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1. CaBuyk €.B. [IporHo3yBaHHSs JOBrOBiYHOCTI METAJIEBUX CIIJIaBiB 32 MAJIOLMKJIOBOTO 6araTOBiCHOTO HaBaHTAKEHHS.
KBanigikanjifiHa HaykoBa npalisl Ha IpaBax pykomnucy. Jucepralist Ha 3000yTTsI HQyKOBOTO CTYII€Hs JOKTOpa
¢dinocodii B ranysi 3HaHb 13 - MexaHiyHa iHXeHepid 3a crienjanbHicTio 131 - [TpukiagHa mexadika. — HallioHanpHUN
TEXHIYHUH YHiBepCUTET YKpainu «KuiBCbKkuii rositexHivyuui inctutyt imei Iropsa Cikopcebkoro», Kuis, 2026.
Jucepranis NpucBgYeHa IPOTHO3yBaHHIO OBFOBIYHOCTI METAJIEBUX MaTepiasliB 3a Pi3HUX YMOB MaJIOLUKIOBOTO
0araToBiCHOIO HaBaHTaX€HHS. PO3p06sieHO METOIMKY IIPOrHO3YBaHHS JOBrOBiUHOCTI METaJIiB 32 YMOB
MaJIOLIMKJIOBOTO HENIPONIOPLiTHOTO HaBaHTAXKEHHS IIJISIXOM 00'€JHAaHHS KOHLEMNLii KpUTUYHOI IVIOMKHY 3
IigXO0[0M IIPSMOTO BKJIIOYEHHS Y KPUTEpPiasbHE PIBHAHHSA IIapaMETPIB, 110 XapaKTePU3YyIOTh Mipy

HETIPOIOPLIiHOCTI HaBaHTaXXEHHS. 3alIpOIIOHOBAHO HOBUII [TapaMeTp HENPOIOPLiMHOCTI, 1110 6a3yeThCs Ha



napaMeTpax KpUTUYHUX IJIOMUH MaKCUMAaJIbHYX 3CYBHUX i JIiHIMHUX Jedopmaliil. CTBOPEHO CIPOILEHY MOZEb
MaJIOLIMKJIOBOI 6araToBiCHOI BTOMH, SIKa He MOTpedye CKIaAHUX BUIIPOOYBaHb Ha HEIPOIIOPLiiliHe HaBaHTaKEHHS],
110 poOUTS ii GiJIbII OCTYNHOIO [J1s1 iHKEHEPHUX 3aCTOCYBaHb. JIjis1 Basifalii 3ariponoHOBaHUX Mojieslel
IIPOrHO3YBaHHS CPOPMOBAHO JaTa-CeT, IKUI OXOILIIoE 15 MeTaseBuX CIJIaBiB i MicTuTh 502 pesysbTaTi
BUIIPOOYBaHb Y LIMPOKOMY Jlialla30Hi PEXXMMiB HABAaHTAKEHHSI, CHCTEMATU30BaHUX Yy cepenoBulli Microsoft Excel.
Pesynbratu Baniganii po3pobieHrx Mogesel niaTsepauay NiiBUILEHY TOUYHICTh IIPOTHO3YBaHHS IOBrOBIYHOCTI 32
HEIPONOPLIiHOr0 MaJIOLMKJIOBOrO HABAHTA)KEHHSI. PO3BUHYTO MiAX0OY 40 BU3HAYEHHS KPUTUYHUX IJIOMIMH JJ1s1
YMOB HENPOIOPLiHOIO 6araToBiCHOrO HaBaHTAKEeHHSI. [10Ka3aHO, 10 BUSHAYEHHS KPUTUYHUX MJIOLUH
MaKCHMaJIbHUX 3CYBHUX i MaKCHMaJIbHUX JIIHIHHUX Jedopmaliiil [oLiIbHO BUKOHYBAaTH HAa OCHOBI YU CEJIbHO]
IYICKpeTu3allii TpaekTopii Ta nepebopy opieHTalliil NJIOLMH i3 TOJAIbIIMM 00YUCIEHHSIM PO3MaxiB 117151 KOXKHOI
6esnocepenHbo. Lle 3a6e3nevye ONHO3HAYHICTD i BiITBOPIOBAHICTb PE3yJbTATy [JIs1 ILMPOKOTO KJIACY
HETIPONOPLIMHMX TPAEKTOPiN. [1j1s OLiHI0BaHHS ITPOTHOCTUYHOI 3HAYYIIOCTI ITapaMeTPiB 3aCTOCOBAHO IITYYHi
HeVpOHHI Mepexi y moegHaHHi 3 MmeTogom inTeprperanii SHAP (SHapley Additive exPlanations). BctaHoBs€HO, 1110
BM3HAYaJIbHUMU [1J151 IPOTHO3YBaHHS IOBIOBIYHOCTI 32 HENIPONOPLIIHUX HAaBaHTAXKEHb € KoediljieHT
HEMNPONOPLIMHOCTI Ta MAKCMMAJIBHI JIiHiMHI i KyTOBi fedopMallii Ha KpUTMYHUX IUIOMMHAX. Briepiie BCTaHOBJIEHO,
IO TIOJIOSKEHHSI KPUTUYHOI IJIOMMHY MaKCUMAaJIbHOI JiHiHOI gedopMaliii 3a1eXuTh Bifl, piBHS MIaCTUYHOI
nedopmalii Ta Mae xapakTepHY OCOOJIMBICTb: iCHY€E [1iana3oH, Y IKOMy KpUTHYHA IIJIOIMHA PO3TArY 30iraeThcs 3
KPUTHAYHOIO IJIOIMHOK 3CYBY. Briepiie 3anpor1oHOBaHO HOBY Mipy HEMPONOPLIMHOCTI HAaBaHTAXXEHHS, SIKa
BM3HAYAETHCS K BiHOIIEHHS po3MaxiB gedopmMaliil 3CyBY, IO Ail0Th HA KPUTUYHIN IIJIOMWHI MAaKCUMAaJIbHUX
3CYBHUX Jeopmaliiii i Ha KpUTUYHIN TIJIOMKUHI MakCUMasIbHOI JiiHiliHOI nedopmatii. Take GpopmystoBaHHS
6e3rocepeiHbO T0B's13y€ HENTPONIOPLMHICTD i3 TapaMeTpamH, sIKi BU3HA4alOThCSl HA KPUTUYHUX IJIOIMHAX, | Mae
3po3yminy ¢isnyHy iHTEpIpeTaliio. YI0CKOHAJIEHO METOJIMKY OIiHIOBaHHS JOBTOBIYHOCTI METaJIeBUX CILJIABiB 3a
MaJIOLIMKJIOBOTO 6araToBiCHOTO HaBAHTAKEHHSI LIJISIXOM 00'€JHAHHS KOHLELii KDUTUYHOI IJIOMUHY Y
dopmymoBanHi Paremi-Coci 3 6e3nocepeHimM BKIIOYEHHSIM Y KpPUTEPiayibHE PiBHSHHS IapaMeTpiB, 1[0 ONMCYIOTh
Mipy HENPONOPLIMHOCTI. PO3IJIIHYTO CIIPOILEHUI BapiaHT MO, B SKill TapaMeTp KPUTUYHOI IJIOWVHY JIiHIMHUX
nedopmariiii anpoKCUMOBAHO 32 JJOIIOMOTOI0 PerpeciliHOro aHai3y [Jjis OCIiIpKyBaHUX CTajle! i cIiiaBiB.
PesynbTaTy Basnifganii 3aniporIOHOBAaHMX MOZEJIEN MiITBEPAUIIN iX MiIBUILIEHY TOYHICTb IPOrHO3yBaHHS
IIOBTOBiYHOCTI 32 HEITPOIIOPLIITHOTO MaJIOLMKJIOBOTO HABAaHTAXXEHHS CEPEJ, YCiX PO3IISHYTUX Moaeel. Kiouosi
CJI0BA: MAJIOLMKJIOBA BTOMA, HEMTPOIIOPLiliHE HABAHTAKEHHS, CKJIaJIHE HABAHTKEHHS, AedopMalliiiHe 3MillHEHHS,
BTOMHA JIOBI'OBiYHICTb, IPOEKTHA JIOBrOBi4YHICTh, METAJIEBI CIJIaBU, HAIIPY)XKeHO-1e(POPMOBAHUI CTaH, JKOPCTKICTb
HaIIPYy>KEHOT'O CTaHy, KpUTEPil MiLIHOCTI, KpUTEPii pylHYyBaHHS, pyHHYBaHH4, MiAXi[ KPUTUYHOI IUIOLWIVHY, [IapaMETP
MOIIKOMKEHHS1, 0araToBiCHE HAaBaHTAKEHHSI.

2. Savchuk Y.V. Prediction of Fatigue Life of Metal Alloys Under Low-Cycle Multiaxial Loading. - Qualifying
scientific work on the rights of a manuscript. Dissertation for the degree of Doctor of Philosophy in Field of
Knowledge 13 - Mechanical Engineering, Specialty 131 - Applied Mechanics. - National Technical University of
Ukraine "Igor Sikorsky Kyiv Polytechnic Institute", Kyiv, 2026. The dissertation is devoted to the prediction of the
fatigue life of metallic materials under various conditions of low-cycle multiaxial loading. A comprehensive
methodology for predicting the fatigue life of structural metals under conditions of low-cycle non-proportional
loading has been successfully developed and implemented. This advanced approach is realized by synergistically
combining the fundamental concept of the critical plane with a novel technique that involves the direct inclusion
of specific parameters, which quantitatively characterize the degree of loading non-proportionality, into the
structure of the governing criterion equation. Furthermore, a distinct and new non-proportionality parameter is
proposed within the framework of this research. This parameter is fundamentally derived based on a comparative
analysis of the specific parameters associated with two key critical planes: the plane characterized by maximum
shear strains and the plane defined by maximum normal (linear) strains. In addition to the primary theoretical
framework, a simplified model of low-cycle multiaxial fatigue has been created to address practical constraints.
This simplified version effectively eliminates the strict requirement for conducting complex and resource-
intensive non-proportional loading tests, thereby making the proposed method significantly more accessible and



convenient for routine engineering applications and design calculations. In order to thoroughly validate the
accuracy and reliability of the proposed prediction models, an extensive experimental dataset was systematically
formed. This comprehensive database covers a diverse group of 15 distinct metal alloys and contains a total of 502
individual test results obtained across a wide spectrum of loading regimes, all of which have been carefully
organized and systematized within the Microsoft Excel environment for further analysis. Validation results of the
developed models confirmed improved accuracy in fatigue life prediction under non-proportional low-cycle
loading. Approaches for determining critical planes for non-proportional multiaxial loading conditions are
developed. It is shown that the determination of critical planes of maximum shear and maximum normal strains is
expediently performed based on numerical discretization of the trajectory and scanning of plane orientations with
subsequent calculation of ranges for each directly. This ensures the uniqueness and reproducibility of the result
for a wide class of non-proportional trajectories. To assess the predictive significance of the parameters, Artificial
Neural Networks (ANN) were applied in combination with the SHAP (SHapley Additive exPlanations) interpretation
method. It was established that the non-proportionality factor and the maximum normal and angular strains on
critical planes are decisive for predicting fatigue life under non-proportional loads. It was established for the first
time that the position of the critical plane of maximum normal strain depends on the level of plastic deformation
and has a characteristic feature: there exists a range in which the critical plane of tension coincides with the
critical plane of shear. A new measure of loading non-proportionality is proposed for the first time, defined as the
ratio of shear strain ranges acting on the critical plane of maximum shear strains and on the critical plane of
maximum normal strain. Such a formulation directly links non-proportionality with parameters determined on
critical planes and has a clear physical interpretation. The methodology for assessing the fatigue life of metal alloys
under low-cycle multiaxial loading is improved by combining the critical plane concept in the Fatemi-Socie
formulation with the direct inclusion of parameters describing the measure of non-proportionality into the
criterion equation. A simplified version of the model is considered, in which the critical plane parameter of normal
strains is approximated using regression analysis for the investigated steels and alloys. Validation results of the
proposed models confirmed their superior accuracy in predicting fatigue life under non-proportional low-cycle
loading among all models considered. Keywords: low-cycle fatigue, non-proportional loading, complex loading,
strain hardening, fatigue life, design life, metal alloys, stress-strain state, stiffness of the stress state, strength
criteria, failure criteria, destruction, critical plane approach, damage parameter, multiaxial loading.
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