 4 nokazaHsl H300pakeHHs C IIyMaMH.

True: 17 True: 22
Pred: 17 Pred: 22

4

True: 26
Pred: 26

Z

True: 10 True: 24
Pred: 10 Pred: 25

o ™

True: 24 True: 15

Pred: 7

True: 11 True: 1 True: 2

Pred: 24 Pred: 11 Pred: 1 Pred: 2

xlolcl~l#

Puc. 4 — Ilpumepbl H300paskeHn#i ¢ IyMaMu
Fig. 4 — Examples of images with noise

[Mocne no00aBNeHHUS TayCCOBCKOTO IIyMa TOYHOCTH
HelipoceTeBOH KilaccupuKanuy cHu3MiIach ¢ 92% o
88,27%. D10 yka3bpIBaeT Ha TO, YTO MOJENIb COXpaHsIET



Becmnux mexnonozuuecxoeo ynusepcumema. 2025. T.28, Nod

OTHOCHUTCJIIbHO BBICOKYIO TOYHOCTb, HCCMOTPS HAa HaAJIU-
YU 3alIYMJICHHBIX TaHHBIX.

3aknoyeHune

Takum  oOpa3oMm, TOCTpOEHHAss  CBEpPTOYHAs
HelipoceTeBass MOJENb I0Ka3aja BBICOKYIO TOYHOCTB
pacrio3HaBaHHs W300paKCHUH aHTIHHCKAX PYKOIIHC-
HBIX OyKB Ha OOydYaromieil W TeCTOBOW BBIOOpKaX JaH-
HbIX. HecMOTpst Ha CHIKEHHE TOYHOCTH IIpH I00aBIie-
HHU [IYMOB U HMCKaKCHUH, MOJIEIb MPOAEMOHCTPHPO-
BaJla XOPOIIyl0 0000MIAONIyI0 CITIOCOOHOCTE. JTO yKa-
3BIBACT Ha €€ aJeKBaTHOCTb M BO3MOYKHOCTB 3()(eKTHB-
HOT'O NTPAaKTHYECKOTO UCIIOIB30BAHMS.

B nmepcnextuse 11e1eco00pazHo yirydIeHHe MOJETH
C TIOMOIIBIO 00JIee CIIOKHBIX apXUTEKTYyp M METOJOB,
TaKHMX KaK UCMOJb30BaHKe TpaHchopmepos [38, 39] miu
renepaTuBHbIX Mogmenei [40, 41] anst ayrmMeHTanuu
naHHbIX [42-44]. Takke BO3MOXHA ONTHMH3AIUS MOJIE-
JM 1711 pabOThl B PEabHBIX IPHIOKEHUSX, TAKUX Kak
MOOWIIbHBIC YCTPONCTBA WM CHCTEMbBI aBTOMATHYECKO-
r'0 paclo3HaBaHUs TEKCTa.
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