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dyHIaMeHTalbHI AOCIiIpKEHHS [TPOLIECiB CTBOPEHHS Ta (Pi3UKO-MeXaHiuHi BJIaCTUBOCTI HAHOCTPYKTYPHHUX
pazialiiHO-TOJIEPAHTHUX CTaJlel, BUCOKOEHTPOIIIMHUX CIUIABiB Ta 3aXUCHUX IOKPUTTIB [JIs1 MaTEPiaJlo3HaBY0To

3a6e3MeYeHHsI CTaJIOr0 PO3BUTKY aTOMHOI Ta TEPMOSIIEPHOI €eHepreTUKN

Ha3zBa po6oTH aHTIJIilICbKOIO:

Basic investigations of production processes and physical - mechanical properties of nanostructured radiation
resistant steels, high - entopy alloys and protective coatings for material science maintenance of sustainable
development of nuclear and fusion power

Pedepat ykpaiHCbKOIO:

Po3po61eHo (Pi3nKO-TeXHOJIOTIYHI OCHOBHU IPOLIECY CTBOPEHHSI HAHOCTPYKTYPHOT'O CTaHy B PEAKTOPHOI CTaIu
dbeppuTHO-MapTeHCUTHOTO Kiacy T91. 3acTocyBaHHS LIbOTO IIPOLIECY LO3BOJINIIO 3MEHIIUTH PO3MIP
MIKPOCTPYKTYPHUX CKJIQIOBUX CTaJjli 0 HAHOCTPYKTYPHOTO PiBHS, 110 MPU3BEJIO 1O 30i/1bIIEHHS MILIHOCTI CTau i
3HAYHOMY IMOJIINIIEHH!O ii pazianiiiHoi cTilKkocTi. [Ioka3zaHo TakoX, o cTaib T91 3 TaKOIO MIKPOCTPYKTYPOIO MEHIIIE
CXWJIbHA [0 pafiauiiHOro 3MILHEHHS, a, OTXKe, 1 pagiauiiHOro OKpux4eHHs. CTBOPEHO NPUHLIMIIOBO HOBUY KJjlac
marepiaiB - BUCOKOeHTpomnilHi ciiasu (BECn), siki 3MiljHEeHI HAHOPO3MIPDHUMMU YaCTUHKaMU TEPMIYHO CTabisIbHUX
okcupiB. locaimkeHo papnianiiine 3aminHeHHs craBy 20Cr-40Fe-20Ni-20Mn (cknap B aT.%) i 10ro 3MillHEHOTO
OKCHUJAMU BapiaHTy B IIOPIBHAHHA 3i 3MILIHEHHAM PEaKTOPHOI ayCTEHUTHOI HEPKaBito4oi crasi 316 rnpu
OIIPOMiHEHHi B ineHTMYHUX yMOBax. [loKa3aHo, 0 3MilJHEHHS 30iIbIIYIOTECS 3 POCTOM [I03U OIIPOMiHEHHS IJIs1 BCiX
IIOCTIiIHKEHUX MaTepiasliB, ajie /1J1s1 BACOKOEHTPOTINHUX CIJIaBiB BOHO HMXXUeE, HiXX B HEP>KaBilo4oi cTajii, To6To
BMCOKOEHTPOMIIHI CIJIaBU [IpY OIIPOMiHEHHI MOXKYTb 30€piraTu 6ijbIll BUCOKY IIJIACTUYHICTS i 6i/1bImINii pecypc
poboTu. Po3po6eHo HOBI criziaBu Ha OCHOBI cuctemu Fe-Cr-Al, neroBani mosni6neHomM i iTpiem, SIKi MaloTh BUCOKUI
omnip kopo3ii npu Temneparypax 1o 1300°C, xapakTepHUX IJ1s1 aBapiiHuX cutyauiil tuny «Pykycimu». CryiaBu
[IpU3HAYeHi 1J1s1 HAHECEeHHs €(DEKTUBHUX 3aXMCHUX ITOKPUTTIB (6ap'epiB) Ha 060s0HKM TBEJIiB 3 LMPKOHi€BOTrO
CIIJIaBY 3 METOIO 3a1106iraHHs aBapiil B pasi BTpaTu TEIJIOHOCIS, 0 OX0JIOAKY€E peakTop. BcTaHOBIEHO, 110, Ha
BiIMiHY BiJl IUPKOHIEBOTO CILJIaBY, TOKPUTTS HE MOTJIMHAIOTH i30TOI BOJHIO, AENUTEPIiH, 3 Fa30BOrO CEPENOBUIIA.
Po3po6:eHi cnisiaBu MaloTh HU3bKi KoeQillieHTH PO3NUJIeHHS M1iJ, BIVIMBOM HU3bKOEHEPreTUYHOi BOJHEBO] II71a3MU,
1110 JO3BOJISIE IPOTHO3YBATH MOJKJIMBICTb iX BUKOPUCTAHHS B TEPMOSIIEPHUX PEAKTOPAX 3aMiCThb 6iJIbIl KOLITOBHOTO

11 KpUXKOT'O BOJIbdpamy.

Pedepar aHI1iliChKOIO:

The physical and technological foundations of the process of creating a nanostructured state in the reactor steel
of ferrite-martensitic class T91 are developed. The application of this process made it possible to reduce the size of
the microstructural components of steel to a nanostructured level, which led to an increase in the strength of steel
and a significant improvement in its radiation resistance. It was also shown that T91 steel with such a
microstructure is less susceptible to radiation hardening, and, consequently, to radiation embrittlement. A
fundamentally new class of materials has been created - high-entropy alloys (HEAs), which are strengthened by
nanosized particles of thermally stable oxides. The radiation hardening of the 20Cr-40Fe-20Ni-20Mn alloy
(composition in at.%) and its oxide- strengthened version in comparison with the hardening of austenitic 316
stainless steel under irradiation under identical conditions were studied. It was shown that hardening increases
with an increase in the radiation dose for all studied materials, but for high-entropy alloys it is lower than in
stainless steel, i.e., high-entropy alloys during irradiation can retain higher ductility and a longer service life. New
alloys based on the Fe-Cr-Al system doped with molybdenum and yttrium have been developed, which have high
corrosion resistance at temperatures up to 1300 ° C, typical for emergency situations like "Fukushima". Alloys are
intended for applying effective protective coatings (barriers) to the shells of fuel elements made from zirconium



alloy in order to prevent accidents in case of loss of liquid that cooling the reactor. It was found that, unlike the
zirconium alloy, the coatings does not absorb the isotope of hydrogen, deuterium, from the gaseous medium. The
developed alloys have low sputtering ratios under the influence of low-energy hydrogen plasma, which makes it
possible to predict the possibility of their use in thermonuclear reactors
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)
Ha3zga HTII yKpaiHCBKOIO: 3akii09HMI1 HAYKOBO-TEXHIYHMIA 3BiT
Hazpa HTII aHrsiiicbKo¥0: Final scientific and technical report
HTII, sixy nepezn6ayasiocsi CTBOPUTH:

IIpuunnu, yepe3s saki HTII e Gysio cTBOpeHO:

OTpumaHi pe3yJIbTaTH: Marepianu

l'asy3p 3aCTOCYBaHHS: ATOMHA eHepreTyka

PeecTpanifiHuil HOMep KapTKH T€XHOJIOTii:

Omnuc HTII: Po3po6iero ¢i3rko-TeXHOIOr4Hi OCHOBY MPOLECY CTBOPEHHS HAHOCTPYKTYPHOTO CTaHy B
peaxTopHOi ctanu GeppuUTHO-MapTeHCUTHOTO Kiacy T91. CTBOpeHO MPHHLIMIIOBO HOBUH Kjlac MaTepiaiB -
BHUCOKOeHTpoMniiHi ciasu (BECn), siki 3MiljHeHi HAHOPO3MiPpHUMHU YaCTUHKAMU TEPMIiYHO CTabiIbHUX OKCU/IIB.
Po3po6seHo HOBI crilaBy Ha OCHOBI cuctemu Fe-Cr-Al, 1eroBaHi Mosi6ieHOM i iTpieMm, 5IKi MalOTh BUCOKHUI OMip
Koposii npu Temneparypax go 1300°C, xapakTepHuX 1151 aBapiiHuX cuTyauiil Tuny «Pykycimu». Crinasu
IIpU3HAaYeHi 1J1s1 HaHeCceHHs e(PeKTHUBHUX 3aXMCHUX ITOKPUTTIB (6ap'epiB) Ha o6osoHku TBEJIIB 3 1MpKOHieBOro
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