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1. KepoBasi 3a TOYHICTIO METOAM PO3B'sI3aHHS cUCTeM OudepeHLiaTbHuX PiBHSIHD B 33a4ax ONTUMIizalii
KOPOJIYIOUNX KOHCTPYKLiN

2. Accuracy-Controlled Methods for Solving Systems of Differential Equations in Optimization Problems of
Corroding Structures

Pedepar:

1. MeTor0 poboTH € nifgBuieHHs e(peKTUBHOCTI pO3B'sI3aHHS 3324 OIITUMAJIbHOTO TPOEKTYBaHHSI LIaPHIPHO-
cTepkHeBUx KOHCTpyKLii (LIICK), npusHayeHux 1J1s1 eKCIllyaTtallii B arpeCUBHUX TEXHOJIOTIYHUX CEPefOBUILAX,
30KPEMA, BIIOCKOHAJIEHHS] METOly [TOITPAaBHUX (PYHKILiH i 3a6e31e4eHHs 10ro KEPOBAaHOCTI 3a TOYHIicTIO. HaykoBa
HOBHU3HA OTPUMAaHUX PE3YJIbTATiB MOJISITa€ B IOAJIbIIOMY PO3BUTKY METOIa OTPaBHUX QYHKLIN 1171 PO3B'sI3aHHS
3a7a4i JOBrOBiYHOCTI KOPOAYIOUMX KOHCTPYKLiH, SIKMH Ha BiIMiHY Bifl iCHyI04OTr0, € KEPOBaHMM 32 TOYHICTIO i
3abesneyvye 6isblI TOUHI po3B’s13ku. OKpiM L1bOT0, BIleplIe 3alIPOIIOHOBAHO METOJ, BU3HAYEHHS 3HauUylIuX GaKkTopiB

B 33J1a4i JOBrOBiYHOCTi KOPOJAYIOUMX KOHCTPYKLi HAa OCHOBI ONTUMi30BaHOI MeTogoM Optimal Brain Surgeon



IITYYHOI HeMPOHHOI Mepexi (LTHM). B nepmoMy po3zini po3risiHyTO 33[1a4y ONTHMAaJIBHOTO IIPOEKTYBAaHHS
kopoaytouoi IICK Ta BuU3Hau€HO OCHOBHI ITpobJieMy, TIOB'sI3aHi 3 ii po3B'sI3aHHSIM, TaKi SIK AUCKPETHA IIOCTaHOBKA
3a/1aui Ta HEOOXiHICTh MOJIE/IIOBaHHS BIUIMBY arpeCUBHOTO CEPELOBUIIA HA KOHCTPYKILiI0 ITPU OO0YMCIIeHH] (PYHKLII
00Me>xeHb. PO3IJISIHYTO KJII0UOBi MOJI€JIi, SIKi BiIPi3HSIOTh IOCTAHOBKY 33a7adi /1711 yMOB arPECUBHOTO CEPEIOBUILA
BiJl KJIACUYHOI: MOJI€JIb HAKOIIMYE€HHS FT€OMETPUYHUX IOLKOIKEHb KOHCTPYKLiI y BUIJISILII CUCTEMU
nudepenuianpHuX piBHSAHB (CIP) i MOgesns Koponyodoro nepepisy eJleMeHTy KOHCTPYKLii. BcTaHOBJIeHO, 1110
niABUILEHHS €(PEKTUBHOCTI PO3B'sI3aHHS 32 PAXYHOK METO/iB ONTUMIi3allii HE € MOXXJIMBUM, [IPOTE MO>KJIMBE
noJiinueHHs: e(PeKTUBHOCTI Ha eTani o6unciieHHs QyHKILii 0OMe>KeHb, 30KpeMa, PO3B'sI3aHHSI 33/1a4i JOBrOBIYHOCTI
Kopoaytouoi koHctpykuii (31KK). [IpoBeneno ormsy icHyrounx MeToxiB po3s’s3anHs 3[JKK, 3o0kpema, HaBeJeHO
OCHOBHI BiTOMOCTi IPO METOAM, IPOBEAEHO aHaJli3 ix Iepesar i HeJOJIiKiB, a TAKOK HAsIBHOCTI IX KEPOBAHOCTI 33
ToyHicTI0. OBIPYHTOBAHO BUGIp MeTOy MONpaBHUX QYHKLIN 17151 po3p’si3anHs 3[KK, Ik OCHOBU AMCEPTALiTHOTO
OOCITiIKeHHs. B mpyromy poszini gociimkeHo MeTor nonpaBHuX QyHKLiN 171 po3B's3aHHs 3KK. BuzHaueHo
BUIJISLA NToNpaBHOI PyHKIII Ta MeToau ii mobymoBu 3a Jonomorom anpokcumaliii. HaBeneHo apxirexrypy IIIHM Ta
OCHOBHIi Bs1actuBocTi IITHM, siKa BUKOPUCTOBYETbCS IJ1s1 allpOKCUMaLlii nonpaBHOi PyHKLii. BusHaueHo, mo aJ1st
Pi3HUX THUIiB HABAHTAXXEHHY Ta NepepisiB cTep>kHiB NOTPioHI okpemi ITHM. IIpoBeneHo aHali3 BILIUBY CTENEHS
MIOJIIHOMY Ha TOYHICTh allpOKCHMallii 3aJIE>KHOCTI OCbOBUX 3yCUJIb Bifi yacy. [IpoBeneHn aHasi3 mokasas
IOCTATHICTb [1OJIIHOMY TPEThOTO CTEIEeHs 17151 3a[l0BiIbHOI TOYHOCTI po3B’si3aHHs 3[1KK. 3anpononosaHo
BUKOpHCTaHHs Mmetony Optymal Brain Surgeon (OBS) 1151 06rpyHTOBaHOr0 BU60pY 3Hauymux napamerpis [IHM.
BacTocyBaHHs Mmetony OBS 103BOIMIIO 3MEHIINTH KiJIbKICTh BXigHUX napametpis IITHM 6e3 cyTTeBoi BTpatu
TOYHOCTI, IIPY LIbOMY, KijIbKiCTb HelipoHiB [ITHM Oysia 3MeHIIeHa Maiike BTpudi. OnucaHo crocib reHepallii Bubipku
I HaByanHs IHM, BK/IIOYHO i3 eTanaMu OTpUMaHHS €TaJIOHHOTO i HaGIMKEHOTO YMCEIbHUX PO3B'S3KiB 115
004K CJIEHHS 3Ha4€Hb [TONTPaBHOI PyHKLii. B TpeTboMy po3zini npencrasieHa Mogu(iKalliss METOLY OIIPaBHUX
dyHKLiN s po3p’sa3anHs KK, sika yTOYHIOE OpUTriHAIbHUUN MeTO,. 171 yTOUHEeHHSI OpUTiHAJILHOTO METOLY
pO3TisIanucs aJbTepHaTUBHI HAbopU BXigHUX naHux aJs [ITHM, siki 03BOJSIIOTh 36i1bMUTH iHdOpMalLito Ipo
3MiHy OCbOBHUX 3yCHUJIb Y Yaci 3a pe3ybTaTaMu IPOBEIEHUX €KCIIEPMMEHTIB, 3aIIPOIIOHOBAHE YTOYHEHHS MT0KA3ajl0
3MEHIIEHHS TOXUOKY, B 3aJI€KHOCTI Bifl pO3IJISAyBAHOTO BUIAIKY, B cepeHboMy Ha 43.5% i 9.6% nopiBHSHO 3
OpUTiHAJIbBHUM METOAOM. BinmoBigHO 3arpornoHoBaHiil aBTopom Moaudikalii 3H1uKae HeoOXiTHICTb B ITONepeaHil
arpokcumalnii ocbOBUX 3yCUJIb II€Pe]] 3aCTOCYBaHHSIM MTONPABHOI (PYHKILii, 1110 [IO3UTUBHO BILJINBA€E HA

064K CIIOBAIBHY CKIAAHICTh METOY. 1711 yTOYHEHOTO MeTOAY MOIIPaBHUX (PYHKILi 6yJI0 BCTAHOBIEHO KEPOBAHICTD
3a TOYHICTIO METOAY LIJISIXOM BU3HAUEHH$ 3aJI€KHOCTI MAaTEMaTUYHOIO CIIOJiBaHHS 1[iTbOBOI METPUKH Bif
IapaMeTpiB YUCEJIbHOTO PO3B’s13Ky. OCTaHHE J03BOJIsI€ 3HAXOUTH 6alaHC MK 00UYMCIIIOBAJIbHOIO CKIIAIHICTIO
METO[y i HEOOXiIHOIO TOYHICTIO PO3B'I3KY, 10 € OCOOIMBO BKJIMBUM P PO3B'SI3aHHI 33124 ONTUMAJILHOTO
IIPOEKTYBAHHS KOHCTPYKLH, SIKi CKIaAI0ThCSI 13 BEJIMKOI KIJIBKOCTI esieMeHTiB. [Tpy ouiHLi mogesen, i Ha erari
YTOYHEHHS METOly, i Ha eTalli BCTaHOBJIEHHSI KEPOBAHOCTI 32 TOUHICTIO MeTOAY, 0yJI0 BpaXOBaHO 3aJI€KHiCThb
BUXiJHUX 3HaueHb [ITHM Biz BUNIaAKOBUX I0YAaTKOBUX 3HaY€Hb BaroBUX KoeillieHTiB, 110 MifBUILy€e JOCTOBIpHICTb
OTPUMAaHUX Pe3yJbTaTiB. B yeTBepTOMY pO31iji pO3B’A3aHO MIPAKTUYHY 33/1a4y ONTHMAaJIbHOTO IPOEKTYBaHHS
kopoaytouoi IICK i3 3anporioHoBaHMMY aBTOPOM MonudikarisiMu nonpaBHuX QyHKIiHA. B sKoCTi MOnenbpHOI
KOHCTPYKIii po3rispanacs ctaTuYHo-HeBU3HaueHa 15-crepyxHesa LICK, s sikoi 3aziauya po3B’sidyBajach y IBOX
[IOCTAaHOBKAX, L0 BiAPi3HSJINCS KiJIbKICTIO Bapill0OBaHUX NapaMeTpiB. [ po3B’s13aHHS 3a/1a4i BUKOPUCTOBYBABCS
TeHEeTUYHUI aJITOPUTM i3 3aCTOCYBaHHSIM MeTozy mTpadHux GyHKUiNA. [IopiBHSIHHS 3 pe3ybTaTaMu iHIINMX aBTOPIB
Ta IHIIMX NiIX0JiB [10Ka3aso, o 3alPOIIOHOBAaHA aBTOPOM MoAudikallisi MeTonly onpaBHuX QyHKIN Mae

HAMHWKYY 009K CIIIOBAJIbHY CKJIAJHICTb.

2. 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. The scientific novelty of the obtained results lies in
the further development of the correction function method for solving the durability problem of corroding
structures, which, unlike the existing method, is controlled by accuracy and provides more precise solutions. In
addition, a method for determining significant factors in the durability problem of corroding structures is



proposed for the first time, based on an artificial neural network (ANN) optimized using the Optimal Brain Surgeon
method. 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 optimizat ion 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 ANNs 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, refining the original method. Alternative input data sets
for the ANN were considered, increasing information on axial forces over time. The proposed refinement showed
an average error reduction of 43.5% and 9.7% compared to the original method. The author's modification
eliminates the need for preliminary approximation of axial forces before applying the correction function,
positively affecting computational complexity. For the refined method, accuracy control was established by
determining the relationship between the mathematical expectation of the target metric and the parameters of the
numerical solution. This finds a balance between computational complexity and required accuracy, which is crucial
in optimal design problems for structures with many elements. In evaluating the models, the dependence of ANN
output on random initial weight coefficients was considered, enhancing the reliability of the 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.
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