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1. MaTeMaTU4yHe MOJEJIOBAHHS Ta YMCEJIbHUN aHali3 METOOM R-QyHKIIiN 3a7a4 06TiKaHHS TiJsl B'I3KOI0

HECTUCJIUBOIO PiIVHOI0

2. Mathematical modeling and numerical analysis of problems of flow past bodies by viscous incompressible fluid
using the R-functions method

Pedepar:

1. O6'exT moCHimKeHHs - CTallioHAPHI TiZpOoAMHAMIYHI ITPOLeCU OOTIKaHHS TiJl B'I3KOI0 HECTHCJIUBOIO PilHOIO.
Merta mocnimKeHHs - po3poOKa METOIiB MaTEMaTUYHOTO MOJEJIIOBaHHS i YNCEIBHOTrO aHajli3y CTallioOHAPHOTO
00TiKaHHS UUJIIHAPUYHUX TiJl i Ti71 06epTaHHS B'SI3KOI0 HECTUCIIMBOIO PiIMHOIO HA OCHOBI MeTonly R-yHKIiil.
MeToau fociifKeHHs - MeToau QYHKIIIOHaJBHOTO aHasli3y i MaTeMaTU4HOI Pi3nKK; MaTeMaTUYHU anapar Teopii R
$yHKUiN; npoekuiiiHui meTog byoHoBa-I"asbopKiHa i METO/ TOCAiTOBHUX HAOIKEHD; KBaIpaTypHi popmyn
l'aycca; yucesnpHi METOAM 7151 PO3B'A3aHHS CUCTEM JIiHINHUX | HesTiHINHNX anrebpaiyHux piBHAHb. TeopeTnyHi Ta
IIPaKTUYHi pe3yabTaTy - po3po0JieHi B AucepTaliiiHiil po60Ti METOAM PO3B'sI3aHHS 33,24 OOTiKaHHS TiJl B'I3KOI0
HECTHUCJIUBOIO PiTMHOIO O3BOJISIOTH 3[iMICHIOBaTU €(DEKTUBHE YMCeIbHE MOJEIOBaHHS Te€Uill B'SI3KOi HECTUCIUBO]
pigyHY 3 ypaxyBaHHSIM MacooO6MiHy. HaykoBa HOBM3HA OTPUMAaHUX Pe3yJbTaTiB MOJISITa€ B TOMY, 11O BIieplie

PO3pO6JIEHO METO, PO3PaxyHKY MOBIJIbHOTO OOTiKaHHS UUIIHAPUYHUX TiJl i Tisl 06epTaHHs B'SI3KOI0 HECTUCIIMBOIO



pinnHoIo (HabmmkeHHs O3eeHa i CTOKca), 3aCHOBaHMI HAa CYMiCHOMY BUKOpPUCTaHHI MeToiB R ¢pyHKiil i By6HOBa-
l'asnbOpKiHa, 110 [03BOJINIIO TOYHO BPAXOBYBATH SIK KpaloBi YMOBH Ha MEXi TiJ, sIKi 00TiKalOThCS, Tak i YMOBHU Ha
HECKiHYE€HHOCTI; Liell MeTO/, JIeTKO MOAU(IKyeTbCs IIPU NEPEX0Ai 1o obsacTel iHIoi popmu Ta ojae HabIVDKEHU N
PO3B'SI30K Y aHAJITUYHOMY BUIJISI, IO CIPOLIY€E Or0 BUKOPHCTAHHS y NOAAJBIIMX PO3paxyHKax. Hadbys
NOJAJIbLIOrO PO3BUTKY iT€paliliHUI YMCeIbHUI METOJ, PO3PaxXyHKY 3a7ja4 OOTiKaHHS TiJl B'SI3KOI0 HECTUCJIABOIO
PiIMHOIO: BUXiHA HeJliHillHA 3a/1a4a 3aMiHeHa MTOCIiIOBHICTIO JIHIMHUX KpallOBUX 3324, 17151 PO3B'sI3aHHS IKUX Ha
KOXXHOMY KpOLli iTepaliiiHoro npouecy po3po6seHo0 YMCeIbHUI aIFTOPUTM Ha OCHOBI MeToZiB R pyHKLii i BybHOBa-
l'anbopkiHa; el MeTo, BiiPi3HIETHCS Bifl BiTOMUX TUM, IO JO3BOJISIE 3BECTU PO3IJIAT, 3a/1a4 OOTiKaHHS [0 337234 B
CKiH4Y€HHI 06J1aCTi, IpuJersii fo Tija, IpUYOMYy YMOBU Ha HECKIHUEHHOCTi BPaXOBYIOTHCSI TOYHO; IJIs1
1100yJOBaHOTO iTepaLlifflHOro NpoLeCy OTPMMaHO YMOBU 301KHOCTI. Biepiie po3po6sieHO YnuceNabHUI METO],
PO3PaxyHKy MacCOOOMIHY UUJIIHAPUYHUX TiJl i TiZ1 06epTaHHS 3 PiBHOMIPHUM MOCTYNAJIbHUM ITIOTOKOM, 3aCHOBAaHUI
Ha CyMiCHOMY BUKOPUCTaHHi MeToziB R-GyHKuiil i ByoHoBa-I'anboOpKiHa, IpY LIbOMY QJITOPUTM HE 3MiHIOETHCS IIPU
3MiHi reomeTpii 0671aCTi, 2 CTPYKTypa PO3B'sI3Ky TOUHO BPaXOBYE SIK KpaltOBi yMOBU Ha MeXKi Tijla, 110 OOTIKAE€ThCH i 3
IIOBEPXHI SIKOTO BiIOyBa€ThCSI MACOOOMIH, TaK i yMOBM Ha HECKiIHYEHHOCTI. /lucepTauiiiHa po60Ta BUKOHYBasacs
BiATIOBiIHO [10 IJIAHY HayKOBO-JOCJiIHNX POOIT Kadeapy NMPUKIIALHOI MAaTEMATUKN XapKiBCbKOTO HalliOHAJIbHOTO
VHiBEpCUTETY PaflioeIeKTPOHIKY B paMKax Jep>k6iokeTHOI Temu "Po3pobka Mozesieil, MeTOIiB Ta
iHCTpyMEHTa/IbHUX 3aCO0iB CTPYKTYPHOI i NapamMeTpUYHOI ONTUMI3alii inkeHepHUX Mepex 3 BUuTokamu" (P N2
01110002624, 2011 - 2013 pp.). Po3pobiaeHi 3acobu MaTEMaTUYHOTO MOJIEIIOBAHHS BIIPOBAKEHi B HAaBYaJIbHUN
npouec y XapKiBCbKOMY HallioHaJIbHOMY YHiBEPCUTETi pajiioesneKTpoHiku (akT Big 20.10.2015p.). T'anysp

BUKOPUCTAaHHA - MaTEMATUYIHE MOJIEJIIOBAHHA Ta 00YMCIIIOBAIbHA MATEMATHKA.

2. The object of research is the stationary hydrodynamic processes of flow around bodies by viscous
incompressible fluid. The purpose of research is to develop methods of mathematical modeling and numerical
analysis of steady flow around cylindrical bodies and bodies of revolution by viscous incompressible fluid on the
basis of the R-functions method. The methods of research are methods of functional analysis and mathematical
physics; mathematical apparatus of the R-functions theory; projection Bubnov-Galerkin method and the method of
successive approximations; Gauss quadrature formulas; numerical methods for solving systems of linear and
nonlinear equations. Theoretical and practical results consist of the following. The designed methods for solving
problems of flow around bodies by viscous incompressible fluid are allow to implement the efficient numerical
simulation of viscous incompressible flows with mass transfer. Scientific novelty of the results lies in the fact that
for the mathematical modeling of slow flow past cylindrical bodies and the bodies of revolution by viscous
incompressible fluid (approximation Oseen and Stokes), a method, based on the joint use of the R-functions and
Bubnov-Galerkin method, has been developed. This method accurately takes into account the boundary conditions
at the boundary of the streamlined body and the condition at infinity. The method developed can be easily
modified in the transition to another area and represents the numerical solution in analytical form, which
simplifies its use in further calculations. An iterative numerical method for calculating the problems of flow past
bodies by a viscous incompressible fluid was further developed. The original nonlinear problem was replaced by a
sequence of linear boundary value problems, for solutions of which at each step of the iterative process the
numerical algorithm, based on the R-functions and Bubnov-Galerkin method, has been developed. This method
differs from the known ones with the fact that it allows to reduce the consideration of problem of flow past body
to a problem in a finite area adjacent to the streamlined body. Besides, the conditions at infinity are taken into
account accurately. For developed iterative process the conditions of convergence were obtained. For the
calculation of mass transfer of cylindrical bodies and the bodies of revolution with a uniform translational flow a
numerical method, based on the joint use of R-functions and Bubnov-Galerkin method, has been developed. The
algorithm of developed method does not change with change in the area geometry. In addition, the structure of
the solution accurately takes into account the boundary conditions at the boundary of the streamlined body and
the condition at infinity. The thesis was carried out in accordance with the plan of research work of the
Department of Applied Mathematics of Kharkiv National University of Radio Electronics as part of scientific
research on the topic "Development of models, methods and tools of structural and parametric optimization of



engineering services with leaks" (N2 of state registration 0111U002624, 2011 - 2013). The developed mathematical
modeling tools are introduced to the educational process in the Kharkiv National University of Radio Electronics
(act 0f 10.20.2015). Scope - mathematical modeling and computational mathematics.
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