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VY BcTynmi OOIpYHTOBAaHO akTyallbHICTh TEMH JUCEpTaliiiHOi poOoTH,
chopMylIbOBAaHO METY, 3aBJIaHHS, O0’€KT, TPEAMET IOCIIHKCHHS, PO3KPHUTO
HAyKOBY HOBHU3HY Ta MPAKTUYHY 3HAYYIIICTh OTPUMAHHUX PE3yJIbTATiB, BUZHAUCHO
ocoOMCTH BHECOK 3/100yBada, ampoOarfito pe3ysibTaTiB IOCTIHKEHHS Ta iX
BUCBITJICHHS Y HAYKOBHX MyOiKaiisix. BUCBITIEHO BiTOMOCTI IIOJI0 CTPYKTYpH Ta
o0caTy nucepTaniiHoi poooTH.

Y nmepmoMy po3aini «AHami3  TpPeAMETHOI 00JacTi  MOJETIOBaHHS
TOHKOCTIHHUX KOHCTPYKIIA METOAaMH MAIIMHHOTO HABYAHHS» PO3TJISHYTO Ta
MIPOAHATI30BaHO CYYacCHHWH CTaH JOCHIIKEHb 332 TEMAaTUKOI poOoTH. 3pobiieHo
OTJIsAN MyOJiKalliii, TpoaHali30BaHO HEUPOMEpEKEB1 METOAM MOJICIIOBAHHS Ta
NPOTHO3YBaHHA y 3ajladyax MexaHikh. Po3risHyTo myOsikaiii 13 3acCTOCYBaHHS
TEHETUYHUX QJITOPUTMIB I CTPYKTYPHOI ONTHMI3alll HEUPOHHUX MEPEK.
[IpoaHanizoBaHO T€HETUYHI AJITOPUTMH Y 33JadaX MOJEITIOBAHHS HAIMPYXKEHO-
nehOpMOBAHOTO CTaHy KOHCTPYKIIH. 3 aHami3y myOmikaiii 3po6JeHO0 BUCHOBOK,
PO aKTYaJbHICTh PO3POOKU HEHPOMEPEKEBUX METOIIB MOJICTIOBAHHS MEPEK TSI
BU3HAYCHHS HAMPYKEHO-Ie()OPMOBAHOTO CTaHy Ta IHTEHCUBHOCTI HAIPY>KEHb 32
MizecoM MmiaacTUH Ta OOOJIOHOK, a TAaKOXK IMPOTHO3YBaHHS 30H PYWHYBaHHS B
IH)KeHEepHHUX KOHCTPYKIisX. [TiakpeciaeHo, mo HelpoMepekeBl MOJEII € OJTHUM 13
HAWOUIBII aNanTUBHUX METOIB MPOTHO3YBAaHHS, OJHAK BHUKOPHUCTAHHS IIMX
METO/IIB Ha MpPaKTUIl BUMAarae HaJlAlITyBaHHS BEJIMKOI KIJIbKOCTI MapameTpiB
HeHpoHHUX Mepex. OIHUM 13 MIAXOIB 10 aBTOMAaTHYHOIO BHOOPY CTPYKTYpHU
HeHpoMepex Ta HAJTAIUTYBaHHS IXHIX TiepnapamMeTpiB € FTeHETUYHI allTOPUTMHU.

Jpyruii po3aul MPUCBSYEHO pO3poOIl HEHPOMEPEKEBOTY METOAY IS



IIPOrHO3YBaHHSI HANpPYKEHO-Ae(POPMOBAHOTO CTaHy IJIOCKHX IUIACTUH. 30Kpema,
KBaJIpAaTHOI, KPYyTJOoi Ta KUIBLIEBOI IUJIACTHH, a TaKOX KBAJAPAaTHOI TUTACTHHH 3
KPYTJIUM BHPI3OM Ta 3 PI3HUMH yMoBamu 3akpiruieHHs. ChoKycoBaHO yBary Ha
0COOJIMBOCTSIX T'e€HEpallii HAaBYaJIbHOT BUOIPKHU, apXITEKTYpH HEMPOHHOI Mepexi Ta
O0OYHUCITIOBAILBHOMY E€KCIIEPUMEHT1 JJIi KOKHOTO BHNAAKY (OpPMH TUIACTUHH.
PosrnsHyTO BHIIAgKM HEHMPOMEPEKEBOTO MOJACITIOBAHHS IJIACTH 31 CTAIUMHU
yMOBaMM 3aKpiIUICHHS (HAmpUKiIad, 3aTUCHEHHMX), a TaKoX OCOOJIMBOCTI
apXiTEeKTypu HEHPOHHUX MEpEeX ISl MOJCIIOBAaHHS IUIACTUH 3 JOBUIBHHUMU
KpalloBUMU yMOBaMU. JlOCIIKEHO BIUIMB KIJIBKOCTI HEWPOHIB, IIApIB HEUPOHIB 1
GyHKITIH akTHBAIlli HA TOYHICTh MO/IeTIOBaHHs. JIJis reHepairii HaB4aabHOT BUOIPKH
IJTACTHH 3 OTBOPOM JIOBUTLHOTO PO3MIPY Ta PO3TAIIyBaHHS PO3POOJIEHO CKIHYEHHO-
eJeMeHTHY Mojelb. [lapameTpu HaBuanbHUX BHOIPOK OOpaHO TaKUM YHMHOM, 11100
MOJIeJIl BKJIFOYAJIM MEPEBAXKHY OLTBIIICTh TUMOBUX METAJIEBUX TUIACTHH.

Posznin 3 «BukopuctaHHs MalIMHHOTO HaBYaHHS JUIsl MPOTHO3YBaHHS
HaIpY>KEeHO-1e(POPMOBAHOTO CTaHy OOOJOHOK» CKOHIIEHTPOBAHO Ha PpO3poOili
HEHpOMEPEIKEBUX METOMIB [JIsl TPOTHO3YBaHHS HAmpyKeHO-I1e()hOpMOBAHOTO
CTaHy LMWJIIHAPUYHOI 00OJIOHKH, a TaKOXK KOMOIHAIT HUJIIHAPUYHOI Ta KOHIYHOT
000710HOK. J[J11 KOXKHOrO BHUIIaJKy HaBYaJIbHY BHOIpKY 3r€HEpOBaHO Ha 0a3l
CKIHYEHHO-€JIeMEeHTHOT Mojieni 00ononku. Po3pobieHa apXiTekTypu HEHMpOHHHX
MEpeX, a TaKOXK IPOBEJACHO OOYHMCITIOBANBHI eKcrepuMeHTH. [IpoimocTpoBaHo
TOYHICTh MPOTHO3YBAHHS HEHPOMEPEKEBUX MOJIEICH.

UeTBepTril po3nin « BUKOpUCTAHHS TEHETUYHOTO aJITOPUTMY JIJIsi ONTHUMI3allii
apXITeKTYpu HEHUPOHHOI Mepeki MPOTHO3YBAaHHS HAIPYKEHO-Ie(hOPMOBAHOTO
CTaHy KOHCTPYKUI(» MPUCBAYEHO OCOOJUBOCTAM 3aCTOCYBaHHS T'€HETUYHOTO
QIrOpUTMY JUIsI ONTUMIZAlli apXITEKTYypu HEHPOHHOI Mepexi. Po3risHyTo
KOJYyBaHHSl apXITEKTYpud HEHPOHHOI Mepexi, (PyHKIIH KpocoBepy Ta MyTallii.
[TpoBeaeHO 00U CITIOBATILHUN €KCIEPUMEHT 3 TEHETUUHOI ONTUMI3ALIlT apXITEKTypH
HEHpOHHOI Mepexi Ui MOJETIOBaHHA HaIpPYXEHO-Ae(POPMOBAHOTO CTaHY
OpPSIMOKYTHOI IUIACTMHM. TakoX NpHAUIEHO yBary TE€HETHYHIA ONTHMIi3amli

apXITeKTYpu HEHPOHHOI MEpeki JJisi MOJCIIOBAHHS HaIpPy>KEeHO-Ie(hOPMOBAHOTO



CTaHy MIJIIHIPUIHOT 000TOHKH.

Y BUCHOBKaxX HaBEJICHO HAYKOBY HOBH3HY pOOOTH, 11 MPAKTUYHY 3HAYUMICTH 1
NEPCHEKTUBH MOJATBIIOTO PO3BUTKY.

VY aucepraniiiiii po6OTI OTPUMAHO TaKi HAYKOB1 pe3yJIbTaTH:

— ynepiie po3poOJieHO HEeHpOMEpe:KeBUM METOA AJii BU3HAYCHHS
HaIpyKEeHO-1e(OPMOBAHOTO CTaHy IUIACTHH 3 JOBUIBHIMH YMOBAaMH 3aKPITIJICHHS,
SKUW JIO3BOJIIE BU3HAYUTH MAaKCUMAJbHUW TIPOTHH, a TaKOXX MaKCHMAaJIbHE
3HAYEHHsI IHTEHCUBHOCTI Hanpy»xeHb 3a Mizecom;

— ymepiie po3poOJeHO HEHPOMEpeKeBU METOHA Jisi BHU3HAYCHHS
HaIMpPY>KEHO-Te(POPMOBAHOTO CTaHy IWIIHAPUYHOT OOOJIOHKM Ta KOMOIHAIT
MAJIHAPUYIHOT Ta KOHIYHOI OOOJIOHOK, SIKMHM JIO3BOJIMB BHU3HAYMTH TPOTHH Ta
IHTEHCUBHICTh HaIpy>keHb 3a Mi3ecoM;

— ynepiie po3pobiaeHo HeHpoMepe:KeBUl METONl Ha 0a3i apXiTEeKTypH
«aBTOKOMYBAJILHUK» JIJI1 BU3HAUEHHS MOKJIMBUX 30H PYHHYBaHHS Y KBaJpaTHHUX
IIaCTUHAX 3 OTBOPOM INUISXOM TeHepalii WMOBIPHMX KapTHH PO3IMOALTY
HaIpy>KCHb;

— yIOCKOHAJIEHO HEWpOMEpeKeBl METOAM MOJICIIOBAaHHS HAIpPY>KEHO-
ne(OpMOBAHOIO  CTaHy TOHKOCTIHHMX  KOHCTPYKIIH HUIIXOM  PO3pOOKHU
FEHETUYHOI'0 AJITOPUTMY OMNTUMI3allll apXITEKTypH HEHPOHHOI MEpPExi, 10 Jano
3MOTy MiABUIIUTH TOYHICTH MPOTHO3YBaHHSI.

[IporpamHy peamzariro po3po0IeHNX METOIIB BUKOHAHO MOBOIO IIPOrpaMyBaHHS
Python 3 Bukopucrannsim 6105mioTek scikit-leam, numpy, Pandas 1 Keras.

OTpumaHni pe3yJbTaTu JOCTIKEHHs BIPOBAKEHO B HABYAIBLHUHN MPOIEC pU
BUBYCHHI JUCHUIUIIH «EMIipuyHi MeTOAM mporpaMHOi 1HXEHepii», «3acodu
MalTMHHOTO0 HaBYaHHs», « HelipoHH1 Mepexi» Ta BUKOHaHH1 KBaTi(iKalliiHUX poOiT
cTyAeHTaMu cremiaabHocTi 121 «IHXeHepis mporpaMHOro 3abe3reueHHs»

3anopi3bKOro HallOHAIBHOTO YHIBEPCUTETY.

KurouoBi cioBa: mepexa IITyYHUX HEWPOHIB, HAINPYKEHO-Ae(POPMOBaHUN
CTaH, IJIACTUHA, 00OJOHKA, MPOTHO3YBaHHS, TEHETUYHUN AITOPUTM, HOITYJISALIS,

MyTallis, CXpellyBaHHs, (yHKIIisS aKTHUBALIi.



ABSTRACT

Choporova, O. V. Damage zones forecasting for engineering
constructions using machine learning. PhD Thesis. Manuscript. Qualifying
scientific.

Thesis submitted in partial fulfilment of the requirements for the degree of
Doctor pf Philosophy. Study program: 122 — Computer Science. Zaporizhzhia
National University of the Ministry of Education and Science of Ukraine,
Zaporizhzhia, 2021.

The introduction substantiates the relevance of the work, formulates the
purpose, objectives, object, subject of research, reveals the scientific novelty and
practical significance of the results, provides data on testing the work and

implementation of the results in practice, the number of publications.

In the first chapter the current state of research on the subject of work is
considered and analyzed. A review of publications is made, neural network methods
of modeling and predicting in mechanics problems are analyzed. Publications on the
application of genetic algorithms for structural optimization of neural networks are
considered. Genetic algorithms in the problems of modeling the stress-strain state of
structures are analyzed. From the analysis of publications, it is concluded that there
Is no instrumental system for modeling neural networks to determine the stress-strain
state and stress intensity according to Mises of plates and shells, and predicting
failure zones in engineering structures. Underlined, that neural network models are
one of the most adaptive methods of forecasting, but the use of these methods in

practice requires the adjustment of a large number of parameters of neural networks.

The second chapter is devoted to the development of a neural network method
for predicting the stress-strain state of flat plates. In particular, square, round and
ring plates, and a square plate with a circle cut-out and with different boundary
conditions. Features of training sample generation, neural network architecture and

computational experiment for each case of plate shape are considered. Cases of



neural network modeling of a layer with constant fixing conditions (for example,
clamped), as well as features of neural network architecture for modeling plates with
arbitrary boundary conditions are considered. The influence of the number of
neurons, layers of neurons and activation functions on the accuracy of modeling has
been studied. A finite element model has been developed to generate a training
sample of plates with a cut-out of arbitrary size and location. The parameters of the
training samples were chosen so that the models included the vast majority of typical

metal plates.

Chapter 3 "Using machine learning to predict the stress-strain state of shells"
focuses on the development of neural network methods for predicting the stress-
strain state of a cylindrical shell, and a combination of cylindrical and conical shells.
For each case, the training sample was generated on the basis of a finite-element
model. The architecture of neural networks is developed, and also computational
experiments are carried out. The accuracy of forecasting neural network models is

illustrated.

The fourth chapter “Using of a genetic algorithm to optimize the architecture
of the neural network for predicting the stress-strain state of the structure” is
devoted to the features of the application of genetic algorithms for the optimization
of the neural network architecture. The coding of neural network architecture,
crossover functions and mutations is considered. A computational experiment on
genetic optimization of neural network architecture for modeling the stress-strain
state of a rectangular plate is performed. Attention is also paid to the genetic
optimization of the neural network architecture for modeling the stress-strain state

of a cylindrical shell.

The conclusions present the scientific novelty of the work, its practical

significance and prospects for further development.

The following results were obtained:
- for the first time a neural network method was developed to determine

the stress-strain state of plates with arbitrary boundary conditions, which allows to



determine the maximum deflection, and the maximum value of the stress intensity
according to Mises;

— for the first time a neural network method was developed to determine
the stress-strain state of a cylindrical shell and a combination of cylindrical and
conical shells, which allowed to determine the deflection and intensity of stresses
according to Mises;

— for the first time developed a neural network method based on the
architecture "autocoder" to determine possible fracture zones in square plates with a
cut-out by generating probable patterns of stress distribution;

— improved neural network methods for modeling the stress-strain state
of structures by developing a genetic algorithm for optimizing the architecture of the

neural network, which allowed to increase the accuracy of prediction.

The software implementation of the developed methods is performed in the
Python programming language using the scikit-learn, numpy, Pandas and Keras
libraries.

The obtained research results are introduced into the educational process in
the study of disciplines «Empirical methods of software engineering», «Machine
learning tools», «Neural networks» and qualification work of students majoring in

121 «Software Engineering» Zaporizhzhia National University.

Keywords: network of artificial neurons, stress-strain state, plate, shell, prediction,

genetic algorithm, population, mutation, crossing, activation function.
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