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1. MeToz010Tis JIOKQJIBHOTO €HEPTeTUYHOTrO MiAXOAY AJI1s1 IPOTHO3YBaHHS JOBrOBIYHOCTI KOHCTPYKTUBHUX

eJIEeMEHTIB €HEPre€TNIHOTO O6J'Ia,[[HaHHFI 3a ix I'[OBSy‘{OCTi Ta HABOOHIOBAHHS

2. Methodology of local energy approach for durability prediction of structural elements of power equipment
under their creep and hydrogenation

Pedepar:

1. Y nucepTauiiiHiil pob0Ti OAAHO METOZOJIOTII0 OLiHIOBAHHS BIJIMBY BOJIHEBOBMICHOT'O CEpeLOBUILA HA
IOBrOTPUBAJy MilJHICTb KOHCTPYKTHMBHUX €JIEMEHTIB TEIMJIOEHEPreTUYHOro 06J1aIHAaHHS 32 TIOB3Yy4OCTi. B
MeToJ010Tii 06’'eAHAaHO PO3PaXyHKOBY METOIMKY BU3HAYEHHSI eHepril epopMyBaHHSI Ta KiIHETHKY HarpOMaKeHHSI
IIOLIKOJIKEHD i3 BpaXyBaHHAM HAaBOJHIOBAaHHS MaTepiajy 3a BUCOKOTEMIIEPATYPHOI II0B3y4OCTi, IOKAJILHUI

€HEepPreTUYHUIN KPUTEPil pyVHYyBaHHS Ta €KCIIEPUMEHTAJIbHY METOAMKY BU3HAUYEHHS €Heprii pyliHyBaHHs. [lg



BUCOKOI IOCTOBIPHOCTI NOOYI0BM KPUBUX HAarpOMaIKEHHS MOMIKOIKEHb Y MaTepiali Breplie po3po6yeHo
(PeHOMEHOJIOTIYHY y3arajabHEeHY MOZEJb, sIKa BpaXOBY€E BIJIMB HABOJHIOBAHHS MaTepialy Ha HArPOMAaJPKEHHS
MiKpOJeQEKTIB ITifl 4aC BUCOKOTEMIIEPATYPHOTO MPY>KHO-TJIACTUYHOrO leOopMyBaHHs. Briepiie BUSHa4Y€HO Ta
OLIiIHEHO, 3 BUKOPUCTAHHSM 3alIpOTIOHOBAHOI METOJMKHU, €Heprilo AedOopMyBaHHsI LIiJIOr0 eJleMeHTa KOHCTPYKIIiil 3a
eKCIUTyaTaliiHUX YMOB i CKJIaIHOI reoMeTpii Ta JIoKajibHi 06’eMu KOHLIEHTpALii Hanpy>XeHb. Po3po6iaeHo
aJITOPUTMU Ta MPOTPAaMU [1J1 PO3PAXYHKY METOLOM CKiHYEHHUX €JIEMEHTIB HallpyXKeHO-1e(POPMOBAHOI0 CTaHy Ta
KOHIIEHTPallill BOJHIO, SIKi B TI0JJaIbIIOMy BUKOPUCTAHO [171s1 BU3HAUYEHHsI eHeprii te¢opmyBaHHs. Ha po3pob6ieHi
[IpOrpamMu OTPUMAHO CBiJIOLITBO ITPO aBTOPCHKE MPaBO. ATPOOOBAHO 3aMIPONIOHOBAHI METOAMKY i OTPUMAHO iX
3a[10BLJIbHY 30DKHICTb 3 €EKCTIEPUMEHTATIbHUMU Ta PO3PaXyHKOBUMM JIITEPATyPHUMU JAHUMU. 3 BUKOPUCTAHHSIM
[IPENICTaBJI€HOI METOMOJIOTI] 17151 IPOTHO3YBAaHHS JOBrOBIYHOCTI KOHCTPYKTUBHUX €JIEMEHTIB €EHEPreTUYHOTO
o6J1aiHaHHS 32 iX MOB3Y4OCTi Ta HABOAHIOBAHHS BU3HAYEHO 3a/IMIUIKOBUI PECYPC €JIEMEHTIB TeIJIOEHEPreTUYHOT O
00J1aHAHHS 32 €KCIUTyaTaliliHUX YMOB i3 BpaxyBaHHSM arpecrMBHOIO CepPelOBHUINA, CKIaAHOI reoMeTpii a TAKOX
NOTIepeIHbOTO AedOPMYBaHHS MaTepiay.

2. The dissertation presents a methodology for assessing the impact of a hydrogen-containing environment on the
long-term strength of structural elements of thermal power equipment under creep conditions. The methodology
combines a computational technique for determining deformation energy and damage accumulation kinetics,
considering material hydrogenation under high-temperature creep, a local energy fracture criterion, and an
experimental method for determining fracture energy. To ensure high reliability in constructing damage
accumulation curves in the material, a phenomenological generalized model was developed for the first time,
accounting for the impact of hydrogenation on microdefect accumulation during high-temperature elastic-plastic
deformation. For the first time, the deformation energy of an entire structural element under operating conditions
and complex geometry, as well as local stress concentration volumes, was determined and assessed using the
proposed methodology. Algorithms and programs for calculating the stress-strain state and hydrogen
concentrations using the finite element method were developed and subsequently used to determine deformation
energy. Copyright certificates were obtained for the developed programs. The proposed methodologies were
tested and demonstrated satisfactory agreement with experimental and calculated literature data. Using the
presented methodology for predicting the durability of structural elements of power equipment under creep and
hydrogenation conditions, the residual life of thermal power equipment elements was determined under operating
conditions, considering an aggressive environment, complex geometry, and prior material deformation.
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