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dopmMmupoBaHue CTPyKTYpbl U CBOACTB
CBapHbIX COeAMHEHUI CTalbHbIX TPYO,
BbIMOJIHEHHbIX BbICOKOYACTOTHOW CBapKou

© CtenaHoB NaBen MeTpoBUY, KaHA. TEXH. HAYK

AO «BbikcyHckuli Memasnnypaudeckuli 3agoo», 2. Boikca, Poccus. E-mail: stepanov_pp@vsw.ru

WccnenioBaHbl HeKOTOpbIe MapaMeTpbl BbICOKOYACTOTHOI (BapKiA TPYO Manoro 1 CpeaHero AuameTpa U3 HU3KONernpoBaHHbIX
(Taneil, CTPYKTypa 1 XapakTep pa3pyLueHna (BapHbIX COEAMHEHNIA.

loKa3aHo, YTo TepMUYECKMIA LMKA U MUKPOCTPYKTypa npy cBapke TBY He ABAAIOTCA OCHOBHbIM (pakTOpoM, Onpefe-
NAOLWUM BA3KOCTb CBAPHOTO COBAMHEHMA 13 HU3KOYINEePOANCTON cTanu. [ind ctaneit C NOBbILIEHHBIM COAEPXKaHNEM yrie-
poga (0,2-0,3 % C) u mapraHua Tepmuyeckuii LMKN cBapku TBY npusoauT K GopmmupoBaHuio MapTeHcuTa, uto Tpebyet
nosiHoro oxnaxaeHus Tpybol u JITO no pexumy BbICOKOTO OTMYCKA U UCKNKYAET BO3MOXHOCTb BO3HUKHOBEHUA TPELLUH
HanpsaxeHua.

Mpu cBapke ¢ 06pa3oBaHNeMm «nepembluek» NpK X ABUKEHUN NPOUCXOAUT NpesiBapUTENbHAA 0UMCTKA KPOMOK OT OKICIIOB, HO
MpOLECC MOXeT ObITb HeCTAOUNbHBIM; CBapKa C MOBBILIEHHBIMY YTaMIN CXOXAEHNA KPOMOK 11 6e3 06pa3oBaHuA nepembluek
NPUBOAUT K MeHbLLEMY OKUCEHNIO KPOMOK 1 MOBBILIEHHOI CKOPOCTY OCAAKN.

Moka3aHo, uTo rMobynapHble HB, umelowmeca B npokare, npuobpeTatoT opmy NMH3bI B pe3ynbTaTe HarpeBa A0 Temneparypbl
NNaBneHUA 1 0CaAKN KpOMOK npu capke TBY 1 pacnonaratotca HebnaronpuaTHo BOMM3M MMHUI CMAABNEHNA B MNOCKOCTI pa3-
PYLUEHNA NPy UCMbITAHW Ha YAAPHBIi M3rub nonepeyHoro obpasua.

OnpepaeneHbl 0CHOBHble GaKTOPbI (CTPYKTYPHbIE MeXaHU3Mbl), 0Ka3blBaloLLMe BUAHIME HA BA3KOCTb U XNIa0CTORKOCTb CBap-
HOrO COE/AMHEHNA, BbINOHEHHOTO BbICOKOYACTOTHOIA CBAPKOIA. [TpefnIoxKeHbl 0CHOBHbIE HanpaBeHUA ONTUMIA3ALMIA TEXHONO-
TV NPOM3BOACTBA CTanu U Tpyo.

KntoueBble cnoBa: (tanb, prﬁbl, BbICOKOYACTOTHAA (BapKa, JIOKaJIbHAA TEPMUYECKAA 06p860TKa, MUKPOCTPYKTYpa (Bap-
HOTr0 COeANHEHNA, YapHaAA BA3KOCTb, XPYNKOE pa3pyLUeHNE.

Some parameters of high-frequency welding (HFW) of pipes of small and medium diameters from low-alloy steels, the structure
and nature of the fracture of welded joints have been studied.

The thermal cycle and microstructure in HFW are not the main factor determining the toughness and cold resistance of a low
carbon steel welded joint. For steels with a high content of carbon (0.2—0.3 % C) and manganese, the thermal cycle of HFW
leads to the formation of martensite, which requires complete cooling of the pipe and local high tempering and eliminates the
possibility of stress cracks.

When welding with the formation of «jumpers» during their movement, the edges are pre-cleaned from oxides, but the process
may be unstable; welding with increased angles of convergence of the edges and without the formation of «jumpers» — leads to
less oxidation of the edges and an increased upset rate.

It is shown that globular non-metallic inclusions available in rolled products acquire the shape of a lens as a result of heating to
the melting temperature and edge upsetting during HFW and are unfavorably located near the fusion line in the fracture plane
when testing for impact bending of a transverse sample.

The main factors (structural mechanisms) affecting the toughness and cold resistance of a welded joint made by HFW are deter-
mined. The main directions for optimizing the technology of steel and pipe production are proposed.

Keywords: steel, pipes, high-frequency welding, local heat treatment, welded joint microstructure, impact toughness, brittle
fracture.
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BnusiHne peXxumMoB KOHTPOIMPYEMOIN NPOKATKU
Ha CTPYKTYPY ¥ CBOMCTBA HU3KOJIErMpoBaHHOW TPYOHOM
ctanu ¢ monub6peHom tuna 08r2Mob

© MaTtpocos IOpuin UBaHOBUY, O-p TEXH. Hayk, Npod.; KonscHukoBa HaTtanua
BanepbeBHa, KaH[,. TEXH. HAyK

oryr «HUNuepmem um. U.I. bapouHa», Mockea, Poccus. E-mail: Ymatrosov@mail.ru;
nkolyasnicova@yandex.ru

Bbicokue TpeboBaHuA, NpefbABAAEMbIe K TONCTONUCTOBLIM CTaNAM /A ra3onpoBoAHbIX Tpy6 6onbluoro AuameTpa, sKcnya-
TUPYeMbIX N0/} BbICOKIM AaBIeHeM B CeBePHbIX pailoHax, MpuBenu K paspabotke manoyrnepognctbix Mn—Mo—Nb—-V-ctanei,
COf\ePXaLLVIX B CBOEH CTPYKTYpe UroNbyarblii pepput. B nabopatopHbix ycnoBusaX nccnesoBaHo BMAHNE TeMNepaTypbl HarpeBa
1 TopAYeii NNacTMYeCKoil IehOpMALLUY Ha NONIOXKEHIe KpUTHYeCkuX Toyek A 1 A | 06pa3iios onbiTHoit crany 08N 2M®b. Mo-
Ka3aHa 3aBUCUMOCTb MUKPOCTPYKTYPbI 1 MeXaHYeckix CBOMCTB OMbITHbIX CTaneii 0T TeMnepaTypbl HarpeBa 1 NiacTuyeckoit
FedopmaLiun, a Takxe oT COfepXKaHNA MonnbaeHa.

KntoueBble cnoBa: HU3KONErnpoBaHHasa (TaJib, COAEPXKaHne MOJ'IVIﬁlJ,EHa, TepMOMEXaHNYeCKad 06pa60TKa, MexaHunyeckmne
(BOWCTBA, KPUTUYECKIE TOUKK NPeBPaLLieHNA.

The high requirements for steel plates for large-diameter gas pipelines operated under high pressure in the northern regions have
led to the development of low-carbon Mn—Mo—Nb—V-steels containing acicular ferrite in their structure. The effect of heating
temperature and hot plastic deformation on the position of critical points A | and A | of samples of experimental steel 08G2MFB
was studied under laboratory conditions. The dependence of the microstructure and mechanical properties of experimental steels
on the heating temperature and plastic deformation, as well as on the molybdenum content, is shown.

Keywords: low alloy steel, molybdenum content, thermomechanical treatment, mechanical properties, critical transforma-
tion points.
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Pa3paboTka TeXHONMOornm nosy4eHus 31IeKTPOAYroBbIX
nokpbiTui cuctemMmbl Fe—C-Si—-Mn-Cr-Mo—-Ni

c no0aBKkamMu TUTaHa.

Coo6weHue 2. UccnepoBaHue CTPYKTYpPbI U PU3NKO-
MeXaHU4YeCKNX CBOMCTB 3J1IEKTPOAYFOBOro NOKPbLITUS

© KosbipeB Hukonaiit AHaTonbeBu4', [i-p TexH. Hayk; 3yeBa CBeTtnaHa
HukonaeBHa?, kaHf. TexH. Hayk; Monesoi Erop BnagumupoBuy?, kaHa,. TEXH.
Hayk; YconbueB AnekcaHgp AnekcaHpgpoBuy®, kaH. TexH. Hayk; CbiueB AHTOH
AnppeeBny®

' @rymn «HUNuepmem um. U.MN. bapouHa», Mockea, Poccus. E-mail: n.kozyrev@chermet.net

2 AO «EBPA3 3CMK», 2. Hosoky3Heuyk, Poccus. E-mail: 748198@mail.ru; Egor.polevoj@evras.com

3 Cubupckuli 2ocydapcmeeHHbIl UHOycmpuanbHbil yHUsepcumem, 2. HosokysHeyk, Kyséacc,
Poccus. E-mail: a.us@rambler.ru; Nvkz.m 1@gmail.com

I13yyeHbl CTPyKTYpbl 3NeKTPOAYrOBbIX MOKPbITHIA, NOMYYEHHBIX € UCMONb30BaHEM NOPOLLKOBOI NPOBOAOKK cucTeMbl Fe—(—
Si-Mn—Cr—Mo-Ni ¢ no6aBkamu TutaHa. GopmupoBaHIe INeKTPOAYroBOro MOKPLITUA NPOBOAUNM NOCPEACTBOM CBAPOYHOTO
TpakTopa ASAW-1250 Ha nnactiHbl n3 cranu 0912C. Metannorpaduueckmil aHanu3 nosyyeHHbIX NOKPbITUIA OCYLLECTBAANN Me-
TOAAMU ONTUYECKOIA 1 PAaCTPOBON INEKTPOHHON MUKPOCKOMNK.

WccnegoBaHo popmupoBaHme NOCNOIAHON CTPYKTYPbI HANNABAEHHOTO NOPOLLKOBO NPOBONOKOIA CnoA. [poBeaeHo n3yueHue
TBEPAOCTU M CKOPOCTI U3HOCA HannaBeHHoro ¢f10A. [1nA 06paboTku faHHbIX UCMONb30BaHbI CTAaTUCTUYECKIE METOAbI NC-
nefoBanuA. Mo nonyyeHHbIM JaHHBIM NOCTPOEHbI 3aBUCUMOCTH BAUAHUA XUMUYECKOTO COCTAaBa HAaNNaBOK Ha TBEPAOCTb U
CKOPOCTb M3HOCA.

KnioueBble cnoBa: NOpOLLKOBAA NPOBOJI0KA, IN1EKTPOYroBO€E NOKPbITIE, MUKPOCTPYKTYPA, TBEPAOCTb, CKOPOCTb U3HOCA.

The structures of electric arc coatings obtained using flux-cored wire of the Fe—(—Si—Mn—Cr—Mo—Ni system with titanium ad-
ditives 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 formation of a layer-by-layer structure of a flux-cored wire welded layer was studied. The hardness and
wear rate of the deposited layer was studied. Statistical research methods were used to process the data. According to the data
obtained, the dependencies of the influence of the chemical composition of the surfacing on the hardness and rate of wear are
constructed.

Keywords: flux-cored wire, electric arc coating, microstructure, hardness, wear rate.
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Paspab6oTtka undpoBoro ABoiiHMKa nNpoLecca
KOHTPOJIMPYEMOW NPOKATKU TOJICTOro iucta

M3 HU3KO0JIErMpPOBaHHbIX BbICOKOMPO4YHbIX CTaNIei.
Coo6weHune 2. MoaenupoBaHne MHOronpoxXoaHoW
TepMOMEXaHM4YECKOMN NPOKATKN N MEXaHUYECKUX CBOWCTB
TOJICTOIrO JINCTA C Y4€TOM KMHETUKN peKpucTannmsauum

M pacnapa aycteHuTa

© TpeTbsikoB Bnagumup ApkapgbeBu4’, a-p TexH. Hayk; Boromonos Uropb
BukTopoBu4', kaHz. TexH. Hayk; BokayeB KOpuit AnekceeBuy?; dunatoB
Anppeit Hukonaeeuy?; Fonn-0Orny EBreHuii AnekcaHapoBuY 2, KaH,. TEXH. HayK

' Jluneykuti 2ocydapcmeeHHbIl mexHu4yeckuli yHugepcumem, 2. Jluneyk, Poccus.
E-mail: tva@stu.lipetsk.ru
2 Memannypauyveckuti 3asod NLMK DanSteel, 2. ®pedepukcsepk, JaHus. E-mail: afi@nimk.com

B pabote paccmoTpeHbl 3Tanbl NOCTPOEHNA «LUGPOBOTo ABOITHIKA» NpoLIecca TepMOMeXaHUUecKoii ropAueil NpoKaTKM TONCTbIX
NINCTOB 13 HN3KONETNPOBAHHBIX BbICOKOMPOYHDIX CTaneli C IPOrHO30M MeXaH!YeckIX CBOMCTB B CEYeHIAX M0 TONLLMHE INCTa.
Pa3pabotaHHaa 3D-Mogenb NpoKaTkit METOAOM KOHEUHbIX INeMEHTOB, CMONb3yA B KaueCTBE UCXOAHOT0 HepaBHOMEpHOE nofe
pacnpeseneHna Temnepatyp Harpesa cna6a B neyn, afanTupoBaHa no n3MepeHrAM TeMnepaTyp NOBEPXHOCTY INCTA U YCUAMA
B MpOX0Jax B YCNOBUAX MPOMbILUNEHHOTO NPOM3BOACTBA. Pe3ynbTaThl UNCIEHHOTO MOAENNPOBaHIA TeMiepaTypHO-CKOpPOCT-
HbIX 1 AedOpMaLMOHHBIX NapamMeTpoB, CNOXKHOPacNpeseNeHHbIX N0 06bemy NUCTa NpI TepMOMEXaHNYecKoii MpoKaTke, Uc-
Mob30BaHbl B pacyeTax KMHETUKN CTaTUYeCKOil peKpUCTaniu3aLn, CpesHero AuameTpa i 0CTaTouHoro feopMaLioHHOro
YNPOYHEHNA 3epHa aycTeHuTa. BbinonHeHo MoaenvpoBaHme KUHETUKN pacnaja ayCTeHnTa Npu 3aBepLualoLyem oXnaxaeHun
MpOKaTaHHOT0 INCTa Ha BO3yXe C KONNYeCTBEHHON OLieHKOI MUKPOCTPYKTYpbl TONCTONUCTOBON cTann mapku EN 10225-1:2019
S355MLO 1 mporHo3om mexaHUyeckux CBOICTB N0 TOMLLMHE ACTa. PacueTHble 3HaUeHNA COMOCTaBAeHbI C M3MepeHHbIMI Ha
CTaHAAPTHbIX 06pa3Liax, 0T06PaHHbIX OT NMCTA MPOMbILLNEHHOTO NPOU3BOACTBA.

KntoueBble cnosa: LlVI(I)pOBOVI ABOIHUK, TEePMOMEXaHNYECKaA NPOKATKa, TONCTBIN NINCT, BbICOKOMPOYHbIE CTaJIN, 3€PHO ay-
(TEHUTQ, (TaTUYeCKaA PEKPUCTANN3aLmnA, pacnaj ayCTeHNTa, MeXaHnyeckmne (BOWCTBA, METO/] KOHEUHDIX 31EMEHTOB.

The paper considers the stages of constructing a «digital twin» of the thermomechanical hot rolling process of heavy plates of
low-alloy high-strength steels with a prediction of mechanical properties in cross sections along the thickness of the plate. The
developed 3D-model of rolling by the finite element method, using the non-uniform temperature distribution field of the slab
heating in the furnace as the initial one, is adapted according to the measurements of the plates surface temperatures and the
forces in passes at the real industrial production conditions. The results of numerical modeling of temperature-rate and deforma-
tion parameters, which are complexly distributed over the volume of the plates during thermomechanical rolling, are used in
calculations of the kinetics of static recrystallization, average diameter and residual deformation hardening of austenite grains.
The kinetics of austenite decomposition during the final cooling of the rolled plate on the air was simulated with a quantitative as-
sessment of the microstructure of steel grade EN 10225-1:2019 S355MLO and a prediction of mechanical properties by plate thick-
ness. The calculated values are compared with measured on standard samples taken from the plate of real industrial production.

Keywords: digital twin, thermomechanical rolling, thick sheet, high-strength steels, austenite grain, static recrystallization,
austenite decomposition, mechanical properties, finite element method.
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dopmMmupoBaHme NPUHLMNOB pa3padOTKu MapoK
AVHaMHbIX CTaJieil ¢ ICNONIb30BaHUEM «AOMOB Ka4yeCcTBa»

© MoweHko Makcum leHHagbeBUY 2, kKaHa,. TexH. Hayk; LUnuu6epr UpuHa
TeopmopoBHaZ?, kaHa,. GU3.-MaT. HayK

' Bbicwias wKoJsia cucmemMHo20 UHXuHupuHaa MOTU, Mockea, Poccus.
E-mail: moschenko_mg@nlmk.com
2 [1AO «HJIMK», 2. Jluneyk, Poccus. E-mail: shpitsberg_it@nlmk.com

PaboTa nocasLLeHa GopMyNMPOBaHMIO NPUHLMNOB MOCTPOEHUA MPOrPaMMbI 10 Pa3paboTKe MapoK U3OTPOMHBIX NEKTPOTeX-
HIYECKVIX CTanedi C MCNoAb30BaHNEM «[OMOB KauecTay. JlaHHblii IHCTPYMEHT NOMOTAeT PaccMOTPETb MeTai, Kak cuctemy, B
KOTOPYH0 BXOAAT M1EMEHTbI MUKPOCTPYKTYPbI, TEKCTYPA, a TakKe XUMUUECKMii cocTa. C NOMOLLbIO «[OMa KauecTBa» aBTopbl
YCTaHOBIN (BA3b MEXAY KNIOYEBbIMI NOTPEGUTENbCKIMYU TPeBOBAHUAMI K METAY 1 XapaKTepUCTUKaMU MeTanna. Takxe
aBTOPbI NPUOPUTU3UPOBANN NEMEHTbI CMCTEMbI, KOTOPblE HEOOXOANMO YNyuLIaTh B NEPBYO 0UYEPeAb, YT00 MAKCMANIbHO
YLOBNETBOPUTb TpeGOBaHUA KNieHTa. MoCTpoeHHe CNIeAYIoLLero «4oMa KauecTBa» NOMOTTI0 aBTOpaM ONPeAeNiTb Nepeaerbl,
ONTUMU3ALMA NPOLIECCOB Ha KOTOPbIX N03BOAET Hanbosee 3dekTUBHO PaboTaTb C 3N1EMEHTaMIN CUCTEMbI METANNA, BblAENEH-
HbIX Ha Npe/blAYLLeM STane padoTbl.

KntoueBble cnoBa: AnHamHaA ctanb, N30TPOMNHbIE IIEKTPOTEXHNYECKIE CTaNl, AOM KayeCTBa, CUCTEMbI MeTaia.

The paper is devoted to the principals of the program design on the development of isotropic electrical steels grades by means
of the quality houses. The tool considers metal as a system that consists of elements of microstructure, texture, and chemical
composition. Using the quality house, the authors established the references between the most important customer require-
ments for metal and metal as a system of sub-elements. The authors also prioritized the elements of the system that need to be
improved in order to satisfy the customer requirements. By means of design of the following quality house, the authors specify
the producing processes, optimization of which allow one to improve the metal system the most effective way that have been
defined in a previous steps.

Keywords: NGO electrical steel, isotropic electrical steels, quality house, metal system.
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BnungHue HemeTann4yecknx BKNO4YeHnm

Ha KOPPO3UOHHYIO CTOMKOCTb XOJIOAHOKaTaHbIX
HU3KOYrnepoaucCTbiX MUKPOJZIErMPOBaHHbIX TUTAHOM
ctaneu

© AmexHoB AHppei BnagumupoBud', kaHa,. TexH. Hayk; PoanoHoBa UpunHa
FaBpunoBHa', O-p TexH. Hayk; BaceuknHa UpuHa AnekceeBHa'?; TnagyeHKoBa
KOnua CepreeBHa?®, kaH,. TEXH. HAyK

" THY oryn «yHUNq4epmem um. U.IN. bapouHa». Mockea, Poccus. E-mail: amejnov@mail.ru;
igrodi@mail.ru

2 HayuoHaneHell uccnedosamensckuli mexHosozaudeckuti yHusepcumem «MUCuC». Mockea,
Poccus. E-mail: iavasechkina@mail.ru

3 Xumuyeckuti ¢pakynomem, MI'y umernu M.B. JlomoHocoea, Mockea, Poccus.
E-mail: jubykova@yandex.ru

MpoBeseH aHanu3 BO3MOXHOCTY ONTUMU3ALNM TEXHONIOTIAM NPOM3BOACTBA XONOZHOKATAHOTO JIACTOBOFO NPOKaTa HU3Koyrme-
POAUCTIX CTANeiA, MAKPONETNPOBAHHBIX TUTaHoM, B ycnoBusx MAQ «MMK» ana noBblLLEHUA CTOAKOCTU NPOTUB aTMOCHEPHOIA
koppo3uu. [oKa3aHo, uto cpean GakTopoB, BUAILLMX Ha KOPPO3UOHHYHO CTOIKOCTb, Haubosee CUNbHOE OTpULiATENbHOE BIIU-
fHVe 0Ka3blBAIOT HEMETaNIMYECKIe BKIOUEHNSA C BbICOKMM COflepKaHueM antomMuHua 1 oTHowweHuem Al/Mg u Al/(Mg + Ca)
B OKCUAIHOIA COCTaBNAOLLEIA BKIOUEHNSA. AHANN3 NPUMeHAEMON CTaNenaBuIbHON TeXHONOTM NO3BONN CAeNaTb COOTBET-
CTBYIOLME PEKOMEHZALIAM, HANPABNEHHbIE Ha CHIXKeHIe 3arpA3HEHHOCTIA (T YKa3aHHbIMI BKKUEHUAMU MyTeM Mopudu-
LMPOBaHIA BK/KYEHNIl KOpyHAa f06aBKaMK U3BECTI.

KntoueBble C/10Ba: X0N0HOKATaHbIil IMCTOBOIA NPOKAT, KOPPO3UOHHAA CTONKOCTb, HU3KOYrNEPOANCTas CTalb, MUKponie-
TMPOBAHHAA TUTAHOM, HeMpepbIBHbIN OTXKIT, HEMETaNMYecKIe OKCUAHbIE BKMIOYEHNA, MOBMGULMPOBAHME HEMETaNNNYeCKIX
BK/HOYEHMIA.

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 MAGNITOGORSK IRON & STEEL WORKS PJSCto increase resistance against atmospheric corro-
sion. It is shown that among the factors affecting corrosion resistance, the strongest negative influence is exerted by non-metallic
inclusions with a high aluminum content and the ratio of Al/Mg and Al/(Mg + (a) 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 con-
tamination of steel with these inclusions by modifying corundum inclusions with lime additives.

Keywords: cold-rolled sheet steel, corrosion resistance, low-carbon steel, microalloyed with titanium, continuous annealing,
non-metallic oxide inclusions, modification of non-metallic inclusions
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OnbIT UCNONIb30BaHUS COBpeMEeHHbIX MeToaoB
uccnenoBaHUa HeMeTanIM4YeCcKuxX BKJII0YEeHUN
B HU3KOoJiermpoeaHHOM MeTansionpokare

© MasoBa Enena NaBnoBHa'; TuxoHoB Cepreit Muxaiinosuud’', kaHm. TEXH. HayK;
Komuccapos AnekcaHgp AnekcaHgposud'; Matpocoe Makcum lOpbeBuy?,
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' DepepanbHoe rocyfapcTBeHHOE aBTOHOMHOE 06pa3oBaTesibHOE yUpeXKeHune BbICLLEro
ob6pasoBaHua «HayuoHanbHbIl ucciedosamesbckuli mexHosi02u4ecKuli yHugepcumem
«MWCuC», Mockea, Poccus. E-mail: elena.sidorova91@gmail.com; tserg491@yandex.ru;
komissarov@misis.ru; dk@misis.ru

2 lJleHmpasnbHbIl HAy4YHO-UCCIe008amesbCKUll UHCMUMym YepHoU Memasutypauu
um. U.M. bapouHa, Mockea, Poccus. E-mail:pscenterchermet@gmail.com

3 [ly6nuyHoe akyuoHepHoe obujecmeao «Cesepcmainby, 2. Yepenosey, Poccus.

E-mail: rradigamov@severstal.com; pamishnev@severstal.com

B pabote paccMoTpeH onbiT UCNOAb30BAHIUA HOBOI METOAMKIA IKCMEPUMEHTAIbHOTO UCCIIEA0BAHINA HEMETANYECKUX BKITIO-
YeHit ANA HU3KONErMpoBaHHOTO NPOKaTa CTPOUTENHOTO Ha3HaueHuA. MonyyeHHble pe3ynbTaTbl NOATBEPMKAIT IOEKTUB-
HOCTb YKa3aHHOi METOAMKY U NO3BONAIOT 1aTh KONMUECTBEHHYHO OLIEHKY MPOLIECCa OKANbHOTO KOPPO3UOHHOTO pa3pyLueHua
N0Ka/IbHbIX 30H METANNNYECKOi MATPULLbl, OKPYKAIOLLAX Pa3NAYHble HEMETANYECKe BKIIOUEHNS, NPUCYTCTBYIOLLME Ha NO-
BEPXHOCTN NPOKATa PAaCCMATPUBAEMOTO COPTAMEHTA. B paccmMoTpeHHbIX 06pasLiax NpoKara BbIABNEHbI OCHOBHbIE FpyMMbl TUMO-
BbIX BKMIOYEHNIA, ONpe/eneH COCTaB U PacnpeeNeHne KOHLEHTPALMU OCHOBHbIX JNEMEHTOB BO BK/IOUEHUAX, 0Ka3blBaOLLIMX
pa3fnuHoe KOPPO3NOHHOE PAcTBOPAIOLLIEE BO3AEICTBIE Ha CTaNlbHYI0 MATPULy. Pa3paboTaH 1 MCMbiTaH METOZ KOPOTKOi XMMU-
YecKoit SKCTPAKLMIA, KOTOPbIA MOXET ObiTb yCMeLHO NPUMEHEH A OLLeHKM NPOLIECCOB KOPPO3NMA CTabHOI MaTPHLIbl BOKPYT
Pa3NAYHbIX HEMETANNNYECKVX BKIIOYEHNIA, NPUCYTCTBYHOLLMX B MPOMBbILLNEHHBIX 06pa3LaXx HI3KONErMpoBaHHOTO NpoKaTa.

KnioueBble cnoBa: HVI3K0)'IEFVIpOBaHHbII7I NpoKar, CTpOI/ITeJ'IbeII?I NPOKaT, HeMETanNnyeckine BKNIOYEHNA, OrTHEYMOPHbIE MaTeph-
albl, SNEKTPONUTIYECKAA IKCTPAKLNA, XUMUYECKAA SKCTPAKLKA.

This paper focuses on the experience of using a new method of the experimental study of non-metallic inclusions for low-alloy
steels for construction purposes. The results obtained confirm the effectiveness of this method and also make it possible to de-
termine the quantity parameters of corrosion destruction of local zones of the metal matrix surrounding various non-metallic
inclusions. In the samples of hot rolled steels, the main groups of typical inclusions identified, the composition and distribution
of the concentration of the main elements in the inclusions, which have a different corrosive dissolving effect on the steel matrix,
are determined. A short chemical extraction method has been developed and tested, which can be successfully applied to assess
the corrosion processes of a steel matrix around various non-metallic inclusions present in industrial samples of low-alloy steels.

Keywords: pipeline steels, non-metallic inclusions, corrosion, electrolytic extraction, chemical extraction.
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CTpyKkTypa v CBOICTBA NOKPbITUNA

M3 BbICOKO3HTPOMUMHbIX CMNJIaBOB.

Coo6LieHune 3. CTpykTypa 30HbI KOHTAKTa MNOKPbITUSA
13 BbICOKO3HTponuiHoro cnnaesa Al-Fe—Co—-Cr-Ni
Ha nopnoxke u3s cnnasa 5083 nocne o6ny4yeHus
WMNYJIbCHbIM 3JIEKTPOHHbIM NMY4YKOM

© Npomoe Buktop EBreHbeBud’, o-p epus.-mat. Hayk; Ebumor Muxaun
Oneroeu4'; UBaHoB IOpuii Pepoposuny?, a-p duns.-mar. Hayk; KoHoBanoe
Cepreit BanepbeBud', o-p 1exH. Hayk; LUnaposa KOnua AHgopeeBHa';
MaHyeHko UpnHa AnekceeBHa', KaHf,. TEXH. HAyK

' Cubupckuli 20cyoapcmeeHHbIl UHOycmpuaneHell yHusepcumem, 2. HosokysHeuk, Poccusi.
E-mail: gromov@physics.sibsiu.ru
2 Iucmumym cuneHomo4Hou 3nekmpoHuku CO PAH, 2. Tomck, Poccus. E-mail: yufi55@mail.ru

(C nomoLwblo TeXHONOMMKM NPOBONOYHO-AYroBOrO afAuTUBHOrO npon3soacTea (WAAM) Ha nognoxky w3 cnnasa 5083 6bino
HaHeceHo MOKpbITe U3 BbICOKoIHTponuiiHoro cnnaga (BIC) Al-Fe—Co—Cr—Ni HeskBMaTOMHOrO cocTaBa. Mcnonb3ya meTogbl
COBPEMEHHOMO YM3MUECKOro MaTepUanoBeeHa, NpoaHan3MpoBaHbl CTPYKTYPHO-(a30Bble COCTOAHIA, INEMEHTHbIII COCTaB
W BUCNOKALMOHHAA CYOCTPYKTYPa 30HbI KOHTAKTa Mocne 3NeKTPOHHO-MyuKoBOI 06paboTku. BbiABNeHO B3auMHoe nernposa-
HUe NOKPBITUA 11 MOANOXKN. YCTaHOBAEHO GOPMUPOBAHIE MHOT03MIEMEHTHOI MHOTOda3HoIi CyOMUKPOHAHOKPUCTANANYECKO
CTPYKTYpbl, 06pa30BaBLLECA NPeMMYLLECTBEHHO B NOANOXKKE, UMetoLLeli Gonee HU3Kyto TeMnepaTypy NNaBAeHUA o CpaBHe-
Huio ¢ B3C.

KntoueBble cnoBa: BbICOKOIHTPOMUIAHbIA CMaB, NPOBOOYHO-AYroBOE afANTUBHOE NPON3BOACTBO, CMNAB aNlOMUHUA
5083, MmynbCHbIiA 3NEKTPOHHDIN MYYOK, SNeMeHTHbIN 11 Ya30BbIil COCTaB, fedeKTHaA CyOCTpyKTypa.

Using the technology of wire-arc additive manufacture (WAAM) on a substrate of alloy 5083 coating was formed with high-
entropy alloy (HEA) Al-Fe—Co—Cr—Ni of non-equiatomic composition. By methods of modern physical materials science the
structure-phase states, elemental composition and dislocation substructure of contact zone after electron-beam treatment are
analyzed. The mutual alloying of surfacing and substrate is established. The formation ofmultielement multi-phase submicro-
nanocrystalline structure formed mainly in a substrate which the lower melting point compared to the HEA is revealed.

Keywords: high-entropy alloy, wire-arc additive manufacturing, aluminum alloy 5083, impulse electron beam, elemental and
phase composition, defect substructure.
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MoBbILLeHne KOPPO3UOHHON CTOMKOCTU NOKPbLITUN
Ha OCHOBE LMHKa NyTeM JiermpoBaHuUs LUHKOBOro
pacnnaBsa

© MuTtpodaHoB Aptem BuktopoBuud'2; Kysiok Makcum BagumoBuy?;
UBaHeHko ApTem ApkaabeBuy?; dKugkoea Mapusa AnekcaHgpoBHa?
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B pabote npuBeseHbl pe3ynbTaThi MeTannorpaduueckux UccneoBaHuii MOKPbITUIl pa3nnuHoro CocTaBa Ha 06pasuax Me-
Tanna npou3ssoactea Ipynnbl HIMK. lpoaHanu3npoBaHbl nHTepmeTaniugHble Gasbl, UX Mophonorua u pacnpeseneHue.
MpuBefieH aHanu3 pe3ynbTaToB HaTypPHbIX MCMbITAHNIA LUHKOBOTO U LIMHKANIOMOMArHNeBOT0 NOKPbITHIA 3a ro0BOI neprog
3KCNo3nLNM.

KntoueBble crioBa: LUMHKOBOE MOKPbITHE, LIMHKaIOMOMArHUEBOE NOKPbITIAE, MUKPOCTPYKTYpa, IBTEKTUYECKME Ba3bl, aT-
MocdepHas Koppo3ius, KOPPO3UOHHaA CTOMKOCTb, KOPPO3MOHHBIE NOTEPH.

The paper presents the results of metallographic studies of coatings of various compositions on samples manufactured by the
NLMK Group, analyzes the intermetallic phases, their morphology and distribution.Also present the analysis of the results of full-
scale tests of zinc and zinc-aluminum-magnesium coatings for the annual period of exposure.

Keywords: zinc coating, zinc-aluminum-magnesium coating, microstructure, eutectic phases, atmospheric corrosion, corro-
sion resistance, corrosion losses.
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NMpumeHeHne MeToAa MacC-CNEKTPOCKONUU BTOPUYHbIX
MOHOB A1 aHaJIu3a COCTaBa Chbipbs AJid npon3BoacTBa

dbapdopa
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B pabote npuBeieHo CpaBHeHe aHANUTUYECKIX BO3MOXHOCTE CTaHAAPTHO NPUMEHAEMOro ANA UCCe0BaHUI U3ennii Xy-
JL0KeCTBEHHOI KepamMuKI MeTOZa PeHTTeHOBCKOro dnyopecLieHTHoro aHanu3a (POA) n coBpemMeHHOro MeTo/la aHanu3a cocTa-
Ba NOBEPXHOCTI — BPEMANPONETHOI Macc-cneKTpockonuu BTopuyHbIX noHos (MCBU, BUMC) Ha npumepe nccnegoBanmii co-
(TaBa NopoLIK006pa3HbIX MaTepuanoB Ans npou3BoacTBa dapdopa. bbinu nccnegoBanbl nermatwt -1, rauHa Becko-npuma,
NPOCAHOBCKMNIA KAONWH, KOCTHAsA 30713, L0JI0MWT, NONEBON LLUNAT, KBapLieBblii necok. Mokasaxo, uto MCBU ycnewHo petexkTupy-
€T NIETKMe INEMEHTDI, «HepuauMble» ana POA (nutuit, 6epunnnii, 6op). Takxe B page 06pa3iioB metogom MCBH 6binu BbiAB-
NeHbl npumec, He 06HapyeHHble POA: KobanbT, Lepuit, Meab, pyduanii, BaHaaui. llonyyeHHble JaHHbIE N0 COOTHOLLEHUAM
OCHOBHbIX 1 MPUMECHBIX INeMeHTOB MOTYT ObiTb UCMONb30BaHbI A/1A BbIABNEHUA COBPEMEHHBIX MOAAENOK UCTOPUYECKOTO
dapdopa, a Takxe Ana aTpubyLIM n3pennii ICTOpUUECKOi XyL0KeCTBEHHOI KepamuKu NPy pecTaBpaLMoHHbIX paboTax.

KntoueBble cioBa: peHTreHoBckuii GnyopecueHTHblii aHanu3 (POA); macc-cnektpockonua BTopuuHbIX oHoB (MCBH,
BUMC); dapdop; nermatut; rutHa Becko-npuma; KaonuH; KOCTHaA 30M1a; AONOMUT; NONEBOIA LNAT; KBApLEBDbIN NEeCOK.

The research compares the analytical potential of the X-ray fluorescent analysis (XRF) typically applied for studies ceramic art
items and modern method for surface composition determination time-of-flight secondary ions mass spectroscopy (SIMS) using
as samples the powder raw materials for porcelain fabrication. There were studied pegmatite P-1, Vesco-prima clay, kaolin, bone
earth, dolomite, feldspar, and quartz sand. It was shown that SIMS successfully detects light elements «invisible» for XRF (lithium,
beryllium, boron). Also SIMS has detected in the set of samples some heavy impurities not detected by XRF such as cobalt, cerium,
copper, rubidium, vanadium. The obtained information on relations of basic and impurity elements could be used to uncover the
modern falsifications of the historical porcelain as well as for attribution of ceramic art items during conservation.

Keywords: X-ray fluorescent analysis (XRF); secondary ions mass spectroscopy (SIMS); porcelain; pegmatite; Vesco-prima
clay; kaolin; bone earth; dolomite; feldspar; quartz sand.
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CTpykTypa 1 CBOMCTBA BbICOKOSHTPOMUIHOIO CrnaBa,
NOABEPrHyTOro 3/1IeKTPOHHO-UOHHO-MIa3MEHHOMN
ob6paboTke
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E-mail: gromov@physics.sibsiu.ru; konovalov@sibsiu.ru

MeTogom npoBonouHo-ayroBoro agauTusHoro nponssoactea (WAAM) nsrotoBneHbl 06beMHble 06pa3Lbl BbICOKOIHTPO-
MUIAHOTO CNNIaBa HecTexnoMeTpuyeckoro coctara (33,4 Al; 8,3 Cr; 17,1 Fe; 5,4 Co; 35,7 Ni, at. %). B pabote BbinonHeH aHanu3
3/1eMeHTHOT0 11 $a30BOro CoCTaBa, iedeKTHOI CyBCTPYKTYpbI U TpUbONOrMYECKIX CBOICTB NOBEPXHOCTHOTO (oA BIC, chop-
MUPOBAHHOT0 B pe3yNbTaTe KOMMAEKCHOI 06paboTkm, coueTaloweit Hanbinenue nneHku (B + Cr) u obnyueHre UMNYNbCHBIM
3N1EKTPOHHBIM MyYKOM B Cpefie aproHa. BbiaBneH pexxum obnyuenns (20 x/cm?, 200 mkc, 3 umn., 0,3 ¢'), no3Bonawowmii
MOBbICUTb MUKPOTBEPAOCTb (MOUTU B 1B Pa3a) M U3HOCOCTONKOCTL (Gonee uem B NATb pa3), CHU3NTb KOIGOULMEHT TpeHUA
B 1,3 pasa. lpu NNOTHOCTU Heprm NyyKa NeKTpoHoB £, = 20 [k/cM’ NOBEPXHOCTb GparMeHTUPYeTCa CeTKoi MIKpo-
TpelumH. Pazmepbl pparmeHToB n3meHaAtTCA B npesenax 40—200 Mkm. YBennyeHne nNOTHOCTY SHEPTUN MyyKa SNeKTPOHOB
NPUBOAUT K NONHOMY pacTBopeHuto nenkw (B + Cr). Hesasucumo ot Bennumkbl £, BIC ABnsetcs oaHodasHbIM Matepua-
NOM, UMeeT NPOCTYHo KybUueckyto KpucTananyeckylo peLeTky. Bbicokas Kpuctannuawmna noBepxHOCTHOTo CNoA NPUBOAUT
K dopmupoBaHuio cy63epeHHoit cTpykTypbl 150-200 HM. BbickazaHo npeanonoxeHue, uto yBeauyeHne NPOYHOCTHbIX 1
Tpubonoruyeckux ceoicTe BIC 06ycnoBneHo cywiecTBeHHbIM (B 4,5 pa3a) CHUXeHMeM cpefiHero pasmepa 3epHa, opmupo-
BaHMeM yacTiL 60puaoB 1 OKCMOOPIZOB CIIOXKHOTO 3NEMEHTHOTO COCTaBa, BHEAPEHNEM aTOMOB 6opa B KpUCTanauyeckyo
pewwetky B3C.

KntoueBble cnoBa: BblcoKo3HTponuitHblii cinag, AlCrFeCoNi, 3neKTpOHHO-MOHHO-NNa3MeHHas 00paboTka, uctema «nneHKa/
MoAN0XKa», bopupoBaHie, CTPYKTYpa, CBOICTBA.

Bulk samples of a high-entropy nonstoichiometricalloy (33,4 Al; 8,3 Cr; 17,1 Fe; 5,4 Co; 35,7 Ni, at. %) were fabricated by the wire-
arc additive manufacturing (WAAM) method. The paper analyzes the elemental and phase composition, defect substructure, and
tribological properties of the HEA surface layer formed as a result of a complex treatment that combines (B + Cr) film deposition
and irradiation with a pulsed electron beam in an argon medium. An irradiation mode (20 J/cm?, 200 s, 3 pulses, 0,3 s7') was
revealed, which makes it possible to increase microhardness (almost 2 times) and wear resistance (more than 5 times), reduce the
friction coefficient by 1,3 times. At the energy density of the electron beam £, =20 J/cm?, the surface is fragmented by a network
of microcracks. Fragment sizes vary within 40—200 um. An increase in the energy density of the electron beam leads to complete
dissolution of the film (B + Cr). Regardless of the value of ES, HEA is a single-phase material and has a simple cubic crystal lattice.
High crystallization of the surface layer leads to the formation of a subgrain structure 150-200 nm. It has been suggested that
the increase in the strength and tribological properties of HEA is due to a significant (4,5 times) decrease in the average grain size,
the formation of particles of borides and oxyborides of complex elemental composition, and the incorporation of boron atoms
into the crystal lattice of HEA.

Keywords: high-entropy alloy, AlCrFeCoNi, electron-ion-plasma processing, film/substrate system, boriding, structure, properties.
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Mamatu Anekcanppa Mapkosuya lesepa

Jupextopa HayuyHoro neHTpa MeTa/nioBeeHNA 1 (PU3NKN MeTaNIOB
uM. I.B. Kyparomosa IIHVIVuepmet um. VI.II. bBapmuna

29 HOsA6ps 2022 I. y1Iesn U3 )KU3HY JOKTOP PU3UKO-MaTeMaTN4ecKIX Hayk, pogeccop —
KPYIIHBII yYeHbII U JIMAep HAYIHO LIKOJIBI B 00/IaCTY M3Y4eHUs U pa3pabOTKU MHOTO-
(YHKIMOHA/IBHBIX HAHOMATepUaloB HOBOTO IOKO/MeHMs. Ero KOHYMHA — HEBOCIIOTHM-
Mas noteps A Poccuiickoit HaykKu 1 MeTaJuTy prum.

A.M. T'mesepoM mpepjio’KeHa OpUTMHAIbHAS
KTaccuUKaIys HaHOKPUCTA/UIMYECKUX COCTO-
SIHUI, BO3HUKAIOIIVX IPYU 3aKajIKe U3 XXUJKOTO
cocrosiHMA. B ero paborax oO6Hapy>KeHBI U Jie-
TaJIBHO OINMCAHBI OCOOEHHOCTU CTPYKTYPBI, a
TaKXe 0COOeHHOCTU TpoTekaHus Anupdys3noH-
HBIX ¥ MAapTEHCUTHBIX (Da30BbIX IIpeBpalleHNI
B HAHOKPUCTA/UIAX Pa3/IMIHOro Tuma. VIM Brep-
Bble 0OHapy>keHbl HeOObIYHbIE 9P (PeKThI CTPYK-
TypHO-(DAa30BBIX IIpeBpalleHMIl, CBsI3aHHbIE C
BBICOKOJ! CTEIIeHbIO MepeCHIIeHNsI MaTepIanoB
M30bITOYHBIMY BaKaHCUAMY, POPMUPYIOMINMI-
Cs IIpU 3aKaJIKe U3 pacivlaBa. VIM Takke BIep-
Bble OOHApY)XeH ¥ JIeTaJIbHO NIPOaHaIN3UPOBaH
pasMepHblil 9 dekT mpu MapTEHCUTHOM IIpe-
BpalleHnM B HaHOKpucramnax. A.M. Imesepom
YCIIELIIHO PasBUTBHI AUCKIMHAIVMOHHBIE U 3ep-
HOTPaHMYHbIE MOAXO/bI K OIMCAHNUIO IIACTIYe-
CKOTO TeYeHNs B HAHOKPUCTA/UIAX U IPe/IOKeH
HOBBI/l MeXaHM3M IUIaCTUYeCKoi medopmannm
B HAHOKPUCTA/UIMYECKMX MaTepuanax, IIOJy-
YMBIINI BIOCTEACTBUYU BceoOlljee IMpU3HAHUE.
Vsydensl ¢a3oBble M CTPYKTYpHBIE IIpeBpallie-

HYSA TP TEIUIOBBIX M HedOPMAIVIOHHBIX BO3-
IeVICTBMAX Ha aMOpHOe COCTOsHUE, KOTOpbIe
BeayT kK apdexram HaHOKpucTamusanun. [Ipo-
aHa/IM3MpPOBaHbl MAaTHUTHBIE ¥ MeXaHUYeCKue
CBOJICTBA B CIUIaBaX C IByX(a3Hol aMop¢HO-Ha-
HOKPMCTA/UINYECKOI CTPYKTYPOIL.

A.M. T'nesepy npuHaAIe>XUT HOBBII OPUTH-
HAJIBHBIN IIOAXOf, IO3BOIMBUINI IIOHATDH IIPU-
POLLY CTPYKTYpPHO-()a30BBIX ITpeBpaleHNIL, IIPO-
UCXOMAINMX IpPY MHTEHCUBHONM IIJIaCTMYECKON
nedopmannu. VIM ycTaHOBIIEHBI CHOCOOBI U KOH-
KpeTHbIe PEXMMbI KapIMHA/IbHOTO ITOBBILIEHNSA
MarHUTHBIX, IPOYHOCTHBIX ¥ IIJIACTUYECKUX U
CBOJICTB MOJE/IBHBIX M IIPOMBIIIIEHHBIX (YHK-
LMIOHA/IbHBIX MaTe€PUAJIOB.

B pasubie rogpl A.M. Imesep Bo3ImaBIAN
KpyIHble Hay4yHble NPOEKTHI, BBIINOMHABLINECA
B pamKkax MexayHapogHoro Hayunoro ®onpa,
Hemenkoro Hayuynoro O6mectsa, ®panirys-
ckoil AkafieMuy Hayk, MuHOOpHayku n MuH-
npomroprosnmu Poccun, a Taxxke PHO u PODIL.
AM. Tnesep - aBrop 12 moHorpadmii, 35 Ha-
Yy4YHBIX 0030p0B, cBbille 300 HayYHBIX CTaTell
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B POCCUIICKMX U 3apyOeXHBIX BBICOKOPETUH-
TOBBIX Hay4HBIX XypHanax u 15 mateHtos PO.
B Hay4Hoil /MTeparype MMmeercs 6onmee IBYX C
MIOIOBMHOM TBICAY CCBHUIOK HA €ro paboTsl IO
6a3e manHbIx Web of Science un Scopus.

A.M. Tnesep - npexncenarenb Mexrocygnap-
crBeHHoro Kooppunaunonnoro Coseta o ¢u-
3MKe IIPOYHOCTU U MJIACTUYHOCTY MaTepUanos.
OH npepcenarensd cekyyn «PusnKa IPOYHOCTA
U IUIACTUYHOCTH» B cocraBe Hayunoro Cose-
ta PAH no dusuke KoHJeHCHPOBaHHBIX Cpel,
yeH Hayuynoro Cosera PAH mo martepmamam
1 HaHoMaTepuanaM, 4neH Hayynoro Coseta
OXHM PAH no MmeTamnyprum 1 MeTasloBe-
IeHNI0, YWIEeH AMCCePTALMOHHBIX COBETOB IIpU
OIYVIl «IHWMWyepmer um. VLII. Bbappmunar,
IJIaBHBIN pefakTop XypHana «[lepopmaums n
paspylleHNe MaTepyuanoB», KOTOPLI IepeBo-
auTca 3a pybexxoMm uspatenpcTsoM «lImpun-
rep» U BXOAUT B 6a3y manHbIX Web of Science,

3aMeCTUTEIb TJIABHOTO pejaKTopa >XypPHajoB
«MarepuanoBenenne», «IIpobmemsl depHOI
MeTaJZTypru M MaTepuajoBefieHuA», YJeH
penkomneruit xypuanos «Vspectua PAH, ce-
pus ¢usnmueckas», «V3pectua Bysos. UepHas
Meramnyprus», «Materials Letters», «Journal
of Material Science & Technology», npencena-
Te/lb OPTKOMUTETOB PEryIAPHO IPOBOJUMBIX
ABTOPUTETHBIX POCCUIICKUX Y MEXAYHAPOIHBIX
koH(pepenuuit. O BocmuTan 6onee fgecsATka
KaH/IMJaTOB ¥ JOKTOPOB HayK.

B nameit mamATM AjnekcaHip MapkoBud
[mesep ocraHeTcst Kak SPKUII M CaMOOBITHBIN
YYEHDIIl, HEYyTOMMMBII MCCIIEIOBATENDb, YEIOBEK
BBICOKMX HPaBCTBEHHbBIX IPMHIUIIOB ¥ FOCYHap-
CTBEHHOTO MBILIIEHNA.

Wma Anexkcanppa Mapkosudva Imesepa Bru-
CaHO B VICTOPUIO MeTa/IOMU3NYeCKOll HayKIu.
Mbl HaBcerfa COXpaHUM CBETIYH NaMATb 00
3TOM TaJaHTINBOM YenoBeke 1 YdeHOM!
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UHOOPMALUA

UHUN4yepmeT nm. U.MN. Bapaguia u MMK
nognucanu JoroBop nNo pa3paboTke HOBbIX CNJ1IAaBOB

TocypmapcrBennbiit Hayusbii nentp OIVII
«JJHVNWgepmer um. JVLII. bapguna» m ITAO
«MMK» 3aKsTi04nn foroBop 0 COBMECTHOII pas-
paboTKe HOBBIX MeTa/UTyprM4eCcKIX MaTepuaioB
u crtaBoB. [lopnmcanne cocrosnoch Ha Mexpy-
HapOJHOI MPOMBILIIEHHOI BbIcTaBKe «MeTani-
9kcmno-2022» B NPUCYTCTBUM CTAaTC-CeKpeTaps-
3aMecTuTe/Id MMHUCTPA INPOMBIITIEHHOCTU MU
toprosimu Poccun Bukropa Eryxosa. Pabora B
paMKax 9TOTO JOroBOpa OTKPBIBAET AJIA y4acT-
HIKOB HOBbIE€ BO3MOXXHOCTH TI0 CO3[JaHMIO CII/Ia-
BOB, BOCTPeOOBAHHBIX Pa3/IMYHBIMIU OTPACIAMU
POCCUIICKOII IIPOMBIIIJIEHHOCTH, B TOM 4UCTIE B
paMKax UMIIOPTO3aMelleHNA.

Takoil OIBIT COBMECTHON pabOTBI y CTOPOH
y>Ke eCTb: OPTKOMUTET BBICTaBKJ HEOTHOKPAT-
HO Harpaxjaa MOAMNNICAaHTOB 332 MeTa/Typruye-
CKMe pa3paboTKy, B TOM YICIIe JIs aBTOIIPOMA.
K mpumepy, B IpOILIOM TOJY 30/I0TOM MeMa/bI0
Obl/la OTMeyeHa COBMeCTHas pa3paboTKa Kac-
CETHOM TEeXHOJOTMM IPOM3BOLCTBA M3 CTalN
OJHOTO XMMMYECKOTO COCTaBa BBICOKOIIPOYHO-
rO XOJIIOJHOKaTaHOTO U TOpAYEOLMHKOBaHHOTO
JIMCTOBOTO IIPOKaTa pa3HbIX TUIIOB U KaTeTOPUIl
IIPOYHOCTU. Y TaKOrO IIPOKaTa MOBbIIIEHHBIE I10-
KasaTe/ IJIACTUYHOCTH, INTAMIIyeMOCTH U Jpy-
TUX TeXHOJIOTMYECKUX U CTY>KeOHBIX CBOJICTB.

B srom romy Ha «MeTtamn-9kcmo-2022» pap
COBMECTHBIX pa3pabOTOK OTMeYeH OpPTKOMMTe-
TOM BbIcTaBKU. Cpefy HUX: COBMECTHBIII IIpO-

ext HHVWyepmer um. VL.II. bapauna, MMK n
«YpanTpybmpoma», KOTOPBIil YEOCTOEH 30/I0TON
Mefiamu — «3a pa3paboOTKy U BHE[peHMe CKBO3-
HOJl TEXHOJIOTMM IIPOM3BOLCTBA IIOJIOCOBOTO
IIpOKaTa 1 9/MeKTPOCBAPHBIX TPYO Kaacca Mpod-
HocTu K52, cToliKMx HpOTMB paspylleHusa B
H,S- u CO,-copepkamnx cpemax». Kpome roro,
MMK-METU3 nonmyunn pumnom naypeara 3a
paspaborannyo coBMmecTHO ¢ [IHVMuepmert um.
V.II. BappnHa CKBO3HYI0 TEXHONOTMIO IIPOMU3-
BOJICTBA METOLOM XOJIOLHON OOBEMHON IITaM-
IIOBKM BbICOKOIIPOYHBIX KPEIIe>KHbBIX M3IeNNIi U3
crielManbHbIX JIETMPOBAaHHBIX CTajIeil [ aBTO-
MOOW/IECTPOCHNSL.

TTogmmcanme Ha «MeTamn-Okcio-2022» moro-
BOpa 110 pa3pabOTKe HOBBIX MaTepUajIOB IPOLOII-
JKaeT NMHMIO CTPATErMYecKoro COTPyZHMYECTBA
ITAO «MMK» Kax OffHOTO 13 NIJIepPOB POCCUIICKOI
mertannyprun u HHVWyepmer um. VL.II. bappm-
Ha — BeJyIlero OTpac/leBOro Hay4yHO-MCCIefoBa-
TEJIbCKOrO L[eHTpa YepHOM MeTa/Iypruy Hallen
cTpaHbl. Tak, B IpOLIIOM TOAY CTOPOHBI IIOA-
mucam Ilporpammy paboT 1O MopepHM3AIN
pou3BOACTBeHHBbIX MomHocTeir ITAO «MMK»
U paclMpeHnio MopTdens 3aKka3oB Ha MOCTaBKY
obopyzoBaHs Ha pbIHKe Jjo 2025 roga. IIporpam-
Ma IIpefycMaTpuBaeT paspabOTKy TEXHOIOTMYe-
CKMX IIPOLIECCOB, IPOEKTUPOBAHNE, USTOTOB/IEHNE
u 1repMOHTAXK 060PYAOBAHSI Ha TPOV3BOJCTBEH-
HBIX Ilepefenax MaruuTku.
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UHWWNuepmem um. W.I. bapouHa Ha Memann-3kcno’2022

UHUU4epmeT um. U.MN. BapauHa
nony4yun meganu n gunnomsbl «<Metann-3kcno-2022»

Ilo uroram pa6orer «Metami-Okcno-2022» ITHWyepmer wm. JI.II. Bappuna
HarpakJeH MefaaMy ¥ JUIZIOMaMM TaypeaTa BbICTaBKI 32 BPBICOKOTEXHOIOIMYeCKIe
pa3paboTky B 0671aCTH YEPHOII METATYyPIuy, a TAaKKe 3a Iydliee HAyIHOE M3JaHMe

B MeTa}InyprnquKoﬁ IPpOMBINITIEHHOCTN.

Hekoroppile mu3 wHarpag «Mertamn-9xc-
110-2022» VIHCTUTYT HOMY4YUI 32 COBMECTHbIE
IIPOEKTHI C IpeAnpuATUAMu-naptHepamu. Cpe-
IV Hux paspaborkm VIHctuTyTa, MarHuTKM M
o6mects [pymmsr [TAO « MMK»:

- coBMecTtHbiii mpoekT ITHUMuepmer
um. WL.II. Bappuna, MMK un «Yparrpy6mpo-
Ma» YJOCTOEH 307I0TOil Mefanu — «3a paspa-
00TKy U BHeJpeHMEe CKBO3HON TEXHOJIOTVMN
IIPOU3BOJCTBA I10JIOCOBOTO NPOKATa I 31EeKTPO-
CBapHBIX TPy6 Kkmacca npoynoctu K52, croikux
npotus paspyumenus B HS- u CO,-comepka-
X Cpemax»;

- «MMK-METW3» momyunn gumioM nay-
pearta 3a paspaboraHHylo coBMecTHO ¢ ITHII-
MNMyuepmer nm. JLII. bapguna CKBO3HYIO Tex-
HOJIOTMIO TIPOM3BOACTBA METOJOM XOJIOJHOI
00BEMHOJT IITAMIIOBKM BBICOKOIPOYHBIX Kpe-
MeXXHBIX MU3Me/MNIT U3 CIIelMaTbHBIX JIETMPOBaH-
HBIX CTasIeli /11 aBTOMOOM/IECTPOECHNA.

OprkoMuTeT BBICTABKU TaK)Ke OTMETUTI CO-
BMecTHbIIT IpoeKT VIHcTutyTa c IIAO «CeBep-

CTa/Ib»: 3BaHIE JlaypeaTa BBICTABKU U 30/10MYH0
MeO0anb TIOTYYUIV aBTOPBI 32 Pa3pabOTKy TeXHO-
JIOTMY IPOM3BOJCTBA OMMETA/INYeCKOTO JIMCTO-
BOTO IIPOKAaTa HOBOTO ITOKO/IEHN /I IIPUMeHe-
HIIA B 9HEPreTUIeCKOM, XMMIYeCKOM, He(pTAHOM
MAIIMHOCTPOEHNMN M SPYTYUX OTPACISIX IPOMBIII-
JIEHHOCTIL.

VInTepeceH ellle OIMH COBMECTHBIN IIpPO-
exT [TH/Nuyepmer um. VI.II. bappuna ¢ IIAO
«CeBepcranb», HUTY «MUCuCr» un @Iby
BHUMWIIO MYC Poccun: 3BaHIAMY JIAypeaToB
BBICTABKM U AMIIJIOMAMM OTMEYEHBI aBTOPBI JI0-
CTVDKEHUI B pa3paboTKe cr1oco6a mponsBoACcTBa
HI3KOJIETMPOBAaHHOTO PYJIOHHOTO IIPOKaTa Kare-
ropun npouynocty C390I1.

Cepebpsinyto medany TOTYIUI COBMECTHBII
npoekT Mucruryra ¢ ITAO «HJIMK» - 3a pas-
paboTKky 3¢}eKTUBHON TEXHONTOTUY IIPOU3-
BOJICTBA rOpAYeKaTaHbIX THIIOB cTamu S315MC,
S355MC, S420VC o EN10149 u xonogHokaTta-
Hpix HC340LA nmo EN10268 BbICOKOIPOYHBIX
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LHUWNuyepmem um. W.I1. bapouHa Ha Memann-3kcno’2022

HU3KOJIETMPOBAHHBIX aBTOJIMCTOBBIX cTanemn ¢
YAYy4YIIE€HHBIMI ITOKA3aTEIAMN CBOJICTB U Kaue-

CTBAa, IPU CHIDKEHUU 3aTpart.

Kpome Toro, 3omomyw medanv NOTydunn
yuyenble JHV4epmer um. JILII. bappuna 3a
paspaboTKy CIUIaBa [/IA 9/MEKTPOMAIINH aBU-
AIMIOHHOM TeXHMKY IOBBILIEHHON 3HepProsd-
(eKTMBHOCTM, a TaKKe COCTaBUTEIM KHUTU
«Hayunoe nacneoue b.B. Monomunosa. Céop-
HUK cmameii».

Hunnom naypeama VIHCTUTYT IO-
JAy4MJI 3a YCTAaHOBJIEHME MeXaHM3Ma
HepOpPMaIMOHHOTO CTapeHMs CTalu
CO CTPYKTYpoIt GeitHUTa U pa3paboTKa
PEeKOMeHMAINIT Il TPYOHBIX CTajei ¢
MOBBILIIEHHBIM COIPOTUBICHNEM pas-
BUTHIO JIeTPaflalliOHHBIX IIPOLECCOB
IIPY JIATE/IbHOM SKCIUTyaTalliL.

IIpemuro «Monodvie yuenvie» 10-
ayaunmn  cotpygHuku IHVIM4epmer
um. VL.II. bapguua 3a Tpu pa3paboTKu:

- «MccnenoBanne BIMAHUA T€TUPO-
BaHMA PeIKO3eMeNbHBIMY 37IeMeHTaMI
Ha (U3MKO-MexaHNYecKre CBOJCTBa
JKe/e30-K00OaIbTOBBIX CII/IABOB»;

- «3aKOHOMEPHOCTM BIVAHMA TeMIIEPATyphl
OT>KUTA Ha MarHUTHBIE U MEXaHMYeCKlie CBOJICTBA
aMOp(QHBIX CIIaBOB Ha OCHOBe cucTeMbl Fe-Co
C BBICOKOJ MHYKLVEN HACBILLEHNA»;

- 32 pa3pabOTKY TEXHOIOTMYECKOTO 3aJaHNs
Ha MeT/UTyPIUMYeCKUIl KOMIUIEKC 10 IPOU3BOJ-
CTBY FOPsI9€KaTaHOTO U XOJIOJHOKATaHOTO I10JIO0-
COBOTO IIPOKaTa 13 JIETMPOBAHHBIX U YINEPOAM-
CTBIX CTase.

https://www.ake.ru;
e [loanucka B pepakumu.

BHUMAHMUE! NPO/JOMIKAETCA NOANMNCKA Ha ypHan
«MIPOBJIEMbI YEPHOW METAJUTYPT UM U MATEPUANOBEAEHWS»

ModnucKy Ha XypHan 8bl MoXeme ohopmMume:
e Ha cante «O6beuHeHHOro KaTanora «[pecca Poccnm» www.pressa-rf.ru
MoanucHon uHpekc— 58999

e [lognucatbca yepes UHTEPHET-MarasmH «I'Ipecca Mo NOANUCKe» MOXKHO Ha canTte

Ha 3neKTpoHHYi0 Bepcuto »KypHasia MOXXHO NOAMNMUCATLCA Ha caiiTe
HayuHoi1 SnektpoHHo bubnuotekn (H3B) http://www.elibrary.ru
MpurobpecTy XKypHasbl 3a 6e3HannuHbIi pacyeT MoxxHo B THLL YT «UHUWuepmeT nm. W.M. BapanHay.

[na obopmneHya NOANMCKIM Ha »KypHas Mo 6e3HaIMYHOMY pacyeTy HeobXoAMMO NPUCaTb 3asaBKy
C yKa3aH/eM HoMepa XypHana U1 KONMYecTBa SK3eMMIsApoB, afpec 1 6aHKOBCKME PEKBU3UTDI.

Bcio MHpopmaLmio cnepyer 0TIPaBUTD N0 MEKTPOHHOI noyTe:
E-mail: ntphm@yandex.ru, a.glezer@mail.ru
Ten. pepakuun: (495)777-94-98; (495)777-93-02; (495)777-95-13

www.chermet.net
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YBaxkaembie konnerun!

ITpuraamaem Bac omy0AMKOBaTh pe3yAbTaThl CBOMX MCCAe-
AOBaHuUi B XypHaae «[IpoOAeMBI YEPHOII METAAAYPIMU U MaTe-
praroBepeHus». JKypHaa mybAuKyeT Ha 0€3BO3ME3AHOI OCHOBE
OpUI'MHAABHBIE CTaTby M O030pBI, CBsI3aHHbIE C IEpepabOTKOI
PYAHOTO ¥ TEXHOTE€HHOIO CbIPbs, NOAYUEHMEM YYI'YHA, CTAAU U
beppocnAaBoB, CBOMICTBAM CIIAABOB Ha OCHOBE )KeAe3a, MaTepua-
AOBeA€eHVEM U pUBUKOI METAAAOB, BOIIPOCAMU pecypcochepexe-
HUSI, SKOAOTUY, CTPATErMy PasBUTUS U SIKOHOMUYECKOIT 3 dek-
TUBHOCTY METAaAAYPIMYecKoil oTpacau. VI3paHne BXOAUT B Iepe-
4yeHb )XYPHAAOB, peKoMeHAyeMbIXx BAK aAst mybAuKaumu TpyAoB
COMCKaTeAell yYeHbIX CTelleHell, B DAeKTPOHHOM BMAE CTaTbU
pasMelleHbl B HAyYHOI 3A€KTPOHHON OmbAmoreke elibrary.ru,
PIHLI, >xypHaa BxoauT B 6a3y paHHbIX «Russian Science Citation
Index» (KOAAEKLIMS AYYIINX POCCUIICKKX )XYPHAAOB Ha AATHOp-
me Web of Science).

JKypHaa Boimyckaercs ¢ 2007 1. Ero yupeapuTteaem sBAseTCA
LleHTpaAbHBII HayYHO-UCCAEAOBATEABCKUI MHCTUTYT 4YepPHOI
MeTtaaAypruu uM. VLIT. Bapauna. B 2020 r. 6614 00HOBAEH COCTaB
PEAKOAAETUY, B €e COCTaB OBIAM IPUTAAIIEHBI M3BECTHBIE Yye-
Hble-MeTaAAypru. C 2021 1. cTaTbsM >KYpHaAa MpPUCBAMBAIOTCA
ccoiaky DOL C 2022 r. 3HQUUMTEABHO YAyUIIeHbl 0pOpMAEHUe,
CTPYKTYpa U MoAUTrpadUIeCcKuil ypOBEHb ITe4aTHON BEPCUM KYP-
HaAa. AAsI MOBBIIIEHVS KaueCTBa IyOAMKaLMil, 00ecrieyeH s Bbl-
COKOT'O Hay4YHOTr'O YpOBH:, IPaKTUUECKON 3HAUMMOCTH, OCBellle-
HUS TIOCAGAHMX HAyYHBIX AOCTMKEHMI NPOBOAUTCS Cepbe3Has
paboTa 1Mo NpUBAEYEHMIO aBTOPOB, 00CY)KAEHUIO, PeLleH31POBa-
HUIO PYKOIIMCEN.




