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BINMUAHUE YPOBHS TEMJIOBNIOXXEHUA NPU CBAPKE HA ®OPMUPOBAHUE CTPYKTYPbI U CBOUCTB
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BbInonHeHbl uccrnegoBaHUs U3MEHEHUsI CTPYKTYPbl M CBOWCTB B 30HE TEPMUYECKOrO BIIUSHUS BbICOKOMPOYHOW
ctanu mapku E690 B 3aBUCMMOCTM OT YPOBHS MOFOHHOM 3HEprum npu ceapke. [aHbl pekomeHgaumm no Belbopy pexu-
MOB CBapKu Ans NnpefoTBpalleHns aerpagalmm CBONCTB CBAPHbIX COEAUHEHM.

Kntouesble crioea: BbICOKOMPOYHAs CTanb, MEXaHU3MPOBaHHAs U aBTOMaTu4eckasi cBapka, HU3KONermpoBaHHbIe
CBapo4Hble MaTepuarbl, MOrOHHAsA 3HEPrus, 30Ha TEPMUYECKOro BNUSIHUSA, CTPYKTYpa, paboTa yaapa, MUKPOTBEPLAOCTb
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BINUAHUE KOMMNEKCHOINo moanounPOBAHUA HA CHUXEHUE COOEPXXAHUA BOOOPOOA
B CYOOCTPOUTENBHOW CTANU

B. . MUITIOLU, B. B. LYKAHOB, a-p TexH. Hayk
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MccnenoBaHo noBedeHve ra3oB Ha 3Tanax npou3BOACTBA BbICOKOMPOYHOW KOPMYCHOW CTasnu, U3roTOBIIEHHOM C
NPUMEHEHNEM KOMMMEKCHOro martepuana ¢ P3M u ctaHgapTHOM TexHonormm ¢ moanduumnpoBaHnem ctanm dgeppo-
kanbumeM. MoanduumpoBaHne BbICOKOMPOYHOM KOPMYCHOW CTanu KOMMsfekcHbiMu cnnaBsamu ¢ P3M m kanbLmem nos-
BONSIET 3HAYUTENBHO CHU3NTL coaepaHne Bogopoaa B meTtanne. NokasaHo, YTo cogepkaHue asoTta B cTanu npum uc-
Nonb30BaHMM Kagaoro u3 onpoboBaHHbIX cnocoboB MoaMduumupytoLlen o6paboTKn NOBLILAETCS HAYMHAA C XKUOKOrO
MeTanna Ha pasnueke BMNNoTb A0 roToBbIX NUCTOB. CoaepkaHue Kucnopoaa He3aBMCMMO OT MeToAda MoaMdULnpYo-
LLeh 06paboTKM Bo3pacTaeT B XKMAKOM MeTarne, BKiovas pasfnmeky, Nocre Yero CyLeCTBEHHO CHUXKaeTcs B MeTanse
cnsboB 1 NUCTOB.

Knroyesble crioga: BbICOKOMPOYHAsi KoprycHasi ctanb, MoavdguumpoBaHue P3M u deppokanbumeM, Bogopon,
a30T, KUCropoad B cTanm
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MUKPOMJIASMEHHOE HAMbINEHUE ®YHKLMOHAINbHbIX NOKPbLITUA U3 MEXAHUYECKHU
CUHTE3UPOBAHHbIX KOMNO3ULIMOHHbIX MOPOLLKOB 3KBUATOMHOW CUCTEMbI AINiCoFeCr

E. . HECTEPOBA, T. N. BOBKOBA, kaHg. TexH. Hayk, M. E. TOLUKOOEPA, A. A. KALULMPUHA,
H. B. AKOBJIEBA
HUL «Kypyamoeckutl uHcmumymy — LIHUW KM «lpomemeti», 191015, CaHkm-llemepbype,
yn. WnanepHas, 49. E-mail: mail@crism.ru

Moctynuna B pegakuuto 7.08.2024
Mocne popaboTkun 16.09.2024
MpuHaTa k nyénukaumm 16.09.2024

B npencraBneHHon paboTte BnepBble onpoboBaH noaxon TBepaoda3Horo NerMpoBaHnst MHOrOKOMMOHEHTHOM CU-
CTEMbl MPUMEHUTENBHO K 3KBUATOMHOW cMecn u3 ogHodasHbix nopowwkos Al, Ni, Co, Fe n Cr n mukponnasmeHHoe
HanbIfIEHNE NOKPbITUIA Ha UX OCHOBE. YCTaHOBIIEHO, YTO B MPOLECCe MEXaHOXMMMUYECKOro CHTe3a obpasyeTcs Kommo-
3MLMOHHBIV NOPOLLIOK, NPeACTaBNASOLWNN COBON OKPYrible KOHFMOMepaThl CUCTEMbI «5Me», rpaHyNoMEeTPUYECKUM pac-
npegenerHnem ot 10 go 110 mkm. MiccnegoBaHusa CTPYKTYPbl M CBOMCTB NOKPbLITUIA NOKa3anu hopMmpoBaHme rpagneH-
TOB MUKPOTBEPAOCTM U 3MIEMEHTHOIO COCTaBa, O4HaKo OOHOPOAHOCTL BO3pacTaeT C yBENMYEHNEM NPOSOIDKUTENBHO-
CTW MexaHOCUHTEe3a. B NoKpbITMAX NOCHe MEXaHOXUMNYEC-KOTO CMHTE3a KOMMO3ULMOHHOIO MOpOoLLKa B TedeHre 15 MyH
obpasytotca Fm3m, Im3m n Pm3m dasbl, nopbl pacnonaratotcsa no rpaHuuam cnnetos (nopuctoctb 4,8%), B pacnpe-
OeneHnn MUKpPOTBEPAOCTU yaarnock BbiAeNuUTb ABe obnactu co 3HavyeHusiMm mukpoteepgoct 600 n 300 HV (meHee
10%) co cpeaHMM OTKNOHeHWEM 7%, aaresuns kK cTanbHOM Noanoxke coctasmna 54 Mla.

Knrouesble crioga: (pyHKUMOHanNbHbIE MOKPbLITUSA, MUKPOMNIasMeHHOe HarblleHne, KOMMO3WULMOHHbIE MOPOLLKK,
TBepaodasHoe nermposaHne, MexaHoXMMN4eckuin CUHTE3
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MpuBeaeHbl pesynbTaTthbl pa3paboTkM ONTUMANbLHOrO CocTaBa MPELU3MOHHOro cnnasa Ha MeAHO-HUKENEeBOW OC-
HOBE, M3 KOTOPOro MyTEM BbICOKOCKOPOCTHOIO MEXaHOCUHTE3a MoMnyyYeHbl KOMMO3ULMOHHbBIE MOPOLLKK, NMOBEPXHOCTb
KOTOPbIX NnakupoBaHa Anbopnaom TuTaHa, obrnagaroLero BbiICOKOM MUKPOTBEPAOCTLIO. M3 nonyyeHHbIX Taknum obpa-
30M KOMMO3ULMOHHBIX MOPOLLKOB C MOMOLLIbIO BbICOKOCKOPOCTHOMO HaMbIfIEHNst HA YCTAHOBKE XOMOAHOMo ra3ognHamu-
yeckoro HanblneHns OJUMET-3 narotoBneHbl yHKUMOHaNbHbIE NOKPbITUSA. [TonyYeHHble NOKPbITUS UMEIOT BbICOKYIO
MUKpPOTBEPAOCTh (24—26 ITla) n gnuTenbHbi cpok akcnnyaTaumm (10000 4) B LULMPOKOM AnanasoHe MONOXUTENbHBIX 1
oTpuuaTenbHbix Temnepatyp (ot —196 go 720-750°C).

Knroyesnble cio8a: KOMNO3ULMOHHBIN NOPOLLOK, (*)yHKLI,I/IOHaJ'IbHOG NnoKpbITHE, MeOHO-HWKeNeBbI cnnas, nnakumpo-
BaHHbI NOPOLLUOK
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NONYYEHUE BbICOKO3HTPOIMUUHOIO CMNJIABA CoCrFeNiMn, IETMPOBAHHOIO A30TOM, METOIOM
CENEKTMBHOIO JIASEPHOI'O CIJ1ABJIEHUA

E. B. BOTOKUTUHA, 1. B. PABYMOBA, KkaHa. TexH. Hayk, H. E. O3EPCKOW,
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MpeaocrtaBneHbl  pesynbTaTtbl  UCCNEOOBaHWUS  BO3MOXHOCTU  MOMYyYEHUs]  BbICOKOIHTPOMUMHOIO  Crnnasa
CoCrFeNiMnNx MeTooOM CenekTUBHOrO nasepHoro cnnasneHusi. [lopowkKn BbICOKOSHTPOMUMMAHOIO  Chnnasa
CoCrFeNiMnNx (c pacyeTHbIM cogepxaHuem asoTa x 0,1, 0,2 n 0,5 mac.%) nony4anv MeTogoM MexaHU4ec-Koro neru-
poBaHWA C nocreayoLen nnasmeHHon cpepoungmsaumen. MNpouecc KOMNAKTMPOBaHUS CMAaBOB CEMEKTUBHLIM nasep-
HbIM CNraBneHneM 1 UX MexaHu4eckue CBOMCTBA MCCreoBanu npu KOMHATHOM M KpUOreHHow Temnepatypax. Mpu
CHWXKEHUN TemnepaTypbl MexaHU4Yeckme CBOWCTBa CniaBoB ¢ cogepxaHnem asota 0,1 n 0,2 mac.% nosbIWaroTCs Co-
OTBETCTBEHHO: YCIMOBHbIV Npeaen Tekyyectn — Ha 27,2 n 63,3%, npegen npoyHoctn — Ha 30,8 1 52,7%.

Krnroyesble crioea: BbICOKOIHTPOMUIMHBIN CMNaB, CENEeKTUBHOE Nla3epHoe CryiaBreHne, MopoLIKoBasi MeTanyprus,
MexaHu4Yeckoe nermposaHune, aaanuTMBHbIE TEXHOMOMK
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PA3PABOTKA HOBbIX BMOLUMOHbIX HAHOKOMMO3UTHbLIX MATEPUAINOB ANA 3AWUTbI NOABOAHbIX
KOHCTPYKUMA OT BUOOBPACTAHUSA
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B HNL, «KypyaToBCKMI MHCTUTYT» NPOBOAUTCA paboTa Mo CO3AaHU0 aHTUMUKPOOHBLIX HAHOKOMMO3UTOB, COaep-
Xalmx buoreHHoe konnouaHoe HaHocepebpo (NPsAg). buoreHHble NPsAg nonyveHbl MUKPOBHBIM CUMHTE30M C MC-
nonb3oBaHMeM kreTok 6aktepun n pacteopa AgNOs B XXMAKOM 1 CyxOM npenapaTtuBHbIX dpopmax. [nsa 3awmuTsl noa-
BOAHbIX 06beKTOB OT BuoobpactaHusa pa3paboTaH CoCTaB, BKIHOYAIOLLMIA KOMMNIIEKCHbIE XeNnaTHble COeAUHEHNS nepe-
XodHbIx MeTannoB Cu, Zn un 6uoreHHble NPsAg. Xenatbl Cu, Zn CUHTE3NPOBaHbI peakLuMeln KOMMIeKkcoobpasoBaHus,
aHTUMUKpOOHasi akTUBHOCTb KOTOpbIX Bo3pacTaeT ¢ BBeAeHnem NPsAg. YctaHoBneHo, uto NPsAg coxpaHsaoT cTa-
OUNBHOCTBL M BUOUMAHBIN 3PdEKT NPpU ANUTENBHOM HaXOXAEHUU B MOPCKOW BOAe, YTO BaXKHO ANiS dKCniyaTauuu B
cocTtaBe npoTMBoobpacTarLWmx NoKpbITUA. PaspaboTaHa TexHonorus BeeaeHus 6uouunaHeix NPsAg B coctas nonu-
MEpPHbIX HETKaHbIX MaTepmasnoB U MOHOOOMEHHbIX CMOJT Pa3fMYHbIX TUMOB.

Krnroyesnbie crosa:. 6M006paCTaHMe, KOMMNJ1IeKCHblE COeaANHEHNA NepexXogHbIX MeTarJioB, OVOreHHbI CUHTE3 HaHo-
Yactuy cepe6pa, HaHOKOMMO3UTbl, HETKaHble MaTepuarbl, NOHOOOMEHHbIE CMOJbI
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HacTosuasa paboTa nocesileHa 0630py nccrnegoBaHnii, paccmaTpuBatoLLNX BIUSTHUE HU3KUX N CBEPXHU3KNX TEM-
nepatyp Ha cBoncTea nonnacupacpupketoHa (M3BK) n komMNo3nToB Ha ero ocHoBe. B pacCcMOTpPEHHbIX MCCcnegoBaHmsX
OMUCLIBAKOTCA M3MEHEHUS (PU3NKO-MEXAaHUYECKNX, TEPMOMEXAHNYECKUX, TEPMUYECKNX N TPMOONOrM4ecKknx CBOWCTB
M33K npu HU3KMX TeMnepaTypax, a TakkKe BAUsSHUE pasfnnyHbIX HAaMoNHUTENEN Ha M3MEHeHne 3TUX CBOUCTB. B npuee-
OEHHbIX B HacTosiweM 063ope paboTax aHanM3uMpyloTCa BO3MOXHOCTU, MEPCNEKTUBLI U OrPaHUYEHNs] NMPUMEHEHNS]
M33K B ycnoBuMsax NOCTOAHHOrO UM BPEMEHHOrO BO3AENCTBUSA HU3KUX TeMnepaTyp. [oHnMaHne TeHAeHLMIA, ONUCaH-
HbIX B NpeAcTaBMNeHHbIX UCCeAoBaHUSAX, MOXET MOMOYb NPU MOAENNPOBAHUN CBOWCTB pasfiIMYHbIX KOMMO3UTOB Ha
ocHoge NM33K n npoekTupoBaHuUn n3genun, npeaHasHadeHHbIX Ans NPUMEHEHNs Mpu NOHMXKEHHbIX TeMnepaTypax.

Knroyessbie criosa: FIOJ'IVISd)VIpSCpVIpKeTOH, KOMMNO3UTHbIE MaTepuarbl, NOHWXEHHbIE TeMMNepaTypbl, cbwawko-Mexa-
HU4YeCKne CBOKMCTBA
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PaboTa nocesileHa ncecnegoBaHnio PU3NKO-MEXaHUYECKUX CBOWCTB U TPUDOTEXHUYECKNX XapaKTePUCTUK HOBbIX
rMBpUaHbBIX aHTUDPUKLMOHHBIX NONMMEPHBIX KOMNO3NUMOHHBLIX MaTepuanos (IMKM). MiccneposaHo BnvsHWe coctaBa
rMBpUaHbIX TKAHEW Ha (hU3MKO-MexaHMYeckmue CBOMCTBA N TPUDOOTEXHUYECKME XapaKTepUCTUKN rmbpuaHbix MNKM. MNo-
Ka3aHo, YTO HOBble rMbpuaHble aHTUMPUKLMOHHBIE MaTepuanbl He YCTYNalT Mo XapakTepucTMkam aHTUPUKLNOHHBIM
yrrnennacTvkam 1 NpeBOCXOAAT UX MO HEKOTOPbIM MoKasaTensam.

Kntouesnie crniosa: INMKM, rubpuaHbie aHTudpukumnoHHsle MNMKM, yrnennactukm, koauUNeHT TPpeHUs, MPOYHOCTb
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MONYYEHWE NPEMPErA METOLAOM NMPOMNUTKM BOAHOW CYCNEH3UENA TEPMOMIIACTUYHOIO
NONMMMEPA
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MpeacraBneH mMeToq NONyyeHUss NeHT TEPMOMNMacTUYHOro Npenpera Ha OCHOBE OAHOHarNpaBneHHoro yrnepoa-
HOro BOJIOKHA C HU3KMM Moaynem ynpyroctu mapku UMT42S-3K-EP meTogom nponntku 13 BOAHOM CYCMNEH3UN Nosu-
mepa. iccrnenoBaH rpaHynoMeTpruyYeckuini COCTaB MCXOOHbIX MENKOAUCNEPCHBIX KOMMOHEHTOB U UX CMecen nocrne cTa-
AN U3MENbYEHNsT U CMELLEHNS], a TakKe M3ydeHa ux cTpyktypa metogom POM-mukpockonmm u PCMA-aHanu3a. Ha
OCHOBaHUM TeopuM B3aMOOENCTBUS YacTUL, HA MOBEPXHOCTM TBEPAOE BELLEC-TBO — XMUAKOCTb ObINM NPUroTOBMEHbI
00pasubl cycrneHsun Ha ocHoBe nonuadupadupketoHa (PEEK), ctabunmsmpoBaHHOro aHMoH- 1 KaTMOHAKTUBHLIMM MO-
BEPXHOCTHO-aKTMBHbIMU BelecTBamu (MAB). ins peanusaumnm TeXHONOrMU NPONUTKA YrNepoaHOro BOMOKHa NonMmMmep-
HOW CyCMeH3nen ¢ NOCTOSIHHLIM NoaaepXKaHnem B3Becu nonumepa paspabotaH nadopaTopHbii y3en YIC-5-50-211 n
BHeApeH B ycTaHoBky Ansa nponutkn TMA-600. MonyyeHHble nabopaTopHble o6pasubl TEPMONMAacTUYHbIX NEHT nccne-
poBaHbl MeTogamu COM-mukpockonum n PCMA-aHanusa, a Takke onpeaeneHo COOTHOLLIEHME NONMMep — apMmnpyto-
W1 matepuan.

MokasaHo, 4YTo npumeHeHune MAB no3BonsieT 3HauUMTENbHO CHM3UTL rMapodobHocTs PEEK ans ero ctabununsaumm
B BOAHOM pactBope. PazpaboTaHHbin y3en nponuTku B coctase nuHun TMA-600 nossonsieT peanu3oBbiBaTbh TEXHOMO-
rMI0 NoyYyeHUs TOHKNX OAHOHanNpPaBneHHbIX NIEHT Npenpera ¢ coaepXxaHveM nonumepa B BornokHe Ao 46,8%. YcraHoB-
NEHO, YTO KOHLIEHTpaummn kaTnoHaktueHoro NAB po 2 mac.% goctatodHo ansa obecneveHms cMavyMBaemMoCcTu NOBEPX-
HocTn PEEK.

Knroyeeble criosa: TepMonnacTUYHbIi Npenper, NponuTka U3 CycrneHsuu nonuMepa, NoBepXHOCTHO-akTUBHOE Be-
LLIeCTBO
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PaccmoTpeHbl MeTobl 06ecconnBaHus (ONpecHeHUs) BOAbl C BbICOKUM COAepKaHNeM MUHeparbHbIX BELLECTB, a
Tawke npobnema o6pasoBaHNA HAKUMK U KOPPO3WUK B TeNnoTexHu4eckoMm obopyaoBaHun. Boga yacto vcnonb3yeTcs
ANs BOAOCHaGXeHUs1 TennoTEXHUYECcKoro o6opyaoBaHNs, U cogepKallmMecs B HEl CONU NPUBOASIT K CHUXKEHUIO ero
9PheKTUBHOCTM 1 Aaxe Bbixogy M3 cTpos. [peacTaBneH akcnpecc-meTo HakuneobpasoBaHWsi, NO3BONAIOLLMNIA NPO-
BOOWUTb OLEHKY BIUSIHUS MOAUMULMPYIOLWNX A06GaBOK HA NPOTUBOHAKMMHbIE CBOMCTBA 3alUMTHOrO NOSIMMEPHOro Mno-
KpbITusi. Mpouecc o6pa3oBaHusa OTNOXEHUIA B pearibHbIX annapaTtax ¢ pearnbHbIMU Cpefammn 4OCTaTOYHO ANIUTENbHBIN,
1 nony4vyeHvne pesynbTaTa, MPUrogHOro ANs OLUEHKWU, MOXET pacTaHYTbCs Ha roabl. B npeanaraemoit yctaHoBke o6pa-
30BaHME HAKUMHbIX OTMOXEHUA Ha MOASOXKKE NMpoucxoauT 3a 2 4. MeTo 3aknioyaeTcsl B 9KCMOHUPOBAHWUM NaTyHHOW
NNacTUHbl C HAHECEHHbIM 3alLMTHLIM MOSIMMEPHbIM MOKPLITUEM B 3KCMEepUMeEHTanbHol fabopaTtopHO ycTaHoBKe,
obecneymnBarioLLelt YCroBUS, CXOXME C YCroBUAMK paboThl TennoobMeHHOro o6opyaoBaHus NpyY HEM3MEHHOM COCTaBe
MWHEepanbHOro pacTBopa, C NOCreayoLLMM aHarnM3oM cocTaBa NMoKpbITUS U OTIIOXEHWIN kapGoHaToB. AHanu3 3aknoya-
eTcsl B onpeaeneHnn TonwmHbl 06pa3oBaBLLIErocst Crosi HakMnu Ha MoauULMPOBAHHOM U HEMOAUMULMPOBAHHOM
MOKPbITUSIX, ONpeaerneHnn 3NEMEHTHOrO CoCTaBa STUX OTMOXEHWIA, a TakkKe OLEHKe paBHOMEPHOCTU UX pacnpenene-
HUS.

Knrodeabie criosa: onpecHeHne, ob6ecconmeaHme, COCTaB, CTPYKTypa, KOppoausi, TENNoaHepreTuyeckoe o6opyno-
BaHue
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MpencTaBneHa MeToa0N0rMsa Hay4Ho 060CHOBAHHOW KOHLEMLMU COBEPLUEHCTBOBaHNS TEXHOMOMMI NPon3BoAcTBa

N PEMOHTA CYAOBbIX KOHCTPYKLMIA HA OCHOBE KOMMIIEKCHOTO MPUMEHEHUS COBPEMEHHBIX TEXHOSOMMIA, UCTOYHUKOB M-
TaHUS U NEePCNEKTMUBHbBIX OTEYECTBEHHbIX CBAPOYHbIX M HanmaBo4YHbIX MaTepuanos. lNpeanaraembii METO40NOMMYECKUIA
noaxon cchopmMmpoBaH B COOTBETCTBUN C MPUHATOW CTpaTernen Hay4yHo-TeXHONOrM4Yeckoro pa3sutusa Poccuiickon de-
aepaunn. MNoBbiweHne 3 HEKTUBHOCTU OTEYECTBEHHOIO NPOMBILLIIEHHOrO NPOU3BOACTBA HEPA3pPbIBHO CBA3AHO C pas-
BUTUEM TEXHOIOIMIN CBAPKM N POACTBEHHbIX MPOLECCOB A1 NOMYYEHUSA BbICOKOMPOYHbIX HEPa3bEMHbIX COEAMHEHWN
npv NPOU3BOACTBE N PEMOHTE ObICTPOUIHALLMBAIOLLMXCA U3OENUIN U KOHCTPYKLMA OTBETCTBEHHOIO Ha3HavyeHus. [1aHo
obocHoBaHue BblIbopa Hanbonee apdPEKTUBHBIX NyTEN COBEPLUEHCTBOBAHUSA TEXHOMOMMIA MPOU3BOACTBA U PEMOHTA
CYOOBbIX KOHCTPYKLMI, @ Takke TEXHUKM NOPTOBOW MHAPACTPYKTYPbl HA OCHOBE KOMMIIEKCHOMO NPUMEHEHWSI NEPCeEK-
TUBHbIX TEXHOMOIMI UX NPOV3BOACTBA, PEMOHTHO-YNPOYHSAIOLLMX 00PabOoTOK BbICOKOHArPYXEHHbIX U34eNniA, COBPEMEH-
HbIX MICTOYHUKOB NUTAHWSI 1 OTEYECTBEHHbIX CBAPOYHbIX U HAMnaBoOYHbIX MaTepraros.

Kntoyesble criosa: cBapka, NPOM3BOACTBO, PEMOHT, CBapHble COeANUHEHUS, CYAOBbIe KOHCTPYKLMU, HAOEXHOCTb,
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Mpu cBapke TUTAHOBLIX NCEBAO-B-CNMABOB HA UTOTOBbIE XapaKTEPUCTUKN CBApHOrO COEAUHEHUS OKa3biBaeT BIu-
sTHUe TEMNepaTypHbIA LMK B CBA3U C BEPOATHOCTbIO 06pa3oBaHmNst OXPYNYEHHOr0 MarnoniacTUYHOrO COCTOSHUA Me-
Tanna B OTAENbHbIX 30HAaX TEPMUYECKOro BrusiHUA. C Lenbio NpeaoTBpaLleHms HebnaronpnusiTHOro TEpMMUYECKOro BO3-
OEencTBust Ha MeTann KOHCTPYKLUN UCNONb3YETCHA CBapKa Yepes npeaBapuTenbHy0 Hannaeky. B cBs3M ¢ 9TMM BO3HU-
KaeT 3agadva 3KCMepUMEHTarnbHOIO M pacyeTHOro UCCNeAOBaHUS pacnpeaeneHnss TeMnepaTypHoro nossi B npouecce
CBapKn TUTAHOBOIO NCeBA0-f-cnnaBa Yepes Hannaeky pasnmMyHoOn TOMWWHLI. [nsi pac4eTHOro MoaenmMpoBaHMs CBapku
Ob1n ucnone3oBaH nporpamMHbli Npoaykt ANSYS Workbench. ConocraeneHne akcnepuMeHTanbHbIX U pacyeTHbIX pe-
3ynbTaToB NPOAEMOHCTPMPOBArO XOpoLLee CoOBNageHne pacnpegeneHns TemMmnepaTypHbIX Nofen B 30He TEPMUYECKOTO
BMNUAHNSI CBAPHOIO COEAVHEHNS.
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MccnenoBaHbl CTPYKTYpa U CBOMCTBA BbICOKOMPOYHbIX MasiHbIX COEANHEHUIN TUTAHOBLIX CMJTAaBOB Pa3fIMYHOro TMna
(MT-3B, BT6, BT6C, BT20 n BT22). OnpegeneHsl onTumManbHble napameTpbl AUdy3noHHON Narku Ans nonyvyeHus
Hepa3beMHbIX COEANHEHWIA, paBHOMPOYHbIX OCHOBHOMY MeTanny. Ha npumepe TutaHoBoro (a+3)-cnnaea nepexogHoro
knacca BT22 onncaH ycoBepLUeHCTBOBaHHbIV CMOCOO Naiky BbICOKONErMpoBaHHbIX TUTAHOBbLIX CMNaBOB Yepes TUTa-
HOBYIO MPOCIIONKY C NPUMEHEHNEM aMOPMHOro NPUNos IEHTOYHOro Tuna, obecneynBaroLLMiA MPOYHOCTb COEQUHEHWUIA
Ha yposHe 1000 Ma.

Kntouesnie criosa: TutaHoBble cnnaebl, MT-3B, BT6, BT6C, BT20, BT22, anddy3noHHas naika, BbICOKONPOYHbIE
COeOUHEHUsl, OCHOBHOWM MeTars, CBOWCTBA, CTPYKTypa, aMopdHbIE MPUNOK, 3a30p, TUTaHOBasi Npocrolika
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M3yyeHo BrusiHMe ynbTpa3BYKOBbLIX KONebaHun Ha CTPYKTYPHO-(ha30BbIf COCTaB M M3HOCOCTOMKOCTb JO3BTEKTU-
YECKOro M 3a3BTeKTUYecKoro HanmnaBo4dHbix cnnaBoB cuctembl Fe—Cr—Ni—-Mn—Mo—-Ti—-Nb—C. KonebaHnus BBoaunu B
CBapPOYHYK BaHHY C MOMOLLILIO NPUCaA0YHOM NOPOLLKOBOM MPOBOJSIOKMN B NMPOLIECCE 3NEKTPOAYIrOBOM HaMmaBkn niaes-
LWMMCS 3NeKTpoaoM. BeinonHeHbl MeTannorpaguyeckme UCCrefoBaHUsa ChnaBoB, MUK-POPEHTTEHOCNEKTPanbHbIN 1
PEHTrEHOCTPYKTYPHbIN aHanuabl. O6pa3supbl CNiaBoB UCMbITaHbl HA CTOMKOCTb K ra3oabpasvMBHOMY M3HALUMBaHWIO, a
TaKke U3HalLMBaHMIO Yepe3 abpasuBHy0 NPOCIONKY NpU HOpMarnbHOW U noBbileHHON Ao 600°C Temnepatype. YcTa-
HOBJI1EHO, YTO aKycTu4eckasi 06paboTka CBapOYHOW BaHHbI, NO-pa3HOMY BIMSIS HA CTPYKTYpPY CMilaBOB paccMmaTpuBae-
MOW CUCTEMbI NErMpoBaHns, MOXeT 00YCNOBNMBAaTbL Kak CHUXKEHUE, TaK U yBENUYEHNE N3HOCOCTONKOCTU CMNaBoB.

Krrodesnble crioga: HannaBoYHbIE CnaBbl, ANeKTpoayroesas HarnfaBka, yJibTpa3ByKOBbIE konebaHusi, UISHOCOCTON-
KOCTb, BbICOKOTEMMNEPATYPHOE ra30a6pa3|/|BHoe M3HalinBaHme, ayCTeHUT, Kap6l/|£l,b|
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OCOBEHHOCTU KAHAINIbHOIO PA3PYLUEHUA OBNYYEHHbIX AYCTEHUTHbIX CTANEMN.
YacTb 1. 9kcnepuMeHTanbHble UCCnef0BaHMUSA

B. 3. MAPIOJIVH, a-p TexH. Hayk, A. A. COPOKWH, kaHa. TexH. Hayk, B. A. LIBELIOBA, kaHga. cpus.-maT. Hayk, H. E.
MAPOIOBA, kaHg. TexH. Hayk, A. A. BYYATCKWMW, kang. TexH. Hayk, 3. A. BEPHOB
HUL] «Kypyamoeckul uHcmumymy — LIHUW KM «lpomemetli», 191015, CaHkm-llemepbype,
yn. WnanepHas, 49. E-mail: mail@crism.ru
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MpuHsaTa k nyénukaumm 30.01.2025

MpeacTtaBneHbl pe3ynbTatbl 3KCNEPMMEHTANbHbBIX UCCNEAOBaHUN XapakTePUCTUK U MEXAHU3MOB pa3pyLueHus]
aycteHuTHon ctanu 10X18H9, obny4veHHon npu 400°C go nospexaatowlen Ao3bl okono 15 cHa. B ycnoBusix ogHooc-
HOro pacTsXKeHUs rnagknx LMnuHapuyeckux obpasuos u umnuHapuyeckux obpasuoB ¢ KOMbLEBLIM HAAPEe30M B aua-
nasoHe Temnepatyp ot 20 go 500°C nony4veHbl XapakTepUCTUKN paspyLUeHNs U BbINONHEH aHanu3 OCHOBHbIX MOA pas-
PYLLUEHMS UCMbITaHHbIX 06Pa3L0B METOAOM CKaHMPYIOLLIE SNEKTPOHHON MUKPOCKOMUU C aKLLEHTOM Ha cneumduyecknii
MexaHuU3M paspyLleHust 0b6NyYeHHbIX ayCTEHUTHBIX CTanen — KaHanbHoe paspylueHne. Ha ocHOBaHMM BbIMOMHEHHbIX
nccnenoBaHui onpeaeneH TemnepaTypHbid AuanasoH peanusaumm KaHarnbHOro paspyLleHnst U yCTaHOBMEHbI OCHOB-
Hble ero ocobeHHoCcTU. B TeMnepaTypHOM AManasoHe KaHanbHOro paspylleHus HabniogaeTcs 3HauyMTenbHoe YMEHb-
WweHne gedopmMaLrOHHOro YNPOYHEHMUS!, YTO OBYCNOBNEHO KaHarbHbIM (FTOKanM3oBaHHbIM) AedopMmMpoBaHnemM B 00-
NyYeHHON CTanu, KoTopoe sBNsAeTcs HeobXoaUMbBIM YCINOBUEM ANA peanuaaLmmn KaHanbHoro paspyweHus. BeinonHeHa
OLEHKa BKITagoB Pa3fNyHbIX MO pa3pyLLUEHUs B 3aBUCMMOCTU OT TPEXOCHOCTW HaMNPsKEHHOIO COCTOSIHUS 1 Temnepa-
Typbl UCnbITaHWi. MNoka3aHo, YTO 40N NoLaAM MOBEPXHOCTU KaHAMbHOIO paspyLUeHnUsl OTHOCUTENbHO NoLwaan Bcem
MOBEPXHOCTU pa3pyLLEeHUs yBENNYMBAETCH C yBENMYEHNEM TPeXoCHOCTU. iccnegoBaH penbed obracten KaHanbHOro
paspyLLleH1s 1 NOBEPXHOCTEN BHYTPU3EPEHHbIX PaceToK KaHanbHOro paspyLleHus. Ha noBepxHOCTAX aTux paceTok
BbISIBIIEHbI BbIXOAbl BTOPUYHBIX Ae(OPMaLMOHHbBIX KaHamnoB, KOTOpble PacnonoXeHbl perynspHo vyepes 1-2 mkm. Mo-
ny4yeHHble pe3ynbTaTbl UCNONb30BaHbl ANs pa3paboTkM MOAenn U KpUTEpPUs KaHanbHOro paspyLueHusi, KoTopble npea-
CTaBreHbl BO BTOPOW YacTu HacToswwen paboThl, a Takke Ans Bepndurkaumm npeanoxeHHOro Kputepus.
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Abstract—The changes in the structure and properties in the heat-affected zone of high-strength steel grade E690
depending on the level of linear energy during welding are studied. Recommendations are given for the selection of
welding modes to prevent degradation of the properties of welded joints.

Keywords: high-strength steel, mechanized and automatic welding, low-alloy welding materials, linear energy,
heat-affected zone, structure, impact work, microhardness
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Abstract—Behavior of gases at the stages of production of high-strength vessel steel made with REM complex material
and standard technology of steel modification by ferrocalcium has been investigated. It has been shown that the nitrogen
content in steel increases regardless of which of the tested modifying treatment methods was used, from liquid castings
to sheet metal rolling. Oxygen content regardless of the modifying method increases in liquid metal including casting,
after which it decreases significantly in slab and sheets. Modification of high-strength vessel steel by complex alloys
with REM allows to reduce the hydrogen content in the metal.
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Abstract—In the presented work, the approach of solid-phase alloying of a multicomponent system is tested for the first
time as applied to an equiatomic mixture of single-phase powders of Al, Ni, Co, Fe and Cr and microplasma spraying of
coatings based on them. It is established that in the process of mechanochemical synthesis, a composite powder is
formed, which is rounded conglomerates of the “5me” system, with a granulometric distribution from 10 to 110 ym.
Studies of the structure and properties of coatings showed the formation of gradients of microhardness and elemental
composition, but homogeneity increases with an increase in the duration of mechanosynthesis. In the coatings after 15
minutes of mechanochemical synthesis of the composite powder, Fm3m, Im3m and Pm3m phases are formed, the
pores are located along the boundaries of the interweavings (porosity 4.8%), in the distribution of microhardness it was
possible to identify two areas with microhardness values of 600 HV and 300 HV (less than 10%) with an average devi-
ation of 7%, adhesion to the steel substrate was 54 MPa.

Keywords: functional coatings, microplasma spraying, composite powders, solid-phase alloying, mechanochemical
synthesis
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Abstract—The paper presents the results of developing the optimal composition of a precision copper-nickel alloy, from
which composite powders, the surface of which is plated with titanium diboride, are obtained by high-speed mechanosyn-
thesis. Functional coatings are made from the composite powders by cold gas-dynamic spraying on a DIMET-3 unit. The
resulting coatings are characterized by high microhardness (24—26 GPa) and have a long service life (10,000 hours).
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Abstract—The paper presents the research results on high-entropy CoCrFeNiMnNXx alloy obtained by selective laser
melting. Powders of high-entropy alloy CoCrFeNiMnNx (with calculated nitrogen content x = 0.1 wt.%, 0.2 wt.%, 0.5
wt.%) are manufactured by mechanical alloying followed by plasma spheroidization. Alloys mechanical properties and
its compaction by selective laser melting were investigated at room and cryogenic temperatures. Alloys with nitrogen
content of 0.1 and 0.2 wt.% show an increase in mechanical properties at decreasing temperature. The conditional yield
strength increased by 27.2 and 63.3%, the ultimate strength by 30.8 and 52.7%, respectively. The study was carried
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Abstract—The NRC “Kurchatov Institute” is working on the creation of antimicrobial nanocomposites containing bio-
genic colloidal nanosilver (NPsAg). Biogenic NPsAg obtained by microbial synthesis using bacterial cells and AgNO3
solution in liquid and dry preparative forms. To protect underwater objects from biofouling, a composition has been
developed that includes complex chelated compounds of transition metals Cu, Zn and biogenic NPsAg. Cu and Zn
chelates are synthesized by a complexation reaction, the antimicrobial activity of which increases with the introduction
of NPsAg. It has been established that NPsAg keep stability and biocidal effect during prolonged exposure to seawater,
which is important for their utilization as part of antifouling coatings. The technology of introducing biocidal NPsAg into
the composition of polymer nonwovens and ion exchange resins of various types has been developed.

Keywords: biofouling, transition metal complexes, biogenic synthesis of silver nanoparticles, nanocomposites,
nonwovens, ion exchange resins
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Abstract—The present work is devoted to the review of studies considering the influence of low and ultra-low temper-
atures on the properties of polyetheretherketone (PEEK) and composites based on it. The reviewed studies describe
the changes in the physical-mechanical, thermo-mechanical, thermal and tribological properties of PEEK at low temper-
atures, as well as the influence of different fillers on the changes in these properties. The works presented in this review
analyze the opportunities, prospects and limitations of PEEK applications under conditions of permanent or temporary
exposure to low temperatures. Understanding the trends described in the presented studies can help in modeling the
properties of various PEEK-based composites and designing products intended for low-temperature applications.
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Abstract—The work is devoted to the study of physical and mechanical properties and tribotechnical characteristics of
new hybrid antifriction polymer composite materials (PCM). The influence of hybrid fabric composition on physical-
mechanical properties and tribotechnical characteristics of hybrid PCMs has been investigated. It is shown that new
hybrid antifriction materials are not inferior to antifriction carbon plastics and surpass them by some characteristics.
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Abstract—The article presents a method for producing thermoplastic prepreg tapes based on unidirectional carbon
fiber with a low modulus of elasticity of the brand. UMT42S-3K-EP by impregnation in an aqueous polymer slurry. The
granulometric composition of the initial fine components and their mixtures after the grinding and mixing stage was
studied, as well as their structure was studied by SEM microscopy and PCMA analysis. Based on the theory of particle
interaction on the solid-liquid surface, samples of suspensions based on polyetheretherketone (PEEK) stabilized with
anionic and cationic surfactants were prepared. To implement the technology of impregnating carbon fiber with a poly-
mer suspension with constant maintenance of the polymer suspension, a laboratory UPS-5-50-2L unit has been devel-
oped and incorporated into a TMA-600 impregnating device. The obtained laboratory samples of thermoplastic tapes
were examined by SEM microscopy and PCMA analysis, and the ratio of polymer to reinforcing material was determined.
The study shows that the use of surfactants can significantly reduce the hydrophobicity of PEEK to stabilize it in aqueous
solution. The developed impregnation unit as part of the TMA-600 line makes it possible to implement the technology
of producing thin unidirectional prepreg tapes with a polymer content in fiber of up to 46.8%. It was found that the
concentration of cationic surfactant up to 2 wt% is sufficient to ensure the wettability of the PEEK surface.

Keywords: thermoplastic prepreg, impregnation from polymer suspension, surfactant
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Abstract—Composite materials based on industrial polybutylene terephthalate and secondary polyethylene tereph-
thalate were obtained, and their basic physical and mechanical properties are investigated. It was found that these
polymers combine and form a homogeneous system at certain ratios. The optimal amount of secondary polyethylene
terephthalate has been determined, which can be introduced into polybutylene terephthalate while preserving its basic
physical and mechanical properties.
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Abstract—The paper considers the existing methods of desalination of water with a high content of minerals, as well
as the problem of scale formation and corrosion in thermal engineering equipment. Such water is often used for technical
water supply of heating equipment, where the salts contained in it lead to a decrease in efficiency, as well as equipment
failure. In addition, the problem of desalination of seawater is relevant for countries located in arid regions of the globe,
limited by low rainfall and countries with a shortage of freshwater sources.

An express method of scale formation is presented, which allows evaluating the effect of modifying additives on
the anti-scale properties of a protective polymer coating. The process of sediment formation in real devices with real
media is quite long, and it may take a considerable time to obtain a result suitable for evaluation, which is unacceptable,
since the selection and optimization of the composition will take years. In the proposed installation, the formation of
scale deposits on the substrate occurs in 2 hours. The method consists in exposing a brass plate with a protective
polymer coating in an experimental laboratory installation that provides conditions similar to the operating condition of
heat exchange equipment with unchanged composition of the mineral solution and experimental conditions, and sub-
sequent analysis of the coating and carbonate deposits. The analysis consists in determining the thickness of the formed
scale layer on the modified and unmodified coating, determining the elemental composition of these deposits, as well
as evaluating the uniformity of their distribution.
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Abstract—The paper presents the methodology of scientifically substantiated concept of production improvement and
repair technologies for ship structures based on the integrated application of modern technologies, power sources and
promising domestic welding and surfacing materials. The proposed methodological approach is formed in accordance
with the adopted strategy of scientific and technological development of the Russian Federation, which is aimed at the
realization of tasks and national priorities in ensuring the country’s ability to effectively respond to great challenges. The
direction associated with increasing the efficiency of domestic industrial production is inextricably linked with the devel-
opment of welding, related processes and technologies, as fundamental technologies for obtaining high-strength per-
manent joints in the production and repair of wearable products and structures for critical purposes. Research objective:
Justification of the most effective ways to improve production technologies, repair of ship structures and port infrastruc-
ture equipment on the basis of complex application of advanced technologies of its production, repair and strengthening
treatments of highly loaded products, modern power sources and domestic welding and surfacing materials. Achieve-
ment of the above formulated goal is based on the complex application of positive results in the performance of funda-
mental, oriented and applied research aimed at the creation of a new generation of shipbuilding steels and technologies
of their application, organization of production of welding and surfacing materials, modern power supply systems.
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Abstract—The temperature cycle in the welding of near-B-titanium alloys has an effect on the final characteristics of
the welded joint in connection with the possibility of forming an enlarged low-plastic state of individual zones. In order
to prevent the occurrence of adverse thermal effects on the metal of the structure, welding through pre-surfacing is often
used. In this regard, the problem arises of experimental and computational study of the distribution of the temperature
field in the process of welding titanium near-B-alloy through surfacing of various thickness. The ANSYS Workbench
software product was used for the calculated welding simulation. Comparison of experimental and calculated results
showed a good coincidence of the distribution of temperature fields in the welded joint zone.
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Abstract—The structure and properties of diffusion brazed titanium alloys joints of the various titanium alloys (PT-3V,

VT6, VT6S, VT20 and VT22) are investigated. The optimal technological parameters to produce the joints of the equal

to the base metals strength are proposed. The effect of plasticization of the two-phase titanium alloys (VT6S) after high

temperature annealing near the polymorphous transformation temperature (during brazing) is shown. An improved

method for brazing high-alloyed titanium alloys is considered using the example of (a+f)-titanium alloy of the transition
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class VT22. Brazing was carried out through a titanium interlayer using an amorphous tape filler, providing a joint
strength of 1000 MPa.

Keywords: titanium alloys, diffusion brazing, PT-3V, VT6,VT6S,VT20,VT22, amorphous filler metals, high strength,
properties, structure, brazing gap, base metal, titanium interlayer
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Abstract—The effect of ultrasonic vibrations on the structural-phase composition and wear resistance of hypoeutectic
and hypereutectic surfacing alloys of the Fe—Cr—Ni—-Mn—Mo-Ti—Nb—-C system was studied. Vibrations were introduced
into the weld pool using a filler flux-cored wire during electric arc surfacing with a consumable electrode. Metallographic
studies of the alloys, micro-X-ray spectral and X-ray structural analyses were performed. Alloy samples were tested for
resistance to gas-abrasive wear, as well as wear through an abrasive layer at normal and elevated temperatures up to
600°C. It was found that acoustic treatment of the weld pool, differently affecting the structure of the alloys of the alloying
system under consideration, can cause both a decrease and an increase in the wear resistance of the alloys.
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Abstract—The experimental study results of the fracture properties and mechanisms are represented for austenitic
18Cr-9Ni steel irradiated at 400°C up to damage dose of 15 dpa. The fracture properties have been obtained for cylin-
drical smooth and notched specimens under uniaxial tension over temperature range from 20° up to 500°C, and the
fracture surfaces have been examined by SEM to analyze the main fracture modes with emphasis on specific fracture
mechanism of irradiated austenitic steels — channel fracture. Basing on the performed study results the temperature
range and the main features of channel fracture are found. It is shown that the strain hardening decreases over the
temperature range of channel fracture that is caused by channel (localized) deformation in the irradiated steel being
necessary condition for channel fracture. Shares of various fracture modes are estimated depending on stress triaxiality
and test temperature. It is shown that the channel fracture area share relative to total fracture surface area increases
when stress triaxiality increases. The relief of channel fracture area and channel fracture facets surface is studied.
Secondary deformation channels exits are revealed on the channel fracture facets surface that locate regularly on the
distance of 1-2 ym each other. The obtained results are used for elaboration of channel fracture model and formulation
of channel fracture criterion and for the proposed criterion verification that are considered in the second part of the
paper.

Keywords: fracture mechanisms, channel fracture, neutron irradiation, chromium-nickel steel
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Abstract—On the basis of experimental data considered in the first part of the paper the channel fracture model is
represented and channel fracture criterion is formulated for irradiated austenitic steels. The model and criterion are
based on the initiation of microcracks in channel deformation plane due to intersection with secondary channels and on
the microcracks growth by shear. The proposed model and criterion of the microcracks initiation in channel deformation
plane explain why channel fracture is observed in irradiated FCC metals and never observed in irradiated BCC metals
although channel deformation being necessary condition for channel fracture occurs in the both metals. Procedure for
the criterion parameter determination is proposed on the basis of the test results of standard tensile cylindrical specimen
and cylindrical specimen with circular notch tested atone temperature over the channel fracture temperature range.
Numerical values of the criterion parameters are found when using the test results represented in the first part of the
paper. The proposed channel fracture criterion has been verified as applied to irradiated 18Cr—9Ni steel by comparison
of the experimental and calculated values of the fracture strain for specimens with various stress triaxialities and for
specimens tested at different temperatures.

© 2025 Scientific and Technical Journal
NRC “Kurchatov Institute” — CRISM “Prometey” “Voprosy Materialovedeniya”
http://www.crism-prometey.ru


mailto:mail@crism.ru

Keywords: channel fracture model, channel fracture criterion, chromium-nickel steel, neutron irradiation
DOI: 10.22349/1994-6716-2025-121-1-205-224
REFERENCES

1. Sharp, J.V., Correlation between cleared channels and surface slip steps in neutron irradiated copper crystals,
Radiation Effects: Incorporating Plasma Science and Plasma Technology, 1972, V. 14, pp. 71-75.

2. Byun, T.S., Hashimoto, N., Farrell, K., Deformation mode map of irradiated 316 stainless steel in true stress-
dose space, JNM, 2006, V. 351, pp. 303—-315.

3. Gussev, M.N., Field, K.G., Busby, J.T., Deformation localization and dislocation channel dynamics in neutron-
irradiated austenitic stainless steels, JNM, 2015, V. 460, pp. 139-152.

4. Doyle, P.J., Benensky, K.M., Zincle, S.J., Modelling of dislocation channel width evolution in irradiated metals,
JNM, 2017. DOI: 10.1016/j.jnucmat.2017.10.063

5. Barrioz, P.O., Hure, J., Tanguy, B., Effect of dislocation channeling on void growth to coalescence in FCC
crystals, Materials Science & Engineering: A. URL: https://doi.org/10.1016/j.msea.2019.01.115

6. Giriffiths, M., Effect of neutron irradiation on the mechanical properties, swelling and creep of austenitic stain-
less steels, Materials, 2021, V. 14.

7. Griffiths, M., Strain localisation and fracture of nuclear reactor core materials, J. Nucl. Eng., 2023, V. 4, pp.
338-374.

8. Fish, R.L., Hunter, C.W., Tensile properties of fast reactor irradiated type 304 stainless steel. Irradiation effects
on microstructure and properties of metals, ASTM STP 611, American Society for Testing and Materials, 1976, pp. 119—
138.

9. Hunter, C.W,, Fish, R.L., Holmes, J.J., Channel Fracture in Irradiated EBR-Il Type 304 Stainless Steel, Amer-
ican Nuclear Society Transactions, 1972, V. 15, No 1, pp. 254-255.

10. Huang, F.H., Comparison of fracture behavior for low-swelling ferritic and austenitic alloys irradiated in the fast
flux test facility (FFTF) to 180 dpa, Engineering Fracture Mechanics, 1992, V. 43, No 5, pp. 733—748.

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

12. Fractography, ASM Handbook, ASM International, The Materials Information Company, 1998, V. 12.

13. Rozhansky, V.N., O mekhanizme razvitiya zarodyshevykh treshchin v kristallakh pri ikh plasticheskom deform-
irovanii [On the mechanism of development of nucleus cracks in crystals during their plastic deformation]: Reports of
the Academy of Sciences of the USSR, 1958, V. 123, No 4, pp. 648—-651.

14. Ivanova, V.S., Gorodienko, L.K., Geminov, V.N., et al., Rol dislokatsy v uprochnenii i razrushenii metallov [The
role of dislocations in the hardening and fracture of metals], Moscow: Nauka, 1965.

15. Foreman, A.J.E., Sharp, J.V., A mechanism for the sweeping-up of loops by glide dislocations during defor-
mation, Phil. Mag., 1969, V. 19, pp. 931-937.

16. Si, G., Libovits, G., Matematicheskaya teoriya khrupkogo razrusheniya [Mathematical theory of brittle fracture],
Razrushenie. Matematicheskie osnovy teorii razrusheniya, Moscow: Mir, 1975, V 2, pp. 84-203.

17. Malinin, N.N., Prikladnaya teoriya plastichnosti i polzuchesti [Applied theory of plasticity and creep], Moscow:
Mashinostroenie, 1975.

18. Margolin, B.Z., Shvetsova, V.A., Gulenko, A.G., Kostylev, V.l., Prometey local approach to brittle fracture:
development and application, Eng. Fract. Mech., 2008, V. 75, pp. 3483-3498.

19. Chaouadi, R., Effect of irradiation-induced plastic flow localization on ductile crack resistance behavior of a
9% Cr tempered martensitic steel, JNM, 2008, V. 372, pp. 379-390.

20. Patra, A., McDowell, D.L., Continuum modelling of localized deformation in irradiated bcc materials, JNM,
2013, V. 434, pp. 414-427.

21. Margolin, B.Z., Sorokin, A.A., Buchatsky, A.A., Shvetsova, V.A., Prokoshev, O.Yu., Pirogova, N.E., Kharakter-
istiki i mekhanizmy razrusheniya obluchennykh austenitnykh stalei v oblasti povyshennykh temperatur i formulirovka
kriteriya razrusheniya. Ch. 1: Eksperimentalnye issledovaniya [Characteristics and mechanisms of fracture of irradiated
austenitic steels in the range of elevated temperatures and formulation of the fracture criterion. Part 1: Experimental
research], Voprosy Materialovedeniya, 2022, No 2 (110), pp. 185-202.

© 2025 Scientific and Technical Journal
NRC “Kurchatov Institute” — CRISM “Prometey” “Voprosy Materialovedeniya”
http://www.crism-prometey.ru


https://doi.org/10.1016/j.msea.2019.01.115

22. Bridzhmen, P., Issledovanie bolshikh plasticheskikh deformatsy i razryva [Investigation of large plastic defor-
mations and rupture], Moscow: Izd-vo inostr. lit, 1955.

23. Chopra, O.K,, Rao, A.S., A review of irradiation effects on LWR core internal materials — Neutron empbrittle-
ment, Journal of Nuclear Materials, 2011, V. 412, pp. 195-208.

24. Sorokin, A.A., Margolin, B.Z., Kursevich, I.P., et al., Effect of neutron irradiation on tensile properties of mate-
rials for pressure vessel internals of WWER type reactors, Journal of Nuclear Materials, 2014, V. 444, pp. 373-384.

25. Petrov, S.N., Prokoshev, O.Yu., Margolin, B.Z., Shumko, A.M., Carbide forming special features and fracture
mechanism under the austenitic chromium-nickel 304 steel post-life ageing, Materials Phy-sics and Mechanics, 2018,
V.38, No 1.

© 2025 Scientific and Technical Journal
NRC “Kurchatov Institute” — CRISM “Prometey” “Voprosy Materialovedeniya”
http://www.crism-prometey.ru



	ВМ_1_121_рефераты_рус
	ВМ_1_121_рефераты_англ

