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2. Methods of Boundary Integral Equations in Boundary Value Problems of Potential Theory and Linear Elasticity
Theory

Pedepar:

1. Bepywkin I. O. MeTony rpaHMYHUX iHTErpabHUX PIBHAHDb B KPAaMOBUX 3a7jayax Te€Opii MOTeHLiany Ta JiHiiHOI
Teopii npyxHocTi [JucepraLiis npucBsyeHa po3pooLii YNCIOBUX METOIB 171l PO3B'sI3aHHS CUHTYJISIPHUX Ta
rinepCUHTYJISIPHUX PAaHUYHUX iHTErpajJbHUX PiBHSIHb, 110 BUHUKAIOTD Y 33Jla4aX MaTEMaTUYHOTO MOJEJIIOBAaHHS
HaIpy>KeHO-Ae(OPMOBaHOTr0 CTaHy Ta KOJIMBaHb KOHCTPYKTUBHUX €JIEMEHTIB 3 OCbOBOIO CUMETpi€lo, AedeKkTamu
(TpimmHaMu) abo THX, 110 B3AEMOIIIOTh 3 PITUHHMAM CepefoBUllieM. AKTYaIbHICTh 3yMOBJIEHA IIOTPE6OIO
IiBUILEHHS TOYHOCTI iH)KEHEPHUX PO3PaxXyHKiB [J1s1 3a0e3MeYeHHs] HalilHOCTI Cy4acHUX KOHCTPYKILill B yMOBax
CKJIAJHOTO HaBaHTaXXEHHSL. Y Po60Ti c(pOpMyJILOBAHO KPaloBi 3aaaui 151 piBHsHb Jlamiaca ta JIsime, 3agadi
B3aeMOZii pifuHu 3 NIPY>KHUMM TillaMH, @ TaKOXK 3a/1advi 3 TpimrHaMu. Po3po6sieHo e(peKTUBHI aITOPUTMU Ha OCHOBI

METOJly TPAaHUYHUX €JIEMEHTIB, 30KpeMa [1J151 aKCiaJIbHO-CUMETPUYHUX Tijl. 3alIpONIOHOBAHO HOBUH MiAXin 1o



PO3B’sI3aHHS TNEPCUHTYJISIPHUX PiBHSIHD i3 BUKOPUCTAHHSIM METOJY 331aHUX (POPM, IO JO3BOJISE 3HU3UTU
004YMCIIOBaIbHI BUTPATH ITPY BUCOKIN TOYHOCTI, 0COGIMBO [1JIs1 TOHKOCTIHHUX €JIEMEHTIB, YaCTKOBO 3alTOBHEHUX
piauHOI0 260 3 IPY)XHOI0 OCHOBOI. [IpoBEI€HO YMCIIOBY peasisallilo alrOpUTMIB, 110 BPaXOBYIOTh BILJIUB
[IPUENHAHOI MacH PijHU, KOHTAKT 3 OCHOBOIO TUIy BiHKJlepa Ta KOHLEHTPalilo Hallpy>KeHb 6iJIsl TPIlMH.
Bepudikauis meTozis niaTBepauia ix TOUHICTb i eeKTUBHICTb. Pe3ybTaTit MOXKYTb OyTH 3aCTOCOBaHi y
IIPOEKTYBaHHI Ta eKCITyaTalii pe3epByapiB, 000JI0HOK, NAJIMBHUX 0aKiB, JIONATOK TypOOMALIMH TOIL0, 0COOJIMBO B
ranyssix, e BaXJIMBi JMHaMiyHa HaMliMHICTb i CTIMKiCTh KOHCTPYKLi — y eHepreTulli, aBialii, 000poHHil Ta XiMiuHiN
IIPOMUCJIOBOCTI. KJII04OBi CJI0Ba: CMHTYJISIPHI iHTErpasibHi piBHSHHS, MPYXXHi JIACTUHKYU Ta 000JIOHKHU, aKCiajlbHa
CHMETpisl, Teopisl MOTEeHLiay, B3aEMOZis 3 PiIMHOI0, KOMITIOTEPHE MOJEIOBAHHS, METOIY I'PAaHUYHUX i CKIHUEHHUX
€JIEMEHTIB, KOJIMBaHHS, M€XaHiKa pyHHYBaHHS, PO3BUHEHHS TPillIMHY, JIONATKU TypOOMAIIVH, IPY’KHA OCHOBA,
HaJliMHICTb Ta JOBrOBIYHICTb KOHCTPYKLIN.

2. Verushkin I.O. Methods of Boundary Integral Equations in Boundary Value Problems of Potential Theory and
Linear FElasticity Theory Dissertation for the degree of Doctor of Philosophy in the specialty 113 "Applied
Mathematics" - A.M. Podgorny Institute of Power Engineering and Systems, NAS of Ukraine, Kharkiv, 2025. The
dissertation develops numerical methods for solving singular and hypersingular boundary integral equations
arising in the analysis of stress-strain states and vibrations of structural elements with axial symmetry, cracks, or
fluid interaction. The goal is to improve calculation accuracy to ensure structural reliability under complex loads.
Boundary value problems are formulated for the Laplace and Lamé equations, including fluid-structure interaction
and crack effects. The boundary element method is applied, particularly for axisymmetric bodies. Efficient
algorithms are proposed to compute stress fields and vibration modes. A novel approach combines hypersingular
integral equations with the method of prescribed forms, reducing problems to one-dimensional formulations. This
lowers computational cost while preserving accuracy and is effective for analyzing thin plates, tanks, and shells on
elastic foundations. The research employs potential theory, boundary and finite element methods, Fourier series,
and numerical modeling. Algorithms account for added fluid mass, foundation effects, and stress concentrations.
Accuracy is verified through comparison with analytical and finite element solutions. The results can be applied to
the design and monitoring of tanks, shells, blades, and similar components in aerospace, energy, defense, and
chemical industries. Keywords: Singular integral equations, elastic plates and shells, axial symmetry, potential
theory, fluid interaction, computer modeling, boundary and finite element methods, vibrations, fracture
mechanics, crack propagation, turbomachine blades, elastic foundation, structural reliability and durability.
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