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1. HaniBananiTMYHUN MeTOJ, CKIHYE€HUX eJIeMEeHTIB B 3afjauax epOopMyBaHHsI, KOHTUHYaJIbHOTO PYHHYBaHHS Ta
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Pedepar:

1. Inceprariist Ha 3M06YTTSI HAYKOBOTO CTYIEHS JOKTOPa TEXHIYHMX HAyK 3a crenianbHicTio 05.23.17 - ByaienbHa
MexaHika. KuiBcbkuil HallioHaIbHUH YHiBepCcUTeT OYAiBHULITBA Ta apxiTeKTypu, M.Kuis, 2025. Po3paxyHok
KOHCTPYKIi# i3 TeNI006MiHOM, IIJIACTUYHUME AedopMalliiMU, iCTOTHUMY 3MiHaMu (POPMHU Ta B3aEMOII€IO 3
iHIIMMM 06’eKTaMU NTOTpedye pPO3B'sI3aHHS CKIAAHUX IPOCTOPOBUX 33124 TEIJIONPOBiHOCTI, TeOPii IPY>KHOCTI 1

IIJIACTUYHOCTI [4J1s TiJl HEKAHOHIYHOI popmu. Lle TakoXK BUMAarae BpaxyBaHHSI KOHTAaKTHOI B3a€MOZi, BEJIMKUX



IIaCTUYHUX Jedopmaliil. Po3pobka epeKTUBHUX METOLIB PO3PAXYHKY TAKUX KOHCTPYKLil i3 BUKOPUCTaHHSIM
METO[ly CKiHYEHHUX €JIEMEHTIB € aKTyaJIbHOIO ITPO6IeMOI0 OyZiBeIbHOI MexaHiKu, 0COBJIMBO B KOHTEKCT] Cy4YaCHUX
MOXJIMBOCTEN KOMII'IOTEPHOTO MOJIeJI0BaHHsI. JJoCiIpKeHHs BUIJIEHOTO KJIacy O00’eKTiB CJIifl IPOBOAUTHU Y
IIPOCTOPOBil IOCTAHOBL, BPAaXOBYIOUH X iCTOTHO TPUBUMIPHUI HAIPY>X€HO-1€(OPMOBAHUI CTaH.
HariyHiBepcanpHIINM 9MCEIbHUM METOJIOM, 110 3abe3euye po3paxyHOK KOHCTPYKLii i3 (isndHOI0 Ta
reOMETPUYHOIO HEJIIHIMHICTIO, a TAaKOX 3 MO3ULill KOHTUHYaJIbHOI MexaHiku pyiiHyBaHHs, € MCE. [Ipore iioro
MOXJIMBOCTI J151 PO3B’SI3aHHSI IPOCTOPOBUX 337,24 OOME’KEHi, TOMY 3a3BM4all BUKOPUCTOBYETHCS BiceCUMETpUYHA
abo mocka nocranoska. IligsumenHs edexrtuBHocTi MCE 17151 06’€KTiB 1IbOTO KJIaCy MOSKJIMBE IIJIIXOM MTOENHAHHS
3 METO,OM PO3[iJIEHHS 3MiHHUX, 1110 BilOMUI SIK HAalliBaHAJIITUYHUI METOJ, CKIHUEHHUX €JIeMeHTiB. 3HayHa 4YaCTUHA
00'eKTiB IOTPeOYIOTh pO3B'si3aHHs (i3MYHO HeJiHIMHUX 33734, [10B'sI3aHUX i3 PO3BUTKOM HE3BOPOTHUX AedopMaliiil
[IJIACTUYHOCTI Ta MOB3y4OCTi, B TOMY YMCJI B YMOBAaX T€OMETPUYHOI HEJIIHIMHOCTI, BpaXOBYIOUX BEJIMKI IIJIACTAYHI
nedopmatiii.. 3 iHmoro 60Ky po3risigyBaHi 06€KTH YaCTO SIBJISIIOTh COO0I0 000JIOHKOBI i KOMOIHOBAaHI KOHCTPYKIII.
Oco6iMBe 3HaYEHHS, 30KPEMA J1JIs €JIEMEHTIB €eHEPreTUYHOrO 06J1aIHAaHHS, Ma€ MMTaHHS IPOJOBXKEHHS PECYPCY
eKcIulyaTalii, o BUMarae po3B’si3aHHs 3a7ja4 KOHTMHYaJIbHOTO PyMHYBaHHS. B paMKkax KOHTUHYaIbHOTO
PYVHYBaHHS 3a3Ha4Y€Hi IPO6JIeMU YCKIIAQHIOIOThCSI BDAXYBaHHSIM TaKuX (PAaKTOPIB, SIK 3aJIEXKHICTb MaTepialbHUX
KOHCTaHT Marepiajy Bif TeMIlepaTypu Ta BIUIUB reOMETPUYHOI HeJIiHIHOCTI. Y po6OTi 3aIpOIIOHOBAHO
edeKTUBHUN YUCeNbHUN MiAXif 10 KOMIIJIEKCHOTO PO3B’sI3aHHSI JIiHINHUX, (Pi3MYHO Ta TEOMETPUYHO HeJTiHINHUX
3aa4 AedpOpMyBaHHS Ta HAKONIMYEHHS NTOMIKOPKEHOCTI MaTepiany KOHTMHYaJIbHOTO PYWMHYBaHHS JJIs1 TiJl CKJIQOHO]
CTPYKTYPHY Ha OCHOBI HaIliBaHAJIITUYHOIO METOY CKIHUEHHUX eJIeMeHTIiB. HaykoBa HOBM3HA PE3YJIbTATIB I10JIAra€ B
PO3B’13aHHI aKTyaIbHOI HAyKOBO-TEXHIYHOI IIPO6JIeMH 3 PO3POOKY HA OCHOBI MOMEHTHOI CXeMU CKiHYEHUX
€JIEMEHTIB i HalliBaHAITUYHOTO METOly CKiHYEHHUX €JIEMEHTIB €(DEKTHUBHOI YMCEIbHOI METOIMKY PO3B'SI3aHHS 3334
(i3sM4HO- i FEOMETPUYHO HEJIHINHOTrO Ne(OpMyBaHHS Ta KOHTUHYAJIbHOTO PyWHYBAaHHS TOHKOCTIHHMX, MACUBHUX
IIPOCTOPOBUX TiJl CKJIaIHOI CTPYKTYPH Ta BUSHAYEHHS Ha 11il1 OCHOBI peCypcCy i HeCy4oi 3IaTHOCTI BiNOBiaJbHUX
00'€KTiB Cy4acHOi TE€XHIKH, sIKi 3HAXOSAThCS Mifl, BIVINBOM JOBIJIbHO PO3IOIiJIEHUX B IIPOCTOPI Ta Yaci CUJIOBUX,
KiHEMaTUYHUX i TEMIIEPAaTypHUX HaBaHTaKeHb. HaBeeHi pe3ysibTaT Oy BUKOPUCTaHi B HayKoBO-[oCIiiHOMY
iHCTUTYTI 6yAiBesIbHOI MexaHiku KniBCbKOro HalliOHaIbHOTO YHIBEpCUTETY OyIiBHULITBA i apXiTeKTypu pu
BMKOHAaHHI Jep>K0I0/I>)KeTHUX HayKOBO-JIOCIIIIHUX pOOIT Ta Ha Kadenpi OyniBesbHOI MexaHiku KuiBcbkoro
HalliOHAJIbHOTO YHIBEPCUTETY OYAiBHUITBA i apXiTEKTYypY IIPU BUKOHAHHI KBasliiKaliiHUX po6iT 111 3000yTTs
CTYIEHIB BUIIOI OCBiTU 6aKasiaBp Ta MaricTp. Pe3dysbTaTul gucepTauiiHoi po60TH MOXKYTb 3aCTOCOBYBATUCDH Y Pi3HUX
rayy3six TeXHiKY JJ1s1 BUBHAYEHHS PeCypCy i Hecy4oi 30aTHOCTI BiANOBinaibHUX 00'€KTiB cydyacHOi TexHiku. KiouoBi
CJIOBA: METO]I CKiHYEHHUX eJIEMEHTIB, HalliBaHAJITUIHUIN MeTO[, CKiHUeHUX eJIEMEHTiB, MOMEHTHA CXeMa CKiHYeHUX
€JIEMEHTIB, (Pi3MYHO i FeOMETPUYHO HEJiHINHI 3a1a4i feopMyBaHHS, KOHTUHYaJIbHE PYHHYBaHHS,

(opMO3MiHEHHS, TOHKOCTIHHI, MACUBHI IIPOCTOPOBI Tia.

2. Dissertation for the degree of Doctor of Technical Sciences in the specialty 05.23.17 - Structural Mechanics. Kyiv
National University of Civil Engineering and Architecture, Kyiv, 2025. The calculation of structures with heat
transfer, plastic deformations, significant changes in shape and interaction with other objects requires solving
complex spatial problems of heat conduction, the theory of elasticity and plasticity for bodies of non-canonical
shape. This also requires taking into account contact interaction, large plastic deformations. The development of
effective methods for calculating such structures using the finite element method is an urgent problem of
structural mechanics, especially in the context of modern computer modeling capabilities. The study of the
selected class of objects should be carried out in a spatial statement, taking into account their essentially three-
dimensional stress-strain state. The most universal numerical method that provides the calculation of structures
with physical and geometric nonlinearity, as well as from the standpoint of continuum fracture mechanics, is the
finite element method (FEM). However, its capabilities for solving spatial problems are limited, so an axisymmetric
or flat setting is usually used. Increasing the efficiency of FEM for objects of this class is possible by combining it
with the method of separation of variables, which is known as the semi-analytical finite element method. A
significant part of the objects require solving physically nonlinear problems associated with the development of
irreversible plasticity and creep deformations, including under conditions of geometric nonlinearity, taking into



account large plastic deformations. On the other hand, the objects under consideration are often shell and
combined structures. Of particular importance, in particular for elements of power equipment, is the issue of
extending the service life, which requires solving problems of continuous fracture. Within the framework of
continuous fracture, these problems are complicated by taking into account such factors as the dependence of
material constants of the material on temperature and the influence of geometric nonlinearity. The paper
proposes an effective numerical approach to the complex solution of linear, physically and geometrically nonlinear
problems of deformation and damage accumulation of a material under continuous fracture for bodies of complex
structure based on the semi-analytical finite element method. The scientific novelty of the results lies in solving
the current scientific and technical problem of developing, based on the finite element moment scheme and the
semi-analytical finite element method, an effective numerical method for solving problems of physically and
geometrically nonlinear deformation and continuous fracture of thin-walled, massive spatial bodies of complex
structure and determining on this basis the life-time and bearing capacity of responsible objects of modern
technology that are under the influence of force, kinematic and temperature loads arbitrarily distributed in space
and time. The results presented were used at the Research Institute of Structural Mechanics of the Kyiv National
University of Civil Engineering and Architecture in performing state-budget scientific and research works and at
the Department of Structural Mechanics of the Kyiv National University of Civil Engineering and Architecture in
performing qualification works for obtaining bachelor's and master's degrees of higher education. The results of
the dissertation work can be applied in various fields of engineering to determine the resource and load-bearing
capacity of responsible objects of modern technology. Keywords: finite element method, semi-analytical finite
element method, finite element moment sheme, physically and geometrically nonlinear deformation problems,
continuum fracture, deformation, thin-walled, massive spatial bodies
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