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of the Doctoral Dissertation of MEREZHKO MIKHAL SERGEEVICH entitled 
"Localized plastic deformation in metals (Cu, Fe) and austenitic stainless steels 

(12Cr18Ni10Ti, AISI 304), irradiated with neutrons" 

The candidate systematically examines the transition to localized plastic deformation 
in Fe-Cu alloys, AISI 304, and 12Crl8N10T steels irradiated with neutrons, and especially 
the mechanisms for the transition from uniform to localized deformation induced by 
martensitic phase transformations and subsequent deformation wave. On one hand, this 
unusually high plasticity from neutron-irradiated materials represents a good thing from the 
point of view of avoiding brittle fracture. On the other hand, it can be quite deleterious if 
localized plastic deformation can lead to highly localized component deformation under 
unusual stresses, leading to unpredictable geometrical changes and loss of localized coolant 
flow. This reviewer agrees with the practical significance and impact of this work. To this 
reviewer's knowledge, this thesis represents the most systematic and complete review of 
neutron-induced localized deformation, partially enabled by a priceless treasure trove of 
materials from the BN-350 reactor in Aktau, and partially enabled by the key insights of the 
doctoral candidate himself. 

The idea that localized deformation itself still occurs at all fluences, though the degree of 
localized deformation decreases with increasing neutron fluence as would be expected. 

The finding that martensitic phase transformations limit localized deformation by 
inducing hardening in the regions where localized deformation is taking place, leading to 
the "deformation wave" first proposed by INP researchers including the candidate. 
The finding that the mechanism of localized deformation, with fluence held constant, is 

temperature-dependent, and both temperatures are expected to be found in the operation 
of reactors like the BN-350 used. 



The candidatc's entire work is most compactly and completely summarized in the 
publication entitled "Macro-Scale strain localization in highly irradiated stainless steel 
investigated using digital image correlation," published in Acta Materialia in 2022 
(https:/ldoi.org/10.1016/j.actamat,2022. 1 17858), Here the authors, including the candidate, 
surprised the scientific community by announcing the unexpectedly high total deformation of 
18-37% in neutron-irradiated stainless steels to approximate doses of 45-55 DPA. Such 
deformability of nearly any metal irradiated below 50% of its melting point would have been 
unthinkable, though the careful investigations by the candidate and co-authors completely 
changed the international scientific community's perception and intuition about what is truly 
possible in terms of plastic deformation. The significance of this study is that operators 
should be able to claim credit for higher degrees of plastic deformation at very high neutron 
irradiation doses, mitigating the effects of accidents such as fuel assembly distortions, seismic 
events, and any other events which would have been predicted to induce localized brittle 
fracture. 

There is another vital claim buried in this thesis - in Section 4.3, the candidate 
mentions how "It was found that with an increase in temperature to ~100-150°C, the 
plasticity of the studied materials significantly decreases due to the suppression of the 
martensitic y-’a'-transformation." This is very important for the safety case of transporting 
highly irradiated samples of the Aktau BN-350 reactor to Almaty by land, as it is likely that 
brittle fracture of specimens is less likely than we thought. This reviewer has read Argonne 
National Lab's safety studies of transporting these specimens and fuel assemblies from Aktau 
to Almaty, and this effect was not noted there. Therefore, the candidate mentioned the 
additional applicability of these findings -room-temperature transport of highly irradiated 
materials allows for this additional high-plasticity mode of deformation, reducing the 
propensity for brittle fracture during transport and harndling. 

It should be noted that this type of high plasticity via strain localization and 
deformation wave formation is expected in relatively uniform deformation stress states, and 
not in incedents of fretting, highly localized crack formation, or other phenomena that are not 
at the component scale. The candidate does not claim that the findings are general to all 
cases, but rather conservatively (and correctly, in this reviewer's opinion) simply states the 
facts of what was observed without pontificating beyond the limits of the investigations. This 
is what this reviewer has come to appreciate about Kazakh science- it is precise, its 
conclusions do not reach beyond the presented evidence, and all findings both intermediate 
and final are presented 100% objectively. The reviewer commends the candidate for 
following in this hallowed tradition of Kazakh nuclear materials science, strongly established 
by Hau OOHMBIÝ Ipoceccop MakcuMKHH Oner IIpoko¢beBu4 and continued resolutely by 
the candidate as the current laboratory director. 

This reviewer, when reviewing scientific works and PhD theses, focuses especially on 
the completeness of the methods, documentation of intermediate results, and verification of 
the repeatability of the entire experimental campaigns as one of the main indications of the 

quality, correctness, and completeness of a candidate's work. Here the candidate is 
exemplary, and this reviewer notes that the work is documented to such a degree that nearly 
anyone in the field would have no difficulty repeating the work of the candidate, and would 
also arrive at the same results using the same methods on the same specimens. No detail is 



left undocumented. This reviewer both laments the serious degradation in the quality of 
scientific documentation of nost literature in recent ycars, and commends the candidate for 
helping return the community to the proper standard of scientific repeatability. Il031paBnAio 
H 0naronapro, nOTOMY YTO A 3HaI0 TaK cIOKHO HaHcaTb Bcë Ha HHHOCTpaHOM A36IKe B 

CTaTbC, H TeNepb HC TaK MHOTO IiONcH KOTOPbIe paõoTaloT TaK Ke ycepHO Kak 3TOT 
KaHAIar. MbI NONKHLI PpaTb PHMep C KaHIHIara kak IHcaTL HayyHbIe CTaTbH. 

This reviewer strongly recommends that the evaluation committee note the unusually 
large nunmber of international conferences and journal publications where the candidate's 
Work has been presented and published, respectively. This reviewer was present for some of 
these presentations and is a co-author on some of these publications, and can speak to both the scientific significance of the results and how well the international audience (including in the USA and in Russia, where this reviewer was present) received and accepted the candidate's work. 

I therefore believe that Mikhail Merezhko's dissertation work constitutes a complete and coherent body of scientific research that meets the requirements for PhD dissertations, and that the candidate deserves to be awarded a PhD degree. 

Sincerely, 

Michael Short 
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0T3LIB 
Ha joKTOpcKyo AHCcepTaHIO MEPEKKO MMXAMJIA CEPTEEBHYA Ha TeMy 

"Jlokanu30BaHHaA IJaCTHYeckas nehopMauua B MeTaNlax (Cu, Fe) H aycreHHTHBIX 
HepxaBerOu[Hx CTanax (12X18H10T, AISI 304), o61yyeHH5IX HeMTpOHaMH" 

COHCKaTeIb CHCTeMaTHYeCKH HCCJIeNoBaJI lepexon K 1OKaJIH3OBaHHOm TUiacTHYeCKOH 
nehopmalAH B CHnaBax Fe-Cu, AISI 304 n 12X18H10T, o61y4eHH5IX HemTpOHaMM, a TakKe 
MeXaHH3M5I nepexona oT paBHOMepHOM K NOKaIH30 BaHHOH neopMauHH, BBI3BAHHOM 
MapTeHCHTHbIMH þasoBBIMH ipeBpaueHHAMH H NOcMEIyoueH BOJIHOm AecopmauHH. C oHOM 
CTOPOHbI, TOT HeoP5I4aÄHO BbICOKH� ypoBeHb INacTHYHOCTH 061yyeHHLIX HeHTpOHaMH 
MaTepnaiOB IIpeACTaBJLAET CO00Ý xopomee SABJICHHE c TOYKH 3peHHA IpenoTBpameHMA Xpyikoro paspyueHHA, C Apyro� CTOPOHbI, 9TO MOKET ObITE BeCLMa BpeHO, ecH JIOKaNH30BaHHaA 
IJiaCTHYyeCkag IehopMa\UA MOKET IpuBeCTH K BbICOKO NOKaTH30 BaHHOH 1e)opMauu 
KOMIOHeHTOB npH Heo0bI4HEIX HanpaxeHMAX, YTO 

IipABeneT K HenpenckasyeMBIM 
reOMeTpuyeCKHM H3MeHeHHAM KOHCTPYKLIH� H nOTepe TerIOHOCHTeJIA. ABTOp peueH3HH 
COrMaceH c npakTHYeCKHM 3HaYeHHeM H BJIHAHHeM 9TOG paboTbI. Ilo ero MHeHHIO, 9Ta 
AMCcepTaIHA npenCTaBJIAeT co6oH HanÑonee CHCTeMaTHYeCKH� noTHLIÀ 0030p 
nOKaNH3OBaHHOC AedopMauMH, B6I3BAHHO} HeGTpOHAMM, YacTHYHO 06ycnOBJICHHBIG PeCueHHBIM 

KJIaNOM MaTephaiOB W3 peakTopa bH-350 B AKTay H 4acTHYHO 00ycHOBJIEHHbI� KÊII)yeBbIMH 

OCHOBHbie HIeH paQoT5I: 
Mnes TOro, yTO JIOKaTH3OBaHHaA AeopMauHA caMa IO ceoe ipoucxogHT B MaTepuanax pu 

pasHbIX 103ax o6nyyeHHAX, ONHaKO eë CTeIIeHb YMeHbIlaeTCA c yBeNHYeHHeM IIOTOKa HeMTpOHOB, 
Kak H CJIeNOBaJiO 0KHAaTb. 

OQHapyKeHHe TOro akra, 4TO MapreHCHTHbIe pazoB5le nipeBpameHHA orpaHHYMBaloT 
1OKanH3OBaHHyIO Me)opMauMio yepes ynpoyHeHHe o6nacTeH, rae iponCXOAHT NOKanu30BaHHa 
AehopMauua, 4TO ipHBounT K "B0/1He AehopMauuH", sþjeKra, BiepBsie oPHapyxeHHOro 
HCCHeNOBaTeJIAMM H3 MAO, BKJIIO4aA cOHCKaTeJIA. 

O6HapyxeHHe TOro pakra, 4TO MexaHM3M JIOKaNH30BaHHOH 1eHopMauun npu nocTOAHHOM 
QIoeHce HeHTpOHOB 3aBHCHT OT TeMIneparypsi, M o6HapykeHHEIe (ABa) 3HayeHKA TEMIneparypsi 

HIeAMH caMOrO COHCKaTeJIA. 



Ha6MOAaeTCA B Npouccce IKCAIyaTauun peakTODoR, TaKHx KaK HcnoN630BaHHBIÁ B pabore bl 350. 

PaboTa conCKaTeNA HanÑoJee KOMJaKTHO H noHO oHCLIBaeTCA B IyotHKauHM noA Ha3BaHHeM "MakpoCKOnMYecKas JIOKaNW3aus ehopmaunM B HepkaBeIOMIN CTaNAN, M3y4aeMaa c nOMOulbIO HpoBoa KoppenauMH W300pakeHnM 
BEICOKO o61y4eHH5IX 

ony6nKOBAHHOM B Acta Materialia B 2022 roay (https://doi.org/10.1016/j.actamat.2022.11785%). B TOH CTaTbe aBTOPBI yAWBHIH HayyHoe coo6ecTBO, 06bABHB O HeoxH1aHHO BSICOKOM O0MeM nedopMaunm 18-37% B HepxaBCIO|HX CranAx, o6nyyeHHbIX HeKTpOHaMH 10 IpHQIH3WTeTBHBIX n03 45-53 CHa. T akas nnacTHYHOCTb NpaktHyeCKH IIOPOro MeTanna, o61yyeHHOro HMKe Do70 o1 ero TeMIIepaTypbl nnaBJIeHHA, O5IJ1a 6bI HeB03MOKHa, xoTA TILaTeJIbH6Ie CCTeIOBaHMA cOHCKaTeJ1A H ero coaBTOpOB N0NHOCTbIO H3MeHHIH IpencTaBJIeHHe H 00mempHHATEIe CyKieHN MeKYHaponHOro HayYHOrO coo6mecTBa 0 TOM. UTo ne~cTBWTeIbHÌ BO3MOKHO B TUTaHe nJiacTH4eCKOA AeopMa1un. 3HayHMOCTE TOro HccneIOBaHHA 3ak+iO4aeTCA B TOM, TO HHKEHepbi MoryT paccywTBIBATb Ha 6onee BEICOKHe cTeneHH nnacTHYecKoG AeopManH +p 04eHb BBICOKHX A03ax HeHTpOHHOro o0JyyeHHA, B Ipouecce ycTpaHeHHA IIOCIenCTBHH aBaphM, TakHX Kak HCKPMBJICHVe TOIJIHBHOM CoOpKH, ceHCMHyecKHe coobITHA H JNHOÕLIe ApyrHe coObITHA, KOTOPbIe MOryT BEI3BATE JIOKaJIH30 BaHHOe xpyiKoe paspyMeHHe. BITOH AHCCepTauuu ecT5 eIme oIHO BaKHOe 3aJBJeHHe, KOTopoe HaxonMTCA B pa3�eie 4.5. ConCKaTeJIb yioMMHaET, YTO "ObJO o6HapyKeHO, yTo npH TnOBbIIeHHH TeMNepaTypbI 10 ~l00 150°C JiacTHYHOCT6 H3yyaeMbIX MaTepuan0B 3HasuTeNbHO CHHXaeTCA H3-3a iOnaBieHMA MapTeHCHTHOTO Ya'-ipeBpauieHMa". 3To o4eHb BaxHO A PesonacHom TpaHciIopTHPOBKH BbICOKOO61y4eHHbIX 06pazLOB peakTOpa BH-350 B AIMaTbI IO cyue, TaK Kak BeposTHOCT5 xpyilKOro paspyweHHA obpasuOB MeHEule, yeM Ipennojaranocb. ABTOp 1aHHoro oT3bIBa 03HaKOMMICA C HCCJJeNOBaHMAMH no õe3onacHOCTH AproHHCKOm HaLlHOHaJEHOH vaÙoparopHH KacaomXCA TPaHCIopTHpoBKH 9THX 00pa3LOB H TOIJIHBHLIX CÑopoK M3 AKTay, 9TOT 9)peKT TaM He ObIJI OTMeYeH. TloTOMY coHCKaTeJb MOKET Yka3bBaTb Ha 1010THHTeJTbHYO npHMeHHMOCTH 9THX pesyIbTaTO B - TpaHcnopTupoBKa BEICOKOO6y4eHHLIX MarepnaiOB ipu KOMHaTHO� TeMIIepaType no3BOJIAET MCIIOJNb30BaTH 9TOT A010JIHHTeNEHbIM peKHM BbICOKOG IJJaCTHYHOCTH AehopMauu, CHHKaA CKJIOHHOCTE K xpy+KOMy paspyneHHHO TpaHcnopTHpOBKe M 9KCIJIyaTaMu. 
CHenyeT OTMeTHTb, YTO 3T0T MexaHH3M BEICOKOM nJiacTHYHOCTH 4epe3 JIoKaJiH3aHHO nedopMauuu H hopMupoBaHHe BOJIH 1e0oMauun oKHJaeTCA B OTHOCHTeIbHO paBHOMePHbIX coCTOAHHAX IJlaCTHYeCKOro TeyeHHA, a He B CJIy4aX TpeHHA, BEICOKOH JOKaIH3OBaHHOM TpeHHO00pa3oBaHHA HJIH ApyrHX ABICHH�, KOTopble He HaxongTCA Ha TTOM MacuITaðHOM ypOBHe. CoHCKaTeTb He yTBepKNaeT, YTO pe3yi5TaT6I OTHOCATCA KO BCeM CIY4aNM, a CKOopee KOHCePBaTHBHO (H npaBuIbHO, NO MHeHMIO aBTOpa OT35IBa) IipocTO H3J1araeT pakTEI TOro, 4TO ObIJ0 IoJIyYeHO B XOIe HCCHeIOBAHM�, He BLIXO1A 3a ipeneTbI nOTy4eHHEIX B pe3yIbTaTe HCcJIenoBAHH� pe3yIbTaTOB. STO TO, 3a YTO aBTOp OT35I Ba LeHHT B Ka3axCKoH Hayke - OHa TO4Ha, ee BLIBONbI He BEIXO1AT 3a npeneNbI IIpenCTaBJICHHbIX AOKa3aTeTbCTB, H BCe pe3ybTaTbI KaK +poMeKyTOYHLIe, Tak H OKOHY4aTeJTbHBIe ipenCTaBIeHbI Ha 100% 00beKTHBHO. PeueH3eHT no10KHTeIbHO OueHMBaeT COHCKaTeJIA 3a TO, YTO OH CJeIyeT 9TOM CBALIeHHOM TpanuuHH KasaxcTaHCKOA LIKOJTEI panuauuOHHOrO MarepHaNOBeACHMA, ycTaHOBJCHHOA "euye Hau IOPHMBIG npodeccop MakcHmKHH O1er Ipoko¢beBHY" (opurMHaNbHBIM TeKCT MamKna lllopra 



Ha pycCKOM A3LIKC, npMM. nep.) H peuHTeNbHO npononKaeMoM coHCKaTesTeM B KayecTBe 
TeKyUlero0 3aBenyioero naboparopucH. 

ABTOp peueH3HH, ipM pacCMOTPeHMH HaysHbIX paboT H IHCcepTaLH� Ha coHCKaHHe 
cTeneHI AOKTOpa PhD, oco0oe BHHMaHHe ynenaeT noNHOTe MeTO10B, 10KyMeHTaMM 
npOMexyTOYHbIX pe3ylbTaTOB H npoBepke noBTODAeMOCTH BceH 9KcnepuMeHTabHOD 0a36l Kak 
K ONHOMy H3 0CHOBHBIX nOKazaTeNeH KayecTBa, npaBuJbHOCTH M IOJHOT6I paboTBI COMCKaTeJ1A. B aaHHOM CJIYyae pabota cOHCKaTena ABIAeTCA O6pa3uOBoG, M aBTOp oT35IBa OTIeTBHO OTMe4aeT, YTO pab0Ta AOKYMeHTHpoBaHa HacTOIbKO, yTO noyTH NHOOOG B 9TOM o01acTH He HcILITaeT TpyHOCTeH npH nOBTOpeHMH paoTbI KaHIMMaTa H TakKe npuaeT K TeM Ke pesyiBTaTaM, HCnoNB3yA Te Ke MeTOI5I Ha TeX Ke 0ðpasuax, HuKaKHe neTasiH 9KCNepHMeHTa He OCTaIHCH He 
3ajOKyMeHTHPOBaHH6IMM. ABTOp OT3bIBa coxAJeeT o cepbe3HOM yXyAmEHHH KayecTBa HayyHOM 
1OKYMeHTAlHH 00N5MHHCTBa NMTepaTypHbIX HCTOyHHKOB B 10CNeAHHe roIbI, H OJlaronapHT COHCKaTeJLA 3a TO, 4TO nOMOraeT BepHYT5 HayyHoe coooIHeCTBO K npaBHJILHOMY CTaHIapTY HayyHoH nOBTOpaeMOCTM. "Ilo3apaBJAHO u 6naronapro, noTOMy YTO A 3HakO Tak cI0KHO HarTHcaTb BCe Ha AHOCTPaHHOM A35IKe B CTaTbe, H TeIIeDE He TaK MHOrO IHOIeH KOTOPbIe pabotaKOT TaK Ke 
ycepnHO KaK 3TOT KaHIHmaT, MbI 10JKH5I OpTb IIpHMep c KaHAuAaTa Kak IIHCaTb HayyHBIe CTaTbH" (opurMHaNbHLIG TeKCT MaKJa Illopra Ha pyccKOM A36IKe, ipuM. Iep.). ABTOp OT35IBa HacTOITeJIbHO peKOMeHIyeT KOMHCCHH IO OueHKe OópaTHTB BHHMaHHe Ha HeoPb14HO PoNbIoe KoIHYecTBO MeKIyHapoAHbIX KOHHepeHLM� H KypHaIBHBIX nyoIHKaMn, Ha koTopbIx PbIJ1a ipencTaBieHa H onyQnHKoBaHa pað0Ta coHCKaTeNA. ABTOP 1aHHO� peIeH3HH ipHcyTCTBOBaJi Ha HeKOTOPbIX M3 9THX IpeseHTauu� M ABJIAETCA CoaBTOPOM HeKOTopbIX H3 STHX IIyóJIHKaLuo, M MOKET TOBOPHTE Kak o HayyHOA 3HayHMOCTH pe3y5TaTO B, Tak H 0 TOM, HaCKoJTbKO XopOIO MeKAYHapoAHaA ayuTOPuA (BKJIHOMas CLA H PoccHIO, rAe aBTOp IipHcyTcTBOBaJI JIHYHO) ipHHANA paboTy cOMCKaTeJIA. 

A cHuTao, YTO IHCcepTaiuOHHaA paõOTa Muxauna MepeKKO IpeACTaBJLAET co0oG noJTHOe H 3aKOHHeHHOE HayyHoe HccIeNOBaHHe, KOTOpoe cooTBeTCTBYeT TpeóOBaHHAM AJIA AMCcepTaHH PhD, n 4TO COHCKaTeTb 3acnyKMBaeT HpucyKneHMA eMy CTerneHH 1OKTOpa unoco¢uH. 
McKpeHHe, 
InognC5 HMeeTcA/ 
Ma~K1 Iopr. 



A, KenDNCTACBa Auana CepnkooJIOBHa, MWH 8904164505 13, (ynocTOBepeHHe IHHOCTH N9 037494459, BbäÊaHO MBA PK or 02.02.2015 r. gcHcTBHTeNDHO no 01.02.2025 r.), HacTOAmHM IoTBepKNaro, YTO MaHHbIö IepeBoN ABJIAETCA TOYHLIM TepeBONOM 1aHHOro 1OKYMeHTa H coOTBETCTByeT CONepxaHHIO opHrHHana lOKYMeHTa. 
IlonHcb 

«IIATOE» MaA ABe T5ICAY4H BaFuyaTH TpeTbero roIa a, MycataeBa A~repuM MaKcaTOBHa, HOTapHyC ropona AIMaTbI, IeHCTBYIOIIH� Ha oCHOBaHHH JIHUeH3HH N21015147, BEIIaHHOH MHHHCTepcTBOM IOcTHIHH PecyQJHKH KasaxcTaH 0T 15.04.2021 rona, CBHIETeJILCTBYIO IIONJIHHHOCT5 IOIHCH IepeBoI4HKa KeHKETaeBO`ç AuaHbI CepuKÐ0JOBHb. JIuTHOCTH 
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