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Canyocax A.1. Moaei Ta po3paxyHKOBI MeTOAH OLIHIOBAHHS BILJIMBY
HABOJAHIOBAHHSI MeETAJIy HAa [IOBIOBiYHICTH eJIEMEHTIB €eHEepPreTU4YHOro
odsnanHanHs. — KBamidikariiiina HaykoBa mpaiis Ha rpaBax pyKOITHCY.

Juceprariis Ha 3100y TTSI HAYKOBOTO CTyMeHs TOKTopa (imocodii 3 ramysi
3HaHb |1-MaremaTuka Ta cratucTuka 3a chnemianbHicTio 113-IIpuxknagna

MaremaTuka. — di3uko-mexaniunuii iHcTuTyT iM. I'.B. Kapnienka HAH VYkpainu,

JIeBiB, 2021.

Hucepraiiiiina poboTa npucBsiYeHa MOJEIIOBAHHIO BIUIMBY HAaBOJIHIOBAHHS
MeTalay Ha HampykeHo-nepopmoBanuii cran (HJIC) Ta po3poOii meTomiB
IPOTHO3YBaHHS JOBTOBIYHOCTI €JIEMEHTIB KOHCTPYKLIN 32 TPUBAJIOl eKCIUTyaTallii
3 ypaxyBaHHSM BIUIMBY BOJHIO Ta KOPO3WMBHOrO cepenoBuia. 06 'ekmom
00cni0JceHHs € TIOIIKOIKEHHSI MaTepially B OKOJIi KOHIIEHTpaTopa HamlpyXeHb 3a
J1i TOBrOTPpUBAIUX HABAHTAKCHb 1 HABOAHIOBaHHSA. [Ipedmemom 00CniOdiCeHHs €
MOJIEJII Ta METOAM JUIA OILIHIOBAHHSA MIIHOCTI Ta JOBIOBIYHOCTI €JIEMEHTIB
KOHCTPYKIIIA 3a Jii BOJHEBOBMICHOTO CEpPEOBUINA Ta JOBIOTPUBAJIOTO
BHCOKOTEMITEPaTYpPHOTO HAaBaHTAKCHHSI.

OuiHIOIOUM MIIHICTh €JEMEHTIB KOHCTPYKIIM, IO eKCIUIyaTyloTbCS 3a
BUCOKHMX TEeMIEparyp 1 CKIAQJHUX HaBaHTAKEHb, HEOOXIJTHO BpPaxOBYBATH
MOB3Yy4YICTh MaTepialy 3 HarpoMa/pKeHHSM HE3BOPOTHOI jaedopmarii i
MOTIIKOJPKEHHS, 110 MTPU3BOUTH 3TOJ0M JI0 MOsBY Tpimuuu. [1ix gac excrimyaraiii
Takl €JEeMEHTH 3a3Hal0Th BIUIMBY pPI3HUX YWHHHUKIB: TEMIIEPATypHOIrO MOJS,
(b13MKO-XIMIYHOI 1T BHYTPIIITHROTO arpeCUBHOTO CEPEIOBUIIA Ta 1HIIE. 30KpeMa, B
SKOCT1 (PI3UKO-XIMIYHOTO peareHTa MOXKE BHCTYIATH BOJHEBMICHE CEPEIOBHUIIE
a00 caM BOJICHE.

['070BHOIO METOI0 Takoi  OI[IHKM € KOPEKTHE BH3HAYEHHS 4Yacy [0
pyiiHyBaHHS KOHCTpPYKIi. JJi1 BUpIMIEHHS UbOro 3aBAaHHS B paMKax

KOHTHUHYaJIbHOI Teopii HOIIKOKCHHSA 3alpONIOHOBAHO KOHIIENI IO



HarpoMaJpKeHHs] TOILIKO/KEHb MarepiaioM 00’ekTa. BBaxaeTbcs, 10 BOHO
B1IOyBa€ThCsl OE3MEPEPBHO 1 € PEe3yJbTaTOM CYKYIIHOTO BIUIMBY JEKIJIbKOX
eKCIUTyaTaiiHuX YMHHUKIB. OTXKe, TEXHIYHUA CTaH MaTepially TaKoro 00’€KTa y
OyIb-SIKMi MOMEHT 4Yacy MOKHAa BHUPA3UTU Yepe3 KPUTEpid MOLIKOKEHHS 1
OI[IHUTHU 3aJUIIKOBUN pecypc OOJIaHAaHHS Ha OCHOBI PE3yJIbTATIB JOCIIIKECHb
KIHETHKY HArpOMaJ[HKCHHS TOIIKO[KEHb.

VY po60Ti BUKOHAHO aHATITUYHUHN OTJIS]T CY4YaCHUX MOJIeel HarpoMapKeHHs
MOIIKO)KEHHSI ISl CKJIQJHOTO HampykeHoro craHy. OCHOBHHUM HaIpsIMKOM
PO3BUTKY KOHTHUHYaJIbHOI TEOpii MOIIKO/HKEHHS € YTOYHEHHS BHU3HAYAJIbHUX
CIIIBBIJIHOIIIEHb 13 HAKONMWYEHHSIM EKCIEPUMEHTAIbHUX JaHuX. Yacto 11
OPU3BOJUTH 1O 30UTBLIEHHS KUIBKOCTI CTPYKTYPHHMX MapameTpiB 1 CKJIaIHOCTI
0JIepKyBaHUX PIBHSIHB MOIIKOKeHHA. Ha kasnb, mepeBipyuTH NpaBUIbHICTD TIET YK
IHIIIOT MOJEJIl IOIIKO/DKEHHS HEMOJMKJIMBO. MOJKHA TIJIBKM CKa3aTH, HACKIJIBKHU
no0pe Mojienh HaOMMKy€e AesiKuil HaOlp eKCTIepUMEHTAIbHUX JTaHuX. KoHkpeTHui
BUJl (PYHKIIIi MOIIKOJKEHHS BUOUPAETHCS BUKIIOYHO 3 MIpKyBaHb HaWKpalioro
ONMHUCY KOHKPETHHUX EKCHEPUMEHTAJIbHUX JaHUX 3a JOMOMOIrol Habopy
BU3HAUAIBHUX  TapaMeTpiB:  HABaHTAXKEHHS,  TEMIIepaTypH,  MapaMmerpa
MOTIKOKEHHS, AedhopMalrii MOB3y4OCTi 1 T. .

3 ormAay Ha Il € aKTyaldbHOI TpoOsieMa aaeKBaTHOTO BHU3HAYEHHS
HANpyXKEHOTO CTaHy KOHCTPYKTHBHHX €JEMEHTIB 3a YMOB eKCIUTyartarii 3
ypaxyBaHHSM IX pealbHOI TeoMeTpii, HaBOJHIOBaHHS MeETally, JIOKaJIbHUX
MONIKO/PKEHbh Ta OIIHKAa Ha 11 OCHOBI iX €KCIUTyaTaliiiHOTO pecypcy,
MO>KJIMBOCTEHN 1 YMOB X MOAAQJIBIIOTO BUKOPUCTAHHS.

3 ypaxyBaHHSIM MPOBEJCHOTO aHANi3y B POOOTI MOCTaBIEHO Ta BUPIIICHO
BaYKJIMBE JJI1 CHEPIeTUKU Y KpaiHW HAYKOBO-TEXHIYHE 3aBJaHHS 3 MPOTHO3YBAHHS
MIIIHOCTI Ta JOBTOBIYHOCTI KOHCTPYKTHBHHX €JIEMEHTIB E€HEPreTUYHOTO
oOnaHaHHS 3 ypaxyBaHHAM MOXJIMBOTO iX HaBojHIoBaHHSA. OOrpyHTOBaHa
METOJMKAa  TPOBEIACHHS  JOCIHIDKEeHb 1  MaTeMaTWYHW  amapar, 1o
BUKOPUCTOBYETHCS B AochikeHH1. [y po3B’s3aHHs cHOPMYITHOBAHUX HAYKOBUX
3aJlay BUKOPHUCTOBYBAJUCS METOJM MEXaHIKH Je(OpMIBHOTO TBEPJAOTO Tija,

HacaMmIiepesi Teopli MoB3ydOCTI Ta KOHTUHYaJIbHOI MEXaHIKU IMOIIKO/KYBaHOCTI.



UucnoBl JOCHIKEHHST 3AIMCHIOBAIUCS METOJOM CKIHUCHHHX €JIEMEHTIB Y
cepefoBuIlll TporpamHoro komiuiekcy MSC Marc Mentat 2016, y skomy
CTBOPIOBAJIUCS TPUBUMIPHI KOMIT IOTEPHI MOJIETI €JIEMEHTIB KOHCTPYKLIH.

Y 10CKOHAIEHO METOJMKY 1 TIporpaMHe 3a0e3NedyeHHs sl OIlIHIOBaHHS
MIIIHOCTI Ta JOBTOBIYHOCTI €JEMEHTIB KOHCTPYKLIA B yMOBaX IOB3YYOCTI 1
HABOJHIOBAHHS METally 3a TPHWBAJIOi EKCIUTyaTaiii Ha OCHOBI €HEPreTUYHOTO
niaxoay. Briepiie po3po6iieHO MaTeMaTHdHI MOJIEN1 Ta PO3POOJICHO aJlTOPUTM JIJIst
ix peamizailii 3 METOIO OIIHIOBAHHS BIUTMBY BOJHIO Ta KOPO3WBHOTO CEPEIOBHUIIA
Ha HarpoMaJ»KEHHS MOIIKO/KEHHS B METaJIl 3a MOB3y4OCTI Ha 0a31 eHEPreTUYHOTO
nigxony. Bnepire BusznaueHo HJIC Ta MOBTrOBIYHICTH TPSMOIIHIMHOL JIJISTHKA
TEIUIOOOMIHHUX TpyO0 TphOX THUIIB MAapOT€HEPAaTOpiB, BUTOTOBJICHHUX 13
HEpKaBir0YO1 XPOMOHIKeneBoi ctaii aycteHiTHOro kiacy 08X18HI1O0T 3a piznux
3HAYEHb TUCKIB pOOOYOTro CepeIOBUINA Ta KOHIICHTpPAIlli XJIOPUIiB B KOPO3UBHOMY
CepEeIOBHIIII.

VYci TeopeTudH1 po3poOKH IUcepTallii T0BEICHO A0 KOHKPETHOI 1HKEHEPHOT
METOJMKH JIJIsl TPOTHO3YBAaHHS O€3MeYHOI eKCIUTyaTarlii eIeMEHTIB €HEPreTUIHOTO
00J1aIHaHHS 3 YpaXyBaHHAM JIi1 €KCIUTyaTalliifHOTO cepeoBHUIIIA.

Po3pobneni mojeni, MEeToau Ta mporpaMHe 3a0e3leueHHs] BUKOPUCTAH y
di3zuko-mexaniyHoMy iHcTuTyTi iM. [.B. Kapmenka HAH Vkpainu mig dyac
BUKOHAHHS TeMU BimoMuoro 3amoBiieHHs HAH VYkpainu y Biggiial MIIHOCTI
MaTepiaiiB 1 KOHCTPYKIiil y BogHeBMicHUX cepenosumax ( HIP I11-144-18, No
nepxpeectpartii 0118U000464, 2018 — 2020 pp.).

[IpakTyHa IIHHICTh JUCEpPTalliiiHOI pPOOOTH TMOJsArae B TOMY, IO
pO3poOJIEHUIT TEOPETUKO-eKCIEPUMEHTANbHUM MIAX1T Ha Cy4YacHId HayKOBO-
METOAWYHIA 0a3i, Ta CTBOPEHHS 3ac0o0iB ONEpPaTUBHOI JIarHOCTUKH CTaHy
yCTaTKyBaHHA [AlOTh 3MOTY TPOTHO3YBaTH HAMIMHICTH 1 JIOBrOBIYHICTH 3
ypaxyBaHHSM YMOB €KCILTyaTarlii.

3a pe3yJbTaTaMu JOCIIKEHb OIyOJIIKOBaHO 15 HayKOBHUX Mpailb, 30KpemMa:
5 crareli y HAyKOBHUX (paxOBUX BUIAHHSAX (3 HUX 4 CTATTl y MEPIOAUYHUX HAYKOBUX
BUJIAHHSX, IO BXOJATh A0 MDKHAPOJIHUX HaykomMeTpuuHux 0a3 manux WOS abo

Scopus), 10 Te3 Ta qomoBiel B 30ipHUKaxX MaTepiaiiB KOHPEpEHLIH.
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Kiro4oBi cjioBa: HaBOJHIOBaHHS MeTaly, KOHIICHTpAIIisl BOAHIO, KOPO3iitHe
CEepe/IOBUINE,  MOB3YYICTh,  HaNpy>XeHO-AehOpPMOBAHUM  CTaH,  CHEPrid

nedhopMyBaHHS, CHEPTETUIHUM MM1IX1]], TOITKOKEHHS, IOBTOBIYHICTb.
SUMMARY

Sapuzhak Y.— Models and calculation methods of estimating the impact
of metal hydrogenation on the durability of power equipment elements.
Qualifying scientific work on the rights of the manuscript.

PhD thesis in the field of knowledge 11 Mathematics and Statistics in
specialty 113 Applied mathematics. Karpenko Physico-Mechanical Institute of
NAS of Ukraine, Lviv, 2021.

The thesis is devoted to the modeling of the influence of hydrogenation of
metal on a stress-strain state and development of methods of forecasting of the
durability of elements of designs at long operation taking into account influence of
hydrogen and corrosive environment. The object of the study is material damage in
the neighborhood of the stress concentrator under the action of long-term loads and
hydrogenation. The subject of the research is mathematical models and methods
for estimating the strength and durability of structural elements under the action of
a hydrogen-containing environment and long-term high-temperature load.

The thesis presents an analytical review of recent models and methods for
evaluating and ensuring the strength and durability of power equipment elements.
It has been concluded that the existing models and methods do not take into
account the specific features of the influence of hydrogen on the mechanical
properties and accumulation of damage in the metal, especially under long-term
high-temperature loading. This is because predicting the behavior of structures
over time to determine their durability under constant or variable operating
conditions becomes a very complex problem of modeling the flow of a set of
different processes going at different speeds at different points of the structure and
requires special algorithms for their solution. Considering the analysis, the thesis
sets and solves an important scientific and technical task for the energy of Ukraine

for predicting the strength and durability of structural elements of power
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equipment, taking into account their possible hydrogenation. The method of
conducting research and the mathematical apparatus used in the research is
substantiated. Methods of mathematical modeling are based on the approaches of
the mechanics of deformable body and energy criterion of fracture.

Methodology and software for assessing the strength and durability of
structural elements in terms of complete control and management of material state
for long-term operation based on the energy approach were improved. The
developed mathematical models and the developed algorithm for their realization
using an estimation of results of conducting and the corrosive environment of
accumulation of harmful processes in metals at the expense of influence on the
base of the energy approach are improved. For the first time, the stress-strain state
and the duration of the rectilinear section of heat exchange pipes of three types of
steam generators made of austenitic chromium-nickel stainless steel 08X18H10T
for the different working environment and chloride concentrations in the corrosive
environment were determined.

All theoretical developments of the thesis are brought to a concrete
engineering technique and algorithms with the application of the offered
information technology of estimation and forecasting of safe operation of elements
of the power equipment taking into account action of the operating environment.

Developed models and methods, information, and software were used in the
Karpenko Physico-Mechanical Institute of NAS of Ukraine, during the
implementation of the project of National Academy of Sciences of Ukraine Ill-
144-18 in the Department of Strength of Materials and Structures in Hydrogen-
Containing Environments (State Registration 0118U000464, 2018 - 2020).

The practical value of the thesis consists in that developed theoretical and
experimental approach on a modern scientific and methodological basis and the
creation of tools for rapid diagnosis of equipment allow to predict its reliability and
durability considering operating conditions.

The research results were published in 15 scientific works, in particular: 5
articles in scientific professional publications (4 of them in periodicals of other

OECD countries and/or the European Union, professional publications of Ukraine
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of category "A", or foreign publications included in the international scientometric
databases WoS or Scopus), 10 abstracts and reports in the conference proceedings.

Keywords: metal hydrogenation, hydrogen concentration, corrosive
environment, creep, stress-strain state, deformation energy, energy approach,

damage, durability.
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