O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0421U101902
Oco006J1uBi TO3HAYKH: BinKpura

HJaTa peecrtpamnii: 21-05-2021

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Kos6yp I'anuHa BosogumupiHa

2. Kozbur Halyna

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bup, pucepranii: kanguzaar Hayk
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi creniaIbHOCTI: 01.02.04

Ha3zBa HayKoBOIi cIeniaJIbHOCTI: MexaHika fe)OpMiBHOrO TBEPHOTO Tiza

T'anyss / ramysi 3HaHB. He 3aCTOCOBYETHCS

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

Jara 3axucTy: 07-05-2021

CreniaJIbHICTh 32 OCBITOIO: MexaHika

Micue po60oTH 34,00yBava: TepHONiILChKMII HALIOHATBHUIA TEXHIYHMIA YHiBEpCUTeT imMeHi [BaHa [Tyoos

Kopg 3a €IPIIOY: 05408102

Micue3HaxoO KeHHS: By Pychka, 6y1. 56, M. TepHOTIi/b, TepHOMiNbChKUiA p-H., TepHominbebka 0671., 46001,

Ykpaina

dopma ByracHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHoi BYEHOI pagH (Pa30Boi CleliaJai30BaHOi BYEHOI pazu): [l 58.052.01

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: TepHOMiNbCHLKUT Hal[iOHATLHUI TeXHIYHMIT yHIBEPCUTET iMeHi
IBana Ilymos

Kopg 3a €IPIIOY: 05408102

Micue3Haxoa>KeHHSI: By Pycebka, 6y1. 56, M. TepHorisb, TepHOMiNbChKMI p-H., TepHominbebka 0671, 46001,
Ykpaina

dopma ByracHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

IV. BizomocTi nIpo niznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: TepHOMiNbCHKMI Hal[iOHAILHUI TeXHIYHMI1 yHIBEPCUTET iMeHi
IBana Ilymos

Kopg 3a €IPIIOY: 05408102

Micue3Haxoa>KeHHS: By Pycebka, 6y1. 56, M. TepHorisb, TepHOMiNbChKMI p-H., TepHOMinbCbKa 0671., 46001,
Ykpaina

dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0COOH: TepHOMiNbCHKMI Hal[iOHAILHUI TeXHIYHMI1 yHIBEPCUTET iMeHi

IBaHa [lymos
Kopg 3a €IPIIOY: 05408102

Micue3HaxoaKeHHS: ByJI. Pychbka, 6yz. 56, M. TepHomine, TepHomninbCchbKuil p-H., TepHominbcbka 0671., 46001,
YKpaina

dopma ByracHoCTI:

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayK1 YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

V. BizomocTi npo gucepraniio
Mosga aguceprarii:
Koau TemaTHYHHUX PYOPHK: 53.49.09, 30.19

Tema guceprarii:



1. TIporHO3yBaHHsI TPAHUYHOT'O CTAHY €JIEMEHTIB KOHCTPYKILiH 3a IJIACTUYHOrO Ae()OPMYyBaHHS BOBiICHUM

pO3TSIroM

2. Predicting of limiting state of structural elements during plastic deformation by biaxial tension

Pedepar:

1. Inceprauifina po60Ta IPUCBAYEHA YIOCKOHAJIEHHIO aHAJIITUKO-PO3PaxyHKOBOTO iXOAY 10 IPOrHO3YBaHHS
IiICHUX HaIlpy>KeHb Ta HABAHTAXXEHb B MOMEHT BTPATH CTIMKOCTi TPoLieCy MIaCTUYHOTO Ae(OPMYBaHHS €JIEMEHTIB
KOHCTPYKLiil. PO3po6sieHOo cucTeMy eKBiBaJIEHTHUX KOOPIVHAT /1J1s1 aHAJIITUYHOTO OIMCY y3arajabHeHOoi Jiarpamu
Ie(pOopMyBaHH4, SIKa Y3TOJKY€EThCS 3 KJIACUYHUMU TiIXOJaMH, a TAKOX 3 pe3yJIbTaTaMU €KCIIEPUMEHTIB. Ha 0CcHOBI
IIPUHLMITY MAaKCUMYMYy HaBaHTKEHHS C(POPMYJILOBAHO aHAJITUYHI YMOBU JOCSTHEHHS IiMICHOI FPaHULIl MilJHOCTI
17151 KOHCTPYKLiHUX €JIEMEHTIB TUIIOBUX F€OMETPUYHUX (POPM 32 HAUNPOCTILINX TUIIB HABaHTaXXeHb. PO3p06I€HO
METOAMKY IIPOrHO3YBAHHS iMCHOI IPaHuIIi MIlTHOCTI 3pa3KiB IVIACTUYHUX i30TPONHUX KOHCTPYKLIMHUX MaTepiasliB

3a CKJIAIIHOTO HAIPY>KEHOIO CTAaHy i3 BpaxyBaHHIM iX reOMETPil.

2. Thesis is devoted to the improvement of the analytical-computational approach to the predicting of real stresses
and loads at the moment of the uniform plastic stability loss. Accurate prediction of ultimate strength requires
taking into account the actual dimensions of the loaded element and constructing a true deformation curve.
Calculation of ultimate true stresses at the moment of the uniform plastic stability loss under uniaxial tension,
based on Swift-Marchiniak criterion and the analytical relationship o’=do’ /do between true stresses and tangent
modulus in true stresses, known as a Considere scheme. There are also known attempts to use the Consider
scheme for predicting the ultimate pressure in thin-walled pipes using the ratio 0'=o(1/2) dd'/do that contains a
correction factor %2 of the tangent modulus. The task that was posed in this work was to develop a methodology
for determining the limiting values of true stresses and loads in metal structural elements under complex stress
state, which would take into account both the physical properties of the material and changes in the actual
dimensions during uniform plastic deformation. A system of equivalent coordinates is developed for the analytical
description of the generalized stress-strain curve, which is consistent with classical approaches, as well as with
the results of experiments. The proposed phenomenological model of the generalized stress-strain curve
integrates the physical and mechanical properties of the material by introducing the parameter p. In particular
cases, equivalent stresses and strains are reduced to classical ones: the greatest shear stresses and angular
deformations o_max,n_max (p=1), and the intensities of stresses and strains o_i,0_i (p=2). Based on experimental data
for a series of alloys, it has been established that there is such a calculated value of the parameter p, for which it is
possible to construct a deformation curve with the smallest scattering of points. On the basis of the maximum load
principle, analytical conditions are formulated for achieving the true ultimate strength for structural elements of
typical geometric shapes (strip, plate, thin-walled cylinder and thin-walled axisymmetric shell) for the simplest
types of loads. The principle of maximum load is used to obtain two types of dependencies: boundary conditions,
the graphs of which are secants of true deformation diagrams, and tangent moduli. Boundary conditions obtained
for thin-walled axisymmetric shells, are applicable to stress states close to internal pressure or axial tension. The
tangent modules are used to construct a generalized condition for the loss of stability of the plastic deformation
process of a thin-walled pipe with a combined load of internal pressure and tension. It has been analytically
confirmed that the strength life of a thin-walled cylinder is the smallest for loading only by internal pressure. A
slight additional load of the cylinder by axial tension increases the limit values of the actual design circular stresses
for the pipe, but decreases them for an axisymmetric shell of positive Gaussian curvature. Method for predicting
the true ultimate strength of plastic isotropic structural materials under complex stress state, taking into account
their geometry, is developed. A detailed description of the technique is made for a thin-walled pipe loaded with
internal pressure and axial tension. The basic formula of the algorithm contains a correcting factor for the tangent
module, which takes into account the physical and mechanical properties of the material, the type of stress state
and the geometry of the element. To implement the technique, a generalized true stress-strain curve was
constructed. The developed technique is tested for thin-walled cylindrical pipes made of various types of plastic
structural materials. For two grades of steels (carbon steel 45 and alloy steel I0MnH2MoV), an increase in the



calculated strength threshold is shown with an insignificant additional tension of a pipe under pressure (0_z/o_n
=0,6..0,8). With increasing the ratio of wall thickness to diameter twice (from 0,08 to 0,16), the maximum

calculated limit hoop stresses (at 0_z/o_o =0,6) decrease by 2-5%, which confirms the inexpediency of improving the
strength of structural elements only by increasing their massiveness. Analysis of the results showed that it is

possible to establish a balance between the actual geometry of the element and the load, which will solve the

problem of finding the optimal ratio of "weight-strength", important for practical applications in aircraft, rocket

and mechanical engineering. The proposed method makes it possible to predict the strength of thin-walled

pressure vessels; choose a realistic safety factor and make optimal engineering solutions at the design and

operation stages of structural elements; to increase the efficiency and safety of using pipeline and shell-type

saving systems.
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