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1. KepoBaHi 32 TOYHICTIO METOZIX PO3B'A3aHHS CUCTEM AudepeHIiiaTbHUX PiBHIHD B 33/1a4ax ONTUMizalii
KOPOIYIOUNX KOHCTPYKLIN

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

Pedepar:

1. MeTo10 pob0TH € NifgBuIlleHHS €(PEKTMBHOCTI PO3B'SI3aHHS 337,24 ONITUMAJIbHOTO TPOEKTYBAHHS LIaPHIpHO-
crepxHeBUX KOHCTpyKUiN (LICK), npu3HaYeHux 1J1s eKCITyaTallii B arpeCMBHUX TEXHOJIOTIYHUX CEPENOBUILAX,
30KpeMa, BIIOCKOHAaJIEHHSI METO/ly [TOIIpaBHUX (PYHKLIN i 3a6e3redeHHs Horo KepoBaHOCTI 3a TOUHicTI0. HaykoBa
HOBHM3HA OTPMMAaHUX PE3YJIbTaTiB MOJISITa€ B IOAJIBIIOMY PO3BUTKY METOJIAa IONPAaBHUX QYHKIIH [ PO3B'sI3aHHS
3aJ1a4i JOBrOBIYHOCTI KOPOJAYIOUMX KOHCTPYKLLiY, SIKAM Ha BiIMiHY BiJl iCHYI04Or0, € KEPOBAaHUM 33 TOYHICTIO i
3abesneyvye 6inbLI TOUHI pO3B’s13kM. OKpiM L1bOT0, BIieplie 3alIPOIIOHOBAHO METOJ, BU3HAYeHHS 3HaUyIuX GakTopiB
B 33J]a4i JOBFOBIYHOCTi KOPOJYIOUMX KOHCTPYKLii HAa OCHOBI oNTUMi30BaHOi MeTonoM Optimal Brain Surgeon
IITY4HOI HeMpOHHOI Mepexi (IITHM). B nepmoMy po3zini po3risiHyTO 3371a4y ONTHMaJIBHOTO IPOEKTYBaHHS
kopopytouoi IICK Ta Bu3BHa4eHO OCHOBHI IpO6JI€MU, MOB'sI3aHi 3 ii pO3B'A3aHHM, TaKi K JUCKPETHA TOCTAaHOBKA

3a/1a4i Ta HEOOXiIHICTh MOIE/IIOBaHHS BIUIMBY arpeCUBHOrO CEpeoBUIIA HA KOHCTPYKILiO IIPU 004YKCIIeHH] PyHKLIiI



0oOMeXeHb. PO3IJISIHYTO KIIIOYOBi MOIEI, SIKi Bilpi3HAIOTh IOCTAHOBKY 3a/1ayi /1J1s1 YMOB arPECUBHOTO CEpPELOBUILA
Bif] KJIACUYHOI: MOJI€JIb HAKONIMYEHHS TEOMETPUYHHUX MOMKOIKEHb KOHCTPYKLii Y BUTJISAA]I CUCTEMU
IydepenuianpHux piBHSAHB (CIP) i MOgesb KoponyoJoro nepepisy eJ1eMeHTy KOHCTPYKLii. BcTaHOBJI€HO, 1110
niABUILEHHS €(PEKTUBHOCTI PO3B'sI3aHHS 332 PAXYHOK METO/iB ONTUMIi3allii He € MOXJIMBUM, [IPOTE MO>KJIMBE
nostinieHHs epeKTUBHOCTI Ha eTari o64nciaeHHs PyHKLii oOMekeHb, 30KpemMa, PO3B'sI3aHHS 334a4i LOBIOBIYHOCTI
kopoaytouoi koHctpykuii (31KK). [IpoBeneno ormsy icHyrounx MeTogiB po3s’s3anHs 3[JKK, 3okpema, HaBeJjeHO
OCHOBHI BiZJOMOCTI IIPO METOZM, IPOBELEHO aHaJII3 iX IepeBar i HeOJIiKiB, a TAKOXK HAsIBHOCTI IX KEPOBAHOCTI 3a
TOYHiCTI0. OBI'PYHTOBAHO BUGIp METOy MONIpaBHUX QYHKLiN 17151 po3p’si3anHs 3[KK, ik OCHOBU AUCEPTALiTHOTO
IOCHiIKeHHs. B mpyromy poszini gociimkeHo MeTor nonpaBHuX QyHKLiN 115 po3B'sa3aHHs 3JKK. BuzHaueHo
BUIJISL NTONPpaBHOI PyHKIiI Ta MeToau ii mobymoBU 3a Jonomorom anpokcumaliii. HaBeneno apxirexrypy IIIHM Ta
OCHOBHi By1actuBocTi [ITHM, s5Ka BUKOPUCTOBYETbCS IJ1s1 allPpOKCUMaLLii TonpaBHOi PyHKLii. BusHaueHo, mo aJ1st
pi3HUX TUIIB HABAHTAXXEHHS Ta NIEPEPi3iB CTEP>KHIB OTPiOGHI okpemi IIIHM. TIpoBeneHo aHai3 BIJIMBY CTENEHS
ITOJIIHOMY Ha TOYHICTh alIpOKCHMallii 3aJIE>KHOCTI OCbOBUX 3yCHUJIb Bifl yacy. [IpoBeneHn aHasi3 mokasas
IOCTATHICTb [IOJIIHOMY TPETBOTO CTEIEHS 7151 33[I0BiNIbHOI TOYHOCTI po3B’si3aHHs 3[1KK. 3anpononosaHo
BMKOpHUCTaHHs Mmetony Optymal Brain Surgeon (OBS) 1151 06rpyHTOBaHOrO BU60pY 3Hadymux napamerpis HIHM.
3acrocysanHs meTony OBS 103B0JINII0 3MEHIIUTY KiJIbKIiCTh BXinHUX napameTpis [IIHM 6e3 cyTTeBoi BTpatu
TOYHOCTI, IPY LIbOMY, KijIbKiCTb HelipoHiB [ITHM 6ysia 3MeHIIeHa Maike BTpudi. OnucaHo croci6 resepallii Bubipku
I HaBuyanHs IHM, BK/IIOYHO i3 eTanaMu OTpUMaHHS €TaJOHHOTO i HaGIMKEHOTO YMCEIbHUX PO3B'A3KiB IJ15
00uYNMCIIeHHS 3Ha4eHb [TONPaBHOI PyHKLii. B TpeTboMy po3zini npencrasniena moaudikalist MeToay MonpaBHUAX
dyHKUiN s po3p’sa3anHHs KK, sika yToyHIO€ opUriHajbHUI MeTo,. 1711 yTOUHEeHHSI OpUTiHAJIbHOTO METOAY
pO3Trsianucs aJbTepHaTUBHI HAb0pU BXigHUX naHux aJis [ITHM, siki 703BOJSIIOTh 36i1bMUTH iHOpMalLito Ipo
3MiHy OCbOBUX 3yCHUJIb Yy Yaci 3a pe3ysibTaTaMu IPOBEIEHUX €KCIIEPUMEHTIB, 3aIIPONIOHOBAHE YTOUHEHHS 110Ka3aJ10
3MEHIIEHHs TOXUOKY, B 3aJI€KHOCT] Bifl pO3IJISAyBAaHOTO BUMAIKY, B cepelHboMy Ha 43.5% i 9.6% nopiBHSHO 3
OpUTiHAJIbHUM METO/OM. BifmoBifmHO 3arporoHoBaHiil aBTopom Moaudikalii 3H1uKae HEoOXiTHICTb B ITONepeHii
arpokcumalii 0CbOBUX 3yCUJIb II€Pe]] 3aCTOCYBaHHSIM MONPAaBHOI (PYHKIii, 1110 IO3UTUBHO BILJINBAE HA

004K CIIOBAIBHY CKIIAAHICTh MEeTOLY. 1711 yTOYHEHOr0 MeTOAY MOIIPaBHUX PYHKLiN 6yJI0 BCTAHOBIEHO KEPOBAHICTD
3a TOYHICTIO METOAY LIUISIXOM BU3HAUYE€HH$ 3aJI€KHOCTI MAaTEMaTUYHOIO CIIOJiBaHHS 1iIbOBOI METPUKH Bif
IapaMeTpiB YUCEJIBHOTO PO3B’s13Ky. OCTaHHE J03BOJIsI€ 3HAXOAUTH 6alaHC MK 00YMCIIIOBAJIbHOIO CKIIAIHICTIO
METO[ly i HeOOXiIHOIO TOYHICTIO PO3B'SI3KY, 10 € OCOBGIMBO BasKJIMBUM IIPY PO3B'SI3aHHI 337184 ONTHMAaJIbHOTO
IIPOEKTYBaHHS KOHCTPYKLIH, SIKi CKJIaIal0ThCs i3 BEJIMKOI KiJIbKOCTI €J1IeMeHTiB. [1pu onjiHLi Mmogesnel, i Ha eTani
YTOYHEHHS METOJly, i Ha eTalli BCTaHOBJIEHHSI KEPOBAHOCTI 32 TOUHICTIO METOAY, 0yJI0 BpaXOBaHO 3aJI€>KHICThb
BUXiJHUX 3HaueHb [ITHM Bif BUIaAKOBUX NI0YAaTKOBUX 3HAaY€Hb BaroBUX KoeillieHTiB, 10 MifBUILYy€e JOCTOBIPHICTb
OTPUMAaHUX Pe3yJbTaTiB. B yeTBepTOMY pO31iji pO3B’13aHO MIPAKTUYHY 3a/1a4y ONTHMAaJIbHOIO IIPOEKTYBaHHS
kopoaytouoi IICK i3 3anporioHoBaHMMU aBTOPOM MonudikalisiMy nonpaBHuX QyHKLiHN. B sskoCTi MOnebHOI
KOHCTPYKLii po3risipanacs cTaTMYHO-HeBU3HaueHa 15-crepyxHesa LICK, s sikoi 3azaya po3B’siayBasach y 1BOX
IIOCTQHOBKAX, IO BifJpi3HSUINCS KiJIbKICTIO BapiiloBaHUX NapaMeTpiB. [jisi po3B’a3aHHS 3aa4i BUKOPUCTOBYBABCS
reHeTUYHUI aJITOPUTM i3 3aCTOCYyBaHHAM MeToqy wTpadHuX QyHKUiiA. [IopiBHSIHHS 3 pe3ybTaTaMu iHIIKNX aBTOPIB
Ta HIIMX NiIX0JiB [10Ka3aso, o 3alPOIIOHOBAaHA aBTOPOM MoAudiKallisi MeToly NonpaBHUX 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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