Information Technology: Computer Science, Software Engineering and Cyber Security, Bun. 1, 2025

YOK 004.94:004.032.26
DOI https://doi.org/10.32782/1T/2025-1-13

AHacmacia KAJTKOXXHSK

dokmop ¢pinocopii, doueHm kaghedpu KOMM'IOMEPHUX Hayk, 3anopi3bkuli HauioHanbHUU yHigepcumem,
8yrn. YHigepcumemceka, 66, M. 3anopixks, YkpaiHa, 69600

ORCID: 0000-0002-4837-7566

Scopus Author ID: 59521964300

Bi6niorpacdiuHun onuc crarri: KantoxHsk, A. (2025). lNMpoekTyBaHHA afanTUBHUX AUCKPETHUX
Mogernen i3 3acTocyBaHHAM HENMPOHHUX MepexX. Information Technology: Computer Science, Software
Engineering and Cyber Security, 91-97, doi: https://doi.org/10.32782/1T/2025-1-13

NMPOEKTYBAHHA AOANTUBHUX OUCKPETHUX MOOENEWN
I3 3BACTOCYBAHHAM HEMPOHHUX MEPEX

Y cyyacHomy mMawuHobYyOy8aHHI WUPOKe MOWUPEHHS OmpuUMasu cucmeMu asmomMamu308aH020 MPOEKMY8aH-
HS, SKi 6yOyromb MexXHOI02iYHI MPOUECcU 3 MEHWUMU sumpamamu 3acobie ma vacy, 36inbuwy4u MoYHICMb CrPOEK-
mosaHux npouecie i npoepam 06pobKu, Wo cKopomums 8umpamu Mamepiasie ma yac Ha 06po6Ky.

Possumok Hogux Mmemodig i Modereli HelipOHHUX MepeXx 00380715 BUKOHY8amu WeUOKI OUiHKU He0OXiOHUX napa-
mempig cmaHy 0b6’ekmis. Ha npakmuui, MOOeri MawUHHO20 Hag4aHHsT 8UKOPUCMO8ytomb 07151 NPO2HO3y8aHHS 3Ha-
YyeHb napamempie cmaHy KOHCmpykuyid. Tomy Ha daHul Yac akmyaribHe MUMmaHHs 3acmocy8aHHs1 HeUPOHHUX MEePEeX,
X cmpykmypHa onmumisauis, a came, 8ubip HeobXxiOHOI Kinbkocmi wapis, oyHKYiU akmusauji, HelipoHie mowo. aHi
3ax00U MOXYmb BUKOHY8amMUCS SIK 8pyYHY, 3@ yMOBU HE8ETUKOI KiflbKoCmi napamempie, mak i asmomamu4Ho.

Mema pob6omu nonsizae 8 po3pobui wmyyHoi HelipoHHOI Mepexi Onsi nobydosu adanmueHUX OUCKDEMHUX
modenell 3 BUKOPUCMAHHSIM 2EHEMUYHO20 an2opummy, sKuli Moxe Oymu euxkopucmaHuli 8 aepoduHaMidHUX
cmpykmypax (MoOeso8aHHs aepoduHaMiHHO20 Kpura), iHxXeHepHUX 3adadax ma MawuHobyO0y8aHHI.

Memodosnozis. Y OaHili cmammi po3ensiHymo ocobrueocmi nobydosu adanmueHux OUCKpemHux modenel
3 BUKOPUCMAaHHAM 2eHemu4yHo20 areopummy Ons onmumiszayii napamempie HelpOHHOI Mepexi. Baxnusum ema-
rnom peanisauji 2eHemu4yHUX aneopummis € 8ubip 2eHemMuYHUX oriepamopis: cenekuii, 8idbopy, Kpocosepy, Mymaui.
BusHaueHHs1 yux orepamopie ernnueae Ha eqpekmusHicmb Memody 8 Uiriomy.

Haykoea Hosu3Ha docriOxeHHs rnosnsizae 8 pearnidauii Hoaux memodie ma nidxodie 8 nobydosi ceomempuyHUX
modenel Onisi asmoMamu3sauii npoekmyeganbHUX pobim 3 8UKOPUCMAaHHAM HEUPOHHUX MEPEX, a caMe 2eHemuy-
Hoeo aneopummy. [ns peanisayii daHo2o GocridxeHHs1 sukopucmosyemncs Modesnb nobydosaHa 3a OOMOMO20t0
R-gpyHKuit 8 nocnidosHiti nobydosi ma 3a 00MOMO200 2eHEMUYHO20 an2opummy, wo sidobpaxae c8oi pesyrnsma-
mu 8 riopieHAbHIl Yacosili xapakmepucmuuj.

BucHoeku. [JocnidxeHHs nokasarsno, wo nobydoea adanmueHoi OUCKpemHoi Moderi 3a 00MOMO20K 2eHemuY-
HO20 anzopummy 3abe3arneqye 36inbUWeHHsI MOYHOCMI ma Mae Yacosy eghekmusHicmb. A omxe, 0aHe 00CTIOKEHHS
MOoXe 6ymu KOpUCHUM 05151 8UPILUEHHS iHXeHepHUX 3adad, 8 MawuHobydysaHHI mouo.

Knrovoei cnosa: R-gpyHKuii, duckpemHa modesb, MallUHHE Hag4YaHHS, Wmy4Ha HelpOHHa Mepexa, 2eHemuy-
HUU anzopumm, nonynsayis, pimHec-yHKYis, cxpew,ysaHHs, Mymauisi, npo2HO3y8aHHs.
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DESIGN OF ADAPTIVE DISCRETE MODELS WITH THE APPLICATION
OF NEURAL NETWORKS

In modern mechanical engineering, automated design systems have become widespread, building technological
processes in more cost and time efficient way, increasing the accuracy of designed processes and processing
programs, with the further reduction of material consumption and processing time.

91



Information Technology: Computer Science, Software Engineering and Cyber Security, Bun. 1, 2025

The development of new methods and neural network models enables rapid estimation of the required parameters
ofthe state of objects. In practice, machine learning models are used to predict the values of the parameters of the state
of structures. Therefore, the application of neural networks, their structural optimization, namely, the selection
of the necessary number of layers, activation functions, neurons, etc., currently remains an urgent issue.

These activities can be performed both manually, provided that there is a small number of parameters,
and automatically.

The purpose of the work is to develop an artificial neural network for building adaptive discrete models using
a genetic algorithm, which can be applied in aerodynamic structures (airfoil modeling), engineering problems
and mechanical engineering.

Methodology. This article examines the features of building adaptive discrete models using a genetic algorithm
to optimize neural network parameters. An important stage in the implementation of genetic algorithms is the choice
of genetic operators: selection, data sampling, crossover, mutation. The definition of these operators impacts
on the effectiveness of the method as a whole.

The scientific novelty of the research lies in the implementation of new methods and approaches
in the construction of geometric models for the automation of design work using neural networks, namely the genetic
algorithm. For the implementation of the given research, a model built by means of R-functions in a sequential
construction and a genetic algorithm is used, displaying its results in a comparative time characteristic.

Conclusions. The study revealed that building an adaptive discrete model using a genetic algorithm provides
an accuracy increase and time-efficiency. Therefore, this study can be useful for solving engineering problems,
in mechanical engineering, efc.

Key words: R-functions, discrete model, machine learning, artificial neural network, genetic algorithm, population,
fitness-function, crossover, mutation, prediction.

Bctyn.  BukopucCTaHHS  HEMPOMEpPEXEBOi  ONTMMI3auii HempoHHuUx mepex (Abambres, M.,
Mogerni B mnpoueci npoektyBaHHs o6’ekty Bigpis- 2018, Jin C., 2016; Onur Avci P.O., 2016), nporte,
HAETBCA Bif iHLWMX MigXOAiB 3aBASKN MOXIMBOCTI  BOHM MEHLUE BWKOPUCTOBYBanuWcb Ans nigdopy
i1 goHaB4yaHHA. Mogenb MOBMHHA BOOCKOHAmM-  napamMeTpiB B NOOYAOBI ANCKPETHMX MOoAENEN.
BaTUCA 3 ypaxyBaHHAM HOBOI iHdopmalii. BoHa Pobota (Li K., 2015) npegcraBnse coboto
MOXe CYrnpOBOOKYBaTW (DYHKLIOHYBaHHS CUCTEMW,  PO3POBNEeHn MNOKPOKOBUIM anropmtM HaBYaHHS
oTpUMyBaTW SOO4ATKOBY iH(pOpMALLit0 Ta HA OCHOBI  HEMPOHHOI MoAeri, sika 003BOMUTb PO3B’A3yBaTu
1T goHaB4aTuca. Lis MoxnumBiCTb HEMpoMepexeBoi  3agadi AuHamiki B MalumMHoOyayBaHHi, Oyaiserns-
TexXHornoril J03BONSE BAOCKOHANOBATM 9K CaMy  HUX KOHCTPYKUiA. ANroputm O03BOSMIUTL NPOrHO3Y-
KOHCTPYKLU,itO, TaK i I ynpaBniHHS. BaTW HanpyxeHo-0edopMOBaHUA CTaH 00’ekTa,

BaxnunBoto nepeBarolo BUKOPUCTAHHA HEMPOME-  SIKUA 3HaXOAMTbLCS Nifg Aieto TpuBanoro abo KopoT-
pexxeBoro nigxoay mMoxe ByTu Te, WO apXiTekTypa  KOYaCHOrO HaBaHTaXeHHS.

HepoMepeXeBoi Moderni MoXe Bigobpaxkatu npu- [na onTMmanbHOro NPOEKTYBAHHSA KOHCTPYKLL
poay mMaTepiany Ta pearnbHi BNacTUBOCTI KOHCTPYK-  BUKOPWUCTOBYHOTLCHA FEHETUYHI anropuTMu, Lo Onu-
uii. Llem nigxig BigkpvBae HOBI MOXIMBOCTI Ana  caHo B poboTi (Tao S., 2019). MNpote gaHe gocni-
CTBOPEHHSA CrevjianisoBaHnX Kepykunx HerMpome-  [KEHHS BpaxoByE aBTOMAaTM3auito Tifbkv B ramnysi
pex, BbynoBaHux 6e3nocepenHbo B NpoekToBaHU  OyaiBHMuTBa. Pobota (Mengchu Song, 2023) npo-
06’ekT. Kpim TOro, BiH JO3BONSE CTBOPIOBATK Bidya-  MOHYE METOA PO3B'sA3aHHS HEMIHIMHMX KparoBUX
ni3aviro KOHCTPYKLIN (K KepOBaHUX, Tak i HEKEpPOBa-  3adady B 3BUMYANHMX AucepeHLianbHUX PIBHSAHHSX
HUX). Takumu Bidyanisatopamu MOXyTb BUCTyratM  APYroro nopsaKy, KA BUKOPWUCTOBYE TEHETUYHI
LWUTYYHi HEMpPOHHI Mepexi pauioHanbHOI apXxiTek-  anropuTMy Ans OTPUMaHHSA ONTUMAribHUX 3HaYeHb
TYPM, HaBYEHI i BHACMIAOK LbOro HAaMOBHEHI A€SKMM  napaMeTpiB HabnmkeHnx po3s’asaHb. OgHak, noro
3MIiCTOM, SKi BigOOpaaTuMyTb BMACTUBOCTI KOH-  MPaKTUYHE BUKOPWUCTAHHSA MOB’A3aHe 3 eMNiPUYHIM
CTpyKUin. [Ona po3s’d3aHHA 3agay NPOEKTYBaHHSA  MigOOpOM Aesiknx napamMeTpiB Ta BEMMKO KiMbKICTHO

Han4acTille BUKOPWUCTOBYETLCS FEHETUYHUI anro-  iTepaui, Wob oTpMMaT NPURHATHUIA pe3ynbTar.
puTM, @ came Ans ONTUMAarnbHOrO MPOEKTYBAHHS AsTopn pobotn (Amorim L., 2020; Chen Xu,
B MaLLMHOByAyBaHHi Ta ByAiBenbHNX KOHCTPYKLN. 2023) nponoHytoTb Migxid, B SKOMY HEWPOHHI

NitepatypHun ornag. OgHe 3 akTyanbHUX — MEPEXi, a came FeHETUYHWUIA anropuTMm Ta CTPyK-
MATaHb, WO CTOCYETbCA 3aCTOCYBaHb HEWPOH-  Typa aHCaMOSo MOEOHYIOTLCA B OAHY MOMYMsLi.
HUX MepeX € iX CTPYKTYpHa OonTMMi3auid, a came, [N ubOro CTBOPHETLCS Habip HEMPOHHUX Mepex
NpaBUNbHUIN BMGIp ONTMMAanbHOI KifbKOCTI LWWapiB, 3 BENIMKMM CTYNMEHEM pPi3HOMAaHITHOCTI, Ta pPi3Hi
dYHKUi akTuBaLii, HEMPOHIB, Towo. [laHa onTuMi-  Habopu HaBYanbHUX OAHUX A5 KOXHOI Mogeni.
3auig MoXe NPOBOAUTUCHA BPY4YHY, 3@ YMOBUM Bi-  TakoX, reHEeTUYHUN anroputm BUKOPWUCTaHUN ONS
HOCHO HEBENMWKOI KiflbKOCTi MapaMeTpiB, i B aBTO-  BUOOPY €dEeKTUBHOI MNIAMHOXWUHN CUHTE30BaHMX
MaTUYHOMY PEeXMMI. TeHETUYHI anropuTMM OCUTb  HEWPOHHUX MEPEX, Ta ONTMMAaIbHOI KOMBIHALIMHOT
JABHO BMKOPUCTOBYIOTLCS AN1A 3a4ay CTPYKTYpPHOI  cTpaTerii Angd 3abe3nevyeHHs TOYHOCTi Ta HagiMHOCTi
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aHcambnto. [laHa cxemMa BWKOPUCTaHHSI FeHeTuu-
HOrO anropuTMy B HEMPOHHUX MEPEXaX € TUMOBOL.

MeTa pocnigxeHHA: po3pobka HENPOHHOI
Mepexi ana nobyaoBu aganTUBHUX OUCKPETHUX
Mopenen, BUKOPUCTOBYIOYN (YHKLiOHarNbHE reo-
METPUYHE MOAENOBAHHSA 3 FTEHETUYHUM anropuT-
MoM. Lle 4O3BONUTL NIABULLIMTU TOYHICTL Ta AKICTb
00’exTiB, 36iNbWNTN YacoBy e(EKTUBHICTb, LLO
B CBOK 4epry Crnpusie po3BUTKY aBToMaTu3auii
NPOEKTYyBanbHUX POBIT.

Buknaa ocHoBHoro matepiany. Metoan reHe-
pauii Ta onTUmi3auii AUCKPETHUX Mogenen dopm
00’eKTiB BPaxoBYHTb iX reOMETPUYHI XapaKTepuc-
TUKM Npu BMOOpPI NOMNOXeEHHA By3niB. B pesynbrari
MaeMOo OMCKPETHI Mogeni, ski aganTtoBaHi 40 OCOo-
onunsocTen oopm 06’ekTiB. 3aranbHa iges nodygosu
afganTUBHUX OUCKPETHUX MOLAENEN nonsrae B aHa-
ni3i AesKoi BENUYNHU, Ka BU3HAYEHa O KOXXHOro
By3na. B pesynbrati Takoro aHanisy ¢opmyeTbes
MHOXWHA eNeMEHTIB, Ky HeobXigHO po3omTu.

3 TO4YKM 30py PO3POOKN 3aranbHOroO anropuTMy
aganTauii UCKPEeTHUX Modenewn, BUrigHUM BapiaH-
TOM € PO3BUTTS KOXHOIO eNeMeHTy Y BiANOBIAHOCTI

3 geskum WwabnoHom. | BXke noTiM BiAHOBMIOETLCS
KOPEKTHICTb AMCKPETHOI MOAEN LUNAXOM po30uTTS
CYCiOHiX erneMeHTIB.

[MoyaTkoBMM eTanoM BUCTyNae po3bUTTS KOX-
HOrO TPWKYTHMKA Ha TPU HOBUX LUMASIXOM Aopaa-
BaHHS BY3MiB B cepeauvHn noro ctopiH. KoxeH
TPUKYTHUK, Yy SIKOro 3 po3buTum € cninbHe pebpo,
po3bMBaeTbCA Ha [OBa TPUKYTHWUKW, JoAarouu
HOBMI By30Nn B CepeauHy cninbHoro peb6pa.
Pesynstatom BucTynatloTb ABa LWabrnoHW pos-
ouTtTa. [JaHa cxema A03BONSIE BUMKOHATU PiBHO-
MipHE pO30MTTA OUCKPETHUX Mogenen Ha 6asi
TPUKYTHUX eneMeHTIB i Moxe ByTu ysaranbHeHa
ansa Tetpaegpis (Puc. 1).

[ns uboro, SKWO y cycigHboro TeTpaenpa
3 po3dbutum € cninbHe pebpo, BiH po3buBa-
€TbCS Ha [ABa eneMeHTW 4o4akuyyM HOBWUA By30r
B cepenuHy cninbHoro pebpa. Y BMnagky HasBe-
HOCTi CMiNbHOI rpaHi, po3bUTTA BUKOHYETLCS Ha
YOTUPU EneMEHTU LWIMASXOM [OAaBaHHA HOBMX
BY3niB B cepenuHun pebep, AKi Hanexartb cninb-
Hin rpaHni. OTxe, MaemMo Tpu LWaAbNoHN po3duTTS
(Pwuc. 2-3).

Puc. 1. Cxema po36UTTA TPMKYTHUX €IIeMEeHTIB

Puc. 2. Cxema po36uTTA TeTpa€AHUX efieMeHTIB
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Puc. 3. JogaTKkoBa cxema po30UTTS TeTPaEaHUX eNIEMEHTIB

3aranbHi MexaHi3aMM MPOEKTYBaHHA aganTuB-  MOKOMIHHA A0 MOKOMIHHA, Tak Sk nonynauii iHguBsi-
HOT Mofeni Ha OCHOBiI FEHEeTUYHOro anroputTMy  AiB (MapameTpu X, ¥, Z) 3MiHIOKTbCA.
BUMSAa0Tb HACTYNMHUM YnHoM (Puc. 4): 3 ornsigy Ha Te, Lo CbOrofHi icHye Benumka Kinb-
[aHnn anroputMm TakoXX MOXe afanTUBHO 3Ha-  KiCTb MeToAiB hopmanbHOro onucy reoMeTpudHmnX
XOOMTU napameTpu X, ¥, Z Ans BUKOHAHHA YMOB  OB’€KTiB CknagHoi hopmu, siKi onucaHi B poboTtax
nobynosn mogeni. Bigbyeaetbca esoniouia Big — asTopiB (Bulat A.F., 2022; Suchocki C., 2023),

vector<Individual> population(populationSize);

for (int i = @; i < populationSize; ++i) {
population[i] = genRandomIndividual();
population[i].fitness = calculateFitness(population(i]);

(int gen = @; gen < generations; ++gen) {

sort(population.begin(), population.end(), Individual a, Individual b
return a.fitness > b.fitness;
)i
cout << "Generation " << gen << " Best fitness: " << population[@].fitness
<< " (x: " << population[@].x << ", y: " << population[@].y << ", z: " << population[0].z

vector<Individual> newPopulation;
for (int i = @; i < populationSize / 2; ++i) {

Individual parentl = population[i];

Individual parent2 = population[i + 1];
Individual child = crossover(parentl, parent2);
mutate(child, mutationRate);

child.fitness = calculateFitness(child);
newPopulation.push_back(child);

r (int i = @; i < populationSize / 2; ++i) {

newPopulation.push_back(population[i]);

population = newPopulation;

adaptModelParams();

Puc. 4. Y3aranbHeHU NporpaMHuin Kog reHeTUYHOro anropuTmMy
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a came: KapkacHe MOAemntoBaHHS, TBepAOTiNbHe
reomeTpuyHe MogentoBaHHA. OgHMM 3 HamGinbLu
YHiBepcarnbHUX Ta eeKTUBHUX MEeTOAIB € dyHKLi-
oHanbHWI Nigxig. B ocHoBI gaHoro nigxoay 3acTo-
COBYETbCH i€ BMKOPUCTaAHHA HESABHUX OYHKLiN
pasom 3 R-cpyHkuiamm B. J1. PBayoBa onst npoekTy-
BaHHS CKNagHnx opm.

[na edekTmBHOrO NpoBefeHHa obuncnoBarnb-
HOro ekcrnepuMeHTy, BidyanizyemMo (yHKLiOHanbHO
mogenb «Atom». i MoxHa onucat HacTynHUM
YMHOM:

G,(x,,2) =10(x* + 22 —x* —y* ~2*) - 24,
G,(x,y,2) = 10(Jy? + 22 —x* — y? — 2) - 24,
Gy(x,y,2) = 10[x2 + y2 — X2 — y* — %) - 24,
G(x,y,2)=9-x -y -2,
Gs(%,¥,2)=q,(X,y,2) +q,(X,y,2) +
79, (6, y,2)° +q,(x,,2)’,

a

Go(X.y,2) = q5(X,¥,2) + 5 (X, y,2) +

a6y, 2)7 +as(x.y.2),
PQ = q4(X,y,Z)+q6(X,y,Z)+

+ 9, (6, Y,2) +Gs (%, ¥, 2)?.

lMpoekToBaHa mMogenb B MOCMiAOBHIN NoOyaoBi
Ta 3 BUKOPUCTAHHAM HEMPOHHNX MEepEeX BUIMAOae
HacTynHUM YnHom (Puc. 5):

Ak BMOHO 3 PUCYHKY, Mogeni 3a TOYHICTHO
Mamxke He BIOpI3HATbLCH, MNPOTE 3a 4acoBOK
eeKTUBHICTIO Moaenb BigobpaxaeTbcs WBUALLE
(Puc. 6).

MoTpibHO 3BaXkaTn Ha Ton hakT, Lo nNpu 36inb-
LLEHMX 3HaYeHHsIX MapaMeTpy n, Bidyanisauisi BOK-
cenbHOi Mogeni BuMaratume OinbLUMX 4YacoBUX
BUTPAT, a TakoXx AeLo 36inbLeHni obecar nam’sTi,
TOMY [aHa MopiBHASNbHA XapaKTepMUCTMKa NOKa3ye
YacoBy e€(PeKTUBHICTb 3i 3MiHOKO MapameTpy pos-
ouTTa Moaeni.

(1)

Puc. 5. Bisya ni3auis mogeni: a — 3BM4aniHa AUCKpeTHa MoAenb;
6 — AUCKpeTHa MoAenb i3 BUKOPUCTAaHHAM HEMPOHHUX Mepex

== _Original

=i—GeneticAlg

1.0120

0.7590

100 120 140 160 180

200 220 240 260 280 300

KinbKictb po36burra

Puc. 6. NopiBHAHHA etheKTUBHOCTi MeToAy
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A OTXe, MOXHa BBa)xaTu, L0 JaHMA nigxig
€ e(peKTMBHUM Y Bidyani3auii ANCKPEeTHMX 06’eKTIB
Ta Moxe OyTM BUKOpPUCTaHWIA B aBToMartm3auil
NPOEKTYBanbHUX POBIT.

BucHoBKW. BUKOPUCTAHHA HEMPOHHNX MEPEX,
X nigxodiB B MPOEKTYBaHHI OUCKPETHUX Mopenen
CKnagHol hopMn HeJoOCTaTHLO PO3BUHYTO Ta PO3-
NOBCIOAXEHO, HE OMBMASMUCH HA Te, WO CbOroAHi
METOAN HEMPOHHUX MEPEX PO3BUBAOTLCS AOCTaT-
HbO LUBMAKO, MIOKPECIIIOUN TX €PEKTUBHICTD.

HenpomepexeBi MeTooM BiOKpMBaKTb HOBI
MOXTMBOCTI, 0cobnmnBo Ans aBToMaTu3auii npo-
EKTyBarnbHUX POOBIT, HaNBiNbL TOYHO BPaxOBYHO4M

peanbHi BNacTMBOCTI OO'ekTy, B TOMY uuUCHi
i B HesiBHUX (pyHKUiax. Pesynetatun, ki Oyaytb
HabNWXKeHi OO0 peanbHUX MOAENen OocaratTbes
3a JOMOMOroK HaBYaHHS Ha OCHOBI BMOIpkM npu-
KnagiB ekcnepumeHTanbHux gadux. Wo pono-
Marae BCTaHOBUTW NPAMUIA 3B’A30K «BXiAHUX» Ta
«BUXiOHUX» napamMeTpis. Bpaxosytoun pesynb-
TaTn OOCMIOKEHHA MOXHa 3poBUTU BUCHOBOK, LUO
3aCTOCYBaHHSA HEWPOHHUX MEepeX B reoMeTpuy-
HOMY MOZESOBAHHI € NEPCNEKTUBHNM HaNpPAMOM,
AKMA MOXXHa CYMICTUTU 3 YMCENbHUMMK MeTo4aMu
(CKiHYEHHI 4M TrpaHWYHI enemMeHTu, And aHanisy
Hanpy>eHb, NOTOKY YM iHLLNX (DI3UYHNX NPOLECIB).

NITEPATYPA:

1, Abambres M., Marcy M., Doz G. Potential of Neural Networks for Structural Damage Localization. AC/
Avances En Ciencias E Ingenierias. 2018. 11, 2, 124—-153. DOI: https://doi.org/10.31224/osf.io/rghpf

2,Jin C., Jang, S., Sun, X. et. al. Damage Detection of a Highway Bridge under Severe Temperature
Changes Using Extended Kalman Filter Trained Neural Network. Journal of Civil Structural Health Monitoring.
2016. 6, 3, 545-560.

3, Onur Avci P.O., Abdeljaber A.O. Self-Organizing Maps for Structural Damage Detection: A Novel
Unsupervised Vibration-Based Algorithm. Journal of Performance of Constructed Facilities. 2016. 30, 3, 1-11.

4, Li K., Liu W.,, Zhao K., Shao M., Liu L. A Novel Dynamic Weight Neural Network Ensemble Model.
International Journal of Distributed Sensor Networks. 2015. 11, Article ID 862056, 13 p. DOI: https://doi.org/
10.1155/2015/862056

5, Tao S. Deep Neural Network Ensembles. 2019. Retrieved from: https://arxiv.org/abs/1904.05488

6, Mengchu Song, Xinxin Zhang, Morten Lind. Automatic identification of maintenance significant items in
reliability centered maintenance analysis by using functional modeling and reasoning. Computers & Industrial
Engineering. 2023. Volume 182. P. 1-9

7, Amorim L., Goveia T., Mesquita R., Baratta I.J. Microwaves. GPU Finite Element Method Computation
Strategy Without Mesh Coloring. Optoelectronics and Electromagnetic Applications. 2020. Vol. 19.
No. 2. P. 252-264.

8. Chen Xu, Ba Trung Cao, Yong Yuan, Glnther Meschke. Transfer learning based physics-informed neural
networks for solving inverse problems in engineering structures under different loading scenarios. Computer
Methods in Applied Mechanics and Engineering. 2023. Volume 405.

9. BulatA.F., Dyrda V. 1., Grebenyuk S. M., Klymenko M. I. Numerical Simulation of Viscoelastic Deformation
of Rubber Shock Absorbers Based on the Exponential Law. Strength of Materials. 2022. Ne 54(5). P. 776-784.

10. Suchocki C., Jemiolo S. On Finite Element Implementation of Polyconvex Incompressible Hyperelasticity:
Theory, Coding and Applications. Int. J. of Computational Methods. 2020. Vol. 17. No 8. 1950049.

11. Zhou H., Pu J., Chen, Y. Data-driven forward—inverse problems for the variable coefficients Hirota
equation using deep learning method. Nonlinear Dyn 111, 2023. 14667—-14693. https://doi.org/10.1007/
$11071-023-08641-1

12. Ming Z., Zhenya Y. Data-driven forward and inverse problems for chaotic and hyperchaotic dynamic
systems based on two machine learning architectures, Physica D: Nonlinear Phenomena, 2023. Volume 446,
133656, https://doi.org/10.1016/j.physd.2023.133656

REFERENCES:

1. Abambres, M., Marcy, M., & Doz, G. (2018). Potential of Neural Networks for Structural Damage
Localization. ACI Avances En Ciencias E Ingenierias. 11, 2, 124—153. DOI: https://doi.org/10.31224/osf.io/rghpf

2.Jin, C,, Jang, S., & Sun, X. et. al. (2016). Damage Detection of a Highway Bridge under Severe
Temperature Changes Using Extended Kalman Filter Trained Neural Network. Journal of Civil Structural Health
Monitoring. 6, 3, 545-560.

3. Onur, Avci P.O., & Abdeljaber, A.O. (2016). Self-Organizing Maps for Structural Damage Detection:
A Novel Unsupervised Vibration-Based Algorithm. Journal of Performance of Constructed Facilities. 30, 3,
1-11.

96



Information Technology: Computer Science, Software Engineering and Cyber Security, Bun. 1, 2025

4. Li, K., Liu, W., Zhao, K., Shao, M., & Liu, L. (2015). A Novel Dynamic Weight Neural Network Ensemble
Model. International Journal of Distributed Sensor Networks. 11, Article ID 862056, 13 p. DOI: https://doi.org/
10.1155/2015/862056

5. Tao, S. Deep Neural Network Ensembles. Retrieved from: https://arxiv.org/abs/1904.05488

6. Mengchu, Song, Xinxin, Zhang, Morten, Lind (2023). Automatic identification of maintenance significant
items in reliability centered maintenance analysis by using functional modeling and reasoning. Computers &
Industrial Engineering. Volume 182. P. 1-19.

7. Amorim, L., Goveia, T., Mesquita, R., Baratta, |.J. Microwaves (2020). GPU Finite Element Method
Computation Strategy Without Mesh Coloring. Optoelectronics and Electromagnetic Applications. Vol. 19.
No. 2. P. 252-264.

8. Chen, Xu, Ba Trung, Cao, Yong, Yuan, Gunther, Meschke. (2023). Transfer learning based physics-
informed neural networks for solving inverse problems in engineering structures under different loading
scenarios. Computer Methods in Applied Mechanics and Engineering. Volume 405.

9. Bulat, A.F., Dyrda, V.., Grebenyuk, S.M., Klymenko, M.l. (2022). Numerical Simulation of
Viscoelastic Deformation of Rubber Shock Absorbers Based on the Exponential Law. Strength of Materials.
Ne 54(5). P. 776-784.

10. Suchocki, C., Jemiolo, S. (2020). On Finite Element Implementation of Polyconvex Incompressible
Hyperelasticity: Theory, Coding and Applications. Int. J. of Computational Methods. Vol. 17. No 8. 1950049.

11. Zhou, H., Pu, J. &mp; Chen, Y. (2023). Data-driven forward—inverse problems for the variable coefficients
Hirota equation using deep learning method. Nonlinear Dyn 111, 14667-14693. https://doi.org/10.1007/
s11071-023-08641-1

12. Ming, Z., Zhenya, Y. (2023). Data-driven forward and inverse problems for chaotic and hyperchaotic
dynamic systems based on two machine learning architectures, Physica D: Nonlinear Phenomena, Volume
446, 133656, https://doi.org/10.1016/j.physd.2023.133656

97



