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1. Y Bctyni o6rpyHTOBaHO BUOIp TeMU AucCepTaLiliHOi po60TH, CHOPMYJILOBAHO METY, 3aBLAHHS, 00'€EKT, IPEIMET
IOCIIiIPKEHHSI, PO3KPUTO HAayKOBY HOBM3HY Ta IIPAKTUYHY 3HAYYIIiCTh OTPMMAHUX pe3ybTaTiB. HaBeneHo naHi
100 anpobalii pe3ysbTaTiB JOCiIKEHHS Ta iX BUCBITJIEHHS y HAYKOBUX MyOJIiKalisx. Y nepmomMy po3zimni
[IPOAHAIi30BaHO CyYaCHUM CTaH JOCIIKEHb 32 TEMAaTHUKOIO0 PO6OTU. 3p0o6JieHO Oy, mybJikalili, IpoaHati30BaHO
METOJM N1apajieJIbHOrO POrpaMyBaHHs [P MOJIEJIIOBAHHI Ta IPOTHO3YBAaHHS Y 3a/1a4aX MEXaHiKU TBEPHOro Tija.
[1pu 3acToCcyBaHHI METOMY CKIHUEHHUX €JIEMEHTIB IIPOLIEC PO3B'sI3yBaHHS 3a71a4i CKJIaJlaeThCsl 3 HACTYIIHUX €TalliB:
(dhopmMmyBaHHS BUXITHUX AaHUX; POPMYBaHHS i pO3B'SI3yBaHHS CUCTEMU PiBHSIHB; IIPOLeAypa BUBEIEHHS Pe3yJIbTaTiB.
J71s nigBUieHHS TPOAYKTUBHOCTI apanesisalii METOAYy CKiHY€eHHUX €JIEMEHTIB BUKOPUCTOBYIOTLCS Pi3Hi MiIX0nU:
BHUKOPHCTaHHS MOJIU(IKOBAaHMX aJITOPUTMIB CUCTEM PiBHSIHB, 3aCTOCYBAaHHS JE€KOMIIO3ULii po3paxyHKOBOi 06J1aCTi.
B KO>)KHOMY BUIaJIKy BUHMKA€ HEOOXiHICTb 3a0€3M1eYeHHsI I0AATKOBUX T'PAaHNYHMX YMOB 30DKHOCTI MeTogy. ¥
Oi7bIIOCT] iCHYIOUMX MAaKeTiB MPUKJIAJAHMAX IPOrPaM METOJy CKiIHU€HHHUX €JIEMEHTIB PO3PaxXyHOK IIPOBOJUTBCS 32

TPaAULiIHOIO [I0CIIIOBHOIO cxeMolo. [lapanesizalis 064ncI0BaIbHUX IPOLECIB JJ1s1 BXKE iCHYI04O0i apXiTeKTypu



IIPOrPaMHOTO 3a6e3MeyeHHs IoTpebye PO3pPOOKU aITOPUTMIB BUKOPHUCTAHHS IapajiesIbHUX 00YMCIIeHb Ha eTarli
(OpMyBaHHS CUCTEM PO3B'SI3yBAJILHUX PiBHSAHb. Y IPYrOMY PO3Zii pO3TJISIHYTO OCOGIUBOCTI OOYI0BU
PO3B’s13yBaJIbHUX PiBHSIHB, 1[0 ONUCYIOTh IIpoLecH AedOPMyBaHHS IIif [Ii€l0 CUJIOBUX Ta TEIJIOBUMX HaBaHTaXeHb. Ha
OCHOBI CIIiBBIIHOLIEHb TPMBUMIPHOI TEOPIi IPYKHOCTI Ta TEPMOIIPY>KHOCTI i30TPOIHUX Ta aHI30TPOIHUX Tijl
No6YIOBAaHO MATPUIIi >)KOPCTKOCTI Ta TEIJIONPOBIZHOCTI CKIHYEHHOTO eJlIeMeHTa. Po3po6ieHa MeTOIMKa €
VHiBEpCasbHOIO i Ma€ psifi 0COOJIMBOCTE, a CaMe: He3aJIeXXHICTb OPSIKY PO3B’s13yBaJlbHUX PiBHSHb Bill CTPYKTYpHU
IIApYBaTHUX Tijl; MOXKJIMBICTb 3aBJJaHHS 3HA4Y€Hb BiJ[IOBiIHUX TEIJIO(PI3UIHMX XapaKTEPUCTUK i30TPONHUX ab0
aHI30TPONHMX LIAPiB apyBaTUX TiJl; MOKJIUBICTb BUKOPUCTAHHS TPUBMMIDHUX CKIHUEHHUX €JIEMEHTIB IIPU
MOJeJsIoBaHHI (i3uKO-MeXaHiYHUX IIPOLIECiB, 0 Bif0yBalOThCSI B KOHCTPYKIIiSIX NOBIJIbHOI reOMETPUYHOI POopMHU 32
peaIbHMX YMOB €KCIUTyaTallii. 3aCTOCYBaHHS 3alIPOIIOHOBAHOI METOIMKU LO3BOJISIE BUPIIYBAaTH 3a1adi
T€PMOMEXaHIKM KOHCTPYKLiN Y TPUBUMIPHIi MOCTAaHOBL. Y TPETbOMY PO3LiJi pOo3p0O06JIEHO MiAXi/ 10 BUKOPUCTAHHS
napaJiesIbHuX OOYMCIIEHb B METO/Ii CKIHYEHHUX €JIEMEHTIB B paMKax MiICUCTeM MaKeTy NPUKJIAHUX IPOrpam
“MIPEJIA+". 3anipOIIOHOBaHO METOAUKY Iapajieslidaliii 0641caeHHs KOMIIOHEHTIB MaTpPHLb CUCTEM PO3B’s13yBaJIbHUX
PIiBHSIHb CKiHYEHOTO €JIeMEHTY. Po3po6iieHo i peasnizoBaHo ajJrOPUTM IIapajieIbHOro0 00YMCIIEHHS] MaTPULIi
SKOPCTKOCTi CKiHY€HHOTO €JIEMEHTA 17151 331124 [IPYKHOTO Ie(dOPMYBaHHS KOHCTPYKIiH, a TAKOX NPOLenypy
00YNCIIEHHS TapAMETPIB HANIPY)KEHOTO CTaHy 3a Pe3yJIbTaTaMU CKiH4€HHO-€JIEMEHTHOTO PO3B's13Ky. PO3po6yeHO
aJITOPUTMU PO3B'SI3KY HEJIHIMHMX 33724 MEeXaHiKy Ta 33/1a4i TEPMOIIPY>KHOCTI 3 BUKOPUCTaHHSIM NapajesIbHUX
004MCIIEHD. Y 4eTBEPTOMY PO3[ijli HABE€JIEHO PO3B’S13KM NIPAKTUYHUX 33a4 IPY>KHOCTI Ta TEPMOIPYKXHOCTI.
PosrisHyTO pilleHHs 17151 apyBaTUX KOHCTPYKIiH 3 aHI30TPONHMMU apaMu. JI71s1 po3B’si3Ky 3B's13aHOi 3a7adi
TEPMOIIPYKHOCTI IIapyBaTOi aHi30TPONHOI KOHCTPYKLii OTPUMMaHi CIiBBiIHOLIEHHS [1J151 BU3HAYEHHS
Ter10(i3sNYHUX NapaMmeTpiB mapis. O6YUCIEHO HAPY>KEHO-1e(POPMOBaHUI CTaH KOHCTPYKIil 32 TpafULIiiHOIO
CXEMOIO Ta 3 BUKOPUCTAHHSM NapayleJIbHUX O0YMCIIeHb. JOCIiIPKEHO BIIJIMB BUKOPUCTAaHHS NapajleIbHAX
TEXHOJIOTi Ha MPOJYKTUBHICTb CKIHYEHHO-€JIEMEHTHOTO PO3B'SI3yBaHHS 33]]a4 MEXaHiKu. Y BUCHOBKax HaBeL,EHO
HayKOBY HOBU3HY PO0OOTH, ii NpaKTUYHY 3HAUYIIiCTh i IepCIEKTHBY MOAANbIIOr0 PO3BUTKY. Y JucepTaliiiHiil po6oTi
OTPUMAaHO TaKi HAyKOBi pe3yJIbTaTH: BIleplIe pO3POOJIEHO aITOPUTMU NTapajleIbHUX O0UMCIEHb MAaTPHULIb
SKOPCTKOCTI CKIHUEHHUX €JIEMEHTIB HA OCHOBI MOMEHTHOI CX€MU CKIHYEHHUX €JIEMEHTIB [JIS 33124 [PY>KHOCTI;
BIIEPILIE PO3PO6JIEHO NapasleibHi aITOPUTMU OOUMCIIEHHS] MAaTPHULb TEIJIONPOBIAHOCTI 17151 PO3BSI3aHHS 331134
TEIJIONPOBIIHOCTI; OTPUMAaM NOJAJIbIINK PO3BUTOK aJITOPUTMHU N1apasiesIbHUX O0YMCIIEHDb Y 3aCTOCYBaHHi [0
PO3B’s13yBaHHS JIiHIMHUX Ta HEJIHIMHUX 3a]a4; BIieplle PO3pO06JIE€HO 3aCTOCYHOK 3 BUKOPUCTAHHSIM aJITOPUTMIB
napa’sesyibHUX 0049KCiIeHb B paMKax MaKkeTy NpuKjagHux nporpam “MIPEJIA+” nist po3B’a3aHHS 33524
TEPMOIIPYKHOCTI KOHCTPYKLiil. [IporpamHy peasisaliilo HaBeJeHOi METOIMKM PO3B'SI3yBaHHS 337124 HallKCaHO
MOBOI0 NporpamyBaHH4 Fortran 2018 Ha ocHoBi Intel Fortran Compiler 3 BukopuctanHsaMm 6i6/1i0TE€KM NapajieIbHOTO

[IpOrpamMyBaHHA B CUCTEMAX 3i CITiZIbHOIO NaM'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.

Jep>kaBHHH peecTpaniliHuil Homep JiP:

IIpiopuTeTHHI HanpsIM PO3BUTKY HayKH i TEXHIKHU: OyHnamMeHTasbHi HAYKOBI TOCIIIPKEHHS 3 HANGIbII
Ba)KJIMBUX MPOGJIEM PO3BUTKY HaYKOBO-TEXHIYHOT0, COLiaIbHO-€KOHOMIYHOT0, CyCIiJIbHO-TIOJIITUYHOTO,
JIIOJICbKOTO NIOTEHLjany 1715 3a6e3le4eHHs] KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHU y CBiTi Ta CTaJIOr0 PO3BUTKY

CYCIIiJIbCTBA i Iep>kaBy
CrpareriyHuii npiopUTETHHHA HaNIPSIM iIHHOBALiHHOI AisAJIBHOCTI: He 3acToCOByeThCS
I'li,ILcyMKI/I IOCJIiA>KEHHSI: TeopeTuyHe y3arajabHEHHs i BUPilleHHs BOXJIMBOI HayKOBOI TpoGieMu

Iyo6sikaii:

e 'omenok C. 1., Ko3y6 B. 0. Anroputm napasneybHUX 00YMCIIEHb Y METOM1 CKiHYE€HHHUX esleMeHTiB. Computer
Science and Applied Mathematics. 2022. N2 2. C. 66 - 71. DOI: 10.26661/2786-6254-2022-2-08.

¢ I'omenok C. 1., Kozy6 B. 0. Oco61MBOCTi BUKOpUCTaHHS I1apajleIbHUX O04YMCIIeHb B IIaKeTi IPUKIaLHUX
nporpam “MIPEJIA+”. BicHUK XMeJIbHALIBKOTO HallioHabHOTO YHiBepcurety. Cepist: TexHiuHi Hayku. 2022, N2
6.T. 2. C. 60 - 64. DOI: 10.31891/2307-5732-2022-315-6(2)-60-64.

¢ I'omeniok C. 1., Kosy6 B. O. ITapasnienpHa peanisalis MeToay CKiHU€HHUX eJIEMEHTIB IJ1s1 3a7a4i
TEPMOIIPYKHOCTI. BicHMK CXiZJHOYKPaiHCBHKOr'o HalliOHAJIbHOTO YHIBEPCUTETY iMeHi Bosogumupa Jang. 2022.
Ne5 (275). C. 5 - 9. DOI: 10.33216 /1998-7927-2019-256-8-5-9.



HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILis:
ConiasIbHO-€KOHOMIYHA CIPSIMOBAaHIiCTh:

OxopoHHi gJokymeHTH Ha OIIIB:

BrnpoBazKeHHS pe3yJIbTaTiB AHCEPTalii: BuposamkeHo

3B's130K 3 HAYKOBUMH T€MaMH:

VI. BizomocCTi Npo HayKOBOr0 KepiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Tomentok Ceprint IBanoBUY

2. Serhiy I. Homenyuk

KBasigikamis: 1. 1. 1., npodecop, 05.13.12

ImenTudikarop ORCID ID: 0000-0001-7340-5947

JoparkoBa iHdopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0COOH: 3anopisbKuii Hal[iOHAJILHUI YHIBEPCUTET

Kopg, 3a €APIIOY: 02125243

Micue3HaxoaKeHHS: ByJ1. JKyKOBCBKOTO, 6y1. 66, 3anopixoks, 3anopispkuil p-H., 69600, Ykpaina
dopma BiracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odiliiHuX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OTIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Cy660rtiH Cepriit OnexkcanapoBuy

2. Sergiy O. Subbotin

KBasigikamnis: 1.1, npodecop, 05.13.23

InenTudikarop ORCID ID: 0000-0001-5814-8268

JoparkoBa iHdpopmamuist:

IloBHe HaliMeHYBaHHSI OPUAHUYHOI 0COOHM: HaujoHnanbHuil yHiBepcUTeT "3anopizbka nosirexHika"
Kog, 3a €IPIIOY: 02070849

MicneSHaxo,IpKeHHﬂ: ByJ1. JKyKOBCBKOrO, 6y1. 64, 3anopixoks, 3anopisbkuil p-H., 69063, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu



InenTudikarop ROR:

BiacHe IIpi3Bue Im'sa I1o-6aTbKOBI:
1. ActrioHeHko Irop OnekcaHgpoBuy

2. Igor O. Astionenko

KBasigikanis: k. ¢.-m. 1., gor., 01.05.02

InenTudikarop ORCID ID: 0000-0002-5831-6353

JopaTrkoBa inpopmanis:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: XepCOHCHKUII HaliOHA/IbHUIA TEXHIYHUI YHiBEpCUTET
Koz, 3a €IPIIOY: 05480298

Micuesnaxo,r.pKeHHa: Bepucnasceke moce, 6yz. 24, XepcoH, 73008, Ykpaina

dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InenTudikarop ROR:

PeuenseHTu

BaacHe IlpizBume Im's I10-6aTbKOBI:
1. Kyzin Onekciit Bosogumuposuy

2. Oleksii V. Kudin

KBasigikanis: k. ¢.-m. u., gor., 01.05.02

InenTudikarop ORCID ID: 0000-0002-5917-9127

JoparkoBa indpopmamnist:

IToBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: 3anopisbKuii HAL[iOHAIbHUI YHIBEPCUTET

Kopg 3a €IPIIOY: 02125243

Micue3HaxoaKeHHS: By KyKoBcbkoro, 6y, 66, 3anopixoks, 3anopisbkuii p-H., 69600, Vkpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. JIumapenko Onis OnekciiBHa

2. Yuliya O. Lymarenko

KBasigikamnis: . . u., gor,., 01.02.04
Inentudikarop ORCID ID: 0000-0002-1643-6939
JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHS IOPHUAHUYHOI 0COOM: 3anopisbKuil HAL[OHAJIBHUI YHIBEPCUTET



Kopg 3a €PIIOY: 02125243

Micue3Haxoa KeHHS: By )KykoBcbKoro, 6y11. 66, 3anopixoks, 3anopisbkuii p-H., 69600, Vkpaina

dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIl04Hi BiZOMOCTi
ByiacHe Ilpi3Bumie Im's ITo-6aThKOBI
TOJIOBH paju

BiiacHe IIpizBuine Im'sa I1o-6aTbKOBI
rOJIOBYIOYOTO Ha 3aciJaHHi
BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectparop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOIi

OisIIBHOCTI

I'pebentok Cepriit MukosyaiioBu4

I'pebeniok Cepriii MukoiaanioBuy

Jpe6esos JleHuc OneroBuy

VKpIHTEI

[Opuenko TersHa AHaTosiiBHA



