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Pa3paboTka TeXHONMornm nosy4eHus 31eKTPOAYroBbIX
nokpbiTui cuctembl Fe—C-Si—-Mn-Cr-Mo—-Ni

c no6aBkaMu TUTaHa.

CooOweHue 1. UccnepoBaHue CTPYKTYPbI

M HeMeTannnyeckom ¢asbl 3JIEKTPOAYrOBOro NOKPbITUSA

© KosbipeB Hukonait AHaTonbeBu4', [1-p TeXH. Hayk, Npod.; 3yesa CeeTnaHa
HukonaeBHa?, kaHf. TexH. HayK, ooueHT; MonesBoi Erop BnagnmupoBuny?, kaHz,.
TexH. Hayk; YconbueB AnekcaHap AnekcaHapoBuy®, KaH. TeXH. HayK, JOLEHT;
CbiueB AHTOH AppeeBuy?®

' @ryr «HUNyepmem um. WU.IM. bapouHa», Mockea, Poccus. E-mail: n.kozyrev@chermet.net

2 AO «EBPA3 3CMK», 2. Hosoky3Heuk, Poccusa. E-mail: 748198@mail.ru; Egor.polevoj@evraz.com

3 Cubupckuli 20cydapcmeaeHHbIl UHOycMpuaneHbil yHUsepcumem. 2. HosokysHeyk, Poccus.
E-mail: a.us@rambler.ru; Nvkz.m 1@gmail.com

[A3yuyeHbl CTPYKTYpbl 3NeKTPOAYroBbIX MOKPLITIN, MOMYYeHHbIX C WCMOAb30BaHWEM MOPOLUKOBOI MPOBOMOKM CACTEMbI
Fe—C=Si—Mn—Cr—Mo—Ni ¢ no6askamn Ti. DopMupoBaHue 3MeKTPOAYrOBOT0 NOKPLITAA MPOBOAUAN NOCPEACTBOM CBAPOUHOMO
TpakTopa ASAW-1250 Ha nnactutbl u3 ctanu 0912C. MeTannorpaduueckuii aHanu3 noyyeHHbIX NOKPbITUiA NPOBOAMAN MeTOAa-
MW ONTUYECKOI 11 PacTPOBOI INEKTPOHHOI MUKPOCKONMY. V13yueHne cocTaBa HeMeTananueckoil Gasbl IPOBOAUAN C NOMOLLbIO
CMCTeMbI SHEPTOANCIEPCUOHHOTO MUKPOAHanW3a. MUKpOCTPYKTypa HannaBaeHHbIX MOKPbITUIA NpeACTaBAAET C000i HIKHMIA
0eliHUT pa3Hoii CTeneHm ANCNEPCHOCT. B cocTaBe HemeTannMueckoil ¢pasbl HaNAABNEHHOTO MeTanna NpUCYTCTBYIOT COeANHe-
HUA GTOpa, OKCUAHDIE U CynbGUAHBIE BKNKOUEHNA.

KntoueBble croBa: MOPOLLKOBAA NPOBOJIOKA, IIEKTPOAYTOBOE MOKPbITUE, MUKPOCTPYKTYPA, HEMETaNNn4eCKne BKNIOYEHNA.

The structures of electric arc coatings obtained using flux-cored wire of the Fe—C—Si—Mn—Cr—Mo—Ni system with Ti additives
were studied. The formation of the electric arc coating was carried out by means of a welding tractor ASAW-1250 on plates made
of steel 09G2S. Metallographic analysis of the obtained coatings was carried out by methods of optical and scanning electron
microscopy. The study of the composition of the non-metallic phase was carried out using an energy-dispersive microanalysis
system. The microstructure of welded coatings is a lower bainite of varying degrees of dispersion. In the composition of the non-
metallic phase of the deposited metal there are fluorine compounds, oxide and sulfide inclusions.

Keywords: flux-cored wire, electric arc coating, microstructure, non-metallic inclusions.
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MexaHu3mbl yNIpOYHEHUS pPefibCoBOM CTanu
npu gedpopmauum cxatuem

© Npomoe Buktop EBreHbeBud’, o-p u3.-mat. Hayk; LLnapoea lOnua
AHppeeBHa'; UBaHoB IOpuit depopoeuny?, o-p dums.-mat. Hayk; Edumos
Muxaun Onerosuny'; ManyeHko UpuHa AnekceeBHa', KaH. TEXH. HayK;
KysHeuoB PomaH Bagumosud'; Kopmbiwnes Bacunuii EBreHbeBud’, KaH.
TEXH. HaykK

' Cubupckuli 2ocydapcmeeHHbIl UHOycmpuasbHbll yHusepcumem, 2. HosokysHeuk, Poccusi.
E-mail: gromov@physics.sibsiu.ru
2 UHcmumym cunbHomoy4HoU anekmpoHuku CO PAH, 2. Tomck, Poccus. E-mail: yufi55@mail.ru

MeTozamin NpocBeUNBatOLLEi HNEKTPOHHOI MUKPOCKOMIM BbINOSHEH aHaNA3 IBOIOLIAM CTPYKTYPbI U AedeKTHOI CyBCTpyKTY-
Pbl PENbCOBOI CTM NPU OAHOOCHOM CKaTuu 0 cTenenu 50 %. BbiABEHo, UTo ehOpMaLMOHHOE YNPOUHEHIE MEET MHOT0-
CTapMiiHblil XapaKTep 1 CONPOBOXKAAETCA DparmMeHTaLMelt NEPAUTHBIX 3epeH, YCUNMBAIOLWENCA C pocToM AehOpMaLLN 1 CHU-
HKeHMeM CKanAPHOI 1 U3BbITOUHOI NNOTHOCTH ANCIOKALMiA. OGHAPYXEHO pa3pyLUeHme NNACTUH LUEMEHTUTA, NPOTeKaloLwee o
MEXaHU3MaM UX PaCTBOPEHNA 1 Pa3pe3aHia NOABIKHBIMU ANCTOKALUAMU. IPOBEAEH KONMYECTBEHHDII aHANM3 MeXaHI3MOB
yNPOYHEHNS 1 NOKA3aHO, YTO HaNbONbLLIMIA BKNaZ 06ecneynBaloT JanbHOAEMCTBYIOLME NONA HANPSKEHWI 1 YPOUHEHUE He-
KorepeHTHbIMI YacTHLaMK BTOPOiA dazbl.

KntoueBble cnoBa: MexaHu3mbl YNPOYHEHUNA, peNibCoBaA CTajlb, (KaTne, CTPYKTYpa, AUNCNOKaLWUK, NepPIInT.

Transmission electron microscopy was used to analyze the evolution of the structure and defective substructure of rail steel under
uniaxial compression up to 50 %. It is revealed that the strain hardening has a multi-stage nature and is accompanied by the frag-
mentation of pearlite grains, which increases with an increase in deformation and a decrease in the scalar and excess dislocation
density. Fracture of cementite plates proceeding through the mechanisms of their dissolution and cutting by mobile dislocations
is revealed. A quantitative analysis of hardening mechanisms has been carried out and it has been shown that the long-range
stress fields and hardening by incoherent particles of the second phase provide the greatest contribution.

Keywords: hardening mechanisms, rail steel, compression, structure, dislocations, perlite.
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Ponb kpaeBoro a¢dpdekra n opanusauum oyara
nedopmauumn B pasBUTUN OCEBOIro pa3pyLueHns
3aroToBKM NPV BUHTOBOM NpPOKaTKe

© letmaHoBa MapuHa EBreHbeBHa; JinuaHoBa Onbra BUKTOpoBHa, KaHA,. TEXH.
Hayk; JinuaHoBa Hapexpa OnerosHa; HukynuH AHatonuin Hukonaeeuu,
O-p TexH. HayK; PununnoB Neopruii AHaToNbEeBUY, [-P TEXH. HAYK

oryn yHuuepmem um. U.I. bapouna, Mockea, Poccus. E-mail: Iqs12@yandex.ru

PaccmoTpeHbl YCI0BUA pasaieneHys 3aroToBKu NIt BUHTOBOI MPOKATKe Ha CTPYKTYPHO-AehOPMALIAOHHBIE NIEMEHTI, MosiBle-
Hie eCTKUX 11 MNACTUYHbIX 30H B ehopMipyeMOM 06beme MeTanna, UX pofib 1 yuacTue B npoliecce Aedopmavm. HecoBme-
CTUMOCTb CAIBUTOBbIX CMELLeHMIi MeTasa TOPLIEBbIX YUACTKOB 3aroTOBKY C MaKpOMOTOKaMIA CIBUTOBbIX CMELLIEHI MINHAPH-
YeCKoi YacTy packaTa Co3aeT yCI0BYS IS Pa3BUTUS PACTATMBAIOLLIX HANPAXKEHWI 1 00pa30BaHIA NOP B 0CEBOV 30HE pacKara.
TexHosoriA BUHTOBOI NPOKATKM Npe/yCMaTpUBaeT 06s13aTeNbHylo 0BANM3aLIMI0 3aT0TOBKM, KOTOPas NPUAAET OCLMNANPYHOLLMii
XapakTep npoueccy Aedopmaun. Mectkue 30Hbl NpeBbIBaloT B YNpyrom iy ynpyronaactyeckom coctosHiAM, 1 npu ocuun-
JUpYIOLLEM BO3AEACTBM HA HUX OHY CO3AAKOT B PackaTe MyNibCupyloLiee Noie paananbHbIX ypyrux HaNpAXKeHuit pasrpy3Ku.
B pasButiM 0ceBOro paspylueHys 3aroToBKy yuacTByloT 06a BUAA STUX HANPSXEHUiA. Ha HauanbHOM dTane pa3BUTMA 0CEBOrO
pa3pyLLeHVs JOMIHUPYIOT 0CeBble PACTATVIBAIOLLME HANPSKEHNA, Ha 3aBEpLLAIOLLEM 3Tane — PaauaNbHble HanpPAKeHus.

KntoueBble cnoBa: BUHTOBaA NPOKATKA, 3aroTOBKa, NiacTuyHble 1 XECTKNE 30Hbl, 0CEBOE pa3pyLUeHue, OCLMWIALKA,
CABUrOBble CMELLEHUA, METaNN, 0CEBbIE N PaiiaJibHbIE HAMPAXEHNA.

The conditions of separation of the workpiece during screw rolling into structural and deformation elements, the appearance of
rigid and plastic zones in the deformable volume of metal, their role and participation in the deformation process are considered.
The incompatibility of the shear displacements of the metal of the end sections of the workpiece with the macro-flows of shear
displacements of the cylindrical part of the roll creates conditions for the development of tensile stresses and the formation of
pores in the axial zone of the roll. The technology of screw rolling provides for mandatory validation of the workpiece, which gives
an oscillating character to the deformation process. Rigid zones are in an elastic or elastic-plastic state and under oscillating action
on them, they create a pulsating field of radial elastic stresses of unloading in the roll. Both types of these stresses are involved
in the development of axial destruction of the workpiece. Axial tensile stresses dominate at the initial stage of axial fracture
development, radial stresses dominate at the final stage.

Keywords: screw rolling, billet, plastic and rigid zones, axial fracture, oscillation, shear displacements, metal, axial and radial
stresses.
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OCHOBHbIE NMPUYNHbI KOPPO3MOHHOI0 PacTPECKUBaHUS
noAa HanpsXxeHnem MarucTpasbHbIX TPyOONpoBOAOB

© JNlanteB AHaTtonuii BopucoBuY', a-p TexH. Hayk; )kymabaes XypLueaKoH
Kamunosuu?; lTony6eB AHgepit Buktoposuy?; lony6eB MBaH AHApeeBUy?;
JlateinoB Oner PeHaToBuY?

" HUL] «Kypyamoeckuli uHcmumym» - BUAM, Mockea, Poccus. E-mail: laptev@bk.ru

2 re0yY BO «Yhumckuli 20cydapcmeeHHbil HeghmaHoU mexHu4Yeckull yHugepcumemy,
2. Y¢ha, Poccus. E-mail: dzhumabaev.h@gmail.com; beard?m@gmail.com; vano2m@gmail.com;
o.rlatypov@mail ru

BbinonHeH aHanu3 nuTepaTypHbIX AaHHbIX N0 MPUYIHAM KOPPO3MOHHOTO PAaCTPeCKIBaHMA NOA HanpsxeHuem TpyOHbIX cTaneii.
[Toka3aHo, 4T0 OCHOBHOI NPUYNHOI ABNAETCA 00pa3oBaHue U30bITOYHOTO COAEPXaHNA BOAOPOAA NOA NAEHKON 3onALMN B
pe3ynbTaTe KaTOAHOI peakLyi BOLOPOAHOIA AeNoNApIU3aLIAN, S1EKTPOXMMIYECKOTO Pa3N0MKEHNA MUHePanu30BaHHbIX BOAHbIX
PacTBOPOB. IMUCCUA BOAOPOAA NPUBOANT K 06pa30BaHMi0 raflbBaHNYECKIX NAp Ha MOBEPXHOCTI MeTaa, 0TCIaUBaHNI0 U30-
NALMN, N3MEHEHWI0 OKUCIUTENbHO-BOCCTAHOBUTEIbHOTO NMOTEHLMaNa Cpefbl, yBennyeHuto pH, uTo Bbi3biBaeT yuneHue Koppo-
311 1 06pa30BaHMe OTNOXKEHNIA.

[InA npeaoTBpaLLeHA NpeBbIlLeHNA KOHLEHTPaLu BOAOPOAA NoA NNEHKON M30NALMN, OKKAI3MI BOAOPOAa B MeTann 1 KPH
HeobXo41UMO NpefoTBPaTUTb 00pa30BaHMe BOAOPOAA HA KATOAHDIX yUacTKax MeTana.

KntoueBble cnoBa: KaTofHas peakuma penonAapusauui, nognneHoyHaa Kopposna, KOppo3noHHoe pacTpecknBaHie noa
HanpAaXXeHuem, OKKJIK31A B0A0POAa, MaFVICTpaJ'IbeIVI ra3onpoBoj, NeHOUYHOE NOKPbITHE.

The analysis of the literature data on the causes of stress corrosion cracking of pipe steels is carried out. It is shown that the main
cause is the formation of excess hydrogen content under the insulation film as a result of the cathodic reaction of hydrogen
depolarization, electrochemical decomposition of mineralized aqueous solutions. Hydrogen emission leads to the formation of
galvanic pairs on the metal surface, insulation peeling, a change in the redox potential of the medium, an increase in pH, which
leads to increased corrosion and the formation of deposits.

To prevent excess of hydrogen concentration under the insulation film, hydrogen occlusion into the metal and stress corrosion
cracking, it is necessary to prevent the formation of hydrogen on the cathode sections of the metal.

Keywords: cathodic depolarization reaction, subfilm corrosion, stress corrosion cracking, hydrogen occlusion, main gas pipe-
line, film coating.
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NUccnepoBaHmne KOPPO3MOHHOM CTOMKOCTHU
NapTUM X0JI0AHOKATaHbIX HU3KOYrNepoaAnNCTbIX
MUKPOJIerMpOBaHHbIX TUTAHOM CTaNun

© PoavioHoBa UpuHa MaBpunoBHa', o-p TexH. Hayk; AMeXXHoB AHApe
BnagpumupoBud', kaHg. TexH. Hayk; ApyTioHAH HaTtanua AHpueBHa' 2,
kaHg. duns.-mart. Hayk; TnapyeHkoBa lOnua CepreeBHa?, kaHg,. TEXH. HayK;
MaenoB AnekcaHpp AnekcaHapoBud', 0-p TexH. Hayk; BykoB KoHcTaHTUH
AnexcaHpgpoBud'; Manwee Aptem AHgpeeBuy’

' THY @oryn «yHUN4yepmem um. U.I1. BapouHa», Mockea, Poccus. E-mail: igrodi@mail.ru;
amejnov@mail.ru; pavlovchermet@yandex.ru; bukov.kostya@gmail.com; a.a.papshev@gmail.com
2 Xumuyeckuli ¢pakynemem MrY umeru M.B. JlomoHocoea, Mockea, Poccus.
E-mail: naarutyunyan@gmail.com; jubykova@yandex.ru

[poBeseH aHanu3 BO3MOXHOCTM ONTUMI3ALMI TEXHOOIMIA MPOI3BOACTBA XONOAHOKATAHOrO IMCTOBOO NpOKaTa HU3Koyrne-
POANCTBIX CTaNei, MUKPOMerpoBaHHbIX TUTaHoM, B yciosuax TAO «MMK» ana noBbilLeHna CTORKOCTM NPOTUB aTMOCPepHOit
koppo3uu. loka3aHo, uTo cpeau GakTopoB, BAMAIOLLMX HA KOPPO3MOHHYIO CTOIKOCTb, Hanbonee CUNbHOE OTpULATENbHOE BAY-
AHNe 0Ka3bIBAIOT HeMeTannuyeckine BKIIOYEHNA C BbICOKUM cofiepxaHiiem antominHna u otHowweHuem Al/Mg u Al/(Mg+Ca) B
OKCWHON COCTaBNALLEIA BKNKOYEHUA. AHanN3 npuMeHAeMON CTanennaBuNbHON TEXHONOTMN NO3BOANN CAeNaTh COOTBETCTBY-
foLLMe pekoMeHALNN, HanpaB/EeHHbIE Ha CHIKEHWe 3arPA3HEHHOCTY Tl YKa3aHHbIMI BKIIOYEHNAMM.

KntoueBble CQI0Ba: X0N0HOKATaHbIil NNCTOBON NPpOoKart, KOPpo3nOHHaA CTONKOCTb, HU3KOYrNepoancTaa MMKponernpoBaH-
HaA (TaJib, MUKPONETPOBaHI€ TUTAHOM, HenpepblBHbIVl OTXWUI, HEMETaTnyecKie BKIYEHNA, OKCAHbIE BKITOYEHNA

The analysis of the possibility of optimizing the production technology of cold-rolled sheet rolled low-carbon steels, microalloyed
with titanium, in the conditions of PYSC MMK to increase resistance against atmospheric corrosion. It is shown that among the
factors affecting corrosion resistance, the strongest negative influence is exerted by non-metallic inclusions with a high alumi-
num content and the ratio of Al/Mg and Al/(Mg+Ca) in the oxide component of the inclusion. The analysis of the steelmaking
technology used made it possible to make appropriate recommendations aimed at reducing the contamination of steel with these
inclusions.

Keywords: cold-rolled sheet metal, corrosion resistance, low-carbon low-alloy steel, titanium micro-alloying, continuous an-
nealing, non-metallic inclusions, oxide inclusion.
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BnusiHue Ti, Nb n V Ha CTPYKTYpy U MexaHuyeckune
CBOMCTBa ManoyrnepoaucTom MMKpOJsiermpoBaHHOM cTanum

© MaTtpocos IOpuit UBaHOBUY, O-p TEXH. Hayk, Npod.; KonacHukoBa HaTtanua
BanepbeBHa, KaHA. TEXH. HAyK

oryn «yHUnyepmem um. U.I. bapoura», Mockea, Poccus. E-mail: nkolyasnikova@yandex.ru

llccnegoBaHo BAMAHNE MUKPONErnpoBaHNA TUTAHOM, BaHaMeM 1 HUOOMEM B Pa3NNyHbIX COYETAHUAX U KOHLLEHTPALMAX Ha
$a30Bblil COCTaB, MUKPOCTPYKTYPY U MexaHuyeckue cBolictBa ((—Mn) HU3KoNerMpoBaHHbIX CTaneli B COCTOAHNM NoCre Tep-
MOMexaHuueckoii 06paboTkm no cxeme KOHTponMpyemoii Npokatku. ConocTaBneHo HAMBMAYaNbHOE U KOMMEKCHOe BIMAHNE
MUKPONErnpyLLIAX 31eMeHTOB Ha MPOYHOCTHbIE CBOICTBA NPY CTAaTUYECKOM PaCTAXEHIIN, a TakxKe YAapHYI0 BA3KOCTb U CONpO-
TUBNEHME XPyNKOMY pa3pyLuenmio. lokasaHo, uTo Jo6aBKI TUTaHa B konuuecte 0,02—0,04 %, He 3aBICMO OT CUCTEMbI eru-
POBaHWA, CHIKAKT MPOYHOCTb U MOBBILLAIOT YAAPHYI0 BA3KOCTb M MAACTUYHOCTb CTanu. [lanbHeilunii pocT coepxanua TUTaHa
CNocobCTBYET NOBBILLIEHMI0 MPOYHOCTHBIX CBOIACTB 1 MOXET PaccMaTpiBaTbCA Kak OANH 113 BapUaHTOB MOBbILLEHNA MPOYHOCTH
Mpy YCNOBIM COXPaHeHA BA3KOCTI 11 NAACTUYHOCTM Ha MpUemaemMoM ypoBHe. MukponerupoBaHue BaHagnem Bo BCem fya-
na3oHe MccnefoBaHHbIX KoHueHTpauuii 0,10-0,20 % 3G ¢eKTBHO BAMAET Ha NOBbILLEHINe NMPOYHOCTHBIX CBOACTB NPOMOPLIN-
OHAJIbHO KONMYeCTBY BBOAMMOTO 3NeMeHTa. BBeaeHne Hnobua B konnuecTee o 0,05—0,06 % cnocobCTBYyeT 3HaunTENbHOMY
YNPOYHEHNI0 11 OFHOBPEMEHHO MOBBILIEHMI0 CONPOTMBNEHINA Pa3pyLUeHto, B TO BPeMA KaK AanbHeilil pocT cofepanua
HMOOMA He NPUBOAWT K AONONHUTENHOMY YNPOUHEHMIO, HO CMOCOBCTBYET NOBBILLIEHMIO XaA0CTORKOCTH.

KnioueBble C/10Ba: HI3KONErpoBaHHas CTallb, MUKPONEripoBaHite KapboHUTPUI006pasyloLuMu dneMeHTamu, yaapHasa
BA3KOCTb, (:a30Bblii COCTAB, MIUKPOCTPYKTYpa.

The effect of microalloying with titanium, vanadium, and niobium in various combinations and concentrations on the phase
composition, microstructure, and mechanical properties ((—Mn) of low-alloy steels in the state after thermomechanical treat-
ment has been studied. The individual and complex effects of microalloying elements on strength properties, as well as impact
toughness and resistance to brittle fracture, are compared. It is shown that titanium additions in the amount of 0.02—0.04 %,
regardless of the alloying system, reduce strength and increase the impact strength and ductility of steel. A further increase in the
titanium content contributes to an increase in the strength properties and can be considered as one of the options for increasing
the strength, provided that the toughness and ductility remain at an acceptable level. Microalloying with vanadium in the entire
range of concentrations up to 0.10—0.20 % effectively affects the increase in strength properties in proportion to the amount.
The addition of niobium in an amount of up to 0.05-0.06 % contributes to significant hardening and, at the same time, to an
increase in fracture resistance. Further increase in the niobium content does not lead to additional hardening, but contributes to
anincrease in cold resistance.

Keywords: low-alloy steel, microalloying with carbonitride-forming elements, impact strength, phase composition, micro-
structure.
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CTpyKTypa v CBOMNCTBA NOKPbITUIA N3 BbICOKOSHTPONMUMUHbBIX
cnnaeoB FeCoCrNiMn n FeCoCrNiAl.

CooOweHune 2. AHaNNU3 CTPYKTYPbl U CBOMCTB 30HbI
KOHTaKTa C NOAJ10)KKOMN

© Npomos Buktop EBreHbeBuy’, o-p opns.-mat. Hayk; KoHoBanos Cepreii
BanepbeBu4', -p TexH. Hayk; UBaHoB KOpuit DepgopoBud?, o-p Gpurs.-mat. Hayk;
Edumor Muxaun Onerosuy’; LLingaposa lOnua AugpeesHa’; MaHyeHko UpuHa
AnekceeBHa', kaH[,. TEXH. HayK

' Cubupckuti 2ocyoapcmeeHHbIl UHOYCmMpuasbHbIl yHU8epcumem, 2. HosokysHeuyk, Poccus.
E-mail: gromov@physics.sibsiu.ru
2 MIHcmumym cuneHomoyYHoU snekmpoHuku CO PAH, 2. Tomck, Poccus. E-mail: yufi55@mail.ru

Wcnonb3ya TexHonoruto xonopHoro nepeHoca metanna (CMT-npouecc) Ha nognoxke U3 cnnasa 5083 6o chopmupoBaHbl
MOKPbITUA BbICOKOHTponuitHbIMK cinaBamu FeCoCrNiMn u FeCoCrNiAl HeskBMAaTOMHbIX cOCTaBOB. MeTofami COBpeMEHHOr0
(u3Mueckoro mMatepuanoBegeHua BbIMONHEH aHaNU3 CTPYKTYPHO-(a30BbIX COCTOAHMIA, NEMEHTHOTO COCTaBa, eGeKTHOI cyb-
CTPYKTYPbI M CBOICTB 30HbI KOHTAKTa NOKPbITHIA ¢ nognoxkoii. [ina nokpbitua FeCoCrNiMn BbiABNEHO B3auMHoe neruposaHie
MOKPBITUA 11 MOANOXKKI 1 GOPMUMPOBaHME B 30HE KOHTAaKTa NNACTUHYATON CTPYKTYpbl. 06CYKaeHb BO3MOXHble du3nueckue
MeXaH/3Mbl MOBbILLEHNA TBEPAOCTM 30HbI KOHTAKTa NOKPbITUA C NOAA0XKON. B 30He KoHTakTa nokpbiTua FeCoCrNiAl BbiABNeHO
$opmupoBaHye ABYX TUNOB CTPYKTYp: CTPYKTYPbl, CHOPMUPOBAHHOIT HaHOPa3MePHbIMI YacTiLaMu okucHoi dasbi (ALO, u
MgAIO), antomuna n B3C, n cTpykTypbl, cofepxaLyeii cy63epHa (140—170 Hm) BIC u HaHouacTuupl (NiC0)3AI4 " AIBFe4, pac-
MONOXeHHbIe N0 rpaHNLIaM Cy63epeH.

KntoueBble crioBa: BbicokosHTponuiiHble nokpbitia, FeCoCrNiMn, FeCoCrNiAl, noanoxka, XonoAHbli nepeHoc, 30Ha KoH-
TaKTa, HaHOYACTULIbI.

Using the technology of cold metal transfer (CMT-process) on a substrate of alloy 5083, coatings were formed with high-entropy
FeCoCrNiMn and FeCoCrNiAl alloys of non-equiatomic compositions. The methods of modern physical materials science are used
to analyze the structural-phase states, elemental composition, defective substructure, and properties of the contact zone of coat-
ings with a substrate. For the FeCoCrNiMn coating, the mutual alloying of the coating and the substrate and the formation of a
lamellar structure in the contact zone were revealed. Possible physical mechanisms for increasing the hardness of the zone of
contact between the coating and the substrate are discussed. In the contact zone of the FeCoCrNiAl coating, the formation of
two types of structures was revealed: a structure formed by nanosized particles of the oxide phase (Al,0, and MgAIO), aluminum
and HEA and a structure containing subgrains (140~170 nm) of HEAs and (NiCo),A,, and Al Fe, nanoparticles located along the
boundaries of subgrains.

Keywords: high-entropy coatings, FeCoCrNiMn, FeCoCrNiAl, substrate, cold transfer, contact zone, nanoparticles.
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UHOOPMALUA

Bukropy EBreHbesnyy FlPOMOBY — 75 net

26 HOs6ps 2022 ropa McHonHsAeTCA 75 JeT
Buxkropy EprenpeBndy IpoMoBy — M3BeCTHOMY B
Poccun u 3a pybexoM MeTaIousuky, 3aciy-
JKeHHOMY fiesitenio Hayku PO, IloueTHOMY MeTar-
nypry PO, yreny MeXXrocynapcTBEHHOTO COBETa
1o ¢u3MKe IPOYHOCTY U IVIACTUIHOCTY MaTepy-
anoB, wieny Hayuynoro Cosera PAH no ¢usuxe
KOH/ICHCPOBaHHBIX Cpef], JOKTOPY (M3MKO-Ma-
TeMaTUYEeCKVX HayK, Ipodeccopy, 3aBeayouemMy
Kadeapoil ecTeCTBEHHOHAYYHBIX JVCLUIIIVH VM.
npodeccopa B.M. ®unkens Cubmupckoro rocy-
TApCTBEHHOTO MHJYCTPUATbHOTO YHUBEPCUTETA.
Buktop EBrenbeBnd IpoMoOB 3aperucTpupoBaH B
DefnepaIbHOM peecTpe 9KCIIEPTOB B HAYYHO-TEX-
HIYecKoll cepe MMHICTEPCTBA HAYKM M BBICIIIE-
ro obpasosanus u PAH, sBjsieTcss WieHOM pefi-
KOJIIETWIA TIATH >XypHasIoB 13 crmcka BAK.

Kax BBICOKOKBa/MMUIVIPOBAaHHBIN CIEIN-
amucT Bukrop EBrenbeBnd 1o mpasy 3aHMMaeT
Beflylliee MeCTO cpeay ydeHblx Poccum B o6ra-
CTU MaTepuanoBefieHNs, PU3UKYU MPOYHOCTY U
IJTACTUYHOCTY CTaselt u crraBos. Ha mpoTsxe-
HUM JONTOIl Hay4HOI [IeATENbHOCTU €ro y4dMu-
TeJIAMU ¥ COpaTHUKAMM ABJIANUCH U ABJIAIOTCA
M3BECTHBIE POCCUIICKNE Yy4eHble-MeTa/mnodu-
3uku u Marepuanosennl B.E. ITanun, JI.b. 3yes,
9.B. Kosmos, A.M. Imesep, 10.0. lBaHos,
M.[I. CtapocTeHKOB.

OKCIepuMeHTaIbHble ¥ TeOpeTHYecKye JC-
caefoBaHusA B o0macTM (U3MKM IIPOYHOCTHU
U IUVIACTUYHOCTU MaTepyaioB B YCIOBUAX BHENI-

HUX 9HEpPreTUYeCKUX BO3JEVCTBUI (97€KTpU-
YeCKMX IO/ell M TOKOB, IUIA3MEHHbIX U 3JIeK-
TPOHHBIX IIy4KOB), BBINONHEHHBbIE 3a 45 et
B.E. I[poMOBBIM ¥ €ro y4eHUKaMM, HMOTY4IUIN
HIMPOKYIO U3BECTHOCTD U IIPY3HAHME B HAyYHBIX
Kpyrax 1 IpMBE/N K CO3[JaHII0 HOBOTO HAy4YHOTO
HanpasjieHKsA. PesynbTarhl ncciefosaHuil Hall-
M IpMMEHeHMe B aKaJeMUdecKIX, OTPAC/IeBbIX
" y4eOHBIX MTHCTUTYTAX IIPYU U3YIEHUY IPUPOJIBI
(bopMoOM3MeHeHNA METAIIOB 1 CIITIABOB, a TAKXKe
Ha pAfe OpegupuATUIl MeTa/UIypriudeckoll mpo-
MBIIJIEHHOCTY ¥ MAalIMHOCTPOEHN:A IIpU paspa-
60TKe COOTBETCTBYIOIIUX 3/IEKTPOTEXHOTOTMIL.
OHu BHe[IpeHbI CO 3HAYUTENbHBIM 3KOHOMMUYE-
ckuM s pexTom Ha npepupuaTuax Kysbacca.

3a MK paboT 1Mo BHELPEHNIO OEe3KUCIOT-
HOJl TeXHONOIUM yAaneHNsA OKaJaMHBbI IpU Ipo-
U3BOJICTBE IPOBOJIOKM U3 MasOyITepOJUCTBIX
U HM3KOJIETMPOBAHHBIX CTajieil Ha Ipejnpu-
ATUAX MeTa/nyprudeckon orpaciu B.E. Ipo-
MOB ypmoctoeH npemun IlpaBurenbcrsa PO
B obmacTu Haykm u TexHuku. B 2013 roxgy on
cran naypearom npemuyu PAH nmenn akagemn-
ka JI.II. BappuHa. B nmocnemgHmue roppl Hay4Hasd
mkosa «IIpoYyHOCTb M IIACTMYHOCTD MaTepu-
aJIoOB B YC/IOBUAX BHEUIHUX 3SHEpPreTUYecKux
BO3JeNICTBUIT», Bo3rnaBisiemas npod. B.E. [po-
MOBBIM, IIOIOTBOPHO paboTaeT B 00/1acTy Ha-
HOCTPYKTYPHOTO MaTepuanoBefieHNs 110 IPaH-
tam POOV, PHO u ueneBplM nporpamMmam
MuHo6pHayku. 3a mepuoy paboThl B BBICIIEN
mKosne Bukrop EBreHbeBud npoABMI KadecTBa
TaJAHTIMBOTO IEeJJarora M OpraHM3aTOpa BbIC-
mero o6pasoBanusa. B.E. Ipomos — «JIyummit
npodeccop Kysbacca’ 2003», «IloueTHblit po-
deccop Kysbacca» 2015 1., oavH M3 BeRYLIUX
npogeccopos yHuBepcurera. OH IIONIb3yeTCs
3aCTY>KEHHBIM YBa)X€HUEM CTYILEHTOB U KOJIJIET.
Ero nexumm oTImM4yarTCcsA COYETaHMEM BBICOKO-
rO TEOPEeTUYEeCKOro YPOBHS C SICHON (opMoit
U3/I0KEHU.
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B.E. IpoMOB — cOaBTOp Tpex Hay4YHbIX OTKPbI-
TUIA, 3aperMCTPUPOBAHHBIX MeXIyHapOLHO
aKajiemMyei aBTOpPOB M300peTeHNUI U OTKPBITUI U
Poccurickoit akafjeMment ecTeCTBEHHBIX HayK. Ero
HayKOMeTpUYeCKMI MoKa3aTelnb MHOEKC Xuplia
o PVHII - 37, Scopus — 20, Web of Science - 19.
B 2020 ropy, mo orenkam usparenbctBa Elsevier
(Bmagernbiia 6aspl Scopus), OH BOILIeEN B 9KCI0 2 %
CaMbIX IUTHUPYEMBIX YYE€HBIX MUPA.

Bukrop EBrenpeBm4 BOCIMTan IUIEAfly Ta-
TaHTIMBBIX HAYYHBIX COTPYAHUKOB — 11 JOKTOpPOB
n cspiule 40 KaHAUJATOB HAyK, IIOJOTBOPHO pa-
60TarNMX B BBICIIEN LIKOTIe, HA IIPOV3BOJCTBE, B
6usnece. On aBTOp 6071 3900 HAyIHBIX ITyO/IMKA-
nuit, B ToM 4ucie 35 mateHToB U cBbiiie 100 Mo-

Horpaduii, BoceMb M3 KOTOPBIX OIyOIMKOBAHbI
B usgarenncrse Cambridge International Science
Publication Ltd, Materials Research Forum, Sprin-
ger, Taylor and Francis Ha aHI/IMiICKOM A3BIKe.

B.E. IpoMOB - fieiicTBUTENbHBIN UieH Mex-
IAYHapOJHON aKajeMuM SHepro-mHQOpMAaIVOH-
HbIX HayK U Poccuiickoil akameMmuy ecTecTBEH-
HBIX HayK. Ero sacimyrm oTMmeyeHbl MefjansaMu
«3a cmyxenne Kysbaccy», «3a 0cobblil BKIaj B
passutre Kysbacca» I, IT u III crenenn, opgeHOM
IToyera Kysbacca u fpyrumm Harpajamum u rpa-
MoTtamu agMuHKCcTpannn KemepoBckoit o6mactut.

CemupiecATUNATUIETHNIT 106MIeit Buktop
EBrenbeBnu BCTpedaeT B pacliBeTe TBOpYeC-
KIX CUJL.

Pedaxuuonnas konneeus xypHana, yueHUKU u 0py3vs cepoeuro nosopaenatom Bukmopa Eezenvesuua
c 100uneem U Henarm emy 006p020 300p0BbA, CHACMYS U HOBbLX HAYUHBIX cBepuieHUTl!
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W MATEPWAJIOBEAEHVIA

1152022

T OFY A UHUA sepmex/um U-M-Eapaunait

YBakaembie KoaAaeru!

IMTpuraaumraem Bac omyOGAMKOBaTb pe3yAbTaTbl CBOMX MCCAEAOBA-
HUI B )XypHaAe «[IpoOAeMbl YepHOI METAAAYPIMY U MAaTepUAAOBEAE-
HUs». JKypHaa nmy0AMKyeT Ha 6€3B03Me3AHOI OCHOBE OPUTMHAABHBIE
CTaTby U 0030pBI, CBSI3aHHBIE C IIepepabOTKOI PYAHOTO U TEXHOT€EH-
HOTO CBIPbs, TOAYY€EHVEM YyT'YHA, CTaAK 1 PepPOCIAABOB, CBOIICTBAM
CIIAQBOB Ha OCHOBE )XeAe3a, MaTepUaAOBeAeHreM U (PU3UKOI MeTaA-
AOB, BOIIPOCAMU PeCcypcocOepeskeHusl, SKOAOTUY, CTPaTeruu pasBu-
TVISL Y 9KOHOMMYECKOV 3P PEeKTUBHOCTY METAAAYPIMYECKON OTPACAM.
V3paHMe BXOAUT B NepedyeHb >KYPHAAOB, peKkoMeHayeMblx BAK aas
nyOAMKaLMM TPYAOB COMCKATEAEN YYEHBIX CTEIeHEel, B 3AeKTPOH-
HOM BUAE CTaThy pasMelljeHbl B Hay4YHOI 9AeKTPOHHOIT O1bAMOTEKE

eLibrary.ru, PVIHLI, )xypHaa Bxoaut B 6a3y aaHHbIx «Russian Science Citation Index» (koaaexuus
AYYIINX POCCUICKMX XYPHaAOB Ha maatdpopme Web of Science).

JKypHaa Bbiyckaetcsa ¢ 2007 r. Ero yupeputeaem siBAsieTCsl LIeHTpaAbHBIVI HayYHO-UCCACAO-

BaTEAbCKUIT MHCTUTYT YepHOi MeTaaAypruu um. VL.IT. Bapauna. B 2020 r. 661 00HOBA€EH COCTaB
PEAKOAAETUY, B ee COCTaB ObIAY IPUTAALIEHb] M3BECTHbIE yueHble-MeTaAAypru. C 2021 1. ctaTbsam
XypHaaa npucauBaioTcs ccbiaku DOIL. C 2022 r. 3HaUMTEABHO YAY4IllleHbI OPOpPMAEHME, CTPYK-
Typa U MOAUrpapuUeCcKUil ypOBeHb IeYaTHON BEPCUM >KYpHaAa. AAS MOBBILIEHNST KayecTBa Iy-
OAMKaLui, obecriedyeHrsI BBLICOKOTO HAyYHOIO YPOBHS, MPAKTMYECKON 3HAYMMOCTH, OCBELIeHUS
MOCAEAHVIX HayYHBIX AOCTVDKEHUI IIPOBOAUTCS Cepbe3Hasi paboTa Mo IPUBAEYEHUIO aBTOPOB, 00-
CY>KAEHMUIO, PelieH3MPOBaHUIO PYKOIMCeNL.

Pepakuusa

«MPOBJIEMbI YEPHON METANTYPTUU U MATEPWAJIOBEIEHNS»

e Ha canre «O6beanHeHHoOro Katanora «lpecca Poccum» www.pressa-rf.ru

e T[lognucatbca yepes UHTePHET-MarasvH <<I'Ipecca Nno NoAnncKe» MOXXHO Ha canTe

BHUMAHMWE! MPOJOMMKAETCA MNOAMUCKA Ha xxypHan

ToOnucKy Ha XXypHas 8bl MOXxeme ohopmMums:

MoanucHoi nuaekc— 58999

https://www.ake.ru;
e [loznwucka B pegakuum.
Ha aneKTpoHHyo Bepcuio XypHana MOXHO MOAMNMCATbCA Ha canTe
HayuHoin SnekTpoHHo bubnuotekmn (H3B) http://www.elibrary.ru
MprobpecTy )KypHanbl 3a 6e3HannyHbI pacyeT MoxHo B THLL OTYM «LiHWWuepmeT nm. W.IM. BapanHay.

[Ons obopmneHnsa NOANUCKY Ha XKypHas Nno 6e3HaMYHOMY pacyeTy HeobXOAVIMO NPUCTATb 3aABKY
C yKa3aHnem Homepa XypHasia 1 KoNMyecTBa 3K3eMNIAPOB, aapec 1 6aHKOBCKME PEKBU3UTBI.

Bcio nHpopmauumio cnepyer oTnpaBuTh N0 INEKTPOHHON NouTe:
E-mail: ntphm@yandex.ru, a.glezer@mail.ru
Ten. pepakuuu: (495)777-94-98; (495)777-93-02; (495)777-95-13

www.chermet.net

MopgnucaHo B nevatb 15.09.2022 r. ®opmat 60x88 1/8.
OtneyvataHo B Tunorpa¢um OO0 «MeTtannyprsgar»
www.metallurgizdat.com
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