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1. Y nuceprauiiiHiil po60Ti pO3p06JIEHO €IVHY METOOJIOTIUHY OCHOBY IMOBIPHICHOT'O ITPOTHO3YBAHHS 3aJIMMIKOBOI
HAJIMHOCTI, fIKa NIOE€IHY€E METOAYU MAIIVMHHOIO HABYAHHS [J15 IiarHOCTUKU [IOTOYHOI'O CTaHy 32 BUMipIOBAJIbHUMU
IAHUMU 3 PI3UYHO y3roIPKEHUM MOJIEJIOBAaHHSM Jerpajallii 3a CTOXaCTUYHUX HaBaHTaKEeHb Y Me>Kax MapajurmMu
($i3sn4HO-iH(POPMOBAHOrO MAIIMHHOIO HaBYaHHS. 3a JOIIOMOIO PO3POOJIEHNX MOZEsIeN Ta 00pOOKU
€KCIIePUMEHTAJIbHUX JaHUX JOCiIP)KEHO BILIMB (Pi3NYHUX OOMEKeHb Ha TOYHICTb IPOTHO3yBaHHS PECYPCY s
MEXaHIYHUX Ta 6i0MEXaHIYHUX CUCTEM. Y BCTYIi OGIPYHTOBAHO aKTYyaJIbHICTb TEMU JOCJIiIPKEHHS. 3a3Ha4€HO
BHMKOPHMCTaHi METOAY, METY i 3aBIaHHs JOCJiJKEHHS BifITIOBIHO 10 IpeameTa Ta 06’eKTa gocimkeHHs. [TonaHo
3arajibHy iHpopMallilo o0 HAyKOBOI HOBU3HM OTPMMAHUX pe3ysbTaTiB. HaBemeHo naHi Ipo 0CcO6MCTH BHECOK
3100yBaya Ta po anpobariiiio MarepiasiB gucepTalii. Y nepmomy po3zini HafaHo oI, KJIACUIHUX i Cy4YaCcHUX

METO/IiB OL[iHKY HaiHOCTI, JiarTHOCTUKY TEXHIYHOT'O CTaHy Ta IIPOTHO3YBAaHHS 3a/IMIIKOBOTO PECYPCY CKIIAIHUX



CHCTEM 32 CTOXaCTUYHOTO HaBaHTAXKEHHSI. 3aB/ISIKU [IPOBEIEHOMY aHali3y OOIPYHTOBAHO JOLiIBHICTb 06'€IHAHHS
IiarHOCTHKU Ta UMOBIPHICHOTO ITPOTHO3YBaHHS B €JMHY O0YMCIIIOBANIbHY CXEMY. Y IPYyromy po3zii
cpopMyIbOBAHO MaTeMaTUYHY [TOCTAHOBKY 3a/la4i IMOBIpHICHOTO NPOrHO3YBaHHS 3aJIMIIKOBO] HAZitHOCTI Ta
3aIpOINIOHOBAHO 3arajlbHy CXeMy 00’€IHaHHS JAiarHOCTUKU IIOTOYHOTO CTaHy 3 IPOTHO3YBAHHSIM €BOJIIOLL]
MOLIKOJKEeHb. 3aIIPOIIOHOBAHA TOCTAHOBKA € iHBAapPiaHTHOIO 040 Gi3nYHOI IpUpoan 00’eKTa. Y TPETbOMY PO3Iii
BUKJIJIEHO MiAX0[U [0 AiarHOCTUKY ITOTOYHOTrO CTaHy. Po3po6sieHO METOIMKY eKCIlepUMEHTaIbHOTO BUMipIOBaHHS
BiOpaliliHMX CUrHaJIiB MiAIMIIHYKIB KOUEHHS Ta apXiTeKTypy 3TrOPTKOBOI HEMPOHHOI MepeXXi 3i 3MiHHUMU 3a
rubrHOI0 KoedillieHTaMy Juiartanii a5 knacudikalii TEXHIYHOTO CTaHy. 3allpONIOHOBAHO aJIfOPUTMU CEerMeHTallii
CKaHiB ONITUYHO-KOrepeHTHOi Tomorpadii BHyTPIlIHbOCYINHHOTO pyciia AJisi MOPPOMETPUYHOIO aHATII3Y
aTepOCKJIEPOTUYHUX OJISIIIOK. Y 4ETBEPTOMY PO3[ijli BUKJIAEHO Pe3ybTaTU IIPOTHO3YBaHHS PECYPCY MEXaHIYHUX
crucreM. Po3paxyHOK HallpyKeHO-Ae()OPMOBAHOIO CTaHY BUKOHAHO METOOM CKiHYEHHUX €JIEMEHTIB, OL[iHIOBAaHHS
BTOMHOI MIIIHOCTI Ta JOBTOBIYHOCTI 37iliICHEHO Ha OCHOBI KPMBUX BTOMU Besiepa. BUKOHAHO ITPOTHO3yBaHHA
pecypcy Hecy4yoi KOHCTPYKLii BEPTUKAJIbHOTO BiTPOBOTO €HEPreTUYHOTr'o arperaTy 3 Ho6yZ0BOI0 CTOXaCTUYHO]
MoJeJli aepoJIMHaMiYHMX HAaBaHTaXEHb Ta JIONATKY Ta30B0i Typ6iHU Ha OCHOBI TeOopii MapKiBCbKUX IPOLIECIB.
YnockoHasneHO METO, perpecii rayCiBCbKUX MPOLIECiB HA OCHOBI JIQHIIOTOBOi TOOYA0BU Yepe3 BBeIeHHS Pi3UYHUX
00Me>XeHb y CTPYKTYpPYy HMOBIpHiCHOI MozieJti 3 06rpyHTOBaHUM BUOOPOM SIAPOBUX METOIB 11711 OTIUCY
KoBapianiiiHoi ctpykrypu (Meton, PG-CGPR). ¥ ’ssTomy po3pisii 1ofaHo pe3yJibTaTu 3aCTOCYBaHHS pO3pOo0JIeHUX
MoJesiell Jo IPOTHO3yBaHHSI ITPOrpecii aTepoCKIepOTUYHUX OJISIIIOK 32 JAHMMU ONITUYHO-KOrepeHTHOI Tomorpadii.
BrKOHaHO NOPiBHAJILHUI aHAali3 TOYHOCTI KJIACUYHOI Ta yIOCKOHAIEHOI perpecii rayCiBCbKUX MPOLECIB, AKUN
NiATBEpAUB iCTOTHE 3HIKEHHSI IOXUOKY eKCTParossLii Ta KOpeKTHy noBeiHky mozesni PG-CGPR 3a mexxamu
Iiana3oHy HaB4YaJbHUX JaHUX. 3a pe3yJsibTaTaMU JOCJIiIKEHHS OTPUMAHO TaKi HAyKOBi pe3yJsbTaTy: - Bnepiue
PO3pO6IIEHO €AMHY METOL0JIOTIYHY OCHOBY IMOBIPHICHOTO ITPOTHO3YBaHHS 3aJIMIIKOBOI HAMIMHOCTI 71
MeXaH{YHUX i 6ioMeXaHIYHUX CHUCTEM, 10 Ppopmatidye Iepexif, Bifl pe3yibTaTiB AialrHOCTUKY IIOTOYHOTO CTaHy 10
PO3IOiNy 3aJIMIIKOBOIO PECYPCY Yepe3 iHTerpajibHe CHiBBigHOMmEHH. OCTaHHE NI0€JHY€E HEBU3HAYEHICTh OL[iHKU
IIOTOYHOTO IOLIKOPKEHHS Ta YMOBHUI PO3MO[Iisl pECYpCy, OTPMMaHU po3B’si3aHHsAM piBHsAHHS Ookkepa-IlnaHka-
Konmoroposa. - YI0CKOHaZIeHO METO[] PO3I1i3HABAHHS TEXHIYHOIO CTAHY MiJIIMITHUKIB KOYEHHS 32 HEOOPOOIEHMMUI
BiOpaliliHMMU CUTHAJIaMU IIJISIXOM PO3PO06JIeHHS apXiTeKTypy 3ropTKOBOI HEMPOHHOI Mepeki 31 3BMiHHMMU 32
rMbuHo0 Koedinientamu aunarauii. Ha BigMiHy Bif BifomMux apxiTekTyp 3 ¢pikCcOBaHOI AuJaTalli€lo,
3aIIPONIOHOBAHA aPXIiTEKTYpPa Y3rolXy€e PO3Mip PELeNITUBHOTO 10151 KOXKHOTO APy 3 XapaKTePHUMU YaCOBMMU
Macmrabamy nepioguyHMX neeKTiB NiAIMIHUKIB | 3a6e3nedye po3Nni3HaBaHHS CTaHy 6e3 36i1bLIIeHHS KiJIbKOCTI
napaMeTpiB MepexKi Ta 064K CII0BAJIbHOI CKIQAHOCTI. - YIOCKOHAJIEHO METOJ, IMOBIPHICHOI'O ITPOTHO3YBaHHS
Ierpapauii IIsxom yBeeHHs QisnyHuX 0OMeKeHb (MOHOTOHHOCTI HAaKOIIMYEHHSI IIOKOAKYBAaHOCTi, F[PAHUYHOL
YMOBH HYJIbOBOT'O MOLIKOKEHHSI, 0OMEXEHOCTI IapaMeTpa CTaHy Ta 3pOCTaHHSI HEBU3HAYEHOCTI) y CTPYKTYpY
JIaHLIIOTOBUX rayCiBChKUX Ipoliecis. Lle 3adesneuye GpisyHO KOPEKTHE IPOrHO3yBaHHS 32 MEXXaMHU Jliaria3oHy
HaBYaJIbHUX JaHUX Ta aJalITUBHY 3MiHy MIMPUHU IOBIPUOTO iHTEpBaJly 3aJI€5KHO Bifl IOTOYHOTO PiBHSA
IOIIKOAKEeHHS. [IpakTUYHe 3Ha4€HHSI OTPUMAHMX PE3YJIbTATIB N0JISAra€ y CTBOPEHHI aJITOPUTMIB Ta IIPOrPAMHUX
3aCcO0iB [1iarHOCTHKHM i IPOTrHO3YBaHHS 3aJIMIIKOBOI HallifHOCTI 1711 CUCTEM IiITPUMKU IPUHHSTTS pillleHb 3
IIPEJVKTUBHOIO TEXHIYHOTO OOCIYTOBYBaHHS MEXaHIUHMX CUCTEM Ta KJliHiYHOro crnocrepeskeHHs. ChopMoBaHuUi
€KCIIEPMMEHTAIbHUI Habip JaHuX BiOpaliliHUX CUTHAJIIB MiAIMIIHYKIB KOUEHHS ONy0JIiKOBAHO Y BiIKPUTOMY
JIOCTYIIL.

2. The dissertation develops a unified methodological framework for probabilistic prediction of residual reliability
that integrates machine learning methods for current-state diagnostics from measurement data with physically
consistent degradation modelling under stochastic loads within the paradigm of physics-informed machine
learning. Using the developed models and the processing of experimental data, the influence of physical
constraints on the accuracy of residual life prediction is investigated for both mechanical and biomechanical
systems. The first chapter provides an overview of classical and contemporary methods for reliability assessment,
technical-condition diagnostics, and residual-life prediction of complex systems under stochastic loading. The
conducted analysis substantiates the expediency of integrating diagnostics and probabilistic prediction into a



single computational scheme. The second chapter formulates the mathematical statement of the problem of
probabilistic residual-reliability prediction and proposes a general scheme that combines current-state
diagnostics with the prediction of damage evolution. The proposed formulation is invariant with respect to the
physical nature of the object. The third chapter presents approaches to current-state diagnostics. A methodology
for experimental measurement of vibration signals from rolling bearings and an architecture of a convolutional
neural network with depth-varying dilation coefficients are developed for technical-state classification. Algorithms
are proposed for the segmentation of intravascular optical coherence tomography scans for the morphometric
analysis of atherosclerotic plaques (plaque burden estimation). The fourth chapter presents the results of the
remaining useful life prediction for mechanical systems. The stress-strain state is computed by the finite element
method, with subsequent estimation of fatigue strength and durability based on S-N curves. Residual-life
prediction is performed for the load-bearing structure of a vertical-axis wind turbine, with the construction of a
stochastic model of aerodynamic loads, and for a gas turbine blade based on the theory of Markov processes. The
chained Gaussian process regression method is improved through the integration of physical constraints into the
structure of the probabilistic model, with a justified choice of kernel methods for the covariance structure (PG-
CGPR). The fifth chapter presents the results of applying the developed models to the prediction of atherosclerotic
plaque progression from optical coherence tomography data. A comparative analysis of the accuracy of the
classical and the improved Gaussian process regression is performed; it confirms a substantial reduction of the
extrapolation error and the physically correct behaviour of the PG-CGPR model beyond the range of the training
data. The research has yielded the following scientific results: 1. For the first time, a unified methodological
framework has been developed for probabilistic prediction of residual reliability of mechanical and biomechanical
systems. The framework formalises the transition from the results of current-state diagnostics to the distribution
of residual life through an integral relation that combines the uncertainty of the current-damage estimate with the
conditional life distribution obtained by solving the Fokker-Planck-Kolmogorov equation. 2. The method of
recognising the technical condition of rolling bearings from raw vibration signals has been improved through the
development of a convolutional neural network architecture with depth-varying dilation coefficients. In contrast
to known architectures with fixed dilation, the proposed architecture matches the receptive-field size of each
layer with the characteristic time scales of periodic bearing defects and ensures state recognition without
increasing the number of network parameters or the computational complexity. 3. The method of probabilistic
degradation prediction has been improved through the introduction of physical constraints (monotonicity of
damageability accumulation, the boundary condition of zero initial damage, boundedness of the state parameter,
and growth of uncertainty) into the structure of chained Gaussian processes. This ensures physically correct
prediction beyond the range of the training data and an adaptive variation of the confidence interval width
depending on the current damage level. The practical significance of the obtained results consists in the creation
of algorithms and software tools for diagnostics and prediction of residual reliability that are suitable for decision-
support systems in predictive maintenance of mechanical systems and in clinical monitoring. The compiled
experimental dataset of rolling-bearing vibration signals has been published in open access.
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InenTudikarop ROR:

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. [Toronanbchka KceHis €BreHiBHa

2. Kseniia Y. Potopalska

KBasigikamis: . . 1., gow., 05.02.09
Inentudikarop ORCID ID: 0000-0001-8184-4229
JonaTkoBa iHdopmarist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHUI YHiBEpCUTET "XapKiBChKUii

MOJITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: Bys. Kupnuyosa, Xapkis, XapKiBchkuil p-H., 61002, Vkpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:



VIII. 3akr04Hi BimoMocTi

Biiacue IlpisBume Im's [To-6aThKOBI Jho6unk Jleonis Muxaunosuy
rOJIOBH pagu

Biacue IpizBuie Im's I1o-6aThKOBI Jlio6umk JleoHin Muxaiinosuy
rOJIOBYIOYOTO Ha 3acCifiaHHi

BignoBigasibHUI 3a MiATOTOBKY Kpacii1 lanuno MakcumoBny

00JIIKOBHX JOKYMEHTIB

PeecTpartop IOpuenko TetsiHa AHaToiiBHA

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




