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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

MyspTMMacTabHe MOZEIOBAHHS B3a€EMOii AU CIIOKALlill, AUCIIOKALiHUX TIeTesIb Ta TPAHULIb 3€PEH 3 KJlacTepaMu

Ie(eKTiB B OIIPOMiHIOBAHUX HEUTPOHAMHU CIJIABaX Ha OCHOBI LIMPKOHIIO

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Multiscale modeling an interaction of dislocations, dislocation loops, and grain boundaries with defect clusters in
neutron irradiated zirconium-based alloys

Pedepat yKpaiHCBKOIO:

[TpoBeneHo aTOMiCTMYHE MOJEJIIOBAHHS 3 IEPUIMX IPUHIMIIB eeKTOyTBOPEHHS Y CIlJIaBax Ha OCHOBI LIMPKOHIIO 3
nomimkamu Fe, Cu, Nb ta Sn. JlocsifizkeHO BIaCTMBOCTI BTOPMHHMX (Da3 Ta KJIACTePiB AedeKTiB. 3allpOIIOHOBAHO
HOBMU INOTEHLia MDKATOMHOI B3aeMopii 115 crsasiB Zr-Fe ta Zr-Cu 1i1st MOJIeII0BaHHSI METOLAMU MOJIEKYJISIPHOI
IvHaMiku. Bin 6yB BUIIpoOyBaHuUil Ha eTalli [igroToBKY (BifIasny) 3pa3kiB, MexaHiYHOTro BUIIPOOYBAHHSI
IiATOTOBJIEHUX 3Pa3KiB, a TAKOX y Kackalax IpY HEUTPOHHOMY OIIPOMiHEeHHi. Po3po6sieHO TeoOpeTUYHY MOZEJIb
MOJIEJIIOBAaHHS KJIACTEPHOI AUHAMIKU CIIaBiB Zr-Nb-Sn npu pi3HUX yMOBax ONPOMIHEHHS 3 Pi3HUM BMiCTOM
JIETYIOYMX €JIEMEHTIB, pO3MiPOM 3e€peH, po3MipoM IpeuunitaTiB. Po3po61eHo Mozesb 715l ONIACY POCTY
IUCJIOKALiMHUX II€TeJb Y PaMKax Teopii IBUIKOCTEN peaKlil, 10 y3arajabHEeHa BKIOYEHHIM JIOKAJILHOTO OMHUCY
3POCTaHHSI I1€TEJIb, CIPUYMHEHOT0 BIUIMBOM MEX 3€PEH Ta 3pDOCTAaHHS NpeuuniTaTis. [IpoananisoBaHo 3a/1€>XKHICThb
po3Mipy netsi, sedpopmallii Ta 3MiLIHEHHS IIPU Pi3HUX TEMIIEPATypax, po3Mipax 3epHa Ta MPELUIiTaTiB, BMICTy
JIETYI0UUX €JIEMEHTIB, JIOKAJIbHOTO PO3IIOJiy [1eTesIb BCepeIHi 3epHa, a TakoXX ePeKTUBHOCTI KJlacTepusaliii B
crsaBax Zr-Nb-Sn B yM0oBax olpoMiHeHHS B peakTopax. Po3pobsieHo Kom6iHOBaHMI MifXif, 3aCHOBAaHUI Ha Teopii
(a30BOro 0718, TeOpii MBUIKOCTEN peaklill Ta Teopii IPY>KHOCTI 1711 BUBYEHHS IEPETBOPEHb MIKPOCTPYKTYpPHU Ta
PO3BUTKY edeKTHOi CTPYKTYPH B CIIaBax Zr-Sn. O6roBopIOIOTHCS BIACTUBOCTI CTIKOCTI BTOPHUHHOI ¢da3u AlS mpu
HEUTPOHHOMY OIPOMiHEHHI, JIOKayIbHa NTepeby0Ba TOUKOBUX NledeKTiB Iifl yac HEHTPOHHOTI'O OIIPOMiHEHHS,
(opMyBaHHS PO3BMHEHOI AUCIOKALiIHOI CTPYKTYpH Ta 3MiHA ME€XaHIYHMX BIIACTUBOCTEN OIIPOMIHEHMX 3Pa3KiB

crasiB Zr-Sn.

Pedepar aHIJIiHCBKOIO:

An atomistic modeling from the first principles of defect formation in Zirconium based alloys with Fe, Cu, Nb and
Sn impurities is performed. The properties of secondary phases and defect clusters are investigated. A new
interatomic interaction potential for Zr-Fe and Zr-Cu alloys for molecular dynamics modeling is proposed. It was
tested at the stage of the sample preparation (annealing), mechanical testing of the prepared samples, as well as in
the cascades under neutron irradiation. A theoretical model for the cluster dynamics modeling of Zr-Nb-Sn alloys
under different irradiation conditions with different content of alloying elements, grain size, precipitates size is
developed. A model for describe the dislocation loops growth is developed within the framework of reaction rate
theory, which is generalized by the inclusion of a local description of the loops growth caused by the influence of
grain boundaries and precipitates growth. A dependence of loop size, deformation and hardening are analyzed at
different temperatures, grain size, precipitates size, content of alloying elements, local distribution of loops inside
the grain, as well as clustering efficiency in Zr-Nb-Sn alloys under irradiation conditions in the reactors. A
combined approach based on phase field theory, reaction rate theory, and elasticity theory was developed in order
to study microstructure transformations and the evolution of defect structure in Zr-Sn alloys. A stability
properties of the secondary A15 phase under neutron irradiation are discussed, as well as the local rearrangement
of point defects during neutron irradiation, formation of the developed dislocation structure and mechanical
properties change of irradiated Zr-Sn alloy samples.
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