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[MyTem BapbMpOBaHWNS PEXMMOB ropsidert NpokaTkn u Tepmudeckor o6paboTKM NonyyYeHbl pekpucTan-
nnM3oBaHHoOEe 1 AehopMMPOBaHHOE COCTOSHMSA ObIBLUErO aycTeHUTa CpeaHeyrnepoaucTon MapTeHCUTHON
CcTanu v HU3KOYrnepoancTon 6enHUTHON cTanu. [ns oueHKn COCTOsIHUS ObIBLUEro aycteHuTa nepeg 3a-
Kankon npeanoXeH ckanspHblA TEKCTYPHbIN UHAEKC, onpedenseMblii C y4HeTOM Mexdas3Horo opueHTaum-
OHHOro COOTHOLLUEHMS MO AaHHbIM AndpakLmmn anekTpoHoB obpaTtHoro paccesHus (QOPJ). Oedopmupo-
BaHHOE M peKkpucTann3oBaHHOE COCTOSIHUS pasnuyatroTcs Mo 3HaKy MHAEeKca, Toraa Kak ero BennyvHa
OoTpaXkaeT UHTEHCUBHOCTb COOTBETCTBYIOLLEN TEKCTYPbI B 3aBUCUMOCTM OT pPeXrmMa ropsiien npokaTku. -
(PEKTMBHOCTb MPEANOXKEHHOro NOAxoAa NOATBEPXKAEHA HA CpeaHeyrnepoaMcTON MapTEHCUTHOW CcTanwm,
NnoABEpPrHyTOM ropsiyen npokatke B TabopaToOpHbIX YCIIOBUSX, @ Takke Ha NPOMbILLIIEHHOM NTIMCTOBOM Mpo-
KaTe HM3KOYrnepoaucTon 6ENHNTHOW cTanwu.

Knroyeesnbie crioga: MapTeHCUT, DEMHUT, BLICOKOMPOYHAA cTarb, ObIBLLMI ayCTEHUT, (pa30BOe NpeBpa-
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MpencTaBneHbl pe3ynbTaThbl UCCMeaoBaHMsA NpoLecca pacnaaa MeTacTabunbHo gasbl B TUTAHOBOM
ncesao-B-cnnase. PaccMoTpeHbl OCHOBHbIE 3aKOHOMEPHOCTM 3BOJTIOLMU CTPYKTYPbI M (hba30oBOro coctasa
BbICOKOJIErMPOBAHHOTO CMilaBa TUTaHa C TePMMUYECKU HecTabunbHol B-cha3oi B 3aBUCMMOCTM OT pexnma
TepMuyeckor o6paboTku. MokasaHo BNMsiHUE TeMnepaTypbl U30TEPMUYECKON BbIAEPXKKM HA MOPGONOoruio
N CTeNeHb pekpucTannusaumn Belaensioweica dasbl. PesynbTaTbl UcCneoBaHNs CBUAETENbCTBYIOT O
TOM, YTO HU3KOTEMMEepaTypHbIi pacnag MeTacTabunbHol B-casbl B UCCNEAYyEeMOM CrniaBe NPUBOOUT K €ro
OXPYNUYNBAHWIO.

Krntoueeble criosa: BbICOKOMPOYHbIN TUTAHOBbLIV NCeBA0-B-CniaB, YNpoyHsiowas Tepmuyeckast obpa-
60TKa, CTPYKTYpa, MUKPOTBEPAOCTb, PABHOBECHOE COCTOSIHWE, TEPMUYECKMIA LIMKIT CBAPKM
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C uenbio yTunusauun Teepabix KOMMyHanbHbIX oTxogos (TKO) cospgaH onbITHLIN obpa3sel peakTopa
ONs X TepMmnYeckon nepepaboTku ¢ UCNONb30BaHNEM MaTepuanoB, paspabdoTaHHbix B HAL, «KypyaTtoBs-
ckumn nHeTuTyT — LLHUW KM «[MpomeTen», oTpaboTaHa TexHonorus pasnoxeHus TKO B peaktope, npo-
BeLEeHbl ero UcnblTaHus. PesynbTaTbl UCMbITAHWMIA NO3BONUIN CAEeNaTh BbIBOA O NEPCMNEKTUBHOCTM UCMOSb-
30BaHUSl peaKkTOpOB MMponu3a Ans yTunusauuu, obecnevmBaromnx 3KoNornyeckyto 6e3onacHocTb npo-
Lecca 1 nony4veHue BbicokotemnepaTtypHoro rasa (1000-1200°C), npurogHoro Ansi ganbHenLwero Ncnosb-
30BaHUsI B SHEpPreTMyYecknx ycTaHoBkax. bbiny onpeaeneHbl TexHnyeckne TpeboBaHusa onsa pa3paboTku
NPOMBILLIIEHHOIO peakTopa 3HEProTexHoNornyeckoro komnnekca ans yrunusauuu TKO npounssoguternb-
HoCTbIo A0 10 T/4 C y4eTOM BbISIBNEHHbIX B MPOLIECCE UCMbITaHMI ONbITHOrO obpasua HeAOCTaTKOB.

Knoueeble criosa: TBepAble KOMMYHaIbHbIE OTXOAbI, YTUNU3ALUS, peakTop NUpornv3a, TepMuyeckas
nepepaboTKa, BbICOKOTEMMNEPATYPHbIV Fa3, TEXHUYeckne TpeboBaHus
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XMBaHMe 0TX0O0B TEPMUYECKUM CMOCOBOM (CxuraHme otxogos). — M.: degepanbHoe AreHTCTBO No Tex-
HMYeCKOMY perynupoBaHuio n metponorum (bropo HTL), 2015.
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BIIMAAHUE Y3Als012 HA CTPYKTYPOOBPA3OBAHUE U CBOUCTBA KEPAMWUKU CUCTEMbI
AlO3 — Y203
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MpencTtaBneHbl pe3ynbTaTbl UCCNEOOBaHNS CTPYKTYPbl U (PU3MKO-MEXaHNYECKNX CBOWCTB Kepamuk
coctaBoB a-Al203 + nY20s3 (n = 0; 0,5; 1; 1,5; 2; 3; 4; 5 mac. %), NONy4eHHbIX Ha OCHOBE NONUMOPHbLIX
mogudpmkaumi y+6-Al203, B 3aBUCMMOCTM OT KOHLEHTpaumu nervpyrowen npumecun Y203 n TemnepaTtypbl
omxura nopoukoBbix cMmecein (800 1 900°C). OBHapyxeH aheKT 3aLLmTbl OT KpUcTannmsaumm, 3aknioya-
OLLMIACSA BO B3aMMHOM TOPMOXEHUW KPUCTaNM3aunoHHbIX NpoLueccoB B nopoLukax cuctembl Al203—Y20:s.
MeToaoM peHTreHOCTPYKTYPHOIro aHanusa yCTaHOBIEHO Hanmumne B Kepamuke casbl UTTpUR-antoMuHmne-
Boro rpaHaTa Y3Als012 (YAG). BeisiBneHa 3aBMCMMOCTb MEXaHUYECKUX XapaKTepPUCTMK Uccnegyembix ma-
Tepuanos OT KonudecTBa 1 pasMmepa 3epeH obpasoBaBulencsa gasbl YAG.

Kntoveeble criosa: okcua antoMUHWUSA, OKCUA UTTPUSA, MONUMOPdHbIE MoaMMUKaLMK, UTTPUA-aNioMK-
HMEBLIN rpaHaT, CTPYKTYpa, (hM3NKO-MeXaHUYECKNE XapaKTepUCTUKN
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HAHOCTPYKTYPA ' AllIbBAHUYECKUX NMOKPbLITUIA Ni-W, OTOXOKEHHbIX MPU PA3JIUYHbIX
TEMIMEPATYPAX

A. B. KPACVKOB, kaHg. xum. Hayk, M. B. MEPKYJTOBA, M. C. MUXAWOB,
C. H.METPOB, a-p TexH. Hayk
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MeTogom npocBeumBatoLLen ANEeKTPOHHOW MUKPOCKONUN UCCneaoBaHa Kpuctannmsauns npu Tepmo-
o6paboTke MHTEpMeTannunyeckmnx gas B NokpbiTum cuctembol Ni-W ¢ 44 mac. % Bonbgpama. AMopdHoe B
NCXOOHOM COCTOSIHWM, MOKPbITUE KPUCTaNNN3yeTcst MO pa3fuyHbIM MeXaHu3mam B 3aBUCUMOCTU OT TEM-
nepatypbl. CTpyKTypa Nony4yeHHbIX MOKPbITUI BrM3Ka K CTPYKTYPE KIMAcCUYECKMX KOMMO3ULNOHHBIX deK-
TPOXUMUYECKNX MOKPbITUIA. MiccneaoBaHne CTPYKTYpPbl MOKPbITUA, OTOXKEHHBIX MO PasHbIM pexnmam, nos-
BOMWNO YCTAHOBUTb YCNOBUsSI TEpMOOBpaboTkn Ang hopMuUpoBaHMs CTPYKTYpbl, obecneumBsatoLLien Makcu-
MarnbHYH MUKPOTBEPLOCTb.

Knroyessie crosa: NOKpbITHE Ni-W, TepM006p360TKa, ranbBaHN4YeCKMe NnoKpbITUA, UHTEpMETaNNINabl,
HaHOCTPYKTypa, npocBevmBarollad 3J1IE€KTPOHHAaA MWKPOCKOMUA, KOMIMO3ULIMOHHbIE 3J1EKTPOXUMUNYECKne
NOKPbITUA
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CTPYKTYPHBIE OCOBEHHOCTU KOMMO3ULMOHHbIX ANEKTPOXUMUYECKUX NOKPbLITUNA
HUKENb - AIIMA3

A. B. KPACUKOB, kaHa. xum. Hayk

HUL] «Kypuyamosckuti uHcmumymy» — LIHUW KM «lpomemed», 191015, CaHkm-llemepbype,
WinanepHas yn., 49. E-mail: mail@crism.ru
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Mocne popaboTtku 8.02.2024
MpuHsaTa k nydnukaumm 13.02.2024

MpoBeaeHo uccnenoBaHWe CTPYKTYPbl HUKEMb-anMa3sHbIX KOMMNO3ULIMOHHBIX 3NIEKTPOXUMUYECKUX MO-
KPbITUA, MOMYYEHHbIX N3 3NEeKTPonuTa-cycneH3nm ¢ anmasHsiM nopowukom ACM 7/5. IMpu cogepxaHun an-
Ma3Horo nopotuka B anektponute 10 r/n ocaxgarTca NOKPLITUSA C paBHOMEpPHbLIM pacnpeaeneHnemM apmum-
pytoLLen dasbl n 06bemHon gonen anmasa oo 20%. iccnegoBaHnsiMu CTPYKTYPbl HUKENEBOW MaTpuLbl NO-
KPbITUS BbISIBNIEHO, YTO MO CPABHEHMIO CO CTaHAAPTHLIM raribBaHMYECKUM HUKENEM, KOTOPbIN 06ragaeT spKko
Bblpa)XEHHOWN TEKCTYPOW, MaTpuLia KOMMO3ULIMOHHOTO MOKPLITUS UMEET MENTKOANCMNEPCHYIO CTPYKTYPY C Xao-
TUYHON OPUEHTUPOBKOW 3epeH. CpaBHUTENbHbIE M3MEPEHNs HAHOTBEPAOCTM MO3BONUNK 3adhmKeupoBaTh
YMpOYHEHNE MaTpULbl KOMMNO3ULIMOHHBLIX MOKPLITUI MO CPAaBHEHMIO C ranbBaHUYeCKUM HukeneM. Hapsgy ¢
BbICOKOW TBEPAOCTLI0 apMUPYHOLLEN KOMMIOHEHTbI U OTHOCUTENBHO KPYMHbLIM pa3mMepoM 4acTul, 3To 06ycnoB-
nBaeT BbICOKYHO MUKPOTBEPAOCTb KOMMO3ULIMOHHOMO NMOKPLITUS, KOTOpasi COCTaBnsieT B cpeaHeM 860 HV.

Krnrouesnie crosa: KOMMNO3NLMOHHLIE 3MIEKTPOXUMUYECKME NOKPLITUS, HUKENb — anmas, 3NeKkTposnT-
CYCMNeH3usi, UCCrnefoBaHUsl CTPYKTYpbl, HAHOTBEPAOCTb
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BNMUAHUE TEPMUYECKON OBPABOTKU HA ®A30- U CTPYKTYPOOBPA30OBAHUE
U MATHUTHBIE CBONCTBA MArHUTOMAIKOro CrjiABA 80HXC, U3rOTOBNIEHHOIO
no ALANTUBHOU TEXHOJIOIMUN

T. B. KHABIOK, kaHA. TexH. Hayk, J1. B. MYXAMEO3AHOBA, H. B. AKOBJIEBA, C. A. MAHHWHEH,
A. C. )KYKOB, B. B. BOBbIPb, I1. A. KYSBHELIOB, A-p TexH. Hayk

HUL] «Kypuamosckuti uHcmumymy» — LIHUW KM «lpomemet», 191015, CaHkm-llemepbype,
UWinanepHas yn., 49. E-mail: npk-3@mail.ru
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MeTooamun cBETOBOW U 3NEKTPOHHON MUKPOCKOMUU, PEHTFEHOCMNEKTParbHOro U PEHTIeHOCTPYKTYp-
HOro aHann3oB MUccneaoBaHa 3BOMOLMSA CTPYKTYPbl 1 PasoBoOro coctaBa MarHutTomsarkoro cnnasa 80HXC,
N3roTOBIIEHHOIO CENEKTMBHbLIM Ma3epHbIM CMfaBNeHMeM U OTOXOKEHHOTO MPU pasnnyHbIX TeMmneparypax.
YcTaHOBNEHO, YTO OcnabneHne CTPYKTYPHOM aHM30TPONUKU 1 pOCT CPeaHero pa3mepa 3epHa nponcxoaut
Tonbko Npu Temnepatypax 1250°C, 4To cBA3aHO ¢ paHee obpa3oBaBLIMMUCA NPU aaAMTUBHOM Crnnasne-
Hum okeugamm Al, Ti, Si, Mn, Cr 1 cunmumaom Hukens. [laHHble dasbl 0611agatoT BbICOKOW TEPMUYECKON
CTabUNbHOCTBIO N CAEPXUBAIOT POCT 3epHa, OrpaHM4YMBasi MarHUTHYIO MpPoHMLaemMocTb cnnasa. [ns go-
CTUKEHMS HEOHBXOOUMOTO YPOBHS MarHUTHbBIX CBOWCTB MarHutomsrkui cnnas 80HXC, n3rotoBneHHbIv ag-
AVWTUBHBIM METOAOM, JOSKEH NoABepraTbCs OTXUIY Npy 6onee BbICOKMX TeMnepaTypax, Yem 3TO yKa3aHo
B OCT 10160-75.

Knouessie crioga: apgAvTUBHBIE TEXHONOrUW, TepMmuyeckass obpaboTka, CenekTMBHOEe NnasepHoe
cnnaBneHue, pasmep 3epHa, asoBbl COCTaB, METaNNMYECKUn NOPOLLOK, MarHuTomsrkni cnnas, 80HXC,
MarHUTHble CBONCTBA, CTPYKTYypa
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WCCNEOOBAHUE 3NEKTPUYECKOW NPOYHOCTU N ANEKTPOCOMPOTUBIEHUA NUTbIX
MUKPOMNPOBOAOB B CTEKNAHHOW U3onauum

T. N. BOBKOBA, kaHA. TexH. Hayk, A. ®. BACUNBEB ', B. . MAPIOJIVHZ2, g-p TexH. Hayk,
H. A. CEPOIOK", kaHa. TexH. Hayk, B. A. TYTNK?, o-p TexH. Hayk,
B. B. PAPMAKOBCKWI', kaHa. TexH. Hayk, M. B. XPOMEHKOB'

THUL] «Kypuyamoeckuli uHcmumymy — LUHUW KM «pomemeli», 191015, CaHkm-lTemepbype,
UinanepHas yn., 49. E-mail: mail@crism.ru
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MpuBeaeHb! pe3ynbTaTbl KOMNIEKCHOMO UCCNEAOBAHNS SNEKTPUYECKON NPOYHOCTM CTEKMSHHOW M30-
NAUMK M 3NEKTPOCONPOTUBIEHMUS NUTBLIX MUKPOMNPOBOAOB B U30NSALMKN N3 GOPOCUIUKATHLIX CTEKON B Ana-
nasoHe Temnepatyp ot —60 go 155°C.

Kntouessbie criosa: nuTtom MUKpONpoBO4, CTEKNAHHAA N301ALUA, dNeKTpndeckasd NpPpovYHOCTb, 3N1EKTPOCO-
npoTmBneHne, I'Ip06I/IBHaF| HanNpAXXeHHOCTb, NMONOXUTerbHbIE TeMMNepaTypbl, OTpULaTerbHble TEMNepaTypbl
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TEXHOJNOrma HAHECEHUA AHTU®PUKLIMOHHOIO CNOA BABBUTA MAPKU B83,
NONYYEHHOIO METOAOM XOJ1IOAHOIo rASOAUMHAMUYECKOIO HAMbINIEHNA

P. 0. BbICTPOB, [I. A. TEPALLEHKOB, a-p TexH. Hayk, E. 0. TEPALLEHKOBA, A. A. KALLMPUHA,
E. H. BAPKOBCKAA

HUL] «Kypuyamosckutli uHcmumym» — LIHUW KM «lpomemed», 191015, CaHkm-llemepbype,
LinanepHas yn., 49. E-mail: mail@crism.ru
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PaccmoTpeH TexHonorm4yeckmii npoLecc NonyyeHns aHTUPUKLLMOHHOTO cnos n3 6abbuta, HaHeceH-
HOrO MEeTOOOM XOJIOLAHOro ra3oguHammu4eckoro HanbineHus Ha yctaHoske OVMET-403 Ha noAwwumnHUKm
CKOIbXXEHWs!, UCNOoSb3yeMble Ha CYAOBbIX Mano- 1 cpegHeobopoTHbIX AM3ensax, TypbuHax, BanonpoBoaax.
PaccmatpumBaloTcs Takke TeXHUYeckne TpeboBaHusa K Matepmuanam aHTUPPUKLMOHHOIO Crosi, TUMNOBbIM
TEXHOJOrMYEeCKNM npoLieccamM NoAroToBKM, HanbiNeHus, TepmoobpaboTkm, KOHTPOMO KadecTBa.

Knrouesbie crioga: xonogHoe ra3ognHaMmyeckoe HanblineHne, MUKPOTBEPAOCTb, aaresus, 6abour,
NOALLMMHUKM CKOMNBXEHUSA
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VMccnenoBaHbl hM3MKO-MEXaHNYECKME U TPUOOTEXHMYECKNE CBOMCTBA aHTUPUKLMOHHOIO yrnenna-
ctnka YI'OT Ha ocHOBE HU3KOMOZAYIbHOW yrnepoaHon TkaHn «Ypan T-15P» ¢ uenblo NoBbIWEHWS Benu-
YMHbI NpeaernbHON AedopMaLn U CHUWKEHWUS MOAYNS YNPYrocTu 3a CHET NPUMEHEHNss MoaAnULNPOBaH-
HOW TepMOpeakTUBHOM MaTpuubl AT-4 BMECTO TpagMLMOHHO NpuMeHsieMon OT-2.

Ha ocHoBaHMM pe3ynbTaToB NPOBEAEHHbIX 3KCMEPUMEHTOB NOA0OOPaHbI PEXUMbI MONMMEpU3aumnmn 1
TepMuyeckon 0bpaboTkun aNoKCMAHbIX cBA3yOLMX. OnbITHbIE 0Bpa3Lbl Npenperos, NonyyYeHHbIe METOA0M
pacTtBOpHOM NponnTkn Ha nNuHum YICT-1000M, nepepaboTtanbl B [TKM MeTogom ropsiyero npeccoBaHus.
lMpoBeaeHbl PU3NKO-MeXxaHNYECKNE UCTIbITAaHMA 00pa3L 0B No onpedeneHunto npegena NnpoYHOCTU NMpuU Cxa-
TWK, COBUIE N N3rndatoLLEero HanpshKeHUs Npu paspyLleHnm, a Takke yaapHon BsskocTu no LWapnu. B ka-
YeCTBE POJIMKOB KOHTPTEN ANs onpedeneHns TpUOOTEXHUYECKNX CBOWCTB YINENnacTUKOB MPUMEHSNN
ctanb 20X13 1 okcmanpoBaHHbIN TUTaHoBbIV cnnas MNT-3B.

YcTaHoBneHo, 4To obpasubl yrnennacTuka Ha OCHOBE XMMUYECKU MOANMULNPOBAHHOIO CBA3YIOLLENO
OT-4 ¢ AByXCTyneH4aTbiM peXMMOM nonumepusaumm n tepmoobpabotkn B gnanasoHe ot 90 go 180°C
obnapatot 6onee BbICOKUMU PUINKO-MEXAHUYECKMMU U TPUOBOTEXHNUHECKMMU CBOMCTBAMU NPU TPEHUU NO
ctanm 20X13 n okcugmpoBaHHOMY TuTaHoBoMY cnnaBy [1T-3B no cpaBHeHMo ¢ o6pa3uamu, NOABEPrHy-
TbIMW TPEXCTYNEHYATOMY peXUMY NonMMepusaumm, u yrnennactmkom YIaT.

Kntouesbie crosa: MmoancvLMpOBaHHOE 3MOKCUAHOE CBSA3YIOLLEe, aHTUMPUKLMOHHBIN YrnennacTuk,
TPEHUe, N3HOC
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CTPYKTYPA U CBOVICTBAPBAPHOFO COEQVHEHUA NPU OYTOBOW CBAPKE
HU3KOYIMEPOOUCTOM CTAINU NOM CITOEM ®JIIOCA, NOJTYYEHHOIO
N3 METAJITYPITMYECKOIO LUNAKA 3JIEKTPOCTANEMNABUIIbHOIO NMPOU3BOACTBA
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MpeacTaBneHbl pe3ynbTaThl UCCNEAOBaHUSA BIUSAHUS TENNO(U3NYECKNX CBOMCTB MOMYy4YEHHOrO nepe-
paboTKOM TEXHOrEHHbIX OTXOAO0B 3fIEKTPOCTANENIaBUbHOIro NPON3BOACTBA (METanyprMyeckoro wnaka)
CBapo4HOro crtoca Ha CTPYKTYpPY Y CBONCTBA CBAPHbIX CThIKOBLIX COEAMHEHWNA TOHKONIMCTOBOW HU3KOYTe-
poaucTon ctanu Npy aBToMaTuyecKon AyroBov CBapke Ha KepamMumyecknx nogknagkax. YCrtaHoBMeHb! pe-
XUMbl CBapku ¢ NnpMMeHeHmeM paspaboTtaHHOro ¢pntoca, cnocobCeTByOLLME MOMYHYEHUIO CBApPHBIX COean-
HEHWI C MEXaHNYECKMMN CBOMCTBaMM, BM3KMMKM K CBOMCTBAM OCHOBHOrO MeTanna, ¢ pasmepamMu LUBOB
no FOCT8713—-79 n obecnevyeHo MMHMMAanNbeHOIO YPOBHS CBAPOYHbIX AeopMaLMi U HaNPsHKEHUNA.

Kntoueesnie crioga: cBapoUHbl Goroc, CTPYKTYpa U CBOMCTBA CBApPHbIX COEQUHEHMIA, CBAPHOM LLUOB, pe-
XXVMbI CBapKm, cBapka nog crocoM, HU3KOYrnepoamcTas Ctasnb, HanpsXXeHHO-AedopMaLOHHOE COCTOSIHME
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METO[ ONPEQENEHUA TPELULMHOCTOMKOCTU KOHCTPYKLIMOHHBIX MATEPUANIOB
NMPU KBASUXPYNKOM PA3PYLUEHUU NMOCNE CTABUIIbHOIO NOAPOCTA TPELLUUHbI

B. N. CMUPHOB, kaHa. TexH. Hayk, A. 1. MMUHKWH, B. 3. MAPIOJIVH, a-p. TexH. Hayk
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PaccMoTpeHbl cnyvamn akcnepmMMeHTarnbHbIX UCCNeAOBaHUI TPELLWMHOCTONKOCTM, Korga no pesynbTa-
TaMm npoBefeHHbIX UCMbITaHUA onpeaeneHne XxapakTepucTuk TpeLmHocTonkocTn (Kie, Je, JR-KPUBBIE) HE
MOXET ObITb BbIMOSTHEHO KOPPEKTHO B COOTBETCTBMU C TPeOOBAHMSIMM CYLLECTBYIOLLMX CTaHAapToB. Mpea-
NOXEH YNPOLLEHHbIN MeToA onpeAeneHns ANuHbI CTabunNbHO pacTyLLen TpeLUMHbl No AnarpaMme Harpyska
— nepemeLyeHmne (N0 NIMHUN HarpyxeHus1), MO3BONSOLLMIA B 3TUX CRyvasix NoNy4nTb HeobxoamMmble xapak-
TEPUCTUKUN TPELLUMHOCTONKOCTU (Jr-, Or-, KR-KPMBbIE) N TEM CaMbIM CYLLECTBEHHO MOBLICUTL MHCpOPMATUB-
HOCTb NPOBEAEHHbIX UCMbITaHWI. [JaHbl MeTOOUYECKNEe PeEKOMEHAALMN N0 NMPOBEAEHNIO UCMbITAHUA N 06-
paboTke nx pesynbTatoB. Peanu3auna MeToauku, a Takke ee anpobauns n Bepudukauus pacCMoTpeHbl
Ha NpuMmepe aKCMepMMEHTANbHOro NOCTPOEHUS JrR-KPUBBIX.

Knoyeebie crnoga: TPELMHOCTOMKOCTb, METO CEKyLUUX, ynpyronnacTnyeckas noaaTtimBoCTb, 30HA
nnacTtunyeckon gedopmMmauunm, apdekTBHas annHa TpewmHobl, JrR-kpueas

DOI: 10.22349/1994-6716-2024-118-2-122-143
JINTEPATYPA
1. ASTM E 1820-23. Standard Test Method for Measurement of Fracture Toughness.

2. 1SO 12135:2016. Metallic Materials — Unified method of test for the determination of quasistatic
fracture toughness.

3. BS 7448-4:1997. Fracture mechanics toughness tests. Part 4: Method for determination of fracture
resistance curves and initiation values for stable crack extension in metallic materials.

4. JSME S001. Standard Method of Test for Elastic-Plastic Fracture Toughness Jic (in Japanese).

5. TOCT 25.506—85. PacueTbl 1 UcnbiTaHNa Ha NPOYHOCTb. MeToabl MeXxaHMYeCKUX UCMbITaHUA Me-
TannoB. OnpefeneHne xapakTepUCTUK TPELLMHOCTOMKOCTM (BA3KOCTU paspyLlUeHus) Npu CTaTU4ecKom
Harpy>xeHuu.

6. TOCT P 59115.6—-2021. OGocHoBaHMe MNpoYHOCTM 0b6opyaoBaHMS U TpyOOMNPOBOAOB aTOMHbIX
3HepreTnYecknx yctaHoBok. MeTtoabl onpeaeneHns xapakTepuUcTUK TPELLMHOCTONKOCTU KOHCTPYKLIMOHHbIX
maTepuarnos.

7. CTO-07516250-233—2012. OnpegeneHne napaMeTpoB BA3KOCTU pa3pyLleHUs (TPeLuMHOCTONKO-
CTW) NPU CTaTMYECKOM Harpy>KeHUu ctanu u ceapHblx coeanHeHun. Metoauka ucneitaHmi. — Cl6: oryri
«UHUWN KM «lNpomeTein», 2012. — 56 c.

8. ASTM E 1921-23. Standard Test Method for Determination of Reference Temperature, To, for Fer-
ritic Steels in the Transition Range.

9. Landes J. D., Zhou Z., Lee K., Herrera R. Normalization Method for Developing Jr Curves with the
LMN Function // Journal of Testing and Evaluation, JTEVA. — July 1991. - V. 19, N 4. — P. 305-311.

10. Rybakina O. G., Strogonova O. A. A Method of the Jg-curve Determination Using Linear Normal-
ization // Advances in Solid and Fracture Mechanics. Advanced Structured Materials. — 2022. — V. 180. —
P. 211-220.

11. ASTM E 561-22. Standard Test Method for Kr Curve Determination.

12. Irwin G. R. Analysis of Stresses and Strains near the End of a Crack Traversing a Plate // Journal
of Applied Mechanics. — 1957. — N 24. — P. 361-364.

© 2024
HUL «KypuyaTtoBckuit nHcTUTYT» — LLHUAU KM «MpomeTein»
http://www.crism-prometey.ru

Hay4Ho-TexHUYeCKuit XXypHan
«Bonpocbl maTepuanoBegeHUs»



http://www.crism-prometey.ru/
mailto:mail@crism.ru

13. Tarnowski K. M. Measuring Crack Initiation and Growth in the Presence of Large Strains using
the Potential Drop Technique // Thesis for the Degree of Doctor of Philosophy. — Department of Mech. Eng.
Imperial College, London, 2016. — 271 pgs.

14. Kumar J., Mukhopadhyay C., Kumar V. Monitoring of Elastoplastic Fracture Behavior of HSLA
Steel Using Acoustic Emission Testing // Materials Evaluation, — 2011. — V. 79. — P. 383-390.

15. Lee J.-H. Applicability of Ultrasonic Technique for Evaluation of Elastic Plastic Fracture Tough-
ness of High Manganese Steel at Low Temperatures // Journal of Mechanical Science and Technology. —
1995.-V.9. - P. 1-7.

16. Henschel S., Kriiger L. Temperature Dependent Crack Initiation of 42CrMo4 Steel at High Load-
ing Rates // EPJ Web of Conferences DYMAT 2018. — 2018. — V. 183.

17. A.c. 1359706 CCCP. Cnocob onpegeneHnsa TpewwmHoCcTonkocTM Mmatepuanos / B. B. Kananga,
B. H. Kpacuko, A. B. Haymos // OTkpbiTus. 306peTeHna. — 1987. — Ne 46. — C. 187.

18. BacHuH A. H., WepbuHnH U. H. Peructpauusa Hayana ABWXKXEHUSA TPeLMHbI NPy UCMbITaHUU 00-
pa3LoB Ha TPeLMHOCTONKOCTL // 3aBoackasn nabopatopus. — 1990. — Ne 4. — C. 54-57.

19. BopgonbsiHoB B. . MeToa akcnepumeHTanbHOro onpeaeneHnsi MOMeHTa ctapTta TpelmHsbl // 3a-
Bofckasa nabopartopus. — 1996. — Ne 8. — C. 44—46.

20. CwmwpHos B. N. O6 onpegeneHmn MoMeHTa cTparMBaHus TPELLMHbI MPU UCMbITaHUAX Ha BA3KOCTb
pa3pyLleHns KOHCTPYKLUOHHBLIX MaTepuanos // 3aBoackasa nabopatopus. — 2004. — Ne 9. — C. 42-47.

21. Landes J. D. J. Calculation from Front Face Displacement Measurements of a Compact Speci-
men // International Journal of Fractur. — 1980. — V. 16. — P. R183-R186.

22. Veerman C. C., Muller T. The Location of the Apparent Rotation Axis in Notched Bend Testing //
Engineering Fracture Mechanics. — 1972. — V. 4. — P. 25-32.

23. KanHa K. YTOYHEeHHbIN MeToq pacyeTa KPpUTUYECKOro pacKpbiTs TpewmHsl // MNpobnembl npoy-
HocTu. — 1975. — Ne 11. — C. 19-24.

24. NccnepoBaHue CONPOTUBIIEHNS pa3pyLLEHNI0 HU3KONErMpoBaHHOW CTanu Npu pasnuyHbliX BUaax
HarpyxeHusi / 1O. . Peibanos, . ®. Kowenes, . C. Bacunb4yeHko u gp. // Mpobnembl npoyHoctn. — 1976.
—Ne 11. - C. 28-34.

25. CmupHoB B. N. MeToguyeckme ocobeHHOCTM onpeaeneHnst KpUTUYeckoro koaddpumumeHTa mH-
TEHCUBHOCTW HaNpPsbKeHUA Y KPUTUYECKOTO PacKpbITUS TPELLUHBLI NMPU UCMbITAHUSAX HA BA3KOCTb pas3pyLue-
Hus // Bonpocbkl cyaocTpoeHus, cepus Ceapka. — 1977. — Boin. 24. — C. 18-25.

26. Kolednik O. Plastic and Overall Rotational Factors in Bend and CT-specimens // International
Journal of Fracture. — 1989. — V. 39. — P. 269-286.

27. Liu Yongning. Crack Opening and Rotation Factor. // International Journal of Fracture. — 1994. —
V. 66. - P. R39-R42.

28. Mills W. J. Heat-to-Heat variations in the Fracture Toughness of Austenitic Stainless Steels //
Engineering Fracture Mechanics. — 1988. — V. 30. — P. 469-492.

29. Bonkos I'.C., HaymeHko B.I. K onpeaeneHnto TpelwmMHOCTOMKOCTM KOHCTPYKLMOHHBIX MaTepua-
noB // Mpo6nembl npoyHocTn. — 1979. — Ne 8. — C. 64-67.

30. XennaH K. BBegeHune B mexaHuky paspyLieHms. — M.: Mup, 1988. — 364 c.

31. Saxena A., Hudak S.J. Jr. Review and Extension of Compliance Information for Common Crack
Growth Specimens // International Journal of Fracture. — 1978. — V. 14. — P. 455-468.

32. ASTM E 3076-18. Standard Practice for Determination of the Slope in the Linear Region of a
Test Record.

33. Weidner A., Mottitschka T., Biermann H., Henkel S. Determination of Stretch Zone Width and
Height by Powerful 3D SEM Imaging Technology // Engineering Fracture Mechanics. — 2013. - V. 108. —
P. 294-304.

34. Saxena S., Ramakrishnan N., Dutta B. K. Determination of Stretch Zone Width Using FEM //
Engineering Fracture Mechanics. — 2009. — V. 76. — P. 911-920.

© 2024
HUL «KypuyaTtoBckuit nHcTUTYT» — LLHUAU KM «MpomeTein»
http://www.crism-prometey.ru

Hay4Ho-TexHUYeCKuit XXypHan
«Bonpocbl maTepuanoBegeHUs»



http://www.crism-prometey.ru/

35. Roos E., Otremba F., Eisele U. Fracture Mechanics Material Characteristics for a simplified Safety
Analysis // Transactions SMiRT-16, Washington DC. — August, 2001.

36. UnbuH A.B., JleoHoB B.I1. OcobeHHocTu ncnonb3oBanusa napameTtpa CTOD kak xapakTepucTukm
nepexofa oT pexuma cTabunbHOro pocTta TpeLnHbl K HECTabUNbHOMY PaspyLLEHWIO B KOHCTPYKLIMOHHbIX
HU3KONEerMpoBaHHbIX cTansax // 3aBoackasa nabopartopus. — 2002. — Ne 2. — C. 28-36.

37. Eisele U., Schiedermaier J. Application of Ductile Fracture Assessment Methods for the Assess-
ment of Pressure Vessels from High Strength Steels (HSS) // International Journal of Pressure Vessels and
Piping. — 2004. - V. 81. — P. 879-887.

38. Green G., Knott J. F. On Effects of Thickness on Ductile Crack Growth in Mild Steel // Journal of
Mechanics and Physics of Solids. — 1975. — V. 23. — P. 172-183.

39. Bansal S., Nath S. K., Ghosh P. K., Ray S. Stretched zone width and blunting line equation for
determination of initiation fracture toughness in low carbon highly ductile steels // International Journal of
Fracture. — 2009. — V. 159. — P. 43-50.

40. Taira S., Tanaka K. Thickness effect of notched metal sheets on deformation and fracture under
tension // Engineering Fracture Mechanics. — 1979. — V.11, Ne 2. — .P. 231-249

41. Kuwkuna C. U., Ctaposa E. H., AmMunuHew B. . OcTtaTo4Has NpoyYHOCTb 1 CONPOTUBIIEHME CTpa-
rMMBAHUIO TPELLMHBLI antOMUHMEBBLIX CraBoB // PU3NKo-xnmMmyeckas mexaHuka matepunanon. — 1981. — Ne 3.
- C. 3-11.

42. dapees 0. U., bapteHes O. A. YnpoLleHHbIi cnocob onpeaeneHus J-uHterpana ¢ npuMmeHe-
HMemM akycTudeckomn amuccum // 3asogckasn nabopatopus. — 1989. — Ne 5. — C. 54-57.

43. Otsuka A., Miyata T., Nishimura S., Kashiwagi Y. Crack Initiation from a Sharp Notch and
Stretched Zone // Engineering Fracture Mechanics. — 1975. — V. 7. — P. 419-428.

44. PoszaHoe M. I., CmupHoB B. W. NccnepnoBaHne BnvsiHNS pa3mepoB 00pasLoB U TeMnepaTypbl
UCMbITAHWS Ha XapaKTEPUCTUKN BA3KOCTU pa3pyLUEHUS KOHCTPYKUMOHHbIX cTanew // Tpyabl BcecotosHoro
cMMno3MyMma no MexaHuke paspyweHus. — Kues: Haykosa [ymka, 1980. — C. 181-188.

45. Uancnmanep X.-Xp. ®akTopbl, BAMSKOLWNE HA napamMeTpbl TpewmHocTorkocTn // Ctatudeckas
NPOYHOCTb U MexaHuka paspylieHusa ctanen: C6. ctaten / MNog pea. B. dans, B. AHtoHa / lNep. ¢ Hem. —
M.: Metannyprus, 1986. — 564 c.

46. Kapsos I'.I1., CmupHoB B.U., Tumodees B.T. O6 onpegenernn KpUTUYECKNX TeMnepaTyp Xpyn-
KOCTUW NPW NCMbITAHUSAX Ha BA3KOCTb paspylueHus // dunsmko-xmmudeckasi MexaHuka matepuanos, — 1989,
—Ne 5. - C. 54-59

47. Lucon E. ASTM E08.07.09 Analytical Round-Robin on the Use of DC Electrical Potential Differ-
ence for the Measurement of Crack Size in Ductile Fracture Testing // Materials Performance and Charac-
terization. Materials and National Institute of Standards. — 2018. — V. 7. —P. 15-25.

48. Landes J. D. The Blunting Line in Elastic-Plastic Fracture // Fatigue and Fracture of Engineering
Materials and Structures. — 1995. — V. 18. — P. 1289-1297.

49. Validation of the Fracture Mechanics Test Method EGF P1-87D (ESIS P1-901 ESIS P1-92) /
K.-H. Schwalbe, B. Hayes, K. Baustiana, et al. // Fatigue and Fracture of Engineering Materials and Struc-
tures. —1993. — V. 16. — P. 1231-1284.

50. Argon A. S., Im J., Safoglu R. Cavity Formation from in Ductile Fracture Inclusions in Ductile
Fracture // Metallurgical and Materials Transactions. — 1975. — V. 6. — P. 825-837.

51. Zheng G. O., Radom J. C. The Formation of Voids in the Ductile Fracture of a Low-Alloy Steel //
Proceeding ICF, International Simposium of Fracture Mechanics, Beiging, 22—-25, Nov. 1983. — P. 118-125.

52. ESIS P3-05D. Draft Unified Procedure for Determining the Fracture Behavior of Materials / ESIS
European Structural Integrity Society, Torino, 2005.

53. Kapsos I'. ., Mapronun B. 3., LLIseuosa B. A. dusnko-mexaHm4eckoe MmogenupoBaHme npoLec-
coB paspyLeHus. — Cl6.: NonutexHuka, 1993. — 391 c.

54. Spitzig W. A. Correlations Between Fractographic Features and Plane-Strain Fracture Toughness
in an Ultrahigh-Strength Steel // Symp. on Electron Microfractography, ASTM STP 453. — 1968. — P. 90-110.

© 2024
HUL «KypuyaTtoBckuit nHcTUTYT» — LLHUAU KM «MpomeTein»
http://www.crism-prometey.ru

Hay4Ho-TexHUYeCKuit XXypHan
«Bonpocbl maTepuanoBegeHUs»



http://www.crism-prometey.ru/

55. Krasowsky A. J., Vainshtok V. A. On a Relationship Between Stretched Zone Parameters and
Fracture Toughness of Ductile Structural Steels // International Journal of Fracture. — 1981. — V. 17. —
P. 579-592.

56. Kolednik O., Stuwe H.P. The Stereophotogrammetric Determination of the Critical Crack Tip
Opening Displacement // Engineering Fracture Mechanics. — 1985. — V. 21. — P. 145-155.

57. Baron A. A. On a Relationship Between Fracture Toughness, Stretched Zone Width and Mechan-
ical Properties in Tensile Test // Engineering Fracture Mechanics. — 1994. — V. 49. — P. 445-450.

58. Zhong-Xin G., De-Ming W., Nan-Sheng Y. Deformation Analysis of the Local Field in the Vicinity
of a Stably Growing Crack-tip // Engineering Fracture Mechanics. — 1988. — V. 30. — P. 415-434.

YK 539.421.5:620.178.2:669.15-194.2

9KCMNEPUMEHTAJIbHbIE UICCNEAOBAHUA U PACHETbLI PACMPOCTPAHEHUSA TPELLIUHDI
NP TEMNEPATYPE HYNNEBOU NMNACTUYHOCTU CYOOCTPOUTENIbHOU CTAIU

B. 0. ®UNINH, a-p TexH. Hayk, A. B. MU3ELIKUW, A. P. BAPAKOB, M. M. MEMMBAHOBA

HUL] «Kypuyamosckuti uHcmumymy» — LIHUW KM «lpomemed», 191015, CaHkm-llemepbype,
UinanepHas yn., 49. E-mail: mail@crism.ru

MocTtynuna B pegakuuio 23.11.2023
Mocne popaboTtkm 29.02.2024
MpuHaTa k nydnukaumm 4.03.2024

ConpoTuBneHve pacnpoCTPaHEHNIO TPELLMHbBI B HA3KOMNErMpoBaHHbIX CTansax NpoBepseTCst aKcnepu-
MeHTanbHbIM onpefeneHnemM Temnepatyp Bs3Koxpynkoro nepexopa. Npu atom Heobxoammo obocHoBa-
HUe Koppenaunmn pesynbTaToB UCMbITAHWIA NO KaXA0W NPUMEHAEMON MeTOAMKE C MUHUMAanNbHOW TeMnepa-
TYpOW aKcnnyaTaunum MOPCKMUX KOHCTPYKLMA. C NCNonb30BaHUEM KPUTEPUEB MEXAHUKN pa3pyLUeHus npea-
noxeHa popmyna Tpebyemoro TemnepaTypHoro 3anaca ans remnepatypbl Hyneson nnactuyHocT (NDT).
Mcnonb3oBaHa opurmHaneHas MeToauka MoaenupoBaHus C paBHOMEPHbIM CETOYHbIM pasbreHunem.

Knrouesbie crioga: MOpCKUe KOHCTPyKUuW, TpeboBaHMs K MaTtepuanam, TemnepaTypa HyneBoun nna-
ctnyHocTn NDT, TopMoXKeHMe XpYnKon TpeLUHbI
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PASPABOTKA METOOMKN PACHETA HEOMPEOENEHHOCTU CMELUUAJIbHbIX MEXAHUYECKUX
XAPAKTEPUCTUK KOHCTPYKLIMOHHBIX CTAJEN
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lMoHMMaHWe TOYHOCTH, C KOTOPOW ONpPeaensoTCs creunanbHble MexaHU4Yeckne XxapakTepucTukn ma-
Tepuarnos, sIBNSIETCA HEOTbEMIIEMON YacCTbi0 CUCTEMbI KOHTPONSA UX KayecTBa, obecneumBatowen 6es-
OMacHOCTb 3KCMyaTaumMm COBPEMEHHbIX KOHCTPYKLMIA B 3KCTPEMArbHbIX KMMMaTUYECKUX YCITOBUSX B Me-
cTax, rge nobble aBapuMHO-BOCCTAHOBUTENbHbIE paboThl 3aTpyAHEHLI. B 0TCyTCTBME anpruopu N3BECTHbIX
3HAYEHMWIN TaKMX XapaKTepUCTUK HEOOXOOUMO pa3BUTUE MeToaMYeckon 6asbl pacyeToB HeoNpeaeneHHo-
CcTn. AKTyanbHOCTb Npobnembl noaTeepxaaeTcsa TpeboBaHmem PocakkpeauTtaumm K ucnbitatenbHbIM fna-
SopaTopusM O HanNM4yMu N rPamMoOTHOM MCMOMb30BaHMM COOTBETCTBYIOLLMX METOAMK Kak Ans Henocpea-
CTBEHHO N3MEpPSIEMbIX NapaMeTpoB, Tak 1 Ans 3HAa4YEeHUA NapamMeTpPOB, BbIYUCIISIEMbIX C UCMONb30BaHMNEM
pes3ynbTaTtoB ucnbiTaHui. [NpegnoxeHsl Npoueaypbl pacHeToB HEONpPeAeneHHOCTU, Ha OCHOBE KOTOPbIX
paspaboTaHo crneunanManpoBaHHoe NporpaMmMHoe obecneyeHue.

Knroyessie criosa: KOHCTPYKUMOHHbIE CTanun, MexaHn4eckmne UcnbiTaHnA, pacdeT HeonpeaeneHHOCTH,
cpencTtea naMepeHud, cneumnann3nposaHHoe nporpammHoe obecneyeHne
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PAOVUALMOHHOE U TEPMUYECKOE OXPYMNYUBAHUE KOPMYCHbIX PEAKTOPHbIX CTAJEN:
CBA3b MEXAHU3MOB OXPYM4YUBAHUA U PA3PYLLEHNA C XAPAKTEPUCTUKAMU
3APOXOEHUA U PACMTPOCTPAHEHUA MUKPOTPELLUWH. YacTb 3. MogenupoBaHue Xpynkoro
paspyLieHus U aHanu3 CBA3WU XapaKTepUCTUK 3apoXAeHUsl M pacnpocTpPaHeHUs MUKPOTPELLUH C
MeXaHU3MaMu OXpynynBaHus
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PagnaunoHHoe 1 TepMuyeckoe oXpynumBaHme KOPNyCHbIX peakTOpHBIX cTanei uccrneayeTcs ¢ TOUKM
3pEHMUs CBA3WN XapaKTepUCTUK XPYNKOro paspyLleHUs Ha MUKPO- M MaKpoypoBHAX. [na nporHosnposaHus
XapaKTEePUCTMK XPYMNKOro paspylleHNs Ha MaKpOypOBHE (TakUX Kak TPELLMHOCTOMKOCTb M paspyluatollee
HanpshkeHWe) 1 onpeaeneHns KpUTUYECKUX napaMeTpoB, KOHTPOMUPYIOLWUX 3apoXXaeHue 1 pacrnpocTtpa-
HeHVe MUKPOTPELLIMH, UCMOSb3YETCH BEPOATHOCTHAs MOAEb XPYNKoro paspylieHust Prometey.

OKcnepuMMeHTarnbHble U pacyeTHble UccneaoBaHus BbiNoMHeHbl aAnga ctanen 15X2HM®A n A533, ko-
TOpble MCMOMb3YKTCS AN KOPNycoB peakTopos Tuna BBOP n PWR. 3Tn matepuansl nccrnenoBaHbl B crne-
OyIOLUX COCTOSAHUSAX: 1) UCXOOQHOM (COCTOSIHME MOCTaBKM); 2) TEPMUYECKM OXPYNYEHHOM, KOTOpoe Moae-
nnpyeT YNpOYHAIOLLMIA MEXaHN3M OXpYNYMBaHUS; 3) TEPMUYECKN OXPYNYEHHOM, KOTOpPOE MoaenupyeT He-
YNPOYHALLMIA MEXaHU3M OXpynumBaHus; 4) obnydyeHHoM. [peacTaBneHbl pedynbTaTbl UCNbITAHWUIA B TEM-
nepaTtypHOM Anana3oHe XpynKoro paspylleHns o6pasuoB pasHoOn reoMeTpun (LMnMHAPUYECKNX FNagKmx
06pasuoB, UUNUHOPUYECKNX 06pasLoB C KOMbLEBLIM Haape3oM, 06pasLOoB C TPELUMHOM) U3 KOPMYCHbIX
peakTOpHbIX MaTtepuarnoB B pas3fIMYHbIX COCTOSIHUSIX U pe3ynbTaTbl MPOrHO3NMPOBaHUSA HA OCHOBE MOAENW
Prometey. YcTaHoBneHa CBs3b MEXAaHM3MOB OXPYMNYMBaHUS U MOZ paspyLUEHUs C FIoKalbHbIMU XapakTe-
PUCTUKaMK 3apOXAEHNSI U pacnpoCTpPaHEHNsT MUKPOTPELLMH.

Kntouesnsle criosa: xpynkoe paspyLueHue, nokanbHblii NOAXod, BEPOATHOCTHas MoAenb, pagmaLuoH-
HOe OXpynYuBaHWUE, KOPMYCHbIE PEAKTOPHbIE CTanu
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MOAOENMPOBAHUE PAOUALIMOHHOIO YNIPOYHEHUA HEPXXABEKOLWUX
®EPPUTHO-MAPTEHCUTHbIX U AYCTEHUTHBLIX CTANEW NOCPEACTBOM OBJTYYEHUA
B MOHHOM YCKOPUTEIIE. YacTtb 1. PazpaboTka meToaonorum Bbibopa peXxmma MOHHOIro

obnyyeHus ¢eppUTHO-MapTEHCUTHLIX CTanen
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PaspaboTtaHa n skcrnepuMeHTanbHO obocHOBaHa MeTogoriorus Bblibopa pexuma obnyyeHus dep-
PUTHO-MapTEeHCUTHbIX CTanen B MOHHOM yckopuTene, obecneynBaroLLero pagmaLMoHHOe YNpoYHeHne aTux
cTanemn, naeHTUYHoe peanuayroLemMycs npu HeMTpOHHOM obnyyeHun. B kauecTBe Mepbl paanaumoHHOro
YNPOYHEHUST NCNONb3YEeTCA U3MEHeHe MUKpOTBepaocTM no Bukkepcy. MNpoBeaeHo uccnegosaHve paau-
ALMOHHO-MHAYLIMPOBAHHOIO U3MEHEHNST MUKPOTBEPLAOCTU (heppUTHO-MapPTEHCUTHLIX cTanen 07X12HM®b
n OlM-823 nocne HEWTPOHHOTO U MOHHOro obnyyeHns oo noepexaarwmx o3 10-30 cHa B MHTepBane
TemnepaTyp 350-600°C. YkasaHHble MaTepuanbl 06nyvannck HenTpoHamm B peaktopax BOP-60, BH-600
1 B MoHHoMm yckopuTene AO «MHL P® — ®3W» noHamm Fe®*, Fe** n nonammn He* oo koHueHTpauuin 0,2 n 4
appm/cHa. YcTaHoBneHa (OyHKUMSA nepexoda, CBA3blBaLLlas TemnepaTtypbl 06ny4eHnst npu HEMTPOHHOM
1 MOHHOM 0BNTydeHUn Npu 3agaHHON NOBPEXAAoLLEN A03€e C Lenbio obecneyeHns OMHAKOBOro pagmaum-
OHHOrO YNPOYHEHUSA ayCTEHUTHBIX CTanem.

Knroueenle criosa: heppUTHO-MapPTEHCUTHBIE CTanu, HEWTPOHHOE N MOHHOE 06JTyYeHNE, MUKPOTBEP-
[J0CTb Mo Bukkepcy, MHCTpYMeHTanbHoe UHOEHTMPOBaHWe, paanMaloHHO-MHAYLMPOBAHHOE YNPOYHEHWE
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YMPOYHEHNS MCNONb3yeTCA U3MEHeHNe MUKpPOTBepdocTy no Bukkepcy. MNpeactaBneHsl pesynbTatbl UC-
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Abstract—To assess a state of parent austenite before the steel quenching, a scalar textural index for
martensite and bainite is introduced in terms of EBSD orientation data. Deformed and recrystallized states
of the parent phase are discriminated by the sign of this index, whereas its magnitude in each of the two
reflects the texture sharpness depending on the hot rolling mode. Accordingly, in a virtual case of randomly
distributed orientations the considered parameter vanishes. Performance of the proposed approach is
demonstrated on medium carbon martensitic steel hot rolled at laboratory conditions and on industrial rolled
plates of low carbon bainitic steel.

Keywords: martensite, bainite, high strength steel, parent austenite, phase transformation, EBSD, tex-
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Abstract—The results of a study of metastable phase decomposition in a titanium pseudo-p-alloy are pre-
sented. The paper considers main patterns of evolution of the structure and phase composition of a high-
alloy titanium grades with a thermally unstable p-phase depending on the heat treatment mode. The influ-
ence of the isothermal holding temperature on the morphology and degree of recrystallization of the pre-
cipitating phase is shown. The results of the study indicate that low-temperature decomposition of the met-
astable B-phase in the alloy leads to its embrittlement.
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Abstract—In order to utilize municipal solid waste (MSW), a prototype reactor for thermal processing was
created using materials developed at the National Research Center “Kurchatov Institute” — Central Re-
search Institute of Structural materials “Prometey”, the technology for decomposing MSW in the reactor
was developed, and its tests were carried out. The test results allowed us to conclude that the use of
pyrolysis reactors for recycling ensures the environmental safety of the process and produces high-tem-
perature gas (1000—-1200°C) suitable for further use in power plants. Technical requirements were deter-
mined for the development of an industrial reactor for the disposal of solid waste with a productivity of up
to 10 t/h, taking into account the shortcomings identified during testing of the prototype.
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Abstract—The results of the study of the structure and physico-mechanical properties of ceramics
composits a-Al203 + n Y203 (n = 0; 0.5; 1; 1.5; 2; 3; 4; 5 wt.%) based on the basis of polymorphic modifica-
tions y+6-Al203 depending on the concentration of the Y203 doping impurity and the annealing temperature
of the powder mixtures (800 and 900°C) are presented. The effect of mutual protection against crystalliza-
tion was discovered, which results in mutual inhibition of crystallization processes in Al203-Y203 powder
systems. By X-ray diffraction analysis, the formation of a phase of yttrium-aluminum garnet Y3AlsO12 (YAG)
in ceramics has been established. The dependence of the mechanical characteristics of the materials under
study on the amount and size of the formed phase YAG has been revealed.
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Abstract—Transmission electron microscopy was used to study crystallization during heat treatment of
intermetallic phases in a coating of the Ni-W system with 44 wt.% tungsten. Amorphous in the initial state,
the coating crystallizes by various mechanisms depending on temperature. The structure of the resulting
coatings is close to the structure of classical composite electrochemical coatings. The study of the structure
of coatings annealed under various conditions made it possible to establish heat treatment modes for the
formation of a structure that provides maximum microhardness.

Keywords: Ni-W coating, heat treatment, electroplating, intermetallic compounds, nanostructure,
transmission electron microscopy, composite electrochemical coatings
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Abstract—The paper studies the structure of nickel-diamond composite electrochemical coatings obtained
from the suspension electrolyte with ASM 7/5 powder. When the content of diamond powder in the electro-
Iyte is 10 g/l, coatings are deposited with a uniform distribution of the reinforcing phase and a diamond
volume fraction of up to 20%. Studies of the structure of the nickel coating matrix have revealed that, in
comparison with standard galvanic nickel, which has a pronounced texture, the composite coating matrix
has a finely dispersed structure with random grain orientation. Comparative measurements of nanohard-
ness made it possible to record the strengthening of composite coatings matrix compared to galvanic nickel.
Along with the high hardness of the reinforcing component and the relatively large particle size, this deter-
mines the high microhardness of the composite coating, which averages 860 HV.
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Abstract—The evolution of the structure and phase composition of the soft magnetic alloy 80NKhS, pro-
duced by selective laser melting and annealed at different temperatures, was studied by light and electron
microscopy, X-ray spectral and X-ray structural analyses. It has been established that a weakening of
structural anisotropy and an increase in the average grain size occurs only at temperatures of 1250°C,
associated with the oxides of Al, Ti, Si, Mn, Cr and nickel silicide previously formed during additive alloying.
These phases have high thermal stability and inhibit grain growth, limiting the magnetic permeability of the
alloy. To achieve the required level of magnetic properties, the soft magnetic alloy 80NKhS, manufactured
by the additive method, must be annealed at higher temperatures than specified in GOST 10160-75.

Keywords: additive technologies, heat treatment, selective laser alloying, grain size, phase composi-
tion, metal powder, soft magnetic alloy, 80NKhS, magnetic properties, structure
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Abstract—The results of a comprehensive study of the electrical strength of glass insulation and the elec-
trical resistance of cast microwires insulated with borosilicate glass in the temperature range from -60 to
155°C are presented.
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Abstract—The technological processing of antifriction layer from Babbitt by gas-dynamic cold spraying
was carried out on the DIMET-403. The coating was sprayed on plain bearings for marine low- and medium-
speed diesel engines, turbines, and shaft lines. Technical requirements for antifriction layer materials,
standard technological processes of preparation, spraying, heat treatment, and quality control are also
considered.

Keywords: cold gas-dynamic spraying, microhardness, adhesion, babbitt, plain bearings
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Abstract—The physical-mechanical and tribological properties of anti-friction carbon fiber plastic UGET
based on low-modulus carbon fabric “Ural T-15R” have been studied in order to increase the magnitude of
the ultimate deformation and reduce the elastic modulus through the use of a modified thermosetting matrix
ET-4 instead of the traditionally used ET-2.

Modes of polymerization and of heat treatment of epoxy binders were selected considering the results
of the experiments. Prototypes of prepregs were obtained by solution impregnation on the UPST-1000M
line and then processed into PCM by hot pressing. Laboratory samples were made and physical and me-
chanical tests were carried out to determine the ultimate strength under compression, shear and bending
stress under destruction, as well as Charpy impact strength. Steel 20Kh13 and oxidized titanium alloy PT-
3V were used as counter body rollers to determine carbon fiber tribosets.

It was shown that carbon fiber samples based on chemically modified binder ET-4 with two-stage
polymerization and heat treatment mode in the range of 90°C to 180°C both have better physical-mechan-
ical and tribotechnical properties, in contrast with the analogue with a three-stage mode and carbon fiber
carbon heat at friction over 20Kh13 steel and oxidized titanium alloy PT-3V.

Keywords: modified epoxy binder, antifriction carbon plastic, friction, wear
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STRUCTURE AND PROPERTIES OF THE WELDED JOINT DURING ARC WELDING
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Abstract—The results of the study of the influence of the thermophysical properties of the welding flux
obtained by processing man-made waste of electric steelmaking (metallurgical slag) on the structure and
properties of welded butt joints of thin-sheet low-carbon steel, with automatic arc welding on ceramic linings,
are presented. Welding modes have been established using the developed flux, contributing to the achieve-
ment of seam sizes according to GOST8713-79, C4 joints, compliance with the mechanical properties of
joints close to the base metal and ensuring a minimum level of welding deformations and stresses.

Keywords: welding flux, structure and properties of welded joints, weld, welding modes, submerged
welding, low-carbon steel, stress-strain state
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Abstract— The cases in laboratory practice of experimental investigations of fracture toughness are con-
sidered, when as a result of the tests the determination characteristics of fracture toughness (Kuc, Jc, Jr-
curves, Or-curves) cannot be performed correctly in accordance with the requirements of existing stand-
ards. A simplified technique for constructing Jr-curves has been developed, allowing in these cases to
obtain the necessary characteristics of crack resistance (Jg-curves, Jic, Jc, Or-curves) and thereby signifi-
cantly increase the information content of the tests carried out. Methodological recommendations on con-
ducting tests and processing of their results are given. Approbation and verification of the proposed method
have been carried out.

Keywords: crack resistance, secant line method,elastic-plastic compliance, plasticity zone, effective
crack length, Jg-curve
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Abstract—Resistance to crack propagation in low-alloyed steels is verified by the experimental evaluation
of ductile-to-brittle transition temperatures. Though, correlations of test results obtained according to used
methods with the minimum design temperature of marine structures should be substantiated. The paper
suggests a fracture mechanics based formula for the required nil ductility temperature (NDT). An original
FEM simulation method with uniform mesh size is applied.
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Abstract—Understanding of an accuracy related to the evaluation of special mechanical performances of
materials is an essential part of the quality control system providing for safe operation of modern structures
in severe climatic conditions in far locations where any emergency and repair activities are hindered. In
absence of a priori known values of such performances the methodic basis of uncertainty calculation pro-
cedures should be developed. Relevance of the problem is supported by the requirement of Russian Ac-
creditation Agency regarding the availability and due application of the corresponding methods in test la-
boratories as for directly measured parameters as for ones calculated from the test results. Uncertainty
calculation procedures are suggested as a background for the developed specialized software.
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AND PROPAGATION PROPERTIES. PART 3: Brittle fracture modelling and analysis of the link
of microcrack nucleation and propagation properties and embrittlement mechanisms
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Abstract—Radiation and thermal embrittlement of RPV steels are studied from viewpoint of links of brittle
fracture properties on micro- and macroscales. Brittle fracture properties on macroscale (such as fracture
toughness and fracture stress) and the critical parameters controlling nucleation and propagation of mi-
crocracks are determined on the basis of the probabilistic brittle fracture model Prometey. The experimental
and numerical investigations are performed for 2Cr-Ni-Mo-V steel and A533 steel used for RPVs of WWER
and PWR types. RPV steels are studied in the following states: (1) the initial (as-produced) state; (2) the
thermally-embrittled state modelling hardening mechanism of embrittlement; (3) the thermally-embrittled
state modelling non-hardening mechanism of embrittlement; (4) the irradiated state. The test results of
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various specimens (smooth and notched round bars and cracked compact tension specimens) from the
investigated steels in various states are represented over brittle fracture temperature range. Brittle fracture
modelling is performed with the Prometey model for all the above specimens, and the experimental and
numerical results are compared. On the basis of the obtained results the links between embrittlement mech-
anisms, fracture modes and microcrack nucleation and propagation properties are found.

Keywords: brittle fracture, local approach, probabilistic model, radiation embrittiement, RPV steels
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Abstract—A methodology for determining the irradiation mode for ferritic-martensitic steels at ion acceler-
ator has been developed and experimentally substantiated, providing radiation hardening of these steels,
identical to that realized under neutron irradiation. The change in Vickers microhardness is used as a meas-
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Abstract—A methodology for determining the irradiation mode for ferritic-martensitic steels at ion acceler-
ator has been developed and experimentally substantiated, providing radiation hardening of these steels,
identical to that realized under neutron irradiation. The change in Vickers microhardness is used as a meas-
ure of radiation hardening. The paper presents the results of a study of radiation-induced changes in the
microhardness of austenitic steels 08Kh18H10T and 08Kh16H20M2T irradiated in reactors SM-3,
VVER-440, BOR-60, SM-3+BOR-60 to damaging doses of 10.2+33.7 dpa in the interval of temperatures
60-500°C. A study of radiation-induced changes in microhardness in a wider range of irradiation tempera-
tures, post-irradiation annealing of irradiated steels was carried out in the range from 400 to 600°C, simu-
lating irradiation at temperatures equal to annealing temperatures. Data are presented on radiation-induced
changes in microhardness after irradiation in the ion accelerator of the State Scientific Center of the Russian
Federation — Institute for Physics and Power Engineering named after A.l. Leypunsky (IPPE) with Ni*# ions
and He* ions up to concentrations of 0—7 appm/dpa at damaging doses of 13+-30 dpa and temperatures of
300-+650°. A transition function has been established that connects the irradiation of temperatures during
neutron and ion irradiation at a given damaging dose, ensuring the same radiation hardening of austenitic
steels.

Keywords: austenitic steels, neutron and ion irradiation, Vickers microhardness, instrumental inden-
tation, radiation-induced hardening

DOI: 10.22349/1994-6716-2024-118-2-212-232

ACKNOWLEDGMENTS
The work was carried out within the framework of the implementation of the state contract
IGK 17706413348220001050.
REFERENCES

1. Fizicheskoe materialovedenie. Fizicheskie osnovy prochnosti. Radiatsionnaya fizika tverdogo tela.
Kompyuternoe modelirovanie [Physical materials science. Physical foundations of strength. Radiation
physics of a solid body. Computer simulation]: study guide for universities, Kalina, B.A. (Ed.), Moscow:
MIFI, 2008, V. 4.

2. Garner, F.A., Radiation Damage in Austenitic Steels, Comprehensive Nuclear Materials, Amster-
dam: Elsevier, 2012, V. 4, pp. 33-95.

3. Vas Gary, S., Osnovy radiatsionnogo materialovedeniya. Metally i splavy [Fundamentals of radia-
tion materials science. Metals and alloys], Moscow: Tekhnosphera, 2014.

4. Fukuya, K., Current understanding of radiation-induced degradation in light water reactor structural
materials, Journal of Nuclear Science and Technology, 2013, No 50 (3), pp. 213-254.

© 2024
NRC “Kurchatov Institute” — CRISM “Prometey”
http://www.crism-prometey.ru

Scientific and Technical Journal
“Voprosy Materialovedeniya”



http://www.crism-prometey.ru/

5. Kursevich, I.P., Margolin, B.Z., Prokoshev, O.Yu., Kokhonov, V.., Mekhanicheskie svoistva aus-
tenitnykh stalei pri neitronnom obluchenii: vliyanie razlichnykh faktorov [Mechanical properties of austenitic
steels under neutron irradiation: the influence of various factors], Voprosy Materialovedeniya, 2006,
No 4 (48), pp. 55-68.

6. Sorokin, A.A., Margolin, B.Z., Kursevich, I.P., Minkin, A.l., Neustroev V.S., Belozerov, S.V., Vliyanie
neitronnogo oblucheniya na mekhanicheskie svoistva materialov vnutrikorpusnykh ustroistv reaktorov tipa
VVER [The effect of neutron irradiation on the mechanical properties of materials of in-body devices of
VVER type reactors], Voprosy Materialovedeniya, 2011, No 2 (66), pp. 131-152.

7. Margolin, B.Z., Sorokin, A.A., Prognozirovanie vliyaniya neitronnogo oblucheniya na kharakteristiki
vyazkogo razrusheniya austenitnykh stalei [Prediction of the effect of neutron irradiation on the character-
istics of viscous fracture of austenitic steels], Voprosy Materialovedeniya, 2012, No 1 (69), pp. 126—147.

8. Margolin, B.Z., Sorokin, A.A., Shvetsova, V.A,, et al., Vliyanie radiatsionnogo raspukhaniya i oso-
bennostei deformirovaniya na protsessy razrusheniya obluchennykh austenitnykh stalei pri staticheskom i
tsiklicheskom nagruzhenii. Ch. 1: Plastichnost i treshchinostoikost [The effect of radiation swelling and de-
formation features on the destruction processes of irradiated austenitic steels under static and cyclic load-
ing. Part 1: Plasticity and crack resistance], Voprosy Materialovedeniya, 2016, No 3 (87), pp. 159-191.

9. Margolin, B.Z., Kursevich, I.P., Sorokin, A.A., et al., K voprosu o radiatsionnom raspukhanii i radi-
atsionnom okhrupchivanii austenitnykh stalei. Ch. 2: Fizicheskie i mekhanicheskie zakonomernosti
okhrupchivaniya [On the issue of radiation swelling and radiation embrittlement of austenitic steels. Part 2:
Physical and mechanical laws of embrittlement], Voprosy Materialovedeniya, 2009, No 2 (58), pp. 99-111.

10. Margolin, B.Z., Pirogova, N.E., Sorokin, A.A., Kokhonov, V.l., Issledovanie mekhanizmov kor-
rozionnogo rastreskivaniya pod napryazheniem obluchennykh austenitnykh khromonikelevykh stalei,
ispolzuemykh dlya vnutrikorpusnykh ustroistv reaktorov tipa VVER i PWR [Investigation of stress corrosion
cracking mechanisms of irradiated austenitic chromium-nickel steels used for internal devices of VVER and
PWR type reactors], Voprosy Materialovedeniya, 2020, No 2 (102), pp. 174—-199.

11. Margolin, B.Z., Sorokin, A.A., Pirogova, N.E., et al., Model korrozionnogo rastreskivaniya oblu-
chennykh austenitnykh stalei Ch. 1: Analiz mekhanizmov povrezhdeniya i formulirovka opredelyayushchikh
uravnenii [Model of corrosion cracking of irradiated austenitic steels. Part 1: Analysis of damage mecha-
nisms and formulation of defining equations], Voprosy Materialovedeniya, 2019, No 2 (98), pp. 154-177.

12. Logan, H.L., Stress Corrosion of Metals, John Wiley & Sons Inc., 1967.

13. Margolin, B.Z., Sorokin, A.A., Buchatsky, A.A., et al., Kharakteristiki i mekhanizmy razrusheniya
obluchennykh austenitnykh stalei v oblasti povyshennykh temperatur i formulirovka kriteriya razrusheniya.
Ch. 1: Eksperimentalnye issledovaniya [Characteristics and mechanisms of destruction of irradiated aus-
tenitic steels in the field of elevated temperatures and formulation of the fracture criterion. Part 1: Experi-
mental research], Voprosy Materialovedeniya, 2022, No 2 (110), pp. 185-202.

14. Margolin, B.Z., Sorokin, A.A., Buchatsky, A.A., et al., Kharakteristiki i mekhanizmy razrusheniya
obluchennykh austenitnykh stalei v oblasti povyshennykh temperatur i formulirovka kriteriya razrusheniya.
Ch. 2: Kritery i model razrusheniya [Characteristics and mechanisms of destruction of irradiated austenitic
steels in the field of elevated temperatures and formulation of the fracture criterion. Part 2: Criterion and
model of destruction], Voprosy Materialovedeniya, 2022, No 2 (110), pp. 203-217.

15. Margolin, B.Z., Varovin, A.Ya., Minkin, A.l., et al., Issledovanie sostoyaniya metalla vnutrikor-
pusnykh ustroistv reaktora VVER posle ekspluatatsii v techenie 45 let. Ch. 1;: Programma issledovanii i
vyrezka trepanov iz VKU [Investigation of the metal condition of the internal devices of the VVER reactor
after operation for 45 years. Part 1: Research program and cutting of trepans from the pressure vessel
internals], Voprosy Materialovedeniya, 2020, No 3 (103), pp. 135-143.

16. Pirogova, N.E., Dzhalandinov, A.D., Margolin, B.Z., et al., Issledovanie sostoyaniya metalla vnu-
trikorpusnykh ustroistv reaktora VVER posle ekspluatatsii v techenie 45 let. Ch. 2. Raschetno-eksperimen-
talnoe opredelenie flyuensa bystrykh neitronov i povrezhdayushchei dozy [Investigation of the metal con-
dition of the internal devices of the VVER reactor after operation for 45 years. Part 2: Computational and
experimental determination of fast neutron fluence and damaging dose], Voprosy Materialovedeniya, 2020,
No 3 (103), pp. 144-156.

17. Margolin, B.Z., Shvetsova, V.A., Sorokin, A.A., et al., Issledovanie sostoyaniya metalla vnutrikor-
pusnykh ustroistv reaktora VVER posle ekspluatacii v techenie 45 let. Ch. 4: Kharakteristiki prochnosti i
plastichnosti i mekhanizmy razrusheniya [Investigation of the metal condition of the internal devices of the

©2024 . Scientific and Technical Journal
NRC “Kurchatov Institute” — CRISM “Prometey” “\/oprosy Materialovedeniya”

http://www.crism-prometey.ru



http://www.crism-prometey.ru/

VVER reactor after operation for 45 years. Part 4. Strength and ductility characteristics and fracture mech-
anisms], Voprosy Materialovedeniya, 2021, No 1 (105), pp. 116-144.

18. Kryukov, A., Debarberis, L., Hahner, P., et al., Thermal annealing as a method to predict results
of high temperature irradiation embrittlement, J. Nucl. Mater., 2013, V. 432, pp. 501-504.

19. Amaeyv, A.D., Gorynin, I.V., Nikolaev, V.A., Radiation Damage of Nuclear Power Plant Pressure
Vessel Steels (Russian Materials Monograph Series, 2). — Am. Nucl. Soc., 1997.

20. Belozerov, S.V., Neustroev, V.S., Shamardin, V.K., Studying helium accumulation in austenitic
steels for evaluating radiation damage in internals of water-moderated water-cooled power reactors, Phys.
Met. Metallogr., 2008, V. 106, pp. 503-509.

21. GOST R 8.748-2011: Metally i splavy. Izmerenie tverdosti i drugikh kharakteristik materialov pri
instrumentalnom indentirovanii [Metals and alloys. Measurement of hardness and other characteristics of
materials during instrumental indentation], 2013.

22. Gusev, M.N, Maksimkin, O.P., Toktogulova, D.A., Novoe fizicheskoe yavlenie v vysokooblu-
chennykh nerzhaveyushchikh stalyakh — volny plasticheskoi deformatsii — i ego prakticheskoe ispolzovanie
[A new physical phenomenon in highly irradiated stainless steels — waves of plastic deformation — and its
practical use], Bulletin of the NNC of the Republic of Kazakhstan, 2008, Is. 4, pp. 27-33.

23. Gusev, M.N., Maksimkin, F.A., Garner, O.P., Peculiarities of plastic flow involving “deformation
waves” observed during low-temperature tensile tests of highly irradiated 12Cr18Ni10Ti and
08Cr16Ni11Mo3 steels, J. Nucl. Mater., 2010, V. 403, No 1-3, pp. 121-125.

24. Gusev, M.N.,, Field, K.G., Busby, J.T., Strain-induced phase transformation at the surface of an
AISI-304 stainless steel irradiated to 4.4 dpa and deformed to 0.8% strain, J. Nucl. Mater., 2014, V. 446,
No 1-3, pp. 187-192.

25. Gurovich, B.A., Kuleshova, E.A., Frolov, A.S,, et al., Investigation of high temperature annealing
effectiveness for recovery of radiation-induced structural changes and properties of 18Cr10NiTi austenitic
stainless steels, J. Nucl. Mater., 2015, V. 465, pp. 565-581.

26. Busby, J.T., Hash, M.C., Was, G.S., The relationship between hardness and yield stress in irra-
diated austenitic and ferritic steels, J. Nucl. Mater., 2005, V. 336, pp. 267-278.

27. Zincle, S.J., Maziasz, P.J., Stoller, R.E., Dose Dependence of the Microstructual Evolution in
Neutron Irradiated Steel, J. Nucl. Mater., 1993, V. 206, pp. 266—-286.

©2024 . Scientific and Technical Journal
NRC “Kurchatov Institute” — CRISM “Prometey” “\/oprosy Materialovedeniya”

http://www.crism-prometey.ru



http://www.crism-prometey.ru/

	Рефераты №2(118) 2024 (русский пакет)
	Рефераты №2(118) 2024(английский пакет)

