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1. Inceprarist Ha 30OOYTTSI HAYKOBOTO CTYIIEHs KaHJWaTa TEXHIYHUX HayK 3a crewianpHicTs 05.02.01 -
Marepiano3HaBcTBO. — Pizuko-mexaHiuHuii inctuTyT iMm. I'.B. Kapnenka HAH Ykpainu, m. JIbBiB, 2018 pik.
JuceprauiiiHa poboTa IPUCBsIY€HA BCTAaHOBJIEHHIO OCOOJIMBOCTEN BIUIMBY CBUHILEBUX PO3ILIABIB (CBUHLIIO,
€BTEKTMKU CBUHELb-BiCMYT) HAa MEXaHiYHi BJJACTUBOCTI XpPOMUCTUX CTajiell GpepuTHOro, PepuTo-mMapTEeHCUTHOTO Ta
ayCTEeHITHOrO KJIacCiB 32 CTATUYHOIO Ta LMKJIYHOTO HAaBaHTaKEHHS Ta MiJBUIIEeHUX TeMIlepaTyp. AlCOpOLifHMI
BILJIMB PO3ILJIaBiB HA MEXaHiuHi BJIaCTUBOCTi TBEPJOT0 METAJy IPOSIBISIETbCS 3[€01/IBIIOrO Y PiTKOMETaNI€BOMY
okpux4eHHi (PMO), To6TO B CyTT€BOMY 3HM>KEHHI IJIACTUYHOCTI, IEPEXOJ Bif] IJIACTUYHOTO XapaKTepy PyIHHYBaHHS
IO KpUXKOTO. YMHHUKY, 110 BIIMBAIOTh Ha PMO, 3aneXaTs SK Bifj BTaCTUBOCTEN PiAKOro MeTaiy, TaK i Bif npuponu
Mmarepiainy (30Kkpema, Horo CTpyKTypHO-(a30BOro CTaHy), a TaKOX Bifi yMOB ioro nedopmyBaHHs. YacTo BiCyTHICTb
indopmalii Npo B3aeMO[Iil0 pPiKOro MeTajy 3 TBEPAUM NPU3BOAUTH O KATACTPOQPIUHMUX HACIIIAKIB, 3yMOBJIEHUX
IIPUCKOPEHUM PYIHYBaHHSIM METAJIeBUX KOHCTPYKIi. 30KpeMa, ny>xe ooMekeHa iHpopMallist Ipo B3aEMOJLiI0

CBUHILIEBUX PO3ILJIABiB 3 XPOMUCTHMU CTAJISIMMU, SIKi 32 CBOIMUM TEXHOJIOTIYHUMU Ta TEXHIKO-€KOHOMIYHMMU



BJIACTMBOCTSIMU 3HANIIJIY IIMPOKE 3aCTOCYBaHHS B €HepreTulli. Binrak, HOCiI)KeHHS Ta BCTAHOBJIEHHS
3aKOHOMIpHOCTe aicopOLifHOTO BIJIMBY PiKOro MeTajy Ha TBEPAUH 3a il CTaTUYHUX Ta UUKIIIYHUX
HaBaHTAXEHb Ta MiJIBUIIEHNUX TEMIIEPATYP € aKTyaJbHUMU. JJOCIIiZIPKEHO BILJIMB PiJKOMETAIEBOTO CEPEOBUILA
CBMHIIIO Ta €BTEKTUYHOI CyMillli CBUHELb-BiCMYT Ha MEXaHi4Hi BJIACTUBOCTi XDOMUCTUX CTaJIe! (PEPUTHOTO,
(epUTO-MapTEHCUTHOTO Ta ayCTEHITHOTO KJIACiB 32 YMOB OZHOBICHOT'O PO3TATY Ta LUKJIIYHOTO YMCTOrO 3TUHY B
TemieparypHoMy fianasoHi 200...600 °C. BcTaHOBJIEHO, 1[0 CBUHIIEBUN PO3IJIaB HETAaTUBHO BIIMBA€E HA MiLIHICTb
Ta IVIACTUYHICTh (PEPUTHUX Ta (PEPUTHO-MAPTEHCUTHUX cTaseil. [y apMKo-3ali3a MaKCUMaJlbHEe OKPUXYEHHS Y
CepeLoBUIL CBUHLIO Y ITOPIBHAHHI i3 BAKYYMHUM CEPELOBUILEM cIiocTepiraemo 3a remneparypu 300 °C 3 BTpaToro
IJIaCTUYHOCTI 10 35%. 17151 crani peputHoro knacy Fe-11Cr (SUH 409L) makcumasibHe 3HM)KEHHS IIJIAaCTUYHOCTI Y
cepenoBulli cBuHIO 3adikcoBane 3a remneparypu 450 °C. BrpaTa niacTUYHOCT] 3a Liiei Temneparypu
MakcuMasbHa i ckinangae 14%. To6To, nopiBHAHO 3 apMKo-3ai1izoM (300 °C) cTab OKpUXYYETHCS 3a BULIUX
TeMIIepaTyp, a €(PEKT BILIMBY CEPELOBUIIA 3HIKYETbCS (OiblIe, HDK BABiYi). 3a 1OMOMOroo (ppakrorpapivHux
TOCJIiIPKEHD MiJTBEPAKEHO OKPUXYYBaJIbHUI BIIJIMB CBUHIIEBUX PO3ILJIaBiB. Y IPUIIOBEPXHEBOMY LIAPi BUSIBIEHO
301IbIIIEHHS YaCTKM KPUXKOI CKJIa0BOi pylHYBaHHS cTaji ¢peputHoro knacy Fe-11Cr ta apmko-3aisa mif giero
CBUHIIO y TIOPiBHSIHI 3 BAKyyMOM. PyliHyBaHHS BiIOyBa€TbCs 3a 3MillIaHUM B'SI3KO-KPUXKUM MeXaHi3MoM. [lis cTai
depuTo-mapTeHCUTHOTO Kiacy 20X13 BCTaHOBJIEHO, 1110 PO3IJIABU CBUHIIIO Ta €BTEKTUKY CBUHEIb-BiCMYT
CIPUSIOTh 3HWKEHHIO TUMYaCOBOI0 ONIOPY PYMHYBAaHHIO 3Pa3KiB y OPiBHSIHHI 3 BAKYYMHUM CE€PEJOBULIEM,
IIPUYOMY 3 POCTOM TEMIIEPATYpH Lel e(PEKT NOCUIIOETHCS. BCTaHOBIIEHO, 0 MAaKCUMAaJIbHUI HEraTUBHUI BILJIUB
CBUHIIO Mae Micie 3a Temneparypu 350 °C i cknaznae 11% y nopiBHSIHHI 3 BaKyyMHUM cepeJoBULIEM,. B eBTekTui
CBHHEIb-BiCMYT OKpUXY€HHS MaTepiay BinoyBaeTbcs 3a TemrepaTypu 400 °C 3i 3HWKEHHSIM IVIaCTUYHOCTI Ha 20
%. Opaxrorpadivni JOCHiIKEHHS NiATBEPAUIN OKPUXYYBAJIbHUI BIIJIMB CBUHIIEBUX PO3IUIaBiB. [s cTasni
aycreHiTHoro kiacy X18H10T BcTaHOBJIEHO, 1[0 B yCbOMY TEMIIEPATYPHOMY iHTepBaJii BUITPOOYyBaHb 3HAYEHHS
Koe(illieHTy BIJIMBY CEPELOBUIIA IIEPEBUILYE OJMHUIIIO, TOOTO MJIACTUYHICTb Y CEPELOBUIIAX CBUHIIIO TA
€BTEKTVKM CBUHELb-BICMYT BHUIIA 32 BiJIIOBiAHI 3HaY€HHS Y CEPENOBUIII BaKyyMy, a BilTaK OKPUXYEHHS CTaJli 3a
CTaTMYHOTO HAaBAaHTAXE€HHI OJHOBICHUM PO3TATOM IIiJ| [i€l0 PiIKOMETAJIEBOT0O CEPENOBUILA HE BUSIBJIIEHO. BUBUEHO
3aJIEKHICTb €(PEeKTy piIKoOMeTasIeBOro OKPUXUEHHS Bifl po3mipy 3epHa cTali. JlociiaKeHHs IPOBeJeHO Ha CTali
deputHoro Fe-11Cr (SUH 409L) Ta aycrenitTHoro (X18H10T) knacis. [lj1s1 oTpuMaHHs pi3HOTO pOo3Mipy 3epHa
deputHa (Fe-11Cr) Ta aycrenitHa (X18H10T) crani 6ynu niggaHi pisHUM pesxuMam TepMidyHOI 06pO6KH, B pe3ysbTaTi
SKUX 6yJ10 cpOpMOBAHO TpU po3mipu 3epHa: 35, 50 1 70 mxm Ta 90,110 i 160 MKM BiANOBiAHO. BcTaHOBIIEHO, 1O OJ1s
crasi ¢pepurtHoro kiacy Fe-11Cr 3i 36isibIIeHHSIM PO3MIpY 3€pHa TeMIIEpaTypa MakCUMaJlbHOTO TIPOSIBY
piZIKOMeTasIeBOro OKPUXYEHHS 3CYBAETHCS B 30HY HUKUMX TEMIIEPATYP, a BIUIMB CEPEJOBUIIA TOCUIIOETLCA (BTpaTa
IIJIACTUYHOCTI 3pocTae 3 11 1o 18%). 3i 36inbpmeHHsM 3epHa Big, 90 1o 160 MKM J1s1 CTasli ayCTEHITHOTO KJacy
X18H10T 3a temnepatypu Buie 400 °C edexT mactudikanii 3meHmyeTses 3 8 1o 6 %. [JocmimkeHo BILINB
piZKoMeTaneBoro cepefoBUIla Ha BTOMHI BJIACTUBOCTI CTasiell (epuTHOro, GpepuTO-MapTEHCUTHOTO T
ayCTEHITHOTO KJIaCiB Ha OKPUXYEHHSI 32 YMOB YMCTOTO 3rMHY. Y PO3ILJIaBi CBMHIIIO €KCIIEPUMEHT IIPOBOLMIIN 32
temnepatypu 350 °C ta 500 °C, ammnityna gedpopmanii cknagana 0,5; 0,8 ta 1,0 %. BctaHOBIIEHO, 1110 cepeioBuUllle
CBUHIIEBOr'O PO3IJIaBy HETAaTUBHO BIJIMBA€ HA BTOMHY JOBrOBIYHICTh aycTeHiTHOI cTani X18H10T. 3a MakcumanbHOI
amItitygu nedpopmatiii 1,0 % BTOMHa LOBroBiYHICTb 3HM)XYETHCS Maii’ke Y YOTUPU pa3u y [IOPiBHSIHHI 3
BUIIPOOYBAHHAMM y BaKyyMi. 3a HUXK

2. Ph.D. thesis for the degree of candidate of technical sciences (PhD) in specialty 05.02.01. - material science-
Karpenko Physico-Mechanical Institute of the National Academy of Sciences of Ukraine, Lviv, 2018. The thesis is
devoted to the determination of the peculiarities of the influence of liquid lead on the mechanical properties of
ferrous, ferrite-martensitic and austenitic steels of the static and cyclic loads and elevated temperatures. The
adsorption effect of the melts on the mechanical properties of the solid metal manifests itself primarily in the
liquid metal embrittlement (LME), that is, in the significant reduction of plasticity, and transition from the plastic
nature of the destruction to the fragile. The factors influencing the LME depend on both the properties of the
liquid metal and the nature of the material (in particular, its structural-phase state) and on the conditions of its
deformation. Often, the non-availability of information on the interaction of liquid leads with solid metal to



catastrophic effects caused by accelerated destruction of metal structures. In particular, very limited information
on the interaction of liquid lead with chromium steels, which, in their technological and techno-economic
properties, have been widely used in the power industry. Therefore, studies and the determination of the patterns
of adsorption influence of liquid metal on the solid metal under the action of static and cyclic loads and elevated
temperatures are relevant. The influence of the liquid lead enviroment and eutectic lead-bismuth on the
mechanical properties of chromium steels of ferrite, ferrite-martensitic and austenitic classes under conditions of
static and cyclic loads in the temperature range of 200...600 °C was investigated. It has been established that the
liquid lead negatively influence on the strength and plasticity of ferrite and ferrite-martensitic steels. For A-Fe, the
maximum embrittlement in lead in comparison with the vacuum was observed at a temperature of 300 °C with a
plasticity decrease of up to 35%. For steel ferrite class Fe-11Cr (SUH 409L), the maximum reduction on the
plasticity in lead was observed at 450 °C. Plasticity loss was maximum and is 14%. That is, in comparison with A-Fe
(300 °C), the steel embrittlement at the higher temperatures, and the effect of the environment decreases (more
than twice). Using fractographic studies, the ocular effect of liquid lead has been confirmed. In the near-surface
layer, an increase in the fraction of the fragile component of the fracture of steel Fe-11Cr ferrite grade and A-Fe
under the action of lead was detected in comparison with the vacuum. The destruction was a mixed - visco-fragile
mechanism. For steel ferrite-martensitic class 20Cr13 was established that liquid lead and lead-bismuth eutectics
contribute to the reduction of the temporary resistance to the destruction of samples in comparison with the
vacuum medium, and with increasing temperature this effect is enhanced. It has been established that the
maximum negative influence of lead was at 350 °C and is 11% in comparison with the vacuum medium. In the
eutectic lead-bismuth embrittlement was occur at a temperature of 400 °C with a decrease in plasticity by 20%.
Fractographic studies confirmed the ocular effect of liquid lead. For steel of the austenitic class Cr18NilOTi it has
been established that over the temperature interval of tests, the value of the coefficient of influence of the medium
exceeds one, that is, the plasticity in liquid lead and the eutectic lead-bismuth is higher than the corresponding
values in the vacuum environment, and thus the appearance of steel under a static load by uniaxial stretching
under the action of the liquid liquid is not observe. The dependence of the effect of liquid metal embrittlement to
the grain size of steel was studied. The research was conducted on the ferrite Fe-11Cr (SUH 409L) and austenitic
(Cr18Nil0Ti) steel. Ferrite (Fe-11Cr) and austenitic (Cr18NilOTi) steels were subjected to different heat treatments,
resulting in three grain sizes: 35, 50 and 70 pm, and 90,110 and 160 um respectively. It has been established that for
a Fe-11Cr ferrite class steel with an increase in the grain size, the temperature of the maximum manifestation of
the liquid metal embrittlement shifts to the lower temperature zone and the influence of the environment
increases (the plasticity reduction increases from 11 to 18%). With an increase in grain from 90 to 160 um for the
steel of the austenitic class Cr18NilOTi at temperatures above 400 °C, was observe the effect of plasticization and
decreases from 8 to 6%. The influence of the liquid liquid on the fatigue properties of steels of ferrite, ferrite-
martensitic and austenitic classes on the embrittlement in conditions on the cycle load was investigated. In the
liquid lead, the experiment was conducted at a temperature of 350 °C and 500 °C, the amplitude of the
deformation was 0.5; 0.8 and 1.
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