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METOAU MALLUUHHOIO HABYAHHA HEUPOHHOI MEPEXI
And NEPEABAYEHHA BEJNTMKUX SAWLYMJIEHUX OAHUX
3A 1OMOMOIo CYYACHUX MOB MNMPOIrPAMYBAHHA

Y cmammi onucaHo memodu MalWUHHO20 Hag4yaHHsI HEeUpPOHHOI Mepexi Orisi nepedbaqyeHHs1 8efluKuX 3awlymie-
Hux OaHux 3a 00rMoMO20K0 Cy4acHUX MO8 rpoepamysaHHs. OnucaHo ocobnusocmi nobydosu Wmy4HOI HeUpPOHHOI
mepexi, it cymuicme ma cmpykmypy. [idkpecneHo, wo pearnizauis Memoody MalWUHHO20 Hag4YaHHs HelpOHHOI Mepe-
Xi Onsi nepedbaqyeHHs1 8eTUKUX 3awymiieHUx daHux 3a G0rMOMO_0I0 CyYyacHUX MO8 rpoepamyeaHHsi 30iliCHIOEMbCS
y 08a OCHO8HUX emanu: nepwuli eman sierisie coboro nornepedHro 06pobKy GaHux, AKi € 3aWlyMIeHUMU ma CcKna-
OGaromb royamkosull Habip HarnpaeneHul Ha cmpykmypu3auito ma 30iliCHEHHS 0BPOBKU 3 MEemMo OmpuMaHHs
eghekmusHo20 pe3synibmy4o2o Habopy npudamHoeo Ot NodanbWoao 3acmocyeaHHsi, Opyaull eman siensie cobor
MexaHi3m 8UOINIEHHS MEX 3 OmMPUMaHo20 pe3yribmyr4o20 Habopy. JlokanbHUU ma adanmueHul nioxi0 HanpasneHo
Ha pearisaujio onucaHo2o nepuwoz2o emarly, Ha2ooweHo, wodo eghekmueHocmi makoao nidxody ma eudineHo
OCHOBHI MOKa3HUKU 8riusy Ha Habip noyamkosux O0aHux. Pe3ynbmyodum ¢hakmopoMm € MOXIUICMb OKPemMo20
He3asexH020 811Uy Ha KOXEeH riK ceflb 306paxeHHs 8paxo8yroHu noYamkosi xapakmepucmuku. Mamemamu4yHo
ChopMOBaHO cmpPyKmypy Wmy4HOI HeUpPOHHOI Mepexi Onsi nepedbayeHHs1 8eslUKUX 3allyMreHux daHux, onucaHo
KOXeH OKpeMUuli KOMIMOHEHM, W0 8xo0umb y 3az2aibHy Cmpykmypy. 3asHa4yaembCs, WO anpoKcuMmytoda hyHKUIs
ba3yembcs Ha 8xiOHUX wapax y Kinbkocmi mpu 00uHuUYj, ma 00Ho20 8uxody. [Ti0KpecneHo, Wo 3a yMo8u KOsbo-
posocmi Mo4yamko8oeo Habopy 0aHuX, MepPUWOo4Yepeo8UM € 8CIMAaHOB/IEHHS HaMi8MOHY, 3 MOCMYyNo8UM Nepexooom
y wmy4Hy HelpOHHY Mepexy 05 nodanbuwioi 06pobku, npu euxodi 3 HEUPOHHOI MepeXxi iHgbopmayisi NPo Konip 8id-
Hoenrembscs. OnucaHo nidxid 00 OyiHKU SKocmi 3awymneHux 0aHux nid Yyac nepedbaqyeHHs Wmy4yHOH HEeUPOHHO
Mepexero, Ha2omoweHo, Wo MiHIMI3auis 3Ha4eHHS OUiHKU 8idrosidae rnoninueHHK 8idyasibHOI SKoCcmi 300paxeHHs,
wo posansadaemscsi. CxemamuydHo rpedcmaeneHo apximekmypy HelpoHHOI Mepexi Ons nepedbayeHHsT 8enuKux
3awymneHux 0aHuX: 8U3HaYeHO 8XiOHY CMPYKmypy Mampuuyi ma onucaHo Kpaliogy mampuyto euxody. 3asHaqa-
€MbCS, W0 BUKOPUCMAaHHS Cy4acHUX MO8 rpozpamysaHHs1 0ae MOXIIUGICIMb BUKOHY8amu CIMBOPEHHS], HaB4yaHHS,
MOOEToBaHHS, @ MakoX iMIoPM ma eKcropm HeUpPOHHUX MEPEX ma OaHuX, 8UKOPUCMOBYIOYU IULIE iHCMPYMEH-
marnbHi Moxnugocmi iHmepgedcy.

Knro4oei cnoea: 3alwymneHi daHi, HelipOHHa Mepexa, MalWUHHEe Hag4aHHS, MO8a npozpaMyeaHHs, mpaHcgop-
Mauisi, CKiHYeHi 3Ha4eHHs, 8er1UKi OaHi.
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METHODS OF MACHINE LEARNING OF THE NEURAL NETWORK
TO PREDICT LARGE NOISY DATA USING MODERN PROGRAMMING LANGUAGES

The article describes the methods of machine learning of the neural network to predict large noisy data using
modern programming languages. Features of construction of an artificial neural network, its essence and structure
are described. It is emphasized that the implementation of the method of machine learning neural network to predict
large noisy data using modern programming languages is carried out in two main stages: the first stage is the pre-
processing of data that is noisy the resulting set suitable for further use, the second stage is a mechanism for
separating the boundaries of the resulting result set. The local and adaptive approach is aimed at the implementation
ofthe described first stage, the effectiveness of such an approach is emphasized and the main indicators of the impact
on the initial data set are highlighted. The resulting factor is the possibility of a separate independent effect on each
peak of the image, taking into account the initial characteristics. Mathematically formed the structure of an artificial
neural network to predict large noisy data, describes each individual component that is part of the overall structure. It
is noted that the approximation function is based on the input layers in the amount of three units and one output. It is
emphasized that given the color of the initial data set, the priority is to establish a halftone, with a gradual transition to
an artificial neural network for further processing, when leaving the neural network, color information is restored. The
approach to the assessment of the quality of noisy data during prediction by an artificial neural network is described,
it is emphasized that the minimization of the assessment value corresponds to the improvement of the visual
quality of the image under consideration. The architecture of the neural network for predicting large noisy data is
schematically presented: the input structure of the matrix is determined and the boundary matrix of the output is
described. It is noted that the use of modern programming languages allows the creation, training, modeling, as well
as import and export of neural networks and data, using only the tools of the interface.

Key words: noisy data, neural network, machine learning, programming language, transformation, finite values,
big data.

AKTyanbHicTb npobnemu. Benuki gaHi Ta  gaHuWx Ta oNnMcaHo METOAM iX ePeKTUBHOI nonepe-
HEWPOHHI Mepexi CTalTb OfHIE 3 PYWINHUX  AHbOI 0OPOGKN.
cun iHHOBAaLiN, couianbHOro MPOCYyBaHHSA Ta PoO3- MpoHiH Ta MipowHnyeHko (2021) 3anpono-
BUTKY XWUTTA. MOXHa 4iTKO NMpOOEMOHCTpYBaTW,  HyBanM [HCTPYMEHTW [N CTBOPEHHSA CUCTEM
SIK HEMPOHHI Ta BeENnuKi Mepexi AaHuX igeanbHO  MAaLIMHHOMO HaBYaHHA W aHanidy gaHux. Y ctaTTi
NOeaHYIOTLCA Ta MiAKPINMITECS WNAXoM ornagy  TpouyH (2021) po3rngHyTO 3aBOaHHA iHTepnpe-
OCHOBHMX KOHLEMUiM Ta KNIOYOBUX TEXHOMOr  Tauil pe3ynbraTiB ayguTiB 3 Npuknagy TeXHIYHUX
y mMacwTtabHOMY CeHCi, a TakoX iHAYyKUii gocnig-  ayguTiB cauTiB.
HULIbKOT OCHOBWM HEMPOHHOI MepeXxi. I3 3apybixkHMX aBTOpiB BapTO BiA3HAYNTWU Taki

B acnekTi pocnigXeHHss HEMpOHHOI Mepexi  pobotu sk: Rusiecki et. al. (2014), Ribli et. al.
CTpykTypa notpebye popatkoBux pocnigxeHb  (2019), Lee et. al. (2004), Srivastava et. al. (2020),
i po3pobok; y MepexeBin wkani BiacyTHi Teo- Deshpande et. al. (2020), Xie et. al. (2021), Li
peTudHi BKasiBkM; i anroputm HaByaHHa Mae et al. (2021), Burger and Engl (2000), Deshpande
nesHy npobnemy. Y acnekTi Benukmx 3awymne-  et. al. (2020), Yang et. al. (2021) Ta iHLi.
HUX OaHMX TaKOX iCHYIOTb Tpy pyHOaMeHTanbHi [MpoTe, BpaxoByoun OnMcaHi HaykoBi HabyTKu,
HayKoBi npobnemu, §Kki rapaHTylTb Yy3rogxe-  3a TEMOK, MUTAHHA AOCNIMKEHHS METOAIB MaLUNH-
HiICTb Y BWCOKOPO3MIPHOMY PO3CiSHOMY TMpO-  HOrMo HaBYaHHS HEWPOHHOI Mepexi Ans nepenbda-
CTOpi; HeoOXxigHiCTb peanidyBaTM Micue ANA  YEHHs BENUKMX 3allyMITEHUX JaHUX 32 A0NOMOroK
3bepiraHHs; a TakoX MpeacTaBnsATM TUMYAcOBY  Cy4YaCHWX MOB MporpamyBaHHS 3anuvaeTbes Bia-
Kopensuilo Ta peanisoByBaTy MPOrHO3 BENMKUX  KPUTUM Ta NoTpebye OeTanbHOro onpawtoBaHHS.

AaHux. Y uin ranysi TepMiHOBO MOTpPiOHI gopat- BusHauyeHHs MeTu gocnigXeHHA. 30iNCHUTH
KOBI OOCRIMXEHHS, BKMOYaKYM TEOpeTUYHi Ta onnc MeTofiB MalIMHHOrO HaBYaHHA HEWPOHHOI
NPaKTUYHi acnekTu. Mepexi ons nepenbadeHHsa BenuKux 3allymrie-

AHani3 ocTtaHHix pgocnigxeHb i ny6nika-  HWMX AaHWX 3a LOMOMOrOH CydYacHMX MOB Mporpa-
uin. B ymoBax cy4dacHOro po3BuTKy, akTyanbHOCTi  MYBaHHS.
HabyBaloTb pPoOOTM HanmpaBneHi Ha pPO3BUTOK Buknaa ocHoBHOro Mmartepiany Aaocni-
MaLUMHHOIO HaBYaHHSA Ta LUTYYHOrO iHTENEKTY. [KeHHsA. Hayka npo HenpoHu, noaibHi 4O HEMPOH-
Tak Tumowyk (2020) po3pobuB CRpPOLEHY  HOi CUCTEMMW MOACBLKOrO TiNna, B sIKih KOXKEH HEMPOH
MO4enb napanenbHOi COpTyBanbHOI HEWPOHHOI  3’€AHaHvi 3 AeHOpuTamMu, SKi nepegatoTb CUrHanm

Mepexi ANCKPETHOro Yacy. iHLLOMY HEWPOHY Yy BUMAAI €NeKTPUYHUX iMNYyIb-
Ctopuak, Tywwny ta boHgapuyk (2018) 3anpo-  ciB, aBnsie CO600 HEMPOHHA Mepexa.
MoHyBanu MeToAMKy nobyaoBuW iHTENeKTyanbHOI DYHKUIOHYBaHHSA LUTYYHOI HEWPOHHOI Mepexi,

CUCTEMU aHanisy AaHux Ha OCHOBIi HEMPOHHUX  dKa 3aCTOCOBYETbCA [Ans nepenbadvyeHHs Benu-
Mepex. ABTOPM OOCNIANNN NOHATTSA 3alWYMINEHNX  KMX 3allyMIIEHUX OaHWX, OLIHIETbCA 3a nochi-
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JOBHICTIO BUXigHUX curHanis. LWTy4yHa HelpoHHa
Mepexa Onsi nepeabayeHHs BEMWKMX 3allymrie-
HUX JAHUX Mae BUMMAA;

P'(xy)=N(P(x.y).U(xy).0(xy))

Ae P'(x,y) i P(x,y) — BianoBiaHo o6pobrieHe
Ta BUXiOAHE 3HAYEHHSA ACKPaABOCTI nikcensi (x;y);
N — anpokcumytoya dyHkuis; O(X,y) — cepeaHe
3Ha4YeHHs1 aucnepcii scKpaBOCTi B fOKarbHIN
oKOnuui nikcens, wWo obpobnseTbes; U(x,y) -
cepeHe 3HaYeHHS SICKPaBOCTI B NOKAsbHIiA OKO-
nuui nikcens, Wwo obpobnsaeTbes.

BignoBigHoO 4o HaBeAEHOro PiBHSIHHS, anpoKCu-
Mmytova cyHkuis N 6asdyeTbca Ha BXigHMX LIapax
Y KiflbKOCTi TpU OAMHMUI, Ta OgHOro Buxody. 3a
YMOBM KOJbOPOBOCTi MOYaTKOBOro Habopy AaHuXx,
MepLoYeproBMM € BCTAHOBIIEHHSI  HarmiBTOHY,
3 MOCTYMOBMM MEPEXOAOM Y LUTYYHY HEWPOHHY
Mepexy Ana noganblioi o6pobku, npwu BMXOAi
3 HEMpPOHHOT Mepexi iHopmauis npo Konip Big-
HOBIIOETHCH.

OuiHka SKOCTi 3alymIieHnx AaHux nig 4ac
nepenbayeHHs1 LUTYYHO HEWPOHHOK Mepexero
30INCHIOETLCS 3a JONOMOIOK HACTYMHOI QOYHKUI:

_E
LK-m 256—exp(W) 2°° /1
fm(.saw m.daHux + +

Y LK 192 255

256

W= _;pi/ ogp;

ne E — cyma BCiX 3HayeHb iHTEHCMBHOCTI
SACKpaBOCTi Nikcenis, WO BXOAATb A0 cknagy
no4yaTkoBoro Habopy 300paxeHb;

1 — 3aranbHa KifbKiCTb MiKCeniB Ha KOHTypax
No4YaTKOBOro 300pakeHHs;

LK — wupuHa Ta BUCOTa no4aTkoBoro 3o6pa-
XKEHHS HanpaBreHoro Ha 06poobKy;

p, — KoediuieHT nikceniB 306paxeHHs piBeHb
SICKPABOCTi SIKMX KONMBAETHLCS Y MeXax 3HaYEHHS 3 1.

MiHimizauis 3HaYeHHS f, ... o0 BIAMOBIOAE
NOMINLWEHHIO Bi3yarnbHOI SKOCTi 3006paXKeHHs, Lo
po3rnagaeTbes.

3 MeTo MakcuMmisauii LBUAKOCTI 3AiNCHEHHS
nonepeaHLoi 00POOKM JaHUX, SKi € 3aLLIYMIIEHUMUN
Ta cknagarTb NoYaTkoBui Habip HanpasneHun Ha
CTPYKTypU3aLUito Ta 34iNCHEHHST 0OpPOOBKM 3 METOH
OTPUMaHHSA edEeKTUBHOIO pe3ynbTyrovoro Habopy
npugaTtHoro Ans noganblloro  3acTOoCyBaHHSA
HeobXxigHO obpaxyBaTh NnokarnbHi 3Ha4eHHs cepea-
HbOIO 3HaYeHHs OAUCMEPCIi ACKPaABOCTI B JlOKanb-
Hi okonuui nikcensi, Wo o6pobnsieTbest O(X,y)
Ta cepefHbOro 3Ha4YeHHs1 ACKpaBOCTi B flOKanbHin
OoKONnuui nikcens, wo obpobnsaeTbcs U(x,y):
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O(xy)= O(X)(yk)f(y)(xk)w
U(x.y)= U(X)(W“)JZFU(y)(xk)

ne O(x)(yr)+O(y)(xk) — cepenHs sickpa-
BIiCTb Y CTOBNUi YA i pagky xk BignoBigHo;

O(x)(yr)iO(y)(xk) — mucnepcii sickpaBoCTi
B CTOBMUi YA Ta padKy xk BiganoBigHO;

yhe [il!iz]!Xk € [j17j2] ;
O(y)(xk) — cepenHs AiCKPaBICTb 306paXeHHS.
MpyHUMN HenpomepeeBOro BUAINEHHA KOH-
TYpiB Ha 300pakeHHi I'pPYHTYETLCA Ha BUXiOHOMY
300paXkeHHi, sIke € MaTpuuerld 3HayYeHb scKpa-
BOCTi poamipom L, xL . BucHoBkom, oTpuMaHum
nig Yac nonepenHbLoi 06pobkn BXigHOT rpadiyvHoi
iHdopMaLii € KOHTYpHa MaTpULS TaKoX PO3MipOM
L, ><Ly. 3 MeTo CTpyKTypmu3auii Micusa posTarLuy-
BaHHSA enemeHTIB, Lo BXOAATb A0 CKnagy matpuui
BUKOPUCTOBYIOTLCA [AaHi OTpuMMaHi 3 nepLioro
eTany nonepenHboi 06pobkM aaHuX.
Cncrtema piBHSIHb ANs BU3HAYEHHsI BeEKTopa
Bar, Mmae Burmag;

Sxw=V.

BcTaHoBNEHHs po3MipHOCTI BEKTOpa Bar W Bia-
OyBaEeTbCS Ha OCHOBI OTpMMaHOI MaTpuui Bigno-
BiHO A0 KiNIbKOCTi CTOBNUiB. Y BMNaaKy OTPUMaHHS
NPSIMOKYTHOI MaTpuui O4YeBMAHO, LWO KinbKiCTb
psakie 6yge Ha nNopsiaoK NepeBuLLYBaTH KinbKiCTb
CTOBMUIB, Taka cuctema mae Oyaom nepeBu3HaYeHa
Ha novaTky 0O6pobkM AaHux. Ha OCHOBI BULLEBUKNA-
AEHOIO0 € MOXIMBICTb CTBEPAXKYBATH, LLO 3aBAaHHSA
noknageHe Ha BU3Ha4YeHHs1 BEKTopa MaTtpuLi peani-
3yeTbCA Y BAMMAAj 3aBAaHHA MiHiMi3aLii BCTaHoBIe-
HOT HEB’A3KM Y pamKax eBKIliZ0BOI HOPMMU.

BucHoBKM | nepcnekTuBMU noganbLnx focni-
OXeHb. Y poboTi onucaHo MeToan MalUWMHHOIO
HaB4YaHHA HEMPOHHOI Mepexi Ana nependayeHHs
BENMKNX 3aLlyMITEHNX JaHMX 3@ JOMOMOIOK cyyac-
HMX MOB MpOrpamyBaHHA. 3aCTOCYBaHHA Pi3HUX
HabopiB 3alLyMIEHNX BEKTOPIB AO3BONSE HABYUTU
Mepexy npauloBati i3 3awyMieHMMU OaHUMMK.
BukopucTaHHs cyyacHMX MOB NporpamyBaHHSA Aae
MOXIMBICTb BWKOHYBaTW CTBOPEHHS], HaBYaHHS,
MOLESOBAHHS, @ TaKOX iMMOPT Ta EKCNOPT HEMPOH-
HUX Mepex Ta [AdaHuX, BUKOPMUCTOBYIOUM NULLE
iHCTPYMEHTarnbHi MOXIMBOCTI iIHTEpPdENCY.

MepcnektMBamn noganblioi poboTn € pos-
pobka MporpamHOro 3aCTOCYHKY Ans peanisauii
HEeMpOHHOT Mepexi Ans nepegbayveHHs BEnuKMX
3alymMreHnx gaHnx 3a 4ONOMOrol OAHIET 3 cyyac-
HUX MOB MporpamMyBaHHs.
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