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CTPYKTYp

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

Pedepar:

1. BepywkiH I. O. MeTony rpaHUYHUX iHTErpabHUX PIBHAHDb B KPAaOBUX 3aJlayax Te€Opii OTeHLiay Ta JiHiiHOI
Teopii Npy>xHOCTi JucepTalis mpucBsideHa po3poOLli YUNCIOBUX METO/IB /11 PO3B'SI3aHHSI CUHTYJISIPHUX Ta
TriNepCUHTYJISIPHUAX PAHNYHUX {HTErPaJIbHUX PiBHSIHD, IO BUHMKAIOTD Y 331a4aX MAaTEMaTUYHOTO MOZEJIIOBAHHS
HaIpyXeHo-1e(OPMOBAHOI0 CTaHy Ta KOJIMBaHb KOHCTPYKTUBHUX €JIEMEHTIB 3 OCbOBOIO CUMETPi€l0, AedeKTaMu

(TpimunHamMu) abo TUX, 110 B3aEMOIIOTD 3 PiTUHHUM CEPENOBUIIEM. AKTYaJIbHICTh 3yMOBJIEHA [TOTPE6OIO



IiBUIIEHHS TOYHOCTI iHK€HEPHUX PO3PaXyHKIB /1JIs1 3a06e3Me4eHHs Hal[ifHOCTi Cy4aCHUX KOHCTPYKLIN B yMOBax
CKJIaJHOTO HaBaHTaXXeHHs1. Y po6oTi chopMyIbOBaHO KpaloBi 3aaayi 1151 piBHsHb Jlarniaca ta JIsime, 3agadi
B3a€eMOJii pifivHY 3 IPY)KHUMH TillaMH, a TaKOX 3a7adi 3 TpimuHaMu. Po3po6sieHo epeKTUBHI aIropuTMHU Ha OCHOBI
METO/ly TPQaHNYHUX €JIEMEHTIB, 30KpeMa /1Jisl aKcialbHO-CUMETPUYHUX Tijl. 3aIpONIOHOBAHO HOBUH MiAXif 10
PO3B'sI3aHHS TIEPCUHTYJISIPHUX PiBHSIHD i3 BUKOPUCTAHHSIM METOZY 331aHUX (POPM, IO JO3BOJISIE 3HU3UTU

004N CIIIOBAIbHI BUTPATH ITPY BUCOKIN TOYHOCTI, 0COGIMBO [1J1s1 TOHKOCTIHHUX €JIeMEHTIB, YaCTKOBO 3aITOBHEHUX
pinnHOI0 260 3 PY)KHOI0 OCHOBOIO. [TpOBEIEHO YHMCIIOBY peasi3allilo aJIrOPUTMIB, 1110 BPaXOBYIOTb BILIUB
IIPMENHAHOI MaCcH PijHU, KOHTAKT 3 OCHOBOIO TUIy BiHKJIepa Ta KOHLEHTpPaLil0 HAllpyKeHb OiJIsl TPIlKH.
Bepudikanis metonis nigTBepauia ix TOYHICTb i eeKTUBHICTb. Pe3ysbTaTy MOXKYTh OYTH 3aCTOCOBAHI y
IIPOEKTYBaHHI Ta eKCIIyaTalii pe3epByapiB, 000JI0HOK, NAIMBHUX 6aKiB, JIONATOK TypOOMALIMH TOII0, 0COOJIMBO B
ranyssix, e BaKJIMBi JMHaMi4YHa HaMliMHICTb i CTiMKiCTh KOHCTPYKLi — y €HepreTulli, aBialii, 000pOHHiN Ta XiMiuHiN
IIPOMHUCJIOBOCTI. Kilt04O0Bi cj10Ba: CUHTYJISIPHI iHTerpasbHi piBHSIHHS, IPY>KHI [IJIACTMHKYU Ta OO0JIOHKHU, aKcialbHa
CHMETPisl, Teopis MOTEeHLiay, B3aEMOis 3 PiIMHOI0, KOMITIOTEPHE MOJIEJIIOBAHHS, METOIY I'PAaHUYHUX i CKIHUEHHUX
€JIEMEHTIB, KOJINBAaHHS, MeXaHiKa pyiHyBaHHS, PO3BMHEHHS TPIlllMHY, JIONIATKX TYpOOMAIIVH, TPY>KHA OCHOBA,
HAJiMHICTb Ta JOBrOBiYHICTb KOHCTPYKLiM.

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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