AHOTALIIA

bpuukoscbkuit O.J]. KepoBaHi 3a TOYHICTIO METOIU PO3B’S3aHHS CHCTEM
nudepeHIliaTbHUX PIBHSIHL B 3aadaxX ONTHMI3aIil KOPOIYHOUYNX KOHCTPYKITIHA. —
Kgamidikamiitna HaykoBa mparis Ha IpaBax PyKOIHUCY.

Hucepraiiiss Ha 3700yTTS HAyKOBOTO CTyIeHs JokTopa diutocodii 3a
cnemianpHicTI0O 122 «Komm’toTepHi Hayku». — JlepaBHUN BUIINI HaBYATIbHUN
3aknan  «YKpaiHChbKUW  JIepKaBHUM  XIMIKO-TEXHOJIOTIYHHM  YHIBEPCUTETY,
MinictepcTBO OCBITH 1 Hayku YKkpainu, [uinpo, VYkpalHChKuUN Jep:kaBHUN
YHIBEPCUTET HAYKW 1 TEXHOJOIIH HAaBYAIBbHO-HAYKOBHUH 1HCTUTYT «YKpaiHCHKHI
JIep’)KaBHUM XIMIKO-TE€XHOJIOTIYHUN YyHIBEpCUTET», MIiHICTEpCTBO OCBITH 1 HayKu
Yxpainu, [quinpo, 2024.

MeTow po6oTH € TiIBUIICHHS €()EKTUBHOCTI pO3B’A3aHHA 3aj]ad
ONTUMAJILHOTO TPOEKTYBaHHsS MIapHIpHO-CTepkHEeBUX KOHCTpykiil (LICK),
NpU3HAUYEHUX IS eKCIUTyaTalllii B arpeCMBHUX TEXHOJOTIYHHX CEpelIOBHUIIIAX,
30KpeMa, BJOCKOHAJIECHHS METOJy IONpaBHUX (YHKLIA 1 3a0e3MeueHHs HOTro
KEpOBAHOCTI 32 TOYHICTIO.

HaykoBa HOBHM3HA OTPUMAHUX Pe3yJIbTATiB:

— OtTpumaB MOJANbIIANA PO3BUTOK METOJ TOMPAaBHUX GYHKIIN s
pO3B’si3aHHS 3aJayl JTOBFOBIYHOCTI KOPOAYIOUMX KOHCTPYKIIH, SIKUWA Ha BIIAMIHY
BiJl ICHYIOUOTO, € KEPOBAaHHUM 3a TOYHICTIO 1 3a0e31medye OUIbII TOYHI PO3B’SI3KH.

— Brepiue 3anponoHoBaHO METOJT BU3HAYEHHS 3HAUyIIUX (aKTOPiB B 3aj1ayl
JIOBrOBIYHOCTI KOPOJYIOUMX KOHCTPYKLIA Ha OCHOBI ONTHMI30BAHOI METOJOM
Optimal Brain Surgeon mty4Hoi HeliponHoi mepexi (ILTHM).

B mepumiomy po3aii po3risiHyTO 3ajady ONTHUMAJbHOTO MPOEKTYBAaHHS
kopoaytoyoi IIICK Ta BU3Ha4€HO OCHOBHI IIPOOJIEMH, MOB'sI3aH1 3 11 PO3B'I3aHHSM,
Takl sIK JUCKpPETHA IMOCTAHOBKA 3a/adul Ta HEOOXIMIHICTh MOJICITIOBAHHS BIUIUBY
arpeCUBHOIO CEPEJOBUINA Ha KOHCTPYKIIIIO MpU 00YUCIeHH] (QYHKIII 0OMEXKEHb.
PosrisiHyTo KITIOWOBI MoOjeNi, SIKi BIAPI3HSIOTH MOCTAaHOBKY 3ajadi Jisl YMOB

arp€CUBHOTO CCpCaAOBHUIIIA Bi)l KJIQCUYHOI: MOJCJIb HAKOIMMYCHHA TI'COMCTPUUHHUX



MOIIKOKEHb KOHCTPYKIIII y BUTIIAI cucteMu nudepenianpaux piBHsSHb (C/AP) 1
MOJieJIb KOPOAYIOUOTO Tepepidy eJNeMEeHTy KOHCTpyKuii. BcranoBnmeHo, 1o
MIJBUIICHHS €()EKTUBHOCTI PO3B'S3aHHSA 3a PaxyHOK METOIB ONTHUMI3allli HE €
MOJKJIMBUM, MPOTE MOKJIMBE MOJIMIICHHS €(EeKTUBHOCTI HA eTami OO0YHMCICHHS
GbyHKIT 0OMEXeHb, 30KpeMa, pO3B'sA3aHHS 3ajJlaul JIOBFOBIYHOCTI KOPOIYHOUOT
xoHcTpykiii (3KK). Iposeneno ornsn icHyrounx MeTofiB po3s’s3anHs 3/IKK,
30KpeMa, HaBEJCHO OCHOBHI BiZJOMOCTI IIPO METOJIU, MMPOBEICHO aHalli3 iX mepeBar
1 HEZIOJIIKIB, @ TAKOX HAsSBHOCTI iX KEPOBAHOCTI 3a TOUHICTIO. OOIpyHTOBAaHO BUOID
MeToy monpaBHuX QyHKUINA ans po3s’s3anns 3/IKK, sk ocHOBH aucepTaliitHoro
JOCIIIJIKEHHS.

B apyromy po3aiai gociimkeHO METOJ TONpaBHUX (QYHKIIN s
po3B's3anns 3JIKK. BusHaueHo Burisg mnomnpaBHOiI (yHKHIT Ta MeToau ii
noOy70BM 3a jomoMoror ampokcumariii. HaBeneno apxitextypy [IHM Ta
ocHoBHI BiacTuBOCTI [IIHM, sika BUKOPUCTOBYETHCS JjIsl allpOKCUMAITli MTOMIPaBHOT
¢ynkuii. BuzHayeHo, 10 1715 pi3HUX THUITIB HABAaHTAXKEHHS Ta NIEPEPI31B CTEPKHIB
noTpiOH1 okpemi [ITHM.

[IpoBeaeHO aHasi3 BIUIMBY CTENEHA MOJIHOMY HAa TOYHICTh anpOKCHUMAIlii
3aJIeKHOCTI OCHOBUX 3yCWJIb Bia vacy. [IpoBenenuii anaii3 mokasaB JIOCTaTHICTh
MOJIIHOMY TPETHOT'O CTEIIEHS VIS 3a10BUIBHOT ToOUuHOCTI po3B’sa3anHs 3/IKK.

3anpornoHoBaHo BukopucTanHsa metoay Optymal Brain Surgeon (OBS) s
oOrpyHToBaHoro Bubopy 3Hauynux napamerpiB [IIHM. 3acrocyBanHsi meromy
OBS 103BONMMIIO 3MEHIIUTH KUTBKICTh BXigHuX mapametpiB IIIHM 6e3 cyrreBoi
BTpaTH TOYHOCTI, MPU LbOMY, KUIbKICTh HelpoHiB [IIHM Oyna 3MeHIneHa maiixe
BTPUYI.

Onucano cmoci® reHepariii BuOipku nisi HaBuanHs [ITHM, BkitouHo 13
eTanaMu OTPUMAaHHS €TAJOHHOTO 1 HAOJMKEHOTO YHCEIBHUX PO3B'S3KIB IS
OOYHMCIICHHS 3HaYeHb TOMPABHOI (PYHKITIT

B Tperbomy po3aini mnpencraBieHa Moaudikaiis METOIY IONPaBHUX
bynakuii s po3s’szanHs 3/IKK, ska yrtouHtoe opuriHampHud wmeton. Jlnms

YTOYHEHHS OPUTIHAIBHOTO METOAY PO3TISIAAINCA albTePHATUBHI HA0OOpU BX1THHUX



nanux ans HTHM, sxi 103BONIOTh 301IBIIATH 1HPOPMAIIIIO PO 3MIHY OCHOBHX
3yCHJIb Y 4acli 3a pe3ylbTaTaMu MPOBEIECHUX EKCIEPUMEHTIB, 3alpONOHOBaHE
YTOYHEHHS TOKa3aJl0 3MEHILIEHHS MOXUOKH, B 3aJIEKHOCTI BiJ PO3IJISIYyBAaHOTO
BUMAKY, B cepenHbomy Ha 43.5% 1 9.6% mopiBHSAHO 3 OpHUTiHATBLHUM METOJOM.
BianoBigHo 3ampomoHOBaHiM aBTOpoM Mojaudikailii 3HMKae HEOOXIIHICTh B
NOMepeIHIA anpoOKCUMAIlll OChOBUX 3YCHJIb IEpe]] 3aCTOCYBaHHSM IOINPABHOI
GyHKI1, 10 MO3WTUBHO BIUIMBAE€ HAa OOUYMCIIOBAJIbHY CKIAIHICTh MeTomy. [lms
YTOYHEHOTO METOAY MONpPaBHUX (YHKIINA OyJ0 BCTAHOBJIEHO KEPOBaHICTH 3a
TOUYHICTIO METOJYy IUISXOM BU3HAYEHHS 3aJIEKHOCTI MAaTEeMAaTUYHOTO CIOJIIBaHHS
LIJTbOBOI METPUKH BIJ MapaMETPiB UYUCEIBHOTO poO3B’sA3KYy. OCTaHHE 103BOJIsIE
3HaXOJUTH OanaHC MK OOYHMCITIOBAIBHOIO CKJIATHICTIO METOIY 1 HEOOXiTHOIO
TOYHICTIO PO3B’S3KY, IO € OCOOJHMBO BaXJMBUM IIpU pO3B’SA3aHHI 3aaad
ONTUMAJIBHOTO TPOEKTYBAHHS KOHCTPYKIIM, SKI CKJIAJalOThCsl 13  BEJIMKOI
KUTBKOCTI eJeMeHTiB. [Ipu omiHIl Mojene, 1 Ha eTall yTOYHEHHS METody, 1 Ha
eTam BCTAHOBJICHHS KEPOBAHOCTI 3a TOYHICTIO METOAy, OyJio BpaxoBaHO
3aNIeXKHICTh BUXiMHUX 3HaYeHb [IITHM Big BUMaakoBUX MOYATKOBUX 3HAYEHb
BaroBUX KOE(IIIE€HTIB, IO MiIBUILYE TOCTOBIPHICTH OTPUMAHUX PE3YyJIbTaTIB.

B d4erBeprOMy po3aijii po3B’S3aHO MNPAKTUYHY 3aJlady ONTUMAaJIbHOIO
npoekTyBaHHs Kopoayrouoi [IICK 13 3anmponoHOBaHUMH aBTOPOM MOIU(DIKaIisIMU
nonpaBHUX (yHKLIA. B SKOCTI MOIENbHOT KOHCTPYKUII po3risiganacs CTaTUYHO-
HeBu3HaueHa 15-ctepxueBa IICK, nns skoi 3amaya po3B’s3yBajlach Y JBOX
MOCTAHOBKAaX, IO BIAPI3HSUIMCA KUIBKICTIO BapidoBaHUX mapamerpiB. Jlis
pO3B’sI3aHHS 3a/ladi BUKOPUCTOBYBACS T€HETHUHUN aITOPUTM i3 3aCTOCYBaHHSIM
Merony mrtpabuux (yukimii. [opiBHAHHS 3 pe3ylbTaTamMH 1HIIUX aBTOPIB Ta
IHIIUX TIIXO0MIB TOKa3ajo, IO 3alpoONOHOBaHA aBTOPOM Mojudikallis METoxy
NONpaBHUX (PYHKIIIH Mae HAMHUKYIY OOUYHUCIIOBAJIbHY CKIIQHICTb.

IlpakTHyHe 3HAYEHHS OTPUMAHMX Pe3yJbTATIB MOJSITaE B TOMY, IO
pe3yJbTaTH MPOBEACHUX JIOCTIIKEHb JO3BOJISAIOTh MIHIMIZyBaTH OOYMCIIIOBAJIbHI
BUTPATH TP PO3B’sI3aHHI 33724 ONTUMAILHOTO TTpoekTyBaHHs Kopoaytouux [TICK

13 3a0e3MeYeHHsM  HEOOXIIHOI  TOYHOCTI  pe3yibTary. Bukopucrtanus



MOIM(DIKOBAHOTO  METOAY TMONpaBHUX  (YHKIIA CyYMICHO 3  METOJaMu
CBOJIIOLIIMHOTO MOJIETIOBAHHS  JIO3BOJHUTH OJIEPKAaTH  PO3B’SI3KM  BAXKIIMBUX
OPUKJIAJHUX 3a/a4, CHPSAMOBAHUX HA MIJBUIIEHHS SKOCTI KOHCTPYKTOPCBKHX
pimens npu npoektyBanHi LIICK, 1o nmpu3HaveHi 17 eKCIUTyaTallli B arpeCUBHUX
CepeOBUILAX.

Kurouosi cioBa: ontumizaiis, ITydYHa HEUPOHHA MEpeka, apOKCUMAIlis,
cucremMa AudepeHiiaIbHIX PiBHSAHB, KEPOBAHICTh 32 TOYHICTIO, OOYMCIIOBaJIbHA
CKJIa/IHICTh, TEHETUYH] aJIrOPUTMH, ONTUMAJIbHE NPOEKTYBaHHS, MaTEMaTHUYHE Ta

KOMIT IOT€pHE MOJICITIOBaHHS, KOPOyI04a KOHCTPYKIIisl.



ABSTRACT

Brychkovskyi O.D. Accuracy-controlled methods for solving systems of
differential equations in optimization problems of corroding structures. —
Quialifying scientific paper as a manuscript.

Thesis for PhD degree on specialty 122 Computer Science. — State Higher
Educational Institution «Ukrainian State University of Chemical Technology»,
Ministry of Education and Science of Ukraine, Dnipro, Ukrainian State University
of Science and Technologies Educational-Scientific Institute «UKkrainian State
University of Chemical Technology», Dnipro, 2024.

The purpose of the work is to improve the efficiency of solving optimal
design problems for hinge-rod structures (HRS) intended for operation in
aggressive technological environments, specifically by refining the correction
function method and ensuring its accuracy control.

Scientific novelty of the obtained results:

— The method of correction functions for solving the durability problem of
corroding structures has been further developed, which, unlike the existing method,
is accuracy-controlled and provides more precise solutions.

— For the first time, a method for determining significant factors in the
durability problem of corroding structures based on an artificial neural network
(ANN) optimized by the Optimal Brain Surgeon method has been proposed.

The first chapter examines the problem of optimal design of a corroding
HRS and identifies the main issues associated with its solution, such as the discrete
nature of the problem and the need to model the impact of the aggressive
environment on the structure when calculating the constraint function. Key models
are considered, distinguishing the problem statement for aggressive environments
from classical ones: the model of geometric damage accumulation in the structure
in the form of a system of differential equations (SDE) and the model of the
corroding cross-section of a structural element. It is established that increasing the

efficiency of the solution through optimization methods is not feasible; however,



improving efficiency at the stage of constraint function calculation, specifically
solving the PDCS, is possible. A review of existing methods for solving PDCS is
conducted, providing essential information about the methods, analyzing their
advantages and disadvantages, and assessing their accuracy control. The choice of
the correction function method for solving PDCS as the basis of the dissertation
research is substantiated.

The second chapter explores the correction function method for solving
CSD. The form of the correction function and methods for its construction through
approximation are determined. The architecture of the ANN and the main
properties of the ANN used for approximating the correction function are
presented. It is established that separate HNMs are required for different types of
loads and rod cross-sections. An analysis of the polynomial degree impact on the
accuracy of approximating the axial force dependence on time is conducted. The
analysis showed that a third-degree polynomial is sufficient for satisfactory
accuracy in solving PDCS. The use of the Optimal Brain Surgeon (OBS) method
for a justified selection of significant ANN parameters is proposed. Applying the
OBS method reduced the number of ANN input parameters without significant loss
of accuracy, with the number of ANN neurons decreased by nearly threefold. A
method for generating a training sample for the ANN is described, including stages
for obtaining reference and approximate numerical solutions for calculating
correction function values.

In the third chapter, a modification of the correction function method for
solving PDCS is presented, which refines the original method. To refine the
original method, alternative sets of input data for the ANN were considered,
allowing for increased information about the change in axial forces over time.
Based on the results of the experiments conducted, the proposed refinement
showed a reduction in error, depending on the case considered, by an average of
43.5% and 9.7% compared to the original method. According to the modification
proposed by the author, the need for preliminary approximation of axial forces

before applying the correction function is eliminated, which positively affects the



computational complexity of the method. For the refined correction function
method, accuracy control of the method was established by determining the
dependence of the mathematical expectation of the target metric on the parameters
of the numerical solution. This allows finding a balance between the computational
complexity of the method and the required accuracy of the solution, which is
especially important when solving optimal design problems for structures
consisting of a large number of elements. In evaluating the models, both at the
refinement stage of the method and at the stage of establishing accuracy control,
the dependence of the ANN output values on the random initial values of the
weight coefficients was taken into account, which increases the reliability of the
obtained results.

The fourth chapter solves the practical problem of optimal design for a
corroding HRS with the author's proposed correction function modifications. A
statically indeterminate 15-rod HRS was considered as the model structure, with
the problem solved in two formulations differing in the number of varied
parameters. The genetic algorithm with the penalty function method was applied to
solve the problem. Comparison with other authors' results and other approaches
showed that the author's proposed correction function method modification has the
lowest computational complexity.

Practical significance of the obtained results lies in the fact that the
conducted research results allow minimizing computational costs when solving
optimal design problems of corroding HRS while ensuring the necessary result
accuracy. The use of the modified correction function method combined with
evolutionary modeling methods will enable solutions to important applied
problems aimed at improving the quality of design decisions in designing HRS
intended for operation in aggressive environments.

Keywords: optimization, artificial neural network, approximation, system of
differential equations, accuracy control, computational complexity, genetic
algorithms, optimal design, mathematical and computer modeling, corroding

structure.



