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1. Y po60Ti BUKOHAHO aHAJIITUYHUN OIJISA], CY4aCHUX TEOPETUYHUX Ta €KCIIePUMEHTAIbHUX MiX0iB MeXaHiKu
Ie(popMiBHOTO TBEPJOTO Tifa, SIKi BAKOPUCTOBYIOThCS 1J1s1 BCTAHOBJIEHHS 3aKOHOMipHOCTE! JepOopMyBaHHS i
PYMHYBaHHS KOHCTPYKLIMHMX MaTepiajiB 3a CKIaZHOTO HaBaHTa)KEHH. HaBelleHo OCHOBHI KpuTepii MIlJHOCTI i
3pO06JIEHO aHajli3 XapaKTePUCTHK OIIiPHOCTI MaTepiany pyHHYBaHHIO. 3 ypaxyBaHHSM IIPOBELIEHOIO aHaJIi3y B pOOOTi
ITIOCTABJIEHO Ta BUPIIIEHO BAKJIMBE J1JIS1 EHEPreTUKY YKPaiHU HAaYKOBO-TEXHIYHE 3aBJAHHS 3 OLIiHIOBAHHS MIlJHOCTI
Ta OMiPHOCTi PyMHYBaHHIO MAJIOBYIJIELIEBUX CTaJIE€H, 5IKi BUKOPHUCTOBYIOTHCS [IJ1s1 BATOTOBJIEHHSI KOHCTPYKLIMHUAX
€JIEMEHTIB TEIJIOEHEPTeTUYHOTO 06J1aIHAHHS Ta TPYOOIIPOBO/IB, 3 ypaXyBaHHSIM MOKJIMBOTO iX HAaBOJHIOBAHHS. Y

POOOTi 3aPOIIOHOBAHO TEOPETUKO-EKCIIEpUMEHTAIbHUI TiIXil IPOrHO3YBaHHSI OMiPHOCTI PYHHYBAHHIO €JIEMEHTIB



KOHCTPYKLi# Ha OCHOBI MOJI€JIi HAKOIIMYEHHS TOIIKOIKEHHS 3 BUKOPUCTAaHHAM €HEPreTUYHOro mnigxony. OnHieo 3
VHIKaJIbHUX XapaKTEPUCTUK 3alIPOIIOHOBAHOTO MiAXOAY € T€, 0 BiH BUKOPUCTOBYE JIOKabHi mapamerpu HIC, gxi
BM3HAYalOThCSl BUCOKOTOYHMM i IPOCTUM Y 3aCTOCYBaHHi 6€3KOHTAaKTHUM MeTonoM OIIK3, siknit MoxHa
BUKOPUCTOBYBATH SIK y JJa60PATOPHUX YMOBAX, TaK i [7Is1 €JIeMEeHTiB KOHCTPYKLIil 32 peaJlbHUX YMOB eKCILTyaTallii.
3anponoHOBaHa METOMKA NTOOYI0BY iCTUHHUX Jiarpam Ae(OopMyBaHHS Ja€ MOXJIMUBICTb BU3HAYATH iCTUHHI
HaIpyKeHHs 611 KOHLEHTPATOPiB B €JleMeHTaX KOHCTPYKLiH 3a CKJIaJHOTO HaBaHTa>KEeHHS1. BUKOpUCTaHHS LIUX
IiarpaM B iHKEHEPHMX PO3PaxyHKax Ta KOMII'IOTEPHOMY MOJIeJII0BaHHi i3 3acrocyBaHHsIM MCE 3HayHO nigsuiye ix
TOYHICTb. MO/I€/1I0BaHHSI HAKONIMYEHHSI IIOMKOPKEHHS 3[IiiCHEHO Ha OCHOBI €eHEepPreTUYHOro KpuTepito. BeeneHo
rapaMeTp IOUIKO/KEHHS SIK BiIHOIIEHHS eHeprii IPYy>KHO-TIJIACTUYHOTO JedOopMyBaHHS JIOKAJIbHOTO 06'eMy JO il
KPUTUYHOTO 3HaYeHHs. EHeprilo pyKHO-IIJIACTUYHOrO Ae(OpPMYyBaHHS JIOKJIBHOTO 06’'eMy KOHCTPYKLITHOTO
€JIEMEHTA PO3paxoByeThe 3a gonomorow MCE. KputuyHe 3Ha4Y€HHS eHeprii IPY>KHO-TIJIACTUYHOTO
nedOopMyBaHHS (EHEPTiI0 PyIHYBaHHS) IPUMMAETHCS SIK XapaKTEPUCTHUKA OMPHOCTI PyIIHyBaHHIO MaTepiany 3a
33/IaHMX YMOB HaBaHTa)XEHHS, TEMIIEPATYpPH Ta poO0YOro cepefioBuila. BoHa BU3HAYA€EThCS! €KCIIEPUMEHTAJIBHO SIK
I7I011a MiJ, KPUBOIO «iCTUHHE HAIPY>KEeHHS - iCTUHHA AedopMallisg», Ae icTUHHI gedopmallii B 10KaJbHOMY 06'eMi
PO3paxoBYyIOTbCS HA OCHOBI IJaHUX IlepeMillleHb Y ABOX HampsMKax Ha 6a3i 0,5 MM 3 BukopuctaHHsam OLIK3.
BennuymHy icTUHHUX HaNpyXeHb B 30HI MakKCUMaJIbHUX Jedopmaliill BU3HAYeHO 3 BpaxyBaHHSM 3MiHU IO
[IOTIEPEYHOrO [epepisy BHACINOK 3MiHM JiiaMeTpa 3pasKa IiJ; yac 1oro nedopMyBaHHS OJHOBICHUM PO3TSATOM.
TeopeTnyHO Ta eKCIepUMEeHTAIbHO BCTAHOBJIEHO €HEPrilo pyiHYyBaHHS Ta apaMeTp MOIMKOAKEHHS s
moaudikoBaHoro 3paska bpimkmana 3i crani 22K 3a pisHUX pexXrMiB HaBaHTaKeHHS. OOIPYHTOBAHO METOJUKY
IIPOBEJEHHS NOCiIKeHb i MaTeMaTUYHU anapar, 1o BUKOPUCTOBYETHCS B JOCIiIKeHHI. [I7151 po3B'si3aHHS
c(OpMyIbOBAaHMX HAYKOBUX 3a/1a4 BUKOPHCTOBYBAJIMCS METOIU MeXaHiKy 1e(OpMiBHOTO TBEPAOTrO Tifa,
HacaMmIepe] Teopii Npy>KHO-IIJIACTUYHOCTI Ta KOHTUHYAJIbHOI MEXaHIKY ITOIKOIKEHHS. UNCIIOBI TOCIiI>KEHHS
3iMICHIOBAIMCS METOIOM CKiHUEHHUX €JIEMEHTIB y C€peNOBUIL TPOrpaMHOro kommiekcy ANSYS 2022R1, y skomy
CTBOPIOBAJIMCS TPUBUMIPHI KOMITIOTEPHi Mofesi. Yci TeopeTuyHi po3po6Ku AucepTaliii 1oBeneHo 10 KOHKPEeTHOI
iHKeHepHOI METOIMKY [171s1 IPOTHO3YBAaHHSI O€3I1€4HOI €eKCILTyaTallii €JIEMEHTIB TENJIOEHEPreTUYHOI0 O0JIaIHAHHS 3
ypaxyBaHHSIM [l €KCILIyaTaliTHOrO CEPENOBUILA.

2. The work includes an analytical review of modern theoretical and experimental approaches to the mechanics of
deformable solids, which are used to establish the strain and fracture patterns of structural materials under
complex loading. The main strength criteria are given and an analysis of the characteristics of the material's
resistance to fracture is made. Taking into account the analysis carried out, the scientific and technical task of
assessing the strength and resistance to fracture of low-carbon steels, which are used for the manufacture of
structural elements of thermal power equipment and pipelines, taking into account their possibility to be
hydrogen-charged, is set and solved in the work. The paper proposes a theoretical-experimental approach to
predict the resistance to fracture of structural elements based on the damage accumulation model using the
energy approach. One of the unique characteristics of the proposed approach is that it uses local parameters of
the STS, which are determined by a highly accurate and easy-to-use non-contact method of ODIC, which can be
used both in laboratory conditions and for structural elements under real operating conditions. The proposed
method of plotting true stress-strain diagrams makes it possible to determine true stresses near concentrators in
structural elements under complex loading. The use of these diagrams in engineering calculations and computer
modelling using the FEM significantly increases their accuracy. Modelling of the damage accumulation was carried
out using the energy criterion. The damage parameter is introduced as the ratio of the elastoplastic strain energy
of the local volume to its critical value. The elastoplastic strain energy of the local volume of the structural element
is calculated using FEM. The critical value of the elastoplastic strain (fracture) energy is taken as a characteristic of
the resistance to fracture of the material under the given conditions of load, temperature, and working
environment. It is determined experimentally as the area under the "true stress - true strain" curve, where the true
strains in the local volume are calculated on the basis of displacement data in two directions on the basis of 0.5
mm using the ODIC methid. The value of the true stresses in the area of maximum strain is determined by taking
into account the change in the cross-sectional area due to the change in the diameter of the sample during its



deformation by uniaxial tension. The fracture energy and damage parameter for the modified Bridgman sample
made of steel 22K under different load regimes were determined theoretically and experimentally. The research
methodology and the mathematical apparatus used in the study are substantiated. To solve the formulated
scientific problems, the methods of the mechanics of a deformable solid were used, primarily the theory of
elastoplasticity and continuum damage mechanics. Numerical studies were carried out using the finite element
method in the environment of the ANSYS 2022R1 software complex, in which three-dimensional computer models
were created. All the theoretical developments of the thesis are brought to a specific engineering methodology for
predicting the safe operation of elements of thermal power equipment, taking into account the action of the
operating environment.
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