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TEOPETUYECKUE OCHOBbI METAJIZ1IYPTUN

DOI: 10.54826/19979258_2023_1_3
YAK 669.017 : 669.14

OCHOBHbI€e Hay4Hbie LUKOJIbl B MEeTa/lJIoBeAeHUU
M TepmMoo06paboTke cTaneu Ang MaccoBOro NnpoM3BoACTBa,
Bo3rnasnsembie Gryrn UHUUyepmet um. U.MN. BapauHa

Apkaguin KoHcTaHTUHOBMY TUXOHOB, [-P TEXH. HayK, NPod.

LUHUNuepmem um. U.M. BapouHa, Mockea, Poccus. E-mail: arkadiy.tihonov@vaz.ru

AHHOoTaLMA. OcHOBHbIM HanpaBeHeM pa3BUTIA METANOBEAEHNA 1 TEPMUYECKO 06paboTKI CTano 3yueHme CBOMCTB KOHCTPYKLMOH-
HbIX CTanel, KOTOpoe paccMaTpUBAET YBENUEHME MNACTUYHOCTI CTasH, FapaHTpYeT BO3MOXKHOCTb Nepexofia OT pe3aHina K Hakatke 3y0beB
LUeCTepeH 1 KNMHOBOI NpoKaTKe BaloB NErkoBbIX 1 rpy30BbIX aBTOMOOWNEIA, UTO MOUTY HAMONOBIHY YMeHbLLNT pacxos Metanna. B LIHWW-
yepmete M. W.I. bapauHa co3aaHa Lwkona no pa3pabotke MUKPOMErnpoBaHHbIX 60pOM CTaneil, TeXHONOMA BbIcazKL U TepMO06paboTKi aB-
TOMOOUBHOTO Kpenea i Harpy»<eHHbIX eTanei IerkoBbIX U rpy30Bblx aBToMobUneii. Bropoe HanpaneHue — xumnKo-Tepmudeckasn obpa-
60TKa, BK/OYAIOLLAA a30TMPOBAHWE, LieMeHTaLMI0 U Kap6oHuTpupoBaHie. Ha ABToBA3e 6binu npoBeeHbl paboTbl N0 3ameHe XpoMUpoBaHuA
HIU3KOTEeMNepaTypHOIi HUTPOLIeMeHTaL|eli ¢ OKCUAVPOBAHIEM NOPLUHEN TOPMO3HDIX LIMAVHAPOB, YTO MO3BOMANO YBENYMUTL KOPPO3UOHHYIO
CTOiIKOCTb B 10 pa3, a AonroBeuHocTb A0 300 TbiC. LWKNOB 6€3 NOTepI repMeTUYHOCTY KONeCHOro LMHAPa. OTAeNbHOE HanpaBneHie — HU3-
KoTemnepaTypHas ra30Bas HUTPOLIEMEHTALWA AeTaneil U3 MeTannyeckux erpoBaHHbIX NOPOLLKOB. (neaytoLLii 3Tan — 0CBOeHMe ra3oBoit
LieMeHTaLui C NOMOLLIbHO KepOCHHA 1 YaliT-CNpITa U HATPOLIEMEHTALA C NOMOLLIbH TPUITAHONAMIHA B LWaXTHbIX neyvax Li-120. BaxHoit Ha-
YUHOI LIKOMOIA CTano u3yyeHue CBOICTB NIMCTOBbIX X0MI0HOKATaHbIX U ropAYeKaTaHbIX CTaneil AnA aBTomobunectpoenma. (03aaH HOBbIIA Knace
ABTOMOOMBHDBIX IMCTOBBIX XONOAHOKATaHHbIX, FopAYeKaTaHHbIX, MOKPLITbIX FOPAYMM LMHKOM CTanei, B TOM UiCie CTaneli NOBbILLEHHON
MPOYHOCTY C Pa3NYHbIMI CBOIACTBAMIA PY OZHOM XMMMUECKOM COCTaBe 1 He BoLueawux evwe B FOCTbI.

KntoueBble ci0Ba: KapooHUTPUPOBaHIE, OKATbILLK, MPOKANMBAEMOCTb, OKCACYNbOMIDI, XONOAHAA BbICOAKA, IK30Ta3, CTapeHue,
ZByxha3Hble, aare3us

The main scientific schools of metallurgical science and heat treatment
of steels for mass production, headed by I.P. Bardin Central Research
Institute for Ferrous Metallurgy

Arkadiy K. Tikhonov
I.P. Bardin TsNIIChermet, Moscow, Russia

Abstract. The main direction in the development of metallurgy and heat treatment has become the study of structural steels aimed
at increasing plasticity, which guarantees the possibility of switching from cutting to knurling of gear teeth and wedge rolling shafts of
cars and trucks, and will reduce metal consumption by almost half. In I.P. Bardin Central Research Institute for Ferrous Metallurgy boron-
microalloyed steels, upsetting and heat treatment technologies for automotive fasteners and loaded parts of cars and trucks have been
developed. Another field of research is chemical-thermal treatment, including nitriding, carburizing and carbonitriding. At AvtoVAZ, work
was carried out to replace chromium plating with low-temperature nitrocarburizing with oxidation pistons of brake cylinders, which made
it possible to increase corrosion resistance by 10 times, and durability up to 300 thousand cycles without loss of impermeability of the
wheel cylinder. Another area of research is the low-temperature gas carburizing of parts from alloyed metal powders. The next stage is the
development of gas carburizing using kerosene and white spirit and nitrocarburizing using triethanolamine in shaft furnaces. An important
scientific direction is the study of the properties of sheet cold-rolled and hot-rolled steels for automotive industry. New classes of automo-
tive sheet cold-rolled, hot-rolled, hot-zinc coated steels, including high-strength steels, have been created.

Keywords: carbonitriding, pellets, hardenability, oxysulfides, cold high-rise, exogas, aging, two-phase, adhesion

© TuxoHoB A.K., 2023
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TEXHOJIOTMYECKUE NPOLIECCBI METAJIJTYPIUU

DOI: 10.54826/19979258_2023_1_14
YAK 662.74.012:658.562

MexaHun4yeckas NPO4YHOCTb KOKCa B 3aBUCMMOCTU
OT ero NoJIOXKeHUs B KaMmepe KOKCOBaHUS U napamMeTpbl
dopmMmupyowenca AOMEHHON CTPYKTYPbI

Aanun Uropeeuy AnekceeB, Muxaunn lOpbeBud XKupkos,
Anppeit Hukonaeesny CMupHoB

MazHumozopckuli 20cyoapcmeeHHbIt mexHudeckuli ynusepcumem um. [LU. Hocoea,
2. MazHumoezopck, Poccus. E-mail: alekseev41047@mail.ru; petro.reborn@bk.ru; sman@magtu.ru

AHHOTaLMA. B paboTe paccmoTpeHbl HEKOTOPbIe acneKTbl, BAMAILLME Ha MeXaHYecKylo MPOUYHOCTb KOKCa. YCTaHOBNEHO, UTO Me-
XaHWYecKme CBOMCTBA KYCOUKOB KOKCA M3 LIEHTPanbHOro (oA KOKCOBOTO Mupora 06najatot 6onblueil MexaHUyeckoi CTOKOCTbI0 Mo
CPaBHEHUO C KOKCOM 13 NPUCTEHOYHOTO (104 MeTOA0M PEHTTeHOCTPYKTYPHOTO aHann3a onpesenHbl pa3mepbl MONeKyNAPHO-0pUeHTH-
POBAHHbIX IOMEHOB B CTPYKTYPE KYCOUKOB KOKCA 11 BAMAHME NPOLIECCA rasuduKaLuy Ha BbICOTY L WwipuHy L yrnepoaHbix JOMeHoB.
M1 peKOHCTPYKLMM KOKCOBBIX OaTapeil MOXHO PeKOMEHZ0BATb yBeNNYNBaTh LUMPUHY Kamepbl KOKCOBAHA, OTHOCUTENbHO CTaHAAPT-
HbIX 3HaueHuit 410 n 450 Mm. Pe3ynbTaThbl NpoBeAeHHOTO UCCNEL0BAHNA MOTYT ObITb NONE3HbI ANA GOPMUPOBAHUA MOAENbHbIX NPes-
CTaBNEHWil 0 BANAHUM MOJIEKYNAPHO-OPUEHTUPOBAHHBIX JOMEHOB HA NPOYHOCTHbIE U PEAKLMOHHbIE CBOICTBA KOK(A.

KntoueBble CrioBa: KoK, KamMepa KOKCOBaHUA, MeXaH4yeckaa NnpoyHoCTb, )J,pOGMMOCTb, NCTNPaeMoCTb, MOKa3atenu I'OpﬂllEVI npoy-
HOCTH, peaKIJ,VIOHHOVI cnocobHoCTH, ¢paKL|,VIOHHbIVI C0CTaB, MOJIEKYNAPHO-0PUEHTUPOBAHHbIE IOMEHDI, yrNepoaHble laMeni, NoKaaTeni

Mechanical strength of coke depending on its position in the coking
chamber and parameters of the emerging domain structure

Danil I. Alekseev, Mihail Yu. Zhidkov, Andrey N. Smirnov

Magnitogorsk State Technical University named after G.I. Nosov, Magnitogorsk, Russia

Abstract. The paper considers some aspects that affect the mechanical strength of coke. It has been established that the mechanical
properties of coke pieces from the central layer of a coke cake have a greater mechanical resistance in terms of compared with coke from
the near-wall layer. The presence of molecularly oriented domains in the structure of the pieces was determined coke, and the effect of the
gasification process on the height Lc and width La of carbon domains.

When reconstructing coke oven batteries, it can be recommended to increase the width of the coking chamber, relative to the standard
values of 410 and 450 mm. The results of the study can be useful for the formation of model ideas about the effect of molecularly oriented
domains on the strength and reactivity properties of coke.

Keywords: coke, coking chamber, mechanical strength, crushability, abrasion, hot strength indicators, reactivity, fractional composi-
tion, molecularly oriented domains, carbon lamellae, indicators

© AnekceeB [.U., Xuaokos M.1O., CmupHos A.H., 2023
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BoccTaHOBIEHUE NOPOLLKA XeJie30pYyAHOro KOHLeHTpaTa
B COCTOSIHUM MNblJIeEra3oBoii B3Becu

Banepwuit Bacunbesud NMasnos; Oaunn Bnagumuposud lop6ayes

Ypaneckuii 20cy0apcmeeHHbili 20pHbIl yHUsepcumem, 2. Ekamepun6ype, Poccus.
E-mail: paviov405@rambler.ru

AHHOTauMA. ﬂpennomeHa MeTannn3aLmna nopoLLIKa »ene3opyaHoro KOHLUEHTpaTa B COCTOAHUN €ro Nblera3oBoii B3Becu ¢ yroanon
NbINbI0 B arperate Tina AOMEHHOro BO3lyXOHarpeBated 3a CHeT AeLEBOro Tenja pereHeparopa. HOHy‘JEHHbIVI NMOPOLLIOK Xefe3a MOXHO
BAYyBaTh B pacCnnaBbl B 37IEKTpONEYN UM B KOHBEPTEPE. YronbHas nbinb B 2—6 a3 AeLueBJie KOKCa, a NOPOLLIOK KOHUEHTpaTa NnpuMepHo
BABOE JeLleBne OKy(KOBaHHOVI pWJ,HOVI KOMMOHEHTbI, No3TOMY I'IOJ'Iy‘leHHbIVI MOPOLLIOK Xene3a GWJ,GT NpumepHo BABOE JeLlesne fo-
MEHHOr0 YyryHa. Takxe He I'IOTpEGYET(ﬂ TaKoW ANUTeNbHbIN CTanennaBuibHbIi nepegen, KOTOprVI Heobx04uMM ceiluac AnA BbIKUraHNA
NULLIHEro yrnepoaa U3 metanna. B MeTannypruu nepexon ot peaKLwM CKYCKOBbIM CbIpbeM K peakLnam B Nblera3oBoli B3Bec Havanca
NPUMEPHO Ha CTONETIE NO3XKe, YeM B TENNIOTEXHUKE, 1 3TO OTCTaBaHWE NOKa He COKpaLlaeTCA.

KntoueBble cnoBa: joMeHHasA NnaBka, NOPOLLOK, )Keﬂ€30p)I£|HbII7I KOHLIEHTPAT, yronbHadA nbljib, Nbinera3oBas B3BeCb, pereHepatop,
CTanennaBubHbIii nepepen

Recovery of iron ore concentrate powder in the state of dust
and gas suspension

Valery V. Pavlov, Danil V. Gorbachev

Ural State Mining University, Ekaterinburg, Russia

Abstract . The metallization of iron ore concentrate powder in the state of its dust-gas suspension with coal dust in an aggregate of the
blast furnace air heater type is proposed due to the cheap heat of the regenerator. The resulting iron powder can be blown into melts in an
electric furnace or in a converter. Coal dust is 2—6 times cheaper than coke, and concentrate powder is about half the price of the ore com-
ponent, so the resulting iron powder will be about half the price of blast furnace cast iron. Also, you will not need such a long steelmaking
conversion, which is necessary now to burn out excess carbon from the metal. In metallurgy, the transition from reactions with lumpy raw
materials to reactions in a dust-gas suspension began about a century later than in thermal engineering, and this lag is not yet reduced.

Keywords: blast furnace melting, powder, iron ore concentrate, coal dust, dust and gas suspension, regenerator, steelmaking conversion

© MNasnos B.B., lopb6ayes [.B., 2023
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BbiGOp pexuMoB npeasBapuTenbHON TePMUYECKON
00paboTKM BbICOKOMPOYHOM INCTOBOM
XPOMOHUMKENbMONNOAEeHOBaHAAMEBOW CTanu

KoHcTaHTuH AMmutpuesuy UBaHor'; Apkapuii JibBoBu4 MaB3ae', kaHg,. TEXH. HayK;
AnekcaHpgp AnekcangpoBud Maenos?, o-p TEXH. HayK

" AO «HUU cmanu», Mockea, Poccus. E-mail: osb@niistali.ru
2THY oryn «yHUNyepmem um. U.I1. bapouna, Mockea, Poccus. £-mail: pavlovchermet@yandex.ru

AHHoTaLmA. B nponzsoacTBeHHbIx ycnosuax «BMK Kpachbiii OkTAGpb» npoBeaeHa JKcnepumeHTanbHas pabota no Bblbopy pexumos
npeABapuTeNbHOIl ie¢opMaLIMOHHO-TepMIYecKoil 06paboTKu, obecneunBsaloLLieli nonyyeHe MeKo3epHUCTON 0AHOPOAHOI NepaUTHOI
CTPYKTYpbI € FOGYNAPHBIMI M PABHOMEPHO pacnipefienieHHbIMM BbleneHnamI KapouaHoii Gasbl Ha MCTOBbIX MonydabpukaTax U3 Bbl-
cokonpouHoii cpegHeyrnepoguctoi Cr—Ni-Mo—V-ctanu. Ha ocHoBe MeTannorpaduueckoro nccneoBaHuA 1 onpeseneHua TBepaocTu
nonydabpuKatos BblOpaHbl TeXHONOrMUECKIe NapamMeTpbl NIPeABAPUTENbHOI AehOpPMALIMOHHO-TEpPMINYECKOil 06paboTKM, BKNIoualoLLeli
3aKasKy C IPOKATHOro Harpesa, A cepuitHoro NPoU3BOACTBA IUCTOB M3 UCCeayeMOii CTau.

KntoueBble crnoBa: nucToBble noydabpukaTbl, BbICOKONPOYHaA CTallb, NpeaBapuTeNbHaA edopMaLMOHHO-TepMUYecKas 06pa-
60TKa, MUKPOCTPYKTYpa

Selection of vodts of preliminary deformation and heat treatment
of hign-strenth chromium-nikel-molybdenum-vanadium steel

Konstantin D. lvanov', Arkadiy L. Gavze', Aleksander A. Pavlov?

" NIl Stell, Moscow, Russia
2|.P. Bardin TSNIIChermet, Moscow, Russia

Abstract. Experimental work has been carried out in the production conditions of <VKM KO» to select the modes of preliminary de-
formation and heat treatment that ensure the production of a fine-grained, homogeneous pearlite structure with globular and evenly
distributed carbide phase secretions on semi-finished sheet products made of high-strength medium-carbon Cr—Ni—Mo-V steel. Based
on metallographic analysis and determination of the hardness of semi-finished products, the technological parameters of preliminary
deformation and heat treatment, including quenching with rolling heating (TMO) for the serial production of sheets from the steel under
study, were selected.

Keywords: semi-finished sheet products, high-strength steel, pre-deformation and heat treatment. microstructure, hardness
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Cea3b pa3amepHoro ¢pakropa TIMA ¢ noBepXHOCTHbIMU
nedekTamu 6ecLIOBHbIX TPYO

Cepreit Muxaiinosud Kapnos', noueHT, kaHa. TexH. Hayk; Hagexaa OneroBHa
JiueaHoea?; AHaTtonuii Hukonaeen4 HukynuH2, o-p TexH. Hayk

' MITY um. H.3. bBaymaxa, Mockea, Poccus. E-mail: karpovO/@inbox.ru
2QrynyHunyepmem um. U.I. bapouna, Mockea, Poccus. £-mail: iqs12@yandex. ru

AHHoTauwmA. OcyLiecTBNEHO aHANUTIYECKOe MOZIENMPOBAHME N0 YCTAHOBMEHHIO BAUAHUA Pa3MepHOTo $akTopa oyara Aepopmaviun
U ero 0BaNM3aLyy Ha pa3BuTIe CABUTOBbIX CMELLEHNl MeTanna 1 yCnoBuMA 00XaTua 3aroToBOK Npu UX MPOLUMBKE B rUAb3bl HA CTa-
Hax pa3Hbix Tunopasmepos TIA ¢ npuBneyeHnem Teopun Konebauii. PaccmoTpeHbl ponib U 3HaueHue efuHIYHOro obxarua € = 2 %
1 0Banu3aLyn ouara fedopmavui npu NpokaTke 3aroToBOK Ha NPOLLMBHbIX cTaHax TITA. YcTaHoBNeHo, UTo 0Banu3aLma ABNAETCA f10-
MUHAHTHBIM GAKTOPOM HACTPOIKY CTaHa B CO3aHUM OCLUANNPYHLLET0 AeGOPMALIMOHHOTO BO3EICTBIUA Ha 3aT0TOBKY U NHTEHCUUKA-
LM CABMTOBBIX CMELLeHNiA MeTanna, CnocobCTBYIoLLMe PA3BUTUI0 0CEBOTO Pa3pyLLIEHIA MaTepUana 1 NOABNEHMIO BHYTPEHHUX NeH Ha
Tpy6ax. C ysenuueHnem Tunopasmepa TITA, pasmepHoro ¢akTopa oyara Aedopmaiyin 1 Macchl 3aroToBOK BO3pacTaeT MHEPLMOHHOCTD
npovecca NpoLIMBKY, 00yCNOBNMBAILLAA CHUXeEHIE BEPOATHOCTM OCEBOTO Pa3pyLLeHUA 3aroTOBKY 1 COKpALLeHe pa3BUTUA MNeH Ha
BHYTpeHHeil noBepxHOCTU Tpy6. B T0 e BpemaA yBennueHuto pa3mepa 3aroToBOK COMYTCTBYIOT Takile HeraTuBHbIe GakTopbl, Kak CHIKe-
HIe NPOYHOCTHBIX CBOACTB HAPYXKHbIX CNOEB MeTasa, POCT BPeMeHH 1X KOHTAKTa ¢ BaIKaMU U AINHbI KOHTAKTUPYeMOIi C HUMIA NOBEpPX-
HOCTU TUb3bl, yCUNEHMe U3rnba ee MOBEPXHOCTY B MEXBANKOBOM 3a30pe, MPOKATKa KOTOPbIX COMPOBOMX/AETCA PAa3BUTUEM HAPYXKHbIX
LedeKTOB B BUAE NEH Ha NOBEPXHOCTI TPY6.

KntoueBble cnoBa: BIUHTOBaA NpoKaTKa, 0BanN3aLma, ouar edopmauiam, pasmepHblii daktop, TIA, 3aroToBKa, NpoLIMBKa, MNb3a,
MOBEPXHOCTHBIE ledeKTbl, NPOLLUBHOI CTaH, 06XaTne

Relationship of the dimensional factor of the pipe rolling machine with
the surface defects of seamless pipes

Sergey M. Karpov', Nadezhda O. Livanova?, Anatoliy N. Nikulin?

' Bauman Moscow State Technical University, Moscow, Russia
2 |.P. Bardin TSNIIChermet, Moscow, Russia

Abstract. Analytical modeling was carried out to establish the influence of the size factor of the deformation zone and its ovalization on
the development of shear displacements of the metal and the conditions for the reduction of workpieces during their piercing into sleeves
on mills of different sizes of pipe-rolling machines using the theory of vibrations.

The influence and significance of a single reduction &€ = 2 % and ovalization of the deformation zone during billet rolling on piercing mills
of pipe-rolling machines are considered.

It has been established that ovalization is the dominant factor in setting the mill in creating an oscillating deformation effect on the
workpiece and intensifying shear displacements of the metal, which contribute to the development of axial fracture of the material and the
appearance of internal films on the pipes. With an increase in the size of the pipe-rolling machine, the size factor of the deformation zone
and the mass of the workpieces, the inertia of the piercing process increases, causing a decrease in the probability of axial destruction of
the workpiece and a reduction in the development of caps on the inner surface of the pipes.

© Kapnos C.M., JiueaHosa H.O., HukynuH A.H., 2023
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At the same time, an increase in the size of the workpieces is accompanied by such negative factors as a decrease in the strength properties
of the outer layers of the metal, an increase in the time of their contact with the rolls and the length of the sleeve surface in contact with
them, an increase in the bending of its surface in the inter-roll gap, the rolling of which is accompanied by the development of external
defects in the form of films. on the surface of the pipes.

Keywords: screw rolling, ovalization, deformation zone, size factor, pipe-rolling machine, billet, piercing, sleeve, surface defects,
piercing mill, reduction
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PauvoHanbHas cuctema KanmbpoBs AN NPoKaTKn
Xene3HOAOPOXHbIX PesibCOB B YEPHOBbIX MPONYyCKaX B YCJIOBUAX
yHUBepcanbHoro penbco6ano4yHoro craHa AO <EBPA3 3CMK»

Bnapumup BuktopoBud JopodeeB, 4-p TeEXH. Hayk; AHApen Bnagumuposuy
Aoo6paHckuii; Anekceil BanepbeBud MlonoBaTeHKo, KaHz,. TEXH. HAyK; AMUTpui
Sayapposuny MNepByLinH

AO «EBPA3 O6wveduHeHHblIl 3anadHo-Cubupckuli Memasiypaudeckuli KombuHamy, 2. Hosoky3sHeuyk,
Poccus. E-mail: Vladimir.Dorofeev@evraz.com; Andrey.Dobryanskij@evraz.com; Aleksey.Golovatenko@evraz.
com; Dmitry.Pervushin@evraz.com

AHHoTaumA. lpeacTaBneHa pa3paboTaHHas paLnoHanbHasa cuctema KanubpoB AnA NPoKaTKM XKene3HOA0POXKHbIX PENbCOB B UePHO-
BbIX NpoMNycKax B yc10BuAX penbcobanouHoro craHa AQ «EBPA3 3CMK». B coctaB coBpemMeHHOro YHIBEPCanbHOro penibCobanouHoro cra-
Ha, pa3paboTunKoM 1 U3roToBUTENEM KOTOPOFO ABNAETCA HemelKas dupMa «SMS Meer», BXOAAT 1B 00XKUMHbIX PEBEPCUBHBIX KIETH
LYo, HenpepbIBHO-peBepCUBHAA Tpynna KneTeii (CTaH-TaHAEM) U YHUBEPCaNbHaA YNCTOBAA HePEBEPCUBHAA KNETb.

[poeKTHaA (xema MPOKATKM PeNnbcoB B YEPHOBBIX MPONYCKaX yHUBepcanbHoro penbcobanouqoro ctaHa AO «EBPA3 3CMK» Bkniouaet
CUCTeMY YePHOBbIX KanubpoB, COCTOALLYIO U3 TPEX ALLMYHDIX, TPaneLyeBUAHOT0 0CEBOrO OAHOCTOPOHHE 3aKPbITOr0 U TPaneLneBUaHOTo
pebpoBoro nosy3akpbitoro kanubpos. TpanewneBnaHbIi pebpoBOii NONY3aKPbITBIA KanKOp UCKIoUaeT pa3pe3ky CeueHus no NojoLLBe.
B aHHoil cucteme KanubpoB ALLMYHDBIA Kanubp KBajpaTHOrO TUNa, MPeALLECTBYHOLLNI TpaneLmeBAHOMY 0CeBOMY OAHOCTOPOHHE 3a-
KpbITOMy Kanuopy, ABNAETCA ALNYHBIM KANMOPOM, AHULLA PyubeB KOTOPOro BbINOAHAIOT N0 paaMycam OAHOHANPaBAEHHOI KPUBM3HDI.
OnbIT MCMONb30BaHIA MPOEKTHON CUCTEMbI YEPHOBBIX KanuOpOB ANA NPOKATKI PeNbCoB B yC0BUAX penbcobanoyHoro ctaHa AO «EBPA3
3CMK» BbIABIA AR HEAOCTATKOB, OCHOBHbIE U3 KOTOPbIX:

— UCMONb30BaHMe ALLNYHOTO Kanubpa KBaApaTHOTO TUNA, SHULLA PYYbeB KOTOPOTO BbIMOMHAIOTCA MO pajuycaM 0fHOHANPaBAeHHOI
KPUBM3HbI MOKa3asno, YTo NpoKaTKa packata U3 AaHHOro kanubpa B TpanewLneBUEHOM OCEBOM OHOCTOPOHHE 3aKpbIToM Kanubpe He
M03BO/AET MONHOCTHIO 3aMOMHUTL Kannbp o CTOPOHbI ByAyLLeli roNoBKIA M NPUBOAWT K BbICTPOIi BbIPAaBOTKe 3aKpbITOro pyuba Kannbpa
€0 CTOPOHbI ByAyLLeli NofowWwBbI Npoduns;

— MCNONb30BaHKe B CMCTEME YepHOBbIX KanvbpoB TpaneLMeBLHOr0 0CeBOro OAHOCTOPOHHE 3aKPbITOro kanubpa NpUBOANT K 0CEBOMY
CMELLeHI0 BaNKa € 3aKPbITbIM Pyubem 13-3a BO3HUKAILLMX 0CEBbIX YCUAWIA, 4T He M03BONAET NoyyaTb Npoduib packaTa B COOTBET-
CTBUV C 33[1aHHOI reOMeTpKeit B 3TOM U MOCeAyHLLEM N0 X0y NPOKaTKM TpanewneBuaHoM pebpoBom Nony3akpbITom Kanubpax.

31 HepoCTaTKN AecTabunu3mpyioT NpoLecc NpoKaTKi, NPUBOAAT K 06pa30BaHNI0 NOBEPXHOCTHBIX ZedeKTOB B FOTOBbIX peNbcax i Obl-
CTPOMY M3HOCY BaNKOB.

HenocTaTku npoeKTHOl CUCTeMbl UepHOBBIX KaMOPOB ANA NPOKATKM XeNe3HOAOPOXKHbIX PeNibCoB 00yCNOBUAM HEOOXOAUMOCTb YCOBep-
LUEHCTBOBAHMA CMCTEMbI YePHOBbIX KanubpoB, OTAMUMTENbHAA 0C0OEHHOCTb KOTOPOIA: UCMONb30BaHIe B cUCTeMe KanubpoB ALIMYHOMO
kanubpa kBaapaTHOro TNa C AHULLAMM PyyYbeB NPOTUBOHANPABNEHHOI KPUBU3HI, UTO NO3BOANNO GOPMUPOBATL MOBEPXHOCTb KaTaHA
FONIOBKM penbca B TpaneLeBIAHOM 0CeBOM OHOCTOPOHHE 3aKPbITOM Kanubpe 13 BbINyKNOi rpaHu packata. PacTouky TpaneumeBuaHo-
ro 0CeBOr0 0AHOCTOPOHHE 3aKPLITOr0 Kannbpa B 3Toil CucTeMe OCYLLeCTBAAIOT C MpeJBapUTeNbHbIM CABUTOM 3aKPbITOro OTHOCUTENbHO
OTKPBITOTO PyubA Ha BESINUNHY 3a30pa N0 OMOPHBIM KOHYCaM /10 3aXBaTa MeTala Bankamu. BHepeHue ycoBepLIEHCTBOBAHHOI CiCTe-
Mbl KabpoB ANA NPOKATKI PENbCOB B YePHOBBIX MPOMYCKax N03BONMI0 0becneunts npu GopmMou3MeHeHUM MeTana B 3TUX Kanubpax
KauecTBeHHoe 0opMIeHIe reoMeTpIUYeckIX NapameTpoB packaToB B COOTBETCTBUI C KanOPOBKOI BanKoB, yMeHbLUMTb BbIpaboTky
KanubpoB, cTabunu3npoBaTb NPoLecc NPoKaTKm, YBENMUUTb NPOU3BOAUTENLHOCTL (TaHA 3a CYET COKPALLeHNA BPEMEHM Ha HACTPOIKY
npouna, CHU3UTb KONMYECTBO NOBEPXHOCTHDBIX ZiedeKTOB Ha pefbeax.

© Oopodees B.B., JobpsHckuii A.B., fonosateHko A.B., MepeylinH [.3., 2023
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(ymmapHblil 3KkoHOMUYeCKIii 3GdeKT 0T UCNONb30BAHUA PaLIMOHANbHON CUCTEMbI KannbpOB ANA NPOKATKM Xene3HO40POXKHbIX pefb-
COB B YepHOBbIX MPOMYCKax NpU NPOKaTKe ANHHOMEPHbIX XeNe3HOLOPOXHbIX PENbCOB Ha YHUBEPCaNbHOM PeNbC00anouHom CTaHe
AO «EBPA3 3CMK» coctaBun 101 M7 py6.

KntoueBble cnosa: )Kene3HOLl,0pO)KHbll7l penbc, )/HI/IBepcaﬂbeIVI penbcoﬁanounbm (TaH, cuctema Kanm6pos ANA NPOKaTKK PeyibCoB
B YEPHOBbLIX Mponyckax, 00XUMHas peBepcnBHaA KNeTb, (Xema NPOoKaTKKn, TEXHNKO-KOHOMUYECKIE NOKa3aTenn, YepHOoBbIe Kaﬂl/lﬁpbl

Rational gauge system for railway rails rolling in rough passes under
the conditions of universal rail and structural steel mill at <EVRAZ ZSMK>»

Vladimir V. Dorofeev, Andrey V. Dobryanskij, Alexey V. Golovatenko, Dmitry E. Pervushin
JSC «<EVRAZ Consolidated West Siberian Metallurgical Plant», Novokuznetsk, Russia

Abstract. The developed rational system of pass design for rolling of railway rails in roughing passes in the rail and structural steel mill
of EVRAZ Consolidated West Siberian Metallurgical Plant JSC (hereinafter, «<EVRAZ ZSMK» JSC) is presented. The modern universal rail and
structural steel mill, the developer and manufacturer of which is the German company «SMS Meer», includes two reversing breakdown duo
stands, continuous reversing mill group (tandem mill) and a universal non-reversing finishing stand.

The design scheme for rolling of rails in the rough passes of the universal rail and structural steel mill of <EVRAZ ZSMK» JSC, developed by
«SMS Meer» specialists, includes a rough pass system consisting of three box passes, trapezoidal axial one-sidedly closed and trapezoid
vertical semi-closed passes. Trapezoidal vertical semi-closed pass excludes cutting of the section along the rail foot.

In this system of passes, the square pass, preceding the trapezoidal axial unilaterally closed pass, is a box pass, the bottoms of the grooves
of which are made along the radii of unidirectional curvature. The experience of using the design system of rouging pass for rolling of rails
in the rail and structural steel mill of <EVRAZ ZSMK» JSC revealed a variety of disadvantages, the main of which are the following:

— the use of a square-type box pass, the bottoms of the grooves of which are made along the radii of unidirectional curvature, showed
that the rolling of the breakdown bar from this pass in a trapezoid axial unilaterally closed pass does not allow to completely fill the pass
from the side of the future rail head and leads to the rapid galling of a closed groove of the pass from the side of the future rail foot profile;
— the use of a trapezoidal axial one-sided closed pass in the system of rough passes leads to axial displacement of the roll with a closed
groove due to the arising axial forces, which does not allow obtaining the breakdown bar profile in accordance with the specified geometry
in this and subsequent trapezoidal vertical semi-closed passes in the course of rolling.

These disadvantages destabilize the rolling process, lead to the formation of surface defects in the finished rails and rapid wear of the rolls.
The disadvantages of the design system of roughing passes for rolling of railway rails, developed by «SMS Meer» specialists, necessitated the im-
provement of the system of roughing passes, the distinguishing feature of which was: the use of a square-type box pass with bottoms of grooves
of counter-directional curvature in the passes system. This fact gave the possibility to form the rolling surface of the rail head in a trapezoidal
axial unilaterally closed pass from a convex roll edge; the boring of a trapezoidal axial unilaterally closed pass in this system is carried out with a
preliminary shift of the closed relative to the open groove by the amount of the gap along the support cones until the metal is captured by the
rolls.The introduction of an improved system of passes for rolling rails in roughing passes made it possible to ensure, when forming metal in these
calibers, the qualitative design of the geometric parameters of the rolls in accordance with the rolls calibration, to reduce the galling of passes, to
stabilize the rolling process, to increase the productivity of the mill by reducing the time to adjust the profile, to reduce surface defects on the rails.
The total economic effect from the use of a rational system of passes for rolling railway rails in rough passes during the rolling of long rails
on the universal rail and structural steel mill of <kEVRAZ ZSMK» JSC amounted to 101 million rubles.

Keywords: Railway rail, universal rail and structural steel mill, pass system for rolling rails in roughing passes, breakdown reversing
stand, rolling sequence, technical and economic features, roughing passes
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dopmMupoBaHme BHYTPEHHUX HaNPsSHXKeHUI B penibcax
npuv AAUTENbHON 3KcnayaTauuun
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AHHOTauMA. [InA penbcos ABYX KaTeropuii u3 ctanu ¢ cogepatuem yrnepoaa 0,74 macc. % 1 0,91 macc. % [AT350 obero HazHaue-
HuA 1 [IT400/K noBblLweHHOIA 3HOCOCTOMKOCTM 1N KOHTAKTHO BbIHOCAMBOCTM NOCAE NPONYLLEHHOro ToHHaxa 1770 M T (ana T350)
1 187 mnu 1 ITA00UK (1) n 234 mnn T ITA00MK (2) onpegieneH ypoBeHb MUKPOCKOMMYECKMX BHYTPEHHUX AaNbHOAEACTBYIOLLNX NoNeit
HanpsxeHuil 0, Ha NOBEPXHOCTI KaTaHuA 1 paboyei BbIkpyXKe. BbiABeHo yBenuueHie yposHa a, B penbcax [IT4001K no cpasHermio ¢
penbcamu kateropuy [iT350. Poct nponywienHoro TonHaxa ang penbcos kareropun ITA00UK npuBogwT K pocty 6,, Nput 3T0M 3HaueHua
BHYTPEHHWX HaNpAXeHWil Ha NOBEPXHOCTY BbIKPYXKKM MPEBBILLAIOT COOTBETCTBYHLLME 3HAYEHMA HA MOBEPXHOCTY KaTaHuA. PaccMoTpeHbl
du3nyeckine NpuunHbI HabMAAEMbIX N3MEHEHMNIA.

KnioueBble cnosa: BHYTPEHHNE nonA Hal'lpﬂ)KeHl/IVl, 136bITOYHAA MAOTHOCTb ANCIOKALWA, NOBEPXHOCTb, PeJibCbl, SNEKTPOHHaA
MUKpockonua

Formation of internal stresses in rails during long-term operation

Natalya A. Popova', Viktor E. Gromov?, Yury F. lvanov®, Mikhail A. Porfiriev?,
Elena L. Nikonenko', Roman E. Kryukov?, Vitaly V. Shlyarov?

' Tomsk State University of Architecture and Building, Tomsk, Russia
2 Siberian State Industrial University, Novokuznetsk, Russia
3 Institute of High Current Electronics Siberian Branch of RAS, Tomsk, Russia

Abstract. For rails of two categories made of steel with a carbon content of 0.74 wt. % and 0.91 wt. %: the first of general purpose DT350
and the second — DT400IK of increased wear resistance and contact endurance after the passed tonnage of 1770 million tons (for DT350)
and 187 million tons of DT400IK (1) and 234 million tons of DT400IK (2) the level of microscopic internal long-range stress fields o, on the
surface was determined onthe tread surfaceand working fillet. An increase in the level of g, for DT400IK rails in comparison with rails of the
DT350 category was revealed. The growth of the passed tonnage for rails of category DT400IK leads to an increase in g,, while the values
of internal stresses on the fillet surface exceed the corresponding values on the tread surface. The physical causes of the observed changes
are discussed.

Keywords: internal stress fields, excess dislocation density, surface, rails, electron microscopy
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Mccnenoaauue BJINAHUA pacxucneuuﬂ LJiakKa Ha con,ep)KaHue
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3 Xumuyeckuii gpakynomem MIY um. M.B. JlomoHocosa, Mockea, Poccus. E-mail: kbkalmykov@mail.ru;
naarutyunyan@gmail.com; dunaev@general.chem.msu.ru

AHHOTaL KA. Ha npobax MeTanna, 0TodpaHHbIX 0T 4 napTuii ropsueKataHoro 1 13 napTuii XoNoAHOKaTaHOro HarapToBaHHOTO NPOKaTa,
NPOM3BEAEHHbIX 13 CBepXHU3KOYTNepoancToi ctann 01T cepun ueTbipex nnaBok BbINOAHEHO CCe0BAHMIE COAEPXaHNSA U COCTaBa
MPUCYTCTBYIOLMX HEMETANNUecKIX BKtouerwii, HB. lpu npoBefeH cepum NNaBOK UCNOAb30BaM NpUeM packincieHna n mopudu-
LMPOBaHIA COCTaBa MOKPOBHOO LUJaKa CTanepasfinBoYHOr0 KOBLUA MyTeM NPUCaaky anoMiHiA. Ha ocHoBe MotyueHHbIX pe3ynbTatos
MOATBEPX/EHA KNloyeBas poib MOKPOBHOTO LLaKa CTaNiepa3NBOYHOIO KOBLUA B 06ecrieueH BbICOKOi uncToThl cTanm no HB u npep-
YNpEeXAeHNI BO3HUKHOBEHIA OTCOPTUPOBKY MO JledeKTam NOBEPXHOCTY MpoKaTa.

KnioueBble cnosa: C(BEPXHU3KOYTNEPOAUCTbIE [F-cTanu, MPOKaTt, HeMETaNNNYeCKne BKIYEHNUA, PaCKNCNEHNE, I'IOKpOBHbII?I Llinak,
}le(l)eKTbl, (TanenyiaBunbHaA TEXHONOIA NPON3BOACTBA

Investigation of the effect of slag deoxidation on the content
of non-metallic inclusions in ultra-lowcarbon steel 01YuT

Alexey I. Dagman’, Alexander |l. Zaitsev?, Konstantin B. Kalmykov?, Nataliya A. Arutiyniyn?3,
Sergey F. Dunaev?®

' Novolipetsk Steel PJSC, Lipetsk, Russia
2|.P. Bardin TsNIIChermet, Moscow, Russia
3 Faculty of Chemistry, Lomonosov Moscow State University, Moscow, Russia

Abstract. On metal samples taken from 4 batches of hot-rolled and 13 batches of cold-rolled hard-worked steel produced from ultra-
lowcarbon steel 01YUT of a series of four heats, a study was made of the content and composition of non-metallic inclusions present, NI.
When carrying out a series of heats, the method of deoxidation and modification of the composition of the steel-pouring ladle cover slag by
adding aluminum was used. On the basis of the results obtained, the key role of steel-pouring ladle cover slag in ensuring high steel purity
in terms of NI and preventing the occurrence of sorting on rolled surface defects was confirmed.

Keywords: ultra-lowcarbon IF-steels, rolling, non-metallic inclusions, deoxidation, cover slag, defects, steelmaking technology
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UccnepoBaHue KOPPO3MOHHON CTOMKOCTU XONIOAHOKATaHbIX
HU3KOYINepoaucTbiX cTanen 6e3 MuKponerupylowmx no6asok

UpuHa MaepunoeHa PoanoHoBa', a-p TexH. Hayk; AHapei Bnagumuposny AMexHoB',
kaHA. TexH. Hayk; UpuHa AnekceeBHa BaceukuHa'-2; EneHa MUBaHoBHa 3apkoBa’,
KaHA. TexH. Hayk; AnekcaHuap Bnagumuposuy MNpuwmni'; Aptem AupgpeeBuy Manwes’;
KoHcTaHTuH AnekcaHgposud Bykos'

' «JenmpansHbIl HAy4YHO-UCC/IE008AaMeEsbCKULI UHCMUMYMm YepHoU Memasiiypauu um.
W.M. BapouHa», Mockea, Poccus. E-mail: igrodi@mail.ru, amejnov@mail.ru, zarkova_eibs@mail.ru,
grishinav87@gmail.com, a.a.papshev@gmail.com, bukov.kostya@gmail.com

2 HayuoHanoeHell ucciedosamesnbckuli mexHosnozuyeckuli yHusepcumem «MUCuC», Mockea,
Poccus. E-mail:iavasechkina@mail.ru

AHHOTaLmA. lTpoBefieH aHanu3 BO3MOXHOCTM ONTUMMU3aLMK TexHonoru npou3BoacTBa B yanouaAx MAO «MMK»xonogHokataHoro
MpOKaTa U3 HU3KOYTNEPOANCTBIX CTaneii 6e3 MUKponernpyrLymx 206aBoK, ANA NOBbILLEHUA CTORKOCTI NPOTUB aTMOCHEPHOIA KOPPO3UK.
lToka3aHo, UTo 13 NapaMeTPOB XUMUUYECKOTO COCTaBa Haubonee CUNbHO 0TPULLATENbHOE BAMAHME HA KOPPO3UOHHYIO CTOMKOCTb OKA3bl-
BaeT aloMUHWIA, NONOXUTENbHOE BAMAHIE 0Ka3bIBAIOT HUKENb 11 Mefib.

/13 napameTpoB TeXHONOTMM NPOKATHOrO Nepe/ieNa XoN0AHOKATaHOro MPOKaTa, NOZBEPraeMoro OTXNTY B arperatax HenpepbiBHOrO feli-
(TBMA, HanbosbLUee BAUAHME HA KOPPO3MOHHYIO CTOKOCTb CTAN 0Ka3blIBAKOT NapaMeTpbl, ONpeAenaioLMe CTPYKTYPHYI0 OAHOPOAHOCTb
XOJI0AHOKATaHOr0 NpoKaTa Nocye OTXKNra, CTeneHb NPOTEKAHUA PEKPUCTANN3ALMOHHbIX MPOLIECCOB. bl caenaHbl COOTBETCTBYHLLNE
peKoMeHAaLm, KacaloLyeca noBblLLEeHNA TemnepaTypbl KoHUa npokatki (2o 880 °Cn 6onee) n omxura (go 820 °Cwm bonee), cHkeHne
CKOPOCTY ABUEHWA MONOCHI B arperaTe HenpepbIBHOT0 0TXMra (40 120 M/MUH 1 MeHee). YCTaHOBAEHO, YTO MCMONb30BaHMe yKa3aH-
HbIX PEKOMEHZALMIA MOXET NPUBOAUTD K Boee MONHOMY NPOTEKAHUK PEKPUCTANAN3ALMOHHBIX NPOLIECCOB 1, TEM CaMbIM, NOBbILIATD
KOPPO3MOHHY CTOIKOCTb cTanu. [lokazaHo, uTo TemnepaTypHbIil MHTEPBA NepecTapuBaHuA NpH STOM XeaTeslbHo NOAAEPKMBATD Ha
ypoBHe 410320 °C.

KntoueBble cnosa: KOPPO31OHHaA CTOKOCTb, X0NOAHOKATaHbIil npokar, HEI'IpeprBHbIVI OTXKWT, aBTONUCTOBbIE CTanK, HU3KOYTepo-
[NCTadA CTafb, TEXHONOrnyeckie napameTpbl, CTaTUCTUYECKMIA aHAN3, pa3mep 3epHa, MUKPOCTPYKTYpa

Investigation of corrosion resistance of cold-rolled low-carbon steels
without micro-alloying additives

Irina G. Rodionova', Andrey V. Amezhnov', Irina A. Vasechkina'2, Elena |. Zarkova', Alek-
sander V. Grishin', Artem A. Papshev', Konstantin A. Bukov'

' Bardin Central Research Institute of Ferrous Metallurgy, Moscow. Russia
2 National University of Science and Technology MISIS, Moscow. Russia

Abstract. The analysis of the possibility, in the conditions of PJSC MMK,of optimizing the technology of production of cold-rolled products
from low-carbon steels without micro-alloying additives, to increase resistance against atmospheric corrosion. It is shown that of the chemi-
cal composition parameters, aluminum has the strongest negative effect on corrosion resistance, nickel and copper have a positive effect.

0f the parameters of the technology of rolling conversion of a cold-rolled process subjected to annealing in continuous units, the param-
eters determining the structural uniformity of cold-rolled products after annealing, the degree of recrystallization processes have the great-

© PoauoHoBa W.I., AmexHoB A.B., BaceuknHa V.A., 3apkosa E.J1., MpuwinH A.B., Manwes A.A., Bykos K.A., 2023
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PoouoHosa W.I., AmexHos A.B. u Op. ViccnedosaHue Koppo3uoHHOU CMOUKOCMU X0/100HOKAMAHBIX...

estimpact on the corrosion resistance of steel. Appropriate recommendations were made regarding the increase in the temperature of the
end of rolling (up to 880 °Cand more) and annealing (up to 820 °Cand more), reducing the speed of the strip in the continuous annealing
line (up to 120 m/min and less). It is established that the use of these recommendations can lead to a more complete course of recrystal-
lization processes and, thereby, increase the corrosion resistance of steel. It is also shown that it is desirable to maintain the temperature
range of overcooking at the level of 410—-320 °C.

Keywords: corrosion resistance, cold-rolled steel, continuous annealing, auto-sheet steels, low-carbon steel, technological parameters,
statistical analysis, grain size, microstructure
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Ti—Cr—Cu aneKkTponckpoBbie NOKpbITUS Ha cTtanu CT3

AnexkcaHgp AHaTonbeBu4 Bypkoe'; Banepus OneroeHa Kpytukosa?; AnekcaHgpa
IOpbeBHa Bbinypa'; Bnagumup Kanuepoeuu Xe'

' Xabapoesckuti ®edepanbHeili ucciedosamensckuti yeHmp JBOPAH, 2. Xabaposck, Poccus.
E-mail: burkovalex@mail.ru, alex_btsr@mail.ru, khe@ngs.ru

2 MIHcmumym mekmoHuKu u 2zeogpusuku um. F0.A. KocvizuHa []BO PAH, 2. Xabapoesck, Poccus.
E-mail: nm32697@gmail.com

AHHOTaumA. Bnepsble 6binu npurotonebl Ti—Cr—Cu NOKPbITUA METOAOM 3NEKTPOUCKPOBOTO NErUPOBAHIUA HENOKaNM30BaHHbIM
aHOZOM, COCTOALLMM M3 CMeC MEHDIX 1 TUTAHOBbIX FPaHyN ¢ MOMAPHBIM COOTHOLLEHMEM 3:2 CO CMeCbIio NOPOLUKOB TUTaHa U Xpoma B
cootHoweHuax Ti:Cr 1:(4—1). Mpumenerne Ti—Cr—Cu NoKpbITUI NO3BONAET CHU3UTL CKOPOCTb aTMOCHEpHOI Koppo3un ctanu (13 ot 22
10 65 %. Inektpounckposble Ti—Cr—Cu NOKpbITUA NO3BOAAIOT NOBbICUTH XKapocToiikocTb cTanu (13 B 2,4-5 pa3 npu Temnepatype 700 °C
n 8 1,3-1,6 pasa npn 900 °C. Ocaxaenue Ti—Cr—Cu NoKpbITI NO NPeAN0oKEHHON METOAMKe MO3BONAET CHU3UTL KOIGULIMEHT TPeHUA
cranu (13 Ha 632 %. pumenerue Ti—Cr—Cu NoKpbITHiA N03BONAET NOBBICTL M3HOCOCTOIMKOCTb NoBepxHocTI cTanu (13 B 1,6—4,2 pasa.
Bce komnozuumn Ti—Cr—Cu noKpbITHiA NPoABKAN aHTUOAKTEPUANbHYI0 aKTUBHOCTb K KynbType HenatoreHHoli Escherichia coli.

KnioueBble crnosa: 3JIEKTPOUCKPOBOE JIernpoBaHue, Ti-Cr—Cu MOKPbITWE, HIU3KOYrNepoancTas Ctanb, aHTVIﬁaKTEplllaJ'IbHaH aKTB-
HOCTb, )KapO(TOVIKO(Tb, N3HOC

Ti-Cr—Cu electrospark coatings on steel St3
Aleksandr A. Burkov', Valeriya O. Krutikova?, Aleksandr Yu. Bytsura', Vladimir K. Khe'

" Khabarovsk Federal Research Center FEB RAS, Khabarovsk, Russia
2 Yu.A. Kosygin Institute of Tectonics and Geophysics of FEB RAS, Khabarovsk, Russia

Abstract. For the first time, Ti-Cr—Cu coatings were prepared by electrospark deposition with a non-localized anode. A mixture of
copper and titanium granules with 3:2 molar ratio with a mixture of titanium and chromium powders in ratios of 1:(4—1) was used as
anode.Ti—Cr—Cu coatings reduce the rate of atmospheric corrosion steel St3 from 22 to 65%. Ti—Cr—Cu electrospark coatings increase the
oxidation resistance of steel St3 for 2.4—5 times at 700 °C and 1.3—1.6 times at 900 °C. According to the proposed method the Ti—Cr—Cu
coatings reduce the coefficient of friction of steel St3 by 6-32 % and increase the surface wear resistance 1,6—4,2 times. All compositions
of Ti—Cr—Cu coatings showed antibacterial activity against a culture of nonpathogenic Escherichia coli.

Keywords: electrospark deposition, Ti-Cr-Cu coatings, lowcarbon steel, antibacterial activity, oxidation resistance, wear

© bypkoB A.A., KpyTtukoa B.O., Beinypa A.1O., Xe B.K, 2023
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POCCUICKASA HAYKA
MPOAO/IMKAET
PA3BMTUE

8 peBpans B [leHb poccninckoil HayKu
reHepanbHblit gupektop LLHUyepmer

um. WM. bapauna B.B. CemeHoB BcTpetunca
cnpepcTaBuTenamu GpepepanbHbIx

u orpacnesbix CMU. Bcrpeua 6bina
NocBALLEHAa MHKMHUPUHTOBbIM NPOEKTaM
N0 MMNOPTO3aMeLLEeHUI0 B 0TPaCK,

HOBbIM pa3pa6oTkam Ana metannypruu

1 CME@XXHbIX 0TPacneil NPOMBbILLIEHHOCTH
(TAXKenoe malMHOCTPOEHME, aBTONPOM,
Kene3HoA0pPOXKHbIN TPAHCNOPT,
NpPOU3BOACTBO CeNbCKOX03AICTBEHHOIA
TEXHUKU U T.J3.), npobnemam u
nepcnekTUBam pa3BUTUA MeTaypruyeckon
NPOMbILLUNEHHOCTH.

OmkKpsimue YumasneHo20 3a1a Hay‘{HO-meXHU‘JecKOﬂ 6ubnuomeku

Ha BcTpeue reHepanbHbiii aupexTop MHL
«lIH/Wuepmet um. W.11. bapauna» B.B. CemeHoB
1 ero coBeTHUK, akagemuk PAH J1.11. JleoHTbeB, 0TBeuas Ha BOMPOCHI XXyPHANNCTOB 0 NEPCMEKTUBAX Pa3BUTUA METANYPriAYecKol
MPOMBILLIIEHHOCTH, PaCcCKa3any 0 peanu3aLiiv MHXUHUPUHTOBbIX NPOEKTOB /IHCTUTYTa Mo MMNOPTO3aMeLLeHI0 B OTPACN U HOBbIX
pazpaboTkax AnA MeTanayprun 1 CMeXHbIX 0Tpacieil NPOMbILLIEHHOCTH.

PykoBogutenb Nuctutyta otmeTun, uto LHUWuepmet um. 1.1, bapauHa akTUBHO pa3BMBaeT COTPYAHIYECTBO C BEAYLMMIA
0TeYeCTBEHHbIMY NPeaAnpPUATAAMY YepHOIA MeTanyprian no obecneyeHInto X NOTPe6HOCTell B HayKoeMKIX TEXHONOTUAX,
pa3paboTke HOBbIX BUA0B MeTannypruyeckoil NpoayKLum 1 COBpeMeHHbIX MaTepuanos. OH MofYepKHYN, uTo B yCNOBIAX YX0Aa
C POCCUICKOTO pbIHKA 3anajiHblX NPON3BOANTENeN 11 NOCTaBLYMKOB 000PY[OBAHMA 1 TEXHONOTUIl 0TEUECTBEHHAA OTpaC/eBas Hayka
MpOJ0/MKAeT Pa3BUBATLCA, OHA CMOCOOHA peLlaTh CNOXHbIE 3aiaul, CTOALLME NePef 0TPACNbH, B T.U. N0 MHXUHUPUHTY.

Mpou3BoaunTL MMNOPTO3ameLLatoLLee 060pYA0BaHNME NNAHUPYETCA HA POCCUACKUX MALUMHOCTPOUTENbHBIX 3aBOAAX 1
MeTannypriyeckunx kombuHartax. B oteuectBeHHol MeTanayprim 40CTaTouHOE Pa3BUTIE NOAYYUIN PEMOHTHbIE NOApa3aeneHus,
PAZ 13 HIAX MO CYTU CTaN MALLHOCTPOUTENbHBIMU NPEANPUATUAMI, B KOTOPbIX pabOTaIOT M0 HECKONKO ThICAY YesoBek.
LIHWWyepmeT npefnaraet pa3BuBaTth 31 NOAPa3AENeHNA C UCMONb30BaHIEM CBOUX MHXIHUPUHIOBbIX peLueHnid. [ipalisepom
TaKoro pa3BUTIAA MOXET CTaTb HayuHO-WHXMHUPUHTOBBIN LEHTP, KOTOpbIil paboTaeT ¢ 2019 rofa Kak CTPyKTypHoe noapasfeneHue
UHCTUTYTa 1 pa3pabaTbiBaeT TEXHONOrMYecKue NpoLecchl MeTannypruyeckoro npoM3BOACTBA 1 KOHCTPYKLMN KOMMEKTHBIX
MaLUKH. Ha ero cuety yxe paf ycnewuHo peani3oBaHHbIX NPOEKTOB ANA 0TeUeCTBEHHDIX U 3apyOeXHbIX 3aKa3uMKOoB.

B.B. CemeH0B 0TMeTIN, UTO 3HAUNTENbHAA YACTb NEPCMIEKTUBHBIX NNAHOB Pa3BUTUA MeTannypruv oTpaxeHa B (rpaterun
Pa3BUTMA MeTanNypriyeckoii npombiwuaeHHocTh 4o 2030 r., paspabotanHoit Muxnpomtoprom npu yuactim THL «LHUuepmet
um. I.11. bapauHay.



UH®OPMALNA

B aneape amozo 200a compyonuxu ILlenmpa
cmaneti 015 MpPy6 U CBAPHLIX KOHCMPYKUULL U
konnexkmug L[HUWuepmem um. V.II. Bapouna
no3opasunu 0oKmopa mexHu4ecKux Hayx, npo-
¢eccopa Bnaoumupa Huxonaesuua 3ukeesa c
wbuneiinoimu damamu - 90-memuem co OHA
poxcoenus u 60-nemuem pabomot 6 THL] ®I'VIT
«[THUHuepmem um. U.II. Bapouna».

Brapumup HukonaeBnd AABnseTCA cTapeiinm-
HOI1 He To7bKO LleHTpa cTaseil 1y1s Tpy6 ¥ CBapHBIX
KoHCTpyKumit, Ho u Bcero I'HII «THMMuepmer
vM. VLII. bapguHa», XpaHUTENEeM €ro Hay4YHbIX
TpafuLMil B 06/1aCTY METa/UIOBEEeHUA U TePMO-
00pabOTKM KOHCTPYKIVIOHHBIX CTaJIEiA.

Ha nporsxennn MHorux et B.H. 3ukees
pelran camble C/IOXKHbIE MeTa/lIOBEYecKye 3a-
mauy. Bmapumup HuxomaeBud - IOCTONHBIN
npopo/mkarens usen csoero yumrensa AL Iy-
7sieBa O IOC/IeOBATEIbHOCTY TPEX «C» B MeTaJl-
JIOBE[IEeHNN: «COCTAB — CTPYKTypa — CBOJICTBa»,
IpUMEHssT 3TOT 0e30IIMOOYHBI IOAXOR IpK
CO3JaHMI HOBBIX CTaJIen.

Bpicoknii ypoBeHb TeOpeTMYecKUX 3Ha-
Huii nosponun B.H. 3uxeeBy BHecTu 3Haum-
Te/IbHBIN BK/IaJ, B PasBUTHE IPOU3BOJICTBA
Ka4eCTBEHHBIX U BBICOKO3()PeKTUBHBIX BUIOB
MaTepuajoB A1 MHOTUX MEeTa//IONOTPeOIso-
IIYX OTpacieil MPOMBIIIIEHHOCTY, TAKUX KaK
MAaIlMHOCTPOCHNE, SHEPreTUKa, CTPOUTE/Ib-
CTBO, TPAHCIIOPTHBIE CUCTEMBI U, OCOOEHHO,

FO6uneu

MaTpuoT poauHbI U HaYKK

Bnapumupy Hukonaesnyy 3UKEEBY -

90 neT!

MaTepuajoB A LOObIYU U TPAHCIOPTUPOBKA
HeTenpoaykroB. Ero MO>XHO cumMTaTh OCHO-
BOIIOJIOXKHMKOM CO3/IaHMSA Y IIPOMBILIIEHHOI'O
ocBoeHMA KpmoreHHbIX crtaneit B CCCP, Tak
HeoOXoxMMBIX ceifdyac cTpaHe. B.H. 3ukeeBpiM
pa3paboTaHbl IlepBble OTEYeCTBEHHbIE CTa-
MM O TPAHCIOPTUMPOBKM CXKVDKEHHOTO Tasa
0H5-0H9.

B.H. 3ukeeB - oOMH U3 OCHOBHBIX paspa-
0OTYMKOB KOHIIIIINM HAYYHOTO VM TEXHOJIOTM-
4eCKOro 00OCHOBaHMSA IPOM3BOACTBA CTaJeil C
BBICOKUM YPOBHEM COIpPOTHUBIEHUA XPYIKOMY
paspylIeHNnio, KOPPO3MOHHOMY pacTpecKMBa-
HUIO TIOJl HallpsDKEHNEM B Cpefle CepOBOIOpofa
U TIpOKaTa C BBICOKMM YPOBHEM IIPOYHOCTH I
xmagocrorikoctu. Ero paspabotkm (Hampumep,
cranb 20}0Y) BiepBble ObUIN MICIIONb30BAHBI /IS
CO3JJaHMSI CEPOBOOPOMIOCTOMKIUX Ta30BbIX TPY-
6onpoBopHbIX cucteM OpeHOyprckoro u Actpa-
XaHCKOTO MECTOPOXK/IEHUIL.

B uncno HeCOMHEHHBIX [JOCTVKEHMIT yUeHO-
TO BXOAMT He TOIbKO pas3paboTKa, HO ¥ IIPOMBILI-
JIEHHOE OCBOEHME BBICOKO3((HEKTUBHBIX MapOK
CTajM, IPOM3BOJCTBO KOTOPBIX BHEIPEHO Ha Me-
tTajutyprudecknx kombunarax (MMK, O9MK,
A3zoBcranp u fp.) u TpyOHbIX 3aBopax (CuuT3,
BT3, UYTII3 u mp.).

bnaropapa mayyneim usbickanuaM B.H. 3u-
KeeBa OBUIM Pa3pabOTaHbI U IO CUX TIOP UCIIOTb-
3yI0TCA IleMEeHTyeMble CTaay Jyid JBUTaTesnei
aBTOMOOWMIIEN OOJIBIION TPY30HOABEMHOCTH, Iy-
ceHM4HbIX MaumyH Ansa Kpaithero CeBepa u Bo-
€HHOJ TeXHUKMU.

ITpo¢. B.H. 3ukeeBbIM cO37aHO U BHeApe-
HO 6osee 50 KOMIIOSULIMII HOBBIX CTaJell, IO-
nydeHo 6omee 40 MaTEHTOB ¥ aBTOPCKUX CBU-
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t06uneu

IleTeNIbCTB Ha M300peTeHNue ¥ OmyOIMKOBAaHO
6onmee 200 Hay4YHBIX TPYHOB, B TOM YNUCIIEe [IBE
MoHorpadum.

Bnagumup HukomaeBnd 3uKeeB BOCHUTA
He OJJHO ITOKOJIEHME YYEHBIX, KOTOPbI€ YCIEeLIHO
IIPOJIO/DKAIOT Hay4YHYIo pabory. V ceituac Bragm-
Mup HuxomaeBud mpogomxaer BenuTbCsa CBOU-
MI 3HAHUAMY C MOJTIOIBIMYU COTPYLHUKAMM, /I
KOTOPBIX €I'0 OTPOMHBI OIIBIT OeCIIeHeH.

3aMeyaTelIbHOE YYBCTBO IOMOpa, IpeKpac-
HBIV IIeBYECKUI TOIOC U MO3UTUBHOE, MOJIOJ0e
OTHOIIIeHNe K >XM3HMU JieftaeT Bragumupa Huxo-

jaeBMya fymoi kommanuu. [Ipu sTom emy npu-
CYIM BHUMATENIbHOCTD U JOOPOTA, OTKPHITOCTD
U VUCKPEHHOCTb, IMy0OKMe 3HaHUSA, IIMPOKas
IPYAMILINA, He3ayPAMHBIA yM, JOOPOCOBECTHOCTD
U NIPVHLUINAIBHOCTD B paboTe, YTO BBI3bIBAET
yBaKeHMe U TI000Bb JIIOfiell, paboTaommx ps-
TIOM C HUM.

[TpuHAB pellleHMe 3aKOHYNUTD TPYAIOBYIO Jes-
TenbHOCTD, Tpod. B.H. 3ukees ocraercs upeitHo
B komnektuse HITKC — ero Hay4YHBIM KOHCY/Ib-
tantoM, wieHoM HTC wu pguccepTanoHHOTO
" Y4eHOro coBeTa.

Konnexmue u pyxosoocmeo I'HL] «IIHUHNuepmem um. WU.II. bapouna» eéviparcaem zmy6o-
Koe yeaxceHue 106UnApy 3a n1000MeoPHDbLl, caMOOmeEepHeHHbLil mpyd, ABAIOUUIICA npumepom

071 Y4eHbIX PA3HLIX NOKOeHUlL!

[POBJIEMbI YEPHOV METAJIZTYPI N VI MATEPUAJIOBELIEHNS « Ne 1+ 2023 107



5 mapra 2023 r. ucrnonHunIoch 60 et mpod.
Anexcero bopucosnay KopocreneBy — KpymnHo-
My Y4€HOMY, IIefJarory, OpTaHN3aTOPy Hay4HOII
IesATeNbHOCTY, M3BECTHOMY CIIELIMAINCTY B 00-
JIACTY MaTepManoBefieHNA M TePMIYeCKol 06pa-
OOTKM MeTaJI/IOB.

B 1986 1. BeimycKHUK MOCKOBCKOTO MHCTU-
TyTa cramu u cinaBoB A.B. Kopocrenes Havan
TPYHOBYIO IEATENIbHOCTD C HO/DKHOCTY MHXXEHe-
pa oTnena MaTepuanoBefieHus B HayuHo-umccre-
TOBATENbCKOM ¥ KOHCTPYKTOPCKOM MHCTUTYTE
9HEPTOTEXHUKH, Ifie 3aTeM paboTal B JO/DKHO-
CTM CTapLIEro HAyYHOTro COTpymHMKa. B 1998 r.
A.b. KopocreneB 6bUT mepeBefieH B LeHTPaslb-
HbIII anmapaT Munucrepctsa PO no aromHoit
SHEPIUM Ha PYKOBOJAILME JOJDKHOCTY — Ha4asIb-
HUKa OTJe/Ia ¥ Hauya/IbHMKA YIIPaB/IeHN.

B 2004-2007 rr. m 2013-2015 rr. Anekceil
bopucosnu Kopocrenes npogo/mkul Hay4HYIO
TeATebHOCTb: CHadyaja B NO/DKHOCTU 3aMe-
CTUTENA TeHepATbHOIO JUPEKTOpa 110 HAyIHOI!
pabore OI'VIT «Mucturyr 'MHIBETMET»,
a B 2007 r. oH 6b11 M36paH peKTOpoM MOCKOB-
CKOT'O TOCYJapCTBEHHOI'O BeYepHEro MeTasl-
nyprudeckoro uacturyra. C 2015 r. A.B. Ko-
pocteneB paboTaeT HAYaIbHMKOM OTHeNA
MaTepuanoBefieHusa B HaydHo-uccnenoBarennb-
CKOM ¥ KOHCTPYKTOPCKOM MHCTUTYTE 3HEPIo-
texuuku um. H.A. onnexars.

A.b. KopocTtenes B 1993 . 3samuTu KaHAK-
JATCKYIO guccepranuio, a B 2000 I. — JOKTOPCKYIO
puccepranuio, B 2001 r. eMy IpUCBOEHO 3BaHMeE
npodeccopa mo kadeape MerannoseneHne
U TepMmdecKas 06paboTKa MeTasIIoB.

Anexkceto bopucosnuyy KOPOCTEJIEBY —

60 net

Arnexceit bopucosua KopocreneB — BbICOKO-
KBaIMPUIMPOBAHHBIN CIIELMANMUCT B 00MaCTU
peakTopHOro MarepuanosefeHnsa. C Havama
CBOEII HAyYHO-IIEarOTNYeCKOl AesTeIbHOCTU B
HVIKINSTe on nmpoBoput paboThl O BBIOOPY U
000CHOBaHNIO PabOTOCIOCOOHOCTU KOHCTPYK-
IIVIOHHBIX MaTepMaIoB SAfIePHbIX YCTAHOBOK, pas-
pabaTbiBaeMbIX B VIHCTUTYTe, BBIOOPY PEXXIMOB
TePMUYECKOIl 06pabOTKY, MOATOTOBKY OTYETOB
¢ 060CHOBaHMEM IIPUMEHEHVSI HOBBIX KOHCTPYK-
IIIOHHBIX Marepuanos. 110 ero pyKoBOACTBOM
IIPOBeJIeHbl MaTepyaToBefuecKue MCCIefoOBaHmA
IPUYYH BBIXOJA 13 CTPOA OT/Ie/IbHBIX AeTasei 1
y3/I0B aTOMHBIX cTaHIuI, B 4actHocTy JIADC,
CA3C, KASC u fip., 4TO 03BOIU/IO OBLICUTD
6e3omacHOCTb akcmryaranuy A9C ¢ peakTopa-
mu PEMK.

OcCHOBHbIe HalpaBIeHNMs HAYYHO-IPAKTH-
YeCKOIl IeATe/IbHOCTY JI-pa TeXH. HayK, mpodec-
copa A.B. KopocreneBa — paboTOCocoOHOCTD
KOHCTPYKIIMOHHBIX MaTepyajoB, TepMuUdecKas
00paboTKa CIO>KHOIETMPOBAHHBIX CIUIABOB, HO-
BbIe IlepeIIaBHble mporecchl. OH aBTOp HOBOTO
HAay4YHOTO HallpaBJIeHMs — MCIO/Ib30BaHNe TIepe-
IUIaBHBIX IIPOLIECCOB ¥ JINTBIX MAaTePUAsIOB B y3-
JIaX ¥ 97IeMeHTaX KOHCTPYKIMIl, paboTaroIux B
HEIIOCPeCTBEHHOI 671M30CTH OT aKTUBHOI 30HBI
peakTopa, pe3yabTaThl PabOThl peann3oBaHbl B
TeXHMYECKNX IPOEKTaX KOCMMYECKVX A/iePHbIX
SHEPrOJIBUTATEIbHBIX YCTAaHOBOK M TepMOsJiep-
HOM peakTope ITOP.

A.b. KopocreneB ycnemHo peman 3afadn
[0 OIpeNe/IeHNI0 MeTa/UTyprMueckoro Kade-
CTBAa MeTAJUIONPORYKINU SKCIIPeCCc-MeTOAMN,
VIMMOOWIM3alell pajyioaKTUBHBIX OTXOHOB B
MMHepanonofj00Hble MaTPUIIbL, 3aHUMAJICS pas-
paboTKOII HOBBIX MaTepUajoB C YHUKaJIbHBIM
Co4YeTaHMeM CBOJICTB, IMpoOIeMaMyl PeLVKINH-
ra, IepepabOTKM OTXOJOB, a/TbT€PHATUBHO
sHepreTuku. B 2013-2014 rr. ABIAICA HayYHBIM
PYKOBOZIUTE/IEM ¥ OTBETCTBEHHBIM MCIIOTHUTE-
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t06uneu

7eM paboT IO JIMKBUAALUY «PafiOaKTUBHOTO
Hacregusi CCCP» — paspaboTke TeXHOMOIMM
nepepaboTKM KpacHOY(PUMCKOTOMOHAI[ITOBOTO
KOHIIEHTPATa, YCIIEIIHO BHEIPEHHOIO Ha IIpel-
npuATuax Pocrexa.

A.b. Kopocrenes BHeC 3HauUMTe/IbHBIN BKIAJ
B IHHOBAIIIOHHOE Pa3BUTIE aTOMHOI OTpac/n B
2015-2019 rr. OH npuHMMAJ HEIOCPeINCTBEHHOe
y4acTue B MaTep1anoBeSueCKOM COIIPOBOXIeHNN
SHEPreTUYECKOTO IyCKa MCCIe0BaTeIbCKOTO pe-
axtopa IIVK, B yacTu 060CHOBaHMS IIPOAIEHNS
9KCIUTyaTalVl SKCIEepPVMEHTA/IbHBIX KaHA/IOB;
y4acTBOBa/l B pa3pabOTKe VM BHEPEHNU KOPpPO-
3MIOHHOCTOMKOI CTa/iXi HOBOI'O IIOKOJEHWUS s
VHHOBAIMIOHHBIX IPOEKTOB KPYITHOMACIITAOHO
snepretukn (II1-302M-1II); paspaboran Teo-
PMIO BHEIITHETO ¥ BHYTPEHHErO OKUC/IeHMs CTa-
JIeit, JAIOIIYI0 BO3MOXKHOCTDb HayYHO 000CHOBATb
KMHETUKY KOPPO3MOHHBIX IIPOLIECCOB A KOH-
CTPYKLUMOHHBIX MarepuanoB S9Y; obocHoBan
npuMenenne craneit II1302-11 u SI1302M-111 B
KadecTBe MAaTepMaJIOB 3/1eMEeHTOB KOHCTPYKLNN
aTOMHOTO PeaKTOpa CO CBVHIIOBBIM TEIIOHOCH-
TeneM 1M HuKeneporo crtasa UC57 ia peakTopa
C Te/INII-KCEeHOHOBBIM TEIIOHOCUTETIEM.

Ilom nayynbim pykosopctBoM A.B. Kopo-
creneBa B 2020-2022 IT. mpoBemeHBI PabOTHI
IO JICC/IEJOBAHMIO U BHEPEHMUIO JKapOIIPOYHO-
IO HIKE/IEBOrO CITaBa HOBOTO IIOKOJICHMS HJIA
AJIEPHBIX 3HEPTeTUYEeCKUX YCTAHOBOK JKMIKOCO-
JIeBbIX PEaKTOPOB, OTMEYEHHbIe 30/I0TOI Mefa-

JIbI0 MEX[JYHapOJIHOI BBICTaBKM Meramn OKc-
10’2021.

A.B. Kopocrenes nmeer 6omee 200 HayqHbIX
TPYHOB B OT€YECTBEHHBIX U 3apyOeXHbIX XKYpPHa-
J1ax, 4eTbIpe MOHorpaduu, 11 yue6HNKOB 1 y4eb-
HBIX ocobmit (1ATh ¢ rpudom YMO), mecTs na-
TEHTOB I aBTOPCKUX CBUAeTenbcTB. Ilof HayyHbIM
pykosoncTBoM Anekcest bopucosiua Kopocrene-
Ba MOZITOTOBJIEHBI O0ree 60 MH)KeHEPOB-MeTaslIO-
BefIOB I YeThIpe KaH/MaTa TEXHMYECKNX HayK.

Hay4Has o611ecTBEHHOCTb BBICOKO OLIeHVIA
BK/Iag Asnexces bopucosuya KopocrenesBa B Me-
Ta/IJIOBEJYeCKYI0 HAyKy — OH SIBJIIeTCS JIaypeaToM
npemun [IpaBurenpcTsa Poccuiickoit @efepanym
B o6macTyt Hayku 1 TexHuKY (2003 I.), TOYeTHBIM
PabOTHMKOM BBICIIIETO TTPOdeCcCHOHaNbHOTO 06-
pasoBanusa Poccuiickoit depepanun, eMy TPIOK-
Ibl OOBABIANACH ONTArONAPHOCTD MUHMUCTPOM
Poccuniickoit @efepanyy 0 AaTOMHOI 9HEPTUH, B
2020 r. oH 0BT HarpaXk/ieH 3HAKOM OT/INYMA «3a
3aCITyTU II€peJ, aTOMHO OTPAC/IbIO 3-i1 CTEIIEHN»,
HarpaxjieH [loueTHpIMU TpamMoTaMy MMHIIpOM-
topra Poccun u ITpaButenbcrsa MockBbI, Mefa-
namu [IpaButenbcTBa MOCKBBL

A.b. KopocreneB akTMBHO pa3BMBaeT Hayu-
HYIO JIeATeIbHOCTD, ABMIAACH (efiepaTbHbIM 9KC-
IEepPTOM HayYHO-TEXHUYECKON CQepbl, UICHOM
muccepTanioHHbIX coBeToB AO «HVKUIT»,
AO «HIIO «THUUTMAII» n ®I'VII « THUM-
yepmeT uM. VI.II. bapannaa», oprkoMureTa Mex-
IyHapoJHOI BhICTaBKM MeTasn OKcro.

Cepoeuno nosopaensem Anexces bopucosuua Kopocmenesa c 60-nemuem u »xenaem oanvHeii-
WUX HAYUHBIX 00CMUNCeHUIL 8 0071aCU MamepuanoeedeHUs U peanu3ayuy UHHOBAUUOHHBLX NPO-

eKmos b/mpaseumu;l amoMHOIl mexHUuKu.
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Buxrop MmuxaitnoBma EpmomoB popmmnca
13 centa6ps 1938 r. B ropoze Horuncke. ITocne okoH-
YaHMA IIKOJBI OH yumacss B KyaMHOBCKOM Mamm-
HOCTPOUTEIBHOM TeXHUKyMe Moco6ncoBHapxo3a
(r. Onexrpoyriu), omy4us B 1959 I. cienyanabHOCTD
TeXHJMKA-TEXHOJIOTa II0 JIUTETHOMY IIpOM3BOMCTBY.
3atem paboTan GopMOBILIMKOM B uTeitHoM nexe Cy-
JIopeMOHTHOro 3aBoga Ne 178. B 1959-1962 rr. mpo-
xonu cyx0y B psifax CoBetckoit Apmuu. C 1962 o
1968 rr. yumncsa B MOCKOBCKOM MHCTUTYTE CTAlIN U
CIIJIABOB U TOMY4M/I OMUIITIOM MHKEHepa-MeTalnypra
1o crenuanbHOCTN «DUSUKO-XMMUYECKNE MUCCTIeNO0-
BaHUsA MeTa/Ty PIMYeCKIX IIPOLECCOBY.

[Tocne y4ebs! 1 o camoit KoHunHbel B.M. Epmo-
noB npopaborain B [IHMuepmere um. VI.II. Bapanna,
B 001111l CIOKHOCTY 55 j1eT. TpynoByIo eATeIbHOCTD
Hayas ¢ JIO/DKHOCTY MIAJIIEr0 HayYHOTO COTPYIHM-
Ka B mabopatopun Ne 24. 3aTeM 3aHUMAIT TODKHOCTH
CTaplIeT0 HAyYHOTO COTPYHHMKA, BEAYILEro HAydHO-
rO COTPYAHMKA ¥ Hada/jbHUKA jaboparopun deppo-
CIUIaBHOTO Hpou3BoAcTBa MHCTUTYTa eppocIaBoB
" TeXHOTeHHOrO cbIpbs uM. H.II. JIakniesa (HpiHe Ha-
YYHOTO IIeHTPa KOMIUIEKCHOI! ITepepabOTKI ChIPbS VM.
H.II. JIsakuesa). B 1975 r. Bukrop Muxaitnosuy 3a-
IIMATU BYCCEPTALNIO, MOCBAIIEHHYIO MCCIENOBAHNIO
U paspaboTKe TEXHONOTMY BBbIIUIABKM IepefebHOrO
MAapraHIeBOro IIIaKa ¢ HU3KUM COfep)KaHVeM KpeM-
He3eMa, C IPUCYXK/IeHNeM YIeHOI CTeIleHM KaH/ufa-
Ta TeXHNYECKUX HayK. B 1984 r. eMy 6bI10 IpUCBOEHO
y4€HOe 3BaHME CTAapIIEr0 HAayYHOIO COTPYHNHMKA IIO
CIIenManbHOCTH «MeTajTypris YepHbIX METAJIIOB».

B.M. EpmMo710B BHeC 60/TbIIOT TMYHbII BKIaT B Pa3-
BUTHE METAJUTypri4ecKoll IPOMbIIIJIEHHOCTH. B Hay4-
HO-IIPOU3BOJICTBEHHOI paboTe OH MHOTO BHUMAaHMUSA
YHENANl COBEPUIEHCTBOBAHMIO TEXHONOTMM BBIIIABKM
MapraHIieBbIX (eppOoCIUIaBOB, IMPYHUMAs HEMOCpeN-
CTBEHHOE y4YacTye B BBIIIABKE IIEPEZIeIbHOIO HIIAaKa,
VITIepORUCTOTO  (eppoMapraniia, MeTa//IN4ecKOro
Maprasiia ¢ HM3KMM COfiepKaHyeM KpeMHIs Ha 3ario-
pokckoM 1 HukononbckoM 3aBofax (eppocIUIaBoB.

MamaTu Bukropa Muxainnosnya EPMOJIOBA

3 ¢despansa 2023 r. yuien U3 XU3HM KaHJULAT TEXHUYECKUX HAYK, CTAPLINMIl HAyIHBIN
COTPY[HUK, HayalbHUK JabopaTopuu QeppocriaBHOro Ipous3BoicTBa HaydHoro
IIeHTpa KOMIUIEKCHOII IepepaboTky cbipbs uM. H.IL. JIaxumesa LleHTpasbHOTO HAay4YHO-
MCCTIENOBATE/IbCKOTO MHCTUTYTA YepHoit MeTamnyprum um. VLII. bappuna, ussecTHbIN
CIeLMAINCT U IIPAKTHUK B 0671acTH GpeppOCIIaBHOTO IIPOU3BOJCTBA.

JIpyrye vccnenoBaHyA M HayIHO-IIPAKTHUYeCKue pabo-
TBI BukTopa MuxaitnoBuya 6blmy IOCBALIEHBI IOTy4e-
HIUIO YyTyHa; IPMMEHEHNI0 SKOHOMUYHBIX YIJIEpOU-
CTBIX BOCCTAHOBUTEIEN; ITPOU3BOJICTBY TETUPYIOIINX
T06aBOK /I YyTYHA M CTa/IN; HOYYeHNIO HU3KOPOC-
¢opucroit cram u padpUHIUPOBAHHOTO (ePPOXPOMa;
criocob6am pasiuBKM (DeppOCIIABOB; ONTUMAJILHBIM
pexuMaM paboThl pyIHOTepMIdecKux redeit u ip. On
KypUPOBaJI paboTy 110 CO3[aHIIO TEXHOIOT MM BbITIIAB-
KI MapraHIeBbIX (eppOCIIaBOB U3 CHIPbsI YCUHCKOTO
MeCTOPOXX/IEHN, YIaCTBOBAI B paboTe MO UCCTIeN0Ba-
HIIO JKeIe30MapraHIleBbIX KOHKpeluii Tuxoro okeaHa.
PyxoBopu uccnefoBaHAMM 1O epepaboTKe GeTHBIX
MapraHieBbIX PyJ, IIJTAKOB, META/IOCOfEeP>KAIINX OT-
xoznoB. OIHO 13 M300peTeHNIl, CO3TAaHHOE C KOTIEKTH-
BOM COaBTOPOB JIJIl IIEPBIYHOI OYMCTKI BOJHOTO Hac-
ceifHa OT 3arpsi3HeHNi HeTbhIO, IO3BOJISIET PA3MIETATH
HeCMEIIVBAOIINECsT XUAKOCTH (THIa BOfA U HedTh,
Macma n T.4.). Pagpaborannsiii cemaparop ¢ 1992 r. mpu-
MEHsIeTCsI /151 OTHeNeH st He(TelIPOILYKTOB OT BOABI Ha
psifie IpeANpUATUIL IPOU3BOAICTBA CTPOVIMATEPUAIIOB,
MAIIHOCTPOEHMS, METAJUTyPrUl, a TakXe Ipu coope
Y OYMCTKE IIPOMBIIIJIEHHBIX CTOKOB, II0Ka3aB BHICOKYIO
HaJeXHOCTh 1 9P PeKTUBHOCTD.

Berepan tpyma IIHMIM4yepmera mm. VL.II. bap-
nuHa, B.M. EpMorioB 3a moOpOCOBecTHBII TPYH He-
OJHOKPaTHO NOOLIPAICA PYyKOBOACTBOM VIHcTUTYTa
GmaroapHOCTAMN U rpamMotamn. B 2013 1. 3a MHOTO-
JIeTHUIT U JOOPOCOBECTHBII TPYZ 6511 HarpakaeH ITo-
YETHOJ rpaMOoTOl MuHUCTEPCTBA IPOMBIIITIEHHOCTH
u roprosnu P®. fAsnanca apropom 45 crareit u 53 ma-
TEHTOB Ha U300PeTEeHISI.

B rpynoBoMm komnexkruse Buxrop Muxainosny Ep-
MOJIOB IOJIb30BA/ICA 3aC/Ty>KeHHBIM aBToputeToM. OH
OBUI HACTABHUKOM JI/Is HECKO/IBKIX TTOKOJIEHUIT MOJIO-
IBIX yueHbIX. Ero sHaimi, kak 3a60T/IMBOTO ceMbsSHMHA,
BOCIUTABILETO [IBYX I09€Peli ¥ YETBEPHIX BHYKOB.

B mamsaru corpyguukos VuctutyTa Buktop Mu-
xalnosud EpMoOnoB ocTaHeTca KaK O4YeHb SAPKUI,
9HEPIVYHBIN, TAJTAHT/IVIBBIN VI CVJIbBHBIN Y€/IOBEK.

MoanucaHo B neyatb 22.03.2023 r. Popmat 60x88 1/8. OtneuataHo B Tvnorpadpuu OO0 «MeTannypruzaar»
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