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1. Y BcTyni o6rpyHTOBaHO BUOIp TeMU AuUcCepTaLiiiHoi po60TH, CPOPMYJILOBAHO METY, 3aBLAHHS, 00'EKT, IPEAMET
OOCJIiIKEHHS, PO3KPUTO HAyKOBY HOBU3HY Ta NPAaKTUYHY 3HAUYIIiCTh OTPUMAHUX Pe3yJbTaTiB. HaBeneHo aaHi
1010 anpobaii pe3yIbTaTiB JOCTIIPKEHHS Ta iX BUCBITJIEHHS Y HAYKOBUX IMTy0JliKaLisx. Y nepmomy po3zii
IIPOaHaJIi30BaHO CyYaCHUM CTaH JOCJiKEeHb 32 TEMaTHUKOI0 PO60TU. 3p0ob6JieHO Oy, mybJikalili, IpoaHali3oBaHO
METOJIY NIapajleJIbHOro IPpOrpaMyBaHHs IIPU MOJIEJIIOBaHHI Ta IPOTHO3YBaHH y 33/la4aX MEXaHiKU TBEPOro Tija.
IIpu 3acTOCYyBaHHI METOLly CKIHU€HHHUX €JIEMEHTIB IIPOLIEC PO3B’SI3yBaHHSI 3a/1a4i CKJIQA€ThCS 3 HACTYITHUX €TalliB:
(dhopMyBaHHS BUXiIHUX JaHUX; GOPMYBAHHS i pO3B’I3yBaHHS CUCTEMHU PiBHSIHbB; IPOLE€ypa BUBEJIEHHS PE3YyJIbTATiB.
JJ1d nigBUILEHHS IPOAYKTUBHOCTI Iapaseisalii METOAy CKiHY€HHUX €JIEMEHTIB BUKOPUCTOBYIOTLCS Pi3Hi MIXOIU:

BMKOPHCTaHHS MOJU(IKOBAHMX aJITOPUTMIB CUCTEM PiBHSIHB, 3aCTOCYBAaHHS J€KOMIIO3ULii pO3paxyHKOBOi 06JIACTI.



B KO)XHOMY BUIIQJIKy BUHHMKA€ HEOOXiAHICTh 3a6€3e4eHHsI JOJaTKOBUX 'PAHUYHUX YMOB 30DKHOCTI MeToay. Y
6i7pIIOCT] iCHYI0YMX T1aKeTiB IPUKJIAAHUX IIPOIPaM METO/ly CKiHY€HHHUX €JIEeMEeHTIB PO3pPaxyHOK IIPOBOIUTHCS 32
TpaAuLiliHOIO [IOCIIIOBHOIO cxeMolo. [lapanesizalis 064ncI0BalbHUX IPOLECIB JJ1s1 BXKE iCHYI0UOi apXiTeKTypu
IIPOTrPaMHOr0 3a6€3IeYeHHsI NIOTpedye pO3pOOKHU AIrOPUTMIB BUKOPHUCTAHHS NTapajleJIbHUX OOYMCIIEHb HA eTali
(OpMyBaHHS CUCTEM PO3B’s13yBaJIbHUX PiBHSHb. Y APYrOMY PO31iji PO3IJISIHYTO OCOOJIMBOCTI IOOYA0BU
PO3B’13yBaJIbHUX PiBHSIHb, 110 ONUCYIOTH Npolecu fedopMyBaHHs Iif i€l0 CUJIOBUX Ta TEIJIOBUX HaBaHTakeHb. Ha
OCHOBI CIIiBBIIHOLIEHb TPMBUMIPHOI TEOPIi IPYKHOCTI Ta TEPMOIIPY>KHOCTI i30TPOITHUX Ta aHI30TPOIHUX TiJl
106YIOBAHO MATPUILIi >)KOPCTKOCTI Ta TEIJIONPOBIZHOCTI CKIHYEHHOTO eJleMeHTa. Po3po6ieHa MeTOIMKA €
VHiBEpCaJIbHOIO i Ma€ psifi 0COBJIMBOCTEA, a CaMe: He3aJIeXXHICTb TOPSIKY PO3B’s13yBaJIbHUX PiBHSIHb Bill CTPYKTYpHU
IIapyBaTUX Tijl; MOXKJIMBICTb 3aBJJaHHS 3HAaU4€Hb BiJ[IOBiIHUX TeIJI0(i3UIHUX XapaKTePUCTUK i30TPONIHUX ab0
aHI30TPOINHMX LIAPiB apyBaTUX TiJl; MOKJIUBICTb BUKOPUCTAHHS TPUBMMIDHUX CKIHUEHHUX €JIEMEHTIB IIPU
MOJesoBaHHi (i3MKO-MeXaHiYHUX IIPOLECiB, IO BinOyBalOThCSI B KOHCTPYKIiSIX NOBiJIbHOI reOMETPUYHOI POopMHU 32
peasIbHMX YMOB €KCIUTyaTallii. 3aCTOCYBaHHS 3alIPOIIOHOBAHOI METOIMKY O3BOJISIE BUPIIIYBATU 3a1adi
TEPMOMEXaHIKM KOHCTPYKLiN Y TPUBUMIPHIi TOCTAaHOBL. Y TPETbOMY PO37iJi po3p0o06eHO MiAXis 10 BUKOPUCTAHHS
napasesbHUX 004MCIIEHb B METOIi CKIHUEHHUX €JIEMEHTIB B PaMKax MMiCUCTEM MAaKETy NPUKJIAAHUX IPOrpam
“MIPEJIA+". 3aIIpOIIOHOBAaHO METOAUKY Iapajieslidalii 0641CcIeHHs KOMIIOHEHTIB MaTPHULb CUCTEM PO3Bs13yBaJIbHUX
PIiBHSIHb CKiHYEHOTrO eJleMeHTY. Po3po6ieHo i peasnizoBaHO ajrOPUTM IIapajiebHOro 00YMCIIeHHS! MaTpULIi
SKOPCTKOCTi CKiHY€HHOTO €JIeMEHTa 17151 33[1a4 [IPYKHOTO fe(OPMYBaHHS KOHCTPYKIiH, a TAKOX NPOLenypy
004YNCIIEHHS ITapAMETPIiB HANIPY)XEHOTO CTaHy 3a pe3yJIbTaTaMU CKiHY€HHO-€JIEMEHTHOTO PO3B's13Ky. PO3po6sieHO
aJITOPUTMU PO3B’SI3KY HeJIHIMHMX 33724 MeXaHiKy Ta 33/1a4i TEPMOIIPY>KHOCTI 3 BUKOPUCTaHHSIM MapajlesIbHUX
064KCIIEHD. Y 4eTBEPTOMY PO3[ijli HABEJIEHO PO3B’S13KM NPAKTUYHUX 33a4 IPY>KHOCTI Ta TEPMOIPYXKHOCTI.
PosrisiHyTO pilleHHs 1151 mapyBaTUX KOHCTPYKIiH 3 aHI30TPONHMMU apaMu. JI71s1 po3B’si3Ky 3B's13aHOi 3a7a4i
TEPMOIPYXHOCTI IIapyBaTOi aHi30TPONHOI KOHCTPYKLii OTpUMMaHi CIiBBiIHOLIEHHS [J151 BU3HAYEHHS
Ter10(i3sNYHUX NapameTpiB mapis. O6YUCIEHO HAPY>KeHO-1ePOPMOBaHUI CTaH KOHCTPYKIil 3a TpagULIiiHOO
CXEMOIO Ta 3 BUKOPUCTAHHSIM NapajleIbHUX O0YMCIIeHb. JOCiIP)KEHO BIIJIMB BUKOPUCTAaHHS NapajleIbHAX
TEXHOJIOTi Ha MPOJYKTHUBHICTb CKIHUEHHO-€JIEMEHTHOTO PO3B'SI3yBaHHS 337]Ja4 MEXaHiKu. Y BUCHOBKaxX HaBELEHO
HayKOBY HOBU3HY PO0OOTH, ii NpaKTUYHY 3HAUYIIiCTh i IepCeKTHBY MOAAbIIOr0 PO3BUTKY. Y nucepTaliliHiil po6oTi
OTPUMAaHO TaKi HAyKOBi pe3yJIbTaTy: BIleplie pO3p006JIEHO aIrOPUTMU N1apajlesIbHUX 00UMCIeHb MaTPHULlb
SKOPCTKOCTi CKiHUEHHUX €JIEMEHTIB HA OCHOBI MOMEHTHOI CX€MU CKiHYEHHUX €JIEMEHTIB [JIS 33124 [PY>KHOCTI;
BIleplIe po3po6JIeHO NapasesbHi aIrOpUTMHU 00YKCIIEHHS MaTPHULb TEIJIONPOBIAHOCTI AJ1s1 pO3B'SI3aHHS 334324
TEIJIONIPOBIIHOCTI; OTPUMAM NOJAJIbIINN PO3BUTOK aJITOPUTMU N1apajiesIbHUX 00YMCIIEHDb Y 3aCTOCYBaHHi [0
PO3B’I3yBaHHs JIiHITHMX Ta HEJIHIMHUX 3a7a4; BIEPIIE PO3POOJIEHO 3aCTOCYHOK 3 BUKOPUCTAHHSIM aJITOPUTMIB
napajiesibHUX OOYMCJIEHb B PAMKax [aKeTy NPUKIagHuX nporpam “MIPEJIA+” 1 po3B’sa3aHHs 3a7a4
TEPMOIIPYKHOCTI KOHCTPYKLiil. [IporpamMHy peasizaliilo HaBeJeHOi MEeTOIUKY PO3B'SI3yBaHHS 3a71a4 HaIllXCaHO
MOBOI0 nporpamyBaHH4 Fortran 2018 Ha ocHoBi Intel Fortran Compiler 3 BukopuctanHsaMm 6i6/1i0TE€KY NapajesIbHOTo

[IpOrpamyBaHHSA B CUCTEMAX 3i CIiJIbHOIO nTaM'aTTio OpenMP.

2. The introduction substantiates the choice of the topic of the dissertation, formulates the goal, task, object,
subject of research, reveals the scientific novelty and practical significance of the obtained results. Data on the
approval of research results and their coverage in scientific publications are given. The first chapter analyzes the
current state of research on the topic of the work. A review of publications was made, parallel programming
methods for modeling and forecasting in problems of solid mechanics were analyzed. When applying the method
of finite elements, the process of solving the problem consists of the following stages: formation of initial data;
forming and solving a system of equations; procedure for outputting results. Various approaches are used to
increase the performance of the finite element method parallelization: the use of modified algorithms of systems of
equations, the use of decomposition of the computational domain. In each case, there is a need to provide
additional boundary conditions for the convergence of the method. In most of the existing packages of application
programs of the finite element method, the calculation is carried out according to the traditional sequential
scheme. Parallelization of computing processes for already existing software architecture requires the



development of algorithms for the use of parallel computing at the stage of forming systems of solving equations.
In the second chapter, the peculiarities of the construction of solving equations describing the processes of
deformation under the action of power and thermal loads are considered. Based on the relations of the three-
dimensional theory of elasticity and thermoelasticity of isotropic and anisotropic bodies, matrices of stiffness and
thermal conductivity of the finite element were constructed. The developed technique is universal and has a
number of features, namely: independence of the order of solving equations from the structure of layered bodies;
the possibility of setting the values of the corresponding thermophysical characteristics of isotropic or anisotropic
layers of layered bodies; the possibility of using three-dimensional finite elements in the modeling of physical and
mechanical processes occurring in structures of arbitrary geometric shape under real operating conditions. The
application of the proposed method allows solving problems of thermomechanics of structures in a three-
dimensional setting. In the third section, an approach to the use of parallel calculations in the finite element
method within the subsystems of the "MIRELA+" application program package was developed. A method of
parallelization of the calculation of matrix components of systems of finite element solving equations is proposed.
An algorithm for the parallel calculation of the finite element stiffness matrix for the problems of elastic
deformation of structures, as well as the procedure for calculating the parameters of the stress state based on the
results of the finite element solution, was developed and implemented. Algorithms for solving nonlinear problems
of mechanics and problems of thermoelasticity using parallel calculations have been developed. The solutions of
practical problems of elasticity and thermoelasticity are given in the fourth chapter. The solution for layered
structures with anisotropic layers is considered. To solve the related problem of thermoelasticity of a layered
anisotropic structure, the relations for determining the thermophysical parameters of the layers are obtained. The
stress-strain state of structures was calculated according to the traditional scheme and using parallel calculations.
The influence of the use of parallel technologies on the performance of finite element solving of mechanics
problems was studied. The scientific novelty of the work, its practical significance and prospects for further
development are given in the conclusions. The following scientific results were obtained in the dissertation work:
for the first time, algorithms for parallel calculations of stiffness matrices of finite elements based on the moment
scheme of finite elements for problems of elasticity were developed; for the first time, parallel algorithms for
calculating thermal conductivity matrices for solving thermal conductivity problems were developed; algorithms of
parallel calculations were further developed when applied to solving linear and nonlinear problems; for the first
time, an application using parallel computing algorithms was developed as part of the "MIRELA+" application
program package for solving problems of thermal elasticity of structures. The software implementation of the
given problem-solving technique is written in the Fortran 2018 programming language based on the Intel Fortran
Compiler using the parallel programming library in OpenMP shared memory systems.
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