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Pedepar:

1. Inceprarist Ha 3000YTTSI HAYKOBOTO CTYyIIE€Hs AOKTOpa ¢inocodii 3a cnenianbhicTio 131 «IIpuKkiagHa MexaHika». —
KuiBcpkuil HallioHaNIbHUH YHiBEpCUTET OyIiBHULTBA i apxiTeKkTypu, Kuis, 2024. Cepell TPOCTOPOBUX KOHCTPYKLH,
110 IIUPOKO 3aCTOCOBYIOTHCSA B Pi3HUX Trayly3gx TEXHIKM, 3HAYHE MiCLie 3aiiMalOTh TPU3MAaTHUYHi Tijla, TEOMETPUYHI Ta
(}i3sMKO-MexaHiuHi xapaKTepPUCTHKHY SKMX 3MiHHI 3a BciMa TpboMa HalpsiMKaMu. B pamkax Liei po6oTu 6ynyTh
PO3IJISIHYTI TPUBUMIPHI 06'€KTH IOBLIBHOTO, HE 0O0B'SI3KOBO OJIHO3B'I3KOBOT'0, IIOIIEPEYHOTO NIEPEPI3y 3 IeSIKUMU
0OME>KeHHSIMU Ha XapaKTep 3MiHU reoMeTpii 3 AessKuMU OOMeKeHHSIMU Ha XapaKTep 3MiHU reoMeTpii B3TOBX 3
KOOPJMHAT, a caMe, 00'€KT MOKHA IIPEJICTAaBUTH SIK PE3YJIbTaT PyXy TOYOK IIONEPEYHOrO NePepi3y B3LOBXK AESIKUX
IIPOCTOPOBUX MIMATOYKIB. -['71aIKMX KPUBUX. Y TiJIax MOXYTb OyTHU TaKOX NepenbdadeHi BUPi3u i OTBOPH, KOHTYpHU
SIKUX apajleslbHi KOOPAXHATHUM NOBepXHAM. Taki mpocTopoBi Tina 6yneMo Hajasi Ha3uBaTH KPUBOJIHINHUMNA

IIPU3MAaTUYHUMH, @ 32 HasSIBHOCTI HEOJAHOPITHOCTI (Pi3MKO-MexaHIYHUX BJIACTUBOCTEN MaTepiajy - KpUBOJIiHIHHUMU



HEOIHOPITHUMU TiZlaMU. BEJIMKY KiJIbKiCTb IPOCTOPOBUX KOHCTPYKLiM NPELCTaBIIAOTh IIPM3MATUYHI Tija,
reoMeTpuyHi Ta $Gi3MKO-MeXaHiuyHi XapaKTEPUCTHUKU IKUX 3MiHHI 32 BCiMa Tpboma Harnpssmkamu. O6’eKTu
BUJIiJIEHOTO KJIaCy BUKOPUCTOBYIOTbCS SIK IPUPOJIHI KOHCTPYKLi, By3J1 i fleTasi B OyAiBHULITBI Ta Pi3HUX ranyssx
MamuHOOyyBaHHs. Hanpukian, 1o HUX BiTHOCATbCS QyHIAaMEHTH IPOMUCJIOBUX TA LIUBIIbHUX Oy[IiBEJIb,
€JIEMEHTH NIePEKPUTTIB Ta IOKPUTTIB, apOUHi rpe6li, KPOHIITENHY, pi3lli, 3y61 KOCO3yOUX KOJIiC TOLIO.
JedopMmyBaHHS KOHCTPYKLIiii, [0 PO3IJISAAI0THCS, BilOyBa€eThCs Mif, €0 CUJIOBUX i TeMIepaTypHuX $akTopis,
IIPUYOMY, Yepe3 HasiBHICTb CYTTEBUX IE€pPENaiB TEMIIEPATYP MOXJINBA 3MiHa (i3UKO-MEXaHIYHUX XapaKTE€PUCTUK
marepiany. Ha cyyacHOMY piBHi pO3BUTKY TEXHIKU Ta TEXHOJIOTII B OKPEMUX €JIEMEHTAX KOHCTPYKLIN OIYCKAEThCS
BHMHUKHEHHS [IJIaCTUYHUX Aedopmaniil. [l psany meTanei y npoleci eKcryaTallii Ta BArOTOBJIEHHSI PO3BUTOK
NIJIaCTUYHUX fedopMalLiifl CYITPOBOIKYETHCS CYTTEBOIO 3MiHOIO NIepBicHOI popmu. lle xapakTepHoO 1151 IPOLECiB
06pOOKM MEeTaJliB TUCKOM, HAIIPUKJIA[, IPYA BUTOTOBJIEHHI IITAMIIOBUX MiI00pIB, MPOTSKLI cMyT. [Toganbine
BI,OCKOHAJIEHHS] KOHCTPYKTHUBHUX PO3B'I3KiB pO3POOKU BiJIIOBifja/IbHUAX BY3JIiB i TEXHOJIOTIYHUX IIPOLECIiB 6araTo B
YoMy 3aJI€XXUTb BiJ] [IOBHOTH Ta JJOCTOBIpHOCTI iHpopMaliii Tpo 0Co6IMBOCTI 3MiHU KaPTUHU HAIIPYXEHO~
Ie(pOpPMOBAHOrO CTaHy B IPOLIECi HABAHTAKEHHSI. Y 3B'13KY 3 LIUM, PO3P0O0OKa METOiB IOCIiI>)KEHHS BUiJIEHOTO
KJIaCy O0’eKTIB € aKTyaJIbHOIO Npo6s1eMo10. HeoO6XiiHICTh BUBYEHHS XapaKTepy HalPY>KeHO-1e(OPMOBAHOTO CTaHY
KPUBOJIiHINHMX HEOTHOPITHUX MPU3MATUYHUX TiJl IPU3BOAUTD IO PO3B'I3aHHS CKJIAIHUX IPOCTOPOBUX 33724
TEPMOIIPY>KHOCTi Ta TEPMOIJIACTUYHOCTI SIK IPU MaJIMX, TaK i BEJIMKUX [JIACTUYHUX Aedopmallisx. Y BCTymi
[IOKa3aHO aKTyaJIbHICTh HANIPSIMy HAaMid€HUX JOCJIiKEHb, BAKOHAHO aHAaJIi3 JiTepaTypHUX IKEPEJ], IOCTaBIEHO
MeTy POOOTH, PO3KPUTO ii HAYyKOBY HOBM3HA Ta NPAKTUYHY L[iHHICTb. [lepmuil po3aia NpUCBSIYEeHUI OTPUMAHHIO
PO3B’3yBaJIbHUX PiBHSHb HaliBaHAJIITUYHOIO METOAY CKIHUEHUX €JIEMEHTIB /1J1sl OCiI’KeHHSI HEOHOPiAHUX
KPUBOJIHINHUX IPU3MATUYHUX Tijl. HaBeleHO OCHOBHI CIIiBBiZHOIIEHHS [IPOCTOPOBOI 3a/1a4i TEOPii PYKHOCTI B
NIPSAMOKYTHIN [€KapTOBil CUCTEMI KOOPAMHAT, TEOPII IJIaCTUYHOTO Tedil 14 i30TPONHOTO MaTepiany, 10
3MIIJHIOETBCA 32 YMOBH IIJINHHOCTI Mi3eca i Teopii 3MillHEHHS. B yCix CHiBBiIHOIIEHHSIX BPaXOBYETHCS 3aJIEXKHICTD
BJIACTUBOCTEN MaTepiaily Bifj TeMIIEpaTypy. 3allpOIIOHOBAHO HOBUIM HEOLHOPIAHMI KPUBOJIHIMHNY IPU3MaTUYHUN
CKiHY€HUI1 €JIEeMEHT, MaTPHULS XOPCTKOCTI SIKOTO OTPUMaHa BiJJ[IOBiIHO 4O METOIUKA MOMEHTHOI CX€MU CKiHUEHUX
eJlIeMeHTiB. Po3po6ieHunit nigxif nomupeHnii po3s’si3aHHsI TeOMETPUYHO HeJiHIMHYX 3a/1a4, IPUYOMY BUPillasbHi
PIBHSIHHS IPUBEJIEHI 10 BUy, aHAJIOTIYHOMY OTPMMAHOMY PaHillle [1J1s1 TeOMETPUYHO JIiHIMHOI 3aa4i. Y pyromy
PO37iJi OTMCaHi aIrTOPUTMU PO3B'SI3aHHS CUCTEM JIiHIMHUX Ta HeJIiHIMHUX PiBHSHb HaMiBaHANITUYHUI METOZ,
CKiHYEHUX €JIEMEHTIB, KOPEKLii HaIpy>KeHb [IPY BUHUKHEHHI IedopMalill IIACTUYHOCTI Ta IOB3y4OCTi. BesnKy
yBary NIpuAijieHo NUTaHHIM e(PeKTUBHOCTI 3aCTOCYBAaHHS METOly OJIOKOBUX iTepaliil o po3B’a3aHHS 334 PO
IIPY>XHO-IIJIACTUYHOMY 1e(POPMYBaHHI NPU3MATUYHUX Tijl i3 3BMiHHMMH Y3[10BXKX KOOPAVHATH PO3KJIaaHHSs
napamerpamu. ONMCaHO CXeMy 00YMCIIOBAJIbHOTO MIPOLECY Ta CTPYKTYPY pPeasli3ylodoro ii KoMIeKkcy nporpam. Y
TPETbOMY PO3/1ijli BAKOHAHO YMCeJIbHE BUBUYEHHS 301)KHOCTI PO3B'43KiB, OJJ€P>)KyBaHUX 3 YpaXyBaHHSIM
po3pobiieHoro ninxony. Po3ryisHyTo mypoKe KOJIo TECTOBUX 33,a4 [JIs1 Tijl 3 IJIaBHO i CTPUOKOIIOiOHO MiHIUBUMU
(}i3sMYHUMU Ta FEOMETPUYHUMU XapakTePHUCTUKAMU B IIPYKHIN Ta NPYXKHO-IJIACTUYHIN NOCTaHOBL. ¥ BCix
BUIIAJIKAX HAMiBaHAJIITUYHUN METOJ, CKIHUEHUX €JIEMEHTIB 33 TOYHICTIO alIPOKCHMaLlii He IIOCTYIAEThCS, a B AESIKUX
3a/a4yax B 1,5-2 pa3u nepesepulye TpanuLiiHUI METO, CKIHIeHUX eJlIeMeHTIB. [y OOrpyHTYBaHHS JOCTOBIPHOCTI
pe3yJIbTaTiB BUPILIIEHi KOHTPOJIbHI 3a/1a4i B IPY>KHIN, [IJIACTUYHIN Ta TEOMETPUYHO HEJIiHIMHIA I0OCTaHOBKAX. Y

4YETBEPTOMY PO31isi

2. Dissertation for the Doctor of Philosophy degree in specialty 131 "Applied Mechanics". - Kyiv National University
of Construction and Architecture, Kyiv, 2024. Among spatial structures widely used in various fields of technology,
prismatic bodies occupy a significant place, the geometric and physical-mechanical characteristics of which are
variable in all three directions. Within the framework of this work, three-dimensional objects of an arbitrary, not
necessarily single-link, cross-section with some restrictions on the nature of the geometry change will be
considered with some restrictions on the nature of the geometry change along the coordinates, namely, the object
can be represented as a result movements of cross-section points along some spatial pieces. -Smooth curves. The
bodies can also have cutouts and holes, the contours of which are parallel to the coordinate surfaces. Such spatial
bodies will be called curvilinear prismatic bodies, and in the presence of inhomogeneity of physical and mechanical



properties of the material - curvilinear heterogeneous bodies. A large number of spatial structures are represented
by prismatic bodies, the geometric and physical-mechanical characteristics of which are variable in all three
directions. Objects of the selected class are used as natural structures, nodes and details in construction and
various branches of mechanical engineering. For example, they include the foundations of industrial and civil
buildings, elements of ceilings and coatings, arched dams, brackets, cutters, teeth of helical wheels, etc.
Deformation of the considered structures occurs under the influence of force and temperature factors, and, due to
the presence of significant temperature differences, a change in the physical and mechanical characteristics of the
material is possible. At the current level of technical and technological development, plastic deformations are
allowed in individual structural elements. For a number of parts in the process of operation and manufacture, the
development of plastic deformations is accompanied by a significant change in the original shape. This is typical
for the processes of processing metals by pressure, for example, in the manufacture of stamp heels, stretching of
stripes. Further improvement of constructive solutions for the development of responsible nodes and
technological processes largely depends on the completeness and reliability of information about the peculiarities
of the change in the picture of the stress-strain state during the loading process. In this regard, the development
of research methods for a selected class of objects is an urgent problem. The need to study the nature of the
stress-strain state of curvilinear heterogeneous prismatic bodies leads to the solution of complex spatial problems
of thermoelasticity and thermoplasticity both at small and large plastic deformations. The introduction shows the
relevance of the intended research direction, analyzes literary sources, sets the goal of the work, reveals its
scientific novelty and practical value. The first chapter is devoted to obtaining the solving equations of the semi-
analytical method of finite elements for the study of inhomogeneous curvilinear prismatic bodies. The main
relations of the spatial problem of the theory of elasticity in the rectangular Cartesian coordinate system, the
theory of plastic flow for an isotropic material that strengthens under the condition of Mises yield and the theory
of strengthening are given. All ratios take into account the dependence of material properties on temperature. A
new non-homogeneous curvilinear prismatic finite element is proposed, the stiffness matrix of which is obtained
according to the technique of the moment scheme of finite elements. The developed approach is a common
solution of geometrically nonlinear problems, and the decisive equations are reduced to a form similar to that
obtained earlier for a geometrically linear problem. The second chapter describes the algorithms for solving
systems of linear and nonlinear equations, the semi-analytical method of finite elements, stress corrections when
plasticity and creep deformations occur. Much attention is paid to the question of the effectiveness of the block
iteration method for solving problems of elastic-plastic deformation of prismatic bodies with variable parameters
along the decomposition coordinate. The scheme of the computational process and the structure of the complex
of programs implementing it are described. In the third section, a numerical study of the convergence of solutions
obtained taking into account the developed approach is performed. A wide range of test tasks for bodies with
smoothly and abruptly changing physical and geometric characteristics in elastic and elastic-plasti
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BaacHe IlpizBume Im's I10o-6aThKOBI:
1. Ko3ak Anppiit AHaTOIINOBIY

2. Andrii Kozak

KBasigikanis: . . u., gou,., 05.23.17
I,quTH(l)iKaTop ORCID ID: 0000-0002-3192-1430
JopaTrkoBa indpopmamnist:

IToBHE HafIMeHyBaHHH IOpH,ILI/I'-IHOi 0COOM: KuiBChKUIl HALIIOHAIBHUI yHiBepcuTeT OyiBHULITBA i

apxiTekTypu

Kopg 3a €IPIIOY: 02070909

MicquHaXO,I[)KeHHﬂ: npocrekT [lositpodaorcekuii, 6ya. 31, Kuis, 03037, YkpaiHa
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odiniiHHX ONIOHEHTIB Ta PEIeH3€HTiB

OdiuiiiHi OTIOHEHTH



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Bapabam Mapis CepriiBaa
2. Marii Barabash

KBasigikanis: 1. 1. u., npodecop, 05.23.01

ImenTudikarop ORCID ID: 0000-0003-2157-521X

JoparkoBa iHdopmamist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuii aBiauiitHuil yHiBEpCUTET
Kopg 3a €IPIIOY: 01132330

Micue3HaxoaKeHHS: npocnekt Jliobomupa I'y3apa, 6yz. 1, Kuis, 03058, Ykpaina
dopma BracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

BiacHe IIpi3Buie Im'sa ITo-6aTbKOBI:
1. Inckynos Cepriit Onerosuy

2. Serhii Pyskunov

KBasigikamnis: x. 1. 1., npodecop, 05.23.17
InenTudgikarop ORCID ID: 0000-0003-3987-0583
JopaTrkoBa inHpopmanist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuyHuil yHiBepcuTteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicekui, 6yg. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: /lepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Penensentu

Baacue IlpizBuuie Im's Ilo-6aThKOBI:
1. BabimeBuy Makcum OJsieroBud

2. Maksym Vabishchevych

KBasigikamis: x. 1. u., npodecop, 05.23.17
ImenTudikarop ORCID ID: 0000-0002-0755-5186
JoparkoBa iHdpopmamist:

IloBHe HaﬁMeHyBaHHﬂ IOpI/I,ILI/I‘-IHOi 0COOM: KuiBChKUIl HALIIOHAIBHUIA yHiBEepcUTeT OYy[iBHUIITBA i

apxiTeKTypu



Kopg 3a €IPIIOY: 02070909

Micuesnaxo,rm(eﬂna: npocrekT [lositpodaorcekuii, 6ya. 31, Kuis, 03037, YkpaiHa
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

BaacHe IlpizBume Im'st [10-6aThKOBI:
1. Kocrina OsieHa BosnoguMupiBHa

2. Olena Kostina

KBasigikanis: . . u., mou., 05.23.17
I,quTI/I(I)iKaTop ORCID ID: 0000-0002-6692-6231
JoparkoBa iHdpopmamnist:

IToBHE HaflmeHYBaHHH IOpPl,ILI/I'-IHOi 0COOM: KuiBChKUIl HALIIOHAIBHUI yHiBepcuTeT OyiBHULITBA i

apxiTekTypu

Kopg 3a €IPIIOY: 02070909

Micuesnaxo,r.pKeHHa: npocrekT [losiTpodaorcekuii, 6ya. 31, Kuis, 03037, YkpaiHa
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIr04Hi BiZoMOCTi

BaacHe IlpizBume Im'a ITo-6aTbKOBI Conopeit Ipan [BaHOBIY
TOJIOBH paju

BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBI Conopeii IBan IBaHOBIY
rOJIOBYIOYOro0 Ha 3acigaHHi

BigmoBimaJbHUI 3a IIi,ZII‘OTOBKy MakcuM'tiok Osekcangp BeceBononosry

00JIIKOBHX JOKYMEHTIB

PeecTtparop VYKpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOIi IOpyenko TeTsHa AHaToliiBHA

OisiIBHOCTI




