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Pedepar:

1. Poctosa I'. 10. MexaHi3amu BIJIMBY TEPMOMeEXaHiYHOI 06pOOKY Ha pafialliiHy CTilKiCcTh, €pO3iliHi Ta MeXaHiuHi
BJIACTMBOCTI KOHCTPYKUiltHMX MaTepianiB. — KBanigikauiliHa HayKoBa npalsl Ha paBax pyKonucy. Jlucepratis Ha
3100yTTs cTyneHs gokropa ¢inocodii 3a cnenianpicTio 104~ disuka Ta actpoHomis (I'amyss 3HaHb 10 -
[Tpuponuudi Hayku).— HanioHanbHUI HAYKOBUH LEHTP «XapKiBCbKUH (i3NKO-TexHIYHU iHCTUTYT» HanioHasipHO]
akazemii Hayk YkpaiHu, XapkiB, 2024. lucepraniiina po6oTta npucesyeHa moaudikallii CTpyKTypy KOHCTPYKLiHHUX
PEaKTOPHUX MaTepialiB i3 32CTOCYBAaHHSIM TEPMOMEXaHIYHOI 06POOKHU Ta BCTAHOBJIEHHIO KOPEJISILii MK ix
CTPYKTYPOIO Ta MEXaHIYHMMU, pafiallilHUMU BJIACTUBOCTSIMU i CTIMKICTIO 10 KaBiTaLinHoi eposii. Po3ain 1
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peakropiB Gen-1V, HaBe[leHi Cy4acHi Ta MepPCIEKTUBHI KOHCTPYKLiNHI MaTepianu 111 peakTopiB MabyTHIX
MTOKOJIiHb, iXHi CTPYKTYPHI XapaKTEPUCTUKH Ta BILJIUB JIETYIOUMX €JIEMEHTIB /151 KOKHOTO TUILY MaTepiasiB Ha
CTPYKTYpHO-(}a30BUIl CTaH Ta BJIACTUBOCTI. BinoOpaskeHo akTyasbHi NUTaHHS pafialiiiHoro maTepiaso3HascTsa. Ha
OCHOBI JOCTiIKeHUX IpKepes chOpMYJIbOBAHO 3a7adi po60TU. Y APYyromy po3fiji NIpeAcTaBlIeHO NOCIiIKyBaHi
marepiany, METOIU JOCIiKEHHS Ta eKCIIepUMeHTabHe 00J1affHaHHS, BUKOPUCTAHI B AucepTaLiliHiil po6oTi.
Marepianamu pociuimkens 6yau — peputHo-mapreHcuTHi crasni T91 ra Eurofer97, aycrenituuii Cr-Ni-Mo cninaB
42XHM i aycrenitHa cranp 08X18H10T. HaBeneHO MeTOAMKY IPOBEAEHHS iHTEHCUBHOI IJIaCTMYHOI fedopMaliii Ta
PEXMMIB TEMIIEPATYPHOI OOpOOKU. XiMIYHUI CKJIa[, MaTepiajliB BUBYABCSI METOAAMU PEHTTEHOMIIyOPECL,EHTHOTO
anasisy ta EDX, cTpyKTypa JOCiKyBajach 3a JOIIOMOTrOI0 ONITUYHOI, CKAaHYBaJIbHOI, TPAHCMICIMHOI MIKpOCKOTIiI Ta
PEHTTEHCTPYKTYPHUM aHaIi30M. MexaHiuHi BJJaCTUBOCTI BKJII0YAJIM BU3HAYEHHS MiKPOTBEPIOCTI, YMOBHOI MEXi
IIJIMHHOCTI, MEXi MIIIHOCTI Ta BiTHOCHOTO IIOAOBXXEHHS IIPU PO3TAryBaHHI. TaKoX PO3IJISIHYTI METOIUKY
IIpPOBEeHHS BUNIPOOYBaHb 171 BUBHAUYEHHS KaBiTaliliHOi Ta pafianiiiHoi cTilikocTi ocinKyBaHux Marepiais. ¥V
TPETbOMY PO37iJii HaBEJI€HI PEe3yJIbTaTU NOCIIIKEHb CTPYKTYPY Ta MEXaHIYHUX BIacTUBOCTEN crasi T91 B
BUXiJJHOMY CTaHi Ta micyst TepmomexaHiyHoi 06po6ku (TMO) B pisHUX TeMIepaTypHUX iHTepBasaX. BUKOpucTaHHs
iHTeHCUBHOI T1aCTUYHOI Jedopmaliii MeTOLOM 6AaraToOpasoBOro «0CAIKyBAHHS-BUABIIOBAHHS» JO3BOJINAJIO
monudixkyBaTu cTpyKTypy ctani T91 ta chopmyBatu yibTpaApiOHO3EPHUCTUM CTaH, a TAKOX OCATTU BUCOKO]
IIiTbHOCTI HAHOPO3MipHUX Kapo6ifiB Tuny MX. Bysu BU3HauyeHi TemnepaTypu CTabiibHOCTI HAHOCTPYKTYPH IJ1s1
KO>KHOTO MIiKpOCTPYKTYpPHOTO cTaHy. ONTUMasbHUM € BianyckaHHs 1pu 550 °C npoTsarom 25 roguH st
(opMyBaHHS Hal6LIBIIOL IiNBHOCTI PIBHOMIPHO PO3NOAiNIEHNX HAHOPO3MiPHUX KapOiJHUX BUiNIEHb.
3acToCcyBaHHS TEPMOMEXaHIYHOI 06POOKHU 32 PO3POOIEHNMHU PEXUMAMU JO3BOJIMIIO MiIBUMIATH XapaKT€PUCTUKA
MinHocTi crani T91y 2 pasu. Po3zin 4 npucBgyeHnit pesyibTaTam OOCIiIKEHb PO3BUTKY II0OPYBATOI CTPYKTYpPHU
miciisg onpoMineHHd cTaii T91y pisHUX CTPYKTYpHUX CTaHax. BcraHoBieHO, o cTaib T91 Mae BUCOKY pafialiiHy
CTIiHKiCTB, sIKa 06yMOBJIEHa OCOOJIMBOCTSIMU MIKPOCTPYKTYPH Lii€i CTasi, sIKa CKJIaJAEThCS 3 LIiJIOTO KOMILJIEKCY
e(eKTUBHUX CTOKIiB TOUKOBUX NI€(PEKTiB — HAHOCTPYKTYPHOI'O CTaHy MaTepiajy, BUCOKOI IIiJIbHOCTI AUCJIOKAlliil Ta
HAaHOPO3MipHUX KapOigHUX BUIiseHb. Po3MyxaHHs y pepUTHIN CTPYKTypi cTaHoBUTh 0.65% nopiBHsAHO 3 0.26% s
MapTeHCUTHOI cTpyKTypu Ta 0.12% 1151 peprUTO-MapTEHCUTHOI, IO NiITBEPIKY€E BIVIUB CTPYKTYPHO-(PA30BOro
crany crasi T91 Ha ii posnyxanHs. Taka pisHUIS NOB'SI3aHa 3 HAIBHICTIO BEJIUKO] KiJIbLKOCTi CTOKiB TOYKOBUX
IedeKTiB (TpaHulli Jamesiel, 3epeH Ta Cy03epeH; BUCOKA LIiIbHICTh AUCIIOKALill Ta KOTepEHTHUX HAaHOPO3MipHUX
BUJIiJIEHD) Y GibII CKIANHIN (PepUTO-MapTEHCUTHIN MIKPOCTPYKTYpPi Ta MapTEHCUTI. Y I'ITOMY pO37isi
IIpeCTaBJIeHi pe3yIbTaTh AOCTiIpKeHHs KaBiTaliliHOI cTilKocTi deputo-mapreHcuTHUX ctanei T911 Eurofer 97 ta
aycTeHiTHUX crasiB 42XHM ta 08X18H10T. BcTaHoB/IeHO, 1110 Hail6i/Ib1Iy CTIMKICTh 4O KaBiTal[iiHOTO 3HOIIYBAHHSI
maioTh ctanb T91 Ta crtas 42XHM. [xHs nepesakaioya Kasitaniiina cTiiikicTh 06yMOB/IEHa ONITUMAIbHUM
KOMIO3ULTHUM CKJIaJJOM, OCOOJIMBOCTSIMU MIKPOCTPYKTYPH Ta BUCOKMMU 3HAYE€HHSMU TBEPLOCTI. BusHaveHo, mo
eposziliHa cTilikicTb aycTeHiTHOI ctasni 08X18HI10T nop’s3aHa i3 nedpopmaliiiHo-iHAyKOBaHUM (Ha30BUM
[IEPETBOPEHHSIM ayCTEHITY B MAPTEHCUT, IKE IIPU3BOLUTH [0 3MilJHEHHS [TOBEPXHI Iif 4ac Aii KasiTauii Ta nigsuiLye
CTiliKicTb 10 epo3ii. HeBucoka cTilikicTs 10 3HOImyBaHHS craii Eurofer 97 o6ymoBiieHa riio6yispHOIO CTPYKTYPOIO
1jiei crasi, HasgBHICTIO KapOifliB BEJIMKMUX PO3MipiB Ta BiCYTHICTS B ii CKIaii IETYI0YMX €JIEMEHTIB, TaKuX sIK Mo Ta

Nb, sixi 06yMOBJIIOIOTh MiJIBUILIEHHS KaBiTallilHOI CTiMKOCTi.

2. Rostova H. Yu. Mechanisms of thermomechanical treatment effect on radiation resistance, erosion and
mechanical properties of structural materials. — Qualification scientific work on the rights of a manuscript.
Dissertation for the degree of Doctor of Philosophy in the specialty 104 - Physics and Astronomy (Field of
Knowledge 10 - Natural Sciences) - National Science Center “Kharkiv Institute of Physics and Technology” of the
National Academy of Sciences of Ukraine, Kharkiv, 2024. This thesis is dedicated to the modification of the
structure of structural reactor materials using thermomechanical treatment and the establishment of a correlation
between their structure and mechanical, radiation properties and resistance to cavitation erosion. Chapter 1 is
concerned with the literature review on the topic of the dissertation. The types and operational characteristics of
Gen-1V reactors are discussed, modern and promising structural materials for future generations of reactors, their
structural characteristics, and the effect of alloying elements for each type of material on the structural and phase



state and properties are presented. The topical issues of radiation materials science are reflected. Based on the
studied sources, the tasks of the work are formulated. The second chapter presents the materials studied, research
methods and experimental equipment used in this thesis. The materials of investigation were ferritic-martensitic
steels T91 and Eurofer97, austenitic Cr-Ni-Mo alloy 42HNM and austenitic steel 08Cr18Nil0Ti. The methodology
for severe plastic deformation and temperature treatment modes is presented. The chemical composition of the
materials was studied by X-ray fluorescence analysis and EDX, and the structure was investigated by optical,
scanning, transmission microscopy and X-ray diffraction analysis. The mechanical properties included
determination of microhardness, yield strength, tensile strength, and relative elongation at break. The test
methods for determining the cavitation and radiation resistance of the materials under study are also discussed.
Chapter 3 presents the results of investigations of the structure and mechanical properties of T91 steel in the
initial state and after thermomechanical treatment (TMT) in different temperature intervals. The use of severe
plastic deformation by the method of multicycle “upsetting-extrusion” made it possible to modify the structure of
T91 steel and form an ultrafine-grained state, as well as to achieve a high density of nanosized carbides of the MX
type. The stability temperatures of the nanostructure for each microstructural state were determined. The optimal
temperature is tempering at 550 °C for 25 hours to form the highest density of homogeneously distributed
nanosized carbide precipitates. The use of thermomechanical treatment according to the developed modes made
it possible to increase the strength characteristics of T91 steel by 2 times. Chapter 4 is devoted to the results of
investigation of the development of the porous structure after irradiation of T91 steel in different structural states.
It was found that T91 steel has high radiation resistance due to the features of the microstructure of this steel,
which consists of a whole complex of effective point defect sinks - the nanostructural state of the material, high
density of dislocations, and nanoscale carbide precipitates. The swelling in the ferrite structure is 0.65% compared
to 0.26% for the martensitic structure and 0.12% for the ferritic-martensitic structure, which confirms the
influence of the structural and phase state of T91 steel on its swelling. This difference is due to the presence of a
large number of point defect sinks (lamellae, grain, and subgrain boundaries; high density of dislocations and
coherent nanoscale precipitates) in the more complex ferritic-martensitic microstructure and martensite. The
fifth chapter presents the results of investigation of the cavitation resistance of ferritic-martensitic steels T91 and
Eurofer 97 and austenitic alloys 42HNM and 08Cr18NilOTi. It was found that T91 steel and 42HNM alloy have the
highest resistance to cavitation wear. Their superior cavitation resistance is due to the optimal composition,
microstructure features, and high hardness values. It has been determined that the erosion resistance of austenitic
steel 08Cr18Nil0Ti is related to the deformation-induced phase transformation of austenite into martensite, which
leads to surface hardening under cavitation and increases erosion resistance. The low wear resistance of Eurofer
97 is due to the globular structure of this steel, the presence of large carbides and the absence of alloying elements
such as Mo and Nb, which increase cavitation resistance.
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