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Pedepar:

1. IucepTalito NpUCBSIYEHO NOCIIIKEHHIO TENJIOBUX IPOLECIB B aHI30TPOITHUX TBEPIUX Tilax 32 JOMOMOTOI0
0€3CITKOBOTO METO/ly PO3B’s13aHHSI TPMBMMIPHUX 3a/1ay HECTal[iOHApHOI TeIJIONpPOBiAHOCTI. B auceprauiiiHiil po6oTi
IIPEJCTaBJIEHO PO3PO0IEHNI O6€3CITKOBUI METO, PO3B’I3aHHS TPMBMMIPHUX 33134 HECTAaL[iOHAPHOI
TEIJIONPOBIJHOCTI B aHI30TPONHUX TBEPAKX Tislax. [I06y0BaHO CiMEIICTBO aTOMAapHUX pajiia/lbHUX 6Aa3UCHUX
dYHKIiN TPbOX HE3aJeXXHUX 3MIHHUX, SIKi [IOPOIKYIOThCS orlepaTopoM Tuly ['esbmrosbia. GyHKIIT po3MKUpIOI0Th
nigxnac QyHKI, sIKi BAKOPUCTOBYIOTbCS B SIKOCTi 6a3MCHUX NIpU peartizallii 6€3ciTKOBOro MeToy pO3B'sI3aHHS
TPUBUMIPHUX 3a7ja4 HECTALIOHAPHO]I TEMJIONPOBINHOCTI B aHI30TPONHUX TBEPIAUX Tijlax. XapaKTePHi BIaCTUBOCTI
dyHKLil (HeckiHueHHa nudepeHiioBHICTb Ta QiHITHICTb, TOOTO HAsIBHICT KOMIIAKTHOTO HOCISI) JJO3BOJINIIN
HiABUIIMTY TOYHICTb Ta O6UKCIIIOBAJIbHY €(EeKTUBHICTh pO3p06I€HOr0 6€3CiTKOBOro MeToy. [IpoieMOHCTPOBaHO
PEe3yJIbTaTU YMCJIOBUX PO3PAaXyHKiB HECTALiOHAPHHUX TEIJIOBUX IIPOLIECIB, [0 NPOTIKAIOTh B aHI30TPOIIHUX TBEPAUX
Tillax pi3HOi reoMeTpU4YHOi GOPMHU 32 HASIBHOCTI BHYTPIIIHIX J)KepeJ ab0 CTOKIB Tersa, a TaKOX PisHUMU

[I0YaTKOBMMMU Ta TPAaHUYHUMHU YMOBaMHU, SIKi OTPUMaHi i3 BUKOPHCTaHHSIM PO3PO06JIEHOr0 6e3CiTKOBIO METOLY.



OTpuMaHO HabIMXKeH] PO3B'SI3KM TPUBUMIPHOI 3aja4i HECTALliOHAPHOI TEIJIONPOBIHOCTI B TBEPAOMY Tiji B popmi
Ky0a 3a HasIBHOCTI BHYTPILIHBOTO IpKepeJia Terla IJ1s1 i30TPOIIHOTO Ta aHi30TPOITHOro BUMNagKiB. [IpointocTpoBaHo
3aCTOCYBaHHS aTOMapHUX (PYHKLIN B IKOCTi 6a3MCHUX NIPYU MOJEJIIOBAHHI HECTALliOHAPHOTO TEIJIOBOTO NPOLECY B
aHI30TPONIHOMY TBEPAOMY Tijli B (POPMi IJIACTUHM NIPY HAIBHOCTI PyXOMOT'O TOYKOBOTO JPKepeJia Tela. 3HalieHO
QHAJITUYHI PO3B'I3KM JAHUX 33]]a4 HECTALliOHAPHOI TeIIONPOBiAHOCTI. OLiHEHO TOYHICTb HAGIMKEHUX PO3B'SI3KiB
KpaloBUX 33724 32 BEJIMYMHOIO 3Ha4eHb CePeIHbOI BiTHOCHOI MOXMOKY, CEPeIHbOi aOCOTIOTHOI MOXUOKH i
MaKCHMMaJIbHOI NoXu6Ku. [IpoBeieHO NOPiBHANIBHUI aHasi3 e(PEKTUBHOCTI allpOKCUMallii 3a4a4 HeCTallioHapHOi
TEIJIONPOBIJHOCTI aHI30TPONIHUMU PafliaJIbHUMU 6a3MCHUMU (PYHKLISIMU 3 I7100aIbHUM HOCiEM Ta aTOMapHUMU
pazianbHUMU 6a3ucHUMU PyHKLUIIMU. Po3pobieHo nporpamHuil Komiieke «AnisotropicHeatTransfer3D», skuit
MpU3HAYEeHO JJ151 YMCIJIOBOTO PO3B’I3aHHS TPMBUMIPHUX 337124 HECTALliOHAPHOI TeIJIONPOBITHOCTI B aHI30TPOMHUX
TBEPJUX Tijlax 3a 6€3CITKOBUM METOMOM, L0 MiATBEPAKYETLCS CBiIOLTBOM IIPO AEP>KABHY PEECTPAllil0 aBTOPCHKOTO
npasa Ha TBip. [IpoBesieHO TeCcTyBaHHS pO3PO6IEHOr0 IIPOrPaMHOro KoMIlieKcy «AnisotropicHeatTransfer3D» npu
YUCJIOBOMY PO3B'SI3aHHI PO3IJISIHYTUX TPUBUMIPHUX 33/1a4 HeCTallioHApHO TeIJIONPOBiTHOCTI B aHI30TPOITHUX
TBepAUX Tinax. HaykoBa HOBU3HA pe3yJIbTaTiB AUCEPTALIIHOTO JOCIIiIKEHHS MOJISITa€ y HACTYITHOMY: BIEpIle
pO3p0o6JIeHO 6e3CiTKOBUI MeTO, PO3B'I3aHHS TPUBHUMIiPHUX 33/1a4 HECTALliOHAPHOI TEIJIONPOBITHOCTI B
aHI30TPONHUX TBEPAUX TijIax, IKWI 3aCHOBAHO Ha KOMOiHallii MeToy MOABIMHOrO 3aMillleHHS B TOEJHAHHI 3
aHI30TPONHMMH PafiaIbHUMM 6a3UCHUMHU PYHKLISIMU Ta METOAY PyHIAMEHTAIbHUX PO3B'SI3KiB; BIIEpILe
[IPOBEIEHO MOZEJIIOBAHHA PO3NOAiNy HECTALiOHAPHUX TEMIIEPATYPHUX I10JI1iB B aHI30TPOIIHMX TBEPAMX Ti/IaxX Pi3HOI
reoMeTpPUYHOi (POPMU NPY HASIBHOCTI BHYTPIIIHIX pKepesi a0 CTOKIB TeIIa 3a JOMOMOTOK pO3pO6IEHOr0
0€3CiTKOBOTO METOly; BIeplle T0OyJ0BaHO CiMENCTBO aTOMapHUX pajiialbHUX 0a3UCHUX QYHKIIN TPbOX
He3aJIeXXHUX 3MiHHUX, IOPOHKEHUX AudepeHIiaTbHUM OIIEPaTOPOM TUILY ['eJIbMroJibLia, IKUI BKJIIOYa€e B cebe
KOMIIOHEHTH TE€H30pa APYroro paHry, o BU3HAYAE aHI3OTPOIIiI0 MaTepiasly; BIeplIe IPOrPaMHO PEai30BaHO
aJITOPUTM NOOGYZOBU CiMelCTBa aTOMapHUX pafiiajibHUX 6a3MCHUX (PYHKLIN TPbOX HE3aJIeXHUX 3MiHHUX ,
NOPOJKEHUX AudepeHLiaIbHUM OIIEPaTOPOM TUILY ['eJIbMIrosibLia, SKUi BKJIIOUa€e B cebe KOMIIOHEHTH TEH30pa
IpYyroro paHry, o BU3Ha4ae aHi30TPOIiI0 MaTepiay; Blieplle 3aCTOCOBAHO CIMENCTBO aTOMAPHUX pafiaIbHUX
0a31CHUX (PYHKIi} TPbOX HE3AJIEKHUX 3MIHHUX B SIKOCTi 6Q3MCHUX IIPU peartizalii 6e3CiTKOBOro MeToy 41CJI0BOTO
PO3paxyHKy TEIJIOBUX MPOLIECIB, SIKi IPOTIKAIOTh B aHI30TPOIMHUX TBEPIUX Tijlax; BIIEPIIE IIPOBEIEHO MOMEIIOBAHHS
PO3II0ZiNy HECTalliOHAPHOTO TEMIIEPATYPHOTO 110J1 B aHI30TPOITHOMY TBEPLOMY Tijli y GOpMI [1J1IaCTUHU [IpU
HasIBHOCTi PyXOMOTO TOYKOBOTIO JI>KepeJla TeIjla 33 JOIIOMOro 6€3CiTKOBOrO METOLly Ha OCHOBiI BUKOPMCTaHHS
aTOMapHUX pafianbHUX 6a3nCcHUX QYHKIIiH; BIieple 3a TOIIOMOTro0 PO3p00JIeHOro 6€3CiTKOBOr0 METOLY
IIOCTIiIKEHO MOJeJib B3aeMO/Iii 6e3repepBHOro JIa3epHOT0 BUIIPOMIHIOBaHHS 3 TOBXKMUHOWO XBuUJi 1064 HM 3
MoHoKpucTtasniom LiNbO3 y popmi nuningpa Ha yacoBomy iHTepBadi 2 rog, 30 xB i BCTAaHOBJIEHO 4ac, IPOTSITOM
SIKOTO JIOCSITA€ThCS CTAIUI PEXXUM HarpiBaHHs MOHOKpUCTany LiNbO3; Biepiue po3po61eHO IpOorpaMHuii
KoMmIiekc «AnisotropicHeatTransfer3D» niist MoziesitoBaHHSI HeCTallioHAPHUX TEIJIOBUX IMPOLIECiB B aHI30TPOMTHUX
TBEPJUX Tijlax y BUIVISIAL AoJATKa 3 rpadiuHuM iHTepdericoM KOpUCTYBaya, IKUI 3aCHOBAaHO Ha BUKOPUCTAHHi
PO3p06JIEHOr0 6€3CITKOBOrO METOY Ta aTOMApPHUX pajiiallbHUX 6A3UCHUX (PYHKILiM, 10 MiATBEPAKYEThCS

CBiJIOLITBOM IIPO A€PKaBHY PEECTPALlil0 aBTOPCHKOTO ITpaBa Ha TBip.

2. The dissertation deals with the study of thermal processes in anisotropic solids by meshless method for solving
three-dimensional non-stationary heat conduction problems. This dissertation presents a developed meshless
method for solving three-dimensional non-stationary heat conduction problems in anisotropic solids. The family
of the atomic radial basis functions of three independent variables, generated by Helmholtz-type operator was
constructed. The functions extend the subclass of functions that are used as basis for the implementation of the
meshless method for solving three-dimensional non-stationary heat conduction problems in anisotropic solids.
The special properties of the function (infinite differentiability and compact support) had improved the accuracy
and computational efficiency of the developed meshless method. The results of numerical solutions of non-
stationary heat conduction problems in anisotropic solids of various geometric shapes in the presence of internal
heat sources or sinks and various initial and boundary conditions obtained using the developed meshless method
are demonstrated. Approximate solutions for the three-dimensional non-stationary heat conduction problem in



the solid in the form of a cube in the presence of an internal heat source for the isotropic and anisotropic cases are
obtained. The application of atomic functions as basis in the simulation of the non-stationary heat conduction in
an anisotropic solid in the form of a plate in the presence of a moving point heat source is presented. Analytical
solutions of these non-stationary heat conduction problems are obtained. The accuracy of approximate solutions
of boundary-value problems is estimated by the values of the average relative error, the average absolute error,
and the maximum error. A comparative analysis of the efficiency of approximation of non-stationary heat
conduction problems by anisotropic radial basis functions and the atomic radial basis functions is performed. The
software «AnisotropicHeatTransfer3D» for simulation of three-dimensional non-stationary heat conduction
problems in anisotropic solids by the meshless method was developed, which is confirmed by the certificate of
state registration of copyright for the work. The software «AnisotropicHeatTransfer3D» has been tested by
numerical solution of the considered three-dimensional non-stationary heat conduction problems in anisotropic
solids. The scientific novelty of the results of the dissertation research is as follows: for the first time the meshless
method for solving three-dimensional non-stationary heat conduction problems in anisotropic solids based on a
combination of the dual reciprocity method using anisotropic radial basis function and the method of fundamental
solutions was developed; for the first time the distribution of non-stationary temperature fields in anisotropic
solids of different geometric shapes in the presence of internal heat sources or sinks by meshless method was
simulated; for the first time the family of atomic radial basis functions of three independent variables, generated by
a Helmholtz-type differential operator, which includes the symmetric positive definite tensor of the second rank,
that determines the anisotropy of the material was constructed; for the first time an algorithm for constructing
the family of atomic radial basis functions of three independent variables, generated by a Helmholtz-type
differential operator, which includes the symmetric positive definite tensor of the second rank, that determines
the anisotropy of the material was programmatically implemented; for the first time the family of atomic radial
basis functions of three independent variables was used as basis in the implementation of the meshless method for
the numerical solution of heat conduction problems in anisotropic solids; for the first time the distribution of non-
stationary temperature field in the anisotropic solid in the form of a plate in the presence of a moving point heat
source by meshless method based on the use of atomic radial basis functions was simulated; for the first time the
model of heat transfer in LiNbO3 single-crystal in the form of cylinder in interaction with continuous-wave laser
radiation with the wavelength of 1064 nm at a time interval of 2 h 30 min by the meshless method was studied and
the time required to achieve the steady-state heating mode of the LiNbO3 single-crystal was determined; for the
first time the software «AnisotropicHeatTransfer3D» for simulation of non-stationary heat conduction in
anisotropic solids as a GUI application, based on the use of the meshless method and the atomic radial basis
function was developed, which is confirmed by the certificate of state registration of copyright for the work.
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