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Pedepar:

1. B pucepTaniiHiil pobOTi pO3B'sI3aHO BKJINBY HAYKOBO-TEXHIYHY IIPOGJIEMY, SIKa IOJIATa€ B PO3POOJICHHI
Cy4acHOro e(eKTUBHOI0 009K CII0BAJIbHOTO METOLY /ISl aHaJli3y MPAaKTUYHO BaXKJIMBUAX KPAaHOBUX 3a/1a4 TEOPii
NOTEHIIjajly Ta TeOPii IPY>KHOCTI 3 ypaXyBaHHIM akcianbHOi cuMmeTpii. CpopMyIbOBAaHO HENIEPEPBHI Ta NUCKPETHI
MaTeMaTW4Hi MOJeJIi 111 TPOBEIEHHS PO3PaxXyHKiB (Pi3M4YHUX MOJIIB B 33[1a4ax BU3HAYEHHS BiOpallill BijbHOI
IIOBEPXHi B 000JI0HKaX 00epTaHHS, pO3B'sI3aHHs KPaloBUX 33724 €JIeKTPOJMHaMIKU, Teopii IPY>KHOCTI B aKCiaJlbHO-
CAMETPUYHOMY (popMysItoBaHHi. [106y10BaHO KOPEKTHI Ta TOYHI aJITOPUTMU YHACJIOBOTO MOJIE/IIOBaHHS 33734
IIPUKJIAIHOI (Pi3MKY y HANpsIMKax riipoAMHaMIiKY, €JIEKTPOJAUHAMIKY Ta Teopii NpyXHOCTi. CTBOPEHO
MaTeMaTU4HMIA anapar /1J11 KOPEKTHOrO OOYMCIIEHHSI CUHTYJISIPHUX iHTerpasiB MaTpUlb TeOpii MOoTeHLiay Ta Teopii
IIPY>KHOCTI (33724 3 eJliNTUYHUM AudepeHiaibHUM oniepatopom); [1o6yoBani MaTeMaTUYHi MO AJ1s
IOCIIiIPKEHHS BiIIbHUX KOJIMBaHb PiIVHU B )KOPCTKUX pe3epByapax 3a pi3Hi piBHI 3alI0BHEHHS, Pi3Hi PiBHI
rpaBiTaliiiHOrO 10JI, y TOMY YMCJIi IIPY MaJIMX PiBHAX rpasiTalii; YA0CKOHaNIEHO METO, CUHTYJIIPHUX €JIEMEHTIB

JJIs1 pOBB’HSaHHﬂ 3aJa4 BU3HAYEHHSI ,HI/IHaMi‘-IHI/IX XapPaKTEPUCTHUK CKIAOAEHUX O6OHOHOK, YaCTKOBO 3aIIOBHEHUX



pinnHOI0. PO3p0671€HO HOBY MaTeMaTUYHY MOZEJIb 1J151 BUBYEHHS IPaBiTalliiiHO-KaMilIIpHUX XBUJb. PO3p06s€HO
MaTEMaTU4HY MOZEJb IPOCTOPOBOTO PENPE3EHTATUBHOTO €JIEMEHTY [J151 BUBUEHHS OCEPENHEHNX MEXaHIYHUX
BJIACTUBOCTEN KOMITO3UTIB Ta HAHOKOMIIO3UTIB, 3 BDaXyBaHHAM KJIACUYHUX Ta HEKJIACUYHVX YMOB Ha [IOBEPXHSIX
B3a€MO/Iii MaTepiasiB MaTpULi Ta BKJIIOYEHHS Ha OCHOBI METOAY TPAHUYHUX €JIEMEHTIB. [IpoBeeHO YMCIOBE
IOCJIIKEHHS 3a0a4i €JIeKTPOCTaTUKU. JIOCiIpKEH] KOJIMBAHHS PiIMHU B KOAKCiaJIbHMX Ta TOPOiNAJIbHUX
000JI0HKaX, 4aCTKOBO 3alI0BHEHUX PiIMHO0. MeTo ] rpaHMYHUX €JIEMEHTIB IIOIMPEHNI Ha 3a7jaydi IIPO IJIeCKaHHS B
KPYIJIMX TOPOialbHUX i KOaKCialbHUX LWIIHIPUIHUX 000JIOHKAX. BilMiHHOIO PUCOI0 TaKUX 000JIOHOK OOEPTAHHS €
KisIbLieBa (popMa ix BiIbHUX NNOBEPXOHb. PO3p0O06JIEHNI METOJ, [03BOJISIE TPOBOJUTH YACEIbHE MOJEIOBAHHS
BiJIbHMX KOJIMBAaHb PiAVHU SIK [JIs1 Pi3HOI LIMPWHY KiJblIg, TaK i AJ1s1 pi3HUX PiBHIB HanlOBHEHHS. OTPUMAaHO
aHaJIITUYHUI PO3B'SI30K KOJIMBAHb BiJIbHOI PilHY B KOaKCiaJbHUX UUIIHAPUYHUX 06010HKaX. OCO6IMBY yBary
NpUIiJIEHO TPAHUYHOMY BUIAAKY HECKIHYEHHO MaJIoi IiIMHU. 3allpOIIOHOBaHI MaTEMAaTU4YHI METOAY BUKOPUCTAHO
I aHaJIi3y Ta BUPIllEeHHs 3344 BJIACHMX KOJIMBAHb I1aJIMBA Y PE3EPBYapax 3 PiIMHOIO 3 HAABHOIO aKCiaJIbHOIO
CHMETPI€I0 y I0JIi CUJIM TSDKiHHS i3 BIJIMBOM KalliJIipHUX eeKTiB. Lle 103B0JINIO CTBOPUTH OCHOBYU KOMII'IOTEPHO]
TEXHOJIOTII [7151 OCiIPKEHHS AMHAMIYHUX XapaKTEPUCTUK CKJIaIeHUX aJIMBHUX 0aKiB paKeT-HOCIIB Ha pi3HUX
CTaJligX MOJILOTY, 5K [IPY 3HAYHMX [IEPEBAHTAXKEHHSIX, TAK 1 [IPY MIKpOrpasiTallii, B TOMY 4MCJIi, 3 ypaxyBaHHAM
IJIeCKaHHS nanvBa. [IopiBHSIHO 3 BiOMMMM aHAJIOTaMU Ta IPOrPAMHUMU KOMIIJIEKCAMU 3aIIPONIOHOBAHUIN METO],
II03BOJISIE 3MiMICHIOBATU OiJIbIll TOYHUI AMHAMIYHUI aHali3 NaJvMBHUX 0aKiB, IPU [OCJIiI>)KEHHI KOJIMBaHb BpaxyBaTu
B3a€MHUI BIIJIMB Ae(opMaliil IPY>KHUX CTiHOK 0aKiB Ta 3MiHHUX Iif, yac Micii popmu BislbHOI MOBEPXHI, PiBHS
3ar0BHEHHS 6aKiB aJIbHOTO Ta piBHA rpasiTauii. OpepykaHi B fuceprauii pe3yibTaT MOKYTb OyTH BUKOPUCTAHI Mif,
4yac IIPOEKTYBaHHS €JIEMEHTIB PAaKETHO-TEXHIYHOI TEXHIKH, [IPU BiICTPOIOBAHHI €JIEMEHTIB KOHCTPYKLiH, 10
MICTSTb pinuHy, Bii He6a>KaHUX PE30HAHCHUX YacCTOT. Pe3ysbTaTy AUcepTaLiliHOTO JOCIiIKEHHS], a came
TEOPETUYHUI MaTepiaj Ta po3pOOJIEHI METOIY Ta AJITOPUTMHU OyJIM BIIPOBAIPKEHI y HaBYaIbHUH Npolec Kadenpu
iHpopmaniitHUX TeXHOJIOTi B Pi3UKO-eHepreTUYHNUX CUCTeMax HaB4aJbHO-HayKOBOI'O iHCTUTYTY KOMIT'IOTEPHOI
(di3uKy Ta eHepreTUKy XapKiBCbKOIO HallioHalIbHOTO YHiBepcureTy iMeHi B. H. Kapasina npu nposeeHHi
JIEKLiHUX, TA00PaTOPHUX Ta IPAKTUYHUX 3aHATh 3 KypCiB «MeTou CKiHYEHHUX Ta TPAaHUYHUX €JIEMEHTIBY IJ1s1
cTyneHTiB 1 Kypcy marictparypu crienianbHocTi 105 — «IIpuknanHa ¢isuka Ta HaHOMarepianny Psap pesdynbTartis Ta
PeKOMeHalil NPUKIaIHUX NOCTiIKeHb AucepTaLiliHill po60Ti BUKOPUCTAHO B IHCTUTYTI IpobyiemM
MamuHOOYAyBaHHs iM. A. TTinropHOro nNpu BUKOHAHHI CNiJIBHOTO YKPAiHChKO-iHIiCbKOTO MPOeKTy «CydacHi

004K CII0BaJIbHI METOIY 1 QHAJII3Y [IJIECKaHb B NAJIMBHUX», OTOBOPY PO CHiBIIPaLl0 MiX Beccekcbkum
TEXHOJIOTIYHUM iHCTUTYTOM, Ta B pamkax rpanty YHTL] «O6'eKTHO-0pieHTOBaHi PO3paxyHKOBi MOAei i mporpamu

L7151 IPOTHO3YBaHHSI NIPY>KHUX Ta GOHOHHUX BJIACTMBOCTE TPMBUMIPHUX HAHOKOMIIO3UTIB i MeTaMaTepiasis».

2. In the dissertation work, an important scientific and technical problem is solved, which consists in the
development of a modern effective computational method for the analysis of practically important boundary value
problems of the potential theory and the theory of elasticity, taking into account axial symmetry. Continuous and
discrete mathematical models have been formulated for calculating physical fields in problems of determining
vibrations of a free surface in shells of rotation, solving boundary value problems of electrodynamics, and the
theory of elasticity in an axially symmetric formulation. Correct and accurate algorithms for numerical modelling
of applied physics problems in the directions of hydrodynamics, electrodynamics, and elasticity theory have been
built. A mathematical apparatus was created for the correct calculation of the singular integrals in the matrices of
the theory potential and the theory of elasticity (problems with an elliptic differential operator); Mathematical
models have been built for the study of free fluid oscillations in rigid tanks at different levels of filling, different
levels of the gravitational field, including the low levels of gravity. The method of singular elements for solving the
problems of determining the dynamic characteristics of composite fluid-filled shells partially has been improved. A
new mathematical model for the study of gravity-capillary waves has been developed. A mathematical model of a
spatial representative element has been developed to study the averaged mechanical properties of composites and
nanocomposites, taking into account classical and non-classical conditions on the interaction surfaces of matrix
materials and inclusions based on the boundary element method. A numerical study of the problem of
electrostatics was carried out. Fluid oscillations in coaxial and toroidal shells partially filled with liquid have been



studied. The method of boundary elements is extended to the problem of splashing in circular toroidal and coaxial
cylindrical shells. A distinctive feature of such shells of rotation is the annular shape of their free surfaces. The
developed method allows numerical modelling of free fluid oscillations both for different widths of the ring and for
different levels of filling. An analytical solution of free fluid oscillations in coaxial cylindrical shells was obtained.
Special attention is paid to the limiting case of an infinitesimal gap. The proposed mathematical methods were
used to analyse and solve the problems of self-oscillations of fuel in liquid tanks with existing axial symmetry in the
gravity field under the influence of capillary effects. This made it possible to create the foundations of computer
technology for the analysis of free and impulsive blasts of storage tanks of launch vehicles at various stages of
mission: during re-entry and in the minds of microgravity, including, with the improvement of splashing fire.
Paired with similar analogues and software systems for proponing, the method allows for more accurate analysis of
the pouring of storm tanks, reversing the mutual inflow of spring deformations of the walls of the tanks and the
replacement of the tanks. The results of the dissertation research, namely the theoretical material and the
developed methods and algorithms, were implemented in the educational process of the Department of
Information Technologies in Physical and Energy Systems of the Educational and Scientific Institute of Computer
Physics and Energy of V. N. Karazin Kharkiv National University during lectures, laboratory and practical lessons
from the courses "Finite and boundary element methods" for students of the 1st year of the master's degree in
specialty 105 - "Applied physics and nanomaterials". A number of results and recommendations of applied research
were used in the dissertation work at the Institute of Mechanical Engineering Problems named after A. Pidgorny
during the implementation of the joint Ukrainian-Indian project "Modern computational methods for the analysis
of splashes in fuels", the cooperation agreement between the Wessex Institute of Technology, and within the
framework of the grant of the National Technical University of Ukraine "Object-oriented calculation models and
programs for predicting elastic and phonon properties threedimensional nanocomposites and metamaterials".
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