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Mpn Npon3BoOACTBE NMUCTOBOrO Npokata TomnwmHon meHee 10 MM Ha HenpepbIBHbIX CTaHaX ropsiyen
npokaTku 0cob0 CTPYKTYPHO-4yBCTBUTEMbHBIMM NapaMeTpamu ANs cTane 6eMHNTHOro Knacca ABnsoTCs
TemnepaTypa KOHL.a YNCTOBOW CTagumM NPOKaTKW, CKOPOCTb OXMaXaeHns u TeMmnepaTtypa CMOTKU PYJIOHOB.
lMpoBeaeHO UMUTALNOHHOE MOAENTMPOBAHNE BbICOKOCKOPOCTHOW TepMoaedopMaLnoHHon o6paboTkm 06-
pasuoB 6enHuTHOM Cr—Ni—Mo cTanu ¢ uenbto Bbibopa Hanbonee paLmoHarnbHbIX TEXHOMOMMYECKUX PeXu-
MOB. VlccneaoBaHo BRMsSIHME CKOPOCTU M TeMnepaTypbl AedopMaLMum, a Takke MUKponernpyoLwmx goba-
BOK HNO6UA 1 BaHaausa Ha ¢a3oBble NpeBpaLLeHNs.

Krnoyeeble crioga: XpOMOHMKeNbMoNMbaeHoBas cTaslb, IMCTOBON NPOKAT, BbICOKOCKOPOCTHas TEPMO-
AedopmMaumoHHas 06paboTka, UMUTaUMOHHOE MoZdenupoBaHne, hasoBble NpeBpaLleHus
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C ucnonb3oBaHMeM METOOOB NPOCBEYUBAIOLLEN IMEKTPOHHOW MUKPOCKOMUU U3YYeHbl CTPYKTYPHO-
da3oBble COCTOSIHUA U AedekTHasa cybcTpykTypa Ha paccTtosiHuax 0, 2 1 10 MM OT MOBEPXHOCTM MO LIEH-
TparnbHOW OCU U paguycy CKPYrieHUs BbIKPYXKKM ronoBky AuddepeHUMpoBaHHO 3akaneHHbIX ANnMHHOMEep-
HbIX penbcoB kaTeropuu OT400MK n3 3asBTekToMaHOM cTanm nocne akcnnyartaumm Ha 3abarikanbcKom xe-
nesHoun gopore (NponyLweHHbIn TOHHaX 234,7 MnH. T 6pyTT0). YCTaHOBMEHO, YTO NPOYHOCTHbIE XapakTe-
pUCTUKN CTanu onpefenslTca AecTBUEM psaga uanyeckMx MexaHuamoB. [NpoBefeHa kayecTBEHHas
OLEeHKa BKNagoB, OOYCMNOBMEHHbIX TPEHUEM KPUCTaNfIMYeCKON peLleTkn, TBEPAOPACTBOPHbLIM YNpOYHe-
HWEM, YNPOYHEHNEM MEPIIUTHON COCTaBNSOLEN, HEKOrE€PEHTHBIMU YacTuLaMy LLEMEHTUTA, rPaHLamMmn 1
cybrpaHvnuamMmu 3epeH, AUCITOKALNOHHON CYOCTPYKTYPON M BHYTPEHHUMW MOSNAMU HaMNPSPKEHUIN, YCTaHOB-
neHa nx nepapxus. BeinonHeHa KonnyecTBeHHas OLeHKa aganTMBHOIO Npegena Teky4yecTu ctanm no pas-
HbIM HanpaBreHUsAM B 3aBUCMMOCTU OT PacCTOsIHUS OT MOBEPXHOCTU KaTaHus. [oka3aHo, YTO OCHOBHbLIMU
MexaHM3MaMn YNpoOYHEHUS SABMAKTCA YNPOYHEHNE HEKOrEPEHTHBIMW YacTuLaMu, AanbHO4ENCTBYOLLMMUY
NONAMUN HaMNPSPKEHUIN U CYOCTPYKTYpHOE ynpovHeHue. AAAUTUBHBIA Npeaen TEeKy4ecTM Ha NOBEPXHOCTU
BbIKPY>KKN 3HAUUTENbHO BOMbLUE, YeM Ha NMOBEPXHOCTM KaTaHWsi TONTOBKM MO LEHTPansHON OCK.

Knroyesnbie criosa: ANIEKTPOHHAA MUKPOCKOMNNA, peNbCbl, 3a3BTEKTONAHAA CTallb, MEXaHU3MbI YNpoY-
HEeHUs, agaNTUBHbIN npeagen Teky4ectu
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OLIEHKA CTPYKTYPHOIO COCTOSIHUS BbIBLUEFO AYCTEHUTA B FOPAAYEKATAHOW CTANU
NO EE TEKCTYPE NOCJE MAPTEHCUTHOI'O NPEBPALLIEEHUA
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M. . DEOOCEEB, H. C. HOBOCKOJIbLEEB

HUL] «Kypuyamosckuti uHcmumymy» — LIHUW KM «lpomemed», 191015, CaHkm-llemepbype,
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MocTtynuna B pegakuuio 12.10.2023
Mocne popaboTkm 2.11.2023
MpuHaTa k nyénukauumn 20.11.2023

MeTtopom gudpakumm obpaTtHo paccesdHHbIX anekTpoHoB (JOPJ) onpeaeneHsbl TEKCTYpbl CpeaHeyr-
nepoancTon MapTEHCUTHOW CTanu nocre ropsvyen NpokaTku no pasHbiM pexmnmam 1M nocrneayoLlen 3a-
kanku. [ina obecneveHna npeacTaBUTENBHOCTM TEKCTYPHOIrO aHanm3a CkaHMpoBanm OTHOCUTENBHO Kpyn-
Hble o6racTu, BMeLLaLme NpUMepHoO MNo Thicave ObIBLUMX 3€peH, B KaXXAOM U3 KOTOPbIX MPOBOAMIIN He-
CKOINBKO ThiCcAY namepeHuii. C y4eToMm MexdasHoro OpMeHTaLMoHHONO COOTHOLLIEHUS, XapakTepHOro Ans
MapTEHCUTHBIX CTanen, No TeKCTypam NpeBpaLLeHnNst OLeHBany TEKCTYpbl BbICOKOTEMNEPATYpHOW ¢hasbl
(aycTeHuTa), 4TO NO3BONUIIO Pa3NMYNTb ee AehopMUPOBaAHHOE U PEKPUCTANNIM30BaHHOE COCTOSAHMS, 3a-
BUCSLLUME OT yCnoBun npokaTku. Ons Bepudukauum pesynbtatoB JOP3 TekcTypbl MapTeHcuTa onpeae-
NSM HE3aBUCUMbIM METOAOM PEHTIEHOBCKOM AndpaKkLun, a popMy 1 pasmepbl ObIBLUMX 3EPEH ayCTeHWTa
BbISIBNSANN C MOMOLLbIO XMMUYECKOro TpaBneHus!.

Kritoyesble crosa: MapTEHCUT, ayCTEHUT, BbiBLUME 3epHa, TEKCTYpa, MeTog Andpakumm obpaTHO pac-
CesiHHbIX anekTpoHoB (JOPJ)
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BIUAHUE OTNYCKA HA CTPYKTYPY U CBOWCTBA CBAPHOIO COEQUHEHUA 5
BbICOKOMNPO4YHOU KOHCTPYKUWOHHOW CTAJIN, BbINOJTHEHHOIO ABTOMATUYECKOW
CBAPKOW nop «»J1toCoOM

H. A. NYKbAHOBA, I1. B. MEJIbHNKOB, kaHa. TexH. Hayk, B. 6. TPUBAHOBA
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MpoBeneH cpaBHUTENBHbLIN aHaNM3 MeXaHU4eCKUX CBOMCTB M MUKPOCTPYKTYpbl MeTanna Liea cap-
HbIX COEeANHEHUI BbICOKOMPOYHON KOHCTPYKUMOHHOW cTanu AB3K, BbINONHEHHbIX aBTOMaTUYeCKon cBap-
Kon nopg cpntocom ¢ K-obpasHon pasgenkom KpoOMOK C Cnonb3oBaHMeM nNpoBonoku mapku Ce-07XH3MI n
dntoca mapkm 48A3, NoABEPrHYTLIX TepMU4EcKor 06paboTKe Mo YeTbipeM pPasnUYHbIM peXMMaM.

Knroueenie crioga: BbICOKOMPOYHAs KOHCTPYKLMOHHAsA cTarb, aBToMaThyeckas ceapka nog ¢iiocom,
CBapHble CoeaNHeHus1, TepMmuyeckas 06paboTka, OTNYCK, CHATUE BHYTPEHHUX HaNpPsXXeHUI, CTPYKTypa, Me-
XaHn4yeckue cBoncTBa
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BITUAHUE TEMMNEPATYPbI FTOPAYEIO MNPECCOBAHUA COCTABHbIX MEAHO-TUTAHOBbIX
3ArotOBOK HA ®OPMUPOBAHME UHTEPMETANNNAOHOIO CNoA HA rPAHULIE PA3SOENA
MATEPMWANOB

A. H. TAHTANO, kaHa. TexH. Hayk, B. B. BYPXOBELIKMI
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MeTopom ropsivero npeccoBaHus ¢ KO3I(MULMEHTOM BbITSXKKM U = 16 NONyyYeHbl 3aroTOBKM NOA BO-
NoYeHne MMKpPOMNPOBOJTIOKN M3 TuTaHa Grade 4 ¢ NOKPbLITUEM 3aLLUMTHOW obonoykon us meagn M1 npu pas-
NMYHBIX TeMnepaTtypax. [NokasaHo BNUsiHUEe TemnepaTypbl HarpeBa 3aroTOBOK Ha JaBEHNE NPeccoBaHus,
KOHMrypauuio rpaHvubl pasgena matepuanos bumeTanna v TonwmHy obpasoBaBLLErocs MHTepMeTan-
nuaHoro cnosi. lNpoaHanM3npoBaHo BNUSIHUE OaBIEHUS YNPYroro CxaTusi COCTaBHbIX MEOHO-TUTAHOBbIX
3aroTtoBok B AnanasoHe 350—1400 MlNa Ha obpa3oBaHue NHTeEpMeTanMaa Ha rpaHuue pasgena matepu-
anoe npu TemnepaTtype 850°C.

Knoyeesnbie crosa: ropsiuee npeccoBaHue, AaBrneHne, TemnepaTypa, Medb, TUTaH, bumeTans, uHTep-
MeTannuaHbIA crnomn
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BNMUAHUE JOBABKU BUCMYTA HA TENNO®UINYECKUE CBOUCTBA
N TEPMOOUMHAMUYECKUE ®YHKLUNN ANIOMUHUEBOIO CINJIABA AlFe5Sil0
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B pexume «oxnaxaeHus» uccrnenoBaHa TemnepaTypHasi 3aBUCMMOCTb TEMNNOEMKOCTU antoMUHmne-
Boro cnnaea AlFe5Si10, cogepxaleero BucMmyT. [Noka3aHo, YTO C MOBbILLEHWMEM TEMMNEpaTypbl TENOEM-
KOCTb, S3HTanNbNusi U 3HTPONWS CNiaBa yBeNMYnBaloTCs, a 3Ha4yeHue aHeprum [mbb6ca ymeHbluaetcs. C yBe-
NMYeHVEeM COAepXaHus BMCMyTa B UCXOLHOM ChiiaBe TEMNOEeMKOCTb, SHTanbnunsi U SHTPOMMS chnnasa
AIFe5Si10 cHmxatoTcs, npu 3TOM 3HayYeHne aHeprum [Mb6ca noBbiaeTcs.

Knoueebie cnoesa: antomuHmneBbin cnnae AlFe5Si10, TeNNoeMKOCTb, PEXUM «OXNaxaeHus», koad-
PULMEHT TEeNNooTAauW, SHTaNbNUS, SHTponus, aHeprusa mbbca
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Mpn ne4yHom cnocobe HannaeBku NOMy4aT KOMMNO3ULMOHHBIN CNaB, COCTOSALMUA U3 YNPOYHSIHOLLNX
yacTuy, kapbugoe Bonbdpama 1 Mernbxumopa, KoTopble NMocne BbiAEPXKU Npu TemnepaType nnaBneHus
chnnaBa-CcBA3KM 06pa3ytoT Ha YNPOYHAEMOWN NOBEPXHOCTU M3HOCOCTOMKNIA CITON. YCTAHOBMEHO, YTO B 30HE
COeaMHEHNs1 KOMMO3MLUMOHHOIO CrniaBa pPenut — MeNbXMop CO CTarnbHOW NOBEPXHOCTbIO AeTanu npu oT-
CYTCTBMW YCNOBUI, rapaHTMPYIOLLMX aBTOBAKYYMHYHO OYUCTKY MOBEPXHOCTM OT OKCMAo0B, obpasyeTcs npo-
CInoviKa C HECOBEPLUEHHOW KPUCTAaNIMYECKOW CTPYKTYPOM, YTO MPUBOLMT K OTCIOEHMIO HamfaBfEeHHOro
cnnaea. QKCnepuMeHTanbHO NOKa3aHo, YTO NMPUMEHEHME OOMNONHUTENIBHOMO KOHTPOSS Ha ra3oHenpoHMLa-
€MOCTb HaniiaBo4yHOro NpoCTpaHCTBa MO3BONISIET MOBLICUTL KAYE€CTBO HanfaBfieHHOW NMOBEPXHOCTU Mpw
YNPOYHEHNM MEeYHbIM CNOocoboM aeTanen MeTannyprmieckoro 060pyaoBaHMs KOMMNO3ULMOHHBIM CMlaBoOM
penuT—menbXuop.

Knroyeesbie cnosa: KOMMO3ULMOHHBLIN CrifaB pennt — MernbxXxuop, aBTOBaKyyMHas namnka, ne4yHas
HannaBka, ,El,l/lq.)q.)y3I/IOHHaF| 30Ha cnnaBlieHUA, KOHTPOJ1b repMeTU4YHOCTU
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nceeno-a- U ncesno-f- cnnaeos. [1poBeaeH CpaBHUTENBHbBIN aHANU3 XapakTePUCTUK NOPOLLKOBbLIX MaTe-
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MpuBeneHbl pe3ynbTaTbl SKCNEPUMEHTANIbHOIO UCCNEA0BaHUSA MEeTanMYEeCcKUX NMOPOLLKOBbIX MaTe-
pyanoB pasnu4YHbIX MapoK U KrnaccoB (Hep)kaBetolme cTanu, NPeLn3voHHbIE MarHUTOMSTKME U MarHu-
ToTBepable cnnaebl). OLeHeHO BNMUsiHWE Ha NNOTHOCTL nony4yaemoro CJIC-maTepurana TakMx napameTpos,
Kak rpaHyrnoMeTpuU4eckuini cocTaB, TEKYYECTb M HaCbIMHAs NMOTHOCTb. MiccnefoBaHo BRUSIHUE PEXMMOB
CnnaBneHns Ha NOPUCTOCTb aaAUTUBHbBIX 06pa3LLoB.
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OB30P KPUTEPUEB U METOOOB OLIEHKHN CBOVICT@ KEPAMUYECKUX MATEPUAIOB,
NMPEAHA3HAYEHHbIX AnA 3AWNTbI OT BO3AEUCTBUA YOAPHbBIX HAMPY30K

B. A. WWEBYEHKO', akaa. PAH, A. C. DONTTUH?, a-p TexH. Hayk, M. M. CbI4YEB" 23, C. B. BAINTABAHOB!

L HUL] «Kypyamoeckuli uHcmumym» — MIHcmumym xumuu cunukamos um. Y. B. MpebeHwukosa PAH,
199034, CaHkm-lNemepbype, bupxesgol rpoe3d, 6

2 HUL| «Kypuyamoseckuli uHcmumymy» — LIHUW KM «lMpomemeti», 191015, CaHkm-lNemepbype, LLinanep-
Has yn., 49. E-mail: mail@crism.ru

8 CaHkm-llemepbypackull 2ocydapcmeeHHbIl MexHOoI02u4eckull uHcmumym (mexHu4yeckull yHuU8epcu-
mem), 190013, Cankm-llemepbype, Mockosckuli np., 8. 24,26/49

Kepamuka Halwna Wwmpokoe NpUMeHeHne B Ka4ecTBe Matepuana ans 3alnTbl OT BO34enCcTBud yaap-
HbIX Harpy3oK bnarogaps MexaHU4ecknum CBOMCTBaM M NMIOTHOCTU, 06ecneyYnBaloLLIMM BbICOKYIO YAEITbHYH
npo4HocTb nperpad. OcHOBHas yHKUMA nperpag, 3akrnoyaeTcs B NpefoTBpalLeHnn pas3pylueHUs KOH-
CTpyKUMM 3awuiiaemoro obbekTa. Beibop KOHKpETHOW KepamMuK/ ANns nperpag 3aBmMcuT OT Macchl, Cnocob-
HOCTM MOrMoLaTh 3HEPIUI0 yaapa, YCTOMYMBOCTM K MHOXECTBEHHbIM yaapaM u T. 4. [NprueeneH 0630p kpu-
TepuveB N METOAOB OLEHKM CBOMCTB KEPaMUYECKMX MaTepuarnos, NpeaHa3HayYeHHbIX A8 3awmnTbl OT BO3-
OENCTBUA yaapHbIX Harpy3ok. CyllecTByOLLME KpUTEPMM OTOOpa MOXHO pa3genuTb Ha ABe rpynnbl: OyH-
AaMeHTanbHble, KOTOPblE OCHOBaHbI Ha (hM3MYECKNX CBOMCTBAX MaTepuana, u Kputepum oLeHKn cnyxeob-
HbIX CBONCTB. Takke CyLeCTBYIOT SKCNEpUMEHTarnbHbIE METObI OLIEHKM KavyecTBa nperpag. [okasaHo, 4to
kputepun B. A. LeByeHko sBNsieTCs yHMBEpPCanbHbIM, YYUTbIBAKOLLMM CBOMCTBA NPOHUKAKOLLEro Tena
(yoapHuka) 1 no3sonsitoLwnMM NOCTPOUTb HaAEXHbIW NpeacTaBUTenNbHbIN pag Ans 6onbLUMHCTBA Kepamu-
YecKMx MaTepmnanos Npu XPynkom paspyLLleHum.

Kntouessle crosa: kepaMuieckne matepuarnsl, yaapHoe BO3AeicTeme, cnyxebHble CBOWCTBA, KpUTe-
pVK OLIEHKM
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WCCNEOOBAHUE BITUAHUA NAPAMETPOB JIASEPHOW OEPAEOTKU HA U3MEHEHMUE
PA3SMEPA YACTUL KAPEMOA BOJIb®PAMA B NOKPbITUMN CUCTEMbI Ni-Ti-WC

A. M. MAKAPOB, kaHa. TexH. Hayk, [l. A. TEPALLEHKOB, a-p TexH. Hayk, P. 0. BbICTPOB,
E. A.MOIMOBA, B. B. BOBbIPb, A. A. KALLMPUHA, H. B. AKOBJIEBA

HUL] «Kypuyamosckuti uHcmumymy» — LIHUW KM «lpomemet», 191015, CaHkm-llemepbype,
LinanepHas yn., 49. E-mail: mail@crism.ru
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VccnenoBaHo BnusiHve nasepHon obpaboTkm nokpbiTui cuctemsl Ni—-Ti-WC, nony4yeHHbIX MeToa0M
«XONOAHOro» rasofgMHaAMMYECKOro HambIIEHWS, HAa UX MUKpPOTBepdocTb. Obpasyowuecs npu nasepHom
obpaboTtke pomboBuaHble 6ecnopucteie BkmtodeHusa WC pasamepoM 500 HM NOMNOXWUTENBHO BNUSIOT Ha
MUKPOTBEPAOCTb KOHEYHOIo NOKpbITUS (OHa gocturaeT 1200 HV). [laHbl pekoMmeHAaumm Ans NpoMbILLITEH-
HOro NMPOV3BOACTBa mM3genun ¢ nokpbituamn cuctembl Ni-Ti—-WC, nogsepraembix Tepmuyeckon obpa-
ooTke.

Knroyesnbie crioga: «xonogHoe» rasognHamuyeckoe HanbineHue, Ni-Ti-WC, HaHo4yacTuubl, MUKPO-
TBEPAOCTb, NasepHas obpaboTka, XI'OH
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BINUAHUE TEPMUYECKOW OBPABOTKU HUOBUMEBOW NOAIOXKU HA TEPMOCTABUIIbHOCTb
SALLUNTHO-KATAJIIUTUYECKOIO NOKPbITUA U3 NANNAOUA

C. P. KYBEHOB, A. O. BYCHIOK, kaHg. dms.-mat. Hayk, B. H. AlIMMOB, kaHg. dus.-maT. Hayk,
A. N. NIBWWNL, a-p. dus.-mat. Hayk, E. 0. MEPEOVUCTOB, kaHa. TEeXH. Hayk

@r60Y BO «CaHkm-lNemepbypackuli 20cydapcmeeHHbIl yHUsepcumem meneKkoMMmyHuKkayudl
um. rpoch. M.A. Bony-bpyesuyar, 193232, CaHkm-lNemepbype, np. bonbwesukos, 8 22/1.
E-mail: skuzenov@ya.ru
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WcecnenoBaHo BnvsiHue peKkpucTannn3aunoHHOro omxura HMOOMEBON NOANOXKM Ha TepMOCTa6I/IJ'Ib-
HOCTb 3alUUTHO-KaTalrIMTN4eCKoro nokpbiTna 13 nannaguna. B pe3ynbTaTte nccrnenoBaHuA Obino YCTaHOB-
JIeHO, 4YTO NOKpbITUEe Ha perMCTaJ'IJ'IM3OBaHHOﬁ noasnoxke obnagaet 6onbLuen TepMOCTOIZKOCTbI'O no cpas-
HEHUIO C NOKPbITUEM Ha XOnoAHOKaTaHOW NOoANOXKeE. I'IonyquHble pe3ynbTaTbl NO3BONAKT peLnTb Npo-
6nemy orpaqueHHoPl TepMOCTa6VIJ'IbHOCTI/I 3alNTHO-KaTalIMTU4EeCKOro noKpbITUA U3 nannaamna ana Kom-
NO3UTHbIX MeM6paH n3 meTtansnos 5-n rpynnbl B YCITOBUAX UX 3KCMJ1yaTaunn.

Knroyesnbie crioga: meTannnyeckne TOHKONMEHOYHbIE MNOKPLITUSA, Nannagnn, TEpMocTabunbHOCTb, pe-
KpUCTanNn3aumnoHHbIN OTXXUT, B3auMHasa andy3ns, KOMNo3nTHble MeMbpaHbl, MeTansbl 5-i rpynnbl
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BIMUAHUE YNIbTPA3BYKOBOW OBPABOTKU OTBEPXXOEHHOIO MOHOC/OA,
C®OPMUPOBAHHOIO MYTEM TPEXMEPHOW NEYATU U3 NPENPErA, APMUPOBAHHOIO
HEMPEPBLIBHbIM YINMEPOAHbLIM BOJIOKHOM, HA CONPOTUBIIEHUE BO3OEUCTBUIO
NMOTOKA TBEPAbIX YACTUL

N. B. 3NOBUNHA"2, kaHa. TexH. Hayk, H. B. BEKPEHEB?, g-p TexH. Hayk, A. C. ETOPOB?, kaHa. XuM.
Hayk, A. B. AHCVIMOBS, g-p TexH. Hayk

LCapamosckuli eocydapcmeeHHbIl mexHudeckul yHusepcumem um. fO. A. MazapuHa,
410054, Capamos, yn. lNonumexHu4yeckas, 0. 77. E-mail: irinka_7_@mail.ru
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ViccnenoBaHo BnvsiHWE ynbTpasBykoBOW 0BpaboTkM Ha pe3oHaHCHbIX YyacTtoTax 22 n 44 kI MoHo-
cnos, chopMMpPOBAHHOIO NyTEM TPEXMEPHOW NeyaTn U3 Npenperos, apMMpPOBaHHbIX HENPEPbLIBHbIM Yyrie-
POOHbLIM BOJIOKHOM, Ha COMPOTMBIEHNE BO3AEWCTBMIO MOTOKA TBEPAbIX YacTUL. YCTaHOBMEHO, YTO npwu
UMUTaLUKU NOTOKa TBEPAbIX YacTuL CTpyMHo-abpasuBHo 06paboTkon npomcxoauT npupalleHne maccbl
KaK KOHTPOMbHbIX, TaK U OMNbITHbIX 0OPa3L0B NO CPaBHEHMIO C UCXOAHBIM COCTOSIHMEM. [1oka3aHo, YTo cu-
noBOe BO3AENCTBME YNbTpasByka Ha pauMOHanbHbIX PeXMMax CrnocoOCTBYET CHUMXKEHUIO NMpupalleHus
macchbl Ha 31,4% npu obpaboTke Ha YacToTe 22 K'Yy 1 Ha 9% npu obpaboTke Ha yacToTe 44 kI'u. CHKeHnEe
npupaLleHns Maccbl onpenenseTcs NoBbILUEHNEM MIIOTHOCTU CTPYKTYPbl MOHOCIION U NPUBOAUT K NOBbI-
LEHMIO TBEPAOCTM NoBepxHOCTU B egnHunuax Lopa-[ Ha 13,5% npu yacTtote Bo3gencteus 22 kl'y u Ha
10% npu yacToTe 44 kl'u,.

Knroyesnbie crosa: agANTUBHbIE TEXHONOIMMU, KOMMNO3ULMOHHbLIE MaTepuansl, npenper, apMmpoBaHune
HenpepbIBHbIM YrIepoaHbIM BONTIOKHOM, TEPMOPEAKTMBHOE 1 TEPMONNAcTUYHOE CBA3YOLLee, NOTOK TBEP-
ObIX YacTul, U3MeHeHne macchbl, TBEpAOCTb, MPOYHOCTb, YNbTPA3BYK, amMnnuTyga, Yactora, BpemMsi BO3-
oencrTeusa
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Passutne mogenen xpynkoro paspylleHWsi pacCMOTPEHO C TOYKM 3PEHUS CBS3EN XapakTepuCTUK
XPYMKOro pa3pyLleHNsi HA MUKPOYPOBHE C MEXaHN3MaMu OXPYNYMBAHWS U pa3pyLLEHNs KOPMYCHbIX peak-
TOpPHbIX cTanew. PaspaboTaHa cTpaTterns n npegcTaBreHa nporpamma 3KCnepuMeHTarnbHbIX Y paCcYeTHbIX
nccrnegoBaHuin, KOTopble NO3BONAT YCTAHOBUTh, KakK pa3fuyHble MEXaHU3Mbl OXPYNYMBaHUA U paspyLue-
HWS CBA3aHbI C YCIOBUSIMM 3apOXXAEHMS U pacnpoCTPaHEHMS! MUKPOTPELLMH, NPUBOAALLUX K XPYMKOMY pas-
PYLLUEHUIO KOPMYCHBIX PEAKTOPHbIX CTarnen. AKCnepMMeHTanbHble U pacyeTHble UCCNeA0BaHUS BbINOSHS-
toTca onsa ctanen 15X2HM®A 1 A533, KoTopble NCNONb3YTCH Afs KOPNycoB peakTopoB Tuna BB3P un
PWR cooTBeTCTBEHHO. 3TN MaTepuansl UCcCneaoBaHbl B CeayoLmMx cocTosaHuax: 1) ncxogHoe (cocros-
HWe NOCTaBKM); 2) TePMUYECKN OXPYNYEHHOE, KOTOPOE MOAENUPYET YNPOUYHSAOLMA MEXaHN3M OXpyn4ymBa-
HUs; 3) TEPMUYECKN OXPYMNYEHHOE, KOTOpPOoe MOLENUPYeT HEYNPOYHSAILWUA MEXaHU3M OXPYNYuBaHUS;
4) obnyyeHHoe. JKcneprMMeHTarnbHble UCCNeaoBaHUs BKNOYanu UcnbiTaHMs o6pasLoB pasHon reoMeTpum
(rmapkvie umnuHAapudeckue obpasLbl, LUNUHApPUYeckme obpasubl C KonbLeBbLIM Haape3oM, obpasubl ¢ Tpe-
LLIMHOW), YTO NO3BOMMIO NONYYUTb XapaKTEPUCTUKN XPYMNKOrO pas3pyLLUEeHNst NPy pa3HOM XeCTKOCTM Hanps-
YKEHHOrO COCTOsIHUSA. PacyeTHble nccnegoBaHnst BbIMOMHANN HA OCHOBE BEPOATHOCTHOM MOAENN XPYMNKOro
paspylweHus Prometey, 4TO MO3BOMMIO NOMYYUTb KOMNMYECTBEHHbIE OLIEHKN XapaKTEPUCTMK paspyLUeHns
Ha MUKPO- U MaKpOYPOBHSAX AN KaX4oro COCTOsIHMA Matepuana.

B yactu 1 HacToswel paboTel NpeacTaBneHa MHgopmMauus ob uccnegyemMblx matepuanax, npoe-
aypax u meTtogax uccnegosaHui. B yactm 2 npuBeneHsl pesynbTaThl UCMbITAHUA TMAaaKUX LUNMHApUYe-
CKMX 06pa3LoB M UCTUHHBIE KpMBblE AeOpMUPOBaHUS, KOTOPbIE HEOOXOANMbI ANs pacyeTa HanpsXKeHHO-
[edhopMmnpoBaHHOIO COCTOSIHUSA pa3nuyHbIx 06pasyoBs. B yactn 3 6ygyT npeactaBneHbl SKCNepMMeHTarb-
Hble U pacyeTHble UCCneaoBaHWsA s 00pasLoB pas3HON reoMeTpumn U3 ccrneayemblx MaTepuarnos B pas-
FNINYHBIX COCTOSIHMSAX U Pe3ynbTaTbl NPOrHO3NPOBaHMSA Ha OCHOBE Mogenun Prometey.

Kntoueessle criosa: xpynkoe paspyLleHue, rokanbHblii NOAXo[d, BEPOATHOCTHas Moaenb, pagnaLoH-
HOe OXpynuYMBaHWE, KOPMYCHbIE PEAKTOPHbIE CTanu
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MpeacTaBneHbl pe3ynbTaThl UCNBbITAHWIA B LLMPOKOM AManasoHe TemnepaTtyp rmagkux LunuHapuye-
Ckmx obpasLoB Ha OAHOOCHOE PacCTsKEHUE M3 KOPMYCHbIX peakTopHbiX ctanen 15X2HM®A n A533, us
KOTOPbIX M3roTaBnmMBaloTCs koprnyca peaktopos Tuna BB3P n PWR. YkasaHHble cTanu uccrnegoBaHbl B
cnegylowmnx coctosiHusx: 1) ncxogHoe; 2) TepMUYEcKn OXpynYeHHoe MO YNPOYHSLWEMY MeXaHusmy; 3)
TEPMUYECKN OXPYNYEHHOE MO HEYNPOYHSIOLEMY MeXaHn3My; 4) obnyyeHHoe.

Mony4eHbl MCTUHHBIE KpMBblE edhOpMUPOBaHUS, KOTOPble HEOHOXOAMMBI ANA pacyeTa Hanps>KeHHo-
0eopMUPOBAHHOIO COCTOSIHWUS B pas3nuyHbix 06pa3yoB. Kpueble gecopmupoBaHms ons uccrnegyemMbix
MaTepuasnoB B UCXOOHOM U B TEPMUYECKN OXPYMYEHHbIX COCTOSIHUSIX MOSTyYeHbl HA OCHOBaHUM CTaH4apT-
HbIX MEXaHNYEeCKNX XxapakTepmncTuk. [ina obnyyeHHbIX MaTtepuanos npoLeaypa nonyyeHns Kpmebix Aedop-
MMPOBaHWsi OCHOBaHa Ha AaHHbIX BUAEOpEerncTpaLmm, NockonbKy npoLeaypa Ha OCHOBE CTaHAAPTHbIX Xa-
PaKTEPUCTMK HE JaeT HafeXHbIX pe3ynbTaToB 13-3a OYeHb Marnomn nnactudeckon gedgpopmaviun. Beinon-
HeHa BepudmKkaLna npoLeaypbl NonyyYyeHnst KpmBbix AedOpMUpPOBaHMS NO AaHHBIM BUAEOperucTpaumm ny-
TEM CpaBHEHMS KPUBbLIX AeOPMUPOBAHMS, NOMYYEHHbIX HA OCHOBE CTaHAAPTHbIX XapakTepPUCTUK U No
OaHHbIM BUOeoperncTpaumm ans uccnegyemMbix MaTepmanoB B UCXOAHOM Y TEPMUYECKM OXPYMYEHHbIX CO-
CTOSIHUSAX.

Krnrouesnie criosa: KpyBble AeOpMUPOBaHUS, KOPMYCHbIE peaKTOpHLIE CTanu, pagnaunoHHOe OXpyn-
YynmBaHune, TepMny4ecKkoe oxpyndmeaHue
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BbINnonHEHbI MHCTPYMEHTaNbHbIE N3MEPEHNS MUKPOTBEPAOCTM C MOMOLLBIO MHAEHTOopa Bukkepca npu
NMOCTOSIHHON CKOPOCTW AehOPMUPOBaHUSA M onpeaeneHbl 3Ha4YeHUs npegena TEKYYecTu ANS ayCTEHUTHbIX
xpomoHukenesbix ctanert 08X18H10T, 10X18H9 1 08X16H20M2T B ucxogHom (Heobny4eHHOM) COCTOSI-
HWUW, NOCNe HEUTPOHHOIO 0BYyYEHMS MO Pa3NUYHBIM PexnMam, a Takke nocne NpeaBapuTensHON NnacTu-
Yyeckon gecdopmaummn. AHanormyHble M3MepeHns NpoBeaeHbl Ans XPOMUCTLIX HepXXaBetoLwmx cTanemn dep-
puTHO-MapTeHcuTHoro knacca 07X12HM®B n 16X12MBC®EP (31-823) B ncxogHoM (Heobry4eHHOM) co-
CTOSIHUM 1 nocne TepMmoobpaboTkn, NpMBoOAsLLEN K YNIPOYHEHUIO MaTepuana. OnpeaeneHsbl 3aBUCUMOCTH,
CBSI3bIBAOLLME MUKPOTBEPAOCTb M Npeaen TeKy4yecTu ANs BCEX UCCIefoBaHHbIX COCTOSIHUA BCEX Uccne-
[JOBaHHbIX CTanen. YcTaHOBMNEHa eanHas KoppensumMoHHas 3aBUCUMOCTb MeXAy YNPOYHEHUEM B TEPMU-
Hax npegena TeKkydecTu M YyNpoOYHEHMEM B TepMMHAX MUKPOTBEPAOCTU no Bukkepcy, He 3aBucswias ot
npvpoabl ynpoyHsoLwero cdakropa 1 Knacca cranm.

Knroueenie criosa: ayCTeHUTHbIE cTanu, heppuUTHO-MapTEHCUTHbIE CTann, MUKPOTBEPAOCTb, Npeaen
TeKy4ecTu, KOppensiLMOHHbIE 3aBUCUMOCTM
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SELECTION OF PARAMETERS OF HIGH-SPEED THERMODEFORMATION OF CR-NI-MO STEEL
PROCESSING ON THE BASIS OF IMITATION MODELING
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Abstract—The temperature of the end of finishing stage, cooling rate and coil winding temperature are
structure-sensitive parameters for bainite-grade steels in the production of plate less than 10 mm thick.
Simulation modeling of high-speed thermo-deformation processing of Cr—Ni—Mo bainitic steel samples has
been carried out in order to select the most rational technological modes in continuous hot rolling mills. The
influence of strain rate and temperature as well as niobium and vanadium microalloying additives on phase
transformations has been investigated.

Keywords: chromium-nickel-molybdenum steel, rolled sheets, high-speed thermo-deformation treat-
ment, simulation modeling, phase transformations
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Abstract—Using transmission electron microscopy methods, the structural-phase states and defective
substructure were studied at distances of 0; 2 and 10 mm from the surface along the central axis and
rounding radius of rails head fillet. Differentially hardened long rails of the DT400IK category made of hy-
pereutectoid steel have been studied after operation on the Trans-Baikal Railway (passed tonnage equal
to 234.7 million tons gross). It has been established that steel strength characteristics are determined by
certain physical mechanisms. A qualitative assessment of the contributions from crystal lattice friction, solid-
solution strengthening, strengthening of the pearlite component, incoherent cementite particles, grain
boundaries and subboundaries, dislocation substructure and internal stress fields was carried out, and their
hierarchy was established. A quantitative assessment of the additive yield strength of steel in different
directions was carried out depending on the distance from the rolling surface. It is shown that the main
mechanisms of strengthening are strengthening by incoherent particles, long-range stress fields and sub-
structural strengthening. The additive yield strength on the fillet surface is significantly greater than on the
rolling surface of the head along the central axis.

Keywords: electron microscopy, rails, eutectoid steel, hardening mechanisms, additive yield strength
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ASSESSMENT OF FORMER AUSTENITE STRUCTURE IN HOT ROLLED STEEL IN TERMS
OF ITS TEXTURE AFTER MARTENSITIC TRANSFORMATION
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Abstract—Textures of medium carbon steel, hot rolled and then quenched, have been determined by
Electron backscatter diffraction (EBSD). To ensure representativeness of results, a rather large treated
scan covered about a thousand of prior grains, each containing several thousands of measurement points.
Considering inter-phase orientation relationships peculiar to martensitic steels, textures of the high temper-
ature phase (austenite) have been assessed in terms of the transformation textures. Thus, deformed and
recrystallized states of austenite dependent on the rolling conditions can be distinguished. To verify EBSD
data, martensite textures were measured by an independent method of EBSD whereas morphology of the
prior grains was revealed by means of chemical etching.

Keywords: martensite, austenite, prior grains, texture, EBSD
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INFLUENCE OF TEMPERING ON STRUCTURE AND PROPERTIES OF WELDED JOINTS OF HIGH-
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Abstract—The paper describes mechanical properties and microstructure of weld metal of welded joints
of high-strength structural steel AB3K made by automatic submerged arc welding with K-shaped edge
cutting. The comparative analysis of the process using Sv-07KhN3MD wire and 48A3 flux subjected to heat
treatment under four different modes is carried out.

Keywords: high-strength structural steel, automatic submerged arc welding, welded joints, heat treat-
ment, tempering, internal stress relief, structure, mechanical properties
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INFLUENCE OF HOT PRESSING TEMPERATURE OF COMPOSITE COPPER-TITANIUM BILLETS
ON THE FORMATION OF INTERMETALLIDE LAYER AT THE MATERIAL INTERFACE
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Abstract—Billets for drawing of microwires based on Grade 4 titanium and protective sheath of M1 copper
have been obtained at different temperatures by hot pressing method with drawing coefficient pu = 16. The
influence of the billet heating temperature on the pressing pressure, configuration of the interface of bimetal
materials and thickness of the intermetallide layer is shown. The influence of elastic compression pressure
of composite copper-titanium billets in the range of 350—-1400 MPa on the formation of intermetallide at the
interface of materials at 850°C has been analyzed.
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Abstract—The temperature dependence of the heat capacity of the aluminum alloy AIFe5Si10 with bismuth
was studied in the “cooling” mode. It is shown that with increasing temperature, the heat capacity, enthalpy
and entropy of alloys increase, and the value of the Gibbs energy decreases. As the amount of bismuth in
the initial alloy increases, the heat capacity, enthalpy and entropy of the AlFe5Si10 alloy decrease, while
the value of the Gibbs energy increases.

Keywords: alloys of the AIFe5Sil0 system, heat capacity, “cooling” mode, heat transfer coefficient,
enthalpy, entropy, Gibbs energy
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Abstract—With the furnace surfacing method, a composite alloy is obtained, consisting of reinforcing par-
ticles of tungsten and cupronickel carbides, which, after exposure to the melting temperature of the binder
alloy, form a wear-resistant layer on the surface being hardened. It has been established that in the zone
of connection of the composite alloy relit — cupronickel with the steel surface of the part, in the absence of
conditions that guarantee auto-vacuum cleaning of the surface from oxides, an interlayer with an imperfect
crystal structure is formed, which leads to delamination of the deposited alloy. It has been experimentally
shown that the use of additional control for the gas tightness of the surfacing space makes it possible to
improve the quality of the deposited surface when furnace hardening of metallurgical equipment parts with
the composite alloy relit — cupronickel.

Keywords: composite alloy, relit — cupronickel, auto-vacuum soldering, furnace surfacing, diffusion
zone, leak control
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Abstract—The results of a study of the technological properties of titanium powders of pseudo-a and
pseudo-B alloys are presented. A comparative analysis of the characteristics of powder materials obtained
by centrifugal spraying has been carried out. The results of the granulometric composition of the powders
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Abstract—The paper presents a review of exploratory and applied research carried out in Russia since
the 1990s in the field of diamond-silicon carbide composite materials. A new class of isotropic ceramic
materials has been created—diamond-silicon carbide composites, which have received the name Skeleton.
The physical, mechanical, thermophysical and functional properties of materials depending on their com-
position are discussed. It is shown that the studied materials simultaneously combine mechanical, thermo-
physical and functional properties at a level not achieved in other materials, which allows the use of the
Skeleton material in various fields of engineering.
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Abstract—The results of the experimental study of powder materials of various brands and classes (stain-
less steel, precision soft and hard magnetic alloys) are presented, the influence of their parameters (parti-
cles, fracture, fluidity, bulk density) on the properties of finite additive samples is evaluated. The impact of
melting parameters on the porosity of additive samples has been studied.
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Kepamuka Halna LwmMpokoe NpMMEHEHUE B Ka4ECTBE MaTepuana ans 3aluTtbl OT BO3AEACTBUS yaap-
HbIX Harpy3ok Gnarogapsi MEXaHM4eckM CBOMCTBaM W MIIOTHOCTU, 0GECMEUMBAIOLLNM BbICOKYH YAENbHYHO
MpoYHOCTb nperpag. OcHoBHas PyHKUMA Mperpag, 3aknioyaeTcs B NpedoTBpalLeHUn paspyLUeHns KOH-
CTPYKLMU 3alumLLaeMoro obbekTa. BeiGop KOHKPETHOW KepamMuKy Anst Nperpaz 3aBUCUT OT Macchl, CNoco6-
HOCTW MOrMoLaTh 3HEPruto yaapa, yCTOWYMBOCTM K MHOXXECTBEHHBIM yaapam 1 T. 4. MNpueeaeH 063op kpu-
TEPUEB 1 METOLOB OLEHKM CBOMCTB KEPaAMUYECKMX MaTepUarnoB, NpeaHasHauYeHHbIX ANs 3alyThl OT BO3-
[AeNCTBMA yaapHbIX Harpy3ok. CyllecTByoLLMe KpUTEPUN 0TGOpa MOXHO pasfenvuTb Ha ABe rpynnbl: yH-
JaMeHTarbHble, KOTOPble OCHOBaHLI HAa (OM3NYECKMX CBOMCTBAX Matepuarna, u KoUTepun oLeHKu criyxet-
HbIX CBOVCTB. TakkKe CyLLECTBYHOT 3KCNepMMEHTarnbHblE METOAbI OLIEHKM KayecTBa nperpad. MokasaHo, YTo
kputepuii B. A. LleBuyeHKo SBNAETCA yHMBepcarbHbIM, YYMTbIBaKOLIMM CBOWCTBA MPOHMKaloLlero Tena
(yoapHuka) 1 Nno3BonsaLLMM MNOCTPOUTbL HAAEXKHbIN NpeacTaBUTENbHbIM PAa Ans 6oMbLINHCTBA Kepamu-
YeCKMX MaTepuarnoB Mpv XPYNkoM paspyLUeHuN.
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pyUn OLLEHKM
DOI: 10.22349/1994-6716-2024-117-1-127-142
JINTEPATYPA
1. Grigoryan V. A. Materialy i zashchitnye struktury dlya lokal'nogo i individual'nogo bronirovaniya.
[Materials and protective structures for local and individual booking] // I1zd. Radio Soft. — 2008. — 406 p.

2. le4eHko B. A., Koeanb4yk M. B., OpbieHko A. C. CnHTE3 HOBOrO Krnacca mMaTtepuaroB C pery-
nsgpHoM (Nepnoan4eckon) B3arMoCBA3aHHON MUKPOCTPYKTYpon // duauka u xumusa ctekna. — 2020. — T. 46,
Ne 1. — C. 3-11.

3. Brandon D. G. Armor. Concise Encyclopedia of Advanced Ceramic Materials. — Pergamon, 1991.
—P. 22-25.

4. Yadav R., Naebe M., Wang X., Kandasubramanian B. Body armour materials: from steel to con-
temporary biomimetic systems // RSC Adv. — 2016. — N 6. — Art. 115145-115174. https://doi.org/10.1039/
c6ra24016j.

5. Medvedovski E. Ballistic performance of armour ceramics: Influence of design and structure. Part 1:
Ceram. Int. — 2010. — N 36. — Art. 2103-2115. https://doi.org/10.1016/j.ceramint.2010.05.021.

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

http://www.crism-prometey.ru



http://www.crism-prometey.ru/
mailto:mail@crism.ru
https://doi.org/10.1039/c6ra24016j
https://doi.org/10.1039/c6ra24016j
https://doi.org/10.1016/j.ceramint.2010.05.021

6. Medvedovski E. Ballistic performance of armour ceramics: Influence of design and structure. Part 2:
Ceram. Int. — 2010. — N 36. — Art. 2117-2127. https://doi.org/10.1016/j.ceramint.2010.05.022.

7. Tepeduzu B.,. Karakuzu R. Ballistic performance of ceramic/composite structures // Ceram. Int. 45
(2019) 1651-1660. https://doi.org/10.1016/j.ceramint.2018.10.042.

8. Rosenberg Z., Dekel E. Terminal Ballistics. — Springer Berlin Heidelberg, 2012.
https://doi.org/10.1007/978-3-642-25305-8.

9. Popa |.-D., Dobrita F. Considerations on Dop (depth of penetration) Test for Evaluation of Ceramics
Materials Used in Ballistic Protection // ACTA Univ. Cibiniensis. — 2018. — V. 69. — P. 162-166.
https://doi.org/10.1515/aucts-2017- 0021 (nosTop Ne 27)

10. Ashby M. F., Cebon D. Materials selection in mechanical design // Le Journal de Physique IV. —
1993. - V.3, NC7.-P. 1-9.

11. Viechnicki D. J., Slavin M. J., Kliman M. I. Development and current status of armor ceramics //
Am. Ceram. Soc. Bul. —1991. — V.70, N 6. — P. 1035-1039.

12. LleBueHko B. A., M3oToe A. [1., JlasapeB B. b., )KaBopoHkoB H. M. QHeprus guccouunauum u npe-
nenbHas ynpyras gedopmauus B MOAENN ABYXYACTMYHOro B3anmonencteaus // HeopraHnyeckue matepu-
anbl. —1984. — T. 20, Ne 6. — C. 1047-1052.

13. LeBueHko B. A., OpsbliweHko A. C., lNepesucnos C. H., CunbHukoB M. B. O kputepusix Beibopa
MaTepuanoB nperpaj MexaHU4eckoMy AUHAMUYECKOMY HarpyxeHuto // dusunka n xumusa ctekna. — 2021. —
T.47,Ne 4. — C. 365-375.

14. ®Pu3unKo-xMMmyeckme CBOMCTBa okncros: CnpaBoyHuk /. B. CamcoHoB 1 gp. — M.: MeTannyprus,
1978. - 471 c.

15. Hallam D., Heaton A., James B., Smith P., Yeomans J. The correlation of indentation behaviour
with ballistic performance for spark plasma sintered armour ceramics // J. Eur. Ceram. Soc. — 2015. — Art.
352243-2252. https://doi.org/10.1016/j.jeurceramsoc.2014.11.035.

16. Karandikar P. G., Evans G., Wong S., Aghajanian M. K., Sennett M. — A Journal Pre-proof Review
of Ceramics for Armor Application, 2009. — P. 163—-175. https://doi.org/10.1002/9780470456286. ch16.

17. Shaktivesh, Nair N. S., Sesha Kumar Ch.V., Naik N. K. Ballistic impact performance of composite
targets // Materials and Design. — 2013. — V. 51. — P. 833-846.

18. TapwwuH A. IN., M'ponsHoB B. M., 3arnues I'. 1., CemeHoB C. C. Kepamuka ans MalLMHOCTPOEHUS.
— M.: Hayka, 2003.

19. Woodward R.L., Gooch jr W.A., O'Donnel | R.G., Perciballi W.J., Baxter B.J., Pattie S.D. A study
of fragmentation in the ballistic impact of ceramics // International Journal of Impact Engineering. — 1994. —
V.15, N 5. — P. 605-618.

20. Neshpor V. C.; Zaitsev G .P.; Dovgal E .J. Armour ceramics ballistic efficiency evaluation. In
Ceramics: Charting the Future // Proceedings of the 8th. CIMTEC, Florence, Italy, 28 June — 4 July 1994 /
Vincenzini, P., Ed. — Techna S.R.L.: Milano, Italy, 1995. — P. 2395-2401.

21. Tate A. A theory for the deceleration of long rods after impac // Journal of The Mechanics and
Physics of Solids. — 1967. — V. 15, N 6. — P. 387-399.

22. Forrestal M. J., Longcope D. B. Target strength of ceramic materials for high-velocity penetration
// Journal of Applied Physics. — 1990. — V. 67, N 8. — P. 3669-3672.

23. 'puHeBmy A. B., JlaBpoB A. B. OueHka 6annmMcTnyeckux xapakTepucTuk KepaMmiyeckux MmaTepu-
anos. dx.doi.org/ 10.18577/2307-6046-2018-0-3-95-102.

24. UrHatoBa A.M., CunbHukoB H.M. TMpuHUuUNbI n MeToabl OLEHKN 6ANNNCTUYECKMX XapaKTEPUCTUK
HemeTannmMyecknx matepmanoB v nagenun // BectHuk MHUIMY. — 2015. — T. 17, Ne 1.

25. TMaTt. P® Ne 2394222. Cnocob onpeneneHnst Tuna u xapakrepa paspyLLleH st KOHCTPYKLIMOHHBIX
MaTepuanoB Npv yaapHO-BOMHOBOM HarpyeHun / Buumekos O. HO., Puibakos A. IM., MoryguH A. J1., NlaHuoB
B. M., mapkoB A. H.

26. Normandia M.J., Gooch W.A. An Overview of Ballistic Testing Methods of Ceramic Materials. —
Ceram. Armor Mater. by Des., 2002. — P. 113-138.

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

http://www.crism-prometey.ru



http://www.crism-prometey.ru/
https://doi.org/10.1016/j.ceramint.2010.05.022
https://doi.org/10.1016/j.ceramint.2018.10.042
https://doi.org/10.1007/978-3-642-25305-8
https://doi.org/10.1515/aucts-2017-
https://doi.org/10.1016/j.jeurceramsoc.2014.11.035
https://doi.org/10.1002/9780470456286.ch16

27. 1.-D. Popa, F. Dobrita, Considerations on Dop (Depth Of Penetration) Test for Evaluation of Ce-
ramics Materials Used in Ballistic Protection, ACTA Univ. Cibiniensis. 69 (2018) 162-166.
https://doi.org/10.1515/aucts-2017-0021.(nosTop Ne 9)

28. Crouch I.G., Eu B. Ballistic testing methodologies, 2017. https://doi.org/10.1016/b978-0-08-
100704-4.00011-6.

29. Rozenberg Z., Yeshurun Y., The relation between ballastic efficiency and compressive strength
of ceramic tiles // Int. J. Impact Eng. — 1988. — N 7. — P. 357-362. https://doi.org/10.1016/0734-
743X(88)90035-8.

30. Dancygier A. N., Yankelevsky D. Z. Penetration mechanisms of nondeforming projectiles into
reinforced concrete barriers // Struct. Eng. Mech. — 2002. — N 13. — P. 171-186. https://doi.org/10.12989/
sem.2002.13.2.171.

31. Forrestal M. J. Penetration into dry porous rock // Int. J. Solids Struct. — 1986. — V. 22. — P. 1485—
1500. https://doi.org/10.1016/0020-7683(86)90057-0.

32. Orphal D. L., Franzen R. R. Penetration of confined silicon carbide targets by tungsten long rods
at impact velocities from 1.5 to 4.6 km/s // Int. J. Impact Eng. — 1997. — N 19. — P. 1-13.
https://doi.org/10.1016/0734-743X(95)00064-H.

33. Subramanian R., Bless S. J. Penetration of semi-infinite AD995 alumina targets by tungsten long
rod penetrators from 1.5 to 3.5 km/s // Int. J. Impact Eng. — 1995. — N 17. — P. 807-816.
https://doi.org/10.1016/0734-743X(95)99901-3.

34. Orphal D.L., Franzen R.R., Piekutowski A.J., Forrestal M.J. Penetration of confined aluminum
nitride targets by tungsten long rods at 1.5-4.5 km/s // Int. J. Impact Eng. — 1996. — N 18. — P. 355—-368.
https://doi.org/10.1016/0734-743X(95)00045-C.

35. Hohler V., Stilp A.J., Weber K. Hypervelocity penetration of tungsten sinter-alloy rods into aluminum
//'Int. J. Impact Eng. — 1995. — N 17. — P. 409—418. https://doi.org/10.1016/0734-743X(95)99866-P.

36. Sotskiy M. Y., Veldanov V. A., Sotskiy Y. M., Daurskikh A. Y. Experimental and theoretical esti-
mate of impact conditions effects on projectiles deceleration history in targe // 26th Int. Symp. Ballist. 2011,
Miami, USA, 2011. — P. 1468-1476. https://doi.org/https://doi.org/10.1115/1.4004308.

37. Zhai Y.X., Wu H., Fang Q. Interface defeat studies of long-rod projectile impacting on ceramic
targets // Def. Technol. — 2020. — N 16. — P. 50-68. https://doi.org/10.1016/j.dt.2019.05.021.

38. Lundberg P., Renstrom R., Andersson O. Influence of confining prestress on the transition from
interface defeat to penetration in ceramic targets // Def. Technol. — 2016. — N 12. — P. 263-271.
https://doi.org/10.1016/j.dt.2016.02.002.

39. Zhang X., Serjouei A., Sridhar I. Criterion for interface defeat to penetration transition of long rod
projectile impact on ceramic armor // Thin-Walled Struct. — 2018. — N 126. — P. 266-284.
https://doi.org/10.1016/ j.tws.2017.04.016.

40. Bavdekar S., Subhash G., Satapathy S., A unified model for dwell and penetration during long
rod impact on thick ceramic targets // Int. J. Impact Eng. — 2019. — N 131. — P. 304-316.
https://doi.org/10.1016/].ijimpeng.2019.05.014.

41. Dehn J. Modeling armor that uses interface defeat // AIP Conf. Proc., 1996. — P. 1139-1142.
https://doi.org/10.1063/1.50783.

42. Anderson C.E., Walker J.D. An analytical model for dwell and interface defeat // Int. J. Impact
Eng. — 2005. — N 31. — P. 1119-1132. https://doi.org/10.1016/j.ijimpeng.2004.07.013.

43. Aydelotte B., Schuster B. Impact and Penetration of SiC: The Role of Rod Strength in the Transi-
tion from Dwell to Penetration // Procedia Eng. — 2015. — N 103. — P. 19-26. https://doi.org/10.1016/ j.pro-
eng.2015.04.004.

44. Partom Y., Modeling interface defeat and dwell in long rod penetration into ceramic targets // AIP
Conf. Proc, 2012. — P. 76—79. https://doi.org/10.1063/1.3686225.

45. Holmquist T. J., Anderson C. E., Behner T., Orphal D.L. Mechanics of dwell and post-dwell pen-
etration // Adv. Appl. Ceram. — 2010. — N 109. — P. 467-479. https://doi.org/10.1179/174367509
X12535211569512.

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

http://www.crism-prometey.ru



http://www.crism-prometey.ru/
https://doi.org/10.1016/b978-0-08-100704-4.00011-6
https://doi.org/10.1016/b978-0-08-100704-4.00011-6
https://doi.org/10.1016/0020-7683(86)90057-0
https://doi.org/https:/doi.org/10.1115/1.4004308
https://doi.org/10.1063/1.3686225

46. Yuan J., Tan G. E. B., Goh W. L. Simulation of Dwell-to-Penetration Transition for SiC Ceramics
Subjected to Impact of Tungsten Long Rods, 2017. - P. 65-73.
https://doi.org/10.1002/9781119321682.ch8.

47. Holland C. C., Gamble E. A., Zok F. W., Deshpande V. S., McMeeking R. M. Effect of design on
the performance of steel-alumina bilayers and trilayers subject to ballistic impact // Mech. Mater. — 2015. —
N 91. — P. 241-251. https://doi.org/10.1016/j.mechmat.2015.05.002.

48. Rajagopal A., Naik N. K., Oblique ballistic impact behavior of composites // Int. J. Damage Mech.
—2014. — N 23. — P. 453-482. https://doi.org/10.1177/1056789513499268.

49. Hohler V., Weber K., Tham R., James B., Barker A., Pickup I. Comparative analysis of oblique
impact on ceramic composite systems // Int. J. Impact Eng. — 2001. — V. 26. — P. 333-344.
https://doi.org/10.1016/s0734- 743x(01)00102-6.

50. Yaziv D., Chocron S., Anderson C. E., Grosch D. J. Oblique penetration in ceramic targets // 19th
Int. Symp. Ballist., 2001. — P. 7-11.

51. Ben-Dor G., Dubinsky A., Elperin T., Frage N. Optimization of two component ceramic armor for
a given impact velocity // Theor. Appl. Fract. Mech. — 2000. — N 33. — P. 185-190.
https://doi.org/10.1016/S0167-8442(00)00013-6.

52. Savio S. G., Madhu V. Methodology to measure the protective areal density of ceramic tiles
against projectile impact // Def. Sci. J. — 2018. — N 68. — P. 76-82. https://doi.org/10.14429/dsj.68.11136.

53. CuiF.,Wu G., MaT., Li W. Effect of ceramic properties and depth-of penetration test parameters
on the ballistic performance of armour ceramics // Def. Sci. J. — 2017. — N 67. — P. 260-268.
https://doi.org/10.14429/dsj.67.10664.

54. Roberson C., Hazell P. J. Resistance of Different Ceramic Materials to Penetration by a Tungsten
Carbide Cored Projectile / Intergovernmental Panel on Climate Change (Ed.) // Phys. Sci. Basis. — Cam-
bridge University Press, Cambridge, 2012. — P. 153-163. https://doi.org/10.1002/9781118406793.ch13.

55. Swab J. J. Advances in Ceramic Armor // A Collection of Papers Presented at the 29th Interna-
tional Conference on Advanced Ceramics and Composites, January 23-28, 2005, Cocoa Beach, Florida. —
Ceramic Engineering and Science Proceedings, V. 26, N 7. — John Wiley & Sons, Inc., Hoboken, NJ, USA,
2005. https://doi.org/10.1002/9780470291276.

56. Roberson C., Hazell P. J. Resistance of Silicon Carbide to Penetration by a Tungsten Carbide
Cored Projectile // Ceram. Trans. — 2012. — P. 165— 174. https://doi.org/10.1002/9781118406793.ch14.

57. Lach E. Mechanical behaviour of ceramics and their ballistic properties // CFl Ceram. Forum Int.
70, 1993. — P. 486-490.

58. Savio S. G., Ramanjaneyulu K., Madhu V., Bhat T. B. An experimental study on ballistic perfor-
mance of boron carbide tiles // Int. J. Impact Eng. — 2011. - V. 38. — P. 535-541.
https://doi.org/10.1016/].ijimpeng.2011.01.006.

59. Huang F., Zhang L. DOP test evaluation of the ballistic performance of armor ceramics against
long rod penetration // AIP Conf. Proc. - 2006. - P. 845 1Il. — P. 1383-1386.
https://doi.org/10.1063/1.2263582.

UDC 621.793.7:621.9.048.7
IMPLICATIONS OF THE IMPACT OF LASER EXPLOSION PARAMETERS ON THE GROWTH OF
NANO-SIZED WOLFRAM CARBIDIUM IN Ni-Ti-WC SYSTEM COATINGS
A.M. MAKAROV, Cand Sc. (Eng), D.A. GERASHCHENKOV, Dr Sc (Eng), E.A. POPOVA, V.V. BOBYR,
A.A. KASHIRINA, N.V. YAKOVLEVA, R.Yu. BYSTROV

NRC “Kurchatov Institute” — CRISM “Prometey”, 49 Shpalernaya St, 191015 St Petersburg,
Russian Federation. E-mail: mail@crism.ru

Received October 18, 2023
Revised November 2, 2023
Accepted November 3, 2023

Abstract—The paper shows the influence of various laser processing modes of cold spray Ni-Ti-WC coat-
ings. It has been shown that the microhardness of the resulting coatings reaches 1200 HV. The formation
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of diamond-shaped, pore-free WC inclusions with a size of 500 nm has a positive effect on the microhard-
ness. The article provides recommendations for the industrial production of Ni-Ti-WC system coatings.

Keywords: cold spray, Ni-Ti, WC, nanoparticles, microhardness, laser treatment
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Abstract—The influence of recrystallization annealing of niobium substrate on the thermal stability of pal-
ladium protective-catalytic coating has been studied. So, it was found that the coating on recrystallized
substrate has higher thermal stability compared to the coating on cold-rolled substrate. The obtained results
allow us to solve the problem of limited thermal stability of palladium protective-catalytic coating for com-
posite membranes made of Group 5 metal under the conditions of their operation.

Keywords: metal thin film coatings, palladium, thermal stability, recrystallization annealing, mutual
diffusion, composite membranes, Group 5 metal
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Abstract—The effect of ultrasonic processing at resonant frequencies of 22 and 44 kHz of a monolayer
formed by three-dimensional printing from prepregs reinforced with continuous carbon fiber on the re-
sistance to the flow of solid particles by imitating it by jet-abrasive treatment is investigated.

The increment of the weight of both control and experimental samples in comparison with the initial
state was established. It is shown that the force effect of ultrasound in rational modes contributes to a
decrease in weight gain by 31.4% when processed at a frequency of 22 kHz and by 9% when processed
at a frequency of 44 kHz. The decrease in weight increment is determined by an increase in the density of
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the monolayer structure after ultrasonic exposure, which leads to an increase in surface hardness in units
of Schor-D by 13.5% at a frequency of 22 kHz and by 10% at a frequency of 44 kHz.

Keywords: additive technologies, composite materials, prepreg reinforced with continuous carbon fi-
ber, thermosetting and thermoplastic binder, solid particle flow, weight change, hardness, strength, ultra-
sound, amplitude and frequency, exposure time
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Abstract—Further development of local approach models is considered from viewpoint of links of local
brittle fracture properties with embrittlement mechanisms and fracture modes for RPV steels. Strategy
and program of experimental and numerical investigations have been developed that allows one to find
how various embrittlement mechanisms and fracture modes are connected with the conditions of nucle-
ation and propagation of microcracks resulting in brittle fracture of RPV steels. 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) initial (as-produced); (2) thermally
embrittled by a hardening mechanism; (3) thermally embrittled by a non-hardening mechanism; 4) irradi-
ated. Experimental studies include testing specimens of different geometry (smooth and notched round
bars, and cracked compact tension specimens), which allows us to obtain characteristics of brittle frac-
ture under various stress triaxialities. Numerical studies performed with the probabilistic brittle fracture
model Prometey aim to obtain the brittle fracture properties on micro- and macroscales for all the inves-
tigated states of the materials.

Part 1 of the paper presents information concerning the investigated materials, the used procedures
and methods. Part 2 gives the test results of smooth round bars of the investigated materials in various
states and the stress-strain curves determined over wide temperature range. The experimental results for
various specimens from the investigated steels in various states are represented and compared with the
results predicted with the Prometey model in Part 3.
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Abstract—The uniaxial tension test results are represented over wide temperature range for smooth round
bars of 2Cr—Ni—Mo-V steel and A533 steel used for RPVs of WWER and PWR types. These 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 mech-
anism of embrittlement; (4) the irradiated state.

The true stress-strain curves are determined over wide temperature range that is required for calcu-
lation of the stress-and-strain fields for various specimens. The true stress-strain curves for the investigated
steels in the initial and thermally embrittled states are obtained when using standard mechanical charac-
teristics. For the irradiated steels the true stress-strain curves are obtained when using the data of the
digital video recording under continuous in-testing monitoring of the cylindrical parts of tensile bars. For the
irradiated materials the procedure based on standard characteristics cannot be used as it is connected with
very small strain. The procedure based on the digital video recording data is verified by comparison of the
stress-strain curves obtained for the initial and thermally embrittled states on the basis of the digital video
recording data and standard characteristics.

Keywords: stress-and-strain curves, RPV steels, radiation embrittlement, thermal embrittlement
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Abstract—Instrumental measurements of microhardness were carried out using a Vickers indenter at a
constant strain rate. The yield strength values were determined for austenitic chromium-nickel steels
08Kh18N10T, 10Kh18N9 and 08Kh16N20M2T in the initial (non-irradiated) state, after neutron irradiation
at various regimes, as well as after plastic prestrain. Similar measurements were carried out for chromium
stainless steels of the ferritic-martensitic class 07Kh12NMFB and 16Kh12MVSFBR (EP-823) in the initial
(non-irradiated) state and after heat treatment, leading to hardening of the material and also after neutron
irradiation. The relationships between microhardness and yield strength were determined for all studied
states of all steels studied. A unified correlation has been established between hardening in terms of the
yield strength and hardening in terms of Vickers micro-hardness, independently of the nature of the
strengthening factor and the class of steel.

Keywords: austenitic steels, ferritic-martensitic steels, microhardness, yield strength, correlation de-
pendencies
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