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Pedepar:

1. B pucepTauiiiHiil poboTi po3B'sI3aHO BaKJIMBY HAYKOBO-TEXHIYHY IIPOOJIEMY, K N10JIsIra€ B pO3pO0JIeHHI
Cy4aCHOTr0 €()eKTUBHOTO OOUMCIIIOBAJILHOTO METOAY [JIs1 aHAJIi3y IPAaKTUYHO BAXXJIMBUX KPAaOBUX 3311a4 TeOPii
NIOTEHLliajy Ta Teopii IpyKHOCTI 3 ypaxyBaHHSM akcianbHOi cumeTpii. ChopmMy1bOBaHO HENEPEPBHi Ta IUCKPETHI
MaTeMaTU4Hi MOZeJi 1J1s1 IpOoBeleHHs] PO3PaxyHKiB (Pi3sNYHUX I10JIiB B 33/1a4axX BU3HAUEHHS Bibpalliil BibHO]
[IOBEPXHi B 000JIOHKaX 06€pPTaHHS, PO3B'sI3aHHS KPalOBUX 33724 €JIeKTPOJMHAMIKY, TEOPii IPY>KHOCTI B aKCiaJlbHO-
CUMeTPUYHOMY (GOpMYJIIOBaHHi. [I06yZ0BaHO KOPEKTHI Ta TOUHI aIFOPUTMU YU CJIOBOTO MOJIE/IIOBAHHS 33724
puKJIagHoi Pi3uKy y HaNpsIMKax rifpofuHaMiky, eJeKTpPoAUHAMIKY Ta Teopii npyHOCTi. CTBOpEHO
MaTeMaTU4HUI anapar AJ1s1 KOpEKTHOro 00YMCIIEHHS CUHTYJISIPHUX iHTerpasiB MaTpUllb TeOopii IOTeHLiany Ta Teopii

IIPY>KHOCTI (331124 3 eJIINTUYHUM AudepeHLialbHUM onepatopom); [1o6ygoBaHi MaTeMaTUYHi MOJEi AJIs



IOCIiIPKEHHS BiIbHUX KOJIMBAHb PiIVHU B )KOPCTKUX pe3epByapax 3a pi3Hi piBHI 3alI0BHEHHS, Pi3Hi PiBHI
rpaBiTaliiHOrO NOJIs1, y TOMY YMCJIi IIPY MaJIMX PiBHSX rpaBiTaliii; Y40CKOHaNIEHO METO, CUHTYJISIPHUX €JIEMEHTIB
L7151 PO3B'sI3aHHS 337ja4 BU3HAUYEHHSI AMHAMIYHUX XapaKTE€PUCTHK CKJIaJIeHUX 000JIOHOK, YACTKOBO 3all0OBHEHUX
piguHO0. PO3p06s1eHO HOBY MaTeMAaTUYHY MOZEJb [JIs1 BUBYEHHS IPaBiTallilHO-KaMiISIPHUX XBUJIb. PO3p06ieHo
MaTeMaTU4HY MOJEJIb IIPOCTOPOBOrO PENPE3EHTATUBHOTO €JIEMEHTY [IJIS1 BUBYEHHS OCEPEIHEHNX MEXaHIYHNAX
BJIACTUBOCTEN KOMITO3UTIB Ta HAHOKOMIIO3UTIB, 3 BDaXyBaHHAM KJIACUYHUX Ta HEKJIACUYHVX YMOB Ha [IOBEPXHSIX
B3a€MO/Iii MaTepiasiB MaTpULi Ta BKJIIOYEHHS Ha OCHOBI METOJY TPAHUYHUX €JIEMEHTIB. [IpoBeeHO YMCI0BE
IOCJIIPKEHHS 3a,a4i €JIeKTPOCTAaTUKU. JIOCIiIpKEH] KOJIMBAHHS PiIMHU B KOAKCiaJIbHUX Ta TOPOiJaJIbHUX
000JI0HKaX, 4aCTKOBO 3aII0OBHEHUX PiIMHOI0. MeTo ] rpaHMYHUX €JIEeMEHTIB IIOIMPEHNI Ha 3a7jadi IIPO IJIeCKaHHS B
KPYIJIMX TOPOifasbHUX i KoaKcialbHUX LWIIHIPUYHUX 000JI0HKaX. BilMiHHOIO PUCOI0 TaKUX 000JIOHOK OOEPTaHHS €
KisibLieBa (popMa ix BiIbHUX IOBEPXOHb. PO3p06JIeHNI METO/, J03BOJISIE TPOBOJUTH YACEIbHE MOJEIOBAHHS
BiJIbHUX KOJIMBaHb PiAVHU SK [JIS1 Pi3HOI IIMPYHU KUIbL, TaK i [J151 Pi3HUX PiBHIB HanlOBHEHHA. OTPUMaHO
aHaJIITUYHUH PO3B'sI30K KOJIMBAHb BiJIbHOI PilHY B KOaKCiaJbHUX UUIIHAPUYHUX 00010HKaX. OCOOIMBY yBary
[IPUiJIEHO TPAaHNYHOMY BUIIAAKY HECKIHYEHHO MaJIoi IIiIMHU. 3allpOIIOHOBaHI MaTEMAaTU4HI METOAY BUKOPUCTAHO
IJ1S1 aHAJIi3y Ta BUPIlIeHHs 3a71a4 BJIACHUX KOJIMBAHb NAJIMBA Y pe3epByapax 3 PilMHOIO 3 HasIBHOIO aKCiaJbHOIO
CHMETPI€I0 y M0JIi CUJIM TSDKiHHS i3 BIJIMBOM KalliJIIpHUX eeKTiB. Lle 103B0JINIO CTBOPUTH OCHOBYU KOMII'IOTEPHO]
TEXHOJIOTII 1715 TOCIiIKeHHS AMHAMIYHUX XapaKTEePUCTUK CKJIaJleHUX MaJnuBHUX 6aKiB paKeT-HOCIIB Ha pi3HUX
CTaJlisX MOJILOTY, SK [IPY 3HAYHMX [IEPEBAHTAXKEHHSIX, TAK 1 [IPY MIKpOrpasiTallii, B TOMY 4MCJIi, 3 ypaxyBaHHAM
IIJIECKaHHS NanuBa. [IopiBHSAHO 3 BilOMUMU aHAJIOraMU Ta MPOTPaMHAMY KOMIUIEKCAMHU 3aIIPOTIOHOBAHUN METO],
II03BOJISIE 3MiMCHIOBATU OiJIbIll TOYHUI AMHAMIYHUY aHali3 NaJMBHUX 0aKiB, IPU LOCJIiI>)KEHH] KOJIMBaHb BpaxyBaTu
B3a€MHUI BIIJIMB AedopMalliil IPY>KHUX CTIHOK 0akiB Ta 3MiHHUX I1if, yac Micii popmu BisibHOI MOBEPXHI, PiBHSA
3alIOBHEHHS 0aKiB [aJIbHOTO Ta piBHA rpasiTanii. Ogep>kaHi B gucepTalii pe3yabTaTd MOXYTb OyTY BUKOPUCTAaHI Mif,
4yac IIPOEKTYBaHHS €JIEMEHTIB PAaKETHO-TEXHIYHOI TEXHIKH, IIPU BiICTPOIOBAHHI €JIEMEHTIB KOHCTPYKLiH, 110
MICTSTb pinuHy, Bif Heba)KaHUX PE30HAHCHUX YacTOT. PesysbTaTy AucepTaliiiHOTo NOCTiIKEeHHS], a came
TEOPETUYHUI MaTepiaj Ta po3poOJIEHI METOIY Ta AJITOPUTMU OyJIM BIIPOBAIPKEHI y HaBYaIbHUH Npouec Kadenpu
iHpopMaLifHAX TEXHOJIOTIN B (Pi3UKO-€HEePreTUYHUX CUCTEMaX HaBYabHO-HAyKOBOT'O iHCTUTYTY KOMITIOTEPHO]
disuKy Ta eHepreTUKy XapKiBCbKOI0 HalljoHalIbHOTO YHiBepcureTy iMeHi B. H. Kapasina npu nposeeHHi
JIEKLiHUX, 1Ta00PaTOPHUX Ta IPAKTUYHUX 3aHATh 3 KypCiB «MeTou CKiHYEHHUX Ta TPAaHUYHUX €JIEMEHTIBY 1J1s1
cTyneHTiB 1 Kypcy marictparypu crienianbHocTi 105 — «IIpukanHa ¢isuka Ta HaHOMarepianny» Psap pesynbTartis Ta
PEKOMEeHAMil PUKIAIHNX TOCIiIKeHb AucepTaLiliHiil po60Ti BAKOPUCTAHO B IHCTUTYTI Ipobiiem
MamuHOOYayBaHHS iM. A. TlinropHOro Npu BUKOHAHHI CHiJIBHOTO YKPaiHChKO-iHiCbKOro MpoeKTy «Cy4JacHi

004K CII0BaJIbHI METOIM 11 aHAJIi3Y I1JIeCKaHb B NNAJINBHUX», JOTOBOPY PO CHiBIIpaLo Mk Beccekcbkum
TEXHOJIOTIYHUM iHCTUTYTOM, Ta B pamKax rpaHTy YHTL] «O6'eKTHO-OpieHTOBaHi PO3paxyHKOBI MOJei i mporpamu

L7151 IPOTHO3YBaHHSI NPY>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 Ist 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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VIII. 3aKkJII04Hi BiZOMOCTi

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

TOJIOBH pajgu

BaacHe IlpizBuiie Im's ITo-6aTbKOBI

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasbHUIH 3a HiATOTOBKY

00JIiIKOBUX JOKYMEHTIB

Peectpartop

KepiBHuk Bigginy YKpIHTEI, mpo €

BiZINOBiZaJIbHUM 32 peeCcTpallilo HayKOBOi

OisSIIBHOCTI

Koxkopgiin Mukosa I'puroposuy

Koxkopiit Mukosa I'puroposuy

[lleByenko AHapint OsekcaHIpOBUY

VKpIHTEI

Opuenko Tersna AHaTostiiBHa



