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Pedepar:

1. Inceprauiiina po60Ta CIpSIMOBaHA Ha [TOAAJIBIINI PO3BUTOK anaparty y3arajabHeHoro metony Oyp'e Ha HOBI
KJIaCU BiCECMMETPUYHMX 3371a4 CTallioHAPHOI TEPMOIIPYXHOCTI 151 IPOCTOPOBUX 6araTo3s'sI3HUX TiJl 3i
c(pepUYHMMU IOPOXKHUHAMU Ta BKJIIOUEHHSIMU, NOCIIIKEHHS €(PEKTUBHOCTI METOAY i MeX 0ro IpakKTU4HOI
peastizallii, 3aCTOCYBaHHS HMOr0 10 JIOKAJIbHOTO MOJEIIOBAHHS TEPMOIIPY>KHUX IOJIiB Y TijlaX 3i chepuiyHNMHU
ITOPO>KHMHAMM 1 BKIIIOUEHHSIMHU, NOCJIIKEHHS i aHasi3 YX [0JIiB, ONITUMaJIbHEe KEPYBaHHS BiCECUMETPUYHUM
CTalliOHAPHUM TEMIIepaTypHUM I10JIEM TEPMOIIPY)KHOTO CTaHy ITPOCTOPY 3i CPepUIHMMU BKIIIOUEHHSIM i

[IOPOXKHMHOIO. B po6O0Ti yBara npuainsgeTbCs TAKOX 33[1a4aM i3 BHYTPIlIHIMU PO3NOAIIEHUMH IPKEPEJIaMu TeIIa,



sIKi CyTTE€BO YCKJIAIHIOIOTh IOOYA,0BY TOYHUX MAaTEMAaTUYHUX MOJEJIEN i BUMAaraloTh 3aCTOCYBAaHHS HOBITHIX MiJXOMiB
[0 iXxHbOrO aHami3y. O6’eKTOM [OCIiIKEHHs € HalpyXeHO-1edOpMOBaHUI CTaH 6araTo3s’si3HOr0 IIPOCTOPOBOTO
Tina 3i cpepuyHMMHU IOPOKHMHAMU Ta HEOLHOPITHOCTSIMU 32 HasIBHOCTI B HbOMY CTalliOHapHUX TeMIIEPATYPHUX
0J1iB 2060 B yMOBaX iX BiiCyTHOCTI. [IpegMeToM OOCIiIpKEHHS € METOAM Ta MOZEJI NOCiI)KEHHS HallPy>KeHO-
nedopMaliiHUX i CTallioOHApHUX TEPMOIPY>KHHUX I0JIiB B 6araTo3B sI3HUX IPOCTOPOBUX TijlaX IeBHOI GopmH i
ONTHMAJIbHOTO K€PYBAaHHSI HUMU. AKTyaJIbHICTb POOOTH 3yMOBJIEHA CTPIMKMM PO3BUTKOM TEXHOJIOTIH, MIOB'I3aHUX 3
BHMKOPYCTaHHSIM KOMIIO3UTHUX i IOPUCTUX MaTepiasiB y MalIMHOOYJyBaHHi, aBiallifiHill IPOMUCIIOBOCTI,
€HepreTulli, MiKkpoeJIEKTPOHiLi Ta 6ioMequYHNX NPUCTPOosX. Lli MaTepiany 4eMOHCTPYIOTh CKIIAAHY OBEAIHKY i,
Ili€1o 30BHIIIHIX TEPMOHABAHTAKEHb | BHYTPILIHIX JpKepel Tersa. HasgBHICTh BKIIOUEHS i TOP Y MaTepiati
CIIPUYMHSIE JIOKAJIbHI KOHILIEHTpAallii Hallpy>KeHb, SKi BUBHAYAIOTh TOBIOBIYHICTD i HAAIMHICTh TEXHIYHUX
KOHCTPYKLiN. BibImiCTh iCHYI0UMX YMCENIBbHUX METOIIiB HE 3aBXKAU 3a0€3MeUyI0Th JOCTATHIO TOYHICTb, OCOOIUBO B
33/1a4ax 3 06J1aCTAMMU 3 BEJIMKOIO KOHLIEHTPALi€l0 HallpyKeHb, 260 3 JOCTAaTHHOIO KiJIbKICTIO HEOAHOPiZHOCTEH. ¥
IycepTaliiiHiil po6oTi 106YJ0BaHO HOBI BiceCUMETPUYHi 6a3UuCHi po3B’sa3ku piBHSAHB Jlame Ta [Jloamens-HelimaHa
L7151 IPOCTOPOBUX 06J1acTeN, OOMEXXEHUX C(PEPUUHUMU NTOBEPXHSIMU. 1]i po3B’a3Kku € PyHAAMEHTAIbHUMU JJ1s1
OIIMCY TEPMOIIPY’KHOTO CTaHY TLJI 3 OCbOBOIO CUMETPI€I0 Ta BPAXOBYIOTh SIK MEXaHIi4YHi, TaK i TEMIIEPATyPHi BIUIUBU.
Oco00611B0i1 yBaru 3acyyroByI0OTh HOBi TeOpEMU JIOAABAHHS IJ1s1 IOOYAOBAHUX PO3B'SI3KiB Y COEPUUYHUX CUCTEMAX
KOOPAMHAT, IOYATKHU SIKUX JIOBIJIbHO 3CYHYTI B3JOBX OCi cuMeTpii. OTPMMaHHS TaKUX TEOPEM [I03BOJIsIE €PEKTUBHO
3[1ifICHIOBATM MaTEMAaTHYHi NepeTBOPEHHS IPY PO3B’sI3aHHI 337124 3 KiJlbkoMa HEOAHOPIGHOCTSIMU, PO3MilllEHUMU B
pi3HuX TOYKax Tiza. OZHUM i3 KITIOYOBUX HAYKOBUX PE3YJIbTATIB € TOYHE AaHAJITUYHE PO3B'I3aHHS IPYroi OCHOBHOI
BicecuMeTpHYHOi KpaltoBoi 3a1a4i Teopii MpyKHOCTI AJ1s1 KyJIi 3 KOHLLEHTPUYHUM BKJIIOYEHHSIM. Y poOOTi IIpoBesieHO
[IOBHE MaTeMaTUYHe OOIPYHTYBaHHS iCHYBaHHSI Ta €UHOCTI TAKOrO PO3B’SI3KY, 1110 CTaJI0 BRXXJIMBUM BHECKOM Y
PO3BUTOK KJIACUYHOI TeOPii NPYXHOCTI [71s1 Tij 31 CKJIQAHOIO BHYTPIIHBOK CTPYKTYPOIO. Y pO6OTi MOGYA0BAHO
JIOKaJIbHi IapaMeTPUyYHi MOAEJIi TEPMOIIPY>XKHOTO CTaHy TiJ i3 ;BOMa chepuyHUMU [TIOPOKHUHAMU 260
BKJIIOUEHHSIMU. Moieli OXOIUTIOITh SIK BUIIATIKU 3 PO3IOiIeHUMU IpKepeslaMu Tela, Tak i 6e3 Hux. Ha ocHOBI 1ux
MoJesel JOCIiIKEHO JIOKQJIbHY MOBEJiHKY HAalPY>XeHb Y 30HaX KOHLEHTpallii, o 0COOJIMBO aKTyaabHO IJIs
[IPOTHO3YBaHHS PYVHYBAHb y IOPUCTUX | KOMIIO3UTHUX Marepianax. ¥ MexXax OOCIiIKEeHHSI BUKOHAHO
NapameTpUYHMN aHaJi3 PO3IOiny HAlIPY>KEHb 3aJIEXKHO BiJl PI3HUX XapaKTEPUCTUK TijIa: PO3MipiB BKJIIOYEHD,
BiZICTaHi Mi’K HUMH, IXHIX TEpDMOMEXaHIYHUX BJIACTUBOCTEN i PiBHA TEIUIOBOrO HaBaHTaKeHHA. Lleii aHasi3 J03BOJIMB
BUSIBUTU 3aKOHOMIPHOCTI B3a€MHOTO BILUIMBY BKJIIOYEHDb Ha HANPY>KeHO-Ie(dOPMOBaHMI CTaH MaTepiany. OKpeMuM
HampsIMOM POOOTH CTajla BIEpLIE TOCTABJIEHA Ta PO3B’$13aHA 3a7jaya PO ONTUMallbHe KePYBaHHS TEMIIEPATyPHUM
1ojieM y 6araTosp’sI3HOMY Tijli — IpocTopi 3i chepryHMMU BKIIOYEHHSIMU. ByJio 3BefleHO TaKy 3ajady 10
HECKiHUYE€HHOi cCuCTeMM JIiHiHUX anre6paiuynux piBHsAHb (HCJIAP) 3 napaMeTprUYHOIO 3aJIEXKHICTIO ii TpaBUX YaCTUH
BiJl TEMIIEPATYpPHOTO I10J14 i BIieplie po3po6JIeHO METO, PO3B'I3aHHS TAKUX CUCTEM. Lle cTasio CyTTEBUM KPOKOM Y
PO3BUTKY METO/IiB OIITUMAJIbHOTO KEPYBaHHS B MaTeMaTU4Hil ¢izuli. MeToq, 103B0JIsSIE 3BECTU 3aa4y
ONTUMAJIbHOTO KEPYBAaHHS [0 33/4a4i yMOBHOI'O €KCTPEMYMY KBaApaTUYHOro (yHKIiOHaNA, 334aHOTO HAa IEBHOMY
rinb6epToBOMy IpocTopi. HapeuTi, y po60Ti MpoBeieHO uncesibHe KOMITIOTEPHE MOJEIOBAHHS PO3B'SI3aHUX 3314
i3 BUKOpUCTaHHAIM MeToAy penykuii. JJocinkeHo 36iKHICTh LIbOro MeToAYy, 10 MiTTBEPAUIIO HOT0 BUCOKY
eeKTUBHICTb i NPaKTUYHY IPUAATHICTD JJ151 OOUMCIIIOBAJILHOTO aHaMi3y CKIIAJHMUX TEPMOMEXaHIYHUX CUCTEM.
JloCcTOBIpHICTbL pe3y/bTaTiB AucepTalii 6a3yeTbCsl Ha CTPOrOMY OOIPYHTYBAaHHI PO3B'SI3KiB YCiX PO3IJIIHYTUX Y
po6OTI 3a/1a4, NOPiBHSIHHI Pe3yJIbTaTiB 3 BiLOMUMHU 17151 OJJHO3B'SI3HUX TiJl, LINPOKOMY KOMITIOTEPHOMY
€KCIIEpMMEHTI, IlepeBiplli MpakTU4YHOi 301)KHOCTI MeTola PefyKLii B yCix 3ajayax.

2. The dissertation is focused on the further development of the apparatus of the generalized Fourier method for
new classes of axisymmetric steady-state thermoelasticity problems in multiply connected spatial bodies with
spherical cavities and inclusions. It explores the efficiency and limitations of this method, applies it to local
modeling of thermoelastic fields in such structures, and analyzes the behavior of these fields. Special attention is
given to problems involving distributed internal heat sources, which significantly complicate the formulation of
precise mathematical models and require the use of modern analytical techniques. The object of the study is the
stress—strain state of a multiply connected three-dimensional body with spherical cavities and inhomogeneities in



the presence or absence of stationary temperature fields. The subject of the study is the development of methods
and models for analyzing thermoelastic and stress-strain fields in multiply connected spatial bodies of a specific
shape, as well as for optimal control of these fields. The relevance of the study is driven by the rapid development
of technologies based on the use of composite and porous materials in mechanical engineering, the aerospace
industry, energy systems, microelectronics, and biomedical devices. These materials exhibit complex behavior
under external thermal loads and internal heat sources. The presence of inclusions and pores in the material leads
to local stress concentrations, which directly affect the durability and reliability of technical structures. Most
existing numerical methods do not always provide sufficient accuracy, particularly in problems involving high
stress concentration zones or a large number of inhomogeneities. The dissertation presents newly constructed
axisymmetric basis solutions to the Lamé and Duhamel-Neumann equations for spatial domains bounded by
spherical surfaces. These solutions are fundamental for describing the thermoelastic state of axisymmetric bodies,
accounting for both mechanical and thermal effects. Particular attention is paid to the newly derived addition
theorems for these solutions in spherical coordinate systems with arbitrarily shifted origins along the symmetry
axis. These theorems enable efficient mathematical transformations when solving problems involving multiple
inhomogeneities located at different points within the body. One of the key scientific contributions of the work is
the exact analytical solution to the second fundamental axisymmetric boundary value problem of elasticity theory
for a sphere with a concentric inclusion. The dissertation provides a rigorous mathematical justification for the
existence and uniqueness of the solution, representing a significant advancement in classical elasticity theory for
bodies with complex internal structures. The work also proposes local parametric models of the thermoelastic
state of bodies containing two spherical cavities or inclusions. These models cover both cases—with and without
distributed heat sources. Based on these models, the local stress behavior in zones of concentration is analyzed,
which is particularly relevant for predicting failure in porous and composite materials. A parametric analysis of the
stress distribution is carried out depending on various body characteristics, such as inclusion sizes, spacing,
thermomechanical properties, and the level of thermal loading. This analysis reveals regularities in the mutual
influence of inclusions on the stress-strain state of the material. A separate and original direction of the research
is the formulation and solution of an optimal control problem for the temperature field in a multiply connected
domain with spherical inclusions. This problem was reduced to an infinite system of linear algebraic equations
(ISLAE) with parametric dependence of the right-hand side on the temperature field. For the first time, a method
for solving such systems was developed. This approach represents an important contribution to the development
of optimal control methods in mathematical physics. The proposed method transforms the optimal control
problem into a conditional extremum problem for a quadratic functional defined in a Hilbert space. Finally,
numerical computer simulations were conducted for the solved problems using the reduction method. The
convergence of this method was studied, confirming its high efficiency and practical suitability for the
computational analysis of complex thermomechanical systems. The reliability of the dissertation’s results is
ensured by the rigorous justification of all solutions presented, comparison with known solutions for simply
connected bodies, extensive computer experiments, and convergence validation of the reduction method across
all studied problems.
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