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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

JocigyKeHHs BIIJIMBY CTPYKTYPHOTO CTaHy Ha ONTHUMI3allil0 MiKpOCTPYKTYPHOI €BOJIOLI Ta MMiIBULLIEHHS

pazianiiiHoi CTIMKOCTI KOHCTPYKLIMHUX MaTepialiB Cy4acHOI i MallOyTHBOI SIE€PHOI €HepreTUKU

Ha3sBa po60oTH aHIJIiHCBHKOIO:

The investigation of the structural state influence on the microstructural evolution optimization and increase of
structural materials radiation resistance of the modern and future nuclear energy

Pedepat yKpaiHCBKOIO:

B yMoBax imiTauifiHOro onpoMiHeHHs BaXXKUMU ioHamu rasy (Ar i Kr) 3a ornomoroto TpaHCMicCiliHOI e1eKTPOHHOI
MiIKpPOCKOIIii BUBUEHO BILJIUB CTPYKTYPHO-(a30BOr0 CTaHy Ha pafialiiiHy cTilikicTb cTati T91 Ta po3risiHyTo poJb
BUJIiJIEHb HA PO3BUTOK ra3oBoi nopuctocti B ctaysix XI8H10T i X18HI0T A30. ITokasaHo, 110 Micsl ONIPOMiHEHHS
ioHaMU KpUIITOHY 3BUYaiiHa MapTeHCUTHA cTajb T91 posnyxae JOCUTb OGHOPILHO, Y TOM Yac, sIK CyOMiKpOHHA
depuTo-MapTeHCUTHA CTPYKTypa cTai T91, mo oTpumaHa B pe3yJibTaTi iHTEHCUBHOI IJIaCTMYHOI fedopMaliii,
posnyxae HeogHOpiaHO. [Ipy bOMy, 3arajibHa BEJIMYMHA PO3IyXaHHS 3HKYETLCS. ['a30Be pO3NyxaHH 3aJ1€KUTh
IepPEeBAXKHO BiJ] pO3Mipy 3€pHa Ta y MEHIIil Mipi Bifj CTPYKTYpHO-(a30BOro CTaHy MaTepiany. B po6oTi 3acTocoBaHO
metopu HRTEM, FFT, ¢inbrpauii macku @yp’e ta 3sopotHoro FFT (IFFT), g5t Toro mo06 fOCaiguTy CTPyKTypy Ta
opieHTauiituuii 38130k TiC npeuunitaris B MaTpuli aycTeHiTHOI Hep>kaBsitoyoi crasi X18H10T Ta 3po3yMiTu posib
(BNIMB) MpeLUMiTaTiB y NOBeAiHIi 6y/1b0alIoOK ra3y Ipyu onpoMiHeHHi ioHamMu aproHy. BcraHoOBI€HO, 10 PO3Mip
npeuumnitaTt € KputudHuM. KorepenTHicTb TiC 36epiraeTbcsl Ha IOBEPXHi pO3[Iiy, KON NPEeLUIiTaTy 3HaXOAUTbCSI
Ha CTajlii 3apOoJyKeHHS. 3pOCTaHHS MIPELUIIITATIB MOXKE IIPU3BECTU IO BTPATU KOTEPEHTHOCTI, KOJIA PO3MIp
IpeuuIiTaTa B ayCcTeHiTHii crasi nepesuinye 10 HM. i 4ac OnIpOMiHEHHS aprOHOM, BEJIMKA MTO3UTUBHA
PO30DKHICTh MK MPELUIITaTOM y TIOPiBHSIHHI 3 MaTPULIEIO TPU3BOAUTD 10 YTBOPEHHSI TOHKOI Ta KOHLIEHTPOBAHOI

Iycriepcii (po3MOBCIOIPKEHHIO) OyIb0AIIOK Ha MeXi po3Zily Npeuunitat — MaTpuis abo nobusy Hei.

Pedepar aHIJ1iHCBKOIO:

Under the conditions of simulated irradiation with heavy gas ions (Ar and Kr) by transmission electron microscopy,
the influence of structural-phase state on radiation resistance of T91 steel was studied and the role of segregations
on gas porosity development in X18H10T and X18H10T DUO steels was considered. It is shown that after irradiation
with krypton ions ordinary martensitic steel T91 swells quite uniformly, while the submicron ferritic-martensitic
structure of T91 steel, obtained as a result of intense plastic deformation, swells unevenly. At the same time, the
total amount of swelling decreases. Gas swelling depends mainly on the grain size and to a lesser extent on the
structural-phase state of the material. The methods of HRTEM, FFT, Fourier mask filtration and inverse FFT (IFFT)
filtration were used to investigate the structure and orientation of TiC precipitates in the X18H10T austenitic
stainless steel matrix and to understand the role (influence) of precipitates in the behavior of gas bubbles at
irradiation with argon ions. The size of the precipitate was found to be critical. The coherence of TiC is maintained
at the interface when the precipitate is in its formation stage. Growth of precipitates can lead to loss of coherence
when the size of the precipitate in austenitic steel exceeds 10 nm. During argon irradiation, a large positive
difference between the precipitate compared to the matrix leads to the formation of a thin and concentrated
dispersion (spread) of bubbles at the interface between the precipitate - matrix or near it.

Inpexkc YIK: 669.017:621.039.1, 669.018.29:621.039;669.018.29:621.039.6, 669.14 /.15:621.039, 539.21:539.12.04;
548:539.12.04; 538.9510405:539.12.04

Koau remaTuyHHuX pyﬁpPlKi 53.49.17, 53.49.17.13, 53.49.17.19, 29.19.21
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)
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KOHCTPYKLIMHUX MaTepiaiB cyyacHOI i MaltOyTHBOI sIepHOI €HepreTUKu”

Hassa HTII aHr1ificbKo¥0: INTERIM REPORT ON RESEARCH WORK "The investigation of the structural state
influence on the microstructural evolution optimization and increase of structural materials radiation resistance of

the modern and future nuclear energy"

HTII, aKy nepenba4asiocss CTBOPHTH:

IIpuunnu, yepe3s saki HTII ne 6ysio cTBOpeHoO:

OTpumaHi Pe3yJabTaTH: TexHoJiorii, MeToau, Teopii, AHaIITUYHI MaTepianu

l'asmy3b 3aCTOCYBaHHS: BukopucranHs y aToMHiit eHepreruti Ta B Il HAEK «EHeproaTom», €Bporeiicbka

CIIiJILHOTA 3 aTOMHOI eHeprii
PeecTpariifiHuil HOMep KapTKH Te€XHOJIOT1i:

Omnuc HTII: B ymosax imitauiitHoro onpomineHHs BakKuMU ioHamu rasy (Ar i Kr) 3a 1omoMororo TpaHcMiciiiHOi
€JIEKTPOHHOI MiKPOCKOIIii, BUBYEHO BIIJIMB CTPYKTYPHO-(a30BOro CTaHy Ha pajialiiiHy CTiiKicTeb ctai T91 i
POS3IJISIHYTO POJIb BUIJIEHb HA PO3BUTOK ra3oBoi nopucrocti B crasnax X18HI10T i X18H10T [I30. ITokasaHo, o micis
OIIPOMiHEHHS i0OHaMU KPUIITOHY 3BMYaliHa MapTE€HCUTHA cTajb T91 po3nyxae NOCUTh OJHOPITHO, y TOM 4Yac, K
cy6MiKpoHHa pepUTO-MapTeHCUTHA CTPYKTypa cTaji T91, o oTpuMaHa B pe3ysbTaTi iHTeHCUBHO] NI71aCTUYHOI
nedopmalii, posnyxae HeogHOPigHO. [Ipy IbOMY, 3arajbHa BEJIMUYMHA PO3IyXaHHS 3HIKYEThCSL. ['a30Be pO3IyXaHH
3aJ1eKUTb IEPEBAXKHO Bil pO3Mipy 3€pHa Ta y MEeHIIi Mipi BiJ CTPYKTypHO-(a30Boro cTaHy marepiany. B po6oTi
3acrocoBaHo Mmetony HRTEM, FFT, ¢pinsrpanii macku ®yp’e ta 3sopotHoro FFT (IFFT), oyis Toro, mo6 Jociigutu
CTPYKTYpY Ta opieHTauiiiHuil 38’930K TiC npeuumnitaTisB B MaTpuLii ayCcTeHiTHOI HepxKagitouoi crasni X18H10T Ta
3pPO3yMiTU pOJIb (BIIJIMB) IPELUITITATIB y TOBEiHI Oyab6aIIOK ra3y npu onpoMiHeHHi ioHamMu aprony. BctaHoBieHO,
110 po3Mip npeuumnitaTt € KputTudHUM. KorepeHTHicTb TiC 36epiraeTbcst Ha IOBEPXHi pO31iny, KON IPeLuIliTaTu
3HAXOOWTHCS HA CTaflii 3apOKEHHS. 3POCTaHHS IPELUITITaTiB MOXKe [IPU3BECTH [0 BTPATU KOTE€PEHTHOCTI, KOJIU
pO3Mip npeuunitara B ayCTeHiTHIN cTaii nepesuitye 10 Hm. I1in 4yac onpomiHEeHHS aproOHOM, BEJIMKA [IO3UTUBHA
PO30DKHICTh MK MPELUITITATOM y TIOPiBHSIHHI 3 MAaTPULIEIO TPUBOJIE 4O YTBOPEHHS TOHKOI Ta KOHLIEHTPOBAHOI

Iycriepcii (po3MOBCIOIPKEHHIO) OyIb0aIIOK Ha MeXi po3zily npeuunitat — MaTpuis abo nobusy Hei.
ConiannbHO-eKOHOMIYHA crpsimoBaHicTh HTII: Exonomis enepropecypcis, EkoHomis matepiasiis
Bnyins HTII Ha moBKiJLs:
BnposagskeHHst HTII: He supoBamxeHo
ITpakTuyHa peasnizanis HTTI
IToyaToK eramy: 01.2021
3akiHYeHHs eTamy: 12.2021
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